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P rev ious ly  we had r e p o r t e d  that the EPR s p e c t r a  of the i s o m e r i c  b i rad ica l s  obtained f r o m  the phthalic~ 
isophthalic,  and t e reph tha l ic  acids p o s s e s s  a dis t inct ive hyperf ine s t ruc tu re  in dilute solut ions [1-4]. The 
mos t  in teres t ing,  and at the s a m e  t ime  the leas t  studied, a r e  those  b i rad ica l s  in which the f requenc ies  of 
e l ec t ron  exchange a r e  c o m m e n s u r a t e  in the o r d e r  of magnitude of the values  with the f requency of the con- 
tac t  coupling. To such r ad ica l s  belong the p a r a m a g n e t i c  i sophthala tes  of s t ruc tu re  (I)-(V) 
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- - R  = H (I) (IV); CH 3 (II);  n-C,H9 ( I I I ) ;  (V) 

When a dilute solution of b i r ad ica l  (I) is  heated up to 130-150 ~ i ts  ini t iat  t h r ee -componen t  s p e c t r u m  
(Fig. la)  is t r a n s f o r m e d  to a f ive -component  s p e c t r u m  (Fig. lb) due to an i nc r ea se  in the intensi ty  of the 
v i b r a t i o n a l -  rotat ional  mot ions  of the e s t e r  groups,  which, in turn, leads  to an i nc r ea se  in the f requency of 
the p a i r e d  convergences  of the iminoxyl  f r agmen t s  and, as  a result ,  to m o r e  intense e lec t ron  exchange.  

The p r e s e n t  p a p e r  includes the synthes is  and study of those  isophthala tes  in which the 2 posi t ion of 
the a r o m a t i c  t:ing is occupied by hydrocarbon  subst i tuents  that  a r e  capable of p revent ing  convergence  of the 
N -  O groups.  The expe r imen t s  d i sc losed  that even for  b i rad iea l  (II) the e lec t ron  exchange is not mani -  
f e s t ed  even above 150 ~ The hyperf ine  s t r u c t u r e  of the EPR spec t r a  indicates  that the iminoxyl groups 
a r e  d isconnected in this case .  When the 2,2, 6, 6 - t e t r a m e t h y l - l - o x y l - 4 - p i p e r i d y l  f r a g m e n t s  in the iso-  
ph tha la tes  a r e  r ep laced  by 2, 2, 6, 6 - t e t r a m e t h y l p i p e r i d y l - l - o x y l - 4 - p - e t h y l  f r agmen t s  the EPR spec t r a  a r e  
r ad ica l ly  changed, s ince the f r e e d o m  of the i n t r amolecu l a r  v i b r a t i o n a l -  rotat ional  mot ions  of the iminoxyl  
groups  i n c r e a s e s .  Thus, b i r ad ica l s  (IV) and (V), even at room t empera tu re ,  have a hyperf ine  s t r u c t u r e  
of the EPR s p e c t r a  tha t  is  c h a r a c t e r i s t i c  for  b i r ad ica l s  with a fas t  e lec t ron  exchange (Fig. lc,  d). These  
r e su l t s  make it poss ib le  to a s s u m e  that in the case  of a sufficient length and labi l i ty  of the br idges ,  con- 
necting the p a r a m a g n e t i c  cen te rs ,  in the b i rad ica l s  the convergenc of the iminoxyl  groups  is energe t ica l ly  
f avorab le  even if ce r ta in  s~er ic  h indrances  a r e  p r e sen t .  

The mo lecu l a r  models  of b i r ad iea l s  (III) and (V), depicted in Fig. 2, a r e  found to be  in a g r e e m e n t  with 
the above given in te rp re ta t ion  of the expe r imen ta l  data. 

EXPERIMENTAL METHOD 

2-Butyl isophthaloyl  Dichloride.  The dichlor ide was obtained in conventional manne r  [5], in 80% yield, 
by heat ing 2-butyl isophthal ic  acid with an excess  of f r e sh ly  dis t i l led thionyl chloride;  bp 85-87 ~ (0.1 ram); 
n~  1.5500. Found: C 55.75; H 4 .4I ;  C1 27.45~. Ct2HI20~CI~. Calculated: C 55.60; H 4.67; Ct 27.35%. 
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Fig. 1. EPR spec t r a  of dilute heptane solutions of bi -  
rad ica l s :  a) (I) at 22~ b) (I) at 163~ c) (IV) at 22~ d) 
(V) at 22 ~ (in the absence  of oxygen). 

Fig. 2. Stuart  - Br ieg leb  molecu la r  models  of b i rad ica l  
(V): a) the 2-n-buty l  subst i tuent  s t e r i ca l ly  hinders  e l ec -  
t ron  exchange; b) the subst i tuent  does not p reven t  ini t ia-  
t ion of e lec t ron  exchange between the p a r a m a g n e t i e  cen- 
t e r s  of the = N -  O groups.  

2-Methyl isophthaloyl  Dichloride.  The dichloride was obtained under  the conditions of the p reced ing  
exper iment ,  in quant i ta t ive yield, f r o m  2-methyl i sophtha l ic  acid [6]; mp 92 ~ (from hexane). 

D i - (2 ,2 t6 ,6 - t e t r ame thy l - l - oxy l -4 -hyd roxyp ipe r idy l ) -2 -me thy l i soph tha l a t e  (II). To a solution of 1 g 
of 2 , 2 , 6 , 6 - t e t r a m e t h y l - 4 - h y d r o x y p i p e r i d y l - l - o x y l  in 20 ml of anhydrous benzene and 5 ml  of t r i e thy lamine  
was added in drops  a solution of 0.5 g of 2-methyl isophthaloyl  dichloride in 25 ml  of anhydrous benzene. 
Af ter  s t i r r i ng  for  2 days the p rec ip i t a t e  was f i l tered,  the f i l t r a te  was evapora ted  to dryness ,  and the solid 
res idue  was eh romatographed  on A1203 (eluant: c h l o r o f o r m -  ethyl acetate ,  4 : 1), collecting the bot tom 
colored zone. Evapora t ion  of the solvent  and r ec rys t a l l i za t ion  f r o m  heptane gave 0.73 g (64.7%) of (II) with 
mp 139-140 ~ Found: N 5.67%; mol.  wt. 488. C2yH40N206. Calculated: N 5.73%; mol.  wt. 488.631. 

Di- (2,2, 6, 6 - t e t r a m e t h y l -  1 -oxy l -4 -hydroxyp iper idy l ) -  2-n-butyl isophthala te  (III). Using the a b o v e - d e -  
s c r ibed  method, f r o m  3 g of 2,2, 6, 6 - t e t r ame thy l -4 -hyd roxyp ipe r idy l -1 -oxy l  in 40 ml of anhydrous benzene 
and 7 ml  of t r ie thylamine ,  and 1.85 g of 2-butyl isophthaloyl  dichloride,  was obtained (III) in 82% yield as 
two kinds of c rys ta l s ,  which underwent  mutual in terchange when heated. Needles,  mp 95-96.5 ~ Found.. C 
68.08; H 8.90; N 5.44%; mo[. wt. 530. Rhombic  c rys ta l s ,  mp 108 ~ Found; C 67.84; H 8.80; N 5.47%; tool. 
wt. 530. C30H46N20 ~. Calculated.. C 67.89; H 8.74; N 5.25%; tool. wt. 530. 

Di- (2, 2, 6, 6 - t e t r a m e t h y l -  1 -oxy l -4 -  f l -hydroxyethylpiper idyl) isophthala te  (IV). Using the method to 
obtain (iI), f r o m  1 g of 2 ,2 ,6 ,6 - t e t r ame thy l -4 - f l -hyd roxye thy lp ipe r idy l - l -oxy l ,  0.4 ml  of absolute  pyr id ine  
and 0.5 g of isophthaloyl  dichloride in 20 ml  of anhydrous benzene was i so la ted  a dark  red  oil, which fai led 
to c rys t a l l i ze  on long standing in the r e f r i g e r a t o r .  The yield of (IV) was 81.1%; Rf 0.4 (CHCI~). Found: 
C 68.24; H 8.83; N 5.32%. C30H4606N 2. Calculated.- C 67.89; H 8.74; N 5.25%. 

�9 Di- (2, 2, 6, 6 - t e t r a m e t h y l -  1 -oxy l -4 -  f l -hydroxyethylpiper idyl ) -  2-n-butyl i sophthala te  (V). In a s i m i l a r  
manner ,  f r o m  1 g of 2 , 2 , 6 , 6 - t e t r a m e t h y l - 4 - f i - h y d r o x y e t h y l p i p e r i d y l - l - o x y l  and 0.512 g of 2-butyl i so-  
phthaloyl dichloride was obtained a dark  red  oil, which fai led to c rys ta l l i ze  on standing in the r e f r i g e r a t o r .  
The yield of (V) was 94.2%; Rf 0.35 (CHCI~). Found.. N 4.95%. C34H4606N 2. Calculated.  N 4.76%. 
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The EPR s p e c t r a  were  r e c o r d e d  on an E P R - 3  s p e c t r o m e t e r .  

The au thors  e x p r e s s  t he i r  g ra t i t ude  to B. V. Rozynov for  the m a s s - s p e c t r o s c o p i c  m e a s u r e m e n t  of 
the m o l e c u l a r  weights,  which was c a r r i e d  out on an RMU-6D s p e c t r o m e t e r .  

CONCLUSIONS 

I. The di-2,2,6,6-tetramethyl-l-oxyl-4-hydroxypiperidyl esters of the 2-methyl- and 2-n-butyliso- 
phthalic acids, and the di-2,2,6,6-tetramethylpiperidyl-l-oxyl-4-fi-hydroxyethyl esters of the isophthalie 
and 2-n-butylisophthalic acids, were synthesized. 

2. A study was made of the hyperfine structures of the EPR spectra of the obtained biradica!s. 

I. 

2~ 

3. 
4. 
5. 
6. 

LITERATURE CITED 

E. G. Rozantsev, V. A. Golubev, NL B. Neiman, and Yu. V. Kokhanov, Izv. AN SSSR, Ser. Khim., 
572 (1965). 

E. G. Rozantsev and V. A. Golubev, Izv. AN SSSR, Ser. Khim., 718 (1965). 
E. G. Rozantsev, Free Nitr0xyl Radicals, Plenum Press, New York- London (1970). 
E.G. Rozantsev, V. A. Golubev, and M. B. Neiman, Izv. AN SSSR, Ser. Khim., 393 (1965). 
F. M. Stoyanovicl~ R. G. Karpenko, and Ya. L. Gol'dfarb, Zh. Organ. Khim., 5, 2005 (1969). 
R. G. Karpenko, F. M. Stoyanovich, S. P. Raputo, and Ya. G. Gol'dfarb, Zh. O~gan. Khim., 6, 112 
(1970). 

581 


