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answer to this discrepancy. Assignment of the con­
figurations of cyclohexylamines (and their corres­
ponding alcohols) by analysis of the reactions of the 
amines with nitrous acid9 is unreliable when applied to 
cases in which the conformations are mobile10 (e.g., 
isocarvomenthylamine-isocarvomenthol1 1). Similarly, 
configurational assignments on the basis of esterifica-
tion rates of cyclohexanols must be applied with care in 
mobile systems.12 

Based on the evidence presented, and the interrela­
tionships of the carvomenthols with the known struc­
tures of the carveols,13 dihydrocarveols, and sobrerols,14 

the stereochemistry and absolute configurations13 of the 
isomeric carvomenthols may be assigned as follows: 
D-( — )-carvomenthol (I), D-( + )-neocarvomenthol (H), 
D-( + )-isocarvomenthol ( I II) , and D-( + )-neoisocarvo-
mentho l ( IV) . 

The reversal of Bose's configurations for iso- and 
neoisocarvomenthol13 must of necessity change the 
configurational assignments which have been based on 
converting structures of unknown stereochemistry to 
either of these two carvomenthols.16 Since completion 
of the present work, other reports have appeared17 con­
firming that isocarvomenthol has configuration I I I . 
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The Reaction of Methyl Radicals with Dimethylmercurv 

Sir: 

In a recent publication1 from this laboratory, ace-
tone-c?6 was photolyzed in the presence of dimethyl-

(1) R. E. Rebbert and P. Ausloos, / . Am. Chem. Soc, 85, 3086 (1963). 

mercury in the gas phase. The following reaction was 
postulated 

CD3 + (CH3)2Hg -^ CD3HgCH3 -f CH3 (1) 

Evidence for the occurrence of this reaction in the gas 
phase was based mainly on the appearance of CH3 as 
an important radical specie. In order to verify this 
interpretation, further experiments have been carried 
out with mixtures in which the deuteration has been 
reversed, as CH 3 COCH 3 -CD 3 HgCD 3 . In this way the 
rate of formation of CD3, which may tentatively be 
ascribed to the reaction 

CH3 + CD3HgCD3 _ CD3HgCH3 + CD3 (I') 

was studied and compared to the rate of formation of 
CH 3 which was ascribed to reaction 1 in the previous 
paper. The values obtained for ki'/kg1^ were found to 
be a factor of three lower than those ascribed previ­
ously to k\!'ki;%. ki and ks are the rate constants for the 
combination reactions 

2CD3 - , C2D6 (6) 

2CH3 - , C2H6 (8) 

Because this is an unusually large deuterium isotope 
effect for this type of process, serious doubts arose as to 
the correctness of the original interpretation. For this 
reason a t tempts were made to determine the actual 
rate of formation of CH 3 HgCD 3 produced in these sys­
tems. In order to obtain reliable yields of this product, 
conversions had to be increased from 0 .5% in the 
original work to about 5.0%. Blank runs carried out 
for long periods of time indicated tha t in the absence of 
light, the formation of CD 3 HgCH 3 in CD 3 COCD 3 -
CH 3 HgCH 3 mixtures a t 4530K. was negligible. How­
ever, CD 3 HgCH 3 is a product when CD 3COCD 3 is 
photolyzed in the presence of CH3HgCH3 . On the basis 
of the yield of this product as determined by mass 
spectrometry a value of 6.0 X 10~31.1/2 mole~' / ! sec. '" 
was calculated for the rate constant ratio ki/kf''\ Al­
though the determination of this product does provide a 
more unambiguous proof for the occurrence of process 1. 
it should be noted that the rate constant ratio is con­
siderably lower than the value of 30.0 X K)- 1 l.'A 

mole~1//! sec.~1'/2 reported in the previous study. I t is 
clear, therefore, tha t in the CD 3 COCD 3 -CH 3 HgCH 3 

system, CH3 radicals are also produced by processes 
other than 1, such as 

R + CHsHgCH3 - , RHgCH3 + CH3 (9) 

and/or 

CH3HgCH2 - , CH3 + HgCH2 (10) 

This is also substantiated in the earlier work in which 
the ratio (ethane + 1A methane) /CO is greater than 
unity at the highest temperature. Reaction 10 was 
not considered originally as a likely process because the 
quantum yield of the decomposition of dimethylmercury 
was reported to be independent of temperature from 26 
to 1980 .2 Likewise, it was excluded on the basis of the 
pyrolytic studies of Gowenlock, et a/.,3 which were car­
ried out in a flow system. However, as pointed out by 
Srinivason,4 the possibility exists tha t in a static system 

(2) R. E. Rebbert and E. W. R. Steacie, CaK. J. Chem.. 31, 631 (1953) 
(3) B. G. Gowenlock, J. C. Polanyi, and E, Warhurst, Proc. Roy. Soc 

(London), A218, 269 (1953). 
(4) R. Srinivason, J. Chem. Phys., 28, 895 (1958); 
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the CH3HgCH2 radical may decompose on the wall of 
the reaction vessel. 

Finally it should be mentioned that a mixture of 
CH3HgCH3 and CD3HgCD3 does exchange to form 
CH3HgCD3 when left standing in a Pyrex vessel at 
room temperature in the dark. However, contrary to a 
recent suggestion,5 there is no exchange within tht mass 
spectrometer itself. Mass spectrometric analysis, car­
ried out on a Consolidated Model 21-103, of an equi-
molar mixture of CH3HgCH3 and CD3HgCD3 which 
was analyzed on the mass spectrometer immediately 
after mixing gave less than 0.7% CH3HgCD3. It must 
thus be concluded that the buildup of CH3HgCD3 re­
ported for this compound in the liquid phase experi­
ments occurred mainly during the manipulations of the 
sample. This, however, does not affect any of the con­
clusions reached concerning the lack of a hot-radical 
effect in the liquid nor the cage recombination of the 
methyl radicals. This latter conclusion was based on 
the small amount of CH3CD3 formed from a freshly 
prepared mixture of CH3HgCH3-CD3HgCD3-2,3-di-
methylbutane, Likewise it does not affect the conclu­
sion that reaction 1 occurs in the liquid phase since 
this was based mainly on the azomethane experiments. 
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Free-Radical Addition to Azobenzene in Cumene 
Solution. Electron Paramagnetic Resonance 

Spectra of Some Long-Lived Radical Intermediates 

Sir: 

One aspect of the photochemistry of aromatic azo 
compounds, the cis-trans isomerization, has been the 
subject of many investigations. However, relatively 
little attention has been given to the possibility of free-
radical attack at the azo bridge.' Free-radical addition 
to the azo bridge has been suggested by Kharasch, et 
al.,2 and Blaisdell3 has demonstrated the ability of the 
azo bridge to abstract hydrogen atoms in the photore-
duction of azobenzene in isopropyl alcohol solution. 

We wish to report the results of a preliminary in­
vestigation in which we have obtained evidence for free-
radical attack at the azo site. A stable free radical was 
photochemically produced and observed spectroscopi-
cally by irradiation of an azobenzene-cumene solution 
in an e.p.r. cavity. Product analysis coupled with a 
theoretical calculation to aid in interpretation of the 
e.p.r. spectrum served to identify the long-lived radical 
intermediate. 

A degassed solution of azobenzene in cumene was 
irradiated at room temperature in the microwave 
cavity of a Varian V4500 e.p.r. spectrometer with 100-
kc. field modulation. The light source was a PEK 

(1) For a detailed review, see H. Zollinger, "Azo and Diazo Chemistry," 
Interscience Publishers, Inc., XeW York, X. Y., 1961. 

(2) M. S. Kharasch, M. Zimmermann, W. Zimmt, and W. Nudenberg, 
J. Org. Chem., 18, 1045 (1953). 

(3) B. E. Blaisdell, J. Soc. Dyers Colourisls, 65, 618 (1949). 
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Fig. 1.—First derivative of e.p.r. absorption spectra of irradi­
ated azobenzene-cumene solution (A), and irradiated 4,4'-
dimethoxyazobenzene-cumene solution (B). 

mercury high pressure lamp equipped with filters which 
absorbed wave lengths shorter than 4000 A. 

During irradiation at room temperature an e.p.r. 
spectrum was readily observed with an intensity de­
pendent upon the initial concentration of azobenzene. 
The spectrum exhibited 36 lines (Fig. IA) and persisted 
for several hours after irradiation was terminated. 
The spectrum is a triplet, each component of which con­
tains four groups of lines of which the intensities follow 
a 1:3:3:1 binominal distribution. Each of these groups 
is further split into three lines of approximately equal 
intensity. 

The radical structure consistent with the observed 
spectrum is 

H3C-C-CH3 

6 
The primary triplet of the spectrum is ascribed to the 
strong interaction of nitrogen atom Ni with the un­
paired electron. The four groups of lines within the 
triplet are ascribed to isotropic hyperfine interactions of 
the three equivalent ortho and para protons of the 
phenyl group attached to Ni. The three lines within 
each group may be due to weak interaction with the 
second nitrogen atom. 

With this assignment, and use of the McConnell4 

relation, 4 H = — 22,5pc, and the equation5 ^4N = 
<2NPN — 2Q,Pi where <2N = 24 and Qi = 49, the ex­
perimental coupling constants and spin densities shown 
in Table I were obtained. The theoretical spin densi­
ties given in Table I were calculated on the mono-
phenylaminyl fragment of the radical using the Htickel 
method.6 These values serve to substantiate the above 
interpretation of the observed e.p.r. spectrum. 

Separate experiments were carried out on a larger 
scale in which the reaction mixture was subjected to 
liquid chromatography techniques after irradiation. 
N,N'-Diphenyl-N-(l-methyl-l-phenylethyl)hydrazine 
was eluted from a 3-ft. column which was packed 

(4) H. M, McConnell, J. Chem. Phys., 24, 632 (1956); H. M. McConnell 
and D. B. Chestnut, ibid., 28, 107 (1958). 
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