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Synthesis of Optically Pure 5-Aminopyrrolidin-2-one
Formic Acid Salt: A Key Intermediate for the Incorpo-
ration of the Pyroglutamyl Geminal Diamino Analogue
into Retro-Inverso Peptides

Alessandro S1s10, Antonio S. VERDINI**, Antonino VIRDIA

Assoreni, 1-00015 Monterotondo, Rome, [taly

Pyroglutamate aminopeptidascs of mammalian tissues are
enzymes potentially capable of inactivating biologically ac-
tive pyroglutamyl-peptides' ~ 7. To prevent enzymatic break-
down and maintain a close structural relationship to the
original molecules, modification of pyroglutamyl-peptide
bonds by isosteric replacement of the CO—NH group by the
NH—CO group is particularly promising® %

Reversal of the pyroglutamyl-pzptide bonds in 1 is ach:eved
by incorporation of the geminal diamino moiety 4 and the 2-
alkylmalonyl residue B into the peptide skeleton to form the
retro-inverso peptides 2.

For the preparation of ‘. ’-5-aminopyrrolidin-2-one (‘'r’-4}'*,
the key intermediate for the incorporation of unit 4 into
peptide chains, a low-yield, muli-step procedure was report-
ed!?713 The inherent instabilicy of 4 requires the immediate
coupling with 2-alkylmalonate monoesters after formation
from N,N'-bis[benzyloxycarbonyl]-L-5-aminopyrrolidin-2-
one (‘L-6) by heterogeneous hydrogenation'?,

In an attempt to simplify the svnthesis of ‘L-4, L-pyroglut-
amic acid amide (3) was reacted with bis[trifluoroacet-
oxy] phenyliodine (Scheme A) under the mild conditions rc-
ported for applications of this rcagent! 3~ '®. After recrystal-
lisation from ethyl acetate, analytically pure crystals of 5-
aminopyrrolidin-2-one triftuoroacetic acid salt
(4 - F;,C—COOH) were obtainzd. However, in contrast to
previous conversions mediated by bis[trifluoroacetoxy]
phenyliodine, the reaction leads to complete racemisation.
This was demonsirated by coupling of the product
4-F,C—COOH to Boc-L-Phe—OH, and subsequent
H.P.L.C. analysis of the resultant pseudo-dipeptide. Analyt-
ical HP.L.C. indicates the presence of 2 epimers, both of
which have been fully characterised by microanalysis,
H.R.M.S.. '"H-N.M.R., and 1. K. spectra after separation by
preparative H.P.L.C.
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SYNTHESIS

Preparation of 4 by the sequence 5 - 6 — 4 (Scheme B) fol-
lowed by coupling with Boc-1.-Phe—OH yields a pseudo-
dipeptide consisting of an identical epimeric mixture. Since
the deprotection conditions are slightly different from those
described!, the catalytic hydrogenation has been repcated
twice under strict adherence to the published procedure.
Again, coupling of the hydrogenation product 4 to Boc-L-
Phe—OH results a low yield of an epimeric pseudo-dipeptide
mixture (~ 30:70). Since the coupling of Boc-L-Phe—OH
with the 2 optical antipodes of 4 is likely to proceed with
different rates, the epimeric ratio of the coupling product
does not exactly reflect the extent of racemisation of 4. How-
ever, our experiments indicate that the racemisation of the
geminal diamine moiety occurs during deprotection of ‘L’-6
and is strongly dependent on the experimental conditions. To
assess the effect of the hydrogenation time on the epimer
ratio accurately, the conversion of ‘L’-6 to 4 in ethyl
acctate/dioxan (30,70) has been stopped at regular intervals
and the oily residue, obtained by removal of the solvents,
immediately coupled to Boc-1.-Phe—OH. From H.P.L.C.
analysis, it follows that the conversion of ‘L’-6 to 4 is an
exceedingly slow reaction (25 % conversion after ~ 2 h) and,
more important, that the amount of racemisation does not
vary proportionally to the degree of conversion. The lowest
epimeric ratios are obscrved at the early stage of the reaction.
The finding that loss of optical activity of 4 is somewhat
slower than the deprotection of ‘L’-6 suggests that high yields
of optically pure 4 should be obtained by very rapid and
eflicient removal of the benzyloxycarbonyl group.
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In fact, the deprotection of both optical isomers of 6 under
catalytic transfer hydrogenation conditions using freshly
prepared platinum black catalyst and ammonium formate?!
yieldsin ~ 10 min excellent yields (= 95 %) of stable °L’- and
‘p’-aminopyrrolidin-2-one formic acid salts (‘'L’- and ‘D’-
4 - HCOOH), respectively, subsequent coupling of each opti-
cal isomer to Boc-L-Phe—OH furnishes pure epimers of the
corresponding pseudo-dipeptides.

In conclusion, the method described here provides the only
hgh yield synthesis of optically pure 4 - HCOOH and hence
of retro-inverso peptides incorporating pyroglutamyl
geminal diamino analogues of defined chirality.

Melting points were determined with a Biichi apparatus and are
uncorrected. Oprical rotations were recorded on a Perkin Elmer
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141 M polarimeter. Thin layer cromatography was performed on
precoated silica gel 60 sheets F-254 (Merck) using as solvents
systems; BWA: n-butanol/water/acetic acid (4/1/1); CMA: chioro-
form/methanol/acetic acid (85:10:5). Spots were detected under a
U. V. lamp at 254 nm or by spraying with ninhydrin after exposure of
the plates to hydrochloric acid vapour. For analytical H.P.L..C. runs
an apparatus consisting of a Series 3 B Perkin Elmer pump coupled
to Perkin Elmer LC-75 UVmonitor was used;the chromatograph was
equipped with stainless-steel columns Lichrosorb RP-18, particle
size 10 u (Merck). Elution was achieved with acetonitrile (Lichr-
osolv, Merck)/water/trifluoroacetic acid (82/18/0.1) at a flow rate of
1 ml/min. For preparative H.P.L.C. a Miniprep (Jobin Yvon) liquid
preparative chromatograph equipped with an M-45 Waters pump.
Uvidec 100 I (Jasco) monitor, LKB 2210 2 channel recorder and
Ultrorac LK B 2070 11 fraction collector was used. The column was
prepared by packing 35 g of Lichroprep RP-18, particle size 25 -40 u
(Merck). I.R. spectra were recorded on & Perkin Elmer 700 [L.R.
spectrophotometer, "H-N.M.R. spectra were obtained on a Bruker
WP-80 apparatus using TMS as an internal standard.

Pyroglutamyl Amide:

To a solution of pyroglutamic acid (Fluka; 3.06 g, 23.71 mmol) and
1-hydroxybenzotriazole ammonium salt {54.33 g, 28.46 mmol) in
freshly distilled DMF (30 ml) cooled to 0°C, dicyclohexylcar-
bodiimide (4.88 g, 23.71 mmol) is added portionswise with stirring.
The mixture is stirred for 1 h at 0°C, for 1 h at room temperature,
and then filtered from dicyclohexyl urea. After removal of the sol-
vent, the oily residue is triturated with ethyl acctate and the product
collected by filtration, washed with ether, and dried under vacuum.
The crude product is recrystallised from methanol/ether; yield:
2.56g (84%), TL.C. (BWA), Ry 0.22; m.p. 166- 168°C: [2]3*:
—43.0" (¢ 2, water) [Ref.'®, m.p. 166-168°C; [2]3°: —42.2" (¢ 2,
water)].

‘D’- and ‘L’-5-aminopyrrolidin-2-one Trifluoreacetic Acid Sale (‘-
and ‘1’4 - F;C—COOH):

A stirred solution of pyroglutamyl amide (1.28 g, 10 mmol) in 3/2
acetonitrile/water (30 ml) is flushed with nitrogen and treated with
bis[ trifluoroacetoxy Jphenyliodine (4.73 g, 1.1 mmol) in acetonitrile
(5ml). The reaction is allowed to proceed for 3 h under nitrogen,
then the solvent is removed, and the residue solubilised in ethyl ace-
tate. A white solid precipitates on standing. After filtration, the
product is washed throughly with cther and dried under vacuum;
yield: 0.67 g (30%); T.1.C. (BWA), Rz 0.1; m.p. 125 -127°C.

N-(Butoxycarbonyl-1-phenylalanyl)-(D’- and ‘1°)-5-aminopyrrolidin-
2-one:

N-Methylmorpholine (0.097 ml, 0.8 mmol) is added to a solution of
‘D’ and ‘L’-4 - F,C—COOH (0.180 g, 0.8 mmol), Boc-1.-Phe—OH
(0.233 g, 0.96 mmol), 1-hydroxybenzotriazole (0.132 g, 0.96 mmol),
and dicyclohexylcarbodiimide (0.181 g, 0.88 mmol) in DMF (10 ml)
maintained at 0°C. After stirring for 1h at 0°C and 2 h at room
temperature dicyclohexylurea is removed by filtration. Evaporation
of the solvent furnishes a pale yellow solid which is dissolved in cthyl
acctate and washed with 5% aqueous sodium hydrogen carbonate
and saturated brine. After drying with anhydrous sodium sulfate,
the crystalline product precipitates on standing at Toom tempera-
ture; yield: 0.22 g (79%); m.p. 167-168°C; [a]3%: +20.0° (c. 1
CH,0H); T.L.C. (CMA) Ry 0.3.

The epimeric mixture is separated by preparative H.P.L.C. using
acetonitrile/water/trifluoroacetic acid (79/21/0.1) as cluent at a flow
rale of 9 ml/min.

Epimer A; m.p. 122-123°C; [¢]J3": — 16.0° (¢ 0.5, CH,OH)
Epimer B; m.p. 123-124°C; [a]3 + 57.5° (¢, 0.5, CH,OH).
Both epimers give identical microanalysis, M.S., 1.R. and 'H-
N.M.R. spectra.

H

N,N -Bis[ benzyloxycarbonyl]-‘1.*-5-aminopyrrolydin-2-one (‘L’-6):

To a suspension of N-benzyloxycarbonyl-L-pyroglutamic acid (2 g,
7.59 mmol; Fluka) in freshly distilled dry toluene (10 ml), diphenyl-
phosphoryl azide (1.64 mt, 7.59 mmol) is added under stirring and
nitrogen. The mixture is heated to 80 °C under nitrogen, then triethyl-
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amine (1.05 ml, 7.59 mmol) in toluene (5 ml) is added dropwise dur-
ing 2 h; to the clear solution benzyl alcohol (0.86 ml, 8.35 mmol) in
toluene (5 ml) 1s added and the mixture allowed to warm to room
temperature. The precipitate is collected by filtration, washed with
cold toluene, and dried under vacuum. The crude product is recry-
stallised from ethyl acctate; yield: 2.54 (90%): T.L.C. (CMA) Ry
0.55; m.p. 150-151°C; [«]3%: —36.7° (¢ 1, DMF) [Ref.'*, m.p.
1471507 [a]{’: — 5.5° (¢ 1, CHLOH)].

N,N -Bis[benzyloxycarbonyl )-*p’-S-aminopyrrolidin-2-one (‘n’-6):
This compound is prepared in the same manner as described for the
synthesis of ‘L’-6; yield: 87 %; m.p. 151-152°C; [2]5™ + 26.0°C (¢
1, DMF); [aJi" + 17" (¢ 1, CH;0H).

*.>-5-Aminopyrrolidin-2-one Formic Acid Salt (‘1.-4 - HCOOH):
To a solution of 1-6 (1 g, 2.71 mmol) in DMF (§ ml) ammonium
formate (0.34 g, 10.84 mmol) in methanol (10 ml) and palladium
sponge (50 mg) are added under stirring. After 10 min, the reaction is
complete as indicated by T.L.C. analysis. The solvent is removed and
the residuc Iyophilised twice from dioxan/water: yield: 0.360 g
95%1 m.p. 106-107"C; [«]3%: + 6.0° (¢ 1, DMF): T.L.C. (BWA).
R, 0.1.

I.R. '"H-N.M.R. and mass spectra are in agrecment with the
structure.

*p’-5-aminopyrrolidin-2-one Formic Acid Salt (*0’-4 - HCOOH):
This compound is prepared by following the procedure described for
the synthesis of (1°-4 - HCOOH); yicld: 97 %; m.p. 106-107°C;
[213% —~5.9° (¢ 1, DMF); TL.C. (BWA) R¢: 0.1.

N-(Butoxycarbonyl-1 -phenylalanyl)-‘L.’-5-aminopyrrolidin-2-one:
r.-4 - HCOOH is coupied to Boc-L-Phe—OH with dicyclohexylcar-
bodiimide and 1-hydroxybenzotriazole by following the procedure
described above for the synthesis of the epimeric pscudodipeptide
mixture; yield: 75%:; m.p. 123-124°C; [«]3% +57.57 (¢ 0.5,
CH,OH).

[n H.P.L.C. measurements the product showed the same R; value as
the second peak of the epimeric mixture.

N-(Butoxycarbonyl-‘L’-phenylalanyl)-1y’-5-aminopyrrolidin-2-one:
This compound is prepared in the same way as the ‘1.”-epimer; vield:
78%; m.p. 122-123°C; [«]33: —16.0° (¢ 0.5, CH,OH).

By H.P.L.C. comparision it was shown that the product is identical
with the first cluted peak from the epimeric mixture.

Received: April 6, 1984
(Revised form: July 16, 1984)

* Presented in part at the XIV Convegno Nazionale di Chimica
Organica. S. Margherita Ligure, October 1983.

** Address [or correspondence.

A.W. Mudge, R.E. Fellows, Endocrinology 93, 1428 (1973).
C. Prasad, A. Peterkofsky, J. Biol. Chem. 251, 3229 (1976).

K. Bauer, K.J. Graf, A. Faivre-Bauman. S. Beier, A. Tixi-
er-Vidal, H. Kleinkauf, Narure 277, 174 (1978).

R.F. Doolittle, R. W. Armentrout, Biochemistry 7, 516 (1969).
A. Szewczuk, J. Kwiatowsky, Eur. J. Biochem. 15, 12 (1969).
W.L. Taylor, J.E. Dixon, J. Biol. Chem. 253. 6934 (1978).

K. Bauer, P. Novak, Eur. J. Biochem. 99, 239 (1979).

M. Chorev, C.G. Willson, M. Goodman, .J. 4m. Chem. Soc. 99,
8075 (1977).

C.F Hayard, J.S. Morley, in: Peptides 1974, Proceedings of the
13" European Peptide Symposium, Y. Wolman, Ed. John Wiley &
Sons, New York, 1975, p. 287.

M. Chorev. C.G. Willson, M. Goodman, in Peptides, Proceed-
ings of the Fifth American Peptide Symposium, M. Goodman, J.
Mcienhofer, Eds., John Wiley & Sons, New York, 1977, p. 572.
M. Goodman, M. Chorev, Acc. Chem. Res. 12. 1 (1979).
N. Chaturvedi, M. Goodman, C. Bowers, /nt. J. Peptide Protein
Res. 17, 72 (1981).
M. Chorev, E. Rubin, C. Gilon, U. Wormser. Z. Selinger. J. Med.
Chem. 26, 129 (1983).

(R S

X T w s

3]

Downloaded by: Queen's University. Copyrighted material.



296 Communications SYNTHESIS

14

0
1

2
2

The bracketed configuration notation i.e. ‘D’ or ‘L’ defines the
configuration of the geminal residue which is related to the speci-
fied configuration of the transformed pyroglutamic acid residue.
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