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Phosphono analogues of naturally occurring phosphates are of interest be- 

cause of their potential biological activity’. In the carbohydrate field, many phos- 

phono analogues of the phosphates involved in metabolism have been synthesised, 

but analogues in which the methylenephosphonic group is linked to the anomeric 

centre have been reported only recently2-4. 

We now describe the synthesis of the phosphono analogues of (Y- and /3-D- 

mannopyranosyl phosphate, which play an important role in carbohydrate 
metabolism. 

The C-glycosylation procedure chosen involved the Wittig reaction of 

2,3,4,6-tetra-O-benzyl-D-mannose (1) with methylenetriphenylphosphorane, and 

the best results were obtained using tetrahydrofuran at 45” for 1.5 h. The mer- 

curiocyclisation of the olefinic product 2, effected with mercuric acetate, afforded 

a mixture of the LY- and p-mercurio derivatives (3 and 4) which were isolated by 

chromatography. The anomeric configuration of 3 and 4 was deduced on the basis 

of ‘H-n.m.r. and optical rotation data. The derivative 3 of higher RF adopts the ‘C, 

conformation (see J values in Table I) with the bulky anomeric substituent in an 

equatorial orientation; the axial-axial coupling constant for H-1,2 unambiguously 

establishes the IY configuration. The /3 configuration must therefore be assigned to 
the derivative 4 of lower RF, which adopts the 4C1 conformation (see J values in 
Table I) with the bulky anomeric substituent equatorial. Moreover, the two dia- 

stereoisomers obey Hudson’s rule, which requires the cy isomer be more 
dextrorotatory than the p. 

Halogenodemercuriation of 3 using 1 equiv. of bromine in dichloromethane 

led to partial debenzylation, affording, in addition to the desired bromide, substan- 
tial amounts of a bromide lacking one benzyl group. Better results were obtained 
using iodine, and the iodides 5 and 6 were obtained in yields of 84 and 75%) respec- 

tively. Each iodo derivative was submitted to the Arbuzov reaction, to afford the 
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CH=CH2 

2 
1 z 

3 H = H,R = CH,HgCI 

4 R’ = CH2HgCI, Rz = H 

S R’ = H,R2 = CH,I 

BR’ = CH>I,R’= H 

corresponding phosphonic esters 7 and 8. Removal of the protecting groups, ef- 
fected in one step employing 6 equiv. of iodotrimethylsilane, afforded the phos- 
phono analogues (9 and 10) of (Y- and ~-~mannop~anosyl phosphate, isolated as 
monoammonium salts. 

7 R’ = Et, d = 821 8 R’ = Et,R’ = Ezl 

g R’ = I72 = H 10 R’ = R2 = H 

Previous reports &’ indicated that the chemical shift of the carbon linked to 
the anomeric centre of a sugar is at higher field when this atom is cdlr to the sub- 
stituent at C-2, than when it is trans. Al~ough 3 and 4 possess different conforma- 
tions, they obey this rule. However, the pairs 718 and 9110 show the opposite re- 
lationship, indicating that this rule cannot be fully extended to C-mannopyranosyl 
derivatives. 

General. - N,m.r. spectra were recorded with Varian XL-100 (13C), Bruker 
WP-80, or Varian XL-200 (31P, ‘H) spectrometers. Chromatography was carried 
out on Silica Gel S (Riedel-De Haen AC) using the gash procedure. The usual 
work-up refers to dilution with water, extraction with an organic solvent, washing 
the extract with water to neutrality, drying (Na,SO& and evaporation of the sol- 
vent. 

Reaction of 2,3,4,6-tetra-O-benzyl-D-mannose (1) with methylenetriphenyl- 
phosphorane. - To a suspension of methyltriphenylphosphonium iodide (28 g, 69 
mmol) in tetrahydrofuran (140 mL) under dry nitrogen was added, dropwise, 
butyl-lithium (69 mmol). After 30 min of vigorous stirring, a solution of l(17.8 g) 
in tetrahydro~ran (160 mL) was added, the mixture was kept at 45” for 15 h, 
cooled to -lo”, filtered, and worked-up in the usual manner. The resulting syrup 
was subjected to chromatography, to afford 1,2-dideoxy-3,4,5,7-tetra-O-benzyl-D- 
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16, JH,P 18 Hz, H-]‘a), 2.17 (ddd, 1 H, JIPb,l 6, Jl,b,lva 16, JH,p 18 Hz, H-l’b), 3.4- 

5.2 (19 H, HC-0), and 7.4 (20 H, 4 Ph); r3C, 28.5 p.p.m. (Jc,r 141 Hz, CH,P); 31P, 

28.3 p.p.m. 

(a-D-Mannopyranosyi)methylphosphonic acid (9) and its p isomer (10). - A 

solution of 7 (1 g, 1.5 mmol) in carbon tetrachloride (1.5 mL) was treated at 0” 

under dry nitrogen with iodotrimethylsilane (2.31 g, 11.6 mmol). After 30 min, the 

reaction was quenched with water (0.5 mL), the solvent was evaporated under re- 

duced pressure, and the residue was subjected to chromatography on cellulose (l- 

propanol-ammonia-water, 6: 3 : l), to afford hygroscopic, crystalline 9 as the 

monoammonium salt (346 mg, SO%), [a];’ +21” (c 0.3, water). N.m.r. data 

(DzO): ‘H, S 2.00 (dd, 2 H, JH,P 18, J1r,I 7 Hz, CH,P), and 3.3-4.0 (7 H, HC-0); 

13C, 30.0 (JC,P 130 Hz, CH,P), 62.7 (t, C-6), 73.0 (JC,P 8.7 Hz, C-l), 68.8, 71.8, 

75.3,and76.2p.p.m. (d,C-2,3,4,5);31P, 19.9p.p.m. 

Anal. Calc. for C7H1sN08P + H20: C, 28.67; H, 6.87; N, 4.80. Found: C, 

27.39; H, 7.07; N. 4.43. 

Treatment of 8 (0.8 g, 1.2 mmol), as described for 7, afforded hygroscopic, 

crystalline 10 as the monoammonium salt (242 mg, 70%), [ag” -12” (c 0.6, 

water). N.m.r. data (D*O): ‘H, S 1.96 (dd, 2 H, JH,P 18 Hz, J1l,l 7 Hz, CH,P), and 

3.54.5 (7 H, HC-0); 13C, 31.6 (J,-P 133 Hz, CH,P), 62.9 (t, C-6), 72.7 (JC,P 8 Hz, 

C-1),68.6,75.6,76.0,and81.4p.p.m. (d,C-2,3,4,5);31P,21.07p.p.m. 

Anal. Found: C, 27.47; H, 7.11; N, 3.97. 
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