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Another sample of IVa (0.13 g., 0.68 millimole) was hy-
drolyzed with 25 ml. of 0.12 N ethanolic potassium hydrox
ide (0.003 mole) and the nitrogen collected in a manner simi
lar to that already described. The corrected volume of 
nitrogen amounted to 16.8 ml. or to 97% (17.3 ml. , 0.68 
millimole) of the theoretical value. 

Uncoupling of l,6-Bis-(p-chlorophenyl)-3,4-diacetyl-l,5-
hexazadiene (Ia) with Concentrated Sulfuric Acid.—To 
5.0 ml. of cold concentrated sulfuric acid was added portion-
wise 0.5 g. of l,6-bis-(^>-chlorophenyl)-3,4-diacetyl-l,5-
hexazadiene (Ia) (0.0013 mole). When all the solid had 
dissolved, the sulfuric acid solution was poured on 50 g. of 
cracked ice. The resulting solution was added to a cold 
alkaline solution of 2-naphthol. A deep red precipitate 
was deposited which was collected, washed with water and 
dried in a vacuum desiccator. Recrystallization from 
ethanol gave 0.64 g. (97% yield) of 4'-chlorobenzeneazo-2-
naphthol, m.p . 158-159° (lit.12 158-159°). 

Degradation of Ia with Ethanol.—To a three-necked 
round-bottomed flask equipped with a reflux condenser, a 
gas inlet tube and containing 500 ml. of absolute ethanol, 
was added 23.6 g. (0.06 mole) of Ia . Two traps containing 
an acidified aqueous ethanol solution of 2,4-dinitrophenyl-
hydrazine (0.07 mole) were connected in series and attached 
by means of a short piece of rubber tubing to the top of the 

(12) K. J. P. Orton and R. W. Everatt, J. Chem. Soc, 93, 1020 
(1908). 

Introduction 
A pyramidal structure for free radicals is in

dicated by two experiments in the 1-bicyclo-
[2,2,1 ]heptyl system. Kharasch, Engelmann and 
Urry3 found that the decomposition of the peroxide 
of 1-apocamphanecarboxylic acid in carbon tetra
chloride produced 1-chloroapocamphane, and Blick-
enstaff and Hass4 found that the nitro products 
from the high temperature nitration of bicyclo-
[2,2,l]heptane were 50% 1-nitro compound. 

A considerable body of evidence5 has accumu
lated relative to the stereochemistry of free radicals 
which are not constrained to a rigid pyrmiadal con
figuration by a bicyclic system. Omitting from 
this discussion all consideration of radicals in 
which resonance requirements demand a planar 
configuration, the conclusion that follows from the 
main body of evidence is that non-bicyclic free 

(1) National Science Foundation Fellow. 
(2) In partial fulfillment of the requirements for the Ph.D. Thesis, 

Pennsylvania State University, 1956. 
(3) M. S. Kharasch, F. Engelmann and W. H. Urry, T H I S JOURNAL, 

6«, 2428 (1943). 
(4) R. T. Blickenstaff and H. B. Hass, ibid., 68, 1431 (1946). 
(5) For references to much of the pertinent literature, see: (a) 

P. S. Skell and R. C. Woodworth, ibid., 77, 4638 (1955), (b) G. A. 
Russell, ibid., 78, 1038 (1956), (c) J. Hine, "Physical Organic Chemis
try," McGraw-Hill Book Co., Inc., New York, N. Y., 1956, p. 443, 
and (d) R. L. Shriner, R. Adams and C. S. Marvel, "Organic Chemis
try (Gilman)," 2nd Ed., John Wiley and Sons, Inc., New York, N. Y., 
1943, p. 383. 

reflux condenser. The mixture was warmed slowly, the 
liberation of nitrogen being evident almost immediately 
with simultaneous hydrazone formation occurring in the 
first t rap. After the evolution of gas had subsided, a slow 
stream of nitrogen was passed into the flask while the reac
tion mixture was maintained under gentle reflux (40 min
utes). 

The reflux condenser was detached and the solvent re
moved by distillation, the distillate being caught in one of 
the traps. The hydrazone was collected, recrystallized 
from ethanol and amounted to 26.9 g. (82% of theoretical 
amount), m.p. 146-147° alone and when mixed with an 
authentic sample of acetaldehyde 2,4-dinitrophenylhydra-
zone. 

The tarry residue remaining in the still-pot yielded, on 
steam distillation, a few drops of a yellow oil and 0.1 g. of 
a white solid, m.p. 300°. Neither of these products was 
identified. 

The clear aqueous solution remaining in the distillation 
flask was decanted from the tarry insoluble material and 
evaporated to dryness. The white residue was dissolved 
in 30 ml. of ethanol, treated with Norit and diluted to a 
volume of 180 ml. with absolute ether. The white solid 
which deposited was collected (weight 6.0 g., 9 5 % yield) 
and identified from mixed melting points (137-139°) as 
1,2-diacetylhydrazine. 
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radicals are either planar or, if they are pyramidal, 
inversion takes place more rapidly than any reac
tion which converts the radical center to a stable 
tetracovalent atom. For example, the 3-trichloro-

CCl3 

methyl-2-butyl radical,6" CH3CH-O-CHCH3, suf
fers complete equilibration among all rotational 
conformations of both diastereomeric forms more 
rapidly than the radical reacts with bromotri-
chloromethane. 

Stereospecificity in Radical Reactions 
A critical examination of the exceptions to the 

generalizations stated above is the main object of 
this paper. 

One of us (P.S.S., 19476) observed that the reac
tion of ethyl (—)-a-bromopropionate («D —3.78°, 
neat, 1 dcm.) with 1-butene in the presence of 
small amounts of acetyl peroxide6 produced ethyl 
a-methyl-y-bromocaproate (an —0.07°, neat 0.25 
dcm.). In view of the experimental results re
ported in the present paper, the slight activity ob
served in the product is better explained by asym
metric induction than by a stable enantiomorph 
of the free radical. 

(6) These experiments are mentioned here because references to this 
unpublished work have appeared in the literature. For details re
garding this type of preparation see, M. S. Kharasch, P. S. Skell and 
P. Fisher, T H I S JOURNAL, 70, 1055 (1948). 
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Evidence is presented that demonstrates the copolymerization of cis- and /ra«s-2-butene with sulfur dioxide is not stereo-
specific. 
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Tong and Kenyon7 reported that the heats of 
formation (from heats of polymerization and iso-
merization) of the 1:1 copolymers vinyl acetate-
diethyl maleate and vinyl acetate-diethyl fuma-
rate differed by 0.7 kcal./mole, an amount which 
was considered to be just outside the standard de
viations. This small difference in AHt was ex
plained in terms of diastereomeric copolymers and 
consequently is suggestive of reactive chain ends 
which are stable diastereomeric radicals. 

—-~~~~—CH 2 -CHOAc-CH(COOEt)-CH(COOEt) 

Dainton and co-workers8 reported that the heats 
of copolymerization of cis- and 2ra«s-2-butene with 
SO2 differed by 0.8 kcal./mole. With the aid of the 
known heat of isomerization of the olefins, the 
difference in heats of formation of the copolymers 
was calculated to be 2.33 ± 0.6 kcal./mole (cis 
minus trans). Analysis of the kinetic data in
dicated that chain growth involved successive ad
ditions of 2-butene and SO2 units rather than ad
dition of a 2-butene-S02 complex to the reactive 
end of the chain.9 From this experimental basis 
it was concluded that a chain with a 2-butyl radical 
end, - S O 2 - C H ( C H S ) - C H C H 3 , reacts with 
SO2 more rapidly than it is equilibrated among the 
diastereomeric radicals.10 

Goering and co-workers11 have studied the free 
radical additions of hydrogen bromide, hydrogen 
sulfide, thiophenol and thioacetic acid to !-sub
stituted cyclohexenes and found that the added 
fragments have a trans relationship. Since the 
two bulky substituents are in a cis relationship, 
these syntheses afford a new and elegant route to 
the thermodynamically less-stable isomers. The 

Ii ni 

initial interpretation of these results in terms of 
intermediate I has been modified to account for 
the isolation of some cis product in the addition of 

(7) L. K. J .TongandW.O.Kenyon.Tms J O U R N A L . 7 1 , 1 9 2 5 (1949). 
(8) G. M. Bristow and F. S. Dainton, Nature, 172, 804 (195.3); 

Proc. Roy. Soc. (London), A229, 509, 525 (1955). 
(9) See also, C. Walling, J. Polymer Sci., 16, 315 (1955). 
(10) Correspondence with Professor Dainton was initiated July, 1955. 

In recent communications from Professor Dainton (6/25/56 and 
9/24/56) he has stated that all the new calorimetric data suggest the 
AH( are identical. These results will appear in Trans. Faraday Soc. 
under the names F. S. Dainton, J. Diaper, K. J. Ivin and D. R. Sheard. 
However, proof that the AHf of the copolymers are identical within the 
experimental error still leaves open the possibility that the copolymers 
are diastereoisomers. 

(11) (a) H. L. Goering, P. I. Abell and B. F. Aycock, T H I S JOURNAL, 
74, 3588 (1952); (b) H. L. Goering and L. L. Sims, ibid., 77, 3465 
(1955); (c) H. L. Goering, D. I. Relyea and D. W. Larsen, ibid., 78, 
348 (1956). See also F. G. Bordwell and W. A. Hewett, Abstracts 
of papers presented at the 126th Meeting of the American Chemical 
Society, p. 6-0, September 13, 1954. 

the sulfur compounds. The later evidence sug
gests that cis compounds are obtained in a kineti-
cally controlled process and thus leads to the sug
gestion that II was produced initially and was 
subsequently isomerized in a slow step to III (II 
—*• cis adduct and III —*• cis and trans adduct). 
On the basis of this evidence one is led to the tenta
tive conclusion that chair-chair interconversions 
in the cyclohexane system II may be slower than 
the reaction of this radical with HBr. However, 
in this type of complex system alternative inter
pretations are possible and consequently further 
experimentation is required. 

2-Butene-S02 Copolymerization 
Since one of the major obstacles to a uniform 

rationale in the field of radical stereochemistry 
stemmed from the Bristow and Dainton reports 
with references to the S02-2-butene copolymers, 
a two-pronged experimental approach, examina
tion of these copolymers and determination of the 
relative rates of reaction was employed in an effort 
to resolve this situation. 

Numerous samples of 2-butene-S02 copolymers 
were prepared from cis- and trans-2-hutene em
ploying a variety of conditions. In all cases reac
tion samples were paired so that the cis- and 
trans-2-bute.ne samples were subjected to iden
tical reaction conditions. The results from some of 
these experiments are summarized in Table I. 
Paired sets are indicated by the same arabic nu
meral designating the run. Initiation of the poly
merization by benzoyl peroxide and light and in
hibition by hydroquinone support the conclusions 
of Dainton and co-workers that the polymerization 
involves free radicals. Since the copolymers ob
tained by silver nitrate initiation appeared to be 
identical with the others, presumably this reagent 
also initiates a free radical polymerization. In 
most cases more product was obtained from the 
member of the pair that contained the cis-2-
butene. This is consistent with the relative reac
tivities of these olefins for addition of -CCl3,

511 

fccis/fctrans = 2.4. In no instance was any isomeriza
tion of the unreacted olefin detectable, thus in
dicating, in agreement with Dainton and co
workers, that at 0 and —75° p̂ropagation is much 
larger than &dePropagation-

Bristow and Dainton reported that Nujol mulls 
of the copolymers from cis- and /ra«s-2-butene gave 
identical infrared spectra. All of the copolymers 
indicated in Table I were ground in KBr and com
pressed to transparent pellets for examination.12 

Although numerous sharp bands could be ob
served, there was not an appreciable difference in 
the spectra of these copolymers or those of samples 
of the "diastereomers" furnished by Professor Dain
ton. Since diastereomers usually show distinct 
spectral differences in the 10-15 ft region, this evi
dence strongly indicates the polymers are not di
astereomers. 

Since the possibility exists (though very un
likely) that the two diastereomeric polymers have 
indistinguishable infrared spectra, an alternative 
approach to the problem was sought. The pro-

(12) M. M. Stimson and M. J. O'Donnell. ib:,l . 74, 18(15 (1952). 
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TABLE I 

PREPARATION OF 2 - B U T E N E - S O 2 COPOLYMERS 

la 
lb 
2a 
2b 
2c 
2d 
3a 
3b 

3c 

3d 
3e 

3f 

2-Butene 

25.1 trans 
26.2 cis 
81.4 trans 
74.7 trans 
84.2 cis 
75.0 cis 
18.6 iraws 
19.3 trans 

22 A trans 

25.1 cis 
20.0 cis 

18.8 cis 

Amount, mmoles 
SOJ 

148 
148 

77.9 
71.5 
80.0 
71.3 

164 
171 

Other reactants 

198 

216 
172 

162 

0.31, benzoyl peroxide 

0.31, benzoyl peroxide 
23.3, bromotrichloromethane 
24.2, bromotrichloromethane 

0.074, potassium nitrate 
28 .1 , bromotrichloromethane 

0.061, silver nitrate 
29.9, bromotrichloromethane 
23.8, bromotrichloromethane 

0.061, potassium nitrate 
22.4, bromotrichloromethane 

0.051, silver nitrate 
5.3 ml., anhydrous ether" 
0.24, hydroquinone 
4.6 ml. anhydrous ether" 
0.031, silver nitrate 
4 .5 ml. anhydrous ether" 
0.28, hydroquinone 
0.032, silver nitrate 
5.4 ml. anhydrous ether" 

" General Electric AH-6 high pressure mercury arc lamp. h Direct sunlight. c Solvent for hydroquinone. d Viscous 
liquid. e Solid. f Reaction mixture pumped at 2 mm. to constant weight. ' Polymer precipitated from filtered reaction 
mixture with absolute methanol, benzene or ether dissolved in liquid sulfur dioxide, reprecipitated, dissolved in sulfur 
dioxide, frozen and then lyophilized from the frozen sulfur dioxide. * Days. 

4a 
4b 

4c 

4d 

23.9 trans 
20.4 trans 

20.8 trans 

24.5 trans 

246 
209 

214 

251 

Initiation 

Light"'6 

Light"'6 

Light" 
Light" 
Light" 
Light" 
Light" 
Light" 

Ag + 

Light" 
Light" 

Ag + 

Light" 

Light" 
Ag + 

Ag + 

Time 

0.5" 
0.5° 
3.0 
3.0 
1.1 
1.1 
5.0 
5.0 

4.O* 

5.0 
5.0 

4.0* 

2 .7 

2.7 
43 

43 

, hr. 

+ 3* 
+ 3b 

Bath 
temp., 

0C. 

<0 
< 0 

- 7 8 
- 7 8 
- 7 8 
-78 

0 
0 

0 

0 
0 

0 

0 

0 
0 

0 

Polymeric 

Wt., g. 

2 .39 ' 
3.3V7 

0 . 8 3 ' ' ' 
1.08' ' ' 
1.56''" 
2.14''» 
1.62" 

e 

1.42' 

1.64' 
2 .20 ' 

1.91" 

0 .84 / 

0 .24^ ' 
0 .38 / 

0 .10 ' 

product 
Conver
sion, % 

79.0 
107 

8.9 
12.6 
16.2 
22.5 
72.5 

63.4 

54.4 
91.6 

84.6 

29 

9.8 
15 

3.4 

duction of diastereomeric polymers would require 
that SO2 add to the chain end, more rapidly than 

-^—SO2-CHCH3-O-CHCH5 

the radical is equilibrated by rotations and inver
sions among all the possible configurations. If this 

-*~—SO2-CHCH3-CHCH3 + SO2 —> 
IV 

SO2-CHCH3-CHCH3-SO2 (1) 
interpretation were correct, it would follow that in 
the presence of a reagent which reacted with the 
radical more rapidly than SO2, different diastereo
meric products would be obtained from cis- and 
frc«5-2-butene, respectively. 

Bromotrichloromethane13 and benzenesulfonyl 
iodide14 react with olefins in peroxide or light-
catalyzed free-radical chain reactions. From the 
reaction of the latter compound with olefins 
/3-halosulfones are obtained by the following chain 
sequence. 

k2 C6H5SO2 + CH2=CHR >• C6H6SO2CH2CHR (2) 
V 

k3 
V + CbH5S02I ^ C6H5SO2CH2CHIR + C6H5SO2 

(3) 
From 2-butene-S02 solutions containing bromo

trichloromethane, 2-butene-S02 copolymers were 
(13) M. S. Kharasch, O. Reinmuth and W. H. Urry, THIS JOURNAL, 

69, 1105 (1947). 
(14) J. H. McNamara and P. S. Skell, manuscript in preparation. 

obtained, indicating that SO2 reacts with the 
radical end of the chain more rapidly than BrCCl3. 
However, from experiments in which a homogene
ous reaction mixture of cw-2-butene, SO2 and 
C6H6SO2I in molar ratios 5:6:1 was irradiated, no 
evidence of SO2 participation in the reaction or 
isomerization of unreacted olefin was obtained. 
The product made from as-2-butene (>80% yield 
based on CeH6SO2I) is a mixture of the two dias
tereomeric 2-benzenesulfonyl-3-iodobutanes, C6H6-
SO2-CHCH3-CHCH3-I. The infrared spectrum of 
this mixture was indistinguishable from the spectra 
of the products obtained in the absence of SO2 
from either cis- or trans-2-butent and benzenesul
fonyl iodide.15 

The complete exclusion of SO2 from the reaction 
indicates that the velocity of (3) is at least 10 times 
greater than the velocity of (1). If the concen
tration of these reactants is taken into account, it 
follows for this system that k$/k\ > 60. The radi
cal end (IV) is completely equilibrated among all 
its diastereomeric and comformational isomers6"'16 

before the radical is converted to a /3-iodosulfone. 
I t follows that the copolymers from the free-radical 
copolymerization of cis- or trans-2-buten& with SO2 
must be stereochemically identical since they are 
produced in a reaction slower than (3). 

For reactions of benzenesulfonyl iodide with a 
wide variety of polymerizable monomers kz > 
^propagation-14 From this information it has been 

(15) P. S. Skell and J. 
(1957). 

H. McXamara, T H I S JOURNAL, 79, So 
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possible to arrive at a lower limit16 of 1 X 104I. 
mole - 1 sec. - 1 for the absolute rate constant, ks. 
Since it is probable that the rates of rotations and 
inversions (&rac)17 are between 108-1018 sec. -1, the 
value of k^/{h X [C6H6SO2I]) ^ 1 X l O 4 . Conse
quently, it is now apparent that our efforts thus 
far to attain stereospecificity were all predestined to 
fall far short of the objective. 

Configuration of Free Radicals 
Although experiments may be devised which 

would enable an experimenter to stabilize a radical 
center before it had racemized, if the radical center 
is diastereomeric this type of experiment would 
fail to distinguish between a pyramidal radical and 
a planar radical which had not yet undergone rota
tional equilibration. For this reason we have 
been encouraged to attempt calculations which 
might cast light on this subject.18 These calcula
tions involve estimation of valence state energy of 
a radical carbon and the non-bonding repulsions19 

attributable to the remaining atoms. We find by 
this method that for a methyl radical, -CH3, AE 
(pyramidal minus planar) « 0, whereas for the 
ethyl radical, CH3-CH2, AE (pyramidal minus 
planar) ~ 3.5 kcal./mole. This difference of 3.5 
kcal./mole favoring a pyramidal structure for the 
ethyl radical results from the non-bonding repul
sions of the methyl hydrogens on the methylene 
hydrogens which is larger in the planar (VI) than 
in the pyramidal (VII) configuration. 

Vl VII 

The best geometric description of the bonds to 
the trivalcnt carbon of alkyl radicals which are not 
adjacent to unsaturated groups is that of a low 
pyramid. If the radicals are not constrained to 
this position, as in the bridgehead bicyclic radicals, 
they oscillate rapidly by inversion of the pyramid 
as in ammonia.20 

(10) Irradiation of a solution of benzenesulfonyl iodide, styrene 
and maleic anhydride in 1:1:1 molar ratio resulted in a good yield of 
2-benzenesulfonyl-l-bronio-l-phenylethane. The calculation of a 
lower limit for the rate of reaction of styryl radical with benzene
sulfonyl iodide utilized the values of the absolute rate of addition of a 
styryl radical to styrene (51.9 1./mole/sec.) and the monomer reactiv
ity ratio for the styrene-maleic anhydride copolymerization system 
(0.04). 

(17) P. S. Skell and A. Y. Garner, T H I S JOURNAL, 78, 3410 (1956). 
(18) Details will be published elsewhere. 
(19) J. O. Hirschfelder and J. W. Linnett, J. Chem. Phys., 18, 130 

(1950). 
(20) Recent spectroscopic results are in agreement with the conclu

sion that for methyl radical AE (pyramidal-planar) is small or zero. 
G. Herzberg and J, Shoosmith (Can. J. Phys., 34, 523 (1956)), from 

Experimental 
Materials.—cis- and /raw.s-2-butene were Phillips Pe

troleum Co. pure grade, 99 mole % pure. Sulfur dioxide was 
Virginia Smelting Co., "Extra Dry Esotoo." Bromotri-
chloromethane was purified by fractional distillation in va
cuo. See reference 15 for preparation of carbon tetra
chloride solutions of benzenesulfonyl iodide. 

Potassium bromide (Mallinckrodt, Analytical Reagent) 
for preparation of specimens for infrared examination of the 
sulfur dioxide-2-butene copolymers was dried by fusion in 
vacuo. 

Sulfur Dioxide-2-Butene Copolymers.—Nitrogen atmos
phere was maintained. Pyrex containers were used in all 
photopolymerizations. Silver nitrate catalyzed polymeriza
tions were carried out in the dark. Close pairing of experi
ments was maintained for concentrations of reactants, dis
tance from light source and procedure for polymer isolation. 
Samples of unreacted olefin were isolated by pumping the 
gases in vacuo through a tower of diethanolamine. In all 
experiments the infrared spectrum of the residual olefin (gas, 
100-200 mm., 10-cm. path) was indistinguishable from the 
spectrum of the starting olefin. 

For examination of infrared spectra of the copolymers a 
sample (1 tng.) was ground with KBr (0.2 g.) and compressed 
to a transparent disk at 16,000 lb./in.2 . A similar blank 
disk was used in the reference beam. Although quan
titative work was not feasible in examination of the spectra, 
particular attention was given to relative peak heights in an 
effort to detect relative exaltations. The spectra of all co
polymers appeared to be identical. The characteristic ab
sorption bands for S02-2-butene copolymers are: 3.37(w), 
3.42(mw), 6.85(m), 6.90(m), 7.18(w), 7.67(s), 7.92(m), 
8.20(mw), 8.76(s), 9.00(ms), 9.53(ms), 10.47(w), 12.00 
(mw), 13.63(ms, broad) /i. 

Competition between Benzenesulfonyl Iodide and SO2 for 
cis-2-Butene.—Since it has been demonstrated that either 
cis- or trans-2-butene reacts with benzenesulfonyl iodide to 
produce the same mixture of diasteromeric 2-benzenesul-
fonyl-3-iodobutanes,15 it was not necessary to use both 
olefin isomers in carrying out the competitions with SO2. 

In several preliminary experiments it was observed that 
the insoluble polymer did not begin to separate from the re
action mixture until approximately 40 minutes of irradiation 
had elapsed. On working up reaction mixtures which had 
become turbid, small amounts of polymer were separated 
from the 2-benzenesulfonyl-3-iodobutane by treatment with 
ethvl ether, a solvent in which the polymer was insoluble. 

In 150 ml. of CCl4 solvent, 5.5 g. of c/s-2-butene (0.09S 
mole), 5.1 g. of benzenesulfonyl iodide (0.019 mole) and 7.1 
g. of sulfur dioxide (0.119 mole) were irradiated at 0°, in a 
Pyrex flask located six inches from a 200-watt tungsten fila
ment lamp. At the end of 20 minutes (no turbidity evident) 
the products were isolated by removing volatile reactants in 
vacuo (0.01 mm.) maintaining a temperature below 20°. 
The non-volatile residue weighed 5.4 g. A sample of this 
residue in ether solution was washed with 5 % sodium bisul
fite to remove any benzenesulfonyl iodide. Evaporation of 
the ether from the dried solution resulted in recovery of 9 3 % 
of the original sample. Infrared spectra (neat, or in cyclo-
liexane solvent) of the crude and washed samples were iden
tical except for a trace of CCl4 in the former. These spectra 
were also identical with those obtained for the mixture of 
2-benzenesulfonyl-3-iodobutanes from the reaction of the 2-
butenes with benzenesulfonyl iodide in the absence of SO2. 
The characteristic bands for these isomers in CS2 is pub
lished elsewhere.15 The bands obtained from neat samples 
are listed, (*) indicating a band not detected or displaced in 
CS2; 3.31*, 3.40*, 3.46, 6.32*, 6.77*, 6.92*. 7.24, 7.67, 
8.04, 8.46, 8.70, 9.06, 9.23, 9.34, 9.42, 9.61, 9.76, 10.00, 
10.17*, 10.55, 11.88, 12.20, 13.10*. 13.78, 14.40*. 
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an analysis of vacuum ultraviolet spectra of -CHs and 'CDa produced 
by flash photolyses of Hg(CHs)2, CHsCHO, (CHi)1S., (CHs)iCO, 
CH3I and CHsBr, concluded -CHs is either planar or nearly planar. 
This conclusion is also in agreement with the predictions of molecular 
orbital theory (A. D. Walsh, J. Chem. Soc, 2290 (1953)). 


