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The UV, IR, and PMR s pec t r a  of 2- thiaindan (I) and 2 ,3-d i th ia-  1 ,2 ,3 ,4- te t rahydronaphthalene  
(I1) have been studied. In con t ras t  to the spec t r a  of dibenzyl sulfide (M) and dibenzyl di -  
sulfide (IV), the UV spec t r a  of I and 11 show no gem conjugation between the unshared e l e c -  
t rons  of the sulfur  a tom and the a r o m a t i c  r ing.  Also in favor  of this a re  the PMR spec t ra  
of I and II, in which the va lues  of ~'CH 2 a r e  lower  than in III and IV. The low activat ion 
ene rgy  of the t r an s fo rm a t i on  of one conformat ion  of the he te rocyc le  into the other ,  pa r t i cu -  
l a r l y  in the molecule  of I, shows its  a lmos t  p lana r  s t ruc tu re ,  which is an obs tac le  to gem 
conjugation.  

2-Thia indan (phthalyl sulfide) (I) and 2 ,3 -d i th ia - l ,2 ,3 ,4 - t e t r ahydronaph tha lene  (phthalyl disulfide) (I1), 
which d i f fe r  f r o m  

CH 2 
I I I  

the i r  a l icyel ic  analogs by the i r  e x t r e m e l y  high reac t iv i ty ,  have not h i ther to  been studied spec t roscop ica l ly  
f r o m  all s ides .  The p re sen t  p a p e r  g ives  the r e su l t s  of a study of t he i r  UV, IR, and PMR spec t r a .  

UV S P E C T R A  

The UV s p e c t r u m  of I in n -hep tane  
u l t rav io le t  and t h r ee  f a i r ly  weak m a x i m a  

2000 

ox,, N M  

Fig.  1. g v  spec t r a  (in n-heptane) : 
I) 2- thiaindan;  II) 2 , 3 -d i th i a - l  ,2 ,3 ,4- 
t er r  ahydronaphthalene.  

(see Fig.  1) has  a s t rong absorp t ion  band at the l imi t  of the vacuum 
at 274 nm (2.88), na r row ,  266 nm (2.86), na r row,  and 258 nm (2.79), 
diffuse (the va lues  of log e m a x  a re  given in pa ren theses ) .  In addi-  
t ion, there  is a shoulder  at 251 nm (2.72).* The spec t rum of II in 
the s ame  solvent has  a m a x i m u m  at 224 nm and a s e r i e s  of 
shoulders  at,  nm:  282 (2.67), 270 (2.76), 263 (2.82), 256 (2.87), 
and 247 (2.93). 

The bands in the 200-230 nm region are  difficult to i n t e rp re t  
and they will not be d i scussed  below. 

*The recen t ly  published [25] UV spec t rum of I in isooctane has ,  in 
addition to the bands ment ioned,  a s e r i e s  of o thers  (with log c > 2) 
in the 370-290 nm region the p r e s e n c e  of which is obviously due 
to impur i t i e s  (these a r e  apparent ly  products  of the po lymer iza t ion ,  
decomposi t ion ,  o r  oxidation of I, which is e x t r e m e l y  unstable on 
s torage) .  
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T A B L E  1. M a x i m a  in the  UV S p e c t r a  of  I and II and  H y d r o c a r b o n s  
of A n a l o g o u s  S t r u c t u r e  

Compound Solvent x ~  (log Smax) 

I 
II 

Irad an [.l] 
1,4-Dfhydronaphthalene [2] 
Tetralin [1] 
o-Xylene [1] 

n-Heptane 
n-Heptane 

Isooctane 
n-Heptane 
Isooctane 
Isooctane 

27r 266(~,8~); 258(2,79) 
sh 282(2,67); sh 270(2,76); sh 263(2,82); 

sh 25~(2,87); sh247(2,93) 
273,5(3,17) ; 267(3,08); 261 (2,94) 
274 (2 93); 267 (2,90); intl, 2t32 (2.70) 
273(2,80); 267(2,71); 261 (2,5.7) 
270,5 (2,15) ; 265 (2,30) ; 262,5 (2,43) 

In p o s i t i o n  and i n t e n s i t y  the  m a x i m a  in the  s p e c t r u m  of  I p r a c t i c a l l y  c o i n c i d e  wi th  the  m a x i m a  of  the  
h y d r o c a r b o n s  r e l a t e d  to it ( see  T a b l e  1). 

The f i g u r e s  g iven  in T a b l e  1 show tha t  the  s p e c t r u m  of I r e f l e c t s  onIy the  f ine  s t r u c t u r e  of the  a r o -  
m a r i e  band  at 260-270  n m  in the  v a r i a n t  a p p r o p r i a t e  to  c o m p o u n d s  wi th  two c o n d e n s e d  r i n g s  - b e n z e n e  and 
n o n a r o m a t i e  r i n g s  - and a l s o  o - d i a l k y l b e n z e n e s .  Th i s  band  r e l a t e s  to the  ~ r -  7r* t r a n s i t i o n ,  and the - - S - -  
e h r o m o p h o r e  h a s  p r a c t i c a l l y  no e f f ec t  on the  s p e c t r u m .  At  the  s a m e  t i m e ,  in the  UV s p e c t r u m  of d i b e n z y l  
su l f ide  (lII) in n - h e p t a n e ,  a p a r t  f r o m  the m a x i m u m  c l o s e  to 200 n m ,  t h e r e  i s  only  a s h o u l d e r  a t  244 n m  
(3.17) [3] wh i l e  in e thano l  t h e r e  is  a s h o u l d e r  a t  238 n m  (2.90), a w e a k  m a x i m u m  at 260 n m  (2.85), and a 
s h o u l d e r  a t  266 n m  (2.66) [4], on ly  the  l a s t  two of  which  m a y  be c o n n e c t e d  wi th  the  a b s o r p t i o n  of the  b e n -  
z e n e r i n g .  I n v i e w  of  t h i s ,  the  q u e s t i o n  a r i s e s  of  the  c a u s e  of the low i n t e n s i t y  of the  s u l f u r  band in the  s p e c -  
t r u m  of I and  i t s  m a s k i n g  by  the a r o m a t i c  band .  

It h a s  been  shown p r e v i o u s l y  [4-6] tha t  the  w a v e l e n g t h  and e x t i n c t i o n  of the  s u l f u r  band depend  on the  

p o s s i b i l i t y  of  the  con juga t i on  of the  u n s h a r e d  e l e c t r o n s  of the  - - S - -  a t o m  wi th  the o r g a n i c  g r o u p s  a t t a c h e d  

to  i t .  F r o m  t h i s  po in t  of v i ew ,  o r g a n i c  s u l f i d e s  can  be d i v i d e d  into t h r e e  m a i n  t y p e s .  

1. Noncon juga ted  d i a l k y l  s u l f i d e s ,  f o r  e x a m p l e  CII3SCH3, the  s p e c t r u m  of  wh ich  h a s  an in f l ec t ion  at 

229 n m  (2.14) - t he  n ~ ~ * t r a n s i t i o n .  S a t u r a t e d  h e t e r o c y c l i c  s u l f i d e s  S (CH2),~CH~ wi th  n >_ 3 a l s o  be long  
h e r e .  In t h e i r  s p e c t r u m  (in e thano l ) ,  when  n = 3 t h e r e  i s  a s h o u l d e r  a t  239 n m  (1.73), and when  n = 4 one at  
229 n m  (2.26). 

2. Con juga ted  s u l f i d e s  (c~, B - u n s a t u r a t e d  and a r o m a t i c  s u l f i d e s ) ,  f o r  e x a m p l e  CHH 2 = C H - S - C I I =  CH 2 
wi th  ) t m a  x (in e thanol)  255 n m  (3.70) - the  n ~ 7r* t r a n s i t i o n .  In the  s p e c t r u m  of C6HIsSC6Hs, the  band of the  
n ~ 7r* t r a n s i t i o n  at  274 n m  (3.74) i s  sh i f t ed  so f a r  in the  l o n g - w a v e  d i r e c t i o n  tha t  the  b e n z e n e  7r ~ v*  
band  (a l so  s t r e n g t h e n e d )  a p p e a r s  beyond  it  - a t  250 n m  (4.08). 

3. Su l f ides  of the  a l l y l  t y p e  ( p , T - u n s a t u r a t e d  s u l f i d e s  and t h o s e  con ta in ing  a r y l m e t h y l  g r o u p s ) ,  f o r  
example ,  CH 2 = CHCHH 2 - S  - C H 2 C H =  CH 2 wi th  ) t m a x  (in e thanol)  221 n m  (3.33). T h i s  type  i n c l u d e s  the  a b o v e -  
m e n t i o n e d  d i b e n z y l  su l f ide  (Il i) .  In  the  IR s p e c t r u m  of the  l a t t e r ,  the  s u l f u r  m a x i m u m  i s  found c l o s e  to  the  
band of  the  b e n z e n e  n u c l e u s  at 260 n m  and i s  s u f f i c i e n t l y  s t r o n g  to m a s k  i t  e i t h e r  c o m p l e t e l y  (in heptane)  o r  
a l m o s t  c o m p l e t e l y  (in e thano l ) .  The  s t r o n g  a b s o r p t i o n  of the  s u l f i d e s  of t h i s  type  s u g g e s t s  a g e m i n a l  i n t e r -  
a c t i o n  (n ~ v* t r a n s i t i o n )  b e t w e e n  the  u n s h a r e d  e l e c t r o n s  of the  s u l f u r  a tom and the  v e l e c t r o n s  of the  
doub le  bond [6] o r  the  a r o m a t i c  r i n g s .  

/ 

~ C H ~  

The g e m  c o n j u g a t i o n *  (homocon juga t i on  [7]) of t h i s  t ype  can  be r e p r e s e n t e d  by  the s c h e m e  (1) and in 
t h e s e  c i r c u m s t a n c e s  the  e l e c t r o n  d e n s i t y  on the  s u l f u r  a t o m  m u s t  be l o w e r e d .  

*The  t e r m  ~gem con juga t ion  ~ h a s  b e e n  p r o p o s e d  by  one of us  to  i n d i c a t e  the  con juga t i on  of  g e m i n a l  s u b -  
s t i t u e n t s  [9]. 
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The poss ib i l i ty  of p v-dr in terac t ion  through the space between the 7r e lec t rons  of the a r o m a t i c  nuc le-  
us and the vacant  d o rb i t a l s  of the sulfur  a tom,  involving, converse ly ,  an inc rease  in the negative charge  on 
the sulfur  a tom,  is not excluded e i ther .  

In addition to the types  of in terac t ions  mentioned,  in the molecu les  of I I I a  - v conjugation is  a lso  pos -  
sible (2) : 

<~--CH2~S-- (2) 
However ,  the UV s pec t r a  of benzyl  chlor ide and f luoride [8] show that  conjugation of this type does not 

affect  the absorp t ion .  Because of the l imi ted  mobi l i ty  of the sulfur  a tom in the nonplanar  he te rocyc le  I (see 
below), gem conjugation according to scheme (2) becomes  imposs ib le  (3) : 

(3) 

In the UV s p e c t r u m  of diphenethyl sulfide, in the molecule  of which, l ikewise ,  gem conjugation is i m -  
poss ib le ,  the re  is only the band of the benzene r ings  [4], sl ightly enhanced because  there  a re  two a roma t i c  
nuclei  in the molecule .  

Compound II a lso  has  a r e l a t ive ly  r igid r ing condensed with an a roma t i c  nucleus and, in addition, a 
- S - S -  chain which causes  a red  shift of the sulfur  band, giving in the case  of dibenzyl disulfide (in heptane) 
a shoulder  at 258 n m  (3.19) [3]. This  shift  is e x p r e s s e d  pa r t i cu l a r l y  s t rongly  in the spec t r a  of he te rocyc l i c  
disulf ides  in the molecu les  of which the - S - S -  group has  the c is  configuration" 1 ,2-di thiacyclohexane 
>~max 292 nm (2.48) [6, 10]. In the s p e c t r o g r a m  (see Fig.  1) it can be seen that absorp t ion  is  g r e a t e r  than 
that  of I in the 250 and 280 n m  reg ions .  It is  mos t  l ike ly  that the shoulder  at 282 nm (2.67) belongs to the 
- S - S -  chain. Shoulders at 270 ,263 ,  and 257 nm re la t e  to the benzene r ing,  and the question of the causes  
of the s t rong absorpt ion  at 247 nm r e m a i n s  open. 

IR SPECTRA 

The IR spe c t rum  of I, which has  also been published p rev ious ly  [11], and of ]I, obtained for  the f i r s t  
t ime ,  a re  given in Table  2. 

To explain the f ea tu res  of the s p e c t r a  of I and TI, they were  compa red  with the IR spec t r a  of c o m -  
pounds re la ted  to them:  indan [12], t e t r a l in  [13], and 2 - th i a - l , 2 ,3 ,4 - t e t r ahydronaph tha lene  [14, 15]. It was  
found that the spec t r a  of I and II have a com pa ra t i ve ly  weak but na r row band at 894 and 890 cm -1, r e s p e c -  
t ive ly ,  which is absent  f r o m  the s p e c t r u m  of indan. The spec t r a  of t e t ra l in  and 2 - t h i a - l , 2 , 3 , 4 - t e t r a h y d r o -  
naphthalene have s eve ra l  bands in this region (807 ,820 ,867 ,  and 901 cm -1 and 815 ,853 ,879 ,  and 904 cm -1, 
r e spec t ive ly ) ,  which compl ica tes  the compar i son .  The band at 890-894 cm -1 in the spec t r a  of I and II may  
r e l a t e  to the s t re tch ing  v ib ra t ions  of the he t e rocyc le ,  s ince a band at 958-960 cm -1 co r r e sponds  to these  
v ib ra t ions  in the s p e c t r u m  of the r e l a t ed  te t rahydroth iophene  [10] (in condensed s y s t e m s ,  it mus t  be shifted 
in the low- f requency  d i rec t ion  [10]). 

The IR spe c t rum  of II has  a new s t rong band at  1399 cm - l ,  the ass ignment  of which is stil l  not c l ea r .  
Since the s t re tching v ib ra t ions  of - S - S -  in the spec t r a  of 1 ,2-di thiolanes  a re  r ep re sen t ed  by absorpt ion 
in the 500 cm -1 region [10], it is  poss ib le  that  the band at 438 cm -1 in the spec t rum of II r e l a t e s  to them.  

P M R  S P E C T R A  

In the PMR s pec t r a  of I and II (in CH2C12), which a re  i l lus t ra ted  in Table 3, the resonance  of the 
methylene  pro tons  is  shown by a singlet  r ight  down to -80~  This  shows the lower  act ivat ion energy  of the 
t rans i t ion  of one conformat ion  of the he te rocyc l i c  r ing into the other .  In the molecule  of I,  this r ing is ap-  
pa ren t ly  a lmos t  p l ana r ,  and in II the f r ee  enthalpy of act ivat ion has  been evaluated as  8.5 k c a l / m o l e  [16]. 

The chemica l  shif ts  given in Table  3 show the following fac ts .  
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T A B L E  2.  I R  S p e c t r a  o f  2 - T h i a i n d a n  (1) and 2 , 3 - D i t h i a - l , 2 , 3 , 4 - t e t r a -  

h y d r o n a p h t h a l e n e  (II) 

I II 

this work 

v, cm- t inter~ity* 

3O66 
3028 
2918 
2845 
2352 
1920 
1808 
1695 
1590 
1492 
1460 
1440 

1306 
1294 

1173 

1032 

3 
3 
4 
4 
1 
2 
2 
l 
2 
3 
3 
3 

2 
2 

2 

2 

949 2 

894 2 

752 4 

427 3 

ace. to [11]? 

v. cm -I intensity* 

3030 4 
2928 5 
2833 3 

1916 1 
1795 2 
1684 1 
1580 3 
14~7 5 
1464 5 
1441 5 
1355 2 
13o0 3 
1288 3 
1250 1 

1198 3 
1166 4 
1107 3 
1091 2 
1045 2 
1029 3 
986 2 
942 4 

887 5 

743 5 
722 5 

v. em-t 

3060 
3020 
2948 
2910 

1900 

1578 
1499 
1478 
1450 
1399 
1308 
1285 
1260 
1237 
1183 
1172 
1109 

1050 

988 
960 
900 
890 
851 
783 
765 
742 
708 
690 
583 
438 
424 
400 

intensity 4 
Assignment 

v CHar 
v CHar 
v=, CH al 
v, CH a l  

v C=C ar 
v C=C ar 
v C=C ar 
6 CH= (scissors) 

6 CH2 (twisting) 
CH= (fanlike) 

8 6 C H  (nonplanar) 
CH (nonplanar) 

* A c c o r d i n g  to a f i v e - p o i n t  s c a l e  (1 - l o w e s t  i n t e n s i t y  of  a b s o r p t i o n ) .  

C a l c u l a t e d  f r o m  t h e  s p e c t r o g r a m .  

T A B L E  3. C h e m i c a l  Sh i f t s  o f  t he  P r o t o n s  in t h e  P M R  S p e c t r a  of  2 -  

T h i a i n d a n  (1) and  2 , 3 - D i t h i a - l , 2 , 3 , 4 - t e t r a h y d r o n a p h t h a l e n e  (II) in  

CC14 

Cc.mpound "r ' ppm ~C~H5 ' ppm 

I 5,94 2,98 
II* 6.06 3,0 

* A c c o r d i n g  to the  l i t e r a t u r e  [17], in CDCla ,  7 C H  2 = 5.93 p p m  and 

TC6H5 = 2.87 p p m .  

On  p a s s i n g  f r o m  I to 1I, i . e . ,  f r o m  a f i v e - m e m b e r e d  h e t e r o c y c l e  to  a s i x - m e m b e r e d  o n e ,  r of  t he  p r o -  

t o n  a d j a c e n t  to  t h e  s u l f u r  a t o m  r i s e s ,  w h i l e  on p a s s i n g  f r o m  III  to  IV i t  f a l l s  ( r C H  2 6.58 and 6.49 p p m ,  r e -  

s p e c t i v e l y  [18]). T h u s ,  in t h e  c a s e  o f  I and II t he  f a l l  in t h e  v a l u e  o f  ~'CH 2 w i t h  an  i n c r e a s e  in t h e  n u m b e r  

o f  s u l f u r  a t o m s  in  t he  r i n g  i s  m a s k e d  by  t h e  s t r o n g e r  o p p o s i t e  e f f e c t .  A s i m i l a r  e f f e c t  i s  o b s e r v e d  on p a s s -  

i ng  f r o m  i n d a n  to  t e t r a l i n  ( T C H  2 7.09 and  7 .24 p p m ,  r e s p e c t i v e l y  [19]) and a p p a r e n t l y  h a s  t h e  s a m e  n a t u r e  
a s  t h e  f a c t o r s  d e t e r m i n i n g  t h e  d e p e n d e n c e  o f  t he  s c r e e n i n g  of  t h e  m e t h y l e n e  p r o t o n s  in e y c l o a l k a n e s  [20]. 

T h e  s c r e e n i n g  of  t h e  m e t h y l e n e  p r o t o n s  in t h e  m o l e c u l e s  of  I and  1I i s  c o n s i d e r a b l y  l e s s  t h a n  in t he  

c o r r e s p o n d i n g  o p e n - c h a i n  m o l e c u l e s  (III and  IV).  A s i m i l a r  d i f f e r e n c e  i s  o b s e r v e d  in t he  c a s e  of  a l k a n e s  
and  the  c o r r e s p o n d i n g  c y c l o a l k a n e s ,  but  i t  i s  s m a l l e r  ( 0 . 2 0 - 0 . 2 5  ppm)  [21], t h e  d i f f e r e n c e  f o r  I - H I  and 1][- 
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IV being 0.64 and 0.43 ppm,  r e spec t ive ly .  Such a l a rge  value of ATCH 2 cannot be explained by the in t roduc-  
tion of co r r ec t i ons  for  the d i f ference  in the contr ibut ions of the d iamagnet ic  an iso t ropy  and of the e lec t r i c  
field of the C - S  and S - S  bonds,  the unshared  e lec t ron  pa i r s  of the sulfur  a tom,  and the r ing cu r r en t  of the 
benzene nucleus.  The combined effect  of all  the influences mentioned does not, according to our  evaluat ion,  
exceed a value of the excess  sc reen ing  of 0.1-0.2 ppm for  the acycl ic  molecu les  as  compared  with the c o r -  
responding cycl ic  mo lecu le s  in which the bonds a re  m o r e  local ized.  

The contradic t ion a r i s ing  can be explained in the following way: a t h r e e - m e m b e r e d  ring is fo rmed  as 
the r e su l t  of gem conjugation between the sulfur  a tom and the benzene r ing in the molecu les  of 111, IV, and 
dibenzyl polysulf ides .  

--C CH2 

It may  be a s s u m e d  that an i so t ropy  or  r ing c u r r e n t s  of the deformed  e lec t ron  clouds in this r ing a re  
a lso  the cause  of the inc reased  sc reen ing  of the methylene protons  in the molecu les  of III and IV, while in 
the molecu les  of I and II the re  is no gem conjugation effect.  

The exis tence  of gem conjugation - for  example ,  in the molecu les  of enones - has  hi ther to  been e s t ab -  
l ished only by changes  in the UV spec t r a .  This  has  given grounds for  consider ing this in terac t ion  as  a p rop -  
e r t y  only of exci ted molecu les  [7]. However ,  r ecen t ly  r e su l t s  have appeared  showing the exis tence  in c e r -  
tain cases  of gem conjugation in the s t a t iona ry  s tate  [9, 22]. The IR s p e c t r u m  of III shows no changes con- 
nected  with gem conjugation, but it mus t  be taken into account that the absorpt ion  of the C - S  band is v e r y  
weak in any case  and can be m as ked  by the a r o m a t i c  bands.  

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

2-Thia indan  (1). A solution of 26.4 g (0.1 mole) of o-xylylene  b romide  (obtained by the photochemical  
b romina t ion  of o-xylene) in 150 ml  of benzene was  added with v igorous  s t i r r ing  over  2 h in an a tmosphere  
of n i t rogen to a solution of 36.0 g (0.15 mole) of Na2 S " 9H20 in 100 ml  of wa te r  containing 0.5 g of OP-7  
nonionic emu l s i f i e r  heated to 40-50~ St i r r ing  was  continued for  another  6 h, and then the benzene l aye r  
was  sepa ra ted  off and dis t i l led with s t eam.  The upper  l aye r  was sepa ra ted  off and dr ied over  MgSO4, and 
the benzene was  dis t i l led off f r o m  it. Vacuum dist i l lat ion of the res idue  gave 5.8 g (47.7%) of I with mp 
26~ bp 77-78~ (5 mm) .  According to the l i t e r a tu re  [23], mp 26~ bp 108~ (14 mm).  

2 ,3 -Di th ia - l , 2 ,3 ,4 - t e t r ahydronaph tha lene  (ID. The synthes is  was  p e r f o r m e d  s imi la r ly ,  but 4.8 g (0.15 
g-a tom)  of sulfur  was p rev ious ly  d issolved in the Na2S solution. Af ter  the solvent had been dist i l led off, 
the res idue  was  subl imed at 100~ and a p r e s s u r e  of 14 m m  and was then r e c r y s t a l l i z e d  f r o m  e ther .  The 
yield of II with mp 80~ was  7.8 g (46.2%). According to the l i t e r a tu r e  [24], mp 80~ 

The UV spec t r a  of 10 -4 M solutions of I and II in n-heptane were  taken on a semiau tomat ic  s p e c t r o -  
pho tomete r  cons t ruc ted  in the l a b o r a t o r y  of phys ica l  organic  c h e m i s t r y  of the Inst i tute of Organic  Synthesis ,  
AS Latv ian  SSR. 

The IR spec t r a  were  obtained on a UR-10 s p e c t r o m e t e r  - I in the f o r m  of a liquid f i lm and II as  mul l s  
in paraf f in  oil (400-1800 cm -1) and in hexaehlorobutadiene (1800-3400 cm-1).  

The PMR s p e c t r a  were  obtained on a YaMR-5535-TsLA s p e c t r o m e t e r  with a working f requency of 40 
MHz. The chemica l  shif ts  were  m e a s u r e d  on the 7 scale  by the s ide-band method as  the a r i thmet ic  means  
of not l e s s t h a n t e n  m e a s u r e m e n t s .  Compounds I and II were  invest igated in the f o r m  of 0.5 M solutions in 
CC14 (with cyclohexane as  internal  standard) and in CH2C12. 
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