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1. Introduction

The synthesis and biological evaluation of non-proteinogenic a-
amino acids are of continuing interest due to their widespread util-
ity in the synthesis of designed peptides, proteins and other com-
pounds of biological interest.1 Moreover, their use as chemical
building blocks is also well documented.2 Of particular interest
has been the synthesis of heterocycle-substituted a-amino acids,
which may alter the physico-chemical properties of some protein-
ogenic amino acids and their peptides.3 For example, the transla-
tional ability of thienylalanines,4 DNA-binding ability of pyrrole
amino acids,5 histidine replacement ability of pyridylalanine in
angiotensin,6 and the metal-binding ability of bipyridylalanines7

are only some examples of the important properties of this type
of unusual amino acids. The most frequently used methods for
the synthesis of enantiomerically pure heterocycle-substituted a-
amino acids include: (a) construction8 of the heterocyclic moiety
involving transformations of readily available D- and L-amino
acids/carbohydrates from the chiral pool, (b) asymmetric synthe-
sis9 of the chiral a-amino acid entity from a pre-formed heterocy-
clic structure using chiral nucleophilic or electrophilic glycine/
alanine equivalents, (c) biocatalytic or chemical resolution of race-
mic precursors;10 and (d) asymmetric hydrogenation of a-amino-
a,b-didehydro acids and derivatives.11 Most of these methods have
found application in the synthesis of regioisomeric pyrrole-linked
a-amino acids.12 However, a general route to pyrrolylglycine, pyrr-
olylalanine and homo-pyrrolylalanine derivatives has to the best of
our knowledge not been reported. Herein, we report the asymmet-
ric synthesis of 2-pyrrolylglycine, 2-pyrrolylalanine and homo-2-
pyrrolylalanine derivatives as potential analogues of phenylgly-
cine, phenylalanine and homo-phenylalanine in a continuation of
our interest13 in the synthesis of heterocycle-substituted a-amino
acid derivatives from naturally occurring amino acids.
ll rights reserved.

adhyay).
2. Results and discussion

Our synthesis of the pyrrolylglycine derivative 7 (Scheme 1)
started from the known Garner’s aldehyde14 1 (Scheme 1), which
on dehydrative condensation with allylamine led to the formation
of the corresponding imine 2. The latter was obtained in essentially
pure form and was used as such in the next step. We anticipated
that the pyrrolidinylglycine ring system could possibly be con-
structed by ring-closing metathesis of an appropriate N-tethered
diene, obtainable from the addition of suitable vinyl metal species
to the N-allylimine derivative 2. Aromatization of the thus obtain-
able pyrrolidinyl derivative could then be effected either sepa-
rately or in a one-pot way to give the desired pyrrole derivative
based on the precedence of aromatic or heteroaromatic ring forma-
tion via a RCM-aromatization sequence.15 Alkylation of imines has
been extensively studied as a route to the preparation of amines
and excellent protocols for catalyst-controlled, auxiliary-controlled
and substrate-controlled addition reactions have been devel-
oped.16 Thus, the addition of imine 2 to vinylmagnesium bromide
in ether solution proceeded well at �30 �C and the corresponding
amine 3 was obtained under optimized conditions in an acceptable
yield, but as a mixture of diastereoisomers (83:17, HPLC), which
could not be separated by chromatography. The stereochemical
outcome of this reaction was thought to be less consequential for
the present study as the stereocentre would be destroyed in a sub-
sequent step. Thus, the mixture of amines 3 was N-acylated under
conventional conditions to provide the corresponding N-tethered
dienes 4 also as an inseparable mixture. Ring-closing metathesis
of 4 with Grubbs’ first generation catalyst,17 benzylidene bis-
tricyclohexyl-phosphinoruthenium(IV) dichloride 5, proceeded
well in dichloromethane at ambient temperature and the desired
dihydropyrrole derivative 6 was obtained in a good yield. However,
we took recourse to a one-pot RCM-aromatization sequence as
developed by us and others.18 Thus, the crude reaction mixture
from the RCM reaction was treated with DDQ in refluxing benzene
to obtain pyrrole derivative 7 in a combined yield of 54% over two
steps. Acid-catalyzed deprotection of the oxazolidine unit present
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Scheme 1. Reagents and conditions: (i) allyl amine, MS (4 Å), CH2Cl2, 0 �C, 24 h, 95%: (ii) vinylmagnesium bromide, Et2O, �30 �C, 12 h, 66%; (iii) Ac2O, DMAP, Et3N, CH2Cl2,
0 �C, 12 h, 83%; (iv) Grubbs’ catalyst 5 (5 mol %), CH2Cl2, rt, 8 h; (v) DDQ, benzene, reflux, 18 h, 54% over two steps; (vi) HCl (0.5 M), MeOH, rt, 5 h, 84%; (vii) Dess–Martin
periodinane, CH2Cl2, rt, 1 h; (viii) NaClO2, NaH2PO4, 1-methyl-1-cyclohexene, tBuOH, H2O, rt, 12 h, 51% over two steps.
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Scheme 2. Reagents and conditions: (i) allylamine, MS (4 Å), CH2Cl2, 0 �C, 24 h, 13, 94%; 14, 92% (ii) vinylmagnesium bromide, Et2O, �30 �C, 12 h, 15, 69%; 16, 72%; (iii) Ac2O,
DMAP, Et3N, CH2Cl2, 0 �C, 12 h, 17, 78%; 18, 81%; (iv) Grubbs’ catalyst 5 (5 mol%), CH2Cl2, rt, 8 h; (v) DDQ, benzene, reflux, 18 h, 19, 56%; 20, 54%; (vi) HCl (0.5 M), MeOH, rt, 5 h,
21,79%; 22, 77%; (vii) Dess–Martin periodinane, CH2Cl2, rt, 1 h; (viii) NaClO2, NaH2PO4, 1-methyl-1-cyclohexene, tBuOH, H2O, rt, 12 h, 25, 52%; 26, 49% over two steps.
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in 7 using dilute hydrochloric acid in methanol then led to the for-
mation of the primary alcohol 8 in a very good yield. This was then
subjected to a two-step oxidation to the corresponding carboxylic
acid involving initial formation of the corresponding aldehyde 9
using Dess–Martin periodinane19 followed by Pinnick oxidation20

of the latter to compound 10 in a combined yield of 61% over
two steps. The synthesis of the pyrrolylglycine derivative 10 pro-
ceeded in an overall yield of 12% over eight steps from 1.

The aspartic acid-derived chiral aldehyde 11 (Scheme 2), pre-
pared following the literature,21 was similarly converted to imine
13 and was then treated with vinylmagnesium bromide to furnish
the mixture (�1:1) of amines 15 in a good yield. This mixture was
then N-acylated to the corresponding amides 17, which when sub-
jected to the developed one-pot RCM-aromatization sequence, pro-
vided the pyrrole derivative 19 in 56% yield over two steps. Acid-
catalyzed deprotection of the latter to aminoalcohol 21 followed
by its sequential oxidation then led to the pyrrolylalanine deriva-
tive 25 in an overall yield of 11.6% over eight steps from 11.

Similarly, the glutamic acid-derived aldehyde 12, prepared
analogously, when subjected to the same sequence of events viz.
conversion to the imine 14, vinylation of the latter to the mixture
(�1:1) of amines 16, one-pot RCM-aromatization of the N-acetyl
derivatives 18 to the pyrrole derivative 20 followed by sequential
deprotection (leading to 22) and oxidation led to the homo-pyrrol-
ylalanine derivative 26 in an overall yield of 11% over eight steps
from 12.22
3. Conclusion

In short, we have demonstrated that 2-pyrrolylglycine, 2-pyrr-
olylalanine and 2-pyrrolyl-homo-alanine derivatives can be conve-
niently prepared from enantiomerically pure aldehydes derived
from serine, aspartic acid and glutamic acid using commonly avail-
able reagents and easy to conduct experiments. The compounds
prepared may find uses as an analogue of phenylglycine, phenylal-
anine or homo-phenylalanine in the design and synthesis of mod-
ified peptides/proteins. The compounds may also serve as building
blocks in organic synthesis and the developed methodology may
complement those existing in the literature for the preparation of
such type of compounds.
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