
E X P E R I M E N T A L  M E T H O D  

The PMR spect ra  of 25~ solutions of the compounds in CC1 a were recorded with an RYa-2305 spec t rom-  
e ter  (60 MHz). The IR spect ra  of 2-5-nm-thick layers  of the compounds were obtained with UR-20 and IKS- 
29 spec t romete r s .  

Analysis by GLC was car r ied  out with a Khrom-3 chromatograph with a f lame-ionizat ion detector  and a 
1.2-m-long column filled with 5% lucoprene G 1000 impregnated with porovina (Czechoslovakian SSR) at 190 ~ 
The molecular  weights were determined cryoscopical ly  in benzene. 

2-Hydroxyethylhydrazones (In-f). 2-Hydroxyethylhydrazine (1 mole) was added dropwise in the course  
of 1.5 h at 15 ~ with s t i r r ing to 1 mole of the ketone or  aldehyde, after  which the mixture was s t i r red  fo ranother  
h. It was than allowed to stand over  potassium carbonate for  12 h, after  which it was vacuum distilled in a - 
s t ream of nitrogen. 

Alkylidene(arylidene)aminooxazoles ([Ia-f). The 2-hydroxyethylhydrazone (1 mole) was added dropwise 
in the course  of 20 rain to a s t i r red  mixture of 30 g (1 mole) of paraformaldehyde and 50 ml of benzene, after 
which the. mixture was s t i r red  at 80 ~ for  1.5 h. It was then cooled and allowed to stand over  potassium ca r -  
bonate for 12 h, af ter  which it was vacuum fractionated in a s t ream of nitrogen with a rectif ication column 
with a glass  packing and an efficiency of 25 theoret ical  plates.  
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In contras t  to the 3-alkyl analogs, the heteror ing in 3-carboxyalkylsydnones is c leaved by the 
action of hydrogen chloride in alcohols.  The kinetics of the previously known alkaline cleavage 
of the ring in 3-carboxyalkylsydnones and sydnoneimines were studied by a spec t rophotomet r i c  
method. 

We have previously shown [1] that the carboxyl group and the heteror ing in 3-carboxyalkylsydnones ([) 
have a mutual effect on one another. The peculiari t ies  of the react ivi t ies  of these groups in the indicated com- 
pounds a re  set forth in the present  paper.  

In contras t  to sydnone-4-carboxyl ic  acids [2], which are  smoothly converted success ive ly  to acid chlo- 
r ides and ester ,  3-carboxymethylsydnone (in) does not react  with thionyl chloride.  Under the combined action 
of thionyl chloride and methanol (the Brenner  method) this sydnone undergoes cleavage to give methyl hydrazino-  
acetate hydrochloride (IIa). 

It was shown in [2] that cleavage of 3-alkylsydnones by the action of hydrogen chloride does not takeplace  
in anhydrous media. Ring opening also was not observed when hydrogen chloride was bubbled briefly through 
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alcohol solutions of sydnones Ia, b. However ,  prolonged t r e a t m e n t  of these  compounds with an alcohol 
solution of hydrogen chlor ide  gave e s t e r s  II, which were  read i ly  conver ted  to the cor responding  hydraz ine-  
carboxyl ic  acids (III). 

Es te r i f i ca t ion  of the carboxyl  group in sydnones I in the p r e sence  of hydrogen chlor ide probably  
p roceeds  slowly, and a cons iderab le  excess  of hydrogen chlor ide and an i nc rea se  in the t e m p e r a t u r e  a re  
n e c e s s a r y  fo r  the rea l i za t ion  of this p r o c e s s .  Wate r  is l ibera ted  as a resu l t  of es ter i f ica t ion,  and it p ro -  
motes  the acid c leavage  of sydnones in nonaqueous media  [2]. 

C2HsOOC--A'~ N--CH C~H~OH HOOC--A"N--CH 
/ + \  / •  

IV a, c I a-c 

C2HsCOCCH2\N__C/gr ROOC--A--NHNH2.HCI 
/ +_\ 
N~.o/C~o II a, b 

Y I H+ 

Br IBr 2 HOOC--A--NH NH2. HCI 
| ~ Br C2HsOOC--CIJ-'~I,~.__C/ [11 a, b 

/ ~ \  
N~..o/C~. 0 

VI 

acid.  

(~C H 2 )S~'C O 

VII 

I-IV a A=CH~; b A=p-C6H4CH2; C A=(C~L=)~, 
I1 aR=clt3; b R=C2H 5 

It was found to be poss ib le  to e s t e r i fy  3-carboxyalkylsydnones  (Ia, c) in the p r e sence  of sulfur ic  
The use  of KU-2-8  ca t ion-exchange  r e s in  in the H + fo rm in p lace  of sulfur ic  acid did not lead to 

an i nc rea se  in the yield of the e s t e r .  

Elect rophi l ic  subst i tut ion reac t ions  at  the qua te rnary  ring ca rbon  atom, pa r t i cu l a r ly  brominaUon 
and acylat ion,  a r e  mos t  c h a r a c t e r i s t i c  for  sydnones.  

It was not poss ib le  to introduce b romine  in Ia by bromina t ion  in acet ic  acid in the p r e s e n c e  of so-  
dium aceta te .  In con t ra s t  to the acid, e s t e r  IVa f o r m s  4 -b romo-3-ca rbe thoTymethy l sydnones  (V) under  
the indicated condit ions.  When excess  b romine  is used, in addition to r ep lacemen t  of the hydrogen attached 
to the ring C 4 a tom,  the hydrogen a tom of the a -me thy l ene  group of the subst i tuents  is rep laced  to give 
d ibromo der iva t ive  VI. 

The p r e s e n c e  of a ca rboxyamyl  chain in acid Ic made it poss ib le  to c a r r y  out i n t r amolecu la r  acylat ion 
at the ring C 4 a tom.  Br ie f  heating of Ic in benzene with phosphorus  pentoxide gave a h igh-mel t ing c r y s -  
talline substance ,  the e l emen ta ry  composi t ion  of which cor responded  to sydno[3,4-a]-cyclooctazolone (VII). 

A cons iderab le  ba thochromic  shift  of the absorpt ion max imum (343 nm) as compared  with the  s t a r t -  
ing sydnone (292 nm) was observed  in the UV spec t rum of VH. A s i m i l a r  longwave shift  of the absorpt ion 
m a x i m u m  was obse rved  on pass ing  f r o m  o-ni t rophenylsydnone to sydno[3,4-a]quinoxaltnes [3]. The absorp -  
t ion band of s t re tch ing  vibra t ions  o f a C 4 - H b o n d  is absent  in the IR spec t rum of the product  at 3100-3200 
cm -I ,  and absorp t ion  bands at  1780 and 1660 cm =1 appeared  in p lace  of the two absorpt ion  bands at 1732 
and 1710 cm - I  cor responding  to the s t re tching vibra t ions  of the ring carbonyl  group and the ca rboxy lg roup .  
In analogy with sydnone-4-ca rboxy l i c  acids [4], the h igher - f requency  band can be ass igned to the VC= O 
band of the sydnone ring, and the second band is found in the s a m e  region as the rC= O band of the acyl -  
carbonyl  group in 4-acylsydnones  [5]. 

Using a spec t ropho tomet r i c  method (the method prev ious ly  used for  the study of the alkaline c leavage 
of 3 - i sopropylsydnones  [2] )we studied the effect  of the carboxyl  group on the rage of alkaline ring opening 
in 3 -carboxypolymethylenesydnones  (VIII) and 3-carboxypotymethylenesydnoneimine  hydrochlor ides  (IX), 
which a r e  conver ted  under  these  conditions to N-ni t ro  acids (X) and N-n i t rosoaminoace ton i t r i t e s  (IX), 
r e spec t ive ly .  

R'-.N--EH / • \ o.- :  R-~-c.2v 
N~o/C~ X N=O 

VIII, IX X, XI 

VIII X=O; IX X=NH; X Y=COOH; XI Y=CN 
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TABLE 1. Alkaline Cleavage Rate Constants (K) for 3-Carboxy-  
polymethylenesydnones and Sydnoneimines and Equilibrium Con- 
stants {Keq) of 3-Carboxypolymethylenesydnoneimines 

R X �9 HCI K .  t0 -~, K e q "  Io *. 
m i n  - I  m i n  -1  

HOOC (CH2) 
HOOC (CH2)2 
HOOC (CH2) 
HOOC (CH.~) ,~ 
HOOC (CH2) 
HOOC (C1-12)6 
CH~ 

X K'IO~' 
min-t 

O 1,71 
O 1,96 
O t,95 

2.10 
0 3,10 

3,60 
0 4,35 

NH 
NH 
NH 
NH 
NH 
NH 
NH 

2,10 
1,21 

1,02 
1,36 
2,90 

1,40 
0,52 

o;o 
1,95 

It follows f rom Table 1, in which the rate constant for  cleavage of 3-methylsydnone is presented for 
comparison,  that  as the carboxyl group becomes more  remote f rom the heteroring,  the stability of the 
la t ter  dec reases  somewhat but, nevertheless ,  remains  higher than that of the 3-methyl analog. 

As in the case of sydnones, the presence  of a carboxyl group attached to the substituent in the ring 
3 position p romotes  a cer ta in  increase  in the stability of the sydnoneimine ring as compared with the 3- 
methyl derivative,  but the difference in the constants is not so c lear ly  expressed here.  

E X P E R I M E N T A L  M E T H O D  

The IR spec t ra  of mineral  oil suspensions of the compounds were recorded with a UR-10 spee t rom-  
eter .  The UV spec t ra  of alcohol solutions of the compounds were recorded with a Shimadzu MPS-50L 
spect rophotometer  in thermostat ted ] -cm-thick  quartz cuvettes.  The kinetics of cleavage of the sydnone 
ring were  studied in a 3.5 M aqueous NaOH solution. The 3-carboxypolymethylenesydnoneimine hydro-  
chlorides were cleaved in alkaline media considerably more  readily than the sydnones at pH 8.48 and 30 ~ 
The start ing concentrat ion of the sydnones was 1.2" 10 .4 mole / l i te r ,  and the start ing concentrat ion of the 
sydnoneimines was 1- 10 .4 mole / l i t e r .  The equilibrium constants (Keq) were obtained at 5 ~ and pH 8. The 
pseudomonomolecular  rate constants were calculated f rom the optical densit ies at the absorption maxima 
(295-305 nm) f rom the formula K=2.303 (log D1 ~  log D1)/(t 1 - t i ~  where D1 ~  D t is the difference in the 
initial and final optical densities of the investigated solutions at the selected wavelengths af ter  t imer  I - tl ~ 

Methyl Hydrazinoacetate  Hydrochloride (Ila). Dry HC1 was bubbled for  1 h through a solution of 1.3 
g (9 mmole) of 3-carboxymethylsydnone Ia in 30 ml of methanol, during which the react ion mixture warmed 
up markedly.  The mixture was then cooled, and the resulting precipi ta te  was removed by fi l trat ion and 
purified by reprecipi tat ion f rom methanol with ether  to give 1.15 g (93%) of a product with mp 132% Found: 
C 25.8; H 6.65; C1 25.4; N 20.0%. C3HsN202.HC1. Calculated: C 25.6; H 6.6; C1 25.2; N 19.9%. 

Hydrazinoacetie  Acid Hydroehloride (IIIa). A solution of 1.15 g of es te r  hydrochloride IIa in 10 ml 
of 10% hydrochloric  acid was allowed to stand overnight, af ter  which the solvent w a s  removed by distillation 
to give 0.96 g (96%) of salt IIIa with mp 155-155.5 ~ (nap 156 ~ [6]). 

Ethyl p-Hydrazinomethylbenzoate  Hydrochloride (IIb). This compound, with mp 160.5-161.5 ~ was 
obtained in 94% yield f rom p-carboxybenzylsydnone Ib by the method used to synthesize IIa. Found: C 
51.9; H 6.6; C1 15.5; N 12.0%. C10H14N202-HC1. Calculated: C 52.1; H 6.5; C1 15.4; N 12.1%. 

p-Hydrazinomethylbenzoie Acid Hydrochloride (IIIb). This compound, with mp 189-192 ~ was ob- 
rained in 92% yield from es te r  IIb by the method used to synthesize acid IIIa. Found: C 47.3; H 5.3; C1 
17.4; N 13.6%. CsH10N202"HC1. Calculated: C 47.4; H 5.5; C1 17.5; N 13.8%. 

3-Ethoxyearbonylmethylsydnone (Wa). A 5.4-g (35 mmole) sample of sydnone [a was added to a 
solution of 5 ml of concentrated H2SO 4 in 150 ml of absolute ethanol, and the mixture was allowed to stand 
for  48 h. Water  (50 ml) was added, and the alcohol was removed in vacuo at 30 ~ The aqueous solution 
was neutralized to pH 7 with sodium bicarbonate,  and the l iberated oil was extracted with ether.  The ether  
extract  was dried with anhydrous sodium sulfate, the ether was evaporated in vacuo almost  to dryness,  and 
the residue was removed by filtration, washed with cold ether, and vacuum dried to give 4.3 g (67%) of a 
product with nap 60.5-61.5 ~ Found: C 41.8; H 4.7; N 16.2%. C6H3N204. Calculated: C 41.7; H 4.7; N 16.3%. 

3-(5-Ethoxycarbonylamyl)sydnone (We). This compound, with bp 193-194 ~ (0.4 r am)and  n~ -5 1.4900 
was obtained in 50% yield by the method used to synthesize e s t e r  IVa. Found: C 52.8; H 7.2; N 12.0%. 
C~0H16N204. Calculated: C 52.6; H 7.1; N 12.3%. 
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3-E thoxyca rbony lme thy l -4 -b romosydnone  (V). A 1.6-g (10 mmole)  sample  of b romine  was added 
in the cou r se  of 30 rain to a solution of 1.72 g (10 mmole)  of sydnone IVa and 1.64 g (20 mmole)  of anhydrous 
sodium ace ta te  in 50 ml  of glacia l  acet ic  acid, and the mix tu re  was s t i r r e d  at room t e m p e r a t u r e  for  3 h, 
a f t e r  which it was allowed to stand for  2 days .  The solid ma t e r i a l  was removed  f r o m  the mix tu re  by f i l t r a -  
tion, the f i l t r a te  was vacuum evapora ted ,  and 25 ml  of wa te r  was added to the res idue.  The resul t ing p r e -  
cipi tate  was r emoved  by f i l t ra t ion  and washed with wa te r  to give 1.5 g (60?0) of a product  with mp 111-112 ~ 
(from alcohol).  Found: C 28.7; H 2.8; Br  31.7; N 10.8%. C6HTBrN204. Calculated: C 28.7; H 2.8; Br31.8;  
N 11.1%. 

3-E thoxyca rbony lb romomethy l -4 -b romosydnone  (VI). A 1.86-g (11.6 m m o l e ) s a m p l e  of b romine  
was added in the cou r s e  of an hour  at  12-15 ~ to a solution of 1 g (5.8 mmole)  of sydnone IVa and 0.95 g 
of anhydrous sodium ace ta te  in 30 ml  of glacia l  acet ic  acid, a f te r  which the mix tu re  was s t i r r ed  for  6 h 
and allowed to stand overnight .  The solution was evaporated,  30 ml  of wa te r  was added to the res idue,  
arid the l ibe ra ted  oil was ex t rac ted  with ethyl ace ta te .  The ex t rac t  was dried with anhydrous sodium sul-  
fate,  the solvent  was evaporated,  and the res idue  was reprec ip i ta ted  f rom ethyl aceta te  by the addition o f  
hexane to give 1.68 g (88%) of a produc t with mp 77.5-79.5 ~ Found: C 22.0; H 2.0; Br  48.8; N 8.6%. 
C6H6Br2N204. Calculated: C 21.8; H 1.8; Br  49.1; N 8.5%. 

Sydno[3,4-a]cyclooctazol-3-one (VII). A mix tu re  of 3 g (15 mmole)  of acid IC, 6.2 g of phosphorus 
pentoxide, and 20 ml  of absolute benzene was refluxed fo r  5 h, a f te r  which the solvent  was removed by 
vacuum dist i l lat ion,  50 ml  of wa t e r  was added to the res idue,  and the resul t ing p rec ip i t a te  was removed  
by f i l t ra t ion  and washed thoroughly and success ive ly  with wa t e r  and acetone.  It was then dried ove r  phos-  
phorus  pentoxide to give 2.63 g (96%) of VII with mp 350 ~ (dec.). Found: C 52.5; H 5.7; N 15.4%. CaH10N20 a. 
Calculated:  C 52.7; H 5.7; N 15o4%. 
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