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Abstract. 3-[4-(Azidocarbonyl)]phenylsydnone (2) obtained from 3-(4-hydrazinocarbonyl) phenyl-
sydnone (1) on Curtius rearrangement with alcohols, water and amines afforded the corresponding car-
bamates (3a—h), 4,4¢(sydnone-3-yl) diphenyl urea (4) and 4-(heterocyclyl)phenyl ureas (5a-).
Compounds (5a—1) on one-pot ring conversion yielded the 1,3,4-oxadiazolin-2-one derivatives (6a-),
which on reaction with N,H, gave the 4-amino-1,2,4-triazolin-3-ones (7a—). All these compounds exhi-
bited moderate antimicrobial activity against the few microbes tested. The carbamates have been found to

be more toxic against fourth instar larvae of Aedes aegypti, in particular, the n-butyl derivative (3e).
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1. Introduction

Synthesis and biological properties of sydnone deri-
vatives incorporated with biologically active hetero-
cycles have been reported from this laboratory for
the past several years.™™ Though many of these
compounds showed promising pharmacological
properties at the preliminary testing, none of them
have exhibited sufficient activity to justify further
screening. Hence, much needs to be done in the
form of synthesis and screening of many more de-
rivatives, before we can conclude anything definite
about structural modifications and pharmacological
properties. So, it was thought of interest to synthe-
sise some more sydnone derivatives containing other
biologically potent moieties. In view of the diverse
and remarkable biological properties of several het-
erocyclic systems with pendant carbamates®® and
diphenylureas”® we thought of coupling these moie-
ties with sydnones.

*For correspondence

2. Resultsand discussion

In this paper we report the synthesis and biological
properties of some carbamates (3a—h) and ureas (4,
5a-, 6a—l and 7a-1) incorporated with the sydnone
ring, using the well-known Curtius rearrangement.*®
3-(4-Hydrazinocarbonyl)phenylsydnone (1) used as the
starting material is converted to the acylazide de-
rivative (2), which when subjected to Curtius rear-
rangement with alcohols, water and aromatic amines,
affords the carbamates (3a—h), symmetrical urea (4)
and ureas (5a-) respectively.
3-(4-Hydrazinocarbonyl)phenylsydnone (1) on nitro-
sation with sodium nitrite gives 3-(4-azidocarbonyl)
phenylsydnone (2) in 75% vyield. IR analysis of this
compound shows a strong band at 2184 cm™ for the
azide group stretching vibration. The 'H-NMR
(300 MH2z) spectrum shows two doublets at d 7505
(2H, J=84 Hz) and d 783 (2H, J=84 Hz) as
signed to the aromatic protons and a singlet at d 7569
due to the sydnone CH. This compound is suffi-
ciently pure for further use in rearrangement reac-
tions. Compound (2) undergoes Curtius rearrangement
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3g R=2-methoxyethyl 5¢, 69, 79 R'=4- COOH
3h R=2-ethoxyethyl 5h, 6h, 7h R'=2-NO,
Scheme 1.

in boiling ethanol to afford the carbamate (3b) in
good yield (80%) (scheme 1). The absence of an
azide band at 2184 cm™ and the presence of a ny_
band at 3246 cm™ in its IR spectrum is evidence for
the rearrangement of azide to carbamate. Thisis fur-
ther substantiated by the *H-NMR (300 MHz) spec-
trum, which shows signals at d 1045 (s, 1H, NH
D,0O exchanged), d 7585 (d, 2H Ar-H), d 7¥'1 (d, 2H
Ar-H), d 761 (s, 1H sydnone C-H), d 428 (q, 2H,
CH,) and d 18 (t, 3H CHy). This is further confir-
med by its mass spectrum that shows molecular ion
peak m/z at 249, which agrees with the molecular
weight of the compound. A series of carbamates (3a—
h) were prepared using different alcohols. All these
compounds were characterized by their spectral data.

In another reaction, 3-(4-azidocarbonyl)phenyl-
sydnone (2) on refluxing with water also underwent
Curtius rearrangement to give the symmetrical urea,
4,46¢(sydnone-3-yl) diphenyl urea (4) (scheme 1).
The IR spectrum of this compound shows broad
bands at 3353 cm™ and 3125 cm™ due to ny_y and
Nc_y Of sydnone respectively. The ne-o of sydnone
and amide appear as sharp bands at 1759 cm™ and
1705 cm™ respectively. The 'H-NMR spectrum
shows signals at d 961 (s, 2H, NH D,O exchanged),
d 785 (d, 4H Ar-H), d 751 (d, 4H Ar-H), d 761(s,
2H sydnone C—H) indicating magnetic equivalency
of protonsin both halves of the molecule.

Another Curtius rearrangement of 3-(4-azido-
carbonyl)phenylsydnone (2) in presence of various
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aromatic amines gives the corresponding N-aryl-N¢
[4-(sydnon-3-yl)phenyl] ureas (5a-) (scheme 1).
The IR spectra of all these compounds shows two
sharp bands at 3357 cm™ and 3125 cm™ due to Ny
and nc_y of sydnone respectively. The ne-o of syd-
none and amide appears as sharp bands at 1739 cm™
and 1701 cm™ respectively. The absence of the azide
band at 2184 cm™ also confirms the formation of
compounds (5a-1). The 'H-NMR spectrum (com-
pound 5I) shows signals at d 920 (s, 1H, NH D,O
exchanged), d 8¥2 (s, 1H, NH attached to the aryl
ring, (D,O exchanged). The protons of the phenyl
ring attached to the sydnone resonate as two dou-
blets at d 780 (2H, J=8%Hz) and d 7¥0 (2H,
J=8% Hz), while the protons of methoxy phenyl
ring are observed as two doublets at d 785 (2H,
J=70Hz) and d 601 (2H, J=T709 Hz). The syd-
none C-H and the OCHj; protons appear as singlets
at d 761 and 3%/5 respectively. We have obtained
the X-ray crystal'! structure for one of these com-
pounds, 5f.

Our recent reports*® on one-pot sydnone ring
transformation to 1,3,4-oxadiazolin-2-ones and their
subsequent conversion to the 4-amino-1,2,4-triazolin-
3-ones prompted us to convert these newly synthe-
sized compounds to the corresponding oxadiazoli-
none and triazolinones.

Compounds (5a-1) on reaction with bromine in
acetic anhydride undergo ready one- pot ring conver-
siontoyield N-aryl-N¢[4-(5-methyl-1,3,4-oxadiazolin-
2-one-3yl) phenyl]ureas (6a—) (scheme 1). The ab-
sence of sydnone C-H band at 3125 cm™ and shift
in the carbonyl frequency from 1739 cm™ to 1787 cmi™*
in the IR spectra clearly indicate ring transformation
of sydnone to oxadiazolinones. The amide nc=o ap-
pears at 1705 cm™. The '*H-NMR spectrum (com-
pound 6l) shows signals at d 1029 (s, 1H, NH D,O
exchanged), d 1018 (s, 1H, NH attached to the aryl
ring, D,O exchanged). The protons of the phenyl
ring attached to the oxadiazolinone resonate as two
doublets at d 860 (2H, J=8% Hz) and d 7581 (2H,
J = 8.7 Hz) while the protons of the methoxy phenyl
ring are observed as two doublets at d 762 (2H,
J=89Hz) and d 6502 (2H, J =89 Hz). The OCH;
and CH; protons appear as singlets at d 3%6 and d
2>30 respectively.

In the next part the N-aryl-N¢[4-(5-methyl-1,3,4-
oxadiazolin-2-one-3yl) phenyl]ureas (6a—l) on reac-
tion with hydrazine hydrate afford the N-aryl-N¢[4-
(4-amino-5-methyl-2,4-dihydro-3H-1,2,4-triazol-3-
one-2yl)] phenyl ureas (7a-l) (scheme 1). The IR
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gpectra of compounds (7a—l) are characterized by
the presence of two new bands at 3325 cm™ and
3214 cm™ for nww, and a sharp band at 1713 cm™ for
the nc=o. This lowering of the carbonyl frequency
from 1787 cm™ to 1713cm™ confirms the ring
transformation. The amide nc-o is now observed at
1635 cm™, perhaps due to intermolecular H-bonding
with the amino group. 'H-NMR spectrum (com-
pound 7I) shows signals at d 10523 (s, 1H, NH D,O
exchanged), d 1005 (s, 1H, NH attached to the aryl
ring, D,O exchanged). The aromatic protons reso-
nate at d 8%5-7-1 (m, 8H) while the two singlets at
d 542 and & 223 are assigned to the NH, and CHjs
of triazolinone. Another singlet at d 3%5 is due to
the OCHj; protons. No significant changes are ob-
served in the characteristic spectral data of other de-
rivatives of all these compounds.

3. Biological activity
3.1 Antimicrobial activity

Preliminary antimicrobial testing has been carried
out by the cup-plate method. The antimicrobial acti-
vity was carried out against two pathogenic bacteria,
Escherichia coli (Gram —ve) and Micrococcus luteus
(Gram +ve) and two fungal strains, Asperigillus ni-
ger and Penicillium notatum. The reference drugs
used were Norfloxacin and Griseofulvin respec-
tively. The activity of the samples and the reference
drugs was assayed under identical conditions at
50 ng concentration in DM SO as the control. N-aryl-
N¢&[4-(sydnon-3yl)]phenyl ureas (5a—1) with halogen
substitution (5d, 5e) on the phenyl ring showed bet-
ter activity only against the Gram + bacteria while
rest of the compounds showed moderate activity
against both the bacteria (table 1). However, moderate
antifungal activity was observed for all the com-
pounds against both the fungi.

3.2 Insecticidal activity against aedes aegypti

Aedes aegypti mosquito is the vector responsible for
dangerous diseases like dengue hemorrhagic fever
and yellow fever. An attempt has been made to
study the newly synthesized carbamate compounds
with respect to their insecticidal properties against
fourth instar larvae of Aedes aegypti under labora-
tory conditions.

3.2a Materials and methods: Eggs of Aedes ae-
gypti were obtained from “The Viral Research Insti-
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Tablel. Antimicrobial activity (N* = Norfloxacin, G* = Griseofulvin).

Antibacterial Antifungal Antibacterial Antifungal
E. coli M. luteus  A.niger P. notatum E.coli M. luteus A.niger P.notatum
zone of zone of zone of zone of zone of zone of zone of zone of
inhibition inhibition inhibition inhibition inhibition inhibition inhibition inhibition

Compd (mm) (mm) (mm) (mm) Compd (mm) (mm) (mm) (mm)
3a 13 12 12 10 6d 19 12 15 12
3b 15 10 13 11 6e 21 10 15 10
3c 18 11 12 10 6f - - 10 09
3d 14 10 11 12 69 - - 08 09
3e 15 09 12 11 6h 11 10 - -

3f - - 10 11 6i 15 12 12 11
39 14 14 11 11 6j 13 11 13 10
3h - - 11 10 6k 14 10 09 10
5a 14 10 10 13 6l - - 13 10
5b 18 11 13 12 7a 15 09 - -
5¢c 15 10 15 14 7b 17 11 09 10
5d 23 12 15 14 7c 13 11 14 10
5e 26 13 09 14 7d 15 10 13 13
5f 17 10 10 13 Te 14 14 14 12
59 16 09 12 12 Ui 17 12 11 07
5h 20 11 09 14 79 09 11 09 07

5i 20 10 14 13 7h - - - -

5j 19 12 13 14 7i 14 10 13 11
5k 20 10 11 11 7 12 12 12 10

5l 12 09 13 12 7k 13 10 - -
6a - - 09 11 7l 13 11 10 11
6b 12 10 12 11

6C 14 11 10 10 DM SO 06 06 06 06
N* 31 15 - - G* - - 18 15

Table 2. Emergence inhibition (EI) of fourth instar lar-
vae of Aedes aegypti exposed to the compounds 3b, 3c
and 3e and methoprene.

Compounds Elso (ppm)* Elg (ppm)*
3b 1580 2586
3c 676 904
3e 347 524
Standard (methoprene) 0%5 009

*Calculated value of emergence inhibition (EI) of 50
and 90% adults of the larvae exposed at different
concentrations.

tute, Pune” and this culture has been maintained under
laboratory conditions for about four years. Eggs thus
obtained were flooded with water in an enamel tray
and the larvae that hatched were transferred to fresh
water containers frequently. The larvae were pro-
vided with a mixture of finely ground dog biscuits and
yeast in 2: 1 ratio as food in the form of pellets. Pu-
pae formed were separated in plastic cups and were

kept in oviposition cages designed for rearing adults.
Male adults were provided with 2% honey diluted
with distilled water in petridishes with a lining of
cotton. Females were provided with rat blood meal.
A constant wet surface was provided for egg laying
in each petridish with cotton lining it and a cover of
blotting paper on to which water was added fre-
guently. The eggs thus collected were used for ex-
periments as and when required.

Stock solutions were prepared by dissolving the
compounds (only the straight chain derivatives) in
1 ml of acetone and this was made up to 100 ml with
distilled water with a drop of tween 85 as emulsifier.
Concentrations of prepared stock solutions of (3a),
(3b), (3c), (3d), (3e), (3f), (3g) and (3h) were 0%6%,
1%, 0%6%, 1%, 1%, 1%, 1% and 1% respectively. A
standard solution of Methoprene (Altosid) of 001%
in absolute alcohol was prepared for comparative
analysis. Experiments were carried out according to
the WHO method.* Further dilutions of the stock
solutions were made using tap water to obtain stipu-
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Table3. Physical and analytical data of compounds 3a—h.

Elemental analysis—
found (calculated) (%)

Melting point Yield Molecular

Compd R Solvent (°C) (%) formula C H N
3a Methyl Ethanol 107-109 78 C10H9N3O4 5100 3%8 1785
(5106) (382) (1787)
3b Ethyl Ethanol 121-123 80 C11H11N30, 5205 4589 1680
(5301) (494) (1686)
3c Propyl Ethanol 113-115 69 C1oH13N30, 5450 306 1592
(54¥%5) (4%0) (15%6)
3d | so-propy! Ethanol 131-133 73 Ci2H13N30, 54%72 394 15500
(54¥5)  (4%90) (15%6)
3e n-Butyl Ethanol 147-149 68 Ci3H15N30, 56525 5389 15%4
(56:81) (541) (1546)
3f t-Butyl Ethanol + dioxane 181-183 63 C13H1sN30, 5627 538 1542
(56:81) (541) (1546)
30 2-Methoxy ethyl Ethanol 120-122 70 C12H13N305 5167 461 1501
(5161) (4%65)  (15%5)

(5324) (541) (14:83)

Table4. Physical and analytical data of compounds 5a-l.

Elemental analysis—
found (calculated) (%)
Melting point Yield Molecular

Compd R Solvent (°C) (%) formula C H N
(60°81) (4%5) (18%1)
5b 2-CH3 Ethanol 189-191 74 Ci16H14N4O5 6100 47 18%03
(6103) (4%61) (18%6)
5¢c 4-CHj; Ethanol 201-203 78 C16H14N4O4 6188 449 18%1
(6103) (4%61) (18%6)
5d 2-Cl Ethanol + dioxane 211-213 68 CisH11CIN,O; 5448 328 1604
(54%4) (383) (16%6)
5e 4-Cl Ethanol + dioxane 222-224 79 Ci5H11CIN,O3 5460 381 1601
(54%4) (383) (16%6)
5f 4-COCHj; Ethanol+ DMF 216-217 79 C17H14N4O, 6080 409 1660
(60085) (444) (16%4)
50 4-COCH Ethanol + DMF 242-244 67 C16H1oN4O5 5643 3149 1644
(56M47) (3%B2) (1647)
(52%8) (3R2) (20%2)
5i 3-NO, Ethanol + DMF 267-269 69 C1sH11N50s 52%2 348 20443
(52%8) (3R2) (20%2)
5j 4-NO, Ethanol + DMF 241-243 72 C15H11N5O5 52X5 374 2048
(52¥%8) (3R2) (20%2)
Bk 2-OCHj; Ethanol 189-191 64 Ci6H14N4O, 5884 421 1741
(5889) (429 (1747)
5l 4-OCH, Ethanol + dioxane 204-206 76 C16H14N4O4 5882 495 17744

(5880)  (429)  (17:47)

lated concentrations for the experiments with volume  three replicates, in which 25 freshly moulted fourth
made up to 100 ml in 250 ml polythene cups with instar larvae wereintroduced. Controlswith acetone and
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tween 85, and others with water alone were main-
tained. Food was provided ad libitum. Biostatistical
analysis to calculate emergence inhibition of adults
(i.e. Elso and Elg) was done according to Finney.™

Compounds 3a, 3d, 3f, 3g, and 3h did not show
any activity while compounds 3b, 3¢, and 3e demon-
strated insect growth regulatory activity against fourth
instar larvae of Aedes aegypti. The Els, and Elg, for
the ethyl (3b), propyl (3c) and n-butyl (3e) deriva
tives and the standard (Methoprene) were found to
be 158 and 2586, 66 and 904, 3X7 and 524 and
005 and 0X9 ppm respectively (table 2). From the
results it was found that the n-butyl derivative (3€)
was more effective at low concentration compared
to the ethyl and the propyl derivatives. The Elg, for
the n-butyl derivative is 5 times more effective
compared to the ethyl and twice as compared to the
propyl, but is 60 times less effective compared to the
standard M ethoprene.

Methoprene, an insect growth regulatory compound,
has been recommended by WHO for use against
mosquito larvae.’® However, this compound is not in
use for vector control in India. The results of the

Table5. Physical and analytical data of compounds 6a-l.
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present study showed the delayed efficacy of n-butyl
derivative (3e) against Aedes aegypti larvae. The oc-
currence of delayed mortality indicated the effective
developmental inhibition potential of this com-
pound. The other compounds did not show any ac-
tivity at these test doses.

4, Experimental

IR spectra were recorded on Nicolet-Impact 410 FT-
IR spectrophotometer as KBr pellets."H-NMR spec-
tra were recorded on a Brucker 300 MHz FT-NMR
spectrometer in CDCls/DMSO-dg with TMS as in-
ternal standard. Purity of compounds was checked
by TLC on silicagel plates.

4.1 3-[4-(Azido carbonyl)] phenylsydnone (2)

To a stirred solution of 3-(4-hydrazinocarbonyl)
phenylsydnone (1) (221 g, 0001 m) in 25% HCI, a
solution of sodium nitrite (2859, 0%05m) was
added dropwise at 0-5°C. After complete addition

Elemental analysis—
found (cal culated) (%)

Melting point Yield Molecular
Compd R Solvent (°C) (%) formula C H N
6a H Ethanol 153-155 83 Ci16H14N403 6187 475 180
(6103)  (4%1) (18%6)
6b 2-CHj3 Ethanol 171-173 80 C17H16N4O3 6293 490 1720
(6206)  (493) (17%28)
6C 4-CH, Ethanol + DMF 194-196 84 C17H16N404 6290 488 1723
(6206)  (4903) (17%28)
6d 2-Cl Ethanol + dioxane 291293 81 Ci6H13CIN4O; 55%6 3¥%1 16524
(5581) (3¥7) (16%27)
6e 4-Cl Ethanol + dioxane 279-281 85 Ci6H13CIN,O; 55%2 3¥4 1622
(5581) (3¥7) (16%27)
6f 4-COCHjs Ethanol + DMF 212-214 76 Ci1gH16N404 61>81 4%0 1585
(61586) (4%64) (15%0)
69 4-COCOH Ethanol + DMF 280-282 74 C17H14N4Os 57%7 3°89 15%8
(5762) (395) (1581)
6h 2-NO, Ethanol + DMF 245247 84 C16H13N505 540 3%63 19%4
(5408) (3%66) (19%1)
6i 3-NO, Ethanol + DMF 283-285 80 C16H13Ns0s 545 368 19%67
(5408) (3%66) (19%1)
6j 4-NO, Ethanol + DMF 261-263 85 Ci16H13Ns0s 542 360 19%65
(5408) (3%66) (1971)
6k 2-OCH3 Ethanol + DMF 203-205 79 Ci17H16N4O4 5903 4%7 1643
(600) (4%0) (16+47)
6l 4-OCHjs Ethanol + dioxane 241-243 83 C17H16N4O4 5906 4%4 16x0

(6000) (4¥0)  (16%47)
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Table6. Physical and analytical data of compounds 7a-!.
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Elemental analysis—
found (calculated) (%)

Melting point Yield Molecular
Compd R Solvent (°C) (%) formula C H N
7a H Ethanol + dioxane 181-183 63 C16H16NgO- 5920 489 2587
(5925) (493) (25%92)
7b 2-CH; Ethanol + dioxane 172-174 69 Cy17H18N6O> 6028 5%8 24%6
(60085) (582) (2485)
7c 4-CHs; Ethanol + dioxane 161-163 61 Cy17H18N6O> 60°81 5%6 2458
(60085) (582) (24%85)
7d 2-Cl Ethanol + dioxane 175-177 60 C16H1sCINgO> 56260 4315 2342
(5663) (448) (23+46)
7e 4-Cl Ethanol + dioxane 187-189 62 Ci6H15CINgO, 5668 442 234
(5663) (448) (23+46)
7f 4-COCH3;  Ethanol + dioxane 169-171 68 C1gH18NgO3 5897 487 2292
(5901) (491) (22%95)
79 4-COOH Ethanol + DMF 191-193 53 C17H16NgO4 5538 480 22%8
(5543) (484) (2282
7h 2-NO, Ethanol + DMF 231-233 59 CieH1sN7O4 5198 403 2660
(5203) (4%6) (26%5)
(5203) (4%6) (26%5)
7 4-NO, Ethanol + DMF 237-239 61 Ci6H1sN7O, 5195 403 26%1
(5203) (4%6) (26%5)
7k 2-OCH; Ethanol + DMF 198-200 52 C17H1gNgO3 5789 5X5 2369
(5762) (5%8) (23%2)
7l 4-OCHs; Ethanol + dioxane 184-186 57 Cy17H18N6O3 57%7 502 23%5
(5762) (5%08) (23%2)

of sodium nitrite solution, the reaction mixture was
stirred at room temperature for 1 h. The pale yellow
azide that separated wasfiltered and washed with water.

4.2 4-(Sydnon-3-yl) phenyl carbamates (3a—h)

A suspension of 3-(4-azido carbonyl) phenylsyd-
none (2) (281 g, 001 m) in absolute alcohol (15 ml)
was refluxed on a steam bath for 3 h. The reaction
mixture was concentrated and then diluted with water.
The product that separated was collected and recrystal-
lised from ethanol to get brown needles (table 3).

4.3 4,4¢(Sydnone-3-yl) diphenyl urea (4)

A solution of 3-(4-azidocarbonyl) phenylsydnone
(2) (281 g, 001 m) in benzene (20 ml) was treated
with distilled water (2 ml) and the reaction mixture
refluxed on a steam-bath for 3 h. The solid product
formed was filtered.

4.4 N-Aryl-N¢[4-(sydnon-3yl)] phenylureas (5a-)

3-(4-Azidocarbonyl) phenylsydnone (2) (281g,
0°01 m) and aromatic amines (01 m) were refluxed

in anhydrous toluene (15 ml) for 4 h at 120°C. The
crystalline product that separated was collected and
washed with petroleum ether (table 4).

4.5 N-Aryl-N¢[ 4-(5-methyl-1,3,4-oxadiazolin-2-
one-3yl)] phenyl ureas (6a-)

To asolution of compounds (5a-) (0005 M) in acetic
anhydride (10 ml) at 0°C was added bromine (0>8 ml)
in acetic anhydride (5 ml) with constant stirring. After
complete addition of bromine for 30 min, the reac-
tion mixture was then heated at 60°C. The reaction
mixture was cooled and poured into ice. The solid
that separated was filtered and recrystallised from DMF
(table 5).

4.6 N-Aryl-N¢ 4-(4-amino-5-methyl-2,4-dihydro-
3H-1,2,4-triazol-3-one-2yl)] phenylureas (7a-)

To a suspension of compounds (6a-1) (001 m) in dry
alcohol (15ml) hydrazine hydrate (16 ml) was
added and the mixture was refluxed on a water-bath
for 8 h. The reaction mixture was then diluted with
water and the solid obtained after filtration was
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crystallized from suitable solvents to obtain light
brown crystals (table 6).
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