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Abstract-—Peptides Boc-Ala-Asn/Gin-OH and Boc-Asn/Gln-Ala-OH were saponified with barium hydroxide
to corresponding Asp/Glu-containing peptides. Under the conditions of saponification, Boc-Asn-Ala-OH addi-
tionally afforded Boc-Asp-OH, isopeptide Boc-Asp(Ala)-OH, and Boc-NHSuc > Ala-OH, with the third being
the key intermediate in these transformations. Boc-Asp(OMe)-Ala-OMe underwent similar transformations
under treatment with diazomethane or triethylamine. Saponification with barium hydroxide was accompanied
by a high epimerization of N-terminal amino acid residues, whereas the products of the diazomethane treatment
of Boc-Asp(OMe)-Ala-OMe had a low degree of epimerization.
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INTRODUCTION

It is well known that the three-dimensional struc-
tures of proteins and large (over 30 amino acid resi-
dues) polypeptides (i.e., their conformations in solu-
tion) are determined by noncovalent interactions:
hydrogen bonding, electrostatic interactions of charged
groups, and interactions with solvent molecules.
Shorter biologically active peptides have less certain
conformations in solution, but they are determined by
the same causes. On the other hand, the biologically
active structures of these peptides depend mainly upon
noncovalent interactions with receptor molecules. The
Asn and Gln residues are interesting, because their side
chains end in amide groups and can mimic (especially
in the case of Asn) the peptide backbone [1]. The geom-
etries of Asp and Glu residues are similar to those of
Asn and Gln; however, the negative charges at biologi-
cal pH values help them both specifically affect the
structure of biologically active peptides and bind some
cations (e.g., Ca?*) [1].

Therefore, a simple and efficient method for the
transformation of the primary amide functions of Asn
and Gln into the carboxylic functions of Asp and Glu in
the composition of peptides and proteins is desirable. It
can be hoped that such a transformation will provide
new opportunities in the conformational studies of pep-
tides and in the preparation of new peptide derivatives
with enhanced or new biological activities.

In 1954-1957, Sondheimer and Holley [2, 3] stud-
ied the alkaline treatment of N%-acyl derivatives of

1To whom correspondence should be addressed; phone: +7 (095)
336-1300; e-mail: onovv@ibch.siobc.ras.ru.

asparagine and glutamine esters and found that this
reaction results in high yields of the corresponding
cyclic imides, which can be cleaved by alkalis to mix-
tures of partially or fully racemic normal and iso
monoamides. However, there has recently been
described a successful chemical modification of the
glycopeptide antibiotic eremomycin at the Asn side
chain, the significant stage of which was the barium
hydroxide saponification of the primary amide function
of Asn residue and the formation of a biologically
active Asp-derivative [4]. This prompted us to begin the
study of conversions of Asn and Gln residues in pep-
tides by the example of simple dipeptide derivatives.

RESULTS AND DISCUSSION

We chose the simplest dipeptides suitable for our
purposes: Boc-Asn-Ala-OH (IVa), Boc-Ala-Asn-OH
(V1lla), Boc-Gin-Ala-OH (XIa), and Boc-Ala-Gln-
OH (XIVa). They were synthesized through the cou-
pling of the corresponding p-nitrophenyl ester {Boc-
Asn-ONp (I), Boc-Ala-ONp (V), or Boc-Gin-ONp
(IX)] with the appropriate amino acid derivative
[TosOH - H-Ala-OBzl (II), HBr - H-Asn-ONb (VI), or
TFA - H-GIn-OBz! (XII)] in DMF in the presence of
triethylamine and HOBt (1 equiv each) followed by
hydrogenolysis of the benzyl protecting group (see the
Experimental section and Table 1). The corresponding
methyl esters (IVb), (VIIIb), (XIb), and (XIVb) were
prepared by diazomethane treatment of the carboxyl
unprotected peptides.

Peptides (IVa), (VIIIa), (XIa), and (XIVa) were
subjected to saponification with a saturated (i.e.,
approximately 0.2 M) aqueous solution of barium
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Table 1. The synthesis of N®-Boc-protected dipeptides

Starting amino ac-|{Starting amino com- . Yield, o
«d or active ester ponent Reaction product % Mp, °C Rf or RT EIMS, miz (I, %)
Boc-Asn-OnNp | TsOH - H-Ala-OBzl | Boc-Asn-Ala-OBzl 73 {142-143 (0372 394 (1) [M + HJ*, 340 (5.5), 203
@ (n (1) (21), 189 (55)
(1) H,/Pd Boc-Asn-Ala-OH 93 [190-191 |0.48°
(IVa) (decomp.)
(IVa) CH,N, Boc-Asn-Ala-OMe | ~100 | {300 (438 min® 320 (10.7) [M + 3HI*, 303 (3.5),
(IVb) 264 (56), 229 (53), 184 (57), 131
(100
Boc-Ala-ONp (V){HBr - H-Asn-ONb | Boc-Ala-Asn-ONb 84 | 143-145 [0.307 440 (5.6) [M + 2H]*, 384 (13),
vDh (V1) 366 (11),282 (11), 233 (63), 214
(81), 144 (93), 136 (83)
(VII) H,/Pd Boc-Ala-Asn-OH 77 | Amor- 0.33°
(VIIIa)! phous solid
(VIlIa) CH,N, Boc-Ala-Asn-OMe | ~100 |oil 3.84 min® |320 (3.9) [M + 3HI*, 303 (24),
(VIIIb) 300 (10), 278 (29), 246 (54), 227
(86), 200 (28), 144 (85), 127 (69)
Boc-GIn-ONp  |TsOH - H-Ala-OBzl | Boc-Gln-Ala-OBzI 61 132-134.510.40° 408 (5.5) [M + H)*, 353 (33), 336
(IX) Im X) (9), 218 (14), 202 (50), 201 (41),
145 (67), 101 (83)
X) H,/Pd Boc-Gin-Ala-OH | ~100 | Amor- 0.51b
(XIa) phous solid
(XIa) CH;N, Boc-Gln-Ala-OMe | ~100 |oil 4.52 min® {334 (13) [M +3H]*, 280 (83), 262
(XIb) (45), 244 (53), 218 (39), 202 (83),
181 (74), 145 (93)
Boc-Ala-ONp (V)| TFA - H-GIn-OBzl | Boc-Ala-Gln-OBzl 64 |136-138 |0.22° 408 (29) [M + HJ*, 352 (80), 336
(XII) (XIII) (69), 310 (32),294 (22), 277 (38),
267 (99), 264 (39)
(XIII) H,/Pd Boc-Ala-GIn-OH | ~100 |Amor-  |0.48°
(X1Va) phous solid
(XIVa) CH,N, Boc-Ala-GIn-OMe | ~100 | oil 3.84 min® {334 (6.9) [M + 3H]", 280 (28),
(XIVb) 262 (41), 244 (21), 215 (24), 202
(47), 187 (100), 144 (75)
Boc-Glu(OBzl)- {TsOH - (H-Ala-OBzl| Boc-Glu(OBzl)- 83 | oil 0.55° 500 (56) [M + 2H]*, 499 (47)
OH - DCHA (XV)|(II) Ala-OBzl (XVI) [M+H], 498 (52) [M]*, 441 (78),
425 (51), 400 (29), 296 (76), 268
(50), 252 (52), 238 (76), 192 (93)
(XVI) H,/Pd Boc-Glu-Ala-OH | ~100 | oil 0.72°
(XVII)
0.4 L)) CH,N, Boc-Glu(OMe)- ~100 | oil 0.158 349 (30) [M + 3H]*, 348 (31)
Ala-OMe (XVIII) 8.41 min® |[M + 2H]*, 294 (56), 278 (58),
263 (53), 244 (55), 234 (46), 217
(72), 211 (38), 188 (46), 181 (87),
159 (73), 116 (87)
Boc-Asp(OBzl)- |TsOH - H-Ala-OBzl | Boc-Asp(OBzl)- 79 |oil 0.63° 485 (16) [M + H]*, 484 (10) [MT]*,
OH (XIX) an Ala-OBzl (XX) 428 (52), 412 (51), 384 (4), 351
(16), 323 (82), 283 (82), 253 (34),
224 (88), 215 (62), 185 (82), 177
(100)
(XX) H,/Pd Boc-Asp-Ala-OH | ~100 | oil 0.56°
(XXI)
XXI) CH,N, Boc-Asp(OMe)- | ~100 | oil 0.56f 336 (31) [M +4H]*, 281 (37),263
Ala-OMe (XXII) 11.46 (61), 248 (69), 236 (18), 229 (48),
min® 218 (55), 203 (67), 199 (65), 185
(58), 173 (47), 167 (60), 146 (76)
2 Chromatographic system: 47 : 3 CHC31-—-MeOH. b Chromatographic system: 15 : 5 : 1 CHC,-90% MeOH-AcOH. € Elution with 50%

MeOH, 0.5 ml/min.

This product was purified by column chromatography ona silica gel column (7.5 g} eluted with a 20 : 5: t CHCly—-
90% MeOH-AcOH system. © Chromatographic system: 49 ; 1 CHClL3-MeOH. f Chromatographic system: 1 : 1 benzene—ether, double de-
velopment. & Chromatographic system: 1: 2 benzene~ether. Elutlon with 40% MeOH, 0.75 ml/min.
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Table 2. The saponification of dipeptides (IVa), (VIIIa), (XIa), and (XIVa) with a saturated barium hydroxide solution at
37°C followed by diazomethane treatment (experiments 1-4) and the isomerization of (XXII) and (XXV) under treatment

with diazomethane or 1.5 M triethylamine (experiment 5)

Exp. | Starting | Reaction . Analysis , . .
no. | dipeptide | time, h Reaction product(s) conditions Yield, % Identification
1 |(ViIa) 96* Boc-Ala-Asp(OMe)-OMe (XXIII)| HPLCY, ) 59 EIMS
Boc-Ala-Asn-OMe (VIIIb) RT 5.95 min 20 HPLC and EI MS
2 | (XIa) 42 Boc-Glu(OMe)-Ala-OMe (XVII)| HPLC, 64 TLC, EI MS, and the com-
RT 8.41 min parison with an indepen-
dent sample
3 [(XIVa) 42 Boc-Ala-Glu(OMe)-OMe (XXIV) | HPLCY, 69 EIMS
RT 7.58 min
4 |(IVa) 40 Boc-Asp(OMe)-Ala-OMe (XXII) | TLC* 11 TLC and EI MS; the com-
g ! parison with an indepen-
Boc-NHSuc > Ala-OMe (XXV) 20 dent sample for (XXII)
Boc-Asp(AlaOMe)-OMe (XX VI) 38
Boc-Asp(OMe)-OMe (XXVII) 12
5 [(XXIde 1or (XX1) TLC® 41 TLC and the comparison
or (XXV)*| 1.5-18 (XXV) 13 with samples from experi-
ment 4
XXVDh 16

8 After 40-h hydrolysis, the yield of (XXHI) was 31%, and the conversion of starting (ViIIa) was 50%.
b Separon SGX C18 glass column (7 pm, 3 x 150 mm); 50% MeOH, flow rate 0.50 ml/min; detection at 210 nm.
€ A 3: 2 benzene—ether system, triple development. Rfvalues: (XXH) 0.52; (XXV) 0.44; (XXVI) 0.24; and (XX VII) 0.80.

d Approximately 0.7 M CH;N, in a methanol-ether mixture at 30°C.

¢ 1.5 M TEA in methanol.

hydroxide at 37°C for 40-96 h. The reaction mixtures
were separated from the cations with excess Dowex 50
resin (H*-form), and the resulting carboxyl-containing
products were converted to methyl esters by the treat-
ment with diazomethane. The esters were separated by
preparative HPLC or TLC in order to measure their
mass spectra and yields (see Table 2). The results of
these experiments show that the dipeptides (VIIIa),
(XIa), and (XIVa) are smoothly converted into the cor-
responding dipeptide derivatives of aspartic and
glutamic acids (XXII), (XVII), (XXIV) (experiment
nos. 1-3; the racemization degree of these products is
discussed below). We observed only one reaction prod-
uct in all three cases but, in order to be sure, we con-
firmed the structure of (XVIII) by a counter synthesis
from Boc-Glu(OBzl)-OH - DCHA (XV) and TsOH - H-
Ala-OBzl (II) (see Table 1 and the Experimental sec-
tion).

However, the alkaline transformation of (IVa) pro-
ceeded less specifically and resuited in four products
(XXII), (XXV), (XXVI), and (XXVII) (see Table 2,
experiment 4, and Scheme 1). Their structures were
confirmed by mass spectra and amino acid analyses;
(XXII) was also synthesized by the coupling of Boc-
Asp(OBz!)-OH (XIX) and TosOH - H-Ala-OBzl (II)
followed by hydrogenolysis and diazomethane treat-
ment (see Table 1). Interestingly, the yields of succin-
imide derivative (XXYV), isopeptide (XXVI), and even
dimethyl ester of Boc-aspartic acid (XXVIH) exceeded

RUSSIAN JOURNAL OF BIOORGANIC CHEMISTRY Vol. 26 No. 6

the yield of normal Boc-dipeptide (XXII). This sug-
gests that the reaction probably proceeds through the
subtraction of protons from the secondary or primary
amide groups, the splitting off of ammonia or alanine
molecules, and the subsequent cyclization to intermedi-
ates (XXVIH) and (XXIX). The alkaline opening of
the succinimide ring of (XXVII) in either position, the
subsequent saponification of its amide group, and
methylation result in dimethyl ester of Boc-aspartic
acid (XXVIH) (yield 12%). The major part of
(XXVIII) undergoes alkaline hydrolysis on bond a or
b giving rise to normal peptide (XXII) (yield 11%) and
isopeptide (XXVI) (yield 38%), respectively. The non-
hydrolyzed (XXVHI) is protonated on its carboxyl
anion during the process of treatment and methylated
with diazomethane to form succinimide derivative
(XXYV) (yield 20%).

To gain greater insight into the mechanism of these
reactions, we studied some transformations of Boc-
Asp-Ala-OH (XXI) (see Scheme 2). The treatment of
(XXI) with excess diazomethane in 4 : 1 ether—metha-
nol for 1 h at 30°C resulted in a mixture of (XXII),
(XXYV), and (XXVI), and only its treatment for 3 min
at 0°C led almost exclusively to (XXH). We also found
that methanol, as the solvent, is a necessary prerequisite
of this isomerization reaction, since, in ethyl acetate, a
similar treatment of (XXI) with an ether solution of
diazomethane both for 4 min at 0°C and for 1 h at 30°C
led exclusively to diester (XXII). However, a stronger

2000
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Scheme 1. Alkaline hydrolysis of Boc-Asn-Ala-OH (IVa).

base, sodium hydride (3-molar excess in THF), ensured
the conversion of (XXII) into succinimide derivative
(XXV) in a 60% yield.

We also studied the formation of the equilibrium
mixture of (XXII), (XXV), and (XXVI) directly from
diester (XXII) and succinimide derivative (XXV)
under the action of bases (see Table 2, experiment 5).
Diazomethane in ethyl acetate or dimethylformamide
brought about no changes in (XXII), whereas the action
of 1.5 M triethylamine in methanol or diazomethane
excess in the methanol—ether mixture led to the forma-
tion of this equilibrium mixture. The same mixture
resulted from (XXV) under the action of 1.5 M triethyl-
amine in methanol. A consideration of these facts
allowed us to suggest the possible mechanism of these
conversions presented in Scheme 2. An initial deproto-
nation of the amide group, for which even the weak
basicity of 0.6-0.8 M diazomethane is sufficient, leads
to the splitting off of a methoxyl anion and the forma-
tion of (XXV). The subsequent concerted addition of
methanol (methoxyl) to bond a or b gives isopeptide
(XXVI) or normal peptide (XXII), respectively.

The epimerization of the o-chiral center of amino
acid residues is one of the most serious problems in

RUSSIAN JOURNAL OF BIOORGANIC CHEMISTRY Vol. 26

peptide chemistry. It was considered in detail in the
review by Kemp [5], who compiled the results of its
study with various coupling methods used in peptide
synthesis. However, the methodology of the analysis of
chiral purity of amino acid residues in peptides
described in this review underwent a revolutionary
change after the introduction of capillary Chirasil-—Val
columns, which can separate D- and L-epimers of
almost all common amino acids in one gas-chromato-
graphic run (cf,, e.g., [6, 7]).

In accordance with this technique, we studied the
racemization degree of amino acid residues in our pep-
tides after their conventional acidic hydrolysis (6 N
HC], 24 h, 106°C). The free amino acids in the hydroly-
sates were transformed into N-trifluoroacetyl deriva-
tives of methyl esters before gas chromatography. The
racemization degree (R) of an amino acid residue was
calculated according to the formula

R =2004,/(Ap + A, %,

where Ap and A; are the areas of the chromatographic

peaks of D- and L-enantiomers of the corresponding
amino acid derivative.

No. 6 2000
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Scheme 2, Isomerization of (XXII) and (XXV) with bases.

One can see from Table 3 that the synthetic peptides
(IVa), (VIIIa), (XIa), and (XIVa) (experiment nos. 2,
5, 7, and 9) had a sufficiently low racemization degree
and their treatment with diazomethane (cf., e.g., exper-
iment 3) left the racemization practically unaffected.
However, in complete accordance with [5], the alkaline
treatment of these peptides resulted in a high epimer-
ization of their N-terminal residues while affecting
their C-terminal residues significantly less. The racem-
ization degree of N-terminal residues was especially
high (up to 46-54%) in the Asp-containing saponifica-
tion products of (IVa) and (XXII) (experiments 1 and
4), whereas the saponification products of Gln-contain-

ing peptides (XVII) and (XXIV) had a less pro-
nounced racemization degree (15-22%, experiments 6
and 8). Note also that the C-terminal residues were also
affected to a greater degree in Asn-containing than in
Gin-containing peptides (cf. experiments 1 and 4 with
experiments 6 and 8).

CONCLUSIONS

We found that the Asn/Gln-containing dipeptides
can be hydrolyzed by barium hydroxide to the corre-
sponding Asp/Glu-containing dipeptides. However,
both amino acid residues in the resulting dipeptides

Table 3. The racemization degree (R, %) of amino acid residues in peptides (for the conditions of gas chromatography, see

the Experimental section)

Exp. no. Peptide Ala® Asp® Ghu®
1 The Ba(OH)2-hydrolysis products of Boc-Asn-Ala-OH (IVa) 3.0 54.0 -
2 Boc-Asn-Ala-OH (IVa) 24 5.7 -
3 |The products of rigorous CH,N,-treatment of Boc-Asp(OMe)-Ala-OMe (XXIT)¢ 2.1 6.2 -
4 Boc-Ala-Asp(OMe)-OMe (XX1II)® 46 10 -
5 |Boc-Ala-Asn-OH (VHia) 2.2 4.7 -
6 |Boc-Glu{OMe)-Ala-OMe (XVIII)® 2.1 - 219
7 | Boc-Gln-Ala-OH (X1a) 2.0 - 29
8  1Boc-Ala-Glu(OMe)-OMe (XXIV)® 14.9 - 45
9 1 Boc-Ala-Gin-OH (XIVa) 1.6 - 3.1

3 RT 7.56 min (D) and 8.27 min (L).

b RT 16.86 min (D) and 17.09 min (L).

€ RT 20.92 min (D) and 21.42 min (L).

40.8 M CH,N, in 4 : 1 ether-methanol at 30°C for 1 h.

© Obtained by the Ba(OH),-hydrolysis and subsequent methylation with diazomethane (see Table 2).
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become partially racemized. The racemization degree
is especially high in the case of Asn-containing pep-
tides. When Asn is N-terminal, the saponification reac-
tion is accompanied by the formation of a succinimide
derivative, which undergoes subsequent cleavage of the
peptide chain to give Asp-containing isodipeptide.
Nevertheless, the barium hydroxide saponification of
Gin-containing peptides seems to be promising for
their modification in some specific cases. The same
treatment of Asn-containing peptides is unlikely to
prove useful, but, in this case, our results reveal another
possibility: the isomerization of normal Asp-Xaa-con-
taining peptides to Asp(Xaa)-isopeptides upon the
action of bases; this might be interesting in some spe-
cific cases.

EXPERIMENTAL

Boc-Asn-ONp (I), Boc-Ala-ONp (V), Asn-ONb
hydrobromide (VI), Boc-GIln-ONp (IX), and Boc-
Glu(OBzl)-OH dicyclohexylamine salt (XV) were
from Reanal (Hungary) and Ala-OBzl p-toluenesu-
fonate (II) was from NPO IREA (Russia).

Melting points were measured on a Boetius hot
plate (Germany) and were not corrected. Silica gel 60
(40-63 wm, Merck) was used for preparative column
chromatography. TLC was performed on sheets pre-
coated with Silica gel 60 F,5, (Merck). Spots of sub-
stances were visualized under UV light or by spraying
with 0.8% KMnOQ,, conc. H,SO,, or a standard ninhy-
drin solution. For HPLC, a Pye Unicam modular instru-
ment consisting of an LC-XPD pump, an LC-UV
detector, and Rheodyne injector was used. HPLC col-
umn was a glass Separon SGX C18 (7 pm, 3 X 150 mm,
Tessek, Czech Republic) eluted with 50% methanol
with a rate of 0.50 ml/min; detection was at 210 nm.

A Carlo Erba 5360 capillary gas chromatograph
equipped with a flame-ionization detector, cold-on-col-
umn injector, and Chirasil-Val fused silica column (film
thickness 0.15 pum, internal diameter 0.3 mm, and
length 50 m) was used for GC. The carrier gas was
hydrogen at 105 kPa inlet pressure, and the temperature
program was linear from 50 to 200°C at a rate of
5°C/min.

Electron impact mass spectra (EI MS, 70 eV) were
obtained on a Varian MAT 44 mass spectrometer at the
direct inlet of samples into the ion source. Plasma des-
orption mass spectra (PD MS) were measured on a
spectrometer from Sumy (Ukraine) under ionization by
the 252Cf scission products.

Glutamine O-benzy! ester trifluoroacetate (XII).
Boc-GIn-OH obtained from glutamine as described in
[8] (mp 119-120°C, lit. mp 116-118°C [9]) was trans-
formed into Boc-GIn-OBzl (mp 110-112°C, lit. mp
109-110°C [10)]) as described in [10]. This derivative
(1.4 g, 4.17 mmol) was treated with trifluoroacetic acid
(11 ml) for 30 min at 24°C. The reaction mixture was
evaporated, and the residue was crystallized at —12°C.
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The crystals were triturated with diethyl ether and fil-
tered to give (XII), yield 1.097 g (75%); mp 105.5-
107°C; R;0.20 (20 : 5 : 1 chloroform-90% methanol-
acetic acid); PD MS, m/z: 237 [M + H]* (here, M is the
molecular mass of GIn-OBzl).

Preparation of N®-Boc-protected dipeptides
from amino acid p-nitrophenyl esters (general pro-
cedure). A Boc-derivative of p-nitrophenyl ester of ala-
nine, asparagine, or glutamine (0.55 mmol) and a p-tol-
uenesulfonate, trifluoroacetate, or hydrobromide of
amino acid benzyl or p-nitrobenzy! ester (0.50 mmol)
(see Table 1) were dissolved in anhydrous DMF (2 ml)
and treated with triethylamine (0.50 mmol) and HOBt
(0.50 mmol). The reaction mixture was kept for 24 h at
room temperature, evaporated, and dissolved in 1 : 1
ethyl ether—ethyl acetate mixture. The solution was
successively washed with water, 1 N HCI, a saturated
solution of NaHCOj;, and water; dried with sodium sul-
fate; and evaporated. The residue was crystallized from
diethyl ether, and the crystals were filtered, washed
with diethyl ether, and dried in a vacuum. The resulting
N-Boc-protected benzyl or p-nitrophenyl ester (III),
(VID), (X), or (XII) (0.25 mmol), which contained no
admixture of p-nitrophenol, was dissolved in mathanol
(2 ml) and added to 10% PdO/C catalyst (37 mg) pre-
liminarily hydrogenated in methanol (3 ml) under stir-
ring on a magnetic stirrer at room temperature and
atmospheric pressure for 1 h. The hydrogenolysis of the
dipeptide was continued for 3 h, the catalyst was fil-
tered off and washed with methanol, and the combined
filtrates were evaporated to give the corresponding
chromatographically pure dipeptide (IVa), (VIIIa),
(XIa), or (XIVa). These were also characterized as
methyl esters (IVb), (VIIIb), (XIb), or (XIVb)
obtained by the treatment with 0.6-0.8 M diaz-
omethane in diethyl ether of a methanolic solutions of
the dipeptides for 1 h at 30°C (see Table 1).

Boc-Asp(OBzl)-Ala-OBzl (XX). Boc-Asp(OBzl)-
OH (XIX) (161.5 mg, 0.5 mmol; prepared according to
the procedure in [9]) and TosOH - H-Ala-OBzl (II)
(175.5 mg, 0.5 mmol) were dissolved in anhydrous
DMF (2 ml) and treated with triethylamine (50.5 mg,
0.5 mmol), HOBt (67.5 mg, 0.5 mmol), and DCC
(113 mg, 0.5 mmol) at 0°C. The reaction mixture was
slowly heated to 30°C, kept for 3 h at this temperature
and for 16 h at 5°C, and filtered from the dicyclohexyl-
urea precipitate. The precipitate was washed with ethyl
acetate, and the combined filtrates were evaporated to a
small volume and diluted with a 1 : 1 diethyl ether—
ethyl acetate mixture. This solution was washed with
1 N HCI, water, saturated NaHCO,, and water, dried
with sodium sulfate, and evaporated. The residue was
chromatographed on a silica gel column (8 g) eluted
with a 1 : 49 methanol—chloroform mixture. The yield
of (XX) was 191.5 mg (79%); see Table 1 for its char-
acteristics.

Boc-Asp-Ala-OH (XXI) and Boc-Asp(OMe)-
Ala-OMe (XXII) were obtained by hydrogenolysis of
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(XX) followed by treatment of the intermediate (XXI)
with diazomethane for 3 min at 0°C in a 4 : 1 ether—
methanol mixture or for 4 min at 0°C in ethyl acetate
according to the procedures described above.

Boc-Glu(OBzl)-Ala-OBzl (XVI), Boc-Glu-Ala-
OH (XVII), and Boc-Glu(OMe)-Ala-OMe (X VIII).
Boc-Glu(OBzl)-OH dicyclohexylamine salt (XV)
(259.4 mg, 0.5 mmol) was suspended in ethyl acetate
(3 ml) and shaken with 1 N NaHSO, (0.6 ml) until the
complete disappearance of the crystals. The aqueous
layer was separated and extracted twice with ethyl ace-
tate. The combined organic solution was washed with
water, dried with anhydrous sodium sulfate, and evap-
orated. The resulting oily Boc-Glu(OBz!)-OH (yield
91%) was coupled with (II) as described above. The
resulting (XVI) was hydrogenolysed to (XVII) and
then methylated with diazomethane (for 3 min at 0°C
or for 1 hat 30°Cin a4 : 1 ether—-methanol mixture) to
give (XVIII) (see Table 1).

Saponification of peptides with barium hydrox-
ide. A solution of dipeptide (IVa), (V1lla), (XIa), or
(XIVa) (10 pumol) in a saturated solution of barium
hydroxide (0.3 ml) was kept at 37°C for the time spec-
ified in Table 2 and then treated with Dowex 50 (H*) at
room temperature to adjust the pH value to approxi-
mately 2-3. The resin was filtered off and washed with
distilled water and ethanol, and the combined filtrate
was evaporated in a vacuum. The residue was dissolved
in methanol (200 pl), the solution was treated with
excess diazomethane (800 pl of ~0.6-0.8 M ethereal
solution) and kept for 3 min at 0°C in the case of (IVa)
or for 1 h at 30°C in the case of (VIIIa), (XIa), or
(XIVa). The reaction products were analyzed, sepa-
rated by preparative TLC or HPLC, and identified as
described in Table 2:

Boc-Ala-Asp(OMe)-OMe (XXIII); HPLC: RT
5.95 min; EIMS, m/z (I, %): 336 (13) [M + 4H]*, 335
(25) [M + 3H]*, 334 (28) [M + 2H]*, 333 (28) [M + H]*,
332 (28) [MT*, 305 (27), 302 (27), 288 (33), 280 (40),
263 (68), 242 (32), 239 (100), 237 (64), 203 (6), 160
(12), 144 (35), 128 (12), 113 (14).

Boc-Glu(OMe)-Ala-OMe (XVIII); HPLC: RT
8.41 min; TLC: R;0.15 (1 : 2 benzene—ether); EI MS,
miz(1, %): 349 (30) [M + 3H]*, 348 (31) [M + 2H]*, 294
(56), 278 (58), 263 (53), 244 (55), 234 (46), 217 (72),
211 (38), 188 (46), 181 (87), 159 (73), 116 (87).

Boc-Ala-Glu(OMe)-OMe (XXIV); oil; HPLC: RT
7.58 min; EI MS, m/z (I, %): 348 (6.3) [M + 2H]*, 347
(2.1) [M + H]*, 346 (1.0) [M]*, 295 (60), 278 (79), 264
(51), 244 (24), 234 (37), 217 (59), 215 (51), 203 (68),
187 (38), 181 (44), 174 (70), 160 (21), 144 (84), 142
(87).

Boc-Asp(OMe)-Ala-OMe (XXII); oil; HPLC
(40% methanol, 0.75 ml/min): RT 11.46 min; TLC:
R;0.56 (1 : 1 benzene—ether, double development), R,
0.52 (3 : 2 benzene—ether, triple development); EI MS,
miz (I, %). 336 (31) {M + 4H]*, 281 (37), 263 (61), 248
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(69), 236 (21), 229 (48), 218 (55), 203 (67), 199 (65),
185 (58), 173 (47), 167 (60), 146 (76).

Boc-NHSuc>Ala-OMe (XXV); oil; TLC: R,0.63
(1 : 1 benzene—ether, double development), R;0.44 (3 :
2 benzene-ether, triple development); EI MS, m/z (1,
%): 304 (28) [M + 4H]J*, 303 (14) [M + 3H]*, 274 (4),
260 (8), 244 (74), 229 (84), 214 (77), 201 (71), 195
(71), 185 (79), 172 (47), 167 (83), 140 (72).

Boc-Asp(AlaOMe)-OMe (XXVI); oil; TLC: R
0.33 (1 : 1 benzene—ecther, double development),
R;0.24 (3 : 2 benzene—ether, triple development); EI
MS, m/z (I, %): 335 (21) [M + 3HJ*, 334 (14) [M +
2H}*, 304 (6), 278 (99), 263 (94), 248 (77), 229 (69),
219 (83), 200 (67), 185 (57), 173 (96), 167 (61), 145
(71).

Boc-Asp(OMe)-OMe (XXVII); oil; TLC: R;0.80
(3 : 2 benzene—ether, triple development); EI MS, m/z
(I, %): 204 (23) [M - Bu'J*, 203 (26) [M — COOCH,]*,
189 (7), 174 (13), 160 (25), 146 (52), 128 (12), 113
(12), 103 (100).

Transformations of (XXII). a. Treatment with
diazomethane. Approximately 0.7 M ethereal solution
of diazomethane (0.8 ml) was added to a solution of
(XXII) (3.32 mg, 10 umol) in methanol (0.2 ml). The
mixture was kept for 1 h at 30°C and evaporated. The
residue was separated by preparative TLCina 3 : 2 ben-
zene—ether system. Starting (XXII), (1.56 mg, 47%),
succinimide derivative (XXV) (0.99 mg, 33%), and
isopeptide (XXVI) (0.54 mg, 16%) were isolated from
zones with R;0.52, 0.44, and 0.24, respectively.

b. Treatment with triethylamine.Triethylamine
(29 mg, 0.29 mmol) was added to a solution of (XXII)
(3.32 mg, 10 pumol) in methanol (0.2 ml), and the mix-
ture was kept for 1.5 h at 30°C. The same product mix-
ture as in experiment a was obtained. When carrying
out the reaction in ethyl acetate or DMF, no conversions
of the starting (XXV) were observed.

¢. Treatment with sodium hydride. A 75% suspen-
sion of sodium hydride in paraffin oil (1.0 mg) was
added to a solution of (XXII) (3.32 mg, 10 pmol) in
anhydrous THF (0.4 ml) and the mixture was stirred for
1 h at 30°C and quenched with acetic acid (20 ul). The
major reaction product, succinimide derivative (XXV),
was isolated by preparative TLC in a yield of 1.82 mg
(60%).

Transformations of (XXV). A solution of (XXV)
(1.5 mg, 5 pmol) in methanol (0.1 ml) was treated with
triethylamine under the conditions of experiment b.
The resulting product mixture was the same as
described in experiments a and b. When the duration of
the reaction increased to 18 h, the product ratio did not
change.

Acidic hydrolysis of peptides and preparation of
samples for GC. Peptide samples were hydrolyzed
with 6 N HCl in sealed evacuated ampules for 24 h at
106°C, and the hydrolysates were evaporated in a vac-
uum. The residue was successively treated with 4 M
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HCl in methanol (2 h at 60°C) and a 10% solution of tri-
fluoroacetic anhydride in chloroform (15 min at room
temperature). The samples were then analyzed by GC
as described above.

ACKNOWLEDGMENTS

We thank Maria N. Preobrazhenskaya for the pre-
print of the cited article from her laboratory.

REFERENCES

1. Richardson, 1.S. and Richardson, D.C., Prediction of
Protein Structure and the Principles of Protein Confor-
mation, Fasman, G.D., Ed., New York: Plenum, 1989,
pp- 1-98.

2. Sondheimer, E. and Holley, RW., J. Am. Chem. Soc.,
1954, vol. 76, pp. 2467-2470.

3.

4.

10.

Sondheimer, E. and Holley, RW., J. Am. Chem. Soc.,
1957, vol. 79, pp. 3767-3770.

Olsufyeva, E.N., Berdnikova, T.F.,, Miroshnikova, O.V.,
Reznikova, M1, and Preobrazhenskaya, M.N., J. Anti-
biot., 1999, vol. 52, pp. 319-324.

. Kemp, D.S., The Peptides: Analysis, Synthesis, Biology.

Vol. 1, Gross, E. and Meienhofer, J., Eds., New York:
Academic, 1979, pp. 315-383.

Frank, H., Nicholson, G.J., and Bayer, E., J. Chrom.,
1928, vol. 146, pp. 197-206; 1978, vol. 167, pp. 187~
196.

Frank, H., Woiwode, W., Nicholson, G., and Bayer, E.,
Liebigs Ann. Chem., 1981, pp. 354-365.

Pozdnev, V.E, Khim. Prir. Soedin., 1979, vol. 4, pp. 543—
548.

Gershkovich, A.A. and Kibirev, VK., Sintez peptidov.
Reagenty i metody (Synthesis of Peptides: Reagents and
Methods), Kiev: Naukova Dumka, 1987.

Ono, N., Yamada, T., Saito, T., Tanaka, K., and Koji, A,
Bull. Chem. Soc. Jpn., 1978, vol. 51, pp. 2401-2404.

RUSSIAN JOURNAL OF BIOORGANIC CHEMISTRY Vol. 26 No. 6 2000



