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Abstract:  We have developed a simple method for cyclopentane annulation using 
inexpensive reagents which is useful for the synthesis of polyquinane systems. 
© 1997 Elsevier Science Ltd. 

The deve lopment  of novel  methodologies  for the construct ion of hetero- and carbocycl ic  

r ing sys tems  has been a major  goal in syn the t ic  o rgan ic  chemis t ry .  B i o l o g i c a l l y  ac t ive  

c y c l o p e n t a n o i d  natural  products  and s t ruc tura l ly  in t r igu ing  po lyqu inanes  have s t imula ted  

much research act ivi ty  in recent  years for the preparat ion of f ive  membered  ring compounds . l  

In this communica t ion ,  we descr ibe  a s imple methodology  for cyc lopentane  annulat ion 

which de l ivers  var ious  t e t racyc l ic  ring systems from the readi ly  ava i lab le  b icyc l ic  diones 3 

and 6. Our s t rategy for cyc lopen tane  annulat ion is depic ted  in Scheme 1. The key step in 

this s t ra tegy is the genera t ion  of sp i ro - l ac tone  wi thou t  i n t e rm ed ia t e s  unl ike  the known 

methods for this purpose.  2-5 Moreover ,  the reagents  used in this study are inexpensive .  
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In connec t ion  with dodecahedrane  synthesis ,  McKervey  and Vibul jan reported a novel  

and i tera t ive  approach to C2o-hexaquinane der ivat ive  1 start ing from c i s - b i c y c l o ( 3 . 3 . 0 ) o c t a n e -  

2,6-dione  3 via the in termedia te  2. 5 X-ray analys is  of 1 revea led  that it has an ' opened  

out '  conformat ion  due to severe in t ramolecu la r  overc rowding  of the keto group [ C ( I ) - O |  with 
the C(7 ' )H2  moie ty .  Due to this reason hexaqu inane  1 has l imi ted  use in dodecahedrane  

synthesis .  A s imul taneous  1,3 t ransposi t ion of the carbonyl  groups in 1 generates  a new C2o- 
hexaquinane  system 4 where the above ment ioned  ke to -me thy lene  in te rac t ions  are absent.  
Since the synthesis  of 1 invo lves  p ro tec t ive  groups and a low overal l  yield (4.6%),  we are 

i n t e r e s t e d  in d e v e l o p i n g  an a l t e rna t e  approach  to the nove l  C20-hexaquinane  4. Our  
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retrosynthetic analysis  of this hexacyclic ketone involves tetracyclic intermediate 2 ,  which 
can be derived from readily available bicyclic dione 6 (Fig 1). Repetitive applicat ion of the 
present cyc lopentane  annula t ion  strategy to dione 3 is expected to de l iver  a new C20- 
hexaquinane $. 

_•• Fig 1 
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The required bicyclic dione 6 was prepared in a three step sequence using Weiss-Cook 
reaction.  This method involves the 2:1 condensat ion of dimethyl 1,3-acetonedicarboxylate 

with glyoxai under basic conditions.  6 Reaction of dione 6 with excess o f a i l y imagnes ium 

bromide gave the homoallylic alcohols 7 and 8 (9:1, 89%) (Scheme 2). The major compound 

7, m.p. ,  82 -84°C and minor  compound 8, m.p.,  104-106°C were isolated by column 

chromatography (silica gel). The structure of these isomeric alcohols has been deduced on the 
basis of NMR spectral data. The IR spectrum of the major compound indicated the presence of 

hydroxyl group at 3410 cm -I and absence of carbonyl absorption. The tH NMR (300 MHz) 

spectrum exhibited the diagnostic feature of the allyl group [b 5.08-5.15 (m, 4H); 5.8-5.96 
(m, 2H)]. The major compound bears a C2 symmetry which is in agreement with the six-line 

13C NMR spectrum [6 135.5, 118.5, 84.2, 47.2, 46.4, 42.6]. The unsymmetr ica l  nature of 

the minor  compound 8 was conformed by its 11 l ine 13C NMR spectrum. The major  

compound was converted to symmetrical lactone 9: [13C NMR spectrum: b 176.4, 94.1. 

43.5, 38.7, 32.5, 28.9] by a hydroborat ion and oxidat ion sequence.  7 In the subsequent  

experiments the mixture of 7 and 8 were directly converted to the co r re spond ing lac tones9  
and 1 0 b y  one-pot operation (67% yield). The stereochemistry of the dilactone(s) (9 and 10) 
is of no consequence because the spiro centres would be destroyed in the next step to 
generate t he t e t r acyc l i cenones .  When the lactone mixture (9 and 10) was treated with 8% 
phosphorous pentoxide in methanesulfonic acid, tetracyclic enones (1 1 and 12) were formed 
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in 2:1 ratio (combined  yield 74%) [13C NMR data, compound 11 : ~ 203.7(s) ,  185.3(s) ,  

149.1(s),  47.1(d) ,  41.0(t) ,  35.1(t) ,  25.5(t) ;  compound  12 : 8 201.8,  185.4, 148.1, 51.9,  
43.4, 40.8, 39.7,  25.51. 

Along  s imi la r  l ines ,  cis -b icyclo(3 .3 .0)octane-2 ,6-dione  3, 8 was conve r t ed  to the 

te t racycl ic  enone 15 (Scheme 3). Reac t ion  of 3 with a l l y l m a g n e s i u m  bromide  gave 

homoa l ly l i c a l coho l  13, 9 which upon hydroborat ion and Jones oxidat ion gave the lactone 

14. Rearrangement  of the di lactone 14 with methanesulfonic  acid furnished tetracyclic  enone 

1 5 . | °  Ut i l izat ion o f l l ,  12, and 15 towards the preparat ion o f h e x a q u i n a n e s 4  and 5 w i l l  be 

reported in due course of time. 
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