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in a Dry Ice—acetone-bath there was added 100 mg. of ace-
pleiadylene and the resulting mixture was stirred in the cold
for the three hours. The mixture was then allowed to warm
to room temperature and stirring was continued for an addi-
tional three hours. The solution was then diluted to a
volume of 200 ml. with water and extracted with methylene
chloride. After the methylene chloride extracts had been
washed with aqueous bicarbonate and water, they were
dried and concentrated to give a dark solid residue. This
was taken up in a 209, methylene chloride in hexane solu-
tion and chromatographed over alumina. From the eluate
there was isolated 36.7 mg. of deep red crystals. These
were recrystallized from a methylene chloride-hexane mix-
ture and yielded dark red needles, m.p. 162-170°. Further
recrystallization did not sharpen the melting point. The
infrared spectrum of these crystals showed absorption bands
at 6.58, 7.54 and 7.65 p as expected for a nitro group.l?
The maxima and log ¢ values for the ultraviolet and visible
spectrum of nitroacepleiadylene are 556 (3.20), 510 (3.42),
4(1763(?.42), 400 (8.53), 324 (4.35), 312 (4.40) and 230 mu
4.30).

Anal. Caled. for CHyNO.: C, 77.72; H, 3.67; N,
5.67. Found: C, 77.55; H,4.01; N, 5.53.
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After elution of the red needles of nitroacepleiadylene, a
509 methylene chloride~hexane solution was passed over
the column and from the eluate there was isolated 16 mg.
of black crystals, m.p. 210-212°. Satisfactory characteri-
zation of this material could not be made although its infra-
red spectrum showed absorption typical of the nitro group.

Nitration of Acepleiadiene.—A 100-mg. sample of ace-
pleiadiene was nitrated following the same procedure de-
scribed previously for pleiadiene and acepleiadylene.
From the methylene chloride-hexane eluate from the chro-
matogram there was isolated 17 mg. of a yellow solid melting
above 300°. Its infrared spectrum showed absorption at
6.57, 7.45 and 7.56, indicating the presence of a nitro group.
Its ultraviolet absorption spectrum showed a broad maximum
at 390 mu (log € 3.62) with no further absorption at longer
wave lengths. This would suggest the presence of a sub-
stituted nitronaphthalene as the absorbing system. This is
in agreement with the possibility that this product is a dimer
of the Diels-Alder type.

Anal. Caled. for CpHaN,O4: C, 77.09; H, 4.45; mol.
wt., 408. Found: C, 77.61; H, 4.98; mol. wt. (Rast cam-
phor), 456.

ROCHESTER, NEW YORK
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Quinone Imides.

XXXIX. Adducts of Quinone Monoimides and Conversion of

Active Methylene Adducts to Benzofurans

By RoGER ADaMS AND LEROY WHITAKER!
RECEIVED JUNE 13, 1955

Hydrazoic acid, benzenesulfinic acid and several active methylene compounds have been added to p-quinonemonobenzene-

sulfonimide.

The latter adducts are converted by means of acid to benzofuran derivatives.

1,4-Naphthoquinonemonoben-

zenesulfonimide adds the same reagents and, unlike the benzene analog, also reacts with piperidine, morpholine and aniline

to give erystalline adducts.

The addition of active methylene compounds to
quinone diimides? and the conversion of the adducts
to indoles by treatment with acids® have been re-
ported. Active methylene compounds have now
been added to quinone monoimides and the adducts
have been converted to benzofurans by treatment
with acids. Acetylacetone, acetoacetanilide and
the ethyl esters of acetoacetic acid, benzoylacetic
acid, cyclohexanone-2-carboxylic acid and malonic
acid were allowed to react with p-quinonemonoben-
zenesulfonimide (I) to form the substituted phenols
I1a-IIf. All these products except IIf were ob-
tained in good yield.

No isolable products resulted from the following
reactions: I with dimedone, nitromethane, di-
benzoylmethane and the ethyl esters of acetylsuc-
cinic acid, cyclopentanone-2-carboxylic acid, cyano-
acetic acid, methylmalonic acid, propionylmalonic
acid, @,a’-dimethyl-8-ketoglutaric acid and thiola-

cetic acid; p-quinonemonomethanesulfonimide
with acetylacetone, acetoacetanilide and ethyl
acetoacetate; 1,4-naphthoquinonemonobenzene-

sulfonimide with diethy! malonate. 3-(4-Benzene-
sulfonamido - 1 - hydroxynaphthalene - 2) - 2,4 - pen-
tanedione (IIla) was obtained in an impure state

(1) An abstract of a thesis submitted by Leroy Whitaker to the
Graduate College of the University of Illinois, 1955, in partial fulfill-
ment of the requirements for the Degree of Doctor of Philosophy;
Eastman Kodak Compuny Fellow, 1952-1934; American Cyanamid
Company Fellow, 1954-1955.

(2) R. Adams, ¢! al.,, THIS JoURNAL, T4, 5557, 5872 (1952); 76,
3403 (1053); 76, 2763 (1954).

(8) R. Adams and W. P. Samuels, Jr., tbid., 77, 3375 (1933).
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from the reaction of acetylacetone with 1,4-naph-
thoquinonemonobenzenesulfonimide.

HNSO.CH; I1la, R = CH(COCH;),
N | b, R = N(CH.); .
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| ll N d, R = NHCH,

e, R = SOQCGHS
K/ /R
v
OH

The additions were effected successfully in diox-
ane using sodium methoxide as the catalyst. The
addition of the catalyst caused the reaction mixture
to turn dark. The speed and degree of decoloriza-
tion usually could be used as a measure of the suc-
cess of the reaction. The desired adduct was ob-
tained from only one addition that did not decolor-
ize and then in a yield of only 189;. Tar formation
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and reduction of the monoimides were the primary
reactions that occurred in the unsuccessful addi-
tions.

Oxidation of IIc by lead tetraacetate in acetic
acid led not to the expected quinone imide 1V, but
instead to the acetoxy derivative V. Compound IV
was probably the primary reaction product to
which acetic acid is added to give V. The position
occupied by the acetoxy group was not ascertained,
but the infrared spectrum indicated that the com-
pound probably had the 1,2,3,5-configuration. A
study conducted in this Laboratory of the infrared
spectra of p-phenylenedibenzenesulfonamides and
p-benzenesulfonamidophenols containing substitu-
ents in the 2,6- or 2,5-positions as established by
chemical means revealed that the spectra of the
2,6-disubstituted compounds show the presence of
a band between 900 and 850 cm.—!, while in the
spectra of the 2,5-disubstituted compounds this
band is shifted to a position between 850 and 800
cm.~l  The spectrum of V showed the presence of
a band at 877 cm.™!, probably indicative of the
1,2,3,5-configuration, but the complexity of the
region between 900 and 800 cm.~! makes the as-
signment of such configuration uncertain,

l[\ISOQCng HNSO,CeHs
|
C|‘,HC02C2H5 CH,COO— ‘—‘?HCOQCQHE
l
0 COCH; OH COCH;
v A%

When a suspension of Ila, II¢, Ile or IIIa in
constant boiling hydrochloric acid was heated under
reflux the respective benzofurans VIa, VIb, VII or
VIII were obtained. Treatment of IIc with 709,
sulfuric acid also resulted in the formation of VIb,
but when concentrated sulfuric acid was used an
amorphous solid resulted. The conversion of IIa
to VIa proceeds spontaneously; a sample of Ila
that had been standing at room temperature for
approximately one year was found to have lost
water to form VIa almost quantitatively. Com-
pound VIII could also be prepared without isola-
tion of the intermediate by pouring an acetone
solution of the oily residue obtained by the evapor-
ation of the solvent from the addition of acetylace-
tone to 1,4-naphthoquinonemonobenzenesulfoni-
mide over a mixture of ice and hydrochloric acid.

R'SO.HN— H—R’
N0 R

VIa, R = CHj3 R’ = COCH;, R” = C¢H;
b, R = CHa, R’ = COzCsz, R" = CsHa
¢, R = CHy, R’ = COH, R” = CgH;

d, R=R"= CoHs, R/ = C02C2H5
e, R = CHa, R’ = CHzCOzH, R” = CeHs
f, R =R" = CHg, R’ = COCH3

R CHSOHN—¢# COCH;
CsHSOHN
LY /—CHs
0N\ ©
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Certain of the adducts that could not be con-
verted to benzofurans by treatment with acid
int a two-phase system were readily converted when
acetone or dioxane was added to effect solution.
By this procedure IIb and IId were converted to
4-benzenesulfonamido-2-methylbenzofuran-3-car-
boxylic acid (VIc) and ethyl 5-benzenesulfonamido-
2-phenylbenzofuran-3-carboxylate (V1d), respec-
tively. Alkaline hydrolysis of VIb also resulted
in the formation of VIc. When IIe was treated
in this way 2-benzenesulfonamido-7,8,9,9a-tetra-
hydrodibenzofuran (IX) was formed whereas
treatment with constant boiling hydrochloric acid
without solvent resulted in the formation of VIIL.
The position of the double bond in the hydrogen-
ated benzene nucleus of compound IX was not
positively established. The infrared spectrum of
IX permitted the deduction that the double bond
was probably not conjugated with the benzene
ring. Some of the oily products obtained from
the addition reactions were converted to benzofu-
rans when treated with acid in a homogeneous sys-
tem. 5§ - Benzenesulfonamido - 2 - methylbenzofu-
ran-3-acetic acid (VIe) and 3-acetyl-5-methanesul-
fonamido-2-methylbenzofuran (VIf) were obtained
by hydrolysis of the oils from the addition of di-
ethyl acetylsuccinate to I and acetylacetone to p-
quinonemonomethanesulfonimide, respectively.

4 CO:H
< O
N0 3

The infrared spectrum of 2-methylbenzofuran-3-
carboxylic acid* (X) was compared with that of Vic.
In the spectrum of X there were bands at 1630 and
1098 cm.—!. The former band can be attributed
to the double bond of the furan ring and the latter
to the carbon-oxygen—carbon bonds of the furan
ring. There were also bands at 1710, 1248 and 925
cm. ! due to the carboxyl group. The spectrum of
VIc showed bands at 1629, 1100, 1687, 1263 and
920 em.~Y. This similarity of the spectra reflects
the identity of the nuclei in these two molecules.

The infrared spectrum of IIa showed the pres-
ence of a band at 3540 cm. !, indicating the prob-
able existence of the diacetylmethyl group in the
enol form. This is further substantiated by the
presence of a broad band in the region of 1600
cm. !, probably due to chelation of the enolized
form of ITa. The cyclization therefore probably
proceeds through the enol form by the sequence
reactions represented below.

H NSOzCGHa

ITa —

|
u CCHs

OH

|
—_—
C{COCHs
v
OH 7
—COCH;

H
CeHSOHN-—~7
NN
OH

—CH;

(4) P. Pfeiffer and E. Anders, Ber., 84, 247 (1951).
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The cyclization step involves the addition of a
hydroxyl group to an «,8-unsaturated ketone. The
subsequent dehydration is merely loss of water
from a §-hydroxy ketone. The spontaneous forma-
tion of VIa from IIa might well be expected. This
reaction would be catalyzed by acid.

The reaction between diethyl succinosuccinate
(X1) and I yielded the same product regardless of
the proportion of starting materials employed. The
analysis indicated that two moles of I react with
one mole of XI. The infrared spectrum of the
product showed bands at 1717, 1290 and 1195 cm. !
corresponding to those of a conjugated ester. The
complexity of the spectrum made it impossible to
identify an ether linkage. The assigned structure
XII anticipates that the dienol form of XI added to
I. Compound XII was not changed by heating
with hydrochloric acid or a mixture of acetic and
hydrobromic acids.

o
|
CyH:0,C—

C02C2H5

I
0

XI
HNSO.CsH; CO.CoHs

@O_Q_o_

l
OH COCoH; HNSO.CeH;
XII

OH
l

No crystalline products were obtained from the
reaction of piperidine or morpholine with I or of
morpholine with p-quinonemonomethanesulfoni-
mide. Two products resulted from the reaction of
piperidine with 1,4-naphthoquinonemonobenzene-
sulfonimide. One which was white turning pink
in the air and for which no method of purification
was found was probably 4-benzenesulfonamido-2-
piperidino-1l-naphthol (IIIb). The other red, crys-
talline product was identified as 2-piperidino-1,4-
naphthoquinone-4-benzenesulfonimide (X1IIa).
The reduction of XIIla gave a white solid that
quickly turned pink on exposure to air; it was
probably IIIb. Morpholine reacted in a similar
mantier to piperidine to give a mixture of 4-ben-
zenesulfonamido-2-morpholino-1-naphthol  (I1Ic)
and 2-morpholino-1,4-naphthoquinone-4-benzene-
sulfonimide (XIIIb). The former was a white
compound that slowly turned pink on exposure to
air, while the latter was a red compound very simi-
lar in appearance to XIIla. Aniline reacted to
give a mixture of 4-benzenesulfonamido-1-naphthol
and 2-anilino-1,4-naphthoquinone-4-benzenesutfon-
imide (X1IIc). Reduction of XIIIc gave the ex-

N502C6H5
7 XIIla, R = N(CH,)s
'R = N{CH,CH;):.0
R ¢, R = NHC:H;
I
0 XIII
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pected 2-anilino-4-benzenesulfonamido-1-naphthol
(IIId). This compound was a white crystalline
solid that slowly turned pink on exposure to air.
Benzenesulfinic acid added guite readily to I and
the naphthalene analog to give 4-benzenesulfona-
mido-2-benzenesulfonylphenol (IIg) and 4-ben-
zenesulfonamido - 2 - benzenesulfonyl - 1 - naphthol
(I1Ie) respectively. The additions were accom-
plished by adding sodium benzenesulfinate to a hot
solution of the monoimide in acetic acid; the ben-
zenesulfinic acid was thus generated 7n situ. Oxi-
dation of IIg by lead tetraacetate in acetic acid led
to the expected 2-benzenesulfonyl-1,4-quinone-4-
benzenesulfonimide (XIV) to which a second mole
of benzenesulfinic acid was added to give 4-ben-
zenesulfonamido-2,6-dibenzenesulfonylphenol (XV).
The infrared spectrum of XV showed the presence
of a band at 878 cm.™}, indicating that the com-
pound probably has the 1,2,3,5-configuration.

I’QSOzCeHs HNSO0.CeHs
—S0,CeHs CeH;SO,— SO0, CeHj

| |

O OH

X1v XV

Hydrazoic acid, generated in situ by the addi-
tion of an aqueous solution of sodium azide to a
warm solution of I in acetic acid, was added to I.
The product, 2-azido-4-benzenesulfonamidophenol
(ITh), decomposed at room temperature in the dark
and more rapidly if exposed to light or heat. Re-
duction of ITh with sodium hydrosulfite gave the
unstable 2-amino-4-benzenesulfonamidophenol (I11i)
which was acetylated to the stable 2-acetamido-4-
benzenesulfonamidophenol (ITj).

Acknowledgment.—The authors are indebted to
Mrs. Esther Fett, Mrs. Lucy Chang, Mrs. R. Ma-
ria Benassi, Mr. Joseph Nemeth and Mr. R. J.
Nesset for the microanalyses and to Mrs. Louise
Griffing and Mr. James Brader for determination
and interpretation of the infrared spectra.

Experimental

All melting points are corrected.

1,4-Naphthoquinonemonobenzenesulfonimide.—A sus-
pension of 8.4 g. of 4-benzenesulfonamido-l-naphthol® and
12.6 g. of lead tetraacetate in 42 ml. of glacial acetic acid
was stirred at room temperature. The solution developed a
vellow color immediately. After one hour one ml. of ethyl-
ene glycol was added and the stirring was continued for 15
minutes. The mixture was cooled in an ice-bath and the
imide was removed by filtration and washed with water.
Recrystallization from chloroform~cyclohexane gave 5.31 g.
(63.02%) of yellow needles, m.p. 152-154° (lit.®* m.p. 148-
149°)

General Procedure for the Addition of Active Methylene
Compounds to Quinone Monoimides (See Table I).—To a
solution of 0.01 mole of the quinone monoimide and 0.011
mole of the active methylene compound in 50 ml. of dry di-
oxane was added about 40 mg. of sodium methoxide and the
mixture was allowed to stand at room temperature. The
product was obtained from the reaction mixture by one of the
following procedures.

Procedure A.—The reaction mixture was filtered and the
filtrate was concentrated under vacuum on the steam-bath
to a volume of about 25 ml. Addition of petroleum ether
(b.p. 80-100°) to this solution caused the separation of a
tan oil which solidified on cooling.

(5) R. Adams and R. A. Wankel, Tars JourNat, 73, 131 (1951).
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TasLe 1
Appucts oF AcTIVE METHYLENE COMPOUNDS AND QUINONE MONOIMIDES
Crude Solv.
Active methylene Reaction Proce- yield, Pure for re- Analyses, %,
Quinone monoimide compd. time dure A m.p., °C. cryst.b Caled. Found
p-Quinonemonobenzene- Acetylacetone 15 min. A 94 171-173.5dec. A-B (,58.78 C, 58.76
sulfonimide® H, 4.92 H, 4.66
N, 403 N, 4.06
Ethyl acetoacetate 30 sec. A 94 171 dec. C C,57.29 C,57.25
H, 5.09 H, 5.05
N, 3.71 N, 3.70
Ethyl benzoylacetate 5 min. B 98  197-198 dec. C C,62.85 C, 62.8
H, 4.81 H, 4.70
N, 3.18 N, 3.28
Acetoacetanilide 2 hr. B 87 181.5-182 A C,62.25 C,62.29
H, 4.75 H, 4.96
N, 6.60 N, 6.51
Diethyl malonate 3d. C 18  160-162 C C,56.01 C, 56.02
H, 5.20 H, 5.44
N, 3.44 N, 3.42
Ethyl cyclohexanone- 1 hr. B 95 175-177 C C,60.42 C,60.27
2-carboxylate H, 5.55 H, 5.70
N, 3.36 N, 3.26
Diethyl acetylsuccinate 20 hr. Ao . Ol e
p-Quinonemonomethane-
sulfonimide® Acetylacetone 30 min. Aol
1,4-Naphthoquinonemono-
benzenesulfonimide Acetylacetone 7 d. D 70 184-186° A
@ R. Adams and J. H. Looker, THIS JOURNAL, 73, 1145 (1951). % A, ethyl acetate; B, petroleum ether (b.p. 80-100°); C,
ethanol. ¢ Impure.
TaBLE II
Furans FROM AcTive METHYLENE ADDUCTS
Reac- Solv.
tion Crude for
time, yield, Pure re- Analyses, %
Furan Adduct Method hr. % m.p., °C. cryst.® Caled. Found
3-Acetyl-5-benzenesulfonamido-2- 3-(5-Benzenesulfonamido-2-hydroxy- A 5.5 77 101.5-193.5 A-B (C,61.99 C, 62.09
methylbenzofuran phenyl)-2,4-pentanedione H, 4.59 H, 4.37
N, 4.25 N, 4.23
Ethyl 5-benzenesulfonamido-2-meth- Ethyl a-{5-benzenesulfonamido-2- A 3 96 143-144 C-B (C,60,16 ¢, 60.39
ylbenzofuran-3-carboxylate hydroxyphenyl)-acetoacetate B 48 96 H, 4.77 H, 4.55
N, 3.89 N, 3.70
Ethyl 5-benzenesulfonamido-2-phen- Ethyl a-(5-benzenesulfonamido-2- C 17 92 134.5-135.5 D C,65.5¢4 C, 65.66
ylbenzofuran-3-carboxylate hydroxyphenyl)-benzoylacetate H, 4.54 H, 4.50
N, 3.32 N, 3.34
5-Benzenesulfonamido-2-methylben-  a-(5-Benzenesulfonamido-2-hydroxy- C 18 67 254.5 dec. D C,57.99 C,58.20
zofuran-3-carboxylic acid phenyl)-acetoacetanilide H, 3.95 H, 3.92
N, 4.23 N, 4.12
3-Acetyl-5-methanesulfonamido-2- 3-(53-Methanesulfonamido-2-hy- C 12 35° 171-172 E C,53.92 C,54.04
methylbenzofuran droxyphenyl)-2,4-pentanedione® H, 4.90 H, 5.33
N, 5.2¢4 N, 5.11
3-Acetyl-5-benzenesullonamido-2- 3-(4-Benzenesulfonamido-1-hy- A 24 75 C, 66.47 C, 66.56
methylnaphtho(1,2-blfuran droxynaphthalene-2-).2,4-pentane- D 14 days 65° 246-247 D H, 4.52 H, 4.36
dione N, 3.60 N, 3.64
5-Benzenesulfonamido-2-methylben-  Diethyl 1-acetyl-1-(5-benzenesulfon- C 24 17¢ 200-201.5 D C,59.10 C, 59.16
zofuran-3-acetic acid amido-2-hydroxyphenyl)-suc- dec. H 4.41 H, 4.32
cinate? N, 4.05 N, 4.00
Ethyl 2-benzenesulfonamido-7,8,9,9a- Ethyl 1-(3-benzenesulfonamido-2- A 6 71 186188 D C,63.14 C,62.85
tetrahydrodibenzofuran-9a- hydroxyphenyl)-2-oxocyclohexane H, 5§.30 H, 5.5
carboxylate carboxylate N, 3.51 N, 3.6g
2-Benzenesulfonamido-7,8,9,9a-tetra- Ethyl 1-(5-benzenesulfonamido-2- [} 18 33 191-192.5 D C,66.04 C, 65.55
hydrodibenzofuran hydroxyphenyl)-2-oxocyclohexane H, 5.2¢ H, 5.48
carboxylate N, 4.28 N, 4.26
@ A, benzene; B, petroleum cther (b.p. 80-100°); C, acctone; D, ethanol; E, dioxanc. ? Oil. ¢ Based on the monoimide

employed in the addition.

Procedure B.—The reaction mixture was poured into

Procedure D.—The dioxane was evaporated in a stream

water which caused the product to separate.

Procedure C.—The dioxane was evaporated in a stream
of air and petroleum ether was added to the residue. The
dark oil which formed was dissolved in acetone and the
acetone was allowed to evaporate slowly to give a solid
residue.

of air and water was added to the residue to cause the sepa-
ration of an oil. By dissolving the oil in acetic acid and
pouring the solution into water with vigorous stirring a solid
product separated.

General Procedure for the Conversion of the Active Meth-
ylene Adducts to Benzofurans (See Table II). Method A.—
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A suspension of 1.00 g. of the adduct in 50 ml. of constant
boiling hydrochloric acid was heated under reflux. After
the reaction was complete the mixture was cooled and the
product was removed by filtration.

Method B.—A suspension of 1.00 g. of the adduct in 50
ml. of 709%, sulfuric acid was allowed to stand at room tem-
perature. After the reaction was complete the mixture
was poured over crushed ice. The solid product was re-
moved by filtration.

Method C.—To a solution of 1.00 g. of the adduct in 40
ml. of dioxane or acetone was added 25 ml. of concentrated
hydrochloric acid and the mixture was heated under reflux.
The solution was concentrated by evaporating the solvent
in a stream of air. The product was removed by filtration.

Method D.—To a solution of 0.0067 mole of the quinone
monoimide and 0.007 mole of the active methylene com-
pound in 50 ml. of dry chloroform was added 8 drops of tri-
ethylamine and the mixture was allowed to stand at room
temperature. The chloroform was evaporated in a stream
of air and the oily residue was dissolved in acetone. The
acetone solution was poured over a mixture of ice and hy-
drochloric acid. A dark oil separated; this oil solidified on
standing.

Ethyl «a-(3-Acetoxy-5-benzenesulfonamido-2-hydroxy-
phenyl)-acetoacetate (V).—A suspension of 1.89 g. of ethyl
a-{(5-benzenesulfonamido -2-hydroxyphenyl)-acetoacetate
and 2.30 g. of lead tetraacetate in 50 ml. of glacial acetic acid
was stirred at room temperature. The solution became
yvellow immediately. After 18 hours the yellow color had
faded and a white precipitate had formed. To this mixture
was added 0.50 ml. of ethylene glycol and the stirring was
continued for 5 minutes. The mixture was cooled and
filtered. The yield of white crystals was 1.00 g. (45.8%,).
Recrystallization from ethanol gave small, white crystals,
m.p. 193~195° dec.

Anal. Caled. for CooHuNOsS: C, 55.16; H, 4.86; N,
3.22. Found: C, 55.48; H, 5.02; N, 3.01.

Diethyl 3,6-Dihydro-2,5-bis-(5-benzenesulfonamido-2-
hydroxyphenoxy)-terephthalate (XII).—To a solution of
2.47 g. of p-quinonemonobenzenesulfonimide and 2.56 g. of
diethyl succinosuccinate® in 25 ml. of dry chloroform was
added 40 mg. of sodium methoxide. The color began to
fade immediately and a precipitate formed. After one hour
the mixture was filtered to remove the tan solid that had
separated; yield 3.15 g. (849%) (fraction A). Fraction A
was recrystallized from dioxane to give white crystals, m.p.
269-270° dec.

Anal. Caled. for CzpHyuN20::S:: C, 57.59;
N, 38.73. Found: C, 57.52; H, 4.84; N, 3.53.

The original chloroform solution was evaporated to give
1.20 g. (46.8%) of a yellow solid which was recrystallized
from ethyl acetate; m.p. 125.5-128.5°. It proved to be
unchanged diethyl succinosuccinate.

2-Piperidino-1,4-naphthoquinone-4-benzenesulfonimide
(XIIla).—A solution of 1.99 g. of 1,4-naphthoquinonemono-
benzenesulfonimide and 0.60 g. of piperidine in 30 ml. of
chloroform was allowed to stand at room temperature. The
solution developed a dark, red color. After 21 hours the
mixture was filtered to remove 0.66 g. of pink solid, m.p.
161-166° (fraction A). The chloroform solution was
evaporated in a stream of air and 30 ml. of ethanol was added
to the oily residue. A dark-red, crystalline material sepa-
rated and was removed by filtration; yield 1.32 g. (fraction
B). The ethanol solution was evaporated, leaving 0.45 g.
of a red solid which was the same material as fraction B.
After one recrystallization from chloroform—cyclohexane,
it was combined with fraction B and recrystallized from the
same solvent pair; m.p. 174.5-176°; total yield 1.77 g.
(69.7%).

Anal. Caled. for CuHy,N20:S: C, 66.27; H, 5.30; N,
7.36. Found: C, 65.91; H, 5.31; N, 7.20.

No satisfactory method for purification of fraction A was
found.

4-Benzenesulfonamido-2-piperidino-1-naphthol (IIIb).—
A solution of 0.75 g. of sodium hydrosulfite in 5 ml. of water
was added to a suspension of 0.50 g. of 2-piperidino-1,4-
naphthoquinone-4-benzenesulfonimide in 10 ml. of ethanol.
To the mixture, after boiling for about 10 minutes until all
the red solid was gone, was added 10 ml. of ethauol. The
inorganic salts werce sepatated from the hot mixture by fil-

H, 4.56;

(6) N. Green and 17, B, LaForge, ‘Tuis Journar, 70, 2287 (1918).
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tration and water was added to the filtrate. Upon cooling
a white solid separated which formed a dark tar when heated
to 161°. It quickly turned red when exposed to air. No
good method of purification was found.

2-Morpholino-1,4-naphthoquinone-4-benzenesulfonimide
(XIIIb) and 4-Benzenesulfonamido-2-morpholino-l-naph-
thol (IIlc).—A solution of 0.61 g. of morpholine and 1.99 g.
of 1,4-naphthoquinonemonobenzenesulfonimide in 30 ml. of
chloroform was allowed to stand at room temperature.
After 48 hours the mixture was filtered to remove 0.32 g. of
pink solid (fraction A). Fraction A could not be purified.
The chloroform was evaporated and the oily residue was ex-
tracted twice with hot ethanol. A white, crystalline mate-
rial remained; yield 0.75 g. (29.3%) (fraction B). The
ethanol extracts were evaporated to dryness, leaving a red
solid; vield 1.40 g. (54.9%) (fraction C).

Fraction B was recrystallized from chloroform to give
white crystals which slowly turned pink on exposure to air;
m.p. 201-202°. This material was identified as 4-henzene-
sulfonamido-2-morpholino-1-naphthol.

Anal. Caled. for C20H20N204S2 C, 6248, II,
N, 7.29. Found: C, 62.90; H, 5.50; N, 7.18.

Recrystallization of fraction C from ethanol gave red
crystals  of 2-morpholino-1,4-naphthoquinone-4-benzene-
sulfonimide, m.p. 193-194.5°.

Anal. Caled. for C20H13N204SZ C, 6281, H, 475, N,
7.36. Found: C, 63.05; H, 4.81; N, 7.33.

2-Anilino-1,4-naphthoquinone-4-benzenesulfonimide
(XIIIc).—A solution of 1.99 g. of 1,4-naphthoquinonemono-
benzenesulfonimide and 0.65 g. of aniline in 30 ml. of chloro-
form was allowed to stand at room temperature. After
60 hours the red mixture was filtered to remove the crystals
that had separated, and these crystals were washed with
chloroform. The yield of this material was 0.79 g. (39.7%)
(fraction A).

Fraction A was recrystallized from acetic acid; white
crystals, m.p. 202-204°. A melting point of a mixture with
4-benzenesulfonamido-1-naphthol showed no depression.

Anal. Caled. for CiHisNO;S: N, 4.68. Found: N,
4.56.

The chloroform washings were added to the original fil-
trate and the solution was concentrated. Addition of cy-
clohexane caused a dark-red precipitate to separate. The
yield was 1.57 g. (60.3%) (fraction B). Recrystallization
of fraction B from ethanol gave bright red needles, m.p.
175-176°. This material was identified as 2-anilino-1,4-
naphthoquinone-4-benzenesulfonimide.

Anal. Caled. for CpHisN.0;S: C, 68.02; H, 4.15; N,
7.21. Found: C, 68.02; H, 4.14; N, 7.06.

2-Anilino-4-benzenesulfonamido-1-naphtho! (IIld).—To
a suspension of 0.50 g. of 2-anilino-1,4-naphthoquinone-4-
benzenesulfonimide in 50 ml. of ethanol and 10 ml. of water
was added 1.00 g. of sodiumn hydrosulfite and the mixture
was heated for 10 minutes. The mixture was filtered while
liot and water was added to the filtrate. The white solid
was removed by filtration; yield 0.48 g. (96%,). The product
slowly turned pink on exposure to air. Recrystallization
from ethanol in an atmosphere of nitrogen gave white
crystals, m.p. 184-185°.

Anal. Caled. for CoHieN20,;S: C, 67.67; H. 4.65; N,
7.18. Found: C, 68.09; H, 5.11; N, 7.07.

4-Benzenesulfonamido-2-benzenesulfonylphenol (IIg).—
To a solution of 1.00 g. of p-quinonemonobenzenesulfoni-
mide in 30 ml. of boiling glacial acetic acid was added 1.31 g.
of sodium benzenesulfinate. The yellow color of the solu-
tion was discharged immediately. The hot solution was
diluted with 80 ml. of water and cooled which caused the
product to separate. The yield was 1.49 g. (94.9%). Re-
crys;;allization from ethanol gave white flakes, m.p. 170~
171°.

Anal. Caled. for CsHisNO;S,: C, 55.51; H, 3.88; XN,
3.60. Found: C, 55.86; H, 3.99; N, 3.47.

2-Benzenesulfonyl-1,4-quinone-4-benzenesulfonimide
(XIV).—To a mechanically stirred suspension of 0.50 g. of
2-benzenesulfonamido-4-henzenesulfonylphenol in 20 ml. of
glacial acetic acid was added 0.68 g. of lead tetraacetate.
After 30 minutes 5 drops of ethvlene glycol was added and
the stirring was continued for 10 minutes. The solution
was cooled and pale-orange ncedles separated. The yield
was 0.41 g. (829,). Recrystallization from acetic acid gave
orange needles, m.p. 162.5-163.5°.

5.25;
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Anal., Caled, for CisHiNOsS,: C, 55.80; H, 3.38; N,
3.62. Found: C, 56.11; H, 3.46; N, 3.88.

4-Benzenesulfonamido-2,6-dibenzenesulfonylphenol (XV).
—A solution of 0.15 g. of sodium benzenesulfinate in 2 ml. of
water was added to a warm solution of 0.20 g. of 2-benzene-
sulfonyl-1,4-quinone-4-benzenesulfonimide in 10 ml. of gla-
cial acetic acid. The solution was diluted with 10 ml. of
water and cooled. The white product was removed by fil-
tration. The yield was 0.26 g. (96.39%,). After recrystal-
lization from acetic acid the product melted at 200°.

Anal. Caled. for CouyHisNO:S;: C, 54.43; H, 3.62; N,
2.65. Found: C, 54.62; H, 3.68; N, 2.64,

The 4-Benzenesulfonamido-2-benzenesulfonyl-1-naphthol
(Ille).—To a solution of 1.00 g. of 1,4-naphthoquinone-
monobenzenesulfonimide in 30 ml. of boiling glacial acetic
acid was added 1.00 g. of sodium benzenesulfinate. The
color of the solution was quickly discharged. On cooling
1.32 g. (909%,) of white, crystalline product separated. Re-
crystallization from acetic acid gave white needles, m.p.
204.5°.

Anal. Caled. for CooHiyNO;S,: C, 60.12; H, 3.90; N,
3.19. Found: C, 59.80; H, 4.01; N, 3.04.

2-Azido-4-benzenesulfonamidophenol (IIh).—A solution
of 1.00 g. of sodium azide in 4 ml. of water was added to a
warm solution of 1.50 g. of p-quinonemonobenzenesulfon-
imide in 30 ml. of acetic acid. After 5 minutes the solution
was colorless and it was poured into 80 ml. of water con-
tained in a flask wrapped with aluminum foil to prevent
light from striking the product. When the mixture was
cooled white needles separated weighing 1.67 g. (94.99%).
The product decomposed on standing at room temperature
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and the decomposition was accelerated by light or heat.
The product was recrystallized by dissolving in ethanol at
room temperature, adding water to the cloud point and cool-
ing. White needles were obtained, m.p. 121-122.5° dec.
Because of the instability of the product it was not ana-

lyzed.

2-Acetamido-4-benzenesulfonamidopheno! (IIj).—A
solution of 6.0 g. of sodium hydrosulfite in 30 ml. of water
was added to a solution of 1.00 g. of 2-azido-4-benzenesul-
fonamidophenol in 30 ml. of 59, aqueous sodium hydroxide.
The resulting yellow solution was heated to boiling for 10
minutes, diluted with water and made slightly acidic with
dilute hydrochloric acid. A white solid separated and was
removed by filtration. The yield was 0.76 g. (83.5%),
m.p. 165-168°. Attempts to purify this amine resulted in
colored solutions from which colored solids were obtained.
The crude material was therefore acetylated directly.

To a solution of 1.00 g. of crude 2-amino-4-benzenesul-
fonamidophenol in 100 ml. of 5%, aqueous hydrochloric acid
was added slowly a 5%, aqueous solution of sodium hydrox-
ide until the mixture became slightly turbid. The turbidity
was removed by the addition of a few milliliters of hydro-
chloric acid. A few chips of ice were added, followed by 10
ml. of acetic anhydride. The mixture was shaken vigor-
ously and a solution of 10 g. of sodium acetate in 100 ml. of
water was introduced. On cooling white crystals sepa-
rated. The yield was 1.03 g. (78.1%). Recrystallization
from acetone-chloroform gave small, white crystals, m.p.
242-242.5° dec.

Anal. Caled. for CiyHuuN:0,8: C, 54.89; H, 4.61; N,
9.15. Found: C, 54.73; H, 4.22; N, 8.86.
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Effect of Remote Substituents on the

Stability of Optically Active N-Benzenesulfonyl-N-carboxymethyl-3-benzylmesidine

By RoGER Apams aND K. R. BROWER
RECEIVED AucGuUsT 1, 1955

In a series of optically active compounds having m-substituted benzyl groups in the 3-position of N-benzenesulfonyl-N-
carboxymethylmesidine it was found that variation of the substituent caused no significant variation in the rate of racemiza-

tion.

Previous papers in this series have reported that
variation of the 4-substituent in optically active
N -benzenesulfonyl- N -carboxymethyl-1-amino-2-
methylnaphthalenes (I) produces variations in the
rate of racemization, amounting in the most ex-
treme case to a factor of twenty.’? The half-
lives of the nitro compound (X = NO,), the amino
compound (X = NH;) and the unsubstituted
compound were 0.42, 9.7 and 4.9 hr., respectively.

CGHE,SOQ——I'\T—CHZCOzH

N—CH,

7

I X

The effect has been explained on the basis of varia-
tions in the resonance stabilization of the coplanar
transition state by the para substituent,’? but
there is 1o assurance that other factors such as in-
ductive and field effects are not involved.

The purpose of the present investigation has
been to determine the susceptibility of the racemi-
zation reaction to substituents too well isolated

(1) R. Adams and R. H. Mattson, Tuis JOURNAL, T6, 4925 (1954).
(2) R. Adams and K. V. Y. Sundstrom, ibid., 78, 5474 (1954).

from the reaction center to contribute any but field
effects. For this purpose compounds having m-
substituted benzyl groups attached to the 3-posi-
tion of N-benzenesulfonyl-N-carboxymethylmesi-
dine (II) have been prepared and studied.

From the table below it is seen that variation of
the substituent causes remarkably little variation
in the half-lives of the compounds of the present
series.

Cst,SOgN[CHzCOzH X

| : p:¢ Half-life, lir.
. H 11.5 4 0.2
CHs —CHs CH, 1.3+ .4
Br 12.8 £ .3
Nen,” CN 2.1+ .2
| ? CH,0O 1234 .2

CH; II

The synthesis of the benzyl, m-methylbenzyl, -
bromobenzyl and m-nitrobenzyl derivatives was
effected by benzylation of mesitylene with the ap-
propriate benzyl chloride, followed by nitration, re-
duction and introduction of the benzenesulfonyl
and carboxymethy! groups on the amino nitrogen in
that order. The nitration of the sm-nitrobenzyl-
mesitylene provided the dinitro compound with
one nitro group in the mesitylene ring and the other
on the benzyl group. Selective catalytic reduction



