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CONVENIENT SYNTHESIS OF VARIOUS TERHETEROCYCLIC COMPOUNDS BY Pd(0)-CATALYZED 
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A b s t r a c t  - Var ious  t e r h e t e r o c y c l i c  compounds c o n t a i n i n g  th iophene,  f u r a n ,  

selenophene, p y r i d i n e  and t h i a z o l e  r i n g s  have been o b t a i n e d  b y  t h e  

Pd(PPh j )4 -ca ta l yzed  c o u p l i n g  of d i h a l o - s u b s t i t u t e d  h e t e r o c y c l i c  compounds 

w i t h  h e t e r o c y c l i c  b o r o n i c  ac ids ,  u s i n g  sodium b i c a r b o n a t e  as base and a  

1,2-dimethoxyethane - wa te r  m i x t u r e  as s o l v e n t .  I n  cases when t h e  b o r o n i c  

a c i d s  were n o t  a v a i l a b l e  o r  e a s i l y  deboronated, and/or  t h e  h e t e r o c y c l i c  h a l o  

d e r i v a t i v e s  were u n s t a b l e  i n  a l k a l i n e  s o l u t i o n ,  trialkylstannylheterocycles 

were used i n s t e a d  of b o r o n i c  a c i d s  i n  t h e  c o u p l i n g  w i t h  d i h a l o h e t e r o c y c l e s ,  

w i t h  THF as s o l v e n t  and PdC12(PPh3)2 as c a t a l y s t .  The n a t u r a l l y  o c c u r r i n g  

3'-rnethoxy-2,2':5'  , 2 " - t e r t h i o p h e n e  was prepared by a copper-promoted 

n u c l e o p h i l i c  s u b s t i t u t i o n  o f  3'-iodo-2,2':5',ZU-terthiophene, p r e v i o u s l y  

prepared b y  P d ( 0 ) - c a t a l y z e d  c o u p l i n g  o f  2 ,3 ,5 - t r i i odo th iophene  w i t h  

2- th iouhene b o r o n i c  a c i d .  

RESULTS AND DISCUSSION 

1-7 
T e r h e t e r o c y c l i c  compounds a r e  of i n t e r e s t  i n  many f i e l d s  .They show b i o l o g i c a l  p r o p e r t i e s ,  such a s  

photo-enhanced a c t i v i t y  a g a i n s t  f u n g i ,  nematodes, i n s e c t  l a rvae ,  a lgae,  and human e r y t h r o c y t e s .  

They can a l s o  a c t  as g e r m i n a t i o n  i n h i b i t o r s  and h e r b i c i d e s . ]  Some o f  them, l i k e  2,2 ' :5 ' ,ZN- 

t e r t h i o ~ h e n e ( 1 ) ~  and 3'-rnethox~-2,2':5',2"-terthiophene,~ a r e  n a t u r a l l y  o c c u r r i n g .  Te rhe te rocyc les  

a r e  a l s o  of i n t e r e s t  as monomers f o r  t h e  p r e p a r a t i o n  of conduc t ing  polymers,  and t h e < r  uv s p e c t r a  

and o x i d a t i o n  p o t e n t i a l  have been ~ t u d i e d . ~ , ~  Some t e r h e t e r o c y c l e s  have a l s o  r e c e n t l y  been used as 

p recurso rs  i n  t h e  s y n t h e s i s  of e l e c t r o n - a c c e p t o r   molecule^,^ which r e p r e s e n t s  an i n t e r e s t i n g  

approach i n  t h e  search f o r  new h i g h l y  conduc t ing  m o l e c u l a r  complexes. Te rhe te rocyc les  w i t h  t h r e e  

n i t r o g e n - c o n t a i n i n g  r i n g s  have been shown t o  be use fu l  as l i g a n d s  i n  i r o n ( 1 I )  and n i c k e l ( I 1 )  

complexes .7 

Kagan et syn thes ized  most o f  t h e i r  t e r t h i o p h e n e s  b y  r i n g - c l o s u r e  o f  t h e  m idd le  r i n g  th rough  

r e a c t i o n  of b i s ( t h i e n y 1 ) b u t a d i y n e s  w i t h  sodium s u l f i d e 8  o r  c y c l i z a t i o n  o f  1,4-diketones.9 Other  



r i n g - c l o s u r e  r e a c t i o n s  i n c l u d e  t h e  t r e a t m e n t  o f  t h e  r e a d i l y  a c c e s s i b l e  b is [2-0x0-2-(2- th ieny1)-  

e t h y l ]  s u l f i d e  wi thPqS10 o r  Lawesson's reagen t  and then  h e a t i n g  t h e  r e s u l t i n g  2 ,6 -d ia ry l -1 ,4 -  

d i t h i i n . 1 0  Kagan et a l s o  prepared t e r t h i o p h e n e  by i o d i n e  o x i d a t i o n  of an a t e  complex,obta ined 

b y  s tepw ise  r e a c t i o n  o f  9-BBN w i t h  methanol, t h i e n y l l i t h i u m ,  boron t r i f l u o r i d e - e t h e r a t e  and a  

second e q u i v a l e n t  o f  t h i e n y l l i t h i u m . l l  The method, c u r r e n t l y  most used f o r  t h e  p r e p a r a t i o n  o f  

t e r h e t e r o c y c l e s ,  was developed b y  Kumada *,I2 and c o n s i s t s  of t h e  N i ( 0 ) - c a t a l y z e d  c o u p l i n g  o f  

two e q u i v a l e n t s  of h e t e r o c y c l i c  Gr ignard  reagen ts  w i t h  d i h a l o  h e t e r ~ c y c l e s . ~ , ~ , ~  By t h i s  method, 

a lmost  a l l  i s o m e r i c  t e r t h i o p h e n e s  were prepared from t h e  i s o m e r i c  dibromo th iophenes and 2- o r  3- 

th iophene  magnesium bromide, u s i n g  N i ( 0 ) 1 3  o r  ~ d ( 0 ) l  as c a t a l y s t .  However, f o r  t h e  p r e p a r a t i o n  o f  

f u n c t i o n a l i z e d  compounds, t h e  Gr ignard  c r o s s - c o u p l i n g  r e a c t i o n s  a r e  o b v i o u s l y  l i m i t e d  t o  

s u b s t r a t e s  whose f u n c t i o n a l  groups do n o t  r e a c t  w i t h  t h e  o r g a n o m e t a l l i c  reagent .  Fur thermore,  t h e  

h e t e r o c y c l i c  r i n g  must n o t  add Gr ignard  reagen t  and t h e  h a l o  d e r i v a t i v e s  must n o t  be so r e a c t i v e  

t h a t  t h e y  g i v e  halogen-magnesium exchange, which would l e a d  t o  symmetr ica l  by -p roduc ts  

(cf.14.15). 

Some years  ago, we m o d i f i e d  t h e  Suruk i  Pd(0 ) -ca ta l yzed  coupling,16 so t h a t  i t  became u s e f u l  i n  t h e  

h e t e r o c y c l i c  ~ e r i e s . ~ ' , ~ ~  T h i s  c ross -coup l ing ,  as w e l l  as t h e  Pd(0 ) -ca ta l yzed  c o u p l i n g  of he te ro -  

c y c l i c  t i n  d e r i v a t i ~ e s , ~ ~ , ~ ~  t o l e r a t e s  a v a r i e t y  o f  f u n c t i o n a l  groups b o t h  i n  t h e  o r g a n o m e t a l l i c  

reagen t  and i n  t h e  h e t e r o c y c l i c  h a l i d e .  We were t h e r e f o r e  i n t e r e s t e d  i n  comparing t h e  c ross -  

c o u p l i n g  of b o r o n i c  a c i d s  o r  t i n  reagen ts  w i t h  t h e  Kumada c o u p l i n g s  f o r  t h e  s y n t h e s i s  of 

t e r h e t e r o c y c l e s .  We o b t a i n e d  (1) i n  40 % y i e l d  by c o u p l i n g  2 .4  equiv .of  2 - th iopheneboron ic  a c i d  

w i t h  one equiv .of  2.5-dibromothiophene, which was s t i r r e d  under r e f l u x  i n  a  m i x t u r e  o f  

1,Z-dimethoxyethane and aqueous sodium b ica rbona te ,  u s i n g  Pd(PPh3)q as c a t a l y s t .  An excess o f  20 % 

b o r o n i c  a c i d  was g e n e r a l l y  used i n  t h e  c o u p l i n g  r e a c t i o n s .  Less excess r e s u l t e d  i n  t h e  f o r m a t i o n  

of monocoupled by-products ,  which were d i f f i c u l t  t o  separate from t h e  t e r h e t e r o c y c l e .  The need f o r  

excess b o r o n i c  a c i d  was due t o  deborona t ion  even under  t h e  weakly  a l k a l i n e  c o n d i t i o n s ,  t h a t  were 

used. The tendency f o r  deborona t ion  was g r e a t e s t  w i t h  * -excess ive  h e t e r o c y c l e s .  

Using these  c o n d i t i o n s ,  3 , 2 ' : 5 ' . 3 " - t e r t h i o p h e n e  (2)  was o b t a i n e d  from 3 - th iopheneboron ic  a c i d  and 

2,5-dibromothiophene i n  48 % y i e l d .  From 2- th iopheneboronic  a c i d  and 2,6-d ibromopyr id ine and 

p-dibromobenzene, 2,6-di-(2-thieny1)pyridine ( 3 )  and 1 ,4 -d i - (2 - th ieny l lbenrene  ( 4 )  were o b t a i n e d  

i n  55 % and 39 % y i e l d ,  r e s p e c t i v e l y .  Compound ( 3 )  has p r e v i o u s l y  been o b t a i n e d  by r i n g - c l o s u r e  

o f  5-dimethylamino-N,N-dimethyl-1,5-bis-(2-thienyl)-2,4-pentadieniminium t e t r a f l u o r ~ b o r a t e , ~ ~  by 

t h e  Kumada r e a c t i o n  between 2-thiophenemagnesium bromide and 2 , 6 - d i c h l o r o ~ y r i d i n e ~ ~  and th rough  

t h e  r e a c t i o n  o f  2 , 6 - d i c h l o r o p y r i d i n e  w i t h  2 - t h i e n y l l i t h i ~ m . ~ ~  Compound ( 4 )  has p r e v i o u s l y  been 

o b t a i n e d  i n  o n l y  14 % y i e l d  f r o m  ~ , ~ ' - d i n i t r o s o - ~ , ~ ' - d i a c e t y l - p - p h e n y l e n e d i a m i n , ~ ~  and i n  22 % 

y i e l d  f r o m  bis-(2- th ieny1)butadiyne by a  D i e l s - A l d e r  r e a c t i o n . 2 4  
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The c o u p l i n g  of 2 ,5-d ibromoth iaro le w i t h  2 - th iopheneboron ic  a c i d  gave 2 , 5 - d i - ( 2 - t h i e n y l  ) t h i a z o l e  

( 5 )  o n l y  i n  poor  y i e l d  (29 %). However, t h e  p r e v i o u s  method, which c o n s i s t e d  o f  t h e  r e a c t i o n  

of 2-(2-thieny1)-5-thia~o~llithium w i t h  2 - t h i e n y l l i t h i u m  and c u p r i c  c h l o r i d e ,  gave o n l y  a  20 % 

y i e l d . 2 5  The IH nmr d a t a  p r e v i o u s l y  r e p o r t e d  f o r  ( 5 )  a r e  n o t  i n  accordance w i t h  o u r  f i n d i n g s .  

A t tempts  t o  couple 2,5-d ibromoth iazole w i t h  3 - th iopheneboron ic  a c i d  and 2-selenopheneboronic a c i d  

f a i l e d .  

The p r e v i o u s l y  unknown 2 ,6 -d i - (3 - th ieny1)pyr id ine  ( 6 ) ,  2,6-di-(3-fury1)pyridine (7) and 

2,5-di-(3-fury1)thiophene ( 8 )  were prepared f rom 2,6-d ibromopyr id ine and 3- th iophene-  and 

3 - f u r a n b o r o n i c  a c i d  and from 2,5-dibromothiophene and 3 - fu ranboron ic  a c i d  i n  about  50 % y i e l d .  

A t tempts  t o  use t h e  e a s i l y  a v a i l a b l e  3.4-dibromo-2,5-dimethylthiophene i n  t h e  c o u p l i n g  r e a c t i o n  

were n o t  success fu l .  The r e a c t i o n  w i t h  2 - th iopheneboron ic  a c i d  was s low , and a f t e r  t h e  usual  

r e a c t i o n  t i m e  o f  f o u r  hours, a  m i x t u r e  o f  t h e  s t a r t i n g  m a t e r i a l  and of mono and d i c o u p l e d  product  

was o b t a i n e d  i n  approx imate ly  equal  p r o p o r t i o n s .  A f t e r  8 h  t h e  p roduc t  r a t i o  was a lmos t  t h e  same, 

due t o  compet ing deborona t ion .  Us ing  3,4-d i iodo-2,5-d imethy l th iophene i n s t e a d  of t h e  bromo 

d e r i v a t i v e ,  c o u p l i n g  proceeded smooth ly  w i t h  2- and 3- th iopheneboronic  ac ids  and3- fu ranboron ic  

a c i d  t o  g i v e  2,5-d imethyl -3,4-d i - (2- th ieny1)th iophene ( 9 ) ,  2,5-dimethyl-3,4-di-(3-thienyl)- 

t h iophene  (10) and 2,5-dimethyl-3,4-di-(3-furyl)thiophene (11) i n  44-49 % y i e l d .  



As p r e v i o u s l y  mentioned, we had problems w i t h  t h e  c o u p l i n g  of 2 ,5-d ibromoth iaro le.  Fur thermore,  

we were unab le  t o  p repare  2 - t h i a z o l e b o r o n i c  ac id ,  wh ich  we wanted t o  use i n  t h e  s y n t h e s i s  o f  some 

di - (2 - th iazoy1) -subst i tu ted  compounds. We t h e r e f o r e  i n v e s t i g a t e d  i f  2 ,5 -d ib romoth iazo le  was more 

s t a b l e  under  t h e  n e u t r a l  c o n d i t i o n s  i n  t h e  PdC12(PPh3)2-catalyzed c o u p l i n g  o f  h e t e r o c y c l i c  t i n  

d e r i v a t i v e s ,  which i s  c a r r i e d  o u t  i n  r e f l u x i n g  THF. The r e a c t i o n  of 3 - t r ibu ty ls tanny l th iophene 

and 2- t r ibu ty ls tanny lse lenophene gave 2,5-di-(3-thieny1)thiazole ( 1 2 )  and 2 ,5 -d i - (2 -se len ieny1) -  

t h i a z o l e  ( 1 3 )  i n  52 % and 25 % y i e l d .  I n  o r d e r  t o  remove t i n - c o n t a i n i n g  i m p u r i t i e s ,  t h e  p r o d u c t s  

had t o  be r e c r y s t a l l i z e d  f rom 90 % e t h a n o l .  T h i s  problem can be avo ided  b y  u s i n g  t h e  more 

expensive t r i m e t h y l s t a n n y l  reagent .  

I n  c o n t r a s t  t o  2 - t h i a z o l e b o r o n i c  a c i d ,  2- t r imethyls tanyl th iazole  i s  known.26 Reac t ing  2.4 e q u i v .  

of t h i s  compound w i t h  Z,5-dibromothiophene, 2,6-d ibromopyr id ine and p-dibromobenzene gave 

2 ,5 -d i - (2 - th iaz0y l ) th iophene  ( 1 4 ) ,  2,6-di-(2-thiaz0yl)pyridine ( 1 5 )  and 1 . 4 - d i - ( 2 - t h i a z o y l ) .  

benzene (16) i n  52, 52 and 67 % y i e l d ,  r e s p e c t i v e l y .  ( 1 4 )  was p r e v i o u s l y  prepared by t h e  condensa- 

t i o n  o f  dithiocarboxarnido-2.5-thiophene and two equiv.of a-haloketone,  fo l l owed  b y  a l k a l i n e  

h y d r o l y s i s  and decarboxy la t ion2 '  i n  8 % o v e r a l l  y i e l d .  

A t tempts  t o  s y n t h e s i z e  2,5-dimethyl-3,4-(2-thiaz0yl)thiophene (17 )  from 2,5-dimethyl-3.4-diiodo- 

t h iophene  and 2-trimethylstannylthiazole f a i l e d .  On ly  2,5-d imethyl -3- iodo-4- th iazoyl th iophene was 

o b t a i n e d  i n  16 % y i e l d .  These r e s u l t s  i n d i c a t e  t h a t  t h e  s t e r i c  demand i s  g r e a t e r  i n  c o u p l i n g s  
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w i t h  t i n  compounds than  w i t h  b o r o n i c  ac ids .  Somewhat unexpec ted ly ,  t h e  c o u p l i n g  o f  P - t r i m e t h y i -  

s t a n n y l t h i a z o l e  w i t h  2 ,5 -d ib romoth iazo le  t o  t h e  unknown 2,5-di-(2-thiazoyl)thiazole (19 )  a l s o  

f a i l e d .  The i s o m e r i c  2,4-d i - (2- th iazoyl ) . ,  2 ,5 -d i - (4 - th iazoy l ) .  and 2.5-di-(5-thiazoyl)thiazolez 

a r e  known.28 

The well-known 2.5-d iphenyl th iophene (20 ) .  which has p r e v i o u s l y  been prepared i n  good y i e l d  by 

t r e a t i n g  2,4-diphenyl-1,4-butandione w i t h  Lawesson's reagent,29 o r  1 ,4 -d ipheny lbu tad iyne  w i t h  

hydrogen su l f i de ,30  c o u l d  a l s o  be o b t a i n e d  i n  6 1  % y i e l d  by t h e  c o u p l i n g  o f  2 , 5 - d i - ( t r i m e t h y l -  

s t a n n ~ 1 ) t h i o p h e n e ~ ~  w i t h  2.4 equiv. of bromobenzene. We t r i e d  t o  a p p l y  t h e  same s t r a t e g y  t o  the 

s y n t h e s i s  of t h e  n a t u r a l l y - o c c u r r i n g  3'-methoxy-2,2':5',Zm'-terthiophene ( 2 2 )  i s o l a t e d  f rom t h e  

Mexican spec ies  m, c l o s e l y  r e l a t e d  t o  T-.~ 3-Methoxythiophene was d i m e t a l a t e d  w i t h  

b u t y l l i t h i u m  and r e a c t e d  w i t h  t r i m e t h y l s t a n n y l  c h l o r i d e  t o  y i e l d  t h e  3-methoxy- 

2,5-di-(trimethylstannyl)thiophene ( 2 1 ) .  T h i s  compound was found t o  be h i g h l y  e x p l o s i v e ,  and i t  

des t royed  t h e  t e s t  tube  upon a t tempted  e lementa l  a n a l y s i s  o f  carbon and hydrogen. Reac t ion  o f  ( 2 1 )  

w i t h  2.4 equiv. of 2-bromothiophene u s i n g  PdC12(PPh3)2 as c a t a l y s t  r e s u l t e d  i n  a  t a r r y  m ix tu re ,  

from which a f t e r  t e d i o u s  p u r i f i c a t i o n  through column chromatography on s i l i c a  g e l  60, a  6  % y i e l d  

of pure ( 2 2 )  c o u l d  be ob ta ined ,  u s i n g  2.5:97.5 e t h y l  ace ta te :hep tane  as e l u e n t ,  fo l l owed  b y  h p l c  

on n u c l e o s i l  OH, u s i n g  5:95 e t h y l  ace ta te :hep tane  as e l u e n t .  A  much b e t t e r  method f o r  t h e  

p r e p a r a t i o n  o f  (22 )  was found b y  r e a c t i n g  3 ' - i o d o - 2 , 2 ' : 5 ' , Z U - t e r t h i o p h e n e  (23 ) ,  prepared b y  t h e  

Pd(0 ) -ca ta l yzed  c o u p l i n g  o f  2 ,3 ,5 - t r i i odo th iophene  w i t h  2 - th iopheneboron ic  ac id ,32  w i t h  sodium 

methoxide and c u p r i c  o x i d e  i n  methanol, which gave (22 )  i n  54 % y i e l d ,  t o g e t h e r  w i t h  30 % o f  ( I ) ,  

which c o u l d  e a s i l y  be separated b y  column chromatography. 

Compound ( 2 2 )  had t h e  same mass s p e c t r a l  f r a g m e n t a t i o n  as d e s c r i b e d  b y  Bohlmann and ~ d e r o . 3  

However, t h e y  made erroneous ass ignments o f  two IH nmr s i g n a l s .  A f t e r  u s i n g  COSY and r e l a t i n g  t h e  



assignments o f  the  13c s i g n a l s  w i t h  t h e  IH s i g n a l s  us ing  HETCOR, c o r r e c t  assignments c o u l d  be made 

(Zfi Table 3 ) .  

EXPERIMENTAL 

M e l t i n g  p o i n t s  a r e  uncorrected.  The IH nrnr spec t ra  were recorded on a  Yar ian  XL-300 spectrometer .  

The mass spec t ra  were recorded on a  F inn igan  4021 spectrometer .  Glc analyses were c a r r i e d  o u t  on a  

Yar ian 3700 gas chromatograph u s i n g  a  D e x i l  300, 3  % column. 

General procedure f o r  the  P d ( m 3 1 4 - c a t a l y z e d  c o u p l i n g  r e a c t i o n c o m p o u n d s  1 2 ,  3, 4, 5, 6, 7, - - 

8, 9, 10 a n d 2  

A  250 m1 f l a s k ,  equipped w i t h  condenser, magnetic s t i r r e r  and n i t r o g e n  i n l e t ,  was charged w i t h  

10.0 mmol o f  t h e  d iha loarene ,  0.60 mmol of tetrakis-(triphenylphosphine)palladium(O) and 80 ml  o f  

1,2-dimethoxyethane. A f t e r  s t i r r i n g  f o r  10 min, 24.0 mmol of t h e  boron ic  a c i d  was added, 

immediate ly  f o l l o w e d  by 60 ml o f  1 M  sodium b ica rbona te  s o l u t i o n .  The r e a c t i o n  m i x t u r e  was 

r e f l u x e d  f o r  4 h, w i t h  v igo rous  s t i r r i n g  under n i t r o g e n .  A f t e r  c o o l i n g  t o  room temperature,  

i n s o l u b l e  t r a c e s  of the  c a t a l y s t  were f i l t e r e d  o f f ,  t h e  o r g a n i c  s o l v e n t  was evaporated under 

reduced pressure,  100 ml of wa te rwere  added t o  t h e  res idue,  and t h e  m i x t u r e  was e x t r a c t e d  w i t h  

t h r e e  50 m l  p o r t i o n  of e t h e r .  The combined e t h e r e a l  phases were washed w i t h  water ,  and w i t h  

sa tu ra ted  sodium c h l o r i d e  s o l u t i o n  and d r i e d  over  magnesium s u l f a t e .  A f t e r  evapora t ion ,  t h e  

p roduc t  was p u r i f i e d  u s i n g  column chromatography, by u s i n g  s i l i c a  g e l  60 and pentane as e l u e n t  f o r  

compound 9, 10 and 11. The o t h e r  compounds were p u r i f i e d  i n  a  s i m i l a r  way u s i n g  7:3 pentane:ethy l  

a c e t a t e  as e l u e n t .  For  t h e  d e r i v a t i v e s  t h e  i s o l a t e d  y i e l d s  and m e l t i n g  p o i n t s  a r e  g iven  i n T a b l e  1, 

elemental  analyses i n  Table 2 and t h e  nrnr data  i n  Tables 3 and 4. 

General procedure f o r  t h e  PdC17(PPh3)7-catalyred c o u p l i n q  r e a c t i o n  of compounds 12, 13,14, 15, 16 .- - - -  

and 18 

A  50 rnl f l a s k ,  equipped w i t h  condenser, magnet ic  s t i r r e r  and n i t r o g e n  i n l e t  was charged w i t h  3.9 

mmol o f  t h e  d iha loarene  ( f o r  compounds 12, 13  and 16 t w i c e  t h e  desc i rbed  s c a l e ) ,  0.39 mmol o f  

di(triphenylphosphine)palladium(II)dichloride, 20 ml o f  d r y  THF fo l lowed by 9.3 mmol o f  t r i a l k y l -  

s tanny l th iophene .  The r e a c t i o n  m i x t u r e  was r e f l u x e d  f o r  20 h  w i t h  v igo rous  s t i r r i n g  under n i t r o g e n .  

A f t e r  c o o l i n g  t o  room temperature, t h e  THF was evaporated,  f o l l o w e d  by t h e  a d d i t i o n  o f  40 ml  o f  

water .  The m i x t u r e  was e x t r a c t e d  w i t h  t h r e e  20 ml p o r t i o n s  of e t h e r .  The combined e t h e r e a l  phases 

were washed w i t h  water ,  and w i t h  s a t u r a t e d  sodium c h l o r i d e  s o l u t i o n ,  and d r i e d  over  magnesium 

s u l f a t e .  E t h e r  was evaporated and t h e  p roduc t  was p u r i f i e d  b y  column chromatography u s i n g  s i l i c a  

ge l  60 and 7 :3  pen tane :e thy l  a c e t a t e  as e l u e n t .  For  the  d e r i v a t i v e s ,  i s o l a t e d  y i e l d s  and m e l t i n g  
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p o i n t s  a r e  g i v e n  i n  Table 1, e lementa l  analyses i n  Table 2 and IH nmr da ta  i n  Tables 3 and 4. 

2 ,5-Diphenyl th iophene (20) 

A 100 ml f l a s k ,  equipped w i t h  condenser, magnet ic  s t i r r e r  and n i t r o g e n  i n l e t  was charged w i t h  4.7 g 

(30.0 mmol) o f  bromobenzene, 0.88 g (1.25 mmol) o f  di(triphenylphosphine)palladium(II)dichloride, 

50 ml o f  d r y  THF. f o l l o w e d  by 5.0 g (12.5 mmol) of 2,5-di(trimethylstanny1)thiophene. The r e a c t i o n  

m i x t u r e  was r e f l u x e d  f o r  20 h w i t h  v igo rous  s t i r r i n g  under  n i t r o g e n .  A f t e r  c o o l i n g  t o  room 

temperature,  t h e  THF was evaporated,  f o l l o w e d  by t h e  a d d i t i o n  of 120 ml o f  wa te r .  The m i x t u r e  was 

e x t r a c t e d  w i t h  t h r e e  60 ml p o r t i o n s  o f  e t h e r .  The combined e t h e r e a l  phases were washed w i t h  water, 

and w i t h  s a t u r a t e d  sodium c h l o r i d e  s o l u t i o n ,  and d r i e d  o v e r  magnesium s u l f a t e .  The e t h e r  was 

evaporated and t h e  p r o d u c t  was p u r i f i e d  by column chromatography u s i n g  s i l i c a  g e l  60  and 7:3 

heptane:ethy l  a c e t a t e  as e l u e n t .  I s o l a t e d  y i e l d  and m e l t i n g  p o i n t  a r e  g i ven  i n  Tab le  1, e lementa l  

a n a l y s i s  i n  Table 2, and t h e  nmr da ta  i n  Tables 3 and 4. 

2 ,6-Dibromopyr id ine and 2-bromothiophene were commercial samples. 2-~rimethylstannylthiarole,~~ 

2,5-di(trimethylstannyl)thiophene,31 3'-iod0-2,2':5',2"-terthiophene,~~ ~ , 5 - d i b r o r n o t h i o p h e n e . ~ ~  

3,4-diiod0-2,5-dimethylthiophene,~~ 3,4-d ib ro rn0-2 ,5 -d imethy l th iophene,~~ 2 - th iopheneboron ic  ac id,36 

3 - th iopheneboron ic  acid,36 3 - fu ranboron ic  acid,37 2-se lenopheneboronic  ac id,38 2 - b r o r n o t h i a ~ o l e , ~ ~  

2,5-dibromothiazole4O and 3 - r n e t h o ~ ~ t h i o ~ h e n e ~ ~  were prepared accord ing  t o  t h e  l i t e r a t u r e .  

2 - T r i b u t y l s t a n n y l s e l e n o p ~  

To a s t i r r e d  s o l u t i o n  o f  11.8 g ( 9 0  mmol) o f  selenophene and 13.0 g (112 mmol) of TMEDA i n  100 m l  

o f  d r y  e t h e r  under  n i t r o g e n ,  70 ml (99 mmol) of b u t y l l i t h i u m  (1 .42  M i n  hexane) was added dropwise 

a t  such a r a t e  t h a t  moderate r e f l u x  was ma in ta ined .  The s o l u t i o n  was r e f l u x e d  f o r  30 min,  fo l lowed 

by c o o l i n g  t o  -70 OC whereupon 32.2 g (99 mmol) o f  t r i b u t y l s t a n n y l  c h l o r i d e  d i s s o l v e d  i n  30 m l  o f  

d r y  e t h e r w e r e  added a t  such a r a t e  t h a t  t h e  temperature d i d  n o t  exceed -70 OC. The s o l u t i o n  was 

s t i r r e d  f o r  4  h a t  t h e  same temperature,  and then  a l l o w e d  t o  reach room temperature.  Water was 

added t o  t h e  m i x t u r e ,  t h e  o r g a n i c  phase was separated and t h e  200 ml aqueous phase was e x t r a c t e d  

w i t h  t h r e e  50 ml p o r t i o n s  o f  e t h e r .  The combined e t h e r e a l  phases were d r i e d  o v e r  magnesium s u l f a t e  

and t h e  e t h e r  was evaporated,  fo l l owed  by d i s t i l l a t i o n  udner reduced p resus re .  Y i e l d :  19.7 g 

(52  %),  l i t.6 22 %, bp 126 OC/0.6 mm Hg. IH Nmr (CDCI3): 6 7.51 (m,lH), 6 7.52(rn,lH), 6 8.37 

(dd,J=l.P7 and 4.64 Hz,lH) ppm. 



3-Tributylstannylthiophene 

To a s t i r r e d  s o l u t i o n  of 12.8 g (80 mmol) of 3-bromothiophene i n  90 ml of d r y  e t h e r  a t  -70 OC 

under n i t r o g e n ,  62 ml (88 mmol) o f  b u t y l l i t h i u m  (1.42 M i n  hexanelwere added dropwise a t  such a 

r a t e  t h a t  t h e  temperature d i d  n o t  exceed -70 OC. The s o l u t i o n  was s t i r r e d  f o r  30 min a t  -70 OC. 

whereupon 28.6 g (88  mmol) o f  t r i b u t y l s t a n n y l  c h l o r i d e  d i s s o l v e d  i n  30 ml of d r y  e t h e r w e r e  added 

A f t e r  s t i r r i n g  a t  -70 OC f o r  4 h, t h e  work-up was performed as descr ibed  above. Y i e l d  14.9 g 

(50  %),  bp 124 OC/0.6 mm Hg. IH Nmr (CDCI3): 6 7.17 (dd.J=1.00 and 4.75 Hz,lH), 6 7.34 (dd,J=0.98 

and 2.47 Hz,lH), 6 7.46 (dd,J=2.54 and 4.73 Hz.lH) ppm. Anal. Calcd f o r  C16H30SSn: C. 51.5; H, 

8.10; 5, 8.59. Found: C,51.5; H, 7.96; 5, 6.56. 

3 - M e t h o x y - 2 , 5 - d i ( t r i m e t h y 1 s t a n n y l ) t h i o ~  (21)  

To a s t i r r e d  s o l u t i o n  of 6.8 g (60  mrnol) of 3-methoxythiophene, 13.8 g (119 mmol) o f  TMEDA i n  

100 ml of d r y  e t h e r  under n i t r o g e n ,  83 ml o f  b u t y l l i t h i u m  were added dropwise a t  such a r a t e  t h a t  

moderate r e f l u x  was mainta ined.  The s o l u t i o n  was r e f l u x e d  f o r  30 min, fo l l owed by c o o l i n g  t o  

-70 oC whereupon 24.9 g (125 mmol) o f  t r i m e t h y l s t a n n y l  c h l o r i d e  d i s s o l v e d  i n  30 ml o f  d r y  THFwere 

added a t  such a r a t e  t h a t  t h e  temperature d i d  n o t  exceed -70 OC. A f t e r  s t i r r i n g  a t  -70 OC f o r  4 h, 

t h e  work-up was performed as descr ibed  above. Y i e l d :  22 %, bp 113 OC/0.9 mm Hg. IH Nmr (CDCI3): 

6 7.05 (8, 1H) ppm. Anal.Calcd f o r  CllH220SSn2: C, 30.0; H, 5.04; S, 7.29. Found: C, 31.8; 

H, 5.19; S, 7.19. C o r r e c t  C and H analyses c o u l d  u n f o r t u n a t e l y  n o t  be c o r r e c t l y  ob ta ined  p r o b a b l y  

due t o  t h e  e x p l o s i v e  n a t u r e  of (21 ) .  

3'-Methoxy-2,2' : 5 '  ,2"-terthL0- (22)  

In a 25 ml f l a s k  f i t t e d  w i t h  an e f f i c i e n t  s t i r r e r  and r e f l u x  condenser w i t h  a c a l c i u m  c h l o r i d e  

tube, 0.90 g of sodium were d i s s o l v e d  i n  11 ml of methanol. Potassium i o d i d e  (10  mg), 1.0 g of 

3'-iod0-2,2':5',2"-terthio~hene,~~ and 0.50 g of Cupr i c  o x i d e  were added. The m i x t u r e  was then 

r e f l u x e d  w i t h  e f f i c i e n t  s t i r r i n g  f o r  100 h. The coo led  m i x t u r e  was f i l t e r e d ,  d i l u t e d  w i t h  two 

volumes o f  water  and e x t r a c t e d  w i t h  e t h e r .  The combined e t h e r e a l  phases were washed w i t h  water ,  

d r i e d  o v e r  magnesium s u l f a t e  and p u r i f i e d  by column chromatography u s i n g  s i l i c a  ge l  60 and heptane 

as e l u e n t .  Y i e l d :  0.40 g ( 5 4  %) and 0.20 g (30  %) o f  t h e  by-product  2 , 2 ' : 5 ' , Z U - t e r t h i o p h e n e .  

Elemental a n a l y s i s  i s  g iven  i n  Table 2 and IH nmr da ta  a r e  g iven  i n  Tables 3 and 4. 
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Table 1 .  Y i e l d s ,  me l t ing  po in ts  and molecular  weights f o r  some t e r h e t e r o c y c l i c  compounds. 

Compound 

1 

2 

3 

4 

5 

6  

7 

8 

9 

10 

11  

12 

13 

1 4  

15 

16 

18 

20 

22 

Y i e l d  % mp/OC Found mwt L i t .  y i e l d  % L i t .  rnp/OC Calc.  m w t  Ref. No 

i s o l a t e d  y i e l d s  a f t e r  chromatography and r e c r y s t a l l i s a t i o n .  



Tab le  2. E lementa l  ana lyses  f o r  some t e r h e t e r o c y c l i c  compounds. 

Compound 

5 

6 

7 

8 

9 

10 

11  

12 

13 

15 

16 

18 

22 

Found % C 

53.0 

64.2 

74.0 

67.1 

61.3 

61.0 

68.8 

52.0 

38.4 

53.7 

60.0 

34.25 

Calc .  % C 

53.0 

64.2 

73.2 

66.6 

60.8 

60.8 

68.3 

53.0 

38.5 

53.9 

60.0 

33.65 



Tab le  3. IH nmr chemica l  s h i f t s  (ppm) f o r  some t e r h e t e r o c y c l i c  compounds i n  (CD3)2S0. 

Compound H-2 H-3 H-4 H-5 H-2' H-3' H-4' H-5' H-6' H-2" H-3" H-4" H-5" 

The ass ignments o f  t h e  s i g n a l s  f r o m  compounds 5, 12, 13, 22 and 23 were e v a l u a t e d  

u s i n g  homonuclear c o r r e l a t i o n  (COSY). 

* I n  CDCI3, ** H-6 and H-6" = H-2 and H-2" ,  *** i n  C& 



Table 4. Coupling c o n s t a n t s  (Hz)  f o r  some t e r h e t e r o c y c l i c  compounds i n  (CD3)pSO. 

camp ~ ( 2 - 4 )  ~ ( 2 . 5 )  ~ ( 3 - 4 )  ~ ( 3 - 5 )  ~ ( 4 . 5 )  ~ ( 2 " - 4 " )  ~ ( 2 " - 5 " )  J ( 3 " - 4 " )  J ( 3 " - 5 " )  3 ( 4 " - 5 " )  
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