RACEMIZATION AT PROLINE RESIDUES DURING
PEPTIDE BOND FORMATION

A STUDY OF DIASTEREOMERIC MIXTURES OF SYNTHETIC
ALAMETHICIN FRAGMENTS BY 270MHz 'H NMR

R. NaGaRraJ and P. BALARAM®
Molecular Biophysics Unit. Indian Institute of Science. Bangalore-560012, India

Abstract—The stepwise synthesis of amino terminal pentapeptide Of alamethicin, Z-Aib-Pro-Aib-Ala-Aib-OMe,
by the dicyclohexylcarbodiimide mediated couplings leads to extensive racemization at the Ala and Pro residues.
Racemization E largely suppressed by the use of additives like N-hydroxysuccinimide and 1-hydroxybenzotriazole.
The presence of diastereomeric peptides may be detected by the observation of additional methy! ester and
benzylic methylene signalsin the 220MHz '"H NMR spectra. Unambiguous spectral assignment of the signals to the
diastereomers has been carried out by the synthesis and NMR studies of the p-Ala tetra and pentapeptides. The
racemization at Pro is of particular relevance in view of the reported lack of inversion at C-terminal Pro on

carboxyl activation.

Racemization of amino acids on carboxyl activation
constitutes a significant hurdle in the synthesis of
configurationally pure peptides.” ™ The dicyclohexyl-
carbodiimide (DCC)t condensation leads to appreciable
racemization. This may be suppressed by the use of
additives like N-hydroxysuccinimide’ or I-hydroxy-
benzotriazole.* The loss of optical purity is likely to be
marked in peptide bond forming reactions involving a
sterically hindered amino component. This problem is
particularly pertinent in the synthesis of microbial pep-
tides containing the hindered amino acid, a-aminoiso-
butyric acid (Aib).*# During the course of studies direc-
ted towards the synthesis of alamethicin I. the penta-
peptide Z-Aib-Pro-Aib-Ala-Aib-OMe (Fig. |) was pre-
pared by stepwise elongation from the N-terminal using
DCC mediated couplings. The '"H NMR spectrum of this
peptide clearly showed the presence of additional
resonances attributable to racemization of Ala (4).
However, even under conditions where racemization is
expected to be suppressed significant amounts of dia-
stereomeric peptides were detected. Further study
revealed the possibility of racemization at Pro (2). In this
report we provide evidence for racemization at Pro in
the Aib-Pro sequence and also emphasise the utility of
high field 'H NMR in the analysis of diastereomeric
mixtures of these peptides.

RESULTS AND DISCUSSION

The 100 MHz 'H NMR spectrum of an analytically
pure sample of Z-Aib-Pro-Aib-Ala-Aib~OMe (2) pre-
pared by the DCC method showed the presence of two
ester methyl resonances of unequal intensity at 3.646 and
3616. The two signals could be clearly resolved in a 4: |
CDCly-(CD4),SO mixture. The benzylic CH. group ap-

tAbbreviations used: DCC, N,N-dicyclohexylcarbodiimide; Z,
benzyloxycarbonyl; Aib, a-aminoisobutyric acid; DCU, dicyclo-
hexylurea; HOSU, N-hydroxysuccinimide; HOBT. 1-hydroxy-
benzotriazole.

peared as an AB quartet centered at 5.156 and a singlet
at 5116. The observation of additional resonances
strongly suggests the presence of diastereomeric pep-
tides. The possible centres at which racemization could
have occurred are at Pro (2) and Ala (4). However, PrO
residues are not expected to readily undergo racemiza-
tion as reported in the literature. Hence. it is likely that
racemization has occurred at Ala (4). Further evidence
for this assumption is obtained from the 100 MHz 'H
NMR spectrum of the pentapeptide 3 where one
equivalent of a racemization suppressing agent like
HOSU was added. In this peptide the intensities of the
additional resonances in the ester and the benzylic-CH,
region diminish considerably. In order to assign the extra
lines to the appropriate diastercomer, the peptide Z-Aib-
Pro-Aib~D-Ala~Aib-OMe § was synthesised from p-Ala
(4) tetrapeptide acid 4 and Aib~OMe with the addition of
one equivalent of HOBT and DCC.

Figures 2 and 3 compare the methyl ester and ben-
zylic-CH, regions of the 220 MHz 'H NMR spectra of
the pentapeptides 2, 3 and 5. From Fig. 2, the high field
methyl ester resonance at 3.616 may be assigned to the
D-Ala (4) diastereomer, while the low field resonance at
3.646¢corresponds to the L-Ala (4) isomer. The benzylic-
CH. appears as an AB quartet in the L-Ala (4) penta-
peptides whereas in p-Ala (4) pentapeptide the cor-
responding protons appear as a singlet at 5.116. The
detection of diasteroemeric peptides would suggest that
even in the presence of the additives HOBT and HOSU,
considerable inversion of configuration occurs. This
could possibly be due to the low reactivity of the hin-
dered nucleophile, Aib-OMe. Alternately the possibility
that racemization has occurred at Pro (2) needs to be
considered. Examination of the 100 MHz "H NMR spec-
trum of Z-Aib-Pro-Aib-Ala~OMe in CDCl; or (CD; SO
or mixtures of these solvents did not show any evidence
for the existence of diastereomeric peptides. However, it
was considered desirable to also examine the spectra of
the tetrapeptide acids.

The benzylic-CH, region of the tetrapeptide acids 1
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Fig. 1 Z-Aib-Pro-Aib-Ala-Aib-OMe. Arrows indicate sites of configurational inversion.
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Fig. 2. Ester methyl resonances of the pentapeptides (a) Z-Aib-
Pro-Aib-Ala-Aib-OMe 2 (b) Z-Aib-Pro-Aib-Als-Aib-OMe 3 (c)
Z-Aib-Pro-Aib-p-Ala-Aib-OMe §: in CDCL/(CD4),SO (4:1) at
270 MH2.

and 4 is shown in Fig. 4. The presence of two sets of
quartets of unequal intensities centred at 5.096 and 5.085
clearly indicate the presence of diastereomers due to
racemization at Pro (2) in these peptides. Here, the
stepwise procedure employed allows only the inversion

at optically active Pro (2) on carboxyl activation. The
possibility of Ala (4) inversion on base hydrolysis of the
ester was discounted by examination of the NMR spec-
trum of the tetrapeptide acid obtained by acid hydrolysis
of the ester. A spectrum identical to that of 4 was
obtained, suggesting that racemization must have taken
place only at Pro (2) during the formation of Z-Aib-Pro~
Aib-OMe, Further evidence for this is obtained from an
examination of the benzylic-CH, region in the tetra
peptide acid ¢, where one equivalent of HOSU was
added in the coupling of Z-Aib-Pro-OH to Aib-OMe
(Fig. 4¢). Only one quartet centred at 5.086 is observed
for this peptide. Hence the quartet of lower intensities
centred at 5.096 in the tetrapeptides 1 and 4 can be
assigned to the p-Pro (2)-L-Ala (4) and p~Pro (2)-0-Ala
(41r|i§gmers respectively.
percentage of diastereomers in the tetrapeptide
acids 1and 4 and the pentapeptide esters prepared under
different conditions are summarized in Table 1. Compar-
ing the values obtained for the tetrapeptides 1and 4 with
the corresponding pentapeptides 2 and § and also 2,
where no additive was used, it is evident that HOSU and
HOBT, indeed suppress racemization effectively during
Ala (4) activation. It may be noted that in the case of the
pentapeptides NMR cannot distinguish the L~Pro (2}t~
Ala (4) and p-Pro (2)-0-Ala (4) homers. Similarly the
D-Pro (2)-L-Ala (4) and L-Pro (2)-D~Ala (4) isomers are
also indistinguishable.
In peptide synthesis racemization of carboxyl terminal
Pro has not merited serious attention. This may be due to
the fact that base catalyzed oxazolone formation is not
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Fig. 3. Benzylic-CH, resonances of the pentapetides (a) Z-Aib-Pro-Aib-Ala-Aib-OMe 3 (b) Z-Aib-Pro-Aib-p-
Als-Aib-OMe § (c) Z-Aib-Pro-Aib-Als-Aib-OMe 2: in CDCly/(CD,),S0 (4:1) at 270 MHz.
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Table |. Yield of diastereomeric peptides under different conditions
Peptide Procedure Isomer %
Z-Aib-Pro-aib~Ala-Aib-Ciie® Dee L-pPro(2)-L-alal4) +
2 D-Pro{2)-o-alal4) 51
L-Pro(2)-b-slal”) +
D-Pro(2)-L-ala(4) 23
Z-AlD-F ro-Ai-Al a-kii-OMe® DCC + HOSU L-Fro(2)~L-ala(4) -
2 D=kro(2)-D-nla(s) “e
L-rro(2)-D-n1.(24) 4
D~Fro{2)-L-nlal4) th
2-Ai%-Fro-al ,-D-Ala-hin-ii.e? XC ¢ .o L-kro(2)-D-nlald) +
5 D-prnl(2)-L-.1la(4) 7
L-Fro(z)-L-Ala(4)
Lot ro(2;-v-Ala(4) 22
4-Aib-Fro-Aiu-hla-td4  1°  Scponification of ester L-bro(2)-L-alc(4) 79
D-Pro(2)-L-ala(4) 21
Z-Alb-Pro-Atnp-D-Ala-Ull 4°  Saponification of ester L-pro(2)-i-Ala(4) 82
D=Fro(2)-D-Ala(4) 18
Z-Mb—Pro-Aib-D—Ala-OHb Acid hydrolysis of ester L-Pro(2)-D-Ala(4) 62
D-Pro{(2)-D-alaf4) 18
2—Aib-Pro-fib—Ale-OHb HOSU in Pro{(2)-Aib(3) L-Pro(2)-L~alal4) 100
coupling D-Pro(2)-L-Ala(4) -

a Isomer amounts evaluated from ester CH, resonances.

Isomer amounts evaluated from benzylic -CH,- resonances.
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Fig. 4. Benzylic-CH, resonances of the tetrapeptde acids (a)
Z-Aib-Pro-Aib-Afa-OH | (b) Z-Aib-Pro-Aib-0-Ale-OH 4 (c)
Z-Aib-Pro-Aib-Ala-OH 6: in CDCL/(CD;%S0, (4:1) at
270MHz.

5.20

possible due to the lack of an enolisable NH proton.'
The present study clearly indicates that extensive race-
mization can occur at C-terminal Pro in X-Pro
sequences, where X is a sterically bulky group. In the
Aib-Pro sequence the Me groups of the Aib residue may
play a part in stabilizing the charged oxazolone 7 and
hence favour cyclization. Proton abstraction from a
positively charged intermediate should be facile, leading
to inversion of configuration at Pro. Such racemization
has also been detected in the case of couplings involving
pivaloyl-L.-Pro (Venkatachalapathi and Balaram, unpub
lished results). Evidence for the intermediacy of a 5
(4H)-oxazolone in the activation of C-terminal N-
methylamino acids has been provided by trapping reac-
tions using a t,3-dipolarophile.®

270MHz 'H NMR has proved successful in the
analysis of the diastereomeric mixtures described above,
since each component yields distinct NMR resonances
for one or two groups of protons. This is presumably a
consequence of the limited range of conformations ac-
cessible to Aib containing peptides.>'® It appears that in
cases where dynamic averaging is limited. NMR analysis
may prove routinely useful in detection of racemiza-
tion. ™

EXPERIMENTAL

Amino acid methyl esters were obtained from the correspond-
ing hydrochlorides. by dissolving in sat NaHCOs and extracting
with CH,Cl; followed by evaporation of the solvent. All com-
pounds reported were chromatographically homogenous by tlc
on silica gel (10% MeOH/CHCL). 100 MHz 'H NMR spectra
were obtained on Yarian HA100 instrument. 270MHz 'H NMR
were recorded on a Bruker WH-Z70 instrument at the Bangalore
NMR Facility.

Z-Aib-Pro-Aib-Ala-OH  (1). Z-Aib-Pro-Aib-Ala-OMe’
(1.6 g, 3.2mmol) was dissolved in MeOH (5ml) and 2N NaOH
(4m1) added to it. After 12hr, 15ml of water was added and the

aqueous phase was extracted with EtOAc (10ml), to remove
unsaponified tripeptide ester. The aqueous was acidified with 2N
HCI and extracted with EtOAc (3x 25ml). The organic layer was
dried over Na;SO, and evaporated to give the tetrapeptide acid,
yield 1.3 g, 80%, m.p. 19,

Preparation of Z-Aib-Pro-Aib-Ala-Aib-OMe from 1 and
Aib-OMe.

(a) DCC (2). Z-Aib-Pro-Aib-Ala-OH (1.2g, 25 mmol) was
dissolved in I5ml CH,Cl, and cooled to 0". Aib-OMe (0.2878,
2.5mmol) in CH,Cl, (3 ml) was added followed by DCC (0.515g,
2.5mmol). The mixture was then stirred at room temp for 24 hr.
The dicyclohexylurea (DCU) was then filtered off and the organic
layer washed with 1 N HCI, H,O and I M NaHCO, and dried
over Na,S0,. Evaporation of CH,Cl, followed by trituration with
petroleurn ether (40-60°) yielded the peptide as a solid, yild 1.3g
89%, m.p. = 129-132°. Recrystallized from MeOH/ether. (a}} =
2 (c =0.5, MeOH). (Found: C, 58.61; H, 6.87; N. 12.09. Calc,
for CoeHONs: C, 59.08; H. 7.3; N, 11.88%.) NMR (270MHz)
showed the presence of additional peaks ~7-88, —56 and 3.66.
corresponding to 4 protons.

(b) DCC + N-hydroxysuccinimide(3). Z-Aib-Pro-Aib-Ala-OH
(0.300 g, 0.7 mmol) was dissolved in CH,Cl, (10 m1) and cooled to
0°.  Aib-OMe (0.100g, 087 mmol). N-hydroxysuccinimide
(0.070g, 0.7nmol). DCC (0.135g, 0.7mmol) were added suc-
cessively and the mixture stirred at room temp for 24hr. The
work up was done as in procedure (a). yield 0.3t0 g 86%. m.p. =
175-176°, [2) =42 (c =05 in MeOH) NMR (270MHz, 4:1
CDCI/(CD;»S0), 7.7726, s, | H (AibNH), 7556, std, 2 H
(Aib t AlaNH). 7.386. b. 6 H (AibNH + benzylic ring protons):
5.158, g, 2H (benzylic CH,), 4.256, m, | H, 4.36.m, | H (Pro+
Ala, C*H); 3.86.m, 2 H, (Pro C*H,), 3.646, s, 3H (OCH;), 1.756,
m, 4 H (Pro C#H,+ C7H,), 1.33-1.506,m, 2L H (Aib + Ala C#H,).
Peaks of diminished intensity were observed around 7.7.5.5 and
3.66 corresponding to 5 protons.

Z-Aib-Pro-Aib-p-Ala-OH (4). Z-Aib-Pro-Aib-OH (1.0g.
2.4mmol) was suspended in CH,Cl, (J0ml) and cooled to 0"
p-Ala~-OMe (0.300 g, 2.4mmol) in CH,Cl, (3ml) was added and a
clear soln was obtained. DCC (0.500 g, 2.4 mmol) in CH,Cl; (5 ml)
was added and the mixture stirred at room temp for 24 hr. The
DCU was then filtered off and the organic layer washed with | N
HCI, H,0, I M NaHCO, and dried over Na,SO,. On evaporating
CH,Cl, and trituration with petroleum ether (40-60°), the tetra-
peptide was obtained was a solid, yield 1.04 g, 86%. m.p. = 133"
[a)} =625" (¢ = 0.6 methanol).

NMR (CDCly) 7.356, d, | H (AlaNH), 7.236.s, 5+ 1 (benzylic
ring protons), 7.206, s, 1H {AibNH), 5.636. s, | H (AibNH),
5.166, q, 2H (benzylic-CH,): 4.366, m, 2H (Ala+Pro C°H);
3668, stm. 3+2H (OCH,, Pro C*H,): 1736, m, 2H (Pro
C?H,), 1.40-1.568, m, 17H (Pro C”H,, Aib + Ala C*Hj,).

The tetrapeptide ester was saponified in the same way as for 1
to give the tetrapeptide acid, yield 80%. m.p. 185".

Z-Aib-Pro-Aib-0-Ala-Aib-OMe  (8). Z-Aib-Pro-Aib-p-
Ala-OH (0.583 g, 1.2mmol) was dissolved in DMF (50 ml) and
cooled to 0°. Aib-OMe (0.138 g, 1.2 mmol) in DMF (1 ml) was
added followed by HOBT (0.164 g, 1.2mmol) and DCC (0.247 g,
1.2mmol). The mixture was stirred at room temp for 24 hr. DCU
was filtered off and the DMF layer was diluted with EtOAc
(20 ml). The EtOAc layer was washed with H,O, I N HCI, I M
NaHCO; and dried over Na,SO,. The EtOAc was evaporated
and the residue was triturated with petroleum ether {40-60°) to
give the pentapeptide as a solid, yield 0.570 g, 86%. m.p. = 123~
120, [a)¥=-15° (c=05, MeOH). NMR (Z70MHz 4:1
CDCI,/(CD,),S0) 7.806, 5. | H (AibNH), 7.486.d +5, 2H (Aib+
AlaNH). 7.376, broad S, 6H (benzylic ring protons + AibNH),
5118, s. 1H (benzylic-CH,), 4.26, m, 2H (Ala +Pro C°H),
3.786. m, | H, 3.306. m, 1 H (Pro C*H,); 3.616. s, 3H (OCH;),
1.756,m, 4H (Pro C*H,+ CH,): 1.33-1.508, m, 2L H (Ala + Aib
C*?H,). Peaks of diminished intensity were observed at 67.7,5.1
and 3.64 corresponding to 2.

Z-Alb-Pro-Aib-Ala-OH (6) was also prepared using one
equivalent of HOSU in the coupling between Z-Aib-Pro-OH to
Aib-OMe. Subsequent steps were same as in the case of 1.
m.p. =200° [¢]F = 125" (c =0.16, MeOH).
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