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Abstract The enantlomer of dlhydroaszonalenm has been synthesrsed from L- 
tryptophan, aszonalemn 2 has been assigned the relative and absolute configuration indicated 

INTRODUCTION 

Alkaloids that contain a I, 1 -dlmethylallyl substltuent at the 3a-positron of a hexahydropyrrolo[2,3- 
b]mdole moiety constitute a small but blosynthetlcally important group of natural products Such 

compounds include the mould metabobtes roquefortmet 1, aszonalemn2 2, amauromm$3, and the manne 

2 

Me 

4 5 6 

Scheme 1 

alkalotds flustrammes A4 and C 5 Pnor to the recogmtlon of this class of natural product, Bycroft and 

Landon had reported that 3-methyl-2-(thlomethyl)mdole 4 was alkylated by 3,3-dlmethylallyl bromide to 
fumrsh the mdoletune 6, VIU thm-Clalsen rearrangement of an mtermedlate sulphomum salt 5 (Scheme 1). 

In a reaction sequence of possible biosynthetic relevance 6 Our interest m the bmsynthesls of mould 

metabohtes7 prompted us to explore the scope of this tLo-Clalsen rearrangement m the synthesis of 
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aszonalemn, whose stereochemtstry was unknown We now report the synthesis of (-)-dthydroaszonalemn 

and assign the relatrve and absolute contiguratton shown 2 to aszonalenm Part of thrs work has been the 

subJect of a preliminary commurucation 8 While our work was tn progress Takase et al reported the 

synthesis of an analogue of dthydroflustramme C9 and the total syntheses of amauromme,ld utdtmng the 
same thio-Clatsen rearrangement Plate et al 11 have also explored the synthettc utthty of thts rearrangement 
while Hmo et al 12 have described an alternative approach to the constmctton of the 3a-( 1 ,l-dtmethyl- 
allyl)hexahydropyrrolo[2,3-bjlndole system 

RESULTS AND DISCUSSION 

It&ally our sum was the total synthesis of aszonalemn vra S-alkylatton of the substttuted benzo- 
dtazepme lob with 3,3-dtmethylallyl bromide, and thto-Cliusen rearrangement6 of the denved sulphomum 

salt To thts end Ltryptophan methyl ester 7~ was condensed with tsatom anhydnde 8 to funush the anude 
9 wluch readily cychsed with pyndme hydrochlonde m refluxmg pyndme to give the benzodmzepme 1Oa 
The latter benzodtazepme was prepared m one step by the condensatton of L-tryptophan methyl ester 

hydrochlortde with tsatotc anhydnde m pyndme 13 However attempts to prepare the required benzo- 
dtazepme 10b by treatment of 1Oa with methanesulphenyl chlonde led to mtrachble rmxtures Altemabvely 

L-tryptophan methyl ester hydrochlonde reacted with methanesulphenyl chlonde under Wteland’s 
condrtlonst4 to furnish the Z(methylthto) denvattve 7b m 65% yield, which represents a substantial 
improvement over the route described by Takase ef al to Condensahon of 7b with lsato~c anhydnde tn 

pyndme, m the presence of pyndme hydrochfonde, gave the destmd benzodmzepme lob m 40% yield 

7 a, R=H 
b, R=SMe 

8 9 H2N’ 

The course of alkylatton of the benzodtazepme lob with an excess of 3.3~dtmethylallyl bromide, m 
the presence of anhydrous potassmm carbonate, showed an unexpected dependence on the concentratton of 
the reactants Thus alkylatton of a dilute soluhon (typrcally 0 05 IV) of the benzodtazepme m anhydrous 
acetone or dtmethylformamtde at room temperature gave an N-(3,3-dtmethylallyl) denvattve as the major 
product The IH-NMR spectrum of the latter showed the presence of the spm-coupled system CHzCHNH 
and tt was concluded that alkylatton had occurred etther at N-l or at N-l’ The changes observed m the 

carbonyl region of the IR spectrum upon alkylatton of lob (expenmental) suggested that the N-alkyl 
denvattve had structure 10d This structure was confirmed by the ‘H-NMR difference-NOE spectra 

performed on the N-alkyl denvattve In parhcuiar a 7% enhancement observed for H-9’ upon uradtatton of 

the methylene protons of the dtmethylallyl group IS conststent only with structure 1Od Cnttcal assignments 
of aromatic resonances, espectally that of H-9’, were made by appropnate spin-decouplmg expenments 
The parent benzodtazepme 1Oa also gave an N-(dtmethylallyl) denvattve under the same condtttons The 

latter compound was assigned structure IOe mainly on the basts of the tH-NMR spectrum whtch showed 

infer &a a one-proton doublet at 87 12, whtch collapsed to a sharp singlet on uradtabon of the NH at &3 21, 

and which could be assigned only to H-2 of an tndole with an unsubstttuted N-l The assignments of the 

aromatic proton resonances of 1Oc were confirmed by means of the COSY spectrum 
Altemattvely alkylatton of a more concentrated solutton (typtcally 1 5 IV) of benzodlazepme lob m 

acetone with an excess of dtmethylallyl bromide furnished the dtastereotsomenc 3-( l,l-dtmethyl- 
allyl)mdolenmes lla and lib as the mam products, and only a trace of the N-(3,3-dtmethylallyl)mdole 
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10d was detected The structures but not the stereochemistry of the 3-( 1,l -d~methylallyl)mdolenmes 1 la 
and lib follow unexceptionally from analysis of the spectroscoptc data (expenmental) and require no 
further comment The major (less polar) mdolenme was assigned the contiguratlon lla and the mmor 
(more polar) rndolenme was assigned the drastereolsomenc configuration lib on the basis of the work that 
IS presented below The concentration-dependence of the alkylatlon of lob suggests that there are two 
competing reactions, one leading to lOd, the other to lla and llb, and that the latter pathway has the 
higher kmetlc order 15 

10 a, R’=R2=H lla,R= - 

b, Fi’ =SMe,R2=H 

c, R’ =H,R2= CH,CH=CMe 2 

d, R’ = SMe, R 2 = CH,CH=CMe 2 

9 10 

12a, R= CMe 2CH=CH 2 
b, R = CMe ,CH,Me 

All our attempts to selectgvely remove the methylthlo-group from lla or from llb were 

unsuccessful, mcludmg apphcatlon of the tltaruum tetrachlondeihthmm alummmm hydnde desulphunsation 
procedure,*” that had been used successfully m the total synthesis of amauromme lo Furthermore, neither 
dlastereomer could be persuaded to undergo cychsahon from N4’ onto C-2 L1 lo Finally we had recourse to 

desulphunsatlon of the less polar mdolemne lla with deactivated Raney nickel which gave an inseparable 
mixture (IH-NMR and mass spectrum) of the desired product 12a and Its dlhydro-denvatlve 12b Tlus 

mixture was hydrogenated over Adams’ catalyst to furnish 12b, mp 2%255”C, [a]D -50 4” Application 

of the same desulphurlsatlon-hydrogenation sequence to the more polar mdolemne llb fumlshed the 

lsomenc pentacycle 13, mp 125°C. IalD +800” The relative configurations depicted for pentacycles 12b 
and 13 (and the configuratIons of the precursor mdolenmes lla and lib respectively) were assigned with 
the ald of NOE difference spectra (expenmental) which gave mutuatly consistent results for the two penta- 

cycles For example, lrradlatlon of either quatemary methyl m 12b resulted In enhancement only of 

resonances due to the followmg protons 5a-H (7%). I-H (4%). and 14HR (4%). the eqmvalent NOE 

expenment on 13 resulted m enhancement of the resonances due to 5a-H (5%). 1 -H (3%), and 14Hs (2%) 
alone 
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Authentic aszonalemn was hydrogenated over Adams’ catalyst to yleid the dlhydro-denvatlve, mp 

254255”C, [a]D +59 7”. which showed identical chromatograpluc and spectroscopic behavlour to 

compound 12b but showed a mtxed mp depresslon with the latter We conclude that the two specimens of 
drhydmaszonalenm are enanhomers and that natural aszonalemn has the stereochemlstty depcted m 2 

EXPERIMENTAL 

General directions are as reported earlier 17 In paficular, except where stated otherwise, IH-NMR 
spectra were recorded at 90 MHz with a Perkm Elmer R32 spectrometer for ddute solutions m CDCl3 with 

Internal tetramethylsdane ‘H-NMR were recorded also at 360 MHz on a Bruker WH 360 spectrometer or at 
400 MHz on a huker ACP 400 spectrometer Optical rotations were measured at 25°C and IR spectra were 
recorded for KBr &scs 

Benzodiazepine (lOa) 

(4 A solution of L-tryptophan methyl ester hydrochlonde (3 75 g) and tnethylamme (1 9 g) m 
dlmethylformanude 

recrystalhsed from ethyl acetate/petroleum 

ammnobenzoyl)-L-tryptophan methyl ester 9, (4.00 g, 80 4%), as fine needles mp 132”C, [U]D +73 9” (c 

10, CHCl3) (Found C, 676, H, 57, N, 123%, M+, 337 142 C19H19N$& requires C, 676, H, 5 7, N, 

12 45%, M, 337 143), Vma\ 3425 (s, NH), 3330 (s, 3250 (m, NH), 1745 1642 (s, 

amide C=O), 1613 (m), 1582 (s) 6~ 3 42 (2H, m, CH2), 3 69 (3H, s, OMe), 4 55 (2H, br, NH2), 

5 08 (lH, dt, J-7 5 5 Hz, a-H), 6 60 (2H, ), 6 96 (lH, d, J -2 5 Hz, mdole H-2), 7 O-7 5 

(5H. m, arom ), 7 57 (lH, ), 8 25 (lH, br, mdole NH), 6~ 27 (t). 52 4 (q). 53 1 (d), 110 1 

(s), 1113 (d), 1153 (s), 116 (d), 117 3 (d), 118 (d), 119 7 (d), 122 (d), 122 8 (d), 127 
132 (d), 136 2 (s), 148 (s), 168 8 (s), 172 (s) 

solution of the ammobenzanude 9 (0 505 g) and pyndme hydrochlonde (0 231 g) m dry pyndme 
(10 ml) was refluxed with vigorous stlmng for 18 h The solution was concentrated m vucuo, then diluted 

with water The crystalline precipitate was isolated by filtrahon and washed sequentially with 0 2 M 
hydrochlonc acid and water Crystalhsatlon from methanol and ethyl acetate fumlshed the trtle 

benzodzazeprne 1Oa (0 301 g, 65 9%), mp 24YC, [a]D +I42 9” (c 10, ethanol) (Found C, 70 7, H, 5 1, 

N, 13 7%, M+, 305 117 C18H15N302 ~UI~W C, 70 8, H, 4 95, N, 13.8%, M, 305 116), vma 3450 (m, 

NH), 1678 (s, C=O), 1660 (s, C=O), 1605 (m), 1580 (m) cm-l, &H (&-dmso) 3 08 (lH, dd, J 9 5 and 16 

Hz, C&H$HNH), 3 34 (lH, dd, J 6 and 16 HZ, CHA~CHNH), 3 72 (lH, s, NH), 3 % (iH, ddd, J 
5 56, and 9.5 Hz, CH2CHNI-I). 6 8-7 9 (lOH, m, aromatic + NH), 8 44 (lH, d, J 5 5 Hz, CHzCHNm, 

8~ (&-dmso) 23 6 (t), 52 8 (d), 109 7 (s), 1114 (d), 118 2 (d), 118 4 (d), 121 0 (2C, d), 124 0 (d). 

124 3 (d), 126 2 (s), 127 0 (s), 1303 (d), 132 2 (d), 136 1 (s), 136.8 (s), 167 7 (s), 171 5 (s) 

(b) A solution of L-tryptophan methyl ester hydmchlonde (2 00 g) and lsatolc anhydnde (I 61 g) m 
pyndme (20 ml) was refluxed with vigorous shmng for 18 h l3 Work-up as described above furmshed the 

benzodlazepme 100 (172 g, 70.8%), mp 245°C 

Reaction of Benzodiazepine (lOa) with 3,3-Dimethylallyl bromide. 
A solwon of3&d~methylallyl bronude (0 551 g) m anhydrous acetone (30 ml) was added to a well- 

s&red suspension of the benzodlazepme lOa(lO2 g) and anhydrous potassium carbonate (0 690 g) in 
acetone (35 ml) The rmxture was steed for 2 days under nitrogen, then fresh 3,3-dlmethylallyl bromide 
(0 250 g) and potassmm carbonate (0 275 g) were added and stlmng contmued for 2 more days At the end 
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of tins hme TLC (eluted w~tb CHCl$ethyl acetate, 1 1 by volume) showed only one ngmficant product, (Rf 
0 6) and complete loss of the stating benzodmzepme (Rf 0 3) The reactton nuxture was filtered and the 

filtrate evaporated to dryness In vacua Flash chromatography furmshed the N-(3,3-drmethylallyl) 

derlvatrve l&, (0850 g, 69 6%). mp 108109“C, [a]D +226 1” (c 1 0, chloroform) (Found. C, 73 7, H, 

6 2, N, 112%; M+, 373 179 C23H?,3N302 reqmres C, 74 0, H, 6 2, N, 112546, M, 373 179), vmax 3400 

(m, NH), 3320 (m, br, NH), 1655 (s, br, C=O), 1600 (m), 1570 (w) cm-t, 88 (400 MHz) 1 65 (3H, s, 

Me), 167 (3H. s, Me), 3 26 (lH, dd, J 8 4 and 15 3 Hz, C&H&HNH), 3 49 (lH, dd, J 5 8 and 15 3 

Hz, CH&$HNH), 4.07 (lH, dt, J 8 4 and 5 7 Hz, CH?CHNH), 4 5 (2H, AB part of ABX, 6~ 4 47, 

6~ 4 50, JAB -15 4, JAX -6 2, JBX -6 8 HZ, C&CH=), 5 22 (lH, br t, J -5 8 HZ, X part of ABX, 

CH2CH=), 6 57 ( 1 H, d, J -5 5 Hz, CHzCHNm, 7 06 (lH, dt, J -0 8 and 7 5 Hz, H-5), 7 12 [lH, br d, 

J -2 1 Hz (collapsed to sharp smglet on mad at 88 21), H-21,7 16 (lH, dt, J 1 0 and 7 6 Hz, H-6), 7 23 

[ lH, t, J 7 4 Hz, (partly obscured by CHC13 resonance at 67 25). H-7’], 7 28 (lH, d, J 8 0 Hz, H-9’), 

7 32 (1 H, d, J 8 1 Hz, H-7), 7 48 (lH, dt, J -16 and 7 7 Hz, H-8’) overlapprng with 7.49 (lH, d, J -7 3 

Hz, H-4), 7 74 (lH, dd, J 1 6 and 7 8 Hz, H-6’), 8 21 (lH, br s, H-l), 8~ 18 0 (q), 24 5 (t), 25 6 (q), 

47 2 (t), 52 5 (d), 109 8 (s), 111 4 (d), 118 2 (d), 119 4 (d), 119 9 (d), 122 1 (d), 122 2 (d), 123 8 (d), 

125 8 (d), 127 2 (s), 128 6 (s), 1303 (d), 132 4 (d), 135 8 (s), 136 2 (s), 1403 (s), 168 8 (s), 169 9 (s) 

Benzodiazepine (lob) 
Tnchloroacetlc acid (3 00 g) was added to a vigorously stirred suspension of L-tryptophan methyl 

ester hydrochlonde (IO 00 g) m chloroform (150 ml) under an atmosphere of dry mtrogen The flask 

contents were cooled lo -70°C whereupon a solution of methanesulphenyl chlonde [freshly prepared from 

dlmethyldlsulptude (3 70 g) and sulphuryl chlonde (5.30 g)] m chloroform (15 ml) was added slowly, 
ensunng that the temperature of the reachon mixture did not nse above -60°C After the ad&tlon was 

complete the reachon nuxture was allowed to s&r at mom temperature under mtmgen for an ad&tlonal72 h 

The solvent was removed under reduced pressure and the residue was pamhoned between 10% aqueous 
sodium bicarbonate solution and ethyl acetate The orgamc phase was washed with water and dned over 
anhydrous magnesium sulphate Solvent was removed under reduced pressure to afford the tryptophan 

denvatlve 7b as a thick gum (9 01 g, 65%) [6H (60 MHz) 19 (ZH, v br, NH& 2 32 (3H, s, SMe), 3 O- 

3 5 (2H, m, C&CH), 3 67 (3H, s, OMe), 3 85 (lH, dd, J 5 5 and 8 Hz, CHzC&), 6 8-7 75 (4H, m, 
arom ), 8 66 (lH, br, NH)] which was used m the next step without punficahon 

A solution of the crude amme 7b (13 52 g), lsatoic anbydnde (8 25 g), and pyndme hydrochlonde 
(7 51 g), In dry pyndme (100 ml) was refluxed wrth vigorous stlmng under an atmosphere of mtrogen for 
72 h Most of the solvent was removed under reduced pressure and the residue was partitioned between 
water and ethyl acetate The organic extract was washed with water, dned over magnesium sulphate, and 
evaporated to dryness Jn vacua The crude product was punfied by flash chromatography on slhca gel, 

elutmg with benzene/ethyl acetate ( 1 I by volume), the resultant solid (Rf 0 3) was crystalhsed from ethyl 

acetate/petroleum ether to furnish the benzodlazepme lob, (7 16 g, 40%), mp 157-159”C, [a]D +181 0” (c 

10, chloroform) (Found M+, 351 1045 C19Ht7N30zS requires M, 351 l&l), vmax 3260 (m, br. NH), 

1687 (s, C=O), 1645 (s, C=O), 1607 (m), 1577 (w) cm-l, 6~ 2 3 1 (3H. s, SMe), -3 45 (2H, m, C&CH), 

4 18 (lH, m. CH$m, 69-765 (--8H. arom H + NH), 790 (IH, m, arom), 891 (lH, s, NH), 940 

(lH,s,NH),~~l98(q),238(t),531(d),1llI(d),1141(s),1182(d),1199(d),1211(d),123O 

(d), 125 1 (4, 125 2 (s), 127 4 (s), 128 4 (s), 131 5 (d), 133 1 (d), 135 8 (s), 136 8 (s), 168 9 (s), 172 5 

(s) 

Reaction of Benzodiazepine (lob) with 3J-Dimethylallyl Bromide 
(4 3.3-Dlmethylallyl bromide (68 mg) m anhydrous acetone (5 ml) was added to a stirred solutlon of 
the benzodlazepme 10b (150 mg) m acetone (5 ml) Anhydrous potassium carbonate (276 mg) was added 
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and the nuxture was stirred under an atmosphere of mtrogen for 3 days The morganrc residue was removed 

by filtration and washed with acetone TLC (ethyl acetate/benzene, 1 1 by volume) on the combmed acetone 
phase showed one maJor component, wrth Rf 0 6, and traces of the starting benzodlazepme, Rf 0 35 The 
solvent was removed in vucuo to leave a VISCOUS 011 which was subnutted to flash chromatography over 
sdlca gel, elutmg with benzene/ethyl acetate (7 3 by volume) The solid product was recrystalhsed from 
ethyl acetate/petroleum ether to yield the N-(3,3-dmethyluliyl) aknvatrve 1Od (110 mg, 61%). mp 103- 

104°C. kZ]D +211” (c 1 0, CHCl3) (Found C, 68 15, H, 6 2, N, 9 8%, M+, 419 169 C24H25N302S 

requires C, 68 7, H, 6 0, N, 10 O%, M, 419 167), vmax 3300 (m, br, NH), 1655 (s, GO), 1600 (m) cm-t, 

6~ (400 MHz) 168 (3H, s, Me), 1 69 (3H, s, Me), 2 37 (3H, s, SMe), 3 44 (2H, m, C&CHNH), 4 06 

[lH, m, (approx dt, J - 86 and 5 5 Hz), CH$HNH], 4.49 (lH, dd, J 15 3 and 6 1 Hz, C&H&H=). 
4 57 (lH, dd, J 15 3 and 6 9 Hz, CHA~CH=), 5 27 (lH, br t, J - 6 5 Hz, CH$Zy=), 6.56 (lH, d, J 5 2 
Hz, CHzCHNm, 7 03 (lH, dt, J -0 8 and 7 5 Hz, H-5), 7 17 [ lH, dt, J-l 0 and 7 6 Hz, (collapsed to d, 

J-7 6 Hz, on mad. at 67 03), H-61,7 22 [ lH, dt, J-0 8 and 7 5 Hz, (collapsed to d, J-7 5 Hz, on lrrad at 

67 47 or 7 72), H-7’], 7 29 [ lH, d, J-8 1 Hz, (sharpened on mad at 87 03). H-71 overlapping wrth 7 3 1 

[lH, d, J-7 4, collapsed to s on lrrad at 87 47), H-9’], 7 40 [ lH, d, J 7 9 Hz, (collapsed to s on mad at 

67 03), H-41,7 47 [lH, dt, J-l 6 and 7 8, (collapsed to t, J-7 8, on mad at 87 72), H-81, 7 72 [lH, dd, 

J 1 6 and 7 8 Hz, (collapsed to d, J-7 8 Hz, on mad at 87 47). H-6’], 8 61 (lH, s, H-l), 6~ 18 1 (q), 

20 0 (q), 23 9 (t), 25 6 (q), 47 3 (t), 52 9 (d), 111 1 (d), 114.5 (s), 118 0 (d), 119 8 (2C, d), 122 1 (d), 
123 0 (d), 1259 (d), 1275 (s), 128 2 (s), 1284 (s), 1304 (d), 1324 (d), 1360 (s), 1367 (s), 140 2 (s), 
168 6 (s), 170 1 (s) 

(b) 3,3-l)lmethylallyl bromide (68 mg) was stirred with the benzodlazepme lob (150 mg) and 

anhydrous potassmm carbonate (276 mg) m &methylfonnarmde (10 ml) for 2 days to fumlsh the same 
product lad, (112 mg, 63%) 

(c) Anhydrous potassium carbonate (1 57 g). and 3,3-dlmethylallyl bromide (3 39 g) m dry acetone (5 
ml), were added to a well-stmed solution of the benzodlazepme lob (4 00 g) m anhydrous acetone (15 ml) 
under an atmosphere of nitrogen After stlmng for 65 h addltlonal ahquots of 3,3-dimethylallyl bronude 
(0 89 g) and anhydrous potassmm carbonate (0 39 g) were added and stlmng was contmued for a further 24 
h The reaction mixture was filtered and the filtrate evaporated m vucuo to give a non-crystallme residue 

which on TLC, eluted wrth benzene/ethyl acetate (1 1 by volume) showed components with the followmg Rf 
values 0 7 (minor), 0 6 (minor), 0 4 ImaJor, lob], 0 3 [myor, lls], 0 2 [myor, llb], 0.15 (minor), and 
0 0 (minor). Careful flash chromatography, elutmg with benzene/ethyl acetate ( l- 1 by volume), furnished 

the starting compound lob, (0 73 g, 17 5%), followed by the mdolemne lla (2 1 g, 42%), a mixture of 
mdolenmes 11s and llb (0 60 g, 12 5%). the mdolenme llb (0 93 g, 19%), and a mixture of the latter 
mdolemne with more polar matenal(0 22 g) 

Indoknzne lla had mp 127-128“C (from benzene/ethyl acetate), [a]D -24.2” (c 0 5, ethanol) 

(Found C, 684, H, 60, N, 98%, M+, 419 166 C24H25N3O2S requires C, 687, H, 6 0, N, 1008, M, 

419 167), vmaX 3430 (br shoulder, NH), 3220 (m, br, NH), 1685 (s, C=O), 1655 (s, GO), 1608 (m), 

1580 (w) cm-l, 8~ 101 (3H, s, CH3), 1 12 (3H, s, CH3), 2 70 (-3H, s, SCH3) supenmposed on 2 25- 

3 07 (-3H, m, CHqCHNH), 5 03 (d, J 17 Hz) and 5 13 (d, J 11 Hz) (total 2H, CH=C&), 6 01 (IH, dd, 
J 17 and 11 Hz, CH=CHz), 6 51 (lH, d, J 5 5 Hz, CHzCHNK), -6 75-7 55 (7H, m, arom ), 7 73 (IH, 

d, J 8 Hz, arom ), 8 60 (lH, s, NH), 6c 14 9 (q). 22 6 (q). 23 0 (q). 31 1 (t), 40 9 (s), 50.3 (d), 68 2 (s), 

115 0 (t), I18 9 (d), 120 6 (d), 123 5 (d), 124 7 (d), 125 0 (s+d), 128 5 (d), 130 9 (d), 132 8 (d), 135 3 
(s), 138 6 (s). 143 1 (d), 155 4 (s), 167 8 (s), 171 7 (s), 184 9 (s) 

hadolemne llb had mp 116-l 17°C (from tetrachloromethane/ethyl acetate), [a]D +187” (c 1 0, 

ethanol) (Found C, 68 4, H, 6 15, N, 9 8%. M+, 419 168 C24H25N302S requires C, 68 7, H, 6 0, N, 

10 O%, M, 419 167), 6H (250 MHz) 1 17 (3H, s, CH3), 142 (3H, s, CH3), 2 54 (3H, s, SCH3), 2 79 

(2H, m, C&CH), 3 16 (lH, m, CHzCli), 5 26 (d, J 18 Hz) overlappmg with 531 (d, J 11 Hz) (total 2H. 



Synthesis of (-)-dthydroaszonalenm 10661 

CH=C&), 6 23 (lH, dd, J 17 3 and 10 8 Hz, C&CH2), 6 9-7 2 (3H, m, arom ), 7 3-7 45 (3H, m, 
arom ), 7 51 (lH, d, J 7 8 Hz, arom ), 7 65 (lH, d, J 7 4 Hz, arom ), 8 2 (IH, br, NH), 10 5 (lH, br. 

NH), 6~ (62 9 MHz) 14 6, 23 4 (2C3), 30 4, 410, 49 7, 69 I, 114 8, 118 6, 120 9, 123 1, 124 7, 

125 0, 1260, 1284, 1302, 132 7, 136 1, 1395, 143 0, 1550, 1688, 1724, 1849 

Natural Dihydroaszonalenin 
A solution of aszonalenm (7 5 mg) m ethyl acetate (10 ml) was hydrogenated at atmospheric 

pressure over Adams’ catalyst (1 5 mg) for 2 h Hltratlon and evaporation of the filtrate furnished 

dlhydroaszonalemn, mp 254255”C, [a]D +59 7”. (a]578 +61 3”, [al% +75 4”, [a& +218 5” (c 0 1, 

CHCi3) 

(-)-Dihydroaszonalenin (12b) 
A slurry of freshly prepared W2 Raney nickel m ethanol (1 ml) was added to a well-shrred solution 

of the mdolemne lla (100 mg) m vigorously refluxmg benzene (5 ml) After refluxmg 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 0 8 (maJor), 0 45 (minor), 0 4 [mrnor, 
compound lla 1, and 0 25 (maJor) The main components of the mixture were isolated by flash 

chromatography The fraction with Rf 0 25 furnished benzodrazepme lOa, mp 245°C. IR and tH-NMR 
spectra and TLC behavlour identical to those of authentic matenal The fraction with Rf 0 8 gave needles 

(22 mg), mp 247°C (from chloroform/methanol) This substance was shown by IH-NMR and mass 
spectrometry to be a mixture of (-)-aszonalenm and Its dlhydro-denvabve Quahtahvely smular results were 
obtained when the desulphunsatlon was performed with vanous different grades of deactivated Raney 
nickel 

A solution of the substance described above (50 mg) m ethyl acetate (30 ml) was hydrogenated for 2 

h, at atmosphenc pressure over Adams’ catalyst (5 mg) Filtration and evaporation of the filtrate fumlshed 
f-)-dlhvdr~us~onalenln 12b, mp 254255°C (depressed upon mixed mp with natural dihydroaszonalenm), 

[a]DZ3” -50 4”. [a]578 -53 I”, [a]s4c, -65 1”. [a]436 -185 4“ (c 0 5, CHCI3). TLC behavlour, IR and tH- 

NMR spectra Identical to those of natural dlhydroaszonalenm (Found C. 73 5, H, 6 7, N, 10 8%, M+, 

375 194 C23H25N302 requires C, 73 6, H, 6 7, N, I1 2%, M, 375 195), vmax (KBr) 3380 (m. NH), 

3250 (m. NH), 1683 (s, C=O), 1617 (s, C=O), 1600 (s), 1570 (m) cm-l, 6~ (360 MHz) 0 82 (3H, t, J 7 5 

Hz, C&CHz), 0 97 (3H, s, CH3), 0 99 (3H, s, CH3), 1 27 and I 61 (each lH, each m, CH3Cy2). 2 42 
(1 H, dd, J 13 9 and 9 1 Hz, H-14;pro-S), 3 48 (lH, dd, J 13 9 and 7 4 Hz, H-14pro-R), 4 00 (lH, dd, J 

9 1 and 7 4 Hz, H-13a), 5 61 ( IH, s, H-5a), 6 15 ( IH, s, H-5). 6 60 (lH, m, 35-7 8 Hz, H-4), 6 71 (lH, 
dt,Jl land75Hz,H-2),692(1H,dd,J 1 1and80Hz,H-ll),706(lH,m,3J-76Hz,H-3),715 
(lH,dd,J08and75Hz,H-1),720(IH,ddd,J 11,74,aud79Hz,H-9),743(1H,ddd,J16,74, 
and 80 Hz, H-IO), 783 (IH, dd, J 16 and 79, H-8), 825 (IH, s, H-12) 

Desulphnrisation and Hydrogenation of (lib) 
Compound llb ( 100 mg) was submltted to desulphunsatlon over Raney nickel as described above 

to furnish mter alru a mixture of the desired compound and Its dlhydro-denvatlve Hydrogenahon of the 

latter mixture over Adams’ catalyst gave the pentucycle 13 (I 5 mg) mp 125°C (from benzene/petroleum 

ether), [alD +800“ (c 0 2. chloroform) (Found M+, 375 193 C23H25N302 requires M, 375 195), 8H 

(360 MHZ) 0 81 (3H. t, J 7 5 Hz, C&CHz), 0 94 (3H, s. CH3), 0.98 (3H, s, CH3). 1 29 and 1 58 (each 
I H, each m, CHsC&), 2 57 (IH dd, J 13 4 and 9 6 Hz, H-14-pro-S), 3 13 (lH, d, J 13 5 Hz, H-14 

pro-R), 4 13 ( IH, dd, J 9 5 and I 0 Hz H-13a), 5 17 (IH, s, H-5), 5 67 ( IH, s, H-5a), 646 (lH, m, 
3J-7 8 Hz, H-4). 6 63 ( I H, dt, J 1 0 and 7 5 Hz, H-2). 6 82 (lH, dd. J 1 0 and 8 1 Hz, H-l 1). 6 97 (IH, 
dt, 12and76Hz,H-3),724(IH.ddd.J 10,73and79Hz,H-9),728(1H,dd,JOSand75Hz,H- 
1).745(lH,ddd,J 17,73,and81 Hz.H-10),782(1H,s H-12),798(1H,dd,J17and79Hz,H- 

8) 
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Selected Results of Difference NOE Spectroscopy (360 Mz) on (12b) and (13) 

Comoound Jnadmt& N!JEQb=vd6 
12b 0 97 (Me) 0182 (2461, 128 (2%), 3 48 (4%), 5 61 (7%), 7 15 (5%) 

0 99 (Me) 161 (2%), 3 48 (4%), 561(8%), 7 15 (4%) 

2 42 ( 14Hs) 3 48 (lS%, 14-HR), 400 (12%, 13a-H), 7 15 (496, I-H) 
3 48 (14HR) 2 42 (lO%, 14-Hs) 

4 00 (13a-H) 2 42 (4%, 14Hs) 

6 15 (IH) 5 61 (7%, 5a-H), 6 60 (lo%, 4-H) 

8 25 (12-H) 6 92 (16%, 11-H) 

OWhOB(Me2) 2 57 (2%, lCHs), 5 67 (5%, 5a-H), 7 29 (3%, 1-H) 

2 57 (14-Hs) 0 94 & 0 98 (each l%, Mez), 3 14 (13%,14-HR), 4 13 (8%, 13a-H) 

5 17 (5H) 5 67 (6%, 5a-H), 6 46 (S%, 4H) 

7 79 (12-H) 682 (13 5%, 11-H) 
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