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ABSTRACT 
T h e w o r k p r e s e n t s the s y n t h e s i s o f ter t iary b i s m u t h i n e s c o n t a i n i n g h e t e r o c y c l i c a r o m a t i c r ings o f g e n e r a l 
f o r m u l a (2-XC.H-,)- ,Bi w h e r e X = S (1) ; Ο ( 2 ) or N M e (3) . T h e s e b i s m u t h i n e s w e r e c h a r a c t e r i z e d by IR, 
R a m a n , M a s s , H. n C , C O S Y N M R spec t ro scopy . Molecu la r s t ruc ture of (2-C 4H;,0)- ;Bi (2 ) w a s d e t e r m i n e d 
by X- ray d i f f r a c t i o n . Tox ic i ty agains t larvae of A t r e m i a Sal ina was de t e rmined . 

INTRODUCTION 
Ter t i a ry b i s m u t h i n e s a re little lesser k n o w n in c o m p a r i s o n to p h o s p h i n e s and a r s i ne s [ I ] . A l t h o u g h t he r e 

exis t a n u m b e r o f r epor t s on p h o s p h i n e s and a r s ines con ta in ing a r o m a t i c h e t e r o c y c l i c r ing d i rec t ly a t t a c h e d 
to Ρ o r A s r e s p e c t i v e l y [2-5] , a f e w r epo r t s a re k n o w n on t he c o r r e s p o n d i n g a n t i m o n y a n d b i s m u t h 
h o m o l o g u e s [6-7] . R e c e n t l y s o m e wel l c h a r a c t e r i z e d s t i b i n e s c o n t a i n i n g a r o m a t i c h e t e r o c y c l e s w e r e 
r e p o r t e d by o u r g r o u p [8-9J. In e a r l y 4 0 s a r e p o r t h a s a p p e a r e d on t h e s y n t h e s i s o f t r i s ( 2 -
t h i e n y l ) b i s m u t h i n e s and t r i s (2 - fu rv l )b i smu th ine s and cha rac te r i za t ion w a s d o n e by e l e m e n t a l a n a l y s i s o n l y 
[10 ,11] , 
S i d e w i s e b i s m u t h has k n o w n for its b io logica l ac t iv i ty and h e n c e its app l i ca t i on in m e d i c i n a l c h e m i s t r y . A 
n u m b e r o f o r g a n o b i s m u t h c o m p o u n d s h a v e b e e n i n v e s t i g a t e d f o r p o t e n t i a l b i o a c t i v i t y . It is t he 
u n q u e s t i o n a b l e a n t i m i c r o b i a l ac t i v i t y o f s o m e o r g a n o b i s m u t h c o m p o u n d s at l ow c o n c e n t r a t i o n s , the 
r e l a t ive ly low h u m a n cell c y t o t o x i c i t y h i g h l i g h t s the c h e m i s t r y o f b i s m u t h as an i m p o r t a n t f o c u s fo r the 
d e v e l o p m e n t or d i s c o v e r y o f n e w p h a r m a c e u t i c a l a g e n t s [12-13] . In v i e w o f o u r in t e re s t on s t r u c t u r a l 
a spec t s o f o r g a n o a n t i m o n y and o r g a n o b i s m u t h c o m p o u n d s and ex i s t ence of s can ty r epor t s on b i s m u t h i n e s 
w h e r e b i s m u t h is d i rect ly a t tached to an a romat i c he te rocyc le this w o r k w a s u n d e r t a k e n . 

MATERIALS AND METHODS 
All the s o l v e n t s w e r e d is t i l led i m m e d i a t e l y pr ior to use . 2 - T h i e n y l l i t h i u m w a s p u r c h a s e d f r o m A h l d r i c h . 
All the r e a c t i o n s w e r e p e r f o r m e d u n d e r an a t m o s p h e r e of o x y g e n - f r e e , dry n i t r o g e n . M e l t i n g p o i n t s w e r e 
o b t a i n e d on a M E L - T E M P II Fisher and are uncor rec t ed . Far IR spec t r a w e r e r e c o r d e d in p o l y e t h y l e n e on 
N ico l e t - M a g n a 750 s p e c t r o m e t e r . El and CI m a s s spec t ra w e r e r e c o r d e d on Jeol S X 1 0 2 d o u b l e f o c u s i n g 
m a s s s p e c t r o m e t e r wi th r eve r se g e o m e t r y us ing a 6 k V X e n o n b e a m ( 1 0 m A ) . N M R s p e c t r a w e r e co l l ec t ed 
on Jeol Ec l ipse 300 ( 1 H: 300 M H z ; l 3 C: 75 M H z ) in c h l o r o f o r m . 
X - r a y c r y s t a l l o g r a p h y : D a t a w e r e c o l l e c t e d o n a S i e m e n s P 4 / P c d i f f r a c t o m e t e r a t 2 9 3 ° K u s i n g 
m o n o c h r o m a t e d M o - Κ α r a d i a t i o n ( λ = 0 . 7 1 0 7 Ä) . T h e s y s t e m u s e d f o r c a l c u l a t i o n s w a s S i e m e n s 
S H E L X T L P L U S ( P C V e r s i o n ) [ 14 -16 ] u s i n g s e m i - e m p i r i c a l a b s o r p t i o n c o r r e c t i o n a n d s t r u c t u r e 
d e t e r m i n a t i o n w a s d o n e by di rec t m e t h o d s and r e f i n e m e n t by a ful l ma t r ix least s q u a r e s p r o c e d u r e . T h e 
c rys ta l l in i ty o f the s a m p l e w a s poor and crys ta l d e c a y e d d u r i n g co l l ec t ion . L a r g e res idua l e lec t ron d e n s i t y 
w a s o b s e r v e d a r o u n d b i smuth a tom. 
S y n t h e s i s o f ( 2 - C 4 H 3 S ) 3 B i (1 ) 
A s o l u t i o n o f b i s m u t h t r i c h l o r i d e (3 .22 g, 14.1 m m o l ) in T H F (15 m L ) w a s a d d e d d r o p w i s e , u n d e r a 
n i t r ogen a t m o s p h e r e , to 2 - t h i e n y l l i t h i u m (3.81 g, 4 2 . 3 m m o l ) (1 Μ in T H F ) at - 2 0 ° C wi th c o n t i n u o u s 
s t i r r ing. T h e m i x t u r e w a s fu r the r st irred for 30 min at room t e m p e r a t u r e and then q u e n c h e d wi th w a t e r - i c e 
m i x t u r e . A f t e r e x t r a c t i o n wi th h e x a n e ( 3 x 5 m L ) and d r y i n g o v e r s o d i u m s u l f a t e s o l v e n t w a s r e m o v e d 
u n d e r v a c u u m . S l o w concen t r a t i on f r o m c h l o r o f o r m solut ion y ie lded the m i c r o c r y s t a l l i n e p o w d e r . M S (EI ) 
m/z ( % ) : , 3 7 5 (2 .8 ) [ M - ( 2 - S C 4 H 0 l , 292 ( 1 0 0 ) [ M - ( 2 - S C 4 H , n ; M S ( C I ) m/z ( % ) : 4 5 9 ( 3 . 5 4 ) [ M + ] , 3 7 5 
(95 .7 ) [ M - ( S C 4 H 3 ) · ] . 
Syn thes i s o f (2-C 4 H-,0) : ,B i (2) 
T h e c o m p o u n d w a s s y n t h e s i z e d by a s imi la r p r o c e d u r e to 1. 2 - F u r y l l i t h i u m w a s p r e p a r e d a c c o r d i n g to the 
l i te ra ture p r o c e d u r e [17], M S ( E l ) m/z ( % ) : 4 1 0 ( 2 . 1 2 ) [M"], 343 (6 .4 ) [ M - ( 2 - O C 4 H 0 ], 2 7 6 ( 9 7 . 8 ) [ M - ( 2 - 0 
C4H-,)*]; M S ( C I ) w / r (%) : 4 1 1 ( 5 . 1 8 ) [M*]. 343 (46 .1 ) [ M - ( 0 C 4 H 3 ) + ] , 2 7 6 (4.9) [ M - ( 2 - 0 C 4 H 3 ) l . 
S y n t h e s i s o f ( 2 - C 4 H . N M e ) 3 S b (3) 
T h e c o m p o u n d w a s s y n t h e s i z e d by a s i m i l a r p r o c e d u r e [14] to ( 1 ) . 1 - M e t h y l - 2 - p y r r o l y l l i t h i u m w a s 
p r e p a r e d a c c o r d i n g to t he l i t e r a t u r e p r o c e d u r e . M S ( E I ) m/z ( % ) : 4 4 9 ( 0 . 7 ) [ M " ] , 3 6 9 ( 3 . 5 ) [ M -
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( C 4 H 3 N M e ) + ] , 2 8 9 ( 5 9 . 6 ) [ M - ( 2 - C 4 H 3 N M e ) * ] ; M S ( C I ) m/z ( % ) : 4 5 0 ( 7 . 8 ) [M~] , 3 6 9 ( 2 1 . 9 ) [ M -
( C 4 H 3 N M e ) + ] , 2 8 9 (7 .0) [ M - ( 2 - C 4 H 3 N M e ) + ] . 
T o x i c o l o g i c a l s tud ie s on larvae of A t r e m i a Sal ina : 
T h e l a rvae o f A t r e m i a Sa l ina w e r e ob ta ined in a 5 0 0 m l o f s ea - type wa te r so lu t ion ( p r e p a r e d wi th Ins tant 
O c e a n A q u a t i c S y s t e m s ) with a concen t r a t ion o f 37 .5g /L . T h e eggs of A. Sal ina w e r e incuba ted at 2 5 ° C for 
4 8 hrs . A s tock so lu t ion of 2 0 m M in D M S O o f these c o m p o u n d s w a s di luted to 2 m M and I m M in sea t y p e 
wa te r . 
100μ o f the la rvae so lu t ion w e r e p laced in a mic ro pla te N U N C with 96 wal l s to ob ta in a d i s t r ibu t ion of 10 
l a rvae /wa l l and 1 0 0 μ ί o f s tock so lu t ion . T h i s last g i v e a total c o n c e n t r a t i o n o f I m M and 0 . 5 m M . T h e 
cu l tu res w e r e incuba ted for 2 4 hr in o rder to de t e rmine the c o m p o u n d s toxic i ty . 
T h e LC50 v a l u e w a s d e t e r m i n e d a c c o r d i n g to R e e d - M u e n c h ( c o l e g a t e ) m e t h o d a n d Prob i t a n a l y s i s 
p r o g r a m m e . LC 5 0 is the lethal concen t ra t ion wi th 5 0 % mortal i ty . 

R E S U L T S A N D D I S C U S S I O N 
T h e th ree te r t ia ry b i s m u t h i n e s r ema in una f f ec t ed by water , thus the Bi -C b o n d s in the a b o v e c o m p o u n d s are 
no t h y d r o l y z e d by w a t e r a l o n e . T h e s e t r i s ( 2 - h e t e r o a r y l ) b i s m u t h ( l l l ) d e r i v a t i v e s b e h a v e l ike o t h e r 
t r i a r y l b i s m u t h i n e s and a re t h e r m a l l y s tab le and mel t w i t h o u t d e c o m p o s i t i o n . T h e s e c o m p o u n d s s h o w very 
s l o w d e g r e e of d e c o m p o s i t i o n at r o o m t e m p e r a t u r e in mois t a t m o s p h e r e . T h e d e c o m p o s i t i o n p roduc t cou ld 
not be cha rac t e r i zed b e c a u s e of its insolubi l i ty in c o m m o n solvents . 
O n the b a s i s o f t he s t ruc tu re of o t h e r te r t ia ry b i s m u t h i n e s [18] a p y r a m i d a l s t r u c t u r e m a y be a s s i g n e d to 
c o m p o u n d 1-3 . m.p . , % y i e l d , se lec ted IR and R a m a n bands da t a a re p r e sen t ed in T a b l e I. In t he f a r IR 
s p e c t r a and R a m a n spec t ra C - B i v ib ra t ions w e r e o b s e r v e d [19] e .g. bands at 6 1 9 , 565 , 4 6 6 and 2 6 6 cm"1 

can be a s s i g n e d to C - B i v ibra t ions in the far IR spect ra of c o m p o u n d (1). 

T a b l e 1. E l e m e n t a l ana lyse s and physical propert i e s of t r ihe teroary l s t ib ines and der ivat ives . 
N o . C o l o u r m.p . 

( °C) 
Yie ld (%) Selected fa r IR ( R a m a n b a n d s ) 

(1) w h i t e 136-137 55 6 1 9 , ( 6 2 0 ) , 5 6 5 , ( 4 9 8 ) , 4 6 6 , ( 2 2 0 ) , 2 1 6 
(2) w h i t e 115 4 9 746 , (746) , (615) .597(599) , ( 2 5 6 ) 2 4 6 , ( 2 2 9 ) 
(3) light b r o w n 109-110 4 7 673 , (671 ) ,604,406, ( 3 9 8 ) , 2 5 6 , ( 2 5 1 ) , 2 2 0 . ( 2 2 1 ) 

EI m a s s spec t r a l a n a l y s e s o f t r i h e t e r o a r y l b i s m u t h de r iva t ives s h o w s o m e c o m m o n f r a g m e n t a t i o n pa t t e rn . 
T h e f r a g m e n t a t i o n p e a k s o b s e r v e d for he t e rocyc l i c par t are not of m u c h i m p o r t a n c e and are a c c o r d i n g to 
t h o s e r e p o r t e d in the l i t e ra ture [20] . In the EI m a s s spec t r a o f t r i s (2 - th i eny l )b i smu th ( I I I ) m o l e c u l a r ion 
p e a k cou ld not be o b s e r v e d w h i l e fo r the c o m p o u n d (2) and (3) the m o l e c u l a r ion peak p e r c e n t a g e w a s 
very low, CI m a s s spec t ra w e r e ob ta ined for t hese c o m p o u n d s to c o n f i r m the m o l e c u l a r ion. 
'H and l j C c h e m i c a l sh i f t s a re repor ted in T a b l e 2. T h e p ro ton N M R spec t ra o f t hese c o m p o u n d s s h o w a 
c h a r a c t e r i s t i c p a t t e r n o f t h r e e m u l t i p l e t s in the a r o m a t i c r e g i o n . In all t he c a s e s a s s i g n i n g i n d i v i d u a l 
p ro ton ic s igna l w a s based on J H η coup l ing cons tan t va lues [21] and w a s c o n f i r m e d by C O S Y . 
For 5 m e m b e r e d he t e rocyc l e subs t i tu ted at 2 n d posi t ion by b i smuth , it w a s obse rved that H ' and H" a re m o r e 
d e s h i e l d e d c o m p a r a t i v e l y to the pa ren t unsubs t i tu t ed he t e rocyc l e w h i c h m a y be d u e to the ρπ-dr t b o n d i n g 
as repor ted ea r l i e r fo r p h o s p h i n e s and s t ib ines [2,8]. Four L 'C s ignals were obse rved for t hese c o m p o u n d s in 
t h e a r o m a t i c r e g i o n . S i m i l a r l y to p r o t o n N M R , C a n d C 3 c a r b o n s h o w m o r e p r o n o u n c e d s h i f t in 
c o m p a r i s o n to C and C 2 c a r b o n s in the 1 J C N M R spect ra 

T a b l e 2. *H a n d l 3 C N M R shi f ts f or t r i s (2 -he teroary l )b i smuth ines ( I I I ) 
C o m p o u n d δ Η 1 | δ Η 4 I δ Η ' 1 8C" | 8 C J | ÖC4 | SC' 

J( in Hz) 

(1) 
( C 5 H 3 S ) 3 B i 

7.45 
J34 (3 .3) 

7 .19 
J,5 (0 .84) 

7 .69 
J 4 5 (4 .68) 

145.65 129.30 133.04 137.91 

(2) 
( C 5 H 3 0 ) 3 B i 

6 .67 
J}< (3 .3) 

6 .48 
J3s (0 .90) 

7 .69 
^45 (1 .8) 

125.02 124.49 11.03 147.99 

(3) 
( C 5 H 3 N M e ) 3 B i 

6 .15 
J* (3 .5) 

6 .10 
•A, (1 .6) 

6 .82 
J» (2 .7) 

121.63 122.62 1 10.34 126.12 (3) 
( C 5 H 3 N M e ) 3 B i 

δ Μ ε 3 .56 δ Μ ε 38 .34 

* V a l u e s o f δ ( p p m ) fo r unsubs t i t u t ed h e t e r o c y c l e s are : t h i o p h e n e (H2 7 .18 , H3 6 .99 ) , f u r a n (Η" 7 .29 , H ' 
6 .24) , l - M e t h y l p y r r o l e (H 2 6 .74 , Η 3 6 .28) 
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T o best of our k n o w l e d g e this a p p e a r s to be the first repor t on the m o l e c u l a r s t ruc tu re o f b i s m u t h i n e 
c o n t a i n i n g a roma t i c he t e rocyc le s . X- ray d i f f r ac t ion pa ramete r s and se lected bond lengths and a n g l e s fo r 
c o m p o u n d 2 are listed in T a b l e 3 and 4 respec t ive ly . T h e m o l e c u l a r s t ruc ture and unit cell p a c k i n g are 
shown in Figure 1 and 2 respect ively . 

T a b l e 3. Se lected bond lengths (Ä) and bond angles (°) for C o m p o u n d (2) 

B i ( l ) - C ( 1 0 ) 2 .20(3) C ( 1 0 ) - B i ( l ) - C ( 6 ) 90 .0 (13) 
B i ( l ) - C ( 2 ) 2 .22(2) C ( 1 0 ) - B i ( l ) - C ( 2 ) 92 .4(9) 
B i ( l ) - C ( 6 ) 2 .21(3) C ( 6 ) - B i ( l ) - C ( 2 ) 91 .3 (9) 
0 ( 1 ) - C ( 2 ) 1.35(3) 0 ( 3 ) - C ( 1 0 ) 1.33(3) 

0 ( 3 ) - C ( 1 3 ) 1.35(3) 0 ( 2 ) - C ( 9 ) 1.46(4) 
0 ( 1 ) - C ( 5 ) 1.36(4) 0 ( 2 ) - C ( 6 ) 1.32(4) 

Figure 1 M o e c u l a r s tructure of tris( 2 - fury l )b i smuth ine (2) 

T r i f u r y l b i s m u t h has py ramida l con f igu ra t i on about the b i smuth a tom as in t r i p h e n y l b i s m u t h [22] wi th a 
s t e reochemica l ly ac t ive lone pair de f in ing the fourth posit ion. T h e average C - B i - C is 91 .2° wh ich is s l ight ly 
smal le r than f o u n d in Ph 3 Bi (93 .6°) and which is s igni f icant ly smal le r than the te t rahedral ang le sugges t i ng 
the poor p e r c e n t a g e s -cha rac te r for the orbi ta ls of b i smuth . Th i s is not a l toge ther u n e x p e c t e d in v i ew of 
high stabil i ty of the 6s orbi tal . T h e molecu le as a whole possesses no symmet ry because of unequa l rotat ion 
of furyl g roups about their respect ive Bi-C bonds. 

T h e m e a n B i -C bond length is 2 . 2 1 Ä , wh ich is s l ight ly shor te r than that f o u n d in o the r b i s m u t h i n e s 
con ta in ing a roma t i c r ing e.g. 2 .23 (3 )Ä in Ph3Bi[223]T 2 .24(3 ) Ä in ( 4 - M e 2 N - C 6 H 4 ) 3 B i [ 2 4 ] ; 2 . 2 6 ( 8 ) A in 
(2 ,6 -F 2 C 6 H 3 ) ? Bi [25 ] a n d 2 . 2 6 ( 2 ) Ä in (2 ,4 ,6 -mes i t i l ) : ,B i [26] . T h i s o b s e r v a t i o n a l s o s u p p o r t s a m o r e 
impor tan t ρ π - d n interact ion in these b i smuth ines con ta in ing a romat i c he te rocycl ic r ings thus sho r t en ing o f 
b o n d . S i m i l a r r e su l t s w e r e r epor ted fo r s t ib ines c o n t a i n i n g t h e s e g r o u p s . T h e r e ex i s t s a ve ry w e a k 
i n t e r m o l e c u l a r in te rac t ion be tween the centra l meta l b i smu th and t w o o x y g e n a t o m s o f d i f f e r e n t fury l 
g r o u p s of a n o t h e r m o l e c u l e T h e Bi . . . .O bond d i s tance is 3 .53 A, wh ich is c lose to the sum o f Van der 
Waa l s radii (3 .60 Ä). 
T h e toxici ty o f these c o m p o u n d s on larvae of Ar temia S a h n a , LC 5 0 va lues w e r e d e t e r m i n e d . For tris (2-
t h e i n y l ) b i s m u t h ( l l l ) . T h e L C 5 0 va lue w a s > 1 0 0 0 and no tox ic ac t iv i ty w a s o b s e r v e d e v e n at h igh 
concen t ra t ion ( 1 0 0 0 μ Μ ) : its e f fec t on larvae was insignif icant . On the o ther hand, tris ( 2 - f u r y l ) b i s m u t h ( l l l ) 
e x h i b i t e d h igh tox ic i ty wi th a L C 5 0 va lue of 99 whi le tris ( N - M e t h y l pyr ro ly l ) b i s m u t h s h o w e d an 
in termedia te toxici ty ( L C 5 0 5 98). 
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Figure 2 Unit cell of tris( 2-furyl)bismuthine (2) 

Table 5. Crystal data for compound (2) 

Compound 
(2 -C 4 H 3 0) 3 Bi (2) 

Empirical formula C12H9O3B1 Formula weight 410.17 

Crystal system Triclinic Crystal size (mm) 0.36 x 0.20 x 0 . 1 6 

Space group P c a (A) 8.533(1) 

b ( A ) 8.782(1) c ( A ) 8.901(1) 

a ( ° ) 88.471(1) β Π 85.129(1) 

γ Ο 63.078(1) ζ 2 
μ[ΜοΚ.α] ( m m " ) 14.866 ν (AO 592.52(2) 

2Θ(°) 2.3 to 25.0 Dcalc (g c m " ) 2.299 

Reflections collected 2194 Unique reflections 2046 

Rint 0.050 R[I>2o(I)] 0.080 

Refinement method Full matrix least square Method of solution SHELXS-97 

Extinction Coeffcient 0.0026(2) Max/min Δρ (e A""') 3 . 2 4 / - 4 . 1 1 

S [goodness-of-fi t] 1.00 Deposition number C C D C 171426 
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