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Abstract: Nucleophilic addition reaction of Grignard reagents to cyclopropylcarbaldehyde 4
proceeded highly selectively from the si-face to afford § in high yield. Although hydride reduction of
the corresponding ketone 7 with L-Selectride® also proceeded highly diastereoselectively, the facial
selectivity was reversed to give the re-face addition product 5. On the other hand, reduction of 7 with
DIBAL-H afforded ~i-face addition product 6 in high yield. The result suggested that these
nucleophilic addition reaction proceeded via either the bisected s-trans or s-cis conformation of the
cyclopropane derivatives.

Chemistry of cyclopropane derivatives has been extensively studied because of their biological
importance.!.2.3 Nucleophilic addition reactions of cyclopropyl carbonyls, such as cyclopropylcarbalde-
hydes or cyclopropyl ketones, are useful in synthetic organic chemistry,? especially when the addition
reaction proceed stereoselectively. Although a number of the studies have been done,2 only a few highly
stereoselective examples, especially on acyclic cyclopropylcarbony! derivatives, have been reported.2ab

On the other hand, it has been recognized that cyclopropylcarbaldehydes and cyclopropy ketones
preferentially exist in bisected conformations, namely s-trans and s-cis conformers, due to the characteristic
stereo-electronic effects of the cyclopropane ring; the s-trans conformer is predominant in cyclopropyl-
carbaldehydes, conversely, the s-cis conformer is predominant in cyclopropyl ketones, as shown in Chart
I.1a3  Nucleophilic attacks to the cyclopropyl carbonyl may occur preferentially via these bisected
conformations. This is because in the reaction course of the nucleophilic addition reaction, electrons of
cyclopropane ring, which can be characterized as a strong n-donor, interact with the antibonding orbital of

the incipient bond between the nucleophile and the carbonyl carbon, and this interaction can facilitate the

reaction.4
Chart 1 R
R =H: s-trans > s-cis
LFI_& - Lo‘& R = Alkyl: s-trans < s-cis
s-trans s-cis

In recent years, we have been engaged in a study on developing novel antagonists of the NMDA (N-
methyl-D-aspartic acid) receptor, which are expected to be new therapeutic agents for epilepsy, stroke, or
ischaemia.> We designed several conformationally restricted analogs (CRA) of milnacipran (1),6 namely 2,
3, and their enantiomers, as potent NMDA receptor antagonists.” During the synthetic study of them, we
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found that nucleophilic addition reactions toward both cyclopropylcarbaldehyde 4 and the corresponding
ketones 7a,b proceeded highly stereoselectively, but the facial selectivity was almost completely reversed.

Chart 2
Ph, .
Ph., . R Ph.., NH
0 NH e A O
2 a: R=Me
EtN EtoN NHa Et:N R b: R = Et
2ab 3ab

() milnacipran [(£)-1]

Reaction of cyclopropylcarbaldehyde 4 and MeMgBr (2.5 eq.) at -20 °C in THF gave addition product
5a® highly stereoselectively, which was isolated in 92% yield, with a trace of diastereomer 6a (5a:6a =
23:1).9 Similarly. the reaction of 4 with EtMgBr also proceeded stereoselectively; the corresponding ethyl
derivatives Sb and 6b were isolated in 90% and 4% yields, respectively.

Cyclopropylcarbaldehydes are thought to exist preferentially in bisected s-trans conformation as
described above. In fact the X-ray crystallographic analysis of aldehyde 4 (Chart 4)10 clearly indicates the
bisected s-trans conformation is preferable. This is the first X-ray crystallographic structure that detects the
bisected s-rrans conformation of cyclopropanecarbaldehyde derivatives. The nucleophilic addition reactions
would proceed from the least hindered si-face of 4 in the s-trans conformation4 to give 5a or Sb
diastereoselectively. 1!

Chart 3
7, H’Il 17,
Fh R o p R Ph OH
0 CHO H O H
EtN EtoN OH EtsN R a E : I'Evt‘e
4 Sab 6ab
_ o " _
R- ﬁ H1 ¢ \H]
NS N
H IR *
o7 NEt o” NEg
B s-trans 8-cis

We required both diastereoisomers 5 and 6 to access target compounds 2 and 3.12.13  Therefore,
stercoselective reduction of ketones 7a and 7b was next investigated. Ketones 7a and 7b were prepared by
PDC oxidation of 5a and 5b in CH)Cl5. in 94 and 87% yields, respectively. Reduction of 7b with NaBHy in
MeOH at room temperature afforded the undesired 2'S-alcohol 5b as the major product in 70% yield (Sb:6b
= 4:1).1% When 7b was treated with L-Selectride® at -78 °C in THF, 5b was obtained highly selectively
(91%, 5b:6b = 50:114). If the conformation of 7b in the reaction course is similar to that observed by its X-
ray crystallographic analysis!S as shown in Chart 5, the facial selectivity of the addition with these
nucleophilic hydride reagents can be explained as the hydride attack occurring from the least hindered face



{re-facc) to the carbonyl of 7h. The resull is also consistent with the previous reports!a.3 that cyclopropyl
ketones prefercatially exist in the bisected s-cis conformation. 4

Surprisingly, when 7h was treated with DIBAL-H in THF at -78 °C desired 2'R-alcohol 6b was
obtained highly selectively in 95% yield (Sh:6b = 1:50).!4 Similar desirable result was also obtained in the
DIBAL-H reduction of methyl ketone 7a (yield 90%, Sa:6a = 1:33!4). When DIBAL-H, which is
recognized as an clectrophilic reduction reagent for carbonyl groups, is coordinated to the carbonyl of 7, a
conformation like s-trans (shown in Chart 6) would be preferred due to the steric repulsion between the two
bulky isobuty! and diethylcarbainoy! groups. The hydride attack from the least hindered face (si-face) to the
intermediate would give the desired product highly selectively. These results showed the stereoselectivity of
the hydride reduction almost compleltely reversed when the reaction was done by a nucleophilic or
clectrophilic reducing reagent. To our knowledge, only one example on steroid derivatives that showed
almost complete reversion of stereoselectivity in hydride reductions!6 similar to our results, has appeared.

Chart 4 Chart 5

X-ray crystallographic structure of 4

Chart 6
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Cyclopropylcarbaldehydes and cyclopropyl ketones have been thought to exist preferentially in

bisected s-trans and s-cis conformations, respectively, from their theoretical calculations, NMR analyses, or
electron diffraction studies.!*3 This study would be the first experimental evidence that demonstrates the
stereochemical pathways of the nucleophilic attack to the cyclopropyl carbonyl can be determined by the
predominant bisected conformation of cyclopropane derivatives? which is predictable from the stereo-
electronic effect.
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