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Asymmetric synthesis of @4R)-4-hydroxypipecolic acid
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Abstract

An asymmetric synthesis of 84R)-4-hydroxypipecolic acid was accomplished in eight steps and 31% overall
yield. © 2000 Elsevier Science Ltd. All rights reserved.
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Pipecolic acid derivatives are useful synthetic intermediates for the preparation of medicinally impor-
tant compounds such as peptidémymunosuppressantsgnzyme inhibitord* or NMDA antagonists.
The naturally occurring @4R)-4-hydroxypipecolic acidk) is found as a constituent of certain cyclo-
peptide antibioticdand has been used as a building block in a synthesis of paliry& potent HIV
protease inhibitof. Several racemic and a few enantioselective preparatioishaef/e been reportetl.
Syntheses of enantiopure324R)-1 have been carried out by resolution or by using starting materials
from the chiral pool. Herein we report the first chiral auxiliary mediated asymmetric synthésis of
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Addition of vinylmagnesium bromide to chiral 1-acylpyridinium s8lt formed in situ from 4-
methoxy-3-(triisopropylsilyl)pyridingand the chloroformate of ()-TCC1° provided the crude dihydro-
pyridone4 in high yield and 85% de (Scheme 1). Recrystallization of the crude product from methanol,
and purification of the concentrated mother liquor by radial PLC §SEMOAc/hexanes), gave a 78%
yield of diastereomerically puré as a white solid, mp 133-134°C. Reaction with sodium methoxide
followed by aqueous acid provided dihydropyridohién 89% yield with 94% recovery of the chiral
auxiliary, ( )-TCC. N-Acylation of 5 with n-BuLi and benzyl chloroformate gave a near quantitative
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yield of enantiopure carbamae Although conjugate reduction of dihydropyridoeould be carried

out with L-Selectridé! the use of zinc and acetic acid was found to be more convenient and provided
the piperidoner 2D5 30.8 € 1.67, CHC4), in higher yield. Oxidative cleavage of the vinyl group
with ozone and subsequent esterification of the crude acid gaveBestef® 17.9 € 0.24, CHC}), in

59% vyield for the two steps. Stereoselective reduction of the C-4 keto group with K-Selectride afforded
the piperidinol9'2 2% +81 (c 0.105, CHC}). Catalytic hydrogenation ¢ gave the desired @4R)-
4-hydroxypipecolic acidX) in 98% yield as a white solid. An analytically pure sample was obtained
by recrystallization from hot methanol: mp 273-274°C §limp 273-275°C], 2 20.7 € 0.30,

H,0) [lit.8 2> 21.0 € 1.03, HO)]. The spectral properties of our -1 are in agreement with
reported data. The naturally occurrihgvas constructed enantioselectivity in eight steps and 31% overall
yield.1314 The general approach should be amenable to the preparation of other substituted pipecolic
acids as either antipode.

Me
&/ﬂps 1. vinylMgBr %/TIPS 1. NaOMe/MeOH fﬁj
S — |
L 2. HgO* - | 2. 10% HCI w

N (- N
CO.R* 78% CO2R 89%
5
3 4
R* = (-)-TCC

. 1. Ogz; Jones ox.
1. n-BuLi | Zn°, HOAc

N o W 2. sat. NaHCOg, BugNI
4% N
2.8nococt | S pn 94% I Eo,6n BnBr, CH,Cly
98% 6 . 59% two steps
0 QH
[uj K-selectride O Hp Pd/C
B . EUE—— —
OGN 83% BrOS SN EtOH
O COBn '
O CO2Bn 98%
8 9
Scheme 1.
Acknowledgements

We express appreciation to the National Institutes of Health (Grant GM 34442) for partial support of
this work. C.B. also thanks the Burroughs Wellcome Fund for a graduate fellowship. NMR and mass
spectra were obtained at NCSU instrumentation laboratories, which were established by grants from the
North Carolina Biotechnology Center and the National Science Foundation.

References

1. Copeland, T. D.; Wondrak, E. M.; Toszer, J.; Roberts, M. M.; OraszlaBjc&hem. Biophys. Res. Comm&89Q 169,
310-314.

2. Dragovich, P. S.; Parker, J. E.; French, J.; Incacuan, M.; Kalish, V. J.; Kissinger, C. R.; Knighton, D. R.; Lewis, C. T,;
Moomaw, E. W.; Parge, H. E.; Pelltier, L. A. K.; Prins, T. J.; Showalter, R. E.; Tatlock, J. H.; Tucker, K. D.; Villafranca, J.
E.J. Med. Chem1996 39, 1872-1884.



~N o oA

12

14.

3553

. Gillard, J.; Abraham, A.; Anderson, P. C.; Beaulieu, P. L.; Bogri, T.; Bousquet, Y.; Grenier, L.; Guse, Y.; Lavelée, P.

Org. Chem1996 61, 2226-2231.

. Ho, B.; Zabriskie, T. MBioorg. Med. Chem. Letl.998 8, 739-744.

. Skiles, J. W.; Giannousis, P. P.; Fales, KB®org. Med. Chem. Let.996 6, 963—966.

. Vanderhaeghe, H.; Janssen, G.; Compernolléeffahedron Lett1971, 28, 2687.

. (@) Anderson, P. C.; Soucy, F.; Yoakim, C.; Lavallée, P.; Beaulieu, P. L. U.S. Patent 5 545 640, 1996. (b) Lamarre, D.;

Croteau, G.; Bourgon, L.; Thibeault, D.; Wardrop, E.; Clouette, C.; Vaillancourt, M.; Cohen, E.; Pargellis, C.; Yoakim, C.;
Anderson, P. CAntimicrob. Agents Chemothd©97, 41, 965.

. Gillard, J.; Abraham, A.; Anderson, P. C.; Beaulieu, P. L.; Bogri, T.; Bousquet, Y.; Grenier, L.; Guse, |.; Lavallé@rd.

Chem.1996 61, 2226 and references cited therein.

. Comins, D. L.; Joseph, S. P.; Goehring, RJRAmM. Chem. So4994 116, 4719.
10.
11.

TCC=rans2-( -cumyl)cyclohexanol, see: Comins, D. L.; Salvador, J.JMOrg. Chem1993 58, 4656.
Comins, D. L.; Zhang, Y.; Joseph, S.®xg. Lett.1999 1, 657 and references cited therein.

. The racemic compound is known, see: Hays, S. J.; Malone, T. C.; JohnsdrQf. Chem1991, 56, 4084.
13.

The structure assigned to each new compound is in accord with its IR-aadd**C NMR spectra and elemental analysis
or high-resolution mass spectra.

NMR data: Compoun®, *H NMR (300 MHz, CDC})  7.80 (d,J=8.2, 1H), 7.38 (m, 5H), 5.79 (m, 1H), 5.36-5.06 (m,
6H), 2.89 (dd,)=16.4 and 6.8 Hz, 1H), 2.53 (d=16.6 Hz, 1H)13C NMR (75 MHz, CDC}) 192.2, 152.5, 141.5, 135.0,
132.8, 128.8, 128.4, 117.5, 107.6, 69.2, 54.8, 39.9. Comp@uhd NMR (300 MHz, CDC}) 7.35 (m, 5H), 5.77 (m,
1H), 5.19 (m, 5H), 4.21 (m, 1H), 3.38 (m, 1H), 2.78-2.26 (m, 48 NMR (75 MHz, CDC})  206.8, 155.3, 136.4,
136.1, 128.6, 128.3, 128.0, 117.9, 67.7, 53.4, 43.4, 40.4, 39.2. ComBptiHdNMR (300 MHz, CDC}) 7.45-7.15 (m,
10H), 5.30-4.90 (m, 5H), 4.12 (m, 1H), 3.68 (m, 1H), 3.00-2.65 (m, 2H), 2.50 (m,2E)NMR (75 MHz, CDC})
205.2,170.8, 155.8, 136.2, 135.2, 128.9, 128.8, 128.5, 128.4, 128.2, 68.2, 67.7, 54.8, 41.3, 40.5, 39.8.



