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Asymmetric Synthesis via Nucleophilic Addition to o,3-Epoxyimines
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Abstract: The addition of allylmagnesium chloride to the chiral. non-racemic ¢,B-epoxyimine {2) is highly
diastereoselective, and the facial selectivity can be conwrolled by the use of BF3.0E12; Addition of vinyimagnesium
bromide in the presence of this Lewis acid also takes place with high diastereoselectivity.

«B-Epoxyaldehydes such as (1) {Scheme 1) are readily available in high optical purity by via Sharpless
asymmetric epoxidation,! and have been shown by ourselves and others to be valuable intermediates for
asymmetric synthesis.2-3 The addition of nucleophiles to the carbonyl group of these sysiems can be
controlled such that either of the two diastereoisomeric products predominates, which can be useful in that it is
possible to carry out direct synthesis of materials which are not easily obtained by Sharpless kinetic
resolution.2 In this context it was of interest to explore the use of oB-epoxyimines of type (2). The products,
B,y-epoxyamine derivatives, are not available by Sharpless epoxidation processes as the corresponding allylic
amine derivatives are not substrates for the asymmetric catalyst. This Letter describes our initial work on the
addition of simple Grignard reagents to this type of chiral o,-epoxyimine.4

Immediate synthetic targets include amino-sugars, oxygenated amino acids, and analogues thereof. In
view of this the work concentrated on the addition of allyl and vinylmagnesium halides to the cis-o,p-
epoxyimine (2), since the cis- stereochemistry provided the best chance for high diastereoselectivity,” and
manipulation of the double bond could give access to the desired types of targets. This o,B-epoxyimine was
prepared from the corresponding aldehyde which itself is readily available in essentially 100% optical purity,6
and 5-o-methylbenzylamine was chosen as it had been shown that good diastereoselectivity could be obtained
in the addition of allylic nucleophiles to imines derived from this amine and its antipode.”

Reaction of the a,B-epoxyimine (2) with allylmagnesium chloride gave one major product after
chromatography, which was clearly either the B,y-epoxyamine (3) or the product with the opposite
stereochemistry at the new chiral centre. That it corresponded to (3) was demonstrated by reaction with
magnesium bromide etherate to give a mixture of (4) and (5), and conversion of the vi¢c-aminoalcohol (4) to the
oxazolidinone (6). Analysis of the 300 MHz 1H n.m.r. spectrum revealed the coupling constant between H-4
and H-5 to be 5.0 Hz, typical of a trans-isomer,8 which would correspond to a ‘chelation controlled' addition
of the Grignard reagent to the imine (vide infra).?
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The diastereoisomeric «,B-epoxyimine (7) derived from aldehyde (1) and R-a-methylbenzylamine was
prepared and reacted with allylmagnesium chloride again with chelation control. The stereochemistry of the
group on nitrogen appears to have little influence on the stereochemical outcome of the reaction of
allylmagnesium chloride, which was unexpected in view of other work in this area.”
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The products from these experiments with allylmagnesium chloride could in principle be used as
precursors to either 2,3-dideoxy-3-amino sugars,10 or to polyoxygenated -aminoacids!! (inter alia). In order
to widen the potential of this methodology further the addition of vinylmagnesium bromide was investigated,
since this could provide access to polyoxygenated a-amino acids and other related systems.
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Attempts 1o react the o,p-epoxyimine with vinylmagnesium bromide alone were unsuccessful, whereas if
the imine was treated with BF3.0Et; prior to addition of the Grignard reagent, a good yield of a
diastereoisomerically pure addition product (8) was obtained after chromatography (Scheme 2).
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As earlier, addition product (8) was treated with magnesium bromide etherate followed by phosgene.
Isolation of the oxazolidinone (9) and analysis of the 'H nmr spectrum showed J4 5 to be 10.0 Hz, suggesting
it to be a cis- isomer. However, a recent eport suggests that such stereochemical correlations must be treated
with caution when one of the substituents on the oxazolidinone is vinylic.12 In order to provide a simpler
system, (8) was treated with lithium aluminium hydride followed by phosgene, to provide the oxazolidinone
(10), and again J4 5 suggested a cis- isomer (9.0 Hz). To remove doubts due to the presence of the vinylic
group, oxazolidinone (10) was subjected to catalytic hydrogenation and again, analysis of the 1H nmr
spectrum of (11) revealed a relatively large value (7.5 Hz) for J4 5 indicative of a c¢is- isomer (Scheme 2).

1tis interesting to note that the addition of vinylmagnesium chloride in the presence of boron trifluoride
etherate gives the ‘non-chelation control' product, opposite to that observed with allylmagnesium chloride in
the absence of this Lewis acid. In order to clarify the role of the Lewis acid in these additions, allylmagnesium
chloride was added to a solution of epoxyimine (2) pre-treated with boron trifluoride etherate. None of the
previously observed ‘chelation controlled' product was detectable in the IH nmr spectrum of the crude
product. Chromatography gave a two-component mixture, the major component corresponding to the ‘non-
chelation controlled’ addition product (12). This same product was obtained much more cleanly on treatment
with allyltri-n-butylstannane in the presence of boron trifluoride etherate, as shown. o
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It would appear that the presence of boron trifluoride etherate alters the course of the addition of both the
Grignard reagents investigated here. One rationalisation offered in Scheme 3 is that in the presence of boron
trifluoride, a complex analagous to (13) is formed, which blocks chelation with magnesium ions. In the
absence of boron trifluoride etherate, it is possible that a Lewis acidic magnesium species provides a chelated
complex (14). Addition from the less hindered face then gives rise to the observed products.
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OR
.\\“H
/BFa

0] Wlaf

e AN AN

% XMg—=— N \
;’h Nuc.
(13) 'Non-chelation' (14) "Chelation’

In most cases, any synthetic application of this methodology will involve the opening of the epoxide ring
at some stage. It was therefore of some interest to investigate this process. Opening of these addition products
with magnesium bromide etherate was not selective, but the opening of (3) and (8) with aqueous acid
appeared to be highly regioselective producing in both cases a single diol. In both cases the crude product was
treated with phosgene under basic conditions to provide compounds for characterisation (Scheme 4). It is
interesting that diol (6) produces a mixture of oxazinone (15) and oxazolidine (16) (1.3:1), whereas the diol
from (8) cyclises to give only the oxazinone (17). The selectivity of this latter process is understandable in
terms of the relative stereochemistry at C-3 and C-4, as formation of the corresponding oxazolidinone would
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produce a cis- isomer, and presumably transition states which would lead to this isomer would suffer
destabilisation due to increasing steric repulsion as the two large groups approached this cis- relationship. The
only other opening to be investigated so far is the reduction of (8) with lithium aluminium hydride which
appeared to be completely selective (Scheme 2).
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In conclusion we have shown that o,B-epoxyimines can be used for the C-C constructive stereocontrolled
synthesis of some B,y-epoxyamines, which themselves undergo selective transformations of synthetic
potential.

Acknowledgement:  We thank the SERC for studentships (to K.J.M.B. and G.P.H.).

References

1. Various oxidants can be used e.g.,a) CrO3.Pys - B.E. Rossiter, T. Katsuki, and K.B. Sharpless, J.
Amer. Chem. Soc., 1981, 103, 464-465; b) COCla/DMSO - K.C. Nicolaou and J. Uenishi, J. Chem.
Soc., Chem. Commun., 1982, 1292-1293; c¢) Comparison of these oxidants, Y. Gao, 1988, Ph.D.
Dissertation, M.LT.; d) Py.SO3/DMSQ, G.P. Howe, S.Wang, and G. Procter, Tetrahedron Letters,
1987, 28, 2629-2632; ¢) PCC - W.R. Roush, J.A. Straub, and M.S. VanNieuwenhze, J. Org.
Chem., 1991, 56, 1636-1648.
Ref. 1d; S.Wang, G.P. Howe, R.S. Mahal, and G. Procter, preceding communication.
H. lio, T. Mizobuchi, and T. Tokoroyama, Tetrahedron Letters, 1987, 28, 2379-2382; G. Rosini, R.
Galarini, E. Marotta, and P. Righi, J. Org. Chem., 1990, 55, 781-783.
The cycloaddition of ketenes with chiral a,p-epoxyimines has been shown to be highly
diastereoselective, D.A. Evans and J.M. Williams, Tetrahedron Letters, 1988, 29, 5065-5068.
Ourselves, and others, have noted the lack of stereoselectivity in additions to rrans- o,B-
Sp%xyaldehydcs, for example Y. Takeda, T, Matsumoto, and F. Sato, J. Org. Chem., 1986, 51,
731-4733.
JM. Chong and S. Wong, J. Org. Chem., 1987, 52, 2596-2598.
Y. Yamamoto, S. Nishii, K. Maruyama, T Komatsu, and W. Ito, J. Amer. Chem. Soc., 1986, 108,
7778-7786, and A. Bocoum, C. Boga, D. Savoia, and A. Umani-Ronchi, Tetrahedron Letters, 1991,
32, 1367-1370.
8. For closely related oxazolidinones Jj;=4.5-5.5 Hz, and J4ns=7.5-8.0 Hz, Y, Yamamoto and M.
Schmid, J. Chem. Soc., Chem. Commun, 1989, 1310-1312.
9. Chelation control has been reported in the addition of nucleophiles to other a-oxygenated imines, ¢.g.
R.D. Clark and M. Souchet, Tetrahedron Letters, 1990, 31, 193-196, Y. Yamamoto, T.
Komatsu, and K. Maruyama, J. Chem. Soc., Chem. Commun, 1985, 814-816, and G. Cainelli, D.
SQiacomini, E. Mezzina, M. Panunzio, and P, Zarantonello, Tetrahedron Letters, 1991, 32, 2967-
70.
10.  W.R. Roush, J.A. Straub, and R.J. Brown, J. Org. Chem., 1987, 52, 5127-5136.
11.  D.Y. Hua, S.W. Miao, J.S. Chen, and 8. Iguchi, J. Org. Chem., 1991, 56, 4-6.
12. M. Sakaitani and Y. Ohfune, J. Amer. Chem. Soc., 1990, 112, 1150-1158.

b & wiN

~

(Received in UK 19 February 1992)



