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Chiral a,8-Epoxy Group as a Stereocontrolling Element in the Reduction of N-Metalloimines.

A Short Synthesis of anti-Epoxy Amines
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Summary: Reduction of the a,8-epoxy N-metalloimines
generated from the TBS ether of (285,35)-3-cyano-2,3-ep-
oxy-1-propanol (1), Grignard reagents, and Me,SiCl with
NaBH, afforded the TBS ethers of (25,35,45)-4-amino-
2,3-epoxy-1-alkanols 4 with diastereoselectivities of up to
95:5.

Diastereoselective addition of nucleophiles to unsatu-
rated bonds with proximal substituents is one of the most
fundamental strategies for the construction of complex
molecules.! Although o- and/or 8-oxygen substituents are
the most typical? examples among a variety of functional
groups playing such a role, the a,8-epoxy group has at-
tracted little attention, perhaps because doubts remain
concerning its efficiency at chiral induction,®* and the
additional complication that epoxide itself is susceptible
to nucleophilic addition, which could lead to problems of
chemoselectivity. Ever since the Sharpless asymmetric
epoxidation made epoxides readily accessible in optically
active forms,? the utility of this functionality as a stereo-
controlling element, rather than solely as the precursor for
a ring opening reaction has become increasingly high-
lighted.® Along these lines, we disclose herein the first
example’ of an (optically active) a,8-epoxy group-con-
trolled diastereoselective addition of hydride species to
N-metalloimines.?®
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Table I. Preparation of anti-Epoxy Amine Derivatives 4°

1) RM}:;’%: ' HN HN
1 TR & /\b\/cmas * e )\b\/ons
4 5
Me,SiCl ratio yield
entry RMgX (equiv) (equiv) 4/5 4:5° (%)
1 BuMgCl (2.4) 4.0 a 8911 67

2 : MgB 20 32 b 8713 82
3 EEO\/\ITMQBr“ 3 23 ¢ 946 75

4 PhMgBr (2.0) 3.0 d 955 89
5  p-MeOC¢H, MgBr (1.3) 2.3 e 955 92¢
6 0-(MOMOCH,)C¢H MgBr (2.0) 3.0 f 946 89

%See ref 15 for a general procedure. NaBH, (2 equiv) was used.
®Ratio determined by !H NMR analysis of a crude product.
¢Combined, isolated yields of 4 and 5. 9The starting material 1 with
98% ee afforded the product of 97-98% ee (‘{H NMR, MTPA method).

The optically active a,8-epoxy nitrile 1 (38% ee, TBS
= '‘BuMe,Si) readily available by a catalytic version of the

Sharpless epoxidation'® reacted with Grignard reagents at
the nitrile carbon to give the corresponding «,8-epoxy
ketones 3 after aqueous workup (Scheme I),!! demon-
strating the intermediary formation of the «,8-epoxy N-
metalloimine 2. An in situ reaction of 2 with the second
nucleophile, represented by a hydride species, to afford
epoxy amine 4/5 (hopefully in a diastereoselective manner)
is of particular interest in view of the utility of epoxides
for the stated purpose.!? However, as nucleophilic ad-
ditions to N-metalloimines obviously require much more
forcing conditions than those to ketones, the ability of the
epoxide moiety of 2 to survive the reaction conditions is
critical.

The hydride reduction of the N-metalloimine generated
from 1 and PhMgBr was studied. When the reaction was
attempted with a few typical hydrides such as Zn(BH,),,
Bu,NBH,, or NaBH, in the absence of any additive, the
product yields (as well as the diastereoselectivities) were
disappointingly low. However, the addition of Me,SiCl
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prior to the reduction step remarkably improved the
product yields. More surprisingly, in the case of NaBH,
reduction, the presence of Me;SiCl also catapulted the
diastereoselectivity from 2:1 to 19:1 (in an 89% yield)
which was far and away the best result obtained!!?

The present reaction was found to be general with re-
spect to Grignard reagents, giving the anti-epoxy amines!*
which are summarized in Table 1.1¥ Alkyl- (entry 1),
alkenyl- (entries 2 and 3), and aryl-Grignard reagents
(entries 4-6) with a functional group or a sterically de-
manding substituent participated equally well in this re-
action. The use of a slight excess (1.3 equiv) of the
Grignard reagent was satisfactory and even an excess of
2-2.4 equiv of reagent (to insure the complete consumption
of the starting material) did not show any unfavorable
effects on the product yields. The degree of diastereose-
lectivity obtained seems to reflect the steric hindrance
around the imine moiety (hence, that of the group being
introduced by the Grignard reagent). The selectivity in-
creased in the following order: alkenyl with no a-sub-
stituent < primary alkyl < alkenyl with an a-substituent
< aryl-Grignard reagent. The anti structures 4a and 4d
assigned to the major isomers were derived from a com-
parison of their 'H NMR spectra with those of authentic
syn diastereoisomers 5a and 5d, independently prepared.
All other assignments (4b,c,e,f) are based on analogy. The
enantiomeric purities of 4c and 4e have been verified to
be 98 and 97% ee, respectively, by the MTPA method ({H
NMR),!¢ indicating that the optical purity of the starting
material 1 (98% ee) was completely retained in the prod-
ucts.

Although elucidation of the exact role of Me;SiCl awaits
further investigation, it is reasonable to assume that the
species actually reduced would not be the magnesioimine
6, but most likely the E-silylimine 7'%2 (eq 1, assuming that
R is C,Hy,,), resulting from the addition of Grignard

M. Ve
o NaBH, TBSO=7, R
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reagent to the CN bond!? followed by trapping with
MeySiCl. The latter reacts more smoothly with hydride
than the former, thus increasing the product yields and,
moreover, the silylimine free from the aggregation which
often hinders the reacting species should satisfy the Cram
chelate compound 8 (M = Me,;Si)1% in a straightforward
manner to give 4 with higher selectivity. The bulky R
group facilitates the formation of the chelate 8 by placing
the epoxide chain at a remote site, which is in accord with
the observation that an increase in the size of R enhances
the selectivity.

This reaction can be adapted to the preparation of
various anti-epoxy amines which are otherwise tedious to
prepare,’® by simply changing the Grignard reagents and
the substrates,'® which should not be limited to the par-
ticular nitrile 1. The (28,3S,4S5)-4-amino-2,3-epoxy-1-al-
kanol derivatives 4 presented herein are versatile inter-
mediates for the synthesis of nitrogen compounds such as
alkaloids, amino acids, etc., via regioselective ring opening
of their epoxide moieties with an appropriate nucleophile,?
as precedented by the reactions of diastereomeric
(25,3R,4S)-4-amino-2,3-epoxy-1-alkanols in the synthesis
of natural products.!®bde A gelective ring opening of the
epoxide is illustrated by the reaction of 9 (prepared by
desilylation of 4d) with DIBAL in C;H, at room temper-
ature, affording 1,3-diol 10 (eq 2).2°

HlN HN HN  OoH

) Dibal 1
Ao e * OH + /\)\/OH (2)
Ph CeHg 1. Ph/\'/\/ Ph

9 62% OH 10 >95:5 11

The ability of epoxide to efficiently control the reaction
course in a complex system of reagents under the proper
choice of reaction conditions, demonstrated herein, illus-
trates that the prevailing bias against this functionality
is not necessarily warranted. In addition, the current work
has clearly expanded the utility of this old functionality,
which is now available in optically active forms.

Supplementary Material Available: Experimental proce-
dures and characterization data for 1, 4a-f, 6a, and 5d (9 pages).
This material is contained in many libraries on microfiche, im-
mediately follows this article in the microfilm version of the
journal, and can be ordered from the ACS; see any current
masthead page for ordering information.
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