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Abs t r ac t  - 1 )  1-Hydroxyazulene, 3-hydroxyguaiazulene,  and 1-, 2 - ,  and 6- 
a z u l e n e t h i o l s  were syn thes i zed  and c h a r a c t e r i z e d ,  and some chemical and 
spec t roscop ic  p r o p e r t i e s  were s t u d i e d .  2 )  Diazulenyl  ke tone ,  t h ioke tone  
and t h e i r  d e r i v a t i v e s ,  and novel  T - e l e c t r o n i c  compounds such  a s  d iazuleno-  
p y r i d i n e  and hydroxyazulylydeneazulanone were syn thes i zed .  3 )  t r i - ( l -  
azuleny1)methyl  ca rboca t ion  and i t s  3-methyl and 3-methoxycarbonyl d e r i v a -  
t i v e s  were syn thes i zed .  They showed h igh  pKR+ va lue  (around 111, and were 
found t o  e x i s t  a s  an equ i l ib r ium between two conformat iona l  s t r u c t u r e s .  

The chemis t ry  of azulene  inc lud ing  s y n t h e s i s ,  p h y s i c a l  and chemical p r o p e r t i e s  has  been ex- 
t e n s i v e l y  s t u d i e d  f o r  more than  t h r e e  decades ( r e f .  1 ) .  The most c h a r a c t e r i s t i c  f e a t u r e s  of 
azulenes  i s  t h e  c o n t r i b u t i o n  of d i p o l a r  s t r u c t u r e  t o  t h e  ground s t a t e .  I t  has  been c l a r i f i e d  
t h a t  f u n c t i o n a l  groups a t t a c h e d  t o  azulene  showed d i f f e r e n t  p r o p e r t i e s  compared t o  those  a t -  
tached t o  benzenoid compounds. I n  t h i s  p a p e r ,  we w i l l  d e s c r i b e  t h e  s y n t h e s i s  and  some 
p r o p e r t i e s  of newly f u n c t i o n a l i z e d  azu lenes  and a z u l e n i c  novel  T - e l e c t r o n i c  compounds. 

1 Syntheses and properties of I-hydroxyazulene, 3-hydroxyguaiazulene and I - ,  2- and 
6-azulenethiols 
2- ,  4 - ,  and 6-hydroxyazulenes;  isomers of n a p h t h o l ,  have  been  r e p o r t e d  t o  e x i s t  i n  t h e i r  
t a u t o m e r i c  forms  ( r e f .  21, d e p e n d i n g  on t h e  s o l v e n t  u s e d .  A t t empted  s y n t h e s i s  of 1- 
hydroxyazulene from 1-benzoyloxyazulene (1) by hydro lys i s  a f f o r d e d  o n l y  r e s i n o u s  s u b s +  3nce  
( r e f .  3 ) .  Ch iu rdog lu  and Fuks ( r e f .  4 )  have r epor t ed  t h a t  an in sepa rab le  mixture  of two 
k inds  of ke to  forms of 3-hydroxyguaiazulene were ob ta ined ,  however, w e  have been doub t fu l  f o r  
t h e  s t r u c t u r e  of t h e  compounds. 
Reduction o f  1-benzoyloxyazulene (1) ( r e f .  3 )  w i th  L i A 1 H 4  a f fo rded  an unseparable  mixture  of 
uns t ab le  green  o i l  and benzyla lcohol .  Ace ty la t ion  of t h e  products  y i e l d e d  1-acetoxyazulene 
(g), whose r educ t ion  wi th  L i A 1 H 4  a f fo rded  pure  1-hydroxyazulene (i), a f t e r  working up under 
low tempera ture ,  a s  green  o i l  i n  q u a n t i t a t i v e  y i e l d .  The compound (2) i s  cons ide rab ly  s t a b l e  
a t  -3OoC,  bu t  e a s i l y  polymerized a t  room tempera ture  and no ke ton ic  compound was ob ta ined .  1- 
Hydroxy-2-deuteroazulene (fl) was a l s o  ob ta ined  s t a r t i n g  from 2-deuteroazulene .  V i s i b l e  ab- 
s o r p t i o n  s p e c t r a  (F ig .  1 )  of (2, 2) and 3-methoxyazulene ( S ) ,  which showed a similar p a t t e r n ,  
a s  w e l l  a s  'H-NMR s p e c t r a  inc lud ing  v a r i a b l e  tempera ture  s p e c t r a  (F ig .  2 )  i n d i c a t e  t h a t  t h e  
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compound (2) e x i s t s  a s  1-hydroxyazulene, and n o t  a s  i t s  ke ton ic  form. 
Guaiazulene was r eac t ed  wi th  benzoylperoxide  t o  g i v e  3 - b e n z o y l o x y g u a i a z u l e n e  (5) and ben- 
zoyloxydiazulenylmethane d e r i v a t i v e  (z). Reduction of 3-acetoxyguaiazulene (S )  ob ta ined  from 
(g ) ,  a f fo rded  3-hydroxyguaiazulene (2) a s  an u n s t a b l e  green  o i l  i n  good y i e l d .  
E l e c t r o n i c  s p e c t r u m  and NMR o f  t h e  compound (2) i n d i c a t e  t h a t  t h e  compound e x i s t s  i n  
hydroxyazulene form. The e t h e r a l  s o l u t i o n  o f  9 was allowed t o  s t and  a t  room tempera ture  f o r  
12 h r ;  t h e  green  c o l o r  g radua l ly  changed t o  brown, from which p a l e  yellow need le s  (lo) and 
ke to  form (11) of  9 were i s o l a t e d  i n  59% and 20% y i e l d s ,  r e s p e c t i v e l y .  Spec t roscop ic  d a t a  
( I R ,  NMR) of t h e  compound (lo) were a lmost  superimposable wi th  those  of t h e  p roduc t  of Darkin 
r e a c t i o n  of 3-formylguaiazulene ( r e f .  4 )  [ w e  followed t h e  same r e a c t i o n  and ob ta ined  a mix- 
t u r e  of t h e  r epor t ed  product  and 11 i n  10% and 1 4 %  y i e l d s ,  r e s p e c t i v e l y . ] ,  and  a l s o  w i t h  
d i m e r i c  compound (1Q2)  o b t a i n e d  by o x i d a t i o n  of gua iazulene  by Matsubara e t  a l .  ( r e f .  5 ) .  
From t h e  d e t a i l e d  ana lyses  of 'H-NMR (F ig .  3 )  of ou r  p roduc t ,  w e  propose he re  t h a t  t h e  com- 
pound i s  a d i a s t e reomer i c  mixture  of 11 (meso) and g (enant iomer ic  mix tu re )  (Scheme 1) i n  t h e  
r a t i o  of 1:O.E. Methylation of 3-hydoxyguaiazulene (9) w i t h  methyl i o d i d e  i n  a l k a l i n e  condi- 
t i o n  a f fo rded  3-methoxyguaiazulene (12) and C-methylation product  (2) i n  39% and 45% y i e l d s ,  
and a s i m i l a r  r e a c t i o n  of ke to  form 11 a l s o  y i e lded  t h e  same compounds i n  3 7 %  and 38% y i e l d s ,  
r e s p e c t i v e l y .  However, i somer i za t ion  of 11 t o  9 was n o t  observed .  
Thus ,  1 - h y d r o x y a z u l e n e  (3) was newly  o b t a i n e d  a s  a g r e e n  co lo red  subs t ance  which e a s i l y  
decomposed t o  polymeric subs t ance ,  and 3-hydroxyguaiazulene (9) was a l s o  ob ta ined  a s  an ex- 
tremely u n s t a b l e  compound b u t  it gave a mixture  of d imer i c  compound (lo) presumably formed by 
o x i d a t i v e  coupl ing  of 2 and i somer ic  k e t o  form (11). 
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Seve ra l  r e p o r t s  of t h e  a t tachment  of t h e  s u l f u r  atom t o  t h e  azulene  nuc leus  have been found 
i n  l i t e r a t u r e  on azu lene  ( r e f .  1 ,  6 ) .  However, no r e p o r t  on t h e  s y n t h e s i s  of a z u l e n e t h i o l s  
has  been pub l i shed ,  a l though some e f f o r t s  have been made i n  t h i s  r e s p e c t  ( r e f .  6 ) .  Here, we 
syn thes i zed  1-, 2 - ,  and 6 -azu lene th io l s ,  isomers of naph tha lene th io l .  
Accord ing  t o  t h e  p a p e r  o f  R e p l o g l e  ( r e f .  7), a z u l e n e  was r e a c t e d  wi th  s u l f u r  d i c h l o r i d e  
y i e l d i n g  d i - i - azu leny l  s u l f i d e  (14) ( r e f .  7 ) ,  d i -1-azulenyl  d i s u l f i d e  (g) ( r e f .  61, and t r i -  
azulene  d e r i v a t i v e  (E), i n  28%, i 7 % ,  and 7.3% y i e l d s ,  r e s p e c t i v e l y .  Reductive c leavage  of 
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- 15 wi th  L i A 1 H 4  a f fo rded  1 -azu lene th io l  (E) a s  an  u n s t a b l e  b l u e  o i l  i n  90% y i e l d .  
Reaction of d i e t h y l  2-hydroxyazulene-1,3-dicarboxylate wi th  d imethyl l th iocarbamyl  c h l o r i d e  i n  
t h e  p r e s e n c e  of sodium hydroxide a f fo rded  a mixture  o f  0-dimethylthiocarbamate (g) and S- 
d imethyl th iocarbamate  (g), i n  23% and 48% y i e l d s ,  r e s p e c t i v e l y  ( r e f .  6 ) .  Heating of 18 a f -  
forded  19 i n  q u a n t i t a t i v e  y i e l d .  Treatment of 2 wi th  100% phosphor ic  a c i d  y i e lded  decar -  
boxyla t ion  product  ( E ) ,  whose h y d r o l y s i s  w i t h  aqueous  p o t a s s i u m  h y d r o x i d e  a f f o r d e d  2 -  
a z u l e n e t h i o l  (21) a s  r edd i sh  v i o l e t  p r i sms ,  mp 119-121°C. S i m i l a r l y ,  t h e  r e a c t i o n  of d i e t h y l  
6-hydroxyazulene-I,  3 -d icarboxyla te  wi th  d i m e t h y l t h i o c a r b a m y l  c h l o r i d e  a f f o r d e d  0- and  S- 
d imethyl th iocarbamates  (22 and 2) i n  46% and 17% y i e l d s ,  r e s p e c t i v e l y .  Treatment of 2 wi th  
100% phosphoric a c i d ,  followed wi th  a l k a l i n e  h y d r o l y s i s ,  a f f o r d e d  6 - a z u l e n e t h i o l  (s), a s  
b lue  need le s ,  mp 112-114'C, i n  43% y i e l d  from 3. 
M e t h y l a t i o n  o f  newly  o b t a i n e d  a z u l e n e t h i o l s  w i t h  diazomethane a f fo rded  t h e  cor responding  
methyl th io  d e r i v a t i v e s ,  and o x i d a t i o n  wi th  iod ine  o r  DMSO y ie lded  t h e i r  cor responding  d i s u l -  
f i d e s .  E lec t ron ic  s p e c t r a  of a z u l e n e t h i o l s  (E, 21, i) show a s i m i l a r  p a t t e r n  wi th  t h e  cor -  
responding methyl th ioazulenes .  These s p e c t r a  a s  w e l l  a s  t h e i r  NMR s p e c t r a  i n d i c a t e  t h a t  t h e s e  
a z u l e n e t h i o l s  e x i s t  a s  t h i o l  forms , n o t  a s  t h ioke tone  forms. 
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2 Syntheses of diazulenylketone, diazulenylthioketone, diazulenopyridine and 
hydroxyazulenylmethylidyneazulanone 
Reaction of azu lene  wi th  o x a l y l  c h l o r i d e  i n  methylene c h l o r i d e  a f fo rded  a mixture  of known 
d i  (1-azuleny1)ke tone  (26) ( r e f .  8 )  and unknown d i  (1-azuleny1)e thane  d ione  (a) i n  34% and 20% 
y i e l d s ,  r e s p e c t i v e l y .  The ke tone  was r eac t ed  wi th  phosphorous p e n t a s u l f i d e  t o  g i v e  a s t a b l e  
th ioke tone  (2). React ions  of 2 wi th  monoperphthalic a c i d  and wi th  methyl i o d i d e  a f f o r d e d  a 
s t a b l e  S-oxide (3) and methyl th io  c a t i o n  (x), r e s p e c t i v e l y .  The extreme s t a b i l i t y  of t h e  
t h i o k e t o n e  (3) and t h e  S-oxide (9) must be a t t r i b u t a b l e  t o  t h e  s t r o n g  e l e c t r o n - r e l e a s i n g  
p rope r ty  from t h e  seven membered r i n g  t o  1 and 3 -pos i t i ons  o f  azu lene  nuc leus .  
I t  has  been known t h a t  azu lenes  e a s i l y  r eac t ed  wi th  formaldehyde t o  g i v e  d i a z u l e n y l m e t h a n e  
d e r i v a t i v e s  ( r e f .  9). The r e a c t i o n  was a p p l i e d  t o  s u b s t i t u t e d  azu lene ,  and v a r i o u s  sub- 
s t i t u t e d  diazulenylmethane d e r i v a t i v e s  were  o b t a i n e d  i n  good y i e l d  a s  shown i n  Tab le  1 .  
However, we found t h e  r e a c t i o n  of e t h y l  2-aminoazulene-1-carboxylate (11) wi th  formaldehyde 
t o  a f f o r d  a mixture  of d i azu leny lme thane  (32) and s t a b l e  a z u l a n e i m i n e  (s) h a v i n g  s p i r o  
s t r u c t u r e .  The l a t t e r  was e a s i l y  isomerized t o  d iazulenylmethane  d e r i v a t i v e  (2) wi th  an 
eight-membered r i n g .  Furthermore,  2-aminoazulene i t s e l f  r eac t ed  w i t h  fo rma ldehyde  t o  g i v e  
unexpectedly d i azu lenopyr id ine  (21) i n  one p o t  i n  4 7 %  y i e l d .  Phenyl d e r i v a t i v e  (36) was a l s o  
ob ta ined  by a s i m i l a r  r e a c t i o n  wi th  benzaldehyde. The compound (2) has  a l r e a d y  been syn- 
thes i zed  by Morita e t  a l .  by a m u l t i - s t e p  r e a c t i o n  s t a r t i n g  from 2-aminoazulene ( r e f .  1 0 ) .  
E lec t ron ic  s p e c t r a  o f  t h e  compounds (35 and 36) a r e  shown i n  Fig.  4. 
Reaction of 2-hydroxyazulene (37) wi th  2-hydroxy- I - f o r m y l a z u l e n e  (38) i n  t h e  p r e s e n c e  o f  
s t r o n g  a c i d  a f fo rded  b i s  [ l -  (2-hydroxyazulenyl) ]methyl ca rboca t ion  (39). When t h e  c a t i o n  was 
t r e a t e d  wi th  wa te r ,  a n e u t r a l  compound (40) was ob ta ined  a s  s t a b l e  c r y s t a l s  i n  good y i e l d .  
Ethoxycarbonyl d e r i v a t i v e  ( R  = C O O E t )  was a l s o  ob ta ined  i n  a s i m i l a r  manner. NMR of t h e  com- 
pounds showed a symmetrical  p a t t e r n  which i n d i c a t e s  t h a t  t h e  compound m u s t  e x i s t  a s  a f u l l y  
c o n j u g a t e d  s t r u c t u r e  (41) h a v i n g  hydrogen  bond ing  c o n s i s t i n g  of an  eight-membered r i n g .  
E lec t ron ic  s p e c t r a  of 40 showed a f l a t t e n e d  abso rp t ion  wi th  s t r o n g  i n t e n s i t y  (F ig .  5 ) ,  d i f -  
f e r e n t  from an a z u l e n i c  abso rp t ion  p a t t e r n .  
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Table 1. Synthesis of Diazulenylmethane Derivatives 
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3 Synthesis of tri(1-azuleny1)methyI carbocations 
R e c e n t l y  v a r i o u s  e x t r e m e l y  s t a b l e  hydrocarbon ca rboca t ions ,  shown i n  Scheme 2 a s  examples,  
have appeared i n  t h e  l i t e r a t u r e  ( r e f .  1 1 ) .  Many s t a b l e  c a t i o n s  inc lud ing  azu lene  nuc leus ,  
e . g . ,  d i  ( 1 - a z u l e n y 1 ) m e t h y l  and t r i  (1-azuleny1)methyl ca rboca t ions  have a l s o  been r epor t ed .  
However, no r e p o r t  on t h e  pKR+ va lue  of t r i ( l - a z u 1 e n y l ) m e t h y l  ca rboca t ion  has  been made. 
Synthes is  o f  t r i  (1-azuleny1)methyl ca rboca t ion  has  been r epor t ed  by two methods; one by t h e  
r e a c t i o n  of azulene  wi th  t e t r a e t h y l  o r thoca rbona te  [C(OEt)4] i n  t h e  presence  of a c i d  r epor t ed  
by Hafner  e t  a l .  ( r e f .  1 2 ) ,  and t h e  o t h e r  by t h e  h y d r i d e  a b s t r a c t i o n  f rom t r i ( 1 -  
azuleny1)methane by t r iphenylmethyl  ca rboca t ion  r epor t ed  by Matsubara e t  a l .  ( r e f .  8 ,  1 3 ) .  
We a l s o  ob ta ined  t h e  same compound wi th  t h e  former c a t i o n  b u t  we found t h e  NMR s p e c t r a  of 
t h i s  compound was too  complex t o  ana lyse .  Furthermore,  we i s o l a t e d  some c a t i o n  by t h e  reac-  
t i o n  o f  azu lene  i n  nitromethane-hydrogen c h l o r i d e  wi thou t  t e t r a e t h y l  o r thoca rbona te .  I R  of 
t h i s  compound was superimposable wi th  t h e  Hafne r ' s  c a t i o n .  Therefore ,  t h e  s t r u c t u r e  of t h i s  
c a t i o n  i s  doub t fu l .  
The r e a c t i o n  of 1-formylazulene wi th  two moles o f  azulene  i n  a c e t i c  a c i d  a t  room tempera ture  
a f fo rded  t r i  (1-azuleny1)methane (42) i n  30% y i e l d  toge the r  w i th  pentaazulene  d e r i v a t i v e  (43) 
i n  14% y i e l d .  S imi l a r  r e a c t i o n  of 3-methyl- and 3-methoxycarbonyl-1-formylazulenes wi th  t h e  
s u b s t i t u t e d  azu lenes  a l s o  y i e lded  t h e  cor responding  t r i  (1 -azu leny l  lme thanes  (44 and 45) i n  
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70% and 94% y i e l d s ,  r e s p e c t i v e l y .  Reaction of t h e s e  t r i (1 -azu leny1)me thanes  wi th  t r i p h e n y l -  
methyl ca rboca t ion  unexpectedly y i e lded  t h e  cor responding  d i  ( 1 - a z u l e n y l  ) m e t h y l  c a r b o c a t i o n  
(5, 47, and  48) by e x t r u s i o n  o f  one azulene  r i n g ,  t o g e t h e r  w i th  I-triphenylmethylazulene 
d e r i v a t i v e s  (49) i n  good y i e l d ,  and 1,3-bis(triphenylmethyl)azulene (3) from 42. Therefore ,  
t r i ( l - a z u l e n y l ) m e t h y l  ca rboca t ions  ob ta ined  by Matsubara e t  a l .  a r e  a l s o  d o u b t f u l .  

Scheme 2 
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F i n a l l y  we ob ta ined  t h e  o b j e c t i v e  t r i ( l - a z u l e n y l ) m e t h y l  ca rboca t ions  by t h e  fo l lowing  method. 
The t r iazu lenylmethanes  were t r e a t e d  wi th  dilchlorodicyano-p-benzoquinone (DDQ) i n  methylene 
c h l o r i d e ,  f o l l o w e d  by a d d i t i o n  of hexaf luorophosphor ic  a c i d ;  working up by e x t r a c t i o n  w i t h  
methylene c h l o r i d e  y i e lded  t h e  cor responding  t r i ( l - a z u 1 e n y l ) m e t h y l  c a r b o c a t i o n  (x, 52 and 
- 5 3 )  i n  good y i e l d  a s  deep  co lored  c r y s t a l s .  High r e s o l u t i o n  mass s p e c t r a  of t h e s e  c a t i o n s  by 
HAB method show t h e  c o r r e c t  p a r e n t  i o n  peaks.  E l e c t r o n i c  abso rp t ion  s p e c t r a  of t h e s e  c a t i o n s  
a r e  shown i n  Fig.  6.  Cycl ic  voltamgram o f  i s  a l s o  shown i n  Fig.  7 .  pKR+ Values of t h e s e  
c a t i o n s  (2, 52 and determined spec t ropho tomet r i ca l ly  i n  b u f f e r  prepared  i n  50% aqueous 
a c e t o n i t r i l e  were ve ry  high va lues  of 11.3,  11.4 and 10.4,  r e s p e c t i v e l y .  A s  expec ted ,  methyl 
s u b s t i t u e n t  i n c r e a s e s  t h e  s t a b i l i t y  o f  t h e  c a t i o n  and  m e t h o x y c a r b o n y l  d e c r e a s e s  t h e  
s t a b i l i t y .  These v a l u e s  a r e  a b o u t  3-4 pKR+ u n i t  h ighe r  than  those  o f  t h e  cor responding  
d i (1-azuleny1)methyl  ca rboca t ions  measured by u s  u s i n g  t h e  same method. 
'H-NMR s p e c t r a  of t h e s e  c a t i o n s  i n  d e u t e r i o c h l o r o f o r m  a t  room t e m p e r a t u r e  showed b road  
s i g n a l s ;  however, a t  h ighe r  tempera ture ,  c l e a r  and sha rp  s p e c t r a  ana lyzab le  by f i r s t  o r d e r  
were ob ta ined .  The NMR s p e c t r a  of methyl s u b s t i t u t e d  d e r i v a t i v e  (52) measured  a t  v a r i o u s  
tempera ture  between -6O'C - t58'C was shown i n  F ig .  8. S imi l a r  s p e c t r a l  p a t t e r n s  were a l s o  
obta ined  f o r  t h e  o t h e r  two c a t i o n s .  The s p e c t r a  must be e x p l a i n e d  by t h e  a s s u m p t i o n  t h a t  
t h e s e  c a t i o n s  a r e  n o t  cop lane r ,  and they  e x i s t  i n  equ i l ib r ium between two conformers a s  shown 
i n  Scheme 3 caused by r e s t r i c t e d  r o t a t i o n  a t  low tempera ture ;  t h u s ,  one i s  an asymmetrical  
p r o p e l l e r  t ype  conformer and t h e  o t h e r  is  a symmetrical  p r o p e l l e r  t ype  i n  t h e  r a t i o  of about  
3 : 1.  
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51 R=H 161 brown powder 

5 2  R=CHI l o o \  brownish purple powder 

5 3  R=CUUMr l o o t  purple powder 

R i H  7 . 3  

R=CH3 8.U 

R=COOhle 1 . 1  

.!.I -2:o I 
Cyclic voltammetry of tri(l-azulenyl)methyl 
carbocation i n  0 . 1 M  E ~ ~ N C ~ O ~ / C H J C N .  

H - 5  C H I  

Scheme 3 I I 

Asymmetrical Propeller SYtNIIetriCal Propeller 
CH3,  H :  non-equivalent CH3, H: equivalnet 
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