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Abstract—Various carboxamides or peptides are synthesized from the corresponding carboxylic acids and amines or o-amino
acids using 1,1-carbonyldioxydi[2(1 H)-pyridone]. The reaction proceeds in the absence of basic promoters such as triethylamine
or 4-(dimethylamino)pyridine, therefore, the undesired racemization does not occur at all in the segment coupling producing
Z-Gly-Phe-Val-OMe and Z-Phe-Val-Ala-OMe. © 2003 Elsevier Science Ltd. All rights reserved.

The carboxamide moiety is one of the most important
ingredients in natural bioactive compounds such as
peptides, B-lactams and macrolactams. A new and use-
ful method for the synthesis of these components under
mild reaction conditions is now required.! Although
many coupling reagents giving carboxamides have been
investigated, there remains the severe problem that a
frequent racemization occurs in the segment coupling
for producing oligopeptides.>

Recently, we reported an effective method for the syn-
thesis of carboxamides or dipeptides in high yields from
the corresponding carboxylic acids and amines or o-
amino acids by dehydration condensation using di(2-
pyridyl) carbonate (DPC) or 0,0-di(2-pyridyl)
thiocarbonate (DPTC) in the presence of a catalytic
amount of 4-(dimethylamino)pyridine (DMAP).>#* It
was revealed there that 2-pyridyl esters A, reactive
acylating intermediates, were in situ formed from car-
boxylic acids upon treatment with DPC or DPTC by
the catalysis of DMAP (Scheme 1).

However, these methods were not effective for the
preparation of a tripeptide derived from Z-Gly-Phe and
Val-OMe since the undesired racemization proceeded to
form a mixture of nearly equal amounts of LL- and
DL-isomers.’ In this reaction, the pyridyl ester A
derived from Z-Gly-Phe would react with DMAP to
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form the more active pyridinium salt B which caused
the racemization via the oxazolone intermediate.’
Therefore, we have to investigate more efficient amida-
tion reagents which promote the segment coupling to
produce oligopeptides without the accompanying unde-
sirable racemization.

We would now like to report a novel method for the
synthesis of carboxamides wusing 1,1'-carbonyl-
dioxydi[2(1 H)-pyridone] (CDOP), a new coupling
reagent related to DPC. Since this reaction proceeds in
the absence of basic promoters such as DMAP, it is
applied to the coupling of a-amino acids in order to
produce di- or tripeptides without any loss of the
chirality of the acid segments.
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Scheme 1. Carboxamide-forming reaction using DPC or
DPTC.
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Scheme 2. Attempted synthesis of DPCO and formation of
CDOP.

First, we tried to prepare di(2-pyridyl) carbonate N,N'-
dioxide (DPCO) because it might potentially produce
very active intermediates, 2-pyridyl ester N-oxides C,
by the reaction with carboxylic acids (Scheme 2). How-
ever, the reaction of 2-hydroxypyridine N-oxides (6
equiv.) with triphosgene (1 equiv.) in the presence of
pyridine (12 equiv.) did not produce the desired DPCO,
but CDOP, the corresponding tautomer of DPCO, was
unpredictably prepared in high yield, as shown in
Scheme 2.%7 The structure of CDOP was confirmed by
'"H and '*C NMR by comparison of all signals to those
of a reference compound.® It is also assumed that the
2(1H)-oxo0-1-pyridyl esters D generated from CDOP
with carboxylic acids might act as reactive intermedi-
ates to form the carboxamides by the reaction with
amines. Therefore, we then tried to develop a new

coupling reaction using CDOP instead of DPCO
according to the general procedure reported in the
amidation reactions using DPC and DPTC.3*

A simple amidation reaction was chosen as a model
case for the first stage of the present research. 3-Phenyl-
propylamine (1.0 equiv.) was added to the reaction
mixture of CDOP (1.1 equiv.) and 3-phenylpropanoic
acid (1.1 equiv.) in dichloromethane at room tempera-
ture, and then the corresponding amide was obtained in
88% yield (Table 1, entry 1). The 'H NMR of the
reaction mixture in chloroform-d showed that 82%
2(1H)-oxo-1-pyridyl ester D* was generated from
CDOP (1.2 equiv.) with 3-phenylpropanoic acid (1.0
equiv.) before adding 3-phenylpropylamine (entry 3).°
Furthermore, the use of an excess amount of CDOP
(1.5 equiv.) increased the ratio of D* (94%) in the 'H
NMR experiment (entry 4), and it was then revealed
that D* was completely formed when 1.8 equiv. of
CDOP was employed (entry 5). Actually, it was shown
that the greater molar amounts of CDOP used, higher
yields of the amide were attained by the successive
reactions (entries 3-6). In these cases, an equal amount
of amine to CDOP has to be used since an excess
amount of CDOP would directly react with the amine
to form the corresponding carbamate. It was deter-
mined that the use of not less than 1.8 equiv. molar
amounts of CDOP with an equal amount of 3-phenyl-
propylamine gave the desired carboxamide in quantita-
tive yields (entries 5 and 6).

The present reaction was performed in several polar
and nonpolar solvents such as DMF (41%), THF
(74%), Et,0O (46%), toluene (93%) and benzene (94%) at
room temperature, and the best yield was observed
when the reaction was carried out in CH,Cl, (quant.).

Table 2 shows the yields of a variety of carboxamides
including ones derived from bulky substrates. The reac-
tions of benzylamine, diphenylmethylamine, benzyl-

Table 1. Formation of an active 2(1H)-oxo-1-pyridyl ester and its reaction with amine

CDOP
H/\/ﬁ\ y equiv.)
P OH

N

HoN">"ph
(z equiv.) P“/\/ﬁxu/\/\ Ph

(x equiv.)

Entry X ¥ z Yield of D* (%)* Yield of amide (%)°
1 1.1 1.1 1.0 Nd 88

2 1.2 1.2 1.0 Nd 82

3 1.0 1.2 1.2 82 88

4 1.0 1.5 1.5 94 90

5 1.0 1.8 1.8 Quant. Quant.

6 1.0 2.0 2.0 Quant. Quant.

4 Conversion yield. Determined by '"H NMR.?
b Isolated yield.
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Table 2. Synthesis of carboxamides

Entry Acid Amine Yield (%)*
1 PhCH,CH,COOH PhCH,CH,CH,NH, Quant.

2 PhCH,CH,COOH PhCH,NH, 97

3 PhCH,CH,COOH Ph,CHNH, Quant.

4 PhCH,CH,COOH PhCH,NHMe 97

5 PhCH,CH,COOH 1-Adamantyl-NH, 90

6 PhCH,CH,COOH Piperidine 91

7 PhCH,CH,COOH PhNH, 90

8 PhMeCHCOOH PhCH,CH,CH,NH, 98

9 PhCOOH PhCH,CH,CH,NH, 67

10  Me,CCOOH PhCH,CH,CH,NH, 83
11 (E)-MeCH=CHCOOH PhCH,CH,CH,NH, 87
12 (Z)-MeCH=CMeCOOH PhCH,CH,CH,NH, 88

# Isolated yield.

methylamine, 1-adamantanamine and piperidine with
the 2(1H)-oxo-1-pyridyl ester D* derived from 3-
phenylpropanoic acid proceeded to form the corre-
sponding coupling products in quite high yields (entries
2-6). A weak nucleophile such as aniline also reacted
with D* to form the desired anilide in good yield (entry
7). Other 2(1H)-oxo-1-pyridyl esters were generated
from several carboxylic acids in situ, and the reaction
of the active intermediates D with 3-phenylpropylamine
gave the corresponding carboxamides in good to excel-
lent yields (entries 8-10). It is known that the reactions
of crotonic and angelic acids with nucleophiles pro-
moted by basic catalysts afford the E- and Z-mixtures
since the double bond easily isomerized under basic
conditions.!® For example, the EDC/DMAP-, 2-fluoro-
l-methylpyridinium 4-toluenesulfonate/triethylamine-!!
and DPC/DMAP-promoted amidation of the E-cro-
tonic and angelic acids with 3-phenylpropylamine gave
mixtures of two isomers (E- or Z-N-(3-phenyl-
propyl)crotonamide; E/Z=96/4, 93/7 and 93/7, respec-
tively; N-(3-phenylpropyl)angelamide or N-(3-phenyl-
propyDtiglamide; Z/E=284/16, 95/5 and 10/90, respec-
tively); however, the CDOP method produced only the
corresponding E- or Z-isomer in high yield (entries 11
and 12) since the present reaction takes place without
any basic promoters such as tertiary amines or DMAP.

A typical experimental procedure is described for the
synthesis of 3-phenyl-N-benzylpropanamide. To a solu-
tion of CDOP (54.8 mg, 0.221 mmol) in
dichloromethane (0.8 mL) at room temperature under
an argon atmosphere was added 3-phenylpropanonic
acid (18.4 mg, 0.123 mmol). After the reaction mixture
had been stirred for 1 h, complete consumption of the
3-phenylpropanonic acid was monitored by TLC, and
then a solution of benzylamine (23.6 mg, 0.221 mmol)
in dichloromethane (1.0 mL) was added at room tem-
perature. The reaction mixture was stirred for 30 min
and then the solvent was evaporated. The resulting
mixture was purified by preparative TLC on silica gel
(hexane/ethyl acetate=1/1) to afford 3-phenyl-N-ben-
zylpropanamide (28.4 mg, 97%) as a white solid.

Next, we applied this protocol to the synthesis of the
di- and tripeptides. After treatment of several Z-amino

acids with CDOP to produce the corresponding 2(1H)-
oxo0-1-pyridyl esters D in situ, Gly-OEt-HCI was added
to the mixture with an equal amount of tricthylamine
(Table 3, entries 1-6). All reactions proceeded smoothly
to afford the desired dipeptides in high yields and the
optical purities of the products were not reduced
through the successive reactions. Although facile
racemization has been observed for the synthesis of
peptides from Z-Gly-Phe with several amino acids
when using conventional coupling reagents (Anteunis’
test),'" 10112 the CDOP-mediated amidation proved to
be quite effective for the preparation of the LL-type of
Z-Gly-Phe-Val-OMe without forming the DL-isomer
(entry 7). Furthermore, the reaction of Z-Phe-Val with
Ala-OMe-HCI was also examined by employing the
present reaction (entries 8).'#!* The 'H NMR and
HPLC analyses of the formed crude product showed
that the undesired LDL-stereoisomer was not generated
in the least, and only the desired LLL-peptide was
obtained in high yield. It is noteworthy that these
segment couplings were performed without any loss of
chirality and the corresponding tripeptides were synthe-
sized in high yields with excellent purities. We further

Table 3. Synthesis of peptides and their LOC

Entry Acid Amine Yield (%)* LOC® (%)
1 Z-1-Leu Gly-OEt-HCl 99 Nd¢

2 Z-1-ALa Gly-OEt-HCl 99 Nd°©

3 Z-1-Phe Gly-OEt-HCl 90 Ndf

4 Z-1-Val Gly-OEt-HCl 93 Nde

5 Z-L-Met Gly-OEt-HCl 91 Nd"

6 Z-1L-Pro Gly-OEt-HCl Quant. Nd!

7 Z-Gly-L-Phe  L-Val-OMe-HCl 78 <0.1¢
8 Z-L-Phe-L-Val L-Ala-OMe-HCl 89 <0.1¢
9i Z-Gly-L-Phe  L-Val-OMe-HCl 58 7.6¢
10% Z-Gly-L-Phe  L-Val-OMe-HCl 56 1.6¢
! Z-Gly-L-Phe  L-Val-OMe-HCl 62 3.0¢
12 Z-Gly-L-Phe  L-Val-OMe-HCl 77 <0.1¢
13" Z-Gly-L-Phe  L-Val-OMe-HCl 60 <0.1¢
14° Z-Gly-L-Phe  L-Val-OMe-HCl 46 14.6°
15p Z-Gly-L-Phe  L-Val-OMe-HCl 76 96.0¢

4 Isolated yield.

® LOC=(diastereomeric  excess  of
diastereomeric excess of product).

¢ Enantiomeric or diastereomeric excesses of acids and products were
determined by HPLC.!#1¢

4] -26.3° (¢ 1.94, EtOH); cf. —26.3°.17

¢[aly —-22.1° (¢ 1.81, EtOH); cf. -22.2°.18

o]l -16.7° (c 1.97, EtOH); cf. -16.9°.1°

e [¢]8 -25.6° (¢ 0.973, EtOH); cf. -25.3°.%°

M ] ~19.7° (¢ 3.01, EtOH); cf. —19.8°.2!

o]l —60.4° (¢ 1.76, AcOEY); cf. —60.4°.22

JTBTU (1.1 equiv.), NMM (2.0 equiv.), DMF, -18°C.

X TBTU (1.1 equiv.), HOBt (1.1 equiv.), NMM (2.0 equiv.), DMF,
-18°C.

'TBTU (1.1 equiv.), DIEA (2.0 equiv.), DMF, -18°C.

™ TBTU (1.1 equiv.), HOBt (1.1 equiv.), DIEA (2.0 equiv.), DMF,
—-18°C.

" TBTU (1.1 equiv.), HOAt (1.1 equiv.), DIEA (2.0 equiv.), DMF,
-18°C.

°DCC (1.1 equiv.), TEA (1.1 equiv.), CH,Cl,, —18°C.

PDPC (1.1 equiv.), DMAP (0.1 equiv.), CH,Cl,, rt, then TEA,
-18°C.

acid)—(enantiomeric  or
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examined the Anteunis’ test using other effective
reagents for the formation of carboxamides, and each
LOC (loss of chirality) was found as shown in entries
9-15.

A typical experimental procedure is described for the
synthesis of Z-Gly-Phe-Val-OMe. To a solution of
CDOP (77.0 mg, 0.310 mmol) in dichloromethane (1.3
mL) at 0°C under an argon atmosphere was added
Z-Gly-Phe (61.4 mg, 0.172 mmol) in dichloromethane
(0.8 mL). After the reaction mixture had been stirred
for 1 h at room temperature, complete consumption of
the Z-Gly-Phe was monitored by TLC, and then Val-
OMe-HCI (52.0 mg, 0.310 mmol) and a solution of
triethylamine  (31.4 mg, 0310 mmol) in
dichloromethane (1.2 mL) were successively added at
—18°C. The reaction mixture was stirred for 5 min and
then iced brine (10 mL) was added. The mixture was
extracted with dichloromethane, and the organic layer
was washed with 1 M HCI, water and brine, and dried
over sodium sulfate. After filtration of the mixture and
evaporation of the solvent, the crude product was
purified by preparative TLC on silica gel (hexane/ethyl
acetate=1/3) to afford Z-Gly-Phe-Val-OMe (63.2 mg,
78%) as a white solid.

Thus, we developed a new reaction providing amides
and peptides in high yields via active intermediates,
2(1H)-oxo0-1-pyridyl esters D, using CDOP. Since this
reaction proceeds in the absence of basic promoters
such as tertiary amines or substituted pyridines, the
undesired racemization was completely prevented in the
segment coupling to afford oligopeptides. Further stud-
ies of the reaction using CDOP and other applications
of the present protocol for the syntheses of useful
complex molecules are now in progress.
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