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LOI NOI PAU

B¢ sach "Co sd héa hoc hitu ed" duge bién soan theo chiong trinh dao tao
moén hoc héa hitu ca co ban ¢ hé dai hoc vo hé cao hoc trong nhiéu nam gidng
day ¢ Dai hoc Su pham (Ha Noij.

B¢ sdch trinh bay nhitng kién thite ca bin vé dank phép, phiong phap
téng hop, edu tric, tinh chét vt Iy va héa hoc cia ede hop chat hidrocacbon,
cde hop chdt don chite, cac hap chdt da chite, hop chdt tap chite, hgp chét thién
nhién va hop chat cao phan .

Nt dung ba sach ducc trinh bay trong 18 chuong va chia lam ba tgp:

— Tap 1: Chuong 1 dén Chuong 7

— Tap 2: Chuong 8 dén Chuong 12

— Tép 3: Chutong 13 dén Chuong 18.

B¢ steh c6 thé lam gido trinh hge top cho sink vidn cdic truomg dai hoc,
cho hé cao hoc; lam tal liéu tham khdo cho cde gido vién phd théng, cdc hoc
sinh chuyén hoa, cdc cdn b gidng day d bae dai hoc va cde nghién cuu sinh
cde can bd nghién et vé héa hitu ca.

Chac riang, bd sdeh con c6 nhitng chd chua duge hai long ban doc, ching
16! maong duogc gop y kién dé ndi dung stch duoc hoan thién hon,

Tac gid
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CHUONG 1

CAU TRUC VA PHAN UNG CUA HOP CHAT HUU CO

Hop chidt hitu co 1a nhitng hdp ch&t chia cacbon va héa hge hitu co la mén khoa hoc
nghién citu vé cdc hgp chét cia cacbon.

D€ phan biét véi linh vye v6 ¢ va tuyét dai da s6 cic hgp chdt httu co déu chia
cacbon va hidro, ¢ thé ndi cac hop chdt hitu co 1a hidrocacbon va dan xudt thé hidro cia
hidrocacbon, con mén héa hoe hitu co la mon khoa hoe nghién cdu vé hidrocacbon va dan
Xuét,

Song cing c6 nhiing hop ehdt hitu co chda cacbon ma khong chia hidro, chiang han
hop chdt hitu co thién nhién nhu than chi (graphit) va hop chit hitu ¢o ting hop nhu
cacbin (-C = C-),. Hién nay vin dung dinh nghia co bin va don gidn trén vi khang cd
thé phan biét r6 rang ranh gidi gilta cde nganh khoa hoc dudc.

Nhu vay, co thé phan loai hgp chidt hitu ca thanh hai loai; hidrocacbon vi hgp chat
hiru ¢co ehita nhom chic (sdn phAm thé& hidro cua hidrocachon bang cdc nhom chic khac
nhau nhu nhom chidc ancol —OH, axit —COOIL,...}, nghia la v& mat cdu truc, hgp chat
hitu co gom hai phan: nhém chic va phan géc hidrocacbon. Ilop chét ¢é nhdm chic cd
tinh chédt dac trung cia nhom chic, song tinh chéit cia nhdm chidc chiu Anh hudng cia
gdc hidrocacbon khédce nhau.

Cdc hop chat hitu cd cd thé phan loai dua vao tinh chdt hda hoc va cac nha hda hoe
da phan loai hgp chét hitu co ra lam hai loai: hgp chét loai béa va hop chat loai thom.
Cac hop chat loai béo ¢é tinh chdt ddc trung |1a phan dng thé gic hidro & trong mach
hidrocacbon va cé kha nang cong vao nhitng lién k&t ngin nhu ndi d6i, ndi ba, con cdc
hgp chit thom cd phan dng dac trung la phan dng thé ion.

1.1. THANH PHAN NGUYEN TO CUA HQP CHAT HUU CO

Nguyén t& cacbon chiém vi trl trung gian trong bang hé théng Luan hoan Mendeleev,
do dé ¢d Iktha nang lién két v6i hau hét cdc nguyén t6 khiac trong bang hé théng Ludn
hoan cing nhu v6i chinh nd.

Thanh phin nguyén t& chung cia hgp chit hiw co la C, H, N, O, S, halogen, thuang
goi 1a cdc nguyén to cd dién. Ngoai ra con ¢d nhitng hop chit hitu cd chuia cic nguyén
td kim loai nhu Zn, Mg, Ilg, ... goi chung 1a cic hgp chit co kim (co kém, co magie, co
thuy ngén, ...) va chda cdc nguyén té phi kim nhu P, Si, N,... goi chung li cac hgp chat
cJ phi kim (nhu co photpho, ¢o silic, ...), Thanh phan c4c nguyén L4 dudc xac dinh bang
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phuong phép dinh tinh hay dinh lugng theo nguyén tic chuyén cic nguyén t6 trong hgp
chit htu co thanh hop chdt v co va nghién cdu cac hgp chidt vb ca nay:

(C) » CO,

(H) - H,0

(N) - N, (phuong phép Dumas) hay NH, (phuong phap Kjeldahl)

(S) -» 80%~ (phuong phap Carius)

(Cl) = Cl™ (phuong phap Carius)

Chi ¥ la nguyén t6 O thudng khong phan tleh trdc ti€p ma 12 hidu khsi lugng caa
tong cdc nguyén t8 so vai khdi lugng phin tich.

1.2. PHUONG PHAP MO TA HOP CHAT HUU CO

Theo thuy&t cau tao hda hoc, mbi chiat hitu cd ¢d mét thanh phan nguyén td va cdu
tao xac dinh, ¢d thé bifu dién bing c4ec cong thiic hdéa hoc.

1.2.1. Céng thic don gian hay céng thic kinh nghié¢m

Céng thic don giaun hay kinh nghiém chl ré thanh phin cdc nguyén t5 va ty 1@
nguyén ti gilta cdc nguyén t3. Chang han, cong thdc phan ti cda axit axetic 1a C,H,0,
nén cong thic don gidn hay kinh nghiém 1a C,H,0,/2 hay (CH,0).
1.2.2. Cong thic phan Lu
Cong thic phan tif cho biét thanh phin nguyén té va sd lugng nguyén tu ciua méi
nguyén td c¢d trong phan td,
Khi viét cong thitc phan td, phai viét theo quy wéc: trude hét 1A C sau dén H, con
cac nguyén td tidp theo viét theo thy tit vAn chit cai. Chang han:
C,HN, 0, nhu C;H N,0,.
Mudn xdc dinh cdng thic don gidn hay céng thie phan td phai dua vao két qua phan
t{ch nguyén t6 theo phuong phdp Laveisier —Liebig hay Fritz Pregl ctia phan dng d3t chay
hay oxi hda. Ching han khi d6t chay 0,600 g m&t chit hitu es A trong oxi tinh khi&t thu
duge 0,600 g H,0 va 1,099 g CO,.
Khéi lugng H: (0,600 x 2,016)/18,016 = 0,067 g
Khai lugng C: (1,099 x 12,01)/44,01 = 0,300 g
% H: (0,067 x 100)/0,600 = 134
% C: (0,300 x 100)/0,500 = 60,0
Khai lugng hay thanh phin ph#n tram con lai la cda O:
100 — (134 + 60,0) = 26,6

S mol cta cde nguyén t6: 60,0/12,01 = 5,00 mul C
134 /1,008 = 1329 mol H
26,6/16 = 1,66 mol O

Cong thic kinh nghiém cd thé viét la: Cgggll 5,50, 46 SOng cic nguyén ti trong
phan t& phai bi€u dién bang c4c s6 nguyén nén phai chia cic hé s6 cho s6 nhé nhat:

Cs 0011,66H13.29/1,66C1 661,66 = CsmHgoos O hay C3HO
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Cong thdc trén la cong thic don gidn hay kinh nghiém, cho biét ty 1¢ thanh phin
nguyén t& ciia chit A 12 néu cd mét nguyén ti O thi ¢d ba nguyén ti C va tam nguyén
tit H.

Muén xac dinh céng thic phdn ti cda chft A, can phai bi&t khdi lugng phéan ti cia
chat. Khéi lugng phan ti thudng xdc dinh bang ty khéi hoi so voi H (M = 2d), theo
khong khi (M = 29d) hodc bing phuong phap nghiém lanh hay nghiém s6i (M =
K.1000.m,)/AT.m,) hodc bang cac phuong phap vat ly khic.

Chédng han, chdt trén cé khéi lugng phan tit 1a 60 thl edng thite phan tit s& la: 60/(12
x 3+ 1x8+ 16 x 1) = 1 va cong thic phan tu cing la C;HO.

1.2.3. Céng thic cédu tao phiing

Céng thdc cdu tao phing biu dién cfu tric cia phan tit quy udc trén mot mat
phing, thudng 12 mat phéng gidy.

1) Cong thic Lewis:

Céng thic Lewis bigu dién cac lién két gilia cac phan ti hay s6 electron héa trj cla
méi nguyén ti bAng electron. S8 electron 1a bing tdng electron cha cac nguyén tit déng
g6p vao va cdc nguyén tii cd xu hudng tao trang thdi electron 16n nhét cd thé cd dé co
vong electron bdn viing cla khi tro (d6i véi H 1a 2 va C 1a 8 goi 14 quy téc bat ti va cac
nguyén ti khdc la 18 electron).

Vi du:
H H
0:C=0 H:C:H H:C:0:H
H H
H H
c:C H:C. C:H

T8ng s6 electron hda tri clia nguyén td bang t6ng s6 electron dong gdp vao cie mdi
nguyén t& va triu hay cong s dién tich ¢ trén nguyén t6. ChAng han:

Chit Electron nguyén tir dong go Dién tich ) Batn tieh Tong
g B & dwong 4m eleciron
CH, 4O +dx I{H)=8 0 0 8
NH, SN) +3x [ (Hy=8 0 0 8
H,O* 60) +3x 1 (H) =9 1 0 8
NOZ S(N) +2x 6(0) =17 0 1 18

Trong céng thic Lewis, m&i nguyén t8 cé dai lugng 1on nhat cé theé cd thuong la cd
g6 electron theo quy téc bat ti:
CO, cd céu truc ding :0:: C ::6:, codn cdu tric sau Q:C::d:, :Q::C:'d: 1A sai.
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N, c6 cdu tric ding :N ::; N : edn cdu troe :IN @ N:iN: N: 14 sai.
Céc cong thic cd thé mang dién tich, thudng goi 1a dién tich hinh thdc hay quy uée:

H H :Q:_
H:N':H H:C:0" ~0: 8% 07
H H :Q:_

ion amonl ion metoxlt ion sunfat

Khi nhitng ti€u phian khéng c¢d da vong bat tif thi thuéng dd la nhing ti€u phan
trung gian khong bén, ¢é kha nang phan \dng cao va trong phan ing c¢d xu hudng nhanh
tao thanh cdu tric electron bat tu:

H H
H:C':H H:C:H
catlon metyl gdc metyl

2) Dién tich quy ude

Tit khal niém bat t va electron héa tri trén coéng thic Lewis, ¢ thé tinh dién tich
quy udc cho m6i nguyén td. N&u tdng electron cia nguyén ti (bao gom electron ty do va
nita s6 electron tao thanh lién két cong hda iri) bAng s electron hda tri cia nguyén t6
tu do thl dién tich quy uéc cho nguyén t6 d6 bing khong, néu 16n hon thi nguyén t6 mang
dién tich 4m: —1; ~2; =3,... n&u nhoé hon thl nguyén t8 mang dign tich duong: +1; +2;
+3..

Chang han:
H & nguyén & C, khdng 6 electran tr do, s electron lién k&t 13 8/2, nén tBng electron bany 4,
H: CH bAng electron héa (rj cha cacbon 13 4 nén C khong ¢d dign tich; con dién tich cia H 13 2/2
H bing 1 nén H khong mang dién tich

nguyén Wr C ¢6 dny s8 electron =2 +6/2 =5, [6n hom s efectran tda C ty do [ 1 nén C

H:C.H ¢6 dién tich ~ |
H

H:C:H nguyén (i cacbon ¢6 tong s8 electron = 6/2 =3, nhd hom § electron cia C ty do nén € mang
H dign tich +L

3) Cong thuc Kekulé

Dé€ don gian trong cdch bidu dién cia Lewis, ngudi ta quy udc bi€u dién céc lién két
trong phan t bang vach ngang thay cho cap electron lign két.

i H H X
H- N'- H H-C-0" H-C-H H-(¢-H
H H
H H H
H-C-H X =d H-C=C-~H
B H H
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Céac cong thic nay thudng goi la cong thic Kekulé (do Kekulé va Cooper d& ra nam
1858).

Trong céc hgp chit cd mang dién tich cing c6 thé thay th& lien k&t bing miai tén tu
ch4t cho tdi chdt nhan:

h() /O
H-0-N hay H - O - N*
0 ok

Dé don gidn trong cdch bi€u dién cong thic, cd thé dn cdc gach lién k&t, &n mot
phén hay toan phan tuy thudc vao y2u ciu cich biu dién, ddng thoi cing bo qua cée cap
electron khong lién két (cap electron n), goi la cong thie rit gon:

CH,CH,CH,, CH,~-CH,-CH,, CH;CH,CH,-H
Ngoai ra, mot chdt cd thé bi€u dién duéi nhigu dang céng thdc, ching han:

CH,-CH,-CH, CH,-CH, CH,
CH, CH,
CH,

4) Cong thite cong huong

Trong mot s6 trudng hop khong cd thé bi€u didn cdu trac phan tu bing c&u tric
Lewis, ching han trong trudng hop phan tit sau;

.:O:_ /0_
:Cl:N' = (€] - N*
o o
clorua nilryl

Trong cong thic trén, N cd moét lién két don va mot lién két doi vdi hai O, song thue
nghi¢in xdc dinh rang, ca hai lién két cda N vai O déu nhu nhau, v6i chidu daj lién két
1a 1,21A, nim trung gian gita lién k&l don va d8i, va cd th€ co cdc cong thdc khie nhau
vé vj tri dién tich:

G o o 0
Cl: N* = Cl- N\* hay Cl: N* = Cl - N*\
-0; 0 0: 0~

C4du tric electron thuc cia phan ti trén 12 t8 hgp cia hai cdu trac Lewis trén va cdc
cOng thuc nay goi 14 cong thie céng hudng hay céng thic gidi han. Coéng thdc thue 13
cbng thitc lai héa cua cdc cong thic cong hudng va phan tif ¢d sy lai hda cong hudng.

Trusng hop clorua nitryl & trén, cong thic Lewis chl rdng chidu dai lién k&t N-O la
trung gian gilia lién két don va doi. M6i lien két N-O la lién k&t don trong cong thic
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Lewis nay va la lién k&t doi trong cdng thdc Lewis khdc; con trong céng thic lai hda cong
hudng tim thdy bac 15;

0- 0
:Cl: N* Cl - N?
0: \0
| <
- = Cl - N:
1 N 1-
o 0
.Cl: N* 1 - N*
L, R ) v |
Cing nhu ion HCO; cing co hai céng thic céng hudng:
r O i 0~ 7
. ! /
H:C H- C\
e} 0
of
2
I = I = H- Ci
“nl-
.00'0 O 02
- /
H:C H - C<
L o : 0~

va trong cdng thuc lai hda cong hudag da tim thiy chitu dai lién két C-0 la 1,26A
ndm trung gian gida lién két doi H,C = O (1,20A) va lién két don
CH, ~ OH(L,43A).
Fomandehit c¢d thé€ biu dién bang cong thic Lewis:
H H
00 - =0
I H
song khi proton hda thanh [H,COH]* c6 thé bidu dién dudi nhitu cong thic cdng hudng
khac nhau:

H T H
C:QnH /C = O*H
H H
H
] - l = /C‘“uo"*u
H
H H
“¢hOH et OH
H I Lw :
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trong hai coéng thie cdbhg hudng co cong thic cd libn k&t d6i C = O va oxi mang dién
tich, cdn coéng thde lai hda cdng hudng cd sy phan b6 dién tich duong & cacbon va oxi.
Céng thitc cong hudng cia cation triflo cacbon F,C* cd chidu dai lién két:
C-F la 1,271}, ngén hon lien két C — F binh thuang (1,38A):

:i‘: P‘
P (424 I - (Il*
T F
! - |
- F
+ + |
:F: :C F IC
E F |

TU céc cong thite trén, cd thé rit ra vai quy tac don gidn chung:

a) C4u tric cong hudng khéng 1am thay déi dién tich dugng cda hat nhan ma chi cd
thay d&i c&u tric electron.

b) Trong tat ca cdc cdu truc, clu trde cd vong bat t electron déng vai tro quan trong
hon cdc cong thic ¢ vdng electron chua chét day. Cdc c4u tritc khong chat day electron
lam ting sy khdc nhau vé d¢ am dign gi¥a cdc nguyén tu.

H H
. " N\ o
C=0 - ct - 0;
/! . / N
H H H H
quan trong hom it quan trong hon

¢} Cdu trdc cd sy phan chia dién tich cuc ti€u cd déng gdp 16n hon vao cau tric lai
héa hon la nhitng cong thitc c6 phan chia dién tich 16n.

H-(":-(")-H H-0"=C-H
. ) |
:0: 07

quan trong hon kém quan trong bon
d) Trong nhiing cong thic chda dién tich, dién tich am & nguyén t&§ 4m dién hon sé
quan trong hon, con dién tich dudng & nguyén td duong dién hon quan trong hon va ddng
gop chung cho lai hda cu tric.

H~-C=N =N~ — H-C -N'=NJ] .. ey
H H TP'”IU[J/RIrﬂn”T‘l‘
diazomctan TN i:':h
H H gji-i{k’\l’.giv’;;j.:."\'
) o I o pea
[H—(;J—CEN+—Q:°OH—(;;—C_=N+=('_):]
H H
oxit axetonitrin
guan [rong hon kém quan 1rong hon

Cong thic cong hudng thudng duge 4p dung nhidu trong cac hop chit trung gian
trong cdc phan ing hitu co va chi dung khi khéng dp dung duge céng thuc Lewis.
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1.3. OBITAN NGUYEN TU

CH4u tric electron clia nguyén ti¥ duge xdc dinh bing cdc s lugng ti: n, £, m va s...
Sut chuyén déng cia electron dude xde dinh bing phuong trinh toan hoc trong co hoe
lugng ti goi la phuong trinh sdng Schrodinger v& ba 86 lugng ti ddu xac dinh vj tri cia
electron va cing la xdc dinh cZu tric obitan cha mot electron. Méi electron ¢ mot ham
80 song xac dinh ¢, hay ndi cdch khédc 14 haim s sdng dic trung cho mot electron goi 1a
obitan. Xdc suft tim thiy electron duge x4c dinh bing gia tri |y | 2% & mbi di€m trong
khéng gian cé thé tim thiy xdc sudt ton tai ctia electron, thudng goi 1a su phan b8 mat
do electron. Trén mdt obitan chi ¢ thé cd hai electron ngugc spin va méi cbitan ¢6 nang
lugng xac dinh.

Cau hinh electron cia mét s§ nguyén tiv

Chu k3 1 Chu ky 2

H Is Li 152 24"

He 15 Be 152242
B 1s22522p"
C 1522s22p2
N 152252 2p3
e 2s? 2pf
F w2252 2p3
Ne 12252 2p6

Trong nguyén tld co s& electron 1dn hon mét, nang lugng obitan tang theo thi tu: 1s
<25 < 2p < 33 < 3p va ndi chung, mét ham s séng ¢ nhidu nit hon sé ¢d nang lugng
cao han:

o

Ja

2p

25

s
Mirc nZing lrong cua cac obilan

Obitan 1s khdéng cd nit, ham s6 sdng ¢d ddi xing cau ma gia tri v& s6 gidm dén khi
xa hat nhéan.
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Obitan 25 cé modt nat can

Obitan 2p c¢d ba obitan 2p, trén mat phing yz, 2p), trén mat phang az va 2p, trén
mit phang xy va mdi obitan déu cd mét nut. Mat do clectron & dau nit 16n hon va gidm
khi di vac hat nhan, con § mat phing nit cd gia tri bang khong.

ohjlan v obitan 2s

Hinlt 1.1 Gidn 48 phdi caub ba chi®u cia obitan 2p, (a), 2p, (b), 2p, (¢).

Trong hda hitu co, trong mét 36 trudng hop ¢d su tham gia cia cdc nguyén ti cé
obitan d. Mtte ¢ ¢d 5 obitan co cdu tric sau:
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1.4. OBITAN PHAN TU (LIEN KET HOA HQC)

Hai obitan ¢d th€ xen phu vdi nhau dé€ taoc nén mot obitan mdi bao trum ca hai hat
nhan goi [a obitan phan ti. Su xen phti nay chi cd thé xdy ra khi hai ham s6 sdng cung
d&u, goi 13 xen pht duong, con khdc ddu 1a xen pha am (hinh 1.2 va 1.3).

Hink 1.3. Hal ham s& séng xen phu khic difu 13 Gm hay nbifu tao obitan phan lién ket
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Chéng han, su tao thanh phan td hidre do su xen phu cla hai obitan ls cung ddu
cia hai nguyén t& H tao nén obitan phan ti hai trung tdm va cling la tao lién két gilta
hai nguyén tit (hinh 1.4).

2) b
Hinh 1.4. B xen phi (a) vi obitan phén t H,y (b}

Hinh 1.6. Mo hinh phéi cinh obitan phén lién K€t cda phén tr Hy.

Trong obitan phan tit, mat do electron ndm ph#n 1én & gita hai hat nhan nguyén tit.
Néu sy xen phu cua hai obitan khac ddu thl ham s8 sdng cd nit nén c6 nang lugng cao,
¢6 tinh 8n dinh thdp nhat va obitan phan tU hai trung tAm nay goi 14 phan lién két.

Sy khac nhau vé niang lugng cia hai loai xen phu nhu sau:

xen phi &n - MO" phén lién k€l

nang lwgng cua _—/

hal obltan ban d8u

£ I

xen phd duong - MO #én két
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Dai vai obitan p cd su d6i xing true, cd the cd ede kifu xen phu khac nhau;

Su xen phd & (1) 1a su xen phu di qua hai hat nhin goi la sut xen ph truc, 12 su xen
phti cuc dai cd phéan l6n electron ndm giita hai hat nhan nguyén tl tao nén lién két bén
nhit, sy xen phi (2) va (3) 1a sy xen phd ngoai truc tac nén obitan phan td nam trén
va dudi truc di qua hat nhan, ¢6 mat 43 electron nam xa hat nhan, trong dd su xen phu
(3) la cuc dai vi hai obilan nay song song v&i nhau, con (2) ¢d hai truc khéng song song,
nghia 14 c6 su xen phl y&u hon. Su xen phu nay goi 1a sy xen pht bén.

Nhu vay, cac obitan s khéng ¢d su dinh hudng khi xen pht, con obitan p cé su dinh
huéng chat ché trong khong gian.

Su xen pht cua hai obitan (rén truc coa hai hat nhan tao nén MO ¢ cing goi la lién
két o, con su xen phu bén ctia hai obitan p song song vdi nhau tao nén MO = cung goi
12 lién két @ Nhitng xen phi khac 1a lien két ndm trung gian gi@ta hai dang xen pha trén.

1.5. OBITAN LAI HOA

Déi véi nhitng nguyén ti ¢ nhidu electron tham gia vao lién két, cie obitan riéng
ctia minh khong thé tham gia truc tiép tao thanh lién két véi cdc nguyén t khac.

Chang han, phan ti BeH, cd hai lign két Be—I1 cd gia tri nhu nhau trong phan tu,
mic diu nguyén ti Be da tham gia mbét obitan 2s va mot obitan 2p ¢d cfu trie khac
nhau, ¢6 nang lugng khdc nhau, nén dang 1& phai cho hai lién két khdc nhau, Nguyén
nhan la khi tham gia lién két, cd su tuong tiac hay trdn 14n cua hai obitan 2s va 2p cla
nguyén ti Be dé€ hinh thanh hai obitan gi6ng nhau, ma v& toan hgc cd thé mé ta bing
md hinh obitan hinh s6 8 khéng can d8i goi la obitan lai hda sp. Hai obitan nay of cédu
tric nht nhau, ¢é nang lugng nhu nhau nén cé th€ xen phi nhu nhau véi obitan ls cua
H dé& hinh thanh hai lién két Be—H dbng nhit.

Obitan sp ciia Be hinh thanh tit mot obitan 2s va mot obitan 2p, nén obitan ed 50%
ban chdt s va 50% ban chit p. Obitan nay tham gia lién két dé hon obitan nguyén t¢ don
gidn do tao duoe lién két bén hon va cdu trdc phin LU cing bén hon do hai lién két
H- Be— II ndm trén dudng lhing co tuong tac gita cdc cap electron lién k&t nhd nhat
(hinh 1.7).
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00 = O

sp

OO-0 = (>0

sg

Hink 1.7. Sy 16 ho'p todn hoc clia obitan s va p thanh hai obitan sp.

D

a)

Hinlk 1.8. M5 binh chu tuy&n (a) vi phdi caoh (b) cia obitan sp.

Sy lai hda obitan chl xay ra khi hai obitan c¢d ning Idgng gan giéng nhau, tao nén
hai obitan lai héa ¢d nang lugng thap hon obitan ban dau theo quy tic bdo toan obitan.
Cdu trdc obitan lai héa co mat dd electron 16n ¢ thity ldn cia obitan dé tham gia tao lién
két, con thuy nhé cd mat do electron gin biang khong, khong tham gia xen phi vdi obitan
khac, thudng goi la thity tréng hay phan lién két, chi ddng vai tro nhd trong mot s6 phan
ung. Cdc obitan lai hda sp tham gia tao lién két o voi dd xen phu lén hon, nén tao duge
lién k&t bén hon.

Su lai héa 1a mgt ma hinh toan hoc, khong cd ¥ nghia vat ly va ¢d thé dat duge bang
tinh todn chinh x4c ctia co hoc lugng tit.

Cac obitan lai hda ¢d kha nang xen phi truc véi cac obitan s, p,... d€ tao thanh lién
két a.

Ta xét su lai hda elta nguyén ti cacbon khi tham gia lién két.

Nguyén ti C c¢é cdu hinh electron 1522522p2, khi hinh thanh hop chit hitu co ¢é bén
electron hda tri tham gia tao thanh bén lién k&t ¢ gid tri nhu nhau cling phai di qua
trang thai lai hda khdc nhau.

Khi tham gia lién két, cacbon chuyén qua trang thai kich thich:
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18%48"4p™ =+ 18748 2Zp~

14 H 'l' z_' rr T 2 2 2
pdwvsy — wLvvs
5 Is

C & trang thdl co' ban C & trang théi kich thich

Cacbon c6 bon electron tu do 0 trén obitan 2s va 2p khac nhau vé ndng luong.

Cac obitan nay cé thé tron lan voi nhau d€ thanh céc obitan lai hda theo cdc cich
té hop khac nhau khi tham gia hinh thanh hgp chét hitu co.

Néu obitan 2s tron ldn véi ba obitan Zp s& tac thanh h6n obitan lai hda, goi la obitan

lai hoa sp3:

Lt IR

“. 5 YV _— iL 25p7  2sp?  zspd 2spd

I8 S — Is - y s
I +3p ‘\Pl

1 ohitan 25 +3 obitan 2p - 4 obilan lal héa sp?

Obitan Jai hoa sp> t8 hop bdi modt obitan 2s va ba obitan 2p, nghla 1a obitan nay 6
1/4 (23%) 1a ban chit s va 3/4 (77%) 1A ban chit p.

Bén obitan lai hda sp? duge phan bd trong khong gian theo hinh td dién déu tao nén
cdu tric khéng gian va tinh hinh hoc cta cic hgp chdt chia cacbon.

109°%

C lai héa sp>

Hink 1.9, Céu tric chu tuyé&n vi khong gian ba chiZu cua obitan ap3

Cac obitan nay tugng tdc vdi obitan ls cia H tao nén obitan phan td C—H phén bs
trong khéng gian dudi gde 109°5, nhu cdu truc phAn ti metan CH,.
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Hink 1.10. M5 hinh obitan phin tir C=H vi phan ti¢ metan.

Néu mét obitan 25 tuong Lac véi hai obitan 2p sé tao thanh ba obitan lai hod, goi 1a hai
hod sp” Méi obitan lai hoa sp” chidm 1/3 (33%) ban chat s va 2/3 (87%) ban chit p.

| Ty g e p 1 { 2sp? 2spF  Zspr
L 5 '
b +2p ayp?
C & trang thai kich thich C lal héa sp?

Cac obitan nay duge phan bé trong mat phang, dudi géc 120° ]a cfu tric hinh hoc
bén nhat do tuong téc cuc ti€u cia cdc cap electron hda tri. Cac obitan lai héa sp? tuong
tdc vGi cdc obitan khdc tao thanh lién két o.

Hink 1.11. C&u tric ctia ha obitan lai héa sp? Hinh 1.12. CHu tric cha C lal héa sp=,
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Ching han trong tiu phan CHJ, nguyén tit cachon lai hda sp? lisn két véi obitan 1s
cia ba H tao nén obitan phan ti ndm trén mot mat phing:

obitan H s

Hinlt 1.13. CRu tric obitan cta (7} l.:.

Tuong tu nhu viy, cacbon c6 trang thai lai hoa sp. CAu tric cha obitan sp cia cacbon
nhu & truang hgp cla BeH,.

y L+t y oy L L
!_‘l- - P ip 2z — - % }?p 2? op 1,7
Is+ 1y e T
C ¢ trang thdi kich thich C lai héa sp

Cau truc caa C lai hoa sp ¢6 hai
obitan sp nam trén dudng thang di
qua nhén, cdn hai obitan p nidm trén
hai mat phéng thing gdc vdi nhau,

C4c cacbon lai héa sp? hay sp co
cédc obitan lai hda tham gia tao thanh
lién k&t o, cdn cac obitan p thuln tiy
con Jai s& tham gia tac thanh lién két
n & ndi § chuong sau.

Su tao thanh lién két o, lién két
truc di qua hai hat nhan ed thé do
tuong tac cha cdc obitan s, p, hay . Hink 1.14. C&u triic ciin C lai héa sp.

obitan lai hda.

Cac obitan lai hda sp3, sp? va sp ¢d cdu tric gi6ng nhau, déu 12 hinh s6 8 khéng dau,
cd dau 1on tham gia xen pht tao lidn két o nhung, do ty 18 ban chit s va p khac nhau
nén ciu tric va kha ning tham gia lién két ¢d khac nhau. N&u nhu trong obitan lai hda
ty 1& s cang I16n thl cdu tric obitan c6 xu hudng 4i v& hinh chu hon, nguge lai ban chat
p l6n thi obitan ed chidu hudng kéo dai hon. Do dd, do dai cda obitan sp® >sp? >sp, con
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dé rong cua thiy obitan cia sp3 < sp? < sp. Didu nay che thdy, khi tham gia lién két,
chang han v6i obitan s cia H, chidu dai lien két .3 - H> C, 2 — H> C,. - H.

Mat khac, electron & trén obitan d6 cing ed nang lugng khdc nhau. Electron trén
obitan s cd nang lugng thdp hon obitan p nén lién két c¢d ban chédt s cang 16n thi ¢ xu
hudng cang bén hon va chiéu dai lién két ngan han.

Lién k&t o va x 1a hai lién k&t cong hoa tri dac trung cho hgp chét hitu co.

Lién k& o ¢d tinh d8i xding truc, ¢6 xen phu cyc dai nén c¢6 nang lugng 16n, cd mat
phéing d6i xdng di qua nhan va mat phing d8i xing thing gdc véi truc lién két, cé kha
ning quay xung quanh truc ma lién k&t vAn bao toadn. Thudng gip cdc lién két a: —C—H,
C-C, C-0, C-N, C-(), C-P,... ) -

Lién k&t 7 cd d0 xen phi y&u hon nén nang lugng lién két thip hon, eé mat phang
d6i xtng thang gdc véi truc di qua nhan, cd mit phing bat d6i xing di qua truc lién két,
kim ham su quay xung quanh truc lién két. Thudng gap cdc liéen k&t: C =C, C = O,
C=N,.

Ngoai nguyén t8 cachon, cae nguydn t8 da hdéa tri khédc ciing lai hda dé tao lien két
trong hap chdt hiu co nhu O, §, P, N, Si.

1.6. TINH HINH HOC CUA PHAN TU

Tinh hinh hoc cia phéan tit hitu cg phu thudc vao chidu dai lién két, géc gitta hai Hién
ké&t vA tuong tde gitta cac cdp electron hda tri.

1.6.1. Chiéu dai lién két

Chigu dai lien két duge xde dinh bing phan tich Rénlgen, song thuc t& thutrng xac
djnh bing téng ban kinh hda tri cla hai nguyén td tao nén lién k&t. Ban kinh héa tri
dugc xdc dinh bing nia chidu dai lién két cta phan t d6i xing. Chdng han chidu dai
lién két cta I1-Ch: g

1
= try +re)d =544t Sla-a

o /_?—C/ﬂ'é& dar Ban kinh /1027'\‘ /._Efv Link haa tri
; lién ket : cuy H 1 cue CI
i
|
o5 ' g ‘g {
~ \_D_/Z ® gz i e L‘-—t L = chiéi di fiér k6

" \.__./

Chigu dai clia mdi loai lién két ndi chung khong khae nhau bao nhidu, ching han nhu
lién k&t O—H trong ¢dc hgp chdl khae nhau chi nim trong khodng 0,96 + 0,97 A:
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Hop chét Chiku i Hén k&t A
HO-H 096

HOU-H 097

I,ND-H 097

CH,0-11 096 ‘

Chidu dai lien k€t phu thube vao ban chdt cia cdc nguyén td tac nén lien két, trang
thai lai hda cla cdc nguyén t8 va sd lidn két gitta hai nguyén td. Lién ké&t ba cd chiéu dai
lién két ngdn hon lidn k6t d6i va ngan hon lién két don.

Bdng 10.1 Bfn kinh van der Waals

Nguyén t& hay nhém nguyén L& Bin kinh van der Waals

Br 195
CH,4 2,00
2,00
180
135

12
2,15

L5
4

[ol-4 '.I:'U-—:u
[3V]

Bang 1.2. Chi¥u dii lién k€t trung binh, A

Nguyén t&8 C N 0 Loai lién két
154 147 143 o
C 134 128 123 o +x
321 Li6 - ce*n +x
147 146 141 v
N 128 125 114 o +n
L16 1i0 - o+mx +a
td3 [41 149 o
O 123 114 121 o ta
- - - ot +a

1.6.2. Ning lugng lién két

Nang luong chn thigt d€ phan cAt dong ly mét lién két goi l1a nang lugng phan ly cia
lien két dd:
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A-B->A* +B*

Trong hda hoc hitu co khong th€ xde dinh duge nang lugng cla ting lién két riéng,
ma chl tim duge gi4 tri nang lugng trung blnh, vi vay khi ndi toi nang luong lién k&t thi
dd la gid trj trung binh.

Ching han, nang lugng cia lién két C—H trong metan la trung binh ctia bén nang
lagng phén ly cha bén giai docan phan ly khic nhau:

CH, - H CH} + H* DH" = 102 kcal/mol

I

CH‘ >OCH, + H' DH® = 105 kcal/mol
.(",H H +sCH® + H*  DH° = 108 keal/mol
o0 — H-Cs + H* DH? = 83 kcal/mol

Néng lugng lién két C — H trung binh la: E._,; = (102 + 105 + 108 + 83)/4 =
99,5.
Gia tri trung binh cua lién k&t C—H thudng ldy ]a 99 keal/mol.

Bang 1.3. Niing lngng phin ly lién k€t, keal/mol

H-H 104 CH, - H 102 CH, - F 108
D-D 106 CH;CH, - H L 98 Cil, - C 81
F-F 37 (CHy)fH - H 95 CH; - Br 70
a - cl 58 (CHy%,C - H 91 CH, - I 56
Br - Br 46 =CH - H 104 CH,CH, - Br 69
-1 36 CeHs - H 12 (CH3),CH - Br 68
H-F B35 CeHCH,~ H 85 (CHZ),C - Br 63
H-Q 103 = ClC, - 1t 88 CH, - CH, 88
H - Br 87 CH,CH, - I 106 CH,CH, - CH, 85
H-1 d CH,CH, - C 82 (CH,),CH - Cll, 84
H - OH 119 CH,CH, - 1 54 (CH,),C - CH, 80
CiHg - CHy| 93 =CH - CH, 92 C4HCH, - CH, 70

Bang 1.4. Niing lwgng lién ket, keal/mol

C-H 99 cC-¢C 80 c-0 ]
N-H 84 C-F 02 | C-8§ 65
1-0 110 c-a 77 S-8§ 49
Ir-s 81 C~ Br 64 N-N 35
C-N 62 C-1 56 0-0 35

Tinh bén cva lien két tang khi nang lugng tao thanh lien két lan. Nang luong lidn
két. kép cao hon nang leang lién két don.

Chi § rAng, nang luang cia lién ké&t trong hda vé co phu thude vao do am dién cta
nguyén t8, con trong hda hitu eg, Ithang nhitng phu thuse vao d6 A dién ma ¢bn phu
thude vao tinh d6i xitng hay tinh hinh hoe ctia phan tif, hay néi chung la phu thude vao
dd xen phtl eye dai cda obitan lién két, su xen phi cang 16n, nang lugng lien k&t cang
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cao, lién két cang bén,
1.6.3. Géc lién két

Cac lign két trong phan tif hitu co ¢d vi tri xdc dinh trong khéng gian. Gde gilia hai
lién két goi la géc hoa tri.

Gdc hda tri phu thube vao c&u hinh obitan cia céc lién két va thay ddi theo lyc ddy
giffa cdc cap electron hda tr), k€ ca cip electron cip doi khong lién két, goi la cip electron
n,

Noi dung thuy&t d6 )a: c4dc cip electron hoa tri trén dém mdy hda tri cda nguyén tu
8é ddy nhau va sé phan b6 nhy th& nao dé gidm luc ddy d6. Diku nay hifu duge tai saa
gdc hda try clia n6i ba la 180°, cha ndi dai l1a 1200,

',',\109,5' . < 'T\Zy—i Z e @X

L - 7200 e . o
o sp Thé tich cdp 1 > cdp electron /ién k1

spd

Céc cap electron n cd thé tich 16n hon do chi chiu anh huéng cla mot hat nhan, con
cap electron lién két ndm gita hai hat nhén, nén tuong tic ddy giita hai cap electron n
lén hon cda cap n vdi cap electron lién két va ldn hon giita hai cap electron lign két, do
dd gdc lién két cia NH; nhu sau:

Lutc didy lon
L @>nss”
|
Y
R

C _tip
electron n

y
™~ Lutc ddy nho
< 1085"

H

1.72. NHOM CHUC

Nhom chuc 12 nhiing nguyén ¢ hay nhdém aguyén ti ¢ kha nang phdn dng rét cao,
dac trung cho tinh chdt vat ly va hda hoc cia chit. Tinh chat hoa hoc clia nhém chuc
duge xac dinh bing céu trie cda nhdm chie dd, chang han anken ¢é nham nguyén td& cd
kha nang quyét dinh tinh chét hda hoc cia anken 1A lién két déi, trong khi d6 ankan chi
gdm cé C va H, voi lién két C — H vA C — C b&n nén khéng cd nhdm chdc dac trung.

Su phan loai cdc hgp chit hitu eo cing dua vao nhom chue, thudng ¢6 cac loai hgp
ch4t va nhdm chdc & bang 1.5.
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Bang 1.5. Phin logi hop chit hitu cor theo nhém cliic
Loal hop chit Céu tric Nh6m chire Vi du
ankan R-H - CH,
anken R Rz
N 7/
C=C C=C CH,CH =CH,
s N
Ry Ry
vong thom Ry /RB N /
\}: - G c-C CH - CH
~N & AN » -~
Rl—C\ /C—R4 - ,C‘ CH, - C /CH
C=C Ne=¢ CH =CH
;A /7N
R¢ Rs
ankyn R-C=C-FK —-C=(C- CH, -C= C - CH,4
ankyl halogenua RF, RQ, BBr, RI -F, -Cl, -Br, -1 CHSCI
ancol R - OH -0OH CH,OH
ete R-0-R -0- CH,OCH,
amin
biic nhét R - NH, -NH, CH,NH,
' R ]
bac hat R - NH - R ~N-H CH3NHCI 13
R-N-FR N CH,NCH,
béc ba R* ~N- CH,
thiol R - SH -SH CH,SH
sunfua R-S-R -S5- CHasCH3
disunfua R-S-S-FR -5-S5- CH5SSCH4
co kim RM, R,M, RyM -M CH,LI, (CH,), M,
(CH3)Al
andehit 0] 0 (P
i |
R-C-H -¢-H CHy - C - H
xelo C!) C") C.)
R-C-FR -C- CHy - C - CH,4
imin T:l -R ]?ll' N - CH,
R-C- R -C- CHy - & - H
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Tiép bdng 15.
axlt cacboxylic C|P C') 0
R-C- OH ~C-CH H-C-O0OH
este Q ? 0O
R-C-OR -C-0- cH, - ¢ - o,
amit 0 ? C“)
R - C - NRY, -C-N CH; - C - NH,
axyl halogenua C") (‘) q
R-C-X -C-X cH,y - C-a
nitrin R-C=N -Ce N CH,C= N
hop chat nitro R - NGO, -NO, CH, - NG,
hyp chift R -850, - R’ 80, - Clly - SO, — CH,
sunfon
axit sunfonic R - 80, - CH -850, - OH CH, - §Q, - Ol
hop chit
’ R - NO -N =0 CH,CH,NO
nliroza N H;CH,
hop chit
diazo Ar—N=N- Ar -N =N C¢HgN =NC,H;

Trong phan td, ngoai nhom chidc, phAn cdn lai goi 12 ghc. Quan nidm ve géc § day
xudt phat tit quan niém clda thuy&t gdc 1a phin phan ti khong thay d8i khi chuyén tit
chidt ban dAu sang sin phdm ma khéng thay ddi c4u trie co ban. .

Chang han, trong phan tit CH,CH, — OH, nhém - OH la nhom chue ancol, géc 1a
CH,CH, - ma khi tdc dung véi HCI cho CH,CH,~Cl, nghia la gée CH.ClY, di chuyén
tir phan tit ancel sang phan ti sdn phim.

Cin phan hiét ra véi g6e tu do, ma cd khi goi tat la gde, la tidu phan o chda electron
tu do khéng cap dbi, cd kha ning phin \ng rAt cao trang cdc phén dng hitu co goi 1A
phan dng gdc hay giic chudi.

1.8. CAU TRUC KHONG GIAN CUA PHAN TU ROU CO

Trén ¢a s@ thuyét cfu tao td dién cda Jacobus Hendricus van't Hoff va Joseph
Achille Le Bel (1874) ciing nhu md hinh toan hoc lai hoa & trén, phan tit hitu co ¢d mét
trat tu sAp xép xdc dinh edc nguyén ti hay nhém nguyén tit trong khéng gian ba chisdu.
Cac phan ti ¢d cling cong thue phan tir nhung ¢d cdch phan bg trong khang gian khac
nhau gy ra hién tuong ddng phan goi 1a ddng phan lap thé hay dang phan khéng gian.

Ctu trie khéong gian thuong duge bi€u dién bAng nhirng cOng thie quy udce hay bing
cde mé hinh phan ti.
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Cong thiue ta dién

Cong thuc ta dién
duge bi€u dién trong
khéng gian dudi modt hinh
td dién ma bon dinh la |
bén nhdm th& va trung 09.5°
tam 14 nguyén tu cacbon,
Ching han phan td metan
co cong thuc tu dién nhu
hinh bén,

Coéng thic ti dién Cong here 1 dign
duge bigu didn & dang khai
trién theo chiéu ngudi quan sit chang han:

— dudng m0i tén dam & phia trddc mat phang gisy
hay & ghn ngudi quan sat.

- dudng hay mii tén chim chd&m & phia sau mat
phéng gidy hay & xa ngudi quan sat,

— dudng nét thudng ndm trén mit phang gidy.

D& don gidn cho cdch bi€u dién cdng thifc ti dién, H
ngudi ta hay ding cong thic chigu Fischer, 1a c6ng thdc H<
khong gian ba chiéu duge quy udc biéu dién trong toa dg Y
hai chigu.

Tu cong thiec td dién chuyén sang cong thic
Fischer, ngudi ta chi€u cac nhom th& & phia trudc mat phdng gidy vao dudng ngang di
qua trung tim cacbon, cac nhom th& ndm phia sau duge chigu vao true diing di qua trung
tam cacbon.

H
H . .
Cl, quay frong khong gian { chi€is quaqy vido mal phang ‘]‘
S T (-
5 \ H 1 song song vor mar !
H l"| r'"ni'r'!_q Fidy ™
Cong thire td dign Cong thire chitu Flscher

Tu mot cong thite tit dién ¢ thé bi€u dién duge nhiéu dang cong thie chiéu Fischer
phy thudc vao vi trl ngudi quan sit. Chang han:

CH,
5) CH Huang quan sal H- {‘ Br
N il : a} trong mdr Za“/:z.; »j-g-g; %lr
(O b)Y fror i/ 2y H=-C=
WANQ D ey dred CH—FH
B\ Cl
al (:) ()-1‘
ar -{-Cl

H
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Da4i vdi hgp chit c6 nhigu cacbon, truc thang ding 1a truc cacbon, nhdm chic cd bac
oxi hda cao hon & phia trén, ciac nhém thé& & truc ngang:

HO 0
(,:OOHOH o COOH
C e 3 ]
/ \H i H=—C — OH — H“—‘OH
H,C ] CH
CH, 3

Cong thirc chiéu Flscher

Cong thuc khai tri€n nay thudng ding cho cdc trung tdm cacbon dinh véi b6n nhém
thé khac nhau hay phan tir ¢6 nhigu cacbon. Céng thic bi€u dién theo truc lién két C - C tu
gin tdi xa, con goi 1A c6ng thic ban cua hay phéi canh (hinh 1.16).

H. H ?
H
H i ’ VI
H H
H
a) b)

Hinh .15, Cong thirc phél cinh clia etan: dgng che khudt (8) v anti (b).

Ngoai ra ed thé bidu dién dudi dang cong thdc chidu Newman, chi yéu dé bigu dién
cfu hinh ctia mot lién k&t C—C, trong dd cachon gin ngudi quan sit 13 giao diém cha
cac nhém Lhé, cacbon sau bi che khudt b&i cacbon truée bidu dién bang hinh trdon véi cac
lién k&t & ngoai vong tron.

4 H oy
P - S, e
huéng quan sit Hmt o @H
- = o\\%‘ Yy, H
H~ “H H

Hinlt 1.16, Cong thic Newman (dgng che khudt).

Mat chat ¢d th€ biéu didn duogc
nhigdu coéng thic phoi canh hay H T
Newman ddi v6i mét lién k&t cu thé, z %/
Sy khdc nhau gilla c4c cong thice
phéi cadnh hay gilta céc cong thuc
Newman cla mot lien k&t 1a géc ' Goc nhi dién
gitta hai mat phang lién két, goi la
gée nhi dién T (xem hinh bén).
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Néu nhu géc nhi dign
T bing khang thl ¢d dang "H
che khudt, néu bang 180¢
goi 12 dang xen k@ andi hay H
trams, néu bang 607 goi 1a
xen L ké (hinh 1,17, u

Ciu trac khéng gian H
thudng dugc mo ta bang
mo hinh, thuong dusi
dang mé hinh td dién hay
phdi canh ¢hoac ban cuda) (hinh 1.18),

Hinh 1.17. Cong thite Newman (dang anti hay frens),

Hinh 1.18. M hinh cfu triie ehn metan.

Chtt ¥ rdng, n&u thay d8f vi tr{ cia hai nhém thé bt ky canh nhau lrong mét cong
thite tu dién thl sé thu dugc 461 quang cua no:

(I: I ché- ¢
m e y — = Nt )
b/ N, cwa XviY b/ \_y

a a
I

dat quang

Con trong ¢dng thie chidu Fischer, n&u quay trong mit phing gidy mét gde 90° hay
2700 thi thu duge d6i quang, con néu quay mat goe 180° thi lai thu duode chinh nd, Ching
han nhy andehit glyxeric.

CHO H I'I
Quay
II—,— OolIf ——= I-IOCH1~|»CIIO = HOCHz—(IZ—CHO
9° -
CHZOH OoH OH

{+) andehil glyxeric (=) —andehil glyxvrie
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CH,0H CH,0H
quay | !
HO H= HO—C —H
180° | |
CHO CHO
(+} — andehit glyxeric
OCH OH
quay | |
OHC CHZOH OHC=—-C —CH,0H
270° | |
H H

(—)— andehit glyxeric

Trong c&u hinh tuong déi, c4c hop chit cé cung cqu hinh tuong ddi néu trung tam
khong tring anh vit cd ba nhdm th&€ dinh hudng gidng nhau d6i véi mot nhém thi tu.
Chéng han, cdc hop chét sau ¢é cung cfu hinh tuong déi:

Br HO CH,0 D
H-C- C,H, H—C- C,H; H-C- C,H, H-C -C,H,
/ / /
H,C H,C H,C H,C

Con ddu quay ctia cu hinh khéng cd quan hé v6i cdu hinh, hai hgp chédt ¢d cang cdu
hinh nhung lai ¢6 géc quay nguge lai, hai hgp chit ¢d gdc quay gidng nhau lai co thé cé
cdu hinh nguoc nhau.

1.9. HIEN TUONG BONG PANG

Nhitng hop chét cd tinh chdt vat ly va hda hoc gan gidng nhau nhung khéde nhau mot
hay nhigu nhém metylen (CH,) ndm trong mot ddy ddng dang. Nhitng chdt nim trong
day dd goi 1A chdl ddng ding.

Céac hgp chat trong day dong ding cd tinh chat vat 1y nhu nhidt dé s6i, nhiét dd ndng
chay tang khi tang s6 nhdm metylen, nghla 12 tang khdi luong phan ti do tang thém
chi®u dai mach cachon. Do d6, khai niém dbng dang thudong dung d&€ du doan su Lthay ddi
tinh chit vat 1y khi thay d8i thanh phan nhom metylen, nén ndi chung it duge nghién
cttu. Song & day can cha ¥ rang, cac chdt trong day dong dang cin phai ¢d cling cdu tric
mach cacbon. Chéng han:

CH,CH,CII,CH, va CH,CII,CH,CH,CH, 12 hai déng ding clia nhau, cing nhu
(CH,),CHCH, va (CH,),CHCH,CH, ]a hai dong ding cia nhau, song giiia
CH,CH,CH,CH, va (CH,),CHCH,CH, cé khic nhau mét nhém metylen nhung khéng
phai 12 dong ding cta nhau ma ndm trong hai day dong ding n—ankan va isoankan,

Hién nay, thudng chi noi dén day ddong ding ciia metan, elylen, axetylen va nhiing
day déng ding cia ancol metylic, andehit fomic, axit fomic,... nghia la nhitng hgp chét
¢6 mach cacbon khéng nhdnh nhu n—ankan, n—anken, n —ankyn hay n—ancol, n— axit,...
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1.10. H1IEN TUONG PONG PHAN

Dong phan la nhiing hop chdt hiiu co cd cung cong thic phan t& nhung khae nhau
veé cdu tric, do d6 tinh ch4t vat 1y va hda hoe khédc nhau.

1.10.1. Pdng phan phéng

N&u cic chit dong phan khdc nhau v& ciu tric phdng goi 12 dbng phan phéng. Loai
dong phéan nay thuong gap cic dang sau:

— Déng phan v& mach cacbon, nghia la chl khdc nhau v& cich sip x8p mach cacbon:

CH,CH,CH,CH,0H CH,CHCH,0H
CH,
ancol n-butylic ancol kobutylic

— Dong phén vé vi trl cia nhdm chuc. Cac hop chit nay cd cung nhém chic nhung
khde nhau v& su phan b vi trl cia nhém chdc:

CH;CH,CHCH, CH,CH,CH,CH,
OH OH
2—butanol 1-butanol

— Dong phan v& nhdm chic:

CH,CH,~0-CH, CH,CH,CH,0H

chirc ete chitc ancol

— Dong phén v& cach chia doan mach ciia nhém chiyc:

CH:,SJ—O—CHZCHZCH3 CH3—O—SI—CHZCHZCH3
‘ 0
axetat #— propyl butyrat metyl
Hai chdt ddu thudc loai este, nhung xuft phat tit hai cap axit va ancol khdc nhau,

axetat n—propyl hinh thanh tu CH,COOH + CH,CH,CH,OH, con este butyrat metyl
hinh thanh tt CH,CH,CH,COOH + CH;0H.

1.10.2. Dong phin khéng gian hay dong phan lap thé

Nhing hgp chat hiu ¢¢ ¢6 enng ¢éng thie phan td nhlrng ¢6 tinh chil khac nhau do
phén bé cac nhom thé trong khong gian khac nhau goi 1a dong phan khéng glan hay lap thé.

Nhlmg dong phan khéng gian ¢6 su sap xép khac nhau trong khéng gian goi 1a ddng
phan cau hinh gom hai loai sau:

1. Pong phan hinh hoc
Né&u sy phéan bé khdc nhau d6i v6i mét mat phédng, mat phang 7 hay mat phiang vong
goi 1a déng phan hinh hoc.

Theo danh phdp crs-trans, néu hai nhém thé gidng nhau hay gin gidng nhau & cling
phia cia mat phang goi la dong phan ¢fs, khac phia 1a déng phan trans.



38 CAU TRUC VA PHAN UNG CUA HOP CHAT HUU CO

HC  CH, H  CH,
=@ C=C
/ \ / \

H H HC H
cls—2-buten frans—2—buten
(Z)-2-buten (E)—2~butep
Ql L H a
N+ cm

H H
cis=dicloprapan trans -dJiclopropan

Theo danh phip 12 - Z, nhal 1a trong trudng hgp khéng dung ditge danh phap cis - trans thi
dung danh phap chung gov 1 danh phap £ - Z Danh phap £ - Z dua irén tinh hdn cip cia
nguyén L8 dinh vadi eacbon. Nhom (hd eé nguytn 18 ¢6 s6 thit Lu nguyén t6 cao hon (hi ¢6 Linh hon
¢iip cao han. N&u hai nhém Uhe ¢é tinh hon ¢dp ¢ao hon 6 hai C & eiing phia cia mit phitng goi 1
déng phin %, khae phia 14 dong phan 13

Br\ /NOZ B{ /H
%= P g
H,C H H,C NO,

Br >CH,; NO, >H
(2)- 2—brom- 1-nitropropen {(E)-2-brom- [-nifropropen
2. Ddng phdn quang hoc

Nhitng hop chét ¢é cdu tric va tinh chét vat ly va hda hoc gidng nhau nhung khac
nhau v& kha n&ng quay mat phing anh sdng phdn cuc goi 1a déng phan quang hoc.

Anh sing 1 dao dong song clha trudng dién va tir. Khi mét electron tuong tdac vdi
dnh sang thi ¢6 dao dong theo thn s6 clia d4nh sang theo hudng cta trudng dién. Anh
sdng thudng co vects trudng dién cha song anh sdng trong tdt cid cdc hudng clia mat
phdng. Anh sang phan cuc ¢ vectd cla trudng dién cua tat cd cic sdng anh sang trong
cung mot mat phing, goi 12 mat phdng phén cuc.

Anh sfing thudng .
8 5 Anh sing phian cyc.
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Anh sing phan cyc thu duge khi cho dnh sang thuding di qua lang kinh phan cyc:

Fhén cue ké —e

Anh séng thwéng Phén cuc kE Anh séng phin cuc

Khi cho dnh sing phan cuc di qua moét chét, chdng han nhu 2—iotbutan, ngudi quan
sat thdy mit phing anh sang phan cuc quay di mdt géc, chit dd cd tinh hoat déng quang
hoc, hay chdt d6 cd mot trung tam bat d6i xdng hay trung tam khéng trung dnh vat
trung tam chiral):

la . '
don sac _ =

a? ~
Ong midu

Ldng kink ’ Ién_g kink

Khi nghién cdu méu 2—ijotbutan cho thdy cd hai chdt ¢6 nang suit quay cuc vdi chigu
quay nguge nhau: mét chét cd gdc quay cuc dudng (+) [@)F! = +15,9° va mot chit 6
géc quay cuc Am (=) [c:c]aI = —15,9°.

Hai chdt nay cd cung tri sé gdc quay cuc nhung chigu quay ngude nhau goi la hai
chét nghich quang (d6i quang) hay ddng phén enantiome, tao nén mot cip nghich quang
hay mdt cdp enantiome

Nguyén nhén gdy ra tinh hoat dong quang hoc 12 do phan td khong cd y&u t§ dbi
xUng nao trong phan t& (truc, tdm hay mat phéng d6i xdng,...). Mot trung tdm cacbon
lien két v6i bén nhém thé khae nhau, goi la cacbon bat dai C* (theo Lewis) hay 12 trung
tam khong trung anh vat hay trung tam chiral.

Mot trung tdm khéng trung dnh vAt cd hai cdu trdc dong phan ddi xiing vdi nhau
qua mdt mat phang guong, nén gei 1a déng phan guong. VAt va anh trong guong cla nd
khong cd kha nang chong khit titng nhém thé& véi nhau, nhu 14 hai ban tay trai va phai.
Chang hamn, phan tif 2-iotbutan ¢ C 1a trung tam chiral do dinh vdi bén nhém th& khac
nhau (C,Hs, I, CH,, H) la trung tam lap th€ ¢ hai déng phan:



40 CAU TRUC VA PHAN UNG CUA HOP CHAT HUU CO

CH,CH: | CH,CH,
/C"" I I T;‘C\
H,C ! CH,
(rNe)erotbutan (~)-2-jothutan
[af, =+159 {aqfﬁ,s,

Trong phian tu, electron khong co thé tu do dac dong trong tdt cd moi hudng, tinh
phan cuc cia phén td 13 bat dang hudng. Khi electron trong phan t& dao déng trong mat
phing phan cuc, cac electron ed khuynh hudng dao ddng ra ngoai mat phing phéan cue.
Vi tuong tde cia ching vdi electron dao déng, énh sang cd trudng dién va tif thay déi.
Khi 4nh sang phan cuc tuong tac vdi phan tl, mit phdng phan cuc sé quay.

D6i véi phan té ma trung tdm khoéng lién két vdi cdc nhom thé khac nhau, khong
gay ra tinh hoat déng quang hoc, goi 13 trung tam trung 4nh vat hay trung tam achiral.
Khi ¢d anh siang phan cuc di qua trung tam achiral, chdng han nhu 1,1 —dicloetan, mat
phang dnh siang phéan cuc thay déi d6i v6i mébi su dinh hudng cta phan tit, sy quay cua
phan ti nay lai dugc b trir boi sy dinh hudng cia dong phan guong cia nd, nén két qua
st quay cuc bing khong nghla 14 mat phdng dnh sang khong dai:

tia phdri cye \ Q Cle ./ He_ ./ \. _H
/

/C;‘Cl CL)C\ CL) \ - =Cl 4o gh s0ng
H H Cl cL i ra

Anh sing phan cuc Anh séng di ra

Nguyén nhan khong ¢d tinh hoat dong quang hoc 1a do phan t& 1,1—dicloetan ¢d mét
phing déi xitng (hinh 1.19),
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{

H ] H
\C,‘u i Cle_ C/
~~a { gl
H,C ' CH,
1

Hink 1.19. Tinh khéng tring fnh vit clia 1,1-dicloetan.

Mot trung tam khéng tring anh vit dugc bidu dién bing cdu hinh tuong déi hay
tuyét doi.

3. Cdu hinh tuong déi

Céu hinh tuong d&i bi€u didn theo danh phap D, L so s4nh vdi cau hinh ciia andehit
glyxeric:

H_ 0
H\C”O CHO CHO \?f
: ' O—H
H—-(|;—-D|_| = H+OH HO—|—~H = H ‘C
H -
CH,OH CH,0H CH,0H CH,OH
D —(+)—andehlt glyxeric L—(~)-andehit giyxeric

Nhiing trung tim bit d6i ¢ nhém chic trong cfu hinh gidng D-andehit glyxeric ¢6
cdu hinh tuong d6i D, va hop chit d6 thude day D, c¢don ¢é c&u hlnh gidng L—andehit
glyxeric ¢ cdu hinh L.

CH, CH

3
H—|7 OH HO H
C,H; C,H;
D-2-butanol L-2-butanol

4. Céu hink tuyét &6t - Danh phdp R - S

(‘Au hinh Inydt 481 dang danh phap téng quit han 1a danh phap R - 8. Cau hinh £ - S duge

xde dinh theo tinh hon ¢ap ela trung LAm chired, goi la quy tac Cahn  Ingold  Prelog.
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Né&u trung tAm chiral ¢6 céc nhom thé& theo tinh hon cdp la 1>2>3>4, trong do
nhém thé& nhd nhdt 13 nhém 4.

Ngutii quan sét nhin theo hudng tif trung tam t6i nhdm th& nhé nhét, cic nhém thé
con lai cd thyd ty hon cdp la 1>2>3, néu thd ty nay duge dinh huéng theo chidu kim
ddng hd thl trung tdm ¢d c&u hinh R (rectus), néu ngudc kim ddng hd la cdu hlnh S
(sinister):

2 3
!
C - C
2/ \3 3/ \2
Cau hinh § CAu hinh R

Hinh 1.20. M6 hinh lip the cia ciiu hinh R(b) vi S(a).

Tinh hon cdp duge x4c dinh theo quy téc sau:
a) Nguyén td ¢d s thi tu nguyén td 1dn han g€ hon cdp hon:
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3 H, Ve M4
Y
I Br/ a2
(3)- i-brom- [-cloetap
mat phing guong mat phing guong
H I H l
! |
i | CH, iH,C
A : é\ H'WS'L/ 31 ’ \Si":‘:.H
HO” N 'CH, | H,C*7 "OH A" Neulne” @
cr, 71 TRC sy
; |

b} Cac nguyén t6 dong vi 6 khéi lugng cao hon cd tinh hon cdp cao hon:

4 H4

N o

CS
sp” CH, 2
(R)— 1-doteri- [—fioetan
¢) Néu trung tadm ed ba nhom th& va cip electron n thi cap electron o ¢4 tinh han
:ap biing khong.

mal phang guong mat phang guomp
i
THl HP HC chlHE. GH
\/ | \ e 3|| s N
P | P z
FGERX I NN ]\ ! r'
"G CH ) H,C GH, H™ 7 l\-i
! \

d) N&u cac nguyén td cd cung s6 nguyén t8 thl xét 16p tiép theo d&€ xét tinh hon cép:

/
\/\w
3

z
(R)—4—cln-2—-metyloctan

e) Lién lt&t Adi va ba ¢6 36 thu tu ghp hai hay ba lan. Chdng han:

? P-c § Pt
-0 = -Cc-H -C-cI ~C-CH,
0 0

It
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i
~CH=Cl, = -C-C-H
H H
Do d6, nhém —CH=CH, hon cép hon -CH(CH,),
¢S G, 1
(tic la -C-C-H > -g—q-H)
H H H H

Trong phan Ung hitu co, su hinh thanh hai sin pham d6i quang goi 14 sy raxemic
hda. Sy raxemic hda cd thé hoan toan hay mét phan.

Khi tron mot lugng bang nhau cia hai nghich quang, ta thu dudc sdn phdm raxemic
hay con goi 1a raxemat. Hén hop raxemic bao gom mot lugng ddng phan quay trai va mot
lugng déng phan quay phai nén gdc quay cuc bang khong, thudng ky hi¢u bing dfu (+),
chdng han (x)—2—butanol.

Tinh ch4dt vat 1y cia raxemat khong gi6ng tinh chdt cia d8i quang tinh khiét.
Raxemat cd th& két tinh bing con dudng théng thuong. Trong truéng hgp raxemat ket
tinh 13 hén hdp co hoc cta hai hogp chdt két tinh khac nhau goi ]a hén hop raxemic. Hén
hop nay co di€m eutecti & ty 18 50 : 50 trén gidn dd ndng chay, néu thém vao lugng
nghich quang tinh khiét sé lam ting nhist d6 ndng chay.

%
R
IS
‘%
5.
= " ,
= Biém eutecti |
1
'100% . 50% 100%
(+) : (=

Hinl 1.21. Gidn d6 néng chay ciia hdn hop raxemic,

Raxemat ké&t tinh tao dudc mét mang luéi tinh thé goi 14 hop chdt raxemic. Trong
trudng hop nay, tinh thé duge tao thanh cing bang hai lugng bang nhau cta hai déi
quang (+) va (—) cd mdt cuc dai trén gidn 46  ha Hop chdt raxemic nay cé nhiét do
ndng chay c¢d thé cao hon hay th&p hon nhiét dé nong chay cua déi quang tinh khigt. Khi
thém mét luong déi quang tinh khiét thl lam gidm nhiét dé ndng chay (hinh 1.22).

Sy khae nhau vé nhiét da séi cing nhu nhiing tinh chit vat Iy khdc gita raxemat va
déi quang tinh khiét 14 do khdc nhau vé tuong téc gitta cdc phén ti.

N&u phan t& ¢é n trung tAm bat d6i cé 2" déng phan vdi » cip déi quang. Chéng
han, 1,2—diclobutan cd hai trung tAm khéng triang anh vat, cd bdn ddng phan véi hai cap
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> f

D

5 ®

S 3

S D

2 2

§ 3

o

. e

"ﬁ Hiém eulect ‘§ Biém eufecli
100% 100y 100% 700%

(+) (—=) (+} (-}

Hinh 1.22. Giin 4% néng chiy cin hgp chit raxemic

nghich quang.

D€ goi cdc dong phén, cé thé dung danh phdp R-S hay ding danh phdp tuong déi
erythro — threo,

Danh phép erythro—threo dua vao cfu hinh cta dudng erytrozo va treozo.

CHO 5 CHO CHO | CHO
H—C-OH | HO-C-H HO-C-H | HO-C-H
H—C-OH : HO-C-H HO-C-H i HO-C-H

CH,OH | CH,0H CH,0H | CH,0H

D(y L(# DE) L(#

erytrozo’ treqzo

Nhing hgp chét cd hai trung tam bét d6i, cd hai nhom chdc d cung phia v4i mat
phing phan t&, gi6ng nhu hai nhém OH cia dudng erytrozo goi la déng phan erythro,
con giong dudng treozd la dong phan threo.

|
CcH B G ! o H CH
\' | B
S—G : c—C,
H’ \ ! / \\‘H
CL  CH, | CH, Cl
threo—23-diclo butan threo—2,3—diclobutan
(28, 35)-23-diclobutan (2R, 3R)-2j3—diclobutan
cH, G 1 4@ CH
4 ' N/
’ //L ¢ | ) N
H \ 7 \ H
Cl CH, } CH; Ci
erythro— 2 3—diclobutan erythro—23—diclobutan
(25, 3R)-2,3~diclabutan (2R, 38)-23~diclobutan

(rreso—23~diclobutarn)
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Trong cdng thuc erythro, cdc nhédm thé€ giong nhau che khudt nhau, con dong phan
threo chl ¢ mot nhém th& che khuat nhau, con hai nhém kia khdng tring nhau. Déng
phan erythro cd hai trung tam bat d6i cd cdu trac gidng nhau goi 1a ddng phan nieso.
Dbdng phan meso tuy cd trung tdm khéng trung Anh vAt nhung khéng hoat déng quang
hoc vi ¢d sy bu trit nhau cia hai trung tdm d6i xing nhau hay ndi cach khac, déng phan
nay cd y&u t6 déi xitng 1a mit phdng déi xing hode tdm ddi xding:

et F“ H

aH  C
g C—C.
cl” / ~C / \
H H;C \ et

mat phang déi xing tim d8i xcop

Né&u phan ti cd hai trung tdm bét d6i cd cdu hinh khdc nhau, ching han phan tit
CH,CHICHCICH, 88 cd b6n ddng phan khdc nhau, trong dd ¢d hai cap enantiome hay
hai cap nghich quang,

CH, 5—| al H

'
! |
) Cl : L » f (;H3 C[ ] | H C:‘. CH3
t’__fé/ ! B L,‘—";C‘._ \CL 2 "H i \t.: 36’
9 \ | [ \Hl o 4 :, / N\
H CH3 ! CH; H CHJ : CHs H
s 3R)—2—clo- (2R, 3.5‘%—2—c10— (2R, 3R) - 2 — clo- (25, 35)-2—-cbo-
3-iotbutan 3-lotbutan 3-iotbutan 3-{otbutan
R, S) __________ —enantiome .___ ___ [ALY)]

J T~
/

Enantiome hay nghich quang la ddng phan ¢d cling tri s6 tuyét déi géc quay cuc
nhung khac nhau vé chiéu quay, con dong phan dia (diaisome) khac nhau ca v& tri s8 géc
quay va chiéu quay.

C&u hinh cling c6 thé bi€u dién don gidn hon theo quy déc nhom trudc va nhom sau:

{5)-3~—cloheptan (4R, 'SS)- 5 clo-d-etyl-28-d imetjlnonan
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Danh phédp D, L ciing dung d& chl day D va L. Trong cac hop chit dudng, cdu hinh
cachon xa nhdt ddi voi nhom oxi hda cao nhit gi6ng cdu hinh cuia cacbon trong
D —andehit glyxeric, hgp chdt dd thuéc day D, cdn gidng cdu hinh cta L —andehit glyxeric
la day L. -

Trong aminoaxit, ngudi ta chon cacbon gén nhdm oxi héa cao nhit dé€ cd day D va
L nhu trong andehit glyxeric.

5. Déng phan cdu dang

Dong phéan c4u dang (conformer) 14 nhitng d8ng phan sinh ra do kha nang quay xung
quanh lién két ¢ C ~ C. Cac ddng phan nay khic nhau v& nang lugng phan td, thuong
khong bén, chi ton tai dong phan riéng biét & nhist do rét thap — 230°C. O nhist d6
thudng, cdc phan ti tdn tai d dang hdn hop cha cac ddng phan quay, trong do chi chi ¥
tdi ddng phin cd néang lugng cao nhdt goi la ddng phan che khudt va ddng phan cd nang
lugng thap nhét goi 12 ddng phan xen k& (xen ké k2 (gauche) hay xen ké an#i hay frans).
Ching han, etan:

LA

CAu dang che khudt

CAu dang xen ké k& va anti
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D46 beén cta cdu dang phu thudc vao tuong tac gilta cac nhom thé, thudng dang xen
ké& ban han dang che khudt. Chang han, dang xen ké ciia etan bén hon dang che khuit
13 3 keal/mol do tudng tac ddy giita cdce ciap hidro ghin nhau 4 c8u dang che khuit,

H H
H
H H
v H HY
clan che khuiit etan anti

1.11. PHAN UNG VA CO CHE PHAN UNG

Phan @ng x4y ra bing sy phan céit lién k&t ci va hinh thanh lién k&t mai hay 1a su
phan bé lai céc obitan phén tit. Ching han phan dng:

CH,C] + NaOH - CII,0H + NaCl AG® = —22 keal/mol

trong dé cé su phan cit lién két C— Clva hinh thanh lién k&t méiC Ollhay la obitan
phéan tit C— Clchuyén thanh obitan phén ti (' OH.

Dac tinh ciia phan ung hitu co thuiing xdy ra cham, can bAng, khong di tdi ciing va
¢d th& xay ra theo nhidu hudng khéc nhau.

Phan ing x3y ra hodn toan néu nhu trong hdn hop phan ng chi con it hon 0,1%
chdt ban dau. Hing s6 can bang lién quan t6i nang lugng ty do:

AG®° = —RTInK

1. Phuong phap nhiét déng hoc

Vé nhiét dong hoc, phan ting hitu co x4y ra khi AG® < 0, nghia la phan (ng phat

nhiét. Nang luong tu do chufn lién quan tdi entalpi va entropi cta phan Ung:
AG® = AH® - TAS® ,

Entalpi l4 nhiét caa phdn @ng, lién quan t6i ndng lugng lién két, N&u lién két hinh
thanh trong phan ¢ng la lién k&t bén hon thi AH® 14 Am va phan dng 14 phat nhiét,
ngudge lai, AH® duong 1a thu nhiét. Entropi phu thudc vao do chuy&n déng tu do ctia phan
t, néu nhiéu phan td bi han ché& dao dong tu do thi entropi Am hon. Su hinh thanh lién
ké&t bén va su chuyén déng ty do 16n la dong luc thic ddy cho phan tng xay ra,

Trong phan tng trén, AH® = —18 kcal/mol vd AS® = +13d.v.e. (AS° tinh bing don
vi entropi (d.v.e) bang cal.do~!.mol~}, nén déng lyc thic ddy phan Ung trén la sy hinh
thanh lién két bén (C—0O bén hon C-Cl), con entropi trong trudng hgp nay la duong vi
ion clorua bi solvat kém bén hon ion hidroxyl, do dd, (—TAS8?) ddng gdp vao gia tri Am
ctia AG®°,

Phuong phap nhiét déng hoc cho bigt phan dng ¢6 thé xay ra hay khéng khi tinh
duge nhiét phan Ung dua vao nang lugng lién két hay nhiét tao thanh cta chit dau va
san phdm, khong cho biét v& co ché hay tién trinh phan ing.
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2. Plutong phdp déng hoc

Vé dong hoc cia phan dng, trong phan @ng trén, tuy phan tng cd déng luc phan dng
ton nhung phan ing gita clorua metyl va kiém xay ra vin cham. O nhiét do phong,
ching han, néu dung 0,05M dung dich metyl clorua trong dung dich 0,1M hidroxil natri,
phan ung chi dat 10% sau hai ngay & nhiét d6 phong.

Nhu véy, y&u t8 nhiét dong hoc thuan lgi vAn chua di cho phan Ung thue hién duge
lrong thue té.

Trong phan tUng, khéng phai moi phan t{ cd thé di tdi sAn pham ma chl ¢ nhitng
phan ti nhan thém dugc nang luong bén ngoai dé.cé thé vugt qua hang rdo nang lugng
cua phin dng khi chuy&n tit ch&t diu sang san };hﬁm.

Hang rao nang lugng nay goi 1a nang lugng hoat héa hay entalpi hoat hda, ky hiéu
bang AH® Trong phan dng metyl clorua voi hidroxit. AH* 1a 25 kcal/mol, con nang
lugng dong hoc trung blnh 14 0,6 keal/mol. -

O nhiét do cao, nang lugng dong hoc trung binh tang lén, mot s6 phan tli ¢é nang
lugng ddng hoc trung binh di d& tham gia pban ting ting lén. Chang han, phan dng clta
metyl clorua d 50°C gédp 50 Jan & 25°C. Thuc t&, trong phan tng hitu co, nhidt do tang
10°C, téc do phan dng ¢d thé tang hai ba lan.

Téc d6 phadn dng khéng chi phy thude vao ning lugng cta phan ti dd cho phan Ung
ma con phu thudc vao ndng do tac nhan, trong phan dng trén:

v = k[CH,CI)[HO ],
véi k= 6.10"%mol 157! ¢ 25°C.

Phan «dng 13 bac hai va bac mot cho méi tdc nhan.

Néu tién hanh phan dng thiy phan clorua metyl trong H,0, phan ng la bac mét vi
nong d6 nuéc coi nhu khéng déi, nén:

v = R[CH,C1),
véi k= 31071571 ¢ 25°C.

Do dd, néu tién hanh phaa ing cta 0,01M CII,Cl vdi IM NaOH, nong dé cta ion
hidroxit thay déi tit 1M dén 0,99 M suét trong qua trinh phan tng, vi thé& c¢d thé coi ndng
d6 clia ion hidroxit la khéng d&i va phdn dng la bac nhét véi & = 6.107%~! | Thusng
cac phédn dng nay goi l1a phan dng gid bac mot.

Nhan t3 quan trong khi nghién citu dong hoc la xdc dinh toc do cha phan tng, bac
cuia phan dng, nhitng nhan t6 Anh hudng tdi téc d6 phan dng.

n

3. Co ché v tién trinh phén dng

Trong phdn dng, tAc nhan ti€p can tdi trung tAm phan dng, lam thay déi bac chaa
lién két dé€ di t6i san phdm, nén cin phai suy xét su thay ddi cidu truc trong hé phan
ting. M&i cu hinh clia nguyén tit trong sudt qua trinh thay d8i tU tdc nhan t&i sin phdm
¢ lién quan trye ti€p tdi nang lugng. Tac nhan di toi trung tAm phan dng va lién két bi
phan cat doi hoi nang lugng cac hon la phan tit riéng biét. Tac nhan di téi trung tam
phan dng lam cho cdu tric phan tit thay d6i dé di t6i san phdm lam cho thé niang cia
hé tang. Thé& nang tiép tue ting cho dén mét cdu tric cd ndng lugng cuc dai, sau do,
nang lugng thay ddi tiép tuc gidm cho tdi khi hinh thanh san pham.
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Su khédc nhau gita nang luang chdt ban diu va nang lugng cuc dai cta cdu tric ma
hé can di qua goi la nang lugng hoat hda. Nang lugng cuc dai tuong @ng v&i mot ciu
tric xdc dinh goi la trang thdi chuyén ti€p hay phic hoat hoa. Mot qua trinh dién bién
tit chdt dAu tdi sAn pham goi la toa dé phan ung.

Trang thai chuyén Hép

= Neing keong hoat hoa

[
|

gx 7dc nkdn

12 CHsCl + OH"
™

I

San phdm

CH,0H + C

Toq d8 phdn ung ~ —

Hinh 1.23. S d% phin éng cia CH,CL + O™ + CH,0H + CI°.

So 48 trén cho thiy, phan (ng di qua mbt trang thai chuyé€n, phin ung la mot giai
daan. Thyc t&, khang ¢d th€ xdc dinh duge chinh xdc c&u tric trang thai chuyén, song
néu ude tinh duge nang lugng cia trang thai chuyén thil ¢ thé tién doan duge te do
phan ing va hudng cia phan ing. Chang han, néu trang thii chuyén cd su phan cit lign
két voi nang luong cao thl phan ing xdy ra cham.

Nhiu phan dng hitu co xay ra qua nhiéu giai doan, di qua cdc trang thai chuyén tiép
va hgp chat, trung gian d€ di t4i san phdm.

Hup chat trung gian tuong Ung vdi nang lugng cyc ti€u trén toa dé phan dng ma
trong mdt s6 It trudng hop ia nhing ti€u phan bén cd thé tich ra duge. Hop chdt trung
gian cang bén thl d§ sau cia cuc ti€u cang 16n va thoi gian tdn tai cang lau Phdn dng
cd thé ¢d hai hay nhidu giai doan nghia 1a di qua hai hay nhigu {rang thai chuyén va hop
ch4t trung gian (hinh 1.24).

Khi bigt dudc co ché€ phan ung, ¢ thé suy ra bac cia phan ng va phan ti s6 cia phdn
Uing. Bac cua phan tng la tdng s6 cld bac mdi cdu td, con phan tit sd la sd phén tit tham gia
tao thanh trang thai chuyén ti€p, song thudng hai khai niém nay di doi v6i nhau,

Trong gian db trén hinh 1.24, phan dng di qua hop chét trung gian cd nang lugng
cuc Lifu va hai trang thai chuy@n:

k . k
Chit ban diu  =——b= Cndl trung gan e Sin ph&m
k k
=1 -2
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Trang thai chuyérn 1 Trang thai chuyén 2

Chat rung gian

& ﬂd'/?j

P

74

Jae nkén

Sdan p/?éz?v

Joa d6 /n/m}r ul"zj

Hinli 1.24. So &% phin 1rnp hol gini dogn.

Gian db cho thdy, trang thdi chuyén diu cd nang hiong cao hon trang thai chuyén
thi hai nén quyét dinh t6c d6 phan dng.

Trang thai chuyén 2

Trang thai chyyéh 1

Chat trung gian

& ﬂa'nj

»

Th

Tac rbdr

San p/?d"f;’l

Toa &8 phdr ufrq

Hint 1.25. Giin 45 cha phin wng hul gini doan phite tap.
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Gian d6 trén hinh 1.25 xay dung trén co 36 phén tng:
k k.
Chit trung gian
-1 -2
Gian d6 cho thdy k_» 2 Dk, Dk, va trang thai thi hai quy8t dinh téc do phan iing.
Gidn db clng cho thdy, téc dé phan (ng va hang s6 téc dé khong gidbng nhau. Giai
doan dau cd hang s6 t6c do 16n hon giai doan hai [k, >£,), cing cho thdy chidt B kém
bén hon A, & trang thai can bang gitta [A] va [B) ¢ mét thdi didm nao dd thi [A] >([B].
Giai doan dau xay ra nhanh hon giai doan hai (& [A]> &, [B]), con giai doan hai xay
ra cham hon quyét dinh téc d§ phan lng.

Chill phin Gnp San phiim

Phan @ng ¢o hai chit trung gian va ba trang thai chuyén nhu phan dng thiuy phan este:
9 0"
CH,COCH,CH; + OH™ —= CH3(I3 — OCH,CH,
Ol
(l)_
CH3(|3 - OCH,CII, — CH;COCH + CH;CH,0
OH
CH,COOH + CH,CH,0

nhanh

CH,CO; + CH,CH,0H

Irarng thai Trang thaj
chuyén figp  chuyerr 1igh

=
|
CH,C—OCH, CH, (")
£ OH
S i B
¥ |CH,C-OCH,CH,  chdt tung gian  CHoCOH
£ + oW + CH,CHO

CH, CO; + CH, CH,OH

loa Jg pharn urg _

Hinkt 1.26. Gidn 48 niing lwgng eda pliin omg thiy phin este,
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Trong phAn dng trén, hai giai doan dau la cin bang nhung giai doan sau trao ddi
proton 14 phan dng mot chitu nén ndi chung phan dng la khéng can bang. Phan dng co
giai doan diau 12 thu nhiét va nang lugng cao hon nén quyst dinh tdc d6 phan ung.

Mgt qua trinh mé ta tién trinh phan ing di qua cac trang thai chuy&n tiép va hgp
ch&t trung gian goi la cd ch€ phan tng.

Co ché& phan dng mo tad mot tign trinh phan vng dién ra tit chdt dAu t&i chdt cudi di
qua cdc trang thai chuyén ti€p va hgp chat trung gian.

1.12. AXIT VA BAZO HUU CO

Quan niém vé axit—bazo trong hda hitu cd cing theo cdc quan niém vé axit—bazo
cua Bronsted va Lewis, song cing ¢d nhing tinh chdt rieng.

Axit l1a chdt cd kha nang cho proton va bazo la chédt ¢ kha nang nhan proton.

Qué trinh xac dinh tinh axit hay bazo thuéng ti€n hanh trong nudc, trong dé phan
td axit va cAc ion phan ly ra du6i dang solvat hda. Chdng han:

HA(an;.—F.- HE;(]) + A(,dq) (aq la nudc)
[H*][A"]
Hl [HA]

va pK, = —IgK,

Mot axit HA phan ly ra cation H* dong thai mot anion A~ va qua trinh nguge la
anion A~ k&t hop véi proton cho AH, nén A~ 1a bazo lién hdp cda HA va ngudge lal HA
la axit lién hop cda A -

HA === H' + A~
it liEn hop bazey 1€ hop
do d6 e6 méi tuung quan giita tinh axit ctia HA va tlnh bazs cla A~

Mot axit HA cang manh thl tinh baza cda A~ cang y&u, nguge lai, mdt baza cang
manh thl axit lién hop ctia nd cang y&u. Do dd, thudng diing K, hay pK, ciia axit lién
hop cia mal baza d& d4e trung cho tinh bazo cia mét bazs.

Mot axit HA cd tinh axit tang khi A ] nguyén té di xudng trong mét nhdm nguyén
té va di sang phai cha moét chu ky.

Mot ti€u phan mang dién tich duong la mot axit, dién tich duong lam tang tinh axit,
nguoe lai dién tich am lam giam tinh axit.

Trong qua trinh phan ly mdt axit, dd bén cda anion hinh thanh cang bén thi tinh
axit cang cao. Cac anion thudng dudge 8n dinh bing eing hudng.

Trong héa hitu co, co thé xem phan dng hitu c¢o 12 phan Ung axit—baza, dac biél ro
1a nhitng phdn Ung cdé tuong tdc ion. Mot hop chét c6 trung tam mang mot phan dign
tich dudng |a mét axit, mét hop e¢hit cd cap electron 2 hay mang dién tich Am hay mot
phan dién tich am 1a mét bazo. Mot chat khi tde dung véi mét baze manh hon thl chéat
dd sé trd thanh axit, hay nguue lai.
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Bang 1.6. Tinh axit pK, ciia mét s8 hop chilt hire cor

CH,COOH 4,74 CH,0H 155
CF3COOH 02 C,H,0l 159
CH,NHF 10,62 CF,CH,0H 124
(CH3),NHF 10,73 C¢H OH 100
(Cl13);NH* 9,79 (CH,),COH 8
CH,COCH, 200 CH, 49
C4H;COCH, 16 o, 50
CH,NO, 1021 CH, = CH, 44
CH,CN 25 CH =CH 25
CgHgSH 78 ‘
C,HsNH, 35 Q (} 43
C4H5CH, a1 ,
CH,0"H, -22 Q—u 52
CH,COH -6,1

OH FANSY 46
Cl1,S0;H - 12 CeHsCCH, -62
CH,C=0'H -65 *H

OC,Hs CeHsG =0*H -73

o]




55

CHUONG 2

ANKAN

Hidrocacbon 12 nhitng hop chét hitu co chi chia hai nguyén t& cacbon va hidro, nghia
12 chl gobm hai loai lien két: C—H va C-C.

Cong thic chung la: C H |
Dua vao cfu truc phén td, cd thé phan loai hidrocacbon nhu sau:

Hidrocacbon

A
mach h¢ (thdng, khong vidng) tmach vong (xyclic)
(aliphatic, axyclic) 1

ankan anken ankyn vong no, chua no vong thom
(alixyclic) (aromatic)

Trong mbi loai mach hd hay véng, cic phan td c6 cing cdu tric mach cacbon nhung
khac nhau vé loai lién ké&t nhu Fesp3-Hr Ocspt-H Iesp-H CUNE nhu lién két ope va e

Con su khdc nhau giita mach hd va vong 12 su thay ddi ciu tric mach cacbon: mach
dai khong vdong va mach vong, do do, cd sy khac nhau vé cdu trdc phén tt va cdu hinh
khong gian. Anh hudng nay c6 tinh chét quan trong trong phan ing hda hoc hon la lién
két trong cdc phan ti dé. Chang han, chuy8@n hda tit ankan thanh xycloankan, su khdc
nhau 14 cdu trde vdng, con lién két hAu nhu giéng nhau, ti polyen mach hé thanh vong
thom cing quan trong ]a su khic nhau v& cdu tric phan ti.

Ankan la hidrocacbon mach hd (thidng) cd céc lién két hda tri elda cachon dude bio
hoa bang hidro, nghia 1a cd hai loai lién két o-_ va o._;,;. Do ankan c6 It 4i lyc trong
cde phan dng hda hoc nén con goi 14 parafin.

Cong thic chung la: C H, ,, hay H(CH,) H. Ky hiéu la RH.

2.1. DANH PHAP

Nhitng ankan ¢6 tit 1 dén 4 cachon duge goi theo tén riéng, tit 5 cacbon trd lén, dude
goi theo chit 88 Hy Lap chl s6 cacbon r8i thém dudi an.
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* Bdng 2.1. Danh phap v tinh chit vit 1y cia soksn
5 C Tén goi Cong thire bop:ﬁ?:]g [N ", rl‘;;"
] melan CH, - 162 - 183
2 elan CH,CH, - 885 - 1723
3 propai CH5CH,CH, -42 187
4 | n—buan CH,CH,C1L,Cl, 2 -05 -8 | 0622
(-20°C)
3 A—pentan CHS(_ CH,)CH, 3 36 - 130 0,626
6 n—hexan CHS(CH2)4CH3 5 oY -95 650
7 | # - heptan CH,(CH,)sCH,4 9 98 -905 | 644
8 #n—octan CH,(CH,),CH, 18 126 =57 703
9 »—nonan CH,(CH, )Cl, 35 151 -54 718
10 n - dekan CH,(CH, ), CH, 15 174 =30 730
11 n—undekan CH4(CI1,),Cl, 196 -26 740
12 | # -dodekan Cl4(CILy), ,Cly 355 26 | -1 749
3 n—tridekan CH,(CI Ly €, 234 -6 757
4 | n- tetradekan CH4(GH,) ,CH, 252 55 764
15 n — pentadekan CH;{CII,),3CH, 4347 266 10 769
20 | s—eicozan CHL(CH, )2 CHy 366319 36
30 A — Ulcontan CH4(Cl,),4CH,
4 isobutan (Cll4),CHCIH, -2 - 159 0.604
5 isopentan {CH4),CIICH,CH, 28 - 160 620
5 neopentan {CH);CCH4 us ~17
G isohexan {CH4),CHCH, CI13,C 1, o0 - 154 644
6 3-nelylpentan CH,-(1 Iz-(",l-l— CH,-CH, 63 -8 676
CH
¢Hs
6 2,2—dimetylbulan CH,;-C-CIH,-CH,y 50 -98 649
CH,
GHy Gy
6 23— dimetylbutan Cl3-CH-CH-Cll, 58 - 129 668
» Nhing ankan mach hér hay thiing khong nhanh ¢6 tp dau ngd: »
¢ Nhong ankan ¢d hai hhom metyl & ddu mach ¢6 GEp dhw ngd: o
e NhGng ankan ¢6 ba nhdnt metyl & ddu mach ¢6 €p dio ngi: new
CH,
CH,CH,CH,CH,CH, CHS-(')H—CHz—CH:‘ CH,—-C-CH,
CH, CH,4
H—pentan isopentan neopentan
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Danh phap IUPAC (International Union Pure and Applied Chemistry):

+ Ankan ¢6 dubi la an

+ Mach chinh 12 mach dai nhA4t.

4+ Déanh s& mach chinh sao cho tdng s6 cdc chl s6 cd trong danh phap la nhé nhat.

+ Né&u cd hai hay nhigu mach chinh ¢d clung 86 cacbon thl chon mach ¢6 nhidu mach
nhanh nhit.

+ Cdc mach nhanh trong danh phdp phai ¢é chl s§ chl vi tri trong mach chinh dat
trude tén mach nhanh sau d4u ngang. Gilta cic con 86 cé dau phay.

+ Th¢ tu cac mach nhanh trong danh phip duae viét theo van chir cai, cac mach
nhanh gi6ng nhau duge gop lai: di, tri, tetra,...

+ Né&u cé hai hay nhigu mach nhdnh ¢6 ciing chi sd vi trl thi dung tén goi theo chi
s8 nhod nhdt chi cho mach nhdnh dat trude trong danh phap (theo van chit cii).

+ Né&u mach nhanh cdn c¢d mach nhdnh thi dinh sd mach nhdanh bat diu tit cachon
dinh v6i mach chinh va dat trong ddu ngoac trong danh phép.

CH, CH,CHCH,CH,CHCH,CH,CH,CH,
| ' ] k
€CH,CH,CCH,CH, CIl, H-CH,
CH, CH,
3-clyl-3~metylpentan 2—melyl-5—(12-dimetylpropyl) nonan
‘.”,L“ LCH,
j (,;HZCHS
CHRCH,CHLCH (‘?HCI 1,CH,CH, CH3CHQCHCH-‘_,(.IHCHZCH3
CHLCHCH, CH,
4~ isopropyl-5--propyloctan 3-cyl- 5—metylheptan (khdng phii 5—etyl- 3 ~— metylhepian)
(.7H20H3 QH20H3
CH3CH20H29HCHCHZC[IZCH3 CH30H20H2('3 HCHCII,CH,CH,4
(.L'H2 CH,CHCH,
CH,CCH,CH,
. CH, 4-ctyl-S—-isapropyloctan
3,3-dimetyl - 6-etyl - 5-propylnonan (khong dung 4-  isopropyl —5—ety| octan)

Khi loai mét hidro cda ankan thu duge gdc hidrocacbon cd béic khac nhau, Bac cia
cacbon bing s6 lién két vii nd, con bic cia gdc cing tuong ty:

CH,CH, CH,CH- CLL, 'CH,
CH, CH,C- \CH,-*C “CH, - cH -CH,
| T t ’
CH, ICH, ICH,
gdc bic 1 #ic bhac 2 e bic 3 {oom s3 chi bje el C)

Danh phap cda géc duge goi theo tén ankan tudng dng, déi duéi an thanh yl .
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ankan = ankyl

R-H -+ R-
Thudng dung cac gic sau day:
H,C- metyl CH,CH,CH,CH,- n—butyl
CH,CH, - etyl (CH,),CHCH,— isobutyl
CH,CH,CH,~ rn — propyl CH3CH2?H—
(CH,),CH- isopropyl CH, sec—butyl
CH,(CH,),CH,— n—pentyl (n—amyl) (CH,),C- tert—butyl
(CH,),CHCH,-CH,- isopentyl (isoamyl) (CH4),CH4~ : neopentyl
CH,CH, tert—pentyl (tert—amyl)
(CHS)zé -

2.2. PHUONG PHAP TONG HOP
2.2.1. Nguon ty nhién

Ankan 12 nguyén liéu t¢ nhién cd tit diu md, khi thién nhién.

Khi thién nhién chida cic khi véi thanh phin khong cd dinh, thudng chda 75% metan,
15% etan, 5% propan, phan con lai la cdc ankan cao hon va nhigu chdt khac. Khi thién
nhién duge dung lam nhién liéu va trong cac qua trinh ky nghs.

Ngudn ankan chd y&u la diu mé. Khi chung cit diu md, thuong thu duge cdc chit

sau.

Khi thanh phan c,-C, £ dusi 20°C
Ete dau héa C,—C, 20-60°C
Xang C—Cq 60—200°C
Ligroin C, 60—90°C
Gazolin Ci— Cpg 85—-200°C
Kevoxin Cio— Cys 200-300°C
Diu mazit Cis—Cy 200-400°C
Dau béi tron Ci5—-Cpy 300°C
Atphan C,y va > Cyy

Metan va ankan thdp phan td cd thé thu dugce tu than d4 qua cédc chuyén hda hoa
hoc nhung phitong phap chua hoan chinh.

Da dung phuong phap hidro héa than nau khi nghign nhé than voi diu nang, cd xic
tac sat va H, & nhiét dé 450— 500°C, 4p sudt 200300 atm, thu dugc san phém thé. Sau
khi chung c4t thu duge khi, xang va san phAm diu nang,

Ciing da téng hop ankan tu oxit cacbon: Cho hén hgp CO, H, di qua xic tic Fe &
nhigt do 200°C va 4p suit cao, thu duge hdn hgp ankan goi 1a xitin, bao gbm chd yé&u 1a
parafin mach thdng v mot {t ankan mach nhanh.

nCO + (2n + DH, = C H, ,, + nH,0
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2.2.2, Phuang phdp tdng hgp khong thay d6i mach cacbon chit ban dau

a) Hidro hoa ankyn va anken

1, Pu(Pd, Ni)
CnHZn—-Z - CnH2n+2

H, PiPd, Ni)
CnHZn " CIIHZn+2
b) Khit ddn xuit halogen

R-X + Zn + H* » R-H + Zn?* + X~
¢) Khit axit hay din xudt axit

R-COOH + 6HI » R-CH, + 2H,0 + 81,
Phan ung diung diéu ch€ ankan ¢é mach cachon 1dn. Khit este dé hon khir axit.
d) Thuy phan hop chét co kim

C,H,,,, Br + Mg » C H, ., MgBr

C.H,, ,MgBr + H,0 - C H, ., + MgBr(CH)

2n+

2.2.3. Phuong phép giam mach cacbon chit ban dau

Nung mudi axit béo voi NaOH hay vdi t6i xut
RCOONa + NaOH -+ R-H + Na,CO,
Ankan thu duge kém mét cacbon so vdi axit ban diu.

2.2.4. Phuong phap téng hop tang mach cacboun

a) Phan ng Wurtz
O

(
2R-X + 2Na —= R-R + 2NaX
PhAn itng dung han ché& trong t8ng hop cdc diAn xuft dAi xiing, néu dung hai dan
xuit khac nhau sé thu duge hén hgp cac sdn phim:

3RX + 3R'X + 6Nx2 » R-R + R—-R' + R'-R’ + 6NaX
b) Phan iing dién phAn dung dich muédi axil (phan 'ng Kolbe)

CH,CH,COONa ——= CH,CH,CO0 ™ + Na*
nnoll -¢
CH,CH,COO0*
|-C0;  CH,CH,CH,CH, (chnh)
CH,CHy — N
CH,CH, + CH, = CH, (phu)
¢} Phan dng cdng diankylcuprat liti (phén ting E. J. Corey — Herbert House)
R,Culi + R’X » R-R* + R—Cu + LiX
PhaAn 1dng xay ra qua cac giai doan sau:
ete

R-X + 2Li — R-Li + LiX

2R-Li + CuX —> R,Cu Li*
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cle, 20°C
R,Cu Li* + RX ————— R-R’ + RCu + LiX
Qu4 trinh tao ra R,Culi,cé thé coi 1a dang mubi cé cdu trie, R,Cu~Li*. Phan dng
12 phan dng th& nucleophin cta hidrocacbon mach hdg, trong dé R trong diankylcupral liti
tdch ra cung vdi cap electron tdn cong vac R'X, thay th& X trong R'X.
Phan dng cho hidu suft cao khi gdc R trong diankyleuprat la gdc bac nhit hay béc
hai, cdn gdc R’ trong R’X 14 géc bac nhat:

LitCH,Ce + CH,(CH,),I CH,(CH,),CH, (98%)
7 cle, 250°C » >
(dimetylcuprat liti  1-(otpentan hexan
(CH3CHZQH—)2CuLi + CH,(CH,),Br — CH3CH2C'2H{CH2)4CH3
CH, CH,

2.2.5. Téng hdp metan

Be,C + 4H,0 — CH, + 2Be(OH),
Al,C, + 12H,0 — 3CH, + 3AI(OH),
CS, + 2H,8 + 8Cu — CH, + 4Cu,S
Trong phong thi nghiém, didu ch& metan bang phuong phdp nhist phan mudi axetat
kim loai kiém:
CH,COONa + NaOH — CH, + Na,CO,

2.3. TINH CHAT VAT LY

Nhiing ankan tu C, dén C, la thé khi, tit C; dén C,; 1a th€ long, cdn cao hon la thé
rdn. Tinh chat v4t Iy phy thugc vao thanh phin cia ankan, noi chung, nhiét do séi va
nong chay tiang khi ting &8 cacbon trong mét day ddng ding.

Nhitng hop chat cd edu tric hda hoe gidng nhau, ¢d tinh chdt vat 1y thay déi tit tit
khi thay d8i s6 nhdm metylen (CH,) trong mach tao nén mét diy dong dang. Tinh chat
vit ly cia ankan trong day dong dang thay d6i phu thudc vao s6 nguyén ti cacbon hodc
14 phu thude vao sy khac nhau nhitng nhdm metylen.

Dya vao sy thay déi nhiét do s6i, ndng chay, ty khéi khi thay d6i nhédm metylen,
ngudi ta cd thé dy dodn tuong ddi cac tinh chét vat 1y dd cho hop chét khic trong day
dong dang.

Trong day déng dang n-—ankan, sy thay d8i tinh chit vat ly tang khi tang mach
cacbon va sit khac nhau v& tinh chit vat ly gita hai ankan lién nhau trong day gidm khi
tdng s6 cacbon (hinh 2.1 va 2.2),

Cdc ankan gdm nhing lién k&t khong phian cue, do d6 tuong tac quan trong trong
ankan 1 tuong tic van der Waals Tudng tdc nay phu thudc vae dién tich tiép xue cla
hai phéan t&. Khi tang thém mét nhom metylen, dién tich ti€p xuc tang, luc van der Waals
tang, nhiét do soi tang. Nang ludng tudng tac khi thém mét nhdm metylen khoang 1-1,56
kcal/mol. Trit nhitng ankan nhd, nhiét d¢ séi tang 20 —80°C cho méi nhom metylen thém
vao mach. Sy khdc nhau vé nhiét d¢ sdi gida hai ankan trong diy cing thay déi déu dan.

Su thay d&i nhist dd ndng chdy ciing tang khi tang s6 cacbon, khong chi phu thuoc
vao dién tich ti€p xtc phan td ma cdn phu thuée vAo mang ludi tinh thé, trong dd, nhiét



CO SO HOA HOC HUU O

A1

dd ndng chdy cta ankan cd s6 cacbon |é thip hon ankan cd s6 cachon chin bén canh. Sy

khac nhau vé nhiét ¢d ndng chdy trong day cacbon 18 va chan ciing gidm déun dan.

a, 120
. D)
200 o7

] —
o‘; /’Ci//

100 ‘ — 7-'~/—5:/,Z -

/ . - s
R yr. T

-100

3456785/0;1725

58" cacbon

Hinly 2.1 S¢ phy thage tinh chit vit 1§ vio mach cachon

g0

60

s\

T AL
SN
ARAAAAVAS I w

H 2 3 4 5 & & 8 g 10 1 12 C
S§8" cqchon

Hinh 2.2. Sy phy thude r;’, .""" viio 88 cachun chfin, 1&,

Dai v6i ankan mach nhdnh, su thay d6i tinh chat vat 1y khong c6 quy luat 16 rang,
Ankan mach nhanh ¢ nhiét do s6i thap hon »—ankan cing sé cacbon. Chang han, # cia
n—butan va isobutan tuong dng 1 0°C va-12°C; n—pentan, isopentan VA neopentan
tuong ng la 36°C, 28°C va 9,5°C. Nhiét do soi giam xhi tang mach nhanh cé thé hicu
duge néu thay ring phan td ankan ¢d mach nhanh huéng ¢3i hinh ciu nén dién tich bé

mat tudng tic phan td gidm, lam giam nhiét do séi.
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Ndi chung, tinh chat v4t [y cia ankan mach nhdnh thap hon n—ankan do dién tich
bé mé4t cho mét don vi khéi luong nhé hon, tuong téde van der Waals gitta ching nho hon,
Song can chu ¥ rang, nhitng ankan mach nhdnh ¢6 cfu tric déi xing, chang han nhu
2,2—dimetylbutan, do hinh thanh dugc mang luéi tinh th€ dé hon nén cd #/, cao hon
nhung nhiét d6 sbi lai thip hon so vdi ddng ding cla né. Ching han, nhiét dé séi vA nong
chay cia 2,2,3 3—tetrametylbutan chi khac nhau cg 5°C.

Cac hidrocacbon c6 tinh ddi xitng cang cao, cang cé khuynh huing di L1 thang hoa
hon la sb6i, nghia la khi dun néng nd truc ti€p chuyén thanh hai khéng di qua pha ldng.

Ankan khéng co tinh phén cuc nén tan trong céc dung mdi khong hay ft phan cyc,
khodng tan trong dung mbi phén ciuc cao.

Ty khéi  cia ankan ciing tang khi ting s6 cacbon, song chl dat téi gi4 tri 0,8, nghia
la ankan kém déng dac hon nudc vi chi cé cacbon va hidro.

Bdng 2.2. Tinh chdt vit |§ cos mdt 86 ankan mach phénk

Ankan ;;‘ “r:c d}u
2-miery’propan =17 - 1594 05572
2-metylbutan 299 - 1599 6196
22~-dimelylpropan 924 - 168 5904
2-metylpentan 60,3 -1336 6532
3-metylpentan 632 - 118 6644
22 -dimetylbutan 49,7 - 1000 6492
23~dimetylbutan 58 -1284 6616
2233 ~te1ranctylbulan 1063 1006 6568

2.4, CAU TRUC CUA ANKAN
2.4.1. Cong thic phing

Trong phan tif ankan, cdc cacbon d%u Jai hda sp> nén phin td duge bidu dién bang
dudng ziczac:

va d&€ don giin, ngudi ta chi bidu dién mach cachon bang duong ziczac, 4n cic nguyén
td cacbom & cac géc, edn hidro khong bi€u dién:

n—heptan
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Céc ankan ¢6 mach nhinh ciing bigu dién tuong ty:

-

><v’ N ~- _,"\\ /\\v /(_ \/

-~

22 -dimetylheptan . 3—etylhexan
chi cé cic nhdm th& khac ngoai hidrocacbon thi phai ghi 16, chang han:

Cl Ct
-~ ,—X - .//\\
Cl

2=-clo-3—mclylbutan 2,2—diclopentan

Khi vigt cOng thic ankan, mot chidt ¢ thé bi€u dién bing nhidu cdch khic nhau,
chiang han n—pentan:

CH,-CH,-CH,-CH,-CH, CH,-CH,~CH, CH,-CH,
CH, TCH, CH, _CH, CH,-CH,
7 X
CH, /CHZ

2.4.2, Cong thuc khong gian

Nhitng cdng thite trén duge bidu dién trong moét mat phang goi la cong thic phing.
C4u tric khong gian clia ankan gdy ra bdi cflu tric td dién cha cacbon (van't Hoff-—
LeBel), dudc biéu dién theo hinh td dién:

Hinh tif dién deu néu b&n nhom th€ gidng nhau, léch néu cac nhom thé khac nhau.
Nguyén ti dinh voi bén nhém thé khac nhau goi 13 cacbon bit d6i xdng hay la trung tam
khong trung anh vét (trung tam chiral). Trung tAm nay gay ra tinh bt Jdi xung hay
tinh khong trung anh vat cia phan ti (chirality) gy ra tinh hoat ddng quang hoc cia
phan ti. Chang han:
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nietan
4 tryc ddi xing
6 mit phing d6i ximg

H

elylmietylmetan
khdog tryc déi xdng
| mdt phang d3i xing

metylmetan
| tryc déi xing
3 wit phdng dGi xdmg

CH,

ay
Cl

cloetylmetylmetan

khdng cdn yéu 18 d8i xing nio

ANKAN

Cédu hinh cla cacbon bit d6i hay chiral nay duye biéu dién bing cong thdc td dién

hay bang cbdng thidc chiéu Fischer.

Hes~CL
C,Hs

{{1)— 2—clobutan

{$)- 2 - clobutan

CH,

Cong rthic Fischer

Phan td ankan chi ¢d hai loai lién k&t C—H va C-C.

Lién két C~H tao thanh do su xen phua cla obitan sp?’ cia C vdi obitan 1s cla H vai

ning lugng lién két la 995 keal/mol:

Chang han, sy tao tharh phan L metan:

) —




CcO sO HOA HOC HUU CO 65

11 AR
NI A4l
BN PN
/s
C lai hda spl ién k&t C-1T trong CH,

c.2 obitan 1ién k& C-IT cia mctan

Lién k&t C—C tao thanh de s¢ xen phu cta hai obitan lai hda sp3 cta C voi nang
lugng lién két 14 98 kcal/mol:

obitan sp-* do xen pho

Chéng han, st tao thanh phan td ctan:

H H H O -C H H H
LN T I y " ot
25p3 25};3 257 dap?t 50 Sapd g “—,
i t
7 s
Csp3 su' lgu thanh lién kel C-C C.sps

Su tac thanh lién két C—~C trong phéan tit etan ¢ thé hinh dung bang sy tuong tdc
ctia hai obitan chita mot electron cua hai géc metyl d€ thanh MO ¢ trong phan ti elan:
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CH; + CH; — CHyCH,

H / H. H H
H H H H
do xen phu MOo_ -

2.5, PONG PHAN
2.5.1. Dong phan ciu trac

Ankan cd dong phAn ciu tric 1a déng phan mach cacbon. BAt diu tir propan c6 hai
loai cacbon bdc khédc nhau nén thé ti€p sé cho hai dong phin n—butan va iscbutan:

hidro bdc f

hidro bdc 1 4 \
@), G .

[

1 H/H H Y
@Eﬁ% hidro bic 2 H?}%}%}?H
&

n—butan
hidro bée 2 hldro béc 3
tsobutan
S6 ddng phan tang nhanh khi tang sd cacbon.
83 cachon: 1 2 3 4 5 6 7 8 9 10 20 30 40
S6dongphan: 1 1 1 2 3 5 9 1835 75 366 4.10° 6.1013

2.5.2. Dong phan cdu dang

Ngoai cdc dbng phan cdu tric § trén, ankan cé doéng phan cfu dang do khai nang
quay xung quanh lién két o._ .. Cdc cdu dang thudng bi€u dién & md hinh lap thé: phéi
canh (hay ban cua saw—horse) va Newman.

Do kha nang quay xung quanh lién két C—C vdi cde géc khac nhau nén ¢d vo 86 dong
phan, song ngudi ta chi chi ¥ téi hai cAu dang: déng phan che khudt cd nang lugng cao
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nh&t va dong phan xen k& hay kim him cd ning luong thdp nh4t.
Cong thuc phdi canh bi€u dién sy phan b8 cic nhém thé€ & hei cacbon di chon theo
hudng ngudi quan sat tit gin tai xa doc theo trye lién két C~C da chon:

CH, i e A n
—~H
p v
w7 \ H CH,
H H
che khuill (7 =0) xen k& @i (180O)

Né&u theo hudng nay, edc nhom thé triing nhau goi 12 che khuit nhau, néu nhom thé
sau nam gitta hai nhom thé& trudc gei 1a xen ké hay kim ham.

Céng thuc chi§u Newman bi€u dién cdc nhém thé theo huésng ngusi quan sat theo
truc cacbon C-C, cachon sau che khudt bdi cacbon trudc bi€u dién bAng dudng tron, con
cacbon trude la giao di€m cBa cac nhém thé. Cic nhdm thé trung nhau goi 1& che khudt
(r = 0) va & gilfa goc cia nhau goi 12 xen k& hay kim ham (z = 609),

che khudt (&t =0) xen ke onti (180%)
Su khac nhau giita cAc cong thic trém la do gdc quay khac nhau hay la do gdc giva
hai mat phéng lian két goi la gdc nhi dién 1.
Etan ¢6 hai ¢fu dang: che khuit va xen ké:
M5 hinh lap thé€ dang che khuit: phsi cAnh (a) va Newman (b)

a) 4)
Mo hinh lap thé dang xen ké&: phéi canh (c) va Newman (d):
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. H
Hoo Py H .
o
_—C
H- \ H H
H H H
c) d)

Sy khdc nhau vE& nang lugng cia hai cdu dang nay la 3 kecal/mol.

Trong dang che khudt, khoang cach H-H la 2,29 A, trong xen ké 13 2,565 A. Cac
obitan & gin nhau chl ¢6 the ddy nhau. O khoang c4ch trong dang che khuft nay tuong
tdac ddy nhd, chi khodng 1 keal/mol cho mét cap hidro. Tuong tac nay goi la sdc cang
quay hay Pitzer (hinh 2.3).

Ciu dang che Ahudt _\\

o

S
=

)

= N,

- ] ] 1 ]
1% 60 120 180 240 300 360°

Hinh 2.3. Gidn d0 thé nang clia etan.

Su quay xung quanh mot lién k&t thuong khong doi héi nang lugng i6n. D6i vdi ha
nhém metyl cia etan, sy quay hiu nhu tu do xung quanh liéen k&t C-C. Song su quay
xung quanh lién két don khong hoan toan tu do, do {6, cAn phai tinh dén cyc ti€u ning
lugng cdn thiél cho sy quay hoan toan. Nang higng nay goi la hang rdo nang lugng quay
Hang ra0 nang lugng quay nay dudge bi€u thi qua sy thay déi th& nang ctia phan tif nhu
1a mét ham s6 clia sut thay d6i gdc nhi dién:

H H
N r
KERIHRRES C A ay
), :‘ : X2 .’0’0 KX })
R ::. ’:::” o: H

Go6c nhj dién 1
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Trong gidn dd nang lugng cua etan, hai dang ¢d nédng luong thép vai gde nhi dién la
béi 86 cia 60° gai la dang xen ké hay kim ham va hai dang cd nang lugng cao 1a cdu
dang khe khuit. O nhiét dd phang, nang lugng va cham phan ta da 12 20 keal/mol ma
hing rdo nang lugng quay cda etan chi c6 3 kcal/mol, chu nén cd thé coi sy quay trong
etan |13 tu do.

Khi chuyén qua propan, tuong tac giita cac nhdm thé cing 1a sdc caéng quay, nhung
cd hai loai tuang tic: C—H : C—~H {(tuong tu nhu trong etan) va C-H : C—CH; nén cd

hivng cho ndang hegng quay 10 3.2 keal/mol, ean hdn otan, Propan cing; o6 had cin dang: et dang
xen ké ed nang [igng thap hon el eda dang che khudl eo nangs hivng eao hon (hinh 2.4),
HH 4
\.| , H H
H C 2
AN
Bl HH CH;

fﬁé'ndﬂg -

Hinft 2.4. Gian 4 th€ ning qnay cua propan.

Butan cé hai dang dong phén ciu truc: n-butan va isobutan cd tirh chdt vat ly khac
nhau, nhu n—bulan tan duge 1813 ml treng 100 ml ancol, cén isubutan chi 1320 ml. Ve
domg phan céu dang, n—butan ¢d kha nang quay giita C,—C, bao gdm hai dang xen ke:
xen xé anti va xen ké ké (gauche) va hai dang che khuit (hinh 2.5).

Hai dang xen k& bén hon hai dang che khuit. Hang rao quay clia n—butan 1a 4,5
kcal/mol, ciing dé khéc phuc ¢ nhiét d6 phong, nén butan tdn tai 8 hén hgp cdc déng phan
quay, trong dd wu tién 13 déng phan xen ké cnti vA xen ké k&. Thanh phan hén hop duye
xac dinh theo phudng trinh Gibbs:



70 ANKAN

AG =-RTInK

cb?
trong d¢ tinh duge K (K can bing) gilta cac ddng phan, ching han gilta hai déng phan
A=B.

————

5 keal mol 4

3

38

Thé ndang — -
=
W

o 60 120 180 240 300 7o 60

Hinh 2.5, Giin d8 th€ niing quay clia n-hutan,

Hai dong phan xen k&, ndi chung duge giai phong khéi sic ca‘.mg quay, co tinh chét
vat 1y va quang phé khac nhau, cd thé tach ra khdi nhau & nhiét d6 thip—230°C. Dang
xen ké c¢d hai nhém metyl ¢ vi tri k& nhau (60°) goi 12 xen ké k& cd nang luong cao hon
dang anti 1a 0,9 kecal/mol do ¢d tuong tac ddy gita hai nhdm metyl ké nhau. Nang lugng
nay phan anh sy tang ning lugng khi chuyén hai nhém metyl & vi trl anti khéng c6
tuong tde nay sang vi trl ¢d tuong tdc ké. Tuong tac ddy nay goi 1a tuong tic ké hay
tuong tac ké butan.

Su chuyéin hod giiia hai dang xen ké nny (anti - ké) cin di qua dgng che khudl ¢6 hai tuong
tae CHM v mdt Geang tae TENL nén cio khile phine mél nang lugng biang 3,8 keal/inol. Sy
chuy@n hoit giita hai dang xen k& k& véi nhau phai di qua edu dang che khudt véi mét Lusngg tae

CHL CH, va hint Gisng the T nén doi hdd hing vie ndng Ludng 1) 4.5 keal/inol.

Hai dang xen ké k& c¢d cung nang lugng nhung la hai ddng phén guong ctia nhau,
Nhu vay, n—butan tén tai d hai dang ddng phén xen ké anti va k& va thudng dang anti
chiém 72%, con dang xen ké k& chiém 28%,

Déi v6i ankan mach nhanh, chdng han 2—metylbutan, khi quay xung quanh lién ké&t
C;-C,, 6 hai dang xen ké hén:

H H

H CH, H H

CH; T~ CH, CHy T ChHg

a) b)
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Hang rao nang lugng chuyén hoa cta hai dang nay 1a 5 kecal/mol. O nhiét 6 phong,
dang xen ké chl ¢d mét tuong tdc xen ké (a) CH;:CH, bén hon dang xen ké cd hai tuong
tdc xen ké CH;:CH; (b}, do dd, ty 1& trong hén hgp chiém 90 : 10%.

Khi ankan cé nhigdu cacbon, s6 dong phan cdu dang tang nhidu do ting s6 lién két
C-C, nén chi cha y tdi hai dang: dang duéi thdng va dang gip khic khdc nhau v& khoang
cach gilta hai dau mach A:

(\/\b/\/\/i |
HegrH  FogeH H H H H
H%H HH HPH B H B

dang dubi théng dang gdp kinic

Khi tang s6 cacbon, tuong tde ndi phan td thay d6i, géc hda tri va chiéu dai lién két
thay déi, do dd, trang thai lai hda cling thay déi, Cacbon khéng gilt duge trang thai lai
hda thuan khiét sp3 nhu & metan,

2.6. TINH CHAT HOA HQC

Phan tlt ankan chi gbm hai loai lién két: C—H va C-C, do dd, ankan chil ¢d hai loai
phan Ung chl y&u: phan cit lién k&t C~H va phan cit lién k&t C-C.

Phén ttng phén cit lien k&t C—H dac trung bing sy phan cit ddng ly vl sy phan cAt
di ly sinh ra cachocation doi héi néng lugng qua 19n, do dd, phén dng phan cit lién két
C—H dac trung bing phan ting thé& gbée tu do.

Phan dng phdn cit nay dugc tinh theo nang luong phén ly AH® cia C—H. Nang
lugng nay eva H khéc nhau khi dinh v8i cacbon bac khac nhau, do su lai hda khac nhau
cuia cacbon, ban chét s cla obitan lién k&t C—H khac nhau, gdc hda tri va chigu daij lién
két khac nhau. Mat khde, nang lugng nay cling phu thudc vao d¢ bén cua gbc hinh thanh
sau khi phan cat (hinh 2.6).

Nang lugng phan ly cta lien két duge xac dinh bang AH® cia phan \ing phan cét lién
ké&t thanh géc tu de:

CH;-H — CH3 + H* AH"
CH,CH,-H —— CH,CH’, + H* AHP

102 keal/mol
98kecal/inol
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va ndi chung: R—H -» R* + H* ¢d nang lugng phan ly cia lign két C—H cudi mach la
98 keal/mol.
(CH3;)CH-H —— CH,CII*CH; + H* AH” = 95 kecal/mol
nghia la AH® & cacbon bac hai la 95 keal/mol, th&p hon ¢ cacbon bac nhit khoang
3keal/mol.
(CHy,C - H — (CH,),C* + H* AH® = 93 keal/mol
nghia la AH® cta lién két C—H bac ba la 93 keal/mol.
Nhu vay, nang lugng phan cat cda lién két C-H cd bac khac nhau chi khic nhau
khoang 2-~8 kcal/mol.
Su khac nhau vé AH® clia phan dng ¢ trén ciing dic trung cho tinh bén cua géc tu
do tao thanh. TU cac gia tri dd, cd thé rit ra tinh bén cta cic gbe ankyl nhu sau:
gdc bac ba > gdc bac hai > gdc bac nhit
didu nay dugc gidi thich bang sy gidi tdéa cta electron ty do cua goc & obitan p vdi cac
obitan cua lién k&t C—H bén canh (hiéu dng siéu lién hogp). S obitan C-H cang 16n, su
giai tdéa cang lan, gdc cang bén.
Chéng han su phan cat lién két C-H tir 2—metylpropan:
CH,~CH-CHj + H*  AH" = 98 keal.mol”

>

CH,-CH-CH, —< CH,
N | -~
CH, CH,—C*-CH, + H* AH® = 93 kecal.mol'!
CH,

Tu cung mot chat ban diu va cling mot sin ph&m 14 H' nén sy khiac nhau vé AH®
la mdc d¢ do d6 bén caa hai gdc nay.
Géc tert—butyl bén hon goéc isobutyl 14 5 kcal/mol.
Niang lugng phan ly cia lién két C-C cing duge xdc dinh tuong tu:
CH,-CH, 2CH; AH® = 90 kcal/mol
(CH,),C—-CH; —— (CH;C* + CHj AH® = 84 kcal/mol
Nguyén nhan gay ra sy khdc
nhau v& nang lugng phan cit lién k&t

C-C cing nhu & C—-H. O day can CH
chd ¥ rdng, sy phan cat lién két C-C o | CH,
A . CH,CHCH;, #H |
cha mdét mach cacbon dai d& hon 1a 2 CH,C + H
phan cdt C—C ctia mot mach cachon g |

keal -
ngin. Céc phan ti ed khéi luong nho calmal” CH,

cd kha néng quay xung quanh lién

‘$'/éc“g/_”70/_,

-1
két C—C lén hon, s6 ddng phan cdu 93 keal.mol
dang l6n hon, do dd, néi ning phan
tit thi&p hon Khi tang khéi lugng
phan td, tang mach cacbon cia phan CH
tu thi sd dong phan cdu dang gidm, 2
tuong tac gilia cac nhém phan ti —~CH;CH CH,

trong hé tang lén lam tang udi ning

H O v
ctia hé. Hinlt 2. 6. DH® cia hai lien k&t C-11,
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Mat khac, khi phan cdt mach phan td 1on thanh mach phan i nhé hon, sd béc tu
do chua phan ti nhé 16n hon cba phan ti 1dn, do dé, hé co sy tang entropi. Nhu vay, 16
rang la sy phan cat lién két G-C & mach dai dé hon & mach ngin (bang 2.3).

Bing 2.3. Niing lwgng phan ly lien k&t ciin ankan: A", keal/mol

CH,-H 102 | CHy-CH, 90
CH,CH,-H 98 | CH,-CH,CH, 86
CH,CH,CH,-H 98 | CHy-CH,CH,CH, 87
(CH,),CHCH,- H 98 |  CH,CH,~CH,CH, 82
(CH,),CH-H 95 | (CH,),CH-CH, 86
(CH,),C-H 93 | (CH,),C-CH, 84

Co thé tinh dugc nang lugng tao thanh (cdn goi 1 sinh nhiét) cla cédc géc ty do
AH[ tit nang lugng lién k&t DHC va tit AHY cha chat phan dng. Vi dw:
AHY cta H* : H, - 2H* AH® = DH°® = 104 keal/mol
AHNH®) = [DH" + AH{(H,)/2]
= 10472 1 4 = 32 kecal/mol
AH} cia (CH,),CHCHS:
AHP[(CH,),CHCH%] = AHP[(CH;),CH] + DH[(CH,},CHCH,- H]-ﬁHf[H‘]
=-324 + 98-52 = 14 kcal/mol
Nhiét tao thanh cla mét s6 goe ty do AHP[R"®], kecal/mol nhu sau:

H* 52 (CH,),CH" 18
CHy 35  (CHp,C* 9

CH,CH; 26  CH,CH,CH*CH, 13
CH,CH,CH,CE;, 16  (CH,),CHCHs 14

Gdc tuit do la tidu phan electrophin, ¢ mot electron trén obitan p ciia cacbon sp?,
thang goc voi ba lién két o cla cacbon dd. Electron tu do & trén obitan p nén con goi la
gbe .

Chéng han, g6c metyl CH§ xem hinh 2.7.

higu wrig H

Hinh 2.7. Cu trilc géc metyl. Hink 2.8, Sw lién hop p -o.
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Go6c 8n dinh n&u electron tu do
cua gbc duge giai toa lon.

Sy gidi tda ¢d th€ bang hiéu dng
+1, nhung chi y&u bing higu \ing siéu
lien hop chia cac obitan og_py véi
obitan p, goi la sy lién hop p—o (hinh
2.8),

Sé tuong t4c nay cang lén thil gdc
cang bén.

Sy giai tda cd th€ bang hidu dng
C, bang tuong tac cla obitan zx véi
obitan p cua gdc tu do. Tuaong tac nay
manh nén cd khd nidng giadi tda ldn, Hinh 2.9. Sw lién bgp p-z ctia gde allyl.
hau nhu hoan toan, goi 14 sy lién hgp
p—x, nén cac gbc loai nay rdt bén, ching han gdc allyt (hinh 2.9).

Nhu trén da ndi, su phan cét di ly cta cdc lién k&t xAy ra vdi nang lugng 16n, ching
han, phan cit di ly H:

H-H - H" + H; D(A—B) = 401 kcal/mol

phan ting dj Iy vAn xay ra Ndi chung, nang luong phan cit di ly cla lién két trong pha
khi cac hon ning lugng phan cit dong ly, hon 100 kcal/mol, do dd, sy phan cét dj ly coa
cac phan ti phan dng hitu co chi xay ra trong dung méi do cd sy bu trit nang lugng phén
cat lién két bang nang lugng solvat cia dung méi véi cdc ti€u phan.

2.6.1. Phan dng thé€ hidro
2.6.1.1. Phdn itng hulogen hia
1. Co che

Phan idng chung la:

R-H + X,— R-X + HX

Phan dng halogen héa ankan x4y ra vdi nhitng dac tinh sau:

~Phén iing khong x4y ra & nhiét 4o thdp hay trong t6i.

—Phén ng x&y ra ¢ nhiét d¢ cao trén 320° hay cé anh sdng tim.

—Phan dng khi da bat dau xay ra thl xiy ra nhanh, cd khi né.

—~Khi phan ing hdp thu nang lugng cia photon 4nh sang, tao thanh mot s6 lon phan
tit sin phdm.

—Phan tng cho nhigu sdn phdm thé phu thudc vao 86 hidro ¢d trong phan tit ankan.

—Phan dng 14 phit nhiét.

V1 phan dng x4y ra voi didu kién ¢é dnh sang va nhiét, halogen hdp thy nang lugng
nay chl c6 thé phan ly dong ly thanh gioc X°, khéng co kha nang phan ly ra ion vi cin
nang lugng cao khodng l6n hon 270 kcal/mol. Do dd, phan tng halogen hda xay ra theo
cd ché thé goe Sg.

Co ch& 5, xay ra qua cdc giai doan sau:
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dnh sdng hay 250-400VC ,
» 2X* Kich thich mach

X*+R-H ——— HX + R*
R* + X—-X ————— R-X + X" | Phat tri€n mach (hay 16n much)
X* + X* ———— X-X T4t mach
Trong phan Ung trén, giai doan quyét dinh t8c dd phan dng la giai doan hinh thanh
gic R®.G6c R* la mot tidu phan trung gian dugce hinh thanh qua mét trang thai chuyén
tiép cua X* véi R—H. QuA trinh dong hoc nhu trén gian d6 hinh 2.10.

Tbé‘nd'n_g

RX +HX

—_—

Toa dg phan ung

Hinir 2.10, Glin d3 th€ niing ciia phan fwng halogen hén ankan,

Trong gidn 40 hinh 2.10, giai doan cham quyét dinh téc d6 phan tng l& giai doan
hinh thanh g8c R*déi hdi mét nang lugng hoat hda cao d€ hinh thanh trang théi chuyén
tisp:

[R... H.. X]*

Trang thal chuy&n ti€p nay cd th& chuyén vé phia chdt ban diu hay vé phia sin
phdm, do dd, giai doan nay la thuén nghich, thudng theo hudng cé nang lugng hoat héa
nhé. O giai doan nay, obitan chifa mot clecctron cia X° tdn cong vao H, xen phu voi
obitan 1s cua H giy ra sy day clectron lam gidm sy xen phu cia obitan 1ls cia H véi
obitan (73, lién k& C-II bat dau dan ra va yéu di. Khi lién két C—H da y&u di, khong
doi héi nhigu ban chat s cla obitan #én lam tang ban chit s cha cdc lién két C—H khic.
Qua trinh t4i lai hda cacbon bat dau tlr chuyén € 4 sang Cspz. Cacbon dan dan phéng ra
ngoai, lién k&t C—H con lai trd thanh ngin hon va bén hon.

Trang thdi chuyén e¢d thé hinh dung bang titthg tac obitan hinh 2.11.

Trang thdi chuyén niy sé tao thanh géc vdi cacbon lai hda sp? hay trd vé chdt ban
dau v6i cachon lai héa sp?. Do dd, giai doan nay la thuan nghich.
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Giai doan thu hai, goc
R tugng tac vdi X, qua
trang thai chuyén tiép:

R.. X.. X]" )

Sy hinh thanh trang HH #
thai chuyén nay ddi héi éb @DQ O
nang lugng hoat hda nhd, / J
thuimg khoang 24 kealimol. Ho s

b

Trang thii chuyén nay sé
chuyén thanh san phim.

Giai dogn chuyén R* Hinh 2.11. Tuweng téc obitan:
toi trang thai chuyén tigp a- obilan ¢4 ban chilt trung gian gita C3-H va G 2-H
trén la thu nhidt va tu b- obitan ¢6 bdn chit trung gian gua .S:p*y\"i'l P P
trang thai chuyén tiép téi
sdn phfm la phat nhiét manh, do dd, ca hai giai doan nay 14 khong can bang va phat
nhiét.

Co ch€ halogen hda ankan nhu trén la co ch€ chuéi, trong qua trinh co sy tham gia
va tai tao gdc kich thich ban d&u d€ tiép tuc phan dng. Song dac tinh chung cua phan
iing chudi la dudng cong ddng hoc cd thai ky cadm dng, sau giai doan cAm ng dd, téc do
phan ing x3y ra rit nhanh, hau nhu tdc thoi. Thuong dudng cong dong hoc cia phan
ing gdc cd ban chit cda hinh chit S,

Giai doan tit mach 13 t8 hgp cdc gbc tu do nén ciing la giai doan phat nhiét.

2. Anh hudng cta halogen

B4n chdt halogen cd anh hudng truc tiép téi phin dng. N6i chung, F, phén dng qua

manh, I, phdn ng khd khan nén hay dung Cl, va Br,. Kh4 nang phan ing nhu sau:
F, > Cl, > Br, > I,

Déi véi F,, sy phan tlch F, » 2F* rdt thu nhiét, doi héi nang ligng hoat hda cao,
song khi c6 mét s6 nhd phan ti F, phan ly duge thl da bat dau phan ing 16n mach. Ca
hai giai doan 16n mach cd ning lugng hoat hda nhd, phan w#ng d€ xay ra va phat nhiét
16n. Nhiét nay dam bao cho sy phan ly tiép F,. Su dé dang flo hda dugc gial thich bang
nang lugng hoat héa thip cida giai doan 16n mach va gia tri AH lén mach cao. Su phat
nhiét manh cd thé giy ra hién tugng nd va pha huy nhieu lién két trong phan ti. Do dg,
ndi chung khong dung phan ing flo héa truc ti€p bang F, va phan ing nay khéng duge
dung trong phong thi nghiém.

Ngudi ta cd thé dung tdc nhan y&u hon dé€ flo hda, chéng han CoF, (do tac dung cia
CoF, + F,):

2CoF, + ¥, » 2CaF,
CH, + 8CoF, > CF, + BCoF, + 4HF

Ddi vai Cl,, nang lugng phan ly Cl; 14 58 keal/mol, thu nhigt do hdp thu nang luung
Ll ngoai. Gial doan l6n mach la phat nhiét manh. Do dd, phdn dng xay ra do giai doan
phat nhiét, gia tri AH 16n. Chdng han vdi metan:
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CH, + CI* » CI—I‘3 + HCl AH = +2keal/mol
CHY + Cl, » CH,Cl + CI* AH = -26,7 keal/mol

CH, + Cl, » CH,Cl + HCl AH =-24,7 kcal/mol

Déi voi Bry, phan ting ¢6 AH kich thich trung gian gitta flo va clo hda, song nang
lugng hoat hda & giai doan 1dn mach cao (18kcal/mol) do d6 chi c¢é nhitng nguyén t brom
hoat dong manh méi phan ding duge vi méi khic phuc duge hang rao nang ludng cac nay.
Nhu vay, brom phan ung kém hon clo, phan dng it phdat nhiét hon.

Déi vdi 1,, phan dng vdi ankan rdt chdm, ed thé€ coi nhu khéng c6 kha nang phin
ing, tuy giai doan kich thich xay ra d& dang nhung giai doan 1én mach lai thu nhiét,
néang lugng hoat hoa cao, Ngay ¢ 300°C, s6 nguyén tl iot ¢cd nang lugng di cao dé phan
itng cling rat {t. Do d6, ngudi ta didu ch& din xuit iot bing cach gi4n ti&p, nhu phan dng
thé& cac nhém chie khac bang iot. Thyc t&, nguyén ti iot rdt kém hoat dong, thudng dime
hda cho trd lai I, va g6c R* phan tng véi HI dé tai taoc RH va I,.

Bing 2.4. Sy thay dbi A/{ & phan tmg halogen héa véi CH,

A, keal/mol
Gial doan Kich thich
F Q Br I
Phan dng X, - 2X* +37 +58 +46 435
Lém mach X* +CH, ~ CH; + X -33 -1 +S +31
Tat mach CH‘; +X, » CH X +X* =71 -23 -21 -17
2X° - X, -37 -58 —46 -36
- 104 -24 -6 +14
[ H " :
Cler- Bl r /H
., Brew Hon €
I [ N | S J
"/\ I:ch -8r.. Br‘]
A 5
;E:? / | ‘\(/ _.a.ﬁ(cu/ Ta/
g /o L
% / | ‘cHy i
\%’ / el fp | kcal mol ™
™ \_/// 16 keal mol™! \ 2t keal mol”
Be' +CcHy .
B Br's CHaBr

Tog J6 phan L//?jf —a

Hinh 2.12. Gidn 4d so sAnh phin dng cia Cl, vd Br, véi CH .
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Phéan 1ng halagen hda x4y ra dua vdo hiéu ding nhist cia phan @ng, song chu yéu
dva vao hiéd Ung nhiét cua giai doan lun mach. Giai doan nay xdc dinh 46 dai mach déng
hoc. Chéng han nhu cla héa, chidu dai mach dong hoc cd the dat tai 104, nghla |2 phan
ting chudi clo hda cé mét vong phan dng Ja 104 1an phén dng tu khi bat dhu ldn mach
cho d&n khi tit mach phan dng.

Phan @ng halogen hda thuc té& chi ding hai halogen: clo vd brom, trong dd clo phan
ing manh hon, con Br, cé tinh chon lpe hon, Sy khéc nhau vé kha nang phin dng cda
hai halogen nay duac so sanh bang gidn do hinh 2.12.

3. Anh huong ciie cdu tric ankan

C4u truc cta ankan anh hudng t6i sy hinh thanh s&n phdm va nang lugng phan dng
5 giai doan 16n mach. O day ¢6 su khac nhau v& kha nang phan dng cua hidro ¢d die
khac nhau.
Phan dng phan ct 18y H bing X* xay ra v6i nang lugng hoat hda khac nhau:
Nang Iwgng hoat héa AH®, kcal/mol
R-H + X* » R* + HX

R = CH, Rbacl Rbac2 Rbac3
X = Cl 4 1 0,5 0,1
X = Br 18 13 10 7,9

Chéng han phan dng clo héa propan trong dung dich CCl, & 26°C:
CH,CH,CH, + Cl, — CH,CH,CH,Cl + CH,CHCICH,
43% 67%
Ty 1¢ hai sin ph4m tao thanh cho thdy AH" cha phan dng véi H bac hai thdp hon
bac nhat 12 3 keal/mol, nghla 12 H bac hai tuong tac véi clo dé hon H bac nhét. Vi trong

——————— —A/-,{,"= 3 kcal mal™
NN P
CH, CH, CH,
+ Cl
'§ A/‘{,°= -5 )
A CH,CH,CH; + HCL
4/7;°= ~95
to L (CH)CH +HC

Toa 6 phdn uhg ——

Hinh 2,13, Gitn 45 th€ ning eha phin iimg ctia C1* vé1 propan.
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propan cd 2H béc hai vad 6H bac nhdt cho nén hoat tinh tuong d6i gitta ching la:

H béc hai 57/2 4

H bac nhét 43/6 1

Phan dng phan &nh trén gidn d6 nang lugng ctia phan dng hinh 2.13,
Tuong tu véi 2—metylpropan:
(CHy),CH + Cl,

(CH,),CCl + (CH,),CHCH,Cl
36% 64%

va hoat tinh tuong dd6i 1a:
H bac ba 36/1 5,1

H bac mot  Gi/9 1
Su khic nhau dd chding t6 AH™ clda H cac bac khac nhau la:
H bac ba > H bac hai > H bhac nhdt
Dong thoi tit cdc AH® cta cdc trang thai cho thdy, sy khac nhau vé AH" cta trang
thai chuyén chiing té t{nh b&n cla gdc bac ba > b&c hai > b&c nhidt va ban chét trang
thai chuy&n khdng cd bin chét géc hoan toan.
Brom efing phdn dng tuong tu:
CH,CH,CH, + Br, — CH,CH,CH,Br + CH,CHBrCH,,
8% 92%
& 300°C trong tuéng khi.
Ty 1¢ téc do tuong d6i 1a:
H béc hai 92/2 346

H bac nhét 8/6 1

con téc dd cia hai phan vng la:
U bac1 = kl[CHSCHZCHﬂ[Br']
U pae 2 = #o[CH3CH,CH,][Br?]
va ty l1& sin pham ciing la ty 1& ctia hai héng s6 tdc do:
“Monae 2 ky

Y bie i iy
So sanh hai phdn dng trén, & hai phan wng gidng nhau, phan dng cé nang lugng hoat
hda cao hon sé c6 hing s6 t&c dd nhé hun. So véi clo héa, \JI'trong clo hoéa chi 1
keal/mol, con brom hda 1a 3 kcal/mol, cling nhu ¢y 1é t6c 46 twong d6i, cho thdy, clo c¢d
tinh chon loc kém hon, brom cd tée do phan dng v6i H béc hai lén hon hin H bac mét
nhidu, ¢d tinh chon loc cao hon.
Khi phan tUng véi 2, 2, 3—~trimetylbutan, brom chi cho mét san pham:

he, CCL
(CH,),CCH(CH,), + Br, — % (CH,),CCBr(CH,),

Nhu vay, brom cd tinh chon loc cao hon clo, nguyén ti brom kém hoat déng hon,
trang thdi chuyén trong qud trinh phan ung hinh thanh cham hon, nghia 13 trang thai
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IAAH ‘. 30 kcalma/’

CHJCHch; ’ HBI"
kP v
',-t‘}w‘ﬂl.f keol mot ™
(CH,CH: + HBr

f/-;é'na'n_gr

CH,CH,CH,+ 8¢

Toq 46 phan ung
Hinh 2.14. Gidn 006 so sanh phin wng cis Br® vl H bic khide nhaw.

chuyén da cd ban chat gdc khd day du hon. Codn clo hoat dong hon, trang thai chuyén
nhanh han va trang thai chuy&n cé ban chdt géc kém hon.

R-H + Br* » [R.......H.. Br]* » R* + HBr

R-H + Cl* » [R..H . ..Cl]* - R* + HCI

Su khac nhau v& téc dé phan dng phu thudc vao su giai tdoa electron tu do lam cho

gbc 8n dinh hon thl ddng thoi cing lam én dinh trang thdi chuyén bang tuung téc
electron vdi badn chit gdc chém né trong trang thai chuy&n. Ban chat gdc cang 1dn trong
trang thai chuyén duge 8n dinh bing giai tda electron ty do thi lam tang tdc d6 phan
ung.

4. Anh huong ciie cac yéu t6 khée

Oxi ¢d 4nh hudng lén trong cac phan ing géc tu do. Ching han, clo hda metan cd
chita mét lugng nhé oxi, phan dng khéng xAy ra ngay ma chi bat diu sau khi da chi phi
hé&i oxi. Thoi gian tir lde ddu cho dén khi phan ng bat diu goi 1a chu ky cadm dng. Trong
thdi gian nay, géc tu do sinh ra da tham gia phan ing véi O, theo phan dng:

R* + 0, » R-0-0°%,
lam tat mach phan dng cua géc R*.

Oxi cd kha ning tuong téc 1on voi goc Lu do xudt phat tit cdu tric electron cia oxi,
trong d6, oxi con ¢d haj clectron ddc than d trén hai obitan =°.

Phén dng ctta oxi lam kim ham phéan tng gde, nén goi oxi la chit kim ham cac qud
trinh goc tu do.

Khi cd chit sinh gdc thém vao phan Ung, chang han tetraetyl chi thém vao phan ing
clo héa metan (0,1%) s& lam giam phan ung kich thich xudng tir 400 dén 150°C. O day
tetractyl chi 1a chat kich thich qua trinh géc bang géc etyl tao thanh phan dng vdi Cl,
d& tao gdc Cl* & giai dogn kich thich.

(C,H),Pb - Pb + 4C,H;
C,H: + Cl, » CH,CH,Cl + CI*
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Phan dng halogen hdéa thudng khd ding & giai doan san phdm th& monohalogen ma
cd thé cho hén hgp cdc didn xuidt thé di—, tri—, tetrahalogen... phu thuoc vao digu kién
phan dng. Ciac phan dng sau x4y ra khd khan hon phan dng trude.

Trong phong thi nghiém, thutng dung tac nhén clorua sunfuryl SO,Cl,.

Phan dng cing x4y ra theo cd ch& chudi gde va cing thu duge mdt hdn hgp sin pham
nhu khi clo héa bang CL,:

~ R-H+ClI* > R* + HCl
R* + 8O,Cl, - R-Cl + 80, + CI*

2.6.1.2, Phdn wng nitro hoa

Phan ing dung trong k§ nghé d€ didu ch& nitroparafin. Phan dng thudng xay ra
trong pha khi, nhidt d¢ cao vdi axit nitric hay tetraoxit nito:

425°C
R-H + HNO; —— R-NO, + H,0
Phan dng ciing xay ra theo co ch& gdc, thudng kem theo san ph8m oxi hda cit mach,
do dd, ngoai san phdm thé& gilt nguyén mach cacbon con ¢d sdn phdm cd mach ngén hon:
CH,CH,CH, + HNO, -~ CH,CH,CH,NO, + (CH,),CHNO, + CH,CH,NO, + CH,NO,
15% 40% 10% 25%
Trong k¥ nghé thudng cho thém mét lugng xic tdc, chdng han oxi hay halogen dé
lam tang ndng dd géc ankyl.

2.6.1.3. Phdn itng sunfo hia

Axit sunfuric ¢ dang oleum khi dun ndng vdi ankan s sunfo hda cham ankan, uu
tién & cacbon bac ba:

CH,

|

ClL,~CH-CH,~CIL, + H,S0, —— CH,-C-CH,CH,
CH, $0,H

2.6.1.4. Phdn ting sunjo clo hou

Phan dng sunfo clo hda xay ra khi chiéu anh sdng tim vac hdn hgp ankan véi
anhidrit sunfurs va clo. Phan dng xay ra theo co ch& géc chudi ma téc nhan kich thich
la clo nguyén tif do phin ¥ng quang phan clo:

anh sdng
€, — 2 CI°
R-H + C}* — — R"* + HCI
R* + 80, —— R-S0,
RSOE + Cl, —— R-80,-C] + CI*...

Phin dng ding dé& 16ng hop hop chat tdy ria.
2.6.2. Phan dng cua ankan vdi cacbhen

Cacben co kha nang cdng doan mach véi ankan, nghia la cong vao lién két ¢ _.
Nhitng cacben cé kha nang phan dng cac nhu metylen singlet hay metylen triplet
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moi ¢ kha nang céng mach vao lién két o ~_y;, con nhu diclocacben khéng cd kha néng
hay.

Kha nang phan ung cta hai trang thai singlet va triplet khic nhau.

Metylen singlet ¢o kha nang cong mach vao ankan tao nén mot dong ding clia ankan
co tang thém mot cacbon:

R-H + :CH, — R-CH,-H

Kha nang phan dng ctia metylen singlet rit cao nén khéng cd tinh chon loc gitta cac
bdc hidro khic nhau, do dd, metylen phan Ung vfi ankan cho mét hén hgp san pham,
ching han véi pentan cho ba sdn phdm:

dnh sany

CH,-CH,-CH,~-CH,-CH, + CH;N, CH,-CH,-CH,-CH,-CH,-CH,-H +
+ CH_.i—(‘JH-CHz—CHZ—CH3 + CH3—CH2—?H—CH2— CH,
CH,-H CH,-H

Phan dng cia metylen singlet cong vao lién k& C—H theo co ché& tao thanh trang
théi chuyén vong, gitng nhu & phdn dng chelat (cAng cua) nén sy tham gia clia cac lién
két C—H biac khac nhau gan nhu nhau.

Trong khi dd metylentriplet thuéing chi cd kha nang cat hidro cia ankan, ndi cach
khac 12 ankan da cho cachen nay mot hidro dé hinh thanh ra cac géc ankyl khac nhau
va cacben cing trd thanh gde tu do:

R-H +:CH, » R* + *CH,

Sau dé cde gée ankyl t8 hgp véi nhau dé thanh ankan ¢6 thanh phan khac nhau. Nhu
vy, phan ding cda metylen triplet véi ankan 1a phan Ung gde hai giai doan va phén ing
uu t{én tao thanh géc bén han, cdn phan Ung td hogp ede gée tao thanh gifia cic gbe bac
khac nhau {t khde nhau han.

2.6.3. Phan dng dit chdy

Phan @ng d&t chdy 12 phan Wng quan trong cla ankan. Phan {ng thudng xiy ra vdi
mdt hén hop cdc ankan, sdn ph&m dét chay khéng ed tAm gquan trgng gl, song y&u t8
quan trong 1a nhidt nang.

Phan dng d6t chay trong dong co né thudng khong hoan toan, cdn phan ung dot chay
hoan toan x3y ra rat don gian:

C,Hy e + [(Bn + 1)/2] O, » 2CO, + (n + 1DH,0

Co ché& phan ing dét chay trong ddng co rdt phuc tap, cho nhi¥u san phdm oxi hda
trung gian, giai doan phan ¢ng gbc cling phuc tap, song phén Ung guan trong clia ankan
vl oxi 14 su tao thanh gdc peroxit tuong téc véi hidro ctia ankan che hidroperoxit:

R* + O, - R-00"
R-H + R-00* - R-OCH + R’
Ankyl hydroperoxit c¢é lién két oxi—oxi y&u vdi DH® = ddkcal/mol d& phan ly cho
nhigu gée khac nhau:
R-00H - RO°* + HO",
déu ed kha nang kich thich phan dng.
Phan dng cta ankan véi gxi chi xay ra & nhiél d6 cao.
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Nhiét d6t chay—AH® caa ankan dude xac dinh ti entalpi cia phan ting oxi hda hoan
toan ankan, nghia 1a lugng nhiét tach ra khi chuyén 1 mol ankan thanh CO, va nudc.
Phan ding d6t chay ludn la phat nhiét nén nhiét dot chay ludén luon duong, AHY am l6n
viv thuding dirge tinh (i nhiét Tao (dinb (<inh nhidl) cea cae tae nhin, Chiing han, nlidl Jat chay cua
metan:

CH4(k) + 202(1:)—_’ COz(k) + 2H20(1)
-17,9 =2 -94,0 2(—-68,3)
AH? = (-94,0 + 2(-68,3) — (-17,9 + 0) = —212,7 keal/mol

Nhiét d6t chdy =—AH? = +212,7 keal/mol

Nhiét d6t chay cia cdc ankan cd cdu tric khac nhau cing khac nhau. Su khac nhau
vé nhiét dot chay dac trung cho d@ b&n cua ankan khac nhau vé cdu trdc. Ching han,
nhiét d6t chay cda n—butan la 634,8 kcal/mol (AH? = —634,8 kcal/mol) con cda isobutan
la 632,8 kcal/mol (AHY =-632,8 kcal/mol). Nhiét d6t chdy cia isobutan cd mach nhanh
thdp hon n—butan 1a 2 kcal/mol, ching té ndi nang cla isobutan nhé hon n—butan 14 2
kcal/mol, isobutan bén hon n—butan vé nhiét déng hoc

Cing nhu vy, nhiét tao thanh AH? l1a sy thay d6i entalpi xay ra su tao thanh 1 mol
chit tu chat ban dau tuong dng, nghia 14 sy khic nhau giita entalpi cia chat véi téng
entalpi ctia nguyén t6 tao ra nd. Ching han cta etan:

AHP(etan) = [f(ctan) - |20HC) 1 3 hidro)]
entalpi 1 mol etan~{(entalpi 2 nguyén tit gam C + entalpi 3 mol khi hidro)

Sy tudng quan giita nhiét dot chdy va nhiét tao thanh cta n~butan va iscbutan nhu

gau:

- r-'&'_ C + Hz
AH] = —30,36 kealAnol — !— — AH} =-382,4 keal/mol
1 |
n-butan isabutan
6% 0 . :
t 630, + 6 3 0,
AH = -634,8 keal/mol — T m e — AHD = —8632,77 keal/mol
[ t.---4C0, + 5H,0
Bang 2.5. Nhiét tao thinh L\H; ctin nnkan, keal/mol
Melan —-179 22— Dimelylpropin —403
Etan -202 Hexan =399
Propan —240) 2-Melylpentan -418
Butan -304 3—Mectylpentan -4,
Pentan -251 2,2- Dimietylbutan —-44 5
Isohutan -324 2,3-Bimetylbutan —-426
2-Melylbutan =369
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2.6.4. Phan tung dehidro héa xuc tac

Khi cho kh{ parafin di qua xdc tde Cr,04 0 nhiét d6 300—400°C, parafin sé mét di
hai hidro dé chuyén thanh olefin:
Cr, 04
CrlH2n+2 — CnHZH + HZ
Phan ung c6 ¥ nghia quan trong trong cong nghé d€ téng hgp cao su.

2.8.5. Phan Ung cracking

Phan 1ing cracking 1a phan ing phan cat lién két C—C tit ankan cd mach cacbon dai
thanh ankan cd mach cacbon ngin hon. Phén d¢ng thu duge mot hén hgp san phidm cd
mach cacbon nhd hon, bac gdm c4 ankan va anken va cad nhitng sdn phdm vong hda hay
thom hda.

a) Phdn ing cracking nhi¢t

Phan dng cracking nhiét xay ra khi cd nhiét nén la phan ing xay ra theo co ch€ gdc.
Chéng han phan uing cracking n—pentan:
CH,CH,CH,CH,CH,

CH; + CH,CH,CH,CH,
CH,CH, + CH,CH,CH;
Cac gdc nay sé té hap hay chuyén khong can d6i:
CH; + CH; ——> CH,-CH,
CH; + CH,CH}~—» CH,CH,CH,
CH; + CH,CH,CH,CH, - CH,CH,CH,CH,CH,
CH,CH3 + CH,CH,CH; » CH,CH, + CH,CH=CH,..,

Phan dng nhiét phan hidrocacbon chu y&u x4y ra su phan cit lién két C-C hon 1a
C-H vl nang lugng C-C y&u hon.

V1 phan dng phan cét nhiét theo co ché géc nén phan wing phdn cit v4i sy hinh thanh
cac gdc tu do bén vitng hon, dong thoi cling cd qua trinh phan cat hidro. Trong dd, hidro
bac ba d& bj phan cat hon hidro bac hai va mét. Nhu vay san ph&m thu duge 1a H,, CH,,
C,H,, C,H, CH;, C,H,,...

Dudi tic dung cua nhiét, cac hidrocacbon olefin cling chiu sy bién dgi da dang, trong
dé cd su khit trung hop, phan hiy, vong hda phu thu6ic vao nhi¢t dé va ap sudt. Ching
han:

CH,CH,CH,CH = CH, - CH,CH; + *CH,CH = CH,
CH,CH,CH,CH = CH, - CH,CH,CH*CIl = CH, + H*
CH,CH,CH,CH = CH, » C,H; + CH,

Céac gdc tu do cing cd kha nang t8 hop hay chuy&n khong can ddi cho mot hén hop
sin phdm. Chua y réng, vi 12 phan dng gbc nén kha nang phan hay & cacbon & vi trl 8
d&i vai ndl doi dé hon cac vi trf khéc. Céc olefin ¢d kha ning vong hda cho hgp chat vong
no, chua no hay thom:

CI1H21‘1 e C-H:.) = HZ
anZn - 2Cm‘HZm

"
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CnHZn -+ CmH2m+2 + CxHZx + CyHZy—Z
Duéi tac dung cua nhiét, cac hidrocachon naphtenic hay xycloparafin cung chiu su
bién déi phic tap, chd y&u la gom cic qua trinh loai gdc ankyl, loai hidro, phdan hiy vang

thanh hidrocacbon mach hd no va chua no.

(Y CHCHCHCH, -~ -~ CH, + (7 CH}CH,
D —  CH, + C3H

va cdc hidrocacbon thom clng chiu sy bién ddi nhu phan hiy vang thum, ngung tu, loai
gée ankyl,...

b) Phdn ung cracking xic téc

Qua trinh cracking xidc tdc ¢ nhitng phdn dng xAy ra nhu cracking nhiét & trén,
nhung cd khA nang gidm ning luong hoat hoa phdn ung, nén c6 thé tign hanh ¢ nhiat
dé thap hon va phdn ing xay ra chon loc hon d€ tang mét sd phan tng cd lgi cho su
hinh thanh sdn phdm mong mudn nhu phan dng ddng phdn hda tao ra isoparafin,
hidrocacbon thom. Cac xvc tdac thudng dung 1A cdc alumosilicat v6 dinh hinh tdng hgp,
cac zeolit.

Co ché ciia cracking xie tac 14 phan dng ion, 12 qué trinh hinh thanh cachocation
trong dd xic tdc tac dung vdi axit cho dang HY(XT).

Su tao thanh ion cacboni cd thé 1a;

R-CH = CH-R' + H*[XT] — R-CH,-CH*-R' + [XT]

0
Il ¥

R-H + [: Al-0-8i-] — [H-Al-0-Si-] + R’
0~ 0"

Sy phan hiy cac ion cachoni thudng xdy ra & vi trl 8. Céc ion cacboni ciing chiu sy
d6ng phin hda thanh ion b¥n viing hon, la nguyén nhan lam tang chi sé octan cua
nguyén lidu cracking xuc tdc. Ngoai ra ciing cd phan tng trung hdp cla olefin, phan ing
ngung tu,

CH,-CH*-CH,-R -—— CH,-CH = CH, + R

+/CH3
-r:\ —— @ + CH;CH'CH,
CH, \ = b
~Cyt C-C-C+Cym
C':‘, Sy phan cdt

Phin dng phdn hdy ion cacboni hinh thanh mét sdn phdm trung hda va mét ion
cacboni cé kh6i lugng phan ti nhé hon. Khi =d nhiéu vi trl § thi xde sudt cao han la ion
bén hon va ankan ¢é mach ngin hon.
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c) Phdn ung refoeming xuc ldc
Phan dng refocming xic tde thu duoe xdng cd chi s6 octan cao, hidrocacbon thom
lam nguyén liéu va san ph&m khi ma quan trong 12 khi hidro.

Chédt xtc tic cho qua trinh 1a chdt xGe tde ludng chie: chde oxi hda—khi va chic
axit. Chde oxi héa—khtt ed tdc dung ting tSc dd phan Wng hidro hda vA khi hidro. Chdc
nang axit thic ddy qud trinh x4y ra theo co ché jon cacboni.

Ch&t xic tac hién nay hay duang nhit 13 platin/oxit nhom Pt/Al,O,. Vai trdo cha Pt la
chic nang hidro hda va khu hidro, lam tang téc dé cta phan wng kh hidro cia cac
naphten, thic ddy qua trinh thom hda, Oxit nhom 1a ch4t mang chdc axit kich déng phan
dng hidro cracking cdc hidrocacbon parafin va ddng phan hda cac ankan. Ngoai ra ¢6 khi
thém din xuit halogen, chit hi€m Re,...

Trong qua trinh refocming xic tdc cia hidrocacbon x4y ra nhing phan dng sau:
—Kbu hidro va vong hda cdc hidrocacbon parafin tao thanh hidrocacbon thom:
Collgniz — CyHypye + 4H, + @
. CH,
CHyCHpCH; » [ + 4H,
NUNCH,
—Khi hidro va vong hda tac vdng nam canh:
CHy(CH)CH, — [ »-CiH, + H,

—Dong phan hda tao ra cac isoparafin:
CH,(CH),CH; ——— CH,-CH,-CH-CH,
H3
Qua trinh sau chi %Ay ra véi parafin ¢ C, va C,, con n—parafin chi yéu tham gia
vao qua trinh kha hidro va vong hda.
Trong phan ing refocming xuc tac, cAc naphten cing ¢é qua trinh khir hidro céc

O = On
O_CH3 =— — @ + 3Hz

Khdc vdi cracking xic tac, trong phan dng refocming xice tde, cdc hidrocacbon olefin
dé cd xu hudng vong hoa:
CpHyy = Cyly, 4 + 8H,
Phan 1dng loai hidro va ddng vong cia cic olefin xdy ra véi téec d4 lan hon

naphten sau canh:

hidrocacbon parafin, song lai lam m&t hoat tinh ecda xic tac. Vi vay, nguyén lieu ding
cho refocming xuc tdc khong duge chita cac hidrocacbon olefin, néu cd thi phai lam sach
olefin trude.

Ngoai cdc phdn dng trén, trong cracking dau mo, nguvi ta con dung phan #ng hidro
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cracking. Qué trinh naly cing tuong tu nhu qua trinh cracking xdc tac, ciing tuan theo
¢o ché ion cachoni nhung do cd mat hidro nén cing ¢é nhitng dac tinh riéng.
Qu4 trinh hidro cracking dac trung bing phan cit lién két C—C theo ba loai phén
ung:
—Hidrocracking thanh phan t& nhd hon;
R-CH,-CH,-R’ + H, —— R-CH, + R'-CH,
—Phan tdng loai nhom ankyl:

Q‘CH,Z—R + H, — @ + RCH,

—Khi vong naphten:
+H,
—— CHyy
Xde tae cho loai phan dng nay 13 sunfit wonfram trén dat sét hoac xic tdc dé cd bé
sung HF va hién nay cing dung cac dang xdc tic Pt, Pd,...

2.6.6. Phuong phap xdc dinh ankan

Ankan khéng ¢é nhitng phan itng dac trung cta nhdm chic do tinh trg hda hoe cla
ankan.

Ankan khéng hdp thu trong ving UV cao hon 200 nm. Trong phé IR, ankan dac
trung bang pic hdp thu dao déng hda trj vy = 2860-3000 cm~!, dao dong bién dang
3¢ _y trong nhém CH, bing 1380 em™!, ., trong nhom CH, bing 1460 — 1470 cm™1.

Proton ctia ankan trong NMR nam trong vung trudéng manh (0,8 — 1,7 ppm), proton
nhém CH;-R trong ving 0,8-1,4 ppm, nhém —CH,—R trong ving 1-1,2 ppm, con
proton —CH-R trong viung 1,6—1,7 ppm.

J

| o—

a80
wo¢ 160, CHy

H,C
CH-CH;-CH

H,C “CH,
Wb ‘Il\NL_, J \ 1
20 x's f.la x; a; ppm

Hinh 2.15. Pht NMR cin 2,4-dimetylpentan.
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Trong phd NMR ctia 2,4--dimetylpentan ¢d proten céa bén nhém CH, vdi cudng dé
12 proton véi tuung tac spin la J = 7,6 Hz v6i dd chuyén dich hoa hoc 0,8 ppm. Cuing
dé 2 proton cia nhom CH, voi dé chuyén dich hda hec 1,04 ppm va J = 7,6 Hz con
cudng d¢ cia hai proton hai nhom CH vdi dé chuyén dich hda hoc 1,6 ppm,
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cHUONG 3

moutOCACBON ALIXYCLIC

Hidrocacbon alixyclic 12 nhiing hidrocacbon cd ciu trdc mach vdng no va chua no.
Vong no ¢ cong thite chung la (CH,)_ goi 14 xycloankan hay xyclan, n&u vong chia néi
doi goi 1a xycloanken hay xyclen, con chia ndi ba goi la xycloankyn hay xyclyn.

Dac tinh chung cta hidrocacbon alixyclic khac vdi hidrocacbon mach hé 1a ciu tric
véng, con v& tinh ch&t hoa hoc thl hau nhu giéng nhau.

Theo cdc nha hda hoc, ¢d thé€ phan loai cdc hgp ch&t hiru co thanb hai loai: loai béo
va loai thom. Hop chit loai béo cd kha nang thé€ gdc vao hidro trong mach cacbon va
phan dng cong vao céc lién két d6i hay ba, con loai thom cd kha nang thé& electrophin.
Nhu vay, hidrocacbon mach hd va vong no hay chua no d8u thude hgp chat loai béo,
nghia la ¢é tinh chit hoa hoc gin giéng nhau,

Quan trong trong cac hop chdt mach vong 1a xycloankan hay xyclan.

3.1. DANH PHAP

— Tén goi caa hidrocacbon alixyclic 14y tén cia hidrocacbon mach hd cé cung sé
cacbon rdi thém ti&p dau ngi xyclo:

CH, CH,~CH, CH,~CH, CH,-CH
\\ & ‘ ‘ / \ \\ 2
CH,-CH, CH,-CH, CH,  CH, | cm,
CH,-CH, CHZ-CH2
xyclopropan xyclobutan xyctohexan xyclopentan

Céc dén xuét th& duge danh s8 vong sao cho tng cdc con s8 cd trong danh phép 1a
nhoé nhit:

fH, CH,-CH, CH, CH,—-CL,
CHz—'CH—CH:,‘ l C < CH, l.,CH— CH,
? 3 2
CH,-CH, CH, CH,-3CH,-*CH,
melybyclopropan I, 1-dimetyxyclopentan L, 3-dimelylkyclohexan

Céc xycloanken va xycloankyn cd lién k&t ngén trong vong thi vi tri lién két ngén
chiém vi tr{ 1, 2:
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CH,-CH CH,-CH
N2 / 2
CH CH, ,CH
/ \ 3/
CH,~CH CH=CH
CH,
3-metylxyclopenten 13-xyclohexadien

DE don gian trong cach bidu dién cOng thic, cdc hidrocacbon alixyclic duge bi€u dién
bang hinh da gidc &n C va H:

A <:>—CH3 = O/ @-CHZCHa - L

Xyclopropan metylkyclohexan 3-ctylxyclopenten

Déi vdi cac ddn xust thé ankyl, gdc ankyl cing dugc 4n. Néu cacbon cd moét 1an thé,
néu hidro d phia sau mat phang thi khong bi€u dién, n€u & phia trudc biu dién bang
ddu chdm dam. Cach bidu dién nay 4p dung cho ddn xu#t hai 1an thé cd dong phan hinh
hoc:

— e =S

mety xyclopropan trany—dimetylxyclopropan cis—dimety bxyclopropan
Cach bi€u dién nay dac biét thuén lgi cha cdc hgp chat da vong:

8 7
5 7 7 ¢ 5 ¢
¢ 5
) [ 3 I 3 & 3
7 6 2
¥ o
bixyclo[2, 1, 2] heptan bixyclo [2, 2, 2Jocla-2—en  trixyelo[2, 2, L0%© ] heptan
(norbornai} (nortrixyclen)

Cac hop chdt nay thudng ed tén riéng xuidt phat tit ngudn digdu ché.
D& bieu dién cdu hinh tuyét d6i cia trung tdm chiral, ngudi ta thém cdc tiép diu
ngil vac danh phép:

Gl H

& CHy
QH
\

CH,CH, H
(35) - L1-diclo-3-etylxycloheptan (IR, 29)- |, 2—dimetylxyclohcxan
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Hidrocachon alixyclic ¢cd nhidu vong duge chia ra lam méy loai sau:
— Hop chét cd hai vong cdch béi nhidu nhém CH,:

oh
<>_< D J>—'—‘CH2—SCH2—2C—'CH2—-<:)£B,—
2 ]
Br CH,

xyclopenty Ixyclohexan 2, 2~dimetyl— |- (4’ bromxyclohexyl) —4—(2" —brom—xyclopropyl)—butan
— Hgp chét co hai vong chung nhau mot cacbon (hgp chét spiran):
Spiran duge goi theo ti€p diu ngi spiro 16i s6 cachon cia hai vong trong ddu ngodc

va tén hidrocacbon tuong dng:
7SR

; N\ N
CHy, C_ (o), ( X[

- g

- spiro—{2, 5)octan

— Hgp chédt hai vong ngung ty:
D

bixyclo|3, 0, 4Jnonan (hidrindan)

A

bixyclo [2 ,2, 2} octan

— Hop chit nhiéu vong ¢ chu:

Hai hgp chét sau dugc coi la hgp chat cau, duge danh sé tit mét nguyén ti goc theo
cau mach dai nhdt va quay trd vé nguyén td dau bing con dudng dai nhat, sau dd dén
cac cau nhé hon. N&u trong vong cd mach nhanh thi phai chon bat dau tit nguyén tu
dinh & dau cau gin mach nhanh nhit. Nguyén tl gdc 1A nguyén tif dinh & dinh cau khong
dua vao thanh phan ciu. Tén goi bat dau tit thém chit xyclo, sau dd trong ddu ngoac la
86 nguyén tu cau roi tén hidrocacbon tuong vng:

CH—CH, _CH, CH,
CH,, \:‘:H .CHz /C’\z
CH, CH — CH, CH / C=0
— 2 /7
~—ZH | ccH,) |
C CH CH
H3 \Z\‘CH/ Z

CH, CH,

3 2
s © _ CH,
5 - - =0
&

2—metylbixyclo{5,0,3] dekan 17,7 rimetylbixyclo[2,2,1] -2 - heptanon {campho)
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3.2. PHUONG PHAP TONG HOP
3.2.1. Vong héa din xuét ankan

FHZBr ',,/CHZ

C\H + ZNg w— CH2 + 2NaBr
CH,Br CH,

?HZ—CHzBr QHz—(‘JHZ

CH,-CH,Br + 2LiHg —— CH,—CH, + 2LiBr + Hg

2 GCH@ + 2Na -—z-Q—CHz—CHzﬁ + 2NaCl

CH,Br CH,CH(COOC Hy),
CH,Br ‘CH,Br + NaBr
Na*[CH ™ (COOC,H,),| ~CH,
OGHs), CEZ ~O(COOC,Hy), + NaBr + CH,(COOC,Hy),
3.2.2. Cong hop cacben vao anken
N/ \ 7 N4
C-N
| N\ Cu
|+ CH N~ N CH, + N,
VA /
Lo C-CH, (o}
c’ s 4
=N
I +ic0, — ] JCcl,
C C 3
7\ N

Tinh ch4t 1ap thé phu thadc vado ban chdt cia cacben. Cacben singlet luén luén cd
tinh dac thi lap thé, nghla 1a tit cis—olefin cho sin phdm th& cis~1, 2—xyclopropan,
trans—olefin cho san phdm ¢rans-1, 2-xyclopropan do cacben singlet cong hop vao néi
ddi qua trang thai chuyén vong, cdn cacben triplet ¢6 ban chit gdc kép nén cong hop vao
ndi d6i theo co ch& géc hai giai doan nén khoéng cd dic thit lap thé,

3.2.3. Cong hgp quang héa ctia anken va dén xuit

N 9
C"’ Cl—(ﬁ—C\_:O dnh sing (13—(|3—C=O
+ -0 S O
A Cl1-C-C=0 /C\—(E—C=O

Cl
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| N
C Cl-C-C=0 C-C-C=0
| N anh sing '| |
& 4 /0 - - \ /,()
lC Cl-C-C=0 ,C—p—C=0
/
1
R H C
N H\ v =
(If N (ﬁ} dnh sdng R-CH-CH-CN
/C\ A R-CH-CH-CN
R H NC H

Phéan dng theo co ché cia phan Ung vong hda khi e6 xic tac anh sang thude loai
phan dng perixyclic.

3.2.4. Pime hoéa allen
(‘JHZ—C = CH, C'!HZ—(F = CH,
2CH,=C=CH, — CH,=C - CH, + CH,-C = CH2

3.2.5. Nhiét phan mot s§ ddn xudt vong va di vong

R-CH-CH  you, m R-CH-CH,
el ‘J" + hz
N-NH KOH, It e
R-C CH, ——— R-CH CH, + N,
N ! \ 7
CH,-CH, CH,

dnh sing
c=q ——— EI + CO

3.2.6. Phudng phdap khu céc hgp chat thom
Phan dng dung diéu ché ciac hdp chit ¢d vong 1on.

Ni, 190° C, 25 aim /N

CgHy + 8H, - — ()
Ni, 200°C, 150 aim
C,H,OH + 3H, OH
Ni g
Pt
Qoo 2= OO
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3.2.7. Diéu ché xyclopropan

Xyclopropan la chat khi, ¢d tdc dung gay mé, duge dung rong rai trong giai phiu, cd
uu viét hon 1a hoan toan khéng cd hai cho co thé va khéng gay hau chiing. Xyclopropan
thu duge trong ky nghé bing phan ing Gustabcon khi tdac dung 2Zn véi
1—clo—3—brompropan dugc téng hgp tir clorua allyl véi HBr:

CICH,-CH = CH, + HBr - CICH,-CH,-CH,Br
CICH,-CH,-CH,Br + Zn - CH,-CH, + ClZnBr
CH,

3.3. TINH CHAT VAT LY

Su thay d8i nhiét d6 s6i va ndng chay cta xycloankan cing tuan thec quy luat nhu
¢ ankan, song nhiét do s6i va nong chay cua xycloankan cac hon ankan tuong dng mot
it vi mach ankan ¢d tinh uén déo hon lam cho sy t6 hop mang ludi tinh th€ khé khan
hon va tuong tac giita cac phan ti cling khé khan hon.

Bdng 3.1. Tinh ch&t vt 1§ cia xycloankan

‘:c f.? "liﬂ
Xyclopropan -127 -38
Xyclobutan =80 | ]
Xyclopentan -94 49 0,246
Xyclohexan 6.5 81 778
Melylxyclopentan -42 72 749
Metylxyclohexan -126 100 769
Xycloheplan -2 1185 8098
Xyclooctan 14,3 1500 8349
Xyclopropen -36
Xyclobuten 2 733
Xyclopenten -933 44 17719
Xyclohexen -103,7 83 038102
1,3—-Xyclohexadien —-98 805 08404
L4—Xyclohexadien - 86 08471

3.4. TINH BEN CUA VONG

D& so sanh d6 bén cla vong, ngudi ta dung nhiét tao thanh vong AH{ vA nhiét dét
chay AH? cla hgp ch&t vong so vdi hgp chit khong vong cd cing thanh phan,

Nhiét tao thanh cia ankan tinh cho mét nhém CH, la 6 keal/mol va AHY cho méi
nhém trong day 1a~5 keal/mol

4C + 5H, » CH,, AH? = -804
5C + 6H, » CH,, AHY = -35,1
6C + TH, - C,H,, AH? = 39,9
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Trong khi do, nhiét ddt chdy cho mét nhém CH, cda xycloankan ¢6 gia tri lén hon
va AH? cho méi nhdm CH, 16n hon—>5 kcal/mol nhidu. Nhiéu xycloankan c¢d néi nang cho
méi nhém CH, cling cao hon nhigu. Sy du nang lugng ndy dic trung cho sdc cang cla
vong.

Chéng han, xyclohexan hiu nhu khéng cé sic cing, e AH{ tuong tu n—ankan,
thuong dung lam chudn dé€ so sdnh véi AHP = —29,5 va cho m6i nhom CH, la —29,5/6
= —4,92 kcal/mol.

Bing 3.2. Nhigt dét chiay va nhlét tpo thianh vong xycloankan

. ) S6 cacbon | - AHY/CH AHQ, Sire cang

Phan loai vong Ak keal/meol AHPICH, chung ¥
vong nhd 2 +25 +62 22
vong nohé 3 166,6 7 42 27
vong nhé 4 164,0 68 17 26
vong throng 5 1587 - 184 -37 6
vong thudng 6 1574 ~295 -49 (U]
vong thurdrng 7 1583 -282 -40 6
vong trung binh 8 1586 -297 -37 10
vong trung bink 9 1588 -317 -35 13
vong trung binh 10 1586 =369 =37 12
vong trung binh 1 1584 -429 -39 1
vong lom 2 1576 —550 -46 4
vong l6m 13 1578 -589 -45 5
vong I6m 14 1574 -57,1 —4,1 2
vong Iém 15 1575 =720 -48 2
vong l6n 16 1572 -769 -48 2

Dai vdi xyclopentan, AHY tinh theo xyclohexan 1a —4,92 x 5 = —24,6 kcal/mol, AHY
tim thdy la ~18,4 kcal/mol, nén sy khac nhau:

(—-18,4)—(—24,6) = 6,2, |A gia trj dic trung cho sic cang clia xyclopentan,

Khi so sidnh nhiét dot chay cho thdy, nhiét dét chdy cda ankan quy cho mdt nhdm
CH, la 157,4 kcal/mol. Nhiét dét chdy cha vong 3, 4, 5 canh quy cho mét nhém CH, déu
16n hon 157,4, nghia 12 kém bén hon ankan tuong ing. Cdc vong tit 7 dén 11 canh <o
nhiét dét chay tuong ty xyclopentan, con tit 12 canh trd lén tuong ty ankan.

Tinh b&n cta vong phu thudc vao cdc ysu t& sau:

a) Khi tao vong, gée hoa trj ¢ thé thay déi, di léech khéi gia tri gée ti dién 109,5¢
cua cdu hinh CSP3. Su chénh léch nay vé gdc gy ra sic cang cla vong vé goc, nghia la
lam tang noi nang cua vong goi la sdc cang vé gdc hay sic cang Bayer.

Chéng han, xyclopropan cé gdc 60° sdc cang Bayer la 109,5°— 60° = 49,5°
xyclobutan 1a 109,5°-90° = 19,5°.

Xyclopropan ¢é sic cang Bayer 16n hon, kém b&n hon.
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Xyclopentan ¢d géc 108" gian bang td dién, coi nhu khéng cd sic cang vé gde,
xyclohexan cd goe 120°, 16n hon gde td dién cling cd sdc cang vé gde 16n hon xyclopentan.

Chu ¥ réng, khi xét vé sdc cang gdc, di coi phan tit vidng 1a phéng, chua cha ¥ téi
ciu dang clia vong.

b) Méi cap cachon ma mdbi cacbon n6i vii mot cacbon khic sé cé cac lién két che
khuit hay kim ham xen ké Do dd, cdc cacbon hay e¢d thé tdn tai ¢ cdu dang khac nhau,
chi y&u 13 c8u dang xen ké, Su di léch ra khéi cdu tric xen k8 gay ra siic cang goi 1a
sic cing quay hay 12 sdc cang Pitzer. Tudng tac ndy dude xac dinh bdi sy phin b6 tuong
hé cta cac lign két (ma khong phai ban chdt cac nguyén tif), cac nhém thé cd tuong tic
& khoang cdach 16n hon ban kinh van der Waals cia chung. Gid tri cuc dai ctta hai lién
k&l C - 1 che Khudl canh nhau biing 1 keal/mwol, bang 173 gid b hing rao quay eia ctan

¢) Cac nguyén td hay nhom nguyén tit cé thé tich khdc nhau cd thé ddy nhau khi
khoing cdch giita ching nhd hon t8ng bdn kinh van der Waals cta hai nhdm d6. Sy ddy
nay cling lam tang nang lugng cla vong giy ra s@c cang vong goi la sdc cang van der
Waals.

Chi ¥ ring, sy gidm sic cang van der Waals cia hai nhdm thé canh nhau lai gy ra
su tang sdc cdng quay va sdc céng vé gde:

stre ciing van der Whals sthe c¢iing quay 1ang ste cang géce ting

Sitc cang van der Waals cing cd thé giy ra gilta hai nhém thé 3 cacbon xa nhau
nhung gan nhau trong céu dang, gy ra sy ddy clia cdc nhdm thé, goi 1a suc cang qua
nhan hay siic cang Prelog:

H - HyH
H’
H

d) Cdc nhom thé& ¢ th€ tuong tac nhau bing tuong tdc ludng cue — ludng cuc.

Tuong tdc nay cha nhom phan cuc cd thé 1a tuong tde ddy hay hut, déu lam thay d8i
cdu hinh ctia vong. Quan trong nhit 1a sy tao thanh lién két hidro.

Tt cac y&u t§ trén, ta cd thé xét tinh bén, cdu hinh hay cdu dang cua vdng, song
tinh hinh hoc thyc ctia phan tir tdn tai khi cac tudng tde ndi phan ti ¢é nang luong cuc
ti€u.
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+ Xyclopropan cd sdc cang lén do c¢d sic cang v& gdéc 1on. D& giam sic cing nay,
lién két C-C, gdec C~C—-C va ban chét lai héa clia cacbon thay ddi.

Thue t& cho thdy, lién két C—C trong xyclopropan cé ban chédt p 18n hon so véi lién
két sp3 binh thudng (nim trong khodng lai hda sp2—sp3), lién k&t C—C ySu hon trong
ankan. Lién két C~C cd ban chdt p cao, con lién két C—H cd ban chit s idn. Do do, chigdu
dai lién két C—H ngén hon, bén hon, géc H~C-H 16n hon gde ti dién (hinh 3.1).

Hinh 3.1. Ciu triic cia xyclopropan,

Mat khac, sic cang cia xyclopropan con do tuong tac cia cic H & dang che khuét
nhau. Né&u tinh theo etan thl méi cap che khudt cia H 1a 1 keal/mol, trong xyclopropan
cd 6 cap H che khuit nén dong gop vao sde cing la 6 kcal/mol, song thuc t& nhé hon vi
cac cip H & xa hon so véi edp H trong etan do cégoe C 0 (€ nhd hon.

Do thay déi sic cang goc va stie cang quay cia xyclopropan, nén lién k&t C—C khang
nam trén truc di qua nhan ma di lech ra khéi truc lien két lam gidm mic d¢ xen phu va
giAm do bén. Do bén cia lién k&t C-C irong xyclopropan cé dang hinh qua chudi, ¢d
nang lugng trung gian gitta lién két ¢ va 7, nghia 14 vira cd tinh chat cua lien két z va
¢ nhung nghiéng vé lién ké&t & hon.

Su xen pht cla hai obitan trén truc C=C 14 cuc dai va lién két bén, con di léch ra
khoi true C—C 132 xen phu yéu va gidm tinh bén:

- (%) g o ‘4\6_-

xen phu manh xen phu y€u
Xyclopropan cd nhdm thé khdac nhau, nhu hai nhdm th& —1, 2 sé ¢d ddng phan hinh
hoc cis—¢rans. Néu hai nhém thé gidng nhau, dong phan cis—cd mat phing dbi xing nén
khong ton tai d dang cap doi quang ma § dang meso, con dong phan trans; 12 cip déi
quang:
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! A
""A\Ct

; /
Ct
| o i

~,
v

cis— 1 2-(smesv) trans- 1,2 (D,L.)
Né&u hai nhom th& khac nhau, cA hai déng phan cis—trans d2u tdn tai é dang cap déi

gquang. \
!
Hoom:H, E HJmOOH /A(‘:Hj i H,VA
I r- j
| HOOC ! COoK
cly-1,2 ) L) trgns—1,2-(N, L)

Xyclobutan cing cd sdc cang v& gdéc 16n nhung lién két C—C khang udn cong nhidu
nhu trang xyclapropan, ¢d sic cang cho 1 nhdm CH, nhé hon, song c¢é 4 lién két cang
hon va 8 cap H che khuft. Do d4¢, sic cang chung cta véng ciing bang xyclopropan.
Xycloprupan ¢6 3 cacbon |a phang, con xyclobutan ¢d 4 cacbon c¢d cdu dang khéng phang,
cd mot nhdm CH, di ra khéi mat phéng cia 3 cacbon kia véi gée 25°. Do dd, suc cang
duge bu trir di bAng sy gidm sic cang quay cta H (hinh 3.2).

ra
" o

| 1,/
H— ¢ZH 25° .
He //_/
ety
H" \—W:C/ .
h

Hink 3.2, Cu tric aha xyclobuton,

Xyclobutan khong phang, nhung c¢6 kha nang chuyén hda cho nhau rAt nhanh bang
cdch cde nhém CI; ian luot thay nhau di ra khél mat pkdng cda ba cacbon con lai, nghla
la cd xdc xuit thay ddi cdu dang lén.

Ao ST

ciu tric gap phiing chu tric gip
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Xyclobutan eiing cd ddong phan hinh haoc, khéng pbu thudc vao ciu dang phing hay
ufin cong:

ol rans

}17*4/}4’ H,, H H,,H
M \ ' 1

’ / Hs Ha, Hy Hl

Hy/ /H, 3t H L

'\l'_______;/ Hl' ll4 .ll' H

o, W, H. 1, 1, H

Vang bdn canh ¢d hai nhom thé & vi trf 1, 2 hay 1, 3 gidng nhau thi chi cd trens—1,2
12 & dang cap déi quang, cdn cdc dang khdc d8u ¢d mat phang d4i xdng nén khéng tdn
tai duge & dang ddng phéan quang hge.

Ci Ct Cl H Cl H Ct H
H m\ /H H "*\4 / e H‘"“'o/\ “(me Hrw, («H
H ' \" H H /‘“'N\ e, H H )‘“/“ \".\ H H "’\/\\ 1‘“""“ Cl
7\ 77N\ 7% 7%
ch—12 rans~ 12 (DL civ—-13 tans= 13

Xyclopentan, néu la phing, cd géc C~C-C 1a 108°. Do dd, khong cd sdc cang vé goc
dang k&, nhung tat ca cac hidro trong cidu dang déu che khuit nén gay ra sdc cang
khoang 10 keal/mol. D€ gidm nang lugng ndy, phan tif cAn c¢d cAu dang khong phang, &
dang vénh hay van so v6i cdu dang phang (hinh 3.3).

| 7
L ‘
4 o
3 K3 ! 2
/ 2 s 2 )
= LA\, = F =
- —= ~
5 . s &=ty = 3 — 5 3 ~— 5 = 3
e 4 4 4

Hink 3.3. Cdu triic aia xyclopentan.

Dang u8n cong giy ra sy quay lién két C—-C, giéng nhu dang phong bi tho, Trang
cAu dang nay, mbi nguyén tlt cacbon cua vong xyclopentan thay nhau chuyén ding gép
khdc lign tue, ndi chung, cd thé xem su quay cua ving xdy ra xung quanh mmat truc nao
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dd, thudng goi 1a qua trinh gid quay. Tuy cdu dang nay o6 lam tang sdc cang ve goc
nhung dudc bu trif bang gidm nang luong tuung tac che khuét cia hidro. Nhom CH, di
ra ngoai mat phang trd thanh xen ké vdi hidro khae,

Vong nam canh co nhidu ddng phén hinb hoc va quang hoc hon. Vong niim canh 6 ha
nhém thé& 1, 2 va 1, 3 d2u cho ddng phan cis— trans.

SRS OO

cis—1 2 trons=1 2 trans—1L 3

Né&u hai nhom thé& gidng nhsu, trans —1,2 va trcmsl,3 cho ddng phan d6i quang, con
néu hai nhim thé& khde nbhau thi cdc dang trén ddu ton tai d dang cép d6i quang. Chang
han, 1,2—dihidroxylxyclopentan cé dong phan:

HO H OH . OH OH HO OH
frans rany cly ciy
{cap dGi quang D, L) {meso)

Xyclohexan 14 hidrocacbon alixyclic quan trong nh4t. C4u tao cda ching c¢é phd bién
trong ty nhién, tdn tai d nhidu dang cidu dang khic nhau, chii y&u 1a dang thuyén, xoén
va ghé.

Cdu dang thuyén cd sic cang quay lon do cidc hidro che khudt nhu dang che khudit
& etan. Dang thuy®n (hinh 3.4) c¢' hai hidro & ciach nhau 1,83 A gAn hon ban kinh van
der Waals (2,5 A) Ning lugng dang thuy®n cao hon dang ghé 12 7,1 kcal/mal.

Hink 3.4 Cflu tric dang theyén,

Dang thuyén ton tai 3 hai cAu dang chuyén hda cho nhau:
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Su chuyén hoa tit dang nay sang dang khac khong cin khac phuc nang luong 1dn,
chi vdi su thay déi lién tuc gde nhi dién va di qua dang trung gian xoédn hay thuyén vénh,
trong dé C, va C di lén trén, cdon C, va Cy di xuéng du6i, khéng phai ngang nhau nhu
d dang thuyén déu.

Dang thuy®n xodn (hinh 3.5) ¢6 ning lugng thdp hon dang thuy8n ddu 1,6 keal/mol,
cao hon dang gh& 5, Skeal/mol.

Hink 3.5. Cfu tric dang thuy®n xodn.

M6t s6 hop chat ¢é nhdm thé 1dn, cd tuong tdc ndi phan t 16n cd thé tdn tai vu tién
& dang thuygn xodn d€ gidm tuong tde ndi phan tu:

C(CH, ),
H

{
(cH,C CH,),C )

Dang thuyén xodn va
dang ghé& chuyén hoa cho
nhau qua trang théi
chuyén ban ghé véi hang
rao ndng lugng cd sic
cdng géc va quay cao hon
dang gh& dén 11 keal/mol.
O nhist do thuong, dang
‘gh& bén nhit, tén tai o ty
lé 10.000/1 so voi dang
thuyén xoin (hinh 3.6).

Dang ghe cua
xyclchexan (hinh 3.7) cd [~
C, Cy C5 va C,, C, Cp ghé
nam trén hai mal phéng
cach nhau 0,5 A, nén phén

t¥ c6 mit phang phﬁn‘s bk Hinh 3.6, GlAn dB chuy¥n héa gifta dang gh€ vi thuyEn.
nadm gita hai mat phang

nang

\ 71 keal/mol

Thé

Toq dé phdn vng
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nay. Mat phang phén tu cd truc d8i xing bac ba di qua phan ti.

H
H7LH H
H H
H
H H I—H
H
H
i Mt phing pirin 1
Truc doi xung
phan tos
Hink 3.7, Cdu trfic dang ghé.
174 8
Zf- 2
M % 7
w5
p =
3 &

Hinlt 1.8. Cong thirc chi®u Newmnn.

Xyelohexan ¢o GILE Hién két by e (a) (axial) song song véi Crpe i qua Lam va GET By Lién ket
bicen fe)fequalor ial e xa truae phin 16 Cie hén [ ndv o Iaddigs khiie nbau, ¢ teen va duds ena

A7 =

lién kel ¢

ol phang phin t:

lién k&L a
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Cac cfu dang cd kha nang nghich ddo va lién két a & cfu dang dau sé& trd thanh lién
két e trong cdu dang nghich dao.

e - Y

Hinh 3.9. M6 hinh phiin tir xyclohexan khi chuydn héa.

Cdc nguyén ti hidro ¢ thé phan bé cis hay trans d6i véi nhau phu thudc vao vi tri
lién két @ hay e. Vj tri cis hay trens cia cdc hidro khac so véi hidro & C, nht sau:
cis : H : H, 15, H, 1, Hf
trans : H : 5, H§, H, HE, KD
cis : N" ; Hle, Hg, Hy, Hfé, H2
trans : H‘l . Hg, H, Hy, S, 1§

Cac nguyén tif hidro dinh véi cacbon khéng cd sitc cang vé gdc, sitc cing quay va stc
cang lap thé van der Waals, ngay ba hidro lién két @ cting khong cd suc cang day nhau
vi khoing cach xa 2,3 A. Song néu thay thé& hidro bing nhém thé& cd thé tich 16n thi cdé
tuong tac gitta cic nhom thé& dé voi hai hidro axial khéc, goi la tuong tac 1, 3—diaxial.
Chéng han, metylxyclohexan cd hai ciu dang:

Hy HH. CH,
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Céu trac dang ¢~CH, bén hon dang a-CH,, do ¢-CH, & xa hai hidro axial hon 1a
e—CH,, nghia la tuong tac 1, 3—diaxial ¢ e—CH; nhd hon § a—CH,,

Hai cdu dang nay khac nhau 1,8 kcal/mol, quy cho ning lugng tuong tac 1,3—diaxial,
do dd, mébi tuong tac 1, 3—diaxial l1a 0,9 kcal/mol. Digu nay cd thé théy rd trén cong thic
chiéu Newman (hinh 3.10): ciu dang e~CH, cd cdu dang xen ké anti (tuong ty &
n—butan) va cdu dang a~CH, cd cdu dang xen ké k& (gauche):

CH,
bla

P O

-e_-CH,

H
Hinft 3.10. Cong thite Newman cin lién két g va e.

Do dd, da s6 cac hgp chdt ton tai & cAu dang e, chdng han, fert—butylxyclohexan chli
ton lai d dang e. Su khdc nhau v& nang lugng tu do cua hai cfu dang phu thudc vao
nhém thé,

H ‘ H
(=4
C(CH,), = HC -
H H
a -
CH ) C(CH,),
dac biét la tuong tac 1, 3—diaxial lJam tang manh ndéi nang phan ti:

2

wong lac 1, 3 —diaxial cva rers—butyl
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Bing 3.3. Ning Irgng iy do cua nhom thé

Nh3m (hé AGE Nhom 1hé AG® Nhém 1hé aG?
—CH, 7 | -F 02 | -OH 08 |
-l‘:.H5 L8 -Cl 04 —OCIL; 07
-CH(CHy), | 21 | -Br 04 | -CN 02
-(Cl 13)3 4,1 -1 04 - CGHS 31

-COOH L2 -—Nl‘lz 15

V1 khdc nhau v& nang ludng khong 16n nén & nhiét dd thuang luén ludn ¢d sy chuyén
hoéa cho nhau ma khong ¢d thé tach cic cdu dang ra duge. V& mat ldp thé, hai c4u dang

la dong phan dia:

Hai cdu dang ghé
nay ludn ludom chuyén
hda cho nhau, goi 1A su
nghich dao ciu dang. Su
aghich ddo cta xyclo-
hexan ghé clng di qua
nhitng trang thai trung
gian & dang bdn gh€ va

xodn, trong d¢ dang
xodn c¢d ning lugng
thap hon ban ghé

khoang 6.4 kcal/mol
(hinh 3.11).

Tu trang ihai ghé
nay qua trang thai ghé&
khdc, cin khac phuc
mdt ning luong la 11
keal/mol.

Xyclohexan ¢d hai nhom thé& ¢d cdc loai déng phén hinh hoe va quang hoc sau:

Br
~H

Br

Hich3. L. Giin 5 th€ niing nghich ¢io ctm dang ghe .

Jog G phan ving
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S5 A A S b

cs—12 frany-12 cfs =13 trans— L 3 cis— |, 4 frans— 1, 4
ea =a e an < e e aa <é¢e e =a e ae =6 a au<c¢e
b, L) (dia)
Né&u hai nhdm thé gidng nhau, ¢6 cic quy tic sau:
1) cis—1, 2 1a chiral, nhung ¢d can bang gilia cdc d6i quang nhanh chuy&n héa cho
nhau nén khéng thé tach riéng duge cac ddi quang.
2) trans—1, 2, khéng ¢é kha nidng nghich d4o vong cia d6i quang nén ¢d thé tdach ra

duge cic d61 quang.
1
NN |
%cw H,C H N | R
C CH u
i ocH ! cH, CHs

CH,

trans— 1, 2— cis—1 2

3) Hai cdu dang cis —1, 3 ¢6 mit phang d6i xing nén khéng cd cap ddi quang

Mof ,oha’f?_q e xdfvy

(IR, 35)- 1, 3—dlicloxyclohexan

Ching han nhu cis-1, 3—dimetylxyclohexan cd hai lién ké&t 14 e nén o mat phing
déi xing khéng quang hoat:

cis—1, 3—dimetyxyclohcxan
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can trans—1, 3, chang han nhu trens—1, 3—dimetylxyclohexan cd mét lién k&t a va mét
lien két e nén cé doi guang.

CH, iﬁ/\k/;,—,
H

CH,

irans - 1, 3-dimety kyciobhexan

cang nhu trans—1, 3—dicloxyclohexan cd mbt cdp d6i quang:

(IR -3R)~- |, 3-diclo xyclohexan (15, 38)- |, 3=dichxyclobexan
4) Hai dong phan 1,4 c6 mat phiing d6i xirng khéng xuét hidn ddng phan quang hoc.

Dang phan cis—1, 4—dimetylxyclohexan & dang @, ¢ hay ¢, ¢ chuyén hda cho nhau
v6i AG® & can bang bing khong va ¢6 mat phing déi xdng:

H H ‘ :
C - =
e \ CHy
AG =0 3
H v H,C H

cfy— La—dimetyyclohexan

Hs

CH,

Dong phan trans— 1, 4—dimetylxyclohexan cd cfu dang bén hon dang cis—1, 4~1a 1,9
kcal/mol (AG® = -44, lkcal/mol va —42,2 kcal/mol) ¢6 hai cdu dang khic nhau
3,4kcal/mol, song ca hai cdu dang déu khong hoat dong quang hoc:

=y

AGY =3, 4 keal/mol
trans- |, 4- dimcty!xyclohn.xan

ciing nhu cis va trans-1, 4—dicloxyclohexan d2u ¢6 mat phang déi xing
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; L
| Mgt phang db; xng i
Cl c
frans- |, 4- dicloxyclohexan ¢is—1, 4=dicloxyclohexan

3.5. TINH CHAT HOA HOC
3.5.1. Tinh axit ciia H trong xyclopropan

Nhu trén da ndi, lien két C—C trong vong xyclopropan cd ban chit p hon va lién két
C—-H cé ban chit s hon, nghia 14 obitan tham gia tao thanh lién k&t C—H c6 ban chét p
giam hon. Do dd, xyclopropan ¢6 H ¢d tinh axit hon ankan, do tang ban chat s trong lién
két C—H:

/CH2 /CHZ
CH,-CH, + B — CH,- SCHG) + BH

C{ing ¢6 quan nidm cho ring, d9 linh dong ctia H trong xyclopropan ]a do d6 4m dién
cia cacbon trong vong lén hon vi cacbon cla vong cd sy lai hda trung gian giita sp? va
sp?, nghia 14 ¢ d6 4m dién cao hon Csps.

3.6.2. Phan dng cdng mé vong

Phan ng cong md vdng dac trung cho nhitng vong ma lién két C—~C ¢6 ban chit p
16n. N&u xem etylen nhu 13 vdng xycloetan thi xycloankan vong nhé cliing ¢6 phdn dng
tuong ty. Dién hinh 12 phan dng cua xyclopropan:

H,, Ny, 50°
C HCH,CH,CH,H
Cly, FeCly
CH, ' — CICH,CH,CH,CI
CH,~CH,~
H,50, dic H,0
> HCH,CH,CH,080,H —— CH,CH,CH,0H
HBr, H,0

> HCH,CH,CH,Br

Phan ttng hidro hdéa cia etylen xay ra & nhiét d¢ thudng, xyclopropan & 50-120°C,
xyclobutan & 200°C, cdn xycloankan cao thi tro.

Phan ing halogen hda xyclopropan x4y ra khi cd axit Lewis, nghia 12 cham hon
etylen nhiéu, con xyclobutan hau nhu tro.

Xyclopropan cing chiu tdc dung ctia vai axit, vdi axit H,SQ, hay dung dich,
xyclopropan phan dng co phan nhanh hon anken, va véi axit bromhidric xdy ra mé vong
véi su tao thanh cacbocation trung gian.
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Phan dng md vong xyclopropan thé, cing nhu xyclobutan thé€ xay ra trong dung dich
theo phan dWng céng Markovnikov, chdng han:

ACH + HBr - CH,—CH,-CHBr-CH,4
|_—‘J—-CH + HBr » CH,-CH,-CH,~CHBr-CH,

Phan dng md vong x4y ra theo cd ché cdng electrophin v6i su phan c4t lién k&t C-C
d&€ hinh thanh trang thai trung gian cacbocation bén va san ph&m uu tién theo hudng
hinh thanh cacbocation bén.

Phin ing cdng md vong; theo co ¢hé eleclrophin, nén cie vong ¢6 nhém thé hit  electron,
nhir CHO, COOTI,. . s& 1am khé Ichiin cho phan ing, nguge lai, cdc nhém Lhé cho cleetron lam
Lang phan tng ma vong, nhu eae nhém ankyl:

A
R-CH-CH-R + Hg(OOCCH,), — R—?H—CHZ—?H—HgOCOCHg
CH,CO0 R
Phan ng dac biét d& dang khi cd lién két ngin lién hop:
C{'{"
CH CH C C4sHs + HBr (FHZ_CHZ-CHZ_
O’ Br
ik 3+,

+ HCl ——

€—CqH;
0o

Cl
Cing nhu khi hidro hda isopropylxyclopropan va isopropenylxyclopropan cho sén
phdm khde nhau do cd lién hop x:

HC. HG CH,
} CH-CH-CH, + M, ——  CH-CH
ne”  oH, H,C “CH,
H, c _CH,
N /CH -G=CH, + H, —— CH;~CH,-CH,~CH
CH, CH,

Déi vcn tac nhan oxi héa, nhu KMnO,, phan \ing rdt khd khan véi xyclopropan, hau
nhu trg, trong khi d6 etylen phan ing cho diol dé dang.
Phan ng cong vao xycloanken cing tugng tu nhu & anken:

@ + Br, ——= CEBP

Br
a :
CH, + HI —— <:<f1
CH

CH,

O
Yy, —————— OHC-CH-CH,~CH-CHO
= ¢ H,0Zn T |

CH, CH,
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3.5.3. Phan ung thé€

Phan udng thé& goc xay ra khi ¢6 Anh sang hay nhiét dé cao cho phan \ing nhu ¢
ankan, dic biét 1a cdc xycloankan cao:

fAnh g i \
/\ + Cl, -3 -Cl + HCI
»o'c
O- + Bry ——— Q-*Br + HBEr

Ddi véi xyclopropan, ngodi san phdm th& & trén con thu duge mét lugng sin phdm
céng md vong,

Phan tng halogen hda cic xycloankan chi cho mét loai san phdm, khéng nhu &
ankan,

Déi voi dan xudt th& ctia xycloankan, cd th€ ¢d phan dng th& S, theo Sy1 hay S\2:

CH, CH,
D ' l axelan H Ol
H §,2 I
frans— 1-iol— 3-melylxyclopentan
CH, |, cH,
; 1- axefon D] o
> +

e
cfs— I=jot— 3~ metyixyclopentan
Phan ing trén xdy ra theo S 2 cho san ph&m quay cfu hinh & trung tam thé, vi thé,
ngudi ta dung phan dng nay dé chuyén hda gita cdc déng phan cis—trans. Khi trong
vdng c6 nhom thé& 16n chiém vi trl e, vong trd nén cd dinh, khi th& II, nhém thé& di vao
86 chi€ém vi trl nguge vdi vi trl cla nhém di ra, nghia la ¢6 sy chuyén héa a2 » e hay
nguge lai e » a. Ching han:

M B *A/Br NG
H Cl H H

trany— 1-cke—3~-tert - bulylxyclohexan cis— 1-brom-3—-fer/ - butylxyclohcxan

d dady c6 su chuyén hdéa g - ¢ hay ¢ » a phu thudc vao nang lugng hoat hoa.
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Sy chuyén hda a - e hay e = a d&u x4y ra qua trang thai chuyén hay phdc hoat hda
gidng nhau, do dd, sy khac nhau va t6c d4 phan dng phu thude vao nang lugng cia hap
ché&t ban dAu. CAu dang e bén hon c4u dang @, ndi nang nhd hon, do dd, nang luong hoat
hda E* (bang hiéu giita nang lugng hoat hda trang thai chuy&n va chit ban d2u) cda edu
dang ¢ s8 Ion hon, nén clu dang e kém kha nang phan dng hon. Nai cach khdc, cdu dang
@ ¢6 khd nang phdn ung cao hon. Chang han phan \ng:

*

! T !
[T e N e

c-l1lge

' i I H
m H o | 271\*1 .10

c-1lda

Néu phan ng xay ra theo co ch& Syl, qua hgp chit trung gian cacbocation, c8u dang
a cing ¢d kha nang phan dng cao hon clu dang e vl hdp chdt e6 nhém th& a cé nang
lugng cao hun nén dé tham gia phan dng hon. Chang han:

0S 0—/\_35—(]43' H _
LTINS LTS e
H | H
civ =4 =tert=butytxyclahexyltosilac frans— 4 —ter(—butylxyclohexyltositat

3.5.4. Phan dng tdach E

Tuoung ty nhy ankan, xycloankan cing cd phan ung tach E| va E,:

{' l KOH , HOH -

e (Y

Phan \ing c6 nhung dac tinh sau:

o Qua trinh tach E, xdy ra theo sy phii hop vé lap thé electron, nghia 12 hai nhém
th& di ra phdi cd tinh song song. Mudn vay, hai nhém di ra & trong xyclohexan phai chiém
vi trl a:
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trong hop chat trén chi nhém ¢ va d tach ra khoi phan ti. Nhu vay, phan dng tiach dac
trung cho dén xudt 1, 2—diaxial, Cac nhom th€ § vi trl ¢ khong tham gia phan ung t4ch.

H C|—|— —H - H
CHO‘
CML 5 Q
Cl

CHa CHCH

(1) meatylclorua (2) cdu dan téch £, 2—-menten

e Phan ing tach E, chi xdy ra khi H va Cl d8u 1a o, nghla 1a c&u dang (1) phai
chuyén thanh c&u dang (2) d€ tham gia phan dng tach. Trong phdn @ng, can bang
chuy&n hoa nay lai chuyén manh v8 cdu dang (1) hon vi cau dang (1) bén hon, ndng dd
céu dang (2) nhd, do dd, phan ing chuyén héa mentylclorua thanh menten xiy ra cham
hon.

Chu y ring, trong mentylclorua, Cl khang thé tach véi H dinh véi cacbon ¢6 nhom
C(CH,), vi H la e, song néu tach vdi H nay thi phai tuan theo quy tdc Zaitsev, cdn nhu
v6i H & ¢ nhu trén 12 trai quy tdc Zaitsev. Phén dng & day 13 tral quy tdc Zaitsev:

el (=

cho 2—menten ma khong phai 3—menten.

Né&u dung neomentylclorua, trong d Cl chiém vi tri ¢ cing vdi hai H bén canh cling
d&u l1a a, phan dng tach cd thé xay ra theo c& hai hudng, song hiéu suat cao hon 1a hudng
phu hop v8i quy tac Zaitsev. Do dd, ¢d thé ndi phdn dng nay tuan theo quy tdc Zaitsev.

G H CH Hs
1 3 H Hd
CHy~¢ H, — PN H,
H H
cf, : H, CH(CH,)
L CH(CH,), Akt

neomentylelorua 3-menten (75%) 2—-menlen (25%)
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Nhu vy, phan dng tich cla mentylelorua cé tinh dac thi lap thé, con
neomentylclorua ¢é t{nh chon loc lap thé,

+ Né&u nhém di ra la hidro & vi trl diu cau hay dinh clia vong kép thl hidro nay
khong tham gia phan idng tach. Phin dng nay tuAn theo quy tdc Bredt: Obitan p a
nguyén ti dAu cBu khong ¢d kha niang xen phi véi obitan p & bén canh dé tac lién két
7, hay ndi cdach khae: khong ¢d kha nang tao lién kst ddi & cacbon ddu cau:

a gHaa‘
Q= -

a H

B
Chéng han 'phé.n ung: @ T @ md khéng cho @

Quy tAc Bredt khéng dung rong rdi, chl ding cho cdac vdng nhd, nhu trong heé
camphan hay pinan khéng cd hop chédt co lién k&t dbi diu cdu, cing nhu camphoquinon
khéng ed kha nang brom hda do khéng cd kha nang enol hda vi enol cd néi d6i dau cau.
Tuy nhi¢n cac vong 16n cd thé gidm khé khan khéng gian, nhu hop ch&t
2—-metyl-hixyclo[3,1,3] -1 —nonen—6—on cd ndi ddi diu chu khi n = 3 hay n > 3.

I

CH,

% v
S0 o
canmphoquinan 2—metylbiclo[3, 1 3)1-nonen-6-on

D&i v6i cdc vong ldn, d dAu chu ciing cd thé nhan vi tel xen phd cuc dai dé tao lién
ket doi, chAng han:

H }[-:I - 'cl

C"\ ,,/"" “‘\CH L - \_\

. ” : \ ; \ g
vl r Hotse M8 Gl g, TH (G, CH, TH,
[CF'z)w CHz 0 Q ] o 7 B 5

d—1cHy), S o ~—_d—

H H H
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Tuong td¢ nhu ankan, phan Ung E, ¢
xycloankan Ia phdn ung tach enti va hai nhdm
di ra phai cd tinh déng phing nhu hinh bén. X

Song c&n chil ¥ réng, phin ng tach syn :
cing cd tinh déng phing V& mat electron,
trang thdi chuyén b&n nhat tao thanh khi hai g
nhom di ra dong phing cho phép xen phi cia H
obitan p vita mdi bat dau hinh thanh di vao lién
k&t doi da hinh thanh moét phan. NdJi chung,
tach anti cd xac suit cao hon, dé dang hon, nhung trong didu kién nao ddé thi mét trong
hai cdch xay ra theo digdu kién lap thé. Hiéu dng lap thé va ban chédt cachanion trong
trang thai chuyén phu thudc vao ndng dé va tinh bazo manh cta baze déi v8i nhém di
ra. D&i v8i xyclohexan, din xudt th&é 1, 2 kho di tdi tinh phdng syn hon, nhung d&i véi
xyclopentan thi lai dé hon. Néi chung, phan dng tich syn cta cdc hop chdt vong chi xay
ra khi tach en#i khong thuc hién duge, § didu kién khic nghiét hon va & nhitng hop chét
cé cdu dang cing. Chéng han, exo—norbornylclorua ¢é c8u dang syn nén tach syn:

hode 11,12—diclo—8,10—dihidro—9, 10—etanoantraxen cé diclo & vi tri frans véi nhau sé
cd tach syn, con nhanh hon dong phan diclo d vi tel cis tach trans

Ct
H-,-Cl
H l
, N -
/ —wer ( / Hel

3.5.5. Phan Ung chuyén héa gilka cic vong

—Cac vong hay dan xuft ctia vong ldn cd xu hudng riat vong, con dan xudt cia vong
nhd cd xu huéng md vong. Sy rut vong xdy ra bang cich mét trong cdc nguyén tit cua
vong trd thanh mach nhanh, cdn st mé vong k2m theo sy chuyén cde nguyén tit mach
nhanh vao vong.

o Su chuyén hod vong do Lae dung ella nhidt:

AlCly
Do O
AlCl, '
— »—CH,
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o Loai nudc cla ancel:

/\\ . H,30, - HO

e Loal amin cua ddn xudt amin;

~\ HNO, - HNO,

e Ding phan dng chuyén vj pinacolic nhu & hidrocacbon mach hé:

CH R CH, R CH.
H, 50, 7 N\ | 7 AN
(CHZ) ? ? -R — (Cﬁz)n—(?‘ Ct—-R —— (Q{‘)‘1 R
OHOH OH \Q/ R
¢ Phan dng md vong bAng cacben: 0
(CH.) (CH,),
/ \‘2 " 4nh sdng AN
H,C CH, + CH,N, H,C CH,
\ / |/
('} 0 = C-CH,
O

¢ Phan dng rat vong bdng phan dng chuyén vi Favorski:

: HO® ‘ s o
LA C-COOH

3.5.6. Phuong phdp xde dinh hidrocachon alixyclic

Tiexvelopropan, khd ndng phan dng cua xyclan khang dae trung bang phdn wng hoa hoe.
Dé¢i khi dong phan ing oxi héa manh dé phan cit vong thanh axit dicacboxylic c6 cing

30 cacbon’
()
O —— HOOC-(CH,),~COOH

Cac  xyclan  cing

khéang hap thy trong ving “ A
UV & ving cao hon 200 ’5{_ :C\H
o z12
Phd IR cia xyclan
gibng nhu ankan, tru /\
khong ¢6 jpw hdp thu 4
1380cm~! clia nhém CH,. . y = FE— ‘

0 L
Phé NMR  cua —

xyclopropan ¢d tin hi¢u
teuong  manh 0,1-06 HMinh 342, PhT NNR o metylenxyodohexon.
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pPpm, con cia cdc vong ldn giéng nhu ankan, trong da sé trudng hop rdt khd phéan tich.

Trong phd trén co tin hiéu cba 3 loai proton véi cudng do khac nhau: cutng do 2
proton voi & = 4,65 ppm trong vung trudng y&u, cudng dé 4 proton véi § = 2,12 ppm
cua 2 nhém CH, trong vdng canh cacbon néi dél, cudng dg 6 proton ctta 3 nhém CH,
con lai cd & = 1,61 ppm.

3.6. HOP CHAT PA VONG

3.6.1. Hgp chét hai vdng riéng ré

Cédc hyp chdt nay cd nhidu trong ty nhién loai carotenoit, vai loai vitamin A. Quan
trong clia hgp chdt loai nay 1a hai vong lién két vdi nhau bang lién két C—C ma dac
trung bing tinh 14p thé.

Chéing han, 4, 4’ —dimetyldixyclohexyl tdn tai d ba dang dong phan lap thé:

H H
H H H (I;' H3C
H " H CH, H CH,

cls—cis cis—trans frans—trans
Céc déng phdn ndy khong cd kha nang quay xung quanh litn k&t C—C & nhist d6
thudng vl khi quay cdc nhdm metylen cia hai vong & vj tr{ 2, 2’ va 6, 6’ & khoang cach
Zan nhau nén han ch€ kha nang quay:

Cédc din xuat hai 1an th€ 2, 2’ va 3, 3’ cd 6 dong phan lap th€ trong dd cé 4 dbng
phan quang hoc. Tinh quang hoat gay ra bdi tinh khong phang cta hai vong.

3.6.2. Hop chét spiran

Hyp chét spiran cd hal vong chung nhau mdt cacbon kém bén hon hgp chit vdng
thudng. Hop chdt d& md vong khi tac dung v6i axit manh, clo, brom,...

Déc tinh quan trong cua spiran 1a tinh 14p thé, ¢é kha nang tdn tai 4 dang dong phan
quang hoc mac dau phan ti khéng ed trung tam chiral. Tinh quang hoat gay ra bdi tinh
b4t d6i xing cda toan phan t&. Chdng han, axit spiro[3 ,3]—2, 5-heptandicachoxylic cé
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hai vdng spiro [3, 3] heptan n#m trén hai mat phing thing géc véi nhau tao nén dbng
phan déi xdng qua mat phang guong:

3.6.3. Hgp chédt hai vong ngung tu

Cac hop chét loai nay cd nhidu trong ty nhién, cd tinh héa hoc lap thé€ phic tap lién
quan tdi sy phan b6 khéng gian cta bd khung cacbon, dé cing phan tif va tinh d8i xing
nho cla phan td.

Bixyelobutan thé& tén tai & hai dang ddng phan hinh hoc:

A R H
R
HC] >eHR M " M
CH
bixyclo[ ], 1, 0)—ankylbutan endo—R-butan exo-R-butan

Hé ngung tu cd s cacbon lén hon ngay khi khéng c6 nhdm thé cling tbn taj & hai
dang ddng phan hinh hoc nhu pentalan, dekalin, hidrindan:

pentalan dekalin hidrndan
bixyclol3, 3, 0]—octan bixyclo[4, 4, 0}—dekan bixyclo [3, 3, 0] nonan

Dekalin ton tai & hai dang cis va trans — dekalin da duge tach ra khi chung cdt hén
hgp dekalin thu duge bang hidro hda naphtalen. Hai dong ph&n nay khac nhau & cfu hinh

Cy va Cy:
H H
!
CO-C0 AD=-C0
H :

A

iy t:’ = [94°C frans x'? = I85°C
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Dekalin e¢d cfu dang b®¥n o dang gh€ xyclohexan cla cis va trans, trong d6 trans chl

cd mdt edu dang con ¢is cdé hai cdu dang bén:

LJH Q-&%v@w
3 H |

cfu dyng bEn cfiu dang bén cu dang bén

cis

cdu dang khdng b&n

rans

Né&u nhu xem vbng xyclohexan nay ¢6 hai nhom thé cla vong xyclohexan kia thl
trong frans—dekalin hai nhém thé& cacbon nay la e con hai hidro giita goc 1a ¢, con déng
phan cis thl hai véng 1a e va g, hai hidro cing mét ¢ vd mdt e, Nhu vay, su phin ba hai

nhom th& trong xyclochexan thufin Igi vE mang
Iugng khi hai nhom th& 1A e nén dang ¢rans bén
han cis.

Thuc t& c&u dang trans ben hon cfu dang cis
d&n 2,7 keal/mol do trong edu dang ¢is ¢ ha tuong
tac xen k& k& ki€u butan vé6i nang lugng cla mdbi
tuong tdc nay 1a 0.9 kcalfmol, trong khi do déng
phan trans khéng co tuong tdc nay. Sy khic nhau
vé lien két trong dekalin gdy ra mét s6 dac tinh
khdc nhau.

[Hai vong k&t hop e Lrong trans—dekalin gay
ta tinh cung tugng d6i cia phan t¥, sy nghich do

phén t¥ thanh ciu dang gh€ méi khing cd thé vi lién két ¢ 9 nguyén ti cacbon tha ba

khong thé trd thanh a.

Cdu dang cts—dekalin ¢6 lién két e vA @, ufn déo hon va sy chuyén hda gifta cdu
dang a va e la ¢ thé, song thuc t&€ s6 dong phan vAn nhu nhau vl cdc nhém thé & cung

phia va khéc phia cda vong cang nhu voi hai hidro & géc.

Ching han, 2-dekalol cd ddng phan sau;

H
H \j H H
’ ﬁ 0s Hm
OH

OH H

"r;t = s°C © = C © =520

ne

¢is (@) s -(¢) trans (a)

R =71
wans (e)
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Khac vdi dekalin, hidrindan ¢d hai cdu dang bén:

o - 577 o - g

cis - hidrindan trans —hidrindan

Ca hai dang nay co tinh 8n dinh nhu nhau.
3.6.4. Hogp chit da vong cd ndi can

Nhing hgp chat nay co tinh cing 1dn do cd lién két cu néi cha don vong bing mét
hay vai nhém CH,.

Nhitng bixyclo vong kép nhd nhu bixyclobutan hoac trixyclo hay pentaxyclo, tuy cd
stic cing cia vong 16n nhung vin tdn tai dugc ma vé mat nhan tao da thu duge mét cach
ngiu nhién nhung trong ty nhién 1a tinh chon loc cta sinh vat.

H . .
H
H
bixyclobutan quadrixyclo27 .
bixyclo} ], 1, O]butan tetraxyclo(3, 2, 0, 077, @ '(’]hep(an

Loai ¢d nhidu trong tecpen la nhitng bixyclo cd cfu dang thuyign:

norbornan
bixyclof2, 2, Ilfheptan bixycio[2, 2, 2|oclan

Cédc hop chét nay thuong dung tén riéng, nhu campho, pinen...

Trong hgp chit vong 6 canh ¢d ciu ndi mot cacbon, cac nhom chic cd thé & cung
phia hay khdc phia cla ciu néi.

Né&u nhém thé d cung phia véi cAu ndi, nghia 12 nhdm thé& dinh v6i cacbon xyclohexan
dang thuyén hudng v& phia trén theo huéng cau ndi Ja dong phan exo, cdn nguge phia la
dong phan endo. Cdc nhdm thé bén canh nhau 14 exo—exo hay endo—endo 1a ¢ vi tri che
khuit v8i nhau:
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ﬁ\\ exo
@ C dé& coiy endo
‘V/ e

erndo

ciu dang ndy <0 sie ciny I&n

CH,

Hinh 3.13. Cdu tric 1Gp th? cla bixyclo [2, 2, 1] heptan.

Tinh cing nhéc cia vdng giy ra nhitng dic tinh vd hda hoc 1ap th nhu sau:
e CHu dang bj gi® chit & midc d6 16n hay nhé.

o Khong cd cdu dang ma nbi d6i dinh v6i cachon chu néi (Quy tdc Bredt), do dd
nhiing enol cia xeton ddu rdt khéng bdn, ching han nhu camphenylon:

CH,
. H ? H H
; /‘_—_—’_E L Sl H,C
H;C -:__' c OH
CH, - O 3
kndng bEn

o Hop chéit cé hai cacbon bt d6i chl ton tai & hai dang d6i quang ma khang tao
thanh dong phan die. Nguyén nhian ¢d thé 12 cau ndi chi cé thé déng vong & vi trf cis 3
hai cacbon bdt d6i ¢ dau cAu. Sy thay ddi cdu dang thanh nghich quang cia mat trong
hai cachon ddi héi dong vong ciu & vi trf trans 12 khong thé c6 vé mat hinh hoc. Ching
han nhu campho sau:
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s V& mit hda hoc lap thé
dong, khong cd phdn \ing S 2
& cacbon dBu clu, chang han
nhu trong hop chit
camphenylon, Br r4t linh
déng nhung khong cd thé th&
theo S2 ma cd thé phan tng
vdi bromsuxinimit theo cd ché
phan vng gdc vl phan ung géc
khéng c¢d phan ing quay
Valden.

121

H,C CH,

CH, g~ H_ CH__ Br

Br linh ddng nhung khong th€ duge theo Sy.

3.6.56. Hgp chét vong lén

Nhitng vdng oé 7—12 cacbon gol 14 vong trung binh, con 16n hon 14 cacbon goi 1a
vong 16n. Céc vdng ndy cing dd duge téng hop bAng nhitng phuong phdp nhu téng hop

vong 5—6 canh nhu nhiét phan mudi diexit,
ngung tu nitrin, ngung ty exyloin, Sy khd
khan tao thanh vong va nhiét d6t chay cao
lién quen téi sdc cang khong c¢8 dién trong
vdng do cdc nguyén ti hidro duge phan bd
gin nhau trong vong nén diy nhau, dac biét
12 trong vong 9-10 canh, thuding goi 1a hiéu
Ung qua nhan.

Chéng han nhu xyclodekan cd sdc cang
do ¢d 3 nguyén tu hidro trén vong va 3
nguyén td hidro & dudi vdéng ddy nhau.
Tuong tdc nay da lam léch gde hoa tri ra
khoi gia tri gde binh thudng cua hinh ti
dién. Hisu dng qua nhan bi€u hién 4 nhigu
phan dng qua nhan cd su chuyén trung tam
dién tich duong cta cacboni trong vong sang
nguyén tit cacbon khdc trong vong cich xa

Hinh 3.14. Cin tric xyclodekan,

theo mach nhung gan vé khong gian. Sy chuyén trung tdm phan ing nay thudng xay ra
bing cich chuy&n hidrua. Ching han nhu phan t#ng sau:
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;Cg,),,ﬂ . /‘CHC),H (CHY,
H-CTH 10 e H=CLH 2’3 -H —= H- (’B’
\/C\H \ 1C \.H '\/
CH, (CH,, :CH;
/<Cbal /zctn
CH o -
—— -8 T o g e PR
\ ~CHOH C\ _CHOH
(CH,), (CHp,

Cing nhu khi thuy phan toluensunfonat clla xyclodekano] cho nhitng sin ph&m binh
thudng ddng thai vai nhfmg san pham cia phan dng qua nhan:

'?O—S “CH, == Re 4 O-?—Q_CH
(CH
] +OH™ / ‘L'
l
(CH S
Pty (CH)
H-C-H C—H — (CH)
\\ /
CH),, g XH-
/ N ¥
R+=C:o}"r9 }Cﬁ‘}ﬂl
{xyclodexyl) “
(CH L),
L L H\c CH,
(CH,), HO7 ®
N A,
H-C H-C—-H CH)
(CH‘Z)"‘ "w* HC \
i -c"r_, Pt
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Phan dng qua nhéan cing tim thdy trong nhiing phan dng tdng hgp polyen vdng goi
12 véng hda qua nhan cho déng phan vé héa tri:

=0 = ¢ CO = O

Phan ung vong hda qua nhan dugce thuc hién bang pban iing tdch nhu phan Ung sau:

3.6.6. Hop chdt vong da dién

Loai hgp chat vong no nay cd do ngung tu rét cao, trong dd, méi vong ngung tu vdi
ba hay bdn vong bén canh, chiang han nhu:

(D

prisman cuban conprescan adamantan
trong dd adamantan duge biét lau nhit va hay nhA4t.

Adamantan & don vi cdu tric cua kim cuong vl kim cuong duge cdu tric tiu
adamantan trong dd lién k&t C—~H duge thay th€ bang lién k&t C-C.

Phan tit adamantan cd tinh d6i xing rdt cao, t4t ca ba vong déu ed cdu dang ghé€ va
ft cang vé gdc ¢d thé bi€u thi bing nhimg cong thic nhu 14 trixyelo [3 ,3 ,1] dekan:

CH e 9 :

N 3 3 4 3 8

J e ot 5:
73 49 S

f_iz_v \Cl:gz /,\: Hz 7 2
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Adamantan ¢d nhiét dé nong chay dic biét cao so véi hidrocacbon, d& thing hoa,
chung cat duge vai hoi nude vA k&t tinh t6t, rat khd pha hay.

Khi dun s6i adamantan v8i brom tao thanh bromadamantan, khi ¢d axit Lewis cho
sdn phdm 4 1&n th& con peroxit khdng anh huwdng tdi téc dd phan dng. Nhu viy, phan
ung xay ra theo co ché& ion.

Bromadamantan dé thdy phan véi t6c dé chl nhd hon t6c d6 thuy phan
tert—butylbromua 1000 Ian. Nhom OH cia hidroxyl adamantan ciing d& thé bdi clo, dé
ngung tu vdi anizol.

Cation adamantoni thudn lgi v& nang luong hon cation camfan tit phan ti cd sic
cang lé6n va cation lai dof hoi tinh phéng cla cation sp? nén cang ting stdc cang phan tu,
trong khi dd phan ti adamantan khdng cd sic cing v& gdc va cation adamantan c¢d hinh
dang giita hinh dang phan td ban dAu va hinh dang c6 nguyén ti mang dién tich duong
& trong ciing mat phiing ctia ba nguyén tir cacbon bén canh.

Prisman la benzen Ladenburg—ddong phén cia benzen, vong cuban 13 chit két tinh
o, = 130°C thang hoa.

3.7. STEROIT

Steroit 1A nhdm hgp chdt cd chita bén vong ngung tu véi ba lién k&t chung, nghia la
c6 bé khung cia xyclopentaphenantren hidro hda (pehidroxyclopentanophenantren). Cd
thé xem phan td steroit nhu 12 sy két hop cua hé dekalin va hidrindan:

— 20, 22 23
R = 2CH-22CH,-3CH,-
'JIéHs

Vong dekalin duge ky hiéu bing A va B, cdn hidrindan bing C va D, Da s8 céic dong
phan l1ap thé (conformer) ¢d sy khdc nhau v& hoa hoc lap thé cua hai vong A va B.

Steroit 6a chia hai vong ngung tu & vi trl trans, cdn steroit 58 chia hai vong A va
B & vj tri cis,

Trong dang 5¢, hai vong ¢6 cdu tric tuong tu nhu trans—dekalin, con dang 58 giéng
cis—dekalin. Hai chit @ va § ding trong hop chdt da vong d€ chl nhitng nhém thé & trén
va dudi vong. Néu vong duge coi }a phang thl vong A duge vé bén dudi, cdon vong B duge
vé lén trén, chit « va S ciing chi vi trf eda hidro & C. Céc steroit ¢ hai nhém metyl &
Co v& €3 va hai nhom nay duge danh s6 12 18 va 19. Con mdt gde R e vai cacbon dinh
d cachon C;,; va mach nhdnh nay dugc danh s6 tu 20 tif vong.
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Sa—~steroit (trans A/B) 58 steroit {cis—A/B)

Steroit cd chung mét bd khung vong duge chia ra lam nhidu nhdm khéac nhau: sterol
(hay sterin), axit méat, hoocmon steroit, chdt djc cde, sapogenin, genin vé ancaloit steroit
cd chuia nito.

e Sterol:

Sterol ¢ nam loai khdc nhau v& cfu hinh; Cholesterol ¢d cfu hinh cis cia A va B,
cdn bén chit con l1ai cd cdu hinh trans:

7-dehidrocholesteron coprosterol (cis — trans — frans) stigmasterol
(provitamin D)

Cholesterol ¢é tAm quan trong hon trong cd thé, 12 rugu chua no chia mét nhém
OH va mét néi doi, dé bi khd bang phuong phap thudng. Cholesterol ciing duge tdng hep
trong cd thé tir axit axetic theo chu trinh isoprenoit (& phan terpen) qua hgp chit trung
gian la squalen.

Mot loai sterol cd trong dau nanh 1A stigmasterol, ¢6 cdu hinh giong cholesterol
nhung khédc nhau vé& ciu trdc mach nhanh va ergosterol ¢d trong ném, 13 tién vitamin
D,, cdn T-dehidrocholesterol la tidn vitamin D, (provitamin D,).



126 HYDROCACBON ALIXYCLIC

Frgosterol dugc tdch ra bdng men va khi chigu sang bing anh sang tim s& mé vang
sdv canh chuyén thanh dong phan 1a canxiferol la vitamin D:

CH, \ CH, \
hv
CH3 2820 4 / l
HO . . HO N

ergoslerol ' ! vitamin D,

Tuong tu nhu vay, tit 7—dehidrocholesterol thu duge dong phan cholescanxiferol la
vitamin D,

Vitamin D la thanh phan thyc phdm cin thiét cho con ngudi, didu hoa sy ddng hoa
canxi va su ph4t trién clia xuong va rang.

Vitamin D, va D, c6 hoat tinh gidng nhau, hogt dong nhét trong nhém vitamin D.
Cac nhém vitamin D khéac chi khde nhau v® mach nhdnh. Trong mot ngay dém, ngudi
16n can 7-12 mg, trd em cin 15-17 mg.

o Axit m@?

Axit mat cd vai ir¢é quan trong trong tidu hda, chi y&u la nhd tuong héa md, co ‘rong
mat nguvi. Thudng cd ba dang chinh: axit cholic (1), desoxycholic (2} va litocholic (3) va
axit khac, ¢eu la hgp chdt polyhidroxymonocacboxylic ¢d b6 khung cachon ging nhau, chi
khac nhau s lugng nhom OH. C4c axit nay chuyén héa cho nhau trong co thé ma thyc
nghiém ciang da thuc hién dudc céc chuyén hda:

COOR

(/) (2)

J/\i ' COOH

I OH
H (3)
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Axit cholic chda trong gan dudi dang glycocol axyl hda bang axit chalic 1a axit
glycocholic va dang axit taurincholic. Su hinh thanh axit cholic lién quan téi cholesteral.

e Hoocmon steroit

Hooemon sinh due }a nhing chdt ed hoat tinh sinh 1y cao ¢d trong mau dé€ diéu hda
sinh ly lién quan téi sy trao dd8i chat. Cic hoocmon sinh duc dan éng va dan ba déu la
nhiing rudu, phenol hay xeton v4i bo khung xyclopentanophenantren

Thudng ¢ nhitng dang quan trong dudi day:

CH,

0 CH,
0
H 39 : 4
HO : HO
H
androsteron - estron
T on cH,
H CH
:§ /( H,C .
AN
£ o
Lestosteron progesteron

Bo khung ctia cdc hooemon nay giong nhau, trong do vong B va C, C va D la {rans.
Cac hoocmon estrogen khong od nhém metyl, ¢c6 nhdm OH phenol, progesteron cd nhém
axetyl. Androsteron ¢6 ciu hinh ¢rans A/B.

Testosterol 14 hoocmon chinh ctia dan 8ng thuéc loai hoocmon cd trong céc tuyén
sinh duc dan 6ng. Hoocmon sinh duc quan trong clia dan ba la nhom hgp chét estrogen,
trong d¢ quan trong nhat la progesteron.

Hstradiol (§—estradiol) 1A hoocmon manh nhit trong cédc estrogen tu nhién cd trong
loai cd vd.

Cac estrogen khing ché sy thay d8i x4y ra trong chu ky kinh nguyét.

e Corticasteroit

Corticosteroit 1a hooemon cta tuyén thugng than. Vo tuyén thugng than t6ng hop va
tach ra trong mach mdu mét ddy 40 hoocmon steroit riéng biét, irong d6, ¢6 thé néu ra
vai chat dai dién: corticosteron (1), cortison (2), desoxycorticosteron:



128 HYDROCACBON ALIXYCLIC

CH,0H CH,OH H,OH
£=0 ¢=0 C=0
HO, Qﬁ O~} & OH »i*]
oo o
'\&l\/‘ P
0 ‘) 0 {2) 0 (3)

Cortison cd chic nang quan trong trong gqud trinh traoc d8j gluxit, trong téng hgp
glycogen va chuyén hda protit, tham gia vao qud trinh loai nudc ra khoi co thé,
Desoxycorticosteron cd vai trd duy trl cAn bdng mudi trong co thé, chi y&u la ty le
K*/Nat. Trong thuc t&€ y hoc, cortison duge dung lam thu8c chia bénh thip khép va viem
khdp.

¢ (renin va saponin

Genin tdn tai dudi dang glucozit cda ancol steroit ma khi thay phan cho genin, trong
dé chu y&u ]2 ba chdt sau: digitoxygenin (1), gitoxygenin (2) va strophantidin (3). Céac
steroit nay 1a ch4t kich déc, song trong y hoc duge dung lam chdt kich thich hoat dong
cua tim.

Khiac véi cdc steroit trén, cdc genin 12 nhitng hgp ch&t cis gitia vong C va D. Vong
A va B cling ¢6 c&u hinh cla cis—dekalin va chi c6 vong B va C la trans:

CHO

OH
HO |

(3)
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Trong thuc vat ¢d phd bién loai steroit 1a saponin. Day 1a nhitng glucozit déc cd tinh
hoat dong bé mat cao, sti bot trong dung dich nude, tuong tu nhu xa phéng. Cic
aglycogen ctia saponin goi 1a sapogenin thudc loai steroit. Chang han nhu tigogenin:
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CHUONG 4

ANKEN

Anken 14 hidrocacbon khoéng no chda néi doi C = C.

Anken cdn dude goi 1a olefin tif quan niém la chit sinh dau do anken céng hop véi
halogen tao thanh chét dang dau.

Anken don gian nhét chia mot ndi doi cd cong thic téng quat 1a C H, hay (CH,),
goi 1a moncanken hay monoolefin, dac trung cho loai hop chit anken. Cong thdc phan ti
nay trung véi cong thic cta xycloankan.

Céng thdc chung cla anken, ndu xuit phat ti céng thic chung cta ankan va phu
thude vao s& ndi déi trong phan tl, cd thé viét 1a C H, ,,_, vdi x 1a s6 ndi d6i cé trong
phan tu.

Anken cd hai ndi d6i goi 1a ankadien hay dien, ba ndi d6i goi 14 trien,... va nhiéu néi
d0i goi 1a polyen, trong do quan trong 1A loai dien cé hé lién hgp.

4.1. DANH PHAP

Cdc anken dAu cd tén riéng: etylen, propylen, butylen, isobutylen. Cdc anken don
gian cé thé xem nhu ]2 din xudt thé€ cda etylen.

Danh phdp chung cho anken )a danh phip IUPAC.

Theo IUPAC, anken ¢d nhitng nguyén tic chung cta ankan, nhung c¢é nhing nguyén
tdc khdc nhu sau:

— Tén cha anken 13 tén cla ankan c6 cling s6 cacbon, nhung déi dudi an thanh en:
ankan - anken

T4t cA cdc anken déu cd tidp vi ngit [ en

— Chon mach dai nhat 14 mach cd chda néi doi

— Dinh 8 mach chinh sac ¢ho vi tri etia ndi doi 1a nho nhat va 1ay con s6 cha cacbon
ding dAu ndi doi. Cae con s trong danh phép ciing la nhé nhat va dat trude tén anken:

Tén thong thuang IUPAC
CH; = CH» etylen eten (it dung)
CH3; - CH = CH2 propylen metyletylen propen

CH3CII;CH = CH;y butylen etyletylen 1-buten
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CH,CH = CHCHas sym—butylen symdimetyletylen 2—buten

(CH1)2C = CHj; isobutylen asym-—dimetyletylen 3-—metylpropen

CH3CH = CHCH2CH3 etylmetylelylen 2—penten

CHACH = CHCIICI(CHa); 4-clo—4—metyl—
2—penten

CH, = C = CH; allen propadien

CH; = CHCCI] = CH; 2—clo—1,3—butadien

Trong cdc xycloanken, nguyén ti cacbon ndi doi cd chi s6 nhd nhat:

@4}13 @c H,

1-metykyclohexen 3-metylxyclohexen

Khi loai hidro & néi doi thu duge gbc la ankenyl Thuéng gip nhiing gée sau:
CH,=CH-  CH,=CHCI CH,=CH-CH,- CH,=CHCH_Br
{etenyl) clorua vinyl {propen—2-yl) bromua allyl
vinyl allyl
CH,=C~ (CH,),C= CH,~CH= CH,=

CH,

isopropeny| isopropy liden etyliden metylen

(1-mctyletenyl)

H3C\ /CsH5
==CHCH,4 /C = C\ HZC=<[
H,C Cots
etylidenxyclohexan isopropylidendiphenyimetan metylenxyclopropan

Trong cac vong chia lién k&t d6i, néu ci hai Cspz ndm trong hé vong thi lién két doi
dd goi la lién két doi endoxyclic, con néu chl co mot Csp2 trong hé vong thi goi la lién két

d6i exoxyclic:
/CH3 ,
CH Cx.. ~\
@ 3 Y en, /
H

én kél doi endoxyclic lién k& a0 exoxyelic

Nhiing dien ¢d Lhé ¢ ba trang thai phan b6 lién k&t dbi:

C=C—-C-C-C=C lidn két doi cach hay riéng té, cd tinh chdt nhu C=C, ndi chung
C=C(CH,) ,C = Ckhin > 1.

C=C=C lién két doi lién, thudc loai allen hay 1,2—dien

C=C~C=C lién két dai lién hdp, Lthudc leai 1,3—butadien hay 1,3~ dien
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4.2. PHUUNG PHAY TONG HOU

Ngudn anken chu y&u trong cong nghiép 12 cic san phdm cracking dau mé. Trong
phong thi nghiém thudng dung cdc phuong phap sau:

1- Loqi halogenua hidro HX tit dén xudt halogen RX:

Hc-OH
>¢ - €%+ KOH 2 v - o4 KX + H,0

H X X=0Cl,BrI
Phan dng x4y ra theo cd ch& tich E, hoic E, (chuong 8). Anken tao thanh cd céu
hinh frans va tudn theo quy tic Zaitsev.
Din xuit RX; bac 3 > béc 2 > béc 1
X=1I>Br>Cl
OH, ROH KOH, ROH

K
BrCH,CH,CH, CH,CH = CH, CH,CHBrCH,
KOH, RCH
CH,CH,CH,CH,Br ———— CH,CH,CH = CH,
KCH, ROH
CH,CH,CHBrCH, CH,CH = CHCH, + CH,CH,CH = CH,

81% 19%
2- Loqi X, tit dén xudt 1,2~dihalogen hay vic—dihalogen:

'\‘? - (|:(+ Zn —_C = C+ ZnX,
X X
Phéan Ung la tach 1, 2, chidng han:

CH,CHBrCHBrCH, —-Zn—-—- CH,CH = CHCH,; + ZnBr,
3— Logi nude tit ancol:
. HY -
L =C ——C=C+ HO
H OH
Phan ung nay ciing theo cu chd tdch K, hoic E, (chuong 9), clin cd xic tdc axit dac,
tuan theo quy tic Zaitsev.
Ancol béc 3 d& loai nuéc hon bac 2 va khd nh4t 12 bac nhdt. Phan dng xic tdc axit
manh nén ed sy dong phan hda n6i d6i va sy chuyén vi cia cacbocation rdt 16n:

H*, 170°C

CH3CHZCHZCH20H E— CH:;CHZCH=CH2 + CH:,‘CH=CHCH3
(chinh)
H,S0;, 67%, 95°C
CH3CHZCHZCHOHCH 3 — CH3CHzCH=CHCH3
(65 — B0%) cis + tranx—2—penten

H,FO
CH,(CH,),CH,0H ———— CH,(CH,),CH=CHCH, + CH,(CH,);CH=CHCH,CH,

H,80,, 46%, 90°C
(CH,»,CHOHCH,CH, » CH,CH=CH(CH,),

84%
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Thuong dung axit H,50, hay H,FU, va nhiét. Ngudi ta ¢6 thé cho hoi ancol di qua
oxit nhom & 350-400°C:

R - OH R - O'-H (I)H + R cl)‘fH,
+
~Al- ——  —Al- — Al —— -Al- + anken > -Al- +H,0
4— Phan ing khi ankyn: | |
xtic tdc Lindlar
R-C=C-R + H, » R—-CH=CH-R

; ciy (phan wng cdng syn)
I Na hay Li, NH,
+ Hy ——— R-CH=CH-R
trans (phan ng cdng anti)
5= Phdn ttng thé nhém cacbonyl bdng nhém metylen (phdn ung Wittigs)
R -CHO + CH, = PR, » R - CH = CH, + O = PR/,
Phan dng xay ra qua hdp chdt trung gian vong.
Tuong tu cé thé thuc hién phan dng:
R,C = O + CH,Br, + 2Mg -» (|3H2 - CR, — OMgBr -» CH, = CR, + BrMgOMgBr
MgBr

4.3, TINH CHAT VAT LY

Tinh chat vat Iy cia anken cling gin gidng nhu ankan. Céc chét thip phan tu la thé
khi, ti C; trd 1én la chét long bay hoi. Anken khéng tan trong nudc, tan trong dung moi
phén cye.

Nhiét dd s6i tang theo s8 nguyén td cacbon, thudng ting 20—-30°C cho méi nhém
CH,, ting thém trong ddy ddng ding. Csic anken cd mach nhanh sbi th4p han mach khong
nhanh. Nhiét d¢ s6i ciia anken cling suyt soat vdi ankan cung c¢d sd cachon, Cac 1—anken
861 thdp hon anken co ndi d6i trong mach dén 5°C.

Cac anken ¢6 ndi doi, trong dé lién két m rit nhay v6i higu dng electron cta cdc
nhém thé&, do dé, momen N3ng cyc cia anken rdng han la ankan. Anken khi ¢ nhém
th€ sé ¢c6 momen ludng cuc. Ching han, trong metyletylen, etyletylen, lién két Cspz -
C‘l,s c6 momen ludng cuc véi diu 4m & Cspz:

H,C H HC, H
/
H,C. o ‘o
-
CH = CH, “ |

/C\ /C\

H\\ H H\ H
u = 035D o= 037D

5S¢ khdac nhau vé momen ludng cuc la d dong phan cis—trans. Sy khdc nhau nay l6n
chl khi anken cd nhdm th& 4m dién 16n. Sy khac nhau vE tinh phan cyuc cling thiy r6 &
su thay d6i nhiét dd sdi va nong chay; do phan cuc nho, nhiét dd s6i va ndng chdy ciing
thap:
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1ong veclo
HyC l CHy HyG H
CzC Npg=¢C
e N s N\
H H H CH,
a = 033D # = Q0D
1 =+4°C 15 = +1%¢
O Q
o= -139°C 15, = —106°C
H Br H H H H H H H I1
/ N\ 7/ . N ra \ V4
C=0C C=¢C C=2¢C C=C¢C C C=¢C
/ \ / \ / N / J 7 \
Br H Br Br CI Cl Cl 1 I I
aD=1a 135 0 185 0,75
1% = 108 110 48 60 188
fhe °C = =6 ~53 -50 -80 - 14
Bang 4.1. Tinh chit vt I cda anken
Anken e 1 u'j”
Piylen - 159 - 102
Propylen - 185 -48
1-Buten -65
1-Penlen 30 0643
1-Hexen - 138 63,5 675
1-Hepten -119 9 698
1-Oclen -4 1225 716
[—Nonen 146 731
I-bexcn -87 171 743
cis~2—Bulen -39 4
{rans—2-Bulen - 106 1
Isobutyicn -4 ~7
cls—2~lenten ~ 151 37 0,655
trrans—2—Penten — 140 36 647
3—Metyl- 1-buten - 135 25 648
2—Metyl-2—buten -123 39 660
23-Bimetyl-2—-buten -74 73 705

Bang cédch so sanh momen ludng cuc, cd thé phan biél duge ddng phan cis—trans.

4.4, CAU TRUC CUA ANKEN

Anken dac trung bing lién kst doi hay thuc chit 13 lién két » trong phan ti.
Lién két & dude coi 12 nhdm chuc cba anken.
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SY a0 thanh lien ket dol glua nail cAcbon lal hoa $p<«, bac gom lLen K&t o do su xen
phit ciia hai obitan lai héa sp? v lién két # do sy xen phii cua hai obitan p cua Cspz.

H « H
H H 1217 _— S
Lue us,s-crl 4 H7” C=—H
H 13304\ 1076 £ )
H H/ L4 CH, = ::::@

ChAng han sv tao thanh phén tu etylen:

x('-f
H H | I H H
" 4 7 27| |} o
I i Zsp*  Zsp* 2sp? S ¢ Zsp? Zsp?r Zsp” %
s

C far hoa sp?

Tinh chft quan trong cda lién k&t d8i la gia trj mat 4o electran d lien k&t doi. Mat
dd electron ciia lién két ¢ phan b trén hinh ciiu, mat do electron 7z phan bd trén hai hinh
ciu déu ma O trung tdm cla lién két cacbon ¢d méat dé nhé hon lien két o. Do su day
cla electron o nén mat dé electron chung cua lién k&t dol nAm trén hinh bdu duc hon ia
hinh ciu. Su phan bd mat dé electron chung ¢o ban ch4t hinh bau duc hon, khéng cé bé
ngoai nhu ¢4ch biéu dién don gidn 0 trén:

mit do electron o mét d§ electron x mit dj clectron chung



136 ANKEN

Do sy phan bé electron chung & lién k&t doi dd nén 1dm gidm kha ning quay xung
quanh lién két d6i. Xhi quay xung quanh lién két doi, su phd v3 lién két = caAn mot nang
lugng khodng 70 kcal/mol, nghla 13 ¢d su cin trd quay xung quanh lién két
cacbon—cacbon. Do dd, ¢6 thé tach duge hai dong phan hlnh hoe eis—trans, Su chuyén
hda gita hai déng phan di qua trang thai ban xodn, trong dd méi electron & trén obitan
p ctia minh (xem hinh bén).

Su quay nay phu thude
vao hang rdo quay ctha méi
chat, nghia la phu thuge
viao do bén tuong d6i cua
hai déng phan. Ching han,
didoterietylen cé hang rao
quay giita hai dbng phén la
65 kcal/mol nén & nhiét dd
thuong khong co kha nang
chuyén hda cho nhau. MGi trang th bdn xodn
ddng phan déu bén ¢ nhiét
dd thuong., Hai déng phan nay la dong phan cdu hinh va l1a hai dong phan die cha nhau,
goi 1a dong phan hinh hoc. Hai déng phin nay cd cing nhém chie nhu nhau nén tinh
chdt hoa hoc gidng nhau, chi khiac nhau v& téc d9 phan dng va tinh chdt lap thé, cing
nhv khic nhau v& tinh chét vat Iy nhu £, £, ty Kkhai, chi s khitc xa, tinh tan,...

Déng phan hinh hoc xuit hién khi cachon chia lien két doi Csp2 lién két véi hai nhdm
th& khac nhau, do d6, ¢d su phan b8 khdac nhau cia nhom thé ddi v&i mat phing x cia
phén ti.

Trong trudng hdp don giadn, néu hai nhom thé gidng nhau hay gin gidng nhau phan
bé vé cing mot phia cia mat phing 7 goi 14 déng phan cis, n&u khac phia goi 1a ddng
phéan frans,

cls

Danh phép cis~trans duge diat trudc tén anken, ching han:

HG  CHy ILG  H  HC  CHCHy 0O CHCH,
C=¢ c=cC C=d c=d
VAR TN Yl PN
H H H CH, H CH, H,C CH,

ciy—2—-buten trans—2 - buten as—3-melyl-2-penten  frgns - 3—metyl-2 - penten



cO 80 HOA HOC HUU cO 137

H Ci H H H H H Fl
\ / N / N / \C
CcC=C C=2C C=C =
/ N\ / \ /7 N / N
Cl H Cl Cl 02N Cl 02N H

trans— L, 2—dicloeten ciy—1, 2dicloclon  cis— I-clo-2-nitroeten  frans— 1-clo-2 - nltreeten

D& bidu dién anken, ngudi ta cting chi bi€u didn mach C-C nhu ¢ ankan:

Cl |
frans—2—bulen cis—2—penten 3—clo—trans—3—-hexen 2, 4—dimety!- I-penten

DB6i voi trudng hop anken cd bon 1an thé, khéng 4p dung duge danh phip cis—trans,
ngudi ta dua vao danh phap E—Z c6 tinh chat chung hon. St phan bs cdc nhom thé dya
vao tinh hon cép cua nhom thé theo hé Cahn — Ingold — Prelog: tinh hon cdp cia nhdém
th€ duge xac dinh theo sd thi ty cia nguyén t6 dinh véi Cspz.Theo danh phdp E-Z, néu
phan ti ¢d hai nhom thé cd t{nh hon cép d hai cacbon & cung phia vai mat phang & goi
13 ddng phin Z (zuzamen -~ cling) con khac phia 12 déng phan E (entegegen—nguoe)

a L7 ar; | o
" C [ Ci\;“'.. ""'C [ Ci‘\"- tinh hon cép:
bl Ny b1 N[ a>be>d
@ (E)
HC~ CHy HC B HC, JCHy  HC _COOH
£=q C=C C = C=C
H H H CH, H ‘COOH II ‘CH,
(Z)~2-buten (££)-2—bulen &)-2-metyl- (Z)-2-meryl-
{cis —2—buten) {irany—2 —buten) 2—butenoic axit 2—bulenoic axil
{cis-) {trans-)
Br\c C/H Br\C C/No2
AN 2N
CH, NO, CH, H

(E£)-2-brom- [-nllropropen (Z)-2~brom- 1- nitropropen
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Danh phiap E-Z cd tinh t8ng quat hon, ciing ¢d trudng hgp trung vdi danh phap
cis—trans, ¢d khi khong va cing cd trudng hop khong dung duge danh phap cis—trens
ma chi dung E-Z.

4.5. TINH BEN TUONG P01 CUA ANKEN
Phan i1 etylen ¢d mat dd electron 16n tap trung & n6i d6i. Phan td cang ben néu mat
d6 electron d¢ dudc gidi téa bdi cdc nhdm th& lam gidm néi ning cia phén t anken.
Tinh b&n cla anken phu thudec vao mdc dé ankyl hda & ndi doi theo thyd tu:

R RR R R
c=d > ¢=C > C=CH,~ R—CH=CHR > RCH=CH,>CH,=CH,
/ \ I 4 \ /
R R R H R

Tinh b&n hay nhiét tao thanh cia anken khac nhau duge giai thich bing tuong téc
cia hidu ng I cda nhém thé€ déi v6i trung tAm lién k&t d6i hay hiéu dng siéu lién hop
H clta obitan x vdi cdc obitan o,_,;. Hiéu dng I cang 1n, tudng tac siéu lién hop véi
cang nhiéu lién két C—-H, néi nang phan ti cang gidm va phén ti anken cAng bén.

Etylen kém bén hon etylen mdt 1an th& va etylen mét lin th& kém b¥n houn etylen
hai lin thé€ khoang 2—-8 kcal/mol. Trong anken cé 5C thl 2—metyl—2—buten 12 bén nh4t,
trong anken ¢6 6C thl 2, 2, 3, 3—tetrametyl —2—buten bdn nhit.

Tinh bén tuong d6i ctia anken duge danh gid bing nhiét d6t chdy hay nhiét hidro hoa
anken. Nhiét dét chdy cang thdp, nhiét hidro hda cang th&p, anken cang b®¥n. Phuong
phép nhiét hidro hda uvu viét hon phuong phép nhiét dét chay,

Bing 4.2. Nhiét hidro héa ciin mot s anken

Anken -AH | kealfmol Anken —AH | kealmo!
CH,=CH, 328 (CH,),C=CHCIl, 269
CH,CH=CH, 30,1 (CH,;),C=C(CH,), 266
CH,CH,CH=CII, 30,3 CH,CH=CHCH,CH, cis: 286
Ci 13CH& C HCH3 cls: 286 frany: 276
irans: 27,6 (CH,),C=CH, 284

=N
D 26,9 ( ) 286

Tit k&t qué trén, cé thé rit ra rang, mic do th€ & ndi ddi cang 1on thl nhiét tach ra
cang nhd va nhiét tach ra cla déng phan trens—1, 2, thé nhé hon ddng phan cis. Khi so
sanh nhiét hidro hda, nhiét tao thanh cing nhu nhiét dét chdy cho thdy, dong phan cis
kém bén hdn déng phan trans khodng 1 keal/mol.
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139 434

cis~ 2 bulen cis-2_bulen
frans-2- bufen trans - 2- bufen

64781 28,6

Lt ~n-ChHy

Hinh 4.1. Nhiét d5t chiy, nhiét tao thinh vd nhi¢t hidro héa cin cis— vi frans—-huten.

Cing nhu nhiét tac thanh AHY clia mot sd dong phén cis—irans khac:

H,C, 3 C,CHZCH3 H3C\C C/H
SN 77N
H H H CH,CH,
AHY -17,0 -7,9 AAH} = —0,9 keal/mol
H,Q SC(CHy,  HC M
£ =0C C = C:
H H H “C(CH,),
AHY —-13,7 —14,7 AAHY = —1,0 kcal/mol

Nhv viy, déi vdi buten, tinh ben cta cdc ddng phan:

trans—2—buten > cis—2—buten > 1-buten
phan anh trong cin bang v6i thanh phlin:
cis—2—buten: 23%; trans—2—buten: 74%; 1—buten: 3%

Doéng phan cis cé ning lugng cao hon frans duge gidi thich bang tudng tic diy giiia
cac nhém ankyl & vi trl cis 0 gan nhau hon so véi vi trl trens. Trong ddng phén cis,
khoeh}g cich gitta hai nhém metyl 12 8 A ma ban kinh van der Waals ctia hai nhém metyl
12 4 A, nén ¢ su ddy giita hai nhom thé& goi 1A su khd khan lap thé,

Trén mo hinh cho phép thdy cd su xen phd ¢ mdc ndc dé cla hai nhdm metyl trong
ddng phan cis;
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o Veirig iy P
Ban kink var der Waals vg g v er By

Cis ransy

Thé tich nhom thé& cang 19n, tuong téc diy cdng lon. Da d0, hop chit sae uvu tign &
dang £ hon l1a dang 2Z:

CH,CH, _CH,CH,
X = c
CH, CH,CH,CH,

(E)-3-metyl-4—etyl-3—hepten

Gita hai dong phan cis—¢rans ton tai dang cAn bing cd tuong quan vai AG* theo
phuang trinh dang hac: AG® = —RTInK, néu ning lugng khac nhau khoang 1,4 kcal/mol
& nhiét d6 phang thi hing s6 can bang la 10. Su cin bang ndng d¢ cia cdc ddng phan
A=3 1a m6t ham s8 clia AGO,

Bang 4.3. CAn bing ndng a6 phy thude AG® & 25°C cha A==B

AGP, kcatVmol % A % B AG?, kcaymol % A %8B
-5 002 9998 10,5 699 0,
-2 33 96,7 +1 844 B6
-1 156 844 +2 96,7 33
-05 30,1 699 + 9998 0,02

0 50 50

N¢i chung, déng phan frarzs bén hon e¢is, song tinh bén ciia loai dong phan hinh hec
cdn phu thudc vao cdu dang phan tl, n&n cing cd trudng hgp ddng phan cis ban hon
trans, chidng han trudng hgp sau:

ciy —xycloocten

frany—xycloacten

la anken kém b&n nhung vin tdn tai d hai dang ddng phan, trong dd, dang cis bén hon
dang trens dén 10 kcal/mol.
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Su dong phan hoa anken xay ra qua trang thai kich thich, trong do, hai nguyén tu
cacbon sp? quay mot gdc 90° déi véi nhau so véi trang théi co ban. Trang thdi nay goi
12 trang thai p hay trang thdi vuong goc:

- ) < . o G b
l‘)h‘_\, (‘”,t’ ’!L C»Sp \‘-_'.-"b o X \\r'-, _\t/
C—C = s = _LL,
P R B ¢V 0 v 570 07

Phan dng quang hda la phan iing c8 dién d€ chuyén hda ddng phan cis—trans

Thudng dong phan frans bén hon cis v& nhiét dong hoc. Khi chi€u sdng, can bing
duge thiét 1ap vdi lugng dong phéan cis 16n hon frans trong trang thai can bang cd ban.
Thanh phin cla trang thai diing phy thudc vao quang phd hédp thu cla olefin. Ddng phan
trans co cuc dai séng dai hon va hé s8 hdp thu cao hon, nén hép thu phin l6n dnh sang.
Su chuyén hda frans thanh cis xay ra nhanh hon la quéd trinh nguge lai. O trang thai
ditng, lugng [cis] > [trans].

Co ché& ddng phan hda cau hinh ¢d thé xay ra qua trang thai singlet hay triplet.

Khi chi€u sdng tryc ti€p, sy ddng phan hda xay ra qua trang thai singlet trung gian
dé cd th& chuyén thanh cis hay trans. Nang lugng cia trang thdi quay nay khong Idn.
Cd trudng hdp, trang théi triplet khéng hinh thanh, seng tinh todn cda co hoc lugng ti
cho thdy trang thai kich thich triplet ciing cd c&u dang vuing géc.

Khi dung hé cAm quang, thanh ph#n trang thdi diing phu thufc vao nang lugng
triplet clia chdt cAm quang. N&u nang hugng do cao han 80 kcal/mol thl [cis] / [trans] 16n
hon don vi mot {t, n&u biing 5258 keal/mol thi [¢is] / [trans] 16n hon nhidu.

Ty 18 cis—trans cao 1A do nang lugng cAn dé kich thich érans nhé hon cis, nghia 12
chét cdm quang kich thich chon loe érans hon, T6c d chuy8n hda trans - cis tang, trang
thai dung giau cis hon.

4.6. TINH CHAT HOA HQC CUA ANKEN

Trong céu trdc cia anken, lien k&t déi cd mat do electron 16n nén lam dé dang cho
sY t4n cong cla cac ti€u phan thidu electron — tdc nhan electrophin, nhu cation, gfc tu
do, cachben...

Mat khac, lién két doi cd ving mat do electron cao khuéch tdn xa hat nhan han, so
véi lién két o, nén lam dé dang cho sy tiép cin cla tac nhan.

Trong thyc t& tdc nhan ¢ tinh chét cho electron — tédc nhén nucleophin, rdt khd
tdn cong vao lién két doi, trit khi phan tit anken cd nhdm th& hat clectron 16n.

Lién két o Lién k&t =
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Sy tdn cdng cda cdc tidu phin nay cing vao vj trl yé€u nhat 1a lién két ® cha lién két
doi. Nang luong cha lién két doi 1a 145 kcal/mol, trong d6, nang lugng lién két = la 65
kcal/mol, dac trung cho nang lugng quay hay nang hiong phan cat lién két x.

Phan dng phan cat lién k&t x d€ hinh thanh hai lién két don o, nén phan dng nay
phat nhiét manh hay véi AH® 4m ldn. Dac trung cia loai phan dng nay la phan dng cong
d& trd thanh hop chit no.

Su tdn cdng vao lién két doi cd thé giy ra sy phan cit ca lién két = va o phan cat
phan tu thanh phan tid ¢ mach phan tit nhé hoa, dac trung bing phan tUng oxi hda.

Céc lién két C—H trong anken Csp?, ~H ¢¢ kha nang thé& tucng ty nhu trong ankan,
con lién k&t Cspz ~H cung dic trung biAng phan dng th& trong nhitng diéu kién riéng.

4.6.1. Phan (ng cing clectrophin 4

Phan ¢ng co su phan cat lien k&t n dé k&t hop v6i tac nhan tao thanh hgp chit no
bao gbm ca hai thanh phin goi 12 phidn Ung cong. Sy phén cat lien két 7 xay ra theo
hudng dj ly, trong dd, anken la chét gidu electron déng vai trd cia mot nucleophin hay
mot bazo, cdon tdc nhaén thidu electron déng vai trd nhu moét tdc nhdn electrophin hay
mot axit. Phdn dng cd sy t&n cOng cla tdc nhan electrophin d giai doan quyét dinh téc
do goi la phan dng edng electrophin Ap

I~ Phdn iing c6ng halogen

Phan dng cong halogen theo co ch& A, x4y ra trong dung méi, thudng & nhiét do
thdp, cho sadn phdm céng 1, 2—dihalogen:

~ -~ ~ ~
¢ = 0+ X~ 0 - €]
X X
C0,L25°C

CH,-CH=CH, + Br, CH,-CHBr~CH,Br (99%)
CH, = CH-CH,Br + Br, » CH,Br—-CHBr—CH,Br (98%)

o 4

a) Co ché phan ung ‘Bre=8ri -—= :Br_Pr:

'ﬂfl/,‘i;? %ﬁi‘\\\\\“‘w ."””# r c & — er
” Ea /
Eﬁ" i Br
Brg'
S
E r /B r
Yy, o e ", & +Br "
— &= C A —_— T — - ~C C e
RN C\ N B
Br:- %r Br
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rnan ung xay ra qua oon glalr aoan:

— Phan ti Br, dugc phan cyc hda do anh hudng cla anken giadu electron (hoac cing
cd thé 1a Br*),t&n céng vao lien k&t C=C tao thanh phic &, r6i chuyén thanh ion cacboni,
con goi la phdc o. Trong hai giai doan nay, qué trinh tao thanh phdc # xay ra nhanh,
con qua trinh tao thanh ion cacboni (phdc o) xay ra chAm nén quyét dinh t8c d6 cia phan
ing. Toc do & giai doan nay phu thudc vao néng do anken va Br,. Cacbocation hay phuc
o ¢ th€ chuyén thanh jon vdng bromoni do tuong tac ciia obitan p tréng cla Cy,-.z"‘f’i cap
electron khéng phan chia (cap electron n) cha Br. Cation vong nay goi 1a cation bromoni
(hay ndi chung 1A cation halogenoni), tuong tu nhu cation oni cé didn tich duong & Br.

- - \
- _ // .

Hinh 4.2. Sy hnh thinh cacbocation vi cation onl.

Sau dé 12 qua trinh t4n cong cta nucleophin Br~ vac cation bromoni theo c¢o ché
S\2. Hai giai doan sau la giai doan nhanh.

b) Nhitng nhan t6 dnh huong tdi phdn ing Ag

e T6c dd phan dng phu thudéc vao cfu tric anken, nghia 1a vao muc d6 ankyl hda
cia anken. Mdc do ankyl hda cang 1dn, mat do electron o lién k&t doi cang lon, su tdn
ebng cha tdc nhén electrophin cang dé&, ion cacboni hay phic o cang duge n dinh, nén
phan dng doi héi nang lugng hoat héa nhoé hon.

Kha nang phan ding cia anken thay déi theo thi tu:

(CH,),CH = CH, > CH,CH = CH, > CH, = CH,

¢ Trong cac halogen, thuong diung clo va brom. Ca hai déu dé dang phan ing véi
anken. Flo phan dng manh va khéng dung trong phan dng céng nay, con iot rdt kém
hoat dong.

o N&u ti&n hanh trong dung moi tro, cacbocation hay cation oni chi cd th8 k&t hop
v8i anion halogen dé€ cho sin pham dihalogen. Thuc t& phan tUng clia cacbocation vdi
nucleophin xay ra nhanh, 1a phan Wng axit—bazg, nén cacbocation ¢é thé phan ung véi
tdt cé4 cac anion hay nucleophin ¢d trong hén h¢p phan dWng. K&t qua cta su hinh thanh
san pham nay ching minh cho su tdn tai cda cachocation trung gian.

Ty 12 san pha&m & giai doan nay phu thudc vao ndng dé clia nucleophin ciing nhu tinh
bazo cha cic nucleophin.
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Chang han, tién hanh phan ing brom hda anken trong dung dich nudc c¢d mat NaCl
sé cho nhitng san phim sau:
Na(], 11OH

CH,=CH, + Br,
hodc trong CH,OH:

CH,BrCH,Br + CH,BrCH,Cl+CH,BrCH,OH

CH,0OH
C¢H,CH=CH, + Br, ——— CH,CHBrCH,Br + C H;CHCH,Br
OCH,

Giai doan hinh thanh cacbocation hay ion oni x4y ra § mét trong hai cacbon né&i doi
theo hudng hinh thanh cacbocation b&n ving hon.

¢) Héo hoc lgp thé cia phdn ung AE

Hoa hgc l4p th€ cua phan iwng phy thudc vao sy hinh thanh cacbocation tu do hay
cation oni.

— Trong trudng hop hinh thanh cacbocation tut do, ¢6 cac trudng hop khdc nhau. Néu
nucleophin tdn cdng v& hai phia cla obitan tréng clia cacbocation vdi xac suidt nhu nhau
8é thu dudge sadn phdm raxemic hda hoidc sdn ph&m cis va frens thu duge nhu nhau, Né&u
gy tdn cong nay khdc nhau do dnh hudng cia hiéu dng khong gian ciia nhdm thé thi sé
c¢d mot sdn phdm uu tién hon, thudng 1a sidn phdm frans uvu tién.

Mat khae, cacbocationty do cd kha nang quay xung quanh lién két o nén cing khéng
cd sy khdc nhau v& san ph&m, nghla 12 khéng ¢ dac thia lap thé:

X R X
© —-—O-t—- - ,;C‘&g‘i

Ché&ng han, phan dng cia cation:

7 o

.
Q + Brt — @8——H —_— trans
H

Br v..e L& .
Br

:ﬁr:
Br
cation h& cly
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Sy tdn cong theo hudng a uu tién hon hudng b do it khé khan khong gian hen. Do

dd, s&n phdm ¢rans uwu tién hon sin pham cis,

Sy hinh thanh cacbocation t¢ do thé hién & phan dng cdng vao cis—trens khong co

gy khdc nhau v@ sdn phdm.

Ph H H IPh
! lBr‘z 6 lBrz

Br Br
2 t 5 7 ‘
Br Br
PmH - Br-—fiH Ph:®H
, H—1—&r ' =
Ph B'F H Ph H B Ph
3 Ph = Ce H‘5 8

(5,5)=threo hay (R.R)

rr (B Ph__H on (B
Ph_—_H
PRy H XY XPh
G & RS
Br 'Br )
4

H Ph 5
H— &

~ Ph

meso(R.5)—erythro hay (S.R)-

So d6 trén cho thdy, phan dng cOng xdy ra theo hudng cong anti hay trans, néu trong
dung moi (t phdn cuc nhu trong benzen hay CCl,, cacbocation tao thank dugc 4n dinh
thl ddng phan cis cho san phdm threo, cdn déng phan frens cho sdn phdm erytiirohay
mesgo. Trong dung moi phan cue manh cd d6 thdm dién méi lén (¢ > 35), cacbacation
kém b&n viing (4) do hi¢u ¢ng khiing gian sé& quay chuyén thanh cacbocation (5) bén vitng
hon, do dd, dong phan cis s& cho sin phdm meso nhy ddng phan trans.

Q+BF+

. (dp ddr quang
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Su hinh thanh cacbocation tu do til ddng phan cis va trans déu cho cing mot sin pham.

Né&u san phdm trung gian la cation oni (2 hay 7), phdn dng cd tinh dac thi lap thé,
déng phan ¢is cho san phém threo, con d6ng phéan trens cho sdn phi&m measo.

e Né&u phdn ung cd sy hinh thanh cation oni, nucleophin bdt buéc phai t&n cong phia
sau cua vong oni do 4n ngld khong gian. Su tdn cdng nay goi 1a tén céng anit.

Ndi chung, phan ting c6ng halogen vao anken la cdng andi, giy ra nhitng dic thu lap
thé khic nhau. Tinh chat Jap thé phu thudc vao ciu tric cia cation oni: cation déi xing
hay cation oni léch (khdng déi xing).

Chang han phan ung tao cation oni:

Br*
@ b
hay b
R,C=CH, + Br, - H~-&__1<H 72 CHBrCH,Br
:!r
#

Phan tng cdng trans cing x&y ra & cac hop chdt vong xyclen:

% A

xyckopenten frans— |, 2-dibronxyclopentan
B _Br
car,
~Br
xyckihexen trans— 1, 2~ dibrom~xyciohexan

San phim cong ban diu ]a ddn xuit dibrom—diaxial v6i chuyén hoda sang cau dang
gh€& ¢o hai lién ké&t e ben hon:

4\\‘7“’% Eﬁs

Irans- §, 2 dibronxyctohexan
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Tinh dac thh lip thé phan énh rd & phan dng cdng vao cis—trens—2—buten:

. B Do
» ", e
i ¢ b Hw/\ R R
R A B e
> x cap A0 quany
CH, CH, CH{\Br \CHs L6, CHdny al - o
- — A TERH
Br <H,
cis—2-buten dang £, L

D, L -\nreo hay (R, R) threa (8 .5) theo

Br CH
g 7] l = H__‘Alll ‘E——‘
CH,H 5 e Had 2. CH3 (‘~H3 R S\ | bal san phim
P /] H/T 7\H !

{ diag ohat
H CH s 5 CH } ‘
3 Br |4 C 3>S~*§<-\£H3
Br

frans — 2—huten
dang ineso

meso hay (R, ) erythro (S, R) erythro

Su tdn cdng anti vaa cation oni, dong phan cis—-2-buten dbi xing cho hai déi quang
tao nén hdn hop raxemic, con tit érans cho mdt san pham meso.

Con trong trudng hap phan Ung cla 2—penten:

. . M‘H "
H H b G S <
)\”—‘< + Br,— H""'/ Jor H H/R__\ .
(' H3 ';:H CH-;/‘ Z\C H Bf' cci/) Jor gucang
' 3\5 \QH ) .
cls - 2. perifern S X -
Br CH,
oip threo
H
a;- Br\- —f//LJHS‘*‘“‘I
: b [ CHy/S R A
CH,; /‘v" B C e i y ~H _‘ H sr ' cdp dor quang
‘\_‘\ M o — -~--._\ . | : CH P
g L x H/ oG e, H&_} SQH -
trons -2 -perlen 8-; C. H5

cdp erythro
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Trudng hgp anken khong d6i xding nhu 2—penten, ddng phin cis cho mot cap threo,
cdn trans cho mot cap erythro,

Sy hinh thanh cation oni hay halogenoni giai thich duge tlnh die thi ]ap thé cia
phan ing Ap Sy hinh thanh cation oni J trén tit anken déi xing cling tao nén cation oni
cling d6i xing, nghla 1 mat d6 electron hay dién tich duong & hai cacbon nhu nhau, nén
khéng ¢d tinh chon loe cia nucleophin.

Né&u trang thdi trung gian la cation tu do hay dang hd thl cho san phim cis—trans,
con néu tao thanh cation vong oni thl cho s&n phdm cd tinh lap th€ khac nhau. Co thé
ndi cd hai trang thai giéi han 13 cation tu do va cation vdong oni, giita ching cdé thé cd
nhitng c&u tric trung gian vong oni léch hay khdng d6i xing. Su cdng trans chl cé trong
trang thai cation oni, di¥u dé chl cd thé co khi phic =
tao thanh chuyén hoa nhanh sang cation vong oni khong
qua cation ty do hodc tdc d6 chuyén hda cla phic o
sang cation vdng oni 16n hon tdc dé quay cua cation tu

do xung quanh lién két o._. Sy tao thanh mét lugng Br*
bang nhau clia d6i quang trans—2, 2-dibrombutan chi }A{
c6 thé giai thich bing sy tao thanh cation oni vong cin k _)
d6i nhu hinh bén. Br

Con khi brom hda propen khéng déi xing cé mit ion
Cl~ chi thu duge 1-brom-2-clopropan ma khong co
2—brom-1-clopropan:

CH,=CHCH; + Br, + C1~ » BrCH,CHCICH, (khong cd CICH,CHBrCH,)

do nhém metyl 6n dinh duge dién tich duong & cacbon dinh v8i no cho nén tao duge ion
vong khéng d6i xiing, ion Cl~ t4n cang uu tién vae C, dinh véi CH,. Khi cong nucleophin
vao fon tu do hay ion khong d&i xing thl anion tAn cbng vao cacbon trung tdm cla
propen (cacbon dinh véi nhém CH,). Noi chung, su phén bd dién tich duong tap trung
hon & cacbon dinh vai nhém thé cho electran, vi ehl ed nhyt vay cation moi duge 8n dinh:

fon bromoni cin dgi

Cl®
H <3¢ —=CH, H "‘//Cl—‘“. CH, — H ~C—Ceia
. 'Y R
A\ R 1 A € B¢ \‘.:’4
B 5

lon khdng cin d81 8" » 8’

Sy hinh thanh cation oni cdn phu thuée vao tac nhén electrophin, Cation oni chl hinh
thanh khi nhém electrophin di vao anken tuo cacbocation ¢d cp electron n cé kha nang
tudng tde v&i obitan p tréng cia cacbon dién tfch dudng. Chdng han, tdc nhAn 12 T cd
kha ndng tac vdng oni 1dn han Br, cdn Cl kém  cd khd nang tao ion vdng oni ma chi
yéu tdn tai & dang cachocation.

Sy tuong téc cia cdp electron n vdi cbitan p tréng thudng goi 12 sy lién hop nguge.

Nhu vAy, ti€u phan trung gian trong giai doan quyét dinh t6c do phan dng cd thé co
ba dang:
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]
m A o C\"“V -~ Cﬂ
™ 5 2
Br Br ‘Bre
® &* oo
cation céu oni déi xing cation cdd ori Iéch cachocation he do
( khong obr xdby) (ho')

Khi t&n cong nucleophin vao ion oni khéng d6i xdng va vao cachocation hd déu tan
cong vao cacbon dinh v6i nhém ankyl (nhu trong propen !a C,) hon la cacbon kia, song
cachocation hd khéng cho phép gidi thich duge phan dng c¢6ng trans. Nhu vay, cé thé néj,
huéng cong c6 thé tién doén dugc trén cdu truc cacbocation hd, cdon cfu tric sin ph&m
phu thude yéo ion ciu oni trung gian.

2. Phdn vng cong halogenua hidro vdo anken

Phan dng cong X, § trén goi 12 tdc nhan d6i xing chi cho mét san ph&m, cdn phan
ung cong HX, goi 1a tdc nhan bét ddi xung, s& cho cdc sin phdm khéc nhau, canh tranh
vdi nhau, trong dd ¢d mét sadn phdm uu tién.

X
>c=cl+HE - >0-cT
H
HX véi X 12 halogen: HI > HBr > HCI

NGi chung d6 14 nhitng hgp chat axit nhu H,S0,, H,0,... cing nhu nhitng tac nhan
bét ddi xdng khdc nhu HOI, HOBy, ICl,...

Phén dng cOng halogenua hidro xay ra khi cho khf suc vao anken léng. Dai khi dang
dung moéi phan cyc dé hda tan HX phan cye va anken khong phén cyc, thudng ding axit
axetic. Dung dich nudc it ding vi cd san phAm phu.

Co ch€ phan ing ciing 1a cd ché cong A trong dd tic nhan electrophin la H*,

HX 13 tdc nhan b4t d6i xdng vl khi céng hop vido anken khong d6i xéng sé cho hai
san ph8m khac nhau.

D&i v6i anken khéng d8i xdng, muc dd th& & hai cacbon néi d6i khac nhau thi H*
tén cong vao hai hudng khdc nhau cia hai cacbon. Huéng t&n cong tuén theo nhitng quy
tic sau day:

Quy tac Markovnikov; Hidro (hay cation) ¢fng hgp vao cacbon cé nhidu hidro nhdt
( hay cacbon it ankyl héa nhat), con X (hay anion) céng vao cacbon it hidro nhdt (hay
cacbon ankyl hoa nhidu nhét)
CH,-CH=CH, + HX » CH,-CHX-CH,
CH3—(I3:CH2 + HI » CI—I:,-(lJI—CH3
CH, CH,
CH,=CH-Cl + HI - CH,;-CHIC]
Quy téc nay da hinh thanh ciach day 100 nam, nay da duge gidi thich theo quan niém
hién dai.
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Theo hiéu ng electron, su chuy&n dich electron 7 vé phia C nhigu hidro hon do hiéu

ting +I ctia nhém the, nén cacbon dé mang dién tich am thuan lgi cho H t4n cong.
CH, »%CH = °"CH, +H* - X*~ ~ CH, - CHX - CH,

Tu d6 cd thé rdt ra rang: Phan dng cong xay ra theo hudng: H (hay cation) céng vao
cacbon c6 mat do electron lén nhdt (hay cacbon mang dién tich ém), con X (hay anion)
cong vao cacbon cé mat dg electron nhé nhidt (hay mang dién tich duong).

T co ché, H* hay cation eéng hop vao ni déi hinh thanh eacbocation theo hai hudng:
CH,-CH*-CH, (1)

CH,-CH=CH,+H* —<

Bang hiéu dng I hay
H, nang lugng cation (1)
duge gidi toa ldn hon
cation (2) nén su hinh
thanh cation (1) nhanh
hon, déi hdi nang ludng
hoat hda thdp hon cation
(2) khi phan hiy phic =
(hinh 4.3),

T do ¢6 thé rat ra
quy téc chung: H hay

cation cong hop vio R,C=CH-CH,

cachon nao cia ndi doi dé "+ phile X

tao thanh cacbocation (hay a

phite o) bén vitng hon. Hinli 4.3. Hwémg phin tich phive z thimh phtte o.

Quy tAc nay cd tinh
i8ng quat hon, giai thich duge day du quy tdc Markovnikev & trén cing nhu phan tng
cong A; cta tdc nhan bat d6i xing vdi anken khéng déi xing:
CH,CH=CH, + HC] » CH;CHCICH, = CH,CH,CH,Cl

/CH3 /CHJ
R HBr+m Br . 7%
i
H ' H
CH, I CH,

|
AN
( L (80%)
H3PO,

C|§ + HCt—»[\&j-\H

H



CO 80 HOA HOC HUU CO 151

Nhung phan Ung tren gol la hhung phan Ung A, tuin theo quy tac Markovnikov. Uac
phan Ung sau cang tudn theo quy tdc Markovnikov:
CH,=CHCH,CI] + HBr » CH,CHBrCH,Cl (100%)

Phan dng nay tuadn theo quy tdc Markovnikov, nhung khéng giai thich dugc bing
hiéu dng electron CH, = CH — CH, = Cl nhung phit hgp véi quy tic t6ng quat:
cation CH,CH*CH,Cl bén hon CHYCH,CH,CI.

CH,=CH-Cl + HC] - CH,-CHClI,

Phan ung nay cing tuan theo quy tic Markovnikov, phii hap véi hiéu dng electron
va cacbocation be&n vi & day, tuy Cl cé hiéu ing —I & trang thai tinh nhung lai co hisu
ing +C manh & trang thdi déng nén: P

CH,=CH - Cl + H* -» CH; —~ CH* - Cl bén hon CH} - CH, - Cl
+C o |

Trudng hgp s6 hidro & hai cachon n6i ddi nhu nhau, khéng 4p dung dugc quy téc
Markovnikov nén 4p dung quy tie chung. D&i vdi loai anken

CH,CH=CHCH,CH, cd thé diung quy tdc Zaitsev: H (hay cation) céng viao cacbon
khong dinh véi nhém CH,, con X (hay anion) cfng vao cacbon c¢é nhém CH,.

CH,CH=CHCH,CH, + HBr » CH, CHBrCH,CH, > CH,CH,CHBrCH,CH,
56% 45%
Tinh bén cia hai cation trung gian d8u la bac hai khéng khdc nhau nhidu nén san
pham chl hon nhau khoang 5-10%:
CH,CH=CHCH,CH, + H* - CH,CH,CH'CH,CH, + ('J'H:‘CH“CHZCHZCH3
J +Br~ } +Br~
CH,CH,CHBrCH,CH; + CH,CHBrCH,CH,CH,

Nhitng phan dng sau tuy cd s6é hidro khic nhau, nhung cho sé&n phdm trai
Markovnikov:

CH,=CHCF, + HC] — CH,Cl-CH,—CF,
CH2=CH-N+(CH3)3 + HCl = CH,CICH,N*(CH,),

Cic hgp chdt nay ddu cé nhém th€ hiat clectron manh, n&u cong theo quy téc
Markovnikov thi cdc nhom th& nay lam maét dn dinh cacbocation, nguge lai, trii quy téc
Markovnikov thl cachocation duge 8n dinh bdi nhdm thé:

CH2=CHN+(CH3)3 + H" » CH;CHZN"(CH?’)?‘ + CH,CH'N*(CH,),
(60 djnh hon)

Phan dng trai Markovnikov nhung thue t&€ lai phit hop véi quy téc chung.

Phan dng cong Ap cia HX vao anken cing la cong frans va duge giai thich béng su
tao thanh eation c#u oni hay hidroxoni,

Chéng han, phan dng HCI vdi 1, 2—-dimetylxyclohexen:

CH, H
O e~
cH, i,

frans = 1-clo= 1, 2=dimetybxyclohexan
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Song, cing nhu phan dng cong X,, phén Ung cd th&€ xay ra cong cis khi phan td
anken, ¢6 cfu truc cing hay cacbocation nhanh phan dng véi anion can trd sy tiép cin
cta anion & phia sau hé =

HBr H {B o -

H Br
*w,,”’ o \
- /C__-t: C‘t’\ 7 — f% —_éc\?i i -«\,\“}\C'—' C/”{-..

D""’Wz w Br
DBr
~ Xy

H ¥

Ho[
?O T Clw,, — .Cl
= Ry

(cong cis)

axenaphtylen

Trong phan dng cdng Ag con cé sy chuyén vj cachbocation bang cich chuyén vi hidro
hodc géc ankyl d€ tao thanh cachocation bac cao hon;
(CH,),CCH=CH, + HI = (CH,),CCH~-CH, - (CH,),CCHICH,
¥
(CH_,‘)ZC"CH(CH:’)2 - (CH,),CHICH(CH,),
(CH,),CHCH=CH,+HC] - (CH3)20H0H+CH3 - (CH,),CHCHCICH,
¢
(CH,),C*CH,CH, -» (CH,),CCICH,CH,
Su hinh thanh cachocation bén vita 12 su dinh huéng cia phdn dng cong vira la hoat

tinh tuong d6i cia anken. Digu nay ciing thdy ¢ cdu triic cla trang thai chuyén.
+

2C=C/+H:X > [,‘,‘g......f....c(]*_. >0 - *C+ X~
X..H H
Trong trang thai chuyén, H lién két vdi X va véi C cd ndi déi, trong dd, lién két gilta
H va X bi phan cdt mot phan va lién k&t H~C hinh thanh mét phan. Lién két 7 phan
cAt mo6t phin va cacbon da mang mot phan dién tlch duong. Cic nhdm cho clectron giai
toa dién tich duong dang 1én manh & cachon nay va lam 8n dinh trang théi chuyén. Su
6n dinh trang thai chuyén ha thip nang ldng hoat hda va cho phép phan 1ng xay ra
nhanh. Sau dd, lién két = bi ditt va cacbon mang dién tich duong trd thanh cacbocation.
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Trong cachocation, H dinh v4i mét cacbon cdn cacbon kia cd luc ti electran mang mét
dién tlch duong. Dién tich duong cang dugc gidi téa thl cacbocation cing bén, cang 18
hinh thanh. Tdc dd phan Ung cOng phy thuéc véo tinh dn dinh cla cachacation. Hi¢u dng
lam én dinh cacbocation ciing 1am 8n dinh trang th4i chuy€n. Nhan td nay vita xdc dinh
s¢ dinh hudng ddng thdi xac dinh hoat tinh cia anken.

3. Phdn wng cong H,SO,

Phan tng cong anken véi H,80, x4y ra theo quy téc cong Markovnikov, bing céch
cho khi hay chét 1éng di vao axit sunfuric ddc va thu duge sdn phdm [a ankylhidrosunfat.
Phan ung x4y ra dé dang duy chi c6 ankylhidrosunfat dé chay rita va khd tach:

CH;-CH = CH, + HOSOH - CH, -CH-CH,~H

0SO,H
CH,CH=CHCH, > CH,CHCH CH, ~ CH,CH-CHCH, ~ CH,CH-CH~CH, ~
GH-0SO,H H* H (}0\ H O
H SO.H H So.H
» CH,CH,C-CH, HSO;
0S0,H

Né&u phén tng trong dung dich nuéc thl cd sy thiy phan ankylhidrosunfat thanh
ancol.

4. Phdn tng hidrat hoa anken

H,0 12 axit yéu, do dd phan dng chl cd thé x&y ra khi cd xic tée axit HX hay H,80,.
Phan ung tuin theo quy tdc Markovnikov qua cacbocation b2n ctia H* axit va tic nhan
nucleophin 12 H,0 vl ndng d6 H,O trong dung djch lodng 16n hon (khdng phai anion X
hay HSO;)

' H H .
e - H | { HOH v\ 4 -H i
~C = C—H - (Il - (l§°—~——> H—?—C—Q —— H—(E-(ll—OH
| b
H

Néu dung axit H,80, ddc 95% thi phan ung tac thanh ankylhidrosunfat rdi thdy
phan thanh ancol. Higu suft phan 1ing phu thudc nhigu vio digu kién phadn ing. Mot
phuong phdp hidrat hda anken t3t han la dung Hg(OCOCH}), v6i ion Hg?* [am tic nhan
electrophin. N&u anken phan ing trong dung dich nudc cd axetat hay perclorat thily ngan
thi s& tao thanh mudi hidroxylankylmecurat:

1L,O0/19F
CH,CH=CHCH, + Hgfococr-g)z—l?—_—» CH,CH-CHCH,
o OH HgOCOCH,
Hg(OCOCH,),—— CH,C00~ + CH,COOHg' o
CH,COOHg" + 2056 CH,COOHg-C~CT
i ~ ( \
CH,COOHg-C~C? + H,0 — CH;COOHg-C~C-OH + H'

Phan ing cong CH,COOHg" vao anken tuin thes quy tdc Markavnikov.
Phan dng loai thiy ngan (demercure hda) bang NaBH, xdy va vai ca ch€ ré rang
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hoan toan nhung phdn dng khong cd dac thi 1ap th€ nén ndi chung ¢4 hai qua trinh la
khong dac thiu lap the,

NaBH,
RCHOH-CH,HgOCOCH,———— RCHOHCH, + Hg
Chiang han:
HgOCOCH,),  NaBH,
CH,-CH=CH, CH,CHOHCH, + Hg

dd THY* NaGH NaOH

Hg(OCOCH,), NaBH,
o T

n—C,H,CH=CH, n-C,H,CHOHCH, + Hg

(96%)
Phan dng nay uvu viét 13 khéng ¢d san phdm phu do chuy&n vi clia cacbocation vi
phan dng xay ra qua ion véng.
Né&u tién hanh trong dung dich ancol thl thu dudc ete:

Hy(OCOCH,),  NaBH,
CH,CH=CH, . » CH,CHCH, + Hg
CH,0H, 25°C CH,

Phan ung goi 12 phan dng hidroxyl thiy ngan héa — loai thiy ngin, gdm hai qua
trinh hydroxyl thiy ngin hda va phan thiy ngan hda (loai Hg)

5. Phan ung tac thanh halogenhidrin

Phan ttng xay ra khi anken tuong tdc véi halogen trong nudc, thudng ditng téng hap
bromhidrin va clohidrin:
CH,=CH, + Cl, + H,0 -» CH,Cl — CH,0H
CH,-CH=CII, + Br, + H,0 » CH,CHOH~CH,Br
Phan dng tuan theo Markovnikav, tac nhan electrophin 1a X* va tdc nhin nucleaphin
1a H,O t&n cdng vao cation vdng halogenani qua trang thai chuyén:

+
7\ 1LO )l{ }$
X, +.C=C—2C-Cc+ X i)y ~«l".;f--:r’: G
*OH, OH
trong trang thai chuyé&n, lién k&t phan cét xay ra nhanh hon 12 lién ké&t tao thanh, do d,

cacbon mang dién tich duong. Sy t&n céng S\ 2 nay cdng phy thude vao hiu ing electron
han |a hiéu tng ldp thé.

Tinh 8n dinh cla trang thai chuy&n quyét dinh chinh trong phan dng nay. O day
cing can chu ¥ 14 phin ¢ng Sy2 chiu anh hudng cla hiéu ing lap thé 16n nhung ion
halogenoni ¢6 lign két gita C vA X r4t ySu vl stc cang gdc va halogen mang dién tich
duong, nhung con cé cap electron nén halogen & diy 13 nhdm di ra tdt. Halogen 1y
electron di theo nhidu hon la cho electron vio cacbon, nén cachon vin dudng. Do dd, d
day clng cd ban chat Syl.

Phan dng c6 thé dung truc tiép axit hypocloro theo co ch& Ag:

CH,CH=CH, + CI*OH™ — CH,-CHOH-CH,CI
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6. Phdn ting dime hda anken

Khi ¢6 mat axit sunfuric hay axit photphoric trong hén hop, hai phan tu anken od
thé dime hoa thanh anken cé thanh phan gip doi:

(CH,),C=CH, + H:B » (CH,),C* + B:

(CH,),C* + (CH,),C=CH, - (CH,),C-CH,~C*(CH,),
(CH,);CCH,~G*~CHj + B; ~—— (CH,),CCH,C = CH, + HB
H,C CH,

- (CH,),C-CH=C(CH,), + HB

Phan tng tao cacbocation b®n hon va anken cdng vao cacbocation nhu )a tde nhan
nucleophin d€ tao cacbocation lén hon. Cacbocation nay m4t hidro & hai bén cacbon mang
diéen tich duong nén cho hai sdn phim méi.

7. Phan ting ankyl hia anken

Khi cho isobutylen va isobutan phan dng véi nhau khi ¢6 méat xdc tdc axit sé tgo
thanh 2, 2, 4—trimetylpentan thudng duge dung d& téng hop isobutan, Hai giai doan dau
cing xdy ra khi ¢d axit tuong ty nhu phdn dng dime hda tao thanh cacbocation tu
isobutylen. Giai doan thd ba mdi 14 ankyl hda bang céch: cation 14y hidro dudi dang
hidrua tu isobutan:

2(CH,),C=CH, + H' (CH,),CCH,CHCH,),
ci,

(CH,),C-CH,~C* + H=C(CH,); = (CH,),CCH,C(CH,), + (CH,),C’
CH, H

Cacboeation ldy hidro cung voi cap electron d dang H~ tit phan tf isobutan dé thanh
ankan cd tam cacbon va tdi tao ra cacbocalion méi bén hon tiép tuc phan dng.

Phan dng chuy&n ion H~ ¢6 th& coi nhu |a sy chuyén vi clia cacbocation nhung &
day 1a chuydn vi giita cde phan tif, con trong cacbocation 1a noi phan tir. O day cing thiy
rang, cachocation la axit cuc manh nén ankan ¢d khd nang phan dng nhanh véi né theo
kigu dj ly.

TU nhitng phan dng ¢d cacbocation trung gian tao thanh & trén, ta thdy cacbocation
c6 khi nang tuong tdc voi bazoc hay anion, chuy&n vi thanh cacbocation b&n hon, leoai
hidro d€ tao thanh anken, cdng vii anken khac dé€ tao thanh cacbocation 1én hon va l4y
duge fon hidrua tit ankan. TAt c4 kha nang do 1a do cachon cung cdp di cép electron dé
tro thanh hoan toan duong.

8. Phan ifng vii fomandehit
Phan dng Prince cdng hop fomandehit véi anken trong moi trudng axit:
CH, = 0 + H'—— 'CRH,-0H
CH,-CH=CH, + *CH,-OH — CH,-'CH-CH,CH,0H

Cation cacboni ditge 8n dinh bang cdc cach khae nhau phuy thudc vao didu kign phan
ing:
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-H’
—— CH,=CH-CH,-CH,0H
HHO™
CH,-CH*-CH,~CH,0H{+— —~CH,CHOH-CH,-CH,0H
CH,
HCHPO _ CH,- CH CH, - CH;- CH \CH2 + H
0. OH ) 0
CH, ‘¢,

Phan dng thudng x4y ra theo hudng thi ba. Song phan ing thudng diing téng hop
butadien bAng phan dng loai nuée.

4.8.2. Phan (ng dong phan hda

Khi cho anken c¢d lién két doi cubi mach di qua Al,0O, 8 500°C s& xay ra sy chuyén
vi ndi ddi vao trong mach:

CH.-CH-CH=CH A% CH,-C=CH-CH
3= - =vila 3Ty EviiThdl,
| 500°C W,
CH, *ZIH3

4,6.3. Phan fing c6ng glc
1. Cong halogen

Cl, va Br, cd thé cdng vao lidn két  theo co ch& gée khi cd ch4t kich thich: 4nh sang
hay peroxit. Phan dng x4y ra nhanh hdn 14 cdng ion.

e
X = C X2 —_—a X - C C X
Co ché Kich thich: X, —- 2X* (X = Cl Br)
LonmachX'+C C-»X C—C’

x+x-é-c'+x ¢ - C-X+X°
Tét mach: 2X* - X,

- N/ O\
x'+x-é—c;-,x-c-c-x
2X-¢-C>X-€-0-L-C-X

2. Cong v6i HX c6 peroxit (hiéu ing Kharasch va Mayo)

Phan tUng theo cd ché& géec chudi, chl ding vdi HBr qua trang thdi trung gian la goc

cacbon theo huéng hinh thanh géc bén va san ph&m cdng thu duge la san phdm cong trai
quy tac Markovnikov.

Co ché
Kich thich: ROOR —— 2RO" AII® = +35 keal/mol
RO* + HBr - ROH + Br*
- AH®: Br CI I
Lén mach: Br* +C = CR~— Br-C-C*-R -9 =22 45
Br-/C\-(IJ'-R + HBr — Br’;.C\-CH—R + Br* -7 +8 -24
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Tat mach: 2Br® = Br, N/ |
Br* + Br-C~C!-R — Br—C-CBr-R
7~ | N

1‘; IN N
R

Qua co ch& trén ta thay:

— Téc nhan tan cong trudc la gde Br®, khong phai H® vi:

RO* + HBr—=ROH + Br* AH® = —23 keal/mol
ROBr + H* AIH® = +39 keal/mol

— Chat kich thich 13 chdt d& sinh gde nhu: ROOR, (RCOO),, O,

— Br® tn cdng vao ndi d6i, vao cachon nhidu hidro han dé€ tac thanh g6c bén hon.
Phan dng tudn theo quy tde chung cia phan dng cdng bhung sin phédm ngudc véi san
phém cdng ion cta HBr nén cho san phdm cong trai Markovnikov.

~ Véi HX khdc nhau, phan ting chl xay ra khi AHP cia céc giai doan lén mach déu
Am, do dd, chi ¢d HBr tham gia phan tng nay, con HCl va HI ddu cé mot giai doan c6
AH" duong nén khong tham gia phan dng.

— V& hoa hoc 1ap thé, phan dng khéng th€ thulin tiy cOng trens vl kha nang tao géc
vdng vdi 3 electron rdt khong bén.

— Mu6n phan @ng xay ra t6t, can phai 1y gdp ddi lugng tdc nhan cong hay ndi chung
du nhiéu tdc nhan cdng, néu khong phan ing trung hgp géc sé tré thanh uu thé.

Trong digu kién cOng gdc nhu trén, mdt s8 tdc nhan khde cling ¢ thé cong hop vao
anken theo co ch& gdc chudi nhu hidrosunfua, thiol, polyhalogenankan:

hv

68% 12%
O
(CH,),C=CH, + CH,CH,SH —2%=(CH,),CHCH,SCH,CH,
94%
peraxit
CH,(CH,),CH=CH, + CCl, — CH,(CH,),CHCI-CH,CCl,
75%
w
CH,(CH,),CH=CH, +CBr,——= CH,(CH,),CHBr—CH,~CBr,
88%
CH,C00*
CH,CH=CH, + CCl;Br - = CH,CHBr-CH, ~CCl,

CH,CCO

CH,C00
CH,-CH=CH, + COCl, ———= CH,~CHCI-CH,-C0Cl
Phan ung céng gdc theo hudng tao thanh gdc trung gian bEn qua trang thai chuyén:
CH,-CH=CH, + Br*— [CH, —£*CH==CH,] » CH,-CH*-CH,
Br®* Br
Trong trang théi chuyén, lién két x phan cat mot phin, cacbon mang tinh chat gée,
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nén cic nhan t& lam 6n dinh gdc tu do cing lam 6n dinh tinh chét gdc trong trang thai
chuyén. T6c d6 phan ung phu thudc vao ban chat goe cta trang thai chuyén. Song ban
chit géc ty do 14 trung hoa, cd kha nang hidt va ddy electron, nghia 1a vita ¢ tinh chat
nucleophin va electrophin, Trang thai chuyén cd thé phan cuc thanh géc mang mot nia
dién tich am va duong & chit tham gia trang thai chuyén. V1 d6 Am dién cao cta Br,
trang thdi chuy&n sé thi€u electron hon 14 phén electron d anken nén trang thai khéng
chi 1A mdt nita géc ma mang tinh chit cta cacboc&tion:
CH,-CH=CH, + Br*-» [CH, - CHYtow CH, ) -» CH3—CH"—('3H2
Br®* Br

Do dd, tinh én dinh, tdc do6 phan ting khéng chi phu thudc viao kha niing ctia chét
ban dau thigu electron ma con phu thudce vao dién tlch duong riéng phin. Nhan t3 phan
cuc lam dé dang cho sy dinh huéng cha phan ng.

Vé mat hoa hoc 1ap thé, gdc két hgp vao cacbon diu mach dé hon vl it khd khan lap
thé, trang thdi chuyén it bj cdn trd hon. Trong phan ing géc, thudng ¢d ci hai nhédn td
gdy &nh hudng hoic mdt trong hai nhan t8 dd vu tién hon, phu thudc vao tdc nhan gde
phén dng.

Nhu vdy, phan ung cong electrophin va gdc cung theo mét nguyén tic chi khdac nhau
vé tdc nhan tdn coéng electrophin la H* hay géc Br®.

4.6.4. Phan dng thé goc allyl

O nhiét dd cao 300°C, clo cd thé thé H allyl thay cho phan dng cong, chéng han:
CH,-CH=CH, + Cl, — CH,=CH-CH,Cl + HCI

Phan dng x3y ra 12 do géc allyl rdl bén do 8n dinh céng hudng cda electron z:
[CH, = CH-CHj;«—*CH,-CH=CH,]

Hinh 4.4. Ciu triic obitan ciia gdc allyl,

Gde nay ton tai dd lau dé tac dung véi Cl, cho san phdm thé:
CH,=CH-CH; + Cl, — CH,=CH-CH,Cl + C]*

Phan \ing cdng Cl, vao lién két x 14 thudn nghich, C1°* cdng vao lién két x lai nhanh
tach ra, do dd, lién k&t d6i duge bao loan va nguyén it cacbon allyl bi halogen hda. Br,
ciing cho phan ung th& t6t nhu Cl,. Trong phong thi nghiém, ding N-bromsuxinimit
(NBS) dé& th& hidro allyl:
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CH,-CO CH,-CO
! (C4H5CO0), \
i /N—Br + CH,=CHCH, ———— /NH' + CH,=CH-CH,Br
CH,-CO CH,-CO
Br
(NBS) 85%
CCly s durr norrg
xyclohexen 3-bromxyclohexen

4.6.56. Phédn dng c¢dng vii cacben va eacbenoit

Cacben 1a ti6u phan hoat ddng cd cong thic chung la R,C:, cd vong 6 electron. Tuy
cacben la loai trung hda nhung cacben rit thiSu electron nén cacben la ti€u phan
electrophin.

Cacben thudng thu duge tif nhiing phan ing sau:
1V

CH,=N*"=N~ - :CH, + N,
CH,=C=0 2 . .CH, + CO
CHCIly + RO™ ROH + Cl,C™: — CI7 + :CCl,
Phan dng cdng cia cacben vao anken cho sin ph&m cong, chang han:
w
CH,CH=CHCH,; + CH,N, ~———— CH,-CH-CH-CH, + N,
“CH,
teri- C,HaOK
CH,Cl1=CHCH,CH, + CHCl, » CH,~CH~CHCH.CH, + HCI
tert-C, 11Ok, 80°C \(.-' > A
cf “a
Cl
: tert—C.H,OK
/K + CHCI, —H,,* Cl

Phan dng nay 14 cong cis, 1a phan ¥ng dic thu lap thé.
Phan dng ed thé dung xdc tde bot Zn (thuc t€ la da hoat hda bang tron véi mél lugng
nhé Cu) vai CH,I,, goi la phan ting Simmons—Smith

Zn(Cu)ele
CH,CH,CH,CH=CH, + CH,l, ———— CH3CHZCHZCI;I—:/CH2
CH,  30%
Phan ttng thudng cho higdu suat 30-70%.
Co thé dung hop chat co kim:
CH,I, + Zn —?}f——-—-* ICH,Znl
ete

: [
C = CT + ICHZnI ICH,—C—C~Znl
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|| ete
ICHZ—(lj—(lJ—ZnI — >A<

Phéan ing qua giai doan céng va téch. Tac nhan ICH,Znl 1a cacbenoif, giGng cacben
nhung thuc t€ khdng phai la cachen tu do, goi 12 tdc nhan Simmons—Smith, cing dung
d€ tong hop din xudt vong xyclopropan khi tdc dung véi anken nhung khéng cd phan
Ung canh tranh cta phan dWng c¢fng doan mach.

Cacben tdn tai ¢ hai dang khic nhau vé trang thai spin: triplet va singlet.

Dang singlet ed hai electron cap d6i 4 ngoai trén mot obitan chung, thudng la obitan
o (hinh 4.5).

w—0bi bt P

H: C :H ;;ZC)Q\

obitan &

Hinh 4.5. C&u trdc obitan cda eachen singlet.

Tuy vay, cacben singlet vAn la ti§u phan thisu electron nén ]a ti€u phdn electrophin.
Khi k&t hop vao néi déi hay obitan & cta anken, cacben da si dyng obitan trdng cua
minh qua mot trang thai chuyén, nghla la phan tng mot giai doan.

Trong trang thai chuyén, ty trong electron chuyén sang obitan tréng nén cacbon trd
thanh dudng hon, do dd, cdc nhém thé ]am 6n dinh di¢n tich duong dang dan 16n lén
trong trang thal chuy€n, nén tdc do phan tng duge xidc tién:

€ =C +:CH, —= 2C=2Cl — 2C -]
CH, CH,

Tuong tu nhu khi cdng halogen vao anken, chi khdc 12 & day, cacben tuong téc dbng
thei véi cd hai cacbon ndi ddi nén trang thai chuy€n tiép & dang vong.

Phan 1ing cong nay la phan ing céng cis nhung cd tinh chon loc 14p th€ va ddc thu
lap the:

H\ /H H\ /H H "H
C=0  +:CH, — Coass G | [
\ 2 NN
H3C( CH, H,C CHZEHSJ H,C CH, CH,
phire hoat héa

Ching han khi quang phin hén hgp diazometan cla cis—2—buten hay
trans—2—buten trong pha 1dng, metylen singlet tao thanh phan tng nhanh véi anken
nén dong phan eis—2—buten s& cho cis—1, 2—dimetylxyclopropan, con dong phan trans
chi cho trans—1, 2—dimetylxyclopropan:
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H H H H  HC CH,
N / hor \ /
C=C +CHN, ——— C—C = -
; N (ting) AV
H,C CH, H,C CH,CH, H H
H.C H H.C H H.,C H
3 . " 3% Y 3
C=C +CHN, —— c—C =
s . (Sng) NN\
H CH, H CA, CH, H CH,

Dang singlet kém bén hon ahung cd kha niang phadn dng cao hon. Trong digu kién
phan d@ng trong pha 1dng nay, metylen singlet tao thanh b} bao vay bdi nhiing phan ti
anken nén phin dng véi anken tewde khi nd kip thoi chuy€n thaah dang triplet bén hon.
Nhu vay, metylen singlet pban dng vdi anken voi t8c do I16n hon tSc d6 chuyén hia
metylen singlet thanh triplet.

Dang triplet chia cacben ¢6 hai electron khéng cap doi, mdj electron & trén hai obitan
riéng, nén thuc chat triplet cd ban chat cita gbc keép (hinh 4.6).

Hinh 4.6. Cflu trie ohitun clia cnchen triplet.

Khi cong hgp vo6i anken, metylen triplet phan «ng theo cd ché géc qua hai giai doan:

N

2

/‘C—C\ +:CH, -=— /q—-—C\'\ —_— /C:,C
CH;, CH
Phan @ng nay khong ed tinh chon loc 1ap thé,
Ching han, khi quang phan trong pha  khi hén kop diazometan vai eis—2—huten
hoac vdi trans—2—buten, trong ¢d hai trudng hop déu thu duge cis va trons—-1, 2-
dimetylxyclopropan:

H H

AN / he

C=¢ +:CH, —

/N : (khi)
H,C CH, \_ HC CH, HC H

\\ .
—_—

e . K A )V(

C=C + «CH, ——— H H H CH,
H/ cH e
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Trong digu kién quang phan pha khi, metylen singlet tao thanh va cham véi cac
phan t¥ xung quanh médt nang lugng nén chuyén thanh trang thai triplet bén hon, sy
chuyén hda ndy xay ra nhanh truéc khi cong hop vio anken va triplet phan dng vdi
anken dé€ cho xyclopropan.

T{nh khdong dac thi 14p thé khi cong hgp triplet vao anken cd tné giai thich duoc khi
thdy rang, cacben triplet 14 gdc kép cdng hgp vao anken tao nén g6c kép. G8c ndy cd kha
nang quay xung quanh lién két o, nghia 12 phdn Wng cd tinh chdt cia phan Wng phan
bac, do dd, cho ca hai ddng phan. Trong qua trinh c6 cdn bdng gida hai dang gdc kép
trung gian d€ tlit dé vong héa thanh sin phidm tuong dng:

H H H H H ,CH,
L=C +: L - > £—C°
P +CH2———-C{C\9—C‘\ = C\H
H, cH, | cH, HyG|
CH; | CHy
H " H, ~CHy

\ ~

C— c—C
H3C/ \CI-/I; \CH3 H3C/ \Cﬁz \H
Mot cacben thudng gap trong h&u co la diclocacben, tao thanh khi phan tich CHCI,
trong mdi trudng kigm:
CHCl, + tert~CH,0™ == tert—-C,H,OH + :CCl,
:C™Cly— :CCl, + C17
Diclocacben ciing dé& cong hop vdi anken:
CH,CH=CH, + :CCl, CH,-CH—CH,
\o?
a’ e
Phan t@ng tuong tu nhu metylen, song diclocacben & trang thdi singlet bdn hon trang
thai triplet ddng phan. Digu dd co th€ giai thich bang sy chuy&n cap electron tit nguyén
tit Cl sang obitan tréng cha cacbon cua diclocacben singlet, bi€u hién & cdc dang céng
hudng:

[:61-C -l ==:0"=C—Clk ==:€1 - "C="*Cl]
Phan dng cong hop diclocachen, do phan ing dehidro hda ti CHCl, trong kigm, &
dang singlet véi anken che nén phan tng cling ¢d tinh dac thi lap thé:

H H H H
C=¢  +:€CCL— CT—C
H,C’ CH, me ¢ CH,
cis-2-buten Cl Q)

cis— 1, 1-diclo-2, 3-dimetylxyclopropan
Tuong tu ti frans—2-buten sé cd sdn phdm tudng dng frans-1, 1-diclo-2,
3 —dimetylxyclopropan.

4.6.6. Phan ung trang hop
Anken ¢d th# trung hgp thanh polyme:
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nA > AR
Phuong phap trung hgp x4y ra khi cd chat kich thich: gde, ion hay xic tac phéi trl.
1- Trieng hop goe
Phan dng trang hgp khi ¢ chat kich thich xay ra theo cd ch& chudi qua cdc giai
doan:

Kich thich: (C{H,C00), ——— 2CH,C00* (R*)
Lén mach: R* + nCH, = CH, ——> R—(CH,CH,), CH,CH;
Tat mach: 2 R(CH,CH,), _ lCH CH; —— R(CH,CH,), ..R

2R(CH,CH,), _, CHZCH2 — R(CH,CH,) ,CH=CH, +
R(CH,CH,)_,CH,CH,
Chéng han, etylen trung hdp gdc khi cd peroxit benzoyl & 100°C, &p sudt 70 atm:

o
nCH, = CH, GO, (- ~CH,-CH,-),

Sy tat mach x4y ra bing sy k&t hop hai g8c ty do goi 1a sy tat mach t8 hop:
2C4H,CO0(CH,CH,) CH,CH’, = C.HCOO(CH,CH,), ,, OCOCH,
hodc bing trao ddi hidro dé€ thanh ankan va anken goi 12 chuyén khéng can déi:
2CH,CO0(CH,CH,),CH,CH; ——— CH,CO0(CH,CH,) CH=CH, +
C¢H;COO(CH,CH,) CH,CH,
Cd ché trao ddi hldro nhu sau ,-\' ‘
—c—c"’ (]':-c R-R—C—c'l H+ >C=C-R
Thanh phan ciia chét kich thich dinh & hai dau mach, song vl ¢é khdi lugng nhd
khéng dang k& so vdi khdi lugng phan tit polyme nén thudng bd qua khéng dua vao thanh
phin phan ti polyme.
Phuong phap chung dung dé& trung hgp polyvinylclorua ¢d khdi Iugng phan tu cao
1,5.109: (-CH,CHCI-), cing nhu trung hgp teflon:

_ {CgH; CO0),
nCF, = CF, — (~CF,-CF,),
(o

Teflon 1& polyme bén véi axit dac, dung dich kiém, dung méi huu cd va da s6 cac
chdt oxi hda, bi phan hay d nhigt d6 600—-800°C.

Tinh chat quy cia teflon la ¢d tinh tro va dd ben cao.

D61 véi cdc monome thé, sy tdn céng cda R* vao anken cing theo quy tac hinh thanh
gdc bén, do dd, cd anh hudng téi trat tu sdp x&p phan ti trong mach polyme, Ching han,
triang hgp styren:

Cf-Hﬁ
{ >(= R-CH-CH;

C,H,
va cdu tric polyme chu yéu la: R“CHZ_(EH_CHZ_CEH_CHZ_CH" — polyme
CGHS CGHS CGHS

goi 1a sy két hop dau—dudi.
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MNeu Tinn ben cua hal puong tao goc trung glan Knac nnau Nnleu Il San pnam cang
cé tinh digu hda vé ciu trdc, ndu khdc nhau it thi sin phdm la mot hén hgp cua trat Ly
két hgp cia monome.

Kha nang trung hop phu thugc vao anh hudng ciia nhén td electron cing nhu nhan
td 14p thé cta nhdm thé trong monome. Phan dng trung hop déu la phan dng phat nhiét.

Sy kich thich trung hop gde ¢S thé dung nhiét hay anh sing, song trong trudng hgp
nay cd sy hinh thanh géc kép rdi chuyén thanh don géc sau 3 dén 4 lan két hgp monome
dé tigp tuc tring hop nhu dun goc:

anh sang

CH,=CH, CH; - CH;

CH, = CH, CH, » CH,
*CH, - CH{ ——— CH;CH,CH,CH}, —— CH,CH,CH,CH,CH,CH;,
2. Tring hop ion
Anken khi ed xtc téc cation, nhu axit H* hay axit Lewis (AICl;, BF;) xay ra phan
ung trung hgp cation:

.’c—lCH‘_l"'H"’_’H &i: C+ i [
H-C-C{ +n ~C=C]— H- (c C=)y _q;_c+
t -He+
H-(-C-€), ~0-Cf —— H-(-C- é Jp —C = C<
Phéan dng chi xiy ra khi tao duge cacbocation polyme bén, nghia 12 ddi héi nang
lugng hoat hda nhd hon, cho nén phan dng nay khong dung cho etylen ma chu yé&u cho

céc etylen th& Phdn ung trang hgp cation thudn lgi cho nhitng monome cd nhdm th& cho

clectven & etylen.
Chéng han, khi tring hop iscbutylen véi xdc tac BF,:
CH, CH, CH,
B, 1L0O [ © ] |
nCH, = C(CH,), CHS-C(—CHZ-(‘I—)u_Z—CH=Q
CH, CH, CH,4

Polyisobutylen 12 san phdm rit nhét dung lam chét két dinh t6t, song néu dung axit
H,30, 60%, phan ting chi tao thanh dime:

CH, CH CH, CH,
H,50, 60 I I f
CH, = C(CH,), CH ('JCH CH + CH,CCH=C
Y]
CH, CH, CH, CH,

Phan dng trén ¢6 chi®u dai mach rdt nho do ndng dé nudc 1on, cacbocation tao thanh
d& mdt proton trudc khi nd kip phan ng ti€p véi monome khéc:

CH CH, Cl,  CH; CHy,  CH, CH,  CH,
CH, c* + CH,=C = CH;=C=CH,—C* » CH,;=C~CI,-C + CH;-C-CH=C
CH, cil, CH, CH, CH, CH, CH, CH,

Khi c6 xic tac anion, nht HO~™, NH;, phan dng trung hgp cla anken ia trung hop
theo ¢ ch€ anion:
- ~ -~ L T



CO SO HOA HOC HUU CO 165

H,N- C -G + ~C=C{ H,N—C—C—C—C—

Nhu vay, phé»n Ung trung hgp anion x4y ra qua hgp chﬁt trung gian anion, nén phan
dng chl xay ra khi cacbanion cd tinh 8n dinh eao. Do d6, khéng cd thé trung hop etylen
theo co ch& nay, ma chi nhiing monome ¢6 nhém th& hidt clectron cd khd nang 6n dinh
cachbanion thl méi trung hgp duge.

Phan #ng tit mach x4y ra do anion polyme k&t hgp véi proton hay tic nhan
electrophin cd trong dung dich.

Chang han, khi tring hop acrylonitrin:

kiém
n CH, = CH-CN —— (—CHz_?H_)n
CN
Phan iing trén xdy ra 12 do 4nh hudng ctia nhém CN lam én dinh cong hudng
cacbanion: L3 v
HN™ + C—€J » HN-G-C™ ~C=N++ HN-C-C=C=N" ..
CN cachanion On dinh blng cong hudnyg
Polyacrylonitrin tan trong dimetylfomamit va cé thé€ thu duge eoi tu dung dich nay
goi 1a orlon.
3. Phdn ung trung hop phéi iri
Phan dng xay ra khi cd xdc tac phic, thudng dimg xic tac phite Al(C,H;); + TiCly,
goi 1a xuc tac Ziegler Natta, 14 phitc tu hop chét co kim cua kim loai chuy&n tiép. Phan
ting ding d€ tdng hop polyme c¢d cAu trdc didu hda lap thé tit cdc monome etylen thé,
theo cd ch& nhu =au:

CH, CH,
cl CH, .CH,
N N CHy=CHR L
TiCl, + ANCHy), — T Al —3F—— =m Al

o cH CH,

CH, CH,=CHR CH,
CH, CH, CH,
.CH, .CH, CH,

=T Al ~— >Ti.  AI-CH,CH; ~—— =7 AL

CH,CH,  'CH, 1 o,

CH.—CH CHR-CH,CH,  CH,=CHR CHRCH,CH,

R

Trong co ché trén, su k&t hgp eia monome téi mach polyme duge dinh hudng vao
giita litn k&t kim loai va mach polyme dang 16n mach, nghia la mét trat tu k&t hgp xac
dinh cta monome trong mach polyme, Co chd nay da dugc giai thich diy di hon trén ca
sd co hoc lugng ti,

Nh& ap dung hé xic tdc nay, ngudi ta c6 th€ khing ché duge tinh lap thé cua polyme
cua nhiing monome thé. Nhilng monome thé khi chuyén vao mach polyme sé ¢d cdu triic
bAt déi xiing trong mbi mat xich, nghia 1a c6 cacbon bét déi trong mach phan ti voi ciu
hinh R hay S khic nhau.
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Né&u polyme ¢6 cdc nhdm the duge phan b6 v& cung mét phia cia mat phang mach
polyme hay la cd cing ciu hinh R hay S goi 12 polyme isotactic, néu luin phién v2 hai
phia goi la polyme syndiotactic, cdbn néu phan bé hén dén goi la polyme atactic. Tinh chit
cua polyme rat phy thudc van efiu trie nay goi 1a tinh chédt digu hoa lap thé. Ciu tric
cang digv hda, tinh ben co ly cia polyme cang cao.

Chdng han, polyme cia propylen:

nCH,CH=CH, ~—— (-CH,-'CIi-),
CH,
co ba cdu tric khae nhan vé cdu kinh:

HoCH H CH H OCH 1o o SR
/}i/\/\/\/l‘l\/i\/\x

ixgtactic
H, CHH CH, W
PR S S O
/"—\//*-\/‘\\/\/\
atactic

4.8, Phan ing khi

1. Phdn ung khit bdng cong hidro 1
>C=C{ +H,~ —CH-CH-
Phéan #ng xay ra khi cd xuc tac theo hai cach: xuc t4c di thé va ddng thé.
a) Phidn wng hidro héa di thé
Mac di phén dng phat nhiét 16n, nhung etylen vin khang 6 th€ phan dng duge véi
hidro khi khdng ¢d xuc tac thich hap, vi trong truong hop niy cé thé tao thanh trang
théi chuy€n bon trung tam doi hdf nang Iuong hoat hda cao ma khong ca thé dat dugc ¢
trong phAn dng nay. Trang thai bdn trung tAm cd ning lugng cav nay chi cd the giai
thich bing quan di€m co hoc lugng td:
H CH, H...... CH, H-CH,
w | — | I | AH® = —32,7 keal/mal
H CH, H..... CH, H-CH,
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Phéan dng hidro hda xay ra trén b2 mat mot s6 kim loai, thudng la Pt, Ni, Pd, Ru,
Rh, Ir, ciin trdnh mot s6 ch4t diu doc xic tde nhu cdc hgp chit chida luu huynh, cdc thiol
va sunfua. Cac hgp chdt nay két hgp vitng chac véi bé mit xdc tde va lam m&t hoat tinh
ctia phan dng. Khi cd xie tée, hiéu ing nhiét hidro hda cling gifng nhu khi khéng ¢ xiic
tdc, ma chi lam gidm nang lugng hoat hda ctia phan ¥ng. Sy gidm nang lugng hoat hda
lam tang t6c dé cua hai qua trinh thudn va nghjch. Xuc tde ¢d kha nang thiét lap cén
bAng nhanh gilta chdt d3u va chdt cusi, Phan dng hidro hda thuc hién khi dv 16n hidro
nén 1am cham duge qua trinh nghich 1a dehidro hda.

T VN Kkhdng xoc fic
A& !
! f
]
| co’ xic fac
D P
]
N
g
=
_‘il"_(::"
HH

Tog dé phdn Lf.;ij
Hinh 4.7, Giin 4% niing lwong hidro hoa xte tic.

Cdc kim loai nay c¢d kha nang phdi tri véi lién k&t déi va hdp phu hidro. Co ché& chi
tiét phuc tap va thay ddi phu thuéc vao lién két C-Me. Hidro lién két véi bs mat xtc
tdc, két hop vao cung phia cta ndi dé6i vl phan t& anken ciing bi hdp phu t&i bé mat xuc
tdc voi mot bén phéi tri vai bd mat xuc tac nén hidro k&t hop vao veé mit nay. Phan tung
nay goi 1a edng cis hay syn.

Pt, 25°C, 1 am
H,C-C=CH, + H, > H,C-CH-CH,
CH, CH,
CH, COOH HOOC COOH HOOC
N . CH, | |CH, CH, H
ﬁ £ \,c—d - \c d
pd 7 \
/Q_\ H H H/ CH,
CH, COOH COOH

Phan dng cong syn khi hidro hda 1a nguyén tic chung, song ciing ¢d trudng hop phan
dng cong anti hidro héa, thudng trong truang hgp nay su ddng phin hda lién két d6i xay
ra nhanh hon hidro hda. Anken dong phin héa phan dng véi hidro & ca hai phia nén cho

hén hop sdn phdm cis—irens:

H
X |J A JCH,
e L
. CH,COOH ‘H \ CH
CH, H

(73%) (27%)
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Thuong xie tac Pd ¢ kha nang ddng phan hda lén hon.

Thye t& hay dung xic tac Adams (platin bdt den) vd Niken Rancy (niken bot thu
duge tit niken—nhdm xu ly bang kitm). Mac di niken Rancy kém phan dng hon Pt va
Pd nhung hay dung dé hidro hda & ap sufit thép.

b) Phén ting hidro héa dbng thé

Phan dng hidro hda xtc tde d trén cd nhudc di€m la déi khi cd su ddng phan hda
anken va phan cdt ca lién k&t C—C, con xuc tac ddng thé tan trong dung méi hitu co
khong gay ra su chuyén vi va phan tach anken. Xic tac thudng dung la phdc hitu co cia
nguyén t& chuyén tiép nhu Rh va Ir, dac biét 13 xdc tac Wilkinson [(C4H;);P],RhCI tan
trong dung moi nén phan dng xay ra trong mdt pha trong dung dich. Phan dng xdy ra
& Ap suéit va nhiét dd thudng,

etanol, dun ndng

RhCl; + 3(C;Hg),P —————— [(C,H,),P];RhCI

[(C Hc )2 Pl RAC ‘|“ 2
€ =0l +H, —2332 . -
benzen

Xic tac phan dng véi hidro va anken, trong dd, hidro tuong tdc véi xic tdc tao phic
dihidro, sau dd tao phiic # voi anken r6i chuyén hda tigp thanh sin phdm:

Ph,?  PPh, Ph,P  Sol Ph,P H Sol
N/ Sol N 11, NI, fc=cg
_Rh ——— Rh_ JRR ——
Ph,F I Ph,P ClI Ph,P” Cl “H
phite dihideo
s
Ph,P. H C Ph,P H Ph,P  Sol
3 e L I [ 1
\:Rh/‘c\\a /‘Ii%h—?—?—H - /Rh/ + H-C-C-H
Ph,P~ Cl'H Ph,F CI Ph,P  CI
phirc s vé& anken (Fh = C;HS)

PhAn dng cong syn & day ¢6 the thAy qua cdc trang thdi chuyén cing phia véi lien
k&t C=CJ

N O
Ph,P_H “C_ Phye HC Ph,B H
A X y T, Wi
B O R edegon
Ph,P” CI MH Ph,P O H PhP CI
Phl}: A Lo
- *RK......C~C—H ~ (Ph,P),RhCI + H-C-G-H
2 1 : ) ]
Ph,P CI

Thudng dung cdc phie clorua tris—({triphenylphotphin) rodi [(C Hs)4P]3RhCl hodc
hidroclorua tris=(triphenylphotphin) ruteni [(C H,),P],RuCIH.
Phan tung edng la cdng syn hay cis:
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CH; CH,
@ R e @ ~
CHa benzen & CH3

H. CH, H
\%/ 5 CH,
/C\ D_J’[{C‘l !))A‘P]_‘lﬁvﬁ D- CH_;

H‘ CHJ benzen H

Phan tng céng cis bing xic tdc nay duge nghién ciu ky 0 phan ing cia D, vai axit
maleic va fumaric:

D COOH
H-7~CO0H Al D
— O == H -0
H__LOOH H COOH' CODH
C
F oo
H/ \'COOH
H COQH COOH
it még!clc L* D | D -
H COOH D H
D COOH
D COCH
H COOH R ]
H /COOH y D == 0 H
5 HOOC—\H COOH
7 +D
C 2
S
Hoo¢” H
H COOH COOH
axit fumaric T D _ O-1-H
HOOC- H H~—D
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Xic tdc phiuc Wilkinson dung hidro héa nhitng nfi ddi cdch & nhigt doé va 4p suit
thudng, cé tinh chon loc cao. Sy khi& phu thudc vao miic do th€ cia anken: anken mot
hay hai ]an th& d& khit hon anken ba va bén 1an th&, khd duge ndi doi trong ancol hay
xeton nhung khéng dung khu andehit chua no do cd hién tuong decachboxyl hda:

0
£ N—CH=CH—C—H

(EHIERRYT /N cH=CH, + 0O
- = 2

benzen

-«
/ [(C4Hy) 1Pl.RhClbenzen
(CHs)ZC=CHCHZCH2§HCH=CH2HQ- 6ris) atly R
OH

(CH,),C=CHCH,CH, CHCH,CH,
H

AP P
Hzf [(C6H5 )BPthCI (j
|

benzen [
/N /N
cacvon
OH

/O >

( \” HyICH PRI ()
benzen : \"

I A

Inalol

2. Phin ung khit blng diimit

Diimit tao thanh khi tdc dung hidrazin vai H,O, cd jon Cu?t,
24
Cu

H,H-NH, + H,0,
Diimit khéng bén, dé phan tich ra N, va H,.
Né&u nhu diimit thu duge khi ¢d mat anken thi anken bi khit ngay va téch ra N,.
Phan Ung x4y ra qua trang thai phdc vong nén ciing 1a phan dng cong c¢is nhu khi hidro
héa xuc tac:

HN=NH + H,0

i | H
H >—CH, ~ EP( Y
< CH3

CH, CH

3
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3. Phdn ting khit béng boran (phdn ung hidro bo héa):
Khi téc dyng eterat cta BF, vdi phic hidrua kim loai s& tich ra mot chdt khi déoc,
¢6 mau, nhanh chay trong khong khi:

3NaBH, + BF,
Diboran tdn tai trong ete & dang phdec:
B,H, + 2CH,CH,0CH,CH, » 2H,B~ — O*(C,H,),

2B,H, + 3NaBF,

H H H .. H
H; B m, Jlow BRG] H-3-q¢)
H 8. B H H
/NN
v 7 CH
H
boran phée boran vél THF
diboran

Diboran la ti€u phan electrophin , cd 12 electron vdi 4 lidn k& B—H hai electron,
cdn hai hidro lien két véi B bing lién két 3 trung tim hai electron.

Diboran, thyc chdt 1a boran, cing hdp vao anken cho triankylboran:

3CH,CH,CH=CH, + BH, (CH,CH,CH,),B
Phan dng nay quy&t dinh bdi nhéan t6 1ap thé, bo két hop vao cacbon it thé hon hay
it khé khan khdng gian hon. Véi anken th& cao hay kho khan khong gian ldn, phan ing
ding lai ¢ sdn phdm mono — hay di—ankylboran. Nguyén tit ¢ thé tich 16n hon H déu
chiu sy khdng ch& lap th&. Nguyén td B 12 thiéu electron sé tin cong vao ciip electron
cia C tac nén trang thdi chuyén (1), trong do B trd nén am hon:

CH, — CH*"waCH, CH,~ CH’#mrCH,
H- B -H H... B-H
H (L H @

va C tré nén duong hon nén anken trd thanh cacboecation, hidro dinh véi B di ra xa cing
voi cap clectron nén cacbon bat 1dy hidro ndy cung cip electron tao nén trang thai
chuyé&n (2), trong dd B va H két hop cing phia vdi lién k&t d6i C=C. Do dd, ta thdy phan
ung cdng nay la céng cis. a

Bo lién két vdi cacbon it th& ¢ th€ gidi thich bdng cdch so sdnh hai trang théi
chuyén:

VR HooH
CH}"Q"'*C—H CHJ—(}m{;J’—H
Ho... B-H H—l'? ....... H
H (1 H 2)

Trang thai chuyén (1) vai C, mang dién tich duong bén hou trang thai chuyén (2)
cé C; mang dién tich duong.

Din xuit ankylboran khéng tdich va khéi phdn Wng ma ti€p tuc thue hién cde chuyén
hoa tiép sau.
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Ankylboran phan ung véi hidro peroxit H,0,:

R,B + H,0, 3ROH + B(OH),
San pham thu dude & day 1a sAn phiam trai Markovnikoy,
R,B + R4B"-0-0-H =~ R,B-0-R + HO~
O day cd sy chuyén vj géc R ti B t6i O, gidi phong ra HO ™ b¥n va ao ra litn két
B-0 bén hon. Lién két C-B
kém b®n han lien két B-O.
Lién két B-O tao thanh do
tuong tac clia abitan n cd cip
electron cda O vdi obitan irbng obitan n
tréng cia B va lién két nay la

phan cuc manh: i
! )
[B=0+~ B~-0) (X)

Y
::?__10_’0}1 —.:B_E + HO™ Hinlt 4.8. Cflu trdc obitan ca B-O.
Phéan dng ankylboran véi H,O, nhanh va phdt nhiét. Phan dng ti€p tuc cho d&n khi
tao thanh triankyl borat ete:
R,B-OR + 2HOO™ — B(QR), + 2HO".
Triankyl borat thuy phén trong didu kién cia phan dng d€ cho ancol va borat natri:
B(OR), + HO™ + 3H,0 —— 3ROH + B(OH),
Phén ing hidro bo hda va oxi hda thiy phan nhyu la phan dng hidrat hda néi doi trai
quy tac Markovnikov. Phan dng cho hidu sudt cao.
Phan ing cia ankylboran voi axit hitu co RCOOH tao thanh hidrocacbon.
R,B + 3RCOOH — 3R-H + B(RCOO),,
Phan dng x4y ra qua trang thai chuyén vdng:

B R I
o A= HC-C-HeO=C_
H;“}.{Q) 7 R

0'C.
R

Phan dng cong boran a cong cis va sy chuyén héa lién k&t C—-B thanh C—H duge bao
toan cdu hinh nén thiy phan axit hidrobo hda cho sin phim uu tién 12 edng ¢is cla hidro.

@\ ‘ B4, , HeO; I/\YOH
o, o V‘CH, (r3%)

1-nietykkyclohexen mrans—2—metybkyclohexanol
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norbornpen

4.8.8. Phén Wng oxi héa

173

1 |202 OH
OH™ H

ancal —exo-norbornylic

1. Phdn ung hidroxyl héa—Su tao thanh 1, 2-diol
Mgt s& tac nhan oxi hda nhu KMnQO,, 0sO,, H,0, céng hgp vac anken cho I,2—diol.

d.d.KMnO‘, lanh
= =

» =C -
OH OH

3CH,=CH, + 2KMnO, + 4H,0 — 3CH,0H-CH,0H + 2MnQ, + 2KOH
Co ché ciia phan tng x4y ra theo co ché cong cis hay cbng vbng cis:

=C = €T+ MnOj —= ZComem G
0

. ”
~ ~

Mn

0/ \Oﬂ

Tuang ty voi 0sO,:

>C=CT + 0s0, » C-~C_
o
N ,/O O\ 7
/Og /Os
o Mo o N

e v MnOj;
) R

.//C—-C\

0  HO HO
/Mﬁ
7 So-
oH" H
Heo OH
H
khir nhe . B
,.‘('1 - (IJ + Os
o Y203 o OH

O k&t 19 den

San phdm cong co thé la tach ra bang tac dung véi H,S.
M6t phuong phap khac 1a tdc dung san pham cdng anken—0s0, v6i H,0, d& truc tiép
thanh 1, 2—-diol va tii tao ra tetraoxit osmi hay tac dung véi H,0, c6 mat 0sQ, lam xdc tac:

CH

(58%)

- cis= 1, 2=xyclohexandial
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Cac phan dng trén déu cho cis—1, 2-diol, chAng han:
H H OH OH
©=C MnOy, OFF H—F;—FH
- \ ——
CH,(CHp,  (CHp,CO,H 1o °c CH,(CHp, (CH,),COH

axit cfs - olelc axit erythro—9, 10-dihydraxyl-sieanc (807}

Né&u dung H,0, véi anken trong moéi trudng axit hiru ca RCOOH s& thu duge
trans—1, 2—diol vi phan Ung di qua peroxit roi thiy phan:

Ve H,0,, 35%
\ HCQOH, 25°C < ;
2. Phdn ung epoxy héa

Khi tac dyng anken vdi peaxit ma khong ¢d tdc nhan nucleophin s& tao thanh hop
chit epoxy:

L\OH

= ALl 25°C /N
2C =€ + CHLCQOH —=2"o  C - CT+ C,H,CO0H
o H
Y CH,Cly, 25°C A~
) +cHcgon —E——s [ [0 v
epoxyxyclohexan

Phan ng epoxy hda anken bang peraxit tao thanh 1, 2—epoxy xdy ra theo co ché
cdng syn:

Phan udng epoxy hoa thuing eé hang s8 phan dng &m {p = (-0,8) + (=1,2) va
entropi 4m AS*= (-18) + (-25), chiing to phan ¥ng qua ion ciu va ed dac thi lap thé,
San phAm epoxy thu duge tuong dng vdi c8u hinh caa cis va trens- anken.

Kha nang phén ung cia peaxit tuong ty nhu Br,, ching han, peraxit phan ng vai
anken th& 2—metyl-2-buten uhanh hon etylen dén 10% Jan nhyu véi brom la 105 lan.

Hop chat epoxy tuong tac vdi nude, nhit la ¢o xuc tac axit hay baza sé tao thanh
trens=1, 2—dial thea phén ding S\2:

HZO\’ - l/’LOH2 i | /OH
=0 —— C~—C —% =
4 \ // e O /I N ’r' ~

0 0~ HO



cO SO HOA HOC HUU ¢o 175

CH, -CH~CH-CH, o cH, OH
HO CH

3. Phdn ting oxt héa phan cit lién két C = C i

D¢ phan cat lien két d6i C=C, ngudi ta hay dung phuong phdp oxi héa manh anken.
Phan ding cd sy phéan cit lién két dai d€ tao thanh hai san ph&m chda oxi, thudng la san
pham chia nhém cacbonyl.

a) Oxi héa bdng KMnO,

Khi oxi hda anken bing KMnO, trong nudc s& cho diol, néu cho tdc dung tiép diol
nay vdi peiodat kim loai g8 phdn cit lién k&t diol thanh hgp chit chita nhdm cacbonyl:

g . HO-,H,0  ._ _ Io;
—C = C_ + KMnO, = -C - ('3\——» hop chat cacbonyl
OH OH
’ 1-KMnQO,
CH,CH,CH,CH=CH, z CH,CH,CH,COOH + CO,
T 2-Nal0,
—KMnO,
CH,CH=CH(CH,), ~—— CH,COOH + (CH,),CO
2-NalO, l

Song néu diung KMnO, trong mdi trudng axit manh sé oxi hda phén cit lien két doi
ngay cho san phdm cacbonyl:

KMnQ,, H KMnO,, 11*
RCH=CH,———— [R-CHO + CH,0] R-COOH + €O,
dung ndng (khding t4ch ra)
nO,H*
RCH=CHR, R,C=0 + R-COOH

KMnOy, Ht

R,C-CR,
b) Phdn i@ng ozon phan

Khi cho khi Oy di vao dung dich anken trong dung méi tro nhu CCl,, etanol,
etylaxetat § nhiét do thdp (—78°C) s& thu duge san phdm cdng goi 12 molozonit réi
chuyén vi nhanh thanh cdu tric ozonit:

2R,C=0

e v -.._.._.'.: L - ';” 0 _Q 2o % :
L=C+0-0-0 &O,D -~ >é\O’C: S L0 0=C

molozonit ozonit

Né&u cho bay hoi dung moi sé thu duge sdn phAm ozonit niy nhung dé nd, nhédt 1a
khi dun ndng, do dd, khéng tdch ra ozonit ma phan tach ngay thanh san phdm dudi tdc
dung cia cac tdc nhan khac nhau.

Tuung tac O, vao anken la cong cis cho molozonit, chuyén héa hau nhu tic thii sang
ozonit. Su chuyén hda nay cd thé qua giai doan phan huy va td hop:
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CH, CH, CH, CH, 0
CH-CH — CH+CH - CH,-CH CH-CH,
LA & @ Il | N\ |
O.. O 0 O*\ 0-0
o 0~
Khi thiy phan ozonit cé mat chat khi thi nhdm andehit van bao toan:
03 H:O, Zn

CH,CH,CH=CHCH,

> CH,CH,CHO + CH,CHO

0, H,0 Zn

(CH,)C=CHCH,CH, » CH,COCH, + CH,CH,CHO
Khi thiy phin cd mat chdt oxi hoa sé thu duge axit do oxi hda andehit, con xeton
vdn bén trong mdi trudng nay:
+

(CH,),C=CHCH,CH, » CH,COCH, + CH,CH,COOH

H, .,CH . 0 .
¢ r—-{”ﬂu— - O¢ + CH,CHO
G

! . ‘ .‘ _
O HyOz , H O)J + CH3COOH

™ G 2a H»- ~’H O ~{—H
i i -H”O’I--\O"‘.‘I-"/-”"- ’(5.

1

Néu xit ly bing tdc nhan khit manh nhu NaBH, khi thiiy phan ozonit thl andehit tao
thanh s& chuyén thanh ancol:

: —~ OH
@ . 9 _ NaBH, HO/‘\/'\/ ~
Ow Ly, 0C

¢} Téc dung véi axit cromic

Dung dich anhidrit cromic hay axit cromic 12 chét oxi hda manh hon ozon nhung kém
chon lgc hon, cho nhigu san phdm phu nén it dung hon O; va KMnO,;:
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4.6.Y. T'inh chéat dac trung cua anken

Phuong phap dinh tinh anken 13 cde phudng phdp hda hec:
- Dung phan dng ciia MnO] goi Ja thudce thi Bayer ¢d mau tim sé m&t mau khi tac
dung véi anken:

3 . _ KO- H0 . -
—C - C\ + MnO‘1 C-C_+ MnO;1
mau (im mau nau
OH OH
khéng mau

Song thuédc thd Bayer cling nhay véi edc hgp chat chua no khde nhu C=C, C=0,
CHO,...

Dung phan dng véi dung dich brom trong CCl, cé mau niu da cam mit mau khi
chuy&n thanh din xudt dibrom:

. - CO" N -
25°C b
miu ndu da cam Br Br

khéing mau
song phan wng nay cang tdc dung véi C=C, CHO.

Trong phd UV, electron cua ndi doéi cd trang thdi kich thich véi nang lugng cao cua
anh sing cd chidu dai sdng 1800-1000 13., song rit khé phan biét vdi cdc hop chat chua
no khac,

Trong phé IR, lién k&t do6i cd dao dong héa tri & 1650cm ™!, thay d8i phu thuse vao
c8u tric anken, song ngudi ta thudng tim dao dong cta lién két C-H vinyl so sanh vdi
C—H ankyl. Phé [R cho phép phan biét dong phan cis—trans, chang han trong anken loai
RCH=CIIR’, déng phén trans cd pic hip thu & 965¢cm ™1, con dong phan cis khéng ¢d pic
nay.

Phuong phap tién loi hon 1a phé NMR, dac trung bing su chuy&n dich hda hoc caa
C—H vinyl trong vung 4,5—6 ppm so v8i TMS, nam & viing trudng yéu hon so voi proton
cia ankan hay xycloankan. Mat khac, NMR cho phép phidn biét duoc ddng phan
cis—trans bang cdch so sanh hing s tudng tac spin:

H H, H
_C = (: ‘ /C = C\\
H
frems, JH =11+ 181 cls, Jyy = 0# 14 Hz
H /COOH H /H
-.( ' = AN - /
= C\ - /C C\
C H, H C.H, CQH

trans, Jy; = 158 Hz s, /iy = 23 Hz
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Hinh 4.9. Ph6 IR cia 1—octen.

Trén phd IR cha 1-octen pic 3080 em™! dac trung cho lisn k&t =C—H, pic 1640 em™!
la lien két doi C = C, pic 995 — 915 em™! 13 dao dong khéng phing cua = C-H.

170
200 102
4,67 /CHZCH5 J
H2C=C\ j 1,02
CH,
170
4,67
__._J
2,01
_1 1 ] i | [
5 4 K z 7 9 ppm

Hinh 4.10. Phd NMR cha 2-metyl-1-buten.

Phé NMR cia 2-metyl-1-buten ¢ 4 loai proton, treng dé preton vinyl chuyén vé
vung trudng y&u nhit, va cé hang sd tugng tac spin J = 72 Hz,

Khi lién két doi ndm trong truwdng tis, hiu dng eda vdng electron 2 mét phian nguace
vdi hi¢u dng binh thudng cha electron dinh chd, nén cong hudng tim thay thép hon so
vai proton na C—H. D¢ chuyén dich hda hoc ctia hidro vinyl nim trong ving trudng y&u
hon, con hidro & cacbon lién két véi ndi dai bi chuyén dich khoadng 0,8 ppm. Disu dd do
hiéu ing cadm iing ctia cacbon sp? clia lién két doi va tinh di hudng ctia hé 7 cia lidn k&t
doi.
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flink 4.11. Sy chuyén dong cAm trng chia electron 7 ciia lién ket dai trong trwdng tiv.

e
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CHUONG 5

ANKYN

Ankyn 1 hidrocacbon khong no chda lién k&t ba C = C.

Chat dau loai 1a axetylen, nén con goi la hidrocachon axetylenic. Trong ankyn, nhdm
chic la lién két ba.

Cong thifc chung cba ankyn don gidn nhét chia mdt ndi ba monoankyn la C H,,_,,
dac trung cho loai ankyn.

Xudt phat ti cong thiic chung cla ankan, cong thdc chung cta ankyn cé thé vist ja
C, Hy,40-4¢ V61 x 12 s6 ndi ba cd trong phan tu.

Ankyn cd thé cé mét hay nhidu ndi ba. Trong tu nhién, cdc ankyn tBn tai ¢ trang
thai tu do rat hi€m, thudng chia nhém chie CHO, COQM, OH. Cac ankyn tu nhién rat
khong bén, chl ¢é mot lugng nhé trong lodi ndim Basidiomycetes, con modt sé it da tim
thdy & dang tu do dudi dang polyyn lién hdp hay lién hop véi lién két dai.

S.1. DANH PHAP

Chat dau loai 12 axetylen. Cédc hop chét tuong d8i don gidn cd th€ coi la din xuit
cia axetylen. Danh phdp chung la danh phdap IUPAC.

Tén chung cla ankyn la tén cia hidrocacbon ne tuong dng vai s6 cacbon va d6i dudi
an thanh yn.

Mach chinh cha ankyn la mach ¢é chda noi ba. Néu trong phan tit ¢é hai nhdm chidc
trong phan td: ndi ba va ancel thi dinh s6 theo nhdm ancol ol, néu c¢d néi ba va doi thi
danh sd theo néi doi.

HC=CCH,CH,O0H HOCH,C=CCH,0H CH,CH=CHC=CH,
3-butyn—1-0l 2-bulyn- L4-diol 2-peten—4-yn
HC=CCH,CH=CH, H,C=CHCH=CHC =CH H,C=CHC=H
{—penten—4-yn 1, 3- hexadien—5-yn valytaxclylen
Céac gfc co ndi ba thudng gap la:
HC=C— HC=C-Cl HC =C-CH, HC=C-CI,-CN | )—C=CH

etynyl clorua etynyl propargyl Xyanu progeeeyl etynykyclopentan
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Bang 5.1, Ten gol va tinh chit vit I ciia ankyn

Cong (hite Tén thdng thudmg IUPAC 9 te 120
CH=CH axetylen elyn 82 -75
CH,C=CH metylaxclylen propyul - 1015 =23
CH,CH,C=CH etylaxetylen 1-butyn -122 9
CH,(CH,),C=Cl n—propylaxetylen | I-pentyn -98 40 0,695
CH4(CH,);C=CH 1-hexyn - 124 72 719
CH,(CH,),C=CH 1-heptyn -80 100 733
CH4(CH,);C=CH 1-octyn =70 126 747
CH;C=CCH, dimetylaxetylen 2-butyn -24 27 694
CH,CH,C=CCH, 2-pentyn - 101 55 714
(CH,),CHC=CH 3—metyl- 1-butyn 29 665
CH,4(CH,),C=CCH, 2-hexyn -92 84 730
CH,CH,C= CCH,CH, 3—hexyn -51 8i 725
(CH,),CC=CH 33-dimetyl- 1~ butyn -81 38 669
CH,4(CH,),C =C(CH,),CHy 4-octyn nr 748

5.2. PHUONG PHAP TONG HOP
5.2.1. Téng hgp axetylen

Axetylen duge téng hop trong cong nghé theo phuong phiap sau:
16 nung

CaCO3 Ca0

‘-\ 2500°C HOH
—_— CaCzH H-C=C-H

/

Than d4 — than céc (C)

Tit san phaAm ctia diu md, cd th€ oxi hda metan ¢ nhiét dd cao:

1500°C
6CH, + O, 2HC=CH + 2CO + 10H,0

Phan ting trén |4 thu nhiét nhung lai thuan lgi vé nhiét dong hoc & nhiét dé cao. O
nhiét do phong, axetylen 14 hgp chdt khéng bén nhiét dong hoc véi nhiét tao thanh cao:
AHp = +54,3 keal/mol tit nhiét phan hiy axetylen.

HC=CH - 2(C), + H, A" =-54,3 keal/mol

Duéi ap sudt va khi c6 dong, axetylen phan huy t6i C vd H vA nd manh. Axetylen
hoa léng ¢—82°C, chAt léong ciing khong bén nhung tan tot trong axeton nén ngudi ta gii
axetylen trong binh sit bdo hoa axetylen trong axeton. Dung dich bdo hoa axetylen chva
0,5M tite 0,13 g/100 ml 4 25°C va 1 atm.

5.2.2. Loai hidro halogenua tUf d&n xuét dihalogen

Khi tdc dung dihalogen ankan, dang gem-—dihalogen hay 1, 2—dihalogen, trong mo6i
trudng kigm rugu sé cho din xuit axetylen theo ca ché& tach E2:

KOH, ROH
—-CBr,—CH,— ——C = C- + 2HBr
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KOli, ROt
-CHBr-CHBr~ ———— - C = C- + 2HBr

Phan dng di qua dAn xuit vinyl, qua trinh nay dé xAy ra, nhung ti vinylhalopenua
thanh ankyn thi x4y ra cham va khd khan hon:

-CX,CH,
! dé chan
>——»—CX =CH- ———-C=aC-
-HX -1IX
—CHX-CHX-

KO KOH
CH,CHBr-CH,Br CH,CH=CHBr ——— CH,C=CH

KOH KOH
CH,CH,-CHBr, ——— CH,CH=CHBr CH,C=CH

Phan dng nay dung KOH trong rugu hay KOH rén trang rugu d nhiét dd cao, thuang
150—200°C nén luén ludn c¢é sy chuyZn vi ndi ba tit ddu mach vaa trong mach d€ cd

ankyn b&n ving hon:

CH,CH,C=CII

CH,C =CCH,
KOH

CH,CH,CH,CH,C=CH CH,CII,CH,C=CCH, » CH,CH,C=CCH,CH,

Tit 1—hexyn thu dude chuyén vi thanh hén hgp gin nhu dudng lvang vdi 2-hexyn
va 3—hexyn. Do d¢ it dung phudng phdp nay d& téng hop l—ankyn. Nguai ta dung
amidua natri 1A bazo manh va hiéu dung hon d8 téng hap 1-ankyn,

Phan dng tién hanh khi cho cham dihalogenua vao huy¢n phu amidua natri trang
benzen hay diu khodng, dun ndng dén 150-15656° C. Phan ing x4y ra ngay cd amoniac
tach ra:

NaNH,, 160°C s
CH,(CH,),CH,CHC], — CH4(CH,),C=C"Na" + NH,
CH,(CH,),C=C"Na* + H,0 » CH,(CH,),C=CH + NaQH

Phan dng cd sdn phdm Ja mudi cua ankyn va phudng phip nay dung d€ didu ché

1—ankyn khi ¢ th€ cd phan dng chuy&n vi ndi ba,

NaNH,
n—C,  HyCHBrCH,Br ——— n—C,H,,C=CH (65%)

Thuc t& ankyn cd ndi ba trong mach ¢d thé ddng phén hda thanh ankyn diu mach
bing cdch dung amidua natrl hay mudi kim loai kidm cGa amin, thudng ding
3—aminopropylamit vgi 1, 3—diaminopropan lam dung méi. Phdn dng x4y ra nhanh ¢
nhiét d¢ phong:

H,N(CH,);NH K" HOH
CH,(CH,),C=CCH, — CH,4(CH,),C=C"K* ———
" H,N(CH,},NH,, 20°C
—> CH,(CH,),C=CH

5.2.3. Phan ing cua RX véi axetylenua kim loai

Anion axetylenua la tac nh&n nucleophin manh cd thé tham gia vao cac phan dng
SN2:
IIC=C~ + RX » HC=C-R + X~
- SN2 -
R-C=C~ 4+ RX ——— R-C=C-R + X
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Phan dng dung d€ tdng hdp mono—hay diankylaxetylen. Phan dng thudng tién hanh
trong amoniac 1dng hay ete nhu THF, Con anion axetylenua hinh thanh tit amidua natri
hay tit n-butylliti:

ddNH, _._ Jn—CyHgBr
CH=CH + NaNH, ——— HC=C Nat CH,(CH)),C=CH (89%)
-30°C
ddNH, 2n-C4HoBr
HC=CH + 2NaNH, > CH,(CH,),C=C(CH,),CH,
~30°C

Phan tng tach E2 ludn canh tranh vdi phan dng thé, nhat 1a khi halogenua ankyl 13
bac hai hay ba, Tac nhan axetylenua la tdc nhin manh nén kha ning canh tranh véi E2
tang lén nhigu. Do dd6, phan itng trén chl ding cho ankyl halogenua bac nh&t, con bac
hai hay ba thi chi yé&u la phan iing tach.

R SV -
R-C=C" + H~CH2—-9H-R—r R-C=CH + CH,=CHR + Br
{Br
Nhiing halogenua ankyl cé nhom th& & trung tam phan dng thi khdng ¢é phan tng
thé xay ra:
CH,(CH,),C=C"Li* + CH,CHBrCH; » CH,(CH,),C=CH + CH,CH=CH,
(85%)
+CH,(CH,),C=C—-CH(CH,),
6%
CH,(CH,),C=C"Li* + (CH,),CHCH,Br » CH,(CH)),C=CH + (CH,),C=CH,
68%
+CH4(CH,),C=CCH,CH(CH,),
32%
Dac biét 1a axetylenua liti tao duge phic bdn v6i etylendiamin (EDA) nén dung lam
ngudn cho anion axetylenua phan dng v6i RX trong cde dung méi khac nhau, trit NH,
1dng:

DMSO, 25°C
LiC=CH.EDA + CICH,)sF - F(CH,);C=CH + LiC! + EDA (92%)

THF
LiC=CH.EDA + CH,~CH, ——— HC=CCH,CH,0 Li" -
0/ = —— HC=CCH,CH,0H + LiOH

5.2.4. Diéu ché& axetylen trong phong thi nghiém

Trong phong thi nghiém, thudng digu ché axetylen bang phan dng thiy phan cac
cacbua kim loai. Thudng dung nhét la CaC,.
CaC, + 2H,0 » HC=CH + Ca(OH),
néu dung cdc cacbua kim loai khac nhu Al,C; cho metan:
Al C, + 12H,0 - 3CH, + 4Al(OH),
¢dn khi thiay phan Mg,C, cho hén hgp allen va propyn:
2Mg,C, + 8H,0 -~ H,C=C=CH, + CH,C=CH + 4Mg(OH),
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5.3. TINH CHAT VAT LY

Su thay ddi tinh ch4t vat 1y trong day ddng ddng cda ankyn ciing tucng tu nhu trong
anken tuong @ng. Cdc ankyn thdp la thé khi, cd nhigt d6 sdi cao hon mot {t so vdi anken
tuong ¥ng. Cdc ankyn ndi ba trong mach ¢d nhiét dd soéi cao hon ankyn c¢d néi ba dauv
mach nén cé thé phin tich bing phudng phdp chung c&t phan doan. Sy thay déi tinh
chidt vat ly da trinh bay ¢ bang 5.1.

Ankyn cd nhiét {6 chay cao.

Bang 5.2, Nhiét a5t chdy cim ankyn

Ankyn AH?, keal/mol Ankyn AH kealmol
Axetylen 306 Bimetylaxetylen 6206
Metylaxetylen 463,1 Melyletylaxelylen 7743
Etylxetylen 6206 n—Butylaxetylen PRV
n—Propykwetylen 7780 n— Pentylaxetylen 10929

Lién két C—C= Ia lién két C,p3— Cgp c6 ban chdt s 10n hon so véi lién két Csp3_c>‘3 nén
sy phan bd electron cua lién k&t kém tinh d6i xdng hon, do d6, gy ra momen luéng cuc
ldn hon so véi anken:

CH,C=CCH, CH,CH,C=CH CH,CH,CH=CH,

=0 a4 =080D # =030D

5.4. CAU TRUC CUA ANKYN

Trung tam phan dng hoéa hoc cha ankyn 1a ndi ba. Sy tao thanh néi ba 12 sy xen phu
obitan cta hai cacbon lai hda sp Cspacw.

HIS - CsP Csp_ C sp

Sw hinh thanh Lén k&1

Theo cfu trdac cla sy lai hda nay, hai obitan sp nam
trén dudng thang di qua nhan va hai obitan p vudng gde véi v A sl
nhau di qua nhan cla hai cacbon, lién két o clia cacbon laj
hda sp do obitan lai hda sp c¢d ban chadt s ldn hon nén chigu
dai lién k&t o ngin hon o trong anken va ankan (o._ va

ac_p)
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Chéng han, su tao thanh phan td axetylen:

-—— Y-
[[—— 7. "
A Wi T A
R e (R
_1*_ Es/a— l_ZH L..__.____. 0{.: . Zsp-—i 2sp _‘;‘!_
CJF CJP

Céu tric axetylen la phan tu
dang thing, t4t cd 4 nguyén ti
nam trén dudng thang. Su xen pht
cia hai obitan p cia hai cacbon
viony gdc vdi nhau khﬁng phﬂl Ia
4 thuy hinh ciAu ma tgo nén mdt
dam maiy chung dang hinh tru
(nhu dang banh ran) xung quanh
truc hat nhan, cé mat do electron
m tong quat nhu hinh 5.3. My

1.1g +
L03 |-

* 4,08 )

107 |

106 -

o5

Hinh 5.1. Cdu trite axetylen.

sp? (etar)

sp? (elylen)

\_{fﬁ (G’A’E/fy/eﬂ )

1 1 1 1 - [

20

a0 0 50 %3

Hinh 5.2. St phu thuge chi®u dai lién k&t vae bin chéiit s cia obitan,

Lién k&t ba tao nén bdi
moét lien két o va hai lién két
s voi niang lugng chung la
198 kecal/mol (lién két doi la
163 kcal/mol va lién két don
la 88 kcal/mol) va ngidn hon
(1,2A so voi 1,34 A va 1,54 A).

Nang lugng phéan ly cia
lien k&t C-H 16n hon ¢
anken vi ankan tuong \ng,
song cing cd thé phan ly
thanh goc ty do va ion, trong

Hink 5.3. Mit a6 electran x & lién k&t ba.

185
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dé sy phan ly ra géc khé khan hon phén ly ra 1on:
HC = CH - HC = C* + H* (dong ly, kho)
HC =CH - HC =C~ + H* (di ly, dé)

[l

5.5, TINH CHAT HOA HQC
Dua vao cdu trdc ¢ trén, trung tAm phan Ung la ndi ba trong ankyn, trong dd cd sy
phan cét lién k&t z hay phan cAt toan bo lien két ba. Loai phan iing nay tuong tu nhu &

anken chi khiac nhau vé kha nang phan dng. Phan dng dic trung ctia ankyn so véi anken
1A kha nang th& H cua lién két C."—H.

5.5.1. Phan itng cuna H (II-C = CR)

1.Tinh axit cia ankyn

Hidrocacbon khong giong nhu céc axit khdc, khong lam dé gidy quy, khéng cd vi axit,
song khi tic dung vdi kitm manh hon thi hidrocacbon th€ hién tinh axit ciia né. Trong
cac loai hidrocacbon thi axetylen va cdc ankyn cd néi ba dau mach H-C = th€ hién duge
tinh axit.

R-C*~ = C-H**

Axetylen ¢ pK, khoang 25, 12 axit y&u hon nuéc (pK, = 15,7), y&u hon ancol (pX,
= 16+19) nhung la axit manh hon amoniac nhidu (pK, = 34), nhu néu cd phan ung:
NH, + Li » Li* "NH, + 1/2 H, thi axetylen cd tinh axit manh hon nén phan dng véi
kim loai:

I[IC=CH + Li — HC = CTLi* + é— H,
HC = CH + Li'"NH; — H-NH, + HC=C"Li*

axit manh baz manh axit yu bazor y€u

hon ho'n hon hon

H-OH + HC = C7Li* —— HC = CH + Li*HO™
axit mnh hazor manh axlt yBu bazer yéu
hom hon hon hon

Tinh axit tuong d6i: HOH > HC=CH > NH, > R-H

Tinh baze tuong d6i: HO™ < HC=C~ < NH, < R~

Nhu vay, nhdm =C~H ¢ cudi mach déu cd tinh axit y8u tuong ty nhu axetylen.

Trong cac loai hidrocacbon, ta cé:

Tinh axit twong d6i: H-Cy, > H-C,2 > H-C_;3

Tinh bazd tuong déi: IIC=C~ < H,C=CH~ < CH,CH;

Tinh chat trén cd thé gidi thich nhu sau:

e Ban chit s trong obitan sp > sp? > sp? trong cac lién k&t tuung dng. Trong obitan
sp, bAn chit s chi&m 50%, 1dn hon nén electron ndm gin v& phia hat nhén cda cachon
hon }a hidro. Diéu dé lam cho hidro dé€ bi phan ciat bsi kigm hon.

Cing nhu anion tac thanh khi phan cét di ly hidro, tinh 6n djnh cla cacbanion cia
ankan, anken va ankyn clng khiac nhau.

Su khac nhau d6 clng giai thich duge bing ban chat s cia obiten chia cdp eleciron
trong cacbanion dé. Anion metyl c6 clu tric hinh thép vdi cdp electron trén obitan sp3,
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raong anion vinyl cap eiectran o tren oplian sp©, rirong anian axetylicnua d tren owmran sp.
Ndi chung, electron trén obitan s bj giti chat bdi hat nhan hon di gan t6i hat nhan hon
la trén obitan p:

7R ¥

/ A /
;;CQ | H'>C=C\C> H—CEC®

anlon metyl anion vinyl anlon axetylua

Luc hit tinh dién tang 1én, lam cho electron s €6 ndng luung thap hon va cd tinh &n
dinh cao hon electron p. Ban chit s trén obitan lai hda chda cap electron cang lan, tinh
bazo clia cap electron dd cang nhé va tinh axit cda axit lién hgp cda nd cang lan:

CHj CH,
tinh bazg tang | CH,=CH~ CH,=CH, | tinh axit tang
HC=C~ HC=CH |

o Ciung co thé gidi tich bing tuong tac ddy gita cic cap electron litn két. Chéng
han, so sdanh lién két C : H cda ankyn véi ankan. Trong ankan, cip electron C : H & bén
canh 3 cap electron khac, nén cd sy diy gilva cic cip electron nay.

Trong ankyn. 3 cap electron & phan bd trong khéng gian gita hai hat nhan, cac
electron n3y nam tuang doi xa han cap electron cua lién két C:H trong ankyn, tuong tac
ddy gitta ching it hon, cac electron cita C:H cd th€ chuyén gan vé phla cacbon hon, nén
hidro trd thanh duong hon, dé phan cit khi ¢6 tdc nhin nhan praton. Con trong ankan, 3 cap
electron tap trung trong khéng gian & gan hat nhéan cacbon, nén cd hiéu dng nguac lai,

R-C = C®—1J**

Do (inh axit et anleyn, ankyn ed the phan dng vai bazo manh (o mad, madi ankynea, vi
axelvlen gor]: pyndi axitylenia,

R-C=C-H + Me'B™ —— R-C=C " Me* + HB
CH,-C=C-H + Na+NH{-——» CHs—CEC'Na* + NH,
CH,-C=C-H + Na*H —— CH3-C.-=C"Na" + H,

Diéu kién cia phan ing xdy ra khi bazg nhan &y proton tit axetylen hay 1-ankyn
s€ trd thanh axit yéu hon ankyn. N&u axit tao ra manh han thi 88 proton hda lai anion
ankynua.  Thudng dung nhat 1A LiNH, hay NaNH,. Anken va ankan khéng ¢6 phan
Ung véi amidua kim loai kiém.
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Né&u tac nhan la axit manh hon, cé th€ tuong tde vdi mudi ankynua  d€ tré thanh
ankyn. Chang han, nuéc va D,O:
R-C=C"Na' + H,0 — R-C=C-H + NaHO™
R-C=C"Na* + D,0 —» R-C=C-D + Na’DO~
Phan dng dac trung thé hién tinh axit cia ankyn 1A tuong tde 1—ankyn voi musi Ag
va hgp chédt Grignard:
R-C=C-H + {Ag(NH3)Z]+N0; + R-C=C-Ag + NH;NOj + NI,
vi AgOH it tan trong nuéc (NaOH + AgNO, + H,0) va lugng Ag* cd It trong dung djch
nén cin thém amoniac d¢ tao phic tan {Ag(NH,),]*.
Mufn tai tao ra ankyn, cho tde dung mudi bac nay vdi NaCN sé tao ra ankyn vi Ag
tao duge phic bén véi jon CN™:
R-C=C-Ag + 2CN™ + H,0 » R-C=C-H + [Ag(CN),]” + HO™
R-C=C-H + R—MgX =+ R-C=C-MgX + R-H
Thutng ding phan dng cla R-C=C-MgX véi D,0 d€ dua D vao ankyn:
R-C=C-MgX + D20 - R-C=sC-D + Mg(OD)X
hay R-C=C-Ag + 2CN™ + D,0 » BR-C=C-D + [Ag(CN),]” + DO~
Chi ¥ rdng, mudi ankynua kim loai ki®m 1a mudi thuc v6i lien két jon RC=CLi*,
R—-C=C~Na*, con mudi cia kim loai nang, cing goi la mudi, nhung thue chét la lién két
céng hda tri R—C=C-Ag, R-C=C-CuX, R—-C=C~-Mg khong tan trong nudc.

Khi cd  cloma  ddng, axetylen cong hop vdi andehit (phadn dng Reppe):
Cu
R-CHO + HC=CH R—(?H—CeCH
OH
2R-CHO + HC=CH R—(FH-—C&C—(EH-—R
OH OH
Phan dng duge diing téng hop ancol propargylic va 1, 4—butyndiol:

Cu, (1,

HC=CH + CH,0 HO-CH,-C=CH
CH=CH + 2CH,0 —— HO-CH,-C=C-CH,-OH
ding lam chét dau d€ t8ng hop tetrahidrofuran va butadien trong cong nghiép.
2. Phdn ung cie mubi axelylenua
Muéi axetylenua phan ung v4i R—X tao thanh ankyn ¢d mach cacbon cao han theo
cd ché Sy2 v6i tdc nhan nucleophin 13 anion axetylenua.
Mudn t6ng hgp duge ankyn ¢6 ndi ba dau mach, ding muéi mét }an thé cua axetylen:
H-C=C~ Li* + R—-X » R-C=C-H + LiX
H-C=C"Na' + CH,CH,CH,Br » CH,CH,CH,C=CH + NaBr
Mudn t8ng hdp ankyn ¢ néi ba trong mach, ding mudiankynua caoR—C=C~Lit
R-C=C"Na' + RX - R-C=C-R + LiX
(CH,),C-C=C"Li" + CH,;Br » (CH,),C-C=CCH, + LiBr
Phan ¢ng trén chi diing vdi ddn xuédt RX béc nhét,


axetylen.ua
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5.5.2. Phan itng chuyén vj néi ba trong ankyn (chuyén vi Favorski)
Khi dun néng ankyn cd ndi ba trong mach v6i Na sé chuyén vi néi ba ra dau mach:

Na
R-C=C-Cl{, —— R-CH,-C=CH
Khi dun ndng ankyn cd n6i ba dhu mach vdi kiém x4y ra su chuy&n vi ndi ba dau
mach vio trong mach:

C,H.ONa
R-CH,-C=CH ———————— R-C=(C-CH
2 3

Phan ing goi 1a chuyén vi axetylen—allen—dien. Phan dng sau xay ra do anion etoxy

18y proton tao ra anion qua hgp chét trung gian allen:
1

R-CH-C=CH —= R-CH=C=CH —— R-CH=C=CH,
HjOC,H;

‘
R-C=C=CH,—— R-C=C-CH,
H ,0C,H;
Né&u & cachon bacﬁ chi ed mot hidro thl dung lai & giai doan dAu va ankyn chuyén
thanh allen th& c¢d kha nang chuyé&n vi ti€p thanh dien cé ndi déi lién hgp.

R-C=C—-CH,

5.5.3. Phan dng cdng electrophin vao néi ba

1. C¢ng vdi halogen

Tuong ty nhu anken, ankyn c kha nang cong véi Cl, va Br,, chi khac la ankyn cd
kha ndng céng hai phan tit X,. Phan ung trong dung moi cing 13 phan dng cong Ap va
tudn theo quy tic Markovnikov:

+Br.
R-C=C-R + 2Br,—— R—CBr=CBr—R —— R-CBr,~CBr,-R
o), oo,

Phan dng ciing la céng trens, San phdm trung gian 13 trens—anken
CH., Br

- AN 4 +Br9
CH,-C=C—-CH, + Br,—— /C =C ~ CH,CBt,—-CBr,CH,
Br "CH3

frans—2, 3—dibrom-2-buten
Néu tién hanh phan Ung & nhiét d¢ thap sé thu dugc trans—anken:

HOOC Br
HOOCC=CCOOH + Br, ———s /‘c =G
Br 'COOH (70%)
CH, Br
CH,-C=C-CH, + Br, ———> C = G
ele,-200C / \
Br CH, (66%)
cte, 20°C

CH,-C=C-CH, + Br, ———> CH,CBr,-CBr,~CH, (95%)
Phan dng céng brom hay ndi chung tdc nhin electrophin véi ankyn tac thanh anken
xay ra chAm hon so vdi anken tao thanh ankan.
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Cd thé so sanh hai cd ché:

R-CH=CH, + Br* » R-CH’-CI{,Br; R~C=CH + Br* + R-C*=CHBr
cation ankyl catton viny!

Phan ing cong electrophin vio ankyn xay ra vdi qua trinh phat nhiét 1on hon qua
trinh céng vao anken, song ndi chung ankyn kém hoat dong hon anken déi véi tac nhan
electrophin. Cd thé giai thich tinh bat thudong nay bang cach so sianh cation trung gian
hinh thanh ¢ trén.

Cation vinyl kém bén han
cation ankyl. Trong cation
vinyl, obitan tréng thudc vé
cacbon lai hda sp nhigu han
la cacbon lai héa sp?, nén
cacbon sp nay khd tiép nhan
ducc dién tich dudgng. Mat
khdc, obitan tréng ndm trong
mit phang cia cac lién két o Hinle 5.4. C3u tric obitan cilla cation vinyl.
va thing gdc voi lién két =
nén kém kha nang gidi tda dién tich duong. Do dd, ndi nang cta cation vinyl I6n hon,
doi héi nang lugng hoat hda 19n hon so véi ankyl, sy hinh thanh chdm hon va phan ung
cham hon.

R R Br
Br, AN Br~ \ / Br,
R-C=C-R —>— C=C*-R—— C=C, ]
—Br / / . - Br !
Br Br R
cation vinyl
Br Br Br R
| Br— | 7
R-C-C-R «=—— R-C~C* = - -
td AN
Br Br Br Br
cation ankyl

Song ciling ¢6 y kién cho rang, sy khac nhau vé kha nang phan ung véi electrophin
cd thé dya vao y&u td hinh thanh cation vdng, trong dd, anken tao dugc cation vong, con
ankyn thi khong cd kha nang do.

2. Cong halogenua hidro

Ankyn cd kha nang cong véi HCl vd HBr theo co ché A va tudn theo quy tac
Markeovnikov. Phan 1ing x4y ra qua hai giai doan va ¢4 hai d&u tuan theo gquy tac
Markovnikov, ¢ th& cong hop mét hay hai phan td HX:

+ -

+X X
R-C=CH + HX - R—C*:CH2 —> R-CX=CH,—— R~*CX—CH3—> R~CX,-CH,

CH,(CH,),C=CH + HBr ——» CH(CH,),CBr=CH, {40%)

+ 1ICI
CH,C=CCH, + HCl » CH,CCl=CHCH,—— CH,CCI,CH,CH, (80%)

Phan @ng co kha nang ding lai ¢ giai doan dau vi giai doan nay xay ra khd hon 1a
céng vao anken, nhu khi cong halogen dad ndi trén, con giai doan sau thi hoan toan giéng
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nhy cdng vao vinyl anken tao thanh gem-—dihalogen.
Phan dng clng la c¢dng trans nén anken tao thanh ciéng 14 frans—anken:

Br H BrH
+DBr \\ /’ H3Br |I I
CH,—C=CH C = CH;-C-C-D
CH, D BrD.

3. Phdn ing hidrat héa ankyn.

Nude. cong vao ankyn ciing tuong by nhu céng vao anken theo cg ché Ay theo quy
tac Markovnikov, song khi cong mdt phan i nuée vao ankyn tao thanh vinyl ancol dé
ddng phan hoa nhanh thanh hgp chét chia nhdm cacbonyl (andehit hodc xeton).

Phan @ng cin ¢ xtc tic cha Hg?t, thudng dung HgSO,:

’ I H
Mgt ot N /
HCz=CH ———=| C=C -~ CH;-CHO
H0 / \
. H OH,
axetandehit
'R H ]
Hg2+ \ ¢
R-C=CH C=¢C - R-C0-CH,
11,50,, H,0 / .
HO H ankylmetylxelon
o [r P
R-C=C-R ¢c=¢ |»R-co-CH,-R
H,SO,H,0 ' .
H R _ diankyixeton
;. OH OH .
( . I{g2+
./ C=CH CO-CH; (60%)
= H,50,11,0

Phan ng dai héi phai c6 axit manh nhu HyS0, va phai thém FHgS0, hda tri hai. Vai
trd xie tic cua Hg?t 13 tao nén sidn phdm cong v6i néi ba dudi dang phic lam tang tinh
tan cua ankyn trong nudc:

Hg2+ HE N2+
R-C=C-R + Ig?* —« R-C =+=C-R ~|R-C = C—Rl
Trong mot s6 truing hgp cd thé tac ra hgp chat cd lien két C~Hg:

*11gHSO, HgHSO, H
. P
HC=CH + *HgHS0,—— HC=}=CH 0 e=¢ -
H ‘OHJ
H+ \ ;’:
CsC - —» CH,-CHO
~ HgHSO, / \ ]

e H OH|

: HgHSO, ,

L H-C-c=o0 CH,~CHO

P -HyS0,
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Phan ung tao enol khéng bén chuyé&n hoda thanh dang xeto goi la sy tautome hoa
enol—xeta. Phan dng dude xdce ti€n trong moi trudng axit:

H: :OH,
H |, p-H H (O-H H 0O
c<C —= H-C-C - H-C-C +H,0’
/ \ i N ! \
H R H R H R

Qui trinh 12 thuin nghich nhung chuyén manh vé phia xeto, 1a can bang gita cic
hop chit chi khac nhau vé vi trl H va electron.

Phan dng thudn lgi didu ché xeton tit ankyn déi xdng, trong trudng hop ankyn lkhong
déi xung thi cd thé cd hai dang vinyl ancol hay hai dang cacbocation vinyl hinh thanh.
Trong trudng hop hay cin so sanh tinh b&n cia hai cacbocation nay d€ tim dang vu tién
han, song thudng cho hai sin phim:

Hg**, H,0
R-C=C-R' —— R-CO-CH,-R' + R—CHZ—CO—R’
HZSO4

4. Phdn ung hidrobo héa

Diboran phan @ng v6i ankyn & 0°C cho san phdm trung gian 1a vinylboran. Phan ing
tuong ty nhu cong boran vio anken cho sin phdm cong trdi Markovnikov. Vinylboran
duge oxi hda ti€p dén ancol vinylic d& ddng phan hda thanh hdp chdt cabonyl:

- (R R
R (1,0, N/
3R-C = C-R + BH, =» R\’/! —==-| Cw«C |+ RCH,COR
2N — !
B Ho /N
H Ja | H OH _
P B H
2 H,O \ /
3R-C=CH + BH, - ¥ s ———| C= C_ |+ RCH,CHO
H 13 .H OH

vi 12 phan ding cong trdi Markovnikov nén l-ankyn tuong tac vdi BH, va oxi hoa cho
andehit (voi Hg?*, H,O cho xeton)

r .
Ili 0
— ! y
.’.. \\ = :_____ _6 H.L_ Hlof' ll P~ 3 o~ I_:_,_"&\_\ W //\J/\/U\ H

THF  NaOH ! - 1 OH
IL H

Phan dng cliing dung cho ankyn d6i xing (cho mot sin pham xeton) ciing nhu ankyn
khong d6i xdng (cho hén hop xeton)

Phan idng ¢6ng boran vao ankyn d6i ximy, voi ndi ba trong mach ¢d thé diung lai & giai
doan tao thanh vinyl boran:
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nhanh \ ‘ BH, f |

R-C=C-R + BH; — ~—= C=C R-C-C~-BJ

/ \ cham ol

H BZ H B2

cd thé khéng ch& phdn ing d€ diung lai d giai doan vinylbaran.
Con l-ankyl dé két hop v6i phan tik BH, thi hai:

R H H B

nhanh N / RH, I

R-C=CH + BH, C=C - R-C-C-H

/ Naerw ahanh : 5
51 “ H B

D€ khdc phuc hién tugng nay, ngudi ta dung hgp chit boran cd tinh chan loc han
BH,, phan ing chim hon, nhu disiamylboran (Sia,BH) tdng haop bang phuong phéap sau:

CH, CH, " cH, cH,
Nt BH, , b
2 C=C H-C - C- B-H
N\ THF, 0°C | | !
CH, H , CH; H 2

dislamylbaran
Phan dng ditng lai diankylboran vi kho khan khong gian. 1—ankyn chi phan dng duac
véi 1 phan tit Sia,BH vl thé tich nhém ankyl lién két vdi B ldn dén adi ngan cin phan
dng cdng tip theo:
H (l‘,H3
R-C=CH + SiaBH —» R-C = C_ _CzCH(CH,),
H B~ H 'H

\C—CH(CH3)2
f
CH,
San pha&m nay oxi hda dén enol roi ddng phan hda dé€n andehit:
Sia, BH M,0,HO™
CH,(CH,),C=CH CH,(CH,),CH=CHBSia, -t
THIOC 100%

—— [CH,(CH,),CH=CHOH] - CH,(CH,),CH,CHC (70%)
Phan dng céng disiamylboran vao anken xdy ra tvdi quy tic Markavnikov vi cing la
cong B—H vao anken:

R
CKCH, R R CHCH, B CH,CH. H
2 e ? \2 // ° \ 1 \’ /
% ______ B ¢ R CH,C3,H §
ii ’ f e H r I
Com e C C
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H B =B H

B-H, \ / N /

R-C=CH —— C=C  makhéngphai C=C
/ \ / \
R H R H

Khi cong vao ankyn khong d6i xing ciing cho hai sin ph&m xeton nhu phan ing cd
xac tac Hg2*.

Phan wng hidrat hda bang xGc tdc Hg2* cdc ankyn cé ndi ba cudi mach cho xeton,
con bing phan dng hidro be hda véi Sia,BH kém theo oxi hoa lai tao thanh andehit. Con
vOi cdc ankyn khac thi gidng nhau.

Hg**, H,0, H,50,

> R-CO-CH,
R-C=C-H
Sia,BH, , HO
il - R-CH,-CHO
Hg**, H,0, H,80
R=C=C-R £, M0 B0y —~ R-CO-CH,;R
Sta,BH, H)O,, HO™
A, H,0H,S0,
R-C=C-R’ 8, 07,50,

— R—-CO~CH,R'+RCH,-CO-R’
Sta,BH, H,0,, HO_/

5. Phdn ting véi exit cacboxylic

Axit cacboxylic ciing cong hgp voi ankyn khi ¢6 xdc tac cta Hg?* tuong ty nhu cong
H,O0, nhung gan phfm coéng & day 12 mét este clia enol ben hon khéng co sy ddng phéan
hda ma cfdng ti6p véi phan tir axit thd hai cho gem—dieste:

Hg** R'COOH
R-C=C-R + R'~COOH —— R-CH=C-R ————= R-CH,CR(OCOR),
OCOR’ gem-dieste

Phan dng x4y ra qua hgp chdt trung gian b2n este enol do khéng cén ¢ nhém OH
nén khéng thé cho hidro dé chuyén vi:
— — r —
. /O CO-R /0 H!
~C=2C ~C=C '
~
cste enol enol
Este enol bén nén cd thé tach ra.
Phan iing cong hai giai doan nay, cé giai doan déu giéng nhu phan dng céng HCI
hay HBt vao ankyn qua vinylhalogenua bén —CH=CX-cd th€ tdch ra duge. Giai doan
thi hai la phan ng cdng RCOOH vao nodi do6i cha este:

R R
/  RCOOH /
R-CH = C R-CH-C-0OCOR’
Hg* +
OCOR’ H OCOR’

gem—dieste
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6. Phdn ung céng vd thiol RSH

Thiol cong hop vao ankyn khi cd xie tdc axit Lewis ma thuong dung nhdt 1a BF,
(tuy 6 tac dung bong da nang) qua hai giai doan cong Ac.
BF, 'SH
R-C=C-R + R'SH—— R-CH=CRSR’'—— RCH,CR(SR),
HF:3
Chu y 1a phan dng nay khéng ding duge xic tic Hg?* vl nd tao két tia khong tan
vél R'SH:
Hg?* = 2R’'SH —> R’S-Hg-SR’ + 2HY
k&t tda khong tan
5.5.4. Phan dng clng gc

Ankyn ciing cé phan dng cong gbec tuong ty nhu anken véi didu kién c6 xuc tde sinh
g8c, chang han:

CH, Br Br Br
R® N / Br, !
CH,~C=CH + Br,—— U =C CH,-C-C~H
5 / \ R* |
Br H Br Br
CH, Br
CH,-C=CH + DBr —» = c’\
D H

Cac hgp chidt co lién két S—~H nhu RSH hay H,S cing dé phan cat ddng ly khi cd
xuc tdc gdc:

CH,-C=CH + R'SH CH,—-CH=CH-SR'
Tuong tu nhu phan tng cong gbc caa HBr khi cd peroxit phén tng cdng vao néi ba,
cing 1a qua trlnh cong trai Markovnikov:

CH,CH,CH,C=CH CH,CH,CH,CH=CHBr
peroxit
(70%)
HBr
CH,-C=CH CH,CH=CHBr
hv—60°C

(88%)

5.5.5. Phan dng cdéng cua cacben

Cacben cdng hdp vao ankyn cling nhu cdng vao anken, song & ddy ankyn cd kha nang
cong hai lan tao nén hop chét bixyclo:

CH,
‘CH, ‘CH, .
CH,-C = C-CH CH,-C = C-CH,—— CH,-C-C-CH
3 3 3T/ 3 3 N 3
“ClL, CH,
1, 2—dimetybxyclopropen 1, 3—dimetylbixyelo[ L0,Jjbutan

tuong tu véi diclocachen:
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cel,

L0, N
Cll,-C=C-Cll;——— CH,-C = C-CH,
3, 3—diclo- L, 2-dimetylxyclopropen

5.5.6. Phan ying cdng nucleophin

Kh4e véi anken, ankyn chiu sy tAn cong cia tdc nhan nucleophin theo phan dng cong
nucleophin. Chidng han, ankyn ¢é kha ning cdng hdp vdi anion ankoxy RO~ trong dung
dich ROH & nhiét do cao va ap sult:

ROH, 150°C ROH
HC=CH + RO —————— ROCH=CH™ —— RO-CH=CH, + RO~

Phan dng ctia anion ankoxy bén chuyén thanh anion vinyl kém b2n hon, cd tinh bazo
manh hon, nhung phan tng vdn xay ra dugc 1a do tao duge lién két C—O bén do két hop
véi ankyn chi chi phi mét lien két cia ndi ba. o) déay, su tao thanh lién két bén bu trit
cho sy tao thanh bazo bén.

Phan dng dugc xic tién khi lién két ba cé nhom thé& hut electron & dang lién hgp va
phadn dng cing 12 cong trans, nghia 13 san phdm thu duge la ¢cis—anken

C,H,CO-C=CH + R,NH C,H,CO NR,
L=
H H

Ban than ankyn ¢6 nhém thé& hit electron ¢d thé déng vai tro nhu la mot dienophin
trong phdn Ung Diels —~ Alder, tac dung vdi dien giau electron, chdng han vai
1, 3—butadien:

COOC,H,

( 3 e COOC,H,
) i == [ |
~ 1 [ ’\/[

~T ~ o
COOC,H, COOC, hg

diety| axetylen dicacboxylat dietylxyclohexa— L 4-dien— L, 2-dicacboxylal

5.5.7. Phan tng cong hap

Khi cho axetylen di qua dung dich axit cha CuCl va clorua nham, axetylen sé dime
hda va trime hda thanh hgp chidt mach hd: vinylaxetylen va divinylaxetylen (phéan ing
Newland):

HC=CH —— CH,=CH-C=CH
l ~= CH,=CH-C=C-CH=CH,

Phan dng cd ung dung thuc t& ditu ché cao su cloropren trong cong nghiép. Berthelot

dun ndng lau axetylen ¢ 400-500°C thu dugc benzen:

3HC=CH —_— / \
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song phan dng cho hiéu sudt thip (khoang 20%}. Phan dng duge xuc tién hon khi dung
than hoat tinh va khi dung [(C;H,),P];Ni(CO) hay vai mudi phic ctia crom & nhigt do
phong, song thudng cho sadn phdm benzen thé,

Khi cho axetylen di qua xtc tdc Cu & 200-300°C tao thanh hgp chit polyme goi la
cupren (C,H,) , 1a chét rdn nhe, mau vang khong tan:

nHC=CH - (-CH=CH-},

Reppe cing da thu duge cdc hop chdt vong cao hon trong dung dich tetrahidrofuran

& 20 atm véi xdc tdc amoniacat xyanua niken hay axetylenua niken:

/CH=C\H
CH SH
4HC=CH — (I{-I /H xycloactatetraen
CH=CH
/CH=C{{
g o
5CHwCH — C\lH ,CH xyclodekapentaen
CH CH
\ 4
CH~CH

Schaeffer d€ yén dimetylaxetylen trong benzen c¢é m4t clorua nhém sé& trime hda
thanh hexametylbixyclo[2,2,0]hexadien rdi ddng phan hda khi dun ndng:

CH e 3% on
,C I 2 _CH, = 3 3
—C- e e
3CH,-C=C-CH, HC[] I ! C >
3 CH, Hj H,C o CH,
3

Petrov thu dugc sidn phim dime hda axetylen khi cd Ni(ZnCl,):

\-CI{ 0}%
Ni(ZnCl,) “ 1,
2HC=CH C=CH,|—— C=CH,
/ 2 v -
CH ] CH,

5.5.8. Phan ung khu

Ankyn cing bj hidro hda thanh anken va ankan khi cd xdc tac.

Khi dung xic tdc 14 cdc kim loai nhu Pt, Pd, Ni, phan tng khi ankyn dén ankan.
Phan dng x3ay ra dji th# tuong tu nhu kh¥ anken, 14 phdn dng phat nhiét manh nén
khong ding lai duge 4 giai doan tao thanh anken:

CH=CIl + H,— CH,=CH, AH® =-41,9 keal/mol
CH,=CH, + H, « CH,-CH, AHY =-32,7 kcal/mol

Ankyn chju hidro hoa rat nhanh, nhanh hon tat c3 cdc nhdm chuc khic.
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Phan dng hidro hda xdc tdc ankyn dé hon 13 anken.

Muén ditng lai ¢ giai doan tao thanh anken, phai dAu d¢c xic tdc d€ han ché hoat
dong cda xuc tdac Pt, Pd, Ni. Thudng dung xdic tac Lindlar (Pd, PbO va CaCO,) hay
Pd/BaSO,:

x1LIndlar
R-C=C-R + H, ————— R-CH=CH-R
cis—anken

Pd/BaSO,
R-C=C-R’ + H, ————— R~CH=CH-R’
pyridin cis—anken
Phén ng hidro héa ankyn cd tinh chon lgc lap th€ hon anken, san phdm chinh la
cong cis chi ¢6 khoang 6—10% la sin phim frans.
Ankyn cling bi khi bang Na hay Li trong amoniac 1éng hay etylamin & nhiét do Lhip,
thugng—33°C:

H R
Nil; Iong \ /
R-C=-R + 2Na + 2NH, /C = C\ + 2NaNH,
R H
San phdm thu dugce la trens—anken.
C,H, H
Li~78°C /
C,H,~C=C-C,H, = (80%)
WA TRT £ N
: H CH,

Tac nhan khi ankyn la hai electron tit Na, Electron dau k&t hdp vao obitan # phan
lién két d& tao ra anion goéc c6 tinh bazo 1dn, cdt 14y proton tit NH,; d€ thanh goc vinyl.
Go6c nay bi khu béi electron thd hai cho anion vinyl tdc dung véi NH, cho anken:

R °
NII, \ -'9
C =C + NHS
/£ \ =
H R

anion- pde e viny!

R-C=C-R + Na Na* + [R-C = C*=R]

R 9 R 7 R H
\ \ ' NH,4 \ /
C=({ + Na— Nat+ C=C C=¢C + NH7

/ / \ / \
H R H R H R
anion vinyl

Hda hoc 1ap th€ cta sin phédm cudi cing phu thudc vao giai doan hinh thanh géc
vinyl va anion vinyl, trong dd kha nang quay d€ dong phan hda clta gdc vinyl dé& dang
hon 1a anion vinyl. SBong géc ¢rans—vinyl bén hon cis—vinyl nén dong phan trans vu tién
hon, con kha nang quay cua anion vinyl rft chdm, thudng cham hon giai doan proton
hda cta anion thanh anken,
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& D K /D-ut B A
/C = C = C\ - /C = C\
H R H R nhanh H R

rans
1 nhanh Mchﬁm
V
R R - R\ /R

th

Anken khong bi khit bdi Na trong NH, 1éng nay véi qui trinh tao ra Na* va electron
solvat héa. Dung dich NaNH, trong NH; léng v8i qué trinh tao ra NH; va Na*, khi
- duge anken nhung khéng khit duge ankyn ma 14y proton tu ankyn H-C=-C~R
Co thé dung L.AlH, d& khit R—C=C~R thanh trans—anken:
CH,CH, H.
N

4
/

LIAIl,

THF, 138°C / AN
H CH,CH,

Ciing cd thé& diing hidroberan hda ankyn réi cho tac dung v6i RCOOH sé cho anken
d dang cia vl hidrobo hda cdng trai Markovnikov:

CH,CH,C=CCH,CH,CH,

C,Hs;  CpHy CHs  C,Hy
BH,, 0°C | \ CH,COOH  \U /
CHC=CCH, ——— | ¢=¢ |B —2———~%¢=¢
THr /I \ /N
H H H

Qua4 trlnh chuyén hda tif din xudt ankylboran thanh anken la qud trinh bao todn cfu
hinh & n6i doi.

5.5.9. Phén ttng oxi héa

Ankyn cling bi oxi hda bdi nhitng tdc nhan oxi hda cla anken:
@) H,0
CH,(CH,),C = C(CH,);CH, —> —4— CH,(CH,),CO0H + CH,(CH,),COOH
ol

KMnQy, H"

Né&u phan dng cia ankyn véi O, cd mat Cu,Cl, trong metanol va ¢ mat pyridin s&
x&y ra phan dng dime hda ankyn tao nén hop chét diyn ¢d thanh phan gdp ddi ankyn:

o,
2(CII,),C-C=CH —:-a (CH,),C-C=C-C=C~-C(CH;), (T5%)
(1) -

)
Cll+
—— CH,=CH(CH,),C=C-C=C(CH,),CO0H (30%)

CH,=CH(CH,),C=CH + HC=C(CH,),CO0H

D4
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Qua trinh xay ra nhu sau:
B: cut 0,
R-C=CH —s R-C=C~ —R-C=C-Cu — R-C=C-Cul » R-C=C* + Cu'
2R- C=C* — R-C=C-C=C-R
Phan dng trén ciing ¢6 th& dung RX tac dung v6i ankyn cd ndi ba cudi mach:

cut, HOH
(CH,),C-C=C-Br + HC=C(CH,),COOH

bazo

——— (CH,),C-C=C-C=C(CH,),COOH (98%)
Cung c6 thé digu ch¢ diyn tit ankyndiol v4i tdc nh&n PCly:

PCly NH, N
HOCH,C=CCH,0H CICH,C=CCH,CI Na*C = C-C=C-Na
| Ho™, HOH | R
HC=C-C=CH R-C=C-C=C-R

Trong ankyn, quan trong la phdn dng oxi hda va dot chdy axetylen.
Axetylen kém b&n hon etylen va etan, th& hién & nhiét phadn hdy cadc hop chit nay
ra nguyén td:
HCECH(k) - ZC{r] + H?.(k) AH =-54,2 kcal/mol
HZC=CH2(k} - ZC(F) + 2H2(k) AH = =12,5 kecal/mol
H3C-CH3(R) - 2C(r) + 3H2(k) AH = +20,2 kcal/mol
Con khi d&t chay trong oxi tinh khi&t:
CZHZ(k) + 5!2.0200 - ZCOZ(k) + HZO(IJ AH = -311kcal/mol
CZHd(k] B 302(k) - 2COz(k) + ZHZO(I) AH =-337kcal/mol
CZHG(k} + 7:‘2.02“{) - ZCOZ(k) + 3H20“) AH = —373kecal/mol
Nhiét dot chay cua axetylen thip hon nhung cho nhigt cta ngon lta dén 2800°C, cd
kha nang cdt duge kim loai cao hon la etylen va etan. Nhiét hidu dung cia ngon lda cua
axetylen caoc hon so vdi etylen va etan gay ra béi nhiét dung ciia sin pham khéng ldn,
lugng nudc thodt ra {t hon nén nhiét can d€ dua nhiét cla sdn pham dén nhiét cda ngon
lta chi phi It hon.
Axelylen diing cho han xl duge chia trong binh thép voi dpsudtl,4 atm axetylen
trong axeton.

I

5.5.10. Tinh chét dac trung cta ankyn

Ankyn cling c¢d nhing phan dung ddc trung nhu anken: phan dng lam mit mau brom
trong CCl; trong tdi, lam mat mau dung dich KMnO,, tan trong H,50, nén ndi chung
khéng phén biét duge anken va ankyn bang hoa hoe, trit cdc 1—ankyn ¢ phan ing dac
trung véi amoniacat hac:

R-C=CH + [Ag(NHS)Z]‘LHOh - R-C=C-Ag + IL,O0 + 2NH,

Vé quang phd, ankyn don gidn khong hdp thu anh sdng tim nén chl ding IR va
NMR.

Trong phé IR, cdc ankyn don gian cd pic hdp thu dac trung véi cudng dé binh
thudng 1a 2266—-2100cm™!, Ankyn <6 néi ba cudi mach ed pic hdp thu cia C=C, con
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ankyn Rhong cd lién két ba cudi mach hép thu yéu, ankyn loai R—-C=C-R khdng ¢6 pic
nay. Ankyn c6 néi ba cudi mach cd pic hép thu cha H-C= & 3300ecm L.

Trong phd NMR, tim th&y tin hiéu proton cta =C—H ctia ankyn n6i ba cudi mach
trong vung ¢dng va & truomg manh 1,8-3,1 ppmn gay ra boi tinh bAt ddng hubng cua lién

k&t ba C=C.

Tuong tdc spin cda proton =C~H vdi proton khdc, ching han:

A

G5 fryyén quang, %

7

A T """r‘ B YT OTTTTT T T 'T"_["—'
|
|
1
|

H
—C~C = C=H,J = 2+3Hz

4 5 7 g g 0 2 14

{, it \.}

=0 |

Wﬂm mm

S T O A Y S RO H WO IS SR SRR GANT SO TN A SO
| JEOD 3200 260 2450 2000 2000 aoe woo !4}00 1200 1904 560

LY em 4

Hink 5.6. Pho IR cilin phenylaxetylen.

1,55
155
CH
HO- C C=CH
227 | 244
CH,
2,44
[2,27 H
| I- | i
3 2 / o

ppm

finh 5.7, Phb NMR ain 1, I-dimetyl -2—propyn—1-ol,
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Trong phé NMR & trén, proton axetylen ¢6 tin hidu & viing 2,4 ppm, &nh hudng caa
nhom axetylen dén cdc nhém no khdc nhé hon anh huéng cia nhom etylen thudng
chuy€n dich vao trudng yéu khodng 0,3 ppm. Proton hda tri cia nhdm CH, la 1,65 ppm
véi cudng do 6 proton, con praton OH la 2,27 ppm.

5.6. POLYYN—-POLYAXETYLEN

Céc polyaxetylen lign hop cing da tim thdy moét lugng nhé trong ty nhién, Chéit don
gian 13 diaxetylen hay butadiyn dude t6ng hop don gidn tir butyndiol:
Cu..,CI,.,

S0C,

Csz(JNa
CICH,—-C=C-CH,Cl HC=C-C=CH
Diaxetylen 1a chdt 16ng khong mau, ¢ = 10°C, rit khong bdn va c¢d khuynh hudng
trung hop.
T phén tng trén, cd thé téng hop dude polyyn cao hon:

HC=CH + 2CH,0 HOCH,-C=C~CH,0H

HOCH,~C=C-CH,0H CICH,-C=C-CH,Cl

2HCHO 504,
HC=C-C=CH HOCHZ-—CEC—CEC—CHZOH
C.H.ONa "
ClCHz—CgC—CEC—CH201 — HC=C-C=C-C=CH

Hap ch4t hexatriyn nay ty trang hdp ngay ¢—-20°C

Cing t8ng hdp dudc diaxetylen bang phuong phép dime oxi hda ankyn nhu da ndi
trén, tt R-C=CCu hay R-(C=C),—Cu bing oxi khoéng khi hay K;Fe(CN), thu dugc
dime:

2R~(C=C} —Cu e R~(C=C-C=C} —R + 2Cu0
Bing phuong phép nay da tong hop duge polyyn vong hoac polyyn cd chia nsi doi:
C=C-C=C

cut/NH,Q

2HC=C(CH,),C=CH (CH,), 5\01-12) s

H.OH/H,0/ ' ’
CH;OH/E00, \CEC-—CEC (10%)

+
CH,=CH(CH,) ,C=CH+HC=C(CH,},COOH -—&Cu—p
CH,=CH(CH,),C=C-C=C-(CH,),CO0H
axlt erytrogenic (30%)

Phan vng trung ngung dehidro oxi héa axetylen thu duge polyme ¢d néi ba lign hgp

goi la cacbhyn:
Cu*
nHC=CH (=C_= C-)

axi héa b

n
Cu+, oxi hda
aCH=C—/ N—C = CH + mHC=CH »

/
(-C=C -—@—CaC-)n—(—CEC—)m
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Polyme cacbyn nay ¢6 cdu tric mach ho, c6 hé nbi dbi lién hgp 1a chidt bdt mau den
8 nhiét dd cao 2300°C chuyé&n thanh graphil. Polyme nay cd tinh ban dén va quang dén.
Jons cing tlm thdy cdc polyyn trong tu nhién ¢ cdu tric lien hop:
CH,-(C=C);-CH=CH, CH;-CH=CH-(C=C),~-CH=CH,

5.7. ENYN

Enyn 1a hidrocacben cd lién k&t déi va ba trong phan ti, dac bigt la nhing enyn cd
hé lién k&t n lién hap.

Ché&t tiéu bi€u ja vinylaxetylen thu dugc bing cach dime hda axetylen trong dung
dich CuC] va NH, + NH,ClL.

2CH=CH - CH,=CH-C=CH
ddng thai cdng thu duge mdt lugng nhé divinylaxetylen: CH,=CH-C=C-CH=CH,,

Divinylaxetylen 13 ddng phan cia benzen, d& nd, khéng ban vaA ¢6 khuynh huéng tu
trung h¢p.

Hidro clo hda vinylaxetylen thu duge cloropren:

CH,=CH~C=sCH + HCl — CH2=CH—(E=CH2
Cl
diing d€ t8ng hop cao su cloropren (-CH,-CH=CCl-CH,~),

Vinylaxetylen cd phén ing cia = C—H cudi mach vdi ion Ag*, Cu*, MgCl* va ngung
tu voi axeton khi co kigm:

o,
CH,=CH-C=C-C-CH,
o

Khi so sanh kha nang cdng vao enyn lién hdp va enyn riéng ré, ¢d thé rit ra vai quy
tdc sau;

o D&i v6i enyn cdch khéng lién hop, phdn ding halogen hda xay ra trudc hé&t vao lién
k&t doi, cdn khi cdng halogenua hidro thl trude hét vao lien két ba.

e Dd&i v4i enyn lign hgp, phdn dng hidro xtc tic va dién hda xdy ra trudge hét vio
néi ba, brom hda va clo hda vao n6i doi, con iot hda vae ndi ba, cdng hidrohalogenua vao
ndi ba, song thudng cho sidn phdm cing 1, 4,

Phan tng brom hda vinylaxetylen va ddng ddng R-CH=CH=-C=CH e#ng hop chu
y&u vao vi tri 1, 4 tao thanh allen c6 he lién két x:

CH,=CH-C=CH + Br, -» BrCH,~CH=C=CHBr.

KOH
CH,=CH-Cs=CH + CH,COCH,
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CHUONG 6

ANKADIEN

Ankadien 1a hidrocacbon chida hai ndi doi trong phén tid. Céng thic phan ti gidng
nhu ankyn don gidn C,H, _,, bao gom cdc loai sau:

e Ankadien cdch hay riéng r8 cé hai ndi d6i & cich xa nhau mét hay nhi2du nhém
CH,. Tinh chdt va cdu tric logi n2y giéng nhu loai moncanken & chuong 4, nghia 12 méi
ndi déi trong phan tir ¢6 tinh chit déc lap v6i nhau nén & day khong d& cap d&n niia.

Tuy nhién, s dong phan hinh hoc téng 1én véi nhidu dang khac nhau, chang han

PN N

ICH,;-2CH="CH-*CH,-*CH=CH-"Cll;  wam - rans (EE)  cis-cis (Z - Z)

2, 5~hepladien
NN = N N
trans—cls (KZ) cis~irans (ZL}
« Ankadijen lign, cd hai néi d6i chung nhau mét cachon, goi la 1, 2—ankadien

c=%=1C

Loagi nay co cdu tric va tinh ch4t khdc nhigdu vdi loai moncanken g trén

o Ankadien lién hgp 1a loai 1, 3—ankadien, cd hai néi d6i cdch nhau mdt ndi don:
c=>c-C=1IC

Loai nay co nhigu tinh chit dac biét vé efu tric cling nhu tinh chit héa hoe

Trong chudng nay chi di 58u vao hai loai sau.

6.1. 1,2-ANKADPIEN-ALLEN
Ch&t dau loai 1a 1, 2—-propadien, cd tén riéng 12 allen: CH,=C=CH,
Céc thanh phin cao hon la din xudt thé allen:

CH,-CH=C=CH-CH,  -Cl,C=C=CHBr
2, 3—pentadien 3—-brom- [, 1-diclopropadien

Dac trung cba loai ndy la cdu tric cla hai ndi déi lién
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6.1.1. Cau truc cuaa allen

Allen co hai néi déi lién, co chung mdt cachon & giiia, ¢cd cdu tric sau:

= H2C7 C=CH,

(C,pe=Cy,)6+(Ci=C, )

Hinft 6.1. CAu triic obitan cla allen.

Khoang cdch lién két la 1,311&, nam trung gian gita lién k&t do6i trong etylen va néi
ba trong axetylen (1,34 A va 1,20 A).

Cacbon 58 1 va 3 la lai hda sp?, cacbon 5 2 1a lai hoa sp. Lién két n tao thanh ciing
do sy xen phi cba hai obitan pip=pc; VA poy—Pc3 o nén hai mat phdng & vuéng goe
vdi nhau.

Dac tinh vndng gde clia obitan p cia C_, két hgp véi obitan p cta C 2 lam cho phan ti
cd tinh khéng phéng va 4 nguyén ti hidro phan bd trén dinh cha td dien xlén hay léch:

4 p
H\ avap
7 . o G
/Ca'? 28 T<l4

nén ban than allen khong cé déng phan hinh hoc vA ban than allen 1A achiral (trung anh
vat) do cd mit phang ddi xitng, hai nhém metylen phan b6 trén hai mat phang viing gde
vdi nhau.

Né&u mot cachon cd hai nhdm thé gibng nhau vd mot ¢é hai nhdm th& khéc nhau
chdng han, CL,C=C=CHBr thi phan t& vn c¢é mat phang ddi xing nén khéng cé dong
phan quang hoc:

m{ phang guong

3
J~
\
.
fun)
=
¥
¢
(o ]
»J
N

Cl

cfiu trdc achiral: 3—brom-— 1, I-diclopropadien
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Cl
Br

C=C=C W
¥~y

Cl
niit phing d6i xGng
N&u ca hai cacbon déu lién két véi hai nhém th& khdc nhau, ching han:
CH,CH=C=CHCH, thi phan t& trd thanh chiral (khéng trung anh vat) va xuit hién
hai ddng phan nghich quang (enantiome) do mat tinh ddi xdng phan t.
it phing gwong

H,C ! CH
Pocmert | Hagg_e o™
A== Wo =C=

> \CH,: '_‘":f_C C=C
' H

Ciu trde chiral | 3—dimetylpropadien (2, 3—pentadien)

Allen thé€ 1a chiral khong phai ching ¢d trung tAm 14p thé mat phing d6i xdng ma
ching ¢d true lap thé. Cé thé dung quan niém md rdng quy udc R—S cho hai déi quang
cta allen chiral. Hay nhin phan ti theo truc 14p thé cda phan t, hai nhdm th& & cacbon
ghn dénh s6 132 1 va 2 theo quy téc lién tyc. Hai nhom th€ & cacbon xa dénh s6 1a 3 va
4 theo citng quy téc.

Bén nhdm the 1; 2; 3 va 4 dinh & 4 gde cia hinh td dién léch. Mat phang 1; 2; 3 la
thdy duge, con dinh 4 ¢ ding sau:

7
CH;, ‘1 /
. th, = o=
H CH, = 4@ 2 2
2
ZH v

(%)-2, 3~ pentadien

Vong cung 1; 2, 3 theo chidu kim ddng hd la cdu hinh E, cdn nguge lai kim ddng hd
la cdu hinh S. Chang han:

H,C, _CH, H _H
c=Cc=C TC=Cml
o Sy HOOC” coou
(RY(-)- |, 3-dimetylatlen (RY = )= hrink axil

Allen cd pic hdp thu dao ddng hda trj cda lién k&t x trong IR & 1950 cm™!, trong
khi d6 déi véi anken 14 1650 va ankyn la 2200 cm™!. Sy hdp thu 4nh sang cue tim cing
giong nhu dien lién hgp, cdn trong NMR cd tuong tac spin—spin J=5+10Hz cda hai hidro
néi d6i cach nhau bdi 4 lién két,
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Allen thudc loai hgp chdt khong bén, khd didu ché va dé ddng phian hoa thanh dien
bén vitng hon.

Allen cé AHY = 45,9 kcal/mol, kém bén hun propyn (AHY = 44,3 kcal/mal) 12
1,6 kcal/mol.

1,2—butadien cd AHP = 39,0 keal/mol kém bén hon [-butyn (AH} = 34,8k cal/mol)
la 1,2kcal/mol, kém bén hon 2-butyn (AIly = 34,7 kcal/mol) la 4 kcal/mal va rdt kém
bén hon 1,3-butadien (AHpP = 26 kcal/mol) 1a 13 kcal/mal.

6.1.2. Tinh chit héa hec cia allen

1. Déng phan héa

Tinh b&n cta allen kém hen cdc ankyn va dien lién hap, ngay c& vdi dien cach. Didu
dd ching minh bang nhiét hidre hda cdc anken (bang 6.1).

Béng 6.1. Nhi¢t hidro héa ciia dlen, &/ ", keal/mal

Allen -713 Mctylaxetylen ~G9.7
1, 3— Butadien =571 I, 3— Pentadicn —54,1
L, 4- Pentadien -608

Tinh ben gidm theo thd ty: dien lién hgp > dien cdch > dien lién

Cd thé€ xem nhu trong phan ti allen cd sde cing do cd mdt nguyén td cachon chua
hai lién k&t doi. Allen ciing cing han metylaxetylen vdi nhiét hidro hda cao han dén
2 keal/mol, do dd, allen ¢d xu hudng ddng phan hda thanh metylaxetylen.

Phan ding ddng phan hda xay ra khi cho allen ti€p xdc véi bazg manh loai RO~ trong
ROH hay NH, trong NH, léng.

NaNl1i,, NH,
CH,=C=CH, : » CH,-C=CH

KOtl, 11,011
(CH,),C=C=CH, = (CH,),CH~C=CH
Qu4 trinh ddng phéan hda bat diu bing sy phin cit ldy protan clia hidrocacbon bang
kigm d€ thanh anion cd cdu lrdc Jai hoa. Anion nay bdo hoa lai bang hidro cda dung mai.
Sy dbng phan hda xay ra d pisi dean déng phan hda cia anion.

Chang han, ddng phin hda metylallen thanh dimetylaxetylen:

CH,-~CH = C =CIl,
‘; H* f -
CH,-C=C-CH,<>CH,-C=C=CH, CH;-CH~C=CH~~ CH,~CH=C=CH

1L+H+ (Sot) {;u{* (Sol)
CH,-C=C-CH, CH,~Cl1,-C=CH
dimetylaxetylen NH, 11 NH,

CHa—CHz—C-_'C_:
(mudi clylaxetylen)

Xu huéng déng phan hda 1a sy hinh thanh hgp chdt h&n han, trang phan ding trén,
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sdn pham chinh A dimctylaxetylen. San pham chiu su khong ché& nhiét dong hoe song qua
trinh déng phan hda 14 can bang. Can bing chuyén dich duge néu san phdm I—ankyn
tao duge mudi etta 1 —ankyn. Dién do chi cé thé xay ra khi ding bazo manh hon. Trong
phan dng trén, néu dung RO~ thi sidn phdm khéng ché nhitt dong hoc la
dimetylaxetylen, néu dung NH; cd khd nang tao mudi dé chuyén dich ¢ian bang thi sdn
phim uu tién 13 etylaxetylen.

2. Phdn ung cong

Phan ung dac trung cho allen cing la phan Ung cong electrophin theo quy téc
Markovnikov, nhu dé dang cong hgp vdi hidro, vdi brom va clo, lam mét mau dung dich
KMnO, va chiu sy oxi hda.

Phan dng c8ng voi tic nhan bdt d6i xing cling tudn theo quy tdc Markovnikov,
chidng han céng hop véi nudc:

+ HOHH?
CHZ =C =CH2

[CHS—(F=CH2] —— CH,~-C0-CH,
OH
Allen ¢d thé dong vai tro cia mét dienophin giau electron nén cd thé cong vong vai
dien ngheo electron;

ClL Cl Cl
ct -
ct d G CH,
con ¢d nhdm thé€ hat clecteon thi cong vong vdi dien giau electron:

’ ANy
{7+ CHC~CHOOM ~/ j FHCGH
/L‘ J/
L
“CH

"R

4. Phan wung dime hoc
Khi dun nong allen sé& trung hop cho sdn pham dime, trime, tetrame...
CH,=C=CH, CH,=C-CH,
+
CH,=C=CH, CH,=C-CH,
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6.2. ANKADIEN LIEN HOP-1, 3-BUTADIEN
8.2.1. Cdu tric cua dien lién hgp

Dé so sanh d¢ b&n cta dien lién hgp, ngudi ta dung nhiét hidro hda. Nhiét hidro hda
cha méi lién két doi 1a—30 keal/mol d6i voi anken mot 1an the .

R—-CH=CH,,-28 kcal/mol d6i v4i R,C=CH, hay R—CH=CH-R va-27 kcal/mol déi
vdi anken ba lan thé&

Nhiét hidro hoa cia dien cach ghn bang hai 1an nhiét hidro hda cua mét lien két dai,
cén nhiét hidro hoa ctia dien lién hgp thdp hon gia tri dd, ching to dien lién hogp c¢d ndi
nang thdp hon va bén hon. Sy khac nhau v& hai gid tri d6 dac trung cho dé bén cla dien
lién hgp so v6i dien khong lién hop. Nang luong nay clng dic trung cho su lién hop ¢d
trong dien lién hop.

Bang 6.2. Nhiét hidro héa AH", keal/mol

1= Butcn =302 I-Penten -298
I-Hexen -300 1, 3—Butadien -565
L, 4—Pentadien -604 L, 3—Pentadien -54,0
L, 5-Hexadien -600

Nhu nhiét cua phan dng sau:
CH,(CH,),CH=CH, + H, » CH,(CH,),CH,CH, AH" =-30,0 keal/mol
CH,=CH(CH,),CH=CH, + 2H, -+ CH,(CH,),CH, AH" =-60,0 kcal/mol
Né&u nhu butadien khong cd sy lién hop thl nang lugng hidro hda ciing cin phai
60 kcal/mol, song thuc t& nhiét hidro hda 1, 3—butadien 14 —56,6 kcal/mol, nghia la nhiét
hidro hda 1, 3—butadien cling nhu céac dien lién hgp khdc déu thdp hon dien khéng lién
hop tuong Ung, nghia la dien lién hgp bén hon, Nang luong khiac nhau nay gei l1a nang
luang lién hgp hay nang lugng cong hudng (hinh 6.2 va 6.3).

i
ik w‘/-'-‘ﬂ-"-l J IU:‘»’/; '&"v :/’_,:-_ » @:@/ CV‘-‘I_ Cspz o
J p-pon —

Hinh 6.2. Gidn @b niing lweng cong lurdmyg

etia 1, I-hutadien. Hinh 6.3. Ciu triic obitan cia 1, 3-butadien,
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Trong phan ti butadien ¢d 4 cacbon déu lai hda sp?, cd hai lien két déi C,-C, va
C;—C,4 do su xen phi cia hai obitan p cla hai Cspz. Song hai obitan p & C, va C, ciing
duge xen phtt mét phan. Chinh nhd sy xen phu nay ma tao cho phan ti& cd sy gidi tda
electron x cho toan phan tit lam gidm néng lugng cta hé. Nang lugng bi gidm d6 1a ning
lugng lién hgp duge xac dinh bAng nhiét hidro hoa ¢ trén.

Khi xét téi chigu dai lién k&t trong 1, 3—butadien so vdi anken vd ankan:

Etan Propen n—DButan 2—DButen 1, 3—Butadien
C-C 1,54 A C-C1,50 A C-C154A C-C152A C-C(C,~C,) 148 A
C=C 1,34 A C=C1,3¢A C=C(C,-C,) 1,334

Lién k&t doi C,—C, va C;—C, cd chidu dai gifng nhu lién két dbi thudng, con lién
két C,~C, cd chiéu dai ngin hon lién két don binh thudng, hau nhu ndm trung gian giita
lién kit doi va don,

Chigu dai lién k&t phu thude vao obitan lai hda, trong d6 chidu dai lién k&t gidm:
C3=Cot > C3—Cy2 > Ca—C, 2. Tt dd, cho they lién ket gita C,-C, o ban chit cla
lien két doi, nghia l1a trong khodng khdng gian cla C,-C, cling cé xdc sufit ton tai cia
electron x:

133A  sA 1334
CH, = CH- CH =

2 CH,

Su pgiam chidu dai lién két do ban chit s trong obitan cacbon ting lén va lién két
ngén hon s8 trd nén bdn hon so véi lien két C—C thigu ban chat s. Mat khéae, su xen phu
cla obitan p(Cz—C3) tdt nhién phai yéu hon 8 C,-C, va C;-C, vi chiéu dai lién két dai
hon.

Theo thuyét cong hudng, sy tang tinh chdl kép cua lién két C,—C, gy ra su phan
bd electron theo cong thic gidi han:

CH,=CH-CH=CH,<»CH} -CH=CH-CH,«— CH; —CH=CH-CH}
(A) (B) (C)

Céng thuc A la cong thdc theo cdu tric Lewis. Cong thic that cda 1, 3~butadien 1a
cong thic lai héa cia ba cong thdc trén. Lién két C,—C, khong phai don cing nhu khong
phai dai, nén bac cia lién k&t nay khong nguyén va bang cach so sdnh do dai cua lién
k&t cho thdy bac cia lién két C,—C; 1a 1,2 (khdng phai 1 nhu treng etan, 2 nhu trong
etylen va 3 nhu trong axetylen), nghia 14 nghiéng v& phia lién két don nhigu hon la )ién
két déi.

Tinh chdt lién két kép gita C,-C, duge giai thich tren co s thuyét MO.

1, 3—Butadien cd bon obitan phan ti véi hai obitan lién két x,, 7, va hai obitan phan
lien két =3, =,

Obitan 7, la obitan lién k&t c6 nang lugng thdp nhéat khong cé nit gita cac nguyén
tit cacbon va cd tudng tac gilta cde cachon

Obitan 7, cd mot nit giida C, va C; nén co hai xen phd x. Obitan z3 12 phan lién két cd
mot xen phi = giita C, va C,, cdn obitan xr} khong c6 xen phli nao. Phan tu 1, 3-butadien ¢6
nang lugng thip nhdt khong ed nat, khi tang s8 nut, nang lugng phan td ting. Nang
lugng ting mét bdc khi tang mot nut.

Gian db tréen cho thdy ban chit kép cia lign két gita C,—C, khi t6 hgp don gidn gila
7, VA 7, va cling xdc nhén sy gidi téa m6t phén nae dé trong hé lién hop m.
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Hink 6.4. Cau tritc obitan ctia 1, 3—lhutadlen.

Quang phd UV cang cho thdy pic hép thu anh sing tim cta 1, 3—butadien ¢ 217nm,
trong khi dd véi etylen 12 187 nm. 8¢ di c6 sy hdp thy v& phla sdng dai hon la do <6 sy
lien hop trong phén t, nghla 14 sy lién hop da lam giam nang lugng kich thich phan tu.

Thuyél MO cing cho thdy, 1, 3—butadien ¢d hai obitan bi chiém =, va x, trong dd
7, la obitan bi chim cd nang lugng cao HOMO va hai obitan phan lién k&t 77 va af
trong dd obitan xj la obitan phdn lign két cd nang ludng thdp nhdt LUMO. De ¢6 su lién
hop, nén sy khac nhau gitta nang lugng cia HOMO va LUMO, nghia 12 gita nang luong
cua cbitan bj chiém nang lugng cao viti obitan tu do hay tréng cd nang luong thdp nhét,
ki gidm di, dc dd ning lugng kich thich cing giam. Su gidm nang lugng nay cang 14n
néu su lien hgp trong phan ti cang manh Thuc té su khac nhau v@ ndng ludng giua
HOMO va LUMO cua phan tit lién hop manh rét nho, do do, nhing phan t& ndy hip thu
duge & vung anh sang khA Ki&n kay néi cach khac, nhimg phan tir nay cd mau.

Vé mat lap thé, 1, 3—hutadien ciing c¢o dong phan hinh hoc nhu hé polyen:

PN \=/=\\

CH,-CH=CH-CH=CH-CH, trans-trans (£, F) cis-cts (7, Z)

trans —cis(l, Z) = cis—tranx( Z, E)

Trong phan td butadien, nang lugng phan cat néi d6j 16n con nang lugng quay gida
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lién két C,—C, chl khoang 5 keal/mol, ldn hon nang lugng quay ciia etan la 3 kcal/mol.

Su chuyén hda do quay xung quanh libn két C,—C; cd thé thyc hién duge ¢ nhiét do
thudng nén butadien 1a hén hgp cia hai cu dang chuy€n héa cho nhau; dang cisoit va
transoit ma goi 1a s—cis va s—trans, trong dd s—trans ben han s—cis,

S A B | <= CH,
w : C
HZC/'CJUC\CH H, C/ %C

$—ciy s-trans
Nang lugng quay nay giai thich duge tinh lien k&t déi nhé caa lisn két C,—~C; va
tang lyc ddy gitta nhom th&€ ¢ C, va C, do gidm chitu dai lién két, hang rdo quay tang
1&n so v6i etan.

6.2.2, Phan ting héa hoc cua 1, 3—butadien
6.2.2.1. Phdn dng cing elecirophin A

1, 3—Butadien cing cong hgp duge voi Cly, Br, hay cac tdc nhan b4t d6i xding khéc
nhu HX, H,80,,... theo co ché A, tudgng tu nhu anken.

Chdng han, phan dng cong Br, vao butadien trong CCly:

—~ Néu du brom, 86 cho hén hgp meso (D, L)~1, 2,3, 4—tetrabrombutan:

CH,=CH-CH=CH, + 2Br, BrCH,CHBrCHBrCH,Br
meso, (D, 1. (hén hop)

—N&u chl vdi ty 1¢ 1:1 thi cho phdn ing canh tranh nhau giita hai hu6ng phan ung:

[ 2 3 4

CH,=CH-CH=CH, + Br, — BrCH,CH=CHCII,Br + BrCH,CHBrCH=CH,
[, d-dibrom-2-bulen 3, 4-dibeom- [-bulen
(san phdm 1, 4) (shn phiim 1 2)

Su canh tranh gilta hai sdn phdm 1, 4 va [, 2 phu thudc vao dibu kién phdn ung,
chang han nhiét do, nhu 6—80°C va 40“0
40°C
BrCH,CH=CHCH,Br + BrCH,CHBrCH=CII,

CH,=CH-CH=CH, + Br, (L, 4) 80%. (1 2) 20%

-80"C
- BrCH,CH=CHCH,Br + BrCH,CHBrCH=CH,

(1, 4) 20% (1 2) 80%

& nhiét d¢ thap—-80°C, cic sin phdm ban dau hinh thanh (1, 2) va (1, 4) 1a bén,
khong ¢6 kha nang chuyén hda cho nhau. O nhiét d9 cao hon 40°C, cac dong phan (1, 2)
va (1, 4) ¢6 thé chuyén hda cho nhau trong hén hgp dd 0 trang thai can bang. Néu san
ph&m thu duge ~80°C dem dun néng dén 40C thi sé chuyén hoa giua (1, 2) va (1, 4)
dén can bang nhu khi tién hanh & 40°C. Nhing di kién trén cd th€ thay rd trén co ché
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moét n6i ddi nhu & anken, song & day, phdc z nhanh chuyén thanh phic o la mot
cacbocation 6n dinh hon—cation allyl. Su chuyén hda nay theo nguyén tdc hinh thanh
cacbocation bé&n viing hon:
Br,
CH,=CH-CH=CH, + Br, — CH,—}{— CH-CH = cH,
1 1

¥
CHj - CHBr-CH,=CH, [BrCHZ—CH*—CH=CH2-LB1~CH2—CH=CH-CH;’]
=  [BrCH,~CH-CH=CH,}'

—

Phan tng trén dude bi€u dién bang gidn dd ndng luong nhu hinh 6.5.

Oy

N [ HH ®

& BrCH;- CEC"*CHZ] |

‘QJ e ) —
R | BrCH,CHBr-CH=CH, Br P

Br, + CH,=CH-CH=CH,  BrCHCH=CH-CH,Br

Jaa 48 phan vhg

Hinh 6.5, Gin dd niing hrgng cfng 1, 4 vd 1, 2,

Ta hay gidi thich nhing sy kién trén:

$-80°C, san phdm chd yéu 13 san phdm cong 1, 2. O nhiét d6 thap nay, ion Br~
khong cd thé nhanh di xa khoi cation vita méi hinh thanh nén Br~ céng hgp ngay vao
C, tao nén 3, 4—dibrom—1-buten. S4n ph&m ndy tao thanh dé hon, nhanh hon san
phdm khac nén goi 1a sdn pham khdéng ché&€ dong hoc.

CH,=CH-CH=CH, + Br* » CH,Br-CH*-CH=CH,—+ BrCH,~ CHBr-CH=CH,
Nhu trén gidn dé nang lugng, cation chuy&n thanh san phdm 1, 2 xay ra vdi nang
lugng hoat hda nhé hon so v6i sy hinh thanh san phdm 1, 4, nghia 14 san phdm 1,2 tao
thanh nhanh hon (AGY, < AGF ). San phdm 1, 2 hinh thanh phu thude vao tdc do hinh
thanh san phdm nén chiu sy khéng ché& dong hoc. Mac du san phdm 1, 2 cing la
bromallyl nhung & nhiét dé thdp nay phin @ng tai tao trd lai cation allyl khong thuc hién
duge. Nhu vay, d nhiét d6 thdp d4 han ché duge phan dng nghich va chat ¢d téc d§ phan
ing cao chién uu tién.

Br
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O nhiet do6 40°C, téc dé cong 1,2 ciing tang lén khi ting nhiét d6 cung véi toc do
cdng 1, 4, song san phdm cong 1,2 1a bromallyl nay co khi nang ion hda thanh cation
allyl én dinh hon bang cong huéng, Hon nita, ¢ nhiét dg 40°C, sy hinh thanh san phdm
1, 4 ¢6 th& vugt qua duge hang rao nang hugng 1, 4 véi AG¥ cao hon va ion Br~ cong
hgp vao dién tich duong & cudi mach thudn lgi vé nang lugng hon.

O
BrCHz—CHBr—CH=CH24—b BrCHz—CH+—CH=CH2 - BrCH,-CH =CH—CH;‘
—Br——-> BrCH,-CH=CH~CH,Br

Nhu vay, & nhiét d6 cao, su tao thanh sdn phim 1, 2 tang lén nhung t6c dd chuyén
hda nd thanh san phim 1, 4 cling tang lén. O 40°C, san phém 1, 4 bén hon 1, 2 nén kha
nang ion hda tach Br~ khd hon & 1, 2. Nhu vay, san phdm 1, 4 tao thanh 9 day 1a do d¢
bén cida sdn ph&m quyét dinh nén goi l1a san phdm khdng ch& nhiét dong hoc.

Ty 1é hai sAn phdm phu thude nhidu vao y&u t8 nhiét 9. Ching han & —15°C va 60°C:

- 15°C
CH,=CH-CH=CH, + Br, —— { BrCHZCH=CHCH2Br] BrCH, H

54% 60°C . 7
—  p=C
| BrCH,CHBrCH=CH,| H CH,Br
46% 96%

O nhist do —15°C, tdc db tao thanh hai sdn phim nhu nhau, tinh chon loc nhd va
viéc hinh thanh hai sdn phdm vdi tdc do hau nhu nhau. Thue té& téc dd hinh thanh 1, 2
v6i phan ung tdn cong vao cation bac hai ¢ nhanh hon mét it 1a 1,4, song 1, 4 bén hon
nén hinh thanh cation nhé hon 1, 2. O can bing 1, 2 chuyén thanh 1,4, & digu kién ma
dibrom khéng tai tao cation, ddng phan bén hon sé vu tién hon. Day la su tuong phéan
gitta déng hoc va nhiét déng hoc, mdt hién tugng quan trong trong hda hitu co.

Phan ding cong HBr hay HX ndi chung, ciing cho két qué tuong tu:

CH,=CH-CH=CH, + HBr -» BrCH,CH=CHCH, + CH,=CH-CHBrCH,
85% 15%

Né&u dung dien khéng d8i xidng, hudng tdn cong ban dau cia electrophin duge xdc
dinh bing quy tdc Markovnikov hodc 14 theo huéng tao thanh cacbocation bén vitng han.
Chang han:

CH2=9--CH=CH2 + H* - CH2=C—CH+—CH2—H-—-H—CHZ—CH=(‘3—CH}' (A)

CH, H, CH,
H-CH,-C*-CH=CHp—~ H-CH,-C-CH-CH} (B)
CH, H,

Cation (B) bén hon (A) vi céd mot cdu tric 1a cation bac ba, do dd, phan dng proton
hda & giai doan d&u cAn phai proton héa ¢ C; nhanh hon & C, va trong diéu kién cén
béng, san phdm chinh 1a 1, 4 : CH3—q=CH—CH2Br

CH,

Cing nhu phan dng brom hda d trén, phin Ung cong mét téc nhén bat déi xdng vao
butadien & nhiét doé thdp duge xdc dinh bing tdc d6 cong, con & nhigt do cao duge xace
dinh bing can bang gita hai dong phéan. Ban chdt Jai hda cua cation allyl quyét dinh cé
hai giai doan céng electrophin vao dien: mot 14 8n dinh cla cation va hai 1A hudng cong
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vao moét trong hai cacbon:

Khi so sanh kha nang phan Ung cdng vdi anken va dien lién hgp, phan dng cong vao
dien lién hop dé hon hay nhanh hon vao anken hay dien cach, m#c dau dien lién hgp bén
hon anken hay dien cach. Nguyén nhén & day la tinh bén cua cation trung gian: véi
anken di qua cation trung gian la cation ankyl, con dien lign hgp la cation allyl. Cation
allyl bén vitng hon cation ankyl va trong phan dng céng nay, nhan t8 én dinh trang thai
chuyén tif chit ban diu quan trong hon 12 tinh én dinh cda ban thén chét ban diu.

N sy 65 o
T Irang thai chuyén
cation anky/!

AG6*
s
N cation ally/
o | I T 6% 7 arnly
N anken Ser 6n1 dinp—t D=L __ _ —

cua diern dien lién hop

Toq dp phan L/‘/’?g

Hinh 6.6, Glan db so sinh udng hrgng cng vio anken vi dien 1lén hep.

6.2.2.2, Phan ing cong gb'c

Tudng tu nhu cong ion, dien lién hgp cing dé cong gdc khi ¢ tdc nhén sinh gdc.
Phan dng ciing xay ra qua trang thai chudi, trong dd, giai doan quyét dinh 1a tac géc
allyl bén vitng hon va cd su canh tranh 1, 4 va 1, 2. Ching han brom hda khi ¢d anh
sang:

h
CH,=CH-CH=CH, + Br, —> BrCH,—~CH=CH-CH,Br + BrCH,-CHBr—CH=CH,

cling nhu céng BrCCl, vao butadien khi ¢d peroxit:
ROOR —— 2RO"*

RO® + BrCCl, —» ROBr + *CCl, (+) 4
*CCl, + CH,=CH-CH=CH, —— CCl,-CH,~ CH=CH=CH,
|
1 '
CCl,CH,-CHBr~CH=CH, + CCl,CH,-~CH=CH-CH,Br
(12) (L4

Phan @ng cong géc vao dien lién hop cing d& hon vao anken do tao gdc allyl bén hon
goc ankyl. Noi chung, qua trinh cdng gdc twong tu nhu qué trinh cong ion. Song qud
trinh céng gdc cd khac vdi qua trlah ion nhiing di€m sau:

~ Can bang trong qua trinh gdc thiét lap cham hon vi nang lugng phan ly tac nhan
16n hon, chdng han, ning lugng phan ly cia Br, 12 46 keal/mol, cia lién két C—Br trong
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BrCCl; phai 67 kcal/mol d& hinh thanh goc ty do.

—~ San phdm 1, 4 trong phan dng cong gbec uu tién hon vi gbc allyl tdn tai lau hon
trudc khi nd va cham véi phan td Br,, nén nhan t6 dong hoc trong cong goc khéng dong
vai trdo quan trong.

6.2.2.3. Phdn iing tring hop dien lién hop
Céc dien lién hop ciing dé tham gia vao phan dng trung hgp: ion, g6c hay didu hda
lap th&. Phan ng thudng dung 13 trung hgp gdc.

Phan tng trung hgp gbc cing xay ra theo quy lufit chung cia trung hgp gdc cta
anken & trén, song & ddy phan ti polyme ¢d mach chia ndéi d6i, khong phai ankan nhu
ti anken vA mach polyme cing cd su canh tranh 1, 2 va 1, 4:

(=CH,—CH-)n
[ CH=CH, 1, 2)
H\ /H
nCH,=CH-CH=CH,~ —— P = C\ (cis=1, 4)
(-CH, CH,-),
H‘. /CHZ_)n
L /C - C\ (trans—1, 4)
(-CH, H

C4u tric polyme hoan toan phu thube vao xic tdc va digu kién phan ung. Chang han,
butadien khi ¢6 xdc tdc Li cho 100% cis—1, 4—polybutadien, xic tac Na cho polyme chita
25-30%—cis—1, 4 cdn lai 12 frans—1 ,4. Cloropren khi ed xuic tac loai mudi peaxit sé cho
neapren 100% ¢rans—1, 4, con isopren vdi xic tdc Li hay Ziegler—Natta cho cao su 100%
cis—1, 4.

Khi trung hgp cdc dien thg, phan dng cing xay ra theo hudng tao gde bén va polyme
tao thanh theo hudng cong hop "ddu—dudi”.

e o G
nCH,=C-CH=CH, — |-CH,-C=CH-CH,-CH,-C=CH-CH,-

n
Mach polyme cling cho ddng phan cis—frans cia nél do6i trong mach cia sdn phém
edng 1, 4, thudng sdn phdm cdng frans—1, 4 uu tién hon.

6.2.2.4. Phin iing cong vong. Phan ving Diels—Alder

Dien lién hgp c¢6 kha nang ddng vong vt anken hay hdp chat chua no khi dun néng:

r C
Ve VRN
c” X ¢’ X
| + \II/ — ([E_: \:/
. ,
Ne N C 7
dien dienophin sdn phiim ¢Gny vong

"Phan ung trén xay ra giita mot dien ¢6 hai néi déi lién hgp, goi chung 1 dien, ¢6 bén
electron # va mot anken cé mot ndi déi, goi chung 1A dienophin, ¢ hai electron a. Téng
88 electron x 1a 6, tuong Wng véi 4n + 2, con san phdm tao thanh 13 hop chdt vong
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xycloanken chia mdt néi déi v6i 2 electron x. Phan dng xay ra véi sy chi phi hai lien két
7z vA tao thanh hai lién két o,

1. Dgc tinh cia phdn uing cong Diels-Alder

o Phan dng Diels- Alder xdy ra gita dien va dienophin vdi téng s6 electron x la 6,
tuan theo quy tdc Hiickel, nén chl xay ra khi cd nhiét.

¢ Phan ding cOng vong 1A phén Wng phdt nhiét vi lién két o bén hon lién két x:

.;C A, -CH.- \
HC' CH Tl N
g B i ' % Che AH® =—-30 kcal/mol
HC CH, HC.  CH,
CH, CH,”
Tuy 14 phan dng phat nhiét nhung khong phai phan ing xay ra nhanh hay ty

x4y ra. Nhiét phan dng la sy khac nhau vé& AH cia ch4t dBu va chdt cudi, con téc dé ty
xay ra phy thuéc vao nang lugng hoat hda ctia quéd trinh. Nhu phan dng trén tuy phat
nhiét nhung phan dng chi xy ra ¢ nhiét d6 cac.

¢ Dien lién hop tham gia ¢ dang cis bdi vl qua trinh x4y ra dong bd, dienophin tuong
tac ddng thoi v6i ca hai dau cta dien. Digu d6 chi xay ra & cdu dang cis ctta dien. O cdu
dang trans, dienophin khéng va cham dugc v8i cd hai diu va tao nén trang thdi chuyén
cé nang luong cao:

/ Y, “i s/ C—
— N 4
—‘C}” C\\C— \\? e i //C—C\ ) "
Fa—\ C =% W £ L1384
28 A 77N L% ~—
CHZ H L'Hl
cls trans
c"‘z=°y >/\TH2=CH2
CH CH H
oy e \o~eH, /
I Il C==C
CH\{ i ad / \
CH; ~H H CH?\CH

Do dd cdc dien sau khéng bao giy cho san phdm cong Diels—Alder:

O O
CH

&
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® I'han UNg CONg VONg O ady ld pOoan ulg cong cis NAY Syn, DEN1d 14 pnan ung cu
tinh dic thu lap thé, dienophin tdn cbéng ciung phia vao dien. Do dd, cdu hinh cua
dienophin va dien dugc bao toan trong san pham.

e Cac nhdm thé& choelectron trong dien, ciing nhu nhiing nhém thé& hut electrontrong
dienophin déu lam ting t6éc dé phan dng.

Céc nhan t6 trén duge gidi thich khi xét co ch& va cdu truc cta trang thdi chuyén
va san pham.

2. Co ché phidn ung

Phan tdng Diels—Alder x4y ra khoéng di qua hdp chét trung gian 1a cacbocation hay
cacbanion hodc géc ty do. Phan dng xay ra do dien va dienophin tuong tiac voi nhau ddng
thoi & ca hai diu tic nhan tao nén trang thai chuyén vong. N&u nang lugng di 1én, nghia
12 khi c¢d dun ndng, d& xay ra su phan bé lai electron, trong dé cd sy phan cit ba lién
k&t & va hinh thanh hai lién k&t o va mot lien két # m6i. Qud trinh chuyén electron xay
ra dong thoi nén goi la qud trinh dbng bo, Ia qué trinh mot giai doan,

Trang thai chuyén hinh thanh bing tuong tic ddng thdi cia c4c obitan p & hai diu
tac nhan, tac nén trang thai chuyén vong:

: r
Ho el Ho _H ~p-H CHO M
Rl e l“.\:ﬂn;--ccH NCT
SoPZT o - / hH al a
H™™% H \H””i"‘cfcqﬁ L O CH
H L HTH u-oy H

dicn dienophin trang théi chuyén san pham

C&u tric obitan clia trang thdi chuyén cua phin dWng xem hinh 6.7,

Hinh 6.7. Cin triic obitan cia trang thdi chuy@n cia phin ing Diels— Alder

Phan tng Diels—Alder dé xay ra khi dien cé nhdm thé& cho electron va dienophin c6
nhom th#& hit electron. Khi dien c¢d nhdm thé, thudng cho hai san pham céng hop, goi 1a
su cong hop ddu—dau hay dau-dudi:
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0
!
. . L 1507c @\ +
/ = —_—
/

T + |( I

e 0 0

isopren metylvinytxeton (10%) (30%)
metyl-4-—-metyl— melyl-3-nmetyl-

J-xyclohexenyl xeton 3—xydohexenyl xeton

- | 0 4
(ko(ﬁ-\f@\( Yo~

Sw k&t hop dhu—dudi (70%) Su k€t hop ddu-dau (30%)

San phdm nao uu tién !4 phy thudc vao do bén ciia trang thai chuyén ti&p. Phuong
phap thuc t& cd thé chon mdt sdn phdm nioc dd uu tién. Phadn dng thuc t& vu tign 1a
phan cat lién két tuong d6i y&u va sy khd khan lap thé duge bu trir cho hidu dng
eleciron.

3. Héa hoc lop thé cia phdn ung Diels—Alder

Phan dng Diels-Alder cd tinh ddc thu lap thé cac. Su cong hgp cia dien va
dienophin 13 cong cis, qua trang thai chuyén vong, do dd ciu hinh cda dien va dienophin

duge bao toan trong san phdm cong. Néu dienophin la érans—anken hay cis—anken thi
cdu hinh cia nhdm th& duge bao toan trong san phdm cubi ciung:

H\Cf’CHZ‘ "i-\C,—Z }_Z‘
[ + di’ —_ H
HseH, 777 H z
frans frans
7
_ H
CﬁHs"‘-C'cr‘ h ~ ,C OCH1 CGH)\ COZCH.
i ’ 1 o =t
G ENCH, CHOC7 H CeHe ™7 "CO,CH,
4 ¢ i
0

dimelylfumarat
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H._ C 4CH, H\C P E;
e L CEZ
H \”H H N2 H

cis

cly
O
,‘,H,\‘ CH, H\C,C OCH, CH %O,CH,
v — CO,CH
CeHy” C“CH H™ fl;—OCH, GH; 2
0
dimety! maleat

bDéi v6i dienophin ¢ nhdm thé, v& mat 1ap thé, c6 th€ xdy ra theo hai huéng: nhém
th& ¢ cung phia hay khac phia véi néi dbi ctia vong trong sadn phdm hinh thanh. Néu cang
phia goi 1a ddng phan dinh huéng endo, n€u khac phia goi 1a dinh hudng exo.

COOH COOH HooC, H
H
hooc L H  M99% M coon H, A, COOH COOH
[H H H —
/ _
(€p cin endo tep cin exo

cadlo

Thong thudng sadn phim endo bén hon dong phan exo vi cd thém tugng tic phy gitta
obitan z hinh thanh va obitan # cia nhdm thé trong dienophin, nhung ty 1¢& endo—exo
phu thu¢c nhidu vao ditu kién phan dng (nhiét d9, tinh phén cye cia dung mdi) va ciu
trdc cu thé cua dien va dienophin.

Chang han phan ung c6ng dien vdi anhidrit maleic:
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i
L

cndo 0
0
0
= / 0
e&o 0

endo e
trong dd, dang endo cd tugng tac cia obitan # clia nhém C=0 vdi obitan x cua dien lam
giam nang lugng cia hé, cdn dang exo thi khéng cd tuong tac nay. Do dd, san pham endo
uu tién hon san phdm exo: L

{

e ' o 5 / e
Q i [KCOOCHa e / " [J\Z COOCH,

&
CO0CH, H
metyl bixyclo [2, 2, 1] hept— metyl bixyclo |2, 2, ljhepl-
S—en—endo-2—cachayla S—en—exa—2—cachoxylat

mely! acrylu
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I iaun uIlB LIS T AIUT] LILUWUL 1UaGl pidll Ully LU YURE LUISY -‘\‘_\ WAL Uuuvl Aully vuvivaul
cia Woodward —Hoffmann (xem chuong 12. Gido trinh co sd ly thuyét héa hitu co cta
déng tdc gid) nhung & day chi giai thich don gian theo thuyét MO.

Phan dng cong vong cua dien va dienophin vdi s8 electron la (4n+2) xay ra khi co
tic dung clia nhiét.

PhaAn dng xay ra khi ed tuong tac cia céc obitan gidi han, gifta obitan bi chiSm néang
lugng cao HOMO cua dien v6i obitan phan lién k&t hay trong nang lugng thip LUMO
cua dienophin:

/—
‘\.,,,‘ + \ -
) \\\\\\“""—

P ”L_._.__ \_C

den 2 K* //() g )/(T) T C o

LUMO
dienophin (7))

San phéim ¢dng Diels— Atder

Phan (ng x4y ra dé khi dien cd nhom th& cho electron vi cac nhom thé€ choelectron,
trong dien 1Iam (;ingz nang lugng cda HOMO cda dien va khi dienophin cd nhdm thé€ hit
electronvi ]Jam giam nang lugng cia LUMO cua dienophin, do dd, lAm tang tuong tic cia
cac obitan va tang téc dé phan ung. Nhu vay, phan ding Diels—Alder chi y&u dung cho
cac dien cd mat do electron 16n do nhdm thé& choelectron va dienophin c¢d mat d¢ electron
thdp do nhém thé& hut electron,nsi chung, dien cé mat do electron cao hon dienophin. Cd
thé ndi, su bu tru electron cia dien va dienophin la digu kién chd yéu d€ cho phan ing
cdng vong xay ra,

Theo MO, phan tng cing ¢d thé xdy ra gita HOMO cta dienophin va LUMO cua
dien, nghia 1a dien c6 nhom thé hit eleciron va dienophin co nhdm thé cho electron, song
phan Ung cong vong con phu thudc vao hé s6 nguyén tlt cla obitan gidi han nén phan
ing gitta HOMO cta dien va LUMO cua dienophin vu tién xay ra hon.

4. Ung dung ciia phdn ting Diels—Alder

Phan dng Diels—Alder diing d€ tdng hop cac hop chit vong, nhit 13 cac hop chat da
vong.

Céc dien thudng dung la butadien va ddn xudt v6i dienophin cd moét lign két ddi cho
hdp chidt don vong chita mot néi doi; v6i dienophin ¢d néi ba cho hop chit don vong chia
hai néi déi; néu dien Ia xyclopentadien hay xyclohexadien, antraxen cho sin ph&m vong
kép:
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Céc dienophin thudng dung la cic anken va anken thé& bdng nhém th& hut electron
nhu CHO, CN, COOH, COOR nhu anhidrit maleic, acrylonitrin, tetraxyanetylen, andehit
cratonie, 1 —nitropropen, este ctia axit aerylic, benzoquinan:

O X =l
NC™ 7 CN CN
0 0
H
O O @C@
+ e
“CH, i 0N
6 R
0§ S (I
(" N Ty T YT Y YN
| b+l g u\,{\,}. P
- R .~ S ll’. ’ e =
H [i-—!} . I“J H

: 150°C I/\*l
-l e JJ ", /CCly
/N N l N NH
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e AX), M, e e

- - ) vy

P N 2= PR '/A\N,/L'U‘?szs
|' 'I‘ — 5~

« N N
V4. QR B = <
C0, C,H, NENCO, M,

Ciling ¢6 trudng hop dung dien cia di t6, nhu khi dun ndng propenal cho san phdm
cong cua propenal vira 13 tdc nhan dien vita 13 tdc nhan dienophin:

(i . E 2 80°c ” /CHO
Ly "N\
H” S0 HY NCHC 0" H

propenal propenal

Né&u nhu diing dien kém hoat dong thi phai ding dienophin hoat déng, chang han
phan Ung sau cing xay ra:

cl _
Ct Cl c—~.Ct /3\
cl Cl H . / 7
I e g~ A7
£l -
E c A

Cl

hexacloxyclopenladien bixyclo[2, 2, l]hepladien andrin
(kém hoat dong) (hoat djng)

Dai da s§ phan ting Diels—Alder 14 dong bo, song ciing ¢ trudng hop xay ra cd tinh
phan bac phu thudce vao trang thai ion trung gian bén hon:

CN
NR,
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5. Phdn ung dime va trime héa

Khi dun ndng butadicn dén 150°C x4y ra phan tng dime hda butadien thanh
vinylxyclohexen:

CH,-CH
e
2CH,=CH-CH=CH, CH ‘CH—CH=CH2
N 7
CH-CH,
Néu ti isopren sé cho dipenten:
.-‘CHZ—CI_\IZ
2CH2=9—CH=CH2 —_— CH3_C\ /CH—({J=CH2
CH, CH-CH, CH3

Song khi cd xic tic Ziegler—Natta (TiCl, + Al(CzH5)3, butadien sé trime hda thanh
xyclododekatrien theo co ch€ cong 1, 4:

L

T,

3CH,=CH-CH=CH, ——> &

6. Phdn ing vong hoa
1, 3—Butadien ¢6 kha ning vbng hda khi duh nong tao thanh xyclobuten.

Phan ciing x4y ra theo co ch& déng bd, theo quy tdc déi xiing obitan cia Woodward
Hoffmann:

4
CH«-*C e , HC ——CH,
| dur riong | |
CH. - HC —CH,
0 iy

Phan itng xdy ra tit HOMO cda butadien la 7, dé tao dugc lién két o hai obitan
¢ cudi mach can phai quay clung chiéu:

D (C
— i nong |
+ J == = - :
O 7 quay cong chigu ™~
SONINIRCO)

&

xyclobhiten

Sy quay cung chiéu cia 1, 3—butadien d&€ vong hda khi ¢é hhi¢t ¢ nang lugng hoat
hdéa thap hon, va dude phép vé tinh déi xing.
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1, 3—Butadien cling vong héa tao thanh xyclobuten khi cé anh sang:

CH,

g —
H hy

H —_——

S

2

)

Phin dng xAy ra theu quy tac doi xing obitan cda Woodward Hoffmann,
1, 3-Butadien khi cd 4nh sing cd sy chuyBn electron tif obitan phén t =, lén obitan
75, nén ohitan x{ tro thinh HOMO tham gia vong hda:

+ hv / . \/
uay nguac chi€y
O e

.15 1, 3—butadien xyclobuten

D€ tao dugce lien két o, hai obitan & C,; va C, phai quay ngudge chidu d€ cé sy xen
phi dudng cta hai obitan. Cédch quay nay dugce phép vé tinh d6i xdng va ¢é nang lugng
hoat hoa thép.

Céc phan dng nay goi 12 phan (ng perixyclic cing ¢d dac thu lap thé:

e
@?8__8@ don oy oo/ N\
» CH,

CHS/“ H H7(+) “CH, quay cong chidu H

Jrans. xyclobutern

h sor
anth sang . H3C N CH3
Guay rigquide chicl Y

H

(2F, 4E)-2, 4-hexalten cis—xyclobuten

Hai qud trinh vdng hda bang nhiét via dnh zsng xiy ra khdc nhau hay ngugc nhau
va tinh dac thi 1ap th€ ciing nguoe nhau.
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LIV MIUURE UM CLULE, DU Uy YUNE (Iud CURl L4, v UDULAUIRIl VL 80 eleCLIvll 1d
4n, hay ndi chung la hé polyen 4z electron x, xdy ra khi ¢d nhiét bang cdach quay cing
chigu va khi co 4nh sing bang ciach quay nguge chiéu.

Ndi cach khac, hé polyen 4n dugc phép v tinh ddi xitng n&u quay eung chiéu khi
vong hdéa bang nhiét va quay nguge chigu khi vong hda bing 4nh sang.

Nguge voi phdn dng ddéng veng ¢ trén, cac xyclobuten cing cd kkhid nang mé vong
thanh dien khi cd nhiét. Phan vng ciing tuan theo quy tic Woodward—Hoffmann va cing
la qua trinh dac tha 13p the.

Xyclobuten cd hai electron & va hai electron ¢ thudc hé 4n nén khi md vong co nhiét
sé phai quay cuing chigdu la dugec phép vB tinh d6i xing vA di qua trang thai chuyén hé
vong Mobius thuin lgi vé nang lugng hon:

quay cong chigu trang thai chuy&n

Do dd tu déng phan hai 1an thé cis—1, 4 ca xyclobuten md vong cho dong phan
(E, Z}—hay cis—trens cdn tit dong phén hai 13n the€ frans—1, 4—cia xyclobuten md vong
cho dong phéan E, E hay Z, Z hoac cis—cis hay trans—trans, trong dd doéng phan
trons—trans thuan lgi hon:

CCH, CH,
H3C| o te H
—— _l'{_p__ Ch,
H H

Z H /J\CH3
1

N _-CH,

CH,

H
trans—3, 4—dimetybryclobulen (F, E)-2, 4—hexadien (Z.Z2)-24-hexadien
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7. Phdn ung dong phén héa

Cac dien lien hop chiuv sy chuyén héa khiac nhau trong cdc phan dng quang héa phu
thude vao su kich thich true ti&p hay cAm quang.

Chang han khi kich thich cam quang I, 3 -pentadien bing benzophenon sé& xay ra si
dong phan héa va dime hda:

H H
o
HC=cC oM, ac=t
’ c=C - L~C
H H HT Nen,
CH,CH=CH HC =CHCH, HC=CH,.
. F{E
) * Hsc“q‘ ) |‘,é
HC=CHCH, HC=CH, HC=CH,

Trang phda @ng ludn cd can bang gira hai ddng phan quay s—cis va s—¢trans o6 hai
trang thai klch thich triplet khéc nhau khong cd kha nang chuyén hda cho nhau. Theo
tinh todn ly thuyét, trang thdi kich thich dien lién hgp ¢S nang lugng cuc ti€u ve ban
chét 1a gdc ankyl va g6c kép allylmetylen:

RS >

H

C#u tric allyl nay bdo toan duge hang rde quay lién két C,-C,.

Khi vong héa, nang lugng kich thich s—c¢is thdp hon s—irans nén phu thuée vao ndng
lugng kich thich ma c¢6 phin ung vong hdéa 242 vA 244 véi ty 186 khac nhau, trong do
s—rcis tao duge xyclohexen, cdbn trans thl khéng.

=0 2 ¢ = -

Ve sy dong phan hda, cdu trac trang thai kich thich cta 1, 3—dien cing od gia tri
cho sy d8ng phan hda cis—trans. Néu trang thai kich thich 1a gdc kép allylmetylen thl
chi mét trong hai néi déi dong phan hda khi kich thich:
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H H N =
R e=¢” "’QC'/( R Mg 3
Nae? Ny R () /0 R ep
L=C R /8 =G H
H H H v H H
0 oAt H H
0 — N /7
R’Qc*'%@ =" e’
A5 AT
H R H
e
ma khéng ' Ne=¢ OH
fao ra —ee R/ \H

Né&u hai gbc kép allylmetylen nhanh chuy&n hda cho nhau thi sy déng phan hda co
thé x4y ra 4 c4 hai néi d6i ma khong co sy chuyén hda cia trang thai kich thich tit ddng
phén cis hay trans, nghla 1a ¢6 sy quay nhanh gida C,-C, va gita C;—C, ma khéng cd
sy quay giita C,—C,. Su kich thich dua téi su ddng phan hda cta mét trong hai ndi doi
va dac trung bing trang thai triplet.

Khi chiu sdng truc ti¢p, ching han 2, 4—hexadien, chi mét lién két doi ddng phan
hda. Trang thai singlet bio tdn dugc hiang rao quay trong hé allyl:

\ﬁzﬂ%\ﬁﬂ%

Ro g —= + ;H<
‘}M\'v%&ﬁ\

ma su chuyén hda nay cd thé giai thich bing su md vong theo quy tac déi xing obitan:

R R
g, I
B 0

Mat khac khi dong phan hda, co kem theo phan ng dong vong, chang han khi chiéu
sang vao ddng phan cis—trans—1, 3—pentadien cd san phd&m vong hda thanh 1,
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3—dimetylpropan va 3—metylxyclobutan:

CH,
| ’CHg

-

CH=CHCH=CHCH, -~ A
CH,”

8. Phan ung ddéc trung cua dien lién hop

Ve mat hoa hoe, ¢d thé ding phan dng téng hgp dien.

Trong phé IR, pic hap thu hda tri cia v-_ trong hé dien lién hop chuyén vé tan s6
thap hon (1620-1600cm™') so véi anken.

Pac trung hon la ding phd UV, sd lién két doi lién hop cang 18n thl phd electron
chuyén v& phia song dai hon, cif mdi lien két dai tang them thl pic hdp thu chuy&n thém

20 nm.
Bdng 6.3. Phd electron cim polyen lién hop: H-(CH=CH-), -H

n Fma MM (S00Ctan} n 4 gy MM (isooctan)
2 217 6 368
3 268 7 390
4 304 8 410
5 335 9 446
Phd NMR khéng cd su khdc nhau nhiéu vdi anken.
, 178
H5C M 179 v
/C:C\ LCH,
H,C C=C\
[N,
598 174
598 I
I I | | L | | !
7 6 5 4 3 2 7 0 apm

Hinle 6.8. Pho NMR cba iym - letrametylhutndien .

Trong phé trén, nhém CH,—¢rars cho tin hiéu singlet & 1,74 ppm vdi cuong d6 manh
cta 6 proton, nham CH,—cis cho singlet ¢ 1,79 ppm, cdn proton =C-H & 5,98ppm
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6.3. POLYEN
Polyanken hay polyen duge t6ng hop bdng phdn dng ngung tu croton cua Kun tiu
axetandehit:
CH,-CH=CH-CHO + CH,CHO - CH,-CH=CH-CH=CH-CHO+H,0
va Liép tue phan dng nay ¢é thé thu duge polyen cao hon:
CH,-(CH=CH) —-CHO
Khi cho hgp chit trén phan dng vdi etylmagie bromua va loai nuéc s& thu duge
polyen:
CH,(CH=CH) -CHO + C,HMgBr » CH,-(CH=CH) -CH-CH,CH,
H

0O
H CH;-(CH=CH) -CH=CH-CH,
Ankapolyen dén C,, 1a chit khéng mau nhung tir 2, 4, 6, 8, 10, 12—tetradekahexaen
la chdt ¢ mau vang sang cd nhiét dé nong chay cac hon hidrocacbon 2. = 206°C)

Hién nay ciing da thu dugc nhi®u polyen cd hé ndi d6i lisn hop bing cic phan Ung
loai nudc cua polyvinylancol:

-CH-CH,-CH-CH, 2, _CH ~CH-CH=CH-
OH OH
— loai HCI tit polyvinylclorua:
-HC, 300°C
~CH-CH,-C H-CH,~ »—CH=CH-CH=CH-

Cl Cl
Céc polyme cd hé lién hop nay cd nhiét d6 ndng chay cao, c6 tinh ban din va tinh
d&n dién, thudng la chat rdn den, bén & nhiét dd cao,
Mot s8 polyen thdp cd by khung isopren thudng gap trong tu nhién 13 loai hop chat
isoprenoit.

6.4. CAO SU
Cao su 13 hidrocachon cao phéan tit khéng no cd tinh dan hbi cao, con goi 13 elastome.
Cd hai loai cao su: thién nhién va téng hgp

6.4.1. Cao su thién nhién
1. Latex cao su thién nhién

Latex cao su thién nhién la chit long mau trang sita, bao gébm nhitng ti€u phan
hidrocacbon phan bé trong mai truong Idng goi 13 huyét thanh hay serum chiia cdc chat
tan khac nhau trong nudc va khdng tan trong nudc duge goi chung 14 nhitng ch4t khong
phai hidrocacbon, nhu protein, kiém chda nitg, chdt dudng, mudi vé cg va cic amin. N&u
dem pha loang 1,2 g latex dén ham luung 8,7% thi trong 1 em? cd khodng 50 trigu tiéu
phén cao su.

Cac ti€u phan cao su tdon tai trong latex ¢ dang hinh ciu trén dudng kinh 0,5-1,2
#, loai hat cau bau duc hay qua 1é dudng kinh 1,5-24.
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‘I''éu phAn cao su ¢O cau truc ba lop: l0p ngoal la mang hap pny gom cac chat protein
va cd thé la chat nhya. Néu bdce ldp ngoai, phin con lai gbm cd hai  pha: phan trong 1a
hidrocacbon thdp phan ti long gidng mat ong, dé tan trong benzen va phan ngeai 12
hidrocachon ¢d kh6i lugng phan tit cao han, nhdt han ¢o tinh chil vat 1y cltia chdt ran va
nda ran.

rmdny solvat

lop ¢do su cao phdrm i

lan cao su thip phdn t/

Hindt 6.9. Citn trie tibu phin coe su trong latex.

Latex 1a chdt léng trung tinh hay kiém y&u, cd pH = 6,8+7,8. Ti€u phan cao su
mang dién tich Am. Tinh bén cia latex phu thuéc vao tinh axit, mdc d¢ hidrat hda va
dién tich cia ti€u phan. Khi thém vao latex nhiing chit co kha nang loai nudc, nhitng
chédt ¢d kha nang phan dUng vii protein s& gay ra hién tuung déng tu latex va thu dugc
cao su thd dudi cdac dang khde nhau nhu cao su x6ng khdi, crép, cao su phan tan phu
thudc vao phuong phap dong tu.

2. Cdu truc ctia cao su thién nhién

Cao su thién nhién 12 sy két hop didu hda nhing don vi cdu tridc isopren, wu tién g
dang ¢is, tao thinh mach polyme dang hd, nén goi 1a cis—polyisopren.

Cong thiic chung 13 (C;Hy),.

Cao su la hén hgp phan t, thuiing cd khéi lugng phan i dat 25.000, ¢d khi dat téi
160.000—180.000, gém 1500 géc isopren, dai khodng 4000 Z\, ty 1&¢ dudng kinh va chigu
dai 1a 1:300

Phan ti cao su 1on tai  dang cis c6 chu ky dong nhit 1a 8,16 A:

CH, H CH, Hci H
/C=C\. /C=C\ /C-—-C\
8. 16 A

cis— polysopren

Cao su la khéi vo dinh hinh, khong cd nhiét dé nong chady nhat dinh, mém hda &
30-40°C, trd thanh déo o GO—‘?O‘?C, va noéng chay & 150-180"C ma sau khi d€ ngudi
khéng trd lai trang thdi ban dau. O nhiét do thudng, cao su bi kéo cang khong trd lai vi
tri ban dau.

Sau khi déng ty, cao su thu duge goi la cao su ths, gom 92% hidrocacbon, 1% nude,
3% cdc chidt nhua, 3% protit va 1% cac chat mu6bi.

3. Lun hoa cao su

D¢ tang tinh dan hoi cda cao su trong ¥ng dung, ngudi ta tién hanh lyu hda cao su



fA /A HAA HOC HT oA ann

bang luu huynh hay cdc tdc nhan khac véi muc dich tao nén nhitng lién k&t ngang giita
cic mach phan ti cao su.

. Hbn hgp luu hda gdm cac su thd, chit luu hda l1a tic nhan tao lién két ngang, chédt
xuc tién luu hda, chdt hoat hda xie tién, chit chdng lao hda, chit hda déo, chat dén va
ch4t mau.

Cao su cd cdu tric mach thing:

va khi luu hda tao thanh cdu trdc ba chiéu:

Lién két ngang cd thé 1a lién két truc tiép giita hai mach phén t& nhu khi lyu hoa
bing peroxit hay buc xa:

peroxit
~CH,CHX -CH,—CH=CH-CH,

~CH,~CHX~CH-CH=CH-CH,~
~CH,-CHX-CH-CH=CH-CH,-

cd thé la lién két chu giita hai mach bang cic nguyén t& hay cic géec hitu co:

/

/(S)//Sr/
//S

Thong thudng Ive hda bang lvu huynh theo co ch& sau:
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PLR
Re+ Sy = R-5-5-5-5-8-5-5-8+_ )
R-S5-S 4455
ey THRTETERT use
- =CHCCH-CH K s'
l%}-n' (S CH, C'H,S
- =CH;C —CH-CH - | ++=CHC —~CH-CHj
- -—CH;E ~~CH=CHg - 3
L :
85 ’ +r=CH7 G = GH-CHy
|
liért ket sunfua CHJE hen két
45 \ disurtfue
_——
’ -HS [+ &
! } ¥
(l:Hs (;HJ C-HJ
=CH;C-CH-CHp - =CH-C=CH-CH=+  +=CH-C-CH-CHy -+
I g L
' - R NN = —_ H_... PN & B PEN o - = ave
-u—fz—(l* & CH; e (|: Ht o (|: CH-CH,
CH
CHJ I’ 4 +.S_S- CH’
| ,
cH, cH,
= CH-C=CHHCH - ++=CH-C=CH~CH
- ~CH-C=CH-CHy -~ S
CH, :
++=CH-C=CH-CH-

CH

Phan ¢ng luu hda xay ra & néi déi hay ¢ H, dé tao lien ké’t lvu huynh gitda cac mach
va cing c6 thé lac lién két sunfua —S— hay disunfua—S-S—trong ngi phan td. Ngaai §,
cé th& dung cdc hop chit nhu mecaptan, sunfua hidro, thicaxit, axit dithiolic,... két hap
truc ti€p vao noi doi gitta hai mach.

Cao su luu hda ed tinh dan hoi t8t hon, tinh bén ca hoc cing ahu tinh bdn hda hgc
t6t hon, khong tan va khong ndng chay, do do, luu hda duge tién hanh khi dd@ dinh hinh
san phidm. ;
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4. Tinh chét héa hoc

Cao su cd nhiing tinh chdt cla lién két doi, nhu phan dWng céng véi clo, brom, HCl,
hidro hda, thé& phan hiy, vong hda, ... Cac phdn Wng nay xay ra theo nhiéu hudng khac
nhau va phic tap, thuong xay ra sdn pham thé, cong hay vita thé va cong. Chang han
clo hda cac su thu dugc cao su clo hoa ¢ thanh phan khédc nhau tinh cho hai gfc isopren
nhu sau:

CyH, + Cl, = CH, Cl, + HCI (thé, cd 34,6% clo)
CioH4Cl, + Cl, =» CH ,Cly + HCl (th€ cong, 57,2% clo)
CoH3Cls + Cl, » C,;H,,Cl, + HCI (thé, 65,5% clo)

Tinh ch#t cao su clo héa phu thude vao lugng clo, cd 40% clo cdn mém, va tuong déi
co din, 54% clo la san phidm cing va 65% clo thi ban véi héa chat.

Tu cao su ¢d thé thu duge cao su hidro hda, cao su vong hda, cao su epoxy hda, cao
su hidroclo hda,...

5. Guttaperche

Cac chit ¢t thanh phén gidng cao su la guttapercha, balat, amedien, sikle, trong do
quan trong la guttapercha con goi 1a nhua pecea,

Guttapercha cé mét lugng nhd trong latex cao su, con chi y&u thu duoge tii loai cay
Palaquium, la chdt rdn gi6ng nhu sitng & nhiat dé thudng, ndng chdy & 110°C va phéan
hay @ 180°C, 1a hidrocachon cd ciu trie trans—polyisopren:

- CH\2 /H CH..{ ‘/CHz— CH\% /H
€ =C C=20C C=C
/ N / N 4 AN
4,77 A

trans — polyisopren(gultapercha)

Guttapercha cd chu ky dbng nh4t 1a 4,77 A, ¢6 do rén lén, d6 ahdt cao, kém dan hdi,
¢6 tinh th&m nude nhé.

Hién nay dng dung clia guttapercha con rit han ch&
6.4.2, Cao su tdng hogp

Hién nay mot lugng lén cao su duge dung 13 cao su tfng hgp nhu cac su butadien,
cloropren, butadien—styren, butadien—acrylonitrin,... d4c biét la da téng hgp duge
polyisopren c¢d cdu truc digu hda gidng cao su thidn nhién,

Cae cao su dien cd gid tri 14 polyme cia isopren, cletropren, floropren va nhigu dien
khdc. Phian dng tring hogp cdc dien nay thudng ti€n hanh trong khdi véi xic tée kim loai
kiémm v mot lugng lén bang tring hdp nha tuong theo phuong phdp lién tuc va hé axi
héa-khi lam xtic tdc & nhidt dd thdp. C4c polyme nay cd cfu trde didu hda hon, tinh
bén cao, dé6 dan hbi cao.

Mot xu hudng thay thé cao su ty nhién bang trung hop polyme cis—1, 4 bang xdc tac
phic Ziegler—Natta tit isopren.

Cao su trén co 88 copolyme cua butadien (ba phan) va styren (mot phan) (Buna S)
14 cao su cd tinh chAt tréi han cao su butadien (Buna).
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-CH,~CH=CH-CH,-CH,~CH-CH,~CH=CH-CH,-
[

.

- 7

Cao su butadicn-stycen

Cao su bltyl 14 copolyme cia 97—98% isobutylen va 2—-3% isopren ¢—90°C trang mdi
trudng etylen khi ¢g AICl,, cé tinh bén hda hgc cao, d¢ thAm kh{ th4p, ben & nhiét do
cao va lao haa.

Cao su nitrin téng hgp tit acrylonitrin chita 18~40% gée nitrin dung 48 lam bao bl
bén véi xiang va diu, lam cdc by phan dém ti€p xtc vdi dau va dung méi, lam bang
chuyén,...

Cao su cloropren duge tdng hop bang trung hop cloropren hay hén hap cloropren véi
styren, isopren, acrylonitrin hay monome khac:

Cu,Cl,
2HC=CH - H,C=CH-C=CH
CU«)O)
H,C=CH-C=CH + HCl ————— H20=CH—(‘J=CH2
Cl
Polycloropren duge trung hop theo co ch& gdc ty do thu duge polyme ¢d cfu tric:
Cln\ /CH,‘,—CH%(3 H Cl\ /CH?—
L =K L= L =0

polycloropren (neopren)
cé tinh bén cao voi dau, nhiét, bén mai mon, khong chay, khong thdm kh{, bén vdi ozon,
oxi va cdc chft oxi hda, bén vdi anh sdng, kiém va axit.
6.5. TERPEN-TERPENOIT-STEROIT
Terpen va terpenoit 12 san phfm tdng hop sinh hoc cha thye vat, ciing nhy steroit
va ancaloit.

6.5.1. T8ng hgp sinh hoc ciia terpen—terpenoit

Qua trinh téng hop sinh hoc cla thye vat khi cd 4nh sang mat trai goi la quang tong
hgp. Chat co ban cho su quang t8ng hop cua thuc vat la oxit cacbonic:
nCO, + nH,0 -+ (CH,0), + n0,
San phim bén diu tién cda quang hgp la axit 3-photphoglyxeric (3—PGA):

CCOH
4nh séng !
002 H—(]?—OH (l:l}
CHz—O—-E"—OH

OH (3-PGA)
3-PGA dong phan hda thanh 2—PGA, sau d¢ loai nudc cho axit photphoenolpyruvie
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(PEP).PEP bi thiy phan cho axit pyruvic va axit photphoric:

O
(iIOOH (|IOOII HOOC\ /OP(OH)Z (Il)
H—(‘J—OH = - H—(|1—0P03H2 — ("3 — CH,CCOOH
CH,0PO,H, CH,0H Ve
H H
3-PGA 2-PGA PEP axlt pyruvic

Cac san phédm trén déu la nhitng san phdm cta quéa trinh trao déi chat bac nhit. Tu
axit pyruvic, phan tng ti€p tuc chuyén hoa dudi tac dung cta men (enzym) d€ hinh
thanh terpen qua nhidu giai doan trung gian va tdc dung cia cdc enzym khdc nhau nhu

sau:
CH,-CO-COOH + Cocnzym A
NH,
Z N
oD 0 @ ¢HLPH O P
Sy N CH,0F~0-POCH,C — CH- CNHCH,CH,CNHCH,CH,SCCH,
Oy H OH CH,
H H

HO OIF"( OH),
agetylccenzym A, CH,~CO-SCoA

Axit pyruvic 1a a—xetoaxit d& bi decacboxyl héa va t8 hgp vdi nhém SH cia coenzym
A cho san phdm axetyl coenzym A,

Axetyl coenzym A |3 thioeste. Nhdm SR ed hai chic nang; 1dm hoat hda nhém axety!
d€ cho tic nh&n nucleophin tdn céng dé dang hdn va lam cho nhom metyl ed tinh axit
hon dé€ enol hoa:

o~
i
0 CH,-C-SCoA
i - i
CH,-C-S8CoA —— Nu
. 9
~CH,~C-8CoA
Giai doan dau clia qua trinh la ngung tu sinh hoc ki€u Claisen:
O 0

CH3—E)—-CH2~C—SCOA
axcloaxetyl coenzym A
Axetoaxetyl coenzym A phan dng véi phan tu axetyl coenzym khic theo phan dng
ngung tu aldol cho fi=hidroxy—fB—metylglutaryl—CoA (IIMG CoA);
9 9 9 Q omg
CH,CCH,CSCoA + CH,CSCoA —— HOCCH2?CH2CSCOA
OH

I
2CH,—~C—SCoA
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Nhoém thioeste cia HMGCoA bi khi thanh hidroxy andehidoaxit rdi thanh hydroxyl
axil bing NADPH.:

NADPH  NADPY NADPH NADP'
0 CH,Q \ P 0 CH, Y
HOCCH,CCH,CSCoA —= HOCCH,C~CH,CHO -

OH H
e fHs
——— HOCCH,CCH,CH,0H
OH

axlt (R)-3, 5-dihidroxy -3 - metylpentanoic
{axil mevalonic)

Téac nhan kha sinh hoc & day 1a NADPH (nicotinamit adenin dinucleotit photphat)

R 3
N ENS
I | == H +Q\
: CONH /
o 2 \ “CONH,
NADPH NADP?
O day R la:
NH,
N
¢ N
H O H N ol

H OH OH H H
N H H
|| HO O
<, CONH; 0=p~0H
H OH

Axit mevalonic chiu chuy8n hda ti€p véi enzym khac ATP thanh axit 5~pyrophot.
phomevalonic qua hai giai doan sau:

ATP ADP ATP ADP

CH, L 0 CH, 0
HOCCH,CCH,CH,0H ——=——s HOCCH.Z(;CH:CHZOFOHLZﬁ

OH OH OH
axil mevalonic axit— 5 photphomevalonfc

R G R O
HOCCH,CCH,CH,0PO-POH
OH OH OH

axit 5~pyrophotphonevalonic
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Tac nhén phot.pho hoa ¢ day la ATP (adenozin triphotphat; d& thanh ADP (adenozin

diphotphat): NH,
)
—
NH,
N %
P ¥ 1Y
HO~p—0—P-0CH, NGNS

OH OH KH H

H H

adenazin diphotphat (ADP) OH OH

Axit 5—pyrophotphomevalonic ti€p tuc photpho héa va tach CO, duéi tac dung cia
bazo d& hinh thinh mach hidrocacbon dau tién goi la "dan vi isopren sinh hoc”, md dau
cho qud trinh hinh thanh terpen vdi mach dai hon:

ATP  ADP
Q CH; \. /‘ 0 . CH,
HOCCH CCHZCHZOPP —_— H-O (‘ 0112 c CH,CH,OPP
OH B.~” A koa
CH{
— C—CH,CH,0PP + CO,
CH,

sopentyl pyrophotphat
Isopenty] pyrophotphat tu dong phan hda thanh y, y—dimetylallyl pyrophotphat dé
két hop véi isopentyl pyrophotphat thanh mach hidrocacbon dai hon sau khi thity phan:

— /k' opp
/ e

@PP

isopenteny! pyrophotphat y, ¥ dimetylaliyl pyrophotphat

-H*‘
/l\/\/'!\/\op )\/\/l\\/\opp

gerany! pyrophotphal

Hz0
/l\/\/l\/\o Pp = S OH

geranyl pyrophciphat geryol (menclecpen)
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;) ~"opp
ML l = J\/\ /l\/\/J\/\
N % o -~ - .
farnesyl photphat sesquiterpen

t
‘)\,f’\.opp
¥

S Ao

geranyl geranyl mrophotphat

| | N _ ,
/J%‘\\./” VJ\/”vi\// \/l\/\'Jq

geranyl geraniol {dilerpen)

Cac sAn phdm mach hd nay khi ¢d xic tdc clia men vong hda 88 vong hda cho nhing
san phim vong. Chdng han, tu geranyl pyrophotphat vong hda cho a—pinen:

a—pmen

va tit farnesyl pyrophotphat vong hda cho valencen:
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valencen

Farnesy] pyrophotphat ¢d thé thuc hién phin ung sinh hoe bang cach t8 hop cua hai
phan t qua hop chdt vong xyclopropylmetyl pyrophotphat rdi chuyén hda tidp thanh
squalen:

Q-

}13
2R-C=CH-CH,-OPP — = \ﬁ/:

;U~
-
&
=y
. 7
|

NADPH NADPY

’ /L\W\I/R .. R)\/\N R

R = /I\\/‘V/L\\//\/’

Squalen ciing sé bi vdng héa qua hyp chdt oxi hda I squalen oxit d€ cho san phim
vong lanostero], ti&p d6 dén cholesterol:
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9@9 HOQLQN N

squalen
2, 3 squalen oxit
l
H* / ,/\
0 ) T~ .
S/ \>/\ S
L o
T Y
0 4? Jﬁ\ |
“-\A\5 \!\\\~._\__7H
- i - F\+«"\/\]/ o

H

fanosterol
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l .
e =
- /\\/\\ X \\//\\\/’J\
HO™ I i
}\\ H 0 ~ Xy .

lanosterol cholesterol

Nhu vay, qud trinh i8ng hop quang hoc cua thuc vit thanh terpen, terpenoit hay
steroit d& x4y ra qua nhimg qud trinh co ban trén tir CO, dén don vi isopren sinh hoc,
qua cac hé men khdc nhau,

8.56.2. Terpen

Terpen 14 loai hgp chét hitu co cd phd bi&n trong tinh dau cla cay va hoa. Tinh diu
thu duge tit thuc vat bing phuong phdp chung cdt 16i cudn hai nude, tdch va tinh ché.
Terpen duge t8ng hgp theo quy tc isopren ma cd thé coi terpen la sdn phdm trung hgp
cuia isopren theo su két hop dau—dudi, tuy réng isopren khong phai 13 nguyén liéu cdu
tric ra terpen.

Cac terpen cd thanh phan la béi s6 cia 6C, ¢d thé phén loai nhu sau:

Monoterpen: S8 don vi isopren = 2 88 cachon =10
Sesquiterpen 3 15
Diterpen 4 20
Triterpen 6 30
Tetraterpen 8 40

Terpen chi c¢d mét don vi igopren rat hiém, chi & dang hdp chét trung gian duéi dang
isopren sinh hoc & trén.

Mat khac cing khong cd loai terpen cd C,5 va €y vi nhu qua trinh téng hgp sinh
hoc & trén, céc triterpen va tetraterpen hinh thanh khéng phai do quéd trinh ankyl hoa
tiép diterpen ma cha y&u bang con dudng dime hoa sesquiterpen va diterpen

e Monoterpen:

C4dc monoterpen cd cdc nhdm: caran, pinan, camphan, khac nhau vé vong kép co cde
cdch bidu dién khédc nhau.

|
CNE

caran pinan CAlll]ph'dll

Monoterpen co hai don vi isopren véi thanh phan C,, tén tai ¢ dang mach hd hay
vong:
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2

H,
CH, _
- .,
5 !
/ o . “CH, e
&8

nirxen oximen sabinen B—pinen caren

™

¢ trong tinh dau, nhu mirxen trong tinh diu nguyét qué, sabinen trong cay dé tung,
pinen trong tinh dau thong.

Céc terpen nay trong ty nhién ton tai ¢ hgp chét chia oxi gy ra mui thom ecua cde

tinh d3u
CH,OH N
~ CHo CHs :
” 20 Y “OH

geranlol geranial xitronellol campho menthol

trong dd geraniol cd trong tinh dau hoa héng, geranial trong tinh dau chanh, campho
trong cay long n#o, menthol trong dau bac ha,

Hop chit duge nghién ciu kj vé& mat lap thé€ la campho.

Campho ¢d hai cacbon bat déi, theo nguyén tac 1a phai ¢6 bén dong phan 1ap thé
nhung vi céng thic tdn tai 6 dang cAu khéng cd thé ddng vong & vi trl trens khéng dugc
phép vé mat hinh hoc, do dd chi ¢d thé ton lai J hai dang nghich quang D, L:

mit phitng guong
|

H : H
| - ~H
,CH3 : HsQ
o Ko
cHy | RSN JR A
L i S i+ A T
3 | CH, H, !
(=)i campho )= O~ camphro - darig ghé’ darrg Phuyén
(darg thuyért dong (et dang Frans khong dong viny dude)
vong ) '

¢ Sesquiterpen
Sesquiterpen gém ba don vi isopren, C ¢ ¢6 cdu tric mach hd hay vong.
Farnesol la cdu td thom cua cay linh lan |, 13 ancol mach hd, va dén xuit quan trong
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la farnesyltriphotphat, 12 sadn phdm trung gian trong téng hop terpen.

Xantonin 14 sesquiterpen ba vong cd trong cay Artemisic mi mot thdi gian lau diung
lam thudc tdy giun Ascaris lumbricoides.

0
CH, O /I
CH,OH O« CH, N
\
e
Q} CH, e

0
Farneso! xantonin nootkaton
| y25
“OH
ﬁ—séntalol ’ copaen bisabolen gaiol

Dai da s6 ¢6 dang vong hay nhigu vong ngung tu.
¢ Diterpen
Diterpen gom bén don vi isopren cd thanh phan C,; nhu retinal, fitol, axit abietic:

\\“\\CHO

HOOC

retinal axit abletic

Retinal, cing nhu vitamin A c¢d tAm quan trong trong qua trinh thj gidc cta sinh vat
Retinal 12 nhdm bao vé cla mét protein goi la rhodopsin trong con nguoi etia mat, bao
gém hai dang dong phén cis—frans.
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1-ciy 11=trany—retinal

Khi 4nh sing roi vao rhodopsin cd sy chuyén déi gita déng phan cis—trans retinal,
lam thay d8i tinh hinh hoc cua déng phan nay t8i ddng phan khéc va cing 1a bat dau
cho sy nhin thidy qua mét day phan 1ung héa hoc dé sinh ra mot xung luc thén kinh,

Anh sdng roi vao rhodopsin va cho rhodopsin nang lugng, nang lugng nay da gay ra
su chuyén x-a"* g trong retinal, két qua la lién két d6i md ra va cho phép su déng phan
hda cis—irans.

Su chuyén hda nay da lam thay d8i bo khung cta retinal, tinh udn cong mat di va
phan tir dusi thang ra ngoai. Su thay d6i b6 khung cda retinal cing lam thay déi bé
khung cdia rhodopsin va phan ti protein ¢d thé€ sdp xé&p lai cdu dang thich hgp. Digu dd
thich hop cho sy tham cda mang, cho phép ion Ca?* di qua va gay ra mét xung luc than
kinh dua téi bd nao. Qua trinh thi giac hoin toan la con mét ngudi ¢d thé hip thu ldy
vai trong ndm photon clia dnh sing bang nam té bao.

Do dd, ta biét tai sao vitamin A lai c¢d tdm quan Lrong trong qud trinh thi giac.

Vitamin A 1a chat long dang dau mau vang v6i thanh phan C, H,,OH, tan 16t trong
m3 va cd thé chung cit trong ¢han khong. Vitamin A cd trong sia bo, long dé tring, md
¢4 va da sb hoa qua, la chdt kich thich phit trién co thé.

Vitamin A duge chuyén hda in vivo tit @, 8 hodic y—caroten goi la retinol. Su chuyén
hda in vive tit retinol thanh 11—cis—retinol cd vai tvd quan trong trong quéa trinh thi

gidc.
/3~ caroten - 2 WCHO

trans—retinal

@EV\ o
? - ewffean
IS G i
ey
0

ciy—relinal retinol (vitamin A |)



co SO HCA HOC HUU CO 247

Vitamin A, khac véi A| 12 c6 nhigu hon mot néi doi nhung [t gia tri hon. Fitol cing
12 diterpen quan trong, 12 Lign td cua vitamin E va K.

Vitamin E cd 4nh hudng trong qua trinh ldo hda:

CH, CH,

- - e O CH,

NN\ T
|| DCHCHGH,~C-),Gr

}4)/\( N H

vitamin E (- tokoferol)

Vitamin K cd tac dung lam dong mau, cd nhigu dang K,, K,, K v K,, song ¢d ¢du
tric va tdc dung sinh ly gin gidng nhau:

O

\/\/ CH,

U oo P oL
\/\CHCH =C—CH,(CH,CH c CH, )H
o H

vitamin K| (fitoquyzon, filloquinon)

O
\/\ =

\J f;H (')Ha
\/\CHZCH=C‘CHZ(CH2CH =C—CH, ) H
vilamin K, (farnoquinon)

s Triterpen

Triterpen cd thanh phan Cy H, cd trong nhidu ndm thyc vat, dau oliu, diu gan cd
map (40%), trong dd squalen la ti¥n té d€ tang hop ra steroit:

gt

fi—amyrin xyclolauderol
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squalen

¢ Tetraterpen

Tetraterpen la loai terpen c¢d mau trong thue vat goi 1A caroter. va carotenoit.

Carotenocit 12 hgp chdt mau thién nhién cd ciu tao gidng carotem— chit mau
vang—dé (mau ca rot). Carotenoit 1a hop chat polyen, cd mot 6 16n néi doi lien hgp, tan
trong m¥ thyc vat va dong vat.

Caroten cd thanh phan C, H;, cé trong nhidu hoa qud, huy& thanh mau,... Caroten
dugc bigt dudi dang ba déng phin:

a—caroten {£0. = 187), f—caroten (£,
f—caroten cd cdu trdc déng vong ¢ hai dau:

. ﬁ/\EQ

frans—B—carolen

= 183%), y—caroten (¢£9, = 178°)

1nc

cis—f—caroten

a=caroten chi khic fi—caroten vé su phan bé lidn k&t d6i ¢ mot dau cudi mach,
y—Caroten co cdu tric trung gian gilta S—caroten va likopin, trong dé mol na giéng
f-caroten va mét nita gidng likopin, nghia 1a chl cd mat dau cé vong sau canh § cubi
mach.

¢ Likopin

Likopin ¢ mau dd ca chua, la chat két tinh (/). = 169°C). Trong phan ti likopin
chda 13 néi dai, cd 8 lan lap lai céu tric cia isopren va sy phan bé phan t& nhu gdom
hai phian déi xing nhau:
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likopin

o Sy chuyén hoa gita cac terpen

Tinh chét chuyén hdéa cia cdc terpen la su chuyén vi khung cachbon ma thuang la
chuyén vi 1, 2-ankyl. Chang han, clorua camphen hidroclorua chuyén vj thanh clorua

izsobornyl:
cl Cl
QF = Of =

camphen camphen hidroclorua
Ct -
- Cl H
— Cl=
- —
Isobornyl ¢lorua

hoac chuyén vi clia clorva lengifolen:

e
; H
Cl

ciu trdc 1p the
longifolen longilolenhidro clorua

Su chuyén hda gita cdc vdng terpen cing ding nhing phuong phap nhu khi va oxi
héa, chdng han khit a—pinen thanh pinan, khi campho thanh borneol hodc oxi hda nguogc

lai:
@ M,
(R -

a—pinen pinan
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0
e g

campho bornco
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CHUONG 7

AREN

Aren 1a hidrocacbon thom (aromatic). Chdt dau loai la benzen nén con goi la
hidrocacbon benzenoit hay hidrocacbon loai benzen.

7.1. CAU TRUC CUA BENZEN

Benzen dugc phat hién ra nam 1925 va dugc nghién ctu tinh chdt vit ly va hda hoc
vao nam 1931.

Cong thdc phan ti cia benzen la C.H,. Ky hiéu la Ar—H.

Néu loai mét hidro cia benzen thu dude gdc goi 12 géc phenyl C.Hq—, ky hiéu 1a Ar—

Vé mét hda hoc, benzen khong cd phan iing cta gde tu do dé diang nhu ankan. Phan
dng trao ddi hidro & benzen 1a phan udng thu nhidt va chi xay ra & nhiét do cao:

C,Hs-H + CI* - CHt + HCl  AH® = 8 keal/mol

Nang lugng phan cét lién két C—H § benzen DH® = 111 kcal/mal, déc trung cha lién
k&t ¢d ban chit s lon.

Benzen cing khoéng phai 13 anken, ching han khong cd phan ing cong A dé dang
nhu & anken hay xycloanken:

CC),, 25°C
C.H, + Br, = . phan ung khéng xdy ra

Benzen ciing tro véi nhitng tdc nhan oxi héa clia xyclohexen nhu dung dich KMnO, ¢
lanh cing nhu HI.

Xyclohexen hidro hda nhanh véi H,/Ni ¢ 259C va 20
atm, con benzen hidro hda cham ¢ 100-200°C va 1500 “‘

atm. H«», .-C% A1
Nam 1890, Kekulé da dua ra cdng thitc cdu tao cia ‘i‘; {Ij

benzen nhu hinh bén ma vin dugc ding cho dén ngay X R

nay. H Cy k
Bang cac phuong phdp vat ly, benzen ¢d nhitng dac H

trung sau:

—Benzen la h’znh 6 canh, d8u, phing. Chigu dai lign
k&t C—C la 1,39 A, nghiéng vé chigu dai lién két ddi C=C,
—Chisu dai lién két C—H 1a 1,09 A Gia tri cia 6H déu bing nhau.
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—Quang phd NMR cho thdy, benzen chl ¢6 mét tin hidu cong hudng proton, 13 7,27
ppm ciing ching to tinh d&ng nhait cia 6H:

7.2. TINH BEN CUA BENZEN

Tink bén cta benzen duoc danh gid bang nhiét hidro hda va nhiét dt chdy cda
benzen so vdi anken.

Nhiét hidro hda thye nghidm thu duge tit benzen 1a 49,8 keal/mol. Néu nhu xem phan
td c6 3 lidn k&t dai nhung khong lien hop thi nhiét hidro hoa gép ba Jan nhiét hidro hda
clia xyclohexen (28,8 keal/mol) 12 28,8 x 3 = 86,4 kcal/mol. Nhy vay, nhiét hidro hda
benzen thdp hon nhiét hidro hoa cia xyclohexatrien, nghla 1&4 benzen b&n hon
xyclohexattien mat ning lugng 13 36,6keal/mol (86,4-49,8),

Nhiét diot chdy cua xyclohexatrien tinh duge 1a—827 kcal/mol, con nhiét ddt chay
thuc nghiém cia benzen la—- 789 kecal/mol ciing khac nhau la 38kcal/mol, gdn tuong ung
v8i nhiét hidro hoa.

Nang lugng trén la tinh thee nhiét hidro hda tung giai doan tu benzen dén
xyclohexan va tim thdy nang lugng céng hudng 12 30 kcal/mol.

Nang lugng nay goi 12 nang luong cémg hudng thuc nghiém, dac trung cho tinh bén
cua benzen, 1a nang luyng lién hop cla electron x trong vong benzen hay la nang lugng
giai toéa electron x ctia benzen & trang thai khong kich thich.

Niang lugng dn dinh hay gidi tda cia benzen thudng 18y 13 36 kcal/mol.

Song cAn chi ¥ rlng, xyclohexatrien [a gia thiét, ghm ba lién két doi khong lién hop
nhung vong khong deéu, trong khi dd benzen 1a vong d2u. Vi th€ ndng lugng cin dé dam
bdo cho sy dn dinh clia benzen bang su gidi tda electron phdi 1a 60 kcal/mol.

Nang lugng 36 keal/mol la gia tri tinh toan tit gia tri lién két, chua chi y dén hinh
dang cOa vong. Néu tinh nang lugng cong hudng cia benzen tir xyclohexatrien ¢ trén thi
cin phai linh dé&n nang lugng cén thiét dé chuyén xyclohexatrien thanh vong déu. Nang
lugng nay 1a 27 keal/mol.

Nhu vay, nang lugng giai tda ctia benzen bao gdm ca napg luong cong hudng va nang
lugng bién dang cdc lién két cda xyclohexatrien thanh cfu tric d8i xung 1A 64 keal/mol
{27 + 36,6 = 63,6). Nang lugng niy goi la nang higng giai téa,

Tinh bén va cfu tric cia benzen duoc gidi thich dua trén thuy&t obitan phén tit.

Theo MO, mbi cacbon sp? cé hai lidn két Oc_c va mbt lien k&t o._;; va cdon lai mot
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S

xyclahexatrien
86,4
' 3PS 366

V3 x 283)
- benzen

xyclohexerr 44

R
f
xyclohexan
O
AN

Neng luang cing fuong e T
= 30 keal.mol™ /// . ]
i

@ 7 — @

AH= - 285 keal.mal”
4H°=-284 keal mol™

SO

Hink 7.1, Nang lrgng giai téa ciha henzen theo nhiét hidro hda.

elﬂﬂﬂf —

7h

AH° 2= - 24,5 keal mof ™!

AdH°= - 433 kcol mol

obitan p. Cac obitan p nay xen phi vdi nhau tao.nén mat obitan phan ti & cho 6 cacbon
cha vdong. Su xen phi cla cdc objtan p nay tao nén hai thiyy hay vong mat do electron =
d trén va dusi vong. Do dd, 6 lién két C—C trong benzen déu bing nhau, mat do electron
0 c4 6 cacbon déu bang nhau va bang don vj,

Su xen pha cia 6 obitan p cdia 8 cacbon tao nén mot vong electron lién hop da 1am
giam ndi nang clia phin t& 1a 36keal/mol, nén gei 1&2 ning lugng gidi tda electron =.

Nhu viy, phan td benzen cd cfu tric vang 6 canh déu, phdng, cd 6 electron tuong
{tng v6i quy tic Hilckel (4n+2), ed sy xen phd cia obitan 7 tao nén mét hé lién hap vong,
ddap ung dugc titu chuin ciua mot hgp chdt thom vé mat cdu tric. Benzen 1a mét hgp
chit thom dién hinh.
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S .y L
] Naong wing Nang lyzing
S 48> dong ids tols

e

Kyclohexalrien doi xuhy
27 khong liér hep

Xyclohexatrien 9/;7;. x4

(—1-
() | o]

& ring

g

| Ndng /tﬂi}ﬂg
a7 cBng hudng
fhite nghiém

— =
bfﬂZEﬂ Ay

flink 7,2. Nang lwgng gidl tda ena henzen

ol a-~2f8

O 34
7 _El'_ —-H— aas
—H— tXﬁ.Z‘ﬂ

£ = 6 +5f?'

Hink 7.3, Mire niing lwpmg obitan v3 ¢fu trie obltan cin benzen.

D€ bidu dién cong thiic cda benzen, ngudi ta vidn diung cdng thie cua Kekulé véi
quan niém ring benzen ¢6 hai cgu tric cong hudng;




CO SO HOA HOC HUU CO 255

S "
L] == & ]
~ RSN

hay bang cong thic vong 6 canh vai vang electron n lién hop:

7.3. PHUONG PHAP TONG HOP BENZEN
1. Nguon thién nhién cta aren

Ngoai ngudn ddu md, aren con thu duge bang chung cat nhua than da vdi cdc thanh
phan sau:

Diu nhe: xyclopentadien va aren, benzen, toluen.

80-170°C (3—-6%) 0—, m—, p—xylen, mot {t etylbenzen, polyankylbenzen va
di vong nito

Diau irung binh chi yé&u naphtalen, metylnaphtalen, phenol,

170-240°C (10%.) o—, m=—, p—crezol

Dau nang naphtalen, crezol, diphenyl, axenaphten, mét it quinolin

240-270°C (10-15%)

Dau antraxen antraxen, phenantren, fluoren, indol.
270-360°C (20%) cacbazol
Can (60%) Than, hidrocacbon ngung tu cao

2. Tong hop
e Dehidro hda xyclan:

O'Pdgfg :/l + 3H;
%

. &
O+3s—t—> ©+3H25
\\.
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® DJSINULIUL L[Ud vd YUY NUd dalnkalll

Ciy(y
CH,(CH),CH, — 2=
450-550°C
(25%)
CH,
Cr203 7
CH,(CH,)CH, — 22~ |
450—550°C N
(36%)

e T8ng hop din xuidt cia benzen:
Cho tac dung axeton hoic RCOCH, hay C;H;COCH, khi ¢d axit sunfuric sé thu duge
ddn xudt th& tuong iing:
CH; -

ut

3CH,COCH, + 3H,0

HC CH,
7.4. DAN XUAT CUA BENZEN
7.4.1. Danh phap

s Khi thé mot hidro ciia benzen thu duge din xudt mot 13n thé.
Cach goi tén bang tén géc thé va tén benzen, nhung hay dung tén riéng:

NO, HCCIL, B
®
/
nitrobenzen isopropylbenzen (cumen) brombenzen
Ctly OCH, (IZH=CH2
) @
: =
mctylbenzen ftolen) nmetoxybenzen  (anizal) clenylbenzen (vinylbenzen, styren)

D61 khi ngudi ta goi vong benzen trong phin td phde tap nhu 1a nhém thd—nhdm
phenyl. Ddanh s6 mach C khong cin bat dau tit C dinh vdi nhém phenyl (thuang vigt tit
nhdém phenyl bang Ar hay Ph):
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- QH
Oresorar O
=/ !
H

2—phenylelanof 1--phenyletanol

e Khi dua viao vong benzen hai hay nhigu nhdm thé& thl phai danh sé vong bit dau
ti mot nhdm thé.

3——.

/

4/:\_éx

Khi bhenzen da cd mdt nhom thé& trong nhan, su phan bd electron & cac cacbon con
lai sé khdc nhau nén cé kha nang th€ ¢ ba vi tri khde nhau va cho ba déng phan khac

SN o

Y
(L 2) hay artho (0-)

(L, 3) hay meta (m-) (L 4) hay para (p—}

Ct o e

Pe
- Cl @ i \j

P Z B \[/
a-diclobenzen

m—bromelobenzen P ~lotnitrobenzen

Tén cua cdc nhdm thé trong danh phap duge dat theo van chit cai, N&u mot trong

ba nhdm thé& cd tén riéng tudng 1ng thl ddn xudt hai 1in th& duge coi 1a dén xuit clia
chét cd tén riéng dd:

GH
SIS
| “a

'p- nnrotoluen m~clophenol

0— bromanizol
Né&u hai nhém thé€ giong nhau thl goi tén theo ddn xudt cia benzen:

CH=CH, CH,

‘ N CH,
d CH,
CH=—CH,

o —divinylbenzen (khong goi p —vinylstyren) 1 2, 3-trimetyloenzen (Khdng goi 3 -melyl-o—xylen)
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D&i voi ddn xudt nhigdu 1&n th€ th] danh s6 vong sao cho téng 96 cic con s6 irong
danh phdp 14 nho nhét:

OCH OH
Br 1
NO, ¢l cl

o Br NO, cl
1, 2, 3—tribrombenzen 2, 4—dinitroanizol 2, 4, 6-1riclophenol

NG, a " CH,

O,N Br
NO,

N,

1, 2, 4—trinitrobenzen 2= brom— 6 - nitrotoluen,

e Tén caa cac gdc:
Ngoai géc phenyl C,Hs—con ding cc gdc sau:
' H

Oe O Q O O

o—1olyl m—tolyl p—tolyl pheny|

e
<(:j @—?H—CHE Q-c H,CH;~ @E?

trityl a-styryl B-styryl benzydryl

7.4.2. Tinh chét vat 1y
7.4.2.1. Momen luéng cuc cia dén xufit cia benzen

Benzen c¢ momen ludng cue ¢ = 0, song din xufit th& clia benzen ddu ¢é momen
ludng cuve do 4nh hudng cla nhdm thé gy ra sy phan bd méit dé electron trong nhan
benzen.

Chéang han toluen ¢é ¢ = 0,37D, gay ra do ban chit cla lién két H,C—-C 1a lién ket
- Cspz, trong dd Cdpa am dién hon Cspa nén chiéu momen ludng cuc la:

Cwe

I
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Momen lufing cuc cta clobenzen la x4 = 1,75D, nhd hon momen ludng cuc cha
H,C-Cl (v= 1,94D). Didu nay dugc giai thich bang hai nguyén nhén: C,,p2 trong vong
benzen am dién hop Cy3 cin mety! clorua va clo dinh vao nhan ed hibu dng +C cia cap
electron n cua clo vdi hé electron ¥ cla nhan, tuy hidu vng nay nhé:

O ()
=
- f
L L7500 D %4
4+— = Hechung

‘ﬂ
23

Bang 7.1. Momen lwéng cye ¢ha hencen thé

Ilgp chat . D hi) Hop chat ¢, D (khi)

CeHg 0 | p-CeH, QL 0
CyHgF A 0=CHyC ELC 157
CeHsCl 157 p=CH,C H,CI 221
CgHqbr 172 0-CH,C K, F 135
CeHql 71 | m-CHyCH,F 185
CHCH, 037 | p~CH,C, i F 201
C HNO, 428 m=-QC,H NG, 37
o-CgH, i, 252 p-CIC.H NG, 281
m-C¢H,Q, 168

Tt cdc gid trj trén, ¢S th€ suy ra momen ludng cuc cha eac hop chit khac

u@c& Hac{}-cc C‘@*NOZ

- —+
- 4+
175 175 = 175 D 4,28 D
T 6370 175D H=253
H= M=212 ——

Thudng tinh momen ludng cue theo phudng trinh:
ortho = p = U«"; + pi’ + ylyz)l/z

mete = p = Quf + ;,c%— ;4,;4:)”2

7.4.2.2. Nhiét d¢ néng chay, nhiét dé séi va tinh tan

Cing rnhu nhing hap chit kém phan cuc khdc, cdc ankylbenzen ¢o tinh chat vat ly
nhu cae hidrocacbon khiée, cang khéng tan trong nudc, ian trong dung moi khong phén
cuc nhu ete, letraclerua cachon, ligroin va cing kém dong diac hon nude. Khi tang mét
nhom CH, ¢h nhi¢t do séi cling tang 20-30°C.
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NhEL d9 nong chay cung phu thugc vao KNOoi JUgng phan tu va cau truc mang Iuol
tinh thé. Dic biét 12 dan xuit hai 13n thé. Trong ba déng phan cia din xuét hai lan thé&
déng phan pare ndng chiy cac hon hin hai ddng phan kia. Chdng han trong cdc xyien,
déng phan para s6i cao hon cdc dong phan khdc chi ¢d 59, con vé nhiét do néng chay thi
dong phan para & +13°C, con dong phén meta 3—48°C va ortho 1a—25°C.

Vé tinh tan, dong phan pare cing kém tan hon ciac dong phan kia trong ciung dung
moi.

Nhiét dd ndng chay cao hon va tinh tan thip hon cia dong phan paera ching té tinh
thé cua ddng phan para chat ché hon, lyc tuong tac giita cdc tinh thé 1én hon do dong
phéan para cé tinh déi xdng phén tit cao hon. Tinh chét nay goi 1a hiéu dng d6i xing.

Mot hgp chat cd tinh d6i xing cao, mang ludi tinh thé cang chat ché hon, nhiét do
néng chiy cang cao hon va tinh tan cang gidm.

Didu nay ciing thiy & cdc hop chit khédc, chdng han: 1, 2, 4, 5-tetrametylbenzen
nong chay d 85-100°C, cao hon dong phéan 1, 2, 3, 5~va 1, 2, 3, 4—fctramelylbenzen kém déi
xung hon.

Cing cd thé ding hiéu dng d6i xing dé giai thich nhiét dd ndng chiy cia benzen va
toluen. Khi dua mét nhém metyl vao phan td benzen d6i xdng, thi nhiét d¢ nong chay
giam ti 5°C xudng —95°C

o-xylen m—xylen P -;:ylen

§ = 4, 15, =-25 £ = 4,83, =48 g =880, =1

benzen toluen

fy =80,0; =55 £ =11, £, =-95

7.5. TINH CHAT HOA HOQC CUA AREN
7.5.1. Phan ing thé S; cia benzen

7.5.1.1. Co ché chung

Tit ci cdc phadn dng th& clectrophin vao nhan benzen (hay nhan thom) dé xay ra
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bang cach tan cong cua tac nhan electrophin K* (cation hay déu ducong cla lién k&t phan
cuc) vao hé electron m thom dé€ tao thanh sdn phdm cudi cung qua nhiéu giai doan:

- T
@ ‘B e ©E+ :
-9 o E N

phic x phirc o
_ E E
—_— @ Ht...B —— O/ + H B+
phuve 7L

va dugc biu dién trén gidn dd nang lugng hinh 7.4.

é nang — s

-t

7h

H

©/+E* @/E

Toa dé phan ung

Hinh 7.4. Gidn d% niing hrong ciia phén éng thé Sg.

Téc nhén t&n céng vao hé electron # thom tao phic z:

Phite z 13 phic cho—nhan. Su tao thanh va phian tich phitc # xy ra nhanh, khong
anh hudng tdi téc d6 chung ctia phan dng cling nhu ban chit chit tao thanh. Giai doan
sau la giai doan tai thom hda, sAn phdm thom hda ciing lao thanh phdc x vdi ti€u phan
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electrophin trong dung dich, song cling Khong anh hudéng tdi téc d9 sau giai doan quyét
dinh t6c dé clia phan dUng cling nhu tdi sy hinh thanh san phdm.

Do dd, thong thudng ngudi ta bé qua cac giai doan tao thanh phdc #, nén phan dng
xay ra bing sy tdn cong E* vao nhan thom hinh thanh jon benzoni hay phic o va phan
tich phic o d€ hinh thanh san phdm:

E

H. E
A B +
+ 7 1 v +
©+E77‘© & ©-+BH

phic o

Tac nhan E* tdn céng vao nhan benzen d€ hinh thanh phic o di qua trang thai
chuyén ¢d nang lugng hoat hda cao trén gidn dé:

I 6% §* .
I H I%
\ ’J \‘

@H '
S
trang thél chuyén (1) va (2)

Phdc o 1a ti€u phan mang dién tich duong, cd cdu trdic cdng hudng vdi sy phan bs
di¢n tich duong trén nam obitan p:

M PA H
= v ¥ z
“E e[ < ~E| = e [

Trong thyc té& dién tich duong dude phan bd cht y&u & hai vi trl ortho va mot vi tri
para. Hai vj trl meta tuong duong nhau khéng mang dién tich nhung chéae chan ]a mang
dién tich duong nhé vl hai cacbon bén canh déu duang.

Cachon cdng hgp v6i electrophin tré thanh Cspz.

Giai doan tao thanh phde o 14 giai doan quy&t dinh tdc d6 ctia phan dng.

Phic o chuyén thanh sdn ph&m cudi cling bing hai con dudng:

—Ké&t hop v6i nucleophin cd trong mbdi truimg phan ung d€ tao thanh dien, tuong tu
nhu phan dng A; cta anken:

H E EH H,E
+Nue:*b<NU+p
Nu
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— Téch H* bang nucleophin d€ tac thanh sin phdm benzen thé:

Nue\__*__ E E
-- © +NuH

K H
Ry
< b

Nu
"

Tea dg phan ung

Hinh 7.5. Giin @5 nang lyonmg phén tich phie o.

Qua trinh tich H* 12 qua trinh tai thom hda, ddi héi nang lugng hoat hda nhé hon
qué trinh k&t hgp Nu~, nghla l1a qud trinh thom hda xay ra nhanh hdn, quyét dinh chigu
huéng cta qua trinh phah dng.

Nhu trén gian d6, hai giai doan tao phic ¢ va phan tich phic ¢ cho thdy phan dng
S| cd niing lugng trang thai chuyén phan tich phic o theo chi®u loai H* d€ tao san phdm
nhd hon chigu nguge lai € trd thanh chédt ban diu, nghia 1a sy phan tich phdc o khéng
quy&t dinh t6c do phan ung. Diéu nay dude xac nh4n bang hiéu dng dong vi khéng co
trong phan dng §g

Co ché ion clia Sp duge xac nhan khi nghién ciu tinh din dién cia mudi tao thanh
khi tudng tdc céc ankylbenzen véi HF 1dng & nhiét do thap:

Hy " CH,
+ HF === Fe

H . HH

toluen—p —proton héa

Ndng d6 mudi cang 1on, tinh dan dién cang tang. Khi tang s6 nhdm metyl trong
benzen, tinh d&n dién ting manh.

Dong hoc ctia phén ting th& S vao nhan thom rdt phu thufc vao céu tric hgp chat
thom cling nhu t#dc nhdn va dung moi

Cac Anh hudng nay duge danh gia bing hang s6 p, hiéu dng ddng vi cing nhu phuong
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trinh tdc do cua phan ng. ‘I'huong co ba dang dong hoc sau:

— Pai da s8 phan dng S c6 giai doan quyét dinh tdc 46 1a sy hinh thash phic o va
phuong trinh dong hoc 1a bac hai. Song trong trudng hgp nay cd sy phu thudc vao hoat
tinh ctia hop chat thom vA ban chdt cia tdc nhan electrophin ma traeg thédi chuyén co
thg xay ra som hay muén. N&u electrophin ¢d tinh chon lgc thdp thl trang thai chuyén
&8 cham hon, con néu cé tinh chon loc cao thi trang thai chuy€n sé hinh thanh sdm hon.

v = % [ArH] [EY]

— Truong hyp giai doan quyét dinh téc dé la giai doan phéan ly cba tdac nhian
electrophin thi phuong tvink tdc d6 khéng phu thude vao ndng do cia hgp chdt thom.

— Trudng hop giai doan quyét dinh téc d9 la giai doan tach proton va tham hda Lhi
quan sat duge hiéu dng ddng vi bac nh&t vao vi tri thé.

Cac tac nhén electrophin thuéng diung trong phan ung Sg la:

— Céc tac nhan manh cd kha nang Lh€ aren hoat hda va bi dong hda bdi nhom
thé:—NOf, —DBr, hay Br,-MeX, BrO*H,, Cl, hay Cl,-MeX, CIO*H,,-50,, RSO7

— Céc tac nhdn chi thé aren hoat hda: R;C*, RCI,X~MeX,, RCO*,
RCOX-MeX H*, R,C=0'H, R,C=0'Me™X
—~ Céc tdc nhan chi the aren vdt hoat dong: HC= N*, N=0% ArN*=N

n

7.5.1.2. Phdn iing halogen hoa

Benzen phan dng v6i clo va brom khi ¢d xdc tic axit Lewis nhu AlCl,, FeBry,...

@ yox, 2l iows @x + HX
-

Chang han, brom phén ung voi benzen khi cé FeBry:

Br
R . FebBry
@ + B - =3 X AH" =-10,8 kcal/mol
I + HBr

P

T

Br? - Br-FeBry

Br, + FeBr,

H
@ + Bl‘+-Brﬂ— F(E'_E.lr3 — - C/\Br FeBr:
+

Hop chdt trung gian ion bromoni 8n dinh bang sy giai téa dién tlch dvong cho ba vi
trl Lrong vdng benzen ma bidu dién bang ba cdng thdc Lewis va fan gidi toa:

H ! t H
/ 7
(Jor=So =)
St N 7

f

] H_Br
.
A
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Hinl 7.6. Cfu tric lap th® cin phire o.

Phic ¢ tach H* va tdi thom cho dAn xuit brom:

Br. H .
!l)/j‘L Fe Br, Bl X + H'FeBr~
/

L P

H+FeBr4_ ——— FeBr; + HBr

Né&u tit phic o ¢d su cong hop vdi Br~ d€ tao dan xuidt dibromhexadien thl phan ving
c6 thu nhiét:

M
Z7 v
(/\F + Bp, —= Br AH% 2 kcal.mol™!
<t 2 e -H
2r

H Bre-Be---FeBry

H....Br...FeBry

. B
frang Fhai chuyén b

frang thar chuyén

chat /fun‘g gilan

H Be

[ p +FeEr;;

fﬁé'ninj —

faé nhién

@1-5!'2 + FeBry
=

sqn phim
Br v,

+ HBr + Febr;

e o —

Toa 43 phah u?:rj

Hinh 7.7. Gidn 46 ndug leong hrom héa benzen.
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Brom la tdc nhan hoat dong manh va cd tinh chon loc cao, thudng cd gia tri p am
Ion. Brom c6 th€ th& aren khang can xic tde trong axit trifloaxetic va phén tng 12 bic
hai, song néu ¢d nudc thl déng hoc phu thude vac ndng do Brt, ndu ndng d6 Br' nhd thi
giai doan quyét dinh t6c dé phan ng la phic o, con néu néng do Brt 16n thi sé chuyén
giai doan quy&t dinh tdc do phan @ng la giai doan loai proton. Brom hda khi cé xic tée
Friedel Crafts 1a bac hai va tac nhan )3 phic cla Br, vdi axit Lewis. C6 th€ dung tdc
nhan hoat dong hdn nhu CH,COOBr (CH,COOH + HOBr) hay CF,COO0Br (Br, +
(CF;COO0),Hg) cho phép thuc hién phan ng trong dung dich véi ndng d¢ can bing thdp

Clo ciing 1a tac nhan hoat dong manh, ¢ tinh chon loc thdp hon brom, cd gid tri p
aAm, thudng tit—9 dén—10. Khi clo hda khdng xic tac, phan ding 1a bac hai, khi cd xidc
tac axit Lewis phan dng la bac ba:

v = k[ArH][C],][AICL,]

Cang co thé dung HOCI trong dung dich axit nhung phuong trinh déng hoc phuc tap
hon.

Iot khéng phai la téc nhan electrophin t6t, chi phan itng véi aren hoat hda cao. I,
phan tng voi aren khi ¢6 chat oxi héa nhu axit nitric hay asenic (H,As0,):

O

C¢Hy + I, + HNO, C,Hs—T + NO + NO,(86-87%)
Phan tng cing la Sg do ion I* tao thanh bdi phan dng oxi hoa:

-2
I, —— 2I"

(cing ¢ tai libu cho tdc nhén la IOHz‘).
Thudng hay diing tic nhan monaclorua iot ICl:

CH, + Il C H,! + HCl

AlCty
Flo phan ing vdi hidrocachon thom qud manh nén khong ditng true ti€p F, va
thuong cha hén hop sdn phém, trong dd ddn xuit monoflo rdt thép.

Kh4 nang phan ung cia cac halogen thay ddi: Cl, > Br, > I, trong dd, chd ¥ ring,
brom va iot ¢ kha nang tao phitc kém hoat déng han halogen ty do va chi phan dng véi
aren ¢d khi nang phan dng cao:

Br2 + Br == Br;
Iz + I_ = Il-

7.5.1.3. Phdn irng nitro héa

Axit nitric dac phAn ung r&t cham véi benzen d€ tao thanh h¢p chét nitro. T6c d9
tang lén khi thém axit sunfuric dae, vi th& phan ung nitro hoa xay ra véi hén hop nitre
héa; H,80, + HNO,:

H,$0, + HONO, == H,0*NO, + HSO;
I,0'NO, + H,80, == H,0* + NO; + HSO,

2H,80, + HONQ, == H,0" + NO + 2HSO
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Téc nhan electrophin 14 ion nitroni:

0=N=0
I H .
Nt —= ©< A= @—NO,_ + H*
0 0

Ngoai ra ¢d thé dung cac téc nhan khac:
NO,Cl + AgBF, - *NO,BF, + AgCl
CH + NO§BF; — C,H;~NO, + HBF,
CH,CO-ONO, + H* — CH3CO—(')+—N{J2 ~— CH,COOH + *NO,
H
H'l-
C;H; + CH;CONO, = C;H,-NO, + CH,COOH
N,O; + H* == HOON*-O-N*OOH — HOON*-0~ + *NO,

+
C;Hg + N,Oq __E_,. C,Hs=NO, + HNO,

Phan ing nitro hoa cd ba giai doan, giai doan quyét dinh toc d9 cc thé 13 giai doan
1; 2 hay 3.

Nhiing phan dng nitro hda ed xic tdac axit manh déu la bac hai, giai doan quyét dinh
t6c d6 13 sy hinh thanh phdc o vi sy hinh thanh ion nitroni 1A c4n bing nhanh. Nhirng
phan dUng nitro hda benzen bang axit nitric dac trong nitrometan, phan ung khéng phu
thudc vao ndng db aren, nghia 12 phu thudc vao giai doan 1 1a giai doan phan ly cia axit
ra ion nitroni va phdn dng ¢d hiéu Ung mudi cha ion déng dang.

7.5.1.4. Phdn itng sunfo hoa

Benzen phén ung voi H,80, khdi (du SO,):
CeHg + H,80, 4o == CH,—SO;H + H,0

Téc nhan electrophin 1a SO; co 1‘.1":)1‘1.53r axit dic hay hinh thanh do phan dng:
2H,580, ==H,0" + HS0; + SO,

o) 10]
Q et o8 L AN
"_ ) )y s
:O: H Q¢ H 0
0 3
s 9 50,
H,_~0-S=0H== = H,50,
SN

anion benzensunfoaxit
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7
so; 5-OH
Q/ FHSQ, = @o + 483

benzensunfoaxit

S0, la tac nhan electrophin vdi 8 1a chét nhén electron vl S 14 ti€u phan thigu
electron do dinh vdi ba oxi am dién lén va mat khic sy hinh thanh anion SO7 la nhdm
duge én dinh 1dn bing cong hudng,

T4t cA céc giai doan déu can bing, do dd, phan Ung sunfo hda la can biang. Phan ¢ng
sunfo hda, khac véi cdc phan tung Sg khéde, khong chi ¢d tinh can bing 16n ma con cd
hiéu dng déng vi nhé, thudng k,fkp, = 2.

Phan vdng sunfo héa 1a can biing, tdc do phén tlch phdc o theo hudng thuin va nghich
déu nhu nhau va hang rao ning lugng phan cat phic o trd lai chdt ban dhu cliing thip.
Do dd, néu dung benzen (C,H) va benzen doteri héa (C;Ds) khi phan ti di qua trang
thai chuyén dé€ thanh san phdm cudi cing, sy phan cit lién két C—D doi hoéi ndang lugng
16n hon khi phan cat lién két C—H, nghia 14 tdc do6 phan cit C—H lén hon téc do phan
cat C-D, gay ra hiéu dng ddng vi (hinh 7.8),

& nang o

Oy

Th

©/503H

Toa d5 phdn vng

Hinh 7.8. Gidn d8 niing lwong sunfo héa henzen vi doteribenzen,

Hop ch4t sunfonic 14 hgp chat dé tan trong nudc va cd tinh 4n mon cao nén rat kho
tinh ch& Benzensunfonic axit khi dun néng dé loai nhém sunfo trd lai benzen, goi 1a
phan 1ing desunfo hoa:

§O3H H

dun néng
|+ H,0 + H,SO
Ny 2 24
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Phan ung desunto hoa xay ra theo ¢d ché ngude vdi cd ché sunfo héa, thudng véi tac
nhan electrophin 12 H* nén thudng goi 1A phan ng protondesunfo hda. Mudn desunfo
hda chi can axit lodng, ndng d6 nudc cac va cit sin phdm dé& bay hoi ra khéi phan ing.

Do dd, ngudi ta hay dung phan ting sunfo clo héa vi thu dugc sin ph&m ran, dé xit
ly khi gia ¢6ng, dé chuyén héa thanh benzensunfonic khi dun s6i vdi nuéce:

CH, + 2CISO,H —— CH,—~S0,Cl + HCl + H,S0,
C¢Hs—-80,C1 + H,0 — C H,-SO;H + HCI

7.5.1.5. Phan ing ankyl hia (phdn wng Friedel—Crafts)

Benzen phdn ung vdi ankylhalogenua tac thanh ankylbenzen khi cd xidc tdc axit
Lewis:

eCI,,
C6H6 + {CH3)3CC1 (.3‘6H5—-C(CI'I3)3 + HCI
Vai tro xtuc tdc ld phan cuc hoa lién két C—X bang cach tao phic cia RX vdi axit
Lewis;

™~ N + -
;C-—X + FeC]3 — -;C—X —Fe 013
Phtic cia didn xudt halogen bic ba véi axit Lewis nhanh ion hda tao thanh
cachocation d€ tdn céng vao nhan benzen:

—  (CH,),C'FeCl;

(CHy,C. H

O o TS

(CHe),C. H
¥
SESRE

Dan xuéit halogen bac nhit tao phdc v6i axit Lewis tdn c6ng vao nhan benzen va
cd th€ xem nhu 13 phan dng Sy2 véi nucleophin 1a benzen:

CH,~Cl + AICl, ==-= CH,-CI'-AI"Cl,

H

CH,—Cl-AICL, - oH, e S CH,
o =C

Phan ng chi cin mot lugng nhd xuc tdc vl cd phan ung tai tao lai xic tic:
H*AICI] -» HCI + AICL,
Phan dng ankyl hdéa theo Friedel-Crafts cd mdt 6 nhuge diém:
G8c ankyl tao thanh cd su dong phan hda tit cacbocation bae nhit thanh bac haij
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nay wvd va Cnu sail Prialll Luad Catuuldllvll vac Lau uuill 1a CIuiilL,
CH,CH,CH,CI CH(CH,),

© " }A!CLS
| CH,CHCICH, ,

Qu4 trinh chuyén vi cia cachocation xay ra dong thoi véi su ion hda cta phic, ma
khong phai x4y ra sau ion hda:

CH(CH,),
H
SH-CH. ZC1Y, AIC : ct - ﬂ
CH,CH-CH,~C1Y AICl, —= CH,C*HCH, AICI] -

"

Do dd, khéng cd thé thu duge ankylbenzen ¢6 mach khong nhanh ma khéng ¢d san
pham phu cua cdc ddng phan.

— Phan wng ankyl hda khéng ding lai ¢ san phdm monoankyl va thudng thu duge
sAn phdm polyankyl vi cdc nhdm anky! dédu ¢é hidu ing hoat hda nhan benzen, tang kha
nidng phan ung, ngay khi ding du hdgp chédt thom ban dau ciing thu duge san pham
polyanlyl.

Nhu vay, sAn phdm cudi cing ciia phan tdng Friedel-Crafts 12 san phdm khéng ché&
ddéng hoc.

Céc xuc téc axit Lewis ¢ kha nanp ddng phan hoa ankylbenzen. Sy dbng phin hda
sdn phdm thudng uvu tién cho san phfm mete trong trudng hgp diankyl bdi vi ddng phan
nay bén vé& nhiét dong hoc hon.

— Phan tng ankyl hda thudng khong thu duge s6 liéu dong hoc chinh xbe, khong do
duge tée d9 trdc tiép vl phan dng x3y ra -4t nhanh va trong méi trudng di thé.

Ngoai cdc ankylhalogenua, con cd th€ diung céc tic nhén khéc cé kha néng tao
cacbocation:

HF 1dnp
C¢Hy + CH,=CHCH, —— C(H,CH(CH,),

11,PO,
C¢H, + (CH,),C—OH

CH,-C(CH,),

CHss WF, BF
“C—cH, + © ur. 85
chi,

(CH,),C=CH, + F® + BF, === (CH,),C'BF;

CICRy),

Cac phan Ung trén cling can xdc tdc axit Lewis, thusng dung HF/BF,, HCI/AIC], va
cling ¢6 sy chuyén vj cacbocation. Chang han:
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OH

S, O

OH
2-phenylpenian (67%) 3- phenylpenten (33%)

Ty ¢ ein phim trén cung phii hgp voi ty 18 chuydn vi ddng phan cia hai cacbocation
bac hai v6i nhau la 2:1.

Tuong tu nhu phan iing Friedel-Crafts ¢é phan ng clometyl hda:

, CH,Cl
\ s
©+ CH,0 + HCL 2oCes + H.0
~ : ‘ (74%)

CH,0 + ZnCl, — [H,C = 0*-ZnCl] <« H,C*'-0-ZnCl;]

3

CH, o, N
- CH,Cl
g ‘ \’CH‘.—O—ZI‘I Clz-———a- i I—CHz— O—Zﬁ Cl —_— z

T + HCL

CH,

CH,

Benzen cing phin idng vai CCl,: Ch,

AlCl,
3@ b COl, —— = (€ HYCCl

(84%)

7.5.1.6. Phdn wng axyl héa

Phan u¢ng axyl hoa cing la phan dng Friedel—Crafts nhung tic nhan l1a cation axyli,
tac thanh tu clorua axit hay anhidrit axit véi xdc tdc axit Lewis.
R-CO-CI + AICI, - R—-CO-CI*-AICY, - R-C* =0+ AlC1;

cation axyli

| H
| <P
@V("ﬁ - ~p| — CO-R + H*
: 0 ;

Xeton tao thanh 1a bazo kha manh cé kha nang tao phic vdi xic tac:
CH-CO-R + AICL, > CsHS—E-—-O*—AICI)_
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Do dd cén dung ldn hon moét duong lugng xac tde cho phan dng va phac phéi trl nay
lam gidm kha nang phan dng ctta hé nhan thom, nén lam ngitng phan dng thé. Phic nay
tudng Lac voi nudc gidi phéng ra xeton:

CGHS—(;,=O*—A]CI3“ + 3H,0 - C;H,-CO-R + 3HCI + Al(OH),

— Téac nhan dung ph8 bién hon la anhidrit axit:
AlCh  ILD

c.H, + R-CO-0-CO-R C,H,COR + RCOOH
C 0- C R+AlC]3-vRC 0- C R = R-C*= 0+RC 0-AICl,
O 0 -AlCI 0

Phan ung chn dung hon hai duong lugng mol xde tac, mét dé tao san phdm cong voi
phéin cacboxylat (RCOO~) & trén va mot mol dé tao phiic v6i xeton hinh thanh nhu déi
véi cloranhidrit.

Phan dng cho hiéu suft tét, thudng dat hon 70% va cation axyli khong cé kha nang
chuyén vi vl mét trong hai cdu trdc cdng hudng da du electron:

[R-C* = 0: ==R-C = 0]
do d6 chi cho m6t san phdm thé.

Khi axyl hoa theo Friedel-Crafts, d6i khi tim thdy hiéu \ing ddng vj binh thudng,
chung to giai doan phan cét proton xay ra nhanh hon qué trinh hinh thanh phiic o khong
bac nhigu va sy tao thanh phidc o cd thé 14 thuan nghjch. Ngudi ta hay ding phén dng
nay dé€ didu ch€& ankylbenzen mét lan thé bang cdch khit xeton tao thanh trong phan tng
nay, nghia 1a chuyén nhém xeton thanh nhdm metylen béng c4ch khi. Chang han:

AlCl,
C,H, + CH,(CH,),COCI
ZnIlg HC

CH CO(CH,)CH, C¢H CH,(CH,)sCH, (80%)

" sol

Ciing cd thé ding anhidrit vong tac thanh sin phdm axyl hda va cd th€ chuyén hda
ti€p. Thudng dung anhidrit maleic d€ t8ng hgp naphtalen:

(“J Q.
PN HO={n,
HC \ AlCly H,0 @ ?HZ
o5, . . O) i
FIC G, A - i HCL N 2
/ C*(CH ),C—0H CHz/ :

| 0
i !

Zn. Hg, A HF J

e (OO0 - @Q () —

~

naphlajer tetralin fetraton
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7.5.1.7. Phan ing trao 46 hidro
Benzen cd kha nang trao ddi hidro vdi déng vi cua nd, ching han khi trén benzen
véi axit sunfuric doteri hoa D,SO, sé tao thanh perdoteri benzen

benzen dG

Phan tng trao d6i déng vi x4y ra nhanh hon la phan dng sunfo hda, da dd, khong
c6 san phdm phy sunfo hda. Phan dng cing la phan dng Sg:

H
.
@q" D+_—=-

Tudng ty nhu vay, ¢d thé triti hda khi tac dung benzen vi dung dich axit 80% chita

©+TOH e + H,0

Su trac d8i dong vi phu thudce vao luc axit:
D,80, > DZO+ > C,H,0D > D,0
Giai doan quyét dinh t5c d6 1a sy hinh thanh phde o. Phan dng chuy&n hda phic o

triti:

x4y ra nhanh hon 14 phan dng vdi nuée.
Tuong tu nhu trao ddi ddong vi, benzen cling bi proton hda trong axit dac vi ban than

benzen 13 axit y&u, song kha nang proton hda chl x4y ra véi nhan benzen dda metyl hay
ankyl héa, nghia Ia d& c6 nhém thé cho electron.

CH, H,C_ H
CH, CH, CHy- CH,
+ H == .
CH, CH, CH;, CH, ©0%
CH;

CH,
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Huéng protnn hoa din xuft cia benzen la tao thanh cation bén, fic 1a phic o bén,

chdng han:
H H
proton héa C, Hbg?ﬁ Hf-| Hih
CH; Y CH, CH, ¥ CH, CH; Y CH
CH, H H
5 2 H*
3
HC™Y CH,
rmesitylen proton héa C,
CH; CH C CH CH CH

Su ion hda megitylen vao C, cho cation (1), vao Cz cho cation (2), trong dd, cation
(2) ben hon cation (1) do hiéu Ung siéu lidn hgp cia nhém ankyl véi nhén, do d6, huéng
proton hda mesitylen xay ra ¢ C,.

Né&u proton hda § p—xylen c6 thé xdy ra 8 C, va C

H_CH H_CH H_CH
prolon héa C, H A H H H @ H
T OHNPH HRTH i

CH, CH; ., CH,

CH,
. ! R ]l+
5 4 3
CH CH CH
CH, protou héa C, *H H H H ’H
p - Xylen _— Has @ H < @ H
H H H H H
CH, CH, CH,

song hai cation tac thanh d8u cd tinh bén nhu nhau, do dd, proton hda xylen cd thé xiy
ra & hai vi tri C, va C,.

Néu so sdnh mesitylen véi xylen cho thdy, cation hlnh thanh tit mesitylen bén hon
tit xylen, nghia }4 kha nang proton héa mesitylen dé hon xylen. Nhu vay, ndong dd mudi
tac thanh cia mesitylen s& 18n hon la xylen, chiing minh rdng tinh din dién cua
mesitylen cao hon xylen nhitu, khodng 13.000 lan, con véi hexametylen dén 10% lan.

7.5.1.8. Phdn ting quang héa benzen

Benzen khi ¢d tac dung cda sidv Am thu dugc axetylen nhung khi tdc dung v8i 4nh
sang tim (1650-2000 A) thu duoe ba ddéng phan hoa tri:
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@ Benzvalen
1
@ Av @ Fulven
—
I—— ED 2, 5-Bixyclohexadicn

Nhitng hgp chét nay goi 13 dong phan hda tri ciia benzen, chi lien quan téi su thay
ddi lien két hoa tri, nghla 12 lidn quan t6i electren, do d6, ¢6 khi cdn goi 1a tautome hda
tri hay tautome electron.

Cing nhu khi quang hda din xuit cia benzen nhu 1, 8, 5,—tri— tert—butylbenzen
thu dudc:

R R R
N R R R R
/@ = = = == m
R R R R R
R 1 |
73% 07 26 71 64,3

Phan ung x4y ra o trang thai kich thich ma x4c dinh co ché rdt khd. Su ¢d mat nhdm
tert—butyl 1am kho khan khang gian cho nhan benzen, tao thuan lgi cho phian ing dbéng
phin héa hda tri bing quang héa vi trong cdc sin phd&m vdng bixyclo tuong tac khong
gian cla nhdm tert—buty] nhd hon trong bhenzen.

7.5.1.9. Phan ing vdi anken

Khi chigu bic xa dung dich anken trong benzen hay benzen thé&, thu dugc san
phdm cong 1:1, trong d6 anken tao cdu ndi gida cacbon 1 va 3 clia vong benzen:

© + ReH=CHR —= L

Phan ng xay ra qua phic cla anken vi vong benzen & trang th4i kich thich singlet
nhu thé nao dé€ cho lién két x ciia anken phin dng vdi obitan p cda cachon 1-3 cla vdng
benzen. Nhu vay, phan ing la déng bd va bdo toan duge tinh hinh hoc tuong déi cta
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nnom une cua ankern.

7.5.1.10. Phdn tng nhdn electron

Benzen ciing nhu nhitng hgp chdt thom nhén 14y electron dé thanh anion—gdc khi
tdc dung voi chdt cho electron manh. Benzen chiém electron khd hon cdac hop chét khac,
chiém electron ti K nhung khong thé tit Na d€ tao cap ion C Hi K'. Electron dugc nhan
& trén obitan phan lién két thd&p nhat cia benzen.

Benzen ciing tao cap ion véi ankylkali hay ankylnatri, nhu 12 phan dng trung gian
gita phan tng thé& nucleophin va electrophin, ¢6 th€ coi nhu 1a sy tdn cong clia cation
ankyl vao hidro ecua benzen, tuong tu nhu tdc dung cia thudc thit Grignard voi axetylen.

7.5.1.11. Hap chi't boc cvia benzen

Benzen cling nhu nhigu hgp chét thom khéc tao duge hgp chdt boe hay hgp chat phan
tit nhu C,H¢ Ni(CN),NH,;, trong dd, benzen chi&ém trong ché tréng ctia mang lugi tinh
thé tao thanh tit phéi tit vo co.

7.5.2. Phan Ung th& Sg vao dén xudt cha benzen

Nhom th€ c¢d trong nhan benzen giy ra sy phan bé khong déng dBu mat do eleciron
& cac vi trf khdc nhau trong nhan, do dd, lam thay ddi kha nang th& va tdc do thé& dé
hinh thanh san phdm thé méi, ddong thdi cing 1am thay ddi huéng th& cda cdc tdc nhan
tdn céng vao cdc vi trf con lai, phu thudc vAo nhdm thé€ di ¢d sdn trong nhan goi la nhdm
dinh hudng cia nhém thé.

7.5.2.1. Khi ning thé

Trude hét cin phai ndi ring, vi la phan dng S; nén néu mat do electron trong nhan
benzen ting l&n thl ting khi ndng thé& cda nhén benzen so vdi benzen. Cédc nhdm thé& do
12 nhilng nhém thé& cho eleclron, nhitng nhom thé& cd hiéu dng +7 va +C. Nguge lai,
nhitng nhom thé lam gidm mat do electron trong nhan lam gidm khéa nang thé& nhu cde
nhém ¢d hiéuing —I va -C.

Mat khéae, t6c dé thé phu thudc vao do bén cia phic o — ti€u phan mang dién tich
dudng, nén nhing nhin t& ndo 1am tang tinh én dinh cia phdc o 88 lJam ting tdc d6 phan
ing thé, ngucce lai, lam gidm tinh &n dinh ctia phic o lam gidm tée d6 thé, Cac nhom
th& cd kha nang lam én dinh phudc o goi la nhitng nhdm hoal héa nhan, lam dé dang cho
phan ing th€ hon benzen. DS cling Fa nhitng nhém thé cd higu dng +7 va +C. Cic nhdm
th& lam m&t €n dinh phic ¢ goi 1& nhitng nhém bi déng hda nhan, lam khd khan cho
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phan dng th& hon benzen. Dd cing 1a nhitng nhém thé& eé higu wng—7I va—-C.,
Hay so sdnh d6 bsn cia cac phic o cia benzen, toluen va nitrobenzen:

H & H. & H 1
© ()
(D ) 3

Phic (2) do cd nhém CH, 14 +I hay cd hiéu Ung H, gidi téa dugc phain nao dién tich
duong lam 6n dinh phitc. Phic (3} kém én dinh do nhém NO, Ja —J va —C lam téng dién
tich duong cia nhén,

Chéng han cdc nhdm thé&:

Cl_ls CHZCI_ CHCL-)
hoat héa bj d6ng hoa it b dong héa vira bj ddng hda manh

Né&u nitro hda cac hgp chit trén, téc dd nitro hoa toluen gap 25 lan nitro hda benzen,
con téc dd nitro héa benzylelorua chl bing 1/3 nitro héa benzen.

Anh hudng cila nhém thé& bi€u hién ré rang khi nhdm thé€ chl ¢6 mot hidu dng, nhu
CF;, NO,, CH,,.., con phdc tap hon véi nhém thé c¢d hai hiéu dng nguge chidu nhau.
Chang han, nhém —OCH, ¢6 hiéu dng —I khong 16n 1am bi dong hda nhan do gidm mat
dd electron 4 nhan, nhung cdn cd tucng tac lidn hop +C cua cap electron n cia oxi:

o O o 5 CHy o~ CHs
R 0 0 | = 8
HeE HE  HE HE H e

Hiéu dng +C cua cip electron n cia oxi manh hon, tuy bj bu trit boéi —I nhung vin
hoat héa manh nhan benzen.

Con Cl trong clobenzen:
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Cl+ L

Cl

Cl Cl
Q-0 1)
HE HE HTE HTE H E

hiéu dng cédng huéng +C & ClI do sy xen phu ciia obitan 2p cia C va 3p cia Cl, nghia 1a
xen phi cua hai obitan ¢d mic nang lugng khdc nhau, nén y&u hon trudng hop trén va
cing yéu hon —I cia Cl. Hiéu 'ing -7 cta Cl uu th& hon nén Cl 1A nhdm bi dong héa
nhan.,

7.5.2.2. Su dinh hudng cia nhém thé hay nhom dinh hiwéng

Céc nhom thé& hoat hda nhan d&u hoat hda t&t ci cde vi trl cha nhan benzen, cing
nhut cde nhém thé bi dong hda nhan cing lam bi ddng hoa t4t ci cdc vi tri do. Bat ky
mot nhom thé nao—hoat hda hay bi dong hda—ciing 1am anh hudng 1dn nhat & vi tri pare
va ortho.

D€ giai thich su dinh huéng, ngudi ta dua vao do bin cia phic o (cdn goi 1A cation
benzoni hay cation xyclopentadienyl). Sy n dinh cia chét trung gian phic o ciing tuong
tu nhit 4&nh hudng cla trang thii chuyén nhu cdc truong hop sau day:

Phan dng thé vao toluen, ed ba trang thai coéng hudng phite o

e Phic ortho:
& Ty oy CH, .
E s @‘E .:_}.OE — \E
+ +
) (2) (3)

trong ba cong thic trén, nhém CH, déu cho electron vao céc vi tri cla vdong nhung manh
nh4t d cfu tric 3 do dién tich dudng dinh ché & C dinh voi CH, dugc giai toa 1on.

¢ Phuc para:
CH CH CH
’ ’ ’ , CH,
. —— ——— . 2
H
E H E H E H N

E

I

(4} o) ()

tuong ty nhu & trén, cdu tric (5) bén hon.
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o Phitc meta:

CH,

CH, CHy CH, |
- T —-—m * ——
H H H

¥ E E E H E

(7) (8) (g}

cédc cdu trite (7); (8); (9) déu kém bén hon cde cdu tric & pare va ortho do kém gidi toa

hon, nhung bén hon phic ¢ cia benzen khong thé.
Phan (ng thé€ vio toluen & tdt ca cdc vi trl d8u dé hon benzen, trong dd uu tién thé

vao para va ortho ddi hdi nang luong hoat hda thdp hon, sdn ph&m chinh 14 san pham
th& ortho va pare (hinh 7.9).

benzen

7 hé'na'n_g

Toa d6 phan uirg
Hinkt 7.9. Gian 46 niing luong th€ S cia toluen.

Phan wng th€ vao nitrobenzen:

:\4- \+/ ) O

N N
e Phic ortho: l kem bén,

O
o Phiic para: N +/O
L E H ’

kém_ bén
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S SN

0 0 0
N# Y
N N/ 7
e Phitc meta:
+ +
= Ol
E E E ]

R +
Nitrobenzen chiu sy d4y electron cta dién tich duong cia phiic voi ludng cuc manh

cia nhém nitro: —
(+) C=NO,
nén lam giam kha nang thé€ & t4t c4 cac vj trf so vdi benzen.
Trong cac phic trén, phic thé vao meta ben hon do tinh duong dién & C dinh véi NO,
th4p hon. Kha nang th& vao mefa 1n hon nén sdn phim chinh 12 thé meta (hinh 7.10).

oL, p
m-

? benzen

7/ ﬁé'ﬁa’n\g

Toa &5 phan uhg

Hinlh 7.10. Gian d6 th& Sg cia nitrobenzen.

— PhaAn 1ng th& vao anizol:
Phén dng th& Sp. vao anizol C,H{OCH, vdi nham thé ¢ =1 va +C nguge chidu nhay,

trong d6 higu ing +C xudt hién manh hon:

OCH, COCHa
4 +C
cd ba cAu triac 0 ba vi tri
i ortho
OCH, OCH, *OCH,
H H LoH
E - = E




CO SO0 HOA HOC HUU CcO 281

. prawang

OCH, QCH, 0CH,

n +

+ € = E

3. para

[ OCH, OCH, OCH, 7  *QCH,

N |

" - ——— I . =
H e H E H™ °E H” B

Su thé& vao meta taa thanh phdc o khdng xuat hign duge hidu dng lién hop +C cua
cap electron n cia O nén OCH, chi xuéit hién hiéu ung —I, do dd, th& vao meta khd hon
th& vao benzen, con vao ortho va para déu dé hon vao benzen.

Y ndang

Toa o phdr Uﬁj
Hinh 7.11. Gidn a6 thé& Sg clia anizol.

Tuong ty nhu vy vdi
clobenzen ¢8 nhom th€ ¢ hai hiéu
ing —I va +C nguoe chi¥u nhau
nhuy ¢ hinh bhén, song, khdc vdi ct C:C[
anizol, ion halogenoni tao thanh =
bAng hidu ¥ng +C khong h#p bing |
ion oxoni, nén hiéu ¥ng nay khong
bit trit duoe hiéu dng—I, nén phan "y +C
ung dugce quyst dinh bing hidu vng
bi ddng hda nhan cda Iudng cuc:

-~—

(+) C-X
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phan dng thé€ khé hon benzen nhung uu tién vao v tri ortho va para hon la meta.

ortho
X X ooxt
H H ¥ H H
E s ' )
e 0 E e E == E
meia
X X X
+ +
E E R
para
X+

0 l

ol

Nl

0
I

ffié'nd/zg

Toa dé phdan ung

Hink 7.12. Glin dd ning lrgng Sy; cla clobenzen.

San phdm th€ §; vao nhan benzen la sdn phdm khéng ch& déng hoc, trong do, uu
tién l1a th& ortho, para hoic mete. Ranh gi6i gita sy dinh hudng ortho—~para va meta khi
th€ Sy xay ra hoan toan riéng biét quan sat duge rit hiém, thutng thu duge ca ba sdn

phdm vdi ty 16 khac nhau, trong d6 chl ¢ mét huong vu tién hon.
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Bdng 7.2. Anh hudng cita nhém djnh hwéng.

Hoat hda nhin: -0H,-0R,-NHj;-NHR,-NR;,— R, -Ar
Dinh huéing ortho—para: -NHCOR

Bj @dng hda nhan: —Halogen, - CHCI;

Dinh huang ortha—pare:

Bi déng hoa nhan: -CN,-CQOH,—CQOOR,-CHO,-COR,
Dinh hudng meta: ~NO3,—~N*Ra, ~S03H,~5S0,0R

Bdng 7.3. Ty 1§ dong phan kii nitro héa C;H - X

X % ortho % para %a meta
~CH;, 58 38 4
-F R 88 -
-q 30 70 -
~Nr 37 62 1
-1 38 60 2
- CODH 19 1 80
-CONH, 27 3 70
-N*(CH;y) - 11 89

Trong bang 7.3 che thdy, v8i nhém dinh huéng ortho—para, sin phim pere wu tién
hon ortho la do yéu td lap thé & artho ldn hon d para goi 14 hiéu dng ortho:

Trong nhom dinh hudng meta, gdn phim ortho luon ludn ldn hon sdn phdm pera. Do
dd, san phan thé ortho va para xAy va khdng phai theo sy phan b8 thdng ké gdm 67%
orthe va 33% para.

Sy dinh hudng cia nhom thé cé thé giai thich trén cd 8d quan di€m ca hgc lugng ti,
dya vao su thay ddi MO voi nang luong tuong déi cia trang thai chuyén la do tuong tac
cia céc cbitan HOMO—-LUMO cia cdc chit phin ting.

Benzen ¢ mic nang lugng HOMO va LUMO suy bign. Cic ning lugng MO nay bj
tdach ra béi hiéu Ung ciia nhém th€. Tuong tac cia nhém th& véi hai HOMO cua benzen
nhu sau:
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O (a) nhém thé dinh vao vj tri cd bién d6 ham s6 sdng 16n va cd &nh hudng dén nang
lugng MO, ¢ (b} nhém thé dinh vao di€m nut va khéng cd 4nh hudng t6i nang lugng cia
MO.

Higu ding ciia nhom thé choelectron lam tang nang lugng cia MO, con hig¢u dng cia
nhém thé hiit electron 1am 8n dinh MO v&i nang lugng thdp hon.

Benzen cé nhém th& cho electron (a) 14 HOMO phan dng vdi E* 5& uu tién chiém vj
tri para, vi trl pare chi&ém uu tién hon vi tri ortho, Sy tiép can tdi obitan nay du tién &
vi trl pare khong cd ngan can lap thé nhu & ortho. Nhdm thé cho electron cd khuynh
huéng diy lui di€m nat cho nén bién dé ham s6 séng & vi trl ortho 16n hon & vi trl meta
va su khac nhau giita vi tri ortho va pare khdng ldn.

Benzen ¢6 nhom th€ hit electron (b) ciing cd HOMO song vi trl pare la diém nit
cia MO nén phan dng khong co thé xay ra & day. Con phan dng & vi trl ortho va meta
14 bing nhau, song thuc t€ cd sy khdc nhau vugt qua gidi han dd va thyc t& nhém thé
nay la dinh hudng meta. Trong nhém th&€ meto, lugng san pha&m ortho 16n hon con lugng
para ludn nhd.

Su ti€p can MO 4p dung cho trang thai dé nhdt cba phén Ung ma khong phai cho
trang thai chuyén, chl diing cha hé ¢6 sy thay ddi nhé, Trong phan dng Sp trén, trang
thai chuyén thay déi cdu trac thanh chdt trung gian nho hon la t6i chét ban dau tham
gia phan dng.

7.5.2.3. Nhan (6 t6c 46 phin (f)

Téc do phan [, véi x 1a vi trl ortho, meia hay para duge xdc dinh theo cong thie:
s6 vitrf cta ArH hoat tinh ArX
sGvitriciax ) ( hoat tinh ArH )

f, = (lugng ddng phan x) x (

Chéng han, nitro hda toluen va benzen bing HNO, trong anhidrit axetic & 30°C thu
duge 1 phan nitrobenzen thi ¢ 27 phan nitrotoluen. Trong nitrotoluen ¢d 58,1% ortho;
3,7% meta va 38,2% para.

o2}

27 581 6 27
f = (058]), — — =—— . — . — =27
y 2 1 100 2 1

( ) 27 3,7 6 27
f = (0,087). — . — =~
» 2 1 100 2 L

D
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6 27 382 6 27
f=(0382), — @ — =—0' — = _ g
P 2 1 100 11

Tdc d0 phan d cac vi tel ortho: meta: pars = 27:3:62 = 9:1:20,7
Téc do phan khi nitro hda cae Ar-X: (cac con s trén cong thic chi téc 4o phin f,

-

CHy C(CH,), CH,Cl Br I
@7 55 0,29 0.03 : 02
3 4 014 001 0,01

62 . 75 2,95 o 06
F Cl NO, COOC, H,

0,06 4,03 18.907¢ rwt
- 0.0003 28.507% 250"
af o,14 g2.007¢ o240

7.5.2.4. Pink hudng ciig ddn xudt hui hay nhiéu Rin thé

Khi nhan benzen da cd hai hay nhigu nhdm thé&, sy dinh hudng cta lan thé tiép theo
phu thude vao sy dinh hudéng cia ci hai hay cic nhém thé€ cd sdn trong nhan. Hiéu ing
nang lugng cia nhdm th& sau cd thé coi gan ding bang su cdng tinh cha hidu ding ndng
lugng cia méi nhdm thé riéng.

Chéng han, phan ing ddteri hda o-dimetylbenzen (o-xylen) véo vi trl thid ba cd thé
tinh nhu sau:

AE* (vitrl 3) = AE® (ortho) + AE¥ (mets) d6i voi toluen:

CH, CH,
2/9 H3 - “
vl tii 3 1 ortho va meta A6l v&l hai nhdm (H
&/ 1140 (1345) r
dés 1900 (2720)

Nang luong tdong quan voi logarit cha hang s6 téc do, néa:
RTInk (vi tri 3) = RTInk(o} + RTInk(m}
lgf3 = ]gfo + lg)“m = ngnl

f3 = fr/m
f, = 219 « 6,1 = 1340

Téc d0 phan doteri hoa vao vi trl 3 cia xylen 1a 1340, két qua nay ghn ding vdi hoat
tinh theo thye nghiém:
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- CH, COOH
COOH 3 cl o COOH

21
87 13

43 4 e 50

’ Br 7 Cl *
H, CHs
O 1460(1340) ©j€m 48000)
' 800 (s:.faa)C H3

CH,

Hiéu dng dinh hudng clia hai hay nhidu nhdm thé& cd thé tién dodn ghn ding tit hidu
ing ctia m6i nhom riéng ré: cd thé rut ra nhing quy lujt sau:

e N&u hai nhdm th& cling dinh huéng uu tién vao mét vi trl.thl vi trf dd s& wu tién
hon.

Vi dy, nitro héa cdc hop chit sau cho phln tram sidn phim & cdc vi trl:

COOH

of CH, CH,
a 0~/ <7 ag 20
L Nl <
NO

2

o Né&u hai nhdm th& dinh hudng vao céc vi trl khac nhau thl ¢d cde truong hop sau:

— n&u ca hai nhém thé& la hoat hda nhan thl nhom thé& hoat héa manh hon sé dinh
huéng nhom thé thy ba.

Ching han:

NHCOCH,
] OCH,

" g
a

cling nhu clo hda chdt sauw:

a1 a
% v )
H3C-®-NH2 HSCQNHZ > 1,e ()-NH,
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— nleu nhan co MOL nnom noat noa va mor nnom D)
dong hda thi nhém hoat hda quy&t dinh hudng thé& cla OCH,
nhdm thé thd ba. F
Vi du: Nitro hda hgp chdt sau thu duge: "

Trong phan tng thé& viao dan xuat cia benzen, ngudi ta . <
chd ¥ chon disu kién dé tdng hop mot sén phim uu tién o
hodc khi sin phém cd thé tach ra bang cidc phudng phép
vat ly. Cdc déng phan ortho, mela va pare chl y&u khic
nhau v& nhiét d¢ ndng chdy, con nhiét dé s6i gan gitng
nhau,

Bdng 7.4, Tinh chit cda cfc dbng phan cia benzen
10 ©
Nbén thé X: = :
ortho meta para ortho meta pata

Br, Br 7 =7 87 225 218 215
C, Cl —17 -25 53 181 173 174
Br, Cl -12 -22 68 204 196 196
CH,, Br —26 —40 29 182 184 184
Cng NOZ -10 16 55 220 233 238
Br, NO, 43 56 27 258 265 256
Cl, NO, 35 46 84 246 236 242

Mot trong cic phuong phap 8 dién phan biét dong phan meta, ortho va pare hai 13n
thé la phudng phap tuyét d6i Korner:

— N&u hai nhém thé& gi6ng nhau 1A para, bén hidro 1a tuong duong va chl cho mét
san phidm:

— N&u hai nhdm thé& 1a ortho, cd hai loai hidro nén cho hai dong phéan ba lan thé.

_ <k ’ If
..
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— Né&u hai nhdm thé 1a meta, cd ba hidro khdc nhau nén cho ba déng phéin ba lan thé:

X X 4 X
15 .
sEisioRN!
X X ©\x E X
I

CA ba din xudt hai 1an th€ ¢ trén d&u ¢6 mdét dbng phan ba lan thé 1, 2, 4.
7.5.2.5. Nhén & chon lua

Nhéan t6 téc d6 phan cho biét kha ning phan dng ctia tdc nhin vdi chdt ban dau,
nghia 12 ciing bi€u hién sy chon lya chdt ban ddu cla tdc nhén, cing 1a bi€u hién sy
kkhdc nhau 16n vé tdc d6 phan dng phu thuéc vao nhdm thé€ trong vong benzen, Mat khac,
nhan t6 téc d6 phan cing bidu hién tinh chon lya clia sy té&n cdng cia tdc nhin vao cde
vi tr{ khdc nhau trong méi mot phan dng cu thé.

Hai cdch chon lua nay: ch4t ban dau va vi trf ¢d sy tuong quan vdi nhau. Tinh chon
lya phu thufc vao ban chit cta tdc nhan electrophin. Ndi chung, electrophin cang hoat
dong thl tinh chon lua chdt ban dau ciing vi trl cang thédp, va nguge lai.

Electrophin cd tinh chon Iya cao véi chdt ban diu thudng cho ty 18 ortho/ pare khong
16n ciing nhu cho mét lugng mete nhd. DE bidu didn tinh chon lva, ngudi ta diung ty 18
tdc do phhn pare va meta, khong dung téc do phan ortho vi con chiu anh hudng khong
gian.

Nhban t8 chon lya S, = g /[, )

Chang han, phdn dng halogen hda, axyl héa theo Friedel-Crafts cd tinh chon lya
cao, proton héa va nitro hda ¢d tinh chon lua trung binh, cdn ankyl héa theo Friedel
Crafts cd tinh chon lga thép.

Su chon lua chéit ban ddu phu thude chi y&u vao su hinh thanh phdc z. Kha nang
phan dng va tinh chon lua lién quan téi vi tri trang thai chuyén trén truc toa do phan
ing. Cac electrophin rdt hoat déng, dudng cong th& nang cd trang thai chuyén gan voi
chét ban dau hon 1a phic o, dién tich dugng trong vdong nhd nén tudng tdc vdi nhom th&
nho, phttc o kém 8n dinh hon. Cac electrophin hoat dong kém, trang thdi chuyén cham
hon, lién két mdi véi electrophin hoan toan hon do vodng cd dién tich duong lén, nghia 1a
phan dng chiu dnh hudng manh cla nhdm thé.

7.5.3. Phan tng thé goc S,

Phan dng th& géc cta hidro dinh véi nhan benzen xdy ra r&t khd khan, & nhiét do
cao va 14 phadn dng thu nhiét, song phan Ung th€ gdc lai dé dang & gbc ankyl cla céic
ankylbenzen. Phan ting nay xay ra dé dang han & cdc ankan,

CH, CH,CL CHCL, CcCy
Ch
hy

ap Ch
N i
hy hv
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Phéin dng xay ra qua gée trung gian benzyl C,H,CH$ vdi nang lugng phan ly DH® =
88 keal/mal

\ / CHy, + C[° == < /)*CH2 + HO AHY =-16 keal/mol

Tuong tu gée allyl, goc benzyl Ja géc bdn do giai toa electron trén cbitan p véi obitan
a cia nhan (hinh 7.138).

CH,

Hinlt 7.13. Ciw triic obitan cun gdc benzyl,

Tuy & vi trl ortho va para cé electron tu do nhung céc vi tel nay phan dng v6i Cl,
khong lam 8n dinh tinh thom cda vong benzen nén gdc benzyl phan dng wu tién & vj tri
ngoai vong:

CH,Cl
o -1
CH; ol o+ AHY = - 15 kealmol
| /
© +; CL, CH,
C + AH®2 423 kealmol
H Cl

Da6i v6i xylen, phdn ng xay ra ddng thij d A hai nhom CHy:

CH, @CHzBr
' + 2Bp, —>
CH, & #—CH,Br B3%
Véi cdc ankyl cao, sAn phim mét |lan thé cd th€ ¢ cac cacbon khac nhau nhung chi
y&u ¢ hidro benzyh



AREN

290
CHBrCH, CH,CH, CHCICH, CH,CHCI
PR
O - O = *
100% 91% 9%,

Brom 1a tdc nhan chon lgc cao hon clo.
Téc do tuong d6i cua hai loai hidro trén la 1:3, so v6i anken la §:3, 8:1.
Tinh b¥n cia gbc benzyl cé the so sdnh vdi gbc ankyl do cd sy khdc nhau v& céu tric

cdng hudng hay giadi téa electron (hinh 7.14)

CH;+ H*

Sur éra ety ciia
T gdr benzyl

-t
CﬁHSCH; e 19 keal.mof

—
~
-

\

1

|

|
]
]
i

' Tbé'na’nj

CH, GHCH,

Tog o P/'M'ﬂ U'}Ij

Hink 7.14. So sénh th€ néing g cGa antan v3 ankylbenzen.

7.5.4, Phan tng oxi héa
O digu kién thuding va cac téc nhan oxi héa dung d& oxi héa anken, benzen khong
bi oxi hda. Benzen cd thé bi oxi hda phd v3 vong & nhiét dd cao:

| ,0
O 22 O
O,
400 - 4407C H I
0]

i-0,
? 200 30HC-CHO

song cdc ankylbenzen lai dé& bi oxi hda, trong dd, eacbon (hay cacbon benzyl) bi oxi hoa

thanh COOH:
0,,Co(0OCOCH,),

| @——CH3 °C { y—coox

3

MnO; | H
e Y-cH : — = HOOC —('Q~000H

3 HO™, H,0, dun ndng
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Didu kién d€ oxi hda 1a ankylbenzen ¢6 hidro benzylic, néu khong cd hidro benzylic
thi oxi hda xay ra rit khé khan, chdng han nhu oxi hda fert-butylbenzen khong bi oxi
héa béi KMnO, trong digu kién nhu trén néu oxi hda manh cho mét lugng axit pivalic,
nghia 1a pha v8 vong benzen:

C(CHy),
MnO,
HO', 11,0, dun néng phan Gng khong xay ra

Cac nhém thé khac nhu CHOH, CH,OH, C=C, C = C,... cling dé bj oxi hda nhu gic
ankyl.

Nghién citu co ché phan idng oxi hda cho thdy, c¢d thé tac thanh chit trung gian la
cation benzylic bén do gidi téa dién tich duong vdi nhan benzen:

g . Oy

Mach ankyl dai ¢6 hidro benzylic cng oxi hda thanh cation benzylic. Phan dng cét
mach ankyl dai ¢é thé di qua anken trung gian:

©) Y ©)

C¢H;COOH + CO, + H,0
7.5.6. Phan dng khi

Vong benzen ¢d thé bi khit bdi kim loai kitm trong amoniac 16ng va ancol. San phim

khit 1a xyclohexadien:
Q w2 O
NH,, C,11,0H ~

Dung djch ciia Na trong amoniac léng ¢o chia electron bj solvat hda sé cong vao
nhin benzen cho anion-g6c (¢ nhidu céng thic céng huéng vi hé chia 7 electron).

Q= O

anion - ghc benzen

Anion- gdc nay kém bén hon benzen, phan Ung ngay vdi chat cho proton, trong dd
ancol 14 axit manh hon nén la chit cho proton:
/

O C,H,OH O ¢ O C,H,OH @ + CyH,O
e <

\ /N
H H H H H
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Anion xyclodienyl la anion lién hop loai allylic ¢6 nhigu c&u tric cong hudng, song sy
proton hda cacbon trung tAm nhanh hon cacbon cudi;

0-g R

H H H H H

Dien khéng lién hgp trong méi trudng bazo ¢d th€ ddng phan hda thanh dien lién
hop d€ c6 thé khi tiép dén monoanken:

CZHS O_- ) Na, NH3, (‘.ZIISOH
chim nhinsh

Do dd, ¢6 thé chon didu kién dé€ c6 thé khu dén 1, 4-xyclohexadien hay xyclohexen:

O et O
~CH, NH,, C,H,OH, ete CH, (17 - 92%)

0 0
O—OCHa Li, NH, —OCH; ad HO . | e e !
C,H OH @ (84%) @
anizol [ - metowyxyclohexa - L 4 -dlen 3 - xyclohexenon 2 - xyclohexenon

COOH COCH

| - Na, NILy, C;H;OH

(89 - 95%)
Né&u ¢ néi d6i & mach nhanh thi tdc nhan nay khit udi déi nhénh.

C~CH, LN, —CH(CH,)
CH,
i 0N

(80%)

Phan vng khit Birch nay cing dung cho ddn xuit benzen chita nhém chidc khac nhu
halogen, nitro, cacbonyl. Vong benzen ciing bi khir bang H, ¢d xuc tdc d€ tao thanh
xyclohexen trong nhing digu kién khac nghiét hon anken.

Phan ing di qua hop chét trung gian xyclohexadien va xyclohexen, cdac chdt nay dé
khit hon benzen.
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Hda hoc lap th€ cha s&n phdm phu thudc vao didu kién phan dng va xuc tac. Phan

ing thudng dung dung méi axit axetic v6i xtc tac Pt hay Pd ¢ gn 100°C nhung cham,
nén thudng diung xde tdc RWC hay Ru/C & 100°C d€ hidro héa vong:

CH,

_Hy RWCS% O/ | @
H 0
CH; 100°C ~CH,

Ty I€9:1
Né&u vong benzen chita nhém chitc andehit hay xenton thi bi khit nhanh hon vong:
Br ?r
CHO, H,, PO, A, -CHOH
C,H,OH ~
(83%)
OCH, OCH,

7.6. AREN DA VONG THOM
Hidrocacbon thom da vong chu y&u gom hai loai:
-~ da vang cd nhén r&t hay riéng ré, lién két véi nhau bang lién két o;
— da vdng cd nhan ngung tu, cé chung hai cacbon giita hai nhén.
7.6.1. Aren da vong roi

Dic trung cua loai nay la loai biphenyl hay biaryl:

td 21 2 3
4,7 I ’
5 6 & 5

Cachon cia mot vong dinh véi vong khac duge dénh s6 bing vj trf 1, con véi vong
kia danh s6 bang chif 88 cd ddu phdy, cing cd thé dung danh phap ertho, meta, para:

H, NO, Cl
/' \ /7 N/ N
CH, cooH  Cl
2, 3’ - dimetylbiphenyl axit 2, 6™ diclo- 6- nitrobiphenyl - 3 - cacboxylic

o, m' - dimetylbiphenyl
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Biphenyl 1a chat rén, £ = 70°C, thudng duge didu ch& bing cdc phuong phép sau:

10
+ Nhiét phan benzen: 2CHg — CH,—CH, + H,
+ Chuyén vi benzidin:

Oy £ 1l

4, 4" - diaminobiphenyl (benzidin}

O trang thai tinh thé, biphenyl ¢ hai
vdong nam trén mot mat phlng, cdn & trang
thai dung djch hay pha khi thi hai vong
x04n lai taoc nén gdc 45° gitta hai vdng (hinh
7.15)

Su xoén gitta hai vong do tudng tdc 13p
th€ gifta chc hidro 2, 2' - va 6, 6. Bién d¢
lyc ddy nay khodng 6 kcal/mol nén hé xoan
cha hai vong lam cho cac hidro cdch xa nhau
16n hon. Con 48 trang thai tinh thé, lyc tuong
tdc nay con nhd hon, su 8n dinh do sy =ap
x&p cdc biphenyl v6i nhau trong day dong
dang thuan lgi hon. Luc sdp x8p tinh thé Hinh 7.15. C&u tric lap thE cla biphenyl,
nay khéng c¢6 trong pha khi.

\\ ~45‘°‘
-

Hiéu @ng ddy giifa cac nhém thé ortho cing 16a n&u thé tich nhém thé cang lén, dén
muc khong ¢d kha ning quay xung quanh lién két o, tao nén céc d6i quang. Ching han,
axit 6, 6’- dinitrobiphenyl - 2, 2’- dicacboxylic ¢d hai dang d6i quang:

mat phing grong

COOH
NG, E o, HOOC
e '

|
I
COoH
0, }
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COCH HOOC

HOOC— —ND, 0,N— ~-COOH

0N NO,

D&i véi axit 6, 6- diflodiphenyl - 2, 2’-dicacboxylic eling ¢d thé tlm thdy dang hoat
déng quang hoc, song hgp chit nay dé raxemic hda, nghia 12 hai ddi quang luon chuyén

hda nhanh cho nhau:
F COOH HOOC@ :

HOOC F H COOH
axit 6, 6' - diflodiphenyl - 2, 2" - dicaboxylic axit diphenic

Biphenyl ciing cd phan dng dac trung 1a phan ¥ng S nhu benzen song phédn dng xdy
ra dé dang hon vl mdt nhan trong biphenyl la nhdm th& hoat hda nhan benzen thid hai
va cing dinh hudng vao ortho va pare.

Ching han, khi nitro hda biphenyl cho 2-nitrobi- .

130

phenyl véi lm,.lng 16n hon 4- nitrobiphenyl, N
Khi brom hda biphenyl cho mdt lugng lén C5H5‘©’9""

4. brombiphenyl va khi du brom cho 4, 4’- dibrombiphenyl,

Téc dd riéng phan & ortho vA para xem 4 hinh bén.
Ndi chung, san phdm 4- va 4, 4’- biphenyl 14 san pham th& Sg.
Loai triphenyl ¢d ba nhén nén cd ba ddng phéan ortho, mete, para:

oA OO0

~ O

o - triphenyl, 1€ =57°C; m - trlphenyl,.tzc= 87°C; p - triphenyl, i, = 171°C;

>'ne
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DAn xuat phd bién nhdt 12 fluoren, 14 ddn xuit biphenyl ¢6 nhém CH, & vi trl ortho:

TMuoren

Fluoren cé vi trl 2, 7-para dé th& electrophin, cé H cia nhdm metylen linh déng, c6
tinh axit cao (pK, = 23) va d€ bi oxi héa:

0
CH, NeyO0; | -
CH,C00H ]
N

fluorenon
6 CH,
B
80°C —NO,
(79%)
2 - nitrofluoren
H Lt H. _H H K+
7 A7, CH,y(CH,),Li ‘ KOH _ =
ag e
T NG
9-flucrenyl liti 9 - fluorenyl kali

Tinh axit dugc giai thich bing sy tao thanh anion xyclopentadien c¢ tinh thom va c6
nhidu c&u trie cong hudng.

7.6.2. Aren da vong ngung tu

Iigp chAt quan trong cla loai nay ]a naphtalen, antraxen, phenantren, con aren da
vang cao la graphit dang ddng hinh allotropic clta nguyén td cacbon e6 véng s4u canh x&p
thanh lop phing

7.6.2.1. Naphtulen

1. Céu trizc nephtalen

Naphtalen co hai vong ngung tu phing, cé 10 electron  btuan theo quy tic 4n+2, co
bo khung cacbon cia vong kép nhung mdi vong d8u ¢6 sy phan bo mat do electron 5 vong
kin tao nén mét hé cleciron chung cho phan ti, thn tai & dang tinh thé, £ = 80°C va
dé thang hoa:
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Cac lién két trong naphtalen khéng bang nhau ma cd th€ thady & cac ecdu tric lai hda
cong hudng. Nang lugng cdng hudng cia naphtalen la 61 kecal/mol theo nhiét d&t chay.

CO-00-00) - ©O

2. Téng hop naphtalen

Naphtalen hay ndi chung cic hidrocacbon thdm da vdng ngung tu duge t6ng hop
béng céich loai hidro ctia hgp chit da vdng vita thom vita no hay viia thom vita khéng no,
thudng goi cdc hgp chdt nay ]a hidroaromatic (hidro thom):

= p =
, Pd, ! : '
S _— g + 3H2
Phan ving nay goi la phdn ing thom hda cdc hidro thom (hudroaromalic)

C6 thé t8ng hop tit benzen hay ankylbenzen:

H,NNH,,, KOH
@ o Ay 2z _HY
| !,
O‘ OC
sfe
CH,

CH, OH

4.6-dimeyl-12 L’idunetylnaphta[en
<dihidronaphialen
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3. Phdn dng héa hoc cia naphtalen
a) Phdan ung thé electrophin cia naphtalen

Phan dng dic trung cba naphtalen cing JA phin Ung S, nhit nitro hda, halogen hda,
sunfo hoa, Friedel- Crafts,...

ChAng han, brom héa naphtalea:

Br

=0
—
(72 - 75%)
> I - bromnaphtalen

Phan d@ng khdng cén phai cd xic tde, nghia 1a phan dng d& hon benzen va sin phim
chinh 1a 1-bromnaphtalen.
Céc phan ding khdc nhu ¢ so db sau:

HNG, NO.
CH,COOH s
S (CH;CO),0 - NG,
' vy »
] 09 +
(D e (X2
10:4
1 - nltronaphtalen 2 - nitronaphialen

Tu cdc phadn dng trén, ndi chung, vi trf 1 hay o cba naphtalen linh dong nhét, sau
dé 1a vi trl 2 hay B. Didu dd cd thé giai thich trén co sd tinh ben ciia phic o tao thanh
tit vi trl 1 va 2, cing nhu & cac vi trf khéc nhaw:

Y H oY
()
H Y H Y
o9 oS
I -1
-, -—
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+ H - H H
=
| YH@LVH Yo—o
N o +
1 ' H
H
a v 7 Y
- - - -
T T~

Huéng tao thanh phitc o & vj tri 1 cd hai cdu tric chda dién tich duong trong vong
bi tdn cong va vong benzen bén canh vAn gilt dude tinh thom.

Hudng tao phic o tit vi trf 2 cing cd hai cfu tric chda dién tich duong & nhan bi
tdn céng, song chl c6 mot cfu tric ¢6 vong benzen gitt duge cdu tric thom.

Phic o cla vi tri 1 b&n hon vj trl 2, kh4 nang th&€ vao vi trf 1 nhanh hon vi trf 2.

San phdm thé 1 uu
tién hon.

Theo thuyét MO, phan
tit naphtalen e¢6 HOMO,
trong dé, cic vi tri & gin
niit hon, néi chung cd bién
d4 ham 6 song nhoé hon d
vi trf xa hon (hinh 7.16),

Nhu vay, vitri 1 d xa
nat hon sé cod bién dé ham
s6 séng 16n hon vi trl 2
nén vj trl 1 hoat dong hon.

Néi chung, trong didu HHink 7.16. HOMO cia naphtalen.
kién phan dng binh
thudng, san phim mono 1a wu tién ¢ vi trl 1, nhung cing c¢6 nhimg trudng hep khac
nhau.

Khi nitro héa naphtalen, sAn phim chii yéu 13 1-nitronaphtalen, n&u nitro hda & didu
kién manh hon cho san phdm dinitro ¢ vi tri 1, 6 - va 1, 8 - vl nhdm nitro la bi déng
hda nhan nén nhém nitro thit hai s& thé vao vong khac,

Khi halogen hda thu duge chd yéu sin phidm 1-halogennaphtalen:

Khi axyl héa theo Friedel- Crafts, san phfm cd phy thudc vao ban chdt cia dung mai.
Chang han, axyl héa trong CS,, CCl,, C,H,Cl, cht yéu thu dugc san phém thé&
1- axylnaphtalen, trong C;H;NO, chu y&u thu duge sdn phdm 2- axylnaphtalen:
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Osn~CH;
Cchcl Cs,
Ala
(?5/) (25%)
g
2

0
I

N, o
N i Cw
N\ EHL €L, CGeHsNO, CH,
AlCt,

Tinh chidt nay duge giai thich bAng thé tich cua phic t&n cong vao vi trl 1 va vi tri 2
trong dé phic cia dung méi CH,COCLAICIL,:C;HNO, lén hon phic cia dung mo
CH,COCLAIC1,:CS, nén tdn cong vao vi trf 2 khong cd 4n ngit khong gian nhu & vi tri 1.

Khi sunfo hoa naphtalen, ¢ dizu kién thudng cho 1-sunfonaphtalen, con d nhiét
cao cho 2-sunfonaphtalen. O day lai ¢d su khdc nhau v& khéng ch& ddng hoc va nhié
dong hoc.

SO,H
80°C =

y H,S0,
C
SO, H
(85%)

Phan ng sunfo hda 1a phan dng can béng: sunfe héa va desunfo hda.

O nhiét d6 thdp, phic o d vi tri 1 bén hon phie & vi tel 2, nén phic & vi trl 1 tac
thanh nhanh hdan, cdn phan ng desunfo hda do su tdn cdng cta HY x4y ra cham hon
nén co th€ tach ra duge san phdm 1l-sunfo. San phdm nay goi JA sin pham khdng chi
déng hoc.

O nhiét do cao 160°C, phan ing desunfo hda trd nén quan trong han, can bang thi&
lap nhanh va san pham bén nhiét ddng hoc chd y&u duge hinh thanh, nghia 1a ¢ s
chuyén dich can bing tit sdn phim 1 sang sin phdm 2. San ph&m nay goi la sidn phin
khdng ch& nhiét déng hoc.
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SO,H
N }
N s, N - = | SO,H
AN 2 - K
Sén pham déng hoe Sdn phim nhiél dong hoc

San phdm 2-sunfonaphtalen bén hdn sian phdm 1-sunfonaphtalen 13 vi san phdm 1
cG tuong tiac ddy van der Waals gilta nhém sunfo va hidro ¢ Cg:

tuong tac manh trong (4c y€u

o 0
9% H
axit naphtalen — 1- sunfonic axit naphlalen - 2 - sunfonic

b) Phdn tung thé vao dén xudt cia nephtalen

Nhdm thé cd sin trong nhan naphtalen cling dinh huéng nhém thé& sau theo quy téac
dinh huéng th& S vao nhan thom nhung phic tap hon 14 vao benzen vi benzen cd 3 vi
trl con naphtalen cé 7 vi tif thé cia dan xuit moét lan thé

Cd thé rit ra nhiing quy tic chung sau:

1. Nhom th& 1a hit electron - nhédm dinh hudng meta - s& dinh hudng nhom thé sau
vao vdong khac.

Cic nhém dinh huéng nay & vi tri 1 hay 2 déu dinh huéng vao vi tri 5 va 8.

NG, .
: SO;H o, fa SO, H SsS0sH
H,59, +
A <
NO,
axit 8-nilronaphtalen sunfonic axit S-nitronaphialen sunfonic
NO, _ MO, NG, NO,
HNO, & ‘ = . =
H,50, ‘\\\l/ _ ]\\\
NO,

2- Nhdm thé€ 1a cho electron-nhdm dinh hudng ortho-para sé dinh huéng nhom thé
sau vao cdc vi trl trong ciing vong dd:

¢ Nhdm dinh huong & vi trl 1 dinh hudng chd yéu vao vi tri 4, ¢d truong hop vao
vi tri 2 tuy hiém hon.



302 AREN

NHUUCH, NHULUGH NHUULH,

: NO
N HN O, *
CH3COOH +
/ 3
I .

4 - nitro- 1- axetylaniin naphialen

OCH, OCH,
() ==
¢
OH ) , NG, OH
- NaoH
OO + CGHSN:C[ " ‘O

N=N—C,;Hs
4 - phenylazo - 1 - naphtol
e Nhdm dinh hudng & vi trf 2, dinh huéng chd y&u vao vj tri 1:

Br
SOESN oM
9@

”* / \ 303
OH H
so,
CO dd NaOH
59C
da cam 11

trir trudng hop phan ing sunfo hda 14 phdn dng cin bing va & nhiét dd cao, thudng
chiém vi tri 2 nén thudng cho san phim Lhé& ¢ vi tr{ 6:

CH, CH,
" HOsS

{(80%)
axit 6- metylnaphtalen - 2 - sunfonic
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Ciing tuong tu nhu phan dng axyl hda theo Friedel- Crafts:

e . HOGC CH,
) AlSty
O + 0 LA NG, }
f l
0

(19%)

Su dinh huéng cia nhom thé& trong naphtalen ciling theo quy tac tac phidc bén, tinh
bén tuong d6i cha phic 16n hon khi cation viAn con cd vong thom va dién tich duong &
trong vdng bi t4n cdng. Dién’ tlch duong duge gial téa khi nd & trong vong e¢d nhdm thé
cho electron hay & vong kia khi ¢6 nhom thé€ hit electron.

% (1) 02) JE bén HE (c)
* (3) bén hon(s)
H E X
= ~ B
|t H
S E
(3) (4)

X-nhdm huat electron bi dong hda, E* t&n cdng vao nhan khéc:
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X

A

>
TN \
\

HE N
th\/J

H E

¢) Phan ung oxi héa naphialen

- Phan dng oxi hda xay ra véi sy phéa hiy tinh thom cia mdt nhan, do dd, phan iUng
xay ra kho khan:

0

Cry Oy
/' CH,COOH, 15°C Sty
;°
(O

02 xk
Q
V,0, ( :

0

Phan ting sau c6 ¥ nghla cong nghigp didu ch& anhidrit phtalic.
Gan day, ngudi ta da phét hién réng, trong co thé dong vat da chuyén hda naphtalen
thanh frans-1, 2- dihidro- 1, 2-dihydroxylnaphtalen di qua hgp chét 1, 2-epoxynaphtalen:

OH

RN S O
QOIS §

frans - | 2- dihidro - 1, 2 - dihidroxynaphtalen

Phén tng nay xay ra trong sinh vat dudi tac dung cia men oxi hda sinh hoce, trong
dd, chudt d4 téng hop duge loai glycol hoat dong quang hoc quay trai con tho lai tong
hdp dudc hgp chit quay phai.

Hién nay cd quan niém cho rdng, naphtalen di 0
vao cd thé sinh vat cd thé chuy&n hda thanh epoxit
ma cd thé€ 1a tdc nhan giay bénh ung thu.
d) Phdn ting khi cia naphiclen L 2 - epoxynaphlacn
Naphtalen cd thé bi khit bang Na trong rugu hay Na trong NH, 1dng va rugu (phan
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uing Birch) tao thanh 1,4-dihidronaphtalen

NH, Idog, C,H 0N

4, 4 - dihidropaphtalen

N&u dung ancol cd di€m sdj cao nhu ancol isopentylic (132°C) d€ thuc hién phan iing
khtt & nhiét do séi cao d6, cd thé cho 1, 2, 3, 4- tetrahidronaphtalen (tetralin).

Hop chét 1, 4-dihidronaphtalen ¢6 ndi doi cAch nén kho khir tiép ¢ digu kién do.
Néu ding digu kidn xdc tdc manh thl cd thé khit dén dekalin:

H,, RW/C Hy, NI @
“p ©,p

dckalln ‘ tetralin
Dekalin hinh thanh wu tién & dang cis:

H
o8
H

Hink 7.17. C&u tric civ-decalin

Dén xudt quan trong nhit cia naphtalen la naphtol va naphtylamin va thudng cd sy
chuyén hdéa cho nhau:

dd. (NH,),S0,, 150°C

oH - NH
/

2 - ngphtal 2 - naphtylamin
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Trong phan dng ndy, chidt trung gian quan trong )a imin hay xeto ludn ed m6t luvny
nhd trong naphtyl amin va naphtol:

NH, NH NH NH
- Hsa; - Mo
= B == S
0;H SO3
0 0 0 o

7.6.2.2. Antraxen va pherantren

1. Céu tric
Anliraxen va phenantren la dong phan cia hgp chat ¢6 ba vbng ngung tu:

antraxen ANT =552 kealmol™} phenantren AH[ = 49,5 kealmot™!

Antraxen kém bén hon phenantren 13 6 keal/mol, nghia 13 cfu tric thing kém bén
hon hé cd cdu truc gdc v& mit nhiét ddng hoc

Nang lugng cong hudng clia antraxen )a 84 kcal/mol, con phenantren 1a 92 kcal/mol.
Digu nay ¢d thé thdy, antraxen chi cd bon cfu tric cdng hudng cdn phenantren cd 5 c&u

trac:
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Nang lugng céng hudng nay lén hon nang lugng céng hudng cda hai vong benzen
khéng nhidu, ching té vdng thd ba chi ¢é tinh 6n dinh cdng huéng tuong déi nho. Digu
do thé hién hoat tinh cua loai hidrocachon nay (bang 7.5)

Bdng 7.5. Niing lirgng cing hwdéng cha hidracachon thom

Hop chat Nany lwgng ofng hudmg, keal/mol
Benzen 36
Naphtalen 61
Antraxen 84
Phenantren 92

2. Phuong phap téng hop antrexen vd phenantren

Antraxen cd thé tng hop duoc tit 1,3-butadien vA quinon theo phuang phap tdng
hop dien:

Hz 0 2
CH
?H @ CH ;Q / 2 Zn, HA
+ + ] — —
%j : CH ( CJ E:I; M, |'D
H, 0 H, CH, o H CH, CH CH

hexahidroantraxen antraxen

Con phenantren t8ng hogp bing cdch cho stylben di qua 8ng nung néng:

HC=CH

© — 20

hay di tii naphtalen ngung tu vdi anhidrit suxinie:

e 0. CH Gt
\ N2 /\
+?H C 0 A \C/\?H Zn, HCI M ?H‘o P,0
n, -
CH;—C< Bulains ¥ @ C<O L e, 5 @ij C\OH 25,
0 OH
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. /
o e
o 12 0

|
-

3. Tinh chét héa hoc ctia antraxen vd phenantren

Khuynh huéng cia hgp chdt nay di téi sn phdm cong ciing 12 dé hidu vl phan dng
nady can chi phi moét nang lugng ¢dng hudng nhéd 12 12 keal/mol d8i véi antraxen va 20
kcal/mol cho phenantren,

Antraxen va phenantren dé bj oxi hda cho quinon:

0
I

SOOE NGB
0

9, 10 - antraquinon

0 (90%)

N/
-y e
(50%)

9, 10 - antraquinon

®

va ciing dé bi khnt cho hgp chdt dihidro:

= O‘O
i
tn

9, 10 — dihidroantraxen (78%)

D e (50

9, 10 — dihidrophenantren

4n phdm dihidrophenantren ¢d hai vong benzen con lién hop (trong khi do

dihidroantraxen thl khéng ¢d) cho nén chinh su lién hgp nay lam 6n dinh san phim ti

0 dén 9 keal/mol, do dd, thuc t& phenantren chi phi mdt nang lugng céng hudng nhé hon
20 keal/mol.

Su khde nhau gita antraxen va phenantren la antraxen cd phidn iing Diels - Alder

vdi tu cdch 1a dien. Chdng han phan dUng giita antraxen va anhidrit maleic la cAn bing
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(99%)

Antraxen cing ¢ kha nang comg hgp vdi ti€u phan benzyn cho triptixen nhu phin
dng sau:

triptixen (25%)

Antraxen va phenantren cling c6 phan dng thé Sg, nhung {t dung vl phan Ung cho
mot hén hgp sdn phdm va sin phdm nhigu 13n thé, trit mot vai trudng hop ngoai 1é

Chéng han, nitro hda phenantren cho mét hén hop sidn phdm & cdc vi trf khac nhau:

Thudng didu ch& cdc ddn xudt cta ching bang phan ting vong hda hay ch»
tit antraquinon hay hidrophenantren.
Phan tng thé S dé xay ra ¢ vi trf 9 va thudng cho din xu&t hai 13-

9, 10 - dibromantraxen
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Br

9 — bromphenantren

Hoat tinh & vi tri 9 va 10 cd thé hi€u duge néu thdy radng phan ung thudng din d&n
thé hay cong:

(90%)

Br

N
P

9, 10 - dibrom— 9, 10 - dihidroantraxen 9— bromantraxen

Phan dng xay ra qua sy tao thanh cation b&n nh&t, rdi bazo tach 14y H dé€ cho san
phd&m thé, hoac bazo cong vao cation d€ cho san phdm cong:

T

_QCC
E - s
N &

00 - E
. \2* -

o
| Z
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E
2 50
Da
o OO0 54
OO &ﬁ

7.6.2.3. Hop chdt da vong ngung tu cao

Cac hop chat cao hon ¢ thé xem 13 ddn xudt ghép benzo cta cdc heé don gidn, trong
dd vi trl ghép dudge ghi bang chit la tinh gifta hai vi trf 8 chu vi vdng. Chang han, tit
antraxen:

benz (a] antraxen dibenz [a, j] antraxen

Cac hop chét nay dude chia ra lam hai loai:,
e Cac hop chit da vdng ngung tu mach thing, goi 1a loai axen, ma hién nay d4 tim
thdy duge dén xuét dén 11 vong:

10 i 2 7 I .
7 3 5 4
tetraxen pentaxen

Khi tang s6 vong benzen, cdc axen cd tinh bén gidm, tinh thom gidm, tinh chua no
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tang, cd su chuyé€n dich batocrom céc cuc dai hdp thu va gan di tdi hgp chdt polyen. Digdu
nady cd thé thdy ti céu tric dbi xding c6 hai electron trong hé electron d hai dau ¢6 kha
ning chuyén dong trong ci hé vong:

CSOENCSS

Cac axen cd khd niang phan ung cao, d& chiém 14y electron tit kim loai kigm, dé bi
oxi hda bdi oxi khong khi, d& tac dung v6i cac dienophin. Ching han tetraxen 1a hgp chét
cd mau vang, dé oxi hda va khit & vi trf 6 va 11.

Céc hgp chét da vong ngung tu goc thudc loai phenantren:

' 8 g
4 ‘
& ’
5
s 2
4 3

cryxen pyren fluoranten coronen
©© =253°C . =158°C

Cac hgp chét nay cd tinh ben va tinh thom cao han loai axen do cdu tric hoan toan
thom véi sy chuy&n dich gan cdc electron trong hé:

Cryxen dé oxi hda & vi trl 5, 6, cing nhu pyren dé thé& electrophin nhu halogen hda,
nitro hda, axyl hda uu tién & vi tx{ 1

‘ O ’
B
-CC|4

1- brompyren (80%)
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Mot s6 hop chit da vdng, nhu benzo [c] phenantren ¢ cfu trdc khong phdng do
tuong tdc ddy cta cac H & vi tref 1 va 12:

benzo [c] phenanten

Do d6, nhitng hdp ch4t nhu hexahelixen tdn tai & dang dong phan quang hoc do ciu
tric chiral cta cdu tric xoan (spiral):

hexahelixen

Mat 56 hgp chdt cd tinh chit gy ung thu, nhu dibenz [ah] antraxen, benz [a] pyren,
dibenzo [a,i] pyren, hbenzo [b]l flucranten. Khi di vao co thg, cac hop ch&t nay bi oxi héa
tao thanh diol epoxit:

benzo [c] pyren

Csac diol epoxit 1a chat gay ung thu vl t& bac DNA ankyl hda gay ra sy dot bién va
]Jam mdt khA nang cla t€ bao DNA khdng ch& sy téi tao lai c8u trie.

He da vdng ngung tu cao hon o6 tinh chét giong graphit, la chét ddng hinh cia cachon co
cdu truc phang cla cdc vdng benzen tao nén nhitng 16p cach nhau khoang 3,4 A:
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344

@aphit

7.7. PHAN UNG PAC TRUNG CUA AREN

Aren khéng cho phan ung dic trung cia tink chua no, doi khi dung phan &ng nitro
hoa bing hén hop nitro hda.

Céc aren thudng dac trung bAng chl sd khic xa cao: 1,40- 1,62.

"Phé IR cia aven cd pic hdp thu dic trung chl cho hé thom. Pic treng ving
1600— 1500 cm™! dac trung cho dao déng lién két C-C cla vong, Pic 3030 cm} dac trung cho
dao déng lién két C—H. Cac pic vung 1660-2000, 12256-950, thdp hon 900 em'!, dic
trung cho vi trl nhom thé trang nhén tham (hinh 7.18).

-f

%4

quang,

D8 truyh

v,
4090 3000 2500 2000 2000 7588 1300 1760 1000 900 800 700 650 625
TT i rryr 1 T T T T T T T T L .,
Se 190 p— Fq 100
~ [ h——
S W AT Ny R
3 | 1 \
V- 60 o0
& B
3 | v /[
> W ] . 140
S | 1
-
Q. + 20
S 20— @ y
] A W : 2 0
I [ -
5

&

25 3 4 5 & 7 8 g 0 12 13 14 15

Hink 7.14. Pho IR cia benzen.

Trong phd UV, pic d 200nm cd cudng d6 cao tuong ung véi sy chuyén x - 2
Benzen khi dat trong trudng tit sé€ xuft hién mdot dong tit vong. Dong tit vang dic
trung cho hgp chit thom (hinh 7.19).
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S

e

Hink 7.19. Ddng tir vong cia benzei: trong trudmy ¢,

Benzen trong ph8 NMR chi cho mét tin hiéu hep & 7,47 ppm. Sdu nguyén tit hidro &
trén cing mdt vong ddng nhdt nén phai cd cing moét d6 chuyén dich héa hoc va khéng
phéan tich ra khéi nhau duge. Tin hiéu nay ndm & ving y&u hon tin hidu eda proton dinh
véi cacbon lién két ¢ anken (hinh 7.20).

20 30 40 50 60 70 80 S0 70
Lo s i I T2 T = L LI
s00 £80 300 2p0 100 o |Hz
1 i
! ! ;
¢ i
A U LL
1 1 1 | 1 1 | I
8,0 74 60 50 40 30 2,0 10 a

Hinh 7.20. Pht NMR cba benzen.

Proton thom cé tin hiéu & 6,5—8,0 ppm.

Nhén thom anh hudng dén nhém ankyl chuyé€n tin higéu vdo ving yéu hon khoang
1 ppm (hinh 7.21). Trong phd nay, d6 chuyén dich clia proton & canh nhém CH, va
COOCH, 1a dublet (pic kép) 7,15 va 7,87 ppm véi tuong tic spin—spin cia proton ortho
la 5,3 Hz.



316 AREN

L
7 6 5 £ 3 2 ! 8 ppm
Hinh 7.21. Phd NMR cia este metyl cita axit tolullic.

ChAng han, su thay d8i tin hiéu trong p -xymol:

Tin hiu o} D) kép
CH,, 5 a 122 dublet
Hy~ H, b 230 singlet
¢ 287 heptet
Hd” \..H‘ P
‘ d 708 stnglet

H—€—CH, ¢
CHs o

7.8. KHAI QUAT VE TiNH THOM

Tit c4u tric cta benzen § trén, cho théy benzen ¢é tinh thom hay 1A hop chdt thom
v&#i nhitng ly do sau:

V& mat cfu tric: benzen 12 vong 6 canh d&u phdng, s6 electron bang 6 phu hop véi
quy téc Hickel 4n+2, tao dugc hé lién hop electron = trong toan vong, nghia 1a ¢d su
giai tha hé electron & cho vdng.

V& mat tinh chit hda hoc: benzen 14 hgp chit dé thé, khd cong va khd oxi héa. Yéu
td quan trong la su lién hgp electron & cia vong da 1am gidm ndi nang phén ti, do dd,
khi md vong sé lam tang nang lugng cta hé. Nhitng hgp chdt thom s& lam tang nang
lugng khi md vong.

Nhing hé vong cd 4n electron cd ndi nang lén hon phan tit dang hd, nén khi mé
vong sé lam gidm nang lugng cda hé. Nhitng hop chédt nay goi la nhitng hgp chét phan
thom.

Nhitng hé vong cd 86 electron khong phai 42 hay 4n + 2 ma khi md vong khéng lam
thay d6i nang lugng cua hé goi 12 nhitng hop chdt khong thom.

Hop chdt thom khéng chi 12 nhitng phan t& trung hoa ma cd thé la cac ion vdng hay
12 nhitng hop chat dj vong c¢d cfu tric cia mdt hé lién hgp do xen phi cha cdc obitan p
hay z trong vdng dé cé duge su gidi toa electron chung cho toan vong.

Phuong phap vat 1y xédc dinh hop chdt thom [4 phuong phip NMR, xdc dinh d¢§
chuyén dich hda hoc cia proton thom nam J ving trudng yéu. Khi dat phan tit benzen
vao trong trudng ti 88 hinh thanh mét dong tir vdng doc theo vdng. Do dd, proton cua
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phén ti benzen bj phdn chdn va tham gia cdng hudng 9 gia tri trudng ti thap hon, nghia
12 & vung trudng yéu hon.

Pruton cta benzen oé & = 7,37 ppm.

Tinh tham ¢d the xac dinh theo phuong phap obitan phan td, bdng cdich xay dung sd
dd obitan phan tit cha nhiing vong déu va phang theo quy tdc goi 1a chu trlnh Frost.

Chéng han, benzen 1A vong 6 canh ddu. Ban diu, dit mot dinh cia vong 6 canh
xubng phia dugi clia vong won  vdi dudng kinh 24. Cac dinh con lai 1a nhiing diém tiép
xic v6i dudng trdon bifu dién mic nang luong cla cdc obitan phan ti. N&u hai dinh cta
vdng da gi4c nay c6 cung mdt muc, cd nghia 12 hai obitan phan ti d6 cd cang mic niany
luong. Céc electron ducc ch&t diy trén cdc obitan tit thép dé&n cao, N&u cac obitan lidn
k&t ddu duoe chdt day electron thl hgp chdtl dé 1A thom, néu con c6 electron ddc thian
trén cac obitan, nhit Ja trén cac obitan phan lién két thi hop chdt dé khéng thom,

- x-38 T obltan phan en kél
—_ A —_—
-— —_——————% B VI Y obltan khdng bén ki
— T XA H ] oblitan l€n k&I
. X +28 St
benzen: vong 6 canh me¢ ning luong sy chilt a3y
phén b3 electron.

Sc dd cta benzen & trén, benzen cd 3 obitan lién k&t ndm dudi dudng ndng luong
khong lién két di qua tam cha hinh sdu canh, 3 obitan phan lién k&t nim trén duéng
nang ludng khong lién k&t. Benzen cé 6 electron chét day trén 3 obitan lién két, cdc
obitan phan lién k&t tréng. Do dd, benzen 13 hgp chét thom.

Trén co sd dd, ta xét cdc hgp chdt vong khac.

Xyclopropen, tuy ¢d hai electron n tuong ing véi 4n + 2 vdi n = 0 nhung lién két
déi dinh chd khong tao duge vdng lién hgp nén khéng phai 1a hgp chit thom, song néu
loai mot hidro tao cation cd obitan tréng ¢6 kha nang lién hgp v6i obitan o nén }a hop
chit thom:

AN

xyclopropen

H z @ D .
‘ > o -
— — H @ @ anionxxyclopromnyl 4 - ? Ag
H & ~ (phan thom) —ﬁ_ H &
cation Ayclopropenyl

(thom) gdc xyclopropeny!
(khonp thom)
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CeHs CeHs

Cs Hs Cs HS Cs Hs ® Ce Hs
(\? V@ V
-+ -
@
CoHs CeHs CeHs

cation triphenyiyclopropenyl

|
R

Cation xyclopropenyl la thom do cd sy giai téa hoan toan electron & voi 4n + 2
electron, do tucong tdc cla obitan p trdng véi 2 obitan z, anion vdi 4 electron thuée hé
4n electron nén phan thom, géc cé 3 electron khdng thudc hé 4n va 4n+2 nén khong
thom. Trén gidn db trén, anion va géc déu cd electron doc than trén obitan phan lién két.

Xyclobutadien, v 4 electron thuéc hé 4n la phan thum vdi so dé obitan:

— K -
NN
W aas

xyclobutadien ¢é hai electron ¢ trén mic nang lugng khéng lién két nén 1a loai dien cd
kha nang phan d@ng rdt cao.

Xyclopentadien c¢d 4 electron khong phadi 14 hgp chidt thom, song anjon
xyclopentadienyl c6 & electron chdt diy cdc cbitan lién két, tao dupe hé:

litn hop vong kin nén cd tinh thom:

H H H H o H
H H He H He7peH_H H_H H . H H
PO g S ¢ =

H®% H" ™ H W H H H H
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Song so vdi benzen, anion C.Hg la thom, nhung lai lam m4t mau nudc brom hay
phdn \ng véi dung dich axit, cén benzen thi tro, vl tinh chdt nay giy ra bdi tinh chat
anion caa ti€u phén.

Xycloheptatrien cd 6 electron # nhung khong lién hgp nén khéng co tinh ch&t thom,
anion xycloheptatrienyl ¢o 8 electron khong cd su gidi téa 13 phdn thom, song cation
xycloheptatrienyl, goi la cation tropyli, 12 hop chét thom do cd tudng tac cla obitan tréng
vi obitan n tao duge vong lién hop giai téa cho 8 electron n theo quy tdc Hiickel:

H H1 | o - 1,898 X
x- 4458 _
H H Weprpg V1 VU @ o

H I l
0(+.’,ﬂﬁ f l

xycloheptalrien cation xycloheptatrienyl

Xyclooctatetraen cd 8 electron thuéc hé 4n electron la phan thom:

—  &=a8 EEA

— ——&-l4p AT

H H —-— N I
H v I
O H e —— X 1428 ] ¥

H H s
H _— X +2/(.’ - 2 7, 3
vong 8 canh mée niing lvgng obllan sty chiit dy obitan

Né&u phan ti 1a phing thi cd tinh chét nhu géc kép vi cd hai electron doc than tren
hai obitan khong lién két, nhung phdn t¥ khong cd tinh chdt cia gbc kép vl thuc t& phan
t¥ ¢d cdu trdc khéng phdng, nhu d dang thuyén, tuy cd sy phan bd luan phién néi doi
trong vong nhung khong tao dudc hé lién hop, xyclooctatetraen 14 hgp chdt phan thom:

Déi v6i cdc hgp chdt da vong thom, tinh thom clng dude xdc dinh bing nang lugng cong
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hudng so voi benzen, ching han naphtalen 14 61, antraxen la 84, phenantren la 92, con
su xAc dinh &8 electron rit khé khan d6i v6i nhitng vong lén. Thuong cé thé xac dinh
¢&u tric thom theo cic thanh phin, ndu cic thanh ph&n ddu thom thl hgp ch&t dd thom.
Ching han: phan tit azulen o6 10 electron tuan theo quy tic 4n + 2, nhung nhiét dt chay
lai th&p hon so véi so do tinh dén 40 keal/mol vi phén tit azulen ¢d tinh thom do ¢ cfu tric
ciia hai thanh phan deu thom, ion tropyli va anion xyclopentadienyl (hinh 7.22).

‘

Hinh 7.22, Cdu tric cia azulen.

Caronen la hop ch&t da vong 19n c6 24 electron 1a hgp chét 4n (v6i n = 6) khong
phéi 1A hgp chét thom theo Hickel, song thuc t& 1a hgp chit thom vl ¢ th€ xem phén
td nhu 1a hai hé vdng ngung tu: vong ngoai cd 18 electron la vong thom theo Hickel va
vong trong 6 electron cling 12 vong thom theo Huckel, do dg, coronen 1a hgp chdt thom.

Céc hop ch&t di vong thom ciling dp dung dude quy tic Hiickel, nhu furan, pyrol, thiophen,
pyridin, déu }a nhiing vong phing, ¢d s6 electron 4n + 2 bao gdm céc electron & va electron n
cta di t6. Cdce electron n ctia dj t6 & trén obitan p ndm song song vdi obitan & cha cacbon nén
xen pht 14n nhau tao dugc hé lién hop gidi toa electron cho toan vong:

@ Q @ Q i N7 5 ,/N'?

thiophen ~ furan pyrol pyridin quinolin Isoquinofin

Hink 7.23. C&u tric obitan clia pyrol,

Cde di vdong ngung tu ciing quan sat duge tinh thom theo quy tic Hickel nhu
quinolin, isoquinolin, purin,...



