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Quinone Imides. XIII. Orientation of Groups in Adducts of Hydrogen Chloride with 
Quinone Diimides 

BY ROGER ADAMS, E. F. ELSLAGER' AND K. F. HEUMANN' 

The orientation of the hydrogen and chlorine when hydrogen chloride is added to certain p-quinone diimides has been de- 
termined. 2-Chloro-fi-quinonedibenzenesulfonimide is converted to a mixture of 2,3- and 2,5-dichloro-fi-phenylenediben- 
zenesulfonamide, the structures of which were proven by unequivocal syntheses. Oxidation of the mixture or of the pure 
individual compounds, followed by addition of hydrogen chloride, yields the same product, 2,3,5-trichloro-p-phenylenedi- 
benzenesulfonamide. By a similar oxidation-addition sequence, the latter is converted to 2,3,5,6-tetrachloro-p-phenylenedi- 
benzenesulfonamide, which can be oxidized to 2,3,5,6-tetrachloro-p-quinonedibenzenesulfonimide. 2-Methyl-p-quinonedi- 
benzenesulfonimide reacts with hydrogen chloride to give chiefly 2-methyl-5-ch.loro-~-phenylenedibenzenesulfonamide. 
Subsequent oxidation followed by addition of hydrogen chloride yields a dichloro-2-methyl-p-phenylenedibenzenesulfon- 
amide, the structure of which was not determined. Oxidation with lead tetraacetate in benzene gives the corresponding 
quinone diimide, which readily adds hydrogen chloride to give 2-methyl-3,5,6-trichloro-p-phenylenedibenzenesulfonamide. 
However, oxidation of 2-methyl-x,5-dichloro-p-phenylenedibenzenesulfonamide with lead tetraacetate in glacial acetic acid 
yields primarily a dichloromethyl-p-quinone monobenzenesulfonimide, the structure of which was not determined. The 
latter, when treated with concentrated hydrochloric acid in glacial acetic acid, is converted to 2-methyl-3,5,6-trichlorohydro- 
quinone. 2,5-Dimethyl-3-chloro-fi-phenylenedibenzenesulfonamide is also oxidized by lead tetraacetate in benzene to the 
corresponding diimide; in glacial acetic acid 2,5-dimethyl-3-chloro-p-quinonemonobenzenesulfonimide is obtained. 

Recent work2 has shown that monochloro-p- 
phenylenediamides are formed when hydrogen 
chloride is added to various p-quinone diimides. 
For example, p-quinonedibenzenesulfonimide is 
converted into 2-chloro-p-phenylenedibenzenesul- 
fonamide (I), the structure of which is established 
since only one monochloro compound can exist.2u 
The orientation of hydrogen and chlorine when 
hydrogen chloride is added to 2-chloro-p-quinone- 
dibenzenesulfonimide has now been studied. 2- 
Chloro-p-phenylenedibenzenesulfonamide (I) was 
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oxidized with lead tetraacetate in glacial acetic acid 
to 2-chloro-~-quinonedibenzenesulfonimide (11). 
Subsequent addition of hydrogen chloride yielded 
a mixture of isomeric dichloro-p-phenylenedibenz- 
enesulfonamides, which upon fractional crystalliza- 
tion yielded the least soluble isomer, 2,5-dichloro-p- 
phenylenedibenzenesulfonamide (111), and the most 
soluble isomer, 2,3-dichloro-p-phenylenedibenzene- 
sulfonamide (IV) in pure form. Their structures 
were proved unequivocally by reducing the di- 
oximes of the known 2,5- and 2,3-dichloro-p-benzo- 
quinones to the corresponding diamines and benz- 

I11 1x7 

(1) From abstracts of theses submitted by E. F. Elslager and K. P. 
Heumann to the Graduate College of the University of Illinois in par- 
tial fulfillment of the requirements for the Degrees of Doctor of 
Philosophy. 

(2) R. Adams, e1 ai., (a) THIS JOURNAL, 74, 4601 (1950); (b) i b i d . ,  
74, 5154 (1950); (c) ibid., 78, 131 (1951); (d) ibid. ,  73, 1145 (1951); 
(e) &id., 78, 1148 (1951); (f)  ibid., 78, 1162 (1951); (g) ibid., 78,2219 
(1961); (h) ibid., 78, 6687 (1961). See also ibid., 74,2E83, 2597, 2808, 
9606 (1P62). 

enesulfonating. Since all three isomeric dichloro- 
hydroquinones have been isolated from the re- 
action of hydrogen chloride with 2-chloro-p-benzo- 
quinone, 3 , 4  it is likely that the 2,6-dichloro-p- 
phenylenedibenzenesulfonamide was also present 
in some of the intermediate fractions. 

If the mixture of the dichloro compounds result- 
ing from the addition of hydrogen chloride to 2- 
chloro-p-quinonedibenzenesulfonimide was oxidized 
to the corresponding mixture of dichloro-fi-quinone- 
dibenzenesulfonimides and hydrogen chloride then 
added, 2,3,5-trichloro-p-phenylenedibenzenesulfon- 
amide was obtained in excellent over-all yield. 
The same product resulted when pure 2,3- or 2,5- 
dichloro-p-phenylenedibenzenesulfonamide was oxi- 
dized and the resulting oxidation products treated 
with hydrogen chloride. The trichloro compound 
in turn was oxidized to 2,3,5-trichloro-p-quinone- 
dibenzenesulfonimide which added hydrogen chlo- 
ride with the formation of 2,3,5,6-tetrachloro-p- 
phenylenedibenzenesulfonamide. Further oxida- 
tion gave the 2,3,5,6-tetrachloro-p-quinonedibenz- 
enesulfonimide, which is analogous to chloranil. 

2-M ethyl-p-quinonedibenzenesulfonimide (V), 
in contrast to the 2-chloro analog, added hydrogen 
chloride to give an excellent yield of essentially a 
single product, 2-methyl-5-chloro-p-phenylenedi- 
benzenesulfonamide (VI) with apparently little 

NS02CsH5 NHSOzCeHa 
I! I 5" Cl\ OCH3 I 

I\JS02C6& N H S O ~ C ~ H ~  
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or no tendency to form isomers. The structure 
of VI was proved by showing its identity with 
the product formed by converting the known 2- 
methyl-5-chloro-p-benzoquinone to the dioxime, 
reducing the latter to the diamine and benzene- 
sulfonating. 

When VI was oxidized to the corresponding 
quinone diimide and hydrogen chloride was added, 

( 8 )  A. Pcratoner aBd A. Genco, Go##. ckim. itd., ¶4, XI, 876 (1894). 
(4) A. J. ncn Hollander, Rec. trm. cbim.,!SB, 411 (1820). 
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apparently only a single dichloro monomethyl p- 
phenylenedibenzenesulfonamide was produced. 
Whether the second chlorine was in the 3- or 6- 
position was not determined. An attempt to  
prepare for comparison the 2-methyl-5,6-dichloro-P- 
phenylenedibenzenesulfonamide by an unequivocal 
synthesis failed. 2-Methyl-5,6-dichloro-p-benzo- 
quinone5 was treated with hydroxylamine in order 
to  form the dioxime which was to be reduced and 
benzenesulfonated. The hydroxylamine, however, 
caused reductive replacement of one of the chlorine 
atoms by hydrogen so that the product isolated was 
the dioxime of 2-methyl-5-chloro-p-benzoquinone. 

Oxidation of 2-methyl-x,5-dichloro-p-phenylene- 
dibenzenesulfonamide with lead tetraacetate in dry 
benzene yielded the orange 2-methyl-x,5-dichloro- 
p-quinonedibenzenesulfonimide (VII), which read- 
ily added hydrogen chloride to give 2-methyl-3,5,6- 

NS02CaHs NHSOzCcHs OH 
ll I I 
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trichloro-p-phenylenedibenzenesulfonamide (VIII) . 
However, when the above oxidation was carried 
out for 20 hours using lead tetraacetate in glacial 
acetic acid a t  60", the product was almost ex- 
clusively (77%) the yellow 2-methyl-x,5-dichloro- 
p-quinone-( 1- or 4)-monobenzenesulfonimide. The 
hydrolysis of one benzenesulfonamido group oc- 
curred during the reaction. The infrared spectrum 
showed the presence of a carbonyl group, but its 
position in the molecule was not determined. 
The course of this reaction is in doubt since the 
diimide VII, formed by the oxidation of the corre- 
sponding diamide in benzene, was not converted to 
the monobenzenesulfonimide by heating for 20 hours 
in glacial acetic acid alone or withlead tetraacetate. 
When the above monobenzenesulfonimide was 
heated with concentrated hydrochloric acid in glacial 
acetic acid, the yellow color was discharged, and 
the product of the reaction was 2-methyl-3,5,6- 
trichlorohydroquinone (IX) .6  The hydrolysis of 
the second benzenesulfonamido group probably 
occurred previous to the addition of hydrogen chlo- 
ride. This is deduced from the fact that the ben- 
zenesulfonamides of p-phenylenediamine and p- 
aminophenol are difficult to hydrolyze. The mono- 
benzenesulfonimides, on the other hand, as exempli- 
fied by 9-quinone or 2-methyl-p-quinonemonoben- 
zenesulfonimide, are easily hydrolyzed to p-benzo- 
quinone or 2-methyl-p-benzoquinone and benzene- 
sulfonamide.2d The 2-methyl-3,5,6-trichlorohydro- 
quinone was oxidized with lead tetraacetate in 
glacial acetic acid to 2-methyl-3,5,6-trichloro-p- 
benzoquinone, identical with the product formed 
by oxidation of o-toluidine with sodium dichromate 
in the presence of hydrochloric acid.7 

A restudy of earlier workBa on the oxidation of 
(5) T. H. Clark, Am. Chcm. J . ,  14, 571 (1892). 
(6) M. S. Southworth, Ann..  168, 275 (1873). 
(7) E. Elba and E. Brunn~ehntllcr, f. trabr. CAW., [2] OS, 669 

(1806). 

2,5 - dimethyl - 3 - chloro - p - phenylenedibenzene- 
sulfonamide indicated that when benzene was used 
as a solvent for the oxidation instead of acetic acid, 
the corresponding diimide was formed in excellent 
yield. With acetic acid, the primary product was 
usually 2,5-dimethyl-3-chloro-p-quinone-( 1- or 4)- 
monobenzenesulfonimide, although the diimide was 
sometimes isolated in appreciable amounts when 
just the right conditions happened to be employed. 

In  the benzenesulfonation of 2,3-dichloro-p- 
phenylenediamine dihydrochloride it was found that 
excess of benzenesulfonyl chloride in pyridine re- 
sulted in formation of the N,N,N',N'-tetrabenzene- 
sulfonyl derivative of 2,3-dichloro-p-phenylene- 
diamine. This is similar to the polybenzenesulfona- 
tion observed with triaminomesitylene.8 

Acknowledgment.-The authors are indebted to 
Miss Emily Davis, Mr. Maurice Dare, Miss RaThel 
Kopel and Mrs. Jean Fortney of the University of 
Illinois for carrying out microanalyses, and to 
Miss Elizabeth Petersen for the determination and 
interpretation of the infrared absorption spectra. 

Experimental 
All melting points are corrected. 
The identification of the chloro-p-phenylenedibenzene- 

sulfonamides prepared by addition of hydrogen chloride to 
the appropriate diimide and by other unequivocal methods 
was achieved by identity of melting points and undepressed 
melting points of mixtures and by comparison of the infra- 
red spectra. The spectra of the diamides are recorded in 
Table I. 

General Methods for Preparing Chloro-p-phenylenedi- 
benzenesulfonamides from p-Quinonedibenzenesulfonim- 
ides. Method A.-Dry hydrogen chloride was bubbled 
into a chloroform solution containing up to 0.06 mole of the 
p-quinonedibenzenesulfonimide. The deep yellow to orange 
color of the solution was discharged in 5 t o  50 minutes, dur- 
ing which time most of the chloro-p-phenylenedibenzene- 
sulfonamide separated as colorless crystals. The mixture 
was concentrated to a small volume, and the crude pphenyl- 
enedibenzenesulfonamide was collected by filtration. Two 
recrystallizations from glacial acetic acid or 95% ethanol 
(Darco) gave the pure chloro-p-phenylenedibenzenesulfon- 
amides (see Table 11). 

Method B.-A solution of 0.001 mole of the p-quinone- 
dibenzencsulfonimide in 25 ml. of glacial acetic acid was 
treated with 5 ml. of concentrated hydrochloric acid. The 
mixture was heated a t  80" for 15 minutes, during which 
time the yellow to orange color was discharged and the 
colorless crystals of the chloro-p-phenylenedibenzenesul- 
fonamide separated. Upon cooling, the addition product 
was collected by fltration, and recrystallized from glacial 
acetic acid or 95% ethanol (Darco). Additional amounts of 
crude product can be obtained by pouring the filtrate into 
a mixture of ice and water (see Table 11). 

General Methods for Preparing Chloro-p-quinonediben- 
zenesulfonimides from Chloro-p-phenylenedenzenesul- 
fonamides. Method A.-To a suspension of 0.01 mole of 
the chloro-p-phenylenedibenzenesulfonamide in 75 ml. of 
glacial acetic acid, heated to  60°, was added with mechanical 
stirring 0.0103 mole of crystalline lead tetraacetate) in 
small portions over a period of 10 minutes. The solution 
gradually developed a deep yellow to orange color. After 
addition was complete, the mixture was stirred at 60" for 
one hour, 2 ml. of ethylene glycol was added, and stirring 
was continued for 10 minutes. Upon cooling, the bright 
yellow to orange crystals of the p-quinone diimide sepa- 
rated. Additional small amounts of product can be ob- 
tained by pouring the a t r a t e  into an ice-water mixture. 
TWO recrystallizations from glacial acetic acid (Darco) gave 
the pure chloro-p-quinonedibenzenesulfonimide (see Table 
111). 

(8)  R A d a m  and B. E. Englund, Txts JOURNAL, 19,  5080 (1850). 
(9 )  The lead tetraacetate wr#  ebtdned lrom Arttprhoc Chemicrla. 

Iac. 
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TABLE I1 
CHLORO-~-PMENYLEKEDIBENZENESULFONAMIDES 

Uf y !) , for Analyses, % 
Yield Solvent 

crude, (, crystalli- Carbon Hydrogen Nitrogen 
Substituent Methud 5, pure zation Formula Calcd. Found Calcd. Found Calcd. Found 

... . .  1 2-Chloro-a Ah 99 175-176 GI. HAC Ci1HisClNrO4Sz . . .  . *  . .  . .  

4 2,5-Dichloro- he . . .  248-249 GI. HAC CiaHirClzNzOBr 47.26  47 .04  3 . 0 9  3 . 0 1  6 . 1 2  6 . 1 2  

7 2-Methyl-5-chloro- A 98 271-273 95% Ethanol CisHiCINzOd3t 5 2 . 2 3  51.99 3 . 9 2  3 .77  .. .. 
R 2-Methyl-x,5-dichloro- A 98 237-240 95% Ethanol CioHi6ClzN;OiS; 48.41  4 8 . 4 3  3 . 4 2  3 . 3 3  . . . .  

10 2,5-Dimethyl-3-chloroPn B 87 275-276' GI. HAC CaHioClN10iSz . . .  . . .  . . . . .  . . . . .  
11 2,5-Dimethyl-3,6-dichloro-'' B 83 291 (dec.) GI. HAC C~oHisClzNzO4S; . . .  . . .  . .  . .  . .  . I  

it has been found that merely boiling the diimide with 10% hydrochloric acid gives an 87% yield.% 
drochloric acid, a strong reducing mixture, only the addition product results. 
crystallization of the isomeric dichloro-p-phenylenedibenzenesulfonamides. 
meric mixture and from the pure 2,3- and 2,5-dichloro-p-quinonedibenzenesulfonimides. 
previously reported. 

2 Isomeric dichloro- A 99 209-241 GI. HAC CIIHI~CI~N;O& 4 7 . 2 6  4 7 . 3 9  3 . 0 9  3 . 1 9  6 . 1 2  6 . 1 5  
3 2.3-Dichloro- AC , , .  214-215 GI. HAC C I ~ H I ~ C I ~ N Z O ~ S Z  47.26  4 7 . 5 3  3 . 0 9  3 . 3 4  6 . 1 2  6 . 2 7  

5 2,3,5-Trichloro- Ad 100 217-218 GI. HAC CiaH~aCltNzOiSy 4 3 . 9 5  4 4 . 1 2  2 . 6 7  2 . 8 3  5 . 6 9  5 . 8 9  
6 2,3,5,6-Tetrachloro- h ; B  76:71  273-274 G1. H.4c C~~HIL!I~NZO~SI 41.08  41 .19  2 . 3 0  2 . 4 4  5 . 3 2  5 . 5 7  

9 2-Methyl-3,5,ti-trichloro- .4; B 89: 82 270-271 GI. HAC CisHisClaNzO& 45.11  45 .19  2 . 9 9  3 . 1 3  5 . 5 5  5 . 7 1  

Previously prepared by Adams and Nagarkatti." Although the best yields of this product are obtained by Method A, 
Even with zinc and hy- 

e This isomer was obtained pure by fractional 
This product was synthesized from the iso- 

* A melting point of 261 ' has bee11 

TABLE I11 
CHLORO-~-QTJINOXEDIBENZENESULFONIMIDES~ 

Yield 

crude, Color and O C .  Carbon 
of h1.p.. Analyses, % 

Hydrogen Nitrogen 
Substituent hfethod 00 crystal form pure Formula Calcd. Found Calcd. Found Calcd. Found 

12 2-Chloro-b'c B IU Yellow needles 179-180 CiaHi3CINnOd51 . . .  , . .  . .  . I  . .  . . 
IS Isomeric dichlorl' '' I1 87 Yellow needles 199--231 Ci~HizClzN304S1 47.47  47 50 2 . 6 7  2 . 8 3  6.16  6 . 2 8  
I4 2 , 3 - D i ~ h l o r o - ~ ~  A 80 Yellowneedles 20&209 CiaHnCl*NIO& 47.47  47 .29  2 . 6 7  2 . 8 2  6 . 1 6  6 .22  
15 2,5-Dichloro-" .4 89 Yellow needles 234-235 CIIHIL!I%NIO~~I 47.47  4 7 . 7 5  2 . 6 7  2 . 9 7  6 . 1 6  6.09 
I 6  2.3,5-Trichloro-' R ; C  77;8'3 Orange needles 185-186 CiaHiiClaNzO2% 44.13  4 4 . 1 7  2 . 2 7  2 . 2 3  5 . 7 2  5 . 7 0  
17 2,3,5,6-Tetrachloro-' A 83 Orange-red needles 241-242 CIIHIOCI~NIO& 41.24  4 1 . 4 6  1 .93  2 . 1 4  5 . 3 4  5 . 3 5  

19 2-Methyl-x,5-dichloro- C 86 Orange prisms 151-157 CioHirClsNzOiSn 4 8 . 6 2  45 .81  3 . 0 1  3 . 1 8  5 . 9 7  6 . 1 5  
18 2-Methyl-5-chloro- .4 9<1 Yellow needles 211-.214 Ci9HiaClNnOiSn 52.47  5 2 . 5 3  3 . 4 8  3 .52  . .  . .  

20 2,5-DimethyI-3-~hloro-~ C 87 Orange prisms 153-154 CRH~~CINZOLSI . , . . . .  . .  . .  . .  .. 
These were all purified by crystallization from glacial acetic acid. * Previously prepared by Adams and Sagarkatti." 

e Orange- c Orange-yellow to brown (slow) in concentrated sulfuric acid. 
yellow to orange in concentrated siilfuric acid. 

Bright yellow in concentrated sulfuric acid. 

Method B.-When relatively large quantities of the p-  
quinone diimides were required, the procedure using red 
lead as the oxidizing agent was utilized. To a suspension 
of 0.05 mole of the chloro-p-phenylenedibenzenesulfonamide 
in 250 ml. of glacial acetic acid was gradually added with 
mechanical stirring 0.051 mole of red lead (PbaO,, J. T. 
Raker Analyzed) in small portions over a period of one-half 

hour while the temperature of the reaction mixture w3s 
maintained a t  60". The mixture was stirred a t  60" for one 
hour after addition was complete, 5 ml. of ethylene glycol 
was added, and stirring was continued for 15 minutes. The 
slurry was cooled to room temperature, and the reaction 
product was collected by filtration. Additional amounts 
af product were isolated by concentration of the filtrate in 
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vacuo, or by pouring the filtrate onto a mixture of ice and 
water. Several recrystallizations from glacial acetic acid 
(Darco) gave the pure p-quinone diimide (Table 111). p- 
Quinone diimides prepared by this procedure often required 
an additional crystallization before pure compounds were 
obtained. 

Method C.-A suspension of 0.01 mole of the chloro-p- 
phenylenedibenzenesulfonamide and 0.0103 mole of crys- 
talline lead tetraacetatelo in 75 ml. of dry thiophene-free ben- 
zene was refluxed for 4 hours with mechanical stirring. The 
solution turned deep orange in color as the oxidation pro- 
gressed. Upon cooling, the suspended material, consisting 
of unchanged sulfonamide and inorganic residues, was re- 
moved by filtration, and the deep orange benzene filtrate 
was concentrated in vacuo to a volume of 10 ml. Petroleum 
ether (b.p. 30-60') was added, and the orange p-quinone 
diimide thus precipitated was crystallized twice from gla- 
cial acetic acid (see Table 111). 

2,5-Dichloro-p-phenylenedibenzenesulfonnmide. Method 
A.-The isomeric dichloro-p-phenylenedibenzenesulfon- 
amides were subjected to a systematic fractional crystalliza- 
tion from glacial acetic acid. The least soluble 2,5-dichloro 
isomer was finally obtained of constant m.p. 248-249'. 

Method B.-The dioxime of 2,5-dichloro-p-benzoquinone11 
and the corresponding diamine" were prepared by a modi- 
fication of the procedure used by Kehrmann12 in the synthe- 
sis of 2-methyl-5-chloro-p-benzoquinone dioxime and the 
corresponding diamine. 

From 17.7 g. of 2,5-dichloro-p-benzoquinone and 27.8 g. of 
hydroxylamine hydrochloride in 600 ml. of absolute ethanol, 
after rduxing for 24 hours with gradual addition of 42.4 g. 
of anhydrous sodium carbonate, concentrating to 50 ml. and 
cooling, was obtained 13.3 g. (6470,) of 2,5-dichloro-p-ben- 
zoquinone dioxime. For purification, the dioxime was dis- 
solved in dilute aqueous alkali, heated with Darco, and re- 
precipitated with acetic acid; m.p. 278' (dec.) (lit. > 
25Oo).l2 

A mixture of 4.5 g. of the dioxime, 29.6 g. of stannous 
chloride dihydrate, 250 ml. of concentrated hydrochloric 
acid and 150 ml. of 95% ethanol was heated until a clear 
solution resulted, then concentrated in vacuo to 25 ml. The 
tin chloride-diamine complex was filtered, dissolved in 
water and saturated with hydrogen sulfide. After filtra- 
tion to  remove the tin sulfide, 25 ml. of concentrated hydro- 
chloric acid was added, and the solution was heated to boil- 
ing. The mixture was concentrated in vacuo with heating 
to  a volume of 5 ml. Several small portions of concentrated 
hydrochloric acid were added at  intervals during the con- 
centration. The diamine dihydrochloride separated and 
weighed 2.1 g. (39%); m.p. > 320'. Neutralization of the 
diamine dihydrochloride with dilute sodium carbonate solu- 
tion and extraction with ether yielded the free diamine, m.p. 
171' (lit. reports 170°).11,13 

To a solution of 2 g. of 2,5-dichloro-p-phenylenediamine 
dihydrochloride in 50 ml. of pyridine was added in several 
portions 5.6 g. of benzenesulfonyl chloride in 20 ml. of pyri- 
dine. An exothermic reaction took place with the formation 
of a deep red coloration. The mixture was allowed to stand 
at  room temperature for 24 hours; it was subsequently poured 
onto a mixture of 500 g. of ice and 200 g. of concentrated 
hydrochloric acid. A light pink flocculent precipitate sepa- 
rated. The yield was 2.2 g. (60%). Two recrystalliza- 
tions from glacial acetic acid (Darco), followed by two crys- 
tallizations frzm 95% ethanol, yielded colorless crystals, 
m.p. 248-249 . 

The melting point was identical with that of the 2,5- 
dichloro-p-phenylenedibenzenesulfonamide prepared by ad- 
dition of hydrogen chloride to 2-chloro-p-quinonedibenzene- 
sulfonimide. The melting point of the mixture showed no 
depression, and the infrared spectra were identical. 

Anal. Calcd. for C~~HIPCIZNZO&Z: C, 47.26; H,  3.09; 
N, 6.12. Found: C, 47.04; H, 3.01; N, 6.12. 
2,3-Dichloro-p-benzoquinone Dioxime.-A mixture of a 

solution of 5 g. of 2,3-dichloro-p-benzoquinone in 125 ml. 
of 95% ethanol and 7.85 g. of hydroxylamine hydrochloride 
was heated to  reflux. To it was added over a period of 12 
hours a solution of 11.1 g. of potassium acetate in 125 ml. 
of 95% ethanol. After refluxing for an additional hour, 
(10) Previously dried in vacuo over potassium hydroxide, 
(11) F. Kehrmann, Bcr., '21, 3320 (1888). 
(12) F. Kehrmann, W d . ,  48, 2027 (1916). 
( l a )  E. Noetting and 6. K e p ~ ,  ibid , SP. B S l S  (1908). 

the mixture was concentrated in vacuo to a volume of 10 ml. 
The crude dioxime was filtered, dissolved in 5% aqueous so- 
dium hydroxide, treated with Darco, filtered and the filtrate 
neutralized with glacial acetic acid. The dry dioxime 
weighed 3.3 g. (56%). Additional treatment with Darco 
in sodium hydroxide solution and recrystallization from 
absolute ethanol yielded pale yellow crystals, m.p. 271.5' 
(dec.). 

Anal. Calcd. for C ~ H P C ~ ~ N Z O Z :  C, 34.80; H, 1.95; N, 
13.53. Found: C, 34.85; H ,  1.93; N, 13.69. 

2,3-Dichloro-p-phenylenediamine Dihydroch1oride.-A 
mixture of 4.5 g. of 2,3-dichloro-p-benzoquinone dioxime, 
29.6 g. of stannous chloride dihydrate, 250 ml. of concen- 
trated hydrochloric acid and 150 ml. of 95% ethanol was 
refluxed for 18 hours. Concentration in vacuo yielded the 
tin chloride-diamine complex, which was dissolved in dis- 
tilled water and decomposed with hydrogen sulfide. The 
tin sulfide was removed by filtration, and 30 ml. of concen- 
trated hydrochloric acid was added to the filtrate. Con- 
centration by heating, accompanied by periodic additions 
of concentrated hydrochloric acid, yielded 2.4 g. (44y0) of 
the diamine dihydrochloride, lavender crystals, m.p. > 
370'. The crude diamine dihydrochloride was dissolved in 
n hot mixture of 25 ml. of water and 100 ml. of concentrated 
hydrochloric acid (Darco), filtered, 100 ml. of concentrated 
hydrochloric acid added and the solution cooled in an ice- 
salt-bath. Colorless crystals separated, and were dried 
in vacuo a t  70' for 12 hours before analysis. The compound 
readily sublimes. 

Anal. Calcd. for C~H&!~ZNZ.~HCI: C, 28.82; H ,  3.22; 
N, 11.21. Found: C,28.80; H,  3.18; N, 11.03. 

2,3-Dichloro-p-phenylenedibenzenesulfonamide. Method 
A.-From the fractional crystallization of isomeric dichloro- 
p-phenylenedibenzenesulfonamides a small amount of the 
most soluble isomer, 2,3-dichloro-p-phenylenedibenzenesul- 
fonamide was isolated. After several crystallizations from 
glacial aceti: acid (Darco), colorless needles separated, m.p. 
214.5-215.5 . 

Method B.-To a solution of 0.5 g. of 2,3-dichloro-p- 
phenylenediamine dihydrochloride dissolved in 15 ml. of 
pyridine was added in one portion 0.71 g. of benzenesulfonyl 
chloride in 5 ml. of dry pyridine. The mixture turned 
orange-red in color; it was allowed to stand at room tem- 
perature for 24 hours. The solution was poured slowly 
onto a mixture of 200 g. of ice and 150 ml. of concentrated 
hydrochloric acid. A white, flocculent precipitate appeared 
which turned yellow on standing. After filtration and dry- 
ing, the material was crystallized from glacial acetic acid 
(Darco). It weighed 0.42 g. (46%); m.p. 214-215'. 
The sample was dried in vacuo over phosphorus pentoxide 
for 12 hours before analysis. 

Anal. Calcd. for ClsH14C12N20&: C, 47.26; H ,  3.09; 
N, 6.12. 

The melting point and infrared spectrum were identical 
with those of the compound prepared by Method A, and a 
melting point of the mixture showed no depression. 

2-Methyl-5-chloro-p - phenylenedibenzenesulfonamide 
from 2-Methyl-5-chloro-pbenzoquinone.-The dioxime of 
2-methyl-5-chloro-p-benzoquinone was prepared by the 
method of KehrmannT2 from 2-methyl-5-chloro-p-benzo- 
quinone7s14 and hydroxylamine:hydrochloride, except that 
the conyersion was carried out without the isolation of the 
monooxime. The dioxime melted at 280' (dec.), yield 76%. 
Reduction of the dioxime with stannous chloride12 gave a 
33% yield of 2-methyl-5-chloro-p-phenylenediamine dihy- 
drochloride, m.p. 320' (dec.) with darkening a t  280'. 
Using the conventional procedure" this diamine dihydro- 
chloride was converted to  2-methyl-5-chloro-p-phenylene- 
dibenzenesulfonamide. After two recrystallizations from 
95% ethanol this product had m.p. 270-272'. 

Found: C, 47.53; H,3.34; N, 6.27. 

Anal. Calcd. for CI~H~,CINZO~S~: C, 52.23; H ,  3.92. 
Found: C, 51.93; H, 4.21. 

The melting point of this compound was not depressed by 
the addition of 2-methyl-khloro-p-phenylenedibenzene- 
sulfonamide, m.p. 271-273', prepared by the addition of 
hydrogen chloride to 2-methyl-p-quinonedibenzenesulfon- 
imide. The infrared absorption spectra of the two prepara- 
tions were identical. 

(14) 1. Camon. C. P. Allen and 9. Gaodwin, J .  Or#. Chrm., 18, 403 
(1 048). 



2-Methyl-x,5-dichloro-p-quinone-( 1 or 4)-monobenzene- 
su1fonimide.-To a suspension of 3.0 g. of 2-methyl-x,5- 
dichloro-p-phenylenedibenzenesulfonaniide in 30 ml. of 
glacial acetic acid was added 3.30 g. of lead tetraacetate. 
The mixture was mechanically stirred and maintained a t  
60" for 20 hours. A few drops of ethylene glycol were 
added, stirring was continued for 5 minutes, and the solu- 
tion was cooled and filtered. The filtrate was poured into 
a mixture of ice and water. The yellow crystals weighed 
1.62 g. (77%). After recrystallization from glacial acetic 
acid, the compound formed yellow needles, m.p. 180-180.5°. 

Anal, Calcd. for C13H&1&03S: C, 47.28; H,  2.75; 
Y,4.24. Found: C, 47.20; H,  2.78; N,4.43. 

The infrared spectrum showed the 4 0 -  function was at  
1670 cm.-l while the presence of a -C=N-- group was 
indicated by bands a t  1562 or 1547 cm.-l. Bands at  1324, 
1162 and 1087 cm.-l showed that a -SO.,- erom was also 
present. Other prominent bands were- found' a t  1637, 
1312, 1303, 1033, 1024, 1011, 1000, 893.5, 867, 861.5, 759, 
746,726,688 and 674 cm-1. 
2~Methyl-3,5,6-trichlorohydroquinone.-A mixture of a 

solution of 0.40 g. of 2-methyl-x,5-dichloro-p-quinone-( 1- 
or 4)-monobenzenesulfonimide in 25 ml. of glacial acetic 
acid and 5 ml. of concentrated hydrochloric acid was heated 
and cooled several times until the color was nearly dis- 
charged (4 hours), and then placed in an ice-box for several 
days. The crystals which separated weighed 0.18 g. By 
adding the filtrate to water, an additional 0.01 g. resulted; 
total weight 0.19 g. (85%). After several crystallizations 
from an ethanol-water mixture, the compound melted at  
209-211 (lit. 211-212°).6 

Anal. Calcd. for C~HaC1302: C, 36.97; H, 2.21; C1, 
47.25. Found: C, 37.27; H,  2.49; C1,47.22. 

The infrared soectrum showed an -OH- band at  3364 
em.-'. 
1320, 1225, 1183, 1027 and 869 cm.-l. 

Other piominent bands were found at  1424, 1120, 

2-Methyl-3,5,6-trichloro-p-benzoquinone (A).-To a sus- 
pension of 0.22 g. of 2-methyl-3,5,6-trichlorohydroquinone 
in 3 ml. of glacial acetic acid was added 0.25 g. of lead tetra- 
acetate. The mixture was stirred and maintained at 65' 
for 4 hours. Ethylene glycol was added to destroy excess 
oxidant. The product separated on cooling and 0.13 g. of 
yellow crystals resulted; precipitation of the filtrate with 
water pave an additional 0.05 E. The total vield was 0.18 
g. (82%). 
it melted at  238-239.5". 

After crystallization from ethanbl and water, 

Anal. Calcd. for C7H3C1302: C, 37.27; H ,  1.34; CI, 
46.73. Found: C,37.21; 11, 1.55; C1, 47.02. 

(B).-The method of Elbs and Brunnsch~~eiler~ was used 
which consisted in the oxidation of o-toluidine in hydrochloric 
acid by means of sodium dichromate. The product proved 
to be identical with that prepared in (A). Reduction of the 
quinone with aqueous sulfur dioxide yielded a hydroquinone 
which was identical with the compound obtained by the 
action of hydrochloric acid in glacial acetic acid on 2- 
methyl-x,5-dichloro-p-quinone-( 1- or 4)-monobenzenesul- 
fonimide. The infrared spectrum of 2-methyl-3,5,6-tri- 
chloro-+benzoquinone showed the presence of a -CO- 
group by bands a t  1690 and 1669 cm.-'. Other prominent 
bands were found a t  1160, 1048, 1030, 894.5, 873, 765 and 
710 cm-1  

2,5-Dimethyl-p-quinonedibenzenesulfonimide. ""-To a 
suspension of 4.17 g. of 2,5-dimethyl-p-phenylenedibenzene- 
sulfonamide" in 50 ml. of glacial acetic acid was added a t  
6.5" with mechanical stirring 4.33 g. of lead tetraacetate. 

The mixture gradually turned yellow in color. After 3 
hours, 2 ml. of ethylene glycol was added and the slurry was 
cooled to room temperature. The quinone diimide tht t  
separated weighed 3.54 g. (84%). It melted a t  200 . 
This compound had been prepared previously by oxidation 
with bromine in pyridine. 

2,5-Dimethyl-3-chloro-p-quinone-( 1- or 4)-monobenzene- 
sulfonimide.-To a suspension of 9.44 g. of 2,5-dimethyl-3- 
chloro-p-phenylenedibenzenesulfonamide in 250 ml. of gla- 
cial acetic acid heated to 70" was added with stirring 9.28 g 
of crystalline lead tetraacetate. The solid material slo~vl!: 
dissolved, yielding a clear orange solution in 70 minutes 
After adding 3-4 ml. of ethylene glycol, the solution was 
permitted to stand 10 minutes, then filtered and the filtrate 
poured onto ice. The yellowish-orange precipitate weighed 
8.4 g. (90%). Recrystallization from 95% ethanol (Darco) 
gave a small amount of orange 2,5-dimethyl-3-chloro-p- 
quinonedibenzenesulfonimide along with the main product, 
7.8 g. of yellow needles, m.p. 216-217'. 

Anal. Calcd. for Cl4Hl2C1NO3S: C, 54.27; H, 3.92; 
N, 4.56. Found: C, 54.08; H ,  3.60; N, 4.52. 

The relative proportion of diimide and monoimide varied 
with minor changes in conditions. The infrared spectrum 
showed the presence of a -CO- group by a band a t  1667 
cm.-l while a monosubstituted phenyl group was observed 
a t  1592 ern."-'. The -C=X- function was observed at  
1545 cm.-I, and an unknown band appeared at  1645 cm.-l. 
Yo -SH- band could be detected. The -Son- function was 
indicated by bands at  1328, 1187 or 1160, and 1090 cm.-l. 
Other prominent bands were found at 1025, 885, 873, 852, 
779,762,748, 731,687,657 and 653 crn.-.l 

Action of Hydrochloric Acid on Tetrasubstituted Chloro- 
p-phenylenedibenzenesu1fonamides.-A mixture of 1 g. of 
2,3,5,6-tetrachloro-p-phenylenedibenzenesulfonamide with 
8 ml. of glacial acetic acid and 2 ml. of concentrated hy- 
drochloric acid was refluxed for 48 hours. No hydrolysis 
occurred. 2-Methyl-3,5,6-trichloro-p-phenylenedibenzene- 
sulfonamide and 2,5-dimethyl-3,6-dichloro-p-phenylenedi- 
benzenesulfonamide were also recovered unchanged by 
similar treatment. 

N,N,N,  'N'-Tetrabenzenesulfonyl Derivative of 2,3-Di- 
chloro-p-phenylenediamine.-To a solution of 1 .O g. of 
%,3-dichloro-p-phenylenediamine dihydrochloride in 25 ml. 
of pyridine was added in several portions 2.8 g. of benzene- 
sulfonyl chloride in 10 nil. of dry pyridine. The mixture 
nas allowed to stand at room temperature for 24 hours with 
occasional shaking. It was subsequently poured slowly 
with stirring into a mixture of 100 ml. of concentrated hy- 
drochloric acid and 250 g. of ice. A white flocculent pre- 
cipitate was deposited which turned yellow on standing. 
The material weighed 1.8 g. (61%). Crystallization from 
glacial acetic acid (Darco) yielded colorless plates, m.p. 
287 288". 2,3-Dichloro-p-phenylenedibenzenesulfonamide, 
111 p. 214 -Sldo, mas also isolated from the mother liquors. 

i l ~ z a l .  Calcd. for C~OH&I?N~O&: C, 48.84; H, 3.02; 
S, 3.81. Found: C, 48.72; H, 3.26; AT, 4.05. 

The infrared spectrum showed the presence of an -Son- 
function by strong bands a t  1177-1173 an.- ' ,  1085 cm.-l 
and either 1386 or 1369 cm.-l, while no -NH- band could 
be detected. Other prominent bands were found at  1318, 
1244, 995, 962, 956, 938, 913, 791, 759, 728, 720 and 686 
cm.-l. The spectrum as a whole was similar to that of the 
S,X,S'S',?;", S"-hexabenzcnesulfonyl derivative of triami- 
notnesitplene. 
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