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ORGANIC PREPARATIONS AND PROCEDURES INT. 4(3), 105-111 (1972) 

SELECTIVE CYCLIZATION IN THE MODIFIED 

WI LUERODT-KI NDLER REACTION 
* 

Takuzo Hisano and Yuko Yabuta 

Faculty of Pharmaceutical Sciences, Kurnamoto University 

Oe-hon-machi , Kumamoto, Japan 

We had previously’ shown that heating compounds with 

active methyl groups with E-substituted anilines in the 

presence of sulfur formed the thioanilides and benzothiazoles 

corresponding to I and 11; the former were converted to the 

latter by alkaline potassium ferri~yanide.~,~ We now report 

that heating 2-picoline (111) with m-substituted anilines (IV) 

in the presence of sulfur also gives the thioanilides and one 

of the two possible benzothiazoles. The latter were proven to 

have the structure shown in equation 2 by independent 

synthesis. 

2 -Picdine 
III 
+ 

g-m s I  I1 

N 

V I  
#? 

105 
@ 1972 by Organic Preparations and Procedures, Inc. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
3
0
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



T .  H I S A N O  AND Y .  YABUTA 

The s t r u c t u r e  of I1 w a s  e s t a b l i s h e d  by mix tu re  mps. 

and  by comparison o f  t h e i r  i n f r a r e d  s p e c t r a  w i t h  t h o s e  of 

a u t h e n t i c  samples  which w e r e  p repa red  by t h e  f o l l o w i n g  r o u t e .  

NO2 OzN 
911 

ROS-S-(-J-R v +I11 DMF 

Table I .  Yie lds  and Mps. of  T h i o a n i l i d e s  and Benzo th iazo le s .  

b T h i o a n i l i d e s  ( I ) a  Benzo th iazo le s  (11) 

Yie ld  ( % ) , c  mp.(°C)d Y i e l d  ( W ) ,  C mp.(°C)d 

A, R=CH3 20.2 79-i?0 16.6  152-153 

B ,  R=OCH3 16 .0  69-70 39.7 127 

C, R=OC2H5 3.5 (4 .1) '  55-56 52.0 (60 .5) '  120-121 

a) Orange p r i sms .  b )  C o l o r l e s s  p r i sms  except  I I C  which 

c r y s t a l l i z e d  as n e e d l e s .  c )  Based on amount of a n i l i n e s  

started.  However, t h e  conve r s ions  are h ighe r  as shown by t h e  

fact t h a t  (0.014 mole)  of m-phenet id ine  w a s  r ecove red  as t h e  

u r e a  (See ref. 6 ) .  d )  Uncorrec ted ,  

The conve r s ion  of V t o  II made use  of ou r  novel  p r e p a r a t i v e  

method f o r  2 - s u b s t i t u t e d  benzazo le s .  4 

The f ac t  t h a t  o n l y  isomer I1 was formed s u g g e s t s  

t h a t  t h e  c y c l i z a t i o n  o f  I t o  I1 o c c u r r e d  s e l e c t i v e l y  a t  t h e  

para p o s i t i o n  of t h e  a n i l i n e  r i n g .  On t h e  o t h e r  hand, as 

a n t i c i p a t e d  from t h e  proposed mechanism3 for  t h e  modi f ied  

Jacobson r e a c t i o n ,  t h e  two isomeric b e n z o t h i a z o l e s  (I1 and V I )  

shou ld  have  been produced i n  t h e  o x i d a t i v e  c y c l i z a t i o n  of I by 

t h e  above modi f ied  method. I n  fact , ,  w e  i ndeed  o b t a i n e d  t h e  2 

1i?6 
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SELECTIVE CYCLIZATION I N  THE MODIFIED WILLGERODT-... 

expected two isomers5 (isolated by silica gel column chromato- 

graphy) from the oxidative cyclization of I (R = CH3, O W 3 ,  

OC2H5). 

Table 11. 

The melting points of these compounds are listed in 

Table 11. Resultsa of Oxidative Cyclization of I. 

5-substituted (IX) 7-subst ituted (VI ) 

Yield (%)b mp.(OC) Yield (%)b mp.(OC) 

A, R=CH3 3.4 151-153 64.6 102-104 

B, R=O(+13 18.6 125- 126 25.8 145-146 

C, R=OC2H5 49.0 118-1 20 29.1 104 - 10 6 

a) All colorless prisms except for IIC which crystallized as 
needles. b) Based on amount of I started with. 

The present results clearly suggest that a mechanism 

different from that suggested for the modified Jacobson method 

should be considered for the cyclization of I to I1 in the 

modified Willgerodt-Kindler reaction. However, the mechanism 

for the selective cyclization of I to I1 cannot be clearly 

elucidated from the data obtained here. Further investi- 

gations will be necessary to clarify the mechanism of the 

modified Willgerodt-Kindler reaction. Details on these will 

be reported in the near future. 

EX PER IMENTAL 

Condensation of 2-Picoline with Anilines and Sulfur. General 
Procedure. 
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T. H I S A N O  AND Y. YABUTA 

2-Thiopicolinoyl-m-substituted Anilines (IA-C).- A mixture of 

14.0 g (0.15 mole) of 2-picoline, 0.10 mole of ;-substituted 

aniline (IV), and 8.0 g (0 .25 mole) of sulfur was refluxed at 

170° for 10 hrs; H S gas was vigorously evolved. 

2-picoline and IV were completely removed by vacuum distil- 

lation in an oil bath.6 

NaOH solution (100 ml X lo), and the combined extracts were 

carefully acidified with dil. HC1; the yellowish orange 

crystalline mass which deposited was collected by suction and 

recrystallized three times from EtOH. 

The unchanged 2 

The residue was extracted with hot 3N 

IA: A&. Calcd. for C13H12N2S: C, 68.39; H, 5.30; N, 12.27. 

Found: C, 67.98; H, 5.15; N, 12.22. 

IB: &. Calcd. for C13H12N20S: C, 63.91; H, 4.95; N, 11.46. 

Found: C, 63.83; H, 4.79; N, 11.02. 

IC: s. Calcd. for C14H14N20S: C, 65.09; H, 5.46; N, 10.83. 

Found: C, 65.00; H, 5.31; N, 10.41. 

5-Substituted 2-(2-~ridyl)benzothiazoles (IIA-C).- The 

alkali-insoluble residue from the above procedure exhibited 

only onespot on TLC (Kieselgel G; Benzene-MeOH 98:2). The 

crystals obtained were recrystallized three times from EtOH, 

giving IIA-C as colorless crystals. 

IIA: Anal. Calcd. for CI3HlON2S: C, 69.00; H, 4.45; N, 12.38. 

Found: C, 69.04; H, 4.33; N, 12.14. 

IIB: Anal. Calcd. for Cl3HION2OS: C, 64.44; H, 4.16; N, 11.56. 

Found: C, 64.13; H, 4.11; N, 11.56. 

IIC: Anal. Calcd. for C14H12N20S: C, 65.60; H, 4.72; N, 10.93. 

Found: C, 65.32; H, 4.50; N, 10.96. 
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SELECTIVE CYCLIZATION IN THE MODIFIED WILLGERODT-.., 
Oxidation of 2-Thiopicolinoyl-m-Substituted Anilides ( I )  with 

Potassium Ferricyanide.- To a s t i r r e d  so lu t ion  of 88 g of 

powdered K3Fe(CN)6 i n  220 m l  of w a t e r ,  a so lu t ion  of 2.0 g of 

I and 22.4 g of NaOH i n  350 m l  of w a t e r  w a s  added dropwise at 

60-70° during 2 h r s .  

mixture w a s  heated f o r  an addi t iona l  2 h r s ,  and 60 g of K 2 0 3  

w a s  added t o  t h e  react ion mixture; then t h e  mixture w a s  kept 

at 50-60° f o r  another hour. 

e the r ,  t h e  e the rea l  layer  w a s  d r ied  over anhydrous Na2S04 and 

f i l t e r e d .  

After completion of t he  addi t ion ,  t h e  

After cooling and ex t r ac t ion  with 

Removal of t he  solvent  l e f t  a residue5 which w a s  

d issolved i n  benzene and chromatographed over s i l i ca  g e l  

(50 9); each separated f r a c t i o n  w a s  r e c r y s t a l l i z e d  from EtOH. 

One f r a c t i o n  of co lo r l e s s  c r y s t a l s  w a s  found, by mixture 

melting poin ts  and I R  spec t r a ,  t o  be i d e n t i c a l  with t h e  authen- 

t i c  samples of  11. The o the r  f r ac t ion  is  assumed t o  be  V I .  

VIA:  Anal. Calcd. f o r  C13H10N2S: C,  69.00; H ,  4.45; N ,  12.38. 

Found: C, 69.26; H, 4.18; N ,  12.36. 

VIB: Anal. Calcd. f o r  Cl3Hl0N>OS: C, 64.44; H,  4.16; N ,  11.56. 

Found: C,  64.74; H ,  4.17; N ,  11.49. 

VIC: 5. Calcd. f o r  C14H12N20S: C, 65.60; H,  4.72; N ,  10.93. 

Found: C,  65.60; H ,  4.71; N ,  10.53. 

Synthesis of Authentic samples of 5-Substi tuted 2- (2-Pyridy1)- 

benzothiazoles .- B i  s (4-subs t i t  uted 2-nitrophenyl) d i su l f  ides  

( V )  w e r e  prepared by the  reported procedure7 from 5-substi-  

t u t ed  2-chloronitrobenzenes. 

A mixture of 0.1 mole of V ,  18.6 g (0.2 mole) of 111, 

16.0 g (0.5 mole) of s u l f u r ,  and 10 m l  of dimethylformamide 
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T.  H I S A N O  AND Y .  YABUTA 

(DMF) w a s  hea t ed  at  160° for 10 h r s  under r e f l u x .  The EMF and 

unchanged I11 w e r e  completely removed by vacuum d i s t i l l a t i o n .  

The r e s i d u e  w a s  r e c r y s t a l l i z e d  from EtOH.  The y i e l d s  of I I A - C  

were 47, 28, and 35% r e s p e c t i v e l y .  
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