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Abstract—(+)-cis- or (x)-trans-4-Methylpipecolic acid and ester derivatives can be obtained directly by addition of electrophiles
to a-lithiated N-Boc 4-methylpiperidine. © 2001 Elsevier Science Ltd. All rights reserved.

The synthesis of modified unnatural amino acids is still
of great interest and of constant inspiration.! In partic-
ular much attention has been directed toward the
diastereoselective synthesis of enantiomerically enriched
4-substituted pipecolic acids as they are constituents of
biologically active compounds.? Access to the cis iso-
mers is much easier than to the trans isomers as the
former are the most conformationally stable.® One syn-
thesis of alkyl (x)-trans-4-methylpipecolate was
reported in five to six steps from 4-methylpyridine with
an overall yield of 14%.?

It has been reported than the N-fert-butoxycarbonyl
group (N-Boc) is an effective directing group for the
a-lithiation of piperidines* and that the more thermody-
namically stable isomer is the trans N-Boc 4-substituted
pipecolic acid derivatives.® As alkyl (%)-trans-4-
methylpipecolate was needed to synthesize argatroban,®
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carboxylation of 4-methylpiperidine was envisaged.
Although, alkyl chloroformates as electrophiles were
reported to give very low yields of a-aminoesters,” we
report here that (+)-cis- and (+)-trans-4-methylpipecolic
acid derivatives can be obtained diastereoselectively in a
two-step sequence, in modest yield, from N-Boc 4-
methylpiperidine by a lithiation—carboxylation sequence
with CO, or alkyl chloroformates, followed by N-Boc
deprotection.

N-Boc 4-methylpiperidine 1 was deprotonated with sec-
BulLi (1.5 equiv., Et,0, —=90°C, 4-5 h) in the presence of
TMEDA (1.5 equiv.). After the addition of the alkyl
chloroformate (1.6 equiv.) or CO, at —90°C, the reac-
tion mixture was allowed to slowly reach rt and stirred
for 12 h to produce the desired carboxylic ester deriva-
tives of type 2 in a modest yield (35-60%) (see Table 1).
After deprotection of 2 with HCI in EtOAc, the 4-
methylpipecolic acid 3 (R=H) or the ester derivatives
were obtained in quantitative yield. The use of CO, as
the electrophile produced exclusively the cis isomer.
When the acylation was achieved with methyl or ethyl
chloroformate, a mixture of (x)-cis and (x)-trans N-Boc
4-methylpipecolic esters was obtained in respective
ratios of 35/65 and 30/70 in favor of the trans

Table 1. cis/trans Ratio of 4-methylpipecolic acid and
derivatives

Electrophile cis/trans Yield (%)*
Cco, 100/0 60
CICO,CH; 35/65 58
CICO,C,H; 30/70 60
CICO,CH,Ph 5/95 35

2 Yield for 50% conversion of the starting material which was recov-
ered after chromatography on silica gel.
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Scheme 1. o-Lithiated N-Boc piperidines.

diastereomer. Benzyl chloroformate, afforded mainly
the trans diastereomer (cis/trans=5/95) possibly
because of the increased steric bulk of this reagent. The
results are summarized in Table 1.

We would expect the lithiated intermediates a and b to
be favored as the N-Boc is in the equatorial orientation
and well situated to coordinate with the o-lithiated
anion.*® As the reaction proceeds with an excess of
alkyl chloroformate, equilibration between the cis and
trans 4-methylpipecolic acid or derivatives should not
occur. Furthermore, as it was assumed previously, the
electrophilic substitution of equatorial a-lithiated pipe-
ridines is achieved with retention.* It would seem there-
fore that both equatorial and axial o-lithiated
piperidines are formed under these conditions (Scheme
1). When a non-bulky acylating reagent is used as CO,,
an equatorial electrophilic substitution is preferred
leading to the cis-2,4-disubstituted N-Boc piperidines.
To minimize steric interactions with the N-Boc group,
axial electrophilic substitution is preferred with steri-
cally hindered acylating reagent such as benzyl
chloroformate.

Although the yield of 4-methylpipecolic acid and their
derivatives by using the carboxylation of a-lithiated
piperidines is modest (30-60%), the method is direct
(two steps) and efficient compared to the other routes.’
Applications of this methodology to the synthesis of
biologically active compounds such as argatroban® will
be reported in due course.

References

1. (a) Sardina, F. J.; Rapoport, H. Chem. Rev. 1996, 96,
1825-1872; (b) Duthaler, R. O. Tetrahedron 1994, 50,
1539-1650; (c) Jurczak, J.; Goleliowski, A. Chem. Rev.
1989, 89, 149-164.

2. (a) Bennett, F.; Patel, N. M.; Girijavallabhan, V. M.;
Ganguly, A. K. Synlett 1993, 703-704; (b) Genin, M. J.;
Gleason, W. B.; Johnson, R. L. J. Org. Chem. 1993, 58,
860-866; (c) Smith, III, A. B.; Condon, S. M.; McCauley,
J. A. Acc. Chem. Res. 1998, 31, 35-38; (d) Shuman, R. T.;
Ornstein, P. L.; Paschal, J. W.; Gesellchen, P. D. J. Org.
Chem. 1990, 55, 738-741; (e) Bailey, P. D.; Brown, G. R.;
Korber, F.; Reed, A.; Wilson, R. D. Tetrahedron: Asym-
metry 1991, 2, 1263-1282; (f) Agami, C.; Couty, F.; Pour-
soulis, M.; Vaissermann, J. Tetrahedron 1992, 48, 431-442;
(g) Ornstein, P. L.; Melikian, A.; Martinelli, M. J. Tetra-
hedron Lett. 1994, 35, 5759-5762; (h) Jackson, R. F. W.;
Turner, D.; Block, M. H. Synlett 1997, 789-790; (i)

BE = Bulky Electrophile

Agami, C.; Bihan, D; Morgentin, R.; Puchotkadouri, C.
Synlett 1997, 799-800; (j) Mahra, G. M.; Marshall, G. R.
Tetrahedron Lett. 1997, 38, 5069-5072; (k) Muller, M.;
Schoenfelder, A.; Didier, B.; Mann, A; Wermuth, C.-G. J.
Chem. Soc., Chem. Commun. 1999, 683-684; (1) Nazih, A.;
Schneider, M.-R.; Mann, A. Synlett 1998, 1337-1338; (m)
Keenan, T. P.; Yaeger, D.; Holt, D. A. Tetrahedron:
Asymmetry 1999, 10, 4331-4341; (n) Couty, F. Amino
Acids 1999, 16, 297-320.

. Caddy, D. E.; Utley, J. H. P. J. Chem. Soc., Perkin Trans.

21973, 1258-1262.

. Beak, P.; Lee, W.-K. Tetrahedron Lett. 1989, 30, 1197—

1200.

. (a) Johnson, F. Chem. Rev. 1968, 68, 375-413; (b) Beak,

P.; Lee, W. K. J. Org. Chem. 1990, 55, 2578-2580 and
references cited therein.

. (a) Bush, L. R. Cadiosvasc. Drug Rev. 1991, 9, 247-263;

(b) Okamoto, S.; Hijikata, A.; Kikumoto, R.; Tamao, Y.;
Ohkubo, K.; Tezuka, T.; Tonamura, S. US Patent
4,101,653, 1978; (c¢) Brundish, D.; Bull, A.; Donovan, V.;
Fullerton, D. J.; Garman, S. M.; Hayler, J. F.; Janus, D.;
Kane, P. D.; McDonnell, M.; Smith, G. P.; Wakeford, R.;
Walker, C. V.; Howarth, G.; Hoyle, W.; Allen, M. C.;
Ambler, J.; Butler, K.; Talbot, M. D. J. Med. Chem. 1999,
42, 4584-4603; (d) Kikumoto, R.; Tamao, Y.; Tezuka, T.;
Tonamura, S.; Hara, H.; Ninomiya, K.; Hijikata, A.;
Okamoto, S. Biochemistry 1984, 23, 85-90; (e) Shebuski,
R. J. In Annual Reports in Medicinal Chemistry; Bristol, J.
A., Ed.; Academic: San Diego, 1991; Vol. 26, p. 98; (f)
Strupczewski, J. D.; Ellis, D. B.; Allen, R. C. In Annual
Reports in Medicinal Chemistry; Bristol, J. A. Ed.; Aca-
demic: San Diego, 1991; Vol. 26, p. 299; (g) Taparelli, C.;
Metternich, R.; Ehrhardt, C.; Cook, N. S. Trends Pharma-
col. Sci. 1993, 14, 366-376; (h) Jakubowski, J. A.; Smith,
G. F.; Sall, D. J. Annu. Rep. Med. Chem. 1992, 27, 99-108;
(i) Okamoto, S.; Hijikata, A.; Kikumoto, R.; Tonamura,
S.; Hara, H.; Ninomiya, K.; Maruyama, A.; Sugano, M.;
Tamao, Y. Biochem. Biophys. Res. Commun. 1981, 101,
440-446; (j) Hijikata-Okunomiya, A.; Okamoto, S. Semin.
Thromb. Hemost. 1992, 18, 135-149; (k) US Patent
4,201,863, 1980; Appl. 622 390, 14 Oct 1975 (Mitsubishi);
Jpn. Kokai Tokyo Koho 81/15 267, 1981; Appl. 79/88 786,
13 Jul 1979 (Mitsubishi); (I) US Patent 4,258,192 1981;
Appl. 622 390, 14 Oct 1975; Jpn. Kokai Tokyo Koho
81/15 267 1981; Appl. 79/88 786, 13 Jul 1979 (Mitsubishi);
(m) Eur. Pat. Appl. 8 746, 1980; US Appl 938 711, 31 Aug
1978 (Mitsubishi).

. Dieter, R. K.; Sharma, R. R.; Ryan, W. Tetrahedron Lett.

1997, 38, 783-786.

. Beak, P.; Zajdel, W. J.; Reitz, D. B. Chem. Rev. 1984, 84,

471-523.

. Cossy, J.; Belotti, D.; Desmurs J. R. French Patent 00

01605, 09 Feb 2000.



