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SYNTESTIC STDDIES ON ARENE-OLEFIN CYCLOADDITIONS - V.1 

TOTAL SYNTHESIS OF (+I-ISOIRIDOHYRnECIN. 

Paul A. Wender* and Geoffrey B. Dreyer' 

Department of Chemistry, Stanford Miversity, Stanford, CA 94305 USA 

Abstract: An eight step synthesis of the iridoid isoiridomyrmecin is described, in which new 
methodology for the stereooontrolled elaboration of arene-olefin oycloadducts is delineated. 

The arene-olefin cycloadditionlr* provides a general approach to polyquinane synthesis 

in which a tricyclo[3.3.0.02~*lcctene derivative is efficiently assembled in one step with 

the development of up to six stereocenters. Recently, we described the use of this process 

for the preparation of the indan - vinyl acetate oycloadduct 5, from which (s-modhepheneld 

(1) was synthesized via the intermediates 4, 3, and 2. This design served to establish the 

basis for analogous direct routes to other classes of five-membered ring compounds including 

iridoid monoterpenes3 and the pharmacologically important oarbaprostacyclins. Ths extension 

of this methodology to the problem of iridoid synthesis is described herein in a total 

synthesis of the ant defensive secretion, isoiridomyrmecin (614. 

3: R =CHS 5 
4:R=n 

8: R =CH~ 10 
g:R=H 
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For the present study, the characteristic cyclopentan-W-pyran iridoid ring system was 

expected to be derived by oxonolysis of the C2, C3 double bond of an appropriately 

functionalized bicyclo-octene precursor (e.g., derivable from 7), as has been demonstrated in 

several laboratories4c~d~ 5. This precursor (7) could in turn arise from 1,5-homoconjugate 

addition of LiMe2Cu to ketone 8, if the results obtained in the modhephene synthesis 

(involving the conversion 3 '2) could be extended to the current system6. Finally, the 

formation of ketone 8 from the known' benzene - vinyl acetate cycloadduct 10 was anticipated 

to involve a sequence not unlike that (5 +I +3) developed for modhephene, with one 

significant variation: while 4 had been shown to produce 3 under conditions which promote 

polyalkylationld, the present synthesis of 8 would require the Bctive, kinetic 

monomethvlation pfsemibullvalene_3_ (the enolate of 9)ld. 

In practice, the synthesis of 8 proved to be straightforward. Photolysis of benzene and 

vinyl acetate' Wycor, 24 hr) produced a low yield of 10 as the main isolable product, which 

was purified by chromatography. Deprotection of 10 GXl.H4; 89%) and oxidation (Mn02; 95%) 

provided 9. As required for isoiridomyrmecin, methylation of 9 under kinetic conditions CDA, 

-78 OC; MeI) occurred with complete stereoselectivity to give the product of convex face 

attack (8) in 75% yielda. 

The reaction of 8 with LiMe2Cu at -78 OC and subsequent trapping of the enolate 

intermediate produced in quantitative yield a 4.5:lmixture of the desired 1,5-B-addition 

product, 7, and the 1,7-B-addition product, 11, which were readily separated by 

chromatography (Em-Et20 5:95) on silica-lo% AgIK)38rg. The ratio of 7 to 11 observed here 

suggests, in part, that the sterically unfavorable sp3-sp3 interaction (C6-C4) which develops 

in the 1,7-mode of addition, is more pronounced than the sp3-sp2 interaction (C8-C2) which 

arises in the 1,5-mode of addition 19. In support of this point the corresponding conversion 

3+2, for which the analogous 

greater, occurred with complete 

sp3-sp3 interaction (C6 hydrogen - Cl2 methyl) would be 

regio- and stereospecificity, giving only the product of 1,5- 

cb 0 

a 

1) M+Li, THF, -78 92 

z)Cl+N Me2) 
+ 

3)M+NH 

7 11 
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It is of further importance to note that the stereochemical outcome of these reactions 

is most easily explained by approach of the cuprate reagent to the less hindered face of the 

tricyclo[3.3.0.02t810cten-3-one system, presumably via a nucleophilic addition mechanism". 

In further illustration of this point, ketone 4 upon reaction with LiMe2Cu gave exclusively 

the product (12) of convex face attack (as determined by difference mE)12 in good yield. An 

alternative mechanism involving initial single electron transfer 11, although perhaps unlikely 

because of the relatively large negative reduction potential expected for vinylcyclopropyl 

ketone&, cannot be ruled out. 

lh$CuLi, THF, -78 ‘C 
0 0 

2) H30+ 

4 12 

Final verification of the structure of 7 and completion of the synthesis of (+_I- 

isoiridomyrmecin proceeded in a straightforward fashion. Thus, selective hydrogenation of 7 

produced 13 (90% yield)', which upon ozonolysis in methanol with NaBH4 workup gave a 1:l 

mixture of anomeric pseudoesters 14 (92% yield18. Reduction of 14 with NaBH3CN in acidified 

aqueous THF and flash chromatography provided analytically pure C&1-isoiridomyrmecin (68% 

yield), which was spectroscopically identical (IR, 'HNMR, 13CNMRl to an authentic sample of 

racemic isoiridomyrmecin kindly provided by Professor M. Vandewalle4dr13. 

1) 03’ YoOH , 

7 
H2 (1 atm), 8 

p'o.2. 
P(NM912 

' NaBH$N, 

CH2ci2t-780C* P? 
2) NmBH, 

0 
,6 

H20, THF, 
EtOAc Hz-4 

OMO 

13 14 
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Ongena, R.; Vandewalle, M.B, 1981,x, 2085. (e) Abelman, M.M.; Funk, R.L.; 
Hunger, J.D., Jr. ;LBmLChem.&&, 1982, Lpp, 4030. 

(a) Sakan, T.; Abe, K. BLett.. 1968, 2471. (b) Au-Yeung, B.W.; Fleming, I. 
LLChem.SQErrQmK!u& 1977, 81. (c) Demuth, M.; Schaffner, K.-w- 
E&Enal.. 1982, a, 820. 

Prior to our communication on modhephene (ref. Id), only1,7-additions of LiMe Cuto 
vinylcyclopropyl carbonyls had been reported, all of which, however, are consisten E with 
our hypothesis of steric control: (a) Miyaura, N.; Itoh, M.; Sasaki, N.; Suzuki, A. 
&D&&&.8, 1975, 317. (b) Grieco, PA.; Finkelhor, R. LQreChem.. 1973, 3, 2100. 
(c) Daviaud, G.; Miginiac,P. Tetrahedron- 1972, 997. 

Gilbert, A.; Samsudin, M.W.LC&&Srx;wX, 1980, 1118. 

All new compounds gave satisfactory 'HNMR, IR, and mass spectra and exact mass or 
combustion analyses. 

For 11 (R=PO(NMe ) 1: 'HNMR (300 MHz),65.60(1H, dt; J=5.6 Hz), 5.55(1H, dt; J=5.6 Hz), 
5.16(1H, m), 3.70?&, dm; J=7.7 Hz), 2.66(128, q; J=4.9 Hz), 2.60-2.48(28, bm), 1.94(1H, 
quintet: J =7.7 Hz, J =3.9 Hz, J3=3.9 Hz), l.l6(3H, d; J=7.0 Hz), l.O6(3H, d; J-7.0 Hz). 
The C4 and 6 methyls ereochemicalassignments were made on the basis of difference NX E z 
experiments. Upon irradiation at 1.06 ppm and 1.l6 ppm the 1.94 ppm methine exhibited 
15.3% and 17.2% positive NOE, respectively. Upon irradiation at 1.94 ppm the following 
NDE's were observed: 3.70 ppm methine, 10.3%; 1.16 ppm methyl, 7.1%; 1.06 ppm methyl, 
10.3%. 

MM2 calculations indicate the following Van der Waals 1,5-interactions: 11 (R=HI, C6 
hydrog= - C4 hydrogen, 0.62 kcal; 7 (R=Hl, C8 hydrogen - C2 hydrogen, -0.05 kcal. 

(a) House, H.O. & wa 1976, 2, 59. (b) House, H.O.; Prabhu, A.V.; Wilkins, 
* Lee, LJ?. 1L pEe QR&., 1976, a, 3067. (c) House, H.O.; Weeks, P.D. L AIL 

ZspG 1975,pI, 2778. 

For 12: 'HNMR (300 MHz) (partial) , 6 5.59(18, dd; J =5.6 Hz, J =2.7 Hz), 5.43(18, dd; 
J =5.6 Hz, J =1.9 Hz), 2.63(1H, qt; J=7.4 Hz), 1.92jlH m; CH2) 1.42(1H, m; CH 1 
1$6(3H, d; J&.4 Hz). Upon irradiation of the 1.06 ppm m&hyl & hollowing NDE's W&i 
observed: 5.43 ppm vinyl, 5.0%; 2.63 ppm methine, 10.9%; 1.92 ppm methylene, 4.8%. 
Upon irradiation at1.9 ppm the following NOE's were observed: 1.42 ppm methylene, 
16.6%; 1.06 ppm methyl, 4.7%. 
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