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The synthesis o f  2,4,6-trinitrobenzenesulfenyl chloride was accomplished by chlorinolysis o f  phenyl  2,4,6-trini- 
t rophenyl  disulf ide which could be prepared by reaction o f  potassium thiopicrate w i t h  benzenesulfenyl chloride. 
T h e  sulfenyl chloride reacted w i t h  alcohols, secondary amines, and the silver salts o f  N-alkylsulfonamides t o  afford, 
respectively, sulfenate esters, sulfenamides, and sulfenylsulfonamides. 

Nitrobenzenesulfenyl chlorides are well known and the 
subjects of an extensive literature.2 The 0- and p-nitroben- 
zenesulfenyl chlorides are easily prepared and have received 
considerable attention. The synthesis of 2,4-dinitrobenzen- 
esulfenyl chloride is the subject of an Organic Syntheses 
preparation3 and is readily available from commercial sources. 
I t  has found application not only in synthetic and analytical 
chemistry, but also in natural product chemistry as a pro- 
tecting group for the hydroxyl function and numerolls de- 
rivatives have been characteri~ed.~ By contrast, 2,4,6-trini- 
trobenzenesulfenyl chloride (1) heretofore has been a com- 
pletely unknown compound. In the course of our investiga- 
tions of the dynamic stereochemistry of ~ulfenamides,~ we 
became interested in 1 and have directed our efforts to its 
synthesis and the preparation of some of its derivatives.'j 

The mononitro- and dinitrobenzenesulfenyl chlorides are 
readily prepared by chlorinolysis of the corresponding thiols, 
symmetrical disulfides, or sulfides using chlorine gas or sul- 

furyl chloride as the chlorinating All of these reac- 
tions presumably involve electrophilic attack at sulfur fol- 
lowed by nucleophilic displacement of the sulfenyl chloride 
as a neutral leaving group (Scheme I). 

Scheme I 
c1 

+ /  ArSG - AFS-G 4 - ArSCl + NuG 
Nu 

This sequence requires that the sulfur atom act as a nu- 
cleophile in the initial step leading to the formation of the 
chlorosulfonium ion and the presence of an additional ortho 
nitro group suggests that this step should be less favorable for 
the synthesis of 1 as compared with its mono- and dinitro 
analogues. In accord with this expectation, Kharasch et  al. 
were unable to prepare 1 by chlorinolysis of benzyl 2,4,6-tri- 
nitrophenyl sulfide (2) using sulfuryl chloride, although this 
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Table I. N,N~Dialkyl(aryl)-2,4,6-trinitrobenzenesulfenamides 

Registry 
no. R R' 

Yield, Anal. Found (calcd) 
?& MP, "C C H N S 

60882-81-7 CHMe, CH,Ph 6 6  

60882-82-8 CHMe CHMe, 7 2  

60882-83-9 CH, Ph 2,4 ,6-Me3 C, H, 1 9  

151-152 49.10 3 . 9 5  11-.40 8.40 

108-109 41.87 4.66 1 6 . 1 9  9.61 

164-1 65 56.33 4.48 12 .00  6.71 

(48 .98)  ( 4 . 1 1 )  ( 1 4 . 2 8 )  ( 8 . 1 7 )  

(41 .86)  ( 4 . 6 8 )  ( 1 6 . 2 7 )  (9 .31)  

( 5 6 . 4 0 )  ( 4 . 3 0 )  ( 1 1 . 9 6  (6.84) 

reaction readily affords 2,4-dinitrobenzenesulfenyl chloride 
from benzyl 2,4-dinitrophenyl sulfide7 (Scheme 11). Our initial 

Scheme I1 

0 2 N q S - C H 2 C 6 H j  

J CL / 
NO2 

/ 

4 

effort involved the chlorination of the potassium thiolate, 3,8 
reasoning that the negatively charged thiolate anion would 
be sufficiently nucleophilic to undergo reaction. While reac- 
tion did occur, the product obtained was the symmetrical di- 
sulfide 4 rather than the desired 1. This result is not surprising 
since the chlorination of thiols to yield sulfenyl chlorides is 
thought to proceed via the symmetrical disulfides as inter- 
mediates.' The disulfide, in this case, resisted further chlor- 
inolysis even in the presence of oleum, which is recommended 
by Kharasch in tbe chlorinolysis of bis(2,4-dinitrophenyl) 
d i~u l f ide .~  

Since we associated the refractory nature of 4 with the very 
low nucleophilicity of a sulfur attached to a trinitrophenyl 
ring, we reasoned that chlorination of a mixed disulfide, such 
as 5,  might provide a successful route to 1. Although the for- 
mation of intermediate 6a would be prevented by the trini- 
trophenyl ring, another more favorable chlorosulfonium ion, 
6b, would be possible which should undergo facile nucleophilic 
displacement (possibly aided by the electron-withdrawing 
nitro groups) (Scheme 111). 

In the fact, this route proved successful. Thus, phenyl 
2,4,6-trinitrophenyl disulfide (4), prepared by reaction of 
benzenesulfenyl chloride with 3, reacted smoothly with 
chlorine gas at  room temperature to afford a mixture of sul- 
fenyl chlorides. The desired product could be isolated from 
this mixture by selective crystallization. 2,4,6-Trinitroben- 

NO, 
/ 

~ C I ? ,  mom temp 

6b 

1 

NO, 

zenesulfenyl chloride seems to be rather sensitive to moisture 
but can be stored for periods of more than 1 month at  5 "C. 
Longer storage can probably be accomplished by using a sul- 
fenamide as a storage compound,2 although this was not at- 
tempted. The regeneration of the sulfenyl chloride by treat- 
ment of a sulfenamide with HCl would not require electro- 
philic attack on sulfur and should take place readily. 

The sulfenyl chloride 1 reacts with nucleophiles, alcohols 
and amines yielding stable derivatives, sulfenate esters and 
sulfenamides. Reaction with benzyl alcohol in the presence 
of pyridine afforded benzyl 2,4,6-trinitrobenzesulfenate. Upon 
treatment with secondary amines in the presence of a suitable 
base (pyridine, triethylamine, or an excess of the secondary 
amine) a t  room temperature, the corresponding sulfenamides 
(Table I) are formed from 1. 
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Table II. N-p-Toluenesulfonyl-hr-alkyl-2,4,6-trinitrobenzenesulfenamides 

\W/ / - - L  

'NO, 

Yield, Anal. Found  (ca lcd)  
Registry no .  R % MP, "C C H N S 

60882-84-0 CH,Ph 48 152-153 47.61 3.23 11.22 
(47.62) (3.20) (11.11) 

(42.10) (3.53) (12.28) 

(48.64) (3.50) (10.81) 

(43.20) (4.03) (11 .19 )  

6088'2-85-1 CHMe, 42 144-146 42.10 3.54 12.44 

60882-86-2 CHMePh 48 167-169 48.59 3.46 10.98 

60882-87-3 CMe,CH,OMe 22 158-160 43.46 3.96 11.16 

12.47 
(12.71) 
13.96 
(14.05) 
12.43 
(12.37) 
12.55 
(12.81) 

Synthesis of N-arenesulfonyl-N-alkyl-2,4,6-trinitroben- 
zenesulfenamides required a modification in our previous 
procedure used for obtaining mononitro and dinitro analo- 
gues. Previously, we had prepared sulfenylsulfonamides by 
reaction of the sulfenyl chloride with the lithium salt of the 
N-alkylsulfonamide, which had been prepared in situ by 
treatment of the sulfonamide with butyllithium.5 This 
method, however, was not applicable in the present case; tar 
formation occurred and no desired product could be isolated. 
Possibly, electron transfer occurs from the sulfonamide anion 
to the highly electron-deficient trinitrobenzene ring leading 
to a radical cation and a radical anion which can undergo 
subsequent reaction. The use of the corresponding silver salt 
of the sulfonamide was considered since the greater covalent 
character of the Ag-N bond would hinder electron transfer. 
Addition of aqueous silver nitrate to an aqueous solution of 
the sodium salt of the sulfonamide resulted in the precipita- 
tion of the silver salt as a white to gray powder which appeared 
to be stable to air and moisture. Although further purification 
and definite characterization were not attempted, the infrared 
spectra exhibited no absorption which could be associated 
with the stretching of' an N-H bond. Treatment of these silver 
salts with 1 in benzene at  room temperature yielded the de- 
sired sulfenylsulfonamides in moderate yield (Table 11). 

Reaction of' 1 with olefins, such as cyclohexene and stilbene, 
resulted in formation of addition products as indicated by 
NMR spectra of the reaction mixtures, but isolation of crys- 
talline products has not yet been successful. 

Experimental Section 
Bis(2,4,6-trinitrophenyl) Disulfide (4). An unsuccessful attempt 

a t  preparing the sulfenyl chloride by direct action of chlorine gas on 
potassium 2,4,6-trinitroben~enethiolate~ was made. Thus, chlorine 
gas was introduced to  a dark red suspension of potassium 2,4,6-tri- 
nitrobenzenethiolate in dichloromethane at  room temperature. Re- 
action occurred instantaneously, the dark red solid disappeared, and 
a yellowish solid, probably potassium chloride, formed. After com- 
pletion of the reaction, the solid was removed by filtration and the 
solution was evaporated, affording yellow crystals, mp 179-180 "C 
dec (from tetrahydrofuran-hexane). Elemental analysis and mass 
spectrometry indicated that the compound was the symmetrical di- 
sulfide; no Mf ,  base peak M+/2. Anal. Calcd for C12H4NG012S2: C, 
29.52; H,  0.82; N, 17.21: S, 13.13. Found: C, 29.92; H,  0.73; N, 17.50; 
S, 12.92. 

The  disulfide was rather unstable and prolonged heating in tetra- 
hydrofuran afforded the corresponding monosulfide, mp 224-225 " C  
(lit. mp 228-228.5 "C'"). 

Chlorinolysis of the disulfide was tried using fuming sulfuric acid 
as a catalyst without success.1' 

Phenyl 2,4,6-Trinitrophenyl Disulfide (5 ) .  A solution of 14.5 g 
of freshly prepared benzenesulfenyl chloride in 20 ml of benzene was 
added dropwise during the course of 1.5 h to  an ice-cold suspension 

of potassium 2,4,6-trinitrobenzenethiolate; prepared from 24.8 g (0.1 
mol) of picryl chloride and 22.0 g (0.11 mol) of freshly prepared po- 
tassium sulfide pentahydrate (K&5H20),'" in 100 ml of benzene. The 
reaction mixture was stirred a t  5°C for 1 h. The solid formed was fil- 
tered off and washed with 30 ml of benzene. The combined benzene 
solution was concentrated to a volume of 50 ml using a rotary evapo- 
rator. After addition of 20 ml of hexane, the solution was kept over- 
night in a refrigerator, affording 24.2 g (69%) of yellow crystals, mp 
87-88 "C (from tetrahydrofuran-hexane): NMR (CDC12) 6 7.30 (5 H,  
s), 8.79 (2  H, s). 

Anal. Calcd for C1rH.iN:&Oe: C, 40.79; H, 2.00; N, 11.89, S, 18.15. 
Found: C, 40,82; H, 1.90; N, 11.98; S, 18.31. 
2,4,6-Trinitrobenzenesulfenyl Chloride (1). Chlbrine gas was 

slowly introduced from a cylinder and through sulfuric acid to a 
magnetically stirred suspension of 10.6 g (30 mmol) of 5 in 200 ml of 
carbon tetrachloride. A slight evolution of heat was detected. Intro- 
duction of the gas was continued for 20 min after the solid disulfide 
had completely dissolved and a clear orange solution had been ob- 
tained. Completion of the reaction was determined by observing the 
NMR spectrum of the reaction mixture; signals of the starting di- 
sulfide [6 7.14 ( 5  H, s) and 8.82 (2 H, s)] were completely replaced by 
the product signals [6 7.3-8.0 (5 H,  m) and 9.1 (2  H, s)]. The excess 
chlorine and a large part of the solvent were evaporated using a rotary 
evaporator, to a volume of ca. 30 ml. The red-orange oily solution was 
kept in a freezer at  -20 "C overnight and afforded yellow crystals in 
a yield of '7.2 g (86%), mp 61-63 O C  (from benzene-hexane), NMR 
(CC14) 6 8.95 (s). 

Anal. Calcd for C(jH&O&Cl: C, 25.77; H, 0.72; N,  16.03; S, 11.47; 
C1, 12.68. Found: C,  25.83; H,  0.65; N, 14.90: S, 11.85; C1, 13.25. 

Benzyl 2,4,6-Trinitrobenzenesulfenate. A solution of 2,4,6-tri- 
nitrobenzenesulfenyl chloride (1.40 g, 5 mmol) in 25 ml of benzene 
was added dropwise t o  a solution of benzyl alcohol (0.54 g, 5 mmol) 
and pyridine (0.40 g, 5 mmol) in 50 ml of henzene at  room tempera- 
ture. Precipitation of a solid (pyridine hydrochloride) occurred im- 
mediately. The mixture was stirred for 30 min. filtered, and evapo- 
rated. The residual oil was chromatographed through a silica gel 
column with benzene as an eluent. Pale yellow crystals, mp 100 "C 
dec (from tetrahydrofuran-hexane), were obtained, which were 
sparingly soluble in chloroform but soluble in benzene and dimethyl 
sulfoxide: NMR (dimethyl sulfoxide) 6 4.82 (2  H. s) ,  7.39 (5 H,  s) ,  and 
9.12 (2 H, s). Anal. Calcd for CL:jHgN3SOi: C, 44.45; H, 2.58; N, 11.96; 
S, 9.13. Found: C, 44.40; H, 2.3; N, 12.00; S, 9.39. 

This compound decomposed rapidly in moist dimethyl sulfoxide 
but quite slowly in dry dimethyl sulfoxide. 
N,N-Dialkyl-2,4,6-trinitrobenzenesulfenamides. A solution 

of 10 mmol of 2,4,6-trinitrobenzenesulfenyl chloride in 20 ml of ben- 
zene was added dropwise to a solution of 20 mmol of a secondary 
amine in 50 ml of benzene. The mixture was stirred a t  room temper- 
ature for 5 h, the solid was filtered off, and the solution was evapo- 
rated. The residue was chromatographed on silica gel with hexane- 
benzene (9:l) as an eluent. The  pure products were obtained by re- 
crystallization from tetrahydrofuran-ethanol (Table I). 

Prepara t ion  of Silver Sa l t s  of N-Alkyl-p-toluenesulfonam- 
ides. To  an ice-cold solution of 10 mmol of an N-alkyl-p-tolu- 
enesulfonamide in 20 ml of methanol was added 10 ml of 1 N aqueous 
sodium hydroxide and the mixture was stirred for 2 h. A solution of 
10 mmol of silver nitrate in 3 ml of water and 10 ml of methanol was 
added dropwise to the above solution. By the end of addition, white 
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to slightly gray powdery solid had formed. The mixture was stirred 
for a further 30 min and filtered. The solid was dried in vacuo in a 
desiccator (CaClZ), yield 95-99%. Infrared spectra indicated the ab- 
sence of the N-H group. 
N-Alkyl-N-p-toluenesulfonyl-2,4,6- trinitrobenzenesulfen- 

amides. A solution of 3.5mmol of 2,4,6-trinitrobenzenesulfenyl chlo- 
ride in 10 ml of benzene was added to  a magnetically stirred suspen- 
sion of 4 mmol of a silver ialt of N-alkyl-p-toluenesulfonamide in 30 
ml of benzene and the mixture was stirred a t  room temperature for 
48 h. After filtration of the solid, the solution was evaporated and the 
residue chromatographed on silica gel with benzene-hexane (2:l) as 
an eluent. The products were purified by recrystallization from tet- 
rahydrofuran-hexane (Table 11). 

Registry No. --1, 60882-88-4; 3, 16158-74-0; 4, 60882-89-5; 5,  
60882-90-8; N H R ~ R z  (R1 = CHMez; Rz = CHZPh), 102-97-6; NHRlRz 
(RI = CHMe2; RZ = CHMeZ), 108-18-9; NHR1Rz (R1 = CHZPh; RZ 
= 2,4,6-Me&Hz), 60882-91-9; p-MeCeHdSOZNHR (R = CHZPh).Ag, 
60882-92-0; p-MeCsH4SOzNHR (R = CHZMe&Ag, 60882-93-1; p- 
MeCeHdSOZNHR (R = CHMePhbAg, 60882-94-2; p-MeCeH4- 
SOzNHR (R = CMezCHzOMe).Ag, 60882-95-3; benzenesulfenyl 
chloride, 931-59-0; benzyl 2,4,6-trinitrobenzenesulfenate, 60882-96-4; 
benzyl alcohol, 100-51-6. 
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Depending on reaction temperatures the reaction of potassium 2-mercaptobenzimidazole with 4-chloro-3,5-dini- 
trobenzotrifluoride afforded either the expected 2-(2,6-dinitro-4-trifluoromethylphenylthio) benzimidazole (3) or 
the unexpected 4-nitrobenzimidazo[2,l-b]benzothiazole ( 5 ) .  Possible mechanism and supporting NMR, IR, and 
mass spectral data are discussed. 

In a previous communication2 we reported that the reac- 
tion of sodium or triethylamine salts of disubstituted dithio- 
carbamic acids with 4-chloro-3,5-dinitrobenzotrifluoride af- 
forded the product as illustrated by reaction 1. Thus it ap- 

NO, 
S \ / -  

2 NC-S + 2C1 
/ 

NO* 
NPP 

DMF 

0-40 "C 
- x 

Nb, 

peared desirable to replace the above anion with other nu- 
cleophiles. 

The reaction of potassium 2-benzothiazolol with 4-chloro- 
3,5-dinitrobenzotrifluoride or 4-chloro-3-nitrobenzotrifluo- 
ride in dimethylformamide at 90-100 "C afforded 3-(2,6- 
dinitro-4-trifluoromethylphenyl)-2-benzothiazolinone ( 1) and 
3-(2-nitro-4-trifluoromethylphenyl)-2-benzothi~olinone (2), 

X 

+ Cl+-cF, 

NO, 

r X 1 

rearrangement 

CF, 
1, X = NO,; 2, X = H 

respectively (reaction 2). The NMR, IR, and mass spectral 
data for 1 and 2 were in agreement for the proposed struc- 
tures. 

Depending on reaction temperatures, the reaction of po- 
tassium 2-mercaptobenzimidazole with 4-chloro-3,5-dini- 
trobenzotrifluoride in dimethylformamide afforded either the 


