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ABSTRACI 

The Michaelis-Arbuzov reaction of 6-deoxy-6-iodo-1,2-0-isopropylidene-3- 
0-methyl-cy-D-glucofuranose with diethyl isopropylphosphonite afforded 6-deoxy- 
6-C-(ethoxyisopropylphosphinyl)-l,2-O-isopropylidene-3-O-methyl-a-o-glucofu- 
ranose (3). Similarly, using 3-0-benzyl-6-deoxy-6-iodo-l,2-O-isopropylidene-a- 
D-ghrcofuranose and diethyl butylphosphonite, 3-O-benzyl-6-deoxy-6-C- 
(ethoxybutylphosphinyl)-1,2-O-isopropylidene-a-D-glucofuranose (4) was ob- 
tained. Treatment of 3 and 4 with methyl iodide-silver oxide afforded the corres- 
ponding 5-O-methyl compounds, 5 and 6, respectively. Treatment of 5 with sodium 
dihydrobis(2-methoxyethoxy)aluminate, followed by mineral acid, and then acetic 
anhydride in pyridine, gave the two isomers of l,Z,Ctri-0-acetyld-deoxy-6-C-(iso- 
propyIphosphinyl)-3,5-di-O-methyl-D-glucoseptanose and a mixture of 1,2-di-O- 
acetyl-6-deoxy-6-C-(isopropylphosphinyl)-3.5-di-O-methyl-a- and -&D-&CO- 

furanose, which were separated by column chromatography on silica gel. Similarly, 
from 6, the two isomers of I ,2,4-tri-O-acetyl-3-O-benzyl-6-C-(butylphosphinyl)-6- 
deoxy-5-U-methyl-D-glucoseptanose and a mixture of l,Z-di-O-acetyl-3-O-benzyl- 
6-C-(butylphosphinyl)-6-deoxy-5-O-methyl-a- and -P-D-glucofuranose were ob- 
tained. 

INTRODUCTION 

In the chemical modification of sugar derivatives, there have been synthe- 
sized many sugar analogs having sulfur’-3 and nitrogen’ z.4 in the hem&eta1 ring. 
Also, those of pentofuranoses5%6, pentopyranoses’-“. and hexopyranoses’3-‘7 
having phosphorus in the ring have already been reported. However. such a 
hexoseptanose had not yet been prepared, and herein is reported the synthesis of 
the title compounds, having phosphorus in the septanoid ring. 
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The Michaelis-Arbuzov reaction of 1 with diethyl isopropylphosphnnite gave 
h-deoxy-6-C-(ethoxyisopropylphosphinyl)-l.~-~-isopro~ylidene-3-~)-~~~ct~~yl-~-~~- 
glucofuranose (3) in 91% yield [m/z 352 (M+)J. which was purified by column chro- 
matography on silica get. Similarly, on treating 2 with diethyl butylphosphonite, 3- 
0-benzyl-6-deoxy-6-C_(ethoxybutylphosphinyl)-1 ,2-O-isopropylidenr-n-n-gluco- 
furanose (4) was obtained in 58% yield [vu’= 442 (M+)]. 

In order to avoid pyranoid-ring formation during the procedure following hy- 
drolysis. methylation of 3 wth methyl iodide and solver OXI& was p’rrl’ormed, to 
give B-dr[,xy-h-T-(ethcluyi~[~propylph~~sphin~l)-1 .‘-(l-isoprt,pvlidenr-.3.S-~ii-C)- 
methyl-Lr-D-glucofuranose (5) in 87% yield; ml-_ 366 (M+): similarly. I gave 3-G 
henzyl-6-deoxy-6-C-(ethoxybutylphosphinyl)-I ,2-U-isopropylidenc-5-C)-methyl- 
a-u-glucofuranose (6) in 72% yield; m/z 456 (M+). Reduction of 5 with sodium 
dihydrobis(2-mcthoxyethoxy)aluminate (SDMA) in oxolane (tetrahydrofuran; 
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THF) in the usual way7-‘” afforded 6-deoxy-l,Z-0-isopropylidene-6-C-(isopropyl- 
phosphinyl)-3.5-di-0-methyl-u-D-glucofuranose (7) in 82% yield; m/z 322 (M+); 
similarly, 6 gave 3-O-benzyl-6-C-(butyIphosphinyl)-6-deoxy-l,Z-O-isopropylidene- 
5-O-methyl-ry-D-glucofuranose (8) in 98% yield; m/z 412 (M+). These compounds 
(7 and 8) respectively showed an i.r. absorption band at 2330 (2340) cm-’ (P-H), 
and, in the ‘H-n.m.r. spectrum, a characteristic.J p H value of 456 Hz at 6 6.75 (462 
Hz at 66.95), disappearing on deuteration. 

Hydrolysis of 7 with o.lM hydrochloric acid under argon for 3 h at 110” 
(bath), and acetylation of the product (9) with acetic anhydride-pyridine in the 
usual way7-Y. afforded a crude syrup (II). This was separated by column chro- 
matography on silica gel, using ethyl acetate-methanol as the eluant, into three 
major fractions, which will be referred as A, B, and C (according to their decreas- 
ing R, values). 

Fractions A and B were colorless syrups; each exhibited signals for three 
acetoxyl groups at 6 2.0-2.2 in the ‘H-n.m.r. spectrum, and the molecular-ion peak 
was at m/z 408, corresponding to C,,HX909P, in the high-resolution, mass spec- 
trum of each. Fraction C was a colorless syrup that exhibited signals for two 
acetoxyl groups, at 6 2.07, and 2.10, H-l signals at i? 5.98 (p) and 6.28 (a, J,,* 4.2 
Hz), and a P-H signal at 6 6.80 (J,_ t, 463 Hz) in the ‘H-n.m.r. spectrum; it also 
showed an absorption band for a P-H group at 2320 cm-’ in its i.r. spectrum, and 
the molecular-ion peak at m/z 366, corresponding to CL5HZ70sP, in the high- 
resolution, mass spectrum. 

The ‘H-n.m.r. spectra of A and B showed relatively low values of 6 for the 
H-4 signal (compared with that of fraction C), whereas the H-3 and H-5 signals 
were essentially similar for the three fractions, and the II-1 and H-4 signals of frac- 
tion A showed a downfield shift (compared with that of fraction R). Therefore, 
fractions A and B were considered to be l-2,4-tri-O-acetyl-6-deoxy-6-C-(isopropyl- 
phosphinyl)-3.5di-0-methyl-D-glucoseptanose (lla and lib; isomers) and fraction 
C was identified as a mixture of 1,2-di-0-acetyl-6-deoxy-6-C-(isopropylphos- 
phinyl)-3.5-di-U-methyl-ol- and -p-D-glUCOfUranOSe (11~). 
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Similarly. fractions D. E. and F were obtained by hydrolysis of 8. acrtylation 

of the resulting product (IO), and separation uf the acctatcc. 
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and evaporated in vacua. The residue was purified by chromatography on a column 

of silica gel, with 5O:l EtOAc-methanol as the eluant, to give a syrup (1.40 g, 
87%); [a]$? -26.0” (c 5.00, CHCI,); ‘H-n.m.r. data: 6 0.85-1.55 (m, 15 H, CMe,, 
P-CMe,, P-OCMe), 1.8-2.45 (m, 3 H, H-6,6’, P-CH-), 3.35, 3.41 (2 s, 6 H, OMe- 
3,5), 3.55-4.35 (m, 5 H, H-3,4,5, P-OCH,-), 4.58 (d, 1 H, J,,* 3.9 Hz, H-2), and 
5.83 (d, 1 H, Jl,Z 3.9 Hz, H-l); m/z 366 (M+). 

3-O-BenzyZ-6-C-(ethoxybutylphosph~nyl)-3-O-methyf-~,2-O-isopropylidene- 

cu-D-g~ucofur~nose (6). -Compound 4 (10 g) was treated with methyl iodide-silver 
oxide as already described, to give 6 as a syrup (7.4 g, 73%); [a]g -9.3“ (c 3.78, 
CHCQ; ‘H-n.m.r. data: S 0.7-2.40 (m, 20 H, H-6,6’, CMe2, P-&H,, P-OCMe), 
3.36 (s, 3 H, OMe-5), 3.6.5-4.35 (m, 5 H, H-3,4,5, P-OCH,-), 4.52 (s, 2 H, -OCH,- 
5), 4.58 (d, 1 H, JI,~ 3.9 Hz, H-2), 5.80 (d, 1 H, I,,, 3.9 Hz, H-l), and 7.1-7.4 (m, 
5 H, -C6HS); m/z 456 (M+). 

6-Deoxy-I,2-O-isopropylidene-6-C-(isopropylphosphinyA)-3,5-di-O-methyl- 

a-D-gkofirunose (7). - To a solution of 5 (1.37 g) in THF (50 mL) was added a 
70% solution of SDMA (2.2 g) in benzene plus THF (20 mL) at 0” under argon. 
After 30 min, a small amount of water containing cont. HCI (0.2 mL) was added 
at 0” (to decompose the excess of SDMA), the mixture filtered, and the filtrate 
evaporated in vucuo. A solution of the residue in chloroform was washed with 
water, dried (Na,SO,), and evaporated in ~acuo, to give 7 (0.99 g, 82%) as a syrup; 
[ag -24.1” (~2.90, CHCI,); v,“,“: 2330 cm-’ (P-H); ‘H-n.m.r. data: 60.9-1.5 (m, 
12 H, CMeZ, P-CMQ), 1.62.35 (m, 3 H, H-6,6’, P-CH-), 3.35, 3.42 (2 s, 6 H, 
OMe-3,5), 3.4-4.25 (m, 3 H, H-3,4,5), 4.51 (d, 1 H, J,,> 4.0 Hz, H-2), 5.75 (d, 1 
H, Jl.Z 4.0 Hz, H-l), and 6.75 (d m, 1 H, disappeared on deuteration, JP_” 456 Hz, 
P-H); m/r 322 (M+). 

S-O- Benzyf-6-C-(butylphosphinyl)-6-deoxy-1,2-O-isopropylidene-5-0- 

methyl-a-D-gfucofuranose (8). -Compound 6 (4.3 g) was treated with SDMA (6.0 
g), as already described, to give 8 (3.8 g, 98%) as a syrup; [a]2 -19.5” (c 2.57, 
CHCI,); v::! 2340 cm-’ (P-H); ‘H-n.m.r. data: 6 0.65-2.4 (m, 17 H, H-6,6’, 
CMe,, P-C,H,), 3.28, 3.34 (2 s, 3 H, OMe-5), 3.654.35 (m, 3 H, H-3,4,5), 4.53 (s, 
2 H, overlapping with H-2, OCH,-3), 5.80 (d, 1 H, J1,z 4.0 Hz, H-l), 6.95 (d m, 1 
H, JP_-H 462 Hz, P-H), and 7.W7.4 (m. 5 H, -C,H,); m/z 412 (M*). 

HydroIysis of 7; 1,2,4-tri-O-acetyl-6-deoxy-h-C-(i.~opropyIphosphinyl)-3,5-di- 

0-methyl-u-glucoseptanose (Ila,b) and I,2-di-0-acetyl-6-deoxy-6-C-(isopropyl- 

phosphinyl)-3,5-di-0-methyl-D-glucofuranose (11~). -To a solution of 7 (734 mg) 
in methanol (10 mL) was added O.lM HCI (30 mL). The mixture was heated under 
argon for 3 h at 110” (bath), the methanol being allowed to evaporate gradually, 
cooled, diluted with water, and the acid neutralized with Amherlite TR-45 ion-ex- 
change resin; this was then washed with water (3 X 20 mL) and ethanol (3 X 20 
mL), and filtered; the filtrate and washings were combined, and evaporated in 

wcuo, to give syrupy 9 (474 mg). This was treated with acetic anhydride (9 mL) in 
dry pyridine (30 mL), in the usual way7-9, to give a crude syrup 11 (518 mg). This 
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syrup was separated by chromatography on a column of silica gel by elution with 
SO: 1 EtOAc-methanol. which was graduelly changed to IO: 1 EtOAc--methanol. 11) 

give Ila. lib, and 11~. 
Conrpourzd Ila. R, 0.43 (EtOAc): colorless syrup (I.15 mg. 20”) from 9); 

Ial:? +20.X” (c 1.20. CHCl\): ‘H-n.m.r. data: ;5O.Y5-1.45 (m. r>H. P-CMs_.). 1.5% 

7.6 (m. 3 H. H-6.6’. P-CH-). 2.01. 2.04. 2.12 (3 s, 9 H. 3 OAc). 3.31, 7.3’). 3.41 (3 

\. 6 H. OMc-3.5). 3.7.4.45 (m. 7 H. H-3.5). 5.05 5.X (m. 1 H. pri>b:thly Ff-2). and 

5.654.3 (m. 2 H. probably H-1.4): ml: 40X (M ’ ). 
Calc. for C,,H,,,O,P: (M + H), 4WKlh24. Found: 40Y. lh0Y 

Compound lib, RF0.40 (EtOAc): culorle.s syrup (80 mp, 13’G fr<>m 9): [n];: 
+15.9” (c 1.93. CHCI,): ‘H-n.m.r. data: 6 1.W~ 1.5 (m, h Ii. P-CMe,). 1.6%2.h5 
(m, 3 H. H-6.6’. P-CH-), 2.05. 2.10. 1.14 (3 s. Y 11. .> OAc). 3.35-I.45 (m. (1 H. 
OMe-3.5). and 5.05S5.05 (m. 3 H. H-1.2.3); m/z 40X (M’ i. 

Calc. for C1,H~~,OYP: (M + II). 409.lh74. Found: 5W.1601. 
Compound Ilc. RF: 0.24 (EtOAc); colorless syrup (91 mg, ll’? from 9); [a]B 

+22.5’ (c 2.22, CHCl,); v,:,:,~ 2340 cm ’ (P-H); ‘lI-n.m.r. data: 8 0.95-1.45 (m, 6 

H, P-CMea), 1.55-2.7 (m, 9 H. H-6.6’. P-C’H-. 2 0.4~). 3 34, .X46 (7 s. h H, OMc- 
3.5), 3.7-4.6 (m. 3 H. H-3,4,5), 4.11 1; 5 and d, overlapped. .I, - 4.7 Hz. H-2 (p, u)]. 

5.89 12. -l/3 H, H-l (p)], 6.28 Id, -213 I-I, I,,, 4.2 147. II-1 (n)]. and h.72 (d m. 

1H.Jr~H462Hz.P-H);nllz3h6(M’). 

Cbinpourd 12a. R,: 0.78 (EtOAc): colorless syrup (I67 mg. 21’:; l’rom IO); 

[fflf:’ t25.3” (f 2.17. CHCI,): ‘H-n.m.r. data: S 0 hSmm2.5 (m. I I II. H-6.6’. P- 
C,H,), 7.00. 7.0’) (7 s. 3 H. 3 OAc). 3.2X. 3.37 (2 s, 3 11, Ohfe-5). 3.X--1.45 (tn. 2 

H. 11-3.5). 4.YS (s. 2 H. OCII1-3). 5.1-5.3 (m, I H. pruhably H-2). .i.CQ~:l (m. 2 
H, probably ki-1.3). and 7.!L7.3 (m. 5 I I, -C,H-;);I~/Z~Y~(M + ) 

Calc. fal- C’,,H,O,P. (M - H); 497.1030. Found: JY7 194-t. 
C~wzpound 12h. R, 0.39 (EtOAc): colorless syrup (12,l rnp. l’c; from 10): 

[u]‘d’ +X.7” (c. 1.33, CHCI,): ‘H-n.rn.r-. data: 8 (1.7-?.0(, (m. II H. H-h.6’. P- 
C&), 2.03. 2.(lh. 2.13 (3 s. 9 H, 3 OAc). 3.31 (s, 3 H, OMe-5). ?.‘~-4.J (m. 2 H. 
H-3.5). 4.68 (s. 2 H. OCH,-3). 5.rti.l (m. 3 H. H-1.2.J). and 7.1-7.1 (m. 5 N. - 
C,H,); WI/Z 4% (M’ ). 

Calc. fol C2~H3<,0,P. (M + H). 499.2094. Found: 499.2Of15. 

Compound 12~. R, 0.43 (EtOAc); colorless syt-up (6Y mg. IO”; from 10): 

[CT]::’ + 17.0” cc 0.88, CHC‘I,); LJ,:,:!~ 2.740 cn, ’ (P-H): ‘H-n m.r. data: 6 11.7-3.2 (m. 

11 H. H-6.6’. P-C,H,,). 2.06. 2.08 (7 s. 6 H. 2 OAc). 3.31. 3 37 (-’ ‘;. 3 1-T. OMr-5). 
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3.74.5 (m, 3 H, H-3,4,5), 4.57,4.62 (2 s, 2 H, OCHz-3), 5.1-5.35 (s and d overlap- 
ped, 1 H, H-2), 6.05 [s, -113 H, H-l (p)], 6.32 [d, -213 H, J,,z 4.5 Hz, H-l ((u)], 
7.1-7.4 (m, 5 H, -C6H5), and 10.9 (m, l/2 H, P-H); m/r 456 (M+). 
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