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Abst rac t ;Nitrat ion , b r o m i n a t i o n a n d iod ina t ion of d i t h i e n o [ 2 , 3 - b : 3 , 4 - d ] p y r i d i n e h a v e b e e n s t u d i e d a n d t h e r e s u l t s 
c o m p a r e d with t h o s e o b t a i n e d for o t h e r i s o m e r i c s y s t e m s . Nitration with c o n c e n t r a t e d nitric a c i d in tr i f luoroacet ic ac id 
g a v e s e l e c t i v e l y t h e 8-nitro i s o m e r . T h e 8 - b r o m o i s o m e r w a s b e s t o b t a i n e d in 6 1 % yie ld b y b r o m i n a t i o n with A/-bromo-
s u c c i n i m d e in a b i p h a s i c s y s t e m u s i n g picric ac id a s c a t a l y s t . Iodinat ion w a s carr ied out with i o d i n e a n d m e r c u r i c nitrate 
in d i c h l o r o m e t h a n e and d e p e n d i n g o n t h e a m o u n t of i o d i n e t h e 8 - i o d o a n d 6 , 8 - d i i o d o d e r i v a t i v e s w e r e o b t a i n e d . 

I n t r o d u c t i o n 
In c o n n e c t i o n with our work o n e lec trophi l i c subs t i tu t ion o n d i t h i e n o [ b , d ] p y r i d i n e s , w e h a v e p r e v i o u s l y s t u d i e d nitration of 

five of t h e n i n e i s o m e r s . T h e G C - f u s e d i s o m e r . d i th ieno[3 ,4 -b ;3 ' ,4 ' -d ]pyr id ine 1., w a s s t u d i e d in detai l . T h e o r e t i c a l c a l c u -

- 1 1 
lat ions at t h e ab initio 21 G* l eve l of t h e transit ion s t a t e c o m p l e x e s t o w a r d s t h e W h e l a n d i n t e r m e d i a t e a g r e e d with t h e e x 

per imenta l ly o b s e r v e d i s o m e r d is tr ibut ions T h e 1-, 8- , a n d 3-nitro i s o m e r s w e r e o b t a i n e d in t h e re la t ive p r o p o r t i o n s of 

7 8 % , 2 0 % a n d 2 % , r e s p e c t i v e l y , u p o n nitration with c o n c e n t r a t e d nitric a c i d in tr i f luoroacet ic a c i d at r o o m t e m p e r a t u r e . 

Theore t i ca l a n d e x p e r i m e n t a l s t u d i e s w e r e a l s o carr ied o u t with t h e b , b - f u s e d s y s t e m d i th i eno [2 ,3 -b ;3 ' , 2 ' -d !pyr id ine 2 . 

Th i s s y s t e m r e a c t e d m u c h s l o w e r a n d a reac t ion t e m p e r a t u r e of 8 0 ° C h a d t o b e u s e d . Nitration t o o k o n l y p l a c e in t h e 

t h i o p h e n i c ring of 2_to w h i c h t h e pyridinic n i trogen w a s b o u n d a n d t h e 1 - a n d 2-nitro i s o m e r w e r e o b t a i n e d in t h e propor

t ions of 4 3 to 5 7 . T h e s e c h a n g e d t o 7 0 to 3 0 in boil ing trif luoracetic ac id [ 2 , 3 ] . T h e subs t i tu t ion pattern of t h e b . c - f u s e d s y s 

t e m s is particularly interes t ing . T h u s d i th ieno[3 ,4-b ' :3 ' ,2 ' -d]pyr id ine 3 is at r o o m t e m p e r a t u r e o n l y nitrated in t h e c - fused 

t h i o p h e n e ring a n d t h e 1- a n d 3 - i s o m e r s a r e i s o l a t e d in a b o u t e q u a l a m o u n t s , in c o n t r a s t t o t h e nitration of 1, w h e n on ly 

t race a m o u n t s of t h e 3-nitro d e r i v a t i v e w a s o b t a i n e d p j . If t h e b - f u s e d ring is b o u n d t o pyridinic n i t r o g e n in a [ b , c ] - f u s e d 

i s o m e r , a s in d i t h i e n o [ 3 , 2 b: 3 ' ,4 ' -d]pyr id ine 4 , nitration o c c u r s in t h e 8 - p o s i t i o n of t h e c - f u s e d ring ( 6 7 % ) a n d t h e 2 - p o s i 

tion of t h e b - f u s e d ring (33%) [ 4 ] . 

W e w e r e t h e r e f o r e i n t e r e s t e d in s t u d y i n g t h e b , c - f u s e d i s o m e r d i th i eno - [2 ,3 -b :3 ' , 4 ' , -d ]pyr id ine 5 w h e r e t h e b - f u s e d ring 

h a s t h e s a m e orientat ion a s in 3, a n d w h e r e t h e pyridinic n i t r o g e n is b o u n d to t h e b - f u s e d ring, in o r d e r t o c o m p a r e o r i e n 

tation e f f e c t s a n d reactivity. 

ExDerimental 
T h e r e a c t i o n s w e r e carr ied out in dr ied g l a s s w a r e . R e a g e n t s a n d s o l v e n t s w e r e h a n d l e d b y u s i n g s t a n d a r d s y r i n g e t e c h 

n i q u e s . Melting p o i n t s a r e u n c o r r e c t e d . T h e ^ H N M R s p e c t r a w e r e r e c o r d e d o n a Varian X L - 3 0 0 s p e c t r o m e t e r u s i n g d e u -

2 3 1 
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t er ioch loroform a s s o l v e n t . T h e m a s s s p e c t r a w e r e r e c o r d e d o n a J e o l J M S - S X 1 0 2 s p e c t r o m e t e r . F l a s h c o l u m n c h r o m a 

t o g r a p h y w a s carr i ed o u t u s i n g M e r c k s i l i ca g e l 6 0 . H e p t a n e , p e n t a n e , e thy l a c e t a t e , d i c h l o r o m e t h a n e a n d t e t r a c h l o -

r o m e t h a n e w e r e f resh ly dist i l led o v e r m o l e c u l a r s i e v e s , ch loro form o v e r p h o s p h o r o u s p e n t o x i d e a n d diethyl e t h e r from 

s o d i u m d i s p e r s i o n prior to u s e . For H P L C a p r e p a r a t i v e po lygos i l / s i l i ca c o l u m n ( 2 5 0 x 2 0 ) w a s u s e d . T h e e l e m e n t a l ana ly 

s e s w e r e carr ied out b y D o m i s a n d K o l b e , M i c r o a n a l y t i s c h e s Laborator ium, Mulhe im a. d. Ruhr, G e r m a n y . 

N i t r a t i o n o f d i th ieno [2 ,3 -b:3 ' , 4 ' -d ]pyr id ine 5 

T o a st irred s o l u t i o n of 5 7 3 m g ( 3 . 0 m m o l e s ) of s u b l i m e d b [ 5 ] a n d 1 .20 g ( 2 0 m m o l e s ) of u r e a in 2 0 ml of tr i f luoroacetic 

a c i d 3 . 0 ml ( 7 2 m m o l e s ) of c o n c e n t r a t e d nitric a c i d (d = 1.5 g /ml) w a s a d d e d . T h e r e a c t i o n m i x t u r e w a s st irred at r o o m 

t e m p e r a t u r e for t w o d a y s . After e v a p o r a t i o n t h e r e s i d u e w a s n e u t r a l i z e d b y a so lu t ion of s o d i u m h y d r o g e n c a r b o n a t e . T h e 

s o o b t a i n e d w a t e r p h a s e w a s e x t r a c t e d s e v e r a l t i m e s with e t h e r . T h e c o m b i n e d e t h e r p h a s e s w e r e w a s h e d with water , 

dr ied o v e r m a g n e s i u m s u l f a t e a n d e v a p o r a t e d . T h e c r u d e produc t w a s c h r o m a t o g r a p h e d u s i n g e thy l a c e t a t e / h e p t a n e 

(1 :5) a s e l u e n t g iv ing t h e l e s s polar c o m p o n e n t ^ ? a n d e t h e r / h e p t a n e (1:1) a s e l u e n t for t h e m o r e polar c o m p o n e n t 6. 

8 -Ni trodi th ieno [2 ,3-b:3 ' ,4 ' -d ]pyr id ine 6 

T h e fract ions c o n t a i n i n g t h e m o r e polar c o m p o n e n t w e r e e v a p o r a t e d g iv ing 4 1 1 m g ( 5 8 % ) of 6. After further H P L C purifi

c a t i o n u s i n g h e p t a n e / e t h y l a c e t a t e ( 8 0 : 2 0 ) a s e l u e n t , 6 w a s recrys ta l l i zed from d i c h l o r o m e t h a n e a n d s u b l i m e d at 1 5 0 °C/1 

m m H g . Mp for t h e y e l l o w c r y s t a l s 1 7 8 - 1 8 0 ° C : IR ( p o t a s s i u m b r o m i d e ) : v 1 3 8 5 cm"'' (NOg) : ^H N M R : 6 8 . 9 0 ( s , I H , H5) , 

8 . 7 0 (d, I H , H I , J = 5 . 9 5 H z ) , 8 . 5 0 ( s , I H . H6) , 7 . 6 5 (d, I H . H 2 . J = 5 . 9 5 Hz) . 

Anal C a l c d . f o r C g H ^ O g N g S g : C, 4 5 . 7 2 ; H, 1 .67; MW, 2 3 5 . 9 7 1 4 . F o u n d : C , 4 5 . 7 3 ; H, 2 . 0 9 ; MW, 2 3 5 . 9 7 1 3 

( H R M S ) . 

8 - H y d r o x y d i t h i e n o [2 ,3 -b :3 ' , 4 ' - d ] p y r i d i n e in k e t o f o r m 7 

W h e n t h e frac t ions c o n t a i n i n g t h e l e s s po lar c o m p o n e n t w e r e e v a p o r a t e d 3 1 m g (5%) of 7 w a s o b t a i n e d after recrystal l i 

z a t i o n from e ther . H e p t a n e / e t h y l a c e t a t e ( 9 0 : 1 0 ) w e r e u s e d a s e l u e n t for H P L C purification. After s u b l i m a t i o n at 1 5 8 ° C / 

1 m m Hg m p w a s 1 9 4 - 1 9 6 "C; IR ( p o t a s s i u m b r o m i d e ) : v 1 6 7 5 c m " ' ' ( C O ) ; ^H N M R : 6 8 . 7 0 (d, I H , H 5 , J = 0 . 4 0 Hz) , 

8 . 6 0 (dd , I H , HI J = 5 . 9 0 , 0 . 4 0 Hz) . 7 . 6 0 (d. I H , H 2 , J = 5 . 9 0 Hz) . 4 . 7 0 (s , 2 H , CH^). 

H R M S c a l c d . for C g H ^ O N S g : 2 0 6 . 9 8 1 3 . F o u n d : 2 0 6 . 9 8 1 8 . 

B r o m i n a t i o n of d i th ieno [2 ,3 -b:3 ' , 4 ' -d lpyr id ine 5 

T o a stirred so lu t ion of 1.91 g ( 0 . 0 1 m o l e ) of 5, 3 . 4 0 g ( 0 . 0 2 4 m o l e ) of s o d i u m m o n o h y d r o g e n o r t h o p h o s p h a t e , 4 . 0 0 g 

( 0 . 0 2 4 m o l e ) of s o d i u m h y d r o g e n c a r b o n a t e a n d 2 . 4 0 g ( 0 . 0 2 m o l e ) of m a g n e s i u m s u l f a t e in 2 0 0 ml of ch loroform 0 . 5 7 ml 

( 0 . 0 1 1 n r v 3 l e ) of b r o m i n e in 1 0 0 ml of c h l o r o f o r m w a s a d d e d d r o p w i s e during t w o h o u r s at 0 °C. T h e stirring w a s c o n t i n u e d 

at r o o m t e m p e r a t u r e a n d t h e r e a c t i o n w a s f o l l o w e d b y thin l a y e r c h r o m a t o g r a p h y . After 8 h o u r s t h e reac t ion mixture w a s 

p o u r e d into i c e - w a t e r a n d t h e p h a s e s w e r e s e p a r a t e d . T h e w a t e r p h a s e w a s e x t r a c t e d with ch loroform a n d t h e c o m b i n e d 

p h a s e s w e r e w a s h e d with w a t e r , t r e a t e d with c h a r c o a l a n d dr ied o v e r m a g n e s i u m su l fa te . After e v a p o r a t i o n t h e r e s i d u e 

w a s c h r o m a t o g r a p h e d o n s i l i ca g e l u s i n g e thy l a c e t a t e / h e p t a n e (1:6) a s e l u e n t a n d t h e tribromo a n d t h e d i b r o m o d e r i v a -
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8 - B r o m o d i t h i e n o [ 2 , 3 - / ) : 3 ' , 4 ' - d ] p y r i d i n e 8. 

T h e frac t ions c o n t a i n i n g t h e m o r e p o l a r c o m p o n e n t w e r e e v a p o r a t e d g iv ing 1 . 0 3 g ( 3 8 % ) of 8̂  a s p a l e y e l l o w c r y s t a l s , 

w h i c h after recrys ta l l i za t ion from e t h e r ( c h a r c h o a l t r e a t m e n t ) b e c o m e w h i t e . Further purif ication b y H P L C u s i n g h e p 

tane / e thy l a c e t a t e ( 8 0 : 2 0 ) a s e l u e n t g a v e a c o m p o u n d , w h i c h after s u b l i m a t i o n at 1 1 9 ° C / 1 m m Hg h a d m p 1 4 1 - 1 4 3 ° C ; 

"•H NMR: 6 8 . 8 5 ( s , I H , H5) , 8 . 3 0 (d, I H , H 1 , J = 5 . 8 5 Hz) , 8 . 1 0 ( s , I H , H6) , 7 . 5 5 (d, I H , H 2 , J = 5 . 8 5 Hz) . 

Anal. C a l c d . f o r C g H ^ B r N S g i C , 4 0 . 0 1 ; H, 1 . 49 ; N, 5 . 1 9 ; MW, 2 7 0 . 1 9 . F o u n d : C , 3 9 . 8 3 ; H, 1 .67 ; N, 4 . 9 2 ; MW, 

2 6 9 / 2 7 1 . 

6 , 8 - D l b r o m o d l t h l e n o [ 2 , 3 - b : 3 ' , 4 ' - d ] p y r l d l n e 9 

T h e fract ions c o n t a i n i n g t h e m o r e po lar c o m p o n e n t in t h e first s e p a r a t i o n s t e p w e r e e v a p o r a t e d g iv ing 6 2 8 m g ( 1 8 % ) y e l 

low c r y s t a l s r e c r y s t a l l i z e d from d i c h l o r o m e t h a n e / p e n t a n e ( c h a r c o a l t r e a t m e n t ) . Further purification b y H P L C u s i n g h e p 

t a n e / e t h y l a c e t a t e ( 9 0 : 1 0 ) a s e l u e n t g a v e a c o m p o u n d , w h i c h after s u b l i m a t i o n at 1 4 1 "C/l m m Hg h a d m p 1 6 7 - 1 6 9 ° C ; 

H NMR: 6 8 . 7 5 ( s , 1H, H 5 ) . 8 . 3 0 (d, 1H, H 1 , J = 5 . 8 0 Hz) , 7 . 6 0 (d. 1H. H 2 . J = 5 . 8 0 Hz) . 

Anal. C a l c d . f o r C g H g B T g N S g : C 3 0 . 9 8 ; H, 0 . 8 7 ; N, 4 . 0 1 ; MW, 3 4 8 . 8 8 . F o u n d : C , 3 0 . 6 8 ; H, 0 . 7 6 ; N, 4 . 1 0 ; MW, 

3 4 7 / 3 4 9 / 3 5 1 . 

2 , 6 , 8 - T r l b r o m o d l t h i e n o [ 2 , 3 - b : 3 ' , 4 ' - d ] p y r l d l n e 10. 

T h e fract ions c o n t a i n i n g t h e l e s s po lar c o m p o n e n t in t h e first s e p a r a t i o n s t e p w e r e e v a p o r a t e d g iv ing 1 2 7 m g (3%) of 1 0 

a s ye l l ow c r y s t a l s , w h i c h w e r e recrys ta l l i za t ion from d i c h l o r o m e t h a n e / p e n t a n e . After further purification b y H P L C u s i n g 

h e p t a n e / e t h y l a c e t a t e ( 9 0 : 1 0 ) a s e l u e n t a n d s u b l i m a t i o n at 1 6 9 °C/1 m m Hg t h e m p w a s 1 9 6 - 1 9 8 ° C ; ^ H NMR: 6 8 . 7 0 ( s , 

IH, H 5 ) . 8 . 2 5 (S, I H , H I ) . 

H R M S c a l c d . for C g H g B r g N S g : 4 2 4 . 7 1 7 8 . F o u n d : 4 2 4 . 7 1 7 7 . 

B r o m i n a t i o n o f 5 w i t h 2.6 e q u i v a l e n t s o f b r o m i n e 

From 1.91 g ( 1 0 . 0 m m o l e s ) of 5̂ , 4 . 0 0 g ( 0 . 0 2 8 m o l e ) of s o d i u m m o n o h y d r o g e n o r t h o p h o s p h a t e , 9 . 5 g (11 m m o l e s ) ) of 

s o d i u m h y d r o g e n c a r b o n a t e a n d 2 . 8 0 g ( 0 . 0 2 4 m o l e ) of m a g n e s i u m s u l f a t e in 2 0 0 ml of ch loro form 1 . 3 5 ml ( 0 . 0 2 6 m o l e ) 

of b r o m i n e in 1 0 0 ml of c h l o r o f o r m w a s a d d e d d r o p w i s e d u r i n g t w o h o u r s at 0 ° C t h e r e a c t i o n w a s p e r f o r m e d a s 

d e s c r i b e d a b o v e . After w o r k - u p 3 5 1 m g ( 1 3 % ) of 8 , 8 3 8 m g ( 2 4 % ) of 9 , 3 4 2 m g (8%) of 1 0 , 6 9 8 m g ( 2 0 % ) of 1_1 a n d a n d 

5 4 m g (2%) of 1_2 w e r e o b t a i n e d . 

2 , 8 - D l b r o m o d l t h l e n o [ 2 , 3 - b : 3 , 4 - d ] p y r i d i n e 1 J 

T h e f rac t ions c o n t a i n i n g 1_1 w e r e t r e a t e d with c h a r c o a l , e v a p o r a t e d a n d r e c r y s t a l l i z e d from e t h e r or further purified b y 

H P L C u s i n g h e p t a n e / e t h y l a c e t a t e ( 8 0 : 2 0 ) a s e l u e n t . After s u b l i m a t i o n at 1 4 8 °C/1 m m Hg m p w a s 1 7 6 . 5 - 1 7 8 . 5 ° C ; ^ H 

NMR: 6 8 . 8 0 ( s , 1H, H5) , 8 . 3 0 ( s , 1 h, H I ) , 8 . 1 0 ( s , 1H, H6) . 

Aned. C a l c d . for C g H 3 B r 2 N S 2 : C , 3 0 . 9 8 ; H, 0 . 8 7 ; MW, 3 4 8 . 8 8 . F o u n d : 3 0 . 6 7 ; H, 0 . 7 2 ; MW. 3 4 7 / 3 4 9 / 3 5 1 . 

5 - B r o m o d l t h l e n o [ 2 , 3 - / ) : 3 , 4 - d ] p y r l d l n e 1 2 

T h e f rac t ions c o n t a i n i n g 1 2 w e r e e v a p o r a t e d a n d t h e r e s i d u e , p a l e y e l l o w c r y s t a l s , w a s further purified b y H P L C u s i n g 
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1 7 4 . 5 - 1 7 6 . 5 "C; ""H N M R : 6 8 . 7 0 (d, I H , H 5 ; J = 0 . 4 0 H z ) , 8 . 6 0 (dd , I H , H I , J = 5 . 9 0 , 0 . 4 0 Hz) , 7 . 6 0 (d, I H , H 2 , J = 5 . 9 0 

Anal. C a l c d . for C g H g l g N S g : C, 2 4 . 3 9 ; H, 0 . 6 8 ; N, 3 . 1 6 ; Mw, 4 4 3 . 1 0 . F o u n d : C , 2 4 . 2 9 ; H, 0 . 7 8 ; N, 3 . 0 8 ; MW, 4 4 3 . 

H a l o g e n - m e t a l e x c h a n g e o f 6 ,8-dibromodithlenol[2,3-6:3 ' ,4'-d] p y r i d i n e 9 

A f lask f l u s h e d with n i trogen w a s c h a r g e d with 6 9 8 m g ( 2 . 0 0 m m o l e s ) of s u b l i m e d 9 in 1 0 0 ml of a n h y d r o u s e t h e r at - 7 0 

° C a n d 1 . 2 0 ml of 2 M butyll i thium in c y c l o h e x a n e d i lu ted with 1 0 ml of a n h y d r o u s e t h e r w a s u n d e r stirring a d d e d very 

s l o w l y . After c o m p l e t e d addi t ion t h e r e a c t i o n mix ture w a s st irred for a n o t h e r f ive min , w h e r e u p o n 1 .0 ml of w a t e r w a s 

a d d e d a n d t h e r e a c t i o n m i x t u r e w a s a l l o w e d to r e a c h r o o m t e m p e r a t u r e . T h e p h a s e s w e r e s e p a r a t e d a n d the o r g a n i c 

p h a s e w a s h e d with w a t e r , d r i e d o v e r m a g n e s i u m s u l f a t e a n d e v a p o r a t e d . A c c o r d i n g to thin l a y e r c h r o m a t o g r a p h y t h e 

h e p t a n e / e t h y l a c e t a t e ( 8 5 : 1 5 ) a s e l u e n t . Atter s u b l i m a t i o n at 1 2 8 °C/1 m m H g m p w a s 1 5 3 - 1 5 5 ; ^ H N M R : 6 8 . 1 0 ( d , 1 H , 

H6, J = 3 . 1 0 Hz) , 7 . 8 0 (d, I H . H 8 . J = 3 . 1 0 H z ) , 7 . 6 0 (d, I H , H 2 , J = 5 . 8 0 Hz) , 7 . 4 0 (d, I H , H I , J = 5 . 8 0 Hz) . 

Anal C a l c d . for C g H ^ B r N S g : C . 4 0 . 0 1 ; H, 1 . 4 9 ; N, 5 . 1 9 ; MW, 2 6 8 . 8 9 4 1 . F o u n d : C, 3 9 . 6 7 ; H, 1 . 3 8 ; N. 4 . 7 3 ; MW. 

2 6 9 / 2 7 1 ; 2 6 8 . 8 9 5 8 ( H R M S ) . 

8 - B r o m o d i t h i e n o [ 2 , 3 - b : 3 ' , 4 ' - d ] p y r i d i n e 8 o b t a i n e d in b r o m i n a t i o n wit t i A f - b r o m o s u c c l n i m l d e 

T o a s u s p e n s i o n of 1 . 9 6 g ( 1 1 . 0 m m o l e s ) of A / - b r o m o s u c c i n i m i d e in 5 0 ml of t e t r a c h l o r o m e t h a n e 1.91 g ( 1 0 m o l e s ) of 5 

a n d 2 3 . 0 m g ( 0 . 1 0 m m o l e ) of picric a c i d w a s a d d e d . T h e reac t ion mixture w a s st irred at r o o m t e m p e r a t u r e for 3 - 4 h o u r s . 

After filtration of s u c c i n i m i d e t h e filtrate w a s w a s h e d with s a t u r a t e d s o d i u m h y d r o g e n c a r b o n a t e a n d w a t e r , t r e a t e d with 

c h a r c o a l a n d dr ied o v e r m a g n e s i u m s u l f a t e . T h e r e s i d u e after e v a p o r a t i o n w a s 1 . 6 5 g ( 6 1 % ) of 8, w h i c h w a s purified a n d 

h a d t h e s o m e p h y s i c a l p r o p e r t i e s a s d e s c r i b e d a b o v e . 

8 - l o d o d i t h l e n o [ 2 , 3 - b : 3 , 4 - d ] p y r i d i n e 1 3 

T o a s u s p e n s i o n of 7 6 4 m g ( 4 . 0 0 m m o l e s ) of s u b l i m e d 5, 1 .0 g ( 1 2 m m o l e s ) of s o d i u m h y d r o g e n c a r b o n a t e a n d 1 . 6 3 g 

( 5 . 0 0 m m o l e s ) of m e r c u r y ( l l ) nitrate in 1 0 ml of d i c h l o r o m e t h a n e 1 . 2 7 g ( 5 . 0 0 m m o l e s ) of i o d i n e w a s a d d e d . T h e r e a c 

tion mix ture w a s stirred at r o o m t e m p e r a t u r e for t h r e e h o u r s . T h e prec ip i ta te f o r m e d w a s filtered off a n d t h e filtrate w a s 

w a s h e d with s a t u r a t e d a q u e o u s s o d i u m t h i o s u l f a t e s o l u t i o n a n d w a t e r . T h e o r g a n i c p h a s e w a s t r e a t e d with c h a r c o a l , 

dried o v e r m a g n e s i u m s u l f a t e a n d e v a p o r a t e d . T h e r e s i d u e w a s c h r o m a t o g r a p h e d u s i n g ethyl a c e t a t e / h e p t a n e (1 :10 ) a n d 

(1:5) a s e l u e n t s . E v a p o r a t i o n of t h e f rac t ions c o n t a i n i n g 1 3 g a v e 5 2 0 m g ( 4 1 % ) . After further purification by H P L C and 

s u b l i m a t i o n at 1 4 0 "C/l m m H g m p w a s 161 - 1 6 3 "C; H NMR: 6 8 . 9 0 ( s , 1H, H5) , 8 . 6 0 (d, 1H, H 1 , J = 5 . 9 0 Hz) , 8 . 3 0 ( s , 

IH, H6) , 7 . 5 5 (d, I H , H 2 , J = 5 . 9 0 Hz) . 

H R M S c a l c d . for C g H ^ I N S : 3 1 6 . 8 8 3 0 . F o u n d : 3 1 6 . 8 8 3 3 . 

6 , 8 - D i i o d o d i t h l e n o [ 2 , 3 - b : 3 , 4 - d ] p y r i d i n e 1 4 

In a p r o c e d u r e a s d e s c r i b e d a b o v e 14^ w a s o b t a i n e d from 7 6 4 m g ( 4 . 0 0 m m o l e s ) of 5 , 2 . 0 g ( 2 4 m m o l e s ) of s o d i u m hyd

r o g e n c a r b o n a t e , 3 . 2 6 g ( 1 0 m m o l e s ) of m e r c u r y ( l l ) n i trate 2 0 ml of d i c h l o r o m e t h a n e a n d 2 . 5 4 g ( 1 0 m m o l e s ) of i od ine . 

T h e fract ions c o n t a i n i n g 1 4 w e r e t r e a t e d with c h a r c o a l a n d e v a p o r a t e d , t h e r e s i d u e w a s e i ther recrys ta l l i zed from e t h e r or 

further purified b y H P L C u s i n g h e p t a n e / e t h y l a c e t a t e ( 9 0 : 1 0 ) a s e l u e n t . After s u b l i m a t i o n at 1 4 8 °C/1 m m Hg m p w a s 

1 7 4 . ! 

Hz). 
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product c o n t a i n e d t h r e e c o m p o n e n t s , w h i c h w e r e s e p a r a t e d b y c o l u m n c h r o m a t o g r a p h y u s i n g e thy l a c e t a t e / h e p t a n e (1 :4) 

a s e l u e n t . T h e resul t w a s 2 5 9 m g ( 4 8 % ) of 8 , 1 6 7 m g ( 2 4 % ) of 9 a n d 2 3 m g (6%) of 5. 

Resul ts and Discuss ion 

T h e nitration w a s carr ied out u n d e r s imi lar c o n d i t i o n s with c o n c e n t r a t e d nitric a d d in trif luorocetic ac id . U r e a w a s a d d e d 

to t h e r e a c t i o n mix ture to s u p p r e s s t h e n i trous ac id c a t a l y s e d nitration. T h e r e a c t i o n w a s carr i ed o u t bo th at r o o m t e m 

perature a n d u n d e r reflux. T h e nitration w a s s m o o t h a n d to o u r s u r p r i s e o n l y o n e m o n o n i t r o i s o m e r w a s o b t a i n e d in 5 8 % 

yield, w h i c h w a s p r o v e n to b e t h e 8-nitro i s o m e r 6 . N o subs t i tu t ion w a s o b s e r v e d in t h e / 7 - f u s e d ring a s in 4 and n o nitra

tion in the o t h e r pos i t i on of t h e c - f u s e d ring a s in 3. T h e f o r m a t i o n of a s e c o n d c o m p o n e n t (7, 5%) w a s a l s o o b s e r v e d . 

After reflux for o n e h o u r the yield of 6 d e c r e a s e d to 3 6 % a n d t h e yield of 7 i n c r e a s e d to 1 2 % t o g e t h e r with starting mater i 

al. After refluxing for 2 . 5 h o u r s o n l y 7 c o u l d b e d e t e c t e d . 

T h e s tructure of 6 w a s p r o v e n b y ^ H N M R s p e c t r o s c o p y . T h e t h i o p h e n i c d o u b l e t s at 6 8 . 7 0 ( H 1 ) a n d 7 . 6 5 (H2) s h o w t h e 

charac ter i s t i c J g g - c o u p l i n g ( 5 . 9 5 Hz) . T h e c h a r a c t e r i s t i c d o w n field shift of t h e proton in t h e 1 -pos i t ion from 7 . 5 0 p p m in 

t h e start ing mater ia l to 8 . 7 0 p p m , m o r e than o n e p p m , s h o w s a l a r g e b a y - e f f e c t a n d p r o v e s t h e p r e s e n c e of t h e nitro 

g r o u p in t h e 8 - p o s i t i o n p . s ] . 

IR a n d N M R s p e c t r a p r o v e d that 7 w a s t h e 8 - o x o der ivat ive . In t h e IR s p e c t r u m a n a b s o r p t i o n at 1 6 7 5 c m ' ^ , charater i s t i c 

for t h e carbony l g r o u p in a , p - u n s a t u r a t e d y - t h i o l a c t o n e s [7], w a s o b s e r v e d . T h e ^ H N M R s p e c t r u m s h o w e d four a b s o r p 

t i o n s with the re lat ive i n t e n s i t i e s 1:1:1:2 at 6 8 . 7 0 , 8 . 6 0 , 7 . 6 0 a n d 4 . 7 0 . T h e p e a k at l o w e s t field d u e to t h e proton in t h e 5 -

pos i t ion s h o w e d a splitt ing of 0 . 4 0 H z . A c o u p l i n g c o n s t a n t of th is m a g n i t u d e h a s p r e v i o u s l y b e e n o b s e r v e d b e t w e e n t h e 

p r o t o n s in t h e 1- a n d 5 - p o s i t i o n s [5]. T h e p r o t o n s in t h e C-r ing h a d t h e 2 , 3 - c o u p l i n g c o n s t a n t of 5 . 9 0 H z . In a n u c l e a r 

O v e r h o u s e r e f f e c t e x p e r i m e n t irradiation of t h e t w o p r o t o n s at 6 4 . 7 0 e n h a n c e d t h e a b s o r p t i o n d u e to t h e proton in t h e 5 -

pos i t ion with 2 0 % , s h o w i n g t h e n e i g h b o u r h o o d of t h e m e t h y l e n e p r o t o n s a n d t h e proton in t h e 5 - p o s i t i o n . 

In the brominat ion of 1. a n d 2 t h e m o n o b r o m o i s o m e r s c o u l d n o t b e s e p a r a t e d , w h e n b r o m i n e in ch loro form a n d buffer 

w a s u s e d . H o w e v e r , with e x c e s s b r o m i n e g o o d y i e l d s of t h e 1 . 3 - d i b r o m o d e r i v a t i v e of 1_ a n d t h e 1 ,2 -der iva t ive of 2 w a s 

ob ta ined [8]. B r o m i n a t i o n of 3 with b r o m i n e in a buffer s y s t e m g a v e a mixture of the 3 - b r o m o - , 1 - b r o m o - a n d 1 , 3 - d i b r o m o -

d e r i v a t i v e s in 3 2 % , 8 % a n d 1 0 % yie ld , b e s i d e s start ing mater ia l . Brominat ion with 2 . 6 e q u i v a l e n t s of b r o m i n e u n d e r t h e 

s a m e c o n d i t i o n s at 0 ° C g a v e t h e 1 , 3 - d i b r o m o der iva t ive in 7 2 % yield. Brominat ion with N - b r o m o s u c c i n i m i d e g a v e a lo

w e r yield of t h e 1 , 3 - d i b r o m o der ivat ive p j . 

Brominat ion of 5. u n d e r mild aprot i c c o n d i t i o n s with 1.1 e q u i v a l e n t s of b r o m i n e in c h l o r o f o r m u s i n g s o d i u m m o n o h y d r o 

g e n o r t h o p h o s p h a t e , s o d i u m b i c a r b o n a t e a n d m a g n e s i u m s u l p h a t e a s buffer [io] l e a d to a m i x t u r e of t h e 8 - b r o m o d e r i v a 

tive 8 , the 6 , 8 - d i b r o m o der ivat ive 9 a n d t h e 2 ,6 ,8 - t r ibromo der iva t ive 1 0 . T r a c e a m o u n t s of t h e 2 , 8 - d i b r o m o der iva t ive 

.11. w a s o b s e r v e d b y thin layer c h r o m a t o g r a p h y . T h e c o m p o u n d s w e r e e x t r e m e l y difficult to s e p a r a t e (for d e t a i l s cf e x 

per imenta l part), but b y r e p e a t e d c h r o m a t o g r a p h y 8 , a^and 1 0 w e r e i s o l a t e d in 3 8 % , 1 8 % a n d 3 % y ie ld , r e s p e c t i v e l y . 

Fol lowing t h e r e a c t i o n with th in layer c h r o m a t o g r a p h y s h o w e d t h a t ^ w a s f o r m e d after a r e a c t i o n t i m e of 2 . 5 h o u r s a n d 

t h e n formation of 1 0 c o u l d b e o b s e r v e d . T h e major c o m p o u n d 8 w a s difficult to d e t e c t a l t h o u g h a l a r g e n u m b e r of e l u -

tion s y s t e m s w e r e tried, a s t h e re tent ion t i m e w a s s imilar to that of 5. T h e brominat ion c o u l d not b e s t o p p e d at t h e m o n o 

b r o m o der ivat ive . After o n e hour o n l y s m a l l a m o u n t s of 8 w e r e o b t a i n e d . 

U s i n g e x c e s s of b r o m i n e , g a v e in addi t ion to 8 , 9 a n d 1 0 u p t o 2 0 % of 11 at t h e e x p e n c e of 8. T h e r e a s o n for this c o u l d 

b e that t h e b r o m i n a t i o n is r e v e r s i b l e a n d that t h e 2 , 8 - d i b r o m o d e r i v a t i v e i s t h e m o r e s t a b l e o n e . S imi lar r e s u l t s w e r e o b 

s e r v e d in the b r o m i n a t i o n of 3 - p h e n y l t h i o p h e n e ( i i . i g . A l s o s m a l l a m o u n t s of t h e 5 - b r o m o d e r i v a t i v e 1 2 w a s o b s e r v e d . 
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Subst i tut ion in this pos i t ion h a s p r e v i o u s l y o n l y b e e n f o u n d in t h e nitration of t h e N - o x i d e of 2 [13). U s i n g t h r e e e q u i v a l e n t s 

of b r o m i n e g a v e 9̂  a s t h e m o s t f a v o u r e d c o m p o n e n t . T h e produc t d i s tr ibut ions w h i c h w e r e o b t a i n e d a r e s u m m a r i z e d in 

T a b l e 1. 

T a b l e 1 

Product distribution (%) in t h e b r o m i n a t i o n of d i th ieno[2 ,3 -b:3 ' ,4 ' , -a ]pyr id ine 5 a s a func t ion of t h e a m o u n t of b r o m i n e . 

E q u i v a l e n t s C o m p o u n d 

of b r o m i n e 8 a 1 0 11^ 1 2 

1.1 3 8 1 8 3 t r a c e -

2 . 2 1 6 2 6 1 0 1 8 -

2 . 6 1 3 2 4 8 2 0 2 

3 . 0 11 3 7 8 2 0 2 

In order to find m o r e s e l e c t i v e m e t h o d s for b r o m i n a t i o n , t e t r a b u t y l a m m o n i u m p e r b r o m i d e in d i c h l o r o m e t h a n e in t h e p r e s 

e n c e of e x c e s s of s o d i u m h y d r o g e n c a r b o n a t e [14] w a s a p p l i e d . H o w e v e r , t h e total y ie ld w a s 1 8 % of 8 a n d 1 0 % of 9. 

B r o m i n a t i o n with A ^ b r o m o s u c c i n i m i d e in c h l o r o f o r m at r o o m t e m p e r a t u r e or b y ref luxing c o u l d a l s o b e a c h i e v e d ( T a b l e 

2 ) . Unfor tunate ly t h e y i e l d s w e r e q u i t e s m a l l in s p i t e of t h e e a s i e r work-up p o c e d u r e . 

T a b l e 2 

P r o d u c t distribution (%) in t h e b r o m i n a t i o n of d i th ieno[2 ,3-b:3 ' ,4 ' , -c^pyrid ine _5 a s a funct ion of t h e r e a c t i o n c o n d i t i o n s . 

E q u i v a l e n t s C a t a l y s t T i m e , t e m p . C o m p o u n d s 

of N B S B 9 1 0 

1.1 1 d a y , rt 1 9 1 3 3 -

1.1 HCIO4 2 - 3 h, rt 2 8 2 2 3 2 

1.1 P i c a 4 - 5 h, rt 61 t r a c e - -

2 . 2 5 - 7 h, rt 7 4 9 3 5 

W h e n this work w a s in p r o g r e s s , a p a p e r b y G o l d b e r g a n d Alper [ is ] d e s c r i b e d b i p h a s i c e l ec trophi l i c h a l o g e n a t i o n of acti

v a t e d a r o m a t i c s a n d h e t e r o a r o m a t i c s with / V - h a l o s u c c i n i m i d e s , c a t a l y z e d b y perch lor i c a c i d . It s e e m e d v e r y promis ing , a s 

236 



E. Temciuc, A-B. Hdmfeldt and S. Gronowitz Heterocyclic Communications 

th i s r e a c t i o n to 5, u s i n g 1 . 2 5 e q u i v a l e n t s ot i o d i n e . T h e 8 - i o d o d e r i v a t i v e 1 3 w a s o b t a i n e d in 4 1 % y ie ld t o g e t h e r with 

smal l a m o u n t s of t h e 6 , 8 - d i i o d o der iva t ive 1 4 . U s i n g 2 . 5 e q u i v a l e n t s of i o d i n e g a v e after 4 - 5 h o u r s at r o o m t e m p e r a t u r e 

on ly 14 . in 3 4 % yie ld . A l t h o u g h t h e y i e l d s a r e l o w e r t h e w o r k - u p of t h e p r o d u c t s i s m u c h e a s i e r t h a n in t h e b r o m o c a s e . 

L o n g e r r e a c t i o n t i m e s ( o v e r n ight ) g a v e a c c o r d i n g to m a s s s p e c t r u m a m e r c u r a t e d c o m p o u n d , w h i c h p r o b a b l y i s t h e 8 -

i o d o - 6 - i o d o m e r c u r y der ivat ive 1 5 . H o w e v e r , it w a s no t p o s s i b l e to g r o w c r y s t a l s g o o d e n o u g h tor X-ray c r y s t a l l o g r a p h y . 

T h e s tructures of 13^ a n d 1 4 w e r e d e t e r m i n e d by m a s s a n d N M R s p e c t r o s c o p y in a n a l o g y with t h o s e of t h e c o r r e s p o n d i n g 

b r o m o der iva t ives , 8 a n d 9. 

W e h a v e p r e v i o u s l y s t u d i e d t h e h a l o g e n - m e t a l e x h a n g e of t h e 1 , 3 - d i b r o m o d e r i v a t i v e of 3 with butyl l i thium a n d t h r o u g h 
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t h e y c o u l d t r a n s f o r m t h i o p h e n e to e i t h e r 2 - b r o m o t h i o p h e n e or 2 , 5 - d i b r o m o t h i o p h e n e in a l m o s t q u a n t i t a t i v e y i e l d s , b y 

u s i n g e i ther o n e or t w o e q u i v a l e n t s of A / - b r o m o s u c c i n i m i d e . 

W h e n w e u s e d perch lor ic ac id a s c a t a l y s t , t h e r e a c t i o n w a s v i g o r o u s a n d after a b o u t 1 5 m i n u t e s 9 h a d b e e n f o r m e d a n d 

after 2 . 5 h o u r s n o starting mater ia l c o u l d b e d e t e c t e d . After w o r k - u p o n l y l o w y i e l d s of b r o m i n a t e d p r o d u c t s w e r e o b t a i n e d 

(cf. T a b l e 2 ) . W e there fore u s e d t h e w e a k e r c a t a l y s t , picric a c i d , a n d m a n a g e d in t h i s w a y to o b t a i n a 6 1 % yie ld of 8 and 

t r a c e a m o u n t s of 9 b y u s i n g 1.1 e q u i v a l e n t s of A / - b r o m o s u c c i n i m i d e at r o o m t e m p e r a t u r e a n d a r e a c t i o n t i m e of 4 - 5 

h o u r s . With 2 . 2 e q u i v a l e n t s 4 9 % of 9, w a s o b t a i n e d after 6 - 7 h o u r s at r o o m t e m p e r a t u r e , t o g e t h e r with s m a l l a m o u n t s of 

8 , 1 0 and 11 ( T a b l e 2 ) . 

M a s s s p e c t r u m s h o w e d that 8 c o n t a i n e d o n l y o n e b r o m i n e . N M R s h o w e d t h e c h a r a c t e r i s t i c 2 , 3 - c o u p l i n g c o n s t a n t of 

5 . 8 5 Hz for t h e C-ring a n d a d o w n field shift of t h e . absorpt ion d u e to t h e p r o t o n in t h e 1 - p o s i t i o n g iv ing e v i d e n c e for that 

t h e b r o m o s u b s t i t u e n t i s in t h e 8 - p o s i t i o n . T h e m a s s s p e c t r u m of ^ s h o w e d a pa t t ern c h a r a c t e r i s t i c for a d i b r o m o der iv -

t ive . T h e C-r ing c o n t a i n i n g t w o p r o t o n s with t h e c o u p l i n g c o n s t a n t of 5 . 8 0 H z , c o n c e q u e n t l y 9^ i s t h e 6 , 8 - d i b r o m o 

der ivat ive . M a s s s p e c t r u m of 1 0 g a v e that it i s a tr ibromo d e r i v a t i v e a n d t h e ^ H N M R s h o w e d t w o s i n g l e t s , b e s i d e s t h e 

o n e d u e to t h e pro ton in t h e 5 - p o s i t i o n , t h e r e i s o n e at 6 8 . 2 5 , in t h e s a m e r e g i o n a s t h e a b s o r p t i o n d u e to t h e p r o t o n in 

t h e 1-pos i t ion of 8 and 9. T h e c o n c l u s i o n i s that 1 0 i s t h e 2 , 6 , 8 - t r i b r o m o d e r i v a t i v e . T h e d i b r o m o d e r i v a t i v e 11 g a v e a ^ H 

N M R c o n s i s t i n g of t h r e e s i n g l e t s at 6 8 . 8 0 , 8 . 3 0 a n d 8 . 1 0 , w h i c h c a n b e a s i g n e d to t h e 5- , 1 - a n d 6 -pro ton , r e s p e c t i v e l y . 

T h e m o n o b r o m o d e r i v a t i v e 1 2 s h o w e d in its ^H N M R s p e c t r u m four d o u b l e t s , w h i c h t w o a n d t w o h a d sp l i t t ings of 3 . 1 0 

a n d 5 . 8 0 Hz , r e s p e c t i v e l y , g iv ing e v i d e n c e for that b o t h t h e A-ring a n d t h e C-ring a r e no t s u b s t i t u t e d . Furthe m o r e t h e r e 

w a s n o a b s o r p t i o n in t h e r e g i o n of d 8 . 9 5 , c o n s e q u e n t l y 1 2 i s t h e 5 - m o n o b r o m o der ivat ive . 

M a n y m e t h o d s for t h e i od ina t ion of t h i o p h e n e s a r e k n o w n . Iod ine a n d m e r c u r i c o x i d e i s a g e n e r a l l y u s e d m e t h o d , t h e 

d r a w b a c k of th is m e t h o d i s that o n l y half of t h e i o d i n e i s c o n s u m e d [16,17]. A w a y to c i r c u m v e n t this d r a w b a c k i s to o x i d i z e 

t h e hydro iod ic a c i d b a c k to i o d i n e . For this p u r p o s e nitric ac id [ia) or i od ic a c i d [17,19) h a v e b e e n u s e d n u m e r o u s t i m e s . 

H o w e v e r , w h e n w e tried t h e m e r c u r i c o x i d e m e t h o d a n d i o d i n e - i o d i c a c i d m e t h o d o n l y low y i e l d s of i o d i n a t e d p r o d u c t s 

w e r e o b t a i n e d . 

A r e c e n t p a p e r d e s c r i b e d t h e s y n t h e s e s of different i o d i n a t e d a r o m a t i c c o m p o u n d s in g o o d y i e l d s , u s i n g i o d i n e a n d a 

mercury( l l ) sa l t s u c h a s t h e ch lor ide , nitrate or triflate in d i c h l o r o m e t h a n e at r o o m t e m p e r a t u r e [20). W e t h e r e f o r e a p p l i e d 
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reac t ion with s u i t a b l e e l e c t r o p h i l e s p r e p a r e d v a r i o u s 1 , 3 - d i f u n c t i o n a l i z e d d e r i v a t i v e s [21). H a l o g e n - m e t a l e x c h a n g e of 9 

with butyllithium at - 7 0 ° C in a n h y d r o u s e t h e r f o l l o w e d by h y d r o l y s i s g a v e £ ( 4 8 % ) , 9, ( 2 4 % ) a n d 5 ( 6 % ) . N o 6 - b r o m o d e 

rivative c o u l d b e d e t e c t e d . T h e b e h a v i o u r w a s t h u s very s imi lar t o that of 3_[2ii. H a l o g e n - m e t a l e x c h a n g e of 9 with 2 . 2 0 

e q u i v a l e n t s of butyll ithium f o l l o w e d by h y d r o l y s i s g a v e 8 9 % of 5. T h e dilithiation w a s c o m p l e t e in 2 0 - 2 5 min a t - 7 0 °C . 

T h u s c o m p o u n d 9 a p p e a r s to b e a p r o m i s i n g start ing mater ia l for v a r i o u s 6 , 8 - d i s u b s t i t u t e d d e r i v a t i v e s of 5 of potent ia l bi

o log i ca l interest , t h r o u g h h a l o g e n - m e t a l e x c h a n g e f o l l o w e d by v a r i o u s e l e c t r o p h i l e s . 
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