
HETEROCYCLES. Vol  31, No 12, 1990 

STEREOSELECTIVE SYNTHESIS OF (2)-2,3-DIHYDRO-3-(ARYLELETHYLENE)BEN- 

ZOFURANS VIA THE PALLADIUM CATALYZED INSERTION AND CROSS COUPLING 

REACTION OF 1-1000-2-(2-PROPYNYL0XY)BENZENE AND ARYLZINC CHLORIDE 

Fen-Tair Luo '  and Ren-Tzang wang 

Institute of Chamlstry, Academia Sinica, Nankang, Taipei, Taiwan, 

Republic of China 

Abstract- The title compound was prepared in fair to good yields 

from 1-iodo-2-(2-propyny1oxy)benzene and arylzinc chloride via 

tandem lnsertion and cross coupling reaction catalyzed by perti- 

nent palladium catalyst, such as palladium acetate and triphenyl- 

phosphine. 

Recently, work by ~rigg' and ourselves2r3 has demonstrated that the Pd(I1)- 

intermediate obtained in situ from intramolecular lnsertion of alkynes can 

be further cross coupled wlth aryl- or heteroarylzinc chlorlde to g l v e  

stereo-deflned exocyclic indan, tetralin, and indole derivatives in farr 

to good yields. Herein we report that this procedure can provide a facile 

synthetic method for (2)-3-coumaranylidene compound whose preparation has 

rarely been reported. 

we observed that P~(PP~,), was i goad catalyst for our previous studresZr3 

but, to OUT chagrin, it works poorly in 1-iodo-2-(2-propyny1oxy)benzene 

(1). Far example, the reaction of 1 with phenylzinc chloride in the 

presence of a catalytic amount of Pd(PPh,], in THT gave 2-(2-propynyloxyl- 

biphenyl (2) and (Z)-2,3-dihydr0-3-(phenylmethylene)benzofran ( 3 )  I n  45% 

and 18% yields, respectively. we then tried to use different palladium 

catalyst in order to optimize the yield of cyclized and coupled product 

( 4 ) .  To our surprise, the catalytic systems including palladium acetate 
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a Sce text. Diicct coupled product *as undcleclable by glc analysis. 

" Only lracc arriount (' 5 % )  or direct coupled product was oblained. 

(0.1 equiv.), triphenylphosphine (0.25 equiv.), and triethylamrne (3 equiv. 

) used in the reaction of 1 can provide not only fair to good ylelds of 

4 but also very low yields of direct coupled products which are always 

undesired in our prevlous studies2r3 as shown in Table I. Thus, the reac- 

tron of 1 with phenylzinc chloride in thls catalytic system gave 3 in 

62% and undetectable (by glc analysis) amount of 2 . It should be pointed 

out that in the absence of the palladium catalyst or using 1 equlv. lnstead 

of 0.25 equlv. of triphenylphosphine, the deslred product 3 was obtained in 

very low yields. The stereochemistry of 4 was determined by their 'H-nmr 

a5 well as 2D NOESY spectra analyses. 
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EXPERIMENTAL SECTION 

Melting paints are uncorrected. Precoated silica gel 60F-254 on aluminum 

plates made by EM Chemical Company were used for thln layer chromatography. 

Purification by column chromatography was carr~ed out with EM Reagents 

silica gel 60 (70-230 mesh ASTM). ~ i g h  pressure liquid chromatography 

(hplc) separation was performed at a flow r a t e  of 3 ml/min by use of two 

Chemco Pak 10 x 250 columns packed with Chemcosorb 5-ODS-H. Glc analyses 

were performed an a 3.2 m x 3.1 mm column packed with SE-30 (5% on chromo- 

sorb W ) .  The purity of each compound was judged to be 295% by hplc, glc, 

IH-nmr, as well as 13C-nmr spectra analyses. Zinc chloride was dried 

before use at 100'C at 1 mm for 3 h. Tetrahydrofuran (THF) was distilled 

from sodrum benzophenone ketyl immedmtely prior to use. 

6 1-Ioda-2-(2-propyny1oxy)benzene (1) : To a mixture of potasslum carbonate 

(2.77 g, 20 mmol) and acetone (30 ml) was added 2-iodopheno17 (2.20 9, 10 

mmol) under nitrogen atmosphere at room temperature. After stirrlng for 1 

h at room temperature, to the mixture was added propargyl bromide (1.78 g, 

15 mmol). The solution was then reflux for another 4 h. After removlng 

large part of acetone by a rotatory evaporator, 20 ml of water was added to 

the mixture. The organic layer was ex~racted with diethyl ether (25 ml x 

3). The combined organic layer was dried aver M~SO,, filtered, concentra- 

ted, and dist~lled to give 2.29 g (89% yield) of 1 as a colorless liquid. 

(I): bp 63-64~C/3 m. 'H-Nmr (CDCl,, TMS) 6 2.54 (t, J = 2.3 HZ, 1 H), 

4.77 (d, J =  2.3 Hz, 2H), 6.77 (dt, J =  1.0, 7.7Hz. 1H). 7.00 (dd, J = 

1.0, 7.7 Hz, 1 H), 7.33 (dt, J = 1.4, 7.7 Hz, 1 H), 7.79 (dd, J = 1.4, 7.7 

Hz, 1 li) ppm. "C-Nmr (CDCl,, TMS) 6 56.73, 75.99, 77.86, 86.42, 112.89, 

123.27, 129.17, 139.49, 156.07 ppm. 1r (neat) v 3290, 2120, 1470, 1020, 

750 c m l .  Ms m/z 258 [M'), 219, 191, 131. ~ m s  Calcd for CsHiOI 257.9542, 

found 257.9544. 

( ~ ) - 2 , 3 - ~ i h y d r a - 3 - ( p h e n ~ 1 m e t h y l e n e ) h e n ~ ~ f ~ r  (3). A Representative Pro- 

cedure for Pd-catalyzed Stereoselective Synthesrs of (2)-2.3-Dihydro-3- 

(arylmethy1ene)benzofuran via Insertion and Crass Coupling Reactions. TO a 



mixture of 1-iodo-2-(2-propyny1oxy)benzene (1) (1.29 g, 5 mmol) and tri- 

ethylamine (2.1 ml, 15 mmol) in THF (25 ml) was added palladium acetate 

(0.11 g, 0.5 mmol) and trlphenylphosphine (0.33 g ,  1.25 -01) rn THF (10 

ml) at 25'C. After stirring at 25'C for 10 mi", phenylzinc chloride 

solution, prepared by mlxing phenylmagneslum bromide (13.4 ml of 1.12 N in 

THF) and zinc chloride solut~on (15 ml of 1 N in THP) at 2 5 ' C ,  was added to 

the rezction mixture . The reaction mrxture was then stirred for another 2 

h and quenched by addlng water (25 ml) at O'C. The organic layer was 

extracted with diethyl ether (20 ml x 3). The combined organic layer was 

washed w ~ t h  water (15 ml) and brrne (15 ml), dried over MgS04, filtered, 

concentrated, and purified by column chromatography (silica gel, hexane/ 

ether = 10j1) and hplc (methanol) to give (Z)-2,3-dihydro-3-(phenylmethyl- 

ene)beazofuran (3) (0.65 g, 62% yield) as a colorless liquid. (3): 'H-Nmr 

(CDCl,, TMS) 6 5.22 ( d ,  J = 2.8 Hz, 2 H), 6.49 (t, J = 2.8 Hz, 1 H), 6.67 

(t, J = 7.8 Hz, 1 H), 6.84 (d, J = 7.8 Hz, 1 H), 7.14 (t, J = 7.8 Hz, 1 H), 

7.25-7.45 (m, 6 H) ppm. "C-Nmr (CDCl,, TMS) 6 75.97, 110.55, 117.94, 

120.08, 123.68, 124.17, 127.07, 128.29, 130.51, 136.79 ppm. Ir (neat) v 

1470, 1200, 990, 750, 700 c m ~ l .  MS mjz 208 I ) ,  207, 178, 131. Hrms 

Calcd for C I ~ H ~ , O  208.0888, found 208.0889. Anal. Calcd for CIIH,,O: C, 

86.51; H, 5.81. Found: C, 86.75; H, 5.99. 

(Z)-2,3-Dihydro-3-(2-furanylmethylene)ben~ofuan ( 5 ) :  'H-Nmr (CDCl,, TMS) 

6 5.21 (d, J = 2.6 Hz, 2 H), 6.16 (t, J = 2.6 Hz, 1 H), 6.35 (dt, J = 0.6, 

3.3 Hz, 1 HI, 6.47 (dd, J = 1.8, 3.3 Hz, 1 H), 6.84-6.97 (m, 2 H), 7.22 

(dt, J = 1.4, 7.9 HZ, 1 H), 7.53-7.54 (m, 1 H), 8.34 (dd, J = 1.4, 7.8 Hz, 

120.63, 124.05, 125.26, 130.70, 134.26, 141.69, 151.93, 165.54 ppm. Ir 

(neat) a 1460, 1210, 1000, 750 cm-I. Ms mjz 198 (M+), 197, 169, 141, 115. 

Hrms Calcd for C.,H,,O, 198.0681, found 198.0681. Anal. Calcd for 

C,,Hlo02: C, 78.77; W ,  5.08. Found: C, 78.96; H, 5.21. 

(Z)-2,3-Dihydro-3-(2-thiofenylmethylene)bnzofurn (6): 'H-Nmr (CDCL,, TMS) 

6 5.20 (d, J = 2.7 Hz, 2 HI, 6.44 (t, J = 2.7 Hz, 1 H), 6.74-6.88 (m, 2 HI, 
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7 . 0 4 - 7 . 3 2  (m, 4  H ) ,  7 . 6 5  ( d d ,  J = 1 . 2 ,  7 . 9  H z ,  1 HI p p n .  "C-Nmr ( C D C l , ,  

TMS) 6 7 6 . 0 8 ,  1 0 9 . 8 9 ,  1 1 0 . 6 0 ,  1 2 0 . 3 0 ,  1 2 3 . 9 0 ,  1 2 5 . 0 7 ,  1 2 6 . 5 4 ,  1 2 7 . 1 0 ,  

1 3 0 . 8 7 ,  1 3 8 . 1 2 ,  1 3 8 . 9 3 ,  1 6 5 . 2 8  ppm.  I r  ( n e a t )  o 1 4 6 0 ,  1 2 1 0 ,  9 9 0 ,  8 4 0 ,  7 5 0 ,  

7 0 0  c m ' .  M s  m/z 214  ( M ' ) ,  2 1 3 ,  1 8 4 ,  1 7 1 ,  1 5 2 .  H m s  C a l c d  f o r  C:,H,oOS 

2 1 4 . 0 4 5 2 ,  f o u n d  2 1 4 . 0 4 4 6 .  A n a l .  C a l c d  f o r  C I I H ~ ~ O S :  C ,  7 2 . 8 7 ;  H, 4 . 7 0 .  

F o u n d :  C ,  7 2 . 6 6 ;  H, 4 . 8 1 .  

( Z ) - 2 , 3 - D i h y d r 0 - 3 - ( 2 - N - m e t h y 1 p y r r 0 1 y l m e t h y l ) b f  ( 7 ) :  'H-Nmr 

(CDC13,  TMS) 6 3 . 5 5  ( s ,  3  H ) ,  5 . 2 3  ( d ,  J = 2 . 7  Hz ,  2  H ) ,  6 . 1 7 - 6 . 2 2  (m, 2  

H ) ,  6 . 3 9 - 6 . 4 2  (m,  1 H ) ,  6 . 6 6 - 6 . 8 7  :m, 3 H ) ,  7 . 1 7  ( d t ,  J = 1 . 3 ,  7 . 6  H z ,  1 

H ) ,  7 . 5 8  d d  J = 1 ,  7 . 7  H z ,  1 H)  ppm. " c - ~ m r  ( C D C l , ,  TMS) 6 3 3 . 9 4 ,  

7 5 . 9 5 ,  1 0 7 . 2 6 ,  1 0 7 . 5 2 ,  1 0 8 . 9 9 ,  1 1 0 . 3 1 ,  1 2 0 . 4 0 ,  1 2 2 . 1 4 ,  1 2 3 . 4 8 ,  1 2 4 . 5 3 ,  

1 2 8 . 7 4 ,  1 3 0 . 4 9 ,  1 3 7 . 3 8 ,  1 6 4 . 9 6  ppm. I r  ( n e a t )  u 1 4 6 5 ,  1 3 0 0 ,  1 2 1 0 ,  9 9 0 ,  

7 5 0 ,  7 1 0  c m ~ ' .  Ms m/z 2 1 1  ( M ' ) ,  1 9 6 ,  1 8 2 ,  1 6 7 ,  1 5 2 ,  1 4 1 .  Hrms Calcd f o r  

C l r H l j N O  2 1 1 . 0 9 9 7 ,  f o u n d  2 1 1 . 1 0 0 4 .  A n a l .  C a l c d  f o r  C;:H13NO: C ,  7 9 . 5 9 ;  

H, 6 . 2 0 ;  N ,  6 . 6 3 .  F o u n d :  C,  7 9 . 7 5 ;  H, 6 . 3 3 ;  N, 6 . 8 3 .  

( Z ) - 2 , 3 - D i h y d r 0 - 3 - ( 2 - ~ y r i d i n y l m e t h y l e n e ) b f  ( 8 ) :  mp 4 4 - 4 5 ' C .  'H-Nmr 

( C D C l , ,  TMS) 6 5 . 2 8  (d, J = 2 . 7  H z ,  2  H ) ,  6 . 4 6  ( t ,  J = 2 . 7  H z ,  1 H!,  

6 . 8 3 - 6 . 9 0  (m, 2  H ) ,  7 . 1 3 - 7 . 3 4  ( m ,  3  H I ,  7 . 6 8  ( d t ,  J = 1 . 8 ,  7 . 7  H z ,  1 H I ,  

8 . 5 4  ( d ,  J = 7 . 1  Hz, 1 H ) ,  8 . 7 1  ( d ,  J = 4  Hz ,  1 HI ppm. "C-Nmr ( C D C l , ,  

TMS) 6 7 6 . 7 6 ,  1 1 0 . 3 8 ,  1 1 7 . 1 4 ,  1 2 0 . 3 8 ,  1 2 1 . 2 3 ,  1 2 3 . 9 5 ,  1 2 7 1 3 ,  1 3 1 . 6 4 ,  

1 3 6 . 1 4 ,  1 4 0 . 7 8 ,  1 4 9 . 0 6 ,  1 5 5 . 5 1 ,  1 6 6 . 2 5  ppm-  I r  ( K B r ) o  1 6 3 6 ,  1 5 8 4 ,  1 4 6 6 ,  

1 2 1 0 ,  1 1 5 0 ,  1 0 9 5 ,  1 0 2 5 ,  750  c w l .  M s  m/z 209  M I ,  1 8 0 ,  1 5 2 ,  1 3 1 .  Hrms 

C a l c d  f a r  C, ,H, ,NO 2 0 9 . 0 8 4 1 ,  f o u n d  2 0 9 . 0 8 5 0 .  A n a l .  C z l c d  f o r  C 1 4 H , , N O :  

C,  8 0 . 3 6 ;  H, 5 . 3 0 ;  N ,  6 . 6 9 .  F o u n d :  C ,  8 0 . 6 0 ;  H, 5 . 3 8 ;  N ,  6 . 8 0 .  

( Z ) - 2 . 3 - D 1 h y d r o - 3 - ( 3 - p y r i d i n y 1 m e t h y 1 e n e ) b e £  (9) : mp 75-76 'C .  'H-Nmr 

( C D C ~ J ,  TMS) 6 5 . 2 4  ( d ,  J = 2 . 8  H z ,  2  H ) ,  6 . 4 0  ( t ,  J = 2 . 8  H z ,  1 H ) ,  6 . 7 0  

( t ,  J = 7 . 8  H z ,  1 H ) ,  6 . 8 7  ( d ,  J = 7 . 8  H z ,  1 H ) ,  7 . 1 5 - 7 . 3 6  (m, 3  H ) ,  7 . 7 3  

( d ,  J = 7 . 8  H z ,  1 H ) ,  8 . 5 4  ( d d ,  z = 1 . 7 ,  4 . 9  Hz ,  1 H ) ,  8 . 6 9  ( d ,  J = 2 . 1  Hz, 

1 H )  ppm.  I3C-Nmr ( c D c ~ , ,  TMS) 6 7 5 . 9 2 ,  1 1 0 . 9 3 ,  1 1 3 . 6 2 ,  1 2 0 . 3 8 ,  1 2 3 . 2 1 ,  

1 2 3 . 4 6 ,  1 2 3 . 6 8 ,  1 3 1 . 2 1 ,  1 3 1 . 8 8 ,  1 3 2 . 7 2 ,  1 3 5 . 6 3 ,  1 3 9 . 4 2 ,  1 4 8 . 1 4 ,  1 4 9 . 4 9 ,  

1 6 5 . 4 3  ppm. ~r ( K B ~ )  o 1 6 4 3 ,  1586 ,  1 4 5 2 ,  1 1 4 0 ,  1 0 9 5 ,  1 0 2 0 ,  7 4 9  c m - I .  M s  m/z 



209 [M*), 208, 180, 152, 131. H m s  Calcd for C,4H,,N0 209.0841, found 

209.0851. Anal. Calcd for CI.H,,NO: C, 80.36; H, 5.30; N, 6.69. Found: 

C, 80.62; H, 5.36; N, 6.86. 
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