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Abstract

Michael reaction of enolates is one of the most important C-C bond forming reactions in organic synthesis. Recent
developments of chiral catalyst systems (metal catalysts and organocatalysts) allowed Michael reaction of enolates to be
carried out under mild conditions giving desired addition products in high yield and enantioselectivity. In this review,
several important aspects related to stereoselectivity and enantioselectivity are discussed in details. In addition, some
practical applications of tandem Michael and asymmetric Michael reactions in the total synthesis of bioactive natural

products, and pharmaceuticals were demonstrated.

Keywords. Asymmetric Michael reaction, tandem Michael reaction, conjugate addition, diastereoselectivity,
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1. GIOI THIEU

Phéan tng Michael (hay phan ung cdng Michael)
la phan ung cong ctia mdt nucleophil véi mot hop
chat cacbonyl khong bio hoa & vi tri a,p. Phan tng
nay thudc nhom cac phan tmg cong lién hop. Ké tur
khi Michael khdm pha ra phan tng nay nam 1887
[1], phan tmg Michael da tré thanh mdt trong nhirng
phan tng quan trong trong viéc tao cac lién két C-C
va di duoc ung dung rong rai trong téng hop Hitu co
ciing nhu trong cong nghiép Dugc pham [2]. Trong
mo hinh phan tmg Michael tong quat dugc trinh bay
bén dudi, enolat 1 phan tng v&i mot hop chat
cacbonyl 2 (este, andehit, amit, xeton hoac cac nhom
huat dién tir khac nhu nitro, cyano, sulfonyl,...) mang
lai san pham cong lién hop 3. Nhom hut dién tur
(EWG) dong vai trd hoat hoa ndi d6i C=C tao diéu
kién cho nucleophil dé dang tan cong [3].
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— R1J§ * R — EWG
ﬁz TR 2 i lkQR{V?,
EWG = COOR, COR, CHO, NO,, CN, SO,R

Khi nhém thé EWG 1a nhém cacbonyl, s& co thé
c6 su canh tranh gilta phan tmg cong lién hgp (cong
1,4) va phan (mg aldol (cong 1,2). Néu phan tng ciia
enolat 4 v4i 5 xay ra theo con duong a s€ mang lai

san phdm aldol 8. Phan tng aldol d& xay ra khi
nhom cachonyl cta 5 1a cac andehit (va c6 thé la
xeton). Phan ing cong lién hop (con duong a) xay ra
khi nhom cacbonyl 1a cac nhém it hoat dong hon
nhu este hodc amit mang lai san phém 7. Mat khac
néu st dung cac nucleophil hoat tinh manh s€ uu
tién xay ra phan ung céng 1,2 va ngugc lai, cac
nuclephil hoat tinh trung binh va yéu s& tham gia
phdn tmg cong 1,4 [3, 4]. Phan tng cong lién hop
dugc xem la klem soat vé mat nhiét dong va phan
g cong truc tiép aldol dwoc xem nhu 1 kiém soat
vé mit dong hoc [3].
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Chiéu huéng tang hoat tinh doi voi cong lién hop va giam
hoat tinh cua nhom cacbonyl véi cdc nucleophil
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2. HOA HOC LAP THE TRONG PHAN UNG
MICHAEL CUA CAC ENOLAT

Mot sé nghién ctru vé hoa hoc 1ap thé cua phan
ung Michael chi ra rr:ing c6 mot su phu thude vé su
chon loc 14p thé cua san phim vé6i cau hinh (E)- va
(2)-enolat. Theo d6 (Z)-enolat 8 tham gia phan ung
Michael mang lai san pham anti-9 va (E)-enolat 10
mang lai san pham syn-11[4].
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Mot vi du rat & nét dé minh ching cho nhan xét
nay la phan tmg cta (E)-13 v6i 12 mang lai chon loc
syn-14 vai ti 1€ syn:anti kha cao (dr = 95:5). Trong
khi d6 phan g cta (Z)-15 véi 12 mang lai chon loc
anti-14 vai ti 1€ antizsyn (dr = 87:13) [5].

oM :
£BuO © e
(2)-15 dr=87:13
anti-14

3. MOT SO CHAT XUQ TA(; CO BAN CHO
PHAN UNG MICHAEL CUA CAC ENOLAT

Hinh bén duéi 1a mot sb vi du vé _phan ung
Michael. Phan tmg (1) c6 thé xay ra chi can sir dung
mot lugng xic tac bazo t-BuOK (10 mol%) thuc
hién trong dung méi t-BuOH. Phan g x4y ra nhu
sau: xeton 16 dugc chuyén hoa mot phan thanh
enolat boi mot lugng nho bazo t-BuOK (10 mol%)
va enolat nay tham gia phan tmg véi 17 mang lai
trung gian enolat 18. 18 nhanh chéng phan ung voi
dung mdi t-BuOH chuyén hoa thanh san phim 19 va
tai hinh thanh mét lugng xuc tac t-BuOK, va lugng
xUc téc t-BuOK nay tiép tuc tham gia vao viéc
chuyén hoa 16 thanh enolat, ctr nhu vy phan tng
tiép tuc xay ra [6]. Phan tng (2) cua enolat véi cac

Ngé6 Thi Thudn va cong su

hop chit nitroalken xay ra rat d& dang vi nhém nitro
14 nhém hut dién tr manh va phan tng nay khong co
su canh tranh v&i phan tng cdng 1,2 vi enolat khong
tham gia phan ‘g v4i nhom nitro [109]. Khi c6 hai
nhom hut dién tir hoat hoa lién két d6i (phan tng 3),
phan Gng xay ra nhanh hon rit nhiéu va thuong
mang lai hiéu suit rat cao[6].
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Phan tng cong lién hop cua cac hop chat
dixeton c6 thé xay ra khi sir dung xiic tac axit. Co
ché phan rng dugc deé nghi nhu sau: trong sy c6 mat
cua xuc tac axit, 20 duoc chuyén hoéa thanh dang
enol 22, trong khi d6 nhém C=0 cua 21 dugc hoat
hoa bai axit chuyén thanh dang 23. Enol 22 dé& dang
tham gia phan ng cong 1,4 v&i 23 mang lai enol 24,
va 24 nhanh chong tautome hoa thanh dang keto 25
bén vimg hon [3].
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Mot phuong phap hiéu qua khac dé thuc hién
phan tmg cong lién hop bang cach chuyén hoa céc
xeton hoac andehit thanh dang enamin (c6 tinh
nucleophil nhe). Cac enamin nay dé dang tham gia
phan tng cong 1,4. Khi xt ly xiclohexanon véi
piperidin 27 mang lai enamin 28, diém dac biét 1a 28
(1a mot nuclephil) co thé tham gia phan tng cong
lién hop vé6i axit 29 mang lai iminium 30. Khi két
thic phan tng, hon hop phan tng dugc xtr ly véi
dung dich axit mang lai san pham cong lién hop 31
v6i hiéu suit 68 % va giai phong piperidin. Tuong
ty nhu vay, néu xu ly xiclohexanon 26 voi
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morpholin 32 mang lai enamin va 33 phan tmg tiép
tuc voi 34 mang lai 35 véi hiéu suat 75 % [3].

Phan tng cong lién hgp cua céc enolat trung tinh
nhu silyl enol ete 36 trong su c6 mat cua chét xuc
tac axit Lewis (LA) goi la phan ing Mukaiyama-
Michael [3-6]. Cac nghién ciru vé hoa hoc 1ap thé
ctia Heathcock va cong sy dé nghi rang phan g
Mukalyama -Michael xdy ra qua trang thai chuyén
tiép mo 38 mang lai san pham chon loc anti va
khong phu thudc vao hinh thé (E) hay (Z) cia enolat
[4, 7]. Silyl enol ete 36 phan Gng v&i 37 trong su ¢
mit cta xiic tac axit Lewis (LA) mang lai san pham
anti-40. Phan tng dugc d& nghi qua trang thai
chuyén tiép m& 38. Mot sb chét xuc tac Lewis axit
(LA) hay duoc str dung trong phan ing nay 1a TiCly,
Sn(OTf),, Mg(CIQOy),, Zn(OTF), Yb(OTH)s,...[4].
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Du6i ddy la mot s6 vi du vé phan tng
Mukaiyama-Michael trong sy c6 mat cta chét xac
tac axit Lewis (LA) [4].
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Bdi tong quan: Phdn iing michael chon loc...

4. PHAN UNG MICHAEL TANDEM

Phan ng Michael tandem 1a mét trong nhiing
cong cy hi€u qua trong viéc téng hop cac phan tir
phuec tap bang cach rat ngin cac thao tac thuc hién
phan tng. V& ban chét phan tng tandem 1a phan tng
hai hodc nhiéu budc tiép ndi nhau. Khi enolat 41
phan mg v6i 42 s& mang lai enolat méi 1a 43. Néu
sau khi phan mg Michael két thuc, ching ta thém
mot tdc nhan electrophil nao d6 vao binh phan ung,
phan mg thir cdp giita enolat méi hinh thanh 43 véi
electrophil nay sé& xay ra [4, 6, 8]. Cha ¥ rang dung
moi st dung trong phan tng Michael tandem phai la
dung mai phi proton (vi du THF, EtOEt), vi néu sir
dung dung moi chira proton nhu EtOH, enolat 43 sé&
lay proton ctia EtOH va phan tmg sé& két thuc ¢ budc
nay. Nhu trinh bay trong hinh v& bén dudi, néu thém
modt tac nhan electrophil nhu alkyl halogenua,
andehit s& xay ra cac phan ung thir cip nhu alkyl
hoa, aldol mang lai san pham 44 va 45 tuong ung.
Dic biét, néu thém mot hop chat cacbonyl khéng
béo hoa ¢ vi tri o.,5- vao hdn hop sau phan 1 mg, phan
ung thu cap s& 1a phan tmg Michael, va san pham s&
la 46. Néu thém mot axit clorua (hodc este) vao thi
phan Ung axyl hoa s€ xay ra, chiing ta s€ nhan dugc
san pham axyl hod | 47.
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Mot tng dung thanh cong ctia phan ing Michael
tandem trong viéc tong hop khung cau triic 53 ciia
hop chat thién nhién Halichlorine [9]. Phan tng
Michael ctua enolat 48 vdi 49 mang lai enolat trung
gian 50. DAn xuét iot 51 dwoc thém vao hdn hop sau
phan @mg va phan tng alkyl hoa thir cap xay ra mang
lai 52 v6i hi¢u suat 68 %. Tu 52 sau mot s6 bude
bién ddi s& thu duwoc 53 1a khung co s cua
Halichlorine.
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Tuong ty nhu vdy sin pham cua phan ung
tandem Michael-Aldol ba cdu tir giita 54, 55 va
benzandehit 12 56 mang lai san phim 57 voi hiéu
suat 72 % [8].

OTBDMS  Ph k(O TBDMSQ |, O
Ph3CCIO, Ph

Meo)ﬁ/ @ — %
DCM
54 MeOOC
55 57

72%

San pham cua phan ung cong Michael giita
xeton 58 véi este 59 mang lai hop chat vong 61 véi
hiéu suat 66 %. Phan ing qua trung gian 1 60, trong
su c¢6 mat cua lugng du bazo manh nhu NaH, phan
tng axyl hoa noi phan tir dong vong dé dang xay ra
mang lai san pham mong doi 61 [4].

)\/\?\ COOEt 2 eq. NaH
P e
58 59 1h, neat
66% o 61 @)
0 ONa
NaH
—
OEt { ort
(0]

Phan g tandem ndi phan tir Michel-Michael la
mot cong cu dac biét hitu ich trong viéc téng hop cac
hop chit thién nhién c6 cdu tric phic tap. Thara va
cong sy da st dung 62 cho phan tng tandem, phan
(g Michael thir nht xay ra qua trung gian 1a enolat
63, va trung tim nucleophil méi hinh thanh lai tiép
tuc thue hién phan tng Michael thir cip nodi phén tir
mang lai khung c4u tric 65 ctia hop chét thién nhién
longiborneol véi hi¢u suat 93 % [10].

Ngé6 Thi Thudn va cong su
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5. PHAN UNG MICHAEL BAT POI XUNG

5.1. Phian @ng Michael bat ddi sit dung nhom
chiral phu tr¢

Tuong ty nhu phan tng alkyl hoa va aldol bat
dbi, phan ng Michael bat ddi co thé sir dung céac
nhém chiral phuy trg. Vi du dién hinh nhit 13 sir dung
cic hop chat chiral amin nhu (S)-67, (R)-67.
D’Angelo va cong su thuc hién phan tng xeton 66
voi (S)-67 voi xuc tac p-TsOH mang lai chiral
enamin 68, enamin nay do dugc gin v6i mét trung
tam chiral, nhom phenyl cong kénh chan huéng tin
cong phia dudi cua enamin nén phan ung cong
Michael véi 69 wu tién mang lai san pham 70 véi
hiéu suit 88 % va du lugng d6i quang 1én dén 91 %
[11]. Tuong ty nhu vay, khi xtr Iy xeton 71 voi (R)-
67 s& mang lai chiral enamin 72 va budc tiép theo la
phan ung Michael véi 73 mang lai 74. Pay 1a mét
trung gian quan trong trong tong hop toan phan hop
chat thién nhién (+)-Valencenol véi ca ba trung tdm
1ap thé trong phan tir déu duoc kiém soét [12]

HN/\ 1) S
H/v\ PTsOH.
+
ij/ Ph 2) AcOH 70
66 (5)-67 68 88%, 91% ee
PhO__o
s 3 /\)L
j/j\ H, p-TsOH -TsOH
(R)-67

OH 3
,{ o
—~————— [e)

(+)-Valencenol Ph 75

H¢ chiral oxazolidinon dugc phat trién bai nhom
Evans dugc xem nhu hé chiral phu trg da nang nhét
[4-8]. Phan g cOng lién hop cua titanium enolat 77
v6i acrylonitril 78 mang lai san phdm cong lién hop
79 v6i hiéu suét 70 % va do chon loc lap thé rat cao
clia san pham 79 véi dr > 100:1 [13].
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Mulzer va cong sy dd st dung thanh cong
phuong phap nay trong téng hop hop thudc khéang
viém (R)-(-)- Rolipram® xuét phat tir hop chét dugc
gan nhoém phu trg chiral 80. Phan (mg Michael bat
d6i v6i 81 mang lai trung gian quan trong 82 véi do
chon loc 1ap thé (du luwong ddng phan) diastereome
(de) 88 % [14].

1) NaHMDS
o] Nk )—> OXN OBn
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80 81 BN 88% de
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OMe

H
N C )
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OMe
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Mot trong nhiing hé chiral phu tr¢g quan trong
trong phan tmg Michael bat d6i phai ké dén SAMP
va RAMP hydrazon dugc phat minh boi Enders va
cong su [4-6]. Tuy céc chiral phu tro SAMP, RAMP
hydrazon khong thyc sy hi€u qua trong phan ung
aldol bat d6i, nhung céc tac nhan phuy trg chiral nay
da duoc sir dung kha phd bién trong phan tng
Michael bat d6i [8]. Phan tng Michael ciia enolat
ctia hydrazon 84 phan tng véi 85 mang lai san pham
86 voi hiéu sut tir 52-82% va du luong dong phan
diastereome (de) tir 92-96% [15].

o OﬁOMe
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Nhom Enders da sir dung thanh cong phan ung
cong lién hop cua SAMP-hydrazon 87 v&i 88 mang
lai san pham trung gian quan trong 89 trong quy
trinh tong hop toan phan hop chit thién nhién
Neonepentalacton[15].
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Bdi tong quan: Phdn iing michael chon loc...

Mot vi du kha tha vi khac 1a phan Gng tandem
Michael-alkyl ho4 bat ddi cua enolat di tir hydrazon
90 véi 91 mang lai san pham trung gian 92. Nhom
chiral phy tro dugce loai bo khi xur ly v6i ozon mang
lai 93, déy 1a mdt manh quan trong trong tong hop
toan phan hop chét thién nhién pinnaic axit cua
Uemura [16].
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N, iﬂ 2TMEDA | oy o
+ 3)91
> cooMe NN

N
H)H
90 <\ 92 9

o
OH CI OH
COOMe COOH

H)ﬁ \_/‘
Pinnaic axit

5.2. Phan wng Michael bat ddi sir dung cac xic
tac chiral

Tir nhitg ndm 70 cia thé ki trude, Wynberg va
cong su [17] di cong bd nhitng nghién ciru tién
phong vé phan tmg Michael bat d6i sir dung xuc tac
cinchona ankaloit ty nhién. Phan Uing ctia Indanon
94 v6i 95 ¢6 sy tham gia cia mot lwong rat nho xitic
tac qumm 96 (1 mol%) da mang lai san pham 97 véi
hiéu suit rit cao 99 % va du lwong ddi quang 1a 76
% [18]. Pay c6 thé duge xem nhu nhitng nghién ciru
khoi dau ciia cac phan tng xuc tac hitu co.

OMe /zlj
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Xy “oH

| Me,
N__~ 96
o o

o Me (1 mol %)
/
% + /W
OMe o

94 95

99%

76% ee

Nam 1986 cac nghién ctru vién cua Cong ty
Dugc phdm Merck lan dau tién di s dung thanh
cong xtic tac chuyén pha 100 trong phan ung
Michael bat dbi ciia 98 v6i 99 mang lai trung gian
quan trong 101 (v&i hiéu suit 95 % va du luong déi
quang 80 % ee) trong quy trinh tong hop hop chét
thubc 102 [19]. Phan mg dugc thyc hién trong dung
moi hai pha (toluen va dung dich 50 % NaOH).

m @/©/CF3

HO,,,
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o] 100
z
MeO. < ' o Me o Me
N MeO 9] MeO. r
cl (5-6mol%) —
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.
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Shibasaki sir dung thanh cong chét xuc tic 104
(1a phtc phdi tri chtra 2 tam kim loai dugc tong hop
don gian tu LiAIH, va (R)-BINOL 103) trong cac
phan tng Michael bat d6i [20]. Pay 1a xuc tac ludng
chure, trong vong xtic tdc cd tham gia cia ca hai chirc
ning xiic tic axit Lewis va bazo Bronsted. Diém dic
biét 1a chi can st dung mot luong rat nho (0,3 mol
%) cua xuc tac ludng chirc 104 trong phan ung
Michael bat d6i ciia 105 v6i 10 c6 thé mang lai san
pham 107 v&i hiéu suat 95 % va do chon loc ddi
quang gan nhu tuyét d6i (99 % ee). Phan tng tong
hop indol cua Fisher xuat phat tir 107 mang lai 108.
Pay 1a mot trung gian quan trong trong tong hop
toan phan hop chét thién nhién cé hoat tinh sinh hoc
Tubifolidine [21].

LiAH + 2eq. __THE
OO " OC OC
103

OEt 1o COOMe COOMe
o Meooc-|
PANHNH;
N —
o 104 “AcoH [ ——
OMe (0,3mol%)

105 106 107
95%, 99%ee

Mot hé xuc tac phirc dang chu y khac 1a hé xtc
tac 111 1a phirc chat ctia dong véi ligand 1a chiral bis-
oxazolin dugc phat trién boi nhém ciia Evans [22].
Phiic Cu 111 xuc tac hi€u qua cho phan ung
Mukaiyama-Michael bat dbi cuia 109 véi hop chét
dicacbonyl 120. Qua cac két qua thuc nghiém, Evans
va cong sy di dé nghi vai tro ciia nguyén tir dong
trong phirc 111 1a hoat hoa dong thoi ca hai nhom
cachonyl cta 114 [23]. Hai nhom chiral t-butyl s€ che
chin hiéu qua mit bén trén va nucleophil s& uu tién
tAn cong tir mit phia dudi mang lai san pham 113 véi
hiéu suat 13 92 % va du hI(mg do6i quang 1a 99 %.

MeO 111
OTMS _ (omol%) Q
t-| BuS tBuS

(CF3),CHOH
109 113 COOMe

92%, 99% ee
O\\P<WO /
; N A

Ca B
g o>

MeO’ OMe

Tublfo//dme

COOMe

112 oM

Nam 2002, Sodeoka va cong su [24] da phat
trién phan ing Michael bat ddi cua cac hop chat 1,3-
dicacbonyl 114 véi cac hop chit enone 115 sir dung
chat xtic tac chiral Pd 116. M6 hinh hoat hoa 117
clia xuc tac chiral Pd véi 114 dugc dé nghi nhu hinh
v€ bén dudi. Phire chiral Pd ludng chire (chira ca hai
loai tdm axit va bazo Bronsted) cho phép hoat hoa

Ngé6 Thi Thudn va cong su

hop chat cacbonyl dé mang lai enolate Pd chiral.
Déng thoi, tam axit cia chit xtc tac hoat hoa enone.
Mot loat cac cac san phém cong Michael khéac duoc
tac gia nghién cuu chi tiét voi hiéu suét va do chon
loc lap thé rét cao.
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Gan day trong xu hudng phat trién cua héa hoc
xanh, vi€c nghién ctiru cac quy trinh phan ing dem
lai hiéu qua cao ma co6 thé giam thiéu cic tic nhan
kim loai c6 thé gay 6 nhiém méi truong [25]. Do vay
cac chit xtc tac hitu co dudng nhu 13 linh vuc thu
hat sy tap trung cua nhiéu nhoém nghién ctru trén
toan thé giéi. Cac chat xuc tac chiral 121 va 128 la
cac dan xuét di tir prolin da dugc su dung thanh
cong trong phan img Michael bat d6i c6 thé mang lai
hiéu suét trong ddi cao va du Iu0’ng do6i quang 1én
dén 99 % [26]. Su chon loc 1ap thé cao san pham 122
va 125 dugc tin 1a do tinh chit 4n ngit khong gian
1ap thé cua cac chit xtc tac chiral. Phan umg dugc deé
nghi qua mo hinh trang thai chuyén tiép hoat hod
enamin 130, trong d6 hai nhom R* va R? duoc sip
xép & vi tri xa nhau (it bi anh huong boi 4n ngir
khong gian nhét).

OMe
Ph
o o N Ph o o
H(s)-121
H% + \*Rz (5 mol%) HWRZ
R’ ,
19 120 RY 422
R', R? = Alkyl OMe 60-87%, 95-99%ee
L
o o] H(R)121 6 A" O
Ar)J\ + Ar'/\)kH (20 mol%) Aer
—_——
123 124 LiOAC (20 mol%) 125
72-82%, 92-98%ee
OTMs
o Ph o &
H S__NO. N Ph 2
.t RETYT2 H 128 " NO,
R (10 mol%) ;
126 127 R' 129
MeCN

R? = Ar, n-Bu, c-Hex
n L)

P
™SO %
Ph H
H
H R?

130 Aw

52-85%, 68-99% ee
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Chét xuc tac 124 duge sit dung hi€u qua trong
phan ung cua 131 véi nitroolefin 132 mang lai 133
voi hidu sudt 72 % va du lwong dbi quang 1a 86 %,
427 1a mot trung gian quan trong trong quy trinh
tong hop thude chdng tram cam Paroxetine® [27].

OTMS
OHC O/%Ph CcHO

N Ph

BnOOC, \ N 124 BnOOC
E—

BnOOC BnOOC

0,
131 132 FooT2% 133 F

))7 (86% ee)
sep¥ey

HN.__~ Paroxetine

Nim 2005, Takemoto va cong su dad phat trién
h¢ xuc tac hiru co chiral thiure 134 ludng chirc dang
cht y cho phan ung Michael bat dbi cua cac hop
chat 1,3-dicacbonyl 135 va nitro olefin 136 [28].
Trong nghién ctru ctia minh, cac tic gia da dé nghi
mo hinh hoat hoa 137, trong do6 vai tro ludng chirc
ctia chit xtc tac 134 véi nhom amin hoat hoa hop
chat dicacbonyl 135 va nhdém thioure hoat hoat hoé
nhém nitro ciia olefin 136. Trong sy ¢6 mit cia chat
xdc tac 134, mot loat cac san phim cong Michael
duoc téng hop véi @9 chon loc lap thé 1én dén
99 % ee.

CFs
o¥ e\
Y H ” CF;  COOEt
COOEt PN 134 R——COOEt
R™CooEt + RNz (10 mol%) R
135 136 Toluen 138 NO,
52-85%, 68-99% ee
_ -
Qi |/
=N N CF;
AN
/ I I
H _
oH oy.0
EtO 0
H/ 137
L R OBty .

Chat xtc tac chiral thiure 134 cua Takemoto da
dugc Barbas va Fan st dung thanh cong trong tong
hop toan phan cac hop chét thién nhién quan trong
nhu (+)-Physostigmine [29] va (-)-Lycoramine [30].

Bdi tong quan: Phdn iing michael chon loc...

Me 134
Me NO
MeO (10 mol%) MeO 5 2
0 > 0
N Z N0, N
139  Boc 140 141 Boc

65%, 96% ee

CFs ll
QL5 0
Y F MeO -
_N_H H CFs N,
134 N H Me

\

Me
(+)-Physostigmine

o
9 134
MeO N O (20mol%) 0

—_—
rO CN
142
/O 143 /O 144 o o
l 98%, 80%ee A
lNaOtBu
OMe
B —
B S

/
Me  (.)-Lycoramine

Niam 2004, List va cong su [31] dd cong bd phan
ng Michael bat d6i noi phan tr ciia 146 s dung
xuc tac 148 cta nhom MacMillan. Pay la phan Gng
c6 thé kiém soat rat tot ca hai trung tdm lap thé cia
san phdm vong 5 canh 147 véi hiéu suét tir 85-99 %
va du lugng doi quang (ee) tir 80-97 %.

OjiN/>\“‘
Bn N

o)
o H 148 I
N wW—H
N
R’ THF R
146 147
X= CHy, NTs 85-99%, 80-97%
o) o o)
Iy A TeN— H
Ph H R’
99%, dr = 24:1 85%, dr = 49:1 90%, dr = 8:1
ee=97% ee = 80% ee = 93%

Gaunt va cong su d phat trién cic nghién ctru
tht vi sir dung cac hop chat chiral cinchona alkaloid
bién tinh trong cac phan tng tandem Michael ludng
phén tu-alkyl héa ndi phan tir. Phan tmg Michael
ctia dan xuit o-bromoxeton 148 véi 149 trong su co
mit cua chat xac tac 150 mang lai 13 cic hop chat
xiclopropan 151 véi hiéu suét va du luong ddi quang
rat cao [32]. M6t sb nghién ctru vé co ché phan tng
cling di dwoc nhém Gaunt thyuc hién. Dau tién xtc
tac chiral cinchona alkaloid 150 phan ung véi 148
tao mudi ammoni 152. Hiéu mg giam pKa ctia mudi
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d3 anh huong dén viéc deproton hoa voi mot bazo
yéu nhu Cs,CO; dé tao ylide 153. Ylide 153 méi tao
thanh nay s& tham gia phan ung cong lién hop voi
149 va alkyl hoa déng vong tao vong cyclopropan
151. Vi hop chét trung gian 154 gan v6i mot chiral
amin, nén san pham cia phan tmg déng vong nodi
phan tir wu tién tao thanh mot diasterome duy nhat
véi do chon loc lap thé rat cao.

=
150

0 R? o]
= (10-20 mol%) 5
RAK/Br * /ﬁo( R1k[>"urR
148 149 Cs,CO3, MeCN 151 (\j
80 °C, 24h
60-96%, 90-98% ee
o)
2
R1k>"urR 74 O
151 O [N RAK/Br
7 150 148
o®

CSzc()g

CsBr + CsHCO3

Nam 2006, Gaunt va cong sy da tiép tuc phat
trién cac nghién ctru st dung cac hop chét chiral
cinchona alkaloid bién tinh trong phan mg tandem
Michael ndi phan tu-alkyl héa ndi phan tr [33].
Phan ung Michael ciia dan xuét o-cloroxeton 155
trong sy c6 mit cua chét xtc tac chiral 156 mang lai
cac hop chat ludng vong 151 véi higu suat va du
luong d6i quang rat cao. Hién nhién khi st dung
chat xuc tic ddi quang 158, san phdm 159 ctia phan
mg 1a d6i quang cua 157.

Enders va cong su [34] d3 cong bd phan tng
Michael cascade (tandem) kha thu vi, san pham sau
phan ung 1a cac dan xuit thé cia xiclohexen voi 4
trung tm 1ap thé clia cac nhom thé duge kiém soat.
Pay la phan tng bat d6i ba cAu tir xdy ra theo trinh
tu Michael (1)—>Michael (2)—aldol ndi phén tu.
Chéat xuc tac (S)-124 1a xtc tac hitu hiéu cho phan
{mg nay, phan tng 1a su két hop cua ca hai kiéu hoat
hoa iminium va enamin trong vong xuc tac. Dau tién

Ngé6 Thi Thudn va cong su

12 su hoat hoa kiéu enamin cua andehit 160, phan
mg bat d6i cta enamin niy véi nitroalken 161 s&
mang lai trung gian 162. Vi nitroalken 161 c6 hoat
tinh electrophil cao hon so véi andehit 163 nén phan
ung uu tién xay ra voi andehit 161 trudce. Phan tng
thuy phan sau do sé giai phong xuc tac (S)-124, va
chat xtic nay s& két hop véi andehit khong bao hoa
(6 vi tri a,8) 163 tao thanh ion iminium. Iminium ion
nay s& phan tng cong lién hop bt dbi véi trung gian
162. Su hoat héa enamin (trung gian 164) va phan
tg aldol bat ddi xay ra tiép sau d6 qua trung gian
iminium 165. Phan Ung thuy phan cta trung gian
165 nay mang lai san pham 166 va hoan nguyén chat
xUc tac (S)-124 d tiép tuc tham gia vao vong xiic
tac méi. Phan tng duogc thuc hién véi kha da dang
co chit mang lai san phdm 166 v6i hiéu suit trung
binh nhung du lugng ddi quang (ee) déu trén 99 %.

156 o H
cl o (20 mol %) o)
A Na,CO,, NaBr R
R MeCN, 80 °C, 24h H
155 157

OMe >70%, >95%ee

Na,COj3;, NaBr|
MeCN, 80 °C
24h

Me (20 mol %)

(e}

H
o

159
>70%, >95%ee

(e}
|
oTMs R, re SN0
RZ Y N Ph 160 161
N02 H.0 H Ph Xuc tac Enamin
2
166 (S)-124 (s)124
OTMS
o (o} o
R’ | Ph R! |
165 - 162
Rz" . R3 R?
NO, MTMS NO,
Ph
\ 9N e
Xuc tac Enamin Rﬁf fo)
RZ R

Rsv + (S)-124

H,0 163
Xuc tac Iminium

filOz 164

7Hién nhién khi st dung xuc tac (R)-124 san

phim nhan dugc sé 1a 167, day 1a dong phén doi
quang cua san pham 166.
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1 2 3 Hléu Ti lé ee
R R R™ | sut (%) | diastereome | (%)
Me Ph Ph 40 7,8:2,1 99
Me | o-CIPh | Ph 51 8,4:1,6 99
Me Ph H 50 8,6:1,4 99
Bn Ph Ph 38 8,9:1,1 99
Et Ph Ph 58 8,0:2,0 99

o 0
RO, RSNy
160 + 163
OTMS RZ/\/Noz OTMS
\ 161
L L5
H (R)-124 H (s)-124
(20 mol%) Toluen, 0°C  Toluen, 0°C (20 mol%)
-H,0 -H,0
o o
H” I]’w Rk@\)LH
R3 ; "R2 Rz\. v R3
167 NO, 166 NO;

Nam 2009, Hayashi va cong sy da st dung mot
chién thuat tuong tu trong tong hop chon loc lap thé
nhanh thudc tri cum gia cadm Tamilflu dya trén chudi
cac phan tmg Micheal tandem bét ddi [35]. Trong su
c6 mat cua chat xuc tac 170, san phdm cong Micheal
cua 168 voi 169 mang lai trung gian 171, trung gian
nay tiép tuc phan Gmg Micheal thtr 2 v6i 172 mang
lai hop chét trung gian 173. Hop chat vong 175 dugc
tao thanh véi hiéu suit 54 % véi du lugng dbi quang
96 % (ee) dua trén phan ung thia-Micheal ctia 173
véi 174, (-)-Oseltamilvir (Tamilflu) véi ba trung tdm
lap thé dugc tao thanh véi hiéu suait 85 % tu 175.
Cho dén nay, déy 1a con dudng ngan nhét trong tong
hop thude Tamilflu dugc cong bd.

OTMS
R
Et N 1707 O NHAc
(R Naphthyl) NO,
Et NHAC (10 mol%) :
+ I\ _No; Et._O
PhCOOH (30mol%) | T
o168 169 £t 171
COOEt
=~ ot

Pl
o OEt
172
o)
o s HS O Et
O _Et ‘1704 =0 \(Et
EtO \(Et 54% “’NHAG

“NHAc 173 NO,
175 NO, (96% ee)

1) TMSCI, Zn,EtOH
2) K,CO4

o)
o _Et
EtO ~
. Et
‘NHAC
85%

NH,
(-)Oseltamivir

Bdi tong quan: Phdn iing michael chon loc...

Mot vi du tha vi khac trong tong hop toan phan
chon loc 1ap thé hop chét thién nhién c6 ciu tric kha
phtrc tap Biyouyanagin A cta nhom Nicolaou dua
trén phan tng tandem Micheal-ngung tu aldol [36].
Phan g Michael bat dbi str dung xuc tac 121 cua
andehit 176 véi 177 mang lai san phdm trung gian
178. Phan ung ngung tu aldol ndi phan tir cia 178
trong mdi truong kiém mang lai san pham 179 véi
hiéu suat 68 % (86 % ee). Hop chat trung gian 179
duogc cho phan ung véi tadc nhan Grignard MeMgl
trong sy c6 mat cia chét xtc tac Cul mang lai 180.
Biyouyanagin A dugc tong hop toan phan véi hiéu
suat 46% dua trén phan mg déng vong quang hoa
gitta 180 va manh 181.

121
(5 mol%) =
ﬁ

177

= /KZ)H 0 M9

86% ee

OMe _0
wph KHMDS
N Ph 80% | MeMygl
H 121 178 o (xt Cul)
~ Q-
TN
hv
- + ‘ &
~/~0 (e}
DCM, RT
PH 4
46% 180 Me 181

Biyouyanagin A

6. KET LUAN

Bai téng quan nay gioi thiéu mot sO phat trién va
cac ung dung tong hop gin ddy cua phan tng
Michael cta cic hop chét enolat. Mot s6 van dé
quan trong lién quan dén hoa hoc 1ap thé cia san
pham cong Michael dugc thao luan chi tiét. CAc chét
xuc tac hitu co chiral thuong dugc st dung rong rai
nhu nhitng chit xac tac hidu qua cho phan 1’mg
Michael bat déi. Phan ng Michael cua cac enolat co
kha nang ing dung rat 16n trong tong hop toan phan
cac hop chét thién nhién va céc dugc pham boi gia
thanh cua cac tic nhan enolat kha ré va d& dang diéu
ché trong phong thi nghiém ciing nhu quy mé coéng
nghiép.
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