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An optically active ester-lactone IV has been synthesised and attached through an a-glucosidic 
bond to ethers II and III. The resulting a-glucoside XX has been transformed by a sequence 
of reactions to the nucleoside XXXI which has furnished (opening of the lactone ring, phosphory-
lation, and hydrolysis of protecting groups) the exotoxin I. Oxidation of the primary hydroxylic 
function of the alcohol VII to the carboxylic group has been affected under very mild conditions 
with sodium periodate under catalysis of ruthenium tetraoxide. a-Glucosylation of the ester-
-lactone IV with ethers II or III has been catalysed by boron trifluoride etherate. The general 
applicability of the present method to the synthesis of disaccharides has been demonstrated 
by the preparation of the 5-O-ot-D-glucopyranosyl-D-glucose derivative XV. 

In t h e first part of the e x o t o x i n I synthesis , the preparat ion o f the intermediary 
ethers II a n d III has b e e n a c c o m p l i s h e d 1 . In the present part, w e wish t o report 
a t t a c h m e n t of these ethers t o allaric acid by a n a -g lucos id i c b o n d , nuc leos idat ion 
o f the p e n t o s e p o r t i o n of the m o l e c u l e , a n d finally, p h o s p h o r y l a t i o n o f the allaric 
p o r t i o n o f the m o l e c u l e at the appropriate pos i t i on . 

/ , R = PO(OH) 2 

* Part CLXXXIII in the series Nucleic Acid Components and their Analogues; Part 
CLXXXII : This Journal 41, 788 (1976). 
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Synthesis of Exotoxin Produced by Bacillus thuringiensis 801 

Since the bond between glucose and allaric acid in exotoxin I is formed by an 
a-glucosidic attachment2,3 to a hydroxylic function possessing3,4 the absolute 
configuration R, a suitable optically active derivative of allaric acid was required 
as intermediate. It appeared advisable to prepare such an allaric acid derivative, the 
hydroxylic function (i.e., that hydroxyl bound to a phosphoryl group in the naturally 
occurring exotoxin /) of which would be protected simultaneously with the carbo-

xylic group at the y-position by the formation of a lactone ring. On the basis of a se-
ries of preliminary model experiments, the ester-lactone IV was selected as the most 
suitable substance. The synthesis of the ester-lactone IV was started from 1,2-O-iso-
propylidene-a-D-allofuranose5 (F) which was triphenylmethylated and benzoylated 
to afford 5,6-di-0-benzoyl-l,2-0-isopropylidene-6-0-triphenylmethyl-a-D-allofura-
nose (VI) from which (without isolation) the protecting triphenylmethyl group was 
removed by the action of hydrochloric acid in acetone. The thus-obtained 3,5-di-
-0-benzoyl-l,2-0-isopropylidene-a-D-allofuranose (VII ) was transformed by the 

O 

II, R = OCOCH 
XVI, R = Br 

3 III, R = OCOCH 
XVII, R = Br 

3 

COOCH, CHiOR' 

OBz OR 

IV, R = H 
XXXII, R Bz 

V, R1 = R2 = H 
VI, R1 = C(C6H5)3; R2 = Bz 

VII, R1 = H; R2 = Bz 
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r u t h e n i u m te t raox ide ca ta lysed ox ida t ion with sod ium p e r i o d a t e 6 t o the u ron ic acid 
VIII, the ester if icat ion of which with d i a z o m e t h a n e yielded methyl 3 ,5-di-O-benzoyl-
-1 ,2 -O- i sopropy l idene-a -D-a l lu rona te ( I X ) . Acidic hydrolys is of the p ro tec t ing iso-
p ropy l idene g r o u p in the es te r IX a f fo rded methy l 3 ,5-d i -O-benzoyl -D-a l luronate (X) 
which was conver ted by ox ida t ion with b r o m i n e in a q u e o u s d ioxane in to the requi-
red e s t e r - l ac tone IV. 

COOR 

BzO-

OBz O 

VIII, R - H 
IX, R - CH 3 

COOCHJ 

B z O — . (X 

OH 

T h e a t t a c h m e n t of glucose by m e a n s of an a-g lucos id ic b o n d to an aglycone bea r ing 
a y- lactone r ing in the n e i g h b o u r h o o d of the hydroxyl ic f unc t i on has been examined 
on m o d e l g lucosyla t ions of l , 2 - 0 - i s o p r o p y l i d e n e - a - D - g l u c u r o n o - l , 4 - l a c t o n e ( X [ ) with 
6 -0-ace ty l -2 ,3 ,4 - t r i -0 -benzyl -D-g lucopyranosy l b r o m i d e ( X I I ) or with 1,6-di-O-acetyl-
-2 ,3 ,4- t r i -O-benzyl -D-glucopyranose ( X I I I ) . Sa t i s fac tory yields were ob ta ined by the 
K o e n i g s - K n o r r condensa t ion of the lac tone XI with the b r o m i d e XII in n i t r o m e t h a n e 
in the presence of mercur ic cyanide and by the direct condensa t ion of the d iaceta te XIII 
with the lac tone XI in the presence of s tann ic ch lor ide or b o r o n t r i f luor ide e thera te . 
In all th ree cases an a n o m e r i c mix tu re of the 5-O-glucosyl der ivat ives XlVa a n d 
XIVp was ob t a ined a lways in the a n o m e r i c ra t io of 4 : 1. The p r e d o m i n a t i n g a n o m e r 
could be isolated by crys ta l l i sa t ion. Since t he a n o m e r i c po r t i on of the X H - N M R 
spec t rum of glycosyl der ivat ives XIVcc,/3 is r a the r compl ica ted , the ass ignment of the 
a - con f igu ra t i on to the p r e d o m i n a t i n g a n o m e r XIVcl was p e r f o r m e d on the basis 
of the well resolved spec t rum of the co r r e spond ing a lcohol X V ob ta ined f r o m the 
a n o m e r XIVoc by l i th ium a l u m i n i u m hydr ide r educ t ion . 

HO 
CH2OCOClI3 

O, 

OC1 l)CftHj —R 

OCHX' H< 
O C H - v C ' i s H s 

XII, R 
XIII, R 

Br 
COCH3 
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XI VOL, P 

CH 2 OCOCH 

XVIII 

In syntheses of disaccharides, the acid-catalysed glycosylation has not been so far 
widely used. Thus , the l i terature repor t s the use of s tannic chloride in the p repara -
t ion of glycosides of some simple a lcohols 7 and the appl ica t ion of b o r o n tr if luoride 
etherate to the p repara t ion of glucosides f r o m the benzyl- type alcohols and 2,3,4,6-
- tetra-O-acetyl-D-glucopyranose under mild condi t ions (15 min at — 20°C; c / . 8 ' 9 ) . 
In the lat ter case, the sugar componen t does not represent the active electrophilic par-
ticle but figures as the passive componen t which is a lkylated by an electrophilic 
particle arisen f r o m the alcohol and bo ron tr if luoride e therate . It has ben found 
that glycosides may be prepared f r o m 2,3,4,6-tetra-O-acetyl-D-glucopyranose under 
those condi t ions only with the use of considerably reactive alcohols of the benzyl 
alcohol type; the o ther alcohols (e.g., 2 ,2,2-tr ichloroethanol) do not react except 
for much more vigorous condi t ions (elevated tempera tures) . T o our opinion, the 
acid-catalysed glycosylation may be preferably used in the synthesis of disaccharides 
(a simple technique and of ten considerably higher yields when compared with the 
K o e n i g s - K n o r r m e t h o d ) in those cases when the sugar componen t to be glycosylated 
readily f o r m s an active electrophilic particle by the act ion of acidic catalysts. Such 
cases are suitable for glycosylation of as sensitive substances as the lactone XI and 
the ester- lactone IV. 

C o l l e c t i o n C z e c h o s l o v . C h e m . C o m m u n . [Vo l . 41] [19761 
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On the basis of the above successful model experiment, the a-glucosylation of the 
ester-lactone IV with ethers II or III was attempted. These two a-glucosylations 
markedly depend on the condensation methods. Thus, stannic chloride as catalyst 
did not prove successful. Somewhat better yields were obtained when the ethers II 
or III were converted by the action of gaseous hydrogen bromide in toluene into the 
corresponding halogenoses XVI and XVII which were then condensed with the ester-
-lactone IV in nitromethane in the presence of mercuric cyanide. In the best case 
(condensation of the halogenose XVII with the ester-lactone IV) however, the yield 
of the a-glucoside XXI was 9% only. Better yields (25%) were obtained when con-
densations of ethers II and III with the ester-lactone were catalysed by boron tri-
fluoride etherate. The chromatographic behaviour of the glycoside XVIII (condensa-
tion product of the ether II with the ester-lactone IV) is identical with that of the 
starting ether II. Consequently, the chromatographic fraction corresponding by its 
mobility to the ether II was subjected to the action of ammonia and acetylation; 
the resulting amide XIX was then readily isolated by chromatography. From the 
'H-NMR spectrum of the amide XIX there was not possible to determine the con-
figuration at the anomeric centre of the glucose residue. As suggested however 
by numerous analogous cases, the amide XIX represents an a-glucoside which 
could be contaminated only with traces of the P-anomer. 

On the other hand* the chromatographic mobility of the glycoside XX (obtained 
from glycosylation of the ester-lactone IV with the ether III or the corresponding 
bromide XVII) is very similar to that of the starting ester-lactone IV. The chromato-
graphic fraction corresponding to the mobility of the ester-lactone IV was therefore 
hydrogenolysed; the resulting debenzylated glycoside XXI travels much more slowly 
and may be thus isolated by chromatography. Acetylation of the glycoside XXI af-
forded the acetate XXII in the form of a solvate with two molecules of m-xylene. 
In the glycosylation of the ester-lactone IV with the ether III or the bromide XVII 
(prepared from III) no p-anomer was detected by preparative or spectral (1H-NMR) 
methods. 

CH2OCOCH3 

XX, R CI 
XXI, R = H 

XXII, R C< 

R = CH 2 C f i H 5 2 ^ 6 5 

o COCH 3 

Co l l ec t ion C z e c h o s l o v . Chem. C o m m u n . [Vol. 41] [1976] 



The further steps of the exotoxin I synthesis required attachment of adenine 
to the pentose portion of the glycoside XIX and XXII molecule and phosphorylation 
of the allaric acid residue. The attempted conversion of the pentose portion of the 
ester-amide XIX to the required adenosine derivative comprised reductive removal 
of the trichloroethyl group and treatment of the resulting hydroxy derivative XXIII 
with the sodium salt of adenine. Unfortunately, the allaric portion of the molecule 
was to a considerable extent destructed during this procedure owing to a relatively 
high basicity of the sodium salt of adenine. A complicated mixture of products 
was obtained from which the required compound XXIV (as confirmed by ' H - N M R 
spectrum) was isolated in a low yield and insufficient purity. This route was there-
fore abandoned in favour of the synthesis starting from the glycoside XXII. 

COOCH, 

BzO—C— H 

R'O—C — H 

BzO—C—H • 

O C—H 

CHiGAc 

OAi 

Y O^ CH, OR6 I 
V I ' COR4 

OR2 OR5 

XIX, R = a-OCH2CCl3 

XXIII, R = OH 

Prior to nucleosidation of the glycoside XXII, it was necessary to activate the ribose 
anomeric centre by hydrolysis of the 2",3"-cyclocarbonate bond, reductive removal 
of the trichloroethyl group, and their replacement by acetyl groups. The glycoside 
XXII was therefore subjected to a base-catalysed hydrolysis. In this step, the hydro-
lysis of the cyclocarbonate bond was accompanied by opening of the 1,4-lactone 
system on the allaric portion of the molecule. With respect to the future introduction 
of a phosphoryl group into the allaric moiety, the lactone ring of the hydroxy acid 
XXV had to be recyclised. Recyclisation of the lactone ring by heating in formic 
acid did not afford satisfactory yields. Considerably better yields were obtained with 
the use of the Woodward 1 0 method, especially with ethoxyacetylene as the cyclisa-
tion agent. The thus-obtained ester-lactone XXVI was acetylated with acetic an-
hydride under catalysis of trifluoroacetic acid to afford the pentaacetate XXVII, the 
trichloroethyl group of which was then removed by the action of zinc in acetone in 
the presence of hydrochloric acid. The resulting hydroxy derivative XXVIII was 

Col lec t ion C z e c h o s l o v . C h e m . Commun. [Vol . 41] [1976] 
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converted by acetylation to a mixture of anomeric hexaacetates XXIX and then (by 
the action of gaseous hydrogen bromide) to the halogenose XXX which afforded the 
nucleoside XXXI on treatment with N6-benzoyladenine chloromercuri salt. 

OR2 OR2 OBz 
COOCH, 

XXVI, R1 = OCH2CCI3 ; R2 = H 
XXVII, R 1 = OCH2CCl3 ; R2 = Ac 

XXVIII, R1 = a,3-OH; R2 - Ac 
XXIX, R 1 = a,3-OAc; R 2 = Ac 
XXX, R1 = a,p-Br; R2 = Ac 

XXXI, R1 = 9-N6Bz-adenyl; R 2 = Ac 

The opening of the lactone ring in the nucleoside XXXI and phosphorylation 
of the free hydroxylic function has been first examined with the use of the ester-
-lactone XXXII as the model substance. Compound XXXII was obtained by ben-
zoylation of the free hydroxyl in compound IV. In the model methanolysis of the 
ester-lactone XXXII, the lactone ring could be opened by the action of methanol 
under acidic catalysis of boron trifluoride etherate as well as under basic catalysis 
of pyridine. In both cases there was obtained the identical dimethyl ester XXXIII 
without any perceptible migration of benzoyl groups. In the choice of a suitable 
phosphorylating agent for the phosphorylation of the free hydroxylic function in the 
dimethyl ester XXXIII, the following factors had to be taken into consideration: 
considerable inclination of the non-ionised phosphoryl group in 3-position with 
respect to the ester function towards elimination by the action of basic agents, 
potential migration of benzoyl groups, and the relatively low accessibility of the 
secondary hydroxylic function. In this respect, phosphorus oxychloride appears 
as the single suitable agent. Phosphorylation with this agent is rapid and practically 
quantitative even in the presence of one equivalent of pyridine. The resulting ester-
-dichloride XXXIV may be hydrolysed under very mild conditions to the phosphate 
XXXV; there is no danger any more of an elimination of the phosphoryl group 
from the phosphate XXXV by the action of basic substances. For purposes of isola-
tion, the phosphate XXXV was treated with ethereal diazomethane to obtain com-
pound XXX VI which was characterised by elemental analysis a n d ^ - N M R spectrum. 
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On the basis of the above successful model experiment, methanolysis of the lactone 
ring in the nucleoside XXXI was undertaken. With the use of an acidic catalyst, 

C O O C H , 
I 

BzO—C—H 
I 

RO—C—H 
I 

BzO—C—H 
I 

BzO- C—H 
I 
COOCH3 

XXXIII, R H 
XXXIV, R = P O C l 2 

XXXV, R = PO(OH) 2 

XXXVI, R = P O ( O C H 3 ) 2 

the methanolysis of the lactone ring was accompanied by a partial removal of protec-
ting acetyl groups. Considerably better results were obtained with pyridine as cata-
lyst. The resulting dimethyl ester XXXVII was phosphorylated with excess phos-
phorus oxychloride to afford the ester-dichloride XXXVIII which was then subjected 
to alkaline hydrolysis. The thus-obtained exotoxin / was.isolated f rom the reaction 
mixture by chromatography on D E A E cellulose. 

COOCH3 

BzO—C—H 
CH.OCOCH, | 

CH;COO—C—H 

OCH2C6H5 

XXV, R 1 = O C H 2 C C l 3 ; 
R 2 = R 3 =,= R 5 = H; R 4 - OH 
R 6 = Ac; 

XXXVII, R l = 9-N6Bz-adenyl; 
R 2 = R 5 = R 6 - Ac 
R 3 = H; R 4 - OCH3 

XXXVIII, R 1 = 9-N6Bz-adenyl; 
R = R = R = Ac; 
R 3 = POCl2 ; R 4 - OC 

XXIV, R 1 = 9-adenyl; R 2 ^ H 
R 3 - Ac; R 4 - N H 2 ; 
R 5 = R 6 = C H 2 C 6 H 5 
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Characterisation of the synthetic exotoxin I is rather dificult since its isolation 
in crystalline form has failed. Consequently, some comparisons were performed 
between the naturally occurring and the synthetic exotoxin with respect to the 
biological activity, chromatography on ion exchange resins, and electrophoresis 
at different pH values. All these comparisons demonstrated identity of the two speci-
mens of different origin. 

E X P E R I M E N T A L 

Melt ing points were taken on a heated microscope stage (Kofler block). Unless s tated otherwise, 
analytical samples were dried at 20°C/0- l Tor r for 10 h. The ' H - N M R spectra were measured 
on a Var ian H A 100 appara tus . The I R spectra were recorded on Zeiss U R 10 appara tus . Thin-
-layer c h r o m a t o g r a p h y was pe r fo rmed on the Merck Kieselgel C F 2 5 4 (Type 60) silica gel; spots 
were detected by viewing under ul traviolet light or by spraying with 10% sulfuric acid in methanol 
and heat ing (carbonisat ion) . Solut ions were dried over a n h y d r o u s magnes ium sulfate and taken 
down under diminished pressure on a ro ta tory evapora to r at the bath t empera tu re of 40°C. 

3 ,5-Di-0-benzoyl- l ,2-0- isopropyl idene-ot -D-al lofuranose ( V I I ) 

To a solut ion of 1,2-O-isopropylidene-a-D- a l lo fu ranose 5 ( V ; 28 0 g; 0-128 mol) in pyridine (140 
ml) there was added t r iphenylmethyl chloride (39-6 g; 0 1 4 2 mol). The stirred mixture was kept 
at r o o m t empera tu re for 24 h, cooled down with ice, and t rea ted dropwise with benzoyl chloride 
(56 g; 0-40 mol) at the t empera tu re up to 25°C. T h e st irr ing at r o o m t empera tu re was cont inued 
for 1 h, the mixture poured on to ice (100 g), and extracted with benzene. T h e extract was washed 
with dilute hydrochlor ic acid, water , a n d dilute aqueous a m m o n i a , dried, a n d evapora ted . The 
residue was dissolved in ace tone (280 ml), the solut ion kept with conc. hydrochlor ic acid (14 ml) 
for 1 h at r o o m tempera ture , neutral ised with aqueous a m m o n i u m acetate, a n d evaporated. 
The residue was diluted with water (100 ml) and extracted with two 150 ml por t ions of benzene. 
The extract was dried and concent ra ted under diminished pressure to the vo lume of 200 ml. 

Sudan Orange (10 mg) was added to the concent ra te and the mixture appl ied to a column 
of silica gel (500 g). The Sudan Orange was eluted a long with t r iphenylmethanol by 95 : 5 benzene-
-e the r . With 85 : 15 benzene-ace tone solvent mixture, the d ibenzoate KZ/was eluted ( R r of com-
pound VII, 0 45 on thin-layer c h r o m a t o g r a p h y in the same solvent mixture) . F rac t ions con-
taining the d ibenzoate VII were pooled and evapora ted . T h e residue (49-0 g; sufficiently pure 
for the p repara t ion of the ester X) was diluted with ether a n d then light pe t ro leum until slightly 
turbid a n d kept at 0°C to deposit crystals. The solid was collected with suct ion a n d washed with 
1 : 2 e ther- l ight pe t ro leum to a f ford 29 0 g (53%) of the d ibenzoate VII, m.p . 1 0 6 - 1 0 8 ° C , 
[ a ] 2 5 + 1 2 5 - 0 ° (c 0-5 in ch loroform) . F o r C 2 3 H 2 4 0 8 (428-4) calculated: 64-48% C, 5-65% H; 
f o u n d : 64-40% C, 5-70% H. 

Methyl 3 ,5-Di-O-benzoyl- l ,2-O-isopropyl idene-a-D-al luronate ( I X ) 

To a solut ion of the dibenzoate VII (21-6 g; 0-05 mol) in 70% aqueous ace tone (400 ml) there 
were added sodium per iodate (42-6 g; 0-20 mol) a n d 5% aqueous r u t h e n i u m tr ichloride t n -
hydra te (0-5 ml). The mixture was stirred at r o o m t empera tu re until the d ibenzoa te VII disap-
peared (3-5 h; thin-layer c h r o m a t o g r a p h y in 85 : 15 benzene-ace tone , RF 0-45), filtered, and the 
material on the filter washed with acetone. The filtrate a n d washings were combined , evapora ted . 
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and the residue extracted with two 100 ml por t ions of ethyl acetate. The extract was t reated with 
excess ethereal d iazomethane, dried, and evapora ted . The residual s irupous ester IX was directly 
used in the prepara t ion of the dihydroxy derivative X wi thout any fur ther purif ication. F o r pur-
poses of analysis, the crude IX was ch romatographed on a co lumn of silica gel in 95 : 5 benzene -
-ethyl acetate (thin-layer ch romatography on silica gel in the same solvent system, RF IX 0-30). 
Optical rota t ion: [a]£5 +140-8° (c 0-4 in chloroform) . 1 H - N M R spectrum (CDC13) : <5 1 53 and 
1 39 (2 s, C H 3 of the isopropylidene group), 3-61 (s, C O O C H 3 ) , 5-87 (d, 1 H, C ( 1 ) — H ; Jx 2 = 
= 3-7), 4-96 (q, 1 H, C ( 2 ) — H ; J2 3 = 4-7), 5-35 (q, 1 H, C ( 3 ) — H ; / 3 > 4 = 9-0), 4-78 (dd, 'l H , 
C , 4 ) — H ; / 4 5 3 0 c.p.s.), 5-62 p.p.m. (d, 1 H, C ( 5 ) — H ) . For C 2 4 H 2 4 0 9 (456-5) calculated: 
6313% C, 5-30% H; found : 63-35% C, 5-23% H. 

Methyl 3,5-Di-O-benzoyl-D-alluronate (X) 

A. To the ester IX (obtained f r o m 21-6 g of the dibenzoate VII on oxidation) there was added 
50% aqueous formic acid (108 ml), the stirred mixture heated at 100°C for 45 min, a n d cooled 
down to deposit a solid which was collected with suction and washed with ether. Yield, 15-5 g 
(75%, referred to the start ing alcohol VII) of the methyl ester X. 

B. To a solut ion of the crude dibenzoate VII (49 0 g) in 70% aqueous acetone (1 000 ml) there 
were added sodium periodate (97 g) and 5% aqueous ru then ium trichloride t r ihydra te (1-2 ml). 
The whole mixture was stirred at r o o m tempera ture for 3-5 h, filtered, and the material on the 
filter washed with acetone. The filtrate a n d washings were combined and evaporated. The residue 
was extracted with two 100 ml por t ions of ethyl acetate, the extract treated with excess ethereal 
diazomethane, dried, filtered with active charcoal , and the filtrate evaporated. The residue was 
heated with stirring in 50% aqueous formic acid (250 ml) fo r 45 min at 100°C, the solution cooled 
down, and kept at 0°C overnight to deposit crystals which were collected with suction and washed 
with ether. Yield, 31-0 g (58%, referred to the isopropylidene derivative V) of the methyl ester X, 
ni p. 124 130°C, [<x\l5 + 7 4 - 6 ° (c 0-5 in chloroform). 1 H - N M R spectrum (CDC13) : d 3-75 
(s, C O O C H 3 ) , 4-51 (m, 1 H, C ( 4 ) — H ) , 4-85 (m, 1 H, C ( 2 ) — H ) , 5 4 0 - 5 - 7 0 (complex m, 3 H, 
C ( 1 ) + c ( 3 ) + c(5>—H>» 7 - 2 5 - 8 - 1 5 p .p .m. (m, 10 H, H aromatic) . For C 2 1 H 2 0 O 9 (416-4) 
calculated:'60-58% C, 4-84% H; found : 60-68% C, 4-86% H. 

Methyl 3,5-Di-0-(2/?)-al laro-l ,4-lactone-6-ate (IV) 

To a solution of the dihydroxy derivative X ( 1 5 - 5 g ; 37 mmol) in dioxane (150 ml) and water 
(77-5 ml) there was added bromine (7-8 ml) fol lowed by (portionwise) sodium hydrogen carbo-
nate (15-5 g). The mixture was stirred at r o o m tempera ture for 30 min and then t reated dropwise 
with water (300 ml). The precipitate was collected with suction and washed with water, methanol , 
and ether. Yield, 13-8 g (90%) of c o m p o u n d IV, m.p. 1 9 1 - 1 9 3 ° C , [a]^ 5 —34 0° (c 1 in chloro-
form). ' H - N M R spectrum: CDC1 3 8 3-86 (s, 3 % C O O C H 3 ) , 4-95 (dd, 1 H, C ( 2 ) — H ; J2 - = 5 02; 
V ) H = 7-5), 5-07 (dd, 1 H, C ( 4 ) — H ; / 4 j = 3; / 4 - 3 - 1-5 c.p.s.), 5-68 (d, 1 H, C ( 5 ) — H ) , 
5-72 (dd, 1 H, C ( 3 ) — H ) , 6-32 (d, 1 H, OH) , 7 - 3 0 - 8 - 2 0 p .p .m. (m, 10 H, H aromatic) . Fo r C 2 l 

• H 1 8 0 9 (414-4) calculated: 60-87% C, 4-38% H; found: 60-85% C, 4-20% H. 

1,6-Di-0-acetyl-2,3,4-tr i-0-benzyI-D-glucopyranose ( X I I I ) 

To a suspension of 2,3,4-tr i-0-benzyl-l ,6-anhydro-(3-D-glucopyranose (432 mg; 1-0 mmol) in acetic 
anhydride (1-0 ml) there was added bo ron trif luoride e therate (0-04 ml), the mixture stirred 
at room tempera ture for 5 min, diluted with water, and extracted with two 10 ml por t ions of ben-
zene. The extract was washed with dilute aqueous ammonia and water, dried, and evapora ted . 
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The residual sirup, [a]£5 +55-1° (c 0-5 in CHC13), representing a 4 : 1 mixture of the 
a- and P-anomer (as determined by ' H - N M R spectrum) was directly used in the glucosylation 
of the lactone XI without an additional purification. For C 3 , H 3 4 O g (534-6) calculated: 69-65% C, 
6-41% H; found: 69-38% C, 6-37% H. 

5-0-(6-0-Acetyl-2,3,4-tri-0-benzyl-o(,P-D-glucopyranosyl)-l ,2-O-isopropylidene-ot-o-
-glucurono-1,4-lactone {XIVv. and XIV3) 

A. To a solution of the diacetate XIII (1068 mg; 2-0 mmol) in benzene (20 ml) there was 
added the lactone XI (864 mg; 4-0 mmol) and boron trifluoride etherate (2-0 ml). The mixture 
was kept at room temperature for 20 min, diluted with water (20 ml), the benzene layer separated, 
washed with aqueous sodium hydrogen carbonate, dried, and evaporated. The residue was 
chromatographed on a 2-5 x 20 cm column of silica gel in 9 : 1 benzene-ethyl acetate (thin-layer 
chromatography on silica gel in the same solvent system: RF XIII 0-45; RF XIFa,|3 019; RF XI 
0-085) to afford 1 220 mg (88%) of the anomeric mixture of compounds XIVa and XIV$. The 
sirupous mixture was dissolved in ether, the solution treated with light petroleum until slightly 
turbid, and allowed to deposit crystals which were collected with suction and washed with ether. 
Yield, 450 mg(32-5%) of the anomer XI Va, m.p. 151-153°C, [a]£5 +73-76° (c 0-5 in chloroform). 

B. To a solution of the diacetate XIII (1068 mg; 2-0 mmol) in benzene (20 ml) there was 
added the lactone XI (864 mg; 4-0 mmol) along with 1M stannic chloride in benzene (2-0 ml). 
The mixture was kept at room temperature for 30 min, decomposed with water (5 ml), the benzene 
layer separated, dried, and evaporated. The residue was processed analogously to paragraph A 
to afford 950 mg (69%) of a mixture of the anomers XIVa and XIV$. 

C. A solution of the diacetate XIII (1058 mg; 2-0 mmol) in -benzene (20 ml) was saturated 
with gaseous hydrogen bromide. After the saturation, the hydrogen bromide was introduced 
for additional 5 min and the mixture evaporated under diminished pressure at 40°C. The resi-
due was coevaporated with two 20 ml portions of toluene. To the final residue there was added 
nitromethane (20 ml; distilled over phosphorus pentoxide), the lactone XI (864 mg; 4 0 mmol), 
and mercuric cyanide ( l-0g). The whole mixture was stirred at room temperature overnight, 
filtered through Celite, the filtrate evaporated, and the residue processed analogously to para-
graph A. Yield, 1000 mg (72-5%) of the mixture of anomers XlVa and XIV&. For C 3 8 H 4 2 0 1 2 

(690-75) calculated: 66-07% C, 612% H; found: 65-88% C, 5-96% H. 

5-0-(2,3,4-Tri-0-benzyl-A-D-glucopyranosyl)-l,2-O-isopropylidene-a-D-glucopyranose (XV) 

A solution of the anomer XIVa (690 mg; 1-0 mmol) in tetrahydrofuran (10 ml) was added drop-
wise to a suspension of lithium aluminium hydride (200 mg) in tetrahydrofuran (5 0 ml). The 
mixture was stirred at room temperature for 2 h, decomposed with several drops of water, filtered 
through Celite, and the filtrate evaporated. The residue was chromatographed on a 2-3 X 13 cm 
column of silica gel in 9 : 1 benzene-acetone (thin-layer chromatography on silica gel in the 
same solvent system: Rh XV 0-39). The product-containing fractions were pooled, evaporated, 
and the residue diluted with ether to deposit a solid which was collected with suction and washed 
with ether. Yield, 590 mg (92%) of compound XV, m.p. 1 3 4 - 135°C, [ a g 5 +28-44° (c 0-5 in chloro 
form). ' H - N M R spectrum (CDCI3): d 1 -41 and 1 23 (2 s, isopropylidene group), 5-79 (d, 1 H, 
C n ) — H ; Jx 2 = 3-8), 4-41 (d, 1 H, C ( 2 ) — H ; J2 3 = 0-5), 4-89 (d, 1 H, C^H; J r 2 , = 3-6), 3?44 
(dd, 1 H, C ( 2 ' )—H; / 2 % 3 , - 9-5 c.p.s.), 3-90 (t, 1 H, C ( 3- }—H), 7-25 p.p.m. (broad s, 15 H, aro-
matic H). For C 3 6 H 4 4 O u (644-7) calculated: 66-24% C, 6-79% H; found: 66-46% C, 6-67% H. 
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Methyl 4-0-Acetyl-3 ,5-di-0-benzoyl-2-0-[3,6-di-0-acetyI-2-0-benzyl-4-0-2,2 ,2- t r ichloroethyl-
-(3-0-benzyl-2-<?-p-toluenesuIfonyl-o(-D-arabinofuranosid-5-yl)-o(-D-gIucopyranosyI]-(2/?)-allar-
-6-ate 1-Amide ( X I X ) 

To a solution of the anomeric acetates II (904 mg; 1 0 mmol) in ch lo roform (15 ml) there was 
added the lactone IV (455 mg; IT mmol) and boron trifluoride etherate (1-5 ml). The mixture 
was stirred at room tempera ture for 2 h, washed with water and aqueous sodium hydrogen 
carbonate , dried, and evaporated. The residue was kept with ether in an ice-box overnight to de-
posit crystals which were collected with suction and washed with ether; yield, 180 mg of the lactone 
IV. The mother liquor was ch romatographed on a 2-6 x 20 cm column of silica gel in 85 : 15 
benzene-ethyl acetate to afford f ract ions (770 mg) corresponding by its mobility to the start ing 
acetate II (thin-layer ch romatography on silica gel in the same solvent mixture: Rf II 0-55). 
These fract ions were evaporated, the residue dissolved in ether (3-0 ml), and the solutions treated 
with liquid ammon ia (10 ml). The a m m o n i a was allowed to evaporate gradually (1 h) and the 
remaining ether removed under diminished pressure. The residue was kept at room tempera ture 
with acetic anhydr ide (2-0 ml) and pyridine (2 0 ml) overnight, the mixture treated with methanol 
(10 ml), kept at room tempera ture for 30 min, evaporated, and the residue coevapora ted with two 
20 ml port ions of xylene. The final residue was ch romatographed on a 2-6 X 20 cm column of 
silica gel in 8 : 2 benzene-acetone (thin-layer chromatography on silica gel in the same solvent 
system: RF XIX 0-33) to afford 372 mg (28%) of the amide XIX, [a]^5 + 7 1 - 0 ° (c 0-5 in chloro-
form) ' ' H - N M R spectrum (CDCI 3 ) : 3 1-98, 1-94, 1-85 (3 s, C H 3 C O O ) , 2-35 (s, C H 3 of the 
/7-toluenesulfonyI residue), 3-48 p.p.m. (s, C O O C H ,). For C 6 , H 6 4 C 1 3 N 0 2 3 S (1 318) calculated: 
55-60% C, 4-90% H, 8-07% CI, 1-06% N; 2-43% S; found: 55-65% C, 4-95% H, 8-18% CI, 0-91% N, 
2-74% S. 

Methyl 3 ,5-Di-0-benzoyl-2-0-[3,6-di-0-acetyl-4-0-2,2 ,2- t r ichloroethyl-(2 ,3-0-carbonyl-
-3-D-ribofuranosid-5-yI-a-D-glucopyranosyl]-(2/?)-allaro-l ,4-lactono-6-ate ( X X I ) 

A. To a solution of anomeric acetates III (686 mg; 1 mmol) in ch loroform (15 ml) there was 
added the lactone IV (455 mg; 11 mmol) and boron trifluoride etherate (1-5 ml). The mixture was 
stirred at room temperature for 2 h, washed with water (15 ml) and sa tura ted aqueous sodium 
hydrogen ca rbona te (15 ml), dried, and evaporated. Ether (5 ml) was added to the residue and 
the mixture kept in an ice-box overnight to deposit crystals of the lactone IV (150 mg) which were 
filtered off and washed with ether. The mother liquor was concentra ted under diminished pres-
sure and the concentra te ch romatographed on a 2-6 x 15 cm column of silica gel in 9 : 1 ben-
zene-ethyl acetate to afford fract ions travelling similarly to the start ing lactone IV (thin-layer 
chromatography on silica gel in the same solvent system: RF IV 0-32; RF XX 0-36). These frac-
tions were evaporated and the residue (400 mg) dissolved in acetic acid (5 0 ml). Pal ladium 
on charcoal (10%; 50 mg) and 10% aqueous pal ladium chloride (0-05 ml) were then added and 
the whole mixture shaken under hydrogen for 30 min at ordinary pressure (hydrogen uptake, 
5-3 ml). The catalyst was filtered off, the filtrate evaporated, and the residue coevapora ted with 
two 10 ml port ions of toluene. The final residue was ch romatographed on a 2-6 X 15 cm column 
of silica gel in 7 : 3 benzene-ethyl acetate (thin-layer ch romatography on silica gel in the same 
solvent system: RF XXI0-32) to af ford 250 mg (26%) of c o m p o u n d XXI. 

B. Dry gaseous hydrogen bromide was introduced at room tempera ture for 5 min into a solu-
tion of the anomer ic acetates III (686 mg; 1 mmol) in toluene (10 ml). The mixture was then 
evaporated and the residue coevaporated with two 10 ml port ions of toluene. To the final resi-
due there was added n i t romethane (10 ml), the lactone IV (455 mg; 11 mmol) , and mercuric 
cyanide (500 mg). The whole mixture was stirred at room tempera ture for 20 h, filtered, and the 
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filtrate evaporated. Ether (5 ml) was added to the residue and the mixture kept at 0°C to deposit 
crystals of the lactone IV which were filtered off and washed with ether. The mother liquor was 
concentrated under diminished pressure and the concentrate processed analogously to para-
graph A. Yield, 87 mg (9-1%) of compound XXI, [a]£5 +10-4° (c 1 in chloroform). 1 H - N M R 
spectrum (CDC13): d 2 02, 2 14 (2 s, OCOCH 3 ) , 3-90 (s, COOCH 3 ) , 4 04 and 4 1 7 (2d, 2 H, 
OCH 2 CCl 3 ; Jgem = 11 0), 5 05 (d, 1 H, C ( 2 ) —H; J2 3 6-5), 5-18 (dd, 1 H, C ( 4 ) — H ; J4 5 = 2-5), 
5-80 (dd, 1 H, C ( 3 ) —H; / 3 > 4 = 1-5), 5-31 (d, 1 H, C ( r ) — H ; J y v = 3-5 c.p.s.), 5-42 (s, 1 H, 
C (1«}—H), 7-40—7-75 (m, 6 H, H aromatic), 7-90—8-20 p.p.m. ' (m, 4 H, H aromatic). For 
C 3 9 H 4 3 C 1 3 0 2 1 (954-1) calculated: 49-09% C, 4-54% H, 11-44% CI; found: 49-32% C, 4-12% H, 
11-18% CI. 

Methyl 3,5-Di-0-benzoyl-2-0-[2,3,6-tri-0-acetyl-4-0-2,2,2-trichloroethyl(2,3-0-carbonyl-
-|3-D-ribofuranosid-5-yl)-a-D-glucopyranosyl]-(2i?)-allaro-l,4-lactono-6-ate (XXII) 

To compound XXI (2-5 g; 2-6 mmol) there was added acetic anhydride (10 ml) and trifluoroacetic 
acid (0-20 ml). The mixture was heated at 60°C for 1 h and evaporated to remove excess acetic 
anhydride. The residue was coevaporated with two 25 ml portions of /w-xylene. /^-Xylene (2-5 ml) 
was then added to the final residue and the solution kept at 0°C to deposit crystals which were 
collected with suction and washed with a little w-xylene. Yield, 2,0 g (65%) of the solvate (with two 
molecules of m-xylene) of compound XXII, m.p. 64°C, [al^5 + 25-85° (c 0-5 in chloroform). 
For purpose of analysis, the product was dried at 20°C/l Torr for 30 min. For C 5 7 H 6 5 C 1 3 0 2 ? 

(1208-5) calculated: 56-65% C, 5-42% H, 8-80% CI; found: 56-62% C, 5-26% H, 8-92% CI. 

Methyl 3,5-Di-0-benzoyl-2-0-[(2,3,6-tri-0-acetyl-4-0-2,2,2-trichloroethyl-3-D-ribofuranosid-
-5-yl)-A-D-glucopyranosyl]-(2i?)-allaro-l,4-lactono-6-ate (XXVI) 

A. A mixture containing the acetate XXII (2-0 g; 1-65 mmol), pyridine (30 ml), and water 
(30 ml) was heated at 100°C for 45 min and evaporated. Water (50 ml) and ethyl acetate (50 ml) 
were then added to the residue and the mixture adjusted to a strongly acidic reaction by the ad-
dition of conc. hydrochloric acid. The upper layer was separated, washed with water, dried, 
and evaporated. Ethyl acetate (10-0 ml) and 1M NjN'-dicyclohexylcarbodiimide in ethyl acetate 
(5-0 ml) were added to the residue, the mixture kept at room temperature of 10 min, treated 
with methanol (8-0 ml) and acetic acid (2-0 ml), kept for additional 20 min, and filtered. The filtrate 
was evaporated and the residue coevaporated with two 10 ml portions of toluene. The final 
residue was chromatographed on a column of silica gel (50 g); the column was washed with a 8 : 2 
benzene-ethyl acetate mixture (200 ml) and then elutsd with 1 : 1 benzene-ethyl acetate (thin-layer 
chromatography on silica gel in the same solvent mixture: RF XXVI 0-31) to afford 1-1 g (68%) 
of compound XXVI. 

B. A mixture of the acetate XXII (2-4 g; 1-97 mmol), pyridine (47 ml), and water (47 ml) was 
heated at 100°C for 45 min and evaporated under diminished pressure. Water (70 ml) and ethy! 
acetate (70 ml) were then added to the residue and the mixture was brought to a strongly acidic 
reaction by the addition of conc. hydrochloric acid. The upper layer was separated, washed 
with water, dried, and evaporated. To the residue there was added chloroform (24 ml) and ethoxy-
acetylene (4 0 ml). The mixture was kept at room temperature for 2 h, evaporated, and the resi-
due processed analogously to paragraph A to afford 1-5 g (78%) of compound XXVI, [oc]^5 

+ 43-5° (c 0-5 in chloroform). IR spectrum (CHC13): v(C—O) lactone 1804 c m - 1 , v ( C = 0 ) 
ester 1 735 c m " 1 . 1 H - N M R spectrum (CDC13): <5 2-06; 2-04 and 2-01 (3 s, OCOCH 3 ) , 3-89 p.p.m. 
(s, COOCH 3 ) . For C 4 0 H 4 2 C l 3 O 2 1 (966-1) calculated: 49-72% C, 4-83% H, 11-01% CI; found: 
49-54% C, 4-57% H; 10-91% CI. 
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Methyl 3,5-Di-0-benzoyl-2-0-[2,3,6-tri-0-acetyl-4-0-2,2,2-trichloroethyl(2,3-di-0-acetyl 
-|3-D-ribofuranosid-5-yl)-a-D-glucopyranosyl]-(2/?)-allaro-l,4-lactono-6-ate {XXVII) 

To a solution of the hydroxy derivative XXVI (1-50 g; 1-52 mmol) in acetic anhydride (15 ml) 
there was added trifluoroacetic acid (0-3 ml). The mixture was heated at 60°C for 1 h, evaporated, 
and the residue coevaporated with two 10 ml portions of xylene. 1 H - N M R spectrum (CDC13): 
6 2-01, 2-02, 2-023, 2-05, 2-1 (5 s, CH 3 COO), 3-92 (s, COOCH 3 ) , 7-40-7-70, and 7 -95-8 -2 p.p.m. 
(m, 10 H, 2 O C O C 6 H 5 ) . 

Methyl 3,5-Di-0-benzoyl-2-0-[2,3,6-tri-0-acetyl-4-0-(N6-benzoyl-2',3'-di-0-acetyladenosin-
-5-yl)-a-D-glucopyranosyl]-(2/?)-allaro-l,4-lactono-6-ate {XXXI) 

To a solution of the pentaacetate XXVII (obtained f rom 1-5 g i.e. 1-52 mmol of the hydroxy 
derivative XXVI by acetylation) in acetone (25 ml) there was added zinc powder (4-0 g) and then 
under vigorous stirring conc. hydrochloric acid (drop by drop; 1-5 ml). The stirring was continued 
for 15 min, the mixture filtered, the filtrate evaporated, the residue diluted with water (15 ml), 
and extracted with two 15 ml portions of ethyl acetate (the emulsion, if any, was destroyed by the 
addition of a few drops of acetic acid). The ethyl acetate extract was dried, evaporated, and the 
residual chromatographically homogeneous hydroxy derivative XXVIII (thin-layer chromato-
graphy on silica gel in 7 : 4 benzene-ethyl acetate: RF XXVII 0-58; RF XXVIII 0-24) dissolved 
in acetic anhydride (10 ml). The solution was treated with trifluoroacetic acid (0-2 ml) and heated 
at 60°C for 1 h. Excess acetic anhydride was then evaporated and- the residue coevaporated with 
two 5 ml portions of xylene. The thus-obtained mixture of anomeric acetates XXIX (thin-layer 
chromatography on silica gel in 7 : 4 benzene-ethyl acetate: RF XXIX 0-39 and 0-45) was dis-
solved in chloroform (5-0 ml) and toluene (5-0 ml), the solution saturated with a rich stream 
of gaseous hydrogen bromide, kept at room temperature for 5 min, evaporated under diminished 
pressure at the bath temperature of 40°C, and the residue coevaporated with toluene (10 ml). 
To the final residue there was added acetonitrile (5-0 ml) and N6-benzoyIadenine chloromercuri 
salt ( 1 0 g; dried at 130°C/0-l Torr for 2 h), the whole mixture refluxed with stirring for 2 h, 
cooled down, and filtered. The filtrate was evaporated and the residue heated with acetic an-
hydride (20 ml) and trifluoroacetic acid (0-4 ml) for 1 h at 60°C. Excess acetic anhydride was 
evaporated, the residue coevaporated with two 20 ml portions of xylene, and the final residue 
chromatographed on a 3 x 30 cm column of silica gel in 8 : 2 chloroform-acetone (thin-layer 
chromatography on silica gel in the same solvent system: RF XXXI 0-37) to afford 495 mg (29%, 
referred to compound XXVI) of compound XXXI, [a]^5 +34-1° (r 0-5 in chloroform). UV 
spectrum (methanol): Amax 232 nm (log s 4-16), 2m i n 256 nm (log s 3-99), and Amax 278 nm (log e 
4-08). 1 H - N M R spectrum (CDC13): S 1-92, 1-99, 2-00, 2 08, 2-15 (s, 5 OCOCH 3 ) , 3-79 (s, 
COOCH 3 ) , 8-71, and 8-87 p.p.m. (s, 2 H and 8 H of adenine). For C 5 4 H 5 3 N 5 0 2 3 (1 140) 
calculated: 56-94% C, 4-60% H, 6-14% N; found: 57-09% C, 4-72% H, 5-96%N. 

Methyl 2,3,5-Tri-0-benzoyl-(27?)-allaro-l,4-lactono-6-ate {XXXII) 

To an ice-cooled suspension of the lactone IV d-5 g; 3-57 mmol) in pyridine (15 ml) there was 
added dropwise benzoyl chloride (1-4 g; 10 mmol). The mixture was then stirred at 0°C for 30 min 
and treated with water (10 ml). After 10 min, methanol (20 ml) was added, the precipitate col-
lected with suction, and washed with methanol and ether. Yield, 1-6 g (86%) of compound XXXII 
m.p. 159— 160°C, [oc]£5 - 1 4 - 1 ° (c0-5 in chloroform). 1 H - N M R spectrum (CDC13): S 3-92 (s, 3 H, 
COOCH 3 ) , 6-26 (d, 1 H, C ( 2 ) = H ; J2 3 6-5), 6-0 (dd, 1 H, C ( 3 ) — H ; / 3 4 0-8), 5-24 (broad d, 
1 H, C ( 4 ) — H ; / 4 5 = 2-5 c.p.s.), 5-78 p.p.m. (d, 1 H, C ( 5 ) — H ) . For C 2 8 H 2 2 O 1 0 (518-5) cal-
culated: 64-86% C, 4-28% H; found: 64-68% C, 4-30% H. 
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Dimethyl 2,3,5-Tri-0-benzoyl-(2/?)-alIarate ( X X X I I I ) 

A. To a solution of the ester-lactone XXXII (1-5 g; 2-9 mmol) in dichloromethane (60 ml) and 
methanol (60 ml) there was added boron trifluoride etherate (0-70 ml). The mixture was kept 
at room temperature for 24 h and then poured into aqueous 0-1M sodium acetate (150 ml). The 
organic layer was separated, dried, and evaporated. The residual dimethyl ester XXXIII was 
contaminated with a small amount of the ester-lactone XXXII only (thin-layer chromatography 
on silica gel in 9 : 1 benzene-ethyl acetate; RF XXXII0-69; RF XXXIII0-20) and was used directly 
in the phosphorylation step without any previous purification. 

B. A mixture of the ester-lactone XXXII (1-5 g; 0-29 mmol), methanol (25 ml), and pyridine 
(2-5 ml) was refluxed for 45 min, cooled down, and diluted with chloroform (50 ml) and water 
(50 ml). The chloroform layer was separated, washed with dilute hydrochloric acid and water, 
dried, and evaporated. The residue was directly used in the phosphorylation step. ' H - N M R 
spectrum (CDC13): S 3-35 and 3-72 (s, 2 COOCH 3 ) , 5-01 (dd, 1 H, C ( 4 ) — H ; / 4 > 5 = 2-4; / 4 3 = 
= 9-8), 5-63 (d, 1 H, C ( 5 ) —H), 5-86 (d, 1 H, C ( 2 ) — H ; J2 3 = 2-2c.p.s.), 7 -20 -7 -70 and 7-80 to 
8-15 p.p.m. (m, 15 H, 3 O C O C 6 H 5 ) . 

Dimethyl 2,3,5-Tri-0-benzoyl-4-0-(di-0-methylphosphoryl)-(27?)-allarate (XXXVI) 

To the dimethyl ester XXXIII (550 mg; 1 mmol) in benzene (5 0 ml) there was added an 1 M solution 
of phosphorus oxychloride in benzene (4-0 ml) and an 1 M solution of pyridine in benzene (4 0 ml). 
The mixture was kept at room temperature for 2 h, treated with water (5 0 ml), and the stirring 
continued for 20 h at room temperature. The benzene layer was then separated, dried, and eva-
porated. The residue was dissolved in methanol and the solution applied to a 2 x 12 cm column 
of Dowex 1X4 (acetate) ion exchange resin (prewashed with methanol). The column was washed 
with methanol (150 ml) and then the phosphate XXXV eluted with 94 : 6 methanol-conc. hydro-
chloric acid. The eluate was evaporated, the residue esterified with excess ethereal diazoniethane, 
and the resulting ester XXXVI chromatographed on a 2 X 20 cm column of silica gel in 7 : 3 
benzene-ethyl acetate (thin-layer chromatography on silica gel in the same solvent system: 
RF XXXVI 0-L\) to afford 320 mg (48%) of compound XXXVI, [a]^5 +7-78° (c 0-4 in chloroform). 
1 H - N M R spectrum (CDCI3) : 5 6-02 (d, 1 H, C ( 5 ) — H ; J5A =- 1-8), 5-72 (sept. 1 H, C ( 4 ) —H; 
J3A = 9-8; 7 4 P = 8-0), 6-33 (dd, 1 H, C ( 3 ) — H ; 7 3 2 = 1*8), 5-87 (d, 1 H, C ( 2 ) — H ) , 3-33 and 
3-80 !(s, 2 COOCH 3 ) , 3-71 (d, 3 H, O C H 3 ; /p .ocHj = 8 0 > ' 3-82 p.p.m. (d, 3 H, OCH 3 ; 
JP O C H 3 = 8-0 c.p.s.). For C 3 1 H 3 1 O P (657-6) calculated: 56-62% C, 4-75% H, 4-70% P; found: 
56-73% C, 4-74% H, 4-35% P. 

Exotoxin / 

To a solution of the nucleoside XXXI (50 mg; 0-044 mmol) in methanol (6-0 ml) there was added 
pyridine (0-60 ml), the mixture refluxed for 45 min, cooled down, diluted with water (10 ml), 
made acid by the addition of hydrochloric acid, and extracted with two 15 ml portions of ethyl 
acetate. The extract was dried, evaporated, and the residue coevaporated with four 10 ml portions 
of chloroform to afford the dimethyl ester XXXVII, 1 H - N M R spectrum (CDC13): 3 3-73, 3-24 
(s, 2 COOCH 3 ) , 1 -87, 1 90, 2-02, 2 05, 2-11 (s, 5 C H 3 C O O ) , 8-78, and 8-50 p.p.m. (s, 2 H and 
8 H of adenine). This final residue was dissolved in chloroform (5-0 ml) and the solution treated 
with an 1M solution of phosphorus oxychloride in chloroform (2-0 ml) and an 1M solution of pyri-
dine in chloroform (2-0 ml). The mixture was kept at room temperature for 2 h, treated with water 
(10 ml), shaken at room temperature for 5 min, the chloroform layer separated, and the remaining 
aqueous layer extracted with ethyl acetate (10 ml). The organic layers were combined, dried, 
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and evaporated. The residue was kept with pyridine (2-0 ml) and water (2-0 ml) for 15 min at room 
temperature; 1m aqueous sodium hydroxide (10 ml) was then added, the whole mixture heated 
at 60°C for 2 h, and evaporated. The residue was diluted with water (20 ml) and the solution 
passed through a 2 x 20 cm column of Dowex 50X8 ( N H ^ ) ion exchange resin. The column 
was then washed with dilute aqueous ammonia, the effluent and washings combined, and eva-
porated. Exotoxin / was isolated from the residue by chromatography on DEAE-cellulose: 
2 X 25 cm, column, gradient, water (500 ml) —0 5M aqueous triethylammonium carbonate, 
pH 7-5 — 8-0; flow rate, 1-3 ml per min; 13 ml fractions. Fractions 41 — 54 (exhibiting maximum 
at 260 nm) were pooled and evaporated. The residue was dissolved in water and passed through 
a 2 x 2 cm column of Dowex 50X8 (H + ) ion exchange resin. Excess aqueous ammonia was 
added to the effluent, the mixture filtered, the filtrate evaporated, and the residue freeze-dried 
to afford 10 mg (0 0124 mmol on the basis of optical density measurements; 28%, referred to the 
nucleoside XXXI) of exotoxin / ; adenine to phosphorus ratio, 1-00 : 1-18. 

The authors wish to thank Dr K. Sebesta and Dr K. Horska for comparison of properties of the 
present synthetically obtained exotoxin and the naturally occurring exotoxin. Measurement and 
interpretation o / I R and1H-NMR spectra was kindly performed by Mr P. Formanek, Dr P. Fiedler, 
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