SUTAONOIC-C

Tu cac tac nhan than hach



1. Tu ion cianur CN-
Su tao thanh nitril

* Ta xem phan Ung sau :
CHBCHZ_X + KCN —> CH3CH2_CN + KX

1854, Williamson Propannitril

Véi X = Br, Cl, I, OSO,R

« Phan Ung xay ra theo co ché S 2, va hiéu
suat cao tuong Ung véi chat nén bac 1 va
2; con doi vai chat nén bac 3 thi sé xay ra
phan Ung tach loai dé€ tao thanh alken.



1. Tu ion cianur CN-
Su tao thanh nitril

* Dung phan it phan cuc nhu DMSO, DMF,
THF, ..., cho hiéu suat nitril kha tot.

nC.H;—Br + NaCN —DPMSO_ ,, cH,—CN + NaBr

20 phut Capronitril
(97 %)




1. Tu ion cianur CN-
Su tao thanh isonitril
* Ca KCN va NaCN déu cho ra nitril véi
hiéu suat cao trong dung moéi DMSO.

« Nhung khi tién hanh trong dung méi alcol
(hodc kim loai cianur khac) thi sdn pham
dong phan sé duagc tao thanh.

* PO la sdn pham isonitril RNC.

P4 1A bao cao cua Gautier va Hofmann.



1. Tu ion cianur CN-
Su tao thanh isonitril
Hai tam than hach

s [/
C=N
Théng thuong tdm C- ¢c6 tinh than hach tét hon

tam N, tuy nhién di@u nay con phu thudc vao kim
loai doi tac.



1. Tu ion cianur CN-
Su tao thanh isonitril

® O
Br * M° SCN

N2 N
M@=K@/ g \M@=Ag@

®
\/\/\CEN \/\/\NEC@
Nitril Isonitril
A R
AgCN N / ® 0o
R—X > C=N ——» R-N=C + AgX
X

Theo thuyét ciing-mém, trong ion CN-, C lam tam mém va N la tam cing;
trong cac ion kim loai doi tac thi kim loai chuyén tiép 1a tam mém va kim
loai kiém la tam cuing.



1. Tu ion cianur CN-
Su tao thanh isonitril

MCN %RNC %RCN
AgCN =~ 100 Vét
CuCN 56 44
Cd(CN), 11 89
NICN 38 92
Zn(CN), 2,6 97,4
KCI Vét = 100




1. Tu ion cianur CN-
Su tao thanh isonitril
* |sonitril dé dang chuyén hda sang nitril

bang cach dun néng trong khodng nhiét
d0140-280°C.

Me

3-a-Isocianocholestan 3-0-Cianocholestan
(99%)



1. Tuion cianur CN
Ung dung cua nitril va isonitril

R—COOH

2/{ o Acid

R—C=N /OH
Nitril \
Hz/Pd R_CHzNHZ
Amin
® o HO
R—N=C » R—NH, + HCHO

Isonitril Amin Formaldehid




1. Tuion cianur CN
Ung dung cua nitril va isonitril

O

\)l\ - e \/U\ /}\’( I
> N
OH ® 0 j<
\ N=C@ Me 5

Acid propionic /

. o Amid-ester
t-Butilisonitril

Phan tng Passerini



1. Tu ion cianur CN-

Ung du;gx\fla nitril va isonitril
® CH CH;
N=C + C=N
ZanE SRR s

G0 on
o T
|

O CH;

by g

p



1. Tuion cianur CN
Ung dung cua nitril va isonitril

0)
> ® o O)I\CF3
N=C + PhO_ _CHO + CF,cooH _CHCl
~ 3 =0°C__ |PhO NH
a-Phenoxiacetaldehid (TFA) \|<
t-Butilisonitril Acid trifluoroacetic o)

(69%)




1. Tu ion cianur CN-
Cac phan ung khac

» Cac aril halogenur thuong tro vai ion
cianur. Nhung véi CuCN thi phan Ung thé
cd xay ra vdéi hiéu suat tuong doi.

Poéng vai tro mot baz
_~
Br CN

T
Me

+ CuCN > + CuBr
202°C

1-Bromonaptalen 3h 89%

Phan iing Rosenmund - Von - Braun

Phan ung nay khéng xay ra duoc véi KCN va NaCN.



1. Tu ion cianur CN-
Cac phan ung khac

©

CN ofele
Ph.__CHO _HEN_ Ph/\r — Ph/\r
NH, @

NH, NH;

Phan tng Strecker, dung dé téng hop cac aminoacid.

Sau nay, Tiemann, Zelinsky, Stadnikoff, Knoevenagel va Bucherer

cling da ing dung phan Ung Strecker dé téng hop cac aminoacid.
Tuy nhién, sdn pham aminoacid déu 1a hon hop tiéu trién do cé 1

tam thu tanh.



2. Tu ion acetilur
Pieu che ion acetilur

e CO nhiéu phuong phap diéu ché alkin dau
mach va ion acetilur.

Br
_t-BuOK BuOK t BuOK \
dloxan t- BuOH
C
%C\

H

t-BuOK l benzen



2. Tu ion acetilur
Pieu che ion acetilur

H—(CH,)—CH=CH—Br
2 n

EtONa/EtOH
-

100°C



2. Tu ion acetilur
Tinh acid cua alkin dau mach

Hop chat Baz lién hop pPK,
RC= CH RC=C° 25
R,C=CH, R,C=CHe 36
CH,COCH, CH,COCH.,° 20
ROH RO° 17




2. Tu ion acetilur
Tinh acid cua alkin dau mach

Hop chat Tinh acid tuwong doi
Ph-C= CH 1,00
HC= CH 0,73
n-Bu-C= CH 0,058
CI(CH,),-C= CH 0,033
CH= C~(CH,),-C= CH 0,076
MeO-C= CH 2,00




2. Tu ion acetilur
Tinh acid cua alkin dau mach

o __— Tinh baz
Tinh than hach
S,2

R—CEC@ M(+> + R'Cl —> R—C=C—R' t+ MC(CI

R—C=CH + CHMgBr — > R—C=C" PMgBr + CH,

Tinh acid cta alkin dau mach van da manh dé pha vo tac
chat Grignard.

MgBr
M /
Br—CH,—C=CH 5, BrMgCH,—C=CH —> CH2=C=C\
eter
H

CH;—C=CMgBr



2. Tu ion acetilur
Phan tng cua anion aIkin

Johnson

CH,
N
cH,—c=c® Li® C, HO, Me
? ‘.
EDA, DMSO S, 2
15h (74%)

Takahashi



2. Tu ion acetilur
Phan tng cua anion alkin

1. HC=CH,KNH, _
2. H,0
HO

A, (C=0)

, , o 17a-Etinil-17-hidroxiestradiol
C6 chon loc hudng tac kich

Phdn Ung cdng nay co tinh chon loc d6i véi aldehid va ceton khi cé su hién
dién clia dan xuat acid, néu ham lugng ion acetilur khong du 16n.



3. Tu tac chat Grignard
Pieu che va tinh chat

« 1900, lan dau tién Victor Grignard céng bo
mot phan Ung rat dac trung, ma sau nay
dugc goi la phan Ung Grignard.

» 1912, Victor Grignard doat giai Nobel.

* Phan Ung Grignard la mo6t phan Ung rat
quan trong trong tong hop hiiu co.

R—Cl —Y8 > R—MgCl Ar—cCl —M& »  Ar—Mgal

eter eter

Tac chat Grignard Tac chat Grignard



3. Tu tac chat Grignard
Pieu che va tinh chat

0@ 30 00 o®
C—Br — C—MgBr

\ Tinh than hach

Tinh baz

Tac chat Grignard thuong ton tai dudi dang dimer hoac
trimer.

X

R—Mg, Mg—R 2 RMgX R,Mg + MgX, R,MgX,Mg
X
Can bang Schlenk Rl\\/[/X\M
g g
/ . /7



3. Tu tac chat Grignard
Pieu che va tinh chat

Ashby cho thay dung méi eter cé6 anh huéng dén cau
trdc cua tac chat Grignard.

Roow %
Et _Et oo Mg — X Mg— X Mg— X
: b ;
= N
E” “Et Et7 Et Et” “Et
—C—Mg—X
Tac chat Grignard bén hon trong dung médi eter.
O Trong THF, tac chat Grignard vira tén tai & dang
Et/ \Et monomer va dang dimer.

Trong trietilamin (rat it khi duoc st dung), tac chat
Grignard ton tai @ dang monomer.



3. Tu tac chat Grignard
Piéu ché va tinh chat

» Tac chat Grignard c6 thé dugc tao thanh
tur cac dan xuat halogenur bac 1, bac 2 va
bac 3.

e Cac alkil clorur, alkil bromur va alkil iodur,
cung vai aril halogenur va vinil halogenur
déu co thé dugc str dung dé diéu ché tac
chat Grignard.

e Tac chat Grignard khéng bén trong cac
dung mai proton.



3. Tu tac chat Grignard
Pieu che va tinh chat
Cac phan ung phan huy tac chat Grignard.
RMgX + H,O —> RH + HOMgX
RMgX + ROH ——> RH + R'OMgX

RMgX H,0
RMgX + O, — ROOMgX — > 2ROMgX —> 2 ROH

H,O
RMgX + CO, —> RCOOMgX —2*> RCOOH



3. Tu tac chat Grignard
Phan tng vai alkil halogenur

S, 2
RMgBr + R'Br » R—R' + MgBr,
Khdng xuc tac (51%)

Kharash ti€n hanh phan tng thé trén véi xuc tac va
nhén thay cé san pham Wurtz duoc hinh thanh.

PhMgBr + Ph,CH—Br —X' » Ph,CH—Ph + Ph,CH—CHPh,
(A) (B)

San pham San pham Wurtz
thé

binh thuong



3. Tu tac chat Grignard
Phan tng vai alkil halogenur

xt %(A) %(B)
Khong xuc tac 0 90
CoCl, 82 6
FeCl, 63 17
Cu,Cl, 30 47
MnCl, 0 82




3. Tu tac chat Grignard
Phan tng vai alkil halogenur

Phan Ung thé theo Grignard v@i xtc tac kim loai
chuyé€n tiép duoc gidi thich nhu sau :

RMgBr + CuBr »> RCu + MgBr,
RCu + R'Br » R—R' + CuBr
Me Me

< p o~ _THEGul
0
Me MgBr -307C Me

(Z:E =90:10) (Z:E = 88:12)
(97%)



3. Tu tac chat Grignard
Phan tng vai alkil halogenur

. )\/ THF
MgBr >
Li2C uC 14

Br n C/H,. Tolstikov va cong su n C,H;s
(80%)
2 LiCl + CUC]Z r LizC“Cl4

Kochi



3. Tu tac chat Grignard
Phan u‘ng vOi alkil halogenur

MEBE pogep | CPe=CH: ¢ CHCHL Q @
tVigbr_ 590 48%

% A
eter 9 31%

- O

10%

AgBr, THF
/\ MgBl‘ + \/\ Br : -
LlN03

20C + \/\/\




3. Tu tac chat Grignard
Phan ing voi dan xuat carbonil

o)

RCH=0"MgBr
JO)

RCH=0 + R'MgBr

Ta thuong quan niém phan Ung xay ra theo ty 1é mol
1:1, nhung thuc té lai theo ty 1é mol 1:2.

R' |
L 8@ o ®
I;S{’—O““l\l’lg R(I:H—o----Mg—R'
6 \\\Bl“ Rl
R'—Mg’ MgBr,
Br :




3. Tu tac chat Grignard
Phan ing voi dan xuat carbonil

RCH—OMg—R' Phan ung gitra tac
— R Mg-Br chat Grignard véi hop
N chat carbonil 1a

phuong phap phé bién
duoc dung dé tdng
hop cac alcol.

R(IIH—O----MgBr + R'MgBr
R'



3. Tu tac chat Grignard
Phan ing voi dan xuat carbonil

Me  OAC

(50%)



O

X

R Z

3. Tu tac chat Grignard
Phan ing voi dan xuat carbonil
* POIi vGi cac dan xuat acid :

R'MgBr_

63 @

o~

R'

MgBr

O

(- MgBrz) g )]\

R R’
Ceton

Pau tién, tao trung gian ceton, roi lai phan tng ti€p cho ra alcol

bac 3.
O

PR

R R’

R MgBr>

O@@

e

R'

MgBr

Z phai la nhém xuat tot.

& OH

= ~ /I\
R R’

R'
Alcol bac 3




3. Tu tac chat Grignard
Phan ing voi dan xuat carbonil
* POi v6i cac dan xuat acid :

1. MeMgBr/THF
-

2.H3O®

COQOMe

Corey

Poi vGi cac ester c6 cau tric cong kénh.
‘ ’

!

Acid mesitoic Me




3. Tu tac chat Grignard
Phan ing voi dan xuat carbonil

* POi V@i cac dan xuat acid :
Pay con la phuong phap téng hop ceton.

0 m 0
1. THF

)]\ * 0 _O -
n CgHy3 Cl 2. HOOC-COOH aq n CeH,3
MgBr -78°C
(89%) CHO
C,HM OH 0
/U\ N T /U\ ' /IV ’ /U\
n C4H§)
Khéng xtc tac, -60°C 13% 4% 60%

FeCl, (2%), -60°C 76% 3% 15%



3. Tu tac chat Grignard
Phan ing voi dan xuat carbonil
* POi v@i cac dan xuat acid : (Amid)

Cac amid phan tng voéi tac chat Grignard lai cho san
pham cuodi cung la ceton.

H H H H
| | ® \@5
Ph/N\n/Me 2 PhMgBr _ Ph/N\|<Me _H0” Ph/N )%-e
OMgBr
o) Ph P phO—H
Amid ]

l(-H@)

Ph

Ph—NH, + \n/
0
Ceton

Me



3. Tu tac chat Grignard
Phan ing voi dan xuat carbonil

* POi v@i cac dan xuat acid : (Amid)

EtMgB
THEF/eter t

I I
Me Me Me (23%) 0O
Lactam (42%)




3. Tu tac chat Grignard
Phan ing voi dan xuat carbonil
* POi VOi nitril :

San pham sau cung van la ceton.

MgBr
BrM
\( g\N o
©,
— H;0
Ph—C=N - Ph)l\( > Ph)l\(

Lap thé ciing quyét dinh hiéu suat cta phan ung
cOng tac chat grignard vao nitril.




3. Tu tac chat Grignard
Phan ing voi dan xuat carbonil

* POI Vi nitril : YMgBr .
1

e Y
2. H,0%
4B (80%)
1X O
B s WX
2. H;0%

(35%)




3. Tu tac chat Grignard
Phan tng voi carbonil tiép cach

Phan Ung c6 thé xdy ra theo 2 hudng : Su céng 1-4 va
su cong 1-2.

0 OMgBr OMgBr
' NN —_— /\)\ + \/|\
Rl
cong 1-4 R
Céng 1-2 g cong 1-2

@
R'—MgBr  Su dinh hudng cong 1-4 hay
cong 1-2 phu thudc vao 1ap thé
O cua nhom R’ cua tac chat
\)‘\ Grignard va nhém R cua dan
R xuat carbonil.

Cong 1-4



3. Tu tac chat Grignard
Phan tng voi carbonil tiép cach

Q)

. PhMgBr H _Ph
> %,

2. H,0”

Uu thé cho su cong 1-4
(46%)
Ta xét phan ung cong 1-4 sau :
O R’ O

R-Mgbr =+ /\)‘\ - )\)]\
Ph R @ Ph R

H,0




3. Tu tac chat Grignard
Phan tng voi carbonil tiép cach

R’ R %Cong 1-4
Me I-Pr 50
Me t-Bu 33
t-Bu I-Pr 60
t-Bu t-Bu 48
Ph I-Pr 66
Ph t-Bu 67/
Ph-CH=CH- I-Pr 70
PN-CH=CH- t-Bu 93




3. Tu tac chat Grignard
Phan tng voi carbonil tiép cach

Viéc thém mudi CuX (X : halogen) gitp tac chat grignard
de dang dinh huéng cho su cdng 1-4.

Me
EO CuBr
<I%o SO
MgBr

MeO

MgBr i N e 68%)
. _CHO A0
CuI CHO
THF
OMe l
Anderson va Wright Me Me

Htdralimanol A



3. Tu tac chat Grignard
Phan ung vai epoxid

~ L~
\/<(|) 1. CH3MgBr
2.H3

Phan Ung gilra epoxid va tac chat Grignard xay ra theo
kl 2. H3
Nhié

cmcgé' S, 2.
I - CHgMgBr \)\‘/\/ \)\‘/\/
C6 2 huong tac kich
u



3. Tu tac chat Grignard
Phan ung vai epoxid

_OH
CH,=CHMgBr Me ¢
O 220°C

Epoxi-alcol

Viéc thém mudi MgX, (X : halogen) gitp cho su mé vong

epoxid nhanh hon, tuy nhién phan ung lai xay ra theo
hudng S, 1.



3. Tu tac chat Grignard
Phan ung vai epoxid

Ph O Me PhMgBr Ph Me
Wy on
MeO Me EBI2 MeO Me
/ MgBr, / PhMgBr
MgBr : :
@§ Ph Me
Ph O Me : >® < OMgBr
> < MeO Me
MeO Me -
lon carbocation bén hon




3. Tu tac chat Grignard
Phan Urng voi epoxid




3. Tu tac chat Grignard
PO chon loc phan ung
Khi tac chat Grignard phan ting véi mot hop chat

carbonil khéng doi xtrng, thi sé cho ra mot tam phi
doéi xirng trong san pham (nghia ra cho ra mot

tam tha tanh). R
A, 7
/C\
A/,. / B OMgBI‘ H&N h A
C=0 R MgBr on hep teu
4 trién
B ~ A OMgBr
C
7 \

B R



3. Tu tac chat Grignard
PO chon loc phan ung

Hudng exo bi che chan
béi nhom thé R tai C,,
nén hudng tac kich uu
tién la endo.
Norbornanon ‘

Che chan huéng endo, nén
hudng tac kich uu tién la exo.



3. Tu tac chat Grignard
PO chon loc phan ung

1.BrMg” " ph
> * OH
( 2.H,0° Ph
0 OH
it
Ph

Coates
Norbornanon Nhié

u

Trong truong hop ca 2 hudng tac kich déu nhu nhau thi sé tao
thanh alcol hon hop tiéu trién. Vay, dé tranh mot trong hai huéng
tac kich, nguoi ta diing dén chat xuc tac phi doi xiung.

Chat xuc tac phi déi xtiing c6 kha néng tao phuc chat véi tac chat grignard
nham dan dén mot cau triic cong kénh cta tac chat Grignard, nén su tac kich
vao hop chat carbonil chi con duoc uu tién cho mot hudng ma thoi.



3. Tu tac chat Grignard
PO chon loc phan ung

Céac chat xuc tac phi doéi xting

OMe
e
Oj\” Me
(I) Me
\ o
Me (-) Spartein Me ]'/
(2R,3R)-(+)-Dimetoxibutan 0)
Me
| O
R\ .’ O I.||Me OH
Mg’ O
/ Se . O)( Me
Br ‘O Me Furanose e



3. Tu tac chat Grignard
PO chon loc phan ung

RM + PhCHO >

Mukaiyama

Két qua thuc nghiém cua Mukaiyama nhu sau :



3. Tu tac chat Grignard
PO chon loc phan ung

RM | Dung méi Nh(ifé)dé (?I?aénr: Y%ee
n-BuCu Eter -8 22 0
Et,Zn Eter -/8 76 0
n-BuMgBr | Eter -7/8 90 47 (R+)
n-Bu,Mg | Eter -123 89 73 (R+)
n-Bu,Mg |MeOMe -123 84 43 (R+)
n-Bu,Mg | THF -110 o1 59 (R+)
n-Bu,Mg |DMM -78 87 51 (R+)
n-Bu,Mg |DME -78 06 28 (R+)

DMM : Dimetoximetan. DME : Dimetoxietan.




3. Tu tac chat Grignard
PO chon loc phan ung

.. | Nhiétdd | %San ;
RM Dung moi (<C) pham Yoee
n-Bu,Mg | Toluen -78 93 60 (R+)
n-Bu,Mg | Toluen -110 94 88 (R+)

Bang két qua thuc nghiém trén cho thay phan Ung cua
Mukaiyama phu thudc vao ca dung mdi va nhiét do.

Trong truong hop Ca cua hop chat carbonil 1a C phi doi
xung, ta c6 thé ap dung qui tac Cram dé xac dinh huéng
uu tién cua tac chat Grignard tac kich vao hop chat

carbonil.




3. Tu tac chat Grignard
PO chon loc phan ung

O M OH M R
M\_’)L R'MgBr S\ :LR' S\ :,OH
] R
L R L R

Co6 2 hudng tac kich

O

M S Hudng tac kich duoc
uu tién do it bi che
chan nhat.



3. Tu tac chat Grignard
PO chon loc phan ung

S M L R R’ X A:B
- Me Ph - Me Br 2,4:1
- Me Ph - Me I 2,0:1
- Me Ph - Et Br 3,0:1
- Me PN - Ph Br 4,0:1
- I-Pr Ph - I-Pr Br 1,9:1
Me Et Ph - Ph Br 2,9:1
H Et Ph - Me | 2,51
H Et Ph - Et Br 3,0:1




3. Tu tac chat Grignard
PO chon loc phan ung

Trong truong hop nhém I6n L c6 chtra nguyén ti con
cap dién tu tu do :

Br

|
Mg
£ IR

Z
\('7? Hudng tac kich duoc uu tién.



3. Tu tac chat Grignard
PO chon loc phan uUng

MgB 11}/[% Me
Me r
He ¢ _/
' | BnO [0, —
Bn O O THF ’ 0 C ‘Mg."'
Williams W "Br Me Me

Trong truong hop ca chat nén carbonil va tac chat
Grignard déu c6 cau triic cong kénh thi phan tng cong
A, khéng thé xay ra mét cach binh thuong duoc nita, ma
xay ra su hoan nguyén hoac su enol héa.



3. Tu tac chat Grignard
PO chon loc phan ung

Su hoan nguyén :

Cl
mg/ @
R O
H >
>‘/\ \/ Hamelin
TN H
> 90%

Su hoan nguyén xay ra khi ca chat nén carbonil lan

chat Grignard cé chira H,.

tac chat Grignard déu c6 cau tric cong kénh, va tac )I\
+

OH



Camphor

3. Tu tac chat Grignard
PO chon loc phan ung

__0  RMgX H
> -
OH H
Borneol Isoborneol
EtMgBr 35% 29%
I-PrMgBr 45% 45%
n-PrMgBr 34% 48%

Et,CHMgBr 29% 55%

OH



3. Tu tac chat Grignard
PO chon loc phan ung

Su enol héa :

0 _ 0© OH OH
Y Y YT YR
R
~ Enolhéa Hoan nguyén Cong
RMgX RMgX:Ceton
EtMgBr 1,3 1% 21% 78%
1,5 1% 19% 80%
2,5 1% 15% 80%
n-PrMgClI 1,2 2% 51% 46%
2,5 1% 37% 62%
n-PrMgBr 1,2 1% 64% 35%

1,4 2% 60% 36%



RMgX
n-PrMgl
i-PrMgCl
I-PrMgBr

I-Priigl

3. Tu tac chat Grignard
PO chon loc phan ung

RMgX:Ceton
1,2
1,2
1,2
1,4
1,2

Enol héa
2%
28%
29%
30%
30%

Hoan nguyén
69%
72%
65%
65%
70%

cong

30%
0%
0%
0%
0%



4. Tu tac chat co Liti
Pbieu che, cau truc

Co ché goc tu

do .

Hop chat co liti da duoc Schlenk va Holtz téng hop vao nam 1917.
Nhung mai dén 1030 méi duoc Ziegler va Colonius diing né nhu mot
tac nhan co liti trong tdng hop hitu co.

Hop chat co liti duoc tdng hop bang cach cho phan Ung truc tiép
liti kim loai véi dan xuat halogen.

+ EtLli #—>

<7 Schlenk va Bergman
@ Hidro linh ddng '
Fuarerl pjy |3 kha ning hoan doi hop chat Fluorenil liti

co liti.




4. Tu tac chat co Liti
Pbieu che, cau truc

Kha nang hoan déi giam dan nhu sau :

S 0 )~
R e 2 TR BVl )

Nguoi ta c6 thé tao su hoan déi tac chat co liti bang cac dan xuat
halogen.



4. Tu tac chat co Liti
Pbieu che, cau truc

Li
>‘/ Bailey

I > Li
n-Pentan/eter

s

-78°C

n CiHoLi /=<
eter
-70°C

Me

< n C 4H9]'_.|l>

Me Br



4. Tu tac chat co Liti
Pbieu che, cau truc

Hoat tinh cua tac chat co liti giong nhu tac chat Grignard :

Tinh than hach
/ ]

RO 1i®
———— Tinh baz
1. N\ CHO
Li >
>(\ - W/
A\(C=0) OH
Li
X Br
/A —
SN




4. Tu tac chat co Liti
Pbieu che, cau truc

Khéac v@i tac chat Grignard, phan ung cua tac chat co liti
c6 thé tién hanh trong cac dung mdi eter va hidrocarbon
(nhu n-hexan, ciclohexan, benzen).



4. Tu tac chat co Liti
Phan tng voi aldehid - ceton

8.0-8o=to

(58%)

Khéac v@i tac chat Grignard, tac chat co liti khdng chiu anh hudng
cta lap thé cua hop chat carbonil.

O 1. /\/\Li OH
hexan, -78 °C

2 >




4. Tu tac chat co Liti
Phan tng voi aldehid - ceton

Me

1.MelLi, eter

2. H,0

Me Corey




4. Tu tac chat co Liti
Phan tng voi aldehid - ceton

OMe OMe

-lllo

1.n C 5H11Ll

O\/\ 210 O\/\/\/\/

Corey

Corey nhan thay tac chat co liti thuwong cho uu thé céng 1-2.

Khi 6ng cho metil liti tac dung v@i 3-penten-2-on thi chi thu duoc 1%
san pham cdéng 1-4, nhung khi thém Cul lam xtc tac thi lai thu duoc
99% san pham cdng 1-4.



4. Tu tac chat co Liti
Phan tng voi aldehid - ceton

M I RLi, M TR ol
R 2.H30@ R *+

L L A

M L R R’ Ty |Ié mol A:B
i-Pr Ph H i-Pr 1:1

Et Ph Me Et 2,3:1

Et Ph Et Me 10:1

Me Ciclohexil H Me (pentan) 1,5:1

Me Ciclohexil H Me (eter) 1,2:1



4. Tu tac chat co Liti
Phan ing voi dan xuat acid

(*¥) Fumagillin

San pham la mét alcol béac 3



4. Tu tac chat co Liti
Phan ing voi dan xuat acid

, @\ 1. CH;COOH 7\ [CHs > H3O®
0~ 1L

Q) (0)
;{® ©0

\\
(Do - X
Q) Q)

Q) OH




4. Tu tac chat co Liti
Phan ing voi dan xuat acid

Li -
. Li
Ph/ﬁ]/NHZ 3n C4H9Ll - Ph)\KN_Li )\
o THF, hexan Ph C=N
OLi - -
Amid bac 1
l H,0%
3
Cac amid khac phan Ung tac chat co liti, roi thay phan P
sé cho ra ceton. Ph C=N
(72%)
Su thuy phan tiép

sé dan dén xu tao
thanh acid.



4. Tur tac chat co Liti
Phan Ung véi dan xuat acid

Me Me Me
Li
Z Z o Z
L lYN— L A= 1
N~ c=N S N NS SN \_-$

1.NaBH,/MeOH
>
k/o 2. aq NH,ClI
(84%)




4. TuU tac chat co Liti
/Rhan Urng voi epoxid

MelLi, eter H3O®
- =

TU -10°C dén +25°C

MeL.i tac kich chon loc vao vi tri allil. (68%)

Théng thuong, tac chat co liti tac kich vao epoxid theo hudng it bi
che chan nhat.

Q HO Ph

1. PhLi, eter, -45 °C
Me,N Ph @ >  Me,N Ph
2. H;0 S, 2




4. TuU tac chat co Liti
Phan tng noi alkin-alken

n C, HoLi /) _&—)\
Ph—Cc=Cc—" " “Br >  Ph—C=C Li

Ward

| 1ie®

Li
/ >( O\/Ph
pentan, eter \

-78°C (60%)
MeOH
\Q/ U o
= AN
(14,2%)
(5,6%)




4. TuU tac chat co Liti
Phan tng noi alkin-alken

c=C— ‘ .
pentan, eter L1
< I > X
+ X 1 -78°C
I

A, (C=0)

Bailey
OH

(83%)



4. Tu tac chat co Liti
Phén ung n6i alkin-alken

N
_ pentan, eter
+ -78°C
Cooke S,\2
O\ Br

(82%)




5. Tu tac chat co dong

Co6 3 loai tdc chat co dong :

Liti dialkil Cu (R,CuLi) (Tac nhan Gilman)
Phitc co déng nitril (R,Cu(CN)LI,)

Phirc co dong isonitril



5. TU tac chat co dong
Tac nhan Gilman - Pieu cheée

2 RLi + Cul » R,Culi + Lil

Gilman Tac chat Gilman

Hoat tinh : Cul > CuBr > CuCl, tuy nhién Me,S.CuBr cho két qua kha tot.

PO bén cua tac chat Gilman phu thudc vao cau tric.

Whitesides va House cho thay Me,CuLi bén trong eter trong vai gio
& 0°C va trong bau khi quyén nito.

Tac chat Gilman v@i cac alkil bac 2 va bac 3 thuong nhanh chéng bi
phan huy khi & > -20°C.



5. Tu tac chat co dong
Tac nhan Gilman - S, 2

eter
RX + nBu,CuLi —> Rn Bu
Hoat tinh : Rl > RBr > RCI -20 C‘
RX Dung maoi Thoi gian (gio)

1-lodopentan Eter 1 68%
26 70%

THF 1 98%

1-Bromopentan THF 1 98%
1-Cloropentan THF 1 80%
eter 1 10%
26 10%

2-Bromo-2-metilpentan THF 1 <10%



5. Tu tac chat co dong
Tac nhan Gilman - S, 2
CuLi n CqoHy,

/ \ + n CyHyBr - / \

tph(‘)ng

O /2 9)

1. T'sCl, piridin .
OH 2, (n C1oHy,),CuLi n CyoHy;

-10°C (69%)




5. Tu tac chat co dong
Tac chat Gilman - S, 2
Br Ph

—/ _PhCuLi_ —/ —
/ / /—\
Ph Ph Ph Ph
(E) 2-Bromostiren (E) Stilben () Stilben
4 gio 90 <2
Ph
— Ph,Culi —/ . —
/—\
Ph Br Ph Ph Ph
(Z) 2-Bromostiren (E) Stilben () Stilben

4 gio <1 73



5. TuU tac chat co dong
Tac chat Gilman - S, 2

P hz C‘ULi
‘Bl‘ Ph 'Bl"
S LiCuPh;
Ph

Phan tng cla cac tac chat co dong véi cac alkenil halogenur thuong
c6 do chon loc lap thé cao.



5. Tu tac chat co dong
Tac chat Gilman - S, 2

COOMe COOMe
Corey
OTt Me ZC uli
>
eter

Tu -78°C dén -30°C

Hon nira, nguoi ta c6 thé dung tac chat co dong véi hai aklil khac
nhau.

Théng thuodng, lién két alkinil — Cu rat én dinh hon so véi cac lién
két alkil — Cu va alkenil - Cu.



5. TU tac chat co dong
Tac chat Gilman - S, 2

l\I/Ie
(I)Me L VieO “Scoom
Me——C=C ci. . ¢

Me > \
Me OTHP
THF
0 I

THP : Tetrahidropiran \:78 C Cl l\I/[e

Corey MeO N\
COOMe

Do lién két C= C-Cu bén hén C=C-Cu,
nén alkenil 14 tac nhan than hach.

Me OTHP



5. Tu tac chat co dong
Tac chat Gilman - S, 2

pé dé dang thé cac halogen gan truc ti€p trén nhan
thom, nguoi ta dung thém cac mudi la xtc tac.

I Ph

-
LiBr/CuCl,

(81%)

Khéng xuc tac (0%)



5. TuU tac chat co dong
Tac chat Gilman - S, 2

Tac chat co dong ciing lam mé vong epoxid theo hudng

S, 2. .

Et S, 2

(87%)
San pham alcol nay duoc dung dé diéu ché tafaromycin B.



5. Tu tac chat co dong
Tac chat Gilman - S, 2

Tafaromycin B

(23%)




5. TuU tac chat co dong
Tac chat Gilman - A

Liti dialkil Cu phan Ung rat nhanh v@éi aldehid.

Me,CuLi phan ting véi benzaldehid dé tao thanh alcol
pheniletil & <-90°C.

Con 5-nonanon chi phan Ung & -10°C dé tao thanh 5-
metil-5-nonanol.

O nhiét do cao, liti dialkil Cu bi phan huy.



5. TuU tac chat co dong
Tac chat Gilman - A

Me Me

x _Me
CHO Me,CulLi T
> 'OH

O\/ O\/Ph -78°C O\/ O\/Ph

Ty 1& mol 2 ddi quang la 30:1.

Nguyén nhan cé thé do kha nang tao phurc
chat vong béi cac nguyén ti O.

Ph . Ph OITMS Ph OTMS
n Bu,CuLi, THF
CHO > + \
* 0
Me Me;SiCl -707C Me n Bu Me n Bu
A B
Ty 1é mol 6,4 : 1

Trong d6 san pham A duoc du doan uu tién theo qui tac Cram.



5. TuU tac chat co dong
Tac chat Gilman - A

Me Me

<:§< n Bu,CulLi, THF OTMS
O > /
° 0 '/,//

Me;SiCl -70°C ‘1 Bu

(68%)

Céac ceton cho phan Ung véi tac chat liti dialkil Cu rat cham.

O OTMS OTMS
Cong 1-4
- +
THF TMSCI

O
-78°C

Tylémol: 99 : 1



5. TU tac chat co dong
Tac chat Gilman Cu-A,

Céng 1-4 Oi >HO R O
RyCuli = \)k X - Uk

lon enolat Ceton

TN
lon enolat c6 kha nang déng vai tro la R O

mot tac chat than hach tao phan ung S\2
thé theo S, 2.



5. Tu tac chat co dong
Tac chat Gilman - A

Me
\ 7\
CuLi — Br
—/ l O =/_ |
0 - O > O
THF
(69%)
(0] O 0]
1. thc ULi |
» ¢ \. v + __
Br
2 =/_
Ph Ph



5. Tu tac chat co dong
Tac chat Gilman - A

. OTBS
? 1.</\/\5/C“L‘
2 >
: 2. M
f
CHO Marshall
(C) (D)
Etet/THF M=Mel 0%(A) 30%(B) 22%(C) 33%(D)

Eter/THF M=H,O 0%(A) 65%(B) 0%(C) 0%(D)



5. Tu tac chat co dong
Tac chat Gilman - A

Cac ester c6 noi ndi ti€p cach it hoat tinh cong 1-4 hon cac hop chat
carbonil.

n C6H13 Me Me ZCULi n C6H13 Me
>
eter
COOEt . Me COOEt
e 0°C, 44 gio
Ester tiép cach (8%)
n C6H13 Me Me 2CULi n C6H13 Me
>
eter
Me  goc, 44 gi& Me Me
O O

Ceton ti€p cach (70%)



5. Tu tac chat co dong
Tac chat Gilman - A

Etzc uli
>

eter -78°C
Masamune

Clorur acid



5. Tu tac chat co dong
Tac chat Gilman - A
V@i tac chat Gilman, nguoi ta ciing duing dén cac chat xuc tac phi doi

xung (Z°) trong truong hop phég tng cho ra san pham cé tinh trién
quang (dé tranh su tao thanh hon hop tiéu trién).

Me
3 O
. N COOH
0 H ; "SH
5 (S) Prolin O/H /"\
OA( ’ "COOH Neometniltiol
\
CH;,

1,2,5,6-di-O-isopropiliden-
a-D-glucofuranose (S) N-Metilprolin



5. Tu tac chat co dong
Tac chat Gilman - A

0 0
R(Z")CulLi
y
&
Cong 1-4 R

R A Dung méi Nhiét do (°C) %SP %ee
Me a-D-Glucofuranose Eter 0 - 6,5 (S)
Me (S) Prolin Eter -5 - 15,5 (S)
Bu (S) N-Metilprolin Eter -70 26 4,7
Bu Neomentiltiol THF -90 66 15,3

Me Cinchonidine Benzen 0 61 26 (S)



5. Tu tac chat co dong
Tac chat Gilman - A

O y Me O
/\)‘\ Me(Z")CuM )\)‘\
A -
Ph Ph : Ph Ph
Kukaiyama
Z M Dung moi %SP %ee
(S) N-Metilprolin Mg THF 71 68 (S)

Conchinidine Li Eter 21 34 (S)



5. Tu tac chat co dong
Tac chat Gilman - A
O O

Ph(Z*)CuLi
y o

Bertz

H NMe,

Me)<Ph

(R/S) a-Metilbenzilamin
(70%) v@i %ee = 30%

H Ph
(4S,5S) (+)-5-Amino-2,2-dimetil-
4-phenil-1,3-dioxan
(62%) vGi %ee — 50%

(R/S) a-(1-Naptil)etilamin
(70%) v@i %ee = 30%



5. TU tac chat co dong
Phiurc co dong nitril

RLi + CuCN > R,Cu(CN)LI,

Lipshutz

Tac chat dang phuc co dong nitril duoc diing trong cac
phan tng thé than hach S, 2 va A,.

S\2
RX + nBu,Cu(CN)Li, > R—n Bu




5. TU tac chat co dong
Phiurc co dong nitril

RX Nhiét do (°C) Thoi gian (gio) %SP
lodociclopentan -78 2 82

Bromociclop[entan 0 6 86

lodociclohexan -78 1 100
Bromociclohexan thuong 6 41
2-lodopentan -50 2 99
2-Bromopentan thuong 2 94

2-Cloropentan thuong 11 28



5. TU tac chat co dong
Phiurc co dong nitril

H _Br H JEt

M EMeCu(CNLL, M
>

THF, 0°C
(72%)

OTf T
COOEt + -

CU(CN)LiZ 0
Y\/ THEF, -70° C COOES

(87%)




5. TU tac chat co dong
Phiurc co dong nitril

( /\%C u(CN)Li, (86%)
z .

6 gio

O THF, 0°C
. E>/ OH
n C3H, KYe sH;
< /\%,C ul.i
2 (30%)
THEF, 0° C

16 gio



5. TU tac chat co dong
Phiurc co dong nitril

(0) O Congl4

CUME( CN)LiZ

= - /

eter, -58 °C
(97%)
cong 1-4 P~
. _COOMe Cu(CN)Li, ___COOMe
— )2

y

eter, -78 °C (86%)



5. TU tac chat co dong
Phuc co dong isonitril

Saegusa phat trién phuc co dong isonitril d& dung lam tac chat than
hach.

Cu,O + R—N=C + A\/B — >—Cu—R—NEC

Me A

A Me "
>—Cu—R—NEC + \[( —

B O

A COOE{ COOEt
>—Cu—R—NEC o — >_/_

B Cong 1-4



6. Tu ylur

CAc tac chat ylur dugc phan loai :
Phosphor ylur (tc chat Wittig).

Sulfur ylur (gbm c6 sulfonium ylur va
sulfoxonium ylur).

- R
Nitrogen ylur ol R
R N R_ITI_C\@
e N Ps—cO R R
R—P—CO /N :
|\ R R Nitrogen ylur
R R

Sulfur ylur
Phosphor ylur



6. Tu ylur
Tac chat Wittig

©. 1@
PPh3 + CHBI PhBP_CH3

Baz /
©,

S,
PhBP_CHZ <> Ph3P=CH2

Tac chat Wittig

Phan tng Wittig nham tao ra cac olefin.



6. Tu ylur
Tac chat Wittig

R R R R!
@l 7 @l 7
R—P—C—H Baz R—1|>—c\9
R R R R
R la alkil bac 3 hay phenil
Ph Ph Ph
@ / Baz @l / S|
Ph—P — Ph—P +  Ph—P

©

Cho ra 2 tac chat Wittig



6. Tu ylur

Tac chat Wittig

Ph;.,P—CHN

Ph

% + Ph;P=0

Ph

San pham la olefin

@
Ph,P

—p

o°

Ph

N

Ph,P—O
DE(\Ph

Ph




6. Tu ylur
Tac chat Wittig

O CH
Me l%:/[e
Ph3P=CH;
—=Me . —=Me
: Pirrung
Me Me
@
QME @ PPh3
0\ >
: CHO dﬁ
M T 0) Matsumoto
€ Me




6. Tu ylur
Tac chat Wittig

Dang

OH hemiacetal COONa




6. Tu ylur
Tac chat Wittig

Dang hemiacetat
COOEt

O _OH OH
BzO/\Q/ Ph;P=CHCOOEt BzO —
>

BnO OBn BnO OBn

Tac chat Wittig c6 thé gay nén phan ung ndi phan tu.

@

®
PhBP\/\/\fB} — PhBP\Q
U .

‘ o _ PhP-C
Va trong moi truong baz, tao nén
mot tac chat Wittig mai



6. Tu ylur
Tac chat Wittig

0
: G
Phgp\/\/\)‘\ ® (A ( OEt
OEt Ph;P
TTTee——

O
©, 0 /
©,
PhBP\Oé Ph;P

Tac chat Wittig méi



6. Tu ylur
Tac chat Wittig - Pong phan E/Z

Pong phan (E)

Pong phan (2)



6. Tu ylur
Tac chat Wittig - Pong phan E/Z

HS  fcoom H
. ¢ — \_\ . O.. £ ,COOMe
o0 PPh, COOMe H"
® R PPh,
L ®
® O

RCHO + PhyP—CHCOOMe

L Huong duoc uu tién hon

© 0 H
H H _ : ,CO0OMe
R_: :,COOMe /=N — R>_<
S — R COOMe H  Pph,
o0 PPh, ®



6. Tu ylur
Tac chat Wittig — Déng phﬁn ElZ

Hemesley va Pattenden

(2)-Alken

OH _/_/ OH
©,
CHO PhsP—( X
-

Ty 1é (E):(2) 1a 82:18




6. Tu ylur
Tac chat Wittig - Dang khac

« Tac chat Wittig c6 thé ton tai & cac dang
khac nhu':

. . O
* Phosphin oxid. T '@I){
P—C
* Phosphonat ester. Ph—/"
Ph R
O Phosphin oxid
S
EtO’/ \
EtO R

Phosphonat ester



6. Tu ylur

, Tac chat Wittig - Dang khac
1 | :

RO—P S |

RO™ \ _ L
L') "" ' y
HL Op
O

0
RO=p—o0 L L

Hudng duoc uu tién



6. Tu ylur
Tac chat Wittig — Dang khac g,

Il |
I(I) COOFEt
+ EtO—/P / - MX, Et;N, THF>
i
EtO J 25°C
Horner — Wadsworth - Emmons
@
MX %SP
'-‘ O Khéng muoi 0
| / LiCl 19 (50% sau 24 gio)
EtO—P LiBr 39 (85% sau 24 gio)
MgCl, 52 (86% sau 24 gio)
MgBr, (5 mmol) 50 (48% sau 24 gio)
MgBr, (10 mmol) 62 (85% sau 24 gio)

MgBr, (20 mmol) 70



Tac chat Wittig — Dang khac

PhCHO +

Dung moi

CH,CN

Eter

6. Tu ylur

1 _/COOEt MX, Et;N N —
EtO—P SN —\
FtO 25°C
Horner — Wadsworth - Emmons

MX %SP Dung moi MX %SP
LiCl 77 THF LiCl 86
LiBr 93 LiBr 96
MgCl, 15 MgBr, 81
MgBr, 71 CH,CI, LiCl 56
LiCl 77 LiBr 70
LiBr 71 MgBr, 47
MgBr, 80 DMF LiBr 25

MaBr. 10

COOEt



6. Tu ylur
Tac chat Wittig — Dang khac

I(I) COOEt
Et()—/p—/ Ty lé trans:cis la 3:1
\ / PO > \ Z~ “COOEt
NaH
Me S Me (420)
Me Fukamaya va Yasuda Me
|(|) Me
Me0—1|3
MeO COOMe

CHO

KH, THF, -50° C

Me Me COOMe

Kishi (73%)

Chi c6 dong phan (2)



6. Tu ylur
Tac chat Wittig — Dang khac

I
RO—P

Or COOMe n C.H COOMe nC:H
- 61113 + 61113
\_CHO Baz _\_/ _\=\

COOMe

KN(TMS),/ITHF véi OR = OMe thi H = 81% v@i ty |é Z:E = 8:1
vOi OR = OCH,CF, thi H = 90% véi ty |1é Z:E = 12:1

PhCH,N*Me,OH- (Triton B)ITHF véi OR = OCH,CF, thi H = 84% v@i ty
lé ZZE=7:1

t-BUOKITHF thi H = 70% véi ty |& Z:E = 2:5

San pham (2)-alken thuéng duoc uu tién.



6. Tu ylur
Tac chat Wittig — Dang khac

OSiMe,t Bu  Phanungnoiphan tu

Me OSiMe,t Bu
O NaH/DMF
-
S OMe Paquette
PI— OMe O

O o (89%)



6. Tu ylur
Tac chat Wittig - B

=z
Warren
O
o—/
(0]
Ph—b
ph” \
COOEt
z
0]
\_o0
0
o—/



Ph
\ Etl
/S —>
Ph
Ph
S + \/\Bl"
Ph
Me, CH,l
S= >
Me/

6. Tu ylur

Sulfur ylur
Ph ~ Ph
@\S / t Bul - @\S @/
/ /
Ph Ph

Sulfonium ylur

Ph\ JJ Ph\
— > Gr)/ S + @ 34<7

Ph Ph
Me ® I@ . Me\ ®
CH;—S= nBuli _ Coh,—s=o0
Me Me

Sulfoxonium ylur



6. Tu ylur
Sulfur ylur



6. Tu ylur
Sulfur ylur

Tac kich hudng truc  Tac kich hudng xich dao

Me
\@® © i
S—CH, (5 - 1)
Me
o Me\@
CHZ—/ S=0 (0 ; 100)



)
Me zﬁ—CHC OOEt

Q)

Q)

6. Tu ylur
Sulfur ylur

SMe 2

COOEt

o COOEt
— +  Me,S

Sulfonium ylur uu thé coéng 1-
2

0
— é}coom +  DMSO

4 Sulfoxonium ylur uu thé coéng 1-4



Me

Me

6. Tu ylur
Sulfur ylur

Me
O \@
CH>—S=0
COOEt / Me COOEt

(9%)

Me COOEt

COOFEt Me COOKEt
(91%)



O
MEzs_CHZ
N—Bn CN Il
A\ 0 - A\
N N
\
H

® 0o
Me zﬁ_ C H2
O

6. Tu ylur
Sulfur ylur

Mashimo va Sato




6. Tu ylur
Sulfur ylur

O
ﬂ @
DS en, —=
\(-‘PhZS)
O
O
N O%I
Nguoi ta c6 thé thay HBF, OD —

bdi LiClO, hoac acid Lewis
khac.



6. Tu ylur
Sulfur ylur

Su chuyén vi vinil ciclopropan :

0 OSiMe, OSiMe;
o)
CH LDA z Me,SiCl ~ 500°C
3 g ik R e
&)

H,0

S



0
— Ph
®_>_ K,CO,
N s,
N

Me

6. Tu ylur
Nitrogen ylur

@J‘ @f

Me

@ | ®l O .
Me—l}I—Cﬁg + PhLi ———> Me—l?I—CHZ + LiBr + PhH
©
Me Br Me
Me Me
@ | PhLi @l ©
Me—lTI—CH;; — Me—lTI—CHZ
© .
Me 5O CHY 1Li®




6. Tu ylur
Nitrogen ylur
O

L

o1t o Ph” “Ph Me, Me OH h
I\I/Ie 2.H30 Me/ Ph
Me M '0)
® ©  LPhC=EN  Me. |
R i
Me 2.H;0 Me Ph
Me
® ©  LPhCOOEt pe. ¢ |
Me—N—CH, 5 SN \)]\
| 2.H;0 Me” Ph
Me

Phan ung cong A,



6. Tu ylur
Nitrogen ylur

Chuyén vi Stevens :
O Me O Me

@l |
ag NaOH N
Ph NP H > Ph “Me
Me
Ph
(- H,0) / OH@ /

)@111 Ph T
Ph | " @NG\)

Me | Ph Me
_ &CHZ—Ph |




6. Tu ylur
Nitrogen ylur

Vi du vé chuyén vi Stevens :

SO0 = [O500

o |
s [echs




6. Tu ylur
Nitrogen ylur

Su chuyén vi Sommelet :




6. Tu ylur
Nitrogen ylur

Vi du vé chuyé&n vi Sommelet :

Me Me
@\ /Me | ,Me
N\ N\
CH; CH,

NaNH, j

Me



7. Tu ion enolat
Su tao thanh Ion enolat

rat dién

0 0
Baz
-~ N
\ ©
H co tinh acid - lon enolat -
lon carbanion
Tinh acid cua H, phu thuéc vao nhém rut dién tur :
~,.-H Nc ~OR ~,.-R
—NO, ) fj ) —SOR ) - —CN ) & ) Ph—

O O Q)



7. Tu ion enolat
Su tao thanh ion enolat

Gia tri pKa :
S Y“ Y% )V‘ N
18,6 H
)k/ COOEt COOEt
Ph H ‘—éH H_<
16,5 H COOEt COOEt
15,0 13,3
o) o) o) o)
Me Me H H Me
H H H_< \—
CN
H Me Me g o MeOS Me No2
o) o) o) o)
11,0 9,0 5,9 4,7



7. Tu ion enolat

Su tao thanh ion enolat

Gia tri pKa ctia vai hop chat hitu co theo Pearson va

Dillon :

Hop chat pKa
CH,NO, 11
CH,(NO,), 4
CH(NH,), 0

CH,SO,CH, 23
CH,SO,CH,, 14
CH(SO,CH), ©

Hop chat pKa
CH,COCH, 20
CH,(COCH), 9
CH(COCH,)), 6

CH.CN 25
CH,(CN), 12
CH(CN), 0



7. Tu ion enolat
Su tao thanh ion enolat

Baz st dung trong qua trinh tao thanh ion enolat phai la
baz khong c6 tinh than hach,

0 oo OLi
\/

/ n C,Hg

San pham cdéng than hach

Baz cé tinh than hach

lon OH- va RO- dé dang khu proton phan I6n cac ceton. Trong dé
NaOH/H,O hay EtOH thuong duoc st dung va tot hon MeONa/MeOH,

EtONa/EtOH hoac t-BuONa/BuOH.

Tuy nhién, cac baz nay déu cé ca tinh baz va tinh than
hach.



7. Tu ion enolat
Su tao thanh ion enolat

Cac baz NaH va KH thi cé tinh than hach rat kém, nén duing dé tao
ion enolat. Tuy nhién do tinh baz ciing kém nén chi duoc dung dé tao
ion enolat cia dan xuat malonat, ester acetoacetat va 1,3-diceton.

Céac amin bac 2 do NH c6 tinh acid yé&u, nén khi cho tac dung véi mot
baz manh thi n6 sé tré thanh mot baz manh (baz amid).

n C,H,Li < @ ®
e N Li
THF
Tir -78°C dén 0°C 4<

Baz amid manh nhung khéng
cé tinh than hach.

~a
4<



7. Tu ion enolat
Su tao thanh ion enolat

Cac loai baz amid :
Me Me
—\ < © >Caj<
C @ N~ @ N

Li L1 Me @® Me
/ 4< L1
Liti tetrametilpiperidid

Liti dietllamid .0 4o onropilamid

(LDA) NMe, NMe,
Me 3Si

\ © @

N D

N 9@
Me;Si

Liti hexametildisilazid Lo
1,8-bis(Dimetilamino)naptalen



7. Tu ion enolat
Su tao thanh ion enolat

M6 hinh cuia cac baz amid trong dung moéi THF :

(THF),
N Li®(THF)n _ = N< :N
— 4< . >7

(THF),



7. Tu ion enolat
Su tao thanh ion enolat

Do anh hudng cua cau tric cla ceton va baz, ion enolat c6 thé tao
thanh c6 dong phan hinh hoc E/Z.

R’ LiNR,/THF R'
Me/ﬁ( - /Y
0 Tu -78°C dén 0°C

0o L1 Og Ll@
(2) (E)

R’ LINR, (Z2):(E) R’ LINR, (Z2):(E)
Et LTMP 14:86 I-Pr LDA 60:40
Et LTMP/HMPA 92:8 I-Pr LICA 59:41
Et LDA 23:77 I-Pr LHDS 08:2

Et LICA 35:65 I-Pr LTMP 32:68
Et LHDS 66:34 t-Bu LDA 08:2

Et (Me_.PhSi).NLi1 1000 Ph L DA 08-2



7. Tu ion enolat
Su tao thanh ion enolat

LDA : Liti diisopropilamid

LICA : Liti isopropilciclohexilamid
LTMP : Liti 2,2,6,6-tetrametilpiperidid
LHDS : Liti hexametildisilazid



7. Tu ion enolat
Su tao thanh ion enolat

Me O

. A

e 9o Li®




Me
Me

Me
Et
Et
Et
Et
Me

7. Tu ion enolat
Su tao thanh ion enolat,
R

LiNR,/THF

> o
Tu -78°C dén 0°C

LiNR, (2):(E)
LDA 5:95
LDA 2:98
LDA 5:95
LDA 9:91
LDA,HMPT 84:16
LDA 5:95

LDA,HMPT 77:23
LDA 10:90

1 1
R
Z/Y + xR
E
z O@ Li® Op LiGD
R R? LiNR, (2):(E)
NET, Me LDA 97:3

NEt, Me sec-BulLi 75:25

Pyrolidino Me LDA 97:3
Pyrolidino Me sec-BuLi 80:20



7. Tu ion enolat
Phan ung thé S

@
\)\(\ -
A A \)k/CHs +  Lil

lon enolat
Me Me Me CH;
Y LDA CH;l Y
\ 4 \ .
O O@ @ O

Larsen va Monti Li



7. Tu ion enolat
Phan ung thé S

Cac ester, lacton ciing c6 thé tao ion enolat.

1. LDA, THEF, HMPT
2. Mel

Lacton O



7. Tu ion enolat
Phan ung thé S

OSiMe;,
1.LiNH,/THF
y o
2.n C,4Hyl
San pham duy
1. MeLi, THF, HMPA nhat

Tuy tinh acid 2.n C4Hgl
cla cac H,

HMPA =
Hexametilphosphoramid 7 "

(52%)



7. Tu ion enolat
Phan ung thé S

Phan tng c6 thé xay ra lién tuc cho dén khi chat nén
hétH,

O
NEINHZ NaNH2
MEI MEI

NaNH2
MeI



7. Tu ion enolat
Phan Ung thé S,

COOEt COOEt Bn COOEt
1. EtONa/EtOH 1. EtONa/EtOH
a > Bn >
2. BnBr 2. Mel M
COOEt COOEt €  COOEt

Ester malonat

O @ O
)]\/ 1. EtONa/EtOH 1. 30 .
COOEt 2. PhCH,Br COOQOEt 5
a
Ester acetoacetat
Ph
Me COOEt Me Me
1.
Me O. Me (@)
\O)\/\Cl MeONa/MeOH Wo
0 ® > 0
2. H;0

3.A



7. Tu ion enolat
Phan ung thé S

I O NG NC COOEt
COOEt
\ CN
t BuO I

£ e
0 O t BuOK/t BuOH

Me” Me 0°C 6><0 o_ O

Me Me Me Me



7. Tu ion enolat
Phan ung thé S

Su canh tranh cua C-alkil héa - O-alkil héa cta ion enolat :

O

@
O O
Baz
y B ey g N
. © .
O
Piéu nay cho thay ca C-lan O ©
déu cé thé tac kich than hach.




7. Tu ion enolat
Phan ung thé S

- - Rl
0 0 o° o~
/U\/ ks /lK )\ 2= )\
R' —-=—— s —
o I AN
C-Alkil héa ) ) O-Alkil hoa

Xét vé nhiét dong hoc, su C-alkil héa thuan tién hon vé mat nang
luong.

Tuy nhién, yéu té 1ap thé€ ciing quan trong trong su canh tranh ctia C-
alkil héa va O-alkil héa



7. Tu ion enolat
Phan ung thé S

@
0 )(L/ O M
M
R’ R’
Ph)H/ Me - Ph)\‘/
R DMSO R
30°C
2
Zook va Mitler R X
30°C
R
0~ 0
R' + R'
R R

O-Alkil héa C-Alkil héa



Rl
Ph

Et

Na

Li

Na

7. Tu ion enolat
Phan ting thé S,

R2X
n-PrCl
i-BuCl
n-AmCI
n-AmBr
n-PrCl
n-PrBr
i-BuCl
n-AmCI
n-Aml
n-PrCl
i-BuCl

Ty Ié mol O-alkil héa : C-alkil hoa
1:3,7
1:4,8
1:3,6
1:7,1
1:0,9
1:2,3
1:1,9
1:0,77
1:5
1:0,77
1:1,9



Me

Et

R’
Et

Me

Et

Na

Li

Na

Na

7. Tu ion enolat

R2X
n-AmcClI
n-AmBr
n-Aml
i-BuCl
n-AmClI
n-PrCl
i-BuCl
n-AmCI
n-PrCl
I-BuCl
n-AmCl

Phan ting thé S,

Ty Ié mol O-alkil héa : C-alkil hoa
1:0,8
1:1,6
1:4,4
1:1,4
1:0,45
1:0,77
1:1,5
1:0,48
1:0,14
1:0,28
1,0,11



7. Tu ion enolat
Phan ung thé S

R R’ M R2X Ty Ié mol O-alkil héa : C-alkil hoa
Ph Ph Li n-PrCI 1:0,01
n-AmCI 1:0,01



7. Tu ion enolat
Phan ung cong A,

Cac cac phan trng cong than hach A nhu :
- Phan Ung aldol héa.
- Phan tng cOng Claisen.
- Phan ting cong Diecmann.
- Phan ting cong Knoevenagel.
- Phan ung cong Stobbe.

- Phan ung cong Darzens



7. Tu ion enolat
Phan ung coéng aldol h6a

0
H3O@
Khéng c6 H, > .
@0 i

Ph HO Ph

PhCH=0 i HO™  Ph
Phan ung Claisen-Schmidt
0 o°
\/lk/ Hor \)\/
EtOH A
0

N

(0 O
H;0
é
o@ OH

Néu st dung chung 3-
pentanon va benzaldehid thi
sé thu dugc hon hop cac
san pham trén.

Phan ung aldol hoa




7. Tu ion enolat
Phan ing cong aldol héa

2. H,0”

(0
x \/\K(
O o
2. H,0°

o . 00 ;
EtONE
EtOH



7. Tu ion enolat
Phan ing cong aldol héa

Phan ung aldol héa noi phan tu :

O

————

O

Phan Ung aldol héa noi
phan ti thuong xay ra rat
nhanh.

)@)

@0

H,0

o

~




7. Tu ion enolat
Phan ing cong aldol héa

Vai vi du vé phan tng aldol héa ndi phan tu :

]|3n

Me O
"N"NcHo Na,CO,
aq EtOH
Marshall

CHO

9) (o) Q) 0)

HCI 10N
MewCOOEt e COOEt

Buchanan



7. Tu ion enolat
Phan ing cong aldol héa




7. Tu ion enolat
Phan ing cong aldol héa

Truong hop cac hop chat diceton c¢é nhiéu Ca :

Uu tién trong moi truong acid

a Uu tién trong moi trueong baz



7. Tu ion enolat
Phan ing cong Claisen

/\)‘\OEt

OEt

EtONa
S

EtOH

Et

OEt

OEt




7. Tu ion enolat
Phan ing cong Claisen
Phan ung cong Claisen tréo :

O O@

/\)‘\ EtONa /\)\
S
OFt EtOH

>—c OOMe
/\F\[c OOEt




7. Tu ion enolat

Phan ing cong Claisen
1. LiN(SiMe),/THF

CH;COOQOEt > > m
3. H30 COOFt
LI‘O

O O
LiCH,C OOEt_ _EOH
THF, -78° C

Tu -78°C dén nhiét dé phéng




7. Tu ion enolat
Phan ing cong Dieckmann

-

CO?Et
OEt
OEt EtONa OEt
OEt FEtOH OEt 2
O l
COOEt




7. Tu ion enolat
Phan ing cong Dieckmann

COOEt

COOEt Me

Me EtONa_ Me
EtOH

Me COOFt



7. Tu ion enolat
Phan ing cong Dieckmann

Trong truong hop cua hop chat nay, ta sé thay c6 nhiéu
hudng tac kich theo phan tiing cong Dieckmann.



7. Tu ion enolat
Phan ing cong Dieckmann

MeOOC

MeOOC 1.KN(SiMe,),
THF, -78°C

2. H,0°

=

Boeckmann



7. Tu ion enolat
Phan irng cong Knoevenagel

O
COOEt OEt
< Et,NH /4 PhCH—-K 3
S e
COOEt
Ph COOFt Ph COOEt
_ —
(- H,0)
HO COOEt COOEt
Ph

Khéng thé xac dinh
duoc E/zZ \— """" COOH



7. Tu ion enolat
Phan irng cong Knoevenagel
Vai vi du phan irng Knoevenagel :

@\ PO Eona M"Et
< C Z
CHO 2.H30 COOEt

S COOE¢t S

CN
o NC

CN CH.COONH
+ < 3 A
Benzen

CN

(46%)



NO,

4

NO,

7. Tu ion enolat
Phan irng cong Knoevenagel

Q) O
\® O @\@ O
N—O N—O
N— O@ N— O@
/7® /
Henry O _(E\
CH=0 NO,
CH=C
H3O® \
o — NO,
q



7. Tu ion enolat
Phan tng cong Thorpe

N /\/C='®

_~_-CN _EtONa_ /</ _
CN

| CN CN
N NH,




7. Tu ion enolat
Phan ung cong Thorpe

CN
CN  EtONa
e NH,
CN
Phan Ung Thorpe - Ziegler l HBO

CN

ééo




7. Tu ion enolat
Phan tng cong Thorpe

NC
/\/\ .
1. EtONa \
2. H.0?
H, CN

CN HoN

Ban

1. aq NaOH
2. H,0°
: ?l 3.A
0 CN



7. Tu ion enolat
Phan ing cong Stobbe

Ph 0
O/\ COOEt BuO - COOEt
* t-B OII;)
-Bu
Ph Ph COOFt EtO
Dietil succinat |
Ph. _Ph pn (~OOEt
‘ 1. aq NaOH Ph
S
coou 2-Hs 0

COOH O

Lacton



7. Tu ion enolat
Phan ing cong Stobbe

COOEt
1. -BuOK/t-BuOH
+ - >
CHO 2. H,0”
Me Me COOEt

Trong phan tiing Stobbe, ion enolat c6 thé xuat phat tur
cac aldehid - ceton (néu c6 H_ ). Piéu nay cho thay c6
nhitng phan tng cong khac canh tranh cung phan tng
Stobbe nhu phan tng aldol héa, phan ung Claisen.

(68%)



7. Tu ion enolat
g cong Darzens

Phan un

a-Haloester

Ph

Tang 1 Carbon

A
CHO —<=——

Ph

COOH
H,0”

. (c 1
P +( phcHLo )EtONa_ | Ph
Cl COOEt - j COOEt

\

[ Ph

COOEt

Epoxi



7. Tu ion enolat

Phan &ng cong Darzens
EtOOC

CHO
0
CICH,C OOFEt H,d®
e —
t-BuOK/t-BuOH

Nhu vay, Phan ttng darzens lam chuyén héa aldehid - ceton thanh
mot aldehid c6 s6 nguyén tu carbon dugc tang thém 1.




7. Tu ion enolat
Phan ung cong aC|d dianion

Me

25°C

2 tam ta

[ Me
\/\)\(Oe Li?
B 1i®

H,0
COOH

nC 4H9
(85%)

@ Me

e

£ kich than hach O

l n C4H9B1“

\/\/i\coo i

nC4H9




7. Tu ion enolat
Phan tng cong acid dianion




H

NN

PR

CH;

7. Tu ion enolat
Phan tng cua ﬁ

Ph“4 "Ph

In

LlNEt‘ )|\
eter )
H CHM

>




7. Tu ion enolat
Phan trng cua imin

LDA, eter
)I\ >
-70°C




AN

7. Tu ion enolat

Phan

LDA, eter
e

-70°C

LIng cua imin

(90%) (5%)



7. Tu ion enolat
Phan tng cua imin

i I HO
Me 351 2.H,0 g pH 4 5

Me
Me

(90%)

Cac imin & dudi dang hidrazon ciing c6 héa tinh tuong
tu nhu cac imin thong thuong.



7. Tu ion enolat
Phan tng cua imin

NMEZ

NHZNMe 1. LDA/THF
2. Mel
Me |
Hg()@ \é
é
Tyléo97:3




7. Tu ion enolat
Phan tng cua imin

_NMe, 1.nC4HLI _NMe,
THF, -78°C__
/\)K \_/_Bl“ /\)k/\)
(94%)

Phan Ung oxid héa bdi NalO, NalO,
trong moi truong dém NaH,PO,

/\)OJ\/\)

(88%)



7. Tu ion enolat

Phan i*rng Mukaiyama

OSiMe;,

Ph 1. LDA Ph, __
y

Ph Ph

/

Ph

Ay

TiCl,, CH,CI
» 2T

Ph_~ cuo -78C

cl
N\ Ia

Ti1.

Me)WPh

Ph

Ph

Ph
/ o

ME)S(\\/\Ph




7. Tu ion enolat
Phan u‘ng Mukalyama

OSiME3 OH O OSIMEB O
1L.phcHO,MX, U A N A A Ph
CH,CI, Ph Ph
> + +
2.H,0
(A) (B) (@)
MX_ Nhiét do (°C) Thoi gian (gio) %(A) %(B) %(C)
TiCl, Phong 2 82 vét 2
TiCl, -78 1 92 0 0
SnCl, Phong 1 33 vét 28
SnCl, -78 1 83 vét v ét
FeCl, Phong 1 0 0 12
AlCI, Phong 1 55 vét v ét
BCI, Phong 1 26 0 0



7. Tu ion enolat
Phan i*rng Mukaiyama

MX_ Nhiét do (°C) Thoi gian (gio) %(A) %(B)
BF,.OEt, -78 1 80 12
ZnCl, Phong 10 69 8
SnCl, -78 12 vét 0
Bu,SnCl Phong 24 0 0
MgCl, Phong 24 0 0
CdCl, Phong 24 0 0
LiCl Phong 24 0 0



7. Tu ion enolat
Phan i*rng Mukaiyama

/\‘/ s /\E - HZO :

Hon hop 2 déi quang véi ty

18 1:1 H? | (-H,0)

Thdng thuong, phan ing cong theo
Mukaiyama cho san pham ceto-alcol la

mot hon hop 2 chat doi quang véi ty 1é IR
1:1.

(+)-manicon

Mot pheromon bao dong



7. Tu ion enolat
Phan ung Mukaiyama

1 TlCl4
CHO 8°C

+ Ph/\/
2, HZO

Hon hop vaéi ty 1é 1:1 va hiéu suat chung la

68%
: 1.TiCl
Ph OSiMe 4
= Ko T |
+ >
2. H,O
Ceton duoc bao vé Si2 MeO

- - Ph
Phan irng Mukaiyama phan ung duoc ngay ca voi (91%)

cac nhom carbonil dugc bao vé.



7. Tu ion enolat
Phan i*rng Mukaiyama

Phan ing Mukaiyama ciing cho phan ung cong 1-4 :
OSiMES

O Ph O
O 1.TiCl,
+ /\)‘\ -78°C Ph
Ph” X Ph >
2. 1,0

San pham céng 1-4
(95%)

L Me
M
e 1.LDA Me OSiMe; /\n/ °\ Me
: _ 0
)—COOEt — = P Ph/>2<COOEt
2.Me;SiCl TiCl,

Me Me OFEt
Ester




7. Tu ion enolat
Phan ung Meyers

Me

0 n C4HoLi_ 76\ _Mel
Me )\ )\
N/ CH > L

1,3-Oxazin

Me

&

Me

Me
NaBH4 76\)\\ H3

Aldehid



7. Tu ion enolat
Phan ung Meyers

Me AN 0
O n C,Holi_ Ph” “Ph
Me )\ )\ : ~
Me 3 2
1,3-Oxazin
Me Me O
(0] (0] é‘B H

Me _ NaBH4> Me Hj;

N N Ph Ph

Me Ph Me Ph OH

Ph OH Ph OH

Aldehid



7. Tu ion enolat
Phan ung Meyers

Me
1. RX O
o) 2.NaBH, JK/R
Me )\ o o 3.H3O® H
N~ ~CH, L > Aldehid
Me
RX
Mel 60%
n-Prl 65%
n-BuBr 67%
CH,=CHCH,Br 53%
i-Prl 47%

PhCH,Br 54%



7. Tu ion enolat
Phan L'rﬁg Meyers o

O 2.H,0

ek

Me "3 -
R?! R?2
CH, H
CH., H
Ph H
Me Me
-(CH,).-
Et Et
Ph Me

Dl Dils

T
1 2
R R
Aldehid

61%
48%
64%
50%
53%
62%
50%

290/



7. Tu ion enolat
Phan ung Meyers

0
s >7CH@ Li®
Me /> CHs e H Li. Me 4 2
N > N

Me 2-Oxazolin Me
H,SO,
PhCH,Br_ = O
S,2 0)

Me 7" EXOOC
M7EN Ph \
e

Ester



7. Tu ion enolat
Chon loc lap thé

R2

Li®
© R} X * Rl Dong phan
R/ﬁ( ——>» R quang hoc
0 S\2

O

Pong phan
quang hoc

Pong phan
hinh hoc




7. Tu ion enolat
Chon loc lap thé

(=)Bz OBz
: Me Me i

1. LDA/THF -
O 2. Me/HMPA  BzO

Me” : . . Me”
< Tu -78°C den -40°C =
O O

Me l\éfle
M
e‘ S, Li®




7. Tu ion enolat

Chon loc lap thé
[\ [\

0, .0

1. LDA/THF
-78°C
2. Mel

1. MeONa/THF>

2. H,07

Epimer hoa



7. Tu ion enolat

Chon loc lap thé
[\

o, .0
O~

H
Me

Hinh chi€u phdi canh
(b6 qua vong 5)



7. Tu ion enolat
Chon loc lap thé

O
)k/ baz )\ 1. PhCHO>
Me —— Me
Ph PhT ™ | 2 H30@

lon enolat
O OH

Thu duoc 4 san pham
dong phan lap thé. Ph Ph

Nguyén nhan la trung
gian ion enolat ton tai

6 dang hon hop dong O OH
phan E/Z. )k/\
Ph Ph



7. Tu ion enolat
Chon loc lap thé

Tuy theo dang déng phan Z/E cda ion enolat ma ta c6 thé thu duoc
san pham uu tién.

P | oo O OH
1. PhCH
2 : >
1 )\/R 1
R \ 2. H30® R)%Ph syn
Z-Enolat R?
o O OH
1. PhCHO i
- > - anti
R)\ 2. H;0® R)H/\Ph
R’ R?

E-Enolat



7. Tu ion enolat

N ~? ;'.
Chonloc lap the o
Gidi thich theo md hinh cia Zimmerman : H R
R3 0 @ M@ ITZ R2
\(-'_I{Z ) \ O~._.M/O R3 oM O
H R! H HH R
Z-Enolat | H R?
H 0 R |
\( - o° M | n_ oM P
R3 + _ O-.. M/O
I TN T e
H R’
Z-Enolat R’ H\ O_{YI
o
H



7. Tu ion enolat
Ch(_)n loc lap thé

3 |
>—< — | "M — K

R
RZ
E-Enolat | H
' H
A g —
el H
E-Enolat - H -
2 o
R



7. Tu ion enolat
Chon loc 1ap thé

Xét phan Ung giltra benzaldehid va 2-butanon theo mé hinh
Zimmerman :

D
Me O@ L
>=< + H O
\f 3
H Me
Z-Enolat Ph
Me
Li
H O/
O
Ph
Me

syn-Aldol héa



7. Tu ion enolat
Chon loc 1ap thé

Xét phan Ung giltra benzaldehid va 2-butanon theo mé hinh
Zimmerman :

H o L@ Mgy
e H ~ /Li

+

= e e e —

Me Me O
E-Enolat
Me O OH
Li ® :
Me O/ Hy0 _  Me Ph
O

Ph Me

anti-Aldol héa



Me

CH,OMe

DMP

7. TUu ion enolat
Chon loc 1ap thé

E-Enolat

LDA
OR' “THF 2
R? R3
Me Me
Ph
i-Pr
Me Me
i-Pr
Me Ph
n-C.H,,
i-Pr

© 1i®

~

1

Ty Ié anti : syn

57 : 43
55:45
55:45
67 : 33

90: 10
88:12
86:14

98 : 2

OH O

RcHo_ ﬁ)k /H)k

anti
DMP = 2,6-Dimetilphenil

Bang so liéu thuc nghiém
nay cho thay san pham anti
thuong chi€ém uu thé hon
san pham syn.



7. Tu ion enolat
Chon loc lap thé

Gidi thich theo md hinh cua Evans : R Q..
N M
V/-\Rz R 0 C ] ©
R3 o. H é ..... M R
...M / 1
E / }295/0 HoE
O H
H s L E-Enolat
R R 3 A
H Rl Q anti-Aldol hoa
Z-Enolat Z-Enolat H H 0..
syn-Aldol héa anti-Aldol héa

A

E-Enolat
syn-Aldol hoa



7. Tu ion enolat (
Chon loc lap thé

H T R
Giai thich theo mé hinh ctia Noyori : O{{\‘j




7. Tu ion enolat
Enamin

Nam 1954, l1an dau tién, Stork bao cao vé viéc tédng hop enamin tur
ciclohexanon va pyrolidin.

P
N
+ g 7 —_— N
Enamin

Enamin c6 dang gidong nhu enolat nén duoc goi la “nito — enolat”.



7. Tu ion enolat
Enamin

Phan tng cua enamin :
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Enamin

(66%)



7. Tu ion enolat
Enamin
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7. Tu ion enolat
Enamin

Phan tng enamin phi doi xting :
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7. Tu ion enolat
Su dong vong theo Robinson
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7. Tu ion enolat
Su dong vong thgfobinson
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