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Stereoselectivity in the Preparation of 5,6-Dideoxy-5-dimethoxyphosphinyl-D- and
-L-hexofuranoses, and an Efficient Synthesis of 5,6-Dideoxy-5-hydroxyphosphinyl-L-
galactopyranose (a P-in-the-Ring L-Fucose Analogue)
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The addition of dimethyl phosphonate to five kinds of 6-O-tosyl-hexofuranos-5-uloses 3a—e (a-D-zylo, a-D-
ribo, B-D-arabino, a-D-lyzo, and B-D-ribo) in the presence of DBU, followed by the catalytic hydrogenolysis in the
presence of Raney-Ni (W-4), afforded (55)- and (5R)-5,6-dideoxy-hexofuranose derivatives in the ratios of 1:0—
2:1, depending upon the kinds of substituents on the (-side of the furanose ring of the intermediate 5,6-dideoxy-
hex-b-enofuranoses. A P-in-the-ring sugar analogue of L-fucose type, 5,6-dideoxy-5-hydroxyphosphinyl-L-galacto-
pyranoses, was efficiently prepared from 3- O-benzyl-5,6-dideoxy-1,2- O-isopropylidene-5-dimethoxyphosphinyl-
a-L-galactofuranose readily obtained by the selective preparation mentioned above.

5-Deoxy-5-phosphinyl-D- and -L-hexofuranose deriva-
tives are, in many cases, key intermediates in the prepa-
ration of the sugar analogues having a phosphorus atom
in the hemiacetal ring.)) An important method of in-
troducing a phosphinyl group onto C-5 of hexofuran-
oses was accomplished by the reaction of 6- O-tosyl-
hexofuranos-5-uloses 3 with phosphonate in the pres-
ence of DBU.2~® This procedure readily gave 5,6-anhy-
dro-5-phosphinyl compounds 4, which were converted,
by the catalytic hydrogenolysis, into the corresponding
5,6-dideoxy-5-phosphinyl derivatives 7 and 8. The ex-
act stereoselectivity on C-5, however, remained virtu-
ally unestablished for these reactions. We now report
on our systematic investigation on the stereoselectivity
in the preparation of various 5,6-dideoxy-5-phosphinyl-
hexofuranoses.

6- O-Tosyl-hexofuranos-5-uloses 3a (a-D-zylo),® 3b
(a-D-1ibo),”) 3c (B-D-arabino),® 3d (a-D-lyzo),” and 3e
(B-D-ribo) were prepared from the corresponding 5,6-di-
ols la—e via 6-O-tosyl compounds 2a—e (Scheme 1).
The mono- O-tosylation took place selectively for 1a—d;
e.g., 1d gave 6- O-tosyl compound 2d (90% yield)
with the formation of only a trace amount of 5,6-dito-
sylate 2d’ (2%) (Chart 1). The tosylation of 1le with 1
equimolar tosyl chloride, however, yielded the 5,6-di-O-
tosyl derivative 2’ (10% yield) and the rare 5- O-tosyl
derivative 2e” (5%), in addition to the desired com-
pound 2e (65%) and the recovered diol 1e (14%). Oxi-
dation of 6- O-tosyl compounds 2a—e with pyridinium
chlorochromate (PCC) gave the corresponding 5-uloses
Ja—e.

OMe

Chart 1.

Treatment of 3a—e with 1,2-dimethyl phosphonate
at —40 °C in the presence of DBU (1 mole equiv) in
dimethoxyethane (DME) gave an inseparable mixture
of (5R)- and (5.5)-5,6-anhydro compounds 4a—e in the
ratios shown in Table 1. In addition to these diastereo-
mers, minor amounts of the enol phosphates 5a—e were
also obtained. These appear to be formed as the re-
sult of the addition of the phosphonate, followed by a
Perkow type rearrangement.4)

The catalytic hydrogenolysis of 4a—e in the presence
of Raney-Ni (W-4) in ethanol afforded (55)-5,6-dideoxy
derivatives 7Ta—e and their (5R)-epimers 8b—e, which
were separable by column chromatography (except for
7b and 8b) in the yields and the ratios summarized in
Table 1.

The C-5 configuration of these 5-phosphinyl com-
pounds 7a—e and 8a—e were assigned on the basis
of the magnitudes of Jy 5 values and the presence of the
long-range couplings (°J; p, 5J2p, and %J3 ) (see
Table 2 and Fig. 1). Namely, the S-L-talo and a-D-
allo configurations for 7b and 8b were confirmed by
the small values of Jy 5 (i.e., a gauche relationship of
H-4/H-5) and the large Jyp value of 7b (i.e., an anti
relationship of H-4/P-5), as well as by the presence of
5Jpp in 8b. Similarly, the configurations for 7a (8-L-
ido) and 7d (B-L-gulo) were derived from the large val-
ues of Jy5 (i.e., an anti relationship of H-4/H-5) and
the presence of 3J, p and *J; p, whereas the configura-

Table 1. Yields and Ratios of 7 and 8

Epoxide (5R: 55) Product  Yield/% (ratio)
4a (100: 0)® 7a: 8a 81 (100 : 0)
4b (55:45)  7b: 8b 75 (63 : 37)
4c (100: 0)®»  7c: 8c 79 (85 : 15)
ad (100: 0)®  7d: 8d 74 (74 : 26)
4e (94 : 6) 7e : 8e 56 (70 : 30)

a) The (5R)-structure of 4a was determined by X-ray
crystallographic analysis (Ref. 8). b) The assignments
of (5R) to the major isomers are based on Felkin—-Anh
rule (Ref. 9).
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Table 2. 'HNMR (500 MHz) Parameters for 7 and 8 in CDCl;

Chemical shift (6)

Coupling constant (Hz)

Compd H-1 H-2 H-3 H-4 H-5 H-6 P(OMe)2®) CMex CH0-3>%) 3P Jy 5 Jyp Jo,3 Jop J3,4 Ja,p Ja5 Jap J56 Js,p Jop
7a 5.95 4.61 3.87 4.22 2.45 1.06 3.78, 3.74 1.50, 1.32 4.70,4.45 33639 0 0 24 29 15106 7.7 7.2 16.0 18.0
7b 5.77 4.53 4.31 4.10 2.24 1.28 3.70, 3.65 1.57, 1.34 4.75,4.59 31437 0 44 0 90 0 29 27.7 7.5 20.6 17.0
8b 5.72 4.54 3.70 4.36 2.23 1.00 3.74, 3.72 1.59, 1.35 4.79, 453 32637 0 45 18 92 0 26 13.0 7.3 22.6 17.8
7c 5.87 4.60 4.00 4.17 2.34 1.18 3.77, 3.73 1.54,1.33 4.61,458 31939 0 08 0 34 0 9.0 7.9 73 189 18.0
8¢ 5.89 4.63 4.31 4.25 2.40 1.29 3.72, 3.72 1.48, 1.31 4.62,4.62 31938 1.4 0 0 23 0 94 7272 196178
7d 4.90 4.53 4.67 4.01 2.43 1.26 3.79, 3.75  1.44, 1.31 (3.33)%) 3380 0 59 1.2 35 1.0107 7573 152 18.0
8d 4.81 4.53 4.73 3.98 2.57 1.35 3.77, 3.75 1.44, 1.31 (3.30)d 3220 1.7 58 0 32 0 100 6.5 7.3 188 181
Te 4.99 4.53 4.69 4.29 2.15 1.23 3.79, 3.77  1.49, 1.32 (3.43)% 3230 0 60 0 21 0 93 8473 180 180
8e 4.93 4.56 5.11 4.23 2.13 1.29 3.78, 3.77  1.47, 1.32 (3.38)%) 3100 21 60 0 05 0 107 5372 185178
a) Jpome=10.7 Hz. b) 2Jgu=11.6 Hz. c¢) Ph: §=7.30—7.41 (5H, m). d) MeO-1
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Fig. 1. The most favorable conformations for 7a, b, d and 8b—e.

tions for 8¢ (f-D-altro), 8d (a-D-manno) and 8e (3-D-
allo) were derived from the large values of J; 5 and the
presence of 3J; p. Therefore, the configurations of their
C-5 epimers 7c and 7e were assigned to be a-L-galacto
and a-L-talo form, respectively.

Because of above results showed that the product ra-
tios of 7a—e and their corresponding epimers 8a—e
were independent of those of the precursors 4a—e,
the reduction of 4 was presumed to proceed via cer-

tain intermediates such as 5,6-dideoxy-hex-5-enofuran-
oses 6a—e. Therefore, we studied the catalytic hydro-
genation of 6a and 6d which were prepared by an alter-
native route as illustrated in Scheme 2. Namely, treat-
ment of 5,6-dideoxy-6-nitro-a-D-zylo-hex-5-enofuran-
ose derivative 9a'?) with dimethyl phosphonate in the
presence of DBU (1.1 mole equiv) gave 6a. This was
then hydrogenated in the presence of Raney-Ni, to yield
solely 3-L-ido compound 7a in an 89% yield. Similarly,
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the reduction of 6d, prepared from the 5,6-dideoxy-6-
nitro-a-D-lyzo-5-enofuranoside derivative 9d,'? gave a
mixture of 7d and 8d in a ratio of 73:27, which turned
out to be identical with that directly obtained by the
reduction of 4d.

These results therefore suggest that the preponderant
production of the (5S5)-5-phosphinyl compounds 7a—e
proceeds through the following two steps: 1) the de-
oxygenation of 4a—e gives the olefinic intermediates
6a—e, most likely existing in such a conformation as
A illustrated in Fig. 2; 2) the hydrogenation of 6a—e
occurs at the reside where the ring oxygen can assist the
adsorption of these molecules to the nickel catalyst. The
conformation A is supported by the small Jy p values
(4.5 and 4.9 Hz) and the presence of 5J; p (0.8 and
1.7 Hz) for 6a and 6d. The exact reason for the high
stereoselectivity in the hydrogenation of 6a compared
with other intermediates 6b—e remains to be further
investigated, although it may depend upon the presence
of the substituents on the $-side of the furanose ring as
well as the conformation of the furanose ring itself.

An application of the present study was demon-
strated by an efficient synthesis of a P-in-the-ring sugar
analogue of 6-deoxy-L-galactopyranose (L-fucose) type
from 7c obtained above, as shown in Scheme 3.

Namely, debenzylation of 7c was effected by the cat-
alytic hydrogenolysis over 20% Pd(OH),—C to provide
compound 10, which was reduced with sodium dihydri-
dobis(2-methoxyethoxy)aluminate (SDMA). The prod-

Fig. 2. A favorable conformation of 6.

Preparation of 5,6-Dideoxy-5-dimethoxyphosphinyl-D- and -L-hexofuranoses
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uct was immediately subjected to acid hydrolysis and
then oxidation with hydrogen peroxide, affording 5,6-
dideoxy- 5- hydroxyphosphinyl- L- galactopyranose (11)
as a diastereomeric mixture. Compound 11 was con-
verted by the well-established method'? into the 5-de-
oxy-5-methoxyphosphinyl per- O-acetyl compounds 12.
Chromatography of 12 on a column of silica gel with
ethyl acetate gave 1,2,3,4-tetra- O-acetyl-5,6-dideoxy-
5-[(S)-methoxyphosphinyl]- a- L- galactopyranose (12a,
6% overall yield from 10), its S-anomer 12b (5%), 5-
[(R)-methoxyphosphinyl]-a-isomer 12¢ (3%), and its -
anomer 12d (8%).

The precise structures of 12a—d were established by
the analysis of their 500-MHz 'HNMR spectra; for all
the assignments of the signals, see Table 3. The 'Cy
conformation of 12a—d are derived from the large val-
ues of Jyp (35—37 Hz) and Jo 3 (11 Hz). It is note-
worthy that the Jy p values of 12a—d are considerably
larger than those of the corresponding phenylphosphin-
yl congeners (28—31 Hz).*> As for anomeric orienta-
tion of C-1, the large J; » values (11 Hz) of 12b and
12d indicate the axial H-1 configuration, whereas the
small J; o values (3 Hz) of 12a and 12¢ show the equa-
torial H-1 configuration. With regard to the orientation
of the ring P=0 group, a downfield shift (0.2—0.3 ppm)
of H-2 of 12a and 12b compared with those of 12¢ and
12d indicates the axial P=O orientation for the former
(12a, b) and the equatorial P=0 orientation for the
latter (12c, d).

Experimental

Melting points were determined with a Yanagimoto MP-
S3 instrument and are uncorrected. All reactions were mon-
itored by TLC (Merck silica gel 60F, 0.25 mm) with an
appropriate solvent system [(4) AcOEt, (B) 2:1 AcOEt-
hexane, and (C) 1:1 AcOEt-hexane]. Components were de-
tected by exposing the plates to UV light and/or by spraying
them with 20% sulfuric acid—ethanol, with subsequent heat-
ing. Column chromatography was performed by Wako C-200
silica gel. Optical rotations were measured with a Nihon-
Bunko DIP-370 polarimeter at 21 °C. The *H and 3'P NMR
spectra were measured in CDCls with Varian VXR-500 (500-
MHz for *H) and VXR-200 instruments (81-MHz for 3'P),
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'HNMR (500 MHz) Parameters for 12a—d in CDCl;

o]
l
|
0MOMe

12¢ 12

Chemical shift (8)

Coupling constant (Hz)

Compd H-1 H-2 H-3 H-4 H-5 H-6 POMe AcO-1,2,3,4®)

S1P Ji,2 Ji,p Jo,3 Jop Js,a Jas Jap Js6 Js.p Jo,p JPOMe

12a 5.70 5.76 5.27 5.54 2.34 1.19 3.69
12b 5.29 5.79 4.96 5.48 2.13 1.25 3.74
12c 5.75 5.44 5.25 5.53 2.51 1.23 3.90
12d 5.48 5.59 4.97 5.48 2.25 1.23 3.95

2.19,2.18,2.01,1.99 39.5 2.8 14.7 10.8 0
2.20,2.16,2.00,1.99 39.6 10.6 4.9 104 2.1
2.19,2.15,2.00,1.99 38.9 3.0 15.6 11.1 0
2.11,2.13,2.00,1.98 39.2 10.8 3.5 10.5 1.6 2.8 3.1 37.0 7.2 14.3 14.6 10.5

29 3.0 354 71 14.3 15.1 108
2.6 3.2 36.7 7.1 14.4 14.8 10.7
3.1 3.1 358 7.2 144 14.6 10.6

a) The assignments of acetoxyl groups may have to be interchanged.

respectively; the SC-NMR Lab., Okayama Univ.) at 22 °C.
Chemical shifts are reported as § values relative to tetra-
methylsilane (internal standard for 'H) and 85% phosphor-
ic acid (external standard for *'P). The mass spectra were
taken on an A. E. I. MS 50 ultra-high resolution instrument
and were given in terms of m/z (rel intensity) compared with
the base peak.

Methyl 2,3- O-Isopropylidene-3-p-allofuranoside
(1d).*® The following modification of the literature
procedures'® was made. A solution of methyl 2,3:5,6-di-
O-isopropylidene-3-D-allofuranoside'® (1.07 g, 3.90 mmol)
dissolved in 80% aqueous AcOH (10 ml) was stirred for 45
min at 60 °C and then evaporated in vacuo. The residue was
purified by column chromatography on silica gel, giving 1d
(865 mg, 95%) as colorless crystals: mp 99—100 °C (from
AcOEt-hexane) [lit,’® mp 100—100.5 °C, 93% yield (by us-
ing hydrochloric acid as a catalyst)]; Rr=0.17 (C); "HNMR
§=1.31, 1.47 (3H each, 2s, CMe), 2.32 (1H, m, HO-6), 3.41
(3H, s, MeO-1), 3.68—3.75 (4H, m, H-4,5,6,6'), 4.27 (1H, br
d, J5,0H=3.7 HZ, HO-5), 4.57 (1H, d, J213=6.0, J1,2%0 HZ,

-2), 4.90 (1H, br d, J5,4=0.5 Hz, H-3), 4.96 (1H, s, H-1).

Methyl 2,3-O-Isopropylidene-6- O-tosyl-a-D-manno-
furanoside (2d)” and Its 5,6-Di- O-tosyl Derivative
(2d’). To a solution of 1d*® (305 mg, 1.30 mmol) in dry
pyridine (6.0 ml) at 0 °C was added tosyl chloride (261 mg,
1.37 mmol). The mixture was stirred at 20 °C for 12 h and
then water (0.5 ml) was added at 0 °C and then evaporated
in vacuo. The residue was dissolved in CH2Cly, washed
with water, dried (NazSO4) and evaporated in vacuo. The
residue was separated by column chromatography (with 1:2
AcOEt-hexane), giving 2d and 2d’.

2d:  Colorless needles (453 mg, 90%); mp 97—98 °C
(from AcOEt-hexane); R¢=0.50 (C); [a@]p +48° (¢ 1.51,
CHCl3) [lit,” mp 94—95 °C; [o]¥ +4.5° (¢ 1.24, CHCl3)];
'HNMR 6=1.31, 1.43 (3H each, 2s, CMe,), 2.45 (3H, s,
MeCe-S), 2.66 (1H, br d, Js,on=5.9 Hz, HO-5), 3.27 (3H,
s, MeO-1), 3.90 (1H, dd, Js5=7.9, J3s,4=3.8 Hz, H-4), 4.15
(1H, br dtd, Jse =538, Js6=3.0 Hz, H-5), 4.19 (1H, dd,
Jo.r=10.2 Hz, H-6'), 4.31 (1H, dd, H-6), 4.55 (1H, d, Jo,3=
5.9 Hz, H-2), 4.79 (1H, dd, H-3), 4.87 (1H, s, H-1), 7.35, 7.82
(2H each, 2d, J=8.3 Hz, CsHs-S); MS m/z 373 (M —CHs;
38), 299 (3.5), 252 (13), 240 (7.5), 173 (22), 155 (100).

Found: m/z 373.0949. Calcd for C16H2108S: M —CHs,
373.0957.

2d’: Colorless syrup (13.9 mg, 2.0%); R¢=0.67 (C); [a]p

+13° (¢ 1.00, CHCl3); 'HNMR, §=1.10, 1.23 (3H each, 2s,
CMez), 2.44, 2.45 (3H each, 2s, MeCs—S), 3.27 (3H, s, MeO-
1), 4.17 (1H, dd, Jo5=6.8, Js4=3.4 Hz, H-4), 4.30 (1H,
dd, J6,6’=11-17 J516/ =4.7 HZ, H—6/), 4.43 (1H, d7 J2,3=5.8,
J1,2~0 Hz, H-2), 4.46 (1H, dd, Js 6=2.1 Hz, H-6), 4.47 (1H,
dd, H-3), 4.78 (1H, s, H-1), 4.86 (1H, ddd, H-5), 7.29, 7.33,
7.73, 7.76 (2H each, 4d, J=8.3 Hz, C¢H4-S); FAB MS m/z
543 (M+1; 4.5), 511 (10), 357 (3.8), 277 (7.3), 185 (74), 93
(100).

Found: m/z 543.1366. Calcd fOI‘ C24H3101082:
543.1359.

Methyl 2,3-O-Isopropylidene-6- O-tosyl-3-p-allofu-
ranoside (2e), Its 5,6-Di-O-tosyl (2¢'), and 5-O-Tosyl
Derivative (2e”). By the use of the same procedures
as those for 2d, compound le (206 mg, 0.879 mmol) was
treated with tosyl chloride (176 mg, 0.923 mmol) and pyri-
dine (5.0 ml) at 20 °C for 12 h, giving 2e, 2€’, 2€”, and the
recovered le (29.5 mg, 14%), after the separation by column
chromatography (with 1:2 AcOEt-hexane).

2e:  Colorless needles (221 mg, 65%); mp 91—92 °C
(from AcOEt-hexane); R=0.57 (C); [a]p —25° (c 0.98,
CHCl3); 'HNMR, §=1.29, 1.46 (3H each, 2s, CMez), 2.45
(3H, s, MeCe-S), 3.33 (3H, s, MeO-1), 3.34 (1H, br s, HO-
5), 3.86 (1H, br td, Js5=Js6 =6.1, J5,6=4.4 Hz, H-5), 4.08
(1H, dd, Je,¢ =10.5 Hz, H-6'), 4.17 (1H, dd, H-6), 4.18 (1H
br d, J3,4=0.5 HZ7 H-4), 4.54 (1H, d, J2,3=6.0, .]1,2%0 HZ,
H-2), 4.82 (1H, br d, H-3), 4.93 (1H, s, H-1), 7.35, 7.81 (2H
each, 2d, J=8.4 Hz, C¢H4—S); MS m/z 373 (M—CHs; 30),
357 (1.2), 341 (13), 298 (1.6), 252 (14), 173 (83), 155(100).

Found: m/z 373.0946. Calcd for C16H2108S: M —CHs,
373.0957.

2e’:  Colorless needles (47.9 mg, 10%); mp 94—95 °C
(from AcOEt-hexane); R¢=0.67 (C); [a]p —25° (¢ 0.73,
CHCl3); 'HNMR 6§=1.25, 1.42 (3H each, 2s, CMe,), 2.45,
2.46 (3H each, 2s, MeCgs—S), 3.22 (3H, s, MeO-1), 4.09 (1H,
dd, Jeor =11.2, Js.=4.0 Hz, H-6'), 4.19 (1H, br d, Jos=
10.4, J3,4=0.5 Hz, H-4), 4.26 (1H, dd, Js,6=2.1 Hz, H-6),
4.47 (1H, d, J2,3=5.9, J1,2~0 Hz, H-2), 4.64 (1H, ddd, H-5),
4.68 (1H, br d, H-3), 4.88 (1H, s, H-1), 7.32, 7.34, 7.70, 7.76
(2H each, 4d, J=8.2 Hz, C¢H4-S); FAB MS m/z 543 (M+1;

11), 511 (81), 357 (15), 281 (8.5), 185 (37), 155 (100), 91
(68).

Found: m/z 543.1350. Calcd for C24H31010S2:

543.1359.
2e”  Colorless syrup (16.0 mg, 4.7%); R=0.45 (C);

M+1,

M+1,
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[a]p —61° (¢ 1.57, CHCl3); 'HNMR, §=1.24, 1.43 (3H each,
2s, CMez), 2.14 (1H, t, Js,ou="7.0, Jor,on=6.6 Hz, HO-6),
2.46 (3H, s, MeCs-S), 3.35 (3H, s, MeO-1), 3.80 (1H, ddd,
Js,ﬁl =130, J576/ =4.4 HZ, H—6I), 3.93 (].H, dd, Js,e =2.6 HZ,
H-6), 4.24 (1H, br d, Js5=10.1, J3 4=0.5 Hz, H-4), 4.44 (1H,
d, J2,3=6.0, J1,2~0 Hz, H-2), 4.56 (1H, br d, H-3), 4.58 (1H,
ddd, H-5), 4.94 (1H, s, H-1), 7.38, 7.84 (2H each, 2d, /=8.2
Hz, Ce¢Hs—S); FAB MS m/z 389 (M+1; 16), 373 (12), 357
(100), 341 (10), 185 (81), 155 (49), 127 (55), 85 (92).

Found: m/z 389.1285. Caled for Ci7H2508S: M+1,
389.1270. '

Methyl 2,3- O-Isopropylidene-6- O-tosyl-a-D-lyzo-
hexofuranos-5-ulose (3d).”  To a solution of 2d (292
mg, 0.751 mmol) in dry CH2Cly (3.0 ml) containing finely
powdered molecular sieves 3A (0.6 g) was added PCC (325
mg, 1.51 mmol) at 0 °C. The mixture was stirred at 20 °C
for 6 h and then 2-propanol (0.8 ml) was added at 0 °C. The
mixture was stirred at 20 °C for 1 h and diluted with ether.
The precipitates were filtered off through celite. The fil-
trate was evaporated in vacuo and the residue was purified
by short-path column chromatography with 1:2 AcOEt-
hexane as an eluent, giving 3d (280 mg, 96%) as colorless
crystals: mp 78—79 °C (from AcOEt-hexane); [lit,” mp
79—80 °C, 85% yield (by use of DMSO-Ac2O for the oxi-
dation)]; R¢=0.60 (C); '"HNMR 6=1.24, 1.33 (3H each, 2s,
CMe:), 2.45 (3H, s, MeCs-S), 3.33 (3H, s, MeO-1), 4.54
(1H, d, J»,3=5.8, J1,2~0 Hz, H-2), 4.58 (1H, d, Js 4=4.1 Hz,
H-4), 4.82, 4.91 (1H each, 2d, Jo o =17.1 Hz, H-6,6'), 4.99
(1H, dd, H-3), 5.01 (1H, s, H-1), 7.35, 7.84 (2H each, 2d,
J=8.1 Hz, C¢H4-S); MS m/z 371 (M—CHg; 23), 343 (1.9),
297 (81), 255 (18), 173 (62), 155 (100).

Found: m/z 371.0790. Calcd for C16H1908S: M —CHs,
371.0800.

Methyl 2,3- O-Isopropylidene-6- O-tosyl-3-D-ribo-
hexofuranos-5-ulose (3e). The same procedures de-
scribed as those for 3d were employed. Thus, 2e (168 mg)
gave 3e (164 mg, 98%) as a colorless syrup: R¢=0.75 (C);
IR (neat) v 1740 (C=0), 1360 (vas SO2), 1170 cm™! (v
SO2); 'THNMR 6=1.30, 1.45 (3H each, 2s, CMe,), 2.45 (3H,
s, MeCes-S), 3.35 (3H, s, MeO-1), 4.47 (1H, d, J2,3=5.9,
J1,220 Hz, H-2), 4.55 (1H, br s, J3,4=0.5 Hz, H-4), 4.87,
4.97 (1H each, 2d, Js ¢ =17.1 Hz, H-6,6'), 4.99 (1H, s, H-
1), 5.13 (1H, br d, H-3), 7.35, 7.82 (2H each, J=8.2 Hz,
CsH4—S); MS m/z 371 (M—CHs; 20), 343 (3.9), 297 (12),
255 (7.3), 173 (88), 155 (100).

Found: m/z 371.0787. Calcd for C16H1908S: M —CHs,
371.0800.

The General Procedures for the Preparation of
(5R)- and (55)-5,6-Anhydro-5-dimethoxyphosphin-
yl-pD- and -i-hexofuranoses (4) and 6-Deoxy-5-O-
dimethoxyphosphinyl-p-hex-5-enofuranoses (5). To
a solution of 3 (0.57 mmol) and dimethyl phosphonate (0.12
ml, 1.3 mmol) in DME (2.0 ml) was dropwise added a solu-
tion of DBU (0.090 ml, 0.60 mmol) dissolved in DME (0.5
ml) at —40 °C. The mixture was stirred at the same temp
for 2 h and then concentrated in vacuo. The residue was dis-
solved in CH2Cl, and washed with water. The organic layer
was dried (Na2SO4) and evaporated in vacuo. The residue
was separated by silica-gel column chromatography, giving
4 and 5.

(5R)-5,6- Anhydro- 3- O- benzyl- 1, 2- O-isopropyli-
dene-5-dimethoxyphosphinyl-a-p-zylo-hexofuranose

Preparation of 5,6-Dideoxy-5-dimethoxyphosphinyl-D- and -L-hexofuranoses
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(4a):?  Colorless needles (82% yield from 3a); mp 107—
108 °C (lit,? mp 107—108 °C, 70% yield); R¢=0.38 (B);
'HNMR 6=1.30, 1.50 (3H each, 2s, CMez), 2.97 (1H, t,
Jo,or =6.4, Jor,p=6.3 Hz, H-6"), 3.17 (1H, dd, Jsp=3.7
Hz, H-6), 3.74, 3.76 [3H each, 2d, Jpome=10.7, 11.0 Hz,
P(OMe)a], 4.36 (1H, d, Js,4=3.3, J2,5~0 Hz, H-3), 4.58 (1H,
d, J1,2=3.9 Hz, H-2), 4.67 (1H, d, Jsp=0 Hz, H-4), 4.70,
4.71 (1H each, 2d, 2J=11.7 Hz, CH,0-3), 5.89 (1H, d, H-
1), 7.26 [1H, t, Jm,p=7.4 Hz, Ph(p)], 7.33 [2H, t, Jo,m=T7.7
Hz, Ph(m)], 7.41 [2H, d, Ph(0)]; *'PNMR 6=19.8.

3- O- Benzyl- 6- deoxy- 1, 2- O- isopropylidene- 5- O-
dimethoxyphosphinyl- a- p- zylo- hex- 5- enofuranose
(5a): Colorless syrup (5% from 3a); Ry=0.48 (B); 'THNMR
§=1.32, 1.49 (3H each, 2s, CMe3), 3.77, 3.78 [3H each, 2d,
JPOMe=11~3 HZ, P(OMG)Q], 4.10 (1H, d, J3,4=3.2, J2,3%0
Hz, H-3), 4.61 (1H, d, J12=3.7 Hz, H-2), 4.68 (1H, dt,
J4,6=J4’6/=1.5 HZ, H—‘l)7 5.08 (].H, td, szef =2.5, JS/,P=2.2
Hz, H-6'), 5.14 (1H, dt, Je p=1.5 Hz, H-6), 5.98 (1H, d, H-
1), 7.27—7.35 (5H, m, Ph); 3*P NMR 6=—5.6.

(5R)- and (595)-5,6-Anhydro-3-0-benzyl-1,2- O-iso-
propylidene-5-dimethoxyphosphiny-a-p-ribo-hexofu-
ranoses (4b):  Colorless syrup as a 55:45 mixture [92%
yield from 3b%]; R;=0.28 (B); 'HNMR for (5R)-isomer
6§=1.36, 1.58 (3H each, 2s, CMeyp), 2.96 (1H, dd, Js e =5.5,
Jor p=4.3 Hz, H-6'), 3.14 (1H, t, Jop=>5.5 Hz, H-6), 3.78,
3.81 [3H each, 2d, Jeome=10.7 Hz, P(OMe),], 3.79 (1H,
dd, J3,4=8.9, Jo3=4.4 Hz, H-3), 4.44 (1H, d, Jsp~0 Hz,
H-4), 4.52, 4.72 (1H each, 2d, >J=11.5 Hz, CH,0-3), 4.58
(1H, td, J12.=3.7, Jo,p=1.7 Hz, H-2), 5.80 (1H, d, H-1),
7.31—7.38 (5H, m, Ph), for (55)-isomer §=1.34, 1.56 (3H
each, 2s, CMey), 2.99 (1H, dd, Js,6=5.5, Jor,p=4.3 Hz, H-
6), 3.05 (1H, t, Js,p=5.4 Hz, H-6), 3.70, 3.80 [3H each, 2d,
Jrome =10.6, 11.0 Hz, P(OMe)], 3.79 (1H, dd, J34=8.9,
Jo,3=4.4 Hz, H-3), 4.42 (1H, dd, Js,p=2.2 Hz, H-4), 4.52
(1H, t, J1,=3.7 Hz, H-2), 4.61, 4.73 (1H each, 2d, 2J=11.8
Hz, CH,0-3), 5.80 (1H, d, H-1), 7.31—7.38 (5H, m, Ph),
3P NMR, §=19.1 [(5R)-isomer], 17.5 [(5S)-isomer]; MS m/z
385 (M—CHs; 0.4), 342 (0.6), 309 (5.1), 251 (4.4), 235 (10),
217 (4.5), 207 (18), 181 (12), 165 (13), 91 (100).

Found: m/z 385.1507. Caled for Ci17H2208P: M —CHs,
385.1052.

3- O- Benzyl- 6- deoxy- 1, 2- O- isopropylidene- 5- O-
dimethoxyphosphinyl- a- D- ribo- hex- 5- enofuranose
(5b):  Colorless syrup (3% yield from 3b); Rr=0.36 (B);
"HNMR 6=1.36, 1.61 (3H each, 2s, CMez), 3.76, 3.78 [3H
each, 2d, Jrome=10.8, 11.2 Hz, P(OMe).], 3.95 (1H, dd,
J3,4=8.8, Jo,3=4.3 Hz, H-3), 4.47 (1H, dd, J4,p=2.3 Hz, H-
4), 4.52 (1H, t, J1,2=3.5 Hz, H-2), 4.66, 4.72 (1H each, 2d,
2J=12.2 Hz, CH,0-3), 4.98 (1H, t, Js ¢ =2.5, Jo p=2.2 Hz,
H-6'), 5.19 (1H, dd, Jep=1.5 Hz, H-6), 5.74 (1H, d, H-1),
7.30—7.37 (5H, m, Ph); 3P NMR 6=-5.5.

(5R)- 5, 6- Anhydro- 3- O- benzyl- 1, 2- O- isopropyl-
idene- 5- dimethoxyphosphinyl- 3- p- arabino- hexofu-
ranose (4c): Colorless syrup (65% yield from 3c®);
R:=0.38 (B); [a]p +14° (¢ 0.97, CHCI3); 'HNMR, §=1.33,
1.56 (3H each, 2s, CMez), 3.10 (1H, t, Js ¢ =5.9, Jor,p=5.2
Hz, H-6'), 3.19 (1H, dd, Js,p =4.4 Hz, H-6), 3.79 [6H, d,
Jpome=11.0 Hz, P(OMe)2], 4.25 (1H, dd, Js 4=4.4, Jo3=1.1
Hz, H-3), 4.36 (1H, t, J4,p=>5.3 Hz, H-4), 4.61 (1H, dd, J1 2=
4.0 Hz, H-2), 4.63, 4.64 (1H each, 2d, 2J=11.7 Hz, CH,0-
3), 5.81 (1H, d, H-1), 7.30—7.36 (5H, m, Ph); 3'P NMR
§=19.3; MS m/z 385 (M—CHs; 4.8), 342 (4.1), 283 (6.0),



2320

251 (3.2), 236 (5.7), 207 (7.8), 193 (3.5), 181 (8.4), 152 (13),
91 (100).

Found: m/z 385.1058. Caled for C17H2208P: M —CHs,
385.1052.

3- O- Benzyl- 6- deoxy- 1, 2- O- isopropylidene- 5- O-
dimethoxyphosphinyl- 3- p- arabino- hex- 5- enofuran-
ose (5¢): Colorless syrup (3% yield from 3c); R¢=0.48 (B);
"HNMR 6=1.32, 1.49 (3H each, 2s, CMe»), 3.77, 3.78 [3H
each, 2d, Jpome=11.4 Hz, P(OMe),], 4.21 (1H, d, J3,4=2.9,
Jo,3~0 Hz, H-3), 4.54 (1H, dt, Jug=Jy e =15 Hz, H-4),
4.62, 4.63 (1H each, 2d, 2J=11.7 Hz, CH20-3), 4.67 (1H,
d, J12=4.1 Hz, H-2), 5.11 (1H, dt, Jg ¢ =2.5, Jor p=1.6 Hz,
H-6'), 5.14 (1H, q, Jop=2.1 Hz, H-6), 5.96 (1H, d, H-1),
7.29—7.36 (5H, m, Ph); 3'PNMR 6=—5.4.

Methy! (5R)-5,6-Anhydro-2,3-0-isopropylidene-5-
dimethoxyphosphinyl-a-p-lyzo-hexofuranoside (4d):
Colorless syrup (74% yield from 3d); R¢=0.18 (B); [o|p
+50° (¢ 3.54, CHCl3); 'HNMR 6=1.30, 1.48 (3H each, 2s,
CMey), 2.96 (1H, dd, Js & =6.4, Jo p=5.3 Hz, H-6'), 3.14
(1H, dd, Js,p=4.0 Hz, H-6), 3.29 (3H, s, MeO-1), 3.83 [6H,
d, Jpome=10.7 Hz, P(OMe)2], 4.41 (1H, br d, J3,4=3.8,
J4,P=0.5 HZ, H-4), 4.53 (lH, d, J2,3=6.0, J112%0 HZ, H-2),
4.88 (1H, d, J1,p=1.0 Hz, H-1), 4.93 (1H, dd, H-3); 3'P NMR
6=19.7; MS m/z 310 (12), 309 (M—CHs; 100), 293 (7.9),
266 (3.8), 235 (5.1), 207 (14), 205 (17), 181 (40), 163 (40),
139 (10), 109 (33).

Found: m/z 309.0739. Caled for C11H1808P: M —CHg,
309.0739.

Methyl 6-Deoxy-2,3-O-isopropylidene-5-O-dimeth-
oxyphosphinyl- a- - lyzo- hex- 5- enofuranoside (5d):
Colorless syrup (6% yield from 3d); R;=0.31 (B); 'HNMR
6=1.30, 1.42 (3H each, 2s, CMe2), 3.35 (3H, s, MeO-1), 3.84,
3.845 [3H each, 2s, Jpome=11.6 Hz, P(OMe),], 4.47 (1H, dt,
J3,4=3.9, Jas=Jse=1.4 Hz, H-4), 4.58 (1H, d, J2,3=5.9,
J12~0 Hz, H-2), 4.82 (1H, dd, H-3), 4.95 (1H, s, H-1), 4.99
(1H, td, Js o =Jo . p=2.2 Hz, H-6'), 5.10 (1H, td, Jop=1.9
Hz, H-6); P NMR 6=-5.6; MS m/z 324 (M™*; 3.0), 309
(36), 293 (6.4), 266 (5.2), 249 (2.2), 234 (12), 206 (28), 181
(99), 149 (24), 127 (100).

Found: m/z 324.0975.
324.0974.

Methyl (5R)- and (5S5)-5,6- Anhydro-2,3- O-iso-
propylidene-5-dimethoxyphosphinyl-3-p- ribo-hexo-
furanoside (4e): Colorless syrup as a 94:6 mixture
[77% yield from 2e]; R¢=0.24 (B); '"HNMR for (5R)-isomer
§=1.32, 1.49 (3H each, 2s, CMey), 2.98 (1H, t, Jo ¢ =5.4,
Jer p=4.7 Hz, H-6'), 3.09 (1H, t, Js,p=5.4 Hz, H-6), 3.37
(3H, s, MeO-1), 3.84, 3.845 [3H each, 2d, Jrom.=10.8 Hz,
P(OMe),], 4.48 (1H, br d, J» 3=6.0, J1 2=0.5 Hz, H-2), 4.74
(1H, dd, Js,p=3.3, J3,4=1.9 Hz, H-4), 4.82 (1H, dd, H-3),
4.96 (1H, br s, H-1), for (55)-isomer §=1.31, 1.49 (3H each,
2s, CMez), 2.99, 3.16 (2H each, 2t, Jso=Js,p=Js' p=5.3
Hz, H-6,6'), 3.45 (3H, s, MeO-1), 3.78, 3.84 [3H each, 2d,
JPoMe=11.9 HZ7 P(OMe)Q], 4.51 (1H7 d, J2,3=6.3, J1,22‘50
Hz, H-2), 4.66 (1H, t, J34=Js,p=2.4 Hz, H-4), 4.70 (1H,
dd, H-3), 5.03 (1H, s, H-1); **P NMR, §=19.8 [(5R)-isomer],
19.0 [(55)-isomer]; MS m/z 310 (7.0), 309 (M—CHs; 59),
248 (5.6), 234 (15), 221 (15), 205 (24), 181 (47), 161 (26),
149 (40), 93 (100).

Found: m/z 309.0738. Calcd for C11Hi50sP: M —CHs,
309.0739.

Methyl 6-Deoxy-2,3-O-isopropylidene-5-O-dimeth-

Calcd for Ci2H2108P: M,
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oxyphosphinyl- 3- p- ribo- hex- 5- enofuranoside (5e):
Colorless syrup (4% from 2e); Ry=0.37 (B); [a]p —38° (c
1.09, CHCl3); "HNMR 6=1.32, 1.50 (3H each, 2s, CMe3),
3.41 (3H, s, MeO-1), 3.835, 3.84 [3H each, 2d, Jpome=11.3
Hz, P(OMe),], 4.58 (1H, d, J2,5=5.9, J12~0 Hz, H-2), 4.63
(1H, dt, Js4=1.8, Jae=Jse =1.0 Hz, H-4), 4.86 (1H, dd,
H-3), 4.93 (1H, td, Js ¢ =Jo,p=2.5 Hz, H-6"), 5.05 (1H, s,
H-1), 5.05 (1H, td, Js,p=2.0 Hz, H-6); 3'P NMR 6=-5.6;
MS m/z 324 (M*; 3.4), 309 (22), 293 (5.2), 266 (4.7), 234
(14), 206 (25), 181 (94), 149 (17), 127 (100).

Found: m/z 324.0976. Calcd for Ci2H2:0sP: M,
324.0974.

General Procedures for the Preparation of 5,6-
Dideoxy-5-dimethoxyphosphinyl-hexofuranoses (7a-
e and 8a-e). Compound 4 (0.70 mmol) dissolved in eth-
anol (2 ml) was hydrogenated in the presence of Raney-Ni
(W-4) (400 mg) at 20 °C under an atmospheric pressure of
H>. After 4—8 h, the catalyst was filtered off through celite,
and the filtrate was evaporated in vacuo. The residue was
separated by column chromatography, giving 7 and 8 as a
colorless syrup.

3- O-Benzyl-5,6-dideoxy- 1, 2- O-isopropylidene- 5-
dimethoxyphosphinyl-3-L-idofuranose (7a): 81%
yield from 4a; R;=0.31 (4); [a]p —36° (c 2.16, CHCl3); 'H
and 3P NMR, see Table 2; FAB MS m/z 387 (M+1; 45),
329 (7.8), 298 (8.0), 261 (13), 221 (52), 165 (11), 91 (100).

Found: m/z 387.1568. Calcd for CigHps07P: M+1,
387.1573.

3- O- Benzyl- 5, 6- dideoxy- 1, 2- O- isopropylidene-
5-dimethoxyphosphinyl- 3-L- talofuranose (7b) and
-a-p-allofuranose (8b): 75% yield from 4b as a 63:37
mixture; Ry=0.25 (A); 'H and 3'P NMR, see Table 2; MS
m/z386 (M™; 0.2), 371 (0.2), 354 (0.9), 309 (2.1), 277 (4.5),
263 (14), 221 (30), 207 (12), 91 (100).

Found: m/z 386.1473. Calcd for CisH27O7P: M,
386.1495.

3- O-Benzyl-5,6-dideoxy- 1, 2- O-isopropylidene- 5-
dimethoxyphosphinyl-a-L-galactofuranose (7c): 67%
yield from 4c; R¢=0.36 (A); [a]p +26° (¢ 1.16, CHCl3); 'H
and 3'P NMR, see Table 2; MS m/z 371 (M—CHg; 2.2), 295
(2.0), 237 (8.0), 221 (11), 167 (27), 138 (19), 91 (100).

Found: m/z 371.1255. Calcd for C17H2407P; M —CHsg,
371.1260.

3- O-Benzyl-5,6-dideoxy- 1, 2- O-isopropylidene- 5-
dimethoxyphosphinyl-3-p-altrofuranose (8c): 12%
yield from 4c; Ry=0.49 (A); [a]p +8.8° (¢ 1.97, CHCl3); 'H
and 3!P NMR, see Table 2.

Methyl 5, 6- Dideoxy- 2, 3- O- isopropylidene- 5-
dimethoxyphosphinyl-3-L-gulofuranoside (7d): 55%
yield from 3d; R¢=0.32 (A); [a]p +65° (¢ 1.15, CHCl3); 'H
and 3'P NMR, see Table 2; MS m/z 295 (M—CHs; 13), 279
(4.4), 250 (3.2), 221 (10), 208 (8.2), 192 (17), 183 (47), 167
(100).

Found: m/z 295.0949. Calcd for C11H0O7P: M—CHs,
295.0947.

Methyl 5, 6- Dideoxy- 2, 3- O- isopropylidene- 5-
dimethoxyphosphinyl- a- b- mannofuranoside (8d):
19% yield from 3d; R¢=0.38 (A4); [a]p +56° (¢ 1.44, CHCls);
'H and 3'P NMR, see Table 2.

Methyl 5, 6- Dideoxy- 2, 3- O- isopropylidene- 5-
dimethoxyphosphinyl-a-L-talofuranoside (7e): 39%
yield from 3e; Rr=0.31 (A); 'H and 3'P NMR, see Table 2;
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MS m/z 295 (M—CHs; 22), 279 (5.1), 261 (5.9), 250 (5.0),
220 (18), 193 (13), 167 (100).

Found: m/z 295.0947. Calcd for C11H2007P: M —CHa,
295.0947.

Methyl 5, 6- Dideoxy- 2, 3- O- isopropylidene- 5-
dimethoxyphosphinyl-3-p-allofuranoside (8¢): 17%
yield from 3e; R;=0.39 (A4); 'H and *P NMR, see Table 2.

3- O-Benzyl- 5, 6-dideoxy- 1, 2- O-isopropylidene- 5-
dimethoxyphosphinyl-o-p-zylo-hex-5-enofuranose'®
(6a). DBU (0.090 ml, 0.60 mmol) was added at 0 °C
to a mixture of compound 9a'") (167 mg, 0.520 mmol) and
dimethyl phosphonate (0.48 ml, 5.2 mmol), and the mix-
ture was stirred for 3 h at 20 °C. The excess of phospho-
nate was distilled off at ca. 40 °C (0.2 Torr, 1 Torr=133.322
Pa). The residue was purified on a column of silica gel with
1:1 AcOEt-hexane as the eluant, giving 6a (144 mg, 72%)
as colorless needles: mp 114—115 °C (lit,'® mp 117 °C);
R:=0.31 (C); '"HNMR 6=1.32, 1.52 (3H each, 2s, CMe2),
3.69, 3.70 [3H each, 2d, Jpome=10.9 Hz, P(OMe),], 4.13
(1H, d, J5.4=3.0 Hz, H-3), 4.55, 4.57 (1H each, 2d, 2J=11.7
Hz, CH20-3), 4.61 (1H, d, J1,2=3.8, J2,3=0 Hz, H-2), 4.88
(1H, ddt, J4yp =4.5, J4,6(E)=J4,6(Z)=1~6 HZ, H-4), 5.97
(1H, dd, 5J;,p=0.8 Hz, H-1), 6.27 [1H, dt, Joz).p =234,
Jo(Ey.62)=1.6 Hz, H-6(2)], 6.37 [1H, dt, Js gy p=46.4 Hz,
H-6(E)], 7.27—7.35 (5H, m, Ph); 3P NMR, §=18.0.

Methyl 5, 6- Dideoxy- 2, 3- O- isopropylidene- 5-
dimethoxyphosphinyl-a-D-lyzo-hex-5-enofuranoside
(6d). By the same procedures described above for 6a,
compound 9d'? (99.7 mg) was converted into 6d as a col-
orless syrup: 96.2 mg (77%); R¢=0.25 (C); [a]p +21° (¢
2.67, CHCl3); '"HNMR 6=1.26, 1.36 (3H each, 2s, CMe>),
3.32 (3H, s, MeO-1), 3.72, 3.73 [3H each, 2d, Jpome=11.3
Hz, P(OMe)2], 4.56 (1H, d, J2,3=5.9, J1,2~0 Hz, H-2), 4.64
(1H, ddt, Js,p=4.9, J3,4=3.6, Js 6 Ey=Js6(z)=1.7 Hz, H-
4), 4.75 (1H, dd, H-3), 4.93 (1H, d, °J;,p=1.7 Hz, H-1), 6.25
[1H, dt, Jg(g),p =46.6, Js(E),e(Z%=1-9 Hz, H-6(F)], 6.26 [1H,
dt, Joz),p=22.9 Hz, H-6(2)]; >'P NMR 6=18.1; FAB MS
m/z 309 (M+1; 100), 293 (10), 277 (31), 219 (18), 191 (13),
177 (11), 165 (12).

Found: m/z 309.1096.
309.1104.

Hydrogenation of Compounds 6a and 6d. By the
use of the same procedures as those for the preparation of
7 and 8 from 4, compound 6a was converted into 7a in an
89% yield.

Similarly, 6d was converted into a 73:27 mixture of 7d
and 8d in an 85% yield.

5,6- Dideoxy- 1, 2- O-isopropylidene- 5- dimethoxy-
phosphinyl-a-L-galactofuranose (10). Compound 7c
(148 mg, 0.383 mmol) dissolved in ethanol (2 ml) was hy-
drogenated in the presence of 20% Pd(OH)2—C (80 mg) at
20 °C under atmospheric pressure of Hao. After 5 h, the
catalyst was filtered off through celite, and the filtrate was
evaporated in vacuo. The residue was purified by short-path
column chromatography, giving 10 (111 mg, 98%) as a col-
orless syrup: Rf=0.13 (A); [o]p +1.4° (¢ 0.97); 'HNMR
6=1.27 (3H, dd, Js,p=18.4, J5,6=7.3 Hz, H-6), 1.36, 1.54
(3H each, 2s, CMez), 2.50 (1H, dqd, Js.p=22.1, Js5=4.6
Hz, H-5), 3.78, 3.79 [3H each, 2d, Jrome=10.5, 10.7 Hz,
P(OMe),], 3.99 (1H, dt, Js4=6.4, Js p=4.4 Hz, H-4), 4.12
(1H, br s, HO-3), 4.20 (1H, br dd, J2,s=1.9 Hz, H-3), 4.61
(1H, dd, J;2=4.1 Hz, H-2), 5.74 (1H, d, H-1); **PNMR

Calcd for Ci2H207P: M+1,
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6=33.6; MS m/z 281 (M—CHs; 4.8), 237 (1.7), 221 (11),
207 (5.1), 181 (33), 167 (83), 153 (30), 138 (26), 100 (100).

Found: m/z 281.0788. Calcd for C10H13807P: M —CHs,
281.0790.

1,2,3,4-Tetra- O-acetyl-5,6-dideoxy-5-[( R)- and (S)-
methoxyphosphinyl]-«,(-L-galactopyranoses (12a—
d). To a solution of 10 (203 mg, 0.685 mmol) in dry ben-
zene (2 ml) was added, with stirring, a solution of SDMA [3.4
M in toluene (1 M=1 moldm™3), 0.6 ml, 3.0 equiv] in dry
benzene (1 ml), in small portions at 5 °C under argon. The
stirring was continued at this temp for 1 h. Then water (0.5
ml) was added to decompose excess SDMA and the mixture
was centrifuged. The precipitate was extracted with several
portions of benzene. The organic layer was combined and
evaporated in vacuo, giving 5,6-dideoxy-1,2- O-isopropyli-
dene-5-phosphino-a-L-galactofuranose as a colorless syrup.

This syrup was immediately treated with 1:1 2-propanol-
0.5 M hydrochloric acid (6 ml) at 90 °C for 2 h under argon.
After cooling, the reactants were neutralized with Amberlite
IRA-93ZU. The resin was filtered off and washed with aq
ethanol. The filtrate was evaporated in vacuo. The residue
was dissolved in water (3 ml), treated with 30% hydrogen
peroxide (0.3 ml) at 20 °C for 12 h, and concentrated in
vacuo to give crude 5,6-dideoxy-5-hydroxyphosphinyl-a,3-L-
galactopyranoses (11) as a colorless syrup.

This was dissolved in dry pyridine (4 ml) and acetic an-
hydride (2 ml) at 0 °C. The mixture was stirred at 20 °C
for 12 h, diluted with a small amount of cold water, and
concentrated in vacuo. The residue was dissolved in ethanol
and passed through a column of Amberlite IR-120B (30 ml).
The eluant was evaporated in vacuo to give a crude 1,2,3,
4-tetra- O-acetyl-5-hydroxyphosphinyl derivative. This was
methylated with ethereal diazomethane in dry CH2Cly (3
ml) at 0 °C. After evaporation of the solvent, the residue
was separated by column chromatography with a gradient
eluent of 2:1 AcOEt-hexane—AcOEt, into two fractions.

The faster-eluting fraction [Rf=0.39 (A4)] gave 5-[(S)-
methoxyphosphinyl]-a-L-galactopyranose 12a (16.9 mg, 6%
from 10) as a colorless syrup: 'H and 3'P NMR, see Ta-
ble 3; MS m/z 394 (M™; 2.6), 350 (30), 335 (9.8), 308 (11)
292 (90), 277 (56), 250 (40), 233 (100), 207 (31), 191 (82).

Found: m/z 394.1033. Caled for Ci5H23010P: M*,
394.1029.

The slower-eluting fraction [R¢=0.28 (A4)] gave a colorless
syrup (42.3 mg) which consisted of 5-[(S)- P]-3-L-galacto-
pyranose 12b (5% from 10), 5-[( R)- P]-a-isomer 12c¢ (3%),
and 5-[(5)-P]-B-isomer 12d (8%), the relative amount being
determined by the integral ratio of 3'P NMR signals; 'H and
3P NMR, see Table 3; MS m/z 395 (M+1; 3.9), 352 (1.2),
310 (4.5), 293 (38), 277 (3.5), 250 (40), 232 (100), 208 (17),
191 (71).

Found: m/z 395.1110.
395.1107.

Calcd fOI’ 015H24010PZ M+1,
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