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SYNTHESIS OF 2 , 2 - 0 I M E T H Y L - 4 - M E T H O X Y C H R O M A I i S  
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Abstract - 2 , 2 - 0 i m e t h y l - 4 - m e t h o x y c h r o m a n ~  have been synthesized 
by the reduction of 2,2-dimethyl-4-chromanones with NaOHq followed by 

treatment with hydrochloric acid in methanol sclution. 

INTRODUCTION 

Owing to their bioactivity2 2,2-dimethyl-2H-chromenes became a well-known group 

of the benropyran-type heterocycles during the past d e ~ a d e . ~  Their especially 

important representatives are precocene I ( 2 , 2 - d i m e t h y l - 7 - m e t h o x y - 2 H - c h r o m e n e )  

and precocene I1 ( 2 , 2 - d i m e t h y l - 6 , 7 - d i m e t h o x y - 2 ~ - c h r o m e n e )  isolated from m-, 
turn h o u ~ t a n i a n u n ~ ' ~  as well as o t h e r  plant Starting from 2,2-dime- - 
thyl-4-chromanones, various procedures have been worked o u t  for their synthe- 

 is.^-'' Very recently, in the c o u r s e  of the preparation of 2,2-dimethyl-2H- 

chrornenes Teixidor et aI.l7 isolated 2 , 2 - d i m e t h y l - 4 , 6 , 7 - t r i m e t h o x y c h r o m a n  in 

approx. 10% yield as a by-product on the reduction of 6,7-dimethoxy-2,2-dime- 

thyl-4-chromenone with NaOHq in methanol. 2,2-0imethy1-4-ethoxychroman was 

synthesized by Merten and Miiller stacting from salicylaldehyde.18 To our 

knowledge, no other examples have hitherto been published for the formation of 

2,2-dimethyl-4-alkoxychroman derivatives. 

In recent years we have been engaged in the synthesis of precocene analogues as 

potential plant protecting agents. 1214-16,19,20 In o u r  experiments 2,2-dimethyl- 

4-chromanones uere used as starting materials, and some of them were found to 

give 2 , 2 - d i m e t h y l - 4 - m e ~ h 0 ~ y ~ h ~ 0 m a n s  instead of 2 , 2 - d i m e t h y l - 2 H - c h r o m e n e 5  on re- 

duction with NaBH4 followed by treatlnent with hydrochloric acid in methanol. 



In the present paper our systematic investigation and the results o n  the syn- 

thesis of 2,2-dimethyl-4-methoxychromans are reported. 

RESULTS AND DISCUSSION 

In order to enhance the "original precocene activity" or to consider the ap- 

pearance of new bioactivities we prepared a series o f  2,2-dimethyl-2H-chrome- 

nes 1'14-16'20 with a large variety o f  substituents in the aromatic ring. If 

2,2-dimethyl-4-chromanones possessing a carboxamide moiety at position 7 (1- 
13) are allowed to react with NaEH4 and then treated with hydrochloric acid in - 

methanol, 2,2-dimethyl-4-methoxychromans (21 - 2) precipitate from the solu- 
tion in good yield. 

1 2  1 , E : R  = R  = H  2 
- - 0 ,  X: R' = H, R = 3-Er 

2 2 2, 28: R' = H, R = ?-CH3 9, 5: RI = H, R = 4-Er - - 
1 2 3 , z :  R 1 = H ,  R 2 = 4 - C H 3  R = C H j ,  R = H  - 

2 1 2 4 ,  0: R1 = H, R ; 2-C1 U, X: R = CH,, R = 2-C1 - 
1 2 1 2 S ,  1: R = H ,  R = >-C1 - 12, 0: R = CH3, R = 3-C1 

6 32. R' = H ,  R' = 4-C1 1 2 
- >  -' 

13, 2: R = CH3, R = ".C1 

l 2 7, 7: R = H, R = 2-Er - 

We also investigated the reduction o f  alkyl- or arylsulfonyloxy-2,2-dimethyl-4- 

chromanones (14 - 17) with NaBH which gave 2,2-dimethyl-4-hydroxychromans 4 

When the dehydration of these latter substances was  conducted, it w a s  found that 

4-methoxy-2,2,S-trimethylchroman derivatives (S - 3) were formed from those 
chromanones having a methyl group in position 5 .  
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1 4  - 

1 4 ,  5: R  = CH, 16, 42: R  = 4-CH,-C6H4 - 
1 5 ,  5: R  = C6H5 U ,  g: R = 4 - E r - C  H  
W 6  4  

S i m i l a r  r e s u l t s  were obtained with compounds possessing either benzyloxy or 

aminoalkoxy s u b s t i t u e n t s  o n  t h e  aromatic r i n g ,  and  2,2-dimethyl-4-methoxychro- 

mans 41; - 5 and c - 2, r e s p e c t i v e l y ,  were formed o n  t h e  acidification o f  the 

reduction product in methanol. 

2 2 1 ,  g: R1 = R  = H ,  X  = CH 2  
W 2  -, 2 4  -. 5 0 . ~ l = C H , ,  R  = H , X = O  

1 2  2 2 ,  8: R = R  = H ,  X  = 0 1 2  2 5 , x :  R  = H ,  R  = C H J ,  X = C H 2  

2  23, 9: R1 = CH,, R  = H ,  X  = CH 1 2  2 6 , x :  R  = H ,  R  = C H , ,  X = O  2  - 



2 , 2 - D i m e t h y l - 4 - m e t h o ~ y c h r o m a n s  E - 3 are stable white crystalline materials 

while substances 5 - 52 are oily products which decompose quickly. Structures 

of all the compounds prepared were elucidated by '~-nrnr spectroscopy and  in the 

c a s e  of 21 - H by microanalysis as well. A singlet 'H signal characteristic for 

the methovy group at position 4 is found at about 3.4 ppm. Another characteris- 

tic signal in e a c h  spectrum is a triplet at approx. 4.5 ppm assigned to the hy- 

drogen at C-4. All other proton signals could be assigned to the appropriate hy- 

drogen atoms of the molecules. 

A reasonable explanation for the formation of the 2,2-dinethyl-4-nethoxychro- 

mans is that elimination and nucleophilic substitution are two concurrent r e a c -  

tions in acidic methanol solution leading elther to 2.2-dimethyl-2~-chromenes 

or to 2 , 2 - d i m e t h y l - 4 - m e t h a ~ y ~ h r 0 m a n ~ .  

EXPERIMENTAL 

Melting points were determined on a Kofler hot-stage apparatus and are u n c o r -  

rected. l ~ - N m r  spectra in CDCl, ( T M S  as int. ref.) were recorded with a Bruker 

UP 200 5Y spectrameter at 200 M H r .  Tlc was performed on a Kiaselgel 60 F 2 5 4  

(Merck )  layer using hexane-acetone ( 7 : 3  " / v )  as eluant. 
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T a b l e  1. P h y s i c a l  c o n s t a n t s  a n d  a n a l y t i c a l  d a t a  of  compounds - 2 

mp Y i e l d  O v e r a l l  C a l c u l a t e d  Found 
Compound 

O C  'i f o r m u l a  C % H% C% H% 

9 8 - 9 9  

1 1 3 - 1 1 4  

1 0 1 - 1 8 2  

o i l  

o i l  

o i l  

o i l  

o i l  

o i l  



T a b l e  2 .  ' ~ - ~ r n r  s p e c t r a l  p r o p e r t i e s  o f  compounds  21-1Z 

Compound X ( p p m )  

1 . 4 2  ( S ,  H ,  1 . 5 2  ( S ,  3 H ) ,  2 . 0 8  ( m ,  2 H ) ,  3 . 5 2  ( S ,  > H ) ,  4 . 4 8  ( t ,  l H ,  J =  

6 . 5 8  H r ) ,  4 . 6 6  ( S ,  2 H ) ,  6 . 5 0 - 7 . 6 8  ( m ,  8  a r o m a t i c  p r o t o n s ) ,  8 . 3 2  ( 5 ,  1H)  

1 . 4 0  ( 5 ,  > H ) ,  1 . 4 8  ( S ,  H  2 . 0 6  ( m ,  2 H ) ,  2 . 2 8  ( S ,  H  3 . 4 8  ( S ,  3 H ) ,  

4 . 4 5  ( t ,  1H , 2.6.57 H z ) ,  4 . 6 5  ( S ,  ? H ) ,  6 . 4 6 - 8 . 0 2  ( m ,  7  a r o m a t i c  

p r o t o n s ) ,  8 . 2 2  ( S ,  1H)  

1 . 4 0  ( S ,  > H ) ,  1 . 4 8  ( S ,  3 H ) ,  2 . 0 4  ( m ,  2 H ) ,  2 . 3 5  ( S ,  3 H ) ,  3 . 4 8  ( 5 ,  3 H ) ,  

4 . 4 3  ( t ,  I H ,  J = 6 . 5 8  H z ) ,  4 . 5 8  ( 5 ,  2 H ) ,  6 . 4 2 - 7 . 5 2  ( m ,  7  a r o m a t i c  p r o t o n s ) ,  

8 . 1 8  ( 5 ,  1H)  

1 . 4 0  ( S ,  3 H ) ,  1 . 4 6  ( S ,  > H ) ,  2 . 0 2  ( m ,  2 H ) ,  3 . 3 6  ( S ,  H ,  4 . 4 4  ( t ,  l H ,  J =  

6 . 4 8  H r ) ,  4 . 6 0  ( S ,  2H) ,  6 . 4 2 - 8 . 4 2  ( m ,  7  a r o m a t i c  p r o t o n s ) ,  9 . 0 2  ( S ,  1H) 

1 . 3 4  ( S ,  H  1 . 4 4  ( S ,  > H ) ,  2 . 0 2  ( m ,  2 H ) ,  3 . 4 4  ( S ,  > H ) ,  4 . 4 0  ( t ,  l H ,  J =  

6 . 5 2  H z ) ,  4 . 5 2  ( S ,  2 H ) ,  6 . 3 8 - 7 . 6 6  ( m ,  7  a r o m a t i c  p r o t o n s ) ,  8 . 2 6  ( S ,  1H)  

1 . 3 5  ( S ,  H  1 . 4 6  ( S ,  H ,  2 . 0 2  ( m ,  2 H ) ,  3 . 4 4  ( S ,  3 H ) ,  4 . 3 8  ( t ,  I H ,  J =  

6 . 5 8  H z ) ,  4 . 5 4  ( S ,  2 H ) ,  6 . 4 0 - 7 . 5 2  ( m ,  7  a r o m a t i c  p r o t o n s ) ,  8 . 2 2  ( S ,  1H)  

1 . 3 6  ( S ,  H  1 . 4 6  ( S ,  H  2 . 0 4  ( m ,  ? H ) ,  3 . 4 2  ( 5 ,  >H) ,  4 . 4 2  ( t ,  I H ,  J =  

6 . 5 4  H z ) ,  4 . 6 0  ( S ,  2 H ) ,  6 . 4 4 - 8 . 4 6  ( m ,  7  a r o m a t i c  p r o t o n s ) ,  9 . 0 6  ( S ,  1H)  

1 . 3 5  ( S ,  H  1 . 4 3  ( S ,  H ,  2 . 0 2  ( m ,  2 H ) ,  3 . 4 4  ( 5 ,  3 H ) ,  4 . 3 8  ( t ,  l H ,  J =  

6 . 5 6  H z ) ,  4 . 5 7  ( S ,  2H) ,  6 . 4 2 - 7 . 8 3  ( m ,  7  a r o m a t i c  p r o t o n s ) ,  8 . 2 2  ( S ,  1H) 

1 . 3 6  ( 5 ,  H ,  1 . 4 4  ( S ,  > H ) ,  2 . 0 3  ( m ,  ZH) ,  3 . 4 6  ( S ,  H ,  4 . 3 8  ( t ,  l H ,  J =  

6 . 5 8  H z ) ,  4 . 5 4  ( S ,  2 H ) ,  6 . 4 0 - 7 . 4 8  ( m ,  7  a r o m a t i c  p r o t o n s ) ,  0 . 2 2  ( 5 ,  1H)  

1 . 4 2  ( S ,  6 H ) ,  1 . 8 3  ( d d ,  I H ,  5 = 1 4 . 4 ,  5 . 1 2  H z ) ,  2 . 2 6  ( d d ,  I H ,  5 = 1 4 . 4 ,  2 . 9 2  

H r ) ,  2 . 3 0  ( S ,  H  5 . 4 2  ( 5 ,  H ,  4 . 2 7  ( d d ,  I H ,  3 = 4 . 7 5 ,  2 . 5 6  H z ) ,  4 . 5 4  

( 5 ,  2 H ) ,  6 . 3 2 - 7 . 5 8  ( m ,  7  a r o m a t i c  p r o t o n s ) ,  8 . 2 4  ( S ,  1H)  

1 . 4 2  ( S ,  6 H ) ,  1 . 0 2  ( d d ,  I H ,  J = 1 4 . 2 ,  4 . 7 5  H z ) ,  2 . 2 8  ( d d ,  l H ,  J = 1 4 . 2 ,  2 . 5 6  

H r ) ,  2 . 3 2  ( S ,  > H ) ,  3 . 4 2  ( S ,  H  4 . 2 5  ( d d ,  I H ,  J = 4 . 7 5 ,  2 . 5 6  H z ) ,  4 . 6 0  

( S ,  ZH) ,  6 . 3 5 - 8 . 4 2  ( m ,  6  a r o m a t i c  p r o t o n s ) ,  9 . 0 4  ( 5 ,  1 H )  

1 . 4 3  ( 5 ,  6 H ) ,  1 . 0 4  ( d d ,  l H ,  J = 1 4 . 0 ,  4 . 8 4  H z ) ,  2 . 2 5  ( d d ,  I H ,  J.14.0, 2 . 5 8  

H z ) ,  2 . 3 3  ( S ,  SH),  3 . 4 0  ( S ,  3 H ) ,  4 . 2 6  ( d d ,  I H ,  2.4.76, 2 . 5 2  H z ) ,  4 . 5 4  

( S ,  2 H ) ,  6 . 2 8 - 7 . 7 2  ( m ,  6  a r o m a t i c  p r o t o n s ) ,  8 . 2 2  ( S ,  1H)  

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

H r ) ,  2 . 1 2  ( S ,  H  3 . 4 2  ( 5 ,  H ,  4 . 2 4  ( d d ,  I H ,  J = 4 . 7 8 ,  2 . 5 7  H z ) ,  4 . 5 6  

( 5 ,  2 H ) ,  6 . 2 8 - 7 . 5 4  ( m ,  6  a r o m a t i c  p r o t o n s ) ,  8 . 2 4  ( S ,  1H)  

1 . 3 8  ( S ,  H  1 . 4 0  ( S ,  3 H ) ,  1 . 8 0  ( d d ,  I H ,  J = 1 3 . 8 ,  4 . 7 5  H z ) ,  2 . 2 0  ( d d ,  I H ,  

5.13.8, 2 . 5 6  H z ) ,  2 . 3 2  ( S ,  H ,  3 . 0 6  ( 5 ,  3 H ) ,  3 . 3 8  ( 5 ,  H ,  4 . 2 5  ( d d ,  l H ,  

2 ~ 4 . 7 5 ,  2 . 5 6  H z ) ,  6 . 5 6  ( d ,  I H ,  J = 2 . 4 0  H z ) ,  6 . 6 0  ( d ,  I H ,  5 = 2 . 4 8  H z )  

1 . 3 6  ( 5 ,  SH),  1 . 3 9  ( S ,  3 H ) ,  1 . 8 0  ( d d ,  l H ,  J = l 4 . O ,  4 . 7 8  H z ) ,  2 . 2 0  ( d d ,  1H, 

J = 1 4 . 0 ,  2 . 5 6  H z ) ,  2 . 2 4  ( S ,  H ,  3 . 3 2  ( S ,  3 H ) ,  4 . 2 1  ( d d ,  l H ,  J = 4 . 7 8 ,  

2 . 5 9  H r ) ,  6 . 2 8 - 7 . 8 8  ( m ,  7  a r o m a t i c  p r o t o n s )  

1 . 3 2  ( S ,  3 H ) ,  1 . 3 8  ( S ,  3 H ) ,  1 . 7 8  ( d d ,  l H ,  J = 1 4 . 4 ,  2 . 5 6  H r ) ,  2 . 2 0  ( d d ,  I H ,  

J = 1 4 . 4 ,  2 . 5 6  H z ) ,  2 . 2 4  ( S ,  H  2 . 4 2  ( S ,  H ,  3 . 3 8  ( S ,  3 ~ 1 ,  4 . 2 2  ( d d ,  I H ,  

J = 4 . 7 6 ,  2 . 5 4  H z ) ,  6 . 2 8 - 7 . 7 8  ( m ,  6  a r o m a t i c  p r o t o n s )  
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T a b l e  2  c o n t i n u e d  

Compound ( P P ~ )  

1 . 3 8  ( S ,  > H ) ,  1 . 4 0  ( S ,  3 H ) ,  1 . 8 0  ( d d ,  I H ,  5 = 1 4 . 2 ,  4 . 7 5  H z ) ,  2 . 0 4  ( d d ,  

I H ,  J = 1 4 . 2 ,  2 . 5 6  H z ) ,  2 . 0 6  ( S ,  3 H ) ,  3 . 4 2  ( 5 ,  H ,  4 . 2 4  ( d d ,  I H ,  J=  

4 . 7 5 ,  2 . 5 6  H r ) ,  6 . 2 6 - 7 . 7 0  ( m ,  6  a r o m a t i c  p r o t o n s )  

1 . 3 6  ( S ,  3H) ,  1 . 4 4  ( s ,  H ,  2 .04  ( m ,  2H) ,  3 . 4 6  (S, > H ) ,  4 . 4 0  ( t ,  l H ,  3= 

6 . 5 8  H z ) ,  5 . 1 4  ( S ,  2H),  6 . 4 2 - 8 . 2 6  ( m ,  7  a r o m a t i c  p r o t o n s )  

1 . 4 0  ( S ,  6 H ) ,  1 . 8 2  ( d d ,  I H ,  5 = 1 4 . 0 ,  4 .75  H z ) ,  2 . 2 4  ( d d ,  l H ,  5 = 1 4 . 0 ,  

2 . 5 6  H z ) ,  2 . 3 0  ( s ,  )H) ,  3 . 4 2  ( S ,  >H) ,  4 . 2 3  ( t ,  l H ,  3 = 6 . 5 6  H z ) ,  5 . 1 2  ( S ,  

? H ) ,  6 . 2 3 - 8 . 2 0  ( m ,  6  a r o m a t i c  p r o t o n s )  

1 . 3 2  ( S ,  H ,  1 . 4 3  ( 5 ,  JH) ,  2 . 0 1  ( m ,  2H) ,  3 . 4 2  ( S ,  H 4 . 3 6  t ,  I H ,  J =  

6 . 5 4  H r ) ,  5 . 1 6  ( 5 ,  4 H ) ,  6 . 4 2 - 8 . 2 6  ( m ,  1 0  a r o m a t i c  p r o t o n s )  

1 . 3 4  (m, 2H) ,  1 . 4 6  ( S ,  6 H ) ,  1 . 5 8  ( m ,  4 H ) ,  2 . 0 1  ( m ,  2H),  2 . 4 6  ( m ,  4 H ) ,  

2 . 7 6  ( t ,  2H, 5 - 7 . 1 0  H r ) ,  5 . 4 5  ( S ,  3H) ,  4 . 0 6  ( t ,  2H, 5 = 7 . 1 0  H z ) ,  4 . 3 8  

( t ,  l H ,  5.6.56 H z ) ,  6 . 3 4 - 7 . 3 0  ( m ,  3  a r o m a t i c  p r o t o n s )  

1 . 3 6  ( S ,  SH), 1 . 4 2  ( S ,  >H),  2 . 0 2  ( m ,  2H),  2 . 5 6  ( m ,  4H) ,  2 . 8 0  ( t ,  2H,  J =  

6 . 8 4  H z ) ,  3 . 4 4  ( S ,  >H) ,  3 . 7 2  ( m ,  4 H ) ,  4 . 0 6  ( t ,  2H, 5 = 6 . 8 4  H z ) ,  4 . 3 8  

( t ,  l H ,  3 ~ 6 . 5 9  H z ) ,  6 . 3 8 - 7 . 2 8  ( m ,  3  a r o m a t i c  p r o t o n s )  

1 . 4 0  ( S ,  6H) ,  1 . 6 0  ( m ,  H ,  1 . 6 0  ( m ,  5H),  1 . 7 8  ( d d ,  l H ,  3 = 1 3 . 9 ,  2 . 5 8  

H z ) ,  2 . 2 4  ( d d ,  I H ,  3 = 1 3 . 9 ,  2 . 5 9  H r ) ,  2 . 2 8  ( S ,  > H ) ,  2 . 5 2  (m, 5 ~ ) ,  2 . 7 6  

( t ,  2H, 5.6.26 H z ) ,  3 . 3 8  ( S ,  3 H ) ,  4 . 0 6  ( t ,  2H, 3 = 6 . 2 6  H z ) ,  4 . 2 4  ( d d ,  

I H ,  J = 4 . 8 0 ,  2 . 5 4  H r ) ,  6 . 2 4  ( d ,  I H ,  3 = 2 . 4 2  H z ) ,  6 . 3 8  ( d ,  l H ,  5 = 2 . 4 2  H z )  

1 . 4 0  ( S ,  6H) ,  1 . 8 0  ( d d ,  l H ,  3 = 1 4 . 2 ,  2 . 5 6  H r ) ,  2 . 2 0  ( d d ,  I H ,  J = 1 4 . 2 ,  

2 . 5 8  H r ) ,  2 . 2 4  ( S ,  3 H ) ,  2 . 0 4  ( m ,  4 H ) ,  2 . 2 6  ( t ,  2H, J = 6 . 4 2  H z ) ,  3 . 4 0  ( 5 ,  

H ,  3 . 7 0  (m, 4 H ) ,  4 . 0 6  ( t ,  2H, 5 = 6 . 4 2  H Z ) ,  4 . 2 6  ( d d ,  l H ,  5.4.76, 2 . 5 2  

H z ) ,  6 . 2 2  ( d ,  1 H ,  5 = 2 . 4 8  H Z ) ,  6 . 3 0  ( d ,  l H ,  5 = 2 . 4 8  Hz)  

1 . 3 0  ( S ,  H ,  1 . 4 0  ( m ,  2H),  1 . 4 1  (S, H  1 . 5 6  (m, 4H) ,  1 . 9 2  ( m ,  2 H ) ,  

2 . 0 2  ( S ,  3 H ) ,  2 . 4 8  ( m ,  4H) ,  2 . 7 3  ( t ,  2H, 3.6.26 H z ) ,  3 . 4 0  ( S ,  3 ~ ) ,  4 . 0 4  

( t ,  2H, 3 = 6 , 2 6 ' H z ) ,  4 . 3 6  ( t ,  l H ,  3 = 6 . 1 8  H z ) ,  6 . 4 2  ( d ,  l H ,  5 = 5 . 4 8  H??) ,  

7 . 1 0  ( d ,  l H ,  5 = 5 . 4 8  H z )  

1 . 3 5  ( S ,  > H ) ,  1 . 4 4  (S, 3 H ) ,  2 . 0 0  ( m ,  ZH) ,  2 . 1 0  ( 5 ,  3  2 . 6 0  ( m ,  4 H ) .  

2 . 8 0  ( t ,  2H, 5 = 6 . 1 6  H z ) ,  3 . 4 6  ( S ,  H  3 . 7 2  ( m ,  4 H ) ,  4 . 1 2  ( t ,  2H, J =  

6 . 1 6  H r ) ,  4 . 4 2  ( t ,  I H ,  J = 6 . 4 8  H z ) ,  6 . 4 8  ( d ,  l H ,  3 = 5 . 7 6  H z ) ,  7 . 1 8  ( d ,  l H ,  

5.5.76 Hz)  



General procedure for the preparation of the 2.2-dimethyl-4-methoxychromans 

2,2-Dimethyl-4-chromanons (I - 3; 10 mrnnl) was stirred and refluvcli in methanol 

(200 ml), and NaBH4 (50 mrnol) was added in small portions. Stirring and reflux 

w a s  continusd until the disappearance of the starting material (approx. 2 h) ac- 

cording to tlc. The solution was cooled down, its pH adjusted to 2-4 with 4 N 

HC1 and then left to stand at room temperature for 1-3 days. The rnlxture was di- 

luted with water, the precipitated material filtered off, washed free of acid, 

and crystallized from methanol to give compounds E - 52 (Tables 1 and 2). 
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