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The direct ion of the reac t ion  of 2 ,3 ,5 ,6 - te t rach loropyr id ine-4-su l feny l  chloride (I) with un-  
s y m m e t r i c a l  1-a lkenes  was es tabl i shed by means  of the PMR spec t r a .  The react ion  gives 
p r i m a r i l y  a mix tu re  of two adducts.  The oxidation of s e v e r a l  adducts was studied.  

Continuing our study [1] of the chemica l  p rope r t i e s  of 2 ,3 ,5 ,6 - te t rach lo ropyr id ine -4-su l feny l  chloride 
(I), we invest igated the reac t ion  of I with olefins containing a t e rmina l  double bond. In the case  of ethylene, 
the react ion p roceeds  quanti tat ively to give 2 ,3 ,5 ,6 - t e t r ach lo ro -4 -pyr idy l  2-chloroethyl  sulfide (II). The 
react ion  ra t e  depends substant ia l ly  on the nature  of the solvent .  In polar  solvents ,  the react ion is comple te  
in 20 rain, while in nonpolar  solvents  the react ion  goes to complet ion in 40 rain. The reac t iv i ty  of sulfide 
II d i f fers  somewhat  f rom the analogous sulfide that  does not contain a chlor ine  atom in the al iphatic chain. 
2 ,3 ,5 ,6 -Te t r ach lo ro -4 -py r idy l  2-chloroethyl  sulfoxide ffII) is  obtained instead of the expected sulfone when 
II  is oxidized with 30% hydrogen peroxide in acet ic  acid; III is also fo rmed  in the oxidation of II with n i t r ic  
acid.  We were  able to oxidize sulfide II  to 2 ,3 ,5 ,6 - t e t r ach lo ro -4 -pyr idy l  2-chloroethyl  sulfone (IV) by the 
action of chromic  anhydride in sulfur ic  acid or  30% hydrogen peroxide in t r i f luoroace t ic  acid.  In both ca se s ,  
IV was obtained in quantitative yield.  Splitting out of hydrogen chloride f rom sulfone IV by the action of t r i -  
e thylamine occurs  rapidly  in 15-20 rain at 80"C. Splitting out of HC1 f r o m  sulfoxide III of analogous s t r u c -  
tu re  under  the same  conditions is comple te  only a f te r  2 h.  This method was used  to obtain 2 ,3 ,5 ,6 - t e t r a -  
ch lo ro -4 -py r idy l  vinyl sulfone (V) and 2 ,3 ,5 ,6 - t e t r ach lo ro -4 -pyr idy l  vinyl sulfoxide (VI). 

While the react ion  with I p roceeds  unambiguously in the case  of s y m m e t r i c a l  olefins,  the format ion  
of two i s o m e r s  is poss ible  in the case  of uns ymmet r i c a l  olef ins.  The reac t ion  of I with propylene  was c a r -  
r i ed  out in carbon t e t r acb lo r ide ,  and the reac t ion  products  were  analyzed f rom the PMR s p e c t r u m .  Since 
I is an e lec t rophi l ic  reagent ,  one can expect  that  an Inc rea se  in the nucleophil ic i ty  of the olefin double bond 
will i nc r ea se  the reac t ion  r a t e .  The react ion  of I with propylene in carbon t e t r ach lo r ide  and in other so l -  
vents is comple ted  m o r e  rapidly  than with ethylene,  and the na ture  of the solvent  affects  not only the r e a c -  
tion ra te  but also the i s o m e r  ra t io  (Table 1). 

TABLE 1. I s o m e r  Ratio in the React ion of I with Propylene  
in Var ious  Solvents 

Solvent 

Ethyl  aceta te  
Ch loroform 
Methylene chlor ide 
Carbon t e t rach lo r ide  
Acetic acid 

Yield of add. 
prod.  VII fo rmed  
in accord ,  with 
Markovnikov 
rule ,  % 

15 
15 
25 
35 
40 

Yield of add. 
product  VIII,  
fo rmed  counter  
to Markovnikov 
rule ,  % 

85 
85 
75 
65 
60 
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Fig.  1. PMR spec t ra :  1) mixture of 2,3,5,6- 
t e t r ach lo ro -4 -pyr idy l  2-chloropropyl  sulfide 
(VII) and 2 ,3 ,5 ,6- te t rach loro-4"pyr idyl  1- 
methy l -2-ch loroe thy l  sulfide (viii); 2) vii;  3) 
VIII. 

The relat ive amounts of i somers  were established 
by means of PMR spec t roscopy by calculation of the in- 
tegral  intensity of the methyl signals.  Mueller and Butler 
[2], in an investigation of the PMR spect ra  of a s imi lar  
group of compounds, made severa l  corre la t ions  with r e -  
spect to the position of the absorption signals of different 
protons:  the protons of the methyl group in the a pos i -  
tion relat ive to the chlorine atom and in the fi position 
with respec t  to sulfur are  less shielded than the protons 
of the methyl group in the a position relat ive to the sul-  
fur atom and in the fi position relative to the chlorine 
atom. As a resul t  of this, the signals of the protons of 
the more  shielded methyl group will lie at s t ronger  field. 

The react ion mixture was analyzed without i so la-  
tion of the individual reaction products .  Three lines, of 
which the middle line is apparently the resul t  of over lap-  
ping of the r ight-hand component of the doublet at 6 2.35 
ppm and the left-hand component of the doublet at 2.25 
ppm, are  observed in the PMR spect rum in the region of 
methyl group resonance (Fig. 1). In both cases ,  the spin-  
spin coupling constant  is identical (J = 6.7 Hz). Thus the 
doublet at 2.35 ppm corresponds  to the s t ruc ture  in which 
the methyl  group is separated from the sulfur atom by 
two carbon atoms - 2 ,3 ,5 ,6- te t rach loro-4-pyr idy l  2- 
chloropropyl  sulfide (VII); the doublet at 2.25 ppm c o r -  
responds to the s t ruc ture  in which the methyl group is 
separated f rom the sulfur  atom by one carbon atom - 
2,3,5, 6 - t e t rach lo ro -4-pyr idy l  1 -methyl -2-ch loroe thyl  
sulfide (VIII). A compar ison of the PMR spect ra  of the 

products of the react ion of I with propylene recorded  immediately after  the reaction and 5 days later  indi- 
cates  that the quantitative rat io of i somers  VII and VIII remains  vir tually constant.  Repeated c rys t a l l i za -  
tion of the react ion products led to the disappearance of signals corresponding to product VII, and a doublet 
at 2.25 ppm, which cor responds  to product VIII, is observed in the spec t rum in place of the three lines 
(Fig. 1). 

Attempts were made to isolate individual i somers  VII and VIII by car ry ing  out a number  of chemical  
t ransformat ions  of 2 ,3 ,5 ,6 - te t rach loro-4-mercap topyr id ine  [3]. The latter gives two sulfides with the two 
i somer ic  bromopropanols .  2 ,3 ,5 ,6 - te t rach loro-4-pyr idy l  2-hydroxypropyl  sulfide (IX) and 2 ,3 ,5 ,6- te t ra -  
ch lo ro -4 -pyr idy l  1 -methyl -2-hydroxye thyl  sulfide (X), which both give a single product (VII) on reaction 
with thionyl chlor ide.  Three  groups of lines with an intensity ra t io  of 1 : 2 : 3 are  observed in the PMR spec -  
t rum of VII (Fig. 1). The weakest- f ie ld  signal at 4.8 ppm is split into six components and apparently c o r -  
responds to a methylidyne proton.  The minimal shielding of this methylidyne proton is evidence that the 
methyl  group in this compound is separated f rom the sulfur atom by two carbon atoms.  Thus it was es tab-  
l ished that, as a resul t  of the action of thionyl chloride on sulfide X, which contains a terminal  hydroxyl 
group, the hydroxyl  group is replaced by chlorine with subsequent i somerizat ion of VIII to the t he rmo-  
dynamical ly more  stable VII. The i somer iza t ion  of VIII to VII occurs  only when VIII is heated in acetic 
acid.  The i somer iza t ion  does not occur  when VIII is allowed to stand in ace t ic  and t r i f luoroacet ic  acids at 
room tempera tu re  or when it is heated for a long t ime in nonpolar solvents.  

Like the addition of sulfenyl chlor ides  to the double bond [4], the isomerizat ion of some ehloro sul-  
fides [5] proceeds with the formation of an intermediate  episulfonium ion (XI), the orientation of the open- 
ing of which depends on the nucleophilicity of the sulfur  atom [6]. 

CH2--Ct l  CH 3 - -- CH~: :CH--CH 3 . . . .  r S - - C H , - C H - - C H  3 

Sr  c l ~ \ i  / ' ' 
X I I  R Xl X I I I  
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The comparat ive  ease of the isomerizat ion of VIII to VII in acetic acid can apparently be explained by 
the p r ima r y  formation of the more  stable carbonium ion XIII [7], which can be stabilized by capture of a 
chloride ion. The isomerizat ion in acetic acid is explained by an increase  in the solvation of the chloride 
ion, which has a substantial  effect on the orientation of the opening of XI in the direction to favor formation 
of a Markovnikov addition product [8]. - 

Attempts were made to obtain the two corresponding sulfones by oxidation of VII and VIII with hydro-  
gen peroxide in acetic acid. However, only one product - 2 ,3 ,5 ,6- te t rachloro-4-pyr idyl  2-chloropropyl  sul-  
forte (XIV) - was obtained under these conditions. The product of XIV f rom VIII is possible only when it 
undergoes p re l iminary  isomerizat ion to VII, which then gives XIV. Attempts to oxidize VIII to the c o r r e -  
sponding sulfone at room tempera ture  with subsequent heating also resul ts  in the formation of XIV. 

The reaction of I with 2-butene gives a quantitative yield of 2 ,3 ,5 ,6- te t rachloro-4-pyr idyl  1 -methyl -  
2-chloropropyl  sulfide (XV), in the PMR spect rum of which one observes  two doublets of the methyl protons 
at 2.05 ppm (signal of the methyl protons in direct  proximity to the sulfur atom) and 2.23 ppm (signal of 
the methyl  protons in di rect  proximity to the chlorine atom) and, respect ively,  two quartets  of methylidyne 
protons at 4.47 and 4.6 ppm, which confi rms s t ructure  XV. 

A mixture containing 60% 2,3 ,5 ,6- te t rachloro-4-pyr idyl  2 -methy l -2-ch loropropyl  sulfide (XVI) and 
40% 2 ,3 ,5 ,6- te t rachloro-4-pyr idyl  1 ,1-dimethyl-2-chloroethyl  sulfide (XVII) is obtained in the react ion of I 
with isobutene. The s t ruc tures  and ratio of the i somers  were established by means of the PlVIR spectra ,  
which demonstra ted the presence  of four distinct s ignals .  The chemical  shifts of 2.37 and 4.15 ppm pertain,  
respect ively ,  to the methyl  and methylene protons in XVI, while the chemical  shifts of 2.17 and 4.47 ppm 
cor respond  to the methyl  and methylene protons in XVII. Repeated crysta l l izat ion of the mixture of above 
prgducts gave pure XVI, the PMR spec t rum of which showed two singlets at 2.35 and 4.1 ppm, which c o r r e -  
spond to the methyl and methylene protons.  

The reaction of I with s tyrene gives exclusively 2 ,3 ,5 ,6- te t rachloro-4-pyr idyl  2 -ch loro-2-phenyl -  
ethyl sulfide (X-VIII), the PMR spect rum of which is typical for an ABX sys tem [9]. An analysis of the spec-  
t rum gives chemical  shifts of 4.2 and 4.6 ppm for the H(A) and H(B) methylene protons and a chemical  shift 
of 5.62 ppmfor  the H(X) methylidyne proton. The intensity ra t io  of the observed multiplets is 2 :1 ,  and the 
less intense group of lines lies at weaker field and consequently pertains to the methylidyne proton of the 
-CHC1 group.  Thus the product under considerat ion has the XVIII s t ruc ture .  Stabilization of the part ial ly 
positive charge of the s - c a r b o n  atom due to overlapping of the p orbital of the depleted s - c a r b o n  atom of 
the episulfonium ion with the 7r e lec t rons  of the benzene ring will, in the case of s tyrene,  lead to exclusive-  
ly the Markovnikov addition product.  

On the basis of the above investigation, it was established that the reaction of I with olefins contain-  
ing a terminal  double bond general ly  proceeds to give two adducts. The presence  of an e lec t ron-accep tor  
te t rachloropyr idyl  substituent in the sulfenyl chloride stabilizes the react ion product considerably as com-  
pared with e lec t ron-donor  substituents [10] and hinders isomerizat ion of the products of addition formed 
counter to the Markovnikov rule to Markovnikov products .  When olefins with l i nea r  s t ruc tures  are used, 

S--CH2--C(CIt3) 2 

Clan/" 'CI CI'~/"~CI CI"~-'N/'CI Cl" ""N ~ "CI 

sO--cH2--cH2cl ~ I 
CI..~.-CI S-C H2---C tI.~CI X C I , ~ C I  S--CH2--CH--CHa CI,  C I ~ ' - ~  C] S--CH--CH2--C 

ct.~>~.:.%, ~ c ~ . ~ c ,  " ~ . t  /'c,~'-'n-"c, ct~"--n-"-cl 
,,' cIZ."~A.~, " - -  c, " cl v .  " - . . .  v, ,  

SO2- -C H ' = C  tt  2 Stl ' 

cv'l'-"n I-U"c~ cl~'nY-cl cr"-.,~-",cl cv"-'n/"-cl 
V XV XVIII 
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products of addition counter  to the Markovnikov rule are p r imar i ly  obtained, and the use of bulky subst i t ,  
uents in olefins, which crea te  s ter ic  hindrance to the a - c a r b o n  atom of the carbon-carbon  double bond, 
favors  the p r i m a r y  formation of Markovnikov products .  

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

2 ,3 ,5 ,6 -Te t rach loro-4-pyr idy l  2-Chloroethyl  Sulfide (II)~ A 2.8-g (10 mmole) sample of I was dissolved 
in 20 ml of CH2C12, and ethylene was bubbled into the mixture at 0 ~ until the orange coloration disappeared 
(10-15 rain). Slight warming of the reaction mixture took place.  The solvent was removed by vacuum dis-  
tillation to give 2.9 g (93%) of a product with mp 94-95 ~ (from heptane). Found: C1 56.9; S 10.8~. CTH4C15NS. 
Calculated: C1 57.0; S 10.3%. 

2 ,3 ,5 ,6 -Te t rach loro-4-pyr idy l  2-Chloroethyl  Sulfoxide (III). A 2.0-g (6.4 mmole) sample of II was dis-  
solved in 15 ml of glacial  acetic acid, and 3 mI of 30~c H202 was added in smal l  port ions.  The mixture was 
refluxed for 10-15 rain and poured over ice to g i v e 2  g (96~c) of a product with mp 119-121 ~ (from heptane). 
Found: C1 54.1; S 10.0. CTH4C15NOS. Calculated: C1 54.2; S 9.8%. 

2 ,3 ,5 ,6 -Te t rach loro-4-pyr idy l  2-Chloroethyl  Sulfone (IV). A) A ~ g  (6.4 mmole) sample of II was d is-  
solved in 20 ml of t r i f luoroacet ic  acid, and 5 ml of 30~c H202 was added. The mixture was heated to 60 ~ 
af ter  which the reaction proceeded vigorously  without additional heating. The mixture was cooled to p re -  
cipitate 2 g (91%) of c rys ta l s  with mp 183-184 ~ (from aqueous ethanol). Found: C1 51.6; S 9.4%. 
CTH4CI~NO~S. Calculated:  C1 51.7; S 9.3%. 

B) A mixture of 2 g (6.4 mmole) of II, 5 ml of H2SO 4 (sp. g r .  1.84), 1 g of C rO3, and 5 ml of water 
was heated with s t i r r ing  at 140-150 ~ for 1.5-2 h. The mixture was cooled and diluted with 10 ml of water ,  
and the resul t ing precipi ta te  was removed by fil tration to give 2 g (90%) of a product with mp 184-185 ~ 
(from heptane). 

2 ,3 ,5 ,6 -Te t raeh loro-4-pyr idy l  Vinyl Sulfone (V). A 1-g (2.4 mmole) sample of IV was dissolved in 15 
ml of anhydrous benzene, 0.3 ml of t r ie thylamine was added, and the mixture was held at 80 ~ for 20 rain. 
The solvent was removed  by vacuum distillation, and the residue was t rea ted  with acidified water  and ex-  
t rac ted  with ether  to give 0.8 g (90%) of a product with rap 111-113 ~ (from heptane). Found: C1 46.8; S 
10.5%. CTH3C14NOaS. Calculated:  C1 46.2;S 10.4%. 

2 ,3 ,5 ,6 -Te t rach loro-4-pyr idy l  Vinyl Sulfoxide (VI). A 1.4-g (4 mmole) sample of III was dissolved in 
15 ml of dry  heptane, 0.45 g of t r ie thylamine was added, and the mixture was refluxed for 2 h. The t r i -  
ethylamine hydrochlor ide  was removed by fil tration , and the solvent was removed by distillation to give 1 g 
(80%) of a product with mp 95-97 ~ (from heptane). Found: C1 49.0; S 10.8%. CTH3CI4NOS. Calculated: C1 
48.8; S 11.0%. 

Reaction of I with Propylene .  Propylene was bubbled for 10 rain at 0 ~ into a solution of 2.8 g (10 
mmole) of I in 20 ml of CH2C12 ~ According to the PMR spect rum,  the mixture contained two i somers  - 75% 
2 ,3 ,5 ,6- te t rach loro-4-pyr idy l  1 -methyl -2-ch loroe thy l  sulfide (VIH) and 25% 2 ,3 ,5 ,6- te t rach loro-4-pyr idy l  
2-chloropropyl  sulfide (VII). Repeated crysta l l izat ion gave VIII with mp 86-87 ~ (from ethanol). Found: 
C1 54.5; S 10.0~. CsH6C15NS. Calculated: C1 54.5; S 9.8~c. 

2 ,3 ,5 ,6 -Te t rach loro-4-pyr idy l  2-Hydroxypropyl  Sulfide (iX). A 3.3-g (12 mmole) sample of the sodi-  
um salt  of 2 ,3 ,5 ,6- te t rach loro-4-mercaptopyr id ine  [3] was dissolved in 25 ml of ethanol, and 1.7 g (12 
mmole) o f  2-bromopropanol  was added with s t i r r ing .  The mixture was refluxed for 2.5 h, and the alcohol 
was removed by vacuum distillation. The res idue was t rea ted  with water  and extracted with ether to give 
1.8 g (50%) of a product with mp 79-80 ~ (from hexane). Found: C1 46.2; S 10.6~c. CsH7C14NOS. Calculated: 
C1 46.2; S 10.4%. 

2 ,3 ,5 ,6 -Te t rach loro-4-pyr idy l  1-Methyl-2-hydroxyethyl  Sulfide (X). A 6.5-g (24 mmole) sample of 
the sodium salt of 2 ,3 ,5 ,6 - te t rach loro-4-mercap topyr id ine  was d i sso lved  in 50 ml of ethanol, and 3.4 g (24 
mmole) of 1 -b romo-2-p ropano l  was added with s t i r r ing .  The mixture was refluxed for '1 h, the alcohol was 
vacuum-evaporated,  and the residue was t reated with water  and extracted with ether to give 5.2 g (77qc) of 
a product with mp 88-90 ~ (from heptane). Found: C1 46.0; S 10.3~c. CsH7CltNOS. Calculated: C1 46.2; S 
10.4%. 

2 ,3 ,5 ,6 -Te t rach loro-4-pyr idy l  2-Chloropropyl  Sulfide (VII). A) A mixture of 1.5 g (5 mmole) of X 
and 5 ml of thionyl chloride was refluxed 20-25 rain, and the thionyl chloride was then removed by vacuum 
distillation to give 1.4 g (88%) of a product with mp 35-37 ~ (from heptane). Found:  C1 54.5; S 9.9~ 
CsH~C15NS. Calculated: C1 54.5; S 9.8%. 
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B) The react ion  of IX with thionyl chlor ide was c a r r i e d  out under s im i l a r  conditions to give VII with 
mp 36-37 ~ (from heptane).  

C) A 1-g (3 mmole)  sample  of VIII was dissolved in 5 ml  of glacia l  acet ic  acid, and the mix tu re  was 
ref luxed for 1 h. The acet ic  acid was r emoved  bY vacuum dist i l lat ion to give 98% of a product  with mp 35- 
36 ~ (from heptane).  Samples  of VII obtained by methods A, B, and C did not dep re s s  one ano ther ' s  mel t ing 
points .  The PMR s p e c t r a  of VII obtained by these  methods were  identical .  

2 ,3 ,5 ,6 -Te t r ach lo ro -4 -py r idy l  2-Chloropropyl  Sulfone (XIV). A) A 2-g (6.2 mmole)  sample  of VII was 
dissolved in 20 ml  of glacia l  acet ic  acid, and 5 ml  of 30% H2O 2 was  added. The mix tu re  was ref luxed for  
2 h, cooled, and poured over  ice to give 1.5 g (68%) of a product  with mp 109-111 ~ (from heptane).  Found: 
C149.2;  S 9.0%. CsHsC15NO2S. Calculated:  C149.6;  S 9.0%. 

B) Compound VIII was s i m i l a r l y  oxidized to give a product  with mp  110 ~ (from heptane).  This  p rod-  
uct did not dep re s s  the mel t ing point of the product  obtained by method A. 

2 ,3 ,5 ,6 -Te t r ach lo ro -4 -py r idy l  1 -Methy l -2 -ch lo ropropy l  Sulfide (XV). A 2.8-g (10 mmole)  sample  of 
I was dissolved in 20 ml  of CH2C12, and 2-butene was bubbled through the solution at 0 ~ . The product  was 
i so la ted  as in the case  of the p repara t ion  of II  to give 3 g (90%) of a product  with mp 72-74 ~ (from heptane).  
Found: C152.6;  S 9.3%. CgHsC15NS. Calculated:  C152.3;  S 9.4%. 

Reactictl  of I with Isobutene.  Isobutene was bubbled for  6 rain at 0 ~ into a solution of 2.8 g (10 mmole)  
of I in 20 ml  of CH2C12. According to the PMR spec t rum,  the mix tu re  contains two i s o m e r s  - 60~c 2,3,5,6- 
t e t r a c h l o r o - 4 - p y r i d y l  2 -me thy l -2 -ch lo rop ropy l  sulfide (XVI) and 40~c 2 ,3 ,5 ,6 - t e t r ach lo ro -4 -pyr idy l  1,1- 
d imethy l -2 -ch loroe thy l  sulfide (X-VII). Repeated c rys ta l l i za t ion  gave XVI with mp 84-86 ~ (from heptane).  
Found: C152.2;  S 9.3%. CoHsC15NS. Calculated;  C152.3;  S 9.4%. 

2 ,3 ,5 ,6 -Te t r ach lo ro -4 -py r idy l  2-Chloro-2-phenyle thyl  Sulfide (XVIII). A 1.4-g (5 mmole)  sample  of I 
was dissolved in 15 ml  of CH2C12, and 0.52 g (5 mmole)  of f resh ly  dist i l led s ty rene  was added dropwise  at 
0 ~ The solvent was r emoved  by vacuum dist i l lat ion to give 1.8 g (95%) of a product  with mp 106-107 ~ (from 
ethanol).  Found: C145.9;  S 8.0%. Ct3HsC15NS. Calculated:  C145.8;  S 8.2%. 

The PMR spec t r a  of carbon te t rach lor ide  and methylene chlor ide solutions (0.5 M) were  r eco rde d  
with a Jeo l  s p e c t r o m e t e r  at an operat ing f requency of 60 MHz with t e t r ame thy l s i l ane  (TMS) as the internal  
s tandard .  
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