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It has been shown by a comparison of the EPR spectra of the anion ra- 

dicals of piazthiole and piazselenole and their a ,  3-dichloro derivatives 

that the density of the unpaired electron in the anion radical  of piaz- 

thiole is highest at the a carbon atom. 

We have p r e v i o u s l y  [1] s tud ied  the  EPR s p e c t r a  of 
the anion r a d i c a l s  of a r e a e - 2 ,  1, 3 - X - d i a z o l e s  {where 
X = O, S, Se). To obta in  the anion r a d i c a l s ,  we r e -  
duced  the c o r r e s p o n d i n g  h e t e r o c y c l i c  compounds  with 
p o t a s s i u m ,  o r  e l e c t r o c h e m i c a l l y .  On the b a s i s  of an 
a n a l y s i s  of the hype r f ine  s t r u c t u r e  of the s p e c t r a  
(hfs) it  was conc luded  that the O, S, and Se a t o m s  of 
t he se  compounds  de f in i t e ly  p a r t i c i p a t e d  in conjugat ion .  
We c o n f i r m e d  these  conc lus ions  by c a l c u l a t i o n s  of 
s p i n  d e n s i t i e s  us ing  the m o l e c u l a r  o r b i t a l  method.  The 
r e s u l t s  that  we ob ta ined  a g r e e d  b a s i c a l l y  with those  of 
S t r o m  and R u s s e l l  [2]. The magn i tudes  of the  hfs 
c o n s t a n t s  of the p ro tons  in the ~ and p pos i t i ons  of the 
anion r a d i c a l  of p i a z s e l e n o l e  (I, X = Se, Y = H) p r o v e d  
to be equal  and those  in the anion r a d i c a l s  of b e a z o f u -  
r a z a n  (I, X = O,Y = H) and p iaz th io le  (I, X =S,  Y =H) 
p r o v e d  to be d i f f e ren t .  A t h e r t o n  and Ockwel l  [3] have 
a l so  r e c e n t l y  found s o m e  d i f f e r e n c e  (0.83 G) in the 
hfs cons t an t s  f r o m  the a and fi p ro tons  in the anion 
r a d i c a l  of p i a z s e l e n o l e .  The au tho r s  connect  th is  r e -  
su l t  with the b e t t e r  r e s o l u t i o n  in the s p e c t r a  that  they 
ach ieved  [3] and with the  d i f f e r e n c e  in the me th ods  of 
ob ta in ing  anion r a d i c a l s  as  c o m p a r e d  with that  of 
S t r o m  and R u s s e l l  [2]. 

O r b i t a l  c a l c u l a t i o n s  w e r e  c a r r i e d  out f o r  a l l  t h r e e  
e a s e s  /1 -3 ]  and g r e a t e r  v a l u e s  of the sp in  d e n s i t i e s  
w e r e  a s s i g n e d  to the a p o s i t i o n s  of the c o r r e s p o n d i n g  
anion r a d i c a l s  of compounds  of s e r i e s  (I). 

a I 
X=O, S, Se 
y =H, r [~-Cl 

However ,  in the r e s u l t s  ob ta ined  by these  a u tho r s  
[2, 3] and a l so  in ou r  own [1] we f ind s o m e  i n d e f i n i t e -  
n e s s .  It c o n s i s t s  in the  fac t  that  the c a l c u l a t i o n  of the 
d i s t r i b u t i o n  of sp in  d e n s i t i e s  at v a r i o u s  v a l u e s  of the  
Coulomb i n t e g r a l  a X and the exchange  i n t e g r a l  flNX of 
the key  h e t e r o a t o m s  O and S g ives  in s o m e  c a s e s  the  
i nequa l i t y  Pa > P~ and in o t h e r  c a s e  pfl > Pa" In the  
c a s e  of the inequa l i t y  Pa > Pfl, we have a kind of sp in  
d e n s i t y  d i s t r i b u t i o n  ana logous  to tha t  of the  anion  
r a d i c a l  of naph tha lene  [4]. This  i nequa l i t y  i s  o b s e r v e d  

a t f lNX =f lCC andf lNX = 1 . 6 f l C C ,  i . e . ,  in a m o d e l  
which  p e r m i t s  the p a r t i c i p a t i o n  of the  h e t e r o a t o m  in 

conjuga t ion .  If, h o w e v e r ,  we t ake  flNX = 0 .5  flCC o r  
BNX = 0, which  c o r r e s p o n d s  to the  weaken ing  o r  even  

the a bse nc e  of conjuga t ion  th rough  the key  h e t e r o a t o m ,  
then  when aX or  a N is changed (in the c a s e  in which 
flNX = 0) t h e r e  a r e  r e g i o n s  w h e r e  the  inequa l i ty  p3 > 
>Pa i s  va l id .  In th is  l a t t e r  c a s e ,  the sp in  d e n s i t y  d i s -  
t r i b u t i o n  a l r e a d y  a p p r o x i m a t e s  to the  type of o - b e n -  
z o se miqu inone  [5]. 

The va lue s  of the m o l e c u l a r  o r b i t a l  p a r a m e t e r s  
a r e  known only a p p r o x i m a t e l y ,  and they  change fo r  
d i f f e r en t  types  of compounds ,  whi le  the c a l c u l a t i o n s  
t h e m s e l v e s  a r e  a p p r o x i m a t e .  Consequent ly ,  the  t h e -  
o r e t i c a l  a s s i g n m e n t  of the sp in  d e n s i t i e s  found 
e x p e r i m e n t a l l y  to the a and fl pos i t i ons  r e q u i r e s  
add i t iona l  con f i rma t ion .  This  c o n f i r m a t i o n  is  a l so  
i m p o r t a n t  f o r  judging  the c o r r e c t n e s s  of the v i ews  
put f o r w a r d  on the p a r t i c i p a t i o n  of the  key h e t e r o a t o m s  
in conjugat ion .  

With th i s  a im,  we t u rned  ou r  a t ten t ion  to the E P R  
s p e c t r a  of the  anion r a d i c a l s  of the a -  and fl-  ch to ro  
d e r i v a t i v e s  of p i az th io l e  and p i a z s e l e n o l e  (I, X = S, 
Se; Y = C1). A s tudy  of the EPR s p e c t r a  of the  anion 
r a d i c a l s  of the ch lo ro  d e r i v a t i v e s  of p -benzoqu inone  
[6], n i t r o b e n z e n e  [7], and s o m e  o t h e r  compounds  has  
shown that  changes  in the  sp in  de ns i t y  d i s t r i b u t i o n  in  
t h e s e  anion r a d i c a l s  as  c o m p a r e d  with the anion r a d -  
i c a l s  f r o m  the c o r r e s p o n d i n g  unsubs t i t u t ed  m o l e c u l e s  
a r e  s m a l l .  The c h l o r i n e  nucleus  has  a m a g n e t i c  m e -  
m e a t  3 .5  t i m e s  s m a l l e r  than the m a g n e t i c  m o m e n t  of 

a p ro ton .  The sp in  of the c h l o r i n e  nuc leus  i s  3/2 and 
the sp in  of the p r o t o n  1/2. As  a r e s u l t ,  s p l i t t i n g  at 
the  c h l o r i n e  a tom i s  1/10 of the s p l i t t i n g  at a p ro ton  

at  the  s a m e  va lue  of the sp in  d e n s i t y  in the nuc leus .  
Consequen t ly ,  sp l i t t i ng  due to c h l o r i n e  a t o m s  is  f r e -  
quent ly  not o b s e r v e d  in the s p e c t r a .  The r e p l a c e m e n t  
of a h y d r o g e n  a tom in the m o l e c u l e  by a c h l o r i n e  a tom 

l e a d s  to the e l i m i n a t i o n  of one of the p r o t o n  s p l i t t i n g s ,  
and th i s  changes  the shape  o f  the s p e c t r u m  c o r r e s -  
pondingly .  The na tu r e  of the changes  men t ioned  d e -  
pends  on the p o s i t i o n  in the  m o l e c u l e  of the  p ro ton  
tha t  i s  be ing  r e p l a c e d  by a c h l o r i n e  a tom.  These  
changes  can  be u s e d  as  add i t iona l  a r g u m e n t s  fo r  
a s s i g n i n g  the hfs cons t an t s  to one o r  o the r  p o s i t i o n  
in  the  u n s u b s t i t u t e d  m o l e c u l e .  The change  in the  o t h e r  
c o n s t a n t s  of the s p e c t r u m  that  m a y  be o b s e r v e d  on p a s s -  
i n g t o  the c h l o r o  d e r i v a t i v e  a r e  g e n e r a l l y  i n s ign i f i can t .  

In o r d e r  to ob ta in  anion r a d i c a l s  f r o m  c h l o r o p i a z -  
t h io l e s  and c h l o r o p i a z s e l e n o l e s ,  we r e d u c e d  these  

compounds  at a m e r c u r y  e l e c t r o d e  at f r o m  - 1 0  to 
- 2 0 ~  in d i m e t h y l f o r m a m i d e  so lu t ion .  As  conduc t ing  
s u p p o r t  we u s e d  (n-C3Hs)4N. C104. The r e d u c t i o n  was  
c a r r i e d  out in c e l l s  s i m i l a r  to those  d e s c r i b e d  p r e -  

v i o u s l y  [1]. 
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E P R  s p e c t r a  of the anion r a d i c a l s  of: I) p i az th io l e ,  a I = 1.6, 

a 2 = 2.9, a N = 5.6 G; II) f l - ch lo rop iaz th io l e ,  a I = 1.55, a2 = 

= 2.97 G; lID a - c h l o r o p i a z t h i o l e ,  a I = 1.43, a 2 = 1.76, a N = 

=5.28 G. 
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This  gave r i s e  to p a r a m a g n e t i c  p a r t i c l e s  the E P R  : ; , ~ .  -1 , :65  aHc e ~: 2 . 9 .  G) [1]. The r e s u l t  ob ta ined  i ndepen -  
s p e c t r a  of which d i f f e r e d  f r o m  the EPR s p e c t r a  of the . . . . .  den t !y  ' c o n f i r m  s the conc lus ion  d r a w n  p r e v i o u s l y  that  
anion r a d i c a l s  of p i az th io l e  and p i a z s e l e n o l e .  The 
ex t ens ions  of the EPR s p e c t r a  of the  anion r a d i c a l s  
f r o m  f l -  and ~ - c h l o r o p i a z s e l e n o l e s  w e r e  the  s a m e  at 
31 G. This  a g r e e s  with the equ iva lence  of the hfs 
cons t an t s  f r o m  the/3 and oz p ro tons  in the anion r a d -  
ica l  f r o m  unsubs t i tu t ed  p i a z s e l e n o l e  r e c o r d e d  in the 
l i t e r a t u r e  [1, 2]. A c c o r d i n g  to A t h e r t o n  and Ockwell  
[3], in the b e a z f u r a z a n ,  p i az th io l e ,  and p i a z s e l e n o l e  
s e r i e s ,  the d i f f e r ence  in the  sp l i t t i ng  cons tan t s  [aHe ~ - 
-- aHfl ] is  l e a s t  fo r  the  anion r a d i c a l  of p i azse l eno leo  

The  E P R  s p e c t r a  of the anion r a d i c a l s  f r o m  p i a z -  
th io le ,  f l - e h l o r o p i a z t h i o l e  (I, X = S, Y = fl-C1) and 
~ - c h l o r o p i a z t h i o l e  (I, X = S, Y = co-C1) a r e  shown in 
the f i gu re .  Without  ye t  going into d e t a i l s  of the a n a l -  
y s i s  of the  complex  hype r f ine  s t r u c t u r e  of the s p e c t r a ,  
we m a y  po in t  out the s u c c e s s i v e  d e c r e a s e  in t h e i r  
to t a l  ex t ens ion  f r o m  31.3  to 29 .04  to 27 .94  G, r e -  
s p e c t i v e l y .  This  d e c r e a s e  is  connec ted  with the r e -  
p l a c e m e n t  of the/3 o r  ~ hydrogen  a tom in the anion 
r a d i c a l  of p i az th io l e ,  which have d i f f e r en t  ez H cons t an t s ,  
by a c h l o r i n e  a tom.  As  a r e s u l t ,  the s p e c t r a  of the 
c h l o r o  d e r i v a t i v e s  b e c o m e  n a r r o w e r ,  th i s  c o n t r a c t i o n  
be ing  a p p r o x i m a t e l y  equal  to the va lue s  of the  hype r f ine  
s p l i t t i n g s  of the  c o r r e s p o n d i n g  h y d r o g e n  a toms  in t h e  
anion r a d i c a l  of p i az th io l e  men t ioned  p r e v i o u s l y  (all/3 = 

an inequMity  of the type Po~ > P~ is  va l id  fo r  the anion 
r a d i c a l  of p iaz th io le .  Thus,  we have s u c c e e d e d  in 
e l i m i n a t i n g  the inde f in i t eness  ment ioned  above in the 
conc lus ion  conce rn ing  the p a r t i c i p a t i o n  of the su l fu r  
a tom of p iaz th io le  in the c r e a t i o n  of a s y s t e m  of e l e c -  
t r o n s  d e l o c a l i z e d  o v e r  the mo lecu le .  
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Five new esters of the furan series have been synthesized by the reaction 
of 5-(5-methyl-2-furyl)propionyl chloride with 2-(3'-hydroxypropyl)- 
furan , 2-(3'-hydroxybutyl)tetrahydrofuran, and furfuryt, tetrahydrofur- 
furyl, and allyl alcohols in the presence of pyridine. 

On be ing  hea ted  with s a t u r a t e d  m o n o h y d r i c  o r  
p o l y h y d r i c  a l i pha t i c  a l coho l s  o r  t h e i r  a l kox ide s ,  the 
c h l o r i d e s  of f u r y l a l k a n e c a r b o x y l i c  ac ids  f o r m  the 
c o r r e s p o n d i n g  e s t e r s  o r  ch lo ro  e s t e r s  [1, 2]. T e t r a -  
h y d r o f u r a n  and, p a r t i c u l a r l y ,  f u r a n  d e r i v a t i v e s  in 
which the nuc le i  a r e  not s t a b i l i z e d  by e l e c t r o n e g a t i v e  

s u b s t i t u e n t s ,  a r e  e x t r e m e l y  s e n s i t i v e  to the ac t ion  of 
ac id i c  agen t s  at high t e m p e r a t u r e s  [3]. 

F o r  th i s  r e a s o n ,  in the  r e a c t i o n  of f i - { 5 - m e t h y l - 2 -  
fu ry l )  p r o p i o n y l  c h l o r i d e  (I) with f u r f u r y l  and t e t r a -  
h y d r o f u r f u r y l  a l coho l s  and with t h e i r  a l k o x i d e s ,  i n s t e a d  
of  the  f o r m a t i o n  of the  c o r r e s p o n d i n g  e s t e r s  c o m p l e t e  
r e s i n i f i c a t i o n  of the  r e a c t i o n  p r o d u c t s  t a k e s  p l a c e .  

We have  found that  e s t e r s  of the f u r a n  s e r i e s  can  
be ob ta ined  f r o m  I and ac idophob ic  a l coho l s  with a 
y i e l d  of ~70% if th i s  r e a c t i o n  i s  c a r r i e d  out in p y r i d i n e .  


