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TOTAL SYNTHESIS OF (÷)-GRINDELIC ACID BY STEREOCONTROLLED OXONIUM 

ION ACTIVATED PINACOL RING EXPANSION. CHEMICAL PROOF OF THE 

ABSOLUTE CONFIGURATION OF ALL GRINDELANE DITERPENES 

Leo A. Paquette* and Hui-Ling Wang 1 

Evans Chemical Laboratories, The Ohio State University, Columbus, Ohio 43210 

Abstract: (+)-Grindelic acid, synthesized enantioselectively from the levorotatory Wieland- 
Miescher ketone and (-)-Iinalool and necessarily formulated as la, is shown to be antipodal to 
the major diterpenoid of Grindelia species. 

The isolation in 1961 of grindelic acid (1) by Mangoni and co-workers 2 has proven to be a 

landmark event, since it ushered in extensive exploration of the metabolites produced by the very 

large genus Grindelia. This activitiy, which continues to the present day, 3 has defined many 

structurally unusual diterpenoids, the great majority of which are phytochemically related to 1. 

Despite the central role attributed to grindelic acid, its absolute configuration appears not to have 

been deduced to the satisfaction of all. In 1986, 1 was transformed by Jakupovic, et al into the 6- 

oxo-7,8-dihydro derivative, which was found to exhibit a positive Cotton effect. On this basis, 

structure l a  was advanced with the suggestion that all of its many derivatives be likewise 

COOH ' ' ' ' ' \  COOH 

la lb 

formulated. 4 This conclusion was contrary to earlier spectroscopic studies by several groups on 

closely related compounds, 5 to the corroboration provided by chemical correlation of natural (-)-1 

with sclareol,6 and to more recent application of the CD exciton chirality method. 7 Notwithstanding, 

a paper published by Shimizu, et al in 1991 depicts grindelic acid (and several analogs) as la.  8 

One consequence of this confusion is the non-definition of C-5 and C-10 configuration in reports 

where 1 has served as the starting point for synthetic interconversions. 9 

As part of a program to develop the use of oxonium ion-initiated ring expansions in synthe- 

sis, 10 we have turned our attention to the enantioselective elaboration of la. The key step associa- 
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Scheme 1 
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ted with this technology is that which leads to ring expansion with concurrent stereocontrolled 

introduction of the spirocyclic carbon atom as outlined in Scheme 1. Bond disconnection within the 

carbinol in the indicated manner leads to visualization of the necessary enantiopure building 

blocks. As will be seen, la crafted in this manner is dextrorotatory and consequently constitutes 

the unnatural enantiomer. 

Bicyclic intermediate 3, conveniently available in five steps 11-13 from the (-)-Wieland- 

Miescher ketone (2),14 was brominated with pyridinium bromide perbromide in acetic acid 15 and 

exposed to sodium hydroxide in aqueous DMF at room temperature 16 to produce the ~-hydroxy 

ketone 4 in 84% overall yield (Scheme 2). This functionalization efficiently sets the stage for 

oxidative cleavage of ring B with lead tetraacetate. 17 Direct oxidation of the resulting aldehyde 

ester 5 to 6 with iodine and potassium hydroxide in methanoU8 proved less effective (52% over the 

two steps) than sequential treatment with sodium chlorite 19 and acidic methanol 20 (87% for three 

steps). Cyclization with net ring contraction was subsequently accomplished smoothly by sodium 

hexamethyldisilazide-promoted Dieckmann reaction 21 (99%) and heating of the ~-keto ester so 

formed with lithium chloride in DMSO at 120 ° 0 2 2  (91%). Colorless, oily 7 exhibited [~]~ -116.7 

(c 0.68, CHCI3). 

The conversion of (R)-(-)-Iinalool (8) into 9 has previously been detailed. 10c In contem- 

plating the condensation of 9 with 7 (Scheme 3), it is of importance to recognize that the carbonyl 

group in the ketone is not only very sterically hindered, but positioned as well within a five- 
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membered ring. Consequently, 7 is particularly amenable to enolization and recourse must 

therefore be made to the cerate of 910c in order to profit from its reduced basicity. 23 Because of the 

anticipated sensitivity of 10, this alcohol was subjected directly to acid-promoted ring expansion. 

Use of a catalytic quantity of camphorsulfonic acid in CH2CI2 resulted in complete conversion to 11 

and 12 within 10 min (76% overall). The ratio of these products (10.4:1), which were difficult to 

separate by chromatography, was ascertained by GC analysis. If the final requisite carbon is now 

introduced by reaction of the spiro ketone mixture with methyllithium in the presence of anhydrous 

cerium trichloride, carbinol 13 (87%) could be readily separated from its diastereomer (10%). The 

structural assignments to 11 and 13 were firmly established on the basis of 1H-1H COSY and NOE 

studies performed at 300 MHz. 

Scheme 3 
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13 14 l a  

Finally, the vinyl substituent in 13 was transformed efficiently into an acetic ester residue as 

in 14. Exposure of this advanced intermediate to thionyl chloride in pyridine containing DMAP 24 

was met with conversion to a mixture of exocyclic and endocyclic olefins (ca 2:1). Saponification of 

the latter isomer delivered the targeted la  which proved to be spectroscopically identical to natural 

grindelic acid except for the optical rotation. Whereas natural 1 exhibits [~]~-132.3 (c 0.034, 
24 

CHCI3), 25 our colorless, crystalline synthetic sample is characterized by [~]D +134.3 (c 0.035, 

CHCI3). 
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The successful enantioselective construction of la presented here and its demonstrated 

levorotatory optical character require that natural grindelic acid be formulated as lb. The question 

of the absolute configuration of all grindelane diterpenoids will hopefully now be put to rest. 

Acknowledgment. We are indebted to Professor C. C. Liao (National Tsing Hua Univ.) for 

enabling arrangements and the National Science Foundation and Eli Lilly Company for financial 

support. 

References and Notes 

(1) On leave from the Department of Chemistry, National Tsing Hua University, Hsinchu 
30043, Taiwan, Republic of China. 

(2) Panizzi, L.; Mangoni, L.; Belardini, M. Tetrahedron Lett. 1961, 376; Gazz. Chim. ItaL 
1962, 92, 522. 

(3) Hanson, J. R. Natural Product Repts. 1995, 207. 
(4) Jakupovic, J.; Baruah, R. N.; Zdero, C.; Eid, F.; Chau-Thi, T. V.; Bohlmann, F.; King, R. M.; 

Robinson, H. Phytochemistry1986, 25, 1873. 
(5) (a) Halsall, T. G.; Moyle, M. J. Chem. Soc. 1960, 1324. (b) Mangoni, M.; Belardini, M. 

Gazz. Chim. Ital. 1962, 92, 983, 995. (c) Timmermann, B. N.; Luzbetak, D. J.; Hoffmann, J. J.; 
Jolad, S. D.; Schram, K. H.; Bates, R. B.; Klenck, R. E. Phytochemistry1983, 22, 523. (d) 
Timmermann, B. N.; Hoffmann, J. J.; Jolad, S. D.; Bates, R. B.; Siahaan, T. J. Phytochemistry1987, 
26, 467. 

(6) (a) Mangoni, M.; Belardini, M. Gazz. Chim. /ta/. 1962, 92, 1379; 1963, 93, 455. (b) 
Consult also: Adinolfi, M.; Laonigro, G.; Parrilli, M.; Mangoni, M. Gazz. Chim. Ital. 1976, 106, 625. 

(7) Adinolfi, M.; Della Greca, M.; Mangoni, L. Phytochemistry1988, 27, 1878. 
(8) Shimizu, T.; Hiranuma, S.; Qian, Z.-h.; Yoshioka, H. Synlett1991, 725. 
(9) For example: (a) Olivieri, A. C.; Gonz&lez-Sierra, M.; ROveda, E. A. J. Org. Chem. 1986, 

51, 2824. (b) Gonz&lez-Sierra, M.; Olivieri, A. C.; Colombo, M. I.; ROveda, E. A. J. Chem. Soc., 
Perkin Trans. 1 1989, 1393. 

(10) (a) Paquette, L. A.; Lord, M. D.; Negri, J. T. Tetrahedron Lett. 1993, 34, 5693. (b) 
Paquette, L. A.; Dullweber, U.; Cowgill, L. D. Tetrahedron Lett. 1993, 34, 8019. (c) Lord, M. D.; 
Negri, J. T.; Paquette, L. A. J. Org. Chem. 1995, 60, 191. 

(11) Kirk, D. N.; Petrow, V. J. Chem. Soc. 1962, 1091. 
(12) Smith, A. B., III; Mewshaw, R. J. Org. Chem. 1984, 49, 3685. 

(13) Snitman, D. L.; Tsai, M.-Y.; Watt, D. S.; Edwards, C. L.; Stotter, P. L. J. Org. Chem. 1979, 
44, 2838. 

(14) (a) Buchschacher, P.; F0rst, A.; Gutzwiller, J. Org. Synth., Coll. Vo/. VII1990, 368. (b) 
Harada, N.; Sugioka, T.; Uda, H.; Kuriki, T. Synthesis 1990, 53. 

Ihara, M.; Toyota, M.; Fukumoto, K.; Kametani, T. J. Chem. Soc., Perkin Trans. 1 1986, (15) 
2151. 

(16) 
(17) 
(18) 
(19) 

Schwab, 

Numazawa, M.; Nagaoka, M. J. Org. Chem. 1982, 47, 4024. 
Hazen, J. R. J. Org. Chem. 1970, 35, 973. 
Inch, T. D.; Ley, R. V.; Rich, R. J. Chem. Soc. C 1968, 1693. 
(a) Balkrishna, S. B.; Childers, W. E., Jr.; Pinnick, H. H. Tetrahedron 1981, 37, 2091. (b) 
J. M.; Klassen, J. B. J. Am. Chem. Soc. 1984, 106, 7217. 

(20) Danishefsky, S.; Hirama, M.; Gombatz, K.; Harayama, T.; Berman, E.; Schuda, P. J. Am. 
Chem. Soc. 1979, 101, 7020. 

(21) Welch, S. C.; Rao, A. S. C. P.; Gibbs, C. G.; Wong, R. Y. J. Org. Chem. 1980, 45, 4077. 
(22) Krapcho, A. P. Synthesis 1982, 893. 
(23) Imamoto, T.; Takiyama, N.; Nakamura, K.; Hatajima, T.; Kamiya, Y. J. Am. Chem. Soc. 

1989, 111, 4392. 
(24) Posner, G. H.; Schulman-Roskes, E. M. Tetrahedron 1992, 48, 4677. 
(25) We thank Dr. T. Shimizu (Riken Institute, Saitama, Japan) for a generous sample of (-)- 

methyl grindelate, which was hydrolyzed to obtain natural lb. 

(Received in USA 8 June 1995; accepted 22 June 1995) 


