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ABSTRACT 

2,2,2-Trichioroethyi 3,6-d~-O-benzyi-2-deoxy-2-phthaiimido-~-o-giucopyrano- 
side (9) was synthesized in 6 steps from the readily available 1,3,4,6-tetra-0-acetyi-2- 
deoxy-2-phthaiimido-/J-o-giucopyranose in 25’%, overall yield by employing the 
stannyl method for the regioseiective activation of hydroxyi groups. Dibenzyi ether 9 
was then giycosyiated with approprrate giycosyi donors to afford iactosannne and 
chitobiose derivatives in good yield. 

INTRODUCTION 

Giycan chains linked to giycoproteins at ceil surfaces carry such typrcal, common 
sequences” as 1 and 2. A synthetrc approach towards such sequences could be exe- 
cuted only when an efficient method for the giycosyiation of the 4-hydroxyi group of 
a suitably protected GicNAc residue had become avariable. 

In 195S, giycosyiation of the 1,3,6-triacetate 3 was first conducted, although 
in very low yieid3. Since then, several 3,6-di-O-substituted derivatives of GicNAc, 
such as 4, have been prepared as smtabiy giycosyi acceptors’ for the synthesis of 
disaccharides. In a preceding paper’, we descrrbed the synthesis of the 6-O-acyi- 
3-0-benzyl derivative 5. We now report an efficient syntheses of the 3,6-dibenzyi 
ether 9 from tetraacetate5 6, and also eftictent giycosyiation of 9 with three kinds of 
glycosyi hahde. 

RESULTS AND DISCUSSION 

The intermediate 11 for synthesis of the dibenzyl ether 9 could be prepared by 
some modifications of the original procedure reported by Lemieux et ~1.~. The 
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reaction of j$tetraacetate 6 with Bu,SnOCH,CCI, in the presence of SnCI, according 
to a reported procedure’ gave a 78 o/o yield of crystalline /3-glycoside 10. The CL anomer6 
of 6, however, gave only a poor yield of 10 under the same conditions. The reaction 

of P-chloride 7 with Bu,SnOCH,CCI, at 80” gave only glycal 21 in 12% yield, and 

50% of 7 was recovered unchanged. Deacetylation of 10 to 11 was conducted both 
under acidic conditions according to Lemieux et al. 6 in 76 o/0 yield, and under basic 

conditions (ZemplCn) in 64% yield. 

HzCOAc H2COR’ 
HaCOAc 

Ac:aX R’:-OCHzcc,, *:co O 

NP NPhth * 
NPhth 
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R3= Bz R*= H 

R2 = BzaR3= H 

EiZ.R2Z Rx= H 

0n.R2=R3= H 

R” = 6” R3 = H 

R2 = R3 = en 

R’ = HsR3= Bn 

Ac,R2 = H,R3 = Bn 

R’= Bn R’=Ac , 

Regioseiective activation of the three hydroxyl groups of 11 could be performed 
by the stannylation-acyIation procedure a_ Stannylation of 11 with 3 equivalents of 
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(Bu,Sn)zO, and subsequent treatment with 3 equwalents of benzoyl chloride for 1.5 h 
at 20-25 O, afforded the 3,6-dibenzoate 12 and the monobenzoate 14 in SO and 11 oA 
yield, respectively_ However, stannylation of 11, and subsequent benzoylatron for 
16 h at 20-25”, led to the isolation of 3,6-dibenzoate 12 and 4,6-drbenzoate 13 in 

82 and 5 y0 yreld, respectively. The structure of 12 was assigned accordmg to the *H- 

and ‘3C-n.m.r. data, which showed a deshielded, double doublet at 8 6_OS, with 

J 1.3 10 and J3.4 8 Hz for H-3, and two deshielded signals for C-3 and C-6, at 6 73.3 
and 63.2. Thus, it was concluded that the stannylation-acylation sequence applied 
to 11 gave the 3,6-dibenzoate as the major product. Examinatron of the stannylation- 
alkylation sequence’ of 11, however, showed poor regioselectivity. Thus, stannylation 

of 11 with 3 equivalents of (Bu,Sn),O, and subsequent reaction with benzyl 
bromide for 4 days at 75-SO”, =, =ave the monobenzyl ether 15 m 60% yield. Further 
reaction with benzyl bromide, at IOO-IOS”, led to the isolatron of 3,6-drbenzyl ether 

9,4,6-dibenzyl ether 16, and 15, in 9.3,4.3, and 14.1 “/, yield, respectively. The structure 
of benzyl ether 15 was determined from its 13C-n.ni.r data, whrch showed a deshielded 

signal for C-6 at 6 70.3. The structure of 9 was also assigned from us 13C-n m r 
data, which showed two deshielded signals for C-3 and C-6, at 6 79 6 and 70.1, 
respectively, and a shielded signal for C-2 at 8 56.1, due to the fl-effect. Furthermore, 
structure 9 was confirmed by an unambrguous synthesis described later. The structure 
of dibenzyl ether 16 was assigned according to its ‘3C-n.m.r. data, which showed two 
deshielded signals for C-4 and C-6, at 8 79.3 and 69.7, respectively, and the signal 

for C-2 at S 58.0 with no P-effect. As stannylation of 11 and subsequent benzylation 
gave only a poor yield of the desired benzyl ether 9, an alternative, synthetic sequence 
was next studied. 

Benzylidenatron of 11 with benzaldehyde and ZnCl, afforded the known 
benzylidene derivative6 22 in 70”/, yield. Subsequent benzylatron of 22 wrth benzyl 

bromide and NaH gave crystalline benzyl ether 23 and a minor product (25) In Sl 5 
and 4”/, yield, respectively. The structure of the minor product 25 was assigned from 
the presence, in its ‘H-n m-r. spectrum, of a singlet at 8 6.68 for a vinylic Froton, and 
a singlet at S 5.62 for a dialkoxy benzyl proton of a benzylidenc group. Similar 
dehydrochlorination was observed as a side reaction in the benzylation of 11 to give 
17, and 24 was isolated in 3.2 % yield. Acid solvolysis of the benzyhdene group of 23 
in 60% aq. AcOH gave the 3-benzyl ether 18 and its 6-acetate 19 in 81.4 and 3 5 “/, 
yield. The ‘3C-n.m.r. spectrum of 18 reasonably showed a deshielded signal for C-3 
at 6 79.6 and a shielded signal for C-2 at 6 56.1. Selectrve benzylation of the primary 

NPhth 

R’O HZC 

R’“R~O~C, 

NPhth 
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hydroxyl group of 18 could be effected, giving 9 in 89 % yield, by the stannyl method, 
as for the transformation of 11 into 15. The structure of 9 was assigned according to 
the synthetic sequence, and also by its transformation into acetate 20, which showed 

in its ‘H-n.m.r_ spectrum a deshielded triplet for H-4 at 6 5.14 (with f3,s = Jbv5 = 

9.5 Hz), thus proving selective monobenzylation at the 6-hydroxyl group in 18 Thus, 
the dibenzyl ether 9 was prepared in 6 steps, starting from the readily available tetra- 
acetate 6, in 25% overall yield. The same dibenzyl ether 9 could also be prepared in 
3 steps rin direct benzylation of trio1 11, but in only 5 y0 overall yield from 6. 

As the key glycosyl acceptor 9 was now available by virtue of an efficient 

procedure, the reaction of 9 with glycosyl donors was next studied. Having such 
glycan sequences as 1 and 2 in mind, gIycosyl donors 26, 8, and 31 were chosen 
for the experiments. Treatment of 9 plus the D-galactosyl bromide 26 in the presence 
of silver triflate and 1,1,3,3-tetramethylurea at 20-25” according to the Hanessian- 
Banoub conditions” afforded the lactosamine derivative 27 in 73 0A yield. A newly 
formed anomeric stereochemistry in 27 and its deacetylation product 28 was assigned 

as p according to the r3C-n m-r. data for 27 and 28, which showed a signal for C-l ’ _ 
at 6 100.3 with ‘JCH 164.8 Hz, and at 5 102.9 with ‘Jo,, 155.9 Hz, respectively”. 

Glycosylation of 9 with b-bromide 8 in the presence of silver triflate and the 
proton spongeI 29 afforded a 61 y0 yield of the protected chitobiose 30. The structure 

of 30 was assigned from its ‘H- and ‘3C-n.m.r. data_ The ‘H-n.m.r. spectrum of 30 
revealed two doublets, at 6 5.55 with J 8 Hz and 6 4.95 wrth J 10 Hz, for H-l and H-l ‘, 
respectively, and the ‘3C-n.m.r. spectrum showed two signals, for C-l and C-l’, at 
6 96.6 wnh ‘JcH 166.5 Hz and S 98.6 with ‘JcH 160.0 Hz, respectively, in agreement 
with the B-D configuration of C-l ‘_ 

Finally, the reaction of 9 with the 2,4-di-O-benzyl-cr-D-mannopyranosyl 
chloride 31 under the Hanessian-Banoub conditions resulted in the formation of the 

product of rr-D-mannosylation, giving rise to 32 in 58.2% yield. The a configuration 
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HZCOAc 

31 

Cl 

32 

NPhth 

of C-l’ of 32 was assigned from the presence of a signal for C-I’ at 6 98.6, with 
lJcH 170 6 Hz, in its ‘3C-n.m r. spectrum. 

In conclusion, an efficient route for the synthesis of the glycosyl acceptor 9 
has been developed, and its reactivity towards the glycosyl donors 26, 8, and 31 has 
been proved. 

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 U-ICI, 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; E. Merck, Darmstadt, 
Germany) of Silica Gel 60 F2+ 1-r. spectra were recorded with an EPI-G2 Hitachi 
spectrophotometer, as KBr discs for the crystalline samples, and as neat films for the 
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 JNM-FX IOOFT n m-r. spectrometer operated at 25.05 MHz. 
The values of 6, and 6, are expressed in p-p-m_ downwards from the internal standard 
for the solutions in CDCl,, unless otherwise noted. 

2,2,2-Triclzlol oethyl 3,4,6-tri-O-acetyI-2-deo_q -2-plltl7nlinrido-ll-D-glrrcop_lrr-rrno- 

side (10). - (A) To a solution of /I-acetate 6 (477 mg, 1 mmol) and Bu,SnOCH&CI, 
(450 mg, 1 mmol) in Cl(CH2),Cl (5 mL) was added SnCl, (0. I2 mL, 1 mmol). The 
mixture was stirred for 15 h at 25”, and poured into ice-water (50 mL, contammg 0.5 8 
of NaOAc) and EtOAc (50 mL). Insoluble substances were filtered off through 
Celite, and the aq. phase was extracted with EtOAc. Theorganiclayers werecombined, 
successively washed with HzO, aq. NaHCO,, and H20, dried (MgSO,), and evapor- 
ated to give an oil. Trituration with ether gave crystalline 10 (440.2 mg, 77.7x), 
m-p. 18%189”, [x]~ t5.6” (c 0.68); R, 0.49 in 20: 1 CHCl,-Me&O; 8,: 5 92 (dd, 
J 1.3 11, J3.4 10 Hz, H-3), 5.60 (d, J1,? 8 Hz, H-l), 5.19 (t, J3.3 = J,,, = IO Hz, 
H-4), and 2.12, 2.04, and 1.88 (s, 3 OAc); 6,: 98.8 (C-l, ‘Jo, 164 7 Hz), 54 3 (C-Z), 
70.1 (C-3), 68.7 (C-4). 72.0 (C-S), 61.7 (C-6), 80.6 (0-CH,CC13), 95.6 (Ccl,), 20.4 
(AC), 20.6 (AC), and 20.7 (AC). 

Anal. Calc. for Cz,H2&13N0,,: C, 46.62; H, 3.91; Cl, 18.77; N, 2.47. Found: 
C, 46.67; H, 3.84; Cl, 18.59; N, 2.45. 
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(B) The x anomer of 6 (1 mmol) was treated as described in (A) for 24 h at 
25”. The usual processing, and chromatography on SiO, (200 g) with 20: 1 CHC13- 

Me&O, afforded 10 (157.2 mg. 27.7 %)_ and the x anomer of6 was recovered in 46.6 % 

yield. 
3,4,6-Tki-O-acetyI-1,5-ad~~ d-o - 2 -dco_q - 2 -plrtlralirlti~o-o-arabino-hex-- I - enitol 

(21). - A solution of /I-chloride 7 (454 mg, 1 mmol) and Bu$nOCH&Cl, (450 mg, 

1 mmol) in Cl(CH&Cl (5 mL) was stirred for 6 days at 75-80”. The mixture was 
cooled, and evaporated, and the residue was chromatographed on SiOZ (120 g) 
with 15 : 1 CHCl,-MelCO to give 21 as an oil (49.1 mg, 1 I.8 “/,); [x]~ - 15.0” (c 0.20); 
RF 0.53 in 15: 1 CHCl&4e,CO; ii,,: 6.77 (s, H-l), 5.61 (d, J 4 Hz, H-3), and 

5.32 (t, J3.4 = Ja,5 = 4 Hz, H-4). 
&al. Calc. for CI,H,,NOs,: C, 57.55: H, 4 59; N, 3.36. Found: C, 57.29; 

H. 4.52: N, 3.34. 
About SOo/, of chloride 7 was recovered from the less-polar fractions_ 
2,2,2-Tricl~loroetl~~I2-~eos~~-2-phtl~alirlli~o-~-~-~l~tcop~ rartoside (11).-(A) Com- 

pound 10 was treated in aq. HCl-Me,CO according to the procedure of Lemieux 
et a1.6, to give crystalline 11 (75.6 :6)_ 

(B) A suspension of 10 (283 m,o, 0.5 mmol) in MeOH (2.5 mL)-0.1~ NaOMe 

in MeOH (2 mL) was stirred for 23 h at 20”. Neutralization wrth Amberhst 15 (H’), 

filtration, evaporation of the filtrate, and chromatography of the residue on SIO, 
(30 g) with 1: 1 EtOAc-Et?O, gave 11 (141 m g, 64.0 y/,), m p. 23 l-232 O, [ctlD -36.0 o 

(c 1.05, MezCO); RF 0.54 in 1 - 1 EtOAc-Et?O; 6,: 5.4 (d, J 8 Hz, H-l )_ 4.33 (d, 
CH&Cl,); do (CD,COCD,): 99.9 (C-l_ ‘J,, 169 Hz), 57.7 (C-2), 72.4 (C-3), 71 .S 

(C-4), 77.9 (C-5), 62.5 (C-6), S 1.1 (OCH,CCl,), and 97.4 (CCL,). 
Anal. Calc. for Cr6H,,Cl,NO,: C, 43.61; H, 3.66; Cl, 24.14; N, 3.15. Found: 

C, 43.71; H, 3.68; Cl. 23.58; N, 3.25. 

Z,Z,Z-T~icAlor-oetfiyi 3,6-di-O-berr=oJ I- 2-deo_~y-2-phthalin?ido-~-~-gh~cop~~rano- 

side (It), 2,2,2-trichioroet!zyI 4,6-~ii-O-be~rI~oyI-2-deo_~~~-2-phtl~ali~nido-~-~-,ol~rcop~~r-n- 

noside (13), arzd 2,2,2-tricJdoroetlzy1 6-0-be~lroyl-2-deo_~y-2-phthalirnido-~-~-g~~tco- 

p>Jranoside (14)_ - (A) A mixture of 11 (427 mg, 0.97 mmol) and (Bu3Sn)20 (899 mg, 
1.5 mmol) m benzene (50 mL) was boiled for 3 h under reflux, with continuous remo- 
val of water, cooled, concentrated to 10 mL, and treated with BzCl (422 mg, 3 mmol) 
for 1.5 h at 20-25”. Evaporation in vacua, and chromatography of the residue on 

SiOz (200 g) with 10: 1 CHCI,-Me&O, afforded crystalline drbenzoate 12 (505 mg, 
SO.3%), m-p. 91-93O, CrlD -F 43-S’ (c 0.32); I?, 0.36 in 15: 1 CHCl,-Me2CO; 6,: 
6.05 (dd, J2,3 10, Jx,4 8 Hz, H-3), 5.07 (d, J,,, 8 Hz, H-l), 4.57 (dd, J,., 8, J,,, 

10 Hz, H-2), and 3.64 (bs, OH); S, (CD,COCD,): 95.6 (C-l, ‘JCH 166.0 Hz), 54.2 
(C-2), 73.3 (C-3): 70.0 (C-4), 74.4 (C-5), 63.2 (C-6), SO.3 (CH,CCl,), and 95.6 

(CCl,)- 
Anal Calc. for Cs,H,,ClsNO,: C, 55.53: H, 3.73; Cl, 16.39; N, 2.16. Found: 

C, 55.63; H, 3.Sl; Cl, 16.36; N, 2.08. 
Further elution gave monobenzoate 14 (60.1 mg, 1 l-40/,), m-p_ 1s 1_5-182_5”, 

[u],, -57.5” (c 0.32); RF 0 05 in 15: 1 CHCl,-MezCO; a,,: 5.44 (d, J,,? 8 Hz, H-l); 
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2,2,2-Trichloroetlz~d 3,4,6-tr i-O-berl~~~l-2-~eo_~y-2-p~~tI~aii~li~o-~-~-gt~~cop~~rano- 

side (17) and 2,2-~icltIoro~~i~~~,I 3,4,6-tr-i-O-be~~~~~i-2-~eo~~-2-pl~t~~aii~~~i~o-~-~-gi~~co- 

pyranoside (21). - To a suspension of NaH (60x, 200 mg) in HCONMez (5.5 mL) 
was added a solution of 11 (427 mg, 0.97 mmol) in HCONMe, (2 mL) and benzyl 

bromide (0.6 mL, 5 mmol) at -10 to 0”. After being stirred for 4.5 h at O-IO”, the 

mixture was processed, and the crude product was chromatographed on SiOz (150 g) 
with 20 : 1 toluene-EtOAc to give tribenzyl ether 17 (160.1 mg, 23.2 %), m-p. 103-106 O1 
b]n t27.2” (c 1.16); RF O-36 in 20: 1 toluene-EtOAc: a,,: 7.62 (s, 4 H, phthaloyl), 

7.31 and 7.12 (s, 2 benzyl), 6X-7.05 (tn. 5 H, benzyl), and 5.33 (d, J,_? 8 Hz, H-l); 
6, (CDJOCD,): 99.7 (C-l, rJcH 161.5 Hz). 56.3 (C-I), SO.1 (C-3), 79.7 (C-4), 75-S 
(C-5), 69.3 (C-6), SO.7 (CH,CCl,), 97.0 (Ccl,), 75.2 (3-O-CH,Ph and 4-U-CH,Ph), 
and 73.6 (6-O-CH?Ph). 

Anal. Calc. for C3,HsSC13N07: C, 63.50: H, 4.82; N, 1.97. Found: C, 63.70; 

H, 5.08; N. 1.88. 
A minor product (24) was also isolated from the less polar fractions (20.8 mg, 

3.2%): m-p. 99-102”, [~]n +3X0”; RF 0 41 in 20- 1 toluene-EtOAc; 6rr: 7 66 (s, 
4 H_ phthaloyl). 7.32 and 7.23 (s, 2 benzyl). 6.82-7.05 (m. 5 H, benzyl), 6.71 (s, 

HC=CCl,), and 5.41 (d, J,_, 9 Hz, H-l). 

Anal. Calc. for C,,H,,CIINO,: C, 65.88: H, 4.93; Cl, 10.51; N, 2.05 Found: 
C. 65.45: H, 5.16: Cl. 9.59; N. 1.91. 

Z,Z,'-Triclrloroe?r~~I 4,6-O-ben=~~~~eJ?e-2-rleo_~~-2-phthnl~J?liaO-~-D-g~llCOp~I-ano- 

side (22). -To a suspens;on of 11 (5.7 g, 13 mmol) in benzaldehyde (13.8 g, 130 mmol) 

was added, portionwise, powdered ZnCl, (1.S g, 13 mmol) with vi,oorous stirring. 
The mixture was stirred for 1 lay at X&25”, and was then slowly poured into a 
vi,oorously stirred bilayer of saturated NaHCO, (100 mL), i-Pr,O (100 mL), and 

petroleum ether (200 mL). The precipitated crystals were collected, washed with 
water and petroleum ether, and air-dried (7.9 g)_ Recrystallization from i-PrOH 

(SO mL) gave 22 (4.80 g, 70-O%), m-p. 203-205”, b]n -43.1 o (c 0.54); RF G.42 

in IS: 1 CHCl,-Me&O; 6,: 5.56 (s, 1 H, benzylidene) and 5.42 (d, Jlsz 8 Hz, H-l); 
6, (CD,COCD& 100.4 (C-l, ‘,TcH 165.7 Hz), 57.9 (C-2), 67.4 (C-3), 82.4 (C-4), 
6S.5 (C-5), 65.5 (C-6), 81.0 (CH?CCl,), and 97.0 (Ccl,). 

Anal. Calc. for C,,H,OCi,NO,r C, 52.24; H, 3.81; Cl, 20.11; N, 2.65. Found: 
C, 52.39; H, 3.89; Cl, 19.08; N, 2.58. 

2,2,2-Tt-icJdoroethyI S-O-ben~yyl-4.6-0-ben~~~Ii~ene-2-neosJ’-2-pl~tlralin~i~o-~-~- 

glrrcopJ*ranoside (23) and 2,2-dichlorovinyl 3-0-benzyI-4,6-0-benzylidene-2-deox~-2- 

phthalirnido-/3-D-ghrcopyranoside (25). - To a suspension of NaH (60%; 1.76 g, 

44 mmol) in 1,Zdimethoxyethane (DME, 25 mL) was added dropwrse a solutron of 
22 (15.55 g, 29.4 mmol) in dry DME (25 mL) at -5 to 0”, and the mixture was stirred 

for 1 h at 20”. To this mixture was added dropwise benzyl bromide (5.2 mL, 44 mmol) 

at O-5”, and the mixture was stirred for 3 h at 20-25”. The usual processing afforded 
an oily residue that crystallized from 1: 1 hexane-petroleum ether to give 23 (14.54 g, 
81.5%) which contamed a trace of less polar byproduct 25. An analytical sample 
of 23 was obtamed by chromatography on SiO 1 with 20: 1 toluene-EtOAc; m-p. 
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154.0-I 55.5 O) [a] o t32.6” (c 0.31); R, 0.47 in 20: 1 toluene-EtOAc; 6,. 7.68 

(s, 4 H, phthaloyl), 7.35-7.6 (m, 5 H, benzyhdene), 6 W-7.1 (m, 5 H, benzyl), 5.63 
(s, 1 H, benzylidene), and 5.44 (d, J, ,z 8 Hz, H-l). 

Anal. Calc. for C,eH,,Cl,NO,: C, 58.22; H, 4.24; N, 2.26. Found: C, 58.35; 
H, 4.24; N, 2.26. 

A less polar byproduct (25) was isolated in 4% yteld by chromatography on 

SiOl with 20: 1 toluene-EtOAc; [u-Jr, +37-O’ (c 0.135); R, 0.54 m 20: 1 toluene- 
EtOAc; S,: 7.70 (s, 4 H, phthaloyl), 7.3-7.6 ( m, 5 H, benzyhdene), 6_85-7.05 (m. 
5 H, benzyl), 6 68 (s,-HC =CClz), 5.62 (s, benzylidene), and 5.47 (d, J, ,:! S Hz, H-l). 

2,2,2-T~icl~Ior-oetl~~~i 3-0-benzyI-2-deo_v~ -~-pllthalir?lino-pr,-glllcop~l anode (18) 

ad 2,2,2-t] ichlor-oethyl 6-O-acetlI-3-0-be~~~~~I-2-~eo_~~ -2-phthalitlti~o-l)-D-glttcop~~~t- 

noside (19). - A suspensron of 23 (14.63 g, 23.6 mmol) m 3 :2 AcOH-HZ0 (200 mL) 

was stirred for 1.5 h at 95-100”. Evaporation in vacua, and chromatography of the 
residue on SiO,, (500 g) with 3 I 1 toluene-EtOAc, gave 18 (10.95 g, 87.5%); crystals 
(10.17 g, 51.4%) from EtzO-petroleum ether, m p_ 55.~86.5”, [qlD + 10.5” (c 
0.965), -I-33.3” (c 0 585, acetone); RF 0 11 in 3 - 1 toluene-EtOAc; 8,, (CD,COCD,): 

7.80 (s, 4 H, phthaloyl), 6.9-7.1 (m, 5 H, benzyl), and 5.47 (d, J, 1 S Hz, H-l); 
6c (CD,COCDs): 99.6 (C-l, ‘JCH 163.3 Hz), 56.1 (C-2), 79.6 (C-3), 72.9 (C-4), 

77.8 (C-5), 62.3 (C-6), SO.7 (CH&Cl,), 97.2 (Ccl,), and 74.7 (3-O-CHsPh) 
Anal- Calc. for CZ3H,,Cl,N0,: C, 52 04: H, 4.18: Cl, 20.04; N, 2.64. Found: 

C, 52.78; H, 4.25; Cl, 19.05; N, 2.67. 
From the less polar fractrons of the chromatogram, 6-acetate 19 (475 5 mg, 

3.5%) was isolated; crystals from EtOAc-i-PrzO, m-p. 167.5-168.5”, [g]P -7.0” 
(c 0.345); RF 0.32 in 3: 1 toluene-EtOAc; S,,: 7.68 (s, 4 H, phthaloyl), 6.9-7-l (m, 
5 H, benzyl), 5.37 (d, J,,, 8 Hz, H-l), and 2.14 (s, OAc); Sc (CD,COCD,): 101.2 

(C-t, ‘JCH 164.7 Hz), 57.4 (C-2), 80.8 (C-3), 73.9 (C-4), 76.4 (C-5), 64.9 (C-6), 
82.3 (CH,CCl,), 96.4 (Ccl,), 76.3 (3-0-CH?Ph), and 22.0 (OAc). 

Anal. Calc. for CzsHz4C13N0s: C, 52.42; H, 4.22; Cl, 15.57; N. 2.45. Found: 
C, 52.43; H, 4.26; Cl, 17.44; N, 2.45. 

2,2,2-Triclrloroetl~_vi 3,6-dr-0-benzyl-2-deos, -2-plrthalit?tt~o-p-~-glllcop~t ar~osidc 

(9). - A suspension of 18 (9.82 g, 18.5 mmol) and (Bu,Sn),O (11.1 g, 18.6 mmol) in 
toluene (500 mL) was boiled under reflux, with continuous removal of water, for 
4.5 h, cooled, and evaporated irl vaczro A solutron of the resrdue in benzyl bromide 
(95 mL) was stirred for 6 days at 80-85” under argon, cooled, and evaporated itz 

vacua. A solution of the residue in CHICI, was successtvely washed with 0.2b1 aqueous 
Na,S (95 mL) and H,O, dried (MgSO,), and concentrated. Chromatography of 
the concentrate on SiOl (1 kg) wrth CHCl,-Me2C0 (30: I-10: 1) gave drbenzyl 
ether 9 (10.27 g, 89.4x), b]b + 10.1 o (c O-685), RF 0.24 in 30 _ 1 CHCl,-MelCO: 

an: 7.68 (bs, 4 H, phthaloyl), 7.32 (s, 5 H, benzy:), 6 9-7.15 (m, 5 H, benzyl), 5.38 

(d, J,,, 8 Hz, H-l), and 2.93 (bs, OH); S, (CD,COCD,): 99.7 (C-l, ‘J,-,, 166.2 Hz), 
56.1 (C-2), 79.6 (C-3), 72.9 (C-4), 76.7 (C-5), 70.1 (C-6), SO S (CHzCC13), 96.9 
(Ccl,), 74-S (3-O-CH,Ph), and 73.6 (6-O-CH?Ph). 
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AnaZ. Calc. for CS,H,,CI,NO,: C, 58.03: H, 4.55; Cl, 17.13; N, 2.26. Found: 
C. 58.04; H, 4.49; Cl, 16.63; N, 2.25. 

2.2,2-TrichIoroeth~ i 4-0-acetyI-3,6-di-0-benzyl-2-deo_~y-2-pl~t~~a~imido-~-D-glu- 

copyranoside (20). - Compound 9 (250 mg, 0.45 mmol) was treated with AczO 

(1.5 mL) and pyridine (I .5 mL) for 16 h at 20”. The usual processing, and chromato- 
graphy on SiOa (20 g) with 10 I 1 toluene-EtOAc, gave crystallme 20 (296 mg, 99.3 “/“), 

m-p. 115-L 17”, [x]~ f38.4” (c 0.55); RF 0.76 in 15 : 1 CH2Cl,-MQCO; S,: 7.95 

(bs, 4 H. phthaloyl), 7.28 (s. 5 H, benzyl), 6.84-7.08 (m, 5 H. bcnzl I), 5.36 (d, 
J,_? S Hz, H-l), and 5.14 (t, JxV4 = JaV5 = 9.5 Hz. H-4)_ 

Anal. Calc. for C,2H,,Cl,NOs: C, 57.97; H. 4.56; Cl, 16.05; N, 2.11. Found: 

C. 57.S2; H, 4.46, Cl, 15.22; N, 2.06. 
2,2.2-TricJzCoroeth[ 3,6-di-O-ben~_vI-2-~eo_~y-2-pl~tlmli~t~i~o-4-0-(2,3,4,6-tc~tra- 

0-acet_1 i-8-D-gaZactopJ7-~*lo~, I)-B-D-g/~rco~yrafro~ide (27). - To a mixture of 7 (124 

mg. 0.2 mmol), AgOS02CF3 (141 mg, 0.55 mmol), and 1,1,3,3-tetramethylurea 

(0-l mL) was added a solution of 26 (164 mg, 0.4 mmol) in CI(CH2)Cl (1.5 mL) 
at 20”, and the mixture was stirred under argon for 21 h at 20-25”. The usual pro- 

cessing, and chromatography on SIO, (20 g) with 3 : 1 toluene-EtOAc, afforded 27 

(135 mg. 72.6 %), plD - 12.4” (c 1.05); R, 0.37 in 3 : 1 toiuene-EtOAc; &,: 7.7- 

7.55 (4 H, phthaloyl). 7.35 (s, 5 H, benzyl), 7.15-6.8 (m, 5 H, benzyl), 2.03 (OAc), 

2_00(2OAc),and 1.95 (OAc): 6,: 100.3(C-l’,1JCH 164.8 Hz),99.1 (C-1,‘Jc, 165.OHz). 
Anal. Calc. for Cs8H,,Cl,N0,,: C, 55.56; H, 4.87; N, 1.47. Found: C, 55.37: 

H. 4.75; N, 1.24. 

2,2,2-Tricllloroetll~ I3,6-d~-O-ben~yl-2-deo~y-4-0-/3-D-galactopy~-a~~osyi-2-pl~tha- 

Zinzido-P-D-QlucopJrafzoside (28). - A solution of 27 (69 mg, 0.07 mmol) in MeOH 
(10 mL)-Et,N (0.5 mL) was stirred for 15 h at 60”, cooled, and evaporated_ Chroma- 

tography of the residue on SiO, (7 g) with 10: 1 CHCI,-MeOH gave 28 (32 mg, 
58.2%); RF 0.32 in 10: 1 CHCl,-MeOH; 6,: 99.0 (C-l, ‘J,-” 164.7 Hz), 55.5 (C-2), 

77.8 (C-3), 77.3 (C-4), 74.5 (C-5), 69.3 (C-6), 102.9 (C-l’, ‘JcH 155.9 Hz), 72.2 

(C-2’), 73.7 (C-3’), 67.9 (C-4’), 74.9 (C-5’), 62.4 (C-6’), 80.3 (CH2CCl,), 96.0 (Ccl,), 
74.9 (3-O-CH,Ph), and 73.4 (6-O-CHIPh)_ 

2,2,2-TI icltloroetllyl 3,6-di-O-ben=yi-2-deo.~y-2-pl~tJ~aIi~nido-4-0-(3,4,6-tri-O- 

acety~-2-deos~~-2-p/t~ralin?ido-P_D-gl~~cop~ranosyi)-~-D-gi~~cop~~rat~oside (30). - To a 

mixture of 9 (186 mg, 0.3 mmol), AgOS02CF, (240 mg), and 3,4-dlhydro-2W 

pyrido[ 1.2~alpyridin-2-one (29; 132 mg) was added a solution of 8 (299 mg, 0.6 mmol) 
in Cl(CHXL (4 mL) under argon. The mixture was stirred for 16 h at 20-25”, and 

filtered through Celite. The filtrate was successively washed with dilute HCI, HzO, 

aqueous NaHCO,, and aqueous NaCl, dried (MgSO,), and evaporated_ Chromato- 
graphy of rhe residue on SiOZ (20 g) with 3 : 1 toluene-EtOAc afforded 30 (189 mg, 

60.7 %), [x]~ - 17.0’ (c 0.5); RF 0.63 in 2: 1 toluene-EtOAc; 6, 8.0-7.6 (m, 4 H, 

phthaloyl), 7.6 (bs, phthaloyl), 7.32 (s, 5 H, benzyl), 7.2-6.8 (m, 5 H, benzyl), 5.79 

(dd, J 8, 9 Hz, H-3’), 5.55 (d, JlV2 8 Hz, H-l), 4.95 (d, J,.,,, 10 Hz, H-l’),and 1.99, 

1.96, and 1.84 (3 AC); 6,: 98.6 (C-l, ‘JcH 160 Hz) and 96.6 (C-l ‘, ‘JcH 166.5 Hz). 
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Anal Calc. for C,,H,,Cl,N,Or,- C, 57.84; H, 4.56; N, 2 70 Found- C, 57 55; 
H, 4.48; N, 2.45. 

2,2,2-Tricldol odd 3,6-rii-O-ben~~l-2-~eo_~~-4-0-(3,6-rii-O-acet~~l-2,4-rli-O-be~r- 
~~~[-u-D-~~tarmopJ,ra,los~~i)-2-pl~tJ~a~~i~~i~o-~-D-g~~~~op~~r-at~osi~e (32). - To a solution of 

3,6-dibenzyl ether 9 (125 mg, 0.20 mmol), AgOS02CF, (160 mg, 0.62 mmol), and 
l-1.3.3-tetramethylurea (0.2 mL) in CH2Cl-, (0.25 mL) was added a solution of 
D-mannopyranosyl chloride 31 (1 SO I-I=, L = 0.39 mmol) in CH2Cl, (0.25 mL) at - 10”. 
and the mixture was stirred for 1.5 days at 20-25”. The mixture was diluted with 
CHJI,, and fiitered through Celite, and the filtrate was washed with aqueous 
NaHCO,, dried (MSSOJ, and evaporated_ Chromatography of the residue on SIO~ 
(100 g) with 6: 1 toluene-EtOAc afforded 32 as a colorless glass (122 mg, 58.2 “/,); 
[a]b f32.1 o (c 0.265); R, 0.66 in 3 : 1 toluene-EtOAc: a,, 7.62 (s, 4 H. phthaloyl), 
7.25 (s, 5 H, benzyl), 6.8-7-O (m, 5 H, benzyl), 5.3 1 (d, J, _’ S Hz, H-l ), and 1.93 and 
1.99 (s, 2 OAc): Sc: 99.7 (C-l, ‘Jc,, 166 Hz), 55.3 (C-2), 79.3 (C-3), 75.7 (C-4). 

74.6 (C-5), 68 7 (C-6), 80.1 (CH&Cl,), 95.7 (Ccl,), 98.6 (C-l’, ‘Jcr, 170.6 Hz), 
76.1 (C-2’), 73.1 (C-3’,4’), 70.6 (C-5’), 63.2 (C-6’), 72.3, 73.1, and 74 4 (4 CH,Ph. in 
the ratio of 1 : I :2), and 20.7 and 20.9 (2 AC). 

Anal. Calc. for C,,H,,Cl,NO,,: C, 61 92; H, 5 20; Cl, 10 16; N, I 34 Found: 
C, 62.09; H, 5.20; Cl, 9.63; N, 1.27. 

Further elution afforded recovered 9 (45.3 mg, 36%). 
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