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Depending on the conditions, the reac t ion  of pentachloropyridine N-oxide with potass ium hydro-  
gen sulfide leads to the N-oxide of the potass ium salt  of 3,4, 5 ,6- te t rachloropyr id in-2- th io l  or  
the dipotassium salt  of 3 ,4 .5- t r ichloropyr id ine-2 ,6-di th io l ,  which a re  conver ted  by the action 
of dimethyl sulfate into the corresponding methylthio der ivat ives .  Oxidation of the la t te r  has 
given sulfones. It has been shown that for  these sul fones , react ions  with nucleophilic reagents  
take place  at the methylsulfonyl  group and not at the chlor ine atoms. 

Continuing a study of sulfur-containing der ivat ives  of polychloropyridines  [1], we have invest igated 
the reac t ion  of pentachloropyridine N-oxide ([) with potass ium hydrogen sulfide. In cont ras t  to pentachloro-  
pyr idine  i tself ,  which reac t s  in ethanolic solution with potass ium hydrogen sulfide at 50~ exclusively  at 
posi t ion 4 of the pyridine nucleus with the format ion of 2 ,3 .5 .6 - t e t r ach lo ro -4 -mercap topyr id ine  [2], com- 
pound (I) r eac t s  with potass ium hydrogen sulfide to give two produc~s, depending on the t em p e ra tu r e  condi- 
t ions: at 0~ the N-oxide of the potass ium salt  of 3 ,4 ,5 ,6- te t rachloropyr id in-2- th io l  (II) is obtained, and 
at 80~ the N-oxide of the dipotassium salt  of 3,4, 5- t r ich loropyr id ine-2 .6-di th io l  (III). On acidification, 
substances  (II) and (III) give unstable products  in which the N-oxide group is readi ly  reduced on r ec ry s t a l l i -  
zation, giving, in the case of (II) di (3,4, 5, 6 - te t rach loropyr id in-  2-yl) disulfide mono- S- oxide (IV). The s t ruc -  
tu re  of (IV) was shown by a molecu la r  weight determinat ion and by IR spect roscopy.  Its It~ spec t ra  lack an 
absorpt ion band at 1150 cm -1 cha rac te r i s t i c  for  a sulfoxide group [3]. By the action of dimethyl sulfate, 
(I!) and (III) were  conver ted  into 3,4, 5, 6 - te t rachloro-2- (methyl th io)pyr id ine  N-oxide (V) and 3,4, 5 - t r ich loro-  
2,6-di(methylthio)pyridine N-oxide (VI). The oxidation of (V) with ni t r ic  acid or  hydrogen peroxide  in acetic 
acid gave the N-oxide of methyl  3 ,4 ,5 ,6 - te t rach loropyr id in-2-y l  sulfoxide (VII). Under the action of PC13, 
the l a t t e r  lost  the two oxygen atoms at tached to the ni t rogen and sulfur atoms and gave 3,4, 5 ,6- te t raeh loro-  
2-methyl thiopyridine (VIII): the reac t ion  of (V) with PC13 took place s imi lar ly .  The action of phosphorus 
t r i ch lor ide  on (VI) yielded 3,4, 5- t r ichloro-2 ,6-di (methyl th io)pyr id ine  {IX). The oxidation of (V) and (VI) 
with hydrogen peroxide  in t r i f iuoroace t ic  acid gave the corresponding sulfones (X and XI), which lost  the 
N-oxide group under  the action of PC13 with considerably  g r ea t e r  difficulty than (V) and (VI). The p ro-  
longed heating of (X) with phosphorus t r ich lor ide  gave 3.4.5, 6 - te t rach loro-2-methylsu l fonylpyr id ine  (XII). 
Attempts to" remove  the oxygen atom of the N-oxide group in (XI) under the same conditions were 
unsuccessful .  [See s t ruc tu re  on top of next page.] 

The p r e se nce  of s trong e lec t ron-accept ing  substi tuents and the N-oxide group in the pyridine nucleus 
must  s t rongly activate the 3-C1 and 5-C1 atoms with respec t  to nucleophilic reagents,  as occurs  in the case  
of the N-oxides of 3-ha lo-4-n i t ropyr id ines ,  in which the halogen atoms a re  act ivated considerably  more  
s t rongly  than in the analogous compounds having no N-oxide group [4. 5]. However.  we have establ ished 
that the action of nucleophilic reagents  on (X) and ~ I )  leads to the rep lacement  of the methylsulfonyl  groups 
and not of the chlorine atoms of the pyr id ine  nucleus.  Thus. the action of methylamine or  of an aqueous 
solution of caustic soda on (X) gave the cor responding  N-oxides of 3,4, 5, 0 - te t rach loro-2- (methy lamino) -  
pyr idine  and of 3,4, 5 .6-- te t rachloro-2-hydroxypyridine (XIIt, XIV), and (XI) gave the N-oxides of 3,4, 5- t r i -  
chloro-2 .6-di (methylamino)pyr id ine  and of 3 .4 .5- t r ich loro-2 .6-d ihydroxypyr id ine  (XV, XVI). When {XIV) 
and (XVI) were  heated with phosphorus t r ich lor ide ,  the corresponding known 3, 4, 5 .6- te t rach loro-  2-hydroxy-  
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pyr id ine  {XVII) [6] and 3,4, 5 - t r i ch lo ro -2 ,6 -d ihydroxypyr id ine  (XVIII) [7] we re  obtained: t he i r  format ion  
shows the pos i t ion  of the subst i tut ion of the chlor ine a toms in the pyr id ine  r ing by m e r c a p t o  groups in the 
reac t ion  of (I) with po ta s s ium hydrogen sulfide.  

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

N-Oxide of the Po ta s s ium Salt of 3, 4. 5, 6- Te t r ach lo ropyr id in -  2-thiol  (II). A solution of 6.2 g (0.11 
mole)  of caust ic  po tash  in 500 m l  of ethanol was sa tu ra ted  with hydrogen sulfide at 0~ for  2 h, and then, 
with s t i r r ing ,  13.25 g (0.05 mole)  of pen tachloropyr id ine  N-oxide was added and the mix tu re  was again 
sa tu ra t ed  with hydrogen sulfide at 0~ fo r  2 h. The t e m p e r a t u r e  of the mix tu re  was r a i sed  to 20~ and the 
p rec ip i t a t e  was f i l t e red  off and d isso lved  in 750 ml  of wa te r  at 60~ the f i l t r a te  was evapora ted  to d ryness  
in vacuum. Yield 10.5 g (70~c). Found ~c: S 10.2. CsC14NOSK. Calculated ~c: S 10.5. 

N-Oxide of the Dipo tass ium Salt of 3 ,4 .5 -Tr ich lo ropyr id ine -2 ,6 -d i th io l  (iII). A solution of 5.6 g (0.1 
mole)  of caust ic  po tash  in 250 ml  of ethanol was sa tu ra ted  with hydrogen sulfide at 0~ for  2 h and then, 
with s t i r r ing ,  2.7 g (0.01 mole)  of pen tach loropyr id ine  N-oxide was added. The reac t ion  mix tu re  was 
boi led for  1 h with the s imul taneous  p a s s a g e  of hydrogen sulfide through the mix ture .  The isolat ion of 
compound (III) was  s i m i l a r  to that  of (IT). Yield 2.9 g (85~c). Found %: S 18.7. CsC13NOS2K 2. Calculated 
~ :  S 18.9. 

Di (3 ,4 .5 ,6 - t e t r ach lo ropyr id in -2 -y l )  Disulfide Mono-S-oxide  (IV). A solution of 2.6 g (0.01 mole) of 
3,4, 5, 6 - t e t r acb lo ropy r id ine -2 - th io l  N-oxide in dioxane (or ethanol o r  acetone) was boiled for  5 rain. The 
p rec ip i t a t e  that  had deposi ted was f i l t e red  off, giving 2.3 g (92%) of (IV) with mp 225-227~ (from dioxane). 
IR spec t rum:  1080 cm -1 (SO). Found %: C1 55.5: S 12.7; tool. wt. 475. C10ClsN2OS 2. Calculated %: C1 55.5; 
S 12.5: tool.  wt. 512. 

3,4, 5, 6 -Te t r ach lo ro -2 - (me thy l th io )py r id ine  N-Oxide (V). With s t i r r i ng  at 20~ 7.6 g (0.06 mole) of 
d imethyl  sulfate  was added dropwise  to a solution of 9 g (0.03 mole) of (tI) in 500 ml  of water ,  the mix tu re  
being kept  a lkal ine  by the addition of 50% aqueous caus t ic  soda. Then the reac t ion  mix tu re  was s t i r r e d  at 
20~ for  2 h, and the p roduc t  that  had p rec ip i t a t ed  was f i l t e red  off. Yield 8 g (95%), mp 138-139~ (from 
ethanol).  IR spec t rum:  1165 cm - t  (N--O). Found ~c: C1 50.9: S 11.8. C6H3C14NOS. Calcula ted%:  C1 50.9: 
S 11.5. 

3,4, 5 -Tr ich lo ro -2 ,6 -d i (me thy l th io )pyr id ine  N-Oxide {VI). To a solution of 3.4 g (0.01 mole) of (HI) 
in 50 ml  of water ,  5 g (0.04 mole)  of d imethyl  sulfate  was added dropwise .  Isola t ion of the product  in the 
s a m e  way as in the c a s e  of compound (V) gave 2.8 g (96%) of (VI), mp 212-214~ (from dioxane). ~t  spec-  
t r um:  1050 em -1 (N-O). Found %: C1 36.5: S 22.2. CTHGC13NOS 2. Calculated ~c: C1 36.7: S 22.0. 
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3,4, 5, 6- Te t r acb to ro -2 -  (methylsutfinyl)pyridine N-Oxide (VII). A. A solution of 1.4 g (5 mrnotes) of 
(V) in 2 - 5 m - l o - { ~  a - ~  ~42~ 1 - ~ w - ~ s  k--~ ~ ' 2 ~  f - ~ ,  and was---~hen heated at 60~ for 15 rain. The 
n i t r ic  acid was el iminated by evaporat ion to d ryness  in vacuum, and the res idue  was t r ea t ed  with water .  
Yield 1.3 g (90%), mp 188-189~ (from aqueous dioxane). IR spect rum:  1150 (N-O), 1080 crn -~ (SO). Found 
%: C1 48.1: S 10.7. CGH3C14NO2S. Calculated %: C1 48.1: S 10.9. 

B. In drops.  5 ml  of a 30% aqueous solution of hydrogen peroxide  was added to a solution of 1.4 g 
(5 mmoles)  of (V) in 50 ml  of glacial  acet ic  acid and the mix tu re  was kept  at 20~ for 16 h. Then it  was 
diluted with water  and the product  was f i l te red  off. Yield 1.3 g (90%). 

3 ,4 ,5 ,6-Tet rachloro-2- (methyl th io)pyr id ine  (VIII). A. A solution of 0.6 g (2 mmoles)  of (VII) in 50 ml 
of absolute benzene was t r ea ted  with 1 ml  of  PC13, and the mix ture  was boiled for  30 rain. Then it was eva-  
pora ted  in vacuum to dryness ,  and the res idue  was t r ea ted  with water.  Yield 0.5 g (96%). mp 100-101~ 
(from ethanol). Found %: C1 54.2: S 12.4. C6H3C14NS. Calculated 7c: C1 54.0: S 12.2. 

B. Compound (VIII) was obtained f rom (V) in a s imi la r  manner  to method A. Yield 87%. 

3,4. 5 -Tr ich loro-2 ,  6-di (methylthio)pyridine (IX): This was obtained in a s imi l a r  manner  to (VIII) by 
method A. Yield 73%, mp 148-149~ (from heptane). Found%: C1 38.7: S 23.6. CTH6C13NS 2. Calculated %: 
C1 38.8,~ S 23.4. 

3,4, 5, 6 -Tet rachloro-2- (methylsu l fonyl )pyr id ine  N-Oxide (X). With cooling, 5 ml (0.045 mole) of a 
30% aqueous solution of hydrogen peroxide  was added to a solution of 2.8 g (0.01 mole) of (V) in 50 ml  of 
t r i i luoroace t i c  acid, and the mix ture  was kept at 20~ for  72 h. Then the bulk of the solvent was disti l led 
off in vacuum, and the res idue  was diluted with water .  Yield 2.9 g (93%), mp 182-183~ (from ethanol). 
IR spect rum,  cm-~: 1330 and 1145 (SO2) , 1160 (N-O). Found 7c: C1 45.8: S 10.2. C6H3C14NO3S. Calculated 
%: C1 45.7: S 10.3. 

3,4, 5-Tr iehloro-2 ,6-di (methylsul fonyl )pyr id ine  N-Oxide (XI). With cooling, 10 ml (0.09 mole) of 30% 
aqueous hydrogen peroxide  was added to a solution of 2.9 g (0.01 mole) of (VI) in 25 ml  of t r i f luoroace t ie  
acid, and the mix ture  was kept at 20~ for  48 h. Then the product  was isolated in the same way as of). 
Yield 3.4 g (96%), mp 212-213~ (from ethanol). IR spect rum,  cm-I :  1330, 1150 (SO2). Found %: C1 29.7: 
S 18.2. CTII6C13NOsS 2. Calculated %: C1 30.0: S 18.1. 

3 .4 ,5 ,6-Tet rachloro-2- (methylsu l fonyl )pyr id ine  ofII). A solution of 0.62 g (2 mmoles)  of of) in 25 ml 
of absolute benzene was t r ea t ed  in l ml of PC13 and the mixture  was boiled for 3 h. Then the solution was 
evapora ted  invacuum,  and the  res idue  was t r ea t ed  with water .  Yield 0.5 g (85%), mp 165-167~ (from 
heptane). Found %: C1 47.8t S 10.7. CsH3C14NO2S. Calculated %: C1 48.1: S 10.8. 

3 ,4 ,5 ,6 -Te t rach lore -2- (methy lamino)pyr id ine  N-Oxide ofIII). A solution of 0.3 g (1 mmole)  of (X) in 
25 ml of absolute dioxane was sa tura ted  with methylamine at 20~ for  15 rain. Then the solvent was dis-  
t i l led off in vacuum and the res idue  was t r ea ted  with water .  Yield 0.25 g (95%), mp 166-167~ (from aque- 
ous ethanol). Found %: C1 54.1: N 11.0. CGH4C14N20. Calculated %: C1 54.2: N 10.7. 

3 .4 .5 .6 -Te t rach lo rc -2 -hydroxypyr id ine  N-Oxide (XtV). A mix ,  a re  of 0.3 g (1 mmole)  of Of) and 25 
ml of a 2% aqueous solution of caust ic  soda was boiled for  15 rain and was then par t ia l ly  evaporated under 
reduced  p r e s s u r e  and acidified, and the prec ip i ta te  that deposited was f i l te red  off. Yield 0.2 g (80%), mp 
176-178 ~ ( f rom heptane). According to the l i t e r a tu re  [8], mp 180~ 

3 .4 .5 -Tr ich loro-2 ,  6-di (methylamino)pyridine N-Oxide OfV). This was obtained f rom (XI) in a s imi la r  
manner  to the prepara t ion  of (XIII). Yield 75%, mp 156-157~ (from aqueous ethanol). Found ~: C1 41.2: 
N 16.1. CvHsCI~N30. Calculated %: C1 41.5: N 16.4. 

3,4, 5 -Tr ieh loro-2 ,  6-dihydroxypyridine N-Oxide Of VI).. This was obtained f rom of I) in a s imi la r  
manner  to the prepara t ion  of (XIV). Yield 75%, mp 177-178~ (from heptane). Found %: C1 46.1: N 6.0. 
CsH2C13NO ~. Calculated %: C1 46.2: N 6.1. 

3]4, 5 .6 -Te t rach lo re -2 -hydroxypyr id ine  (XVII). This was obtained f rom Of IV) in the same way as 
(VIII) by method A. Yield 75%. mp 220-222~ (from ethanol). According to the l i t e r a tu re  [6], mp 224-225~ 

3.4, 5 -Tr ich loro-2 .6 -d ihydroxypyr id ine  (XVIII). This was obtained f rom Of VI) in the same way as 
(VIII) by method A. Yield 78%. mp 190-191~ (from aqueous ethanol). According to l i t e r a tu re  [7], mp 
193-195~ 
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