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Several groups suggested1 that the cis-anti-cis protoilludanyl cation 2_ was 

a key intermediate in the conversion of humulene into illudoids*. Recent studies 

on the biosynthesis 2,3 of illudins using labeled mevalonate showed the labeling 

pattern was in accord with this hypothesis. However, no direct evidence for the 

intermediacy of 2 has yet been obtained. We now wish to describe stereocontrolled 
cv 

syntheses of equivalents of the cation 2, cis-anti-cis 7a-protoilludanol 4_, its 

7B-isomer 6_ and their anhydro compound A4, which seem to be of interest in both 

biogenetic and synthetic aspects. 

Photochemical cycloaddition of cis-bicyclo[3.3.0]octenone L5 and ethylene 

in n-hexane (6hr, O', 300W high pressure Hg lamp) gave stereoselectively the 

cis-anti-cis cycloadduct 8 6*7 [75%; ir(neat) 1734cm 
-1 ; nmr(CC14) 60.82 (lH, t, 

J=lZHz), 0.98, 1.05, 1.24 (each 3H,'s)] and the cis-syn-cis isomer 3 6 [8%; ir 

(neat) 1736cm -1 ; nmr(CC14) 61.01, 1.15, 1.32 (each 3H, s)]. The cis-anti-cis 

cycloadduct A was then converted to an exomethylene compound 2 6?7 (lhr, 80°, 

ph3PCH3Br-tAmONa-benzene), [92%; ir(neat) 3080, 1650, 87Scm.'; nmr(CC14) 60.93 

(lH, t, J=lZHz), 0.96, 1.04, 1.14 (each 3H, s), 3.30 (lH, broad m), 4.70 (ZH, 

m) 1. Ring enlargement ofA wasachievedby T1(C104)3-tB~OH-H20 (24hr, r.t, tBuOH/ . 

Hz0 = l/3) to give rise to the desired 7-keto (13)-norprotoilludane 2 [57%; ir 

(neat) 1705cm-1; nmr(CCl4) 60.99, 1.09, 1.24 [each 3H, s)] together with unde- 
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sired 8-keto (13)-norprotoilludane 14 -6 [19%; ir(neat) 1709cm -l; nmr(CC14) 60.97, 

1.07, 1.18 (each 3H, s)]. On treatment with alumina/benzene (r.t) or NaOMe/MeOH 

(r.t), 2 gave an equilibrium mixture of two epimers (c/g = 67/33 by nmr), 

while 2 was recovered completely unchanged. The both compounds 2 and 3_incorpo- 

rated three D atoms [209 (M+)J by NaOMe/MeOD (r.t). The LIS nmr spectrum ofA 

[Eu(fod)3 (18mg) and the sample (llmg) in 0.4ml of Ccl41 exhibited peaks' at 6 

1.62 (S1' = 2.38, 3H, s, 14- or 15-Me), 1.68 (S = 2.50, 3H, s, 14- or 15-Me), 

2.64 (S = 4.25, 3H, s, lZMe), 2.66 (lH, q, Jloc(_loB= 14Hz, Jg_lou= 6Hz, lOaH), 

2.82 (lH, q, Jla_18 =13Hz, J1a_2= 7Hz, luH), 3.05 (lH, q, JlOa_lOB= 14Hz, Jg_loB 

= 4Hz, lOBH), 3.15 (lH, m, 48H), 3.46 (lH, t, Jla_lB= J1B_2= 13Hz, lBH), 3.77 ( 

lH, m, 2-H), 4.55 (2H, m, 4a and SBH), 5.30 (lH, m, 9-H), 6.45 (S = 15.0, lH, m, 

5uH), 7.75 (S = 19.3, lH, q, J8a_8B= 15Hz, J8g_g= 9Hz, 8BH), 8.36 (S = 20.8, lH, 

q. J5a_6= 1Hz, J5B_6= 4Hz, 6-H), and 8.70 (S = 20.9, lH, q, J8e_8B= 15Hz, J8,_g= 

7Hz, 8aH). These nmr observations, in particular the large LIS effects on 5a and 

6-protons and the large diaxial-like J1B_2 value, showed 2 to be the 7-keto com- 

pound with a probable conformation 2. The compounds 2 and 2 were also obtained 

from hydroxyazide 2 6'11 by sequential treatment with Zn-AcOHl'and NaNO2-AcOH (z/ 

14 = 1.5/l; yield of 3_and 2, 50%). 
N 

Grignard reaction of2 with MeMgI-dry ehter 

(reflux 4 hr.) gave stereoselectively the desired cis-anti-cis 7a-protoilludanol 

Q [q uantitative; ir(neat) 3550cm 
-1 ; nmr(CC14) 60.98, 1.03. 1.035, 1.10 (each 3H, 

SII. The LIS spectral data9 at Eu(fod)3/A= 0.36 [(CC14) 61.26 (S = 0.83, 3H, s, 

14- or 15-Me), 1.72 (S = 1.42, 3H, s, 14- or 15-Me), 2.93 (S = 5.83, 3H, s, 12- 

Me), 5.42 (lH, m, 2-H), 5.66 (lH, q, J8a_88= 14Hz, J88_3= ll.SHz, 8BH), 6.28 (lH, 

m, 6-H), 7.76 (S = 17.8, lH, m, 5aH), 7.77 (S = 20.9, 3H, s, 13-Me), 7.95 (S = 

19.2, lH, m, 9-H), 8.50 (S = 19.4, lH, q, J8,_8B= 14Hz, J8,_g= SHz, 8crH)] indi- 

cate proximity of C-Z- , C-Se- and OH protons and are in conformity with a 7cr- 

axial hydroxyl structure with a conformation 13 similar to 3_. Methylenation (1.5 

hr, r.t, ph3PCH3BrtAmONa-benzene) of &yielded 7(13)-protoilludeneg [85%; ir 

(neat) 3070, 1645, 886cm-'; nmr(CC14) 60.90, 0.99, 1.13 (each 3H, s), 4.56 ( 

broad s, ZH)] which on oxymercuration-demercuration l4 [r.t, Hg(OAc)2-THF-H20 and 

NaBH4] furnished the epimeric 7B-protoilludanol k6, [70%; ir(neat) 3500cm 
-1 ; nmr . 

60.89, 1.01. 1.08, 1.13 (each 3H, s)]. The LIS nmr spectral data' at Eu(fod)3/2 
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= 0.264 [(CC14)61.05 (S = 0.13, 3H, s, 14- or 15-Me), 1.35 (S = 0.75, 3H, s, 14- 

or 15-Me), 2.10 (S = 3.61, 3H, s, 12-Me), 4.12 ‘(lH, m, 9-H), 4.75 (S = 16.0, 3H, 

s, 13-Me), 5.08 (S = 15.3, 2H, broad d, 8a and 8BH), 6.00 (S = 19.3, t, J5a_6 = 

'SB-6= 7H2, 6-H)] are compatible with the assigned stereochemistry 6 13 . 
cv 

'Studies on the biogenetic-like syntheses of illudoids via:, 5 and2 are 
h 

now in progress. 
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