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A method is p roposed  fo r  the quanti tat ive evaluation of the re la t ive  hydride labil i ty of hydrogen 
in a number  of compounds f r o m  the hydride  ion affinity of the cor responding  cat ions.  The r e l a -  
t ive labi l i t ies  of H- in 4H- and 2H- th iapyrans ,  4H- and 2H-py rans ,  2H- th iapyran  1,1-dioxide,  
cyclopentadiene,  and cyc lohepta t r i ene  were  de te rmined  by the CNDO/2 (complete neglect  of 
d i f ferent ia l  overlap)  method.  It is shown that the th iapyran and pyran  he te ror ings  a re  d is -  
t inguished by high hydr ide  labil i ty of hydrogen; this is evidently the pr inc ipa l  r ea son  fo r  thei r  
abili ty to undergo dispropor t ionat ion.  It was es tab l i shed  that cyc lohepta t r iene  should be a 
m o r e  act ive  hydr ide- ion  donor in nonpolar  media .  Cor re l a t ion  of the acidi t ies  of the examined 
compounds with the proton affinity of the cor responding  anions, calcula ted by the CNDO/2 meth-  
od, was  noted. 

Substituted 4H- th iapyrans  undergo d ispropor t ionat ion  in the p r e s e n c e  of prot ic  acids to give a mix tu re  of 
the cor responding  th iacyclohexanes  and th iapyry l ium sa l t s  [1]. The p roposed  reac t ion  mechan i sm fo r  d i sp ro-  
port ionat ion includes a s tep involving hydr ide- ion  migra t ion  f rom 4H- th iapyran  to the he te ror ing  with a p r o -  
tonated double bond, i.e.,  r a t h e r  high hydride labili ty of the hydrogen at tached to the y - c a r b o n  atom of the 4H- 
th iapyran ring is a s sumed .  The fac t  that sym-oc tahydro th iaxan thene  is one of the m o s t  act ive hydr ide- ion  
donors  among he te rocyc l ic  compounds [2] conf i rms  the c o r r e c t n e s s  of this assumpt ion .  Dispropor t ionat ion is 
also c h a r a c t e r i s t i c  for  pyrans ,  althongh the py ran  ring is less  inclined to give up a hydride ion [3]. 

In o rde r  to a s c e r t a i n  the extent of the H-donor  p r o p e r t i e s  of the indicated he t e rocyc le s  and whether  
o ther  s i m i l a r  compounds a r e  capable  of undergoing some degree  of d ispropor t ionat ion  in pro t ic  acids,  it is 
n e c e s s a r y  to make a quanti tat ive evaluation of the hydr ide  labili ty of hydrogen in var ious  compounds.  There  
a re  p resen t ly  no expe r imen ta l  methods fo r  the evaluation of this quantity [4]. However,  the change in the hy- 
dr ide labil i ty in a s e r i e s  of HX compounds can be pred ic ted  by compar i son  of the hydr ide- ion  affinit ies of X + 
cat ions produced in the hypothetical  d issocia t ion  HX - -  X + + H-.  The exis tence  of a l inear  co r re la t ion  of the 
acidi t ies  of pro t ic  acids and the pro ton  affinit ies [5] of the cor responding  anions X'- may s e r v e  as a bas i s  for  
this so r t  of assumpt ion .  The di f ference  in the energ ies  of the acid and the cor responding  anion (AE = E~--  
EHX) was ca lcula ted  fo r  the gas  phase  by the s tandard  CNDO/2 (complete neglect  of differential  overlap) meth-  
od with au tomat ic  opt imizat ion  of the bond lengths.  

The a im of the p r e s en t  r e s e a r c h  was to make a quanti tat ive evaluat ion of the re la t ive  hydride labili ty of 
hydrogen in th iapyrans  (I), py rans  (II), 2H- th iapyran  1,1-dioxide (HI), cyclopentadiene (IV), and cyc lohepta t r i -  
ene (V) f rom the AE+ = E ~ - E H x  values by the CNDO/2 method.  The exper imen ta l  values  of the geome t r i ca l  
p a r a m e t e r s  were  taken for  compounds III [6], IV [7], and V [8], and the remaining molecules  and ions were  ca l -  
culated with the s tandard  bond lengths. The bond lengths we re  not op t imized ,  s ince the values  obtained in [5] 
a r e  c lose  to the s tandard  values .  

Because  of the complexi ty  of the compounds examined in this r e s e a r c h  and the absence  of opt imizat ion of 
the geomet ry ,  the exis tence  of a co r r e l a t i on  of thei r  acidi t ies  with the calcula ted AE_ values  should have been 
ver i f i ed  initially. It is difficult  to expect  a good l inear  pK a (AE_) dependence for  the examined compounds,  
s ince,  on the one hand, the CNDO/2 method r a t h e r  poor ly  r ep roduces  the energ ies  of fo rmat ion  of molecules  
[9] and, on the other,  the acidi t ies  we re  de te rmined  fo r  subst i tuted compounds (and ex t r eme ly  approximate ly  in 
mos t  cases)  by the use  of different  bases .  Never the les s ,  the PKa values  for  the examined r ings and the theo-  
re t ica l  evaluation of the proton affinity of the anions a r e  in good a g r e e m e n t  and inc rease  symbat ica l ty  in the 
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TABLE 1. Acidit ies  of a Number  of Compounds and Pro ton  (AE_) 
and Hydride Ion (AE+) Affinities and the Corresponding Ions Calcu-  
lated by the CNDO/2 Method 

Compound Symbol pK~ AE_, ev AE+, eV 

4H-Thiapyran 
2H-Thiapyran 
4H-Pyran 
2H-Pwan 
2H-Thiapyran 1, 1-dioxide 
Cyclopcntadiene - 
Cycloheptatriene 

Ia 
Ib  

IIa 
lib 

III 
IV 
V 

19,5 ~o 
20 H 
3710 

1514 
36 t5 

23,35 
23,6 I 
24,94 
24,89 
22.45 
22,53 
24,52 

31,29 
31,54 
31,33 
31,29 
35,16 
36,84 
29,89 

o r d e r  Ill ~ IV < I < H ~ V (Table 1). This makes  it poss ib le  to hope for  the poss ibi l i ty  of predic t ion of the r e -  
lat ive hydride labil i ty of the hydrogen in the examined compounds f rom the AE+ values  calculated by the s t an-  
dard  CNDO/2 method. 

At this s tage of the theore t ica l  evaluation of the acidi t ies  of I-V one can draw ce r ta in  conclusions.  In 
calcula t ions  in the sp ba s i s  the A E  values  fo r  4H- and 2H- th iapyrans  (25.60 and 25.68 eV, respect ive ly)  a r e  
h igher  than fo r  4H-pyran  (24.94 eV); this is not in a g r e e m e n t  with the cons iderably  higher  acidity of the f o r -  
m e r .  Although the energ ies  of th iapyrans  and the thiabenzene anion dec r ea se  to smal l  values  when the bas i s  is 
expanded, al lowance for  the d orb i ta l s  of sulfur  neve r the le s s  substant ia l ly  improves  the evaluation of the dif- 
f e rence  in the i r  energ ies .  The vacant  3d orb i ta l s  of sulfur  should the re fo re  be included in the bas i s  in the 
theore t ica l  invest igat ion of the reac t iv i t i e s  of th iapyrans .  

One 's  attention is drawn to the substant ia l ly  lower  proton affinity of the thiabenzene anion as comp a red  
with i ts  oxygen analog. This conf i rms  the prev ious  assumpt ion  [16] that the high acidity of th iapyrans  is due 
to the re la t ive ly  sma l l  change in the energy  of the he te ro r ing  when a pro ton  is detached. F o r  the s a m e  reason,  
the abili ty of sulfone HI to give up a proton is no less  than that of cyclopentadiene,  the high acidi ty of which is 
usual ly  explained by the a rom a t i c  c h a r a c t e r  of the cyclopentadienyl ium anion. On the bas i s  of the data obtained 
it can be a s sumed  that the acidi t ies  of i somer i c  pyrans  a r e  approx imate ly  identical.  

The hydride  labil i ty of hydrogen inc rea se s  in the o r d e r  1~ r < Ill < II ~ I < V, s ince the H- affinity in the 
cor responding  s e r i e s  of cat ions d e c r e a s e s  (Table 1). In con t ra s t  to the f i r s t  two compounds,  th iapyran and py-  
ran  a r e  cha r ac t e r i z ed  by re la t ive ly  high H- lability; this may  be the r ea son  fo r  the i r  abil i ty to undergo d i sp ro-  
port ionat ion.  The resu l t s  obtained in this r e s e a r c h  do not cont rad ic t  the exper imenta l  fact  that the equi l ibr ium 
of the ensuing hydride migra t ion  is shifted to the r ight  [3]: 

At the s a m e  t ime,  AE+(I) > AE+(V), which is not in a g r e e m e n t  with some  of the exper imenta l  data. Thus 
the th iapyryl ium cation is m o r e  s table  in alkaline media  than the t ropyl ium cation [17]. The equi l ibr ium of the 
hydr ide - ion  exchange between the th iapyryl ium he teror ing  and the t ropyl ium cation is shifted to favor  the f o r -  
mation of th iapyryl ium sa l t s  [3, 17J. The reduced abili ty of thiapyryl ium compounds to undergo nucleophilic 
addition as compared  with t ropyl ium compounds is evidently assoc ia ted  with the h igher  degree  of solvat ion of 
the th iapyryl ium heteror ing ,  which is dist inguished by a nonuniform charge  distr ibution [18-20]. 

The inc reased  chemica l  s tabi l i ty  of the th iapyryl ium cation was prev ious ly  explained by the re la t ive ly  
high local izat ion energy  [17]. In the r approximat ion it is a s sumed  that the change in energy  (AE+) is due en-  
t i re ly  to r e a r r a n g e m e n t  of the ~r sys t em,  whereas  the change in the energy of the o- f r a m e w o r k  is app rox ima te -  
the same:  AE+ q (I) ~ A E ~  (V). It was found that this assumpt ion  is incorrec t :  the f i r s t  value substant ia l ly  ex-  
ceeds  the second. 

Thus th iapyran and pyran  he te rocyc les  a r e  dist inguished by high hydride  labili ty of hydrogen; this is 
apparent ly  the pr inc ipa l  r eason  fo r  the i r  abil i ty to undergo disproport ionat ion.  

The abi l i t ies  of i somer i c  th iapyrans  and py rans  to give up a hydride ion a r e  approx imate ly  identical,  cy-  
e lohepta t r iene  is a m o r e  act ive  H" donor in low-polar i ty  media.  Dispropor t ionat ion is l e s s  cha r ac t e r i s t i c ,  if 
i t  is poss ib le  a t  all, fo r  2H- th iapyran  1,1-dioxide and cyclopentadiene,  which a r e  c h a r a c t e r i z e d  by re la t ive ly  
low hydride labil i ty of hydrogen. 
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R E S E A R C H  ON P O L Y M E R O C Y A N I N E S  

IV.* SOME NULLOMETHYLIDYNEDIMETHYLIDYNE- AND 

B IS (NU LLOME THY LIDYNE)DIMEROCYANINE DYES 

M. S. L y u b i c h ,  Z .  P .  S y t n i k ,  
a n d  R.  V.  T i m o f e e v a  

UDC 547.789.3.5 : 668:819.45 

A number  of bis (nullomethylidyne)- and nul lomethyl idynedimethyl idynedimerocyanines that 
a re  rhodanine der iva t ives  with 3,3-dimethylindolenine,  benzothiazole,  4,5-diphenylthiazole,  
and pyridine res idues  were  obtained. The color  of the d imerocyanines  depends on the basi-  
city of the ni trogen-containing he terocycl ic  res idue and the length and posit ion of the ex-  
ternal  polymethine chain. A sharp increase  in the sensi t izing ability is observed on passing 
f rom nul lomethyl idynedimethyl idynedimerocyanines  to dimethyl idynenul lomethyl idynedimero-  
cyanines.  

We have previously  investigated the dependence of the color  and sensit izing ability of dimerocyanine dyes 
on the nature and re la t ive  basici ty  of ni trogen-containing he teroeycl ic  res idues  [2, 3] and e lec t ron-donor  sub- 
st i tuents in the a and (~, posit ions of the polymethine chain [1]. It seemed of in teres t  to ascer ta in  the de- 
pendence of the indicated p rope r t i e s  on the length and posit ion of the external  polymethine chain. With this end 
in mind we obtained bis (nullomethylidyne)- (I) and nul lomethyl idynedimethyl idynedimerocyanines (II). The co t -  

* See [1] fo r  communicat ion I~. 
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