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LOINOI DAU

Hoa hoc lap thé (Stereochemistry) la mot khoa hoc
nghién cuu vé cau truc khong gian cua vdat chdt va anh
huwong cua cau truc nay den tinh chat cua chung.

Hod hoc Idp thé cé dién chi chii trong dén cdc déng phan
Idp thé & trang thdi tinh nhuw dong phan hinh hoc, dong phan
quang hoc. Nhung gan ddy do sw phdt trién ciia hoc thuyét
vé cdu trang (conformation) va phdn gidi cdu trang
(confornational analysis), vé su tong hop dinh huong ldp thé
trong cdc phan vmg hod hoc; vé quy tic bdo toan tinh doi
xitng cia cdc orbital... Cing voi sw xudt hién cdc phwong
phdp vit Iy nhw quang phé tir ngoai, quang phé céng hudng
tir hat nhdn, nhiéu xa tia X, nhiéu xa electron.... Cdc nghién
citu vé héa hoc ldp thé da cho ta nhiéu hiéu bzet moi vé su
phu thuoc cua cac tinh chat va nhitng ddc tinh tinh vi vé su
phdn bé khéng gian ciia cdc nguyén tir trong phdn tir, trong
viéc gidi thich co ché phdn g va déic biét héa ldp thé con
gidi thich dwoc hoat tinh sinh Iy khdc nhau cia cdc dong
phan lap thé.

Héa hoc Idp thé ddng nghién ciru nhitng chuyén héa chat
khéc nhau ciia cdc dong phén ldp thé gdy nén bdi cdc dic
diém cau tric khong gian cia ching nhi hién tiong racemic
héa trong phdn ing thé SNI1, SR, SE, sw nghich chuyén cdu
hinh trong phan ing thé SN2, sw leu trit cdu hinh trong phan
thé SNi, epimer héa trong phan vmg céng AN vdo hop chat
carbonyl....

Nhiéu céng trinh nghién ciru vé héa hoc ldp thé dwoc
ddnh gid cao, mét sé dwoc trao gidi Nobel vé héa hoc, phan
danh vai tré tam c& ciia mén hoc nay.

Véi tinh chat quan trong cua hoa hoc ldp thé, mét linh
viee khéng thé thiéu dwoc doi véi héa hoc hién dai, nén s ra
doi quyén sach nay hy vong gitip cdc sinh vién chuyén héa



bé sung kién thirc va hé tro cho qud trinh hoc tdp va nghién
ctru cua minh.

Do kha ndng con nhiéu han ché nén chdc chdn khéng thé
tranh nhitng thiéu sot. Rat mong nhdn dwge cdc y kié'nA dong
gop chdn thanh cia quy dong nghiép va ban doc dé sach
dwoc hoan chinh hon trong nhitng lan tdi ban sau.

Tac gia
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1.1. PHAM VI NGHIEN CUU CUA HOA HQC LAP THE

Cong thtrc phang khong thé moé ta ddy du cac dang cua phan
tur. Su khao sat vé cac khia canh kién trac ctia phan tir trong khong
gian tam thir nguyén rat can thiét. D6 1a pham vi nghién ctru cua
Hoa lap thé.

Muén hiéu 16 hoat tinh ctia mot hop chit hitu co, trude hét
nguoi ta phai biét cach cdu tao ciia né va ké d6 1a xac dinh cau
hinh cua phéan ttr.

< Ciu tao cia phéan tir 1a trat tw sip xép cac ndi cac
nguyén tir trong phan tu.

% CAu hinh ciia phén tir 13 cach sip xép trong khong gian
ctia nhitng nguyén tir (hay nhém nguyén tir) quanh tim carbon d6i
xung.

% Céu trang wu dii cia hop chit xac dinh béi anh huwéng
cac nguyén tir hodc cic nhoém nguyén tir gan nhau (tuong tac
khong ndi).

Két qua cua néj cgf)ng héa‘ tri dinh hudéng la su tao
thanh dong phan 1ap thé gobm c6 dong phan hinh hoc va dong
phan quang hoc.

Hoa hoc 1ap thé c¢6 dién chi chu trong dén céc phén tir
& trang thai tinh lién hé dén cac dong phan 1ap thé. Hién nay,
hoa hoc lap thé da tro thanh mot trong nhiing dé tai quan
trong nhét trong hoa hoc hitu co 1y thuyét. Héa hoc lap thé
dong khao sat sy tuong quan khong gian gitra cdc nguyén tir
va cac nhom nguyén tur chiu phan tng, cung anh huong cua
su sap xép d6 trén can bang hoéa hoc va van tdc phan Gmg.

1.2. LUQC SU

1.2.1. Pic tinh ciia hop chit trién quang

Niam 1811, Arago da phat hién dau tién kha ning quay mit
phing 4nh sang phan cuc goi 1a tinh quang hoat. Nam 1813, Biot
tim thay kha ning quay mit phang anh sang phan cuc & tinh thé
thach anh. Nam 1815, Biot tim thay su quay tuong tu xay ra véi
mot s6 chat 10ng thién nhién: tinh dau théng va dung dich ctia mot
sO chét ran (nhu camphor). Su khac biét quan trong giita hai dir
kién thyc nghiém vira ké d3 duoc Biot giai thich nhu sau:



- Kha nang quay mat phang cia 4nh sang phén cyuc cua
thach anh lién quan voi co ciu dic biét cta tinh thé (vi né mat han
khi tinh thé dugc ndu chay).

- Con tinh quang hoat ctia hop chat hiru co phai duoc lién
két voi tinh chat cta nhiéu phén tir riéng biét (vi hién tuong nay
da duoc quan sat ¢ trang thai 1éng va trang thai khi cling nhu
trang thai dung dich).

Niam 1821, Herschel chimg minh rang mét dang cua tinh thé
thach anh lam quay mat ph'ﬁmg cua anh sang phén cuc theo chiéu
quay kim ddng ho, con dang ddi quang (mg v4i anh cua dang dau
trong guong phing) quay mat phang phan cyc theo chiéu nguoc
lai. Nhu vdy ning suit quang hoat lién quan mat thiét véi tinh bét
dbi xtmg cua tinh thé.

Sau nhiéu ndm (1848 — 1853) khdo sét tinh quang hoat ciia hai
acid trich tir can rugu nho, Pasteur xac nhan su hién hitu cta hai
acid tartric: mot acid hitu trién: quay mit phang cta anh sang
phan cyc vé bén phai (acid (+) tartric) va mot acid khong quang
hoat (tiéu trién): khong quay mat phang cta anh sang phan cuc
(acid (%) tartric). Ngoai ra, Pasteur da thanh cong trong vi¢c tach
hai acid tiéu trién thanh acid (+): hitu trién va acid (-): ta trién
(quay mit phang cia anh sang phan cuc vé bén trai). Hai acid nay
goi 1a hai dong phan ddi quang (hai dong phan ddi hinh). Theo
Pasteur, tinh quang hoat khong phai do tinh bt dbi xing cua tinh
thé ma that ra lién quan véi tinh bat d6i xing ciia chinh cac phan
tir acid tartric quang hoat. Sau do6, Pasteur con tim thay mot acid
tiéu trién khac goi 13 acid meso-tartric. Pay 1a mot acid ddi xing
nén khong quay mit phing cia anh sang phén cuc.

Cong thirc Fischer cua cac acid tartric:

COOH COOH COCOH
H——OH HO——H H——0OH
HO——H H——OH H——OH
COOH COOH COOH

(+) )
Acid (+) tartrftCbft hétr88Dbing AKAL BIESRAHET quang (c6

céu hinh nguoc nhau) khéng co tinh quang hoat vi 1y do bu trir



ngoai phan tir, nhung tach hai dugc thanh acid (+) tartric va acid
(-) tartric. Acid Meso-tartric khong quang hoat vi kha nang quay
phai cia mot nguyén tir carbon béat ddi bu hoan toan cho nguyén
tor carbon quay trai nén acid meso-tartric con dugc coi nhu mot
dang khong quang hoat bu trtr ngi phan t.

1.2.2. Thuyét carbon tir dién

Nim 1858, Kekule chimg minh rang trong cac hop chat hitu
co, nguyén tu carbon co6 hoa tri 4, nghia la c6 khuynh huéng tao
n6i v6i bon nguyén tir hodc bén nhom. Khai niém nay rat quan
trong va di giup cac nha hoa hoc lic bay gid giai thich su twong
quan giita tinh quang hoat va tinh bat ddi ximg phan tu.

Niam 1874, Le Bel va Van’t Hoff nhan thay dong thoi va doc
1ap v6i nhau rang tinh bat d6i ximg phan tir duoc tao ra khi bbn
nhom khac nhau ndi véi mot carbon khong phang. Chinh Van’t
Hoff da dé nghi sy sap xép tir dién ctia bon hoa tri ctia nguyén tir
carbon, nghia 1a bdn hoa tri nay hudéng vé bdn dinh cia mot ti
dién véi nguyén tir carbon & tdm cuia no.

Nguyén tr C tir dién lién két v6i bdn nguyén tu (hay nhom
nguyén tir) khac nhau goi 1a nguyén tur bat doi xtmg. Hau qua la
hai su sip xép khac nhau c6 thé ton tai nhu vat va anh trong
guong phang, khong chong 1én nhau dugc.

Thi du: Acid lactic ¢6 hai dong phin quang hoc:

Acid (+) lactic Acid (-) lactic

Néu mot nguyén tir carbon ndi voi hai (hay nhiéu hon) nguyén
ttr hodc nhom nguyén tir thi vat va anh s& chong 1én nhau duoc va
tinh quang hoat mat han.



Niam 1913, Bragg di chimg minh duoc sy phan bb tir dién cia
nguyén tor Carbon boi nhiu xa tia X cta kim cuong. Nhiing
phuong phap vat 1y khac nhu nhidu xa dién tir va phd nghiém
cling xac nhan dé nghi ctia Van’t Hoff.

1.2.3. Pong phén hinh hoc

Tir ndm 1875, Van’t Hoff da dé nghi biéu dién néi doi trong
etylen th¢ abC=Cab bang md hinh hai tor dién chung nhau mot

canh nhu sau:
a a a b
b b b a

Xét vé miat hinh hic thi bén nhomirthé nam trén mot mat
phang Do do, su quay quanh n6i d6i 1a khong con nita va su phan
bd ctia nhom thé giong nhau co6 thé ¢ cung phia hodc khac phia
ctia mit phang chia nbi doi.

%< ><

trans
(a #b)
Nam 1838, Liebig xac dinh duoc su ton tai cua hai acid:
maleic va fumaric 1a dong phan cia nhau.

H H H COOH
HOOC COOH HOOC H

Mididénatéic 1887, Wislicemeschigrahimg minh rang dong
phan thuc su do sy hién dién cia mot ndi doi trong phan tu. Déng
phan hinh hoc khong c6 anh hudng trén anh sang phan cuc phang,
vi cac phan tir c6 ndi doi khong bat dbi xung, ngoai trir trudng
hop mot nhom gan trén ndi ddi c6 mot nguyén tir Carbon bat dbi
xung.



Dong phan hinh hoc thudng lién quan véi cac hop chit c6 nbi
do1 Carbon - Carbon, hodc Carbon - Nito, hoac Nito-Nito.

Ngoai ra, cic hop chét cicloankan (vong no) ciing co thé co
ddng phan hinh hoc. Pdng phan hinh hoc dang nay thuong lién
quan v6i dong phan quang hoc.

Thi du: 1,2 — dimetylciclopropan cé cdc dong phén:

H‘Hﬂv@ﬂ

Cis Trang
(Meso) CAP DOI QUANG

1.2.4. Pong phan quang hoc (xem chwong 2)
1.2.5. Pong phin ciu trang (ciu dang, quay)

Nam 1885, Baeyer dé xuat thuyét cing cho cac hop
chat vong no. Theo Baeyer, cac cicloankan c6 ciu tao la
nhimg da dién déu va phang, stc cang gbc trong vong giam
dan tir ciclopropan dén ciclopentan, roi gia tang voi cac vong
16n hon. Thuyét Baeyer giai thich sy ton tai cdc vong nim,
sau canh véi su khiém dién cua céac vong nho va 16n hon lic
bay gio.

Nam 1890, Sascl}e cac vong p(’) thé ghénh dé dap ung didu
kién goc tir dién va ton tai dudi cau trang khong phang va khong
cang. Sasche du doan ciclohexan ton tai dudi hai dang ghé va tau,
tuy nhién nhimg ¢é ging dau tién dé co 1ap hai dang nay déu that

| L7 NS

DPén nam 1911, Mohr giai thich hai dang ghé va tau cua
ciclohexan bién d6i 14n nhau d& dang. Mohr ciing tién doan sy ton
tai cua decalin dudi hai dang cis va trans khong cang, hai dang
nay dugc Huckel c6 lap vao nam 1925.



1.3. CACH BIEU DIEN NGUYEN TU CARBON TU DIEN
1.3.1. Biéu dién phan tir chira mdt nguyén tir C

Pé bicu dlen cong thirc tam thir nguyén cua phéan tir
trén mit phang gidy, ngudi ta dung mét vong tron dé tuong
trung cho nguyén tir Carbon nam trong mat phang, cac ndi ¢
trén mat phang Xudt phat tir mot diém trong vong (dam nét)
va cac nbi & dudi mit phang xuit phat tir mot diém trén vong
tron (chdm nét). Dé don gian co6 thé khong vé vong tron.

CACH BIEU DIEN PHAN TU METAN

H
i Ha &
H \@ﬂ ~G / Y
H oo
Céng thirc chiéu FischeFiciia Metan
H H
H § H H H
0 H

1.3.2. Biéu dién phén tir chira hai nguyén tir C

- Cong thirc tam thir nguyén cua Etan

- Cong thirc phdi tanh: nhin theo truyc C — C



- Céng thirc chiéu Newman: truc C - C dé vuong goc
v6i madt phang chiéu, nguyén tr C gan nhat duoc biéu dién bang
vong tron, cac lién két voi C nay xuat phat tir tim vong tron.

H: $ ~,H
H H
- Cong thic chiéu Fischbr: mach chinh ciua phan tir
hudng theo chiéu thang ding, cac lién két hai bén 1a nhiing lién

két huong vé phia trén mat phang, cc lién két dau trén va dau
dudi 1a nhitng lién két hudng vé phia dudi mat phang.

H H
H——H ot
H—r—H H=—=—H

H H

1.4. CAU HINH TUYET POI VA CAU HINH TUONG POI

- Céu hinh tuyét doi: 1a céu hinh thyc sy cia phan tir
trong khong gian. Danh tir hiru trién (quay phai) va ta trién (quay
trai) cho biét chiéu quay ctia mat phang anh sang phan cuc bi tac
dong boi cht hitu co. Day 1a két qua co tir thue nghiém, nguoi ta
khong thé tién doan dang nao trong hai dang ddi quang tng vai
dang ta trién hay hiru trién.

- Chu hinh twong dbi: Trudc nam 1951, nguoi ta
khong c6 phuong phap nao dé xac dinh cAu hinh dang hitu trién
hay ta trlen cta hai dang d6i quang. Tuy nhién, ngudi ta co thé
xac dinh cau hinh cua cac chat quang hoat dbi v6i nhau va 601 voi
hop chit miu c6 cdu hinh da biét. CAu hinh nay goi 1a cau hinh
tuong doi.

1.5. DANH PHAP CAU HINH
1.1.1.Danh phap D,L

Hop chét duoc chon lam mﬁq 1a gliceraldehid:
- Cau hinh cua dang hitu trién dugc Fischer qui dinh 1a
D (+) gliceraldehid.



- Chu hinh cua dang ta trién dwoc goi 1a L (-)

gliceraldehid.
CHO CHO
Hv OH  HO=—i—H
éHZOH EZHZOH
D-(+)-gliceraldehid  L-(-)-gliceraldehid
Ki hiéu: D, L la cdu hinh tuyét doi

Dau (+) hay (-) lién hé dén chiéu quay

Qui tac Fischer dugc chép nhan mdt cach rong rai va cac hop
chat c6 céu hinh lién quan dén D (+) gliceraldehid dbi voi chiéu
huéng cta —H va —OH goi 1a dong phan D, du ching 1 hitu trién
hay ta trién.

Thi du:
CHO O COOH PBr;
H—F*-OH © > H L
CH,OH CH,OH
Acid D-(+)-gliceric Acid D-(-)-gliceric
COOH COOH
H+OH _aomel oy OH
CH,Br CH,
Acid D-(-)-3-bromo-2-hidroxipropanoic Acid D-(-)-lactic

Trong sy twong quan gitta andehid D (+) gliceric voi acid D (-
) gliceric khong c¢6 phan tmg nao lam thay d6i cach sap xép bon
lién két voi nguyén tir Carbon bat dbi xtimg. Vi thé cac hop chét
déu c6 cau hinh D.

Néu phan tir c6 nhiéu nguyén tir Carbon bat d6i xung, ciu
hinh cua mot tam thuong dugc lién két truc tiép hodc gian tiép vai
gliceraldehid, con cdu hinh cta cac tim khac dugc xac dinh d6i
v6i tam thir nhat.

Thidu:  glucoz trong thién nhién co cong thiec:

CHO
H—T—O0H
HO——H
H——0H
H——O0H"
CH,OH

D (+) glucoz



Theo qui u6c dung cho hop chit duong, cau hinh chung cta
mot phén tir duge xac dinh boi cAu hinh ctia nguyén tir Carbon bat
d6i ximg mang chi sb cao nhit véi gliceraldehid (Carbon sb 5
trong glucoz).

< D4i v6i (- Aminoacid hop chit mau 1a L (-) Serin

COOH
T
A 1 5 ’ CHZOH r A A 5
Cau hinh cta cac ( - Aminoacid c6 nhiéu nguyén tir Carbon
bat d6i xtmg duoc xac dinh boi Carbon bat ddi xtmg c6 chi sb
thap nhat (nguyén tir Carbon ( ddi voi nhom —COOH).
*C% CHO
N——H HO—H
Aiﬁi:bH /H——0H
CH CH,OH
L (-) Treonin , D (-) Treonin
So sanh trat tu: lién két cia Treonin va Treoz co su gidng
nhau, Treoz c¢6 cdu hinh D theo qui u6c hop chat dudng, ciu hinh
L theo qui u6c hop chit aminoacid.
Su kién nay dua dén mot su nham 13n quan trong trong viéc
xéac dinh cu hinh cac hop chat khac dudng va ( - aminoacid.
Dé giai quyét van dé nay, nguoi ta ding chir g (gliceraldehid)
dé biéu thi qui wéc duong, va chir s (Serin) dé biéu thi qui udc
aminoacid.

COOH Acid Ds (+) tartric
H——OH Acid Lg (+) tartric
HO——H
COOH

1.5.2. Danh phap R,S

D (+) gliceraldehid va D (-) gliceraldehid c6 cdu hinh gidng
hét nhau nhung quay mit phang anh sang phan cyc theo hai chiéu
ngugc nhau. Nhu vay, khong c6 mot hé thuc nao ro rét gitta cAu
hinh ctia mot hop chat va dau chiéu quay cta né. Mit khac, dau
chiéu quay ctia mot vai hop chét thay ddi theo nhiét do, néng do,
dung méi, tinh acid cua dung dich hay mudi trung hoa.



Mot danh phap c6 hé théng dé biéu thi cdu hinh 1a can thiét.
Hé théng Cahn — Ingold Prelog (1956) dung chir: R (rictus: phai)
va S (sinister: trai) dé xac dinh cau hinh ciia cac nguyén tir bat dbi
xtrng C*abcd.
- Xét thir ty wu tién cia cac nhom (theo qui tic thir ty uwu
titn)a>b>c>d.
- Nhin céch sip xép tir dién cac nhom a,b, ¢ tir phia xa nhét
d6i voi nhom wu tién thap nhat d:
0 Néu thu ty a, b, ¢ theo chiéu kim dong hd thi cu hinh
cua C*laR.
0 Néu thu ty a, b, ¢ ngugc chiéu kim dong hd thi céu
hinh cia C*1a S

g

Cau hinh R Céu hznh%’

1.5.3. Danh phap E,Z
Doi voi cac anken mang cac nhom thé khac nhau

Xét theo qui tic thu: ty vu tién: a>b; c>d
- E khi a, ¢ & vi tri trans ddi v6i nhau
- ZKkhi a, ¢ & vi tri cis ddi véi nhau
% Qui tic thir tw wu tién

1. Cac nhém wu tién dwoc sip xép theo thir tw giam dan so
dién tich hat nhan nguyén tir ctia nguyén tir lién két truc tiép voi
C*

Thi du -[>-Br>-Cl>-F
-SO;H > -OH > -NH, > -CH;

2. Néu hai nguyén tir gin trén C* gidng nhau thi xét
nguyén tir lién két truc tlep v6i nguyén tir d6. Néu van khong
chon duogc wu tién thi xét tiép nguyén tir thi ba. .

Thi du: -CR3 > -CHR2 > -CHZR > -CH3



-NR; > -NHR > -NH,

3. Mt nguyén tir lién két déi hay ba twong dwong véi hai
ndi don hoic ba ndi don v6i nguyén tir d6 (chi co6 mot lién két
that, lién két con lai gia dinh c6 wu tién thap hon).

Thidy: -CH=CH- tuongduong v6i _ o,
-CHO tuong duong voi ?E
—c—0—
-C(N tuong duong v6i  H $ \

4. Pong vi c6 khoi lwong 16n hon dwoc sip xép fruée:

T > D > H
5. Cau hinh cis wu tién hon trans; R wu tién hon S
Thi du: COOH CH,OH
H OH H,C OH
CH, CH,Br
(R) (S)
H H,-CH; F H.Br
>== ==
HC CH; HC CH,OH
(E) (Z)

*

% Trong cong thirc Fischer, dé xac dinh c4u hinh (R,S) ta c6

thé:

- Dbi vi tri ctia hai nhom gén trén mot nguyén tir C* dan
dén dang dbi quang.

- Va sy trao ddi lan thir hai hoan lai dang dau. Sau khi doi
lién tiép hai 1an cac nhom thé tai mot nguyén tir C* sao
cho nhém c6 wu tién thap nhat xudng dudi, rdi xét chiéu
quay cua ba nhém con lai.

COOH COOH
H H, = H N H, ( R )
CH H
COOH H
H——OH  HO—T—COOH (R)
H——oH HO ——COOH (S)

COOH H



Chwong 2: PONG PHAN QUANG HQC

2.1. Anh sang phan cwc va tinh chit cia né
2.2. Nhitng chét quang hoat
2.3.Phén cuc ké
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2.1. ANH SANG PHAN CUC VA TiNH CHAT

Theo thuyét dién tir ciia anh sang thi anh sang tu nhién (anh
sang thuong) gdm nhiéu song dién tir, co vecto dién hudng theo
tat ca cac huong trong khong gian va vudng goc v6i phuong
truyén song.

(3)
(1)
Hinh 1 - So dé dao djng ciia dnh sding thuwong va dnh
sang phan cuc
(1) A:nh sdang don sdc (2) Lang kinh Nicol
(3) Anh sang phan cuc (4) Mat phdang phdn cuc
Néu cho tia anh sang ty nhién qua kinh loc mau dé tao anh
sang don sic (c6 do dai song gidng nhau, cing dao dong trong
nhimg mat phang thang goc véi phuong truyen song). Cho chum
tia don sic di qua ling kinh Nicol va do sy bd tri nhét dinh cia
kinh nay thi chi c6 tia sang phdn cuc phing di qua, tia sang nay
chi dao dong trong mdt mit phang thang goc véi phuong truyén
goi 12 4nh sang phéan cuc phang.

2.2. CHAT QUANG HOAT

Nam 1813, nha vat ly hoc ngudi Phap Biot khi nghién ctu sy
tuong tic ctia anh sang phan cuc v6i chit da phat hién trong thién
nhién ton tai hai dang tinh thé thach anh: mot dang lam quay mat
phing cta anh sang phan cuc phang sang phai va dang kia lam
quay sang trai. Tuong tu, mdt sd hop chat khac: HgS, NaCl,
ZnSO4... cling c6 dac tinh trén.

Pén nam 1815, Biot lai phat hién dugc rang mot sb chat hitu
co: dudng, dau thong, campho, acid tartric... cling lam quay mat
phang dao dong ctia anh sang phan cuc phang va khi ¢ trong dung
dich hay & trang thai 16ng chung van giir dic tinh nay.

Do d6, tinh quang hoat khong phai do cau trac tinh thé ma do
ciu trac cua nhimg phan tir riéng biét. Nhu vay, tinh chit lam



quay madt phéng cua anh sang phan cyc dugc goi la tinh quang
hoat va chat tuong ung duogc goi la chat quang hoat.

2.3. PHAN CUC KE

Phan cuc ké 1a dung cu dung dé do do quay cuc cua cac chét
quang hoat.
Phan cyuc ké gdm céc bd phén chinh sau:

- Lang kinh Nicol ¢6 dinh dung lam kinh phéan
cuc dé chuyén anh sang don sac chiéu vao nd thanh anh séng
phén cuec.

- Lang kinh Nicol th hai dung lam kinh phan
tich, ling kinh nay quay dugc, goc quay cé thé tinh theo
thang chia do.

=S

2 3
) ©) o © 0 (8)
i @ (6)
()
(1) Nguon sing (5) Mt phang bi quay
(2) Lang kinh Nicol (6) Thang chia do
3) z{nh sang phdn cuc (7) Lang kinh Nicol phdn tich

(4) Ong dung chdt khdo sat — (8) Thi kinh

Lang kinh Nicol phan tich phai dugc bd tri sao cho khi nd & vi
tri s khong thi cac truc ctia nhitng tinh thé cua hai ling kinh song
song nhau. Khi d6, anh sang phan cuc dugc sinh ra boi lang kinh
thir nhat dé dang di qua lang kinh thtr hai. Nhu vay kinh phén tich
dung dé xac dinh xem mit phang phan cyc bi quay di mot goc bao
nhiéu d6 dudi anh hudng cua chat khao sat. Dit ong dung chat
long tinh khiét hodc dung dich chit khao sat giita kinh phan tich
va kinh phan cuc.

Do quay cue riéng cia chit quang hoat:

t
lc




( : goc quay do duge trén may (tinh bang do)
t nhiét do khi do (0C)
( : do dai song cua anh sang s dung
cuiaHg (=546nm
cuiaNa (=589 nm
1 chiéu dai ctia 6ng dung chat khao sat (dm)
c s6 gam chét ¢6 trong 100 ml dung dich
< Dbi voi chit 1ong tinh khiét:

t

_ o
[a]x 1d

Thuee té, ngueoi ta hoa tan a gam chit vao 1 binh nhé dung tich
Vml:

o.V

o] -
A l.a

Goc quay cua chat quang hoat phu thudc vao:
- D3 dai song cua anh sang phan cuc O
- Nhi¢t d¢ khi do (t0C)
- Chiéu dai ctia dung cu dung chat (1)
- Dung mdi va ndng do cta dung dich (d6i v6i dung
dich)
Thi dy: d6i véi dung dich 20% trong nudc cia acid (+)
tartric, do & 200C, do dai song D thi d0 quay cuc riéng:
20
[a] = +11,98°
D

Do quay cuc riéng ctia mot chét 12 mot héng s6, dac trung cho
hop chét quang hoat, tuong ty nhu nhiét d§ soi, nhiét do nong
chay duogc dung dic trung cho hop chit hitu co.

Do quay cwc phin tir gam

M) = lodi M
) 100

M : phan tr gam cua chat quang hoat




2.4. HQP CHAT QUANG HOAT CO HAI HAY NHIEU
CARBON BAT POI KHAC NHAU

R4t nhiéu hop chit tu nhién nhu: glucid, protid, steroid,
ancaloid... trong phan tr c6 nhiéu nguyén tir C*, cho nén viéc
nghién ctru vé mit héa hoc 1ap thé nhitng hop chat loai nay 1a rat
quan trong.

Hop chét c6 n nguyén tir C* bat d6i khac nhau thi c6:

N = 2n ddng phan quang hoc
Thidul:n=1 OH
Acid lactic |, o oH _ coou ©6 hai ddéng phan
quang hoc 1ap thanh mot cdp doi quang :

COOH COOH
H OH HO H

CH, - CH,

Thidu 2: n = 2 cODBSRHIBEMGn quandHBLS) Lactic

Glucid tetroz ¢y oH—CHOH—CHOH—CHO

CHO CHO CHO CHO
H OH HO H H OH HO H
HO——H H——OH H—OH | HO—H
CH,OH CH,OH CH,OH CH,OH
(4,) (42) (43) (44
(2R,3R) (2S,3S) (2R,3S) (2S,3R)
(Al)va (A2); (A3) va (A4) : cap doi quang
(A1) va (A3); (Al) va (A4) cap ban doi quang

(A2) va (A3); (A2) va (A4) (dong phan lap thé dia)



7

«» Dong phin eritro — treo

CHO CHO CHO ¢Ho
HO H H OH H OH HO. H
H HO H H oH HO H
CH.OH CH,OH CH,OH CH,OH
(Af) (A) (As) (A))
(A1) ; (A2) : ddng phan Eritro
(A3) ; (A4 dong phan Treo

Pong phan eritro: khi quay quanh truc lién két C2*-C3*
sao cho cic cip nhom (hay nguyén tir) gidng nhau dén vi tri che
khuét tung d6i mot.

Dong phan treo: cung quay twong tw trén nhung khong
thé dem cac cip nhom giéng nhau dén vi tri che khuat véi nhau
cung mot luc dugc.
<> Pong phin lip thé bin ddi quang con goi 1a dong phin
1ap thé khong dbi quang hay dong phan lap thé dia.

Hién nay, khéi niém déng phan 1ap thé dia duoc mo rong hon
va bao gdm hai hién tuong héa hoc 1ap thé riéng r& nhau:

- Pong phdn ldp thé (-dia: la dong phén ldp thé khéng dbi

quang do c¢6 mat tir hai nguyén tir C* bat d6i tré 1én; ciing nhu

cac ddng phén cis — trans & cac dan xut hai 1an thé cua vong
no.

- Pong phan lap thé (-dia: thuéc logi dong phdn cis—trans

ctia hop chat c6 lién két doi trong phén tu.

Trong moi truong d6i xtng, tinh chit cua cac dong phan ddi
quang la glong nhau, con ctia cac dong phan lap the khong dbi
quang (ban d6i quang) thi lai khac nhau rat nhiéu vé tinh chat vat
ly va hoa hoc. Trong phan tir cic chat ddi quang, khoang cach
gilta cac nguyén tur (hay nhom nguyén tir) la giong nhau, do d6
kha nang phan mg cua ching d6i véi mot tac nhan déi xung la
hoan toan giéng nhau. Nhung khi tac dung véi tac nhan bat dbi
xung, cac dbi quang lai c6 kha ning phan tng khac nhau (thi du
trong phan tng hoa sinh thuong chi c6 mot trong hai d6i quang
tham gia phan mg véi enzim). Piéu nay dé giai thich sy khac
nhau vé mui, vi va hoat tinh duoc 1y cua céc ddi quang. Con cac




dong phan bat dbi quang, khoang cach giita cac nguyén tir (hay
nhom nguyén tir) khac nhau nén c6 sy khac nhau vé nhiét do soi,
nhiét do nong chay, tinh tan va cac dic trung vé phd... Ning
lwong tu do cua cac dong phan ban dbi quang khong gidng nhau
nén ching c6 kha nang phan tng khac nhau.

2.5. HQP CHAT QUANG HOAT CO HAI HAY NHIEU
CARBON BAT POI GIONG NHAU

* Hop chét c6 n C* gidng nhau

S6 dong phan
) ) Dang quang hoat Dang meso
S0 nguyén tu C*
n = sd chin ol 2(-2)2
n= Sé lé 2n—1 _ 2(11—1)/2 2(11—1)/2

HOOC—?H-?H—COOH

_ OH OH
n = 2 ¢o6 hai dang quang hoat va mét dang Meso

COOH COOH|  COOH
H——OH H——OH |HO——H
H OH HO H H OH
COOH COOH COOH
Acid Meso-tartric Acid (%) tatric

* Hdn hop ddng phan tir acid () tartric va acid (-) tartric la mot
dang khong quang hoat (blen thé racemic; hdn hop tiéu trién) 1a
do bu trir ctia hai phan tir d6i quang.

* Pong phan acid meso-tartric khong quang hoat do sy bu trir
noi phan tir, khong thé ding phuong phap tach riéng dé tach no
thanh hai d6i quang duoc.



Thi du 2: Acid 2,3,4 - Trihidroxiglutaric (n = 3C*) ¢o hai dang
quang hoat va hai dang meso

COOH COOH GOOCH GOOH
H —T—OH H—TOH H—OH HO—H
Mpdx >/H—toH / /Ho—+ / H—TOH HO—TH
H —OH H—OH HO —H H— OH
() COOH ary €OOH O (\fOOH
2 dang meso 2 dang quang hoat

Su khac nhau vé tinh chat vat 1y giira hai dang meso, dang
meso (1) dé dang tao thanh dang lacton (c6 nhi¢t dd nong chay
khong rd) con dang meso (II) lai bi ndong chay (Tnc = 1520C) ma
khong co sy thay doi vé mit hoa hoc.

Hai dang d6i quang (III), (IV) déu c6 nhiét d6 nong chay bang
1280C.

Chii y: C3* chi 1a bat ddi trong hop chit meso (I), (II) nén
goi 1a C3* bat d6i xtmg gia dinh.

C3 khong bat dbi trong hop chat (III), (IV) vi cdu hinh
ctia C2, C4 hoan toan giéng nhau.

2.6. HOP CHAT QUANG HOAT KHONG CO CARBON
BAT POI

2.6.1. Tinh bit d6i xirng ciia phan tir

Khai niém tinh quang hoat tir 1au gan lién voi su bat déi
xtng cua phan to. Vay thuat nglr “sy khong trung vat-anh”
(chirality) c6 nghia la gi?

Thi dy: xét hai chdt quang hoat la acid lactic (1) va acid
tartric (2)

COOH COOH
H——OH

H OH  Lo——n
CH, COOH

@ @
(1) 1a mt phan tir bat doi xtmg
(2) 6 tryc doi ximg béc hai di qua tam cua phan tu
(truc nay vudng goc voi mat phang v€) va do d6 phan tu acid



tartric khong thé xem 13 bat dbi ximg, ma 1a “khong tring vdit-
anh”

Do d0, diéu kién dii dé xuét hién dong phén quang hoc la su
bt dbi xtng; song khong phai 1a diu kién can, diéu kién can va
dua 1a “sy khong trung vat-anh”.

2.6.1.1. Trung tam khong trung vat — anh

Trung tdm khong tring vat anh c6 thé la C*, Si*, P* S*

(xem cip electron ty do 1a nhom thé thir t).

Thi du: COOH Plh
H —sifeH,
H AF—QH
AcidSaetic Metyl myl phenylsilan
(1) (2)
H 3 Co /,o C H
3 Ph— P@
. oo,
CH,
Metyl para—tolylsulfoxit Orto-Anisylmetylphenylphosphin
(3) (4)

Trong hop chat (3), (4) cac nhom thé xung quanh trung tim
vat khong tring vat-anh dugc phan bd theo hinh thap, tuy nhién
nhimng cdu tric ndy c6 thé dan dén tir dién, néu xem cip electron
tw do 1a nhom thé thi tu.

2.6.1.2. Tinh quang hoat do co truc khong trung vat — anh
a(b vac(d
(a c6 thé gidng ¢ va
b ¢6 thé gidng d)

Néu trong phan tir bén nhom thé a, b, ¢ va d tung do6i mot
phan b trén mot truc va khong nim trong cliing mot mit phang,
nhu duogc biéu dién duéi dang “mot tor dién bi kéo cang” thi xudt
hién tinh quang hoat. Truc cua phdn tuw nhw vay goi la “truc
khong trung vat-anh”.

* Truc khong trung vat-anh tdn tai & cac hé:



a) Cumulen: (56 chan néi déi nhi alen)
a c a -=- ; <
= ==C__X\
c=—C=—"C < >
b> ¢« " 47

(a(b)va(c(d) ®) ((Q
ALEN

b) Biphenyl: mang nhom thé
Boéng phan khong gian do sy can quay ty do xung quanh
lién két don

Acid 6,6’- dinitro-biphenyl- 2,2 -dicarboxilic

Trong phan tir biphenyl, hai nhan benzen c6 thé quay tu do
quanh truc Carbon - Carbon trung tam; nhung khi phan tr c6
mang nhom thé co kich thuée 16n tai cac vi tri (2,6,2’,6) thi su
quay bi can trd, hai nhan benzen khong con & vi tri cing phang do
tr& ngai 1ap thé phat sinh tir nhitng nhom thé c6 kich thude 16n ¢
céc vi tri orto, vi thé hé phan tir trd nén cing chic.

Thuc té, nguoi ta di tach hai dugc hai dang d6i quang cua
acid trén.

* Pidu kién chi1 yéu dé biphenyl thé c¢é tinh quang hoat 13 cac
nhom thé phai c6 kich thudc kha 16n dé can tré sy quay tu do va
mdi nhan benzen phai duoc thé khong d6i xing. Ngoai ra, hai
nhom thé orto khong can phai gin trén hai nhan khac nhau.

Thi du: 3,3’- diamino - 2, 6 — dibromo - 4, 4’ - dimetyl
biphenyl ciing da dugc tach hai.

Br
NH,
H,C O < __>-CH,
H,N Br

2



¢) Ankiliden ciclan:

Néu thay thé mot ndi doi trong alen bing mot vong, vé mat
hinh hoc ctia phan tir khong thay d6i. Cac ankiliden mang nhimng
nhom thé thich hop co thé co dong phan quang hoc.

Thi du: voi Acid 4 - metylciclohixiliden acetic da dwoc tach
hai thanh hai dang d6i quang :

H. ::: COOH [HOOC i:: H
H,C H CH

H

3

Mot sé hop chdt c¢é lién két déi C=N nhw oxim, semi carbazon,
phenyl hidrazon... ciing da dugc tach hai, nhung cac dong phan
quang hoc nay khong bén va bi racemic hda nhanh chong.

. R
-, /

. YAy

o HOOC
Dan xuat cua 4 - carboxiciclohexilidenimin
voiR: _OH
~NH—C—NH,
(o]
T
Ph O

d) Spiran: su thay thé hai lién két d6i trong Alen bang hai
vong dan dén mot hé vong co6 chung mdt canh (hai vong dbi
dinh): Spiran. Néu hai vong mang nhiing nhém thé trén hai
nguyén tir carbon tai hai dau cua hé nam trong hai mat phiang
thang goc voi nhau thi chung c¢6 déng phan quang hoc.

Thi du: Acid spiro [3,3] heptan - 2, 6 - dicarboxilic va 2, 6 -
diamino spiro [3,3] heptan

\)



R= _COOH hay _ NH,

2.6.1.3. Tinh quang hoat do c¢é mdt phiang khéng tring
vat — danh

Mit phang khong tring vat-anh c6 & cac hop chat

ansa.
Thi du: (4) * (R) - 14 — Bromo - 1,12 - dioxa [12]
paraciclofan
(B) * (E) ciclo octen

déu c6 mat phang khong tring vat-anh nam trong mat phang gidy

O—

: |
(CH,), CZH H:3
o—— (R) (S)

(A) ) (B)
2.6.2. Tinh dac thu 1ap thé ciia cac qua trinh hoa sinh

Céc dbi quang khong khac nhau vé 1y tinh va hoa tinh
thong thuong nhung nhiéu khi lai khac nhau rd rét vé tac
dung sinh ly.

Thi du: (-) Nicotin cé trong thuéc ld déc hai hon (+) Nicotin
vai lan hodc cac d6i quang ctia aminoacid c¢6 vi khac nhau nhu L-
asparagin va L-tritophan khong c6 mui vi, con L-leuxin va L-
Tyroxin ¢6 vi déng trong khi cac dong phan D - tong hop c6 vi
ngot.

Acid L-glutamic thién nhién c6 vi ngot, mudi Natri cta acid
L-glutamic 1 bot ngot (mi chinh) ding 1am gia vi thuc pham; con
acid D-glutamic khong c6 dic tinh Ay.

Do c6 tac dung sinh 1y khac nhau, cac d6i quang cia nhiéu
hop chét duoc dung lam thude chira bénh.

Thi du: R (-) epinephrin thién nhién, mot hormon chinh cua
tuyén thuong than. Do d6 khi cho ngudi bénh udng epinephrin
tong hop, thi chi R (-) epinephrin ¢ hiéu tng kich thich gidng



nhu hormon thién nhién, con S (+) epinephrin khong c6 hi¢u ung
kich thich ma lai gdy ddc nhe.

Tinh dic thu lap thé cling biéu hién rd & cac hop chét bao vé
thue vat. Thi du trong tdm dong phan cia C6H6CI6 (6,6,6) chi co
ddng phan ( co hoat tinh trir sdu manh.

Cl

cl GH
Cl ccl,

X
‘w0 m X

Pong phén (_ ciia 6,6,6 (D.D.T)



Hodc khi nghién ctru mot loat cic hoa chét trir sdu va kha
ning quay tu do trong phan tir kiéu D.D.T, nguoi ta nhan thiy néu
cac hop chét kiéu (D), cac nhém thé X & vi tri orto 1am giam tinh
trr sau.

* Acid cis-cinamic kich thich manh su tang trudng cua cay,
trong khi acid trans-cinamic lai khong c6 hoat tinh 4y.

Nguyén nhan ciia nhitng khac nhau vé hoat tinh sinh 1y 1a sy
khac nhau vé ciu tric khong gian (khac nhau vé cau hinh) va co
thé giai thich nhu sau:

i) Cac doi quang c6 thé dwoc phin bo khac nhau
trong mo té bao cua co thé song.

2i) Cic dbi quang c6 thé cé ai lwe khac nhau déi véi co
quan thy cam (Receptor). Sy khac nhau nay 1a do véi nhitng dbi
quang nao chung c6 kha nang tuong tac dugc chir khong do tinh
chat bat ddi ximg.

3i) Cac enzim trong co thé sbng déu bat ddi ximg nén
chung c6 kha nang phan biét cic d6i quang, thong thudng chi mot
trong hai d6i quang 1a phu hop voi tAm enzim.

2.7. BIEN THE RACEMIC (dang tiéu trién)
2.7.1. Ban chét cia bién thé racemic

Bién thé racemic (dang tiéu trién) 1a mot hdn hop
dong phan tr (equimolar) cua hai ddng phan 601 quang cua
mot chat co phan tir bat ddi xtmg. Do d6 trj sb quay cuc cua
tap hop nay bang khong. Thuong dugc ky hiéu 1a (+) hay
D,L.

2.7.2. Su tao thanh bién thé Racemic
2.7.2.1. Phurong phdp trén lan

Phuong phap don gian nhit dé diéu ché cac bién thé racemic
la tron ki sO luong dong phan tir ciia hai dang dong phén hiru trién
(quay phai) va ta trién (quay trai): qua trinh nay gan lién véi su
thay d6i Entropi boi vi bién thé racemic & trang thai hdn loan hon
cac ddi quang riéng biét.

Entropi ctia sy tron 1an: (S = - Rx1Lnx1 = Rx2Lnx2 (bién thé
racemic: x1 = x2 = 1/2) ( (S = 5,8 ( J/ddmol. Sy thay doi ning



lugng tu do khi tao thanh bién thé racemic tr cac di quang s¢€ la
(F=-T(S =-1,755 KJ/mol ¢ nhi¢t do phong.
2.7.2.2. Phurong phdp tong hop
Bang phuong phép téng hop cac phan tir bat dbi xtmg, ngudi
ta nhan dugc bién thé racemic néu di tir cac phan tir doi xung nay
tur bién thé racemic ma khong dung tac nhan quang hoat, xtic tac
hay mot twong tac vat Iy bat doi ximg nao.
(|ZOOH COOH C|ZOOH
PH—C—H + 28, e Br—C—H + H—C—Br + 2Her
CH, CH, (4) CH, (4

Acid propionic Acid (£) a-Brompropionic

OH
H o H H
+ HON —=
H

H
* Phan tng cong HCN Va acetaldehld (CHé_| CHO) cho hén

hop hai dbi quang véi sb lugng bang nhau.
2.7.2.3. Phuong phap racemic hoa
Phép bién doi mot dang dbi quang tinh khiét ctia mot chat
quang hoat tao thanh hon hgp racemic tuong ung goi la su
racemic hoa. Su racemic hoa c6 thé xdy ra dudi anh hudng cia
nhiét, anh sdng hay hoa chat.

2.7.3. Tinh chat cia cac bién thé racemic

Thong thuong ¢ trang thai khi, long hay dung dich,
bién thé racemic 1a hdn hop (gan nhu 1y tudng) cta nhimg
lwong bang nhau cua cac phan tir dbi quang co tinh chat vat
ly (nhiét d6 soi, khéi lugng riéng, chiét suat, phd hong ngoai)
giong tinh chat vat Iy cua cac dang d6i quang tinh khiét.

Dbi v6i trang thai ran, tinh chat cia cac (dang tiéu trién) bién
thé racemic va cac d6i quang khac xa nhau do lyc giita cac tinh
thé rat dac thu va rat nhay ké ca khi thay d6i mot chat vé mit hinh



hoc. Két qua 1a ¢ trang thai ran ngudi ta thudng gip su khac biét
vé tinh chat 1y tudng va c6 kha nang trong ba truong hop sau:

2.7.3.1. Hon hop racemic (racemic mixture)

C6 truong hop 1a trong tinh thé, mot ddi quang co ai luc dbi
voi nhimg phan t cung loai d6i quang d6 16n hon 1a d01 voi
nhimg phén tir ctia d6i quang kia. Trong trudng hop nay, néu sy
tao thanh tinh thé bat dau tir phan tir cua dang (+) thi chi c6 nhiing
phan tir (+) s& tham gia vao su 16n 1én vé sau cua tinh thé. Do d6
tinh thé vi mé sé twong tng véi dang (+) [cling tuong tu nhu thé
dbi voi dang (-)]. Nhu vy bién thé racemic 1a hon hop cac tinh
thé cua ca hai dang nay.

Tonong chay Do tan

_ l

0% 50%(+) 100%(+) 0% 50%(+) 100%(+)
100%(-) 50%(-) 0%  100%(-) 50%(-) 0%(-)
( Gidn do nhiét néng chady va tinh tan ciia hon hop racemic.)

Hon hop racemic 1a mot hén hop céc tinh thé dang (+) va
dang (-), tinh chat ctiia n6 gidéng tinh chét cia cac ddi quang tinh
khiét. Piéu d6 thé hién 18 ¢ anh chup tia X cua dang bot va phd
hdng ngoai ¢ trang thai ran.

Tuy nhién, nhiét d6 néng chay ctia hdn hop racemic thap hon
nhiét d6 noéng chay cua cac ddi quang tinh khiét. Con do tan cua
hdn hop racemic thi lai cao hon db tan cua cac ddi quang.

2.7.3.2. Hop chat racemic (racemic compound)

Nhitng phan tir ciia mot d6i quang nay thuong c6 i luc d6i voi phan tir
ctia ddi quang kia 16n hon 1a d6i voi nhitng phan tir cling loai.
Trong trudng hop ndy cac phan tir ddi quang nguoc diu duoc két
hop d6i thanh té bao co ban cua tinh thé. Nhu vay té bao s& chua
mot lugng bang nhau cta cac phan tir (+) va (-). Hop chat loai nay
goi la “hop chét racemic’ ” (thuong ton tai ¢ trang thai ran). Céc
hop chét racemic 13 nhitng hop chit thuc ching khac biét véi cac
dbi quang vé tinh chat vat 1y nhu khac nhau vé phd hong ngoai ¢




trang thai ran, khac nhau vé anh chuyp tia X ¢ dang bot, khéc vé
nhiét d§ nong chay va do tan.

Tonong chay Do tan
0% 50%(+) 100%(+) 0%  50%((+) 100%(+)
100%(-) 50%(-) 0% 100%(-) 350%(-)  0%(-)

(Gidan d@6 Tondng chay va D¢ tan ciia hop chdt racemic)

2.7.3.3. Dung dich racemic ran (racemic solid solution)

Cac bién thé racemic (d6i khi & trang thai rin) cé
duoc tinh chat gan nhu ly tuong, do la truong hop chi co su
khac nhau rat nho vé ai luc gitra cac phan tir co cung va khac
nhau vé cu hinh. Trong truong hop nay, sy phan bd cua cac
phan tir ¢ trang thai rin sip xép mot cach ngiu nhién tao
thanh dung dich racemic ran.

Céc tinh chit vat 1y ctia dung dich racemic ran (nhiét do nong
chay, do hoa tan...) giéng tinh chit cua cic dang dbi quang.

Tonodng chay
/

\_/

0% 50%(+) 100%(+)
o 100%(-)  50%(-) 0% )
( Gian do Tonong chady cua dung dich racemic ran)

C6 thé phén biét: hop chat racemic, hdn hop racemic hay dung
dich racemic rin béng cach so sanh phé hong ngoai ctia nd & trang
thai ran v6i phd hong ngoai cua cac dbi quang. Chi c6 quang phd
ctia hop chét racemic 1a khac v6i quang pho cua ddi quang.

Ciing c6 thé phan biét ba dang racemic bang cach dung gian
d6 nhiét d6 nong chay, d6 tan hay dung phuong phap xac dinh té
bao co ban nho nhiéu xa tia X (te bao tinh thé co ban cta hop chit
racemic ¢ chira nhimg lwong bang nhau cia cac phén tir ciia hai



dang d6i quang; con cua hdn hop racemic hay dung dich racemic
ran chi gdm cac phan tir cia mot d6i quang ma thoi)

2.7.4. Su tach riéng bién thé racemic thanh cic ddi quang

2.7.4.1. Phwong phdp nhdt riéng cdc tinh thé bat déi ximg
va “‘ket tinh tu phat”’

Déi v6i hdn hop racemic thuong ton tai cac kiéu tinh thé riéng
bi¢t cua dang (+) va dang (-) d6i xung nhau, néu kich thudc cua
nhimng tinh thé nay du 16n va nhan biét duoc bang mat thuong thi
ta c6 thé dung kep nhit riéng cac phan tir ¢6 cau hinh khac nhau.
Nam 1948, Pasteur 1a ngudi dau tién da tach riéng duoc tinh thé D
- va L - Natri amoni tartrat; chung két tinh riéng biét nhau tr mot
dung dich ctia hdn hop racemic cua hai chat déi quang (t ( 270C).

Pa sd cic bién thé racemic déu két tinh thanh hop chat
racemic nén chi c6 mot sd it hop chat quang hoat dugc tach riéng
bang phuong phap “két tinh tu phat”.

Gan day , nguoi ta cho “tap chét c6 ich” vao dung
dich két tinh dé ngan can su 16n 1én cia mot trong cac thanh
phan hdn hop racemic. Bang phuong phap nay, nguoi ta
nhan dugc cic aminoacid c¢6 do tinh khiét quang hoat dén
90%, va don tinh thé hidrobenzoin ning 3 gam c6 do tinh
khiét quang hoat gan 100%.

. 2.7.4.2. anm’ng phép hoa hoc dua ’trén su tao thanh cac
dong phan 1ap thé khong doi quang (ban doi quang). Dua trén so

do sau:
D,D;
D;L; + D, 4|:
LD,

Khi tic dyung 1én bién thé racemic DI1L1 bang mot tic nhan
bat doi xung D2 thu dugc hai chat mgi D1D2 va L1D2 Ia hai
dong phan ban doi quang. Cac dong phan ban doi quang khac
nhau vé: d6 tan, ap suat hoi, h¢ s6 hap thy... nén dugc tach riéng
nhau ra.

Su tach riéng bién thé racemic qua sy tao thanh cac dong phan
1ap thé ban doi quang gom ba giai doan:

e Tao thanh hai dong phan ban ddi quang



e Téch riéng hai ddng phan dya vao tinh chit khac nhau.
e Pha v& phan tir dong phén 1ap thé ban ddi quang tinh
khiét dé tai tao lai dang d6i quang ban dau va tac nhan
bat d6i xtmg.
a) Tach riéng acid
Theo so d6

R1

., Rl
R-COOH (+) R1 -+ . i
R-COOH (1) N@E — > RCOO NHR2 *+ RCOO NHER2

3
(hop chdt Racemic) +) 5) ) )

k€t tinh
phan doan

R1
— > musi (+) (-) FHC> R-coOH (+) * RR32>N o
)

— musi () ()—FHC> R.COOH () + RESAH ¢
R3(-)

Pé tach riéng cac acid racemic thanh dbi quang, ta
dung cic ancaloit sin c6 trong thién nhién nhu: Bruxin,
strichnin, ephedrin, quinin, cinchonin, morphin hodc cac baz
téng hop nhu ( - phenyl etylamin; metylamin.

b) Tach riéng amin

Dé tach riéng cac amin racemic ta ding tac nhan bat di ximg
co tinh acid: acid tartric, acid malic, acid glutamic... (acid malic:
HOOC - CH, - C'HOH - COOH)

Thi du: d@é tach roi hop chat racemic ( - phenyletylamin ta
dung acid (+) tartric lam tac nhan bit ddi theo so dd:

— Tartrat (+)(+A
4'7NH +H N4'7H + Acid (+) tartric CH.OH
— Tartrat (+) (-A

(HOOC EHOH CHOH-COOH)

+)A ( )A

1(\/1)1101 tartrat (+)(-A) tan trong CH30OH kém hon mudi tartrat
(H)(+A) do do dong phan (+)(-A) két tinh ngay dudi dang tinh
khlet nhat 13 khi dua vao dung dich vai tinh thé mudi (+)(-A) ¢o
san dé lam mam két tinh. Pé dwoc mubi hoan toan tinh khiét
thuong phai két tinh lai mot 1an trong H20 rdi pha v& mubi nay
bang dung dich kiém va tach riéng (-) (-phenyletylamin ra khoi
dung dich Natri tartrat. Béi vi acid (+) tartric 1a mot tdc nhan ré



tién nén viéc tai sinh tac nhan bat ddi xtmg trong truong hop nay
1a khong can thiét.

¢) Tach riéng ancol:

Céac ancol racemic thuong duoc tach riéng thanh d6i quang
bang hai phuong phép sau:

- Este hoa ancol racemic bang acid quang hoat rdi tach
riéng cac este bang phuong phap két tinh phan doan.

- Este hoa ancol bang diacid dé chuyén thanh ban este co
kha ning tao mudi véi cac baz quang hoat.

Thi dy: dé tach riéng hai dong phdn (+), (-) cia rieou Sec-
butylic ta tién hanh theo so d6 sau:

P|r|d|n COOH
H C C C,H, + |2 5
fFooh

Rurou (+)()

+ Bruxin (*) _ @icoo C.H
Tich 2 chat A0 i
c—o—cn  H:Brunxin

(+)va (-) I I
# O M5 4z tinhche

3

+HCI COOH
- 5 C|:2H5 + Bruxin.HCI
C—0—CH

CH,

0
CH, . COONa | hay | @ECHZOH+ ol
HO H @E \oNeOH, +LiAH, CH.OH
C2H5 ’

dd



Cong thirc cua Bruxin

CH,0

CH,O N N

0]
2.7.4.3. Phuong phap tao phirc phdn 17

Khi ché hoa bién thé racemic bang tac nhan bat d6i
ma tao thanh duoc phirc tinh thé thi ¢6 thé thu duoc hai phiic
ddng phan ban dbi quang khac nhau vé do hoa tan va sé co
mot dong phan két tia trude. Sau d6 pha v& phirc nay bang
cach dun néng, hoa tan, bang sic ky hay ché hoa hoa hoc ta
thu dugc mot trong hai ddi quang ban dau.

2.7.4.4. Phuong phdp scc ky

Dé tach riéng bién thé racemic (+) X thanh hai chat d6i quang,
ta cho (+) X qua cot nhdi chat hip thy bat ddi xtmg (viét tit 1a (-)
Chp), cac ddi quang tao phirc yéu v6i chat nhoi bat di xting (nho
lién két hidro) va ta c6 cac phic ban ddi quang (-) Chp (-) X va ()
Chp (+) X. Nhiing phirc ndy c6 tinh chat vat 1y khac nhau, khac
nhau vé ning lugng lién két, vé hiang s can bang tao phirc, do do
ching c6 do bén khac nhau, nghia 1a mot chat déi quang (it bén
vimng) di qua cot nhdi chat hap thu bat ddi xung nhanh hon d6i
quang kia va nhu vy hai d6i quang da dugc tach riéng.

Hién nay, phuong phap sac ky c6 vai tro quan trong trong viéc
dleu ché hop chat quang hoat va bao gom ca ba loai: sic ky 10ng,
sdc ky 10p mong va sic ky 1ong cao ap.
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3.2.3.1. Momen luong cuc
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3.2.3.3. D¢ phan ly cua acid
3.2.3.4. Phé: tir ngoai, hong ngoqi, cddang hwong tir hat
nhan
3.2.4.D% bén tuong ddi va sy chuyén hoa tuong ho giita cac
ddng phéan hinh hoc
3.3.Hop chit c6 ndi d6i C=N va N=N
3.4.Hop chit vong no



3.1. BAN CHAT CUA PONG PHAN HINH HQC

Diéu kién a (b
a a bicuki¢na (b
¢ c (Q) chira lién ket (
b
6" ()L Q)
Q)

Theo céach giai thich hién nay thi nguyén to Carbon mang
ndi d6i ¢ trang thai lai hoa sp2 nghia Ia chi c¢6 hai trong sb ba
electron p duogc lai hoa véi electron s dé tao thanh ba orbital lai
hoa sp2. Ba orbital ndy nam trén ciing mot mat phang, c6 truc
dbi xtmg hop nhau nhitng goéc 1200. Hai nguyén tir Carbon
dung hai orbital sp2 xen phu 1an nhau dé tao lién két ( (C-C) va
dung céc orbital sp2 con lai dé xen phii v6i céc orbital khac tao
cac lién két ( (C-a; C-b) nam lién két ( ndm trong cung mit
phing. Mdi nguyén tir Carbon con lai mot electron & orbital 2p,
chtng xen phii bén véi nhau dé tao lién két ( vudng goc v6i mat
phang chira cac lién két (. Do sy hinh thanh lién két ( da triét
tiéu sy quay tu do va din dén xuét hién dong phan cis - trans.

% Cdu hinh cis - trans (a (b)

S

CIS trans

(X) (¥)

Khoang cach giita cdac nguyén tir trong phdn tw (X), (Y) khdc
nhau rat Ién, do @6 vé phuong dién hinh hoc thi (X), (Y) c6 hinh dang,
kich thudc phdn ti khac nhau nén dai lwong Entalpi tw do tgo thanh
ciing khdc nhau, céc hdang sé vit Iy, cdc ddc trung vé phé va cudi ciing
la tinh chat héa hoc cing khac nhau ro rét.



3.2. HOP CHAT CO NOI POI
3.2.1. Danh phap

- Néu hop chdt mang mét néi déi C=C, mang hai nhém hay ba
nhém thé khac nhau, ta dung ccfu hinh:
% CIS: dé chi hai nhém giéng nhau (¢ hai nguyén tir C) nam
cung mot ph1a dbi voi mat phang chira hen két (
TRANS: dé chi hai nhém giéng nhau nim hai phia déi véi
mit phang chira lién két (.

H,C CH, H,C H
H H H CH

cis but-2-en. trans but-2-en.

H.,C CH, ; :H
Hs H CHs
- VEISRSPIRECED, cAu hifhi Ao RRGH 98 céu hinh cta

mach Carbon lién tuc dai nhit xuyén qua lién két doi.
CH.CH, ,CH; (mac dit ¢6 hai nhém etyl nam
>——<C cung mot phia doi véi mat
CH,CH,CH, phing)
Trans-4-etyl-3-metylhept-3-en

X/
L %4

- Néu anken mang bén nhém thé khac nhau ma khong chon
dugc mach chinh thi dung danh phap E-Z.

Thi du:
>c _ Br G CCI/
© % A
r
Z -1-Bromo-1-cloroprppen El-Bromo-1-cloropropen

3.2.2. Hop chit c6 mot va nhiéu ndi doi

Téng s6 ddng phah hinh hoc ciia mot hop chét co n ndi doi
trong phan tir la:

* Hop chat bat dbi xtmg N=2"

* Hop chat ddi xung
n =s6 chan N =2n-1+2(n-2)/2




n=-sd1é N = 21 4 o172

Thidu 1: hepta-2,4-dien
CH3-CH=CH-CH=CH-C2HS5 c6 bén ddng phan hinh hoc

CH H
Ho— N—r }
___ FHs /—>:<
CH3¢< H
H H H CoHs
Ccis-2-cis-4 trans - 2 - trans - 4

H H H,C H
== e
H,C H
H C,H, H H
cis - 2 - trans - 4 trans-2-cis-4

Thidu 2:
CH3-CH=CH-CH=CH-CH3 chi c6 ba dng phan hinh hoc
H___ H H:C\ ___ H
N H, N
B S e
H H CHs
cis - 2 - cis- 4. trans - 2 — trans - 4 .

H; C
H

>—/—\' H ~CH

H
trans - 2 — cis-4 (‘hodc cis - 2 — trans-4 )

*

s Hop chdt coé noi doi liiy tich
Cumulen v6i s0 chan n6i doi c6 dong phan quang hoc.
Cumulen v6i s6 1€ n6i doi c6 dong phan hinh hoc.




Thi du: Nam 1959, Kuhn da cé ldp dwoc hai dong phdn 1,4-
di-m-nitrophenyl-1,4-diphenylbuta.trien

0,
O 2 <
=—C ==C =—C ==C
® ® & ®
NO, NO, O.N
Cis

Trans °
3.2.3. Tinh chit vat Iy ciia ddng phan hinh hoc
3.2.3.1. Momen luong cuc

Hop chét kiéu abC = Cab néu lién két C-a c6 momen
ludng cuc 16m, lién két C-b khong c6 momen ludng cyc thi & dong
phan cis phai c6 momen ludng cuc rat 16n, mit khac dong phan
trans ¢ trung tdm ddi xtimg nén momen ludng cuc tong bang
khong.

Thi du: 1,2 — dicloroeten

Cl Cl H Cl

,Ut!'s = 1;89lljl cl ,Utrans = |a
<> Néu nhom a- ddy electron, con nhém b- rat
electron thi momen ludng cuc cia phan tir bang tong s6 momen
ludng cuc cua chung. Do d6 dong phan trans co gia tri momen
ludng cuc 16n hon cua déng phan cis.
H Cl  HC Cl

H,C H H H
ﬂtrans=]y97D ,uciS=];7]D
~ Khi tinh Momen ludng cyc cua nhitng anken mang nhoém
thé phuc tap s€ gap nhi€u khoé khan.

H H H COOC,H,
C,H,00C COOC,H, C,Hs00C H
HMeis = 2;54 D Mirans = 2:38 D

3.2.3.2. Tinh chdt vit Iy



s Nhiét do nong chay: Nhiét do nong chay ciia dong phan
trans thwong lon hon cua dong phan cis (trir mot so
truong hop ngoai 1¢), do dong phan trans co tinh d6i xtng cao
hon ddng phén cis nén mang tinh thé sap xép chat hon.

< Nhiét d séi, ty khoi, chiét suit 13 nhitng ham nghich caa

thé tich phan tr cho nén ¢ ddng phan nao ma mot trong ba

dac tinh vira rdi ¢6 tri s6 16n thi thong thuong hai dic tinh kia
cling ¢6 tri s6 16n.

Hop chit Tosbi (0C) d* (g/ml) n”
Cis | Trans Cis Trans Cis Trans
CHCI1 = CHCI 0,03 48,4 1,2835 1,2565 1,4486 1,4454
CH;-CH=CH-Cl 32,8 37,4 0,9350 0,9350 1,4055 1,4054
CH;— CH = CH - CN 108 122 0,8244 | 08239 | 14182 | 14216
C,H;00C-CH=CH-COO C,H; | 223 218 1,0520 | 1,0670 | 14411 | 44415

Tinh chat vét Iy ciia mét sé dong phdn hinh hoc

¢ DG hoa tan, thi€u nhiét, nhiét hidrogen hoa va héng s6 ion hoa
cua cac dong phan trans thuong thap hon cua dong phan cis.

Tondng chay

Hop chét (°C) pK, Thiéu nhiét

Cis | Trans | Cis | Trans | Cis Trans

HOOC -CH=CH-COOH | 130 287 1,9 3 327 320

CH;— CH=CH - COOH 15,5 72 4,44 4,70 486 478
long 125 1769 1739

Q_CH_C” O 68 133 | 3,96 | 444 | 1047 1040

{ Y—CH=CH—-COOH

Cdc hang so vt Iy ciia mét s6 dong phan hinh hoc

3.2..3.3. B¢ phan ly cua acid
Do phan ly cia acid etylendicarboxilic phu thugc nhiéu vao
cAu hinh.
Acid maleic (cis) K;=1,3.107 K,=3.2.10"
Acid fumaric (trans) K;= 107 K, = 3,2.10'5
Acid cis - crotonic  pK, = 4,44
Acid trans - crotonic pK, =4,70

3.2.3.4. Cdc loi pho
% Pho tir ngoai (UV) (Ultraviolet Spectrum)




TiaX | Vien UV | UV | Khakién CanIR | IR | Visong
Al 0,lnm | 100nm 200 | 400nm 800nm 8u 251
nm | 0.4u 0.8p

Cdc dong phan cis - trans ciia nhitng anken don gidn (but-2-en)
hdp thu ¢ nhitng do dai séng khdc nhau dwéi 200 nm trong ving tir
ngoai, nhitng khdac nhau nay kha phicc tap va nam trong viing ma thuc
nghiém khong de gi do duoc.

Nhung nhitng khac nhau giita cic dong phan cis, trans trong
cac olefin kiéu abC = Cbd thi dé dang quan sat vi ¢ day cac nhom
thé a, d co thé tham gia lién hop véi hé olefin (a, d c6 thé gidng
nhau).

Trong nhiéu truong hop, cac ddng phan cis co cuc dai hap thy
o0 do dai song ngan hon (() dong thoi hé sé hap thu () & dong
phén cis trong moi truong hop déu nho6 hon nhiéu so v6i dong
phan trans. Pidu d6 co6 thé giai thich rang trong déng phan cis do
anh hudng khong gian nén su lién hop trong phan tir bi vi pham,
con & cac dong phan trans su lién hop van binh thudng.

. TRANS CIS
Hop chat Cong thire
Qp g }\'max 8 }\'max 8

Stilben Ph-CH=CH-Ph 295,5 29000 280 10500
o-metylstilben Ph-C(CH;)=CH-Ph 270 20000 260 11900
1-phenylbutadien Ph-CH=CH-CH=CH, 280 28300 265 14000
Acid cinamic Ph-CH=CH-COOH 295 27000 | 280 | 13500

Pho tir ngoai cua mot so dong phdan tir ngoai

% Phé hong ngoai (IR) Infrared Spectrum

Céc dong phan hinh hoc c¢6 pho h6ng ngoai khéac nhau ¢ vung
1650 cm-1 (dao dong hoa tri C=C) va cac vung 970,69cm-1 (dao
dong blen dang phang =C-H).

Muon cho dao dong phan tir co thé gay nén sy hap thy trong
vung hong ngoai thi momen luong cuc cua phan tur pha1 thay doi.
Hién nhién 1a su thay ddi nhu vay khong xay ra khi c6 dao dong
hoa tri C=C. Trong trans-1,2- dlcloroetylen vi momen ludng cuc
cua phan tu bang khong va van gilr nguyén gia tri do trong sudt
thoi gian dao dong Két qua la trong pho hong ngoal ta khong
thiy nhirng tan s dao dong hoa tri thude vé ndi doi cua trans-1,2-
dicloroeten, mat khac cis-1,2-dicloroeten lai hap thu manh & 1590
cm-1 trong pho héng ngoai.



Nho phé hong ngoai c6 thé phan biét dugc S-cis va S-trans
ctia cac (, ( khong no. So vé6i hop chét S-trans thi hop chat S-cis
c6 dai manh hon, ung v6i dao dong hoa tri cua lién két C=C
(khoang 1.625 cm-1), cua lién két C=0 (khoang 1700 cm- 1) Nhu
vay ty sd cuang do cua cac dai C=0 va C=C 601 v6i cac dong
phan S-cis vao khoang 0,7 2,5, con d6i v6i dong phan S-trans
vao khoang 6 9.
< Phd cong hwéong tir hat nhan (NMR)

(Nuclear Magnetlc Resonance Spectrum)

Pho NMR ciing ¢ thé dugce dung dé xac dinh cdu hinh cua
cac dong phan hinh hoc anken dang aCH=CHb.

Proton trans—v1ny1 ghep v6i nhau manh hon proton cis-vinyl.
Do do, hang sO ghep JHH cta dong phan trans (ll 18 Cps) cao
hon hang s ghép cua dang cis (6-14 Cps) twong (ng.

Ph H Ph COOH

Ha= 158 ROH  Hyp=12,31Cps
Acid cinamic

3.2.4. P) bén twong ddi va sw chuyén héa twong hé giira
cac dong phan hinh hoc

“Po bén” co thé 1a vé mat nhiét hoa hoc va duge do béi nhiét
hinh thanh, hodc 14 vé mat nhiét dong hoc dugc do boi nang lugng
hinh thanh. Do d6 su khac nhau vé d6 bén giita cac dong phén cis
va trans c6 thé duoc biéu dién & sy khac nhau vé Entalpi hay ning
luong tu do.

C6 thé do mirc do khac nhau vé d6 bén nhiét hoa hoc cua cac
ddng phan hinh hoc bang cac dai 1u0’ng cua thiéu nhiét. Nhung do
chinh xac cua phuong phap nay cung bi han ché, boi vi cac thiéu
nhiét rat 16n nhung sy khac nhau cua chung thi lai nho.

Ve tinh bén nhiét dong turong d6i cua cac dong phan hinh hoc
c6 thé du doan theo niang luong tu do hinh thanh néu biét duoc
nang luong nay

Thi du: nang luong tw do hinh thanh cua trans-but-2-en o 250C
16n hon nang luong tw do hinh thanh ciia dong phan cis la 2,884
KJ/mol. Can chu y rang dai luong nay nho hon hiéu s6 twong ing cia
entalpi (3,971 KJ/mol) boi vi cis-but-2-en c6 entalpi 16n hon trans-but-
2-en la 4,347 kJ/mol.do



Nang luong ty do hinh thanh dbi véi nhleu doi dong phan
hinh hoc van con chua biét hét. Tuy Vay, ca hai dong phén ¢ trong
can bang hoa hoc va tir trang thai cin bang c6 tinh truc tiép hiéu
s6 nang luong tu do.

Thi du: trong hon hop cdn bang cia cis-, trans-but-2-en &
3900C chira 52,8% dong phén trans.

Phuong phéap don gian nhit dé c6 su chuyén hoa tuong hd

ctia cac dong phan hinh hoc 1a dun nong chung

Thi du: doz véi Stilben hang rao ndang leong cia sw chuyén
hoa tuong hé bang 167,2(188, 1KJ

bé thuc hién qua trinh dong phéan hoa cis-trans c6 thé dung
cac xuc tac khac nhau nhu: goc tu do, nguon sinh ra gbc tu do nhu
NxOy, cic halogen (c6 mat 4nh sang) cac axit: HX (X: halogen),
H2S04, BF3, kim loai kiém (natri), tac nhan hidro héa,dehidro
héa nhu Pt, Se.

Thi du: sy dong hoa cis-trans voi xuc tac goc tw do:

R A Br .R )/<
— +
H R H
H
R _— n BI’.
~ R

, Muédn cé Br(Ha dung Br2 voi anh sang c6 do dai song tuong
doi 1on (cyc dai hap thu doi véi Brom 1a 415A0)
3.3. HOP CHAT CO NOI POI C=N HAY N=N
3.3.1. Pong phin hinh hoc ciia Oxim

«  Aldoxim, cetoxim cé dong phdn hinh hoc dwoc goi la syn-
hay anti-

H ﬁ H3C\ /OH
>C —N C —N
’ OH /
H
Syn — Acetaldoxim Anti — Acetaldoxim
(So sanh vi tri twong doi giita nhém —OH va —H)

>C=N



« Cetoxim: co déng phan hinh hoc khi nguyén tir carbon (san
pham) lién két v4i hai nhom khac nhau.

H,C /OH

e

Syn — metylphenylcetoxim hay Anti — metylphenylcetoxim
Dé xac dinh ciu hinh syn- hay anti- ta so sanh vi tri tuong
doi cia nhom —OH vé1 nhom thé duoc doc trudce.
Hop chét khac cé ndi déi  >c=p
< Nitron: sy ankyl hoa oxim thuong cho mot hoén hop
dan xuat O-ankyl va N-ankyl. BPong phan hinh hoc ctia N-ankyl
goi 1a NITRON da dugc chirng minh bdi hop chat sau
A
C=N

® b
CH,
H.C
o fpﬁenyl — a—p — totyl — N — metylnitron

bang su khao sat momen ludng cuc.
% Phenyl hidrazon va semicarbazon
Phenyl hidrazon cua acid O-nitrophenyl glioxilic va

monosemicarbazon cua benzyl cling ¢6 dong phan hinh hoc.

NO,
A
C—N e
~ O~ AN

HOOC NH —< > c NH-C-NH
2
o

Phenylhidrazon Monosémicarbazon cua benzyl

cua Acid O — nitrophenylglioxilic



3.3.3. Dong phan hinh hoc ciia hop chit ¢6 ndi déi N=N

* Diazoat
AN - @ -,

N —N N—/"N
@ T A o
anti — arildiazoat ~ syn — arildiazoat

syn-diazoat khong bén, anti-diazoat bén. Dong phan syn- hp thy
& do dai song ngin hon va cuong d6 hap thu thip hon dong phan
anti.

¢ Diazocianur

@N_Nﬁ QNS
Ar SN @ CN

Syn — anti —
Df)ng phén syn khong bén va chuyén héa thanh dong phan

anti dé dang khi dé yén hay dun nhe, nguoc lai ddng phan anti
chuyén thanh syn dudi anh huéng cua sy chiéu xa.

% Azobenzen

N—N N—N
e e
trans - azobenzen cis — azobenzen

Thong thuong dong phan trans bén hon dong phan cis, dudi su
chiéu xa bang anh sang tir ngoai, ddng phan trans bién ddi mot
phén thanh dong phén cis, c6 thé co 1ap dugc bang phuong phap
két tinh hay ngoai hap trén A1203.

Co cau cua hai dang nay da dugc xac dinh bang nhiéu xa tia
X. Trans — azobenzen 1 mot phan tir ¢6 co cdu gan phang, con
ddng phan cis — azobenzen c6 co cdu ghénh, trong d6 hai nhan
benzen nam ngoai mit phing chira hai nguyén tir Nito, tao thanh
gita hai nguyén tir Carbon ddi dién mot khoang trng ching
3,34A0.



% Azoxibenzen: ciing c6 hai dong phdn hinh hoc:
o O 6. O
AN
—N N=—/—N

“cis — azoxibenzen trans — azoxibenzen

Khi dun trén nhiét do nong chay, ddng phan cis chuyén thanh

dong phan trans.

3.4. HOP CHAT VONG NO , ‘
Cac cicloankan mang nhirng nhém thé thich hop cting c6 dong

phén hinh hoc.
CH,

(|:H3 CH, H
Cis—H?2 ‘Q metplciclopropan Trans — 1 ;.—rs d:;tylﬁiclopropan

Cdc vong c6 nhiéu sé nguyén tir Carbon va mang nhiéu nhom
thé ciing co tong so dong phdan hinh hoc nhiéu hon (co cd dong phdn
quang hoc)

C,H, CH, C,H H C,H, H
H
H H CH,

Cis — cis Cis — trans Trans — trans
( Trans — cis )



Chuong 4: PONG PHAN CAU TRANG
CUA HOP CHAT KHONG VONG

1.1. Khai niém vé cdu trang (conformation)
1.2. Phép phan giai cu trang
1.3. Céu trang ciia hidrocarbon no
1.3.1. Etan
1.3.2. n—butan
1.3.3. n—pentan
1.3.4. n—hexan
1.4. Céu trang ciia hidrocarbon no mang nhém thé
1.4.1. Halogenur etyl
1.4.2. 1,2—dicloroetan
1.4.3. Etanol mang nhém thé ¢ vi tri s 2
1.4.4. 2 3—dibromobutan
1.5. Céu trang ciia hop chat khong no
1.5.1. Hop chat c6 néi déi C=0, C=C, N=C
1.5.2. Hop chdt c6 néi déi lién hop
1.5.3. Sw quay quanh noi doi



4.1. KHAI NIEM VE CAU TRANG

Khai niém vé “cu trang” dung dé chi cac dang hinh hoc cua
phén tir dugc tao thanh do sy quay quanh lién két don ma khong
be gay lién két (nén con goi 1a ddng phan quay Rotamer)

Vé miait 1y thuyét, mot phan tr co vo sd ciu trang voi mirc
nang luong khac nhau, tiy theo ban chit cta cac nguyén tir lién
két cong hoa tri va anh hudng giita cic nguyén tir khong lién két
trong phan tur, cAu trang dugc coi la 6n dinh nhat tng véi mirc
ning luong thap nhat, khi tuong tac giita cac nhom nguyén tur
trong phan tir it nhat. Tuy nhién, vi hiéu s ning luong va thoi
gian cac nguyén tur ¢ tai nhimg vi tri khac nhau rat nho nén céac
cau trang khong thé c6 1ap duogc (trir vai truong hop déc biét).

Thi du: Acid meso—tartric c6 hai cdu trang (cing mot cdu
hinh = Configuration)

H

H\\\\\“"'
HOOC OH

mat phang doi x&ng tam di xing
Hai ciu trang ciia acid Meso—tar uic

4.2. PHEP PHAN GIAI CAU TRANG

Trong da so truong hop, sw quay quanh cdc noi don khéng
hodn toan tir do va vai cau trang bén hon cdu trang khdc. Phép phan
gidi cdu trang gidi thich phdn g va tinh chdt ciia hop chat dwa trén
cdu trang cua no: trang thai can ban, trang thai kich thich va trang thai
chuyen tiép.

CAu trang cia mot phan tir co thé xac dinh boi:

_ Phuong phap vat ly: nhiéu xa dién tir, nhiéu xa tia X,
pho tur ngoai, hong ngoai, cong hudng tir hat nhan, momen ludng
cuc, tan sac quang hoat...

_ Phuong phap hoéa hoc:

e Dong hoc cod thé dung dugc nhu khao sat vé van
tdc phan tng este hoa, dung méi giai carboxilat, cac tosilat. ..



e Nhiét dong luc hoc cling c6 thé cho biét ciu trang
wu ddi, suy ra tir trang thai cAn bang giita cac hop chat dong phan
lap thé.

Su phén giai cdu trang dugc ap dung trudc hét cho cac hé
vong ciclohexan stc hop: Stéroid, triterpenoid... vi co cdu cing
rin cia cac hop chat nay thuong chi dua dén mot cdu trang duy
nhat nén két qua rt kha quan.

4.3. CAU TRANG CUA HIDROCARBON NO
4.3.1. Etan

Theo hoa hoc ¢b dién, hai nhom metyl cua etan c6 thé quay
quanh ndi don Carbon—Carbon mét cach tu do, nhung véi phuong
phap phan giai can dai nguoi ta da chimg minh ring chi c6 sy dao
dong quanh mdt vai vi tri dac uu, hai cAu trang cuc doan cua etan
1a cau trang léch va ciu trang che khuét dugc biéu dién boi cong
thirc chiéu sau déy:

_ Cong thirc phdi canh

=

’

. cdu.trang [éch cdu trang che khudt
_ Cong thuc Newman: 8
H H
H H H

Nhin ‘[hec};| trud, Carbon—Carbon, thay [¢ac—01 %—H cua mot
nguyén tir carbon trong cau trang 1éch 1 nhimg duong phan giac
ctia cac goc HCAH cuia nguyén tir carbon kia. Etan c6 ba cau trang
léch giéng nhau, tao thanh khi nhém metyl cia cAu trang 1éch
quay 1200 quanh néi don Carbon—Carbon.

Goc quay duoc xac dinh chinh xac hon boi goc xodn (goc nhi
dién), 1a goc giita hai mat phang:

1\;< : 2

__Goc xoan __




mot mat phéng xéac dinh bai mot ndi C—H chi dinh tai nguyén tir
Carbon s6 1 véi ndi C1-C2 va mit phing thtr hai xac dinh boi
mot ndi C—H chi dinh tai nguyén tir Carbon s6 2 v6indi C2-C1

Trong cdu trang 1éch, goc xodn ( = 600 con trong ciu trang
che khuét goc xodn (=00

Goc xodn bién thién tir 00 dén 3600 khi nhém metyl quay
quanh lién két C—C.

Su bién thién ning luong theo gdc xodn 13 mot duong cong
gé‘ln hinh sin véi ba cuc dai va ba cuc tiéu, dd cao cua rao nang
luong trong etan 1a 2,8 Kcal/mol.

Chu trang 1éch bén nhét, vi c6 mirc nang lugng tdi thiéu, cau
trang che khuit tmg véi muc ning lugng cao nhit nén khong bén.
Nhu vay, binh thuong Etan c6 cau trang I¢ch con cau trang che
khudt 1a mot trang thai chuyén tiép tao ra khi phan tr Etan quay tir
cAu trang 1éch nay dén ciu trang 1é€ch khéc.

Vi rao ning lugng cua sy quay kha thip, cac phan tir c6 day
hé duge coi nhu quay ty do quanh ndi don, ¢ nhiét do thudng.

E,uwm

Hy H Hy H Hy
H B , H I
AR A W
HH H W HH T"’L‘H P r:1';<\'2'(\H
H H H H H H
Che-khuat Léch Che kehwiGt Liéch Chebchuc! Lech Chekiuat
. ﬁleu do nang luong quay cua Etan - -
0 60 120 180 240 300 36l
4.3.2. n—butan CH3—CH2—CH2—CH3

Sy bién thién ning lugng trong n—butan véi goc xoan la
duong cong hinh sin (tuong tu vdi etan) trng véi cac cau trang:



e Che khuit toan phan (( = 0): do sirc day giira hai
nhom metyl che khuit lam cho muc ning luong ting thém 3
Kcal/mol.

e Che khuit mét phan (( = 1200, ( = 2400): sirc day
Van Der Waals giita hai nhom metyl giam xudng khoang 0,8
Kcal/mol. Ung véi trang thai nay c6 tuong tac gitra nhom Metyl
va Hidro che khuét voi mirc ning lugng khoang 1 Kcal/mol. Tuy
nhién, cdu trang che khuat mot phan va ciu trang che khuit toan
phan khong phai 1a dong phan ciu trang va chi duoc xem la
nhing trang thai chuyén tiép giita déng phan ban léch va ddi 1éch.

CAu trang ban 1éch: img v6i mirc nang lugng khoang 0,8
Kcal/mol véi goc xodn (= 600 hay ( = 3000, con goi 1a ciu trang
ghénh hay syn.

_ CAu trang ddi léch: 6n dinh nhit véi mutc ning luong
thdp nhat, voi goc xodn ( = 1800. Cau trang d6i léch con goi 1a
cAu trang trans hay anti.

O nhiét do thuong, n—butan 1a mét hon hop déng phan cAu
trang ddi 1éch va ban léch, trong do ciu trang ddi 1éch chiém
thanh phan nhiéu hon.

E vcaira

Nang luong quay trong n—butan

................... tu-o.ng téC Metyl _
""" tuong tac Metyl — Metyl
_ rao nang lwong trong Etan (twong tic H— H)



Niing lwgng toan phan

4.3.3. n—pentan

V6i hai truc quay trong C2-C3 va C3-C4 thi phén tor n—
pentan c6 thé c6 tat ca bay ciu trang (d6i 1éch va ban 1&ch). Phd
Raman cho biét co hai cdu trang ton tai trong n—pentan O thé long,
ciu trang uwu dai c6 nhom —CH3 va —C2HS5 ddi 1éch, ké d6 1a ciu
trang ban léch. Hiéu s ning luong gitta hai c4u trang udc chimg
0,5 — 0,7 Kcal/mol. Céac ciu trang khéac chura nhiéu dang ban I¢ch
hon do d6 it bén hon.

CH,
CH3)H'/H : 3

P cH
H H C/ 3 H H
c—CH,

Cdd trang%‘oz léch cuan pe}eftan\

)(

HC H

Cdu trang ban léch ciia an@ntan H

4.3.4. n—hexan

Phén tir n—hexan c6 ba truc quay trong va cé thé co 12 ciu
trang, cau trang ddi 1éch chiém ( nhiéu nhit trong can bang, trong
tu n—pentan, phan tir n—hexan ciing ¢6 hiéu sb ning luong giira
ciu trang ddi 1éch va ban 1éch wéc chimg 0,5 Kcal/mol.

H Ehu trané_'dm l'é_|ch trong n—hexan
Theo phé Raman, n—ankan c6 12 nguyén tir Carbon c6 céu
trang hoan toan 601 1éch ¢ trang thai két tinh. Tuy nhién, 6 trang
thai 1ong c6 mot sd céu trang ban léch dang ké tai bat c ndi nao



va bit cir luc nao. Hiéu sd ning lugng giita cau trang ddi léch va
ban 1éch udc chung 0,8 Kcal/mol.

4.4. CAU TRANG CUA HIDROCARBON NO MANG
NHOM THE

4.4.1. Halogenur etyl

Su thay thé mot nguyén tir Hidro trong etan bang mot nguyén
tr Halogen khong 1am thay dbi rao ning luong mot cach dang ké.
Dung phuong phap phda nghiém, nguoi ta tim thy tri s6 rao ning
luong nhu sau:

CH}-CHzF CH3—CH2C1 CH3—CH2BI’
3,33 3,50 3,50 (Kcal/mol)

4.4.2. 1,2—dicloroetan

V6i cac phén tir phire tap, nguoi ta can xét dén nhiing tuong
tac khac hon tuong tac 1ap thé nhu: tuong tac ludng cuc, luc nbi
hidrogen noi phan tu..

Phan tr 1,2—dicloroetan co chu trang ban 1éch kém bén hon
ciu trang d6i léch, do lyc x6 day ludng cuc manh hon, mic du
tuong tac 1ap thé kém bén hon trong n—butan.

cl cl
H H H cl
H H H H

béillech Bdn 1éch
Cau trang cua 1,2—
dicloroetan

e Nhifu xa tia X chimg minh 1,2-dicloroetan két
tinh hoan toan dudi ciu trang ddi 1éch.

e Phé hdéng ngoai va Raman cho thiy 1,2—
dicloroetan ¢ trang thai ran ¢ mot tam ddi xung, nhu vay tdn tai
dudi céu trang ddi léch, khi hoa long mot s6 phan tir bién doi



thanh céu trang ban léch (dugc ching minh bang su gia ting sb
vach trong ph6 hong ngoai va Raman)

e Nhiéu xa dién tir cho thay 1,2—dicloroetan ¢ trang
thai khi chtra 73( cdu trang ddi 1éch va 27( cu trang ban léch (¢
220C), hiéu sb niang lugng giita hai cdu trang nay khoang 1,03 —
1,32 Kcal/mol.

e Momen ludng cuc cua cau trang uu dai co tri sb
bang 0 (cAu trang ddi léch). Thyc nghiém cho biét momen ludng
cuc that sy cua 1,2—dicloroetan thay d6i theo nhiét do tir 1,12 D &
320C dén 1,54 D ¢ 2700C, su kién nay pht hop véi mot can bang
giita cac cdu trang d6i 1éch va ban 1éch.

4.4.3. Etanol mang nhém thé & vi tri s6 2

R-CH,-CH,~OH

R—-: —OH, —-NH>, —F, —CIl, —-Br, -OCH3;, —NO,, -NH-CH;

Thong thuong ciu trang d6i léch bén hon ciu trang ban léch.
Tuy nhién, ty 1€ on dinh c6 thé dao nguoc voi mot ) hop chét co
co ciu dic biét.

Thi du: ciu trang ban 1éch cua etylen clorhidrin bén hon ciu
trang ddi 1éch & bat clr didu kién nao, & thé rin chi c6 cdu trang
ban léch ton tai; & thé long hoac khi, mét can b?mg duoc thiét lap
gitra cAu trang ban I¢ch va ddi 1éch, nang lugng cua cAu trang ban
léch thfip hon nang luong cua ciu trang ddi 1éch 0,95 Kcal/mol do
& cau trang ban 1éch c6 lién két Hidro noi phan ti.

“fjg %}ﬁech

Cau trang cia
Etylenclohidrin

Tong quat, tat ci cac R-CH2-CH2-OH vé6i R— 1a ~OH,
NH2, —F, W—Cl, —Br, —O(;HS, —NO?, —NHCH3 déu cg’> cau trang
ban 1&€ch 6n dinh hon cau trang doi 1€ch nho lién két hidro ndi



phan tir gitta nhém R— véi —OH, mic du co sy xo diy lap thé va
ludng cuc gitra hai nhom nay.

4.4.4. 2,3—dibromobutan

2,3—dibromobutan c6 hai ddng phan: Eritro (ciing 12 Meso) va
Treo.

Nhidu xa dién tir cho biét déng phan Meso tdn tai dudi cdu
trang ddi l1éch A; con dong phan Treo ton tai dudi cdu trang B ¢6
hai nguyén tir Brom d6i 1éch nhau, hai nhém —CH3 ban léch

Br

Br Br
H,C H

m&b (4) (Ijz)
H,C Br H Br
ch; $ /\H H

Br
treo (B) (Bz) (Bz)

_ DPdng phan meso cho két qua bat ngd 14 cac cu trang ban
léch dong gop dén 30% & trang thai long tinh khiét, nhung trong
CS2 ty 18 trén binh thudng giam xudng 20%.

_ Pong phén treo chira khoang 20% céu trang B2, va phan
con lai 14 cau trang B va B1.

Trong dung mo6i khong cuc; hai nguyén tir Brom ban 1éch it
thuan loi hon hai nguyén tir Brom d6i léch. Cau trang B c6 hai
nguyén tir Brom d6i 1éch va hai nhom metyl ban léch, con ciu
trang B1 c6 hai nguyén tir Brom ban 1éch va hai nhoém metyl dbi
1éch.

4.5. CAU TRANG CUA HQP CHAT KHONG NO
4.5.1. Phén tir chiva nhém > c=CH, ~N=CH, ,»>C=0

Trong phan tir aldehid acetic CH3-CH=O va propen CH3-
CH=CH2 déu ton tai dudi cau trang vdi noi do6i C=0 hay C=C va



nguyén tir Hidro che khuat nhau dugc xac nhan bdi ph6 nghiém
viba va nhi€u xa dién tu.

Ho Heh, 37 0

H H H H H H

H H H
CH3—CHO CH3—CH=CH2 CH3—CH2—CHO

Trong phéan tir propanal, xic dinh boi hang sd ghép cong
hudng tir hat nhan nhém CH3— che khuat ndi doi C=0. Két qua
nay cé thé giai thich boi stc hut ludng cuc gitta -C—CH3 vdi
C=0.

I} I}

Véi céc phan tr 79 cH3_0-cH=CH2 ; HCOCH;
thi cdu trang wu ddi tng voi ndi d6i C=0, C=C, C=N déu che
khuit nhom CH3-. Piéu nay duoc ching minh béi phd hong
ngoai, phd viba va nhidu xa dién tir.

H H

\C o AN

7 N Z
Metyl formiat CH, HZCMelyl vinyl eter CHy

Céu trang wu dai ctia formaldoxim c6 ndi d6i C=N va n6éi O-H
doi nhau.

H

P —
H,C =
Diéu nay co thé duoc giai thich boi su x6 day giita electron p
va ( trong metyl formiat, metyl vinyl eter ; va gitta dién tu p trong
formaldoxim.
4.5.2. Phén tir ¢6 noi doi lién hop

Phén tir ¢6 ndi d6i lién hop c6 thé c6 ddng phan cau trang, d6
1a ddng phan S—cis va S—trans (Single: don). Tiép dau ngit S dat
true chit cis va trans dé chi cdu trang lién hé dén ndi don trong
h¢ lién hop.

H,C CH, H,C H

H H H CH



Cau trang cua buta-
1,3-dien

Két qua thuc nghi¢m dya trén tinh cht nhiét dong hoc, nhiéu
xa dién tu, phé nghiém héng ngoai va viba cho biét cau trang S—
trans cia buta-1,3-dien bén hon céu trang S—cis it nhat 2
Kcal/mol.

Ngoai ra, phé hong ngoai va Raman di chimg minh trans-
pent-3-en-2-on 1a mot hdn hop can bang chira cau trang S—cis va
S—trans véi s6 luong bang nhau.

N —CH
0 ?/C s 0 H
H.C H H.C _
*S cis $°S trans C—CH,

Cdu trang ciia Trans-pent-3-en-2-oHi.
Phan tir buta-1,3-dien cho phan tmg diel-alder dé dang, chiing
td phan tir dat dén cau trang S—cis khi can thiét. That ra, rao nang
lugng trong sy quay quanh noi don c6 tri s6 khoang 4,9 Kcal/mol.

4.5.3. Sw quay quanh noi doi

Réo ning luong clia sy quay quanh ndi d6i Carbon—Carbon c6
tri s6 kha cao (40 Kcal/mol véi etylen) so v6i sy quay quanh ndi
don (2,8 Kcal/mol).

Tinh bén ving cta ndi d6i Carbon—Carbon duoc giai thich boi
sy hinh thanh orbitan (. Néu mit phang ctia mot nguyén tir Carbon
nbi d6i quay 900 quanh ndi sigma (c—c; orbitan phan tir bi pha
hay vi truc d6i xtng cta hai orbitan vudng goc nhau nén khong
xen phu 1an nhau.

Rao nang lugng

Hop chat Cong thirce (Kcal/mol)




Etylen CHZZCHZ 40
2-buten CH;-CH=CH-CHj; 18
Acid butendioic | HOOC-CH=CH-COOH 15,8
Stilben Ph—-CH=CH-Ph 42,8

Pdng phan trans-but-2-en bén hon cis-but-2-en khoang 1
Kcal/mol.

Con trans—1,2—dicloroeten lai it bén hon cis twong tng 0,5
Kcal/mol.

Va 2,2,5,5-tetrametylhex-3-en co cAu hinh trans bén hon ciu
hinh cis khoang 9Kcal/mol.
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5.1. TINH BEN CUA HQOP CHAT VONG NO

Céc hop chat vong no biét truée nam 1880 déu 1 chuyén hoa
chat cua ciclohexan. Vai nha héa hoc nhu Meyer (1 876) cho rang
cac vong khac hon vong c6 sau nguyén tir khong thé tao thanh.
Tuy nhién, nam 1881, Markovnikov tong hop mot chuyén hoa
chat cua ciclobutan va Freund diéu ché ciclopropan. Nam 1883,



Perkin khdo sat cac hop chat c6 vong nhd va diéu ché mot so
chuyén hoa chat cua ciclopropan, ciclobutan va ciclopentan &
trang thai tinh khiét.

5.1.1. D¢ phan rng cia ciclopropan, ciclobutan

Thong thudng tinh chit cia cac cicloankan giéng tinh chat cua
ankan tuong ung. Nhung cac vong nho ciclopropan va ciclobutan
c6 hoa tinh twong tu cac anken. Do do, etylen dugc xem nhu hop
chat vong nho nhat chi gdm hai nguyén tir Carbon.

e Ciclopropan tham gia phan ung véi:
_ Hidro Ni
/\ + H, 5o CHyCH,CH,

_ Voi Brom, HBr, HI va H2S04

A + Br,

+ HBr —> CH,-CH,-CH,Br
Khéac han Vot propen, ciclopropan khong bi ox1 hoa boi dung
d1ch KMnO4.
e Ciclobutan it c6 khuynh huéng cho phan tng cong
hon ciclopropan, nhung c6 thé hidrogen héa véi xuc tac Ni, &
1800C cho n—butan.

CH,Br-CH,-CH,Br

—  —— .
+ H 3% C, CI—% -CI—ZI -CI—2| -CISI
_ Vi HI:

0
7 + H —L »  CH,-CH,-CH,-CH,|

_ Vo1 Br2, HBr, KMnO4 ciing khong tac dung vdéi ciclobutan.

5.1.2. Thuyét cing Baeyer

Baeyer gia st cicloankan la nhimg da giac déu va phang va
tinh d¢ 1€ch cua gdc ndi trong cac cicloankan doi voi tr dién binh
thuong. N )

Do 1¢éch cta ( moi géc noi trong vong goi la sure cang goc hay
suc cang Baeyer.



[3=%(109,5°—oc)

* (1a goc trong ctia vong
* He s6 Y2 dé giai thich sy
B phén phoi stic cang dong déu
a gitra hai noi lién h¢
% n = s0 canh clia vong

D¢ léch goc cua cicloankan

N o p n a B

3 60’ +24,7 11 1473 | -188
4 90’ +9,7 12 150 | -20,3
5 108’ +0,7 13 152 | =21,5
6 120 | -53 14 1543 | 22,4
7 1286 | 96 15 156 | -233
8 135 | -12,8 16 1575 | -24
9 140 | -153 17 159 | —247
10 144 | -17,3

Tir céc tri sb trén cho thay:

e Do léch ciia goc ndi trong ciclopropan (+24,70) 16n
hon ciia géc ndi trong ciclobutan (+9,70) nén ciclopropan cing
hon ciclobutan, do d6 ciclopropan it bén hon va cho phan ing mé
vong dé dang hon ciclobutan.

e Ciclopetan c6 do 1éch bé nhét (+0,70); co thé xem nhu
khong cing nghia 1a theo Baeyer ciclopentan 1a hop chit vong bén
nhat.

e Ciclohexan c6 d6 1éch dang ké (—5,30), gdy ra mot sirc
cing nho trong phan tir (diém nay khong dang).

e Tu ciclohexan tré di, d6 léch ting dan va déu,
ciclopropan c6 do léch gibng nhu cicloankan c6 17 nguyén tu
Carbon.

Tom lai, Baeyer cho rang cac vong nhd hon hoic 16n hon
ciclopentan va ciclohexan déu khong bén nén cho phan tng mé
vong dé dang véi ciclopropan va ciclobutan; mit khac cac vong



16n hon da gip nhiéu kho khin trong diéu ché (diéu nay ciing
khong dlng).

5.1.3. Thiéu nhiét va tinh bén twong doi ciia cicloankan

Tinh bén twong ddi cia cac hop chit mot vong co thé xac dinh
boi thiéu nhiét.

Thiéu nhiét ¢6 tri sd thuc nghiém cao nhét véi ciclopropan,
giam dan dén cyc tiéu véi ciclohexan rdi gia ting dén cuc dai voi
ciclononan, sau cung giam xudng cyc tiéu voi ciclotetradecan.

(2) H/n (Kcal/mol): thiéu nhiét tinh cho méi nhém —CH2— ciia hop chit
cicloankan (¢ thé khi)

(3) (H/n—157) Kcal/mol: hiéu sé thiéu nhiét tinh cho méi nhém —CH2—
cua cicloankan va n—ankan twong vng

(4) Tong sé sikc cing cua ciclan

1) (2) 3) 4)
n H/n H/n-157,4 | 1/n(H/n-1574)
3 166,6 9,2 27,6
4 164,0 6,6 26,4
5 158,7 1,3 6,5
6 1574 0,0%* 00
7 158,3 0,9 6,3
8 158.,6 1,2 9,6
9 158,8 1,4 12,6
10 158.,6 1,2 12,0
11 158.4 1,0 11,0
12 157,7 0,3 3,6
13 157,8 0,4 5,2
14 157,4 0,0%* 00
15 157,5 0,1 1,5
16 157,5 0,1 1,6
17 157,2 -0,2 34
n—ankan | 1574 0 00

Thiéu nhiét ciia cicloankan tinh cho méi nhém metylen (Kcal/mol)



Thiéu nhiét tinh cho m&i nhém metylen trong ciclopropan va
ciclobutan cao hon thi€u nhi¢t tuong img cua n—ankan boi 9,2 va
7,6 Kcal/mol theo thtr tu, nghia la ciclopropan va ciclobutan chira
nhiéu ning luong tinh cho mdi nhom metylen hon do d6 chung
kém bén hon propan va butan. Piéu nay phiu hop véi thuyét
Baeyer.

Thiéu nhiét cua ciclohexan bé nhét, béng cua n-hexan nén
ciclohexan 13 hop chat bén nhat chir khong phai 13 ciclopentan
nhu Baeyer da néu.

Thiéu nhiét cia cac vong cé tir 7 dén 11 nguyén tir Carbon
déu gidng thiéu nhiét ctia n—pentan va thiéu nhiét cua cac vong
c6 tir 12 nguyén tir Carbon tré 1én khong thé phan biét v6i thiéu
nhi¢t cia n—ankan. Nhu vay, trai voi thuyét Baeyer, tinh bén ciia
cac vong nay khong kém hon cac hop chat mach hé mot cach
dang ké. Hon nira, cic vong 1on tir ciclotetradecan trg 1én déu
hoan toan khong cang va khong c¢6 khuynh huéng cho phan tng
m¢& vong nhu ciclopropan va ciclobutan.

Dua vao thiéu nhiét, Eliel (1962) da chia hop chét vong
thanh bén nhom:

_ Vong nho véi n=3va4.

_Vong binh thuong véi n=35; 6; 7.

_ Vong trung binh véi  n=8(9;10; 11

_ Vong 16n voi n (12

5.1.4. Khai niém vong khong cang cia Sachse va Mohr

Nam 1890, Sachse cho ring ciclohexan va cac vong 16n hon
c6 thé ghénh dé dap ung diéu kién goéc tr dién va ton tai dudi
nhimg cau trang khong phang va khong cing, quan diém nay
khong dugc chap nhan lac ddu vi né du doan ciclohexan phai ton
tai dudi hai dang: ghe va tau trong khi chi c6 mdt dang dugc biét
lac bay gio.

L — \—~7

dang ghé dang tau
Cau trang cua ciclohexan



_ Nam 1918, Mohr giai thich {éng hai dang ghé va tau bién doi
lan nhau rat nhanh nén khong thé c6 lap duogc.

5.1.5. Strc cang Pitzer

Ning luong cua cic hop chit vong gia ting véi stc cing
Baeyer do su bién dang cta goc hoa tri.

Ning luong ciing c6 thé gia tang boi sy tao thanh mot ciu
trang ¢ dung tich nang luong bat loi. Sy gia ting nang lugng khi
mot ciu trang 1éch thuan loi bién d6i thanh mot ciu trang che
khuat bat thuan loi, goi 1a sirc cang Pitzer trong phén tu.

Strc cang Pitzer do sy x0 day gitra cac nguyén tu ké can khong
n6i con goi 1a sirc cang ddi ndi hay strc cang xoan.

Stc cing Pitzer tré nén dang ké dbi véi cac vong nho trong do
cac nhom tri hoan bat budc phai che khuat nhau. Thi du sirc cing
Pitzer lam cho ciclopentan khéng thé ¢é co cdu phang dong thoi
bién dang goc tir dién, nghia 1a dua dén stic cing Baeyer. Mic du
su kién nay gia tang nang luong, dang khong phang cua
ciclopentan c6 thé ning thap hon thé nang cua dang phang, vi cau
trang tuong tng thudn loi hon vé mit ning luong.

5.2. CAU TRANG CUA CAC VONG NHO
5.2.1. Ciclopropan |, H

H H

Cicloﬁ;'opan
V6i ba nguyén tir Carbon trong vong, ciclopropan c6 co ciu
phang, goc trong ciia ciclopropan bang 600 nén phan tr hét sirc
cang, do do ciclopropan rit d& mo -vong. Ngoai ra cac nbéi C-H ¢
cing mot bén mit phing che khuat nhau, lam cho phan tir cang
khong bén.

Su xen phu cuMg ciclopropan



C6 thé trong ciclopropan c¢6 sy khac nhau nao dé so véi sy
phan bd binh thudng cua cac goc hoa tri, & ddy bdn lién két cua
nguyén tu Carbon khong c6 dac tinh gidng nhau 1a sp3 nira; ma
lién két C—C gan giéng voi p— (O hon; con lién két C-H gan giéng
dic tinh s—((). Nhu véy, lién két C-H duoc cung ¢b thém, con goc
héa tri H-C—H va C—C—H 16n hon, cac lién két C—C bi long ra (do
gbc tr dién bi nhé lai). Do ¢6 su thay ddi cac gdc hoa tri nén cac
goc nay phan nao bi léch khoi vi tri théng thuong va miat phing
ctia vong khong con 1a mit phing ddi ximg nita.

Theo thuyét co hoc lugng tir; trong diéu kién cac goc lién két
600 thi khong thé nao co su lai hoa duoc, boéi vi truc cua hai
orbitan lai hoa sp3 xuét phat tir mot nguyén tir Carbon bao gio
ciing 1ap v6i nhau mot goc it nhat 1a bang 900. Tuy nhién, néu
truc cua cac orbitan lai hoa sp3 dugc hudng nhu trong hinh vé thi
cac orbitan lai hoa khong thé tac dung thing truc tiép véi nhau
duoc, do d6 chung hoi bi udn cong lam cho sy xen phu kém di
dan dén 1a lién két C—C trong phén tir c6 mot stic cang.

5.2.2. Ciclobutan

Bang nhiéu xa dién tir hay cac phép do phd nghiém va nhiét
dong luc hoc ching minh rang: ciclobutan c6 co cau ghenh Vi
néu ¢é co ciu phang, cac n61 C-H ¢ cung mdt bén mat phang (ké
can) sé& che khuat nhau va tuong tac khong nbi gitra cac Hidrogen
lam cho ciclobutan phai ghénh di, d6 1a cau trang xép.

H H H
H H
@]! H : :
H H Cdu trang xép ciia ciclobutan H

Nhiéu xa dién tir cho biét nguyén tir Carbon & ngoai mit
phang ciia ba nguyén tir Carbon con lai tao v6i mit phang nay mot
gbc khoang 200.

Céc nbi trong ciu trang xép cua ciclobutan chiém vi tri truc a
(axial) va xich dao e (equatorial) (twrong tu nhu trong ciclohexan).

Vong bdn canh it cing hon vong ba canh nén c6 thé chip nhan
bdn nguyén tir carbon cia ciclobutan & trang thai lai hoa (sp3).

e V&i hai nhom thé gén tai vi tri 1,3 nhu:



CH, COOCH,
E—
HC OOCH, S H
Cis ee Cis aa
H COOCH,
—_— 3
Trans ea Trans ae

3-metyl ciclobutan carboxilat mety!

Pdng phan cis ee bén hon trans ea, diéu nay di dugc xac nhan
bdi thyc nghiém.

Nhung dong phéin trans—ciclobutan-1,3-dicarboxilat dimetyl
bén hon ddng phan cis— twong tng do stc day tinh dién giita cac
truong cuc manh hon hiéu tmg lap thé.

5.3. CAU TRANG CUA HQP CHAT VONG TRUNG BINH
5.3.1. Ciclopentan

Ciclopentan phang s& c6 nim nhém metylen hoan toan che
khuét dua dén st cing Pitzer khoang 14 Kcal/mol.

bé giam strc cang Pitzer vong ciclopentan phai 6 ciu trang
(hoi ghenh) phong bi: mgt nguyén tir Carbon nam ngoai mat
phang ctia bon nguyén tir Carbon con lai.

Cau trang phong bi cikg Lciclopentan
o Céu trang nira ghe ba nguyén tir Carbon cua
vong nam trong mot mat phang, con hai nguyén tir kia ¢ trén
va ¢ dudi mat phang do.

a
4 e'
e/ 5 b
1 al
2 b
e— e'
3




Cau trang nira ghé cua ciclopentan

Trong cau trang phong bi hay nira ghé déu c6 ba kiéu nbi:

+ NO6i truc (a) va ndi xich dao (e) gidbng nhu trong
ciclohexan.

+  NObi tua truc (a’) va tua xich dao (e”).

* N01 song thlet dién (b) (biseetional) chiém mét vi tri gilta
ndi truc va ndi xich dao tao thanh goc 54,70 voi mit phang
cua phan tur.

CAu trang nira ghe ciing linh dong nhu cau trang phong bi,

ning lugng ciia hai ciu trang nay khong khac nhau nhiéu lam.
o Ciclopentan mang m¢t nhém thé
Nguyén tir Carbon mang nhém thé 1éch ra khoi mat phang cua
bbn nguyén tir Carbon con lai. Dé tranh sy tuong tac giita nhom
thé R v6i hai nhom metylen & vi tri 2 va 5 thi nhom R— ¢ vi tri
xich dao (e) thuan loi hon vi tri a (truc).

Thi du: metyl ciclohexan ¢é cdu trang phong bi dwoc an dinh

hon céu trang xép khoang 0,9 Kcal/mol

o Ciclopentan mang hai nhém thé:
- Thi du: 1,3—dimetylciclopentan c6 cau trang cis (ee) bén hon
cau trang trans (ea) khoang 0,59 Kcal/mol.

H,C H,C

Cis (ee) CH, Trans (ea)

Cdu trang —1,3—dimetyl ciclopentaiH,

o Ph6 hdng ngoai cua ciclopentanol ¢6 hai chin dong
hoa tri: C—(OH) trong vung 1065 va 996 cm—1 chi dinh cho nhém
—OH tua xich‘ dao va song ‘ghiét dién theo thua tu. N}}u vay
ciclopentanol ton tai dudi hai cau trang phong bi va ntra ghé.



5.3.2. Ciclohexan

5.3.2.1. Cdu trang ghé: ciia ciclohexan khéng c6 sirc cing
Baeyer va Pitzer, vi cac cip nguyén tr Hidro gin trén hai nguyén
tir Carbon ké cén déu hoan toan léch, nhu vay thé nang cua hop
chat & muc t6i thiéu.

Nam 1943, Hassel nhan thiy 1an dau tién rang cac ndi C—H
trong c4u trang ghé ¢6 hai nhom:

e 6 ndi C—H song song voi tryc dbi xtmg bac 3 cua
phan tu: g01 1a ndi truc (a).

e 6 ndi sap x€p quanh Vong gan sat mat phang trung
binh cua vong, goi la ndi xich dao (e).

Trong cau trang ghé, moi nguyén to Carbon c6 mot ndi truc va
mdt ndi xich dao. Cac ndi truc va ndi xich dao luan phién & trén
va ¢ dudi mit phang trung binh.

Cac nguyén tir hay nhom nguyén tu gan trén nguyén tu
Carbon c6 cau hinh ( khi ching hudng xudng; cAu hinh ( khi
ching hudng 1én so voi miat phang trung binh.

B a
L
(o) (@)

Truc dbi ximg bic 3 ,
Noi truc (a) Noi xich dao (e)

6
,  (hinh chiéu Ne¥than)
Cau trang ghé cua ciclohexan

Khoang cach gitta hai nguyén tir Hidro trong cu trang ghé.

Kiéu Vi tri Khodng cach A0
Béan léch | 1H. - 2H. 2,49
1H, - 2H, 2,49




Trans 1 H.- 2H, 3,00
Nhi truc | 1H, - 3H, 2,50

5.3.2.2. Cdu trang tau: ciia ciclohexan khéng cé sirc cang
Baeyer nhung c6 strc cang Pitzer vi bon cdp nguyén tir Hidro gan
& hai bén hong tau (2,3 va 5,6) che khuat nhau. Mat khéc, su
tuong tac giita nhitng nguyén tir hidrogen ( gan tai hai Carbon &
mili tdu va 1ai tau (1 va 4) chi ¢ gan nhau khoang 1,84A0, trong
khi ban kinh Van Der Waals 1a 2,4A0. C4u trang tau kém bén hon
ciu trang ghé va hiéu sé nang luong tinh cho hai cau trang 1a 6,9
Kcal/mol.

2.27A°

nhin bén nhin doc

Khoang cach gilra cac nguyén tur Hidro gan trén hai nguyén tir
C ¢ gan nhau trong cau trang tau cua ciclohexan

Kiéu Vi tri Khoang cach A0
Cot co 1f, 4, 1,84
Che khuat | 2ey 3ep 2,27
2ap 3ay, 2,27
Ban léch 1b, 2ey 2,49
1-by 2ayp 2,49
11, 2ep 2,49
Trans 2ap 3ey 3,00
Nhi truc 11, 2ay 3,00




Cau trgng tau Hinh chieu Newman cua
cdu trang tau

5.3.2.3. Cdu trang tau xodn

Céu trang ghé 1a mot cu trang cimg ran, khong thé vin méo
duogc. Cau trang tau, con goi la cdu trang mém déo, 1a mot cau
trang linh dong, co thé uén duoc dé dang thanh nhiéu ciu trang
khac nhau.

Céu trang tau quen thudc khong phai la dong phan ciu trang,
no chi 1a trang thai chuyen tiép gitra hai cu trang. Ciu trang tau
xodn 1a mot dong phén cdu trang, kém bén hon cu trang ghé.

Cau trang tau xoan cua ciclohexan

Trong céu trang tu xodn hai nguyén tir Hidro ¢t cd (tai C1
va C4) da x¢& dich ra xa hon; con hai nguyén tir Hidro tryc tau tai
C3 va C6 s€ di chuyen lai gan nhau hon. Do do, su tuong tac ¢t
¢ giam dén muc t6i thiéu dong thoi sirc cang Pitzer tai cac ndi
C2-C3 va C5-C6 ciling giam di mot phan.

Mit khac b6n nguyén tir H truc tau tré nén léch mot cach quan
trong, mac du chua hoan toan 1éch han.



E. keal Imol
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Vi céu trang ghé bén nhit, ning luong cia nd & ‘murc téi thiéu
(dlem a). Khi van chan ghé lén hay bé lung ghé xuong, cau trang
ghe bién thanh cdu trang tau xodn I (diém c) it bén hon cdu trang
ghé khoang 5.6 Kcal/mol, nhung phai vuot qua mot rao nang
lugng khoang 11 Kcal/mol, tmg vdi cau trang nira ghé I (diém b).

CAu trang tau xodn I c6 thé bién d6i thanh ciu trang tau xoan
II (dlem e) ngang qua trung gian tau (diém d) it bén hon céu trang
tau xoan khoang 1,6 Kcal/mol. Cudi cung ciu trang tau xoan II
(diém e) bién thanh cdu trang ghé II (diém g) d01 hinh véi cu
trang ghe I va trung gian trong giai doan nay 1a cdu trang nira ghé
11 (diém f).

Két luan:

_ Phan tir ciclohexan c6 hai cdu trang ghé ddi hinh bién d6i

14n nhau rat nhanh & nhiét d6 thuong.

Cac nguyén tir Hidro (truc) trong ciu trang tht I tré thanh
xich dao trong cau trang thir II va nguoc lai.

Hiéu sO nang lugng gilta cau trang ghe va ciu trang tau
xo0én cua phan tir ciclohexan duwa dén mot hon hop chira khoang
10.000 cau trang ghé va mot cdu trang tau xoan (¢ 250C).

5.3.3. Ciclohexan mang nhém thé

5.3.3.1. Ciclohexan mang mét nhém thé

0
H 2,55A X

H

X ,
:a//z, 8A°
H

a) Ankylciclohexan
_ Metylciclohexan

e Khi nhém CH3- ¢ vi tri xich dao, khodng cach
gilta cac nguyén tir Hidro ciia CH3— va cac nguyén tir Hidro gan
nhit cta vong 1a 2,5A0, nghia 1a 16n hon tong sd ban kinh Van
Der Waals cua hai nguyén to H (2,4A0).

e Khi nhém CH3- ¢ vi tri truc, mot nguyén to H cua
nhom nay (hudng vé vong) & gan cac nguyén tir H truc cua vong
udc ching 1,8A0 nén nhém CH3— (a) phai chiu sitc diy Van Der



Waals; surc day nay tuong Ung voi su tuong tac n-butan ban 1éch.
Do d6, muon b1et metylciclohexan c6 cau trang nao bén nhét,
ngudi ta so sanh tong s6 don vi butan ddi léch va butan ban léch
trong hai cdu trang.

e Metylciclohexan truc c6 hai tuong tdc butan ban
1éch, con metylciclohexan xich dao c6 hai tuong tac butan débi
1éch nén dong phan xich dao bén hon dong phan truc khoang 1,6 (
1,8 Kcal/mol. Két qua nay duoc xac dinh bai phd cong hudng tir
hat nhan, & nhiét d6 thuong hdn hop cin bang chira 95% CH3— (e)
va 5% CH3- (a).

- Khi nhom thé 1a —C2H5, —isoC3H7 thi cdu trang
xich dao van bén hon ciu trang truc.

- Nhom thé tert-butyl khac han nhom ankyl khéc,
néu But(a) thi mot trong ba nhom CH3— bit budc phai hudng vé
vong va gdy ra su tuong tac voi hai nhom —CH2— ¢ vitri 3 va 5 ¢6
tri 86 16n hon 5 Kcal/mol. Nang luong nay qua cao nén tert-butyl
khong thé & vi tri truc trong cAu trang ghé nén no chi ton tai & vi
tri xich dao.

CH

ST
CH,
Nhém tert-butyl truc Nhém féft—butyl xich

dao
Cau trang cua tert—butyl ciclohexan

b) Ciclohexanol ’
Ciclohexanol ton tai dudi cau trang véi nhém —OH xich dao
(62-90%)

[ o ==

Ciu trang ciia ciclohexanol OH

¢) Halogenociclohexan



Theo nhiéu xa dién tir va nhiéu xa tia X hay phép do momen
ludng cuc, ciu trang uu dai cua clorociclohexan & trang thai khi
c6 nguyén tir Clor ¢ vi tri xich dao (55%—60%). Hiéu sé ning
luong gitra hai ciu trang 1a 0,3 — 0,4 Kcal/mol, ching minh c6
khoang 40% cau trang truc trong hdn hop can bang.

O trang thai 1ong, ca hai ciu trang truc va xich dao déu co mat
d6i voi clorociclohexan va bromociclohexan, phd hong ngoai cho
biét thém c6 40% céu trang tryc ton tai trong hdn hop can bang,
hiéu sb ning lugng gitra cdu trang xich dao va cdu trang truc duoc
udce lugng 13 0,3 — 0,5 Kcal/mol boi phd cong hudng tir hat nhan.

Nhom -AG, Nhom -AG,
—CLVT 0,40 ~NH, 1,2-1,8
—Br 0,50 —~COOH 1,2
-1 0,4 —~COOCH; 1,1
—OH 0,6-0,9 —CN 0,2
—~OCH; 0,7 —CH;, 1,7
—OCOCH; 0,7 —C,H; 1,8
—OTs 0,7 —Pr' 2,1
-SH 0,9 -Bu 2,1
—SPh 0,8 -Bu' 5,6

—Ph 3,1

Hiéu s6 nang lwong tir do cau trang trong ciclohexan
mang nhom thé (—(Go : Kcal/mol)

Pbi v6i nhom —OH, -NH2: tri sé nho tmg voi dung méi
khong chira H+; tri s0 16n tng véi dung moi c6 proton.

5.3.3.2. Ciclohexan mang hai nhém thé
5.3.3.2.1. Diankylciclohexan

a) Dimetylciclohexan

1,1-dimetylciclohexan (chi c6 mdt ciu trang)

CH,
L7

1,2—dimetylciclohexan c6 ba dong phén ciu trang



CH, =
[ o = R

Trans ee Trans aa ¢y
3

_ Trans ee c6 mot tuong tac butan ban léch img vai 0,85
Kcal/mol.
_ Trans aa c6 bon tuong tac butan ban 1é€ch ung voi 3,4

Kcal/mol
N CHB P
CH HC

cised 3 cis ae
Céu trang cis ea c6 ba tuong tac butan ban léch ung vai 2,55
Kcal/mol.
O nhiét d6 thuong, 1,2—dimetylciclohexan ton tai gan nhu
hoan toan (99%) dudi cau trang ee.
1,3—dimetylciclohexan cé ba dong phan ciu trang.

H,C
3 McHB . %
Cis das

CH,

- H
C
is ee CH,
CH,
H,C
CH, i
Trans ea Triins ae

- CAu trang cis ee khong c6 tuong tac butan b%'i&?léch.
- CAu trang cis aa c6 mot tuong tdc nhi truc (3,7
Kcal/mol) va hai tuwong tac butan ban 1éch (1,7 Kcal/mol)
—AG,, = 3,7 + 1,7 = 5,4 Kcal/mol
- CAu trang trans ea c6 hai twong tac butan ban léch tmg
vo1 1,7 Kcal/mol.

1,4-dimetylciclohexan c6 ba dong phén ciu trang

CH,
HacNCHS R



Trans ee Trans aa

CH —_—
3 ==
%E H,C ;ﬂ

CH CH

3 Cis ea Cis ae 3

- CAu trang trans ee bén nhét vi khong co tuong tac butan
ban 1&ch.
- CAu trang cis ea c6 hai twong tac butan ban léch.
- Céu trang trans aa c6 bon tuong tic butan ban 1éch.
Nén ¢ nhiét d¢ thuong, 1,4-dimetylciclohexan ton tai hoan
toan dudi ciu trang ee.
Khi hai nhém thé khac nhau: A ( B thi cAu trang on dinh nhat
g v&i nhém thé to & vi tri e.
b) Ciclohexan mang nhém ankyl 1é6n

Néu hai nhom thé déu c6 kich thudc 16n nhu t-butyl phan
dong gop cua ciu trang mém déo tro nén dang ké.
Thi du: 1,3—ditert butylciclohexan

*Cis ee

H C
H,C= O
H.C CH,
CH,
* Trans ae khong thé ton tai & ciu trang ghé vi c6 nhom tert—

butyl & vi tri tryc gdy twong tac nhi truc rat 16n, nén ciu trang ghé
chuyén sang tau xodn dé ca hai nhom t-butyl déu & vi tri e.

’c

Cdu trang tau xodn

5.3.3.2.2. Dihalociclohexan

1,2—dibromociclohexan

Br



u=20

u=31D

(60%) Trans ee Trans aa (40%)

Binh thuong dong phan trans ee bén hon trans aa nhung
momen ludng cuc cho théy ca hai ciu trang ee va aa déu hién dién
trong dung dich.

_ Momen ludng cuc cua trans aa =0 (tinh
_ Momen ludng cuc cuia trans ee = 3,1 Dtoéng)}
Momen thuc nghiém tuy thudc vao dung méi st dun
+ Trong benzen Hee =2,1 D
+ Trong CCly Lee = 1,7 D

Chu trang cis ee thuan logi vé mat lap thé nhung cé sy x6 déy
ludng cuc gitra 2 nguyén tor Brom; nhiéu xa dién tir cho biét hdn
hop can bang cua hop chét trans—1,2—dibromociclohexan & thé khi
chira khoang 60% cau trang ee va 40% céu trang aa.

Br

(u=3,1D) Cis®a Cisae (u=3,1D)Br
Momen ludng cuc tinh cho cis—1,2—dibromociclohexan c6 gia
tri bang 3,1 D ((trans) va khong tuy thudc vao dung moi.
(Tri s6 thuc nghiém = tri s6 1y thuyét)

1,2—diclorociclohexan

Momen ludng cuc tim thady & dang trans ee 1a 2,6 D trong
benzen; 2,2 D trong CCl4 (momen tinh van 1a 3,1 D).

Dong phan cis ae ¢6 gia tri thuc nghiém va 1y thuyét déu bang
3,1 D.

Nhu vdy momen ludng cuc cua hop chat trans—1,2—
diclorociclohexan 1én hon cua trans-1,2-dibromociclohexan,
nghia 1a céan bang céu trang vdi hop chit dicloro ciclohexan chira
it cau trang aa hon hop chét dibromo ciclohexan.

Céc két qua vé momen ludng cuc cua 1,2—dihalociclohexan
duoc xac nhan boi phé Raman va phd hong ngoai.



- O trang thai long, trans—1,2—diclorociclohexan c6 khoang
50% cAu trang ee; con 1,2—dibromociclohexan c6 khoang 40%
céu trang trans ce.

- Phd cong huodong tor hat nhan cho biét trans—1,2—
dibromociclohexan c6 khoang 30% ciu trang ee trong dung moi
khong cuc.

- Phé Raman va hong ngoai ching minh rang & trang thai
ran, trans—1,2— diclorociclohexan c6 cau trang ee; con trans—1,2—
dibromociclohexan co cdu trang aa.

1,3—dihalociclohexan: c6 ciu trang ee wu dii hon aa

1,4—dihalociclohexen

o) trang  thai i khi, 1,4—diclorociclohpxan va 1,4—’
dibromociclohexan déu chira cau trang ee va cau trang aa voi sO
luong gin bang nhau.

O trang thai ran, chi c6 cau trang ee ton tai.
O trang thai 16ng ca hai c4u trang déu hién dién

5.3.3.3. Ciclohexan mang nhiéu nhém thé
Ciclohexan thé & vi tri: 1,2,3 ; 1,2,4 hay 1,3,5 c6 thé co
bon déng phan cdu hinh: cis—cis; cis—trans; trans—trans;
trans—cis. Ngoai ra mdi dong phan cdu hinh c6 thé c6 hai cdu
trang nén moi dong phén ciclohexan mang ba nhom thé khac
nhau c6 thé c6 tam dong phan cau trang.

Cau hinh Cau trang
Trans—cis eA; eB; eC < aA; aB; aC
Cis—cis eA; aB; eC < aA; eB; aC
Trans—trans eA; eB; aC < aA;aB; eC
Cis—trans eA; aB; aC < aA; eB; eC

1A4; 2B; 3C — ciclohexan

a. Mentol: co bon cau trang wu dai voi nhom
isopropyl & vi tri xich dao.

H

HO



Mentol Neomentol

eee  (Trans — trans) eae  (Cis — trans)
CH, CH,
)\N W
Isbiftentol Neoisomentol
eea (Trans — cis) eaa (Cis — cis)

_ Mentol ¢6 ciu trang bén eee.

_ Neoisomentol (eaa) c6 thé c6 mot cdu trang thtr nhi ace va
hai cdu trang cing ton tai trong can bang vi hiéu sé ning lugng
gitra vi tri a va e cia nhom (CH3)2CH- (2,3 Kcal/mol) tuong
duong v6i sy tuong tdc Me/~OH nhi truc (2,4 Kcal/mol).

CAu trang cac mentol ddng phan da duoc xac dinh boi phuong
phap hoa hoc dua trén van toc twong ddi ciia phan tng este hoa
nhoém —OH b1 n—nitro benzoyl clorur trong piridin.

b. Carvomentol.

CH
3
MH W CH,

Carvomentol (eee) Neocarvomentol (k)
CH, CH,
Isocarvomentol (aee) Neoisocarvomenid! (aae)

Carvomentol c¢6 cic déng phan ciu trang wu ddi véi nhom
isopropyl xich dao.

_ Tuong ty cac mentylamin ciing ¢ cac dong phan ciu trang
tuong ty mentol (—OH duoc thay bang —-NH?2).



_ Cac carvomentylamin ciing c6 cac dong phan cau trang nhur
carvomentol. Tuy nhién vi tri can bang cdu trang chua duoc khao
sat day du.

< Ciclohexan mang sau nhém thé Hexacloro-
ciclohexan (C6H6CI6) ton tai dudi cac ddng phan cau trang sau:

S6 thir tw Ciu trang Thit ty tim thay

1 ceeece <> aaaaaa B

2 aeeeee <> caaaaa 5

3 aaceee <> ccaaaa o

4 aceaee < caaeaa €

5 acaeee <> eacaaa n

6 aaeaee <> eeaecaa &

; acacae™ <> eacaca*™ (b)
aaaeee**<>eecaaa™** Y

Vé mat 1y thuyét hexaclorociclohexan co 16 dong phan céu
trang, s6 “nay giam xuong con 13 vi hai ciu trang cua (7)* va cua
(8)** gidng hét nhau, cdu trang (6) c6 hai dang (+) (-) bién d6i
13n nhau duogc va vi cac vong c6 thé bién ddi 1an nhau nén chi co
tam dong phén tach roi duoc.

S6 nguyén tir Clor truc cang nhiéu ciu trang tuong tmg cang
kém bén, hai nguyén tu Clor 1,3 — nhi tryc c6 thé hién dién ma
phan tir khéng bat budc phai xodn, néu co ba nguyén tir Clor truc
nhu trong (—hexaclorociclohexan sy xodn goc tir dién s& xay ra
trong phan tu.

Dua trén nhiéu xa dién tr & trang thai hot, ciu trang cac dong
phan (, (, (, ( va ( da dugc xac dinh dé dang, vi can bang cAu trang
hudng hoan toan vé phia ciu trang bén nhét (cic ciu trang nay
cling dugc xac dinh bdi phép do momen ludng cuc).

5.4. CAU TRANG CUA VAI HQP CHAT HAI VONG SUC
HOQP

5.4.1. Decalin (Biciclo [4.4.0] decan)

Decalin ton tai trong rit nhiéu hop chit thién nhién thudc
nhom sesquiterpen, diterpen. Decalin la mot h¢ khong céng, ton
tai dudi hai dang trans va cis, tuy theo hai nguyén tir Hidro gan tai



C9 va C10 & hai bén hodc ¢ cing mot bén mit phang trung binh
cua phan tu.

Theo Mohr (1918) cis—decalin dugc cau tao boi sy dung hop
hai dang tau cua ciclohexan, con trans—decalin do sy dung hop hai
dang ghé.

Theo Hassel (1946) da xac dinh bdi nhiéu xa dién tir ciu trang
wru dai cua cis—decalin phai do hai dang ghé stc hop.

o TRANS-DECALIN:

Trans—decalin ¢ hai vong ciclohexan dung hop v6i nhau hai
nbi xich dao, 1a mot phan tr cimg rin, voi mot tim dbi xtimg (¢
ngay giita hai nguyén tor C9-C10) va mot truc ddi xung bac II
(xuyén qua gitra C2—C3, C9-C10, C6—C7)

Trans—decalin khong thé nghich chuyén thanh dang d6i hinh
vi sy dung hop hai vong ciclohexan ghé chi xay ra v6i hai ndi ee
va khong thé thuc hién v6i hai nbi aa. Nén trans—decalin 1a mot
phan tir khong co tinh trién quang.

o CIS-DECALIN:

CO
N




Cis—decalin dung hop voi nhau béi mot ndi xich dao va mot
nbi truc, cis—decalin co truc d6i ximg bac II (xuyén qua gitra C9-
C10 va thang goc voi ndi ndy, trong mit phing phan gidc goc nhi
dién gifra hai nguyén t&r Hidro 9 va 10).

Cis—decalin 1a mot phan tr mém déo, bit ddi xung, co thé bién
d6i d& dang thanh dang d6i hinh (nhu cis—dimetylciclohexan).
Cis—decalin 1a mét cdp (() khong thé tach hai duoc.

Ciu trang cis—decalin c6 ba tuong tac butan ban Iéch, con
trans—decalin khong c6 tuong tdc butan ban Iéch. Nhu vay, cis—
decalin kém bén hon trans—decalin, hiéu sé nang lugng giira hai
ddng phan 1a 3 (0,85 = 2,55 Kcal/mol.

Can béng gilra cis— va trans— 1¢ thudc nhiét dg, su khao sat can
béng nay ¢ nhiét do cao, xtc tac Pt dua dén hiéu sb nang luong &
trang thai long 1a 2,72 Kcal/mol, phtt hop véi tri s6 tinh.

* DECALOL

Decalin mang nhém thé & vi tri 1; 2 tdn tai dudi bdn dang
ddng phan lap thé: cis—cis; cis—trans; trans—cis; trans—trans.

Ciu hinh cua bén dang Racemic ctia 1-decalol va cta bon
dang Racemic cua 2—decalol da dugc xac dinh duat khoat boi
phuong phép: diéu ché, héa tinh va ly tinh. Nhung sy phan giai
ciu trang dua trén cac dit kién dong hoc (xa phong hoa ester
carboxilat); dung méi giai ester sufonic va phd hdng ngoai co
phan phrc tap.

* TRANS-DECALOL: cdu trang cimg rdn ciia
trans— 1 va 2—decalol.

A (B)

H() H

Trans—cis—1—decalol Trans—trans—1—
decalol



+ Dong phéan trans—cis—1—decalol c¢6 ba twong tac nhi truc
1,3— gitta nhém —OH véi cac H(a) tai C3, C8, C10.

+ Dong phan trans—trans—I—decalol c¢6 mot twong tic peri
voi nguyén tir H(e) tai C8, twong duong véi mot tuong tac

nhi truc —1,3.
H H H OH
OH H
(D)
H H
Trans—cis—2—decalol Trans—trans—2—decalol

Cau trang cung ran cua trans—2—decalol

Cau trang cua decalol dugc xac dinh boi dong hoc céc phan
ung hoa hoc, nhu sy saron hdéa hidrogen—sucinat decalil va su
dung méi giai tosilat decalil. Van tdc twong ddi cua sy xa phong
héa hidrogen sucinat trans—1— va 2—decalil béi NaOH trong dung
dich H20, & 400C, giam dan theo thir ty:

Trans—cis—2 ) trans—trans—1 ) trans—trans-2 ) trans—cis—1

Su xa phong hoa hidrogensucinat trans—cis—2—decalil xay ra
khoang 8 1an nhanh hon sy xa phong hoa hidrogensucinat trans—
trans—2—decalil. Diéu nay phu hop véi cdu trang xich dao cua —
OH trong trans—cis—2—decalol va truc trong trans—trans—2—decalol.
Tuong tu véi trans—1—decalol: sy xa phong hda trans—trans—1—
decalol nhanh gip 18 1an dong phan trans—cis—1—decalol.

Van téc xa phong hoa hidrogensucinat trans—trans—1—decalil
xich dao thip hon (khoang 5,5 lan) van téc xa phong hoa
hidrogensucinat trans—cis—2—decalil xich dao; nhung van cao hon
(gp 1,5 lan) van tdc xa phong hoa hidrogensucinat trans—trans—2—
decalil truc, do C8 c6 hiéu img peri dang ké. Sau cung, van toc xa
phong hoa hidrogensucinat trans—cis—I—decalil truc thap nhét (13
lan cham hon van tdc xa phong hoa hidrogen-sucinat trans—trans—
2—decalil truc) do c4u trang A c6 hiéu Gmg giam thiéu bat thuong
(twong tac nhi truc 1,3).

* CIS-DECALOL: trdi voi trans—decalol, nhom
—OH trong cis—decalol khong c¢6 cdu hinh ¢6 dinh.



e Cis—cis—1—decalol: ¢6 hai cau trang khong twong duong

H
1
HO
——— H
H
)

CAu trang (Y) c6 —OH (e) nhung tuong tac khong ndi xdy ra
gitta —OH va nguyén to H (e) & C8, twong tac nay tuong duong
v6i tuong tac 1,3 nhi tryc.

CAu trang (X) c6 twong tac nhi truc gitta nhom —OH va
nguyén tu H (a) tai C5 va C7.

Do d6, cau trang (Y) —OH ¢ vi tri xich dao bén hon cu trang
(X) —OH & i tri truc.

e Cis—trans—1—decalol ciing c6 hai cdu trang khong
tuong duong (T) va (Z2).

OH H
H 1 OH 1
ﬁ) (2)

CAu trang (T) ¢ twong tac peri gitta nhdém —OH (xich dao) véi
nguyén tor H (e) tai C8; tuong tac nay khong hién dién trong cu
trang (Z), nhung tuong tac nhi truc 1,3 gitta nhom —OH voi
nguyén tir Hidro (truc) tai C3 va C10. Tuy nhién, hiéu s6 ning
lwong gitta (T) va (Z) khong quan trong nhu hiéu s ning luong
giita hai c4u trang xich dao va truc cta ciclohexanol.

Tuong tu, su tuong tac khong ndi trong hai ciu trang (E), (F)
cua cis—cis—2—decalol va hai cau trang (G), (H) cua cis—trans—2—
decalol cho thiy cAu trang wu dai 1a ciu trang véi nhom —OH(e)

(); (1)
H H H
W or H

X, Y.




(E) (F)
Cis—cis—2—decalol

(@) (H)

Cis—trans—2—decalol

Van tdc xa phong hoa cac hidrogen sucinat cis—1 va 2—decalil
boi NaOH trong H20, & 400C giam dan theo thir tu:
Cis—cis—2 ) cis—trans-2 ) cis—cis—1 ) cis—trans—1
1,16 0,70 0,45 0,13
Két qua thyc nghiém hop 1y, vi tinh linh dong cua ching, cac
ester cis—decalil la nhiing hon hop can bang giita ciu trang voi
nhém —OH (e) (nhiéu) va cdu trang v&i nhom —OH (a) (it) nén sy
xa phong hoa xay ra chdm hon mét ester xich dao thuan tay.
Ngoai ra, dong phan cis—cis—1 bi chuéng ngai l1ap thé gay ra baoi
nguyén tu Hidro tai CO.

5.4.2. Hidrindan (Biciclo [4.3.0] nonan)

7 - . C g , 2 A
6 8 1 Cling nhu decalin, hidrindan c6 thé ton
. ’ tai dudi hai dang cis va trans.

4 973

* TRANS-HIDRINDAN: c6 hai vong suc hop boi hai
noi xich dao.

H

e



» CIS-HIDRINDAN: ¢ hai vong sic hop boi mot
nbi xich dao va mot ndi tryc.

H

Trong cis— va trans—decalin, su sip xép hai vong sau nguyén
tr cia mdi déng phan khong co sic cing. Tuy nhién, trong
hidrindan, vong sau nguyén tur phai suc hop v6i vong nam nguyén
tr nén hai ndi C—H cua ciclohexan phai xoan khoi vi tri binh
thuong, khién cho phan tir hidrindan cang hon decalin.

Tinh bén twong di cua hidrindan déng phan ciing dugc xac
dinh béi su can b::ing hoa véi xuc tac Pd, & 1930C trans-hidrindan
bén hon ddng phan cis—, nguoc lai tir 193(3650C, cis—hidrindan
bén hon trans—hidrindan. Ly do, trong khoang nhiét do trén,
entropi cua cis—hidrindan cao hon entropi ctia ddng phan trans—
hidrindan.

5.4.2.1. 8—metylhidrindan:

v CH
cis (metyl—xt’cgqo)

trans cis (metyl—truc)
Dang Stéroid Dang khong Stéroid

Trans—8—metylhidrindan v&i nhom metyl ¢ vi tri truc [am gia
tang nang lugng cua phan tor do CH3- gay tuong tac butan ban
l1&ch v6i vong sdu canh tai C4 va C6.

Cis—8—metylhidrindan c6 thé c6 hai cdu trang:

- Metyl chiém vi tri xich dao d6i véi vong sau canh cau
trang tuong tng (dang khong Stéroid) bén hon cdu trang cua dong
phéan trans khoang 1,37 Kcal/mol.

- Metyl chiém vi tri truc (dang Stéroid) ning luong cua
cdu trang twong tmg cao hon dang khong Stéroid khoang 0,25
Kcal/mol.



Pong phan cis—hidrindan trong dang Stéroid nhém —CH3 bi
dua ra xa khoi vong 6C, con trong dong phan trans thi CH3- bi
day lai gan vong 6C nén dong phan cis bén hon dong phan trans—
hidrindan.

5.4.2.2. Hidrindanol

CAu hinh cua céc hidridan mang nhom thé: cis—cis, cis—trans,
trans—cis, trans—trans. Trong do cis (thi nhat) lién hé dén sy stc
hop gitta hai vong; cis (hodc trans— thir hai) lién quan dén vi tri
ctia nguyén tr Hidro tai Carbon mang nhém thé voi nguyén tir
Hidro dau cdu gan nhét.

Trong sb cac hidrindanol c6 nhom —OH gin trén vong 5C, ciu
hinh cis—cis—hidrindan—1—o0l va cis—trans—hidrindan—1—ol xuét
phat tir phuong phap didu ché clng véan téc dung moi giai cao cua
tosilat cis—cis hidrindan—1-il.

Tuy nhién, cdu hinh cta hai cis—hidrindan—2—ol khéng thé
dinh rd boi van tdc saron hoa sucinat hay dung mai giai tosilat, vi
van toc khong khac nhau lim.

Tinh bén cta cac cis-hidrindan—5-ol duoc khao sat day du
hon. M&i ddng phan cis—cis va cis—trans c6 thé ¢ hai cdu trang.

(A) (B)
cis—cis
H H
9
HO 4 3
o —
6 7
8 2
(D) 1
H
OH H
HO ! H
5 4 b —
H 2 cis—trans

Cau tr‘éng cua Cis—hidrindan—5—ol

Trong su can bang hoa voi Natri trong xilen, hay su khir cis—
hidrindan—5—on bai Natri va alcol, ddng phan cis—trans (C) va (D)
duoc vu dai. Néu nhom —OH trong dong phan cis—cis & vi tri truc
(A) co6 su tuong tac gitra nhom —OH véi cac nguyén tir Hidro tai



C3. Tuong tac nay khong cé trong cdu trang (C); (D) cua dong
phan cis—trans bén nhat vé mat nhiét dong luc hoc.
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6.3.4. Acid mat

6.3.5. Kich thich t& phai tinh



6.1. HOA HQC LAP THE CUA

HQP CHAT CHUA DI TO

6.1.1. Hop chét chira Silic, Germani

Nhiing hop chét hitu co c6 tinh quang hoat nho sy ¢6 mat cta
nhiing nguyén tu bat doi xing khac Carbon nhu: Silic, Germani,

Nito, Phosphor, Arsen, luu huynh

Cac nguyén t6 & nhém IVA tro

ng bang hé théng tuan hoan: Si,

Ge, Sn, Pb déu c6 bdn lién két phan phéi tir dién nhu Carbon no,

néu chung lién két v&i bon nguyé

n to (hay nhom nguyén tir) khac

nhau thi c6 thé ton tai dudi hai dang d6i quang:

\\\\

Ph
Metyl - « - naphty

CH,
oY
O

[ phenyl silan
CH
O L

| phenyl germani

3

G,é*
\"H

6.1.2. Hop chit c6 chira Nito, Phosphor

Nito 13 nguyén t6 hoa hoc & nhém VA, chu ky 2 trong bang hé

théng tuan hoan, Nito ¢ hoéa tri

3 khi lién két cong hoa tri duogc

tao thanh vdi1 sy tham gia cia cac orbital lai hoa sp3. Nito hoa tri
3 ¢6 co cau hinh thap, Nito c6 thé coi nhu ¢ dinh ctua hinh thap
voi day 1a mot tam giac con ba hoa tri dugc hudng vé ba goc, dicu

nay da dugc xac nhan ¢ cac dir ki

én cua phuong phap nhiéu xa tia

X va nhiéu xa electron. Theo cac dir kién nay thi trong phan tur
NH3, goc HNAH bang 106,50, d6 dai lién két N-H bang 1,014A,

chiéu cao hinh thap bang 0,381A.

Cap electron tu do cua nguyén tu Nito trong NH3 dugc xem
nhu 13 “nhém thé thtr tu” va NH3 duoc bi€u dién dudi dang mot

mo hinh tir dién.

6.12.1. Pong phéin quang hoc ciia cdc amin



Céc amin bac II hay bac III dang 1€ phai c6 tinh quang
hoat do su bat ddi xung cua phan tr, nhung viéc tach hai
ddng phan doi quang déu khong c6 két qua do sy chuyén rat
nhanh tir dang nay sang dang khéc (su racemic hoa), trong
nhimg phén tir nay, nguyén tir Nito dao dong gitra nhiing mat
phang ciia ba nhom thé, va nhu vay viéc chuyén tir mot dbi
quang nay sang mot ddi quang khac phai qua mot trang thai
trung gian c¢6 dang phang:

I/~ =)

Nang luong hoat héa can thiét dé quay ciu hinh ctia mot dong
phan quang hoc bén & nhiét do phong 1a 104,5 KJ/mol. Trong pho
hdng ngoai ctia NH3, ¢6 nhirng vach tring 1én nhau trong sy dao
dong cua nguyén tir Nito (400 lan/gidy) qua mit phang chtra cac
nguyén tir Hidro véi ning luong chuyén hoa 1a 22,75 KJ/mol (d6i
v6i amin bac III cling c6 ndng lugng twong ung) nén viéce tach cac
amin ¢ trén thanh hai déi quang 1a khong thuc hién duoc.

Tuy nhién, trong mot sd trudng hop riéng biét, nguoi ta van cé
thé tach riéng amin vdi nguyén tir Nito bat doi (hoda tri 3) thanh
hai dang do6i quang.

X R
iN y
N N
R Np
Y Y

Céc arylamin mang nhém thé orto can trd sy quay tu do giita
nguyén to Nito va nhan thom dugc phan bo trong nhiing mat
phang vuong goc véi nhau va nhu vay toan by phan tir trd thanh

H.C
0 N\
=< )

/
N—</ )—CH _
e s HooC—CH, ()

HO,S

3 H,C



bét di ximg, nhimg hop chét kiéu nay da dugc diéu ché va tach
riéng thanh hai dang d61 quang boi Minc (1937) va Adam (1949)

Nam 1944, Prelog da thanh cong trong viéc tach mot
diamin béc 3 thanh hai dang d61 quang cta baz Troger bang
phép sac ky cot, véi ¢t chira D-lactoz.

ﬁ ™ QQ
N_ c CH,— N
Haz doi quang ciia baz TROGER

Bat dbi xtmg nguyén tr ¢ day 13 do cdu hinh cua cac
nguyén tor Nito, ma nguyén tir nay bi gitt chat trong hé thong
vong phuc tap, nén khong xay ra sy racemic hoa duoc.

6.1.2.2. Pong phan quang hoc cua aminoxid va muoi
amoni bdc bon.

Mot s6 amin bac II va bac III véi nhitng goc khac
nhau da dugc oxi hdéa thanh cac aminoxid tuong Ung va
nhimg hop chit ndy c6 thé tach riéng thanh hai dang ddi
quang, cac hop chit nay co gia tri quay phan tir ting theo su
tang clia cac nhom thé. Khi bi oxi héa cac aminoxid c6 chira
nguyén tir Nito hoa tri 4 nén c6 co cu tir dién va hai electron
tu do khong con nira nén khong c6 kha nang racemic hoa.

Céc aminoxid nay dd duoc tach thanh hai dang dbi quang:

CGHS\ /O N /CH3
/ N\ N
H,C CH, —CH =CH, 0o

[M]D = ( 30 (trong nudc) [M]D = (490 (trong nudc)



Nguyén tir Nito héa tri 4 ciing con dugc gip trong cac mudi
amoni bac 4 kiéu [RIR2R3R4N](+)X(-) twong ty nhu hop chat
chira Carbon, mubi amoni bac 4 ciing ton tai hai dang ddi quang.
Nguoi ta da thanh cong trong vi€c tach riéng metyl-alyl-phenyl-
benzyl amoni iodur va cic mudi amoni bac 4 thanh cac dang ddi
quang.

LHg CHs

H,C=CH-CH, CHz-@ @—CHZ H,C—HC=CH,

@u tao tir dién ciia hai doi quang ciia @on
metyl — alyl — phenyl — benzyl amoni bromur

6.1.2.3. Hop chdt hitu co cé6 Phosphor

Nguyén tir phosphor ¢6 cau tric phirc tap hon Carbon, Nito. Cau
hinh electron ctia phosphor: 1s2 2s2 2p6 3s2 3p3

Vi 16p M (n=3) trong nguyén tir trung tinh cua phosphor
khong co6 khuynh huéng chuyén thanh cau hinh electron cia
argon: 1s2 2s2 2p6 3s2 3p6 nén no6 co6 hoa tri 3.

Khi tao thanh nhitng lién két cong hoa tri thi tuy thudc vao
ban chat ciia cic orbital thuan khiét va lai hoa cua nguyén tir
phosphor, ta ¢ cac loai ciu tric chinh: sp3 (hoa tri 4); 3p3 (hoa tri
3); sp3d (hoa tri 5); sp3d2 (hoa tri 6).




P hoa tri 5 P hoa tri 6

Cdu hinh khéng gian ciia Phosphor

Phosphin bac 3 véi nhitng goc thé khac nhau c6 thé co tinh
quang hoat do sy c6 mat trong phan to mdt nguyén tir phosphor
bét ddi (ké ca orbital chira hai electron tu do).

Ngudi ta dd diéu ché duge phosphin quang hoat, thi du tach
riéng metyl-n—propyl-phenyl phosphin thanh nhing d6i quang
bén vimng. Khi lam viée voi ddng phan quay phai thi ngudi ta thiy
¢6 su racemic hoa rat cham trong toluen.

Tuong tu nhu aminoxid, nguoi ta co thé didu ché
phosphinoxid mét cach dé dang bang tac dung cia oxi lén
phosphin bac 3, n6 c6 tinh quang hoat do cdu tric tir dién cia
phosphor héa tri 4.

Ngudi ta di dung acid (+) bromocamphorsulfonic dé tach
metyl—etyl-phenyl phosphin oxit thanh cac d6i quang.

Céc phosphin bac 3 phan tng dé& dang vé6i luu huynh dan dén
nhimg phosphin sulfua c6 ciu tric gidng nhu ctia phosphin oxit.

Nam1944, W.C.Davies da thanh cong trong viéc tach thanh
cac dbi quang phosphin sulfua bac 3 (n-C4H9)(C6H5-) (p-HOOC-
CH2-0-C6H4-) PS véi [(Jp=19.6 va -9,7; trong ty cac mudi bac 4
ctia phosphoni véi nhitng gbc khac nhau gidng nhu mudi amoni
béc 4 ton tai dudi dang nhimg dong phan quang hoc do ciu trac tir
dién cua phosphor hoa tri 4.

HyCel - \@ @/ ....... SCH,

Ha?cliﬂozl cggc;'z?g)zcuc? 1|1_|1etyl—n—butyl —phenyl p%os%ACHZ)Z
Viéc tach roi hai dbi quang trén khong dat két qua. Tuy vy,
metyl-etyl-benzyl phosphoni iodur da dugc tach ra dudi dang D(-)
va L(+) dibenzoyltartrat bang két tinh phan doan (ké ca cac mubi
phosphoni khac ciing da duoc tach ra thanh hai d6i quang).
Mot s6 nhimg hop chit phosphonic hay phosphoric, ddn xut
cua acid hypophosphoro (H3PO2) va acid phosphoro (H3PO3)
trong d6 Hidro ¢ thé dugc thay thé bang nhimg gdc hitu co hay

CHj



nhimg nhém —OH dugc thay thé bang halogen, ¢ thé duoc tach
riéng thanh hai dang d6i quang.

6.1.3. Hop chit c6 chira lru huynh.

Véi cdu hinh electron cua luu huynh: 1s2 2s2 2p6 3s2 3p4 nén
luvu huynh dé dang tao thanh hai lién két cong hoa tri nho hai
orbital 3p c6 chtra hai electron ddc than, va con hai cap electron tu
do nén c6 kha nang tao lién két phéi tri dé co hoa tri ba va bén.
Mit khac, luu huynh con c6 orbital 3d tréng nén c6 thé lai hoa dé
tao hoa tri 6. Selen va Telur cling tuong tu nhu vay.

Sulfoxid, ester cta acid sulfinic va mudi sulfoni quang hoat.

Luu huynh héa tri 3 ¢6 co cdu hinh thap gidng nhu
Nito (hoa tri 3), do do cac sulfoxid ester cua acid sulfinic va
mudi sulfoni véi nhitng gbc khac nhau thi c6 ddng phan
quang hoc:

50

i / S\ / S(Jr)\
R/ \O R O R R"
Y AR 1y
Sw dinh hwéng khéng gian cia lwu huynh trong cdc hop chdt

(1) Sulfoxid, (II) Ester cua acid sulfinic, (III) mudi sulfoni

Nguoi ta da tach riéng ra thanh cdc doi quang ciia cdc sulfoxid

voi R- la
e Ykl e

Céac mubi sulfonium, selenonium da duogc c6 lap dudi
dang trién quang tur 1au.
HOOC-CH,

- 2+

\s@ PICl,

H,C ™~
H,C3
Cloroplatinat carboximetyl—etyl-metyl sulfonium




Selen va telur cling c6 nhing hop chat giéng luu
huynh do d6 né cling c6 nhiing loai dong phan khong gian
tuong tu luu huynh.

6.2. HOA HQC LAP THE CUA POLYMER
6.2.1. Polyetylen (P.E); polyvinylclorua (PVC).

Trong polymer xudt hién nhiéu tdim Carbon bat ddi
(nhu PVC, polystyren, polyvinylacetat...) khong c6 céu tao
tinh thé, do cau hinh bat thuong cta nhiing tam bat d6i. Vi
sy xuat hién nhiing tim bat d6i trong phan ta nén cé hién
tugng dong phan quang hoc. Co ba dang:
e Polymer isotartic: tat ca tim Carbon bat ddi c6 clng
cau hinh.
e Polymer syndiotartic: cau hinh ctia cic Carbon bat ddi
luan phién xen ké.
e Polymer atartic: cu hinh ciia cic tim Carbon bat d6i
ngau nhién.

Polymer diéu hoa lap thé (isotartic, syndiotartic) c6 ty khdi 16n
hon, d§ tan chay cao hon, d6 hoa tan thap hon polymer khong
diéu hoa lap thé (atartic) va thuong co thé kéo soi dugc.

Céc polymer diéu hoa 1ap thé c6 ciu tao tinh thé thi polymer
atartic ¢ ciu tao vo dinh hinh.

R R R R R
Isotartic

Syndiotartic

Atartic



Polymer c6 thé c6 nhitng doan mach (v6i chidu dai dang ké) 1a
isotartic ludn phién voi1 nhiitng doan mach atartic hoac
syndiotartic, nhitng polymer kiéu nay goi la “polymer
stereoblock” (polymer khdi 13ip thé).

6.2.2. Cao su
Trong sy trung hop butadien-1,3 c6 thé thu duoc
olymer-1,2-olefin isotartic va syndiotagti
poly ynd aiccH —

CH=CH ,
hay polymer 1,4-(-CH2-CH=CH-CH2-)n. Vi phan tlzf’ZC(') lién két
d61, nén c6 dong phan hinh hoc, polymer c6 thé c6 cau hinh toan
cis- hodc toan trans- hay hon hgp cua c4 hai loai.

CH H
CH, L CH; 2: _ :
H’ “H H CH, -

n

Cis — polybuta —1,4-dien Trans — poly buta-1,4-dien
+CH g —1-CH CH g
2 */CHz\C/ 2\C/ Z\C/
.C . o SAN
\s‘ \ N \ \\\
H cH H CH : \CH cH
(|le I [
B 2 CH2_ , B CH, CH, e
Polybuta-1,4-dien Polybuta-1,2-dien
Isotartic Syndiotartic

Véi xuac tac chon loc, polymer 1,4- diéu hoa lap thé
toan cis hay toan trans co thé dat duoc.
Thi du: su trung hop Isopren cho ta:
+ Polymer —1,4— toan cis: cao su thién nhién
+ Polymer —1,4— toan trans: G —perchsa cung véi
polymer-3,4-7  ¢6 yéu td
{polymer-l,2-} 1ap thé ngau nhién.

CH, :CHZ 2> _ <



Polymer cis — 1,4 — isopren Polymer trans — 1,4 — isopren

T: —‘ CH,—CH |

CH

2 \1
20
CH=CH, H,C CH,
Polymer — 1,2 ~isopren Polymer — 3,4 zsopre n
Sy trung hop cdc monomer kiéu R-CH=CH-CH=CH-
R’ ¢6 thé tao thanh polymer :

* * lam xuét hién cac tim carbon bat
T?H_CH_CH_?HT doi nén polymer co thé ton tai
R R /n

dang Eritro- hoac Treo-
6.2.3. Glucid
6.2.3.1._Monosacarid
Cong thirc ciia monosacarid dugc biéu dién dudi dang piranoz
hay furanoz 1a sy cdi tién cta cong thirc Fischer.

Vong Furanoz gan nhu phang, nhung vong khong
cang sau nguyeén tu (piranoz) khong thé phang.
Thuc té, D-glucopiranoz ton tai dudi dang ghé ung véi hai
ddng phan (- va (.

CH,OH CHLOH
H OH OH
t')H H | ‘ OH |
OH OH OH
& g1z £ glucQ)_|
Dang piranoz
(|3H20H CH,OH
HO—CH o HO—CH o_ on
OH OH H

OH H OH



a— glucoz - glucoz

Dang furanoz
Cong thiee HAWORTH
HO0H 4 HOH,C
HO
HO HO OH
OH OH
a— D — glucopifaioz P — D — glucopiranoz

% D-Fructoz: ¢6 thé ton tai dwéi dang furanoz
tuong ung voi hai dong phan (-D-Fructozfuranoz va (-D-
Fructofuranoz bén canh dang mach ho.

CH,OH
—O 6 6
1
HO——H HOH,C 0. CH,0H HOHEC OH (B
- 5 2 HO/12
) on 2 "Pon HY4 Y CH.OH
H——OH H 3 1°
on 3! (o OH
CH,OH D — fructofuranoz

o,

< Tinh da trién (mutarotation): d§ quay cia
dung dich vira méi diéu ché cta vai hop chat quang hoat bién d6i
tu nhién theo thoi gian, c6 thé do su ngoai d@)ng phan hoa tu nhién
hozc do sy bién doi tw nhién co cdu ctia phan ti.

Thi du:

o (-glucoz co ning sut quang hoat:
[a]® =+ 112° (trong H,0)
e (-glucoz c6 ning suat quang hoat:
[0]* =+ 19,2° (trong H,0)
e Ning suit quang hoat ctia hdn hop can bang 1a:
[a]? =+ 52,5° (trong H,0)
tmg véi hdn hop gom 30% (-glucoz va 62% (-glucoz.

Tinh da trién cua (+) glucoz lién hé dén su bién d6i ciu hinh
ctia nguyén ttr Carbon s6 1 do sy mé va déng lai vong hemiacetal,
trung gian la dang andehid mach hd, hién dién trong dung dich
v6i nong do khong dang ké.

HOH,C CGHOH 4
HO -— HO OH
HO
OH



(— D — glucopiranoz mach ho (— D — glucopiranoz
[e]? =112" [e]?’ = 19,2

6.2.3.2. Disacarid

Disacarid 1& nhiing glucid céu tao boi hai don vi
monosacarid, do dé disacarid lam mot glucosid trong do
phan tir tht hai lién két voi nhom hidroxiglucosid cua phan
tir thir nhat.

e Néu nhoém nay 1a mot nhom —OH khac hon nhom
—OH glucosid thi disacarid c¢ tinh khir va tinh da trién.
Thi du: maltoz hay 4-0-((-D-glucopiranosil)-(-D-glucopiranoz;
e Lactoz hay 4 — 0 — (B — D — galactopiranosil) — 3 —
D—glucopiranoz.
HOH,C

B
6
HOH,C o 3 ong
2 2 HO *
HOO\ 5 NS OH
3 HOH,C
Lactoz

e Néu hai nhom hidroxiglucosid cta hai loai dudng
(monosacarid) két hop v6i nhau thi disacarid tao thanh khong co
tinh khur.

Thi du:



+ Sacaroz (sucroz) hay a—D—
glucopiranosil—(—D—fructofuranosid hoac (—D—

fructofuranosil-o—D—glucopiranosid.
+ Trehaloz hay a-D-glucopiranosil-a.-D-glucopiranosid.

HOH,C o ;B
% H,0H_-O
HO
HO HO
CH,OH
OH
HOH,C 0
HO
(24
HO 1O 1( ) o
) (@)
o )2
3
TREHALOZ 5 oH
HoH,cB /4

HO



6.2.3.3._ Polysacarid
6.2.3.3.1. Celuloz

Celuloz duoc tao thanh do nhiéu don vi (—D —glucoz
tai vi tri 1 ciia vong thir I va vi tri 4 cia vong tha 11

OH1 HOHGC
WO Q® OH (B
" HOH,C oH S
6.2.3.3.2. Tinh bot HOH,C

Tinh bot dugc tao thanh do nhiéu don vi (-D-
glucoz gdm hai loai:

e Amyloz (20%) tan trong nudc, su két hop tai
vi tri 1,4 ciia (-D—glucopiranoz c6 co ciu thang.

e Amyloz—pectin (80%) khong tan trong nudc,
nguyén tor C1 cua mdi diy amyloz (gdm khoang 20-25 don vi (-
D—glucoz) lién két véi day ké tiép ¢ nguyén tir Carbon s 6 nén
amyloz—pectin c6 co ciu nhanh.

Cac sinh vat cling ton trir glucoz trong nhing chat
goi 14 glicogen. Co ciu cua glicogen giong amyloz—pectin hon
amyloz nhung cic ddy ngin hon (12-18 don vi glucoz) va co
nhiéu nhanh hon (lién két 1,4 va 1,6—glucosid)

HOH,C

H,OH
/% CH,0 HOM,C 0
HO
Amyloz HO o—
H O iC

H O 4€
o /o
H O C
o)
[e]



Amyloz — pectin

6.3. HOA HOC LAP THE CUA STEROID

Steroid tao thanh mot nhém hop chat thién nhién rat phong
phu, trich ly tir dong vat va thuc vat, nhu sterol (colesterol), acid
mat (acid colic,acid litocolic), kich thich t6 thudc phai tinh
(estron, progesteron), kich thich td vo thuong than (cortison,
aldosteron), glucosid trg tim, sapogenin, alcaloid steroid...

6.3.1. Swon can ban

Suon can ban chung la perhidrociclopentanophenatren, c6 sau
nguyén tir Carbon bat doi xtig: CS5, C8, C9, C10, C13 va Cy4.

12

13 17

B 4 6
Céc nhom thé thuong c6 mat trong suon can ban cua
steroid thién nhién la:

- Mot nhom -CH3 tai C10 ; C13
- M6t day nhanh ankyl tai C17.



Trong vai trudng hop nhoém —CH3 tai C10 va C13 c6 thé thay
bang nhom formyl hay hidroximetyl. Mach nhanh tai C17 ¢6 2, 3,
5, 8, 9 hay 10 nguyén tir Carbon, néu mach nhanh bi loai, vi tri 17
thuong mang mot nhom chirc oxi hoa.

- Nhém —OH ¢6 thé gén tai Carbon sb 3,7, 11 hay 12.

- Nhém —CO (carbonyl) thong thuong gin tai Carbon 3
hay 11.

- Mot lién két doi co thé hién dién gira hai nguyén tir
Carbon 4-5, 5-6 hoac 7-8. Sau cung, nhan A va déi khi ca
nhan A va B 1a nhan benzen, truong hop nay, nhom C10
metyl bi loai.

Céu hinh tai C5 duoc biéu thi q
- Nhom 5( (A/B trans) khi 2 vong A, B siic hop kiéu trans.
- Nhom 5( (A/B cis) khi 2 vong A, B stc hop kiéu cis.

Cdu hinh cia Steroid

Ciing nhu trong truong hop cac hop chit hitu co khac,
tén cua steroid dan xuat tir tén ctia hidrocarbon tuong ung.

6.3.2. Céu trang



Hau hét cac stéroid déu duoc cdu tao voi dang ghé cua
ciclohexan; cau tao duy nhat nhan duoc 1a mot hé thdng cimg ran
va moi sy bién d6i 1an nhau cac dang ghé khong xay ra dugc voi
sy dung hop A/B trans (5(-steroid) phan tir c6 mot ciu trang dep
gan nhu phang, dan xuét tir cau hinh trans—anti—trans—anti—trans,
con ciu hinh cta 5(-steroid 1a cis—anti—trans—anti—trans.

Céu trang toan ghé cua stéroid da duoc xac nhan bang nhidu
xa tia X v&i Clorur colesteril.

Vi stéroid ¢6 ciu trang ¢6 dinh nhu Trans—decalin, vi tri truc
hodc xich dao ctua nhom thé dugc xac dinh rd rang cho moi
nguyén tir Carbon, trai han véi truong hop cac dan xuét don gian
cua ciclohexan va Cis—decalin. Tuy nhién, trong vai truong hop,

vong A c6 thé ton tai dudi dang tau hay tau xoan.
3

Cdu trang ciia Stéroid

6.3.3. Sterol

Cholesterol 14 thanh phan chinh trong san mét cua
ngudi, 1a nhan t6 gdy ra bénh vé tuan hoan, xo climg dong
mach. Cholesterol ton tai dudi dang ty do hay duédi dang
ester va dugc phan bd rong trong co thé, dic biét trong mo
than kinh va no.



Vé mat 1ap thé, Cholesterol c6 tam nguyén tir Carbon bét déi,
phan tir gdm nhan perhidrociclopentanophenantren vi C10—CH3;
C13—CH3; C17-nhoém ankyl c6 tam nguyén tir Carbon, OH tai C3
¢6 céu hinh (, mot ndi ddi tai C5 va C6. Sy hidro hoéa ndi ddi tao
ra hai nguyén tir C bt d6i méi va hai dong phéan. Sy hidro hoa tir
phia trén dan dén 5(—H véi su dung hop A/B cis tao nén san pham
Coprostanol, nguoc lai sy hidro héa tr phia dudi s€ cho
Colestanol (5(—H v&i sy dung hop A/B trans).

BcC

COLESTEROL

(ti phia () (ti phia ()

B



COPROSTANOL COLESTANOL
. (o)

Maic du, Colesterol khong ton tai trong thuc vat, nhung nguoi
ta thay trong cdy nhimng sterol tuong tu goi 1a Phytosterol, chat
quan trong nhit trong loai nay goi 1a Ergosterol, dudi tac
dung cua tia tir ngoai, ergosterol cho vitamin D2 (chéng bénh
coi xuong, giébng vitamin D) 1a yéu té chinh trong su ting truong
binh thudong cua xuong va rang cuia dong vat.

6.3.4. Acid mat

Acid mat cling c6é suodn can ban nhu sterol, phan tir c6 chura —
OH tai C3, C7 va C12, nhom —OH nay dinh hudéng ( v6i A/B cis.
Acid mat phong pht nhit 13 acid colic va acid desoxicolic (khéng
c6 —OH ¢ C7).

Su phan giai cu trang giai thich tai sao sy acetyl hoa —OH tai
C3 d& hon tai C7 va C12. Nhém —OH xich dao dé giam cép hon
nhom —OH tryc nén dé bi tan cong boi R—CO—. Chi c6 —OH ¢ C3
trong acid colic 1a chiém vi tri xich dao.




6.3.5. Kich thich t6 phai tinh.
( Kich thich t nit goi 1a Estrogen.
( Kich thich t6 nam goi 1a Androgen.
Estradiol 13 mot estrogen chinh va hai din xuét estron va
estriol déu co hoat tinh sinh ly.
Progesteron ciling 1a mdt kich thich td nir khac, duoc tiét ra tir
thé vang ciia nodn sao, c6 chirc ning hinh thanh va duy tri thai
nhi.

Testosteron va androsteron la nhirng androgen chinh.
Testosteron duoc tiét ra boi dich hoan 1a mot kich thich td
nam. Androsteron duoc san sinh tir su chuyén hoa cua
testosteron.

H3C (@] H3C OH

HO Estradiol

i
He §=0°
H.C
@]
Estriol Progesteron
CH, CHs
CH,
O 0]
A s
T



Céu tao 1ap thé cia Estron Céu tao 1ap thé cia
Progesteron

OH
H,C HC O

HO 'ﬁ

Testosteron Andyosteron
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 Quy tdc Ingold
_ Quy tdc Barton
_ Quy tdc céng endo
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7.2.1. Phan tmg thé vao Carbon no
7.2.2. Phan tmg tach
7.2.3. Phan rng cong Electrophile
7.2.4. Phan tng cong Nucleophile



7.1. HIEU UNG LAP THE
7.1.1. Khai niém

Hiéu tng lap thé 1a hiéu ung do kich thudc 16n cua
cac nguyén tir hay nhom nguyén tir va do bién dang cia goc
hoa tri hay cua cac lién két tao nén. Hiéu tng lap thé duoc
biéu hién qua su can tr¢ khong gian, qua strc cang goc hoa tri
hay lién két 1am anh huong dén hudng va tién trinh 1ap thé
ctia phan tmg, dén tinh chit va do bén cua cac déng phén.

7.1.2. Hiéu trng khong gian loai 1

La hiéu tng gay ra bdi cac nhom thé cé kich thude twong
dbi 16n 1am can tré sy tuong tac cla tac nhan ddi voi tim phan
img hodc lam thay déi hiéu s6 ning luong tu do giita phan tir va
trang thai chuyen tiép.

Anh huong dén phan tmg ludng phéan tir c6 thé do
tac nhan hogc chét nén.

Anh huong dén sy hoan thanh trang thai chuyén
tiép, lam tang nang luong hoat hoa va do d6 lam giam téc do phan
ung.

Thi du: so sanh kha nang phan ung cua aceton va cua ditert-
butylceton véi dung dich bao hoa NaHSO3

7.1.3. Hi¢u trng khong gian loai 2
La hiéu tng gy ra bdi cac nhom co kich thude 16n vi

pham dén tinh song song cua truc cac orbital p trong hé lién
hop 1am cho hiéu mg lién hop mat tac dung, thay doi tinh
chat ctia phan ti.

Thi du: so sanh kha nang phan wng cua N,N-dimetyl anilin va
cua 2,6-dimetyl-N,N-dimetyl anilin voi mudi benzen diazonium

Thi du: giai thich cac gia tri pKa cua:

Chiét | Phenol | p-nitrophenol 3,5—dimetyl—4-nitrophenol

pK, 10,0 7,2 8,2

7.1.4. Hiéu irng ké



Hiéu ung ké xuat hién khi phan tir chit phan tmg c6 mang
nhiing nhém chue khac -Z véi nhitng doéi electron tu do va & mot
vi tri thich hop (thuong cach tdm phan g 2, 3, 4... nguyén tir)

Nhém -Z nay c6 kha ning tan cong vao tam phan ng trudce
khi tdc nhan Y tac dung, anh huong dén cau hinh cua san pham.

~Z: ; ; 5 ;

T ~ ()
Thid¥, —OH —SH < -c-O S c—CH,

Br 0 0 Hu, o
) NaOH lodng
H N = H,C

IOI @)
Io?l (R) a— bromopropionat (S) o — lacton

NaOH dic \
H S

ol
3(1:071 (R) lactat

7.1.5. Tinh chit cb dinh ciia ciu trang

7.1.5.1. Qui tic Ingold.

Co ché tach E2 chi xay ra thuan loi khi bon tim tham gia phan
ung phdi nam trong cung mat phang, nghia la cac nguyén tu
(nhém nguyén tr) tham gia phan Gng phai ¢ vi tri trans (anti) doi
véoi nhau.

Thi du: Br
H CH, _ HBr HE@CHs
—_—
H,C H = H,C H
2 — brohobutan trans — but-2-en

7.1.5.2. Qui tic Barton

Su tach E2 trong hé€ vong chi xay ra thuan lgi khi cac nhém bi
tach ¢ cau trang trans — diaxial (hai nhom bi tach & vi tri trans va

truc)
CH,
CH
H - TsOH
H H
OTs



0
I
H,C— )—S—OH
: I
o]
TsOH la

7.1.5.3. Qui tic Endo

Trong phan tng cong Dieles-Alder cua mét dien voi
mot chét than dien (Dienophile) nhu anhidric maleic qua mot
trang thai chuyen tiép trong d6 dien va chat than dien nam
trong hai mat phang song song, v4i su tap trung tbi da sb lién
két ( cua hai chit.

Die
@ < H
(@) §_ .
AN/
idric maleic San pham cérg Endo

7.1.6. Hi€¢u trng orto

La hon hgp cia cac hidu ing lap thé loai 1, loai 2,
hiéu g cam, hiéu tmg truong, lién két hidro (néu co)
Thi dy: Orto — R — C6H4 — NH2 c6 tinh baz nhé hon cic dong
phén meta, para — R — C6H4 — NH2.
7.1.7. Hiéu vng ciu trang

Strc cang Baeyer giai thich d6 kém bén cua vong 3C,
4C va cac vong khac co ciu trang thich hop dé tranh stc
cang Baeyer.

Stric cang Pitzer
Stric cang Prelog
Strc cang cua céc lién két



Céc suc cang 1ap thé nay tao ra cac hi€u ung cau trang
anh hudng dén do bén va tinh chat cua phan tu.

7.1.8. Hi¢u rng qua nhan

La hiéu Gng cua cac nhom c6 thé giy anh hudng hoic tac
dung tryc ti€p xuyén qua nhan (vong ) do chung ¢ gan nhau.

OH
) N
\\‘ + H, Ni
|
O OH

7.2. HOA HOC LAP THE CUA PHAN UNG
7.2.1. Phan trng thé (substitution)
7.2.1.1. Phan ung SN2

Phan tmg SN2 xay ra véi s nghich chuyén céu hinh cta tim phan ung;
qua trang thai chuyén tiép

C2H5 . ddN OH - CZI_& - A C2H5
W Br /s HO*-Br HO‘(mH
H S\?
H CH CH
H,C 3 3
(S) — 2 — brombutan (R) butan-2-ol

7.2.1.2. Phan ung SN1

Phan tng SN1 xdy ra v6i sy Racemic hoa nghia 1a thu duoc
hdn hop hai chat d6i quang véi s6 mol bang nhau.
Co ché phan ng xay ra qua hai giai doan:
Giai doan 1: tao thanh ion Carbonium (cham)
_ Giai doan 2: Y(-) tan céng vao C+ tao san pham
(nhanh).

R, @) R, S R, R,
R X — X )@ —Y—> Y +Y
RZ\\ gdl R gdz Rz\‘\ ‘, R2
® R 3 R, R,

2
RS



50% (+) 50% (-)
Nhung do anh huong cia dung moéi ma phan tmg SN1 xay ra

v61 hon hop san pham c6 cau hinh nghich chuyén cao hon.
Thi du: Su thuy phan Clorur (R)1 — phenyl etyl

H.C CH CH
? * + Hzo H\ : - HCI ’
Cl ——> _O--A-Cl | —> HO

Hf ® H ) \ H

S
of H™  Ph O
0,
+ Hzol - HCI H,G 10%
OH
H CH

3 H H\\“
\O ] O/ < Ph
H/ \H CH,
HO ",
90% "H

Ph

hénhep (()
7.2.1.3. Phan trng SNi

Cho san pham cé céu hinh giéng ban dau. Khi cho mét alcol
tac dung vdi Clorur tionyl (SOCI2), phan tng qua trung gian

clorosulfit ankyl, c6 thé ¢o 1ap dugc, sau do nhi¢t phan clorosulfit
ankyl ta dugc clorur ankyl.

R, cl HCl R { R,
\\>>QH + s=0 —> ° @ — cl
R, cl R, /s:o R,
R sl 3
Clorosulfit ankyl

Néu phan ung xdy ra trong moi truong baz hitu co (nhu
piridin) thi phan rng dién ra theo co ché SN2.

R
N\ _ +socl,
\\\\‘ Q_H e g
R, (piridin)
R - HCI




R

1
~ 4Y—o —So+t0 el K + P
*.O \ "otz

CI™ R, S=0
Ry o R,

7.2.1.4. Phan ting SN2’ (c6 suw di chuyén néi doi)

Trong phan ung SN2’ tac nhan Y(-) tan cong vao phan tir
cung mot phia v6i nhém bi the X(-).

R R
s (O
S
6/ +Y Y
(X, R: Trans) (Y, R : Trans)

7.2.1.5. Phan ung SE

Su chuyén hoéa mot halogenur quang hoat (C*-X)
thanh mot hop chat co kim, thuong din dén san pham
racemic.

R} y R)
I e G M
R, R,

R, (M : kim loai) R,
Rl Rj_
wy—COOH * HOOC—.,
R, Hon hop (() R,
1) +CO, R Rs

2) + H,0

Rl Rl
L - +
? H Hén h H—.,
R op (0 'R,

Nguoi ta giai thich sy Rgcemic trén SE nhu sau: phan u’nﬁSE
qua trung gian ion Carbanion twong tu nhu sy nghich chuyén cau
hinh ctia NH3 va amin.



7.2.1.6. Phan vrng SR lon Carbanion

Vi phéan tmg thé SR qua trung gian gdc ty do ma gdc ty do ¢6
co cAu ph'fmg, orbital chira mét electron doc than co truc ddi xung
vudng goc v6i miat phang trén. Nén tac nhan c6 thé tin cong vao
tam phan Gng tir hai phia v6i xac suat bang nhau cho ta hdn hop

racemic.
CICH, CH,CI
+CI°
o) _
H,C" (- HCI)
C2H5 H3C C2H5
CICH, CICH,
o+ ., +
H,C CH,

C,Hg hén hop () 1,2 - dicloroS2bls metylbutan

7.2.2. Phan trng tach (Elimination)
7.2.2.1. Phan ung tach E2

+ ClI

Co biét tinh 1ap thé cao. Phan tng tach E2 xay ra dé dang, néu
phan tir chét phan tng c6 thé quay tu do dé cac nhém bi tach & C(
va C( cung phang va & vi tri trans d6i véi nhau tao diéu kién thuin
loi cho sy xen phu cuc dai cac orbital trong qué trinh hinh thanh

lién két (.
s Tach HX trén dan xuat halogen:
_ bong phan eritro cho anken cis

_ Pong phan treo cho anken trans

Br Ph

H.C Ph

H.C
NaOH / EtOH,® 3 )&
H Ph E,

H Ph

HBr



Evritro

1 —bromo — 1,2 — diphenylpropan

Ph

H
Br =~ NaOH / EtOH,C
\‘\“ H E2

Eritro

cis — metyl stylben

HBr



Ph T CH Ph CH,
3 NaOH / EtOH,'(O‘ )8( + HBr

trdo trans
Ph
Br Ph’c CH, H
w NaOH / EtOH,t >§< +
E, CH
H pp M Ph 3
treo trans

s Tach X2 (halogen)
Podng phén treo cho anken cis
Pdng phan eritro cho anken trans

E, )8( Br,
(Aceton)
w (Aceton) >/<
erttro trans
2,3 — dibromobutan but-2-en
H.C CH,
E, - >§<
Br (Aceton) ¥ H
0 cis

% Phan vmg tach E2 trén hop chdt vong no
Theo quy tac Barton, cac nhom bi tach ¢ vi tri trans va truc.

H,C
@CHS
H3WCH3 EtOH / EtONa >~ memen (78%)
< ! ©=125°C e



(nhanh)

clorur neomentyl
2 —menten (22%)

H,C CH,

HaCW\ CH, -— H
HCeloil mentyl cl

H,C o
e i * M

3

% Ngoai lé:

Theo quy tic Bredt, khong thé tao nbi doi tai dau cau
cua hop chat vong cau (ki€u hoan).

+

Br hong ton tai

1 — bromo-biciclo [2,2,1] heptan

V6i cdu tric ran chic ciia hop chat vong cau, thi sy quay
quanh lién két C( — C( khong tién hanh dugc, nén dé phan tmg
tach E xay ra thi phai c¢6 su chon loc giira tinh phang va tinh trans
ctia hai nhém bi tach. Thuc nghiém cho thiy tinh phing wu tién
hon, lic d6 hai nhém bi tach & vi tri cis.

Thi du:

[ -HCI
dé dan
( 2) Cl
kho (-HCI)
trans — 2,3 — diclognorbornan



cis — 2,3 — dicloronorbornan

7.2.2.2. Phan ung tach Ei
Phéan tng tach Ei qua mot trang thai chuyén tiép vong gc‘)m 5
hay 6 nguyén tur, trong d6 hai nhém bi tach ¢ vi tri cis doi voi
nhau. Trang thai chuyén tiép co cdu trang che khuit va cac nhoém
trong cau trang d6 s€ ¢ vi tri cis trong anken hinh thanh.

R, /A
B2 R=— + HB—C<
R4
Ala:O,N,S ™ z
Bla:Ohays$S

Zla:R—-; Ar ; SR ; — OR ; -NHPh ; —CI

CH, S "Ment-3-en ment—Z-en
Metylxantat neomentyl (70%) (30%)

H,C
SCH, CH,
/ES
o H3C
Ment-3-en(20°
HG CH, —&>E (20%) HC—S—C—SH
H i HC i> cH, 0
H C

Melylxantat mentyl H.C
Ment-2-en(80/)

Thi du 2: Phan ung Cope (nhiét phan oxit amin bdc 3)
H,C CH,

i»HC CH==CH—CH, + H,C-~CH;—CH=CH,
H ‘ CH 130°C But-2-en but-I-e
H G’IO/N\ . 21% cis
H, 12% trans

7.2.3. Phéan itng CONG AE
7.2.3.1. Phan ung cong di dién tur AE



a) Halogen: i
AE va theo kiéu Trans—.
Ne=c<
Phéan ung cong AE q/ua phuc trung gian vong, ion Carbonium

khong thé quay tu do quanh ndi C — C, nén ion X— tin coéng vao
ion Carbonium vé phia doi dién .

Anken—cis —  » hén hop treo (()

Anken—trans hén hop eritro (()

CH3 —CH=CH- C2H5 + Brz —}CH3 — CHBr - CHBr — C2H5

Br
by CH,
C H CZHS
H H,C CH
H.C 2 _s 2T B
—— + BI’2 — Br H @ H _>+ Br,

dis H Br Br H C,H
hérf he () tPéo
Br
CH CH CH :
2 H
H 5 _ 25 B Br 25
— + Br2 ﬁ» @ _>+ Br,
H,C Br H Br C,H H
H,C trans
afitro ¢p), B

Br
C,Hs H C,H; H
+ B, —>
H CH;, H CH,
Trans — pent-2-en Br



eritro (2)
2,3 — dibromopentan
b) Cong HX (HCI, HBr, HI, HO — Cl
Peéu theo co ché AE, kiéu trans.

A
ﬁ+HBr_E>H3C

HLC CH, H> 3

7.2.3.2. Phdn ing céng dong thoi
a) Hidro héa xiic tac di thé (Ni, Pd, Pr...)
Phan (g cong theo kiéu cis.
CH

H.C
N- 8 AN / 3
H,C-C=C-CH, + H, —g> H/C Ny

Ni
+ H, 0 H,C »
H.C CH, N
cis — 1,2 — dimetylciclohexen cis — (ea)
1,2 — dimetylciclohexan
b) Hidroxil hoa

% Sy hidroxil héa ndi d6i C=C bang dd KMnO4 hay OsO4
dién ra theo hudng cong cis phan ing qua trung gian Ester vong.

Na,SO,

@) r<O H,O
YL

@) @)

H H
cis — ciclopentan-1,2-diol

HO CH

+ KMnOQO, ——



% Su hidroxil hoa bang peracid: phan (ng tién hanh qua Eter
vong, san pham hinh thanh theo kiéu trans.

o

H A H H
>/< M H + CHCOOH
Cz2Hs H

() CH,
'(_,Jig: — pent-2-en ’ —
o OH (dd)

N
S2

_H—

3
. treo_H c 2
HC .
7.2.4. Phan trng c{mgo Nucleophile AN

Dbi véi hop chit carbonyl c6 €y bat dbi xing
khi (a

phan tng AN cho hén hop hai dong phan ban dbi quang voi ty 18
khac nhau, san pham ching theo dung huong quy tic Cram: phén
tir chit carbonyl dworc sip xép sao cho nhém >C=0

nam trong nhi dién (Tb, L* C ( , N) va tac nhan than hach Y- tan
cdng vao tdm phan ung tir phia nhom co kich thude nho hon (N).

RL Il- L
Y R
+ Ye R Y
—_—
b N Tb N o TD N
1Ol IOl
o (san pf@m chinh)  (sanBhdam phu)

L, Tb, N: ky hiéu cac nhém cé kich thwéc lin lwot 1a 16n,
trung binh, nho.



PHAN B

BAI TAP

PONG PHAN QUANG HOC
Caul: Goi tén theo danh phap (R,S) ciia cac hop chit sau:

CH,OH CHO C,H, COCH

H——CH, H,C——CH(CH,), Br——CH, HC—T—NH,

Br——H  CHz—T—CH, H——CH,Cl  H——CH,CH,
C,H, CH(CH,), %H C(CH,),
CH,
(4) (B) © (D)
CH,OH COOH CHO COOC H

2°'5
H——Cl H——OH H——OH  H——NH

H——Cl H——OH HO——H  H,C——H

2

Cl——H H——OH H——OH HC——CH,
OH CH,OH CH=CH
0 P (G H)
Cau2: Goitén (R,S) ciia cac hop chit sau:
CHO CH, Ph
HO CHO HgCHs HO@CHS
H OH C,Hg NH, H T f;-!
H COOH
) ) s >
H ,CH, N, EATNe

cH, ., 3
H N OH COOH H COOH ™ H CHZOH

C(CH,), H,C



Br
(T3)

(Bs)

CH
CH,_Br

CH,
(Ty)

Ciu 3: Haiy chiéu cdc cong thirc sau diy sang cong thirc
Fischer va goi tén chiing theo danh phép (R,S)

on HC, ,Cots

K

HC CH, ©H
(E1)

OH
CH

4 TCOOH
HC H
(E3)

COOH

H3C: $’H
H NH,

CoHs

NH,

HC, H

H "COOH

CH(CH
(E3)°

3)3

CH, H cooH
cars " C.H
C,Hz H H,N H™2®
H.C



(Es) ‘ (Eq) (E7)
Cau 4: Cho cac dong phan sau day cuia:
1 — Bromo — 3 — metylpentan-2-ol

H H_CH,
CH Br ﬁ/& on
CH,B K
H OH C2H5 ' CH C2H5
r
(X1) (Xz) 25(3)
OH CH,Br CH,Br
NENN ﬁa Sy
BrH,C I H HO H
H, C.H
(Xy) ek (Xg) °

Hay chiéu cic cong thirc trén sang cong thirc chiéu Fischer va cho
biét twong quan lap thé giita:
XD va(X2); X1)va(X3); (X1)va(Xo).
X4)yva(X5); (Xl)va(X4); (X2)va(Xo6).
Cau5: Tuwong tu ciu (4) véi cac dong phan sau day:

COOC,H, H  pn
H, ,CH, NH, -
HN H CH,
Ph H COOC,H,
(T} (T>)
COOC H, COOC,H;
H,C H H Ph
H S NH, H,N H
(T (1

Cho biét trong quan lap thé giira:
(THva(T2); XDva(T3); (T2)va (T4)
Céiu 6: Dung cong thic chiéu Newman hiy biéu dién cac hop
chat @aly: (clg?u ddng thoi theo céd,Guc chlinh)

LA



Cau 7:

(4) (B)
Goi tén diy di hai hop chit sau day:

Cl
Cl

P g

) © (Y)

3

Hay chiéu dong thoi theo cac truc chi dinh hop chit (X) va
(Y) sang cong thirc Newman.

Cau 8:

Cau 9:

Newman

Cau 10:

Cau 11:

Hiy chiéu cac hop chit sau diy sang cong thirc phdi
canh:

(A)  Acid 2S—amin—3S—bromopentanoic

(B) 2R—Cloro—3S—-hidroxibutandial

©) Acid meso—tartric

(D)  Acid (2R, 3S) tartric

(E) (2R, 3S) dibromopentan

Hiy chifu ciac hop chit sau diy sang cong thirc

(X)  Acid (2R) amino—3R—clorobutanoic

(Y) (3R, 4S) dimetylhexan-2-on.

(Z2) 2R, 3S—dibromo— 4-Z—hexenoat etyl

(T) 2R, 3S—dibromo— 4-E-hexenoat etyl

Viét cong thirc cAu tao ciia cac hop chit sau diy dé
chtng c6 ddng phan quang hoc:

(A]) C4H8C12 (Az) C4H8C1BI'

(A'3) C5H’11C1 . (A4) oC5H9BI;

Viét co cau nhirtng dong phan l1ap thé cé thé cé cua
metylciclohexanon, co ciu nio c6 tinh quang hoat?

Duci tac dung cua baz, ceton quang hoat hoan toan bi racemic
hoa. Vay co cau nao thich hop? Gidi thich.

Cau 12:

Xét phan ung:

R-COOH + [H] R-CH,0H

 —



Ap dung cho mét hidroxiacid (A) C4H803 cho mét dialcol

(B) C4H1002. Cho biét co cAu co thé c6 cua (A) trong nhitng

truong hop sau:

a)  (A) khong tach hai dugc va (B) khong tach hai duoc.
b)  (A) quang hoat va (B) khong tach hai dugc.
¢)  (A) quang hoat va (B) quang hoat.

Ciu 13: Acid carboxilic (A) chita mdt hay nhiéu lién két da
(c6 thé c6 hodc khong c6 vong) c6 thé hidro hoa thanh
mot acid (B) bao hoa.

Cho biét co cdu cta (A) trong nhiing trudng hop sau:
a) A (C5H802) c6 thé ton tai dudi hai dang déu khong
tach hai duoc va B (C5H1002) c6 thé tach hai duoc.
b) A (C5H602) c6 tinh quang hoat va B (C5H802)
khong tach hai dugc.
Céu 14: Mot hidroxiceton A (C5H1002) c6 thé khir thanh
m@t diol B (C5H1202).
Cho biét co cau cuiia A va B trong nhirng trudng hop sau:
a) A vaB quang hoat.
b) A khong tach hai dugc va B quang hoat.



PONG PHAN HINH HOC

Cau 15: Viét cac cong thire cac dong phan hinh hoc c6 thé ¢
cua:
a) 1,2,3—trimetylciclopropan.
b)  1,3—dicloro ciclopentan.
¢)  (3—metylciclobutyl)-3—metylciclobutan.
d)  1,4-diphenyl-butadi-1,3-en.
e)  Acid butendioic.
f)  anti-Oxim cua (—naphtaldehid.
g)  Etyl phenyl cetoxim.
h)  1,3—dibromociclobutan.
Cau 16: Viét cong thic cdu tao cic dong phan hinh hoc cia
nhitng hop chét sau, goi tén chung theo danh phap céu
hinh (E,Z)
a) CsHio
b) C4H;Br
¢) Cg¢HoCl (Ankadien)
d) Aldehid CsH;O.
Cau 17: Acid 2,5-dimetylhex-3-endioic c¢6 bao nhiéu dong phan
1ap thé?
Hay biéu dién chang dudi dang cong thic Fischer va goi tén
theo danh phap cau hinh.
Cau 18: Xac dinh tong s6 dong phan 1ap thé ciia cac chat sau va
cho biét ban chat cia ching:
1. (A) 2-hidroxipent—3—enal.
2. (B) 2,3—dibromo hex—4—enoat etyl.
3. (C) 5—metyl hept—3—en—2—ol.
e Biéu dién hai dong phan trong sb nay bang hinh chiéu
Newman va xac dinh ban chat ctia chung.
e (CAu trang ndo ciia mot dong phan trong sd nay co thé coi 1a
6n dinh nhat? Gidi thich.
Cau 19: Viét cong thic cau tao cia C4H6CIBr dé hop chat c6
ddng phan:
a)  Hinh hoc.
b)  Quang hoc.



¢)  Hinh va quang hoc.
Cau20: Viét cong thirc cdu tao cua aminoacid c6 CTPT
(C4H7NO2) dé hop chét c6 dong phan:
a)  Hinh hoc.
b)  Quang hoc.
¢)  Hinh va quang hoc.



DONG PHAN CAU TRANG

Cau2l: Ding cdu hinh ghé dé biéu dién sau déng phan
dimetylciclohexan. Trong m01 cap, cho biét dong phéan
nao bén hon va cubi cung sap xép tat ca sau dong phan
theo thir tr d6 bén giam dan.

a)  Cis va trans 1,2—dimetylciclohexan.
b)  Cis va trans 1,3—dimetylciclohexan.
¢)  Cis vatrans 1,4—dimetylciclohexan.

Céu 22: Dung cdu hinh ghé dé biéu dién cac ddng phan ciu trang
c6 thé c6 cua:

a) l—etyl-2—metylciclohexan.

b)  l—etyl-3—metylciclohexan.

¢)  4—etyl ciclohexanol.

d)  3—etyl ciclohexanol.

e) 1,3—dietyl-5—metylciclohexan.

) l-etyl-3,5-dimetylciclohexan.

g)  3—etyl-5—-metylciclohexanol.

h)  S5—metylciclohexan-1,3-diol.

Tinh ning lugng cac ciu trang twong tmg. (Dwa vao so lidu &

trang 84 - hoa hoc 1ap thé )

Cau 23: Cho biét ciu trang wu ddi ciia cac phan tir sau day va

udce dinh nang lugng céng cua chiing:

a) 1,2,4-trimetylciclohexan.

b)  1,2,4—ciclohexantriol (tat ca déu cis).

¢)  Ciclohexan-1,3,5-triol (tit ca déu cis).

d)  Cis—l—etyl-3—isopropylciclohexan.

e)  Trans—1-metyl-3-phenyl ciclohexan.

) 3—tert—butyl-4—phenylciclohexanol (it ca déu cis).

g)  Acid cis 4-cloro-trans—3—metyl ciclohexan carboxilic.

h)  Acid cis 3—-metyl-trans—4—nitrociclohexan carboxilic.

Cau 24: V& cau trang vu dai (trong dung modi khéng phan cuc)

clia cac chét:

a)  2-bromociclohexanon.

b)  4—tert butylciclohexanon.

¢)  2-bromo—4,4—dimetylciclohexanon.

d)  Cis—2,6—dibromociclohexanon.



e) 2-bromo—4—tert-butylciclohexanon.
f)  Trans 1,2—dibromociclohexan.
g)  Cis 1,3—dihidroxiciclohexan.
h)  Trans 1,3—ditert—butylciclohexan.
i)  2,4-ditert-butylciclohexanon.
Giai thich cdu trang nao dugc chon trong mdi truong hop.
Cau 25: V& ciu trang cua nhitng hop chat sau va sip xép chung
theo thtr ty gidm dan do6 bén:

CH, QH 3 CH,
:(A) i : (B) : :(C) i
M
o) (E) ® St

Céu 26: Xét ciu hinh va tinh bén tuong ddi cia:
a)  Cis va trans—decalin.
b)  Cis va trans 9—metyldecalin.
¢)  Cisvatrans 9,10—dimetyldecalin.
d)  Cisvatrans 1,3—dimetyldecalin.

Cau 27:

a)  Dung cong thirc chiéu Newman dé biéu dién cac dong
phan ciia 9,10—dihidroxidecalin. Cho biét cdu trang nao wu dai
nhat? Gidi thich.

b)  Tuong ty cau hoi trén, voi hop chat:

Ciclohexan-1,2-diol.
Ciclohexan-1,3-diol.
Céu 28: Dung cong thirc chiéu Newman dé biéu dién cac dong
phan cua nhitng phan to sau diy theo nhiing truc chi
dinh:

T Do <



b)

d)

Cau 29

A<CH3
N —CH,

C
|
O
ﬁ}C—CH
7z
(e}
3 _C_é_c_ 3

: Biéu dién n%ﬁ’ng phan {f? sau day sang cong thic phdi
canh va Newman:

Cau 30:

b)

o
o

|
C
O/
S ESH
]

O@'O (chi chiéu theo phdi canh)

O

@}

@]



PHAN UNG THE Sy

Cau 31: Giai thich két qua thyuc nghiém sau:

a) DO quang hoat cua dung dich (+) 2-phenyl
pentan-2-ol tri¢t ti€u khi dun s6i trong HCOOH.

b) DO quang hoat cia dung dich NaBr va (+)-2-
bromopentan trong aceton ciing triét tiéu dan dan.

Cau 32: Cho biét cac san pham c6 thé thu duoc cia (S) 1-
phenyl—1-bromobutan trong acid acetic dun so6i va trong
dung dich natri acetat vdi aceton.

Cau 33: Dudi tac dung cua HBr :

Treo—3-bromobutan — 2 - ol bién dbi thanh (() 2,3-
dibromobutan.

Eritro-3-bromobutan -2 - ol bién thanh meso—2,3—
dibromobutan.

Két qua trén c6 phu hop véi co ché [SN1] hay[SN2] khong?

Néu khong, hiy giai thich.

Cau 34: Khao sat sy dung moi giai ctia hai hop chat quang hoat
sau day trong moi1 truong CH3COOH:

a)  3—phenyl-2—tosiloxibutan.
b)  3—phenyl-2—tosiloxipentan.

Cau 35: Dung cong thirc tam thtr nguyén, hdy giai thich hoa hoc

1ap thé ctia cac so d0 phan tmg sau day:

a) (S) butan-2-ol Tosilat A@Et_on Bromur

—OH _ Alcol + Olefin

b) (R) -1 - phenyletanol—= Clorur ankyl —=
Acetat quang hoat — Alcol quang hoat —
Tosilat —= Iodur (R) - 1 - phenyletyl
Cau 36: Gia st sy thuy giai Clorur cis—crotil bang nhiing phan
ung riéng biét theo:
- Co ché SN1.
- Co ché SN2.



_ Trong mdi trudng hop, hiy cho bNiét alcol crotil tao thanh la
dong phan cis hay trans, hodac mot hon hop hai dang trén. Giai
thich.

Cau 37: Dy doan san pham tao thanh trong phan tmg cia SOCI2

voi:
a) R—I1-phenyletanol.
b

4 CH OH

3

Cau 38: Sip xép cac nhom sau day theo thir tw giam dan do phan
ung trong cac truong hop sau:
a)  Phan Uing aceto giai:

CH,CI (CH3),CHCl;  CH3;—CH,—CH»—Cl

b)  Phan ung voi KI trong aceton:

CH3—OTS 5 CH2=CH—CH2—OTS )
(CH3)2CHOTS ,
noo Ot
OT.

S

¢)  Su metanol giai trong d6 nhoém xuat 1a anion cua acid:

g
e-o—pL )
CH o

-X: —-H; -1, —-F; —-NO,; —OCHj;; —CHj;
Cau 39: Giai thich cac két qua thuc nghiém sau:
a) Su thiy giai CH3—O-CH2CI xay ra 1600 lan nhanh
hon sy thuy giai CH3—S—-CH2CIL.



b)  Trong diéu kién phan mg SN2, sy thily giai halogenur
(—metyl alyl xay ra 100 1an nhanh hon sy thily giai halogenur o—
tert butyl alyl.

¢)  Clorur neopentyl khong tdc dung véi NaOH du dun
néng, nhung lai cho phéan tmg véi hon hgp Ag20 va H20.

d)  Tosilat neopentyl phan ung cham véi Lil va khong
phan Ung véi LiCl. Trai lai, tosilat n—butyl cho phan Gng véi Lil
va ca voi LiCl.

e)  Cloro sunfit S—butyl quang hoat dun trong dioxan sé&
cho clorur S—butyl véi 97% luu giit cau hinh. Tréi lai, néu thuc
hién phan ung trong Isooctan thi s& c6 43% nghich chuyén.

Cau 40: Giai thich co ché cac phan tng sau:

a) Br _
@ +H,C-COO
> OCOCH,
(Aceton)
OCOCH,
Br ~ OCOCH,
b) +H,C-CO0
(Aceton)
OCOCH,

O—ﬁf—CH
(0]

¢) Q " +HC-COONa (:[ DYed
“ OTs (EtOH)

Cau 41: Dung cong thic phdi canh dé biéu dién hoa hoc 1ap thé
cua céc phan ung theo so do sau:

OH OH

X, — O — X

Br CN
COOH

I Il
C
O —Q %
—_— —_—
Cl Cl

Cho biét tac chat can thiét trong mdi giai doan.



PHAN UNG TACH

Céu 42: Khi metyl hoa tdi da va tach Hofmann, amin (A) cho
cis—1,2—diphenylpropen; trong khi d6 amin (B) cho
trans—anken.

CeHs CeH,
H——NH, H——NH,
H——CH, H,C——H

C H5 C H5

(A) (Bf

a)  Cho biét hoa hoc 1ép thé ctia phan tng tach Hofmann.
b) Dy doéan san pham tao thanh trong sy taich Hofmann
cta mentylamin.

Céu 43: Tac dung cua ion iodur I( trén 1,2—dibromo ankan tao
thanh anken theo so do:

| | — AN / -
—?—c— + 21 —— Jc=c{ +1, +2Br

Br Br

Trong bén dong phdn  lap thé cia 3—t-butyl-2,3—
dibromociclohexan, chi c6 mot dong phan tham gia phan irng trén. Viét
cdu hinh cia nhitng dong phdn nay va cho biét dong phdn ndo cé thé
cho phan ung trén. Gidi thich.

Cau 44:

a)  Dun alcol neopentyl v6i acid bién ddi tir tir thanh mot
hdn hop hai alken c6 CTPT (C5H10) theo ti 1& 85/15. Cho biét co
céu cac alken ndy va giai thich sy tao thanh ching.

b)  Bromur neopentyl c6 thé cho phan {mg tach theo co
ché E2 khong? Pun bromur neopentyl trong alcol lodng, dan dan
ta nhan dugc mot hon hop cac alken tuong tu trén. Giai thich.

Cho biét tai sao phan Gmg twong tu nhu trén ma khong
can dén xuc tac acid?



Cau 45: Sip xép cac hop chit sau ddy theo thtr tu ting dan phan
ung E2. Giai thich.

Cl g Cl Cl
H H cl
4"

Cl
(B) ©
Cau 46: Tién doan san pham chinh trong phan mg khtr sau day
a)
CH,
H3C—CH2—|CH—C—CH2—CH3 +  NaOH,, _ 0
CH, Br '
» CH,OH
b) H,SO,d
—_—
tO
+ - 0
¢ H3C—CH2—$H—N(CH3)3OH v o
CH,
d
) (CH,),COK
Br

tO

Cau 47: Dung cong thtrc phdi canh dé biéu thi co cau 1ap thé cua
cac hop chat trong so do sau:

oH CH3 OTs

Ph, H H,C—CH—S0,Cl é |

. >  ph—CH— CH—Ph

H Ph piridin
CH —(H:—Br
- — TCHYTOK ™
+br Ph (H (H B Ph C H P
B CH

+Br, EH* 8 C,H,0ONa [

——> ph—CBr—CHBr—Ph — > Ph—C=C—Ph

Br



Céu 48: Xét cac dong phan céu trang cua diclorostilben

a)  Biéu dién ba cu trang dang chu ¥ cua dang meso— va
ctia dang treo bang cong thirc chiéu Newman.

b)  Momen ludng cuc cua dang meso ((=1,27D) nhé hon
momen ludng cuc cta dang treo ((=2,75D). Giadi thich.

¢)  Cho biét san pham khtr HCI cuia hai dang trén.

Cau 49:

a)  Tac dung cua C2ZH50Na trén Eritro-3,4-dimetyl-3—
bromohexan quang hoat trong mdi truong C2H50H dua dén mot
hon hop san pham lam quay mat phang anh sang phén cuc, trong
d6 c6 bdn chat (chira lién két d6i C=C va chira eter).

Viét co cdu cac san pham phan tmg va giai thich co ché.

b) Téc dung cua C2H50Na trén Treo—2—bromo—3—
metylpentan quang hoat trong C2H50H cling cho mot hon hop
lam quay mat phang anh sang phan cuc, hn hop nay chi chira hai
chat (c6 ndi d6i C=C va chira eter).

Cho biét hoa hoc 1ap thé ciia cac san pham phan tmng.

Cau 50:

a) Khdo sat sy cong brom vao trans va cis—stilben. Viét
cong thirc chiéu Newman ctia cac san pham tao thanh.

b)  Su tach HBr trong dibromur stilben bang dung dich
baz la phan tng bac hai.

Cho biét san pham tao thanh véi mdi déng phan lap thé

nguyén thuy (dung cong thirc chiéu Newman d¢é giai thich).

¢)  Néu modt nhém —CH3 thay thé mot nhom phenyl trong
dibromur stilben, phan tmg tach HBr xay ra nhu thé nio?

d) Trong mdi truong hop trén, san phdm nao tao thanh
nhanh nhat?



PHAN UNG CONG

Cau 51: Céc phan ung sau diy duogc thuc hién véi cis va trans—
stilben:

a) Cong brom.

b)  Cong acid performic, ké d6 thuy giai hop chat nhan
duogc trong moi truong acid.

¢)  Hidrogen hoa c6 xuc téc.

d)  Hidroxil héa boi H202 véi sy ¢6 mat cia OsO4.

Trong nhimg phan tng trén, phan ing nao cho san pham
glong nhau voi ca hai ddéng phan, phan tng nao khéng cho san
pham gidng nhau?

Dua vao co ché, giai thich cac két qua nhan dugc.

Cau 52:

a) Sy brom hoa trans—1-phenyloct-1-en. tao thanh mot
hop chit ¢6 hai tAm phi d6i xing, nhu vay c6 thé ¢ hai dang ban
d6i quang. Ca hai dang nay c6 thé tao thanh ciing mét luc duoc
khong? Cho biét tinh quang hoat ctia chung. Giai thich.

b)  Bién luan vé hoa hoc lap thé cac san phém tao thanh
do sy brom hoa cac dang quang hoat cua cis va trans. pent-3-en-2-
ol.

¢) Tuong ty véi hop chit quang hoat cis va
trans—4—bromopent-2-en.

Cau 53:

a) Tac dung cua acid peracetic trén cis—1—ciclohexil
propen cho mét hop chit A. Cho biét co ché phan tmg cia A véi
dung dich NaOH va héa hoc 1ap thé cua san phém B thu duoc.

b)  Tac chit nao co thé dung dugc dé bién doi trans—1—
ciclohexilpropen thanh san pham B?

¢)  Cho biét co ché phan tmg ctia A véi dung dich HCI va
hoa hoc 1ap thé cua san pham nhan dugc.

Cau 54:

Su brom hoa acid succinic tao thanh acid 2-bromo
succinic (A) racemic nhung tadch hai dugc. Su thuy giai (A) va
khtr nuée ké tiép duwa dén B (C4H404).

Du6i tac dung cua brom, (B) bién thanh (C)
C4H4Br204 tiéu trién va khong tach hai duoc.



Pun trén dung diém cta nd (B) cho (D) C4H203, c6 thé
thuy giai rit d& dang cho (E) dong phan cua (B).

Khi dun nhe, (E) tai sinh (D) nhanh chong, nhung khi
dun trong dung dich nudc, (E) bién d6i cham thanh (B).

Tac dung cua brom trén (E) cho (F) 1a ddng phéan cua
(C) nhung c6 thé tach hai duoc.

Dung cong thirc phdi canh (hoic Newman) dé xac dinh
cAu trang cua cac hop chét tir (A) dén (F).
Céu 55: Cho hop chit (A)

ph\ Et

C— C/

= 0L

a) Téc dung vé1i HOCI, sau do xa ph(‘)ngol%g pham vat
tao thanh. Cho biét co cau ciia hop chat (B) nhan dugc.

b)  Pun (B) trong mdi trudng acid. Hop chét (C) tao thanh
c6 tinh quang hoat khong? Viét co ché phan tng.

¢)  Cho (C) tac dung véi LiAlH4, sau d6 dun trong moi
truong acid. Cho biét co cAu hop chit (D) tao thanh. (D) c¢6 hoan
toan giéng (A) khong?

Cau 56: O nhiét do thuong, 1,2—dimetilenciclobutan cdng mot
phan tir anhidric maleic dé cho hop chit A (3 vong)
C10H1003. O 1500C, A ddéng phan héa thanh B (2
vong) va phan tmg cong mot phan tir anhidric maleic thur
hai vao B thanh chat C (4 vong) C14H1206. Xac dinh
co cAu cua A, B, C.

Cau 57: Xét phan tng cia CH30H vao 1,2—epoxypropan voi su

c0 mat cua:
a ) CH30ONa.
b)  H,SO..

Cho biét co ché phan Gng va co cau nhitng san phém tao
thanh trong moi trudng hop.
Cau 58: Sy khtr (R) 3—phenylbutan-2-on quang hoat (A) bang
LiAIH4 cho hdn hop hai ddng phan (B) va (C) véi ti 1é
5:2.
a)  Xac dinh co cdu cua (B), (C) va giai thich hoa hoc 1ap
thé ctia phan tng.



b) Khao sat su dung moi gidi din xudt Tosilat ciia hai
alcol (B) va (C) trong CH3COOH. Cho biét co cdu cac san pham
va hoa hoc 1ap thé cua phan tng.

Cau 59: Mot aldehid quang hoat A (C9H100) tac dung voi
CH3MgBr cho hai chit ban d6i quang B va C
(C10H140) (B nhiéu hon C). Cac bromur dan xuét tir B
va C (C10H13Br) lan luogt tac dung véi KOH trong alcol
& nhiét do cao cho hai alken ddng phan D va E
(C10H12). Su ozon giai D cho acetophenon va aldehid
acetic.

Duing céng thirc chiéu Newman dé biéu dién cong thirc cdc hop
chat A, B, C va gidi thich cac phan ung xay ra.

Ciu 59 Giai thich cac két qua thuc nghiém sau day:
a) Khi lic hop chit 3,6-dimetyloctan-4-ol véi dung dich kiém
, chi mot tam bat do6i xung bi Racemic hoa, con tdm kia
khong bi Racemic hoa.
b) Alcol neopentyl véi HCI cho 1 it san phim 1a clorur
neopentyl, nguoc lai néu dung SOCI2 s€ dugc mot luong
dang ké clorur neopentyl.

0
¢) (S) Ph_C|H_O_C_C1 L5 (9 Ph_CH|_C1 +CO,
@
CH; O CH;
Du6i nhimg diéu kién c6 thé thily giai duoc clorur tert-butyl
thi hop chit (CH3)2C_COOC2HS5 khéng cho phan tmg.
Ciu 60 Giai thich két qua thwe nghiém sau day:
a) Dang treocia Ph CH CH Ph
(H; N(CHa)sl
phan tmg véi C2H50Na x4y ra khoang 50 1an nhanh hon dang
eritro
b) 2-Bromo-3-hidroxi ciclohexan carboxilat metyl bi khu
HBr d& dang trong moi truong baz yéu, tréi lai lacton ciia hop
chat nay lai khong cho phan tmg
¢) Dudi tac dung cua baz, hop chét sau day cho 1 anken co
nhiéu nhom thé:



CH; CH CF_C_CH3

11

N(CH;); CH; O

d) Cho 2 hop chat: CH3

(A) (CH3);C _CH, d Br
Hj

CH;

(B)CH; CH, CH, d Br

¢H,

Sw khir HBr tur (4) cho I anken it nhom thé: con tir (B) cho
anken co nhiéu nhom the.

e) Dud¢i tdc dung cua baz manh, 4-tert-butyl-ciclohexen dugc
tao thanh tr dong phan cis-1-Bromo-4-tert-butyl
ciclohexan nhanh hon tir dong phén trans twong (mg.

Cau 61 Duwéi tac dung cia KI trong Aceton:

+ meso_ 2,3-dibromobutan cho trans- 2- buten.

x  treo(+;-) 2,3- dibromobutan cho cis- 2- buten.

Nhung meso- 1,2- dibromo- 1,2- dideuteroetan chi bién ddi thanh
cis-1,2- dideuteroetan.
Giai thich két qua thuc nghiém trén.
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