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Abstract—The synthesis and biological potency of several sialyl Lewis X (SLe*) mimetics is described. These mimics incorporate
all of the critical functional groups present in SLe* necessary for binding to E-selectin. L-Galactose is used to mimic the naturally
occurring L-fucose residue in SLe* due to the identical arrangement of the 2-, 3-, and 4-hydroxyl groups. Several synthetically and
enzymatically prepared amino acids were used to mimic the p-galactose residue. Because of the variability incorporated in the
synthesis of these amino acids the spatial requirements necessary for efficient binding were investigated. A carboxylate bearing
side chain was introduced as a sialic acid mimic and the chain length was varied to maximize biological activity. By investigating
the optimal arrangement of these two factors mimics were produced which were up twofold more active than SLe*. © 1997,
Elsevier Science Ltd. All rights reserved.

Introduction SLe* (1) is a tetrasaccahride consisting of a p-N-acetyl-
glucosamine amine, L-fucose, p-galactose, and a sialic
Carbohydrates are ubiquitous in all biological systems. acid residue. Although no crystal structure has been
Recently, tremendous effort has focused on the determined for the E-selectin/SLe* complex, several
discovery of new naturally occurring carbohydrates and groups have helped define the functional groups neces-
elucidation of their biological mechanism. Through this sary for efficient binding.” As indicated (bold atoms in
research a clearer understanding of the role of carbo- 1) the 2-, 3-, and 4-hydroxyl groups of the fucose, the
hydrates is emerging. It is now understood that carbo- 4- and 6-hydroxyl groups of the galactose, and the
hydrates play a critical role in a host of biological carboxylate residue form the sialic acid are necessary
phenomena. For example, it is understood that both for binding. In order to design efficient mimetics of
embryonic development and cellular differentiation’ SLe*, and therefore cell adhesion, the mimics must
are controlled to a large extent by a series of carbo- incorporate all of the functional groups necessary for
hydrate—protein interactions.” Furthermore, a crucial binding discussed above.
step in the mechanism of cancer metastasis involves the
adhesion of cancerous cells with healthy tissues in the Herein we report the synthesis of a series of SLe*
body.* It is now known that this adhesion process is mimetics 2-14 which incorporate all of the function-
mediated by the interaction of a glycoprotein found on ality necessary for binding to E-selectin.®* These mimics
cancerous cells and carbohydrate binding proteins utilize L-galactose as a mimic of the L-fucose residue
throughout the body usually reserved for normal because of the identical nature of the spatial arrange-
cellular trafficking events. ment of the 2-, 3-, and 4-hydroxyls. The p-galactose is

replaced by a series of unnatural amino acids which
were prepared by both enzymatic and synthetic
methods. The unnatural amino acids allow us to probe,
and therefore maximize, their ability to mimic the
p-galactose residue. The sialic acid is replaced by a
side chain, of variable length, which bears a carboxylate
group. By controlling all of these factors we were able
to synthesize mimics with 2-fold greater activity than

Inflammation is another example of a cellular adhesion
process that is mediated by carbohydrates.® Inflamma-
tion is the result of an accumulation of leukocytes at
the sight of tissue injury. Although usually helpful,
excess accumulation of leukocytes can result in a
retardation of the healing process. Arthritis is an auto-
immune disease in which leukocytes are incorrectly

directed to attack healthy cells. Recently, it has been SLe”.

discovered that the initial stages of leukocyte adhesion

are mediated by interaction of a membrane-bound Results and Discussion

protein (E-selectin) found on the endothelial «cells with

a glycoprotein on the leukocytes.” At the terminus of Synthesis of the galactose amine core 16

the leukocyte-bound glycoprotein is a tetrasaccharide,

sialyl Lewis X*® (1, SLe*), (Fig. 1), which is critical to We chose to use L-galactose as a mimic of the L-fucose
the initial interaction in this adhesion process. in SLe*. A recent study indicates that L-galactose can
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Figure 1. The structure of sialyl Lewis X showing the five functional groups essential for binding to E-selectin.

be substituted for L-fucose in a naturally occurring
system without incident.” We anticipated that this
would be an effective method since the spatial arrange-
ment of the 2-, 3-, and 4-hydroxyl groups of the
L-galactose would be identical to that of the 2-, 3-, and
4-hydroxyl groups of the L-fucose.

Because the galactose amine core is central to all of
the mimics it was important to develop an efficient
synthesis which was amenable to large scale process.
Furthermore, suitable protecting groups are needed
which would allow for deprotection in the late stages of
the synthesis without complication.

Our synthesis follows the procedure reported by May"
and begins with the commercially available L-galactose
(Scheme 1). Selective protection of the 1,2- and
3,4-hydroxyl groups as the acetonide was high yielding
and allowed for further functionalization of the
C6-OH. Conversion of the primary alcohol to the
tosylate under standard conditions afforded 15.

OHH

Displacement with sodium azide produced the C6-N,
in 72% yield from L-galactose. Hydrogenation of the
azide proceeded without incident affording the primary
amine 16 in quantitative yield and set the stage for the
subsequent coupling reactions.

Synthesis of unnatural amino acids

Our decision to use dihydroxy amino acids was based
on two factors. First, molecular modeling studies
suggested that these compounds would be efficient
mimics of the 4- and 6-hydroxyl groups of the p-galac-
tose in SLe*. Secondly, methodology recently
developed in this group has resulted in the efficient
production of dihydroxy amino acids and would aliow
for the introduction of significant variability in the side-
chain."

Amino acids 17, 18, and 19 were synthesized via a
threonine aldolase catalysed reaction of glycine with
the appropriately protected hydroxyl aldehyde
following the published literature procedure (Scheme

o

0 0

1) CuSOQ4, H2SO0,, acetone

o OH

OH
L-galactose

HO

1) NaNj3;, DMF, 115°C

2) TsCl, pyridine, 0°C

2) H,, 10% Pd/C, MeOH

Scheme 1. Preparation of the galactose amine core.
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2)."" The resulting benzyl-protected dihydroxy amino
acids were treated with BOC-anhydride affording
amino acids 17 (99%), 18 (83%), and 19 (85%) in high
yield. Amino acids 18 and 19 were isolated as a 1:1
mixture about the 2° OH center and were carried on
without separation.

Amino acid 21 was prepared synthetically as shown in
Scheme 3 following the procedure described by
Otani."” Treatment of serine with Na,CO, and formal-
dehyde in the presence of CuSO, afforded the desired
diol which was converted to the BOC derivative 20" in
37% yield for this two-step conversion. Perbenzylation
with excess BnBr in THF followed by hydrolysis of the
ester and acidification afforded the protected amino
acid 21 in 37% yield which was used in the subsequent
coupling studies.

For amino acid 24 we felt that protection of the less

hindered hydroxyl was necessary in order to circumvent
any problems associated with lactonization in the

BnO‘M:ﬂ\H + ’/?LOH

H,N

coupling sequence. To this end 2-butyne-1,4-diol (22)
was converted to the 4-benzloxy-2-butanone derivative
using mercuric oxide and concentrated sulfuric acid
(Scheme 4)." The resulting ketone was subjected to
Bucherer conditions (KCN, (NH,),CO;)” which
afforded the desired hydantoin 23 in 43% yield from
22. Barium hydroxide hydrolysis of the hydantoin and
ion-exchange chromatography afforded the desired
amino acid (93%) which was converted to the N-BOC
derivative 24 in a modest 44% yield.

Coupling of the amino acids 17-19, 21, and 24 with
the galactose amine core 16

The next stage in the synthesis involved coupling of the
galactosc amine core 16 with the unnatural amino acids
in hopes that they would provide a suitable mimic for
the p-galactose in the naturally occurring SLe*. To this
end amino acids 17-19, 21, and 24 were coupled to the
aminoglycoside core 16 using EDCI and HOBt without
incident. Subsequent deprotection of the BOC (10%

HO O
theonine
aldolase NH,

(n=1,2,3)

HO HO O H
; BnO
BnO OH BnO/\}\‘)LOH . OH

BocNH BocNH BocNH
17 18 19
Scheme 2. Synthesis of amino acids 17-19.
HO HO OH
OH 1) Na2C03, CHzo, CUSO4 e
HoN 2) BOC,0, EtN, H,0, dioxane  BOCY
37% H O
20
Bn ?Bn
1) BnBr, NaH, THF "
2) NaOH, H,0, MeOH BOCN
37% H @)
21

Scheme 3. Synthesis of dihydroxy amino acid 21.
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Scheme 4. Synthesis of amino acid 24.

TFA in CH,CI,) afforded the desired amines 25-29 in
cxcellent yield. Table 1 summarizes our results for the
coupling and deprotection sequence.

With coupled aminoglycoside in hand we turned our
attention to the sialic acid mimic. We felt that by
controlling the length of the carboxylate side chain we
could probe the optimum length needed for binding.
This idea was reduced to practice by coupling amines
25-29 with a suitably activated carboxylate side chain
(methods A-G, Table 2). Initial attempts at hydroge-
nolysis of the benzyl protecting group using methanol
as the solvent resulted in partial transesterification of

Table 1. Coupling of amino acids 17-19. and 24 with galactose amine
core 16

Mg

M
Me 3_
00 1) amino acids, ERCI, Me
0 HOBt, DMF, -20°G to 23°C H\l/ﬁ\ Q
@)
HzN
J-Me 2) 10% TFA, GH;Cl; \ .
Ma HaN H Me
16 2529
amine acid R yield from 1€
HO HO
17 BnO._~._.COAH BnO\//'\H‘r 25, 59%
NHBoc
HO H
18 BnO\(\/’&rCOﬁ BnO. 25. 75%
2 ,
NHBoc
Hi
19 BrQ CoH BnO 7, 74%
\‘“':?\r o a7, 74%
NHBoc
BnO BnoW
co.
" o # Bn0” ¥ B 57%
NHBoc
BnO BnO
24 HO:Q"CD# HO:;L 29 57%
NHBoc

23
OBn
I
_ < OH
BOCI*I-I
@]
24

Table 2. Introduction of the sialic acid mimic and final deprotection

M
;Me
g 1) coupling method A-G’

R o
) Me 2) 90% TFAH,D

HN H G Me  3) Ha(1 atm), 10% PW/C

25-29 (P=Bn) 80% HOACH:0

HOqm
QH
x '\i(\%ﬁ;
H OH
n N\H

0 2.14 (P=H)

HO,C

Coupling Final
Amine Method' R n X Compounds Yield
25 A HQ 1 2 52%
25 B PO\/Sr 2 3 50%
25 c 1 NH, 4 85%
26 A 1 H 5 49%
26 B Po;& 2 H 8 56%
26 c 2 1 NH 7 49%
27 A HO 1 H 8 65%
27 B PO 2 H 9 63%
27 c ’ 1 NH, 10 50%
8 D PO 1 H " 68%
28 E PO’JP‘ 2 H 12 53%
29 F PO 1 H 13 46%
20 G HO%’ 2 H 14 20%

"coupling methods: A) succinic anhydride, MeOH; B) glularic anhydride,
MeOH; C) EDCI, HOB1. DMF, A-Cbz-benzyloxyaspartic acid; D) BnO,C-
(CHa},COCI, CHaCls, EtsN; E) BnO3C(CH,),CAC!, CHAClp, EigN; F) EDCI,
HOBt, DMF, BnO,C(CH,):C0,H; &) EDCI, HOBt, DMF, BnO,C(CH;},COH.
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the carboxylate side group. Using 80% HOAc as the
solvent resulted in complete removal of all protecting
groups affording the fully deprotected mimics in good
yield (Table 2).

Production of enantiomerically pure mimics 8a and 8b

The enzymatically prepared amino acid used in the
production of mimic 8 was an epimeric mixture at the
B-center. In addition to submitting the mixture (e.g. 8)
to biological evaluation, we decided to evaluate each
epimer (8a and b) in order to cvaluate the effect that
this center may have on the biological activity.
Unfortunately, simple chromatographic separation of
compounds 8a and b was not possible. However,

conversion of the sccondary alcohol to the chiral
camphanate derivative allowed separation of the
diastereomeric mixture (Scheme 5). Hydrolysis of the
auxiliary afforded the single diastereomerically pure
compounds which were converted to mimics 8a and b
following the procedures used for all of the other
mimics.

Biological activities

The biological activities were assayed in a system that
measured the binding of SLe' glycoconjugate to
immobilized rccombinant E-selectin.” The results of
the binding assay are shown in Tables 3 and 4. Table 3
shows the mimics that incorporate the enzymatically

Me
mixture M
1) (18)-camphanic chloride,
QH O DMAP, EtsN, THF, 23°C
BnO ~
)(Me 2) separate
BocN 3) LiOH, MeOH/H20 (3:1) , 0°C
M
pure aor B Me
0O
CIE .
BnO 5 o) —_— 8a and 8b
3 | Me
BocN, H O Me
30a, 30b
Scheme 5. Resolution of compound 8.
Table 3. IC,, values of mimics derived from the enzymatically synthesized amino acids. SLe*=0.5 mM
Structure m n X Final 1C,
compounds
| | H 2 10 mM*
1 2 H 3 10 mM?®
1 1 NH, 4 0.6 mM*
2 1 H 5 inactive”
2 2 H 6 42 mM*
HO,C 2 1 NH, 7 1 mM"
Ry 3 1 H 8 I mM"
3 1 H 8a I mM¢
3 1 H 8b I mM*
3 2 H 9 inactive
3 1 NH. 10 1.5 mM¢

L —

“The activity shown is derived from a mixture at the anomeric center only, the amino acid stercochemistry (indicated by an asterisk is R).
"These compounds were submitted as a mixture at the 2°OH on both the amino acid side chain (indicated with an asterisk) and the anomeric

center.

‘8a and 8b are enantiomerically pure at the amino acid center but the absolute stereochemistry is unknown.
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Table 4. 1C., values of mimics derived from synthetically prepared
amino acids. SLe*=0.5 mM

Structure H Final 1C,,
compounds
o, o MPon
S OH | 11 inactive
HO |
O N\H H OH
H02CJ 2 12 .3 mM
HO
HO on |1 13 0.3 mM
HO h
° N\H " o 2 14 (.2 mM
HO,C - -~ m
n

prepared amino dcids and Table 4 includes those
mimetics which contain the synthetically prepared
amino acids. The data in Tablc 3 indicate that the
distance betwcen the hydroxyl groups (m=1, 2, 3} in
the amino acid plays a role in the biological activity,
when comparing mimics 2-4 to 8-10. Interestingly the
stereochemistry of the amino acid side chain has no
effect on the biological activity, compare 8, 8a, and 8b.
The length ot the carboxylate side chain seems to he
critical lor efficient binding, and this result is more
clearly demonstrated in Table 4 (11 and 13 compared
to 12 and 14). Overall the a-disubstitutcd amino acids
(Table 4) show betier activity than the enzymatically
preparcd amino acids suggesting that thev are better
mimics of the p-galactose in the naturally occurring
SLe*. Mimic 14 which incorporates the x-dihydroxy
amino acid and a longer carboxylate side chain proved
to be the best mimic showing activity twofold better
that SLe¢*. The design and synthesis of second genera-
tion mimetics are currently underway and will he
reported in due course.

Experimental

6-Amino-6-deoxy-1,2: 3,4-di-O-isopropylidene-a-1.-galac-
topyranose (16). Aminoglycoide 16 was prepared
following May’s procedure."

The following procedure is representative for BOC
protection of the enzymatically prepared amino acids.

(28,3R)-2-Amino-4-benzyloxy-3-hydroxybuteric acid (17).
A soln of di-tert butyl dicarbonate (524 mg, 2.4 mmol)
in dioxanc (10 mL) was added to a stirred soln of
(25,3R) 2-amino-4-benzyloxy-3-hvdroxy butanoic acid
(450 mg. 2.0 mmol) in H.O (10 mL} containing Et,N
(310 ul., 2.2 mmol) at 23°C. After 10 h, the mixture
was poured into Et;O:H,O (1:1, 100 mL) and the
upper organic layer discarded. The lower aq layer was
washed with Et,0 (3 x50 mL) and then acidified to pH
3 using 1 M HCl soln. The acidic soln was then
extracted with EtOAc (5x30 mL). The combined

organic eoxtracts were washed with satd NaHCO,
(3x25 mL), dried {(MgSO,} and evapd giving 17 (644
mg, 99%) as a colorless oil: [o], +27 (¢. 1.02 in
CHCL,); '"H NMR {250 MHz; CD,0D): & 7.38-7.22
(5H, m, aromatic), 4.54 (2H, s, OCH,Ph), 4.32 {1H, br
d, J=49 Hz, H2), 407 (1H, q. J=5.0 Hz, H3), 3.62
(1H, dd, J=10.1 and 4.7 Hz, H4,H4,), 3.56 (1H, dd,
J=10.1 and 5.6 1z, H4,14,). 1.32 (9H, s, 'Bu); “C
NMR (63 MHz; CD.OD): 8 173.86, 157.95, 139.48,
129.34, 128.87, 128.66, 80.73, 74.41, 72.46, 71.70, 57.93,
28.68; HRMS (FAB, doped with CsI): found M+ Cs*,
458.0390. C, H,:NO,, requires M+ Cs' 458.0580.

(25,3R and 35)-2-Amino-5-benzyloxy-3-hydroxypro-
pionic acid (18). As for 17 above to giving 18 as a
colorless oil (83%): 'H NMR (250 MHz; CD,0D): a
7.22-7.11 (5H. m, aromatics), 4.39 (1H. s, CH,Ph),
438 (1H, s, CH.Ph), 4.22-4.18 (U0.5H. m, H2),
4.08-4.05 (1H, m, H2+13), 3.96-3.89 (0.5I1, m, I13),
356-3.44 (2H, m, 2x(5H.), 1.78-139 (2H, m,
2xC4H,). 1.32 (9H, m, 2 x 'Bu); "C NMR (63 MHz;
CD,ODj): & 174.54, 173.4Y, 156.35, 156.13, 137.42,
128.48, 127.80, 80.51, 80.25, 73.27, 71.80, 71.27, 68.45,
67.99, 58.10, 57.61, 32.71, 28.25; HRMS (FAB, doped
with CsI): found M+ Cs, 4720728, C;H,NO,
requircs M —Cs, 472.0736.

(2R,3R and 35)-2-Amino-6-benzyloxy-3-hydroxyhexa-
noic acid (19).  As for 17 above to give 19 as a color-
less oil (835%) 'H NMR {250 MHz; CD,0OD:) &
7.23-7.13 (5H, m, aromatics), 4.38 (ZH, s, 2 x CH.Ph),
4.07-3.97 (1.5H, m, 2 x H2+113), 3.72-3.68 (0.5H, m,
H3), 3.43-338 (2ZH, m, CoH.), [.67-1.46 (4H, m,
2xH4+2«H5), 1.33 (9H, s, 2x'Bu); “C NMR (63
MHz; CD.,OD): & 17457, 173.40, 156.38, 156.14,
137.63. 128.40, 127.79, 80.18, 72.89, 71.65, 70.00, 58.12,
57.61, 30.79, 30046, 28.23, 26.07; HRMS (FAB, doped
with CsI}: found M + Cs, 486.0914. C,H,,NQO, requires
M + Cs, 486.(1893.

1-Hydroxymethyl-1-benzyloxyethylhydantein (23). The
ketone intermediale was synthesized from 2-butync-
1.4-diol 22 (1.004 g, 11.66 mmol) according to the
procedure described by Hennion and Kupiecki.
However, instead of EtOH, BnOH (3.33 mL total) was
uscd. When the conversion was complete, the mixture
was extracted with CH,Cl; (3 times) and the collected
organic layers were washed with 1 M Na,CO,, 1 N
HCI, brine, dried (MgSQO.,) and concd under vacuum
silica gel CG (EtOActhexanes, 3:7) affording the
product as a colorless oil in 54% vield (1.217 g): 'H
NMR (250 MHz, CDCL): & 2.68 (t, 2, J=6.0 llz,
COCH,CH.), 3.17 (br, 1H, OH), 3.76 (t, 2H, J=6.0
Hz, CH.O), 4.28 (s, 2H, CH,OH), 4.50 (s, 2H, CH,Ph),
7.25-7.38 (m, 5H, Ph); "C NMR (63 MHz, CDCl;): &
38.83, 0480, 68.70. 73.12, 127.55, 127.66, 128.32,
137.57, 208.38.

The above ketone (1.00 g, 5.15 mmol} was converted to
the hydantain 23 following the procedure described by
Kriiger.'” Recrystallization from EtOH:H.O afforded
23 (1.092 g, 80% yicld): mp 157.5-158.5°C; 'H NMR
(400 MHz, McOD:CDCL): 6 2.12, 2.24 (m 8 lines (H,),
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dt (H,), 2H, Jox=5.9 Hz, J.,=8.3 Hz, Jux=46 Hz,
Jas=143 Hz, CCH,), 3.59-3.63 (m, 2H, CH.0), 4.31,
455 (two d, 2H, J=9.1 Hz, CH,OH), 4.48, 4.52 (two d,
2H, J=11.9 Hz, CH,Ph), 7.28-7.38 (m, 5H, Ph); "“C
NMR (100 MHz, CDCL,): 5 36.15, 63.40, 65.72, 72.98,
73.30, 127.36, 127.42, 127.96, 128.03, 137.06, 15901,
175.28; HRMS caled for C.H,N.O, (M+H*):
265.1188; found 265.1184.

N-Butyloxycarbonyl-1-henzyloxyethylserine (24). The
title amino acid was prepared from the hydantoin 23
(0.695 g, 2.63 mmol) by hydrolysis using Ba(OH), as
described by Kriiger."" After a reaction time of 48 h, 1
M NaHCQ, was added and the precipitate filtered. The
filtrate was evapd to a small vol under red. pres. and
acidified with HOAc to pH 3. Ton exchange column
chromatography (Dowex 50W H*, gradient of (.5 N
NH,OH), followed by Iyophilization afforded the
product (0.583 g, 93%) as a white solid: 'H NMR (250
MHz, D,O, ref. CH,CN)Y & 1.78-2.07 (m, 2H,
CCH,CH.), 355 381 (two d, 2H, /=114 Hz
CH,0OH). 3.62-3.67 (m, 2H, CH,0), 454 (s, 2H,
CH,Ph), 7.35-7.47 (m, 5H, Ph); "C NMR (63 MHz,
DO, Ref. CH,CN): 8 34.27, 64.00, 67.38, 67.62, 73.62,
1 .02, 129.22, 129.46, 138.05, 179.33; HRMS calcd for
C,HsNO, (M +Na~): 262.1055; found 262.1060.

The above amino acid (92 mg, 0.385 mmol} was
dissolved in a mixture of H,O (1 mL) and dioxane (1
mL). Triethylamine (64 pL, 0.46 mmol} and Boc.,O
(101 mg, 0.46 mmol) were added and the mixture was
stirred for 2 days at 23°C, during which time 3
additional portions of Boc,O (101 mg, 0.46 mmol) and
EtGN (64 mg, 0.46 mmol) were added. The dioxane was
evapd under red. pres. and the residue acidified with 1
N HCI to pH 3 and extracted with CH,Cl, (3 x5 mL).
The collected organic layers were washed with brine,
dried (MgSQ,) and coned under red. pres. Purification
by CG (CH.Cl,:MeOH, 96:4) afforded 24 as an oil (57
mg, 44%): '"H NMR (250 MHz, CDCl,): $ 1.42 (s, 9H,
C(CH.),), 2.15-2.34 (m, 2H, CCH,), 3.59-3.63 (m, 2H,
CH,CH,O), 3.83, 403 (two d, 2H, /=110 Hz,
CH,0H), 4.45, 451 (two d, 2H, J=11.7 Hz, CH,Ph),
5.50 {br, 1H, COOH), 6.25 (br, 1H, NH), 7.26-7.35
(m, 5H, Ph); “C NMR (63 MHz, CDCl,): § 28.23,
32.35, 63.62, 66.25, 73.20, 80.15, 127.73, 128.40, 137,51,
155.93, 175.95; HRMS calcd for C;H,;NO, (M+Na"):
362.1580; found 362.1573.

Coupling of N-protected amino acids 18, 19, 21, and 24
to 6-amino-6-deoxy-1,2:3,4-di-O-isopropylidene-a-L-
galactopyranose (16). The {following coupling and
deprotection procedure is identical to that which was
used in the synthesis of compounds 25-29.

Glycopeptide 25. 1-(3-Dimethylaminopropyl)-3-ethyl-
carbodiimide hydrochloride (EDCT) (124 mg, 0.65
mmol) was added to a stirred soln of 6-amino-6-deoxy-
1,2:3 4-diisopropylidene-a-L-galactopyranoside 16 (135
mg, 0.6 mmol), N-Bo¢ amino acid 17 (211 mg, 0.65
mmol), 1-hydroxy benzotriazole (HOBt) (88 mg, (.65
mmol) and 4-methyl morpholine {143 pL, 1.3 mmol) in

dry DMF (2 mL}) under argon at —20 °C. The resulting
mixture was stirred at - 20 °C for 1 h and then allowed
to warm slowly to 23 °C. After 14 h, the reaction soln
was quenched with a 5% citric acid soln (20 mL) and
cxtracted with EtOAc (6x25 mL). The combined
organic extracts were washed with satd NaHCO; soln
(50 mL), a satd NaCl soln (50 mL), dried (MgSQ,) and
evapd down under red. pres. The residual oil was
purified by silica gel flash chromatography
(40% —50% —66% EtOAc in hexanes) to give the
product (287 mg, 84%) as a white amorphous foam:
o] +7.4 (c. 1.02 in CHCL); 'H NMR (400 MHz;
CDClL,): & 7.33-7.23 (SH, m, aromatic), 6.72 (1H, m,
C6NH), 5.62 (1H, br d, J=7.4 Hz, C2'NH), 5.49 (1H,
d, /=50 Hz, H1), 456 (1H, dd, /=79 and 2.4 He,
H3), 4.55 (2H. s, OCH,Ph), 4.28 (1H, dd, /=54 and
2.4 Hz, H2), 4.23-4.20 (1H, br m, H2"), 4.16 (1H, dd,
J=79and 1.8 Hz, H4), 3.95-3.91 (2H, m, H5 + H3’),
366 (1H, ddd, /=140, 7.5 and 3.6 Hz, H6H6,),
3.65-3.58 (2H, m, C4'H,), 3.46 (1H, br d, /=70 Hz,
C3'0OH}), 3.17 (1H, ddd, /=140, 9.1 and 45 Hz,
H6 H6,). 1.45 (3H, s, acetonide Me), 143 (3H, s,
acetonide Me), 1.41 (9H, s, 'Bu), 1.31 (3H, s, acetonide
Me), 1.28 (3H, s, acetonide Me); "C NMR (100 MHz;
CDCL): & 170.64, 155.60, 137.77, 12841, 12822,
127.84, 109.48, 108.79, 96.37, 79.95, 73.45, 71.76, 71.48,
71.45, 70.80, 70.43, 65.63, 55.75, 40.03, 28.26, 25.93,
24.88, 24.32; IR 3349, 2979, 2933, 1712, 10666, 1497,
1454, 1382, 1369, 1253, 1211, 1167, 1110, 1070, 1006,
901, 859, 736, 698 cm '; HRMS (FAB, doped with
Csl): found M +Cs*, 699.1876. C,.H,N,O,, requires
M+Cs* 699.1894, Elemental analysis found: C, 39.07;
H, 7.39; N, 494, C,H,N.O,, requires C, 59.35; H,
7.47; N, 494,

A soln of the above glycopeptide (187 mg, 322 pmol)
with 109% TFA n dry CH,Cl, (2 mL) was stirred under
argon at 23°C. After 2 h, the soln was evapd down
under red. pres. and the residual oil dissolved up in
n-BuOH:H,0:MeOH (5:3:2 10 mL). To the soln was
added Dowex (Cl™ form, prewashed with MeOH, 100
mg) and the mixture stirred for 30 min, filtered and the
solid washed with MeOH (3 x3 mL). The combined
filtrate and washings were then evapd down under red.
pres. The residual oil was purified by silica gel flash
chromatography ~ (19:0.9:0.1-14:0.9:0.1 CH/Cl:
MeOH:NH,0OH) 10 give 25 (108 mg, 709%): [of, +2.0
(c. 2.22 in CHCL,); '"H NMR (400 MHz; CDCl,): 8 7.51
(1H, br dd, /=7.3 and 4.4 Hz, CoNH), 7.31-7.21 (53H,
m, aromatic), 545 (1H, d, /=5.0 Hz, H1), 454 (1H, d,
J=11.9 Hz, OCH,H,Ph), 452 (IH. dd, /=79 and 2.4
Hz, H3), 445 (1H, d, /=119 Hz, OCH H,Ph), 4.24
(1H, dd, J=5.00 and 2.4 Hz, H2), 4.13 (1H, dd, /=79
and 1.7 Hz, H4), 388-383 (2ZH, m, H5+H3"),
3.66-3.335 (2H, m, H6,H6, + C4'H.), 341 (1H, d,
J =119 Hz, H2'), 3.17 (1H. ddd, /=140, 9.1 and 4.4
Hz, C6H H,), 2.80-1.50 (2H, br s, C2'NH,), 1.42 (3H,
s, acetonide Me), 1.40 {3H, s, acetonide Me), 1.27 (3H,
s, acctonide Me), 1.23 (3H. s, acetonide Me); “C NMR
(100 MHz; CDCL): & 174.27, 13793, 128.39, 127.68,
127.65. 109.38, 108.70, 96.28, 73.41, 72.26, 71.59, 71.42,
70.76, 70.46, 66.16, 56.58, 39.70. 25.95, 2593, 2491,
24.29;: TR 3367, 2986, 2932, 1654, 1529, 1454, 1382,
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1254, 1211, 1166, 1108, 1068, 1005, 900, 738, 698 cm ™ ';

HHRMS (FAB. doped with Csl) found: M+Cs*,
599.1353. C.,H,.N,O, requircs M+ Cs* 599.1364.

Glycopeptide 26. Following the coupling procedure
described above afforded 88% of a pale yellow
amorphous foam: 'H NMR (400 MHz; CDCI,)
7.33-7.22 (5H, m, aromatic), 6.96 (0.3H, br m, Co6NH),
6.89 (0.5H, br m, C6NH). 5.58 (0.5H, br d, C2'NH),
5.55 (0.5H, br d, C2'NH). 547 (1H, apparent ft,
2xHI), 455 (1H, dt, J=79 and 2.3 Hz, 2xH3),
4.52-445 (2H, m, 2xCH,Ph), 4.26 (0.5H, dd, J=5.0
and 2.3 Hz. H2), 4.25-4.21 (0.5H, m, H2'}, 4.24 (0.5H,
dd, /=5.0 and 2.3 Hz, H2), 4.16 (1H, dt, /=7.9 and 1.8
Iz, 2xH4), 4.14-4.10 (0.5H, m, H2), 4.09-4.06
(0.5H. m, H3'), 3.95-3.90 (1H, m, 2 x H3), 3.87-3.80
(0.5H, m, H3'). 3.70-3.58 (4H, m, 2xHe6H6, +
2xC3OH+ 2xCS5'H,), 3.23 (0.5H, ddd, /=139, 8.7
and 4.3 Hz, H6,H4,), 3.22 (0.5H, ddd, J=13.9, 9.3 and
4.5 Hz, H6,H6,), 2.01-1.06 (ZH. m, 2x C4'H,), 1.42
(6H, s, acetonide Mc), 1.41 (4.5H, s, '‘Bu), 1.40 (4.5H,
s, 'Bu), 1.30 (3H, s, acetonide Me), 1.25 (1.5H, s, aceto-
nide Me), 1.23 (1.5H, s, acetonide Me); “C NMR (100
MHz; CDClL): 6 171.00, 170.80, 155.96, 155.63, 137.99,
137.87, 128.48, 128.44, 12842, 12838, 128.32, 127.70,
127.65, 10946, 10940, 108.78, 108.69, 96.39, 96.28,
79.92, 79.79, 73.24, 73.21, 71.53, 71.44, 7079, 70.69,
70.46, 70.42, 68.45, 67.49, 63.72, 65.38, 57.66, 57.44,
39.96, 33.51, 31.82, 29.63, 28.29, 2590, 2582, 24.93,
24.85, 24.31; TR 3343, 2979, 2933, 1707, 1654, 1497,
1454, 1369, 1254, 1211, 1167, 1110, 1071, 1008, 902,
86(), 735, 698 ¢cm'; HRMS (FARB, doped with Csl)
Found M+Cs, 7132081, C,H.N,O,, requires
M+ Cs*, 713.2050; elemental analysis found: C, 59.90;
H. 7.77; N, 4.74. C,H,N,0,, requires C, 60.00; H,
7.04; N, 4.82.

Deprotection of the BOC group as above gave 26
(85%) as a yellow foam: 'H NMR (400 MHz; CDCI,):
6 7.63 (0.5H, br m, C6NH), 7.50 (0.5H, br m, CoNH),
7.34-7.24 (5H, m, aromatic), 5.50 (0.5H, d. /=5.0 Hz.
H1), 549 (0.5H, d, J=5.0 Hz, H1), 4.57 (1H, dd, /=79
and 2.3 Hz, 2xH3), 449 (2H, s, 2 xOCH,Ph), 4.28
(0.5H, dd, J=5.0 and 2.4 Hz, H2), 427 (0.5H, dd,
J=50 and 2.4 He, H2), 4.17 (IH, dt, J=79 and 2.0
Hz 2xH4), 4.06-4.03 (0.5H, m, H3"), 3.95-3.87
(1.5H, m, 2x H5+H3"), 3.75-3.63 (3H, m, 2 x H6, H6,,
+ 2xC5'Hy), 3.32 (05H, br d, J=63, 112%), 330
(USH., br d, /=44, H2), 324-3.14 (IH, m,
2xH6,H6,), 198-1.73 (dH. m, 2xC2'NH.+
2xC4H,), 1.44 (3H, s, acetonide Mc), 1.43 (3H, s,
acetonide Me), 1.31 (3H, s, acctonide Me), 1.28 (3H, s,
acetonide Me); "C NMR (63 MHz CDCl): 3
173.770,137.81, 128.39, 127.66, 109.35, 108.66, 96.29,
73.31, 7259, 71.62, 71.29, 70.76, 70.46, 68.12, 66.21,
66.12, 58.45. 39.69, 39.61, 32.24, 2591, 2491, 24.27; IR
3362, 2984, 2923, 1654, 1527, 1454, 1382, 1255, 1211,
1167, 1109, 1069, 1006, 901, 859, 739, 698 cm ~'"HRMS
(FAB, doped with Csl) Found M4+ H, 481.2573.
C, H, N,O, requires M+, 481.2550; elemental
analysis found: C, 59.76; H, 7.57. N, 5.60. C,,H,,N.O,
requires C, 60.00; H, 7.55; N, 5.83.

Glycopeptide 27. Via the procedure described above,
the product was obtained (86%) as a pale yellow
amorphous foam: 'H NMR (400 MHz; CDCL): &
7.33-7.25 (5H, m, aromatic}, 6.82 (0.5H, br m, C6NH),
60.64 (05H, br m, C6NH), 5.49-545 (1H. br s,
2xC2'NH). 548 (0.5H, d, J=5.0, HI1), 5.47 (0.5H, d,
J=5.0, Hl), 458-4.55 (IH, dm, /=79, 2x H3), 449
(1H, s, CH,Ph), 448 (1H, s, CH,Ph), 4.27 (0.5H, dd,
J=5.0 and 2.3, H2), 426 (0.5H, dd, J=5.0 and 2.3,
H2}), 417 (1H, dd, J=7.9 and 1.5, 2 x H4), 4.12 (0.5H,
br d, H2'), 4.09-4.06 (0.5H, m, H2"), 3.98-3.92 (1.5H,
m. 2xH5+H3), 3.78-3.76 (1H, m, 2xC3'0OH),
3.69-3.56 (1.5H, m, 2 x Ho Ho, +H3'), 3.51-3.43 (ZH,
m, 2xCo6'H;), 320-3.15 (IH. m, 2xH6H6,),
1.85-1.49 (4H, m, 2x C4'H.+2 x C53'H,), 1.44 (3H, s,
acetonide Me), 1.42 (9H, s, 2 x 'Bu), 1.41 (3H, s, aceto-
nide Me), 1.31 (3H, s, acetonide Me), 1.27 (3H, s,
acetonide Me); ""C NMR (100 MHz; CDCL): 3 171.63,
171.43, 156.02, 155.09, 138.30, 138.08, 128.40, 128.34,
127.71, 127.63, 127.53, 109.53, 10942, 108.73, 96.39,
96.31, 79.91, 7299, 72.86, 71.52, 71.46, 71.29, 70.79,
7045, 70.26, 70.11, 65.63, 65.50, 57.77, 57.27, 39.98,
3049, 29.62, 2828, 2640, 2603, 2592, 2495, 2485,
24.30: IR 3345, 2980, 2933, 1707, 1662, 1497, 1454,
1369, 1254, 1167, 1110, 1070, 10417, 918, 902, 859, 736,
698 cm~'; HRMS (FAB, doped with Csl): found
M+Cs, 7272237, C H,N,O,, requires M+Cs,
727.2207.

Via the deprotection procedure described, 27 was
obtained (86%) as a yellow foam: '"H NMR (400 MHz;
CDCl.): 8 7.59 (0.5H. br m, C6NH), 7.44 (G.5H, br m,
C6NH), 7.35-7.26 (5H, m, aromatic), 549 (1H, d,
J=50 Hz, 2xHI), 457 (1H, dd, J=7.9 and 2.3 Hz,
2xH3), 450 (ZH, 5, 2x OCH,Ph), 4.30-4.27 (1H, m,
2xH2), 419 (IH, d, /=79 Hz, 2xH4), 4.01-3.98
(0.5H, m, H3"), 3.95-3.89 (1.0H, m. 2 x H3), 3.71-3.64
(1.5H, m, 2xH6H6, + HY), 3.36-3.49 (ZH, m,
2x Ch6'H,). 3.28-3.18 (TH, m, 2 x H6aHé6,), 3.24 (0.5H,
br d. J=3.6 Hz, H2"), 3.21 (0.5H, br d, J=45 Hzg,
H2'), 1.85-145 (6H, m, 2xC2'NH,+2xC4'H,+
2xC5'H,), 1.45 (3IL s, acetonide Me), 1.44 (3H, s,
acetonide Me), 1.32 (3H, s, acetonide Me), 1.29 (3H, s,
acetonide Me): “C NMR (63 MHz; CDCl,): 3 174.71,
174.07, 138.22, 138.13, 128.33, 127.64, 109.35, 108.65,
96.27, 73.21, 72.90. 71.89, 71.62, 70.76, 7046, 70.23,
66.18, 66.00, 58.79, 38.64, 39.66, 30.04, 29.86, 29.62,
26.36, 25.92, 25.71. 24.89, 24.24; 1R 3368, 2987, 2932,
2857, 1657, 1526, 1454, 1383, 1255, 1211, 1167, 1109,
1070, 1007, 919, 902, 736, 698 cm '; HRMS (doped
with Csl): found M+ H, 495.2727. C,sH..N,O, requires
M +H, 495.2706. Elemental analysis: found; C, 61.01;
H, 802; N, 5.36. C,;HN,O, requires; C, 060.71; H,
7.74; N, 5.66.

Glycopeptide 28, Via the coupling procedure
described above affording the product (87%) as a
colorless oil: o], +14 (c. 2.88 in CHCL); 'H NMR
(400 MHz; CDCL,): & 7.33-724 (11H, m, 2 x aroma-
tics+CONH), 564 (1H. br s, C2'NH), 545 (1H, d,
J=5. He, H1), 455 (1H, dd, /=8.0 and 2.4 Hz, H3),
4.53-4.47 (4H, m, 2 x OCH,Ph). 4.27 (IH, dd, J=5.0
and 2.4 Hz, H2), 4.17 (1H, dd. 7=7.9 and 1.7 Hz, H4),
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3.98-3.95 (2H, br m, 2x CH,H,OBn), 3.91 (1H, ddd,
J=8.5, 48 and 1.8 Hz, HS5), 3.88-3.83 (2H, br m,
2 x CH,H,OBn), 3.60 (1H, ddd, /=137, 7.4 and 4.8
Hz, H6,H6,), 3.32 (1H, ddd, J=13.7, 85 and 4.5,
H6,H6,), 1.43 (3H, s, acetonide Me), 1.42 (3H, s,
acetonide Me), 1.40 (9H, s, 'Bu), 1.29 (3H, s, acetonide
Me), 1.28 (3H, s, acetonide Me); *C NMR (100 MHz;
CDCly): & 171.28, 154.74, 137.74, 137.69, 128.48,
128.42, 128.35, 128.26, 127.67, 127.58, 109.34, 108.69,
96.26, 73.55, 73.47, 71.44, 70.79, 70.53, 70.04, 65.94,
62.07, 39.85, 28.29, 26.05, 25.96, 25.03, 24.43; IR 3380,
2979, 2923, 1715, 1678, 1484, 1454, 1367, 1253, 1211,
1167, 1097, 1070, 1006, 901, 739, 698 cm~'; HRMS
(FAB, doped with Csl): found M+Cs, 789.2385.
CsHuN,O,, requires M+Cs, 789.2363; clemental
analysis found: C, 64.04; H, 7.58; N, 4.36. C,sH \N,O,,
requires C, 64.00; H, 7.36; N, 4.26.

Via the deprotection procedure described above, 28
was obtained (66%) as a colorless oil: [a],, +9.7 (¢ 5.7
in CHCL); 'H NMR (400 MHz; CDCl,): & 8.05-8.01
(1H, m, C6éNH), 7.34-7.24 (10H, m, 2 x aromatics),
5.47 (1H, d, J=5.0 Hz, H1), 4.53 (1H, dd, J=7.9 and
2.4 Hz, H3), 4.54-4.44 (4H, m, 2x OCH,Bn), 4.27 (1H,
dd, 7=5.0 and 2.4 Hz, H2), 4.15 (1H, dd, /=79 and
1.7 Hz, H4), 3.87 (1H, ddd, J=8.6, 42 and 1.6 Hz,
H5), 3.77 (1H, d, / = 8.9 Hz, CH,H,OBn) 3.64 (1H, d,
J=9.0, CH,H,OBn), 3.64-3.58 (1H, m, H6,H6,), 3.53
(1H, d,J = 8.8 Hz, CH,H,OBn) 3.52 (1H, d, J = 9.0 Hz,
CH,H,OBn) 3.25 (1H, ddd, J=13.8, 8.6 and 4.4 Hz,
H6,H6,), 1.97 (2H, br s, C2'NH,), 1.43 (3H, s, aceto-
nide Me), 1.38 (3H, s, acetonide Me), 1.30 (3H, s,
acetonide Me), 1.28 (3H, s, acetonide Me); "C NMR
(100 MHz; CDCl,): & 175.84. 109.50, 108.76, 96.40,
71.50, 70.81, 70.46, 65.65, 65.43, 61.96, 39.79, 25.89,
25.80, 24.83, 24.24; IR 3378, 2985, 2917, 2861, 1670,
1517, 1453, 1382, 1254, 1211, 1169, 1097, 1070, 1006,
902, 738, 698 cm '; HRMS (FAB, doped with Csl):
found M +Cs, 689.1818. C,,H,N,O, requires M+ Cs,
689.1839. Elemental analysis found: C, 64.57; H, 6.97;
N, 4.96. C, H, )N Oy requires C, 64.73; H, 7.24; N, 5.03.

Glycopeptide 29. Via the coupling procedurc
described above, the product was obtained (78%) as a
pale yellow amorphous foam: 'H NMR (400 MHz;
CDCL): 6 7.35-7.25 (5H, m, aromatic), 6.96 (0.5H, br
s, C6NH), 6.83 (0.5H, br s, C6NH), 6.41 (0.5H, br s,
C2'NH), 5.93 (0.5H, br s, C2’'NH), 548 (1H, t, J=5.2
Hz, 2xHI1), 4.57 (0.5H, dd, J=7.9 and 2.4 Hz, H3),
4.56 (0.5H, dd, J=7.9 and 2.4 Hz, H3), 4.51-4.45 (2H,
m, 2 x OCH,Ph), 4.28 (0.5H, dd, /=5.0 and 2.4 Hz,
H2), 427 (0.5H, dd, /=5.0 and 2.4 Hz, H2), 4.19
(0.5H, dd, /=79 and 1.8 Hz, H4), 4.16 (0.5H, dd,
J=79 and 1.7 Hz, H4), 4.15-410 (1H, m,
2x CHH,OH), 4.00-3.90 (2.0H, m, 2xHS5+2x
CH,H,OH), 3.70-3.51 (4H, m, 2 x H6,H6, +2 x C4'H,
+2xCH,OH), 3.25-3.18 (1H, m., 2xH6H6.),
2.31-2.09 (2H, m, 2x C3'H,), 1.45 (1.5H, s, acetonide
Me), 1.44 (1.5H, s, acetonide Me), 1.43 (3H., s, aceto-
nide Me), 1.39 (9H, s, 2 x'Bu), 1.30 (3H, s, acctonide
Me), 1.29 (1.5H, s, acetonide Me), 1.28 (1.5H, s, aceto-
nide Me); "C NMR (100 MHz; CDCl,): & 173.99,
173.09, 155.08, 137.53, 137.48, 128.45, 127.84, 127.73,

109.38, 108.75, 96.35, 80.08, 73.31, 73.27, 71.53, 70.79,
70.48, 66.74, 66.58, 66.48, 65.61, 65.40, 63.26, 62.70,
39.99, 33.55, 32.79, 29.67, 28.40, 28.31, 28.25, 25.97,
2496, 2491, 24.31, 24.27;, IR 3374, 2979, 2935, 1717,
1667, 1486, 1455, 1369, 1254, 1212, 1167, 1070, 1005,
902, 734, 698 cm~'; HRMS (FAB, doped with Csl):
found M +Cs, 713.2074. C,,H,N,O,, requires M +Cs,
713.2050. Elemental analysis found: C, 60.26; H, 7.78;
N, 4.92. C,,HuN,O,, requires C, 60.00; H, 7.64; N,
4.82.

Via the deprotection procedure described above
affording 29 (73%) as a yellow foam: 'H NMR (400
MHz; CDCl,): 8 8.13 (0.5H, br m, NH), 8.04 (0.5H, br
m, NH), 7.34-7.24 (5H, m, aromatic), 5.50 (1H, d,
J=35.0, 2x H1), 4.58-4.55 (1H, dm, J=7.9 Hz, 2 x H3),
450 (0.5H, d, J=11.7 Hz, OCH,H,Ph), 445 (1H, s,
OCH,Ph), 4.44 (0.5H, d, J=11.7 Hz, OCH H,Ph), 4.28
(1H, dd, J=5.0 and 2.4 Hz, 2xH2), 417 (1H, dm,
J=79, 2xH4), 405-4.02 (0.5H, m, H5), 3.91-3.88
(0.5H, m, H5), 3.79 (0.5H, d, J = 11.0 Hz, CH,H,OH),
3.72 (0.5H, d, J=10.9, CH ,H,OH), 3.69-3.55 (3H, m,

,,,,, 346 (0SH, d, J=109,
CH,H,OH), 3.34 (0.5H, d, J=11.0 Hz, CHH,OH),
3.21 (0.5H, ddd, J=14.1, 9.1 and 4.6 Hz, H6,H$,), 3.15
(0.5H, ddd, J=14.0, 9.7 and 4.9, H6 ,H6,), 2.20-1.60
(2H, br s, C2’'NH,), 2.09-2.00 (1H, m, C3'H,), 1.87
(0.5H, ddd, J=14.7, 7.0 and 4.6 Hz, H3' H3')), 1.79
(0.5H, ddd, J=14.6, 74 and 4.5 Hz, H3' H3'), 1.47
(1.5H, s, acetonide Me), 1.43 (4.5H, s, acetonide Me),
1.31 (3H, s, acetonide Me), 1.28 (3H, s, acetonide Me);
"“C NMR (100 MHz; CDCl,): 8 176.89, 176.71, 138.00,
137.92, 128.40, 128.36, 128.33, 128.30, 127.69, 127.66,
109.46, 109.40, 108.75, 108.63, 96.53, 96.35, 73.21,
73.15, 71.70, 71.54, 70.91, 70.82, 70.47, 69.28, 68.83,
66.90, 66.83, 66.03, 65.10, 60.86, 60.43, 39.79, 39.72,
35.53, 3537, 2598, 25.96, 25.93, 25.76, 24.96, 24.87,
24.31; 1R 3372, 2973, 2933 , 1650, 1522, 1382, 1254,
1211, 1166, 1103, 1069, 1005, 902 cm " '; HRMS (FAB,
doped with Csl): found M+Cs, 613.1550. C,,H,,N,O,
requires M +Cs, 613.1526.

The coupling reaction of amine 25 with succinic
anhydride is shown below and is representative of the
procedure used for the synthesis of all mimics. This
procedure was also used for the glutaric derivatives:

Coupling procedure of amine 25 with succinic anhydride.
Succinic anhydride (6.6 mg, 66 umol) was added to a
stirred solution of amino glycopeptide 25 (28.8 mg, 56
umol) in MecOH (2 mL) at 23°C. After 30 min, the
solution was evaporated down under reduced pressure.
The residual solid was purified by silica gel flash
chromatography (2—35% acetic acid in EtOAc) to give
the product (24.6 mg, 71%) as a white amorphous
foam: [«], +1.8 (¢ 2.52 in CHCl); 'H NMR (400
MHz; CD,OD): 3 7.90 (1H, br t, J=5.6 Hz, C6NH),
7.38-7.24 (5H, m, aromatic), 5.46 (1H, d, /=5.0 Hz,
H1), 4.60 (1H, dd, /=79 and 2.4 Hz. H3), 456-4.51
(3H, m, H2' + OCH.Ph), 4.33 (1H, dd, J=5.0 and 24
Hz, H2), 4.20 (1H, dd, J=79 and 1.8 Hz, H4), 4.03
(1H, br dd, J=10.2 and 5.2 Hz, H3"), 3.94 (1H, ddd,
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J=84, 4.4 and 1.7 Hz, HS), 3.62 (1H, dd, /=10.2 and
4.1 Hz, H4' H4')), 3.58 (1H, dd, /=102 and 5.2 He,
H4'.H4',), 3.47-3.41 (1H. m, H6 H6,), 3.28-3.24 (1H,
m, H6,H6,), 2.60-2.46 (4dH, m, C2"H,+C3"H,), 1.46
(3H, s, acetonide Me), 1.40 (3H, s, acetonide Me), 1.32
(3H, s, acetonide Mg), 1.30 (3H, s, acetonide Me); "'C
NMR (100 MHz; CD,OD): & 174.54, 172.38, 139.55,
12939 129.04, 12900, 128.73, 11048, 109.99, 9781,
74.43, 72.65, 72.15, 71.87, 71.33, 67.51, 57.10, 41.06,
40.94, 31.62, 26.41, 26.33, 25.19, 24.57; IR 3304, 2986,
2033, 1721, 1643, 1536, 1453, 1382, 1254, 1211, 1166,
1109, 1069,
(FAB, doped with Csl): found M+Cs*™, 699.1510.
CH:NO,, requires M+ Cs* 699.1530.

The coupling reaction of amine 25 with the N-Cbz-
y-benzyl ester of aspartic acid is shown below and is
representative of the procedure used for the synthesis
of all mimics:

Coupling of amine 25 with the N-Cbz-y-benzyl ester of
aspartic acid. EDCI (14.3 mg, 75 pmol) was added to
a stirred soln of 25 (33.4 mg, 71.5 umol), N-Cbz-
v-benzyl ester of aspartic acid (26.8 mg, 75 pmol),
HOBt (10.1 mg, 75 pmol) and 4-methyl morpholine (17
ul., 150 pmol ) in dry DMF (2 mL) under argon at
—20°C. The resulting mixturc was stirred at —20°C
for 1 h and then allowed to warm slowly to 23 °C. After
12 h. the reaction soln was quenched 5%, w/v citric acid
solution (20 mL} and extracted with EtOAc {6 x25
mL). The combined organic extracts were washed with
satd NaHCO, soln (50 mL) and satd NaCl soln (50
mL), dried (MgS0O,) and evapd down under red. pres.
The residual oil was then purified by silica gel flash
chromatography  (40%—-50% -»66%  EtOAc in
hexancs) to give the product (43.2 mg, 75%) as a pale
yellow oil: [a], +2.4 (¢ 1.57 in CHCL); 'H NMR (400
MHz; CDCl,): ¢ 7.56 (1H, br d, /=79 Hz, C2'NH),
7.35-7.24 (15H, m, aromatic), 6.92-6.90 (1H, br m,
C6NH), 5.88 (1H, br d, J=8.7 Hz, C2"NH), 5.48 (1H,
d,/=5.0 Hz, H1), 5.12-5.03 (4H, m, OCH,Ph [ester &
Cbz]), 4.60-4.47 (4H, m, H2' + H2" + OCH,Ph [Et20}),
456 (1H, dd, /=79 and 2.3 Hz, H3), 427 (1H, dd.
J=5.0 and 2.4 Hz H2), 4.15 (1H, dd, /=79 and 1.7
Hz, H4), 4.04--4.00 (1H, br m, H3"), 3.90-3.87 (1H, m,
H5), 3.70-3.54 (4H, m, H6,H6,+ C3'OH+C4'H2),
3.15 (1H, ddd, J=14.0, 94 and 4.2 Hz, H6,H6,), 3.07
(1H, dd, /=17.2 and 4.5 Hz, H3" H3';), 2.78 (1H, dd,
J=172 and 4.5 Hz, H3' H3',), 1.44 (3H, s, acetonide
Me), 1.43 (3H, s, acetonide Me), 1.31 (3H, s, acetonide
Me), 1.27 (3H, s, acetonide Me); “C NMR (100 MHz;
CDCL): & 17168, 17039, 16947, 15599, 137.69,
135.85, 135.22. 138.59, 128.56, 128.43, 128.41, 128.29,
128.25, 127.89, 127.81, 109.47, 108.85, 96.30, 73.42,
71.45, 71.24, 70.76, 70.66, 7041, 67.39, 66.96, 66.12,
55.45, 51.30, 39.96, 36.26, 25.94, 2490, 24.31; IR 3304,
29806, 2934, 1729, 1647, 1533, 1498, 1454, 1328, 1255,
1212, 1167, 1109, 1068, 1003, 901, 739, 697 c¢m ',
HRMS (FAB, doped with Csl): found M+Cs?*,
938.2453. C,,H;N,O,; requires M+Cs™ 938.2476.
Elemental analysis found: C, 62.35; H, 6.15; N, 4.99.
C..H: N,O,, requires C, 62.60;: H, 6.38; N, 5.21.

1004, 900, 752, 698 cm '; HRMS.

Resolution of enantiomerically pure alcohol 30a and b

Compound 27 was resolved by conversion of the
secondary atcohol to the chiral camphanate derivative,
separation using HPLC, and hydrolysis of the chiral
auxiliary using conditions reported in the literature."”
Expcrimental data for selected intermediates is shown
below. After resolution the coupling and deprotection
sequence is identical to those used for all of the
mimics.

Conversion of 27 to 30a. Data for the camphanate
derivative. 'H NMR (400 MHz; CDCL,): § 7.34-7.23
(5H, m, aromatic), 6.56~6.54 (1H, br m, C6NH), 5.46
(1H, d, J=5.0 Hz, H1), 538 (1H, br d, /=84 Hz,
C2'NH), 5.07-5.04 (1H, br m, H3"), 4.64-4.61 (1H, br
m, H2%), 457 (1H, dd, /=79 and 2.4 Hz, H3), 4.46
(2H, s, OCH,Ph), 4.27 (1H, dd,J=5.0 and 2.4 Hz, H2),
4.17 (1H, dd, J=7.9 and 1.8 Hz, H4), 3.91 (1H, ddd.
J=8.1, 43 and 1.7 Hz, H5), 3.62 (1H, ddd, J=14.0, 7.0
and 4.4 Hz, H6,H6,), 3.49-3.40 (2H, m, C6'H,), 3.27
{1H, ddd, f=14.0, 8.2 and 4.4, H6,H6,), 2.39 (1H, ddd,
J=13.6, 10.8 and 4.2, camphanate), 2.05 (1H, ddd,
J=13.6, 9.3 and 4.3 Hz, camphanate), 1.88 (1H, ddd,
J=13.1, 10.8 and 4.6 Hz, camphanate), 1.80-1.56 (5H,
m, C4'H,+C5'H, +camphanate). 1.44 (3H, s, aceto-
nide Me), 1.43 (3H, s, acectonide Me), 1.41 (9H, s, '‘Bu),
1.31 (3H, s, acctonide Me), 1.26 (3H, s, acetonide Me),
1.08 (3H, s. camphanate Me), 1.04 (3H, s, camphanate
Me), 0.96 (3H, s, camphanate Me); “C NMR (100
MHz; CDCL,): 8 178.23, 168.35, 167.66, 155.35, 138.26,
128.36, 127.73, 12758, 109.49, 108.68, 96.27, 61.13,
80.07, 76.48, 72.97, 71.61, 70.77, 70.49, 69.59, 65.23,
55.65, 54.86, 54.19, 40.20, 30.72, 2895, 28.28, 2596,
25.76, 25.69, 24.93, 24.28, 16.55, 16.51, 9.69; IR 3350,
2977, 2934, 1789, 1716, 1673, 1494, 1454, 1369, 1312,
1258, 1211, 1167, 1104, 1069, 1006, 754, 698 cm™'; MS
(FAB, doped with CsI): found M4+Cs', 907.3033.
C.HN;O,, requires M+Cs* 907.2993; found: C,
61.74; H, 7.33; N, 3.48. C, H N,O,; requires C, 6199,
H, 7.54; N, 3.61.

Data for 30a. 'H NMR (400 MHz; CDCL): &
7.34-7.23 (SH, m, aromatic), 6.63 (1H, br 5, CoNH),
5.49-547 (1H, br m, C2'NH), 548 (1H, d, /=5.0 Hz,
H1), 4.56 (1H, dd, J=7.9 and 2.4 Hz, H3), 447 (ZH, s,
OCH.Ph), 427 (1H, dd, J=5.0 and 2.4 Hz, H2), 4.17
(1H, dd. /=79 and 1.7 Hz, H4), 3.98-3.92 (2H, m,
H5+H2), 3.77 (lH, br d, J=5.0 Hz, C3'-OH;
disappears when shaken with D,0), 3.67 (1H, ddd.
J=14.0, 7.5 and 3.7 Hz. H6,H6,), 3.60-3.55 (1H, m,
H3'; when shaken with D,0 gives a ddd, J =89, 6.2
and 2.9 Hz), 3.52-3.43 (2H, m, C6'H,), 3.17 (1H, ddd,
J=14.0, 9.0 and 44, H6H6,), 1.86-152 (4H, m,
C4'H,+ C5'H,). 1.43 (3H, s, acetonide Mc), 1.42 (3H,
s, acetonide Me), 1.41 {SH, s, ‘Bu), 1.31 (3H, s, aceto-
nide Me), 1.27 (3H. s, acetonide Me}; “C NMR (100
MHz; CDCL.}: 8 171.62, 155.68, 138.34, 12835, 127.64,
127.53, 109.52, 108.73, 90.38, 79.93, 77.23, 72.93, 72.86,
71.44, 70.78, 7041, 70.10, 6547, 57.78, 3998, 30.46,
28.28, 26.04, 25.90. 24.85, 24.30; IR 3337, 2979, 2934,
1703, 1657, 1497, 1454, 1368, 1254, 1211, 1167, 1110,
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1070, 1006, 902, 737, 698 em ' MS (FAB, doped with
Csl): found M +Cs-, 727.2229. C,,H,,N,O,, requires
M+ Cs*' 727.2209; found: C, 6(.24; H, 7.57; N. 4.59.
CiHy N, Tequires C, 60.59; H, 7.80; N, 4.71.

Conversion of 27 to 30b. Data for the camphanate
derivative. 'H NMR (400 MHz; CDCL): § 7.32-7.22
(3H, m, aromatic), 6.69 (1H, br s, C6NH), 5.58-5.54
(IH, br m, H3"), 5.44 (1H, d, J=5.0, HI), 5.29 (1H, br
d, /=93, C2’'NH), 435 (IH. dd. /=79 and 2.3 Hz,
H3), 4.44 (2H, s. OCH,Ph), 4.38 (1H, br dd, 7=9.1 and
3.0 Hz, H2'), 425 (1H, dd. J=5.0 and 2.3 Hz, [12),
412 (1H, dd, J=79 and 1.5, H4), 3.85-3.80 (1H, m,
H5). 3.61-3.55 (1H. br m, H6,H6&,), 3.45-3.42 (2H, m,
C6'H.), 3.15 (IH, ddd. J=13.9, 8.4 and 3.7, H6,H6,),
2.41-2.34 (1H, br m, camphanate), 1.98-1.84 (ZH, m,
2 x camphanate), 1.78-1.57 (5H, m, C4'H,+C5'H,+
camphanate), 141 (15H, s, 'Bu+2 xacetonide Me),
1.30 (3H, s, acetonide Me), 1.25 (3H, s, acetonide Me),
1.06 (3H, s, camphanate Me), 1.00 (3H, s, camphanatc
Me), 0.87 (3H, s, camphanate Me); "C NMR (100
MHz; CDCL,): & 178.34. 169.16, 166.58, 155.57, 138.33,
128.32, 127.61, 127.50, 109.44, 108.70, 96.14, 91.09,
80.55, 74.82, 72.77, 71.64, 70.74, 7042, 6942, 65.79,
56.49, 54.86. 54.35, 40.14, 30.88, 28.86, 28.22, 27.66,
25.98, 25.46, 24,95, 24.29, 16.58, 16.36, 9.65; IR 3328,
2977, 2934, 1790, 1753, 1712, 1675, 1516, 1454, 1368,
1309, 1258, 1211, 1167. 1106, 1088, 1006, 753, 698
cm™ ' MS (FAB, doped with CsI): found M+Cs™,
907.3031. C,HN,O,; requires M~+E€s* 907.2993;
found: C, 61.83; H, 7.34; N, 3.47. C,\H.\N,O,; requires
C,61.99; H, 7.54; N, 3.61,

Data for 30b. 'H NMR (400 MHz; CDCL): 3§
7.35-7.25 (SH, m, aromatic), 6.83-6.80 (1H, br m,
C6NH), 5.47 (ZH, br d, J=5.0 Hz, H1 4+ C2’NH), 4.57
(1H, dd, /=79 and 2.4 Hz, H3), 4.49 (2H, 5, OCH,Ph),
427 (1H, dd, J=5.0 and 2.4 Hz, H2), 4.17 (1H, dd,
J=79 and 1.7 Hz, H4), 412 (IH, br d m, J=7.7 Hz,
H2"), 4.09-4.03 (1H, br m, H3’; when shaken with D,Q
gives a ddd, J=89, 6.2 and 2.9 Hz), 393 (1H, ddd,
J=8.7, 3.8 and 1.6 Hz, HS), 3.79 (1H, br 5, C3"-OH;
disappears when shaken with D,0), 3.62 (1H, ddd,
J =140, 7.2 and 4.0 Hz, H6,H¢,), 3.52-3.49 (2H, m,
Co'H,), 3.22 (IH, ddd, J=14.0. 87 and 4.6 He,
Ho H6,), 1.81-1.51 (4H, m, C4'H,+ C5'H,), 1.44 (6H,
s, 2xacetonide Me), 1.42 (9H, s, 'Bu), 1.31 (3H, s,
acetonide Me). 1.27 (3H, s, acetonide Me); "C NMR
(100 MHz; CDCL): § 171.42, 155.02, 138.05, 12842,
127.72, 127.65. 109.42, 108.73, 96.38, 79.92, 73.00,
71.51, 71.31, 7079, 70.45, 70.28, 65.60, 57.25, 39.96,
29.63, 28.28, 26.42, 25.94, 2496, 24.30; IR 3350, 2979,
2934, 1702, 1661, 1495, 1434, 1368, 1253, 1211, 1167,
1109, 1070. 1067, 901, 735, 697 cm *'; MS (FAB, doped
with Csl): found M+Cs -, 727.2227. CyH,N-Q,,
requires M +Cs* 727.2209; found C, 60.24; H. 7.72; N,
4.57. CyHy N,O,, requires C, 60.59; 11, 7.80; N, 4.71.

Deprotection to give the final mimics

The following procedure is representative ol the depro-
tection sequence usced for all of the mimics, A solution

of glycopeptide (0.01 M solution in 90% TFA in H,0)
was stirred at 23 °C. After 3 h, the reaction soln was
evapd down under red. pres. and azeotroped twice with
toluene (2x5 mL). An 'H NMR and accurate mass
were performed on the crude product to ensurc that
the isopropylidene moieties were removed and then
the crude reaction mixture was taken on to the next
step without purification.

10% Palladium on carbon (50 mg) was added carefully
to a stirred solution of crude glycopeptide in 0%
acetic acid in H,O (5 mL) and hydrogenated (1 atm} at
23°C. After 14 h, the 10% palladium on carbon was
filtered through Celite® and the solid washed twice
with 80% acetic acid in H,O (2 x5 mL). The combined
filtralc and washings were evapd down under red. pres.
The crude product was purified by Biogel P2 column,
and lvophilization of the fractions containing the
compound gave the required compound.

Mimic 2. 73% as an amorphous brown foam: 'H
NMR (400 MHz; D,O): 6 5.18 (d, J=3.4, H1,). 450 (d,
J=78, Hl,), 438435 (m. H2',.,). 405-4.02 (m,
H5,+H3',), 3.96-3.93 (m, H3',), 3.88 (br d, J=3.4 Hz,
H4.,), 381 (d, J=31 Hz, H4,), 3.80~3.77 (m, H3,),
375 (dd. J=115 and 3.6 Hz, H2,), 3.68-3.54
(m,  H3,4+HS,+C4H,, ),  3.57-349  (m,
H2,, H6,Hoy ), 3.40-3.30 (m, H6,H6,,, ). 2.53 (m,
C2H,,, ;,+C3H, ,_,) "C NMR (100 MHz; D,0): 5
184.12, 17939, 178.95, 17493, 174.44, 9887, 9478,
75.22, 75.09, 74.20, 71.95, 71.50. 71.37, 70.73, 70.66,
70.60, 70.33, 70.16, 61.03, 60.95, 60.81, 60.75, 60.55,
42.25, 42.17, 38.40, 37.69. 37.34, 24.31; HRMS (FAB,
doped with Nal): found M +H, 397.1446. C,H,.N,0,,
requires M+ H, 3971438,

Mimic 3. 81% as a white foam: 'H NMR (400 Mliz;
D,0): & 5.20 (d, J=3.6 Hz, H1,), 4.52 (d, /=7.8 Hz,
H1,), 441-436 (m, H2',.,), 4.08-405 (m, H3'),
4.01-3.93 (m, H5,+H3",), 3.91 (br d, /=34 Hz, H4)),
3.86 (d, /=33 Hz, H4,), 382 (dd, /=104 and 3.1
H3.), 3.75 {dd, J=10.4 and 3.6 Hz, H2,), 3.71-3.53 (m,
1{3L§+C4’H2(:{+ﬁ))' 3.51-3.42 (m' H2H+H6n}]6htu+lil)w
3.37-3.31 (m. H6,H6,, ). 2.33-2.27 (m, C2"Hy,_,, +
C4"H. ,.,), 1.88-1.82 (m, C3"H, ,, ,): "C NMR (100
MHz; D,0, using CH.CN as refercnce with the CH;
signal set at 1.3 ppm): & 176.61, 172.32, 96.85, Y2.75,
73.08, 72.16, 71.23, 71.19, 70.57, 70.13, 69.87, 69.75,
69.47, 6931, 68.63, 68.41, 63.64, 62.80, 5592, 4281,
40.25, 40,16, 3508, 21.67, 21.64; MS (clectrospray’,
doped with Nal): found M+ Na, 433, (electrospray ™ ):
found M - H, 409,

Mimic 4. 87% as a fluffy white foam: 'H NMR (400
MHz; D,O): 8 5.22 (d, J=35 Hz, H1,), 453 (d, /=78
Hz, H1,), 449-4.45 (m, H2',,, ;). 4.20 (br s, H2", ),
4.08-4.05 {m, H3"}). 3.99 (br s, H5,+113",), 3.90 (br d,
J=23, H4,), 3.86 (d, J=2.8, H4)), 3.85-3.80 (m, H3,},
375 (dd, J=103 and 35 Hz, H2), 3.71-357
{m, H3,+HS5;+C5H,, ), 3.54-342 (m. H2,+
H6,H6,,. . (). 3.38-3.33 (m, HG, L6, ). 2.84-2.69 (m,
C3"H,,,. ). 1.90 (s, C2"NH,,,, 1»); "C NMR (100 MHz;
0,0, using CH,CN as reference with the CII, signal
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set at 1.3 ppm): 3 171.63, 96.83, 9277, 73.09, 72.16,
71.07, 69.91, 69.48, 6934, 68.66, 62.71, 56,20, 51.01,
40.35, 4021, 37.89; MS (elcctrospray’, doped with
Nal): found M+Na, 434, (clectrospray” ). found
M —H, 410,

Mimic 5. 75% as a white foam: 'H NMR (400 MHz;
D,0): 6 5.23 (d, /=35, H1,), 455 (dd, /=79 and 4.6,
Hl,), 440-4.35 (m, H2",.,), 4.30-427 (m, H3",),
4.11-4.05 (m, H5,+H3",), 3.92 (br 4,/ = 2.8 Hz, H4,),
386 (d, /=34 Hz H4,), 3.83 (dd. /=104 and 3.2 Hz,
H3,), 3.77 (dd, /=104 and 3.7, H2)), 3.76-3.68 {m,
HS5, +C4"Hysy ). 3.62 (dd, J = 10.0 and 3.4 Hz, H3)),
3.56-334  (m, H2, C6H,,,,), 261-240 (m,
C2'H, ., +C3"H., ) 1.82-1.69 (m, C4'H, , ); “C
NMR (100 MHz; D,O, using CH:CN as reference with
the CH, signal set at 1.3 ppm): 3 176.81, 176.23, 172.96,
172.87, 172.40, 172.28, 96.83, 92,77, 73.15, 73.07, 72.96,
72.16, 69.83, 69.78, 69.47, 69.27, 69.18, 68.66, 68.30,
08.20, 68.14, 59.00, 58.57, 58.53, 40.25, 40.16, 40.00,
35.62, 35.22, 35.10, 31.77, 31.70; HRMS (FAB, doped
with Nal): found ™ +WNa, 433.1447. C,H.N.O,,
requires M + Na, 433.1434.

Mimic 6. 76% as a white foam: 'H NMR (400 MHz;
D,0): 6 5.22 (d, /=3.6 Hz, H1,), 454 (dd, /=7.9 and
3.3 Hz. Hip), 439-433 (m, H2', ), 4.23-4.18 (m,
H3",), 4.11-4.08 (m, H5,+H3",), 3.92 (br d. J=2.4 Hz,
H4.), 3.87 (d, /=34, H4,). 3.82 (dd, /=104 and 3.1
Hz, H3,), 3.77 (dd, /= 10.4 and 3.6 Hz, H2,), 3.75-3.65
(m, H5,+C5'H2,, )}, 3.62 3.54 (dd, /=9.9 and 3.4 Hz,
H3,). 3 57-3.49 (m. H6,HO., . 5}, 3.46 (dd, J=10.4 and
3.6 Hz, H2y), 3.39-3.30 (m. H6 H6,, ), 2.44-2.22 (m,
C2Hapyp+C4H, Ly 4), 1.90-1.63 (m, C4'Hy,, )+
C3"H;(,.): "C NMR (100 MHz; D,O): & 184.12,
179.39, 178.95, 17493, 17444, 98.87, 94.78, 75.22,
75.09, 7420, 71.95. 71.50, 71.37, 70.73, 70.66, 70.60,
70.33, 70.16, 61.03, 60.95, 60.81, 60.75, 6(.33, 42.25,
42.17, 38.40, 37.69. 37.34, 24.31; HRMS (FAB. doped
with  Nal): found M+Na, 447.1579. C, H..N.Q,,
requires M+ Na, 447.15391.

Mimic 7. 75% as a white foam: 'H NMR (400 MHz;
D.0): 8 5.23 (d., /=3.5 Hz, H1,). 454 (dd, /=78 and
5.3 Hz. HI,), 445-4.41 (m, H2', ), 431-422 (m,
H3",,H2",., ). 409-4.07 (m, H5,+H3",), 3.92 (br d,
J=25 Hz, H4)). 386 (d, /=3.1. H4,). 385-3.82 (m
H3)), 3.79-376 (m, H2), 375371 (m,
HS5,+C5'H2Z,, ), 3.62 (dd, J=99 and 3.2 Hz, H3,),
3.58-344 (m, H2Z, H6HS,., ), 342-333 (m,
H6,H6,,, ). 286-272 (m, C3H,,, ). 191 (s
C2"NH,, . ), 1.82-1.08 (m, C4'H,,_4); "C NMR (100
MHz; DO, using CH,CN as refcrence with the CH;
signal set at 1.3 ppm): 6 176.45. 172.19, 17212, 171.63,
171.51, 96.83, 92.78. 73.19. 73.09, 72.98. 72.18, 69.97,
6991, 69.49, 69.41, 69.33, 68.71, 68.67. 68.53, 68.21,
68.17. 68.13, 68.07, 39.15, 59.12, 59.03, 58.52, 5842,
40.46, 40.36, 40.23, 37.79, 37.63, 35.60, 35.16, 34.99; MS
{clectrospray *. doped with Nal): found M -+ H, 426 and
M+ Na, 448. (electrospray ): found M - H, 424,

Mimic 8. 76% as a white foam: 'H NMR (400 MHz;
D,0): 6 5.23 (d, J=3.6 Hz, H1,), 4.55 (dd, J=7.9 and
4.7 Hz, H1p), 4.36-4.32 {m, H2'.,, ). 4.15-4.06 (m,
115, +H3). 3.96-3.92 (m, H3",), 391 (br d, /=3.0,
H4) 3.86 (d, J=3.4 Hz, H4y)., 3.84 (dd, J=10.3 and
3.2 Hz, H3)), 377 (dd, /=103 and 3.7 Hz, H2),
3.74-3.68 (m, H5,), 3.64-3.61 (m, H3,+C6'Hy,, ),
356-3.31 (m, H2Z, C6H., ,), 2.60-248 (m,
C2"H,, ,  +C3"Hy._py), 1.75-1.47 {(m, C4'H.,, )+
C3'Hyyip)- “C NMR (100 MHz: D.0): § 182.93,
179.11, 175.20, 174.66, 98.86, 94.80, 75.19, 75.08, 75.02,
74.21, 7291, 71.78, 71.48, 71.28, 71.18, 70.71, 70.52,
63.84, 63.80, 61.00, 60.90, 60.48, 42.15, 42.03, 34.71,
34.19, 34.12, 31.84, 31.44, 30.14. HRMS (FAB, doped
with Nal): found M+Na, 447.1570. C, HxN-O,,
requires M + Na, 447.1591.

Mimica 8a. 78% as a white foam: 'H NMR (400
MHz; D,0): § 5.21 (d, J= 3.6 Hz, H1,), 453-4.51 (m,
HYp), 4.33-430 (m, H2, ). 407-404 (m, H3" ),
3.99-392 (m., H5,+H4,+H3Y,), 384 (br s, H4,),
382-380 (m, H3,), 3.78-359 (m, H2,+H3,+
H5,+C06'H,, ), 355-342 (m, H2, H6HG,. . ,).
336 3.30 (m, H6 H®6,,,, ) 2.65-2.49 (m C2”H2(,+m+
C3H,, . ). L71-1.46 (m, C4'Hypypy+ C5 Honu s '
NMR (100 MHz; D,0, using CH,CN as reference w1th
the CH, signal set at 1.3 ppm): 6 180.96, 176.42, 176.09,
175.28, 172,64, 172.54, 96.80, 92.78, 73.17, 73.07, 72.19,
70.89, 69.84, 69.48, 6934, 69.26, (68.68, 61.83, 58.99,
58.88. 52.78, 52.62, 40.18, 40.13, 40.01, 3265, 32.10,
30.61. 3032, 29.54, 29.42, 29.33, 28.16, 28.06; HRMS
(FAB, doped with Nal): found M+ Na, 447.1607.
C . H..N,O,, requires M + Na, 447.1591.

Mimic 8b. 83% as a white foam: 'H NMR (400 MHz;
D,0): § 5.20 (d, /= 3.6 Hz, H1,), 453-4.51 (m, H1,),
4.35-4.33 (m, H2" ., ). 4.12-4.04 (m, H5,+ H3'(,+4),
3.89 (br s, H4,), 3.85-3.78 (br 5, H3,+ H4,), 3.77-3.57
(m, H2Z,+H3,+HS,+C6'Hy,,p), 351-333  (m,
H2,,CoH,, (), 259-2.52 (m, C2H,, , 4 + C3"Hy, ),
1.65-1.52 (m. C4'H,,, ,+C5'Hy,_ ) ©C NMR (100
MHz; DO, using CH;CN as rcfercnce with the CH,
signal set at 1.3 ppm) 176.83, 176.13, 175.88, 173.16,
173.09, 173.06, 96.86, 92.79, 73.11, 73.07, 72.99, 72.18,
70,92, 69.87, 69.78, 69.46, 69.34, 69.19, 68.69, 68.65,
08.50, 61.78, 58.44, 5837, 52.80, 40.25, 40.06, 31.9¢,
31.75, 30.36, 30.29, 29.82, 29.44, 28.12, 27.70, 27.52;
HRMS (FAB, doped with Nal): found M+Na,
447.1609. C,.HxxN,O,, requires M +Na, 447.15391.

Mimic 9. 84% as a white foam: 'H NMR (400 MHz;
D,0): § 5.23 (d, J=3.6, H1,), 4.55 (dd, F=7.9 and 2.8
Hz, H1,), 4.37 (apparcnt t, H2';), 432 (1, J=6.5 Hz,
H2), 4.12-409 (m, HS5,+H3"), 4.02-390 (m,
[14,+H3"). 3.88 (d,/ = 3.4 Hz. H4,), 3.83 (dd, 7=10.3
and 3.1 Hz, H3,), 3.78 (dd, J=10.3 and 3.6 Hz. H2)),
3.75-3.68 (m, H5,), 3.64-3.60 (m, H3,+C6H,,, )
3.58-350 (m, Ho Ho,, . ). 347 (dd, J=9.9 and 7.9
Hz, H2,). 3.40-3.31 (m, H6,HG,,, ). 2.41-2.18 (m,
C2Hyy y+C4A'H, (), 1.92-1.54 (m. C4'H,, .+
C5'H, , 1+ C3"H,, _u,); “C NMR (100 MHz; D,0): 6
184.96, 179.51, 178.99, 175.17, 175.09, 174.70, 98.89,
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94.79, 75.24, 75.09, 74.21; 73.05, 72.85, 71.95, 71.50,
71.37, 70.67, 70.60, 63.84, 63.79, 61.00, 60.93, 60.58,
60.51, 42.39, 42.24, 42.15, 39.11, 37.48, 31.88, 31.59,
31.51, 30.13, 30.10, 24.66; HRMS (FAB, doped with
Nal): found M+Na, 461.1735. C,;H,\N,O,, requires
M + Na, 461.1747.

Mimic 10. 72% as a white foam: 'H NMR (400 MHz;
D,0) 5.22 (d, J=3.6 Hz, H1,), 454 (dd, /=7.9 and 5.1
Hz, H1;), 4.40-4.26 (m, H2' |, ;,,+H2", . ), 4.11-4.07
(m, H5,+H3"}), 3.96-3.92 (m, H3",), 3.91 (brd,/ =29
Hz, H4,), 3.85 (d, /= 3.0 Hz, H4,), 3.83 (dd, 7=10.6
and 3.0 Hz, H3,), 3.74 (dd, /=10.6 and 3.6 Hz, H2),
3.72-3.68 (m, HS5,), 3.63-3.53 (m, H3,+C6'H,, ).
351-333 (m, H2,,C6H,,,;), 286-2.75 (m,
C3"H,, 1 py), 1.70-1.52 (m, C4'H,, .+ C5'H, (. ) "C
NMR (100 MHz; D,0O, using CH,CN as reference with
the CH, signal set at 1.3 ppm): & 176.39, 172.39, 172.33,
171.87, 171.76, 170.64, 170.15, 96.85, 92.79, 73.22,
73.09, 73.01, 72.19, 70.83, 69.96, 69.91, 69.48, 69.42,
69.33, 68.75, 68.68, 68.52, 59.13, 58.94, 58.82, 61.77,
59.13, 58.94, 58.82, 51.07, 40.45, 40.265, 37.73, 37.57,
29.88, 29.44, 29.33, 28.11, 28.05; MS (electrospray”,
doped with Nal): found M +H, 440 and M + Na, 462.
(electrospray™): found M —H, 438,

Mimic 11. 81% as a white foam: 'H NMR (400 MHz;
D,0) 5.20 (d, J=3.5 Hz, Hl1,), 452 (d, /=78 Hz,
H1,), 4.06-4.03 (m, HS5,), 3.96-3.88 (m, H4, +
2xCHH,OH,,.), 3.82-379 (m, H3,+H4,+2x
CH,H,OH,,.), 3.77 (dd, /=10.2 and 3.6 Hz, H2)),
3.66-3.63 (m, H5;), 3.59 (dd, J = 9.9 and 3.2 Hz, H3)),
3.48-339 (m, H2, H6H6,,. ), 3.36-329 (m,
H6,H6,, . 4), 2.52 (br s, C2"H,,,, 5+ C3"H,, ) C
NMR (100 MHz; DO, using CH,CN as reference with
the CH; signal set at 1.3 ppm): & 176.18, 176.09, 173.68,
96.83, 92.81, 86.17, 73.05, 72.98, 72.19, 69.54, 69.43,
69.02, 68.70, 68.40, 64.93, 64.82, 61.36, 61.19, 39.87,
39.72, 32.08; MS (electrospray’, doped with Nal):
found M+H, 397 and M+ Na, 419. (electrospray ):
found M—H, 395.

Mimic 12. 68% as a white foam: '"H NMR (400 MHz;
D,0): 6 5.20 (d, /=3.7 Hz, Hl,), 4.55 (d, J=7.8 Hz,
H1,), 4.07-4.04 (m, HS,), 3.95-3.90 (m, H4a+2x
CHH,OH,,.,), 3.85-3.80 (m, H3,+H4,+2x
CH,H,OH,,. ), 3.75 (dd, J=10.3 and 3.7 Hz, H2,)),
3.68-3.64 (m, H5), 3.60 (dd, J=9.9 and 3.4 Hz, H3)),
3.54-3.46 (m, H6,Hb6, ,5), 344 (dd, /=99 and 7.8
Hz, H2,), 3.34-3.26 (m, H6,H6,,,;), 2.35-2.28 (m,
C2"H,, + 4+ C4'H, (), 1.87-1.82 (m, C3"H, ).
*C NMR (100 MHz; D,O, using CH,CN as reference
with the CHj; signal set at 1.3 ppm): & 180.95, 176.38,
176.31, 173,77, 173.72, 96.87, 92.80, 73.14, 73.14, 73.05,
72.19, 69.77, 69.46, 69.27, 68.67, 68.53, 64.45, 64.39,
61.30, 61.04, 60.91, 60.84, 55.75, 43.08, 39.90, 36.81,
35.41, 35.24, 33.16, 25.45, 21.56, 21.62; HRMS (FAB,
doped with Nal): found M+ Na, 433.1446. C,;H,N.O,,
requires M +Na, 433.1434.

Mimic 13. 82% as a white foam: 'H NMR (400 MHz;
D.O): & 520 (d, /=33 Hz, HL,), 4.60-4.46 (m,

H1,+C4'Hy, ), 4.10-330 (m, H2,,,+H3,. ,+
H4,.,+HS5,,5+CO6H,,, 5 +CH,OH,, ), 2.69-2.50
(m, C2"Hay, sy +C3Hy, ), 2.19-1.98 (m, C3'H,, . ).
C NMR (100 MHz; D,O, using CH;CN as reference
with the CH, signal set at 1.3 ppm): & 180.87, 175.81,
174.74, 174.58, 169.46, 96.88, 96.82, 92.79, 73.23, 73.06,
72.88, 72.75, 72.20, 70.51, 70.37, 70.01, 69.63, 69.49,
69.44, 69.13, 69.06, 68.92, 68.70, 68.65, 68.53, 68.40,
63.64, 63.12, 63.03, 62.94, 62.78, 62.70, 57.40, 57.12,
43.53, 40.92, 40.93, 40.01, 39.90, 34.80, 34.75, 34.12,
32.25, 31.9, 30.43. HRMS (FAB, doped with Nal):
found M + Na, 433.1448. C;H,,N.O,, requires M +Na,
425.1771.

Mimic 14. 90% yield as a white foam: 'H NMR (400
MHz; D,0): 8 5.19 (d, /=33 Hz, H1,), 4.64-4.41 (m,
H1,+C4'H,, ), 4.11-3.38 (m, H2, ,+H3,.,+
H4.,,,+HS5, ., p+CO6H,, 5, +CH,OH, ), 2.47-2.16
(m, C3'H,y, 5+ C2"Ha, oy + C4"Hyqvy), 1.87-1.81 (m,
C3’H,,.1n); "C NMR (100 MHz; D,0O, using CH,CN
as reference with the CH, signal set at 1.3 ppm): &
181.47, 176.05, 174.91, 174.86, 169.19, 96.93, 96.90,
92.75, 73.30, 73.23, 73.12, 73.09, 72.79, 72.23, 70.06,
70.01, 69.52, 68.98, 68.66, 68.55, 65.87, 63.02, 62.93,
62.68, 62.44, 62.35, 57.35, 57.10, 57.05, 52.73, 43.74,
43.37, 41.04, 40.95, 40.91, 40.12, 35.72, 35.39, 34.52,
34.06, 33.98, 33.55, 33.21, 21.68, 20.94;, HRMS (FAB,
doped with Nal): found M + Na, 425.1784. C,(H,;;N,0O,,
requires M+ H, 425.1771.
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