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S-W; A highly eff;cient, stereospecific synthesis of the e+neric pen-taonrjlcins $8 reported 
utilizing the stereospeeific addition of OsOq to substituted cycZopmtmes. 

Recently we reported the stereospecific syntheses of the cyclopentenoid antibiotics, (?I)-pente- 

nomycin I (l), (+)-pentenomycin II (2) and dehydropentenomycin I (z).2'3'4 Our continuing interest 

in this area prompted us to investigate the synthesis of the epimeric series, termed the epipenteno- 

mycins I, II and III4 (5-L respectively), both to develop new methodology for generating such sys- 

tems, as well as by the potential pharmacological importance of the cyclopentenone structural unit 

suggested to be the reactive functionality in a variety of structurally complex antitumor agents.5 

Indeed these structures had been postulated for antibiotics C-2554-6, A-II and A-I, isolated from 

Streptomyces Luvendulrigriseus C-2554.6 More recently, however these antibiotics were shown to 

be identical with the pentenomycins.7 

(1): R = R’= H I31 
(2):R=H,R'=Ac 
(4): R = AC, R'= I+ 

0 

(5): R= I?'= H 

(6):R=H,ff'=~~ 
(~):!?=Ac,R’=H 

From a retrosynthetic perspective, diol 10 appeared to be an ideal intermediate, from which the - 

three epimeric pentenomycins could be elaborated by appropriate choice of oxygen substituents. Care. 

ful oxidation of JJ would then lead to saturated a-hydroxy ketone 2, which in turn could be elabora- 

ted to 5-1. through introduction of unsaturation followed by deprotection. Central to generation of 

E is introduction of the vicinal cis-hydroxyl groups trans to the -OR' substituent. Here addition 

of 0s04 to olefin fl from the side of the molecule opposite the -OR' group was anticipated. Olefin 

11 in turn, - could be generated in three steps from cr-hydroxymethylcyclopentenone 

ble in our laboratory.* 

14, readily availa. 
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(111 
(121 

(a) : R = R ’ = SiMe,t-Bu 

(b): R = SiMe+Bu, R’ = AC 

(c): R = AC, R’ = SiMegBu 

(13) (141 

With epipentenomycin I (5) as our initial target, _ 14 was converted to 10 via initial protection 
-lo 11 

as the E-butyldimethylsilyl (TBDMS) ether mg (TBDMSCl/imidazole/DMF, 77% ). Subsequent reduc- 

tion with NaBH4 in the presence of CeCl3 . H20" afforded 12a in 93% 
10 yield. The allylic alcohol 

was then protected as the bis-TBDMS ether (lla,' 89%1. - E-hydroxylation of G with 1.0 equiv. 0~0~ 

in pyridine 
13 

followed by reductive cleavage (aq. NaHS03) of the derived osmate ester provided a 

singZe compound in 90% yield'.4 Although it is reasonable to assume that this compound had the stereo- 

chemistry shown for B, the structure was rigorously assigned via the tris.TBDMS ether 15a _9 (76% from 

13a). If cis-hydroxylation had occurred & to the -OR' group in V&, one would obtain, after si'y'- - - 

ation, a compound containing a plane of symmetry (i.e. 16a). On the other hand the product arising 

from trans addition would afford the unsymmetrical isomer, t5a. Carbon-13 NMR analysis could then 

be used to define stereochemistry. That is, the number of non-equivalent carbon atoms in m is 

eighteen, while the number for 16a is 10. In the event, the spectrum of the tri-silyl ether dis- 

played 14 lines. The number 14 is the result of overlapping methyl and t-butyl carbon resonances. 

More significant is the fact that the two carbons bearing the secondary D-silyl groups display as 

two distinct doublets in the off-resonance decoupled spectrum, while the two methylene carbons appear 

as slightly separated triplets. Such a spectrum is consistent only with unsymmetrical structure m. 

With diol E in hand and the stereochemistry secure, we turned to complete the synthesis of 

epipentenomycin I (5). Oxidation of j& following the Swern procedure (TFAA/DMSO/TEA)'5 afforded an 

80% yield of $-' Dehydrogenation employing SeOZ 
16 

yielded &,' albeit in modest yield (ca. 25%). 

Final hydrolysis of the silyl groups (aq. HOAc, THF) afforded (+)-epipentenomycin I (5)' as a color- 

less oil (84%). That this compound was indeed (2) epipentenomycin I was apparent from its spectros- 

copic properties (1'7,100 MHz’HNMR) as well as by comparison with pentenomycin I (1).17 



4693 

Synthesis of (+I-epipentenomycin II (6) proceeded in a similar manner without event via&, Alco- 

hol 2, generated as described, was acetylated to afford j&' (93%). Cis-hydroxylation (0~04) again 
14 

yielded a sinqla compound as a white crystalline solid (mp 64-66' C) in 85% yield. That this com- 

pound had the stereochemistry shown for j& was verified as before through 13C NMR and 360 MHz 'H 

NMR analysis of the derived diacetate, 156’ (53%). With llb in hand, Swern oxidation l5 (61%) follow- _ 

ed by Se02 dehydrogenation l6 afforded Sb9(58%). - All attempts to effect hydrolysis of 8b afforded - 

at best a mixture of epipentenomycin II (6) and epipentenomycin III (I) as evidenced by the 'H NMR 

spectrum in D20. Furthermore, upon dissolution in CDC13, this mixture was converted cleanly to epi- 

pentenomycin III. Presumably the &relationship of the secondary acetate and the hydroxymethyl 

group in (5) renders this transfer quite facile. The closely related pentenomycin II (2) on the 

other hand shows no propensity for rearrangement. 

Turning to the synthesis of epipentenomycin III (L) the same protocol was executed on l&,' ob- 

tained via acetylation, reduction and protection (TEDMS ether) of 14 (62% overall from 14). E- 

hydroxylation of m again affyrded a single compound E (78%10)!c Thebis-TBDMS ether was then pre- 

pared (66%) and as before the H NMR (360 MHz) and 13 C NMR data confirmed the assigned structure (i.e. 

15c). Swern oxidation (61%), followed by Se02 dehydrogenation and deprotection afforded epipenteno- 

mycin III (7)’ as a colorless oil, identical with the rearrangement product from epipentenomycin II. 

Final confirmation of structure 1 was via its spectroscopic properties as well as by comparison with 

pentenomycin III (4).18 
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Epipentenomycin I: 'H NMR (60 MHz, D 0) S 3.88 (2H, d, J = 2Hz), 5.00 IlH, app t (d ?f d), 
Hz], 6.58 (lH, dd, J = 2, 6.5 Hz), 7290 (lH, dd, J = 2.0, 6.5 Hz) 

,I = 2 
H 

MHz, D 0) 
NMR (60 

d& 6 3.55 (2H, s), 4.68 (lH, 
Pentenomycin I: 

dd, J = 3, 1.5 Hz), 6.30 (lH,'dd, J = (lH, 6.0, 1.5 7.70 J = 6.0, Hz), 3.0 Hz). 

. 
18. Epipentenomycin III: ‘H NMR (360 CDCl ) 6 2.07 3.03 Hz, (3H, s), (lH, bs), 

(ZH, ABq, 3 = 12 Hz), 4.90 bs), 6.3z3(lH, dd, J = 2.5, 6.0 Hz), 7.50 
3.44 (lH, bs), 4.32 

6.0 HZ). Pentenomycin III: {lH, H NMR (60 Mz, 6 2.02 (3H, s), 3.85 (ZH, 
(lH, dd, J = 1.7, 

J = 2Hz)> 4.75 (lH, bs), 6.35 (lH, dd, J = CDC13) 1.0, 6.0 Hz), 7.67 (lH, dd, J = 
b), 4.25 (ZH, d, 
2.2, 6.0 Hz); (360 Mz, 

CDCl31 6 2.08 (3H, s), 2.78-3.64 (ZH, m), 4.26 (2H, ABq, J = 13 Hz), 4.72 (lH, bs), 6.33 (lH, 
d, J = 6 Hz), 7.64 (lH, dd, J = 2.0, 6.0 Hz). 
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