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Radicals, generated from isopropylidene uronic esters of 2-thiopyridone, add readily to electron-poor alkenes in a 
stereospecific fashion, leading to functionalised chain-elongated furanosides and D-ribonucleosides through 
carbon-4; the acetal group has a directive effect in controlling chirality. 

As is well appreciated an asymmetric carbon atom immedi- 
ately loses its asymmetry when it becomes a non-caged carbon 
radical.1 A synthesis starting with the chiral pool2 approach 
and using radical chain chemistry can only be stereospecific if 
one or more asymmetric centres control the formation of the 
newly created chirality.3 Our recent work4 on the radical 
chemistry of the tartrate acetal (1) has shown that carbon- 
carbon bond formation from the derived radical (2) has 
remarkable stereoselectivity [retention with 92% enan- 
tiomeric excess (e. e .)I. 

Now many important natural products are (formally) 
derived by chain elongation at position 5 of pentoses, or at 
position 6 of hexoses.5 It occurred to us that the carboxy 
derived radical chemistry that we have recently6 introduced 

(1 )  X = COzH 
( 2 )  X = radical 

CHZ=CH-COzMe 

( 5 )  
CHz=CH-SOz Ph 

( 8 )  

y =  

S 

(3) X =COzH 
(4) x = c o z y  
( 6 )  X = CH2CHZ-CO2Me 

( 7 )  X =CHACH-C02Me 

(9 )  X = CHZ;CHZ-SOzPh 
(10) X = CH=CH-SOZPh 
( 11) X = CHz-CH(C0~Me)CHz-CHZ-COzMe 

Table 1. 

a The addition products were transformed first into their sulphoxide in 
quantitative yield by oxidation with rn-chloroperbenzoic acid (2 
equiv.) in methylene chloride solution at 0 "C over 2 h. Therrnolysis of 
sulphoxides in boiling toluene (1 h) afforded cleanly the elimination 
products. 

would permit stereospecific reactions of radicals derived from 
uronic acids suitably protected by strategically placed acetal 
functions. The results are summarised in Table 1. 

The di-isopropylidene derivative of glucuronic acid (3) on 
conversion to its 2-thiopyridone derivative (4) and irradiation 
with tungsten light in the usual way6 in presence of methyl 
acrylate ( 5 )  gave the expected derivative (6) as a mixture of 
diastereoisomers. Oxidation to sulphoxide and elimination 
afforded the unsaturated ester (7) as a single compound. 
Oxidation with ruthenium tetraoxide4 gave back pure starting 
material (3). A similar series of reactions was carried out using 
phenyl vinyl sulphone (8) as a radical trap. This afforded the 
mixed isomers (9) and after elimination the pure alkene (10). 
A small amount (3%) of the double addition adduct (11) was 
also seen in the methyl acrylate experiments, but not with the 
phenyl vinyl sulphone as this is not subject to radical 
polymerisation. 

Similarly the ribofuranuronic acid derivative7 (12) (using 
phenyl vinyl sulphone) was converted to a mixture of 
stereoisomers (13) which on oxidation and elimination gave a 
single compound (14) {m.p. 120 "C, [a],, +2.4" (CHCI,)}. The 

boye 
X = C02H 
X = CH2CHZ-SOzPh 

X = CHLCH-SOzPh 

X = CHzCHZ-SOzPh 
X = CH=kH-SOZPh 

NHCOPh 
I 

HOzC eOMe 
(15) 

0 

( 2 0 )  X = CHACH-SO2Ph 

ox0 
= COzH 
= CH2CHZ-SO2 Ph 
= CHLCH-SOz Ph 
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structure was assigned from analysis of its 200 MHz n.m.r. 
spectrum. 

In contrast the D-lyxofuranuronic acid derivative (15) gave, 
on addition of the radical to phenyl vinyl sulphone, the adduct 
(16) which on oxidation and elimination afforded a single 
unsaturated adduct (17) {m.p. 119-120 "C [ a ] ~  -2.4" in 
CHC13} in which the side chain was completely inverted as 
judged by analysis of its n.m.r. spectrum. 

The uridine derivatives (18) was a particularly important 
case. The derived radical gave a good yield of adduct (19) with 
phenyl vinyl sulphone which on oxidation and elimination 
afforded the vinyl sulphone (20) {m.p. 111-114 "c ,  [a]D22 
+49.20" (dimethylformamide)} as a single compound. Its 1H 
and 13C n.m.r. spectra were entirely compatible with the 
structure assigned. 

Finally, the adenine derivative (21) afforded with phenyl 
vinyl sulphone an adduct (22) which on oxidation and 
elimination gave the adduct (23) {m.p. 115-118 "C, [a]D22 
+41.6" (dimethylformamide)} . The configuration of (23) was 
ascertained by n.m.r. spectroscopy. 

An analysis of the (M), values of the compounds described 
in this article is in agreement with the retention of configura- 
tion in all the compounds studied except for the trans- 
formation (15) -+ (17) where inversion is seen. The directing 
effect of the acetal function on the chirality obtained is 
remarkable. 

These results show the dominant effect of steric bulk4 of the 
acetal group in controlling the chirality of the derived radical 
adduct. This stereochemical specificity will permit extensive 
manipulation of the functionalised ribose side chain in 
naturally occurring D-ribonucleosides at carbon-4', an objec- 
tive of current relevance. t 
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t All new compounds were characterised by 1H and 13C n.m.r., i.r., 
mass spectral and microanalytical data. 

We thank Dr. S. Z .  Zard cordially for many helpful 
discussions. 

Received, 25th April 1988; Corn. 8/01605D 

References 
T. Koenig and H. Fischer, 'Free Radicals,' Vol. 1, Ed. J. K. Kochi, 
Wiley, New York, 1973. See also: D. H. R. Barton, Y. HervC, P. 
Potier, and J. Thierry, J .  Chem. SOC., Chem. Commun., 1984, 
1298; Tetrahedron, in the press. 
S. Hanessian, 'Total Synthesis of Natural Products: The "Chiron" 
Approach,' Ed. J. E. Baldwin, Pergamon Press, Oxford, 1983. 
B. Giese, 'Radicals in Organic Synthesis: Formation of Carbon- 
Carbon Bonds,' Ed. J. E. Baldwin, Pergamon Press, Oxford, 1986. 
D. H. R. Barton, A. Gateau-Olesker, S.  D. Gero, B. Lacher, C. 
Tachdjian, and S. Z .  Zard, J .  Chem. SOC., Chern. Commun., 1987, 
1790. 
For example: S. Danishefsky and M. Barbachyn, J .  Am.  Chem. 
SOC., 1985, 107, 7761; S. Danishefsky and C. Maring, ibid., 1985, 
107,7762; A. Cleaesson, J .  Org. Chem., 1987,52,4414; M. Gkze, 
P. Blanchard, J. L. Fourrey, and M. Robert-GCro, J .  Am.  Chem. 
SOC., 1983, 105, 7638; B. J. Banks, A. G. M. Barrett, M. A. 
Russell, and D. J. Williams, J .  Chem. SOC., Chem. Commun., 1983, 
873; S. Jarosz, D. Mootoo, and B. Fraser-Reid, Carbohydr. Res., 
1986, 147, 59; S. Jarosz, ibid., 1987, 166, 211; Tetrahedron Lett., 
1988, 29, 1193; S. A, Babired, Y .  Wang, and Y .  Kishi, J. Org. 
Chem., 1987, 52, 1370; J. A. Secrist 111, and S.-R. Wu, J. Org. 
Chem., 1979, 44, 1434; J. A. Secrist I11 and K. D. Barnes, ibid., 
1980,45, 4526. 
D. H. R. Barton, D. Crich, and W. B. Motherwell, J. Chem. SOC., 
Chem. Commun., 1983,939; Tetrahedron, 1985,41,3901; D. H. R. 
Barton and S. Z .  Zard, Pure Appl .  Chem., 1986, 58, 675; M. 
Ramaiah, Tetrahedron, 1987, 43, 3541. 
A. Hampton, F. Perini, and P. J. Harper, Carbohydr. Res., 1974, 
37, 359. 
G. R. Moss, C. B. Reese, K. Schofield, R. Shapiro, and A. R. 
Todd, J .  Chem. SOC., 1963, 1149. 




