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SUMMARY : From readily available starting materials a short 

stereospecific synthesis of the biologically active molecule 

warburganal (1) has been achieved in 20% overall yield. 

Since its isolation in 1976' warburganal (1) has been shown to possess a wide spectrum 

of biological activity including insect antifeeding, plant growth regulation, cytotoxic, 

antimicrobial, molluscicidal, and anticomplemental properties. For these reasons its synthe- 

sis has attracted considerable attentiona. 
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However, the syntheses reported so far are either excessively long, require the extensive 

use of protecting groups or make use of starting materials which are not readily available. 

We recently reported3 a 

natural products, polygodial 

to warburganal synthesis. 

Diels Alder reaction of 

(2) gave (3) in 95% yield on 

short highly efficient preparation of two other drimane related 

and cinnamolide, and now show that this route can also be applied 

dimethyl acetylene dicarboxylate with the easily prepared diene 

a 100 g scale. This adduct was reductively rearranged directly,, 

to the diester (4) and converted to the diol (5) in 75% yield as before3. This diol now forms 

the starting point for the present warburganal synthesis. 

Quantitative diacetylation of (5) produced (6)+ which was then regio- and stereoselect- 

ively oxidised by Se02 in dioxan at reflux to the desired angular hydroxy diacetate (7) which 
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was isolated as an oil in 65% yield. Quantitative deprotection 

gave the trio1 (8) m.p. 140-141OC. With this compound to hand, 

of methods was subsequently studied. 

of (7) using K2COJmethanol 

its oxidation by a variety 

Oxidation of (8) by the Fetizon reagent4 gave 9-hydroxy-cinnamolide (9) 9 m.p. 175-178O, 

in excellent yield (98%). However, direct oxidation to warburganal (1) using a number of 

activated dimethylsulphoxide methods5 gave variable results. The best procedure was found to 

be D.M.S.O./trifluoroacetic anhydride which gave (l), identical by n.m.r., t.1.c. and i.r. 

to the natural product,+ in 45% yield. A modified Corey-Kim reagent, CR-B: BF;, has been 

2d 0 
reported to achieve this transformation but was less successful in our hands. The overall 

yield to warburganal at this point is 20% from (2) which is an improvement over existing 

2 
routes. 
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SCHEME 

(a) llO", 22h; (b) H2, 1 atmos, 10% PdC, dil MeOH, trace H+; (c) LiA1R4; (d) Ac20/py, RT, 

12h; (e) Se02, 1.2 eq.,dioxan, reflux 1 h; (f) K2C0S/MeOH, RT, 10 min; (g) Ag2C0S/celite, 

5 eq., benzene reflux 20 min; (h) D.M.S.O./T.F.A.A. 6 eq., 0.5h, -5OOC then EtSN 10 eq., 

-5OOC to RT. 



In an effort to improve the overall yield of (l), it was attempted to protect the labile 

tertiary hydroxyl group in (7). However, methylthiomethyl ether7formation prior to oxidation 

failed, although similar protection (DMSO/Ac20, RT, 120 h) of the hydroxy diester (10) (m.p. 

138-140°C) which was prepared in 95% yield by enolate hydroxylation of (4) (LDA, THF, -78' 

8 
then IdoOPH, -78OC to RT), gave (11) in 97% yield (m.p. 126-127'C). Unfortunately all attempts 

to reduce (11) (or 10) to the protected trio1 (12) led to the rearranged diol (13) 
9 

(m.p. 123- 

124OC). 

(10) R = H (12) (13) 

(11) R = CH2SCH3 

Finally, we have investigated various possibilities for direct oxidation of polygodial 

(14) to (1). For example, treatment of the enolate of (14) with MoOPH or O2 gave only 

recovered polygodial upon work-up. The lack of reactivity of this enolate must be due to it 

being present in a cyclized form, i.e. as the lactenolate. In accord with this proposal, 

work-up of the enolate by treatment with trimethylsilyl chloride gave (15) quantitatively. 

GCHO #o=-2 

(14) (15) 

Attempted conversion of (15) via mCPBA oxidation and treatment 

provide (1). 

with Bu4NF also failed to 

We thank the S.R.C. for financial support, the RoyaZ Society for an equipment 

grant, D. Neuhaus for high fieZd 'H n.m.r. studies and J.N. BiZton for usefu2 

REFERENCES AND FOOTNOTES 

discussions. 

1. I. Kubo, Y.-W. Lee, M. Pettei, F.Pilkirewicz, and K. Nakanishi, J. Chem. Sot. Chem. 

Commun., 1976, 1013. 



2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

t 

+ 

(a) S.P. Tanis and K. Nakanishi, J. Am. Chem. Sot., 1979, 101, 4398; (b) A. Ohsuka and 

A. Matsukawa, Chem. Lett., 1979, 635; (c) T. Nakata, Ii. Akita, T. Naito, and T. Oishi, 

J. Am. Chem. Sot., 1979, 101, 4401; (d) A. Kimura and S. Isoe, 22nd Symposium on the 

Chemistry of Natural Products, Fukuoka 1979, p. 198; (e) A.S. Kende and T.J. Blacklock, 

Tetrahedron L&t., 1980,3119 ; (f) D.J. Goldsmith and H.S. Kezar, III, Tetrahedron 

E, 1980, 3543. 

S.C. Howell, S.V. Ley, M. Mahon, and P.A. Worthington, J. Chem. Sot. Chem. Commun., 

1981, 507. 

M. Fetizon and Y. Golfier, Compt. rend., 1968, 267, 900. 

A.J. Mancuso and D. Swern, Synthesis, 1981, 165. 

I 
K. Omura, A.K. Sharma, and D. Swern, J. Org. Chem., 1976, 41, 957. 

K. Yamada, K. Kato, H. Nagase, Y. Hirata, Tetrahedron Lett., 1976, 65. 

E. Vedejs, D.A. Engler, and J.E. Telschow, J. Org. Chem., 1978, 43, 188. 

H.H. Appel, J.D. Connolly, K.H. Overton, and R.P.M. Bond, J. Chem. SOC., 1960, 4685. 

All new compounds were characterised by spectroscopic methods, act. ma& and/or 

microanalysis. 

We thank Professor I. Kubo, University of California, for,a generous sample of the 

authentic material. 

Compound (7) 6 after D20 exch 0.82 (3H, s), 0.91 (3H, s), 0.93 (3H, s), 1.73 (lH, dd, J 59 

12 Hz), 1.91 (lH, dd, J 2, 12, 18 Hz), 2.13 (lH, ddd, J 5, 6, 18 Hz), 3.72 (lH, d, J 11.5 He), 

3.78 (lo, d, J 11.5 Hz), 4.12 (lH, d, J 12 Hz), 4.31 (lH, d, J 12 Hz), and 5.90 (lH, dd, J 

2, 5 Hz). 

Compound (9) 6 0.91 (3~, s), 0.97 (3H, s), 0.99 (3H, s), 1.86 (lH, dd, J 5.5, 12 Hz), 2.15 

(lH, ddd, J 3.5, 12, 20.5 Hz), 2.45 (lH, ddd, J 5, 5.5, 20.5 Hz), 2.17 (lH, d, J 0.75 Hz 

-OH), 4.23 (lH, d, J 10 He), 4.37 (lH, dd, J 0.75, 10 Hz), and 7.04 (lH, dd, J 3.5, 5 Hz). 


