ELECTROPHILIC SUBSTITUTION IN A NUMBER
OF N-EXO-CARBAMOYL DERIVATIVES OF SYDNONEIMINES
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Depending on the character of the substituents and the reaction conditions, the bromination
of N-exo-carbamoyl derivatives of sydnoneimines may proceed in the heterocyclic ring and
(or) in the phenyl ring of the exocyclic substituent. Nitration proceeds only in the phenyl
rings of the substituents,

Physiologically active and medicinal substances are found among N-exo~-cyclic derivatives of sydnone~
imines [1~3], but insufficient study has been devoted to the chemistry of these compounds. In particular,
electrophilic substitution reactions at the quaternary carbon atom of the heterocyclic ring have received
little study. These reactions take on special interest when substituents containing a phenyl group are pres-
ent in the 3 position of the ring and the exocyclic nitrogen atom, inasmuch as the phenyl ring may also
undergo electrophilic attack.

We have studied the bromination and nitration of N-phenylcarbamoyl-3~-phenylisopropylsydnoneimine
(1) — the new medicinal preparation "sidnokarb" [1] — and of its analogs - N-exo-methylcarbamoyl-3-phenyl-
isopropyl- (II) and N-exo-phenylcarbomoyl-3-methylsydnoneimine (II) [4, 5].
The bromination of some N-exo~carbamoyl derivatives of sydnoneimines was previously described
in [6], but the structures of the compounds obtained in this case were not established sufficiently clearly.
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The action of bromine on N~exo-methylcarbamoyl derivative II in glacial acetic acid gave mono-
bromo derivative IV, which was isolated as the hydrobromide. The absence of the signal of a proton at-
tached to C, in the PMR spectrum and of the absorption band of a C,~H bond in the IR spectrum of the
product, as well as the identical character of the singlets of the protons of the benzene ring in the PMR
spectra of IV and II, indicate that the bromine atom in monobromo derivative IV is in the 4 position of the

heterocyclic ring.

Monobromo derivatives V and VI were also isolated in the form of the hydrobromides in the bromina-~
tion, under the same conditions, of I and IIl, which contain a phenylcarbamoyl substituent, but the bromine
atom in them was found to be in the para position of the benzene ring of the exocyclic group, This was
established unambiguously by means of the PMR spectra: the PMR spectra of bromo derivative V and
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Fig. 1. PMR spectrum of IX.

starting I contained a singlet of protons of the benzene ring of the phenylisopropyl grouping, whereas the
protons of the phenylearbamoyl group give a spectrum of the AB type with the spin—spin coupling constants
(SSCC) characteristic for p~substituted benzenes (Table 1), Compound V was also obtained by bromination
of phenylecarbamoyl derivative I in ether in the presence of sodium bicarbonate. Dibromo derivative VII
was isolated when the amount of bromine was increased to 2 g-equivalent, On the basis of the results of
elementary analysis and the IR and PMR spectra, in which, in contrast to the spectrum of monosubstituted
derivative V, the absorption band of the C,~H bond and the signal of the proton attached to C, are absent,
the N~-exo-4-bromophenylcarbamoyl-3-phenylisopropyl-4-bromosydnoneimine structure (VII) was assigned
to this compound. A dibromo derivative (VIII) of similar structure was obtained by bromination of exo-
carbamoyl derivative III under the same conditions.

The action of a large excess of bromine on I in ether in the presence of NaHCO; gives a tribromo
derivative (IX). As in the spectra of VII and VIII, the signal of a proton attached to C, is absent in the PMR
spectrum of this compound, whereas the signal of protons of a phenylisopropyl grouping appears as a sin-
glet, and this indicates the absence of substituents in this ring (Table 1). The resonance signals of the aro-
matic protons of the exocyclic group are situated at weaker field and couple with one another with char-
acteristic SSCC, which make it possible to conclude that the bromine atoms are in the ortho and para posi-
tions of the benzene ring (Fig. 1). An interesting feature of the PMR spectrum of IX is the long-range
spin—spin coupling of hydrogen atom 6 of the phenylcarbamoyl group with the NH proton (J=1.42 Hz). When
a sample of this compound (solution in d;~DMSO) is shaken with a small amount of heavy water, the signal
from this proton vanishes as a result of rapid exchange of the proton of the NH group by deuterium, and
the signal of the 6-H proton is converted to a doublet (Jy . =8.80 Hz). All of this provides a basis for
the assertion that the tribromo derivative is N—exo—z,4—cﬁb§'omophenylcarbamoyl-3-phenylisopropy1-4-
bromosydnoneimine (IX).

Thus the nucleophilic activity of the C, atom of the sydnoneimine ring is lower in this reaction than
that of the phenyl group of the exocyclic grouping. This shows up most distinctly when bromination is
carried out in acetic acid, in which the formation of a cationic form of the molecule is possible.

In contrast to bromination, we were never able to obtain substitution products involving the carbon
atom of the sydnoneimine ring in the nitration of sydnoneimine I and its analogs,

Substitution did not occur when I was treated with a mixture of nitric and acetic acids at room tem-
perature, i.e., under the conditions of nitration of sydnones containing a carbonyl group in place of the
carbamoyl group. Only the nitrate of exo-carbamoyl derivative I was isolated. Similar results were ob~
tained in the nitration of N-exo-phenylcarbomyl derivatives of 3-phenylethyl- (X) [4] and 3-(3',4'-dimethoxy~-
phenyl)ethylsydnoneimine (XI) [5] under these conditions. The nitration of I under more severe conditions
with a mixture of nitric and sulfuric acids gave a bright-yellow substance (XII), which, according to the
results of elementary analysis, contains three nitro groups. The PMR spectrum of nitro compound XII
contains a complex multiplet of eight protons at 7.4~8.8 ppm. A detailed analysis of this portion of the
spectrum enabled us to establish that one of the nitro groups is in the para position of the phenylisopropyl
grouping (the aromatic 2-H, 3-H, 5-H, and 6-H protons form an AB system with the SSCC characteristic
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Fig. 2. PMR spectrum of nitro compound XII,

for this system), whereas the other two nitro groups are in the ortho and para positions of the carbamoyl
group (Fig. 2). In this case we did not observe splitting of the signal of the 6~H proton as a result of cou~
pling with the NH proton, and this is evidently associated with the nature of the substituent attached to the
benzene ring.

The data from the IR spectra and the results of nitration of analogs of sidnokarb serve as a confirma-
tion of the proposed structure of nitration product XII. Mononitro derivative XIII, for which, according to
the PMR spectra, the presence of a nitro group in the para position of the benzene ring was unambiguously
demonstrated, was isolated from the reaction of nitrosylsulfuric acid with II. Nitration of sydnoneimine
III under these conditions gave dinitro derivative X1V, which, according to the PMR spectral data, contains
nitro groups in the ortho and para positions of the phenyl substituent of the exocyclic group.

Thus we did not detect products of nitration of the sydnoneimine ring in a single case, and this is
probably due to the sharp reduction of the nucleophilic activity of the entire molecule and, first and fore-
most, of the carbon atom of the heterocyclic ring in strongly acidic media due to protonation of the exo-
cyclic nitrogen atom of the heteroring.

In order to introduce a single nitro group in the sidnokarb molecule we accomplished the direct syn~
thesis of XV with a nitro group in the para position of the pheny! ring of the phenylisopropyl substituent
starting from p-nitrophenylisopropylamine via the generally accepted scheme. Similarly, the N-exo-
phenylcarbamoyl derivative of 3-(p-nitrophenylethyl)sydnoneimine (XVIII) was synthesized through the
appropriate p-nitrophenylethylsydnoneimine hydrochloride (XVII). The data from the PMR spectra of
mononitro derivatives XV and XVIII once again confirmed the correctness of the proposed structure of
the products of nitration of I and its analogs. Compound XVIII was converted to the corresponding amino
derivative (XIX) by reduction with iron in alcohol,

EXPERIMENTAL

The PMR spectra of d;~DMSO solutions of the compounds were recorded with a Varian HA-100D
spectrometer with hexamethyldisiloxane as the internal standard. The IR spectra of KBr pellets of the
compounds were recorded with a UR-10 spectrometer,

3-(p-Nitrophenylisopropyl)sydnoneimine Hydrochloride (XVD. A solution of 5.0 g (0.023 mole)
of p~nitrophenylisopropylamine hydrochloride in 25 ml of water was treated with 1.54 g (0.023 mole) of
KCN and 2.16 g (0.023 mole) of formalin at 5°, after which the mixture was stirred for 3 h and extracted
with ethyl acetate. The solvent was removed from the extract by distillation, and the residue was diluted
with 15 ml of water and acidified to pH 2-3 with concentrated HC1. A solution of 1.62 g (0.023 mole) of
NaNO, in 5 ml of water was added to the resulting acidic solution at 5°, after which the mixture was stirred
for 2 h and extracted with ethyl acetate. The extract was dried and treated with an alcohol solution of HC1
to give 0.7 g of hydrochloride XVI with mp 158-159° (from alcohol~ether). Found: C 46.7; H 5.0; C1 12.2;
N 19.5%. C;H;,N,05-HCL. Calculated: C 46.4; H 4.6; C1 12.1; N 19.7%.

3- (p~Nitrophenylethyl)sydnoneimine Hydrochloride (XVII). A solution of 2.35 g (0.013 mole) of p-
nitrophenylethylamine hydrochloride in 5 ml of water was treated with 0.86 g of KCN and 1.2 g of formalin
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at 5° and pH 3. After 3 h, the liberated oil was extracted with ether, and the extract was dried and treated
with an ether solution of HC1 to give 0.6 g of p-nitrophenylethylaminoacetonitrile hydrochloride with mp
182-185° (from alcohol), Found: Cl 14.1%. CyH;;N;O,-HCl. Calculated %: C1 14.7%. A solution of 0.23 g
of NaNO, in 5 ml of water was added at 2-3° to a solution of the hydrochloride in 50 ml of aqueous HCI solu-
tion; after 2 h, the mixture was extracted with ether to give 0.25 g of N-nitroso (p-nitrophenylethylamino)-
acetonitrile with mp 72-74° (from alcohol). Found: N 23.8%. C;(N;(N,O;. Calculated %: N 23.9%. A 0.25¢g
sample of the latter was treated with 15 ml of an alcohol solution of HCI to give 0.2 g of hydrochloride XVII
with mp 177-179° (from methanol—ether). Found: C 44.7; H 4.1; C1 13.5; N 20.8%. CH;(N,O;°HCI. Cal-
culated %: C 44.6; H 4.1; C1 13.2; N 20.7%. :

N-exo-Carbamoyl Derivatives of Sydnoneimines (II, III) (Table 1). A solution of 0.1 mole of sydnone-~
imine hydrochloride in 500 ml of dry pyridine was treated with 0.1 mole of isocyanate (methyl isocyanate
was used in the form of a solution in CCl,). The next day, the mixture was poured into water, and the pre~
cipitated product was recrystallized from alcohol. Compound II was obtained in isopropyl alcohol in the
presence of anhydrous sodium acetate and was purified by recrystallization from water,

Bromination of N-exo-Carbamoylsydnoneimines I-III (Table 1). A) In acetic acid. A solution of 0.2
ml (5 mmole) of bromine in 5 ml of CH;COOH was added at 20° to a solution of 1 g (4 mmole) of I in 156 ml
of glacial acetic acid at 20°. The next day, the mixture was vacuum evaporated to give hydrobromide VI,
which was crystallized from alcohol. Compounds I and III were similarly brominated. The bases were iso~
lated by the action of NaHCO, on the hydrobromides. ‘ '

B) In ether. A 1.47 ml (0.03 mole) sample of bromine was added at 2-3° to a mixture of 7.5 g (0,024
mole) of T and 9 g of NaHCO; in 45 ml of ether. After 2 h, the mixture was filtered, and monobromo deriva-
tive was isolated from the filtrate. Tribromo derivative IX was similarly obtained by the action of 7.5 ml
(0.15 mole) of bromine. The products were purified by recrystallization from alcohol.

A suspension of 6.44 g (0.02 mole) of sydnoneimine I and 8.2 g (0.1 mole) of fused sodium acetate in
200 ml of ether was heated to the boiling point and treated with a solution of 2.6 ml (0.053 mole) of bromine
in 8 ml of chloroform. The mixture was then refluxed for 3 h, and precipitated dibromoderivative VII was
removed by filtration, washed with water and alcohol, and crystallized from alcohol.

Nitration of N-exo~Carbamoylsydnoneimines., A) With a mixture of nitric and acetic acids. A solu-
tion of 0.23 ml of HNO; (sp. gr. 1.5) in 3 ml of glacial acetic acid was added at ~20° to a solution of 2 g of
Iin 5 ml of glacial acetic acid. After 2 h, the precipitate was removed by filtration to give 1,7 g of the
nitrate of sidnokarb I with mp 149-150° (from alcohol). Found: C 55.8; H 5.0; N 18.3%. C3H;;N,O,° HNO,.
Calculated: C 56.2; H 4.9; N 18.2%. Nitrate X HNO;, with mp 154-155° (from alcohol), was similarly ob-
tained. Found: C 55.0; H 4.7; N 18.7%. C;H{;N,O,*HNO4. Calculated: C 55.1; H 4.6; N 18.9%. Nitrate
X1+ HNO,, with mp 188-189° (from alcohol), was also similarly obtained. Found: C 53.2; H 4.5%. C;9H;)N,O,*
HNO,, Calculated: C 52.8; H 4.9%.

B) With a mixture of nitric and sulfuric acids. A 1.5-ml sample of HNO; (sp. gr. 1.5) was added drop-
wise at —15° to a suspension of 6 g of I in 15 ml of concentrated H,80,. After 3 h, the mixture was poured
into 500 ml of ice water, and the resulting precipitate was removed by filtration and washed successively
with water, 5% ammonium hydroxide, and water. The nitro compound obtained (XII, Table 1) was crys-
tallized from glacial acetic acid. Compounds II and IIl were nitrated under similar conditions.

N-exo~Phenylcarbamoyl-3- (p~aminophenylisopropyl)sydnoneimine Dihydrochloride (XIX). Iron filings
(2.2 g) were added to a solution of 2 g (6 mmole) of XVIII, 0.1 g of NH,C1, and one drop of concentrated
HCI in 15 ml of 907 ethanol. At the end of the vigorous reaction, the mixture was refluxed for 1.5 h and
filtered. The filtrate was evaporated to dryness, and the residue was dissolved in 20 ml of 50% alcohol,
The alcohol solution was treated with concentrated NaOH and extracted with CHCI;. The solvent was
evaporated, and 15% HCI was added to the residue to give dihydrochloride XIX, which was repre-
cipitated from alcohol solution by the addition of ether.
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