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SELECTIVE SYNTHESES OF ANALOGUES OF THE NATURAL PRECOCENES. 
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6-TERT-BUTYL-7.8-DIHYDROXY-2.2-OIMETHYL-4-CHROMANONES 
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A b s c t r a c t  - The synthesis o f  n a v e l  b e n z o p y r a n  compounds 16, 
a n a l o g u e s  o f  t h e  n a t u r a l  p r e c o c e n e s  (1 a n d  2) i s  d e s c r i b e d .  These 

d e r i v a t i v e s  a r e  o b t a i n e d  2 n o v e l  s y n t h e s i s  and  r e g i o s e l e c t i v e  

0 - a l k y l s t i o n  o f  6 - c h l o r o -  a n d  6 - t m - b u t y l - 7 . 8 - d i h y d r o x y - 2 . 2 -  

d ~ m e t h y l - 4 - c h r o m a n o n e s  (7 a n d  2). 

P r e c o c e n e s  (1 a n d  2) a r e  known i n h i b x t o r s  o f  j u v e n i l e  hormone b l o s y n t h e s l s  i n  

s u s c e p t i b l e  These compounds a r e  o f  n a t u r a l  o r i g i n ,  l s o l a t e d  f r o m  

Aqera tum'  h o u s t o n l s n u m 4  a n d  o t h e r   plant^^'^. I n  our earlier r e p o r t s 7 "  w e  

d e s c r ~ b e d  t h e  s y n t h e s i s  o f  various a n a l o g u e s  o f  t h e  n a t u r a l  p r e c o c e n e s .  We 

introduced n a v e l  s u b s t l r u e n t s  t o  t h e  s r o m a t l c  r l n g  a n d  s t u d l e d  t h e  QSAR' i n  t h e  

c a s e  o f  t h e s e  new s y n t h e t i c  p r e c o c e n e  a n a l o g u e s .  Our  t e s t  med ia  were  t h e  m i g r a t  

o r y  l o c u s t  L o c u s t a  m i q r a t o r i a 1 °  and  t h e  nematode C a e n o r h a b d l t l s  r e m a n e i  
1 1 . 1 2  

1 R = H  - P r e c o c e n e  1 

2 R = CH30 Precocene  2 - 



On the  bas is  o f  ou r  e a r l i e r  resu l t s13 ,  we r e q u i r e d  6- c h l o r o -  and 6-tert - 
butyl-7.8-dialkoxy-2,2-dimethyl-2H-chramenes (16). I n  t h i s  paper we d e s c r i b e  

h i g h - y i e l d  synthesesof these n o v e l  precocene analogues from common in te rmed ia tes  

3a-e 

Thus, 4 - c h l ~ r o p y r o g a l l o l  ( 5 )  was syn thes ized  by t h e  method o f  Horner  and Gbwecke 
14 

(scheme 1) and t r e a t e d  w i t h  3-methylbut-2-enoic a c i d  ( 6 )  i n  phosphorus oxy- 

c h l o r i d e  i n  the  presence o f  z i n c  c h l o r i d e .  The chromanone d e r i v a t i v e  ( I )  was 

ob ta ined  i n  72 % y i e l d .  T h i s  compound was then monoalky la ted i n  a r e g i o s e l e c t i v e  

manner g i v i n g  the  8 - a l k y l a t e d  derivatives (& . The cor responding 7.8-dialkoxy 

d e r i v a t i v e s  (8) were a l s o  ob ta ined  from t h e  r e a c t i o n  m ix tu re .  The r e g i a -  

s e l e c t i v e  syn thes is  o f  t he  7-monohydroxy compounds (=d made i t  p o s s i b l e  t o  

i n t r o d u c e  a  second a l k y l  group g i v i n g  (10) kcheme 1). Y ie lds ,  p h y s i c a l  and 

s p e c t r a l  da ta  a r e  summarized i n  Tab le  1. 

Scheme 1 
0  0  

10a-c - 
1 

a R  = M e  
2 - R = E t  

b  RI = E t  2 - R = Me 

1 2 
c  R  = c y c l o p e n t y l  R  = Me - 

9a-d 8a-e - 
a RI = Me 

1 
- - d  R = c y c l o p e n t y l  

1 
b  R = E t  

1 - e  R = p r o p a r g y l  - 
1 c  R = z - b u t y l  - 
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T a b l e  1 

1% (11) 

Ba . F ~ ~ D x Y  merhoxy 2 - Zb 7 - 7 1  1.53 (6". 3 .  2CH3). 2.72 (2H. 3 .  C H 2 ) .  270 (~*.62). 

3 . 9 1  1 % .  r .  CH,OJ. 4 .02  ( J H ,  s CH,O). 2 5 5  (100). 215 (96). 

7 . 6 ,  ( I H  9 5-H) 186 (50). 171 ( 2 2 ) .  

l a  hydroxy  m s i h o x y  2 - 5ob 174-175 1 . 5 2  (5"  3 .  ICH3) 2.75 ( / H ,  3 .  C H L ) .  256 (M*. 6 2 ) .  

""2 ( 3 " .  5 .  C H J V ) .  5 . 6 ,  ( 1 H . b r  5 . 0 " ) .  241 (43). 201 (100). 

7.47 1111. 3 .  5 - H i  182 ,521. 154 1531 



Compound S u b s l i t u e n t  on R e a c l l o n  y i e l d  mp IH nmr (COCI,) E IMS~ 
c7 cB r i m e c  ( %  1%) ( ~ p . 1  ( w ~ . i m . % )  

( h l  

10s e thoxy  - nethoxy  I W b  40 1 . 4 2  ( 3 H ,  f .  J - 7Hz. CL3-CH20), 2 8 4  (M', e l ) .  

1 . 52  ( 6 "  s. ZCH,). 2.72 (ZH. a .  269 ( 1 0 0 ) .  2 4 1  ( 1 9 ) .  

C H Z ) .  4 .03  (3". 3 .  C H 3 0 ) .  4 .13  229 ( 8 5 ) .  213 ( 3 1 ) .  

( 2 " .  q .  J - 7 H z .  CHI-C,&O). 201 ( 4 2 ) .  182 ( 3 7 )  

7 .67  (IN, 9 .  5-H) 

Lob mathoxy a thoxy  1 - 9zb  31-32 1 .45  (3" .  r .  J - 7 H Z .  CL3-CH20). 284  (H*.  83). 

1.53 (6" .  a .  2 C H 3 )  2.73 ( 2 " .  s. 269 (100). 2 4 1  (30). 

CH2) 3.91 ( 3 H .  3 .  CH30) .  4.25 229  ( 7 0 ) .  228 ( 3 2 ) .  

( 2 " .  q ,  J . 7 HZ CH,-C,&0), 2 0 1  ( 64 ) .  172  ( 5 9 )  
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I n  a  s i r n l l a r  s y n t h e t i c  sequence,  p y r o g a l l a l  (4) was t r a n s f o r m e d  t o  t h e  b i s - s t -  

b u t y l  d e r i v a t i v e  ( g ) 1 5 :  T h ~ s  compound was t h e n  c y c l i r e d  t o  t h e  d l h y d r o x y - 2 . 2 -  

d i ne thy l - 4 - ch romanone  (2). R e g l o s e l e c t i v e  0 - a l k y l a t l o n  r e s u l t e d  i n  t h e  f o rma t -  

i o n  o f  (-).The c o r r e s p o n d ~ n g  d i a l k o x y  campounds (13s) were a l s o  formed. 

I t  i s  w o r t h y  o f  n o t e ,  however,  t h a t  t h e  r e g l o s e l e c t i v i t y  was o p p o s i t e  t o  t h a t .  

obse rved  i n  t h e  6 - c h l o r o  s e r i e s  and 6 - t ~ - b u t y l - 7 - a l k o x y - 8 - h y d r o x y - 2 , 2 - d ~ r n e t h -  

yl -4-chromanone derivatives (14s) were o b t a l n e d  (Scheme 2 . r a b l e  2 ) .  F u r t h e r  

s l k y l a t i o n  gave t h e  corresponding n o v e l  d i a l koxych romsnones  (us). 
S e l e c t e d  d la lkoxychrornananes  were t h e n  reduced and d e h y d r a t e d  t o  t h e  co r respond -  

i n g  p recocene ana logues  (16) (Scheme 3 .  T a b l e  3 ) .  

Scheme 2 

0  0  0 0 - t-BuoH AcoH * L - ~ ~ ~ ~ " +  H% - P o c l 3  '-::* 
ZnC12 

HO OH 96% H2S04 

15a-e 14a-e 13a-e 

a R1 = Me R2 = E t  1 - a R = M e  - 
b  RI = E t  - R2 = Me - b  R1 = E t  

1 2 c  R = c y c l o p e n t y l  R  = Me 
1 - c  R = c y c l o p e n t y l  - 

d RI = p r o p a r g y l  - R~ = Me - d  RI = p r o p a r g y l  

1 e  R  = b e n z y l  - R2 = Me - e  R1 = b e n z y l  



12 - h y d r o x y  h y d r o r y  6 7 8  158-160 1.38 (9". s. ( cYJ )~c - )  1.47 ( 6 " .  264 (M*. 50).  

5 .  2CW3) .  2.70 (ZH. 5 .  = H z ) .  249 ( l o o ) ,  238 ( I d ) .  

5.82 ( I H .  b r  P I O H ) .  6.26 (1" .  5 .  223 ( 6 2 ) .  209 ( 6 2 ) .  

OH). 7.42 (1" .  8 .  5-"1 208 ( 4 5 )  

13a me tho ry  msthaxy 0 .5  - 77b 79-80 1.35 (9". 3 ,  ( c H ~ ~ c - ) .  1 .51  ( 6 H .  292 (M*. 40) .  

s .  ZCN,). 2.69 ( 2 " .  5 .  CH2). 277 ( 5 8 ) .  237 ( 3 8 ) .  

3.85 (3" .  9 ,  CH30), 4.01 (3H.  8 .  2 2 1  (100 ) .  208 ( 1 8 )  

C H 3 0 ) .  7 .57 (IH. 8 .  5 - H )  

l a a  n o t h a x y  h y d r o x y  0 .5  - Ub 140-142 1.38 (9H.  s .  ( c H ~ ) ~ G ) .  1 .51 (6H. 278 (M', 6 d .  

s. 2 C H 3 ) .  2.70 ( 2 " .  4 ,  C H Z ) .  3.97 263 (100). 223 (37). 

(3" .  e .  CH,O). 6.73 (1". s i  OH) .  20, ( 5 5 ) .  1 9 4  (13) 

1.57 (1H.  s. 5-H)  

I 3 b  athoxy o t h o r y  0.5 - 7sb 124-126 1.35 (9". s. (C!,),C+. lr39 ( 3 " .  320 ( * ( * . i 5 4 ) .  

r .  3 - 7 H z .  Ci , -CH20) .  1.44 ( 3 H .  305 (63). 265 ( 3 3 ) .  

t ,  2 7 Hz .  C$CH20), 1.50 (6H., 249 ( l o o ) ,  2 2 1  ( 1 8 )  

s. XU,). 2 . 6 7  (2H. 9 .  CH2). 4.03 

( 2 H .  q. J - 7 Hz. CH,-C%O), 4.30 

( 2 H .  q .  3 . 7 Hz.  CH3-CY20). 7.57 

( I " ,  3 .  5%")  

14b .thoxy h y d r o x y  0.5 - sb 121-129 1.,38 (9". s. ( c I ~ J ~ c ~ .  1.41 (3H. 292 ( M * .  53). 

1 .  J - 7 Hz. CE,-CH20). 1.50 (6H.  277 (109). 237 (35). 

5 .  2CH3). 2.68 ( 2 H .  s. C H Z )  4.20 2 2 1  (41). 193 (17) 

(7%. q. J - 7 HZ. CH3-CE20). 6.73 

11". 5 .  OHI, 7.57 1 l H .  3 .  5 - H I  

1% c y c l o -  c y c l o -  0.5 - Xb 120-122 1.35 (9" .  3 .  (cN~),c~. 1.50 ( 6 ~ .  400 (n'. 4 ) .  
p m t y 1 -  p s n l y l -  s .  ZCH,), 1.42-2.02 (16H.  m .  ZX 316 ( 5 ) .  274  ( 1 0 ) .  

OXY OXY 
(c~,),.~H- ) ,  2 . 6 5  ( 2 H . 9 .  CH2) .  249 ( 3 s ) .  233 (30) .  

4.65 ( I n ,  m. ( c H ~ ) ~ - c ~ - ) ,  5.68 1 9 1  ( 9 0 ) ,  4 1  (100 )  

( I H .  m .  ( C H ~ ) ~ . C +  1. 7.56 (In. 

OiY (C,~)~.CH- ) .  2.67 (2H.  s, C H 2 )  24s (100). 208  (63) 

5.02 (1 " .  n . ( ~ ~ ~ ) ~ - C t j -  ) .  6.66 

( I H .  9 ,  OH), 7.55 ( IH .  s. I - H )  

13d p r o p a r g y l -  p r a p s r g y l -  0 .5  7gb 75-76 1 . 3 ~  (9". s. ( c H ~ ) ~ C - ) ,  1.50 ( K H .  340 (M*. 49) .  

OXY O W  s .  Z C H , ) .  2.50 (1 " .  in. C K C -  325 ( 2 1 ) .  3 0 1  ( 1 0 0 ) .  

CHZO). 2.54 (1". m. C p C - C H 2 0 ) .  284 ( 2 9 ) ,  269  (26). 

4.73 ( Z H ,  d .  J c 2.5 HZ. CHSC- 245  (63 )  

- C 3 O ) .  4.97 (ZH, d ,  J - 2.5 H z .  

CHZC-CH2). 1.62 (1". 9. 5-H) 
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14d p r o p a r g y l -  h y d r o x y  0.5 - l d b  105-107 

OXY 

p r o t o n s ) .  7.52 (IH, 3 ,  5-H) 

14s b a n z y l -  h y d r o x y  0.5 - 1 6 ~  149-151 1.32 (9H. s. (WJ3C i .  1.32 (6". 354 (M'. ? . 
OxY s. ZCH ) 2 . 7 0  (ZH.  5 .  C H Z J  5.11 298 ( 8 ) .  263 (3). 

3 '  

( Z H  5 ,  Ar-C$O),  6.50 ( I H ,  5 .  OH). 207 ( 6 ) ,  q l  [lm) 

7.39 (5H .  m .  i i r -protons) .  7.57(1'1. 

3 ,  5%") 

15s metho ly  efhoxy 1 - '3zb 121-123 1.37 1%. S,(C!J,C. 1 .  1.46 (3". r .  306 (M*. 84). 

3 = I H z .  CH3-CH20). 1.51 (6". =. 2 5 1  (42). 235(100) , 
ZCH,).  2.69 ( Z H ,  s. CHZ)  3.83 (3" .  221 (11). 207 ( 2 6 )  

s .  CI1 0 ) .  4.29 ( Z H ,  q ,  3 = 7 H z .  

Cll,-C!201. 7.57 (IN. 9 .  5-H) 

15b e t h o r y  m e f h o x y  1 - 8qb 8,-88 1 . 3 5  ( 4 H . 3 .  (cI4J3C-I. 1 .41 1.3". C .  30$ (M*, 74). 

2 = I H z .  C!,-CHZO). 1.51 (6H. 3 .  2 9 1  (79) .  235(lo0). 

Z C H 3 )  2.68 (2" .  9 .  CHZ) 4.00 ( 3 " .  2 2 1  (8). 207 (16) 

9 .  CH30). 4.06 (ZH. q .  3 = I HZ. 

p r o p a r g y l -  n e t h o x y  1 90 a l l  1.14 (9". s .  (cHJ~C-) .  1.51 (6" .  s .  316 (M*. 5 8 ) .  

0"" ZLH 3 ) 2.48 (IH. t .  3 = 2.5 H z .  CH' 501 (16). 277(10$. 

C-CH2U). 2.10 (2". 5 .  C H 2 ) .  4.03 ( 3 " .  2 2 1  ( ~ 2 ) .  

s CH,O). 4.72 ( 2 H ,  d .  5 - 2 H z .  CH. 193 (98) 

C-CF2U) 7.60 (1". 5. 5-H) 

1 5 e  b e n z y l -  me tho ry  I - 8sb 88-90 1 . 3 4  ( 9 %  5 .  (CH3)sC-I, 1.45 (6H.  s. 368 (M*. 2 9  . 
0"" Z C H 3 ) .  2.66 (ZH. 9. C H 2 ) .  4.01 (3H.  312 (13. 

5 ,  CH30). 4 .98 (2H. 3 .  AT-Cl&O), 7.27- 277 (49). 

7 . 5 2  (5H.  m .  Ar-protons) .  7.57 (1". s ,  221 (21) , 
5-HJ 9 1  ( l o o )  

a .  0 .  E .  d T 3 m b l e  I 



1. NaBH4 R 

2.  4M HCI/ THF R'O ad 

Compound R d Reduct ion t l n a  Y i e l d  @In5 

Red. Oehldr .  1%) I P P " )  ( rc l .Lnt .%) 
( h )  ( h l  

16a c h l o r o  Methy l  0 . 5  - 1 7 8  1.47 (6". 3 .  2 C H 3 )  3.89 (3".  9 .  254 (M*. 21). 

CH,O). 3.90 (3" .  9 . .  CH,O). 5.60 239 (100). 224 (13). 

(1". d .  J - 10 H z .  3 - H I .  6.20 (1".  41  (23) 

d.  3 i 10 H z .  4-H). 6 .76  ( I H .  s .  

16c s h l o r o  p ropsrgy1 0.5 - 2 . 5  76 1.47 (6". 3 .  ZCH3) 2.50 (2".  m .  302 (PI'. 91). 

2cy-C-CH20), 4.80 ( 4 " .  m.  ZCHIC- 287 (100) .  263 ( 2 4 ) .  

-CH20) .  5.60 (1". d .  3 = 10 H Z ,  248 ( 1 4 ) .  209 (291. 

3 . ~ 1 .  6 . 2 0  (IH. d .  J . LO "1.4-HI. l a 1  ( 2 0 )  

6.74 (1% s. 5-H)  

166 t s r t -  methy l  2.5 - - 1 76 1.32 (9H. 5 .  ( C H ~ ) ~ C ~ .  1.46 ( 6H .  276 (M', 5 4 ) .  

bury1  r .  2CH,). 3.85 (JH. 3. CH,O). 3.91 261 (lOO), 231 (181 .  

13". 4 .  CH30). 5.50 (1". d. 0 - 10 187 ( 1 0 )  

ez. 3 - H I .  6.25 (1". d.  J - 10 Hz. 

4-H) .  6.62 (1". s .  5-81 
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D e t e r m l n a t l o n  o f  t h e  s u b s t l t u t l o n  p a t t e r n  o f  various chromanone d e r z v a t l v e s  

2 -echo  1 3 c - s p e c t  r a  ""' were r e c o r d e d  f o r  s e l e c t e d  chromanones (3). since 

1 t h e  i n f o r m s t ~ o n  p r o v l d e d  b y  t h e  H - s p e c t r a  p r o v e d  t o  be  ~ n s u f f i c l e n t  f a r  t h e  

d e t e r m x T a t ~ o n  o f  s u b s t ~ t u t ~ o n  p a t t e r n s .  

Therr? a r e  w e l l - k n o w n  e r n p l r l z a l  r .hemlca1 s h l f t  r u l e s  f o r  t h e  1 3 c - s p e c t r a  o f  

chromanones18 a n d  s u b s t i t u t e d  a r a r n a t l c  compounds 18'19. These r u l e s  were u s e d  

I" t h e  d e t e r m l n a t ~ o n  o f  t h e  s u b s t l t u t ~ o n  p a t t e r n  o f  t h e  m o l e c u l e s  u n d e r  i n v e s t -  

~ g a t l o n  ( T a b l e  5 ) .  I t  was p o s s i b l e  t o  c o m p l e t e  t h e  assignment i n  t h e  c a s e  o f  2. 
T h ~ s  h e l p e d  u s  t o  determine t h e  e x p e c t e d  & v a l " e s  f a r  t h e  u n s u b s t i t u t e d  compound 

and  o b t a l n  a Zl c o r r e c t ~ o n  f a c t o r  f o r  t h e  e f f e c t s  o f  t h e  p y r a n a n e  r l n g .  Thus .  

t h e  C-5 - C-8 c h e r n l c a l  s h i f t s  c a n  be  c a l c u l a t e d  a s  f o l l o w s :  

The Qk c o r r e c t i o n  f a c t o r s  a r e  known f r o m  t h e  l i t e r a t u r e 1 8 .  I n  o r d e r  t o  c o r r o b o -  

r a t e  a  particular 13c ass lg rnen t  a n  arbitrary p r e s c r i p t i o n  was p u t  t o  goad use. 

The d i f f e r e n c e  be tween t h e  measured and  c a l c u l a t e d  13c c h e r n l c a l  s h l f t s  was n o t  

a l l o w e d  t o  be  h i g h e r  t h a n  5  ppm. T a b l e  4 shows f o r  % a n d  t h a t  a h y p o t h e t i c a l  

exchange o f  t h e  R~ a n d  R' s u b s t l t u t e n t s  w o u l d  give a  ca. 1 0  ppm difference 

between t h e  c a l c u l a t e d  and  measured c h e m l c a l  s h x f t s  w h l c h  is c l e a r l y  i n  c o n t r a -  

d ~ c t z o n  w l t h  o u r  " thumb r u l e  ". 

T a b l e  4 M e a s u r e d - c a l c u l a t e d  13c s h l f t s  f o r  2 a n d  

7 ( d m - b c ) ~  R and  R 
7 ( s m - o ' c ) ~  R a n d  R  8  

r e v e r s e d  r e v e r s e d  

C-5 -1.8 - 1 . 8  +4.2  +4.2 

C-6 +2.8 +4.3 t 4 . 7  +3.0 

C-7 -0.8 -7.0 13.0 +9.2 

C-8 +5.4 +11.6 +1.6 -4.6 
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B l o a c t ~ v l t y  d a t a  a i  t h e s e  n o v e i  a n a l o g u e s  o f  t h e  n a t u r a l  p r e c o c e n e s  w l l l  be  

r e p o r t e d  e l s e w h e r e .  

EXPERIMENTAL 

M e l t i n g  p o i n t s  were  d e t e r r n l n e d  o n  a PHMI< h o t  s t a g e  m e l t i n g  p o i n t  a p p a r a t u s  a n d  

a r e  u n c o r r e c t e d .  M i c r o a n a l y s e s  were p e r f o r m e d  i n  t h e  Microanalysis D e p a r t m e n t  

o f  K o s s u t h  L a j o s  U n l v e r s l t y .  Mass s p e c t r a  were  a b t a l n e d  on a  VG 7035 mass 

s p e c t r o m e t e r  i n  t h e  E I  made 7 0  eV. 1 7 0  OC, 200.13 MHz 'H nmr s p e c t r a  were 

r e c o r d e d  w l t h  a BRUI<ER WP 2 0 0  S Y  nmr s p e c t r o m e t e r .  Following a 45 d e g r e e  ( 3 , u s )  

p u l s e  d a t a  were a c c u m u l a t e d  i n  16K memory g l v l n g  0.24 Hz /p t  d l g l t a l  resolution, 

I n t e r n a l  TMS was u s e d  a s  r e f e r e n c e  s t a n d a r d ,  The 50.3 MHz 13c nmr s p e c t r a  were 

o b t a ~ n e d  b y  t h e  use o f  t h e  same s p e c t r o m e t e r .  U s u a l l y  a 2 - m o d u l a t e d  s p l n - e c h o  

s p e c t r u m  was r e c o r d e d  f o r  e a c h  o f  t h e  compounds i n  o r d e r  t o  e s t a b l ~ s h  t h e  

number o f  a t t a c h e d  p r o t o n s  f o r  a particular c a r b o n  atom16. Typically 4-6 s e c  

relaxation d e l a y  was a l l o w e d  be tween t h e  sequences. According t o  an a v e r a g e  

1 
JCH = 1 5 0  Hz c o u p l i n g  1/J = 6.6 msec d e l a y  h a s  been  l n s e r t e d  ~ n t o  t h e  s p i n -  

-echo  sequence.  Broadband  d e c o u p l e d  13c n m r  s p e c t r a  were  o b t a ~ n e d  i n  16K 

memory, g l v l n g  ca. 1.2 H r / p t  d l g l t a l  r e s o l u t ~ o n .  C h e m l c a l  s h l f t s  were  

r e f e r e n c e d  t o  t h e  s o l v e n t  s i g n a l  o f  DMSO-d6 a s  39.5 ppm. 

4 - c h l o r o , b y r o q a l l o l  ( 5 )  

T h l s  compound was o b t a l n e d  b y  t h e  method o f  H o r n e r  a n d  ~ d w e c k e ' ~ .  The p r o d u c t  

was r e c r y s t a l l l r e d  f r o m  benzene .  y l e l d : 8 1 % .  m p  1 6 3 - 1 6 4 O ~  ( l l t . 14  86%.mp 153-156~~) 

4.6-Bis-tert-butylpyroqallol (G) 

T h l s  compound was s y n t h e s l r e d  b y  t h e  method o f  S c h u l r e  a n d  ~ l a i g ' ~ .  The p r o d u c t  

was r e c r y s t a l l i z e d  f r o m  benzene .  91%. mp 120-121  OC ( l ~ t ? ~  94%, mp 1 2 1  'c). 

6 C h l a r o - 7 . 8 - d ~ h y d r o ~ y - 2 , 2 - d ~ m e t h y l - 4 - c h r o n o n e  (1) and 6 - t e r t - b u t y l - 7 . 8 - d l -  

hyd roxy -2 .2 -d ime thy l - 4 - ch romanone  (l2) 

To a  stirred mixture o f  P0C13(1290g.  7 5 0  m l ,  8.4 m o l e s )  a n d  3 - m e t h y l b u t - 2 - e n o l c  

a c i d  ( .5 ) (55g .  0.55 m o l e )  were  added 102  g . ( 0 . 7 5  m o l e )  o f  ZnCl2  and  0.5 mo le  o f  

4 - c h l o r o p y r o g a l l o l  ( 5 )  o r  4 . 6 - b 1 s - ~ - b u t y l p y r o g a 1 1 0 1  (11). The r e a c t l o n  m l x t -  

u r e  was s t i r r e d  s t  room t e m p e r a t u r e .  t h e n  p o u r e d  o n t o  c r u s h e d  i c e  2 0 0 0  g  and  

s t i r r e d  f o r  f u r t h e r  4  h.  The s e p a r a t e d  s o l l d  was f ~ l t e r e d  o f f ,  washed w i t h  c o l d  

w a t e r  t o  remove a c i d i c  c o n t a m i n a n t s  and  t h e  c r u d e  p r o d u c t s  w e r e  r e c r y s t a l l i z e d  

f rom 50% e t h a n o l .  R e a c t l o n  t i m e s  a n d  o t h e r  d a t a  a r e  g i v e n  i n  T a b l e  1 and 2. 



O - A l k y l a t i o n  o f  dihydroxy-2.2-dimethyl-4-chromanones 

The chromanone ( I  o r  12) 60 mmoles) was d i s s o l v e d  i n  OMFA (50 ml) and s t i r r e d  

w i t h  1K2C03(8.29g, 60 mmoles). I<I  6.2 g) and an a l k y l a t i n g  agent (60 mmoles) a t  

80 OC. When the  s t a r t i n g  m a t e r i a l  d issapeared on t l c ,  t h e  m i x t u r e  was poured 

onto  crushed i c e  ( 2 0 0 ~ ) .  A  5% s o l u t i o n  o f  NaOH (50 ml) was then  added and t h e  

m ix tu re  was e x t r a c t e d  t w i c e  w i t h  d i e t h y l  e t h e r  (2x50 md. The o r g a n i c  l a y e r  was 

then washed w i t h  c o l d  we te r  (3x50 m l ) ,  d r i e d  o v e r  anhydrous Na2S04 and evaporated 

i n  vacuum. The res idue  ( 8  o r  3) was c r y s t a l l i z e d  from e t h a n o l  o r  p u r i f i e d  by 

column chromatography on s i l i c a  g e l  K i e s e l g e l  60, hexane :d ie thy l  e t h e r  = 9  : 1 

as e luent .  

The a l k i l a n e  aqueous s o l u t i o n  was a c i d i f i e d  w i t h  conc. HC1 t o  pH 1 a t  o r  below 

5  OC, and the  p r e c i p i t a t e  (9 o r  2) was f i l t e r e d  o f f ,  washed w i t h  c o l d  water,  

and r e c r y s t a l l i z e d  from ethanol .  The l a t t e r  compounds w e r e  subsequent ly  

0 - a l k y l a t e d  as desc r ibed  above. Reac t ion  t imes and o t h e r  da ta  a r e  i n  T a b l e , l  

and 2. 

Reduct ion and dehvdra t ion  o f  dialkoxy-2.2-dimethyl-4-chromanones 

The cor responding chromanone (8 o r  l3)(15 mmoles) was d i s s o l v e d  i n  methanol  

(50 md and s t i r r e d  a t  room temperature  f o r  t h e  t i m e  g i v e n  i n  Tab le  3  d u r i n g  

w i t h  ~ a ~ ~ ~ ( 2 . 8 3 ~ .  75 mmoles) was added i n t o  t h e  r e a c t i o n  m i x t u r e  i n  p o r t i o n s .  

The s o l v e n t  was removed i n  vacuum, 50 m l  o f  wa te r  was added and e x t r a c t i o n  was 

performed w i t h  d ich loromethane (3x25 ml). The combined d ich loromethane s o l u t i o n  

was washed w i t h  c o l d  water(3x25 m l ) ,  d r i e d  ove r  anhydrous Na2S04 and evaporated 

i n  vacuum. The res idue  was d i s s o l v e d  i n  t e t r a h y d r o f u r a n ( 2 5  m l )  and s t i r r e d  w i t h  

4  M HC1 s o l u t i o n  (30 m l )  a t  room temperature.  Reac t ion  t imes  f o r  each chromenes 

a r e  g i v e n  i n  Tab le  3. The r e a c t i o n  m i x t u r e  was subsequent ly  e x t r a c t e d  w i t h  

d i e t h y l  e t h e r  (3x25 n l ) ,  and t h e  combined o r g a n i c  l a y e r s  were washed w i t h  2 % 

s o l u t i o n  o f  NaOH (2x25 ml)! wa te r  (3x25 m l ) ,  b r i n e  (2x25 ml ) ,  d r i e d  o v e r  Na2S04 

and evaporated i n  vacuum. A n a l y t i c a l  samples were ob ta ined  by column chromato- 

graphy on s i l i c a  g e l  K i e s e l g e l  60, hexane :d ie thy l  e t h e r  = 9 : l  was used as 

e luent .  O the r  d a t a  a r e  g i v e n  i n  Tab le  3. 
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