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Development of Enantioselective Acylation Based on Hydrogen-Bonding Strategy

Mandai, Hiroki
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With an optically active DMAP with tertiary alcohols moiety developed by our

group, we examined enantioselective acylation of more complexed polyols. When the reaction was
carried out using linear or cyclic 1,3-diol or 1,2,3-triol derivatives, the target monoacylated
products were successfully obtained in high yield with high enantioselectivity. We also examined
the regioselective acylation of carbohydrates for the synthesis of chiral building with high
synthetic utility value. As a result of various control experiments, it was revealed that this
reaction had high reaction acceleration effect and enantioselectivity (or regioselectivity) by
hydrogen bonding.
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Scheme 1. Characteristics of desymmetrization of prochiral 1,3-propanediols
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Table 1. Screening of catalysts for desymmetrization of 2a?

catalyst 1a—l (1 mol %)

13-

1h, 1i

(67% yield, 93:7

1a: R = C(OH)Ph,
1b: R = C(OH)(3-MeO-C gHa)o
1c: R = C(OH)(4-MeO-C gHa)>
1d: R = C(OH)(4-Me-CgHa)»

R
OH (i-PrC0),0 (1.0 equiv) OCOi-Pr OCOi-Pr O 1e: R = C(OH)(4-Ph-CgHy)2
TMEDA (1.0 equiv) N — ‘R= -t-Bu-
f on TRt kw # Op EEssietly

Me e O 1h: R = C(OH)(3,5-(+-Bu)>-CgHa),

2a R 1 R = C(OH)(3,5(t-Bu)2-4-MeO-CqHa)

1j: R=CO,Et
1 1k: R = CO,H (HCI salt)
1l: R = CONHPh
entry catalyst yield of 3a (%) yield of 4a (%)@ recovery of 2a (%) er of 3aP

1 la 67 3 30 93:7
2 1b 48 3 46 92:8
3 1c 45 <2 52 93.7
4 1d 44 2 55 91:9
5 le 58 4 38 919
6 1f 45 5 49 90:10
7 1g 47 4 50 919
8 1h 46 4 49 85:15
9 1i 32 14 53 83:17
10 1 16 3 83 52:48
11 1k 13 <2 87 61:39
12 1 14 2 86 45:55

aDetermined by *H NMR analysis using benzylbenzoate as an internal standard. ® Determined by HPLC
analysis using CHIRALCEL OD-H.
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(2a-d, 2f, 2h, 2k)
(2e 2q, 2i, 2j, 21-n)
Ph_ Ph

catalyst 1a (0.1 mol %)

OCOi-Pr OCOi-Pr

OH (i-PrC0),0 (1.1 equiv)
TMEDA (1.5 equiv)
RY OH RivA_OH * Rt OCOi-Pr NN
5 toluene (0.2 M) 5 5
R ~60°C, 7h R R OO
2 ' 3 4 OH
Ph" Ph
la
OH OH OH OH OH
Ph%/\/OH Ph%/\/OH Ph%/\/OH Ph OH MeOMOH
Me Et i-Pr Me
7
2a 2b 2c 2d 2e
3a: 90% yield, 94:6 er 3b: 77% yield, 84:16 er 3c: 87% yield, 66:34 er 3d: 87% yield, 79:21 er 3e: 50% yield, 95:5 er
4a; 7% yield 4b: 14% yield 4c: 9% yield 4d: 8% yield 4e: 24% yield
2a: 3%yield 2b: 6% yield 2c: 6% yield 2d: 3% yield 2e: 13%yield
(in 0.05 M toluene)
OH OH OH OH OH
BrMOH OZNMOH j7&0»4 oH &[/OH
Me Me Me
BnN o
2f 29 2h 2i 2j
3f: 81% yield, 93:7 er 3g: 55% vield, 88:12 er 3h: 88% yield, 54:46 er 3i: 54% yield, 87 :13 er 3 GQZA’ yield, 95:5 er
4f; 10%yield 4g: 27% yield 4h; 3%yield 4i: 16% yield ‘2‘}; iﬁof’ i:g:g
. . . " . N 0
2f: 6% yield 29: 18% yield 2h: <1%yield 2i: 24% yield (in 0.1 M toluene)
(in 0.1 M toluene) (in 0.03 M toluene/THF
=1:1for 12 h)
OH OH OH OH
Ph%/\/OH MEOMOH MEJ/\/OH C8H17J/\/OH
H H H H
2k 2l 2m 2n
3k: 88% yield, 78:22 er 3l: 63% yield, 80.5:19.5 er 3m: 67% yield, 66:34 er 3n: 48% yield, 63:37 er
4k: 4% yield 41: 13% yield 4m: 15% yield 4n: 28% yield
2k: 7% yield 2l: 16% yield 2m: 6%yield 2n: 13% yield

Figure 1. Substrate scope for desymmetrization of prochiral 1,3-propanediols
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Table 2. Examination of the second acylation step?
Ph_ Ph
0CO-Pr (c:aFE?ggt)JS ggf;smecz:i/ov)) OCO/-Pr 0COI-Pr OO OH

TMEDA (0.75 equiv )

R14;0H R1----J/\/0H * R’J/\/ocom N—\ N

toluene (0.2 M)

R? -60°C, 3h R? R? O o

3a: R'=Ph, R2= Me 3a or 3k 4a or 4k

3k:R'=Ph,RZ=H Ph"Ph

1a
entry monoacylate conv. (%)? er of monoacylate” g

1 3a 50 62:38 2.0
2 3k 59 63:37 18

a Determined by 'H NMR anaysis using benzylbenzoate as an internal standard.
Determined by HPL C analysis using CHIRALCEL OD-H. ¢ The sfactors were calucul ated

using Kagan’s equation.



catalyst (0.1 mol %)
OH (i-PrC0),0 (1.1 equiv) OCOij-Pr OCOi-Pr

TMEDA (1.5 equiv)
Ph OH PhiA _OH * Ph OCOi-Pr
toluene (0.2 M)

Me -60°C, 7 h

(Figure 2)
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1a’ 1a”
3a: 90% yleld, 94:6 er 3a: 65% yield, 88.5:11.5 er  3a: 31% yield, 46:54 er
2 4a: 7% yield 4a: 6% yield 4a: 7% yield
2a: 3% yield 2a: 31% yield 2a: 60% yield
la"” 3a
Figure 2. Effects of tert-alcohol unit(s) of the catalyst in the

desymmetrization of 2a.
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