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Abstract: Total synthesis of the title compounds is described. 
The key intermediate, dehydro-pentacyclic 13, is prepared in a 
sequence involving Pictet-Spengler reaction and DDQ oxidation. The 
key step in the synthesis was the dihydroxylation of 13 to afford 
the cis-diol 54, which was performed by direct oxidation with 
osmiZtetroxide, whereas treatment of 13 with N-bromo-succinimide 
provided the trans-dial 41. Subsequent selective prenylation of 41 
and 54 gave 13_epi-fumitremorgin B (45) and fumitremorgin B cl), 
respectively. 13-Epi-compound 45 is also converted into 
fumitremorgin B (1) by oxidation followed by reduction. 

Fumitremorgin B (FTB) (1) is a structually unique and potentially 

biologically important family of mycotoxins. There are currently six known 

natural products from a variety of Aspergillus and Penicillium species in this 

familyls6 (Chart I), all of which are characterized by the presence of 2,5- 

piperaxinedione ring formed from 6-methoxy-L-tryptophan and L-proline and-cause 

severe tremorgenic reactions in mice on either oral or intraperitoneal 

administration.1c'2b 

The structures of FTB (1) and fumitremorgin A (2a) were elucidated by 
Yamazakila,lb,lc,2a,2b and Clardy 2c 

Verruculogens, 2b3a 
4 

in 1974 and 1975, independently. 

and 2c , and TR-2 (3j5 possess similar structures and 

biological activities. 

The occurrence of FTB (1) and TR-2 (3) in the same culture of A. caespitosus - 
and the efficiency of biosynthetic incorporation of TR-2 (31 into verruculogen 

(2bl demonstrated their biosynthekic relationships.le Furthermore, fumitremorgin 

C (4) has been recently isolated. 

Due to the obvious structural similarities of 1, 2, and 3, it seemed 

attractive to approach their synthesis through 1. 

Total synthesis of 2 and 3 has not yet been reported among these compounds, 

although a few groups have made considerable progress in this area. 7 Recently, 

the total synthesis of 1, based on the condensation of 3-formylindole with 

glycylproline diketopiperazine, was reported by Goto and Nakatsuka. 8 More 

recently, we completed our total synthesis of 1 by a different approach. 9 In 

this paper, the full account of our synthesis of FTB (11 and related compounds is 

reported. 
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Chart I 
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3 TR-2 

Scheme I 
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Results and Discussion 

()ur original plan to 1 (Scheme I) required the pentacycle 4 or 12 as the key 

intermediate which had called for the oxidative cyclization of prenylated cycle- 

(6-methoxy-l,,r{ptophyl-L-prolyl) 5 derived from the methoxylation of the cyclic 

tautomer 6. ’ We have obtained the tetrahydro-B-carboline 8 by the oxidative 

cyclization of 1,2-diisopentyltryptamine derivative 7 as a preliminary study for 

a total synthesis of l.ll However, a similar oxidation of the tetrahydro 

derivative of 5 to the corresponding pentacyclic compound was unsuccessful. 
12 

Our new approach to FTB (11 was based on the synthesis of the common ring 

system, optically active pentacycte 4a or 12 from 6-methoxy-L-tryptophan and L- 

proline via Pictet-Spengler reaction - I3 and subsequent dehyrogenation to 13 or 14 

followed by hydroxylation. The introduction of the 6-methoxy group was carried 

out via the cyclic tautomer of Mb-methoxycarbonyl-tryptophan ester, a method - 
which we had previously reported to be an efficient means of introducing a 

methoxy group into the 6-position of tryptophan. 14,15 In order to obtain a 

pentacyclic intermediate such as 13 or 14, the optically active cis-1,3- - 
disubstituted-D-carbolines 16 and 18 (Scheme 11) were chosen as precursors, since 

they could be obtained by the Pictet-Spengler reaction of L-tryptophan methyl 

eater 9 and 10 with an appropriate aldehyde, according to a method developed in 

this laboratory. 13 We applied similar reaction conditions using 3 mole 

equivalents of trffluoroacetic acid (TFA) for the Pictet-Spengler reaction of 9 

and 15 and a comparable result was obtained. l3 Thus, the reaction of 9 with 3- 

methyl-3-phenylthiobutanal 15 in CH2Cl2 in the presence of TFA at room 

temperature afforded the cia isomer 16 ([uj, -98.7”) 16 and the trans isomer 17 - 
([u), +4.3’1 in 58% and 31% yields, respectively. In contrast, the reaction of 10 

with 15 under the similar conditions gave quite low yields of 18 and 19 and a 

complex reaction mixture was obtained. This may due to the lability of 

methoxylated indoles towards acid, although the 6-methoxy group presumably 

facilitated the Pictet-Spengler cyclization leading to Gcarbolines. Indeed, 

better results were obtained with 10 when one equivalent of.TFA was used, to give 

18 ([@ID -93.2”) and 19 ([IX], +19..5“1 in 54% and 18% yields, respectively. 

The relative stereochemistry of the cia and trana isomers could be readily - 
deduced on the basis of the 13C-NMR data (see Experimental Section). There is a 

clear upfield shift of.both the carbons at 1 and 3 positions in the trana isomer 

17 relative to the cia isomer 16 due to aterlc shielding. 18,19 
- Although only 

modest stereoselectivity was observed Fn the Pictet-Spengler reaction, the 

desired cis isomers were produced as the major products, which were derived from - 
attack of the indole double bond at the C-3 position on 9 and 10, from the top 

face of the C=N bond ,20 resulting in the more favorable transition state having a 

1,3-diequatorial conformation. 

The cis isomers 16 and 18 wereYin turn condensed with trichloroethoxy- - 
carbonyl(Trocf-L-prolyl chloride 20 in the presence of Et3N in CH2C12 to give 21 

and 22 in 99% and 92% yields, respectively. Reductive deprotection of the 

dipeptide 21 with Zn in refluxing MeOH resulted in the formation of the 

pentacycle 23 in 68% yield, indicating that deprotection of 21 was immediately 

followed by spontaneous cyclization. Subsequent dehydrosulfenylation of 23 

afforded a mixture of the isomeric olefins 24 and 25 in 98% yield.21 However, 
the reaction proceeded in undesirable fashion giving rise to the wrong isomer, 

the exo olefin 25 aa the major product. l’be ratio of the endo isomer 24 to the - 
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Scheme II’ 

9 R=H 16 R=H 17 R=H 

10 R=OMe 18 R=OMe 19 R&Me 

16 or 18 

Trot 

20 21 R=H 

22 R=OMe 
Trot = CO2CH2CC13 

26 27 

28 29 a:R= h, 

b:R=h 
, 

Schema II' 

'Reagents: R-H (a) 15 (1.2 equir], IFA (3 equir). CH3C13. room temperature. I h: (bl M (l.Z,cquir), Et3N (1.3 mquir). 

CH*C13. room tnmpmaturr, 2 h; (cl In (IO equir) IrOH4~3CI3 (2:l). reflur, 2 h; (d) MCPBI (1.07 rquiv), CHZCIZ, 0°C. 

10 l in: (9) tolum, rrflux. 0.5 h; (f) F.3(C0)12 (2.5 rquir), DIE, reflur. Zb h; (g) I(& (2 equiv), OIIF. roe. 

temperature. 45 ~in.'*3.J-di~sth~l~ll~l braaide (1.5 equiv). DIIF. rw. tr.p.rrturr, 1 h; (h) aqumovr MaOH, IlaOH, rrflur. 

8.5 h (i) ODQ (2 equir), CH3CY-HZ0 (7:3). POD. traperature. 4.5 h. R-Ols (a) 15 (1.3 cquiv). TFA (1.1 cquiv), CHZCIZe 

room tsmperrtuw, 1 h: (b) 20 (I.5 
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21 RtH 30 R=H 

22 R&Me 32 R=OMe 

37 R=OMe 31 R=H 

33 R=OMe 

34 R=H 

36 R&Me t 0 
m 

34 or 36 - 
R 

: I I ;” T N 
2J ;H’ ok 

38 R=H 

13 R=OMe 

Scheme III’ 

&psntr: R-H (j) 000 (1.05 squiv). CHZCIZ. PDO~ t#aper&ure, 0.5 h; (k) llcPBl (1.05 s&v), IrHC03 (5 rquiv). CH+lZ. 

0°C. 10 Gn: (11 toluene. rrflux. 40 @in; (n) Zn (10 equir) IlsOH. reflux. 65 min. R-Ollr (j) Method A; OOQ Il.05 equiv). 
CC14-CHC13 (1:l). -lO%roo~ tamperaturr. 110 Gn: Method 9: WQ (1.05 aquir). CHC13. -10°C. 80 min; (k) HCPEL (1 equiv). 
RaHC03 (5 squiv), CHZCIZ, Ok, 15 l in: (1) tolucns, reflux. 50 nin: (n) Zn (10 equiv). I(sOH. reflu:. 0.5 h. 

exo isomer 25 was 1:8-1:9 as evidenced by the 1 H-NMR analysis [C3-H: 24, 6 6.03 

(d, J=9.5Hz); 25, 6 5.48 (dd, J=4.3 and 8.9Hz)l. The isomerization 22 of 25 to 24 

was carried out by treating the mixture with Fe3(C0)12 in refluxing DME*,26 

converting the ratio to 6:l. This level of improvement of the isomeric ratio 

greatly facilitated the separation of 24 and 25 by fractional crystallization and 

chromatography and the desired 24 was isolated as a white powder in 60% yield, 

together with a 12% yield of 25. Prenylation of 24 with 3,3_dimethylallyl 

bromide gave N-prenylated derivative and no epimerization of the C-12 position 

was detected under these conditions. Therefore, the crude product was epimerized 

with NaOH in MeOH to the 120-isomer 26, since the 12a-isomers have been shown to 

resist dehydrogenation by DDQ. 13 

Dehydrogenation of the 126-isomer 26 in aqueous CH3CN with DDQ (2 equiv) led 

to the key intermediate 27 as an inseparable mixture with the starting material 

26 with a maximum yield of only 39% (estimated by the 'H-NMR spectrum) despite 

considerable effort at optimization. 

Therefore, attention was focused on a more efficient conversion of the 

dipeptides 21 and 22 to the key intermediates 38 and 13. 

As an alternate sequence (Scheme III), we examined the dehydrogenation of 

the dipeptide 21 with DDQ to 30 In various solvents and the best result was 

obtained when CH2C12 was used. THF can also be employed as the solvent but CH3CN 

and MeOH gave poor results. Reaction of 21 with DDQ (1.05 equiv) in CH2C12 

afforded the corresponding dehydrogenated compound 30 in 64% yield which showed 

an expected W spectrum i3 (224, 268, 284sh, and 366 nm) for this unique 
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Scheme IV” 

38 R=H 

13 R=OMe 

27 R=H 

14 R=OMe 

39 R=H 

41 R=OMe 

40 R=H 

42 R&Me 

44 R=H 

45 R=OMe 

46 R=H 

47 R=OMe 

Schema IV’ 

‘Rapnts: (II) NBS (1.1 1.2 squir). THF-HZ0 (5:l). 0%. 10 l in: (a) 3,3- 

diwthylallyl chloride (2 4 equiv), KOH (5 squiv). LB-croun-6 (1.2 equiv). 

bsnzcne. room tcmpwrturr, B-100 ain: (p) 3.3-dim~thylallyl chloride (4 squiv). 

K2C03 (8 equir), OIIC, warn temperature. 743.5 h. 

chromophore. In addition to 30, a trace amount of l-(2-methyl-2- 

phenylthiopropyl)-3-methoxycarbonyl-D-carboline 27 
and 2-acylindole derivative 31 

were obtained. On the other hand, in a similar reaction of 22 with DDQ in CH2C12 

produced 2-acylindole 33 predominantly and 32 became the minor product. However, 

the yield of 32 was slightly improved when CHC13 or CCl4-CHC13 mixture was used 

instead of CH2C12. Thus, 

mixed solvent (Method A)28 

treating of 22 with DDQ (I.05 equiv) in CC14-CHC13 

or in CHC13 (Method B) gave 32 in 20 31% yield. This 

material also exhibited a characteristic UV spectrum (222, 23aSh, 259sh, 265.5, 

297, and 374 nm) corresponding to that of 30. 

Oxidation of 30 with MCPBA (1 equiv) in CH2C12 followed by refluxing the 

diastereomeric sulfoxides in toluene without purification gave the two isomeric 

olefins 34 and 35 in 54% and 26% yields, respectively. However, attempted 

dehydrosulfenylation of 21 pr;;r to DDQ dehydrogenation failed and l-isobutenyl- 

3-methoxycarbonyl-D-carboline (31%) and a small amount of 2-acylindolic 

compounds were formed. Likewise, dehydrosulfenylation of 32 gave the endo-olefin 

36 and the exo-olefin 37 in 51% and 18% yields, respectively. The structures of - 
the olefins were determined by the 'H-NMR spectrum after their conversion to 38 

and 13. Thus, the e-olefins 34 and 36 were reduced with Zn in refluxing MeOH, 

giving rise to the key intermediates 38 (mp 287°C) and 13 (mp 241-242°C) in 77% 

and 84% yields, respectively. The 270 MHz NMR spectrum of 38 displayed two 

methyl protons as two singlets (6 1.65 and 2.021, a vinyl proton as a doublet of 

triplets (6 5.261, C3-H as a doublet (6 6.68, J=9.8Hz), and C13-H as a singlet 

(6 7.35). A similar spectrum was obtained from 13, except for the aromatic 
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protons. 

With the key intermediates 27, 38, and 13 in hand, the stage was set to 

carry out the dihydroxylation at the 12 and 13 positions. Initial attempts to 

hydroxylate model compounds by conventional methods using 0004, KMnO4, and other 

oxidants failed completely. 
12 

However, unexpectedly, the trans-dial (12a, 130) 

39 (Scheme IV) was formed in 65% yield, instead of the expected bromohydrin, 

together with the isomeric trans-diol (128, 13a) 40 in 30% yield, when 

bromination of 38 ;;th NBS (1.1 equiv) in THF-H20 (5:l) was carried out according 

to Corey's method. 

Mechanistic considerations led us to assign the trans stereochemistry as 

depicted for 39 and 40 as explained later. Further verification of the structures 

assigned to the trans-dials 39 and 40 followed from the spectral data (W, IR, 

Mass, and 'H-NMRL The W spectrum changed to an indolic chromophore. The mass 

spectrum of 39 showed dehydration peaks (m/z 363 and 345) besides a molecular ion 

peak (m/z 381). The 'H-NMR spectrum of 39 displayed the C12-OH as an 

exchangeable doublet at 6 3.97 with J=3.1Hz, and the C13-H as a doublet at 6 

5.70, whereas the IH-NMR spectrum of 40 showed the C12-OH peak at lower field (6 

4.47, s) and the Cl3 -OH at higher field (6 2.40). The remarkable differences of 

the chemical shifts of the hydroxy groups in 39 and 40 must arise from the 

stereochemical interrelationships among the hydroxy groups and the carbonyl 

groups. 
2b 

Similar treatment of 13 with NBS (1.2 equiv) gave the trans-dial (12a, 138) 

41 (77%) accompanied with the isomeric trans-dial (1213, 13~) 42 (10%) and the 

bromo-trans-diol (1213, 13a) 43 (47.1, which was formed from bromination of the 

activated benzene ring by the presence of 6-methoxy group. 31 

Prenylation of the diols with 3,3-dimethylallyl chloride allowed selective 

allylation to yield N-prenylated product even in the presence of excess chloride, 

whereas use of dimethylallyl bromide gave the corresponding N,O-diprenylated 

compound. 
32 

Treatment of 39 with dimethylallyl chloride (2 equiv) and KOH in the 

presence of 18-crown-6 in benzene readily gave demethoxy-13-epi-fumitremorgin B 

(44) in 84% yield. Similar treatment of 41 gave 13-epi-fumitremorgin B (45) in 

65% yield. Prenylation of the minor isomer 40 under similar conditions also 

provided the corresponding N-prenylated compound, demethoxy-12-epi-fumitremorgin 

B (46) in 46% yield. 

Formation of the trans-dials 39 and 41 is explained by bromine attack from 

the less hindered a-side to form the bromonium ion 48 (Chart II) which undergo 

ring opening by H20 at the C-13 position in diaxial orientation to give the 

trans-bromohydrins (12a-Br, 130-OH) followed by spontaneous solvolysis (from the 

less hindered side) to give the major trans-diols 39 and 41. Alternatively, 

bromine attack from the unfavorable D-side gave the minor trans-dials 40 and 42 

via the corresponding bromohydrins (lZ&Br, 13a-OH). - 
On the other hand, 38 and 13 were prenylated prior to the hydroxylation to 

give 27 and 14 in 80% and 78% yields, respectively, by treating with either 

dimethylallyl chloride or bromide in DMF in the presence of K2C03. Subsequent 

dihydroxylation of 27 and 14 with NBS in THF-HZ0 (5:l) led to inferior yields of 

44 and 45, in part due to the oxidation of the N-prenyl groups. However, the 

isomeric diols 46 and 47 were not formed, suggesting that the N-prenyl group is 

prevented the bromine attack from the a-side. 
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Chart II 
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R=H,OMe 

Scheme V’ 

; Rl=H ,+ ; R2=h, 

50 46 

45 1 
51 R=H 

52 R=OMe 

aK.agrntr: (q) WQ (3 squiv), CH3CK-HZ0 (lO:l), 70%. 6040 min; (r) KaEH, (exc~sa). MOW. -lo%, 7 min. 

Scheme VI’ 

38 R=H 

13 R=OMe 

53 R=H 49 R=H 

54 R=OMe 1 R&Me 

'Rs~qcntr: (I) 080, (0.14-0.15 squir), K-mthylmorpholinc Y-oxide (1.5 squiv). pyridins (1.1 squiv), THF-HZ0 (1O:l). mom 

tsmpsrrture. 4-6 h; (tl 3.3-dimrthylallyl chloride (Z-3 aquir). KOH (5 squiv), I&croun-6 (1.2 equiv), benzene. PDOU 

temparatura. 1.5 h. 
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Having secured the trans configuration of the two hydroxy grqups in these 

NBS oxidation products, we turned our attention to the conversion of the trans- 

diols to the corresponding a-cis-diols. Numerous efforts for this direct - 
conversion were totally unsuccessful. Another approach was based on the 

oxidation of the trans-diols to the ketols (51 and 52133 followed by reduction 

with NaBH4, which turned out to give the desired a-cis-diols (Scheme V). - 
For this purpose, we examined DDQ oxidation of 44 in various conditions. 

34 

Thus, the reaction of 44 with DDQ (3 equivl in CH3CN-HZ0 (1O:l) at 70°C for 90 

min resulted in a complex mixture involving the desired ketol 51.35 Without 

purification, the mixture was reduced with NaBH4 to give the expected a-+-diol, 

demethoxy FTB (49) in 4% yield. However, the major products were the D-cis-diol - 
50 and the isomeric trans-diol 46 obtained in 25% and 30% yields, respectively, 

suggesting that undesirable epimerization at the C-12 position readily occured 

during oxidation and reduction. 
36 The structure of demethoxy FTB (49) was 

confirmed by spectral data comparison with that of FTB (1). The trans-diol 46 

was identical with that prepared from prenylation of 40. 

Encouraged by the result of these model studies, we carried out a similar 

oxidation and reduction of 45 and fumitremorgin B (1) was obtained in 3% yield 

and the corresponding B-cis-diol and the isomeric trans-diol were not isolated. 
37 

- 
Identity of this material was established by comparison of spectral data and 

melting point with that of the natural product. 

The fact that the overall yield of this process was disappointingly low and 

that is proved to be exceedingly troublesome prompted us to reinvestigate the 

direct 0s04 oxidation of 38 and 13. After numerous efforts under a variety of 

conditions, the direct a-cis hydroxylation was achieved (Scheme VI). The - 
reaction of 38 with catalytic 0s04 (0.14 equiv), N-methylmorpholine N-oxide (1.5 

equiv), and pyridine (1.1 equivl in THF-H20 (1O:l) at room temperature afforded 

the a-cis-diol 53 in 32% yield accompanied by other oxidation products. 38 - 
Subsequent prenylation of 53 afforded demethoxy-fumitremorgin B (49) in 72% 

yield, which was identical with that obtained by the previous method. The final 

two chemical reactions of 13, leading to fumitremorgin B (11, were performed in 

the analogous manner to give the expected a-cis-diol 54 in 10% yield. This was - 
readily prenylated to give fumitremorgin B (11 in optically active form in 66% 

yield. 

lJV, l 

The synthetic 1 was identical in all appropriate respects (mp, mmp, IR, 

H-NMR, and CD spectra, chromatographic mobility) with natural fumitremorgin 

B by direct comparison. 

Efforts to refine the synthesis of 1 and to prepare analogues for biological 

screening and mechanism of action studies are under way. 

Experilsntal Section 

Melting points were determined with Yauto HP-1 and Vanagiwata Micro melting point apparatus, and we uncorrected. 

UV spectra ICP~ recorded with Hitachi 323 and 340. OP a Shinazu 240 spectrophotowters. IR spectra wre obtained with a 

Hitachi X0-10 OP an Analect FL6200 FT-117 spsctrophotowter. Il~rs spectra (MS) were recorded on a Hitachi M-60 or a JOEL 

JMS-HX 100 "ass spsctrorster. 
1 
H-NNR spectra were recorded at 270HHz with a JOEL JNW-FX 270 OP a JOEL JNN-GX 270 

SpectroDeter. 
13 
C-HIM spectra were recorded at 67.5111~. All chemical shifts are reported downfield fro8 an internal 

Mc,,Si standard and given as dvalues (ppm). Optical rotations WPC recorded uith a JASCO DIP-140 polariastsr. CO spectra 

woe taken with a JASCO J-SOOA polarivster. Micraanalyses uere performed on a Perkin-Elmer 240 C. Ii, and N analyzer and a 

Yokokaua IC-100 ion chroaatcgraphic analyzer. Unlerc atherriss noted, electronic spectra (fin nm) refer to solutions in 

95% EtOH, IR :pectra (vin cl-l) to KBr d' k 1s s, and NMR spectra to solutions in COC13. 
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N-2.2,2-lrichloroathoxycarbonyl-l-praline and its acid chloride (20). A solution of 2,2,2-trichloroethyl chloroformate 

(46.4 9. 210 ~01) in ether (60 ml). and 211 YIOH (105 ~1) were added dropwiss rimaltansourly to a vigorously stirred 

solution of L-prolins (23.0 g, 200 l mol) in 211 NaOM (100 ml) and ether (40 ml) with ice-cooling over a period of 25 min. 

The reaction mixture was stirred for a further 10 ain under ice-cooling and for 50 Din at room temperature. The aqueous 

layer YII uarhsd with ether (100 ml), then acidified with cont. HCl to pH 1 under ice-cooling and extracted with s&r 

(300 ml x 2). The combined ether layer was rashed rith rater and brine. dried. and concentrated to give a colorless 

viscous oil (54.6 g), which was trlturated with hexans to give the acid (50.4 g. 67%) as colorlear crystals: l p SS-64°C; 

bPD -46.2’ (c 0.52, MeOH); IR 3500-2500. 1720, 1415. 

The acid was dissolved in excess thionyl chloride (2-3 ~1 to 1 g acid) at room temperature and the reaction mixture 

~(1 left for overnight. Excss8 thionyl chloride *a# evaporated and dried under Y~CCUI to leave 20 LO a colorless oil 

quantitatively which we.8 uasd without any further purification for the aubrsquent reaction. 

Pistat-Spmglar rrrction of L-tryptophm methyl aster (9). Trifluoroacetic acid (17.0 g, 149 l mol) ~8s added to l 

stirred solution of 9 (10.0 g. 45.6 mrol) and 15 (10.7 g, 95.0 l mol) 
39 

in CH2C12 (200 ml) with ice-cooling. The rractlon 

mixture was stirred at room temperature for 1 h. then diluted uith CH2Cl2 (200 ml) and uarhsd with saturated NaHC03 

solution (200 ml) and brine (100 11). The organic layer was dried and concentrated to give a pale yellow caramel (22.0 

g). which ~a8 chronatographed (SiO2. 700 g; AcOEt-hexans. 1:3). First slution gave 16 (10.2 g). Second slution gave a 

mixture of 16 and 17 (1.9 g). which YIJ rschromatographsd (Si02, 100 Q: the mm elurnt) to give 16 (0.3 g) and 17 (0.9 

9). Third elution gave 17 (4.7 9). Total yields; 16 (10.5 g, se%). 17 (5.6 Q, 31%). 16: a pale yellow caraatl; [a121 

46.7’ (c 0.46. WeOH); UV 226, 275, 263 
rh , 291.5: IR(ncat) 3360bP. 1730; MS a/z(rel intensity) 394(21, II*). 229(100); 

P 
H- 

NNR 1.45 (3H. s, MS), 1.47 (3H. L. Ne), 1.6E (lH, dd, J-7.3, 15.4 Hz, CIO-H), 2.03 (lH, bra, N2-H, exchangeable), 2.19 

(1H; dd, J-2.6, 15.4Hz. Clo- H), 2.63 (lH, ddd, J-2.6, 11.1, 15.OH2, CL-H). 3.11 (lH, ddd. J-1.7. 4.3, 15.OH2, C4-H), 3.62 

(1H. dd. J-4.3, ll.lHz, C3-H), 3.82 (JH, 8, One). 4.55 (lli, 1. Cl-H), 7.06-7.16 (ZH. m, aromH), 7.34-7.46 (5H. n , aromH). 

7.59-7.63 (2H. m. aromH), 7.63 (lH, brr. NQ-H, exchangeable); 13C-NNR 25.63 (t. C-41, 28.62 and 31.30 (q, C-12 and C-13). 

47.97 (t. C-10). 46.61 (s, C-111, 50.74 (d, C-l), 52.15 (q. ONe). 56.55 (d. C-3). 106.15 (8, C-41), 110.60 (d, C-61, 

117.91 (d, C-5). 119.52 (d, C-6), 121.66 (d. C-7). 127.21 (I). C-CL), 126.62 (d, C-2’ and C-B’), 129.03 (d. C-4’). 131.62 

(a. C-l’), 135.56 and 135.79 (I, C-Ea and C-Qa), 137.23 (d. C-3’ and C-5’). 173.66 (s, CO). 17: a pale yellar caranel; 

[a]22o l C.JO (c 0.76, NsOH): UV 226. 274.5, 263sh, 291: IR(neat) 3400bP, 1730: MS m/t(rel intensity) 394(24, M*), 

229(100); lN-NNR 1.42 (3H, I, Ma). 1.44 (3H. 8, MS), 2.01 (3H. m. ClO-H2, N2-H, exchangeable), 2.69 (lli. ddd. J-1.3, 6.2, 

15.2Hz, C4-H). 3.10 (lH, dd. J-4.6, 15.3H2, C,-H), 3.77 (3H. 1. ONs), 3.90 (1H. dd. J-5.0, 6.6Hz, C3-H). 4.61 (lH, t-like, 

C -HI. 

1s 

7.05-7.17 (2H, l , aromH), 7.33-7.47 (5H. I, aromH), 7.56-7.60 (ZH, l , aromH). 7.74 (1H. bra. NQ-H, exchangeable): 

C-NMR 25.19 (t, C-C), 26.62 and 30.90 (q. C-12, C-13). 47.60 (t, C-10). 49.37 (8, C-11). 46.11 (d, C-l). 52.26 (d. C-3), 

52.69 (4, OHS), 107.20 (s, C-Ca). 110.60 (d, C-6), 117.91 (d, C-5). 119.41 (d, C-6), 121.66 (d, C-7). 127.01 (8, C-4b), 

126.77 (d. C-2’ and C-6’), 126.65 (d, C-4’). 132.05 (6, C-l’), 135.71 and 135.62 (a, C-60 and C-Qa). 137.00 (d, C-3’ and 

C-5’). 174.15 (a, CO). 

Pictrt-Spengler reaction of &mrthoxy-L-tryptophan methyl eater (10). Trifluoroacstic acid (451 1~. 3.95 mmol) ~8s 

added to a stirred solution of 10 (662 mu, 3.55 mmol) and 15 (679 .Q, 4.52 ~01) in CH2C12 (20 11) as above and after 

work-up a pals ysllou carawl (1590 no), which *II) chromatoQraphsd (Si02, 120 g: AcOEt-hsxane. 1:2) to give 16 as a pals 

ye1lOU ClPaBOl (617 ‘9, 54%): [0124, -93.2’ (c 0.69, NsOH): UV 226.5, 266. 273 Oh, 298. 306; IR 3330bP. 1710. 1620; MS 

m/z(rel intensity) 424(11, II*), 315(17), 259(100), lgQ(54); 'H-NNR 1.44 (3H, 8, No). 1.46 (3H, s, Me), 1.66 (lH, dd, 

J-7.0, 15.3H2, ClO-H), 2.04 (IH, brs, N2-H, exchan9sabls), 2.17 (IH, dd, J-2.7. 15.3Hz. ClO-H), 2.79 (lH, ddd, J-2.7, 

11.3, 15.OHz. C4-H). 3.06 (1H. ddd, J-1.6, 4.3, 15.OHz. C4-H), 3.61 (3H. s. ONe), 3.63 (3H, (1. ONe). 3.74-3.65 (lH, 

overlapped with ONs peaks, C3-H), 4.51 (lH, l . Cl-H). 6.77 (1H. dd. J-2.5, 6.6H2, C6-H), 6.79 (lH, d, J-l.BHz, C6-HI. 

7.3-7.7 (6H. . . C5-H and ES). 7.79 (1H. bra. NQ-H, axchan9sabls). 19: a pals yellow crystals (277 .g. 16%). 

Recrystallization from AcOEt-hexans gave colorless needles: l p 146-150°C; [a] 

272 
sh 

*h: 

240 +19.5’ (c 1.05, NoOH); UV 226. 267. 

, 296. 306 IR 3320, 1730, 1620; NS l /z(rsl intensity) 424(10. II*). 315(14), 259(100), lQQ(47); 'H-NIIR 1.41 (3H, s. 

Ns). 1.43 (3H, I, MS). 1.96-2.01 (2H. ., C lo-H2), 2.41 (lH, brs. N2-H, exchangeable). 2.64 (IH, ddd. J-1.5, 6.6, 15.3Hz. 

C4-H). 3.05 (1H. dd, J-4.9, 15.3Hz, CL-H). 3.76 (3H, 8, ON@), 3.62 (JH, 8, ONs). 3.66 (lH, dd. J-4.9, 6.5Hz. C3-H), 4.56 

(1H. t-like. J-4.5Hz. Cl-H), 6.75 (1H. dd, J-2.4, 6.2Hz, C6-H), 6.76 (lH, d. J-1.5Hz. C6-H), 7.31-7.60 (6H, m. C5-II and 

F$), 7.63 (1H. brs. NQ-H, axchangaabls). Anal. Calcd for C24H26N203S: C, 67.90; H. 6.65: Y. 6.60. Found: C. 66.03; H, 
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6.66; II, 6.61. 

Condm~rtioa of 18 vitb 20 to 21. A solution of 20 (15.4 eeol) in CH2C12 (10 11) me added dropuise to e stirred 

solution of 16 (5.05 9, 12.6 l mol) end triethylamine (1.71 9. 16.9 eeol) in CH2C12 (50 11) under ice-cooling over l period 

of 7 min. The reection mixture we stirred for 30 n in end allowed to YIPS to room temperature for 2 h. then diluted uith 

CH2C12 and urehed s~cceesively with eater. saturrted WrHC03 solution, veter. and brine. The organic layer use dried and 

concentrated to give a slightly yellow amorphous solid (9.38 g), which was purified by chromatography (SiO2, 100 9; 

AcOEt-herane, 1:2) to give 21 a, a slightly yellou rmphous solid (8.41 g. 99%): [a]250 -68A" (c 0.99, NeOH); UV 223, 

274. 2820h, 290; IR 3440 br, 1715. 1640; MS m/r(rel intensity) 669(1. M*+4). 667(2, M'+2), 665(2. M'), 557(2). 555(2), 

502(11). 500(12). 393(100), 311(52), 246((l), 244(44). 229(63), 169(40), 151(53), 133(24). 131(25). 70(61). 

Coadrnrrtion of 18 ritb 20 to 22. A solution of 20 (20.9 l mol) in CH2C12 (15 ml) YIS added (15 min) dropuise to e 

stirred solution of 18 (5.67 g, 13.8 mmol) and triethylrmine (2.54 g. 25.1 l mol) in CH2C12 (200 ml) and treated as above 

to give e pale yellow amorphous eolid (11.6 g), rhich YII purified by chromrtography (Si02. 290 g: AcOEt-hexane, 1:2) to 

give 22 ae e pale ye11011 amorphous solid (8.83 g. 92%): [a124U -63.6' (c 1.07, MeOH); UV 223.5, 268, 273 Ih, 297. 306sh; IR 

3440bP, 1720, 1650 *h, 1630; MS l /z(rel intensity) 699(4, N*+4), 697(10, M*+2). 695(10. a'), 532(35), 530(35). 423(65), 

341(49), 313(36), 259(99). 246(45). 244(47), 199(43), 151(65). 133(31), 131(33), 70(100). 

Doprotection l d cyclization of 21 to 23. lo a solution of 21 (6.00 g, 12.0 n aol) in MeOH-CH2C12 (2:1)(500 al) uee 

added 2"" (7.60 9, 120 l mol). The reaction mixture ~1s refluxed for 2 h and use filtered through Celite. Concentration 

under reduced pressure afforded e residue, which wes dissolved in 5% aqueour HCI and Y~I extracted with CH2C12. The 

combined organic layer #as unshed with saturated NaHC03 solution, brine, end dried, end concentrated. Crystallization of 

22 
the residue (4.90 g) from MeOH afforded 23 (3.69 g) as colorlees porder: mp 251-252.5eC: [a] D -94.5O. Concentration of 

the mother liquor geve II residue (1.21 g) which wee chromatographed on silica gel (30 g. AcOEt-hexane, 1:l) to give 6- 

epimer of 23 (0.24 g. 4%) end 23 (0.04 g). Total yield of 23, 3.73 g (66%). Recrystallization from AcOEt gave colorless 

needler: .p 244-245.5'C; [a]17o -100.5' (c 0.2. CHC13); UV (E) 222(49600). 273(9500). 279(9300), 290(7000): IR 3310. 1670. 

1650; MS l /z(rel intenrity) 459(7, I*). 294(100), 169(63); 'H-NMR 0.87 (3H. I, Me), 1.27 (3H, L. Us). 1.84 (lH, dd. 

J-10.1, 14.OHz, S-C-E2), 1.94-2.07 (2H, ., I+-HZ), 2.24 (lH, dd, J-4.3, 14.OH2, S-C-CH2), 2.28-2.42 (2H, ", C7-H2), 3.14 

(lH, dd. J-11.9, 15.9Hz. C13-HI. 3.55-3.64 (3H. I, Cg-H2, C13-H), 4.01-4.12 (2H, 1. C6-Ii, C12-II), 5.93 (ltl, dd, J-4.3, 

lO.lHz, C3-H), 7.14-7.61 (9H. 1. aromH). 6.75 (1H. brs, H-H. exchangeable). Anal. Calcd for C27H2gN302S: C. 70.56: H. 

6.36; N. 9.14. Found: C, 70.41; H. 6.36; I(, 9.02. 

Oebydrosulfrnylation of 23 to 25 and 24. To a solution of 23 (3.77 g. 8.21 l ml) in CH2C12 (200 ml) wee added 85% WCPBA 

(1.76 g, 6.78 wol) under ice-cooling. The reaction mixture wae stirred for 10 min, then diluted with CH2C12 (200 ml), 

uarhed uith 10% Na2S03 solution, brine, dried and concentrated. The residue (4.04 g) was dissolved in toluene (110 11). 

and wae refluxed for 30 l in, then a eolution of AcOEt-herane (2:1)(5 ml) was added to the reaction mixture. The resulting 

crystals were filtered to give e mixture of 24 end 25 (2.55 g) ae a colorleas powder. Purification of e residue (1.40 g) 

by chromatography (Si02, 60 g; AcOEt-hexane. 4:l) geve a nixture of 2k and 25 (0.27 g). Total yield of the isomers 24 end 

25 (l:S-1:9). 2.62 g (98%). The ratio of 24 and 25 yes obtained from 'H-NNR rpectrum of the above mixture [24, 6 6.04 

(d); 25, 6 5.48 (dd)]. 

Isomrrization of 25 to 24 by Fewlg A aixture of 24 and 25 (2.80 g, 8.02 maol) and FOAMY (6.05 g, 12.02 1101) 

in OME (200 ml) use refluxrd fpr 4 h. Additional FOAMY (4.04 g. 6.02 n mol) wee added to the reaction mixture which 

uee further refluxed for 20 h and filtered through Celite. The Celite wee uashed rith AcOEt-hexane (4:l). CH2C12, end 

then MeOH. The combined organic layer YES evaporated. The residue wee chromatographed (Si02. 60 g) twice. Eluted with 

CH2C12 and MeOH-CH2C12 yielded e 6:l ratio of 24 and 25 (2.71 g. 97%). Frectional cryetallization from CHC13 end 

rechromatography grve 24 (1.69 g, 60%) ee colorless powder and 25 (0.33 g, 12%). Recrystellization of 24 from MeOH geve a 

colorless powder: l p 266-2¶0.5°C (dec): [al240 +19.1° (c 0.11. CHC13): UV (c) 224.5(36700). 276eh(9400), 283(9600), 

291(6100); IR 3260, 1640; NS l /t(rel intensity) 349(100. M'), 294(62): 'H-NMR 1.65 (3H. s. Ne). 2.01 (3H. s, Me). 1.93- 

2.17 (2H. 1. C6-H2), 2.25 (1H. 1. C7-H). 2.40 (1H. I, C7-H). 3.13 (1H. dd, J-11.6, 15.9Hz. C13-H), 3.55 (lH, dd. J-4.9, 

15.9Hz. C13-H). 3.64 (2H, I, Cg-H2), 4.09-4.23 (2H. . . C6-H. C12-HI, 4.93 (1H. dd, J-1.2, 9.5Hz, vinyl-H), 6.03 (1H. d. 

J-9.5Hz, C3-H), 7.12-7.22 (2H, 1. C17-H, C16-H). 7.35 (1H. dd. J-1.6. 6.7Hz. Clg-H), 7.56 (1H. d. J.6.7Hz, C16-H), 

7.67(1H, brs, N-H. exchangeable). Anal. Calcd for C21H23N302: C. 72.16; H, 6.63: 1. 12.03. Found: C. 71.86; H. 6.69; H. 

11.80. Recrystallization of 25 from MeOH-iropropyl ether gave e colorlesr powder: n p 243.5-245eC; UV 225, 276 
ah sh , 280 , 
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284, 291.5; IR 3270, 1650; WS s/r(rel intensity) 349(6, H*), 294(100), 169(86): l&#IIR 1.69 f3H, s, We), 2.02 (2~. l , 

C6-H2). 2.26 (ZH, 8, C,-H and allyl-H), 2.43 (18, . . C,-H), 2.67 (1% dd, J-4.0, lZ.!iHz, sliyl-ii), 3.13 flH. dd, J-11.8. 

15.7H1, C13-H), 3.55 (IH. dd. J-5.2. 15.9Hz, C13-H), 3.65 (2H. ., Cg-H2), 4.11 (2~, I, C6-Ii. C&I), 4.57 (ln, L), 

vinyl-H), 4.83 (lH, 6, vinyl-H), 5.48 (lH, dd, J-4.3, B.QHz, C3-H), 7.12-7.23 (ZH, w, C17-H, C18-Ii), 7.36 (lH, d, J-6.9Hz, 

Cl9-H). 7.58 (lH, d, J-7.6Hr, C16- Hf. 8.13 (1% brs, Y-H, exchangeable). Anal. Calcd for C21H23W302: C, 72.18; Ii, 6.63; 

H, 12.03. Found: C. 71.55; H, 6.69; Y, 11.71. 

Pranylrtion of 24 to 26. To a stirred surpsnsion of YaH (52.9% oil dispsrlion, 82 mg, 1.81 l mol) in OMF (1 ml) uas 

added a solution of 24 f31? ~9, 0.91 mol) in OIIF (12 ml) rt rooe teepwature under an argon atrosphsrr, After 45 rin 

stirring, 3,3-di~ethylallyl broaida (203 eg, 1.36 l nolf in OWF (I al) #as added. The reaction aixturs was stirred for 1 h 

at roan temperature, qurnchad with raturatad aqusous YH4Cl. and then extracted with AcOEt. The coabintd organic Iryar YII 

washed with water and brine, dried. and concrntratad. The crude H-prenylated 24 (398 mg, 100%. caramel) was cryrtrllizrd 

free AcOEt-hexanr, to give 26 II colorlssa scales: ep 175-176%; [a]24O +29.0° (c 0.10, CHC13); UV (c) 228.5(38300), 

278.5sh(9ZOO), 285(10100), 293(8800); IR 1640, 1430, 1360; NS 8ft(rtl intensity) 417(100, II'), 346(68): lR-HHR 1.64 (JH, 

s, Me), 1.66 (3H. s. Me). 1.85 (3H. a. MS), 2.02 (3H. s, ifs), 2.0 (ZH, ., C8-H2), 2.3 (lH, I, C7-H), 2.4 (lH, I, C7-H), 

3.14 (1H. dd, J-11.6. 15.7Hr, C13-H). 3.56-3.66 (3H, l , Cg-H2, C13-H), 4.13 (2H. I, C6-H, C12-H), 4.63 (2H. d-like, 

C2,-H2). 4.85 OH, d. J-iO.lHz, C26-H), 5.07 flH. t-like, C22 -H), 6.14 (lH, d, J.lO.lHr, C3-H), 7.10-7.26 (JH, ., Cl+ 

C16-H* cl9 
-H), 7.56 (1H. d. J-6.?Hr, Cl,-H). Anal. Calcd for C26H31N302: C, 74.79; H, 7.46; N, 10.06. Found: C, 74.53: H, 

7.49; N. 9.86. 

A solution of N-prsnylatrd 24 (42 ‘9, 0.10 mnol) in lrOH (10 ml) and O.lW NrOH (1 ml) was refluxcd for 8.5 h. After 

bring quenched uitb AcOR, the solvent was evaporated. The residue *as taken up with CH2C12. York-up in usual l annw gave 

26 (44 .g. 100%) as a colorle~r rrxy solid: 
I 
H-I1R 1.70 (3H, J, I(e), 1.76 (3H. 3. Ms), 1.82 (3H, s, Ils). 1.92 (3H, s, 

He), 1.92-2.08 (3H. ., C7-H, $-HZ), 2.47 OH, .r C7-H), 2.96 OH, dd, J-12.6. lS.OHz, C13-H). 3.36 (lH, dd, J-4.3, 

15.3Hz. C,3-H), 3.62 (1H. ., Cg-H), 3.76 flH, 1, Cg-H), 4.10 (IH. dd, J-5.8, 9.8Hr, C6-H), 4.45 flH, dd. J-4.3, 12.2Hz. 

C12-H). 4.57 (ZH, d, J-6.4Hz. C21-H2), 5.12 (18, t-like, C22 -H), 5.36 (1H. d. J-8.9&, C26-H). 6.51 (lH, d, J.8.9Hz, 

C3-H), 7.07-7.26 (3H, . . Cl, -H, C18-H. Clg-H), 7.46 OH, d, J-7.6Hz. C16-H). 

Oahydrogsnrtion of 26 by 000 to 27. A mixture of 26 (110 ag. 0.26 wol) and OOQ (122 l g, 0.52 ~01) in CH3CW-HZ0 

(7:3)(10 91) was stirred for 4.5 h at rooa trsperatura and the solvent ~a6 evaporated. Chromatography of the residue on a 

short riusins column and cl&ion with CH2C12 yielded a l ixturs of 27 and 26 (79 rg), which was rcchromatographtd (Si02, 10 

g: AcOEt-hexanr, 2:1) to give a 58:42 ratio of 27 and 26 (73 mg). Complete separation of 27 and 26 Las untuccsosful. The 

ratio of 27 (39%) and 28 (29%) YW datsreinrd by the 'H-NM rpactrua. [C26-H :27, 6 5.22 fd): 26, 5.36(d). C3-H: 27. 

6 6.71 (d); 26, 6.51(d). C16- H: 27, 6 7.66 (m); 26, 7.46 (d)]. Tha yields were obtained bared on the ratio. 

Oehydroganation of 21 to 30. 000 (13.3 g, 57.6 mmol) wan added at once to a stirrsd solution of 21 (36.6 g, 54.9 l mol) 

in CH2C12 (280 al). The reaction nixturn uas stirred at rooe temperature for 30 #in, then passed through a column (Al,O,, 

100 g: CH2C12 and AcOEt). The filtrate YW concentratrd to give a red brown amorphous solid (31.1 g), uhich was 

chroeatographcd (Si02, 700 g; AcOEt-hexans, 1:2). First slution gave l dahydrogsnatrd product 30 (23.3 g, 64%) as a red 

brawn amorphous solid: UV 224, 268, 264 'h, 366; IR 3440bp. 1710, 1650Ph, 1620ah, 1600sh; MS l /z(rsl intensity) 665(1, 

ll+*2). 663(1, !I'), 500(4), 498(4), 391(g), 246(22). 244(23), 227(100), 195(B). 168(M), 133(12). 131(13), 70(34). Second 

aiution gave a seal1 amount of a eixtura of unkovn products. Third rlution gave an oxidativt clravags product 31 ( 10%) 

as a pale yellow amorphous solid: UV 215, 239, 319; IR 3420 br, 1720, 1650; IS l /z(rrl intensity) 6630, 11++2), 681(1. 8'). 

573(2), 571(2), 263(26), 246(14), 244(15), 225(65), 212(100), 184(28), 170(27), 110(X), 83(56), 70(62). 

Oehydrogmation of 22 to 32. Nrthod A: OOQ (1.93 g. 8.33 l mol) was added to a solution of 22 (5.52 g, 7.92 l sol) in 

CC14 (25 ml) under an argon atwnphcra. The resulting l ixturs IIS% stirred at room teeprraturr for 10 sin. then cooled 

under an ice-salt bath. Chillrd CHC13 (25 al) we. added & syringa into the reaction mixture, which #as stirred rt the 

saw tsrprraturs for 60 min. at 0°C for 30 @in. and at room temperature for 20 &in. Alumina (17 g) YW added to the 

reaction l ixturs. rhich "1% filted and uaohsd vith CHC13 in ssvsral t&r. tvaporrtion of the conbinad filtrate gave a 

red brown amorphous solid (5.27 9). which MO chrosatographed (SiO2, 150 g; AcOEt-herons. 1:2). First alution gsvs a 

dshydrogsnatad product 32 (1.29 g. 23%) as II red brown amorphous solid: UV 222, 238 rh, 25gah. 265.5. 297. 374; Ill 3430br, 

1710, 1620, 1600 sh; NS l /z(rsl intensity) 695(1. 11**2). 6930, II*). 530(3). 528(3), 421(6). 257(100), 25501). 19806). 

133(13), 131(14), 70(42). Second rlution gaus recovered 22 8s a red brown zwrphous solid (1.21 g, 22%). Third slution 
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9~s en oxidetive cleev4e product 33 (1.15 g, 20%) II e brown morphwe valid: UV 219, 261, 269 
sh , 343: IR 

br 
3420 , 1720. 

1650 ‘h, 1630; #!j l /r(rel inteneity) 713(2, 11++2), 711(2, N’), 603((I). 601(b), 313(22), 255(60). 242(77). 214(41). 200(22), 

110(100), 63(75), 70(70). 

ktbed 6: 001~ (2.40 9. lo.4 eeol) wee added et once to I solution of 22 (6.66 g, 9.87 ml) in CHC13 (36 l l) with ice- 

relt cooling under en argon etwephere. The l ixture me stirred et eeee teqerature for 60 ein. The rterting meterie. 22 

wee disappeared on e TLC plate (Si02; AcOEt-herene. 1:2). The reaction l ixture wes peeeed through l ehort coloen of 

eloeino end the filtrate yes concentrated to give e dsrk red brown eeorphous solid (6.79 9). which wee chroeetogrephed 

(Si02. 200 g; AcOEt-hexme, 1:2). First elution geve P dehydrogeneted product 32 (2.09 g, 31%) ee e red brow eeorphooe 

solid. Other slution geve more polrr products; unknown products end en oxidetive cleevsge product 33. 

Oehydroeulfenylation of 30 to 34 and 35. 65% NCPBA (0.73 g, 3.60 l eel) yes edded portionwise slouly to I stirred 

ouepenaiop of 30 (2.26 g. 3.43 l eel) end NaHC03 (1.44 g. 17.1 mmol) in CH2C12 (30 ml) under ice-cooling. The reaction 

l ixture uee stirred For 10 ein. then diluted rith CH2C12 (200 l l), washed euccessivsly with water, saturated NaHM3 

solution. water. brine, dried, and concentrated. The residue (2.26 g) we8 dissolved in toluene (50 l l), rhich yes 

refluxed for 40 ein and then concentrated. The mixture yes chroestographed (Si02. 100 g; AcOEt-hexene. 1:2) twice to give 

34 (1.03 g. 54t)(eore polar isoeer) end 35 (0.49 g. 26X)(less polar ieoeer). 34: e pale red brown aeorphous solid; IJY 

231.5, 266. 27Esh, 2t74*h, 364; IR 3440br, 1710. 1650’h, 1620, 1600Sh; IS e/z(rel intensity) 553(2, M’+3). 553(2, II*+!), 

406(2), 309(g), 261(100). 246(30), 244(31), 227(36), 167(14), 133(23), 131(24), 114(11), 95(11), 70(61). 35: e pale 

yellou brown eeorphous solid, which yes crystellized free isopropyl ether to give pale yellow cryetals: l p 215-216%; UV 

231. 265.5, 276’h. 264 
sh , 364; IR 3440bP, 1710. 1650, 1620, 1600’h: NS l /z(rel intensity) SOO(4). 496(4). 261(6). 249(11). 

246(31), 244(33), 227(100). 195(15), 166(21). 167(19), 133(18), 131(19), 114(a). 95(7), 70(44). Anel. Calcd for 

C25H26C13Y305: C. 54.12; H. 4.72; N. 7.57: Cl, 19.17. Found: C. 53.66; H, 4.56; N. 7.62; Cl. 19.92. 

Oebydroeulfmylrtion of 32 to 36 and 37. 65% NCPBA (0.40 g. 1.96 eeol) wee added portionuise olouly to e stirred 

suspension of 32 (1.36 g. 1.96 eeol) end NeHC03 (0.63 g, 9.86 nol) in CH2C12 (30 l l) H above and the sieilar treatecnt 

gave e diaatrreoeeric l ixture of rulfoxidee (1.05 g) es e pale yellow reorphous solid, rhich wee dissolved in toluene (30 

l l) and the eixture YIIT refluxed for 50 ein end then concentreted. The eixture yes chrorrtogrephed (Si02. 50 g; AcOEt- 

hexene. 2:3) tricc to give 36 (0.59 g, 51%)(eore polar isoeer) end 37 (0.21 g, 16%)(lass polar isoeer). 36: I pale ye11011 

aeorphoue solid; UV 234, 266.5, 296.5, 374; IR 3440 br, 1710. 1630, 1600 eh; NS l /z(rel intensity) 565(5. N*r3). 563(5, 

N++l), 436(4), 339(45). 311(100). 257(68), 246(41), 244(42). 197(M), 133(33). 131(35). 114(15), 95(17), 70(92). 37: I 

pele yellor eeorphour solid, which we cryrtellired free isopropyl ether to give pele yellou crystele: l p 202-203’C; UV 

233.5, 265.5, 296.5, 373; IR 3440bP, 1710, 1650Uh, 1630, 1600sh; NS l /z(rel intensity) 530(S). 526(S). 311(E), 257(100). 

246(g), 246(25), 244(26). 225(15). 196(27), 197(16), 133(M), 131(1g), 114(E), 95(g). 70(47). Anal. Calcd for 

C26H26C13N306: C. 53.39; H. 4.63: N. 7.16; Cl, 16.16. Found: C, 53.14; H. 4.73: N. 7.19; Cl, 18.30. 

Depmtrctioe end cyclirrtion of 34 to 38. To e solution of 34 (900 eg, 1.62 l mol) in MeOH (25 11) uee added Zn duet 
40 

(1060 l g, 16.2 eeol) and the eirture me rrfluxrd for 65 l in. The hot solution YII filtered on Celite and varhed with hot 

neon. The coebinsd NeOH *es concentrated end treated uith CH2C12-5% aqurour HCl. The CH2C12 layer *es warhed 

successively with 5% equeous HCI. water, setureted NeHC03 solution, brine. dried, and concentreted. The cryrtellinr solid 

ties rerhed with AcOEt-isopropyl ether to give 36 (433 eg, 771) ee pele yellow crystals. 

pele yellow crystrls: ep 267% (doe); (a]24o 

Recryetallization free CliC13 gsvc 

l 253.6’ (c 0.34, CHC13); UV (c) 234(28100). 262’h(15100), 262sh(13700), 

369(16300); IR 3200. 1670. 1640. 1605; MS l /z(rel intensity) 347(92, I!‘), 292(30), 264(71), 250(100). 222(36), 221(26). 

207(33). 206(26). 205(22), 195(66), 167(63); IH-NMR 1.65 (3H. 8, Me). 2.02 (3H, e. No). 1.90-2.20 (3H. e. C7-H, C6-HZ), 

2.39-2.46 (IH, I, C7-H). 3.63-3.76 (2H, l , Cg-H2), 4.14 (1M. dd. J-7.0, lO.lHr, Ci-II). 5.26 (lH, dt-like. J-1.2, 9.8Hz, 

vinyl-H). 6.66 (1H. d. J-9.6Hz. C3-Il). 7.19-7.24 (2H. I, C17-H, Cl*-H), 7.35 (IH, e, C13-H), 7.33-7.38 (1H. l , C,g-H), 

7.65 (1H. 1. C16-H), 6.32 (lH, brs, NH. exchrngeable). Anrl. Celcd for C21H21N302: C. 72.60; H, 6.09; N, 12.10. Found: C, 

72.22; H. 6.13; I, 11.96. 

Doprotection end cyclizrtion of 36 to 13. A solution of 36 (90 mg, 0.154 l mol) in NeOH (4 l l) uee treated with Zn 

dust” (102 eg, 1.56 n eolf for 30 l in as above. The similar work-up followed by chroeetogrephy (Si02. 10 g; AcOEt-hsxane. 

2:l) geve 13 (49 .g, 64%) II prlr yellow cryrte1r. Recryetellizetion free AcOEt gevc pals yellow cryetels: ep 241-242% 

(dec); [a] 240 q313.2’ (C 0.15. CHC13); UV (c) 234(25400). 267(16400). 299(14000), 377.5(13500); fR 3400 
br , 1675. 1640eh. 

1600; NS l /z(rel.intmsity) 377(74, N*). 322(33), 294(49), 260(100). 252(37), 251(25), 237(35), 236(16). 225(79), 197(95); 
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lM-NHR 1.64 (3H. s, Me), 1.99 (3H. s. Me), 1.8-2.2 13H. l . C,-H, C8-H2), 2.40 (lH, ., C,-H), 3.66-3.91 (ZH, l , Cg-H2). 

3.82 (3H, I, Otis). 4.13 (IH, e, C6-H), 5.24 (lH, d-like, J-9.6Hz. vinyl-H), 6.63 (lH, d. J-Q.QHz. C3-ti), 6.62-6.65 (ZH, l , 

C17- 
H, Cl9-H), 7.29 (III. s, C13-H), 7.55 (lH, d-like, J-9.6Hz. Cl6 -H), 6.28 (1H. brs, HH. exchangeable). 

Reaction of 38 vith MS. Form&ion of trms-dioh 39 and 40. N8S (59 rg, 0.334 l ol) was added to a stirred solution 

of 33 1105 mg, 0.302 *@cl) in THF-II20 (5:1)(35 rl) under ice-cooling. The reaction l ixtore YLI stirred for 10 rin at the 

ewe temperature, quenched with 10% aqueous Ns2S03 (20 &I). end extrected with CH2C12 (40 al). The CH2Cl2 layer me 

washed vith brine, dried, and concentrated. The residue (144 l g) was chroeatogrephsd (SiO2, 10 g: CH2C12-acetone, 1O:l) 

to give 39 (75 mg. 65%) a~ a leas polar i8ouw and 40 (35 l g, 30%) as a nore paler isomer. Recrystallization of 39 from 

isoprop.enol-isopropyl ether gave colorless cotton-like needle*: up 231-2329; IJY 222, 273, 276. 282.5. 290: IR 3420, 3350. 

1655, 1635; US a/z(reI intensity) 381(2, Il*), 363(2), 346(2), 345(S), 2~3(100), ~70~66)‘ 188(18), 167(22), 157(85), 

129(24): 'H-NIIR 1.66 (3H. t. It.), 2.02 (3H. s, He), 1.64-2.15 (3H, o. C,-H. C6-H2), 2.45 (lH, ., C,-HI. 2.72 (1H. L. 

C12-OH. exchengerble), 3.50-3.68 (2H. l , Cg-H2), 3.97 (IH. d, J.3.lHz. C13-OH, erchmgeable). 4.41 (1% dd. J-8.7, 9.5Hz, 

C6-H), 5.23 (lH, d, J-Q.SHz. vinyl-H). 5.70 (lH, d, J-2.6Hz, Cl3 -H), 8.01 (lH, d. J*Q.fiHz, C3-H), 7.17-7.25 (2H, I, C17-H, 

C18-+I), 7.34-7.38 (lH, I, Cl9 -H), 7.71 (iH, l , C16-H). 8.14 (1H. brs, NH, exchangeable). Recrystallization of 40 fro- 

i$opropanol-isopropyl ether gave slightly yeilov cotton-like needles: sp 212-216%; UV 222. 273. 278, 289; IR 3380 , br 

1660; NS l /z(rel intensity) 381(9, I@*). 213137). 170(35), lS7(34),149(62), 137(20). 129(24); 'H-NHR 1.79 fd, or Ret, 2.04 

(3H. 8, Its). 1.86-2.10 (3H, l , C7-It, C6-H2), 2.40-2.50 (1H. l , C7-H). 2.40 (lH, overlapped with C7-H, C135H, 

oxchangeable). 3.57-3.79 (2H. I, Cg-H2). 4.38 (lH, dd. J-6.6, 10.2Hz. C6-H). 4.47 (IH. o. C12-OH. exchangeable), 5.13 (IH, 

bps, Cl3 -H). 5.59 (IN, d. Jo9.8Hz, vinyl-H), 6.67 (IH. d. J-9.W. C3-HI, 7.11-7.22 (ZH, e, Cl,-H. Cl*-H), 7.34 (1H. dd, 

J-1.8, 7.OHz, Cl,-II). 7.59 (lH, dd, J-1.5, 7.OHz. C16-H), 7.94 Ill+, bra, NH. exchangeable). 

Reeetion of 13 with NBS. Formation of tranr-diolr 41, 42 rod 43. #ES (12.0 rg, 0.067 *noi) was added to e stirred 

solution of 13 (21.0 19, 0,056 sool) in THF-HZ0 (5:1)(5 ~1) under ice-cooling. The reaction Gxture YW treated as above 

to give a residue (29.3 eg), which we seprreted by preparative TLC (SiO 2; CH2C12-ecetone, S:l, twice) to give 41 (17.7 

ng, 77%). 42 (2.3 ‘9, 10%). and 43 (1.2 mg, 4%). Recrystellization of 41 free AcOEt gave colorlesr cotton-like needler: 

.g 224-226t; UV 222.5, 260'h, 268.5, 297, 304'h; IR 3410. 3300rh, 1655, 1635; MS r/z(cel intensity) 411(6, I*), 393(2). 

3X(7), 356f3). 243(85), 200(100), 187f46). 159(24); *H-KIIR 1.6? (3H. I, Xe), 2.03 (JH, o, Ilet. 1.89-2.21 (3H, ., C7-H. 

C8-H2), 2.46 (ill, ., C,-HI, 2.69 fill, I, Cl2 -OH, exchangeable), 3.59-3.76 (2H, ., CQ-H2), 3.83 (3H, II, ORe), 3.91 (lH, d. 

J-3.lHz. C13-OH. exchangeable). 4.41 (II+, dd, J-6.7, 9.2Hr. C8-It), 5.23 flH. d. J-Q.ZHr, vinyl-H), 5.64 flH, d, J-3.lHz. 

C13-H), 5.96 (1H. d, J.Q.2Hz. C3-H), 6.85 (1H. dd, J-1.8, 7.5Rz, C17-H). 6.87 (lH, d, J-1.W. Clg-H), 7.55 (lH, d. 

J.?.IHz. C16-H), 7.60 (1H. brs, NH, exchangeable). 42: colorlera crystals: IJY 224, 261.5. 28Bah, 296, 303*h: ws l /z(rel 

intensity) 411(22, II*), 356(S), 243(42). 2001100). 18?(28). 159(15); 'H-KNR 1.79 (W, I). Us), 2.04 (3H, I). Me), 1.90-2.17 

(3H, ., C7-H, C6-HZ), 2.29 flH, brr, C13-OH, exchengetble), 2.47 {lH, or C7-H). 3.61-3.79 (2H. e, Cg-H2f, 3.82 f3H, I, 

OKa), 4.39 (lH, dd. J-6.1, 10.7Hz. C6-HI, 4.43 (1H. o. C12-OH. erchengreble), 5.09 (lH, brr, C,3-HJ. 5.59 fltt, d, J.Q.EHt, 

vinyl-H), 6.64 (lH, d, J-9.6Ht. C3-HI, 6.60 (IH, dd. J-2.1, B.SHr, Cl,-H). 6.65 (ill, d, J-1.8Hz. C -HI. 7.45 (IH. d, 

J-8.5Hz. C16-H), 7.63 (lH, bra. NH, exchengeable). 43: e colorltrs solid: UV 224.5, 267, 303, 312 
!a 

: MS e/z(rel 

intenrity) 491(16. H'+2), 489(16, II+), 436(g), 434(7), 323(33), 321(36). 280(61), 278(66), lll(17). 109(13), 105(14), 

431100); 'H-MR 1.79 (3H, I, Kef, 2.04 (3H. I, We). 1.90-2.18 (3H, l , C7-H, Ce-H2), 2.23 (lH, brs, C13-OH, exchangesblr), 

2.50 (IH, l , C,-H), 3.63-3.79 (2H, ., CQ-N2), 3.88 (3H, I, OIlof, 4.41 (1H. dd, J-6.1, 10.4Hx. C6-HI, 4.46 (lH, e, C12-OH, 

exchangeable). 5.04 (IH. bre, IT,~ -H), 5.58 (lH, d, J-9.7Hz. vinyl-H), 6.60 (lH, d. J-Q.%, C3-H), 6.90 (1H. e. Clg-H), 

7.74 (IH, I, Cl6 -H), 7.66 (IH, brc. NH. exchengeeble). 

Prmyletion of 39.-- Dooethorp-lkpi-fumitrerorgin 8 (44). Benzene (3 al) was added vie ryringe to the eixture of 39 - 

(30 eg, 0.079 l ool), 96% powdered KOH (23 rg, 0.394 l ol), and 18-crown-6 (25 op. 0.095 wolf under en rrQon ateorphere 

and the l ixturs was stirred for 5 min. To uhith me added e solution of 3,3-dieethylellyl chloride (17 rg, 0.163 ooolf in 

benzene (1 l l) and the l ixtura me stirred for 85 min. lftec dllutlon rrth CH2C12, 
. . . 

the oirture see urrhed with vrtrr end 

brine, dried, and concentreted. The cryetallina rolid wee covered uith hot AcOEt to give 44 l e colorlerr cotton-like 

needles (30 .Q, 84X): .p 254% (dec); UV 225. 276sh, 263.5, 292; IR 3440, 1660, 1630; IS l /z(rel intenrity) 449(13, a'), 

431(6), 415(6), 281(100), 23803). 225(26), 212(44). 210(39). 184(39), 170(22). 168(26), 167121). 157(23): lH-HNR 1.67 

(3H. I, We), 1.70 (3H. (I, lie), 1.86 [3H, or Itof, 2.04 (;H, e, Ilet, 1.90-2.20 (3H. i, C,-H, C8-H2). 2.43-2.50 (IH. o, 

C7-H), 2.71 flH, ot C12-OH, exchengerble), 3.68 [ZH, dd. J-4.5, Q.lHz. Cg-H2), 4.00 (1% d, J-J.lNr, C13-OH, 
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erchaegeable), 4.45 (ill. dd, J-7.0, 9.6Hz. C6-H), 4.66 (2H, d-like, J-6.1Hz, Czl-H2), 5.06 (lH, t-like. C22-II), 5.25 (1H. 

d-like, J-lO.lHz, C26-H). 5.72 (lH, d, J-3.1H2, C,3-H), 6.09 (1H. d, J-lO.lHx, C,d)v 7.16-7.29 (3H, a~ C17-Hv CIB-He 

C,g-H). 7.71 (IH, dd. J-2.4, 6.4H2, C16-H). 

Prrnylatioa of 40.- Demathoxy-12-api-fuItromorgia E (46). The siailar prenylation of 40 (50 ag. 0.131 awl) with 

3.3-diaethylrllyl chloride (28 l g, 0.268 l aol) in the presence of KOH (39 n g, 0.667 aaol) and lB-crown-6 (42 l g. 0.159 

l mol) gave dsaethoxy-12-epi-fumitremorgin B 46 (2B l g, 46X). Recrystallization of 46 from AcOEt-iropropylether-hexane 

gave colorless cotton-like needles: mp 206-207°C; UV 225, 275, 262, 291; Ill 3440 
br , 1660: MS n /z(rsl intensity) 449(25, 

a+), 431(B). 415(15). 2Bl(lOO). 238(63), 225(21). 212(37), 210(35), 194(26), 164(44), 183(31), lS2(56), 170(29). 168(56). 

167(50). 157(21); 'H-NM 1.71 (3H. s, Na). 1.77 (3H. s. We), 1.82 (3H. 8, Me), 2.00 (3H. s, Ne). 1.96 (1H. d, J-4.6Hz. 

C13-OH. exchangeable), 1.7-2.1 (3H. 1. C7-H, CB-H2), 2.48 (1H. ., C,-H), 3.61-3.77 (2H, . . Cg-H2), 4.38 (1H. dd, J-5.9, 

lO.gHz. C6-H), 4.47 (lH, 8. Cl2 -OH. exchangeable), 4.55-4.74 (2H. m. C21-H2), 5.13 (1H. partially overlapped with C13-H, 

C22-H), 5.14 (1H. d, J-5.OHz. C13-H), 5.59 (1H. d, J-9.6Hz, C26-H), 6.77 (1H. d. J-g.gHz, C3-H). 7.05-7.34 (3H, . . C17-H, 

CIB-H, Clg-H), 7.59 (lH, d-like, J-6.9Hz, C16-H). 

Pranylation of 41.- lWpi-fwitramorgin B (45). Benzene (5 ml) was added via syringe to the l ixture of 41 (58 l g, - 

0.141 awl). 96% powdered KOH (42 l g, 0.719 l moll, and lB-crown-6 (45 ag. 0.170 l aol) under an argon atmosphere and the 

mixture was stirred for 2 min. A solution of 3,3_dimethylallyl chloride (30 mg. 0.287 mmol) in benzene (1 ml) "as added 

and the reaction mixture #a(1 stirred for 100 min. Usual work-up as above gave 45 (44 l g, 65%). Recrystallization of 45 

from AcOEt gave colorless cotton-like needles: mp 226-227%; UV 226. 265 rh, 275, 297.5, 305*h; IR 3430br, 1660. 1630: NS 

a/z(rel intensity) 479123, II*). 462(2). 461(6). 445(C), 443(2). 311(100), 268(59), 242(25), 240(22), 214(26). 212(21). 

200(34). lgB(lB), 167(14) ; 'H-NNR 1.66 (3H. 8, 1101, 1.70 (3H, s, Me). 1.87 [3H. 8. No). 2.03 (3H. I, No). 1.60-2.21 (3H, 

n , C7-H. CB-H2), 2.43-2.52 (1H. l . C7-H). 2.74 (1H. B, C12-OH. exchangeable), 3.67 (2H. dd. J-4.5, g.lHt. Cg-H2), 3.85 

(3H , s, One), 3.97 (1H. d, J-3.1Hz, C13-OH, exchangeable). 4.44 (1H. dd, J-7.0. 9.BHz, C6-H). 4.59 (2H. d-like, J-S.lHz, 

C21-H2), 5.05 (1H. t-like, C22-H), 5.22 (lH, d, J-lO.lHx. C26-H), 5.66 (lH, d. J-3.1Hz. C13-H), 6.04 (lH, d, J-g.BHz. 

C3-H), 6.73 (1H. d. J-2.1Hz, Clg-H), 6.85 (lli, dd. J-2.1. 8.6Hz. C17-H), 7.57 (1H. d. J-B.BHz. C16-H). 

Pranylrtion of 38 to 27. A solution of 3,3-diaethylallyl chloride (360 l 9. 3.44 n mol) in DRF (1 al) was added to a 

stirred suspension of 36 (300 l g. 0.664 mmol) and powdered K2C03 (960 l g. 6.95 l ol) in OMF (10 ml). The reaction mixture 

was stirred at rooa temperature for 7 h. and was diluted with AcOEt. Similar rork-up gave a reridue (365 l g) uas purified 

by chromatography (Si02. 

261fh , 2BSsh, 
15 g: CH2C12-acetone, 1O:l) to give 27 as a pale yellor aaorphous solid (288 l g. BOX): UV 239, 

373; IR 1665, 1605; NS l /z(rel intensity) ilS(lOO, 11.). 360(82), 346(17). 332(52). 31B(34), 26302). 

235(32). 221(26), 206(24). 205(25), 193(21), 167(30). 166(26); 'H-HMR 1.65 (3H, I, Me). 1.71 (3H. s, me), 1.86 (JH, s, 

He), 2.01 (JR, I, He), 1.8-2.0 (3H, 1. C7-H. CB-HZ), 2.42 (1H. I, C7-HI. 3.63-3.79 (2H, . . Cg-H2), 4.13 (lH, dd, J-6.4, 

9.BHz. C6-H). 4.63 (2H, d-like, J-5.BHz. C21 -H 2 ), 5.10 (1H. t-like, C22-H), 5.22 (1H. d. J-lO.lHz, C26-H), 6.70 (1H. d, 

J-10.4H~. CBA), 7.17-7.26 (3H. a, C17-H, CIB-H, Clg-H), 7.37 (1H. s, C13-H), 7.66 (1H. dd-like, C16-H). 

Pranylation of 13 to 14. A solution of 3,3_dimethylallyl chloride (103 ag, 0.985 l aol) in ORF (1 ml) uas added to a 

stirred suspension of 13 (93 a9. 0.246 mmol) and powdered K2C03 (280 ag. 2.03 l mol) in OIF (3 ml). The reaction mixture 

"as rtirred at room temperature for 13.5 h. Usual work-up as above gave 14 as a pale yellou amorphous solid (66 19, 782): 

UY 238.5, 270.5. 299.5. 361; IR 1670. 1650sh, 1610; 11s l /z(rel intensity) 445(100. II*), 390(67). 376(30). 362(32), 

34B(59). 293(73), 265(41). 251(52). 236(37). 235(26), 223(24), lg7(32), 196(26); 'H-N"R 1.64 (3H, s, ME), 1.72 (3H, 6, 

Me). 1.87 (3H. 8. We), 2.00 (3H. s, Me). 1.8-2.2 (3H. m, C7-H, CB-H2). 2.42 (lH, I, C7-H). 3.63-3.78 (2H. ., Cg-H2), 3.65 

(3H I 8. ONe). 4.12 (1H. dd, J-6.4, 9.6Hz, C6-H), 4.57 (2H, d-like, J-S.BHz. C 21-H2), S.lO(lH, a. C22-H), 5.16(1H, d-like, 

J-lO.lHz. C26-H). 6.67 (1H. d. J-lO.lHz. C3-H), 6.72 (1H. d. J-2.4Hz, Clg-H), 6.85 (1H. dd, J-2.1, 6.6~2, C17-,,), 7.31 

(1H. e. C13-H), 7.53 (1H. d, J.B.SHz, C16-H). 

Coneerrion of damethoxy-13-api-fumitremorgin B (44) to damethoxy-fumitramorgin B (49). 009 (95 19, 0.410 .aol) yao 

added to l stirred suspension of 44 (92 l g, 0.205 awl) in CH3CN-HZ0 (10:1)(15 ml) and the mixture ~a* heated l t 7O'C. 

lfter 60 ain ODO (47 l g, 0.202 awl) was added to the reaction mixture, which "as heated at 70% for 30 ain and passed 

through a short column on neutral alurina (elution uith THF and CH2C12) and the elution was concentrated. The residue "as 

dissolved in NeOH (1 11) and cooled under an ice-salt bath. Excess NaBHI Ma* added and the whole was stirred for 7 rin 

and diluted with CH Cl 
2 2' 

km1 uork-up gave a residue which was separated by preparative TLC (Si02: IcOEt-hexane, 3:l) to 

give 49 (4 l g. 4x1, 50 (23 l g, 25x1, 46 (28 l g, 30x1, and the unknown product (8 l g). Recrystallization of 49 froa R~OH 
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gave colorless naedleo: vp 210-211%; UV 227.5. 277. 263.5, 293; MS v/z(rel intensity) 449(14. 4’1, 432(11), W(5), 

415(5). 323(34). 290(M). 261(100). 236(38). 225(20). 212(37), 210(33), lW(36). 162(20), 170(22). 168(27), 167(23), 

157(19); lH-INR 1.63 (3H, I. We), 1.69 (3H, s, We). 1.64 (3H. II, Me). 2.00 (3H. v, 48). 1.6-2.2 (3H. I, C7-H. C8-H2), 2.46 

(1H e I, C7-H), 3.65 (2H, dd. J-4.9. 6.9HZ. Cg-H2), 4.03 (1H. bra. Ct2-DH, OXtKanQeablt). 4.46 [IHi dd. J-7.3, 9.8HZ. 

C6-H), 4.60 (ZH. d-like, J-5.6Hz. Czl 2 -II 1, 4.71 (lH, d, J.lO.lHz. C26-H), 4.74 (lfl, d. J-2.7Hz, C13-DH, exchangeable). 

5.04 (1H. t-like, C 
22 

-H), 5.61 (IH; d. J.2.8Hz, C13-H). 6.01 (lH, d, J.lO.lHz, C3-H). 7.10-7.25 (3H. I, C17-H, C16-H. 

Clg-H), 7.99 (1H. dd, J-1.2, I.OHz, C16-H). Recrystallization of 50 from MeOH-isopropyl ether gave colorless needles: mp 

213.5-2K~5~C; UV 226.5, 276 vh, 263, 292; IR 3430bP. 1650; MS v/r(rel intenrity) 449(8. 4’1, 281(100), 236(40). 225(19), 

212(39). 210(33), 208(14). 196(15). 194(17). 164(39). 182(21). 170(23), 166(32), 167(22). 157(21); lH-NRR 1.70 (3H, 2. 

Its), 1.78 (JH, II, Me). 1.61 (3H, s, No), 1.66 (3H, s. Me). 1.9-2.2 (3H. ., C7-H. C6-HZ), 2.46 (lH, I, t7-H), 2.82 (1H. d, 

J.9.6Hz. C13-DH. exchanpeable). 3.65 (lH, l . Cg-H), 3.64 (IH, ., Cg-H). 4.21 (lH, dd, J-6.1, 9.6Hz, C6-Ii), 4.60 (2H. l , 

C21-H2), 4.94 (lH, s. C12-OH, exchangeable), 5.10 (1H. t-like, C22 -HI, 5.23 (lH, dd, J-0.9, 9.7Hz, C13-10. 5.66 (IH. d- 

like, J-9.5Hz, Ct6-H), 6.56 (1H. dd. J-0.9. 9.5Hz. C3-H), 7.06-7.26 (3H, I, Cl)-H, C16-H, CIQ-It), 7.61 (1H. d, J-7.OHz, 

C16-H). Racryrtsllizrtion of 46 from IcOEt-herane gave colorless cotton-like needles: n p 2tW209%. The UV, MS. and 'H- 

NMR rpectrs ve~e identical with those described above. 

Convrrvion of lJ-epi-fumitrvwrgin B (45) to fwitrmorgin B (1). DO0 (35 ng, 0.151 maal) II* added to a stirred 

solution of 45 (36 .Q. 0.075 l mol) in CH3CW-H20 (10:1)(4 11) and the mixture ~a(1 heated at 70%. After 60 l in of heating, 

DDO (17 mQ. 0.073 n mol) vas added to the reaction vixture. Thr whole vas heated at 70% for 20 min and parsed through a 

short column on neutral alumina (elution with THF and CH2C12) and the elution YII concentrated. The residue vas dissolved 

in MeDH (1 ml) and cooled in an ice-salt bath. Excess bBH4 was added and the whole wv stirred for 6 #in and diluted 

with CH2C12. The mixture vas washed rith rater (x2) and brine, dried and concentrated. The resulting residue ve.8 

separated by preparative TLC (Si02; AcOEt-hexane, 3:l) to give 1 (1.1 vg. 3%). and the byproduct (20 l g). 37 

Recrystallization of 1 from MeOH gave colorless needles: l p 205-207% (lit. lc .p 211-212'C); UV 226. 277.5, 297. 306Sh; 

'H-NWR 1.63 (3H, v, Me), 1.70 (3H, I, MS), 1.65 (3H, s, Me), 1.99 (3H, 8, Me). 1.6-2.2 (3H. . . C7-H, C6-H2), 2.46 (lH, ., 

C7-H), 3.64 (2H. dd, J-4.9. 6.5H2, CQ-Hz), 3.65 (3H, v, OWe), 4.00 (1H. I, C12-OH, exchangeable), 4.46 (1H. dd. 3.7.0, 

9.5Hz, C6-H), 4.54 (2H, d-like, J-5.6Hz, C21 2 -H ). 4.70 (lH, d, J-2.7Hz. C13-OH, exchangeable), 4.70 (1H. d-like, J-lO.lHz, 

C26-H), 5.04 (IH, t-like, C22-H), 5.77 (1H. d. J-2.7Hz, C13-H), 5.97 (lH, d-like, J-lO.lHz. C3-H), 6.70 (1H. d, J-2.4Hz. 

CIQ-H), 6.60 (1H. dd, J-2.4. 6.5Hz, Cl7 -H). 7.65 (1H. d. J-6.5Hz. C16-H). 

Dihydroxylation of 38 with osmium tetmridr to 53. A solution of osmium tetroxide in tert-butanol 4l (4 ml) vas added 

ti syringe to a stirred suspension of 38 (400 ag, 1.15 vvol). I-•ethylmrpholine H-oxide monohydrate (240 l g. 1.78 l ml), 

and pyridine (100 mg, 1.26 l ol) in THF-HZ0 (10:1)(24 11) vith ice-cooling under an argon atmosphere. I\fter the reaction 

mixture vas stirred for 10 min. the cold bath vas removed. and the reaction mixture Y.SS stirred for an additional 6 h at 

Pool temperature. A 10% aqueous RaHS03 solution (20 al) ~a.8 added to the reaction mixture with ice-cooling. After 

extraction uith CH2C12 (x2), the organic layer vu treated l v usual to give a dark brow amorphous solid (530 l g). which 

vas chromatographed (Si02. 30 Q; IcOEt-hexane, 2:l). First elution gave 53 (141 rg. 32%) as slightly yellow crystals. 

Recrystallization from 6cOEt gave colorlers needler: vp 209-210%; UV 223.5, 274. 282.5. 290; IR 3400 
br , 1650: MS v/z(rel 

intensity) 361(12, II*), 364(6). 363(2), 347(6), 323(29), 213(1OD). 196(20). 164(20), 162(29). 160(16). 170(66), 166(29). 

167(41), 156(20). 157(97). 129(25); 'H-IIIIR 1.67 (3H, s. Me). 2.02 (3H. r,Me). 1.9-2.2 (3H. I, C7-H, C6-HZ), 2.46 (1H. . . 

C7-II), 3.62-3.72 (ZH, ., Cg-Hz). 4.16 (lH, brs, C12-OH, exchangeable). 4.43 (lH, dd. J-7.0, 9.5Hz, C6-H). 4.71 (1H. d, 

J-2.6Hz, C13-OH, exchangeable). 4.81 (lH, d-like, J-9.5Hz. vinyl-H), 5.79 (LH. dd. J-1.2. 2.6Hz. C13-H), 5.92 (1H. dd, 

J-1.2, 9.5Hz, C3-H), 7.11-7.23 (ZH, I, C17-H, Cl6 -H). 7.33 (1H. dd. J-1.5. 7.OH2, CIQ-H), 7.64 (IH, brr, NH, 

excha"Qesble). 7.95 (1H. dd. J-1.5, 7.OHz. C16-II). Second elution gave the unknovn product 36 (130 n g) as a yellow brown 

solid. 

Dihydroxylation of 13 with osmium tatroxido to 54. A solution of osmium tetroxide in tart-butanol 41 (3 al) “a, added 

to 13 (300 l g. 0.795 l mol). N-•rthylmorpholine W-oxide vonohydrrte (162 vg. 1.20 awl), and pyridine (70 l g, 0.665 vvol) 

in THF-H20 (10:1)(18 ml) av above. The mixture vat stirpsd for 4 h at POOP temperature. Sivilar vork-up gave a dark 

brown awrphow solid (340 vg). uhich YM chrovvtographed (SiO,, 20 g; AcOEt-haxane, 2:l). First elution gave 64 (32 .g. 

10%) as slightly yellor crystals. Recrystallization from AcOEt-iaopropryl ether gave colorless needles: vp 199-200%; UV 

222.5, 260 sh, 270.5, 296. 303 
sh 

; IR 3350bP. 1640: RS l /z(rel intensity) 411(23, II'). 394(I). 393(2). 377(3). 356(16), 
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264(19), 243(60). 200(100), 166(16). 167(46), 159(20); ' Ii-NM 1.67 (3H, I, Me), 2.01 (3H, s. No), 1.9-2.2 (3H. . . C7-H, 

C6-HZ), 2.49 (III. ., c7-H), 3.65 (2H, . . Cg-H2), 3.84 (3H. e. ONe). 4.11 (lH, e. C12-OH. exchengeoble), 4.43 (1H. dd. 

~-6.7, g.2Hz, C,-N), 4.66 (lH, d, J-2.W. CL3-OH, exchangeeble), 4.60 (IH. d-like, J-9.5Hz. vinyl-H), 5.75 (1H. dd. 

J-1.2, 2.6Hz, C13-H), 5.66 (1H. dd, J-1.2. 9.5Hz. C3-H), 6.81 (lH, dd, J-2.1, E.SHz, C17-H), 6.65 (III, d. J.2.lH2, C -H). 

7.65 (1H. brs. NH, exchangeable), 7.60 (IH, d, J.B.SHz. C16-H). Second elotion gave the unknown products eixture 36 1:ota1 

153 19). 

Prenyletion of 53 to deoethoxy-fwitrrnorgin 6 (49). Benzene (6 11) yes added via syringe to e mixture of 53 (60 eg. - 

0.210 1~01). 96% povdered KOH (61 .g. 1.04 rrol). and 18-worn-6 (67 l g. 0.254 n eel) under en ergo" ateosphere and the 

reaction l ixturs ves stirred for e few l in. II solution of 3.3-dieethylallyl chloride (44 l g. 0.421 l eel) in benzene (1 

11) "as added. After 60 l in stirring, a solution of 3.3-dieathylallyl chloride (22 l g, 0.210 l eel) in benzene (0.5 11) 

*as added to the reaction mixture. uhich vee stirred for en additional 30 ein. Usual uork-up gave 49 (66 '9. 72%) e.e 

yellow crystals. Recrystallization free ReOH gave slightly yellou needles: ep 213-214%; UV 227.5, 276 
sh , 264.5, 293; IR 

3450bP , 1660 eh, 1656, 1610Sh; KS e/z(rel intensity) 449(16, a'), 432(4). 431(3). 415(6). 323(12), 261(100). 236(59), 

225(19). 212(39), 210(35). 164(43), 162(21). 170(25), 166(33), 167(24). 157(22): ' H-INR 1.64 (3H. 6, Me), 1.69 (3H, e., 

Me). 1.84 (3H. s. Me), 2.00 (3H, s, Me), 1.6-2.2 (3H. I, C7-H, CO-HZ), 2.46 (1H. ., C7-H), 3.64 (2H. dd. J-4.9. 6.9Hz, 

Cg-HZ), 4.03 (lH, s. C12-OH, exchangeable), 4.46 (1H. dd, J-7.5, 9.3Hz. C6-H). 4.61 (2H.d-like. J-5.6Hz. C21-H2), 4.71 

(1H. d-like, J-lO.lHr, C26 -H). 4.74 (1H. d, J-2.7Hz. C13-OH. exchangeable). 5.04 (IH. t-like, C22-H), 5.61 (IH, dd, J-0.9. 

2.7Hz, Cl3 -H), 6.01 (1H. dd. J-0.9. lO.lHz. 

-4 

C3-H). 7.10- 7.24 (3H, L, C17-H, Cl6-H. Clg-H), 7.99 (lH, d-like, J-7.3Hz. 

C16-H). CO (c 1.042~10 g/ml, EtOH) [B](M): +23300(209)(positive eaxieue), -13610(225)(negative eaxiwm), 

-3030(325)(positive eaxiwe). -9060(242)(negative e&we), +26040(273)(positive eaxieue). Anal. Calcd for C H N 0 : C, 
26 31 3 4 

69.46: H, 6.95: N, 9.35. Found: C, 69.32: H, 7.01; N. 9.60. 

Prenylation of 54 to fumitremorgin B (1). Benzene (3 ml) IIS added to a mixture of 54 (31 l g. 0.075 eeol). 96% pondered 

KOH (22 l g. 0.376 ~011, and 16-croun-6 (24 eg. 0.091 l eel) es above end the reaction mixture wee stirred for a few min. 

A solution of 3,3-dieethylallyl chloride (16 l g. 0.153 meal) in benzene (1 11) 111s added and the eixture ues stirred for 

90 ein. Usual nork-up gave a residue which yes purified by chroeetogrephy (Si02, 10 g: CH2C12-ecetona, 1O:l) to give 1 

(24 .g, 66%) es pale yellow crystals. Recrystallization of I from WeOH grve slightly yellow needles: ep 210-211.C 

(lit. ".p 211-212%); IJW 226.5, 267 sh, 277.5, 297. 30SSh; IR 3440 
br , 1660 sh , 1660. 1620; KS l /z(rel intensity) 479(44, 

II+), 462(g). 461(4), 445(4). 311(1001. 266(76). 242(37), 240(25). 214(37), 212(20). 200(36). 196(26), 197(12), 167(16); 

1 
H-NNR 1.63 (3H, s, Kc), 1.70 (3H. s. We), 1.65 (3H, e, He), 1.99 (3H. s. Ne). 1.9-2.2 (3H. 1. C7-H, C6-H2), 2.47 (IH. I, 

C7-H), 3.64 (2H, dd. J-4.9, 6.5H2, Cg-H2), 3.84 (3H, e. ONe). 4.01 (lH, s, C12-OH. exchangeable). 4.45 (lH, dd. J-6.7. 

9.6Hz, C6-H), 4.54 (2H, d-like, J-5.2Hz, C21-H2), 4.70 (lH, d. J-2.6Hz. CL3 -OH, exchangeable), 4.70 (IH. d-like, J.lO.lHz, 

CZ6-H), 5.04 (lH, t-like, C22 -H), 5.77 (lH, dd. J-0.9, 2.6Hz, C13-H), 5.97 (iii, dd, J-0.9, lO.lHr. C3-H), 6.70 (lH, d, 

J-2.lHz, Clg-HI, 6.60 (lH, dd, J-2.1, 6.6Hz. C17-H), 7.65 (1H. d. J.B.BHz, C16-H). CO (c 0.976x10-' g/cl, EtOH) [6] (n,): 

+8350(215)(positive earieue). -16220(230)(negetive eexieue). +22110(273)(positive eaxieue), l 10320(268)(negative eaxieue), 

l 1130O(299)(positive l axieur). 
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(36) Byproducts appeared to be derived from the oxidative cleavage of 2,3-bond of the indole moiety by 0~0~. 

(39) P. A. Grieco and !I. liyashita, J. Org. Chsm.. 40. 1161 (1975). 

(40) Zn dust uas activated before use; L. F. Fieser and N. Ficser, Reagents for Organic Synthesis, 1, ~1276 (1967). 

(41) 060 us added as a 1% solution in tert-butanol. 

44 
This 0s04 solution was prepared according to Sharpless and Akashils 

method. 

(42) K. 6. Sharpless and K. Akarhi, J. Am. Chea. Sot.. 96, 1966 (1976) and refcre"ces cited therein. 


