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Summary 3-Methoxy-3,6-secoprotollludan-6-one, derived from humulene, was converted to 3- 

pentalenen-6-01, which furnmhed pentalenolactone E and F through several steps 

The antiblotlc propertles of pentalenolactone (J) 1) served to ellclt ex- 

tenslve lnvestlgatlon of its blosynthesls. The compound was demonstrated to 

be blosynthetlcally derived 2) from humulene (2) through several Intermediates, 

pentalenene (j), 3)pentalenolactone E (3) , 4, F (g), 5, G (z), 6, H (&),7) as well 

as pentalenlc acid (2)7'8) (Scheme 1). The biogenetic like conversion of 

humulene to pentalenanold has currently aroused interest for us. 3b,8) We 

should like to describe here syntheses of the pentalenolactone E (2) and F (5) 

from humulene (3). 

Humulene (2) was previously converted to 3,6-secoprotollludane derivatives, 

2 and l,o, from which pentalenene (2) 3b)and pentalenlc acid ($)8)were derived 

through transannular cyclizations employing HC02H-Ac20 and BF3*OEt2-CH2C12 re- 

spectively as key steps. These cycllzatlons of 2 and 9 were initiated with 

ellmlnatlon of water followed by generation of cation at C(2) and furnished the 

pentalenane skeleton which had no function on the C-ring. Since functionaliza- 

tion of the C-ring 1s necessary to reach the pentalenolactones, we took another 

mode of cycllzatlon. Transformation of A6'7 -double bond of a starting material 

into 6-keto compound was carried out in order to make cycllzatlon initiate at 

C(6) (Scheme 2). 
9) The compound 11) underwent hydroboratlon-oxldatlon and Jones oxldatlon to 

furnish ketones u (83 %) and its C(7) epimer 12 10)(7 8). In methanolic 
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potassium methoxlde solution, 1,3 was brought into equlllbrlum with 2 (13:12= 

56:36). Configuration of the C(7)-methyl groups of 1,2 and 1,3 was determlned 

at the next stage. Transannular cycllzatlon of 1,2 was achieved by treatment 

with formic acid at 45 'C for 2 h and then with sodium carbonate In methanol- 

water solution at amblent temperature for 6 h to assemble the pentalenane 

skelaton; 14 ")(67 8). The structure of 1,4 was determined by extensive 
1 
H NMR 

decoupllngzxperlments In the presence of a shift reagent. The configuration 

of C(7)-H was alloted to o( by the fact that the LIS value of C(7)-H was lager 

than that of C!(7)-Me. 

Hydroboratlon-oxldatlon of 1,4 gave dlols 1,5 lo) (mp 152-154 "C, 71 %) and 

its epimer 1,6 ")(mp 74-76 OC, 24 %). Since an intramolecular H-bond was ob- 

served in IR (3560 cm 
-1 , 6~10-~ mol in Ccl,), 1,5 was assigned to a z-dlol. 

Consequently, C(3)-Me was alloted to d In ?._5 and p In 1,6. Each of the dlols, 

1,5 and 1,6, was separately converted to the same mixture of 2> and 23 (7:l) 

through a series of reactions [~(l>)-+l~(l~): HC02H/85 '-'C/15 h, lA1') (87 %), 

T.3 lo) (48 8). 41+3(21):Se02(30 mm01 for 1 mm01 of substrate)/EtOH/reflux/24 h, 

19lO) (86 %), $O) (90 %). --+2$(2~): 
y210) 

NaCN/Mn02/AcOH/MeOH/rt/18 h, 2$l") (80 %), 

N (65 %). --eZJ(zv4) : Jones oxd. at 0 'C, 22 ")(78 %) , 2,4 (80 %). -f2,5 + 23: 

TMSOTf/Et3N/benzene/rt/10 mln, 22 + $6 (7.1, 80 S)]. 

o(-Methylene lactone In C-ring was assembled as follows. The mixture of $j 

and 2,6 was bromlnated (NBS/THF/S mln) without separation and purlflcatlon. 

Purlflcatlon of the products on silica gel chromatography ylelded bromide ?v7 10) 

(66 % from 2_3). Treatment of 2,7 with a mixture of TMSOTf, Et3N and NaHC03 In 

benzene at room temperature for 24 h gave 9 lo) (50 %) and 2,91°)(30 %). The 

enone 2,9 was converted to 2,8 (TMSOTf/(TMS)2NH/benzene/rt/2 h) In 80 % yield. 

Oxldatlon of 2,8 first with mCPBA (hexane/30 mln at -15 'C and then 2 h at rt) 

and then with NaI04(H20-t-BuOH/rt/4 h) gave 32, which was sublected to reduc- 

tion with NaBH4(EtOH/0 "C/l0 mln) and then lactonization (pH Z(adlusted by 2 N 

HCl)/rt/Z h) to afford pentalenolactone E methyl ester (3l) (31 % from 2). 

The synthetic ester was spectrally (lH NMR and IR) Identical with the ester 

derived from the natural product. The ester 3,1 was hydrolysed (1. LiOH/H20- 

THF/rt/overnlght, 2. pH 2 (1 N HCl)/rt/Z h) to pentalenolactone E (2) quantl- 

tatively. The ester Ll, was then oxldlzed (30 % H202/MeOH-H20/rt/24 h) to give 

pentalenolactone F methyl ester (33) (mp 128-130 'C, 40 %) and Its eplmer z 

(15 %). The spectra (lH NMR, IR) of 3,2 were superimposable with those of the 

ester derived from the natural acid. The ester 3,2 was also hydrolysed In a 

similar manner as above to afford pentalenolactone F (5) (70 %). 
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of pentalenolactone E and F methyl esters and showing us the manuscript of his 

g A3(4) 

report (ref. 2b) before publlcatlon. 
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12: 6 0.95, 1.05 (each 3H, s), 1.08 (3H, d, J=7), 1.16, 3.15 (each 3H, s). 

12' 6 0 99, 1 09 (each 3H, s), 1.10 (3H, d, J=7), 1.16, 3.04 (each 3H, s) 

13' 6 0.93 (3H, d, J=7), 1.05, 1 09 (each 3H, s), 1 69 (3H, bs), 1 72 (2H, s), 5 17 (lH, m) 

Q,5: 6 0.95, 0.98 (each 3H, d, 5=7), 1 02, 1.06 (each 3H, s), 3.89 W, bq, J=3.5) 

l&,6: & 0.97 (3H, d, J=7), 0.98, 1 05 (each 3H, s), 1 06 (3H, d, J=7), 3.80 (lH, bq, J=7). 

12: 6 0 95 (3H, d, J=7), 0.97 (6H, s), 1 62 (3H, m), 1.64 (2H, s), 2.70 (lH, bd. J=9), 2.98 

(lH, m), 4.62 (lH, dt, 5=6.5, 9.5), 5.18 (lH, m), 8.06 (lH, s). 

12' 6 0.95 (3H, d, J=7), 0 99, 1.01 (each 3H, s), 1.62 (3H, m), 1 63 (2H, s), 2.6Ob3.00 (2H 

m), 4 75 (lH, bq, J=7), 5.19 (lH, m), 8 02 (lH, s). 

1,9: 6 0.90 (3~, s), 1 01 (3H, d, J=7), 1.01 (3H, s), 1 67 (2H, s), 3 02-3.30 (2H, m), 3.42 

lH, dt, J=6.5, 9.5), 6 70 (lH, m), 9 65 (lH, s). 

39: 6 (~1~) 0.95 (3H, s), 0.96 (3H, d, J=7), 1.00 (3H, s), 1.65 (2H, s), 2.98-3.20 (2H, m), 

3 33 (lH, dt, J=6 5, 9 5), 3.66 (3H, s), 6.49 (lH, m) 

2,1: 6 0 97 (3H, s), 0.98 (3H, d, J=7), 1 02 (3H, s), 2.95-3.34 (2H, m), 3 76 (lH, bq, J=7), 

6.74 (lH, m), 9 74 (lH, s). 

2,2' 6 0.97 (3H, d, 5=7), 0.99 (6~, s), 1.33, 1.78 (each lH, d, J=14), 2 85-3 30 (2H, m), 

3.70 (lH, bq, J=7), 3.71 (3H, s), 6 64 (lH, bs). 

2' 6 (CC14) 1 02 (3z-1, d, J=7), 1.04, 1.07 (each 3H, s), 187 (2H, bs), 2.90-3.30 (2H, m), 

3 67 (3H, s), 6.56 (lH, m). 

22' 6 1 04, 1.15, 1.70 (each 3H, s), 1.80, 2 40 (each lH, d, J=l5), 2.95 (lH, m), 3.43 (lH, 

t, J=2), 3.45 (lH, d, J=12), 3.72 (3H, s), 6.52 (lH, d, J=2) 

23: 6 0.20 (9H, s), 102, 1.10 (each 3H, s), 1 86 (2H, s), 3.10 (lH, m), 3 68 OH, d, 3.70 

(3H, s), 4.72 (lH, d, J=2), 4.98 (lH, s), 5 38 (lH, m), 6.60 OH, m) 

8: 6 (CC14) 1.08, 1.14 (each 3H, s), 2 981-3.50 (2H, m), 3.68 (3H, s), 5.28, 5 97 (each 1H, 

s), 6 64 (lH, m) 

32: 6 (100 MHZ) 1.01, 1 03 (each 3H, s), 1 46 (2H, s), 2 98 (lH, d, J=5.5), 3.04(lH, d, J= 

5.5), 3.45 (2H, m), 3 77 (3H, s), 4.43 (lH, dd, J=2.5, 12), 4.76 OH, dd, J=2, 12), 6.87 

UH, bs) 
32' 6 (100 MHZ) 1 04 (6~, s), 1 43 (lH, dd, ~=6 5, 13), 1.64, 1.76, 1 85, 1.98 (2H, ABq, J= 

12 5), 2 95 (lo, d, J=4 5), 3.06 (lH, d, J=4 5), 3.46-3.70 (2H, m), 3 76 (3H, s), 4 19 

lH, dd, J=9, 11.5), 4.88 (lH, dd, J=6, 11.5) 

2' 6 (100 MHZ) 1.07, 1.08 (each 3H, s), 1 47(1H, dd, J=6, 13), 1 68, 1 82, 2 11, 2.25 (2H. 

ABq, J=13.5), 3 19-3 45 (2H, m), 4 33 (2H, d, J=4 5), 5.59, 5 93 (each 1H, s), 7.02 (IH, 

t, J=2) 

0' S (100 MHz) 1 03, 1 04 (each 3H, s), 1.48 (2H, s), 3 02 (ZH, s), 3 42 (2H, m), 4.44 (lH, 

dd, J=3, 12), 4.62 (lH, bd, J=12), 7 04 (lH, bs). 
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