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o-Ankyl hoa cac hop chét ceton thong qua enolat, azaenolat hodc enamin

a-Alkylation of ketones via enolates, azaenolates or enamines
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Tém tit

o-Ankyl hoa ceton 1a mot chuyén hoa co ban trong téng hop hiru co. Cac phuong phép truyén thong ankyl hoa théng qua
trung gian enolat, azaenolat va enamin di dwoc phat trién trong sudt 60 nim va phién ban ankyl hoa chon loc d6i phan
da dugc cong bd va dugc dung dé sinh ra cac san pham ankyl hoa voi hiéu qua t6t va do chon loc ddi phan cao. Bai tong
quan nay s& dé cap dén qua trinh phét trién ctia phuong phép ankyl hoa truyén thong nay.

Tuwr khoa: o-ankyl hda ceton, enolat, azaenolat, enamin.

Abstract

a-Alkylation of ketones is a fundamental organic reaction. The traditional methods of alkylation via enolates, azaenolates,
and enamines have been developed over 60 years and their enantioselective versions have been employed for producing
enantiomer-enriched alkylated products with high efficiency and selectivity. This review provides an overview of this
type of a-alkylation.
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1. Gi6i thi¢u

Nhiéu hop chét tu nhién c6 hoat tinh sinh hoc
nhu taxol, erythromycin, estrone, cycloheximide
va dinoprostone chira nhirng nhém ceton vdi cac
o-cacbon bit di xtmg (Hinh 1). Dé tdng hop duoc
cac hop chat ty nhién nay, rit nhiéu cac phuong -
phap a-ankyl hoa chon loc lap thé di duoc phat . BJ/OH
trién trong sau thap nién qua. a-Ankyl hoa cac Rt
ceton thong qua sy hinh thanh enolat, azaenolat 0 ) QL ﬂ o
hodc enamin thuong dugc st dung kém vai cac o HO } N

HO HN A, HO OH

Estrone ¢ Cycloheximide Dinoprostone

tinh chat chon loc lap thé thong qua su hinh thanh
cac chat trung gian: enolat, enamin, azaenolat.

nhom thé bat ddi xing dé tao nén hiéu qua chon
loc lap thé. Bai tong quan nay duoc sip xép theo

Hinh 1. Cac céu triic a-ankyl hoa cua ceton
Email: nguyentrongthien@duytan.edu.vn trong cac hgp chat tu nhién
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2. a-Ankyl hoéa cac hop chit ceton
2.1. a-Ankyl hoa cdac ceton thong qua sw
hinh thanh enolat

a-Ankyl hoa cac ceton thong qua su hinh thanh
enolat 1a mot chuyén héa tong hop co ban (1.1 —
1.3) [1 - 10]. Enolat (1.2) dugc sinh ra bang sy
khir proton ctia ceton bang bazo manh (thuong 13
lithium diisopropyl amine (LDA)) va phan tng
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v6i ankyl halogenua hinh thanh nén lién két C-C.
Mic du duge dé cap nhu mot phuong phap hiéu
qua trong cac sach hoa hoc hitu co nhung phuong
phap enolat van c6 nhiéu gidi han nhu di- hodc
polyankyl hoa, khé kiém soat chon loc hoa hoc dbi
vOi cac ceton bat dbi ximg va cac phan tmg phu.
Nhimng van dé nay thuong duoc giai quyét bang
cach st dung enamin hodc imin thay cho ceton.
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So d6 1. a-Ankyl ceton 1.1 théng qua enolat 1.2

2.2. a-Ankyl hoa ceton thong qua enamin

Nam 1956, Stork va cong su cong bd phan tng
ankyl hoéa cua enamin sinh ra san phim mono-
ankyl hoa & a-cacbon it chuéng ngai lap thé hon
v6i do chon lgc vi tri cao (2.2 — 2.3) [11]. Phan
ung ngung tu cuia cycloankanon voi pyrolidin
sinh ra enamin chon loc véi it nhom thé 2.1 —
2.2). Tiép theo d6 1a phan Gng thé than dién tir

] R

2.1

2.3a, 70% 2.3b, 85%

cta enamin (2.2) voi ankyl halogenua hodc phan
ung cong than hach twong tu nhu cong Michael
sinh ra san phdm mono-ankyl héa (2.3). Mic du
tinh chon loc vi tri tot dat dugc trong qué trinh
nay, viéc st dung cac tic nhan ankyl héa hoat
tinh (ankyl halogenua hoac tac nhan phan ung
cdng Michael) van rat can thiét do su giam hoat
tinh than hach ctia enamin so vdi enolat.

1) R?X o)
2) H,0 R! R?

2.3¢,42%

So d6 2. a-Ankyl hoa ceton thong qua enamin

2.3. a-Ankyl héa ceton thong qua azaenolat
Niam 1963, Stork va cong su cong bd phuong
phap a-ankyl hoa cac hop chat cacbonyl thong
qua azaenolat (3.1 — 3.2 — 3.3) [12]. Imin (3.1)
phan tng vdi ethyl magnesium bromua sinh ra
azaenolat (3.2), tdc nhan ankyl hoa c6 hoat tinh

manh hon enamin rit nhiéu. Phan ung thé than
dién tur cua 3.2 voi ankyl halogenua tao nén cac
san pham ankyl hoa, san phdm nay sau d6 dugc
thiy phan trong moi treong axit sinh ra cac ceton
3.3. Phuong phap nay rét hiéu qua cho cac ankyl
halogenua bac mét hoac bac hai.
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So d6 3. a-Ankyl hoa ceton thong qua azaenolat

2.4. a-Ankyl héa chon loc doi phén ciia ceton
thong qua enamin

Nim 1969, Yamada mé ta mot nghién ciru vé
amin c6 cau hinh 1ap thé tuyét dbi va img dung cua
amin ndy dé tao nén enamin bat dbi dung trong
phan g ankyl héa. Phan trng cong cua enamin 4.1
voi metyl acrylat hinh thanh nén imin va sy thuy
phan cac imin nay sinh ra 2-ankylcyclohexanon
v6i 43 % chon loc dbi phan (ee) (4.1 — 4.2) [13].
Tinh chon loc dbi phan xudt phat tir cAu hinh tuyét
dbi cua enamin, duoc diéu ché tir L-prolin. Mac
di ee ciia phan (mg thip nhung chuyén hoa nay
1a mot trong nhimg o-ankyl hoa chon loc d6i phan
dau tién dugc cong bd.

U‘COOZ—Bu

N Z>C0O,Me 0
MeOH, refluxing, 3 h \
33%, 43% ee COOMe
4.1 4.2

So d6 4. Ankyl hoa chon loc dbi phén théng qua enamin
o cau truc tuyét doi
2.5. o-Ankyl héa chon loc d6i phan cia
ceton thong qua azaenolat
Nam 1976, Meyers dang tai phan ing ankyl hoa
¢6 tinh chon loc ddi phan cao (82% dén >95% ee)
ctia ceton vong [14 - 16]. Imin 5.1 ¢6 cdu trac 1ap

thé duoc diéu ché tir cyclohexanon va amin twong
ung. Azaenolat 5.2 dugc hinh thanh tir phan Gng
cta imin véi LDA va tham gia phan tng thé voi
ankyl halogenua sinh ra san pham ankyl hoa 5.3
v6i d6 chon loc ddi phan cao. Lién két phdi tri gitra
nhém metoxy véi littum che chidn mot phan khong
gian dbi voi tac nhan than dién tir 1a nguyén nhan
dan dén tinh chon loc 1ap thé ciia phan tng nay.

Ph—. Ph—.

N N DRX,-78°C O
ilj OMe  1pu, 20°C @ OMe | pypo+ R
—_— —_—
5.1 52 53

R = Me: 5.3a, 72%, 82% ee
R = n-Pr: 5.3b, 50%, >95% ce
R = Allyl: 5.3c¢, 80%, >90% ee

So d0 5. Ankyl hoa chon loc d6i phan théng qua
doi phan azaenolat

Trong khi do, cac nhém phu tro (S) and (R)-1-
amino-2-methoxymethylpyrrolidin (SAMP and
RAMP) dugc phat trién boi Ender va cong su
vao nim 1976 va rat hiéu qua trong viéc ankyl
hoa chon loc d6i phan ciia cac hop chat cacbonyl
[17]. Qua trinh ankyl héa c6 thé duoc thuc hién
trén cac hé thong mach vong va ho (6.1 — 6.3).
Tuy nhién, nhitng phan tng dung chét phu tro
SAMP/RAMP phai duoc thuc hién & nhiét do rat
thap (-110°C) va déy ciing 1a diém khong thuan
loi cua phuong phap nay.
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FLN E N-NH,
OMe : MeO
SAMP RAMP
N 1) LDA N Ozone or
N N O
! 2) EX E OMe Mel, HCI B
RI/\ OMe le\.\ RIK'\
i 72-96% 5 51-99% "
R R R
6.1 6.2, de =31-99% 6.3, de =31-99%

E = Me, Et, n-Pr, Bn, allyl; X = Br, |
R!'=H, Me, Et, n-Pr; R = Me, Et, n-Pr, i-Pr, n-Hex, Ph
1 2_ ¢
R*, R =-(CHy);-, -(CHy)ys-, -(CHy)s-, -(CHy)¢-
So db 6. Ankyl héa chon loc dbi phan thong qua chét phu tro SAMP
Gan day, nhom nghién ctru cua Coltart cong  tmg ngung tu hydrazone ciing nhu loai bo dé
b mot chuyén hoa chon loc dbi phan ciia cac  dang bang phan tng thity phan trong méi trudng
ceton bat dbi xtimg (7.1 — 7.2 — 7.3) bang cach  axit. Pdng thoi, chat phy tro ndy cho phép phan
su dung chét phu trg N-amino cyclic carbamate ung duogc thuc hién ¢ nhiét d¢ cao hon (-78 °C)
(ACC)[18, 19]. Chét phu tro ACC nay twong ddi  so vé&i nhiét 6 dung cho chit phu trg SAMP/
dé gin 1én trén cac hop chit carbonyl bang phan  RAMP.

0
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S \g( 1) LDA N \X( o
| 0) 2) EX | o) TsOH
RIJ\ — RIJ\"E - leka

77-96%
2 2 2
R de = 82-97% L

7.1 7.2 7.3

E = Et, n-Pr, i-Pr, Bn, allyl; X =Br, [, OTs

R!=Et, i-Pr, Ph; R?=Me

R!, R? = -(CH,),-

So d0 7. Ankyl héa chon loc ddi phan thong qua chét phu trg ACC
Mot nghién ctru khac gan day ctia Yang va  dién tir dé dinh huéng ankyl hoa va nhém phu

cong su cong bd phan ung o-ankyl héa cic tro bat dbi xtng N-tert-butyl sulfinamide dé tao
sulfinimin nham tao nén cac cacbon bac bdn bat nén cac san pham ankyl hoa véi tinh chon loc vi
dbi xtng [20]. Phan Gmg nay dung nhom thé rat i va ddng phan 1ap thé cao (8.1 — 8.2). Trong
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qua trinh nay sulfinamide 8.1 dugc cho phan cac nhom thé rat dién tir va phu tro trong 8.2
ung voi ankyl halogenua véi sy hién dién cua lai dé dang duoc roi di dé tao nén cac san phém
baz NaHMDS, dong vai tro thic déy qua trinh  twong ung vadi tinh chon loc lap thé van dugc
ankyl hoa, dé tao nén 8.2. Thuan loi hon nita, gilr nguyén.
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So d6 8. a-Ankyl hoa chon loc dong phan 1ap thé cua sulfinamide vong
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3. Két luén

Nhin chung phuong phép ankyl hoa thong qua
enolat, enamin va azaenolat 1a mgt cong cu co
ban va hitu ich trong tong hop hitu co nham tao
nén cac lién két C(sp®)-C(sp*) & vi tri a-cacbonyl.
Mot s6 phuong phap ankyl hoa sir dung cac chat
phu trg bat dbi xtmg dé tao nén cac san pham
ankyl hoa voi do chon loc dbi phan rit cao va
hiéu suat tét. Tuy cac phuong phap nay van con
mot s6 han ché nhu nhiét do rat thép cho cac qua
trinh ankyl hoa va tinh chon loc vi tri phan ung
d6i voi cac nhom cacbonyl bat dbi xtng ciia mot
sb phan tng con chua tdt, nhung véi do chon loc
d6i phan thu duoc twong ddi cao va khong s
dung cac kim loai nang, cdc phuong phap nay
c¢6 kha ning tmg dung hiéu qua trong nhiéu quy
trinh tong hop cac hop chat ty nhién ¢ hoat tinh
sinh hoc va dugc liéu.
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