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ABSTRACT

The synthesis of branched trisaccharide and pentasaccharide portions of the cell-wall polysaccharide
of the -hemolytic Streptococci Group A is described. The key dissaccharide acceptors, allyl or 8-(methoxy-
carbonyloctyl  3-0-(3,4,6-tri-O-benzyl-2-deoxy-2-phthalimido-f-p-glucopyranosyly-4- O-benzyl-a-L-rha-
mnopyranoside, in conjunction with a selectively blocked a-L-rhamnopyranosy! chloride under Koenigs—
Knorr conditions, afforded the branched trisaccharides in 81 and 62% yield, respectively. Analogously,
glycosylation of the 8-(methoxycarbonyl)octyl disaccharide with a protected f-D-GlepNAc-(1-3)-a-L-
Rhap-(1 —3)-a-L-Rhap chloride gave the pentasaccharide in 43% yield. The key disaccharide acceptors were
obtained, in turn, from the allyl or 8-(methoxycarbonyl)octyl rhamnoside acceptors and 3,4,6-tri-O-
benzyl-2-deoxy-2-phthalimido-f-p-glucopyranosyl chloride under Koenigs—Knorr conditions. The latter
glycosyl donor has not been described previously. Removal of the protecting groups afforded the trisaccha-
ride haptens as their I-propyl and 8-(methoxycarbonyl)octyl glycosides and the pentasaccharide as its
8-(methoxycarbonyl)octyl glycoside. The compounds have been subjected to detailed analysis by two-
dimensional n.m.r. methods. Preparation of the synthetic antigens followed coupling of the 8-(methoxycar-
bonyhoctyl glycosides to bovine serum albumin via the acyl azide intermediates.

INTRODUCTION

The repeating unit of the f-hemolytic Streptococci Group A cell-wall polysaccha-
ride consists of a poly(a-L-rhamnopyranosyl) backbone composed of alternating (1 »2)
and (1-3) linkages to which f-p-N-acetylglucosamine residues are attached at the
3-position of the rhamnose residue.
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-a-L-Rhap-(1— 3)-a-L-Rhap-(1 —>2)-a-L-Rhap-(1 - 3)-a-L-Rhap-(1 - 2)-
3 3
1 1
B-D-GlepNAc B-D-GlepNAc
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As part of a program o develop immunodiagnostic reagents based on this
structure, we have recently reported'” the svnthesis of disaccharide (BCY, linear tri-
saccharide (ABC). and branchud tetrasaccharide AB(CYA ] haptens. The purpose of
this program was to provide a variety of oligosaccharides and therr corresponding
glycoconjugates which could be used in inhibition studies. in conjunction with nom.r
and molecular modelling studies, toidenudy a surtuce umque to the Streptocoees Group
A organisi. The selected ohgosacchandes andyor their complemientany moenocional
antibodies could then be used in the development of immunodingnostic kits for the
detection of Streptococct Group A bacteria. As a further extension of our svnthete
progrant, we now r«:por{ 4 route to the branched trisacchande [B(OYWA} and penta-

saech: B(CIA'B'C haptens as well as the preparation of the desired ghycoconju-

gates.
RESULTS AND DISCUSSION

Retrosynthetic analysis indicated that a suitably functionalized f-n-GlepNAc-
(1 -=3)-%-1-Rhap (CB) disaccharide unit could serve as an acceptor for the synthesis of
both tri- and pcntzfl-s‘accharidcx The 1"cquircd acceptor would have to contain persistent
blocking groups at the 3.4, and 6-positons of the g-np-Glep unit and at the d-position of
the rhamnose unit, lt_d\lll" the 2-position of the rhamunose unir accessible for glveosvia-
tion. We envisaged the use of benzyl ethers as the persistent blocking groups and either
an acetate or benzoate ester as the latent blocking group on the 2-position of rhamnose.
Analogous glycosylation reactions with a similar umit contaming 2-trimethyvlsnilyiethox-
ymethyl (SEM) acetals as blocking groups proceeded in poor vield . presumabiy dm o
steric hindrance. Accordingly allvi 2-deoxyv-2-phthalimido-fi~o-glicapyranoside’ Lwus
converted mto its ir'i~()»§ﬁcm} fdernvative 2 with sodium hydride and benzyl bromude in
64% vield (Scheme 1y The reaction requires rigorousty anhvdrous condinons and the
processing of the reac{im muxture requires some care. Conversion ol the allyl groupin 2
mnto the 1-propenyl group by using Wilkison’s calulysi: and subscquent hvdrolvsis” of
the vinyl ether then afforded the hemiacetals 3. Treatment of the hemtucetals 3 with
N N-dimethyl(chloromethylene)ammonium chloride then gave the glyeosyl chiorde 4
{68% yield from 2) (Scheme 11 To the best of our knowledge. compound 4 has nevey

A
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{a) NaH , CeHeCHoBr, THF 36 n |

(b} RE(PPHh;)ILCH, EtOH—H-0 (9 11, reflux 18N,

(e} HQO , HGC, dCH L, CO-H.0 (10 1) 187,
Schema | () COuCh, DMF , CH.Ci, 2 n
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been used as a glycosyl donor. We note, however, that a related donor, namely
4-O-acetyl-3,6-di-O-benzyl-2-deoxy-2-phthalimido-o.,-b-glucopyranosyl chioride has
been used in glycosylation reactions®. Glycosylation of allyl 2-O-acetyl-4-O-benzyl-o-L-
rhamnopyranoside 5 or 8-(methoxycarbonyl)octyl 2-O-benzoyl-4-O-benzyl-a-L-rham-
nopyranoside 6 with the donor 4 under silver trifluoromethanesulfonate promotion in
the presence of collidine” afforded the disaccharides 7 and 8 in 61 and 57% yield,
respectively (Scheme 2). Transesterification of 7 and 8 then yielded the required
disaccharide acceptors, 9 and 10, respectively. The 8-(methoxycarbonyl)octyl chain in
10 were to be used for covalent attachment to protein'®'! in the subsequent preparation
of the glycoconjugates.

o 1
R
BzIO B
OH 5
OR o
, 5 B8zi0 B
5 R = OAIl ;R° = Ac
O 2
6 B = O(CH,)gCOsCH, R’ = Bz a OR
———
4 NPhth
o}
_ 0Bzl c
BzI1O o c Bz10
BzIO Cl 0Bzl
NPhth OBzl
1 2
= I1:R" = Ac
L TR OAll;

2
8§ R = O(CH,)gCO,CH4; R = Bz
Scheme 2
(a) CF503Ag, collidine, CH,Cly,—78 to 25°

Treatment of the glycosyl acceptors 9 or 10 with 2-O-acetyl-3,4-di-O-benzyl-a-L-
rhamnopyranosyl chloride' 11 under silver trifluoromethanesulfonate promotion in
the presence of 1.1,3,3-tetramethylurca'® afforded the desired branched trisaccharides
12and 13in 81 and 62% yield, respectively (Scheme 3). Elaboration of the pentasaccha-
ride unit now required a suitable trisaccharide donor. Thus, deallylation of trisaccha-
ride' 14, and conversion of the resultant hemiacetals 15 into the glycosyl chloride 16, as
already described, furnished the desired compound (Scheme 4). Glycosylation of the
acceptor 10 with the trisaccharide chloride 16 under analogous conditions to those
described for the preparation of 12 and 13 then gave the pentasaccharide 171n43% yield
(Scheme 4).

Deprotection of compounds 12, 13, and 17 was accomplished by (@) base-
catalyzed methanolysis of the ester functions, (b) hydrogenation of the benzyl ethers
(and allyl ether in the case of 12, (¢) hydrazinolysis of the phthalimido group, and (d)
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selective N-acetylation of the resultant amine (Scheme 4). Analytically pure compounds
18, and 20 were obtained following successive chromatography on silica gel and
Sephadex LH20. Owing to the hygroscopic nature of the compound, a satisfactory
combustion microanalysis result was not obtained for compound 19, despite several
attempts. Therefore, a plasma-desorption mass spectrum'® was obtained as a confirma-
tion of composition. The peak appearing at m/z 708 was assigned to the M* ion of the
sodium salt of compound 19. M+ Na* ions are commonly observed in plasma-
desorption mass spectra, particularly of compounds containing labile hydrogens or
anionic moieties'”.

The assigned structures were in accord with their 'H- and “C-n.m.r. spectral data
(Tables I-1T1). Compounds were characterized by use of routine 'H, "C and “C{'H}
n.m.r. spectra. 'H-Homonuclear chemical shift correlated (COSY) experiments'® were
performed on compounds 8, 13, 17,18, 19, and 20 in order to facilitate assignments, and
“C—'H chemical-shift correlated experiments'’ were performed on compounds 13, 17
and 20. The “C-'H chemical-shift correlated experiments performed on compounds 17
and 20 were carried out in the inverse mode'®, thereby taking advantage of the sensitivity
of the 'H nucleus. In fact, the spectra were measured using 10-mg samples. Thus, the
proton chemical-shifts are displayed along the F,-axis and the carbon chemical-shifts
are displayed along the F,-axis. The experiments were carried out without carbon-
decoupling during acquisition, permitting the measurement of the one-bond “C-'H
coupling constants ('J,;c_,) for the anomeric carbons along the F,-axis, with a digital
resolution of 1.5Hz/pt (see for example, Fig. 1).

Fig. 1. Anomeric-signal region of the 'H-detected C-'H chemical-shift correlated 2D spectrum of penta-

saccharide 20.
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TABLE I

PC-N.m.r. data® tor the ring carbons

Ring

cerbons ? 8
1B 96 4 974
2B 72.0 EARY
3B 79 43 797
4B 79.37 79313
5B 682 68.1
6B 17.6 17.8
tC 99.2 Q9.2
¢ S6.2 56.-
3C 79,17 79
4C 79,24 79.2%
SC 748 74,7
oC 6.7 68 %
1A

2,

AT

4A°

SA’

6A°

06

H8 Y

o6

10 112‘ kkkkk 13
uk2 981 I
668 784 TN
K29 808 NG
9.6 a2 0
ARG 677 £ 0
7.7 17 e
94 9y 7 G4 A
359 5613 0
TRY 0.1 KK
9.2 79 A Ty
74.7 74.% EERS
64 6 693 ait
99.6 04
68 K Ay £
76 w7 g
503 S0
679 [
17.9 170

“In CDCE, for 7. 8.9, 10, 12, and 13, and in D,O for 18, und 19. The numbers in
one-bond PC'H coupling constants (/.. ) in Hz. " Indicates the ring 1o which

B. M, PINTO ¢7 il

18 19
ISR o2
Thy (17
TG 6 QS
TiK AN
194

[0s3
(163
R
(A Tho
I8 IRG
£3, 637

1044
{1ay
Rl %Y 7
T TG
w1 g

parcntheses denote the
the aglveon is attavhed.

The vicinal coupling constants of the ring-protons in the monosaccharide units
within oligosaccharides were consistent with a *C, (D) conformation for the N-acetviglu-
cosamine ring and with a ', (1) conformation for the rhamnopyrianosyi units,

The stereochemical integrity of the trisaccharides 18 and 19 and the pentasaccha-
ride 20 was confirmed by examination of the one-bond V'C 'H coupling constants.

l ; i
Sy for the anomeric carbons'”.



TRI- AND PENTA-SACCHARIDE HAPTENS

TABLE 111

'H and “C n.m.r. data“ for 15, 17, and 20

207

Ring 'H-N.m.r. BC-N.mr.
15 17 20 15 17 20
1B 4,58 4.76 98.8 100.9
(170 (171
2B 4.21 412 78.7 79.2
3B 3.85 378 81.3 82.7
(3.2,9.5)
4B 3.22 345 78.7 73.6
(19.0Y
5B 3.47 3.66 67.2 71.4
6B 095 1.24 17.7 19.0
(6.2)
1C 5.37 4.62 99.6 105.2
(8.4) (8.5) (163y 162y
2C 4.49 3.68 559 58.3
(8.4, 10.5)
3C 4.30 3.55 79.0 76.3
i
4C 3.70 multiplet 79.7 72.4
!
5C 3.66 3.40 74.2 78.3
6C 3.59 3.88 69.1 63.1
(10.9)
6'C 3.50 372
1A’ 5.27 5.43 5.13 91.9 99.1 103.8
(1.6) (1.8) (171)¢ (177 (174
2A' 5.39 5.62 4.04 729 72.7 72.4
(1.8,3.0)
3A7 4.34 4.31 3.80 77.5 77.1 79.6
4A7 3.65 3.68 3.49 80.1 80.7 73.9
(19.2)¢
SA’ 4.07 3.93 3.69 67.8 67.9 71.7
6A’ 1.35 1.31 1.23 18.1 18.1 18.2
(6.2) (6.2) (6.2)
1B’ 5.18 5.25 5.00 98.7 98.8 104.2
(1.8) (1.8) (1.8) (173) (173 (172
2B 5.39 5.48 4.23 72,1 72.3 72.5
(18,3.2) (1.8,3.1)
3B 4.06 4.17 3.88 79.7 79.6 82.5
(34,9.5)  (32,9.5)
4B’ 3.38 3.49 3.46 78.7 78.7 73.3
(18.0)"
5B’ 3.70 3.94 3.77 68.3 68.2 71.7
6B’ 0.92 1.18 1.26 17.6 17.7 19.2
(6.2) (6.2)
1C 5.36 5.46 4.68 98.5 98.5 105.3
(8.5) (8.5) (8.5) (173) (166)* (162)
2C 4.26 4.30 3.72 54.7 54,7 58.3

(8.5, 10.5)
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TABLE 1 s continued

‘Hoand "'C numr. data for 15, 87, and 20

Ring H-Now - N
i5 17 20 15 17 20

k(& 854 S ol 53 TN RER O
(9.0, 0.5 g3 ‘

47 407 Rt multiplet Hel 2
(4, 1003 ciudy B

5¢ 206 . 340 T S

6l RES INK ol el {
(34125

6'C” 373 179 370

(2004025 120 W05

In CDCL for 15 and 17, and tn 13,0 for 20, The numbers in parentheses denote coupling constants in Hr
Indicates the ring to which the aslycon s attached, " The values are the sums of the individual coupling
constants. J,. + . 7 Those values are the one-bond C H coupling consiants £/ 1in Hy

Preparation of synthetuc antigens.  The glveoconjugates of the trisaccharide 19
and pentasaccharide 20 with bovine serum albumin (BSA} were prepared by the
modified acyl azide methodology of Pinto and Bundle" . Thus. the esters 19and 20were
converted into theu hydrazides. and the Lutter were then treated with dinitrogen
tetraoxide as the nitrosating agent. The resultant acvl azides were then treated mmeds-
ately with BSA in butfer solution to provide the corresponding glveoconjugates, 21 and
22 (Scheme ). Levels of hapten incoroporation of 15 and 30%. respectively were
achieved. and afforded glveoconjugates possessing 9 and I8 haptens, respectively per

molecule of protein™. These synthetic antigens are currenthy Bemg used m the hybrid-

19 ——-mmmn e G ¥ Mha Ve 24~ | -RE 0D [N
4
Goo Gl pNA
21
a.b.c )
20— {a-L-Rhap-i e Weg-l-Ragp-{i—am Zleg-u-Rhan OH0 M D0l Oh oy f
3 1
} 4
1
A-t-GicaNa A-n s NAL
12

LHLO L EYOH 200 2k

L GME
Scheme 5 ERE

(! 854 foutfer solut-on
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myeloma protocol as immunizing antigens and also as screening agents for monoclonal
antibodies.

EXPERIMENTAL

General. — Melting points are uncorrected. 'H-N.m.r. and “*C-n.m.r. spectra
were recorded on either a Bruker WM-400 or a Bruker AMX-400 n.m.r. spectrometer in
deuteriochloroform unless otherwise stated. For those spectra measured in deuterium
oxide, chemical shifts are given in p.p.m. downfield from 4,4-dimethyl-4-silapentane-1-
sulfonate (DSS). Chemical shifts and coupling constants were obtained from a first-
order analysis of the spectra.

The 'H-homonuclear chemical-shift correlated (COSY) spectra were aquired
using quadrature detection in both dimensions. The initial data sets of 512 x 2048 data
points were zero-filled once in the F, direction to give a final data set of 1024 x 1024 real
data points. A non-shifted sine bell function was applied prior to Fourier trans-
formation. The magnitude spectra were symmetrized about the diagonal before analy-
sis. For the inverse detection experiments a 4-pulse sequence incorporating a BIRD
pulse in the preparation period, with phase-sensitive detection was used. The data set of
512 x 2048 data points was zero-filled once in both the F - and the F,-directions, to give
afinal data set of 1024 x 2048 real data points, with a digital resolution of 9.3 Hz/pt and
1.5 Hz/pt in the F,- and the F,-directions respectively. The data set was phase corrected,
and a base-line correction applied prior to analysis.

The n.m.r. data for the ring protons and carbons are recorded in Tables I-I11. The
remaining signals are recorded in the Experimental.

The CF-252 plasma-desorption mass spectrum was obtained on a BIN-10K
instrument from BIO-ION Nordic (Uppsala, Sweden). The sample was prepared in a
solution of MeOH-water and electrosprayed onto Al foils. The spectrum was acquired
and the mass was assigned using the BIO-ION data system, based upon the PDP 11/73
processor. The experimental masses were obtained by determination of the time cen-
troid of each peak above the baseline and by comparison of these with the times of flight
of H* and Na™ peaks appearing in the spectrum. Mass accuracy is approximately + 1
a.m.u. in the mass range of 500-1000 a.m.u.

Analytical thin-layer chromatography {t.l.c.) was performed on precoated Al
plates with Merck Silica Gel 60F-254 as the absorbant. The developed plates were
air-dried, exposed to w.v. light and/or sprayed with 5% H,SO, in EtOH, and heated at
150°. All compounds were purified by medium-pressure column chromatography on
Kieselgel 60 (230-400 mesh) according to a published procedure® . Purification at each
stage was crucial to the outcome of subsequent glycosylation reactions.

Solvents were distilled before use and were dried, as necessary, by literature
procedures. Solvents were evaporated under diminished pressure and below 40°.

Reactions performed under nitrogen were also carried out in deoxygenated
solvents. Transfers under nitrogen were effected by means of standard Schlenk-tube
techniques.
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Experimental procedures. - (ay AllvE 3.4.6-tri-O-benzyi-2-devxy-2-phthalimido-fi-
D-glucopyranoside (2). A solution of allyl 2-deoxy-2-phthalimido-f#-d-glucopyranoside’
1(4.80 g, 13.7 mmol} in anhydrous tetrahydrofuran (30 mL) was udded by means ol u
cannula under nitrogen to a cold suspension of NaH (2.0 g. 42 mmol) in tetrahydrofuran
(20 mL). The flask was rinsed with additional portions of tetrahydrofuran (2 = 3mb)
and the contents were transferred as before. The mixture was sturred for 13 min and the
benzyl bromide (5.1 mL, 42 mmol) was added dropwise during 45 min to the cold
solution. The mixture was stirred under N, for 24 h at room temperature after which
time an additional portion of NaH (0.20 g. 4.1 mmol) was added followed by the
dropwise addition of benzyl bromide (0.51 mL. 4.6 mmol} After 12 h the mixture was
poured, with vigorous stirring, mto a cold solution of 2y HC! and extracted with
EtOAc¢. The organic layer wus washed with water unud the pH was neutral, and dried
(Na-SO,). The filtrate was concentrated and the resulting sy rup was chromatographed
using 2:1 hexane- EtOAc as eluant. Compound 2 was obtained as a clear colorless syrup
(5.49¢.64%); %] + 1.13 (¢ 1.9in CH,CL): 'H-n.m.r. (4()(’),%3 ‘a\/IH;f}: AR GRS(I9H.
m, ArH); 508 (1T H. d. S L8353 Hz  1-HD)L, 43740 Hoddo /010,200, 9 Hz2 34, 422 (1 HL
dd.J,,8.5./.,10.2 Hz, 2-H ). 3.78 {3 H.m, 4-H. 6- ”ddﬂd(ﬁ Hh) and oaHoduJ
3.0, o, 27 H7 5-H): "Co'H)»-nmer. (1006 MHzy: 6 1339 (CH.CH=CH.). 1171
(CH.CH =CH.). 97.5(C-1). 79.8, 794 and 75.1 (PhCH.). 748 and 747 ¢C-5 and C-4),
73.5(C-3), 69.6 (CH.CH = CH.), 68.8 (C-6). and 559 (C-21

Anal. Cale. for C,.H NO . C.73.64: H. 6. 18 N. 226 Found: ( 5 HL 615N
2.10.

(h) 3.4.6-Tri-O-benzvi-2-deoxy-2-phihalimido-fi-D-glucopyranose (31, Tris(triphe-
nylphosphine)rhodium (I3 chloride (0.80 g. 0.87 mmol) was added to a solution of the
allyl glycoside 2 (5.4 g, 8.7 mmol) in 9:1 EtOH- water (300 mLy and the mixture was
heated at reflux for 18 h under N.. Removal of the solvent feft a ight-brown residue
which was taken up in EtOAc and filtered through a column ofsilica gel. Fvaporation of
the solvent gave a syrup which was dissolved in 10:1 acetone w: ngr( 250 mb) containing
vellow HgO (1.88 g, 8,68 mmol). To this solution HgCl, (2.36 g. 8.69 mamoby n 1001
acetone water (50 mL) was added dropwise, followed b_\, jmpwm addition of 10:1
acetone-water (20 mL). The nuxture was stirred for 18 h following which the solvent
was evaporated. and the resulting syrup was taken up in F1OAc, The solution was
filtered through Celite, and the filtrate was sthud successively with saturated ag. Kl
(2 ) ag. Na-.5.0, (2 > and water (2 x ) The organic faver was dried (Na.SO,). and
the solvent was removed by evaporation. The resulting syrup was puritied by chromato-
graphy using 2:1 hexane EtOAc as eluant to give compound 3 as a clear colorfess svrup
(3.53 2. 70%): "H-n.m.r. (400,13 MHz): 6 7.67 - 6.84 (19 H. m. Ar#H), 3 :(\ (L H. bri /.

u,[,]6H7 1-H). 4421 H.dd. J, -8,/ 1T Hz. 2-H). 31 I H ddoJ i A, R S He
3-H). 3.56 (4 H. m. 4-H. 5-H, 6-Ha and (,-Hb) and 3.46 (1 H. br d /m‘, % Hz, DO
exchangeable. OF); “CUH-nm.r. (100.6 MH7z): § 168.2 (unbnnyl)., Q28 (C-1). 7906,
79.1 and 75.0 (PhCH.,), 74.% and 74.6 (C-4 and C-5), 73.4 (-3, 6X.7 (C-6). and 37.6
(C-2).
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(¢) 3.4,6-Tri-O-benzyl-2-deoxy-2-phthalimido-f-D-glucopyranosyl chloride (4).
Oxalyl chloride (2.1 mL, 24 mmol) was added to a stirred solution of DMF (1.7 mL, 24
mmol) in anhydrous CH,Cl, (15 mL) and the mixture was kept under N, for 5 min. The
solvent was evaporated under diminished pressure and the white salt was dried in vacuo
for 0.75 h. The N,N-dimethyl(chloromethylene)ammonium chloride was then dissolved
in anhydrous CH,Cl, and the solution was cooled to 0°. A solution of the hemiacetals 3
(3.5 g, 6.0 mmol) in anhydrous CH,Cl, (15 mL) was transferred by means of a
double-tipped needle. The flask was rinsed with an additional portion (5 mL) of solvent
and the contents were transferred as before. The mixture was stirred under N, for 2 h
after which time the reaction was quenched by the addition of cold aq. NaHCO, (15
mL). The organic layer was diluted with CH,Cl,, then washed with NaHCO, and water,
and dried (Na,SO,). Evaporation of the solvent gave the glycosyl chloride 4 as a yellow
syrup (3.48 g, 97%). The syrup was dried in vacuo and used directly in subsequent
glycosylation reactions; 'H-n.m.r. (400.13 MHz): § 6.25 (0.4 H, d, J, , 3 Hz, 1a-H), and
598 (0.6 H,d. J,, 8 Hz, 15-H).

(d)y Allyl 2-O-acetyl-4-O-benzyl-o-L-rhamnopyranoside (5). Allyl 4-O-benzyl-a-L-
rhamnopyranoside® (5.18 g, 17.6 mmol) was dissolved in MeCN (25 mL) containing
methyl orthoacetate (3 mL). p-Toluenesulphonic acid (0.125 g) was added, the mixture
was partially concentrated under vacuum at 50° on a rotary evaporator, and then stirred
for 12 h at room temperature. Triethylamine (2.2 mL) was added and the mixture was
concentrated to give a syrup. The syrup was dissolved in 80% aq. HOAc (20 mL) and
after 5 min the solution was evaporated to dryness. The residue was chromatographed
on silica gel using 3:1 hexane-EtOAc as eluant to yield the title compound S as a yellow
syrup (5.02 g, 85%); [2]Z +5.5° (¢ 2.8 in CH,Cl,); 'H-n.m.r. (400.13 MHz): 6 7.39-7.27
(5H,m,ArH),5.11(1 H,dd, J,,1.8,J,,3.8 Hz,2-H),4.77(1H,d, J, , 1.8 Hz, 1-H), 4.12
(1H,dd. /,,3.8,J,,9.5Hz,3-H),3.75(1 H,m, 5-H), 3.36 (1 H, t, J,, +J,519 Hz, 4-H),
2.15(3H,s,0COCH,),and 1.36 (3 H,d, J; 6.5 Hz, 6-H,), "C('H)-n.m.r.(100.6 MHz): 6
133.5 (CH=CH,), 117.4 (CH = CH,), 96.6 (C-1), 81.7 (C-4), 75.1 {CH,Ph), 72.9 (C-2),
70.2 (C-3), 68.1 (CH,CH =CH,), 67.5 (C-5), 20.9 (OCOCH,;), and 17.9 (C-6).

Anal. Calc. for C;H,,0,: C, 64.27; H, 7.19, Found: C, 64.33; H, 7.11.

(e) 8- Methoxycarbonyl)octyl 2-O-benzoyl-4-O-benzyl-a-L-rhamnopyranoside
(6). 8-(Methoxycarbonyl)octyl-a-L-thamnopyranoside'” (10.0 g; 0.030 mol) in acetone
(200 mL), p-toluenesulphonic acid (0.050 g), and 2,2-dimethoxypropane were stirred at
room temperature for 1 h. Triethylamine (4.0 mL) was added and the mixture concen-
trated to a syrup that was dried over P,O; for | h. A solution of the syrup in THF (50
mL) was added to a suspension of NaH (1.33 g, 60.0 mmol). After stirring for 10 min,
benzyl bromide (5.0 g 30.0 mmol) was added dropwise and the stirring was continued
overnight at 20°. Additional NaH (0.8 g; 8 mmol) was added to the stirred solution. The
mixture was added rapidly to stirred 0.1M HCl at 0°. Ethyl acetate (150 mL) was added
and the organic layer removed. The aqueous phase was extracted with EtOAc (3 x 150
mL). The combined organic layer was washed with NaHCO,, dried (MgSQ,), and then
concentrated to a syrup. Chromatography on silica gel, with 6:1 hexane-EtOAc as
eluant, gave a colorless syrup (11.2 g, 80.6%). A portion of this syrup (10.0 g, 21.5
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mmol) was taken up in HCH (0.5 M. 100 mL). and MeOH (100 mL ) and refluxed for 1 h.
T.le. 3:1 hexane-EtOAc indicated that the reaction was essentially quantitative. The
cooled mixture was quenched with solid K,CO,. filtered. and the filtrate extracted with
CH.CI.(3 x 50 mL). The combined organic layver was dried (MgSQO ). and concentrated
to a residue that was purified using a short silica gel column with 21 hexane EtOAc as
elant. The solvent was removed and part of the syrup obtamed (3.0 g. 7.0 mmol, was
mixed with MeCN (80 mL) and trimethyl orthobenzoate (1.5 g. 8.0 mmol}). p-Tolu-
enesulphonic acid (.25 g) was added and the mixture partially concentrated at 50 ona
rotary evaporator and then stirred for 18 h at 20 Triethvlamine was added and the
mixture concentrated to give a syrup. The syrup was dissolved 1n AcOH (807, S0mL),
and after § min, the solution was evaporated to dryness. The residue was chroma-
tographed on sihica gel with 3.1 hexane ‘EtOAc as eluant. Pure 6 was obtumed as 4
light-vellow svrup (2.57 . 70% . [~ 13.6 (¢ 3.4 1n CH.ClL oy ' Henomur, (400013 MHz )
S AT H.dd J, 180/ 35 HZ  H-2). 4831 H.d. /, . T.8 Hz H-11 480 and 4. 78 (2 H.
ABq.J, y HOHz, OCH.Phy 423 (1 H.ddL J, 0 3.5/, 95 Hys H-3) 265 (T Hodg. /.
9.5 Hz, H-5), 345 (1 H. ./, + /5 19.0 Hz, H-4) 3242 Hom, OCH(CH).CO.CHLJL
2220 H. O 1.58[4 H.om, OCH.CH(CH,),CH.CH.CO.CH . 1 353 H. d. /6.0
Hz. H-6). and 1.3 [8 H. m. OCH.CH (C#,),CH,CH.CO.CH,}: "C{Hpnmr, (100.6
MHZz):d 174 and 165 (carbonyl), 97.4(C-1), 81.4(C-4), 76.6 (OCH Phy. 73.2(C-3). 70.6
(C-2). 679 [OCH,(CH,}.CO.CH,] 67.4 (C-5) 514 [OCHACH 9-COCH ], 3440, 29,4,
29,1, 2898, 28.9. 26.1 and 24.9 [OCHACH,).CO.CH,], and 182 (C-0).

Anal. Cale. tor CHL,O0 L6816 H. 763, Found: (. 67.98: H. 748,

(y Al 3-0-1 34 6-17i-O-henzyi-2-deax y-2-phthalinrido-f-0-gliicopyranosy ! i-2-
O-acetvl-4-O-benzyl-a-1-thamnopyvranoside (7). A mixture of aflvl 2-O-ucetyl-4-O-ben-
zvl-z-L-rhamnopyranoside 8¢ 1.27 g, 3. 79 mmol), silver trifluoromethanesulfonate ( 1.46
g. 5.68 mmol). collidine (0.75 mL. .7 mmol) and 4 A molecular sieves in anhydrous
CH.CL. (5 mi) was stirred under N, and cooled to 78 . A solution ot 3.4.6-tr1-0-
benzyl-2-deoxy-2-phthalimido-f-p-glucopyranosyl chlorde (4. 340 g0 5,68 mnel) in
anhyvdrous CH.CL, (8 mL ). previously stirred with 4 A molecular sieves for 0.5 b under
N, and cooled to — 78 . was added dropwise over 0.5 . The flask was rinsed with
additional portions of CH.C1 {2 x 2 mLyand the contents were transferred as before.
The mixture was allowed to wurm 1o room {emperature and was stirred for 36 h. The
solids were removed by filtration and the filtrate was washed successively with ag.
NaHCO, and aq. NaCl The organic layer was dried {Na,50) ) and concentrated to give
a syrup which was purified by chromatography using 2:1 hexane E(OAc¢ as eluant.
Compound 7 was obtained as a clear colorless syrup (2.07 g, 61%0 1. An analvtically pure
sample was obtained as white prisms from MeOH . m.p, 106107 [ [%] " —4.04 (¢ L.09in
CH.CL): "Henomur (400 12 MHzy 6 7.52 68524 Homu Arff). and 213 (3 H. s, OCH )
“CCH)-nmLr (100.6 MHzy: ¢ 170.7 fearbonyl). 117.6 (CH = CH.). 75.0. 74.8. 747 and
74.6 (PhCH.). 672 (CH.-CH = CH, i and 20.9 (OCOCH ),

Anaf. Cale. tor CLHUNO L CL70.88; H, 6,17 N LS6 Found CL70.65 H. 615
N. 1.48.
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(9) 8-(Methoxycarbonyl)octyl 2-O-benzoyl-4-O-benzyl-3-O-(34,6.tri-O-ben-

zyl-2-deoxy-2-phthalimido-p-p-glucopyranosyl )-a-L-rhamnopyranoside (8). A mixture
of the monosaccharide alcohol 6 (0.703 g, 1.33 mmol), siiver trifluoromethansulfonate
0.606 g, 2.36 mmol), and collidine (0.32 mL; 2.4 mmol) in CH,Cl, (3 mL) was stirred
under N, with 4 A molecular sieves and cooled to —78°. To this mixture was added
dropwise a cooled solution (—78°) of the glycosyl chloride 4 (1.41 g; 2.36 mmol) in
dichloromethane (3 mL), previously stirred with 4 A molecular sieves. The mixture was
stirred under N, in the dark and allowed to warm to room temperature. After 72 h the
mixture was worked up as for 7 and the resulting syrup chromatographed on a silica gel
column using 3:1 hexane—EtOAc as eluant. The title compound 8 (R,.0.38) was obtained
as a syrup (0.826 g, 56.9%); [a].? —12.8° (¢ 0.73 in CHCL,); '"H-n.m.r. (400.13 MHz): 6
4.72and 4.61 (2 x 1 H, AB,, J,3 10.8 Hz, OCH,Ph), 4.73and 4.38 (2 x 1 H, AB_, J,
12.0Hz, OCH,Ph),4.36 and 4.26 (2 x 1H, AB,J,; 11.5Hz,OCH,Ph),4.39and 4.24 (2
x 1 H,AB,, J,3 12.0 Hz, OCH,Ph), 3.67[3 H,s, O(CH,);CO,CH,); 3.57 and 3.59[2 x 1
H, overlaped multi, OCH,CH,),CO,CH,}; “C('H)-n.m.r. (100.6 MHz): § 174.2
[O(CH,),CO,CH,], 171.0 (OCOCH,), 75.2, 74.6, 74.5 and 73.4 (OCH,Ph), 67.2 [OCH,
(CH,),CO,CH,], 51.3[0(CH,),CO,CH,], 34.1,.29.4,29.3,29.1 (2 carbons), 26.0 and 24.9
[OCH,(CH,),CO,CH,].

Anal. Calc. for C,,H,,NO . C, 71.61; H, 6.36; N, 1.28. Found: C, 71.54; H, 6.76;
N, L.11.

(h) Allyl 3-O-(34,6-tri-O-benzyl-2-deoxy-2-phthalimido-f-p-glucopyranosyl ) -
4-O-benzyl-a-L-rhamnopyranoside (9). A solution of the disaccharide 7 (1.00 g, 1.11
mmol) in methanolic HCI (25 mL) [prepared by treating anhydrous MeOH (25 mL)
with AcCl (1.45 mL)] was kept for 4 h at room temperature. The mixture was made
neutral by the addition of triethylamine. Removal of the solvent afforded a residue
which was dissolved in EtOAc. The resulting precipitate was removed by filtration.
Evaporation of the filtrate gave a syrup which was chromatographed using 1:1 hexane-
EtOAc as eluant. Compound 9 was obtained as a clear, colorless syrup (0.855 g, 90%);
'H-n.m.r. (400.13 MHz): 6 7.51-6.81 (24 H, m, ArH), and 3.18 (1 H, D,0 exchangeable,
OH); "C('H)-n.m.r. (100.6 MHz): 6 167.9 (carbonyl), 117.3 (CH = CH,), 74.80, 74.78,
74.4 and 73.5 (PhCH,), and 67.7 (CH,-CH = CH,).

Anal. Cale. for C;, H;NO, : C, 71.56; H, 6.24; N, 1.64. Found: C, 71.40; H, 6.24;
N, 1.52.

(i) 8-fMethoxycarbonyl)octyl 4-O-benzyl-3-0O-(3,4,6-tri-O-benzyl-2-deoxy-2-
phthalimido-p-p-glucopyranosyl)-a-L-rhamnopyranoside (10). A sample of the disaccha-
ride 8 (0.051 g, 0.047 mmol) was taken up in 0.1 NaOMe (5.0 mL). The solution was
kept for 36 h at room temperature under N,. The mixture was poured into HCI (0.15Mm),
and the solution extracted with CH,Cl, (5 x 10 mL). The combined organic fractions
were washed with ag. NaHCO, followed by aq. NaCl. The organic layer was then dried
(Na,S0,), and filtered. Evaporation of the filtrate gave a syrup which was chroma-
tographed using 2:1 hexane—EtOAc as eluant. The title compound 10 (R, 0.36) was
obtained as a clear colorless syrup (27 mg, 58%); [«] 2> — 12.8° (¢ 0.39, CHCL,); '"H-n.m.r.
(400.13MHz): 6 4.84and 4.64 (2 x 1 H,AB, J,3 11.0Hz, OCH,Ph),4.77 and 4.41 (2 x
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I'H,AB,. J,y 11.9Hz, OCH Ph). 459 and 4.52 (2 x 1 H.AB_.J/,, 12.0 H7. OCH . Ph).
4.33and4.21(2 x 1 H.AB_.J, 11.7Hz, OCH.Ph). 3.66 [3 H. 5. O(CH.),COUH [ 3.53
and 3.30 (2 x 1 H.dt. /'s 7.1 and 10.0 Hz. OCH(CH.)-CO.CH,J. and 318 (1 H. br s,
exchangeable OHY: "C('H)n.m.r. (100.6 MHz): & 174.2 [O(CH.),CO.CH.]. 1736
(OCOCH,), 74.9. 74.8. 74.63 and 74.59 (OCH Ph). and (\”’ B 1’(’)("}{ ((”‘H LCO.CH

Anal. Cale. tor C,;H NO,,: C. 70.64; H. 6.85: N1 42 Found: C. 70,400 HLU 710
N. .22,

() Allyl 2-0-1 2-O-acetyl-3 4-di-O-benzyil-a-L-rhamnopyranosy! - 3-Q-7 3 4 611
O-benzyil-2-deoxy-2-phthaliniido-fi~D-glucopyranosyl J~4-OQ-pon v l-x-L-rhemmmopyvranosi-
de (12). A mixture of the disaccharide 9 (0.85 g. 0.99 mmol). silver trifluoromethane-
sulfonate (0.763 g, 2.97 mmol). [,1.3.3-tetramethylurca (0.35 mbL. 3.0 mumoly and 4 A
molecular sieves in anhydrous CH,CL (5 mL) was stirred under N, for 0.5 B The
mixture was cooled to — 78 and a solution of 2-O-acetvi-3.4-di-O-benzyi-»-1 -rhamno-
pyranosyl chloride™ 11 (1.20 g, 297 mmol) in anhvdrous CHLCT {3 mi b previoush
stirred with 4 A molecular sieves for 0.5 h under Ny and cooled to -+ 78 Jwas added by
means of a cannula under N.. The flask was rinsed with additional portions of CH.CLL (2
x 2mL)and the contents were transterred as before. The mixture was allowed to warm
gradually to room temperature and was stirred for 36 b, The solids were removed by
filtration and the filtrate was washed successively with NaHO O, and NaCl solutions.
The organic layer was dried (Na,SO,) and concentrated o grve a syrup that was
chromatographed using 3:1 hexane EtOAc ascluant. Compound 12 was obtained as o
white foam (0.957 g, 81%y: [2]7~ 3.4 (¢ 095, CH,CLr 'H-namo (400,12 Midz) o
7.44-6.71 (34 H. m. Ar/), mn‘ 2123 H, s, OCOCH : "COH-numur (1006 MH7): o
169.9 (carbonyl). 117 L (CH,CH = (H,). 74.7. 74 5. 74.2. 73 6 und 71 31OCH Phy 67 .6

(CH,-CH=CH.), dnd 21.0 (O( oC Hl)‘

Anal. Cale. for C.oHLNO, - Co71.60: Ho6.34: NU T Found: €L 7163 Hoo.40:
N, 1.04.

(K)yS-i Methoxyvearbonylioctvl 2-0-0 2-O-aceryl-3 4-di-O-benzyvi-s-1 -rhammnopy-
ranosyli-3-0- 3 4 6-1ri-O-henzyl-2-deoxy-2~phthalivmide-f-n-giucopyranosyi  -4-0-
benzvi-z-L-rhamnopyvranoside (13). A mixture of the disaccharide 10 (0,109 ¢ ¢ 110
mmol). silver triffuoromethanesulfate (0.16 g, 0.62 mmol). 1.3 3 etramethylurca (80
#L.0.67 mmol). and 4 A molecular sieves in anhvdrous dichloromethane (2.0 mbj was
stirred under nitrogen tor 30 min and coolled to — 78 . A cooled { — 78 1solution of the
rhamnopyranosyl chl oridc"‘: 1(0.177 g, 0.436 mmol) m anhydrous CH.CL (2.0 mby
previously stirred with 4 A molecular sieves. was added dropwise to the alcohot
solution. The mixture was stirred in the dark under N.. and allowed to reach room
temperature. After 34 h the mixture was filtered, and the filtrate '&7‘\'éipm'dkcd wdryness
to give a syrup which was chiromatographed using 3.1 hexane FtOAC The title com-
pound 13 (R, 0.18) was obtained as a clear coloriess syrup (0,93 g 62%) H ST
(400.13MHz): 64.95and 4.61 (2 » TH,AB,.J,, 11.OH, OCH. Phi ERT: uuH{u {2 x
PHOAB . Jyy 1.5 Hz, OCH,Ph), 485 and4 65(2 < 1 H.AB ./, 11O Hz OCH Phy,
4.78 dnd 4452 x 1H.AB_ J,, 122 Hz, OCH, Ph 4.59 and 4..?2 2w VHLABL /L,
11.5 Hz, OCH,Ph), 4.16 and 4.05 (2 x 1 H. AB_ J,,, 119 Hy. OC/Phy. 266 [3H, s,
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O(CH,),CO,CH,], 3.50 and 3.26 [2 x 1 H, dt, J's 7.1 and 10.0 Hz, OCH,(CH,),
CO,CH;], and 2.11 (3 H, s OCOCH,); "C('H)-n.m.r. (100.6 MHz): § 174.0 [O(CH,),
CO,CHy}, 169.6 (OCOCH,), 75.0, 74.5, 74.3, 74.1, 73.4 and 71.1 (OCH,Ph), 67.2
(OCH,(CH,),CO,CH,), 51.1 [O(CH,),CO,CH,], 33.8, 29.1, 28.95, 28.88 (2 carbons),
25.8 and 24.7 [OCH,(CH,),CO,CH.], and 26.9 (OCOCH,).

Anal. Calc. for Co;H, NO,,: C,70.93: H,6.77; N, 1.03. Found: C, 71.51; H, 6.87;
N, 0.72.

(/y 3-0-f3-0-(3,4,6-Tri-O-acetyl-2-deoxy-2-phthalimido-B-p-glucopyranosyl)-2-
O-benzoyl-4-O-benzyl-a-L-rhamnopyranosyl |-2-O-benzoyl-4-O-benzyl-a-1.-rhamno-
pyranoside (15). A sample of trisaccharide 14' (1.96 g, 1.70 mmol) was taken up in abs.
9:1 EtOH-water (55 mL). Tris(triphenylphosphine)rhodium(I) chloride (0.085 g, 0.092
mmol) was added and the solution was stirred at reflux under N, for 12 h. The solvent
was removed by evaporation and the resulting dark-brown syrup was taken up in
EtOAc and filtered through a short column of silica gel. The filtrate was evaporated to
dryness and the resulting foam was dissolved in 90% aq. acetone (70 mL). To the
solution was added yellow HgO (0.543 g, 2.51 mmol), followed by the dropwise addition
of a solution of HgCl, (0.676 g, 2.49 mmol) in 90% aq. acetone (10 mL). The mixture
was stirred for 12 h and the solvent evaporated, and the residue taken up in EtOAc and
the mixture filtered through Celite. The filtrate was washed successively with saturated
aq. KI (2 x), aqueous Na,S,0, (2 x), and water (2 x). The organic layer was dried
(Na,SO,), the solvent was evaporated, and the yellow syrup was chromatographed
using 1:1 hexane-EtOAc as eluant. The title compound 15, (R, 0.36) was obtained as a
clear, light-yellow syrup (1.37 g,72.4%); '"H-n.m.r. (400.13MHz): 6 5.1 1 and 4.78 (2 x 1
H,AB,, J,3 11.2Hz, OCH,Ph),4.34and 4.21 (2 x 1 H,AB,, J,; = 12.5Hz, OCH,Ph),
2.79 (1 H, s, exchangeable OH), 1.95, 1.76 and 1.71 (3 x 3 H, s's, OCOCH,); "“C('H)-
n.m.r. (100.6 MHz): 6 170.7, 170.1, 169.2 and 165.7 (2 carbons) (carbonyls), 75.1 and
73.8 (OCH,Ph), 20.5 and 20.3 (2 carbons) (OCOCH,).

Anal. Cale. for C,,H, NO,,: C, 64.57; H, 5.51; N, 1.25. Found: C, 64.54; H, 5.52;
N, 1.26.

(m) 3-O-{-0-(34,6-Tri-O-acetyl-2-deoxy-2-phthalimido-f-p-glucopyranosyl )-2-
O-benzoyl-4-O-benzyl-a-L-rhamnopyranosyl ]-2-O-benzoyl-4-O-benzyl-a-1.-rhamnopy-
ranosyl chloride (16). Compound 16 was prepared as already described for 4. Oxalyl
chloride (0.10 mL, 1.1 mmol) was added to a stirred solution of DMF (0.090 mL, 1.1
mmol) in anhydrous CH,Cl, (3.0 mL), and the mixture was stirred under N, for 5 min.
The solvent was removed by evaporation and the white sait dried in vacuo for 1.5 h. The
N,N-dimethyl (chloromethylene)ammonium chloride was then taken up in CH,Cl, (1.5
mL) and a solution of 15 (0.248 g, 0.223 mmol in 2.0 mL of CH,Cl,) was transferred to
the salt solution, rinsing with additional portions of CH,Cl, (3 x 0.75mL). The mixture
was stirred under N, for 2 h, and then quenched by the addition of cold aq. NaHCO,.
The organic layer was diluted with CH,Cl, and washed successively with aq. NaHCO,
and ag. NaCl. The organic layer was dried over KHCO, and the solvent removed by
evaporation to give a clear light-yellow syrup (0.248 g, 98%) which was dried in vacuo,
and used directly, without chromatography, in subsequent glycosylations.
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(n)y 8-t Methoxyvearbonyvloctyl 2-O-f 3-0+[ 3-O-7 3 4 .6-171-O-acerv-2-deoyy-2-
phthalimiido-fi-D-glucopvianosyl j-2-O-benzovl-4-O-benzvi-z-t =rfimmopyranosy{ /- 2-0-

b

henzovt-4-O-benzvi-x-L-rhammopyvranosvl [-3-0-7 3 4 6-tri-O-henzyi-2-deoxv-2-plhihali-
nudo-p-D-glucopyranosyl i -4-O-benzyi-o-1-rhammopyranosice (U7 A sample ot trisac-
charide chlonde 16 (0.248 ¢. 0218 mmiol) and 1,1, 3. 3-tetramethy furca (.06 mL. 0,50
mmol) in anhydrous CH,Cl. (1.5 mL) was stirred with 4 A molecular sicves for 30 min.
and then cooled 1o - 78 This solution was added dropwise, under No.to a cooled
sotution ( — 78 Y of disacchande alcohol 10(0.135 . 0.1 37 mmol}, silver trifluorometha-
nesulfonate. and 4 A molecular sicves in CH.CL (2.0 mLp The flask was rmsed with
additional portions of CH.CL {3 x 1.0mL) and transferred as betore, The mixture was
stirred in the dark under N, and allowed to warm to room temperature. After 48 h the
mixture was filtered and the filtrate evaporated to dryness. The resulting svrup wis
purified by chromatography using 11 hexane-EtOAc followed by chromatography
using 3:1 toluene EtOAc as ehuants. The ttle compound 17 was obtamed ax a clear.
colorless syrup (0.124 g, 43.4%) [2]7 ~20.8 (¢ 0.83, CHCL).

Anal. Cale for C, H,NLO G Coo800: H 609 N T3 Found: C 6785 Ho6.16:
N. 1.39.

(o) Propyl 3-O«7 2-acetumitdo-2-deoxv-f-nD-glucopyranosyi - 2-O- s-t-rhammop -
ranosyl i -x-L-rhamnopvranoside (18). The fully blocked trisaccharide 12 {0,180 g, 0,147
mmol) was dissolved in methanolic HCH6 mL} [prepared by treating anhydrous MeOH
(100 mL) with AcCl (5.7 mLy} and kept under N, for 16 b Triethviamine was added
dropwise to the stirred solution until the pH became neutral, The solutron was concen-
trated and the precipitated salt was removed by filtration wath the aid of FtOA¢ The
filtrate was evaporated to dryness and the resulting syrup was puritied by column
chromatography using 52 hexane-FtOA¢ as eluant. { R, 0.300 The svrup was then
taken up in 80% aq. HOAc¢ (14 mLY and hydrogenolyzed over 0% palladium-on-
carbon (0.120 gyat a hydrogen pressure of 521b.in “for Sd. The solids were removed bs
filtration through Celite and the filtrate was evaporated 1o drvness, Abs, FrOH (3 = 758
mL)was evaporated from the residue to remove the excess of AcOH and the residue was
dried in vacuo for 16 h. The resulting light-brown svrup was taken ap in abs, FtOH (20
mL} to which was added N.H,H.O (100%,, 0.3 mLj. The selution was heated at reflux
under N. for 24 h. Filtration ot a fine grey precipitate. followed by evaporation of the
filtrate. gave a clear. colorless syrup which was taken up in MeOH (16 ml }und then
treated with Ac,O (4 mL). The solution was kept under N, for 12 hat room temperature,
after which time t.Lc indicated that the reaction was complete. Removal uf the solvent,
followed by silica gel chromatography of the residue, using 7:2:1 FtOAC MeOH - water
as eluant, gave a white solid (R, 0.34) which was passed through a columa of Sephades
LH20 using MeOH as cluant. Compound 18 was obtaned as u white. amorphous
powder (0.0403 g, 49.3%): [2] " + 8.1 (¢ 178, HO) "H-nner (400,13 MHz. DO o
JOOUIH,J 100Hz J, o 0.3 Hz, OCH H,CH,.CH ). 246 (OCH HCH.CH L 198 (2
H. s, NHCOCH,). 1.56 (2 H. m. OCH,CH,CH,), and 087 {3 H.« 7 73 Ho.
OCH.CH.C/): "CCH)-nmr (100.6 MHz, DOy 6 1775 (NHCOCH 1, 72,9, 724
727 and 725 (OCH,CH.CH,. C-4, (-2, and C-2,0 250 (NHCOOH )L 247
(OCH.CH.CH ), 194 (Cop,and G600, and 12,6 (OCH.CH.CH L
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Anal. Calc. for C,;H, NO,,: C, 49.72, H, 7.43; N, 2,52. Found: C, 49.44; H, 7.20;
N, 2.37.

(p) 8-( Methoxycarbonyl)octyl 3-O-( 2-acetamido-2-deoxy-f-D-glucopyranosyl)-
2-O-(a-L-rhamnopyranosyl )-a-L-rhamnopyranoside (19). A sample of the blocked tri-
saccharide 13 (0.121 g, 0.0893 mmol) was taken up in NaOMe (14 mL, 0.13m). The
mixture was stirred for 10 h at room temperature under N, and then made neutral by
stirring with Amberlyst 15 resin beads. The resin was removed by filtration and the
filtrate evaporated to dryness. The resulting syrup was chromatographed using 2:1
hexane-EtOAc as eluant (R, 0.45). The purified syrup (0.974 g) was then taken up in
80% aq. AcOH (15 mL), and abs. EtOH (2 mL) was added to completely dissolve the
sample. To this solution was added 10% palladium-on-carbon (0.125 g). The mixture
was stirred under hydrogen (52 Ib.in %), for 14 h at room temperature. The mixture was
filtered through a pad of Celite, the filtrate was concentrated, and abs. EtOH was
evaporated several times from the syrup to remove traces of AcOH. The dried syrup was
then taken up in abs. EtOH (20 mL) and N,H,-H,O (100%:; 0.15 mL) was added. The
clear, light-brown solution was heated at reflux under N, for 18 h. The mixture was then
filtered to remove a fine grey precipitate and the filtrate evaporated to dryness. The
resulting syrup was then dried in vacuo for 2 h to remove traces of hydrazine. The dried
syrup was then taken up in MleOH (12 mL) and Ac,0O was added (3.0 mL). The solution
was stirred under N, for 24 h. The solvent was evaporated to 1/2 volume, additional
MeOH was added, and the volume again decreased to 1/2. This was repeated several
times in order to remove the Ac,0 without allowing the solution to become concentrat-
ed, thus avoiding the formation of the corresponding hydrazide from the methyl ester of
the aglycon. Finally, the solvent was evaporated to dryness and the residue chroma-
tographed using 7:2:1 EtOAc-MeOH-water as eluant (R, 0.54). Further purification
was carried out by passing the sample through a column of Sephadex LH20 using
MeOH as eluant. The title compound 19 was obtained as a white, amorphous powder
(20 mg, 33%); [«f; —13.8° (¢ 0.16, H,0); 'H-n.m.r. (400.13 MHz, D,0): ¢ 3.62
[O(CH,),CO,CH.], and 2.00 (NHCOCH,); “C(*H)-n.m.r. (100.6 MHz, D,0): § 180.6
[O(CH,),CO,CH,}, 177.5 (NHCOCH,), 72.8, 72.7 and 72.6 (C-2,C-2,,and C-4,),71.9
and 71.7 (C-5; and C-5,), 70.8 [OCH,(CH,),CO,CH,], 54.8 [O(CH,),CO,CH ], 36.5,
31.1, 30.94, 30.88 (2 carbons), 28.0 and 27.0 [OCHL(CH,),CO,CH.], and 25.0
(NHCOCH,).

Plasma-desorption m.s. Calc. for C,;H,,NO Na: m/z 707; Found: m/z 708
(MNa)".

(g) 8-f Methoxycarbonyljoctyl 2-O-f3-0-(3-0-2-acetamido-2-deoxy-f-D-gluco-
pyranosyl)-a-L-rhamnopyranosyl J-o-L-rhamnopyranosyl-3-O-( 2-acetamido-2-deoxy-f-
D-glucopyranosyl )-a-L-rhamnopyranoside (20). A sample of the fully blocked penta-
saccharide 17 (0.141 g, 0.0677 mmol) was deblocked as already described for 19.
Following chromatography using 7:2:1 EtOAc-MeOH-water(R,0.18) the title com-
pound 20 was obtained as a white, amorphous powder (18.2 mg, 26%); [«F —52.2° (¢
0.21 in H,0).

Anal. Calc. for C,H, N,O..: C, 51.16; H, 7.42; N, 2.71. Found: C, 50.74; H, 7.39;
N, 2.80.
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Preparation of BS A-glvcoconjugate (21). - The 8-(methoxycarbonylhoctyl glyco-
side 19 (11.7 mg. 17.1 umol) was dissolved in abs. EtOH (200 gL}, and N,H,-H.O (100
1Ly was added. The mixture was kept at room temperature and, after 12 h. t.Le. using
7:2:1 EtOAc -MeOH -water indicated that all of the starting ester had been consumed.
giving a more-polar component. The solvent was removed by evaporation. water (3 > |
mL) was distilled from the residue and then the product was taken up in water and the
solution lyophilized. The white powder was used directdy in the next reaction. The
Ivophilized hydrazide was taken up i freshly disutled N N-dimethylformumide (3.4
mL) and the solution was cooled (o 407 A solution of N.O, in CH-CL (95 L. 34
umol. 0.36M) was added by means of a pre-cooled syvringe. The solution was stirred for
15 min and an additional portion of N.G, in CH.CL (45 1L, 0.36m) was added. Aftera
further 20 min the mixture was poured into 4 stirred solution of bovine serum albumin
(BSAY(4.7mL. 10 mg.mL ") bufler (0.08M1n Na,B,O. and 035 in KHCO 1 ato C
The BSA solution was stirred at O for 12 hand then dialyzed against distilled water (6 x«
6 mL) using an Amicon ultrafiltration cell equipped with & PM-10 membrance. The
residuc was taken up in water and lyophilized to give 21 as a white powder (3¢.2 mg)
having 4 level of hapten incorporation of 15% (assumtng 60 Iyvsine residues per BSA
molecule), or 9 haptens per molecule of BSA. The incorporation level was established on
the basis of carbohydrate content. determined by the method of Dubois er al.™

Preparation of BS A-glveoconjugare (22). - Pentasaccharide 20 (7.0 myg, 6.8 gmol)
was dissolved m abs. EtOH (200 xL) and hydrazine hvdrate (100 g1 After 12 h the
mixture was worked up as with 21 and the lyophilized powder was dissolved in freshly
distilled V. N-dimethylformamide (0.4 mL). The solution was cooled 1o - 40 and a
solution of N.O, in CH,CL. {70 pL, 0.36M) was added. After 20 min this mixture was
poured into a stirred solution of BSA (1.8 mL. 10mg. mL "1in buffer {0.08vin Na,B,0-
and 0.35v in KHCO yat 0. After 12 hof stirning at 07 the mixture was dialvzed agaimst
distilled water {6 x 6 mL), using a Amicon ultrafiltration cell equipped with a PM-10
membrane, to remove any unbound hapten. The residue was taken up in distilied water
and lyophilized to give a white powder (18.7 mg} with a hapten incorporation level of
30%., or 18 haptens per molecule of BSA,
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