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abstract: A sequence leading from rrans-dmethyl-3cyclohexenecarboxylic acid (3) to the cis, unti, cis - tricycbpentane ring 
system of the hirsutanes is described in which the key step utilizes an acid catalyzed intramolecular conjugate addition (S-&) and a 
Pd2’-potnoted highly sEaraWttmIle4I cyclization (74). 

Hirsutene (1)t and its more highly oxidized congener coriolin (2)2 were isolated from Basidomycete 

Coriolus consors. The antibiotic and antitumor activities3 of several members of the class have prompted 

widespread efforts at their synthesis.4 There remains, however, a conspicuous need of general methods to 

prepare both simple and complex congeners and flexible ones to prepare topographical relatives. 

hirsutene (1) coriolin (2) 

We herein embark upon a program to develop a unified strategy for the synthesis of linear condensed 

cyclopentanoids employing an acid catalyzed intramolecular conjugate addition and a Pd2+-promoted cyclization 

as the key steps. 

Conversion of the acid 3 into the functionalized cyclopenta[c]furan 7 was achieved via the reaction 

sequence summarized in Scheme I. A readily available 35 was transformed to the alcohol 4 in the usual manner 

(1. iodolactonization, 2. elimination, 3. reduction, 4. protection, 5. acetylation: 6. deprotection, 47% overall 

yield), which upon ozonolysis, Wittig reaction, and acetalization (69% from 4) afforded 5. 

In order to construct the bicyclic compound 6a diastermselectively, the acid catalyzed conjugate 

addition7 with TsOH in CHzCl;! at 25 OC for 10 h was attemped, proceeding nicely to provide the ketone 6a, 

together with its C4-epimer 6b in a ratio of l&l (95%).* After hydrolysis (96%) of the above mixture, the 

corresponding alcohols were on the action of o-nitrophenyl selenocyanate and tri-n-butylphosphiq9 converted 

into the selenide, oxidation of which with 30% hydrogen peroxide gave the olefin 7 (66%), along with 

recovered 6b. 
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With convenient access to 7 secure, we then examined on the stereoselective Pd’+-promoted cyclization 

for the construction of the third ring. Completion of the synthesis of (It)-1 was carried out as summarized in 

Scheme II. 

Scheme I 
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(a) 1, KI. NmHCQ. CH&lrH$(l:l). 0 ‘C; DBU, THF. reflux, (b) LAH, THF. (c) TBSCl. imidazole. DMF. (d) AC@. Py. DMAP, 

(e) “BqNF, THF, (r) 4. MeQH. -78 “C; Me& (9) Ph$‘CHCOMe. CHC13. (h) MeOH, PPTS, 50 “C. (i)TsOH, CHsl> (i) LiOH. 

MeOH-Hfl(3:l). 0 “C. (k) o-NqPhSeCN. “Bu3P. THF; 30% Hz@, THF. 0 “C _j r.t. 

Upon treatment of the silyl enol ether of 7 with Pd(OAc)z in MeCN-CH2C12, the desired 

ketone 8 was produced in 99% yield, presumably through the intermediacy of the oxo-x-allylpalladium 

complex.10 Results of nuclear Overhauser experiments confirm the assigned structrue for the ketone 8.11 The 

overall conversion of 3 into 8 was highly stereoselective and produced a functionalized tricycle in which the 

three contiguous quatemary stereogenic centers required for the eventual synthesis of (k-)-l had been installed 

cleanly and efficiently. With the efficient synthesis of the highly functionalized tricyclic ketone 8 realized, the 

stage was now set for the completion of the synthesis. Catalytic hydrogenation of 8 in the presence of 10% 

palladium-charcoal led quantitatively to the corresponding ketone, which was subjected to Wittig olefination 

(57%) followed by cyclopropanation I2 of the resulting olefin with CH& and Et$n to furnish 9 (87%). The 

ring opening of 9 was next accomplished by sequential hydrolysis (79%) and Wittig reaction (77%) to give rise 

to the alcohol 10. 
Scheme II 
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(a) LDA, THF, -78 OCc; TMSCI; Pd(OAch, MeCNCHfl12. (b) Hz. 10% PQC. EtOAc. (c) PhSP+MeBi. “BuLi, 

DME, reflux, (d) CH21, Et$n. C6H, (e) aq. HClO.,. acetone, (f~ Ph,P+MeBi, “BuLi, DME. reflux. (g) PCC, 

NaOAc. CH&. (h) PdCl2. CuCl, 9, DMF-H20. (i)“Bu#OH’, THF-EI@% KOH (8:S:l l), reflux. (j) Hz. 

Pa. NaOAc, AcOH. (k) PCC, NaOAc. CH2C12. 
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Finally, successive PCC oxidation, Wacker oxidation, aldol condensationts with epimerization, 

hydrogenation (84% from lo)14 and PCC oxidation (74%) provided the ketone 11, displayed spectral 

properties identical with those teportedt5 in a total synthesis of hirsutene (l), thus completing a formal synthesis 

of the latter. 

In conclusion, a new, highly diastereocontrolled approach for the synthesis of hirsutene (1) has been 

developed. Our methodology based on acid catalyzed conjugate addition and Pd*+-promoted cyclization should 

prove an efficient tool in the synthesis of other complex linear triquinane sesquiterpene systems, such as coriolin 

and hirsutic acid.16 

Acknowledgement:We are grateful to Dr. Daniel D. Stembach for providing us with the spectral data of one 
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