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Stereoselective synthesis of 4-hydroxy-2-phenylproline framework

Kenji Maeda,a,* Ross A. Miller,b Ronald H. Szumigala, Jr.,b Ali Shafiee,b

Sandor Karadyb and Joseph D. Armstrong, IIIb

aProcess Research, Process R&D, Banyu Pharmaceutical Co., Ltd, 9-1 Kamimutsuna 3-chome, Okazaki, Aichi 444-0858, Japan
bDepartment of Process Research, Merck & Co., Inc. PO Box 2000, Rahway, NJ 07065, USA

Received 25 November 2004; revised 22 December 2004; accepted 24 December 2004

Available online 25 January 2005
Abstract—Highly diastereoselective (>20:1) bromo-lactonization of N-sulfonyl-2-allyl-2-phenylglycine methyl ester (11) was
observed. Successive treatment of the chiral lactone with MeONa gave the desired (2S,4R)-4-hydroxy-2-phenylproline derivative
in high yield without erosion of the diastereoselectivity. The starting chiral non-racemic compound (5) was prepared from the race-
mic 2-phenylglycine using a classical kinetic resolution (crystallization), an asymmetric phase transfer alkylation, and an enzyme-
catalyzed kinetic resolution.
� 2005 Elsevier Ltd. All rights reserved.
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Proline is an important component of many bioactive
natural compounds.1 For the past few decades, highly
functionalized proline derivatives have been used as chi-
ral synthons for the development of pharmaceuticals.2

In this regard, chiral 2-substituted prolines have not
only been useful in the synthesis of new compounds with
novel structures, but they have also been extensively
used as ligands in synthetic organic chemistry.3 Despite
the well-developed stereoselective synthetic methods for
the preparation of chiral proline derivatives,4 the prepa-
ration of chiral 2-arylprolines has been limited, mainly
due to the difficulty of simple SN2 type substitution.5

During the course of our efforts toward the development
of our drug candidate, a stereoselective synthesis of
(2S,4R)-4-hydroxy-2-phenylproline framework (Fig. 1)
was required as a core structure. Herein an efficient syn-
thetic method for the preparation of this compound is
described.

More than a decade ago, Ogasawara and co-workers re-
ported a single-step synthesis of (2S,4R)-4-hydroxypro-
line from N-homoallylamide by an iodine-mediated
consecutive cyclization.6 Based on the reported method-
ology, a retrosynthetic approach, as outlined in Scheme
0040-4039/$ - see front matter � 2005 Elsevier Ltd. All rights reserved.
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1, was envisioned. The extension of their chemistry to
the quarternary amino acid derivative 2 was expected
to maintain the chiral center and form compound 1.
Chiral compound 2 would be synthesized from racemic
2-phenylglycine methyl ester hydrochloride (3).

For the preparation of (S)-2-allyl-2-phenylglycine ester
(5, 8), three different synthetic approaches, as outlined
in Scheme 2, were initially explored. The racemic com-
pound (4) was prepared by the published procedures5b

and the screening of chiral resolution using a library
of chiral acids was carried out. DD-Tartaric acid was iden-
tified to obtain the diastereomeric salt with the desired
(S)-isomer (5). Under the optimal conditions, DD-tartaric
acid salt of 5 could be obtained in over 95% ee and 33%
isolated yield after a single crystallization.7 Next, the
enzyme-catalyzed hydrolysis of 4 was investigated. A
library of hydrolytic enzymes were screened and several
enzymes, including reported pig liver esterase (PLE),
were identified as candidates.5b Among the identified en-
zyme catalysts, a microbial esterase from Bacillus stearo-
morphilus (BS3)8 was discovered that hydrolyzed the
ester to the desired acid enantiomer, and left behind
the undesired ester enantiomer (97% ee with 49% yield).
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The third approach took advantage of the previously
reported studies by Maruoka and co-workers.9b,10 tert-
Butyl ester derivative (8) was synthesized by the
asymmetric phase transfer alkylation9a with their cata-
lyst in high ee and yield. In the work-up sequence, both
the hydrolysis and trans-esterification of benzylimine
intermediate (9) occurred in one pot by the addition of
H2SO4 in MeOH at 50 �C to afford the methyl ester (5).

After acetylation of the resulting amine (5) with acetic
anhydride, 2 was subjected to the iodine cyclization con-
ditions (Scheme 3). The reaction was first attempted
using in THF–H2O as reported in the literature.6a While
the reaction proceeded as expected, a number of impuri-
ties and intermediates were observed. A variety of condi-
tions were then screened and the two phase reaction
conditions (isopropyl acetate–H2O) were observed to
be the cleanest. The product was obtained as a diastereo-
meric mixture at the 4 position in a 2.5:1 ratio. The ob-
served selectivity was not sufficient for the further
manipulations. The stereochemistry and the ratio were
determined by NOE experiment and HPLC, respectively.

Due to the above results, an alternative synthetic route
was formulated. To date, electrophile, such as halogen
and selenium, mediated 5-endo cyclization of the C-
allylic secondary amine or amide has become a general
tool to construct pyrrolidine skeleton.11 Thus, this ap-
proach was adopted to construct the 4-halo-pyrrolidine
framework (Scheme 4).

After making a sulfonamide from 5,12 the 5-endo-halo-
cyclization was attempted. No reaction was observed
by the treatment with either NIS or NBS. After several
conditions and reagents were tried, we found that the
reaction proceeded rapidly by the addition of Br2 in
CH2Cl2 at �10 �C. Unexpectedly, the resultant products
appeared to be c-lactones 13a and 13b, formed in high
stereoselectivity instead of the predicted pyrrolidine
(Scheme 5). The major isomer of the lactones possessed
the desired stereochemistry. The stereochemistry and
ratio were determined by NOE and 1H NMR analysis.
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Although a halo-lactonization with carboxylic acid or
amide in the presence of its secondary amide or carba-
mate has been well established,13 there are few examples
that the ester reacts with allyl cation rather than the sec-
ondary amide. The present unexpected results seem to
come from the rigid and stabilized transition state
caused by the tosyl amide and phenyl group, which
would create a suitable conformation for the ester
attack.13b,14

The obtained c-lactones were readily transformed into
the desired 4-hydroxyproline methyl ester by treatment
with NaH in MeOH at room temperature without any
by-products. During the reaction, no intermediates were
detected in HPLC and TLC. We speculated that once
the lactone was opened by methoxide, a successive
ring-closure reaction would occur immediately. After
silica gel purification, (2S,4R)-4-hydroly-2-phenylpro-
line derivative (15) was isolated in 80% from 11.
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Next, the temperature effect of the bromo-cyclization
was investigated. Under reflux conditions (40 �C) and
25 �C, the resultant lactone showed 5.5:1 and 6:1 selecti-
vity, respectively, at c-position, compared to 13:1 at
�10 �C. At �70 �C, we observed selectivity of 20:1.15

The Br2 cyclization was applied to tert-butyl ester deriva-
tive (12) under the exact same conditions. However, the
ratio dropped to 4:1 as compared to 13:1 for the methyl
ester (Scheme 5). The steric repulsion of the phenyl and
tert-butyl groups apparently affected the transition state
of the cyclization.14

The above lactonization was similarly carried out with
iodine by aging for 20 h at room temperature (25 �C)
and the resultant iodo-lactone was transformed to
the desired hydroxy proline in the same manner as the
bromo-lactone (Scheme 6). However, the observed
selectivity was only 2.4:1, lower than that of
O O
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bromo-lactonization under the same conditions. Based
on analysis of the reaction mixture by LC-MS, we
observed a different intermediate than what had been
predicted in the case of bromine. In this case, the reac-
tion went through the iodohydrin intermediate (18). A
trace amount of water in the solvent accelerated the
reaction.16 In order to provide more evidence for this
mechanism, the iodohydrin (18) was isolated by a silica
gel column chromatography and transformed to the
iodo-lactones (17) under the original reaction conditions
(Scheme 7). In addition, the isomer ratio of the iodohy-
drin was 2.4:1, identical to the ratio observed in the
iodo-lactones (17). The lactonization was promoted by
the treatment of TsOHÆH2O as well.

In conclusion, we report the highly stereoselective syn-
thesis of (2S,4R)-4-hydroxy-2-phenylproline derivative
achieved by developing chiral syntheses of 2-allyl-2-phen-
ylglycine derivatives followed by stereoselective bro-
mine-mediated cyclization. During the investigation,
we revealed that the halo-lactonization of compound
(5) proceeded via the different pathway depending on
the halogen (Br2 or I2). A key finding of our studies
was that the ester could react with an epi-bromonium
cation much faster than the NH-Ts group under these
particular conditions. Additionally, we observed a
strong dependence of stereoselectivity with temperature,
with >20:1 selectivity at �70 �C.
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14. A plausible transition state. See Ref. 13b.
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15. In this case, the bromohydrin (16) formed in 32% yield at
the same time. Probably, the bromo-lactonization step
might be competing with the attack of trace amount of
water in the solvent to the bromonium cation intermediate
(14) due to the relatively low reactivity of the ester at that
temperature.
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