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Figure 2. The 100-MHz pmr spectra of the a-phenethylamine 
derivatives in chloroform-rfi. The solutions have been treated with 
D2O to reduce the intensity of the amino protons and simplify 
the spectra. At - 6 0 ° the spectrum of the complexes prepared 
from the (fl)-a-phenethylamine is identical with that of the com
plexes prepared from the racemic amine. 

Cl a m c i a m 

Figure 3. The mechanisms consistent with the averaging process 
giving rise to the 35° pmr spectrum with the (/?)-a-phenethylamine 
complex. The arbitrary symbols ( + ) and ( - ) refer to the absolute 
configurations at the terminal allyl carbon atoms. 

free amine occurs and that intermolecular amine 
exchange dominates proton environment intercon-
version throughout the accessible temperature range 
(up to the decomposition point ~50°) . 

Having unambiguously demonstrated the existence 
of intermolecular ligand exchange, the possibility of 
additional epimerization occurring via a flip mechanism 

remains to be considered. Since the flip mechanism 
averages different pairs of resonances from the exchange 
mechanism, the simultaneous occurrence of both 
mechanisms would coalesce the two AA'BB'X spectra 
in the (/?)-a-phenethylamine complex, which is not 
consistent with the observed spectra. 

The study of the pmr of these amine complexes up to 
35° allows observation of the effects of a rapid epi
merization mechanism (k > 100 sec -1 at 35°); con
ceivably other mechanisms with slower rates (k < 0.5 
sec -1 at 35°) could contribute to epimerization, but 
would not alter the pmr spectrum. Our results lead us 
to conclude that racemization and epimerization in 
7r-allyl(amine)palladium chloride complexes are pri
marily a consequence of dissociation of the compound 
into free amine and dimer, rather than conversion to a 
cr-bonded intermediate. This is rather surprising in 
view of the part played by the cr-bonded intermediate 
in phosphine and arsine derivatives. Consequently, 
the absence of an effect from a cr-bonded intermediate 
or a flip mechanism requires that the face of the 7r-allyl 
moiety bonded to the palladium atom is invariant 
during epimerization or racemization caused by amine 
exchange.19 

Studies are being pursued to determine the implica
tions of these results in rearrangements of substituted 
7r-allylpalladium derivatives, as well as molybdenum 
Tr-allyls.21'23 

(19) The configurations at the terminal carbon atoms of the ir-allyl 
group [i.e., the chirality of the Pd—(H2C*—C) centers] are preserved 
during the epimerization of the unsubstituted complexes by amine 
exchange. Inversion of configuration at the terminal carbon atoms 
via a a-bonded intermediate has been proposed as the most likely 
mechanism of epimerization in substituted 7r-allyl derivatives.20 For 
the unsubstituted compounds reversible broadening of the syn and ami 
resonances (as well as decomposition) is observed in benzene solution 
above 50°, and this does indeed support an additional epimerization 
pathway via a u-bonded intermediate. Nevertheless, this mechanism, 
which allows a different face of the allyl group to become bonded, does 
not contradict the previous conclusions, since it proceeds at a much 
slower rate (k < 0.5 sec~' at 35°). 

(20) P. Corradini, G. Maglio, A.'Musco, and G. Paiaro, Chem. 
Commun., 618(1966). 

(21) The absence of a flip mechanism gives further support to a planar 
rotation mechanism in molybdenum jr-allyl rearrangements. Pre
sumably the ability to undergo facile 3 :4 = 3:3:1 = 3:4 stereochem-
ically nonrigid rearrangements22 in this "seven-coordinate" complex 
might allow the effective planar rotation of the x-allyl, which has not 
yet been observed in the palladium complexes due to the prior occurrence 
of exchange. 

(22) E. L. Muetterties and C. M. Wright, Quart. Ree. (London), 21, 
109(1967). 

(23) We wish to acknowledge the financial support of the Connecticut 
Research Commission and The Petroleum Research Fund administered 
by the American Chemical Society. We wish to thank the National 
Science Foundation for Grant GP-6938 which allowed the purchase of 
the Varian HA-100 spectrometer. 
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Stereochemical Course of the Reaction of an Optically 
Active Hydrosilane with Carbon Tetrachloride by a 
Free-Radical Mechanism. Retention of Configuration1 

Sir: 

When free radicals are generated from compounds 
containing an asymmetric carbon atom, which bears the 

(1) Silyl Radicals. II. 
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Table I. Reaction of (+)-R3Si*H with Carbon Tetrachloride in the Presence of Dibenzoyl Peroxide at 80.0° 

Run 

1 
2 
3 
4 

• Reactant 
(+)-R3Si*H 

6.76 
11.52 
7.44 

(0.981 g)° 

used, mmoles 
BPO CCl4 

0.47 105.7 
0.85 120.2 
0.27 59.8 
0.14 Co. 3 ml 

Reaction 
time, hr 

14 
11 
12 
12 

Mole % 

93.2 
94.9 
64.6 
92.1 

—R3Si*Cl-
H D , 
deg 

- 5 . 3 4 
- 5 . 2 0 
- 3 . 5 7 
- 4 . 7 6 

Opt 
purity, % 

85.5 
83.2 
57.1 
76.4 

R3Si*H after redn 

[a]D, deg 

- 3 1 . 7 

- 2 9 . 4 

Opt purity, 
% 

93.9 

87.8 

1 Products of run 3 were used as a mixture. 

unpaired electron, the optical activity of the parent com
pounds is lost and racemic products are formed, except 
in unusual situations.2 The loss of optical activity in 
the products can be ascribed either to planar configura
tions or to the very rapid inversion of the radicals.3 

In spite of current interest in silvl radicals, no investi
gation on the stereochemical course of reactions in which 
silyl radicals play an important role has been reported 
to date. The silyl radical derived from an optically ac
tive hydrosilane has been presumed to lose its optical 
activity.4 However, we now report that the silyl rad
ical produced from an optically active hydrosilane under
goes chlorine-abstraction reaction mostly with retention 
of configuration. 

The abstraction of chlorine atoms by silyl radicals 
was reported by several investigators; the silyl radicals 
may be produced by photolysis/''6 peroxide-catalyzed 
reaction,7^9 and thermolysis10 of hydrosilanes. The 
free-radical nature of the reaction has been clearly estab
lished, and a chain reaction involving chlorine abstrac
tion by silyl radicals was suggested. In addition, there 

liv, or initiator, In • 

> S i H >• > S i - + H - (or InH) (1) 

=>Si- + R X — > > S i X + R- (2) 

> S i H + R - — > > S i + R H (3) 

is other good evidence indicative of the formation of 
free silyl radicals from hydrosilanes in reactions cat
alyzed by peroxides.11-13 

(2) P. S. Skell, D. L. Tuleen, and P. D. Readio, / . Am. Chem. Soc, 
85, 2849 (1963); W. O. Haag and E. I. Heiba, Tetrahedron Letters, 
3679 (1965). 

(3) W. A. Pryor, "Free Radicals," McGraw-Hill Book Co., Inc., 
New York, N . Y„ 1966, pp 30-40. 

(4) L. H. Sommer, K. W. Michael, and H. Fujimoto, J. Am. Chem. 
Soc, 89, 1519(1967). 

(5) (a) R. N . Haszeldine and J. C. Young, J. Chem. Soc, 4503 (1960); 
(b) J. A. Kerr, B. J. A. Smith, A. F. Trotman-Dickenson, and J. C. 
Young, Chem. Commun., 157 (1966); (c) / . Chem. Soc, A, 510 (1958). 

(6) D. Copper, / . Organometal Chem. (Amsterdam), 7, 26(1967); 10, 
447 (1967). 

(7) J. Curtice, H. Gilman, and G. S. Hammond, J. Am. Chem. Soc, 
79,4754(1957). 

(8) (a) Y. Nagai, K. Yamazaki, N . Kobori, and M. Kosugi, Nippon 
Kagaku Zasshi, 88, 793 (1967); (b) Y. Nagai, K. Yamazaki, I. Shio-
jima, N . Kobori, and M. Hayashi, J. Organometal. Chem. (Amsterdam), 
9, P21 (1967); (c) Y. Nagai, K. Yamazaki, and I. Shiojima, ibid., 9, 
P25 (1967); (d) Butt. Chem. Soc. Japan, 40, 2210(1967); (e) Y.Nagai , 
T. Yoshihara, and S. Nakaido, ibid., 40, 2214 (1967). 

(9) H. Sakurai, A. Hosomi, M. Yamagata, and M. Kumada, to be 
published. 

(10) I. M. T. Davidson, C. Eaborn, and C. J. Wood, J. Organometal. 
Chem. (Amsterdam), 10, 401 (1967), and references cited therein. 

(11) C. Walling and E, S. Huyser, Org. Reactions, 13,91 (1963). 
(12) L. E. Nelson, N . G. Angelotti, and D. R. Weyenberg, J. Am. 

Chem. Soc, 85, 2662 (1963). 

(13) H. Sakurai, A. Hosomi, and M. Kumada, Bull. Chem. Soc. 
Japan., id, 1551 (1967). 

When an optically active hydrosilane, (+)-a-naph-
thylphenylmethylsilane (I),14 [a]o +33.7° (c 10.9, cyclo-
hexane) [lit.14 [a]o +34.3° (c 10.9, cyclohexane)], was 
heated with carbon tetrachloride without any catalyst 
in a sealed tube at 80.0°, no reaction took place even af
ter 117 hr. However, the presence of a small amount of 
dibenzoyl peroxide resulted in the formation of the cor
responding chlorosilane, ( —)-a-naphthylphenylmethyl-
chlorosilane(2)[lit.14 [a]o -6.28°(c 10.5cyclohexane)], 
in good yield. The product, obtained after evaporation 
of carbon tetrachloride followed by recrystallization 
from pentane, contained a small amount of 1 (glpc). 
Separation of 2 from the mixture was not feasible be
cause of thermal racemization of 2.15 Since unreacted 
1 can be separated from the mixture by glpc with con
figuration retention (at least 95% optical purity),1' it is 
likely to assume that 1 in the mixture must have the same 
optical activity as it had originally. Therefore, optical 
activities of 2 in each run were determined on the basis 
of proportional allotment. Furthermore, 2 was con
verted to 1 again by the reduction with lithium alum
inum hydride. The results are listed in Table I. 

The stereochemical sequence established by Sommer 
and coworkers14 indicates clearly that free-radical chlo-
rination of 1 proceeds with retention of configuration. 

LiAlHt 
( + ) - R 3 S i * H — > ( - ) - R 3 S i * C l > ( - ) - R 3 S i * H 

retn invn 

The most straightforward explanation of the results may 
be that the chlorine-abstraction step (reaction 2) is so 
fast that the optically active silyl radical can be trapped 
before racemization by inversion. However, several 
alternative explanations would be possible for such an 
unexpectedly highly stereospecific free-radical reaction. 
We will discuss details in a future publication. 

(14) L. H. Sommer, "Stereochemistry, Mechanism, and Silicon," 
McGraw-Hill Book Co., Inc., New York, N . Y., 1965; L. H. Sommer, 
C. L. Frye, G. A. Parker, and K. W. Michael, J. Am. Chem. Soc, 86, 
3271 (1964); L. H. Sommer, C. L. Frye, and G. A. Parker, ibid., 86, 
3276,3280(1964); L. H. Sommer, Angew. Chem., 74, 176(1962). 

(15) H. Sakurai. M. Murakami, and M. Kumada, Bull. Chem. Soc. 
Japan, 41,1973 (1968). 
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Stereospecific Photochemical Cyclodimerization 
of 2-Butene in Liquid Phase 

Sir: 
We wish to report stereospecific photochemical 

cyclodimerization of liquid 2-butene with retention of 
geometric configuration in both 2-butene fragments. 
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