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Mono- and polychloromethyl derivatives were synthesized by chlorination of dimethylfurazan 
with chlorine and sulfuryl chloride. The PMR spectra of the compounds are discussed. The 
group refraction of the furazan ring, the average value of which is 12.78, was determined. 

There  is no information in the l i terature  regarding the halogenation of the methyl groups of dimethylfur-  
azan (D. At the same t ime, halomethyl derivatives of I a re  of undoubted in teres t  as s tar t ing mater ia ls  for  the 
preparat ion of functional derivatives of furazan,  since one should expect lability of the halogen because of the 
activating effect of the furazan ring. 

For  prepara t ive  purposes  we developed a method for  the chlorination of the methyl groups in I with free 
chlorine and sulfuryl chloride.  In contras t  to the well-studied chlorination react ions of xylenes and even the 
c loses t  analog, 3 ,5-d imethyl - l ,2 ,4-oxadiazole  [1], chlorination of furazan I proceeds  under more  severe  con- 
ditions. Thus in the case of thermal  initiation this reaction proceeds appreciably only at t empera tures  above 
145~ The use of azobis isobutyroni t r i le  (AIBN) makes it possible to lower the chlorination tempera ture  to 
50-80 ~ Compound I reac ts  with sulfuryl chloride only in the presence  of radical  ini t iators .  In all cases  chlor-  
ination leads to a mixture of mono-,  di-, t r i - ,  and te t rach loro  derivatives in yields that depend on the overall  
degree of chlorination. However, pract ica l ly  only 3 -ch lo romethy l -4 -methy l fu razan  (II) is obtained when the 
degree of convers ion of furazan I is no more  than 40%. More profound chlorination leads to d i f f icul t - to-sepa-  
rate mixture of chloro derivat ives .  It is therefore  bet ter  to chlorinate i so la ted  monochloride II to the point of 
30% conversion for  the prepara t ive  synthesis  of sym-dichlor ide  III. These conditions are  optimal for the prepa- 
ration of the these most  interesting, in a synthetic respect ,  chloro derivatives of I. 

Individual chloro derivat ives of I (Table 1) were  isolated f rom the mixtures by distillation with a f ine- 
rect i f icat ion column with 15 theoret ical  plates,  and thei r  individuality was proved by g a s - l i q u i d  chromatog-  
raphy (GLC). 

In o rder  to separate  compounds with a gem-dichloromethyl  group f rom the compounds containing amono-  
chloromethyl  group we also used the ability of the lat ter  to undergo quaternization with pyridine. 

The s t ruc tures  of i somer ic  dichlorides III and IV were  established f rom the presence  or  absence of a 
signal of the CH 3 group in the PMR spectra .  

Thus only the dichloro derivatives of I are  produced in the form of two i somer s .  The absence of i somers  
with a t r ich loromethyl  group is not unexpected and is in agreement  with the resul ts  of the radical  chlorination 
of xylenes [2]. 

The chloro derivatives of I a re  heavy oily co lor less  liquids that are  insoluble in water  but miscible with 
organic solvents.  

The compounds that contain a monochloromethyl  group have an appreciable i r r i ta t ing effect on the eyes 
and skin; the LDs0 of 3 -methy l -4-ch loromethyl furazan ,  determined in white mice by intraperi toneal  injection, 
is 100 mg/kg;  this is close to the toxic effect of benzyl chloride [3]. 
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The IR spec t ra  of II-VI contain absorption bands at 630-850 (C-C1) and at 1390-1490 and 1580-1590 
_1 cm (furazan ring). 

A singlet at 2.28 ppm is observed in the PMR spect rum of I; this is very  close to the chemical  shifts of 
the methyl groups in the i somer ic  2 ,5-d imethyl - l ,3 ,4-oxadiazole  (2.40 ppm) [4]. These values fall within the 
range of the charac te r i s t i c  signals of methyl groups for  many dimethyl derivat ives of a romat ic  carbocycles  

and he te rocyc les  [5]. 

A relationship between the chemical  shifts of the protons of the methyl or  methylene groups and the num- 
ber  of chlorine atoms in the other methyl groups is observed in the PMR spect ra  of the chlorinated dimethyl-  
furazans .  Since this sor t  of effect is not observed for  saturated hydrocarbons with the same number of bonds 
between the chlorine a toms and the resonat ing proton, it may  be associa ted with t r ansmiss ion  of the negative 
inductive effect of the CH2C1 and CHC12 groups through the furazan ring and (or} with coupling of the closely 
situated resonat ing protons in the 3 position with the chlorine atoms in the 4 position direct ly through space 
(ortho effect). 

The group refraction, found by substraction of the group refractions of the side chains according to Vogel 
from the established molecular refraction, was determined for the furazan ring. 

The average value of the group refraction is 12.78.* This value is considerably lower than the group 
refraction of the furazan ring calculated via an additive scheme and is close to the group refraction of the 
isomeric 1,3,4-oxadiazole ring [4]. The depression of the molecular refraction places furazans in the gen- 
eral series of heteroaromatic five-membered systems such as the furan, pyrrole, and thiophene systems, 
which also display considerable negative deviations from additivity [8]. 

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

Chromatographical ly  pure dimethylfurazan was used in this study. The chlorine was purified with sul-  
furic  acid p r io r  to the reactions~ The sulfuryl chloride was f reshly  distilled. The azobisisobutyronitr i le  was 
rec rys ta l l i zed  twice from alcohol and had mp 105~ 

The PMR spec t ra  of the compounds were  recorded  with a YaMR-5535 spec t rometer  at 40 MHz. The 
chemical  shifts of the protons were  measured  relat ive to te t ramethyls i lane.  

3 -Methyl -4-ch loromethyl furazan  (II) o A) An 84-g (0.85 mole} sample of I was t rea ted  with a strong 
s t r eam of chlorine at 145-150 ~ for  12 h. Vacuum distillation of the mixture  yielded 41 g (69%) of II and 40 g 
of unchanged furazan I. 

B) A 173.5-ml (2.14 mole} sample of sulfuryl chloride was added in five portions at 65-70 ~ to 210 g (2.14 
mole} of I in which 6.25 g (0.04 mole} of azobis isobutyroni t r i le  was dissolved. Each portion of sulfuryl chloride 
was added after  completion of the vigorous reaction.  The mixture was then heated gradually to 90-95 ~ for 3 h, 
af ter  which it was distilled to give 97 g (79.7%) of II and 120 g of furazan I. 

Polychloromethylfurazans~ A 200-g (2.04 mole} sample of I was t reated with a strong s t ream of chlorine 
at 150-155 ~ for 21 h, after  which the mixture  was subjected to distillation with a f ine-rect i f icat ion column to 
give 51 g of 3 -methy l -4 -ch lo romethy l fu razan  (II), with bp 63-64.5 ~ (8 ram), 17 g of 3 -methy l -4-d ich loromethyl -  
furazan (III}, with bp 47-48 ~ (4 ram), 35 g of 3,4-bis(chloromethyl}furazan (IV), with bp 69-71 ~ (5 mm), and 33 g 
of 3 -ch loromethyl -4-d ich loromethyl furazan  (V), with bp 79-80 ~ (5 mm). 

3 ,4-Bis(dichloromethyDfurazan (VI). A mixture  (30 g) consisting, according to resul ts  of g a s - l i q u i d  
chromatography,  of 3 ,4-bis(dichloromethyl)furazan (53%) and 3-ch loromethyl -4-d ich loromethyl furazan  (47%} 
was obtained by chlorination of 15 g (0.15 mole} of I for 50 h under the conditions of the preceding experiment.  
A mixture  of 21.3 g of this mixture,  8g of pyridine, and 25 ml of absolute alcohol was refluxed for  3 h, af ter  
which the alcohol and excess pyridine were  removed in vacuo, and the residue was t rea ted  with 100 ml of CC14. 
The extract  was washed with water  acidified with HC1 and dried over anhydrous MgSO 4. Vacuum distillation 
yielded 9.5 g of VI. 
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S T U D Y  O F  T H E  M E C H A N I S M  O F  T H E  P O L A R O G R A P H I C  

R E D U C T I O N  O F  N - A C Y L S Y D N O N E I M t N E S  

M.  K .  P o l i e v k t o v ,  T .  A. M o t o r i c h e v a ,  
a n d  L .  E .  K h o l o d o v  

UDC 543.253 : 547.793.4 

The polarographic  reduct ion of the N-pheny lca rbamoyl  der iva t ive  of 3-( /3-phenyl isopropyl)-  
sydnoneimine ("s idnokarb")  in aqueous alcohol media  was invest igated.  It is shown that, de-  
pending on the protonat ion ra te  of both the s ta r t ing  depo la r i ze r  and the in te rmed ia tes  in the r e -  
duction of s idnokarb,  s ix or  four  e lec t rons  may  be consumed to give, in the f i r s t  case ,  a de r -  
iva t ive  of the amino acid amide  and ammonium ions and, in the second case ,  the cor responding  
hydraz ine  der iva t ive .  

The polarographic  behav io r  of N-exo -acy l  der iva t ives  of sydnoneimines  have rece ived  l i t t le  study - the 
effect  of the pH on the l imit ing cu r ren t  and El/2 has been invest igated,  and, in analogy with sydnones and syd-  
noneimine sa l t s ,  p r e l i m i n a r y  cons idera t ions  re la t ive  to the poss ib le  mechan i sm of the reduction of N-acy l -  
sydnoneimines have been e x p r e s s e d  [1]. Inso fa r  as the po la rography  of N - c a r b a m o y l  der iva t ives  is concerned,  
t he re  a r e  not data except the Ei/2 va lues  of s eve ra l  compounds [2] in the l i t e ra tu re .  Consider ing that N -acy l -  
sydnoneimines have recen t ly  a t t r ac ted  the at tention of r e s e a r c h e r s  in connection with the high pharmacologica l  
act iv i ty  of r ep re sen ta t i ves  of this  c lass  of compounds [3-5], it was  of in te res t  to make  a m o r e  detai led study 
of t he i r  po larographic  reduct ion.  The N-pheny lca rbamoyl  der iva t ive  of 3- ( f i -phenyl i sopropyl )sydnoneimine  
(I, "s idnokarb") ,  which is a medic ina l  p repa ra t ion  that is  a highly effect ive cen t ra l  nervous s y s t e m  (CNS) s t i m -  
u la tor  [5], was  se lec ted  as the subject  of the invest igat ion.  We have recent ly  made a detai led study [6] of the 
po la rography  of the sa l t  of the cor responding  3-( f i -phenyl isopropyl)sydnoneimine ,  and a compar i son  of the be-  
havior  of the l a t t e r  compound on a dropping m e r c u r y  e lec t rode  with that  of sydnoneimine I makes  it poss ible  
to evaluate  the effect  of an N-exocycl ic  grouping. 

The study of the po la rographic  behavior  of s idnokarb I was c a r r i e d  out in buffered and unbuffered media  
containing 50% ethanol.  One dis t inct ly  e x p r e s s e d  po la rographic  wave,  the l imit ing cu r ren t  of which d e c r e a s e s  
somewhat  as the pH inc rea se s ,  is obse rved  in the reduct ion of s idnokarb in acidic media .  At pH 3-6, in addi- 

t i o n  to the pr incipal  wave,  an additional wave  with a voltage drop, the height of which depe  ds  marked ly  on the 
pH of the medium,*  appea r s  p r i o r  to the d i scharge  cu r ren t .  The El/2 value of the pr incipal  reduction wave of 
s idnokarb i t se l f  depends on the pH of the medium and is shifted to negative potent ials  as the pH inc rea se s .  At 

*This  wave has  the p rope r t i e s  of a su r face  cata lyt ic  wave of hydrogen evolution and is  de te rmined  by pro tona-  
t ion of the in te rmed ia tes ,  absorbed  on the m e r c u r y  e lec t rode ,  in the reduction of sidnokarb; a s i m i l a r  phe-  
nomenon has  been obse rved  in the reduction of the 3-(fl -phenyl isopropyl)sydnoneimonium cation [6]. 
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