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Photoisopyrocalciferol displays bands in the in-
frared at 970 and 748 cm.—}, characteristic of
trans- and cis-symmetrically disubstituted olefins,
respectively, and the nuclear magnetic resonance
spectrum shows vinyl proton bands at 0 and —1.0
(doublet) p.p m.¢ The former band is character-
istic of the 22-ene structure and thus the latter
must be assigned to the remaining nuclear double
bond. The large negative displacement is similar
to that found for the vinyl proton in cyclobutene
(—0.72 p.p.m.).* Upon oxidation, the photo com-
pound is converted into a crystalline non-conju-
gated unsaturated ketone (m.p. 80-81°; C, 85.36;
H, 10.62; Amax. 1705 cm.™!; e 2350, no. max. at
higher wave length) which upon reduction by
lithium aluminum hydride is converted to the
starting alcohol. Upon ozonization of the acetate,
there is obtained a tricarboxylic acid (m.p. 273—
275°, C, 64.12; H, 7.51, neut. equiv. 157) which is
readily transformed into a cyclic anhydride-car-
boxylic acid (m.p. 243-244°, C, 66.78; H, 7.62;
Amax. 1770 and 1825 em.™'). The photo compound
can be hydrogenated, stepwise, to yield a dihydro
(m.p. 58-59°; C, 84.46; H, 11.58) and a tetra-
hydro alcohol (m.p. 51.0-52.5°; C, 84.02; H.
12.01); the nuclear double bond is attacked first.
All of the foregoing compounds are stable to hy-
drogen chloride in chloroform solution.® These
data clearly establish the presence of olefinic link-
ages at Cg,C; and Cy,Cy; and they also indicate the
presence of a cyclobutene ring and the absence of a
cyclopropane structure.

The tetrahydro alcohol upon oxidation with CrOs
in acetic acid at 0° yields a ketone (m.p. 47.0-
48.5°; C, 84.51; H, 11.47; Amax. 1705 cm.™};
€05 680) whose infrared and ultraviolet spectra are
normal for a saturated, isolated ketone. Either
the tetrahydro alcohol or ketone upon oxidation
with CrOjs in acetic acid at 70°, followed by esteri-
fication with diazomethane, yields a diester (m.p.
65.0~66.5°; C, 77.68; H, 8.47; sapon. equiv., 229),
showing the presence of at least one adjacent
methylene group. The tetrahydro ketone upon
reaction with perbenzoic acid gives rise to a lactone
(m.p. 71-73°; C, 81.30; H, 11.31) which when
saponified vields a hydroxy acid (mn.p. 172-173°;
C, 77.59; H, 11.01). Oxidation of the latter
compound with CrO; in acetic acid at 60° forms
the same dibasic acid obtained directly from the
ketomne, thus indicating the absence of substituents
« to the carbonyl group.”

When the ketone III derived from the photo
compound is allowed to stand with alcoholic al-
kali, it is converted into oily 4,6-dien-3-one, IV,
(AER 983 my, € 21,00; Amax. 1650 cm.—?) of the iso-
pyrocalciferol series which can be characterized as
a semicarbazone (m.p. 221-223°; C, 77.21; H,
10.12; N, 9.47; AZ9" 305 my, €38,500). The same
compounds also can be prepared directly from

(4) Parts per million displacement relative to ethanol.
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isopyrocalciferol by oxidation followed by base
and acid isomerization.

Finally, the photo compound II upon heating to
160° in EtOD is reconverted into isopyrocalciferol
which is devoid of deuterium. The above facts are
only consistent with the valence tautomeric struc-
ture II for photoisopyrocalciferol.

Photopyrocalciferol also has been subjected to a
similar sequence of reactions and shown to possess
an analogous-type structure, different only in the
stereochemistry at Cy-Cy. This formation of the
valence tautomeric structures from 9,10-sy% struc-
tures calls attention to the importance of stereo-
chemistry in the irradiation of 3,7-dienes.
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KINETIC ISOTOPE EFFECT IN THE IODINATION OF
2,4,6-TRIDEUTEROPHENOL
Sir:

The bromination of benzene and bromobenzene,
and of their tritiated analogs as catalyzed by iodine
proceeds without preferential displacement of hy-
drogen over tritium!; likewise bromination of ben-
zene and hexadeuterobenzene by hypobromous acid
with an acid catalyst proceeds at identical rates for
these two compounds under similar reaction condi-
tions.? Similarly no kinetic isotope effect has
been found for nitration!:® of benzene, toluene,
bromobenzene, naphthalene, or nitrobenzene con-
taining tritium or deuterium nor for azo coupling
with 1l-naphthol-4-sulfonic acid.* The conclusion
can be drawn that the breaking of the C-H bond
has not made much progress in the transition state
of the slow step of these electrophilic substitutions
and, with less certainty,® that an intermediate®
ArH-E, is formed during this slow step with elec-
trophilic reagent E with loss of the proton occurring
in a subsequent fast step.

While the above examples appear to be the only
cases in which it has been proven that loss of the
proton is kinetically insignificant during electro-
philic aromatic substitution, it has been tempting
to apply this generalization to other cases. In
particular Painter and Soper’ and Berliner® have
implicitly or explicitly made this assumption in
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their interpretation of the kinetics of the iodination
of phenol by solutions of iodine-triiodide jon in
water. They concluded that the mechanism of the
reaction probably involved attack of I+ (or H.OI*)
and acyl hypoiodite (or catalysis of HOI by a gen-
eral acid HA) upon phenoxide ion. Grovenstein
and Henderson® have pointed out that the kinetic
results available do not exclude a rapid and reversi-
ble attack of iodine molecule upon phenoxide ion
followed by a slow loss of proton to the solvent or
to a general base A~ conjugate to the buffer acid

In order to elucidate further the mechanism of
the iodination of phenol, 2,4,6-trideuterophenol
was prepared after the general procedure of Ingold®
and co-workers. After two equilibrations of phe-
nol with heavy water, a product which is esti-
mated to be at least 999, 2,4,6-trideuterophenol
was obtained. This phenol undergoes iodination
at one fourth the rate of ordinary phenol. Thus
in a typical experiment at 25° at initial concentra-
tions of 0.0080 M in phenol and 0.00196 M in io-
dine, in aqueous solvent which was 0.500 M in ace-
tic acid, 0.050 M in sodium acetate, 0.230 M in
sodium perchlorate, and 0.020 M in sodium iodide,
the initial apparent second order rate constants
(calculated in terms of stoichiometric concentra-
tions of phenol and iodine) were 1.21 X 1078 |,
mole—! sec.™! for ordinary phenol and 3.056 X 10—*
1. mole~! sec.™! for 2,4,6-trideuterophenol. These
data give ku/kp 3.97. In related runs but in di-
lute perchloric acid in place of the acetate buffer,
isotope effects of similar magnitude were obtained.

The present case, as far as we are aware, con-
stitutes the first example of a hydrogen isotope ef-
fect during electrophilic aromatic halogenation.
The only other known cases of hydrogen isotope
effects during electrophilic aromatic substitution
seem to be sulfonation™!! (kg/kr = 1.8), cyclo-
dehydration'? of 2-anilino-pent-2-ene-4-one (ku/kp
= 1.5), and the reactions? of some diazonium ions
upon hindered 2-naphthol-6,8-disulfonic acid (ky/
kp = 3.6-6.6). Our present example shows that a
phenol need not necessarily be hindered to give an
isotope effect. We think it is significant that for
the four types of electrophilic substitution reactions
for which hydrogen isotope effects are known, three,
including the present, involve reactions of phenols
or aromatic amines. These are just the types of
compounds which would be expected to give the
most stable reactive intermediates, thus (I) for
iodination of phenol. Substances analogous to (I)
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have indeed been isolated from reactions of 2,4,6-
trisubstituted phenols.'® General evidence, there-
fore, favors (I) as an intermediate in the iodination
of phenol. On this basis, in order to account for
both the kinetic evidence and isotope effect, inter-
mediate (I) must, under the kinetic conditions
which have been studied,’”8 be transformed back to
reactants considerably faster than into the final
products, .e., (I) must be essentially at equilibrium
with the reactants. From such kinetic data,
therefore, the nature of the iodinating agent for
phenol cannot be specified. We hope to be able to
find conditions in which intermediates such as (I)
from phenols are formed in the rate-determining
step; only under such conditions, at best, can the
nature of the iodinating agent be ascertained by
reaction kinetics. Meanwhile we are investigat-
ing the generality of isotope effects during electro-
philic halogenation of phenols and related com-
pounds.

(13) Thus see G. M. Coppinger and T. W. Campbell, TH1S JOURNAL,
75, 734 (1953); L. E. Forman and W, C. Sears, tbid., 76, 4977 (1854);
J. A. Price, ibid., 77, 5436 (1955).
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DETECTION OF FREE RADICAL INTERMEDIATES
IN THE ACTION OF OXIDATION INHIBITORS

Sir:

Aromatic amines and phenolic compounds which
inhibit oxidation have been presumed to act
through the removal of hydrogen from the hydroxyl
Or amino group:

ArXH 4+ RO; —> ArX:. + RO:H
(ArX. —> inactive products)
b (1

Recent investigations have brought alternative
proposals for the terminating reaction involving
these inhibitors. Kooyman and Bickel! now sug-
gest two consecutive reactions, both of which ter-
minate oxidation chains

ArXH 4 RO;- —> ArX. + RO;H &, (1a)
ArX. 4+ RO;. —> Stable product &1, (17a)

In (1’a) the product is either an adduct or the
result of a second hydrogen abstraction.

Boozer, Hammond, ef al.,2® suggest two consecu-
tive reactions

RO;- + ArXH T=> (RO,ArXH) - K (1b)
(ROsArXH)- + ROs- —> inactive products, k', (1'b)

the first of which is reversible and leads to an
equilibrium concentration of a radical complex.
Kinetic analysis of the course of an oxidation in-
hibition period, when the inhibitor acts by the
Kooyman and Bickel processes, gives
ko—1
[ArX.] = k—%l- [ArXH] 31 - ( % ()

[ArXH]

[ArXH],
for the concentration of the intermediate radical,
where [ArXH]}, is the concentration of inhibitor
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