Tetrahedron: Asymmetry Vol. 5, No. 3, pp. 351-354, 1994
Pergamon Elsevier Science Ltd

Printed in Great Britain
0957-4166/94 $6.00+0.00
0957-4166(94)E0043-A

Synthesis of Homochiral 3-Substituted Glutamic Acids and
Prolines from Pyroglutamic Acid

Claus Herdeis* and Hans Peter Hubmann
Institut fiir Pharmazie und Lebensmittelchemie der
Universitit, 97074 Wiirzburg, Am Hubland, FRG

Hermann Lotter
Institut fiir Pharmazeutische Biologie der
Universitit, 80333 Miinchen, Karistrafe 29, FRG

Abstract: Efficient syntheses of (2S,3S)-methylproline (68) and (2S,3R)-phenylproline (Bb) are
described, starting from the readily available pyroglutaminol derivatives 2a and 2b via conjugate 1,4-
addition of organocuprates to 1. Catalytic hydrogenation of 3 from the least hindered a-side furnishes
6, which is transformed to (2S,3R)-methylproline (7). 3-Substituted glutamic acids 8c,d are provided by
a four step procedure from 2¢,d.

We recently reported that 1,4-conjugate additions of Grignard-and Gilman-cuprates to
pyroglutaminole derivative 1 give 2a-d in good yields without racemisation of the stereogenic
centre in 5-position.T Excellent trans-selectivity was observed for this reaction. Pyroglutaminole
2¢ was transformed to R-Baclofen, a derivative of the inhibitory neurotransmitter GABA (y-
aminobutyric acid)? (Scheme 1).
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Scheme 1
Herein we report the transformation of pyroglutaminoles 2a,b to cis-and trans-3-substituted
proline2 derivatives 7 and 5a,b. On the other hand 2¢,d are convertad to the 3-substituted
glutamic acids3 8c,d.
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For the synthesis of trans-3-substituted
proline derivatives (Scheme 2),
pyroglutamate 2a (the trans-configuration
was unambiguously assigned by x-ray
structure analysis10) and 2b were reduced
with BH3-S{(CH3)2 to the protected prolinol
derivatives 4a,b with 89% and 60% yield
respectively. Deprotection of the alcohol
function with TBAF provided the N-Boc
prolinols in 93% and 86% yield. Sharpless
oxidation with RuCi3/NalO4% gave N-Boc
prolines 5a,b. After deprotection with TFA,
(28,3S) 3-methylproline (5a)% and (2S,3R)
3-phenylproline {5b)® were obtained in 40% and 31% respectively.

For the synthesis of glutamates 8c.d, 2¢,d were deprotected with tetrabutylammonium fluoride in
THF/AcOH. The addition of acetic acid was necessary to prevent ring expansion to the é-lactone
derivative.5 With HF/CH3CN only cleavage of the N-Boc protecting group was observed.
Oxidation of the pyroglutaminol 2¢ with RuCl3/NalQ44 furnished the corresponding pyroglutamic
acid derivative, which was ring opened with LiOH/THF6 to the N-Boc protected glutamic acid
derivative 8c. Deprotection of with TFA provided glutamate 8¢? in 42% overall yield from 2c.

As the vinyl group is sensitive to oxidation under the Sharpless conditions the alcohol of 2d was
oxidized to the t-butylester with CrO3/Ac20/t-BuOH7. Extractive isolation of the product was
facilitated by both protecting groups. Ring opening reaction according to Grieco’s method® and
cleavage of the protecting groups with 6M HCI furnished the glutamic acid derivative 8d9 in 25%
combined yield from 2d.

X-ray structure of 2a

(2S,3R)-cis-3-Methylproline (7) was prepared in a similar reaction sequence as described for 5a
and 5b. Starting with 2a, the double bond was introduced via phenylselenylation and oxidative
elimination2.8.1 to give 3 in 72% vield. Catalytic hydrogenation of 3 in ethyl acetate with Pd/C
from the less-hindered «-side of 3 resuited in a single diastereomer 6 (73%). Trans isomer 2a
could not be detected with TH-and 13C-NMR spectroscopy in the crude reaction product. After
reduction of the amide group and O-deprotection, the alcohol was oxidized® to N-Boc-2S,3R-
methylproline. N-Deprotection with TFA provided 72 in 19% overall yield from 3. Pharmacological
studies with 8c,d will be published elsewhere in due course.

In summary, the synthesis of enantiopure prolines and 3-substituted glutamic acids (> 98 % ee,
in comparison with independently synthesized 5a2¢, 5b2h, 72¢) from inexpensive S-pyroglutamic
acid has been accomplished. The synthetic strategy outlined in this report would be equally
applicable for the synthesis of ent 5a, 5b, 7, 8c, 8d, starting with R-pyroglutamic acid.
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Scheme 2

iz 5RoLiCu or 5SRoMgBrCu, 2MesSICl, EtyO; ii: 1. HMDS/BuLi, PhSeCl -78°C, 2. Hp0z; iii: Pd/C/Hy; iv:
BH3-S(CHa)2: v: BugNF; vi: RuCla/NalO4, CHaCN/H20; vii: TFA; vili: BugNF,AcOH,H20; ix: 1M LIOH/THF;
x: CrO3/Py/DMF, Acp0,t-BuOH; xi: 6M HCL.

Acknowledgement: We thank the Fonds der Chemischen Industrie for financial support and
Degussa AG for starting materials.

References and Notes

1. C. Herdeis, H. P. Hubmann, Tetrahedron: Asymmetry, 1992, 3, 1213-1221.

2. a. K. Osugi, Yakugaku Zasshi, 1958, 78, 1361-1364. (Chem. Abstr. 1959, 63, 8113d.). b. Review: B.
Witkop, A.D. Mauger, Chem. Rev. 19686, 66, 47-86. ¢. J. Kollonitsch, A. N. Scott, G. A. Doldouras, J. Am.
Chem. Soc. 1966, 88, 3624-3626. d. D. A. Cox, A. W. Johnson, A. B. Mauger, J. Chem. Soc. 1964,
5024-5029. e. A. B. Mauger, F. Irreverre, B. Witkop, J. Am. Chem. Soc. 1966, 88, 2019-2024. f. R.
Sarges, J. R. Tretter, J. Org. Chem. 1974, 39, 1710-1716. g. A. B. Mauger, J. Org. Chem. 1981, 46,
1032-1035. h. Y. N. Belokon, A. G. Bulychev, V. A. Paviov, E. B. Fedorova, V. A. Tsyryapkin, V. A,
Bakhmutov, V. M. Belikov, J. Chem. Soc. Perkin Trans. |, 1988, 2075-2083. i. U. Schdllkopf, D. Pettig, E.
Schulze, M. Klinge, E. Egert, B. Benecke, M. Noltemeyer, Angew. Chem. Int. Ed. Engl. 1988, 27, 1194-
1196. j. W. O. Moss, R. H. Bradbury, N. J. Hales, T. Gallager, Tetrahedron Lett. 1990, 39, 5653-5656. k.



354 C. HERDEIS et al.

J. Y. L. Chung, J. T. Wasicak, W. A. Arnold, C. S. May, A. M. Nadzan, M. W. Holladay, J. Org. Chem.
1990, 55, 270-275. 1. N. Langiois, R. Z. Andriamialisoa, Tetrahedron Letr. 1891, 32, 3057-3058. m. S.
Kanemasa, A. Tatsukawa, E. Wada, J. Org. Chem. 1991, 56, 2875-2883.

3. a. P. Pachaly, Arch. Pharm. 1972, 305, 176-182. b. U. Schélikopf, D. Pettig, U. Busse, E. Egert, M.
Dyvrbusch. Svnthesis 1886. 737-740. c. 1. .lakg. P. Uiher. A. Mann. C.-G. Werrurth. T. Baulanper. B
Norberg, G. Evrar, F. Durant, J. Org. Chem. 1991, 58, 5729-5733. d. M. Yanagida, K. Hashimoto, M.
Ishida, H. Shinozaki, H. Shirahama, Tetrahedron Lert. 1989, 30, 3799-3802.

4.2 % -3 Soamiass B D O Tansen T AAWmE M S Mamn O Dy Dhem AR AR SRR AIRAR 2
Miller, J. Godoy, Helv. Chim. Acta, 1981, 64, 2531-2533.

& MWith 2 the lrantaned war dvalare WHItP ST NS signvistatinr was exowimay - sbwe st et

a ] T
IHBoc
o Py UNE o cH08 BuN® HO |
THE \N! o

0

» g—z

®.5 P. A Gieco. D. 1. Fivon. B. E. Zobe. . Dip. Chom I9B3 48 2424-2428 b B E Zoln Swunthasis
TEET, O23 1006,

T. E. J. Corey, B. Samuelson, J. Jrg. Chem. T984, 49, 4735.

8. K. Jones, K.-C. Woo, Tetrahedron Lett. 1991, 32, 6949-6952,

©@ Be-mp. 2ABCL et 25 DPD0-208°87 - D= R0 o =L 220580 + F b= 248, ! M MO et 2L - 30
(c=0.1/ H20)l.- TH-NMR (D20/d4-methanol): & (ppm) = 1.31 (3H, d, J=8.7 Hz, CHa), 1.70 (1H, dq,
J43,4a=J4a,5a=J4a,5b=8-5 Hz, Jgem=13.0 Hz, 4a-H), 2.24 (1H, m, 4b-H), 2.47 (1H, sept, J=7.2 Hz,
S-4), 5.54 O, m, 50, 3.65 (I, d, Jp3=8.T Hz, Z-H).- 8b: mp.. >250°C f[et.&: 242°C.-
[af2 =465 (c=0.2/ 1 M HCl) fref.2M: +69 jc=0.75/ 6 M HC})J.- 1H-NMR iDp0/Do S0y /0g-a01008): B
(ppm) = 2,16 (1H, m, 4-H), 2.41 (1H, m, 4-H), 3.51 (3H, m, 3-H und 5-H), 4.35 (1H, d, J=9.9 Hz, 2-H),
7.26 (5¥, m, Ar-H).- T2 mp.: Z259C.-[aff'=-30.5 (c=0.19/0.1 M HChH.- "H-NMR (D50/D2S04/dg-
@ceIone): B3pond = DB3 3B 4 3=73 3z B3 37D DY sew J3=B33z 43 238353 m 43
2.7Z (1H, sept, = 7.1 Hz, 3-8), .27 (1K, m, 5-Hj, 3.46 (TH, m, 5-HJ, 3.65 (1H, d, Jo,3= 7.7 Hz, 2-
H).- 8c: mp.: 182°C.- [0)¥ =-1 (¢=0.2/1 M HCl).- TH-NMR {D20/D2S04/dg-acetone): & (ppm) = 3.00
(2R, m, 4-H), 3.66 (1H, m, 3-H), 4.34 {(1H, d, J=5 Hz, 2-H}, 7.17 (2H, d, Jog=8.65 Hz, Ar-H), 7.28 (2H,
d, JAB=8.66 Hz, Ar-H).- 8d: mp: 179°C.- [a}¥ = +13 (c=0.27/H50).- TH-NMR (D20/dg-acetone): &
ippm) = 2.57 "N, 00, J3 45 =8.7 Hz. Jgem =16.4 Hz, 4-H), 2.60 11H, dd, J3 44 =6.1 Nz, Jgem =165
Hz, 4-H), 3.03 (1H, m, 3-H), 4.09 (1H, d, J2,3=3.9 Hz, 2-H), 5.23 (24, m, =CH3), 5.66 (1H, m, -CH=).
0. X-ray structure determination of Za: coioriess transparent platelets of size 0.5x0.7x0.T mm, space
oroup P23, 2=D9.33%, p=13.088, £="1.213h, B=IDB.2°, z=2.1971 11653 observed reflections
measured on a Siemens R3mJV dittractometer wish Cui g -radiation, Diract mathods ISHELXTL), wR=7.5%
{unit weights). Atomic distances and angles as well as coordinates are deposited at the Crystallographic
Data Centre. University Chemical Laboratory. Lensfigld Road, Cambvidge CB2 1EW, LK.
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