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(bp 30-60°) to remove oil]. The mixture was heated at reflux
for 3 hr after the initial exothermic reaction subsided, and then
cooled. Butyl bromide (3.7 g, 0.027 mol) in toluene (10 ml)
was added over 10 min and the resultant mixture was heated at
reflux for 17 hr. The usual work-up gave a yellow oil [3.9 g
crude, vpe (at 240° on 209, SE-30) 629% alkylated s-keto ester,
389% starting S-keto ester]. The crude product was hydrolyzed
with NaOH (4.0 g, 0.1 mol) in C;H;OH-H,0 (100 ml each),
acidified with dilute HCl, and extracted with ether to give 2-
methyl-6-butylcyclohexanone (¢a. 2.3 g, 0.007 mol, 29%):
bp 85° (2.5 mm); ir (film) 5.87 u; nmr (CCL) = 7.5-9.35 (m, 20)
with apparent doublet at 9.06 (J = 6 Hz) which was shifted to
9.64 (d, 3, CH,CH, J = 6 Hz) with 0.038 equiv of Pr(DPM);,
In comparison the nmr (CCL) of 2-methylcyclohexanone has
9.06 (d, 3, CH;, J = 6 Hz). No separation of 32 and 33 by vpe
was noted on 209, SE-30 (175-217°) or 59, Carbowax (100-135°)
columns under isothermal or temperature-programmed condi-
tions. Anal. Caled for C;HyO: C, 78.51; H, 11.98. Found:
C, 78.40; H, 11.94. The 2,4-DNP of 33 formed with difficulty
(in contrast to that of 32 which formed readily) and was an oil:
uv max (95% C,H;OH) 363 and 228 nm; ir (film) 6.15 u (C=N);
tle (silica gel HFy4) Rt 0.3 (ether—hexane) while 2,4-DNPH had
R: 0; uv max (959% C,H;O0H) 350, 260 nm; nmr (CDCL)
—-1.2 (s, 1, NH), 0.8 (d, 1, aryl H,), 1.6-2.1 (AB quartet, 2,
aryl H,p), 6.8-9.3 (m, 20).

2-Butylcycloheptanone (36)3% was collected by vpe (on 209,
SE-30) from the cleavage-alkylation of 34% (Table VI): mass
spectrum (20 €V) m/e (rel intensity) 168 (M- +, 37), 153 (M —
CHa, 3), 112 [CHf’(CHz)zCH—C,;Hg, 56], 111 [+OECC(C4H9)=
CH,, 33], 97 (C¢H,0, 100), 55 (tO=CC==CH,, 89); caled M + 1
for CuHyO, 12.1; found, 12.2.

2-Methylbutyraldehyde (40) was separated from butyraldehyde
[out of the mixture resulting from the cleavage (G°, 1 min),
alkylation (25°, 1 min) of 39] by its greater solubility in ether.
It was identified by its vpec retention time (5.1 min at 85° on
209, SE-30) which was identical with that of a genuine sample
and by conversion to its 2,4-DNP: mp 120-121°; mmp 121~
122° with that of a genuine sample (lit.?3 mp 120°).

(32) W.von E, Doering and C. F. Hiskey, J. Amer. Chem. Soc., T4, 5688
(1952).

(33) R. L. Shriner, R. C. Fuson, and D. Y. Curtin, “The Systematic
Identification of Organic Compounds,’”’ 5th ed, Wiley, New York, N. Y.,
1967, p 320.
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2-Heptanone (38).—The lithium enolate of acetone, generated
from the butyl phenylphosphonate 37, was alkylated with butyl
iodide for 3 hr at 25° to give 38 (799 as determined by a vpc
calibration curve using genuine samples). No polyalkylated
material was detected. The vpe of 38 had a retention time of 5.8
min at 130° on 209, SE-30. The yield of recovered acetone
could not be determined because of its nonseparation from other
volatile components (vpc).
2-Methyl-6-bromocyclohexanone (42).—To pyrrolidino-6-
methyleyclohexene (43, 25.0 g, 0.15 mol) in CHCI; (200 ml) and
glacial acetic acid (90 ml), cooled to 0-5° in a salt-ice bath,
bromine (28.0 g, 0.15 mol) in CHCl; (50 ml) was added dropwise
with stirring under nitrogen. The reaction temperature was kept
below 5° during the addition and for another 10 min, water (200
ml) was added and the reaction mixture was poured into satu-
rated NaHCO; solution (400 ml). The organic layer was washed
with water (3 X 200 ml), dried (MgS0,), and usually directly
converted to vinyl phosphate 24. Removal of the solvent at 23°
in vacuo gave a dark red oil: - nmr (CCly) » 8.91 (d, ca. 3, CHs, J =
6.5 Hz), 7.0-8.4 (m, 7, CH,), 5.22 (m, ca. 1, CHBr). Yields
were ca. 80% of mixtures of 8-9 parts of 42 and 1-2 parts of 2-
methyl-2-bromocyclohexanone (46). Rearrangement of 42 to
46 occurred in part upon attempted vpe and slowly at 25° (com-
plete conversion in 24 hr). Reaction of 42 with lithium bromide,
lithium carbonate, dimethylformamide, or collidine gave only
2-methyleyclohexenone, 2,4-DNP mp 208° (lit.® mp 207.5-
208.5°).

Registry No.—5, 30758-39-5; 6, 30758-40-8; 9,
2042-85-5; 11, 26709-97-7; 14, 36504-01-5; 15, 30758-
45-3; 16, 36504-02-6; 17, 30842-23-0; 18, 36504-03-7;
19, 30758-41-9; 20, 30758-44-2; 21, 4452-32-8; 22,
36504-04-8; 23, 30908-58-8; 24, 30908-59-9; 25, 36504~
06-0; 26, 36547-04-3; 27, 30758-42-0; 32, 1197-78-0;
33, 36504-08-2; 33 DNP, 36504-09-3; 34, 31327-27-2;
36, 36504-11-7; 42, 36504-12-8; cyclohexanone lithium
enolate, 21300-30-1; 2-methyleyclohexanone lithium
enolate, 13670-83-2; cycloheptanone lithium enolate,
36504-15-1.

(34) E. W. Warnhoff and H. P. Landerl, J. Amer. Chem. Soc., T8, 494
(1953).
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Pyramidal structure for triorganosilyl radicals (RsSi:) in general is indicated by chirality studies on five

optically active organosilicon systems containing asymmetric silicon.

Reactions of five different optically active

silanes, RsSi1*H, with carbon tetrachloride, catalyzed by benzoyl peroxide, gave optically active R;81*Cl com-

pounds.
the capacity of the a~-NpPhMeSi: * radical to invert.
gave optically inactive PhsSiSi*(Ph)(Me)Cl.

Recent studies by Brook! and Kumada? have pro-
vided evidence that the a-naphthylphenylmethylsilyl
radical as generated in reactions 1 and 2 below is chiral
and nonplanar. In these studies R;Si*Cl is optically
active a-NpPhMeSi*Cl.

Bz:0:
ReSi*H + CCly ——» Ry8i*Cl + CHCly )
A

CCl1
Re8i*COCH; + hy —> RySi-* + «COCH; ——>

R;:8i*Cl 4 CH,COCl (2)

In both reactions the optically active organosilicon
reactants gave the product chlorosilane, RsSi*Cl, with

(1) A.G. Brook and J, J. Duff, J. Amer. Chem. Soc., 91, 2118 (1969).
(2) H. Sakurai, M. Murakami, and M. Kumada, 1bid., 91, 319 (1969).

Progressively greater dilution of the carbon tetrachloride with benzene or cyclohexane demonstrated
Also, for reasons presently unknown PhsSiSi*(Ph)(Me)H

retention of configuration. For reactions 1 and 2,
respectively, optical purities of product RsSi*Cl were
86 and 649.

However, both of the above studies were limited to
generation and reaction of the same radical, «-NpPh-
MeSi-, and we wish now to report results which dem-
onstrate (a) chirality for a wide variety of mono-
silane radicals; (b) nonchirality or rapid inversion for
a disilane radical; (¢) eapacity of the a-NpPhMeSi-*
radical to invert under conditions of progressively
greater dilution of the CCl; in reaction 1 by benzene
and cyclohexane.

Results for reaction 1 using a wide variety of Re-
Si*H compounds and pure CCl, as solvent-reactant
are reported in Table I. References listed in Table 1
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TaBre I
RapicaL Reacrions oF R8i*H wita CCl To Give RsSi*Cl
ReSi*H,%  RsSi*CL%  RsSi*CLP
RsSi*H [alD, {a]D, optical
No. reactant deg deg purity, % Ref
1 o-NpPhMeSi*H +35.0 —5.9 92 3
2 neo-C;HjPhMeSi*H  +1.6 +4.64 100 4
3 PhsPhMeSi*He +3.5 —16.0¢ . 84 5
4 o-NpPhrpMeSi*He +22.4 +25.7¢ 90 5
5 Ph,CHPhMeSi*H +3.1 +13.6 100 4
6 Ph;SiSi*(Ph)(Me)H +7.3 0.0 0 6
@ All rotations taken in pentane unless otherwise noted. ? First

five reactions proceed with predominant retention of configura-
tion. ¢ Phy is perfluorophenyl, CeFs. ¢ Rotation in CCl,.

report the syntheses, optical rotations, and correlations
of configuration for the R;Si*H reactants and R,Si*Cl
products.?—7

All of the reactions in Table I were run in refluxing
CCl, using benzoyl peroxide as the initiator. Reac-
tion times required for complete reaction, as monitored
by glpe, varied from 0.25 to 24 hr. This reaction was
chosen for study because of the moderately long chain
lengths (50-80) and lack of side reactions.?

Yor reactions 1-5 (Table I) the optical purities and
signs of rotation show predominant reteniion of con-
figuration and high stereospecificity. In these reac-
tions, then, the organosilicon radicals maintain chiral-
ity. Thus, these radicals prefer a pyramidal geometry
and their rate of reaction with CCl, in pure CCl, sol-
vent-reactant is faster than their rate of inversion.
Since the structural variation of the monosilyl radicals
in reactions 1-5 (Table I) is fairly wide, it is reasonable
to conclude that a pyramidal geometry generally obtains
for R3Si- and that optically active Ry8i-* can main-
tain chirality.

Previously, esr®® and ir!!? data have been inter-
preted as indicating a pyramidal structure for mono-
silane radicals. Thus, the present data provide im-
portant confirmation of this interpretation and estab-
lish beyond any doubt the general pyramidal nature
of such radicals.

Since Ph;SiSi*(Ph)(Me)H is a relatively reactive
silane with CCl; and since the other silanes have con-
figuration stability under the reaction conditions, it
seems highly unlikely that Ph,SiSi*(Ph)(Me)H can,
itself, be racemized by the reagent prior to formation
of the chlorosilane.

Concerning reaction 6 in Table I, formation of race-
mic R;8i*Cl was shown not to be due to racemization
of initially optically active chlorosilane. The latter
was found to be optically stable under the reaction
conditions. Thus, the lack of optical activity in the

(3) L. H. Sommer, C. L. Frye, G. A. Parker, and XK. W. Michael, J.
Amer. Chem. Soc., 86, 3271 (1964).

(4) L. H. Sommer, XK. W, Michael, and W. D. Korte, 1bid., 89, 868 (19687).

(5) Unpublished work of L. H. Sommer and M. A. Silverman; see M. A.
Silverman, Ph.D. Thesis, University of California at Davis, 1870.

(6) L. H. Sommer and K. T, Rosborough, J. Amer. Chem. Soc., 91, 7067
(1969).

(7) A.G. Brook and G. J. D. Peddle, <bid., 85, 2338 (1963).

(8) Y. Nagai, K. Yamazaki, I. Shicjima, N. Kobori, and M. Hayashi,
J. Organometal. Chem., 9, 21 (1967).

(9) 8. W. Bennpett, C. Eaborn, A. Hussain, and R. A. Jackson, ¢bid., 16,
36 (1969).

(10) For recent esr work and pertinent recent references, see 8. W. Ben-
nett, C. Eaborn, A, Hudson, R. A. Jackson, and K. D. J. Root, J. Chem.
Soc. A, 348 (1970).

(11) M. E. Jacox and D. E. Milligan, J. Chem. Phys., 49, 3130 (1968),

(12) D.E. Milligan and M. E. Jacox, ibid., 49, 5330 (1968).
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product must be due either to a preferred planar geom-
etry for the disilane radical or to rapid inversion
of its pyramidal geometry. There is some esr evi-
dence for preferred planar geometry for disilane radi-
cals,® but more extensive study is certainly necessary.
We consider that the result of reaction 6 suggests, but
certainly does not prove, that the disilanyl radieal is
planar. If this radical were pyramidal, its rate of
inversion might exceed its rate of reaction with CCl,
and thus give the observed result. For example, see
the studies discussed below.

In our next experiments we investigated the point
just raised coneerning possible competitive rates of in-
version and reaction for chiral RsSi-*. Reaction rates
of the radicals were decreased by progressive dilution
of the CCl; with benzene and the optical purity of the
product R;Si*Cl was determined by trapping the chloro
silane by reaction with neopentyllithium. The cou-
pling product was separated from the unreacted Rs-
Si*H, and from the specific rotation of the RySi*C;Hy,*
the optical purity of the produet was calculated.

The two-step stereoreaction sequence is given in
eq 3 and the second step procecds with excellent stereo-
specificity* and inversion of configuration.*

Bz:0:
(+)-RsSi*H + CCly ——>

CsHuLi
(= )R;Si*Cl _E? (+)-RsS1*C:Hy  (3)
o

Results of these studies are reported in Table II.

TasLe II

Errects or BENzEN: DILUTION ON THE
STEREOSPECIFICITY OF ReacTioN oF (4 )-R:Si*H wite CCly

[a]D, RsSi*CsHu, Optical purity,
% CCls (v/v) deg %%
100 +21.4 92
75 +20.1 87
50 +18.4 79
25 +15.3 66
10 +10.4 45

From Table II it is clear that there is a dramatic de-
crease in product optical purity as the CCly is diluted
with benzene. Therefore, inversion of the chiral radi-
cal can compete with reaction. To eliminate the pos-
sibility of a specific solvent effect with benzene, such
as radical complexation, which would lower the radi-
cal’s reactivity and perhaps favor its racemization
prior to reaction, a second series was performed with
cyclohexane. The decrease in optical purity on dilu-
tion with cyclohexane paralleled the results given in
Table 11.

We conclude that the rates of eq 4 below can be com-
petitive with reaction of the radical in certain cases.

Ri._ R,

R,m=Gi* == *Si~aR, (4)
~

R, R,

Experimental Section

A. Radical Reactions of Optically Active Organosilanes with
CCl,. Reaction of (4 )-a-Naphthylphenylmethylsilane with
Carbon Tetrachloride.—In a 100-ml one-necked round-bottom
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flask equipped with a reflux condenser and a nitrogen inlet tube
were placed 5.0 g (0.02 mol) of (4 )-Rs8i*H, [«]p +35.0° (¢ 4.0,
pentane), and 0.6 g (0.0025 mol) of benzoyl peroxide in 40 ml of
carbon tetrachloride. The solution was refluxed for 10 hr and
the solvent was removed under vacuum. The remaining oil,
[a]p —6.3° (¢ 4.0, pentane), had ir and nmr spectra identical
with those of authentic RsSiCl. The optical purity is 97%.

Reaction of (4 )-Phenylneopentylmethylsilane with CCl,,.—In
a 25-ml round-bottom flask equipped with a reflux condenser and
nitrogen inlet tube were placed 1.8460 g (9.61 mmol) of CsHyi-
PhMeSiH, [«]p +1.56° (¢ 9.6, pentane), and 0.2326 g (0.961
mmol) of benzoyl peroxide in 10 m! of carbon tetrachloride. The
solution was refluxed under nitrogen for 9.5 hr and then trans-
ferred quantitatively to a polarimeter tube, and a rotation was
taken. Calculation yielded [a]p +4.59° (¢ 7.75, CCL). Ir and
nmr spectra were identical with those of authentic phenylneo-
pentylmethylchlorosilane and thus no R;SiH remained unreacted.
The product was 1009, optically pure from its specific rotation.

Reaction of (+ )-a-Naphthylpentafluorophenylmethylsilane
with CCl,.—In a 25-ml round-bottom flask equipped with a
reflux condenser and a nitrogen inlet tube were placed 0.598 g
(L.77 mmol) of (4 )-a-naphthylpentafluorophenylmethylsilane,
[e]p +22.4° (¢ 1.75, CClL), and 0.05 g (0.21 mmol) of benzoyl
peroxide in 3 ml of carbon tetrachloride and the solution was
refluxed for 7 hr. Nmmr indicated 34.19, conversion of the silane
to the chlorosilane. A rotation of the mixture was taken, and
calculation yielded ¢ = 82.8° (¢ 2.4, CClL). Calculations (see
Treatment of Cyclohexane Dilution Experiments) showed that
the specific rotation of the chlorosilane was [a]D +25.7°, which
indicated an optical purity of 909,. The product was identified
by nmr and glpc analyses.

Reaction of (+)-1,2,2,2-Tetraphenyl-1-methyldisilane with
CCL.—In a 25-m! round-bottom flask equipped with a reflux
condenser and a nitrogen inlet tube were placed 1.6744 g (4.40
mmol) of (+)-PhsSiPhMeSi*H, [alp +7.27° (¢ 4.0, CCL), and
0.02662 g (0.11 mmol) of benzoyl peroxide in 5 ml of carbon
tetrachloride and the solution was refluxed for 0.5 hr. The solu-
tion was transferred guantitatively to a polarimeter tube. The
observed rotation was 0.0°. Nmr and ir spectra were identical
with those of authentic Ph;SiPhMeSiCl.

Reaction of Racemic 1,2,2,2-Tetraphenyl-1-methyldisilane and
(—)-1,2,2,2-Tetraphenyl-1-methyl-1-chlorodisilane with CCl,.—
The specific rotation of a solution of 1.57 g (3.8 mmol) of (—)-
PhySiPhMeSi*Cl, 1.02 g (2.68 mmol) of (=)-PhsSiPhMeSiH,
and 0.21 g (0.87 mmol) of benzoyl peroxide in 7 ml of carbon
tetrachloride was [a]jp —1.80° (¢ 12.0, CCL). The solution was
refluxed under nitrogen in a 23-ml round-bottom flask for 2 hr
and the contents were transferred quantitatively to a polarimeter
tube for an observed rotation. Calculation yielded [a]p —1.74°
(¢ 11, CCL). Therefore, the chlorodisilane wss optically stable
under the conditions of the reaction.

Reaction of (4 )-Pentafluorophenylphenylmethylsilane with
CClL.—In a 25-ml round-bottom flask were placed 1.6 g (5.6
mmol) of CeF;PhMeSi*H, [a]D +3.53°, and 0.15 g (0.62 mmol)
of benzoyl peroxide in 7 ml of carbon tetrachloride and the solu-
tion was refluxed under nitrogen for 3.5 hr.” The contents were
transferred quantitatively to a polarimeter tube and an ob-
served rotation was taken; calculations yielded ¢ = —7.06°.
Nmyr indicated 27.89, conversion to the chlorosilane which,
therefore, calculating from the molecular rotation (see Treatment
of Cyclohexane Dilution Experiments), would have a specific
rotation of []D — 16.0° and an optical purity of 84%. Products
were confirmed by nmr and ir analyses compared to those of
authentic material.

Reaction of (+ )-Benzhydrylphenylmethylsilane with CCl,.—
In a 25-ml round-bottom flask were placed 0.8996 g (3.1 mmol)
of benzhydrylphenylmethylsilane, [a]p +3.09° (¢ 11.0, C;Hi,),
and 0.0726 g (0.31 mmol) of benzoyl peroxide in 5 ml of CClL,
and the solution was refluxed for 22 hr. After removal of CCl
under vacuum, the product was purified by recrystallization from
pentane, which yielded 0.5818 g of white solid which was shown
by nmr to consist of 27 wt % SiH and 73 wt 7, SiCl. Caleula-
tion gave [a]p SiCl -+ 13.6°, and this corresponded to 1009
retention of configuration.

B. Dilution Experiments. Preparation of Neopentyllith-
ium.—In a 500-ml three-necked flask equipped with reflux con-
denser, mechanical stirrer, dropping funnel, and nitrogen inlet
tube were placed 17.35 g (2.5 g-atoms) of lithium wire (pounded
flat under dry pentane and cut immediately prior to reaction into
the flask under a stream of nitrogen) and 300 ml of anhydrous
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ether (distilled from LiAIH,). To this mixture was added slowly
49 g (0.46 mol) of neopentyl chloride over 2.5 hr with rapid
stirring. The solution was stirred for an additional 2.5 hr and
an aliguot was removed and poured into distilled water. This
solution was titrated with standard acid and found to be 1.4 N
in the organometallic.

Reaction of (4 )-a-Naphthylphenylmethylsilane and 1009,
CCly.~—In a 100-ml round-bottom flask equipped with a nitrogen
inlet tube and a reflux condenser were placed 5.0 g (0.02 mol) of
(+)-a-naphthylphenylmethylsilane, [«]p +35.0°, and 0.6 g
(0.0025 mol) of benzoyl peroxide in 40 ml of carbon tetrachloride
and the solution was refluxed under nitrogen for 10 hr. The
solvent was stripped off under vacuum and the remaining viscous
oil was taken up in 40 m!l of anhydrous ether and cooled with an
ice bath. To this solution was added rapidly 29 ml (0.04 mol)
of the previously prepared neopentyllithium solution, which had
been cooled by an ice bath, and the mixture was allowed to stand
with occasional swirling for 20 min. The dark gray solution
was then poured onto a slurry of ice, dilute HCI (5%), and pen-
tane and the organic layer was washed three times with water.
The organic layer was dried over sodium sulfate overnight and
the solvent was then removed on the steam bath. The yellow
oil remaining was taken up in 30 ml of pentane, adsorbed on a
19 X 30 cm silica gel column, and eluted with 300 ml of pentane
followed by 500 ml of a pentane-benzene solution, 83:15 (v/v).
The solvent was removed on the steam bath, leaving a clear,
viscous oil, [a]p +21.4° (¢ 3, pentane), 3.7 g (90%). The ir
spectrum was identical with that of authentic a-naphthylneo-
pentylphenylmethylsilane.

Reaction of (4 )-a-Naphthylphenylmethylsilane, 759, Carbon
Tetrachloride, and 259, Benzene.—In a 100-ml round-bottom
flask equipped with a nitrogen inlet tube and a reflux condenser
were placed 5 g (0.02 mol) of (+)-RsSi*H, [a]p +35.0°, and 0.6
g (0.0025 mol) of benzoyl peroxide in 30 ml of carbon tetra-
chloride and 10 ml of benzene, and the solution was refluxed
under nitrogen for 10 hr. The procedure and work-up deseribed
above for formation and isolation of the (+)-a-naphthylneo-
pentylphenylmethylsilane yielded 5.6 g (88%) of a viscous oil,
[elp +20.1° (¢ 4.5, pentane). The infrared spectrum was
identical with that of an authentic sample.

Reaction of (4 )-a-Naphthylphenylmethylsilane, 509, Carbon
Tetrachloride, and 509, Benzene.—In a 100-ml round-bottom
flask equipped with a nitrogen inlet tube and a reflux condenser
were placed 5 g (0.02 mol) of (+)-RsSi*H, [a]p +35.0°, and 0.6
g (0.0025 mol) of benzoyl peroxide in 20 ml of carbon tetra-
chloride and 20 m! of benzene and the solution was refluxed under
nitrogen for 10 hr. The procedure and work-up described pre-
viously for the formation and isolation of (4 )-a-naphthylneo-
pentylphenylmethylsilane yielded 5.8 g (919,) of a clear, viscous
oil, [alp +18.4° (¢ 4.4, pentane). The infrared spectrum was
identical with that of an authentic sample.

Reaction of (+)-o-Naphthylphenylmethylsilane, 259 Carbon
Tetrachloride, and 759, Benzene.—In a 100-ml round-bottom
flask equipped with a nitrogen inlet tube and a reflux condenser
were placed 5.0 g (0.02 mol) of (4 )-e-naphthylphenylmethyl-
silane, [a]D +35.0°, and 0.6 g (0.0025 mol) of benzoyl peroxide
in 10 ml of carbon tetrachloride and 30 ml of benzene and the
solution was refluxed under nitrogen for 10 hr. The procedure
and work-up described previously for the formation and isolation
of (4 )-e-naphthylneopentylphenylmethylsilane yielded 5.6 g
(889,) of a clear, viscous oil, [«]D +153.3° (¢ 4.2, pentane).
The infrared spectrum was identical with that of an authentic
sample.

Reaction of (+ )-a-Naphthylphenylmethylsilane, 109, Carbon
Tetrachloride, and 909, Benzene.—In a 100-ml round-bottom
flask equipped with a nitrogen inlet tube and reflux condenser
were placed 5.0 g (0.02 mol) of (4 )-a-naphthylphenylmethyl-
silane, []p +35.0°, and 0.6 g (0.0025 mol) of benzoyl peroxide
in 4 ml of carbon tetrachloride and 36 ml of benzene and the
solution was refluxed under nitrogen for 10 hr. The procedure
and work-up previously described for the formation and isolation
of (+)-a-naphthylneopentylphenylmethylsilane yielded 5.4 g
(859%,) of a clear, viscous oil, [ae]p +10.4° (¢ 3.2, pentane).
The infrared spectrum was identical with that of an authentic
sample.

Treatment of Cyclohexane Dilution Experiments.—In the reac-
tion of (+)-R:Si*H and carbon tetrachloride diluted with cyclo-
hexane, the final solution contains both (4 )-R:Si*H and (—)-
Rs8i*Cl.  If it is assumed that the unreacted silane has retained
its original rotation (this has been shown to be correct), the rota-
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tion of the chlorosilane can be caleulated from the following equa-
tion
[a]p MW moles [a]p’ MW’ moles’

— X3
100 + 100 = ¢ moles

where [a]p = specific rotation of the remaining (4 )-RsSi*H,
MW = molecular weight of R;Si*H, moles = moles of R,Si*H
remaining after reaction, [a]D’ = specific rotation of (—)-
RSi*Cl, MW’ = molecular weight of R38i*Cl, moles’ = moles
of R;S1*Cl formed in reaction, ¢ = molecular rotation of reaction
mixture = (observed rotation) (ml)/(path length, dm) (moles’’)
(100), and moles’’ = total moles of reactant.

Therefore, from the gross molecular rotation of the reaction
mixture and an [«]p of +35.0° for RsSi*H, the specific rotation
‘of the formed (—)-R;Si*Cl can be calculated. The amount of
silane remaining (moles) and the amount of chlorosilane formed
(moles’) can be obtained from glpc or nmr analysis.

Reaction of (4 )-a-Naphthylphenylmethylsilane and CCl,.—
In a 25-m] round-bottom flask equipped with a reflux condenser
and a nitrogen inlet tube were placed 2.0 g (0.008 mol) of (4 )-
a-naphthylphenylmethylsilane, [«]p +35.0°, and 0.19 g (0.0008
mol) of benzoyl peroxide in 8 ml of carbon tetrachloride. The
resulting solution was refluxed for 14 hr under nitrogen. The
reaction mixture was transferred quantitatively to a polarimeter
tube and a rotation was taken. Calculations yielded ¢ =
—6.60° (¢ 6.6, CCly). The solvent was removed, the remaining
oil was taken up in cyclohexane, and a known quantity of phen-
anthrene was added [TCF = phenanthrene/R;SiL = 1.05
(weight basis), phenanthrene/R;8iCl = 1.42, R;SiH/R;SiCl =
1.34]. The solution was analyzed by glpe and 0.18 g of ReSi*H
and 2.1 g of RySi*Cl were found to be present. Calculation using
the equation previously described yielded [a]p —5.5° for the
chlorosilane produced. Nmur, ir, and glpe analyses were con-
sistent with the assigned structures.

Reaction of (4 )-a-Naphthylphenylmethylsilane with 509,
Carbon Tetrachloride and 509, Cyclohexane.—In a 25-ml round-
bottom flask equipped with a reflux condenser and a nitrogen
inlet tube were placed 2.0 g (0.008 mol) of (+)-RsSi*H, [a]D
+35.0°, and 0.19 g (0.0008 mol) of benzoyl peroxide in 4 ml of
carbon tetrachloride and 4 ml of cyclohexane. The solution
was refluxed for 14 hr under nitrogen. Following the procedure
described above yielded ¢ = —1.34° (¢ 6.6, CCly) for the mol-
ecular rotation of the reaction mixture and [«]p —3.84 for the
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Rs8i*Cl formed (0.21 g of R;S81*H remaining and 2.0 g of RsSi*Cl
formed).

Reaction of (4 )-o-Naphthylphenylmethylsilane with 339,
Carbon Tetrachloride and 67%, Cyclohexane.—In a 25-ml round-
bottom flask equipped with a reflux condenser and a nitrogen inlet
tube were placed 2.0 g (0.008 mol) of (+)-R,8i*H, [a]p +35.0°,
0.19 g (0.0008 mol) of benzoyl peroxide in 2.6 ml of carbon tetra-
chloride, and 5.4 ml of cyclohexane, and the solution was re-
fluxed for 14 hr under nitrogen. The procedure described pre-
viously yvielded ¢ = +17.2° (¢ 6.6, CCl,) for the molecular rota-
tion of the reaction mixture and [«]p —2.78° for the R;Si*Cl
formed (0.54 g of R3Si*H remaining and 1.8 g of R;s8i*Cl formed).

Reaction of a-Naphthylphenylmethyldeuteriosilane and Carbon
Tetrachloride.—In a 23-ml round-bottom flask were placed 1.1600
g (4.42 mmol) of Rs8iD and 0.1000 g (0.414 mmol) of benzoyl
peroxide in 5 ml of carbon tetrachloride. The solution was
refluxed for 11 hr under nitrogen. The volatile material was
removed under vacuum and trapped in a flask cooled by a Dry
Ice-acetone bath. The chloroform formed was isolated by
preparative glpc and a mass spectrum was taken. The results
indicated that 989 of the hydrogen in the chloroform was deu-
terium.

Reaction of a-Naphthylphenylmethyldeuteriosilane and Cyclo-
hexane.—In a 235-ml round-bottom flask were placed 0.3000 g
(1.2 mmol) of a-naphthylphenylmethyldeuteriosilane and 0.0300
g (0.124 mmol) of benzoyl peroxide in 4 ml of cyclohexane and
the solution was refluxed for 17 hr under nitrogen. Infrared
examination of the reaction mixture indicated that no RsSiH
formed.

Reaction of «-Naphthylphenylmethyldeuteriosilane, Chloro-
form, Toluene, Benzene, and 1,3,5-Trimethylbenzene.—In a
manner analogous to that described above, R;81iD and benzoyl
peroxide were treated with CHCl;, PhMe, PhH, and PhMes.
Infrared analysis indicated that no RySiH formed in any of the
reactions.
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59-8; 2-Cl, 15942-84-4; 3, 36358-49-3; 3-Cl, 36358-50-
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Produets of radical addition of p-toluenesulfonyl iodide, ArSO,l, to various allenes (propadiene, 1,2-butadiene,
3-methyl-1,2-butadiene, 2,3-pentadiene, 2-methyl-2,3-pentadiene, and 1,2-cyclononadiene) have been identified.
Each allene except propadiene gave an allylic iodide by way of central attack on the allenic system by arylsulfonyl

radicals.

addition of ArS0,I to optically active 2,3-pentadiene and 1,2-cyclononadiene.

Evidence supporting the intervention of symmetrical allylic radicals was obtained from a study of the

Radical addition of halomethanes,

CF,l, CHl, and CCl;Br, to 2,3-pentadiene gave products of terminal attack by CX; radicals (X = F, H, Cl)

accompanied by 41-49%, central attack in the case of CCl;Br.

The stereospecificity of addition of BrCCl; to

(+)-2,3-pentadiene was found to be almost negligible, indicating that the products are formed from symmetrical

allylic radicals and configurationally unstable vinylic radicals.

radical addition to allenes are discussed.

Radical-chain additions to allenes are presumed to
involve radical intermediates of allylic structure by
way of initial attack at the central allenic carbon, and
of vinylic structure by attack at the terminal carbona.
The degree to which radicals of either structure are in-
volved depends on the structure of the starting allene,
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(PRF 2357-A1, 4).

(2) Part V: L. R. Byrd and M. C. Caserio, J. Amer. Chem. Soc., 98,
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The factors that influence the orientation of

the nature of the attacking radicals, and the reaction
conditions,® Nevertheless, orientation data for the
addition of various radical reagents to propadiene do
not reveal any obvious correlation between the nature
of the attacking radical and its regioselectivity. Tor
example, under kinetic control, where reversibility

(3) (a) M. C. Caserio in “‘Selective Organic Transformations,” Vol. 1,
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(b) For a thoughtful review on structure and reactivity in free-radical
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