
F O R M Y L  A N D  F O R M Y L V I N Y L  D E R I V A T I V E S  

OF 2 - M E  T H Y  LE N E B E N Z  O - 1 , 3 - D I T H I O L E  

N. S. L o s e v a ,  L .  E .  N i v o r o z h k i n ,  
N. I .  B o r i s e n k o ,  a n d  V.  I .  M i n k i n  

UDC 547.738 : 543.422.25.6'52 

2,5-Dimethyl -  and 2 -e thy l -5 -me thy l - l , 3 -benzod i th io l ium perchlora tes  r eac t  with dimethyl-  
fo rmamide  and N-phenyl -N-methylaminoacro le in  to give monoiminium salts ,  the hydrolysis  
of which yields the corresponding aldehydes.  The t r an s - t r an so id  s t ruc ture  of 5 - f o r m y l -  
vinyl-subst i tuted 2 -methy lenebenzo- l ,3 -d i th io les  was established by a compar ison  of the 
experimental  and calculated dipole moments ,  absorpt ion maxima,  and intensities of the e lec-  
t ron t ransi t ions  and also by analysis  of the PMR spectra .  

The possibil i ty of extension of the Vi l smeie r  react ion to the formylat ion of compounds with act ivated 
methyl  o r  methylene groups in the composi t ion of the heterocycl ic  cation was previously demonst ra ted  
in [1, 2]. 

In the present  paper we descr ibe  formyl  and formylvinyl  derivat ives of the heterocyel ic  se r ies  ob- 
tained on the basis of 1,3-benzodithiolium salts.  

The formylat ion and vinylformylat ion react ions  were  accomplished via the following scheme:  

c . . ~ s \  ~ "+/CN%N=CaCCa=Cm ococ. 1c. coo-. ~ r 

T II  

R 

s / ~  ~ ! II / ~ - c ( c n = c H )  C . = O  , c(c,=cm cn=~\r ~>~'S m 

CIO~- I l l  

R=H. F~ -CI!:. m-0: b R=II, R'=Cst!s, re=l; c R-R'=CIIa In-0: d R=CH,. 
R'=C~H~, m = 1 

1,3-Benzodithiol ium iminium salts II were  obtained in quantitative yields by heating 2 -methy l -  and 
2-e thyl - l ,3 -benzodi th io l ium perehlora tes  I with an excess  of the formylat ing agents [dimethylformamide 
(DMFA) and N-phenyl-N-methylaminoaerole in]  in acetic anhydride.  Monoiminium salts II a re  readi ly  hy- 
d ro lyzed to  aldehydes III in alkaline media. The charae te r i s t i e s  of the compounds obtained are  presented 
in Table 1. 

In [3] it is shown by means of an evaluation of the e lectronic  energies  by the P a r i s e r - P a r r - P o p l e  
(PPP) method [4] and the energies  of the nonvalent interactions by the Kitaigorodskii  potentials [5] that the 
t r an s - t r an s o id  conformat ion is energica l ly  advantageous for  polyene aromat ic  aldehydes.  This conclusion 
was conf i rmed by an analysis  of the dipole moments .  

It seemed of interest  to ver i fy  this r egu la r i ty  in the case of the synthesized polyenes of the IIIb,d 
types and also to obtain information regarding the e lec t ron s t ruc tures  of these compounds. Ln this eon- 
nec t ion  we studied thei r  PlVIR and UV spect ra  and dipole moments .  
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T A B L E  1. 
1 ,3 -Benzod i th io l i um Salts 

C om-  
pound 

Ila 
Ill~.* 
II" 

III b 
I1r 

I I l!e1" 
lid: 

IIId/ 

Products  of the Formyla t ion  and Vinyfformylat ion of 

..raP, *C Empirical formula ~ - - - -  

C,2HI4CINO,S2 
C,oHsOS2 
Ct~HjsCINO4S2 
C,2H,oOS2 
CI3HIsCINO4S2 
CuH,oOS2 
C2oH2oCINO, S~ 
C,3H12OS2 

Found. % 

C 

43,1 
57,6 
53,8 
6t,4 
44,5 
50,3 
54,7 
02,8 

H 

4,0 I 
4,0 
4,oi L 
4,4 21 
4,3 II 
4,6 
4,4 l., 
4,7 2~ 

2d~7--~18 
86--87 

&lO--21q 
1~2--a133 
,216--fl17 
,107 108 

159--d60 

Cale., % Yield, 
c - . s qo  

63.0 4,2 19,1 70 
57,7 3,8 30,8 75 
54,0 4,2 15,1 80 
61,6 4,3 27,4 45 
44,7 4,6 18,3 85" 
59,5 4,5 28,8 42 
54,9 4,6 M,6 78 
63,0 4.8 25~ 55 

* PMR s p e c t r a  (6): 2.3 (singlet ,  C H 3 - A r ) ,  6:5 (doublet HC=C) ,  
7.1 (mult iplet ,  H - A r ) ,  and 9.37 ppm (doublet, HC=O) .  
t PMR s p e c t r a  ( 6 7 : 2 , 3  (singlet,  C H 3 - A r )  , 2.0 (s inglet  CH3-C) ,  
7.1 (mult iplet ,  H - A r ) ,  and 9.3 ppm (singlet,  HC=O) .  

T A B L E  2. Dipole  Moments  of A ldehydes  IIIe ,d (in Dioxane) 

J 
I ] I . i  10,35 1,45 62,706 595,667 , I 3 ,32  j 4 80 
llld: I7,54 2,24 66,496 701,8~0 5,57 ,. 4100 I 5,46 

TABLE 3. Calculation of the Elec t ronic  Absorpt ion Spectra of 
Aldehydes IIIc,d (the energies  of the e lec t ron  t rans i t ions  a re  
indicated in e lec t ron  volts,  and the osc i l la tor  fo rces  a r e  indi- 
cated in pa ren theses  ) 

C o m -  
pound 

Illc 

IIId 

Energy of the ex- 
cited state 

Sl 
$2 
$1 
$2 

Exptl. E (f) 

3,~I (o,15) 

3,1,2 (0,29) 
3,81 (0,0,2) 

Calc .  E(0  

3,74 (0,16) 
4,08 ('0,02) 
3,63 (9,31) 
3,99 (0,03) 

The  pos i t ion  and mul t ip l i c i ty  of the s igna l s  of  the p ro tons  a t t ached  to the f l - c a rbon  a toms ,  which  a r e  
ove r l apped  by the s igna l s  of  the mul t ip le t  of the a r o m a t i c  p ro tons ,  in the PMR s p e c t r a  of IIIb,d w e r e  de-  
t e r m i n e d  by the INDOR method.  Typ ica l  INDOR s p e c t r a  a r e  p r e s e n t e d  in F igs .  1 and 2. The s p i n - s p i n  
cons t an t s  of  the  p ro tons  a t t ached  to  the ~ , 3 - c a r b o n  a t o m s  (J 14.7 Hz) in IIIb,d a r e  in a g r e e m e n t  with the i r  
t r a n s  conf igura t ion .  V a r i a t i o n  of  the t e m p e r a t u r e  f r o m  3 0-185 ~ (in hexach lorobutad iene)  does  not have a 
subs tan t i a l  e f fec t  on  the f o r m  of the  s p e c t r u m .  

The  e x p e r i m e n t a l  dipole m o m e n t s ,  a b s o r p t i o n  m a x i m a ,  and in tens i t ies  of the e l e c t r o n  t r ans i t i ons  
(Fig. 3) a r e  in  s a t i s f a c t o r y  a g r e e m e n t  wi th  the ca l cu la t ed  dipole m o m e n t s  and the s p e c t r a l  c h a r a c t e r i s t i c s  
f o r  the t r a n s - t r a n s o i d  s t r u c t u r e  (Tables  2 and 3). 

It  can  be s e e n  that  the  long-wave  e l e c t r o n  t r a n s m i s s i o n  is a band involving c h a r g e  t r a n s f e r  f r o m  the 
su l fu r  a t o m s  to the  ad jacen t  c a r b o n  a t o m  and e a r b o n y l  oxygen a t o m  th rough  the polyene chain.  The  next  
e l e c t r o n  t r a n s i t i o n  is l oca l i zed  in the a r o m a t i c  r ing .  

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

The  PMR s p e c t r a  of  hexaeh lo robu tad iene  so lu t ions  of the compounds  w e r e  r e c o r d e d  wi th  a T e s l a  
4870 s p e c t r o m e t e r  (80 MHz) wi th  hexame thy ld i s i l oxane  (HMDS) as  the in te rna l  s t andard .  The e l ec t ron i c  
s p e c t r a  of  10-4-10 -5 m o l e / l i t e r  so lu t ions  of  the c o m p o u n d s  in p ropy l  a lcoho l  w e r e  r e c o r d e d  wi th  a Specord  
UV-v i s  s p e c t r o m e t e r .  The  dipole m o m e n t s  w e r e  d e t e r m i n e d  in dioxane at 25 ~ The  capac i t ance s  of the 
so lu t ions  w e r e  m e a s u r e d  wi th  an  E 1 2 - 1 A  a p p a r a t u s .  The  po l a r i za t i on  a t  infinite di lut ion (Poo) was  c a l c u -  
l a ted  f r o m  the H e d e s t r a n d  f o r m u l a  [6]. The  m o l e c u l a r  r e f r a c t i o n s  w e r e  ca l cu la t ed  a s  the s u m s  of  the r e -  
f r a c t i o n s  of  the bonds,  and  the a t o m i c  r e f r a c t i v e  po l a r i z a t i on  was  d i s r e g a r d e d .  

1 3 0 6  



# 2  : !1,2 HZ 

j =  W,7 H Z . ! ~  2:I4,7 HZ 

iiil 

+ *b+§ 
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& p p m  

F i g ,  1. P M R  s p e c t r a  of r i Ib .  
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F i g .  2.  ])MR s p e e t r a  of IIId.  
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F i g .  3. E l e c t r o n i c  s p e c t r a  of a l d e h y d e s :  
IIIb; 3) IIIc;  4) Hid.  

1) I l ia ;  2)  

T h e  e l e c t r o n  d i s t r i b u t i o n s  ; -d ipo le  m o m e n t s ,  a n d  s p e c t r a l  c h a r a c t e r i s t i c s  of III w e r e  c a l c u l a t e d  b y  t he  
s e l f - c o n s i s t e n t  f i e ld  (SCF) M O  m e t h o d  w i t h i n  the  P P P  a p p r o x i m a t i o n .  T h e  p r i n c i p a l  d e t a i l s  of  t he  c a l c u l a -  

T A B L E  4. D i s t r i b u t i o n  of the  C h a r g e s  i n  the  G r o u n d  (N), F i r s t  
S i n g l e t  (S 0 ,  a n d  Second  S ing l e t  (S 2) E x c i t e d  S t a t e s  of A l d e h y d e s  

I I Ia ,b  

Atom I I I b  

NO. S~ ,V S~ S: 

i 
2 
3 
4 
5 
6 
7 
8 
9 

H) 
]1 
12 
13 
14 

3 i:, 

o ,, , ' ~ = q j  

I I l a  

0,067 -- 0,393 
- -  0 ,o 1 o 0 , 0 3 4  
- 0,040 - 0,3~9 

0.09I 0,C,22 
0 0,018 

-- 0,094 -.- 0,032 
--0,012 0>033 
-0,0H -0,077 

0,294 0,070 
-0,378 -0,516 

0,014 0,284 
0,044 0,442 

0,063 
- -  0 , 0 2 0  
-0,035 
-0,00i 
- 0 , 0 0 2  
-- 0,036 
--0,020 

0,034 

0,291 
0,378 
0,084 
0,689 

0,034 
-O,OW 

0,0t2 
- -  0.0-O9 
--0,005 

- 0 , 0 O !  
- 0 , ~ 6  

0,002 

- 0 , 0 2 5  
- o,o lO 
-0,379 

0,042 
0,042 

- 0,?;~.2 
0.013 
0.218 
O,O15 

- 0 . ? , %  
0.s 
OL,79 

-- O,O,k3 
-0.148 
-0,077 

0,0l,t 
-0,464 

0,218 
0.319 

-0 , t 27  
0,029 
0,2(~fl 

- 0,Cd9 
-0,,0;~ 

0/3! 7 
-0,007 
-0,031 

0,027 
-0,012 

0.036 
0,~12 
0,%9 
0.254 
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tion were  previously  set  for th  in detail in [7]. The geomet r ica l  cha rac te r i s t i c s  of the dithiole f ragment  were 
taken f rom the resu l t s  of x - r a y  diffract ion analysis  [8]. The ~ moments  were  calculated f rom the moments  
of the bonds with the pa rame te r s  in [9]. 

Iminium salts  II (Table 1) were  obtained by heating a mixture of 0.01 mole of the appropr ia te  dithiole 
sal ts  [10] with a f ive-  to tenfold excess  of the formylat ing agent {DMFA or  N-phenyl -N-methy laminoacro-  
lein) in acet ic  anhydride at  100 ~ for  3-5 rain. The mixture was cooled and diluted with ether, and the pre-  
cipitate was removed  by f i l t ra t ion and c rys ta l l i zed  f rom glacial  acetic acid. 

The iminium salts  were  hydr01yzed in acetoni t r i le  solution with excess  2 N KOH solution. The mix- 
ture  was s t i r r ed  at room tempera tu re  for  4 h, af ter  which it was diluted with water  and extracted with ether  
o r  benzene. The ext rac t  was washed with water  and dried with anhydrous sodium sulfate. The solvent was 
vacuum evaporated,  and the res idue was diluted with ch loroform and chromatographed with a column filled 
with aluminum oxide in ch loroform.  The ch lo roform was removed  by disti l lation until the product began to 
c rys ta l l i ze  intensively. Aldehydes HI (Table 1) were  c rys ta l l i zed  f rom carbon te t rachlor ide .  
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