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give 20 g of product, mp 160-162°, which had an infrared spec-
trum identical with that of 8e described in part A.

1,3-Disubstituted 4-Imino-1,3-imidazolidine-2,5-dione. Proce-
dure A (from Acetone Cyanohydrin) (10a, 10d, 10e, and 10f) —To
a solution of acetone cyanohydrin (0.1 mole), an isocyanate
(0.2 mole), and benzene (100 ml) was added triethylamine (0.5
ml). When an aryl isocyanate was used, an exothermic reaction
began immediately after adding the catalyst, and the reaction
was complete within 30 min. However, when alkyl isocyanates
were used, heating at reflux temperature for 3-5 hr was required
to complete the reaction. If the products did not crystallize out
of the cooled reaction solution, they were isolated by evaporation
of the solvent. The crude products were evaporated from
benzene, ethanol, or hexane, or a combination of them.

Procedure B (from 1-Cyanocyclopentanol, la) (10c and
10f).—To a solution of 1a (0.1 mole) and an isocyanate (0.2
mole) in benzene (50-100 ml) was added triethylamine (0.5-1
ml) to catalyze the reaction. If an exothermic reaction ensued,
it was allowed to proceed without additional heat. Otherwise,
the reaction solution was heated at reflux temperature for 3 hr.
The products were isolated and purified by the same techniques
used for the products formed from acetone cyanohydrin.

Procedure C (from Hydrogen Cyanide) (10a).—Benzene (100
ml) was cooled to 10° and hydrogen cyanide {generated from
0.5 mole of sodium cyanide) was bubbled into it. After the
addition of triethylamine (0.5 ml) the solution was added drop-
wise to a solution of 2a (15.3 g, 0.1 mole) in benzene (25 ml).
The resulting solid product was collected by filtration. It
weighed 8 g (489, yield) and melted at 200-201°. The infrared
spectrum was identical with that of the product (10e) prepared
by method A.

1,3-Disubstituted Parabanic Acids. Procedure A (lla, 1lc,
1le, and 11f).—To a hot solution of 1,3-disubstituted 4-imino-
1,3-imidazolidine-2,5-dione (10a, 10c, 10e, or 10f, respectively)
(0.002-0.04 mole) in ethyl alcohol (100-200 ml) was added
concentrated hydrochloric acid (25-50 ml). After slowly cooling
to room temperature, the colorless product crystallized from
golution. It was collected, dried, and recrystallized from an
appropriate solvent. The infrared spectra of the products showed
the following carbonyl absorption peaks: 11a,5.77 u; 1ll¢, 5.75u;
1le, 5.58 and 5.78 g; and 11f, 5.65 and 5.80 u.

Procedure B (11b and 1lle).—The intermediate 1,3-disub-
stituted 4-imino-1,3-imidazolidine-2,5-dione was prepared by any
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one of the procedures described above. Then the crude product
was dissolved in ethanol, hydrolyzed with hydrochloric acid, and
purified by the method described in procedure A. The infrared
spectrum of 11b showed absorption at 5.76 u (C=0).

Procedure C (11g).—The 1,3-disubstituted 4-substituted
carbamoylimino-1,3-imidazolidine-2,5-dione (12b) was hydro-
lyzed by the same general method used in procedure A. The
infrared spectrum showed absorption maxima at 5.68 and 5.85 u.

1,3-Dialkyl-4-alkylcarbamoylimino-1,3-imidazolidine-2,5-dione.
Procedure A (12a and 12b).—To a solution of an alkylisocyanate
(0.2-0.3 mole) and the cyanohydrin (0.1 mole) of acetone,
cyclopentanone, or cyclohexanone in benzene (100 ml) was added
triethylamine (0.5-1 ml). The solution was heated at reflux
temperature for 3-16 hr. Evaporation of the solvent left a
residue from which pure product was obtained by recrystalliza-
tion.

Procedure B (12a).—A solution of 10f (14.1 g, 0.1 mole),
methyl isocyanate (5.7 g, 0.1 mole), benzene (100 ml), acetone
(25 ml), and triethylamine (1 ml) was heated at reflux tempera-
ture overnight. The produet (2.5 g, 12.6%, yield) separated
from the cooled solution. It had an infrared spectrum which
was identical with that of 12a synthesized by procedure,

1,3-Disubstituted 4-Amino-2,5-imidazolidinedione (13a and
13b).—The imino compound 10a or 10f, respectively (0.01-0.03
mole), was dissolved in ethyl acetate (200 ml) and hydrogenated
in the presence of 5%, palladium on charcoal (0.5-1 g) in a Parr
pressure reaction apparatus at 60 psig for 2 hr at room tempera-
ture. After removal of the catalyst and evaporation of the
solvent, the residual product was recrystallized from a mixture
of benzene and hexane. The infrared spectra of the products
exhibited the following absorption maxima: 13a, 2.92, 2.99,
5.64, and 5.81 x; 13b, 2.95, 3.01, 5.60, and 5.85 u.

1,3-Dimethyl-4-arylureido-2,5-imidazolidinedione (14a, 14b,
and 14c).—To a stirred solution of 13b (0.02 mole) and an aryl
isocyanate (0.02 mole) in benzene (50 ml) was added DABCO
(0.1 g). An exothermic reaction began immediately. After
stirring for 30 min, hexane was added, and the solution was
cooled. The products (91-96%, yield) were collected and re-
crystallized from a mixture of benzene and hexane. The infrared
spectra of the products exhibited the following absorption
maxima: 14a, 2.96, 2.98, 5.62, and 5.95 »; 14b, 2.98, 3.02, 5.63,
and 5.92 u; 1l4c, 2.92, 3.01, 5.66, 5.82, and 6.05 u.
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Examination of the reaction of the N,5-diphenylisoxazolium cation with triethylammonium acetate has re-
vealed that 3-unsubstituted N-arylisoxazolium salts are not suitable for use in peptide synthesis, because of
ready base-catalyzed rearrangement of the derived enol ester acylating agents.

As part of an investigation? of the isoxazolium salt
method of peptide synthesis,®~% we have studied the
use of N-arylisoxazolium salts (1) for converting car-
boxylic acids to reactive enol esters (2). Isoxazolium
salts bearing an N-aryl substituent were of interest,
because they were expected to give enol ester acylating
agents 2 which would be resistant to a side reaction
encountered with the N-alkyl compounds. In pre-
vious work it was shown® that N-methyl enol esters
were subject to intramolecular rearrangement to keto-
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imides. It was hoped thaf the formation of ketoimides
(3) from enol esters of the type 2 would be relatively
slow as a result of the operation of steric and electronic
factors, associated with the presence of the N-aryl sub-
stituent, which would bring about a diminution of the
effective nucleophilicity of the nitrogen atom.

P, (I)COR
+
\ﬂ/\;NAr + RCOO™ —» PhC=CHCONHAr —>

1 2
Ar

PhCOCH,CONCOR
3

The method for synthesis of N-arylisoxazolium salts,
reported in an earlier communication,® involves con-

(6) R. B. Woodward and D. J. Woodman, J. Org. Chem., 81, 2039 (1966).
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densation of a hydroxymethylene ketone with an N-
arylhydroxylamine, followed by cyeclization of the
vinylogous hydroxamic acid (4) in concentrated sul-

PhCOCH=CHOH + ArNHOH —>

OH
| H804
PhCOCH==CHNAr —> 1

4

furic acid. The isoxazolium salts used in this study
were the bisulfate (5a) and perchlorate (5b) salts of the
N,5-diphenylisoxazolium cation and the zwitterion
N,5-diphenylisoxazolium-3¥-P2-sulfonate (6).

S0,~
Ph 0.+ ~ Ph O+ ’
LN —Ph A LN
5a, A”=HSO,” 6
b, A"=CIO,

The first synthetic test with the sulfonated reagent 6
revealed that the new compound was, surprisingly, not
as efficient in peptide synthesis as the previously studied
zwitterion, N-ethyl-&-phenylisoxazolium-3’-sulfonate
(7). When 6 was used for the coupling of carbobenzoxy-
glycine with glycylglycine ethyl ester, only 759, yield
of the desired carbobenzoxytriglycine ethyl ester was
obtained. Under the same conditions the reagent 7
was reported’ to give 919 of the pure tripeptide.

For the purpose of elucidating the nature of the diffi-
culties with the new reagent 6, the model reaction of
the unsulfonated N-arylisoxazolium perchlorate Sa with
acetate ion was investigated. It was found that the
desired enol ester, B-acetoxycinnamanilide (8), could
be prepared in 859, yield from 5a and triethylam-
monium acetate in dichloromethane, if excess acetic
acid was present and the base was added slowly to the

OCOMe

5a + Et:N + MeCO;H ——> Phé=CHCONHPh
8

stirred reaction mixture, Pure crystals of the enol
ester’8, stored in the cold with protection from atmos-
pheric moisture, appeared to be stable, and a dilute
solution of 8 in dichloromethane was unchanged after
2 days at room temperature. However, addition of
bases to organic solutions of 8 caused the ester to de-
compose. One equivalent of triethylamine added to a
0.1 M solution of 8 in dichloromethane brought about
the immediate disappearance of the enol ester carbonyl
absorption in the infrared spectrum of the solution.
Similar addition of 0.1 equiv of triethylammonium ace-~
tate resulted in rapid reduction of the enol ester band.
The product of the decomposition reaction, an isomer
of 8 isolated in 909, yield, has the nmr and infrared
spectral properties expected for the ketoimide, N-acetyl-
benzoylacetanilide (9). That the acetyl group had ac-

(7) R, A. Olofson, Ph.D, Thesis, Harvard University, 1961,
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Ph
base |
8 —> PhCOCH,CONCOMe

9

tually migrated onto nitrogen was confirmed by treat-
ing the decomposition product with benzylamine. The
nmr spectrum of the product mixture was consistent
with that to be expected of an equimolar mixture of the
four cleavage products, N-benzylacetamide (10), ben-
zoylacetanilide (11), acetanilide (12), and N-benzyl-
benzoylacetamide (13). The identification of the first
three compounds was supported by nmr and thin layer
chromatographic comparisons with authentic samples
of 10, 11, and 12,

PhCH:NH:
9 —> MeCONHCH.Ph + PhCOCH.CONHPh +
10 11
MeCONHPh + PhCOCH.CONHCH,Ph
12 13

Although rearrangement to ketoimides (3) may be
relatively slow as predicted for neutral enol ester mole-
cules of type 2, the base catalysis of the conversion of 8
to 9 suggests that a process involving the conjugate base
of the enol ester is a very ready one in these cases.
Spectral tests with enol esters from N-alkylisoxazolium
salts revealed no comparable degree of base sensitivity.
Apparently, then, the N-aryl substituent stabilizes the
enol ester anion to the extent that it is readily accessi-
ble, even with a weak base such as acetate ion; yet
the degree of stabilization of the anion is not sufficient
to make it unreactive in the O—N rearrangement of
the acyl group.

Enol ester rearrangement is the probable explanation
for the poor yield in the model peptide synthesis with
6, since in that test much of the initially formed enol
ester might have been converted to ketoimide by the ac-
tion of unconsumed triethylammonium carboxylate in
the reaction mixture. This explanation was supported
by the finding that the infrared absorption associated
with the carbonyl group of the enol ester was much
stronger in reaction mixtures obtained when the car-
boxylate ion concentration during reaction was mini-
mized by slowly adding the triethylamine to a suspen-
sion of 6 in a solution of acetic acid, than was the case
when the normal procedure of adding the solid 6 to a tri-
ethylammonium acetate solution was followed.

Rearrangement might also have taken place in the
synthetic test as a side reaction during the subsequent
reaction of the enol ester with the basic amine com-
ponent. A test reaction of 8 with benzylamine, for ex-
ample, gave not only 10 and 11, the expected cleavage
products from 8, but also 12 and 13. Assuming that
12 and 13, along with equimolar amounts of 10 and 11,
were formed by cleavage of 9, the relative amounts of
the four products (assayed by nmr spectroscopy) in-
dicated that rearrangement of 8 to 9 was favored over
direct cleavage by a factor of 2 in the reaction with
benzylamine.

PhCH:NH:  PhCH:NH: PhCH:NH:
10 + 11 < 8 >0 >
10 + 11 4 12 4+ 13

While it might be possible to minimize rearrange-
ment during the formation and cleavage of enol esters
by maintaining relatively acidic conditions, the lability
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of the model compound 8 shows that the simple N-aryl-
isoxazolium salts fail to provide that advantage of
stability of the derived eno! ester acylating agents which
is desirable for the purposes of peptide synthesis.

Experimental Section

Melting points were taken on a Kofler hot-stage microscope,
calibrated with melting point standards from Arthur H. Thomas
Co. TUltraviolet spectra were run on a Cary 14 spectrophotom-
eter, infrared spectra on a Perkin-Elmer Infracord spectro-
photometer, and nmr spectra on a Varian A-60 spectrometer.
Unless otherwise specified, nmr data were determined in deuterio-
chloroform solutions, and chemical shifts are reported in = values
relative to tetramethylsilane as an internal standard (r = 10.00
ppm). Analyses were performed by Scandinavian Microanaly-
tical Laboratories and Dr. C. Daesslé of Montreal.

3-(N-Hydroxyanilino)acrylophenone (14).—A solution of 16.4
g (0.15 mole) of phenylhydroxylamine® in 900 ml of water was
mixed with a freshly prepared solution of 25.6 g (0.15 mole) of
hydroxymethyleneacetophenone, sodium salt,” in 250 ml of
water. The resulting solution was stirred vigorously while
170 ml (0.17 mole) of 1 & hydrochloric acid was added at a
rapid drop rate. Stirring was continued for 15 min after the
addition was complete, and the orange-yellow precipitate was
then filtered, washed with water, and pressed dry overnight with
a rubber dam. Reecrystallization of the crude product (31 g or
849,) from ethanol gave pure, orange crystals, mp 156-~156.5°
dec (lit.%:1 mp 158°, 156.5°). The ultraviolet spectrum showed
Aol 243-257 mp (e 11,500-13,600) and 377 mu (e 31,300).
A model compound for the chromophore, 3-anilinoacrylo-
phenone,!' =% has a nearly identical spectrum, AOH 949253 mu
(e 11,500-13,600) and 375 mu (e 30,900). The long-wavelength
absorption of 14 shifts to 429 myu on addition of 1 drop of 0.1 N
NaOH to the cell. The infrared spectrum in KBr contains a
band at 6.18 w, which may be assigned to the carbonyl group of
the vinylogous hydroxamic acid system. The nmr spectrum
(dimethyl sulfoxide) consists of signals at 241 (doublet, J = 11
cps, 1.0 H), 275-335 (multiplet, 10.0 H), 353 (doublet, J = 11
cps, 1.1 H), and 508 cps (singlet, 1.0 H) downfield from the
solvent signal, in accord with the proposed structure.

Anal. Caled for CisHiNO.: C, 75.30; H, 5.48; N, 5.85;
0, 13.37. Found: C, 75.43; H, 5.46; N, 5.80; O, 13.36.

Sodium 3-(N-Hydroxyanilino)acrylophenone-3N-rh-sulfonate
(15).—A solution of 21.1 g (0.094 mole) of sodium m-nitro-
benzenesulfonate and 22.5 g (0.375 mole) of glacial acetic acid
in 500 ml of water was stirred vigorously in an ice bath (starting
temperature 20°) while 13.3 g (0.188 g-atom) of zinc dust (assayed
92.69, zinc by volume of hydrogen evolved with acid, 12.3 g
actual zinc used) was added rapidly. The temperature rose to
40°, as the solution turned green and then yellow. Stirring was
continued for 3 min after the temperature had returned to 20°.
Goldschmidt and Sunde® reported that similar conditions gave
an 809, yield of the hydroxylamine.

The tetrasodium salt of ethylenediaminetetraacetic acid (86 g,
0.225 mole) was dissolved in the above hydroxylamine solution,
which was then filtered by gravity through a fluted paper. A
freshly prepared solution of 12.8 g (0.075 mole) of hydroxy-
methyleneacetophenone, sodium salt, in 150 ml of water and a
solution of 4.5 g (0.075 mole) of acetic acid in 150 ml of water
were added simultaneously at equal, rapid drop rates to the
stirred hydroxylamine sclution. Stirring was continued for 5
min after the additions were complete, and then 400 g of sodium
chloride was added to the clear, orange reaction mixture. After
the mixture was stirred vigorously for 15 min, the excess salt
was allowed to settle. The suspended orange precipitate was
decanted from the salt, filtered, washed with three portions of
saturated sodium chloride solution, and air dried overnight in

(8) O. Kamm, ‘‘Organic Syntheses,” Coll. Vol. I, 2nd ed, John Wiley and
Sons, Inc., New York, N. Y., 1941, p 445,

(9) L. Allesandri, Atti Reale Accad. Lincei, Rend., {5] 19, II, 122 (1910).

(10) J. Thesing, A. Miller, and G. Michel, Chem. Ber., 88, 1027 (1955).

(11) L, Claisen and L. Fisher, ibid., 20, 2191 (1887).

(12) L. von Auwers and H. Wunderling, {bid., 67, 644 (1934).

(13) K. Bowden, E. A. Braude, E. R. H. Jones, and B, C. L. Weedon, J.
Chem. Soc., 45 (1946).

(14) K. Bowden, E. A. Braude, and E. R, H. Jones, ibid., 948 (1946).

(15) L. Panizzi and E. Monti, Gazz. Chim. Ital., 77, 556 (1947).

(18) H. Goldschmidt and E. Sunde, Z. Phys. Chem., §6, 1 (1906).
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the funnel. This gave 26.0 g (theory 25.6 g) of crude material,
contaminated with salt. The sodium chloride content was re-
duced by dissolving the crude produet in 200 ml of methanol,
filtering, and precipitating with 2 1. of acetone. The precipitate
was filtered and pressed dry with a rubber dam, providing 9 g
(35%) of amorphous solid. When heated rapidly, the product
slowly darkened, with gradual melting to an orange oil between
220 and 290°. The crude material was used for cyclization with
no further purification. The ultraviolet spectrum showed
M 245-255 and 375 mu. The long-wavelength absorption
shifted to 434 mu on addition of 1 drop of 0.1 N NaOH to the
cell.

N,5-Diphenylisoxazolium Bisulfate (5a) and Perchlorate
(5b).—The unsulfonated isoxazolium salts were prepared from
14 as described previously.$

N,5-Diphenylisoxazolium-3N-Ph-gylfonate (6).—Five grams
(14.7 mmoles) of 15 was added in small portions to 20 ml of
ice-cold, concentrated sulfuric acid. During the addition the
mixture was swirled in an ice bath in the hood (HCl evolved from
residual salt in the crude 15). When the addition was complete,
swirling was continued until no more bubbles formed and the
dark solution was clear. Then the mixture was again swirled in
an ice bath as 20 g of ice was added. Addition of 100 ml of
acetone caused precipitation of the inorganic salt, which was
removed by filtration and washed with an additional 200 ml of
acetone. The combined filtrate and washings were further diluted
with 40 ml of water, 500 ml of acetone, and, finally, 200 ml of
ether. The resulting solution was stirred in an ice bath, and
crystallization was induced by scratching (or seeding). Stirring
in the ice bath was continued for 0.5 hr after the precipitation
appeared complete. The finely divided, off-white solid was
filtered, washed with water, washed with acetone, and air dried
in the funnel. The crude product (2.2 g) slowly darkened above
100°, with decomposition to an orange tar near 170°. Pre-
cipitation from 11 ml of concentrated hydrochloric acid with 44
ml of water gave 2.1 g (50%) of 6 as off-white, microscopic
needles, mp 170° dec. The light-sensitive compound was stored
in the dark. The ultraviolet spectrum exhibited %Y H® 323
my (e 24,800).

Anal. Caled for CisHuNO,S: C, 59.79; H, 3.68; N, 4.85;
S, 10.64. Found: C, 59.46; H, 4.00; N, 4.36; S, 10.50.

Test Preparation of Carbobenzoxytriglycine Ethyl Ester Using
6.—A solution of 0.314 g (1.50 mmoles) of carbobenzoxyglycine
and 0.152 g (1.50 mmoles) of triethylamine in 2 ml of acetonitrile
was added to 0.380 g (1.50 mmoles) of 6, suspended in 2 ml of
acetonitrile, along with three 1-ml portions of the solvent used
for rinsing. The mixture was stirred in an ice bath until the
solution was clear. Then 0.295 g (1.50 mmoles) of glycyl-
glycine ethyl ester hydrochloride was added, followed by 0.152 g
(1.50 mmoles) of triethylamine and 2 ml more of solvent. After
the mixture was stirred overnight, the solvent was removed
under reduced pressure. Adding 15 ml of water, triturating
and dissolving almost all the material on the steam bath, cooling
in the refrigerator for 4 hr, filtering, washing with three 1-ml
portions of water, and air drying in the funnel gave 0.395 g
(75%) of the colorless, nearly pure tripeptide, mp 167-168°
with some premelting (lit.* mp 167-168°).

B-Acetoxycinnamanilide (8).—A solution of 0.60 g (10 mmoles)
of acetic acid in 50 ml of dichloromethane was added to 3.22 g
(10 mmoles) of 5b. The suspension was stirred while a solution
of 1.01 g (10 mmoles) of triethylamine and 0.60 g (10 mmoles) of
acetic acid in 20 ml of the solvent was added dropwise in the
course of 30 min. The resulting yellow solution was washed
three times with water, dried over calcium chloride, and filtered.
In a preliminary run solvent removal and scratching of the re-
sidual oil gave seed crystals. In the yield-determining experiment
the organic solution was concentrated to about 12 ml and petro-
leum ether (bp 30-60°, about 12 ml) was added to the saturation
point. Seeding and chilling in the deep freeze overnight gave
2.4 g (83%) of yellow crystals, mp 105-108°. Repeated re-
crystallization from 1:1 dichloromethane~petroleum ether in-
creased the melting point to 112-113°. The ultraviolet spectrum
showed Aoer 286 mu (e 21,500). A model for the chromophore
of 8, g-methylcinnamanilide, has its absorption maximum at 288
mu (e 18,000)." The infrared spectrum in dichloromethane
contains a band at 3.65 u, as expected for the enol ester absorption
of 8. In accord with the structure 8, the nmr spectrum consists

(17) G. Tsatsas, Bull. Soc. Chim. France, 1011 (1947).
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of signals at r 7.63 (singlet, 2.9 H), 3.61 (singlet, 0.9 H), 3.25-
2.25 (multiplet, 10.3 H), and 1.65 (broad, 0.9 H).

Anal. Caled for CyHisNOy: C, 72.59; H, 5.38; N, 4.98.
Found: C, 72.41; H, 5.38; N, 5.07.

Tests of the Stability of 8.—At room temperature without
protection from atmospheric moisture, crystals of 8 slowly melted
(odor of acetophenone) on prolonged standing. However, after
storage for several months in a tightly stoppered vial in the deep
freeze, crystals of 8 had not changed. The infrared spectrum of
a 0.1 M solution of 8 in dichloromethane showed no change after
2 days at room temperature. Addition of 1 equiv of triethyl-
amine to a 0.1 M solution of 8 in dichloromethane caused the
immediate disappearance of the enol ester absorption in the
infrared spectrum. Addition of a dichloromethane solution
containing 0.1 equiv each of triethylamine and acetic acid to a
solution of 8 caused an immediate decrease in the enol ester
absorption at 3.65 u. Within 5 min after addition of the tri-
ethylammonium acetate solution, the band at 5.65 u was reduced
to a shoulder. At the same time as the enol ester absorption
decreased in the tests with added bases, the intensity of absorp-
tion between 5.8 and 5.9 u increased.

N-Acetylbenzoylacetanilide (9).—Two drops of triethylamine
was added to a solution of 2.2 g (7.8 mmoles) of 8 in 10 ml of
dichloromethane. After 12 hr petroleum ether (about 40 ml)
was added to the cloud point, and the solution was chilled in
the deep freeze until crystallization was complete. Filtration
gave 1.7 g of crude product. A second crop of 0.3 g of crystals
was obtained by resaturating the mother liquor with about 60
ml more of petroleum ether and chilling again. The total yield
was 2.0 g or 90%. Recrystallization by dissolving the crude
product in the minimum amount (about 22 ml/g) of ether at
room temperature and chilling in the deep freeze gave pure
silky fibers, mp 79-80°, with partial solidification and complete
melting at 86.5-87.5°. The infrared spectrum contains no NH
absorption and has intense carbonyl absorption, centered at
5.83 u (dichloromethane solution), comparable with that of N-
acetyl-N-methylbenzoylacetamide.” The nmr spectrum is
consistent with a mixture of 57-65%, of the keto tautomer and
35-439. of the enol form of 9. The nmr signals appear at
8.00 (singlet, 2.0 H), 7.60 (singlet, 1.1 H), 5.42 (singlet, 1.1 H),
3.80 (singlet, 0.4 H), 3.33-1.83 (multiplet, 9.9 H), and —4.37
(singlet, 0.4 H).

Anal. Caled for CyHi:NOg: C, 72.59; H, 5.38; N, 4.98.
found: C, 72.48; H, 5.52; N, 4.98.

Reaction of 9 with Benzylamine.—A dichloromethane solution
containing 0.0536 g (0.500 mmole) of benzylamine was added
to a 5-ml volumetric flask containing 0.141 g (0.500 mmole) of
6, dissolved in dichloromethane. The solution was made up to
the mark and shaken. Samples were removed periodically for
infrared spectra, and, after 30 hr, no further change was ob-
served in the spectrum of the reaction mixture. The solvent
then was removed under reduced pressure, and the nmr spectrum
of the residue was recorded.

The presence of two methyl signals (CH;CO, 7 8.03 and 8.12,
integral ratio 1:1) indicated that two modes of cleavage had
occurred. The spectrum was that expected for an equimolar
mixture of N-benzylacetamide (10), benzoylacetanilide (11),
acetanilide (12), and N-benzylbenzoylacetamide (13). The
assignments of the characteristic peaks (Table I) was based on
comparisons with the nmr spectra of authentic samples of the
first three compounds. The spectrum also contained weak
peaks owing to NH and enolic protons and complex aromatic
signals.

Integration of the spectrum was in accord with the above
assignment: peaks 1 + 2, 2.7 H (theory 3 H); peaks 3 + 4 +
enolic, 2.1 H (theory 2 H), peaks 5 + 6 + 7, 2.0 H (theory 2 H),
aryl + NH peaks, 17.2 H (theory 17 H).
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Tasre I
AsSIGNMENTS OF CHARACTERISTIC NMR PEAKS

Peak, Description,

cps 7 Assignment
1,113 Singlet, 8.12 CH;CONHCH,CsH; (10)
2,118  Singlet, 8.03 CH;CONHCH; (12)
3,234 Singlet, 6.10 CsH;:COCH,CONHCH,C:H; (13)
4,240  Singlet, 6.00 CsH:COCH,CONHCH; (11)
5,255] Apparent triplet  Overlapping doublets, each with
6, 261 centered at r J = 6 cps, centered at r 5.70
7, 267 5.65 withJ = and 5.60: CH;CONHCHC¢H;

6 cps (10) and C¢H:.COCH,CONH-

CH,C¢H; (13)

Thin layer chromatography of the product mixture (10 cm, on
silica gel plates, eluted with 9:1 chloroform-ether, developed
with iodine vapor) gave four spots at R¢ 0.10 (faint), 0.15
(faint}, 0.25 (intense), and 0.43 (intense). Identical side-by-side
and superimposed chromatograms with the known compounds
showed that three of the components were N-benzylacetamide
(10), 0.10; acetanilide (12), 0.15; and benzoylacetanilide (11),
0.43. The fourth spot, 0.23, was presumed to be N-benzyl-
benzoylacetamide (13).

Spectral Tests of Base Sensitivity of N-Alkyl Enol Esters.—
Exactly 0.253 g (1.00 mmole) of N-ethyl-5-phenylisoxazolium-
3’-sulfonate (7) was stirred in 10 ml of nitromethane containing
0.060 g (1.00 mmole) of acetic acid and 0.101 g (1.00 mmole) of
triethylamine. The infrared spectrum of the product solution
contained the characteristic enol ester carbonyl absorption
between 5.6 and 5.7 u. Approximately 0.101 g (1 mmole) more
of triethylamine was added, and the infrared spectrum was
again recorded. Even 6 min after the addition of base, there was
no significant change in the infrared spectrum of the solution
of the enol ester.

The experiment was repeated with 0.261 g (1.00 mmole) of
N-ethyl-5-phenylisoxazolium fluoroborate in acetonitrile. No
change was observed in the infrared spectrum 10 min after the
excess base was added.

Spectral Tests of Enol Ester Formation with the Zwitterion
6.—A solution of 0.0603 g (1.00 mmole) of acetic acid and 0.1012
g (1.00 mmole) of triethylamine in 10 ml of nitromethane was
added to 0.3013 g (1 mmole) of 6, and the mixture was stirred
in an ice bath until the reagent had all dissolved (5 min). The
infrared spectrum contained an enol ester band at 5.65 u, together
with absorption of equal intensity between 5.8 and 5.9 u, as-
signable to the ketoimide decomposition product.

The experiment was repeated, but the triethylamine was added
as a dilute solution (total volume 4 ml) during 90 min at a con-
stant rate with a motor-driven syringe control to the acetic acid
and isoxazolium salt in 6 ml of the ice-cold solvent. This time
the infrared spectrum of the product solution contained an enol
ester band of increased intensity, and no peak was detected
between 3.8 and 5.9 pu.

Cleavage of 8-Acetoxycinnamanilide (8) with Benzylamine.—
The enol ester 8 (0.281 g, 1 mmole) was added to a solution of
0.107 g (1.00 mmole) of benzylamine in 5 m! of dichloromethane.
The solution was mixed and the infrared spectrum was taken at
intervals. The enol ester carbonyl peak (5.65 u) disappeared
within 10 min, at which time the characteristic absorption of the
rearrangement product 9 at 5.83 u was intense. The 5.83-u
absorption decreased slowly, with complete disappearance within
a few hours. The product nmr spectrum was taken as in the
earlier experiment. Integration revealed approximately a 2:1
ratio of 10 and 11 to 12 and 13.



