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Development of one-pot enantioselective construction of densely functionalized
bicyclic compound using organocatalyst
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In this research, one-pot asymmetric construction of densely functionalized
bicyclic compound by successive Michael reactions of cyclohexanone derivatives and acrylate
derivatives bearing a leaving group was investigated. The enantioselective intramolecular Michael
reaction of cyclohexanone derivatives and acrylate derivatives, which is essential for the
asymmetric construction, was achieved by using quaternary ammonium salt derived from cinchona
alkaloid. On the basis of the enantioselective Michael reaction, one-pot asymmetric construction of
densely functionalized bicyclic compounds was also achieved.
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Table 1. Enantioselective Michael Reaction
of cyclohexanones 1a,b with acrylate 2a2

COt-Bu 5 (15 mol%) COzt By
COzt Bu + )\,O - . CO,t-Bu
50 wt% aq. KOH )
f n
3

(10 equiv)
1a, 3a:n=1, 1b,3b:n=2

entry ketoester conditions product yield (%)° ee (%)°

5: 20 mol%
1 1a toluene/CHCIj3 (7:1) 3a 72 81
-40°C,22h

o-xylene/CHClI; (7 : 1)
2 1b  ag. KOH: 5 equiv? 3b 73 91
-20°C, 16 h

aUnless otherwise noted, reactions were performed
with 1 (0.20 mmol), 2 (0.23 mmol), 5 (15 mol%),
and 50 wt% agq. KOH (2.0 mmol) in 0.15 M solvent.
blsolated yields. cDetermined by chiral stationary
phase HPLC. 450 wt% ag. KOH.

Michael
5
lc-f 2a
Michael (Table 2)
lc-f
1la,b
Michael 3

Table 2. Enantioselective Michael Reaction of
cyclohexanones 1c-f with acrylate 2a2

5 (15 mol%)
50 wt% aq. KOH ¢} CO,R

o)
Ry ji‘:(cozl-Bu CO,R @Bequiv) Ry CO,R
—_—
Ry * A’OAC o-xylene/CHCl5 R

1 2a 7:1) 2 3
1c,3c:Ry=H,Ry=H R =tBu

1d, 3d: Ry = Me, Ry = H
1f, 3f: Ry =)W Ry = OMe

1e, 3e: Ry =H, R, = OMe

entry ketoester conditions product yield (%)° ee (%)°
1 1c -20°C,22h 3c 68 92
2 1d Ezgjfg’e/zcof (721 4 84 92
3 le 20°C,20 h 3e 93 94
Sy OweneCHCK@:IN L o o

-40°C,23h

aUnless otherwise noted, reactions were performed
with 1 (0.20 mmol), 2 (0.23 mmol), 5 (15 mol%), and
50 wt% ag. KOH (0.60 mmol) in 0.15 M in
0-xylene/CHCIz (7:1). blsolated yields. cDetermined
by chiral stationary phase HPLC.
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Table 3. Enantioselective Michael Reaction of

cyclohexanones la with acrylates 2b-e2

5 (20 mol%)
50 wt% aq.KOH

o
B
(10 equiv) CO,t-| uCOZR
oxylene/CHCI, (7 - 1) I
3

3g:R=t-Bu
3h:R = Et
R = (CH,)sCHj,

é/cozt Bu +/\|/

2b:R=t-Bu, LG =Ac
2c:R=tBu,LG=Bz
2d:R=Et, LG=Ac

2e: R =(CH,)sCH3, LG =Bz

entry MBH conditons  product yield (%)° E : Z° ee (%)?

cat: 40 mol% . E: 51

T goc a0n 49 2351 2
3g .

2 o0° . E: 77

2 20°C, 28 h 37 41 T

o E: 63

3 2d -20°C,28h  3h 51 3:2 208

T T oleneicHol, T T

. . E: 81

4 2e (7:1) 3i 71 191 o

-40°C, 24 h

aUnless otherwise noted, reactions were performed
with 1 (0.20 mmol), 2 (0.23 mmol), 5 (20 mol%), and
50 wt% agq. KOH (2.0 mmol) in 0.15 M in
o-xylene/CHCIz (7:1). *Isolated yields. ¢E/Z ratios
were determined by H NMR analysis of crude
products. dDetermined by chiral stationary phase
HPLC.
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Table 4. Enantioselective Michael Reaction of
cyclohexanone 1b with acrylate 2e2

o 5 (20 mol%) O co,t-Bu

CO,t-Bu COR 50 wt% aq. KOH COR
+ oBz ——MM |
toluene/CHCI3 (7 : 1)
1b 2e R = (CH2)sCH3 3j
entry conditions yield (%) E 1 Z°  ee (%)

4: 15 mol% .

1 aq. KOH: 3 equiv® 33 112 B g?

___..Aoceseh . .

Cs,CO3: 3 equiv (solid) E 81

2 o-xylene/CHCI3 (7 : 1) 51 12 01 7 o1
0°C, 84h '

aUnless otherwise noted, reactions were performed
with 1 (0.20 mmol), 2 (0.23 mmol), 5 (20 mol%), and
50 wt% ag. KOH in 0.15 M in toluene/CHCIs (7:1).
blsolated yields. ¢E/Z ratios were determined by H
NMR analysis of crude products. dDetermined by
chiral stationary phase HPLC.e50 wt% ag. KOH.
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Table 5. Enantioselective Michael Reaction of

cyclohexanones 1c-f with acrylate 2e2
5 (15 mol%)

o 50 wt% ag. KOH O COo,t-Bu
Ry CO,tBu COR Gequv) R COR
—_—
o + /\(OBZ oxylene/CHCl; |
? e 2e 7:1) 2 3kn
1c, 3k R, = H, Ry = H

1d, 31: R, = Me, R, = H
1e, 3m: R, = H, R, = OMe

R = (CHp)sCH3

1f, 3n: R4 =)\/\§ , Ry =OMe

entry ketoester conditions product yield (%)° E: Z¢ ee (%)’

o . E: 95
1 1c -20°C,40h 3k 63 1:13 Z 91
toluene/CHCl,
7 1) ) E: 90
2 1 3l 60 1:141 '
aq. KOH: 6 equiv® Z:92
-40°C, 43 h
o E: 81
3 1e -20°C,40h 3m 74 1:13 793
toulene/CHCl5
71 . E: 82
4 3n 60 1:11
ag. KOH: 6 equiv® Z: 94
-40 °C, 54 h

aUnless otherwise noted, reactions were performed
with 1 (0.20 mmol), 2 (0.23 mmol), 5 (15 mol%), and
50 wt% ag. KOH (0.60 mmol) in 0.15 M in
o-xylene/CHCIsz (7:1). blsolated yields. ¢E/Z ratios
were determined by !H NMR analysis of crude
products. dDetermined by chiral stationary phase
HPLC. ¢50 wt % ag. KOH.
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Table 6. Enantioselective Michael Reaction of
cyclohexanens 1c-f with acrylate 2fa

(¢}

5 (15 mol%)
R4 COyt-Bu COR 50 wt% ag. KOH (3 equiv)
+ /\rOAc —_—
R, -40 °C
1cf 2f CO2Et  g-xylene/toluene/CHCI5 (7 : 1: 1)
1¢, 3k Ry=H,R;=H o
o _ - CO,t-Bu
1d, 31 R, = Me, R, = H R=(CHJCHy g, CoR
1e, 3m: Ry = H, R, = OMe i
2f, 3n: R, =)\/\§ , R, = OMe Ry 3k-n COZEt
entry ketoester conditions product yield (%)? E : Z° ee (%)?
1 1c 23h 30 8 188 =2
2 1d 23h 3p 93 1:35 & gf
3 e 2h 3q 98 115 28
E 73
4 1f 23h 3r 90 >1 10 7 91

aUnless otherwise noted, reactions were performed
with 1 (0.20 mmol), 2 (0.23 mmol), 5 (15 mol%), and
50 wt% ag. KOH (0.60 mmol) in 0.15 M in
o-xylene/toluene/CHCIz: (7:1:1). blsolated yields.
¢E/Z ratios were determined by H NMR analysis of
crude products. dDetermined by chiral stationary
phase HPLC.

Table 7. Enantioselective Michael Reaction of
cyclohexanones 1a,b with acrylate 2fa

o] 5 (15 mol%)
cogtBu  GOR 50 wt% aq. KOH (3 equiv)
. /\rOAc _—
)n -40 °C
1 2f COzEt o-xylene/toluene/CHCI5 (7 : 1: 1)

O CO,tBu
1a,3s:n=1 R =(CH,)sCHs COR
1b, 3t n=2

n
3 CO,Et
entry ketoester conditions product vyield (%)? E : Z° ee (%)?
1 1a 21h 3s 44 1:64 5 o
2 1b 21h 3t 67 110 5_:982

aUnless otherwise noted, reactions were performed
with 1 (0.20 mmol), 2 (0.23 mmol), 5 (15 mol%), and
50 wt% aq. KOH (0.60 mmol) in 0.15 M in
o-xylene/toluene/CHCIz (7:1:1). blsolated yields.
¢E/Z ratios were determined by tH NMR analysis of
crude products. dDetermined by chiral stationary
phase HPLC.



lc-f

la,b
2f
Michael (Table 7)
lc-f
Michael
4-2.
Michael

Table 8. Enantioselective one-pot consturction
of densely functionalized bicyclic compound
by successive Michael reactions
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