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A method for the preparation of 4-mercapto-2,3,5,6-tetrachloropyridine was modified. 2,3,5,6- 
Tetrachloro-4-pyridyl  fl-hydroxyethyl sulfone was synthesized and converted to 4-hydroxytetra- 
chloropyridine by the action of a base. A mechanism for this rearrangement  is proposed. 

To ca r ry  out the Smiles rearrangement  in the polychl0ropyridine series  we accomplished the synthesis 
of 2,3,5,6-tetrachloro-4-pyridyl  fl-hydroxyethyl sulfone from 4-mercapto-2,3,5,6-tetrachloropyridine (1). In 
the case of the preparation of mercapto compound I by reaction of pentachloropyridine with potassium hydro- 
sulfide in alcohol [1] we established that there are  two simultaneous competitive processes:  reaction with 
potassium hydrosulfide to give I, and reaction with the alcohol to give 4-ethoxy-2,3,5,6-tetrachloropyridine (HaL 
When ethanol is replaced by isopropyt alcohol, the rat io of substitution products does not change. The use of a 
small amount of water (~ 5%) in the reaction completely excludes the formation of 4--alkoxy-2,3,5,6-tetrachloro- 
pyridines (I~, b}. This is evidently explained by the fact that the water increases the dissociation of KSH and 
thereby also increases the concentration of SH- ions. However, in anhydrous solutions potassium hydrosulfide 
also acts as a base, and this makes the competitive reaction with alcohol possible [2]. 

The desired 2,3,5,6-tetrachloro-4-pyridyl fl-hydroxyethyl sulfide (m) is formed by the action of ethylene 
chlorohydrin on the sodium salt of mercaptan I. To protect the terminal  hydroxy group this sulfide was acetyl- 
ated thoroughly with acetic anhydride to give 2,3,5,6-tetrachloro-4-pyridyl  fl-acetoxyethyl sulfide (IV}, which 
we oxidized with tr if luoroperacetic acid; however, instead of the expected 2,3,5,6-tetrachlcro-4-pyridyl  f l-ace- 
toxyethyl sulfone, we obtained 2,3,5,6-tetrachloro-4-pyridyl fl-hydroxyethyl sulfone (V). We found that sulfone 
V can also be obtained as a resul t  of oxidation of sulfide II with tr i f luoroperacetic  acid. 

The structure of sulfone V was proved by its conversion t o  the known 2,3,5,6-tetranhloro-4-pyridyl ~-  
chloroethyl sulfone [3]. The IR spectrum of sulfone V contains intense absorption bands at 1170 and 1340 cm -1, 
which are  character is t ic  for the symmetrical  and asymmetrical  vibrations of the SO~ group, and a broad band 
at 3300-3600 cm -1 (OH group with an intermolecular hydrogen bond}. When the chloroform solution is diluted, 
the associates are  decomposed, and a single band of medium intensity appears in the spectrum at 3620 cm -1. 
The PMI~ spectrum contains two triplets at 4.6 and 4.12 ppm of the methylene protons of the SO2CH 2 and CH~O 
groups and a singlet of an OH group at 2.65 ppm. 

4-Hydroxy-2,3,5,6-tetrachloropyridine (V1) ra ther  than the corresponding sulfinic acid - t h e  product of 
the Smiles rearrangement  - was completely unexpectedly obtained when sulfone V was treated with aqueous 
sodium bicarbonate solution at room temperature.  The mechanism of the formation of VI can be conceived of 
as being the resul t  of intramolecular attack by oxide anion A on the electron-deficient 4-C atom to give a new 
C - O  bond with simultaneous cleavage of the C-SO z bond. Owing to a shift of the electron density f rom the 
carbanion to the strong electron-acceptor tetrachloropyridyl residue,  intermediate sulfinic acid B undergoes 
decomposition to give VI and vinyisulfinic acid. 
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TABLE I. 

Corn -Lp 
pound[- ' *C.* 

I 159-160 
I[a 58-59 
I I b 76--77 

111 97--99 
IV 59--60 
V 137--138 

VI 227--229 
VII 52--54 

VIII 131--132 
IX 94--96 
X 170--171 

XI 109--110 

C h a r a c t e r i s t i c s  of  the Synthes ized  

~oun.d, % l Empirical 
formula 

CI N S 

12,7 CsHCI4NS 
-- CTHsCI4NO 
-- CsHTCI4NO 

I 0,8 CTHsCI4NOS 
9,4 C4HTCIcNO~S 

10,0 CvHsCI4NOsS 
-- CvHsC14NO 

10,3 CsHvC/4NOS 
7,6 CI3HeCI4N203S 
9,3 CsHTCI4NQS 
7,1 CIsHsC14N205S 

10,5 CTH3CI4NO2S 

56,9 I 5,5 
54,1 I 5,3 
51,4 t 5,0 
48,1 ] 4,7 
42,1 4,3 
43,7 4,2 
54,3 5,2 
45,9 4,6 
34,2 6.6 
41,8 4,0 
32,0 6,2 
46,4 4,7 

I 

Compounds  

Calculated, % Yield, 
! 4o c, n I s  ] 

I 
57,0 5,6 12,8 I 97 
54,4 5,4 , &[9-- ]I 26 
51,6 5,1 24 
48,5 4,8 !1 89 
42,4 4,1 i 9,6 I 92 
43,7 4,3 i 9,8 85 
54,4 5,4 , - -  86 
46,1 4,5 110,4 62 
34,3 6 , 8 ,  77 83 
41,9 4,1 I 9[4 90 
31,8 6,3 7 1 I 65 
46,3 4,6 1014 I 80 

* T h e  compounds  w e r e  r e c r y s t a l l i z e d :  I - I I I  and VI-X f r o m  
ethanol ,  IV and XI f r o m  heptane ,  and V f r o m  wate r .  

The  i n t r a m o l e c u l a r  c h a r a c t e r  of  the r e a r r a n g e m e n t  [4] is c o n f i r m e d  by  the fac t  tha t  it a l so  takes  p lace  
when anhydrous  a lcohol  o r  benzene  so lu t ions  o f  sulfone V a r e  t r e a t e d  with t r i e thy l amine .  In addit ion,  r e p l a c e -  
m e n t  of  the a lky lsu l fonyl  g roup  in V by  a h y d r o x y  group  does not  o c c u r  when 4 - m e t h y l s u l f o n y I - 2 , 3 , 5 , 6 - t e t r a -  
oh lo ropy r id ine  is t r e a t e d  with aqueous  sod ium b i c a r b o n a t e  solut ion at 20~ for  24 h. 

A c c o r d i n g  to the  U V - s p e c t r a l  data,  the in tens i ty  of  the  abso rp t ion  band  at  320 nm,  which  is c h a r a c t e r i s t i c  
fo r  su l fone  V, d e c r e a s e s  to z e r o  with t ime,  and a c o r r e s p o n d i n g  i n c r e a s e  in the m a x i m u m  at 285 nm,  which is 
c h a r a c t e r i s t i c  fo r  VI, is o b s e r v e d .  The p r e s e n c e  o f  an  i sobes t i c  point in the  r e c o r d i n g  of  m a n y  of  the c u r v e s  
and the a b s e n c e  of  co lo r a t i on  cons t i tu te  ev idence  that  this  r e a r r a n g e m e n t  does not  p r o c e e d  th rough  a s tep  in- 
r e l y i n g  the  f o r m a t i o n  of  a M e i s e n h e i m e r  c om plex  but r a t h e r  v ia  a synch ronous  a d d i t i o n - c l e a v a g e  m e c h a n i s m .  

It was  a l so  e s t ab l i shed  by  m e a n s  of  the UV s p e c t r u m  that  the r e a c t i o n  goes  to comple t ion  in 10-15 sec  in 
ethanol  at  20~ as  c o m p a r e d  with 30 rain at  10~ and 2.5 h at  2~ 

The  r e a c t i o n  r a t e  is r e d u c e d  by  a f ac to r  o f  a l m o s t  f ive in 25% aqueous  a lcohol  solut ion.  The  inhibit ing 
ef fec t  of  wa te r  is ev ident ly  due to a d e c r e a s e  in the nuc leoph i l i c i ty  of  anion A due to its hydra t ion ,  as  a r e s u l t  
of  which a t t ack  on the e l ec t roph i l i c  4 -C  a t o m  is h indered .  

IIdS(CII2);~OAc 

IV 

J" \ 
J \, 

IIt'IS(C}I2)2011 " ~ IIclSO:(L :).A)II 

I I I  V f " ' \  

Khll  
Hett !  - ROI j - -  I1r " |lctS(CIl~);~OCl'13 ~ HelSO=,(C|I::)2OCI~ HeIOH 

Ihq iR  vI I  IX VI 

I I  a, b 

|IclS(CH.)2oCI;tl4No2- p ~ l i ~ . ISO~(CI t~ )20CtH4NO~ p . . . .  HcISO2Cfl=ctl2 

VIII x Xl 

tlei-: 2.3,5.6-te~rachloro-4-pyridyl; It a r C.,Hs: b r i-c~. 7 

In o r d e r  to a s c e r t a i n  the  effect  of  s o m e  s t r u c t u r a l  f a c t o r s  on the c o u r s e  of  the r e a r r a n g e m e n t ,  we a c c o m -  
p l i shed  the syn thes i s  of  m e t hoxy  arid p-ni t~ 'ophenoxy de r i va t i ve s  o f  V. The r e a c t i o n  o f  the sod ium sal t  o f  I with 
2 - m e t h o x y -  and 2-( l>-ni t rophenoxy)ethyl  b r o m i d e s  gives  2 , 3 , 5 , 6 - t e t r a c h l o r o - 4 - p y r i d y l  f l -me thoxye thy l  and  - 
2 , 3 , B , 6 - t e t r a c h l o r o - 4 - p y r i d y l  f i - (p -n i t rophenoxy)e thy l  su l f ides  (VII and VIII), which upon oxidat ion with 300 h y -  
d rogen  pe rox ide  in t r i f l u o r o a c e t i c  ac id  give the  c o r r e s p o n d i n g  su l fones  IX and X. At the  s a m e  t ime ,  sulfone IX 
r e m a i n s  unchanged when it is hea ted  in d i m e t h y l f o r m a m i d e  (DMF), w h e r e a s  sulfone X is c o n v e r t e d  to p-nih~o- 
phenol  and 2 , 3 , 5 , 6 - t e t r a c h l o r o - 4 - p y r i d y l  v iny l  sulfone (XI), The behav io r  o f  sulfone X under  these  condi t ions  is 
s i m i l a r  to the  behav io r  of  2 , 3 , 5 , 6 - t e t r a c h l o r o - 4 - p y r i d y l  f l - c h l o r o e t h y l  sul fone [3], which  in the  p r e s e n c e  of  t r i -  
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ethylamine read i ly  splits out hydrogen chloride and is conver ted  to the same sulfone (XI). Thus an indispens- 
able condition for the rea l iza t ion  of a r e a r r angem en t  of this type is evidently the p resence  of a f r ee  hydroxy 
group. 

EXPERIMENTAL 

The UV spec t ra  of solutions of the compounds (2 " i0  -4 mole / l i t e r )  were  recorded  with a Specord 
UV-vis spec t rophotomete r .  The IR spec t ra  were  r eco rded  with a UR-20 spec t romete r .  The PMR spec-  
t r a  were  r eco rded  with a Tes l a  BS-487-B s p e c t r o m e t e r  (80 MHz) with hexamethyldis i loxane as  the ex-  
t e rna l  standard. The r e su l t s  of  analysis  and the melt ing points of the synthesized compounds a re  presented  
in Table 1. 

2p3 ,5 ,6-Tet rach loro-4-mercaptopyr id ine  (1). A) A mixture  of 2.3 g (0.04 mole) of KOH in 150 ml of 
ethanol was sa tura ted  with H2S at 0~ for  30 rain, af ter  which 5 g (0.02 mole) of pentachloropyridine was added, 
and the mixture  was heated at 50~ for 2.5 h while passage of H2S into the mixture  was continued. The alcohol 
was then par t ia l ly  r emoved  by vacuum distil lation, and the res idue  was t rea ted  with water  and benzene. The 
aqueous layer  was separa ted  and acidified with HC1, and the mixture  was worked up to give I in 72% yield. The 
benzene solution was washed with water  and dried over  NaCO 3. The yield of Ha was 26%. 

]3) When ethanol was rep laced  by isopropyl alcohol,  70%I and 24% 4- i sopropoxy-2 ,3 ,5 ,6 - te t rach loropyr i -  
dine (IIb) were  obtained. 

C) A 2 .3-g  (0.04 mole) sample of KOH was dissolved in a mixture  of 150 ml of ethanol and 5 mI of water ,  
and the solution was sa tura ted  with H2S at 0~ for 30 rain. I~ was then t r ea t ed  with 5 g (0.02 mole) of penta- 
chloropyridine,  and the mixture  was heated at 50~ for 2.5 h as HzS passage was continued. The mixture  was 
then poured into water ,  and the aqueous mixture  was acidified with HCI. 

2 ,3 ,5 ,6 -Te t rach l0 ro-4-pyr idy l  f l -Hydroxyethyl  sulfide (1~). A mixture  of 2.71 g (0.01 mole) of the 
sodium sal t  of I in 20 ml of propyl  alcohol and 1.3 ml (0.02 mole) of ethylene chlorohydrin was ref luxed for 3 h, 
af ter  which a portion of the solvent was r emoved  by disti l lation, and the res idue  was t rea ted  with water.  

2 ,3 ,5~6-Tet rach loro-4-pyr idy l  f l -Acetoxyethyl  Sulfide (1~.  A 2.9-g (0.01 mole) sample of sulfide H was 
ref luxed in 20 nil of acet ic  anhydride for 2 h, af ter  which the acet ic  anhydride was r emoved  by vacuum dist i l -  
lation. 

2 ,3 ,5 ,6 -Te t rach lo ro -4 -pyr idy l  f l -Hydroxyethyl  Sulfone (V). A) A 1.65-g (5 mmole) sample of sulfide IH 
was dissolved in 20 ml of t r i f luoroacet ic  acid, 3 ml of 30% H~O 2 was added, and the mixture  was ref luxed for 
1.5 h. It was then cooled and diluted with 20 ml of water .  UV spec t rum,  ~max:  209 and 315 nm. 

B) The oxidation of sulfide KI was c a r r i e d  out under s imi la r  conditions. The yield was 89%. 

_4-Hydroxy-2,3,5,6-tetrachloropyridine (VI).  A) A 1.6-g (5 mmole) sample of sulfone IV was s t i r r ed  in 
30 ml of a 5% solution of Na2CO 3 at 20~ for 2 h, during which the solid vanished completely.  The solution was 
acidified with dilute HC1. UV spec t rum,  ~max:  218 and 280 nm. 

]3) A 0.03-g (0.1 mmole) sample of sulfone IVwas  dissolved in 100 ml of ethanol, two drops of t r ie thyl -  
amine were  added, and the mixture  was s t i r r e d  for 5 rain. It was then t r ea t ed  with 1 ml of concentra ted HC1, 
and the solvent was r emoved  by  vacuum distillation. 

2~3~5,6-Tetrachloro-4-pyridyl  f l -Methoxyethyl  Sulfide (VII). A mix tu re  of 2.71 g (0.01 mole) of the 
sodium salt  of I, 20 ml of isopropyl alcohol,  and 2 g (0.02 mole) of 2-methoxyethyl  chlor ide was ref luxed for 2.5 
h, af ter  which it was cooled and t r ea ted  with 40 ml of water .  

_2 ,3 ,5 ,6-Tet rachloro-4-pyr idyl  f l -Methoxyethyl  Sulfone (IX).  This compound was obtained by the proce-  
dure  used to p repa re  V. 

2~3,5 ,6-Tet rachloro-4-pyr idyl  f l-(p-Nitrophenoxy)ethyl  Sulfide (VIH). A mixture  of 2.71 g (0.01 mole) 
of the sodium sal t  of I, 3.26 g (0.01 mole) of 2-(p-ni t rophenoxy)ethyl  bromide ,  and 30 ml of DMSO was heated 
at l l0~ for 2 h, af ter  which it was cooled and poured over  ice. 

2 , 3 , 5 , 6 - T e t r a c h l o r o - 4 - p y r i d y l  f l-(p-Nitrophenoxy)ethyl  Sulfone (X). This compound was obtained by the 
procedure  used to p repa re  sulfone V. 

2 ,3 ,5 ,6 -Te t rach lo ro -4 -pyr idy l  Vinyl Sulfone (X1). A mixture  of 0.44 g (1 mmole) of X and 15 ml of DMF 
was ref luxed for  10 rain, af ter  which it was cooled and poured over  ice. 
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1- (3-pyridyl)-3-aryl-8-aminobenzo [f]quinolines were synthesized by reduction with tin in 
acidic media of 1-(3-pyridyl)-3-aryl-8-nitrobenzo[f]quinolines obtained by catalytic condensa- 
tion of arylidene(6-nitro)-2-naphthylamines with acetylpyridine. The structures of the com- 
pounds were proved by a set of data f rom elementary analysis and IR, UV, and mass spectros-  
copy. The change in the luminescence of 1-(3-pyridyl)-3-aryl-8-aminobenzo [f]quinoline as a 
function of the solvent was studied. 

Continuing our study of the spectral properties of benzo[f]quinoline derivatives [1] we synthesized 1-(3- 
pyridyl)-3-arylbenzo[f]quinolines containing amino and nitro groups in the 8 position: 

I a - c  

II a-c I | |  a-c 

I Ill a R=II; b R O(:ll:~; c R ,l~r 

The 1-(3-pyridyl)-3-aryl-8-nitrobenzo[f]quinolines (II) were obtained by catalytic condensation of arylidene- 
(6-nitro)-2-naphthylamine (I) with acetylpyridine. The 1-(3-pyridyl)-3-aryl-8-aminobenzo[f]quinolines (lid 
were synthesized by reduction of the corresponding nitro derivatives (II) with stannous chloride in glacial 
acetic acid (Table 1). 

The structures of the compounds obtained were confirmed by the results  of elementary analysis and the 
data f rom the IR, UV, and mass spectra. The IR spectra  of II and III contain absorption bands charac te r i s t i c  
for the s t re tch ing and deformation vibrations of NO 2 (1520-1530 and 1335-1340 em -1) and NI-I 2 (3400-3500 and 
1630-1640 cm -~ groups, respectively.  

Maximally intense molecular-ion peaks are  observed in the mass spectra of II and IlI (Fig. 1). The 
agreement between the m/e  values of the molecular-ion peaks and the molecular weights confirms the proposed 
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