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of the transition s ta te by hyperconjugation (i.e., 
no-bond resonance) has been, most invoked to ex­
plain1 this observation. 

We have now measured solvolysis rates for com­
pounds I, I I and I I I a t 0 and 25° in acetone-water 
(4:1) with the following results : 
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(fcXIO'sec.-i) 
0° 25° 
214 3996 
147 2717 
103 2066 V " — C H 2 

I O = 1); II (n = 2); III (n = 3) 

By analogy with the corresponding cyclic amines2 

and cyclic ketones3 containing five-, six- and seven-
membered rings, and in agreement with molecular 
models, the carbon a tom marked C* lies a t increas­
ing distances from the plane of the benzenoid ring 
as one passes through the series I , I I and I I I . 
Consequently, t he energy required to form a 
quinoidal type transition s ta te (represented by 
"A") mus t increase regularly in the order I < I I < 
I I I . 
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In order to explain adequately these ra te differ­
ences, i t has become necessary to assume steric in­
hibition of hyperconjugation. We believe this to 
be the first experimental evidence in support of the 
concept. 

Analytically pure samples of I, I I and I I I , em­
ployed in this s tudy, were prepared from highly 
purified crystalline alcohols using newly devised 
synthetic routes and special techniques which will 
be described in detail a t a later date . I t is now 
clear t h a t the incorrect ra te constants reported 
earlier4 for compounds I and I I resulted from er­
roneous analytical da ta . 
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THE STRUCTURE OF ZrMo2
1 

Sir: 
The existence of an intermediate phase in the zir­

conium-molybdenum system having the composi­
tion ZrMo 8 and the A15 (beta-wolfram) structure 
has been reported.2 We have prepared the alloys 
of compositions ZrMoj and ZrMo3 by arc melting 
(using a technique which has been described else­
where2 '3) followed b y heat ing for four hours a t 
1370° in an atmosphere of high-purity helium. 

(1) This work was done under contract number DA-04-495-ORD-18 
with the Army Ordnance Department, Washington, D. C. 
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Powder pat terns were then taken, using radiation 
from a copper target filtered through nickel foil, and 
a camera of 22.92 cm. diameter. Inspection of the 
two pat terns showed a t once t ha t they were identi­
cal except for a few weak lines, and t h a t the com­
mon lines could readily be indexed on the basis of 
a face-centered cubic lattice with a parameter of 7.58 
A. Relative intensities were computed on the as­
sumption t h a t this face-centered cubic phase is 
ZrMo2 with the C15 (MgCu2) structure, taking into 
account the Lorentz, polarization, multiplicity, and 
structure factors. The calculated relative intensi­
ties were found to be in very good agreement with 
those estimated visually from the powder pat terns . 

We accordingly propose t h a t the intermediate 
phase in the zirconium-molybdenum system has the 
ideal stoichiometric composition ZrMo4 and the C15 
crystal s tructure, and t ha t there is no ZrMo 8 phase. 
ZrMo2 thus has the same s tructure as t h a t previ­
ously reported for ZrW2.8,4 
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THE SYNTHESIS OF METHYL GROUPS FROM 
SERINE AND ITS BEARING ON THE METABOLISM 

OF ONE-CARBON FRAGMENTS1 

Sir: 
Fur ther investigations on the conversion of the /3-

carbon of serine to the methyl groups of choline2 

and thymine 8 have shown t h a t bo th /3-hydrogen 
atoms accompany the carbon in this process. Fol­
lowing the administration of 2,3-deuterio-3-C14-
N15-L-serine4 to ra ts the choline from the internal 
organs was degraded and the C1 4 act ivity and D 
concentration6 of the methyl groups determined. 
The da ta (Table I) show t h a t the C14 and D of the 

TABLE I 

THE UTILIZATION OF THE /3-CARBON AND /S-HYDROGEN 

ATOMS OF L-SERINE FOR THE SYNTHESIS OF METHYL GROUPS 

Serine administered 
(3-Deu­
terium, 

P-C", atoms 
c.p.m." D per 

Expt. X 10 -» /3-carbon!> 

l c 

2« 
3.13 
0.626 

0.725 
.575 

Choline 
methyl groups 

D, atoms 
C u , per methyl Dilution 

c.p.m.a group C14 D 

0.0061' ' 106 119 
i / 

2970 
461 .004I ' 136 140 

" Counts per minute per dish of carbon a t infinite thick­
ness and under standard conditions. * Atom per cent, ex­
cess D in serine X 10" ' X 7/2. See footnote 8. c Fed 
0.47 mM. per 100 g. of body weight per day for 2 days. 
d Calculated from D concentration in betaine derived from 
choline (unpublished method). • Fed 0.53 mM. per 100 g. 
body weight per day for 2 days. f Atom per cent, excess D 
in [(CH8)IN]1-HsPtCl, X 10"» X 10/3 (V. du Vigneaud, 
et al., J. Bid. Chem., 140, 625 (1941)). 
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