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The pecul ia r i t i es  of the in t ramolecula r  in teract ion in unsaturated f i v e -m em b ered  cycl ic  sul:- 
fones as a function of thei r  s t ruc tu re s  were  studied on the basis of an analysis of the e lect ronic  
absorpt ion spec t ra  of single c rys t a l s  of i somer ic  fl- aryldihydrothiophene 1,1- dioxides at 4.2 ~ 
the IR spec t ra  of the molecules  at 298~ and the resu l t s  of x - r a y  diffract ion analysis  of 3-  
phenyl-4,5-dihydrothiophene 1,1-dioxide.  In addition to the inductive effect, conjugation of the 
SO 2 group with the ~-e lec t ron  sys tem of 3-phenyl-4 ,5-dihydrothiophene 1,1-dioxide, which is 
manifes ted most  appreciably in the excited e lec t ronic  state,  was observed.  

We have previous ly  repor ted  [1] that 4-ary l -4 ,5-d ihydroth iophene  1,1-dioxides (I) a re  conver ted  to the 
i somer ic  3-ary l -2 ,5-d ihydroth iophene  1,1-dioxides (ID and 3-ary l -4 ,5-d ihydroth iophene  1,1-dioxides (III) in 
aqueous and alcohol solutions of bases .  

I II III  

1-111 a x=H; b X=OCH3; C X=NIt2 

Compounds Ilb,c, which contain e lec t ron-donor  substi tuents in the para  position of the phenyl ring, a re  
prac t ica l ly  i r r eve r s ib ly  i somer ized  to HIb,c. The react ion is r eve r s ib l e  fo r  unsubstituted phenyldihydrothio-  
phene 1,1-dioxides IIa and Ilia, but theequ i l ib r ium is shifted to favor  i somer  IIIa, which at tests  to its g r e a t e r  
thermodynamic stabili ty.  It is known [2 ] that 2,5-  dihydrothiophene 1,1- dioxide is more  stable than 4,5- dihydro-  
thiophene 1,1-dioxide. The observed  increase  in the stabil i ty of 3-ary l -4 ,5-d ihydroth iophene  1,1-dioxides 
(IIIa-c) is consequently due to in teract ion of the C6H4X substi tuent with the sulfonyl group. In the p resen t  r e -  
s ea rch  we made an a t tempt  to study the nature  of this interaction.  

It has been shown in the case  of a large  number  Of alkyl- and halo-subst i tuted benzenes [3] that the low- 
t empera tu re  e lec t ronic  absorpt ion spec t ra  of molecu la r  c rys t a l s  can be used for  the study of the nature of an 
in t ramolecula r  interaction.  Aryldihydrothiophene 1,1-dioxides have not been previously  investigated in this 
manner .  

It follows f rom an analysis  of the e lec t ronic  spec t ra  obtained in this r e s e a r c h  (Table 1) that the spec t r a  
of the i somer ic  phenyldihydrothiophene 1,1-dioxides di f fer  appreciably f rom one another  with respec t  to the 
position of the  purely  e lec t ronic  t ransi t ion in r ec ip roca l  cen t imete r s  (AVoo) and their  re la t ive  intensit ies [1oo/ 
(Ioo + V6B), where  Ioo is the intensity of the purely e lec t ronic  band, and Ioo + ~6B is the intensity of the band 
due to an e lec t ronic  vibrat ional  t ransi t ion with the par t ic ipat ion of an incompletely symmet r i ca l  vibration].  

According to the spectra ,  two crys ta l l ine  modifications a re  observed  for  4-phenyl-4,5-dihydrothiophene 
1,1-dioxide (In). The i r  spec t ra  a re  shifted re la t ive  to one another  by 250 cm -1 and a re  located in approximate-  
ly the same region as the spec t rum of the hydrocarbon analog, isopropylbenzene [3] [Voo = 37,335, Ioo/(Ioo + 
~'6B) = 3 : 1]. The bands of the purely e lec t ronic  t ransi t ion in the spec t ra  of both crys ta l l ine  modifications 
(37,450 cm -1, 37,200 cm -1) a re  weakened (Table 1) as compared  with the bands of the e lec t ronic  vibrat ional  
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TABLE 1. Spectra l  C h a r a c t e r i s t i c s  of Phenyldihydrothiophene 
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~The data pe r ta in  to di f ferent  c rys ta l l ine  modif icat ions.  

t rans i t ion  (Ioo + V6B).T The s p e c t r u m  of i s o m e r  Ia is s i m i l a r  with r e s p e c t  to its s t ruc tu re  and the posi t ion and 
intensi ty of its bands to the s p e c t r u m  of 3-phenyl thinlane 1,1-dioxide (IV, Table 1). 

The s p e c t r u m  of c r y s t a l s  of 3 -phenyl -2 ,5 -d ihydro th iophene  1,1-dioxide ([Ia)is shifted cons iderab ly  to the 
long-wave region re la t ive  to the s p e c t r u m  of c r y s t a l s  of i s o m e r  Ia and l ies in the region of absorpt ion  of the 
hydrocarbon  analog, s ty rene  [3] [Voo = 34,218 cm -1, Ioo / ( Ioo  + V6B ) = 6 :1 ] .  As in the case  of s ty rene ,  the r e l a -  
t ive intensi ty of the pure ly  e lec t ronic  band of 3-phenyl -2 ,5-d ihydroth iophene  1,1-dioxide is 6 : 1. 

The absorp t ion  of c r y s t a l s  of the IIIa i s o m e r  is shif ted by 1000 cm -1 to the long-wave region re la t ive  to 
t h e  absorp t ion  of the  IIa i s om er .  The intensity of the pure ly  e lec t ronic  band is weakened apprec iab ly  as c o m -  
p a r e d  with the e lec t ronic  v ibra t iona l  band due to excitat ion of the incomple te ly  s y m m e t r i c a l  v ibrat ion.  A p ro -  
nounced shif t  of 4860 cm -1 (Voo of Ic = 32,100 cm -1, Voo of nrIc = 27,240 cm -1) of the beginning of absorpt ion  to 
the long-wave region is obse rved  when donor subst i tuents  (NH2, fo r  example)  a r e  introduced in the p a r a  posi t ion 
of the pbenyl ring in the s e r i e s  of I and III i s o m e r s .  

It follows f r o m  the above genera l  ana lys i s  of the spec t r a  that the i r  absorpt ion in the near -UV region is 
p r i m a r i l y  due to exci tat ion of the 6 v - e l e c t r o n  s y s t e m  of the benzene ring. In the case  of I and IV the sma l l  
shif t  of the s p e c t r a  re la t ive  to the s pec t rum  of benzene (AVoo) and the low re la t ive  intensity of the pure ly  e lec -  
t ronic  band (Table 1), in analogy with the s pec t r a l  data fo r  isopropylbenzene,  p rov ide  evidence that a f ive -  
m e m b e r e d  ring with a double bond r e m o t e  f r o m  the phenyl ring d i s to r t s  the v - e l e c t r o n  cloud of the benzene 
ring e x t r e m e l y  insignificantly.  At the s ame  t ime,  an apprec iab le  effect  of the f i v e - m e m b e r e d  ring on the 
p r o p e r t i e s  of the ~r-electron cloud of the phenyl ring is obse rved  f r o m  the s p e c t r a  (Table 1) fo r  the i somer i c  
phenyldihydrothiophene 1 ,1-dioxides  IIa and IIIa. F o r  example ,  the f requency of the pure ly  e lec t ronic  band in 
the s p e c t r u m  of 3-phenyl -2 ,5-d ihydro th iophene  1,1-dioxide di f fers  by only 44 cm -1 f r o m  the analogous band in 
the s p e c t r u m  of s ty rene  (Vo6 = 34,218 cm -1) and is s i m i l a r  to it in intensity.  Hence it can be concluded that 
the c a r b o n - c a r b o n  double bond in the f i v e - m e m b e r e d  ring is conjugated with the 6 r - e l e c t r o n  s y s t e m  of the 
benzene ring, as in the case  of the s ty rene  molecule  [3]. In the case  of 3-phenyl -4 ,5-d ihydroth iophene  1 ,1-di-  
oxide, in which the double bond of the f i v e - m e m b e r e d  ring is found between the benzene ring and the SO 2 group, 
the shift  of the pure ly  e lec t ron ic  band is i nc reased  by another  1000 cm -1 as compa red  with the spec t rum of 
3 -phenyl -2 ,5-d ihydro th iophene  1,1-dioxide; in this case  the intensity of the pure ly  e lec t ronic  band d e c r e a s e s  
apprec iab ly  as com pa red  with i s o m e r  IIa. The indicated spec t r a l  data const i tute evidence for  the d i rec t  effect  
of the SO 2. group on the ~r-electron s y s t e m  of the molecule .  

According to the Pe t r a shky  theory developed fo r  the spec t r a  of subst i tuted benzenes ,  the intensi ty of the 
pure ly  e lec t ron ic  absorp t ion  bands and the posi t ion of the i r  s p e c t r a  depend on the inductive effect  and the con-  
jugat ion of the subst i tuents  with the benzene ring. However,  because  of the fac t  that the dependences of the 
enumera ted  spec t r a l  c h a r a c t e r i s t i c s  on the d i f ference  in the var ious  e lec t ronic  levels  differ,  it can be roughly 

t i t  has been p rev ious ly  noted [3] that the intensity of the Ioo + U6B t rans i t ion  r emains  p rac t i ca l ly  unchanged in 
a s e r i e s  of monosubst i tu ted  benzene der iva t ives .  
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Fig. 1. Geom e t ry  of the 3-phenyl--2-suifolene molecule .  

a s sumed  that the intensity of the pure ly  e lec t ronic  t rans i t ion  is p r i m a r i l y  de te rmined  by the inductive effect, 
whereas  both effects  contr ibute  to the re la t ive  shif t  of the s p e c t r a  with a ce r ta in  p redominance  of the conjuga-  
tion effect.  The la t t e r  c i r c u m s t a n c e  is connected with the fac t  that conjugation makes  the pr inc ipa l  contr ibu-  
tion to the shif t  of the spec t r a l  of the compounds due to the mos t  substant ia l  change of the energy of the ex-  
cited e lec t ron  level.  With al lowance fo r  these  theore t ica l  cons idera t ions ,  the d e c r e a s e  in intensity in the case  
of 3-phenyl -4 ,5-d ihydroth iophene  1,1-dioxide can be explained by manifes ta t ion  of the negative inductive effect  
of the sulfonyl group andthe  d o n o r - a c c e p t o r  in teract ion (which acts  in the s a m e  direction) of the sulfur  a tom 
with the ~r e lec t rons  of the c a r b o n - c a r b o n  double bond of the f i v e - m e m b e r e d  ring the IIa i s o m e r  molecule .  
Owing to this, the e lec t ron  cloud is withdrawn f r o m  the c a r b o n - c a r b o n  double bond in the d i rec t ion  of the su l -  
fu r  a tom, and the po la r iza t ion  of the w-e lec t ron  cloud dec reases ;  this is a lso respons ib le  fo r  the d e c r e a s e  in 
intensity of the pure ly  e lec t ron ic  band in the s p e c t r u m  of 3-phenyl -4 ,5-d ihydroth iophene  1,1-dioxide as com-  
p a r e d  with the spe c t rum  o f  3 -phenyl -2 ,5 -  dihydrothiophene 1,1-dioxide.  

The additional shif t  of the s pec t rum  of i s o m e r  lIIa to the long-wave region re la t ive  to the s p e c t r u m  of 
benzene (AUoo) , which is g r e a t e r  than that obse rved  fo r  the s p e c t r a  of i s o m e r  IIa, makes  it poss ib le  to a s s u m e  
that in the exci ted s ta te  of the SO 2 group, in addition to manifest ing an inductive effect,  a lso pa r t i c ipa te s  in 
apprec iab le  conjugation with the 7r-electron cloud of the molecule  owing to the vacant  3d orb i ta l s  of the sulfur  
a tom or  the antibonding or* orbi ta l .  The data f r o m  a study of the IR spec t r a  of the compounds provide  evidence 
in favor  of this in terac t ion  in the ground e lec t ronic  s ta te .  F r o m  a compar i son  of the IR s p e c t r a  of the i so-  
m e r i c  phenyldihydrothiophene 1,1-dioxides (I-HI) and 3-phenyl thiolane 1,1-dioxides (IV) (Table 1) it is apparen t  
that the f requencies  of the v ibra t ions  of the 8 - O  bond of the IIIa i s o m e r  a r e  10-20 cm -1 lower  than those of the 
Ia and IIa i s o m e r s  and sa tu ra ted  sulfone IV. This dec r ea se  in the f requenc ies  can be explained, in analogy with 
e a r l i e r  s tudies [5, 6], by an inc rease  in the e lec t ronegat iv i ty  of the sulfur  a tom owing to its in terac t ion  with 
the c a r b o n - c a r b o n  double band and the d e c r e a s e  in the po la r i ty  of the S - O  bond. With allowance fo r  the m o s t  
r ecen t  s tudies [7], conjugation, which is sma l l  in compar i son  with the inductive effect  in the ground s ta te  and 
is mani fes ted  apprec iab ly  in the exci ted state,  a lso evidently makes  a sma l l  contr ibution to this shift.  

In o r d e r  to add m o r e  depth to our  ideas regarding  the in teract ion of the SO 2 group with the ~r-electron 
s y s t e m  in the 3-phenyl -4 ,5-d ihydroth iophene  1,1-dioxide molecule ,  we subjected it t 9 x - r a y  diffract ion analys is .  

According to the r e su l t s  of x - r a y  diffract ion analys is ,  the c r y s t a l s  of the IIIa i s o m e r  belong to the P21/C 
space  group and have four  molecu les  in the unit cell .  The s i x - m e m b e r e d  and f i v e - m e m b e r e d  r ings of the mole -  
cule a r e  c o p l a n a r .  Sulfur is found at the apex of a somewhat  d is tor ted  te t rahedron ,  which is fo rmed ,  on the one 
hand, by the bonds between sul fur  and the two carbon a toms of the f i v e - m e m b e r e d  ring (the angle between them 
is 99 ~ lying in a s ingle plane and, on the other ,  by the bonds between sulfur  and the two oxygen a toms,  the 
angle between which is 116 ~ The S - C  bond lengths in the f i v e - m e m b e r e d  ring a r e  1.76 and 1.78 .~. The S - O  
bond length is 1.46 ~ .  It i s  cons iderably  l ess  than the length of the covalent  S - O  single bond (1.70 ~) ca lcu-  
lated f r o m  the covalent  radi i  [8]. The length of the c a r b o n - c a r b o n  double bond in the f i v e - m e m b e r e d  ring is 
1.38 .~. The C - C  bond between the f i v e - m e m b e r e d  and s i x - m e m b e r e d  r ings (1.42 /~) is cons iderab ly  s h o r t e r  
than the C - C  single bond. This m o l e c u l a r  geome t ry  a t tes t s  to conjugation of the f i v e - m e m b e r e d  and phenyl 
r ings .  The lengths of the S - O  bonds in the invest igated compounds and in analogous s t r u c t u r e s  [9] coincide 
and agree  with the data in [10] on the nature  of the S - O  bond in sulfones.  The di f ference  in the S - C  bond 
lengths in the f i v e - m e m b e r e d  ring is within the l imi ts  of the accuracy  of the m e a s u r e m e n t s  (0.02 /~). Despi te  
th is ,  the p r i m a r y  fo rma t ion  of su l fones  IIIa and IIIc in the i somer i za t ion  of Ia,c and IIa,c can be explained only 
by in teract ion of the C~H 5 and C6H4NH 2 subst i tuents  with the SO 2 group through the c a r b o n - c a r b o n  double bond. 
A c o m p a r i s o n  of the s p e c t r a  of c ry s t a l s  of IIIa and IIIc in the exci ted e lec t ronic  s ta te  exper imenta l ly  conf i rms  
the d o n o r - a c c e p t o r  c h a r a c t e r  of this interact ion.  

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

The i somer i c  aryldihydrothtophene 1,1-dioxides were  synthes ized  by the method in [11]. The c r y s t a l s  
fo r  the e lec t ronic  s p e c t r a  w e r e  grown f r o m  mel t s  in a th in - l aye r  quartz cuvette.  
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The electronic spectra of the crystals  were photographed with an ISP-28 spectrograph in polarized light 
at 4.2~ by the method described in [3]. 

The lattice parameters  and the space group of the IIIa crystal  were determined from the rotational x-ray 
diffraction patterns and reciprocal  lattice patterns and were refined with a DARM-2.0 diffractometer.  The set 
of integral intensities was generated with a DARM-2.0 diffractometer.  A total of 1240 independent reflections 
was measured. No correct ion for absorption was introduced. The structure was decoded by direct methods 
[12]. The bond lengths and valence angles are presented for R-0.114. 
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SOME T R A N S F O R M A T I O N S  OF 

~ , w - B I S  ( 1 , 3 -  T H I A Z  A N - 2 -  T H I O N - 4 - O N - 3 - Y  L ) A L K A N E S  

S .  S. Z i m e n k o v s k i i  a n d  N. M. T u r k e v i c h  UDC 547.869' 792.7 

The reaction of a ,w-bis  (1,3-thiazan-2-thion-4-on-3-yl)alkanes with hydrazine gives the cor-  
responding a,w-di(4-thiosemicarbazido)alkanes, which are readily acylated.  Subsequent de- 
hydration of the acylation products gives the corresponding 5,5 '-dialkyl-a,w-bis (2,3-dihydro- 
1,2,4- t r iazole-3-  thion-4-yl) alkanes, which are converted to 5,5'-dialkyl- oz ,w-bis (1,2,4- triazol- 
4-yl)alkanes by known methods. The UV and IR spectral  data are presented. 

Compounds having bactericidal, chemotherapeutic, and cytostatic activity have recently been observed 
among 1,2,4-triazole derivatives [1-3]. Some tr iazoles have found technical application [4, 5]. In view of the prac-  
tical significance of this class of compounds, we set out to synthesize some bistriazolinethiones. 

One of the well-known methods for the preparation of 3-mercapto- l ,2 ,4- t r iazoles  consists in acylation of 
thiosemicarbazide [6] and subsequent dehydration of the product. We carr ied  out the hydrazinolysis in n-butyl 
alcohol or  in an aqueous alkali solution of vz,w-bis(1,3-thiazan-2-thion-4-on-3-yl)alkanes (D synthesized via a 
simplified method [7, 8] to give the corresponding oz,~0-di(4-thiosemicarbazido)alkanes (II) (Table 1), which are 
the starting compounds for  the synthesis of bistriazole--3-thiones. Similar compounds have been described in 
the l i terature,  but they were obtained by a fundamentally different method and in lower yields [9]. 

Compounds II are relatively easily acylated by glacial acetic acid and benzoyl chloride in dry pyridine. 
In the case of the f i rs t  reagent vz,w-bis (1-acyl-4-thiosemicarbazido)alkanes (n~Ia) are formed smoothly. The 
use of acetic anhydride as the acylating agent leads to oils that are difficult to purify. 
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