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Sydnone imines and the i r  acyl der ivat ives  have been synthesized f rom e-aminocapro ic  
acid and its c loses t  analogs. The possibi l i ty has been shown of the exis tence of internal  
salts in these sydnone imines and the impossibi l i ty  of the format ion of "betaine s t ruc -  
t u r e s "  in the i r  aeyl der ivat ives .  

Continuing work on the sea rch  for  biologically active substances among sydnonyl der ivat ives  of amino 
acids [1, 2] we have synthesized sydnone imine der ivat ives  f rom the c loses t  analogs of e -aminocapro ic  acid. 
The condensation of potass ium 6-aminovalera te  with the sodium bisulfite derivat ive of formaldehyde and 
potass ium cyanide yielded (6-carboxybutyl)aminoacetoni t r i le  which, without isolation, was converted by 
t r ea tmen t  with sodium nitr i te  and hydrochlor ic  acid into 3-(4-carboxybutyl)sy~dnone imine hydrochloride (Ia). 
Similarly,  3-(6-carboxyhexyl)sydnone imine hydrochlor ide (Ib) was synthesized f rom r acid. 
In the prepara t ion  of 3-(4-carboxybenzyl)sydnone imine hydrochlor ide (Ic) f rom p-aminomethylbenzoic  acid 
it was possible to isolate the intermediate  N-(4-carboxybenzyl ) -N-ni t rosoaminoace toni t r i le .  

H O O C - - X - - N ~ C H  - O O C - - X - - N - - C H  
+ I + - I + t + 

I a - c  II 

a X=(CH2)4; b X=(CH2)6; c X=p-C6H4Cll.; d X=(cH~)s 

In the UV spec t ra  of the hydrochlor ides  (Ia) and (Ib), and also in the hydrochlor ide of 3- (5-carboxy-  
pentyl)sydnone imine (Id), descr ibed previously  [1], in addition to the absorpt ion in the 290-300-nmregion  
charac te r i s t i c  for  these he terocyeles  we observed a second s t rong absorpt ion maximum at 200-205 nm. 
These bands are  also p resen t  in the spec t rum of the hydrochlor ide (Ic), in addition to a third band usually 
observed for  sydnone imines containing aryl  groups.  The intense shor t -wave maximum is apparently gen- 
e ra l ly  cha rac te r i s t i c  for  sydnone imines,  as has been shown for  a whole s e r i e s  of examples .*  

In the 1500-1800-crn-1 region, the IR spec t ra  of the compounds obtained have, in addition to the absorp-  
tion bands cha rac t e r i s t i c  for  sydnone imines,  a strong carbonyl  band of a carboxy group (1710-1722 cm-~). 

By analogy with the internal  salt  (IId) descr ibed  previously,  the careful  action of sodium bicarbonate 
on (Ia) and (Ic) yielded the i r  internal  salts  (IIa) and (IIe). An at tempt to isolate the analogous compound in 
the crys ta l l ine  state for  (Ib) was unsuccessful .  

The IR spec t ra  of the internal  salts  (IIa, e, d), in cont ras t  to the spec t ra  of the corresponding hydro-  
chlor ides ,  show a shift in the 5~H absorpt ion band in the shor t -wave di rec t ion by 40-50 cm -1 and the ap- 

2 
pearance  in place of the high-frequency band of the carboxy group of an absorpt ion band of the carbonyl  of 
a carboxylate  anion (1540-1550 cm-1). The VC= N and VC4_H absorpt ion f requencies  sca rce ly  change. 

The UV spec t ra  of the "betaines" (IIa) and (Lid) are prac t ica l ly  identical with the spec t ra  of the hydro-  
chlor ides ,  and only in the internal  salt  (IIc) is there  a small  bathochromic shift (18 nm) of the long-wave 
maximum (see Table 1). It may be concluded f rom this that, apparently,  the nature of the anion has p rac -  

*A detailed investigation of this question will be the subject  of a special  communicat ion.  
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TABLE 1. Spec t ra l  C h a r a c t e r i s t i c s  of Sydnone Imine  D e r i va t i ve s  

IR spectrum, v, cm-t UV spectra 

~.~ 

la 
Ib 
Ic 
id 

lla 
Ilb 
IIe 

llla 
IIIa* 
IIIb 
IIIb* 
IllC 
IIld 
IIIe 
II~. 
IIIf 
IV 
IV* 

* H  

g 

16801 I -- 1578 17221-- -- 300 -- 
1690 --  11580 1710i3180 -- 296 
16801 -- 11589 171413170i -- 285 225 
1680 --  j15901 1722i31301 -- 296 
16981 --  1620 -- 13150:15551298 
16901 -- 1640 -- 13180 1550!303 2~5 

.1695 -- 1640 --  3110i 1540 298 
1570 16321 -- 11718!31641 -- 326 ~-3 
1616 1739i1540t1710131601 --  330 243 
1577 1605 -- 1728131361 -- 340 260 
1617 17421154011720131531 - 340 260 
1585 1645 t --1170013170 -- 330 235 
1595 1660] --1169513205 [ 343 260 
1570 1640] --  1690i -- 340 260 
1615 1722 156 ~ 17151 - -  I 340 260 
1590 1622] --]1697131401 346 262 225 
i559 16381 - - I  - -  ! - -  ' - -  312 2 3 6  

1627 1756[1574[ - -  ! - -  - -  

in ethanol 

205 3,87 
2001 3,62 
199] 3,85 
200b 3,91 
206 3,81 
204 3,80 
205 3,59 
198 4,00 
198 4,06 
200 4,32 
203 4,25 
198 3,78 
203 -- 
203 4,61 
200 4,61 
203 3,95 
- -  4,16 

,d rochlor ide  

- -  3,91 
3,82 

4-~4 4,48 
3,91 

4-30 3,82 4,61 
3,65 

3,65 3,52 
3,85 3,50 
4 O0 4,10 
3198 3,96 
3,87 3,34 

4[-00 4.32 
4,00 4.32 

4,15 3.95 4,28 
3.82 -- 

at pH 1 

~max, r i m  

2 9 8 s h  210 201 

2 9 8  240 203 

305 243 202 
293 203 
293 2"~ 203 
310 240 205 
280 

t i ca l ly  no in f luence  on the e l e c t r o n i c  s ta te  Of the exocyc l i c  bond and of the whole r ing .  The in f luence  of the 
an ion  can  be shown when a ca rboxy  group is  r ep l aced  by a ca rboxy la te  group a p p a r e n t l y  only if they a re  
p r e s e n t  in  a subs t i t uen t  in  pos i t ion  3 in  suf f ic ien t  p rop inqu i ty  to the sydnone i m i ne  r ing ,  i .e . ,  when t h e e l e c -  
t r o n i c  effect  of th is  t e r m i n a l  g roup  can be e x e r t e d  to a c o n s i d e r a b l e  ex ten t .  In  v iew of this ,  it  b e c o m e s  
u n d e r s t a n d a b l e  why on p a s s i n g  f r o m  the hydroch lo r ide  to the i n t e r n a l  sa l t  of 3 - (4 -hyd roxypheny l ) sydnone  
im ine  a c o n s i d e r a b l e  b a t h o c h r o m i c  shif t  (about 80 nm) of the a b s o r p t i o n  m a x i m a  in  the UV s p e c t r u m  is  
found [ 3]. 

F r o m  the h y d r o c h l o r i d e s  of the sydnone i m i n e s  we syn thes i zed  t he i r  exocyc l i c  N-de r iva t i ve s  (IIIa-f). 

HOOC--X--N--CII C4Hg--N--CH 
I + I I + 

m a-f my 

Ill a X=(CH2)5, R=CHs;b X=(CH2)5, R=C6H5; C X=(CH2)5, ]~=NH2; 

d X = ( C H 9 5  , R=C6115NH; e X=(CH2)6, R=C6Hs; f X~p-C6H4CH2, R=CeHsNH 

Although the b a s i c i t y  of the acyl  d e r i v a t i v e s  of the sydnone i m i n e s  is  low [4], one canno t  exclude a 
p r i o r i  the pos s ib i l i t y  of the ex i s t ence  of a "be ta ine  f o r m"  of a sydnone a c y l i m i n e  with a ca rboxy  group  in  
the subs t i t uen t  at pos i t i on  3, i .e . ,  a n ' i n t e r n a l  sa l t  of type (l-i). To inves t iga te  the p a r t i c i p a t i o n  of the c a r -  
boxyl  group in i n t e r n a l - s a l t  f o rma t ion ,  we r e c o r d e d  the IR and UV s p e c t r a  of al l  the exocyc l i c  d e r i v a t i v e s  
(lid obta ined .  3 - (5 -Ca rboxypen ty l ) sydnone  a c e t y l i m i n e  {Ilia) was s tudied  in  g r e a t e s t  deta i l .  If the sydnone 
imine  (Ilia) ex i s t ed  in  the f o r m  of an i n t e r n a l  sa l t ,  then,  with the excep t ion  of the a b s o r p t i o n  band  of the 
ca rboxy  group,  i ts  IR s p e c t r u m  should be c lose  to that  of the hydroeh lo r ide  or ,  for  example ,  to the s p e c -  
t r u m  of the hydroch lo r ide  of 3 -bu ty l sydnone  a c e t y l i m i n e  ( i V - b a s e )  [4]. However,  in  the 1500-1800-em-1  
r eg ion  of the IR s p e c t r u m  of (Ilia) t he r e  a re  t h ree  bands ,  two of which a re  c lose  in  f r equency  to the bands  
of the s p e c t r a  of compound  (IV),while the th i rd  r e p r e s e n t s  uC= O of a n o n d i s s o e i a t e d  ca rboxy  group.  The 
s p e c t r u m  of the hydroch lo r ide  of (Ilia) that  we obta ined  d i f fe r s  s u b s t a n t i a l l y  f r o m  the s p e c t r u m  of the base  
(ilia) and ,  with the excep t ion  of the addi t iona l  vC=o(COOH) band  co inc ides  a l m o s t  comple t e ly  with the s p e c -  
t r u m  of the hydroch lo r ide  of (IV), which con ta ins  th ree  a b s o r p t i o n  b a n d s .  

F o r  a c l e a r e r  a s s i g n m e n t  of the a b s o r p t i o n  bands  of the c a r b o n y l  g roups ,  we r e c o r d e d  the IR spec -  
t r u m  of the sod ium sa l t  of (IIIa). While the a b s o r p t i o n  band in  the 1632-cm -1 r eg ion  r e m a i n e d  unchanged,  
the band  at 1718 c m  - t  o b s e r v e d  in  (Ilia) was absen t  f r o m  the s p e c t r u m  of the sod ium sal t ,  which e n a b l e s  
th is  band  to be a s s i g n e d  to VC= 0 of the ca rboxy  group.  In  the IR s p e c t r a  of al l  the compounds  obta ined,  the 
vc4_ H a b s o r p t i o n  band  was c l e a r l y  o b s e r v e d  in  the 3110-3205-cm-1  r ange .  

We have a l so  o b s e r v e d  for  the f i r s t  t i m e a  s t rong  s h o r t - w a v e  m a x i m u m  in the UV s p e c t r a  of ([Ha) 
and o the r  a c y l i m i n e  d e r i v a t i v e s ,  j u s t  as in  the case  of the sydnone imine  h y d r o c h l o r i d e s .  The o the r  two 
m a x i m a  have pos i t i ons  c lose  to those  in  the s p e c t r u m  of compound (IV). If a "be ta ine"  s t r u c t u r e  were  r e -  
a l ized  in compound  (Ilia), by ana logy  with the i n t e r n a l  sa l t  (lid) i t s  IR s p e c t r u m  should be iden t i ca l  with 
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the spec t rum of the hydrochlor ide  (IIIa). However,  it is known that in ethanol the UV s p e c t r a  of the acy l -  
imine de r iva t ives  and their  hydrochlor ides  coincide because  of the ready solvolys is  of the l a t t e r  [4]. In 
actual  fact ,  the UV s p e c t r a  of (Ilia) and its hydroehlor ide ,  taken in ethanol, proved to be identical,  and only 
in 0.1 N HC1 did the s p e c t r a  of (IIIa) and of the other  compounds (Ill) differ  f r o m  the spec t r a  of the c o r r e -  
sponding bases .  Here ,  also,  c h a r a c t e r i s t i c  shor t -wave  m a x i m a  were  observed  (see Table 1). In o rde r  to 
exclude the influence of the solvents ,  the s p e c t r a  of (IIIa) and i ts  hydrochlor ide were  taken in tablets  of KCl 
and in paraf f in  oil - t h e y  differed f r o m  one another  and cor responded  to the spec t r a  of (IIIa) in ethanol and 
in 0.1 N HC1. 

Thus, it has been shown that  acyl de r iva t ives  of 3-(carboxyalkyl)sydnone imines  a re  incapable of f o r m -  
ing " internal  sa l t s . "  

E X P E R I M E N T A L  

The IR spec t r a  were  taken in a thin l aye r  of paraf f in  oil on a UR-10 ins t rument  and the UV s p e c t r a  
on an MRS-50L ins t rument  with a l ayer  th ickness  of 1 cm at a concentra t ion of 10 .4 M. 

3-(4-Carboxybutyl)sydnone Imine Hydrochlor ide  (Ia). To a mix ture  of 3 g {0.02 mole) of the hydro-  
chloride of (~-aminovaleric acid, 2.2 g {0.04 mole) of caust ic  potash, and 2.65 g {0.02 mole) of the sodium 
bisulfi te der iva t ive  of formaldehyde in 65 ml of wa t e r  a solution of 1.28 g (0.02 mole) of po ta s s ium cyanide 
in 10 ml  of wa te r  was added over  30 min.  The t e m p e r a t u r e  was r a i sed  to 40~ and the reac t ion  mix ture  
was s t i r r e d  for  3 h and was then cooled to 5~ and acidified with hydrochlor ic  acid (pH 5). The resul t ing 
solution was t r ea t ed  with a solution of 2 g {0.03 mole) of sodium ni t r i te  in 20 ml of wa te r  and was acidified 
fu r the r  to pH 2. Af ter  ex t rac t ion  with e ther ,  the ex t rac t  was dr ied with sodium sulfate and, at 3~ 20 ml of 
a 6 N e the rea l  solution of hydrogen chloride was added to it. The prec ip i ta te  that deposited was f i l te red  
off and was reprec ip i t a t ed  f r o m  methanol  with e the r .  This gave 1.6 g {37%) of the hydrochlor ide (Ia) with 
mp 146-147~ Found: C 38.2; H 5.5; N 19.0; C1 16.0%. CTHIIN303" HCI. Calculated: C 37.9; H 5.5; N 
19.0; Cl 16.0%. Internal salt (IIa). A solution of 0.5 g of the hydrochloride (la) in 1.5 ml of water was 
treated with 0.185 g of sodium bicarbonate, which gave 0.15 g (36%) of the salt (IIa) with decomp, pt. 122- 
123.5~ Found: C 43.4; H 6.0; N 21.6%. CTHIIN303. 0.5H20. Calculated: C 43.3; H 6.2; N 21.6%. 

The Hydroehloride of 3-(6-Carboxyhexyl)sydnone Imine (Ib) was syathesized in a similar manner to 
(la) starting from cc-aminoenanthic acid; yield 62%,decomp.pt.113-115~ Found: C 43.2; H 6.6; N 16.5; 
CI 14.0~0. CsHIsN303" HCI. Calculated: C 43.3; H 6.4; N 16.8; CI 14.2%. 

Hydrochloride of 3-(4-Carboxybenzyl)sydnone Imine (Ic). A solution of 3.96 g (0.06 mole) of potassium 
cyanide in 20 ml of water was added over 30 min to a mixture of 9.0 g (0.06 mole) of p-aminomethylbenzoic 
acid, 3.36 g (0.06 mole) of caustic potash, and 8.04 g (0.06 mole) of the sodium bisulfite derivative of form- 
aldehyde in 125 ml of water. After 3 h, the reaction mixture was acidified at 3-5~ With 15 ml of concen- 
trated hydrochloric acid to pH 3. After an hour, the precipitate that had deposited was filtered off, washed 
with water, and recrystallized from isopropanol. Yield 7,6 g (59%). 

N-(4-Carboxybenzyl)-N-nitrosoaminoaeetonltrile, mp 164-165~ Found: C 54.7; H 3.9; N 19.2%. 
CIoH~N309. Calculated: C 54.8; H 4.1; N 19.2%. A suspension of 7.6 g of the nitroso nitrile in 50 ml of 
absolute ethanol at 0~ was treated with 20 ml of a 6 N solution of hydrogen chloride in absolute ether. The 
solid matter dissolved, and after some time crystals deposited. The reaction mixture was diluted with 200 
ml of absolute ether and left at 5~ for a day. The precipitate was filtered off, washed with ether, and re- 
precipitated from methanol with ether. This gave 5.25 g (59%) of the hydrochloride (Ic), decomp, pt. 157- 
158~ Found: C 46.7; H 3.8; N 16.4; C1 13.8%. CI9HgN303" HCI. Calculated: C 47.0; H 3.9; N 16.4; CI 
13.9%. The internal salt (IIc). The hydrochloride (Ic) (1.28 g) and sodium bicarbonate (0.42 g) gave 0.55 g 
(50%) of a salt with mp 128-129~ (from ethanol). Found: C 54.6; H 4.2; N 19.3%. CIoHHgN303. Calculated: 
C 54.8; H 4.1; N 19.2~0. 

3-(5-Carboxypentyl)sydnone Acetylimine (ilia). A solution of 2.35 g of the hydroehloride (Id) in 20 ml 
of acet ic  anhydride was t r ea ted  with 0.85 g of sodium bicarbonate  at 3~ giving 1.23 g (51%) of (IIIa) with 
mp 154-155~ (from ethanol).  Found: C 49.5; H 6.2; N 17.0%. C10Ht5N30 t. Calculated:  C 49.8; H 6.2; N 
17.4~0. Hydrochloride,  decomp.p t .128-130~ (from isopropanol) .  Found: C1 12.8%. C10Hl~N304"HC1. Cal -  
culated: C1 12.87o. 

3-(5-Carboxypentyl)sydnone Benzoyl imine (IIIb) was obtained f r o m  the hydrochlor ide  (Id) and benzoyl 
chloride in the p re sence  of sodium bicarbonate ;  yield 4870, mp 171-t73~ (from isopropanol) .  Found: C 
59.1; H 5.7; N 13.8~0. C15HI7N304. Calculated:  C 59.4; H 5.6; N 13.8%. Hydrochloride,  mp 142-143~ 
Found: C 53.2; H 5.5; N 12.2; C1 10.4%. C15HHt7N304 �9 HC1. Calculated:  C 53.0; H 5.3; N 12.4; C1 10.4%. 
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3-(6-Carboxyhexyl)sydnone Benzoylimine (Hie) was synthesized similarly; yield 47~0, mp 82-83~ 
(from a mixture of ethyl acetate and hexane). Found: C 60.4; H 6.21 N 13.1%. Ci6H19N304. Calculated: C 
10.6; H 6.0; N 13.2%. Hydrochloride,decomp. pt. 138-139.5~ (from acetone)~ Found: C1 9.7%. C16HIgN304- 
HC1. Calculated: C1 10.0%. 

3-(5-Carboxypentyl)sydnone Carbamoylimine (IIIc). A solution of 1.18 g (0.005 mole) of the hydro- 
chloride (Id) and 0.39 g {0.0055 mole) of sodium cyanate in 30 ml of methanol was boiled for 3 h. After the 
mixture had cooled, the precipitate was filtered off, washed with water, and recrystal l ized from 3% aqueous 
methanol. Yield 0.47 g, decomp.pt.164-166~ Found: C 44.5; H 5.9; N 23.0~0. CgHi4N404. Calculated: C 
44.6; H 5.8; N 23.1~. 

3-(5-Carboxypentyl)sydnone Phenylearbamoylimine (Hid}. A mixture of 2 g (0.008 mole) of the hy- 
drochloride {Id) and 1.7 g (0.02 mole) of sodium acetate was treated with 1.07 g (0.009 mole) of phenyl iso- 
cyanate at 0~ After 2 h, the precipitate that had deposited was filtered off, washed with water, and re-  
crystallized from ethanol. Yield 0.46 g, decomp, pt.174.5-175~ Found: C 56,5; H 5.7; N 17.5%. C15HlsN404. 
Calculated: C 56.5; H 5.7; N 17.6%. 

3-(4-Carboxybenzyl)sydnone Phenylcarbamoylimine (IIIf) was synthesized similarly; yield 45%, de- 
comp. pt.193-195~ (fromethaaol). Found: C 60.1; H 4.1; N 16.170. C17Hi4N404. Calculated: C 60.4; H 4.2; 
N 16.6%. 
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