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Abstract The enantiomer of dihydroaszonalenin has been synthesised from L-
tryptophan, aszonalerun 2 has been assigned the relative and absolute configuration mndicated

INTRODUCTION
Alkaloids that contain a 1,1-dimethylallyl substituent at the 3a-position of a hexahydropyrrolof2,3-

bJindole motety constitute a small but biosynthetically important group of natural products Such
compounds 1nclude the mould metabolites roquefortine! 1, aszonalemn? 2, amauromine? 3, and the marime

&

Scheme 1

alkalotds flustramines A4 and C 5 Prior to the recogmtion of this class of natural product, Bycroft and
Landon had reported that 3-methyl-2-(thiomethyl)indole 4 was alkylated by 3,3-dimethylallyl bromide to
furnish the indolemne 6, via thio-Claisen rearrangement of an intermediate sulphomum salt § (Scheme 1),
1n a reaction sequence of possible biosynthetic relevance ® Our interest 1n the biosynthesis of mould
metabolites? prompted us to explore the scope of this thio-Claisen rearrangement in the synthesis of
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aszonalenin, whose stereochemistry was unknown We now report the synthesis of (-)-dihydroaszonalenin
and assign the relative and absolute configuration shown 2 to aszonalenin Part of this work has been the
subject of a prehmmary commumcation 8 While our work was 1n progress Takase e al reported the
synthesis of an analogue of dihydroflustramine C,? and the total synthesis of amauromine, !0 utiising the
same thio-Claisen rearrangement Plate ef a/ 1! have also explored the synthetic utility of this rearrangement
while Hino ef al 12 have described an alternative approach to the construction of the 3a-(1,1-dimethyl-
allyl)hexahydropyrrolof2,3-bjindole system

RESULTS AND DISCUSSION

Imtially our aim was the total synthesis of aszonalenin via S-alkylation of the substituted benzo-
diazepine 10b with 3,3-dimethylallyl bromide, and thio-Claisen rearrangement® of the denved sulphonium
salt To this end L-tryptophan methyl ester 7a was condensed with 1satoic anhydnde 8 to furmsh the amide
9 which readily cyclised with pyndine hydrochlonde in refluxing pyndine to give the benzodiazepine 10a
The latter benzodiazepine was prepared in one step by the condensation of L-tryptophan methyl ester
hydrochloride with 1satoic anhydnde in pyndine 13 However attempts to prepare the required benzo-
diazepine 10b by treatment of 10a with methanesulphenyl chlonde led to intractible mixtures Alternatively
L-tryptophan methyl ester hydrochlonde reacted with methanesulphenyl chloride under Wieland's
conditions!4 to furmsh the 2-(methylthio) denvative 7b 1in 65% yield, which represents a substantial
improvement over the route described by Takase et al 10 Condensation of 7b with 1satoic anhydnde in
pyndine, in the presence of pyndine hydrochionde, gave the desired benzodiazepine 10b 1n 40% yield

H H H
=,CO.Me OYN S,COMe
(o] (@]
7 a R=H 8 9 HyN
b, R=5Me

The course of alkylation of the benzodiazepine 10b with an excess of 3,3-dimethylallyl bromide, 1n
the presence of anhydrous potassium carbonate, showed an unexpected dependence on the concentration of
the reactants Thus alkylation of a dilute solution (typicaily 0 05 M) of the benzodiazepine in anhydrous
acetone or dimethylformamide at room temperature gave an N-(3,3-dimethylallyl) denvative as the major
product The !H-NMR spectrum of the latter showed the presence of the spin-coupled system CH2CHNH
and 1t was concluded that alkylation had occurred either at N-1 or at N-1' The changes observed 1n the
carbonyl! region of the IR spectrum upon alkylation of 10b (experimental) suggested that the N-alkyl
derivative had structure 10d This structure was confirmed by the 1H-NMR difference-NOE spectra
performed on the N-alkyl denivative In particular a 7% enhancement observed for H-9' upon irradiation of
the methylene protons of the dimethylallyl group is consistent only with structure 16d Critical assignments
of aromatic resonances, especially that of H-9', were made by appropnate spin-decoupling experiments
The parent benzodiazepime 10a also gave an N-(dimethylallyl) denvative under the same conditions The
latter compound was assigned structure 18¢ mainly on the basis of the lH-NMR spectrum which showed
tnter alia a one-prowon doublet at 87 12, which collapsed to a sharp singlet on irradiation of the NH at 88 21,
and which could be assigned only to H-2 of an indole with an unsubstituted N-1 The assignments of the
aromatic proton resonances of 10c were confirmed by means of the COSY spectrum

Alternatively alkylation of a more concentrated solution (typically 1 5 M) of benzodiazepine 10b 1n
acetone with an excess of dimethylallyl bromide furnished the diastereoisomeric 3-(1,1-dimethyl-
allyDindolenines 11a and 11b as the main products, and only a trace of the N-(3,3-dimethylailyl)indoie
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10d was detected The structures but not the stereochemustry of the 3-(1,1-dimethylallyl)indolenines 11a
and 11b follow unexceptionally from analysis of the spectroscopic data (experimental) and require no
further comment The major (less polar) indolemine was assigned the configuration 11a and the minor
(more polar) indolenine was assigned the diastereoisomenc configuration 11b on the basis of the work that
1s presented below The concentration-dependence of the alkylation of 10b suggests that there are two
competing reactions, one leading to 10d, the other to 11a and 11b, and that the latter pathway has the
higher kinetic order 15

10a, R'=R?=H
b, R'=SMe, R?=H
¢, R'=H,R%2= CH,CH=CMe, b R= ,3.,,(
d, R'=SMe, R2= CH,CH=CMe , ' =

9 10 9 10

12a, CMe ,CH=CH, 13

a, R=
b, R = CMe 20H2Me

All our attempts to selectively remove the methylthio-group from 1la or from 11b were
unsuccessful, including application of the titanium tetrachlonde/lithium aluminium hydnde desulphunsation
procedure, 16 that had been used successfully 1n the total synthesis of amauromine 10 Furthermore, neither
diastereomer could be persuaded to undergo cyclisation from N-4' onto C-2 ¢! 10 Finally we had recourse to
desulphunisation of the less polar indolenine 11a with deactivated Raney nickel which gave an inseparable
muxture (!H-NMR and mass spectrum) of the desired product 12a and its dihydro-denvative 12b This
muxture was hydrogenated over Adams' catalyst to furnish 12b, mp 254-255°C, [alp -504° Application
of the same desulphurisation-hydrogenation sequence to the more polar indolenine 11b furnished the
1somenic pentacycle 13, mp 125°C, |a|p +800° The relative configurations depicted for pentacycles 12b
and 13 (and the configurations of the precursor indolenines 11a and 11b respectively) were assigned with
the aid of NOE difference spectra (expertmental) which gave mutually consistent results for the two penta-
cycles For example, irradiation of either quaternary methyl in 12b resulted in enhancement only of
resonances due to the following protons 5a-H (7%). 1-H (4%), and 14-HR (4%), the equivalent NOE
experiment on 13 resulted 1n enhancement of the resonances due to Sa-H (5%), 1-H (3%), and 14-HS (2%)
alone



Authentic aszonalemin was hydrogenated over Adams’ catalyst to yield the dihydro-denvative, mp
254-255°C, [alp +59 7°, which showed 1dentical chromatographic and spectroscopic behaviour to
compound 12b but showed a mixed mp depression with the latter We conclude that the two specimens of
dihydroaszonalenin are enantiomers and that natural aszonalenin has the stereochemistry depicted in 2

EXPERIMENTAL

General directions are as reported earlier 17 In particular, except where stated otherwise, lH-NMR
spectra were recorded at 90 MHz with a Perkin Elmer R32 spectrometer for dilute solutions in CDCl3 with
internal tetramethylsilane 1H-NMR were recorded also at 360 MHz on a Bruker WH 360 spectrometer or at
400 MHz on a Bruker ACP 400 spectrometer Optical rotations were measured at 25°C and IR spectra were
recorded for KBr discs

Benzodiazepine (10a)
(a) A solution of L-tryptophan methyl ester hydrochlonde (3 75 g) and triethylamine (19 g) 1n
dimethylformamide (10 ml) was added over 40 m to a stirred solution of 1satoic anhydnde (244 g) 1n
dimethylformamde (10 ml) at 50°C  After 5 h at 50°C the solution was poured 1nto ice-cold water (100 ml)
then the resultant mixture was brought to pH 9 by addition of dilute alkali, and extracted with ethyl acetate
The orgamic phase was washed with water, dned over anhydrous magnesium sulphate, and evaporated to
dryness in vacuo The solid residue was recrystallised from ethy! acetate/petroleum ether to furmsh Np-(2-
aminobenzoyl)-L-tryptophan methyl ester 9, (4.00 g, 80 4%), as fine needles mp 132°C, [a]p +73 9° (¢
10, CHCl3) (Found C,676,H,57, N, 123%, M+, 337 142 Cy9H9N303 requres C, 676, H, 57, N,
12 45%, M, 337 143), vma, 3425 (s, NH), 3330 (s, NH), 3250 (m, NH), 1745 (s, ester C=0), 1642 (s,
amde C=0), 1613 (m), 1582 (s) cm"!, dy 3 42 (2H, m, CHy), 3 69 (3H, s, OMe), 4 55 (2H, br, NH»),
508 (1H, dt, J~7 5 and 55 Hz, a-H), 6 60 (2H, m, arom ), 6 96 (1H, d, J ~2 5 Hz, indole H-2), 70-7 5
(5H, m, arom ), 7 57 (1H, m, arom ), 8 25 (1H, br, indole NH), 8¢ 277 (1), 524 (q), 531 (d), 110 1
(s), 1113 (d), 1153 (s), 116 6 (d), 1173 (d), 118 7 (d), 1197 (d), 1223 (d), 122 8 (d), 127 5 (s+d),
1325 (d), 136 2 (s), 1489 (s), 1688 (s), 1725 (s)

A solution of the aminobenzamde 9 (0 505 g) and pyndine hydrochlonde (0231 g) in dry pyndine
(10 mt) was refluxed with vigorous stiming for 18 h The solution was concentrated in vacuo, then diluted
with water The crystalline precipitate was 1solated by filtration and washed sequentially with 02 M
hydrochloric acid and water Crystallisation from methanol and ethyl acetate furnished the tirle
benzodiazepine 10a (0 301 g, 65 9%), mp 245°C, [ajp +142 9° (¢ 1 0, ethanol) (Found C,707,H, 51,
N, 13 7%, M*, 305 117 Cy18H;5N302 requires C, 70 8, H, 495, N, 13.8%, M, 305 116), vinax 3450 (m,
NH), 1678 (s, C=0), 1660 (s, C=0), 1605 (m), 1580 (m) cm"!, dy (ds-dmso) 3 08 (1H, dd, J 9 5 and 16
Hz, CHAHgCHNH), 3 34 (1H, dd, J 6 and 16 Hz, CHyHgCHNH), 3 72 (1H, s, NH), 3 96 (iH, ddd, J
55, 6, and 9.5 Hz, CHoCHNH), 6 8-7 9 (10H, m, aromatic + NH), 844 (1H, d, J 55 Hz, CH:CHNH),
8¢ (ds-dmso) 23 6 (t), 528 (d), 1097 (s), 111 4 (d), 1182 (d), 118 4 (d), 121 0 (2C, d), 1240 (d),
124 3 (d), 126 2 (s), 127 0 (s), 130.3 (d), 1322 (d), 136 1 (s), 136.8 (s), 1677 (s), 171 5 (s)
(b) A solution of L-tryptophan methyl ester hydrochlonde (2 00 g) and 1satoic anhydride (1 61 g) in
pyndine (20 ml) was refluxed with vigorous stmng for 18 h 13 Work-up as described above furmshed the
benzodiazepine 10a (1 72 g, 70.8%), mp 245°C

Reaction of Benzodiazepine (10a) with 3,3-Dimethylallyl bromide.

A solution of 3,3-dimethylallyl bromide (0 551 g) in anhydrous acetone (30 ml) was added to a well-
stirred suspension of the benzodiazepine 10a (1 02 g) and anhydrous potassium carbonate (0 690 g) 1n
acetone (35 ml) The muxture was stirred for 2 days under mitrogen, then fresh 3,3-dimethylallyl bromide
(0250 g) and potassium carbonate (0 275 g) were added and stirnng continued for 2 more days At the end
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of this time TLC (eluted with CHClx/ethyl acetate, 1 1 by volume) showed only one significant product, (Rf
0 6) and complete loss of the starting benzodiazepine (Rf 03) The reaction mixture was filtered and the
filtrate evaporated to dryness in vacuo Flash chromatography furnished the N-(3,3-dimethylallyl)
derwvative 10¢, (0850 g, 69 6%), mp 108-109°C, [alp +226 1° (¢ 1 0, chloroform) (Found. C, 73 7, H,
62, N, 11 2%; M+,373 179 C3H23N30: requires C, 740, H, 6 2, N, 11 25%, M, 373 179), viax 3400
(m, NH), 3320 (m, br, NH), 1655 (s, br, C=0), 1600 (m), 1570 (w) cm"!, dy (400 MHz) 165 (3H, s,
Me), 167 (3H, s, Me), 326 (1H, dd, J 84 and 153 Hz, CHyHgCHNH), 3 49 (1H, dd, ] 58 and 153
Hz, CHAHgCHNH), 4.07 (1H, dt, J 84 and 57 Hz, CHCHNH), 4 5 (2H, AB part of ABX, 04 4 47,
6B 450, Jop ~154, Jox ~62, Jgx ~6 8 Hz, CH>CH=), 522 (1H, br t, J ~58 Hz, X part of ABX,
CH>CH=), 6 57 (1H, d, J ~5 5 Hz, CHCHNH), 706 (1H, dt, J ~08 and 7 5 Hz, H-5), 712 [1H, br d,
J ~2 1 Hz (collapsed to sharp singlet on 1rrad at 88 21), H-2}, 7 16 (1H, dt, J 1 0 and 7 6 Hz, H-6), 7 23
[1H, t, J 7 4 Hz, (partly obscured by CHCl3 resonance at 87 25), H-7'], 7 28 (1H, d, J 8 0 Hz, H-9"),
732 (1H, d,J81 Hz, H-7), 748 (1H, dt, J ~1 6 and 7 7 Hz, H-8'") overlapping with 7.49 (1H, d, J ~73
Hz, H-4), 774 (1H, dd, J 16 and 7 8 Hz, H-6), 8 21 (1H, br s, H-1), 8¢ 180 (g), 24 5 (1), 256 (q),
472 (1), 525 (d), 1098 (s), 111 4 (d), 1182 (d), 1194 (d), 1199 (d), 1221 (d), 1222 (d), 123 8 (d),
1258 (d), 1272 (s), 128 6 (s), 1303 (d), 132 4 (d), 1358 (s), 136 2 (s), 1403 (s), 1688 (s), 1699 (s)

Benzodiazepine (10b)

Tnchloroacetic acid (3 00 g) was added to a vigorously stirred suspension of L-tryptophan methyl
ester hydrochlonde (10 00 g) in chloroform (150 ml) under an atmosphere of dry mtrogen The flask
contents were cooled to -70°C whereupon a solution of methanesulpheny! chionde [freshly prepared from
dimethyldisutphide (3 70 g) and sulphuryl chionde (5.30 g)] i chloroform (15 ml) was added slowly,
ensuring that the temperature of the reaction mixture did not rise above -60°C  After the addition was
complete the reaction mixture was aliowed to stirr at room temperature under mitrogen for an additional 72 h
The solvent was removed under reduced pressure and the residue was partitioned between 10% aqueous
sodium bicarbonate solution and ethyl acetate The organic phase was washed with water and dned over
anhydrous magnesium sulphate Solvent was removed under reduced pressure to afford the tryptophan
dentvative 7b as a thick gum (9 01 g, 65%) [y (60 MHz) 1 9 (2H, v br, NH»), 232 (3H, s, SMe), 3 0-
35 (2H, m, CH»>CH), 367 (3H, s, OMe), 385 (1H, dd, J 55 and 8 Hz, CH,CH), 6 8775 (4H, m,
arom ), 8 66 (1H, br, NH)] which was used 1n the next step without punfication

A solution of the crude amine 7b (13 52 g), 1satoic anhydnde (8 25 g), and pynidine hydrochlonde
(7 51 g}, m dry pyndine (100 mi) was refluxed with vigorous stirnng under an atmosphere of mtrogen for
72 h  Most of the solvent was removed under reduced pressure and the residue was partiioned between
water and ethyl acetate The organic extract was washed with water, dned over magnesium sulphate, and
evaporated to dryness in vacuo The crude product was purified by flash chromatography on silica gel,
eluting with benzene/ethyl acetate (1 1 by volume), the resultant solid (Rf 0 3) was crystallised from ethyl
acetate/petroleum ether to furmish the benzodiazepine 10b, (7 16 g, 40%), mp 157-159°C, {a]p +181 0° (¢
1 0, chloroform) (Fourd M+, 351 1045 C19H;7N302S requires M, 351 104), vipax 3260 (m, br, NH),
1687 (s, C=0), 1645 (s, C=0), 1607 (m), 1577 (w) cm-}, 8 2 31 (3H, s, SMe), ~3 45 (2H, m, CH>CH),
4 18 (1H, m, CH,CH), 6 9-7 65 (~8H. arom H + NH), 790 (1H, m, arom ), 8 91 (1H, s, NH), 940
(1H, s, NH), 8¢ 198 (q), 238 (1), 53 1 (d), 111 1 (d), 1141 (s), 1182 (d), 1199 (d), 121 1 (d), 1230
(d), 1251 (d), 1252 (s), 1274 (s), 1284 (s), 131 5 (d), 133 1 (d), 1358 (s), 1368 (s), 1689 (s), 1725
(s)

Reaction of Benzodiazepine (10b) with 3,3-Dimethylallyl Bromide
(a) 3,3-Dimethylaltyt bromsde (68 mg) 1n anhydrous acetone (5 ml) was added to a stirred solution of
the benzodiazepme 10b (150 mg) 1n acetone (5 ml) Anhydrous potassium carbonate (276 mg) was added
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and the nuxture was stirred under an atmosphere of nitrogen for 3 days The inorganic residue was removed
by filtration and washed with acetone TLC (ethy! acetate/benzene, 1 1 by volume) on the combined acetone
phase showed one major component, with Rf 0 6, and traces of the starting benzodiazepine, Rf 035 The
solvent was removed 2 vacuo to leave a viscous o1l which was submitted to flash chromatography over
silica gel, eluting with benzene/ethyl acetate (7 3 by volume) The solid product was recrystallised from
ethyl acetate/petroleum ether to yield the N-(3,3-dimethylallyl} derivative 10d (110 mg, 61%), mp 103-
104°C, [alp +211° (c 1 0, CHCI3) (Found C, 68 15, H, 62, N, 98%, Mt, 419169 Ca4H25N30.8
requires C, 687, H, 6 0, N, 100%, M, 419 167), vpyax 3300 (m, br, NH), 1655 (s, C=0), 1600 (m) cm'!,
o1 (400 MHz) 1 68 (3H, s, Me), 1 69 (3H, s, Me), 237 (3H, s, SMe), 3 44 (2H, m, CHCHNH), 4 06
[1H, m, (approx dt,J ~ 86 and 55 Hz), CH,CHNH], 4.49 (1H, dd, J 153 and 6 1 Hz, CH4HgCH=),
457 (1H, dd, J 153 and 6 9 Hz, CHyHgCH=), 527 (1H, br t, J ~ 6 5 Hz, CH,CH=), 6.56 (1H, d, J 52
Hz, CH;CHNH), 703 (1H, dt, J ~0 8 and 7 5 Hz, H-5), 7 17 [1H, dt, J~1 0 and 7 6 Hz, (collapsed to d,
J~7 6 Hz, on 1rrad. at 87 03), H-6], 722 [1H, dt, J~0 8 and 7 5 Hz, (collapsed to d, J~7 5 Hz, on irrad at
87 47 or 772), H-7'}, 729 [1H, d, J~8 1 Hz, (sharpened on irrad at 87 03), H-7] overlapping with 7 31
[1H, d, J~7 4, collapsed to s on irrad at 87 47), H-9'], 740 [1H, d, J 79 Hz, (collapsed to s on irrad at
67 03), H-4), 747 [1H, dt, J~1 6 and 7 8, (collapsed to t, J~7 8, on 1rrad at &7 72), H-8'], 7 72 [1H, dd,
J 16 and 7 8 Hz, (collapsed to d, J~7 8 Hz, on 1rrad at 67 47), H-6'], 861 (1H, s, H-1), 8¢ 181 (q),
200 (q), 23 9 (), 256 (q), 473 (1), 529 (d), 111 1 (d), 114.5 (s), 1180 (d), 1198 (2C, d), 122 1 (d),
123 0 (d), 1259 (d), 127 5 (s), 128 2 (s), 128 4 (s), 1304 (d), 132 4 (d), 136 0 (s), 136 7 (s), 140 2 (s),
1686 (s), 1701 (s)

(b)  3,3-Dimethylallyl bromide (68 mg) was stirred with the benzodiazepine 10b (150 mg) and
anhydrous potassium carbonate (276 mg) in dimethylformamide (10 ml) for 2 days to furnish the same
product 10d, (112 mg, 63%)

(c) Anhydrous potassium carbonate (1 57 g), and 3,3-dimethylallyl bromide (3 39 g) 1n dry acetone (5
ml), were added to a well-stirred solution of the benzodiazepine 10b (4 00 g) 1n anhydrous acetone (15 ml)
under an atmosphere of mtrogen After stirnng for 65 h additional aliquots of 3,3-dimethylallyl bromide
(0 89 g) and anhydrous potasstum carbonate (0 39 g) were added and stirnng was continued for a further 24
h The reaction mixture was filtered and the filtrate evaporated :n vacuo to give a non-crystalline residue
which on TLC, eluted with benzene/ethyl acetate (1 1 by volume) showed components with the following Rf
values 07 (minor), 0 6 (minor), O 4 [major, 10b], O 3 [major, 11a], O 2 {major, 11b}, 0.15 (minor), and
00 (minor). Careful flash chromatography, eluting with benzene/ethyl acetate (1-1 by volume), furnished
the starting compound 10b, (0 73 g, 17 5%), followed by the indolemne 11a (2 1 g, 42%), a mixture of
indolenines 11a and 11b (0 60 g, 12 5%), the indolenine 11b (093 g, 19%), and a mixture of the latter
indolenine with more polar matenal (0 22 g)

Indolenine 11a had mp 127-128°C (from benzene/ethyl acetate), {a]p -24.2° (¢ 0 5, ethanol)
(Found C, 684, H,60, N, 98%, M+, 419 166 C24H25N305S requires C, 68 7, H, 6 0, N, 100%, M,
419 167), viax 3430 (br shoulder, NH), 3220 (m, br, NH), 1685 (s, C=0), 1655 (s, C=0), 1608 (m),
1580 (w) em-!, &y 101 (3H, s, CH3), 1 12 (3H, s, CH3), 2 70 (~3H, s, SCH3) supenimposed on 2 25-
307 (~3H, m, CHoCHNH), 503 (d, J 17 Hz) and 5 13 (d, J 11 Hz) (total 2H, CH=CH>), 6 01 (1H, dd,
J 17 and 11 Hz, CH=CH>), 6 51 (1H, d, J 55 Hz, CH,CHNH), ~6 75-7 55 (7H, m, arom ), 773 (1H,
d, J 8 Hz, arom ), 8 60 (1H, s, NH), 8¢ 149 (q), 226 (q), 23 0 (q), 31 1 (), 40 9 (s), 50.3 (d), 68 2 (s),
1150 (1), 1189 (d), 1206 (d), 123 5 (d), 124 7 (d), 1250 (s+d), 128 5 (d), 1309 (d), 1328 (d), 1353
(s), 1386 (s), 143 1 (d), 1554 (s), 1678 (s), 171 7 (s), 184 9 (s)

Indolenine 11b had mp 116-117°C (from tetrachloromethane/ethyl acetate), [a]p +187° (¢ 10,
ethanol) (Found C, 684, H, 6 15, N, 98%, M*, 419 168 Cz4H25N305S requires C, 687, H, 6 0, N,
10 0%, M, 419 167), dy (250 MHz) 1 17 (3H, s, CH3), | 42 (3H, s, CH3), 2 54 (3H, s, SCH3), 2 79
(2H, m, CH»CH), 3 16 (1H, m, CH-CH), 526 (d, J 18 Hz) overlapping with 531 (d, J 11 Hz) (total 2H,



Rty LA aaasaiid

CH=CH>), 6 23 (1H, dd, J 173 and 10 8 Hz, CH=CH»), 69-7 2 (3H, m, arom ), 73-745 (3H, m,
arom ), 751 (1H, d, J 78 Hz, arom ), 765 (1H, d, J 74 Hz, arom ), 8 2 (1H, br, NH), 105 (1H, br,
NH), 8¢ (629 MHz) 146, 234 (2C?), 304, 410,497, 691, 1148, 1186, 1209, 1231, 1247,
1250, 1260, 1284, 1302, 1327, 136 1, 1395, 1430, 1550, 1688, 1724, 1849

Natural Dihydroaszonalenin

A solution of aszonalenin (7 5 mg) 1n ethyl acetate (10 ml) was hydrogenated at atmosphernc
pressure over Adams' catalyst (1 5 mg) for 2 h Filtration and evaporation of the filtrate furmshed
dihydroaszonalenin, mp 254-255°C, [a]p +59 7°, [als78 +61 3°, [alsqes +754°, [alaze +2185° (c O 1,
CHCl3)

(-)-Dihydroaszonalenin (12b)

A slurry of freshly prepared W2 Raney mickel 1n ethanol (1 ml) was added to a well-stirred solution
of the indolenine 11a (100 mg) n vigorously refluxing benzene (5 ml) After refluxing for 10 m the
mixture was cooled, filtered, and the filtrate evaporated to dryness TLC of the residue, eluted with
benzene/ethyl acetate (3 7 by volume), showed components with Rf O 8 (major), 0 45 (minor), 0 4 [minor,
compound 11a], and 025 (major) The main components of the mixture were 1solated by flash
chromatography The fraction with Rf 0 25 furmshed benzodiazepine 10a, mp 245°C, IR and 1H-NMR
spectra and TLC behaviour identical to those of authentic matenal The fraction with Rf O 8 gave needies
(22 mg), mp 247°C (from chioroform/methanol) This substance was shown by 1H-NMR and mass
spectrometry to be a mixture of (-)-aszonalenin and its dihydro-denvative Qualitatively stmilar results were
obtained when the desulphurnisation was performed with vanous different grades of deactivated Raney
nickel

A solution of the substance described above (50 mg) 1n ethyl acetate (30 ml) was hydrogenated for 2
h, at atmospheric pressure over Adams' catalyst (5 mg) Filtration and evaporation of the filtrate furmshed
(-)-dthvdroaszonalenin 12b, mp 254-255°C (depressed upon mixed mp with natural dihydroaszonalenin),
[a]p23° -50 4°, [a]578 -53 1°, [at]s46 -65 1°, [alaze -185 4° (c 0 5, CHCI3), TLC behaviour, IR and 'H-
NMR spectra identical to those of natural dihydroaszonalemin (Found C, 735, H, 67, N, 10 8%, M*,
375194 Ca3Has5N302 requires C, 736, H, 6 7, N, 11 2%, M, 375 195), vnax (KBr) 3380 (m, NH),
3250 (m, NH), 1683 (s, C=0), 1617 (s, C=0), 1600 (s), 1570 (m) cm"1, 8y (360 MHz) 082 (3H,t,J 75
Hz, CH3CH>), 097 (3H, s, CH3), 099 (3H, s, CH3), 127 and 1 61 (each 1H, each m, CH3CH3), 2 42
(1H, dd, J 139 and 9 1 Hz, H-14-pro-§), 348 (1H, dd, J 13 9 and 7 4 Hz, H-14-pro-R), 4 00 (1H, dd, J
91 and 74 Hz, H-13a), 561 (IH, s, H-5a), 6 15 (1H, s, H-5), 6 60 (1H, m, 3)~7 8 Hz, H-4), 6 71 (1H,
dt,J 11and 75 Hz, H-2), 692 (1H, dd, J 1 1 and 80 Hz, H-11), 706 (1H, m, 3J~7 6 Hz, H-3), 7 15
(1H, dd. J 08 and 7 5 Hz, H-1), 720 (1H, ddd, J 11,74, and 79 Hz, H-9), 743 (1H, ddd,J 16,74,
and 8 0 Hz, H-10), 783 (1H, dd, J 1 6 and 79, H-8), 825 (1H, s, H-12)

Desulphurisation and Hydrogenation of (11b)

Compound 11b (100 mg) was submitted to desulphurisation over Raney nickel as descnibed above
to furnish nter aliu a mixture of the desired compound and 1ts dihydro-derivative Hydrogenation of the
latter mixture over Adams' catalyst gave the pentacycle 13 (15 mg) mp 125°C (from benzene/petroleum
ether), [alp +800° (¢ 02, chloroform) (Found M+, 375193 Co3H25N30, requires M, 375 195), oy
(360 MHz) 081 (3H, t, J 7 5 Hz. CH3CH>»), 094 (3H, s. CH3), 0.98 (3H, s, CH3), 1 29 and 1 58 (each
1H, each m, CH3CH3), 257 (IH dd, J 13 4 and 9 6 Hz, H-14-pro-5), 3 13 (1H, d, J 13 5 Hz, H-14-
pro-R), 413 (1H, dd, J 95 and 1 0 Hz H-13a), 517 (1H, s, H-5), 567 (1H, s, H-5a), 6 46 (1H, m,
3J~78 Hz, H-4), 6 63 (1H, dt, J | O and 7 5 Hz, H-2), 682 (1H, dd, J 1 0 and 8 1 Hz, H-11), 6 97 (1H,
dt, 1 2 and 76 Hz, H-3), 724 (1H, ddd. J 1 0, 73 and 79 Hz, H-9), 728 (1H, dd, J 08 and 7 5 Hz, H-
1),745(1H,ddd.J 17,73, and 8 1 Hz, H-10), 782 (IH, s H-12), 798 (1H.dd. J 1 7 and 79 Hz, H-
8)

of (~\_dihvdroaszonalenmin 10661
of \—) asZ0 10661
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Selected Results of Difference NOE Spectroscopy (360 Mz) on (12b) and (13)

Compound  lmadiate/d NOE Observed/d

12b 097 (Me) 0.82 (2%), 1 28 (2%), 3 48 (4%), 5 61 (7%), 7 15 (5%)
099 (Me) 1 61 (2%), 3 48 (4%), 561(8%), 7 15 (4%)
242 (14-HS) 3 48 (15%, 14-HR), 4 00 (12%, 13a-H), 7 15 (4%, 1-H)
3 48 (14-HR) 242 (10%, 14-HS)
400 (13a-H) 242 (4%, 14-HS)
615 (5-H) 561 (7%, 5a-H), 6 60 (10%, 4-H)
825 (12-H) 692 (16%, 11-H)

13 094 & 098 (Me) 257 (2%, 14-HS), 567 (5%, 5a-H), 7 29 (3%, 1-H)
2 57 (14-HS) 094 & 0 98 (each 1%, Mey), 3 14 (13%, 14-HR), 4 13 (8%, 13a-H)
517 (5-H) 567 (6%, 5a-H), 6 46 (8%, 4-H)
779 (12-H) 682 (13 5%, 11-H)
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