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STEREOSELECTIVE SYNTHESIS OF PTILOCAULIN AND ITS 7-EPIMER' 

Alfred Hassner*, K.S. Keshava Murthy 

Department of Chemistry, Bar-Ilan University, Ramat-Gan 52100, Israel 

Abstract: A versatile stereoselective synthesis of ptilocaulin 1 and its 7-epimer 22, 
involving formation of the B-ring by intramolecular nTtrile oxide cyclizxion, 
is described. 

Ptilocaulin j_ and isoptilocaulin 2 are antileukemic and antimicrobial agents isolated 

from marine sponges by Rinehart and coworkers*. They possess a simple but unusual structure 

of a guanidine annelated to a cis hydrindane system. Two syntheses of ptilocaulin 1, which 

involve fusion of the 5-membered A-ring unto a substituted B-ring, have recently been re- 

ported3'4. 

We hereby report an efficient 7 step stereoselective approach to ptilocaulin 1 as well 

as to its 7-epimer, which involves the stereospecific annelation of the 6-membered B-ring via 

an intramolecular nitrile oxide - olefin dipolar cycloaddition (INOCJ5. In the course of our 

synthesis we also describe a rare example of an aldol condensation involving the reaction of 

a ketone with a protected aldehyde enolate, in the form of the oxime dianion, to lead to a 

B-hydroxy aldehyde as the respective oxime, which is very useful for the INOC reaction. The 

synthesis provides a great deal of versatility for structural changes in the side chains and 

ring skeleton. 

Our retrosynthetic analysis involves the s-hydroxyketone 2 derived from a fused isoxa- 

zoline 4, for which we visualized a stereoselective synthesis via the INOC reaction of a 

nitrile oxide of type 5. The structure of ketone 2 has the advantage of involving only three 

stereochemical centers that should be formed in one step stereospecifically via the INOC 

reaction. Furthermore, it may be possible by appropriate stereoselective reductions to 

introduce the fourth asymmetric center (C-7 of ptilocaulin) and produce either the natural 

beta methyl configuration or its alpha epimer. 3 should be convertible to the unsaturated 

ketone 18, which has already been used as a precursor to ptilocaulin by Snider et a13, 
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In the next retrosynthetic step we chose oxime 12 as the precursor to the desired nitrile - 
oxide 5 _' - 12 should be derivable by condensation of 7_, the a-anion of an ester, an aldehyde 

or preferably an oxime, with the unsaturated ketone 6. Initially (Scheme 1) we approached 

our synthesis via a Reformatzky reaction between methyl a-bromohexanoate and the olefinic 

ketone a. The latter is readily available in 75% yield by alkylation of acetoacetic ester 

with 3-chlorocyclopentene 5 followed by decarboxylation6. The resulting ester 2 (70%) was 

reduced with LAH to the alcohol 10 (88%) which was converted by PCC (85%) into the aldehyde 

11. Oximation of 11 provided 3790%). 

SCHEME- 1 

Searching for a more direct route to l2_, we attempted the condensation of hexanal oxime 

dianion 13 (from the oxime with 2 equiv Bu-Li) with ketone 5 and after adjusting the conditions - 

we were able to achieve this direct transformation to 12 in 90% yield (Scheme 2). This - 

promises to be a useful aldol condensation between a masked enolate of an aldehyde with a 

ketone to form s-hydroxy aldehydes. While many examples are available in the literature 

for aldol condensations between masked ketone enolates and either aldehydes or ketones, there 

are few examples of masked aldehyde enolate condensations with ketones7. The transformation 

6+13 + 12 was particularly useful for us -- - , since our goal was the @-hydroxy aldoxime 12 rather - 

than the free aldehyde 11 -* Indeed treatment of 12 with NaOCl provided in one step, via a - 

nitrile oxide intermediate 5_, the desired tricyclic isoxazoline 4 in 80% yield. 

Isoxazoline $was formed as a mixture of four diastereomers of which two were isolated 

pure by chromatography. The mixture of &was dehydrated in 95% yield to the unsaturated 

isoxazolines 14 and 15 (in a 1:l ratio). - - That the INOC cyclization had occurred stereo- 

specifically to form three centers in 4with the desired stereochemistry was clear from H-nmr 

and l3 C-nmr spectra and from the fact that all four diastereomers of 4 produced in this 

cycloaddition led via Raney Nickel reduction8 of 14 and 15 to a single isomer of the unsatur- - - 

ated ketol 2 in 60% yield'. Ketol pwas separated by chromatography from some unreacted 14, 

l5_, and other minor ketonic products. 

The unsaturated ketol 2 is a key intermediate in the formation of ptilocaulin 1 and of 

its 7-methyl epimer. Thus H2-Pd reduction 
10 

occurred from the convex side to produce the 

7a-methyl ketol 16 (95% as two isomers in a 5:1 ratio) while Li-EtNH2 " reduction led to - 

the desired 7s-methyl ketol 17 (two isomers in 85% yield) by axial protonation of the inter- - 

mediate carbanion. Attempts to reduce zwith Li in liq. NH3 were not successful and led to 

overreduction. Finally, dehydration of 17 with tosic acid occurred quantitatively to produce - 
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SCHEME 2 
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THF, 0' + 20°, 6 hr 

NaOCl, CH2C12, -10' + 20°, 5 hr 

SOC12-pyr, -lOJ -t Oo, 40 min 

H2, Ra-Ni, eq. B(OH)3, 

MeOH-H20, 40' 

Li-EtNH2, -70°, 30 min 

TsOH, benz, 40-45', 30 min 

the relay compound 18, which on heating with guanidine affords (k) ptilocaulin 1 isolated 

as its nitrate salt. 

Snider and Faith3 reported that heating of ketone 18 with guanidine in benzene for 24 hr - 

led almost exclusively to ptilocaulin 1, isolated as its nitrate in 35-49% yield. We find 

that heating for 10 hr gave isomers l_, 19 and 20 
12 

- , isolated in 50% yield as nitrate salts 

in a ratio of 5:2:1. Further heating (12-14 hr) in the presence of guanidine converts this 

mixture into ptilocaulin, as was also observed by Roush and Walts4, Hence our yield of 

l-nitrate from ketone 18 is effectively 50%. - 

Employing the same reaction sequence (dehydration, condensation with guanidine and 

nitric acid salt formation) on the 7a-isomer 16, we obtained 7-epiptilocaulin nitrate 22, 

as a major component. Our synthetic route permits facile structural modifications, which 

should be of importance in view of the biological activity of these unusualcytotoxic agents. 
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