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(3) is easily available from lactose via the azido-nitration of
peracetylated lactéljt was chosen as a precursor to make a
disaccharide acceptor free at Q-3vhich could then be
glycosylated with a glucosamine glycosyl donor. Lactoside
derivatives can be selectively protected at the'dydroxyl
groups of the galactose residue through the formation of
thermodynamically more stable’,8-O-isopropylidene% or
orthoacetate$In contrast, it has been shown that such reactions
are more difficult to achieve on 2-azido-lactositlescause they
often lead to considerable amounts of the kinetj6' 4rotected
isomers. To prevent the formation of §6korthoester when

In our efforts to design new anti-cancer vaccines based onpreparing a 34-orthoacetate intermediate, we have investigated

the tumor associated carbohydrate antigen dimeric e
have synthesized the fragment GIcNAg1—3)-Gal{-
(1—4)-GlcNAc-5-(1—0)-Me. Although it is notoriously
difficult to chemically protect the primary OH groups in
p-lactoside derivatives, a 8;@isilylated intermediate was
prepared in 82% vyield. It was converted to a glycosyl
acceptor free at O*3hat was glycosylated with a 2-deoxy-
2-phthalimido trichloroacetimidate glucosyl donor. This
glycosylation required large amounts of TMSOTTf to proceed.
Such conditions led to the formation of a Ferrier rearrange-

the selective protection of the primary hydroxyl groups in
disaccharid® with pivaloyl andtert-butyldiphenylsilyl groups.
A silylated intermediate could then be easily converted in
excellent yields to an acceptor free at Ovla the intermediate
formation of a 34'-orthoacetate. We also report the unusual
isolation of a Ferrier rearrangement glycosylation product while
coupling this acceptor with a trichloroacetimidate glycosyl donor
under high concentration of TMSOTT.

Our results confirmetthat the reactivity at O-3 of a galactose
residue is similar to that of its primary hydroxyl group, whether
it is a monosaccharide or the non-reducing end unit of a

ment glycosylation product. Despite these hurdles, the desiredjisaccharide in lactogor in N-acetyllactosamin@ Indeed,
trisaccharide was isolated in 53% yield and easily deprotectediye selective pivaloylation of disacchari@eat O-6 and O-6

in four steps.

Aberrant glycosylation in human cancer was first suggested

could not be accomplished. When the reaction was carried out
using less than 4 equiv of pivaloyl chloride (PivCl) or at
temperatures below 4, only complex mixtures of inseparable

in the mid-1960s when several papers reported the accumulation™ono-, di-, and tripivaloylated disaccharides were obtained. In

of fucose-containing glycolipids in adenocarcinorhaince
these early reports, the structures and occurrence of tumo

contrast and similarly to the results descri¥¥ddr the pivaloy-
(lation of N-acetyllactosamine, the tripivaloylated disaccharide

associated carbohydrates antigens (TACAs) have been reviewed Was obtained in excellent yields (90%) when the reaction was

several time$, and extensive work has been performed on
glycoconjugates as potential anti-cancer vaccfri@sthin our

allowed to proceed at 40C in the presence of 4.0 equiv of
PivCl. The structure of the tripivaloatewas determined using

research program aimed at designing a safe anti-cancer vaccind/MR spectroscopy. ThéH NMR spectrum showed the pres-

based on the TACA dimLe* (1), we have prepared the
trisaccharide fragme Since methyl 2-azido-2-deoxy-lactoside
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ence of three pivaloyl groups giving signals-at.2 ppm (27

hydrogens). Three exchangeable OH signals were found to entry

correlate in the COSY spectrum with H-3, H-&nd H-4,
supporting that O-3, O‘2 and O-4 were not pivaloylated.
Pivaloylation at O-6 and O-@vas supported by the downfield
chemical shift observed for the primary hydrogens of glucose
(H-64d, H-60 at ~4.15/4.62 ppm) and galactose (H-6d-61

at 4.25 ~4.4 ppm) when compared to the same signals in
disaccharide3 (~3.7 and ~3.7, 3.87 ppm, respectively).
Similarly the presence of a pivaloate at CvBas supported by
the downfield chemical shift measured for Hf8und at 4.84
ppm, while it was found at-3.55 ppm in disaccharid@.

We thus attempted to introduce selectively on the primary
hydroxyl groups more bulkyert-butyldiphenylsilyl protecting
groups. Selective silylation was first attempted usitegt-
butyldiphenylsilyl chloride (TBDPSCI) in the presence of
equimolar amounts of silver nitrat.As shown in Table 1
(entries -4), different amounts of silylating reagents resulted
in different product distributions. When 3.0 equiv of TBDPSCI
was used, the desired disilylated disacchabiges only isolated
in 20% vyield with no other product being formed. However,
increasing the amount of TBDPSCI to 3.3 equiv led to the
formation of the trisilylated disaccharidein 32% vyield (entry
4). The highest yield of the desired disilylated disacchafide
was obtained when using 3.2 equiv of TBDPSCI (entry 3). Itis

interesting to notice that small variations in reagent concentra-

tions led to drastic differences in product distribution. In a
second attempt to selectivélysilylate disaccharid@, it was
treated with 3.2 equiv of TBDPSCI in the presence of 6.0 equiv
of imidazole in DMF (Table 1, entry 5). Although this reaction
proved to proceed slowly, it also proved to be more selective.
Indeed, the desired disilylated disaccharid@as obtained in
82% yield, and the trisilylated disacchariewvas isolated in
only 7% yield. The structure of the disilylated disaccharide
was confirmed by NMR spectroscopy. The presence of two silyl
groups was supported by signals in thé NMR spectrum
corresponding to 4 phenyl rings (#4.8 ppm) and twdert-
butyl groups 1.1 ppm). Silylation of O-6 and O-&lid not
greatly affect the chemical shift of the primary hydrogens in
disaccharides. However, the presence of four exchangeable
hydrogens that, in the COSY spectrum, correlated with H-3,
H-2', H-3', and H-4 allowed us to conclude that O-3, O;2
0-3, and O-4 were not protected while O-6 and O-@ere
indeed silylated. Analysis of the trisilylated disaccharigle
proved to be more difficult. Again, the presence of three silyl
groups was confirmed by the occurrence in tHeNMR spec-
trum of signals corresponding to six phenyl rings and theete

butyl groups. Exchangeable hydrogens were found at 4.39 and

2.15 ppm that correlated with H-3 and H-Zespectively,
supporting that O-3 and O-2were not silylated. A third

TABLE 1. Selective Silylation Conditions

RO 1 1
05 og 5R'=TBDPS; R, R%= H
Rzok /O/éN 6 R', R2= TBDPS; R? = H
RO RO » OMe 7 Ri,R?=TBDPS; R* = Ac
3
TBDPSCI (equiv) time (h) 5 (%) 6 (%)
1 3. 0.5 20 0
2 3.k 0.5 44 2
3 3.2 0.5 70 18
3.3 0.5 44 32
5 3.2 48 82 7
aTBDPSCI/AgONQ. P TBDPSCl/imidazole.
SCHEME 1
5
(CH3O)3CCH3¢ CSA, CH4CN
M‘f{o OSBDPS OTBDPS
ﬁN 0 0
R~ R&LOMe
N3
8R=H
Ac0, CsHsN [ § RZH.
80% ACOH
AcO OTBDPS OTBDPS
HO AcO Acéo 2 OMe

N3
10

either the galactosyl H*®r H-4' signals that overlapped in the
IH NMR spectrum. Thus, we concluded that two of the three
silyl groups were carried by the primary O-6 and p6sitions
while the third one was carried by either Oe8 O-4. To deter-
mine which of O-3 or O-4 was silylated, disaccharidg@was
acetylated (AgO/pyridine/DMAP, 40°C) to give the triacetate

7, which was analyzed by NMR. Whereas Hid disaccharide

7 was found to shift downfield to 5.18 ppm from3.6 ppm in
disaccharides, the chemical shift of H-3in 7 (3.91 ppm)
remained similar to that of the same hydrogen in disaccharide
6 (~3.6 ppm). These results clearly indicated that disaccharide
6 was trisilylated at O-6, O‘6and O-3similarly to disaccharide

4 that was pivaloylated on the same three positions.

The disilylated disaccharidgwas, in turn, converted in three
steps to the disaccharide accepifr(Scheme 1). Reaction of
disaccharides with trimethylorthoacetate in the presence of
camphorsulfonic acid gave thé48-orthoacetat® as a 1/1 mix-
ture of the endo and exo stereoisomers. After workup, the crude
orthesteB was acetylated (A©/pyridine), and the orthoacetate
in disaccharid® was subsequently opened regioselectively on
O-4 by treatment with 80% AcOH. The yield obtained over
these three steps proved to be difficult to control and varied
between 60% and 80% as a result of the unwanted partial open-
ing of the orthoester ring i during the workup carried out
after the first step. To circumvent this problem, the acetylation
of disaccharide8 was carried out in situ by adding pyridine

exchangeable hydrogen was identified and seen to correlate t0,n4 A0 directly to the reaction mixture once it was observed

(10) Nashed, E. M.; Glaudemans, C. P1.J0rg. Chem1987, 52, 5255~
5260.

(11) (a) Hannelore, H. V.; Brandstetter, H.; Zbiral,Helv. Chim. Acta
1978 61, 1832-1841. (b) Sim, M. M.; Kondo, H.; Wong, C.-Hl. Am.
Chem. Soc1993 115 2260-2267. (c) Lin, C.-C; Shimazaki, M.; Heck,
M.-P.; Aoki, S.; Wang, R.; Kimura, T.; Ritze H.; Takayama, S.; Wu,
S.-H.; Weitz-Schmidt, G.; Wong, C.-H. Am. Chem. So&996 118 6826-
6840.
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by TLC that5 had been fully converted to the orthoacetate
Although the acetylation step required higher temperature (50
°C) to proceed, the desired accept@rwas obtained reproduc-
tively in 81% vyield after workup, treatment of the crude
disaccharide® with 80% AcOH, and flash chromatography.
Acceptor10 was then submitted to glycosylation with the
known'? trichloroacetimidateN-phtalimido glucosyl donof1



JOCNote

(Table 2). All of the reactions were carried out in anhydrous TABLE 2. Glycosylation and Formation of Ferrier Rearrangement
CH.Cl, containing freshly activated powdered molecular sieves Trisaccharide 13

(4 A) and under TMSOTf activation. Although reactions AcO AcQ OTBDPS OTBDPS
performed at-70°C with up to 0.8 equiv (entry 1) of TMSOTf AR o o o
did not lead to efficient activation of the glycosyl donor, a 10 NPhthAcO ACO ©
reaction carried out at 15 °C with 0.8 equiv of TMSOTf (entry . - 12 :

2)_ led to rapid degrada.tlon of the donbt prior to its reaction OAc o. AQ oTBDPS OTBDPS
with acceptorl0. Reducmg the amount of molecular sieves and ACQN-Q OC(NH)CCl, ACO/Z%Z\O o o
carrying the reaction at30 °C with 3.0 equiv of donod.1 and NPhth AcO BhinN - AcO AcO OMe
0.6 equiv of activator TMSOTT (entry 3) allowed formation and " 13 Ns
isolation of trisaccharidel2 in 44% vyield after RP-HPLC

purification. Because during this reaction 23% of the acceptor 11 MS 4A  TMSOTf temp 10 12 13
10was also recovered, we attempted to increase the concentraS"Y_(€quiv) (mg/mL)  (equiv) o) *0) (0) (%)
tion of TMSOTf to promote glycosylation. When the concentra- 1 1.5-3.0 100 0208 -70 a b b
tion of TMSOTf was raised to 1.0 equiv, a 2:1 mixture g é'g 1?8 8'2 :ég to—24 62'3 34 E
(estimated by NMR) of the desired trisacchariti2 and the 4 30 50 1.0 —30t0—24 ¢ 5% 2
unsaturated trisaccharide8 was obtained in 79% vyield upon 5 30 50 3.0 —-30t0o—24 ¢ 36 3¢

flash chromatography. Interestingly, when the concentration of  a seen unreacted by TLC but not recoveretiot observed by TLC.
TMSOTTf was further increased to 3.0 equiv (entry 5), the two cFull disappearance as assessed by TL@elds were estimated bjH
products were isolated in 72% yield, but in this case the ratio NMR on the isolated mixture of2 and13.
12 to 13 decreased to 1:1 (estimated by NMR).

The trisaccharidd.3 was purified by reverse phase HPLC
and its structure was established by NMR and HRMENMR H o)
showed that compount carried only five acetyl groups. The ACO/V_/%H
HSQC spectrum showed typical signals corresponding to the AcOH,C PhthN Ap
CH of an olefin: a carbon signal at 128 ppm correlating to a
hydrogen giving a broad singlet at 6.07 ppm. In addition, the ~ ©Hs favored conformation for 13

HSQC also showed that the methylene C-6,'Cahd C-6 o CH,0Ac
correlated as expected with two hydrogens. Integration of the ']' / OR H H OR
proton spectrum showed only 14 instead of 15 ring hydrogens,  AcO 7 PN = — H
confirming that the double bond was intracyclic. While H-1 and ACOH;C H AcO 1 \g th
H-1'" were found as doublets with chemical shifts virtually H SH¢ favored conformation for 14

identical to those of the same signals in disacchatigjeH-1"

appeared as a singlet that showed no correlation to other
hydrogens in the COSY spectrum, suggesting that there was
no hydrogen at C-2 Finally, the HMBC spectrum showed long- SCHEME 2. Ferrier Rearrangement Glycosidation by Silva

FIGURE 1. Conformations and allylic effectsin Ferrier rearranged
adducts provide evidence of theglycosidic bond in trisaccharidES.

range correlations between the olefin hydrogen and Gz12', et al1®

and C-4, permitting us to conclude that this hydrogen was

carried by C-3 and that the double bond was between’'C-2 Q o Q
and C-3. Therefore the unsaturated trisacchariti® was Ao’ od R AcO" > o 9Q
; i : - oL S . BF3/Et,0 AcO

identified as a Ferrier rearrangement addé@ecause there is c! BzO 2 PhthN BzO

no hydrogen atom at C*2noJy-1+ -2+ coupling constant can NPhth  (PhO),(0)PO (PhO)(0)PO
be used to assign the configuration of the newly formed 15 16 17

glycosidic bond. Therefore, the configuration of this glycosidic y4r5gens assume a trans di-equatorial orientation. In the case
bond was assigned relying on the “allylic effect” defined by ¢ 4,1 isolated byproductH NMR gave aly_a' s Of 9.6
Ferrief“ and the coupling constant between Hdnd H-3'. ;" consistent with a trans di-axial relationship between these
Based on this “allylic effect” and as illustrated in Figure 1, steric hydrogens and therefore supportingHs conformation and an
hindrance between the vinylic phthalimido substituent at'C-2 configuration for the newly formed glycosidic bond in
and the aglycon in the-glycosidel3 forces this ring to adopt  risaccharidel3. This value is in good agreement with that
the ©Hs rather than théHg half-chair conformation in which reported by Silva et @8 (Ju_ans = 10 Hz) for the 23
these substituents woulq _be quasi-eclipsed. In contrast, _it IS unsaturated disaccharid@ havirig ano. configuration (Scheme
expected that gi-glycosidic bond such as that shown in 5y | ierestingly this compound was obtained by Ferrier rear-
trlsaslccharldel4 (F!gure 1) would result in this ring adopting rangement glycosidation of the 2-deoxy-2-phthalimidglucal

the °Ho conformation rather than théHs conformation. Thus,  gerivative15 with the accepto6 under BR/ELO catalysis. It

as can be seen in Figure 1, arglycosidic bond_ln s_uch F_errler is knowri® that 2-deoxy-2-phthalimido glycosyl donors may
rearrangement product leads to a conformation in which’H-4 -, 4erqq elimination during glycosylation reactions and lead to
and H-8' assume a trans di-axial orientation, whereas a igg|apie quantities of 2-deoxy-2-phthalimigeglucal derivatives
B-glycosidic bond leads to a conformation in which these ¢ as15. Thus, we propose that large concentrations of

(12) Lemieux, R. U.; Takeda, T.; Chung, B. XCS Symp. Sell976

39,90-113. Grundler, G.; Schmidt, R. Rarbohydr. Res1985 135 203— (15) Silva, M. M.; Cleophax, J.; Benicio, A. A.; Almeida, M. V.

218. Delaumeny, J.-M.; Machado, A. S.; Gero, S.&ynlett1996 8, 764—-766.
(13) Ferrier, R. J.; Prasad, N. Chem. Soc. @969 570-575. (16) Maranduba, A.; Veyrieres, ACarbohydr. Res1986 151, 105—
(14) Ferrier, R. J.; Sankey, G. H. Chem. Soc. @966 2345-2349. 119. Lonn, H.Carbohydr. Res1985 139 105-113.
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TMSOT( (Table 2, entries 4 and 5) led to the conversion of 3.30 (m, 1 H, H-5), 3.27 (dd, 1 H} = 9.6, 8.0 Hz, H-2), 2.97 (d,
trichloroacetimidaté 1 to the glucall5that, in turn, underwent 1 H,J = 6.0 Hz, OH-3), 2.81 (d, 1 HJ = 2.0 Hz, OH-2), 2.71
Ferrier-type glycosidation by the accepttd to give trisac- (d, 1 H,J = 3.6 Hz, OH-4). HRESIMS calcd for GsHsgO10NsSk,
charide 13. Although Ferrier rearrangement reactions with [M + NH,]* 875.4083, found 375-4047- i
2-phthalimidop-glucal have been describ€and such glucals ylsw)?ltgylg(gﬁcesett);:L(l)-oac[:zetllwdlzOcjsgsiylzfdop}qiﬁ;?gmp%eg
have been isolated during glycosylation reacy%?rﬂus 's, 10 glucopyranosyl){3-p-galactopyranosyl]-2-azido-60-tert-butyldi-
our knowledge, the first report of the forma}tlon of a Ferney phenylsilyl-2-deoxy-b-glucopyranoside (12) and Methyl 30-
rearrangement product during the glycosylation of a saccharide ocetyl-4-O-[2,4-di-O-acetyl-3-O-(4,6-di-O-acetyl-2,3-dideoxy-2-
acceptor with a 2-deoxy-2-phthalimido-glucosyl donor. N-phthalimido- a-p-erythro-hex-2-eno-pyranosyl)-60-tert-bu-
Although the formation of trisaccharide3 decreased the yield  tyldiphenylsilyl- 3-p-galactopyranosyl]-2-azido-60-tert-butyl-
of the desired trisaccharide, we were able to isolate sufficient  diphenylsilyl-2-deoxy{5-p-glucopyranoside (13)The disaccharide
amounts ofL.2 to proceed with its deprotection to obtain trisac- acceptorl0 (97 mg, 0.1 mmol) and the dondd (171 mg, 3.0
charide2. Thus trisaccharidé2 was treated with fluoride ions ~ equiv) were dissolved in anhydrous @&, (10 mL) and predried
to remove the silyl groups, and the resulting diol was submitted With MS 4 A (500 mg, 50 mg/mL) 102 h under N. The mixture
to Zempla deacetylation. The phthalimido group was removed Vas_cooled down to:fjo dC’ r?nd freshly distilled TMSkOTf (54
with ethylene diamine, and the resulting trisaccharide still uL, 3.0 equiv) was added. The reaction mixture was kept 24

. . . °C overnight, triethylamine was added, and the molecular sieves
carrying an azido group at C-2 was reduceg, (Pt/C in MeOH) were filtered off through glass wool. The solids were washed with

and selectivelyN-acetylated in situ at both amino groups with  cp,cl, (5 mL), and the combined filtrate and washings were
acetic anhydride. The final trisaccharidlevas purified by flash  concentrated. Flash chromatography (EtOAc/hexanes, 1:1) of the
silica gel and Biogel P2 chromatography successively and wasresidue and further purification with centrifugal chromatography
obtained in a 47% yield over the four steps of deprotection. (EtOAc/hexanes, 1:1) gave a mixture of trisacchariti2end 13

The dimLe trisaccharide fragment GIcNAG-(1—3)-Gal$- (100 mg, 1213 = 1:1 by NMR integration, 72%). Further
(1—4)-GIcNAc-3-(1—0)-Me (2) was synthesized. A key inter- purification by reverse phase HPLC{B/CH;CN, 20:80 to 0:100)
mediate to our synthesis was the selectively disilylated 2-deoxy- 9ave the pure trisaccharidgg (28 mg, 20%) and3 (33 mg, 25%).
2-azido lactose derivativé Although the selective enzymatic Qr’:AaFlzytz:g(l) ﬁﬂaﬁa fgglcz.. [g]BD 83 3; d((::L h‘S'_Cl%%)QSZeLeCtﬁdéH
acetylation of OH-6 and OH6n a similar disaccharide has ( Z ): 05.83(dd, 1H)=100,9.2 Hz, H-3),

i 5.48 (d, 1 H,J = 3.6 Hz, H-4), 5.40 (d, 1 H,J = 8 Hz, H-1"),
been reported, we are describing here, to the best of our know- 5'1g (t, 1 H,J ~ 9.5 Hz, H-4), 4.84 (t, 1 H,J ~ 10.0 Hz, H-3)

ledge, the first selective chemical protection of the primary hy- 4.77 (dd, 1 HJ = 10.0, 8.0 Hz, H-2, 4.64 (d, 1 H,J = 8 Hz,
droxyl groups in a 2-azidg-lactoside. Indeed, as we and otfers  H-1'), 4.29 (dd, 1 HJ = 12.4, 2.8 Hz, H-8), 4.23-2.20 (m, 1 H,
have observed, the reactivity of the galactosyl Ohh3actose H-6b"), 4.21-4.18 (m, 1 H, H-2), 4.15 (d, 1 H,J = 8 Hz, H-1),
derivatives often leads to the concomitant protection of O-6, 3.96 (t, 1 H,J = ~9.5 Hz, H-4), 3.96-3.84 (m, 3 H, H-6a, H-6b,
0-6, and O-3. It is also interesting to point out that although H-5"), 3.69 (dd, 1 HJ = 10.0, 3.6 Hz, H-3, 3.63-3.56 (m, 3 H,
silylation at O-6 and O-6of ano-benzyl glycoside oN-acetyl- H-5', H-64, H-6), 3.54 (s, 3 H, CHO), 3.34 (dd, 1 HJ = 10.0,
lactosamine has been report&dn good yields (82%), only (SZ.OHHZ,OHI;IZ)S,'&I::./ridi\ll tulzzg'goqzé ']:"5)' dHﬁEg%g;aI(I:ci_for
r_nediocr(_e (42%) yields have been repo?ﬂé@bra_similar reac- ce71Il dsstefzfo? '123[ (oo 21390 © '1.1' CI—%E) Selec.teoFHn;IB\//llR
tion carried out on the analogoysallyl glycoside. We also

. . . 300 MHz, CDC}): 6.07 (s, 1 H, H-3), 5.83 (s, 1 H, H-1), 5.58
report that using high concentration of TMSOT( to catalyze a Ed 1H Jz= 9.6 I—£|)z H_4.)(s5.28 d, 1 I2|,] — 2.(;‘ Hz, H-4) )4.98—

glycosylation employing a 2-deoxy-2-phthalimido glucosyl 489 (m, 2 H, H-3, H-2, 4.62 (d, 1 H,J = 8.0 Hz, H-1), 4.39
donor may lead to the formation of a Ferrier rearrangement (dd, 1 H,J = 12.3, 1.8 Hz, H-64), 4.22-4.16 (m, 2 H, H-1, H-68),
oligosaccharide. However, the desired trisaccharide fragment4.10-4.02 (m, 1 H, C-5), 4.05-3.95 (m, 1 H, H-4), 4.023.88
2 could be prepared in sufficient quantities to be used in NMR (m, 2 H, H-6a, H-6b), 3.943.83 (m, 1 H, H-3), 3.68-3.58 (m, 1
studies to assess its conformational behavior as well to be em-H, H-6d), 3.60-3.52 (m, 1 H, H-5), 3.53 (s, 3 H, CHO), 3.48-
ployed as competing antigen in immunological binding experi- 3-40 (M, 1 H, H-6b), 3.42-3.33 (m, 1 H, H-2), 3.383.28 (m, 1
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