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Syntheses of Optically Active 2-Substituted
Cyclopropanecarboxylic Acids
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Abstract

Optically active 2-alkylcyclopropanecarboxylic acids were efficiently synthesized from the chiral o-
hydroxytrimethylsilanes via a diastereoselective cyclopropanation as the key step. © 1998 Elsevier Science Ltd.
All rights reserved.
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An optically active a-hydroxysilane group can be viewed as a masked chirality equivalent to
an aldehyde or a carboxylic acid. [1] If this moiety connects with an allylic moiety at its C1
position, further diastereoselective carbon-carbon bond forming reactions to the allylic CC-double
bond would be possible under participation of the neighboring hydroxy group. Very limited
examples have been reported for the use of this type of o-hydroxysilanes such as the Ireland-Claisen
rearrangement [2] and allylic transposition [3] despite the fact that versatile utility is expected
of this m01ety as a useful chiral synthon. In this report, we describe the syntheses of optically
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active Cycmpropanec,drooxyuc acids, 6, 9 and 13, where the chirality of the o-hydroxysilanes 3
and 11 were completely transported to the newly formed stereogenic centers, respectively
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The synthesis was begun with the preparation of the o-hydroxycyclopropylsilane 4.
Enantioselective reduction of the acylsilane 1 [4] with (-)-B-chloro diisopinocamphenylborane
1) [5] gave (R)-o-hydroxysilane 2 in 95% yield (99% ee), [6] which, upon reduction

with the Lindlar catalvst afforded the desired (1R,2Z)-allyl alcohol 3 (81%, Z/E = 18/1). The
key cyclopropanauon was performed using 3 with Et,Zn-CH,],. [7] The reaction proceeded in
a highly stereoselective manner to give (1R,1'R,2'S)-4 [8] as an exclusive diastereomer (97%).
Swern oxidation of 4, and subsequent oxidation of the resulting a-ketocyclopropylsilane S with
H,0,-NaOH gave (1R,2S)-cis-2-butylcyclopropanecarboxylic acid 6 [8] (84% from 4). The
trans isomer 9 was prepared from the ester of 6 by inversion of its 1R ester group with
KN(TMS),. [9] Hydrolysis of 8 gave the acid 9 [8]. Thus, both cis-6 and trans-9 were
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synthesized from 3. The enantiomer of 9 was also synthesized from the (1R,2E)-allyl alcohol
11a (87% ee), [6] prepared by an enantioselective reduction of the (E)-o-ketoallylsilane 10a
[10] with (-)-DIP-Cl (76%), in the same manner as the synthesis of 6 via the «-
hydroxycyclopropylsilane (1R,1'R,2'R)-12a [8]. The use of 2-methyl derivative 11b (78% ee)
[6] yielded the (1R,2R)-trans-2-methyicyclopropanecarboxylic acid 13 [11].

Thus, opticaily active 2-aikyicyclopropanecarboxylic acids were efficiently synthesized from
the chiral a-hydroxytrimethylsilane derivatives.
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Physical constants and 'H NMR data of 4, 6,9, and 12. 4 (99% ee): colorless oil, [0 ,”* +41.5° (¢ 2.28, CHCL); 'H NMR (400
MHz, CDC13)6002(m 1 H), 0.08 (s, 9 H),0.71 (m, 1 H), 0.89 (t,J = 7.1 Hz, 3H) 0.88 - 0.95 (2 H), 104(m 1 H), 1.25-145
(5H), 1.55(m, 1 H), 2.87 (d,J = 11.2 Hz, 1 H). 6 (99% ec): colorless oil, [ajD -44.8° (¢ 1.78, CHCI,); 'H NMR (400 MHz,
CDC13)5088(t J=17.0Hz, 3 H), 0.96 (ddd, J=4.9,49, 7.3 Hz, 1 H), 1.07 (ddd,J = 4.3, 7.9, 79 Hz, 1 H), 125- 1.40 (5 H),
1.50 - 1.60 (2 H), 1.67 (ddd, J = 5.5, 7.6, 8.8 Hz, 1H), 11.0 (br, 1 H). (15,25)-9 (99% ee): colorless oil, [(x]D +82.2° (¢ 0.65,
CHCL,); 'H NMR (400 MHz, CDC13) §0.76 (ddd, J = 4.0, 6.4, 81HL I H),0.89 (t,J = 6.8 Hz, 3 H), 1.22 (ddd,J =4.3,4.3, 86
Hz, 1H), 1.25-1.49 (8 H), 11.25 (br, 1 H). (1R.2R)-9 (87% ee): [aJD 4.76.3° (¢ 2.32, CHCL,). 12 (87% ee): coloriess oil, ui]D

+43.4° (¢ 2.28, CHCL); '"H NMR (400 MHz, CDCL,) § 0.09 (s, 9 H), 0.29 (ddd, J = 4.6, 4.6, 7.6 Hz, 1 H), 0.37 (ddd, J = 4.4,4.4,
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8.8 Hz, | H), 0’59(m 1 H), 0.75 (dddd, J = 4.4, 44 7.6, 10.7 Hz, 1 H), 0.88 (t, J = 7.0 Hz, 3 H), 104(m, 1H), 1.25-1.50(5
H), 1.43 (m, 1 H), 2.46 (d, /= 10.8 Hz, 1 H).
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