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A Three-step Synthesis of a Gliotoxin Analogue with Anti-reverse 
Transcriptase Activity 

By HENRICUS C .  J. OTTENHEIJM,* GERARDUS P. C. KERKHOFF, and JOHANNES W. H. A. BIJEN 
(Department of Organic Chemistry, University of Nijmegen, Toernooiveld, Nijmegen, The Netherlands) 

and TOM F. SPANDE 
(Laboyatmy of Chemistry, National Institute of Arthritis, Metabolic and Digestive Diseases, National Institutes of Health, 

Bethesda, Maryland, 20013) 

Summary A practical, 3-step synthesis of general applica- 
bility to analogues of gliotoxin has been devised and 
used to prepare the potent antiviral compound (12) in 
37% yield. 

THE epidithiodioxopiperazine ring system (1) , common to 
a number of fungal metabolites, appears to be the site of the 
potent antiviral, antibacterial, or antifungal activities of 
this group.lPz Several syntheses of simple derivatives of 
(1) have appeared3 and Kishi and his co-workers have 
recently reported" a 12-step synthesis of (-f )-dehydro- 
gliotoxin, i.e. the 5a-6 dehydro racemate of gliotoxin (2). 
We report a much simpler route to analogues of gliotoxin 
which features the reaction of or-keto acyl chlorides with 
indolenine-2-carboxamides. 

F'yruvoyl chloride5 and the carboxamidet (3) in CCl, 
reacted within 50 min at  room temperature to form the 
Leuchs' adducts (4) [8$7-89 (m, 6-H) and 3-19 (d, NMe)]. 
80 min after mixing, this intermediate had been converted 
completely into (5),' which appeared to be one stereoisomer-8 
by lH n.m.r. spectroscopy [8 8.31 (m, 6-H) and 3.47 (s, 
NMe)]. When stirred for 16 h, (5) is transformed into a 
mixture of (6) [a 6.37 (d, C=C-HA) and 5.52 (d, C=C-HB)] 
and (7), the latter apparently arising from the water pro- 
duced on spontaneous dehydration. The chloroalkene (6) 
could be converted quantitatively into (7) with 1 equiv. of 
NaOH in MeOH, while treatment with MeOH-CCl, or 
thioacetic acid and BF,,EbO in CH2Cl, gave (8) (60%) and 
(9) (88%), respectively. 

When H,S was bubbled through a CH2C12 solution of (6)  
for 1 h a t  room temperature, the mercaptoalkene (10) [8 

4.75 (br s, SH)] resulted. In addition a 1: 1 mixture of 
(6) and (7) was quantitatively converted into (10) within 
2 h with H2S-ZnCl, a t  0 "C. When (5) or (10) were ex- 
posed to these conditions for 8 h, the cis-dithiol (11) [6 4.24 
and 3.44 (s, 2 x SH) and 2-43 (s, 3-Me) J resulted, probably 
indicating the intermediacy of (lo), since (5) is so easily 
dehydrated. 

Me Me 

Me Me Me 

( 1 1 )  (6) X =CL (9) X = SCOMe 
(7 )  X =OH 
(8) X = OMe 

(10) X = 5H 

The unexpected &-orientation of the C(3) and C(l0a) 
thiol groups is proved by the ready oxidation (02, MeOH- 
H,O) of the dithiol (11) to the disulphide (12) [37% yield 
from (3), m.p. 136-138°C; 8 8-40 (m, 6-H), 7.64 (m, 
7-9-H), 3.50 (s, NMe), 2.48 (s, 3-Me), and 2.18 and 1.98, 
(s, 10-aMe and lO-flMe); mass spectrum (chemical ioniza- 
tion, NH,) : m/e, 338 (M+NH,, 33y0), 321 (M+H+, looyo), 
and 257 (M+H+-S,, 71%)] and by the conversion (58%) 
of (11) into the epitetrathiodioxopiperazine (13)s with 
S,C1, in dry CHCl,. The disulphide (12) could be converted 
into the dithiol (11) by treatment with NaBH, in EtOH, 
while reaction with excess of PPh, in EtOHO gave the 
mono-sulphide (14) [8 7.82 (m, 6-H), 3.29 (s, NMe), and 
2.17 (s, 3-Me)l in 20% yield. 

Compound (12) inhibited reverse transcriptase,lO the 

f Prepared in 90 % yield from ethyl 3,3-dimethylindolenine-2-carboxylates~ and methylamine in dry monoglyme at 80 "C in an 
autoclave; m.p. 109-110 "C (from MeOH-hexane). 

$. 1H N.m.r. spectra expressed in 6 values were measured using external hexamethyldisiloxane. for solutions in either CCl, (4)-(7) or 
CDCl, (10)-(14). Only essentials are given. 

Chemical ionization mass spectrum (NH,): m/e 402 (M+NH,+, 48%). 386 (M+H+, 83%), 370 (M+NH,+ - S, 32%), 363 
(M+H+ - S, 43%). 338 (M+NH,+ - S,, 22%), 321 (M+H+ - S,, 32%), 289 (M+H+ - S,, 6%), and 267 (M+H+ - S,, 100%). 
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RNA-dependant DNA polymerases of RNA tumour from Rauscher leukeamia virus was 14 and 4l%,  respec- 
viruses, a t  concentrations of 3.9 x l O - 4 ~  (130&ml) and 
3.9 X ~ O + M  (13 pg/ml) where the poly A-dependent in- 
corporation of SH-dTMP residues with enzyme derived (Received, 7th July 1975; Com. 774.) 
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