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Abstract: We report a novel substituent effect in the reaction of allylic trichloroacetimidates with
N-halosuccinimides. Reaction of E allylic trichloroacetimidates bearing phosphonate or cyano
substituents with NBS in CHCIl, results in a [3.3] sigmatropic rearrangement. In contrast, the Z
allylic phosphonate or phenyl substituted allylic trichloroacetimidate undergo halocyclization.

© 1998 Elsevier Science Ltd. All rights reserved.

The last five years have witnessed a rapid advance in methods for the enantioselective synthesis of
hydroxyphosphonates.” Recent advances include the use of homochiral phosphonate anion equivalents,’
enzymatic resolution,? asymmetric reduction,” asymmetric hydroxylation,* and in particular chiral metal
catalysts,” which have given access to hydroxyphosphonates of high enantiomeric purity. We have begun to
explore applications of this new technology to the asymmetric synthesis of structurally more complex, and
biologically interesting molecules.

Phosphonopeptides 1, containing the hydroxyphosphonates 2, were as identified by Patel et. al as potent
inhibitors of the human aspartyl protease enzyme renin.® Analogous phosphonopeptides can be prepared by
asymmetric phosphonylation® of unsaturated aldehydes,” and introduction of an amino group at the B carbon
(alkene). It was expected that high levels of stereocontrol could be gained by tethering the nitrogen nucleophile

to the rv_lunlrrnrvl The B-amine can then be introduced bv halocvclization of the tethered nitrogen
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nucleophile, and reduction of the resulting halide with tributyltin hydride.” We had previously described'™ (as

e aa v n10b g et it e
was reported independently by Ohler et. al) ™ that allylic hydroxyphosphonates would react with

tnchloroacetomtme and DBU to give the corresponding trichioroacetimidates, which rearranged upon
heating'® or treatment with Pd(PhCN),Cl, in toluene'® to give y-amido vinylphosphonates. Since the
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trichloroacetimidates contain a tethered nitrogen nucleophile, they appeared to be ideal candidates for
. . . 9
introduction of an amine group by halocyclization.

f of
A series of racemic hydroxyphosphonates 4a-e were prepared by the Et:N catalyzed reaction of

TAYNY T

dimethyi phosphite with unsaturated aldehydes. ! DBU catalyzed addition of the nyoroxypnospnonate to
trichloroacetonitrile (Scheme 1) gave the trichloroacetimidates Sa-e in high yield (>90%)'
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Table 1. Reaction of Allylic Trichloroacetimidates with N-Halosuccinimides

Cmpd R! R R halide/solvent/time Yield, crude % (isolated%)"
# 5-ex0 6 6-endo 7 amide 8
a | (MeO)P)- Ph H NBS/CHCly/24 hrs — — 91 (91)°
b (MeQ).P(0)- Me H NBS/CHCl,:CHiCON, —_ -— 98 (82)

6:1, 24 hrs
b | (MeO)P(O)- Me H NBS/CHCly/36 hrs 86 (53)°
c (MeO).P(0)- cye-Cn | H NBS/CHCl;/24 hrs — —_ (89)
d (MeO0)P(0)- 2-furanyl | H NIS/CH,Cl,/24 hrs - - 65 (65)¢
e | (MeO),P(0)- n-CH,; |H NBS/CHCly/24 hrs - — 88 (55)
f CN Ph H NBS/CHCIl3/24 hrs — - 100 (71)
Ph Ph H NBS/CH,Cl,:CHiCN, 1: 9 ratio (86%) =
6:1, 24 hrs
h | (MeO)PO)- H n-CsH;; | NBS/CHCLy/5 days 86 (71)° — —
a) recrysiallized from eihier, b) crude product consists of pure amide, <) 4g scale, d) the furans decomposed slowly
at room temperature complicating isolation, €) yield after hydrolysis to hydroxy amide.

The trichloroacetimidates Sa-e were reacted with NBS or NIS in CHCl; solution at room temperature.
However, rather than the expected halocyclized products, the "H NMR spectra showed that the major product
(>85%) was the y-amido vinyl phosphonate 8 (Table 1). Further investigation showed that the final outcome of
the reaction of the imidates Sa-e with NBS was dependent upon the solvent used and the reaction time. For

example, prolonged exposure to NBS in acetonitrile resulted in the initially formed amide 8 undergoing some
1 T Y- VU RSN RUNIIU R DD JPUIEPE RPN S R R, APNUPS i & JRSIUIUSSITUY: Pt
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further halocyclization via additi
standard conditions (NBS 1e
both alkyl and aryl allylic phosphonatcs.

The vinyl phosphonates 8a-e show a characteristic coupling pattern in the 'H NMR spectra (e.g. 8c) for
the o (5.71 ppm, Jum = 17.4, Jyuw = 1.8, Jup = 18.9 Hz),and the B (6.67 ppm, Juu = 17.4, Juu 5.7, = Jip = 22.2
Hz) protons, and signals in the *'P NMR spectra in the range 5 19-21 ppm.'® The precursor imidates Sa-e
show signals in the *'P NMR spectra 0.2-0.75 ppm upfield of the vinylphosphonates 8a-e, whereas the products
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hypothesis.”® Reaction of the allylic nitrile system 5f mirrored that of the phosphonates and gave the rearranged
product 8f. The diphenylpropenyl imidate Sg underwent the halocyclization to give a mixture of oxazoline 6g
(5-exo0) and oxazine 7g (6-endo) in a 1:9 ratio. The Z allylic phosphonate 4h provided a critical result.
Reaction of the imidate Sh with NBS in chloroform was exceedingly slow, but gave a single oxazoline
diastereoisomer 6h resulting from 5 exo cyclization, and provides a new synthesis of an analog of the known
renin inhibitor 1. This is in complete contrast to the related E allylic phosphonate Se which gave rearrangement
product 8e.
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of the incipient §§ cation by the electron withdrawing imidate group, whereas, th
steric interaction in the 6 endo cyclization prefers to form oxazolines (exo cyclization, path B) by attack at the
B position.” The additional inductive electron demand of the phosphonate and nitrile groups enforce this
effect, but also increase the electrophilicty of the a-carbon enhancing susceptibility to neighboring group attack

by the halide, leading to rearrangement.

~ o ~

Z olefin suffers from a severe

Scheme 2
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In summary, we have discovered a novel, efficient, and stereospecific'’ method for the [3.3] sigmatropic
rearrangement of £ allylic trichloroacetimidates bearing electron withdrawing groups. This reaction is
complimented by the cyclization of the Z-allylic imidate which, under similar conditions, gave a single oxazoline
diastereoisomer resulting from 5 exo cyclization, providing a novel synthesis of a renin inhibitor analog.
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