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mensen reduction12 of 6 and 7 to 4/3-methyl-4a-car-
bomethoxycholestane (8), mp 95-97° (CH3 on C-IO: 
5 0.90), and 4a-methyl-4j3-carbomethoxycholestane 
(9), mp 79-80° (CH3 on C-10: 5 0.68), respectively, and 
the demonstration that 9 was inert under basic hydro
lysis conditions which sufficed to saponify 8.J 3 

Keto esters 5-7 were labeled by exchange with 
acidic tritium oxide in tetrahydrofuran14 and then 
were reduced with lithium aluminum hydride to the 
desired diols 10 (mp 211-213°), 11 (mp 219-220°), 
and 12 (mp 209-210°), respectively.15 Labeled sterols 
1, 3, and 4 were prepared from their corresponding 
ketones by the same exchange-reduction sequence. 

The results of incubations of these various labeled 
sterols are given in Table I. The most striking obser-

Table I 

% conversion to 
Substrate" cholestanol 

Dihydrolanosterol (3) 55.3 (cholesterol) 
4,4-Dimethylcholestanol (1) 4.9 
4,4,14a-Trimethylcholestanol (4) 0.0 
40-Methyl-4a-hydroxymethylcholestanol (11) 25.5 (+26.4% 13) 
4a-Methyl-40-hydroxymethylcholestanol (12) 0.0 
4a-Hydroxymethylcholestanol (10) 36.7 

° Each substrate (46.5 nmol) was incubated aerobically with 4 ml 
of rat liver homogenate (N. L. R. Bucher and K. McGarrahan, /. 
Biol. Chem., 222, 1 (1956)). Products were isolated by saponifica
tion and extraction with ether. [3H]Cholestanol and [3H]4a-
methylcholestanol (13) (F. Sondheimer and Y. Mazur, J. Amer. 
Chem. Soc, 80, 5220 (1958)) were characterized by (a) tic mobility, 
(b) glpc retention time, (c) cocrystallization as the free sterol and as 
the acetate with authentic materials, and (d) demonstrated resistance 
to peracid treatment. 

vation is that 11 is metabolized, but its 4/3-hydroxy-
methyl epimer 12 is not. This result supports the 
involvement of a 4a-hydroxymethyl-4j3-methyl sterol 
in cholesterol biosynthesis. Furthermore, the me
tabolism of 10 to cholestanol suggests that an anal
ogous diol is an intermediate in the removal of the 
second C-4 methyl group from lanosterol. 

The reason why the results of this study are in 
apparent disagreement with those of Gaylor and 
Delwiche3 is not obvious. These authors reported 
that lanosterol biosynthesized from [2-uC]mevalonate 
yielded a 4-monomethyl sterol without loss of 14CO2, 
whereas further metabolism of the monomethyl material 
to cholesterol released 1 equiv of 14CO2. These 
findings were interpreted as indicating initial attack on 
the 4/3-methyl group, since the 4a-methyl group has 
been found to be labeled with 14C in all cases16 of 
cyclic terpenoid natural products (soyasapogenol, 
gibberellic acid, and rosenonolactone) where the 
labeling pattern (from [2-14C]mevalonate precursor) at 
C-4 has been determined. As an explanation for our 
discrepant results we have considered the possibility that 
Gaylor andDelwiche's reasonable assumption of labeling 
in the 4a-methyl group of lanosterol may have beenincor-

(13) The resistance to hydrolysis of hindered, axial esters such as 9 is 
well known; see ref 10 for references. 

(14) R. G. Nadeau and R. P. Hanzlik, Methods EnzymoL, in press. 
(15) The assignment of the (3 configuration to the C-3 hydroxyl group 

of diols 10, U, and 12 was confirmed by the ntnr spectra of their respec
tive diacetates; cf. N. S. Bhacca and D. H. Williams, "Applications of 
NMR Spectroscopy in Organic Chemistry," Holden-Day, Inc., San 
Francisco, Calif., 1964, pp 77-85. 

(16) D. Arigoni, ref 7, p 231. 

rect. However, on the basis of a separate study17 this 
explanation can be discounted. We cannot at present 
exclude an alternative possibility that the natural A7 

and A8 substrates and the saturated substrates used in 
the present work are attacked by different enzymes, 
but this seems highly unlikely, particularly in view of 
the observed mutual inhibition of the metabolism of 
the natural and unnatural substrates. Further work is 
in progress in our laboratories that should clarify the 
situation. 
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Spatial Distribution of Trapped Electrons in Alkaline Ice 
Produced by Photoionization 

Sir: 

The detection and study of trapped electrons in 7-
irradiated and photoionized ices1 and organic solids23 

has aroused much current chemical interest. The 
spatial distribution of the trapped electrons and the 
separation distance between positive ions and electrons 
is an important but only partially solved problem. 
Paramagnetic relaxation experiments can give much 
information about the spatial distributions of trapped 
species in frozen solutions. We have previously ob
tained results demonstrating the existence and approxi
mate size of the spatial inhomogeneities associated with 
trapped electrons which were generated by 7 rays in 
alkaline ices.4'5 We report here the paramagnetic 
relaxation characteristics of trapped electrons in alkaline 
ice produced by photoionization, and contrast the dif
ferent spatial distributions produced by 7 irradiation 
and photoionization. 

Ferrocyanide ion is known to be easily ionized by 
ultraviolet light at 254 nm, and the trapped electrons can 
be detected in 8 M NaOH at 77 0K.6 Reagent grade 

(1) L. Kevan in "Radiation Chemistry of Aqueous Systems," G. 
Stein, Ed., Interscience Division, John Wiley and Sons, Inc., New York, 
N. Y., 1968. 

(2) J. E. Willard in "Fundamental Processes in Radiation Chemistry," 
P. Ausloos, Ed., Interscience Division, John Wiley and Sons, Inc., 
New York, N. Y., 1968. 

(3) W. H. Hamill in "Radical Ions," E. T. Kaiser and L. Kevan, Ed., 
Interscience Division, John Wiley and Sons, Inc., New York, N. Y., 
1968. 

(4) J. Zimbrick and L. Kevan, J. Amer. Chem. Soc, 88, 3678 (1966). 
(5) J. Zimbrick and L. Kevan,/. Chem.Phys., 47, 2364(1967). 
(6) P. B. Ayscough, R. G. Collins, and F. S. Dainton, Nature, 6, 

965 (1965). 
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Figure 1. Characteristic relaxation time, (TiTi)1Ii, and spin concen
tration of e t~ at 770K in photoionized 10 M NaOH + 5 X 10~3 

M K4Fe(CN)6. 

potassium ferrocyanide (5 X 1O-3 M) was dissolved in 
10.0 M NaOH. Spherical samples were prepared as 
described previously.45 Photoionization was carried 
out at 77 0K by irradiating the samples at 254 nm in an 
epr dewar placed in a Rayonet photochemical reactor. 
Slow-passage progressive power saturation measure
ments were made at 770K as described previously.6 

We confirmed that the only observable, trapped 
paramagnetic species were electrons. The line width is 
15 G between points of maximum slope. The epr 
line-shape parameter5,7 is independent of photolysis 
time and averages 2.2. Thus we conclude that the line 
shape is essentially gaussian and that the saturation 
curves are due to inhomogeneous broadening. The 
most important results are the dependency of (7VT2)'

7' 
on photolysis time. T1 denotes the spin-lattice relaxa
tion time and T2 denotes the spin-spin relaxation time. 
(T1Ti)'''2 was calculated by Portis' and Castner's theo
retical treatments for inhomogeneous lines.6 The 
Portis (T1T2)'/' values are more complete and are 
plotted in Figure 1 together with the trapped electron 
yields. The number oi trapped spins was measured by 
comparison with et~ in 7-irradiated 10 M NaOH at 
770K and using G(et") = 2.1.1 (7^2)172 decreases 
while spin concentrations increase; at longer photolysis 
time both remain constant. The plateau in the spin 
concentration is partially caused by photobleaching of 
trapped electrons by visible light which is emitted from 
the mercury lamps. The plateau concentration cor
responds to ionization of 5 % of the ferrocyanide ions. 

The most reasonable explanation for the observed 
behavior of (T1T2)"

2 with photolysis time is that the 
electrons generated by photoionization are trapped with 
spatial uniformity in the alkaline ice matrix. For a 
uniform distribution of trapped electrons, the average 
distance between them decreases with increasing spin 
concentration and the spin-spin interactions become 
stronger, consequently reducing the spin-spin relaxa
tion time, T2. A uniform distribution is expected since 
the ferrocyanide ions are originally distributed uniformly 
in the matrix, and thus the mobile electrons will be 
generated uniformly. Once the spin concentration 
reaches steady state, the average interspin distance is 

(7) G. E. Pake and E. M. Purcell, PA>x Rec, 74, 1184(1948). 

expected to be constant, and thus (TiT2)
h remains 

constant. 
The photolysis results contrast strikingly with analo

gous paramagnetic relaxation results on trapped elec
trons generated by 7 irradiation in the same matrix. 
In the 7-irradiated matrix (T1T2)'''

2 remains constant 
with dose to about 4 Mrads before it decreases.5 This 
dose dependence of (T1T2)

1/2 was interpreted as due to 
nonuniform trapping. This different dose dependence 
found by photolysis strongly supports this contention. 

(T1T2)'/
2 is 3.8 X 1O-5 sec at short photolysis times 

in a photoionized matrix compared to 1.8 X 1O-5 

sec at short radiolysis times (0.4 Mrad) in a 7-irradiated 
matrix. Both values were measured in the present 
work under identical experimental conditions in order 
to make an accurate comparison. The difference is 
due mainly to changes in T2; T2 is smaller in the 7-
irradiated matrix because the local spin concentration is 
greater. Further comparative studies on both T2 and 
T1 are in progress. 

The paramagnetic relaxation of trapped hydrogen 
atoms in 7-irradiated, acid and neutral ices has also 
been previously reported.8 (T1T2)'''

2 for H t decreases 
with radiation dose at low doses and shows identical 
behavior with et~ produced by photoionization. This 
was interpreted as indicating a uniform spatial distribu
tion of trapped hydrogen atoms which distribution was 
consistent with the Ht formation mechanism. The 
photolysis results confirm this interpretation and give 
over-all support to the validity of using the dose 
dependence of (T1T2)'''

2 as a method for study of the 
spatial distribution of trapped paramagnetic species. 
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Trifluoroacetolysis of Neopentyl /?-ToIuenesulfonate. 
Evidence for Concerted Ionization and Rearrangement1 

Sir: 

Trifluoroacetolysis of 2-phenylethyl />-toluenesul-
fonate has recently been utilized to provide strong 
evidence for phenyl participation and for a phenonium 
ion intermediate.2 We should like to report that sol-
volysis of neopentyl ^-toluenesulfonate in this medium 
of low nucleophilicity and high ionizing power3 pro
vides evidence for methyl participation. 

The neopentyl /Koluenesulfonate used was recrystal-
lized material made from neopentyl alcohol by the 
procedure of Tipson.4 The solvent purification and 

(1) This work was supported in part by National Science Foundation 
Grant GP-3890. 

(2) J. E. Nordlander and W. G. Deadman, J. Amer. Chem. Soc, 90, 
1590(1968). 

(3) For leading references see: P. E. Peterson, R. J. Bopp, D. M. 
Cherli, E. L. Curran, D. E. Dillard, and R. S. Kamat, ibid., 89, 5902 
(1967); and P. E. Peterson and J. F. Coffey, Tetrahedron Letters, 3131 
(1968). 

(4) R. S. Tipson, J. Org. Chem., 9, 235 (1944V 
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