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It is clear that at least in certain instances the
reaction of II with a ketone is the most practical
method for synthesis of the corresponding epoxide
and that this, in turn, provides useful routes to
other structures. For example, these transforma-
tions have now been established from cyclohepta-
none (yields given are probably not optimal)

HzNH;
9 0 R OH
71% 609,
© 6 NaNH; 6
NH;
lBF“'Etzo HONO"’lGZ%"’
CHO 0

91% (as 2,4-dinitrophenylhydrazone)

A different mode of reaction results in systems
which are susceptible to Michael addition as il-
lustrated by benzalacetophenone which reacts with
II to form 1-phenyl-2-benzoylcyclopropane® (959
vield) and only minor amounts of the epoxide
derived from carbonyl addition. Such reactions
represent a promising method for carbocycle
synthesis.

The methylide II probably is an intermediate
in the base-catalyzed hydrogen—deuterium ex-
change previously observed’® with I iodide. The
fast rate of this exchange’” and our own observations
indicate that the ylide is quite stable; we are now
engaged in chemical and physical studies aimed
at defining the structure of sulfoxonium ylides and
their reactivity in more detail. Whether methylene
transfer from dimethylsulfoxonium methylide to
unsaturated linkages occurs vi¢ an intermediate

O——

| +
addition product, e.g., R2C—CH2?(CH3)2, or by a

direct route is not known at present. This point
is also under investigation.
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ON THE TWO FORMS OF HYDROGEN ATOMS IN
NEUTRAL SOLUTIONS IRRADIATED BY X-RAYS

Sir:
Recently, data have been obtained!—® which indi-
cate that most of the “H” atoms produced in ir-
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radiated aqueous neutral solutions are probably
electrons. The results of Allan and Scholes? indi-
cate that H atoms are produced in irradiated solu-
tions by:

taq + H;O0* —> H + H,0 (1)
and react with organic scavengers (e.g., 2-propanol)
H + RH, —> H; + RH (2)

However, even when all the electrons were scav-
enged by acetone, a residual yield of Gnydrogen =
1.05 was obtained.? This exceeds the ‘‘molecular”
hydrogen yield by approximately G = 0.6, and was
attributed to the formation of H atoms by excita-
tion processes such as

H,0* —> H + OH (3)

These results are in disagreement with those ob-
tained in the Hy0,~0,;,” methanol-azide® and 2-
propanol-azide® systems, where only 0.0-0.3 H
atoms as such were found to react at neutral pH'’s.

We used bicarbonate as an electron scavenger in
neutral aqueous solutions. Neutral solutions of
methanol, glucose, glycerol and acetate were irra-
diated by 200 kV. X-rays. In all these cases, 5 X
10~2 M bicarbonate was sufficient to reduce the
hydrogen yield to about 1.05, although higher
yields were obtained in some cases, when no bicar-
bonate was used (Table I). These results confirm
the recent observations of Allan, et al.5 However,
in all the systems studied by us a constant limiting
value of Ghydrogen = 1.05 = 0.04 is obtained.

Similar results were obtained by using acetone as
an electron scavenger.

TaBLE I
HvypROGEN VIELDS FROM AQUEOUS SOLUTIONS CONTAINING
BICARBONATE AND ORGANIC SOLUTES; Dose RATE 1000
PER MINUTE

Ghydrouen
in the

presence
Conen. of 0.05M Total
Solute in M Ghydrogen  bicarbonate dose .
Glucose 102 1.50 1.03 2000
Glycerol 102 1.16 1.09 2000
Methanol 107! 1.85 1.07 2000
Acetate 107! 1.25 1.01 2000

Using formate (0.047 ) and 2-propanol (0.01 M)
about 2 X 10~* M acetone was sufficient to reduce
the hydrogen vield to about 1.1. When no acetoue
was added, H, yields were much higher (about 2)
at the low doses used (10007).

The higher hydrogen yields obtained in the ab-
sence of an efficient electron scavenger are in agree-
ment with previous work®! and probably are due to
recombination of e,q or its reaction with water.
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TaBLE 11

ky/ke IN NEUTRAL AND ACID SOLUTIONS.
Dose rate 1000 was r. min.~!; total dose was 4000 r.

Solute and its

Neutral solutions
Electron scavenger

Acid solution

conen. CFre(CN)e™3, M present M Ghydrogen ki/ks ka/kat?

Glucose 0.01 1.5 X 10~¢ 0.05 bicarbonate 0.71 108 100

Glucose .01 8 X 10-3¢ 0.05 bicarbonate .86 75

Glycerol .01 7.5 X 1075 0.05 bicarbonate .80 128 200

Methanol .10 6.2 X 10-% 0.05 bicarbonate .81 1500 2350

2-Propanol® .05 9.3 X 10— 9.3 X 10~¢ .82 39 77
ferricyanide

Formate 047 3.14 X 10~¢ 2 X 1074 .75 18 15.4
acetone

@ Corrections have been made for the amount of ferricyanide which disappears during the irradiation.

of 104 M Na,HPO,.

These reactions of e.q to produce H; as a final
product in neutral solutions are relatively slow.
Thus, minute quantities of electron scavengers
which may be impurities, or products of irradiation
will influence the values of Ghydrogen When Ghydrogen
> 1.1. The hydrogen yields obtained in the ab-
sence of an appropriate electron scavenger have no
quantitative meaning.

When a sufficient amount of an electron scaven-
ger is present, the hydrogen yield equals the sum
of Gu, + G; (where Gy, denotes the so called “‘mo-
lecular” yield of hydrogen). Gjseemsto be constant
and its value is 0.55 =+ 0.03 in all the above systems,
assuming Gu, = 0.5. Since Gm, may differ some-
what from this value and depend on the solute and
on its concentration,!! the sum of Gu, + Gj; is ex-
pected to vary to the same extent.

To test whether the assumed reaction (3) really
produces H atoms as such, competition between
ferricyanide and RH; was carried out. Ferricyanide
reacts with H atoms according to

H + Fe(CN)s™? —> H* 4 Fe(CN);~* (4)
The yield of H; may be used to determine ki/k,, at
neutral pH.

In Table II we compare the ks/k; values, ob-
tained by the competition of ferricyanide and RH,
for H atoms produced in neutral solutions in the
presence of a sufficient amount of an electron scav-
enger, to those obtained for acid solutions.!?

The Ghydrogen values are accurate to = 5%,. The
values of k;/k. were calculated assuming that Gy, =
0.5 in all cases. Frowm this G; = 0.55 results.

The agreement between the acid and ueutral
ki/ ks values confirins that at neutral pH the acid
form of H atoms is produced by a wmechanisnt which
does not involve reactions of the neutral form of the
reducing radicals in the bulk.

At present we have no explanation for the re-
sults™® in systems where Gy < 0.30. However, in
our systems, the measure of G; is direct, the only
assumption being the value of the “molecular’ hy-
drogen yield.

The author is indebted to Prof. G. Stein for valu-
able comments.

DEPARTMENT OF PHYsicAL CHEMISTRY
THE HEBREW UNIVERSITY OF JERUSALEM
JERUSALEM, ISRAEL JosEPH RABANI

RECEIVED DECEMBER 6, 1961

(11) H. A. Schwarz, J. Am, Chem. Soc., 77, 4960 (1955).
(12) J.Rabani, J. Phys. Chem., 68,361 (1961).

b In the presence

A FIVE-MEMBERED RING AZO COMPOUND.
A STEREOSELECTIVE DECOMPOSITION

Sir:

Recently increased impetus has been given to
the question of whether or not biradicals couple
with retention of configuration. Overberger and
co-workers'? have studied the decomposition of
the seven- and eight-membered ring azo com-
pounds of type I. One isomer of the seven-

(CHy)a
C6H5——HC< >CH—C6H5 1
N=—=N-

membered ring azo compound (I, # = 3) was de-
composed at 80 and 100° to give 1,5-diphenyl-1-
pentene and a mixture of ¢is- and trams-1,2-di-
phenylcyclopentanes. One isomer of the eight-
membered ring azo compound (I, # = 4) required
somewhat higher temperatures (about 145°) but
again, the corresponding olefin and a mixture of
cis- and frams-1,2-diphenylcyclohexanes were ob-
tained. Rinehart and Van Auken® have shown
that at low temperatures, the photolysis of 3-
carbomethoxy-cis-3,4-dimethyl-1-pyrazoline and of
3- carbomethoxy -trans-3,4-dimethyl-1-pyrazoline
gave the corresponding cyclopropanes with re-
tained configuration. Jones* also has studied the
stereochemistry of the decomposition of 2-pyrazo-
lines and found that the configuration of the re-
sulting cyclopropanes does not depend upon their
stability but rather upon the configuration of the
intermediate 1-pyrazolines.

We wish now to report the synthesis and the
stereospecific decomposition of the five-membered
ring azo compound 3,5-diphenyl-1-pyrazoline (Ia),
an analog of I (# = 1). Compound Ia was pre-
pared by the addition of styrene to phenyldiazo-
methane. It is a white crystalline solid, m.p.
109-110° (dec.), AEQ™ 320 my, emax 291.

Amnal. Caled. for CisHuuN,: C, 81.05; H, 6.35.
Found: C, 81.04; H, 6.28.

Two products could arise from the addition
of styrene to phenyldiazomethane. Evidence for
structure Ia was obtained as described.
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