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2,2-Diethyl-5,6-epoxy-2,3,5,6-tetrahydro-4H-1,4-thiazin-
3-one 1,1-dioxide? (XIV) was prepared by the same method

(9) This compaund will be indexed in ''Chemical Abstracts’’ under
the name of 3,3.-diethyl-8-oxa-2-thia-5-azabicyclo[4-1-0]heptan-4-one
2,2-dioxide.
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used for the preparation of XII. When most of the solvent
was removed and the solution was cooled the product pre-
cipitated, m.p. 130-135°, yield 38%,. Repeated recrystal-
lization from isopropyl alcohol produced pure XIV.

NEWARK, DELAWARE

[CONTRIBUTION FROM THE QUARTERMASTER RESEARCH & ENGINEERING CENTER]
The Structure of Indanthrone

By JuLius WEINSTEIN AND CHARLES MERRITT, JR.
RECEIVED DECEMBER 1, 1958

Studies of spectra of indanthrone and related compounds in the ultraviolet, visible and infrared regions of the spectrum
have led to the conclusion that indanthrone in the solid state and in inert solvents exists primarily in a keto form. This
conclusion is based on the following evidence: (1) The presence of au N-H stretching band in the infrared spectrum of in-
danthrone and N-methylindanthrone at 3.16 u; (2) indanthrone, N-methylindanthrone and N,N’-dimethylindanthrone
all have approximately the same integrated absorbancy index for the carbonyl stretching absorption band at about 6.0 u;
(3) nearly identical spectra are observed for indanthrone and its N-methyl substituted derivatives in both the ultraviolet

and visible regions of the spectrum.

Introduction
The structure of indenthrone, N,N’-dihydro-
1,2:2’,1'-anthraquinoneazine (I), has been a sub-
ject of controversy for miany vears. In a recent

paper Wymnan! has proposed an enol structure II
pased substantially on the interpretation of in-
frared spectra, The argument presented is based
on a failure to observe an N-H stretching band in
the 3 u region. This argument, however, is
weakened considerably by the fact that an hydroxyl
stretching band expected to be shown in the same
region by the enol structure was also not observed.
A second feature of the argument is the assign-
ment of the 6.3 u band for indanthrone to C==N,
but this also appears doubtful.

Recently, Durie and Shannon? have questioned
Wyman's interpretation of the spectra for the same
reasons. They, however, were also unable to ob-
serve either an O-H or an N-H band in the 3 u
region. Moreover, their argument in favor of the
keto structure is unfortunately based on an inter-
pretation of bands in the 6 p region which were in-
correctly tabulated by Wyman for N-methylin-
danthrone and N,N’-dimethylindanthrone.

(1) G. M. Wyman, THis JOURNAL, 78, 4599 (1956),

(2) R. A. Durie and J. S. Shannon, Aus. J. Chem., 11, 189 (1958).

This paper was called to our attention by one of the reviewer's after
the manuscript had been submitted for publication,

Since the keto structure I and the enol structure
II involve a change in the electronic configurations
of the molecule, the visible and ultraviolet regions
of the spectrum might yield more decisive informa-
tion. Accordingly, it seemed desirable to re-
examine the infrared spectra and to investigate the
visible and ultraviolet spectra of indanthrone and
its N-methyl derivatives.

Experimenta

Indanthrone and 3,3’-dichloroindarrthrone were obtained
through the courtesy of Mr. P. Kronowitt of Ciba States Ltd.
The sample of indanthrone was purified by repeated re-
crystallization from 1,2,4-trichlorobenzene. N-Methylin-
danthrone and N,N’-dimethylindanthrone were prepared
according to the procedure of Bradley and Leete.® The
methylated derivatives were characterized by analysis for
carbon, hydrogen and nitrogen and by comparing their
visible spectra in pyridine solutions with the spectra re-
ported by Bradley and Leete. The amino anthraquinones,
6-chloroindanthrone and 3,3’-dibromoindanthrone were
kindly provided by Dr. Q. Stallman of the du Pont Co.
Tlie anthraquinoneazines were prepared by oxidation of the
appropriate indanthrone with nitric acid, according to
Sclioll's procedure.t The infrared spectra of indanthrone
and its N-methyl derivatives were obtained in the 3 and 6 u
regions by means of a Beckman IR-3 spectrophotometer
equipped with LiF and NaCl optics as required. Samples
were prepared as mulls in a perfluorocarbon oil and their
transmittancy measured against the oil as a reference.

Saniples for the quantitative study of the intensity of the
carbonyl absorption bands were ground and dispersed in the
mull by tneans of a “‘wiggle bug”’ in order to achieve a fine
particle size and uniform distribution. Transmittancy
values were measured in 1-mm. cells. The integrated ab-
sorbancy indices were calculated by the approximation
method of Ramsay.®5 The Naperian logarithm of the recip-
rocal of the recorded transmittance ratio was divided by the
product of concentration in moles per liter and cell thickness
in ceuntimeters. This quotient multiplied by the half inten-
sity band width (7.e., effective slit width) in reciprocal centi-
nieters gives the approximate integrated molar absorbancy
index.

Spectra of indanthrone, its N-methyl derivatives and the
amino anthraquinoues in the visible region were obtained in
1,2,4-trichlorobenzene as a solvent. The spectra in the
ultraviolet region were obtained on dyed cellophane films.
Spectra in the ultraviolet were also measured in dimethylform-
amide as a solvent, but intense general absorption by the
solvent at wave lengths shorter than 270 mpu obscures the
shorter wave length portions of the spectra. All measure-

(3) W. Bradley and E, Leete, J. Chem, Soc., 2147 (1951).
(4) R. Scholl, H. Berblinger and J. Mansfield, Ber., 40, 320 (1907).
(3) D. A. Ramsay, Tuis JOURNAL, T4, 72 (1952).
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ments of spectra in the visible and ultraviolet regions were

made on a Cary model 11 double beam recording spectro-

photometer. Solution spectra were measured against a ref-

erence of pure solvent in matched cells. The reference for

the spectra of the dyes on cellophane was a piece of the same

gellophane film processed in the vatting solutions without tlie
ye.

Results and Discussion

Much of the controversy concerning the structure
of indanthrone is centered about the anomalous
chemical behavior during the vatting process.
Several papers have reviewed the various proposed
structures and discussed the supporting argu-
ments.*$~1* The object of this investigation,
however, lias been primarily to clarify the interpre-
tation of spectroscopic data in relation to the
structure of the parent dyestuff in the solid state
and in solution in inert solvents. Accordingly,
this discussion is limited in detail to the significaiice
of the observed spectral phenomena.

The Infrared Region.—The spectra in the 3
u region of indanthrone, N-methylindantlirone and
N,N’-dimethylindanthrone mulled in a perfluoro-
carbon oil are shown in Fig. 1. It is clearly seen
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Fig. 1.—The infrarcd spectra of indanthrone ( —-)
N-methylindanthrone (----) and N,N’-dimecthiylindan-
throne (—'—) in the 8 x region.

that a broad but distinct band occurs at 3.16 u
in the spectra of indanthrone and N-methylindan-

(6) D. A. Clibbens, J. Soc. Dyers and Colourists, 59, 275 (1943).

(7) H. a. Brassard, zbid., 89, 127 (1943).

(8) R. Gill and H. I. Stonehill, tbid., 60, 183 (1944).

(9) D. Appleton and A. Geake, Trans. Faraday Soc., 37, 60 (1941),

(10) J. Jennen, Med. Viaam. Chem. Ver., 15, 29 (1953).

(11) M. S. Whelen in '"The Chemistry of Synthetic Dyes and Pig-
ments,'" H. A. Lubs, Ed., Reinhold Pubtishing Corp., New York, N, Y,
1955, p. 512f1.

{(12) (a) R. Scholl, Ber., 36, 3410 (1903). (b) R. Scholt and H.
Berblinger, thid., 36, 3427 (1803). {c¢) R. Scholl, W, Steinkopf and
A, Kabaczaik, 1bid., 40, 390 (1907).
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throue.!* Comparison of the intensities of the
N-H bands with the intensities of the adjacent
aromatic C-H bands (3.26 u) shows the intensity
of the N-H band in tlie methyl derivative to be
correspondingly less than in the parent dye as ex-
pected. Tlie broad shape of the bands indicate a
high degree of hydrogen bonding. The proximity
of the carbonyl and N-H groups and the possi-
bility for the formation of a six-membered ring
strongly suggests that the bonding is intramolecular.
This view is further supported by the observation
of Weinstein and Wyman! that with 8-amino-«, 8-
unsaturated ketones intramolecular hydrogen
bonded N~H bands occur at longer wave lengths
than the intermolecular hydrogen bonded N-H
bands. With these compounds, which like the
indanthrones are vinylogs of amides and have
the same molecular grouping between the carbonyl
and N-H groups, intramolecularly bonded bands
occur at approximately the same wave length as
the band observed in indanthrone.

Absorption bands for azomethine (7.c., C=N)
groups are usually found in the wave length range
5.9 to 6.1 p.¥» Conjugation does not appear to
change the region of absorption appreciably as
shown by a recent study of substituted N-benzyli-
dene anilines.’® The observed band in the in-
danthrones at 6.3 p appears, therefore, at too long
a wave length to be normally attributed to C=N.
Furthermore, when the azomethine group is part
of a conjugated cyclic system, it cannot be con-
sidered separately due to interaction with other
double bonds and, therefore, the application of
C=N correlations to conjugated cyclic systems
cannot be made safely.?

The spectra of a number of related compounds
were studied in the region 6.0 to 6.4 u and are sum-
marized in Table I. Three types of compounds are
represented; amino-substituted anthraquinones,
indanthrones and anthraquinoneazines. In addi-
tion the spectrum of anthraquinone is included.
All the compounds have medium to strong bands in
the vicinity of 6.3 u. Examination of these
spectra strongly suggests that these bands are due
to ring absorptions.’” Indanthrone shows a strong
broad band with a maximum at 6.33 u. N-
Methylindanthrone shows a similar broad band at
6.33 u but with a shoulder at 6.28 u. N,N’-
Dimethylindantlirone and 3,3’-dibromoindanthrone
each have two clearly disceruible bands with
maxima near 6.28 and 6.34 u. Similar broad or
double bands are found in the amino-substituted
anthraquinones and anthraquinoneazines.  Fur-
thermore, anthraquinone itself is found to have
also two distinct bands at 6.28 and 6.32 u. On the
basis of tliese comnparisons it is clearly indicated
that the 6.33 p band of indanthrone cannot be
reasonably assigned to C=N.

A quantitative study of carbonyl absorption

(13) The presence of these bands has been verified by Professor D.
Hadzi of Ljubljana, Yugoslavia, in a recent private communication
which was forwarded to us through the courtesy of Dr. Wyman,

(14) J. Weinstein and G. M. Wyman, J. Org, Chem., 23, 1618 (1958).

(15) 1. J. Bellamy, ""The Iafrared Spectra of Complex Molecules,'’
John Wiley and Soas, Inc., New York, N. Y., 1954, p. 226f.

(16) L. E. Clougherty, I. A, Sousa and G. M, Wyman, J. Org. Chem.,
22, 462 (19357).

(17) M. St. C. Ylett, J. Chem. Soc., 1444 (1948),
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would be expected to show a decrease in absorbance
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Fig. 3.—Spectra in the visible region of indanthrones and
amino-substituted anthraquinones in solution in 1,2,4-tri-

chlorobenzene: (a) indanthrone ( ), N-metlivlindan-

throne (- —--) and N,N’-dimethylindanthrone (-—~—-},
and (b) 1,4-bis-methylaminoanthraquinone (—-—), 1,4-
bis-N-phenylaminoanthraquincune (- ---) and 14-di-
aminoauthraquinone (—.—).

for the K bands.!® This effect has also been
observed in the study of the spectra of amino-
anthraquinones and methylated aminoanthra-
quinones.” The bands exhibited by ultraviolet
absorption are probably associated with anthra-
quinone ring resonance. If indanthrone were
enolized, a complete conjugation between both rings
would exist across the nitrogen bridge (see struc-
ture II). It has been well established that extended
conjugation of this type would result in a marked
shift of the bands to longer wave lengths,*® No
such shift, however, is observed for indanthrone or
N-methylindanthrone when compared with N,N’-
dimethylindanthrone which must exist in a keto
form. It is noteworthy that the spectra of in-
dauthrone and its N-methyl derivatives in con-
centrated sulfuric acid reported by Bradley and
Leete® show identical absorption bands at about
455 mu. It is probable that these bands are the
same bands observed in the ultraviolet on cello-
phane but shifted to a longer wave length by the
formation of the more strongly electron attracting
C=OH" group resulting from oxonium salt for-
wation. In addition, identical absorption bands

(19) A, Gillam and E. S. Stern, ""Electronic Absorption Spectro-
scopy,"” Edward Arnold Publishers, Ltd., London, 1954, p. 113 fI.

(20) R. H, Peters and H, H. Sumner, J. Soc. Dyers and Colourists,
72, 77 (1056),

(21) D). Graham in ref. 11, p. 666.
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having a maximum at 294 mu have been found for
the three compounds in dimethylformamide as a
solvent.

Spectra of the indauthrones in the visible region
are shown in Fig. 3a. The spectra are seen to be
very similar. Moreover, a most striking similarity
exists between the spectra of the indanthrones and
the spectra of 1,4-diaminoanthraquinone, 1.4-
bis-(niethylamino)-anthraquinone and 1,4-bis-(N-
phenylamino)-anthraquinone shown in Fig. 3b.

Strong amide resonance undoubtedly contributes
greatly to the resonance hybrid of the indan-
thrones.®* This aniide resonance also contributes
i1 large measure to the transitions to which are due
the absorption bands in the visible region.?® Simi-
lar amide resounance structures may be drawn for
1,4-diamino-substituted anthraquinones and for
indanthrone. The amide resonance forms for
aminosubstituted anthraquinones involve only one
carbonyl in amide resonance with its vicinal nitro-
gen at a tinie. In thie corresponding structures for
indanthrone, however, the nitrogen atoms are in-
volved i1 amide resonance forins either separately
or simultaneously (structure IIT), and additional
resonance forms involving the 2 and 2’ nitrogens
and the 10 and 10’ carbonyls are also possible
(structure IV).
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Of the main amnide resonance forms possible in
indanthrone, those represented by structure IIT
have lower energy due to smaller charge separatiou
and are further stabilized by hydrogen bonding.?***
The vicinal forms, therefore, have a correspondingly
greater contribution to the resonance hybrid.
This is borne out by the marked similarity of the
spectra of the indanthrones and the 1,4-diamino-
substituted anthraguinones.

The hypsochromic effect on the visible spectra
of the indanthrones observed upon N-methylation
is due to a reduced stabilization of the amide reso-
nance in part by a decrease in hydrogen bonding and
in part by a steric effect. Consideration of Fisher—
Taylor-Hirchfelder models shows that introduction
of an N-methyl group forces the nitrogen atom
slightly out of the plane of the rings and thereby
tends to increase the energy of the amide resonancc
structures.

The fact that the spectra of all the indanthrones
and 1,4-diamino-substituted anthraquinones are
markedly *similar indicates that visible absorption
bands are due to the same chromophore. It is
lighly significant that all the spectra resemnble the
spectrum of N,N’-dimethylindanthrone which cau-
not exist in an enol form. Furthermore, amide-
type resonance is not possible for an enol form of
indanthromne.

(22) See ref, 20, p. 685.

(23) L. Pauling, '""Nature of the Chemical Bond,”" Cornell Univ,
Press, Ithaca, N, Y., 1048, p. 307,
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These studies of spectra of indanthrone and re-
lated compounds in the ultraviolet, visible and in-
frared regions of the spectrum have led to the con-
clusion that indanthrone in the solid state and in
inert solvents exists primarily in a keto form. The
evidence is summarized: (1) An N-H stretching
band is present in the infrared spectrum of indan-
throne and N-methylindanthrone at 3.16 p. (2)
Indanthrone, N-methylindanthrone and N,N’-
dimethylindanthrone all have approximately the
same integrated absorbancy index for the carbonyl
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stretching absorption band at about 6.0 p. (3)
Nearly identical spectra are observed for indan-
throne and its N-methyl substituted derivatives in
both the ultraviolet and visible regions of the spec-
trum.

Acknowledgments.—The authors are indebted to
Dr. A. L. Bluhm for some valuable discussions, and
to Mr. J. A. Sousa who prepared some of the com-
pounds, and to Mr. C. DiPietro for the analyses.

NATICK, MAass.
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3-Hydroxymethyleneoxindole and its Derivatives

By ERNEST WENKERT, JOHN H. UDELHOFEN AND NaBa K. BHATTACHARYYA!
RECEIVED JANUARY 5, 1959

Various aminations of 3-hydroxymethyleneoxindole and its N-methyl derivative are described.

Alkylations and reduc-

tions of the resulting products are discussed. Various chemical operations on the carbonyl group of 2-methoxy-3-formylin-
dole, a formerly described O-methylation product of 3-hydroxymethyleneoxindole, and its N-methyl derivative are por-

trayed.

In a continuing study of the chemistry of oxin-
dole we have investigated the chemical behavior of
compounds of structure I in view of their structural
similarity to many naturally occurring indolic com-
pounds and because of their potential value as syn-
thetic precursors of oxindole alkaloids.

(CHQ) I—QNRQ

0
N
H 1

Since the initial suggestion? and proof? of the
structure of the common degradation product IV of
various oxindole alkaloids, the structures of several
of these natural products have become known.
Rhyncophylline (dihydrocorynoxeine®)*5$ and cor-
ynoxeine® have been shown to be oxindole analogs
of the corynantheine-type system, while uncarine-
AS formosanine’ (uncarine-B%) and mitraphyl-
line®®® have been portrayed as the oxindole coun-
terparts of the ajmalicine-type alkaloids. The one-
step degradation of these compounds to IV is read-
ily explicable on the basis of their now commonly
accepted part structure I1, if it be assumed that the
latter is convertible first to the retro-Mannich prod-
uct III, or its diradical equivalent (IV, etc.).
The equilibrium between 1T and II1, the latter most
likely complexed as an acetate, is undoubtedly re-
sponsible for the acetic anhydride-induced inter-
conversions of uncarine-A and formosanine as well
as rhyncophylline and isorhyncophylline.®

(1) Upjohn Co. postdoctorate fellow, 1954-1955.

(2) E. Wenkert and T. L. Reid, Chemistry &'Industry, 1390 (1953).

(3) E. Wenkert, N. K, Bhattacharyya, T. L. Reid and T. E, Stevens,
Tais JourNAL, 78, 797 (1956).

(4) (a) J. C. Seaton and L. Marion, Can. J. Chem., 86, 1102 (1957);
(b) J. C. Seaton, R. Tondeur and L. Marion, ibid., 86, 1301 (1958).

(5) N. An Cu, R. Goutarel and M.-M, Janot, Bull. soc. ckim. France,
1292 (1957).

(6) T. Nozoye, Pharm. Bull. (Japan), 6, 300, 306, 309 (1958).
(7) Raymond-Hamet, Compt. rend., 246, 1458 (1957).
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Since II is both a 3-aminomethyloxindole and 3-
(B-aminoethyl-)oxindole, both systems (I) came un-
der scrutiny. Condensation of oxindole with ethyl
1-piperidinoacetate yielded 3-{e-hydroxy-8-(1-pi-
peridino-)ethylidene- |-oxindole. Its lone 6.23 p
(Nujol) peak in the C==0 and C==C infrared re-
gion, in contrast to a 6.02 u absorption for most 3-
acyloxindole enols,® but in consonance with a 6.17 u
absorption of its sodio salt, indicated the zwitterion
nature (V) (possibly intra- or intermolecularly hy-
drogen-bonded) of the product. Its perchlorate
exhibited a 6.02 y infrared absorption peak. Com-
pound V resisted hydrogenation with palladium-
charcoal in ethanol and led to an inseparable amor-
phous mixture on hydrogenation with platinum
in aceticacid. Hydrogenation of the perchlorate of
V with palladium-charcoal in ethanol yielded 3-
[8-(1-piperidino)-ethyl]oxindole perchlorate (VI).
Attempted liberation of the base from VI led only
to amorphous, unworkable products whose solutions
decomposed fairly rapidly on standing in air. Pre-
liminary oxidative cyclization experiments on VI
or its free base were equally unsuccessful. The in-
stability of similarly constituted oxindolyl bases as
well as the difficulties inherent in their formation
from 3-acyloxindoles has been encountered pre-
viously.®

(8) E. Wenkert, B. S. Bernstein and J. H. Udethofen, THI1S JOURNAL,
80, 4899 (1958).

(9) P.L. Julian, A, Magnani, J, Pikland W. J. Karpel, ibid., 70, 174

(1948). While reduction of a compound analogous to V, reported
herein, produced uncrystallizable substances, hydrogenation of its



