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TasLe I?
YIELD OF SUBSTITUTED NITRILES FROM
THE CORRESPONDING AZINES

Benz-

Nitrile pinacol

Solvent Azine yvield, 9% vyield, %
Cyclohexane Benzal 85 82
Cyclohexane 0-Chlorobenzal 88 84
Benzene p-Chlorobenzal 82 80
Benzene p-Methoxybenzal 82 79
Dioxane p-Nitrobenzal 95 93
Benzene p-Dimethylaminobenzal 80 78

e The vields are based on 1-5-g. experiments, repeated
thrice, and averaged. The products were isolated in pure state
by distillation or crystallization and the yields were checked with
extraction procedures and gas chromatography. The last three
entries of Table I required longer irradiation times to obtain the
stated vields, The best procedure is to irradiate the solutions
until the yellow golden color of the azines disappears or becomes
very faint.

tization® but an example of triplet or diradical hydro-
gen transfer.’ The mechanism can be outlined as
hV
(CeHs)QC:O <~ (CﬁH;’,)QC:O* (1)

(CeH3)C==0* + CsH;—CH=N—N=CH—CsH; >
CeH;— C=N—N=CH—C;H; + (C¢H;1,C—0H (2)
CeHa—CZN—N:CH—CeHs + (C¢H;),C=0 —>
2CH;—CN + (CH,C—0H  (3)
2(CeH;),C—OH — benzpinacol (4)

The synthetic usefulness of the reaction is somewhat
clouded because aldehydes are normally employed to
synthesize the azine derivatives. Synthesis of the
azines® is, however, exceedingly simple and the yields
are quantitative. Possible extension of this reaction to
the aliphatic series is being investigated.
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Elimination Mechanisms. Position of Proton in E2
Transition States'
Sir:

We have found that the isotope effects for DO~ in
D,0 vs. HO~ in H,O as attacking bases in the E2
elimination reactions of two B-phenylethyl derivatives
at 80° are &/ /b = 1.79 for CeH;CH.CH,N +(CHj3)3Br—
and 1.57 for CeHsCH,CH,S+(CHj;), Br— salts.?

The effect for the sulfonium salt is complicated by
exchange of D for H on the carbon atoms adjacent to the
sulfur atom. Any isotope effect from this source
siiould be small, however, because the sulfur isotope
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effect for the reaction is exceedingly small, indicating
very little C-S bond-breaking at the transition state.?
These effects are so strong that we must conclude that
the proton positions in the transition states for these
reactions are product-like, 7.e., have a larger H-O
than C-H stretching force constant. DO~ in D,O is a
stronger base than HO~ in H»O by a factor of ca. 1.6 at
80°2 Thus, even allowing for a substantial solvent
isotope effect (say 2097) superimposed upon the second-
ary isotope effect due to the attacking base, we still
conclude that the proton must be considerably de-
tached from the carbon atom in the transition state.

It is very probable that the secondary isotope effect
kp/ku for attack of DO~ vs. HO™ must be considerably
larger for the ammonium compound than for the sul-
fonium compound even after correction for possible
solvent isotope effects caused by the fact that the DO~
reaction is carried out in DO while the HO~ reaction is
carried out in H,O. The solvent isotope effects should
be weak and also should be similar for both compounds
because in both cases a positively charged organic ion
reacts with base.

Coupled with the primary isotope effects for elimina-
tions under similar conditions, our results provide even
stronger evidence. For C¢H;CD,CH,S+(CHjs),Br—
vs. the corresponding completely nondeuterated com-
pound ku/kp = 4.14 in H,O with HO~ at 80°,% 5.05 in
H,0 at 50°, 5.93 in H,O at 30°, and 5.07 in ethanol with
ethoxide at 30°. The effect for the compound with
trimethylamine as leaving group in place of dimethyl
sulfide is 2.98 in ethanol with ethoxide ion at 50° and
3.02 in 509, ethanol-water at 50°. These relatively
small isotope effects indicate that the respective transi-
tion states have either a considerably larger H-O
than C-H stretching force constant or a considerably
larger C-H than H-O stretching force constant. For
equal C-H and H-O stretching force constants, a
maximal isotope effect is expected® (assuming that
effects due to bending vibrations are small relative to
those due to stretching vibrations and/or are nearly
constant for transition states with different degrees of
proton transfer). For example, a large isotope effect,
ku/kn = 7.11 in ethanol with ethoxide at 30°, is ob-
served for CsH;CD.CH,Br,* indicating the proton is
approximately equally tightly bound by C and O in the
transition state.

The relative values of the secondary isotope effects
show that the proton is more tightly attached to the
oxygen atom in the ammonium transition state than in
the sulfonium transition state. Then the only way the
ammonium compound can have a smaller primary iso-
tope effect than the sulfonium compound is if the proton
is more strongly bonded to oxygen than to carbon in the
ammonium transition state. This evidence is based
only on the relative magnitudes of the secondary and
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primary isotope effects and is, therefore, separate from
the evidence based on the absolute magnitudes of the
secondary isotope effects.

From these two pieces of evidence, we conclude that
the proton is almost completely transferred to oxygen in
the transition state for E2 elimination by HO~ in H,O
on C¢H;CH,CH,N*(CHj),. For the corresponding
sulfonium ion, the proton is less completely transferred,
and for the bromide, the proton is still less completely
transferred. This work demonstrates how primary and
secondary isotope effects in the same reaction can com-
plement one another.

The rates of elimination of 8-phenylethyl compounds
substituted in the ring lead to good Hammett po
correlations. The chloride, bromide, iodide, tosylate,
and dimethylsulfonium leaving groups all give p values
between 2 and 3 with sodium ethoxide in ethanol at
30°, these large values indicating considerable carban-
ion character in the transition states.” Although large
p values could conceivably be due to other factors than
carbanion character, e.g., to the incipient double bond
conjugated with the ring in the transition state, our
results show that the proton is substantially transferred
in these transition states.

We plan to extend this method to other systems be-
cause it should help to explain the Hofmann-Saytzeff
orientation effects which are currently ascribed to
steric influences® by some investigators and to electrical
influences by other investigators.®
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The Hydrolysis of Five-Membered Cyclic Phosphotri-

esters to Cyclic Phosphodiesters!
Sir:

The alkaline hydrolysis of methyl ethylene phosphate
is much faster than that of trimethyl phosphate and
occurs with P-O fission and ring opening.? The heat
of saponification of methyl ethylene phosphate exceeds
that of dimethyl 2-hydroxyethyl phosphate by about
5.5 kecal./mole.?* Several hypotheses have been ad-
vanced to explain these kinetic and thermodynamic ob-
servations.?®

Recently, Covitz and Westheimer® found that the
hydrolysis of methyl ethylene phosphate in acid solution
gave predominantly methyl 2-hydroxyethyl hydrogen
phosphate, and, in addition, some ethylene hydrogen
phosphate (from 5 to 309,). There was, therefore,
some preservation of the five-membered ring.

We have observed that certain five-membered cyclic
phosphotriesters (I, III) react very rapidly with one
mole equivalent of water in aprotic solvents at 20°,
yielding cyclic phosphodiesters 11 and IV almost ex-
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clusively. The cyclic diesters were readily isolated in
crystalline form; they were converted into the original
triesters by diazomethane and were characterized also
as cyclohexylammonium and piperidinium salts.
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Trimethyl phosphate and dimethyl phosphoacetoin®
were not affected by water in benzene solution under
comparable conditions.

It seems possible that the formation of cyclic phos-
phodiesters from cyclic phosphotriesters, at least in
aprotic solvents, may proceed by way of an oxyphos-

phorane intermediate V. In other words, it may be
possible under certain conditions to hydrate the phos-
phoryl group of a cyclic phosphate ester.

CHaO\‘)
HO—P -~

RS

-0

v

If an oxyphosphorane V is indeed an intermediate in
the hydrolysis of a cyclic triester to a cyclic diester, the
collapse of the oxyphosphorane must occur with preser-
vation of the five-membered ring, since an open-chain
diester should not cyclize under the experimental con-
ditions. Some information on the mode of collapse of
cyclic oxyphosphoranes analogous to V can be obtained
from a study of the hydrolysis of the crystalline penta-
alkoxyphosphorane VI in aprotic solvents, using water
enriched with O, We had previously shown,® using
unlabeled water, that this hydrolysis is extremely fast
and gives rise to the cyclic phosphotriester I.

CH30\ CH,3 CH30\ CHs

The experiments with labeled water have shown that
the oxygen atom of the water becomes attached to the
phosphorus of the phosphate ester, presumably as a
phosphoryl group, PO. Precisely how this happens
remains a problem on the mechanism of substitution at
quintuply-connected phosphorus; however, the results
suggest the participation of an oxyphosphorane VII in
the hydrolysis of the pentaalkoxyphosphorane VI.
Evidently, VII tends to collapse with preservation of
the five-membered ring, since the product is a cyclic
phosphate I. Therefore, the oxyphosphorane V,
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