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ABSTRACT 

Treatment of 5-deoxy-3-0-methylJ-C-phosphinyl-D-xylopyranose with ace- 
tic anhydride in pyridine gave, along with other products, a peracetylated deriva- 
tive, to which the title structure was assigned on the basis of 400-MHz, ‘H-n.m.r. 
and high-resolution mass spectra. The previous, 5-C-[(S)-(l-acetoxyethenyl)phos- 
phino] structure, presented for the by-product during the preparation of &i-O- 
acetyl-5-deoxyd-C-(methoxyphosphinyl)-3-O-methyl-~-xylopyranoses, is now re- 
placed by the new formulation. Possible structures of other products of the acetyl- 
ation are discussed. Analysis of the mass spectrum of a sugar analog having a 5- 
deoxyd-C-(phosphinyl)-D-xylopyranose ring-system is made. 

INTRODUCTION 

We recently reported’ an efficient synthesis of 5-deoxy-5-C-(hydroxyphos- 
phinyl)-3-0-methyl-D-xylopyranoses (4) from 5-deoxy-5-C-(diethoxyphosphinyl)- 
D-xylofuranose (1) via 5-C-phosphinyl intermediates 2 and 3. The product (4) was 
characterized as the peracetylated 5-C-(methoxyphosphinyl) derivatives 5. Besides 
these four diastereoisomers (with respect to the C-l and P atoms), the fifth com- 

1 R = OEt 3R=H 5 

2R=H 4R=OH 
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pound was isolated as a minor product (2.7% overall yield from l), for which struc- 

ture 6 was assigned on the evidence of the n.m.r. and mass spectra. These experi- 

ments were conducted as the initial part of our study on 5-deoxy-K-(hydro- 

xyphosphinyl)pyranoses and 4-deoxy-4-C-(hydroxyphosphinyl)furanoses. which 

were considered to be of interest for their potential, biological activities. 

Similarly, it seemed to be important from various viewpoints to examine the 

properties of monosaccharides containing an unsubstituted phosphinyl group in the 

hemiacetal ring. We now report some reactivities of the 5-deoxy-5-C-(phos- 

phinyl)pyranoses, employing 3 as a model compound. 

RESULTS AND DISCUSSION 

As compound 3 was expected to be a mixture of, at least, two anomers, vari- 

ous attempts were made to separate 3 into single components by recrystallization 

or chromatography. Although a small portion of 3, of m.p. 208--210”, had been re- 

ported’ to be available after recrystallization from methanol (in 15% overall yield 

from 1). our specimen remained a white, hygroscopic, amorphous solid. There- 

fore, unambiguous structural assignment was sought in the usual way, by convert- 

ing 3 into its peracetates by treatment with acetic anhydride-pyridine, and the 

crude product was carefully separated (by column chromatography on silica gel 

using ethyl acetate-hexane as the eluant) into three major fractions (RF 0.45,0.40- 

0.30, and 0.2Hl.20). 

The fastest-eluting fraction (RF 0.45) afforded mainly a colorless, crystalline 

compound of m.p. 190” (after recrystallization from ethyl acetate-hexane), which 

turned out to be identical (by n.m.r. spectra and t.1.c.) with the aforementioned, 

minor compound that had been assigned structure 6. Moreover, it was found that 

TABLE I 

400-MHz, ‘H-N M R PARAMETERS FOR Sb AND 7 IN CDCi3 

Compounds Chemical shafts (6) 

5bh 

7d 

H-l H-2 H-3 H-4 H-5e H-5a AcO-1,2,4” MeO-3 R-P 

5.27 5.45 3.42 5.24 2.55 1.91 2.16. 2.10. 2.08 3.48 3.71’ 
5.43 5.63 3.49 5.40 2.62 1.95 2 11. 2.09, 2 08 3.51 2.26’, 6.0@, 6.198 

Coupling constants (Hzjh 

Sb* 
7d 
_ 

JI.2 JI.P J J2.p 2.3 J3.4 J4,se J4,-ir J4.p J 5*,5e Jse.~ J5a.p %,P 

10.5 5.5 8.7 3.8 86 4.5 12.5 0.8 14.8 22.5 11.0 11.2d 
10.8 1.6 9.2 2.6 9.5 4.4 12.0 3.2 14.4 20.0 5.3 ‘G? 

“Acetoxyl assignments are interconvertible. bRef. 1 ‘MeO-P. “These data were incorrectly assigned to 
structure 6 in ref. 1. ‘P-C(OCOCH3)=C. fP-C=C-H(E)(3J,,p 29.8, ‘JH,” 2.8 Hz). “P-C=C- 

H(Z)(3J~,p 10.2. zIIJH,H 2.8 Hz). hJ values confirmed by double resonance 
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the chemical ionization (NH3) mass spectrum of this product clearly exhibited its 

molecular-ion peak at m/z 407, corresponding to C16H24010P (M + 1; 100%). This 

molecular composition was confirmed by the high-resolution, e.i. mass spectrum at 

an inlet temperature (150”) lower than that (200”) used during the previous meas- 

urement’, which had given the highest mass-number at m/z 378. This newly con- 

firmed molecular weight and the characteristic fragmentation pattern of the mass 

spectrum (see later), as well as the close resemblance of the 400-MHz, ‘H-n.m.r.- 

spectral signals (see Table I) to those of 5b (m.p. 194-195”) rather than to those of 

the LY anomer (Sa; now colorless needles, m.p. 94”, instead of an oil, as had been 

reported’), led to structure 7, namely, 5-C-[(R)-(l-acetoxyethenyl)phosphinyl]- 

1,2,4-tri-O-acetyl-5-deoxy-3-O-methyl-~-D-xylopyranose in the “C,(D) conforma- 

tion, for this crystalline product (15% yield from 3). Thus, the previous structure 

6 has to be replaced by the revised formula 7. 

The intermediate fraction gave an inseparable mixture of, at least, three 

compounds as a colorless syrup, the ‘H-n.m.r. spectrum of which in CDC13 was 

strongly indicative of structures of the diastereoisomers of 7 (with respect to C-l 

and the ring-phosphorus atom) for these products (-8% yield). 

The slowest-eluting fraction afforded a colorless syrup that was also an in- 

separable mixture of several compounds. The ‘H-n.m.r.-spectral analysis per- 

formed on these products (see Experimental section) suggested that their most 

probable structures would be the diphosphine mono-oxide form (8) derived by the 

facile phosphorus-phosphorus dimerization of 3, analogous to the formation of 

tetraphenyldiphosphine mono-oxide from diphenylphosphine oxide in the pre- 

sence of acetic anhydride and pyridine at room temperature3. The formation of a 

considerable proportion of 8 from 3 (-25% yield) would account for the complex- 

ity of the acetylation reaction of phosphine oxide 3, resulting in the low yield of the 

anticipated product 7 and its diastereoisomers. 

The fact that compound 7 and its diastereoisomers were isolated directly 

from 3 (to an appreciable extent) suggests that 7 was formed through direct “dou- 

ble” acetylation of the S-C-phosphinyl group of 3 with acetic anhydride-pyridine 

rather than through the tentatively proposed pathway’ involving the dispropor- 
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OAC -H 
K,rH.10sP) (C,.HzsOeP) ICloH,,O7P! iClaH,sO,P~ 

m/z 364 (2.12%) m/z 322 (10.52;) #J/l 280 (18.23Z) m,z 263 (25.14%) 

(CIaH,,O>oP1 

m/z 407(1.23%, M + 11 
[A93]lC,dkaOsP~ 

m/z262 (34.681.) 

1 
A, (CsH,OsP) 

m/z 160 (14.26%) 

a: (C,H7O?P) 

m/z 146 (11.251) 

I -C”.CO 

mh*O,P) 

m,z 220 (72.51%) 

OAc MG bAC 
(CaH.Olj (CrH10.1 (C*HA 1 

D, [C.H,zO,) m/z 188 (O.Yb%) ,p 129 (16.61%) In/l 87 (37.59%) m/z 71 (53.73%) 

Scheme 1. Major fragmentation-pathway of compound 7. 

tionation reaction of 3. A similar acetylation reaction is known for various primary 
and secondary phosphine oxides; for example, conversion of Et,P(=O)H into 
Et2P( =0)-C(OAc)=CH, with acetic anhydride4. 

Mass spectrum of compound 7. - There has been reported5 a systematic 
analysis of the mass spectra of the per-0-acetylated derivatives of 5-deoxy-5-C- 
(ethylphosphinyl)~D-glucopyranoses, 5-deoxy-X’-(methoxyphosphinyl)-D-xylo- 
pyranoses, and 4-deoxy-4-C-(phenylphosphinyl)~L-lyxofuranoses. The mass-spect- 
ral analysis of 7 is presented here as the first example of that of the peracetylated 
derivative of 5-deoxy-5-C-(phosphiny1)pentopyranoses. 

The molecular ion of 7 is likewise detected at m/z 407 [(M +l)+, most likely 
as the resonance-stabilized hydroxyphosphonium form]. Compound 7 then gives 
rise to the major fragmentations of the first series A (according to the nomencla- 
ture used by Kochetkov and Chizho@), as illustrated in Scheme 1. It is noteworthy 
that species Ai, which is formed from the molecular ion by the four successive 
losses of three ketene and one acetic acid groups, consisted of the base peak, 
suggesting the high stability of the phosphorus-containing ring-system. This is in 
contrast to the spectra7 of per-O-acetylated monosaccharides of oxygen-containing 
rings, where the intensities of the fragments retaining the hemiacetal ring are gen- 
erally much lower than those of ring-ruptured fragment-ions. Further elimination 
of one molecule of acetic acid (or one ketene and one methanol molecule) from 
species A4 leads to the species AZ (or AZ) having the 1,2-dihydro-A’-phosphorin 
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ring system and an appreciable intensity, although the position of the hydroxyl 
group on this phosphorin ring (at atom 5 or 6) remained unestablished. 

The intensities of the fragment-ions due to the subsequent ring-opening frag- 
mentation were relatively weak, whereas the .5-C-(methoxyphosphinyl) com- 
pounds Sa and Sb gave rise to such phosphorus-free ions as the base peak5. As in 
the case of Sb, degradation of the pyranoid ring of 7 seems to produce phosphorus- 
free, major fragments D1-D_, (see Scheme l), presumably by the D series of frag- 
mentations that is commonly observed in the mass spectra of per-O-methyl deriva- 
tives of the usual pentopyranoses’. 

The findings so far described are considered to be of appreciable value in 
studying the physicochemical properties of sugar analogs having an unsubstituted 
phosphinyl group in the hemiacetal ring. 

EXPERIMENTAL 

General methods. - Melting points were measured with a Yanagimoto MP- 
83 instrument and are uncorrected. T.1.c. was conducted on plates precoated with 
silica gel (0.25 mm, Merck). ‘H-N.m.r. spectra were recorded, for solutions in 
CDCl, at 27”, with a Hitachi R-20A (60-MHz) spectrometer. Chemical shifts are 
reported as S values relative to tetramethylsilane as the internal standard. Mass 
spectra were recorded with an A.E.I. MS 50 ultra-high resolution instrument (for 
accurate measurement of mass) and an A.E.I. MS 12 apparatus (for chemical ioni- 

zation with NH,), and the results are given in terms of m/z (relative intensity com- 
pared with the base peak). All molecular formulas shown in Scheme 1 were sup- 
ported by the accurate mass of the fragment ions, deviation of which from calcu- 
lated values was normally within a range of +3 p.p.m, 

Acetylation of 5-deoxy-3-0-methyl-5-C-(phosphinyl)-D-xylopyranose (3). - 
Compound 3 was prepared from the phosphonate 1 via 2 in 68% overall yield ac- 
cording to the procedures described earlier’. The crude product 3 (43 mg) was 
dissolved in dry pyridine (5 mL), and the solution diluted with cold acetic anhyd- 

ride (2.5 mL). The mixture was stirred for 2 days at room temperature, and then 
evaporated in vacua at 20”. A solution of the residue in CHZCIZ was washed with 
cold water, dried (Na,SO,), and evaporated in vacua. The resulting syrup (56 mg) 
was chromatographed in a column of silica gel (Merck Lobar, prepacked, Size A) 
using EtOAc-hexane as the eluant, and the three major fractions, namely, A, B, 
and C [according to their decreasing RF values (EtOAc)] were collected. 

Fraction A (RF 0.45) gave 5-C-[(R)-(I-acetoxyethenyljphosphinyfl-l,2,4-tri- 
0-acetyl-3-0-methyl-/3-D-xylopyranose (7) as colorless prisms (13 mg, 15% yield 
from 3); m.p. 190” (after recrystallization from EtOAc-hexane); for 400-MHz, ‘H- 
n.m.r. data, see Table I; c.i. (NH,) mass spectrum: m/z 424 (M + 18,59-l%), 407 
(M t 1, lOO%), and 406 (Mf ,24.3%); for high-resolution, e.i. mass spectrum, see 
Scheme 1. 

Anal. Calc. for C16H24010P: mol. wt., 407.1107. Found: mol. wt., 407.1139. 
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Fraction B (R, 0.40-0.30) gave the diastereoisomers of 7 (with regard to C-l 
and the ring-phosphorus atom) as a colorless syrup (7 mg, 8% yield); ‘H-n.m.r.: 6 
2.Ck2.18 (brs, 9 H, AcO-1,2,4), 2.2G2.28 (brs, 3 H, AcO-C-P), 2.0-2.8 (m, 2 H, 
Hz-5), 3.35-3.55 (m, 1 H, H-3), 3.50 (brs, 3 H, MeO-3), 5.0-5.8 (m. 3H, H-1,2,4), 
and 6.0-6.5 (m, 2 H, CH,=C-P). 

Fraction C (RF 0.28-0.20) gave a colorless syrup (18 mg, 25% yield), which 
consisted mostly of the diphosphine mono-oxide (8); ‘H-n.m.r.: S 2.0-2.2 (brs, 18 
H, 6 AcO), 1.9-2.7 (m. 4 H, H-5), 3.35-3.60 (m, 2 H, H-3), 3.48 (brs, 6 H, MeO- 
3), and 5.1-5.9 (m, 6 H, H-1,2,4); no P-H signal was observed. 
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