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Reaction of trimethyltin 1-pentanethiolate with 
N-chloro-N-sodium-4-chlorobenzenesulfonamide 
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The reaction of trimethyltin 1-pentanethiolate with N-chloro-N-sodium-4-chlorobenzene- 
sulfonamide proceeds in anhydrous methanol via the initial cleavage of the tin--sulfur bond 
(desulfurization process) and subsequent imination of the sulfenylamide group of N-trimethyl- 
stannyl-N-(1-pentyl)sulfenyl-4-chlorobenzenesulfonamide with a second molecule of the 
chloroamide. 
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The reaction of organic sulfides R2S with sodium 
monochloramides of arensulfonic acids Na(CI)NSO2Ar 
is well studied) It results in the formation of sulfonylsul- 
fimides (sulfonylsulfylimines) R2S=NSO2Ar (oxidative 
imination). Organometallic analogs, e. g., trialkyltin sul- 
fides (R3Sn)2S, have more polar metal--sulfur bonds 
than carbon--sulfur bonds. For this reason, the previ- 
ously studied reaction 2 of trimethyltin sulfide with 
N-sodium-N-chlommine (CA) occurs with the cleavage 
of both of the tin--sulfur bonds and liberation of 
elemental sulfur (oxidative desulfurization). 

In trialkyltin thiolates R3SnSR sulfur is simultane- 
ously bound with carbon and tin. Hence, the liberation 
of elemental sulfilr in the interaction with CA is impos- 
sible due to the strong bond of the sulfide sulfur with 
carbon, and the imination of the sulfur atom to form 
organotin sulfylimine Me3SnS(=NSO2Ar)Am (1) is un- 
likely due to the primary cleavage of the tin--sulfur 
bond (desulfurization). 

The reaction of CA with trimethyltin I-pentane- 
thiolate Me3SnSAm was studied in anhydrous methanol 
to continue the studies of the reactive capabilities of the 
system CA--organotin halogen- or sulfur-containing 
compounds. 2-4 

A double amount of CA is needed for the complete 
reaction of the organotin compound. A colorless, amor- 
phous, and very hygroscopic organotin compound was 
the main reaction product. Its IR spectrum contains the 
absorption band with a maximum at 940 cm -1 as- 
signed 1,7,8 to the stretching vibrations of  the S=N bond, 
which attests to the formation of the product of sulfur 
imination. Characteristic bands of the aromatic ring, 
SO2-, and MejSn-group are also observed. There is a 
considerable loss of tin after recrystallization of the 
substance from water due to hydrolysis of the Sn--N 
bond. Therefore, in all cases one should work with 
anhydrous solvents either in a dry atmosphere or in 
~ a c u o .  

Taking into account the ratio of reagents, the data of 
IR spectroscopy, which confirm the process of  oxidative 
imination of the sulfide sulfur, and the results of elemen- 
tal analysis, we suggest a general equation for the reac- 
tion studied (Scheme 1). 

Scheme 1 

CsHll--S--SnMea +2 Na(CI)NSO2Ar--------~ -2 NaCl 

Results and Discussion 

As in the case of oxidation of mercaptans with 
sodium monochloramines, s or of sodium arylmercaptides 
with N,N-dichloramides of arensulfonic acids, 6 the for- 
mation of diamyldisulfide can be expected for the interac- 
tion of trimethyltin 1-pentanethiolate with CA. How- 
ever, only minor amounts of diamyldisulfide (5--6 %) 
were found in the reaction products by chromatography, 
while the overall conversion of initial reagents was 87 %. 

~NSO2Ar 

C5H11-- S'--,.N(SnM e3)SO2A r 

Ar = 4-CI--C6H4 
2 

We define product 2 as the amide derivative of 
pentaiminosulfinic acid C s H t l S ( = N H ) O H :  N-(tr i -  
methylstannyl)-4-chlorobenzenesulfonylamide of N ' - (4 -  
chlorobenzenesulfonyl)pentaiminosulfinic acid. Similar 
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Scheme 2 

ArSO2N(Na)CI + MeOH ~ - ArSO2N(H)C1 + NaOMe (1) 

5- 8+ 
MeaSn--S--CsH~ + C1--N(H)SO2Ar Me3Sn--S --C5H~ ~l 

| 
N(H)SO2Ar 

( . . -  c,, .,.) 

Me3Sn . . . .  S-C5H11 

L ~(mso2ar 

NaOMe 
-NaC1, -MeOH 

CsH 1 ~S-N(SnM%)SO2Ar (2) 
3 

NaOMe 
:3 + CI--N(H)SO2Ar -NaCI,-MeOH 

~.NSO2Ar 

C5H 11-- S,~. N(SnM e3)SO2Ar 
2 

(3) 

sodium salts 9 RS( - -NSO2Ar)N(Na)SO2Ar"  are named 
as salts of  N,N ' -b is (a ry lsu l fonyl )a lkanesul f inamidines .  
However,  they  were not  isolated in individual  state and 
were ident i f ied by the precipi ta t ion of  the  corresponding 
amidines  R S ( = N S O 2 A r ) N ( H ) S O 2 A r  ' on acidif icat ion of  
the  solutions.  Amid ines  of  this general  formula  have 
been known since 1930. 5,1~ 

We believe that  the  overall  react ion (Scheme 1) 
involves several stages, beginning from solvolysis of  the 
initial  CA in me thano l  (Scheme 2). 

A s  in the  case of  t r imethyl t in  sulfide, 2 there is a 
nucleophi l ic  in teract ion o f  the  sulfide sulfur a tom, which 
carries a part ial  negative charge, with a posit ively charged 
center  in CA. 1 The subsequent  course of  the react ion is 
de te rmined  by the t ransformat ion of  the in termedia te  
formed (Scheme 2, react ion 2). 

The rat io  of  the reagents at stage (2) is 1 : 1. 
Sul fenamide  3 fo rmed  is isomeric  to compound  1 and is 
not  accumula ted  in the  react ion mixture,  undergoing 
imina t ion  at two-va lence  sulfur with the  second mol-  
ecule o f  CA to give the final product  2 (Scheme 2, 
react ion 3). 

N o n - o r g a n o m e t a l l i c  imina ted  products  of  type 2, 
RS(=NSO2Ar)N(X)SO2Ar ,  are known and can be ob- 
ta ined,  e. g., as by-p roduc t s  in oxidat ion of  thiols (X = 
H) with c h l o r a m i n e - T  1,11 or as the ma in  product  in 
o x i d a t i o n  o f  s o d i u m  t h i o l a t e s  (X = Na)  wi th  
N ,N-d ich lo ramide  of  arensulfonic acids. 932 

C o m p o u n d  2 is a lmost  unchanged  after a short  pe-  
riod in mois t  air; however,  it quant i ta t ively  hydrolyzes in 
a weakly acidic a lcohol  med ium at the  t in - -n i t rogen  
b o n d  to give 4 - c h l o r o b e n z e n e s u l f o n y l a m i d e  o f  
( 4 - c h l o r o b e n z e n e s u l f o n y l ) p e n t a n i m i n o s u l f i n i c  ac id  
CsH 1 tS(=NSO2C6H4C1-4)N(H)SO2C6H4CI-4  (4). 

Experimental 

Purification of CA and determination of active chlorine 
were performed according to the procedure described in Ref. 3. 

IR spectra were recorded on a Perkin-Elmer 577 instru- 
ment (a thin film in Vaseline oil, KBr). 

Anhydrous methanol was prepared prior to use by refiuxing 
with magnesium methylate with subsequent distillation in a dry 
atmosphere. 

Sulfur in the presence of halogen was quantitatively deter- 
mined by combustion according to Schoenherr. 

Synthesis of trimethyltin l-pentanethiolate and dimethyltin 
di-l-pentanethiolate. The mixture of 7.82 g (43 mmol) of 
trimethyltin hydroxide and 4.51 g (43 mmol) of 1-pentanethiol 
in 100 mL of toluene was refluxed for several minutes, the 
azeotropic mixture with the main portion of the solvent was 
distilled off, and the rest of the solvent was completely re- 
moved under reduced pressure. After distillation in vacuo of 
non-volatile liquid, 8.50 g (32 mmol) oftrimethyltin 1-pentane- 
thiolate was obtained (74 %), b. p. 41--42 ~ (0.5 Torr). 
Found (%): C, 36.07; H, 7.75; S, 11.03; Sn, 44.46. CsH20SSn. 
Calculated (%): C, 35.99; H, 7.54; S, 12.01; Sn, 44.46. 

A solution of 6.73 g (53 retool) of sodium 1-pentanethiolate 
in 100 mL of methanol was added dropwise with stirring to a 
solution of 5.87 g (26 mmol) of dimethyltin dichloride in 
50 mL of ether. The reaction mixture was refluxed for 2 h, the 
precipitated NaCI was filtered off, and the filtrate was evapo- 
rated in vacuo. Ether (100 mL) was added to the non-volatile 
liquid residue, and an additional amount of NaC1 was filtered 
off. The filtrate was evaporated in vacuo to give after distilla- 
tion 6.12 g (17 mmol) of dimethyltin di-l-pentanethiolate 
(65 %). /3. p. 143--144 ~ (1.5 Tort). Found (%): C, 40.58; 
H, 8.64; S, 17.03; Sn, 33.00. ClzH20S2Sn. Calculated (%): 
C, 40.58; H, 7.94; S, 18.05; Sn, 33.42. 

Reaction of trimethyltin l-pentanethiolate with sodium 
monochioramide of 4-ehlorobenzenesulfonic acid. Small por- 
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tions of a solution of 3.13 g (11.7 mmol) of trimethyltin 
1-pentanethiolate in 10 mL of methanol was added in vacuo to 
a solution of 3.06 g (11.7 mmol) of CA in 20 mL of methanol 
at 0 ~ The reaction mixture was kept at -20 ~ for 1 day, 
and then the solvent was completely removed at reduced 
pressure to a trap cooled with liquid nitrogen. The non-volatile 
residue was treated with 30 mL of anhydrous CH2C12, the 
precipitated NaCI (0.59 g, 86 %) was filtered off, and the 
filtrate was evaporated at reduced pressure to a trap cooled 
with liquid nitrogen. A viscous residue (6.5 g) was extracted 
with anhydrous hexane (2• mL) and the liquid was de- 
canted from the solidified mass. After drying in vaeuo 3.68 g 
(5.69 mmol) of product 2 was obtained in the form of a 
colorless amorphous substance. The substance melts in the 
range of 65--70 ~ (evacuated capillary). Found (%): C, 37.45; 
H, 4.32; S, 14.58; Sn, 17.38. C20H28C12N204S3Sn. Calcu- 
lated (%): C, 37.17; H, 4.37; S, 14.78; Sn, 18.37. IR spec- 
trum (v/cm-~): 1260 (as, SO2); 1145, 1080 (s, SO2); 940 
(S=N); 775 (5 Sn--Me); 570 (Sn--C). The hexane extract was 
evaporated at reduced pressure to a trap cooled with liquid 
nitrogen. In the oily non-volatile residue (0.64 g), the total 
amount of the unreacted trimethyltin l-pentanethiolate and 
trimethyltin methoxide was determined by acid titration with 
Congo red (1.94 mg-eq). Then the content of trimethyltin 
l-pentanethiolate was determined by iodometry (1.47 mg-eq; 
0.39 g). The content of trimethyltin methoxide in this residue 
was calculated from the difference between the acid and 
iodometric titrations, which was 0.47 mg-eq (0.085 g). Diamyl- 
disulfide (0.15 g, 0.7 mmol) was also found by chromato- 
graphy. The contents of trimethyltin 1-pentanethiolate 
(2.09 mmol) and trimethyltin methoxide (0.6 mmoles) were 
determined in the solvents collected in traps first by acid and 
then by iodometric titrations of aliquots. 

A solution of 1.32 g (2.0 mmol) of compound 2 in 25 mL 
of methanol was acidified with 0.1 N HC1 to pH 4--3 (accord- 
ing to the indicator paper), and a colorless residue was filtered 
off to give 0.78 g (1.6 retool) of hydrolysis product 4 with 
m.p. 154--156 ~ (aqueous methanol). Found (%): C, 42.39; 
H, 4,16; S, 20.37. C17H20CI2N204S3 . Calculated (%): 

C, 42.23; H, 4.17; S, 19.90. IR spectrum (v/cm-1): 1340, 
1310 (as, SO2); 1170, 1145 (s, SO2); 980 (S=N). 
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