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A general  method for the preparat ion of alkynyl derivatives of benzofuran, including a - e thyny l -  
benzofuran,  consis ts  in the cycl izat ion of o -mono-  and dialkynylphenols under the conditions 
of the Mannich and Cadiot -Chodkiewicz  react ions .  

It has been shown [1] that the introduction of o-ethynylphenols into the Mannich and Cadiot-ChodMewicz 
react ions is accompanied by in t ramolecular  cycl izat ion of the condensation products (I) to benzofuran 
derivatives (II): 

| I |  

A s imi lar  cycIizat ion to benzofurans under sueh mild conditions has been observed for the f i rs t  t ime and 
can be used as a general  method for the synthesis of o~-alkynylbenzofurans. Closure  to a benzofuran r ing 
under more  severe  conditions has been reported [2,3]. 

The aim of the present  study was to ascer ta in  the possibil i ty of using the indicated cycl izat ion as a 
general  method for the synthesis of ethynylbenzofuran derivat ives,  including a-e thynylbenzofuran,  which 
has a f ree acetylenic hydrogen. 

a -Ethynylbenzofuran  was synthesized via the following scheme:  

o .  j_ 
III I~ 

~C---.~E--~:(CH3) 2 ~ ~ C ~ - C H  
V OH VI 

The  react ion of o-ethyaylphenol with bromoethynyldimethylcarbinol  [4] under the conditions of the Cad io t -  
Chodkiewicz reac t iongives  carbinol  V in 86% yield. The course  of the react ion was followed by means of 
th in- layer  chromatography (TLC) on A1203 (elution by ether) ; the formation of intermediate  IV could not be 
recorded  under these conditions. 

Carbinol V was subjected to decomposit ion via the r eve r s e  Favorski i  react ion over 2 moles of potas-  
s ium hydroxide by gentle heating in vacuo or by heating in ether;  2-ethynylbenzofuran (VI) was isolated in 
30~ yield as a liquid that darkened rapidly in light and air .  The IR spec t rum of VI did not contain the ab- 
sorpt ion band of an OH bond at 3600 cm -1 that is present  in s tar t ing V; the spect rum does contain a band at 
3330 cm -i ,  corresponding to a -- C - H  band, and at 2200 cm -i,  corresponding to a - C  - C -  group. The PMR 
spect rum also cor responds  to s t ruc ture  VI and is presented in Fig. 1. 
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PMR s p e c t r u m  of 2 -e thynylbenzo-  
furan (VI). 

/ - %  
BrC~CCH2--N ~ 

III 

2-Morphol inomethylbenzofuran  (VII) was obtained 
under  the condit ions of the Mannich r e a c t i o n  in 60% yie ld  

f r o m  o-ethynylphenol ,  pa ra fo rma ldehyde ,  and  morphol ine  
in the p r e s e n c e  of CuC1 (40-60 ~ for  3 h): 

I I I  @o ~ CH 2- HN O 
~ _ /  

VII 

The phys ica l  cons tants  of VII a r e  in ag reemen t  with the 
l i t e r a t u r e  values  [5]. 

o-Ethynylphenol  r e a c t s  with 1 - b r o m o m o r p h o l i n o -  
propyne  [6] when it is  in t roduced into the C a d i o t - C h o d k i e w i c z  
condensat ion  to give 2 -morphol inopropynylbenzofuran  (VIII) 
in 67Fc yie ld :  

VIII' 

A s i m i l a r  cyc l i za t ion  occur s  when the Mannich and Cadio t -Chodkiewicz  reac t ions  a r e  c a r r i e d  out with 
die thynylphenols  IX and X and gives mono-  and t r iynamino  de r iva t ives  of benzofuran:  

HC~C"-~ ~ /C~C H CH20, H N R ~ R'2N CH2--C ~ C ' ~ " % ~  

IX, X XI-XVI 

IX, X 
BrC~CCH2NR' 2 

R / ~ C - - ~ C - - C H 2 N  R~ 

XVII-XX 

IX R=H; X R=CH3; XI-XIII, XVlI, XVIII R=H; XIV-XVI, XIX, XX R=CH3; 

CH3\ 
XIII, XVI N R'2 = - - N / ~ - - O H  

\--~C113 

The ]lt s p e c t r a  of bases  VII-XX contain  the absorp t ion  bands of a d isubs t i tu ted  ace ty lene  bond at 2200- 
2300 cm -1, of an e ther  oxygen at 1100-1300 cm - t ,  and of a C - N  bond at 1000-1110 cm-1;  the s p e c t r a  do 
not conta in  the absorp t ion  band of an OH group.  The PMR s p e c t r u m  of a CC14 solution of X-VIII contains  a 
mul t ip le t  with a max imum at 1.48 ppm, which c o r r e s p o n d s  to the protons of the 3,4,5-CH 2 groups of the 
p ipe r id ine  r ing,  a mul t ip le t  at 2.43 ppm, which c o r r e s p o n d s  to the protons of the 2- and 6-CH 2 groups  of 
the p ipe r id ine  r ing ,  a s ingie t  at 2.46 ppm, which c o r r e s p o n d s  to the CH 3 group in the 6 posi t ion of the benzo-  
furan r ing,  and two s ing le t s  at 3.41 and 3.49 ppm, which c o r r e s p o n d  to the CH 2 groups of the subs t i tuents  
in the 2 and 5 pos i t ions  of the benzofuran r ing,  r e s p e c t i v e l y .  The PMR s p e c t r a  of the other  amines  a r e  
s i m i l a r .  

EXPERIMENTAL 

The starting ethynylphenols were synthesized via the method in [7]. 

1 - ( 2 - B e n z o f u r a n y l ) - 3 - m e t h y l b u t - l - y n - 3 - o l  (V). A 5-g (0.03 mole) s amp le  of 1 - b r o m o - 3 - m e t h y l b u t -  
1 - y n - 3 - o l  was added dropwise  under  n i t rogen to a cooled ( -10  ~ mix tu re  of 3.3 g (0.028 mole) of o - e thyny l -  
phenol (IID, 0.1 g (0.014 mole) of NH~OH �9 HC1, 6 ml of e thylamine ,  and 0.1 g of Cu2C12 in 100 ml of me th -  
anol .  The c o u r s e  of the r eac t ion  was followed by TLC on act iv i ty  II A1203. The r eac t i on  was comple ted  at 
5 ~ 30 min f rom the s t a r t  of the addit ion of the bromo compound, and the mix tu re  was then s t i r r e d  for  
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T A B L E  I .  C h a r a c t e r i s t i c s  of the Compounds  Obtained 

Comp. mp, ~ 

XI I 89 
XlI 143,5--44 

XIII I 191--192 
XIV t 78,5--79 
XV 70,5--71 

XVI 214--215 
XVII i 139--140 

XVIII I 91--92 
XIX 141--141,5 
XX 113--113,~ 

N,% I 
Empirical 1 ~~ 
formula ~ �9 

C~oH24N2Os 
C22H~sN~O 
C26H~'$N2Oa 
C=,H26N2Oa 
C2sHaoN20 
Ce7HsaN2Oa 
C24H24N2Oa 
C~6H=sN=O 
C2~H=6N2Oa 
C27HaoN20 

I 
8,2[ 8,2 85,9 
8,2 ] 8,363 
6,6 ] 6,630 
8,2 [ 7,9 75 
7,9 I"8,0 65 
6,5 i 6,4 33,4 
7,0 I 7,2 47 
7,3 7,3 44 
7,1 7,0 62 
6,8 i 7,0 70 

Hy~_ochlorides 

empirical 
rap, *C formula 

230--232 C~0H26N2OaCI2 
240--241 C22Ha0N2OCI2 
211--213 C26H~vN2OaCI 
144--145 C~tH28N2OaCI2 
254--254,5 C2aHa2N2OC12 

260 C2rH4oN2OaCI2 
198--2'00 C24H2~N~OaCI~ 

229 C2~Ha0N2OCI2 
146--148 C2sH~sN2OaCI2 
148--t50 C2vHa2N2OCI~ 

C1, % 

~ calc. 

17,1117,2 
17,31 17,3 
7,7L 7 ;  

16,4 16,6 
16,7 16,7 
13,7~ 13,8 
15,6 15,4 
15,8] t5,8 
14,7 14,9 
14,8 15,0 

another  h o u r .  The  methanol  was r e m o v e d  by dis t i l la t ion,  the  p rec ip i t a t ed  c r y s t a l s  w e r e  r e m o v e d  by f i l t r a -  
t ion,  and the r e s idua l  oil was  d i s so lved  in e ther  and f i l t e red  th rough  A120 3. R e m o v a l  of the e the r  gave  
3.8 g (86%) of V with mp 52-53 ~ (subl imed) .  Found:  C 78.2; H 6.0~c. C13H1202. Ca lcu la t ed :  C 78.0; H 6.0%. 

2 -E thyny lbenzo fu ran  (VI). A. A 0 .4-g  (0,034 mole) s amp le  of V was heated  With 0.28 g (0.005 mole)  
of powdered  ca lc ined  p o t a s s i u m  hydroxide  in vaeuo,  and the r e a c t i o n  p roduc t s  w e r e  r e m o v e d  by d is t i l la t ion .  
Two sub l imat ions  gave  0.1 g of VI as a c o l o r l e s s  l iquid that  da rkened  rap id ly  in l ight  and a i r .  

B. A 0 .5-g  (0.042 mole) s amp le  of V was  d i s so lved  in 50 ml  of absolute  e ther ,  and the solut ion was  
re f luxed  for  2 h over  0.28 g (0.005 mole)  of KOH, The e ther  was  decanted ,  and VI was  i so la ted  by means  
of p r e p a r a t i v e  c h r o m a t o g r a p h y  on A120 3 with elution with b e n z e n e - p e t r o l e u m  e ther  ( low-boil ing) (1 : 1). 
The so lvents  w e r e  r e m o v e d ,  and the r e s idue  was  sub l imed  in vacuo  to g ive  0.07 g of VI.  Found:  C 84.5; 
H 4.3%. Ci0H60. Calculated: C 84.5; H 4.3%. 

2-(N-Morpholinomethyl)bensofuran (VIII). A mixture of 0.6 g (0.02 mole) of paraformaldehyde and 
1.74 g (0.02 mole) of morpholine in 30 ml of anhydrous dioxane was heated to 40 ~ for I h. It was then 
cooled, and 2.2 g (0.018 mole) of o-ethynylphenol (Ill) in 20 ml of dioxane and 0.05 g (0.0005 mole) of 
Cu2CI 2 were added. The reaction was carried out under nitrogen at 40-60 ~ The course of the reaction was 
followed by TLC on activity II A1203 with elution with ether-benzene (1 : 1). After 3 h, the reaction mixture 
was cooled, washed with water, and treated with ether to isolate the product through the hydrochloride. 
Chromatography on activity II A1203 and removal of the solvent gave 2 g (60.6~c) of white crystals of VII 
with mp 51-52 ~ and bp 154-156 ~ (3 mm) (bp 152-154 ~ (1 mm) [5]). The hydrochloride was obtained in quanti- 
tative yield by bubbling dry HCI through an ether solution of VII and had mp 226 ~ (mp 223 ~ [5]). 

The amino alkynyl derivatives of benzofuran (XI-XVI), data on which are presented in Table 1, were 
similarly obtained. 

2-(3-N-Morpholino-l-propynyl)benzofuran (VIII). A 6.4-g (0.03 mole) sample of 1-bromo-3-N- 
morpholino-l-propyne was added dropwise under nitrogen to a cooled (-10 ~ mixture of 3.2 g (0.027 mole) 
of o-ethynylphenol (III), 0.I g (0.0014 mole) of NH2OH �9 HCI, 6 ml of ethylamine, and 0.1 g (0.0001 mole) of 
Cu2C12 in 10O ml  of me thano l .  The  t e m p e r a t u r e  was r a i s e d  to 200 for  1 h,  and the r e a c t i o n  was  c a r r i e d  out 
at  this  t e m p e r a t u r e  fo r  2 h and then at 30 ~ for  1 h. The m i x t u r e  was  washed  with wa te r  and ex t r ac t ed  with 
e the r .  The  p roduc t  was  i so la ted  as the hyd roch lo r ide  and was  c h r o m a t o g r a p h e d  on ac t iv i ty  II  AI~O 3 to 
give 3.8 g (67%) of  VIII with mp 39-40 ~ Found:  N 6.0%. CIsHisNO 2. Calcula ted:  N 5.8%. The h y d r o c h l o -  
r ide  had mp 212-213 ~ Found:  C1 12.7%. C15H15NO 2 �9 HC1. Calcula ted:  C1 12.8%. 

Amines  XVII-XX, data  on which a re  p r e s e n t e d  in Tab le  1, w e r e  s i m i l a r l y  obtained.  

i. 

2. 

3. 
4. 
5. 
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