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Depending on the c h a r a c t e r  of the subst i tuents  and the reac t ion  conditions, the bromina t ion  
of N - e x o - c a r b a m o y l  de r iva t ives  of sydnoneimines  may  proceed  in the he te rocycl ic  r ing and 
(or) in the phenyl r ing of the exocycl ic  subst i tuent .  Ni t ra t ion p roceeds  only in the phenyl 
r ings  of the subst i tuents .  

Physiological ly  act ive and medic inal  subs tances  a re  found among N-exo-cyc l ic  der iva t ives  of sydnone- 
imines  [1-3], but insufficient  study has been  devoted to the c h e m i s t r y  of these  compounds.  In pa r t i cu la r ,  
e lec t rophi l ic  subst i tut ion reac t ions  at the qua te rna ry  ca rbon  a tom of the he te rocycl ic  r ing have rece ived  
li t t le study. These  reac t ions  take on specia l  in te res t  when subst i tuents  containing a phenyl group a re  p r e s -  
ent in the 3 posi t ion of the r ing and the exocycl ic  n i t rogen atom, inasmuch as the phenyl ring may  also  
undergo e lec t rophi l ic  at tack.  

We have studied the b romina t ion  and ni t ra t ion of N-pheny lca rbamoyl -3 -pheny l i sopropy lsydnone imine  
(I) - the new medic ina l  p r epa ra t i on  "s idnokarb"  [1] - and of i ts  analogs - N - e x o - m e t h y l c a r b a m o y l - 3 - p h e n y l -  
i sop ropy l -  (II) and N-exo-pheny lca rbomoyl -3 -me thy l sydnone imine  {III) [4, 5]. 

The b romina t ion  of some N - e x o - c a r b a m o y l  de r iva t ives  of sydnoneimines  was prev ious ly  descr ibed  
in [6], but the s t r u c t u r e s  of the compounds obtained in this case  were  not es tab l i shed  sufficiently c lear ly .  

R--N--C--R' / . \  n..5~=nco~'.-~" 

I -XV. XVIII. XIX 

I R=C~HsCH2(CH3)CH, R'=H, R'=C6Hs; II R=CsHsCH2(CH3)CH, R'=H, R'=CH3; 
Ill R=CHs, R'=H, R"=CeH~; IV R=C6H~CH2(CHa)CH, R'=Br, R'=CHa; V R= 
=C~HsCH2(CH3)CH, R'=H, R"=4-BrC6H,; VI R=CH3, R'=H, R"=4-BrC6Hr VII R= 
=C6HsCH2(CH3)CH, R'=Br, R"=4-BrC6H4; VIII R=CH3, R"=4-BrC6H4, R'=Br; IX R= 
=C6H~CH2(CHa)CH, R'=Br, R"=2,4-Br2C6Ha; X R=CsHsCH2CH2, R'=H, R"=C6Hs; 
XI R=3,4-(CHaO)2C6H3CH2CH> R'=H, R"=C6Hs; XII R=4-NO2C~H4CHs(CHs)CH, R'=H, 
R"=2,4-(NO2)2CsH3; XIII R=4-NO~C6H4CH2(CHs)CH, R'=H, R'=CHz; XIV R=CHs, 
R'=H, R"=2,4-(NO~)2C6Hs; XV R=4-NO2C6H4CH2(CH3)CH, R'=H, R"=C6Hs; XVIII R= 
=4-NO_oC6H,CHeH~CH2CH2, R'=H, R"=C6Hs; XIX R=4-NH2C6H4CH2CH2, R'=H, R'= 

= C6H~ 

The act ion of b romine  on N - e x o - m e t h y l c a r b a m o y l  der iva t ive  II in glacial  acet ic  acid gave mono-  
b romo der iva t ive  I-V, which was isolated as the hydrobromide .  The absence  of the signal of a proton a t -  
tached to Ct in the PMR s pec t rum  and of the absorpt ion  band of a C t - H  bond in the IR spec t rum of the 
product ,  as well  as the identical  c h a r a c t e r  of the s inglets  of the protons  of the benzene ring in the PMR 
s p e c t r a  of IV and II, indicate that the b romine  a tom in monobromo der ivat ive  IV is in the 4 posi t ion of the 
he te rocycl ic  ring. 

Monobromo der iva t ives  V and VI were  also isolated in the f o r m  of the hydrobromides  in the b r o m i n a -  
tion, under  the same  conditions, of I and III, which contain a phenylcarbamoyl  substi tuent,  but the bromine  
a tom in them was found to be in the p a r a  pos i t ion  of the benzene r ing of the exocycl ic  group. This was 
es tab l i shed  unambiguously by means  of the PMR spec t ra :  the PMR s p e c t r a  of b romo  der iva t ive  V and 
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HS 

J~ ortho 
3.sHs= S,SO Hz 
] J.6,H =I,42 Hz 
,.~.d~-DMSO +D20 

N - N  

1 , 
i 

8,03 7,92 7~,70 

H6[~ 43 m e t a  

-~H~Hs-- 2,'~o Hz 

HS 

ortho .. [ 1 3H5"6 =~'eO nz  

i 
7,~3 ppm 

Fig. 1. PMR spec t rum of IX. 

s ta r t ing  I contained a s inglet  of protons  of the benzene ring of the phenyl isopropyl  grouping, whereas  the 
protons  of the pheny lca rbamoyl  group give a spec t rum of the AB type with the s p i n - s p i n  coupling constants  
(SSCC) c h a r a c t e r i s t i c  for  p - subs t i tu t ed  benzenes  (Table 1). Compound V was also obtained by bromina t ion  
of pheny lca rbamoyl  der iva t ive  I in e the r  in the p r e sence  of sodium bicarbonate .  Dibromo der iva t ive  VII 
was isolated when the amount of b romine  was inc reased  to 2 g-equivalent .  On the bas i s  of the resu l t s  of 
e l e m e n t a r y  ana lys i s  and the IR and PMR spec t ra ,  in which, in con t ras t  to the spec t rum of monosubst i tu ted 
der iva t ive  V, the absorp t ion  band of the C 4 - H  bond and the signal of the pro ton  at tached to C 4 are  absent,  
the N - e x o - 4 - b r o m o p h e n y l c a r b a m o y l - 3 - p h e n y l i s o p r o p y l - 4 - b r o m o s y d n o n e i m i n e  s t ruc tu re  (VII) was ass igned 
to this compound. A dibromo der iva t ive  (VIII) of s i m i l a r  s t ruc tu re  was obtained by bromina t ion  of exo-  
ca rbamoy l  der iva t ive  Ili under  the s a m e  conditions.  

The act ion of a l a rge  excess  of b romine  on I in e the r  in the p r e sence  of NaHCO 3 gives a t r i b r o m o  
der iva t ive  (IX). As in the s p e c t r a  of VII and VIII, the signal of a pro ton  attached to C 4 is absent  in the PMR 
spec t rum of this compound, whereas  the signal of pro tons  of a phenyl isopropyl  grouping appea r s  as a s in-  
glet, and this indicates  the absence of subst i tuents  in this ring (Table 1). The resonance  s ignals  of the a r o -  
mat ic  pro tons  of the exocycl ic  group a re  s i tuated at weake r  field and couple with one another  with c h a r -  
ac t e r i s t i c  SSCC, which make it poss ib le  to conclude that  the bromine  a toms are  in the ortho and p a r a  pos i -  
t ions of the benzene ring (Fig. 1). An in teres t ing  fea ture  of the PMR s p e c t r u m  of IX is the long- range  
s p i n - s p i n  coupling of hydrogen a tom 6 of the phenylcarbamoyl  group with the NH pro ton  ( J  = 1.42 Hz). When 
a sample  of this compound (solution in d~-DMSO) is shaken with a smal l  amount of heavy water ,  the signal 
f r o m  this p ro ton  vanishes  as a resu l t  of rapid  exchange of the pro ton  of the NH group by deuter ium,  and 
the signal of the 6-H pro ton  is conver ted  to a doublet (JH H =8.80 Hz). All of this provides  a bas i s  fo r  

5 
the a s s e r t i o n  that the t r i b r o m o  der iva t ive  is N - e x o - 2 , 4 - ~ b r o m o p h e n y l c a r b a m o y l - 3 - p h e n y h s o p r o p y l - 4 -  
b romosydnone imine  (IX). 

Thus the nucleophilic act ivi ty of the C 4 a tom of the sydnoneimine ring i s  lower  in this reac t ion  than 
that  of the phenyl group of the exocycl ic  grouping. This shows up mos t  dist inct ly when bromina t ion  is 
c a r r i e d  out in acet ic  acid, in which the fo rma t ion  of a cationic f o r m  of the molecule  is poss ib le .  

In con t ra s t  to brominat ion ,  we were  neve r  able to obtain subst i tut ion products  involving the ca rbon  
a tom of the sydnoneimine ring in the n i t ra t ion of sydnoneimine I and its analogs.  

Substitution did not occur  when I was t r ea t ed  with a mix ture  of ni tr ic  and acet ic  acids at room t e m -  
p e r a t u r e ,  i .e. ,  under  the conditions of n i t ra t ion of sydnones containing a carbonyl  group in place  of the 
ca rbamoy l  group.  Only the n i t ra te  of e x o - c a r b a m o y l  der iva t ive  I was isolated.  S imi lar  r esu l t s  were  ob- 
tained in the n i t ra t ion  of N-exo-pheny lca rbomyl  der iva t ives  of 3-phenylethyl-  (X) [4] and 3 - (3 ' , 4 ' - d ime thoxy-  
phenyl)ethylsydnoneimine ~ I )  [5] under  these  conditions. The ni t ra t ion of I under  m o r e  s eve re  conditions 
with a mix tu re  of ni t r ic  and sulfuric  acids gave a b r igh t -ye l low substance  {XII), which, according to the 
resu l t s  of e l e m e n t a r y  analys is ,  contains th ree  ni t ro  groups .  The PMR spec t rum of n i t ro  compound XII 
contains a complex  mul t ip le t  of e ight  protons  at 7.4-8.8 ppm.  A detai led analys is  of this por t ion  of the 
spec t rum enabled us to es tab l i sh  that  one of the ni t ro groups is in the p a r a  posi t ion of the phenyl isopropyl  
grouping (the a r o m a t i c  2-H, 3-H, 5-H, and 6-H pro tons  f o r m  an AB s y s t e m  with the SSCC cha rac t e r i s t i c  

1 0 4 3  



H6 "H s H 6 ^ H$ 

meta I c'H ~i~2;~:tho:ortho ~l~ ' 's 
.TH~ 2,~oHz II . 1 I ~H~ = % H S '  I 1 

" ~ ' ~  H ,Jl I ortho 
I : J~6 J~Hs or~ho ~ orthJ"3"2 = , 

l " j tl 

I I i I I I i 

8p70 8 , ~  8 t388, '34 8,11 7~47 ppm 
�9 % 

Fig. 2. PMR spec t rum of ni t ro compound XII. 

fo r  this sys tem) ,  whereas  the other  two ni t ro  groups are  in the ortho and p a r a  posi t ions  of the ca rbamoy l  
group (Fig. 2). In this case  we did not obse rve  spli t t ing of the signal of the 6-H proton as a resu l t  of cou-  
pling with the NH proton,  and this is evidently assoc ia ted  with the nature  of the subst i tuent  at tached to the 
benzene ring. 

The data f r o m  the IR spec t r a  and the resu l t s  of n i t ra t ion of analogs of s idnokarb se rve  as a con f i rma-  
tion of the proposed  s t ruc tu re  of ni t ra t ion product  XII. Mononitro der ivat ive  XIII, fo r  which, according to 
the PMR spec t ra ,  the p r e s ence  o f  a ni t ro group in the p a r a  posi t ion of the benzene ring was unambiguously 
demonst ra ted ,  was isolated f r o m  the reac t ion  of n l t rosy lsu l fur ic  acid with II. Nitrat ion of sydnoneimine 
III under  these conditions gave dinitro der ivat ive  XIV, which, according to the PMR spec t ra l  data, contains 
ni t ro  groups in the ortho and p a r a  posi t ions  of the phenyl substi tuent  of the exocycl ic  group. 

Thus we did not detect  products  of n i t ra t ion of the sydnoneimine ring in a single case ,  and this is 
p robab ly  due to the sharp  reduct ion of the nucleoph[lic act ivi ty of the ent i re  molecule  and, f i r s t  and f o r e -  
mos t ,  of the ca rbon  a tom of the he te rocycl ic  ring in s t rongly acidic media  due to protonat ion of the exo-  
cyclic  n i t rogen a tom of the he teror ing .  

In o r d e r  to introduce a single ni tro group in the s idnokarb molecule  we accompl ished  the d i rec t  syn-  
thes i s  of XV with a ni t ro  group in the p a r a  posi t ion of the phenyl ring of the phenyl isopropyl  subst i tuent  
s ta r t ing  f r o m  p-n i t rophenyl i sopropylamine  via the genera l ly  accepted  scheme.  Similar ly ,  the N-exo-  
phenylcarbamoyl  der iva t ive  of 3- (p-ni t rophenyle thyl )sydnoneimine  (XVIID was synthesized through the 
appropr ia te  p-ni t rophenyle thylsydnoneimine  hydrochlor ide  (XVII). The data f r o m  the PMR spec t ra  of 
mononi t ro  de r iva t ives  XV and XVIII once again conf i rmed  the c o r r e c t n e s s  of the p roposed  s t ruc tu re  of 
the products  of n i t ra t ion of I and its analogs.  Compound XVIII was conver ted  to the cor responding  amino 
der iva t ive  (XIX) by reduct ion with i ron 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 (XVl). 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 HCI. A solution of 1.62 g (0.023 mole) of 
NaNO 2 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 XVl with mp 158-159 ~ (from alcohol--ether). Found: C 46.7; H 5.0; Cl 12.2; 
N 19.5%. C11HI2N403. HCI. 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 l iberated oil was extracted with ether,  and the extract  was dried and t reated 
with an e ther  solution of HC1 to give 0.6 g of p-ni t rophenylethylaminoacetoni tr i le  hydrochloride with mp 
182-185 ~ (from alcohol). Found: C1 14.1%. C~0HllN302. HC1. Calculated %: C1 14.7%. A solution of 0.23 g 
of NaNO 2 in 5 ml of water  was added at 2-3 ~ to a solution of the hydrochloride in 50 ml of aqueous HC1 solu- 
tion; af ter  2 h, the mixture was extracted with e ther  to give 0.25 g of N-nitroso(p-~nitrophenylethylamino)- 
acetonitr i le  with mp 72-74 ~ (from alcohol). Found: N 23.8%. CIoN10N403. Calculated %: N 23.9%. A 0.25 g 
sample of the la t te r  was t reated with 15 ml of an alcohol solution of HC1 to give 0.2 g of hydrochloride XVII 
with mp 177-179 ~ (from me thano l - e the r ) .  Found: C 44.7; H 4.1; C1 13.5; N 20.8%. C10Ht0N403"HC1. 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 ofsydnone-  
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 CC14). The next day, the mixture was poured into water ,  and the p r e -  
cipitated product  was recrys ta l l i zed  f rom alcohol. Compound II was obtained in isopropyl alcohol in the 
presence  of anhydrous sodium acetate and was purified by recrys ta l l iza t ion  f rom water.  

Bromination of N-exo-Carbamoylsydnonelmines  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 15 ml 
of glacial  acetic acid at 20 ~ The next day, the mixture was vacuum evaporated to give hydrobromide VI, 
which was c rys ta l l ized  f rom alcohol. Compounds I and III were s imi lar ly  brominated.  The bases  were iso-  
lated by the ac t ion  of NaHCO 3 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 I and 9 g of NaHCO 3 in 45 ml of e ther .  After  2 h, the mixture was filtered, and monobromo der iva-  
tive was isolated f rom the fil trate.  T r ib romo derivative IX was s imi lar ly  obtained by the action of 7.5 ml 
(0.15 mole) of bromine.  The products  were purified by recrys ta l l iza t ion  f rom 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 t reated 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 dibromoderivat ive VII was 
removed by filtration, washed with water  and alcohol, and crys ta l l ized f rom alcohol. 

Nitration of N-exo-Carbamoylsydnoneimines .  A) With a mixture of nitric and acetic acids. A solu- 
tion of 0.23 ml of HNO 3 (sp. gr .  1.5) in 3 ml of glacial acetic acid was added at ~ 20 ~ to a solution of 2 g of 
I in 5 ml of glacial  acetic acid. After  2 h, the precipi tate  was removed by fil tration 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%. C18HlsNtO 2" HNO 3. 
Calculated: C 56.2; H 4.9; N 18.2%. Nitrate X'HNO3, with mp 154-155 ~ (from alcohol), was s imi lar ly  ob- 
tained. Found: C 55.0; H 4.7; N 18.7%. C17HI6N402" HNO 3. Calculated: C 55.1; H 4.6; N 18.9%. Nitrate 
XI �9 HNO 3. with mp 188-189 ~ (from alcohol), was also s imilar ly  obtained. Found: C 53.2; H 4.5%. C19H10N404" 
HNO 3. Calculated: C 52.8; H 4.9~o. 

B) With a mixture of nitric and sulfuric acids.  A 1.5-ml sample of HNO 3 (sp. gr.  1.5) was added drop- 
wise a t - 1 5  ~ to a suspension of 6 g of I in 15 ml of concentrated H2SO 4. After  3 h, the mixture was poured 
into 500 ml of ice water,  and the result ing precipi ta te  was removed by fi l tration and washed success ively  
with water,  5% ammonium hydroxide, and water.  The nitro compound obtained (XII, Table 1) was c r y s -  
tallized f rom glacial  acetic acid. Compounds II and III were nitrated under s imi la r  conditions. 

N-exo-Phenylcarbamoyl-3-{p-aminophenyl isopropyl)sydnoneimine Dihydrochloride (XIX). I ron filings 
(2.2 g) were added to a solution of 2 g (6 mmole) of XVIII, 0.1 g of NH4C1, and one drop of concentrated 
HC1 in 15 ml of 90~c ethanol. At the end of the vigorous reaction, the mixture was refluxed for  1.5 h and 
fil tered. The fi l trate was evaporated to dryness ,  and the residue was dissolved in 20 ml of 50% alcohol. 
The alcohol solution was t reated with concentrated NaOH and extracted with CI-IC13. The solvent was 

evaporated, and  15% HC1 was added to the residue to give dihydrochloride XIX, which was r e p r e -  
cipitated f rom alcohol solution by the addition of ether.  
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