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Selective Reduction of 2-(3-Cyanoalkyl)oxazolines
into Cyclic Amidines
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Abstract : The selective reduction of 2-(2-cyanopropyl)-4.5-dihydrooxazoles into heterocyclic amidines has
been achieved with LAH in carefully controlled conditions. This reaction was applied 10 the enantioselective
synthesis of (S)-4-methylpyrrolidin-2-one, starting from (R)-phenylglycinol derived oxazoline 1b.
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2-(B—Cyanoalkyl)oxazolines have been prepared through conjugate addition of cyanide to 2-alkenyl-
4,5-dihydrooxazoles as 1, using diethylaluminum cyanide and diastereoselectivity up to 56% was observed
with the optically pure oxazoline 1b.! In order to apply these results to the synthesis of enantiomerically
enriched P-substituted GABA,2 we planned to study the chemoselective reduction of 2-(B-
cyanoalkyl)oxazolines 2.

The selective reduction of the cyano group of 2a to primary amine was anticipated to be carried out
using excess LAH, since the oxazoline ring has been reported to be inert towards this reducing agent.3
However, the addition of an ether solution of LAH in excess to one mole of the nitrile 2a in ether led rapidly to
two reduction products 3a and 4a in a ratio of 3 : 1. Several conditions were checked to improve the yield of
3a and the main results are summarized in the Table.
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The structures of 3a4 and 4a5 were deduced from NMR data. In 'H and 13C NMR spectra the
relatively low chemical shifts of the methylene OCHz (3a : 'H at 3.49 ppm, 13C at 71.23 ppm, 4a : 3.31 and
68.20 ppm), compared with those of 2a (!H at 3.93, 13C at 79.33 ppm) are characteristic of the opening of the
oxazoline ring. Furthermore, the 13C NMR spectrum of the diaminoalcohol 4a showed the presence of four
methylenes and the absence of a N=C quaternary carbon (164.81 ppm in 3a). The endo- or exocyclic position
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of the double bond could not be deduced from the spectra of 3a and no evidence of tautomerism of the amidine
function could be observed.

The ratio 3a : 4a increased with the use of THF as solvent at higher concentration Thus, minimization
of over-reduction to 4a could be obtained by direct addition of a THF solution of 2a to a LAH solution in
THFS.7 (entry 2). The formation of by-products from a possible partial reduction of the nitrile function, or
from a-deprotonation and self-condensation leading to 1,3-diamines,6 was not observed. The over-reduction
to the diaminoalcohol 4a could be avoided by using very short reaction times at 18°C (entry 3) ; in these
conditions the amidine 3a was isolated in 92% yield.

Table : Reduction of cyanoalkyloxazolines 2a and 2b with LAH

Entry [Nitrile] [LAH]) Solvent T t Amidine 3 Ratio
(mol/) (mol/1) (°C) (min.) (%) 3:4

1 2a (0.09) 0.08 En0O 35 60 36 75:25

2 2a (0.18) 0.14 THF 35 30 75 90:10

3 2a (0.18) 0.14 THF 18 5 92 100:0

4 2b (0.08) 0.07 THF 18 5 100 100:0

The cyanoalkyloxazolines 2b, obtained from (R)-phenylglycinol derived oxazoline 1b as a mixture of
diastereomers (d.¢. : 48%, determined by 'H NMR)8 gave similar results and could be quantitatively converted
into the amidines 3b? (entry 4).
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The formation of amidines 3 and diaminoalcohols 4 could be rationalized by a scheme involving a
complexation of the nitrogen and oxygen of the oxazoline moiety by aluminum reagent. The position 2 of the
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oxazoline ring was made electrophilic by this complexation, allowing the cyclization to the five-membered
ring of 3, or further reduction to 4.

Acid hydrolysis of the heterocyclic amidines 3b with 6N HCI at reflux led to the hydrochloride of
4-amino-3-methylbutanoic acid 5 (B-methyl GABA)!0, which could be separated from (R)-phenylglycinol
hydrochloride or directly converted into its methyl ester (6) by treatment with SOCl in anhydrous methanol.
Purification by chromatography on silicagel of the crude products obtained after basification afforded the
4-methylpyrrolidin-2-one 7 in 57% yield from the cyanoalkyloxazoline 2b. Optical rotation of 7 confirmed the
absolute configuration of the major enantiomer as (S) and indicated 50% of enantiomeric excess,1!:12 a value
in good agreement with the diastercomeric excess of starting nitrile 2b (48%).

H NHz,HCI

Eo HCl HO\L
A
iNn—¢ . - & “NHz, HCI  * RO, .
Ph H Ph
o
3

Co moe

The reduction of (B-phenyl-B-cyanoethyl)oxazoline 2¢ was more difficult to control. With LAH, the
best results were obtained in ether instead of THF : the amidine 3¢ was isolated in 44% yield along with small
amount of starting cyanoalkyloxazoline 2¢ (13%). It is interesting to note that the diastereomeric excess of the
recovered nitrile was very low (4%) as compared with that of the starting cyanoalkyloxazoline 2¢ (d.c. 50%).
Another general method to reduce nitriles into the corresponding primary amines uses sodium borohydride in
the presence of CoClz13-15 but this system was unsuccessful, since low conversion (ca. 50%) was observed at
room temperature. Improvement of the preparation of 3¢ is now under investigation in our laboratory, as well
as applications of the over-reduction of cyanoalkyloxazolines into chiral diaminoalcohols such as 4 or related
1,4-diamines.
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