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Reductive diallylation of natural amino acids with triallylborane.
The first synthesis of chiral 1,1-diallyl-2-amino alcohols and their cyclization
into optically active pyrrolidines.
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Abstract: The titled amino alcohols are obtained by treatment of chiral amino acids
with triallylborane. Electrophylic iodocyclization of the alcohols leads to pyrrolidine
derivatives. © 1997 Elsevier Science Ltd.

Optically active 2-amino alcohols are widely used in organic synthesis as chiral inductors,1-3 building
blocks,4 chiral reagents for the resolution of racemic acids and lactones,> bases,b and for the preparation of
optically active organoboranes.” (S)-Pyrrolidylmethanol (A), (S)-1,1-diphenyl-1-pyrrolidylmethanol (B) and a
number of chiral B-amino alcohols derived from (S)-valine (C) are used as catalysts for asymmetric reduction

and alkylation of carbonyl compounds.l: 8
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However, the syntheses of the majority of optically active 2-amino alcohols from o-amino acids
usually involve several stepsla’8:9: a) the protection of amino and carboxyl groups; b) the reaction of the
resulting compound with RLi (RMgX) or reduction with LiAlH4; c¢) hydrolysis and removal of the protective
groups. The total yield of the product, as a rule, does not exceed 50 % and step b) sometimes proceeds with
partial racemisation. Recently, Abiko and Masamune reported an efficient procedure for the reduction of a-
amino acids to the corresponding alcohols with in situ generated borane.9¢

In this paper, a convenient method for the syntheses of hitherto unknown (R)- and (S)-1,1-diallyl-1-
pyrrolidylmethanol and a number of optically active 1,1-diallyl-2-amino alcohols by the reaction of natural a-
amino acids with triallylborane is described.

It has been previously shown that carboxylic acids and their esters undergo reductive diallylation upon
the action of triallylborane to give the corresponding l,l-diallylcarbinols.lo Now we have found that (R)- and
(S)-proline, (S)-leucine, (S)-valine, (S)-alanine and other a-amino acids react with triallylborane on heating in
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benzene or CH)Cly to give (after deboronation) the corresponding 2-amino alcohols 1-6 in 80—385 %
yields.12

1. A~)3B /CHCly 40°C
COOH - —~F

I 2. aq. NaOH, 40°C

H DEERSTE
1: (S)-1,1-diallyl-1-pyrrolidylmethanol
2: (R)-1,1-diallyl-1-pyrrolidylmethanol
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Table
Aminoacid Product Yield B.p,°C [a]D25 1-6-HCl

(%)  (2Torr)  (CHCly, c=1) m.p.(°C)

(S)-Proline Q\c”\/ 80 92 -34.9° 162
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The syntheses were carried out as a one-pot procedure, and products 1-6 were isolated and purified by
distillation. The corresponding hydrochlorides were also obtained by treating 1-6 with ethereal hydrogen
chioride (Table). The structure of amino alcohols 1-6 and their hydrochlorides was confirmed by 13C and 1H
NMR spectra. Satisfactory elemental analyses were also obtained for 1-6-HCI.

Reductive diallylation of o-amino acids with triallylborane proceeds with the retention of
configuration of the asymmetric centre of the original amino acid. This was confirmed by comparison of 13C
NMR spectra of salts of 1 and 2 with (-)-mandelic acid.

Due to the presence of several functional groups (NH or NHp , OH, double bonds), compounds 1-6
can be considered as appropriate starting materials for the synthesis of chiral pyrrolidines, aziridines,
piperidines, and a number of other compounds with two or three asymmetric centres.

We have found that 3,4, and 5 undergo cyclization under the action of iodinell in EtO to give
substituted pyrrolidines 7,8, and 9, respectively.

o, \_
. ., ,OH
/\/ | ) ;
R— E C\/\ —‘E:;O‘—’ R/@"'CHzl * R’@‘CHZ)'

|
HoN OH N
H H H/ \H
¢ I
3: R=(CHj),CH 7a  95% 76 5%  d.e.>90%
4: R=(CH3)2CHCH, 8a 75% 8b 25% d.e.>50%
5: R=CHj 9a 75% o9b 25%  d.e.>50%

The pyrrolidinium salts 7,8, and 9 thus obtained were found to be a mixture of two diastereomers in
ratios 95:5, 75:25 and 75:25, respectively (13C NMR). The fact that only two of the four possible isomers are
formed implies the complete (>99 %) asymmetric induction at one of the two newly formed chiral centres
(presumably on C-3). On the other chiral centre (C-5), the induction is 95 % for 7 and 75 % for 8 and 9. The
predominant diastereomers 7a and 8a were isolated by crystallization (CH3CN:EtpO = 9:1) and their
structures and configurations of asymmetric carbons (25, 35, 5R) were established by X-ray analysis.

Under the same conditions, 1 yields a bicyclic product 10. Unfortunately, in this case the asymmetric
induction was low and the reaction gave a mixture of four diastereomers in the ratio of 40:30:25:5 (13C
NMR). Treatment of 10 with K»CO3 in MeOH gave the achiral aromatic product 11 in 50 % yield.

2 , 7 K,CO
/\/ [} + 2 3
N B0 N o CHAOH, 65 °C.
{ OH
I CHal

1 10 50%
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Procedure for the synthesis of 3. Triallylborane (7.8 g, 58.9 mmol) and (S)-Valine (3 g, 25.6 mmol) were
stirred in dry benzene (15 ml) under reflux for 2 h in Ar atmosphere, than methanol (2 ml) was added
dropwise at 0 °C, and the solution was stirred for 10 min. 5.6 N NaOH (20 ml) and mannitol (14.2 g)
were added and the mixture was stirred under reflux for 2 h. The solution was extracted with benzene “
x 15 ml), the organic layers were combined, dried (Na,SO,) and evaporated. Distillation of the residue
(vellow oil) gave 3 (3.9 g, 85 %, 90 °C/2 Torr) as a colorless oil, [a]p® +42.2° (c=1, CH,CL,).

'H NMR:(200 MHz, CDCL): d 0.90, 0.98 (dd, 6H, CH,), 1.71 (m, 1H, CHMe,), 1.90—2.58 (m, 5H),
5.04, 5.11 (m, 4H, CHy=), 5.90 (m, 2H, CH=). 3C NMR (50 MHz, CDCl,): d 20.88, 24.26, 25.08,
40.27,42.30, 60.01, 73.34, 117.40, 117.51, 134.40, 134.64.
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