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To determine the s t ruc tures  of highly unsaturated polymers ,  which would possess  the greates t  e lec t r ic  
conductivity, it is neces sa ry  to es tabl i sh  which of the bonds - d o u b l e  or triple - m o r e  readily t rans fe r  an 
e lec t ron  along the macromolecu le  and thus ensure  maximum mobility of the cur ren t  c a r r i e r s .  Since the 
elucidation of such questions direct ly  on the macromolecule  may involve great  e r r o r s ,  the source of which 
might be impuri t ies ,  inhomogeneities in the s t ructure  of the macromoleeule ,  b a r r i e r s  between m i c r o c r y s -  
tals  of the sample,  e tc . ,  these problems should be solved at the level of models .  

One of the most  suitable models for this purpose,  in our opinion, is f ree  radicals  of the type of t r i -  
phenylmethyl,  containing f ragments  with double and tr iple bonds in the molecule.  For  example: 
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This model seems most suitable to us, since the delocalization of the unpaired electron along the molecule in this 
case will depend upon the ability of the multiple bond to transfer an electron. The distribution of electron density 
along the aromatic rings, as well as the degree of dissociation of the corresponding substituted ethanes into radi- 
cals itself, will also be a quantitative measure of the ability of the multiple bond to transfer an electron. 

In the communication [I] the possibility of synthesizing a number of substituted triphenylcarbinols 
with triple bonds was demonstrated. This communication describes the synthesis of radicals (1) and (If); 
the possibility of deloealization of an unpaired electron was demonstrated and the degree of de[ocalization 
estimated by an analysis of their EPR spectra. 

The radicals (~) and (If) were synthesized according to Scheme !. Condensation of tris-p-iodo- 
phenyl)methane (V) with copper phenylaeetylide proceeds in boiling pyridine in 6-7 h and gives t r is-  
(p-tolanyl)methane (Vl) with 41% yield. As a rule, mono- and bis-(tolanyl)methanes are obtained simulta- 
neously and can be used after separation in the subsequent synthesis of (VI). The initial tris-(p-iodophenyl)- 
methane (V) was produced by two methods. The first of them was a diazoreaction from tris-(p-aminopbeny[)- 
methane [2], which was also produced by hydrogenation of the corresponding nitroderivative over skeletal 
nickel with hydrogen under pressure with a yield of ~ 25%. The second method, direct iodination of tr i-  
phenylmethane according to the method described for diphenylmethane [3], in the presence of iodic acid in 
glacial CH3COOH , gives a better yield (51%). The oxidation of (VI) by MnO 2 in boiling CCIr for 30 h produced 
tris-(p-tolanyl)carbinol (VII) with a yield of 65%. It is interesting to note that oxidation with chromic oxide 
in glacial CH3COOH does not give the required product, but leads to decomposition of the initial (V). Upon 
boiling in anhydrous acetyl chloride for 2 h, tris-(p-tolanyl)chloromethane (VIII) is obtained in 81% yield. 
Diphenyl-(p-phenylethynyl)phenylcarbinol (IX) was described earlier [1]. After 3 h passage of dry HCI into 
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a solution of (IX) in acetic anhydride, diphenyl-(p-phenylethynyl)phenylchloromethane 
(X) precipi ta tes  in 52,5% yield. 

= In the t rea tment  of benzene or toluene solutions of (VIII) and (X) with zinc dust in 
an a tmosphere  of dry C02, the rad ica ls  (I) and (II) are formed; moreover ,  in the case 
of (I) the solution is colored an intense blue, while in the case of (II) it is colored claret .  
The radicals  were produced in a specially designed glass  ampoule (Fig. 1) with a branch 

"-- for investigation by the EPR method. The ampoule was tightly stoppered with a cap of 
oil and gasoline-stable rubber .  

The method of prepara t ion of the solution of radica ls  consis ts  of the foIlowing. In 
an ampoule we placed 0.0298 g (VII1) or  0.0193 g (X) and the corresponding tenfold 
amount of zinc dust. The ampoule was capped, and connected with a vacuum sys tem 
through the needle of a syringe inser ted into the cap. After 1-1.5 h, the stopcock con-  
neeting the ampoule to the vacuum sys tem was switched, and the ampoule was filled with 

Fig .  1. Am-  pure dry  CO 2 through a second syringe needIe. After 15 min, the ampoule was again 
poule for  disconnected f rom the vacuum system, and the CO 2 passed through for  another 2 h. 
production of After this, 1 ml of an anhydrous solvent was introduced with a syringe in a s t r eam of 
radicals .  CO 2. The needle for introduction of CO 2 was removed,  and the opening was rapidly 

covered  with pieein and with BF glue. Color appears  immediately after addition of the 
solvent.  The contents of the ampoule were mixed until an intense color  was obtained 
(15-20 mini; the solution was allowed to stand and cautiousIy poured over into the branch.  

The concentrat ion of (VIII) and (X) is 0.5 M. P rec i se ly  this value proved to be the most  suitable for 
obtaining good FPR speetra .  The spec t ra  were recorded  on a Varian E-3 spec t rometer .  The m e a s u r e -  
ments  were conducted both at room tempera ture  and at t empera tu res  below 0% As can be seen f rom Figs .  
2 and 3, the resolution of the spec t ra  increases  significantly when the t empera tu re  is lowered. For  com-  
parison,  Fig.  4 depicts the spec t rum of the tr iphenylmethyl  radical  (XI), taken under conditions of low r e -  
solution (room tempera ture) .  The distance between components of this spect rum is 1.28 Gs. The spec t rum 
of the tr iphenylmethyl radical ,  obtained at high resolution, entirely coincides in shape and values of the 
splittings (a 0 =2.53 a m = 1.11, ap= 2.77 Gs) with the l i tera ture  data [4]. 

On the spec t rum of the radical  (I) (Fig. 2a), 15 lines with splitting between them of 1.21 :~ 0.04 Gs are  
visible.  The reduction of the number of observable  lines in compar ison  with tr iphenylmethyI (15 instead 
of 19) indicates that the protons of the substi tuents in the para-posi t ion  do not give any significant splittings 
in the spectrum.  Since the rat io of the or tho-  and meta-eons tan ts  in (XI) is close to two, it may be assumed 
that the ratio a 0 =2a m is approximately fulfilled for  (I) as well. The ratio of the intensities calculated on 
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Fig.  2. 
at -30  ~ . 
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Fig. 2 Fig.  3 

Spectrum of radical  (I), taken in toluene: a) at room tempera ture ;  b) 

Fig.  3. Spectrum of radical  (ID, taken in toluene: a) at room tempera ture ;  
b) a t - 3 0  ~ 

this assumption is in good agreement  with the experimental  value (Table 1). Thus the basic splitting in the 
spec t rum of the radical  (I) is due to interaction with the protons of the tr iphenylmethyl portion of the rad i -  
cal; moreove r ,  a 0 ~ 2.4; a m ~ 1.2 Gs. 

The lines of a hyperfine s t ruc ture  are visible on a f ragment  of the resolved spec t rum of the radical  
(D (Fig. 2b); they can be explained exclusively by interaction of the unpaired e lectron with the protons of 
the far  phenyl r ings.  If there were no such interaction, then the entire spectrum would consis t  of only 7 • 7 
=49 lines, which is substantially less  than the observed number of lines. The value of the splitting between 
lines of the hyperfine s t ructure  is 0.1 Gs. Assuming that the distribution of spin density for the benzene 
r ings  is analogous to the distr ibution in triphenylmettw1 , the value of the splitting 0.1 Gs can be related to 
the splitting constant on the fa r  meta -pro tons .  Since the splitting on the near  metaprotons of the radical  (D 
is ~ 1.2 Gs, it may be concluded that only ~ 10% of the spin density is detocalized f rom the near  r ings  to 
the far  r ings.  The spec t rum of the radical  (ID (Fig. 3a) consis ts  of a la rger  number of lines. By analogy 
with the spec t ra  of radicals  (I) and (XI), it may be assumed that the distance between the lines (1.25 =e 0.04 
Gs) approximately cor responds  to the constant of splitting on the meta-protons .  Since the split t ings in the 
spec t ra  of the radicals  (XI), {I), and (I1) are approximate~  equal, we might have assumed the same mult i -  
plicity of the constants  for (I1) as for the radicals  (XI) and (D, i . e . ,  ap ~ ao ~ 2a m. The theoret ical  s~ec-  
t rum cons t ruc ted  on this assumption, however,  does not agree with the observed intensity distr ibution (see 
Table 1). It might have been assumed that the cause of this lack of agreement  is the poorer  resolut ion of 
the spect rum (a) of radical  (II) in compar ison with the spec t ra  of the radicals  (I) and (Xr). The deter iora t ion 
of the resolution, however,  should have led to a decrease  in the intensity of the ext reme components of the 
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T A B L E  1 

Radical Ratio of con- Distribution of intensities Number 
stants of lines 

I 1 : 6  : 21 : 56 : 120: 216:333 : 456:546:580 19 

II 

II 

XI 

Calculation 
a o ~ 2 a m ;  

a p ~ 0  
Experiment 
Calculation 
a o ~ 3a m : 
(substituted) 
ap = 3a m 
a o ~ 2a m 
(unsubstituted 

ring) 
Experiment 
Calculation 
ap = a o ----- 2a m 
Experiment 
Calculation 
ap = a o = 2am 
Experiment 

i I:44 :i t5 : 220 : 350 : 465 : 550 : 580 
1 :6 :  19:48: !05: 198:337:538:757: I030" 1263: 1472: 

1604 : 1664 

28 : I00 : 245 : 455 : 670 : 830 : 930 : 1060 : I310 : 1550 : 1660 
I : 6 : 23 : 63 : I63 : 334 : 597 : 944 : t336 : 1708 : 1974 : 2072 

34 : 120 : 300 : 565 : 840 : 1030 : 1150 : 1320 : 1630 : 1920 : 2070 
1 : 6 : 24 : 74 : 186 : 402 : 760 : 1278 : 1935 : 2652 : 3312 : 

3780 : 3948 
80 : 270 : 460 : lOiO : 1530 : 2250 : 2970 : 3420 : 4040 : 3950 

15 

27 

21 
23 

21 

25 

19 

F i g .  4 .  

..... 095 

S p e c t r u m  of r a d i c a l  (XI), t a k e n  i n b e n -  

z o n e  a t  r o o m  t e m p e r a t u r e .  

s p e c t r u m ,  w h e r e a s  a c t u a l l y  t he  i n t e n s i t i e s  of  t h e  e x -  

t r e m e  c o m p o n e n t s  in  t h e  s p e c t r u m  of  t he  r a d i c a l  (II) 
a r e  g r e a t l y  i n c r e a s e d .  

P r o b a b l y  t h e s e  p e c u l i a r i t i e s  of  t h e  s p e c t r u m  of 

t he  n o n s y m m e t r i c a l  r a d i c a l  (II) a r e  due  to a d i f f e r e n c e  

i n  t h e  c o n s t a n t s  o f  h y p e r f i n e  i n t e r a c t i o n  w i t h  t he  p r o -  

t o n s  o f  t h e  s u b s t i t u t e d  and u n s u b s t i t u t e d  p h e n y l  r i n g s .  

A c t u a l l y ,  by  v a r y i n g  t h e  r a t i o  of  t h e  o r t h o - ,  m e t a -  

and p a r a -  c o n s t a n t s ,  one  c a n  o b t a i n  t h e  t h e o r e t i c a l  

s p e c t r u m  of t h e  r a d i c a l  (If), w h i c h  i s  in  good  a g r e e -  

m e n t  w i t h  t h e  e x p e r i m e n t a l  d a t a  ( see  T a b l e  1). T h i s ,  

h o w e v e r ,  c a n n o t  s e r v e  a s  u n a m b i g u o u s  e v i d e n c e  tha t  

t h e  r a t i o  of  t he  c o n s t a n t s  w a s  c o r r e c t l y  s e l e c t e d ,  s i n c e ,  

a s  h a s  a l r e a d y  b e e n  no t ed ,  t h e  b a s i c  l i n e s  of  t h e  r a d -  

i c a l  (II) a r e  i n s u f f i c i e n t l y  w e l l  r e s o l v e d .  T h e  r e s o l v e d  

s p e c t r u m  of t he  r a d i c a l  (II) (F ig .  3b) c o n s i s t s  of  a 

l a r g e  n u m b e r  of  c o m p o n e n t s  w i t h  d i f f e r e n t  d i s t a n c e s  

b e t w e e n  t h e m ,  "~ 0 .12  G s .  T h e s e  s p l i t t i n g s  a r e  p r o b a b l y  a s s o c i a t e d  b o t h  w i t h  the  i n f l u e n c e  of  t h e  p r o t o n s  of  

t h e  s u b s t i t u e n t  and w i t h  t h e  i n a c c u r a t e  m u l t i p l i c i t y  of  t h e  c o n s t a n t s  in  t he  s u b s t i t u t e d  and u n s u b s t i t u t e d  r i n g s ,  

EXPERIMENTAL 

Tris-(p-iodophenyl)methane (V). A 12.2-g portion of triphenylmethane was dissolved with heating in 
300 m l  CH3COOH , t h e n  21 m l  w a t e r  and 4 m l  of c o n e .  H2SO4, 19.2 g f i n e l y  p u l v e r i z e d  I2, 8.2 g HtO3, and 16 

m l  CC14 w e r e  a d d e d .  T h e  m i x t u r e  w a s  h e a t e d  f o r  9 h at a b a t h  t e m p e r a t u r e  of  90 ~ p o u r e d  ou t  in to  a m i x -  

t u r e  o f  e t h e r  w i t h  w a t e r ,  p l a c e d  in  a 1 - 1 i t e r  s e p a r a t o r y  f u n n e l .  T h e  e t h e r  e x t r a c t s  w e r e  w a s h e d  s e v e r a l  

t i m e s  w i t h  a s o l u t i o n  of  Na2S203, w i t h  w a t e r ,  and w i t h  N a H C O  3 and d r i e d  o v e r  MgSO 4. A s u b s t a n t i a l  p o r t i o n  
of  t he  p r o d u c t  p r e c i p i t a t e d  at t h e  end  of  t h e  r e a c t i o n  in  t h e  f o r m  of a d e n s e  r e s i n .  It  c o u l d  be  s e p a r a t e d  
f r o m  t h e  s o l u t i o n  by t r e a t m e n t  w i t h  e t h e r ,  p r e l i m i n a r i l y  n e u t r a l i z i n g  t h e  e x c e s s  a c i d .  T h e  e t h e r  s o l u t i o n s  
w e r e  e v a p o r a t e d  to  d r y n e s s  and  e h r o m a t o g r a p h e d  on  A120 3 ( a c t i v i t y  II), e l u e n t  b e n z e n e : p e t r o l e u m  e t h e r  

(h igh b o i l i n g ) ,  1:2.  A f t e r  e v a p o r a t i o n  of  t he  e l u a t e ,  t h e  s u b s t a n c e  w a s  r e c w s t a l l i z e d  f r o m  a l c o h o l .  T h e  

o n l y  i n d i v i d u a l  r e a c t i o n  p r o d u c t  w a s  (V), y i e l d  up  to  5 1 % .  

T r i s - ( p - t o l a n y l ) m e t h a n e  (VI). A 4 . 0 - g  p o r t i o n  of  (V) w a s  c o n d e n s e d  w i t h  4.75 g p h e n y l a c e t y l e n e  in 35 
m l  b o i l i n g  p y r i d i n e  in  a s t r e a m  of d r y  N 2 a c c o r d i n g  t o  t he  m e t h o d  of  [5]. T h e n  i t  w a s  p o u r e d  in to  a m i x t u r e  
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of e ther  and water ,  the e the r  l aye r  repea ted ly  washed with dilute HC1, with water ,  with a solution of NaHCO3, 
and dr ied over  CaCI 2. The e ther  was evapora ted  and ch romatographed  on A1203 (activity II), eluent ben -  
zene :pe t ro leum ether ,  1:2. The following were  eluted success ive ly :  f rac t ion  I) diphenyldiacetylene 0.33 g; 
f rac t ion  II) a mix tu re  of mono- ,  di- ,  and t r i s - (p - to l any l )me thanes ,  0.94 g. F r o m  f rac t ion  III we isola ted 
1.44 g (41%) (VI), mp 166-168 ~ (alcohol). Found: C 94.68; H 5.30%. C43H28. Calculated: C 94.82; H 5.18%. 

I R  spec t rum (v, cm-l):  2230 s (C~ C). 

T r i s - (p - to l any l ) ca rb ino l  (VII). A mix tu re  of 1.19 g (VI) and 17 g f r e sh ly  p r e p a r e d  MnO 2 [61 was boiled 
in 70 ml  anhydrous CC14 for  30 h, cooled, f i l te red  to r emove  MnO 2, evapora ted  to a min ima l  volume,  and 
ch romatographed  on AI~O 3 (activity II). The following were  eluted success ive ly :  f rac t ion  I) eluent benzene: 
pe t ro l eum e ther ,  1:1, (VI) - 0 , 2 0  g. F r o m  f rac t ion  II, eluent benzene,  we obtained 0.80 g (VIII), yield 65%, 
mp 95-96 ~ (alcohol). Found: C 91.62; H 4.83%. C43H280. Calculated: C 92.11; H 5.03%. IR spec t ru m (~, 
cm-1): 2230 s (C = C), 3620 m (OH). 

T r i s - (p - to l any t ) ch lo rome thane  (VIII). A 0.31-g por t ion of (VII) was  boiled for  2 h in 20 ml  of acetyl  
ch lor ide .  The br ight  blue solution was evapora ted  to a min imum volume and left in a r e f r i g e r a t o r  for  
s eve ra l  days .  The c r y s t a l s  that p rec ip i t a ted  were  f i l t e red  off, washed with pe t ro leum ether ,  and dr ied 
under  vacuum.  We obtained 0.26 g (VIII), yield 81%, mp 127-129 ~ (in a sea led  capi l la ry) .  Found: C1 6.07%. 
C43H27CI. Calculated C1 6.12%. 

Diphenyl-(p-phenylethynyl)phenylchloromethane CX). A 3-g portion of (IX), described earlier [1], was 
dissolved in a minimum amount of Ac20, and dry HCI passed through for 3 h with cooling with ice-water. 
The precipitate, which separated out first in the form of an oil, was crystallized. ~t was filtered, washed 
with Ac20, with petroleum ether, and dried under vacuum. We obtained 1.58 g (X), yield 52.5%, mp 105 ~ 
(in a sealed capillary). Found: Cl 9.28%. C27H19CI. Calculated Cl 9.36%. 

C O N C L U S I O N S  

1. F r e e  rad ica l s  containing t r ip le  bonds in the subst i tuents ,  t r i s - (p - to l any l )me thy l  (I) and diphenyl-  
(p-phenylethynyl)phenylmethyl  (II), were  produced.  

2. The EPR s p e c t r a  of the rad ica l s  (I) and (K) were  taken and analyzed.  A weak hyperf ine  (0.1 Gs) 
in te rac t ion  of the unpaired e lec t ron  with the protons  of the fa r  phenyI r ings  was detected.  

3. Approximate ly  10% of the spin densi ty of the unpaired e lec t ron  is t r ansmi t t ed  f r o m  the t r ipheny l -  
methyl  r ings  through the t r ip l e  bond. 

1. 
2. 
3. 
4. 
5. 
6. 
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