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trans-2-(3-Hydroxyphenyl)cyclohexanol ( 4 )  was con- 

verted into 1,2,3,4,4a,lOb-hexahydro-6-spirocyclo- 

hexano-6H-dibenzo[b,dlpyran-9-01 (8) either by 

phenolic cyclisation or by acid catalysis. The co- 

rresponding 6-methyl-6-phenylbenzopyran derivative 

( 9 )  was also obtained from 4 by the same methods. 

This type of reaction was applied to the fecile 

synthesis of 3,4-dihydro-6-methoxy-l-methoxycarbonyl- 

1-methyl-1H-2-benzopyran (11) and the hexahydro-6H- 

dibenzo[b,dlpyrans (18, 19, 22, and 2 3 ) .  

Previously, we have reported that heating 3-hydroxyphenethyl- 

mine (1) with a carbonyl compound in alcohol without acid gave 



1.2.3.4-tetrahydro-6-hydroxyisoquinolines (2) with a mono- or 

disubstituent at the C-1 position, and proposed that this type 

of non-acidic reaction, especially useful~for the synthesis 

of acid-sensitive isoquinolines, be called "Phenolic Cyclisa- 

tion" .l. As an extension and modification of this reaction, 

we now wish to report the facile synthesis of a number of 

benzopyrans. 

Ladenburg reduction2 of 2- (3-hydroxyphenyl) cyclohexanone 

3 
i (3) gave a separable mixture of trans- (4), m.p. 144 - 145'. 

and cis-2- (3-hydroxyphenyl)cyclohexanol (6). m.p. 114O, in a 

ratio of 4 : 1 in 90 % yield. On the other hand, catalytic 

reduction of 3 over palladium-carbon afforded a mixture of 4 

and 6 in a ratio of 1 : 20 in 21 % yield. Treatment of both 

alcohols with acetic anhydride at 100' for 3 hr gave the trans- 
acetate ( 5 )  [vmax (liquid1 1730 and 1760 cm-'; 6(CC14) 1.90 

and 2.16) 1 and the &-acetate (7) [vmax (liquid) 1730 and 

1760 cm-l; 6 (CC14) 1.84 and 2.161 , respectively, whose stereo- 

chemistry was indicated by the following n.m.r. spectral con- 

siderations. The methine proton at the C-2 position of the 

trans-acetate (51 resonated at 2.3 ppm as a sextet having J 
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10.8,  10.8 and 3.6 H z ,  and C-1 pro ton  a t  4.8 a s  a s e x t e t  hav- 

i ng  J 10 .8 ,  10 .8  and 4.2 H z .  S ince  J i s  a s s i gned  10.8 Hz, 
1 .2  

t h e  d i h e d r a l  ang l e  f o r  C-1  and C-2 pro ton  i s  180°. On t h e  o t h e r  

hand, t h e  C - 1  and C-2 rnethine p r o t o n s  i n  z i z - a c e t a t e  ( 7 )  w e r e  

observed a t  5.02 a s  a  broad s i g n a l  and a t  2.72 a s  an o c t e t  show- 

i ng  J 10.8 ,  4.0 and 2.4 H z ,  r e s p e c t i v e l y .  On i r r a d i a t i o n  of t h e  

C - 1  p ro ton  t h e  C-2 p ro ton  showed a  double  d o u b l e t  having J 10.8  

and 4.2 Hz ,  and decoupl ing  of t h e  C-1  p ro ton  from t h e  C-6 methyl- 

ene p ro tons  a t  1 .83 produced a doub l e t  f o r  t h e  C - 1  p ro ton  w i th  

Ll,2 2.4 Hz, i n d i c a t i n g  a  d i h e d r a l  ang l e  of 60° f o r  t h e  C-1 and 



C-2 protons. 

Heating =-alcohol ( 4 )  with cyclohexanone in ethanol in 

a sealed tube for 15 hr without acidic catalyst gave in 28 % 

yield 1,2 ,'3,4,4a, lob-hex,ahydro-6-spirocyclohexano-6H-dibenzo- 

1b.dlpyran-9-01 (8), m.p. 179 - 180° [~(DMSO-d6) 6.65 (lH, dd, 

J - 8.3 and 2.3 H~,,c~-H), 6.75 ( l ~ ,  d, J 2.3 HZ, c10 - H), and 
6.95 (lH, d, - J 8.3 Hz, C7 - H)1, which was also obtained in 
85.1 yield by condensation of 4 with cyclohexanone in the 

presence of concentrated hydrochloric acid. Similarly, the 

reaction of trans-alcohol (4) with acetophenone afforded 6- 

methyl-6-phenylbeniopyran analogue (9) , m.p. 128 - 130° [ 6 

(DMSO-d6) 6.83 (lH, dd, J 8.3 and 2.3 Hz), 6.93 (lH, d, J 2.3 

-;;.Hz) and 7.15 (lH, d, J 8.3 Hz)]. . .. .,=. . . _.:,., 
On the other hand, the reaction of 2-(3-methoxyphenylletha- 

no1 (10) with methyl pyruvate required an acidic catalyst and 

in the presence of a catalytic amount of p-toluenssulphonic ' 

acid afforded 3,4-dihydro-6-methoxy-l-methoxycarbonyl-l-methyl- 

lH-2-benzopyran (11) Iv (liquid) 1730 cm-l;6 (CC14) 1.60 (3H. max 
\ 

s, ;C-Me) , 6.5 - 6.9 (ZH, m, ArH) and 7.26 (lH, d, J 8.3 Hz, 
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C - H)] i n  80 % y i e l d .  This  sugges t s  t h a t  t h i s  t ype  of re -  
8  

a c t i o n  i s  a  kind of phenol ic  c y c l i s a t i o n .  

A s  an ex t ens ion  of t h i s  method, t h e  amino a l coho l s  (16 

and 17)  and amido a l c o h o l s  ( 1 4  and 15)  were r e a d i l y  t r a n s -  

formed t o  y i e l d  a  number of novel bonzopyrans. Sodium boro- 

hydr ide  r educ t i on  of ke tbcarboxyl ic  ac id  ( 1 2 ) 4  gave i n  quan- 

t i t a t i v e  y i e l d  t h e  a l coho l  (13 ) .  m.p. 138 - 13g0, whose s t e r e o -  

chemistry was i n d i c a t e d  by n.m.r. spec t roscopy  ( 6  i n  C D C l  ) 3 

which showed t h e  methine proton a t  3.96 a s  a  t r i p l e t  having 

2 3 Hz. Condensation of t h i s  a l coho l  w i th  benzylamine and 

phenethylamine a f fo rded  t h e  amides ( 1 4  and 151, whose re- 

duc t i on  w i th  l i t h i u m  aluminium hydr ide  gave t h e  amines (16) 

(hydrochlor ide ,  m.p. 197 - 199O) and (17)  (m.p. 115 - 116°) .  

React ion of 16 w i th  cyclohexanone i n  t h e  presence  of hydro- 

c h l o r i c  a c i d  then  fu rn i shed  i n  30 % y i e l d  t h e  benzopyran (181,  

m.p. 203 - 204O, Vmax ( K B r )  3300 cm-' (OH o r  N H ) ,  whose n,m.r. 

spectrum showed an ABX p a t t e r n  I 6 ( C D C l 3 )  6.58 ( l H ,  dd, J 8.5, 

and 2.0 Hz, C 8 - H ) ,  6.73 ( l H ,  d ,  J 2.0 Hz, C l O - H ) ,  and 6.98 ( l H ,  

d ,  J 8.5  Hz, C -H)]  f o r  t h e  t h r e e  aromatic  p ro tons .  The a l t e r -  7 

n a t e  benzazocine (21)  was excluded s i n c e  an amide (20)  Iumax 

( K B r )  1620 cm-'1 was formed by t h e  usua l  a c e t y l a t i o n .  S i m i l a r l y ,  

t h e  amino a l coho l  (17)  could be converted i n t o  t h e  benzopyran 

d e r i v a t i v e  ( 1 9 ) .  m.p. 218 - 219O, vmax ( K B r )  3250 cm-l, i n  27 % 

y i e l d .  

Moreover by r e a c t i o n  wi th  formal in  and h y d r o c h l o r i c  ac id  

t h e  amido a l coho l  ( 1 4 )  was t rnasformed i n t o  t h e  benzopyran 
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(221, m.p. 127 - 128O. Vmax ( K B r )  1650 cm-I i n  55 % y i e l d ,  

whose s t r u c t u r e  was i n d i c a t e d  s i n c e  no a c e t y l a t i o n  occur red  

and by an n.m.r. AB p a t t e r n  a t  4.80 and 5.12 ( J  13 Hz) for  

t h e  C-5 methylene p ro tons .  The second amido a l c o h o l  (15)  

a l s o  gave t h e  benzopyrans ( 2 3 ) ,  m.p. 156 - 157O [Urnax ( K B r l  

1660 cm-' ( - C O N < ) ,  G ( C D C 1 3 )  4.12 and 4.60 (each 1 H .  each  d ,  

J 15  Hz, C6-H2) 1 i n  62 % y i e l d .  

Thus, i n  c o n t r a s t  t o  t h e  s t anda rd  r n e t h ~ d s , ~ ' ~  w e  have de- 

veloped a  new and s imple  s y n t h e t i c  method of  benzopyrans. 
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