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STABLE TRIPLETS AND QUARTETS FROM CARBON CENTERED POLYRADICALS 

J. VECIANA,'a C .  R O V I R A a ,  0. ARMETa, V.M.  DOMINGOa, M . I .  CRESPOa 
and F. P A L A C I O ~  
acen t ro  de l n v e s t i g a c t b n  Y D e s a r r o l l o  (CSIC) ,  C .  JOrdl G l rona 18- 
26, 08034 Barcelona and b l n s t t t u t o  ue C i e n c i a  de M a t e r i a l e s  de 
Aragbn ( C S I C )  u n t v e r s l d a d  de zaragoza. 50009 Zaragoza. Spain.  

A b s t r a c t  severa l  Mono-, d i - ,  and t r i r a d i c a l s  s t a b l e  a t  ambient 
c o n d i t t o n s  have been i s o l a t e d  as pu re  so1 I U S .  D i r a d i c a l s  1, i_o 
ana t r i r a d i c a l  ~1 e x i s t  in  seve ra l  s te reo isomer i c  forms due t o  
r e s t r i c t e d  r o t a t i o n  o f  a r Y l  groups. D i r a d i c a l  1 (RXgC15) has 
been ob ta ined  as a 60:40 e q u i l i b r a t e d  m i x t u r e  o f  t h e  meso f o r m  
(Cs symnetry) and t h e  enant iorner i c  p a i r  (C2 symnetry)  . Both  
d ias te reo isomers  have been separa ted  and t h e  r a t e s  o f  c o n v e r t i o n s  
between each o the r  a t  d i f f e r e n t  temperatures have been measured. 
For t h e  t r i r a d i c a l  Ll (R=CgC15) two d ias te reo isomers  w i t h  C 2  and 
D3 symnet r ies  have a l s o  been separa ted  , h a v i n g  a d ias -  
te reo isorner ic  r a t i o  o f  80:20. The magnet ic p r o p e r t i e s  of 
p o l y r a d l c a l s  have been S tud ied  by e . s . r .  and magnet ic  suscep- 
t i b i l i t y  measurements. T r i p l e t  and q u a r t e t  ground s t a t e s  have 
been found, r e s p e c t i v e l y  f o r  d i r a d i c a l s  and t r i r a d i c a l s  
i r r e s p e c t i v e  o f  t h e i r  SYfwr~etr ies. 

I NTRODUCT I ON 

c u r r e n t  research  on magnet ic o r g a n i c  m a t e r i a l s  i s  aimed towards t h e  

development o f  o rgan ic  ferromagnets.  Among seve ra l  models f o r  design- 

i ng  such m a t e r i a l s , l  one i s  based on t h e  s o - c a l l e d  " t o p o l o g i c a l  

degenerat ion1t213 and cons I S ? ?  O f  n o n - d i s j o i n t  a l t e r n a n t  hydrocarbons 

(AH) w i t h  s t n g l y  occup ied  non-bonding mo lecu la r  o r b i t a l s ,  f o r  wh ich  

theory  p r e a i c t s  8 ground open-she l l  s p i n  s t a t e s  w i t t i  t h e  h i g h e s t  m u l -  

t t p l i c i t i e s . 2  Up t o  now, o n l y  a ve ry  few and u n s t a b l e  spec ies  had 

been t e s t e d  w i t h i n  t h i s  model.2 

Our a t t e n t t o n  I S  d t r e c t e d  t o  o b t a i n  such n o n - d i s j o i n t  A H ' S  as 

s t a b l e  so1 ids,  be ing  our f i n a l  ObJec t ive  t h e  po lymer i c  mater i a l s  

and/or 2. Several  years ago ,Mataga and O v ~ h i n n i K o v , ~  proposed two DO- 

Iyrners analogous t o  _1 and in  order  t o  ach ieve  o r g a n i c  ferromagnets.  

I1 
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78 J.VECIANA, e t  61. 

HOWeVer, t h e  h igh u n s t a b i l i t i e s  and SYnthet iCal  u n a c c e s i b i l i t i e s  o f  

t h e i r  proposals make them a d i f f i c u l t  t ask .  

1 - 2 - 
on t h e  con r ta ry ,  h igh ly  c h l o r i n a t e d  d i -  and t r i a r y l m e t h y l  r a d i c a l s  

posses h igh pe rs i s tence  and chemical s t a b i l i t y .  I n  a d d i t i o n ,  these 
meter i a l s  can be prepared th rough c o n t r o l  l e d  r e a c t i o n s , 4  

In order t o  t e s t  t h e  f e a s i b i l i t y  o f  our f i n a l  o b j e c t i v e ,  we have 
prepared severat  n o n - d i s j o i n t  AH'S as model COmOOUndS (see Scheme 1) 
and s t u d i e d  t h e i r  p h ~ s i c a l ,  chemical ,  and s t r u c t u r a l  p r o p e r t i e s  bo th  
in  s o l u t i o n  and i n  t h e  s o l i d  s t a t e q 5  

Percnlorotriphenylmethyl r a d i c a l  has a p r o p e l l e r - l i k e  conformat ion  

wit.n a h igh congest ion  o f  o r t n o - c h l o r i n e  a t o m  which g i ves  r i s e  t o  a 
r e s o l v a b l e  p a i r  o f  enanfiomers d i f f e r i n g  o n l y  i n  t h e  sense o f  t h e i r  
net i c i t i e s . 4 1 6  ~ o n s e q u e n t ~ y ,  severa l  stereoisomer i c  p r o p e l l e r  forms 

were a l s o  expected f o r  t h e  p o l y r a d i c a l  model compounds, due t o  t h e  

r e s t r i c t e d  r o t a t i o n  o f  t h e i r  a r y l  groups. U n t i l  now t n e  e f f e c t  o f  

such isomerism i n  h igh s p i n  molecules has never been aSSeSSed, basi- 

C 8 1 1 Y  because t h e i r  i n t r i n s i c  u n s t a b i l i t y .  Only i n  Very few cases, 
i n d i r e c t  evidences o f  such isomerism has been given.' In t h e  p resen t  
p a p e r ,  we r e p o r t  for  the f i rs t ,  t,im t h e  s e p ~ r a t i 0 n  o f  n o n - d i s j o i n t  AH 

stereoisomers and t h e  i n f l u e n c e  o f  t h e i r  s y m t r i e s  on t h e  magnet ic 
proper t i es. 

SYNTHESIS AND RELEVANT PROPERTIES 

Po 1 w a d i  ca 1 s 9-a were DreDared f rom t h e  cor respond ing  po I yar y Imetha- 
nes 3-5 i n  a "one po t "  r e a c t i o n  b y  t rea tment  w l th  an a p p r o p r i a t e  base 
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STABLE TRIPLETS AND QUARTET FROM CARBON CENTERED POLYRADICALS 79 

SChetW 1 

C l  

c1 

c1 

c 1  CHR, 

il 
4 - 

CHR, 
I 

b ( 3  days), c 
b 

c1 

11 - Cl 

" o n e - p o t "  r e a c t i o n :  a,  NaNH,-18 crown-CfTHF ; b ,  e x c  . nBu,NOHfTHF 
and c ,  e x c .  p-chloranil 
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80 J. VECIANA e t  a l .  

and f u r t h e r  o x i d a t i o n  o f  t he  r e s u l t i n g  mono-, d i -  and t r i cd rban ions  

(Scheme 1 )  .7  

PoIyradica1s 6-lJ were i s o l a t e d  as a deep r e d  s o l i d s  being co rn  
p l e t e l y  s tab les a t  ambient condi t ions.  For m o s t  o f  them a very slow 

decomposition have been observed i n  s o l u t i o n .  

F r  i e d e l - ~ r a f t s  sequence out1 ined i n  Scheme 2.7 

Radical precursors 3-3 were synthesized by t h e  general two-step 

Scheme 2 

X 

CHC1, 

RICI, 
ClrH 

Cl &Cl n R r  'H 
I f  II 

I 
X RlCI, 

C 1  

x= C I S  C K l 2  

ArH= 1,2,4,5-; 1,3,4,5-tetrachlorobenzene or I ,3,5-tr icn~orobenzene. 
A r 'H=  pentacnlorobenzene; 1,2,4,5-tetra~hlorobenzene or l l 3 ,5 - t r i ch1o-  

r obenz ene. 

As i t  was expected, po l y rad ica l s  9-Lt e x i s t  i n  s o l u t i o n  i n  Several 
stereoisomeric forms due t o  the  d i f f e r e n t  p rope l l e r  h e l i c i t y  o f  

tr iphenylmethyl (or tr iphenylmethane) moiet ies.  Such stereoisomers 
are mutual ly  i n te rconver t i ng  w i t h  d i f f e r e n t  energy b a r r i e r s  depending 
on the nature o f  t he  stereogenic center.  Thus, t r iphenylmethy l  
moiet ies have always larger  energy b a r r i e r s  than tr iphenylmethane ones 
the re fo re  p e r m i t t i n g  t h e  r e s o l u t i o n  o f  t h e i r  stereoisomers by I i q u i d  
chromatography. A p o i n t  worth n o t i c i n g  i s  t h a t  t he  C r y s t a l l i z a t i o n  of 
po l y r8d ica Is  always y i e l d s  on l y  one stereoisomer, wh4le a r a p i d  S O I -  

vent evaporat ion a f f o r d  amorphous S O I i d S  w i th  stereoisomeric Composi- 
t i o n s  s i m i l a r  t o  those ObSerVed in t h e  e q u i l i b r a t e d  s01UtiOnS. 

As a rep resen ta t i ve  examples o f  t h e  chemical and phys ica l  
p roper t i es  o f  po l y rad ica l s  5-u we present here two cases, t h e  d i r a d i -  
ca l  1 (R= cgc15) and t r i r a d i c a l  1 1  (R=  cgc15). 
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STABLE TRIPLETS AND QUARTETS FROM CARBON CENTERED POLYRADICALS 81 

D i r a d i c a l  7 Case 

and t n e  

monorad 
theor  e t  

TWO d ias te reo isomers ,  a and l_b nave been comple te ly  r e s o l v e d  by HPLC. 

They nave i d e n t i c a l  e l e c t r o n i c  a b s o r p t i o n  s p e c t r a  as a s c e r t a i n e d  by 

UV-v i s ib le  d iode  a r r a y  d e t e c t i o n  o f  b o t h  chromatographic peaks and by 

q u a n t i t a t i v e  U V - v i s i b l e  Spectra o f  2 in  b o t h  c r y s t a l l i n e  and amorphous 

s o l i d  s t a t e .  Both  d ias te reo isomers  show s l i g h t  nypsochromic s h i f t s  i n  
t h e i r  a b s o r ~ t i o n  maxima w i th  r e s p e c t  t o  t h e  monoradical  _4 (R= CgC15),  

r molar a b s o r t i v i t i e s  a r e  t w i c e  t o  those  observed f o r  t h e  
c a i  3, These r e s u l t s  a r e  i n  agreement w i th  q u a l i t a t i v e  

c a l  cons ide ra t i ons .  

CONDITIONS: 

ODS (25 x 0.46 crn.) 

Solvent: CH&N :THF (801 20) 

Flow rate: Iml/mln. 

UV. detc. I 383 nm. 

r 

I A -  - 
B 586 Mi soc 1568 
F i q u r e  1 ,  Chromatographic s e p a r a t i o n  o f  d i r a d i c a l  1. a) m ic ro -  

c r y s t a l l i n e  sample and b) amorphous sample. 

The z e r o - f i e l d  s p l i t t i n g  (ZFS) parameters cor respond ing  t o  d ias -  

t e reo i romers  l a  and l b  have been de termined by s i m u l a t i o n  o f  r i g i d  

media ESR spec t ra  of  samples w i t h  d i f f e r e n t  d i a s t e r e o i s o m e r i c  p ropor -  
t l o n s .  The ZFS parameters (a: (D/hc i=  0.0156 Cm-'; I E / h C ( =  0.0052 

cm-1 and c: I D / h C l =  0.0080 cm-1; I E / ~ C I !  0.0003 m - 1 )  a r e  i n  accord- 

ance w l t h  t h e  expected symnetr i es  f o r  bo th  d ias te reo isomers  p e r m i t t i n g  

t h e i r  s t r u c t u r a l  ass igna t ions .  Thus, a Cs symnetry (meso form) has 
been ass igned t o  L a  and a c2 symnetry (DL-form) t o  l_b (see Scheme 

ant ipodes  o f  rt, by HPLC on 
unsuccess fu l  due t o  t h e  

o f  t h e  C 2 - s y m t r y  o f  l_b 

31, IJnfOrtUnately,  a t tempts  t o  r e s o l v e  
c n i r a l  s t a t ~ o n a r y  ~ h a s e  -(+I-OT- were t o  be 
I O W  s o i u b i  I i t y  o f  l_b. ~ h u s ,  c o n f i r m a t i o n  

I S  a t  Present  s t i l l  pending. 
D tas te reomer i za t i on  r a t e s  i n  t h e  range 

f rom equ I I i b r a t  i on  exper iments o f  pu re  1-C, 
b a r r i e r  c a l c u l a t e d  from these r a t e s ,  f o r  

4-40 oc have been measured 
The diastereomer i 2 a t i o n  

a two independent, two-r i ng 
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82 J, VECIANA e t  a l .  

f l i p  mechanisms (Scheme 31, (A&zg8= 97f8 KJ m ~ l - ~ )  i s  smal ler  than 
t h a t  of t he  perchlorotriphenylmethyl r a d i c a l  ( A G # Z ~ ~  L 130 kJ moi-1),6 

i n d i c a t i n g  t h a t  a pe r tu rba t i on  between the  two r a d i c a l  moiet ies o f  1 
takes place. 

Scheme 38 

o b  
0-1- C2 

Jr 
L-1- c p  

i b r i um constant i n  t h e  temperature range s tud ied  i s  

= 1.5 f 0.1 ,  The higher s t a b i l i t y  Of I-C, 1 3  adscr ibed 
disorder (en t rop i c  considerat ions alone would lead t o  

i o  o f  1.0) and t o  a f u r t h e r  s t a b i l i z a t i o n ,  AH= 1 , O  kJ 

mol-1, because o f  intramolecular C I - C I  i n te rac t i ons .  
The ESR s lgnal  i n t e n s i t i e s  o f  Ams= 1 and Ams= 2 l i n e s  o f  both 

Qiastereoisomers obey t h e  Cur ie  law i n  t h e  range 105-160 K .  Such 
r e s u l t s  are i n  accordance w i t h  t r i p l e t  wound s ta tes  f o r  both isomers. 
The magnetic behavior of pure m i c r o c r y s t a l l i n e  1-cS has a so been 

stud ied by means Of  s u s c e p t i b i l i t y  measurements performed w t h  an ac 
susceptometer a t  zero external  f i e l d  i n  t h e  temperature range 4 .2 -25  K 

an4 w i t h  a FaradaY magnetometer f rom 80 t o  300 K .  A Curie-Weiss law 
i s  obeyed, C= 0.95 emu m o ~ - 1  and e= -1.23 K ,  which corresponds t o  

U =  2.72 UB and s= 1 system. 

T r i r a d i c a l  1 1  case 

T r i r a d i c a l  1( e x i t s  i n  two d iastereoisomer ic  forms which have been 
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STABLE TRIPLETS AND QUARTETS FROM CARBON CENTEREO POLYRAOICALS 83 

comple te ly  r e s o l v e d  by HPLC. The e l e c t r o n i c  a b s o r p t i o n  s p e c t r a  o f  

bo th  d ias te reo isomers  a r e  i d e n t i c a l  and show s i m t l a r  c h a r a c t e r i s t i c s  

as those desc r ibed  f o r  t h e  d i r a d i c a l  1. The observed (118s- 
te reo isomer i c  r a t i o  i n  an e q u i l i b r a t e d  sample o f  t r l r a d i c a l  (80:20) 1 5  

ve ry  c l o s e  t o  t h a t  expected f o r  a rn l x tu re  i n  e Q u i l i b r i u m  o f  two p a i r s  

o f  enanttomers w i t h  C2 and D3 symnet r ies  (acco rd ing  w i t h  e n t r o p i c  con- 
s i d e r a t i o n s ,  t h e  C2:D3 r a t i o  would be 75:25).  Thus, t h e  t e n t a t i v e  
s t r u c t u r a l  a s s i g n a t i o n  (Scheme 4 )  o f  a d s c r i b i n g  a C2 symnetry t o  t.he 

d ias tereo isomer  Which i s  ob ta ined  Pure by c r ~ s t a l l i ~ a t i o n  i s  proposed. 

u-cp 

The magnet ic behavior o f  pu re  m i c r o c r y s t a ~ l  tne y - c z  i s  t h a t  o f  a 
paramagnetic system (c= 1.89 emu mo~-1 and e= -1 .34 K) w i t h  p= 3.89 pB 

and S= 3/2. 

CONCLUSIONS 

A t  t h e  f i r s t  s tage o f  our i n v e s t i g a t i o n s  concern ing  w l t h  t h e  cl iernical,  
p h y s i c a l  and s t r u c t u r a l  p r o p e r t i e s  o f  n o n - d i s j o i n t  a i t e r n a n t  hydrocar -  

bons w i t h  h igh Spin m u l t i p l i c i t i e s ,  two impor tan t  f ea tu res  a r e  

remarked: a) Such t p e c i e s  can be o b t a i n e d  as s t a b l e  s o l i d s  and b) The 
ground s t a t e  m u l t i p l i c i t i e s  D r e d i c t e d  by c u r r e n t  t h e o r i e s  a r e  n o t  a f -  
f ec ted  by t h e  d i f f e r e n t  s y m t r i e s  o f  t h e  molecu les .  Based on t h e  
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84 s!. VECIANA et al. 

r e s u l t s  here descr ibed,  ground s t a t e s  w i th  nigh m u I t i p 1 i c i t t e s  m u  
w i t h  no l ow- l y ing  e x c i t e d  s t a t e s  a r e  expected f o r  t h e  extended systems 

1 and & 
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