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Note

Synthesis of phenyl 6-0O-acyl-3-0O-benzyl-2-deoxy-2-phthalimido-1-thio-f-D-glu-
copyranoside*

ToMova OGAWA**, SATORU NAKABAYASHI***, AND KIKUO SasasyiMat
The Institute of Physical and Chemical Research, Wako-shi, Saitama, 351 (Japan)
(Received March 19th, 1981; accepted for publication, April 22nd, 1981)

Since the first synthesis of peracetylated lactosamine by Okuyama?, in 1958,
employing partially acetylated 2-amino-2-deoxy-D-glucose (1), several such partially
protected derivatives of 2-amino-2-deoxy-D-glucose as 2, having a free 4-hydroxyl
group, have been prepared as suitable glycosyl acceptors for the synthesis of di-
saccharides having a (1-4)-GIcNAc linkage, mainly by Sinay?, Jeanloz*, Anderson®,
and their co-workers. We report here a stereo- and regio-controlled synthesis of the
new glycosyl acceptors 3 and 4.
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In order to synthesize such 3,4,6-tri-O-acetyl-2-deoxy-2-phthalimido-1-thio-f-
D-glucopyranosides as 7, 8, and 9, the stannyl approach® was examined, using -
chioride” 5 and B-acetate” 6. Treatment of 5 with Bu;SnS-fers-Bu in CI(CH,),Cl
for 5 days at 80° afforded a 219 yield of 7, together with a 359 yield of glycal 10.

*Part IX in the series “Synthetic Studies on Cell-surface Glycans”. For Part VIII, see ref. 1.
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***Present address: The Research Laboratory, Meiji Seika Kaisha Ltd., Morooka-cho, Kohoku-ku,
Yokohama, 222, Yapan.

tPresent address: Sumitomo Chemical Co. Ltd., Fine Chemicals Division, Osaka Works, 3-1-98,
Kasugade, Naka, Konohana-ku, Osaka, Japan.
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The same treatment of 5 with Bu;SnSMe gave only glycal 10, and recovery of some 5.
However, the reaction of B-acetate 6 with Bu;SnSMe in the presence of SnCl, at
20° afforded crystalline 8 in 889/ yield. The f configuration of C-1 of 8 was deter-
mined by !H-n.m.r. data, which showed a doublet at § 5.39, with J 10 Hz, for H-1.
Similarly, crystalline phenyl 1-thio-g-glycoside 9 could be obtained in 659 yield
without use of chromatography. Due to the facile experimental operation for large-
scale preparation, 9 was chosen as the key intermediate for further transformation.
Deacetylation of 9 in aq. acetone in the presence® of conc. HCl afforded triol 11,
which was directly treated with «,a-dimethoxytoluene and p-TsOH in acetonitrile,
to give the benzylidene derivative 12 in 89.8 % yield from 9. Benzylation of 12 to
give 13, and solvolysis of 13 in 70% aq AcOH for 45 min at 100°, afforded the mono-
benzyl ether 14 in 71 % yield from 12. Partial acylation of 14 with acetic anhydride,
or benzoyl chloride, afforded the 6-O-acetyl (3) and 6-O-benzoyl derivative (4) in 56
and 58 9 yield, respectively.
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EXPERIMENTAL

General. — Melting points were determined with a Yanagimoto micro melting-
point apparatus and are uncorrected. Optical rotations were determined with a
Perkin—Elmer Model 141 polarimeter for solutions in CHCIl; at 25°, unless otherwise
noted. Column chromatography was performed on columns of Silica Gel Merck
(70-230 mesh; E. Merck, Darmstadt, Germany). Thin-layer chromatography was
conducted on precoated plates (layer thickness, 0.25 mm) of Silica Gel 60 Fj54
(E. Merck, Darmstadt, Germany). L.r. spectra were recorded with an EPI-G2 Hitachi
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spectrophotometer, as KBr discs for crystalline samples, and as neat films for liquid
samples. "H-N.m.r. spectra were recorded with a Varian HA-100 n.m.r. spectrometer,
using tetramethylsilane as the internal standard. 3C-N.m.r. spectra were recorded
with a INM-FX 100FT n.m.r. spectrometer operated at 25.05 MHz. The values of
dc and Jy are expressed in p.p.m. downward from the internal standard for solutions
in CDCl;, unless otherwise noted.

tert-Butyl 3,4,6-tri-O-acetyl-2-deoxy-2-phthalimido- I-thio-B-D-glucopyranoside
(7). — A solution of f-chloride 5 (454 mg, 1 mmol) and Bu;SnS-tert-Bu (372 mg,
1 mmol) in Ci(CH,),Cl (5 mL) was stirred for 5 days at 80°. Evaporation to dryness,
and chromatography of the residue on SiO, (130 g) with 15:1 CHCIl;-Me,CO,
afforded 7 as a syrup (107.1 mg, 21.1%); [«]p +30.2° (c 0.235); R 0.72 in 15:1
CH,Cl,-Me,CO; 6,: 5.84 (t. J, 5 = J; . = 10 Hz, H-3), 5.62 (d,J, , 10 Hz, H-1),
511 (t, J5,4 = J; 5 = 10 Hz, H-4), 2.07, 2.03, and 1.86 (s, 3 OAc), and 1.28 (s,
tert-Bu).

Anal. Calc. for C,,H,,NOGS: C, 56.79; H, 5.76; N, 2.76; S, 6.32. Found:
C. 56.36; H, 5.67: N, 2.64; S, 6.28.

Further elution afforded oily glycal 10 (146.7 mg, 35.1%)%; [«], —15.0°
(¢ 0.20); R 0.53 in 15:1 CHCI;-Me,CO; 8y4: 6.77 (s, H-1), 5.61 (d, J 4 Hz, H-3),
and 5.32 (t, J 4 Hz, H-4).

Anal. Cale. for C,,H,oNO,: C, 57.55; H, 4.59; N, 3.36. Found: C, 57.29;
H, 4.82; N, 3.34.

Methyl 3,4,6-tri-O-acetyl-2-deoxy-2-phthalimido-1-thio-3-p-glucopyranoside (8).
— To a solution of -acetate 6 (477 mg, 1 mmol) and Bu;SnSMe (340 mg, 1 mmol) in
CI{CH,),Cl1 (5 mL) was added SnCl, (0.12 mL, 1 mmol) at 0°. The mixture was
stirred for 15 h at 20°, poured into ag. NaHCQ,, and extracted with EtOAc, the
insoluble material being filtered off through Celite. The extract was washed with
H,O, dried (MgSO,), and evaporated, to give an oily residue which was chromato-
graphed on Si0O, (150 g) with 20:1 CHCI;—Me,CO, giving 8 as a glass (409.6 mg,
88.07;) that crystallized from CgHg~hexane; m.p. 154-155°, [«]p +50.9° (¢ 0.32);
Rg 0.65 in 15:1 CH,C1,-Me,CO; dy: 5.86 (t, J, 3 = J3, = 10 Hz, H-3), 5.39 (d,
Ji.» 10 Hz, H-1), 518 (t, Jy 5 = J5., = 10 Hz, H-4), 4.43 (t, H-2), 2.16 (s, S-Me),
and 2.11, 2.04, and 1.86 (s, 3 OAc).

Anal. Cale. for C, H,;0,NS: C, 54.18; H, 497; N, 3.01; S, 6.89. Found:
C, 53.97; H, 4.96; N, 2.93; S, 6.74.

Phenyl 3,4,6-tri-O-acetyl-2-deoxy-2-phthalimido-I-thio-f-D-glucopyranoside (9).
— To a solution of f-acetate 6 (23.87 g, 50 mmol) and Bu,;SnSPh (20 g, 50.2 mmol)
in CI(CH,),Cl (500 mL) was added SnCl, (5.9 mL, 50 mmol) dropwise at 20-25°,
and the mixture was stirred for 10 h at 25°. The usual processing afforded an oil that
crystallized from Me,CHOH, to give 9 (17.2 g, 65%,), m.p. 145-146°, [«], +56.1°
(c 0.86); Re 0.62 in 2:] toluene-EtOAc; dy: 7.94-7.64 (m, 4 H, phthalimido),
7.5-1.2 (m, 5 H, phenyl), 5.78 (t, J, ;3 = J5,, = 10 Hz, H-3), 5.70 (d, J, , 10 Hz,
H-1),5.12(, J3,4 = J; s = 10Hz, H-4),4.34 (t,J, , = J, 3 = 10 Hz, H-2), 4.34-4.2
(m, H-6,6"), 4.0-3.8 (m, H-5), and 2.07, 2.00, and 1.82 (s, 3 OAc).
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Anal. Cale. for C,¢H,;0,NS: C, 59.20; H, 4.78; N, 2.66; S, 6.08. Found:
C, 59.14; H, 4.77; N, 2.55; S, 6.32.

Phenyl 4,6-0-benzylidene-2-deoxy - 2-phthalimidoe- I - thio-f-D-glucopyranoside
(12). — A solution of 9 (3.0 g, 5.7 mmuool) in acetone (50 mL), H,O (25 mL), and conc.
HCI (10 mL) was stirred for 3 h at 50-60°, for a further 2 h after adding conc. HCI
(0.5 mL), and then for 1 h after adding conc. HC! (0.2 mL), at 50-60°. The acetone
was evaporated in vacuo, and the residual solution was extracted with EtOAc. The
extracts were combined, washed, successively with H,O, aq. NaHCO,, and H,O,
dried (MgSO,), and evaporated, to give oily 11. A small amount of 11 was submitted
to chromatography on SiO, with 10:1 CHCl;-MeOH, to give an analytical sample
of phenyl 2-deoxy-2-phthalimido-I-thio--p-glucopyranoside (11); [o], +49.5°
(c0.18); R-0.5in 10: 1 CHCl1,~-MeOH; §, (CD3;0D): 7.9-7.65 (m, 4 H, phthalimido),
7.45-1.0 (m, 5 H, phenyl), 5.57 (4, J, » 10 Hz, H-1).

Anal. Cale. for C,oH,,NO¢S - 0.5 H,0: C, 58.53; H, 4.91; N, 3.41; S, 7.81.
Found: C, 58.57: H,4.82; N, 3.17; S, 7.32.

A solution of crude 11, «,z#-dimethoxytoluene (3.5 mL), and TsOH - H,O
(50 mg) in MeCN (50 mL) was stirred for 15 h at 20°, and the acid was neutralized
with Et;N (0.04 mL). The solution was evaporated, and chromatography of the
residue on SiQ, (250 g) with 3:1 toluene-EtOAc gave 12 (2.5 g, 89.8% from 9),
[o}p +36.3° (c0.65); R 0.54in 3:1 toluene-EtOAc; §y: 7.9-7.55 (m. 4 H, phthalimi-
do), 7.5-7.1 (m, 10 H, 2 phenyl), 5.63 (d, /, » 10 Hz, H-1), and 5.50 (s, benzylidene).

Anal. Cale. for C,;H,3NOS: C, 66.25; H, 4.74; N, 2.86; S, 6.54. Found:
C, 66.76; H, 4.81; N, 2.72; S, 6.23.

Phenyl  3-O-benzyl-2-deoxy-2-phthalimido-I-thio-f3-D-glucopyranoside (14). —
To a solution of 12 (13.5 g, 27.6 mmol) in HCONMe, (150 mL) was added NaH
(502, 1.6 g, 33.3 mmol), and the mixture was stirred for 10 min at 20°. To this
mixture was added benzyl bromide (3.4 mL, 28.6 mmol), and the mixture was stirred
for 15 h at 20°. MeOH (20 mL) was now carefully added, to decompose the excess
of NaH, and the mixture was diluted with H,O (450 mL), and extracted with EtOAc.
The usual processing afforded oily 13; Ry 0.89 in 3:1 toluene~-EtOAc.

A solution of this oil in AcOH (350 mL) and H,O (150 mL) was stirred for
45 min at 100°, and evaporated in vacuo. A solution of the residue in EtOAc was
successively washed with aq. NaHCOj; and H,0, dried (MgSO,), and evaporated,
to give an oily residue. Chromatography on SiO, (700 g) with 2:1 toluene—EtQAc
afforded oily 14 (9.6 g, 70.8%, from 12), [«]p +91.6° (¢ 1.3); R 0.21 in 2: 1 toluene~
EtOAcG; 8y: 7.9-7.6 (m, 4 H, phthalimido), 7.4-7.1 (m, 5 H, phenyl), 7.1-6.9 (m, 5 H.
PhCH,), 5.57 (d, J, . 10 Hz, H-1), and 4.70 and 4.50 (2 d, J,5 12 Hz, CH,Ph).

Anal. Calc. for C,;H,sNOGS: C, 65.98; H, 5.13; N, 2.85; S, 6.51. Found:
C, 65.59; H, 5.33; N, 2.75; S, 6.37.

Phenyl 6-O-acetyl-3-O-benzyl-2-deoxy-2-phthalimido- I-thio-f-D-glucopyranoside
(3). — To a solution of 14 (1 g) in CI(CH,),Cl (10 mL) and pyridine (I mL) was
added Ac,O (0.5 mL) at 5°, and the mixture was stirred for 1.5 h at 5°; then, MeOH
(1 mL) was added, and the mixture was stirred for 30 min at 20°. Evaporation of the
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solution, addition and evaporation of toluene, and chromatography of the residue on
SiO, (50 g) with 9:1 toluene-EtOAc afforded crystalline 3 (610 mg, 569%;), m.p.
126.5-128°, [a]p +56.5° (¢ 0.43); Rg 0.20 in 9:1 toluene~-EtOAc; y: 7.85-7.6
(m, 4 H, phthalimido), 7.45-7.1 (m, 5 H, phenyl), 7.1-6.85 (m, 5 H, PhCH.), 5.53
(d, J, , 10 Hz, H-1), 4.73 and 4.50 (2 d. 2 H, PhCH,), and 2.15 (s, OAc).

Anal. Cale. for C,oH,,NO,S: C, 65.28; H, 5.10; N, 2.62; S, 6.00. Found:
C, 65.30; H, 5.11; N, 2.57; S, 6.05.

Phenyl 6-O-benzoyl-3-O-benzyl-2-deoxy-2-phthalimido-1-thio-f-D-glucopyrano-
side (4). — To a solution of 14 (1.0 g, 2 mmol) in CI(CH,),Cl (10 mL) and pyridine
(I mL) was added BzCl (0.5 mL, 4.3 mmol) at 5°, and the mixture was stirred for
1 h at 20°. Further pyridine (1 mL) and BzClI (0.5 mL) were added at 20°, and after
15 min, an excess of MeOH was added. The usual processing, and chromatography on
SiO, (100 g) with 3:1 toluene~EtOAc afforded oily 4 (685 mg, 57.5%), [«]p +39.7°
(¢ 0.32); Rg 0.66 in 2:1 toluene—EtOAC; dy: 8.2-6.8 (m, 19 H, aromatic), 5.55 (d,
J,, 10 Hz, H-1).

Anal. Cale. for C5,H,o,NO,S: C, 68.56; H, 4.91; N, 2.35; S, 5.37. Found:
C, 68.41; H, 5.06; N, 2.33: S, 5.29.
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