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THE BIRCH REDUCTION/ALKYLATION OF PHTHALIDES 

THE SYNTHESLS OP SOME SUHSTITUTED BICYCLOI 3.2.1 IOCTANES 
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AbsLxac l  - 'The f i r s t  s u c c e s s f u l  i . e d o c t i o n s  o f  t h e  a r o m a t i c  

cines o f  i p h t h a l i d e s ,  w i t h  t h e  p r e s e r v a t i o n  o f  t h e  l a c t o n e  

p i n g s ,  n r r  r e p o r t e d .  The  r . e d u c t i o n / x l  k ~ l e t i o n  o f  some 

si ibsLit t i l .<.d 4 - m e t h o x y p h t h n i i d e s  gave l a c t o n i c  e n 0 1  e t h e r s ,  

w h i c h  were c o n v e r t e d  i n t o  c o n j u g a t e d  h o m o c y c l i c  d i e n e a  a n d  

f u r t h e r .  i n t o  c y c l o h e x e n o n e s .  T h e s e  enones were e a s i l y  

converted i n t o  b i c y c l o l 3 . 2 . 1 l o c t n n e s  by t h e  l3u3SnH/AIBN f r e e  

r a d i c a l  c r c l i z a t i o n  r e a c t . i o n .  

ISTRODliCTTON 

T h e  H i r c h  r e d u c t i o r l  w n c t i o n  is  r o u t i n e l y  u s e d  f o r  c o n v e r t i n g  h e n z e n o i d  a r o m a t i c  

m o l e c u l e s  i n t . o  i i s r C u l  n l i c y c l i c  spn t . hons  ( r e f .  I  I .  N e v e r t h e l e s s ,  t h e  

r r a n s f ~ ~ m a t i o n  o f  p h t h w l i d e s  I 1 1  by t h i s  p r o c e s s  h a s  noL h e e n  r e p o r t e d .  One 

p o s s i b l e  out,come o f  t h e  B i r c h  r e d u c t i o n  o f  a p h t h a l i d e  wou ld  b e  t h e  c l e a v e e e  o f  t h e  

1nc t . one  r i n g  t o  p r o d u c e  a 2 - m e t h y l b e n z o a t e  iSchemr  1 1 .  

1  - 
Scheme I 

i l o u e v e r ,  t h e  o p r i m n l  m o l e c u l a r  geometry f o r  t h i s  cleaveee, and f o r  n-o* o v e r l a p .  

has t h e  C-3-0-2 bond o r t h o e o n a l  t o  t h e  a r o m a t i c  r i n g .  S i n c e  t h e  p h t h a l i d e  ( ! I  i s  

cornplet .clv c o p l a n a r ,  a l a c t o n e  c l e a v a g e  c a n n o t  b e  t h e  p r i m a r y  r e s u l t  o f  t h e  B i r c h  
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reduction process. This analysis suggested that the reduction of the phthalide 

121. Scheme 2, and trapping the carbanion (51 with 1,Z-dibromopropene should yield 

an intermediate which w a s  suitable for conversion lnto n bicyclo[3.2.lloctane by a 

free radical crclizntion reaction. 

DISCUSSIOlY 

The Birch r~ductions and alkvlations of 4-mnthoayphthalide 121 were performed in 

tetrahydrofuren (THFl/nmrnonla solvent mixtures, usinx the standard reaction 

conditions (ref. 11. In a typical reaction, very smell pieces of potassium were 

added slowly to a rwpidly stirred solution of the phthalide in n 2:l mixture of 

liquid ammonia and THF, at. - 78  O C ,  containing 1.1 equivalents of a proton donor. 

until the blue c o l o u r  of excess electrons was observed. Usually, about 2.1 

equivalents of potassium were used and the excess of electrons was destroyed by the 

careful add~tion of small quantities of 1.2-dibromoethanr, The reaction mixture was 

then allowed 1.0 warm LC, about. -20 O C ,  tinder a stream of dry nitroqen, and was kept 

at this t,emperaLure until no more ammonia *as released I ref. 2). The reaction 

mixture was then cooled back to 7 8  " C  and the carbanion was quenched with 1.1 

egulvalrnts of 1,2-dihromopropene. After stirring for 25 minutes, the reaction 

mixture sas diluted with aqueous i~mnionium chloride and was worked up. 

When tertiary h u L n n o l  (L-BuOH) was used as the proton donor, the compounds lll, 

161, I li3l and 191. were isolated in 42%. 1 %  10%. 13% and 20% yields 

respectively. Further, if Iafter addition of the metal1 the react~on mlxture was 

quenched with a large amount of ammonium chloride, then the acid 1111 was the major 

product 150%) and none of the desired lnctonr ILOI was found. 

1 I 
1 2  -- -- 

Since the planar. intermediate 151 cannot be convert.ed directlv into the carbanion 

(521, then the compound 181 could not have been produced by a slmple transformation 

of anion 1Z1. Instead, it seemed more likely Lhnt the lactone 161 had been 

produced but was further transformed by t-butoxide, generated from the t-BuOH. 

Indeed, w h e n  ammonium ncet.nt.e was used as the protun donor in the reaction of the 



cosportr id 1 2 1 ,  t h e  compound 1 6 )  was  o h t a l n e d  i n  91% y i e l d  a n d  none of  t h e  compounds  

l i  1 . 1 n 1 o r  I Y I were p r o d u c e d .  

The  r e d o c t i u n / r r l k y l a t i o n  o f  t h e  p h t h a l i d e s  1131 and  1 l j 1  u s i n g  t-BuOH and  p o l . a s s l u m  

g a v e  m o d e s t  y i e l d s  i nbou t .  5 0 % )  o f  t h e  l a r t o n e s  1151 and i l t i i  r ~ s ~ e c t , ~ v e l y .  The 

comT,uurld ( 1 i  1 w a s  a l s o  i s o l n l e d  1 i n  1 0 %  y i e l d  l f m m  t h e  r . enc i .~on  of p h t h a i  i d e  113  I ,  

but .  n o  ~ n n l o g o r i s  n w t r r i n l  was foiznri i t ,  1,hr reaction o f  p h t h n l i d r  1 1 4 ) .  llor-ever, by 

u s i n q  ammonium ~ C C ~ I H L P  rind e i t h e r  l i t h i u r n  or. p o t a s s i u m .  t h e  l a c t o n e s  1151 a n d  1161 

were p r o d u r e d  i n  9 4 %  and  95% ) i e l d  r c s p e c t i v c l y .  T h e s e  r e s i r1 t . s  c o n f i r m e d  Lhc 

advr.r .sc r 0 . 1 ~  p l a y e d  h v  t h e  t - b i i t o l i d e  and  t h e  p r o d u c t i o n  of t h e  compounds  1 7 1 .  181 

alld 1 Y 1 <:uUld , l o w  be  r a t 1 o n a l i z r d  as i n  Schcmv 3 .  

The r o m p o u r ~ d s  1 G I ,  i 1 2 )  find 1 L6 1 w e r e  s u a n t i t e t i v r l y  c o n v e r t e d  i n t o  t,he u n s a t u r a L e d  

l i ~ l o n e s  1 1 1 ,  11Yl and  i a 1  hv  a c i d i c  h y d r o l y s e s ,  w ~ L h o u t .  c l e a v a e e  o f  t h e  I n c t o n r  

r . i n g s .  'The c o m p o u r ~ I s  1 5 1 ,  ( 1 3 1  nnd ( 1 6 1  w e r e  aLso q i i i l r i t ~ I n L i v e l v  i s o m e r i z e d  t o  t h e  

c o n j t ~ q a t e n  d i r n c s  2  1221  a n d  1 2 3 1 .  d r i e r  t r r i r t x  s t o r e d  at. - 5  "C: I i n  Lhe pure 

s t a t e 1  f o r .  s e v e r a l  d a y s .  

Y o ~ m a l l y ,  I k ,  or. O-mr.,viuay-en01 e t h e r s  r r n d e w o  e l i m i n a t i o n  o f  t h e  L i - l e av ine  

g r o i ~ p  dxlrini!  a c i d i c  h y d r o l s s e s ,  1.0 e i v e  u n s a t u r a t e d  k e t o n e s  I r e f .  3 1 .  F u r t h e r ,  t h e  

r e d u c t i o n  a r i d  h l l i y l a t i o n  o f  m - a n i s i c  a c i d  12-41 save  en01  e t h e r s  IZ51 .  w h i c h  w e r e  

s t r u c t u r x l l v  s i m i l a r  t o  Lhr. l a c t u n e s  l p l .  1J.51 a n d  11t i1 ,  but  w h i c h  d i d  n o t  

x p o r r t a n ~ o i i s ! ~  ~ m d e r t u  c o n . ~ i u q a L i o n  I r e f .  4 1 .  These dn t , a  s u e q e s t  t h a t  d u r i n g  t h e  

a v i d i i .  h y d r o l y s t : ~  o f  t h e  i a c t o r m s  1 5 1 ,  1 1 5 )  and 1 1 6 1 ,  t h e y  were  f ~ r s t  i s o m e r i z e d  

i n t o  ~ h r  con, iu ta l .pd  d i e n e n ,  w h ~ r h  t h e n  were  h v d r o l y s e d  t o  t h e  o b s e r v e d  u n s a t u r n L e d  

keto l l e s .  O ! # c e  e S a i n  t h e  p l a n a r  geometry of  t h e  l a c t o n e s  ( 6 1 ,  1151  a n d  1161 

p r o v i d e d  t h e  s t r r e o - c o n t r o l  n e c e s s a r y  f o r  t h e  s u c c e s s f u i  p r o d u c t i o n  o f  t h e  d e s i r e d  

m x t r r i n l s  from t h e  p h t , h ? l i d e s .  

The  d i a s t e r e o i s o m e r i c  l a c t o n e s  1151  w e r e  i n s e p a r a b l e ,  b u t  were d e t e c t a b l e  and 
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quantifiable bv nmr which showed that there was a marked selectivity in the 

formation of o l e  diastereoisomer. The unsaturated ketones Il_Y:exoI and I!S~~ndpl 

were easily separat.ed by column chromatography end thesp compounds enabled the 

complete clmrnct,erizntion of the IacLones 1151 b~ nuclear. Overhauser effect studies 

lnt 100 MHzI. Exo- and sndo- refer t u  the molecular surface on which t.he methyl 

g r o u p  lies. When the irduclion o f  phttialide I131 r,ns done under the standard 

condit~uns I r e f .  1 I ,  xitho~lt removin~ t.he ammonia, the isomers 115:proI and 1 ISz  

errdo1 were o h t a l n e d  in a 1:l ratio. However. by removing the nmrnonle before 

alh~latiorr, the isomers were obtained iu a 1 :10 ratio IFXOZ to c_nd9:1. 

T h v  annlurotts H i r c h  reditctions (ref. 41 of ammonium 4-methylbenzoate (from the 

solution of 4-n~ethylbenzoic acid in amrnan~u/THFI also yielded an !unequal mixture of 

st.e~~soixornrr~s l_Ztil, demonstratine, that this dinstereoselectivity was solvent 

rrquirzt.ed r.nthrr than being due Lo any special frature of the phthel~de, or 

benxoete. T h e s c  solvent dependent fnri;il select.iv~Lies mleht be consequences of 

ng41.er;i,t.iun jrl~enoniena 11.ef. 51 and could be developed into n valuable strateey for 

mvnilwint i n 4  t h e e  reductions. 

COUH 

COOH R 
0 

Y ?  R = R, = H 
? 5  H I  = R .  H z  = OM" 28 H. R1 = Me. H 
26 H I  = M e ,  R2 = H .. . . - k Q  R = R ,  = Me 

illp desired bicvclol 3.1.1 loctnnones IZiI, 1281 and 129 I w e r e  prepared hy the verv  

slow nddiLion of tributyltin hydride and azobisisobutyronirrile IAIBNI Lo diiute 

solutions of the unsaturated ket .ones  1181, 1131 and 1201 respectively, in refluxins 

benzene (ref'. 61, over a period u C  two hours. The reactions were usually refluxed 

f u r  an additional h u u r  followinl the addition of the reagents. These radical 

c y ~ l i z ~ t i o n s  proceeded nenr.1~ qriantitativrly. 

These bicy~:lu13.2.1 l u c t n n o n e s  possess some of the feat.ures of the rines C end U .  as 

well as "hnndies" for the construction of the r l n e s  A and B ,  uf the kauranoid and 

d~rived ditrrpenrs. The efficiency of this synthesis and the posslbilitv of using 

more highly subsLituted phthnlides Lo produce more complex b~cyclol3.2.lloctanes 

demonstrnt,rs the s~n~thetic potent,ihl of this route. 

rAll new compounds cave satisfactory analytlcnl and spectroscopic data, whlch were 



c o m i i l e t e l s  c u r l s i s t r n t  w i t h  t h e  s u e ~ e s t e d  s t r u c t u r e s .  
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