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The radical stages in the photolysis reactions of various allyltriorgano-silanes and 
-germanes (R,MCH,CH=CH,; M = Si, Ge) with polyhaloidalkanes have been 
studied using the ‘H CIDNP method. It has been shown that the mechanism of the 
photochemical reaction for M = Si, Ge is different from the case when M = Sn. 
Some rather stable R,MCH,CH(Hal)CH2R’ (M = Si, Ge) derivatives were isolated 
and characterized. 

Introduction 

We have previously reported the reactions of polyhaloidalkanes with 
R,MCH,CH=CH, (M = Si, Ge, Sn) under UV irradiation. These reactions follow 
the scheme [1,2]: 

R,MCH,CH=CH, + R’XER,MX + CH,=CHCH,R’, 

(where M = Si, Ge, Sn; R, = Et,, Me,, ClMe,. Cl,Me, Cl,; R’= C3F,, Ccl,; 

X=Br,I). 

The existence of free radical stages in the photoinitiated reaction of allyltriethyl- 
stannane with bromotrichloromethane is confirmed by the chemically induced 
dynamic nuclear polarization on the protons (‘H CIDNP method). In this case, the 
main path of the formation of bromotriethylstannane and 4,4,4-trichlorobut-l-ene is 
the disproportionation of the radical-adduct (A* ) in solution [ 31 (Scheme 1): 
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TABLE 1 

PHYSICOCHEMICAL CHARACTERISTICS OF THE SYNTHESIZED COMPOUNDS 

NO. Compound Yield 
( ct ) 

B.p. ,, 20 

(“C/mm% 
I CIMezSiCH,CHBrCH,CCl, 79 122/6 1.5050 

II ClzMeSiCHzCHBrCH2CCI, 86 94-95/l 1.5164 
I11 Cl,SiCHzCHBrCHzCCI~ 90 97-9X/l 1.5196 
IV ClzEtGeCHzCHBrCH,CCI, 57 120/2 I .5403 
V CIMeZSiCHZCHICH,C,F, 88 52/2 1.4260 

VI Cl,MeSiCH2C‘HICH,C,F, 81 69%70/3 1.4310 
VII CI,SiCH,CHICHzC,F, 95 60/l I .4344 

ment of the alkyl groups at the atom of the element by more electron-accepting 
chlorine atoms lead to significant stabilization of the R,MCH,CHXCH,R’ adducts. 
For instance, it is possible to isolate from the reaction mixture the products of the 
addition of bromotrichloromethane to allyltrichlorosilane in a 90% yield. They are 
stable upon heating up to 250°C. 

Table 1 lists the physicochemical properties of the products of the addition of 
bromotrichloromethane and perfluoropropyl iodide to allyltriorgano-silanes and 
-germanes. Table 2 gives the parameters of their ‘H NMR spectra. It was impossible 
to analyse the resulting adducts by GLC and mass spectroscopy because in all cases 
only the signals of the corresponding decomposition products were detected. 

During the photoinitiated reaction of allyltriorgano-silanes and -germanes with 
bromotrichloromethane, ‘H CIDNP effects were observed in the molecules of the 
adducts (A), on the protons of the initial compounds. and in the 4.4,4-trichlorobut-l- 
ene molecules (Figs. 1 and 2). As mentioned above. only the polarized signals of the 
latter compound were detected. Table 3 shows the CIDNP effects observed and their 
analysis using Kaptein’s rules [4]. It should be noted that no ‘H CIDNP effects were 
found in the reactions of allyltriorgano-silanes and -germanes with perfluoropropyl 
iodide. 

IConr/tmed on p. ‘76) 
TABLE 2 

PARAMETERS OF THE ‘H NMR SPECTRA OF THE COMPOUNDS” 

H(2) X H(5) 
I I I 

R3M-C-C--_::---R(Hal) 

H(1) i&3) H(4) 

No. R,M X R(Hal) Chemical shifts G(ppm) 

H(1); H(2) H(3) H(4): H(5) 

II 
III 
IV 
V 

VI 
VII 

Cl MeSi 2 
CI,Si 
Cl EtGe z 
CIMezSi 
Cl MeSi I 
Cl,Si 

Br ccl, 1.77: 2.11 4.45 3.03; 3.34 
Br CCI, 2.08; 2.31 4.24 3.02; 3.34 
Br CCI, 2.40; 2.60 4.50 3.20: 3.40 
I C,F, 1.88; 2.11 5.53 2.87 
I C,F, 2.08; 2.35 5.53 2.88 
I C,F, 2.05; 2.36 4.33 2.70; 3.00 

” The proton spin-spin coupling constants in the above compounds are (Hz): J(H(l)-H(2)) 15.5. 
J(H(4)-H(5)) 15.5, J(H(l)-H(3)) and/or J(H(2)-H(3)) 9.0 and/or 4.5. J(H(3)-H(4)) and/or 
J(H(3)-H(5)) 5.8 and/or 6.3. 
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TABLE 3 

CIDNP EFFECTS OBSERVED IN THE REACTIONS OF R,MCHJH=CH, WITH BrCCl, IN 
C,D, AND cycle-C,D,, (A absorption, E emissmn) I‘ 

Polarized 
compounds 

Radical ‘H CIDNP effects in different positions h 
pair 1 2 3 

12 3 
R,MCH,CH=CH, 1 A+A/E E 

(M = Si, Ge) (1.3, M = Si) (5.8) (4.8) 
(1.8, M = Ge) 

CCl,CI:&CH3* 1 A A 

(3.3) (5.4) 
12 3 

R,MCH,CHBrCH, 1 E A 
I 
ccl, (2.0, M = Si) (4.5, M = Si) (3.3. M = Si) 

(M = Si, Ge) (1.9, M = Ge) (4.8. M = Ge) (3.3, M = Ge) 

12 3 
E _ E 

CCl, (2.1) (3.7) 
1 

CHCl, I E 

(7.3) 

” To analyse tbe CIDNP effects, the following characteristics of the free radicals were used: for the 
radical-adduct: g 2.0060; A(CH) < 0. A(CH2) > 0; g(&l,) 2.0090 [5]; for dHzCHBrCH2CCl,: g 
2.0027; A(CH2) < 0, A(CH) > 0, A(y-CH;) > 0. .4(y-CH’;) < 0 (y-protons in different conformations 
of the radical): g(Et,Sn) 2.015 [5.6]. h The values of the chemical shifts, G(ppm). of the polarized signals 
are given in parentheses. ’ The absence of CIDNP effects on the protons in position 1 may be associated 
with the shortening of their spin-lattice relaxation time down to 7 s due to the nearness of element atom 
M, compared to lo-13 s characteristic of the protons in positions 2 and 3. 

RP-I 

R,MCH,tHCH,CCI, tCL7 
F 

- R3MCH,CH=CH, + C13CCCI, 

(A*) 

R,MCH,tHCH,CCI, 

(A*, 

BrCCL3 
) R,MCH,CHBrCH,CCI, 

(A) 

1 
R3b + CH2=CHCH,CC13 

SCHEME 2 

(M=Si, Gel 
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Fig. 3. ‘H NMR spectra taken for the reaction mixture of Et3SnCH2CH=CH, with B&Cl, in toluene-d, 
(internal standard hexamethyldisiloxane). (a) Spectrum before the reaction ;(b) spectrum taken during 
UV irradiation at + 20°C; (c) the same as (b) at - 30°C: (d) spectrum after the reaction ( - 30°C). The 
part of the spectrum associated with ethyl protons has been omitted. For line assignment, see Tables 2, 3 
and ref. 1. 

tion reaction of l-triethyltin-2-bromo-4,4,4”trichlorobutane occurs without any UV 
irradiation (in the dark). 

Conclusions 

Thus the investigations carried out show that the reaction of bromotri- 
chloromethane with ally1 derivatives of the Group IVB elements, R,MCH2CH=CH2, 
proceeds by different mechanisms in the cases of M = Sn and M = Si, Ge. This 
behaviour may originate from either the nature of the M atom or the differences in 
the electron donating properties of the R,M. Clarification of these points will be the 
subject of further investigations. 
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