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Abstract—Several aryl substituted C-fucopeptides have been developed as sialyl Lewis X mimetics. Although the compounds have a
much simpler structure compared to SLe*, up to 3-times higher binding affinity toward E-selectin and > 1000 times toward P-
selectin was observed. Furthermore, a convenient strategy for generating a number of analogues from a SLe* mimetic template at a
very late stage of the synthesis was introduced, using a ruthenium catalyzed cross olefin metathesis under benchtop conditions.
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Introduction

The tetrasaccharide sialyl Lewis x (SLe*, 1, Figure 1), a
terminal unit of cell-surface glycoproteins and glycoli-
pids, has been identified as a common ligand for E-, P-
and L-selectin,! albeit with some differences in the
bound conformation.? The carbohydrate-protein recog-
nition between SLe* and E- or P-selectin mediates the
early stage of inflammatory response, leading to the
rolling of leukocytes on endothelial cells, followed by
the recruitment of leukocytes to inflamed tissue. Inhibi-
tion of this carbohydrate—protein interaction has there-
fore been considered as a new therapeutic approach for
the treatment of inflammatory diseases as well as
metastasis and angiogenesis.! Since the binding affinity
of SLe* is relatively low and it is orally inactive and
unstable in the bloodstream, the search for SLe*
mimetics® has been of current interest, especially for
compounds with simpler structure, higher binding affi-
nity, and resistance to glycosidases, i.e. fucosidase and
sialidase. Based on the structure—activity relationship
studies, the functional groups essential for selectin
binding are depicted in Figure 1.* Recently, a new
binding site in the selectins for aromatic or hydrophobic
groups has been proposed, since replacement of the
acetamide group in SLe* (1) by a benzamide (2) or
naphtamide (3) resulted in a 3.3- and 12.5-fold increase
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in activity against E-selectin, respectively,® and several
SLe* mimetics containing a hydrophobic group at the
equivalent position also showed enhanced activities
against the three selectins.® In this study, we have
designed and synthesized a series of aryl substituted C-
fucopeptides’ as SLe* mimetics, which are stable against
glycosidases and are expected to adopt the same favor-
able gauche conformation as the O-linked analogues®
(Fig. 1). Thus, several SLe* mimetics (13a,b; 18; 21)
bearing phenyl groups and a series of mimetics (32a—g)
bearing different aromatic groups have been prepared.
Many of the latter compounds can be quickly generated
from a template molecule using a cross olefin metathesis
reaction under normal benchtop conditions. The syn-
thesized compounds, in spite of rather simple structure,
exihibited up to 3-times better activity than SLe* against
E-selectin and > 1000 times better than SLe* against P-
selectin.

Results

The distance of the aromatic residue and the fucose
moiety in SLe* derivatives 2 and 3 would demand the
establishment of a two carbon spacer, making phenethyl
ether 13 (4, R'=Ph, R2=H, R*=CH3) the first target
for synthesis (Scheme 1). 3-(Tri-O-benzyl-a-L-fucopyr-
anosyl)-1-propene’® (6) served as starting material for the
fucose part. It was planned to generate the epoxide and
perform a regioselective ring opening with azide to obtain
the 1,2-azido alcohol. Unfortunately, all attempts to
achieve a highly diastercoselective reaction, either by
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Figure 1. SLe* (1), the essential functional groups for its recognition
by E- (@), P- (A), and L- (M) selectin, aryl substituted SLe* ana-
logues® (2 and 3), and designed SLe* mimetics (4) based on C-fuco-
peptides. *Relative binding affinities to E-selectin calculated from ICs
values.

Jacobsen epoxidation or Sharpless AD-reaction, were
not successful. Therefore, a non-selective epoxidation
was employed to give epoxide 7 (MCPBA, CH,Cl,,
89%) which was then opened with sodium azide (NaN3,
NH,4CI, EtOH, H,0, 86%). Separation of the isomers
by HPLC led to the chiral azido alcohols 8a and 8b°
(Scheme 1). The attempted alkylation of the OH-group
to establish the 2-phenylethyl ether turned out to be a
difficult step. Alkylation under standard conditions
(NaH, phenethyl bromide, BuyNI) resulted in a total
recovery of the starting material. Several other condi-
tions were tried, including etherification with the tri-
chloroacetimidate of 2-phenylethanol under acidic
conditions, and Buj;Sn-ether formation followed by
treatment with phenethyl bromide in the presence of
BuyNI, but none of these methods gave any detectable
amount of the desired 2-phenylethyl ether. Therefore,
we sought for conditions in the presence of an excess of
base and an alkylating reagent. Accordingly, employing
phase transfer catalysis with 50% aqueous NaOH in
neat 2-phenethyl bromide in the presence of BuyNHSO,
for five days afforded the phenethyl ethers 9a and 9b in
9% and 18% yield, respectively (64% and 93% taking
the still diastereomerically pure recovered starting
material into consideration). Azides 9a and 9b were then
reduced (PPhs;, H,O, THF, 88% and 86%) and the
resulting amines 10a and 10b were coupled with N-Boc-
O-benzyl-L-threonine to afford compounds 11a and 11b
(EDC, HOBT, NMM, CH,)Cl,, 98% and 84%).
Removal of the Boc protecting group (TFA, CH,Cl,)
followed by coupling with monobenzyl succinate gave
protected SLe* mimetics 12a and 12b (EDC, HOBT,

NMM, CH,Cl,, 98% and 99%, two steps). The five benzyl
groups were easily removed by catalytic hydrogenation
(Pd-C, HOAc, H,0O) without affecting the stable phe-
nethyl ether, giving pure mimetics 13a and 13b (90%
and 83% yield). Evaluation of the biological activities of
these compounds revealed an ICsy of ~0.3mM for 13a
and 0.19 mM for 13b, thus showing a 1.7- and 2.6-times
higher binding affinity toward E-selectin than SLe*

The difficulties in the preparation of the phenethyl ether
led us to use the more accessible cinnamyl compound 18
(4, R'=CH,Ph, R>=H, R3=CH;) as the next target
(Scheme 1). This time the diasteromeric mixture of
azido alcohol 8 was alkylated with cinnamyl bromide to
give cinnamyl ether 14 (NaH, THF, DMF, 79%), fol-
lowed by chemoselective hydrogenation of the olefin
and the azide in the presence of di-ferz-butyldicarbonate
(Boc,O, H,, Pd-C, EtOAc, 80%) for immediate protec-
tion of the resulting amine as the tert-butyl carbamate
(15). In analogy to the synthesis of compounds 13a and
13b, Boc deprotection followed by coupling with N-
Boc-0O-benzyl-L-threonine (16, 85%, two steps), another
Boc deprotection and coupling with monobenzyl succi-
nate (17, 98%, two steps) and finally catalytic hydro-
genation gave phenpropyl mimetic 18 (90%). Since the
1C5q of this compound (0.23 mM) was almost exactly in
between 13a and 13b, it appeared that the one carbon
extension had no major impact on the activity.

Since the unnatural dihydroxy amino acid 22!° proved
to be a very good galactose mimic in earlier studies,”!'!
we incorporated it into another phenyl substituted SLe*
mimetic 21 (4, R!=CH,Ph, R?=H, R3=CH,0H), an
analogue of 18 (Scheme 1). Since the (S)-configuration’
in the mimetics of type 13, i.e. compound 13b, showed
slightly better inhibition, only the corresponding (S)-
diastereomer was used. This time the separation of the
diastereomers was carried out by simple flash-chroma-
tography. Deprotection of 15b (Scheme 1) and coupling
with protected dihydroxy amino acid 237* (19, 62%, two
steps), which is available from the L-threonine catalyzed
condensation product of glycine and benzyloxy-
acetaldehyde'® (22, Scheme 1), another deprotection
and coupling with monobenzyl succinate (20, 65%,
twosteps) and again catalytic hydrogenation (95%)
gave mimetic 21. No further increase of activity was
observed, however.

So far, only phenyl groups had been incorporated into
our mimetics, and as a next step we were looking for a
quick way of synthesizing a series of mimetics 32 (4,
RIZCHQAY, R2:C02Et, RSZCHon) with a wide
variety of aromatic residues in order to probe their
influence on the observed biological activity. A diver-
gent approach to these compounds was envisaged, i.e.
these aromatic groups were introduced at a very late
stage of the synthesis. To achieve this task, the use of a
transition metal catalyzed cross metathesis reaction'?
between an almost inert allyl ether and different aro-
matic olefins appeared to be the reaction of choice.
Finally, a more practical, convergent synthesis of the
template was employed (Scheme 2). In order to obtain a
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Scheme 1. Conditions: (a) Ref 7a (73% from L-fucose, 4 steps); (b) MCPBA,

CH,Cl,, rt, 11h (89%); (¢) NaN;, NH4Cl, EtOH, H,O, reflux, 1.5h

(86%); (d) 1. separation by HPCL; 2. PhCH,CH,Br, NaOH, H,O, BuyNHSOy, rt, 5 days (9a: 9%, 9b: 18%); (¢) PPhs, H,O, rt, 2.5 days (10a: 88%,

10b: 8
H,O0, rt, 1-2 days (83-95%); (i) cinnamyl bromide, NaH, THF, DMF, 65°C,
CH,Cl,, rt, 1h; N-Boc-O-benzyl-L-threonine, EDC, HOBT, NMM, DMF,

6%); (f) N-Boc-O-benzyl-L-threonine, EDC, HOBT, NMM, DMF, —20°C to rt, 38 h (12a: 98%, 12b: 99%; two steps); (h) H,, Pd-C, HOAc,

1h (79%); (j) Boc,O, H,, Pd-C, EtOAc, rt, 2 days (80%); (k) 1. TFA,
—20°C to rt, 7h (85%, two steps); (1) 1. TFA, CH,Cl,, rt, 1 h; 2.

monobenzyl succinate, EDC, HOBT, NMM, DMF, —20°C to rt, 12h (98%, two steps); (m) 1. separation by flash chromatography; 2. 23, EDC,
HOBT, NMM, CH,Cl,, rt, 5h (62%, two steps); (n) 1. TFA, CH,Cl,, rt, 1 h; 2. monobenzyl succinate, EDC, HOBT, NMM, DMF, rt, 4h (65%,

two steps); (o) ref 10 (L-threonine aldolase, 78%); (p) ref 7a (98%). EDC: 1

-(3-dimethylaminopropyl)-3-ethyl-carbodiimide hydrochloride, HOBT:

1-hydroxybenzotriazole, MCPBA: m-chloroperbenzoic acid, NMM: N-methylmorpholine, TFA: trifluoroacetic acid.

stereochemically pure product and to have the option
of future incorporation of the compounds into multi-
valent assemblies such as liposomes or polymers,'!3
unsaturated ester 24 was used as starting material for

the synthesis of mimetics related to 32. As anticipated,
compound 24, easily available from 6 by ozonization
and workup with dimethyl sulfide and Horner—Wittig
chain elongation (88% overall), proved to be a viable
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Scheme 2. Conditions: (a) 1. O3, CH,Cl,, MeOH, —78 °C, then Me,S, —78°C to rt, 22h; 2. (EtO),POCH,CO,Et, NaH, rt, 12h (88% overall); (b)
AD-mix o, MeSO,NH,, -BuOH, H,0, 4°C, 48 h (86%, 93% de); (c) p-NO,CcH4SO,Cl, py, 4°C, 25h (88%); (d) NaN;, DMF, 50°C, 21h (88%);
(e) Boc,O, H,, Pd-C, EtOAc, rt, 18h (85%); (f) CH,-CHCH,0CO,Me, 2.5mol% Pd,(dba);, bdpb, THF, 65°C, 4.25h (88%); (g) 1. TFA, CH,Cl,,
0°C, 1.5h, then rt, 2h; 2. 33, EDC, HOBT, NMM, CH,Cl,, 0°C to rt, 11 h (69%); (h) 2 equiv olefin, Smol% Cl,(PCy3),RuCHPh, CH,Cl,, reflux,
18-40h (for yields see Table 1); (i) 31a,b,d,f,;h: H,, Pd(OH),-C, EtOH, H,0, rt, 24 h; 31c,e,g: cyclohexene, Pd-BaSO4, EtOH, 80°C, 1-5 days (for
yields see Table 1); (j) ref 11 (66%, 3 steps). dba: dibenzylideneacetone, bdpb: bis(diphenyl-phosphino)-butane, EDC: 1-(3-dimethylaminopropyl)-3-
ethyl-carbodiimide hydrochloride, HOBT: 1-hydrobenzotriazole, NMM: N-methylmorphonline, TFA: trifluoroacetic acid.

substrate for the Sharpless AD reaction, giving diol 25
in 86% yield and 93% de. Selective nosylation of the
more reactive hydroxyl group (26, nosyl chloride, pyr-
idine, 88%) and displacement of the nosylate with
sodium azide (NaN;, DMF, 88%) gave compound 27.
Catalytic hydrogenation of azide 27 in the presence of
di-tert-butyldicarbonate (Boc,O, H,, Pd-C, EtOAc,
85%) yielded amino acid derivative 28, which was
finally O-allylated under essentially neutral conditions
by means of palladium catalysis (allyl methyl carbonate,
Pd,(dba);, bdpb, 88%) to give sugar building block 29.
Using a different reaction sequence, i.e. O-allylation
followed by reduction, only a poor yield of 29 had been
obtained. The other building block, acid 33, was avail-
able from succinic anhydride and amino acid 22 as
described!'! (66%, three steps). Coupling of the two
building blocks 29 and 33 (EDC, HOBT, CH,Cl,,
NMM, 69%) finally gave mimetic precursor 30, the

template for the cross metathesis reactions (Scheme 2).
While more studies have been reported for the related
ring closing olefin metathesis'# only few examples for
the crossed metathesis reaction of terminal olefins have
been published,'?*° including the selective molybde-
nium catalyzed cross-metathesis of styrenes with term-
inal olefins.'"”® Since we were aiming at a practical
synthesis, we decided to employ the commercially
available and much more stable ruthenium catalyst
(C1,P(Cy3)>,RuCHPh)!> instead of the highly sensitive
molybdenium catalyst!® used in the model study.'?®
It turned out that, while the molybdenium catalyzed
reactions are described'" to work well at room tem-
perature, using ruthenium catalysis no reaction was
observed under the same conditions. However, refluxing
a dichloromethane solution of 30 and two equivalents of
various aromatic olefins in the presence of 5 mol%
CLL,P(Cy3),RuCHPh usually gave moderate to good
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yields of the metathesis products 31 (Scheme 2, Table 1).
Electron-poor pentafluorostyrene on the other hand,
showed a very slow reaction and reduced yield of the
desired product (31d, 17%). In this case most of the
starting material dimerized to give 31i in 47% yield
(Scheme 2). In all other cases, only traces of 31i were
detected (TLC). Allylbenzene was employed in order to
synthesize a mimetic with an even longer linker between
template and aromatic group (31b). Although lacking
the stabilizing electronic effect of the aromatic group
directly bound to the olefin, an acceptable yield of the
desired metathesis product was obtained.!” This result
also demonstrates that besides aromatic olefins, a wide
variety of other groups, for example, long alkyl chains
which are known to enhance the binding affinity of SLe*
mimetics,”® may be introduced using this methodology,
providing more options for this divergent approach. In
this study, the stercochemistry of the formed double
bond was not important since the metathesis products
were hydrogenated to reduce the double bond and at
the same time to remove the benzyl protecting groups.
However, it is notable that for activated aromatic or
nonaromatic olefins (Table 1, 31b,c,d,i) a trans/cis mix-
ture was obtained, but for nonactivated aromatic olefins
(Table 1, 31a,e,f,g) only the trans double bond was
detected ("H NMR). As expected, the final deprotection
of the metathesis products by catalytic hydrogenation,
i.e. simultancously removing four benzyl ethers and one
benzyl ester, and hydrogenating one double bond,
without destroying the aromatic group, proved to be
nontrivial (Table 1). While standard conditions (H»,
Pd(OH),-C, EtOH, H,0) worked most of the time, the
anisyl (31¢), biphenyl (31g) and the very labile naphthyl

771

compound (31e) required more selective conditions for
transfer hydrogenation'® (cyclohexene, Pd-BaSO,,
EtOH) and close monitoring of the reaction (TLC) in
order to avoid overhydrogenation. In addition to these
compounds, template molecule 30 (Table 1, Entry h)
and dimer 31i were hydrogenated and tested!'® for E-
and P-selectin binding. The results are summarized in
Table 1.

Discussion

Direct comparison of the phenyl compounds shows that
incorporation of additional ester moiety, which is useful
for the diastereomeric synthesis of compounds 31, and
for the preparation of multivalent structures, led to a
reduced biological activity for 32a (60% inhibition at
3mM) compared to compound 21 (ICsy 0.3mM) and
other simpler structures such as 13a (ICsy 0.3 mM), 13b
(ICs50 0.19mM) and 18 (ICsq 0.23 mM) in the E-selectin
binding assay. Inside the series of compounds 31, how-
ever, it was observed that while the naphtyl compound
(31e) was inactive, the somewhat stretched fluorenyl
(68% inhibition at 3mM) and especially biphenyl (87%
inhibition at 3mM) derivatives showed increased activ-
ities compared to the phenyl parent structure (32a).
Modification of the phenyl group gave less active anisyl
(32¢, 47% inhibition at 3mM) and pentafluorophenyl
(32d, inactive) derivatives, so did dimerization (32i,
inactive). Finally it was shown that homophenyl
compound 32b (58% inhibition at 3mM) was about
equally active as the phenyl parent compound 32a.
However, even the best compound of this series, biphenyl

Table 1. Quick synthesis of SLe* mimetics bearing different aromatic groups by cross metathesis
Entry R Yield (31) trans/cis Yield (32) Inhibition at 3 mM* ICso (UM)P
(%) (%) against E-selectin against P-selectin
a O 74 >95:5 78 60% 4
]

b 65 75:25 76 58% 2
WSO

c o\ 79 87:13 57 47% 5
JJ

e F 17¢ 70:30 67¢ inactive 12

F
Lod
F

d 71 >95:5 21 inactive 1
Joo

f O 70 >95:5 68 65% 1

o
g 73 >95:5 52 87% 1
L
h H d d 81d 52% 302
i (see 31/321) 47¢ 75:25 54 inactive 217

aDetermined in a cell-free assay!'%®

®Determined in a cell-free assay for inhibition of P-selectin binding to polylysine-SLe* copolymer.

for inhibition of E-selectin binding to polyacrylated-SLe®* copolymer.

19b

°The dimerized starting material (31i) was isolated in 47% yield. In all other cases only traces of 31i were detected (TLC).

dPrepared by hydrogenation of 30.
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derivative 32g was only about two times more active
than the reference compound 32h (42% inhibition at
3mM) bearing only a propyl group instead of an aryl-
propyl moiety. A significant improvement in P-selectin
binding was, however, observed when a hydrophobic
group is incorporated into the mimetics (see Table 1),
and many pM inhibitors for P-selectin are obtained.
These results are consistent with the previous finding
that P-selectin is more sensitive to hydrophobic inter-
action than is E-selectin.®

Conclusion

We have prepared several aryl substituted SLe* mimet-
ics based on C-fucopeptides, exhibiting up to 3-times
higher binding affinity toward E-selectin than SLe* and
> 1000 times more active toward P-selectin than SLe*,
yet having a much simpler structure. In addition, we
have introduced a convenient strategy for the diversi-
fication in structure of SLe* mimetics at a very late
stage of the synthesis using cross olefin metathesis, thus
providing a wide variety of derivatives for inhibition
analysis. It is expected that this divergent strategy for
the synthesis of SLe* mimetics is applicable to other
templates.

Experimental

General information

All reactions except those involving H,O were per-
formed in an argon atmosphere in dried glassware
(torch, vacuum) unless otherwise noted, using solvents
which were dried as follows. THF and Et,O: distilla-
tion over sodium (indicator benzophenone), CH,Cl,:
distillation over CaH,. All other dry solvents were pur-
chased from Aldrich. The following stationary phases
were used for chromatography. Thin-layer chromato-
graphy: precoated glass TLC plates (Merck Silica Fjsy,
0.2mm layer), flash chromatography: Mallinckroth
Silica F60, 0.040-0.063 mm. The following spectrometers
were used to record physical data. NMR: Bruker AMX
500 ("H: 500 MHz, '3C: 125MHz), Bruker AMX 400
("H: 400 MHz, '3C: 100MHz), Bruker AC 250 ('H:
250 MHz, '3C: 62.5 MHz). NMR spectra are reported in
ppm against residual protic solvent (CHCls: 6=
7.24ppm, dc=77.0 ppm; CD3;0D: 6y =3.30 ppm, dc=
49.0 ppm; D,O: 8y =4.80 ppm, dc (CH3CN)=1.7 ppm)
as internal standard. Coupling constants J are given in
Hz. FABMS: VG ZAB-ZSE (m-nitrobenzylalcohol
matrix, Nal or CsI). ESI-MS: PE SCIEX API 100. Pre-
parative HPLC separations were conducted on a Gilson
HPLC system consisting of Pump 302, UV Detector
115, Manometric Module 802B and Dynamic Mixer
811B using a Whatman Partisil 10 (Magnum 9) Silica
column.

General procedure A (peptide coupling)

A solution of the amine, 1-hydroxybenzotriazole (HOBT),
the carboxylic acid and N-methyl morpholine (NMM)

in dry DMF or CH,Cl, was cooled to —20°C and
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydro-
chloride (EDC) was added. The reaction mixture was
stirred at —20°C for 1h, then allowed to reach rt over-
night and stirring continued at rt. After the reaction was
complete (TLC), the mixture was diluted with ethyl
acetate and washed with 5% aqueous citric acid solution.
The aqueous layer was extracted with ethyl acetate and
the combined organic layers were washed with satd
NaHCO;-sol and brine, dried (MgSQ,4) and evaporated.
The residue was purified by flash chromatography on
silica with EtOAc/hexanes to give the coupled compounds.

General procedure B (Boc deprotection)

A solution of the Boc compound (1.4mmol) in dry
CH,Cl, (1mL) was treated with TFA (ImL) at 0°C
and stirred for 1.5h slowly reaching rt. The reaction
mixture was then evaporated from CHCl; (twice, 15 mL
each). The residue was taken up in MeOH (10 mL) and
DOWEX 1X8-50 (Biorad, OH~ form) was added until
pH 8 was reached. The resin was filtered, washed with
MeOH, the filtrate evaporated and the residue was used
in the next step without further purification.

General procedure C (final deprotection using H,/Pd-C)

A solution of the benzyl protected compound in 80%
aqueous HOAc was hydrogenated at 1 atm in the pre-
sence of Pd-C (Aldrich, 10% Pd) at rt until the reaction
was complete (TLC). The mixture was then filtered
through Celite, the residue washed with H,O and the
filtrate evaporated. An aqueous solution of the residue
was filtered through a Whatman Anotop inorganic
membrane filter (Anotop 25, 0.2 pm) and lyophilized to
give the completely deprotected compound as a white
solid.

General procedure D (cross metathesis reactions)

Cl, (PCy;);Ru=CHPh (Strem, 10mg, 12.5mmol,
Smol%) and 30 (250 mg, 250 mmol) were placed in a
two-necked flask equipped with a reflux condenser, dis-
solved in dry CH,Cl, (2mL), the olefin added
(500 mmol, 2 equiv) and the mixture gently refluxed
(45°C bath temperature) for 18—40h. After that time
the volatiles were removed and the residue purified by
flash chromatography on silica with EtOAc/hexanes or
EtOAc/toluene mixtures to give compounds 31 as yel-
lowish foams.

General procedure E (final deprotection using H,/Pd
(OH),-C)

To a solution of compounds 31 in EtOH and H,O,
Pd(OH),-C (20% Pd, Aldrich) was added and the mix-
ture vigorously stirred in a hydrogen atmosphere over-
night. If the reaction was still incomplete, another
portion of the catalyst was added and the procedure
repeated as above. The catalyst was then filtered
(Celite), the residue washed with MeOH and H-»O, and
the filtrate evaporated. The residue was purified by flash
chromatography on silica with H,O/CH3CN mixtures
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to give compounds 32 as colorless glasses. These were
then dissolved in H,O (and some ‘BuOH if neccessary),
filtered through a Whatman Anotop 25 Plus inorganic
membrane filter (0.2 um) and lyophylized to give white
powders.

General procedure F (final deprotection using
cyclo-hexene/Pd-BaSO,)

To a solution of compounds 31 in dry EtOH, Pd-BaSO,4
(5% Pd, Aldrich) was added, the mixture degassed (by
alternated application of slight vacuum and slight Ar
pressure), cyclohexene added, and the mixture gently
refluxed (85-90°C bath temperature) for 1-5 days. The
catalyst was then filtered (Celite), the residue washed
with MeOH and continued as in General Procedure E.

3-(Tri-O-benzyl- x-L-fucopyranosyl)-1-propene (6). Pre-
pared in 73% yield (four steps) from L-fucose as
described.”®

1,2-Epoxy-3-(tri- O-benzyl- x-L-fucopyranosyl)-propane
(7). A solution of 6 (7.0 g, 15.3 mmol) in CH,Cl, (70 mL)
was cooled to 0°C, MCPBA (50%, 8.5g, ca. 25 mmol)
was added and the mixture stirred at rt for 11h. The
reaction was quenched with icewater, diluted with ether
and the excess MCPBA was destroyed with Na,SOs in
satd NaHCOs;-sol. The organic layer was washed with
satd NaHCOs-sol (twice) and brine, dried (MgSO,), and
evaporated. The residue was purified by flash chroma-
tography on silica with EtOAc/hexanes (1/4 to 1/2) to
give 7 (6.43 g, 89%) as a colorless oil. Mixture of dia-
stereomers in a 1/1 ratio. '"H NMR (400 MHz, CDCl5):
8 1.29 (d, 3H, J=6.6Hz), 1.34 (d, 3H, J=6.7Hz), 1.56
(ddd, 1H, J=3.8, 7.1, 14.5Hz), 1.72 (dt, 1H, J=4.9,
14.7Hz), 1.93 (ddd, 1H, J=4.6, 10.1, 14.6Hz), 1.97
(ddd, 1H, J=5.5, 9.9, 16.6 Hz), 2.45 (dd, 1H, J=2.7,
5.0Hz), 2.48 (dd, 1H, J=2.7, 5.0Hz), 2.70 (dd, 1H,
J=4.1, 5.0Hz), 2.78 (dd, 1H, J=4.1, 4.8 Hz), 2.94 (m,
1H), 3.18 (m, 1H), 3.75-3.81 (m, 3H), 3.95 (dq, 1H,
J=3.1, 6.6 Hz), 3.99 (dq, 1H, J=4.0, 6.5Hz), 4.18 (dt,
1H, J=4.4, 9.8Hz), 4.26 (brd, 1H, J=9.9Hz), 4.50—
4.77 (m, 6H), 7.25-7.36 (m, 15H).

1-Azido-3-(tri- O-benzyl- x-L-fucopyranosyl)-2-propanol
(8). To a solution of 7 (5.90 g, 12.4 mmol) in EtOH and
H,O (9/1, 25mL) was added NaNj; (4.04 g, 62.2 mmol)
and NH,CI (3.32g, 62.2mmol) and the resulting sus-
pension was heated to reflux for 1.5h. After cooling to
rt, the reaction was diluted with ether, washed with H,O
and brine, dried (MgSQy), and evaporated. The residue
was purified by flash chromatography on silica with
EtOAc/hexanes (1/4 to 1/2) to give 8 (5.56 g, 86%) as a
yellow oil. Separation of the diastereomers was performed
by HPLC (2-propanol/hexane 0.5/99.5, 9 mL/min). Less
polar diastereomer (R)-8a: 'H NMR (400 MHz, CDCl,):
6 1.34 (d, 3H, J=6.7Hz), 1.53 (dt, 1H, J=4.0, 14.7Hz),
1.90 (ddd, 1H, J=9.7, 10.8, 14.6Hz), 3.23 (d, 2H,
J=5.2Hz), 3.58 (s, 1H), 3.67 (dd, 1H, J=3.6, 6.2 Hz),
3.76 (dd, 1H, J=2.9, 6.4Hz), 3.81 (dd, 1H, J=3.0,
4.0Hz), 3.91 (m, 1H), 4.08 (dq, 1H, /J=4.1, 6.7 Hz), 4.21
(dt, 1H, J=2.7, 11.0 Hz), 4.67-4.77 (m, 6H), 7.25-7.36
(m, 15H). More polar diastereomer (S)-8b: 'H NMR

(400 MHz, CDCl;): 6 1.31 (d, 3H, J=6.6 Hz), 1.62 (ddd,
1H, J=3.5, 8.3, 14.3Hz), 1.87 (ddd, 1H, J=3.3, 9.9,
14.3Hz), 2.72 (d, 1H, J=5.1Hz), 3.28 (dd, 1H, /=24,
6.7Hz), 3.33 (dd, 1H, J=4.5, 12.3Hz), 3.76-3.78 (m,
3H), 3.94 (m, 2H), 4.27 (dt, 1H, J=3.2, 9.9 Hz), 4.53—
4.78 (m, 6H), 7.27-7.36 (m, 15H). HRMS (FAB): C30H35
N305Cs (M + Cs), caled 650.1631, found 650.1635.

(R)-1-Azido-2-(2-phenethoxy)-3-(tri- O-benzyl- x-L-fuco-
pyranosyl)propane (9a). A two-phase system consisting
of a solution of 8a (281 mg, 543 umol) in 2-bro-
moethylbenzene (4.1mL) and 50% aq NaOH-sol
(2.7mL) was stirred for 10 days at rt in the presence of
BuyNI (30mg, 81umol) and Buy,NHSO,; (30mg,
88 umol). After that time, the reaction mixture was
diluted with Et,O, washed with H,O, 5% aqueous citric
acid, satd NaHCOg3-sol and brine, dried (MgSQO,), and
evaporated. The residue was purified by flash chroma-
tography on silica with EtOAc/hexanes (0/1 to 1/1) to
give 9a (31.6 mg, 9%; 64% based on recovered starting
material) as a yellow oil. '"H NMR (400 MHz, CDCl5): §
1.24 (d, 3H, J=6.7Hz), 1.67 (ddd, 1H, J=3.5, 7.7,
14.5Hz), 1.92 (ddd, 1H, J=4.6, 10.6, 14.6 Hz), 2.86 (t,
2H, J=7.2Hz), 3.20-3.27 (m, 2H), 3.49 (m, 1H), 3.64
(dt, 2H, J=1.9, 7.4Hz), 3.67-3.74 (m, 3H), 3.86 (dq,
1H, J=3.2, 6.3Hz), 4.05 (brd, 1H, J=10.4Hz), 4.44-
4.76 (m, 6H), 7.16-7.34 (m, 20H); '3C NMR (100 MHz,
CDCls): 6 15.25,29.23, 36.69, 53.27, 67.15, 68.72, 70.72,
73.02, 73.08, 75.74, 76.03, 76.60, 76.67, 76.73, 126.20,
127.52, 127.59, 127.63, 127.85, 127.97, 128.09, 128.29,
128.32, 128.39, 128.96, 138.12, 138.49, 138.72. HRMS
(FAB): C33H43N305Cs (M +Cs), caled 754.2257, found
754.2279.

(S)-1-Azido-2-(2-phenethoxy)-3-(tri-O-benzyl- x-L-fuco-
pyranosyl)propane (9b). Prepared as described for 9a
using 8b (207mg, 400 umol) in 2-bromoethylbenzene
(3mL) and 50% aq NaOH-sol (2mL) for 5 days at rt
in the presence of BuyNHSO,4 (22 mg, 65 pumol) to give
9b (46.0mg, 18%; 93% based on recovered starting
material) as a yellow oil. "H NMR (400 MHz, CDCls): &
1.26 (d, 3H, J=6.6Hz), 1.62 (ddd, 1H, J=2.7, 9.2,
14.4Hz), 1.76 (ddd, 1H, J=3.8, 10.8, 14.5Hz), 2.89 (t,
2H, J=7.4Hz), 3.17 (dd, 1H, J=5.5, 12.8 Hz), 3.35 (dd,
1H, J=4.0, 12.8 Hz), 3.52-3.62 (m, 1H), 3.67-3.83 (m,
SH), 3.90 (dq, 1H, J=3.6, 6.4Hz), 4.19 (brdt, 1H,
J=228,10.7Hz), 4.45-4.75 (m, 6H), 7.14-7.34 (m, 20H);
13C NMR (100 MHz, CDCls): & 15.31, 24.19, 31.03,
36.79, 54.46, 66.95, 68.82, 71.70, 73.07, 73.11, 75.71,
76.08, 76.81, 76.98, 126.26, 127.54, 127.59, 127.67,
127.84, 128.14, 128.20, 128.33, 128.41, 129.01, 138.21,
138.54, 138.62, 138.80. HRMS (FAB): C33H43N305Cs
(M + Cs), caled 754.2257, found 754.2233.

(R)-2-(2-Phenethoxy)-3-(tri-O-benzyl-x-L-fucopyranosyl)-
1-propyl amine (10a). To a solution of 9a (29.1 mg,
46.8 ymol) in THF (0.5mL) and H,O (1 drop) was
added PPh; (15mg, 57.2umol) and the mixture was
stirred at rt for 60 h. The volatiles were removed to give,
after flash chromatography on silica with MeOH/
CH,CI,/NH4,OH (1/29/0.1 to 1/19/0.1), 10a (24.4mg,
88%) as a colorless oil. '"H NMR (400 MHz, CDCl5): &
1.26 (d, 3H, J=6.5Hz), 1.41 (brs, 2H), 1.57 (ddd, 1H,



780 C. M. Huwe et al.| Bioorg. Med. Chem. 7 (1999) 773-788

J=34, 7.6, 142Hz), 190 (ddd, 1H, J=4.6, 104,
14.7Hz), 2.58 (dd, 1H, J=6.7, 13.3Hz), 2.73 (dd, 1H,
J=3.5, 13.4Hz), 2.81 (ddd, 1H, J=48, 7.1, 14.0Hz),
2.86 (ddd, 1H, J=4.1, 11.3, 14.8 Hz), 3.26 (dddd, 1H,
J=34, 43, 6.8, 7.6Hz), 3.56 (dt, 1H, J=7.3, 9.2Hz),
3.69 (dt, 1H, J=7.0, 9.1 Hz), 3.73-3.76 (m, 3H), 3.91 (dq,
1H, J=23.2,6.2Hz), 4.04 (brd, 1H, J=10.1 Hz), 4.46-4.76
(m, 6H), 7.17-7.34 (m, 20H): '*C NMR (100 MHz,
CDCly): § 15.22, 29.21, 36.75, 44.47, 67.40, 68.67, 70.81,
73.05, 75.78, 76.77, 78.79, 126.17, 127.49, 127.55, 127.60,
127.81, 127.96, 128.09, 128.28, 128.31, 128.37, 128.91,
138.22, 138.53, 138.76, 139.05. HRMS (FAB): CisHue
NOs (M + H), caled 596.3376, found 596.3360.

(S)-2-(2-Phenethoxy)-3-(tri-O-benzyl-x-L-fucopyranosyl)-
1-propyl amine (10b). Prepared as described for 10a
using 9b (46 mg, 74 umol), THF (0.5mL), H,O (1 drop)
and PPh; (24 mg, 91.5 pumol) for 30 h at rt to give, after
flash chromatography on silica with MeOH/CH,Cl,/
NH4OH (1/29/0.1 to 1/19/0.1), 10b (38.1 mg, 86%) as a
colorless oil. '"H NMR (400 MHz, CDCl5): & 1.27 (d,
3H, J=6.6), 1.58 (brs, 2H), 1.59 (m, 1H), 1.68 (ddd, 1H,
J=3.8, 10.6, 14.4Hz), 2.61 (brs, 1H), 2.83 (brs, 1H),
2.86 (t, 2H, J=7.0 Hz), 3.39 (m, 1H), 3.64-3.76 (m, 5H),
3.89 (dq, 1H, J=3.4, 6.0Hz), 420 (dt, 1H, J=3.1,
10.4Hz), 4.48-4.75 (m, 6H), 7.20-7.34 (m, 20H); '*C
NMR (100 MHz, CDCI;): & 15.31, 30.60, 36.86, 45.38,
67.36, 68.67, 71.12, 72.88, 72.95, 73.07, 75.77, 76.98,
77.11, 78.11, 126.19, 127.49, 127.53, 127.62, 127.77,
128.03, 128.15, 128.29, 128.35, 128.91, 138.27, 138.53,
138.80, 139.00. HRMS (FAB): C33H45sNOsCs (M + Cs),
caled 728.2352, found 728.2333.

(R)-1-(0O-Benzyl- N-tert-butoxycarbonyl-L-threonine)-2-
(2-phenethoxy)-3-(tri-O-benzyl-x-1L-fucopyranosyl)propane
(11a). Compound 10a (24 mg, 40.3 umol) was coupled
with N-Boc-O-benzyl-L-threonine (14.4mg, 46.5 umol)
according to General Procedure A using EDC (9.4 mg,
49.0 umol), HOBT (6.6 mg, 48.8 pmol), NMM (10 pL,
91 umol) in DMF (0.7mL) for 51h to give, after flash
chromatography on silica with EtOAc/hexanes (1/1.5),
11a (349mg, 98%) as a white solid. 'H NMR
(400 MHz, CDCly): 6 1.15 (d, 3H, J=6.2Hz), 1.27 (d,
3H, J=6.6Hz), 1.44 (s, 9H), 1.56 (ddd, 1H, J=3.7, 6.9,
14.7Hz), 1.84 (ddd, 1H, J=4.2, 10.2, 14.5Hz), 2.72 (t,
2H, J=7.3Hz), 3.27 (dt, 1H, J=5.7, 13.0 Hz), 3.41-3.48
(m, 2H), 3.49 (dt, 1H, J=7.3, 9.0Hz), 3.57 (dt, 1H,
J=174, 92Hz), 3.65 (m, 1H), 3.69 (dd, 1H, J=2.8,
6.6Hz), 3.73 (dd, 1H, J=2.8, 3.5Hz), 3.88 (dq, 1H,
J=3.8, 6.3Hz), 4.12-4.15 (m, 2H), 4.24 (brd, 1H,
J=5.0Hz), 4.39-4.73 (m, 8H), 5.50 (d, 1H, J=7.0Hz),
6.78 (brt, 1H, J=5.4Hz), 7.11-7.33 (m, 25H). '3C
NMR (100 MHz, CDCls): & 15.11, 15.63, 28.31, 29.36,
36.57, 41.66, 57.60, 66.65, 68.83, 70.04, 71.55, 72.86,
72.88, 73.03, 74.84, 75.67, 76.55, 76.72, 79.94, 126.18,
127.52, 127.59, 127.71, 127.79, 127.91, 128.06, 128.29,
128.36, 128.89, 138.05, 138.12, 138.53, 138.72, 138.76,
155.81, 169.82. HRMS (FAB): Cs54HggN>OoCs (M + Cs),
calcd 1019.3823, found 1019.3849.

(S)-1-(0O-Benzyl- N-tert-butoxycarbonyl-L-threonine)-2-
(2-phenethoxy)-3-(tri-O-benzyl-x-L-fucopyranosyl)propane
(11b). Prepared as described for 11a using 10b (35.7 mg,

59.9 umol),  N-Boc-O-benzyl-L-threonine  (14.4 mg,
46.5 pmol), EDC (13.8 mg, 72.0 pmol), HOBT (9.8 mg,
72.5 umol), NMM (15 uL, 136 umol) in DMF (1.0 mL)
for 21h to give, after flash chromatography on silica
with EtOAc/hexanes (1/1.5), 11b (44.7mg, 84%) as a
white solid. '"H NMR (400 MHz, CDCl;): & 1.14 (d, 3H,
J=6.3Hz), 1.24 (d, 3H, J=6.7Hz), 1.44 (s, 9H), 1.62
(m, 1H), 1.71 (ddd, 1H, J=3.7, 10.9, 14.4Hz), 2.74 (t,
2H, J=7.0Hz), 3.26 (dt, 1H, J=5.5, 13.7Hz), 3.42 (dt,
1H, J=4.2, 13.6 Hz), 3.52 (dq, 1H J=4.2, 8.9 Hz), 3.64
(t, 2H, J=7.0Hz), 3.67 (m, 1H), 3.72 (dd, 1H, J=3.0,
3.1Hz), 3.74 (m, 1H), 3.85 (brdq, 1H, J=3.2, 5.9 Hz),
4.13 (brdq, 1H, J=2.2, 6.2Hz), 4.17-4.20 (m, 2H),
4.45-4.75 (m, 8H), 5.45 (d, 1H, J=7.0Hz), 6.60 (t, 1H,
J=5.3Hz), 7.11-7.33 (m, 25H); '3*C NMR (100 MHz,
CDCls): 6 15.43, 15.63, 28.32, 30.75, 36.65, 42.52, 57.82,
67.41, 68.56, 70.93, 71.60, 72.98, 73.02, 73.13, 74.86,
74.99, 75.89, 76.92, 77.28, 79.98, 126.20, 127.46, 127.50,
127.60, 127.68, 127.74, 128.00, 128.04, 128.26. 128.32,
128.40, 128.85, 138.03, 138.30, 138.54, 138.79, 138.83,
155.75, 169.84. HRMS (FAB): Cs54HggIN>OoCs (M + Cs),
caled 1019.3823, found 1019.3869.

(R)-1-(3-O-Benzyl-2-monobenzyl-succinamidyl-L-threon-
ine)-2-(2-phenethoxy)-3-(tri-O-benzyl-x-L-fucopyranosyl)-
propane (12a). Compound 11a (34.9 mg, 39 pmol) was
deprotected according to General Procedure B and
coupled with monobenzylsuccinate (11.7 mg, 56.2 umol)
according to General Procedure A using EDC (11.4mg,
59.5 umol), HOBT (8.6 mg, 63.6 umol), NMM (11 L,
100 pmol) in DMF (0.9 mL) for 33 h to give, after flash
chromatography on silica with EtOAc/hexanes (2/3 to
2/1), 12a (37.0mg, 98%) as a white solid. '"H NMR
(400 MHz, CDCl3): 6 1.10 (d, 3H, J=6.4Hz), 1.27 (d,
3H, J=7.0Hz), 1.57 (brddd, 1H, J=2.8, 6.4, 14.2 Hz),
1.86 (brddd, 1H, J=4.0, 10.4, 14.5Hz), 2.45 (dt, 1H,
J=1.0, 15.4Hz), 2.50 (dt, 1H, J=6.4, 15.6 Hz), 2.64—
2.76 (m, 4H), 3.30 (dt, 1H, J=5.9, 13.2Hz), 3.42-3.46
(m, 2H), 3.51 (dt, 1H, J=7.0, 9.1Hz), 3.56 (dt, 1H,
J=1.2, 9.0Hz), 3.67-3.72 (m, 3H), 3.88 (brdq, lH,
J=238, 6.1Hz), 4.10 (dq, 1H, J=2.8, 6.4Hz), 4.14
(brdt, 1H, J=3.3, 10.4Hz), 4.41-4.73 (m, 9H), 5.09 (s,
2H), 6.58 (d, 1H, J=6.9Hz), 6.83 (t, 1H, J=5.2Hz),
7.10-7.33 (m, 30H); '3C NMR (100 MHz, CDCl): §
15.16, 15.55, 29.35, 29.70, 30.74, 36.54, 41.76, 56.20,
66.54, 68.79, 70.05, 71.63, 72.86, 72.95, 73.03, 74.17,
75.64, 75.69, 76.63, 76.74, 126.18, 127.50, 127.54.
127.59, 127.80, 127.90, 128.16, 128.23, 128.23, 128.29,
128.36, 128.44, 128.54, 128.91, 135.74, 137.99, 138.16,
138.53, 138.73, 138.86, 169.30, 171.43, 172.63. HRMS
(FAB): CgHggN>019Cs (M +Cs), caled 1109.3928,
found 1109.3976.

(S)-1-(3-O-Benzyl-2-monobenzyl-succinamidyl-L-threon-
ine)-2-(2-phenethoxy)-3-(tri- O-benzyl- x-L-fucopyranosyl)-
propane (12b). Prepared as described for 12a using 11b
(44.7mg, 50.4 umol), monobenzylsuccinate (12.1 mg,
58.1 umol), EDC (14.8 mg, 77.2 umol), HOBT (9.1 mg,
67.3 umol) and NMM (12 puL, 129 pmol) in DMF (1 mL)
for 38h to give 12b (47.0mg, 99%) as a white solid. 'H
NMR (400 MHz, CDCl3): 6 1.11 (d, 3H, J=6.4Hz),
1.24 (d, 3H, J=6.5Hz), 1.62 (brddd, 1H, J=2.2, 9.6,
14.3Hz), 1.74 (ddd, 1H, J=3.2, 11.1, 14.3 Hz), 2.44-2.53
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(m, 2H), 2.63-2.81 (m, 4H), 3.32 (dt, 1H, J=5.6,
13.6Hz), 3.38 (dt, 1H, J=5.3. 13.8 Hz), 3.57 (dq, 1H.
J=38, 9.1Hz), 3.63-3.75 (m, 4H), 3.83 (m, 2H), 4.18
(dq. 1H, J=2.7, 6.4 Hz), 424 (brdt, 1H, J=3.2. 7.9 Hz),
4.43-478 (m, 9H), 5.03 (d, 1H, J=12.3Hz), 5.13 (d.
1H, J=12.4Hz), 6.54 (d, 1H, J=7.1Hz), 6.83 (t, 1H,
J=5.6Hz). 7.13-7.34 (m. 30H); 13C NMR (100 MHz,
CDCl;): 6 15.67, 15.76, 29.39, 30.48, 30.84, 36.61, 42.81,
56.59, 66.64, 67.76. 68.26. 70.95, 71.73, 72.93, 72.97.
73.38, 74.12, 74.63, 76.20, 76.88, 77.72, 126.16, 127.42,
127.48, 127.58, 127.65, 127.80, 127.96, 128.08, 128.20,
128.25, 128.30, 128.34, 128.44, 128.54, 128.87, 135.65,
137.97, 138.34, 138.59, 138.82, 138.88, 169.31, 171.58,
172.85. HRMS (FAB) C60H68N2010CS (M+CS), calcd
1109.3928, found 1109.3914.

(R)-1-(2-Monosuccinamidyl-L-threonine)-2-(2-phenethoxy)-
3-(ax-L-fucopyranosyl)propane (13a). Prepared according
to General Procedure C using 12a (33.7 mg, 34.5 umol)
to give 13a (16.3 mg, 90%). '"H NMR (400 MHz, D,O):
6 1.09 (d, 3H, J=6.4Hz), 1.16 (d, 3H, J=6.3Hz), 1.64
(ddd, 1H, J=4.1, 7.6, 14.5Hz), 1.75 (ddd, 1H, J=4.6,
10.8, 15.0Hz), 2.54-2.63 (m, 4H), 2.77-2.89 (m, 2H),
3.22 (brddd, 1H, J=5.4, 10.9, 13.8 Hz), 3.41-3.49 (m,
2H), 3.56 (dt, 1H, J=6.0, 6.6 Hz), 3.62 (dd, 1H, J=3.3,
10.0Hz), 3.68 (brd, 1H, J=2.8Hz), 3.73 (dt, 1H,
J=6.9, 9.9Hz), 3.85 (dd, 1H, J=6.4, 9.8 Hz), 3.86 (m,
1H), 3.97 (brddd, 1H, J=4.6, 5.9, 10.5Hz), 4.16 (dq,
1H, J=4.3, 6.4Hz), 4.22 (d, 1H, J=4.1Hz), 7.25-7.38
(m, 5H), 7.90 (t, 1H, J=5.6 Hz); '3C NMR (100 MHz,
D,0): § 18.06, 21.28, 29.06, 33.22, 38.25, 44.05, 44.17,
61.66, 69.36, 69.71, 72.04, 73.30, 73.93, 74.82, 79.07,
128.95, 131.10, 131.48, 141.65, 174.68, 178.17, 180.91.
HRMS (FAB) C25H38N20]0CS (M + CS), caled
659.1581, found 659.1562.

(S)-1-(2-Monosuccinamidyl-L-threonine)-2-(2-phenethoxy)-
3-(ax-L-fucopyranosyl)propane (13b). Prepared as descri-
bed for 13a using 12b (47.0 mg, 48.1 umol) to give 13b
(21.1mg, 83%). '"H NMR (400 MHz, D,0): § 1.15 (d,
3H, J=6.4Hz), 1.18 (d, 3H, J=6.3Hz), 1.54 (brt, 1H,
J=11.6Hz), 1.79 (brt, 1H, J=12.9Hz), 2.58 (s, 4H),
2.87 (t, 2H, J="7.1 Hz), 3.20 (brdt, IH, J=5.0, 13.7Hz),
3.39 (brdt, 1H, J=4.7, 13.8 Hz), 3.62 (m, 1H), 3.66 (dd,
1H, J=3.0, 10.1Hz), 3.73 (brd, 1H, J=2.9Hz), 3.77
(brdt, 2H, J=6.89, 10.8Hz), 3.88 (dd, 1H, J=6.2,
10.0Hz), 391 (m, 1H), 4.01 (m, 1H), 4.19 (d, 1H,
J=3.6Hz), 4.23 (brdq, 1H, J=3.8, 6.4Hz), 7.25-7.38
(m, 5H), 7.98 (t, 1H, J=5.7Hz); 3C NMR (100 MHz,
D,0): o 18.05, 21.32, 29.23, 33.16, 38.02, 44.90, 45.01,
61.68, 69.24, 69.53, 69.95, 72.23, 73.45, 74.04, 74.14,
76.77, 128.92, 131.08, 131.39, 141.35, 174.87, 174.95,
178.22. HRMS (FAB): C,sH3;3N,OgNa (M + Na),
calcd 549.2424, found 549.2412.

1-Azido-2-(3-phenyl-2-propenoxy)-3-(tri- O-benzyl- «-L-
fucopyranosyl)propane (14). To a solution of 8 (1/1
mixture of diastereomers, 400 mg, 773 umol) in THF
(5mL) and DMF (0.9mL) were successively added
NaH (95%, 56mg, 2.33mmol) and cinnamyl bromide
(309 mg, 1.57mmol). The mixture was heated to 65°C
for 1h, cooled to rt, diluted with Et,O, washed with
H>O and brine, dried (MgSO,), and evaporated. The

residue was purified by flash chromatography on silica
with EtOAc/hexanes (1/6 to 1/4) to give 14 (387 mg,
79%) as a yellow oil. Mixture of diastereomers in a
1/1 ratio. '"H NMR (400 MHz, CDCls): & 1.24 (d,
J=6.6Hz) and 1.28 (d, /J=6.6 Hz) (3H), 1.66-1.77 (m,
1H), 1.81 (ddd, J=3.5, 11.0, 14.5Hz) and 1.99 (ddd,
J=4.6, 10.6, 14.8Hz) (1H), 3.24 (dd, J=5.6, 12.7Hz)
and 3.28 (dd, J=6.1, 13.2Hz) (1H), 3.40 (dd, /=3.9,
12.8 Hz) and 3.32 (dd, J=4.0, 13.4Hz) (1H), 3.60 (m)
and 3.68 (m) (1H), 3.70-3.77 (m, 3H), 3.91 (brdqg, 1H,
J=3.3, 6.2Hz), 4.10 (dt, J=3.4, 10.4 Hz) and 4.29 (m)
(1H), 4.17 (d, J=6.0Hz) and 4.23 (dd, J=6.2, 12.3Hz)
and 4.30 (dd, /=6.2, 12.3Hz) (2H), 4.49-4.76 (m, 6H),
6.25 (dt, J=6.0, 15.8 Hz) and 6.29 (dt, /J=6.0, 15.8 Hz)
(1H), 6.56 (d, J=15.8Hz) and 6.59 (d, J=15.8Hz)
(1H), 7.25-7.35 (m, 20H); '3C NMR (100 MHz,
CDCl3): 6 15.24,29.42, 54.42, 54.64, 66.90, 68.76, 68.84,
70.15, 71.35, 72.93, 73.03, 75.37, 75.63, 75.74, 76.60,
76.87, 125.88, 126.53, 127.46, 127.50, 127.60, 127.67,
127.78, 127.82, 127.95, 128.05, 128.26, 128.36, 128.39,
128.49, 132.39, 132.58, 138.12, 138.46, 138.68. HRMS
(FAB): C39H43N305Cs (M + Cs), calcd 766.2257, found
766.2241.

N-(tert-Butoxycarbonyl)-2-(3-phenylpropoxy)-3-(tri- O-
benzyl-x-L-fucopyranosyl)-1-propyl amine (15). A solu-
tion of 14 (343mg, 541 umol) and Boc,O (149 mg,
683 umol) in EtOAc (6.1 mL) was stirred in the presence
of Pd-C (16.5mg, Aldrich 10% Pd) for 48 h at rt under
atmospheric hydrogen pressure. The mixture was then
filtered through Celite, washed with EtOAc and the fil-
trate evaporated. The residue was purified by flash
chromatography on silica with EtOAc/hexanes (1/4 to
1/3) resulting in partial resolution of the diastereomeric
mixture to give 15 (307mg, 80%) as a pale-yellow oil.
(R)-15a: 'H NMR (400 MHz, CDCl;): & 1.31 (d, 3H,
J=6.6Hz), 1.43 (s, 9H), 1.59-1.65 (m, 1H), 1.84 (qui,
2H, J=7.0Hz), 1.84-1.93 (m, 1H), 2.61-2.71 (m, 2H),
3.20 (dt, 1H, J=5.5, 13.7Hz), 3.26 (dt, 1H, J=5.1,
13.8Hz), 3.40 (t, 2H, J=6.4Hz), 3.38-3.43 (m, 1H),
3.66-3.82 (m, 3H), 3.96 (brdq, 1H, J=3.9, 6.2Hz), 4.19
(brd, 1H, J=9.3Hz), 4.47-4.78 (m, 6H), 4.86 (brt, 1H,
J=5Hz), 7.15-7.35 (m, 20H); 3C NMR (100 MHz,
CDCl;): 6 15.04, 28.42, 29.55, 31.58, 32.37, 42.48, 66.57,
68.12, 72.87, 73.03, 75.58, 75.65, 76.41, 76.80, 79.04,
125.78, 127.51, 127.61, 127.82, 127.91, 128.26, 128.30,
128.34, 128.39, 128.42, 138.12, 138.54, 138.74, 141.89,
156.05. HRMS (FAB): C44HssNO,Cs (M +Cs), calcd
842.3033, found 842.3044. (S)-15b: 'H NMR (400 MHz,
CDCls): 6 1.29 (d, 3H, J=6.6Hz), 1.46 (s, 9H), 1.63
(brddd, 1H, /=2.0,9.7, 14.5Hz), 1.76 (ddd, 1H, J=3.5,
11.0, 14.6 Hz), 1.88 (qui, 2H, J=7.2 Hz), 2.64-2.72 (m,
2H), 3.16 (brdt, 1H, J=5.2, 13.6 Hz), 3.32 (brdt, 1H,
J=4.8, 13.7Hz), 3.41-3.67 (m, 3H), 3.73 (dd, 1H,
J=238, 7.0Hz), 3.78 (brt, 1H, J=3.0Hz), 3.81 (m, 1H),
3.91 (m, 1H), 4.27 (brd, 1H, J=10.8 Hz), 4.52-4.78 (m,
7H), 7.20-7.36 (m, 20H); '3C NMR (100 MHz, CDCl5):
S 15.39, 28.44, 30.94, 31.79, 32.47, 43.55, 67.27, 68.65,
69.31, 72.90, 72.99, 73.05, 75.19, 75.87, 76.98, 77.10,
79.12, 125.79, 127.47, 127.52, 127.62, 127.76, 128.05,
128.07, 128.29, 128.36, 128.42, 138.29, 138.56, 138.78,
141.95, 156.11. HRMS (FAB): C44HssNO;Cs (M + Cs),
calcd 842.3033, found 842.3043.
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Compound 18. 15 (94 mg, 132 pmol, 1/1 mixture of dia-
stereomers) was deprotected according to General Pro-
cedure B and coupled with N-Boc-O-benzyl-L-threonine
(45mg, 145umol) according to General Procedure A
using EDC (29 mg, 152 pmol), HOBT (21 mg, 157 pmol)
and NMM (32 uL, 290 umol) in CH,Cl, (1.5mL) for 7h
to give 16 (101 mg, 85%) as a white solid. Another Boc
removal according to General Procedure B followed by
coupling with monobenzyl succinate (26 mg, 125 umol)
according to General Procedure A using EDC (25mg,
131 umol), HOBT (18.5mg, 137pumol) and NMM
(20 uL, 182 pmol) in CH,Cl, (1.3 mL) for 12h to give 17
(109 mg, 98%) as a pale-yellow oil. Deprotection of 17
according to General Procedure C gave 18 (54 mg, 90%;
75% overall yield). '"H NMR (400 MHz, D>O): § 1.13~
1.19 (m, 6H), 1.61 (m) and 1.75 (m) (1H), 1.86 (m, 3H),
2.57-2.67 (m, 6H), 3.28-4.28 (m, 12H), 7.28-7.36 (m,
5H); '3C NMR (100 MHz, D,0): § 18.08, 21.26, 21.35,
28.82, 33.03, 33.40, 33.89, 33.98, 45.03, 61.69, 69.25,
69.42, 69.56, 69.81, 70.01, 71.33, 72.13, 72.27, 73.98,
75.11, 76.51, 78.58, 128.50, 131.02, 131.10, 139.85,
175.06, 177.90, 178.13. HRMS (FAB): Cy4H49N,0,0Cs
(M +Cs), caled 673.1737, found 673.1712.

Compound 19. Compound 15b (128 mg, 180 umol) was
deprotected according to General Procedure B and
subsequently coupled to 237*10 (70mg, 215 pmol)
according to General Procedure A using EDC (42 mg,
219 umol), HOBT (30 mg, 222 pmol) and NMM (25 L,
227 umol) in CH,Cl, (2.0mL) for 5.5h to give, after
flash chromatography on silica with EtOAc/hexanes (1/
1), 19 (103mg, 62%) as a yellow oil. 'H NMR
(500 MHz, CDCls): & 1.26 (d, 3H, J=6.5Hz), 1.40 (s,
9H), 1.64 (m, 1H), 1.72 (ddd, 1H, J=3.5, 10.5, 14.0 Hz),
1.85 (qui, 2H, J=7.5Hz), 2.63-2.67 (m, 2H), 3.27 (dt,
1H, J=5.5, 14.0Hz), 3.41-3.56 (m, 5H), 3.61 (dd, 1H,
J=5.5, 10.0Hz), 3.70 (dd, 1H, J=2.5, 6.5Hz), 3.73-
3.76 (m, 3H), 3.89 (m, 1H), 3.97 (brqui, 1H, J=5.5Hz),
4.20-4.22 (m, 2H), 4.49-4.73 (m, 8H), 5.63 (d, 1H,
J=7.5Hz), 6.69 (brs, 1H), 7.16-7.33 (m, 25H); '3C
NMR (125 MHz, CDCIl;): & 15.23, 28.17, 29.61, 31.65,
32.33, 42.23, 55.76, 67.16, 68.61, 69.26, 71.14, 71.49,
72.90, 73.44, 74.74, 75.66, 76.82, 80.12, 125.69, 127.34,
127.40, 127.50, 127.65, 127.68, 127.76, 127.90, 127.94,
128.18, 128.25, 128.31, 128.37, 137.51, 138.17, 138.43,
138.65, 141.82, 155.90, 170.74. MS (FAB): CssHgg
N,0,¢0Cs (M + Cs), calcd 1049, found 1049.

Compound 20. Compound 19 (103 mg, 112 umol) was
deprotected according to according to General Proce-
dure B and subsequently coupled to monobenzyl succi-
nate (26.6mg, 128 umol) according to General
Procedure A using EDC (25mg, 130 umol), HOBT
(18.2mg, 135umol) and NMM (26 uL, 236 umol) in
CH,Cl, (1.1mL) for 4h to give, after flash chromato-
graphy on silica with EtOAc/hexanes (1/1 to 3/2), 20
(73mg, 65%) as a yellow oil. '"H NMR (500 MHz,
CDCly): 6 1.24 (d, 3H, J=6.6Hz), 1.61 (brdd, 1H,
J=10.0, 12.9Hz), 1.74 (ddd, 1H, /=3.2, 11.1, 14.3 Hz),
1.84 (qui, 2H, J=7.1 Hz), 2.35 (dt, 1H, J=6.8, 15.5 Hz),
2.40 (dt, 1H, J=6.3, 15.5Hz), 2.61-2.66 (m, 4H), 3.29
(dt, 1H, J=5.6, 13.7Hz), 3.35 (dt, 1H, J=5.2, 13.7 Hz),
3.43 (dt, 1H, J=6.6, 9.0Hz), 3.51 (m, 1H), 3.54-3.58

(m, 2H), 3.65 (dd, 1H, J=5.1, 10.0Hz), 3.69-3.73
(m, 3H), 3.80 (brs, 1H), 3.86 (brm, 1H), 4.02 (brqui,
IH, J=5.5Hz), 424 (brd, 1Hd, J=11.0 Hz), 4.54 (dd,
IH, J=54, 7.7Hz), 4.44-4.74 (m, 8H), 5.03 (d, 1H,
J=12.3Hz), 5.09 (d, 1H, J=12.4Hz), 6.87 (d, 1H,
J=7.7Hz), 691 (t, 1H, J=5.7Hz), 7.14-7.32 (m, 30H);
13C NMR (125MHz, CDCly): 8§ 15.41, 29.27, 29.62,
30.68, 31.69, 32.33, 42.43, 55.19, 66.55, 67.32, 68.39,
69.40, 70.70, 71.56, 72.86, 73.07, 73.45, 74.53, 75.86,
76.85, 125.68, 127.30, 127.39, 127.49, 127.65, 127.76,
127.82, 127.93, 128.11, 128.17, 128.22, 128.25, 128.32,
128.35, 128.39, 128.48, 135.52, 137.53, 138.21, 138.48,
138.68, 141.85, 169.97, 171.85, 172.78. HRMS (FAB):
C61H7()N2011CS (M+CS), caled 1139.4034, found
1139.4078.

Compound 21. Compound 20 (72.5mg, 72 pmol) was
deprotected according to General Procedure C to give
21 (38 mg, 95%). 'H NMR (500 MHz, D,0): § 1.14 (d,
3H, J=6.4Hz), 1.58 (ddd, 1H, J=2.7, 10.4, 14.8 Hz),
1.79-1.85 (m, 3H), 2.46-2.56 (m, 4H), 2.63 (t, 2H,
J=7.5Hz), 3.29 (dt, 1H, J=5.4, 14.3Hz), 3.33 (dt, 1H,
J=5.2, 13.9Hz), 3.48 (dt, 1H, J=6.6, 13.9Hz), 3.56
(dd, 1H, J=6.1, 12.1 Hz), 3.57-3.73 (m, 5H), 3.76 (brq,
1H, J=6.1Hz), 3.92 (m, 2H), 4.13 (ddd, 1H, J=2.7,
6.0, 11.7Hz), 4.37 (d, 1H, J=7.2 Hz), 7.19-7.33 (m, SH),
8.14 (t, IH, J=6.0 Hz); '3C NMR (125 MHz, CDCl5): §
16.39, 27.62, 31.02, 31.70, 32.28, 43.16, 43.27, 56.21,
63.14, 67.88, 68.33, 70.36, 70.56, 71.64, 72.33, 72.47,
74.84, 126.79, 129.32, 129.37, 134.01, 172.47, 172.55,
175.54. MS (ESI): CsH41N,O;; (M+H), caled 557,
found 557, C26H39N2011 (M*H), calcd 555, found 555.

Ethyl (E)-4-(tri-O-benzyl-x-L-fucopyranosyl)-2-butenoate
(24). A solution of 6 (21.54 g, 47.00 mmol) in CH,Cl,
(285mL) and MeOH (90 mL) was cooled to —78°C. O3
was bubbled through the solution until a blue color
appeared, and then O, was bubbled until the solution
became colorless. NaHCO; (8.2g, 97.6mmol) and
dimethyl sulfide (24.5mL, 470 mmol) were successively
added to the reaction, and the mixture was stirred for
22h at rt. The mixture was taken up in Et,O, washed
with water and brine and dried (MgSO,). Removal of
the solvent in vacuo gave the aldehyde (23.08 g, 100%)
as a slightly yellow oil. To a suspension of 1.13g
(47mmol) NaH in dry THF (300mL) was added trie-
thyl phosphonoacetate (10.3 mL, 51.7mmol) at 0°C and
the mixture was stirred until it became a clear solution.
Then the aldehyde (23.01 g, 47 mmol) was added slowly
at 0°C and the mixture was stirred vigorously at rt for
12 h. The mixture was quenched with water, taken up in
ether (900 mL), washed with brine, and dried (MgSQ,).
After removal of the solvent in vacuo the residue was
purified by flash chromatography on silica with EtOAc/
hexanes (1/5) to give 24 (22.0 g, 88%) as a yellow oil. 'H
NMR (400 MHz, CDCl3): & 1.28 (t, 3H, J=7.1Hz),
1.29 (d, 3H, J=6.6 Hz), 2.40 (dddd, 1H, J=1.3,4.7, 6.5,
15.4Hz), 2.52 (dddd, 1H, J=1.3, 7.1, 8.9, 15.5Hz),
3.76-3.78 (m, 3H), 3.93 (dq, 1H, J=3.2, 6.5Hz), 4.12
(ddd, 1H, J=3.0, 4.8, 9.0Hz), 4.17 (q, 2H, J=7.2Hz),
4.48-4.78 (m, 6H), 5.83 (dt, 1H, J=1.4, 15.7Hz), 6.90
(dt, 1H, J=17.1, 15.6 Hz), 7.26-7.35 (m, 15H); '3C NMR
(100 MHz, CDCl3): 6 14.26, 15.15, 30.99, 60.16, 68.91,



C. M. Huwe et al.| Bioorg. Med. Chem. 7 (1999) 773-788 783

69.66, 73.06, 73.10, 75.66, 76.55, 76.69, 123.07, 127.52,
127.59, 127.62, 127.78, 127.81, 127.85, 127.93, 128.02,
128.29, 128.38, 128.46, 138.46, 138.47, 138.63, 145.74,
166.38. HRMS (FAB): C;33H3304Cs (M +Cs), calcd
663.1723, found 663.1752.

Ethyl (2R,3S5)-2,3-dihydroxy-4-(tri-O-benzyl- x-L-fuco-
pyranosyl)-butanoate (25). A solution of AD-mix o
(37.0g, Aldrich) in tert-butanol (132mL) and H,O
(132mL) was cooled to 0°C, MeSO,NH, (2.89¢g,
30.4 mmol), potassium osmate (34.3 mg) and 24 (14.0 g,
26.4mmol) were added and the heterogeneous mixture
was stirred at 4°C for 48 h. Sodium sulfite (39.6 g) was
added at 4°C and stirring was continued at rt for
30min. Triple extraction with EtOAc was followed by
washings with 1 N NaOH and brine. After drying
(MgS0,) and removal of the solvent in vacuo the resi-
due was purified by flash chromatography on silica with
EtOAc/hexanes (1/2 to 1/1) to give 25 (12.80g, 86%,
93% de) as a colorless oil. 'H NMR (400 MHz, CDCls):
8 1.29 (t, 3H, J=7.2Hz), 1.30 (d, 3H, J=6.5Hz), 1.84
(ddd, 1H, J=34, 8.6, 14.7Hz), 1.96 (ddd, 1H, J=4.1,
9.7, 147Hz), 2.54 (d, 1H, J=7.9Hz), 3.15 (d, 1H,
J=6.1Hz), 3.74-3.82 (m, 3H), 3.96 (dq, 1H, J=34,
6.6 Hz), 4.04-4.13 (m, 2H), 4.20-4.32 (m, 3H), 4.54-4.76
(m, 6H), 7.28-7.34 (m, 15H); '3C NMR (100 MHz,
CDCly): 6 14.09, 15.27, 32.09, 61.90, 68.11, 68.91, 70.10,
73.00, 73.03, 73.23, 73.84, 75.74, 76.91, 77.00, 127.45,
127.51, 127.56, 127.78, 127.89, 127.93, 127.96, 128.00,
128.23, 128.27, 128.32, 128.34, 137.99, 138.44, 138.59,
173.24. HRMS (FAB): C;33H4003Cs (M +Cs), calcd
697.1778, found 697.1762.

Ethyl (2R,35)-3-hydroxy-2-(4-nitrobenzenesulfonyloxy)-
4-(tri-O-benzyl-x-L-fucopyranosyl)-butanoate (26). A
solution of 25 (13.12g, 23.26 mmol) in dry pyridine
(78 mL) was cooled to 0°C and 4-nitrobenzenesulfonyl
chloride (5.31g, 24 mmol, freshly recrystallized from
hexane) was added. After standing for 25h at 4°C the
mixture was poured onto ice and extracted with ether.
After multiple washings with satd CuSOg4-sol, one
washing with brine and drying (MgSO4), the solvent
was removed in vacuo. The residual oil was purified by
flash chromatography on silica with EtOAc/hexanes (1/
2 to 1/1) to give 26 (15.4 g, 88%) as a pale-yellow foam.
'"H NMR (400 MHz, CDCls): & 1.19 (t, 3H, J=7.2 Hz),
1.29 (d, 3H, J=6.7Hz), 1.72 (ddd, 1H, J=3.8, 9.2,
14.6 Hz), 1.90 (ddd, 1H, J=3.2, 9.4, 14.5Hz), 2.65 (d,
1H, J=7.0Hz), 3.71-3.80 (m, 3H), 3.92 (dq, 1H, J=3.9,
6.6 Hz), 4.09-4.19 (m, 2H), 4.23-4.32 (m, 2H), 4.46-4.78
(m, 6H), 497 (d, 1H, J=3.3Hz), 7.24-7.34 (m, 15H),
8.13-8.30 (m, 4H); '3C NMR (100 MHz, CDCls): §
13.96, 15.01, 32.16, 62.31, 67.14, 68.93, 69.37, 72.89,
73.06, 73.21, 75.29, 76.29, 76.71, 81.68, 124.16, 127.51,
127.63, 127.68, 127.87, 127.99, 128.14, 128.32, 128.39,
128.48, 128.50, 137.69, 138.33, 138.46, 142.00, 150.71,
166.60. HRMS (FAB): C39H43NO,SCs (M + Cs), calcd
882.1560, found 882.1578.

Ethyl (25,35)-2-azido-3-hydroxy-4-(tri-O-benzyl-o-L-fuco-
pyranosyl)-butanoate (27). A solution of 26 (14.12g,
18.85 mmol) and sodium azide (7.32 g, 112.54 mmol) in
dry DMF (187mL) was stirred at 50°C for 21 h. The

reaction mixture was poured into ice water and extrac-
ted three times with ether. The combined organic layers
were washed with brine and dried (MgSQOy). After
removal of the solvent in vacuo the residue was purified
by flash chromatography on silica with EtOAc/hexanes
(2/5) to give 27 (9.74 g, 88%) as a slightly yellow oil. 'H
NMR (400 MHz, CDCl3): & 1.26 (d, 3H, J=6.7Hz),
1.29 (t, 3H, J=7.1Hz), 1.70 (ddd, 1H, J=3.7, 9.1,
14.6 Hz), 1.95 (ddd, 1H, J=2.6, 10.0, 14.7Hz), 2.98 (d,
1H, J=6.2Hz), 3.73 (dd, 1H, J=2.8, 6.6 Hz), 3.75 (t,
1H, /J=3.0Hz), 3.83 (dd, 1H, J=4.1, 6.8 Hz), 3.88 (dq,
1H, J=3.1, 6.6 Hz), 3.92 (d,1H, J=6.1Hz), 4.11 (ddt,
1H, J=2.5, 6.2, 8.9Hz), 4.25 (q, 2H, J=7.1 Hz), 4.29
(dt, 1H, J=3.8, 9.3Hz), 4.52-4.77 (m, 6H), 7.25-7.34
(m, 15H); 3C NMR (100 MHz, CDCl5): § 14.14, 15.48,
30.73, 62.00, 66.09, 68.04, 68.87, 69.21, 73.07, 73.31,
73.33, 75.81, 76.59, 77.31, 127.49, 127.58, 127.64,
127.89, 127.99, 128.12, 128.28, 128.38, 128.42, 137.83,
128.43, 138.63, 168.86. HRMS (FAB): C33H39N3;0,Cs
(M +Cs), caled 722.1842, found 722.1855.

Ethyl (28,35)-2-(tert-butyloxycarbonyl-amino)-3-hydroxy-
4-(tri-O-benzyl-x-L-fucopyranosyl)-butanoate (28). Com-
pound 27 (9.70 g, 16.4mmol) was dissolved in EtOAc
(145mL), di-tert-butyl dicarbonate (5.4 mL, 18.1 mmol)
and Pd-C (485mg, Aldrich) added, and the mixture
vigorously stirred in a hydrogen atmosphere for 13 h. At
this time another 200 mg Pd-C were added and stirring
continued for 5h to complete the reaction. The catalyst
was then filtered (Celite) and the filtrate evaporated.
The residue was purified by flash chromatograpy on
silica with EtOAc/hexanes (1/4 to 1/2) to give 28 (9.22 g,
85%) as a white solid. '"H NMR (400 MHz, CDCl5): &
1.23 (t, 3H, J=7.1Hz), 1.25 (d, 3H, J=6.5Hz), 1.41 (s,
9H), 1.62 (m, 2H), 1.79 (broad, 1H), 3.71 (m, 2H), 3.82
(m, 2H), 4.03 (broad d, 1H, J=7.0Hz), 4.18 (q, 2H,
J=7.1Hz), 4.30 (m, 2H), 4.51 (d, 1H, J=11.7Hz), 4.58
(d, 1H, J=11.8Hz), 4.61 (d, 1H, J=11.7Hz), 4.66 (d,
1H, J=12.0Hz), 4.71 (d, 1H, J=12.0Hz), 4.74 (d, 1H,
J=11.8Hz), 5.34 (broad d, 1H, J=7.0Hz), 7.22-7.34
(m, 15H); 3C NMR (100 MHz, CDCl5): § 14.09, 15.40,
28.17, 31.12, 58.64, 61.53, 68.69, 69.99, 72.95, 73.07,
73.14, 75.82, 76.60, 77.20, 80.16, 127.45, 127.48, 127.55,
127.75, 127.90, 127.93, 128.05, 128.22, 128.30, 137.99,
138.43, 138.60, 155.82, 170.64. HRMS (FAB): CsgHyo
NOyCs (M + Cs), calcd 796.2462, found 796.2440.

Ethyl (25,35)-2-(tert-butyloxycarbonyl-amino)-3-allyloxy-
4-(tri-O-benzyl- x-L-fucopyranosyl)-butanoate (29). To a
solution of tris(dibenzylideneacetone)-dipalladium(0)
(430mg, 0.47mmol, 2.5mol%) in dry THF (100mL)
were sucessively added 1,4-bis(diphenylphosphino)-
butane (800mg, 1.87mmol, 10mol%; color change
from red to yellow) and a solution of allylmethylcarbo-
nate (6.4 mL, 56.2 mmol) and 28 (12.44 g, 18.7mmol) in
dry THF (125mL). The solution was stirred at 65-70°C
bath temperature (color change to greenish) for 8h.
After cooling, the volatiles were removed and the resi-
due was purified by flash chromatography on silica with
EtOAc/hexanes (1/6 to 1/2) to give 29 (11.59 g, 88%) as
a yellowish oil. '"H NMR (400 MHz, CDCls): & 1.22 (t,
3H, J=7.1Hz), 1.23 (d, 3H, J=6.5Hz), 1.42 (s, 9H),
1.66 (m, 2H), 3.67 (brdd, 1H, J=2.8, 7.3Hz), 3.71 (brt,
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1H, J=3.1Hz), 3.81 (m, 3H), 4.00 (brdd, 1H, J=5.8,
12.3Hz), 4.13 (m, 1H), 4.14 (q, 2H, J=7.1Hz), 4.14
(broad d, 1H, J=10.6Hz), 4.25 (broad d, 1H,
J=10.6Hz), 449 (m, 1H), 4.50 (d, 1H, J=11.8 Hz),
4.58 (d, 1H, J=11.9Hz), 4.59 (d, 1H, J=11.8 Hz), 4.68
(s, 2H), 4.74 (d, 1H, J=119Hz), 5.11 (brd, 1H,
J=10.4Hz), 5.23 (ddd, 1H, J=1.5, 1.5, 17.2Hz), 5.86
(ddt, 1H, J=5.6, 10.4, 17.2Hz), 7.24-7.33 (m, 15H)];
13C NMR (100 MHz, CDCls): & 14.10, 15.45, 28.24,
56.03, 61.36, 68.30, 71.56, 72.87, 72.95, 73.17, 75.63,
7591, 76.50, 79.72, 117.14, 127.39, 127.42, 127.52,
127.68, 128.00, 128.06, 128.18, 128.26, 134.52, 138.16,
138.46, 138.67, 155.40, 170.65. HRMS (FAB): C4;Hs;
NOyCs (M + Cs), caled 836.2775, found 836.2789.

Compound 30. To a solution of 29 (4.75 g, 6.75 mmol) in
dry CH,Cl, (78 mL) were added trifluoroacetic acid
(16mL) at 0°C. After stirring at this temperature for
1.5h the mixture was warmed to rt and stirring con-
tinued for 2h. Toluene (75mL) was then added, the
volatiles removed and the residue coevaporated with
toluene (twice, 150 mL each). The residue was dissolved
in MeOH (75mL) and AG 1-X8 ion exchange resin
(Biorad, OH" form) added portionwise until pH 8 was
reached. The resin was filtered and the filtrate evapo-
rated. To a solution of the residue and 33 (3.60¢g,
8.71mmol) in dry CH,Cl, (23mL) were added 1-
hydroxybenzotriazole (HOBT, 1.09g, 8.04 mmol) and
N-methylmorpholine (1.5mL, 13.4 mmol), and the mix-
ture was cooled to 0°C. At this temperature 1-(3-dime-
thylaminopropyl)-3-ethylcarbodiimide =~ hydrochloride
(EDC, 1.54g, 8.04mmol) was added portionwise, the
mixture slowly warmed to rt (during several hours) and
stirring continued at rt (11h altogether). The reaction
mixture was diluted with EtOAc (700 mL), washed with
H>O (twice, 150mL each) and brine (200mL), dried
(MgS0Oy) and evaporated. The residue was purified by
flash chromatography on silica with EtOAc/hexanes (1/
1) to give 30 (4.67g, 69%) as a white solid. '"H NMR
(400 MHz, CDCls): 6 1.21 (d, 3H, J=6.5Hz), 1.22 (t,
3H, J=7.1Hz), 1.70 (m, 2H), 2.42 (m, 2H), 2.59 (dt,
1H, J=6.1, 17.5Hz), 2.70 (dt, 1H, J=7.2, 17.5Hz), 3.58
(dd, 1H, J=5.1, 9.9Hz), 3.61-3.69 (m, 4H), 3.75-3.82
(m, 2H), 3.87 (dt, 1H, J=3.6, 9.5Hz), 3.94-4.02 (m,
2H), 4.06-4.19 (m, 3H), 4.25 (dt, 1H, J=3.9, 9.8 Hz),
446 (d, 1H, J=11.9Hz), 4.47 (d, 1H, J=11.7Hz), 4.52
(d, 1H, J=119Hz), 4.54 (d, 1H, J=11.7Hz), 4.56 (d,
1H, J=11.8 Hz), 4.61 (m, 3H), 4.73 (d, 1H, J=11.8 Hz),
4.86 (dd, 1H, /=3.7, 8.3Hz), 5.05 (d, 1H, J=12.3 Hz),
508 (d, 1H, J=12.3Hz), 5.1 (brdd, 1H, J=1.5,
10.4 Hz), 5.21 (ddt, 1H, J=1.5, 1.5, 17.2Hz), 5.83 (ddt,
1H, J=5.7, 104, 17.2Hz), 6.78 (d, 1H, J=7.4Hz),
7.20-7.33 (m, 26H). '3C NMR (100 MHz, CDCl): §
14.10, 29.34, 30.75, 54.90, 55.22, 61.75, 66.53, 68.37,
71.46, 71.51, 71.62, 72.92, 73.21, 73.39, 75d.53, 75.89,
76.55, 117.28, 127.34, 127.44, 127.55, 127.71, 127.75,
127.81, 128.01, 128.20, 128.28, 128.30, 128.43, 128.52,
134.43, 135.68, 137.56, 138.19, 138.47, 138.68, 169.67,
170.01, 171.64, 172.60. HRMS (FAB): CssHggN,O;3Cs
(M +Cs), caled 1133.3774, found 1133.3734).

Compound 31a. Prepared according to General Proce-
dure D using 57 uL styrene and EtOAc/hexanes (1/1 to

3/2) to give 31a (198 mg, 74%). '"H NMR (400 MHz,
CDCly): & 1.18-1.24 (m, 6H), 1.73 (m, 2H), 2.40 (m,
2H), 2.58 (dt, 1H, J=6.6, 17.6 Hz), 2.69 (dt, IH, J=6.8,
17.6 Hz), 3.38 (dd, 1H, J=5.1, 9.9Hz), 3.62-3.70 (m,
4H), 3.80 (broad m, 2H), 3.94 (m, 1H), 4.00 (m, 1H),
4.09-420 (m, 3H), 4.24-4.32 (m, 2H), 4.44 (d, 1H,
J=119Hz), 448 (d, 1H, J=11.2Hz), 4.51 (d, 1H,
J=11.7 Hz), 455 (d, 1H, J=11.8Hz), 4.56 (d, 1H,
J=119Hz), 4.59-4.64 (m, 3H), 4.73 (d, 1H, J=
11.8Hz), 492 (dd, 1H, J=3.6, 8.3Hz), 5.04 (d, 1H,
J=123Hz), 507 (d, 1H, J=12.3Hz), 6.21 (dt, 1H,
J=6.1, 15.9Hz), 6.45 (d, 1H, J=15.9Hz), 6.78 (d, 1H,
J=7.3Hz), 7.17-7.27 (m, 31H); 3C NMR (100 MHz,
CDClLy): § 14.07, 15.57, 29.30, 30.69, 54.81, 55.29, 61.75,
66.50, 68.33, 71.26, 71.37, 71.47, 72.90, 73.19, 73.34,
75.42, 75.86, 76.49, 125.61. 126.45, 127.31, 127.38,
127.49, 127.58, 127.70, 127.76, 127.99, 128.18, 128.27,
128.40, 128.46, 132.65, 135.64, 136.51, 137.53, 138.15,
138.43, 138.63, 169.69, 170.02, 171.66, 172.60. HRMS
(FAB): CgqH7N>015Cs (M +Cs), caled 1209.4089,
found 1209.4049.

Compound 31b. Prepared according to General Proce-
dure D using 66 pL allylbenzene and EtOAc/hexanes (1/
1) to give 31b (178 mg, 65%). Mixture of stereoisomers
in a 0.75/0.25 ratio. '"H NMR (400 MHz, CDCl3): §
1.16-1.24 (m, 6H), 1.61-1.74 (m, 2H), 2.32-2.44 (m,
2H), 2.57 (dt, 1H, J=6.6, 17.4 Hz), 2.68 (dt, 1H, J=6.8,
17.4Hz), 3.31 (d, 1.5H, J=6.7Hz), 3.38 (d, 0.5H,
J=7.3Hz), 3.54-3.71 (m, 5H), 3.77 (broad m, 2H),
3.86-4.01 (m, 3H), 4.06-4.18 (m, 3H), 4.22-4.32 (m,
1H), 4.42-4.57 (m, 5H), 4.60 (s, 2H), 4.62 (m, 1H), 4.72
(d, 1H, J=11.8Hz), 4.87 (dd, 0.75H, J=3.7, 8.2 Hz),
495 (dd, 0.25H, J=3.5, 82Hz), 504 (d, 1H,
J=12.5Hz), 5.07 (d, 1H, J=12.5Hz), 5.55 (brdt, 0.75H,
J=6.2, 153Hz), 5.60 (brdt, 0.25H, J=6.1, 10.8 Hz),
5.69 (brdt, 0.25H, J=7.4, 10.8 Hz), 5.79 (brdt, 0.75H,
J=6.7, 15.3Hz), 6.79 (d, 1H, J=7.3Hz), 7.11-7.32 (m,
31H); 3C NMR (100 MHz, CDCl3): & 14.06, 15.48,
28.79, 29.28, 29.62, 30.65, 33.70, 38.60, 54.60, 54.72,
55.20, 55.24, 61.70, 61.75, 65.82, 66.47, 68.33, 70.92,
71.43, 72.83, 72.88, 73.11, 73.32, 74.99, 75.30, 75.81,
76.49, 125.96, 126.00, 126.55, 127.31, 127.36, 127.41,
127.52, 127.70, 127.75, 127.96, 128.00, 128.17, 128.25,
128.33, 128.39, 128.48, 131.84, 133.13, 135.64, 137.53,
138.12, 138.43, 138.63, 139.83, 140.10, 169.66, 169.70,
170.05, 170.09, 171.61, 172.58. HRMS (FAB): C4sH74
N,035Cs (M +Cs), caled 1223.4245, found 1223.4293.

Compound 3lc. Prepared according to General Proce-
dure D using 67 uL 4-vinylanisole and EtOAc/toluene
(1/2) to give 31c (201 mg, 73%). Mixture of stereo-
isomers in a 0.87/0.13 ratio. 'H NMR (400 MHz,
CDCl;): 6 1.17-1.24 (m, 6H), 1.70-1.75 (m, 2H), 2.35-
2.46 (m, 2H), 2.58 (dt, 1H, J=6.1, 17.6 Hz), 2.67 (dt,
1H, J=7.2, 17.6Hz), 3.57 (dd, 1H, J=5.1, 10.0 Hz),
3.62-3.71 (m, 4H), 3.76 (s, 3H), 3.74-3.83 (broad m,
2H), 3.94 (dt, 1H, J=3.8, 9.1 Hz), 4.00 (m, 1H), 4.08-
419 (m, 3H), 4.21-432 (m, 2H), 444 (d, 1H,
J=119Hz), 448 (d, IH, J=11.6 Hz), 4.51 (d, 1H,
J=11.8Hz), 4.54 (d, 1H, J=11.6Hz), 4.56 (d, 1H,
J=11.9Hz), 4.60 (s, 2H), 4.62 (dd, 1H, J=4.7, 7.3 Hz),
473 (d, 1H, J=11.8Hz), 4.86 (dd, 0.13H, J=3.7,
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8.2Hz), 491 (dd, 0.87H, J=3.7, 8.3Hz), 5.04 (d, 1H,
J=12.3Hz), 5.07 (d, 1H, J=12.3Hz), 6.07 (dt, 1H,
J=6.3, 15.9 Hz), 6.48 (d, 1H, J=15.9 Hz), 6.76-6.82 (m,
2H), 7.20-7.35 (m, 29H); 3C NMR (100 MHz, CDCl;):
6 14.06, 15.56, 29.29, 29.62, 30.68, 54.82, 55.17, 55.28,
61.71, 66.48, 68.32, 71.37, 71.45, 72.87, 73.15, 73.32,
75.23, 75.85, 76.49, 113.80, 123.28, 127.30, 127.39,
127.51, 127.69, 127.74, 127.97, 128.15, 128.17, 128.25,
128.38, 128.47, 129.27, 132.45, 135.64, 137.53, 138.15,
138.43, 138.63, 159.20, 169.68, 170.05, 171.64, 172.59.
HRMS (FAB) C65H74N2014CS (M+CS), caled
1239.4194, found 1239.4142.

Compound 31d. Prepared according to General Proce-
dure D using 78 mg pentafluorostyrene and EtOAc/
toluene (1/2) to give 31d (50 mg, 17%). Mixture of ste-
reoisomers in a 0.7/0.3 ratio. 'H NMR (400 MHz,
CDCl;3): 6 1.20 (t, 3H, J=7.0Hz), 1.23 (d, 3H,
J=6.8Hz), 1.69-1.79 (m, 2H), 2.36-2.49 (m, 2H), 2.53—
2.73 (m, 2H), 3.58 (m, 1H), 3.62-3.70 (m, 4H), 3.80
(broad m, 2H), 3.94 (m, 1H), 4.00 (m, 1H), 4.10-4.19
(m, 3H), 4.24-4.35 (m, 2H), 4.43-4.57 (m, 5H), 4.61 (s,
2H), 4.62 (m, 1H), 4.73 (d, 1H, J=11.8), 4.90 (dd, 0.3H,
J=3.7,174), 492 (dd, 0.7H, J=3.7, 8.2), 5.06 (d, 1H,
J=12.4), 5.07 (d, 1H, J=12.4), 6.20 (dt, 0.7H, J=6.2,
15.9), 6.50 (m, 0.6H), 6.54 (d, 0.7H, J=15.9), 6.78 (d,
0.7H, J=1.5), 6.80 (d, 0.3H, J=8.6), 7.18-7.38 (m,
26H). '3C NMR (100 MHz, CDCl3): & 14.09, 15.58,
29.32, 29.66, 30.71, 54.82, 54.89, 55.22, 55.28, 54.82,
54.88, 55.22, 55.28, 61.78, 61.86, 66.53, 68.35, 71.03,
71.28, 71.42, 71.48, 72.93, 73.21, 73.37, 75.42, 75.87,
76.38, 76.51, 125.61, 126.51, 127.33, 127.44, 127.56,
127.65, 127.72, 127.79, 128.01, 128.16, 128.21, 128.30,
128.42, 128.48, 128.50, 132.69, 135.65, 136.52, 137.40,
137.53, 138.10, 138.16, 138.41, 138.44, 138.64, 169.72,
169.81, 170.05, 171.68, 171.75, 172.63. HRMS (FAB):
CesHe7FsN>O13Cs (M +Cs), caled 1299.3618, found
1299.3540.

Compound 3le. Prepared according to General Proce-
dure D using 85mg 2-vinylnaphtalene and EtOAc/
toluene 1/2 to give 3le (106 mg, 71%). 'H NMR
(400 MHz, CDCls): 6 1.19 (t, 3H, J=7.0Hz), 1.23 (d,
3H, J=6.5Hz), 1.73-1.80 (m, 2H), 2.32-2.43 (m, 2H),
2.56 (dt, 1H, J=6.1, 17.4Hz), 2.66 (dt, 1H, J=6.9,
17.4Hz), 3.58 (dd, 1H, J=5.1, 99Hz), 3.63-3.70 (m,
3H), 3.75-3.87 (m, 3H), 3.96-4.05 (m, 2H), 4.08-4.23
(m, 3H), 4.31-4.34 (m, 2H), 4.44 (d, 1H, J=11.8 Hz),
4.46 (d, 1H, J=11.8 Hz), 4.49 (d, 1H, J=12.7Hz), 4.52
(d, 1H, J=12.7Hz), 4.56 (d, 1H, J=11.7Hz), 4.61 (s,
2H), 4.66 (dd, 1H, J=5.0, 7.0Hz), 4.73 (d, 1H,
J=11.7Hz), 4.96 (dd, 1H, J=3.4, 8.1 Hz), 5.02 (d, 1H,
J=12.4Hz), 5.05 (d, 1H, J=12.4Hz), 6.34 (dt, 1H,
J=6.0, 15.8Hz), 6.71 (d, 1H, J=15.8Hz), 6.88 (d, 1H,
J=7.2Hz), 7.13-7.32 (m, 25H), 7.38-7.43 (m, 3H), 7.54
(brd, 1H, J=8.5Hz), 7.66-7.76 (m, 4H). '3C NMR
(100 MHz, CDCls): 6 14.03, 15.59, 21.35, 28.81, 29.23,
29.57, 30.60, 54.80, 55.27, 61.69, 66.42, 68.27, 71.24,
71.28, 71.39, 72.82, 72.86, 73.16, 73.28, 75.42, 75.84,
76.44, 123.51, 125.18, 125.76, 126.01, 126.09, 126.47,
127.25, 127.36, 127.48, 127.52, 127.64, 127.69, 127.91,
127.94, 128.06, 128.09, 128.13, 128.22, 128.33, 128.41,
128.91, 132.63, 132.91, 133.40, 133.96, 135.58, 137.49,

138.12, 138.38, 138.57, 169.71, 169.98, 171.66, 172.58.
HRMS (FAB) C68H74N20 1 3CS (M + CS), calcd
1295.4245, found 1259.4189.

Compound 31f. Prepared according to general procedure
D using 96 mg vinylfluoren and EtOAc/hexanes (1/1 to
3/2) to give 31f (204mg, 70%). 'H NMR (400 MHz,
CDCly): & 1.18-1.24 (m, 6H), 1.76 (m, 2H), 2.36-2.43
(m, 2H), 2.57 (dt, 1H, J=6.2, 17.4Hz), 2.67 (dt, 1H,
J=7.0, 17.4Hz), 3.58 (dd, 1H, J=4.9, 9.8 Hz), 3.63—
3.70 (m, 3H), 3.82 (s, 2H), 3.76-3.86 (m, 3H), 3.97
(broad m, 1H), 4.03 (broad m, 1H), 4.42-4.50 (m, 3H),
4.28-4.35 (m, 2H), 4.44 (d, 1H, J=11.8Hz), 4.47 (d,
1H, J=11.8Hz), 4.50 (d, 1H, J=11.9Hz), 4.53 (d, 1H,
J=11.8Hz), 4.56 (d, 1H, J=11.9 Hz), 4.61 (s, 2H), 4.64
(dd, 1H, J=4.8, 6.9 Hz), 4.74 (d, 1H, J=11.8 Hz), 4.94
(dd, 1H, J=3.5, 8.2Hz), 5.02 (d, 1H, J=12.7Hz), 5.05
(d, 1H, J=12.7Hz), 6.25 (dt, 1H, J=6.1, 15.8 Hz), 6.62
(d, 1H, J=15.8Hz), 6.90 (d, 1H, J=7.1Hz), 7.18-7.40
(m, 29H), 7.50 (m, 2H), 7.65 (d, 1H, J=7.9 Hz), 7.71 (d,
1H, J=7.5Hz). 3C NMR (100 MHz, CDCls): § 14.07,
15.64, 29.27, 29.61, 30.65, 36.69, 54.83, 55.34, 61.71,
66.45, 68.24, 71.30, 71.38, 71.43, 72.84, 72.88, 73.23,
73.30, 75.29, 75.90, 76.43, 119.79, 122.87, 124.94,
124.99, 125.64, 126.61, 126.68, 127.27, 127.38, 127.51,
127.66, 127.71, 127.94, 127.99, 128.11, 128.15, 128.24,
128.36, 128.44, 133.07, 135.18, 135.61, 137.52, 138.16,
138.41, 138.61, 141.30, 143.40, 143.49, 169.69, 170.03,
171.66, 172.59. HRMS (FAB): C;H7(N,0,5Cs
(M +Cs), caled 1297.4402, found 1297.4445.

Compound 31g. Prepared according to General Proce-
dure D using 90 mg 4-vinylbiphenyl and EtOAc/toluene
(1/2) to give 31g (209 mg, 73%). '"H NMR (400 MHz,
CDCl;): & 1.20 (t, 3H, J=7.1Hz), 1.22 (d, 3H,
J=6.5Hz), 1.72-1.77 (m, 2H), 2.39 (m, 2H), 2.58 (dt,
1H, J=6.4,17.4Hz), 2.68 (dt, 1H, J=6.8, 17.4Hz), 3.58
(dd, 1H, J=5.1, 10.0 Hz), 3.63-3.71 (m, 4H), 3.76-3.85
(broad m, 2H), 3.96 (m, 1H), 4.02 (m, 1H), 4.11-4.19
(m, 3H), 4.27-4.34 (m, 2H), 4.44 (d, 1H, J=12.1 Hz),
449 (d, 1H, J=11.8Hz), 4.51 (d, 1H, J=11.9Hz), 4.56
(d, 1H, J=12.1Hz), 4.57 (d, 1H, J=11.9Hz), 4.61 (s,
2H), 4.64 (dd, 1H, J=4.8, 7.3Hz), 4.73 (d, 1H,
J=11.8Hz), 4.94 (dd, 1H, J=3.7, 8.3Hz), 5.03 (d, 1H,
J=12.5Hz), 5.06 (d, 1H, J=12.5Hz), 6.25 (dt, 1H,
J=6.1, 159Hz), 6.58 (d, 1H, /J=15.9Hz), 6.82 (d, 1H,
J= 17.4Hz), 7.21-7.33 (m, 26H), 7.36-7.42 (m, 5H), 7.50
(brd, 2H, J=8.3Hz), 7.56 (brd, 2H, J=7.1Hz). 13C
NMR (100 MHz, CDCls): 8 14.09, 15.61, 29.30, 30.69,
54.82, 55.30, 61.76, 66.49, 68.34, 71.29, 71.36, 71.47,
72.90, 73.19, 73.35, 75.45, 75.86, 76.50, 125.74, 126.85,
126.93, 127.13, 127.23, 127.31, 127.41, 127.54, 127.69,
127.76, 127.99, 128.16, 128.19, 128.27, 128.40, 128.48,
128.71, 132.17, 135.57, 135.63, 137.52, 138.16, 138.43,
138.63, 140.31, 140.58, 169.71, 170.02, 171.68, 172.61.
HRMS (FAB): C;H;xN>O"*Cs (M+Cs), calcd
1285.4402, found 1285.4459.

Compound 31i. Byproduct in the preparation of 31d.
117mg (47%); EtOAc/hexanes (1/1 to 2/1) mixture of
stereoisomers in a 0.75/0.25 ratio. '"H NMR (400 MHz,
CDCl;): 8 1.15-1.24 (m, 12H), 1.66-1.75 (m, 4H), 2.37-
2.58 (m, 6H), 2.66 (m, 2H), 3.55-3.68 (m, 8H), 3.76-3.87



786 C. M. Huwe et al.| Bioorg. Med. Chem. 7 (1999) 773-788

(m, 6H), 3.94-4.50 (m, 8H), 4.10 (m, 4H), 4.18-4.27 (m,
2H), 4.39-4.56 (m, 10H), 4.61 (s, 4H), 4.71 (d, 2H,
J=12.1Hz), 475 (dd, 1.5H, J=3.1, 7.7Hz), 4.84 (dd,
0.5H, J=3.3, 74Hz), 490 (dd, 1.5H, J=3.2, 8.3Hz),
499 (dd, 0.5H, J=24, 7.7Hz), 5.01 (d, 2H, J=
12.4Hz), 5.04 (d, 2H, J=12.4 Hz), 5.63 (broad t, 0.5H,
J=4.2Hz), 5.69 (broad t, 1.5H, J=2.5Hz), 7.19-7.31
(m, 52H), 7.45 (d, 1.5H, J=8.2Hz), 7.66 (d, 0.5H,
J=8.4Hz). 3C NMR (100 MHz, CDCl3): d 14.06,
15.49, 29.30, 29.62, 30.51, 54.75, 55.13, 55.27, 55.63,
61.59, 66.21, 66.36, 68.29, 70.56, 71.26, 71.33, 72.83,
73.11, 73.26, 75.70, 75.89, 76.52, 127.36, 127.39, 127.48,
127.65, 127.88, 127.93, 138.12, 128.16, 128.24, 128.27,
128.31, 128.44, 129.60, 135.72, 137.73, 138.18, 138.23,
138.47, 138.64, 169.75, 169.87, 171.88, 171.98, 172.69.
HRMS (FAB) C]14H|32N4026CS (M+CS), caled
2105.8184, found 2105.8298.

Compound 32a. Prepared according to General Proce-
dure E using 90 mg (83.5 umol) 31a, 20 mg Pd(OH),-C,
8 mL EtOH, 2mL H,O and H,O/CH;CN (1/8) to give
32a (41 mg, 78%). Mixture of amide isomers in a 0.9/0.1
ratio. 'H NMR (400 MHz, CDCls): & 1.22 (d, 3H,
J=6.4Hz), 1.27 (t, 2.7H, J=7.1Hz), 1.28 (t, 0.3H,
J=7.1Hz), 1.77-1.85 (m, 4H), 2.47-2.61 (m, 4H), 2.63
(t, 2H, J=7.9Hz), 3.47 (dt, 1H, J=6.3, 9.0 Hz), 3.60-
3.70 (m, 5H), 3.75 (m, 1H), 3.75 (m, 1H), 3.83-3.94 (m,
3H), 4.17 (m, 1H), 4.18 (q, 2H, J=7.1Hz), 4.54 (d,
0.1H, J=6.6Hz), 4.56 (d, 0.9H, J=6.6Hz), 4.82 (d,
0.1H, J=5.0Hz), 4.86 (d, 0.9H, J=4.9Hz), 7.12 (brt,
1H, J=7.2Hz), 7.17 (brd, 2H, J=7.2 Hz), 7.23 (brt, 2H,
J=7.2Hz). C NMR (100MHz, CDCl;): d 14.53,
16.82, 27.60, 31.69, 33.12, 33.37, 56.26, 56.51, 62.67,
64.15, 68.74, 69.58, 70.94, 72.08, 72.42, 72.73, 72.89,
77.37, 126.74, 129.32, 129.48, 143.39, 171.61, 172.33,
174.78. HRMS (FAB): CoH44N,0'3Cs (M + Cs), calcd
761.1898, found 761.1917.

Compound 32b. Prepared according to General Proce-
dure E using 120 mg (110 mmol) 31b, 20 mg Pd(OH),-C,
8mL EtOH, 2mL H,0 and H,O/CH;CN (1/8) to give
32b (54 mg, 76%). Mixture of amide isomers in a 0.9/0.1
ratio. '"H NMR (400 MHz, CDCls): & 1.22 (d, 2.7H,
J=6.6Hz), 1.23 (d, 0.3H, J=6.6Hz), 1.24 (t, 2.7H,
J=17.1Hz), 1.28 (t, 0.3H, J=7.1 Hz), 1.46-1.56 (m, 2H),
1.60-1.70 (m, 2H), 1.73-1.87 (m, 2H), 2.46-2.63 (m,
4H), 2.58 (t, 2H, J=7.6Hz), 3.48 (dt, 1H, J=6.3,
8.8 Hz), 3.59-3.69 (m, 5H), 3.75 (m, 1H), 3.82 (m, 1H),
3.86-3.93 (m, 2H), 4.11-4.21 (m, 3H), 4.54 (d, 1H,
J=6.5Hz), 481 (d, 0.1H, J=5.0Hz), 4.82 (d, 0.9H,
J=5.0Hz), 7.12 (brt, 1H, J=7.3Hz), 7.16 (brd, 2H,
J=73Hz), 723 (brt, 2H, J=7.3Hz). 3C NMR
(100 MHz, CDCl3): 6 14.51, 16.81, 24.46, 27.50, 27.65,
27.79, 30.62, 31.40, 31.69, 34.54, 36.64, 38.86, 56.35,
56.53, 62.64, 64.10, 64.23, 68.71, 69.54, 71.61, 71.91,
72.03, 72.40, 72.72, 72.81, 77.41, 126.66, 129.26, 129.45,
143.69, 171.64, 172.28, 174.80. HRMS (FAB): C;30Hys
N,O'"3Cs (M + Cs), caled 775.2054, found 775.2076.

Compound 32c. Prepared according to General Proce-
dure F using 200mg (180 umol) 31c¢c, 20mL EtOH,
600mg Pd-BaSO,, 1.2mL cyclohexene and H,O/
CH;CN (1/8) to give 32c (68 mg, 57%). 'H NMR

(400 MHz, CDCls): 6 1.22 (d, 3H, J=6.4Hz), 1.27 (t,
3H, J=7.1Hz), 1.74-1.84 (m, 4H), 2.52 (broad m, 4H),
2.57 (t, 2H, J= 7.6 Hz), 3.45 (dt, 1H, J=6.2, 8.8 Hz),
3.60-3.77 (m, 6H), 3.74 (s, 3H), 3.82-3.95 (m, 3H), 4.17
(m, 1H), 4.18 (q, 2H, J=7.1Hz), 4.57 (d, 1H, J=
6.3Hz), 4.85 (d, 1H, J=4.7Hz), 6.79 (brd, 2H, J=
8.6 Hz), 7.08 (brd, 2H, J=8.6 Hz). '3C NMR (100 MHz,
CDCly): 6 14.52, 16.83, 27.56, 32.05, 32.42, 33.23, 55.60,
56.23, 56.60, 62.64, 64.17, 68.70, 69.57, 70.88, 72.06,
72.44,72.75, 72.91, 77.31, 114.7, 130.35, 135.30, 159.20,
171.60, 172.33, 174.94. HRMS (FAB): C3q0H46N,04Cs
(M + Cs), caled 791.2003, found 791.2025.

Compound 32d. Prepared according to General Proce-
dure E using 29 mg (24.8 umol) 31d, 10 mg Pd(OH),-C,
4mL EtOH, 1 mL H,O and H,O/CH;CN (1/8) to give
32d (12 mg, 67%). Mixture of amide isomers in a 0.9/0.1
ratio. '"H NMR (400 MHz, CDCls): § 1.21 (d, 0.3H,
J=64Hz), 1.22 (d, 2.7H, J= 6.4Hz), 1.26 (t, 0.3H,
J=7.1Hz), 1.28 (t, 2.7H, J=7.1 Hz), 1.62-1.86 (m, 6H),
2.50-2.62 (broad m, 4H), 3.43 (dt, lH, J=6.7, 8.7Hz),
3.59-3.70 (m, 5H), 3.76 (m, 1H), 3.79-3.84 (m, 1H),
3.86-3.90 (m, 2H), 4.13 (m, 1H), 4.19 (q, 2H, J=
7.1Hz), 4.53 (d, 1H, J=6.5Hz), 4.81 (d, 0.9H, J=
5.1Hz), 4.84 (d, 0.1H, J=4.9 Hz). '3C NMR (100 MHz,
CDCl,): 6 14.54, 16.79, 27.50, 27.79, 28.46, 34.52, 34.98,
38.90, 56.40, 56.60, 62.64, 64.15, 72.08, 72.26, 72.84,
77.40, 171.67, 173.53. MS (ESI): Cy9H39FsN,O3Na
(M + Na), caled 741, found 741.

Compound 32e. Prepared according to General Proce-
dure F using 50mg (44.4umol) 3le, 12mL EtOH,
745mg Pd-BaSO,, 09mL cyclohexene and H,O/
CH;CN (1/8) to give 32e (6 mg, 21%). Mixture of amide
isomers. 'H NMR (400 MHz, CDCls): & 1.20-1.29 (m,
6H), 1.81-1.95 (m, 4H), 2.44-2.63 (broad m, 4H), 2.82
(t,2H, J=7.7Hz), 3.52 (dt, 1H, J=6.4, 9.0 Hz), 3.59-3.72
(m, 4H), 3.76 (m, 1H), 3.84-4.04 (broad m, 3H), 4.16 (q,
2H, J=7.1Hz), 4.19 (m, 1H), 4.45-4.57 (m, 1H), 4.56
(d, 1H, J=6.4Hz), 4.85 (d, 1H, J=4.7Hz), 7.23-7.43
(m, 4H), 7.63 (s, 1H), 7.75 (d, 1H, J=8.6 Hz), 7.78 (brd,
1H, J=8.6Hz). 3C NMR (100 MHz, CDCls): § 14.52,
16.88,32.95, 33.55, 56.37, 62.64, 68.78, 71.01, 72.95, 77.46,
126.08, 126.82, 127.45, 128.43, 128.50, 128.54, 128.87,
129.26, 140.99, 171.61, 172.41. HRMS (FAB): C;3Hys
N>OBCs (M + Cs), caled 811.2054, found 811.2084.

Compound 32f. Prepared according to General Proce-
dure E using 100 mg (85.8 pmol) 31f, 20 mg Pd(OH),-C,
9mL EtOH, 2mL H,O and H,O/CH;CN (1/8) to give
32f (42 mg, 68%). Mixture of amide isomers in a 0.9/0.1
ratio. 'H NMR (400 MHz, CDCls): § 1.23 (d, 3H,
J=6.5Hz), 1.26 (t, 2.7H, J=7.1Hz), 1.27 (t, 0.3H,
J=7.1Hz), 1.77-1.89 (m, 4H), 2.47-2.63 (m, 4H), 2.71
(t, 2H, J=7.7Hz), 3.50 (dt, 1H, J=6.2, 8.9 Hz), 3.60—
3.70 (m, 5H), 3.76 (m, 1H), 3.82 (s, 2H), 3.85-3.95 (m,
3H), 4.18 (q, 2H, J=7.1 Hz), 4.20 (m, 1H), 4.57 (d, 1H,
J=6.6Hz), 487 (d, 1H, J=4.8Hz), 7.18 (d, 1H,
J=7.6Hz), 7.23 (dt, 1H, J=0.9, 7.4Hz), 7.31 (t, 1H,
J= 7.4Hz), 7.37 (s, 1H), 7.50 (d, 1H, J=7.4Hz), 7.67
(d, 1H, J=7.6Hz), 7.73 (d, 1H, J=7.4Hz). 3C NMR
(100 MHz, CDCly): 6 14.52, 16.85, 23.57, 24.96, 27.64,
28.20, 29.06, 31.75, 33.30, 33.40, 33.53, 37.51, 38.40,
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41.33, 44.88, 56.31, 56.50, 62.67, 64.14, 68.76, 69.60,
70.95, 72.09, 72.44, 72.73, 72.88, 77.39, 120.45, 120.58,
123.54, 125.96, 126.17, 127.33, 127.70, 128.22, 140.70,
142.26, 142.95, 144.41, 14478, 171.62, 172.34, 174.79,
175.82. HRMS (FAB): C34H44N,0'3Cs (M + Cs), caled
849.2211, found 849.2243.

Compound 32g. Prepared according to General Proce-
dure F using 190mg (165 umol) 31g, 46mL EtOH,
665mg Pd-BaSO,4, 1.3mL cyclohexene and H,O/
CH;CN (1/8) to give 32g (61 mg, 52%). Mixture of
amide isomers. 'H NMR (400 MHz, CDCl;): § 1.21—
1.33 (m, 6H), 1.81-1.88 (m, 4H), 2.45-2.75 (broad m,
4H), 2.69 (t, 2H, J=7.8Hz), 3.50 (dt, 1H, J=6.3,
8.8 Hz), 3.59-3.79 (m, 6H), 3.84-4.04 (m, 3H), 4.18 (q,
2H, J=7.1Hz), 4.19 (m, 1H), 4.51-4.58 (m, 1H), 7.26
(brd, 2H, J=8.1Hz), 7.29 (brt, 1H, J=7.7Hz), 7.40
(brt, 2H, J=7.7Hz), 7.50 (brd, 2H, J=8.1Hz), 7.57
(brd, 2H, J=7.7Hz). '3C NMR (100 MHz, CDCl;): &
14.54, 16.85, 27.71, 33.00, 33.05, 56.33, 56.64, 62.65,
68.78, 70.94, 72.95, 77.44, 127.81, 127,92, 128.01,
129.78, 130.04, 139.98, 142.44, 142.62, 171.62. HRMS
(FAB): C;35H4sN>OB3Cs (M +Cs), caled 837.2211,
found 837.2246.

Compound 32h. Prepared according to General Proce-
dure E using 100 mg (100 umol) 13, 20 mg Pd(OH),-C,
4mL EtOH, 1 mL H,O and H,O/CH;CN (1/5) to give
32h (45mg, 81%). 'H NMR (400 MHz, CDCl5): 6 0.89
(t, 3H, J=7.4Hz), 1.22 (t, 3H, J=6.4Hz), 1.28 (t, 3H,
J=17.1Hz), 1.52 (tq, 2H, J=6.4, 7.4Hz), 1.79 (m, 2H),
2.54 (broad m, 4H), 3.42 (dt, 1H, J=6.5, 8.7Hz), 3.58
(dt, 1H, J=6.5, 8.7Hz), 3.61-3.70 (m, 4H), 3.76 (brq,
1H, J=6.4Hz), 3.82 (m, 1H), 3.89 (broad m, 2H), 4.14
(m, 1H), 4.19 (q, 2H, J=7.1Hz), 4.54 (d, 1H, J=
5.9Hz), 4.82 (d, 1H, J=5.0Hz). '3C NMR (100 MHz,
CDCl;): 6 10.26, 13.73, 16.07, 22.79, 25.94, 30.95, 55.41,
62.70, 63.32, 67.62, 67.73, 70.10, 71.34, 71.93, 72.13,
73.36, 76.10, 119.48, 171.37, 171.88, 175.31, 176.43.
HRMS (FAB) C23H40N2013CS (M+CS), caled
575.2428, found 575.2447.

Compound 32i. Prepared according to General Proce-
dure E using 115 mg (58.2 pumol) 14i, 20 mg Pd(OH),-C,
8 mL EtOH, 2mL H,0 and H,O/CH,CN (1/3 to 1/2) to
give 32i (34mg, 54%). '"H NMR (400 MHz, CDCl5): &
1.22 (d, 6H, J=6.4Hz), 1.28 (t, 6H, J=7.0Hz), 1.55
(broad m, 4H), 1.79 (broad m, 4H), 2.54 (broad m, 8H),
3.44 (broad m, 2H), 3.60-3.69 (m, 10H), 3.74 (m, 2H),
3.82 (m, 2H), 3.87-3.94 (m, 4H), 4.13 (m, 2H), 4.20 (q,
4H, J=7.0Hz), 4.58 (d, 2H, J=6.4Hz), 4.88 (d, 2H,
J=4.6Hz). 3C NMR (100 MHz, CDCls): & 14.59,
16.86, 27.59, 27.79, 32.92, 56.15, 56.58, 62.68, 64.18,
68.76, 69.60, 71.34, 72.06, 72.50, 72.80, 73.03, 77.44,
171.65, 172.36, 175.57. MS (ESI): Cy4H74N4O56Na
(M + Na) calcd 1098, found 1098.

(25,3 R)-4-Benzyloxy-3-hydroxy-2-monobenzylsuccinami-
dyl-butanoic acid (33). Prepared in 61% yield (four
steps) from benzyloxyacetaldehyde as described.!! 'H
NMR (400 MHz, CDCl;): 6 2.53-2.58 (m, 2H), 2.61-
2.67 (m, 2H), 3.56 (dd, 1H, J=5.8, 10.1 Hz), 3.62 (dd,
1H, J=4.7,10.1 Hz), 4.08 (ddd, 1H, /=4.7, 5.3, 5.8 Hz),

4.51 (d, 1H, J=11.9Hz), 4.54 (d, 1H, J=11.9Hz), 4.63
(d, 1H, J=5.3Hz), 5.10 (s, 2H), 7.22-7.36 (m, 11H). '3C
NMR (100 MHz, CDCI5): 6 30.22, 31.16, 56.44, 67.33,
71.68, 72.33, 74.26, 128.61, 128.83, 129.09, 129.29,
129.45, 137.40, 139.40, 172.94, 173.99, 174.14. HRMS
(FAB): C5,H»5NO-;Cs (M +Cs), calcd 416.1709, found
416.1721.

Acknowledgements

This work was supported by the National Science
Foundation and Novartis Pharma AG, Switzerland.

CM.H. and T.JW. thank the Deutsche For-
schungsgemeinschaft for financial support (For-
schungsstipendium).

References and Notes

1. (a) McGarvey, G. J.; Wong, C.-H. Liebigs. Ann./Recl. 1997,
1059; (b) Cooling, L. L. W.; Zhang, D.-S.; Koerner, T. A. W.
Trends Glycosci. Glycotechnol. 1997, 9, 191; (c) Sears, P.;
Wong, C.-H. Proc. Natl. Acad. Sci. USA 1996, 93, 12086; (d)
Kiessling, L. L.; Pohl, N. L. Chem. Biol. 1995, 3, 71; (e) Lasky,
L. A. Annu. Rev. Biochem. 1995, 64, 113; (f) Bertozzi, C. R.
Chem. Biol. 1995, 2, 703; (g) Giannis, A. Angew. Chem. Int.
Ed. Engl. 1994, 33, 178; (h) Rosen, S. D.; Bertozzi, C. R. Curr.
Op. Cell. Biol. 1994, 6, 663; (i) Springer, T. A. Cell 1994, 76,
301; (j) Paulson, J. C. In Adhesion: Its Role in Inflammatory
Disease; Harlan, J., Liu, D., Eds.; W. H. Freeman: New York,
1992; Chapter 2 and Lobb, R. R. ibid. Chapter 1; (k) Lowe, J.
B. In The Handbook of Immunopharmacology: Adhesion
Molecules, Wegner, C. D., Ed.; Academic: London, 1994;
Chapter 6; and references cited therein.

2. Poppe, L.; Brown, G. S.; Philo, J. S.; Nikrad, P. V.; Shah,
B. H. J. Am. Chem. Soc. 1997, 119, 1727; and references cited
therein.

3. For recent syntheses of SLe* mimetics see: (a) Banteli, R.;
Ernst, B. Tetrahedron. Lett 1997, 38, 4059; (b) Toepfer, A.;
Kretzschmar, G.; Schuth, S.; Sonnentag, M. Bioorg. Med.
Chem. Lett. 1997, 7, 1317; (c) Toepfer, A.; Kretzschmar, G.
Bioorg. Med. Chem. Lett. 1997, 7, 1311; (d) Huang, B.-G.;
Locke, R. D.; Jain, R. K.; Matta, K. L. Bioorg. Med. Chem.
Lett. 1997, 7, 1157, (e) Kuznik, G.; Hoersch, B.; Kretzschmar,
G.; Unverzagt, C. Bioorg. Med. Chem. Lett. 1997, 7, 577; (f)
Cappi, M. W.; Moree, W. J.; Qiao, L.; Marron, T. G.; Weitz-
Schmidt, G.; Wong, C.-H. Bioorg. Med. Chem. 1997, 5, 283;
(g) Kretzschmar, G.; Toepfer, A.; Hurls, C.; Krause, M. Tet-
rahedron 1997, 53, 2485; (h) DeKany, G.; Wright, K.; Ward,
P.; Toth, 1. J. Carbohydr. Chem. 1997, 16, 11; (i) Marron, T.
G.; Woltering, T. J.; Weitz-Schmidt, G.; Wong, C.-H. Tetra-
hedron. Lett 1996, 37, 9037; (j) Lin, C. C.; Kimura, T.; Wu, S.-
H.; Weitz-Schmidt, G.; Wong, C.-H. Bioorg. Med. Chem. Lett.
1996, 6, 2755; (k) Cappi, M. W.; Moree, W. J.; Qiao, L.;
Marron, T. G.; Weitz-Schmidt, G.; Wong, C.-H. Angew.
Chem., Int. Ed. Engl. 1996, 35, 2346; (1) Sutherlin, D. P.; Stark,
T. M.; Hughes, R.; Armstrong, R. W. J. Org. Chem. 1996, 61,
8350; (m) Hiruma, K.; Kajimoto, T.; Weitz-Schmidt, G.;
Wong, C.-H. J. Am. Chem. Soc. 1996, 118, 9273; (n) Imazaki,
N.; Koike, H.; Miyauchi, H.; Hayashi, M. Bioorg. Med. Chem.
Lett. 1996, 6, 2043; (o) Wang, R.; Wong, C.-H. Tetrahedron.
Lett 1996, 37, 5427; (p) Prodger, J. C.; Bamford, M. J.; Bird,
M. L.; Gore, P. M.; Holmes, D. S.; Priest, R.; Saez, V. Bioorg.
Med. Chem. 1996, 4, 793; (q) Dekany, G.; Wright, K.; Ward,
P.; Toth, 1. J. Carbohydr. Chem. 1996, 15, 383; (r) Lin, C. C;
Shimazaki, M.; Heck, M.-P.; Aoki, S.; Wang, R.; Kimura, T.;
Ritzen, H.; Takayama, S.; Wu, S.-H.; Weitz-Schmidt, G.;



788 C. M. Huwe et al.| Bioorg. Med. Chem. 7 (1999) 773-788

Wong, C.-H. J. Am. Chem. Soc. 1996, 118, 6826; (s) Dupre, B.;
Bui, H.; Scott, I. L.; Market, R. V.; Keller, K. M.; Beck, P. J.;
Kogan, T. P. Bioorg. Med. Chem. Lett. 1996, 6, 569; (t) Bam-
ford, M. I.; Bird, M.; Gore, P. M.; Holmes, D. S.; Priest, R.;
Prodger, J. C.; Saez, V. Bioorg. Med. Chem. Lett. 1996, 6, 239;
(u) Wu, S.-H.; Shimazaki, M.; Lin, C. C.; Moree, W. J;
Weitz-Schmidt, G.; Wong, C.-H. Angew. Chem. Int., Ed. Engl.
1996, 35, 88. (v) For a recent review, see Simanek, E. E.;
McGarvey,G. J.; Jablonowski, J. A.; Wong, C.-H. Chem. Rev.
1998, 98, 833.

4. (a) Ramphal, J. Y.; Zheng, Z.-L.; Perez, C.; Walker, L.;
DeFrees, S. A.; Gaeta, F. C. A. J. Med. Chem. 1994, 37, 3459;
(b) Stahl, W.; Sprengard, U.; Kretzschmar, G.; Kunz, H
Angew. Chem., Int. Ed. Engl. 1994, 33, 2096; (c) Brandley, B.
K.; Kiso, M.; Abbas, S.; Nikrad, P.; Srivastava, O.; Foxall, C.;
Oda, Y.; Hasegawa, A. Glycobiology 1993, 3, 633.

5. Ramphal, J. Y.; Hiroshige, M.; Lou, B.; Gaudino, J. J;
Hayashi, M.; Chen, S. M.; Chiang, L. C.; Gaeta, F. C. A
DeFrees, S. A. J. Med. Chem. 1996, 39, 1357.

6. Wong, C.-H.; Moris-Varas, F.; Hung, S.-C.; Marron, T.G.;
Lin, C.-C.; Gong, K. W.; Weitz-Schmidt, G. J. Am. Chem.
Soc. 1997, 119, 8152; and references cited therein.

7. For earlier C-fucopeptide syntheses from this group see: (a)
Uchiyama, T.; Woltering, T. J.; Wong, W.; Lin, C. C.; Kaji-
moto, T.; Takebayashi, M.; Weiz-Schmidt, G.; Asakura, T.;
Noda, M.; Wong, C.-H. Bioorg. Med. Chem. 1996, 4, 1149; (b)
Woltering, T. J.; Weiz-Schmidt, G.; Wong, C.-H. Tetrahedron
Lett. 1996, 37, 9033; (c¢) Uchiyama, T.; Vassiliev, V. P.; Kaji-
moto, T.; Wong, W.; Huang, H.; Lin, C. C.; Wong, C.-H. J.
Am. Chem. Soc. 1995, 117, 5395.

8. Kishi, Y. Pure Appl. Chem. 1989, 61, 313.

9. The stereochemical assignment is based on the comparison
of the "H NMR signal pattern of 8a and 8b to the 'H NMR of
25 with known stereochemistry, which was prepared by
Sharpless AD reaction.

10. (a) Vassilev, V. P.; Uchiyama, T.; Kajimoto, T.; Wong,
C.-H. Tetrahedon Lett. 1995, 36, 4081; (b) Vassilev, V. P.;
Uchiyama, T.; Kajimoto, T.; Wong, C.-H. Tetrahedon Lett.
1995, 36, 5063.

11. Wang, R.; Wong, C.-H. Tetrahedon Lett. 1996, 37, 5427,
and references cited therein.

12. (a) Brimmer, O.; Riickert, A.; Blechert, S. Chem. Eur. J.
1997, 3, 441; (b) Diver, S. T.; Schreiber, S. L. J. Am. Chem.
Soc. 1997, 119, 5106; (c¢) Boger, D. L.; Chai, W.; Ozer, R. S.;
Andersson, C.-M. Bioorg. Med. Chem. Lett. 1997, 7, 463; (d)

Feng, J.; Schuster, M.; Blechert, S. Synletr 1997, 129; (e)
Crowe, W. E.; Goldberg, D. R.; Zhang, Z. J. Tetrahedron
Lett. 1996, 37, 2117; (f) Barrett, A. G. M.; Beall, J. C.; Gibson,
V. C.; Giles, M. R.; Walker, G. L. P. Chem. Comm. 1996,
2229; (g) Crowe, W. E.; Goldberg, D. R. J. Am. Chem. Soc.
1995, 117, 5162; (h) Crowe, W. E.; Zhang, Z. J. J. Am. Chem.
Soc. 1993, 115, 10998; (i) Finkel’shtein, E. S.; Ushakov, N. V.;
Portnykh, E. B. J. Mol. Catalysis 1992, 76, 133.

13. For syntheses of multivalent SLe* derivatives see for
example: (a) Miyauchi, H.; Yuri, M.; Tanaka, M.; Kawamura,
N.; Hayashi, M. Biorg. Med. Chem. Lett. 1997, 7, 989; (b)
Miyauchi, H.; Tanaka, M.; Koike, H.; Kawamura, N.; Haya-
shi, M. Biorg. Med. Chem. Lett. 1997, 7, 985; (c) Oku, N.;
Koike, C.; Tokudome, Y.; Okada, S.; Nishikawa, N.; Tsu-
kada, H.; Kiso, M.; Hasegawa, A.; Fujii, H.; Murata, J. ,
Saiki, I. Adv. Drug Delivery Rev. 1997, 24, 215; (d) Manning,
D. A.; Hu, X.; Beck, P.; Kiessling, L. L. J. Am. Chem. Soc.
1997, 119, 3161; (e) Ohrlein, R.; Baisch, G. Angew. Chem., Int.
Ed. Engl. 1996, 35, 1812; (f) Sprengard, U.; Schudok, M.;
Schmidt, W.; Kretzschmar; G.; Kunz, H. Angew. Chem., Int.
Ed. Engl. 1996, 35, 321; (g) DeFrees, S. A.; Kosch, W.; Way,
W.; Paulson J. C. , Sabesan, S.; Halcomb, R. L.; Huang, D. -
H.; Ichikawa, Y.; Wong, C. -H. J. Am. Chem. Soc. 1995, 117,
60; (h) Lin, C. -H.; Shimazaki, M.; Wong, C. -H.; Koketsu,
M.; Juneja, L. R.; Kim, M. Bioorg. Med. Chem. 1995, 3, 1625;
(1) Kretzschmar; G.; Sprengard, U.; Kunz, H.; Bartnik, E.;
Schmidt, W.; Toepfer, A.; Horsch, B.; Krause, M.; Seiffge, D.
Tetrahedron 1995, 51, 13015.

14. (a) Schmalz, H.-G. Angew. Chem., Int. Ed. Engl. 1995, 34,
1833; (b) Grubbs, R. H.; Miller, S. J.; Fu, G. C. Acc. Chem.
Res. 1995, 28, 446.

15. Schwab, P.; France, M. B.; Ziller, J. W.; Grubbs, R. H.
Angew. Chem., Int. Ed. Engl. 1995, 34, 2039.

16. (a) Fox, H. H.; Yab, K. B.; Robbins, J.; Cai, S.; Schrock,
R. R. Inorg. Chem. 1992, 31, 2287; (b) Schrock, R. R.; Murd-
zek, J. S.; Bazan, G. C.; Robbins, J.; DiMare, M.; O’Regan,
M. J. J. Am. Chem. Soc. 1990, 112, 3875.

17. For a discussion of explanations for selective cross-
metathesis reactions see ref. 12a; and references cited therein.
18. Brieger, G.; Nestrick, T. J. Chem. Rev. 1974, 74, 567.

19. Cell-free SLe* polymer/E-selectin assay: (a) Weitz-Schmidt,
G.; Stokmaier, D.; Scheel, G.; Nifant’ev, N. E.; Tuzikov, A. B.;
Bovin, N. V. Analytical Biochem. 1996, 238, 184. (b) Thoma,
G.; Magnani, J. L.; Ohrlein, R.; Ernst, B.; Schwarzenbach, F.;
Duthaler, R. O. J. Am. Chem. Soc. 1997, 119, 7414.



