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One of us has a l ready  published on the  synthes is  of the f i r s t  iminoxyl  t r i -  and t e t r a r a d i c a l s  [1].  A 
study of the i r  solutions by the EPR method led to the d i scovery  of the phenomenon of e lec t ronic  in terac t ion  
of the pa r amagne t i c  cen te r s  [2]. 

The p resen t  communicat ion is devoted to the synthes is  and study of the EPR spec t r a  of p rev ious ly  
unknown individual t e t r a - ,  penta-  and hexarad ica l s .  The synthes is  of the polyradica ls  were  effected by a 
single s c h e m e - - t h e  r eac t ion  of 2 ,2 ,6 ,6 - t e t r ame thy l -4 -hyd roxyp ipe r id ine - l -oxy l  [3, 4] with appropr ia te  
o rganochloros i lanes  in an iner t  solvent medium with addition of t r i e thy lamine .  We p repa red  the 1 ,2 -b i s -  
(methyldichlorosi lyl )e thane [5]; 1 ,2-bis(methyldichloros i ly l )e thylene [6]; 1 ,2-bis(phenyldichloros i ly l ) -  
ethylene [7]; 1 -me thy ld i ch lo ros i ly l -3 - t r i ch lo ros i ly lp ropane  [5]; b i s ( t r ich loros i ly l )methylene  [9]; 1 ,2 -b i s -  
( t r iehlorosi ly l )e thane [5]; 1 ,2-bis ( t r iehloros i ly l )e thylene  [10, 7]; 1 ,3-b is ( t r ieh loros i ly l )propane  [11] and 
1 ,4-b is ( t r ich loros i ly l )benzene  [12], intended for synthes is  of the polyradica ls ,  by prev ious ly  descr ibed  
methods .  For  1 -methyld ich loros i ly l -2-phenyld ich loros i ly le thane  and t ,2-b is (phenyldichloros i ly l )e thane  
[13], we used the Speier  method [14] of hydros i ly la t ion  in the p resence  of a ca ta lys t  for the f i r s t  t ime .  In 
dist inction f rom the hydros i ly la t ion  of v iny l t r ich loros i lane  or methylvinyldichloros i lane  with the c o m p a r a -  
t ively  unavailable diehlorosi lane [15], the synthes is  of 1 ,1 ,1 ,4 ,4 ,7 ,7 ,7-octachlorot r i s i ly le thylene  and 1,1, 
4 ,4 ,7 ,7 -hexach lo ro - l ,7 -d ime thy l t r i s i ly l e thy lene  was accompl ished by hydros i ly la t ion  of divinyldichloro-  
s i lane with the appropr ia te  hydr idosi lane.  Phenylvinyldichlorosi lane was p r epa red  analogously to me thy l -  
v inyldichlorosi lane [16] by a h i g h - t e m p e r a t u r e  condensation method according to the scheme  

PhChSiH + C1CH2CHzC1 -~ PhC12SiCH2CH2CI 

PhC12SiCH~CH2C1 > PhCI2SiCH --~ CH2 
--ttC1 

and also 

C1CH2CH~CI . > C1CH ~--- CH2 
--tIC1 

PhCI2SiH ~- C1CH ---- CH2 -+ PhC12SiCH ~ CH2 

1 -Tr i ch lo ros i ly l -2 -me thy ld ich lo ros i ly l e thy lene  was p repa red  by a h igh - t empe ra tu r e  condensation 
method in two s tages .  

CI~SiH ~- C1CH -~ CHCI-+ CI3SiCH ~ CHCI 

C13SiCH ~- CHC1 -[- HSiC12CH3 -+ Cl~SiCH -~- CHSiCI2CH3 

All the individual po lyradica ls  synthesized on the bas i s  of the organochloros i lanes  enumera ted  
above, thei r  phys ica l  constants ,  yields  and e lementa l  ana lyses  a re  given in Table  1. 

The EPR s p e c t r a  of dilute solutions of the polyradica ls  were  taken under s tandard conditions in the 
absence  of oxygen. As is evident f rom Fig. 1, the EPR spec t r a  of the t e t r a r a d i c a l s  (I)-(V) (Table 1) con- 
s i s t  of nine lines with good resolut ion.  In Fig.  2 we give the EPR s p e c t r a l  data for pentarad ica ls  (VI)- 
(IX) which consis t  of eleven signif icantly less  r e so lved  lines. 

When the EPR s p e c t r a  of the hexarad ica l s  (X)-(XV) a re  considered (Fig. 3), it becomes  evident 
that with inc rease  in the length of the connecting br idge,  the hyperf ine s t ruc tu re  of the s p e c t r a  hardly  
changes,  and is a s y s t e m  of th i r teen  weakly r e so lved  lines. An a t tempt  to p r e p a r e  the g e o m e t r i c  i s o m e r s  

* This  a r t i c l e  is published on the bas i s  of a decis ion of the Council of the ed i t o r s - i n - ch i e f  of the journals  
of the Academy of Sciences of the USSR on July 12, 1962, as the d i s se r t a t ion  work  of G. F. Pavelko.  

Insti tute of Chemical  Phys ics ,  Academy of Sciences of the USSR. Trans la ted  f rom Izves t iya  
Akademii  Nauk SSSR, No. 11, pp. 2466-2470, November ,  1967. Original  a r t i c le  submit ted July 10, 1967. 
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Fig. i. Hyperfine structure of EPR spectra 
of dilute deoxygenated solutions of individual 
tetraradicals (I)-(V) in tetrahydrofuran. 
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Fig. 2. Hyperfine structure of EPR spectra 
of pentaradicals (VI)-(IX) in tetrahydrofuran. 

rained 10.7 g (47.3%) of a compound having bp 113 ~ 
Calcula ted  %: C1 44.55. 

of po ly rad i ca l  (XII), based  on the c o r r e s p o n d i n g  c i s -  and 
t r a n s - i s o m e r s  of 1 ,2 -b i s ( t r i ch lo ros i ly l ) e thy lene ,  was  
not success fu l ,  and one and the s a m e  h e x a r a d i c a l  was  
obtained in each ca se .  

Comparing the EPR spectra of the tetra-, penta- 
and hexaradicals, attention becomes drawn to the fact 
that resolution of the hyperfine spectra sharply decreases 
as the paramagnetic centers accumulate. We suggest 
that for polyradieals including more than six paramag- 
netic centers per single particle the EPR spectrum 
should be a single line. 

EXPERIMENTAL 

1,2-bis (Phenyldichlor osilyl)ethane. 
Into a three-neck round-bottom flask, provided with a 
stirrer, dropping funnel and reflux condenser ending in 
a calcium chloride tube, were charged 5.5 g of phenyl- 
vinyldichlorosilane and 0.i ml of the Speier catalyst. 
To the mixture was slowly added 7.2 g of phenyldichloro- 
silane, after which the reaction mixture was heated at 
130 ~ for 5 h. By vacuum distillation from a Claisen 
flask there was obtained 5.0 g (48.5%) of a compound 
having bp 157-159 ~ at 1.5 ram, nD 2~ 1.5700. Found %: 
Cl 38.12. C14H14C14Si 2. Calculated %. Cl 38.30. 

l-Methyldich lor osilyl-2-phenyldi- 
chlorosilylethylene. Toamixtureofl0.0g of 
methylvinyldiehlorosilane [16] and 0.4 ml of Speier cata- 
lyst was slowly added 19.0 g of phenyldichlorosilane, 
after which the reaction mixture was heated at i00 ~ for 
5 h. By distillation from a Claisen flask there was ob- 
at 1.5 mm, nD2~ 1.5264. Found %: Cl 44.30. C9H12C14Si2. 

l,l,l,4,4,7,7,7-Octachlorotrisilylethylene. Toamixtureof3.Sgofdivinyldichloro- 
silane and O.l ml of Speier catalyst was slowly added i0.0 g of trichlorosilane, after which the reaction 
mixture was boiling for 3 h. By vacuum distillation there was isolated 6.8 g (63.8%) of a compound having 
bp 117-118 ~ at 2 ram; mp 56-57 ~ (in sealed capillary). Literature [15]: bp 140-142 ~ at 6 ram; mp 58-60 ~ 

I,] ,4,4,7,7- Hexachloro- 1,7-dimethyltrisilylethylene. Analogously to the pre- 
ceding experiment, 3.8 g of divinyldichlorosilane and 8.5 g of methyldichlorosilane yielded 5.7 g (60.0 %) of a 
substanceofbp 128-129 ~ (2 ram); mp 82-83 ~ ~na sealed capillary). Literature data [15]: bp 165-166 ~ (13 ram), 
mp 80-81 ~ 

l-Methyldichlorosilyl-2-trichlorosi!ylethylene. Amixture of 48.ggoffi-chloro- 
vinyltriehlorosilane and 48.9 g of methyldichlorosilane was passed through a quartz tube (length, 50 era; 
diameter, 2.8 cm) at 571 ~ over a 2 h period. By distillation in a column, 26.0 g (37.9%) of a compound 
having bp 195-200 ~ at 735.7 ram; nD2~ 1.4824, was isolated. Found %: Cl 64.30. C3HsCIsSi. Calculated %: 
CI 64.59. 

Phenylvinyldichlorosilane. Amixture of 178.0g of phenyldichlorosilane and 148.5 gof 
dichloroethane was passed through the same tube at 575 ~ over a 5-h period. By distillation in a column, 
9.5 g (4.7%)* of a compound having bp 222-225 ~ at 735.3 ram; nD2~ 1.5322, was isolated. Literature [17]: 
bp 121 ~ at 36 ram, riD25 1.5335. 

Iminoxyl Polyradicals. To a mixture of 0.00116 mole of 2,2,6,6-tetramethyl-4-hydroxy- 
piperidine-l-oxyl, 30 ml of absolute benzene, and 2 ml of triethylamine was added, with thorough mixing, 

* Under analogous conditions the yield of methylvinyldichlorosilane was 19.5%; according to the literature [16], 
it is 10%. 
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an equimolecular amount of  the appropriate organoehlorosilane in 20 ml of benzene. The reaction mixture 
was boiled for 5 h, The precipitate formed was filtered off and the filtrate was evaporated under vacuum. 
After the usual purification by crystallization or reprecipitation, analytically pure preparations were ob- 
tained (see Table 1). 
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Fig. 3. ttyperfine structure of EPR spectra of hexarad- 

icals (X)-(XV) in tetrahydrofuran. 

C O N C L U S I O N S  

1. A series of individual organosilicon tetra- ,  penta- and hexaradicals has been prepared for the 
f irst  time. 

2. :Ihe previously discovered phenomenon of electron exchange in polyradicals has a general char- 
acter. 
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