units glucose-6-phosphate dehydrogenase. Control mixtures were
prepared in the same way but with liver preparation which had been
boiled for 1 min. A blank mixture was also prepared in like manner
but without substrate. The liver mixtures were incubated at 37° for 1
hr.; each mixture was quenched by boiling. The incubated mixtures
were extracted with 3 X 1 ml. of ethyl acetate; after drying over
anhydrous Na,SQ,, the ethyl acetate extracts were reduced to dry-
ness and then treated as indicated under GLC. For TLC, n-heptane
extracts of the ethyl acetate residues were used.

TLC—Plates of 250-u silica gel GFa;, were used throughout with
the following solvent system: benzene-ethyl acetate, 1:1 v/v;
development was 10 cm. Detection was via fluorescence quenching in
254-nm. radiation. Attempts to locate phenolic metabolites were
with diazotized sulfanilic acid of Axelrod and Pulliam (12).

GLC—A Hewlett-Packard 5750B gas chromatograph, equipped
with 397 OV-17 on Gas Chrom Q (100/120 mesh) column (6 mm.
i.d. X 180 cm.), was used with 60 ml./min. carrier gas flow and the
column temperatures listed in Table 1I. Phenylpropanols were
chromatographed as their acetates following reaction of 10-20 mg. of
them in 0.05 ml. of pyridine-acetic anhydride (1:1) for 1 hr. at room
temperature,

Partition Studies—UV spectra were recorded with a Beckman
DK-2 spectrophotometer. Phenylpropanone derivative, 1-5 mg.,
dissolved in 25 ml. of n-heptane was shaken vigorously for 1.5 hr.
with 25 mi. of citrate phosphate buffer (pH 7.0) at 25.0 4= 0.1°. The
heptane layer was dried over anhydrous Na,SO,, diluted to 50 ml. in
a volumetric flask with n-heptane, and compared to standard solu-
tions at the maxima indicated in Table T with a Gilford model 240
spectrophotometer.

Pharmacological Evaluation—All compounds were administered
as suspensions in less than 197 polysorbate 80. Graded doses were
administered intraperitoneally to Swiss-Webster male mice weighing
25-30 g. Groups of 10 mice at each dose level were observed, and the
gross effects were recorded. Loss of righting ability was considered
positive in animals that could not right themselves for a period of at
least 30 sec. The loss of righting ability dose (LRA,) and the lethal
dose (LD;o) were calculated by the method of Litchfield and Wil-
coxon (13).

NMR Studies on Enolization of
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1-p-Chlorophenyl-1-hydroxy-2-propanone

R. J. WARREN, L. J. RAVIN, P. P. BEGOSH, E. G. SHAMI, and J. E. ZAREMBO

Abstract [J NMR spectroscopy was used to study the enolization of
1-p-chlorophenyl-1-hydroxy-2-propanone. At 55°, chloroform solu-
tions of this material gave an equilibrium mixture consisting of the
starting material, the enol form, and a third material. This third
component was isolated and identified by spectral data as 3,6-bis-
(p - chlorophenyl) - 1,4 - dimethyl - 2,5,7 - trioxabicyclo - [2,2,1]-
heptane. The equilibrium mixture was found to contain 70%; of the
starting material and 3097 of the two reaction products.

Keyphrases [] 1-p-Chlorophenyl-1-hydroxy-2-propanone—enoliza-
tion followed by NMR, characterization of equilibrium mixture
[ 3,6-Bis(p-chlorophenyl)-1,4-dimethyl-2,5,7-trioxabicyclo-{2,2,1]-
heptane—isolation, identification from enolization of 1-p-chloro-
phenyl-1-hydroxy-2-propanone [] NMR spectroscopy—enolization
of 1-p-chlorophenyl-1-hydroxy-2-propanone

In studies on 1-p-chlorophenyl-1-hydroxy-2-pro-
panone, it became necessary to determine if enolization
occurred and, if so, to what extent, under what set of
conditions, and with what products, if any, being
formed. NMR was the analytical method of -choice

because it was capable of following both the disap-
pearance of the starting material and the appearance of
the reaction products as they formed. NMR has been
shown to be a valuable analytical tool in the study of
reactions and reaction mechanisms (1, 2).

EXPERIMENTAL

All NMR spectra were recorded on a Jeolco C60H spectrometer
equipped with a variable-temperature probe. Deuterated chloroform
was used as the solvent. Chemical shifts were measured relative to
tetramethylsilane.

IR spectra were recorded between 4000-625 cm.™! on a Perkin-
Elmer model 21 spectrometer with a sodium chloride prism.

NMR Spectra—A sample of Compound I was dissolved in deu-
terated chloroform and transferred to an NMR sample tube. The
tube was flushed with nitrogen and sealed, and an NMR spectrum
was immediately run on the sample. After this spectrum was ob-
tained, the sealed sample tube was placed in a constant-tempera-
ture bath set at 55°. The sample was withdrawn at selected inter-
vals, and the NMR spectrum was recorded and integrated.

Isolation of Compound III—The solution containing Compounds
1, I1, and III was streaked onto 0.5-mm. thick silica gel GF plates.
The plates, 20 X 20 cm. (8 X 8 in.), were developed in benzene
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Figure 1-—NMR spectrum of starting material.

with no equilibration. After the solvent front advanced 10 cm.,
the plates were dried in a hood and observed under 254-nm. UV.
The zones where the various components were located were outlined
with a scribe. The silica in the individual zones of interest was
scraped from the plate, loaded in a 10-ml. hypodermic syringe fitted
with a disk and Whatman No. 3 filter paper, and eluted with ether.
The ether solution was evaporated to dryness, and the residue was
taken up in 0.5 ml. of deuterated chloroform. An NMR spectrum
was obtained on this solution of Compound III.

The IR spectrum was obtained by evaporating the solution used
for NMR on a sodium chloride plate.

RESULTS AND DISCUSSION

The enolization of 1-p-chloropheny!-1-hydroxy-2-propanone in
chloroform solution at room temperature has been found to proceed
very slowly. The process is accelerated with increasing temperature;
at 55°, the reaction reaches an equilibrium state after approximately
168 hr. The equilibrium mixture was found to be as shown in Scheme
I.
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Figure 3-—NMR spectrum of equilibrium mixture.

NMR Spectra—The NMR spectrum of Compound I is shown in
Fig. 1. The NMR absorption peaks may be assigned as follows:
methyl group appears as a singlet at 124 Hz., hydroxyl as a broad
singlet at 255 Hz., methine as a singlet at 304.5 Hz., and aromatic
protons at 439.5 Hz. Figure 2 illustrates a spectrum taken after 114
hr. at 55°. In addition to the peaks present in the original starting
material (Fig. 1), additional peaks are evident in the spectrum in
Fig. 2. NMR signals at 81, 84.5, and 88.5 Hz. represent the CH;
groups in products ITand III. The weak peaks in the area of 304.5 Hz.
represent a quartet due to the CH group in I1. The quartet is partially
overlapped or masked by the CH in the starting material. A doublet
at 450 Hz. and another at 472.5 Hz. arise from the aromatic protons
in II. The additional chemical shift downfield is attributable to the
increased proximity of the carbonyl group in the enol form. Figure 3
is the spectrum of the mixture at equilibrium. This spectrum, taken
after 238 hr. at 55°, shows the increased buildup of the area repre-
sented by 1T and IIL. After 168 hr., there is no significant increase in
intensity of the NMR absorption in these areas.

Identification of Compound IIT—The spectrum of Compound III
(Fig. 4) reveals a singlet absorption peak at 89 Hz. assignable to the
isolated methyl groups in the structure proposed for I1I. Another
singlet at 294 Hz, is due to the CH groups, and the remaining signal
at 438 Hz. is from the aromatic protons.

The IR spectrum of Compound I1L (Fig. 5) shows the absence of
OH— and C==0 functions and the presence of strong ether linkages
(8.70, 9.25, and 10.0 g.) and a parg-substituted aromatic system
(11.9-12.5 ).

The mass spectrum gave a molecular weight of 350 and supported
the proposed structure.

All of the spectral data are compatible with the structure proposed
for Compound III,

Calculation—The amount of remaining starting material and of
products I and III at equilibrium may be calculated from the
integrated peak intensity of their NMR signals. As mentioned, the
signals from the various CH; groups in I, II, and 11T all fall in the
area of 70-204 Hz. If one takes the total integrated area for this
range to represent 100 of the CH; group present, then the amount

—~
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Figure 2-—NMR spectrum after 114 hr. at 55°,
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Figure 4—NMR spectrum of Compound I11.
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Figure 5—IR spectrum of Compound 111,

of starting material present at any time may be calculated as:

integral 1

100
integral I + II -+ III X

% Compound I = (Eq. 1)

Calculations on this basis were made for the spectra run at various
time intervals. The data are shown in Table 1.

Interferences—If oxygen is not excluded from the system in this
experiment, a competing reaction involving the formation of the
diketone Cl—¢" . > C(==0)—C(=0)—CHj will result. Figure
6 is the NMR spectrum of the diketone. It is obvious from the chem-
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Figure 6—NMR spectrum of diketone.

Table I-—Percent I, II, and III at Various Time Intervals

Hours Percent I Percent II and III
0 100 —
66 83.3 16.7
72 83.3 16.7
9 84.4 15.6
96 82.6 17.4
114 77.3 22.7
120 75.7 24.3
138 75.5 4.5
140 76.0 24.0
144.5 73.1 26.9
166 70.7 29.3
168 70.4 29.6
238 69.9 30.1

ical shift of the methyl group in the diketone spectrum that this
material is easily detected in the reaction mixture if it is present.

CONCLUSION

NMR has been used successfully to monitor the enolization of
1-p-chlorophenyl-1-hydroxy-2-propanone. In this study, an un-
expected product (11I) was formed. This material was isolated and
identified by IR, NMR, and mass spectral data.
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New Compounds: 2,4-Dinitrobenzenesulfenamides

M. J. KORNET, T. C. HO, and L. ISENBERG

Abstract (] A compilation of 2,4-dinitrobenzenesulfenamide deriva-
tives of 72 amines is given. Fifty-one of the derivatives are described
for the first time,

Keyphrases [J 2.4-Dinitrobenzenesulfenamide derivatives—com-
pilation and description of 72 amines [] Amines, 2,4-dinitrobenzene-
sulfenamide derivatives—description, compilation

In the course of other studies with 2,4-dinitrobenzene-
sulfenyl chloride (I), the authors found that this reagent
is excellent for the derivatization of amines. This ob-
servation was made earlier by Billman et al. (1) who
characterized 14 amines by converting them into the
corresponding 2,4-dinitrobenzenesulfenamides (Scheme

I:

2,4-(0;N),CsH;3SCl 4+ 2R;NH —> 2,4-(0O;N),CsH;SNR,
+ R.NH - HCl
Scheme I

Subsequently, Kharasch(2)showed that I can also be used
forthe preparation of derivativesof many other functional
groups. Tables containing the physical properties of
such derivatives have since been published (3).

More recently, 1 was advocated for the characteriza-
tion of pharmaceutically important organic compounds
such as barbituric acid, phenylbutazone, and saccharin
(4). In addition, suifenamides are valuable precursors
for a number of pharmaceutically useful sulfonamides
(5). In the biochemical area, Fontana er al. (6) and Scof-
fone er al. (7) showed that 1 may be used to determine
both the cysteine and tryptophan content in polypep-

Vol. 60, No. 5, May 1971 ] 803





