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ABSTRACT 

A lactosaminyl donor, 3,6-di-O-acetyl-2-deoxy-2-phthalimido-4-~-(2,3,4,6- 
tetra-O-acetyl-B-D-galactopyranosyl)-8_D-glucopyranosyl chloride, was synthesized 
in 10 steps, starting from 1,3,4,6-tetra-O-acetyl-2-deoxy-2-phthalimido-~-D-gluco- 
pyranose. Benzyl 3,6-di-O-benzyl-2-deoxy-2-phthalimido-8_noside was 
prepared by regioselective benzylation at the primary hydroxyl group by the stannyl 
method, and was used as a key intermediate. 
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INTRODUCTION 

In 1975,3.4,6-tri-O-acetyi-2-deoxy-2-phthaIimido-B_~-gIucopyranosyI chIoride’ 
(1) was reported to be an efficient glycosyl donor by Lemieux et aL3, and it has been 

used for the synthesis of several biologically important oligosaccharides4, including 
glycan chain? of such glycoproteins as 4. 

The glycan sequence 5 is involved as a common aspect in the structure of 

complex types of glycan chains in glycoproteins 6_ For the synthesis of such chains, 

the availability of an efficient, lactosaminyl donor is crucial. We report here the 
synthesis of 3,6-di-O-acetyl-2-deoxy-2-phthalimido-4-0-(2,3,4,6-tetra-O-acetyl-8_~- 

galactopyranosyl)~j&D-glucopyranosyl chloride* (6), starting from the p-acetate 2. 

RESULT AND DISCUSSION 

Treatment of /?-acetate 2 with7 Bu,SnOBn in the presence of SnCI, afforded 
crystalline j&glycoside 3 in 72 o/0 yield. The structure of 3 was confirmed by ‘H-n.m.r. 

data, which showed a doublet at 6 5.38 with J 8 Hz for H-l. Deacetylation of 3 

was performed under acidic conditions, according to Lemieux et aL3, to give 7 in 

81% yield. Benzylidenation of 7 with a,+dimethoxytoluene and p-toluenesulfonic 
acid afforded 8, benzylation of 8 gave 9, and hydrolysis of benzyl ether 9 led to the 
isolation of 3-benzyl ether 10 in 55% overall yield from trio1 7. Monobenzylation 
at the primary hydroxyl group of 10 could be conveniently achieved by the stannyl 
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method*, to give the 3,6-dibenzyl ether 11 in 66% yield. The structure assigned to 11 
was confirmed by 13C-n.m.r. data, which showed two deshielded signalsg, for C-3 

and C-6, at 6 78.6 and 70.6. 

The key glycosyl acceptor 11 was glycosylated with 2,3,4,6-tetra-O-acetyl-a-D- 

galactopyranosyl bromide (12) in the presence*’ of powdered molecular sieve 4A 

and HgBr,, giving a 71 o/0 yield of disaccharide 13. The anomeric configuration at 

C-l’ of 13 was assigned from 13C-n m-r. data, which showed two signals, for C-l . 
and C-l ‘, at 6 97.4 (*J,, 162.4 Hz) and 100.3 (‘Jcu 162.4 Hz), respectively, in good 

agreement with observations of Bock and Pedersen”. Benzyl ether 13 was hydro- 

genolyzed in the presence of Pd-C, and acetylation of the product gave crystalline 

p-acetate 14 in 75% yield. The /?-anomeric configuration at C-l of 14 was evident 

from the ‘H-n.m.r. data, which revealed a doublet at 6 6.48 (J 8 Hz) for H-l. The 

synthesis of 14 by a different route was recently reported by Arnarp and Lonngren”. 

Transformation of P-acetate 14 into crystalline chloride 6 was achieved in 40 % yield 
by treatment with hydrogen chloride in 1,Zdichloroethane. Again, the assignment 

of the /?-anomeric configuration at C-l was supported by the presence of a doublet 

at 6 6.16 (J 9 Hz) for H-l in its ‘H-n.m.r. spectrum. 

In conclusion, an efficient, synthetic route to the lactosaminyl donor 6, in 5% 

overall yield, in 10 steps starting from the readily available tetraacetate 2, has been 
developed. 

EXPERIMENTAL 

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 CHCl, at 25”, unless otherwise noted. 

I-r. spectra were recorded with an EPI-G2 Hitachi spectrophotometer, employing 

KBr discs for the crystalline samples and neat films for the liquid samples. ‘H-N.m.r. 

spectra were recorded with a Varian HA-100 n-m-r. spectrometer, using tetramethyl- 

silane as the internal standard. ‘3C-N.m.r. spectra were recorded with a JNM-FX 

lOOFT n-m-r. spectrometer operated at 25.05 MHz. The values of 6, and 6, are 

expressed in p.p_m. downward from the internal standard for solutions in CDCl,, 

unless otherwise noted. Column chromatography was performed on columns of 

Silica Gel Merck (70-230 mesh; E. Merck, Darmstadt, Germany). Thin-layer 

chromatography was performed on precoated plates (layer thickness, 0.25 mm; 

E. Merck, Darmstadt, Germany) of Silica Gel 60 FZs4. 

BeirzyI 3,4,6-tri-O-acetyI-2-deo~_v-2-p~~tl~~~limido-~-~-~I~~cop~~r~~~oside (3). - To 

a solution of2 (19.0 g, 40 mmol) and Bu3SnOCHzPh (17.5 g, 44 mmol) in Cl(CH&Cl 
(150 mL) was added SnCI, (4.6 mL, 40 mmol) dropwise at 5”. The mixture was 

stirred for 4 h at 20-25”, poured into aqueous NaHCO,, and extracted with EtOAc. 

The extract was washed with water, dried (MgSOS), and evaporated itz VCICIIO. 
Chromatography on SiOZ (500 gj with 10: 1 and 2 : 1 toluene-EtOAc, and crystalliza- 

tion from i-PrOH gave 3 (15.1 g, 72x), m.p. 106-107”, b]u -11.3” (c 1.6); RF 0.43 
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in 2: 1 toluene-EtOAc; 6,: 7.88-7.64 (m, 4 H, phthaloyl), 7.06 (s, 5 H, benzyl), 
5.80 (dd, J2,3 10, J3,_+ 9 Hz, H-3), 5.38 (d, Jl,z 8 Hz, H-l), 5.19 (t, .& = J4,5 = 

9 Hz, H-4), 4.86 and 4.53 (ABq, 2 H, J 12 Hz, benzyl), 4_50-4_ IO (m, 3 H, H-2,6), 
4.0-3.75 (m, 1 H, H-5), and 2.12, 2.02, and 1.84 (3 AC). 

Anal. Calc. for C,,H2,N0,a: C, 61.71; H, 5.18; N, 2.67. Found: C, 61.73; 
H, 5.06; N, 2.59. 

BenzyZ 2-deoxy-2-phfJzaJimido-8_D-gJzxopyranoside (7) - A solution of 3 (10 g, 
19 mmol) in acetone (200 mL), Hz0 (60 mL), and concentrated HCI (40 mL) was 
heated under reflux, with stirring, for 3.25 h at 70”. The acetone was evaporated 
in vacua, and the aqueous phase was extracted with CHzCl,. The extract was succes- 
sively washed with aqueous NaHC03 and H20, dried (MgSO,), and evaporated_ 
The residue crystallized from i-PrOH, to give 7 (6.15 g, 81 %), m-p. 169-170”, [a-Jr, 
-50.7” (c0.38);RF0.44in 10 : 1 CHCI,-MeOH; bn (CD,OD): 7.75 (s, 4H, phthaloyl), 
7.00 (s, 5 H, benzyl j, 5. I3 (d, J1 ,? 8 Hz, H-l), and 4.78 and 4.50 (ABq, 2 H, J 12 Hz, 
CH,Ph). 

AnaL Calc. for CZIHZINO,: C, 63.15; H, 5.30; N, 3.51. Found: C, 63.17; 
H, 5.39; N, 3.54. 

Be?z@ 4,6-O-ber~zJrlider~e-2-deo~~~-2-plrr/laZimido-~-D-gZ~fcop~ra?~osi~e (8). - A 
solution of 7 (6 g, 15 mmol), a,a-dimethoxytoluene (3 g, 20 mmol), and p-TsOH 
(40 mg) in CH,CN (70 mt) was stirred for 8 h at X%25”, made neutral with I&N 
(0.1 mL), and evaporated in vacrfo, to give crude, solid 8, which was used directly 
for the next step. A small portion of this crude solid was chromatographed on SiOZ 
with 3 : 1 toluene-EtOAc, to give an analytical sample of 8, m.p. 187-188”, [u]n 
--81.6° (c 0.25); R, 0.57 in 2: 1 toluene-EtOAc; 6,: 78-7.6 (m, 4 H, phthaloyl), 
7-55-7.25 (m, 5 H, benzylidene), 7.02 (s, 5 H, benzyl), 5-56 (s, CH-Ph), 5.26 (d, 
Jl.a 8 Hz, H-l), and 4.84 and 4.50 (ABq, J 12 Hz, CN,Ph). 

Anal. Calc. for G8HZ5N07: C, 68.98; H, 5.17; N, 2.87. Found: C, 68.88; 
H, 5.17; N, 2.82. 

Ben--/yl 3-0-beazyZ-2-deosy-2-phthaZi~nido-~-D-gZ~fcopyranoside (10). - To a 
solution of crude 8 in HCONMez (100 mL) was added NaH (50%; 1 g, 21 mmol) 
portionwise, and the mixture was stirred for I5 min at 5”. To this mixture was added 
benzyl bromide (2 mL, 17 mmol) dropwise at 5”, and the mixture was stirred for 
16 h at 20”. The usual processing afforded oily 9, which was dissolved in 70 ‘A aqueous 
AcOH (220 mL)_ The solution was stirred for 1.5 h at loo”, cooled, and evaporated 
i?z vacua; the usual processing, and chromatography on SiOZ (300 g) with 1: 1 

toluene-EtOAc, afforded 10 as an oil (4.0 g, 55 % from 7), [zJ,, -2.5” (c 0.6); 
RF 0.43 in IO: 1 CHCl,-MeOH; 6,: 7.60 (bs, 4 H, phthaloyl), 7.3-6.8 (m, 2 benzyf), 
5.16 (d, J1.2 8 Hz, H-I), and 4.74, 4.71 and 4.47, 4.45 (two sets of ABq, J 12 Hz, 
2 CH,Ph). 

Anal. Calc. for C2sHZ7N07: C, 68.70; H, 5.56; N, 2.86. Found: C, 68.96; 
H, 5.55; N, 2.76. 

BenzyZ 3,6-di-O-benz~~Z-2-deoxy-2-pZ~lZ~aZimido-~-D-gl~fcop}~ranoside (11). - 
Oily 10 (8.0 g, 16.3 mmol) and (Bu$n),O (9.6 g, 16.1 mmol) in toluene (200 mL) 
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was heated under reflux, with stirring, for 2 h at 140” with continuous removal of 

water, cooled, and evaporated it1 vacua. A solution of the residue in benzyl bromide 
(80 mL) was stirred for 4.5 days at 80-90” under argon, cooled, and evaporated in 

vacua, and the residue was chromatograpbed on SiO, (500 g) with 2: 1 toluene- 

EtOAc, to give 11 (6.3 g, 66x), [xlD -9.4" (c 0.8); R,0.55 in 2:1 toluene-EtOAc; 

a:*: 7.63 (bs, 4 H, phthaloyl), 7.33 (s, 5 H, benzyl), 7.00-6.8 (m, 2 benzyl), 5.11 (d, 

J,., 8 Hz, H-l), 4.79, 4.70 and 4.46, 4.44 (two sets of ABq, 2 CH,Ph), and 4.62 (s, 
2 H, CW,Ph); 6,: 97.3 (C-I, ‘JcH 161.8 Hz), 78.6 (C-3), and 70.6 (C-6). 

Anal. Calc. for C,,H,,NO,: C, 72.52; H, 5.74; N, 2.42. Found: C, 72.60; 
H, 5.78; N, 2.35. 

Senzyi 3,6-di-O-ben~y~-2-deo.~~~~-2-pI~tI~ai~t~~ido-4-0-(2,3,4,6-tet~-a-O-acet~I-~-~- 

ga~actopyranosy~)-/3-D-ghcop~ranoside (13). - From a suspension of powdered 

molecular sieve 4 A (60 g, dried in vacua for 14 h at 180 “), HgBr, (4.0 g, 11 mmol), 

and 11 (6.3 g, 10.8 mmol) in Cl(CH&Cl (300 mL) was distilled off Cl(CH,)ICl 

(200 mL). To the suspension was added a solution of bromide 12 (8.9 g, 21.6 mmol) 

in Cl(CH&Cl (50 mL), and from this mixture was distilled CI(CH,)ICl (50 mL). 
The mixture was now stirred for 8 h at 85”, cooled, and filtered through Celite. The 
filtrate was successively washed with aqueous NaHCO, and HZO, dried (MgSO,), 

and evaporated. The residue was chromatographed on SiO, (500 g) with 2 : 1 toluene- 

EtOAc, to give 13 (7.0 g, 71x), [m]n -0.3 o (c 0.62); R, 0.45 in 2: I toluene-EtOAc; 

6,: 7.61 (bs, 4 H, phthaloyl), 7.35 (s, 5 H, benzyl), 7.00-6.78 (m, 2 benzyl), 2.03 
(s, 3 H, AC), 1.99 (s, 6 H, 2 AC), and 1.94 (s, 3 H, AC); 6,: 100.3 (C-l ‘, ‘fCH 162.4 Hz), 

97.4 (C-l, lJCH 162.4 Hz), 77.9, 76.5, 74.8, 74.3, 73.7, 71.0, 70.8, 70.5, 69.5, 67.6, 

67.0, 60.8 (C-6’), and 55.7 (C-2). 

Anal- Calc. for C,,H,,NO16: C, 64.68; H, 5.65; N, 1.54. Found: C, 64X0; 
H, 5-67; N, 1.50. 

1,3,6-Tri-O-acet~~l-2-deox~~-2-pi~tl~alimido-4-0-(2,3,4,6-tetra-O-acet~~l-~-~-g~~- 

~actopyranosy&fi-D-g/lKoj?yranose (14). - A mixture of 13 (440 mg, 0.45 mmol) 

and 10% Pd-C (400 mg) in oxolane (8 mL) was stirred for 20 h at 40” under HZ_ 

T.1.c. examination showed the disappearance of 13, and the formation of a new 

component at RF 0.6 in 25:2 CHCl,-MeOH. Filtration (Celite), evaporation ill 

vacua, and acetylation of the residue in pyridine (8 mL)-A+0 (4 mL) for 4 h at 

10-20” gave a crude solid. Recrystallization from i-PrOH gave p-acetate 14 (275 mg, 

75%); recrystallized from EtOAc-EtOH, m-p. 285-286”, fi]n +29.6” (c 0.24); 

RF 0.17 in 2: 1 toluene-EtOAc, and 0.50 in 20: 1 CH,Cl,-acetone; S,,: 7.92-7.64 (m, 

4 H, phthaloyl), 6.48 (d, 1 H, .J,,, 8 Hz, H-i), 2.14 (s, 2 AC), 2.05 (s, 2 AC), 1.98 (s, 

AC), 1.96 (s, AC), and 1.90 (s, AC). 

Anal. Calc. for C,,H,gN0,9: C, 53.33; H, 5.13; N, 1.82. Found: C, 53.21; 
H, 5.10; N, 1.71. 

3,6-Di-0-acet~~l-2-deo_~y-2-phrkalimido-4-O-(2,3,4,6-tetra-O-acet~~-~-~-ga~acto- 

p~ra~?O~~~)-~-D-g~~rCO~yra~ZO~~~ clzloride (6). - A solution of 14 (62 mg) in Cl(CH,),Cl 

(3 mL) was saturated with dry HCI, stirred for 16 h at 20-25O, and evaporated irz 

sacuo. A solution of the residue in EtOAc (20 mL) was successively washed with 
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aqueous NaHCO, and H20, dried (MgS04), and evaporated in vacua, to afford a 
residue that crystallized from EtOAc-i-Pr,O to give 6 (25 mg, 40x), m-p. 189.5- 

190.5”, [a]n f29.5” (c 0.33); RF 0.27 in 2: 1 toluene-EtOAc; 6,: 7.9-7.6 (m, 4 H, 

phthaloyl), 6-16 (d, J1 ,2 9 Hz, H-l), 2.14 (s, AC), 2.10 (s, AC), 2.04 (s, AC), 2.02 (s, 

AC), 1.94 (s, AC), and 1.90 (s, AC). 

Anal. Calc. for C32H,&1N0,7: C, 51.71; H, 4.89; N, 1.89. Found: C, 51.65; 
H, 5.11; N, l-78. 
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