
A NEW ROUTE FOR FORMATION OF TIfE CARBON-PHOSPIIORUS 

BOND, AND SYNTHESIS OF 1.2,4-TRI-0-ACETYL-S-DEOXY-3-0- 

METHYL-5-C-[(R)- AND (,S)-PHENYLPHOSPHINYL]-a- AND -P-D- 

XYI,OPYRANOSE 

Deoxygenation at the carbon atom LY to the phosphorus atom of 1,2-O-iso- 

propylidene-5-C-(methoxyphenylphosphinyl)-3-~~-mcthyl-~-~~-xyl~~fur~nose (7), 
prepared from I .2-O-isopropyiidene-3-O-methyl-cY-D-.ry[-p~ntodialdo-l,4-fu- 

ranose by reaction with methyl phenylphosphinate, was performed by succes- 

sively treating 7 with l,l’-(thio~drbonyl)diimidazole (TCDI) and tributyltin hy- 

dride. Treatment of the resulting 5-deoxy-l~2-O-isopropyiidene-5-~-(me- 

thoxyphcnyiphosphinyl)-3-O-methyl-cu-D-xylofuranose with sodium dihydrobis(Z- 

methoxyethoxy)aluminate, followed by mineral acid, and then acetic anhydride in 

pyridine, gave the four title compounds. which were separated by column 
chromatography on silica gel and recrystallization, and characterized by ‘H-n.m.r.- 

spectral analysis and their optical rotations. 

INTRODUCTlON 

Sugar analogs having phosphorus in the hemiacetal ring are interesting, not 

only from the point of view of their chemistry, but also from that of the possible 

utility of their biological activities. The synthesis of a few compounds (l-5) of the 

pentopyranose type’ -~‘. prepared from 5-deoxy-S-C-phosphinyi-i>-p~ntofuranose 

precursors afforded by the Michaelis-Arbuzov reaction of S-deoxy-5-halo deriva- 

tives with phosphorus compounds (M-A route). has already been reported. Also. 

aldoses and glyculoses were treated with dialkyl phosphonate or alkyl phenyiphos- 

phinate to give, readily, the corresponding sugar analogs containing the HO-C-P 

unit” “). but this method for the formation of a C-P bond had not yet been applied 

to the synthesis of sugar analogs having phosphorus in the hemiacetal ring, because 

deoxygenation of the hydroxyl group on the carbon atom cy to the phosphorus atom 

could not be caused by the ways usually applicable to organic compounds’ I. 

Successful deoxygenation of a HO-C-P unit at the terminal carbon atom of 

sugars has now been achieved by successively treating such a compound with l,l’- 
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~-deoxy-1,2-O-isopropylidene-3-O-methyl-S-C-(phenylphosphinyl)-~-D-xylofur~- 

nose (10) in 92% yield; this showed an i.r. absorption band at 2340 cm ’ (P-H), 
and in the ‘H-n.m.r. spectrum, half a P-H signal, at 6 11.60 (disappearing on deut- 

eration). 
Hydrolysis of 10 with 0.1~ hydrochloric acid under nitrogen for 3 h at 110” 

(bath), and acetylation of the product (11) with acetic anhyd~de-pyridine in the 

usual way’-‘, afforded a crude mixture (12) consisting of crystals in a syrup (91% 

from 10). The crude mixture was separated by recrystallization from ethanol and 

ethanol-hexane, into two fractions, A and B. The syrup was separated by column 

chromatography on silica gel, using ethyl acetate as the eluant, into three major 

fractions, which will be referred to as B, C, and D (according to their decreasing 

RF values). 

Fractions A, B, C, and D respectively gave colorless needles, m.p. 29.5-296’; 

colorless needles, m.p. 2OCL2OO.S”; a colorless syrup; and a colorless syrup; each 

exhibited three acetoxyl groups in the ‘H-n.m.r. spectrum, and the molecular-ion 

peak at m/z 398. corresponding to C1sH230XP, in the high-resolution mass spec- 

trum of each, and this formula was supported by the elemental analysis of fractions 

A and B. The structural assignments of these compounds were determined by com- 

paring the ‘H-n.m.r. spectra, and the optical rotations, with those of the structur- 

ally similar analogs 2,3, and 5. 
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The ‘H-n.m.r. spectra of fractions C and D showed relatively high values of 

6 for the 11-Z and H-4 signals (compared with those of fractions A and 13). whcreaa 

the remaining signals were essentially Gmiiar for the four fracticm\. Thti upheld 

shifts of the H-2 and II-4 xignals can be explained in tcrmx of the shielding effect 

of the phenyl group linked axially to the ring-P atom. The H-l sIgna of the fi-ace- 

tate 12c consisted of a triplet at 6 5.79. with .li,l ltJ.7 and 1, ,, IO.7 177. Lvhereas that 

of the w anomer 12d showed a double triplet :+t 6 5.W with a large .I,.,, (N.0 Ii7) and 

a small I,,? (2.5 LIZ) value, and, probably, J!,i 7.5 Hz. due to the 1.5 u’ coupling. 

These splitting patterns of fractions C and D resembled those (>I 5.&irdeox~-5-C’- 

[(H)-phenyiphosphinyll-tu- and -P-I.-idohexopyranr)scs”‘. and 5-deosy-S-C.-[ (S)- 

methoxyphosphinylj-tu- and $5r>-xyiopyranoses’ . I‘he optical rotatlon of fraction C 

was smaller than that of fraction II. ‘Therefore. fractions C and D wcrc respectivrlj 

identified as .i;-dcoxy-S-C‘-I(S)-phenylphosphinyl]_c f 12~) and 5- 

dcoxy-.i;-C-[(S)-phenylphocphinylI-cu-r,-xyl~)pyr~n~~se (12d). both in the ‘C‘,(D) con- 

formation. 

The shift patterns in the lH-n.n~.r. spectra of fractions A and R werr: some- 

what similar. and showed relatively low 6 values for the H-2 and H-4 signals. com- 

pared with those for 12c and 12d. The optical rotation of fraction A was larger than 

that of fraction R. Therefore. fractions A and B were respectively considered to be 

S-deoxy-5-C’-[(R)-phenylphosph~nyIl-cr_n-xyl(~pyr~~n~)se (12a) and ?dcoxy-5-C’- 

[(R)-phenyiphosphinylj-P-r)-xylopyranose (12b). both in the ‘c’,(n) conformation. 

EXPEKIMENTAI. 

General methods. --- Melting points were measured with a micro melting- 

point apparatus (Yanagimoto Seisakusho, Japan) and are uncorrected. Column 

chromatography wa\ performed by using Merck Lobcr silica gel. T.1 c. wit\ con- 

ducted on layers ot SIIIC~ (i-10 (Nakarai C’hrmic,tl\, Ltd.. Japan). Al1 reactions 

were monitored by t.1.c.. and the products were detected a,ith sulturic acid-- 

ethanol. or cobait( II) chloride--ethanol. Optical rotations were de!crmlned with an 

Atago-Polax polarimeter (Atago Ltd.. Japan). 1.r. spectra \\erc recorded \\ ith an 

A-3 spectrophotomcter (Japan Spectroscopic Co., 1.td.j. ‘H-N.m.r spectra \vere 

recorded, for solutions in C‘DCI,, with a ~Iitachi-Perkin-Elnler R-3) ((111 MHz) in- 

strument. Chemical shifts are reported a\ 6 values. relative to tetramcthyixilanr (8 
0.0) 3s the Internal ht;lndard. M:IW spectra were recorded nlth a Ilitachi 
RMU7MG GS-MS spectromctcr. 



NEW FORMATlON OF CARHON-PHOSP~lORI:S F3ONI) 10s 

fwanose (7). --- A mixture of compound 6 (2.21 g), methyl phcnylphosphinate (2.5 
mL), and triethylamine (3.0 mL) was kept in a refrigerator for 10 h (as. after -1 
h at rdom temperature. a partially decomposed mixture is obtained), diluted with 

chloroform and aqueous NaHCO, (to decompose the excess of phosphinate), and 
the chloroform layer washed with water. dried (Na2S0,), and evaporated in LYKUO, 
to give 7 in quantitative yield as a colorless syrup; [cr];?:’ -28.6” (c 1.70, CHCI,): 

v,“:; 34.50 cm-.’ [OH); ‘H-n.m.r. data: 6 1.36, 1.53 (2 s. 6 H, C,MeZ), 3.06. 3.40 (2 

s, 3 H, OMe-3, overlapping with H-5). 3.56, 3.60. 3.73, 3.79 (4 s. 3 H. P-OMe). 
3.83 (cl, 1 H, J3.J 2.0 Hz, H-3), 4.45 (d, 1 H, I1,2 3.2 Hz, overlapping with H-4, H- 
3), 5.35 (broad, I F-I, disappearing on deuteration, OH), 5.82 (d, 1 H, Jr~? 3.2 Hz, 

H-l), and 7.05-8.1 (m. 5 H. P-C,H,); m/z358 (M’). 

5-O-(Zmidazol-l-yl-thiocarbonyl)-l,2-O-isopropylidene-5-C-(methoxy~he- 
nylphosphinyl)-3-O-methyl-n-D-xyiofuranose (8). - To a solution of 7 (3.81 g) in 
1,Zdichloroethane (50 mL) was added TCDI (2.70 g). and the mixture was heated 
for 30 min at 90” (bath), cooled, diluted with dichloromethane, washed with cold 

dilute HCI, saturated aqueous NaHC03, and water, dried (Na$O,), and evapo- 

rated in vacua, to give 8 (4.44 g, 89%) as a syrup; [o]h” - -0.2” (c 1.10, CHCI,); 

‘H-n m r. data: 6 1.27, 1.36, 1.42 (3 s, 6 H. CMe7), 3.02, 3.34 (2 s, 3 H. OMe-3, . . 
overlapping with H-5), 3.66, 3.84 (2 s, 3 H, overlapping with H-3, P-OMe), 4.46, 

4.47 (3 d, 1 H, J,,2 3.4 Hz, overlapping with H-4. H-2), 5.75, 5.79 (2 d. I H, Jr,z 

3.4 Hz, H-l), and 6.2-8.3 (m, 8 H. P-C,Hs and imidazolyl-H-3); m/z 468 (M’). 

5-Deoxy-I,2-O-isopropylidene-5-C-(methoxyphenylphosphiny~-~-O-methyl- 
cu-D-xylojkznose (9a, 9b). - To a solution of 8 (3.89 g) in toluene (150 mL) was 

added tributyltin hydride (3.5 mL), and the mixture was heated for 1.5 h at 120” 

(bath), cooled, and evaporated in WCUO. The residue was dissolved in acetonitrile- 

hexane, and the layers were separated. The acetonitrile layer was washed with 
hexane (to extract the tin compound), and evaporated in vacua, to give crude mix- 

ture 9 as a syrup (2.82 g. 99%). By chromatography on a column of silica gel with 

9:l EtOAc-hexane which was gradually changed to EtOAc, as the eluant, the 

crude mixture was separated into 9a, colorless needles (1.40 g, 49%) and 9b, color- 

less prisms (1.39g. 49%). 
Compound 9a, RF 0.54 (EtOAc); m.p. 111.5-l 12” (after recrystallization 

from EtOAc-hexane), [a]:; -56.8” (c 1.76, CHCI,); ‘H-n.m.r. data: 6 1.39, 1.45 

(2 s, 6 H, CMeJ, 2.41 (dd, 2 H, Jg,p 14.8,5_5,5V 7.2 Hz, H-5,5’), 3.03 (s, 3 H, OMe- 

3), 3.58 (d, 3 H, Jp 1 I.5 Hz, overlapping with H-3, P-OMe), 4.46 (d, 1 H, J1,z 3.8 

Hz, overlapping with H-4, H-2), 5.72 (d. 1 H, J1,Z 3.8 Hz, H-l), and 7.3-8.0 (m, 
5 H, P-C,Hs); m/z 342 (M’). 

Anal. Calc. for ClhH*300P: C, 56.14; H, 6.77, Found: C, 56.08; H, 6.79. 

Compound 9b, RF 0.46 (EtOAc); m.p. 91.5-92.5” (after recrystallization 

from EtOAc-hexane), [cx]~ -36.8” (c 1.90, CHCI,); ‘H-n.m.r. data: 6 1.36, 1.44 

(2 s, 6 H, CMe,), 2.05-2.6 (m, 2 H, H-5,5’), 3.45 (s, 3 H, OMe-3), 3.61 (d, 3 H, 

Jp 11.2 Hz, P-OMe), 3.62 (d, 1 H, J3,4 3.7 Hz, H-3), 4.tWl.55 (m. 1 H, H-4), 4.48 

(d, 1 H,J,,z 3.8 Hz, H-2), 5.72 (d, 1 H, .I,., 3.8 Hz, H-l). and 7.340 (m, 5 H, P- 

C,H,); m/z 342 (M’). 
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(EtOAc), colorless syrup (2.5 mg, 8% from IO); la]{>” -223.5” (c 3.49. CHCI,); ‘H- 

n.m.r. data: 6 1.99, 2.02, 2.08 (3 s, 9 II, 3 OAc), 2.0-3.2 (m. 2 Ii, H-5,5’). 3.35 (s, 

3 H, OMe-3), 3.60 (t, 1 H. J2,3 = J.1.4 = 8.X IIz, II-3). 4.7-5.3 (m. 2 II. H-2.3), 5.79 

(t. 1 H,J,,t> = J,,, = 10.7 Hz, H-l), and 7.4-8.1 (m. 5 H. P-C&H,): m/z 398 (M’). 

5-C-[(S)-Phenylpho.~phinylI-cY-r,-x~~~~~~~~~~se dent~ii,e (12d), RF 0.21 

(EtOAc), colorless syrup (37 mg, 12% from 10); [aif,” -16.6” (c 5.13, CIICI,); ‘Il- 

n.m.r. data: 6 2.02, 2.10, 2.21 (3 s, 9 H, 3 OAc), 2.3-3.1 (m, 2 II. H-5.5’), 3.41 (s. 

3 H. OMe-3), 3.62 (t, 1 H, J,,, = 33.3 = 10.0 Hz, H-3). 4.5-5.1 (m, 2 H, H-2,4), 

5.99 (2 t. 1 H, f,.n 8.0, Jr_- 2.5 Hz. and probably. J,., 2.5 IIz, II-I). and 7.3-8.0 (m. 
1 H, P-C&); m/z 398 (M’). 
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