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Abstract. The synthesis of 4-functionalized t2icyclo[5.2.1.O2,S]decenones 9, starting from fura~,  

is described. These s t ruc t~es  are shown to be suitable precursor~ for the synthesis of cyclo- 

pe~enoids such as pentenomycin and analogs. 

Natural products containing the h igh ly  oxygenated cyclopentanoid skeleton have recent ly a t t rac t -  

ed considerable a t tent ion because in many cases they exh ib i t  in terest ing bio logical  a c t i v i t i e s .  

This rap id ly  growing class of an t i b i o t i cs  includes amongst others pentenomycin I ,  te r re in  2 and 

methylenomycin B 3 ~. 

Although the basic structures of these compounds seem r e l a t i v e l y  simple, t he i r  s e n s i t i v i t y  towards 

acids and bases requires a well-designed synthet ic strategy. 
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Our approach to th is  class of natural products is based on the consideration that these cyclo- 

pentenones are re t rosyn the t i ca l l y  connected with cyclopentadienones. Since these cyc l i c  dienones 

are known to have a strong tendency to dimerize which prevents t he i r  use as synthet ic bu i ld ing 

blocks 2, we sought the i r  synthet ic equivalents.  

The tr icyclo[5.2.1.02,S]decenone system 4 is pa r t i cu l a r l y  sui table to serve th is  purpose as i t  

essent ia l l y  const i tu tes a cyclopentadienone in which one of the two double bonds is being masked 

in the crossed Diels-Alder adduct with cyclopentadiene. Chemical transformation of the remaining 

enone system in 4 fol lowed by thermal cycloreversion regenerates the double bond and produces a 

funct ional ized cyclopentenone. The net resu l t  of th is  sequence is ac tua l l y  select ive transforma- 

t ion of one of the o l e f i n i c  bonds in cyclopentadienone. 

Recently, we used th is  strategy fo r  the synthesis of te r re in  23 . In th is  paper we wish to report 

on the synthesis of pentenomycin I ,  an a n t i b i o t i c  isolated from Streptomyces e u r y t h ~ u s  4 

We f igured that 4-hydroxymethyltricyclodecenone 9 (R=CH2OH) would be an ideal precursor for  

pentenomycin. 
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To this end, a general and e f f i c i e n t  synthesis of 4- funct ional ized tricyclodecenones 9was devel- 

oped star t ing from readi ly  ava i lab le  furan compounds (scheme I ) .  
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Electro lys is  of furans 5 at -20 °C in MeOH in the presence of NH4Br led quan t i ta t i ve ly  to d i -  

hydrodimethoxyfurans 6, which on careful hydrolysis gave eis-enediones 7 (cf .  ref .  5). These 

enediones reacted smoothly in a Diels Alder reaction with cyclopentadiene to af ford endo-cX~- 

norbornene adducts 8 in quant i ta t ive y ie lds .  Subsequent intramolecular aldol condensation with 

base (t-BuOK or NaOH in MeOH) gave a mixture of exo- and cndo-tricyclodecenones 9 in overal l  

y ie lds ranging from 50-90% based on 5. The ra t io  of exo and endo products appeared to be strong- 

ly  dependent on the nature of the substi tuent R. Carbanion s tab i l i z i ng  groups such as SCH3 or 

C02R led exclusively to the endo products whereas for R=CH3 and CH2OCH3 an endo/exo ratio of 

about 1:1.5 was observed. Clearly, under the applied basic conditions intramolecular aldol 

closure competes with epimerization at C2 or C3 in 8, which i n i t i a l l y  affords a ~P~z~-2,3-di- 

substituted norbornene. In such a structure intramolecular ringclosure wi l l  favor the thermo- 

dynamically more stable exo-tricyclodecenone 9. 

With an expedient route to methyl protected 4-hydroxymethyltricyclodecenone 10 ava i lab le ,  we next 

directed our at tent ion to the v ic inal  c i6-hydroxylat ion of the enone double bond in this compound 

(scheme I I ) .  

Select ive epoxidation of the endo/exo mixture of 10 with H202/OH- afforded epoxides 11 and 12 in 

80% y ie ld .  These epoxides appeared to be very reluctant to undergo hydrolysis.  This is due to 

ster ic  in teract ion which in both epoxides seriously hampers Sn2-type subst i tu t ion reactions. 

After extensive experimentation we found that exo-epoxide 11 can be converted into the bromo- 

hydrin !~ by treatment with a concentrated solut ion of HBr in CH30H (60-80% isolated y i e l d ) .  

Under these condit ions the endo-isomer 12 was recovered unchanged. When more drast ic condit ions 

were appl ied, only complete deter iorat ion of both epoxides was observed. 

Alcohol 13 was transformed into the acetate 14 by treatment with acetic anhydride and DMAP/Et3N 

at -15 °C. These mild condit ions are essential to avoid the reformation of epoxide 11 which 

readi ly  takes place. 

As expected the displacement of bromine by an hydroxyl or acetate function turned out to be ex- 

tremely troublesome due to ster ic  hindrance. Both NaOAc and KOAc in various solvents and under a 

var ie ty  of condit ions did not lead to subst i tu t ion.  Eventually, we found that AgOAc in g lac ia l  
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Scheme I I 
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acetic acid at reflux temperature gave in a stereospecific reaction the acetate alcohol 15a in 

80% yie ld .  Both the inversion of configuration at the carbon of subst i tut ion,  and the migration 

of the acetate function, can be explained by part icipation of the 4-acetate function which prod- 

uces a cyclic oxonium ion ~ and AgBr. Hydrolysis of this ion with water present in AcOH, then led 

to the thermodynamically more favored acetate 15a. 

Unambiguous prove for the c4~5-configuration of the acetate and hydroxyl function in 15a was pro- 

vided by the X-ray analysis of i ts  diacetate 15b (RZ=Ac; R2=Ac) 7 

Monoacetate 15a was converted into diol 15c (RZ=H; R2=H) by acid catalyzed transester i f icat ion 

in CH3OH. 

After having successfully completed the crucial cis-hydroxylation reaction, the compounds 15 were 

subjected to the thermal demasking step. Flash vacuum thermolysis of diol 15c at 525 °C /0 .1  Torr 

proceeded smoothly to afford methyl pentenomycin 16c in quantitat ive y ie ld .  In a similar way mono. 

and diacetate 15a and 15b gave cyclopentenones 16a and 16b, respectively.  

To complete the synthesis of pentenomycin, al l  that remained was deprotection of the primary 

alcohol function. We found that this demethylation can be best carried out in the stage of bromo- 

acetate 14 with BBr3. Adding 1,2-equivalent BBr3 at -78 °C to 14 and then warming up to -20 °C, 

gave an excellent yield of alcohol acetate 17 (scheme I I I ) .  

The unanticipated migration of the acetate function can be rat ionalized by an acid catalyzed 

intramolecular t ransester i f icat ion reaction which produces the thermodynamically most stable 

acetate which apparently is 17. I ts structure was proven by i ts  rapid conversion into the epoxide 

18 by treatment with a l i t t l e  bas@. Acylation of 17 with Ac20 and DMAP produced the correspond- 

ing diacetate which upon treatment with AgOAc in HOAc gave alcohol 19 in an excellent y ie ld  (66% 

from 17). Acid catalyzed methanolysis of 19 led quant i tat ively  to the corresponding t r io l  which 

upon flash vacuum thermolysis (525 °C / 0.04 Torr) was smoothly transformed into (±)pentenomycin 

I in 50% yield,  
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Scheme I I I  
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The spectral data of ! / IR v (neat) 3400, 1710, 1590 cm-Z; UV (CH3OH) kma x 212 nm, ~ 3000); 

IH NMR (De acetone) 6 7.7 (d of d, JHz,H3=6 Hz, JH3,H4=2.4 Hz, H3), 6.3 (d of d, JH2,H3=6.0 Hz, 

JH2,H" < 2 Hz, H2), 4.85 (broad s, H,) ,  3.7 (AB q, JAB=9 Hz, -CH20-) ppm / are en t i re l y  consis- 

tent with the pentenomycin structure".  

We also prepared the t r iaceta te  of pentenomycin 20 by acylat ion of 19 followed by FVT (500 °C / 

0.04 Torr, y ie ld :  100%). I ts  spectral data were also in f u l l  accord with those published". 

The work presented here demonstrates the v e r s a t i l i t y  of our synthetic strategy to pentenomycin 

and a var ie ty  of i t s  der ivat ives.  I t  may be expected that these structures w i l l  have in te res t -  

ing biological  properties 9. 
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