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2,3 ,5 ,6-Tet rachloropyr id ine-4-su l fenyl  chloride has been prepared ,  and its reac t ions  with 
nucleophilic reagents  have been examined.  

Among the sulfur-containing polychloropyridine der ivat ives  so far  descr ibed are  2 ,3 ,5 ,6- te t rach loro-  
pyr id ine-4- th io l  (I) [1], and 4-polychloropyr idyl  alkyl and aryl  sulfides, sulfoxides, and sulfones [2, 3]. 

By chlorination of I in carbon te t rachlor ide ,  we have obtained 2 ,3 ,5 ,6- te t rachloropyr id ine-4-su l fenyl  
chloride (II). The chlorinating agents used were sulfuryl  chloride and gaseous chlorine.  Vacuum disti l lat ion 
of II afforded the product  as an orange crys ta l l ine  solid which was readi ly  hydrolyzed by solutions of acids 
and bases .  Hydrolysis  of II in 1 N hydrochlor ic  acid led to the format ion of di-(2, 3, 5 . 6 - t e t r a c h l o r o - 4 -  
pyridyl)  disulfide (III) and di-(2, 3,5, 6 - te t rachloro-4-pyr idyl )su l fonyl  sulfide (IV). The s t ruc ture  of these 
compounds was proved by conversion of Ill into the s tar t ing mate r i a l  II by gaseous chlorine and by the 
p resence  in the IR spect rum of IV of absorptions at 1150 and 1325 cm-1 charac te r i s t i c  of symmet r i ca l  and 
a symmet r i ca l  s t retching of the SO 2 group [4]. A 1 N solution of NaOH hydrolyzed II to the sodium salt of I, 
4-hydroxy-2,  3, 5, 6- te t rachloropyr id ine  (V), and sulfurous acid. This react ion proceeds  via HI, which was 
isolated on br ie f  t rea tment  of H with alkali. Fur ther  hydrolysis  of III resul ted  in a mixture  of the compounds 
mentioned above. 

Reaction of II with phenylmagnesium bromide gave 2, 3, 4, 6 - te t rachloropyr idyl  phenyl sulfide (VI). 
The react ion with ethylmagnesium bromide proceeded s imi lar ly  to afford 2,3, 5, 6 - t e t r ach lo ro -4 -pyr idy l  
ethyl sulfide (VII). The la t te r  was also obtained by alkylation of the potassium salt  of I with ethyl bromide 
in alcohol. Alkaline hydrolysis  of VII yielded the sodium salt  of V. The location of the thiol group in the 
4-posi t ion of the pyridine r ing in V is conf i rmed by the hydrolys is  of II and VII to V (no proof  of the or ien ta -  
tion of the thiol group in the pyridine nucleus is given in the patent [1]). 

Oxidation of VII and VI with hydrogen peroxide in acetic acid gives 2, 3, 5, 6 - t e t r ach lo ro -4 -pyr idy l  
ethyl sulfone (VIII) and 2,3, 5, 6 - t e t r ach lo ro -4 -pyr idy l  phenyl sulfone (IX), whereas  oxidation of VII with 
ni t r ic  acid affords 2,3, 5 6 - t e t r ach lo ro -4 -pyr idy l  ethyl sulfoxide (X). Reaction of II with t re thyl  phosphite 
does not give the  Arbuzov r ea r r angemen t  product  (cf. [5]) ,but VII. This anomalous behavior  is apparently 
due to the specific influence of the nitrogen atom of the pyridine r ing [6]. 

Compound II r eac t s  readi ly  with ammonia and amines to yield the corresponding 2 ,3 ,5 ,6 - te t rach loro-  
pyr id ine-4-su l fenamides  (XI). The react ion with ammonia and ary lamines  proceeds  only in anhydrous media, 
while 2, 3, 5 6- te t rachloropyr id ine-4-d ia lkylsu l fenamides  may be obtained e i ther  in anhydrous media,  or  
by t rea tment  of II with aqueous solutions of dialkylamines.  

We did not succeed in obtaining aliphatic e s t e r s  of 2 ,3 ,5 ,6- te t rach loropyr id ine-4-su l fen ic  acid. The 
pr incipal  product  of the reac t ion  of II with alcohols in p re sence  or  absence of t r ie thylamine  is III. Reaction 
of II with sodium methoxide gives the Na salt  of I and 2 ,4-d imethoxy-3 ,5 ,6- t r ich loropyr id ine  (XI1). The 
l a t t e r  reac t ion  may proceed  via III, since on t r ea tmen t  with methanolic sodium methoxide, IH is  conver ted 
into I and XH. 
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EXPERIMENTAL 

2 3, 5, 6-Tetrachloropyridine-4-sulfenyl Chloride (II). A__~. A portion of I [i0 g (0.04 mole)] in 150 ml 
of carbon tetrachloride was chlorinated for 3 h with gaseous chlorine, until hydrogen chloride was no longer 
evolved. The solvent was removed by distillation, and the residual orange oil was distilled in vacuo to give 
9.3 g (82%), bp 109-112 ~ (0.15 mm). After distillation, II crystallized as orange needles, mp 64-66 ~ (from 
heptane). Found: C1 62.59%. CsCIsNS. Calculated: Cl 62.70%. 

B. To a mixture of i0 g (0.04 mole) of I in 150 ml of carbon tetrachloride and 3 g of pyridine was 
added dropwise 10.8 g (0.08 mole) of sulfuryl chloride at 50 ~ (exothermic reaction), and stirred for 1 h at 
the boil. The precipitate of pyridine hydroehloride was filtered off. Worked up as in method A, yield 8.2 g 
(72%). 

C__~. A por t ion of III [2.5 g (0.005 mole)] was chlorinated with an excess  of chlorine in 20 ml  of carbon 
t e t rach lo r ide  at the boil  for  3 h. Isola t ion of II  was c a r r i e d  out as above, yield 100%. 

Hydro lys i s  of IT. A___~. A port ion of II [5.1 g (0.018 mole)] was finely g round  mixed with 50 ml  of 1 N 
HC1, and s t i r r ed  v igorous ly  for  6 h at  20 ~ During this t ime,  the orange II  was conver ted  into a r o s e - p i n k  
mix tu re  of hydro lys i s  products .  The prec ip i ta te  was f i l te red  off, washed with water ,  dr ied in air ,  and 
t r ea t ed  with e ther  (3 • 20 ml).  The e ther  ex t r ac t s  were  evapora ted  in vacuo, and the res idue  consis ted  of 
di(2, 3, 5 6 - t e t r ach lo ro -4 -pyr idy l )d i su l f ide  (IH), yield 3.9 g, yel low p r i s m s  f r o m  hexane, mp 134-135 ~ 
Found: C1 57.29; S 12.87%; M 492. CIoC18N2S~. Calculated: C1 57.27; S 12.90%; M 496. After  r e m o v a l  of III, 
the re  r ema ined  di-(2, 3, 5, 6- te t rachloro-4-pyr idyl )su l / fonyl  sulfide (IV), 0.9 g, yel low p r i s m s ,  mp 164-166 ~ 
(from benzene).  Found: C1 54.10%. C10C18N202S2. Calculated: C1 53.78%. 

]3. 5.2 g (0.018 mole) of II was finely ground, mixed with 50 ml  of 1 N NaOH, and s t i r r ed  fo r  24 h at 
20 ~ . The solid dissolved during this  t ime .  The solution was acidified with dilute hydrochlor ic  acid, and the 
p rec ip i t a te  was f i l t e red  off, a i r -d r i ed ,  ex t rac ted  with heptane, and the insoluble por t ion f i l te red  o f f  The 
f i l t r a te  was evapora ted  to give a res idue  of I, mp 158 ~ The heptane- insoluble  f rac t ion  w a s 4 - h y d r o x y -  
2 ,3 ,5 ,6 - te t rach lo ropyr id ine  (V), mp 228 ~ ( f rom benzene) ( l i te ra ture  mp [7] 232-233~ I and V were  identified 
by mixed rep ' s .  
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2, 3, 5, 6 - T e t r a c h l o r o - 4 - p y r i d y l  Phenyl Sulfide (VI). To an e therea l  solution of phenylmagnes ium 
bromide  f rom 0.5 g {0.02 mole) of magnes ium turnings in 20 ml  of dry e ther  was added dropwise 5 g (0.018 
mole) of II  in 20 ml  of dry  e ther .  The mix tu re  was s t i r r ed  for  30-40 rain, t r ea t ed  with water ,  the e ther  
l aye r  separa ted ,  the aqueous l aye r  ex t rac ted  s e v e r a l  t imes  with ether ,  the e ther  ex t r ac t s  combined and 
dr ied  over  Na2SO 4. Removal  of the e ther  gave 5.1 g (90%), mp 95-96 ~ (from isopropanol) .  Found: C1 42.90%. 
C11HsCI4NS. Calculated: C1 43.69%. 

2, 3, 5, 6-Tetrachloro-4-pyridyl Ethyl Sulfide (VII). A__~. To a mixture of 5 g (0.02 mole) of NaOH in 
80 ml of ethanol was added dropwise 3.3 g (0.03 mole) of ethyl bromide in 10 ml of ethanol at 60-70 ~ The 
mixture was stirred for 2 h at this temperature, then it was cooled, diluted with 150 ml of water, and the 
VII extracted with ether. The ether extracts were dried over sodium sulfate, and the ether was removed to 
give 4.9 g (87%) of colorless needles (from isopropanol), mp 49-51 ~ Found: Cl 51.17; S 11.30%. CTHsCI4NS. 
Calculated: Cl 51.26; S 11.55%. 

2, 3, 5 6-Tetrachloro-4-pyridyl methyl sulfide was obtained similarly in 72% yield, as needles, mp 
62-64 ~ (from isopropanol). Found: C1 53.71; S 11.96%. C6H3CI4NS. Calculated: Cl 53.95; S 12.16%. 

B__. To a mixture of 5.7 g (0.02 mole) of II in 50 ml of benzene at 20 ~ (exothermic reaction) was ~dded 
3.5 g (0.021 mole) of triethyl phosphite in 15 ml of benzene. The mixture was heated at 80-90 ~ for 30 rain, 
then the benzene was removed and the residue distilled in vacuo to give 3.4 g (63%), bp 108-110 ~ (0.4 mm). 
Identified by mixed rap. 

C__~. Similarly was obtained VI, in 82% yield. 

2, 3, 5, 6-Tetrachloro-4-pyridyl Phenyl Sulfone (IX). A portion of VI [I g (0.003 mole)] was dissolved 
in 15 ml of glacial acetic acid, 2 ml of 30% hydrogen peroxide was added and the mixture was kept for 12 
h at 20 ~ After boiling for 1 h, the mixture was cooled and poured into ice water, and the precipitate was 
filtered off to give 1 g (90%), mp 207-209 ~ (from heptane). Found: Cl 39.88%. CIIHsCI4NO2S. Calculated: 
Cl 39.77%. 

2, 3, 5, 6-Tetraehloro-4-pyridyl ethyl sulfone (VIII) was obtained similarly in 90% yield, mp 137-138 ~ 
(from heptane). Found: Cl 45.58%. CTHsCI4NO2S. Calculated: Cl 45.95%. 

2, 3, 5 6-Tetrachloro-4-pyridyl Ethyl Sulfoxide (X). A portion of VII [ 1 g (0.0035 mole)] was added 
in small portions to 10 ml of HNO3 (d 1.42), and the mixture was boiled for 20 rain. After cooling, the mix- 
ture was diluted with water, and the crystals which separated were filtered off to give 0.7 g (66%) of mate- 
rial,mp 113-115 ~ (from hexane). Found: C1 48.50%. CTHsCI4NOS. Calculated: Cl 48.46%. 

Di-(2, 3, 5 6-tetraehloro-4-pyridyl) disulfide (III). A portion of II [2 g (0.007 mole)] was mixed with 
15 ml of aliphatic alcohols (C I to C5). As II dissolved, III separated as a yellow precipitate. Yield 1.5 g (70%), 
mp 134-135 ~ (from heptane). 

2, 3, 5, 6-Tetrachloropyridine-4-sulfenamide (XI). A portion of II [2.8 g (0.01 mole)] was dissolved in 
20 ml of dry ether, and dry ammonia was passed in at -5 ~ to 0 ~ for 1 h. The mixture was then warmed 
slowly to 20 ~ and stirred for 30 rain. The solvent was distilled off to dryness, and the residue was washed 
with water to give 1.7 g (66%), mp 174-176 ~ (from heptane). Found: C1 53.05%. CsH2CI4N2S. Calculated: 
cl 53.78%. 

2, 3, 5 6 -Te t raeh lo ropyr id ine -4 - su l fenan i l ide  (XI). To 2.24 g {0.24 mole) of aniline in 20 m l  of ben-  
zene was added dropwise with s t i r r ing  3.1 g (0.0107 mole) of II in 20 ml  of benzene at 20 ~ The mix tu re  was 
s t i r r ed  for  2-2.5 h, the p rec ip i t a te  of aniline hydrochlor ide  was f i l te red  off, and the solvent was r emoved  
to give 96%, mp 116-118 ~ (from heptane). Found: C1 42.15; S 9.47%. CIIH6C14N2S. Calculated: C1 41.76; 
S 9.41%. 

2, 3, 5, 6 -Te t r ach lo ropyr id ine -4 - su l f enmorpho l [dewas  obtained s imi l a r ly ,  [n90% yield, mp 108-110 ~ 
(from isopropanol) .  Found: C1 42.28%. CgHsC14N2OS. Calculated: C1 42.21%; and also 2 ,3 ,5 ,6 - t e t r ach lo ro -  
pyridine-4-sulfendiethyLamide,  87% yield, yellow p r i s m s ,  mp 33-34 ~ (from isopropanol) .  Found: C1 44.34%. 
CsHIoC14N2S. Calculated: C1 44.39%. 
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2.3, 5, 6 -Te t rach loropyr id ine-4-su l fend imethy lamide  (XI). A port ion of II [2.8 g (0.01 mole)] was 
added gradual ly to 4.3 g of 33% aqueous dimethylamine (0.03 mole) and the mixture  was t r i tu ra ted  until  the 
orange c rys t a l s  had disappeared.  The solid was f i l te red  off, and washed with water  to give 2.8 g (75%) of 
yellow needles (from methanol),  mp 94-96 ~ Found: C148.62; S 10.81%. CTH6C14N2S. Calculated: C148.60; 

S 10.97%. 

2 4 - D i m e t h o x y - 3 ,  5, 6- t r ich loropyr id ine  (XII). A. To a solution of 0.64 g (0.028 g-atom) of Na in 20 ml 
of absolute methanol was added dropwise a solution of 4 g (0.014 mole) of II in 15 ml of benzene at a t em-  
pe ra tu re  between -10 and -5 ~ The mixture  was then slowly warmed to 20 ~ and s t i r r ed  for  1 h. The solvent 
was removed  in vacuo, and the res idue  was t rea ted  with water .  The solid was f i l tered off to give 2.2 g (64%) 
of XII, mp 120 ~ (from ethanol) ( l i tera ture  [8] mp 124-125~ Found: C143.24%. CTH6C13NO 2. Calculated: 
C143.91%. The aqueous f i l t ra te  was acidified to give 1.3 g (36%) of I, mp 163 ~ 

B__. To a solution of 0.6 g {0.026 g-atom) of Na in 50 ml of absolute methanol was added 1.5 (0.003 
mole) of III, and the mixture  was s t i r r ed  at 20 ~ for  11 h. XII and I were  isolated as in method A. 
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