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ammonia. Ammonia was distilled, and the mixture was re-
fluxed for three days, filtered and refluxed for another three
days under a column to remove last traces of ammonia.

Alkylation Studies.—The apparatus and procedure for the
kinetic studies have been described. All reactions were car-
ried out at 30.00 &= 0.02°. Nitrogen gas for the sampling
operation was bubbled through ethereal sodium triphenyl-
methide solution to remove traces of oxygen and water
vapor and to saturate the gas with ether vapor. At all other
titnes the system was closed and contained a small positive
pressure. Evaporation throughout an entire run amounted
to less than 3%, most of which occurred during the initial
addition of the enolate solution to the nitrogen-filled flask.
In order to eliminate this error, as well as any error due to
possible non-additivity of volumes of halide and enolate
solutions, a ‘‘zero-time’’ aliquot was titrated soon after
tixing. The results of thirty alkylations are listed in
Tables Iand II.

Vapor Pressure of Methyl Bromide-Enolate System.—A
5b-ml. flask immersed in a constant-temperature bath at
25.30 = 0.05° was attached to a manometer, gas buret and
vacuuin line. The flask was filled with anhydrous ether
freshly distilled from lithium aluminum hydride. The sys-
tem was evacuated intermittently until a constant vapor
pressure of 545 mm. was obtained. The vapor pressure of
etliyl ether at 25.3° is 544 mm.!* The volume of liquid at
this time was 52 ml. Five portions of about 100 ml. each of
methyl bromide (Dow Chemical Co., purified by isothermal
distillation) were accurately measured and added through a
capillary at the bottom of the flask. After each addition, air
pressure was applied to the open end of the manometer in
order to fill the other leg with mercury and thereby force the
vapor back into the flask. After circulating the mercury in
this way several times, a constant value of the vapor pres-
sure was obtained. The vapor pressures are plotted against
mole fraction of methyl bromide in Fig. 3.

The procedure was repeated with a 0.42 A solution of
sodiobutyrophenone. The five portions of methyl bromide
were added over a period of one hour. The slope of the vapor

(14) "l1nternational Critical Tables.”” Vol. 3, McGraw-Hill Book
Co., Inc., New York, N. Y., 1928, p. 19,
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pressure curve was the same as that for the system ether—
methyl bromide. The amount of alkylation in this time is
negligible. A titration after 17 hours indicated that the
reaction was then only 489, complete.

Ebulliometric Studies.—A differential ebulliometer of the
type described by Swietoslawski and Anderson!® was em-
ployed. The exit led to a 2-ml. receiver and thence through
Drierite to a T-tube over which was passed a very slow
stream of nitrogen. Temperatures were measured to 0.001°
with micro-Beckmann thermometers. In order to obtain
coustant reproducible temperature differences, it was neces-
sary to drain the water from the condenser for several min-
utes and distil up to 2 ml. of ether.

The enolate solutions were freshly prepared in 2-3-liter
batches and forced by nitrogen pressure directly from the
sodium hydride into the boiler. The apparatus was flushed
several times with the solution and filled to a 40.0-ml. cali-
bration mark. After the beiling point determination, a 25.0-
ml. aliquot was drained into a volumetric flask, weighed and
titrated. The remainder of the solution was transferred to
a 0.16-mm. infrared cell for estimation of ketone at 5.88u.
The results for eight separate preparations are listed in
Table III. The concentrations of free ketone represent
maximum amounts that could be present. They are cal-
culated on the unlikely assumptions that the pure enolate
has no absorption in the carbonyl region and that no mois-
ture was adsorbed on the surfaces of the infrared cell. The
aggregation numbers listed in Table III have been calculated
without correction for free ketone. When corrections are
applied, the average aggregation number is 3.33, an increase
of about 8%,.

The m1olal boiling point constant for ethyl ether in the in-
strument used, 2.00, was determined by measuring boiling
point elevations of 0.1-0.4 molal solutions of triphenyl-
methane, m.p. 92-93°.

(15) A. Weissberger, ""Physical Methods of Organic Chemistry,”
Vol. I, 2nd Ed., 1nterscience Publishers, 1ne., New York, N. V¥.. 1949,
p. 121,
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The reactions of dibenzylaniine, diphenylamine and p-cresol with benzoy! peroxide, labeled with oxygen-18 in the carbonyl
positions, have been studied. Dibenzylainine reacts by nucleophilic displacement on an oxygen of the peroxide link to give
ultimately benzoic acid and O-benzoyl-N,N-dibenzylhydroxylamine which contains all of the excess oxygen-18 in the car-
bonyl oxygen. Diphenylamine reacts by the same process to give O-benzoyl-N,N.diphenylhydroxylamine which is unstable
under these conditions and rearranges to give N-phenyl-N-.o-hydroxyphenylbenzainide. The amide contains 55%, of the
excess oxygen-18 in the carbonyl group and 45%, in the phenolic hydroxyl group. Similarly p-cresol reacts to give 2-hvdroxy-
4.methylphenyl benzoate which contains 87% of the excess oxygen-18 in the carbonyl group and 139 in the phenolic hy-

droxyl group.

Amine Reactions.—The reactions of amines
with peroxides, in particular benzoyl peroxide, have
been studied by a large number of mvestigators.!

The reaction of tertiary amines with diacyl perox-
ides is thought to proceed by an initial polar dis-
placement, as shown below, to give I which then
decomposes by a radical path into products.?

O
J
R;N 4 (RCOy); —> Rg?\I—O—éR + RCOy~ —>
products
I

(1) C. Walling. “Free Radicals in Solution,” John Wiley and Sons,
inc., New York, N. Y., 1957, pp. 590~595.

Mechanisms for these reactions are proposed and discussed.

Secondary aliphatic amines react quite simply
with benzoyl peroxide to give N,N-dialkyl-O-ben-
zoylhydroxylamines and benzoic acid. There has

(2) W. B. Geiger, J. Org. Chem., 28, 298 (1958), has prepared
N-.acetoxytrimethylammonium bromide by treatment of trimethyl.
amine with acetyl peroxide and them with concentrated hydrobromic
acid. Thus it has been demonstrated that 1 is formed by the initial
reaction of a tertiary amine with an acyl peroxide. D. Buckley, S.
Dunstan and H. B. Henbest, J. Chem. Soc., 4901 (1957), also have
suggested this mechanism for these reactions and have spectral evi.
dence for the

O

+ |
N(CHyCH, )y N—O0—C—CeHj

ion obtained from the reaction of triethylenediamine with benzoyl
peroxide,
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been some speculation concerning the mechanism
of these reactions.! The most likely mechanism

Q
RQNII —+ [CsHaCOz]z _ RzNOéCeHs + CsHsCOzH
invoives nucleophilic attack by the amine on the
peroxide to give a pair of ions which undergo proton
trausfer to give the products. Effective proof of
the correctness of this view now has been obtained
by allowing dibenzylamine to react with benzoyl
peroxide, labeled with oxygen-18 in the carbonyl
oxygens. The procedure was that of Gambar-
jan and Cialtician.® The O-benzoylhydroxyla-
mine obtained contained all of tlie excess oxygen-18

018 !
N
<C5H5CI{2>2NH —+ [CeHsCO [ g
18

(CeHsCH:):NOC Cots + ColL:CO,H
1
L NaGCaH,
y

o
(CsHsCIIQ}zNOI’I + CF,IL,C *O"‘CgH,’,
originally incorporated in one carbonyl group of the
benzoyl peroxide. Ethanolysis of the O-benzoyl.
hydroxylamine afforded dibenzylhydroxylamine
wlich contained 110 excess oxygen-18 and ethyl ben-
zoate which contained all of the excess oxygen-18
present in the O-benzovihydroxylamine. Since it
1s well established that trausesterification proceeds
by addition of an alkoxide ion to the carbonyl car-
bon atom of an ester and then expulsion of the ap-
propriate anion, then it is established here that the
carbonyl oxygen in the ethyl benzoate was a car-
bonyl oxygen in the hydroxylamine beunzoate. This
being the casc the ouly reasonable mechanism for

this reaction involves a transition state
31 os ¥

J 7]
Rt CJ) - 0—C ot
P

C==0m
t
!

|_ Cill;

—_

H O 18

J J
RgN—O——CCe}fs -+ CeHsCOy~

products

in which the amine displaces on one of the oxygens
of the peroxidic link to give a pair of ions which rap-
idly react to give products. It is interesting to
note that the initial displacement reaction is the
same as was found for the reaction of trisubstituted
phosphines with benzoyl peroxide.* It seems only
reasonable to assume that tertiary amines react by
the same initial displacement reaction.

The reactions of secondary aryl and secondary ar-
alkyl amines with benzoyl peroxide do not yield O-
benzoylhydroxylamines but rather hydroxybenzani-
lides.  Several mechanisms for these reactions have
been proposed,®=8 but experimental verification for

(3) S. Gambarjan and O. Cialtician, Ber., 60A, 390 (1927).

(4} M. A. Gteenbaum, D. B. Denney and A. K. Hofmann, Tis
Joornan, T8, 23563 [1056),

sy 10T Lidward, S e Sae, 1361 (10510
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any one of them has been lacking. In order to fur-
ther study these reactions diphenylamine was al-
lowed to react with benzoyl peroxide labeled with
oxygen-18 in the carbonyl positions.® The hy-
droxybenzanilide (II) obtained contained 959 of
the excess oxygeu-18 originally present in one of the
carbonyl groups of the benzoyl peroxide. Evi-
dently some loss of oxygen-18 occurred during the
isolation and purification of the amide. Basic hy-
drolysis of II yielded o-hydroxydiphenylamine

Oit
O a—
i T
CeHsCOL o CALNTN 7 = CHC0.H
C H.T NH =0
1C o Ha),NE .
: g CoHs

which contained 459 of the excess oxygen-18 pres-
ent in II. Since it has been demonstrated that
monopherols do not undergo oxygen-18 exchange
under basic conditions,’ one can then assign the
following distribution of oxygen-18 to II, car-
bonyl oxygen 359, of the excess and the phenol
oxygen 45% of the excess. The results show that
practically complete equilibration of the label has
occurred. These data coupled with those obtained
from the dibenzvlamine reaction reported above
allow the formulaticn of a mechanism for these re-
actions. It seems only reasonable to assume that
the initial reaction proceeds to give O-benzoyl-N,N-
diphenylhydroxylamine (III) in which the oxygen-

QB

{CoH ) N—0=-CCH,
111

18 label is localized in the carbonyl oxygeu. This
postulation follows naturally from the dialkyla-
mine reaction. That IITis an intermediate in this
reaction and can isomerize to IT has been demon-
strated by allowing diphenylhydroxylamine to react
with benzoyl chloride; from this reaction II was
obtained.

It has been stated that in general there is no
evidence for free radical formation in secondary
amine-peroxide systems.! The evidence is indeed
confused but some of the products obtained can be
explained most easily by the use of radical mecha-
nisms. For several reasons it is felt that the rear-
rangement of III, which ultimately leads to II, is
an ionic process. One is the fact that the rear-
rangement of arylhydroxylamines to aminophenols
by an ionic inechanism is well known.!! Another
important point stems from the report® that di-
phenylamine and acetyl peroxide react to form N-
o-hydroxyphenylacetanilide, which is analogous to
II. The initial product of this reaction is umn-
doubtedly O-acetyl-N,N-dipheuylhydroxylamine.
Rearrangement of this material by a homolytic

(6) 1.. Horner and W. Kirmse, Aan., 697, (6 (1955).
(7) J. E. Leffler ond W. B. Tlond, Tars Jourxaw, 78, 335 (1056).

(8Y W. 3. Bond. J. Pulymer Sei,, 22, 181 (1856).

(4 The progedure followed wasz that of S. Gambarjan, Ber., 42.
4003 {1401},

(10) T. A. Makelkin, dcta Physicoching. U.R.S.S., 16, 88 (1912);

AL, 87, 2330 (1913,
(11) C. K. lugold, **Structure aund Mechanism in Organic Chemis-
try " Corncll University Press, Ithaca, N. Y., 1933, pp. 621-624.
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process would involve the formation of acetoxy
radicals which are known to decarboxylate spon-
taneously!?; thus the acetanilide cannot be formed
by this radical process. It should not be construed
from the statements above that O-acetyl-N,N-di-
phenylhydroxylamine cannot undergo homolysis to
an acetoxy radical, since this may well occur,
but it will not lead to the acetanilide. Finally the
oxygen-18 results are not compatible with a homo-
lytic process for the rearrangement of III, since
rearrangement via a benzoyloxy radical would give
complete equilibration of the label. The oxygen-18
data do indicate practically complete equilibration
so they cannot be used to eliminate unequivocally
the formation of a benzoyloxy radical.

An ionic mechanism quite adequately explains
the results obtained. Itisrepresented by the equa-

tions
o 7
‘\‘V’J .
t -
I —{s*N AY | - N — N-H
i HO
J i N
i _J OCC¢H, s~ OCCeH;
v ] \Y%
A” =potential benzoate ion I¢I

The partial equilibration of the label must occur
during the conversion of III to IV since the isomeri-
zation of V to II is a simple intramolecular addi-
tion of the amine nitrogen of V to the carbonyl
carbon atom followed by ring opening and proton
transfer. These transformations cannot account
for oxygen-18 equilibration. The partial equili-
bration observed is reminiscent of several ion pair
reactions studied earlier,!® and this isomerization
undoubtedly falls into this class of reactions. Dis-
crete structures involving partial bonding to the
oxygens of the potential benzoate ion in the ion pair
or pairs can be written.!® This has not been done
in this case since it is impossible to know what
their relative contributions are.

It should be emphasized that the amount of oxy-
gen-18 equilibration observed in a transformation
such as IIT to IV should be controlled to some de-
gree by the reaction conditions; for example one
would expect that a better ionizing solvent would
lead to even more equilibration than was found in
the present experiment. It is therefore important
to realize that the percentage equilibration prob-
ably cannot be generalized to any system; how-
ever, the over-all mechanism is undoubtedly the
same for all secondary aryl and aralkyl amines.

Phenol Reactions.—It has been known for many
years that phenols react quite rapidly with benzoyl
peroxide. Until quite recently there was consider-
able confusion concerning the mechanism of these
reactions. Walling and Hodgdon!? have reported a
series of experiments which enabled them to sug-
gest that the reactions were almost certainly ionic
reactions.

(12) Reference 1, p. 493.

(13) D. B. Denney and D. G. Denney, THis Jour~aL, 79, 4806
(1957); D. B. Denney and B. Goldstein. ibid., 79, 4948 (1957).

(14) C. Walling and R. B. Hodgdon, Jr., tbid., 80, 228 (1958).
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As a part of the study of the reactions of nucleo-
philes with peroxides, work in this Laboratory has
been in progress concerning the reactions of phenols
with benzoyl peroxide. The reaction studied was
that of p-cresol with benzoyl peroxide,®® labeled
with oxygen-18 in the carbonyl groups. The reac-

OH on §
018 A{OCCGHS
1l = =z
[CeHCOl + | | — CeH,COH + Kr) —
CH; v CHs
i
O0—C—C¢H; OH
OH OH
= OH~- 2\](
ey T K') + CoH,COH
CHs ypp CHs i1

tion proceeds to give initially 2-hydroxy-5-methyl-
phenyl benzoate (VI) which rapidly isomerizes to a
mixture of VI and 2-hydroxy-4-methylphenyl ben-
zoate (VII) which was the compound isolated. Oxy-
gen-18 analysis of VII showed that it contained es-
sentially all of the excess oxygen-18 originally pres-
ent in one carbonyl group of the benzoyl peroxide.
Hydrolysis of VII to 2-hydroxy-4-methylphenol
was effected by solution in aqueous potassium hy-
droxide at room temperature. Acidification after
30 minutes afforded VIII. Oxygen-18 analysis of
VIII showed it contained 139, of the excess oxygen-
18 present in VII. It seems inconceivable that
exchange of oxygen-18 took place under these
conditions and therefore one can assign the follow-
ing distribution of oxygen-18 to VII, 879, of the ex-
cess oxygen-18 in the carbonyl group and 139, of
the excess in the phenolic hydroxyl group.

From a mechanistic point of view these results
completely eliminate the formation of a benzoyloxy
radical during the reaction, since this would have
led to VII in which half of the oxygen-18 was in
the ester carbonyl and the other half was in the
phenolic hydroxyl group. These results do sup-
port the mechanism proposed by Walling and
Hodgdon,!* with one minor change. Their mech-
anism is outlined below, where IX represents the
transition state for the displacement reaction and

J CeHs 1 -

070

H\ | 9_‘\(3\

- (J)..O\C’:Oi e O ZeCH,
AN CeH; | X

X N
OH
Y

A

s 0CCAH;

X is an unstable perester. It was suggested that
X forms product by an intramolecular rearrange-
ment similar to the Claisen rearrangement.

(15) S. L. Cosgrove and W. A. Waters, J. Chem. Soc., 3189 (1949).
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Since it has been demonstrated that displace-
ment by amines and phosphines takes place on
the oxygens of the peroxide link it seems reasonable
to assume that the same is true in the phenol
reactions. Formation of X proceeds then as sug-
gested.!* The tracer experiment shows that re-
arrangement of X leads to some equilibration but
that the carbonyl oxygen retains 8797 of the excess
oxygen-18. These results can be explained in
terms of an ion pair or ion pairs, XI, which allow

-

0 H (])
- H
o M_O"C&CaHs —— product
LA

4

A% = potential henzoate ion

sonie equilibration.!® It is interesting to note that
much less equilibration occurred in this rearrange-
ment than in the diphenylamine-benzoyl peroxide
system. This probably is due, at least in part,
to the greater instability of the potential cation of
XTI relative to that derived from III. This is due
to the fact that in XTI the positive charge can only
be dispersed over one ring and it also involves a
partial positive charge on oxygen rather than the
less electronegative nitrogen. Other factors such
as solvent and reaction temperature also can affect
the extent of equilibration.

It is quite clear that reactions of benzoyl per-
oxide with nucleophilic substances can be quite
rapid and can supersede the normal homolytic
cleavage. It is therefore important to consider
such reactions when working with these systems.
For example Barson and Bevington!” recently have
shown that benzoyl peroxide decomposes in the
presence of thiophenol to give benzoic acid in
essentially quantitative yield. They have in-
terpreted their results i terms of a mechanism
involving homolytic cleavage of benzoyl peroxide
followed by reaction with thiophenol. Tt seems
more likely that this is a process similar to the amine
and phenol reactions and it probably should be
reinvestigated before their interpretation is ac-
cepted.

Acknowledgments.—It is a pleasure to acknowl-
edge the generous financial assistance of the Alfred
P. Sloan Foundation. Some of the mass-spectral
analyses were performed by Dr. Paul Schleyer and
also the Colgate-Palmolive Co. whose assistance we
gratefully acknowledge.

Experimental's

Benzoic Acid-COBOBH.—The procedurc of Denncy and
Denitley!® was followed exactly. The vield was 969, of
mlaterial, m.p. 121-122°, (lit.1? 123-124°) containling 1.31
atom 9 excess oxygen-18 in each oxygen. The anilide was

(16) Reference 13 contains a much nore complcte discussion of the
presunted structures of ion pairs of this type; see also S. Winstein
and G. C. Robinson, THIS JoUrRNAL, 80, 169 (1958).

(17) C. A. Barson and J. C. Bevington, Tetrahedron, 4, 147 (1958).

(18) Oxygen-18 analyses were carried out using the method of W. E.
Doering and E. Dorfman, TH1s JoOURNAL, 78, 5595 (1953}, as modified
by . B, Denney and M. A. Greenbaum, #bid., 79, 979 (1937). The
atom %, excess oxygen-18 reported is an average of at least two sepa-
rate analyses; accuracy estimated as =0.01 atom %. The melting
points were taken on a Fisher-Johns melting point apparatus and are
uncorrected.

DoxNarp B. DENNEY AND DoOROTHY Z. DENNEY

Vol. 82

prepared by standard methods, m.p. 159-160° (1it.1? 161°),
and was found to contain 1.28 atom 9, excess oxygen-18.

Benzoyl Chloride-COBCl,—The procedure of Denney and
Denney!® was followed. The yield was 90.4%, b.p. 93-94°
(27 mm.).

Benzoy! Peroxide-carbonyl-O%®.—To a stirred mixture of
51.7 g. (0.455 mole) of 30% hydrogen peroxide, 96.5 g.
(0.91 mole) of sodium carbonate and 135.0 g. (1.61 moles) of
sodium bicarbonate in 2.2 1, of water was added at 0°, 128 g.
(0.91 mole) of benzoy! chloride-carbonyl-O®. This inixture
was stirred for 10 hours; the solid which formed was sepa-
rated by filtration. It was then washed thorouglily with
water to afford 106 g. (96.29) of crude product, m.p.
108-110°. This was recrystallized from chloroforin-metlr
anol to yield 67 g.(60.5%) of benzoy! peroxide-carbonyl-O®%,
m.p. 109.5-110.5° (1it.2 108°). Analysis sliowed it con-
tained 1.32 atom %, excess oxygen-18 in each carbony! oxy-
gen. This benzoyl peroxide was used in the reaction with
diphenylamine.

Another sample of benzoyl peroxide was prepared from
benzoic acid containing 1.31 atom 9, excess oxygen-18 in
each position. This sample analyzed for 1.31 atom 9, ex-
cess oxygen-18 in each carbonyl position and was used in tlie
dibenzylamine reaction and tlie reaction with p-cresvl.

O-Benzoyl-N,N-dibenzylhydroxylamine-carbonyl-O18,—
A solution of 14.52 g. (0.06 mole) of benzoyl peroxide-car-
bonyl-O% in 240 ml. of ether was added to 23.64 g. (0.12
mole) of dibenzylamine dissolved in 100 ml. of ether. The
reaction 1nixture was allowed to reflux for 7 hours and was
then washed with a solution of 20 g. of sodium carbonate in
200 ml. of water. After washing with water and drying with
magnesium sulfate, the ether was evaporated in a strean of
nitrogen. There was obtained 18.0 g. (949%) of crude uta-
terial, m.p. 81-90°, which was recrystallized froin methanol
to vield 11.0 g. (579%) of product, m.p. 94-95° (lit.3 95.5-
96.5°). Analysis showed that this material contained 1.32
atom 9, excess oxygen-18.

Ethanolysis of O-Benzoyl-N,IN.dibenzylhydroxylamine-
carbonyl-O%®,—A solution of 10.0 g. (0.031 mole) of O-ben-
zoyl-N,N-dibenzylhydroxylamine-carbonyl-O® in 300 ml. of
dry ether was added to 0.043 mole of sodium ethoxide in 90
ml. of absolute ethanol and allowed to stand at 25° for 18
hours. After washing with 200 ml. of water, the dibenzylliy-
droxylamine was precipitated, from the organic phase, as
its oxalate by the addition of 8.0 g. (0.089 mole) of oxalic
acid in 400 ml. of ether. The heavy yellow precipitate was
filtered, washed with ether and stirred with aqueous sodiun1
carbonite for 4 hours. After drying there was obtained 3.9
g. (639%) of crude dibenzylhydroxylainine, m.p. 125-1268°,
wlich was recrystallized from methanol to vield 3.5 g.
(56.59%,) of material, m.p. 125-126° (lit.3 123°). Analysis of
tle dibenzylhydroxylamine showed it coittained 0.01 atom
S0 excess oxygen-18.

The combined ether extracts were washed with dilute
aqueous hydrochloric acid, 5% sodium carbonate solution
and water. After drying over magnesium sulfate, the ether
was evaporated on a steam-bath to yield 3.1 g. (67%) of a
red oil. This was molecularly distilled at 20 min.; oile frac-
tiott, b.p. (block) 103-111°, was analyzed and found to con-
tain 1.31 atom %, excess oxygen-18. The infrared spectruin
of this material was identical to that of an authentic sample
of ethyl benzoate.

Labeled II.—A solution of 24.2 g. (0.10 mole) of benzoyl
peroxide-carbonyl-O%® in 125 ml. of chloroform was added
over one hour to a cooled mixture of 16.9 g. (0.10 mole) of
diphenylamine in 100 ml. of chloroform. The resulting
mixture was extracted with 5% aqueous sodiuin bicarbonate,
water and then dried over magnesium sulfate. The chlorn-
fortl was rentoved in vacuo and the residue was triturated
with ether. In this manner there was obtained 7.83 g.
(27%) of tan crystals, m.p. 212-214°. Recrystallization
fromn acctone yvielded pure II, m.p. 215-217° (lit.9 214°).
Atlalysis showed it contained 1.25 atomn 95 excess oxygen-18.
The infrared spectrum was cominensurite with tlie assigned
structure.

Hydrolysis of Labeled II.—A mixture of 3.0 g. (0.014
mole) of IT and 20 ml. of 109, aqueous potassium hiydroxide

(18) R. L. Shriner and R. C. FPuson, ""The Systematic Identification
of Organic Compounds,” John Wiley and Sons, Tnc., New York, N. Y.,
1940, p. 191.

(200 N. A. Lange, “Handbook of Chemistry,” Handbook Publishers,
Sandusky, Ohio, 1946, p. 374.
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was refluxed, under nitrogen, for 11 hours. The solution was
brought to pH 8 by the addition of dilute hydrochloric acid;
after standing for one hour 1.72 g. (92%) of crude o-hy-
droxydiphenylamine, m.p.60-68°, was obtained. A portion
of this product was purified by sublimation, followed by
recrystallization from hexane to yield pure material, m.p.
70-71° (lit.? 69-70°). The o-hydroxydiphenylamine was
analyzed and found to contain 0.56 atom 9, excess oxygen-
18. The infrared spectrum was commensurate with the as-
signed structure.

Nitrosobenzene.—The procedure of Coleman, McCloskey
and Stewart?! was followed exactly. The yield was 489%,
m.p. 67-68° (lit.? 67°).

Diphenylhydroxylamine.—The method described by Wie-
land and Roth?? was followed; the yield of crude material
was 1.5 g. (9.8%,), m.p. 56-60°, which after crystalliza-
éié)gl)from benzene-pentane gave product, m.p. 60-61° (lit.2?

Reaction of Diphenylhydroxylamine with Benzoyl Chlo-
ride.—To a cooled mixture of 1.0 g. (0.0054 mole) of di-
phenylhydroxylamine and 1.28 g. (0.0054 mole) of pyridine in
12 ml. of chloroform was added 0.76 g. (0.0054 mole) of
benzoyl chloride in 5 ml. of chloroform. The reaction mix-
ture was allowed to stand for 22 hours. The chloroform was
removed in a stream of nitrogen on a steam-bath and the
residue was dissolved in boiling acetone. Upon cooling there
was deposited 0.3 g. (209%) of crude II, m.p. 207-212°,

(21) G. H. Coleman, C. McCloskey and F. Stewart, Org. Syntheses,
25, 80 (1945).
(22) H. Wieland and K. Roth, Ber., 53. 210 (1920).
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Recrystallization from acetone afforded product, 1m.p.
219-220°. A mixed melting point with labeled II showed no
depression, also their infrared spectra were identical.

Labeled 2-Hydroxy-4-methylphenyl Benzoate (VII).—A
mixture of 24.2 g. (0.10 mole) of benzoyl peroxide-carbonyl-
OB and 10.8 g. (0.10 mole) of p-cresol in 125 ml. of benzene
was refluxed in a nitrogen atmosphere for one hour. After
washing with 109, potassium carbonate solution and water,
the benzene layer was dried over magnesium sulfate. The
benzene solution was chromatographed on silica gel, the
major fraction was collected using benzene-ether, 90:10, as
eluent. The crude product, 14.5 g. (629%), was recrystal-
lized three times from benzene-hexane to yield product,
m.p. 163-164° (lit.%» 163°). Oxygen-18 analysis showed
1.30 atom % excess oxygen-18. The infrared spectrum was
commensurate with the assigned structure.

Hydrolysis of Labeled VII.—To 3.0 g. (0.013 mole) of
labeled VII was added 1.14 g. (0.02 mole) of potassium hy-
droxide in 12 ml. of water, the mixture was allowed to
stand at room telnperature, in a nitrogett atmosphere, for 30
minutes. It was then brought to pH 8 by the addition of
dilute hydrocliloric acid. The solution was extracted with
ether which was dried with magnesium sulfate. Removal
of the ether afforded 1.3 g. (81%,) of a red oil which was sub-
limed at 42° (0.025 mm.). A portion of the sublimate was
recrystallized from benzene~pentane to give pure 2-hydroxy-
4-1nethylphenol, m.p. 65-66° (lit.1* 65°). Analysis showed
it to contain 0.17 atom %, excess oxygen-18. The infrared
spectrum was commensurate with the assighed structure.

NEeEw BRUNSWICK, N. J.
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Concerning the Mechanism of the Reduction of Hydroperoxides by Trisubstituted
Phosphines and Trisubstituted Phosphites!

By DonaLp B. DENNEY, WILLIAM F. GOODYEAR? AND BERNARD GOLDSTEIN
RECEIVED SEPTEMBER 14, 1959

Reduction of ¢rans-9-decalyl hydroperoxide by trisubstituted phosphines yielded ¢{rans-9-decalol.

Cumene hydroperoxide

was reduced with triphenylphosphine in ethanol-H;O® to give cumyl! alcohol and triphenylphosphine oxide, neither of which
contained excess oxygen-18. Similar results were obtained when frans-9-decalyl hydroperoxide was reduced with tri-n-

butylphosphine in the presence of H,O®,
peroxides with trisubstituted phosphites.
on the hydroxyl group of the hydroperoxide.

The reaction of hydroperoxides with trisubsti-
tuted phosphines was first reported by Horner and
Jurgeleit.?* The reaction was found to be a simple

R’O0H + R;P —> R'OH + R;PO

one which proceeds to give the phosphine oxide and
the alcohol derived from the hydroperoxide. These
authors suggested a general mechanism for this and
similar reactions, but did not attempt to elaborate
any detailed mechanisms.

More recently Walling and Rabinowitz* have
found that trialkyl phosphites also react with hy-
droperoxides to give trialkyl phosphates and the
alcohol derived from the hydroperoxide. They

R'OOH + (RO);P —> R’OH + (RO);PO

studied the reaction of #-butyl hydroperoxide with
triethyl phosphite, which gave f-butyl alcohol and
triethyl phosphate. Work in this Laboratory has
confirmed the generality of their findings.5

(1) Support of part of this work by Research Corporation is grate-
fully acknowledged.

(2) National Science Foundation Predoctoral Fellow, 1957-1959.

(3) L. Horner and W, Jurgeleit, Ann., 591, 138 (1955).

(4) C. Walling and R, Rabinowitz, THis JourRNaL, 81, 1243 (1959).

(5} Unpublished work of R, Ellsworth,

A mechanisni is proposed for these reactions and the analogous reactions of hydro-
The fundamental step of the mechanisin involves displacement by the nucleophile

Apparently no studies of the mechanism of these
reactions have been made, although Walling and
Rabinowitz have suggested a mechanism.? One
piece of evidence which is pertinent to any discus-
sion of mechanism is the finding by Davies and
Feld® that optically active a-phenylethyl hydro-
peroxide is reduced by triphenylphosphine with
complete retention of configuration to «-phenyl-
ethyl alcohol.

It was the purpose of the work presented in this
report to study the mechanism of these reactions.
It has been found that ¢trans-9-decalyl hydroperox-
ide is reduced by triphenylphosphine to trans-9-
decalol, thus indicating, in agreement with Davies
and Feld,® that these reactions proceed with reten-
tion of configuration. The fact that trans-9-deca-
lol was the only product isolated is not conclusive
proof that the reaction proceeds exclusively with
retention of configuration, since small amounts of
the c¢is isomer could have been lost during the iso-
lation. A mixture of ¢is- and frans-9-decalols
would probably have formed if during the reaction
a 9-decalyl carbonium ion was an intermediate.

(8) A. Davies and R, Feld, J. Chem. Soc., 4637 (1958).



