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ABSTRACT 

5-Dcoxy-J,2-O-isopropylidene-S-C-(methoxyphenylphosphinyl)-~-O-~~- 
thyl-n-D-ribofuranose (4) was prepared from 1,2-0-isopropylidene-3-O-methyl-a- 
D-ribo-pentodialdo-1,4-furanose by an addition reaction with methyl phenylphos- 
phinate, followed by deoxygenation of the terminal HO-$H-P group of the adduct 
by successive reaction with l,l’-thiocarbonyldiimidazole and tributyltin hydride. 
Treatment of 4 with sodium dihydrobis(2-methoxyethoxy)aluminate, followed by 
deacetonation with mineral acid, and acetylation with acetic anhydride-pyridine, 
gave mainly the two title compounds, whichwere isolated by column chromatography 
onsilicagel,andcharacterizedby90-MHz,’H-n.m.r.-spectralanalysis. 

INTRODUCTION 

Sugar analogs having a phosphorus atom in the hrmiacetal ring are interest- 
ing not only from the viewpoint of their physicochemical properties but also from 
that of the possible utility of their biological activities. 

In earlier worklm4, a few compounds of the pentopyranose type were pre- 
pared from 5-deoxy-S-C-phosphinyl-D-pentofuranose precursors afforded by the 
Michaelis-Arbuzov reaction of 5-deoxy-5-halo derivatives with phosphorus com- 
pound&. In a previous paper ‘, a new method for C-P bond-fol-mation. by deoxy- 
genation of a HO-CH-P group at the terminal carbon atom of sugars by use of 1 ,l’- 
thiocarbonyldiimidazole (TCDI) followed by treatment with tributyltin hy- 
dride” s, and the synthesis of 1,2,4-tri-0-acetyl-S-deoxy-3-O-methyl-5-C-[(R) and 
(S)-phenylphosphinyll-a- and -!.?-D-xylopyranose (10) were described. 

Synthesis is now reported of 1.2.4-tri-0-acetyl-5-deoxy-3-0-methy1-5-C-[(R) 
and (S)-phenylphosphinyl]~B_n-ribopyranose (7), through S-deoxy-1,2-O-iso- 
propylid~nz-5-C-(mt-lhoxyp~~~nylphosp~~~~~yl)-3-O-~~~~thyl-~-~-ribofura~~ose (4), 
which was achieved in the foregoing convenient way. 

RESULTS AND DISCUSSION 

1,2- 0- Isopropylidene- 3- 0-methyl-CY -D-ribo -pentodialdo- 1,4-furanoseY 
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(1). obtained by glycol-cleavage oxidatmn ot 1.2-0-isopropylidene-3-O-mrthyl-n- 
D-allofuranose with sodium mctaperindate. was used as the starting material for 

this synthesis. 

Compound 1 was treated in a refrigerator with methyl phenylphosphinatr 

and tricthyluminc. to pave 1.2-O~isopropylidrne-S-C-(n~ethoxyphrnylph~~sphin~l~- 
3.O-methyl-a-o-ribofuranosr (2) in quantitative yield. Treatment <of 2 wilh I. I ‘- 
thiocarhonyldiimidal~~l~ (TCDl) 111 1 .2-dichlororthane at 90” (bath) afforded 

syrupy l.?--(7-is~~prr~pylid~~~~-S-~~-(mcth~~~yph~nyip~~osp~~inyi)-3-~-mrthyl-5-U- 

(imida7ol-I-yl-thiocarbonyl)-a-D-rlbofuran(~~c (3) in YSSi yteld: compound 3 

showed. in the ‘H-n.m.r-. spectrum. the characteristic signals at 8h.Z -X.X of an III- 

idazoyl group. which clearly indicated the prestznce of fout~ diastueoisomers with 

respect to the terminal carbon atom and the phosphorus atom. namely. al 6 5.G. 

5.74. 5.7Y.andS.84(/,.~3.OHz.II-L).~.~Y,J.SJ,3.h5,ar~d-1.70(J,.~3 0 Hz.H-7), 

and 3.76. 3.79.3.84. and 3.86 (J,, lO.OHz. P-OMe). 

Reductive elimination of the imidazol- I-yl-thiocarhonyloxy group of 3 by re- 
fluxing with tributyltin hydride in toluenc at’fordcd syrupy 5-deoxy-I .Z-O-isopro- 

pylidcne-5-C-(methoxyphenylphohphinyl)-3-~-~~~t~~yl~~-~-rib~~fur~nos~ (4) in 
quantitative yield; this showed the signals of II,S’ at 8 2.1L1.5 in Its ‘II-n.m.r. 

spectrum. 

Reduction of 4 with sodium dihydrobis(Z-methoxyethoxy)aluminate 
(SDMA) in ox&me (tetrahydrofuran; THF) in the usual way’-‘. and separation 

by column chromatography on silica gel, afforded S-deoxy- I .Z-O-isopropylidenr-3- 
O-methyl-5-C-(phenylphosphinyl)-cr-D-ribofuranose (5) in 55% yield, Compound 
5 showed i.r. absorption at 2330 cm-’ (P-H), and a half P-H signal at 6 1 I .6X 
(disappearing on deuteration) in its ‘H-n.m.r. spectrunr. 

Hydrolysis of 5 wilh 0. IM hydrochloric acid under argon for ? h at 100” 
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(bath), and acetylation of the product (6) with acetic anhydride-pyridine in the 
usual way’-’ afforded crude, syrupy 7 (75% from 5). Compound 7 was separated 
by column chromatography on silica gel, using ethyl acetateemethanol as the 
eluant, into two major fraction (A and B). Fraction A (the first eluate) and fraction 
B respectively gave colorless needles, m.p. 2288229’, and colorless prisms, m.p. 
181L181.5”, which exhibited three acetoxyl groups in each ‘H-n.m.r. spectrum, and 
a molecular-ion peak at m/z 398 corresponding to CIsH2s0sP in each high-resolu- 
tion mass spectrum, supporting the results of elemental analysis. 

The structure assignments of these compounds were determined by compar- 
ing their ‘H-n.m.r. spectra with those of similar analogs whose structures had al- 
ready been determined, namely, 1,2,3,4-tctra-O-acetyl-5,6-dideoxy-5-C-[(R) and 
(S)-phenylphosphinyll-a- and -P-r-idopyranose ‘” (S), 1,2,4-tri-0-acetyl-5-deoxy-5- 
C-[(R) and (S)-methoxyphosphinyll-3-O-methyl-n- and -p-D-xy10pyKinOS~4 (9). 
and 1,2,4-tri-0-acetyl-5-deoxy-3-O-methyl-S-C-[(/7) and (S)-phenylphosphinyI]-a- 
and +?-D-xylopyranose5 (10). 

The 90-MHz, ‘H-n.m.r. spectrum of fraction B showed relatively high 6 
values for the H-2, H-3, and H-4 signals, and a relatively low S value for the H-l 

signal compared with those of fraction A, whereas the remaining signals were es- 
sentially the same. Significantly upfield shifts of the H-2 and H-4 signals, and a 
slightly upfield shift of that for H-3 are explicable in terms of the shielding effect of 
the axial phenyl group linked to the ring P atom (H-2,4: axial; H-3: equatorial), 
and the slightly downfield shift of the H-l signal is considered to indicate that H-l 
and the phosphoryl oxygen atom are gauche-disposed. The large J, ,s (11.7 Hz) and 
J,,, (11.7 Hz) values of H-l of fraction R, and the lack of aJ,,s value due to the 1,5- 
W coupling indicate that H-l and H-2 are tmnu-disposed, as observed in ‘H-n.m.r. 
spectra of 8 [(R), p; ref. lo] and 10 [(s). p; ref. 51. Therefore, fraction B was iden- 
tified as 5-deoxy-S-C-[(S)-phenylphosphinyl]-P_D-ribopyranose (structure 7b) in 
the “C,(D) conformation. 

Also, in the ~&MHZ, ‘H-n.m.r. spectrum of fraction A, a doublet of doub- 
lets at fi 5.96, having a lugr J, .2 (11.6 Hz) and a small J,,, (2.5 Hz) value, and the 
lack of a /r,s value due to the 1,5-W coupling indicate that H-l and H-2 are trans- 
disposed; the splitting patterns resembled those of 8 [(S), p: ref. lo], 9 [(R), 8; ref. 
41, and 10 [(I?), p; ref. 51. The downfield shifts of H-2, H-3, and H-4, and the 
slightly upfield shift of H-l are considered to indicate that the phenyl group linked 
to the ring P atom is equatorial, and H-l and the phenyl group are gauche- 
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disposed. Therefore, fraction A was identified as S-deoxy-.5-C’-l(R)-phenol- 
phosphinyll-p-D-ril,opyranose (structure 7a) in the ‘C’,(O) conformation 

.The preponderance of p anomrrs on preparmg these u-ribopyranose 

analogs, as compared with the D-Xyhpyranose analopai. may he rationalized in 
terms of the stcric relationship bctwcen OMe-3 and OH-1 of the precursor 6 

FXPERIMENTAI 

The general experimental methods have been reported’. ‘ii-N.m.r. spectra 
(90 MHz) were rccordcd with a JEOL FX-9OQ spectrometer. with CDCI, as the 
solvent and Me,Si as the internal standard. 

I,2 -0 I.sr,pr/i~viiciri?r-.~- C- (nictillJ.r)‘phcrl~l~lro.sphrn~f)-3- 0 -l?ltvil~l-a- L>- 

riho fkrm 0 w (2). ~-Compound” I ( 1.77 g) &xs treated with methyl phcnylphosphi- 
nate ( 1.5 mL) and triethylamine (1 mL) as previously described’. to give culorlexs. 
sy*-upy 2 in quantitative yield: [cr]:C i-lh.9” (C I 02. CHCI,): ‘H-n.n.r data: 8 I .13. 
1.36 (7 3, h H. (‘Me,), 3.16. 3.73. 3.44 (3 2. .3 H, OMc-3). 4.65. -1- 75, -1.77 (3 d. 3 

H, J,, 12.0 11~. P-OMe). 3 54.5 (broad m. 3 H. 1 II disappraring on deuteration. 
H-3.45, and OH-S). 4.55. 1.56. 3.59 (3 d. 1 H, J, 2 3.5 Hz. H-2), 5.60. 5 63, 5.66 

(3d,lH.J,,~3.5Hz.H-l),and7.15-8.1O(m,5H.P-C,.H,);~nl~3~X(M+~. 

1.7-O-f.su~~rop~tirlri~r .~-<‘-(r~~et/zo.r~~~tr~~~~f~~t~~,~~~/~ir~~l)-.~-O-~~~t~th~i-~-0-(~~~1- 

irlazo/-I-~I-thiocnrhort~l)-~u-n-~rhr~~fir~tr,ioar (3). - C0mp0und 1 ( I .2’ g) was 
treated with TCDI ( 1 .O g) ah described’. to gwe colorless \yl upy 3 ( I .53 g. ‘35“; 1: 
[(~]if tli.7” (c I .h_i, CHCl<): ‘H-n.n,r. data: f I.‘--1.6 (m. 6 H. CMc,). 3.38. 3.41 

(14.3 t~,OMe-3),3.7h.3.7’~,.1.X-l.7.Xh(-ld..~H.J~, lO.OHz.P-C>~lt~).1.4’~.J.4~. 
4.65. -I.70 (4 d. I H, J,,z 3.0 FLz. IH-7). 3.0 J 5 (broad m. 3 H. H-3.J.5). 5.6-t. 5.71. 

5.79. 5.83 (4 d, 1 H..I ,,‘3 0 Hz. H-l), and 6.?5-8.8 (m. 8 H P-C,fI. and imidarolyl 
3H);,rz!z_thX(M’). 
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Hydrolysis of 5, and 1,2,4-tri-O-acetyl-5-deoxy-3-O-methyl-S-C-[(R) and (S)- 
phenylphosphinyCl-P-D-ribopyranosc (7a,b). - Compound 5 (381 mg) was treated 
with O.lM HCI (IS mL) as described5, to give syrupy 6 (287 mg), which was treated 
with acetic anhydride (6 mL) in dry pyridine (20 mL) in the usual way’-‘, to afford 
crude mixture 6 as a syrup (365 mg); this was separated by chromatography on a 
column of silica gel with EtOAc, gradually changed to 20: 1 EtOAc-mcth~tnol, as 
the eluant, to give 7a and 7b, having the following properties. 

5-C-[(R)-Phrrzylphosphiny~-P-D-ribopyranose (7a); RF 0.59 (EtOAc); col- 
orless needles (151 mg, 31% from 5); m.p. 228-229” (recrystallized from ethanol), 
[a]2 112.4” (c 1.61. CHC13); ‘H-n.m.r. (90 MHz) data: S 1.95, 2.10, 2.11 (3 s, 9 
H, OAc-1,2,4), 2.25-2.80 (m, 2 H, H-5,5’), 3.66 (s, 3 H, OMe-3), 4.07 (d, 1 H.JZ,, 

= 3,4 J - 1.7 Hz, H-3). 5.59 (4 d, 1 H. J,., 11.6. I,,, 1.7, J2+ 3.1 Hz, H-Z, overlap- 
ping with H-4), 5.96 {2 d, 1 H, Ji.Z 11.6, Jf.p 2.5 Hz, H-l). and 7.4c7.95 (m, 5 H, 
P-C,H,); &.z 398 CM+). 

Anal. Calc. for C,,H,,O,P: C, 54.27; H, 5.82. Found: C, 54.23; H, 5.82. 
5-C-[(S)-l’~e?zy~~phosphinyl]-P_D-ribopyru~o~e (7b); R, 0.54 (EtOAc); color- 

less prisms (129 mg, 27% from 5); m.p. 181-181.5” (recrystallized from ethanol- 
hexanc), [a]$ -49.1” (c 1.73, CHCI,); ‘I-I-n.m.r. (90 MHz) data: 2.06, 2.12,2.13 
(3 s, 9 H, OAc-1,2,4), 2.65-3.0 (m, 2 H, H-5,5’), 3.65 (s, 3 H, OMe-3). 3.85 (d, 
1 H, .Q3 = Ji 4 = 1.7 Hz, H-3), 4.54 (4 d, 1 H, 1,.Z 11.7, & 1.7, & 3.9 Hz, H-Z, 

overlapping w&h H-4), 6.26 (t, 1 H, Jt,* = J,,, = Il.7 Hz, H-l), and 7.5-8.1 (m, 
S H, P-C,H,); m/z 398 (M’). 

Anal. Calc. for C1sHZ30sP: C, 54.27; H, 5.82. Found: C, 53.92; H, 5.80. 
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