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ANNELATION REACTION BY USING HETEROCYCLIC CONPOUNDS 

This review deals with the recent advances 

in the use of heterocvclic compounds as annelat- 

ing reaqents, especiallv as applied to the svn- 

thesis of natural products. 

I. INTRODUCTION 

Annelations related to the Robinson reactionLpL have been one 

f-10 of the most widely used synthetic methods in organic chemistry. 

This reaction has proven to be invaluable to the organic chemist 

for the synthesis of such complex natural ?roducts as steroids, 

terpenes, and alkaloids. The oriqinal procedure involved a nu- 

cleonhilic attack of a ketone or ketoester enolate, in a Michael 

reaction, on a vinyl ketone to produce the intermediate which 

undergoes subsequent aldol-type rinq closure to keto alcohol 5 

followed by dehydration to the annelation nroduct 2 (Scheme 1). 

Although the process is very valuable, the Robinson annelation 

is unsuited for ordinarv carbonyl substances since stronsly basic 

enolates initiate polymerization of the vinyl ketone. 'A variety 

of modifications to overcome this restriction has been reporated 



scheme 1 
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and includes the use of Hannich base and methiodidel', @-halo 

ketone 12-15, enamine16, a-silyl enone17, and a-methylene cycla- 

18 none . Another kind of modifications is the use of alkyl hali- 

19-23 (and sulfonates) and allylic 
24-32 

des (or benzylic) halides. 

These reagents have potential since they may be able to trap re- 

giospecifically enolate ions generated under aprotic, noneouilib- 

rating conditions. 

In this reviews we wish to summarize annelation reactions by 

means of heterocyclic compounds as annelating reagents and discuss 

their anwlication to the synthesis of natural nroducts. 

11. THE ISOXAZOLE ANNELATION 

The isoxazole annelation which uses 4-halomethylisoxazole de- 

33 
rivatives as the reagent are at firstintroducedbv Storkandcoworkers . 
Thev alkylated the sodium enolate of l0-methyl-~~~~-octalin-2,5- 

dione (4) with 4-chloromethyl-3,4-dimethylisoxazole (2)  to give 
n, 

6 in 70 % yield. Selective hydrogenation of ,$, where the oxazole 
% 

ring survived was carried out with palladium-charcoal by using 

ethyl acetate-triethylamine (3 : 1) to afford the compound in 

70 % yield. The rate of hydrogenolysis of the isoxazole ring was 

shown to be pH dependent since compound 8 was completely hydro- 
li 

genolyzed with palladium-charcoal for 3 hr in ethyl acetate-tri- 

ethylamine (1 : .I) but unaffected in ethyl acetate-acetic acid 

(5 : 1) for 20 hr. Based on this observation, quaternization of 

;I with triethyloxonium fluoroborate followed by treatment with 

5 % sodium hydroxide, gave via - 2 the cyclized compound 4% in about 
35 % yield. In more satisfactory transformation of the isoxazole 



ring, compounds and were reduced with palladium-charcoal in 

ethyl acetate-trlethylamine (1 : 1) to give the carbinolamides &a 
and respectively, followed by treatment with 10 % potassium 

hydroxide to afford an equilibrium mixture of ~''~-and A g,10-2- 

octalone 15 in high yield (Scheme 2a and 2h.) 
%% 

Scheme 2a 
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Scheme 2b 

The mechanism of isoxazole conversion suggests that it is the 

alkyl group next to nitrogen which is retained in the final 3- 

ketoalkyl chain. Evidence for this mechanism was obtained as 

34 
follows . Dehydration of the cyclic carbinolamine obtained 

from the hydrogenolysis of isoxazole kk, took place with 10 % 

sodium hydroxide to give the hexahydroquinoline kg. Refluxing &,$ 

with 20 % ethanolic potassium hydroxide afforded 24, which was 
transformed into 10-phenyl-~1'9-2-octalone ( 2 )  on prolonged 

heating with aqueous base or by hydrolysis with acetate buffer 

to the diketone followed by cyclization with hot 5 % ethanolic 

potassium hydroxide (Scheme 3 ) .  



Scheme 3 

T h i s  o b s e r v a t i o n  l e d  t o  t h e  u s e  of t h e  i s o x a z o l e  2 2  a s  b i s -  
""ili 

a n n e l a t i o n  r e a g e n t i n  t h e  s y n t h e s i s  o f  D-homotes tos te rone  (&) and 

p r o g e s t e r o n e  ( 2 L ) 3 5 .  A l k y l a t i o n  o f  t h e  e n o l a t e  d e r i v e d  from t h e  

o c t a l o n e  $ w i t h  $22 gave  i n  modera te  y i e l d  t h e  i s o x a z o l e  5& which 

was c o n v e r t e d  by t h e  u s u a l  r e a c t i o n  sequences  t o  t h e  t r i c y c l i c  

enone k t  i n  60  % o v e r a l l  y i e l d .  I n i t i a l l y  t h e  C18-methyl group 

was i n t r o d u c e d  sodium s - a m y l a t e  o r  sodium h y d r i d e ,  and 
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methyl iodide to afford the usual mixture of ~ ~ ' ~ ~ - 1 0 0  zt, and 
l0a-epimers 29. Subsequently it was observed that the alkylat- 

%% 

ion-trapping method directly converts 22 into a single isomer 
(22) in almost quantitative yield. Transformation of 22 into 
D-homotestosterone (#,) and progesterone (2x1 was achieved by 
the usual multi-step sequences (Scheme 4a and 4b). 

Scheme 4a 

N a H ,  DME 
0 
U 



Scheme 4b 
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I n  c o n t r a s t  t o  t h e  f i n d i n g  3 4  t h a t  t h e  c a r b i n o l a m i n e  &l, upon 

t r e a t m e n t  w i t h  b a s e ,  i s  r a p i d l y  dehydra t ed  t o  t h e  d i h y d r o p y r i d i n e s  

and ,2Q which a r e  s u s c e p t i b l e  t o  o x i d a t i o n  and /o r  d i s p r o p o r t i o n -  

36  . a t i o n .  Saucy and coworkers  mwroved t h e  i s o x a z o l e  a n n e l a t i o n  r e a c t i o n  

a s  f o l l o w s .  The k e t a l s  ;2& and 2 2 ,  o b t a i n e d  i n  85  % and 86  % y i e l d  

by t h e  u s u a l  k e t a l i z a t i o n ,  were hydrogena ted  o v e r  pa l l ad ium-  

c h a r c o a l  i n  3  ?. 4  % e t h a n o l i c  po t a s s ium hydrox ide  s o l u t i o n .  The 

Scheme 5 



resulting vinylogous amides 24 and ;$ were heated in 20 % aqueous 

potassium hydroxide solution to give the keto ketals 22 and 26 
in 83 % and 84 % yields from z& and zx, respectively. The keto 

ketal +3k was heated with methanolic hydrochloric acid to afford 

directly in 76 % yield from the isoxazole ,$x the octalone 2 2 .  
which contains about 20 % of the isomeric B,y-unsaturated ketone. 

These yields compare favorably with the 50 % yield previously 

reported33 for the conversion of &L into 2 2 .  However, treatment 

of the keto ketal 22 with methanolic hydrochloric acid caused 
deketalization to 23 which was not cyclized under these conditions 
but was converted with methanolic sodium hydroxide into the inde- 

none 2,8 (57 % yield from the ketal &) (Scheme 5). 

Scott and saucy3' applied isoxazole annelation for the syn- 

thesis of (I)-estr-4-ene-3,17-dione and (+)-136-ethylgon-4-ene- 

3,17-dione. The desired lactone $$ was synthesized by two di- 

fferent routes. Initially, the anion of diethyl 6-oxopimelate 

was alkylated with 4-chloromethyl-3.5-dimethylisoxazole ( 2 )  
and the crude alkylated diester $& was saponified with dilute 

sodium hydroxide followed by acid treatment to obtain the acid 

4 2  which was subsequently reduced with sodium borohydride to give 
"r?, 

the lactone $2 in 32 % yield. Alternatively, the chloride 2 was 
converted into the phosphonium salt $$,,followed by reaction with 

acrolein dimer ( $ 2 )  to furnish $2 which was then treated with di- 
lute sulfuric acid in dioxane to give the hemiacetal $#. After 

oxidation of $,8 with manganese dioxide, the resulting lactone $2 
was hydrogenated over palladium-charcoal to afford the isoxazole 

lactone $2,  in 76 % yield (Scheme 6a and 6b). 
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Scheme 6a 

Me 
N a H  , 



Scheme 6b 
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dioxane 
Z 

I 
benzene 



HETEROCYCLES Vol 10 1978 

Reaction of this lactone %$ with vinylmagnesium chloride gave 

the vinyl ketone ZQ which was treated with diethylamine to afford 

the corresponding Mannich base 2& in 80 - 85 % overall yield. Con- 

Scheme 7a 

Me 

____I 

THF 

t 
toluene > 
AcOH 

(81% ) 



Scheme 7b 

acetone ' 

densation of the Mannich base (Zk) with 2-rnethylcyclopentane-1.3- 

dione ( 1  in toluene-acetic acid provided in 81 % yield a mixture 

of trans and cis dienol ethers 2% and 2 4 .  Reduction of this mix- 

ture with lithium aluminum hydride gave the trans and * dienol 
ether alcohols ,# which were hydrogenated over palladium to afford 
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hemiketal kx as a mixture of compounds with unknown configuration 
at C-3a and C-9b. Without isolation, hemiketal gz was directly 
oxidized with Jones reagentto give the trione which was again 

directly cyclized with methanolic sodium hydroxide solution to 

give the racemic tricyclic aione &, in 33 % overall yield. Si- 

milarly the dione kI was obtained in 37 % yield from the lactone 

($4) (Scheme 7a and 7b). 
To complete the synthesis of the steroids I& and 2 2 ,  it was 

9 necessary to saturate the A double bond in compounds @ and @ 

stereoselectively and to elaborate ring A .  Hvdrogenation of the 

enones g g  and @ over palladium-charcoal in anethanol-triethyl- 
amine mixture (3 : 1) gave the diones @ and 6 2 .  When the hydro- 

genation mixture containing the dione kx was made alkaline with 
0.1 N - in potassium hydroxide, a second equivalent of hydrogen was 

rapidly taken up to yield the vinylogous amide i t  which was conver- 
ted upon heatinq with aqueous base into I& in 45 % yield from t%. 
Based on the previous work3=, it was theorized that if the cycli- 

zation of the initial ixosazole hydrogenolysis product to the 

carbinolamine from was prevented, the overall yield might be 

significantly higher. In fact, this proved to be the case. The 

crude dione $2 was ketalized to give the bis-ketal S2. Hydro- 

genolysis of this bis-ketal 22 over palladium-charcoalin 4 % 

ethanolic potassium hydroxide solution proceeded smoothly. Addi- 

tion of 20 % aqueous potassium hydroxide solution to the hydro- 

genated solution, followed by heatinq, gave the keto bis-ketal 

. Heating J J  with methanolic hydrochloric acid caused deketali- 

zation and cyclization to give the steroid in 80 - 85 % yield 



from kg.  I n  a  s i m i l a r  manner, 12 was o b t a i n e d  Z t ,  xi,, and -@ 

from $2 i n  7 0  % y i e l d .  

T h i s  m u l t i - s t e p  s y n t h e s i s  o f  s t e r o i d s  proved t h a t  t h e  i s o x a z o l e  

r i n g  i s  v e r y  s t a b l e  t o  most r e a g e n t s  bu t  i s  r e a d i l y  opened by hydro- 

g e n a t i o n  under  t h e  p rope r  c o n d i t i o n s  (Scheme 8a and 8 b ) .  

Scheme 8a 
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Scheme 8b 

20% KOH - 
H C 1  

;1&(80-85%from,$) 

MeOH 'x$(70%from22) 



As an extension of the study described above, Saucy and co- 

w o r k e r ~ ~ ~  succeeded in synthesizing (+)-estr-4-ene-3,17-dione 

( 2 2 )  from the optically active Mannich base 2 2 .  Reaction of the 

Scheme 9 a  





ethers which were converted into the dione 82 by using the same 
reaction sequences described for the racemic series3'. The op- 

tical purity of the dione (&$ was determined to be 44 % by com- 

Scheme 10a 
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Scheme 10h 



Scheme 10c 

22 

parison with an authentic sample synthesized by alkylation of the 

enone 22 with 4-chloromethyl -3 ,5-d imethyl i soxazole  ( 2 )  followed by 
acid-catalyzed cleavage of the ether group and oxidation of the 

resulting alcohol 2&. Alternatively the Mannich base 2% was quater- 
nized with methyl iodide in the presence of potassium carbonate and 

the crude salt was then treated with 22 in aaueous s - b u t y l  alco- 

hol to give a mixture of compounds which is in accord with the 

general structure 22.  Treatment of this mixture with p-toluenesul- 

fonic acid gave the dienol ethers jQ and # in 46 % yield from the 

Mannich base 22 .  The enone 82 prepared from this mixture was 
fractionally crystallized to give optically pure (+)-19-(3,5-di- 

methyl-4-isoxazolyl)-de-A-androst-9-ene-5,l7-dione from the dienol 
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ether mixture $32 and $32 in 31 % yield. Conversion of the op- 

tically pure enedione (@) to (+)-estr-4-ene-3,17-dione (21 )  was 
carried out as previously described for the racemic series3' ( 

Scheme 10a. 10b and 1 0 ~ ) .  

Optically active A (ll)-dehydrotestosterone (&A?)  , a potential 

Scheme lla 

NaOMe 
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Scheme llh 
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Scheme l l c  

OR' 

OR'  O R '  

&X 

i n t e r m e d i a t e  f o r  t h e  s y n t h e s i s  o f  11-oxy n a t e  

117 
%%"" 

d  s t e r o i d s  h a s  been 

s y n t h e s i z e d  by i s o x a z o l e  a n n e l a t i o n ,  s t a r t i n g  from t h e  o p t i c a l l y  

39 a c t i v e  methylene ke tone  22 and t h e  i s o x a z o l e  28 . Condensa t ion  

o f  22 and 22 i n  t h e  p r e s e n c e  of  b a s e  l e d ,  v i a  i n t e r m e d i a t e s  ,&Q,,Q 

and &@, t o  t h e  a c i d  &@, which r e a d i l y  d e c a r b o x y l a t e d  on warming 

t o  g i v e  t h e  t r i c y c l i c  enone i n  a n  o v e r a l l  y i e l d  of  6 5  %. Ace- 

t y l a t i o n  a n d b e n z o y l a t i o n o f  &&, p r e p a r e d  by h y d r o l y s i s  o f  &QJ, 

gave e s t e r s  ,&$I? and kg$,. The r e a c t i o n  c o n d i t i o n s  f o r  t h e  s t e r e o -  

s p e c i f i c  i n t r o d u c t i o n  of  t h e  C -methyl  group i n  compound &@ were  19 

i n v e s t i g a t e d  and m e t h y l a t i o n  of  t h e  e n o l a t e ,  d e r i v e d  by t r e a t m e n t  

o f  &Q;1 w i t h  sodium h y d r i d e  i n  glyme, w i t h  methyl  i o d i d e  a t  low tem- 



perature gave in 78 % yield. Conversion of the tricyclic 

compounds &Ql and &&Q into &&2 and &&4 via acetal &&i, vinylogous 
2, - 

amide &g,  and keto acetal &&Z was achieved by the same reaction 
sequences described above in 53 % and 37 % yields from &QJ and 

&&Q, respectively (Scheme lla, llb and llc) . 
Dedimethylamino-12a-deoxyanhydrotetracycline (&#,I and 12a- 

deoxyanhydrotetracycline (J#) have been synthesized by using 3- 

benzyloxyisoxazole system for the purpose of introducing the 8 -  

keto amide system4'. Michael addition of the isoxazole &&% to 
the tricyclic dienolone &&$ followed by deesterification-decarbo- 

xylation afforded &£& in 86 % yield. Compound &i& was dehydrated 
to give &<2 which was then cyclized to &@ in 85 % yield. Finally, 

(i)-dedimethylamino-12a-deoxyanhydrotetracycline (@g) was ob- 

tained in more than 90 % yield by the hydrogenolysis of over 

palladium-charcoal. Similarly, for the synthesis of &?%,Michael 

addition of to the Schiff base &?& gave a mixture of epimers 

&£2 which was dehydrated (with hydrolysis of the Schiff base) to 
&&$ by warming with diluted hydrochloric acid. T.he resulting 

crude product was reductively methylated giving &xk in 40 % yield. 

Cyclization of &xz furnished in 74 % yield the tetracyclic J22 
whose hydrogenolysis then afforded (i)-12a-deoxyanhydrotetra- 

cycline (,I$?,). 

Thus, annelation sequences involving isoxazole rings have 

proven useful in the synthesis of a number of steroids and tetra- 

cyclines (Scheme 12a and 1.2b). 
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Scheme 1 2 a  
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Scheme 12b 

H2/Pd-C 

THF ,MeOH ' 
%H2 OH 

I11 PYRIDINE ANNELATION 

The successful introduction of 6-vinyl-2-picoline (AXQ)  as an 
eight-carbon fragment for bis-annelation has been achieved by 

Danishefsky and coworkers 41-44. For example in the transformat- 

ion of cyclohexanone into tricyclic compounds l&i, reaction of 

the pyrrolidine enamine of cyclohexanone with &JQ gave the 

picolylethylated ketone &3J in 54 % yield which was converted to 

the ketal &JJ. Compound &JJ was subjected to the successive re- 

action sequences shown in Scheme 13a to give the tricyclic dienone 

&J@ in 40 % yield. Alternatively, when the precurser enedione 

&3x was isolated (42 % yield) and treated with 10 % p-toluene- - 

sulfonic acid in acetic acid, a near-quantitative yield of &J@ 

was obtained. Although the l,4-dihydropyridine &J$ was not iden- 

tified, 1.4-dihydropyridine derived from 2,6-lutidine through 

Birch reduction was shown to be hydrolyzed with great facility to 

give 2.6-heptanedione in 72 % yield. The predominant cyclization 

of the presumed intermediate &Jz into the compound was attri- 

buted to the avoidance of the serious steric repulsion which arises 



from cyclization in the alternate sense to give the compound 139. 

The cyclization of ,&zz to &z& was further investigated as 
follows. For this purpose, compound ,&22 was treated with sodium- 

Scheme 13a 

Me Me 



Scheme 13b 

ammonia-ethanol and the dihydropyridine, assumed to be present, 

was hydrolysed under nearly neutral conditions in order to avoid 

premature aldolization and deketalization. The diketone kJ2 
was isolated in substantially lower yield than was realized for 

enone LJg. Treatment of ,?$z with aqueous ethanolic sodium hydro- 
xide at room temperature qave, in 95 % combined yield, a 3.8 : 1 

ratio of p g  : $22. This finding is significant since it is the 

first demonstration of the preferential formation of a trisub- 

stituted cyclenone relative to its tetrasubstituted isomer from 

an internal aldolization reaction. However, when the diketone 

&&j was heated under reflux for 50 hr, ketalenones &Jg and &$x 
were now isolated in a ratio of 1 : 3.4. This result was inter- 

preted by invoking the well-known reversibilitv of the aldol con- 

densation and this transformation was also demonstrated more 

convincingly by starting with pure ketalenone A#,. When &Jt was 
heated under the same conditions in aqueous ethanolic alkali, a 

mixture (1 : 3.4) of : J& was isolated. The vinylogous 

aldolization was also studied. By using AJI, the extended di- 
enone &a@,, not the cross-conjugated dienone &lQ, was the sole com- 
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pound isolated (Scheme 13a and 13b). 

The successful bis-annelation of cyclohexanone was used for 

the synthesis of (5)-D-homoestrone. Michael addition of ,&$A to 

Scheme 14 

1)H2, Pd/C,Et3N,EtOAc 

Me OH N 
toH, p-TsOH , toluene ' 

:X=0(80%) k t 2  
(58%) 

1)Na.NH3,EtOH 
2)NaOH,H20,EtOH 

p-TsOH AcOH 
3) 10%HC1 A 
4 )  Jones'ox. 



methyl vinyl pyridine kzQ followed by selective reduction of the 

saturated ketone resulting from acid treatment of the Michael 

adduct afforded the enone alcohol in 80 % yield. After stereo- 

selective hydrogenation of k$2, the saturated ketone was ketalized 
to qive the hydroxyketal &$A in 58 % yield. Successive treatment 

of 143 involving Birch-type reduction of the pyridine ring, base- 
%%% 

catalyzed cyclization, deketalization, and Jones oxidation of the 

alcohol, afforded &$$ in 78 % yield. The dienedione kt?, derived 

from the acid-catalyzed cyclization of kt:, was converted to ( + ) -  

D-homoestrone kt& via the action of acetyl bromide-acetic anhydride 

followed by saponification of the intermediate phenolic acetate in 

82 % yield (Scheme 14). 

The same authors reported45 the novel and improved synthesis of 

and &zg the tris-annelating agent &zQ. The vinylpicoline 

&,3Q was obtained in low yield y& hydroxymethylation of 2,6-luti- 

dine. Treatment of 2.6-lutidine (&$l) with phenyllithium followed 

by alkylation of the resultant anion with 3-chloropropionaldehyde 

diethyl acetal and hydrolysis.gave &$@ in 7 0  % yield. Addition of 

vinylmagensium chloride to &$@ gave the alcohol &I2 in 89 % yield 

which underwent oxidation by manganese dioxide to afford the de- 

sired tris-annelatinq agent &zQ in 88 % yield. Under the influ- 

ence of sodium hydride, enone @Q coupled smoothly with &LJ< to qive 
J .  Cyclization of ,&$ in the presence of 3-aminopropionic acid 

afforded &kg in 75 % yield. In addition, the one-step condensation 

of &J& with &zQ in aqueous acid gave the enedione in 92 % yield. 

Alternatively, &z& and &5& could be coupled in the presence of 

triethylamine to give the trione &z& which could be cyclized - via 
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3-aminopropionic  a c i d  t o  g i v e  &jJ (Scheme 1 5 ) .  

Scheme 1 5  

The a d v a n t a g e  o f  u s i n g  symmet r i ca l  i n t e r m e d i a t e s  such  a s  @J 

and ,Qt f o r  t h e  p r e p a r a t i o n  o f  &i2 and & t k  h a s  been  u t i l i z e d  i n  

4 6  t h e  s y n t h e s i s  o f  o p t i c a l l y  a c t i v e  e s t r o n e  . 
A wide  v a r i e t y  o f  amino a c i d  have  been  t e s t e d  t o  e f f e c t  t h e  

c h i r a l l y  s p e c i f i c  c y l i z a t i o n  o f  k22 .  The r e s u l t s  o f  t h i s  s t u d y  

i n d i c a t e  t h a t  t h e  o p t i m a l  o p t i c a l  p u r i t y  o f  86 % f o r  @? was ob- 

t a i n e d  by u s i n g  1 e q u i v .  o f  JJJ t o  1 . 2  e q u i v .  o f  L - ~ h e n y l a l a n i n e  



t o  0 .5  e q u i v .  o f  p e r c h l o r i c  a c i d  i n  r e f l u x i n g  a c e t o n i t r i l e  ( 2 . 7  

rnl/mmol of &22) (Table 1). 
T a b l e  1 

- 
Amino acid HC104 [a],, Gptical puri ty  %yield of 
(1.2 equiv.) equiv. deg. of&,% & 

L-Fahenylalanine 0.5 173.6 86 82 

LPhenylalanine 0.25 172.1 85 82 

LPhenylalanine 1.0 162.3 80 80 

L'Pyrosine 0-=thy1 0.25 169.5 84 82 
ether 

E-TWbphan 0.25 -156.0 78 70 

IrSerine 0.25 70.2 35 77 

L P r o l m e  0.25 53.0 26 67 

E-Valme 0.25 -41.7 21 72 

The o p t i c a l l y  e n r i c h e d  &kk s o  o b t a i n e d  was c o n v e r t e d  t o  a l c o h o l  

kkz, hyd rogena t ed  o v e r  p a l l a d i u m - c h a r c o a l  i n  a c i d i c  media ,  and 

k e t a l i z e d  t o  a f f o r d  &i# i n  45 % y i e l d .  The c o n v e r s i o n  o f  &kk i n t o  

e s t r o n e  - v i a  &#,, &Q,, and &i& was a c h i e v e d  by  t h e  same r e a c t i o n  

s e q u e n c e s  shown i n  Scheme 14 .  Thus,  t h e  o v e r a l l  y i e l d  o f  e s t r o n e  
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from &$a was 48 % (Scheme 16). 

Scheme 16 

.trip, 
(quant . ) 

IV FURAN ANNELATION 

Furan derivatives have also been used for the synthesis of 

4 7 
condensed ring systems although this method has not been applied 

to the synthesis of natural products. Reaction of the u.8-unsatu- 



rated ketones &$J, ,#$, and ,&@ with 2-methylfuran in refluxing 

glyme containing a catalytic amount of sulfuric acid afforded 

&$$, Akx, and A,@ in the yields of 36, 40, and 32 % respectively. 

Preparation of the dionenes (47 % )  and &I2 (35 8 )  was best 

accomplished by refluxinq &,@ and &$I for 48 hr in aqueous acetic 
acid containing a trace of sulfuric acid. In contrast, although 

extended treatment (72 hr) of ,I&@ under the same conditions 

yielded the triketone &'A, no bicyclic dionene &I$ could be iso- 

Scheme 17 
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lated from this reaction. When &kx was subjected tovariations in 
the amount of time that it was heated under these acidic con- 

ditions, significant changes in the product composition from this 

reaction occurred. Thus, while treatment for 24 hr yielded almost 

equal amounts of and &lJ, refluxing for 7 2  hr afforded both 

,lJJ and &lz. Heating for 96 hr produced a tarry reaction 

mixture, from which only trices of and &lJ could be isolated, 

but a 20 % yield of was obtained (Scheme 17). 

The low yield in opening the furan ring, the successive cycli- 

Scheme 18 

C.HC1,MeOH C.HC1,MeOH 

room temp. reflux 

AX2 
(quant.) 



zation of compounds &k@ and j& to )Jx and & l z ,  and the difficulty 
of setting the reaction conditions was avoided in the synthesis of 

compound ,&I$ 48r49 (Scheme 18). 

Reaction of 2-lithio-5-methylfuran, derived from the lithiation 

of 5-methylfuran, with enone jJ6 gave the furan enone I& followed 

by 1,4-addition of the methyl group to afford the saturated ketone 

Scheme 19 

MeONa - 
CHO 
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. Oneninn of one furan rinq in comnound &J@, followed by the 

cvclization of the resultinq triketone gave the hicyclic corn- 

nound &@Q, a potential intermediate for the eudesman tyne of 

sesquiterpenes. 

A new svnthesis of the bicvclo[5.3.0ldecane and bicyclo[4.3.01- 

5 0  nonane systems via - furan annelation has also been renorted . 
Condensation of 2-methvlcvclohentanone (@&) with furfural afforded 

the furfurvlidene in 75 R yield. Onening of the furan rinq in 

@ (28 % ) ,  followed hv cvclizaiton ( 8 0  % )  of the resultinq keto 

acid A@$ qave the bicvclic acid &@k. In a similar manner, comnounds 
kj38 and have been nrenared (Scheme 19). 
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