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Summery: A synthetic approach to the G-H-I ring system of per&rem D has heen developed In a modet study. To generate 
the requblte carbon framework, the Stork protocol was utilized for coupling of a scalemb metafkXnamine wlth an epoxide 
dedvedfmmD-g_. Pyran ring fomwtbn was then effected vta BFg9E12pmmoted qdkatbn of a Mydroxy 
atty2c acelate. 

The tremorgenlc indole akaloids embody unusual, archttecturalty complex polycyclk skeleta and also present 

disttnctive bkbgbal profiles, mductng tr6imors in animals and poSSeSsing stgntfkant tnsectbkfal acttvtty.‘~2 Prominent 

mernher6 of the class include the penitrem tremorgenk mycotoxins (la), ftr~t isolated from PenirMum cruafoaum,~ which 

cause severe neumbgiil dyshlnctbn In Itvestock, not unllke the symptoma observed in human disorders such as Wilson’s 

disease and multiple sclerosis.3e~4~5 Subinine A and B (7 and 6L6 recently Isolated from the sclerotta of Aspergi//us 

su~hureus, Share the terminal G-l-l-l ring suh~tructures and 7 exhtts pronounced cytotoxklty toward human lung, breast, 

and colon carcinomas.6 Cur bng-standing interest in the constructbn of the lndole alkabld tremorgens7 has led to a 

penttrem D (4) synthetic venture.* Herein we describe an end-game Strategy for penttrem D whereby we have prepared 

(-)-9, a model conpound comprising the G-H-I ring system of 4. 

1 FmitmmA R’ .OH,~-cI:22524ae9a1ide 6W 
2 pn*anB R’ .H,Rz-H;23a,24a~ide 
3 penimc W-H P-cl 
4 PenirwnD R’-R*-H 
6PeniWmE R’-OH.~.H;23o,24cepox~ 

Ila II 
7 6uupinineA 16a.10. qd& (3-6 
6-6 

Wtshlng to explok and extend an approach developed earlier,7 we anticipated the use of a metalbenamlne9 a~ a 

nucleophllb H-ring synthon. Accordingly, we designed epoxide 131° to serve 88 an electrophltb progenttor of the pyran 

ring. Addition of the cuprate prepared from isopropenylmagneslum bromide to the acetontde derivative of D- 

gtycemkfehyde [(+)-loll 1 gave a 955 mixture of diastereomers (Scheme 1). After puriftcatbn of (-)-1112.t3 hy dlstillatbn, 

hydroxyl protectbn as the PMB ether and deketallzatlon smoothly gSnerated dbl (-)-12.13 The epoxkb (-)-1313 was then 

formed via tosylatbn of the p&nary alcohol and cyclizatbn wtth potassium carbonate in methanol. 
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Schomo 1 

1) NW, PMSU. THF 

(+)-IO 

1) pTsC3, NEIs DMAP, 0 
CH&l,O c (19%) -G 

OPMB 2) &CG M@w (72%) OPMI 
(-)-12 (Q-13 

With (-)-18 in hand, we turned to the metaibenarnine coupling with octaione (+)-1414 (Scheme 2). Foibwtng the 

procedure of Stork9 the dimsthyi hydraxone of (+)-14 was depmtonated with sodium hydride in toiuene/HMPA (9:1) at 110 

“c. Addition of the epoxtde (-)-13 at 0 ‘C and carefui hydroiysis15 of the hydrazone then afforded (+).1613 in 59% overait 

yield. PnvbudymtowdmetsMngentckoxygenatbndtherePdkn~rewasesse~for slluMMuicoupung,~ hut 

in this hstanoe such precautkn was not necessary. The hydroxyi group in (+)-15 was next converted to the conespondtrxg 

MCMl ether and 1,2-re&1otion of the resuitant ketone was attempted. inftiaiiy we intended to generate the a aicohoi, 

permttting direct conversion to the desired pyran. in the event, however, a Variety of &uctbn protocob [LAH, 5/a 9:l; 

LAH/AM~, 2.751; DIBAL-H, 1.81: DIBAL-WAif&, Xl] fumbhed predomfnarMy the 5 abohoi (+)-16.13 

Scheme 2 

I) MOMCI. k=T*NEl, 
‘W&l97W 

21 N&l. PhcthMMPA (o:lb. 2) WY. WV 
-78%-M 

. , OH 
l)Ohhv(pyrex). ML% 

2) N.~“&k) 

6H 

0 

(+)-I9 mp 94.0 - 96.5 oc t-)-r 
R - 0.051 

To take advantage of the observed Beiectivity, we sought to induce cyciizatbn with double tnversbn [i.e., net 

retention of conffguratbn at C(14)]; one attraotive tack invoived the intermediacy of a z-aiiyi paiiad&m cow.te To this 

end, acetybtbn of (+)-16 and oxidattve cleavage of the PMB ether with DDQ provided (+)-17’8 in excellent yteid [88% for 

two steps. Scheme 21. Unfortunateiy the cyciixatbn required Strittgent conditbns [(PPft9)2WCkj (0.2 equiv), (CPr)2NEt (1 .O 

ec@v), DMF, 150 ‘C, 12 h)] and furntshed the desired pyran in iow yield with poor stereoseiectivtty (80-40%, f3/a 1.51). 

Upon further investigatbn, we diwzovered that Lewis acid-promoted cyciiratbn of the aiiyib acetate in polar aoivents ied to 

sigMcam improvements in both ybid and seiectivity. For example, exposure of (+)-17 to BF8=OEt2 (0.5 equiv) in DMF at 
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mom tenperature generated the pyran as a 31 mbrture of g and a efMers in 71% yield; TIci4 (0.5 equfv) in DMF resuHeci in 

higher seiecttvtt (51) hut a iower yieid (42%). interestingiy, this appmach afforded sirntiar yieids and dMemomef ratbs 

uponcycibatbnoftfteaepimerofatiyibacetate(+)-17. fMafbdstudiesdthesereadfonsarrthpmgtess. 

Fofbwtng tf’re succes#ui eiahoratbn of the Wran ring,. conpletbn of the syntftesb of 9 entaifed irttm&&n of the 

C(20) hydnxyi suhstkuem wftft ofefin transpositbn as well as removal of the MOM ether (Scfteme 2). Tfte iatter was effected 

with GSA fn metftanol; at this point the diastereomers were easily separable by flash chromatography, and the 

stereochembtry of (+)-1813 was confirmed through the aegis of drrglecrysta X-ray anaiyais.1’ Gxfdatbnof (+)-18wfth ‘02 

(metfvyfene blue sensitizer, CHC$) fo5owed hy NaBH4 re&ctbn of the intcmnedfate hydropemxkfs tften afforded (j-0 as 

ths sob product. As &own in TaMe I, the stereochemical assfgnment at (320) is strongfy supported hy conpadson wfth 

the ‘H and laC NMR data for suipinine B (8). Our efforts to enpioy this end-game strategy in the totai syntftesfs of pen&em 

Dwiiibempolledhduecoume. 

Tab@ 1. lfi and 12C NMR Ccmpartaonr oi Sulpinina B (8) and (-)-8.a 

20 - 77.7 - 75.1 

25 - 141.6 - 141.8 

25 5.20 (hr s) 111.7 5.17 @rs) 111.5 

5.02 (hr s) 5.02 (hr 8) 

aChemical shffs are reported in ppm. Data reported for suipinins B6 were recorded in 
CDCcj at 800 and 75.6 MHz. Data for (-)-8 were recorded in CDCb at 500 and 125.7 MHz. 
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