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C-Nucleoside Studies. Part 13.1 A New Synthesis of 2,3,5-Tri-0- 
benzyl- a( and p) - D-ri bof uranosylet hyne Involving Benzyloxy Participation, 
and a Synthesis of a-Showdomycin 

By Gaffar Aslani-Shotorbani, J. Grant Buchanan,* Alan R.  Edgar," Colin T. Shanks, and Gavin C. 
Williams, Department of Chemistry, Heriot-Watt University, Riccarton, Currie, Edinburgh EH14 4AS 

2,3,4,6-Tetra-O-benzyl-D-glucitol (5) reacts with toluene-p-sulphonyl chloride in pyridine at 60 "C to form mainly 
the furanoid products 2,3,6-tri-O-benzyl-l,4-anhydro-D-glucitoI (1 0) and its 5-toluene-p-sulphonate (1 1) with 
loss of the 4-0-benzyl group. The pyranoid product tetra-O-benzyl-l,5-anhydro-D-glucitoI preponderates when 
the intermediate 2,3,4,6-tetra-O-benzyl-l - 0-toluene-p-sulphonyl-D-glucitol (6) is converted into its 0-5 oxy- 
anion. Benzyloxy participation has been exploited in a new synthesis of 2,3,5-tri-O-benzyl-a (and P)-D-ribo- 
furanosylethyne, (20) and (4), from 2,3,4,5-tetra-O- benzyl-aldehyde-D-ribose. A synthesis of 2-a-D-ribo- 
furanosylmaleimide, the a-isomer of showdomycin, from (20) is described. 

IN our studies of C-nucleoside synthesis a key reaction 
has been the cyclisation of acyclic polyol 
The p-D-ribofuranosylethyne (4) is derived from the 
acetylenic D-aho-diol (1) by t oluene-$-sulphonylat ion in 
pyridine at  60 "C to give, regioselectively, the 3-sulphon- 
ate (2) which undergoes spontaneous ring closure. 
Exclusive formation of a furanoid ring was ensured by 
the location of the benzyl groups in (1). We have now 
carried out some model experiments on the ring closure 
of 2,3,4,6-tetra-0-benzyl-~-glucitol (5) which were 
designed to give the anhydro-compound (8) containing 
a pyranoid ring. The results have proved of general 
interest for tlie synthesis of both pyranoid and furanoid 
derivatives. 

RESULTS AND DISCUSSION 

The diol (5) * was prepared from tlie parent sugar by 
reduction with sodium borohydride. Treatment with 
toluene-9-sulphonyl chloride (2 mol equiv.) in pyri- 
dine 2-4 at 60 "C afforded three products which were 
isolated by chromatography on silica gel. Tetra-O- 
benzyl-l,5-anhydro-D-glucitol (8), tlie product of ring- 
closure through the C-5 hydroxy-group, was isolated in 
only 12% yield; its structure was proved by hydrogen- 
olysis to give 1,5-anhydro-~-glucitol (9) .lo The major 
reaction product was 2,3,6-tri-O-benzyl-1,4-anhydro-n- 
glucitol (10) (40%), together with its 6-toluene-fi- 
sulplionate (11) (13%). The structure of (10) was shown 
by hydrogenolysis to 1,4-anhydro-u-glucitol (12) ,11 and 
tlie structure of (11) by its preparation from (10) by 
toluene-13-sulphonylation. Hydrogenolysis of (1 1) gave 
a crystalline 5-toluene-fi-sulphonate (13). 

It is clear that in all these reactions the first step 
involves sulphonylation of the primary hydroxy-group to 
give the mono-toluene-$-sulphonate (6). This is then 
capable of ring closure by one of two pathways to give a 
six- or a five-membered ring. The former involves a 
hydroxy-group and might have been expected to be the 
preferred pathway, as in (14) - (15) but ring closure 
to give the five-membered ring occurs more readily even 
although it requires loss of a benzyl group, as in the 
sequence (16) - (17). The sulphonate (11) may arise 

by sulphonylation of (10) and/or ring closure of the bis- 
toluene-fi-sulphonate (7). 

Participation by an ether oxygen atom in the solvoly- 
sis of a sulphonate is well known. I t  is most favourable 
when the intermediate oxonium ion is part of a five- 
membered ring (RO-5 participation) and less so when the 
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ring is six-membered (RO-6 participation) .l2vI3 There 
are several known examples of RO-5 participation 
involving carbohydrate benzyl ethers.14-17 In most of 
these the intermediate oxoniuni ion undergoes benzyl- 
oxygen cleavage because of the relative stability of the 
benzyl cation. 

It is likely that formation of the anhydride (8) in 
pyridine solution involves participation by a neutral 
hydroxy-group, as in the sequence (6) - (14) --L. 

(15) - (8). Similar ring closures of polyol sulphonates 
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2268 
in pyridine to give five-membered rings are well 
known,18-22 and a six-membered ring has also been 
rep0rted.~3 These ring closures must involve partici- 
pation by a neutral hydroxy-group because the use of 

PhCH,OCH PhC HzOCH 

(5) - (6) - 
OCH,Ph 

(1 5) 

Ph 

OCHZPh OCH,Ph 

(16) (17) 

1s = P -MeC6H4SO2 

more basic contli tions, which permits alkoxide foriliation, 
gives three-membered r i n g ~ . ~ ~ , 2 ~  

I t  was of interest to examine the effect of generating 
an alkoxicle ion at  C-5 in tlie niono-toluene-+ulplionatc 
(6). An attcinpt was made to prepare (6) by treatment 
of tlie diol (5) with toluenc-~-sulplioiiyl cliloride in 
pyridine at  0 "C, but i t  decomposed on atteinpted purifi- 
cation. When inethanolic sodium methoxide was added 
to a chloroforiii solution containing (6) and the mixture 

(18) 

J.C.S. Perkin I 
was made to optimise these conditions, but i t  was clear 
that the presence of a stronger base, sodium methoxide, 
increased the amount of (8) produced, presumably via 
the oxyanion of (6). 

The previous examples of benzyl 0-5 participation in 
carbohydrate chemistry 14-17 have been treated mainly 
from a mechanistic point of view and have not, to our 
knowledge, been utilised synthetically. A possible 
application of benzyloxy participation lay in a new 
synthesis of the 2,3,5-tri-0-benzyl-~-ribofuranosyl- 
ethynes [(4) and (20)],2 and their derivatives with sub- 
stituents on the ethynyl gro~p.~9 '  

In  the earlier synthesis,2 reaction of 2,3,5-tri-O- 
benzyl-~-ribofuranose (18) with ethynylmagnesium bro- 
mide afforded, in high yield, a mixture (7: 3) of D- 
nltro- and D-do-diols, (1) and (19), which gave the pro- 
ducts (4) and (20), respectively, on ring closure. During 
reaction with toluene-p-sulphonyl chloride in pyridine 
a complication arose because of the C-6 hydroxy-group. 
Although the p-n-ribofuranosylethyne (4) is the major 
product (52% from the diol mixture) the bis-toluene-$- 
sulphonate (3) can also be isolated from the reaction. 
We have now overcome this complication by the use of 
2,3,4,5-tetra-O-benzyl-aZdehydo-~-ribose (21) 26 as the 
substrate for the Grignard reaction. Treatment of (21) 
with ethynylmagnesium bromide afforded a mixture of 
n-nltvo- and D-do-alcohols [(Z) and (23)] in good yield. 
When this mixture was treated with toluene-@-sulphonyl 
cliloride in pyridine at  room 
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was refluxed the major product was the pyranoid 
anhydride (8) (43 y/o) together with the 1,4anhydrides 
(10) (13%) and (11) (20%). In another experiment the 
diol (5 )  was treated with the sulphonyl chloride at  0 "C to 
give the crude mono-toluene-9-sulphonate (6), which was 
heated in chloroform-pyridine to give the 1,4-anhydro- 
D-glucitols (10) (60%) and (11) (8%) as major products 
together with the 1,5-anhydride (8) (4%). No attempt 

temperature thd ribo- 

OCHZPh 
OCH 2 Ph 

C H 2O CH Ph 

(22) R' =OH, R ~ = H  
(23) R' =H, R ~ = O H  

t 

CH20CH2Ph 

furanosylethynes (4) and (SO) were formed in 41 and 42% 
yield, respectively. Detailed arguments 233a indicate 
that (4) arose from the n-altro-alcohol (22) and (20) from 
the D-do-alcohol (23). The ring closure is a very clean 
reaction and, surprisingly, occurs more readily than in 
the diols (1) and (19), which require heating with the 
same reagents. The difference is probably due to differ- 
ent rates of toluene-9-sulphonylation because in neither 
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case can a mono-toluene-p-sulphonate be detected as an 
intermediate. There was no evidence for the formation 
from (22) and (23) of any product containing a pyranoid 
ring. 

This case of benzyl0-5 participation is one of the most 
favourable yet reported in the carbohydrate fields. In  
previous examples 14-17 the toluene-9-sulphonates were 
isolated and subjected to solvolysis. Most of these 
examples 15-17 have involved formation of a bicyclic 
system and this may introduce extra conformational 
energy in the transition state. Although 2,3,4-tri-0- 
benzyl-l,5-di-O-toluene-~-sulphonylribitol is apparently 
analogous to the toluene-9-sulphonates of (22) and (23), 
its slow solvolysis in boiling ethanol l4 can be explained 
by the presence of an electron-withdrawing toluene-$- 
sulphonyloxy-group vicinal to the participating group. 
There appears to be an analogy between the benzyl0-5 
participation in the sulphonates of (22) and (23) and the 
rapid ring closure (via participation of a neutral hydroxy- 
group) observed in toluene-9-sulphonylation of D-ribose. 
cli-isobutyl dithioacetal.20 

The method described has the further advantage that 
the use of the aldehyde-sugar (21), as opposed to the 
hemiacetal (18), does not require a large excess of Grig- 
nard reagent. This may be important if more complex 
reagents such as 3,3-diethoxypropynylmagnesiiini bro- RO 0 
mide' are used. A disadvantage from the point of 
view of synthesising C-nucleosides in the naturally- 
occurring p-series is that reaction of (21) with ethynyl- 
inagnesium bromide is not stereoselective, despite the 

proton and H-1', whereas the appearance of the cor- 
responding vinylic proton in (28) as a singlet was con- 
sistent with the low coupling constants ( 0 4 . 5  Hz) 
generally associated with protons of this type when in a 
traizsoid 

The chemical shift of H-1' in the two isomers [6 4.80 
for (24) and 6 5.56 for (28)] calls for comment. Free 
rotation about the C-l'-C-2 bond enables the maleate 
(24) to exist in a stable conformation in which both 

P hCH20CH y O J ) / c o z 2  + p h c H ~ ~ ~ ~ c o * M e  

( 20) - 
PhCH20 0 hCH&c$o I 

y 2  MeOZC 
Ph 

( 28) 
(24) R' = R * = O M ~  
(25) R'=R*=OH 
( 26) R' = NH, , R ~ =  OH 
(27) R' = OH, R ~ = N H *  

ROCH 

L h J  
(29) R = CH2Ph, X = 0 
(30) R = CH*Ph, X =NH 
(31) R = H,X =NH 

predictions of the Cram cyclic model for steric control2 ester groups are directed away from H-1'. I n  the 'The large number of ether oxygen atoms in an acyclic 
fumarate (28), however, H-1' is always subject to  de- molecule such as (21) makes predictions very diffi~ult.~' shielding by one or other of the ester groups. Finally, i t  may be noted that there have been two recent When the diester (24) was hydrolysed with aqueous examples of ring closure 6 p 2 8  to form a furanoid ring potassium hydroxide in dioxan it afforded the crude accompanied by removal of an acetal protecting group diacid (25), which was characterised spectroscopically. which has fulfilled its purpose. Conversion of (25) into the crude anhydride (29) was We have recently reported a new synthesis of the C- achieved by means of acetic anhydride. Ammonolysis iiucleoside antibiotic showdornycin (2-@-~-ribofuranosyl- of (29) to a maleamic acid, presumably a mixture of ~na le imide) .~~ I t  was of interest to prepare the a-isomer (26) and (27),% was followed by cyclisation using acetyl (31) from the ethyne (20) since there was some indication chloride in dimethylformamide to give the syrupy cyclic that the a-isomer of pyrazofurin shows biological imide (30) [43% from the diester (24)] which was fully activity,30 although more recent evidence suggests that characterised. Debenzylation of (30) using boron this may be due to isomerisation to the active p-isomer. trichloride 29934 in methylene chloride a t  -78 "C afforded When the ethyne (20) was treated, in methanol 2-a-~-ribofuranosylmaleimide (a-showdomycin) (3 1) as a solution, with carbon monoxide (2 atm) in the presence crystalline hydrate in 57% yield. of palladium chloride and mercury(r1) chloride 31 i t  was cr-Showdomycin showed no significant activity when possible to isolate both the maleate (24) (65%) and tested against a number of strains of bacteria, fungi, fumarate (28) (6%) from the mixture by chromato- graphy. The maleate stereochemistry was initially yeasts, certain viruses, and a protozoa. We are indebted 
to Dr. John G. Moffatt, Syntex Research, Palo Alto, for assigned to the major isomer by analogy with our 

own 29 and Heck's 31 results, and this was confirmed by these 

detailed examination of the l H  n.m.r. spectrum. The EXPERIMENTAL 

VinyliC proton in (24) appeared as a Hz) at The general methods used were as stated in Part 2.3a 

with the ' anomeric ' proton, H-l'- In (28) the H Type 60 (Merck) ; an external pressure was applied to  the 
due to the vinylic proton was a singlet a t  6 6.60. top of columns. For t.1.c. pre-coated aluminium-backed 
relatively large coupling constant observed in (24) plates [Kieselgel HF,,, type 60 (Merck)] were used. Mass 
indicated a cisoid relationship between the vinylic spectra were recorded on an AEI MS 30 operating a t  70 eV. 

6*50* Of this is due to Adsorption chromatography was carried out using Kieselgel 

The 
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2270 J.C.S. Perkin I 
2,3,4,6-Telra-O-benzyl-~-glucitol (5 )  .-To a stirred sus- 

pension of 2,3,4,6-tetra-O-benzy1-~-ghcopyranose (24 g) 
in ethanol (500 ml) and water (30 ml) was added sodium 
borolydride (17 g). After 12 h a t  room temperature, 2hI 
acetic acid (1 475 nil) was added, and the solvents removed 
i n  vacuo to leave a syrup which was partitioned between 
chloroforni and water. The chloroform layer was dried 
(MgSO,) and evaporated to  give the diol ( 5 )  as a syrup, 
[aID +18.3" (c 0.6 in C13C1,) {lit.,* [+, +10.3" (CHCI,)}; 
6(100 MHz; CDC1,) 3.56-4.20 (10 H, m), 4.50, 4.58, 4.62, 
4.70 (each 2 H, s, CH,Ph), and 7.20-7.44 (20 H, m, Ph) ;  
m/e 451 (M - CH,Ph). 

Tveatiizent of 2, 3,4,6-Tetra-O-benzyl-~-glucztol with Toluene- 
p-sulplionyZ Chloride.-The diol ( 5 )  (352 mg) and toluene-fi- 
sulphonyl chloride (250 mg, 2 niol equiv.) were dissolved in 
pyridine (4 ml), heated to  60 "C for 5 h, and kept a t  room 
temperature ovcmight . The product was isolated using 
chloroform to afford a syrup (280 mg) which showed 3 
spots on t.1.c. [benzene-ether (3 : l)] .  Chroniatography on 
&ica gel (10 g) and elution with benzene gave 2,3,6-tri-O- 
ben~y~-5-~-toluene-p-sul~?ionyZ-l,4-anJa~~d~~o-~-glucitol ( 1 1) as 
a pure syrup (51 mg, 1396), [a], + 6" (G 0.5 in CHC1,) ; v,ll~lx. 
(film) 1 190 ancl 1 175 c1n-l (S0,Ar); 6(100 MHz; CDC1,) 
2.34 (3 H, s, Me-C,H,), 3.60-4.88 (12 H, ni), 5.12-5.32 
(1 H, m, H-5), and 7.04-7.82 (19 H,  m, Ar) ;  m/e 497 
(AW+ - CH,Ph) and 433 (Mi - SO,C,H,) (Found: C, 
69.45; H ,  6.2. C,,H,,O,S requires C, 69.4; H, 6.1%). 

Bcnzenc-ether (39 : 1) eluted 2,3,4,6-tetra-O-benzyZ-1,5- 
avilry~ro-n-~~lz~citoZ (8) as a pure syrup (40 nig, 12y0), [a], 
4-27.8" (G 0.4 in CHC1,); v,,, (film) showed absence of OH 
or Ts; 6(100 MHz; CDCI,) 3.04-5.00 (16 H, ni) and 7.12- 
7.48 (20 H, ni, P h ) ;  im/e 433 (AZ-k - CH,Ph), 342 ( M +  - 
2 x CH,Pli), and 251 ( M +  - 3 :< CH,Ph) (Found: C, 
77.3; H, 6.5; C,,H,,O, requires C, 77.9; H, 6.9%). Ben- 
zcne-ether (19 : 1) eluted 2,3,6-tri-O-benzyZ-l,4-anhydro-u- 
glzicitol (10) as a pure syrup (132 nig, 470/,), [a]n -6" ( G  1 . 0  
in CHC1,) ; vlnzv (film) 3 475 cm-l (OH) ; 6(100 MHz; CDC1,) 
2.74 (1 H, c l , ' J  6 Hz, 5-OH), 3.50-4.28 (8 H, m), 4.45- 
4.68 (6 H, in, 3 x CH,Ph), 7.36 (15 H, s, Ph) ;  m/e 434 
( M + )  and 343 (Ad+ - CH,Ph) (Found: C, 74.35; H, 7.1; 
C27H3005 requires C, 74.65; H, 6.9%). 

Hydrogenolyszs of 2,3,4,6-Tetra-O-benzyl- 1,5-anIiydro-1)- 
glztcitol (8).--Tlic tetrabenzyl ethcr (8) (2.5 g) in ethanol (50 
nil) was hydrogenated at atmospheric pressure over a 50/, 
Pd-charcoal catalyst for 29 h. After filtration through 
Celite the solution was concentrated to give a crystalline 
rcsidue which was recrystallised from methanol-benzene to 
give 1,5-anhydro-~-glucitol (536 mg, 69%), 1n.p. 143- 
144 "C, [a], $45" ( c  1.0 in H,O), identified by comparison 
with an  authentic sample (mixed map., i.r. spectrum, 
papcr chromatograpliy) supplied by Dr. E. Zissis {lit.,lO 
n1.p. 142-14.3 "C, [a], +42.3" (H,O)}. 

Hydrogenation of 2,3,6-Tri-O-benzyl-1,4-anlli?,dro-~-glucitol 
(lo).-The tribenzyl ether (2.4 g) in ethanol (50 ml) was 
hydrogenated as for (8) above. The crystalline residue was 
recrystallised from isopropyl alcohol to give 1,4-anhydro-u- 
glucitol (12) (613 mg, (is%), m.p. 115--116 "C, [a], -18" 
(c 1.0 in H,O), identified by comparison with an  authentic 
sample (mixed ni.p., i.r. spectrum, paper chromatography) 
supplied by Dr. E. Zissis {1it.,l1 m.p. 115-116 "C, [a], 

2,3,6- Tri-O-benzyl-5-O-toluene-p-sulphonyl- 1,4-anhydro- 
n-glucitol (1 1) from Tri-O-benzyl-1,4-anhydro-~-glucitol 
(lo).-The tribenzyl ether (10) (150 mg) and toluene-p- 
sulphonyl chloride (131 mg, 2 mol equiv.) were dissolved 

- 21.0" (H20)). 

in pyridine ancl the solution kcpt a t  60 "C for 2 days. The 
product was isolated by means of chloroform and thc 
resulting syrup purified by chromatography on silica. The 
pure syrup was indistinguishable (t.l,c., i.r., lH n.m.r.) from 
the sulphonate (1 1) described above. 

5-0-  Toluene-p-sulphonyl- 1,4-an?zydro-~-glucitol ( 12) .-The 
sulphonate (11) (1.4 g) in ethanol was hydrogenated in the 
presence of 5% Pd-charcoal (750 mg) for 17 h. After 
removal of the catalyst by filtration the solution was 
evaporated to give a crystalline residue. Recrystallisation 
from ethanol-benzene gave the 5-toluene-p-sulphonate ( 12) 
(65 mg, 860/,), m.p. 107-108 "C, [aID -21" (G 1.0 in H,O); 
v,,~,,. KBr 1 190 and 1175 cm-l (S0,Ar); 6[100 MHz;  
(G:D,),SO] 2.44 (3 H,  s, Me-C,H,), 3.00-5.00 (11 H, ni), and 

TsOH) (Found: C, 49.3; H, 5.9. C,,H180,S requires C, 
49.05; H,  5.7%). 

Reaction of 2,3,4,6-Tetra-O-benzyl-l-O-tolylsul~hony~-~- 
glucitol (6) .-(a) With sodium nzethoxide. The diol ( 5 )  
(6.450 g) and toluene-p-sulphonyl chloride (4.522 g, 2 niol 
equiv.) were dissolved in pyridine (60 ml) a t  0 "C and kept 
at 0 "C for 3 days. The product was carefully isolated 
using chloroform (ca. 100 ml) and added to methanol (7 ml) 
containing sodium methoxide [from Na (250 mg)]. The 
mixture was refluxed for 3 11. Isolation of the product 
using chloroform, followed by chromatography on silica 
as described before, gave the sulphonate (11) (1.402 g, 
20%), the 1,5-anhydride (8) (2.643 g, 43%), and the 1,4- 
anhydride (10) (691 ing, 13%). 

(b) With pyridine. The d i d  (5) (6.00 g) and toluene-p- 
sulphonyl chloride (4.30 g, 2 mol equiv.) were kept togetlicr 
in pyridine a t  0 "C for 5 11. Tlie product was carefully 
isolated using chloroform (Ga. 50 nil) ; pyridine (60 nil) was 
added to the mixture which was refluxed for 2 h. Cliro- 
matography using silica gel afforded the sulphonate ( 1  1') 
(506 mg, 8%), the 1,5-anhytlride (8) (222 mg, 40/,), the 1,4- 
anhydride (10) (2.754 g, GO%),  and unchanged diol ( 5 )  (300 
"g, 5 % ) .  

2,3,5-Tri-O-benzyl-P (and a)-u-ribofuranos3)letliyne [(4) mid 
(20)] .-Ethylmagnesium bromide [prcparcd froin mag- 
nesium (3.45 g) in dry tetrahydrofuran ('1HF) (100 nil) arid 
ethyl bromide (15.45 g) in dry 'THF (120 nil)], was added 
dropwise to dry THF saturated with acetylene, with acetyl- 
ene bubbling into the solution. Tlie flow of acetylene was 
continued for a further hour after the addition o f  ethyl- 
magnesium bromide was complete. 

A solution of 2 ,3 ,4 ,5- te t ra -0-benzyl -aZ~~e~~~~~~o-u- r i l~~se  
(21) 26 (3.0 g) in dry THF (75 ml) was added dropwisc to the 
Grignard solution, a steady stream of acetylene being 
passed through the mixture during the addition and for a 
further 2 h. The reaction mixture was concentrated iu 
vacuo, diluted with ether (150 i d ) ,  and the solution waslied 
with aqueous ammonium chloride (10% w/v, 3 x 200 nil) 
and water (3 x 200 ml). The ether solution was dried 
(Na,SO,), filtered through charcoal/Celite, and evaporated 
to give a thin syrup (3.1 g, 98%) consisting of the u-altro- 
and D-allo-acetylenic alcohols (1) and (19) ; vmcLx. (film) 3 440 
(OH), 3 290 (GCH) and 2 090w cm-l (CZC); 6(100 MHz; 
CDCI,) 2.43 (1 H, d,  HCEC), 3.44-4.84 (15 H, m), and 7.24 
(20 H, s, 4 x Ph).  The mixture of (1) and (19) (1.0 g)  
and toluene-p-sulphonyl chloride (800 mg, 2.25 mol 
equiv.) were dissolved in pyridine and kept a t  room temper- 
ature overnight. T.1.c. [toluene-ethyl acetate (10 : l ) ]  
showed the formation of two products of slightly greater 
polarity (RF 0.61 and 0.49) than the starting materials. 

7.40, 7.48, 7.84, 7.92 (4 H, AB 9, C6H4); m/e 146 (M - 
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'The products were i d a t e d  using chloroform and chromato- 
;raplied on silica gel. Light petroleum-ether (17 : 3) eluted 
1,3,5-tri-O-benzyl-Ij-~-ribofuranosylethyne (4), crystallised 
'rom ethanol (330 nig, 41y0), m.p. 64-65 "c, [a], +8.8' 
c 0.61 in CHCl,), indistinguishable (t.1.c. mixed m.p., i.r. 
ind 'H n.1n.r. spectra) from an authentic sample (lit.,, 
aII) $9.7' (CHC1,)). 

Further elution with liglit petroleum-ether (4 : 1) gave 
2.3,5-tri-O-benzyl-~-~-ribofuranosyletliyne (20), crystal- 
ised from ethanol-water ( 3  : 1) (335 nig, 42%), m.p. 52- 
53 O C ,  [a], -1-77" (c 1.0 in CHCl,), indistinguishable (t.l.c., 
n.p., i.r. and 'H n.1n.r. spectra) from an authentic sample 2 

;lit . , ,  [oJD +79.7' (CHCI,)). 
Dimethyl 2- (2,3,5-Tri-O-benz3/1-cr-D-ribo furanosy l )  -maleate 

:24) and -furnurate (28).-A solution of the ethyne (20) (301 
mg) in dry methanol (30 nil) was stirred in a Schlenk tube 
lor 21 11 at rooni temperature with palladium chloride 
:L31 nig, 1.05 in01 equiv.) arid niercury(rr) chloride (200 
nig, 1.05 mol equiv.) in tlie presence of carbon monoxide 
( 2  a i m ) .  Solids were removed by filtration, ancl tlie filtrate 
xmcenirntecl to a syrup which was chromatographed on 
;ilic,z gel (8 g) .  Elution with light petroleum-ether [(5 : 1)  
t lien (9 : 2)] gave dinietlryl 2-[2,3,5-tri-O-benzyZ-a-n-ribo- 
f i t vanos~~l ) fu i~zavate  (28) as a pure syrup (24 nig, 6%), [a]I, 
- 62.3" (c 0.86 in CHCI,); v ~ , , , ~ ,  (film) 1 727 cn-1 ( G O ) ;  
F(lO0 MHz, CDCl,) 3.58 and 3.85 (each 3 H, s, ORle), 3.40- 

€€-3),  and G.YG-7.36 (15 H, 111, Pli); in /e  646 (w, M + ) ,  
531 (w, Mi- - Me), 516 (m, Adt - OMe), 469 (m) ( M I  - 
1%). 455 (s) (Mf - CH,l"Ii) (Found: C, 69.9; H, tj.2. C32- 
E T , 4 0 ,  requires C, 70.3; H, 6.2%).  

Elution with light petroleum-ether [(4 : 1)  then (7 : 2)] 
gave dimetlryl 2- (2, :I, r>-tri-O-benzyl-a-~ -~ibofura~zos~~1)nzaleate 
(34) (261 mg, G T , o / ) ,  [a],, +39.8' (c 1.68 in CHCl,); vlIlnx. 
(flni) 1 727 cni ( G O ) ;  6(100 MHz, CDCl,) 3.66 and 3.72 
(each 3 H, s, OMe), 3.40-4.64 ( 1 1  H, m), 4.80 (1  H, dd, 
J1.,,~ 4, JIt, ,  2 Hz, H-l'), 6.50 (1 H, d,  J3." 2 Hz, H-3), and 
7.26 (15 H, s, Phj;  nz /e  546 (w, &I+), 515 (m, Mi - OMe), 
487 (ni, I l l +  - CO,Me), 469 (w), M+ - Ph, 455 (s) (A4' - 
CH,E'h) (Found: C, 70.3; H, 6.3%). 

2-( 2,3,5-Tri-0-benzyl-a-~-r~bofuranos)~Z)male~m~de (30) .-- 
To a solution of the dimethyl ester (24) (750 mg) in 1,4- 
dioxan (35 ml) was added solid potassium hydroxide (307 
~iig, 4 mol equiv.) and water (7 ml). The mixture was 
stirred for 1.5 h, solid potassium hydroxide (307 mg) added, 
and stirring continued for 22.5 h. After acidification (2M 
hydrochloric acid, 15 ml), the product was extracted with 
chloroform (2 x 40 ml). Evaporation of the solvent and 
drying of the residue by co-evaporation with benzene 
afforded the crude diacid (25) (714 mg, 100yo); v,,,. (film) 

m), 6.80 ( 1  H, s, H-3), 7.26 (15 H, m, Ar), and 9.96 (2 H, br 
s, exchangeable with D,O, OH);  m / e  500 ( M +  - H,O), 
456 ( M ,  - H,O - CO,), and 409 ( M +  - H,O - CH,Ph). 

The crude dicarboxylic acid (25) (1.35 g) was dissolved 
in acetic anhydride (10 ml) and kept a t  room temperature 
for 20 h. Evaporation of solvents an uacuo followed by 
co-evaporation with fresh acetic anhydride afforded the 
crude anhydride (29) (1.31 g) as a syrup which did not 
crystallise. Treatment of the syrup, dissolved in ether 
(100 ml), with a stream of dry ammonia for 10 min at 0 "C 
afforded, on evaporation, the crude maleamic acid(s) (26) 
and/or (27) as a residue (1.35 g) which was immediately 
treated with acetyl chloride (6.2 ml, 30 mol equiv.) in 
clinieth~lforniarnide (20 ml) a t  room temperature for 20 11. 

4.68 ( 1  1 H, m), 5.5G (1  H, d, J1f ,2* 4 Hz, H-l'), 6.60 (1  H, S, 

1 7 1 5  ~111-1 ( G O ) ;  6(100 MHz; CDC1,) 3.84-4.96 (12 H, 

Water (60 ml) was added and the solution extracted with 
chloroform (2 x 50 ml). The chloroform extract was 
evaporated and co-evaporated with xylene. Chromato- 
graphy on silica gel with light petroleum-ether [ (9:  1) 
gradually changing to (3 : l)] afforded the iniide (30), the 
major product, as a pure syrup [561 mg, 43% from (24)], 
[a], +34.7" (G 0.23 in CHC1,); vnlax. (film) 3 265 (NH) and 
1 784, 1 724 cm-l ( G O ) ;  6(100 MHz;  CDC1,) 3.54 ( 1  H, dd, 

J5#b,*# 3 Hz, H-5'b), 4.02-4.76 (9 H, m), 4.94 (1 H, dd, 

7.27 (15 H, m, Ar), and 7.72 ( 1  H, br s, exchangeable with 
D,O, N H ) ;  wz/e 499 (Mi) and 408 (Mi - CH,Ph) (Found: 
C, 72.1; H, 6.1;  N, 3.0.  C,,H,,NO,requires 72.1; H, 5.8; 

2-a-n-Ribo furanosylmaZeinzide (3 1) .-A solution of boron 
trichloride (16 g) in methylene chloride (50 ml) was cooled 
to -78 "C in an acetone-solid CO, bath. To this solLtion 
was slowly added tlie tribenzyl ether (30) (740 nig) in 
methylene cliloride. The reaction was stirred a t  -78 "C 
for 5 11, the cooling bath was removed, and methanol- 
nietliylene chloritle ( 1  : 1, v/v) (100 nil) was added ciropwise. 
After removal of solvents in vacuo the residue was treated 
with inetlianol followed by evaporation (4  x 80 ml). ?'he 
residue was dissolved in niethanol and silica (ca. 5 g added). 
After evaporation tlie silica was made into a slurry with 
light petroleum ancl added to a column already prepared in 
that solvent. Elution with light petroleuni-ethyl acetate 
[ (G : 1)  --w ( 1  : I ) ]  removed impurities while ethyl acetate- 
acetone [ (YY : 1)  - (24 : l)] eluted the ribosylmaleiniide 
(3  1)  which crystallisecl from acetone-ether as a hydrate 
(210 nig, 57%), m.p. 139-140 'C, [a]:.], -77.0' (c  0.74 in 
H,O); v ~ ~ , ; , ~ .  (KBr) 3 670, 3 430, 3 350 (OH, NH) ,  and 1 780 

(5 H, in), 5.04 ( 1  H, tld, J1t,,< 6, J 1 , , ,  2.5 Hz, H-l'), and 6.68 
( 1  H, cl, J3.'* 2.5 Hz, H-3); in /e  211 ( A l +  - H,O), 140 
( M +  - C,H50,), and 126 (maleimide $30) (Found: C, 
43.8; H, 5.3;  AT, 5.6.  C,H1,SO,*H,O requires C, 43.7;  
H, 5.3; N, 5.7%).  

J53a.5'b 11,  J5~a.4'  3 Hz, H-5'a)j 3.74 (1  H, dd, J5*b,5fn 11,  

J1',2* 2, J1#,3# 2 Hz), 6.58 ( 1  H, dd, J3.1' 2, J3,SH. 2 Hz, H-3),  

N, 2.8%). 

and 1 690 CIII-' ( G O )  ; 6( I O U  MHz, CD,CCzD-D,O) 3.G-4.6 

We thank Dr. John G. Moffhtt for the biological tests, 
Dr. EInnianuel Zissis for tlie samples of anh~~~lroglucitols, 
ancl the S.R.C. for studentsliips (to C. T. S. a n d  G. C. W.). 
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