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Pentacarbanilino-D-glucose Diethyl Mercaptal 

To a solution of 3.0 g. (10.5 millimoles) of D-glucose di­
ethyl mercaptal (m.p. 125°) in 75 ml. of dry pyridine, main­
tained at 100°, was added all at once 11.4 ml. (105 milli­
moles) of phenyl isocyanate. The mixture was stirred at 
100" for 6.5 hours, cooled, and added to 300 ml. of absolute 
ethanol. This clear solution on dilution with an equal 
volume of water gave 9.1 g. (98.5% of the theoretical 
amount) of crude pentacarbanilino-D-glucose diethyl mer­
captal. Two recrystallizations from hot M-butanol in the 
proportion of 50 ml. of solvent per gram of crude compound 
gave an analytically pure material melting at 207-210°, 
[a] 26D +41.8° (c 0.9, pyridine). Recovery of purified 

material was approximately 8 3 % at each recrystallization 
step. 

Anal. Calcd. for C45H17N5Oi0S2: C, 61.3; H, 5.3; N, 
7.9; S, 7.3. Found: C, 61.3; H, 5.5; N , 7.7; S, 7.3. 

J . E. Hodge prepared the D-glucose diethyl mercaptal and 
C H . Van Etten performed the microanalyses. 
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RETENTION OF Br» IN COMPLEX BROMIDES, 
FOLLOWING ISOMERIC TRANSITION1 

Sir: 
The 18 minute bromine nascent from the iso­

meric transition decay of Br*80 is known to possess 
a high chemical reactivity. Disruption of the par­
ent molecule appears always to occur, in the case of 
aqueous bromate ion and of various organic bro­
mides, although in pure condensed systems some 
recombination of the primary fragments has been 
postulated. This reactivity is due to the high posi­
tive charge on the bromine which results from the 
Auger ionization that follows internal conversion.2 

It seemed possible that a bromine-containing Wer­
ner complex might more easily tolerate such a posi­
tive increment in charge, especially if the complex 
ion were negative in sign to begin with. Results 
are here reported for Co(NH3)SBr+2 and PtBrs -2 . 

The general procedure was to prepare a solution 
of the complex, labelled with 4.4 hour Br80 (in equi­
librium, with the 18 minute daughter), and then to 
precipitate the complex as bromopentammineco-
baltate(III) nitrate or as ammonium bromoplati-
nate(IV). Sodium bromide, if not already pres­
ent, was added before the separation. The degree 
of retention of the 18 minute isomer was deter­
mined from the growth curve of the precipitated 
complex. Retention in the solid state was deter­
mined by dissolving the solid complex, adding so­
dium bromide, and immediately reprecipitating 
the complex. Ordinary exchange of bromide ion 

Complex 

Co(NHj)5Br+ 2 

[Co(NH3)5Br](NO,)2 

PtBr 6 - 8 

(NHOsPtBr6 

TABLE I 
Concn. of complex, 

M 

0.01 
(solid) 
0.00166 
0.0005 
0.0005 with 0.003 M NaBr 
(solid) 

" Possibly some photocatalyzed exchange. 

% re­
tention 

0 
14 
52 52 
70° 53 
54 

100 

with either complex was negligible in the ca. two 
hours time involved (in the dark). 

Evidently, disruption of the bromopentammine-
cobaltate(III) ion occurred upon every isomeric 
transition, and without recombination of fragments 
or any re-entry of bromine into another molecule of 
complex. Recombination of primary fragments to 
give the original complex might be expected to be 
improbable since the complex ion is unstable in 
solution and aquates slowly; the process might be 
responsible for the small retention in the solid. Re­
entry of the "hot" 18 minute bromine into a dif­
ferent molecule of complex would be unlikely in 
solution because of the low concentration of the 
complex. 

The high retention by aqueous bromoplati-
nate(IV) ion cannot be due to re-entry, by the same 
argument as above, and also in view of the lack of 
dependence of the effect upon concentration and 
upon added free bromide ion. Furthermore, it 
seems unlikely that the retention was due to a re­
combination of primary fragments, again because the 
complex ion is unstable toward aquation. Inter­
estingly, the same high retention was observed 
when free bromide ion was initially present, indi­
cating that isomeric transition did not so activate 
the complex as to permit exchange. 

These results suggest that the degree of reactiv­
ity induced by isomeric transition is strongly de­
pendent upon the charge of the parent molecule, 
but the two complex ions studied are too dissimilar 
for this conclusion to be more than tentative. Fur­
ther work on this and related systems is in progress. 
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STERIC INHIBITION OF HYPERCONJUGATION 
Sir: 

For ^-alkylbenzhydryl chlorides, the first order 
rates of solvolysis decrease in the order CH 3 > 
CH3CH2 > (CH3)2CH > (CHs)3C. Stabilization 
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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 : 

C6H1 

CH2), 
Compound 

I 
II 
III 

(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 . 

H 

c i e 

/(CH2)n\ 
/ >CH2* 

H® 
(A) 

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 . 

SCHOOL OF CHBMISTRY 
UNIVERSITY OF MINNESOTA 
MINNEAPOLIS 14, MINNESOTA 

RECEIVED OCTOBER 9, 1951 

RICHARD T. ARNOLD 
WILLIAM L. TRUETT5 

(1) E. D. Hughes, C. K. Ingold and N. A. Taher, J. Chem. Soc, 949 
(1940). 

(2) W. G. Brown and S. Fried, T H I S JOURNAL, 68, 1841 (1943). 
(3) R. G. Kadesch, ibid., 66, 1207 (1944). 
(4) R. T. Arnold, K. Murai and R. M. Dodson, ibid., 72, 4193 

(1950). 
(5) Du Pont Postdoctorate Fellow, 1949-1950. 

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. 

(2) H. J. Wallbaum, Nalurwiss., 30,149 (1942). 
(3) C. H. Schramm, P, Gordon and A, R, Kaufmana, TrtHt, AlME, 

IM, JOg (i960), 

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 

(4) A. Claasen and W. G. Burgers, Z. Kryst., (A) 86, 100 (1933). 
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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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