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Abstract: A single-step approach to the synthesis of aldose sugar phosphonates substituted 
at C-l, the anomeric carbon, is demonstrated through the example of the isosteric 
methylene analog of a-g-ribose-l-phosphate. 

Phosphonate analogs of several classes of biological compounds have been the object of 

significant efforts in synthetic chemistry and enzymology. 192 Sugar phosphonates substituted 

at the C-5 or C-6 position can be readily synthesized, 334 but the placement of a methylene- 

phosphonate moiety onto the anomeric carbon (C-l in aldoses or C-2 in ketoses) is a much more 

difficult synthetic problem. For example, Chmielewski et al. -- recently reported a six-step 

synthesis which led to a protected analog of galactose-l-phosphate although the free phosphonate 

was not described. 
5 

Such analogs are of particular biochemical interest since the scissile 

C-O bond would be replaced with a non-hydrolyzable C-C bond and enzymatic glucosyl- or ribosyl- 

group transfer (as examples) would be prevented. Likely candidates include analogs of a-IJ-galac- 

tose-l-phosphate (already attempted5), a-D-glucose-l-phosphate: - a-D-ribose-l-phosphate and its - 

derivative 5-phosphoribosyl-1-pyrophosphate. In this communication I illustrate a one-step 

approach to such compounds by describing the synthesis of 1 the isosteric methylene analog of 

2, a->-ribose-l-phosphate: 
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The protected ribose 5-trityl-2,3-isopropylidene-D-rfbose6 - (3) is reacted with the stabilized - 

ylid diphenyl triphenylphosphoranylidenemethylphosphonate7 (4) to yield' both the a and 8 

tlanomers" (epimers) of 5: - 
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The products, & (Rf=O.34)' and 2 (Rf=O.25)', and the starting material 2 

separated by silica gel chromatography using petroleum ether/ethyl acetate 
tn 

(Rf=O.57)' were 

(4/l) as solvent; the 

products are named using the nomenclature of Ohrui et al.'": -- diphenyl D-altro-2,5-anhydro-3,4- -- 

isopropylidene-6-trityl-deoxyhexanophosphonate (&), and diphenyl D-allo-2,5-anhydro-3,4-isopropy- -- 

lidene-6-trityl-deoxyhexanophosphonate (5b). - This reaction is analogous to that described by 

Ohruiet,l." for the syntheses of precursors to C-glycosidic nucleosides, and applies the ylid 

described by Jones et al.7 for the synthesis of phosphono sugars 394 and nucleotides at the c-6 -- 

or C-5 positions of the sugar moiety. 
11 

As predicted by the analogous results of Ohrui et 
10 

al. -- 

the intermediate olefin undergoes a spontaneous Michael-type addition to reclose the sugar ring 

at the newly-formed "anomeric" carbon; this ring-closure is evidenced by a lack of vinyl protons 

and a predictable double doublet in the 'H-NMR for the C-l protons of 5b 
12 

_* 

The assignments of absolute configuration to the two epimers 5a and 2 were made from a - 

detailed comparison of the 'H- and "C-NMR data for 3, 5b and a series of three pairs of closely 

related altro and allo 
-10 

"anomers" described by Ohrui et al. (6a 6b 7a 7b 8a 8b); their assign- -- -- _*_,_,_,_,_ 

ments were based on an exact correlation to the structure (as determined by x-ray crystallography) 

of one isomer.1' As reported by Ohrui et al. 
10 

and seen in Table 1, the methyl and ketal carbons -- 

of the isopropylidene groups show significant downfield shifts for the a (altro) isomers (&,&, 

&,&) compared to the shifts of the H (allo) isomers (5b,6b,7b,8b). Also, the anomeric carbon 

shows an upfield shift for all of the altro compounds (A6=2.6+0.3 ppm) consistent with the data 

of Ohrui et al. 10 The 'H-NMR downfield shifts for the C-2, C-3, and C-4 protons are greater -- 

for the altro isomers (3 etc.) than for the allo isomers, and the value of A6 for the two 

isopropylidene methyls is significantly greater for 5b (e) as is true for fi, 2, and 3 

(Table 2). Similar compounds described by Secrist 
13 

yield NMR data which are in agreement 

with these assignments. 
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Two other observations are consistent with the configurational assignments for 2 and 2. 

the altro ("o") isomer is less polar than the allo isomer in agreement with Ohrui et al. 
10 

First, -- 

Second, the allo isomer (5b) was found to be the kinetic product, 
14 also in agreement with Ohrui - 

st?O It should be noted that for the compounds described, the only NMR data that do not 

correlate exactly with the assignments made by Ohrui et al. 
10 are that the C-l protons of 5a - -- 

are equivalent and 5b non-equivalent (see Table 2). - 
The altro isomer (5a) has been readily hydrolyzed 

15 
to yield D-altro-2,5-anhydro-deoxyhexa- - 

nophosphonate(l). This compound is a non-metabolizable isosteric' analog of a-D-ribose-l-phos- 

phate 0, a substrate for the various nucleoside phosphorylases that catalyze the synthesis 
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of nucleosides using pyrimidine or purine bases. Studies of the ability of 1 to inhibit nucleo- 

side phosphorylases are in progress and will be described elsewhere. In addition, 1. is a precur- 

sor to various analogs of PRPP, which is a key metabolite in the de novo and "salvage" biosynthe- -- 

tic pathways to nucleotides. 
16 

The syntheses and enzymatic studies of such analogs are also 

now in progress. 

Table 1. Comparison of 13 
C - NMR dataa for h, 2 and Related Compounds 

Chemical Shift (downfield from TMS) 

Compound Me(lIb Me(2jb ketalC 

5a 25.06 26.27 112.47 

sad 24.90 26.14 113.23 

7ad 25.19 26.33 112.58 

sad 25.00 26.24 112.61 - 

*,&se 25.04rO.12 26.24kO.08 112.72kO.34 

5b 25.70 27.53 114.46 

dbd 25.55 27.44 114.89 

7bd 25.75 27.63 114.37 

Zd 25.68 27.57 114.21 - 

~&se 25.67kO.09 27.54kO.08 114.48kO.29 

epimeric C 

76.76f 

77.76 

78.25 

80.27 

79.64f 

79.97 

81.08 

82.74 

aobtained using a Bruker WM250 spectrometer at 62.89 MHz, 
b 
isopropylidene methyl groups, 

C. 
lsopropylidene ketal carbon, 

d 10 e 
data from Ohrui et al. mean ? standard deviation for 

f 
-- , 

compounds 1 - 8, approximate center of peaks split by nearby 
31 

p. 

2. Table Comparison of 8-NMR dataa for 5a 5b and Related Compounds -9 -9 

Compound 

5a - 

5b - 

6ad 

b" - 

7ad 

sll" 

Zd 

8bd - 

C(l)H COH, 

2.65(ddd) 2.58(ddd) 

2.51(dd) 

2.67(d) 

2.58(dd) 2.77(dd) 

2.75(d) 

2.62(dd) 2.78(dd) 

4.29(d) - 

QA 4.0 

C(2)H C(3)H C(4)H 

4.81(mjC 4.86(mjC 4.74(d) 

4.45(m) 4.61-4. .66(mjC 

4.50(dt) 4.79(dd) 4.71(d) 

4.12(m) 4.50(dd) 4.65(dd) 

4.61(dt) 4.82(dd) 4.68(d) 

4.31(dt) 4.63(dd) 4.55(dd) 

5.27(dd) 5.08(dd) 4.43(dd) 

4.84(dd) 4.98(dd) 4.68(dd) 

Methyls(AGjb 

0.16 

0.21 

0.17 

0.19 

0.17 

0.20 

0.19 

0.20 

aobtained using a Bruker WM250 spectrometer at 250.13 MHz, 
b 
A6 for the two isopropylidene 

methyls, 'tightly coupled A8 system, 
d 
data from Ohrui et al __!O(f or the sake of comparison 

the C(2) of these compounds is the epimeric carbon). 
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