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SUBSTITUTED ACETOPHENONES AND 4-CHROMANONES WITH SODIUM BOROHYDRlDE 
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Abs t rac t  - An improved p repa ra t i on  o f  n a t u r a l  p r o - a l l a t o c i d i n  precocene I 1  (6) i s  - 
reported .  S t a r t i n g  f rom methoxyhydroquinone (1). F r i e s  condensation w i t h  a c i d 2 l e d  t o  

t h e  hydroxychrornanone 2 ,  which by f u r t h e r  methy la t ion ,  r educ t i on  and dehydrat ion 

af forded chromene i n  77% o v e r a l l  y i e l d .  I n  add i t i on ,  complementary s tud ies  r e l a t e d  

t o  t h e  s y n t h e t i c  sequence have a l so  been c a r r i e d  out, I.!., t h e  in f luence of water 

con ten ts  on t h e  i n i t i a l  F r i e s  rearrangement and t h e  scope o f  an anomalous r e a c t i o n  

course i n  t h e  r educ t i on  o f  aromat ic ketones w i t h  NaBH /MeOH i n  which, depending upon 
4  

t h e  a c t i v a t i o n  o f  t h e  carbonyl  group, t h e  format ion of t h e  methyl e ther  i ns tead  of 

t h a t  of t h e  corresponding a lcoho l  might  be observed. 

INTRODUCTION 

T o x i c i t y  e x h i b i t e d  by precocenes, p a r t i c u l a r l y  i n  ver tebra tes  has tone down t h e  p o t e n t i a l  

i n t e r e s t  of these compounds f o r  i n s e c t  c o n t r o l .  However, t h e i r  p e c u l i a r  p roper t ies ,  i n  terms of 

mechanism o f  b i o a c t i v a t i o n  and r e a c t i v i t y ,  have l e d  t o  cons ider  these chromene s t r uc tu res  as 

valuable models f o r  t o x i c o l o g i c a l  s tud ies  3 3 4 .  Thus, r ecen t  r e s u l t s  from our l abo ra to r y  on the  

r e a c t i v i t y  o f  3.4-epoxyprecocene I 1  ( t h e  pos tu l a ted  b i o a c t i v a t e d  in te rmed ia te  respons ib le  f o r  t h e  

b i o l o g i c a l  a c t i v i t y  o f  precocene I 1  (6) i n  i n ve r t eb ra te  5,6  and ve r t eb ra te  organisms1 ) ,  w i t h  

d i f f e ren t  n u c l e o p h i l i c  substrates,  have quest ioned t h e  r o l e  o f  t h i s  in te rmed ia te  i n  t h e  c y t o t o x i c  

process. From our p r e l i m i n a r y  study, i t  seems t h a t  an a l t e r n a t i v e  mechanism, p robab ly  i n v o l v i n g  

r a d i c a l  species, cou ld  be envisaged. Consequently, t h e  t o x i c o l o g i c a l  s tud ies  needed f o r  con f i rm ing  

our hypothesis would demand precocene I 1  t o  be ava i l ab l e  i n  impor tan t  amounts. 
I n  t h i s  context ,  s e v e r a l  s y n t h e t i c  sequences f a r  p repa ra t i on  of 2y-1-benropyran s t r uc tu res  re lated  

t o  precocenes have been pub l i shed 7-11 . We considered t h a t  the  r o u t e  which invo lves  t h e  

condensation o f  an appropr ia te  phenol w i t h  3-methylbut-2-enoic a c i d  (2) t o  a f fo rd  t h e  

corresponding 4-chromanone d e r i v a t i v e  2, f o l l owed  by r educ t i on  and dehydrat ion,  was t h e  most 

convenient  approach f o r  syn thes is  o f  na tu ra l  precocenes. Thus, compound 5 i s  a  v e r s a t i l e  

in te rmed ia te  f o r  an easy p repa ra t i on  of d i f f e r e n t  analogs p o t e n t i a l l y  use fu l  f o r  our mechanist ic  

and t o x i c o l o g i c a l  s tudies,  such as t h e  corresponding 3 ,4 -d ihydroder iva t i ves  o r  those i s o t o p i c a l l y  

l a b e l l e d  w i t h  2~  a t  C-3 and w i t h  2~  o r  1 3 ~  a t  C - 4  3,12. 

However, t h e  above procedure s t i l l  presents some p r a c t i c a l  drawbacks f o r  t h e  case of precocene 11, 

s ince  3.4-dimethoxyphenol, t h e  s t a r t i n g  phenol, i s  no t  a  r e a d i l y  a v a i l a b l e  compound. Likewise, t h e  

p repa ra t i on  o f  t h i s  phenol f rom 3,4-dimethoxybenzaldehyde, through a  Baeye r -V i l l i ge r  o x i d a t i o n  

w i t h  a  pe rac i d  fo l lowed by hyd ro l ys i s  of t h e  in te rmed ia te  formate l3 , i s  ted ious  and a lso  r a t h e r  

expensive Therefore, we a n t i c i p a t e d  t h a t  t h e  use o f  methoxyhydroquinone (1) as s t a r t i n g  ma te r i a l  

might  be an advantageous a l t e r n a t i v e .  Th i s  compound had been p rev i ous l y  used i n  a  p repara t ion  of 

chromene 2, which i nvo l ved  a  d i f f e r e n t  s yn the t i c  approach based on an i n i t i a l  p r e n y l a t i o n  w i t h  

2-methyl-3-but-2-en01 8 . 
Another s tep  o f  our syn the t i c  sequence which cou ld  be op t im ized was t h e  r educ t i on  o f  t h e  



4-chromanone 5, u s u a l l y  c a r r i e d  ou t  w i t h  LiA1H4. I n  f a c t ,  t h i s  r educ t i on  had a l s o  been descr ibed 

by using NaBH4/PdCl2 l4 , al though a g rea t  excess o f  t h e  former reagent and a l so  a l i g h t  excess 

of the  l a t t e r  are r equ i r ed  f o r  the  r e a c t i o n  t o  proceed s a t i s f a c t o r i l y .  

I n  the  present  paper we r e p o r t  on our r e s u l t s  of an improved p repa ra t i on  o f  precocene 11, which 

invo lved  t h e  use of methoxyhydroquinone as s t a r t i n g  phenol. Add i t i ona l l y ,  a study o f  the  r educ t i on  

of 4-chromanone L a n d  s t r u c t u r a l l y  r e l a t e d  acetophenones w i t h  NaBHq i n  a l c o h o l i c  so lven ts  i s  a l so  

presented. 

RESULTS AND DISCUSSION 

The syn the t i c  sequence used f o r  the  p repa ra t i on  of precocene I 1  i s  dep ic ted  i n  Scheme 1. 

I NaBHd iPrOH CHOW 
C H 3 0  cH3003 / / 2. heat CH30 

0 
6 
e 

5 - 
Scheme I 

Several years ago we repo r t ed  t h e  use o f  anhydrous methanesul fonic ac i d  as so lven t  and c a t a l y s t  
15 

f o r  the  condensation of a c t i v a t e d  phenols w i t h  a c i d 2  . Since methanesulfonic a c i d  i s  u s u a l l y  

ava i l ab l e  i n  70% aqueoussolution, we decided t o  study t h e  i n f l u e n c e  of water con ten ts  on t h e  

r eac t i on  course of phenol J w i t h  a c i d  2, t o  exp lo re  whether t h e  anhydr isa t ion  step cou ld  be ?., 
avoided. 

However, as shown i n  Table 1, t h e  presence of water l e d  t o  an inc reas ing  abundance o f  

dihydrocoumarin Q i n  t h e  r e a c t i o n  mix tu re .  This compound cou ld  on l y  be separated from t h e  

chromanone 2 by chromatographic procedures. Moreover, t h e  o v e r a l l  convers ion y i e l d s  o f  & and 4 
decreased w i t h  inc reas ing  water contents.  

The fo rmat ion  of compounds l i k e  4 had been found i n  the  F r i e s  rearrangement o f  o- and 

p-methoxyphenyl 3-methylbut-2-enoates by us ing  d i f f e r e n t  so lven ts  and ca ta l ys t s ,  i n c l u d i n g  - 
anhydrous methanesulfonic acid, bu t  no t  when t h e  corresponding methoxy group was a t  the  meta - 
p o s i t i o n  . I n  the  case o f  phenol 3 i t  can be considered t h a t  bo th  o and p p o s i t i o n s  con ta i n  - - 
oxygenated subs t i tuen ts .  Therefore, i t  seems t h a t  t h e  presence of water, r a t h e r  than the  fo rmat ion  

of 5, would preclude i n  some ex ten t  t h e  mechanism lead ing  t o  4-chromanone&. 
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Table 1. Inf luence o f  water contents o f  methanesulfonic a c i d  on t h e  condensation of 

methoxyhydroquinone (1) w i t h  3-methylbut-2-enoic a c i d  (2). 
~ ~ . . .  .. . . . . . . . .  .... ... ..... . . ...... . . . .  . .  . ~ 

. .  . 

so lven ta  3:4 molar r a t i o  b 
Overa l l  convers ion y i e l d  J t  2 1%) 

. . . . .  ... . .  . . . . . .  . . .  . . .  .,,.. . . . . . .  . .  . . . .  . 

'water con ten ts  determined by Ka r l  F ischer  method. 

b ~ s t i m a t e d  by 'H nmr 

I n  any case, t h e  procedure combining t h e  condensation of phenol 1 w i t h  a c i d  i n  anhydrous 

methanesul fonic a c i d  w i t h  t h e  subsequent me thy l a t i on  of r e s u l t i n g  compoundz, a f fo rded exce l l en t  

o v e r a l l  y i e l d s  of 4-chromanonei, be ing  thus  much more advantageous than t h e  p rev i ous l y  descr ibed 

rou te .  

As mentioned above, t h e  r educ t i on  o f  in te rmed ia te  5 was another sub jec t  o f  our study. Thus, 

r e a c t i o n  of 5 w i t h  NaBH4 i n  methanol l e d  t o  a m i x tu re  of t h e  expected chromanol J and a compound 

which was i d e n t i f i e d  as the  t r imethoxy  derivatives (Scheme 111. This  compound was unstable i n  

s o l u t i o n  and s lowly  decomposed on standing t o  g ive,  as i t  occurs w i t h  chromanol 2, precocene I 1  

(2) .  To our knowledge, t he re  are no precedents of t h i s  s i de - reac t i on  w i t h  t h e  NaBH4/MeOH system. 

Accordingly,  we decided t o  exp lo re  i t s  scope, by assaying t h i s  r educ t i on  on d i f f e r e n t  

acetophenones as model substrates,  and r e s u l t s  of t h i s  study are shown i n  Table 2. Thus, f o r  

acetophenone and t h e  corresponding 4-methyl and 4-chloro de r i va t i ves ,  on l y  the  r educ t i on  product  
was obtained i n  good convers ion y i e l d s .  Conversely, t h e  r e a c t i o n  w i t h  ac t i va ted  acetophenones l e d  

t o  the  concomitant fo rmat ion  of the  corresponding methyl e ther ,  which was t h e  so le  r e a c t i o n  

product  f o r  2.4-dimethoxyacetophenone. From these r e s u l t s ,  i t  can be concluded t h a t  t h e  fo rmat ion  

of the  methoxy d e r i v a t i v e  i s  c l o s e l y  dependent on t h e  s u b s t i t u t i o n  of t h e  aromatic r i n g ,  and 

s p e c i f i c a l l y  on t h e  o v e r a l l  e l e c t r o n i c  e f fec t  of t h i s  s u b s t i t u t i o n  over t h e  benzy l i c  carbon atom 

subjected t o  reduc t ion .  As shown, s i g n i f i c a t i v e  y i e l d s  of t h e  methyl  e ther  were on l y  obtained i n  

t h e  presence o f  s t rong t M  subs t i tuen ts .  

Scheme I !  



Table 2. Influence of the  subst i tuents  on the reac t i on  o f  d i f f e ren t  acetophenones w i th  NaFH4 i n  

methanol ? 

Substrate Products Iso la ted y i e l d  ($1 

a Reactions were c a r r i e d  out a t  room temperature, by using a  1:2:94 substrate:  hydr ide:  solvent 

molecular r a t i o .  For more de ta i l s ,  see Experimental. 

Referred t o  methyl ether 5 .  

On the other hand, the  n u c l e o p h i l i c i t y  o f  the  i n t e r a c t i n g  alcohol  seemed t o  be a lso  important.  

Thus, reduct ion  o f  4-methoxyacetophenone i n  ethanol af forded a  minor amount of the  corresponding 

ethoxy de r i va t i ve ,  and the use of isopropyl  a lcohol  s o l e l y  l e d  t o  the  formation of the  reduced 

compound. I n  view o f  these resu l t s ,  reduct ion  of chromanone 5 was assayed i n  isopropyl  a lcohol .  

The react ion  requ i red a  100% molar excess of NaBH4 f o r  completion, but i t  c lean l y  gave chromanol 

7, which b y  subsequent dehydration af forded precocene 1 1  (6) i n  81% ove ra l l  y i e l d  from 5. In 
.d 

summary, p repara t ion  o f  precocene 11 was then accomplished through a  simple three-step sequence 

from r e a d i l y  ava i l ab le  compounds, i n  77% ove ra l l  y i e l d .  

F i n a l l y ,  i n  order t o  ob ta in  more in format ion  on the pu ta t i ve  intermediates accounting f o r  the 

s u b s t i t u t i o n r e a c t i o n  observed i n  the  NaBH4 reduct ions,  some add i t iona l  assays w i t h  alcohol 9 were 

c a r r i e d  out.  Thus, wh i le  treatment of L e i t h e r  w i t h  methanol o r  sodium methoxide d i d  not y i e l d  the  

subs t i t u t i on  product 10, treatment w i t h  NaBH4 i n  methanol l e d  t o  the  format ion of t h i s  methoxy 
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d e r i v a t i v e .  These r e s u l t s  suggest t h a t  methanol i s  i n  f a c t  t h e  nuc leoph i le  which operates,  and 

t h a t  r eac t i on  p robab ly  takes p lace  v i a  an a lkoxy  boron in te rmed ia te .  Then, the  balance between t h e  

nuc leo fug i c i t y  of t h i s  mo ie ty  - s t r o n g l y  dependent upon t h e  e l e c t r o n i c  charac te r  of the  i nvo l ved  

benzy l i c  carbon atom -, t h e  r e l a t i v e  n u c l e o p h i l i c i t y  o f  t h e  d i f f e r e n t  species present  i n  t h e  

medium and t h e  so lven t  e f fec ts  i n  terms o f  c o n d i t i o n i n g  t h e  degree of homogeneity among t h e  

reagents, might  determine t h e  ex ten t  o f  the  s u b s t i t u t i o n  r eac t i on ,  and there fo re ,  i t s  p o t e n t i a l  

s yn the t i c  u t i l i t y .  Work along t h i s  l i n e  i s  now i n  progress i n  our labora to ry .  

EXPERIMENTAL 

Ir spec t ra  were r e g i s t e r e d  i n  carbon t e t r a c h l o r i d e  s o l u t i o n s  on a  Perk in  Elmer 3998 instrument.  

Nmr were recorded i n  deuterochloroform so lu t i ons  on a  Bruker Wp-80 SY apparatus opera t ing  a t  30.13 
I MHz f o r  H. GC-Ms analyses w i t h  e l e c t r o n  impact were performed w i t h  a  Hewlett-Packard Model 5995-C 

instrument,  us ing  a  OV-101 g lass  c a p i l l a r y  column 125 ml. Microanalyses were performed w i t h  a  

Car lo  Erba Model 1106 instrument.  Unless o therw ise  s ta ted ,  organic e x t r a c t s  obtained from 

treatment of r e a c t i o n  crudes were d r i e d  over magnesium s u l f a t e  and so lven t  was removed by 

evaporat ion under vacuum. Acetophenone, 4-methylacetophenone, 4-chloroacetophenone and 

4-methoxyacetophenone were from F luka  AG. 2.4-Dimethoxyacetophenone was obtained i n  95% y i e l d  from 

2,4-dihydroxyacetophenone by us ing  the  procedure descr ibed below f o r  p repa ra t i on  o f  compound 5. 
nmr (6, ppml : 2.56 I S ,  3H), 3.84 Is ,  3H1, 3.88 I s ,  3H), 6.4-6.5 IZH), 7.82 Id,  IH, J 9Hz). 

Reaction of methoxyhydroquinone (1) w i t h  3-methylbut-2-enoic a c i d  (2). A m i x tu re  of phenol 1 1 1 . 1 2  

g, 8  mmoll and ac i d  10.80 g, 8  mnol) i n  methanesul fonic a c i d  (10 ml, 1.5% H20 according t o  Ka r l  

F ischer  ana l ys i s )  was v i go rous l y  s t i r r e d  a t  70°C. When r e a c t i o n  was completed ITLC and GC 

mon i t o r i ng ) ,  t h e  crude r e a c t i o n  m i x tu re  was al lowed t o  coo l ,  poured i n t o  i ce-water  1200 g )  and 

ex t rac ted  w i t h  e the r  ( 3  x 50 m l l .  The organic f r a c t i o n s  were washed w i t h  I N  NaOH s o l u t i o n  13 x  50 

ml )  and t h e  j o i ned  bas ic  f r a c t i o n s  were a c i d i f i e d  and ex t r ac ted  w i t h  e ther  13 x 50 m l ) .  The a c i d  

organic f r a c t i o n s  were washed w i t h  water, b r i n e  and d r i ed .  The res i due  ob ta ined a f t e r  e l i m i n a t i o n  

of Solvent  c r y s t a l l i z e d  on s tand ing  t o  af ford compound 3 (1.73 g, 97% y i e l d ) .  which was i d e n t i f i e d  
15 by comparison w i t h  an au then t i c  sample . 

When t h e  r eac t i on  was c a r r i e d  ou t  under t h e  same cond i t ions ,  bu t  us ing  a methanesul fonic a c i d  w ~ t h  

a h igher  H20 content  1i.e. 5  o r  ? I % ) ,  t reatment of t h e  crude r e a c t i o n  m i x tu re  gave a  r es i due  which 

contained a  m i x tu re  of compounds 3 and 4 i n  d i f f e r e n t  i somer ic  r a t i o s  (see Table 1 ) .  Separat ion of 

these compounds was achieved by f l a s h  chromatography (hexane:ethyl ace ta te  from 4:1 t o  2:1, 

r e s p e c t i v e l y ) .  

3,4-Dihydro-6-hydroxy-7-methoxy-4,4-dimethyl-2H-l-benzopyran-2-one ( 4 )  : rnp 117-9°C lCHC131; i r  
-I - 

1 v ,  cm ) :  3540, 1770; nmr (6, ppml: 1.31 (s ,  6H1, 2.02 l b r ,  IH) ,  2.60 Is ,  2H), 3.88 I s ,  3H), 6.60 
I s ,  IH) ,  6.85 I s ,  1H); ms lm/z): 222 IM+, 77%), 207 (100%). Calc. f o r  ClZHl4O4: C ,  64.86; H, 6.31. 

Found: C, 64.90; H, 6.44. 

2,3-Dihydro-6,7-dimethoxy-2,2-dimethyl-4H-l-benzopyran-4-one (5 ) .  A s o l u t i o n  of chromanone 2 (3.51 

9, 16 m o l l  i n  OMF (100 m l )  was t r e a t e d  w i t h  K2C4 (6.63 g, 48 mmol I and methyl i o d i d e  (2 ml, 32 

mmoll. The m ix tu re  was s t i r r e d  a t  40°C u n t i l  r e a c t i o n  was completed 120 h, GC mon i t o r i ng ) .  Then, 

t h e  r e a c t i o n  m i x tu re  was poured i n t o  2 N  HCl (250 m l )  and ex t r ac ted  w i t h  benzene 13 x  100 m l ) .  The 

j o i ned  organic e x t r a c t s  were washed w i t h  0.5 N NaOH, H20, b r i n e  and dr ied .  The res i due  obtained 

a f t e r  e l i m i n a t i o n  of so lven t  was i d e n t i f i e d  as compound 2 by comparison w i t h  an au thent ic  

sample 1513.66 g, 98% y i e l d ) .  

Reduction o f  chromanone w i t h  NaBH i n  methanol: NaBH (0.19 g, 5  mnol) was added t o  a  s o l u t i o n  o f  4  4  



chromanone 0 . 1 8  g, 5 mmol) i n  methanol (15 m l l  and t h e  m i x tu re  was s t i r r e d  a t  room temperature 
f o r  3 h. Then, an add i t i ona l  equimolecular  amount o f  t h e  hyd r i de  was added and s t i r r i n g  was 

prolonged u n t i l  r e a c t i o n  was completed ( 6  h, TLC and GC mon i to r ing) .  A f t e r  c a r e f u l  a c i d i f i c a t i o n  

w i t h  2N HCl, methanol was removed under vacuum and t h e  r es i due  was ex t r ac ted  w i t h  e ther  ( 2  x 25 

m l l .  The j o i ned  organic e x t r a c t s  were washed w i t h  NaHC03 so lu t i on ,  b r i n e  and dr ied .  The res idue 

obtained a f t e r  removal of so lven t  was d i s t i l l e d  bu lb - to -bu lb  under vacuum (125-130"C/0.2-0.3 T o r r l  

t o  g i ve  0.87 g of a c o l o r l e s s  o i l ,  which contained a m i x tu re  of  the  expected 4-chromanol 3 14 

and the  corresponding methyl e ther  d e r i v a t i v e  8. The m ix tu re  was separated by p repa ra t i ve  TLC 

(hexane:ether 95:51 t o  a f fo rd  pure compound 5 (0.14 g) ,  which was r e l a t i v e l y  s t ab le  i n  s o l u t i o n  

and s lowly  decomposed on s tand ing  t o  g i v e  precocene 11. 
- 1 2,3-0ihydro-6,6-dimethoxy-2,2-dimethyl-4H-l-benzopyran-4-ol - (21: y i e l d :  0.67 g; i r  ( u, cm ): 

3620-3140, 2980, 2830, 1620; nmr (6, ppml: 1.32 (s ,  3H), 1.40 (s ,  3H1, 1.68 (s , lH) ,  2.00 idd, 2H, 

J1  13.4, J2  7.2 Hz), 3.80 (s ,  3H), 3.83 (s, 3H), 4.77 ( t ,  IH, J 7.2 Hz), 6.35 (s, 1H1, 6.81 (s ,  

I H I .  
- 1  

2,3-0ihydro-4,6,7-trimethoxy-2,2-dimethyl-2H-l-benzopyran - (81: mp 60-1°C; i r  ( v ,  cm I: 2965, 

2820, 1620; nmr ( 6, ppml: 1.32 (s, 3H1, 1.41 i s ,  3H), 1.99 (dd, 2H, J1 6.5 Hz, J 2 Hz), 3.44 
2 

(5, 3H1, 3.81 ( s ,  3H1, 3.84 (s, 3H1, 4.38 ( t ,  1H 6.5 Hz), 6.35 (s, lH ) ,  6.85 (s ,  IH I ;  rns ( m l z l :  

252 (M+, 49%1, 205 (100%). Calc. f o r  C14HZ004: C. 66.67; H, 7.94. Found: C,  66.80; H, 8.27. 

Reduction of chromanone L w i t h  NaBH4 i n  i sopropy l  a l coho l :  precocene I 1  (51. Na8H4 (0.38 g, 10 
mmoll was added t o  a s o l u t i o n  of chromanone 3 (1.18 g,  5 rnmoll i n  i sopropy l  a lcoho l  (20 m l l  and 

t h e  m i x tu re  was heated overn igh t  under r e f l ux .  Treatment of t h e  crude r e a c t i o n  m i x tu re  as above 
l e d  t o  a r e i i d u e  which on l y  contained chromanol 3 1 . 1  g .  Through bu lb - t o -bu lb  d i s t i l l a t i o n  

under vacuum (120-5"C/0.2-0.3 T o r r l ,  a lcoho l  2 underwent spontaneous dehydrat ion t o  a f f o r d  

precocene I 1  (61  (0.89 g, 81% o v e r a l l  y i e l d ) .  

Reaction o f  s u b s t i t u t e d  acetophenones w i t h  NaBH4 i n  methanol. General procedure: A m i x tu re  o f  the  

corresponding acetophenone, Na8H4 and methanol (1:2:94 molecular  r a t i o 1  was al lowed t o  r eac t  a t  

room telnperature u n t i l  TLC and GC c o n t r o l s  showed t h a t  t h e  r e a c t i o n  had been completed (3 -5  h l .  
Treatment of t h e  crude r e a c t i o n  m i x tu re  as descr ibed above af forded a res idue which was p u r i f i e d  

and i d e n t i f i e d  as fo l lows ( f o r  y i e l d s  see Table 2 ) :  

- Acetophenone gave 1-phenylethanol l6 nmr ( a ,  ppml: 1.51 (d, 3H, J 6.5 Hz), 4.91 (q, IH, J 
6.5 Hz), 7.36 (s, 5H). 

17 - 1-(4-Methylpheny1)ethanol nmr ( 6 .  ppml: 1.45 (d, 3H, J 6 Hz), 2.30 (s ,  3H1, 4.12 (q ,  IH, 
J 6 Hz). 

- I - ( -Chlorophenyl  )ethanol  nmr ( 6 ,  ppm): 1.48 (d, 3H, ~ 6 . 5 ~ ~ 1 ,  3.40 ( b r ,  IHI, 4.85 (q, 

IH, J 6.5 Hz), 7.30 (s ,  4H). 

- I-(4-Methoxyphenyllethanol l9 nmr ( 6 ,  ppml: 1.43 (d, 3H, J 6 Hz), 1.77 ( b r ,  lH ) ,  3.80 (s ,  
3H1, 4.85 iq ,  IH, J 6 Hz), 6.87 (d, ZH, J 9 Hz), 7.30 (d, 2H, J 9 Hz) 

- I-Methoxy-I-(4-methoxyphenyllethane 20 nmr ( 6, ppml: 1.42 (d, 3H, J 6 Hz), 3.19 (s ,  3H1, 
3.80 (s, 3H1, 4.25 (q, IH, J 6 Hz), 6.87 (d, 2H, J 8 Hz), 7.23 (d, 2H, J 8 Hz). ms (m/zl: 166 (M+, 

13%), 151 (100%1. 

- I-Methoxy-I-(2,4-dimethoxyphenyllethane. nmr ( 6 ,  ppml: 1.36 (d, 3H, J 6Hz, 3.23 (s ,  3H), 3.80 

( s ,  5H1, 4.68 (q, IH, J 6 HZ), 6.4-6.5 (2H1, 7.27 (d, lH, J 8 Hz1 ms W z ) :  196 (M+, l a % ) ,  181 
(100%). Ca lcu la ted  f o r  CllH1603: C, 67.35; H, 8.16. Found: C, 67.35; H, 7.88. 
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