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Abstract

The Aldol reaction is one of the most important C—C bond forming tools. Recent developments of chiral catalyst
systems allowed the Aldol reaction to be carried out under mild conditions, affording products in high yields as well as
high diastereo- and enantioselectivities with very good tolerance of functional groups. This review offers an overview
of some important concepts in the stereoselectivity of the Aldol reaction and then highlights the recent developments of
new chiral catalyst systems (focused on metal catalysts) which yielded the Aldol addition products in the excellent
control of diastero- and enantioselectivities. In addition, several practical applications of the Aldol reaction in the total
synthesis of complex molecules, such as bioactive natural products and pharmaceuticals, are demonstrated in this
review.
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1. GIOI THIEU CHUNG VE PHAN UNG ALDOL silyl enol ete 4 tham gia phan Gng véi cac hop chit

HOA

Phan tng cdng nucleophil ctia enolat véi hop
chit cacbonyl 1a mét trong nhiing phan tng tao lién
két C—C quan trong nhét trong tong hop hitu co. So
) téng quat dudi déy cho thdy phan (mg giita enolat
1 (ton tai v6i cau hinh (E)- hodc (2)) v6i andehit 2 s&
tao ra san pham Aldol 3 c6 bon dong phan quang
hoc (diastereomer) (hinh 1).

OM

1 2
(M= Li, Na, K, SiMes, ...)

Hinh 1: So dd phan tmg Aldol hoa tong quat

Mot hop chét trong dong vdi enolat 1a dang silyl ete
cia n6. Nam 1973, Mukaiyama va cong su da phat
hién ra rang titan tetraclorua (TiCly) va hop chat ctia
cac kim loai chuyén tiép khac c6 thé xuc tac cho cac

9 O OH
2 4+
RA\”R HJ\R3 - R1ﬂ\/§\R3
3 R?

cacbonyl 5 tao thanh san phiam 6 giéng nhu phan
trmg Aldol hoa (hinh 2). Néu khong duoc xuc tac boi
mot axit Lewis, phan (rng nay s€ khong xay ra vi luc
nucleophil cua cac silyl enol ete khong di manh dé
tham gia phan (mg vdi cac andehit hoac xeton [1].
Trong phan tng, axit Lewis phdi tri v6i nguyén tir
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Hinh 2: Mo hinh trang théi chuyén tiép cta
phan irng Mukaiyama-Aldol
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oxi ctia nhom cacbonyl, lam tang su phan cuc cua
lién két C=C, qua do6 hoat hdéa nhéom cacbonyl, lam
tang luc electrophil ctia nguyén tir cacbon-cacbonyl
va tao diéu kién cho nucleophil (silyl enol ete 4) d&
dang phan ung. Phan tng cua silyl enol ete voi
andehit xac tac axit boi mot axit Lewis dugc goi la
phan ing Mukaiyama-Aldol.

D¢ gidi thich cac quan sat thyc nghiém vé lap thé
cua phan tng, Mukaiyama da dé xuat mo hinh A cho
trang thai chuyén tlep cua phan Ung, trong do su
tham gia tao phdi tri cua TiCl, va hop phan
trimethylsilyl ete da dt cac trung tdm phan tng trén
silyl enol ete va hop chat cacbonyl vao mot 1ap thé

Ngb Thi Thugn va cgng su

xac dinh (hinh 2). Qua trinh tach loai trimetylsilan
clorua tao thanh san pham trung gian B c6 sy phdi
tri ciia TiCly véi cdc nguyén tir oxy trudce khi bi thuy
phan tao thanh san pham Aldol 6. Pang chii y 1a
Aldol 6 c6 hai trung tim bat dbi, cho nén vé nguyén
tic s& c6 bon dong phan lap. thé ton tai dudi dang hai
cip ddng phan quang hoc 601 quang.

Mukaiyama d3 chi ra rang phan tng cta silyl enol
ete 8 vai benzandehit 9 sir dung mot axit Lewis lam
xuc tac & cac nhiét do khac nhau c6 thé tao ra cac san
pham 10, 11 va 12. Tir cac két qua trong bang 1 ta c6
thé thay TiCl, 1a chat xtic tac tot nhét cho phan mg
nay khi phan tmg dugc thuc hién ¢ -78 °C [2].

Bdng 1: Phan ing Mukaiyama-Aldol c6 mat cac xuc tac axit Lewis khac nhau

PhCHO 9 O OH O OTMS (0]
Ax1t Lewis Ph . Ph . Z “Ph
TMSCI 78 °C
10 11 12
AXit Lewis 10 (%) 11 (%) 12 (%)
TiCl, (-78 °C) 92 0 0
TiCl, (25 °C) 82 ~0 2
SnCl, (-78 °C) 83 ~0 ~0
SnCl, (25 °C) 33 ~0 28
BF;.Et,0 (-78 °C) 80 12 0
AICI; (25 °C) 55 ~0 ~0
BCl; (25 °C) 26 0 0

Phan Gng Mukaiyama-Aldol dd dugc sir dung
thanh cong trong tong hop gingerol 16 [2, 3], thanh
phan chinh cta tinh dau gimg (hinh 3). Khi xir 1y
xeton 13 véi LDA/TMS—CI tao ra silyl enol ete 14.
Phan g Mukaiyama-Aldol cta 14 véi n-hexanal
15 tao ra gingerol v&i hiéu suat 92 %.

(0] OTMS
MeO LDA MeO
TMSCI1
HO 13 HO 14
O
n-CsH,,CHO 15 MeO
BF;.Et,0, CH,Cl, HO OH

gingerol 16 (92%)

Hinh 3: Phin ing Mukaiyama-Aldol hoa trong
tong hop gingerol

Céc este ciing co thé duge chuyén hoa thanh
silyl enol ete va c6 thé tham gia phan ung
Mukaiyama-Aldol héa. Theo so do ¢ hinh 4, xtr 1y
este 17 voi LDA/TMSCI tao ra silyl enol ete 18.

Phan mg cua 18 v6i xeton 19 c6 mat xtc tac TiC!4
tao thanh san pham pS-hydroxyeste 20 véi hi€u suat
to1 94 %.

(0]
(0] LDA OTMS
B
Ph

17 18 19

. Ph
TiCl, 0
—_—

EtO OH

20 (94%)

Hinh 4: Silyl enol ete tir este

Dic biét, cac andehit va xeton con ¢6 thé chuyén
hoa thanh silyl enol ete trong diéu kién ém diu hon
(hinh 5). O vi du thir nhét, chi can xir Iy andehit 21
v6i Etz;N/TMSCI 12 ¢6 thé nhan dugc silyl enol ete
22. Phan ung Mukaiyama cua 22 véi 23 cho san
pham Aldol 24 véi hiéu suat 86 %. O vi du tht hai,
silyl enol ete khéng ché nhiét dong 26 thu duoc khi
xu 1y xeton 25 vdi EtsN/TMSCI, con silyl enol ete
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khéng ché dong hoc 27 thu dwoc néu xir 1y 25 véi
LDA/TMSCI.

Phan izng aldol chon loc Idp thé. Phan 1.

cua (Z)-enolat 32 véi benzandehit vu tién tao ra san
pham syn-33 véi ti 1¢ syn:anti = 98:2 [S]. Diém dang
luu y 1a moi san pham anti-30 hoac syn-33 la hon

o OTMS o = o Ph  hop raxemic cua hai ddng phan quang hoc déi quang
TMSCI TiCly ;

H)k( WH)Y ¥ HJ\ I H%OH cta nhau. A
3 o Nhu vay, cau hinh cua cac enolat (E hodc Z) va
21 22 23 24 (86%) hoa 1ap thé cia san pham cong Aldol c6 mdt moi
OTMS o oTMS quan h¢ chat cl}é. Hién ,, nhién, khi )A(fl' ly
_™scl LDA xiclopentanon 27 voi lW)az’or chi tao ra dpy nhat (E)-
\@ e s enolat 28, trong khi xur 1y xeton 31 voi LPA s€ uu
3 tién cho san pham la (Z)-enolat 32 do nhom t-butyl

25 27 c6 kich thudc 16n.

Hinh 5: Silyl enol ete khéng ché dong hoc va
nhiét dong hoc

2. MOl QUAN HE GIUA CAU TRUC CUA
ENOLAT VA HOA LAP THE CUA PHAN UNG
ALDOL HOA

2.1. M6 hinh trang thai chuyén tiép caa
Zimmerman-Traxler

Khi thyc hién phan tng Aldol hoa gitra enolat 28
véi i-PrCHO, Dubois chi thu dugc san pham duy
nhat 13 anti-30 vé6i hiéu suit hon 95 %, dac biét san
pham syn-33 khong thiy xuat hién (hinh 6) [4].
Nguoc lai, Heathcock dd phat hién thay phan {ng

OH

é é = &y

30
(E)- enolat anti (racemic)
(0] DA OLi  phcHO O OH
AR e e
31 32 33
(Z)-enolat syn (racemic)

Hinh 6: Chon loc 1ap thé trong phan tmg Aldol

Su chon loc 1$1p thé cua san phém Aldol da duoc
giai thich tuong doi day du trong md hinh trang thai
chuyén tiép Zimmerman-Traxler (hinh 7) [6].

R1R:) ¥
H // )gg,'\"
OM 5 Rz: =
R1J\/R2 + R3CHO — ) e
(Z)-enolat 35 R1H
34 — H\X/\ ig/xM
- (0]
| reR
B
- R1‘) = i
R3
— > R2\2/_\)£81M
OM I ! H |
R! \R2 s Fave — C
(E)-enolat e i
38 . F/M
L H R3

ant-40

Hinh 7: M6 hinh trang thai chuyén tiép Zimmerman-Traxler tong quat cho (E) va (Z)-enolat

Theo md hinh Zimmerman-Traxler, cac phan
ung Aldol hda s€ di qua mdt trang thai chuyén tiép

dang vong 6 canh & dang ghé. Trong mo hinh nay,
cation kim loai M (Li*, Na*, Mg®....) s& phéi tri voi
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nguyén tir oxy cua enolat va nguyén tir oxy cua
nhom cacbonyl. Qua dd, cation kim loai s€ dinh
huéng su tiép can cua cacbon cacbonyl electrophil
véi cacbon nucleophil cia enolat. Huong tlep can
cta cacbon cacbonyl va cacbon enolat dugc sap xép
theo trang thai chuyen tiép «dang ghé. Su chon loc
hoa hoc 1ap thé cua san phim Aldol phu thudc rat
nhiéu vao ciu hinh (E) hoic (Z) cta enolat. Khi (2)-
enolat 34 tham gia phan ung Aldol hda védi mot
andehit nao d6, hai trang thai chuyén tiép A va B ¢6
thé ton tai theo moé hinh Zimmerman-Traxler. D&
thdy rang trong mo hinh nay, hai nhom thé R* va R?
s& cung O vi tri axial, trong khi nhom R® cua andehit
c6 thé chiém vi tri axial hodc equatorial trong trang
thai chuyén tiép dang ghé.

Trong md hinh A, tuong tac day gitta hai nhom
R' va R® déu ¢ vi tri a (axial, twong tac 1,3- -diaxial)
s& lam giam d6 bén cua trang thai chuyen tiép nay.
Tuong tac 1,3-diaxial nay s€ dang ké néu nhom R®
co kich thuge cong kénh, anh huong quyét dinh dén
su ton tai cua trang thai chuyén tiép. Trong khi 40, &
trang thai chuyén tiép B, nhém R® & vi tri equatorial

—H—>
o OLi PhCHO
>‘)H _>LDA >H\/ 9
41 (Z)-enolat
42 —

Ngb Thi Thugn va cgng su

nén khong bi anh huong bdi tuong tac 1,3-diaxial.
Do vay, phan ung Aldol gitta (Z)-enolat 34 véi
andehit s& hau nhu chi di qua trang thai chuyén tiép
B d¢ tao ra san pham twong tng 1a syn-37.

Céch giai thich tuong tu ciing c¢6 thé ap dung
cho truong hop cua (E)-enolat 38. Theo do, nhom
thé R' & vi tri axial con nhom thé R® s& & vi tri e
(equatorial), trong khi nhém R® cuia andehit c6 thé
tdn tai & vi tri axial hodc equatorial trong trang thai
chuyén tiép dang ghé. Trang thai chuyén tiép C ciing
s€ khong thuén lgi vi co6 tuong tac 1,3-diaxial. Do
vay, phan Gng cua (E)-enolat 38 vadi andehit s€ uu
tién xdy ra qua mo hinh trang thai chuyén tiép D, tao
ra san pham chon loc 1ap thé dang anti-40.

M6 hinh trang thai chuyén tiép Zimmerman-
Traxler ciing co thé sir dung dé giai thich cho su
chon loc san pham Aldol syn-43 (hinh 8). Hudng
tiép can cua (Z)-enolat 42 t6i PhCHO s& wu tién di
qua trang thai chuyén tiép B vi khong bi anh hudng
cua tuong tac 1,3-diaxial gitta nhom t-Bu va nhom
Ph. Do viy, san pham chinh ciia phan img Aldol héa
sé la syn-43.

O OH

S th

anti-43

syn-43

Hinh 8: M@ hinh trang thai chuyén tiép Zimmerman-Traxler cho (Z)-enolat

Xét mot truong hop khac: phan ung cua este (E)-
enolat 45 vgi PhCHO (hinh 9). Véi cach giai thich

tuong tu, ta d& dang nhan thdy rang san pham cia
phan tng Aldol hoa la anti-46.

r 11
O OH
B T A0 Ph
OLi  PhCHO r
A A0 X 9 L i syn-46
45
(E)-enolat
ArO- = 2,4,6-trimetylphenoxy

Hinh 9: M@ hinh trang théi chuyén tiép Zimmerman-Traxler cho (E)-enolat
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Nhan xét chung:

- Viéc kiém soat ciu tric lap thé cua enolat 1a
dac biét quan trong trong su hinh thanh chon loc lap
thé syn hay anti ciia san pham phan tmg Aldol hda.

- Néu sir dung (Z)-enolat thi san pham chinh thu
dugc sé 1a dang syn-Aldol, con néu st dung (E)-
enolat thi san pham chinh sé 1a anti-Aldol.

2.2. Cac boron enolat trong phan ng Aldol hoa
Nhu da duge d& cap & trén, viéc kiém soat ciu

hinh (E)- hodc (Z)-enolat la ddc biét quan trong
trong cac phan tng chon loc 1dp thé. Trong so céc

Phan izng aldol chon loc Idp thé. Phan 1.

enolat kim loai, boron enolat c6 su lya chon rat dang
cha y. Evans va cong su di phat hién ra rang néu xir
ly dietyl xeton 47 véi tac nhan n-Bu,BOTTf 48 va
bazo i-ProNEt sé (Z)-enolat 49 véi d6 chon loc 1én
dén 97 % (hinh 10) [7, 8]. Mit khac, néu str dung tac
nhan Cy,BCl 53 va bazo Et;N sé€ nhin dugc (E)-
enolat 54. Nhu trong mé hinh Zimmerman-Traxler
da mo td ¢ trén, phan mg cua (Z)-enolat 49 véi
benzandehit hién nhién s& cho san pham syn-51 véi
hiéu suit 77 % va do chon loc syn dén 99 %. Va
phan Gng Aldol hdéa cua (E)-enolat 54 véi
benzandehit s€ thu duogc san phém anti-56 voi do
chon loc anti 14 97 % [9].

o
I BuBOTI48 OBBU proho [ Q@ 9BBw) pgw  Q OH
+Pr,NEt ﬁ\/ H,0, HH/'\Ph
47 97% 49 77%
OTf= OSO,CF, (Z)-enolat 50 syn-51
(99%)
\)CJ)\/ Cy,BCI63 B2 ppepyo [ @ OBOy:| g2 Q OH
, Et;N ﬁﬁ - H,0, HJ\E/'\Ph
5 99% : H
. ° 54 55 75% .
Cy = xiclohexyl c | antr-56
(E)-enolat (97%)
Hinh 10: Phan (g Aldol héa chon loc lap thé cua boron enolat
Céc silyl enol ete ciing c6 thé dugc chuyén hoa o
chon loc thanh hop chat boron (Z)-enolat khi xir 1y 0BBu, Et0” N NF
vé&i tac nhan 9-BBN-Br 58 nhu trinh bay ¢ hinh 11. (K/ . M‘I?BSO
BBN (Z)-enolat O .
- 63 ‘
OTMS " 9 BBN-Br 58 Q 62 0
R)\ N Me + TMSBr [
59 o] o)
57 Me
EtO7 N NF EtO
R'CHO 60 11 ﬁ@ M‘I?BSO : TBSO
R)H/'\R. 9-BBN-Br = B, Etm“ = O
Br :
Me O OH m
syn-61 84% 16%
syn-64 syn-65

Hinh 11: Chuyén héa silyl enol ete thanh boron
enolat bang 9-BBN-Br

Boron enolat di duoc sir dung nhiéu trong téng
hop hitu co hién dai. Nhu trong tong hop toan phan
hop chét tu nhién swinholide A, Peterson va cong su
da sir dung phan ung Aldol héa cua boron (Z)-enolat
62 v6i andehit 63 thu duoc hai san phdm syn-64 va
syn-65 vai ti 1€ 84:16 (hinh 12) [10].

Hinh 12: Boron enolat trong téng hop chit ty nhién
swinholide A

3. PHAN UNG ALDOL HOA BAT POI XUNG

Phan ung Aldol hoa c6 thé dan dén su hinh
thanh dong thoi hai trung tdm 1ap thé méi. Viéc
kiém soat hoa hoc 1ap thé cua hai trung tdm nay co y
nghia quyét dinh trong sy hinh thanh cac san pham
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¢6 cAu triic mong rnuon Bang thuc nghiém, cdc nha
héa hoc da nhan ra mdi quan hé giira ciu hinh cua
enolat va hoa lap thé cua phan tung Aldol hoa. Nhu
da duge mo ta & phan trén, (2)-enolat thi luén mang
lai san pham syn-Aldol, con (E)-enolat mang lai san
pham anti-Aldol. Biét dugc quy luat nay, ching ta
c6 thé kiém soat dwoc hai trung tim lap thé trong
phan mg Aldol bang cach thay ddi ciac nhom phu
trg bat ddi (chiral) gin v&i enolat, cic tic nhan
chiral, hodc xuc tac chiral trong diéu kién phan tmg
thich hop.

3.1. Phan ung Aldol héa sir dung nhém phu trg
chiral

Hién nay, nhiéu nhom phu tro bat ddi xtimg da
duogc nghién cuu va ung dung trong phan ing Aldol
hoa bat dbi xung. Trong khudén khd cua bai bao,
chung t6i chi néu hai phuong phap dugc su dung
thong dung nhat.

3.1.1. Nhom phu tro oxazolidinon

Céac oxazolidinon bat dbi duoc Evans va cong su
phat trién 1a mot trong nhimg coéng cu hitu ich nhat
trong phan ung Aldol hoa bat ddi xtng. Thuc
nghiém cho thay boron enolat mang lai hiéu qua va

Ngb Thi Thugn va cgng su

dd chon loc lap thé vuot trdi trong phan ng Aldol
hoa. Phuong phap diéu ché boron enolat tuong ddi
don gian, dang chu ¥ 1a dé dang kiém soat duoc hinh
thé ctia (E)- hodc (Z)-enolat bang cach thay doi diéu
kién phan tmg va tac nhan boron.

Phan ung cua (Z)-enolat 67 vdi benzandehit va
cac andehit khac luén dan dén sy chon loc syn va du
lwong dbi quang c6 thé 1én dén hon 99 %. Khi tham
gia phan tng Aldol héa, lién két phdi tri O-B bi pha
v, cho phép andehit tao lién két phdi tri méi véi
boron 68. Do vay tac nhan phu trg oxazolidinon co
thé quay 180° ty do quanh lién két C—N dé lam giam
tuong tac ddy ludng cuc giira oxy ciia enolat va oxy
cua tac nhan phu trg. Khi d6, nhom isopropyl s€ an
ngit mit phang phia trén enolat, vi vy, andehit chi
dé dang tiép can mat bén dudi cua enolat, vu tién
hinh thanh trang thai chuyén tiép B dang ghé. Do do,
phan g cho san pham syn-71 véi 99.8 % ee so véi
san pham syn-70 chi véi 0,2 % ee [11].

Nguoc lai, néu st dung amit bat dbi xung 72,
trong cuing diéu kién phan tmg, san phiam syn-74 thu
dugc (hiéu sudt 89 % va du lugng dbi quang 14 99,6
% ee) c6 cau hinh dao nguoc so véi hop chét syn-71
néu trén [12]. Khi thuc hién phan ting cia 67 va 73
v6i cac dan xuét andehit khac, Evans va cong su
cling thu dwoc san pham Aldol vé6i hiéu suat va du
lwong dbi quang rit cao [13].

Bu_ Bu
B Bu\ Bu
o 0
O o / \o
o)
Me\)LN)kO BuBOTH 48 | o L PhCHO )LMe% b
A i-Pr,NE P ~ Py N o
66 _| 67 68 —’
OH O O Ho,
PR N Yo - X/ WL
:oN o
Me %
N Bu_ Bu
O,Z%ee—| A Me /B\
70 - o] 0
Me _~
OH O O O/X\L t Ph)LH \)\/J‘\
Ph N o Oé/\N H ||3u 0”0
- B ——
Me -/ ! H‘O 69
99.8% ce | d
: P
e
71 (88%) B
Bu
o o B OH 0 O
o o
Me\)L N Bu,BOTY 48 PhCHO Ph N" o
2 M H
Jile i-Pr,NE G%N/{ko - Me
- Pt 99,6%ee Ph
Ph
7 73 74 (89%)

Hinh 13: M6 hinh trang thai chuyén tiép Zimmerman-Traxler cho phan ng Aldol héa bit dbi ximg cua

boron enolat mang nhom

phu trg oxazolidinon chiral
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Bdng 2: Chon loc lap thé phédn tng dung nhom
phu trg oxazolidinon bat doi xting

Imit Andehit Tile (*) | Hs (%)
66 i-PrCHO 497:1 78
72 i-PrCHO 1:500 91
66 n-BuCHO 141:1 75
72 n-BuCHO 1:500 95
66 PhCHO 500:1 88
72 PhCHO 1:500 89

(*) Ti 1¢ cta hai san phim syn.

Evans va cong su sau d6 da nghién clru va su

1) 1,2 eq. PhCHO

Phdn itng aldol chon loc ldp thé.

dung nhém phy trg oxazolidinon két hgp voi xuc tac
MgCl, mét cach hiru hiéu nhdm tao ra san phém
Aldol chon loc anti (hinh 14). Tac gia dé nghi mo
hinh trang thai chuyén tiép 75A, trong d6 chat xac
tac dong vai trd hoat hoa cac chat phan tng [14].
Céc nghién ctru vé co ché cho thdy phan tmg Aldol
hoa cua 75 c6 tinh thuan nghich va dé thuc day phan
g xdy ra hoan toan phai thém cac chat xuc tién 1a
Et;N va TMSCI. Khi thay d6i nhém thé R, phan tmg
luén tao ra san pham anti-76 voi hiéu suat tir 88-
92 % v6i do chon loc lap thé rat cao. Dic biét, trong
cung diéu kién phan ung, néu st dung
thiazolidinthion 77 s& mang lai san pham Aldol anti-
78. Nhém Evans ciing dé nghi mo hinh trang thai
chuyén tiép 77B dé giai thich sy hinh thanh chon loc
1ap thé cua san pham 78 [15].

o o 0,1 eq. MgCl, o %Me OH O O
2,0 eq. Et;N el 1 O Ph
R\)J\N)LO g. Elg ,Mg o PhMN)Lo
1,5 eq. TMSC HO H |— &\/
e 2) TFA, MeOH ?’\N)\ B
75 i . Bn 88-92% (dr ~ 97:3)
75 A
1) 1,2 eq. PhCHO " antrre
o s 0,1 eq. MgBr,.Et,O[ W o OH 0 S
\)J\ I 2,0 eq. Et3N j\ | Br : PN
R e J\ro Mg~ o— Ph N s
L/ "2)TFA, MeOH H R e

Bn B
77 ij‘ n

R= Me, Et, Bn, Allyl -

85-91% (dr = 89:11 - 95:5)

77B anti-718

Hinh 14: M6 hinh trang théi chuyén tiép Zimmerman-Traxler voi sy phéi tri cia Mg**
cho phan ung Aldol hoa cua enolat co6 nhém phu trg oxazolidinon bat doi xing

Fukuiyama va cOng sy da su dung thanh cong
phan tng Aldol hoa bat dbi ximg va phan tng Diels-
Alder trong tong hop toan phan hop chét thién nhién
phomoidride 83 (hinh 15) [16].

6 o

)L EtS

O °'N |

o X Gy D Aldol o
< “COOEt o o)
EtOOC 2) [0] )J\ J
Q" °N

BEtOOC COOEt

lDlels—Alder

O Phomoidride 83 EtOOC COOEt

Hinh 15: Phan @ng Aldol bat ddi xtng trong
tong hgp toan phan phomoidride

Trong d6, phan tmg Aldol hoa bat dbi xtng dugc
xem 1a mdt trong nhitng giai doan quan trong nhat
trong viéc hinh thanh san pham trung gian 81 véi
cac trung tAm lap thé dwoc kiém soat chit ché, tiép
d6 la phan ung Diels-Alder ndi phan t&r cho san
pham trung gian 82. Hai giai doan nay gop phan tao
nén khung cau triic co ban ciia phomoidride.

Phan ung Aldol héa sir dung oxazolidinon bt
d6i va cac dan xudt khéc ciia Evans dugc xem la
phuong phép hiru hi¢u nhit va duoc sir dung rong
rdi trong téng hop toan phan nhiéu cac hop chit
thién nhién va dwoc pham quan trong nhu FR-
182877, spongistatine, aflastatin, rutamycine A,
calyculin A... [17].

3.1.2. Nhom phu tro sultam

Tir ndm 1990, Oppolzer va cong su di phat trién
nhoém phy trg sultam bat ddi xtng trong phan tng
Aldol hoa (hinh 16) [18]. Trong phuong phap nay,
sultam bat dbi xung 84 phan ung v6i mot dialkyl
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boron triflat dé tao ra (Z)-enolat 85. Phan g Aldol
hoa cua boron enolat 85 véi benzandehit cho san
pham 1a syn-87. Chon loc lap thé ciia phan mg dua
trén sy ton tai wu tién cia cau dang c6 luc ddy ludng
cuc gitta nhém SO, va nguyén tr oxi cta enolat nho.
Pong thoi, mat phiang phia trén cua enolat bi an ngir
boi nhém phy tro dan téi sy vu tién hinh thanh trang
thai chuyén tiép vong sau canh 86. Sau khi loai bo
nhom phu tro sultam, bang phan tng oxi héa hoic
khir ctia 87, ngudi ta thu duoc cac san phiam chon
1ap thé twong tmg 1a este 88 hoic diol 89.

Ngb Thi Thugn va cgng su

San pham d6i quang cua syn-87 la syn-92 duoc
hinh thanh khi sir dung thiéc enolat thay thé cho
boron enolat. Quy trinh nay thuong co sy chon loc
d6i quang thap hon nhung diém thuan loi 14 ciing co
thé tao ra syn-92 tir sultam 84 [19]. Chon loc 1ap thé
trong su hinh thanh san pham syn-92 lién quan dén
kha ning tao phdi tri ciia enolat 90 voi andehit, theo
do6 phan mg Aldol hoa di qua trang thai trung gian
91 c6 dang phéi tri bat dién cta nguyén tir kim loai
thiec.

Bu,BOTf 48 PhCHO Bu g,
5 m/\Me i-Pr,NEt ,/s\\/ Z "Me Nﬂ%{f\c\) Ph
’\ O  OBBu, S<~ Bu H
85 =0 H
o} 86
O OH
n-BuLi, Bu3SnCl Dy ¢
EtO h <) Lioy, H,0
Me Z)CHzN 2
H 88 ? O OH
N
== Me NJ\H\Ph
7, . /
o Yo, 9 OH 4& o Me
o0 B SELB“ HO/YLPh syn-87 (80%, dr=99:1)
Me O OH
lPhCHO -
1 O«;\f‘“ Me
»
ov < 93
Me ,DC\XV
// \o o }—Ph Lig :
IH AN
o e T, w0 e
91 Bu Bu syn- 92 Me
94

Hinh 16: Nhém phu tro sultam bat di xing trong phan ung Aldol héa

Hoa lap thé cta phan tmg Aldol héa cia silyl
enol ete xuat phat tir xeton 95 mang nhém phuy trg
sultam hoan toan thay ddi khi sir dung mot axit
Lewis lam xtc tdc. Phan ung cua enolat 96 véi
benzandehit c6 mat mot axit Lewis nhu TiCl, mang
lai san pham chon loc anti-97 (hinh 17). Sy thay do6i
hoan toan vé mit hoa 1ap thé, tir chon loc san pham
syn sang anti, 1a do nhém bao v¢ silyl enol ete (TBS)
da ngan can sy hinh thanh trang thai chuyen tiép
vong sau canh. Chuyén hoa da xay ra theo kiéu phan
ung Mukaiyama-Aldol, trong d6 TiCl, hoat hoa truc
tiép nguyén tir oxy nhom cacbonyl ctia andehit.

Hién nay, nhiéu nhém phu trg bt d6i xtrng khac
cling da dugc nghién cuu st dung trong phan Ung
Aldol héa. Tuy nhién, khuon kho gi6i han cua bai
bao khong cho phép liét ké toan bd cac nhoém phu
trg nay.

TBSOTf
— N\[(\Me Et;N — N ~ “Me
N N
O O O  TBS=tBuSiMe,| O O OTBS
95 96
O OH
PhCHO
\CHO_ NG N
T1C14 — H
O’/ \\o Me

anti-97 (89%)

Hinh 17: Chon loc lap thé trong phan ng Aldol hoa
cua silyl enol ete bat ddi ximng

3.2. Phan @ng Aldol héa bit déi sir dung tac nhan
chiral

Mot cach tiép can khac d6i vai phan wng Aldol
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hoa bat ddi xuang la sir dung mot nhoém chiral géan
truc tiép véi nguyén tir kim loai dé tao ra tac nhan
bat ddi xung. Tac nhan co kim loai thu duoc phan
g vai xeton dé tao ra chiral enolat. Phuong phap
nay cho phép thuc hién phan ung Aldol héa chon loc
lap thé tir xeton va andehit khong quang hoat. Hon
nita, né khong doi hoi phai dua thém nhém phu tro
bét déi xang roi lai loai bo sau khi thyc hién phan
ung Aldol héa.

Nghién ciru dau tién phai ké dén 1a gan nhém
chiral isopinocampheyl (Ipc) tryc tiép véi nguyén tir
bo dé tao ra mot tAc nhan bat dbi xang [20]. Cac tac

Phan izng aldol chon loc Idp thé. Phan 1.

nhan (+)- va (-)-(Ipc).BOTf dugc tong hop dé dang
& dang tinh khiét quang hoat lan luot tir (-)- va
(+)-a-pinen tu nhién. Phan g cua xeton 98 véi tac
nhan (-)-lpc,BOTf (Tf = SO,CF;) tao ra boron
enolat 100 bat déi xung (hinh 18) [21]. Enolat 100
tham gia phan tng Aldol hoa bat ddi xang véi
andehit R°CHO cho san pham chinh 1a dang syn-102
v6i d6 chon loc d6i quang cao vi phan tng wu tién di
qua trang thai chuyén tiép A. Trang thai chuyén tiép
B kém bén vimng va khong duoc uwu tién do co luc
day noi phan tir gitta nhdm Me cua Ipc va nhom R*
cua enolat.

- H_ _B :
H\/’\ Oo// Me Me
R® Me 102
R2CHO Me yn
(-)}-Ipc,BOTF 99 9B(PC A Me |
] 17Xy Me
EProNEt R Me -*
100 Me
H Me O OH
L R! H,0, ] )
BOTf = (-)-Ipc,BOTE wR o 7R Me R R
) (0] \lrl\/'e Me
Me B Ve anti102
R R? Hs (%) ee (%)
Et Me o1 82
Et CH,=CMeCHO 78 91
Et n- CsH, 92 80
Et 2-Furyl 84 80
i-C3H- CH,=CMeCHO 99 88
i-BuCH,  CH,=CMeCHO 79 86

Hinh 18: T4c nhan (-)-Ipc,BOTf bét ddi ximg trong phan tmg Aldol hda

Paterson va cong sy cling dé st dung thanh cong
phuong phép nay trong téng hop toan phan hop chit
tu nhién Oleandolide 110, mot hop chét thién nhién
c6 hoat tinh sinh hoc dang chu y (hinh 19) [22]. X
ly xeton 103 v&i (+)-1pc,BOTF 99 rdi cho boron
enolat tao thanh phan ung véi andehit «,5-khong no
CH,=CMeCHO 104 tao ra san phim Aldol syn-105
la ddi quang cta san pham hinh thanh khi str dung
(-)-Ipc,BOTS. Sau mot vai budc chuyén hoa, tir
Aldol 105, ngudi ta thu duge hop chat 106. Hop chét
109 duoc tong hop tir dang Aldol anti-108 st dung

mot tac nhan phu trg khac cua bo 1a Cy,BCl 53 106
va 109 chinh 1a hai manh quan trong trong céu trc
ctia hop chat thién nhién oleandolide.

Sau d6, nhom nghién ciru cia Paterson ciing da
st dung thanh cong phuong phap nay trong tong hop
toan phan hoat chat tu nhién (- ) Laulimamlide 114
phan 1ap tir mot sd loai bot bién nhu Hyatella sp.,
Sponggia mycofijiensis va Fasciosponga rimosa
(hinh 20) [23]. Hop chét nay co tac dung tic ché su
phan bao, dugc nghién ciru tmg dung trong hoda tri
lidu diéu tri ung thu.
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SOPh

1) (+)-Ipc,BOTYf 99 O OH
i-Pr,NEt
BnO

& YW
2

Q ) 104 syn-105
BnO/W)J\/ ]

103

1) Cy,BCl, Et3N P

=,
2) _0O é PMBO Y
NS : Oleandolide 110
107 anti-108 109

Hinh 19: Phan ting Aldol sir dung tac nhan bgt d6i ximg mang nhom Ipc trong
tong hop chon loc 1ap thé oleandolide

OB|(+)-Ipcl

Me

COzMe +

Hinh 20: Phan ung Aldol sir dung tac nhan bat d6i xtimg mang nhom Ipc trong
tong hop chon loc 1ap thé (-)-Laulimamlide

Mot phuong phap quan trong khac trén co s¢ cac Tiép d6, phan tmg cta 116 véi RCHO wu tién
hop chét cia boron bét (1‘01 ciing duoc E. J. Corey  tao ra san pham anti-119 véi hiéu suit va du luong
[24] va cong su phat trién tir nam 1990 [25]. Trong  d6i quang kha cao. Phan tmg duoc dé nghi xay ra
phuong phap nay, hop chat boron bit dbi xing qua mé hinh trang thai chuyén tiép vong 6 canh 118.

(R,R)-117 gén voi este 115 tao ra boron enolat Pac biét, khi gén tac nhan boron bat dbi xung
(E)-116 (hinh 21). (R,R)-117 véi thiophenyl este 120 s&€ mang lai enolat
o) OBR, (2)-121 (hinh 22). O giai doan tiep theo, phan mg
e M, g, BRI %OFBU RCHO Aldol héa bt déi xtmg cia 121 voi RCHO di qua
115 EGN e trang thai chuyén tiép 122 cho san pham Aldol
(E)-116 syn-123.
Ar = 3,5-di(trifluorometyl)phenyl
H A o ¥ R Hs (%) ee (%)
.
R & OH O Ph 93 97
N O 73\\
Mo\ Fo g N O | s N - PhCH,CH, 86 01
ruoH /,1‘ _ Me xiclohexyl 79 83
s Ar’(,),s\\o B anti-119

(e} OB
R,R)-117
vo L, (RRAT_y, I RCHO_

SPh  (j-Pr),NEt
F3C

O Br AngP OH O

(R,R)- 117 H/g/o\ 50 /\)k
Ph= égﬁ“‘l_l%’N on| —= R7OY TsPh

R Hs (%)  ee (%) L J—- i
Ph 93 94 1 A oh syn-123
(E)-PhCH=CH; 81 98 00
Xiclohexyl 75 82 o
Hinh 21: T4c nhan phu tro boron bt ddi (R,R)-117 Hinh 22: Tac nhan boron bat doi xting (R,R)-117

trong phan tmg Aldol ciia este cho thioeste trong phan tmg Aldol hoa
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3.3. Phan wng Aldol hoa sir dung xuc téc chiral
3.3.1. Phan #ng Mukaiyama-Aldol héa bt doi xing

Giai phap 1y twong cho hau hét cac phan tng
hiru co chon loc 1ap thé 1a st dung cac chat xUc tac
chiral. Uu diém cua phu:orng phap nay 1a chi can sir
dung mot lugng nho chat xdc tac chiral van ma van
mang lai higu suat va do chon loc 1ap thé rat cao cua
san pham mong muén. Do vay, phuong phap nay la
mét lya chon kinh té hon hin so véi phuong phép st
dung nhdm phu trg chiral hay tdc nhéan chiral (phai
st dung mot lugng ti 1é tuong dwong véi chit dau va
sau khi két thic phan ang phai thém giai doan tach
loai tac nhan hoic nhém phuy tro khoi san pham).
Phan tng Aldol héa sir dung x(c tac béat dbi ximg da
duoc nhiéu nhém nghién ctu phét trién tir nhiing
nam 90 cua thé ki trudc. Trong phan nay ching toi
s& gioi thidu mot s phuong phap phd bién nhat cé
kha niang Gng dung rong réi trong téng hop toan
phan cac hop chit ty nhién ciing nhu 1a cac loai

Phan izng aldol chon loc Idp thé. Phan 1.

Sau do, chi véi 20 mol% xudc tac chiral 130 tir
dan xut cua axit tartaric va bo, Yamamoto va cong
sy da thuc hién thanh cong phan tng Aldol héa bat
dbi xtng giita silyl enol ete 128 va andehit 129 (hinh
24) [27]. Piém dic biét ¢ day 1a su chon loc lap thé
cua phan @ng khéng phu thudc vao cau hinh cua
silyl enol ete ban dau. Hoé hoc lap thé cua phan ung
duoc giai thich dya trén mé hinh trang thai chuyén
tiép A trong hinh 24. O trang thai chuyén tiép B,
twong tac gitra hai nhom R®va R® 1am giam do bén
cua trang thai chuyen tiép nay. Trong khi d6, & trang
thai chuyén tiép A khong c6 tuong tac nay, vi vay
mo hinh A dugc vu tién hinh thanh va mang lai san
pham syn-131 véi hiéu suat chuyén héa va du luong
dbi quang rat cao.

Bdng 4: Phan tng Aldol hda chon loc 1ap thé sir
dung xuc tac phirc bat doi xang Ti(ll) véi diamin
trong tong hop syn-a-metyl-f-hydroxythioeste

: Sn(OTf), +Q?N O
dugc pham mai. OTMS o Me ‘ Qo OTMS
Trong phan &ng Aldol héa chon loc lap thé dau sy + A, (20 mol%) 128 O EtS)Kl/l\R
tién, Mukaiyama va Kobayashi da nghién ctru va 124M8 425 C2H5CN, 78 °C Me
rng dung thanh cdng chit xuc tac chiral trén co s& 127
phtrc chat cua Sn(ll) triflat voi diamin 126 (bang 4) R Xt Hs | syn/ | ee
[26]. Hé xdc tac bat doi nay dugc &p dung cho phan (mol%) | (%) | anti | (%)
ung Aldol hoéa gita silyl enol ete 124 cua S-etyl Ph 20 77 | 93/7 | 90
propanthioat véi cac dang andehit khac nhau, tir no, p-MePh 20 75 189/11 | 91
a,f-khong no dén thom, tao thanh cac syn—,a—m’etyl‘— (E)-CH;CH=CH, 20 76 | 96/4 | 93
ﬁ-hydl_‘oxythioeste voi hiéu suat chuyen h_oa tot Va  [(E)-CH,y(CH,),CH=CH, 20 73 [ 97/3 | 93
dac blétA la do Ch()n’k‘)C_ﬂ'.’?lp~ thf (syn/antl) \VE‘l d,f)l (E)—CH3(CH2)2CH=CH2 15 67 96/4 92
quang déu cao. Céc ta_l(A: gla,da d;e lea7t chu trﬁmh XlAJC (E)-CH5(CH,),CH=CH,| 10 65 | 95/5 | 89
ta,c 01}a Srl(ll?, tuyﬁnhllen, C?.C yéu to anhkhl{onggden CHa(CH,)sCH=0 20 80 | 100/0 | >98
hoa 1ap thé caa phan ung thi chua dugce dé cap den. xiclo-CoH,CHO 20 71 1100/0 | >98
- (EZOOH 1%
Om./  OAr O OTMS
OTMS o — R2 F,'/B/\o/\(o - R1JH)\R3
RJ\wRZ HJ\RB TMSOH N R?
128 129 L A ] syn-131
0.C r R R COOH 7¢
H 2 ~OAr O OTMS
A | g
T™SO R? anti-131
L R! RSJ B -
R R? R Hs (%)  ee (%)
n-Bu H Ph 81 85
n-Bu H n-Bu 70 80
Et Me® Ph 96 96
Et Me® Ph 97 94
-(CHy)4- Ph 57 95

%(E)-silyl enol ete. (Z) silyl enol ete
Hinh 24: Xuc tac bat dbi trong phan ung Aldol hoa
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Chat xdc tac 130 ciing da duoc sir dung thanh
cong dé tao ra san pham Aldol bat ddi xang syn-134,
mét hop trung gian quan trong trong téng hop toan
phan hop chat ty nhién (+)-cheimonophyllal 135
(hinh 25).

130
(20 mol%)

133

H tHo
(+)-Cheimonophyllal 135

Hinh 25: Phan @mg Aldol h6a chon loc 1ap thé st
dung xUc tac boron bat doi trong tong hop toan phan
(+)-cheimonophyllal

dr=10:1,99% ee

Nim 1991, E. J. Corey va cong sy da phat trién
xUc tac bat dbi xtng 138 di tir amino axit L-tyrosine
ty nhién rat hiéu qua trong cac phan tung
Mukaiyama-Aldol hda chon loc lap thé gita silyl
enol ete 137 va andehit 136 (hinh 26) [28]. Dya trén
cac két qua phan tich phéd NMR, Corey da dé nghi
md hinh trang thai chuyén tiép 139 dé giai thich cho
su chon loc cho lap thé cua san pham 140. Trong md
hinh 139, vai trd cua xic tac bat ddi xung 138 la
hoat hoa nhém C=0 cua andehit 136, lam tang tinh
electrophil cuaa cacbon cacbonyl.

Dong thoi, hop phan tryptophan cua chat xdc tac
an ngir mat bén trai cua andehit, do do, tac nhan
nucleophil 137 chi c6 thé dé dang tin cong tir mat
bén phai it bi &n ngir khong gian hon. Khi sir dung
20 mol% cua xdc tac 138, phan ¢ng cho hiéu suat
chuyén hoa va do chon loc lap thé rat cao véi du
luong dbi quang 1én dén 93 %.

Nam 1994, Carreira va cong su phat hién ra
phtic chit 143 gitta Ti(IV) v6i bazo Schiff va axit di-
tert-butyl salicylic 1a mot chat xdc tac ¢ hiéu qua
cao cho cac phan @ng Aldol hoa bat ddi xung [29].
Chi vé6i 0,5-5 mol% phurc chat ndy, phan tng cho
san pham véi du lugng dbi quang 1én dén trén 98 %
(hinh 27). Chat x(c tac 143 dugc st dung pho théng
nhét hién nay vi c6 thé 4p dung cho mét dai rong cac
andehit ¢ diéu kién phan ung ém diu, trong khoang
thoi gian tuong d6i ngan (2-8 h) [30,31]. Xuc tac
143 ciing da duoc sir dung thanh cong trong tng
hop nhiéu hop chét thién nhién va cac duwoc phim
quan trong nhu Depsipeptid FR-9 001 228,
Kerdarcidin, Phor-boxazole A va dic biét la
Roflamycoin, mét hop chit thién nhién c6 hoat tinh
khéng sinh [32].

Ngb Thi Thudn va cong su

(0] OTMS C;)H O
R1JJ\H * 2 =R1;\)J\R2
136 140

iJ
R R’ Hs (%) ee (%)
Ph Ph 82 89
/—7%¥.  Ph 67 93
@E— Ph 100 92
[—7¥. nBu 56 86

Hinh 26: Xtic tac bat doi xung tir tyrosine trong cac
phan tng Mukaiyama-Aldol hda chon loc lap thé

0 OTMS 143 (0,5 - 5 mol%)

R1J\H i OR? RV?\)J\ORZ
141 142 144
OO N g
N Br
SN
b o
143
R R’ Hs (%)  ee (%)
Ph Me 93 96
PhCH,CH, Me 87 94
Xiclohexyl Me 91 95
n-Pr Me 97 95
MeCH,=CH, Me 81 98

Hinh 27: Phirc chét ciia Ti(1V) véi bazo Schiff va
axit di-tert-butyl salicylic Iam xdc t&c bat doi xung
trong phan tng Mukaiyama-Aldol hda

Phan tng Aldol hoa cua 146 véi andehit 145 c6
mat xuc tc 143 mang lai san pham 147 Ia mot manh
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quan trong trong ciu trdc vong Ion cua hop chat ty
nhién Roflamycoin 148 (hinh 28).

OEt

OH O
147

~OH

"OH

OH OH OH OH OH OH H

roflamycoin 148
Hinh 28: Phuc chat cua Ti(IV) trong tong hop
toan phan roflamycoin

Gan day, phan (ng Mukaiyama-Aldol héa chon
loc dbi quang trong mdi trudng nudc sir dung phirc
chat cua sat(1l) v6i dan xuat chiral 2,2’-bipyridine
151 da duoc cong bd (bang 5) [33]. Phan @ng cho
hiéu suét chuyén hoa toi 99 %, d6 chon loc syn/anti
1én dén 99:1 va du luong ddi quang 98 % véi mot
phd rong cac andehit thom chira nhém ht electron
hoic diy electron va ca andehit mach ho.

Phan izng aldol chon loc Idp thé. Phan 1.
3.3.2. Phan itng Aldol héa bdt déi ximg truec tiép

Bén canh viéc st dung silyl enol ete, phan tng
Aldol hoa bat dbi xing truc tiép gira xeton va
andehit voi sy tham gia ciia mot chat xuc tac cling da
duoc nhiéu nhém nghién cau thyc hién thanh cang.
Uu diém caa phuong phap nay 1a khong can phai
chuyén héa tac nhan nucleophil thanh silyl enol ete,
do vay giam thiéu duoc c4c san pham phu trong khi
van ¢ thé mang lai san pham mong doi Véi higu
suit chuyén héa va do chon loc 1ap thé rat cao [34].

Theo huéng nay, Shibasaki va céng su da phat
trién cac phan tmg Aldol hoa ludng phan tir ciia cac
xeton don gian sir dung phic 155 cuia BINOL bat
ddi véi liti va nguyén té dat hiém lantan (bang 6)
[35]. Khi str dung 20 mol% cua xuc tac 155, mot dai
rong cua cac xeton 153 bao gom cac aryl xeton,
axeton va 2-butanon da tham gia phan ung Aldol
hoa chon loc lap thé voi cac alkyl andehit 154.
Nhuoc diém cua chat xdc tac nay I hoat tinh khong
cao, do vay can sir dung cac xeton véi luong du tir
7,4-50 duong lugng véi andehit va kéo dai thoi gian
phan tng tdi 3-11 ngay. Sau do, Shibasaki va cong
su dd phat hién ra rang khi thém mot lwong nho
KHMDS (8 mol%) dong vai trd nhu chat trg xuc tac
thi cé thé rit ngan duoc thoi gian phan ang va chi
can st dung 3-15 dwong luong cua xeton [36].

Bang 5: Phan ung Mukaiyama-Aldol hoa trong moi truong nude sir dung phac xdc tac Fe(ll)

S

O OH
OSiMe3 (15 mol%) H
b N Me * R H Fe(CIO,)," 6H,0 (5 mol%) Ph)ﬁfg\R
149 150 PhCO,H (6 mol%) Y152
1,2-duong lugng 1,0 dwong lugng  DME/H,0 7:3, 0°C, 16-24 h

Hs syn/ ee Hs syn/ ee
RCHO %) ant (%) RCHO @) | anti | (%)
CsHsCHO 98 97:3 97 2-Naphthandehit 99 97:3 98
4-MeCgH,CHO 98 990:1 97 1- Naphthandehit 99 990:1 98
2-MeCgH,CHO 96 990:1 96 Xinamandehit 99 88:12 96
4-MeOC¢H,CHO 96 97:3 96 3-Phenylpropiolandehit 97 85:15 90
4-BrCgH,CHO 99 96:4 97 Oct-2-ynal 98 88:12 91
4-CIC¢H,CHO 98 97:3 97 Furfural 99 97:3 98
4-FCgH,CHO 99 95:5 98 Thiophen-2-cacbandehit 99 98:2 98
4-CF;C¢H,CHO 95 92:8 94 Xiclohexancacbandehit 95 93:7 98
4-NO,CsH,CHO 98 90:10 93 Pivalandehit 24 98:2 98
4-CNC¢H,CHO 99 91:9 95 Butanal 95 93:7 98
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Bang 6: Phuc chat cua Li(l) va La(VI) véi BINOL
trong phan ng Aldol héa chon loc 1ap thé

o] o) 20 mol% O OH
R1J\ * HJ\RZ THF, -30°C R1)K/-\R2
153 154 1 eq. H,O 156
R R Hs (%) | ee (%)
Ph t-Bu 76 88
Ph i-Pr 59 54
1-Naphthyl t-Bu 55 76
Me t-Bu 53 73
Et PhCH,(CH,),C- 71 94

MGt tng dung quan trong khac cua xuc tac 155
trong tong hop toan phan hop chat tu nhién

(10 mol%)
e - >
S’I\ KOH, THF

‘OMOM

Ngb Thi Thugn va cgng su

fostriecin 160 di dwoc nhom Shibasaki céng b
(hinh 29) [37]. Phan ung Aldol hoa bit dbi cua
andehit 157 voi xeton 158 tao ra hop chét trung gian
Aldol 159 véi hiéu suat 65 % va ti 1& dong phan dr =
3,6:1.

Tiép d6, Shibasaki ciing d tim ra phuc xdc tac
Ba-BINOL 163 cho phan tng Aldol hoa bat ddi truc
tiép cua axetophenon voi cac andehit mach thing
(hinh 30) [38]. Piém dic biét 1a phan tng hoan toan
xay ra trong 18-48 h chi véi 5 mol % cua chét xuc
tdc 163 va hai duong lugng axetophenon. Mac du
hoat tinh xuc tac dugc tang cuong nhung d chon
loc 1ap thé lai khéng cao nhu hé xic tac La-Li-
BINOL 155 néi trén.

Nam 2000, Trost va Ito da cong bé mot nghién
ctru sir dung phuc xuc tac kém hai tam 167 véi phoi
tar ProPhenol cho phan ung Aldol héa bat ddi cua
aryl methyl xeton 165 véi mot dai rong cac andehit
166 (hinh 31) [39]. Diém dic biét 1a phan tng cua
cac andehit véi nhom thé & vi tri o thuong cd hiéu
suat va do chon loc 1ap thé cao hon cac andehit
mach thang. Phan tng can sir dung mot luong du tir
5-10 duong lugng cua xeton 165 va 5 mol% chat
xUc tac. Thoi gian can thiét cho phan ung twong ddi
dai, tir 2-4 ngay.

155

Hinh 29: Phirc caa BINOL bat ddi véi liti va lantan trong tong hop chon loc lap thé fostriecin

i )J\ (5 mol%) M
+
Ph H” "R DME,-20°c Ph R
161 162 164
77-99 %
50 -70% ee

Hinh 30: Phic Ba-BINOL cho phan tng Aldol héa
bat doi truc tiep cua xeton va andehit

E/\/ ) Zn Eph

Me 167
Q jJ)\ 5 mol% Q  OH
(9
—_ >
Ar)k * H R THF, -30°C Ph)J\/'\R
165 166 1 eq. H,O 168

24 -79 %

56 -99 % ee

Hinh 31: Phuc xtc tac k&m hai tam véi phdi tir
ProPhenol trong phan ting Aldol héa tryc tiep
chon loc 1ap thé
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4. KET LUAN

Bai bdo da tong quan nhing thdng tin cap nhat
nhat vé phan ng Aldol hoéa chon loc lap thé, cac
budc phét trién va ang dung trong tong hop hitu co,
dic biét 1a trong linh vuc tong hop toan phan cac
hop chat tu nhién va tong hop dugc pham. Cac yeu
t6 nhu cau tric cua chit phan tng, tic nhan, chat
xUc tac va co ché hinh thanh san pham chon loc 1ap
thé da duoc thao luan. Bé co dugc hiéu suat chuyén
hoa, dac biét 1a do chon loc lap thé cua phan tng
cao, nhleu huéng nghién ciu da dwoc phat trién,
trong s6 do, dang cha y nhat 1a huéng s dung cac
nhom phu trg bat dbi xtang (chiral auxilary) nhu
oxazolidinon, sultam hodc cac tac nhan bat ddi xtmg
(chiral reagent) trén co s& phirc chat kim loai (nhoém
A, B, chuyén tiép, dat hiém) mang phdi ti hitu co
bit ddi. Cac hé xuc tac phic chiral 1a mot cong cu
thuan tién va uwu viét hon so v6i cdc nhom phu tro
bat ddi trong khi van cho hiéu suét chuyén hoa va do
chon loc d6i quang cao cua san pham. Viéc tong
quan tai liéu cho thay cac phan tng Aldol hoa bat
dbi da ching to dwoc tim quan trong cua ching
trong viéc tong hop nhiéu hop chét cé cau tric phirc
tap voi d6 chon loc l4p thé rat cao, tir cac hop chit
trong tu nhién c6 hoat sinh hoc dén cac duoc pham
chira bénh cho con nguoi.
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