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A REGIMPECIFIC SYNTHESIS OF CARBOSLBSTITUTED,HETEROAROMATIC DERIVATIVES VIA 
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- The Pd-catalyzed cross-coupl ing react ion of e i t h e r  he temary l z inc  

der ivat ives w i t h  unsaturated organic ha l ides o r  he temary l  ha l ides w i t h  or -  

g a n o m t a l l i c  reagents m n t a i n i n g  Zn o r  A1 can produce c lean ly  and regiospe- 

c i f i c a l l y  the correspondingcarbo-substitutedhetemaromatic conpounds'in h igh 

y ie lds .  

h e  cmss-coupl ing react ion of o r g a n o m t a l l i c  reagents w i t h  org imic  ha l ides i n  the presence o f  Ni 2 

3 o r  Pd cata lys ts  has emrged  as a ve rsa t i l e  and useful synthet ic  t o o l  t h a t  can complemnt the Cu- 

based m t h ~ d o l o g y . ~  . . While the a p p l i c a b i l i t y  of the Ni-catalyzed cross coupl ing t o  the synthesis o f  

carbo-substituted heternaromatics has been widely e ~ a m i n e d , ~  t h a t  of the Pd-catalyzed cmss-  
' 

6 coupl ing i s  e s s e n t i a l l y  unknown. 

We n w  repor t  t h a t  a va r ie t y  of carbo-substitutedhetemammatic der ivat ives can indeed b e ' r e a d i i y  
. . 

synthesized v i a  Pd-catalyzed cmss coupl ing i nvo lv ing  e i t h e r  h e t e r o a r y l m t a l s  o r  heteroary l  halides. 

As representat ive heteroammatics 2- a i d  3-furyl ,  2- th ieny l ,  and 2-  and 3-pyr idy l  sys tem were 

chosen. 

As i nd i ca ted  by the s t ructures o f  the pmducts ! - as w e l l  as by the resu l t s  sunmarired i n  the 

Table, i n t r o d u c t i m  of  unsaturated organic gmups, such as alkenyl, a r y l ,  and alkynyl ,  i n  the above- 

mn t ioned  pos i t i ons  i n  the hetemaromatic systems can now be read i l y  achieved by the Pd-catalyzed 

cmss coupling. 

t ~ e  wish t o  d e d i c a t i  t h i s  paper t o  Pmfessor  Herber t  C. B r w n  on the occasion 

' o f  h i s  70th bir thday. 
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A l l  react ions are run a t  room temperature i n  THF i n  the presence of 5 ml % of Pd(PPh3I4. The need 

for  Pd(PPh3)4 has been bstab l ished i n  a l l  cases by running cont ro l  experiments i n  the absence o f  

Pd(PPh3)4. 

I n  some cases proper se lect ion o f  the reagents o r  the charge a f f i n i t y  pat tern  i s  o f  c r i t i c a l  i m -  

portance. Thus, whi le  both 2-lodofuran (Entry 1) and 2- fury lz inc  ch lor ide (Entry 2) can be read i l y  

converted i n t o  2-phenylfuran (1). only 3- fury lz inc  ch lor ide (Entry 3). b u t  n o t  3-bmmofuran (Entry 

4). can be converted i n t o  3-phenylfuran. Likewise, whi le  3-pyr idy lz inc  ch lor ide (Entry 14) can be 

successful ly employed, we have been unable t o  use 3-bmmpyr id ine (Entry 15) i n  the Pd-catalyzed 

cross coupling. 

We have previously found tha t  the use of metals of i n t e m d i a t e  e l e c t m n e g a t i v i t y  leads t o  h igh ly  

favorable resu l t s7  i n  coupl ing two unsaturated groups. h t h i s  basis unsaturated organorinc and 

organoaluminum reagents are used i n  the present study. The Pd-catalyzed react ion of 2-brom- 

pyr id ine w i t h  n-hexylzinc ch lor ide (Entry 12) ind icates t h a t  a l k y l a t i o n  o f  heteroammatic ckr iva-  

t i ves  i s  also feasible. I n  t h i s  case, the r e l a t i v e  e f fec t iveness o f  n-hexylmagnesium bromide and 

n-hexylzinc ch lor ide prepared by t rea t ing  the former w i t h  one equivalent o f  anhydmus ZnC12 has - 
been mmpared. While the l a t t e r  react ion i s  complete w i t h i n  12 h r  a t  mom temperature producing 

2-(n-hey1)pyr idine i n  essen t ia l l y  quan t i t a t i ve  y i e l d ,  t h a t  of the Grignard reagent merely consumed 
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2-bmmpyr id ine wi thout  producing the &s i red  product i n  any m r e  than a t race ( <  2%) moun t  under 

comparable react ion c m d i  ti ms.  

As might be expected on the basis of ou r  previous  finding^,^ the Pd-catalyzed react ion of 2-brom- 

py r id ine  w i t h  (EJ-(2-mthyl-1-octeny1)dimethylalane proceeds w i t h  complete re ten t ion  o f  the 

alkenyl stereochemistry. Schem 1 sumnarizes the resu l ts  obtained w i t h  2-brompyridine and shows 

the v e r s a t i l i t y  o f  the present mthodology w i t h  respect to the s t ruc tu ra l  types of the organic 

subst i tuents introduced on the heteroammatic rings. 

Scheme 1 

79% < 2% - 
The fol lowing procedure fo r  the preparat ion of (Q-2-(2-methyl-1-octeny1)pyridine (9 )  i s  repre- 

sentat ive. To 1.58 g (10 m l )  of 2-brompyr id ine and 0.346 g (0.3 mml)  of Pd(PPh3)4 i n  50 ml of 

M F  i s  added the (0-(2-methyl-1-octenyl)dimthyla~ane, prepared from 1.10 g (10 mml)  o f  1-octyne, 

1.449 (20 m l )  of A1b3  and 0.584 g (2 - 1 )  o f  Cp2ZrC12 i n  20 ml o f  1 ,2-d i~h loroethane.~ After 

s t i r r i n g  the mixture f o r  5 h r  a t  room temperature, i t  i s  quenched w i th  aqueous NaHC03, and the 

organic l aye r  i s  ext racted w i th  hexane. The e x t r a c t  i s  d r ied  over MgS04. Af ter  f i l t r a t i o n  and 

evaporation, i t  i s  p u r i f i e d  by flash co lum chromatography(si1ica gel,  n-hexane: e thy l  acetate = 

3: l )  t o  y i e l d  1.66 g (82%) of (99% p u r i t y ) :  &31 1.5222; I R  (neat) v max 1650(s). 1585(s). 1560 

(m), 1465(s), 1430(s), 1150(m), 740(m) cm-l; 'H NMR (CDC13, T K )  6 0.90 ( t ;  J =  7 Hz, 3H), 1.2-1.8 

(m, 8H), 2.07 (s, 3H), 2.1-2.4 ( t ,  J =  7 Hz, 2H), 6.32 (s, lH),  6.9-7.3 {m, 2H), 7.60 ( t  s - J = 7 Hz, 

lH)..and 8.56 (d, J = 5 Hz, 1H) ppm; 13c NMR (C0Cl3, TEb) s 14.16, 18.21, 22.75, 28.07, 29.20, 

31.95, 41.40, 120.31, 123.78, 124.77, 135.64, 144.28, 149.06, and 157.76 ppm. 

Although the n u ~ e r  o f  examples reported i n  t h i s  paper i s  l imi ted,  the Pd-catalyzed cross coupl ing 

invo lv ing  0rganozinc.and organoaluminum der ivat ives promises as a p o t e n t i a l l y  general and con- 

venient mute  to  caho-subst i tu ted hetemammatics. 



Table. h e  Preparation o f  Carbo-substitutedHeteroaromatic L 2 r i v a t i w s S v i a  Pd-catalyzed - 
Cross couplin& 

Heteroaromati c Organi cb T i m  ~ i e l &  Bypmducts 
Entrv reaqent . ' reagent- h r  Product - % % 

, , 
PhZnCl 

PhI 

PhI 

PhZnCl 

f i B r  

L-C6Hl3CzCBr 

PhI 

@Br 

PhZnCl 

n-C H 0" 
' p c ,  

A l e 2  

ryC6Hl3C:CZnC1 .. 

n-C6H13ZnC1 

A B ~  

A B ~  

PhZnCl 
~ . . ~  -1"- 

%I11 react ions were ca r r i ed  ou t  i n  MF a t  room temperature i n  the presence of 5 ml  % o f  
Pd(PPh3)4. 

%saturated organozinc der ivat ives were prepared by t r e a t i n g  the corresponding oqano-  
l i t h i u m  w i t h  m e  equiva lent  o f  dry ZnC12 i n  MF. n-Hexylzinc reagent was prepared by t r e a t i n g  
n-C H IQBr w i t h  ZnCl?. - 6 13 

h l a t e d  y i e l d s  of pure products. The numbers i n  parentheses are y i e l d s  by GLC. 
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9 20 1 gap 85-8b0/4.5 mn ~g ( l i t . 9  bp 92-95° /1~ mn ~ g ) ;  & 4 ~  1.5916 ( l i t .  n L 1.5920); H 
NMR (COCI , T F )  6 6.35 (dd, J =  3 and 5 Hz, lH),  6.59 (d, J = 5 Hz, 1H) 7.15-7.5 (m, 4 ~ ) .  and 
7.5-7.75 tm w ~ t h  double t - l ike  peaks a t  7.60 and 7.70 ppm. 2 m  ppm. 

1 5 4  5 3 - 5 4 0 ~  ( l i t . ' '  bp 140-145~~ /10  mn ~ g ) ;  H NMR (cocl3, TMS) a 6.6-6.7 (m, IH), 
7.1-7.55 (m, 6H), 7.6-7.8 (m, 1H) ppm. 

f Bp 84.5-85'C; J5L 1.4664; 'H NMR (CDC13, TMS) 6 5.12 (dd, J = 2 and 10 Hz, lH),  5.42 
(dd, J = 2 and 19 Hz, lH),  6.56 (dd, J = 10 and 19 Hz, lH),  6.53 (s,  lH),  7.35 (s. 1H). and 7.39 
(s, lfl ppm. High reso lu t ion mass spectroscopy calcd f o r  C6H60: 94.042. Found: 94.042. 

9 a p  44-46"C/l mn H n Z 3 ~  1.4879; 'H NMR (C0Cl3, TMS) 6 0.90 ( t ,  J = 7 Hz, 3H); 1.1-1.8 
(m, 8H), 2.36 ( t ,  J =  7 Hz, 2H7i g.3g (d, J =  1 Hz, lH), 7.32 ( t ,  J =  1 Hz. lm, and 7.54 ( d ,  
J = 1 Hz, 1H) ppm. - - 

h Mp 32-33°C ( l i t . ' '  mp 34-35'C); 'H NMR (COC13, TMS) 6 7.0-7.1 (m, lH) ,  7.2-7.5 (In, 5H), 
and 7.55-7.65 (m. 2H) ppm. 

i n 2 3 ' 5 ~  1.5725; 'H NMR (COC13, TMS) 6 5.07 (dd, J = 2 and 10 Hz, lH), 5.51 (dd, J =  2 
and 16 Hz, 1 ~ 7 ,  and 6.6-7.2 (m. 4H) ppm. 

8p 70-71°C/0.05 mn Hg (1 i t . 12  bp 1DO0C/20 mn Hg) ; $60 1.6195; 'H NMR (COCl3, TMS) 6 
7.0-7.25 (m, lH), 7.25-7.55 (m, 3H), 7.55-7.8 (m, 2H), 7.8-8.15 (m, ZH), and 8.5-8.8 (m, 1H) ppm. 

k 23 1 - n  O1.5222; HNMR(CDC1 , TMS) 60.90 ( t ,  J =  7Hz. 3H), 1.2-1.8(m, 8H), 2.06 (s, 
38). 2.16 (q,-~ = 7 Hz, 28). 6.32 (s, ?HI, 6.9-7.3 (m, 2H7, 7.4-7.7 (m, 18). and 8.5-8.7 (m, 1H) 
ppm; l 3 ~  NMR ( r ~ C 1  TMS) 6 14.16, 18.21, 22.75, 28.07, 29.20, 31.95, 41.40 120.31, 123.78, 124.77, 
135.64, 144.28, 143:06, and 157.76 ppm. The s t e m i s o m r i c  p u r i t y  based on 1 3 ~  and 1H NMR i s  2 8 % .  

~ B P  98-99"C/0.1 mn Hg; nZ4L 1.5220; 'H NMR (LOCI3, TMS) 6 0.90 ( t ,  J = 6 Hz, 3H), 1.15- 
1.85 (m, 8H), 2.45 ( t ,  J = 7 Hz, 2 ~ 7 ,  7.05-7.75 (m, 38). and 8.45-8.6 (m, 1H) ppm. 

1 1.4820;' H NMR (CDCI~, TMS) 6 0.86 ( t ,  J =  7 HZ, a), 1.1-1.5 (m, 6 ~ ) .  1.5-1.9 
(m, 2H), 2 .797 t .  J =  7 Hz, ZH), 6.9-7.2 (m, 2H), 7.4-7.7 (m, lH),  and 8.45-8.65 (m, 1H) ppm. 

1 E B p  6 7 - 6 8 V 2 9  mn Hg ( l i t . 1 3  bp 68-7Z°C/30 mn Hg); J40 1.5449; H NMR (COC13. TMS) 6 
5.44 (d, J = 10 Hz, lH), 6.19 (d, J =  17 Hz, lH),  6.82 (dd, J =  10 and 17 Hz, lH) ,  7.1-7.8 (m, 3 ~ ) .  
and 8.57 Td, J = 4.5 Hz. 1H) ppm. 

0 1 - 8p 80-81.5'C/32 rn Hg ( l i t . 1 4  bp 57-6b°C/2.7 mn Hg); z40 1.5384; H NMR (COCI , TMS) 
6 5.36 (d, J =  11 Hz, lH),  5.81 (d, J =  17 Hz, lH) ,  6.73 (dd, J =  11 and 17 Hz, l ~ ) ,  7.22 ( i d ,  J =  
4.5 and 8 Hz, lH), 7.71 (d, J =  8 Hz, lH), 8.49 (d, J =  4.5 Hz, lH), and 8.61 (s, 1H) ppm. 
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