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Abstract

The asymmetric organocatalytic aldol reaction is one of the most important C-C bond forming tools with the high
control of diastereosectivity and/or enantioselectivity. Recent developments of chiral organocatalyst systems allowed
the aldol reaction to be carried out under mild conditions, giving products in high vyield and
diasteroselectivity/enantioselectivity with very good tolerance of functional groups. This review offers an overview
about some important advances of asymmetric aldol reaction due to the development of new chiral organocatalysts.
Some aspects in green chemistry of aldol reaction are discussed in this review. In addition, several practical applications
of the asymmetric aldol reaction in the total synthesis of complex molecules, such as bioactive natural products and

pharmaceuticals, are described in this review.
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1. GIOI THIEU

Gan day, theo xu hudng phat trién cia hoa hoc xanh,
cac phuong phéap tdng hop méi sir dung cac chat hiru
co bat ddi xtng lam xuc tac (organocatalysis) duoc
xem 1a mot trong nhirng lya chon 1y twong nhat. Cac
chit xtic tac nay khong chira cac nguyén t kim loai,
do vay giam thiéu chi phi trong viéc xu 1y 6 nhiém
kim loai ning va tinh ché san pham, dac biét 1a cac
san pham duoc sir dung 1am duoc pham. Mot lgi ich
nita 1a xuc tac hitu co khong dét tien, bén vai khong
khi nhung vidn mang lai san pham véi hiéu suat
chuyén héa va d6 chon loc lap thé cao, twong duong
V6i cac xtic tac khac.2?® Linh vuc xuc tac hitu co
dugc xem nhu 13 mot hudng nghién ctu méi, bd
sung cho cac hudng nghién ctru vé xic tac ddng thé
(nhu xuc tic enzyme) va xuc tac phuac kim loai
chuyén tiép da duoc nghién ctru tir 1au.™

Phan tng aldol hoa xuc tac hiru co bat dbi ximng
da tré thanh mot trong cac phuong phap quan trong
nhét dé tao lién két C-C vdi sy kiém soat hoa hoc lap
thé rat cao. Mot sé lugng Ién cac phén tir hitu co nho
nhu L-proline dugc st dung lam xuc tac cho phan
g aldol hoa bit dbi xtng. Lan dau tién phan tng
aldol hoa bat dbi xung truc tiép duoc Hajos—
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Parrish—Eder—Sauer-Wiechert cong bd vao nim
1971.F! Phan g déng vong aldol héa ndi phan tir
chi sir dung 3 % mol L-proline 2 thu duoc hop chat
ludng vong 3 véi hiéu suat va doé chon loc d6i quang
rat cao.

2
—_—
o DMF, 20 h © OH
1 3
100%
93% ee

M rong tiép huéng nghién ciru nay, hang loat
cac phan ung aldol hoa bat ddi xing noi phan tu,
ludng phan tir voi xtic tic proline va cac dan xuat
cta proline duoc nghién ciu. Co ché phan ung va
céu hinh san pham, d¢ chon loc dbi quang, dia ciing
da duoc nghién ciru mot cach ti mi. 2 Tiép sau do,
hang loat cac hop chat thién nhién, thudc va cac hop
chat c¢6 hoat tinh sinh hoc khac nhau da dugc tong
hop thanh cong sir dung cac chat xtc tac hitu co nay.
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2. Phan tng aldol bat déi luéng phén tir

Nam 2001, List va cong sy da st dung amino acid tu
nhién L-proline 2 lam chat xtc tac hitu co hiéu qua

trong phan tng aldol hoa bat di truc tiép tir acetone
va céac aldehyde khac nhau.” Cac budc trung gian
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bac biét, MacMillan va cong sy cling da ung
dung thanh cong xtc tac L-proline 2 trong qui trinh
téng hop hai budc cac loai duong khac nhau (hinh
2).!" Phan @ng aldol héa gitra hai phan ti aldehyde
11 tao ra san pham trung gian quan trong antl 13.
Budc tiép theo 1a cac phan ung dong vong ndi tiép
(tandem) Mukaiyama-aldol cua 13 vai silyl enol

L- Prollne
(20 moI %) ,
2
H oM TIPSO/if 5 H\\
OTIPS
11

o

Ngé Thi Thugn va cong su

cta phan mg dugc dé nghi nhu trong hinh 1. Trang
thai chuyén tiép 8 (mo6 hinh hoat hoa enamine) véi
su tham gia hoat hoa cua xuc tac 2 da dugc mod
phong va xac nhan boi cac nghién ctu vé dong
hoc,[™ co ché® va tinh toan lwong tir cua Houk va
cong sy

Hiéu suat

R °(% ) ee (%)
Ph 62 60
p-NO,Ph 68 76
2-Naphthyl 54 77
i-Pr 97 96
t-Bu 81 99

Hinh 1: Co ché hoat ho4 enamine trong phan ung
aldol hoa sir dung xuc tac L-proline

ether 14 ¢6 mat xuc tac acid Lewis tao ra chon loc
mot loat cdc monosacharide nhuw glucose, mannose
va allose v6i hiéu suit chuyén hoa va do tinh khiét
dbi quang rat cao. Pay c6 thé xem la thanh cong rat
quan trong trong tong hop chon loc 1ap thé cac hop
chat carbohydrate thuong gap trong tu nhién.

t
O OH
. JN N orrs
H z
OTIPS
13 (92%, 95% ee)
OTMsS

H)\/OAC 14

MgBr,.Et,0| TiCl,, DCM

/ DCM lMgBrz.EtZO\
Et,0

TIPSO™ "J/\O/\EOH
TIPSO Y OAc
OH
Glucose 15
79%, 95% ee

. O OH
TIPSO J/\OJ/ TIPSO™ "
TIPSO ‘ TIPSO OAc
OH OH
Mannose 16 Allose 17

87%, 95% ee 97%, 95% ee

Hinh 2: Phan g aldol hoa sir dung xtc tac L-proline trong tong hop carbohydrate
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Phan ung aldol hoa bat ddi cia hai aldehyde
khac nhau ciing c¢6 thé thuc hién sir dung xuc tac
L-proline 2 (hinh 3)."*2 Diém dic biét 1a khi thuc
hién phan ing can phai sir dung thiét bi bom xy-lanh
dé co thé mang lai 20 vé6i du luong d6i quang lén
dén 99 %. Pihko di str dung 20 nhu 1a mot hop chat
trung gian quan trong trong tong hop hop chat tu
nhién Prelactone B.

Pang chii y, MacMillan va cong su da cong bd
mot trong nhitng &ng dung 4n tuong cua xuc tc
L-proline trong tong hop toan phin cua
Callipeltoside C.*®! Bu6c dau tién dugc bat dau
bang phan wng aldol héa bat di cua propanaldehyde
18 vai aldehyde 23 trong su tham gia cta xuc tac L-
proline mang lai san pham aldol 24 véi hiéu suat
48% va do chon loc lap thé 1én dén 99% ee. Sau mot
vai budc tdong hop, manh tetrahydrofuran 25 duoc
téng hop thanh cong tir trung gian 24. Bac biét, phan
g aldol dime héa bat ddi cua aldehyde 26 trong su
c6 mit caa D-proline 27 mang lai san pham 28 voi

Phan ung aldol hoa chon loc lap thé. Phan 2.

hiéu suat 75 %, 99 % ee. Sau mot s6 budc tong hop,
trung gian 29 duoc tao thanh va tiép tuc duoc ghép
manh vai hop chét tetrahydrofuran 25. Sau hang loat
cac budc chuyén hoa lién tiép, Callipeltoside C Vi
cau trac phuc tap da duoc tdng hop chon loc lap thé
thanh cong.

o) o L-Proline 2 o) OH
)J\/ . 10 mol%
) H)k( AN
18 19 =
20
OTBS 61%, 99% ee
1) TBSOTT, 21
2) MgBr2.Et20 /I\OEt 00
> Prelactone B
3) HF, MeCN iy 22

OH

Hinh 3: Phan g aldol hoa bat ddi cua hai aldehyde
su dung xtc tac L-proline

10 mol%
o) 0 N > o oH
2 -
H + H)YOPMB HWOPMB —
DMF, 40 h H B
18 23 5°C 24 o :
48% 25
12:1 syn:anti

>19:1 Felkin:anti-Felkin

10 mol%
[ >"'co H
o) N 2 OH
27 -
H - = H
Tipso DMF, 40h  Tpso  OTIPS
26 5°C 28
75%
99% ee

Xuc tac L-proline 2 con dugc st dung hiéu qua
trong phan ung caa 31 vai cac aldehyde 32, tao ra
san pham anti-diol 33 v&i hiéu suat chuyén hoa va
du lwong d6i quang kha cao (hinh 5). Phuong
phap nay 1a mot hudng tiép can dang chu ¥ trong cac
phan ung dihydroxy hoa bat déi xung.
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99% ee

Callipeltoside C
Hinh 4: Phan tng Aldol hoa bat ddi trong téng hop Callipeltoside C

L-Proline 2

o o (30 mol%) O OH
R)S * )k ' M '
H R DMSO R T R

OH OH
31 32 33
(R=H, Me) 40 - 95%
70 -97% ee

Hinh 5: Phan ing aldol hoa bt déi sir dung xuc tac
L-proline trong tong hgp anti-1,2-diol
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Hydoxyacetone 35 ciing duoc sir dung lam chit
phan tmg twong tu trong phan tng aldol hoa truc
tiep voi aldehyde 34 trong sy c6 mat cua xtc tic L-
proline trong diéu kién phan ung tuong ty.™® San

%, _CHO
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A
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OMe 34

HO,
HO
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D—COOH
N 2
H

%
DMSO, 12h

Ngé Thi Thugn va cong su

pham diol 36 dugc tao thanh véi hiéu suat 84 %, ti I¢
syn:anti 1a 5:1. Hop chat thién nhién Brassinolide
duoc tong hop sau mot sé budc chuyén hoa tiép theo
tur diol 36.

36 84%

OMe 5:1 anti:syn

Brassinolide

Hinh 6: Phan tng aldol hoa bat ddi trong tong hop Brassinolide

Mot budc tién rat dang cha y, d6 1a chi véi 0,5
mol% dan xuit cua L-proline 38 hoic 39 lam xtc
tac, Singh va cong su da thuc hién thanh cong phan
g aldol hoa chon loc ddi quang trong méi trudng
nuée di truc tiép tir ketone va aldehyde.™® Cac phan
g déu c6 du luong dbi quang 1én dén trén 99 %.

O Ph
Ph
O R
NH H OH
39

Phan ting aldol héa tryc tiép giita axeton va cac
aldehyde thom sir dung xuc tac bt dbi xing 38 hoic
39 ciing cho hiéu suat chuyén hoa twong dbi tbt va
du luong ddi quang tron% da s6 cac truong hop déu
rat cao, t6i 99% (bang 1).1*!

Phan tng aldol hoa truc tiép gitra cyclohexanone
va cac aldehyde thom sir dung xuc tic bat dbi 38
hodc 39 ciing cho hiéu suat Chuyén hoa, do chon loc
anti va du lugng déi quang rat cao (bang 2).

Su chon loc 1ap thé caa phan ung aldol hoa xtc
tac boi dan xuat 38 hodc 39 cua L-proline dwoc giai
thich dya vao mé hinh trang thai chuyén tiép duoc
xdy dung theo mo6 hinh héa hoc tinh toan sir dung
phuong phap phiém ham mat d6 (DFT) (hinh 7). &
Aldehyde dugc hoat héa do tao lién két hydro véi
nhom NH amide va nhom OH alcohol sao cho lién

(@)
O R
NH H OH
38
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Bang 1: Phan ting aldol hoa tryc tiép giira acetone
va aldehyde thom st dung xtic tac 38 hoac 39

0 O 38hoA89(0,5mol%) OH O
T A :
Ar H -5°,10-16h Ar
40 41 42
Hiéu suat ee (%)
(%)
Ar Xuc Xuc Xuc Xuc tac
tac 38 tac39 tac38 39
Ph 72 83 >99 >99
2-Cl-Ph 78 80 98 >99
3-F-Ph 80 85 >99 >99
2,5-Di-F-C¢H, 75 80 99 >99
3-Cl-Ph 73 85 98 99
2-Cl-6-F-CgH, 79 84 >99 >99
4-F-Ph 75 80 >99 >99
3-MeO-Ph 72 85 >99 >99
4-NO,-Ph 78 80 86 85
4-CF;-Ph 79 84 99 91
3-Br-Ph 70 75 99 >99
4-MeO-Ph 72 75 97 >99
3-Me-Ph 71 72 >99 >99
2-Naphtyl 73 70 92 84

két C-C mo¢i hinh thanh xay ra ¢ phia mat phang re.
Hudéng phan tng ¢ phia mat phang si kho khian hon
do c6 twong tac khong thuan lgi gitta nhém R? Vi
nguyén tir oxy nhom OH. Thém nira, hai nhom
phenyl kich thuéc Ion s& chiém vi tri ngoai vi cua
c4u triic, ddng thoi an ngit nguyén tir oxy nhom OH,
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lam cho nhém OH wu tién 14 hop phan cho (donor)
khi tao lién két hydro."® Théng thuong, co ché
enamine kiéu nay chi c6 do chon lap thé tt khi giam
thiéu luong bazo c6 mit trong hdn hop phan tng.
Dang chu y la phan tmg c6 sy tham gia cua dan xuat
38 hoic 39 van dam bao duoc do chon loc dbi quang
cao khi tién hanh trong hé dung hai pha hitu co/nuéc
¢6 modi truong bazo. Do 1a do chat phan tng va chat
xuc tac hiru co két hop voi nhau trong mot “tap hop”

Ky nudc, va co 1ap trang thai chuyén tiép caa phan
ung khoi moi truong nude (phan cuc, cd6 mat bazo).
Do d6, phan tng ciing chiu anh hudng rd rét cua
hiéu wng mudi (salting-out effect) khi tién hanh
trong dung dich nuéc mudi.

Bang 2: Phan wng aldol hoa truc tiép giira
cyclohexanone va aldehyde thom str dung xtc tac 38

hoac 39
(o) o @) OH
ij . M 38hoA89 (o,5mo|%)é/l\Ar
Ar H H
-5°C,10-16h
43 41 44
69-85%
anti/syn ee (anti)
Ar Xuc tac  Xuc tac Xac Xuc tac
38 39 tac38 39
Ph 94:6 95:5 >99 >99
4-NO,-Ph  86:14 87:13 86 91
4-MeO-Ph  98:2 96:4 99 91
4-CN-Ph 97:3 94:6 83 85
4-CF3-Ph  96:4 98:2 >99 93
4-Cl-Ph 99:1 98:2 99 94
2-Furyl 95:5 97:3 95 96
2-Naphtyl ~ 98:2 99:1 95 98

b ‘H
R? )< H-O Ph H)< -0 Ph
45 46

u ti*n Kh«ngu uti®n

Hinh 7: Mb hinh trang thai chuyén tiép véi su tham
gia cua dan xuat amide cua L-proline

Niam 2007, Gong va cong su nghién ciru thiét ké
va tong hop hai hé xuc tac hiru co bat ddi xiang dang
amide 47 va 48 trén co s& amino acid tu nhién L-
leuxine.™ Cac hé xuc tac dugc sir dung trong phan
g syn-aldol hoa tryc tiép c6 thé ap dung cho mot
phd rong cac aldehyde thom va ketone. Phan wng
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Phan ung aldol hoa chon loc lap thé. Phan 2.

cho cac syn-diol véi ti 1€ chon loc syn/anti va do
chon loc doi quang rat cao.

o)
R 47.R=Ph
N 48, R = 3,5(CF;),CeH
R , R =9,
NH2H OH 3)2 3

Vi hé xac tac 47 néi trén, phan tng syn-aldol
hoa bat dbi xing truc tiép tir cac ketone mach ho 50
va cac aldehyde thom 49 c¢6 nhom thé hut electron
Vai ti 1& chon loc dong phén dia 1a 15/1 va do chon
loc ddi quang toi 99 % (bang 3).1*!

Bang 3: Phan wng syn-aldol hoa truc tiép giira
ketone mach h¢ va aldehyde thom sir dung xuc tac
amide 47 tr L-leuxine

Q Q 20 mol% 47 ﬂ)cj)\
R)J\H : R1JIVR2 25°C R : R’
49 50 R®
503 R' = Me, R2=F synb1
50b, R' = Me, R2=Cl
50¢ R' = Et,R2= Me
Thoi  Hiéu
50 gian sujt 9" €@
R h) (%) (syn/anti) (%)
4-NO,C¢H, 50a 48 76 5/1 94
4-NO,C¢H, 50a 120 45 13/1 99
2- 50a 72 82 >15/1 98
MeOCgH,
4-CNCgH, 50a 48 79 6/1 93
4-NO,C¢H, 50b 40 81 2.5/1 89
4-CO,Me 50b 72 61 2/1 93
CeH.
4-CNCgH, 50b 72 64 2/1 88
3-NO,C¢H, 50c 48 82 4/1 80

Hé xuc tac 48 ciing dugc ap dung cho phan tng
chon loc syn-aldol hoa bit d6i truc tiép tur
hydroxyacetone 52 va cac aldehyde 49 vai ti I€ chon
loc dong phan dia tgi 20/1 va do chon loc ddi quang
t6i 98% (bang 4).!

Nhom tac gia ciing di dé xuat mo hinh thiét ké
chat xuc tac tir amide cua L-proline cho phan ung
syn-aldol hoa bit ddi xung di truc tiép tir aldehyde
va butanon. Ti 1& chon loc ddng phan dia duoc giai
thich tuong quan d¢ bén cua hai trang thai chuyén
tiép 54 va 55 (hinh 8).%*'54 (dn dén syn-diol), trong
d6 enamine ton tai & cAu hinh Z, kém bén hon 55
(din dén chon loc san pham anti-diol), trong d6
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enamine ton tai & cau hinh E, do lyc ddy Van de
Waals noi phéan tir gitta nhom thé R? véi di vong

Ngé Thi Thugn va cong su

pyrolidine khi enamine ton tai & ciu hinh Z.

Bang 4: Phan tng syn-aldol bat ddi xtng truc tiép tir hydroxyacetone va
aldehyde str dung xuc tac amide 48 tur L-leuxine

OH O
) . 0 5 mol% 48 :
R)J\H OH mxylen,25°C R
49 52 53 OH
A N . = gan s O e
M) (%) (syn/anti) (%) (h) (%) (syn/anti) (%)
4-NO,CgH,4 12 92 19/1 96 2-BrCq¢H, 36 91 19/1 96
4-CNCgH,4 36 86 19/1 96 3,5-F,CeH3 48 90 13/1 95
4-MeOCgH, 36 95 13/1 95 3,5-Br,CsH; 48 82 16/1 94
3-NO,C¢H4 24 97 16/1 96 | 3,5-(CF3),CeH3 48 97 10/1 96
3-BrCg¢H, 48 95 13/1 96 3-Cl-4-FC¢H; 60 86 10/1 94
2-NO,CeH, 24 92 >20/1 98 1-BrCyoHs 48 80 16/1 91
2-CIC¢H, 48 91 16/1 97 cyclo-CeHyy 60 68 >20/1 98
2-FC¢H,4 36 90 10/1 94 i-Pr 60 45 >20/1 98
O (O]

56 H

R2
anti-51
R2 55
R O
H. < R' OH O
~_-H— =
B I A
\\§H‘O ,'Ru E
éz
syrn51

57

Hinh 8: Mo hinh trang thai chuyén tiép cho phan &g anti- va syn-aldol hoa chon loc lap thé
str dung xtc tac amide chiral

Nhu vdy, dé thyc hign phan ang syn-aldol hoa,
phan tng can di qua mot trang thai chuyen tlep
trong tu 54, trong d6 enamine phai ton tai ¢ ciu
hinh Z. Dya theo mé hinh co ché phan ting syn-aldol
xuc tac boi amino acid cua Barbas, nhom nghién ciru
dd dé xuat mé hinh trang thai chuyén tiép 57 dé thu
dwoc san pham dang syn-diol twong (ing.”" Trang
thai chuyen tiép 56 (dan dén san pham anti-aldol)
kém bén do tuong tac day Van de Waals noi phan tir
ctia hai nhém thé R® va R,

Maruoka ap dung hé xuc tac chuyén pha (mudi
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amoni bat d6i) 60 trong tong hop chon loc lap thé
anti-aminoalcohol (bang 4). Phan tng dugc ap dung
cho bazo Schiff cua tert-butyl glycinate 59 va
aldehyde 58 trong moi truong ludong pha hiu
co/nudc véi mudi amoni chiral 60 ¢ trén 1am chat
xtc tac chuyén pha.”? Phan tng aldol hoa cua cac
esther voi aldehyde dugc thuc hién trong diéu kién
ém diu v&i mot lwong nhé NaOH 1 % (aq) va NH,CI
1a cac chat phu trg, tao ra anti-g-hydroxy-a-amino
este 63 vai hiéu suit chuyén hoa 82 %, ti 1& chon loc
dong phan anti/syn (t6i da 1a 96:4) véi do tinh
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khiét quang hoat (ctia dong phan anti) dat 98 %.

Phan ung aldol hoa chon loc lap thé. Phan 2.

Bang 4: Phan (ing aldol bat ddi xing trong tong hop anti-aminoalcohol st dung
hé phic xuc tac chuyén pha (R,R)-60

OH O

o) Ph_ Ph
O Ph N% (R,R-60 (2 mol%) R O-Bu!
- \(/ O-Bul .5 5 + O° 'NH
R™ H Lo 1% NaOH (aq) (15 mol%) N _Ph
58 59 NH,CI (10 mol%) Y K g, COBu
2-5 toluene,1,5- 10h, 0°C
equiv
a OH O OH O Ar
RO A ose RN o Br
THE R O-Bu R O-Bu
NH, NH,
anti-63 syrn64
CF, FsC O CF3 (RRGO
Ar = Ar
CF, O Br
O ) O
CF3 " (5,560
Thoi Hiéu . . Thoi  Hiéu : .
R gian suit anti/  ee (;ntl) R gian  suit anti/  ee gjntl)
o o MO 0 o O
PhCH,CH, 1,5 78  73:27 90 CH,=CH(CH,), 3 78 73:27 90
PhCH,CH, 10 71 92:8 96 CH, 8 71 92:8 96
'Pr;SIOCH, 45 72 >96:4 98 (CHs),CH 5 72 >96:4 98
BnO(CH,)s 2 73 5842 82 cyclo-CeHyy 3 73 5842 82
(CHs),CHCH, 10 81  37:63 15 Ph 10 81 3763 15

Trai nguoC Véi mo hinh trang thai chuyén tiép
khong vong cho amoni enolate, ti 1& chon loc dong
phan syn/anti cao cua phan tng aldol hoa tryc tiép
VGi s uu tién hinh thanh san pham cong anti-aldol
c6 mit xuc tac chuyén pha 60 1a do sy wu tién hinh
thanh (E)-enolate (chu truc A, hinh 9).”* Si chon
loc 1ap thé bat thuong nay la két qua cua luc day noi
phan tir rit manh giita cdu tric cong kénh ciia mudi
amoni bac 4 (xtc tac chuyén pha bat déi xang) voi
nhom thé R (& céu tric B, hinh 9), manh hon tuong
tac xen k& ciia nhom R (hop phan aldehyde) véi
nhém ‘BuO va véi hop phan 2-imino (¢ cau tric A).
Do d6, trang thai chuyén tiép B kém bén hon nhiéu
S0 Vi trang thai chuyén tiép A.

Gia thiét phan ung wu tién di qua trang thai
chuyén tiép A duoc cung cb boi dir kién thuc
nghiém ting do chon loc dong phan dia khi sir dung
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dang xtic tac 60b Voi cac nhom thé cong kénh & vi
tri 3,3'. Cdu hinh san pham cho thiy mat phing re
cua enolate bi an ngir khong gian bai cation amoni
bit ddi xtmg, do do, aldehyde 58 chi tin cong theo
huéng mit phang si.

* &) *
S ®
* @ *
OH
tBuO)ﬁl
R O

‘\JNYPh

A Ph B Ph

Ph

Hinh 9: Mb hinh trang thai chuyén tlep cho phan
g aldol hoa sir dung hé xac tdc muoi amoni bat
dbi xtng
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Nghién ctru con cho thiy trong méi truong bazo
[(R,R)-60a (2 mol%), 1 % NaOH (aq) (2 duong
luong), toluene, 0 °C], phan tng retro-aldol héa
canh tranh theo thoi gian véi céac san phém trung
gian nhu mo ta trong hinh 10. Trong diéu kién nay,
chat xuc tac chuyén pha bat d6i ximg trao doi ion
vé6i san pham cong aldol, tao ra mot hdn hop dong

Ngé Thi Thugn va cong su

phan syn va anti; giai doan retro-aldol sau do c6 do
chon loc phan giai dong hoc cao hon sy chon loc dbi
quang cua phan tng aldol (ks S),k ®R) > K, S),k(R R))-
Chat xuc tac chuyén pha chiral, c6 kich thudc cong
kénh, dang (R,R)-60a, s& tham gia trao d6i ion wu
tién voi dang anti-(2S,3S)-3-Na 65 va lam thuan loi
cho qué trinh retro-aldol ciia hop chat nay.

® 0 ® ®0o
Na'Q O (RA-60a=Q Bf N9 O
/\l)J\O-But toluene- 1% NaOH(aq) R/|\|)J\O-BU'
Ny
o Nscph, CPh,
/ anti(2S,3$3Na P syn3Na 70
\98) \
k o) :
-(S,S) P
PhZC=N\)J\O_BU, !
Krr).--" 59
+ . Ph_ Ph
kKrr RCHO O><NH
3 NSO O P go OBV
Ns
67 | CPhy oS
0@ e Aos
68 N\\CPhZ

Hinh 10: Phan ing retro-aldol hoa canh tranh trong diéu kién (R,R)-60a (2 mol%),
1% NaOH (aq) (2 duwong lugng), toluen, 0 °C

Nam 2000, List dd cho thay L-proline 2 ciing
xuc tac hiéu qua cho phan ¢ng Mannich bat ddi ba
ciu tir gdm acetone, p-anisidine 71 va aldehyde 58
trong DMSO (hinh 11).2* Trinh tw cua phan ung
nhu sau: phan ung ngung tu cia 58 va 71 mang lai
imine 72; & mot nhanh khac, acetone ngung tu Voi

(L)-

2 (30mol%

L-proline 2 tao ra enamine 73. Phan ung cta 72 vai
73 di qua trang thai chuyén tiép 74 cho amine bat
dbi 75. Mat khac, néu cho acetone phan ng truc
tiép v6i imine 72 co mit xuc tac L-proline 2 ciing
mang lai san pham 75 véi hiéu suat va do chon loc
tuong duong.

Prolin

A

H R

12

¥

O\C%H

N

AN 73

DMSO

’

OMe
o T
PN

R 75
(40-95%,70- 97%ee)

72 47 R 74 H™ R

R Hiéu suit (%)  ee (%)
n-Bu 74 73
(CH3),CCH, 90 93
2-Naphthy! 35 95
p-NO,Ph 50 94

Hinh 11: Phan ¢thg Mannich bét di ba cAu tir sir dung xitc tac L-proline
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Nam 2005, Hayashi va cong sy cling tng dung
thanh cong xuc tac L-proline 2 cho phan wng
Mannich bat déi ba cau tir trong tong hop toan phan
hop chét ty nhién Nikkomycin B 79 (hinh 12).*' &

Phan ung aldol hoa chon loc lap thé. Phan 2.

giai doan nay, cdu hinh ciia cac nguyén tir carbon
mang nhém amino va nhom methyl trong san pham
trung gian 78 duoc kiém soat cho phu hop vai cau
trac ciia san pham cudi 79.

TBSO
0] e} (L)-Prolin2 \©\
H)K/ 10mol% W
N
0]

78, 96%ee

ll CHO
o A,

Ccoo
©) N\[r
OH NH, )\y—-?/ o]
HO OH
NikkomycinB79

Hinh 12: Phan (g Mannich bét d6i ba cau tir voi xuc tac L-proline trong tong hop toan phan Nikkomycin B

3. Phan @ng aldol héa bit d6i ndi phan tir

Phan tng aldol hoa ndi phan tir co thé xay ra ddi voi
cac hop chét co chira ddng thoi hai nhém carbonyl
trong phan ti. Phan wng aldol hoéa ndi phan tu
thudng tao ra san pham vong 5 hoic 6 canh wu tién
hon so v&i cac san pham vong 3, 4 hodc cac vong
I6n hon 6 canh. Cac quy ludt dong vong cua
Baldwin c6 thé duoc 4p dung trong phan tng aldol
hoa ndi phan tir dé dy doan cac san pham tao thanh
(hinh 13).%°]

®O Yy  Exo-trig
] ©
o (@)
80 81
G)O y  Exo-trig O®
. © Oﬁ
82 83

Hinh 13: Quy luat dong vong cua Baldwin ap dung
cho phan ing aldol hoa ni phan tir

Phan ing aldol hoa bat ddi xiang noi phan tir
cling c6 thé xay ra néu st dung cac chat xtc tac
chiral thich hop. Tt nhitng nam 1970, cac nhom
nghién ctu cta Hajos, Parrish, Wiechert, Eder va
Sauer di phat hién ra rang L-proline 2 c6 thé xuc tac
cho phan ttng aldol hoa bat doi noi phan tir caa 1 cho
san pham 3 véi hi¢u suat chuyén héa 100 % va do
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chon loc lap thé tuyét voi (99 % ee) (hinh 14).2
Gan day, List va Houk da dé xuat mo hinh trang thai
chuyén tiép 84 dé giai thich cho su hinh thanh chon
loc 1ap thé cua san phiam. Theo mé hinh nay, trang
thai chuyén tiép trong d6 enamine tao thanh tir
methyl ketone mach ho tan cong nucleophile vao
nguyén tir cachon ketone & vong 5 canh ton tai ¢ cau
dang ghé do c6 lién két hydro cia H nhom carboxyl
trong hop phan L-proline véi nguyén tr oxi cua
o 0

ketone vong.®!
L-Proline2 0
)J\/jig (20 mol%) )ij:g
100%
(e} o OH

R 3
(99%ee)

Hinh 14: Phan ing aldol hoa bat dbi noi phan tir cia
triketone st dung xuc tac L-proline tao ra -hydroxy
ketone

Phan tng aldol hoa bat déi noi phan tir cua 85
Véi xiic tac L-proline 2 (3 mol%) tao ra san pham
cyclohexane thé 86 vai hi¢u suat chuyén hoa 95% va
d6 chon loc dbi quang 1én t6i 99 % (hinh 15).2
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L-Proline2 O OH
(3mol%) |

_

95%

dr=10:1
85 99%ee 86

T

Hinh 15: Phan ing aldol hoa bat dbi noi phan tir cia
dialdehyde st dung xuc tac L-proline

Gan day, List va Chandler da phat hién ra rang
dan xuat thé fluor 90 cua L-proline 2 ¢ thé xtic tac
cho phan ung aldol hoa bat dbi noi phan tir cua
diketone vong 87 (hinh 16).1%

F,
(@]
Q‘COOH
H 90
(10mol%)
DMSO
89, 84%
F dr>20:1
= % / 96%ee
@;O ll
/N H=-0 .

3 H
- (+)-Hirsutene91

Hinh 16: Tong hop toan phan (+)-Hirsutene chon loc
Iap thé str dung dan xuat the fluor cua L-proline lam
xuc tac

Phan tmg hoan thanh sau 15 h cho san phim
cis/anti/cis f-hydroxyketone 89 véi hiéu suat chuyén
hoa 84% va du lugng dbi quang cao (96 %). Trong
cting diéu kién phan tng, xtc tac L-proline 2 chi cho
san pham véi do chon loc lap thé thip. Su chon loc
lap thé ctia phan ung duoc giai thich qua mé hinh
trang thai chuyén tiép 88 (hinh 16).*! Trong méo
hinh nay, vong 8 canh cta enamine tao thanh tir mot
nhém C=0 cua ketone 87 vai fluoro-L-proline 90
ton tai ¢ dang thuyén do lién két hydro ciia nguyén
tor oxy nhom C=0 ketone thi hai véi nguyén tir H
nhom carboxyl caa fluoro-L-proline 90. C4u dang
nay dugc dinh hinh boi cac lién két tuong dbi “long
[€0”, nhung chinh nguyén tir fluor, mot mat co kich
thudc nho bé dé khong anh huéng dén hoat tinh cua
L-proline 2 trong giai doan tao enamine, mat khac
lai 1am cho trang thai chuyén tiép 88, trong do
nguyén tir fluor &m dién manh & khac phia nguyén
tr oxy am dién manh ctia nhom C=0 ketone (so vgi
mat phdang vong pyrolidine) 6n dinh hon nhiéu néu
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Ngé Thi Thugn va cong su

chiing & cung phia, di dan dén su chon loc lap thé
cao cua phan @ng. Hop chat thién nhién (+)-
Hirsutene 91 duoc tong hop thanh céng sau mot vai
budce chuyén hoa tir san pham trung gian 89.

4. KET LUAN

Bai bao tong quan nay la phan tiép theo cua bai tong
quan phan 1,°1 mang lai nhitng thong tin cap nhat
nhat vé phan ng aldol héa chon loc 1ap thé, cac
huéng phat trién méi va ung dung trong tong hop
hitu co, dac biét 1a trong linh vuc tdng hop toan phan
céc hop chat ty nhién va tong hop duoc pham. Cac
yéu té nhu cdu triic cia chat phan Gng, tic nhan,
chat xtic tic va co ché hinh thanh san pham chon loc
lap thé da duogc thao luan. So sanh véi cac phuong
phap aldol hoa bat dbi khac, phan ung aldol héa sir
dung cac chét xuc tac hitu co chiral (organocatalyts)
c6 thé 1a mot lwa chon hiéu qua, wu viét hon. Uu
diém cuia phan ng aldol hoa bét dbi xtic tic hiru co
la tranh duoc viéc sir dung cac phic kim loai quy,
nhét 1a cac kim loai nng va cac nguyén t dat hiém.
Theo quan diém cta hoa hoc xanh, nhiing quy trinh
nhu vay vira tiét kiém chi phi, vira than thién véi
mdi truong, khong gdy 6 nhiém san pham. Viéc tong
quan tai liéu cho thay cac phan wng aldol hoa bét ddi
lién phén tir va ndi phan tir sir dung cac chat xuc tac
hitu co chiral da chirng to dugc tim quan trong cua
chung trong tong hop cac hop chét hitu co co ciu
trac phuc tap véi do chon loc 1ap thé rat cao, tir cac
hop chét thién nhién dén cac duoc phiam chira bénh
cho con nguoi.
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