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Abstract: In the hydrogenation using a chiral catalyst, Ru,CL[R)-(+)-BINAP],NEL, aroylation of the
allylic hydroxyl group of 2-(hydroxymethyl)-4-hydroxy-4-methyl-1-pentene (2b) and 2-(hydroxy-
methyl)-3-(1-hydroxycyclohexyl)-1-propene (3b) resulted in pronounced enhancement of asymmetric
induction, © 1997, Elsevier Science Ltd. All rights reserved.

The chiral carbon atom bearing a methy! group or a hydroxyl group is widespread in natural products such
as polypropionate derived compounds.' For the construction of the carbon framework of this class of
compounds, a primary alcohol having a stereogenic center at the position 2 (1a or 1b) would be a fundamental
building block.

In this communication, we wish to report preparation of 2-substituted 2-propen-1-ols and their transformation
into the chiral primary alcohol 1a or 1b by asymmetric hydrogenation (Scheme 1).%*
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Scheme 1

As model substrates, 2-(benzyloxymethyl)-4-hydroxy-4-methyl-1-pentene (2a) and 2-(benzyloxymethyl)-
3-(1-hydroxycyclohexyl)-1-propene (3a) were prepared by the reaction of 2-benzyloxymethyl-2-propenyl-
magnesium chloride with acetone and with cyclohexanone (Scheme 2)." In the subsequent asymmetric
hydrogenation, the catalyst of our choice was Ru,CL[(R)-(+)-BINAP],NEL, (4), because it is readily prepared
using the standard benchtop technique from commercially available reagems.5 The reduction was conducted
under pressure of 100 l‘:g/cm2 and at room temperature by the use of 1 mol% of the catalyst 4 in THF-ethanol
(1: 1 v/v; standard conditions) (Scheme 3). The enantiomer ratio was determined by HPLC analysis.6
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Scheme 2
At the outset, benzyl ethers 2a and 3a were respectively hydrogenated under standard conditions, where
4-benzyloxymethyl-2-methylpentan-2-ol (5a) and 2-benzyloxymethyl-1-(1-hydroxycyclohexyl)propane (6a)
were obtained in 63% and 55% yields as racemic mixtures (Table 1, entries 1 and 8). In the hope of achieving
effective stereodifferentiation through hydroxyl-coordination to Ru,** 2a and 3a were converted into diol 2b
and 3b by treatment with Li in ammonia. Contrary to our expectation, however, only a low level of
enantioselectivity was again observed in the hydrogenation of 2b and 3b (Table 1, entries 2 and 9).
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Scheme 3 (For R’, see Table 1)
Table 1. Hydrogenation of 2 and 3

Entry Starting material (2 or 3) and product (50r6) Yieldof 5or6 Selectivity

R R' % %ee( )

1 oy ony 2a 5a 63 0

2 CH, H 20 5b 90 9®)
Q

3 CH,3 @.c_ 2¢c 5S¢ 95 60 (S)

EF
4  CH, FQS. 2d 5d >99 42(5)
F

Me

5  CH, MeQ—C-— 2 Se 98 75(5)
Me

'Q

& CHy, Cli C- 2t 5t 95 85 (5)
cl

7 CH, Q-@- 25 5g 93 36 (S)
OH

8 -CHd  {DcHy 3a 6a 55 0

9 -(CHp)- H 3 6b 72 0
Q

10 -(CHp)s- c- 3 6¢c 91 28 (S)
clo

11 -(CHp)s- C'Q‘C‘ 3t ef 88 68 (5)
cl

a) Configuration of the major isomer.

The catalyst 4 has been reported to be successfully utilized in the asymmetric hydrogenation of 2-
acylaminoacrylic acid,’ 2-acylaminocinnamic acid,”® methylenesuccinic acid,® and B-keto esters.’ These facts
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suggest that the carboxyl and alkoxycarbonyl groups function as an efficient directing group in these reaction
systems. Thus, diol 2band 3b were acylated to give a series of esters 2¢, 2d, 2e, 2f, 2g, 3¢, and 3f.

As expected, hydrogenation of 2¢ (1 mmol) in THF (7.5 ml) and ethanol (7.5 ml) with 1 mol% of 4 at
room temperature for 6 h (H,: 100 kg/cm?), followed by silica gel column chromatography (hexane/ethyl
acetate = 4 : 1) afforded Sc in 95% yield with 60% ee (Table 1, entry 3). Under similar conditions,
pentafluorobenzoate 2d and 2.4,6-trimethylbenzoate 2e afforded the corresponding saturated esters 5d and Se
in 42% ee and 75% ee, respectively (Table 1, entries 4 and 5). On employing 2,4,6-trichlorobenzoate 2f,
much higher discrimination (85% ee) was achieved, while hydrogenation of 2-hydroxybenzoate showed a
lower level of selectivity (36% ee) (Table 1, entries 6 and 7).

In the hydrogenation of cyclohexyl derivatives 3¢ and 3f, the benzoyl and 2,4,6-trichlorobenzoyl groups
again play a role in the discrimination of the prochiral n-face (Table 1, entries 10 and 11).

The configurations of the newly produced chiral centers (see Table 1) were determined by comparison of
the retention times (HPLC) with those obtained by a stereochemically unambiguous route from methyl (R)-
and (5)-3-hydroxy-2-methylpropionates [(R)-7 and (S5)-7] as depicted in Scheme 4k
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Reagents and conditions: 1. (a) BnOC(=NH)CCls, TFOH (cat.), cycloCgH;2-CH,Cl, (2 : 1 vwv) i, 1 h. (b} LiAIH,, Et,0, 0
°C, 1 h. (¢) CCl,, PhyP, CH,Cl,, rt, 1 d. For (R)-isomer, 55%, for (S)-isomer, 54%. 2. Mg, acetone or cyclohexanone,
THF, 1t, 1 d. 53%~>89%. 3. (a) H, (1 atm), Pd-C, EtOH, rt, 92%~98%. (b) Acylation, 64%~>99%.

Scheme 4

Next, stereochemistry of the reduction of the functionalized 2-propenyl group introduced into the
hexopyranoside skeleton was investigated.” Thus, hydrogenation of carbohydrate derivatives 8a, 8b, and 8¢
with Ru,CL,[(S)-(-)-BINAP],NE, at 90 kg/cm2 in THF-ethanol (1 : 1 v/v) at room temperature gave 9a, 9b,
and 9¢ in 57-78% de (Scheme 5). Although the effect of the transient acylation of the hydroxyl group was not
so pronounced as was observed in the case of the acyclic system, the installed benzoyl group again played a
role in the discrimination of the n-face.
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Scheme 5

The configuration of the newly introduced chiral center was determined to be S. Thus, the reaction of
diastereomeric mixture 9b (67% de) with a catalytic amount of D-camphor-10-sulfonic acid afforded fused
ring cyclic acetals 10 as the major product in 74% yield. ' The NMR examination (1D, COSY, and NOESY)
revealed that 10 has 65 configuration (Scheme 6). The configuration of the major isomer of diastereomers
(9¢) obtained by the hydrogenation of 8¢ (78% de) was also determined to be S by comparison of the
retention time (HPLC) with that of benzoates derived from diastereomeric mixture 9b.
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Since the acyl groups could be removed at a suitable stage of the synthesis, the transient acylation
procedure described in this paper would provide a useful method for the asymmetric hydrogenation of
prochiral allylic alcohols which, otherwise, would proceed with low selectivity.
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