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known components from reactions of amides other than 1f were
the same ones as listed above, with slight variations in percen-
tages. Analysis by glpc was also performed using column C
(50-300°, 2°/min) and né*additional components were observed.

Hydrolysis of Diamides (Fraction D).—The diamides (380 mg)
were hydrolyzed to the corresponding diacids by exactly the same
procedure used for hydrolysis of fraction C.  This gave diacids
(230 mg, 929%,) which were esterified with CH,N; and analyzed by
glpe (column C, 150-300°; 2°/min) and by combined glpe-mass
spectrometry giving the following results in peak number (rel
retention time, percentage, number of corresponding diamide in
text): 1 (1.00, 0.8, 13), 2 (1.26, 6.1, 14), 3 (1.51, 21.9, 15), 4
(1.61, 6.6, 16), 5 (1.77, 25.2, 16), 6 (1.85, 8.7, 17), 7 (2.00, 12.4,
17), 8 (2.09, 7.4, 18), 9 (2.24, 4.9), 10 (2.32, 3.0), 11 (2.55, 1.2).
Typical of the mass spectra obtained in this series and characteris-
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tic of diesters is that observed from peak 3: m/e (vel intensity)
241 (10) (M — 31), 199 (25); 167 (25), 126 (40), 112 (84), 98
(84), 74 (82), 55 (100). The other peaks simply gave rise to
homologous spectra. Branching was firmly established by com-
parison of retention times to those of authentic straight-chain
diesters, for example, dimethyl tridecanedioate, rel retention
time 1.66, compared to 1.51 for 15,
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Oxidation of 2,3-diphenylpropanocic acid by pyridine N-oxide in the presence of acetic anhydride yields the
normal decarboxylative oxidation product deoxybenzoin (7, 25%) in addition to the cis and trans isomers of 2,3-

diphenylpropenoic acid (8, 20%,) and 2-acetoxy-2,3-diphenylpropanoic acid (9, 43%).

The production of 8 and 9

is taken as further evidence that a key intermediate bearing a.cationic site & to a carboxyl function (in this case 6)

is involved in such reactions.

The mass spectral fragmentation pattern of methyl 2,3-diphenylpropenoate is dis-

cussed in terms of a 1,3-methoxy] migration in the parent radical cation.

Certain carboxylic acid anhydrides which possess an
acidic « hydrogen atom may be oxidatively decar-
boxylated by aromatic amine oxides.2=3 For example,
the oxidation of phenylacetic anhydride by pyridine
N-oxide produces benzaldehyde and proceeds accord-
ing to the following stoichiometry.

(CGHSCHZCO)2O + 2C:H:NO —>
CeH;CHO + 2C;H;N + CO; + C¢H;CH,CO,H

In the presence of acetic anhydride, the correspond-
ing carboxylic acid is readily oxidized in a similar man-
ner.?5 The first step in the reaction is thought?—?
to involve reversible acylation of the N-oxide to give
cation 1. Deuterium isotope effect studies® and the
requirement for an o hydrogen atom?®:%3 gsuggest the
reversible formation of an enol species 2 prior to the
rate-determining step in which 2 is attacked in an Sx1’
manner’ by a second N-oxide molecule to yield the N-
{a-carboxybenzyloxy)pyridinium ion 4. In the latter
step, the reactive electrophilic species 3 would be an
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intermediate.® Decarboxylative fragmentation of 4
with loss of pyridine would then lead to the major
observed products. The scheme is consistent with the
kinetics observed by Koenig.* Some such electrophilic
intermediate has been trapped by acetic acid and by
pyridine, each utilized as a solvent.®* In the present
paper, we present additional evidence for a cationic
intermediate of type 3 in the oxidation of carboxylic
acids by pyridine N-oxide.

Although one of the most characteristic reactions of
carbocations is the loss of an adjacent proton to yield

(8) The conjugate base of 8, which is the open form of an a-lactone,®
appeared as a reasonable intermediate at one time? but Ruchardt® has re-
ported experiments, which have been confirmed by Koenig,!® indicating that
the behavior of a related a-lactone is unaffected by the presence of pyridine
N-oxide,

(9) O. L. Chapman, P. W. Wojtkowski, W. Adam, O. Rodriquez, and R.
Rucktiischel, J. Amer. Chem. Soc., 94, 1365 (1972).

(10} T. Koenig and T. Barklow, Tetrahedron, 88, 4875 (1969).



3738 J. Org. Chem., Vol. 88, No. 21, 1978

an olefin, there are no reported cases of the production
of an a,f-unsaturated carboxylic acid from the satu-
rated acid by mesans of pyridine N-oxide, Such a
process might be expected to be quite favorable for the
cation 6, which, after proton loss, would yield the ex-
tensively conjugated 2,3-diphenylpropenoic acid (8).
The electrophilic species 6 would presumably be an
intermediate in the oxidative decarboxylation of 2,3-
diphenylpropanoic acid (8) by pyridine N-oxide.
Alternatively, attack by the N-oxide on 6 would lead to
deoxybenzoin (7), the expected redox product.

CoH; CH)(IDHCO H SENO, —— C.H, CHaCCO H
|
CGHE C5H5
5 6
lAcO’
(") ~H* OAc
|
" CH,CHCCH, CH,CH==CCOH CeH,CH,CCO.H
7 (23%) ' '
) . CeH; CH;
8 (29% cis, 17% trans) 9 (43%)

When a benzene solution of pyridine N-oxide was
slowly added dropwise to a refluxing solution of 2,3-
d1pheny1propan01c acid (5) and excess acetic anhydrlde
in benzene, under mtrogen, the expected products
(7, 8, and 9) were formed in the indicated yields, based
on 2,3-diphenylpropa_noic acid consumed. A 3.29,
vield of benzoin was also obtained. The ¢is- and trans-
2,3-diphenylpropenoic acids (8) were identified by
comparison of the glpe retention times and mass spec-
tra of their methyl esters with those of authentic
samples. The benzoin .and deoxybenzoin had the
same retention times as authentic samples. The ester 9
was identified by comparison of the spectral data of an
isolated ‘sample ‘with those of an authentic specimen
and by hydrolysis to the known 2,3- dlphenylglycohc
acid, which was identical with an authentxc sample.

The benzoin may very well arise by oxidation of the
deoxybenzoin by traces of air in the nitrogen that
flowed through the system throughout the reaction.
A control test indicated that air oxidation occurs in the
presence of pyridine, but not in its absence, even when
pyridine N-oxide is present. Benzoin is also not pro-
duced by the reaction of deoxybenzoin (7) with pyr-
idine N-oxide in the presence of acetic anhydride.

The production of acetylmandelic acid from the
reaction of phenylacetic acid with pyridine N-oxide
in the presence of acetic anhydride has been noted pre-
viously, the highest yield (10.5%) being obtained in
acetic acid as solvent.? The much higher yield in the
present case may be due, in part, to the deficiency of
pyridine N-oxide as maintained by its slow addition.

It is very difficult to rationalize the production of the
unsaturated acids 8 and the ester 9 without invoking an
intermediate with an electrophilic site at the « position.
In view of the previous evidence for such an intermedi-
ate in the production of the aldehydes and ketones as
well,. it is satisfying to-consider the same species (6)
as the precursor of all three major products.

An interesting anomaly was observed in the mass
spectral fragmentation pattern of the methyl ester (10)
of 2,3-diphenylpropenoic acid. The base peak for the
ester was m/e. 121 corresponding to a P — 117 frag-
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ment or loss of CH;CCO. Such an abundant ion

could arise by a 1,3-methoxyl shift and subsequent bond
cleavage.

The ion also oceurs, but in low abundance (29,),!
in the mass spectrum of the related ester methyl 3-
phenylpropenoate (methyl cinnamate). The most
abundant ion (P — 31) of the latter compound is due
to the loss of the methoxyl radical. It is likely that
the benzene ring lowers the energy of activation for the
rearrangement of 10 to 11 by stabilizing the develop-

H _CH, H . _CH,
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cH” ‘Lu\\c =0* CH” ] Ne=o07
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CH,C==C=0 + C,H,CH==0CH,
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ing radical so that this process becomes faster than Joss
of a methoxyl radical.

Experimental Section'?

2,3-Diphenylpropanoic Acid (5).—This compound was pre-
pared13 by the hydrolysis of 2,3-diphenylpropicnitrile, which was
itself prepared!? by benzylation of the sodium salt of phenyl-
acetonitrile. The acid had mp 88~89°; it was long ago reported!*
that this material exists in three modifications with mp 82, 88—
89, and 95-96°, and all three melting points have been reported
in subsequent work.!%% The acid had an nmr (CCl) singlet at
r — 1.35 (1 H, acid H), multiplet at 2.70-3.15 (10 H, aryl H),
and multiplet at 6.10-7.28 ppm (3 H, « and 8 H).

Reaction of 2,3-Diphenylpropanoic Acid (5) with Pyridine N-
Ozxide.—A solution of 1.6 g (17 mmol) of pyridine N-oxide in
20 m! of benzene was added dropwise over a period of 2 hr to a
refluxing solution of 1.9 g (8.4 mmol) of 2,3-diphenylpropanoic
acid and 3.3 g (34 mmol) of acetic anhydride in 20 ml of benzene
under a nitrogen atmosphere. After the solution had been
heated at reflux for 18 hr, another 1.6 g of pyridine N-oxide in 15
ml of benzene was added in one portion. This process. was re-
peated two “additional times at 12-hr intervals and the mix-
ture was maintained at reflux for 12 hr after the last addition of
the N-oxide. The cooled reaction mixture was divided into two
parts.

The major part (81% by weight) was thoroughly washed with
saturated sodium bicarbonate (125 ml). The alkaline aqueous
solution was washed once with ether and the ether wash was
combined with the organic layer. The aqueous solution was
made strongly acidie with dilute HCl and extracted with ether.
Evaporation of the dried (MgSO.) ether extract gave 0.33 g of
acidic material, which was treated with ethereal diazomethane to
give the following four methyl esters in order of glpc retention
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time: methyl 2,3-diphenylpropanoate, methyl ¢7s-2,3-diphenyi-
propenoate, methyl trans-2,3-diphenylpropenoate, and methyl!
2-acetoxy-2,3-diphenylpropanoate. The first three esters were
identified by comparison of retention times and mass spectra
(glpe-mass spectra) with those of authentic samples prepared by
gimilar methylation of the saturated. acid 5 and the two un-
saturated acids 8 (Frinton Laboratories). The mass spectra of
the two unsaturated esters were nearly identical: m/e (rel
intensity, assignment) 238 (71, P*), 207 (36, P+ — OMe), 179
(79, P+ — CO;Me), 178 (64, CeH:C=CCeH;), 165 (14), 152
(21), 121 (base, Pt — CgH:C=C==0, see text), 102 (14), 89
(29), 77 (29, CeH,t), and 51 (29).

The last component was isolated in the following way. The
above mixture of methyl esters was dissolved in 5 ml of meth-
anol and injected by syringe into a flask containing 25 mg of pre-
reduced Adams catalyst in 2 ml of methanol. The mixture
was stirred under a positive pressure of hydrogen for 6 hr, and the
catalyst was separated by filtration. By glpe, the methanol
was shown to contain only methyl 2,3-diphenylpropanoate and
methyl 2-acetoxy-2,3-diphenylpropanocate. The mixture was
separated into its components by chromatography on a silica gel
column (10 g, Baker) using n-pentane and benzene as eluents.
The acetoxy ester, which eluted last, was subject to flash dis-
tillation (260° bath temperature, 2 mm) to afford 76 mg of pure
material. No decomposition to the «,S-unsaturated esters of 8
occurred upon gas chromatographic analysis of this ester. The
infrared, nmr, and mass spectra of the acetoxy compound were
identical with those of an authentic sample: ir (neat) 1740
(C==0), 1250 (COC), 753, 730, 705 cm*; nmr (CDCl;) r 2.6-3.7
(m, 10 H, aromatic), 6.3 (center of AB quartet, 2 H, benzylic
protons), 6.43 (s, 3 H, OCH;), and 7.95 (s, 3 H, CH;CO);
mass spectrum m/e 238 (PT — HOAc), 207 (P* — HOAc —
OCH; or P+ — C¢H;CH,), 165 (P* — C¢H;CH, — CH,CO), 105,
77 (CeHst), 51, 43.

The benzene solution of the nonacidic fraction was dried and
analyzed by glpe. It consisted of benzoin and deoxybenzoin,
identified by coinjection with authentic samples.

The minor portion (19%) of the original reaction mixture was
treated with an ethereal solution of diazomethane, a weighed
quantity of benzophenone was added as an internal standard,
and quantitative glpc analysis was performed’ on an OV-17
column, with temperature programmed at 6°/min from 170 to
190°. The yields of the five products are indicated in the text.

It was shown that c¢is-2,3-diphenylpropenoic acid did not
isomerize to the trans isomer when its benzene solution contain-
ing acetic anhydride and pyridine N-oxide was maintained at
reflux for 36 hr.

Hydrolysis of Methyl 2-Acetoxy-2,3-diphenylpropanoate.—A
solution of the acetoxy ester (71 mg), isolated as above, in 1 ml of
ethanol was treated with 1 ml of 1 N potassium hydroxide in 1
ml of 95%, ethanol. The homogeneous solution was stirred at
room temperature for 18 hr under nitrogen. It was acidified with
dilute hydrochloric acid and extracted with ether. The ether
extract was dried (MgSO,) and evaporated to give 44 mg (76%
crude yield) of yellowish solid, mp 125-140°. Recrystallization
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-from benzene gave a colorless solid, mp 164-165° (lit.'* mp 168.0~

168.5°); mixture melting point with an authentic sample (mp
166.0-166.5°) of 2,3-diphenylglycolic acid was 165~167°. The
ir and nmr spectra of this material were identical with those of
the authentic sample.

2,3-Diphenylglycolic Acid.—A solution prepared by mixing
10 g of chalcone oxide'” and 13 ml of 309, sodium hydroxide with
50 ml of 95% ethanol was heated at réflux for 90 min, poured
into 500 ml of water, and acidified with 4 N hydrochloric acid
(20 ml). The yellow precipitate (7.5 g, mp 161-164°) was re-
crystallized from benzene to give a white solid, mp 166.0-166.5°
(lit.* mp 168.0-168.5°). Its nmr spectrum (acetone-ds) corre-
sponded with that in the literature.’

Methyl 2-Acetoxy-2,3-diphenylpropanoate.—A solution of 2.0
g of 2,3~diphenylglycolic acid in 10 ml of anhydrous ether was
cooled in an ice bath and treated with excess diazomethane in
ether to give 2.1 g of the methyl ester, mp 88-89° (lit.’¥ mp 88~
89°); its nmr and ir spectra were consistent with the assigned
structure. A mixture of 1.34 g (52.3 mmol) of this methyl ester,
10 ml of acetyl chloride, and 10 ml of N,N-dimethylaniline in 30
ml of chloroform was heated at reflux (62°) for 36 hr, cooled in an
jce bath, and thoroughly mixed with 100 ml of ice water. The
deep blue organic layer was washed extensively with water and
saturated sodium bicarbonate solution. Evaporation of the
dried (magnesium sulfate) organic layer yielded a deep brown
oil which was chromatographed on 25 g of silicic acid gel (Baker)
using benzene as the mobile phase. The resulting 1.75 g of clear,
colorless liquid was distilled to give a glassy liquid (1.22 g, 78.5%,
yield), bp 139-140° (0.2 mm). Its spectral properties are given

above.
Anal. Caled for CsHyis04: C, 72.47; H, 6.08. Found: C,
72.58; H, 6.15.

Oxidation of Deoxybenzoin (7) to Benzoin.—A solution of

1.65 g of deoxybenzoin and 2 ml of pyridine in 20 ml of benzene

was allowed to remain at room temperature under slow air
ebullition for 24 hr. Analysis by glpe indicated that about 3%,
of benzoin was produced. None of the latter was produced
in the absence of pyridine, even when pyridine N-oxide was
present. Neither was benzoin produced when a benzene solution
of deoxybenzoin containing acetic anhydride and pyridine N-
oxide was maintained at reflux for 2.5 days.
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