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Abstract: The total synthesis of the Hakomori MBr1 antigen, heavily expressed on human breast tumors, is related.
The construction involved the assembly of four glycal$7 (twice), 18, 20, and26) and an.-fucose derivative34.

The sensitivity of the stereochemistry of sulfonamido galactosylation by a terminal galactose ring as a function of
the state of protection status of itg @lcohol was exploited in a key step. (See the formation of comp&dr)d

The synthesis served to confirm the Hakomori assignment of structure, and paves the way for immunoconjugation.
(See compouné4.)

Background In this regard, our attentions were drawn to a novel structure
which seems to be associated with human breast cancer. Traces

One need hardly dwell on the advantages which might accrue oo glycosphingolipidl were isolated by Hakomd and

if the enormous powers of the human immune system could be . . .
P Y associates by processing human breast cancer cell line, MCF-

mobilized to do baftle against cancert could be imagined 7. The structure was assigned by spectroscopic measurements
that such a recruitment would be helpful in combating the onset . ° Y Y Sb P

of the formation of the cancerous cells, in attacking existing Ir: coir;]w blnztrl]o?h v;”tgvdr:em\l,ssil hafn di|ifntz¥,im?tlc(i: df tghria%?tlvet
areas of cellular transformation, and in resisting metastasiss apping. other advance which factiitated study ot this breas

concept has often been discussed in the context of futuristictumor antigen was its immunocharacterization via monoclonal

hopes and has been supported by some apparent tantalizing ear! ntibody MBrl by Colngghl_and as_souaﬁ_eih_ls antibody had
successes. However, at the present writing, no broadly based Jeen obtained frqm mice immunized with mtagt MCF-7 .ceII
clinical application of active immunity against cancer through l"_]es_' Thus, the isolation af fr(_)m t_hese c_eII lines _a_nd Its
vaccination has been demonstrated. binding to MBrl were taken to implicate this glycolipid as a
Among the novel constellations, generated by transformed breast tumor antigen.
cells are anomalous glycosidic ensembleBhe degree to which The degree of specificity of antigehto breast tumors has
particular carbohydrate patterns are indeed specific to cancernot been established. The criterion of isolation and character-
cells, or even to cancers of particular tissues or organs, remaingzation of1 has, at this writing, only been met by the Hakomori
to be properly and fully sorted out through the techniques of experiment using the transformed (MCF-7) mammary cells.
immunohistology. However, there is an emerging perception By the criteria of immunohistology, as evidenced by binding
that certain consensus patterns are, minimally, overexpressed®f whole tissue to MBr1, the antigen seems to be present, to a
in transformed cells as glycoprotein or glycolipid conjug&tes. lesser extent in normal mammary and other teratocarcinoma
Whether such accumulation arises from the coincidental abun-cells. However, caution is appropriate in drawing such a
dance of particular glycosyl transferases, or whether it reflects conclusion. As shown by our mapping studies at the end of
the purposeful biosynthesis of these anomalous constellationsthis paper, and by earlier, as well as continuing investigations
to perform a function in the transformed cell, awaits clarification by Russo and co-workefd? truncated versions df are also
and may indeed vary, on a case to case basis. found to bind to MBr1. Hence, the criterion of immunohistol-
ogy, as based on binding of MBrl to define the presence of
as a total structural entity in a particular tissue, is lacking in

T Sloan-Kettering Institute for Cancer Research.
* Columbia University.
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arising from the possibility of constructing a carbohydrate-based

antitumor vaccine. Conceivably, an immunofostering conjugate 3 would have to be distinguished as the unique acceptor site.
of fully synthetic1 might serve to stimulate antibody formation = With hexasaccharide glycat thus produced, provision for

in patients. Through such studies, the prospects for magnifying introduction of the ceramide via its glycal linkage would be
active immunity against cancer could be evaluated experimen-available'®1” Alternatively, the terminal glycal linkage of the
tally. Clearly, such an undertaking would require access to hexasaccharide could be exploited to lead, through a spacer
substantial amounts of the carbohydrate domain in a form wheresector, to suitable immunoconjugates in keeping with the
it could be connected to an immunotriggering domain. Scheme biological goal of the prograth (see Scheme 2).

1 provides the structure df and the governing paradigm for Keeping in mind the realities of the availability of carbohy-
creating synthetically derived carbohydrate-based antitumor drate building blocks, it seemed clear from the outset that the
vaccines. DEF sector would be fashioned from the suitable melding of

In this paper, we describe (i) the total syntheses of the MBr1 two galactal units to provide eventually the Gal-Gal glygal
antigen!? (i) a chemically rigorous proof of its structure, and  which upon fucosylation at Lwould lead to2.
(i) the establishment of a linker domain for purposes of  Astothe ABC domain, we initially hoped to exploit the ready

fashioning a functional vaccine. accessibility of lactal6.’® In the early planning, it was
conjectured that it could prove possible to differentiate the
Synthetic Planning hydroxyl groups of6 such as to identify the unique axial

In studying structurel as to its amenability to chemical ~1Ydroxyl at G’ as the acceptor site (see asterisk in structres
synthesis on a decent scale, the interior network of four @nd7). We further envisioned the generation of galac&l (
galactose/galactosamine residues is quickly recognized. A Wherein Gwould be distinguished via a unique blocking group

principal retrosynthetic disconnection between ring C and D Which would identify this center as the acceptor site.
seemed attractive. Hence, a DEF glycal (cf. structure B)pe Coupling of 7 with an o-galactosyl dgnor derived fror8
emerges as a subgoal. In a similar vein glycal tgpan serve followed by deprotection of the unique P* blocking group would

as an ABC acceptor equivalent. Systemwould be converted ~ 1€ad to the previously discussexfor coupling with an aza-

to an “azaglycosylation donof® upon suitable activation of its g'yC?" dc_mor deriv_eo_l fron2 (Scheme 3). .
glycal linkage. For instance, we hoped to apply our own It is with the building of an ABC sector corresponding3o

methodology wherein a/Riodo sulfonamide derived from a  that our account begins. o
type 2 (DEF) glycal would function as the donor fésulfon- Se_veral initiatives were un(_JIertaken to evaluatt_e the possibility
amidoglycosylatiod#15 Of course, the appropriate;@xygen o_f usmg_lactal 6) as our starting materlgl to fashlon a usefully
of the galactose residue at the nonreducing end of ABC glycal d|ﬁerent|atgd AB system. In accord with previous reports, it
was a relatively straightforward matter to protegta®d G' as

5 lglll,) Per\r’roqe, ::-:,N:lgengfﬁlia_s_-: '\(jafg‘vlafiv ﬁ ﬁallEObf(aseC, M.; %‘Sgghi' P.; the di-TIPS derivative (see compou@)l As described in an
ufalino, R.; Testori, S.; Baldini, M.; Colnaghi, M. Eur. J. Cance T - ] _
297, 2113. Canevari, S.; Fossati, G.; Balsari, A.; Sonnino, S.; Colnaghi, earlier finding, we could contain thé-and 4-hydroxyl groups

M. I. Cancer Res1983 43, 1301. Hareuveni, M.; Gantier, C.; Kieny, M.- in the form of a cyclic carbonaf®:?! The hydroxyl groups at

Pg.’;g\(/]\/gescgngé, D.; Chambon, P.; Lather,ARoc. Natl. Acad. Sci. U.S.A.  Cz and G' were thus exposed for silylation. Cleavage of the
1 7, 9498.
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M. T.; Park, T. K; Hu, S.; Randolph, J. T.; Danishefsky, S. J.; Livingston, 4933.

P. O.; Zhang, SJ. Am. Chem. Sod.995 117, 7840. Dennis, JOxford (17) Gervay, J.; Peterson, J. M.; Oriyama, T.; Danishefsky, &.0rg.
Glycosystems Glyconews Secoh@92. Chem.1993 58, 5465.
(13) Griffith, D. A.; Danishefsky, S. 3. Am. Chem. Sod99Q 112, (18) Behar, V.; Danishefsky, S. Angew. Chem., Int. Ed. Endl994
5811-5819. Griffith, D. A.; Danishefsky, S. J. Am. Chem. Sod.99], 33, 1468.
113 5863. (19) Danishefsky, S. J.; Behar, V.; Randolph, J. T.; Lloyd, KJOAm.
(14) Danishefsky, S. J.; Koseki, K.; Griffith, D. A.; Gervay, J.; Peterson, Chem. Soc1995 117, 5701.
J. M.; McDonald, F. E.; Oriyama, T. Am. Chem. S0d 992 114, 8331. (20) Danishefsky, S. J.; McClure, K. F.; Randolph, J. T.; Ruggeri, R. B.
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cyclic carbonate in10 gave rise toll. We attempted to
selectively protect € with a durable blocking group. Unfor-
tunately, we could only obtain a 28% yield of tpenethoxy-
benzyl etherl2 with 35% recovered 1.

In another initiative, twdert-butyl dimethyl silyl groups were
introduced at @and G’ of 6. A high-yielding monobenzylation
of compoundl3 at G' was accomplished to affort4 in high
yield (Scheme 4). The next preferred site of benzylation was
the G hydroxyl. However, the selectivity margins were not
acceptable. At best, a 35% yield b% was obtained. Further-
more, the selectivity margin for acetylation of'@nd G' was
poor. We could obtain, at best, a 56% yield 8. On the
basis of these and other early difficulties of a similar character,
we set aside the idea of using lacté) {tself to fashion the AB
sector, recognizing full well that several unexplored opportuni-
ties to realize this goal remain open for future study.

Park et al.

Scheme 4
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11: R=R'=H
2: R=PMB, R'=H
a2 Reagents: (a) TBSCI, cat. DMAP, 4&, DMF, 62%; (b) TIPSCI,

imidazole, DMF, 49%; (c)r§-BusSn)0, PhH, then BnBr, TBAI, 96%;
(d) NaH, BnBr, DMF, 35%; (e) A€, cat. DMAP, E4N, CH.Cl,, 56%;
(f) (i) 1,1'-carbonyldiimidazole, cat. DMAP, Ci€l,, 67%; (ii) TBSCI,
imidazole, DMF, 83%; (g) NaOMe, MeOH, THF, 75%; (mBu,SnO,
PhH, then PMBCI, TBABr, 28% (with 35% af1).

The C ring construct was fashioned fravgalactal. It was
possible through stannylation to cleanly introdugeraethoxy-
benzyl group at €(see compoun@5). At this stage, 2-fold
benzylation at the £and G centers gave rise to differentiated
galactal26. The latter was converted to tffeanomeric fluoride
28via its o epoxide27.23 Benzylation of the hydroxyl group
gave?29, which was to function as our galactosylating agent
for introduction of ring C.

The stage was now set for the fateful coupling between
acceptor24 and donor29. Indeed, glycosylation was ac-
complished using Mukaiyam&-Nicolaolt?® conditions, as
shown. This reaction gave rise to a 54% yield36f as well
as an 18% yield of it$9 anomer31l. Upon discharge of the
lone p-methoxybenzyl group in the C ring, formation of the
ABC acceptor with its differentiated hydroxyl acceptor site was
accomplished. (See compouBd and asterisk.)

For fashioning of the DEF glycosyl donor corresponding to
2, we began with a compound, described earlier, i.e., the TIPS
cyclic carbonatex epoxide,19. This donor was, in turn, used
to glycosylate the previously described accepfiat No
differentiation of the @ and G hydroxyl groups ofl7 was
necessary in this coupling which occurred cleanly gtu@der

Fortunately, another route presented itself. In this route we the influence of zinc chloride. Compou®® was obtained in

would fashion our own lactal subunit corresponding to rings A
and B in formal construc®. The advantage here would be that

87% vyield.
The stage was now set to distinguish’ @om C, in a

in the assembly process we could already have made provisiongcosylation experiment. We hoped that fucosylation would

for distinguishing the ¢ hydroxyl group corresponding to
structure typ&/. The synthesis proceeded as follows. Galactal
was silylated at gto provide structurd?7. Engagement of the
Cs and G hydroxyl groups, as previously described, provided
the cyclic carbonatd8. The a-epoxidel9, obtained by the
treatment ofl8 with dimethyldioxirane, was to serve as the B
ring. (See Scheme 5.)

The A ring equivalent was obtained from the dibenzylation
of glucal, giving rise to the 3,6-dibenzyl compouriD.
Coupling of compound$9 and20 gave rised A B intermediate
21 The next subgoal was that of identifying thg Gydroxyl
group of the B ring as the site of tlegalactosylation. It was
possible to introduce a single benzyl group ati€ 21in 81%
yield, to afford compoun@2. Desilyation followed by cleavage
of the cyclic carbonate gave rise 8. Using stannylidene
methodology?? two benzyl groups could be introduced og C
and G, giving rise to compoun@®4 in which the only non
benzylated hydroxyl group was, in fact, at the axial hydroxyl
at C,’ destined to preide the linkage site of the B and C rings

(21) Danishefsky, S. J.; Gervay, J.; Peterson, J. M.; McDonald, F. E.;
Koseki, K.; Griffith, D. A.; Oriyama, T.; Marsden, S. Am. Chem. Soc.
1995 117, 1940.

(22) David, S.; Hanessian, $etrahetron1985 41, 663.

occur at the equatorial rather than the axial alcohol. In the event
this supposition proved to be correct. Using the previously
described fucosyl donad4, under Mukaiyam&—Nicolaol?®
conditions, there was obtained a 47% vyield of compoG&d
accompanied by approximately 8% of monofucosylated product
36 where theL-fucosyl residue had penetrated at &f the
galactose. For purposes of advancing on our goal, this
somewhat disappointing attrition in regioselectivity was accepted
in deference to the convenience of the route. Compdmd
was acetylated to provid&7 which was converted to its iodo
sulfonomide38 in the usual way#15

The coupling of acceptoB2 and donor38 was carefully
studied because it loomed as a key step in the synthesis. This
type of merger, though with much simpler substrates, had been
the cornerstone of our azaglycosidation methodolSgie
Thus, we were surprised to find that under a variety of
conditions, the union of these two substances could not be

(23) Gordon, D. M.; Danishefsky, S.Garbohydr. Res199Q 206, 361.

(24) Mukaiyama, T.; Murai, Y.; Shoda, &hem. Lett1981, 431.

(25) Nicolaou, K. C.; Caulifield, T. J.; Kataoka, H.; Stylianides, N. A.
J. Am. Chem. Sod99Q 112, 3693. Nicolaou, K. C.; Hummel, C. W,
Bockovich, N. J.; Wong. C.-HJ. Chem. Soc., Chem. CommaA91, 870.
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a2 Reagents: (a) 1\icarbonyldiimidazole, cat. DMAP, Ci€l,, quant.; (b) 3,3dimethyldioxirane, CKCly; (c) (n-BusSnO, TBABr, BnBr, PhH,
65%; (d) ZnC}, THF; (e) BnBr, NaH, DMF; (f) TBAF, THF, then MeOH, MeONa, 93%; (g)-BusSn»O, Bu,SnO, PhH, then TBABr, BnBr,
90%; (h)n-Bu;SnO, TBABr, PMBCI, PhH, 70%; (i) TBAF, THF; (j) AgCI®) SnCb, di-tert-butylpyriding 4 A molecular sieves, ED; (k) DDQ,
CHCl,, H,0, 86%.

Bn!

j
24 + 29 —>

Scheme 6 further aggravated by what we have termed chiral mismatches,
S Lo Cor T F i.e., situations where the match of particular asymmetric contours
17 + 19— oéé/og . acﬁioﬁ" of the donor and accepfinfluence the feasibility of coupling
H Bn

and its steric course. In a striking example, Spijker and van
Boecket’ found out that thg8-directing power of a gbenzoyl

Bnp T°" group was so overweighed by the chiral mismatch that it led to
, OY@:E‘KS s g5 LotHs a completeo. glycosylation.
ELENGE, ¢ =, Oxcggj“@s In our earlier investigations on sulfonamidoglycosylatién,
”3°ﬁn~£osn H = we had already explored a variation which might be effective
O a8 R (47%) ve o in otherwise difficult cases. This is shown in the transformation
27 ko <~ ° ) of 40 + 41 — 42 (Scheme 7). In this two-step protocol, the
Y acceptor for the first azaglycosidation is a thioethyl function,

giving rise to a structure of the typé2. The latent donor

omips A0 S0 nPs A°§§°TE”°S capacity of such a thioglycoside can be promoted through the
m;@ﬁ Moo B action of methyl triflate?® In the cases previously studié#!®
HSO2Ph Hg

OBn 08Bn very high preferences fg#-glycoside in the second had been
B oBn 5‘3&; realized (cf.42 + AH — 43).
oo oteered _ In principle, it might have been argued that whether one starts
b :Tea%¢”t55E§(8‘) (z)“%' EH';' 87?5&%@&'3 (Sdf;cl(lz ﬂg%t' with 40 or 42, after suitable promotion the actual glycosylating
utylpyridine, ; (€) AcO, Py, cat. , 91%; co " L ) Omc :
PhSQNH,, 4 A molecular sieves, THF, 82%; (&2, (n-BusSn)O, entity is the sgm«N sulfonylaziridine44. qu_gver, this n_eed
PhH, then AgBE, THF. not necessarily be the case. A possibility deserving of

consideration is that when starting with donor tfi#&the active

achieved in a reasonable way. At best, one could detect tracelycosylating agent is actually a form in which the oxygen atom
of a presumed coupled produd® by examination of NMR of the sulfonamide (rather than the nitrogen) had participated
spectra of crude reaction mixtures. (See Scheme 6.) Howeverl€ading to structure typd5 (status of NH undefined). Such a
it did not prove feasible to obtain homogeneous product material 26 F i T —— - s

H H H or a striking example or matching eftects In glycosiae syntnesils,
necessary to demonstrate even this level of attainment in a .- Halcomb, R. L.: Boyer, H. H.; Wittman, M. D.. Olson. S. H.; Denhart,
rigorous way. This failure, in conjunction with other failures p.j.: Liu, K. K. C.: Damshefksy S. J. Am. Chem. S0d995 117 5720
in more complicated cases, demonstrated that the azaglycosi-and references cited therein.
dation via “direct rollover” of iodo sulfonamides may not be _(27) Spijker, N. M.;van Boeckel, C. A. Angew. Chem., Int. Ed. Engl

) . ) X X 991, 30, 180.

reliable with seriously hindered substrates which are encountered1

! ] - L ale (28) Lonn, H.Carbohydr. Res1985 134, 105. Lan, H.J. Carbohydr.
in the context of coupling of oligomers. Difficulties can be Chem.1987 6, 301.
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and stereoselectivity patterns, relativedtbin difficult glycosi-
dations.

o face attack
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10:1); (c) AcO, cat. DMAP, EfN, CH.Cl,.
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counterparts of 1,2 “cyclo” structures such4bor 45, which
would have assurefi-galactoside formation.

It seemed possible that structural features in the terminal
galactose ring, or elsewhere in the DEF ensemble, were
encouraging onium ion formation and disfavoring the participat-
ing form (cf. 44 or 45) of the active glycosyl donor. We
naturally wondered whether the outcome favoring th@
preponderance of 5:1 could be materially altered by effecting
small changes in the nature of the donor ring. The area of the
donor entity which might be most readily probed experimentally,
without major restructuring of the synthesis, was the disposition
of the oxygen at ¢in the reducing terminus ring. In an earlier
intermediate35, this oxygen atom had appeared as an alcohol.
The possibility that the free hydroxyl group ai Could be
maintained in the fashioning of dond® was explored.

In the event, it was feasible to effect iodosulfonimidation on
intermediate35to produced9 (Scheme 9). This compound was,
in turn, converted to theftethanethiolate dond0 bearing a
20-phenylsulfonamido function by the rearrangement shown.
Coupling of50 with 32 with methyl triflate gave rise to an 10:1
mixture of51:52. Acetylation of these two compounds quickly
established that they did indeed correspond to the previously
encounterec9 and47. Most remarkably, the major product
of the glycosidationia 50, with the hydroxyl in free form, was
51 corresponding in stereochemistry to the minor prodd@t
in the glycosidation of the Lacetoxy bearing dono#6.
Similarly, the minor producs2, arising from50, corresponded
to the major product47) of the G acetoxy dono#6. Thus,

We decided to explore implementation of the two-stage indeed, very substantial reversal of the directionality of the
protocol to the case at hand. The effort began on a favorableglycosylation had been achieved by the seemingly minor device

note when compoun@8 reacted with lithium ethanethiolate
under the specified conditions to afford compouéd Scheme

of changing the character of the, @ the donor from acetate
to alcohol. This trend has been verified in simpler substances.

8). We now studied the all-critical glycosidation of acceptor |t played a key role in our recently completed total synthesis of

32 with donor46. Indeed, under promotion by methyl triflate,
coupling occurred giving rise to a 5:1 mixture of glycosides.

asialo GM.2°
We first demonstrate that our formulations3¥, 47, 51, and

Naturally, on the basis of previous experience, we assumed thats2 are correct. Treatment of presumed compodiiith 3,3-

the major product was thgglycoside39, while the minor one
was assigned adl7. At this stage, NMR analysis was

dimethyldioxirane followed by coupling of the epoxide with
azidohydrin53 under the influence of anhydrous zinc chloride

complicated by interferences from the signals of the blocking gave rise, after acetylation, to produst (Scheme 10). The
group based protons. Our assignment was based solely orcapacity to introduce truncated precursors of the ceramide side
precedent and the perceived mechanistic logic of the reaction.chain in this way had been previously demonstrated in our
Following introduction of the ceramide residue and global |aboratory!®!” Reduction of the azide linkage and palmitoyl-
deprotection by schemes which will be described below, it was ation of the resultant amine led &. Treatment of the latter

discovered that the major product of this glycosidation was the

a-glycoside47 while the minor one was actually the desired
39. Clearly, the G-based sulfonamide had not provided
p-directionality guidance for the glycosidation reaction. We
took this breakdown to imply a failure in the participation effect
of the sulfonamide resulting in intervention of an onium type
specie (cf.48) as the active form of the donor, rather than

(29) Danishefsky, S. J.; Kwon, O. Unpublished data. See also: Berresi,
F.; Hindsgaul, O.J. Carbohydr. Chem1996 14, 1043. For a review
containing related observations on galactosylation, see: Paulsamgedw.
Chem., Int. Ed. Engl1982 21, 155.

(30) Three characteristia. anomeric protons were observed through
proton NMR: 6 5.19 (1H, d,J = 3.8 Hz), 5.11 (1H, dJ = 3.6 Hz), and
5.01 (1H, d,J = 3.6 Hz). This fact shows that the<D glycosidic linkage
is a.
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Lindlar’s catalyst, H, palmitic anhydride, EtOAc, 92%; (d) (i) TBAF, THF; (i) NaOMe, MeOH; (e) (i) Na, BNHHF; (ii) Ac2O, EtN, DMAP,
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aReagents: (a) (i) 3,3-dimethyldioxirané A molecular sieves, Ci€ly; (i) 53, ZnCh, THF, 53%; (b) AgO, DMAP, EtN, CH,Cl,, 95%; (c)
Lindlar's catalyst, H, palmitic anhydride, EtOAc, 90%; (d) (i) TBAF, THF; (ii) NaOMe, MeOH, 94%; (e) (i) Na, INFIHF; (i) Ac20, E&N,
DMAP, CH.CI,, 80%; (f) NaOMe, MeOH, quantitative.

Scheme 11

product with TBAF and then with sodium methoxidmethanol (sodium methoxide methanol), and benzyl groups (sodium and
resulted in cleavage of the silyl and the two acetate protecting ammonia) followed by peracetylation and per-deacetylation of
groups, as well as the cyclic carbonate. The 12 benzyl andthe oxygen-based acetates gave rise to the MBrl1 antigéne
sulfonamido protecting groups were discharged by reaction of compound thus synthesized in contrast Vé@@binds very nicely
sodium and ammonia. Exhaustive acetylation followed by to the MBrl antigen. Moreover, its structure assignment, on
deacetylation with sodium methoxide in methanol afforded purely chemical grounds, is in complete accord with its NRIR,
compounds6. This structure differed in its NMR spectrum in its infrared and mass spectra, and the corresponding spectra of
several notable respects from the MBrl antigen its&lf.On its precursor structures. The region of the spectrum of synthetic
the basis of these data, as well as by virtue of its mass spectrum} reflecting anomeric resonances is identical with the corre-
we formulate it to be compoungb, i.e., the C-D glycoside sponding spectrum displayed in the Hakomori pap€efhe
epimer of the desired compourd structural proposal adanced by Hakomori for the MBr1 antigen

In a similar vein, starting with compourfll, reaction with has thus been fully supported and the total synthesis of the breast
3,3-dimethyldioxirane afforded the usual 1,2-epoxide derivative. tumor antigen has been accomplished
The latter, on reaction with acceptéB, moderated by zinc It was well to determine the structural specificity involved
chloride, gave rise to a 53% vyield of the add&at (Scheme in binding of target congeners to this MBrl antigen. The
11). This glycosidation was soon followed by reduction of the (31 Only the chemical shifts and coupling constants of anomeric protons
azide linkage and palmitoylation of the resultant amine to afford were reported for the natural MBr-1 antiget) (see ref 7). Characterisitc
58. The remaining steps were much the same as those used ”insolm(iﬂc Protens ;)le\g3r 4143”5'1%‘13(’]""?; gbjze)“’i‘igté:?’ e
the synthesis db6. Thus starting with substra&8, a cleavage Hz), 4.25 (1H, d] = 7.6 Hz), 4.16 (1H, dJ = 7.8 Hz) and is in complete
sequence consisting of all silyl groups (TBAF), acyl groups agreement with reported data.
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aReagents: (a) TBAF, THF, 94%; (b) (i) Na, NHTHF; (ii) Ac.O, EtN, DMAP, THF, DMF, 85%; (c) (i) 3,3-dimethyldioxirane, GBIy; (ii)
allyl alcohol, 66% (+29% of a-manno isomer); (d) NaOMe, MeOH, quantitative.

Table 1. Inhibition of MAb MBr1 Binding to an MCF-7 Cell Line blood group determinant8. Thus, the peracetylated version

by Synthetic Antigens59—64) of glycal 51 (see steps a and b) was treated with dimethyldiox-
compd 1Go (MM)?2 compd 1Go (MM)? irane. The resulting epoxide was coupled with allyl alcohol.
59 500 62 27 Surprisingly, this sequence led to an approximately 2.5:1 ratio
60 26 63 200 of o epoxides. Deacylation through the action of sodium

61 10 64 16 methoxide completed the synthesis of the allyl glycoside

As discussed earliéf;1%oxidative cleavage of the double bond

of such allyl glycosides leads to glycolic aldehyde glycosides
chemistry by which the targets had been synthesized followed Which are eminently suitable for bioconjugations. Reports on
the principles described above and led to compolBgise4 these investigations as well as the immunoperformances of our
as reported earlié The binding data with MBr1 antibody are ~ Synthetic constructs will be forthcoming in future disclosures.
summarized in Table 1. These data signify the crucial nature Summary

of the terminal fucose residue. In the absence of this residue,
the structure known otherwise as the SSEA-3 (stage specific
embryonic antigen-359) antigert® fails to bind to the MBr1
antibody at appropriate concentrations.

The data also indicate that the nature of the glycosidic bond
in rings B and C is not critical. Indeed they point to the fact
that rings A and B may be deleted entirely (see compdfd
Scheme 12). Interestingly, pentacyél in which only the A
ring of the MBr1 hexasaccharide epitope has been deleted, bind
MBrl antibody even slightly more avidly than does the full

a50% inhibitory concentratior?.ICso not reached.

The synthesis of compouridaccomplished the goal of proof
of structure and provided the basis for orderly immuno-
conjugation. Moreover it served to underscore the power of
glycal assembly in reaching oligosaccharide ensembles. In
particular we cite the conciseness in reaching systems of the
type 32 and 35 using minimalist protection devices involving
systems derived from the readily obtainable galadfaland

lucal 20. We also underscore the remarkable reversal in the
tereochemistry of sulfonamidogalactosylation by fine tuning
of the status of the axial £based oxygen of the donor terminus.

antigen.
We close by describing how the glycal domain (see com- Experimental Section
pound51) was converted to allyl glycosid#4, which is a major General. All commercial materials were used without further

target site structure for commencement of the process of purifications unless otherwise noted. The following solvents were
conjugation. The methodology we used here was similar to distilled under positive pressure of dry nitrogen immediately before
that used in the synthesis of our truncated constias,well use: THF from sodium benzophenone ketyl, ether from LiAIH

as that used in the fashioning of the reducing end of the Lewis CHzClz, toluene and benzene from CaHAIl the reactions were
performed under Natmosphere. NMRfd, 13C) spectra were recorded

(32) Kim, I. J.; Park, T. K.; Hu, S.; Abrampah, K.; Zhang, S.; Livingston,  on Bruker AMX-400 MHz, Bruker Avance DRX-500 MHz, referenced

P. (Oag)%?]rg\f&iflf)'fyﬁﬂ- Ig‘fgwggeg1§95ljg?hj7aﬁg- - Solter Gell to TMS (H-NMR, & 0.00) or CDC} (**C-NMR, 6 77.0) and CD30D
y L. ) 1 . i) o by 1 1 - 1
1982 30, 697. Andrews, P. W.; Goodfellow, P. N.; Shevinsky, L. H,; (C-NMR, 0 49'05) peaks unles_s otherwise stated. +£8.0 Hz was
Bronson, D. L.; Knowles, B. Blnt. J. Cancer1982 29, 523. Nunomura used before Fourier transformation for all of S€-NMR. IR spectra
S.; Ogawa, TTetrahedron Lett1988 29, 5681. Park, T. K.; Kim, 1. J.; were recorded with a Perkin-Elmer 1600 series-FTIR spectrometer, and

Danishefsky, S. JTetrahedron Lett1995 36, 9089 (see also ref 6). optical rotations were measured with a JASCO DIP-370 digital
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polarimeter using 10 cm pathlength cell. Low- and high-resolution (2C), 128.12, 127.84, 127.73, 127.64, 127.57, 127.51, 102.28, 99.74,
mass spectral analyses were performed with a JEOL JMS-DX-303 HF 78.99, 76.03, 74.64, 74.07, 73.24 (2C), 73.17, 72.64, 70.20, 69.10,
mass spectrometer. Analytical thin-layer chromatography was per- 67.79, 62.15.

formed on E. Merck silica gel 605 plates (0.25 mm). Compounds Synthesis of Disaccharide Acceptor 24 A mixture of triol glycal
were visualized by dipping the plates in a cerium sulfaesmonium 23(2.95 g, 5.1 mmol), BsBSnO (1.33 g, 1.05 equiv), and (E&n)O
molybdate solution followed by heating. Flash column chromatography (1.69 mL, 0.65 equiv) in dry gHs (50 mL) under N was refluxed for
was performed using the indicated solvent on E. Merck silica gel 60 5 h with azeotropic removal of water. The reaction mixture was cooled
(40—63um) or Sigma H-Type silica gel (:640um) for normal phase below boiling and treated with BnBr (2.43 mL, 4.0 molar equiv) and
and EM Science Lichroprep RP-18 (85 um) for reverse phase. TBABr (3.29 g, 2.0 equiv). €Hgs (10 mL) was distilled off, and the
Melting points are obtained with Electrothermal melting point apparatus reaction mixture was refluxed for 16 h. The reaction mixture was
(series no. 9100) and are uncorrected. directly loaded on a silica column and eluted with-29% EtOAc-

3,6-Di-O-benzylo-glucal (20). Triacetylglucal (from Aldrich) (30.7  hexanes to giv@4 (3.48 g, 90%) as a clear oil:a]*% —3.3° (¢ 0.87,
g, 111 mmol) was dissolved in absolute methanol (300 mL), treated CHCL); IR (CHCL; film) 2867, 1652 1454, 1364, 1097, 736 Tn
with NaOMe (25 wt % in MeOH, 1.5 mL), and stirredrf6 h atroom 'H-NMR (400 MHz, CDC}) 6 7.35-7.21 (25H, m), 6.45 (1H, d] =
temperature underdN The reaction mixture was concentratedacuo 6.2 Hz), 4.88 (1H, dd) = 6.2, 3.9 Hz), 4.83 (1H, d) = 10.9 Hz),
and the residue purified by flash column chromatographed witt08%6 4.69 (2H, apparent s), 4.68 (1H, 8= 10.9 Hz), 4.59 (2H, apparent

MeOH in CHCl, to give 16.6 g (100.7%) of white crystalline, ) 4.55 (1H, dJ=7.8 Hz), 4.49 (2H, apparent s), 4.47 (2H, apparent
hygroscopic solid. s), 4.29 (1H, dd) = 9.6, 5.8 Hz), 4.18 (1H, ) = 4.4 Hz), 4.13 (1H,

m), 3.99 (1H, br s), 3.85 (1H, dd,= 10.6, 6.4 Hz), 3.753.60 (4H,
D-Glucal (8.0 g, 54.7 mmol) and (B8n)O (30.7 mL, 1.1 molar B
equiv) in dry GHe (150 mL) were refluxed for 20 h with DearStark m), 3.47-3.41 (2H, m)*C-NMR (100 MHz, CDCJ) 4 144.43, 138.64,

trap. The reaction mixture was cooled below boiling temperature and 138.42,137.99, 137.84, 137.80, 128.40, 128.34, 128.26, 128.23, 128.18,
tregfed with BnBr (21 mL) and TBABr (35.3 g) 'Ighe m[i)xture was 128.15, 127.82,127.75, 127.69, 127.67, 127.65, 127.55, 127.51, 127.46,

: . 2 9). 127.3, 1102.56, 99.56, 80.57, 78.69, 75.72, 75.10, 73.57, 73.32, 73.13,
refluxed for 17 h. The reaction mixture was cooled and concentrated

and the residue was diluted with EtOAc €200 mL), washed with 72.94, 72.28, 71.94,70.12, 68.90, 67.85, 66.62; LRMSJNHG ([M

I
H0 (3 x 300 mL) and brine (300 mL), dried over &0y, filtered, + NH{J", 100). .

and concentrated to dryness. Careful column chromatography of crude 3—0—(4-Methoxyt?enzyl)o-galactal (25). A suspension ab-galactal
material with 15-20% EtOAc in hexanes gaw29 (11.68 g, 65%) as (3.70 g, 25.3 mmol) and B&nO (6'.30 g.10 eqylv) in dry dte (150
a colorless oil: §]%% —25.0° (c 5.7, CHC); IR (CHCl, film) 3432, mL) was heated to reflux fo2 h with azeotropic removal of water.

1 7 The reaction mixture was cooled and treated with PMBCI (3.80 mL,
161,145, 1231 1050 o) AN 400 e COC) 17 1 ok (540,11 o) and el for 4 T
23 Hz)’ 4.67 ’(1H 4] — 118 Hz) 461453 (m 3H)’ 408405 reaction mixture was filtered through a silica column and eluted with
(m 1H)’ 3.98—3.94‘: (m, 2H) 3.81—3.,75 (m, 2H) 2_63 (1|’_| =31 EtOAc—he)fanes (4:1)._ Fractlo_nS containing p_roduct were concentrated,
Hz’)' 13C’—NMR (100 Mi—|z éDCi) S 144.6’ 138’.3 137.7 ,128.4 (two and the residue was triturated in hexane; to give 4.50 g (70%) (generally
pea’ks), 127.7 (two peak’s), 100.0, 76.9,,76.2, ’73.6, 7b'7’ 69.1, 68.8 65—75%) of the product as white crystalline solid: mp (hexanes)117

'118°C; [0]%% —23.0° (c 1.1, CHCE); IR (KBr) 3313 (br), 1645, 1513,
>
HRMS calod for GoHzaNO: (M + NH4*) 344.1862, found 344.1841. 5053 (e BT e NV 00 Mikz, GGl  7.28 (24, 0.

Synthesis of Lactal Carbonate 22. 2lvas prepared accordingto _— g4 Hz), 6.89 (2H, dJ = 8.4 Hz), 6.44 (1H, ddJ = 6.4, 1.6 Hz),
the procedure described in ref 19. To a mixture of lactal carbdtate 4 7 (1H, dt,J = 6.3, 1.9 Hz), 4.594.52 (2H, AB q,J = 11.4 Hz),
(2.70 g, 4.02 mmol) and BnBr (574, 4.83 mmol) in DMF (30 mL) 4.20-4.18 (1H, m), 4.09 (1H, m), 4.023.97 (1H, m), 3.96-3.82 (2H,
was added 60% NaH atT. After being stirred at OC for 5 min, m), 3.81 (3H, s), 2.73 (1H, dl = 3.1 Hz, C4-OH), 2.54 (1H, dd] =
the reaction mixture was allowed to warm to room temperature and g 2 4.2 Hz, C6-OH)*3C-NMR (100 MHz, CDC}) ¢ 159.46, 145.02,
stirred for 2 h. Then, it was poured into cold water (70 mL), diluted 142 05, 129.46, 113.95, 99.36, 76.12, 70.17, 70.14, 63.65, 62.74, 55.26:
with EtOAc (120 mL), washed with ¥ (2 x 70 mL) and brine (70 LRMS (NHs) 284 [M + NHq4]*, 266 [M]*, 249.
mL), dried over NaSQ,, filtered, and concentrated to dryness. Flash 4,6-Di-O-benzyl-30-(4-methoxybenzyl)p-galactal (26). A solu-
column chromatography of crude material with-112% EtOAc in tion of 3-O-(4-methoxybenzylp-galactal25 (2.28 g, 8.56 mmol) and
hexanes afforded?2 (2.479 g, 81%) as a colorless oiH-NMR (400 BnBr (3.75 mL, 3.68 molar equiv; passed through basic alumina) in
MHz, CDCl) 0 7.35-7.25 (15H, m), 6.41 (1H, d) = 6.0 Hz), 488 P\ (30 mL) under N at 0°C was treated with 60% NaH (1.37 g,
(1H, d,J = 5.5 Hz), 4.86-4.84 (1H, m), 4.654.58 (4H, m), 4.57 4.0 molar equiv) in two portions. The reaction mixture was stirred
(1H,d,J = 12.2 Hz), 4.46 (1H, d) = 11.4 Hz), 4.17-4.13 (2H, m), 0.5 h at 0°C and 1 h atoom temperature. The reaction mixture was
4.11-4.09 (1H, m), 3.89 (1H, dd] = 11.0, 4.7 Hz), 3.84 (1H, d = carefully poured into 50 g of crushed ice, diluted to 100 mL with water,
5.1Hz),3.82 (1H, dJ = 1.6 Hz), 3.74 (1H, ddJ = 5.5, 1.7 Hz), 3.68 and then extracted with EtOAdexanes (1:1, % 100 mL). Organic
(1H, dd,J = 11.0, 2.8 Hz), 3.58 (1H, dd = 5.5, 4.7 Hz), 1.08-1.00 extracts were washed with water €100 mL), dried over Nz&O,,

(21H, m); *C-NMR (100 MHz, CDC}) 6 154.06, 144.56, 138.55, and concentrated to dryness. Flash column chromatography of crude
138.04, 137.01, 128.51, 128.37, 128.25, 128.13, 127.92, 127.77, 127.69material with 15% EtOAe-hexanes gaves (3.58 g, 96%) as a clear

127.52,127.44,100.28, 99.32, 77.06, 76.52, 75.91, 73.81, 73.73, 73.60jiquid: [a]? —48.Z (c 0.85, CHC): IR (neat) 3030, 2867, 1645,

73.49, 73.37, 71.23, 70.62, 67.93, 61.31, 17.89, 17.85, 11.76; LRMS 1613, 1513 1247, 1092, 821, 736 Th'H-NMR (400 MHz, CDC})
(NH3) 778 ([M + NH,]*, 100). 0 7.34-7.23 (12H, m), 6.86 (2H, d] = 8.4 Hz), 6.35 (1H, dJ = 6.4
Synthesis of Lactal 23. A solution of TIPS carbonate lact@2 Hz), 4.86 (1H, dJ = 12.0 Hz), 4.844.81 (1H, m), 4.62 (1H, d) =
(4.28 g, 5.62 mmol) in THF (25 mk)MeOH (5 mL) was treated with 12.0 Hz), 4.59-4.51 (2H, AB q,J = 11.7 Hz), 4.56-4.39 (2H, AB q,
TBAF solution (1.0 M, 6.75 mL, 1.2 equiv). After 6 h, additional J = 11.9 Hz), 4.15 (2H, m), 3.91 (1H, m), 3.78 (3H, s), 3-B74
TBAF (4 mL) was added, and the mixture was stirred an additional 3 (1H, m), 3.63 (1H, ddJ = 10.2, 5.0 Hz)*C-NMR (100 MHz, CDC})
h. The reaction mixture was concentrated and directly chromatographedd 159.04, 143.99, 138.30, 137.90, 130.43, 128.95, 128.26, 128.20,
with 4:1 EtOAc-hexanes to obtain 2.20 g of the triol. Remaining 128.03, 127.77, 127.57, 127.56, 113.67, 100.00, 75.58, 73.28, 73.17,
mixtures of cyclic carbonate and mixed carbonate were hydrolyzed in 71.13, 70.42, 70.28, 68.35, 55.15; LRMS (§HI64 (M + NH4™,
MeOH with MeONa (25 wt % in MeOH, 1.0 mL) and purified  100), 326 (18), 309 (48), 253 (17).
chromatographically. Total yield was 3.02 g (93%). This material Synthesis of Fluoride 29. A solution of galactal6 (3.20 g, 7.17
was directly used for the dibenzylation stefi-NMR (400 MHz, mmol) in dry CHCIl, (10 mL) under N at 0 °C was treated with
CDCls) 6 7.35-7.24 (15H, m), 6.43 (1H, d]) = 6.3 Hz), 4.87 (1H, dimethyldioxirane (0.09 M, 80 mL), and the mixture was stirred until
dd,J=6.3, 3.4 Hz), 4.84 (1H, d] = 11.4 Hz), 4.63 (2H, apparents),  all of the glycal was consumed (G:2 h; TLC 30% EtOAc in hexanes).
4.61 (1H, d,J = 11.4 Hz), 4.53-4.47 (3H, m), 4.19-4.16 (3H, m), Most of the volatiles were removed at’C with a stream of dry N
3.87-3.84 (2H, m), 3.78-3.66 (3H, m), 3.46 (2H, apparentd= 4.6 The residue was dissolved in dry THF (30 mL) unde=i0°C, treated
Hz), 3.29 (1H, tJ = 5.5 Hz), 3.08 (1H, br), 2.73 (2H, br}3C-NMR with TBAF (36 mL, stored over molecular sieves), and then stirred at
(100 MHz, CDC¥) 6 144.70, 138.41, 138.22, 137.83, 128.45, 128.33 ambient temperature for 20 h. The dark brown solution was filtered
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through a pad of silica~¥4 cm depth) and washed with EtOAc (200  139.07, 139.02, 138.67, 138.54, 138.45, 138.39, 138.00, 137.87, 130.77,
mL). The filtrate was washed with water 3200 mL), dried (MgS@), 129.10, 128.36, 128.22, 128.17, 128.13, 128.07, 127.96, 127.83, 127.77,
and concentrated. The residue was redissolved in 30% EtOAc in 127.70, 127.65, 127.59, 127.55, 127.45, 127.33, 127.25, 127.21, 113.63,
hexanes (50 mL) and filtered through a short silica column (10 cm 102.75, 102.46, 99.87, 82.09, 81.56, 79.85, 79.77, 76.02, 75.19, 74.85,
diameterx 4 cm height) and washed with the same solvent system (1 74.58, 74.23, 73.64, 73.41 (2C), 73.38, 73.08 (2C), 72.78, 72.48 (2C),

L). The filtrate was concentrated to give 2.59 g of fluorohyd2i
with >90% purity. The residue was dissolved in dry DMF (30 mL)
under N at 0 °C, treated with benzyl bromide (958, 1.5 equiv,
freshly filtered through basic alumina) and finally with NaH (322 mg,
60% dispersion, 1.5 equiv), and stirred for 30 min &0and 30 min

70.67, 69.68, 69.33, 68.68, 67.88, 55.16; HRMS (FAB) calcd for
ngngOlsNa (M + Na)* 13335860, found 1333.5900.

Synthesis of Trisaccharide 32. A solution of PMB trisaccharide
30 (561 mg, 0.428 mmol) in C¥Cl, (12 mL) at 0°C was treated with
830uL of water and DDQ (126 mg, 1.3 equiv) and stirred &@for

at room temperature. The reaction was quenched by pouring the 1 h. The reaction mixture was poured into saturated Naki@@ition

mixture into 100 g of ice, and the mixture was extracted with 1:1
EtOAc—hexanes (150 mlx 2). The organic extracts were washed
with water (150 mLx 2), dried (MgSQ), and concentratetth vacua
Flash column chromatography of residue with 10% EtOAc in hexanes
gave 2.00 g (49%) (generally 3%0%) of the title compound as a
yellowish liquid: []?3% +15.3 (c 0.85, CHCY); IR (CHCI; film) 29186,
1612, 1513, 1248, 1103, 1056, 734 ¢mH-NMR (400 MHz, CDC})

0 7.35-7.24 (17H, m), 6.84 (2H, dJ = 8.4 Hz), 5.15 (1H, ddJ =
53.2, 7.0 Hz), 4.92 (1H, d] = 11.6 Hz), 4.844.74 (2H, AB q,J =
11.0 Hz), 4.68-4.61 (2H, AB q,J = 11.4 Hz), 4.56 (1H, dJ = 11.6
Hz), 4.48-38 (2H, AB q,J = 11.8 Hz), 3.96-3.89 (1H, m), 3.86 (1H,
brs), 3.78 (3H, s), 3.653.56 (3H, m), 3.51 (1H, dd] = 9.8, 2.8 Hz);
13C-NMR (100 MHz, CDC}) 6 159.22, 138.33, 138.11, 137.62, 130.16,

(50 mL), extracted with EtOAc (% 50 mL), washed with saturated
NaHCG; solution (2x 50 mL) and water (50 mL), dried over B8O,
and concentrateith vacua The crude material was purified with flash
column chromatography (20% EtOAc in hexanes) to give 437 mg (86%)
of the deprotected trisacchari@2 as a colorless oil: d]%; +45.6° (c
1.78, CHC}); IR (CHCI; film) 2866, 1648, 1496, 1453, 1365, 1248,
1097, 735 cm; 'H-NMR (400 MHz, CDC}) § 7.36-7.15 (40H, m),
6.43 (1H, dJ = 6.2 Hz), 5.09 (1H, dJ = 3.3 Hz), 4.85 (1H, ddJ =
6.2, 3.6 Hz), 4.834.65 (5H, m), 4.6+4.41 (9H, m), 4.29-4.08 (8H,
m), 4.02 (1H, dJ = 2.6 Hz), 3.97 (1H, dJ = 2.2 Hz), 3.93 (1H, tJ

= 8.4 Hz), 3.86-3.78 (2H, m), 3.6%3.61 (2H, m), 3.53 (1H, t) =
9.0 Hz), 3.48-3.42 (1H, m), 3.39-3.36 (1H, m), 3.33 (1H, dd] =
10.0, 2.7 Hz), 3.25 (1H, dd] = 8.5, 4.8 Hz);**C-NMR (100 MHz,

129.19, 128.40, 128.29, 128.21, 128.04 (2C), 127.90, 127.81, 127.69,CDCl,) ¢ 144.38, 138.78, 138.62, 138.47 (2C), 138.20, 138.00, 137.88

127.59, 113.77, 110.20 (d,= 214 Hz), 80.60 (dJ = 11.3 Hz), 79.00
(d, J = 20.5 Hz), 74.92, 74.52, 73.59 (d,= 5.0 Hz), 73.54, 72.99,
72.70, 68.34, 55.20; LRMS (Ng1454 (IM + NH,]*, 100).

Synthesis of Trisaccharide 30. Lactal 24 (600 mg, 0.791 mmol,
1.0 equiv) and fluoro sug&9 (679 mg, 1.5 equiv) were combined in

(2C), 128.31, 128.29, 128.23, 128.19, 128.16, 128.05, 127.88, 127.83,
127.62,127.57,127.49, 127.45, 127.43, 127.41, 127.37, 127.32, 127.23,
102.68, 99.89, 99.34, 80.82, 78.72, 77.49, 77.10, 75.88, 75.13, 75.03,
74.23,73.62, 73.05, 73.01 (3C), 72.62, 72.19 (2C), 70.46, 69.66, 68.92,
67.85, 67.74, 67.54; HRMS calcd for7£760.4.Na [M + NaJ*

ether, concentrated, dried in vacuum for 2 h, and then treated with 1213.5290, found 1213.5270.

di-tert-butylpyridine (177uL, 1.0 equiv) in a glovebag and dissolved

Synthesis of Disaccharide Glycal 33.TIPS galactal carbonate8

in dry ether (8.5 mL) under a nitrogen atmosphere. In a separate 25(4.32 g, 3.14 mmol) was dissolved in GEl, (20 mL), and the mixture

mL flask were place 4 A molecular sieves (2.0 g), and then these

were flame-dried under vacuum and cooled to room temperature.

Anhydrous silver perchlorate (163 mg, 1.0 equiv) and S1(C30 mg,

was cooled to 0C. It was then treated with dimethyldioxirane (219
mL, ~3.14 mmol) at ®C. The epoxidation was finished (to giis)
within 20 min, and the reaction mixture was concentrated to dryness

1.0 equiv) were added to the molecular sieves in a glovebag, and thepy a stream of B The residue was dried azeotropically once with

system was flushed with N The salt mixture was placed in a water

CeHe (20 mL) and further dried on high vacuum for 30 min &t@. It

bath, and the sugar solution was introduced via a double-tipped needle.yas then dissolved in THF (60 mL) and cooled-+d@8 °C. To the

The reaction vessel was wrapped with aluminum foil and stirred for

48 h at room temperature. The reaction mixture was diluted with ether

and filtered through a pad of silica gel, rinsed with ether. The filtrate
(70 mL) was washed with dilute NaHG®olution (2x 50 mL), dried
over NaSQ,, and concentrated to dryness. Flash column chromatog-

above solution was added azeotropically dried TIPS galda§B.32

g, 10.95 mmol) in THF (20 mL) via cannula and Za@26.3 mL, 1.0

M in ether). The reaction mixture was allowed to warm to room
temperature and stirred overnight. After treatment with saturated
NaHCG; (40 mL), the reaction mixture was concentrated and extracted

raphy with 20% EtOAc in hexanes gave a trisaccharides mixture. The with ether (500 mL). The combined organic phase was washed with

trisaccharide portion was rechromatographed with 2% ether in meth-

ylene chloride to give 561 mg (54%) of the desikegroduct30 and
183 mg (18%) ofs-product31.

30:[a]%s +41.8 (c 1.8, CHCE); IR (CHCI; film) 2867, 1648, 1513,
1496, 1453, 1364, 1248, 1097, 735¢mH-NMR (400 MHz, CDC})
0 7.33-7.12 (42H, m), 6.83 (2H, d] = 8.4 Hz), 6.45 (1H, d) = 6.0
Hz), 5.03 (1H, dJ = 2.3 Hz), 4.91+-4.76 (6H, m), 4.684.40 (12H,
m), 4.23-3.97 (11H, m), 3.863.82 (1H, ddJ = 10.7, 6.2 Hz), 3.76
(3H, s), 3.69-3.64 (2H, m), 3.53 (1H, tJ = 8.7 Hz), 3.473.43 (1H,
m), 3.40-3.36 (1H, m), 3.343.31 (1H, dd,J = 9.9, 2.8 Hz), 3.22
(1H, dd,J = 8.3, 4.8 Hz);**C-NMR (100 MHz, CDC}) 6 158.93,

brine (300 mL), dried over MgSfand concentrated to dryness. The
crude product was purified by flash column chromatography (20%
EtOAc in hexanes) to give 6.20 g 88 as a white foam (87%): o %%
—31.# (c0.85, CHC}); IR (CHCl; film) 3434, 2942, 2866, 1802, 1648,
1463, 1383, 1239, 1113, 1032, 882, 787, 685 £mMH-NMR (400
MHz) 6 6.54 (1H, dd,J = 6.4, 1.6 Hz), 4.85 (1H, dd) = 6.4, 2.0
Hz), 4.72-4.68 (2H, m), 4.65 (1H, d) = 7.2 Hz), 4.55 (1H, m), 4.08
(1H, dd,J = 9.6, 5.6 Hz), 3.963.82 (6H, m), 3.33 (1H, dJ = 3.2

Hz, OH), 3.27 (1H, dJ = 2.8 Hz, OH), 1.16-1.04 (42H, m);}3C-
NMR (100 MHz, CDC}) 6 154.45, 145.75, 99.27, 77.83, 76.59, 74.27,
72.04, 71.62, 70.86, 64.52, 62.57, 61.60, 17.84, 11.78, 11.77; HRMS

144.50, 138.98, 138.84, 138.78, 138.64, 138.58, 138.06, 138.02 (2C),(FAB) calcd for GiHs¢010Si, 647.3647, found 647.3671 (M 1).
130.82,129.04, 128.33, 128.24, 128.21, 128.15, 128.08, 128.05, 127.83, gynthesis of Trisaccharide Glycal 35.A mixture of disaccharide
127.33, 127.31, 113.65, 103.02, 100.39, 100.01, 80.93, 78.93, 78.70,as azeotroped with ¢Ei; three times (3x 10 mL) and further dried
76.53, 76.11, 75.14, 74.84, 74.79, 74.35, 73.91, 73.59, 73.36, 73.15,0n high vacuum for 1 h. It was dissolved in THF (20 mL) and treated

73.10, 72.98, 72.15, 72.10, 71.99, 70.55, 69.25, 67.92 (2C), 67.69,

55.19; HRMS calcd for &HgsO1sNa (M + Na)t 1333.5860, found
1333.5890.

31: [0]% +6.8° (¢ 0.76, CHCY); IR (CHCs: film) 2863, 1648, 1513,
1453, 1363, 1247, 1100, 735 ct *H-NMR (400 MHz, CDC}) ¢
7.45 (2H, d,J = 7.45 Hz), 7.34-7.13 (40H, m), 6.83 (2H, d] = 8.4
Hz), 6.43 (1H, d,J = 6.0 Hz), 5.07 (1H, dJ = 10.7 Hz), 5.00 (1H, d,
J = 11.6 Hz), 4.98 (1H, dJ = 7.6 Hz), 4.85 (1H, ddJ = 6.1, 3.6
Hz), 4.72-4.40 (16H, m), 4.35 (2H, app s), 4.30 (1H,X= 2.2 Hz),
4.27 (1H, m), 4.18 (1H, tJ) = 4.6 Hz), 4.14 (1H, m), 3.853.72 (4H,
m), 3.78 (3H, s), 3.65 (1H, dd,= 10.6, 3.3 Hz), 3.663.53 (2H, m),
3.49-3.43 (5H, m);’*C-NMR (100 MHz, CDC}) 6 159.01, 144.29,

with 2,6-ditert-butylpyridine (2.16 g, 11.31 mmol). The above mixture
was added via cannula to a flask containing Ag€Il@.56 g, 7.54
mmol), SnC} (1.43 g, 7.54 mmol), ah4 A molecular sieves (4.0 g)
in THF (15 mL) at—40 °C. The reaction mixture was stirred for 30
min at—40°C and then for 34 h at 8C. After treatment with saturated
NaHCG; solution (40 mL) at 5C, the reaction mixture was extracted
with EtOAc (2 x 300 mL). The combined organic layer was washed
with brine (200 mL), dried over MgSQand concentrated to dryness.
The crude product was purified by flash column chromatography (17%
EtOAc in hexanes) to give the desired trisaccharide gIg&4(L.93 g,
47%, based on fluorofucose) and regioisor@6r(329 mg, 8%) with
500 mg of the recovered disaccharig@
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35: [a]? —53.2 (c 1.30, CHCY); IR (CHCl; film) 2941, 2866,
1808, 1649, 1459, 1365, 1239, 1167, 1106, 1054, 882, 788, 738 cm
H-NMR (400 MHz) 6 7.30 (15H, m), 6.35 (1H, ddl = 6.4, 1.6 Hz),
5.01 (1H, dJ = 4.0 Hz), 4.98 (1H, dJ = 11.6 Hz), 4.88 (1H, d) =
4.8 Hz), 4.86 (1H, dJ = 3.7 Hz), 4.83 (2H, dJ = 9.6 Hz), 4.73 (1H,
d,J=11.4 Hz), 4.70 (1H, ddJ = 3.6, 8.2 Hz), 4.65 (2H, d] = 11.7
Hz), 4.53 (1H, m), 4.43 (1H, m), 4.13.97 (5H, m), 3.92:3.82 (7H,
m), 3.67 (1H, m), 2.66 (1H, d] = 2.4 Hz), 1.13 (3H, dJ = 6.8 Hz),
1.09-1.00 (42H, m)2C-NMR (100 MHz, CDC4) ¢ 154.00, 145.30,
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CDCL) 8 7.91 (2H, dJ = 7.2 Hz), 7.50 (1H, m), 7.41 (2H, m), 7.38
7.26 (15H, m), 5.42 (1H, d) = 3.1 Hz), 5.10 (1H, d,) = 3.2 Hz),
5.08 (1H, d,J = 3.6 Hz), 5.03 (1H, dJ = 6.3 Hz), 4.98 (1H, dJ =

11.5 Hz), 4.86-4.80 (3H, m), 4.74 (1H, d) = 11.8 Hz), 4.66 (2H,
m), 4.62 (2H, dd,J = 19.0, 10.4 Hz), 4.144.07 (3H, m), 4.043.90
(3H, m), 3.85 (3H, m), 3.68 (2H, m), 3.60 (1H, m), 3:58.45 (2H,

m), 2.43 (2H, m), 2.10 (3H, s), 1.17 (3H, d= 6.4 Hz), 1.09 (18H,

s), 1.08 (3H, s), 1.04 (18H, s), 1.02 (3H, $}c-NMR (100 MHz,
CDCl) 6 169.85, 154.00, 141.55, 138.64, 138.43, 138.35, 132.38,

138.49, 138.30, 138.19, 128.43, 128.29, 128.16, 128.11, 127.87, 127.53128.61, 128.47, 128.32, 128.25, 128.17, 127.90, 127.86, 127.57, 127.47,
127.49,127.27, 98.34, 97.93, 97.81, 78.90, 77.32, 77.03, 76.13, 75.30,127.36, 127.34, 101.16, 98.22, 83.37, 80.70, 79.09, 78.97, 77.42, 77.32,
74.75, 74.31, 73.92, 73.22, 72.99, 72.13, 71.09, 67.33, 63.44, 61.70,77.00, 76.68, 76.34, 74.84, 73.82, 73.38, 72.96, 72.88, 72.72, 70.53,

17.80, 11.78, 11.72; HRMS (FAB) calcd foggElssO14SibNa 1085.5450,
found 1085.5480.

Synthesis of Trisaccharide Glycal 37. Trisaccharide glycaB5
(3.10 g, 2.91 mmol) was dissolved in pyridine (10 mL), and acetic
anhydride (5 mL) and 4-(dimethylamino)pyridine (DMAP, 50 mg) were
added. After being stirred at room temperature for 1.5 h, the mixture
was concentrateth vacuoand loaded directly on silica gel column.
Elution with 30% EtOAc in hexanes afforded the product (2.93 g, 91%)
as a colorless oil: ]?% —54.7 (c 0.89, CHC}); IR (CHCI; film)

68.98, 67.75, 62.77, 61.38, 56.22, 24.21, 20.84, 16.67, 14.34; HRMS
(FAB) calcd for GgHogO17NS,SiNa 1344.5790 (M+ Na)*, found
1344.5800.

Synthesis of Hexasaccharide 47 and 39To a thoroughly dried
mixture of acceptoB2 (75 mg, 0.063 mmol) and acetyl thioglycoside
46 (176 mg, 2.0 equiv) was added freshly activae A molecular
sieves (450 mg), and the mixture was placed under nitrogen atmosphere.
The mixture was suspended in dry ether (4 mL), stirred for 10 min,
and then cooled to 6C. The mixture was treated with MeOTf (35.5

2941, 2865, 1817, 1747, 1652, 1455, 1367, 1232, 1105, 1053, 882,uL, 5.0 equiv) and stirred fo5 h at 0°C, for 2 h while warming to

788, 735, 695 cmt; 'H-NMR (400 MHz, CDC}) 6 7.41-7.23 (15H,
m), 6.34 (1H, dJ = 6.4 Hz), 5.36 (1H, m), 4.99 (2H, m), 4.8%.70
(6H, m), 4.68 (4H, m), 4.45 (1H, m), 4.07 (2H, m), 3.98 (1H, m),
3.91-3.71 (7H, m), 3.64 (1H, s), 2.09 (3H, s), 1:25.05 (42H, m);
13C-NMR (100 MHz, CDCY) 6 170.07, 153.52, 145.26, 138.59, 138.39,

room temperature, and finallyfd h atroom temperature. The reaction
mixture was quenched with # (1 mL), and the mixture was diluted
with ether, filtered through a pad of silica gel, and rinsed with ether.
The filtrate (100 mL) was washed with dilute NaH€Q@00 mL), dried
(MgSQy), and concentrateid vacua The crude products was purified

138.25, 128.49, 128.28, 128.27, 128.19, 127.53, 127.62, 127.57, 127.41with HPLC (21% EtOAe-hexanes, 15 mL/min, 260 nm UV detection)
98.81, 98.74, 98.26, 82.45, 78.95, 7.44, 77.19, 76.21, 75.73, 74.84,t0 give 94.1 mg ofx-isomer47 and ca. 1/5 ofi-isomer39 (judged by
74.81, 73.94, 73.22, 73.00, 71.43, 69.91, 67.27, 65.11, 62.12, 61.45,HPLC).

20.83, 16.63; HRMS (FAB) calcd forggHasO1sSiK 1143.5300 (M+
K)*, found 1143.5250.

Synthesis of lodo Sulfonamide 38.A mixture of trisaccharide
glycal 37 (2.53 g, 2.3 mmol) and PhSNH, (2.16 g, 13.7 mmol) was
azeotroped with gHs and further dried on high vacuum for 1 h. It
was dissolved in THF (20 mL), and freshly activéité A molecular
sieves (5.0 g) were added.symcoll),CIO, was prepared by stirring
12 (3.56 g, 13.7 mmol) with Agfymcoll),ClO, (6.18 g, 13.7 mmol) in
THF (20 mL) at room temperature until the disappearance of the brown
color of I,. It was then added via a thick cannula to the flask containing
glycal 37 and benzensulfonamide at’@. The reaction mixture was
stirred at O°C overnight and quenched with saturated$#@; solution
(50 mL). After filtration and extraction with EtOAc (% 200 mL),
the combined organic layer was washed with saturated G{S@
mL) and brine (100 mL) and dried (MgSP Concentration and
purification by silica gel chromatography (20% EtOAc in hexanes)
afforded the iodo sulfonamidgs (2.59 g, 82%): §]*% —71.6° (c1.58,
CHCL); IR (CHCI; film) 2942, 2866, 1816, 1747, 1454, 1364, 1347,
1232, 1164, 1097, 822, 790, 733, 688 ¢m'H-NMR (400 MHz,
CDCl) 6 7.96 (2H, dJ= 7.6 Hz), 7.52 (1H, m), 7.45 (2H, m), 7.41
7.20 (15H, m), 5.36 (1H, ) = 9.0 Hz), 5.04 (3H, m), 4.99 (1H, d,
= 11.5Hz), 4.89 (2H, m), 4.79 (2H, dd,= 14.4, 12.3 Hz), 4.73 (1H,
m), 4.67 (3H, m), 4.38 (1H, m), 4.354.05 (3H, m), 4.08-3.93 (5H,
m), 3.92-3.75 (5H, m), 1.99 (3H, s), 1.24 (3H, d= 6.4 Hz), 1.15
1.05 (42H, m)3C-NMR (100 MHz, CDC4) 6 169.65, 153.51, 141.29,

47: [0]% +10.9 (CHCl, ¢ 0.15); IR (CHC} film) 2940, 2865,
1813, 1746, 1651, 1454, 1366, 1095, 735 &mH-NMR (400 MHz,
CDCL) 6 7.71-7.69 (2H, m), 7.437.14 (58H, m), 6.44 (1H, d] =
6.2 Hz), 5.48 (1H, dJ = 2.4 Hz), 5.05 (2H, m), 4.95 (1H, d,= 11.5
Hz), 4.87-4.58 (21H, m), 4.44 (2H, AB ¢] = 12.2 Hz), 4.35-4.11
(7H, m), 4.10-4.01 (3H, m), 3.953.76 (11H, m), 3.723.61 (4H,

m), 3.57-3.24 (9H, m), 2.07 (3H, s), 1.08 (3H, d= 6.4 Hz), 1.06-

0.96 (42H, m)13C-NMR (100 MHz, CDC4) 6 168.65, 153.44, 144.48,
140.70, 138.94, 138.71, 138.63, 138.53, 138.28, 138.23, 138.05, 138.04,
137.86, 132.67, 129.15, 128.48, 128.28, 128.24, 128.18, 128.11, 128.04,
127.97, 127.89, 127.80, 127.64, 127.60, 127.56, 127.48, 127.44, 127.39,
127.36, 127.33, 127.19, 126.91, 103.18, 102.09, 99.20, 98.56, 98.28,
97.05, 80.89, 78.86, 78.80, 77.37, 76.55, 75.98, 75.87, 75.79, 75.65,
75.44, 75.04, 74.99, 74.85, 74.45, 74.41, 74.02, 73.55, 73.47, 73.16,
73.11, 73.06, 72.82, 72.64, 72.57, 72.22, 71.65, 70.66, 70.18, 70.13,
69.19, 69.07, 68.41, 68.01, 67.87, 67.74, 60.93, 60.33, 53.71, 20.82,
17.98, 17.94, 17.91, 17.78, 16.64, 11.82, 11.79; HRMS (FAB) calcd
for CraoH17:NO3,SSkNa [M + NaJ* 2473.0990, found 2473.0990.

39: [a]%% +11.3 (CHCl, ¢ 0.31); IR (CHC} film) 2940, 2865,
1815, 1745, 1650, 1454, 1233, 1161, 1099, 735%cAH-NMR (400
MHz, CDCL) 6 7.82 (2H, m), 7.42.7.07 (58H, m), 6.41 (1H, d] =
6.0 Hz), 5.30 (1H, dJ) = 2.8 Hz), 5.03 (1H, dJ = 3.0 Hz), 5.00-

4.94 (3H, m), 4.96-4.71 (9H, m), 4.674.61 (3H, m), 4.56 (1H, d)
=12.2 Hz), 4.5+-4.42 (8H, m), 4.36-4.29 (1H, m), 4.26 (1H, d] =
12.1 Hz), 4.20 (2H, s), 4.143.96 (9H, m), 3.93-3.79 (9H, m), 3.69

138.76, 138.60, 138.53, 132.69, 128.74, 128.49, 128.38, 128.18, 128.133.37 (10H, m), 3.33-3.23 (3H, m), 2.05 (3H, s), 1.18 (3H, d= 6.5
127.96, 127.89, 127.46, 127.35, 127.28, 101.74, 96.82, 78.50, 77.39,Hz), 1.12-0.98 (42H, m).

76.04, 75.81, 75.01, 74.41, 74.09, 73.27, 73.09, 72.33, 71.68, 68.00,

67.38, 60.57, 59.57, 20.87, 16.72; HRMS (FAB) calcd f@§Hg40:17-
INSSPK 1426.4460 (M+ K)*, found 1426.4420.

Synthesis of Ethylthio Sulfonamide 46. To a solution of EtSH
(550 mg, 8.85 mmol) in DMF (30 mL) was added lithium bis-
(trimethylsilyl)Jamide (LHMDS, 1.0 M in THF, 3.54 mL, 3.54 mmol)
at—42°C. After being stirred for 5 min, it was then added via cannula
to a flask containing iodo sulfonami@®s$ (2.46 g, 1.77 mmol) in DMF
(20 mL) at—42 °C. The reaction mixture was allowed to warm to
room temperature and stirred for total 3 h. After dilution with diethyl
ether (2x 400 mL), it was washed with saturated NaH§{®0lution (2
x 200 mL) and brine (200 mL) and dried (Mg®O Concentration
and purification by silica gel chromatography (20% EtOAc in hexanes)
afforded46 (2.16 g, 92%) as a white solid (92%)o]p% —23.8 (c
1.57, CHCY}); IR (CHCI; film) 2941, 2865, 2359, 1809, 1745, 1456,
1363, 1325, 1232, 1159, 1092, 883, 689 ¢mtH-NMR (400 MHz,

Synthesis of lodo Sulfonamide 49.A mixture of trisaccharide
glycal 35(118 mg, 0.11 mmol) and benzenesulfonamide (87 mg, 0.55
mmol) was azeotroped with ¢8s once and further dried on high
vacuum for 1 h. It was dissolved in THF (5 mL), and freshly activated
4 A molecular sieves (870 mg) was addedsyttcoll),CIO, was
prepared by stirring,l(57.5 mg, 0.22 mmol) with Aglymcoll),CIO4
(100 mg, 0.22 mmol) in THF (1 mL) at room temperature until the
disappearance of the brown color ef It was then added via a thick
cannula to the flask containing glycab and benzensulfonamide at 0
°C. The reaction mixture was stirred at°C for 1 h and quenched
with saturated N#5,05 solution (10 mL). After filtration and extraction
with EtOAc (80 mL), the combined organic layer was washed with
saturated CuS©O(20 mL) and brine (20 mL) and dried (MgS3pP
Concentration and purification by silica gel chromatography (20%
EtOAc in hexanes) afforded 74 mg (50%) of the iodo sulfonardi@e
which was unstable under a variety of conditions]?fp —47.C° (c
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1.35, CHC); IR (CHG; film) 3263, 2942, 2865, 1817, 1454, 1344,
1164, 1098, 882, 687 cri H NMR (400 MHz, CDC}) 6 7.89 (2H,
d,J=7.2 Hz), 7.56 (1H, m), 7.48 (2H, m), 7.47.24 (15H, m), 5.62
(1H, d,J = 7.8 Hz), 5.57 (1H, dd) = 7.8, 3.7 Hz), 4.98 (2H, m), 4.89
(2H, m), 4.87-4.72 (4H, m), 4.76-4.63 (4H, m), 4.20 (1H, m), 4.14
4.03 (4H, m), 4.06-3.92 (4H, m), 3.96-3.75 (4H, m), 3.61 (2H, m),
3.19 (1H, ddJ = 10.0, 5.9 Hz), 2.69 (1H, d] = 5.1 Hz), 1.20 (3H,
d, J = 6.5 Hz), 1.05-1.01 (42H, m)¥C NMR (100 MHz, CDC}) &

Park et al.

52: tg 17.7 min;*H-NMR (400 MHz, CDC}) 6 7.74 (2H, d,J =
7.2 Hz), 7.377.15 (58H, m), 6.45 (1H, d] = 6.4 Hz), 5.05 (1H, d,
J = 3.2 Hz), 5.00 (1H, br s), 4.97 (1H, d,= 11.6 Hz), 4.89-4.42
(24H, m), 4.34 (1H, m), 4.283.59 (28H, m), 3.53 (1H, m), 3.45
3.26 (5H, m), 1.11 (3H, dJ) = 6.5 Hz), 1.06-0.86 (42H, m).

Synthesis of Azide 54.A mixture of hexasaccharid&7 and freshly
activatel 4 A molecular sieves (200 mg) in GEll; (1 mL) was treated
with dimethyldioxirane (ca. 0.07 M, 1 mL) at 0C. After the

154.07, 140.45, 138.71, 138.51, 133.07, 128.99, 128.56, 128.44, 128-24completion of reaction, most of the volatiles were removed by a stream
128.21, 127.98, 127.58, 127.34, 127.24, 97.79, 96.98, 83.72, 78.61,0f N,. The residue was dried on high vacuum for 30 min. Then, a

77.43, 76.26, 75.03, 74.26, 74.15, 73.00, 72.93, 72.62, 70.95, 67.83,5olution of azidohydrirs3in 1.3 mL of THF was added to the reaction

66.36, 61.5, 60.42, 16.73; HRMS (FAB) calcd fog8,016INSSEK
1384.4360 (M+ K)*, found 1384.4320.

Synthesis of Ethylthio Sulfonamide 50. To a solution of EtSH
(102 mg, 1.7 mmol) in DMF (10 mL) was added lithium bis-
(trimethylsilyl)amide (LHMDS, 1.0 M in THF, 0.81 mL, 0.81 mmol)
at—42°C. After 5 min of stirring, it was transferred via a cannula to
a flask containing iodo sulfonamidtd (448 mg, 0.33 mmol) in DMF
(10 mL) at—42 °C. The reaction mixture was allowed to warm to
room temperature and stirred for total 3 h. After dilution with diethyl
ether (200 mL), it was washed with saturated NaHG6Iution (2 x
10 mL) and brine (10 mL) and dried (MgQf0 Concentration and
purification by silica gel chromatography (5% EtOAc in &)
afforded50 (338 mg, 79%) as a white solid:a]*, —75.2 (c 0.99,
CHCly); IR (CHCI; film) 3447, 2942, 2866, 1795, 1455, 1382, 1367,
1325, 1161, 1107, 883, 744, 688 ci'H-NMR (400 MHz, CDC}) 6
7.89 (2H, dJ = 6.8 Hz), 7.50 (1H, m), 7.47 (2H, m), 7.40.25 (15H,
m), 5.42 (1H, m), 5.00 (1H, dl = 3.7 Hz), 4.97 (1H, dJ = 11.6 Hz),
4.90 (1H, m), 4.83 (1H, dj = 11.8 Hz), 4.81 (1H, dJ = 11.7 Hz),
473 (1H, d,J = 11.8 Hz), 4.63 (4H, m), 4.35 (1H, d,= 10.2 Hz),
4.09 (4H, m), 4.01 (1H, dd) = 6.6, 13.1 Hz), 3.933.75 (6H, m),
3.70 (1H, d,J = 1.7 Hz), 3.55 (1H, m), 3.46 (1H, m), 2.81 (1H, m),
2.45 (1H, m), 2.30 (1H, m), 1.16 (3H, d,= 6.44 Hz), 1.12-1.00
(42H, m); **C-NMR (100 MHz, CDC}) 6 155.26, 140.60, 138.66,

mixture by cannula. The reaction mixture was cooled—+80 °C,
treated wih 1 M ZnCh in Et,O (53 uL), slowly allowed to warm to
room temperature, and stirred overnight. The reaction mixture was
diluted with EtOAc (70 mL), washed with saturated NaHC0lution

(2 x 200 mL) and brine, dried over M&Qs, and concentrateid vacua

The crude material was purified with HPLC (15% EtCAexanes,

15 mL/min, 260 nm UV detection) to give 56 mg (46%) of the coupled
product as a colorless oil. To a solution of coupled product (56 mg,
0.019 mmol), DMAP (2.8 mg, 0.023 mmol), and;Ht(5.4 uL, 0.039
mmol) in CHCl, (1.5 mL) was added A© (2.2uL, 0.023 mmol) at
0°C. The reaction mixture was allowed to warm to room temperature
and stirred for 1 h. After the solvent was evaporated, the residue was
diluted with EtOAc (30 mL), washed with dilute NaHG®olution (2

x 5 mL) and brine, dried over N8Oy, and concentrateth vacua
Flash column chromatography (using-340 «m of silica gel, SIGMA)

of crude material gave 54.7 mg (96%, 42% over two steps) of the
desired produch4 as a colorless oil: d]%% 11.6° (c 1.05, CHC}); IR
(CHCI; film) 3013, 2925, 2100, 1815, 1750, 1497, 1454, 1366, 1232,
1092 cnl; *H-NMR (400 MHz, CDC}) 6 7.68 (2H, br d,J = 7.2
Hz), 7.42-7.14 (63H, m), 5.745.66 (1H, m), 5.43 (1H, dJ = 2.0
Hz), 5.38 (1H, br dd,J = 15.4 and 8.6 Hz), 5.11 (1H, br d,= 2.9
Hz), 4.94-4.89 (3H, m), 4.854.79 (3H, m), 4.75 (1H, d) = 5.7
Hz), 4.73 (1H, d,J = 5.1 Hz), 4.76-4.66 (4H, m), 4.644.51 (8H,

138.47,132.55, 128.75, 128.49, 128.33, 128.24, 128.16, 127.93, 127.85m), 4.48-4.41 (5H, m), 4.354.30 (3H, m), 4.29-4.21 (3H, m), 4.16
127.65, 127.55, 127.48, 127.29, 99.40, 97.82, 83.60, 79.10, 77.49, 76.424.08 (3H, m), 4.02-3.90 (8H, m), 3.88-3.83 (2H, m), 3.86-3.73 (6H,
74.86, 74.07, 72.92, 72.80, 71.48, 71.41, 70.25, 67.82, 67.76, 55.09,m), 3.68-3.64 (2H, m), 3.56-3.52 (4H, m), 3.473.25 (9H, m), 3.08

23.51, 17.90, 17.90, 16.69, 14.37, 11.81; HRMS (FAB) calcd for
CeeHo7016NS;SibK 1318.5420 (M+ K)*, found 1318.5470.

Synthesis of Hexasaccharide 51 and 52A mixture of acceptor
trisaccharide32 (92 mg, 0.077 mmol, 1.0 equiv), thiogycosige (198
mg, 2.0 equiv), and freshly activatet A molecular sieves (560 mg)
under N at room temperature was suspended in,Clk+Et,O (1:2,

3.9 mL) and stirred for 10 min. The reaction mixture was cooled to 0
°C and then treated with methyl triflate (52:4., 6.0 equiv). The
reaction mixture was stirred for 4.5 h at°C and for 1.5 h while
warming to 15°C. The reaction was quenched with TEA (1.0 mL),
and the mixture was filtered through a pad of silica and rinsed with
Et,0. The filtrate (70 mL) was washed with saturated NaHG@ution

(2 x 50 mL), dried (NaSQy), and concentrated to dryness. The crude
product was purified by HPLC (MICROSORB Semi-prep Si 80-120-
C5, 17% EtOAc in hexanes, 15 mL/min, 260 nm UV detection) to
give 158 mg (85%) of the desired produbf and 27.7 mg of
correspondingx-isomer52 (ca. 55% purity).

51: tg 22 min; [0]?% —13.3 (CHCI;, ¢ 1.4); IR (CHCE film) 2940,
2865, 1792, 1652, 1454, 1161, 1101, 734 ¢mMH-NMR (400 MHz,
CDCls) 6 7.8 (2H, m), 7.38-7.06 (58H, m), 6.43 (1H, d] = 6.1 Hz),
5.15 (1H, br s), 5.07 (1H, d] = 3.6 Hz), 5.03 (1H, dJ = 3.6 Hz),
4.99 (1H, d,J = 11.6 Hz), 4.89-4.61 (12H, m), 4.544.46 (4H, m),
4.42 (2H, app s), 4.38 (1H, d,= 11.9 Hz), 4.34-4.26 (3H, m), 4.2¢
4.18 (4H, m), 4.13-4.03 (7H, m), 3.983.76 (14H, m), 3.763.61
(4H, m), 3.46-3.27 (7H, m), 2.84 (1H, OH), 1.16 (3H, d~= 6.4 Hz),
1.13-1.02 (42H, m)3*C-NMR (100 MHz, CDC}) ¢ 155.35, 144.55,

(1H, br s), 2.16-2.05 (5H, m), 1.83 (3H, s), 1.25 (22H, br s), 142
1.03 (24H, m), 0.97 (21H, br s), 0.88 (3H,d= 7.1 Hz); 3C-NMR

(100 MHz, CDC¥) 6 169.23, 168.56, 153.40, 140.57, 139.25, 139.17,
138.67, 138.55, 138.47, 138.38, 138.34, 138.30, 138.25, 138.15, 138.08,
137.99, 137.91, 132.36, 128.97, 128.52, 128.38, 128.31, 128.28, 128.27,
128.25,128.22, 128.21, 128.19, 128.13, 128.08, 127.97, 127.93, 127.84,
127.76, 127.63, 127.56, 127.51, 127.49, 127.43, 127.42, 127.40, 127.35,
127.21,127.12, 127.09, 127.08, 103.32, 102.12, 100.72, 98.95, 98.42,
97.97, 81.53, 80.65, 79.38, 79.24, 78.85, 77.62, 76.25, 75.98, 75.73,
75.42, 75.17, 74.85, 74.80, 74.16, 74.13, 73.51, 73.12, 73.08, 73.01,
72.90, 72.66, 72.45, 72.40, 72.32, 72.27, 70.38, 70.15, 70.11, 69.54,
68.73, 68.25, 68.05, 68.04, 68.03, 67.99, 67.88, 63.78, 61.21, 60.89,
53.58, 32.32, 31.88, 29.64, 29.63, 29.61, 29.59, 29.41, 29.31, 29.13,
29.00, 22.65, 20.85, 20.79, 18.02, 17.97, 17.93, 17.88, 16.64, 14.08,
11.83 (several peaks); HRMS (FAB) calcd fors@1214N4O3sSSiNa

[M + Na]* 2946.4250, found 2946.4150.

Synthesis of Amide 55. A mixture of azide54 (50 mg, 0.017
mmol), Lindlar’s catalyst (106 mg), and palmitic anhydride (25.4 mg,
0.051 mmol) in EtOAc (2.2 mL) was stirred at room temperature under
a H, atmosphere for 18 h. The reaction mixture was filtered through
a pad of silica gel, rinsed with EtOAc (20 mL), and concentrated
vacua Flash column chromatography of crude material with-28%
EtOAc in hexanes providesb (32.7 mg, 92%) of amide as a colorless
oil: [a]® +12.2° (c 0.98, CHCY); IR (CHCI; film) 3339, 2924, 2854,
1815, 1749, 1673, 1650, 1454, 1366, 1234, 1094, 734, 697, -
NMR (400 MHz, CDC}) 6 7.67 (2H, dJ= 7.2 Hz), 7.35-7.13 (63H,

140.78, 138.99, 138.75, 138.68, 138.57, 138.54, 138.43, 138.13, 138.03m), 5.65 (1H, d,J = 9.0 Hz), 5.63-5.57 (1H, m), 5.43 (1H, br s),
137.94, 137.82, 132.31, 128.81, 128.52, 128.51, 128.38, 128.36, 128.275.33-5.27 (1H, m), 5.11 (2H, t-like] = 4.0 Hz), 4.94—4.90 (2H,
128.24, 128.20, 128.16, 128.02, 127.93, 127.72, 127.66, 127.58, 127.48/m), 4.88-4.79 (4H, m), 4.76:4.73 (2H, m), 4.7+ 4.64 (5H, m), 4.62
127.43, 127.37, 127.20, 103.41, 102.75, 99.79, 99.55, 98.29, 97.76,4.58 (3H, m), 4.56-4.49 (5H, m), 4.44 (1H, dd] = 8.6 and 2.2 Hz),
80.49, 80.39, 79.03, 78.91, 78.25, 77.68, 77.37, 76.51, 75.88, 75.09,4.40 (1H, d,J = 7.0 Hz), 4.36-4.32 (2H, m), 4.36-4.11 (9H, m),
74.99, 74.91, 74.73, 74.15, 74.02, 73.92, 73.52, 73.19, 73.10, 72.94,4.02-3.88 (7H, m), 3.84-3.65 (8H, m), 3.66-3.50 (4H, m), 3.45
72.67, 72.25, 72.07, 71.76, 71.56, 71.33, 70.33, 69.45, 69.32, 68.48,3.36 (4H, m), 3.34-3.23 (5H, m), 3.09 (1H, br s), 2.301.98 (4H, m),
68.08, 67.88, 67.86, 67.75, 61.97, 61.60, 56.14, 17.99, 17.96, 17.95,2.04 (3H, s), 1.83 (3H, s), 1.51 (2H, m), 1:30.23 (49H, m), 1.10

17.92, 16.75, 11.86; HRMS (FAB) calcd forgH16iNO0SSeNa (M
+ Na) 2431.0890, found 2431.0970.

—0.97 (42H, m), 0.88 (6H, f] = 6.9 Hz);*C-NMR (100 MHz, CDC})
6 172.41, 169.63, 168.58, 153.41, 140.58, 139.34, 139.21, 138.71,
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138.60, 138.56, 138.50, 138.41, 138.39, 138.26, 138.20, 138.12, 138.02¢olorless oil. To a solution of the coupled product (31.1 mg, 0.0109
136.88, 132.36, 128.99, 128.54, 128.39, 128.32, 128.27, 128.23, 128.20mmol), DMAP (1.6 mg, 0.013 mmol) and &t (3.0xL, 0.0219 mmol)
128.19, 128.15, 128.10, 127.99, 127.94, 127.90, 127.85, 127.77, 127.65jn CH,Cl, (1 mL) and A¢O (1.2uL, 0.013 mmol) were added at 0
127.60, 127.58, 127.52, 127.49, 127.43, 127.38, 127.29, 127.23, 127.167C. The reaction mixture was allowed to warm to room temperature
127.12, 127.09, 103.27, 102.23, 101.11, 99.03, 98.47, 98.17, 79.41,and stirred for 1 h. After the solvent was evaporated, the residue was
79.31, 78.88, 77.46, 76.50, 76.37, 76.00, 75.85, 75.22, 74.88, 74.82,diluted with EtOAc (30 mL), washed with dilute NaHGGolution
74.32, 74.20, 74.15, 73.58, 73.13, 73.11, 73.03, 72.93, 72.76, 72.47,(2x 5 mL) and brine, dried over N80, and concentrateth vacua
72.34, 72.26, 70.38, 70.24, 69.58, 68.75, 68.35, 68.12, 68.04, 67.92,Flash column chromatography (20% EtOCAexanes) of the crude
67.71, 61.25, 60.93, 53.62, 53.38, 51.52, 36.81, 32.27, 31.90, 29.69,material gave 30.0 mg (95%) of the desired prodhitas a colorless
29.52, 29.44, 29.34, 29.27, 25.67, 22.66, 20.91, 20.79, 18.03, 17.98,0il: [a]?} —9.2 (c 0.50, CHCL,); IR (CHCI; film) 3344, 3030, 2924,

17.95, 17.90, 16.66, 14.09, 11.85; HRMS (FAB) calcd faid4dN.Os6
SSiNa [M + NaJ* 3158.6640, found 3158.6740.

Synthesis of 56. A solution of amide55 (82 mg, 0.026 mmol) in
dry THF (5 mL) was treated with TBAF (1.0 M in THF, 264, 10
molar equiv) under Mfor 19 h at room temperature. Then, MeOH (3
mL) and NaOMe (25 wt % in MeOH, 200L) were added. After the
mixture was stirred for 1 h, 200 mg of Dowex 50-X8 was added, and
the reaction mixture was filtered and concentrabedvacua The
residue was dissolved in EtOAc (70 mL), washed with watex (80
mL) and brine (50 mL), dried over N8Oy, and concentrated to dryness.
Flash column chromatography with-3% MeOH in CHCI, gave 67
mg of the product. Na (87 mg) was added to liquid \jga. 8 mL)
at —78 °C, and the mixture was stirred for 2 min undey 8 form a

2864, 2101, 1789, 1754, 1496, 1453, 1366, 1232'cA-NMR (400

MHz, CDCL) 6 7.75 (2H, d,J = 7.2 Hz), 7.46-7.05 (63H, m), 5.75
(1H, dt,J = 15.2, 6.8 Hz), 5.43 (1H, ddl = 15.5, 8.6 Hz), 5.13 (2H,

m), 5.09 (1H, dJ = 3.6 Hz), 5.05 (1H, dJ = 11.6 Hz), 5.00 (1H, d,

J = 11.5 Hz), 4.94-4.86 (5H, m), 4.83-4.65 (14H, m), 4.59 (2H, d,
J=11.7 Hz), 4.53-4.43 (4H, m), 4.39-4.31 (4H, m), 4.23 (1H, dJ

= 11.9 Hz), 4.18 (1H, dJ = 11.9 Hz), 4.154.08 (2H, m), 4.05

3.57 (31H, m), 3.54 (1H, dJ = 9.1 Hz), 3.49-3.45 (2H, m), 3.38
(1H, m), 3.31-3.23 (3H, m), 2.91 (2H, m), 2.75 (1H, dt.= 6.0 Hz),

2.12 (2H, dgJ = 6.9 Hz), 1.85 (3H, s), 1.201.09 (42, m), 0.92 (3H,

t, J = 6.6 Hz); 13C-NMR (100 MHz, CDC}) ¢ 169.1, 165.9, 155.5,
140.9, 139.2, 139.0, 138.8, 138.64, 138.47, 138.43, 138.3, 138.2, 138.10,
138.07, 138.0, 132.1, 129.1, 128.69, 128.65, 128.56, 128.43, 128.36,

blue solution, into which was added the desilylated and decarbonated128.35, 128.26, 128.17, 128.12, 128.08, 127.97, 127.77, 127.66, 127.64,
substrate (67 mg) in dry THF (2 mL). The resulting mixture was stirred 127.60, 127.54, 127.49, 127.45, 127.41, 127.3, 126.0, 103.0, 102.7,
for 45 min at—78°C, and then the reaction was quenched with absolute 100.8, 99.7, 99.2, 98.0, 81.2, 80.6, 79.5, 79.2, 79.0, 78.3, 77.7, 76.8,
MeOH (5 m|_) at—78°C. The ammonia was removed by a stream of 76.5, 75.5, 75.1, 75.03, 74.97, 74.91, 74.87, 74.0, 73.2, 73.10, 73.07,
N, and more MeOH was added to a final ca. 10 mL of solution in the 72.98, 72.93, 72.6, 72.3, 72.1, 72.0, 71.32, 71.25, 70.2, 69.4, 69.32,

reaction vessel. After neutralization with Dowex 50-X8 (810 mg,
dried), the mixture was then filtered, rinsed with jid methanol (20
mL), and concentrateid vacua The crude product (83 mg) was further
dissolved in DMFTHF (3 mL, 1:1), and DMAP (4 mg), BN (1.0
mL), and finally AgO (400uL) were added. The mixture was stirred
for 24 h at room temperature and then diluted to 60 mL with EtOAc.
It was washed with water (2 50 mL) and saturated NaHG®olution

(2 x 50 mL), dried over NgBO,, and concentratedn wvacua
Chromatography with 60% EtOAeCH.Cl, gave 41.2 mg (73%) of
the peracetated product. It was then treated with NaOMe (25 wt %,
102uL) in MeOH (10 mL) for 15 h at room temperature and neutralized
with Dowex 50-X8. Filtration, concentration, and purification by
reverse phase chromatography (Lichroprep, 6 ;@8 H0O in MeOH)
gave 27.2 mg 056 (68% over three steps) as a white cotton: mp 203
°C dec; p]?% +41.7 (c 1.09, DMSO); IR (KBr) 3396 (br), 2926,
2853, 1650, 1547, 1377, 1076, 820 ¢imH-NMR (400 MHz, CBOD)

0 5.68 (1H, dtJ = 15.2, 6.9 Hz), 5.44 (1H, dd, = 15.2 and 7.7 Hz),
5.19 (1H, d,J = 3.8 Hz), 5.11 (1H, dJ = 3.6 Hz), 5.01 (1H, dJ =

3.6 Hz), 4.59-4.58 (1H, m), 4.4+4.36 (2H, m), 4.30 (1H, ) = 7.8
Hz), 4.274.16 (5H, m), 4.13-4.08 (1H, m), 4.06-4.03 (2H, m), 3.99
3.88 (5H, m), 3.83-3.80 (3H, m), 3.79-3.64 (11H, m), 3.593.51
(6H, m), 3.42-3.40 (1H, m), 3.3+3.25 (3H, m), 2.17 2H, )= 7.6
Hz), 2.01 (3H, s), 1.57 (2H, br s), 1.34.25 (51H), 0.90 (6H, t) =

6.6 Hz); 3C-NMR (100 MHz, CROD) & 175.99, 173.78, 135.13,

69.25, 68.1, 67.9, 67.5, 68.3, 62.1, 56.1, 32.4, 31.9, 29.71, 29.68, 29.66,
29.48, 29.2, 29.1, 22.7, 20.7, 18.13, 18.11, 18.01, 17.98, 16.9, 14.2,
11.9; LRMS (FAB) calcd for GsdHo120:NsSSpNa (M + Nay*
2904.4140, found 2904.

Synthesis of Amide 58. A mixture of azide57 (66 mg, 0.023
mmol), Lindlar’s catalyst (66 mg), and palmitic anhydride (23 mg, 0.046
mmol) in EtOAc (1 mL) was stirred at room temperature under H
atmosphere for 24 h. The reaction mixture was filtered through a pad
of silica gel, rinsed with EtOAc (20 mL), and concentrated/acua
The crude material was purified with HPLC (20% EtOAc in hexanes,
15 mL/min, 260 nm UV detection) to givé8 (64 mg, 90%) as a
colorless oil: %% —17.9 (c 0.65, CHCI,); IR (CHCI; film) 3531,

3346, 3063, 3030, 2924, 2854, 1790, 1674, 1496, 1454, 1365, 1236
cmt; *H-NMR (400 MHz, CDC4) 6 7.72 (2H, d J = 7.2 Hz), 7.42-

7.02 (63H, m), 5.65 (1H, dJ = 9.1 Hz), 5.62 (1H, dtJ) = 15.3, 6.6

Hz), 5.31 (1H, ddJ = 15.3, 8.6 Hz), 5.10 (1H, m), 5.05 (1H, d~=

3.6 Hz), 5.02 (1H, dJ = 11.5 Hz), 4.96 (1H, dj = 11.4 Hz), 4.96-

4.62 (13H, m), 4.574.38 (8H, m), 4.324.26 (3H, m), 4.2+4.07

(9H, m), 4.01-3.41 (31H, m), 3.30 (1H, m), 3.23 (3H, m), 2.87 (2H,
m), 2.71 (1H, m), 2.021.97 (4H, m), 1.82 (3H, s), 1.52 (2H, m), 1:32

1.19 (53H, m), 1.151.08 (42H, m), 0.88 (6H, tJ = 6.8 Hz); 13C-

NMR (100 MHz, CDC}) 6 169.06, 165.86, 155.54, 140.94, 139.23,
139.01, 138.64, 138.47, 138.10, 138.00, 132.00, 128.56, 128.43, 128.40,
128.36, 125.35, 128.26, 128.17, 128.12, 127.66, 127.64, 127.60, 127.54,

131.41, 105.45, 104.47, 103.90, 102.49, 101.54, 95.55, 80.88, 79.83,127.49, 127.45, 127.41, 126.04, 102.99, 102.71, 100.80, 99.72, 99.15,

79.49, 77.01, 76.72, 76.50, 76.28, 76.25, 75.29, 74.96, 74.72, 73.54,97.97,
73.05, 72.79, 72.59, 71.84, 71.66, 70.57, 70.36, 69.94, 68.98, 68.63,76.49,
67.49, 62.93, 62.68, 62.50, 61.77, 61.66, 54.74, 50.75, 49.90, 37.42,72.80,
33.51, 33.13, 30.92, 30.87, 30.84, 30.82, 30.80, 30.76, 30.68, 30.53,67.06,

8.19, 80.60, 79.60, 79.21, 79.02, 78.47, 77.67, 77.40, 76.90,
75.08, 74.97, 74.91, 74.87, 74.03, 73.19, 73.10, 73.07, 72.98,
72.51, 72.03, 71.83, 71.7, 70.16, 69.20, 68.29, 68.09, 67.86,
63.77, 62.11, 62.04, 56.05, 32.39, 31.94, 29.71, 29.68, 29.66,

30.51 (several peaks), 27.21, 26.70, 23.78, 23.07, 16.89, 14.51; HRMS29.48, 29.38, 29.20, 29.07, 22.71, 20.70, 16.89, 14.16; LRMS (FAB)

(FAB) calcd for GoHizN2Os,Na [M + NaJt 1557.8500, found
1557.8440.

Synthesis of Azide 57.A mixture of hexasaccharide glycal and

freshly activatd 4 A molecular sieves (100 mg) in GBI, (1 mL)
was treated with dimethyldioxirane (ca. 0.07 M, 1 mL) &l After

calcd for GgiH244035N,SSikNa (M + Na)* 3116.6530, found 3116.
Synthesis of 1. A solution of 58 (20 mg, 0.0065 mmol) in THF
(0.5 mL) was treated with TBAF solution (1.0 M in THF, »Q) and
stirred for 2 h. Then it was filtered through a pad of silica gel, washed
with EtOAc (30 mL), and concentrated vacua The crude material

completion of the reaction, the volatiles were removed by a stream of was dissolved in MeOH (1 mL), treated with MeONa (10 mg), and

N2, and the residue was dried on high vacuum for 20 min. Then, a
solution of azidohydrirb3in THF (0.8 mL) was added to the epoxide
via cannula and cooled t640 °C. ZnCk (1 M) in ELO (25uL) was
added, and the reaction mixture was allowed to warm up to room
temperature and stirred for 12 h. It was then diluted with EtOAc (50
mL), washed with saturated NaHG@®olution (2x 20 mL) and brine

(10 mL), dried over Ng5O, and concentrated to dryness. The crude
material was purified by flash column chromatography {22%
EtOAc in hexanes) to give 31.3 mg (53%) of coupled product as a

stirred for 3 h. The reaction was neutralized with Dowex 50-X8 (40
mg), filtered, washed with EtOAc (10 mL), and concentratedacua
Flash column chromatography of crude material with506 MeOH

in CH.Cl, afforded the desired product (16.5 mg, 94%). To liquid
NH; (ca. 8 mL) under M at —78 °C was added Na (12 mg), and the
mixture was stirred for 2 min. To the blue solution was added the
desilylated and decarbonated substrate (16 mg) in THF (1 mL), and
the mixture was stirred for 45 min at78 °C. The reaction mixture
was quenched by addition of MeOH (4 mL). Ammonia was removed



11500 J. Am. Chem. Soc., Vol. 118, No. 46, 1996

with a stream of M and then the solution was diluted with MeOH to
ca. 7 mL. The reaction mixture was neutralized with Dowex 50-X8
(115 mg), filtered, rinsed with NEin MeOH (20 mL), and concentrated
in yacua A mixture of the residue and DMAP (3 mg) were dissolved
in DMF (1 mL), THF (1 mL), and EN (0.2 mL), then treated with
Ac,O (50 uL), and stirred for 3 h. After the reaction mixture was
concentrated, the residue was purified or-20 «m of silica gel using
10% hexanes in EtOAc to give the product (10.7 mg, 80%). A portion
of the peracetate (2.3 mg) dissolved in MeOH (0.5 mL) undewbs
treated with MeONa in MeOH (25 wt %, /L), and the mixture was
stirred for 4 h. The reaction mixture was neutralized with Dowex 50-
X8 (4.5 mg), filtered, washed with MeOH (5 mL), and concentrated
in vacua The residue was purified with reverse phase column
chromatography (Lichroprep, MeOH) to gitgquantitative) as white
cotton: []?% +9.1° (c 0.45, MeOH) IR (KBr) 3356, 2920, 2851,
1734, 1652, 1547, 1466, 1372, 1260, 1075, 1042 ¢cAH-NMR (400
MHz, DMSO-d¢/D,0, 10:1)6 5.53 (1H, dt,J = 15.3, 6.7 Hz), 5.35
(1H, dd,J = 15.2, 7.0 Hz), 4.95 (1H, br s), 4.81 (1H, 3= 3.7 Hz),
4.48 (1H, d,J = 8.4 Hz), 4.44 (1H, dJ = 8.1 Hz), 4.25 (1H, dJ =

7.6 Hz), 4.16 (1H, dJ = 7.8 Hz), 4.07 (2H, m), 3.993.85 (5H, m),
3.81-3.72 (6H, m), 3.68-3.35 (22H, m), 3.29 (2H, m), 3.03 (1H,4,

= 7.9 Hz), 2.02 (2H, m), 1.93 (2H, m), 1.82 (3H, s), 1.44 (2H, m),
1.23 (46H, m), 1.08 (3H, d) = 6.4 Hz), 0.84 (6H, tJ = 6.6 Hz);
13C-NMR (125 MHz, CQOD) 6 176.02, 174.52, 135.21, 131.40,

Park et al.

4.22-3.95 (13H, m), 3.963.77 (3H, m), 2.19-1.92 (51H, m), 1.15
(3H, d,J = 6.4 Hz); *C-NMR (100 MHz, CDC}) ¢ 172.40, 171.45,
170.84,170.54,170.52, 170.48, 170.45, 170.40, 170.39, 170.34, 170.23,
169.99, 169.82, 169.74, 169.36, 169.00, 145.43, 102.01, 101.17, 98.83
(2C), 98.45, 94.24, 75.65, 74.95, 73.98, 73.64, 73.49, 72.32, 71.84,
71.53, 71.44, 70.81, 70.74, 70.66, 70.12, 69.77, 68.97, 68.71, 68.67,
68.02, 67.97, 67.88, 67.60, 67.35, 64.43, 61.88, 61.81, 61.42, 61.29,
61.04, 56.18, 23.06, 21.02, 20.81, 20.76, 20.68, 20.64, 20.62, 20.58,
20.57, 20.55, 20.49, 20.43, 15.88; LRMS (FAB), 1676 fMNa]*
(100), 1634 (18), 1594 (35), 1404 (10), 849 (95); HRMS (FAB) calcd
for CzoHgsNOgsNa [M + NaJ* 1676.5120, found 1676.5160.

Peracetyl hexasaccharide glycal (52 mg) was divided into two
portions (22 mg and 30 mg). A solution of hexasaccharide glycal (22.0
mg, 13.4umol) in dry CHCI, (2 mL) under N at 0 °C was treated
with dimethyldioxirane solution (ca. 0.08 M, 5@Q.) and stirred for
40 min at 0°C. The reaction mixture was concentrated to ca. 400
with a stream of dry Blat 0°C and then treated with allyl alcohol (5
mL). The mixture was stirred for 15 h at room temperature. Excess
allyl alcohol was removednh vacua The other batch (30 mg) was
treated similarly. The crude products were combined and chromato-
graphed with 85% EtOAc in C¥l, to give 35.8 mg (66%) of less
polar product g-allyl gluco) and 15.7 mg (29%) of more polar product
(a-allyl manno). A 33.2 mg (1@mol) portion of the less polar material

105.55’ 105.44’ 104.44’ 10395’ 10286, 10106, 8118, 8049, 80.05’under N was dissolved in absolute MeOH (14 mL) and treated with
79.12, 77.97, 76.84, 76.57, 76.44, 76.27, 75.57, 74.96, 74.70, 73_59’MeONa (25% in MeOH, lﬁﬁL). After 6 h, the reaction mixture was
73.06, 72.61, 72.48, 71.56, 70.69, 70.66, 70.37, 69.99, 69.72, 69_73,neutralized with Dowex 50-X8 (200 mg, washed and dried), filtered,
68.12, 62.69, 62.64, 61.77, 61.62, 54.89, 54.83, 53.14, 37.43, 33.55,and concentrated to give quantitative yield of the title compound. An
33.17, 30.96, 30.92, 30.89, 30.87, 30.85, 30.79, 30.73, 30.64, 30.59,analytical sample was prepared by RP column chromatography (Li-

30.54, 30.49, 27.26, 23.83, 23.76, 16.76, 14.46; HRMS (FAB) calcd
for C72H130032N2Na (M + Na)" 1557.8500, found 1557.8450.
Synthesis of Allyl Glycoside 64. A solution of hexasaccharide
glycal 51 (85 mg, 0.035 mmol) in THF (6 mL) under Nat room
temperature was treated with TBAF (1.0 M in THF, 343 10 equiv).
After 38 h at room temperature, the reaction mixture was concentrated
to ca. 1 mL, then dissolved in EtOAc (60 mL), washed witfOH2 x
30 mL), dried (NaSQy), and concentrated to dryness. Flash column
chromatography of the crude material with 4% MeOH in/CH gave
70.0 mg (98%) of the desilyl decarbonated product. To liquid ammonia
(ca. 8 mL) under Mat —78 °C was added sodium (95 mg). To the
formed blue solution was added a solution of the above desilyl
decarbonate compound (70 mg, 38r8ol) in dry THF (2 mL). After
45 min at—78 °C, the reaction was quenched with absolute methanol
(4 mL). Most of the ammonia was removed with a stream of nitrogen
(final volume was ca. 4 mL) and the reaction mixture diluted with
methanol to ca. 10 mL. To the solution was added Dowex 50-X8 (890
mg, washed and dried), and the mixture was stirred for 5 min. The
solution was filtered and rinsed with methanol and finally with JNifd
methanol (5 mL), and the filtrate was concentratedvacua The
residue and DMAP (2.4 mg) were placed undey $lispended in DMF
(2.0 mL), THF (1.0 mL), and EN (1.0 mL), and then treated with
Ac20 (0.3 mL). After 20 h (TLC analysis with EtOAc), the reaction
mixture was poured into water (40 mL), extracted with EtOAcx?2
40 mL), washed with dilute NaHC{solution (30 mL) and water (30
mL), dried over NaSQ4, and concentrated to dryness. Flash column
chromatography of the crude material with 80% EtOAc in,.CHgave
52.0 mg (93%) of the peracetylhexasaccharide glycal as a white foam.
Peracetylhexasaccharide glycalmp 132-134 °C; [a]%% +4.7°
(CHCI5, ¢ 1.4); IR (CHCE film) 1742, 1652, 1371, 1227, 1069 cf
1H-NMR (400 MHz, CDC}) 6 6.68 (1H, d,J = 6.8 Hz), 6.42 (1H, d,
J = 6.0 Hz), 5.58 (1H, dJ = 3.2 Hz), 5.47 (1H, dJ = 3.4 Hz),
5.40-5.37 (2H, m), 5.29 (1H, dd] = 10.9, 3.1 Hz), 5.255.15 (5H,
m), 5.06 (1H, ddJ = 11.2, 3.3 Hz), 5.02 (1H, d] = 3.6 Hz), 4.99-
4.92 (2H, m), 4.844.81 (2H, m), 4.67 (1H, dJ = 7.8 Hz), 4.56-
4.51 (2H, m), 4.454.38 (3H, m), 4.29 (1H, dd) = 10.6, 3.4 Hz),

chroprep, 6.0 g), eluting with wate6% methanolic water, followed

by lyophilization to obtain white powder: mp 26206°C dec; %

+5.5° (MeOH, ¢ 0.67); IR (MeOH film) 3356 (br), 2923, 1658, 1374,
1071 cn7%; *H-NMR (400 MHz, CROD) 6 5.99-5.93 (1H, m), 5.35

5.29 (1H, m), 5.24 (1H, dJ = 3.8 Hz), 5.18-5.14 (1H, m), 4.93 (1H,
d,J=3.9 Hz), 4.56-4.54 (2H, m), 4.42-4.06 (10H, m), 3.99 (1H, s),
3.91-3.47 (26H, m), 3.4%3.37 (1H, m), 3.27 (1H, tJ = 8.8 Hz),

2.01 (3H, s), 1.24 (3H, d] = 6.5 Hz);3C-NMR (100 MHz, CROD,

ref = 6 49.05) 6 174.55, 135.73, 117.57, 105.48, 105.42, 103.94,
103.26, 102.79, 101.08, 81.21, 80.67, 80.05, 79.20, 78.09, 76.79, 76.56,
76.48, 76.44, 76.41, 75.54, 74.86, 74.68, 73.57, 72.63, 72.50, 71.57,
71.16, 70.64, 70.41, 69.68, 68.16, 62.67, 62.64, 62.57, 61.96, 61.63,
53.11, 23.58, 16.78; LRMS (FAB), 613 (100); HRMS (FAB) calcd
for Cs1HesNOgoNa [M + Na]* 1078.3800, found 1078.3780.
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