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OF 2-PHOSPHORYLATED FURANOSES
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D-64287 Darmstadt, GERMANY

Furanoic carbohydrates which bear a phosphate group in the 2-position play particularly
important roles in certain metabolic key processes. For example, 2-phosphorylated ribonucleosides
belong to the most potent inhibitors of ribonuclease T‘l and dihydrofolate reductase.” Usually the
synthesis of sugar phosphates employs neutral phosphotriesters as intermediates, which allow purifi-
cation and further transformations in organic solvents as well as specific deprotection to the free phos-
phate.? Diphenyl phosphorochloridate and other diorganophosphoryl chlorides have been the subject
of manifold applications in the introduction of the phosphoryl group. Unfortunately, the reaction of
sterically hindered hydroxy functions as in the 2-position of furanoses with phosphorochloridates, is
known to be difficult and low-yielding.*> Therefore a general and efficient approach to 2-phosphory-
lated and phosphinylated riboses and arabinoses was sought.

Herein we report that the transformation of a partially protected furanose with a phospho-
rochloridate and I-methylimidazole (NMI) leads to the corresponding sugar-2-phosphate in high

yields. Compared to 5-chloro-1-methylimidazole,” which is also known as an active phosphorylating
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catalyst, 1-methylimidazole® is much cheaper and more easily separable from the product. Because it

is possible to remove the employed benzoyl” and tetraisopropyldisiloxanylidene® protecting groups

09: 01 27 January 2011

without affecting the phosphate, an easy access to free 2-phosphorylated sugars is found.
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a)R=0Ph; b)R=0iPr;c) R=0OE;;d)R = OCH,CCl;; e) R = NMe,; {) R =Ph

TABLE 1. Yields, Physical Constants and Elemental Analyses of Phosphorylated and Phos-
phinylated Riboses and Arabinoses
Cmpd Yield Time mp Elemental Analyses (Found)
(%) (hry) ("C) C H

2a 89 16 86 65.72 (65.87) 449 (4.47)
2b 60 16 60-92 61.33  (61.47) 5.64 (5.69)
2c 89 8 91 60.19  (60.22) 523 (5.21)
2d 74 8 52 4475 (44.51) 313 (319
2e 93 62 oil 60.40 (60.63) 557 (5.6l
2f 92 16 oil 68.88  (68.54) 4.72 (4.57)
4a 45 16 oil 5641 (56.67) 742 (7.49)
6a 77 16 132 65.72 (65.69) 449 (4.41)
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TABLE 2. 'H NMR and 3'P NMR Data of Phosphorylated and Phosphinylated Riboses and

OPPI BRIEFS

Arabinoses

Cmpd  'HNMR 3P NMR
(6) (8) A

2a 4.58 (dd, J=3.0, 12.5 Hz, 1H, H-5), 4.67 (dd, J = 3.0, 12.5 -12.39(d, 1P,
Hz, IH, H-5"),4.75 (dt, J = 2.0, 3.0 Hz, 1H, H-4), 5.36 Jppy=89)
(ddd, J = 4.2, 6.2 Hz, 1H, H-2), 5.66 (dd, / = 2.0, 6.2 Hz, 1H,

H-3), 6.75 (d, /= 4.2 Hz, 1H, H-1), 7.05 - 8.11 (m, 25H, ArH)

2b 1.18 (d, J = 6.0 Hz, 6H, iPrH), 1.20 (d, J = 6.0 Hz, 6H, iPrH), -2.90(q, 1P,
4.55 - 4.67 (m, 4H, H-5, H-5", iPrH), 4.78 (dt, J = 2.0 Hz, 1H, Jpy=74)
H-4),5.12 (ddd, J = 4.4, 6.5 Hz, 1H, H-2), 5.74 (dd, J = 2.0,

6.5 Hz. 1H, H-3), 6.79 (d, J = 4.4 Hz, 1H, H-1), 7.31 - 8.20
(m, 15H, ArH)

2 1.17 (1.J = 7.8 Hz, 6H, EtH), 3.98 - 4.09 (m, 4H, EtH), 4.61 - 1.32 (sep.,
(dd, J = 3.8, 12.5 Hz, 1H, H-5),4.68 (dd, J = 3.8, 12.5 Hz, 1P, Jp=8.1)
1H, H-5"), 4.79 (dt, J = 2.0, 3.8 Hz, 1H, H-4), 5.17 (ddd, J =
4.4,6.5Hz, 1H, H-2),5.75 (dd, J = 2.0, 6.5 Hz, IH, H-3),

6.80(d, J = 4.4 Hz, 1H, H-1),7.30 - 825 (m, 15H, ArH)

2d 4.56 (d,J = 6.5 Hz, 4H, CH,CCl,), 4.65 (dd, J=3.2, 11.8 - 5.01 (sep.,
Hz, 2H. H-5, H-5"), 4.84 - 4.86 (m, 1H, H-4), 5.30 (ddd, 1P, Jp g =64)
J=42.6.5Hz, 1H,H-2),5.79(dd, J = 2.1, 6.5 Hz, 1H, H-3),

6.86 (d,J = 4.2 Hz, [H, H-1), 7.34 - 8.15 (m, 15H, ArH)

2e 2.59,2.63,2.68,2.72 (4s, 12H, MeH), 4.54 - 4.74 (m, 3H, +20.15 (m,
H-4, H-5, H-5"), 5.66 - 5.69 (m, 2H, H-2, H-3), 5.93 (d,/ = 1P, Jp 4y =9.7)
5.5Hz. 1H, H-1), 7.35 - 8.11 (m, I5H, ArH)

2f 4.56 (dd, J = 3.6, 12.1 Hz, 1H, H-5), 4.64 (dd, J = 3.0, 12.1Hz, +34.53(d, IP,
1H, H-5"), 4.80 (q,J = 2.0, 3.0, 3.6 Hz, IH, H-4), 5.19 (ddd, Joy=9.D
J=42,6.4Hz IH, H-2), 5.67 (dd,J = 2.0, 6.4 Hz, IH, H-3),

6.69 (d, J = 4.2 Hz, 1H, H-1),7.29 - 8.18 (m, 25H, ArH)

4a 0.85 - 1.09 (m, 28H, iPrH), 3.27 (s, 3H, MeH), 3.91 (dd, J = 6.8, - 12.18 (d, 1P,
12.5 Hz, 1H, H-5), 3.98 - 4.05 (m, 2H, H-4, H-5"), 4.59 (dd, Joy=13)
J=42Hz, [H,H-3), 475 (s, IH, H-1), 4.86 (dd, J = 4.2 Hz,

IH, H-2). 7.11 - 7.33 (m, 10H, ArH)

6a 4.45-4.57 (m, 2H, H-4, H-5),4.75 (dd, /= 3.5, 1 .8 Hz, 1H, -12.26 (d, 1P,

H-5"),5.55 (ddd, J = 4.7, 7.8 Hz, 1H, H-2), 5.96 (dd, J = 6.2, Jpy=8.0)

7.8 Hz, 1H, H-3), 6.64 (d, J = 4.7 Hz, 1H, H-1), 6.96 - 8.00
(m, 25H, ArH)

EXPERIMENTAL SECTION

Melting points were determined using a Buchi SMP-20 apparatus and are uncorrected. '"H NMR
spectra were recorded on a Bruker WM-300 spectrometer at 300 MHz, using CDCl, as solvent and
TMS as an internal standard. 3'P NMR spectra were obtained on a Bruker WM-300 spectrometer at
121.5 MHz, using CDCI; as solvent and phosphoric acid (85%) as an external standard. Chemical
shifts are reported in pprri downfield from the standard (3 = 0.00 ppm). Column chromatography was
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performed on E.Merck silica gel 60 (40 - 63 um), using diethyl ether-pentane mixtures as eluent. The
starting materials 1, 3 and 5 were obtained according to literature procedures.?!!

Typical Procedure.- 1,3,5-Tri-O-benzoyl-o-D-ribofuranose (1; 5.0 g, 11 mmol) was placed in a two-
necked flask with septum, gas inlet and magnetic stirring bar. After being purged with argon, the
compound was dissolved in dry dichloromethane (100 mL) and the flask was cooled in an ice-water
bath. Diphenyl phosphorochloridate (4.5 g, 17 mmol) and 1-methylimidazole (1.5 g, 18mmol) were
added dropwise within 15 min. Stirring was continued for 16 hrs with gradual warming to room
temperature. The solvent was then distilled off and the oily residue redissolved in dichloromethane
and evaporated a second time to remove traces of 1-methylimidazole. A solution of the residue in
dichloromethane (200 mL) was washed successively with ice-water (100 mL), saturated aqucous
sodium hydrogen carbonate solution (2 x 100 mL) and water (100 mL). The organic layer was dried
over magnesium sulfate and the solvent removed in vacuo. The oily residue was purified by crystal-
lization from diethyl ether-pentane or by flash chromatography (elution with 1:1 diethyl ether-
pentane) to give 1,3,5-tri-O-benzoyl-2-O-(diphenylphosphoryl)-oi-D-ribofuranose (2a;'2 6.7 g, 89 %).
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