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The most interesting product isolated from the mix
ture, when methanol-liquid ammonia was used as the 
quenching agent, was identified as CH3OC(Ph)2CH2-
SbCl4(NH3). It formed colorless crystals, mp 158— 
160°. 

Anal.9 Calcd: C, 36.6; H, 3.66; N, 2.85; Cl5 

28.9; Sb, 24.7. Found: C, 35.9; H, 3.78; N, 
3.56; Cl, 28.8; Sb, 25.9. The presence of methoxy 
and phenyl groups was demonstrated by ir. The nmr 
spectrum (in CF3COCF3-D2O) showed phenyl protons 
at 5 7.2, CH2 protons at 5 3.8, and OCH3 protons at 5 
2.9 ppm. The integration led to the expected ratio 
10:2:3, respectively. 

The antimony compound was allowed to react in 
CDCl3 with SbCl5 at - 6 0 ° . The nmr spectrum of the 
solution showed two signals at 5 8.1 and 5.3 ppm. The 
former corresponds to aromatic protons of the Ph2C+-
group (see Table I) and the latter is assigned to > C+CH2-
SbCl4. It seems that the presence of the SbCl4 group 
shifts the methylene protons further downfield from the 
position (3.7 or 3.8 ppm) observed in (Ph2C+CH2)2 

or in Ph2C+CH2CH3. 
The isolation of the antimony compound indicates 

that two routes lead to formation of carbonium ions 
from SbCl5 and olefin. SbCl5 may act as an electron 
acceptor, as shown by eq 1, or it may disproportionate,10 

as 2SbCl5 *± SbCl4+,SbCl6-. The addition of SbCl4
+ 

to the olefin leads to the formation of the carbonium 
ion. This mode of carbonium ion formation from an 
olefin and an electron acceptor will be further elucidated 
in the following communication.*1 
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Formation of Carbonium Ions 
by Dissociative Electron Transfer 

Sir: 
Addition of tetranitromethane to 1,1-diphenylethyl-

ene in nitrobenzene (both components 1 M) produces 
instantaneously a new species, presumably a charge-
transfer complex, which absorbs at Amax 410 m/x. As
suming its extinction coefficient to be 103-104, its equi
librium concentration was estimated to be about 1O-3-
1O-2 M. Apparently the complex decomposes slowly, 
the spectrum broadens, and eventually a new peak de
velops at Xmax 385 m>i. This reaction is accelerated by 
daylight and seems to be completed in about 12 hr. 

The final product was isolated in the form of yellow 
crystals, mp 85.5°. It was identified as l,l-diphenyl-2-
nitroethylene. Anal. Calcd for C I 4 H H N O 2 : C, 74.5; 
H, 4.89; N, 6.25. Found: C, 74.3; H, 4.9; N, 

6.24. This compound was described earlier,1 mp 
86-87°. The nmr spectrum of our product shows a 
sharp singlet at 6 7.51 and an aromatic band at 
5 7.1-7.48 ppm. Integration gives a 1:10 ratio. The 
7.51 ppm singlet is attributed to the >C=CHNO 2 

proton. This assignment is justified because the anal
ogous hydrogen in 2,4-dimethoxy-/3-nitrostyrene2 ab
sorbs at 5 7.7 ppm. The presence of the NO2 group 
was confirmed by ir (1340 and 1540 cm - ' ) . 

The nmr spectrum of 1,1-diphenylethylene gives two 
sharp singlets at 5 5.42 (olefinic proton) and 7.4 ppm 
(aromatic protons). Hence, the kinetics of formation 
of the nitro compound in deuterated nitrobenzene 
may be followed by observing the decay of the 5.42-ppm 
line. On this basis, it was found that the conversion 
reached 70% after 7 hr. 

These observations suggest the following mechanism. 

Ph2C=CH2 + C(N02)4 ^ - * * charge-transfer complex (rapid) (1) 

I 

I — > - Ph2C+CH2NO2 + C(NO2)S (2) 

Ph2C+CH2NO2 + C(N02)3 —*• Ph 2 C=CHNO 2 + CH(N02)3 (3) 

Electron transfer to tetranitromethane results in 
dissociative capture.3 Therefore, reactions 2 and 3 take 
place in a concerted manner, or the proton transfer 
takes place in the ion pair, and this accounts for the 
lack of dimerization. 

To verify the existence of intermediate carbonium 
ion the reaction was reinvestigated in the presence of 
methanol. Under these conditions, as in the study of 
Schmidt, et al.,* the reaction yields the respective nitro-
methoxy derivative, viz., Ph2C(OCH3)CH2NO2. This 
compound, previously described by Anschiitz and HiI-
bert,5 was isolated in nearly quantitative yield in the form 
of white crystals, mp 139.5°. Anal. Calcd for Ci5-
Hi6NO3: C, 70.0; H, 5.81; N, 5.25. Found: C, 
69.6; H, 5.9; N, 5.4. The nmr spectrum showed 
singlets at 5 7.8, 5.3, and 3.25 ppm in the ratio of about 
10:2:3. Strong bands were seen in its ir spectrum, 
namely at 1555 and 1380 cm - 1 , which characterize the 
aliphatic NO2 or ONO groups,6 and a less strong band 
at 1080 cm -1 , which indicates the presence of the 
C-O-R linkage. Since the compound is not solvolyzed 
when boiled with 97 % formic acid,7 it does not contain 
the ONO group. 

It is obvious that the nitroethane derivative obtained 
in this experiment results from the carbonium ion 
+C(Ph)2CH2NO2. In the presence of methanol this 
ion is methoxylated and the proton from the hydroxyl 
group neutralizes the ~C(N02)3 ion. In the absence 
of methanol the proton from the > C+CH2NO2 group 
is transferred to _C(N02)3 and, therefore, the nitro 
olefin derivative is formed. 

The proposed mechanism attributing the formation 
of the carbonium ion to the transfer of NO2

+ group from 
tetranitromethane to olefin seems to be general.8 This 
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is illustrated by the two examples quoted in the litera
ture,4 and another system of this kind was investigated 
in the course of our studies. 

Interaction of tetranitromethane with a-methyl-
styrene in deuterated methanol was followed by nmr. 
The spectrum of the original olefin eventually disap
pears and the new one shows a singlet at 5 4.65 ppm 
(attributed to the CCH2NO2 protons), a singlet at 5 1.75 
ppm corresponding to the CH3 protons which originally 
absorbed at 2.11 ppm, and a band centered at 8 7.4 ppm 
arising from the aromatic protons. The latter coin
cides with that observed in the original olefin. This 
assignment was confirmed by integration. During the 
course of the reaction the sum of both types of CH3 
protons remained in a constant ratio to the sum of the 
aromatic protons, and a similar relation held for the 
protons associated with the j3 carbon. The conversion 
of a-methylstyrene to the nitro compound is, therefore, 
quantitative. 

Further evidence for the formation of carbonium 
ions in the reaction of tetranitromethane with olefins 
comes from studies of polymerization of oxetane ini
tiated by this system. This cyclic ether is readily polym
erized by cationic initiators but not by tetranitro
methane alone. For example, no polymerization 
takes place in the system containing 1 M oxetane and 
0.1 M tetranitromethane in nitrobenzene. On the 
other hand, polymerization of oxetane ensues when 
1,1-diphenylethylene is added to the mixture of the 
ether and tetranitromethane in nitrobenzene. Ob
viously the intermediate carbonium ions formed in this 
system by the NO2

+ transfer are responsible for the 
polymerization. 

The transfer of NO2
+ to the /3-carbon atom of olefin, 

as shown in eq 2, is amply demonstrated. On the other 
hand, the transfer to aromatic rings does not take place. 
This was proved by the absence of polymerization when 
biphenyl, anthracene, or benzophenone (1 M) was added 
to the solution of oxetane (1 M) and tetranitrometh
ane (0.1 M) in nitrobenzene. 
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Effect of Solvation on the Reactivity of Ion Pairs 
Sir: 

At least two types of growing species, viz. ion pairs 
and free ions, participate in anionic polymerization 
carried out in certain ethereal solvents.1-7 Further-
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Figure 1. Linear dependence of propagation constant, &0bsd, of 
™S"Na+ polymerization on 1/[LP]1/2 at various concentrations of 
triglyme, 3G: solvent tetrahydropyran, 25°. 
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Figure 2. Linear dependence of propagation constant, k0bsA, of 
~*S~,Na+ polymerization on 1/[LP]VJ; solvent tetrahydropyran, 
25°, in the absence and presence of tetraglyme. The half-shadowed 
points represent experiments performed in the presence of Na+, 
BPIu- which depresses the ionic dissociation of the living polymer 
and thus facilitates the determination of the intercept. 

more, recent investigations2,8 revealed that two types 
of ion pairs may contribute to propagation: the rela
tively inert contact pairs and the highly reactive solvent-
separated pairs. 
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