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A CONVENIENT N-PROTECTION OF PYROGLUTAMATE
DERIVATIVES

Hao Li, Takeshi Sakamoto, Miyako Kato and Yasuo Kikugawa*

Faculty of Pharmaceutical Sciences, Josai University, Keyakidai
1-1, Sakado, Saitama 350-02, Japan

Abstract: Esters of pyroglutamic acid were N-protected by
conventional protective groups (Z, Boc, and COOMe) in high
yield, without racemization, using LiHMDS in THF at -78 °C and
ZCl, Bocy0, and CICOOMe, respectively.

Pyroglutamic acid is recognized as an internal protection of
the y-carboxyl group of glutamic acid; furthermore, the N-
acylated esters have received much attention because of their
importance as a chiral source and also because they serve to
activate the lactam carbonyl group in synthesis.1.2 In our
current work, we needed an easy access to esters of N-
benzyloxycarbonyl(Z)pyroglutamic acid. The nitrogen substi-

tution without racemization is rather difficult and the
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syntheses of all the N-rerr-butoxycarbonyl(Boc)- and N-
methoxycarbonylpyroglutamic  acid derivatives have been

performed using two methods.3

R1 H Z Boc CO:2Me

L Icoms
0 N CO.R2 Me 1 2a 2b 2¢

| Bn 3 4a 4b 4c
R1

1-6

t-Bu 5 6a 6b 6c¢c

1 LiHMDS in THF, -78°C
1, 3, 5 > 2,4, 6
2  Acylating reagent

On the other hand, only one example of direct introduction of
Z-group at the ring nitrogen of rert-butyl pyroglutamate (5)
without racemization has been reportedS using sodium hydride
as a base; in our hands, however, low chemical yield and
racemization were observed wunder the similar reaction
conditions in the case of benzyloxycarbonylation of methyl and
benzyl pyroglutametes (1 and 3) (See experimental). It was
reported that N-benzylation of 1 by use of sodium hydride
brought about racemization.® Recently, (§)-N-Z-pyroglutamic
acid derivatives!¢.2 were prepared by cyclization of (S)-Z-
glutamic acid according to the classical method.”

We have undertaken a direct introduction of the Z group to

1. [Initially, we applied the method of rerzr-butoxycarbony-
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lation of 1, using Z-Cl instead of di-tert-butyl dicarbonate
(Bocy0),32 but in vain. Finally, we have used lithium hexa-
methyldisilazide (LiHMDS) in tetrahydrofuran (THF) at -78 °C,
which gave significantly high yields without racemization.
Several pyroglutamate derivatives were reacted in this way,
and the results are presented in table 1.

Not only the Z group, but also conventional protective
groups (Boc and COOMe) are introduced directly in a similar

way using BocyO and CICOOMe, respectively.

Experimental

All melting points were determined with a Yanagimoto hot-
stage melting point apparatus and are uncorrected. lH.NMR
spectra were measured at 60 MHz on a JEOL JNM-PMX60SI
spectrometer with tetramethylsilane (Me4Si) as an internal
reference and CDCl; as the solvent. IR spectra were recorded
on a JASCO IR810 spectrometer. Electron-impact mass spectra
and fast atom bombardment mass spectra were obtained with
a JEOL JIMX-DX300 spectrometer. HPLC was performed on a
046 cm¢ x 25 cm 10 micron Chiralcel OD column, using a
Waters model 6000A (UV detection at 235 nm). 2-Propanol-
n-hexane (1 : 1) was used as the eluent. Optical rotations were
taken on a JASCO DIP-181 digital polarimeter. Elemental
analyses were performed in the Microanalytical Laboratory of
this University.

Esters of pyroglutamic acid were  prepared from

pyroglutamic acid {[a]23p -10.45° (¢ 4.44, H;0)} purchased from
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Table 1. Acylation of Pyroglutamates

Starting Prod- Yield 25 )
Comp. uct (¢) [al"p Lit .
2a  89.5 -455° -41.3°(¢ 1.0, EtOH)*
(¢ 2.42, EtOH)
1 2b  90.5 -44.3° -44.3%c 1.0, EtOH)*
(c 1.0, EtOH)

2¢  62.9 -44.1°
(¢ 1.0, CH,Cl)

4a 84.7 -42.8° -47.6°(c 1.1, CHCl3)?
(c 1.0, CHCI3)
3 4b 91.4 -31.9°
(¢ 1.0, CH,Cl2)
4c 80.4 -404°
(¢ 1.0, CH,Cl2)

6a 92.6 -40.7° -40.4°(c 2.4, CH2CD)®
(¢ 0.75, CHCl3)
5 6b 94.4 -359° -33.2°(c 0.9, CHCl3)?

(c 091, CHCL) -35.1°(¢ 0.9, CHCl3)*
6c 87.3 -388°
(¢ 1.0, CH,Cl2)

Tokyo Kasei Kogyo Co, Ltd. by the literature methods to give
17.8,34.9 and 52.5.

Compounds 4a2, 6a5, 2b4, and 6b2 are known.

A Typical Procedure for N-Protection of Esters of
Pyroglutamic Acid: To 3 (233 mg, 1.06 mmol) in anhydrous
THF (5 ml) was added a solution of LiHMDS in hexane (1 M, 1.1
ml, 1.1 mmol) under argon at -78 °C over 5-10 min, and

reaction mixture was stirred for 20 min. Then Z-Cl (0.17 ml,



Downloaded by [McMaster University] at 14:44 20 December 2014

PYROGLUTAMATE DERIVATIVES 4049

1.1 mmol) was added over 5-10 min, and reaction mixture was
stirred for 20 min. Saturated NH4Cl solution (2 ml) and HyO
(15 ml) were added and the mixture was extracted with AcOEt
(25 ml x 2). The combined organic layers were washed
with saturated brine (25 ml), dried (NasSO4), and concentrated.
The residue was chromatographed on a column of silica gel
with benzene-AcOEt (3 : 1) as the eluent to give 4a?; yield:
318 mg (84.7 %). HPLC analyses of 4a and 3 gave 4a(S) :
4a(R) and 3(S) : 3(R) ratios of 973 : 27 and 974 : 2.6,
respectively, which indicates no racemization occurred during
N-protection.

Esters of N-BOC-pyroglutamic Acid (2Zb, 4b, and 6b):
Prepared wusing 1.5 molar equivalents of BocyO with 1, 3 or 5
in a similar manner to that described above.

Esters of N-Methoxycarbonylpyroglutamic Acid (2¢,
dc, and 6¢): Prepared using 1.1 molar equivalents of methyl
chloroformate with 1, 3, or 5 in a similar manner to that
described above.

Methyl L-N-Methoxycarbonylpyroglutamate (2¢). A
colorless oil. IR (neat): v = 1800, 1750, 1735 (C=0) cm-!. 1H-
NMR: 6= 1.83-2.80 (m, 4H, CHyx 2), 3.74 (s, 3H, COOCHj3), 3.81
(s, 3H, COOCH3), 4.50-4.80 (m, 1H, Cy-H). MS: m/z (%) = 201
(M+, 4.3), 142 (100).

Benzyl L-N-tert-Butoxycarbonylpyroglutamate (4b).
A colorless turbid oil. IR (neat): v = 1790, 1750, 1720 (C=0) cm-
1. 1H-NMR: é = 1.40 (s, 9H, C(CH3)3), 1.85-2.73 (m, 4H, CHjx 2),
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4.46-4.71(m, 1H, C3-H), 5.13 (s, 2H, PhCHy), 7.25 (s, SH,
Harom). MS (positive ion FAB, 3-nitrobenzyl alcohol matrix):
m/z = 342 (M + Na).

Benzyl L-N-Methoxycarbonylpyroglutamate (4c).
Recrystallized from benzene-hexane (2:3) as colorless prisms;
mp 100.5-102°C. IR (KBr): v = 1760, 1750, 1720 (C=0) cm-1. 1H-
NMR: 6 = 1.93-2.81 (m, 4H, CH;x 2), 3.73 (s, 3H, COOCH3z), 4.51 -
477 (m, 1H, Cp-H), 5.14 (s, 2H, PhCHy), 7.25 (s, 5SH, Harom).
MS: m/z (%) = 277 (M*, 6.5), 142 (100). Anal. Calcd for
C14H15NOs: C, 60.65; H, 5.45; N, 5.05. Found: C, 60.77; H, 5.51; N,
4.99.

tert-Butyl L-N-Methoxycarbonylpyroglutamate (6¢).
A colorless oil. IR (neat): v = 1800, 1760, 1735 (C=0)cm-1, 1H-
NMR: 6 = 1.47 (s, 9H, COOC(CH3)3), 1.90-2.68 (m, 4H, CHp x 2),
3.83 (s, 3H, COOCH3), 4.39-4.63(m, 1H, C-H). MS: m/z (%) =170
(M+*-73), 142 (89.8), 57 (100).

Benzyl L-N-Benzyloxycarbonylpyroglutamate (4a).
To 60% NaH (in oil, 52 mg, 1.406 mmol) in anhydrous THF (5
ml) was added 3 (257 mg, 1.172 mmol) in anhydrous THF (2
ml) under argon with ice cooling, and reaction mixture was
stirred for 20 min. Then Z-Cl (0.23 ml, 1.406 mmol) was
added, and reaction mixture was stirred for 0.5 h. 10% HCIl (1
ml) and Hy;O (25 ml) were added and the mixture was
extracted with AcOEt (25 ml x 2). The combined organic layers
were washed with saturated brine (25 ml), dried (Na»SOy4), and

concentrated. The residue was chromatographed on a column
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of silica gel with benzene- AcOEt (3 : 1) as the eluent to give
4a?; yield: 159.6 mg (38.4 %). HPLC analysis of 4a gave a
4a(S) : 4a(R) ratio of 81.2 : 18.8.
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