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The insecticidal exotoxin produced by Bacillus thuringlensis was almost simulta ne-
ously isolated by several Europian teams. The structure of exotoxin (without the confi-
guration of the glucosidic bond and the allaric portion) was proposed in this Institute
on the basis of deg‘rédationsi. The correctness of this proposal was proved b;y synthe-
sis of the fundamental sugar fragmentz. The structure of the allaric ]sortion of exotoxin
was rigorously proved by two independent chemical routesz. The complex structure of
exotoxin kl), especially the a—configuratloﬁ of the glucosidic bond4 and position of the
phosphate group or;n the allaric acid moiety1 has been now established by synthesis.

The total synthesis of exotoxin required realisation of several fundamental steps,
namely, formation of an ethereal bond between the ribofuranose and glucopyranose com-
ponent (1), selective nucleosidation (2), formation of & -glucosidic bond connecting the
allaric portion of correct configuration (3), and its unequivocal phosphorylation (4). 1t
has been then determined on the basis of numerous experiments that the order (1), (3),

(2), and (4) is advantageous for the realisation of the total synthesis. In step (1) we he-
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(0°C, 24 hours) afforded the diglycoside ether IV, m.p. 117-118°C, [a:l ;5 -78.2°(CH613, c1).
The anomeric center of the ribose component of the ether IV is deactivated by the pre~
sence of the carbonate group to such an extent that further reactions may be performed
selectively on the glucose portion; this observation was made use of in realisation of
step (3). Acetolysis of the 1,6-anhydro ring of compound IV (4% BF3.Et20 in acetic an-
hydride) afforded the triacetate V, m.p. 149-1510(2, [a]§5+ 13.10 (CHCIS, < 1), which was

condensed (by the action of 10% BF .Et20 in chloroform) with the lactone ester of alla-

3
ric acid V1 to give the glycosyllactone VII. The latter compound was without any isola-
tion hydrogenolyzed (over 10% PdfC in acetic acid) under the formation of the a=glycosi-
de VIII, [1]354-10.40 (CHCIS. ¢ 1) NMR spectrum (CDCls):é 2,02 and 2.14 (s, 2x OAc),
3.90 (s, 5”-c02Me), 4.04 and 4.17 (d, OCH,CCL,, Jgem 11-0) 5.31 (4, 1°-H, Ipra-
3.5 c.p.s.) and 5.42 p.p.m. (s, 1-H). £ cetylation of compound VII (O.2M—CF3C02H in Aczo)
afforded the triacetate IX, m.p. 64°C (m-xylene; solvate with 2 molecules of thé solvent).
In ‘subsequent step (2), it was necessary to activate the ribose moiety; the cyclo-
carbonyl group was therefore replaced by acetyl groups. The hydrolysis of compound
IX {pyridine-water, 100°C. 30 min) was accompanied by a simultaneous opening of the
lactone ring which was reclosed by the action of N,N “-dicyclohexylcarbodiimide to give
the dihydroxy derivative X (4 CO of the lactone, 1 804 cm-l;'i CO of esters, 1 735 cm_l)
which was acetylated under the formation of the pentaacetate XI. The trichloroethyl group
of the pentaacetate XI was removed by reduction (Zn/HCl in acetone) and the thus-obtai-

ned hydroxy derivative XII was converted into an anomeric mixture of the peracetyl de-

rivatives XIlI. By the action of hydrogen bromlide In a toluene-chloroform mixture, the &=
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nomeric mixture XIII was transformed into the halogenose XIV which was treated with
chloromercuri salt of N6-benzoyladenine in acetonitrile to afford the nucleoside XV,

A,X:XOH 232 and 278 nm, NMR spectrum (CDCI,}):S 1.97, 205 and 2.13 (s, 5x QAc),
102 ;3.5), 5.83 (d, 2 "-H, g s
8.82 p.p.m. (s, 8-H and 2-H of adenine), The phosphorylation *of the nucleoside XV (step 4

3.80 (s, 5”-co2Me), 5.55 (d, 1°-H, J .6 c.p.s.), 8.42 and

was started with opening of the lactone ring by the action of lM_CsHSN in methanol
(reflux, 40 min) to afford the dimethylester XVl which was then phosphorylated with phos-
phorus oxychloride in benzene in the presence of pyridine. The thus-obtained chlorophos-
phate XVII was hydrolyzed with sodium hydroxide in aqueous pyridine to give exotoxin
(I) which was in all respects identical8 with naturally occurring toxin.

The above route together with another procedure which will be published later may
be used in investigation in the field of exotoxin analogues.

The starting ribofuranoside I[II was prepared (Chart 1) by reaction of anomeric tetra-

O—acetyl—D-ribofuranose59 with 2,2,2-trichloroethanol in the presence of BF_.Et, O, the al-

372
kaline methanolysis of the product XVIII, and treatment of the free glycoside XIX, m.p.
114-115°C,[a 1:2’5 -60.90 (EtOH, c 1), with excess phosgene in the presence of N,N-dimet-
hylaniline; the chloride XX was converted by a mild hydrolysis (in the presence of pyridi-
ne in acetone) into the ribofuranoside III, [a]gs -85.9° (EtOH,.c 1).

In the synthesis of the allaric acid lactone ester VI (Chart 2), the starting 1,2-O-iso-
propylidene—a-D—alloiuranoselo was protected by trityl group at position 6 and by ben-
zoyl groups at positions 3 and 5 to afford compound XXI. Removal of the trityl group

1

(HCl/acetone) afforded the alcohol XXII, m.p. 106-108°C, which was oxidizedl with so-
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dium periodate in the presence of ruthenium tetraxide. The thus-obtained acid XXIII was
treated with diazomethane to give the methyl ester XXIV. Removal of the isopropylidene
group led to the dihydroxy derivative XXV, m.p. 124413O°C, which was oxidized with bro-

mine to afford the lactone VI, m.p. 191-193°%C, [a]2® -34° (cHcl,, ¢ 1).
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