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Reaction of several azoles with phosgene or triphosgene was studied. Besides benzotriazole
(previously described reaction), only indazole, 5-nitroindazole and 5-methylbenzotriazole gave
the corresponding 1-azolecarbonyl chlorides la-d. Azoles of weak acidity (imidazole,
1,2,3-triazole, 1,2,4-triazole, benzimidazole) could not give stable acyl chlorides, while strong
acidic azoles like tetrazole and 4,5,6,7-tetrachlorobenzotriazole did not react at all. Chlorides
1b-d readily reacted with alcohols, amines, amino acids and their esters like the previously de-
scribed 1-benzotriazolecarboxylic acid chloride (1a), giving 1-azolecarboxylic acid esters (2)
or amides (3), N-(1-azolecarbonyl)amino acids (4, 5), their esters (8, 9) or amides (10, 11).
However, a significant difference was observed in the reactivity of azole derivatives 2—11 with
amines, alcohols and N-protected amino acids or in their stability in acidic and basic aqueous
media. Benzotriazole and methylbenzotriazole derivatives were more reactive than indazole or
nitroindazole derivatives. The higher reactivity was in correlation with the shift of the IR car-
bonyl absorption band to higher wave numbers.

INTRODUCTION

After successful synthesis of 1-benzotriazolecarboxylic
acid chloride (BtcCl, 1a)! and its application in synthe-
ses of numerous carbonic acid derivatives and other com-
pounds,!~1¢ some open questions have still remained un-
solved and the answers are elucidated in this paper.

Staab and collaborators studied the reactions of phos-
gene with azoles (pyrazole, imidazole, triazole and their
benzo condensates) and the reactivity of thus prepared
1,1'-carbonyldiazoles. Their results have been published
in several papers and are summarized in a review arti-
cle.!” 1,1-Carbonyldiimidazole has proved to be the best
among carbonyldiazoles and it is nowadays a commer-
cially available compound widely used in synthetic or-
ganic chemistry.

In our search for a new method for the preparation
of pharmacologically active carbamates,'~> we found that
benzotriazole (an industrial product) reacted with phosgene
and quantitatively gave BtcCl of stability comparable to
that of other carboxylic acid chlorides. The compound was
then applied in syntheses of numerous products (Schemes
1 and 2).

Other authors!'”!® accomplished the phosgenization
reaction with azole/phosgene mole ratio 2:1 in the presence
of triethylamine (TEA) as hydrogen chloride acceptor. On
the other hand, benzotriazole (BtH) reacted with phosgene
excess, affording BtcCl and hydrogen chloride, which
was evaporated under reduced pressure.!? Under the
same reaction conditions, more basic azoles (imidazole,
1,2,3- and 1,2,4-triazole, benzimidazole) gave unstable
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acyl chlorides but a mixture of acyl chlorides, carbonyldi-
azoles and azole hydrochloride.! Staab also mentioned
formation of 1H-benzimidazolecarboxylic acid chloride but
provided no experimental data'® and Walter and Radke'®
reported formation of I-imidazolecarbonyl chloride, which
could not be isolated, but was converted to 1-imidazole-
carboxylic acid piperidide. However, the first azolecar-
bonyl chloride was 1-indazolecarboxylic acid chloride
(IncCl, 1b).20 It was transformed into amide and ester,
but its reactivity has not been studied.

tert-Butyl, fert-amyl and p-methoxybenzyl 1-benzo-
triazolecarboxylates were reported to be useful amino or
imino protecting groups in peptide synthesis.?!?2 They
were prepared from BtcCl and the corresponding alcohol.
Some substituted benzotriazolecarboxylic acid chlorides
were mentioned in the same patent, but only preparation

TABLE I. Preparation of 1-azolecarbonyl chlorides (AzcCl)

of 5-methylbenzotriazolecarbonyl chloride (5-MBtcCl,
1d) was described.?!

1-Benzotriazolecarbonyl derivatives proved to be more
suitable reactants in some reactions than the more reactive,
but more sensitive, imidazole and triazole analogous com-
pounds. Increased stability enabled their prolonged shelf-
life and use in aqueous medium. In addition, only one
mole of benzotriazole is needed for their synthesis. The
aim of this paper was to find out which other azoles could
be transformed to the stable acidic chloride and to study
the reactivity and usefulness of their derivatives.

RESULTS AND DISCUSSION

In our study, the following azoles were used and com-
pared with benzotriazole: tetrazole, indazole, 5-nitro-

Azole (AzH) Acidic pK, Basic pK, AzcCl mp./°C Lit. mp./°C w(CO)/cm™!
imidazole 14.5%6 7.1626 mixture of products - - -
1,2,3-triazole 8.327 - mixture of products - — —
1,2,4-triazole 10.126 2.30%6 mixture of products - - .
tetrazole 4.79%8 - no reaction - - -
benzimidazole 12.75%7 5.68%7 mixture of products - - -
benzotriazole 8.57% 1.6%6 BtcCl (1a) 54-56 54-55! 1765
indazole 13.8627 1.25%7 IncCl (1b) 72-74 73-7420 1735
5-nitroindazole - - NiIncCl (1¢) 144—-145 - 1745
5-methylbenzotriazole 8.427 - MBtcCl (1d) 55-62 58-632! 1750
tetrachlorobenzotriazole 5.48%8 - no reaction - - -

Croat. Chem. Acta 76 (3) 217-228 (2003)
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indazole, 5-methylbenzotriazole and 4,5,6,7-tetrachlorobenzo-
triazole. Phosgenization of the azoles was performed in
an analogous way to phosgenization of benzotriazole® by
heating the corresponding azole in 20 % phosgene solu-
tion in toluene, 1-2 h at 80-90 °C. Under these reaction
conditions, besides benzotriazole, only indazole (InH),
5-nitroindazole (NInH) and 5-methylbenzotriazole (MBtH)
gave the stable corresponding 1-azolecarbonyl chlorides
(AzcCl, 1a-d) (Table I). As it was shown previously,!
the azoles of weak acidity (imidazole, 1,2,3-triazole,
1,2,4-triazole, benzimidazole) could not give stable acyl
chlorides, while strong acidic azoles like tetrazole and
tetrachlorobenzotriazole, with pK, values similar to ace-
tic acid, did not react at all. Staab reported, without any
experimental data, that silver tetrazole salt and phosgene
gave a mixture of tetrazole and carbonyl ditetrazole.??

In order to avoid complicated handling and dosing
with toxic gaseous phosgene or phosgene solution, analo-
gous syntheses of chlorides 1a-d were performed with
solid triphosgene. It was shown that phosgene could be
successfully replaced by triphosgene:

AzH + 1/3 CI3COCOOCCl; —> AzcCl + HC1

The reactions proved to be safer and more simple. In
addition, only 1/3 mole of triphosgene was required. The
reactions proceeded successfully at room temperature in
the presence of triethylamine (TEA) or some other ter-
tiary amine, while reflux in toluene and 20 % excess of
triphosgene were needed in amine-free reactions.

IR spectra of the prepared chlorides 1a-d were re-
corded. The main v(CO) absorptions could be found in
the range from 1735 to 1765 cm™! (see Table I). Besides,
two weak absorption bands were present at higher and
lower wave numbers. For example, v(CO) of BtcCl was
at 1795w, 1765s and 1716w cm™!. It was shown that the
higher reactivity of azole derivatives (Table IV) was in
correlation with the shift of the v(CO) absorption band
to higher wave numbers. These results were in agreement
with previous findings for the 1-carbonyl and 1-acyl az-
oles.!” The position of CO group in 1a and 1b was con-
firmed earlier.!2*25 1d showed the N=N absorption band
at 1600 cm™!, characteristic of 1H, and no C=N absorp-
tion at 1540 cm™!, characteristic of 2H benzotriazole. IR
spectrum of 1c¢ was almost identical with the spectrum
of 1b, which was previously confirmed as 1H derivative.

Better stability of chlorides 1a-d in comparison with
carbonyl diazoles could be seen even during the prepara-
tion of samples for IR spectroscopy. For example, 1,1'-
carbonyl -diimidazole or -ditriazole decomposed to the
corresponding azole and carbon dioxide if the smallest
amount of moisture was present in KBr pellets.?3 In con-
trast, chlorides 1a-d gave identical spectra in KBr and
nuyole, without any sign of the hydrolysis product.

Reactions of BtcCl (1a) and its derivatives have been
reported in a number of papers!~16 and are summarized

Croat. Chem. Acta 76 (3) 217-228 (2003)
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in Schemes 1 and 2. Some of the published data were
used in this paper for comparison. Reactions with chlo-
rides 1b-d occurred in an analogous way to those with
la (Scheme 3). With methanol they gave methyl esters
2a-d, with cyclohexylamine the corresponding amides
3a-d, and with amino acids glycine (Gly) or phenylalanine
(L-Phe) N-(1-azolecarbonyl)amino acids (4a-d) and (5a-d),
respectively. N-protected amino acids 4 and 5 were subse-
quently converted to the corresponding chlorides 6a-d and
7a-d by means of thionyl chloride and further to esters 8a-d
or 9a,b or cyclohexylamides 10a-d or 11a. Esters 8 and 9
were also prepared by the reactions of amino acid ester hy-
drochlorides 14 and 15 and chlorides 1a-d in the presence
of N-methyl morpholine (NMM) as hydrogen chloride ac-
ceptor. Tables II and III give the reaction conditions and
characterization data of the synthesized compounds.

Described reactions proceeded mainly at room tem-
perature in high yields. Chlorides 1b-d readily reacted with
alcohols, amines, amino acids and their esters, as previ-
ously described for BtcCl (1a). However, a significant dif-
ference was observed in the reactivity of thus prepared
products in comparison with benzotriazole bearing com-
pounds. Benzotriazole and methylbenzotriazole deriva-
tives were more reactive than indazole or nitroindazole
derivatives. For example, reactions of azole carboxylic
acid esters 2 with cyclohexylamine were finished practi-
cally immediately (2a and 2d), in 7 h (2¢) or in 20 h (2b),
depending on the azole moiety. Indazole and nitroinda-
zole carboxylic acid amides 3b and 3¢ similarly showed
low reactivity with cyclohexylamine. They reacted only
at a high temperature (155 °C), after dissociation to the
corresponding azole and isocyanate C¢gH;;NCO. This was
confirmed by the heating of compounds 3b and 3c in
N,N-dimethylformamide (DMF) at 155 °C. Liberated
cyclohexyl isocyanate was absorbed in DMF solution of
cyclohexylamine and transformed to dicyclohexyl urea
(DCU, 13). On the other hand, benzotriazole and methyl-
benzotriazole derivatives 3a and 3d quantitatively gave
DCU in a nucleophilic substitution reaction, in a one
day-period at 20 °C or in a few minutes at 80 °C.

Similar behaviour was observed in reactions of N-
(1-azolecarbonyl)-L-phenylalanine derivatives Sa-d with
methanol. Compounds 5a and 5d reacted at room tem-
perature and gave L-phenylalanine methyl ester (24) through
the N-carboxy anhydride (NCA) (see pages 229-233),30
Sc gave only traces of the same ester, while Sb remained
unchanged after 7 h of heating at 60 °C.

Reactions of N-(1-azolecarbonyl)glycine methyl esters
8a-d with Z-L-Phe-OH (Z - benzyloxycarbonyl) were
studied as well. In these reactions, a peptide bond be-
tween N-activated amino acid derivatives 8 and N-pro-
tected amino acid (Z-L-Phe-OH) was formed, affording
dipeptide derivative 16.15 After heating the reaction mix-
ture of Z-L-Phe-OH with 8b or 8¢ for 15 h at 140 °C, the
reaction proceeded partially (product 16 was detected by
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Reactants Solvent T/°C ¢/h Yield/ % Product
Indazole series
IncCl (1b) MeOH methanol 20 1 98 IncOMe (2b)
IncClI (1b) Ce¢H | NH, / TEA benzene 20 1 94 IncNHCgH;; (3b)
IncClI (1b) Gly dioxane 20 20 52 Inc-Gly-OH (4b)
IncCl (1b) L-Phe dioxane 20 20 90 Inc-L-Phe-OH (5b)
Inc-Gly-OH (4b) SOCl, SOCl, 20 20 100@ Inc-Gly-Cl1 (6b)
Inc-L-Phe-OH (5b) Nelo% SOCl, 20 20 100@ Inc-L-Phe-Cl (7b)
IncClI (1b) H-Gly-OMe - HC1/ NMM dioxane 20 2 63 Inc-Gly-OMe (8b)
IncCl (1b) H-L-Phe-OBzl - HCI/NMM  dioxane 20 2 41 Inc-L-Phe-OBzl (9b)
Inc-L-Phe-Cl (7b) BzIOH / TEA benzene 20 0.75 81 Inc-L-Phe-OBzl (9b)
Inc-Gly-Cl1 (6b) CgH||NH, / TEA benzene 20 0.75 83 Inc-Gly-NHCgH;; (10b)
Nitroindazole series
NincCl (1c¢) MeOH methanol 20 1 79 NIncOMe (2¢)
NIncCl (1c¢) C¢H{NH, / TEA benzene 20 1 79 NIncNHCgH;; (3¢)
NlIncCl (1¢) Gly dioxane 20 20 97 Nlnc-Gly-OH (4¢)
NiIncCl (1¢) L-Phe dioxane 20 20 71 NlInc-L-Phe-OH (5c¢)
NInc-Gly-OH (4c) SOCl, SOCl, 75 1 100®@ NInc-Gly-Cl (6¢)
NiIncCl (1¢) H-Gly-OMe - HCl / NMM dioxane 20 2 49 NInc-Gly-OMe (8¢)
Nlnc-Gly-ClI (6¢) MeOH methanol 20 1 98 Nlnc-Gly-OMe (8¢)
Nlnc-Gly-ClI (6¢) Ce¢H | NH, / TEA benzene 20 1 67 NInc-Gly-NHCgH; (10c)
Methylbenzotriazole series
MBtcCl (1d) MeOH methanol 20 1 94 MBtcOMe (2d)
MBtcCl (1d) C¢H{NH, / TEA toluene 20 1 85 MBtcNHC¢H; (3d)
MBtcCl (1d) Gly dioxane 20 120 82 MBtc-Gly-OH (4d)
MBtcCl (1d) L-Phe dioxane 20 24 78 MBtc-L-Phe-OH (5d)
MBtc-Gly-OH (4d) SOcCl, Socl, 75 1 100@ MBtc-Gly-Cl (6d)
MBtc-Gly-Cl (6d) MeOH methanol 20 1 86 MBtc-Gly-OMe (8d)
MBtc-Gly-Cl (6d) CgH||NH, / TEA toluene 20 1 74 MBtc-Gly-NHC¢Hy; (10d)

@ Used for further reactions without purification.

TLC). Analogous reactions with 8a and 8d were com-
pleted after several hours, giving the expected dipeptide
derivative in 54 % and 51 % yields, respectively.
Finally, acidolysis of the N-protective group from
N-(1-azolecarbonyl)glycine or D,L-alanine cyclohexyl-
amides 10b-d and 11a was studied. Amides 11a and 10d
were completely hydrolyzed to the corresponding amino
acid cyclohexylamide after 11 h at 60 °C, but 10b and
10c were unchanged after being heated in acidic medium
for the same time, even at a higher temperature (100 °C).
N-Btc-amino acid amides'? or peptides,'> for exam-
ple, cyclohexylamide 10a and the analogous methylbenzo-
triazole derivative 10d, cyclized in an aqueous basic me-

dium (acetone or dioxane / 10 % Na,COs3) at room tem-
perature to 3-cyclohexylhydantoine (19). The corresponding
amides from indazole (10b) and nitroindazole (10c) se-
ries were unreactive and did not cyclize even after pro-
longed heating at 100 °C. Once again, reactivity was in
good correlation with the v(CO) shift to a higher wave
number!? (see Table IV). In general, one could conclude
that benzotriazole derivatives are most suitable for use
in all the investigated reactions. Methylbenzotriazole de-
rivatives were equally reactive, but the starting chloride
1d (and its derivatives) was contaminated by 1,1’-car-
bonyl-bis(5-methylbenzotriazole) and purification of the
products was more difficult. A review of the performed
reactions is given in Table IV.

Croat. Chem. Acta 76 (3) 217-228 (2003)
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TABLE lll. Characterization of azolecarboxylic acid derivatives

Compound m.p. / °C Solvent for Formula Elemental analysis IR (KBr)
(Lit. m.p. / °C) recrystallization (M) caled. / % Vinax / cm™!
(found / %)
C H N
Indazole series
2b 55-58 - CoHgN,0, - 1730, 1615
(59-60)20:25 (176.18)
3b 119-120 acetone C4H;7N;0 69.11 7.04 1727 3390, 2930, 2850, 1730,
(243.30) (69.10 7.06 17.30) 1610
4b 162-164 benzene® CoHgN305 5479 4.14 19.17 3390, 2930, 2850, 1700,
(219.19) (5490 434 18.93) 1500
5b 119-121® benzene® C7H;sN305 66.01 4.89 13.59 34502400, 3390,
(309.32) (6592 5.09 13.38) 1725-1700, 1500
8b 96-97 acetone/H,0 CyH;|N;0;4 56.65 475 18.02 3335, 1720, 1675, 1520
(233.22) (56.97 5.03 17.71)
9b 0il© - C,4Hy N304 7217 530 1052 3370, 1740, 1705, 1510
(399.44) (71.88 5.47 10.58)
10b 182-184 acetone C16Ho0N4O, 63.98 6.71 1865 3400, 2950, 2925, 1710,
(300.36) (63.86 6.98 18.44) 1650, 1500
Nitroindazole series
2¢ 177-178 acetone CoH;N;0, 48.87 3.19 19.00 1740, 1620, 1520, 1350
(221.17) (4899 291 19.33)
3¢ 125-126 ethanol C4H,¢N4O5 5832 559 19.43 1725, 1620, 1520, 1345
(288.30) (58.51 521 19.65)
4c 179-183 benzene® C,oHgN,Os5 4546 3.05 2120  3500-2500, 3400, 1735-
(264.19) (4530 3.17 21.31) 1715,1620, 1525, 1345
5c 68-70@ benzene/petrol C7H,4N,4O5 57.63 3.98 1581  3500-2500, 1725, 1620,
ether (354.32) (5770 422 15.66) 1525, 1350
8¢ 177-178 acetone/H,O Cy1HoN4O5 4749 3.62 20.14 3370, 1750, 1705, 1620,
(278.22) (4721 3.80 19.92) 1520, 1345, 1255
10c 224-225 © Ci6H{gN5O, 55.65 5.55 20.28 3350, 3310, 2940, 1715,
(345.35) (55.82 592 19.68) 1650, 1620, 1530, 1340
Methylbenzotriazole series
2d 95-98 MeOH CoHgN;0, 56.54 4.74 2198 1753, 1450, 1265, 1057
(191.18) (56.40 4.93 21.68)
3d 100-102 MeOH/H,0 C4H; sN,O 65.09 7.02 21.69 3313, 2929, 1728, 1510
(258.32) (6536 7.13  21.58)
4d 150 acetone/H,O CyoH;oN4O; 5128 430 23.92 3355, 3300-2400, 1742,
(decomp.) (234.21) (5125 4.60 23.81) 1721, 1535, 1234
5d 190-194 - C7H;6N4O5 6295 497 17.27  3400-2300, 1728, 1712,
(324.33) (62.13 4.80 16.90) 1520, 1120
8d 132-134 toluene C1H[,N4O;5 5322 4.87 2257 3364, 1754, 1730, 1526,
(248.24) (53.31 4.99 22.20) 1216, 1099
10d 171-173 toluene C6Hy N50, 60.93 671 2221 3363, 3293, 2932, 1744,
(315.37) (60.69 6.53 22.39) 1655, 1536

@ Washed with hot benzene; ® [a]p?’ = +18.5 (¢ = 0.96, dioxane); © [a]p?” = +2.6 (¢ = 0.26, chloroform); @ [a]?” = +36.5 (¢ = 1, acetone);
© washed with hot acetone and ethyl acetate.

Croat. Chem. Acta 76 (3) 217-228 (2003)
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TABLE IV. Reactions of 1-azolecarboxylic acid derivatives

223

1-Azolecarbonyl Vv(Azc), v(COX) Reactant Solvent T t Yield Product
derivative cm! °C h %

BtcOMe (2a) 1767 CeH ;1 NH, benzene 80 <0.1 67 Ce¢H i NHCOOMe (12)
IncOMe (2b) 1734 CgH||NH, benzene 80 20 63 CgH|{NHCOOMe (12)
NIncOMe (2¢) 1740 CgH{;NH, benzene 80 7 78 CgH{;NHCOOMe (12)
MBtcOMe (2d) 1753 CgH|1NH, benzene 80 <0.1 73 CgH;{NHCOOMe (12)
BtcNHCgHy; (3a) 1735 CeH;NH, benzene 80 <0.1 98 DCU (13)
IncNHCgH;; (3b) 1705 C¢H{;NH, benzene/DMF 80/155 24/8 —/94 no reaction/DCU (13)
NIncNHC¢H;; (3¢) 1725 CgH{;NH,  benzene/DMF  80/155 24/6  —/95 no reaction/DCU (13)
MBtcNHC¢H;; (3d) 1728 CgH|NH, benzene 80 <0.1 92 DCU (13)
Btc-L-Phe-OH (5a) 1735, 1690 MeOH/TEA MeOH 20 4 78 H-L-Phe-OMe (24)
Inc-L-Phe-OH (5b) 1720, 1685 MeOH/TEA MeOH 60 7 - no reaction
NInc-L-Phe-OH (5¢) 1725, 1600 MeOH/TEA MeOH 60 7 @) H-L-Phe-OMe (24)
MBtc-L-Phe-OH (5d) 1728, 1713  MeOH/TEA MeOH 20 4 ® H-L-Phe-OMe (24)
Btc-Gly-OMe (8a) 1730, 1750 Z-L-Phe-OH xylene 140 3.5 54 Z-Phe-Gly-OMe (16)
Inc-Gly-OMe (8b) 1705, 1743 Z-L-Phe-OH xylene 140 15 @) Z-Phe-Gly-OMe (16)
NInc-Gly-OMe (8c) 1705, 1747 Z-L-Phe-OH xylene 140 15 @) Z-Phe-Gly-OMe (16)
MBtc-Gly-OMe (8d) 1730, 1754 Z-L-Phe-OH xylene 140 5 51 Z-Phe-Gly-OMe (16)
Btc-D,L-Ala-NHCgH; (11a) 1740, 1660 H* acetone /5 % HCl 60 11 86 H-D,L-Ala-NHC¢H;; (18)
Inc-Gly-NHCgH;; (10b) 1710, 1625 H* dioxane /5 % HC1 100 11 - no reaction
NlInc-Gly-NHCgH; (10c) 1715, 1645 H* dioxane /5 % HCI 100 11 - no reaction
MBtc-Gly-NHCeH; (10d) 1744, 1655 H* acetone / 5 % HCl 60 11 (®) H-Gly-NHC¢H; (17)
Btc-Gly-NHCgH;; (10a) 1740, 1650 Na,CO; acetone / H,O 20 035 56  3-cyclohexylhydantoine (19)
Inc-Gly-NHCgH;; (10b) 1710, 1625 Na,COj3 dioxane / H,O 100 5 - no reaction
NInc-Gly-NHCgH{; (10c¢) 1715, 1645 Na,COj3 dioxane / H,O 100 5 - no reaction
MBtc-Gly-NHCgH; (10d) 1744, 1655 Na,COjy acetone / H,O 20 035 ®)  3_cyclohexylhydantoine (19)

@ The reaction proceeded partially; product was not isolated.

® The reaction proceeded completely (TLC); product was not isolated.

EXPERIMENTAL

Melting points are uncorrected. Infrared spectra were re-
corded on an FT-IR Perkin Elmer Paragon 500 spectrome-
ter (Perkin Elmer, UK). '"H NMR spectra were recorded on
a Varian Gemini 300 spectrometer (Varian, USA), operating
at 300 MHz. Samples were measured in DMSO-dg solu-
tions at 20 °C in 5-mm NMR tubes. Chemical shifts in ppm
were referred to TMS. Specific rotation data were taken on
an Opton polarimeter. For thin-layer chromatography, silica gel
sheets Kieselgel 60 F254 Merck were used. Solvent systems
were dichloromethane/methanol in the ratio 9:1, 7:3 or 1:1,
2-butanol/formic acid/water 75:15:10 and dioxane/water
9:1. Column chromatography was performed on silica gel
0.063-0.200 mm, using benzene/ethyl acetate 1:1 as eluent.

Benzotriazole derivatives were prepared according to
published procedures: BtcNHC¢H;; (3a),2 Btc-L-Phe-OH
(5a),!' Btc-Gly-OMe (8a),!3 Btc-Gly-NHCg¢H;, (10a),'2
Btc-D,L-Ala-NHC4H;; (11a).!2 Methyl 1-benzotriazolecar-
boxylate (BtcOMe, 2a) was prepared analogously to the

previously published ethyl ester.! Azoles and triphosgene
were purchased from Aldrich (USA). All solvents were pre-
viously dried and amines were distilled prior to use.

Benzotriazole Series

1-Benzotriazolecarbonyl Chloride (BtcCl, 1a). — a) A solution
of benzotriazole (0.48 g, 4 mmol) and TEA (043 g, 4.3
mmol) in dioxane (5 ml) was added dropwise to a solution of
triphosgene (0.42 g, 1.4 mmol) in dioxane (5 ml). The reac-
tion mixture was stirred for 1 h at room temperature. Precipi-
tated TEA - HCI was filtered off and the mother liquor was
evaporated.

b) A solution of benzotriazole (0.48 g, 4 mmol) and tri-
phosgene (0.50 g, 1.7 mmol) in toluene (10 ml) was reflux-
ed for 3 h. The solvent was evaporated in vacuum and the
obtained crude product was used in further reactions with-
out purification.

IR spectrum of 1a was identical to the spectrum of the
product prepared from phosgene solution in toluene.’
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Indazole Series (Tables II and III)

I-Indazolecarbonyl Chloride (IncCl, 1b). — A solution of
indazole (1.18 g, 10 mmol) in toluene (13 ml) and 20 % solu-
tion of phosgene in toluene (13 ml) was heated at 90 °C for 1
h. The solvent was evaporated in vacuum. The obtained crude
product was used in further reactions without purification.
Yield: 1.81 g (100 %). m.p. 72-74 °C. Lit. m.p.20 73-74 °C.

Methyl I-Indazolecarboxylate (IncOMe, 2b). — A solution of
IncCl (1b) (1.81 g, 10 mmol) in methanol (3 ml) was stirred at
room temperature for 1 h and then evaporated in vacuum. The
crude product 2b was obtained in a quantitative yield (1.72 g,
98 %). m.p. 56-58 °C. Lit. m.p.2%% 59-60 °C.

1-Indazolecarboxylic Acid Cyclohexylamide (IncNHCgH
3b). — To a solution of IncCl (1b) (1.26 g, 7 mmol) and TEA
(0.71 g, 7 mmol) in benzene (35 ml), a solution of cyclo-
hexylamine (0.69 g, 7 mmol) in benzene (95 ml) was slowly
added. The reaction mixture was stirred at room tempera-
ture for 1 h and extracted 3 times with water. The organic
layer was dried over sodium sulphate and the solvent was
evaporated. The crude product (1.60 g, 94 %) 3b was re-
crystallized from acetone. m.p. 119-120 °C.

N-(I-Indazolecarbonyl)glycine (Inc-Gly-OH, 4b). — To a
suspension of glycine (4.50 g, 60 mmol) in dioxane (80 ml),
a solution of IncCl (1b) (5.42 g, 30 mmol) in dioxane (70
ml) was slowly added. The reaction mixture was stirred at
room temperature for 20 h. Glycine hydrochloride was fil-
tered off and the mother liquor was evaporated in vacuum.
The obtained product 4b was treated with dry benzene and
filtered off (5.42 g, 82 %). m.p. 162-164 °C.

I. KALCIC et al.

N-(1-Indazolecarbonyl)-L-phenylalanine (Inc-L-Phe-OH, 5b). —
Analogous procedure to that for 4b. The used amounts of
reactants and solvent were: L-phenylalanine (3.30 g, 20 mmol),
IncCl (1b) (1.81 g, 10 mmol), dioxane (50 ml). Yield: 2.78 g
(90 %) of 5b. m.p. 119-121 °C.

N-(1-Indazolecarbonyl)glycine Chloride (Inc-Gly-Cl, 6b). —
Inc-Gly-OH (4b) (1.10 g, 5 mmol) was suspended in thionyl
chloride (25 ml). The solution was stirred at room tempera-
ture for 19 h, evaporated and triturated several times with a
small quantity of benzene. The obtained crude product was
used in further reactions without purification.

N-(I-Indazolecarbonyl)-L-phenylalanine Chloride (Inc-L-Phe-ClI,
7b). — Analogous procedure to that for 6b.

N-(1-Indazolecarbonyl)glycine Methyl Ester (Inc-Gly-OMe,
8b). — To a suspension of IncCl (1b) (0.72 g, 4 mmol) and
glycine methyl ester hydrochloride (14) (0.50 g, 4 mmol) in
dioxane (12 ml), a solution of NMM (1.01 g, 10 mmol) in
dioxane (8 ml) was added dropwise. The reaction mixture
was stirred at room temperature for 2 h and evaporated in
vacuum. The obtained crude product 8b was purified by
column chromatography (eluent benzene/ethyl acetate 1:1).
Yield: 0.59 g (63 %). m.p. 96-97 °C.

N-(I-Indazolecarbonyl)-L-phenylalanine Benzyl Ester (Inc-
L-Phe-OBzl, 9b). — a) Analogous procedure to that for 8b.
The used amounts of reactants and solvent were: IncCl (1b)
(0.09 g, 0.5 mmol), L-phenylalanine benzyl ester hydro-
chloride (15) (0.15 g, 0.5 mmol), NMM (0.10 g, I mmol),
dioxane (5 ml). Yield: 0.08 g (41 %) of 6e. [a]p20 = +2.6°
(c = 0.24, CHCl5).

TABLE V. TH NMR spectral data of some MBtc-derivatives in DMSO-dg, 8 / ppm

o Yt
ls, 32
COR
Atom R (compound)
OCH; (2d) NHCgH,; (3d) NHCHCOOH (4d) NHCHCOOCH; (8d)
H-4 7.87, m, 1H 7.98, s, 1H 7.98, s, 1H 7.97, s, 1H
CHj-Ar 2.55, s, 3H 2.53,s, 3H 2.53,s, 3H 2.53,s, 3H
H-6 7.41, dd, 1H, 7.75, dd, 1H, 7.39, dd, 1H, 7.39, d, 1H, 3J = 8.5Hz
3/J=85Hz,*J=1.1Hz 3/=85Hz,*J=12Hz 3/=85Hz, *J=1.1Hz
H-7 8.09,d, IH,3/=85Hz 8.05,d 1H,3/=85Hz 8.07,t 1H,3/=89Hz 8.08,d, 1H, 3/ =8.6 Hz
COOH - - 12.92, s, 1H -
CHj3-ester 4.16, s, 3H - - 3.71, s, 3H
NH - 8.98,t, 1H,3/=7.7Hz 9.41,dd, 1H,3/ =59 Hz 9.54,t, 1H, 3/ = 5.4 Hz
CH, - 4.04,d,2H,3/ =60 Hz 4.15,d, 2H, 3/ = 5.9 Hz
" /_;” s . - 382-3.69, m, IH, HI',  — -
< 1.05-1.91, m, 10H, H2'-6'

Croat. Chem. Acta 76 (3) 217-228 (2003)



SYNTHESIS AND REACTIONS OF AZOLECARBOXYLIC ACID DERIVATIVES

b) A solution of TEA (0.30 g, 3 mmol) and benzyl al-
cohol (0.32 g, 3 mmol) was added dropwise to a solution of
Inc-L-Phe-ClI (Se) (0.98 g, 3 mmol) in benzene (30 ml). The
reaction mixture was stirred at room temperature for 45 min
and extracted 3 times with water. The organic layer was dried
over sodium sulphate and evaporated to give 9b. Yield: 0.97 g
(81 %). The crude product was purified by column chroma-
tography.

N-(I-Indazolecarbonyl)glycine  Cyclohexylamide (Inc-Gly-
NHC4H,;, 10b). — A solution of cyclohexylamine (0.50 g,
5 mmol) and TEA (0.51 g, 5 mmol) in benzene (15 ml) was
added dropwise to a solution of Inc-Gly-Cl (6b) (1.19 g,
5 mmol) in benzene (60 ml). The reaction mixture was stirred
at room temperature for 45 min and evaporated in vacuum.
The residue was mixed with 50 ml water. The insoluble sticky
product was filtered off, dissolved in chloroform and extracted
two times with a 5 % HCI solution. The organic layer was
dried over sodium sulphate and evaporated to give 10b. Yield:
1.25 g (83 %). The sample for analysis was washed with ben-
zene and recrystallized from acetone. m.p. 182-184 °C.

Nitroindazole Series (Tables Il and I111)

5-Nitro-1-indazolecarbonyl Acid Chloride (NIncCl, Ic). —
Analogous procedure to that for 1b. The used amounts of
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reactants and solvents were: 5-nitroindazole (0.49 g, 3 mmol),
20 % solution of phosgene in toluene (5 ml), toluene (5 ml).
Yield: 0.64 g (94 %). m.p. 144—-145 °C.

Methyl 5-Nitro-1-indazolecarboxylate (NIncOMe, 2c). — A
solution of NIncCl (1¢) (1.13 g, 5 mmol) in methanol (7 ml)
was stirred at room temperature for 1 h. Precipitated prod-
uct 2¢ was filtered off (0.74 g, 67 %). An additional amount
of 2¢ was isolated from the mother liquor (0.13 g, 12 %).
m.p. 177-178 °C.

5-Nitro-1-indazolecarboxylic Acid Cyclohexylamide (NInc-
NHC4H;;, 3c). — Analogous procedure to that for 3b, but
with a prolonged reaction time (2.5 h). The used amounts of
reactants and solvents were: NIncCl (1c) (0.99 g, 4.4 mmol),
TEA (0.49 g, 4.4 mmol), cyclohexylamine (0.44 g, 4.4 mmol),
benzene (80 ml). Yield: 1.00 g (79 %). m.p. 125-126 °C.

N-(5-Nitro-1-indazolecarbonyl)glycine (NInc-Gly-OH, 4c). —
Analogous procedure, the same scale and quantitative yield as
for 4b. m.p. 179-183 °C.

N-(5-Nitro-1-indazolecarbonyl)-L-phenylalanine  (NInc-L-
Phe-OH, 5c). — Analogous procedure to that for 4b. The used
amounts of reactants were: L-phenylalanine (0.94 g, 5.7 mmol),
NIncCl (1¢) (0.63 g, 2.8 mmol), dioxane (15 ml). Yield:
0.70 g (71 %). m.p. 68-70 °C.

TABLE VI. 13C NMR spectral data of some MBtc-derivatives in DMSO-dg, § / ppm

B
6 .,, 1/
COR
Atom R (compound)
OCHj3; (2d) NHCeH; (3d) NHCHCOOH (4d) NHCHCOOCH; (8d)
C-4 113.22 113.28 113.16 113.14
C-5 132.15 132.36 132.18 132.58
CHj (at C5) 22.09 22.12 22.11 22.10
C-6 128.32 127.92 128.14 128.16
C-7 120.04 119.70 119.85 119.87
C-8 141.65 140.77 141.22 141.31
C-9 144.28 146.51 146.55 146.55
CH, - - 42.23 42.21
COOH (CHy) 149.48 - 171.09 170.20
CHjs-ester 55.83 - - 52.58
CONH 148.75 149.97 150.13
50.33 (C1")
z
. /—zh\ r . 25.43
] 25.52
32.48
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N-(5-Nitro-1-indazolecarbonyl)glycine Chloride (NInc-Gly-Cl,
6¢). — Analogous procedure to that for 6b.

N-(5-Nitro-1-indazolecarbonyl)-L-phenylalanine ~ Chloride
(NInc-L-Phe-Cl, 7c). — Analogous procedure to that for 6b.

N-(5-Nitro-1-indazolecarbonyl)glycine Methyl Ester (Nlnc-
Gly-OMe, 8c). — a) A suspension of NInc-Gly-Cl (6¢) (0.73
g, 2.6 mmol) in methanol (20 ml) was refluxed for 1 h and
then stirred at room temperature for 17 h. The precipitated
product 8¢ was filtered off (0.51 g, 70 %). An additional
amount of the product was obtained from the mother liquor
(0.10 g, 14 %). The sample for analysis was recrystallized
from acetone/H,0O. m.p. 177-178 °C.

b) Analogous procedure to that for 8b. The used
amounts of reactants and solvents were: NIncCl (1¢) (0.59
g, 2.6 mmol), glycine methyl ester hydrochloride (14) (0.33
g, 2.6 mmol), NMM (0.61 g, 6 mmol), dioxane (25 ml).
Yield after column chromatography: 0.82 g (49 %).

N-(5-Nitro-1-indazolecarbonyl)-glycine ~ Cyclohexylamide
(NInc-Gly-NHCgH,;, 10c). — A solution of cyclohexyl-
amine (0.20 g, 2 mmol) and TEA (0.20 g, 2 mmol) in ben-
zene (10 ml) was added dropwise to a mixture of NInc-Gly-
ClI (6¢) (0.57 g, 2 mmol) in benzene (35 ml). The reaction
mixture was stirred at room temperature for 3 h. The pre-
cipitated product 9¢ was filtered off and washed with water.
Yield: 0.46 g (67 %). The sample for analysis was washed
with hot acetone and ethyl acetate. m.p. 224-225 °C.

Methylbenzotriazole Series (Tables 11, III, V and VI)

5-Methyl-1-benzotriazolecarbonyl Chloride (MBtcCl, 1d). — a)
Analogous procedure to that for 1b from 5-methylbenzo-
triazole (1.33 g, 10 mmol) in toluene (20 ml) and 20 % solu-
tion of phosgene in toluene (10 ml). The product was used in
the synthesis of 2d without further purification.

b) Analogous procedure to that for 1la (experiment a)
from 5-methylbenzotriazole (1.33 g, 10 mmol), triphosgene
(1.10 g, 3.7 mmol) and TEA (1.01 g, 10 mmol) in dioxane
(15 + 15 ml). The product was used in the synthesis of 3d
without further purification.

Methyl 5-Methyl-1-benzotriazolecarboxylate (MBtcOMe, 2d).
— A solution of MBtcCl (1d) (1.96 g, 10 mmol) in methanol
(10 ml) was stirred at room temperature for 1 h and then
evaporated in vacuum. The crude product 2d was recrystal-
lized from acetone and 1 % hydrochloric acid. Yield: 1.80 g
(94 %). m.p. 95-98 °C.

5-Methyl-1-benzotriazolecarboxylic Acid Cyclohexylamide
(MBtcNHCgH,;, 3d). — A solution of cyclohexylamine (0.99 g,
10 mmol) in toluene (40 ml) was slowly added to a solution
of MBtcCl (1d) (1.96 g, 10 mmol) and TEA (1.01 g, 10
mmol) in toluene (40 ml). The reaction mixture was stirred
at room temperature for 1 h and extracted 3 times with 1 %
hydrochloric acid and water. The organic layer was dried
over sodium sulphate and evaporated. The crude product
3d (2.03 g, 79 %) was recrystallized from methanol/water.
m.p. 100-102 °C.
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N-(5-Methyl-1-benzotriazolecarbonyl)glycine (MBtc-Gly-OH, 4d). —
To a suspension of glycine (3.00 g, 40 mmol) in dioxane (30
ml), a solution of MBtcCl (1d) (3.83 g, 20 mmol) in dioxane
(30 ml) was added. The reaction mixture was stirred at room
temperature for 3 days. Glycine hydrochloride was filtered off
and the mother liquor was evaporated in vacuum. The ob-
tained oil product 4d was treated with dry toluene, filtered off
and washed with petrol ether. Yield: 3.33 g (71 %). m.p. ca.
150 °C (decomp.).

N-(5-Methyl-1-benzotriazolecarbonyl)-L-phenylalanine ~ (MBtc-L-
Phe-OH, 5d). — Analogous procedure to that for 4b. The used
amounts of reactants and solvent were: L-phenylalanine
(3.30 g, 20 mmol), MBtcCl (1d) (1.96 g, 10 mmol)),
dioxane (60 ml). Reaction time: 3 days. According to TLC,
the gummy product 5d contained small amounts of amino
acid and 5-methylbenzotriazole. Repeated purification from
toluene/petrol ether was partially successful. Yield: 0.88 g
(27 %) of 5d. After a long treatment in high vacuum, an
amorphous solid was obtained. m.p. 190-194 °C (sint. at
120 °C).

N-(5-Methyl-1-benzotriazolecarbonyl)glycine Chloride (MBtc-
Gly-Cl, 6d). — Analogous procedure to that for 6b. The
used amounts of reactants: 4d (2.34 g, 10 mmol) and
thionyl chloride (25 ml). The product was used in the syn-
thesis of 8d and 10d without purification.

N-(5-Methyl-1-benzotriazolecarbonyl)glycine Methyl Ester
(MBtc-Gly-OMe, 8d). — MBtc-L-Phe-CI (6d) (1.26 g, 5 mmol)
was dissolved in 10 ml methanol. The reaction mixture was
evaporated after 1 hour. The residue was dissolved in ethyl
acetate and extracted with 3 % hydrochloric acid and water,
dried over sodium sulphate and evaporated. Yield: 1.07 g
(86 %) of an oil product, which slowly crystallized. m.p.
132-134 °C.

N-(5-Methyl-1-benzotriazolecarbonyl)glycine Cyclohexyl-
amide (MBtc-Gly-NHCzH ;, 10d). — A solution of cyclo-
hexylamine (0.50 g, 5 mmol) and TEA (0.51 g, 5 mmol) in
toluene (15 ml) was added dropwise to a solution of MBtc-
Gly-CI (6d) (1.26 g, 5 mmol) in toluene (50 ml) at 0 °C.
The reaction mixture was stirred at room temperature for 1
h and evaporated in vacuum. The residue was dissolved in
ethyl acetate and extracted with 5 % HCI solution and wa-
ter. The organic layer was dried over sodium sulphate and
evaporated to give 10d. Yield: 1.15 g (73 %). The sample
for analysis was washed with benzene and recrystallized from
toluene. m.p. 171-173 °C.

Reactions of 1-Azolecarboxylic Acid Derivatives
(Table 1V)

Reactions of Methyl 1-Azolecarboxylates 2a-d with Cyclohexyl-
amine. Preparation of Methyl N-Cyclohexylcarbamate (12). —
A mixture of 2a, 2b, 2¢ or 2d (3 mmol) and cyclohexylamine
(6 mmol) in benzene (15 ml) was refluxed (Table IV). After
cooling at room temperature, azole cyclohexylamine salt was
filtered off and the mother liquor was extracted several times
with a 1 % HCI solution and then with water. The organic layer



SYNTHESIS AND REACTIONS OF AZOLECARBOXYLIC ACID DERIVATIVES

was dried over anhydrous sodium sulphate and evaporated in
vacuum. The crude product 10 was recrystallized from metha-
nol/H,O or purified on a silica gel column (benzene/ethyl ace-
tate 1:1). m.p. 69-72 °C. Lit3! m.p. 72-75 °C.

Reactions of 1-Azolecarboxamides 3a-d with Cyclohexylamine.
Preparation of 1,3-Dicyclohexylurea (DCU, 13). — A mix-
ture of 3a, 3b, 3c or 3d (1 mmol) and cyclohexylamine (6
mmol) in a solvent (5 ml) was stirred under the reaction
conditions given in Table IV. Only reactants 3a and 3d gave
urea 13 at 80 °C. Amides 3b and 3c gave the urea if the re-
action was run at 155 °C. After cooling at room tempera-
ture, DCU was filtered off and compared by TLC, IR and
m.p. with the sample urea (Aldrich).

Thermal Dissociation of 3b and 3c. — A solution of 3b or 3¢
(1 g) in DMF (30 ml) was distilled to a flask containing 1 ml
cyclohexylamine in 10 ml DMF. After evaporation of the
solvent and treatment with ether, DCU was isolated.

Reactions of N-(1-Azolecarbonyl)-L-phenylalanine 5a-d with
Methanol. Preparation of L-Phenylalanine Methyl Ester
(H-L-Phe-OMe, 24). — A mixture of 5a, 5b, 5¢ or 5d (1 mmol)
and TEA (0.5 ml) in methanol (10 ml) was stirred under the
reaction conditions given in Table IV. Compound 5b did
not react, Sc reacted only partially while S5a and 5d reacted
under mild reaction conditions and gave L-phenylalanine
methyl ester (24). Product 24 (prepared from Sa) was isolated
as hydrochloride salt. m.p. 154-156 °C. Lit.!* m.p.
156-158 °C.

Reactions of N-(1-Azolecarbonyl)glycine Methyl Esters 8a-d with
N-Benzyloxycarbonyl-L-phenylalanine (Z-L-Phe-OH). Preparation
of N-Benzyloxycarbonyl-L-phenylalanylglycine Methyl Ester (Z-L-
Phe-Gly-OMe, 16). — A mixture of 8a, 8b, 8c or 8d (1 mmol)
and Z-L-Phe-OH (1 mmol) was refluxed in xylene (10 ml) (Ta-
ble IV). Reactions with 8b and 8c did not end even after 15 h
(TLC control), while the reactions with 8a and 8d finished after
3.5 and 5 h, respectively, yielding Z-L-Phe-Gly-OMe (16). The
solvent from the completed reactions was evaporated under
vacuum and replaced with ether. The majority of dipeptide ester
16 precipitated (54 and 51 %, respectively), while the correspond-
ing azole by-product was dissolved. An additional amount
(20-25 %) of 16 could be isolated from the mother liquor. m.p.
118-120 °C. Lit.3> m.p. 122-123 °C.

Acidolysis of the Protective Group from N-(1-Azolecarbo-
nyl)glycine (10b-d) or D,L-Alanine (11a) Cyclohexylamides. Pre-
paration of Glycine (17) and Alanine (18) Cyclohexylamides. —
A sample of 11a, 10b, 10c or 10d (20 mg) in a dioxane/S %
HCI (1:1) mixture (5 ml) was heated under the conditions
given in Table IV. No hydrolysis was observed in com-
pounds 10b and 10c during 11 h, while compounds 11a and
10d were hydrolyzed completely during the same time span
even at lower temperature. Cyclohexylamide hydrochloride
(18) was isolated as the product.!d

Cyclization of N-(1-Azolecarbonyl)glycine Cyclohexylamides
10a-d. Preparation of 3-Cyclohexylhydantoine (19). — To a
solution of 10a or 10d (1 mmol) in acetone (30 ml) or 10b
or 10c (1 mmol) in dioxane (30 ml), 10 % Na,COj5 (3 ml)
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solution was added. The first two reactions gave 3-cyclo-
hexylhydantoine (19) after a short stirring at room tempera-
ture while the second two failed to cyclize, even after
prolonged reflux. The hydantoine was precipitated after
evaporation of acetone and addition of 10 ml water. TLC,
IR and m.p. of the product were equal to those of the
hydantoine sample prepared previously.!2
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ABBREVIATIONS

AA — amino acid; AzH - azole; Bzl — benzyl; Btc —
1-benzotriazolecarbonyl; BtH - benzotriazole; CA —
cyclohexylamine; DCU — 1,3-dicyclohexylurea; DMF —
N,N-dimethylformamide; Inc — indazolecarbonyl; InH —
indazole; MBtc — 5-methylbenzotriazolecarbonyl; MBtH
— 5-methylbenzotriazole; Me — methyl; NInc — 5-ni-
tro-1-indazolecarbonyl; NInH — 5-nitroindazole; NMM
— N-methylmorpholine; TEA - triethylamine; Z -
benzyloxycarbonyl.
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SAZETAK
Sinteza i reakcije derivata nekih azolkarboksilnih kiselina

Igor Kalcié¢, Marijana Zovko, Milena Jadrijevié-Mladar Taka¢, Branka Zorc i Ivan Butula

Proucavane su reakcije nekoliko azola s fosgenom ili trifosgenom. Osim ranije opisane reakcije s benzotri-
azolom, pokazalo se da samo indazol, 5-nitroindazol i 5-metilbenzotriazol daju odgovarajuée 1-azolkarbonil-
kloride 1a-d. Slabo kiseli azoli (imidazol, pirazol, 1,2,3-triazol, 1,2,4-triazol, benzimidazol) ne daju stabilne
kiselinske kloride, dok jako kiseli azoli kao Sto su tetrazol i 4,5,6,7-tetraklorbenzotriazol uopée ne reagiraju.
Kloridi 1b-d reagiraju s alkoholima, aminima, aminokiselinama i njihovim esterima kao i ranije istraZeni
1-benzotriazolkarbonil-klorid (1a), dajuci estere (2) ili amide (3) 1-azolkarboksilnih kiselina ili N-(1-azol-
karbonil)aminokiseline (4, 5), njihove estere (8, 9) ili amide (10, 11). Medutim, primijeéena je znacajna razlika
u reaktivnosti derivata azola 2—11 s aminima, alkoholima, N-zaSti¢enim aminokiselinama, kiselinama i bazama.
Derivati benzotriazola i metilbenzotriazola mnogo su reaktivniji od derivata indazola ili nitroindazola. Pove-
¢ana reaktivnost bila je u korelaciji s pomakom apsopcijske vrpce karbonilne skupine u IR podru¢ju prema
veéim valnim brojevima.
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