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In the chlorinat ion of 4 -methy l -  and 4-ch loroformylmethylene th io te t rachloropyr id ines ,  the 
chlorine atom enters  the methyl  or methylene group. In the case  of the 4-(p-chlorobenzyl) -  
thlo der ivat ive ,  the molecule  is c leaved to give te t rach loropyr id ine-4-su l fenyl  chlor ide .  
Hydrogen peroxide oxidizes substi tuted benzyl-  and e thoxycarbonylmethylenethlo te t ra-  
chloropyr idines  to the corresponding sulfones, while ni t r ic  acid gives a mixture  of t e t r a -  
chloropyridinesulfonic  acid and the corresponding benzoic acid. 

The chlorination of dialkyl and aryl  alkyl sulfides usually gives chloro-subst i tu ted  sulfides [1,2]. How- 
ever ,  as with other  ~ -  or T-alkylthio der ivat ives  of ni trogen he terocycl ic  compounds [4], in the chlor ina-  
tion of 2-methylthlopyridine [3] the alkylthio group is split  out to form ~ -  or y -ch io ro - subs t i tu t ed  he t e ro -  
cyc le s .  

The aim of the present  investigation was a study of the chlorinat ion and oxidation of 4-methyl thio-  
2 ,3 ,5 ,6- te t rachloropyr id ine  gIa) and other sulfides in which a hydrogen atom in the methyl  group is r e -  
placed by aryl  and carboxyl  groups .  The s tar t ing mate r ia l  for the preparat ion of the indicated compounds 
was 4 -mercap to-2 ,3 ,5 ,6 - te t rach loropyr id ine  (I) [5,6], which is conver ted to the corresponding sulfides 
(IIa-f, Table 1) on react ion with methyl iodide, benzyl halides, and haloacet ic  acids.  In the chlorination of 
Ha in refluxing carbon te t rach lor ide ,  one hydrogen atom of the methyl group is replaced by chlor ine to give 
4-chloromethyl th io-2 ,3 ,5 ,6- te t rachloropyr id ine  (III). In cont ras t  to the methylthio der ivat ives ,  4 - (p -ch lo ro-  
benzyl th io)-2 ,3 ,5 ,6- te t rachloropyr id ine  readi ly  splits out a benzyl res idue  under the influence of chlor ine 
or  sulfuryl  chloride,  even at room temper  ature,  to give 2 ,3 ,5 ,6- te t rachloropyr id ine-4-sul fen  yl chloride (IV). 
A d i f f icu l t - to -separa te  mixture  of chlorination products  and start ing mate r ia l  is obtained in the case  of 
2 ,3 ,5 ,6- te t rachloro-4-pyr idyl th ioglycol ic  acid (IIf). In this connection, IIf was converted,  by t rea tment  with 
thlonyl chlor ide,  to 2 ,3 ,5 ,6- te t rachloro-4-pyr idyl th ioglycol ic  acid chloride (V), which on chlorination for 
3 h with gaseous chlorine in thionyl chloride,  gives 2 ,3 ,5 ,6- te t rachloropyr idylchlorothioglycol ic  acid chlo-  
r ide (VIII), which is readi ly  hydrolyzed to 2 ,3 ,5 ,6- te t rachloro-4-pyr idylchloroth ioglycol ic  acid (IX). Both 
acid chlor ides  (V and VIII) are  conver ted  by ammonia and aniline to the amides and anilides (VI, VII, X, and 
XI) of the corresponding thloglycolic acids (IIf and IX). 

We investigated the oxidation of sulfides IIb-f  with hydrogen peroxide in acetic acid, t r i f luoroace t ic  
acid, n i t r ic  acid, and chromic  anhydride in sulfuric  and acetic acids.  Oxidation with hydrogen peroxide in 
glacial  acetic acid usual ly leads to the corresponding sulfones.  The i r  s t ruc tu res  were  conf i rmed by the 
p resence  of c ha r ac t e r i s t i c  absorption bands in the IR spec t ra  at 1150 and 1325 cm -1, which are  c h a r a c t e r -  
istic for  the symmet r i ca l  and asymmet r i ca l  vibrat ions of the SO 2 group [7]. However,  Hf forms 4-hydroxy-  
2 ,3 ,5 ,6- te t rachloropyr idine  (XIII) under the same conditions. The same compound (XIII) was obtained by 
the action on He of 90% hydrogen peroxide in t r i f luoroacet ic  acid. The react ion of IIe with chromic  an- 
hydr ide  in sulfuric  acid at 100 ~ proceeds  s imi la r ly .  A sulfone (XIIe) could be obtained in the react ion of 
chromic  anhydride in acetic acid and 30% hydrogen peroxide in t r i f luoroace t ic  acid. The oxidation of s u l -  
fides IIb-e with 30% hydrogen peroxide in t r i f luoroacet ic  acids gives the corresponding sulfones (XIIb-e) in 
quantitative yields (Table 2). 
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TABLE 1 

C SCII~R 
'1"-, 4; "~j.." CI 

Comp.[ mp, ~C 
Empirical 
formula 

IIa 
IIb 
IIc 
lid 
lie 

H 
p-NO~C6H4 
p-CICnH4 
p-CFaCsH4 
COOC2Hs 

64--66 
140--142k b 
78__79 ~' 

105--106 b 
48--49a 

CeHaCI4NS 
CI2H6CI4~N202 
CI2H6CI~NS 
CIaH6CI4FaNS 
CgHrCI4N02S 

a F r o m  aqueous ethanol.  
b F r o m  ethanol.  

TABLE 2 

Found, % Calc., % 

Cl S CI $ 

53,7 53,9 
37,2 8-~ 37,0 8~ 
47,4 8,6 47,4 8,6 
35,0 8,2 34,9 7,9 
42,4 9,5 42,4 9,5 

Comp. 

XII~a 
Xl lb  
XIla 
XII a 

p-NO2C6H4 
p-C1C6H4 
p-CFaC6H4 
COOC2Hs 

rap, 

196--197 a 
181--182b 
148--149a 
114--116 a 

Empirical formula 

CI2H6CI4N204S 
CL2H6CIsNO~S 
CiaH6CI4F3N02 
C9H7C14~O4S 

FO1 

CI 

33.9 
44.0 
32,2 
39.3 

CI 

8,1 34,1 
43,8 

7~ 32,3 
9,0 38,7 

_ _  "/~Id, 

92,0 
85,0 
97,6 
98,0 
98,0 

~ [  Yield, 
% 

7,7 92 
96 

7~ 91 
8,7 95 

a F r o m  heptane.  
b F r o m  methanol .  

The oxidation of a lky l th io te t rach loropyr id ines  with n i t r ic  acid gives sulfoxides [8]. However ,  in the 
reac t ion  of n i t r ic  acid (sp. g r .  1.42) with the analogous sulf ides with benzyl  r e s idues  (IIb-d), the molecule  
is  c leaved  to give 2 ,3 ,5 ,6 - t e t r ach lo ropyr id ine -4 - su l fon ic  acid (XIV) and the cor responding  benzoic acid. 
Acid XIV has not been r epor t ed ,  and we t h e r e f o r e  a t tempted  to obtain it by oxidation of I with n i t r i c  acid.  
When this was done, about 20% 4 -n i t ro -2 ,3 ,5 ,6 - t e t r ach lo ropyr id ine  was fo rmed  along with XIV. The 
oxidation of I with 30% hydrogen peroxide  in t r i f luoroace t i c  acid gave XIV in quantitat ive yield.  The r e a c -  
tion of XIV with PC15 gave 2 ,3 ,5 ,6 - t e t r ach lo ropyr id ine -4 - su l fony l  chlor ide  (XV), which was r ecen t ly  ob-  
tained by oxidative chlor inat ion of I [9]. In con t r a s t  to py r id ine -2 -  and -4-su l fonyl  ch lor ides ,  which decom-  
pose to 2-  or  4 -ch lo ropyr id ines  and SO 2 at  room t e m p e r a t u r e ,  the fo rmat ion  of s table  XV is apparent ly  ex-  
plained by the s t e r i c  effect  of two chlor ine  a toms ,  which prevent  r ep l acemen t  of the SO,C1 group by ch lo-  
r ine v ia  an SNi m e c h a n i s m .  The action of ammonia  in XV gave amide XVI, which gives  2 ,3 ,5 ,6 - t e t r ach lo ro -  
pyr id ine-4-su l fon ic  acid N,N-d ich loroamide  (XVH) on chlorination in alkal i .  

E X P E R I M E N T A L  

2 ,3 ,5 ,6 -Te t rach lo ro -4 -pyr idy l th iog lyco l i c  Acid {IIf). A 2.5-g (0.01 mole) sample  of I was dissolved 
in a solution of 0.4 g (0.01 mole) of NaOH in 100 ml  of wate r ,  1.16 g (0.01 mole) of sodium monoch lo ro -  
ace ta te  was added, and the mix tu re  was ref luxed for  1 h and acidified to give 3 g (98%) of a product  with 
mp 175-176 ~ (from aqueous ethanol).  Found: C1 46.1; S 10.5%. CTHaC14NO2S. Calculated.  C1 42.2; S 10.4%. 

Ethyl  2 ,3 ,5 ,6 -Te t r ach lo ro -4 -pyr idy l th iog lyco la t e  (IIe). A 2.5-g (0.01 mole) s ample  of I was dissolved 
in an alcoholic solution of sodium ethoxide (0.23 g - a t o m  of sodium in 25 ml  of absolute ethanol), 1.23 g 
(0.01 mole) of ethyl  ch lo roace ta te  in 25 ml  of absolute ethanol was added, and the mix tu re  was ref luxed for  
1 h. The ethanol was r em oved  by dis t i l la t ion to give 3.3 g (98%) of product .  Compounds I Ia -d  wore s i m i -  
l a r l y  obtained (Table 17. 
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2 ,3 ,5 ,6 -Te t rach lo ro -4 -pyr idy l  Chloromethyl  Sulfide (II I).  A 2.6-g (0.01 mole) sample of IIa was d is -  
solved in 15 ml of d ry  CC14, and dry  chlorine was passed through the refluxing mixture  for  12 h. The sol -  
vent was removed  in vacuo to give 2.4 g (93%) of a product  with mp 109-111 ~ (from ethanol). Found: C1 
60.1; S 11.1%. C6I-I2C15NS. Calculated: C1 59.7; S 10.8%. 

2 ,3 ,5 ,6-Tet rach loropyr id tne-4-su l fenyl  Chloride (l-q). A_~. A 3.7-g (0.01 mole) sample of IIc was d is-  
solved in 50 ml of dry  CC14, and dry  chlorine was passed through the mixture  at 20 ~ for  2 h. The solvent 
was removed  in vacuo to d ryness  to give 2.5 g (88%) of a product with mp 64-65 ~ (from heptane) (rap 64-66 ~ 
[10]). Found: C1 62.6%. CsClsNS. Calculated: C1 62.7%. 

B_~. A 3.7-g (0.01 mole) sample of IIc was dissolved in 25 ml of sulfuryl  chloride,  and the mixture  was 
held at room t empera tu re  for  12 h. The sulfuryl  chloride was removed in vacuo to dryness  to give 2.7 g 
(95%) of a product  with mp 65-66 ~ (from heptane).  

2 ,3~5,6-Tet rachloro-4-pyr idyl th ioglycol ic  Acid Chloride (V). A 1.5-g (5 mmole) sample of IIf was 
dissolved in 10 ml of thionyl chlor ide ,  and the mixture  was ref luxed for 1 h. The thionyl chloride was r e -  
moved in vacuo to dryness  to give 1.5 g (93%) of a product with mp 72-74 ~ (from pet roleum ether) .  Found: 
C1 54.2; S 10.1%. CTH2CIsNOS. Calculated: C1 54.5; S 9.8%. 

2 ,3 ,5 ,6-Tet rachloro-4-pyr idyl th ioglycol ic  Acid Amide HI).  This compound was obtained in 85% yield 
f rom V and gaseous ammonia in benzene and had mp 208-209 ~ (from methanol).  Found: C1 46.7%. 
CTH4C14N~OS. Calculated: C1 46.4%. 

2 ,3 ,5~6-Tetrachloro-4-pyr idyl thioglycol ic  Acid Anilide (VIIi. This  compound was obtained in 80% 
yield f rom V and aniline in benzene and had mp 182-183 ~ (from aqueous ethanol). Found. C1 37,3; S 8.3~. 
Ci3H8C141~/2OS. Calculated: C1 37.2; S 8.4%. 

2 ,3 ,5 ,6-Tet rachloro-4-pyr idylchloro th iogiycol ic  Acid Chloride (VIII). A 1.5-g (5 mmole) sample of 
IIf was dissolved in 10 ml of thionyl chloride,  and the mixture  was refluxed for  1 h. Without isolating V, 
the mixture  was chlor inated with d ry  chlor ine  for  3 h at the ref lux point. The thionyl chlor ide was removed 
in vacuo to give 1.5 g (83%) of a product  with bp 149-151 ~ (0.1 ram). Found: C1 60.0; S 8.6%. C~HC161~OS. 
Calculated: C1 59.2; S 8.9%. 

2 ,3 ,5~6-Tetrachloro-4-pyr idylchlorothioglycol ic  Acid (IX). A 0.9-g (2.5 mmole) sample of VIII was 
t rea ted  with 5 ml of water ,  and the mixture  was allowed to stand at 20 ~ for 2 h. Workup gave 0.7 g (82%) 
of IX with mp 151-152 ~ (from heptane). Found: C1 52.4%. CTH2CI~NO~S. Calculated: C1 52.0%. 

SCI . SCH.~CI SII NO 2 OH 

Cl Cl ~ " ~ ct / e l  
w 

CI" ~ N "  "C| CI CI CI '~N/ I~C, ,  Cl. - CI C! " 'N-~"~, 

1 1 
$CIIClCOCl 

CI CI CI I~'~NI\cl CI I ~ I  ~Cl 

VIII VII X l lb -O XV ,Ir V I 

SCHC|C 2 " ~ ' ~  SCHCICOOH SCEICICON I'IC.H~ 

CI~I~II\C,I C|~ ~.~,~ix'~Cl Cl ~ x~ "Cl CI I ~N ~'" ~CI 

X IX Xl XVll 

I l i - f  ~ 7H, p-NO~C6H4, p-CIC6H4, p.CF3C6H,. ' CO1C,.,H~, ' COOH; R ' -NOI ,  CI, CF3 
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2,3 ,5 ,6-Tet rachloro-4-pyr idylchloro th ioglycol ic  Acid Amide (X). This compound was obtained in 90% 
yield f rom VIII and dry  ammonia  and had mp 194-196 ~ (from aqueous methanol).  Found: C1 52.0; N 8.3%. 
CTH3C15N2OS. Calculated:  C1 52.1; N 8.2%. 

2 ,3 ,5 ,6-Tet rachloro-4-pyr idy lch loro th ioglycol ic  Acid Anilide (XI). This compound was obtained in 
90% yield f rom VHI and aniline in d ry  benzene and had mp 186-187 ~ (from methanol).  Found: C1 42.8; N 
6.9%. CI3H~C15N2OS. Calculated:  C1 42.6; N 6.7~c. 

2 ,3 ,5 ,6 -Te t rach lo ro-4-pyr idy l  p-Nit robenzyl  Sulfone (X'iIb). A. A 3.8-g (0.01 mole) sample of IIb 
was dissolved in 20 ml of t r i f luoroacet ic  acid, 5 ml of 30% H202 was added, and the mixture  was heated to 
60 ~ after which the react ion proceeded vigorously  without heating. A large portion of the solvent was r e -  
moved by distil lation, and the res idue  was poured into water .  Workup gave 3.8 g (92%) of XIIb. Compounds 
XIIc-e  (Table 2) were  s imi la r ly  obtained. 

B..: A 3.8-g (0.01 mole) sample of IIb was dissolved in 40 ml of glacial  acetic acid, 5 ml of 30% H202 
was added, and the mixture  was allowed to stand at 20 ~ for  24 h and was then refluxed for 2 h. The mixture 
was worked up as in method A to give 2.5 g (61%) of a product with mp 195-196 ~ (from heptane). Found: 
C1 34.2%. C12H6C14N204S. Calculated: C1 34.1%. 

Ethyl 2 ,3 ,5 ,6-Tet rach loro-4-pyr idy lsu l fonyl  acetate (XIIe). A 1.5-g (15 mmole) sample of chromic  
anhydride was dissolved in 10 ml of glacial  acetic acid, 1.7 g (5 mmole) of IIe was added, the mixture  was 
s t i r r ed  at 80 ~ for  1 h, 1.5 ml of water  was added, and the result ing mixture  was refluxed for 30 rain. A 
portion of the acid was removed  by vacuum distil lation, and the residue was poured over ice to give 0.9 g 
(50%) of a product  with mp 113-115 ~ (from heptane). Found: S 8.9%. C9HTC14NO4S. Calculated: S 8.7%. 

4-Hydroxy-2 ,3 ,5 ,6- te t rach loropyr id ine  (XIII). A. A 1.5-g (5 mmole) sample of IIf was dissolved in 
40 ml of glacial  acetic acid, 3 ml of 30% H202 was added, and the mixture was held at 20 ~ for 24 h. It was 
then refluxed for  2 h, a large portion of the solvent was removed by distillation, and the residue was poured 
over  water  to give 0.75 g (65%) of a product  with mp 228-2290 (from heptane) (rap 232-233 ~ [11]). Found: 
C1 60.3%. C5HC14NO. Calculated:  C1 60.7~ 

B__: A 1.7-g (5 mmole) sample of IIe was dissolved in 20 ml of t r i f luoroacet ic  acid, and the solution 
was cooled and t rea ted  with 3 ml of 90% H202. As the tempera ture  increased,  an exothermic react ion be-  
gan, at the end of which a portion of the solvent was removed  by vacuum distillation. The residue was 
poured into water  to give 0.5 g (45%) of product .  

C_.~. A 1.7-g (5 mmole) sampl  e of IIe was dissolved in 5 ml of concentrated H2SO4, and a solution of 
1.5 g (15 mmole) of chromic  anhydride in 5 ml of water  was added dropwise with s t i r r ing .  The mixture 
was heated at 100 ~ for 2 h and poured into water  to give 0.8 g (73%) of product .  

2 ,3 ,5 ,6-Tet rachloropyr id ine-4-su l fonic  Acid (XIV). A. A 2 .5-mmole  sample  of IIb, IIc, or Ildl was 
dissolved in 15 ml of ni t r ic  acid (sp. g r .  1.42), and the mixture was refluxed for 1.5 h, cooled, and poured 
into water .  The corresponding  precipi ta ted benzoic acid was r emoved  by fil tration, and the f i l t rate was 
evaporated to dryness  in vacuo to give 95-98% XIV. Compound XIV was charac te r i zed  as the o-toluidine 
sal t .  A 1.5-g (5 mmole) sample  of XIV was dissolved in 50 ml of water  containing 0.28 g (5 mmole) of KOH, 
0.72 g (5 mmole) of o-toluidine hydrochlor ide in 10 ml of water  was added, and the precipi tated toluidine 
salt  of XIV was removed by fi l trat ion to give 2 g (100%) of a product with mp > 300 ~ (from water) .  Found: 
C1 35.4; N 6.9%. Ci2H10C14N203S. Calculated: C1 35.2; N 6.9%. 

B__: A 2.5-g (0.01 mole) sample of I was dissolved in 25 ml of ni t r ic  acid (sp. gr .  1.42), and the mix-  
ture  was heated at 75 ~ for  5 h. The mixture was then cooled and poured into water ,  and the result ing p re -  
cipitated 4-n i t ro -2 ,3 ,5 ,6 - te t rach loropyr id ine  was removed  by fi l tration to give 0.5 g (20%) of.a product 
with mp 72-73 ~ (from methanol) (rap 70.5 ~ [12]). Found: C1 54.2; N 10.7%. C5C14N202. Calculated: C1 
54.2; N 10.7%. Evaporat ion of the f i l t rate  to d ryness  gave 80% XIV. 

C__. A 2.5-g (0.01 mole) sample of I was dissolved in 100 ml of t r i f luoroacet ic  acid, and 5 ml of 30% 
H202 was added to the cooled solution. The mixture was then heated to 60 ~ after  which the react ion p ro -  
ceeded vigorously  without heating. The solvent was removed in vacuo to dryness  to give 2.8 g (93%) of XIV. 

2 ,3 ,5 ,6-Tet rachloropyr id ine-4-su l fonic  Acid (XV). A 1.5-g (5 mmole) sample of XIV was dissolved 
in 100 ml of dry  benzene,  2.1 g (10 mmole) of PC15 was added, and the solution was refluxed for 30 min. It 
was then cooled, and dry  gaseous SO 2 was passed through it. The solvent and liquid reaction products were 
removed in vacuo to give 0.8 g (50%) of XV with mp 53 ~ (from heptane) (rap 53-54 ~ [9]). Found: C1 56.5; S 
10.1~c. C5C15NO2S. Calculated: C1 56.3; S 10.2%. 
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2,3,5,6-Tetrachloropyridine-4-sulfonamide (XVI). This compound was obtained in 90% yield from 
XV and gaseous ammonia in benzene and had mp 195-196 ~ (from acetone and heptane) (rap 196-197 ~ [9]). 
Found: C1 47.9; N 9.5%. CsH2C14N202 S. Calculated: C1 47.9; N 9.6%. 

2,3,5,6-Tetrachloropyridine-4-sulfonic Acid N,N-Dichloroamide (XVIII). A 0.3-g (1 mmole) sample 
of XVII was dissolved in 10 ml of aqueous sodium hydroxide (0.8 g of NaOH in 100 ml of water), and gase-  
ous chlorine was passed through the solution for 10 rain. The resulting precipitate was removed by f i l t ra-  
tion, washed with water, and air dried to give 0.35 g (95%) of a product with mp 118-120 ~ (from CC14). 
Found: C1 57.6; N 7.4%. CsCI~N~O~S. Calculated: C1 58.4; N 7.7%. 
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