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Relat ively d i f f icul t - to-oxidize  4 - c a r b o r a n y l p y r a n s  were  obtained by the act ion of (phenyl-o-  
carboranyl ) l i th ium on 2 ,6-disubst i tu ted  pyry l ium sa l t s .  The convers ion  of the 4 - c a r b o r a n y l -  
py rans  to the cor responding  4 - c a r b o r a n y l p y r y l i u m  sa l t s  is achieved by the action of a one-  
e lec t ron  oxidizing a g e n t -  t r i s  (p-bromophenyl)  amin ium hexachloroant imonate .  The 4- ( o - c a r -  
boranyl )pyry l ium sa l t s  readi ly  undergo one -e l ec t ron  e l ec t rochemica l  reduction.  It is a s sumed  
that the f i r s t  s tep in dehydrogenation of the py rans  is one -e l ec t ron  t r ans fe r .  

It should have been expected that 4H-pyrans  that contain s t rong e l e c t r o n - a c c e p t o r  groupings  in the 4 po- 
si t ion have specif ic  p r o p e r t i e s  that d i f fer  f r o m  the p r o p e r t i e s  of their  analogs,  s ince the "hydride" lability of 
the genera l  hydrogen a tom will  be reduced in this case .  To ver i fy  this assumpt ion  we undertook the synthes is  
of some  4 - (o - ca rbo rany l )py rans  and studied the i r  convers ion  to the cor responding  pyry l ium sa l t s .  It is known 
that s table  i cosahedra l  o - c a r b o r a n e s  a r e  c h a r a c t e r i z e d  by a pronounced e lec t ron  deficit  [1]. 

F o r  the synthes is  of the pyrans  we used a method that is, in pr inciple ,  s i m i l a r  to the method known in the 
c h e m i s t r y  of pyry l ium sa l t s  [ 2 ] -  a lkylat ion of unsubsti tuted pyry l ium cat ions.  
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4- (C-Pheny l -o - ca rbo rany l )py rans  Ia -c  were  obtained in 60-86% yields  in the case  of a s to ich iomet r ie  
reagent  rat io  (in benzene).  In con t ra s t  to many known 4H-pyrans ,  the compounds obtained in this r e s e a r c h  a re  
sufficiently s table  with r e s pec t  to oxidation and a r e  readi ly  purif ied.  Thei r  s t r uc tu r e s  we re  conf i rmed  by the 
IR spec t r a  and PMR data (Table 1). 

The stabi l i ty  of the ea rbo rany lpy rans  with r e s p e c t  to oxidation is graphica l ly  displayed in the i r  po la ro -  
g raphic  behavior .*  F o r  example ,  whe reas  2 ,6-diphenylpyran  is oxidized on a s ta t ionary  plat inum m i c r o e l e c -  
t rode in a sodium te t ra f luorobora te  base  e lec t ro ly te  at  1.5 V, under  the s ame  conditions 4 -pheny lca rborany l -2 ,6 -  
diphenylpyran is oxidized only a t  2.0 V. Rep lacement  of the phenyl groups  in the 2 and 6 posi t ions  by t e r t -bu ty l  
g roups  fac i l i ta tes  oxidation somewhat  (Ep = +1.6 V). Ca rbo rany lpy ran  Ib is oxidized at  1.8 V under the s ame  
conditions. 

We were  unable to accompl i sh  the t rans i t ion f r o m  the ca rbo rany lpy rans  to ca rbo rany lpy ry l ium sa l t s  by 
the action of t r i ty l  o r  acetyl  pe rch lo ra t e ,  which a r e  usually employed fo r  this purpose ,  although reac t ions  of 
this type a r e  t radi t ional ly  c lass i f ied  as "hydr ide  ion" detachment .  

However,  it is cha r ac t e r i s t i c  that the 4 - c a r b o r a n y l p y r a n s  obtained a r e  re la t ive ly  eas i ly  conver ted  to the 
cor responding  4 - c a r b o r a n y l p y r y l i u m  cat ions under the influence of a typical  one -e l ec t ron  oxidizing a g e n t -  the 
t r i s (p-bromophenyl )a ln in ium cation radica l .  Be t t e r  r esu l t s  we re  obtained with the readi ly  access ib le  t r i s  (p- 
b romophenyl )amin ium hexachlorean t r imonate .  It  is evident that these  t r ans fo rma t ions  a r e  initiated by one-  
e lec t ron  t r a n s f e r  f r o m  pyran  to the oxidizing agent  and cannot be assoc ia ted  with the actual  t r a n s f e r  of a lay- 
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Sc ien t i f i c -Resea rch  Insti tute of Phys ica l  and Organic Chemis t ry .  Ros tov-ou-Don State Univers i ty ,  Ros-  
tov-on-Don 344006. T rans l a t ed  f rom Khimiya  Getero ts ik l ichesk ikh  Soedinenii, No. 9, PP. 1172-1175, September  
1977. Original  a r t i c le  submit ted  March  9, 1976; rev is ion  submit ted  October  27, 1976. 

942 0009-3122/77/1309-0942 $07.50 �9 1978 Plenum Publishing Corpora t ion  



TABLE 1. 4 -  ( P h e n y l - o - c a r b o r a n y l ) - 2 , 6 - d i a r y l ( a l k y l ) p y r a n s  

Com- 
pound 

[a 

ib 

Ic 

CsH5 

p-CIIaOC6H4 

tert-C4H 9 

rap, ~ a 

132--134,5 

159--16I 

133--135 

Found, ~ 

C H B 

66,7 6,5 23,8 

63,4 6,8 20,6 

61 ,09 ,025 ,7  

Empirical 
formula 

C2sllz~B mO 

C2:Ha._,B mOa 

Ce;Ha6B>O 

Calculated % 

c H B 

66,3 6,2 23,9 

63.3 6,3 21,1 

61,1 8,8 26,2 

IR spec- 
trum, u, 
cm-t 

26001695 
16101585 
1500 
26001695 
16151585 
1525 

2600 1700 

PMR spectrum, b 5, 
ppm 

C6Hs: 7,00 7,85 (m) 
[~-H : 5,15 (d) 
y-H : 3,27 (t) 

CsI-ls : 7,10--7,77 (m) 
[~-H : 4,97 (d) 
y-H : 3,30 (t) 
CHa : 3,75 (s} 
CsH4 : 6.80 (d} 

7,40 (d) c 
C~H5 : 7.17--7 82 (m) 

~-H : 4,29' (d) 
~'-H : 2,77 (t) 

(CHa)aC : 1,00 iS) 

75 

60 

98 

a F r o m  n i t r o m e t h a n e .  
bThe  s igna l s  of the p ro tons  bonded to b o r o n  a r e  not  r e s o l v e d  at  ope ra t ing  f r e q u e n c i e s  of 60 and 
80 MHz. 
CThis s igna l  is o v e r l a p p e d  wi th  the mu l t i p l e t .  

TABLE 2. 4 - ( P h e n y l - o - c a r b o r a n y l ) . 2 , 6 - d i a r y l ( a l k y l ) p y r y l i u m  
H e x a c h l o r o a n t i m o n a t e s  

Com- 
pound 

IIa 

Ilb 

Ilc 

mp, .ca __F~ % Empirical 
(dec .) h I , ,  formula 

C~Hs 

,>Cl I~OC~114 

:ert-C.,t 19 

195--207 

216--222 

212--215 

38,3 3,8 

33,61 5,6 

C2~H27B>CI6OSb 

C27Ha~BmCI6OaSb 

C21HasBwCI6OSb 

Calc. % J. " Yield, 
. . . . . . . .  m @eet., 
c ] H [/',cm-1 % 

38,23,5 26001510160015851630 78 

38,3 3,6 2600 1630 76 
1610 1580 

33,84, 260015301630 47 

a F r o m  g l a c i a l  ace t i c  a c i d - a c e t i c  anhydr ide  (1 : 1). 

d r i de  ion. The a m i n i u m  ca t ion  r a d i c a l  is not,  in p r i n c i p l e ,  capab le  of accept ing  e i t h e r  a hyd r ide  ion o r  a hydro-  
gen  a tom;  the only p o s s i b l e  f i r s t  s tep in the dehydrogena t ion  in i t i a t ed  by it is o n e - e l e c t r o n  t r a n s f e r :  

I a-c + ,(p-BrC~H~)aN BIoHIo 

L r / " - o  / ~r  j 

In the a b s e n c e  of an  a c c e p t o r  of the a tomic  hyd rogen  that  is f o r m e d  in this  s tep the ca t ion  r a d i c a l  cannot  
be c o n v e r t e d  to a p y r y l i u m  ca t ion  through d e t a c h m e n t  of a hydrogen  atom; the a l t e r n a t i v e  is to a s s u m e  the hy-  
d rogen  is sp l i t  out  in the f o r m  of a p ro ton  with s u b s e q u e n t  ox ida t ion  of the p y r a n y l  r ad i ca l :  

- - C - - E 6 H  5 Q " Q ? - - C 6  H5 

- R / ~ - 0  / R - R " ~ - ~ / \ R  

l i a -c  

The c a r b o r a n y l p y r y l i u m  h e x a c h l o r o a n t i m o n a t e s  (Ha-c, Tab le  2) ob ta ined  in this  way a r e  p r a c t i c a l l y  in -  
so lub le  in t r f f l uo roace t i c  acid and i ts  anhydr ide ,  and this m a d e  it  i m p o s s i b l e  to s tudy t he i r  PMR s p e c t r a .  

Wherea s  the e l e c t r o c h e m i c a l  oxida t ion  of the 4 - c a r b o r a n y l p y r a n s  p r o c e e d s  wi th  r e l a t i v e  diff iculty,  the 
r e d u c t i o n  of the c o r r e s p o n d i n g  4 - c a r b o r a n y l p y r y l i u m  ca t ions  on a dropping m e r c u r y  e l ec t rode  in a c e t o n i t r i l e  
in a sod ium p e r c h l o r a t e  b a s e  e l e c t r o l y t e  p r o c e e d s  a t  r e c o r d - b r e a k i n g  low po ten t i a l s :  
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I la  -o,38V; b -o,~V; c -o,18 V 

F o r  compar i son  it  can b e  pointed out that 2 , 6 -d i - t e r t - bu ty lpy ry ! ium and 2 ,4 ,6 - t r iphenylpyry l ium p e r -  
ch lora tes  a re  reduced under the s ame  conditions at, r espec t ive ly ,  - 0 . 7 4  and - 1 . 4 9  V. It is cha r ac t e r i s t i c  
that phenylcarborane  is reduced a t - 1 . 7  V [in a (CH3)4N+C10~ base  e lec t rolyte]  under these conditions. 

Since methods fo r  the convers ion  of py ry l ium sa l t s  to va r ious  he terocycl ic  compounds have been well  
worked out at  p r e s en t  [2], this opens up the poss ib i l i ty  of the p repa ra t ion  of new types Of c a r b o r a n e  de r iva -  
t ives of he te rocyc les .  

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

The IR spec t r a  of CHCI~ solutions of the ca rbo rany lpy rans  and thin l aye r s  of mine ra l  oil suspens ions  of 
the ca rbo rany lpy ry t ium sa l t s  we re  r eco rded  with a UR-20 s p e c t r o m e t e r .  The PMR spec t r a  of Ia,c were  r e -  
corded a t  room t e m p e r a t u r e  with a Tes la  BS-467 s p e c t r o m e t e r  (60 MHz), and the s p e c t r u m  of ca rbo rany ipy ran  
Ib was r eco rded  a t  60 ~ with a Tes l aBS-487c  s p e c t r o m e t e r  (80 MHz); the  solvent  was CC14, and the internal  
s tandard  was hexamethyldis i loxane.  The e l ec t rochemica l  oxidation was c a r r i e d  out with a P P T - 1  polaro-- 
graph;  reduct ion was accompl ished  with an OP-2 osc i l lopolarograph .  

4-  (Pheny lca rborany l ) -2 ,6 -d ipheny l -4H-pyran  (In). A solution of (phenyl-o-carboranyl)  l i thium [3] [from 
2.2 g (0.01 mole) 0f p h e n y l - o - c a r b o r a n e  and butyl l i thium] in benzene was added with s t i r r ing  in an a rgon  a t -  
mosphe re  to a suspens ion of 3.3 g (0.01 mole) of 2 ,6-d iphenylpyry l ium pe rch lo ra t e  in benzene,  a f t e r  which the 
mix ture  was s t i r r e d  at  room t e m p e r a t u r e  fo r  20 rain, and the prec ip i ta ted  l i thium pe rch lo ra t e  was r emoved  by 
f i l t ra t ion.  The solvent  was r emoved  f r o m  the f i l t ra te ,  and the res idue  was t r i tu ra ted  in alcohol. Solid pyran  
Ia was r emoved  by f i l t ra t ion and r e c r y s t a l l i z e d  f r o m  ni t romethane  to give 3.4 g (75%) of Ia. 

Compounds Ib and Ic we re  s imi l a r ly  obtained. 

4 - (Pheny lca rborany l ) -2 ,6 -d ipheny lpyry l ium Hexachloroant imonate  (IIa). A mix ture  of 0.45 g (0.001 mole) 
of c a rbo rany lpy ran  and 0.82 g (0.001 mole) of t r i s (p -bromophenyl )amin ium hexach loroan t imonate  [4] in abso-  
lute dioxane was ref luxed in an argon a tmosphe re  until the intensely blue co lo r  of the cat ion radica l  vanished.  
The mix ture  was then cooled, and the prec ip i ta ted  pyry l ium sa l t  IIa was r emoved  by f i l t ra t ion and r e c r y s t a l -  
l ized f r o m  glac ia l  acet ic  a c i d - a c e t i c  anhydr ide  (1:1) to give 0.61 g (78%) of Ha. 

Salts IIb and IIc we re  s i m i l a r l y  obtained. 
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