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Abstract - Two disaccharide analogues 1b and 17a of moenomycin A have been synthesized and thei

anti-
biotic and transglycosylase-inhibiting properties have been determined. i
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Introduction
Enzymatic glycosyl transfer and the development of glycosyltransferase inhibitors is an area of great current
interest in the field of glycoscience.” We are interested in the so-called transglycosylation step in the biosyn-

Pd N acceptor thesis of bacterial cell wall peptidoglycan and its
7 e, inhibition by the moenomycin-type antibiotics.’
. The transglycosylation reaction is believed to
. NHAC ”02 proceed in such a way that the growing
H.\HQA_Z»’I\QA' O P | 1 1 1.1 1 M ~ 1T o1
o o\w peptidoglycan chain linked to a Css lipid
HO b Lon 4 Nac o 7~ (bacterioprenol) via a pyrophosphate bridge acts
ACNH s ~p ~ . !
, to o 5! o0 o as the glycosyl donor whereas a disaccharide
i L RO T ! Z o .<° intermediate, the so-called lipid I, is the glycosyl
' OH AchH | 07 0CssHae .
if" acceptor (see Scheme 1). This mode of glycan
donor o :_pfo chain elongation has been demonstrated for a
(o] 0 . . , . .
0 rembrane poorly lytic mutant of Bacillus licheniformis.* In
7 %07 Nocwe E. coli the transglycosylation reaction is catalyzed
~ by the high-molecular weight penicillin-binding
proteins such as the PBPs la and 1b. These are
R = muramic acid residue bifunctional enzymes which catalyze in addition

Scheme 1: Transition state of the transglycosylation to the transglycosylation the so-called transpepti-
reaction (speculative)
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HO | NHAc Moenomycin A

dation reaction, in which the sugar strands are cross-linked via short peptide chains.’ The transglycosylase
has been shown to be located in the N-terminal module (at the outer surface of the cytoplasmic membrane)
but the active site is still unknown. The moenomycin-type antibiotics are most probably substrate analogous
inhibitors of the transglycosylase.’

Studies on structure-activity relationships have revealed that moenomycin A degradation product 1a contains
presumably all the essential structural informations necessary to inhibit the transglycosylase,® at least in the

in-vitro assays (vide infra). The role of the branching methyl group in unit F remained, however, elusive.
As discussed in the preceding publication, several attempts to synthesize 1b failed.” It is the purpose of the
present paper to uncover a successful route to 1b and to the closely related compound 17a in which the Cys

HN O R CONH,
\Uﬁo o IO E\V/\v/\ A\/i\//\ /\ AN -~
57 1 o | X Y O7 _!—_p

O, O i3
~ps \/f,,'

NS n{’P\nu © | '
i e I

HO ' & , b
G H v
HO

i g ar nd antibiotic prope erties of

;U

e,
j~a

11 sre Dy a / se
and 17a will be eported and there will be a general discussion of the structure-activity relationships of
disaccharide and trisaccharide analogues of moenomycin A.
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‘Synthetic planning
Moenomycin analogues can be assembled as indicated in formula 2. The 2-O-alkylglyceric acid unit with
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91S c S a route was develnped a number of vear: 10sphori
amd dleste constructed using the nhosnhlte triester methodology."" For the svnthes1s of unit F we decided
to use again, as in previous (unsuccessful) attempts, D-glucurono- 6,3 lactone (3) 2 as starting material since
this option promised to guarantee a minimum of protecting group manipulations. It was clear that the pre-
viously encountered and at that time unsurmountable solubility problems'® had to be solved in the present
work.
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Synthesis of 6
Protection of D-mannitol as its 1,3:4,6-bis(benzylidene)acetal 4a, followed by alkylation of the remaining

free alcohol groups with n-hexyl bromide (4a — 4b), hydrolytic removal of the benzylidene acetals (4b —
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5), Malaprade cleavage of the vicinal diol, oxidation of the intermediate aldehyde to the corresponding acid,
and esterification of the acid provided 6. As reported previously,’ oxidation of the 2-O-hexyl glyceraldehyde
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Alkylatlonl of the 5- O group of 7a using allyl trichloroacetimidate'>'® in a trifluoromethanesulfonic acid-

catalyzed reaction gave allyl ether 7b in 61% yield. The lactonic ring in 7b was opend with NHj in
methanolic solution'” to furnish the known uronamide 8a.'* The next step was a crucial event in the
synthesis.
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Previously,”? we have introduced the carbamoyl group by reacting the free OH group with trichloroacetyl
isocyanate and subsequent removal of the trichloroacetyl group from the resulting trichloroacetyl urethane'®
to give 8b. Most probably the solubility problems referred to above were associated with the presence of
several amide and urethane groups, respectively, in the intermediates on the way to 1b."* And indeed,
exchange of the urethane group by a latent equivalent solved practically all solubility problems and allowed
to procced with the synthesis as desired. Thus, 8a on reaction with phenyl chloroformate'® in
dichloromethane in the presence of 1.0 eq of Steglich’s base and triethylamine provided phenyl carbonate 8¢
which was nicely soluble in organic solvents of medium polarity.
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The acetonide protecting group was then removed with 90 per cent trifluoroacetic acid at 20°C to form 11a
in quantitative yield as a mixture of anomers which was in turn converted under Fischer conditions to a mix-
ture of allyl glycosides 11b (45%) and 11¢ (25%).

Disaccharide formation
For the disaccharide formation we wanted to make use of the Blatter, Beau, Jacquinet method which was
introduced some time ago®® avoiding the notoriously low reactivity of the oxazoline derived from N-acetyl-

glucosamine.®! In the event, TMSOTf-promoted reaction of 11c with the oxazoline prepared in-situ from 9
gave the desired disaccharide 10b in 76% yield, 11% of 11¢ were recovered. Gly-
e H cosidation of the B-isomer 11b under the same reaction conditions furnished 10a
HNOC ; O>....‘.o in 60% yield, and 29% of 11b were recovered. The structures of the two
- \ disaccharides, especially the B-glycosidic linkage of unit E to unit F are in

?’ '—-ﬂ \| agreement with all spectroscopic data.
phvo‘ qi / Dehalogenation of the trichloroacetyl group caused a number of problems, espe-
) /R cially in the case of 10b. First, we studied the reaction of 10a with tributyltin
N o hydride under the conditons of Blatter et al.”® It turned out that the yields varied

|
/*0001/Ac H 12 from 40-85%. Sometimes, the chloroacetamide 10¢ was isolated. On the other
hand, reduction with freshly prepared Zn-Cu couple in acetic acid provided the

desired N-acetylamino compound 10e reproducibly in 85% yield.
The a-isomer proved to be much more troublesome. Reaction of 10b (0.024 mol/L in toluene / N,N-dime-

Therlamatatridal 20l a AL ap ~F tetleces el Lo 300 23 1 4L Aot 1l ane 1. . N00/ I 11
thylacetamide) using 4.5 eq of tributyltin hydride provided the desired product 10f only in 38% yield
alongside with macrocyclisation product 12 (30% yield).

As PY,pcc ted, an increase of the thnd concenuataon (10 eq of tributyltin h 'unde) at 0 24 M concentraf}on

case, a product X was formed in which according to the FAB mass spectrum the NHAc group was present as
desired but, in addition, tributyltin hydride addition to one of the allylic double bonds had occurred. Thus,
the Zn-Cu method seems to be superior when compared with the BuzSnH dehalogenation, especially when
allyl protecting groups are used. Another approach to convert the trichloroacetyl to an acetyl group based on
work from Weygand's laboratory was reported recently. 22

Urethane formation and allyl group removal

After extensive experimentation® the following order of functional group manipulations was found to be the
most effective: (1) conversion of the phenyl carbonate into the urethane with ammonia-dioxane-pyridine
13b)," (ii) removal of the al y prorecung groups maxmg e of the Nakayama

was a
57.67 (urethane C) in the C NMR and a broad singlet (2 H) at & = 7.57 in the 'H NMR spectra.
Acetylation immediately after deallylation was performed for two reasons: (i) to protect the 4 -OH group and
(i1) to avoid solubility problems in the phosphorylation step. The acetyl group at the anome i
then removed with hydrazinium acetate in DMF (Excoffier methodzs) The reaction mixture was transferrcd
directly onto the top of a FC column (Sephadex LH-20). This was found to be the best method for the

purification and afforded 14d in 95% yield.

Construction of the phosphoric triester moiety and completion of the synthesis
For the construction of the phosphoric acid diester grouping we used the Ugi variant’® of the phosphite
methodology adapted to the synthes:s of moenomycm analog,ues 18,27

1 1 1 - 1A . 1t rrtardrren txrao atimead At NOM LoD L Tl ool o
ride 14d (dissolved in 7:1 CH,Cl;-pyridine) and the reaction mixture was stirred at 0°C for 2 h. The reaction
product was allowed to react with the CsH;3-lipid compound 6 (added in three portions over a period of 2 h)



g which in turn was oxidized with
bis(trimethylsilyl)peroxide “**** to provide after purification a pure diastereomer 18a (55%) and a mixture
of

to fumnish the corresponding phosphorous acid triester,
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two P-diastereomers (23%). Analogously, phosphoric acid triester 18b was obtained making use of moe-
nocinol derived H-I part 16. A pure diastereomer was obtained in 47% and a mixture of two P-diastereomers

in 34% yield.

Removal of the trichloroethyl group from 18a was achieved with freshly prepared Zn-Cu couple in pyridine

in the presence of 2,4-pentanedione (Imai conditions®'). After stirming for 1 h at room temperature the
s

reaction was complete to give a 8:1 mixture of two products (69%), one with five (18¢) and the
four acetyl groups. The ratio was determined by 'H NMR in [Ds]pyridine. Similarly the phosphate protecting

B S

group was removed from 18b (here the reaction was more sluggish). Again, a 1:1 mixture (‘H NMR in

(P
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CD;0D) of pentaacety] (18d) and a tetraacetyl compound (probaly 18e) was obtained (68%). Both mixtures
were used without further purification.

The ester protecting groups in the mixture containing 18¢ were removed by hydrolysis with 0.3 mol/L aque-
ous lithium hydroxide in 2:1 methanol-water under carefuily controlied reaction conditions (see Experimen-
tal ) Even then a mixture of two prOCluCIS was formed, which could be separatea by careful Cnﬂ‘)i‘m‘ziﬁgTapny
lllc buguuy lcbb pUldI LUIIII)ULL[]U was ufUIld.IIlluC .l lu \“f"f /0} d.lld u‘ic iiioie puuu bUlllwu.lld u.ulwu UUL I.U ‘l)c
the uronic acid 17b (25%). Basic hydrolysis of the ester protecting groups in the mixture of 18d and 18e pro-

vided a mixture of three comnounds as shown bv TLC. The least nnlnr comnound was a minor reaction nro-
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duct (< 6%) and turned out to be methylester 17e. The mamr pro d cts were (with decreasing Ry value) the

desired uronamide 1b (45%) d the uronic acid 17d (21%).

Activities of 17a and 1b in various test systems
The minimum inhibitory concentration (MIC) against various micro-organisms have been determined by a

Table 1: Minimum inhibitory concentration (in pg/mL) of 17a, 1b, 17d and of moe-
nomycin A against various test organisms

Strain MIC (pg/mL)

moenomycin A 17a 1b (17¢) 17d
Staph. aureus SG 511 0.098 > 50 > 50 > 50
Staph. aureus 503 0.049 > 50 >50 > 50
Staph. epidermidis ZH 2c 0.025 > 50 >50 > 50
Ent. faecium MdSB > 128 > 50 > 50 > 50
Strept. pyogenes VR3 >128 >50 >50 >50
Strept. pyogenes 774 < 0.002 > 50 1.563 3.125

serial two-fold agar dilution method (Miiller Hinton Agar). The activity of these compounds and of moe-
nomycin A (for comparison) are collected in Table 1,

The results demonstrate that the synthetic compounds are practically inactive against gram-positive bacteria.
The in-viiro activity of the compounds was studied in the test of Izaki, Matsuhashi, and Strominger’’
(slightly modified version ) which measures the inhibition of the UDP-N-acetylmuramyl pentapeptide-
dependent incorporation of ['*C] UDP-N-acetylglucosamine into cross-linked high-molecular weight

npnhr‘r\nl ycan
peptidogiycan.,

The rewl-s (Table 2) demonstrate that in this in-vifro system, synthetic compound 1b is an as active inhibitor
as moenomycin A itself, but the uronic acid 17d is less active than 1b and moenomycin A (1), compound

17a is inactive.

Table 2: Effect of compounds 17a, 1b (17¢), 17d and moenomycin A (for compari-
son) on the in-vitro UDP-N-acetylmuramyl pentapeptide-dependent incor-
pora‘uon of [MC]UDP-N-acetyl -glucosamine into cross-linked high-
molecular weight peptidogiycan.

final concentration % inhibition
(pg/mL) moenomycin A 17a 1b (17¢) 17d
100 98 33 95 91
i0 97 21 91 86
1 97 11 87 67
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In addition, the inhibitory effect of these compounds directly on the transglycosylation reaction was deter-

mined by the in-vitro assay of van Hcijc:noort’i"x’34 using a crude extract from an over-producer of polymerase

PBP 1b (E. coli JA200 plc19-19) and as substrate the lipid II intermediate which is the immediate precursor

of uncross-linked peptidoglycan.

The resulis demonsiraie that in this in-viiro system, the synthetic compounds i7a, i

whereas compound 1b is as active as moenomycin A itself : i t
Table 3: Effect of 1b, Moenomycin A and 1a (for comparison) on the in-vitro forma-

tion of uncross-linked peptidoglycan by transglycosylation.

final concentration % inhibition
pg/mL moenomycin A ia ib
10 100 100 100
1 95 85 92

Discussion of the test results.
Over the years, disaccharide and trisaccharide analogues of moenomycin A have been prepared for the
evaluation of structure-activity relationships.

2
’f COR!

OH 19 20 H,

Table 4. Antibiotic and transglycosylase-inhibiting properties of disaccharide analogues of moenomycin A

705

MIC vaiues  Izaki, van Heijenoort Ref.

againct Aatcnhach: toot cuotom 34,2

usl—ullot iviaiouriaollil,y wot D_y nl.\.rlu,
19 R' R? R® R R’ R® Staph.aureus  Strominger test % inhibition at

5G 511 system**** | pg/mL

pg/mL % inhibition at

1 pg/mL

a f1a) ALY LY ALY OVNTLY, NILT A A FalR A 17 enn - 10N 3>
ai1ay INEID I3 wvi LN NIAL Losis 14,00V n.a. [V

> 50 36
b(lb) NH, H OH CONH, NHAc¢ C;Hsi >50 87 100 36
c(17a) NH, H OH CONH, NHAc CgH; >50 11 inactive 36
d NH, OH H CONH, NHAc CyHs; >50 10 n.d. 18
e OH H OH CONH, NHAc CpHs nd. 67 inactive 3
f OCH; CH; OH CONH, NHAc CyHs; nd. n.d. inactive 37
g OH CH; OH CONH, NHAc CyHs nd. nd. 26 37
h WL, 'l A ALY ¥ NITA ~ Falh & § " A -3 [T 37
x INER2 (w1 vl Iy AINTLIAG - 25015] ind. .. acuve
i NH, H H CONH, NHAc¢ CiH;; nd. nd. inactive ik
i NH, H OH CONH, OH CyHsy >80 n.d. inactive 39

? For details, see text
In the disaccharide series compounds 1a and 1b have full activity (when compared with moenomycin A) as
transglycosylase inhibitors. This results means that at least in the van Heijenoort test system the methyl
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group at C-4 of unit F is not involved in eliciting activity. On the other hand, all other derivatives are either
inactive or of significantly lower activity (see Table 4). Compound 1b is thus the structurally simplest
transglycosylase inhibitor known to-date.

With respect to the in-vive activity against Staph.aureus SG 511 compound ia seems to be at a borderiine

it = —~ e sl oo

ent Xr)crlmc 1 e Lumpounu

AN T ) 1 .

(see Table 4). Previously, a weak activity has been determined whereas in a

wds macuvc

Obviously, there is a discrepancy between the in-vivo and the in-vitro test systems (vide infra). Of great sig-

in
nificance is also the observation that compound 1b is active in van Hﬂ_}“nﬂﬂr{ s in-vifro inhibition test
system whereas the analogous compound with the short lipid chain (17a) is completely inactive. This point

26 RI P\z R3 P\4 P\S R6 lD\T MIC values lza}u, JﬂaLS'uhﬁShi, vaii Heijeﬁﬁ\’)i‘t nei
against Staph.  Strominger test test system,>* *
aureus SG 511  system®> > * % inhibition at 1
peg/mL % inhibition at 1 pug/mL
pg/mL
a CH; OH OH H H OH NHAc 3.13 nd. 100 kR
b OH H OH H H 0OH NHAc 6.25 91 100 40
¢ OH H H H H OH NHAc 6.25 nd. 100 4
d OH H OH OH H OH NHAc 8.25 86 93 42
e OH H OH OH OH H OH > 50 0 0 43
f OH H OH OH H OH OH >64 38 0 4

?For details, see text.

In the trisaccharide series compounds that are transglycosylase inhibitors show also antibiotic properties
against Staph.aureus SG 511. Unit F may have D-gluco or D-galacto configuration. In this series it was found
that the NHAc group of unit C is of prime importance since compounds 20e and 20f are inactive (see Table

the glycosyl donor C
the transglvcowlatmn reaction tructurallv very SImxlar therefore impossible to conclude ﬁ
simple inspection of structures where the moenomycin antlblotlcs bind. The most obvious explanation of the
structure-activity relationships summarized above is as follows:

The in-vivo and in-vitro activities have to be considered separately. The in-vivo activity of moenomycin A
and its antibiotically active analogues originates from an unspecific binding to the membrane with the lipid
part and then by a selective recognition of the sugar unit by the donor binding site of the enzyme. This view
is indicated (i) by the fact that an intact lipid chain ** and at least a trisaccharide sugar part are needed to
elicit the activity and (ii) by the observation that the NHAc group in unit C is essential.** A mechanism for
P

the inhibition of the transglycosylase has recenily oeen proposed. The suggested conformation at the enzyme
is indicated i in formula 20. Some recent NMR studies*® may support the conclusions drawn from the work on
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antibiotics. The dxsacchande analo s are thus t1b1ot1call active. However, in the in-vitro test systems
particulate fractions are used in w‘mch the enzyme is obvxously more exposed. Under these conditions also
the acceptor binding site can be reached. Therefore, in these test systems disaccharide analogues may be



active, provided that a specific binding interaction between the compound and the binding site of the enzyme
exists. This is the case only for 1a and 1b whereas all the other disaccharide analogues prepared until now do
not meet the essential structural requirements (see Table 4). Here, too, the unspecific binding to the
membrane must be strong enough. The C¢H,; lipid side chain does not supply sufficient binding energy as
indicated by synt'm:tic compound i7a which is inactive.

Taemamm P man o amm s mmmam T ale s .t."_ PR (RPN o oSN S P I 3R [N o E R
rrom l.m:w rcsuub onc may LUﬂLlUuﬂ trat d.UlIlll.y puf]l CallOn dlld alllility 1[dDeIng Studics 01 U ‘uxaglyuu-
sylase domain of PBP 1b using moenomycin-type compounds have to be designed carefully
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a strong underestimation of the inhibitory activity of moenomycin. Under such circumstances compounds
ities in the range of moenomycin which in reality (in-vivo test systems) are orders

would appear to have activi
of magnitude less active

Why are the moenomycin-ty
Itis well-known that the m
show strong inhibition against the trans.(zl cosvlase 1solate

analogues. There may be two reasons for this:

fr E olz Thls holds even for the tnsaccharlde
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Table 6. Minimum inhibitory concentrations of moenomycin A and of vancomycin ainst
various test organisms and the effect of polymyxin B nonapeptide on the IC’s

Antibiotic and permeabilizer MIC (ug/mL)

E.coli078| E.coli Staph. Staph.

TEM aureus SG | aureus 285
511

PMBNP 7.8 7.8 62.5 125
Moenomycin A 250.0 125.0 0.06 0.12
Moenomycin A + PMBNP (0.1 pg/mL) 31.2 15.6 0.03 0.12
Moenomycin A + PMBNP (1 pg/mL) 3.9 1.0 0.03 0.12
Moenomycin A + PMBNP (10 pg/mL) - - 0.12 0.12
Vancomycin 62.5 62.5 0.25 0.25
Vancomycin + PMBNP (0.1 pg/mL) 31.2 15.6 0.25 0.25
Vancomycin + PMBNP (1 pg/mL) 31.2 7.8 0.5 0.25
Vancomycin + PMBNP (10 pg/mL) - - 0.5 0.5

(i) Gram-positive and gram-negative bacteria differ in the lipid composition of their plasma membranes.
Whereas, for example, it has been reported that the main fraction of the plasma membrane of E.coli is
phosphatidylethanolamine (a zwitterionic lipid) the main constitutents of gram-positive bacteria such as
Staph aureus are anionjc phospholipids such as phosphatidylglyccrol “

hnemine ~fthale nvibom e b SN
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number f gatlv charges in its lipid A and inner-core parts. Adjacent polyanionic LPS molecules are
linked electrostatically to each other by divalent cations.

Polycatlomc compounds and chelators such as EDTA have been shown to be able to disorganize the OM and
permeabilize it to compounds which could normally not pass it.*® In order to better understand the selectivity
of the moenomycin antibiotics, the MIC’s of moenomycin A and of vancomycin against a number of test
organisms have been studied in the presence of polymyxin B nonapeptide (PMBNP) a compound well-

known for its ability to increase the permeability of the outer membrane. The results (collected in Table 6)
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show that PMBNP increases the sensitivity of E.coli to moenomycin (and vancomycin, for comparison)
dramatically in a dose-dependent manner. The effect is more pronounced for moenomycin A than for
vancomycin. As expected, no effect was found for Staph. aureus. The results may be taken as an indication
that the low antibiotic activity of the moenomycin-type compounds against gram-negative bacteria resuits
from the low permeability of the outer membrane to these compounds rather than from different constituents
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EXPERIMENTAL
General
NMR: Gemini 200 and Gemini 2000 (Varian, 'H NMR 200 MHz, *C NMR 50.3 MHz), Gemini 300
(Varian, 'H NMR 300 MHz, *C NMR 75.5 MHz, >'P NMR 121.5 MHz), Unity 400 (Varian, 'H NMR 400
MHz, *C NMR 100.6 MHz, *'P NMR 161.9 MHz), chemical shifts are given in & values, the *'P NMR
shifts are based on external phosphoric acid; FAB MS: VG AUTOSPEC (matrix: lactic acid or 3-
nitrobenzyi alcohol), two molecular masses are always communicaied, the first was caiculated using the
International Atomic Masses, the second refers to '*C, 'H, '°0, N, *'P, 35Cl 12931 (mono- -isotopic masses),

carbon and proton numbering i m the subunits (see NMR data) as w of the MS fragments follows

>
[
p—

the moenomycin nomenclatu melting points (corrected, determined in capillary tubes): Biichi (B-540);
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analytical TLC spots of phosphates were identified with the Dhosnhatc-snemﬁc spraying reagent of Dittmer
and Lester;*” optical rotations (sodium D-line, 0.5 dm cell): Perkin-Elmer Model 141.- Elemental analyses
were performed at the laboratory Ilse Beetz, Kronach. For all other methods and instrumentation, see ref.’-
The minimum inhibitory concentrations (MIC) were determined by a serial two-fold micro dilution method
(Miiller-Hinton medium). A series of increasing concentrations of the compound under investigation was
prepared in the medium and in the medium + Polymyxin B nonapeptide (PMBN, concentrations as indicated
in Table 6), respectively. For inoculations 1 x 10° cfu/mL were used. After 24 h at 37°C the MIC's were
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determined (absence of visible turbidity). All MIC values are the result of double experiments.

1,3:4,6-Di-O-benzylidene-2,5-di-O-hexyl-D-mannitol (4b)

Compound 4a (1.0 g, 2.8 mmol) was dissolved in dry DMF (14 mL), sodium hydride (0.2 g, 8.4 mmol) was
added in portions, followed by 1-bromohexane (1.0 g, 0.86 mL, 6.2 mmol) and the mixture was heated at 70
°C for 3 h. The reaction mixture was cooled, diluted with ether (30 mL) and filtered, the filtrate was washed
with 1 N HCI (3x 20 mL), brine (1x 20 mL) and water. The organic solution was then dried over Na;SO4 and
the solvent was evaporated under reduced pressure to give 1.2 g of a crude product which was purified by FC

on silica gel (hexanes-ethyl acetate 25:1) to give 4b (1.1 g, 75%) as an oil.-'"H NMR (400 MHz, CDChL): 6 =
7.55-7.52 (m, 4 H, Ar-Hs), 7.42-7.28 (m, 6 H, Ar-Hs), 5.51 (s, 2 H, Ph-CH), 4.46 (dd, 2 H, 1-H, 6-H), 4.02
(4,2 H, 3-H, 4-H), 3.89 (ddd, 2 H, 2-H, 5-H), 3.66-3.60 (m, 4 H, 2x alkyl-1-H, 1I"-H, 6’-H), 3.54-3.48 (ddd,
2 H, 2x alkyl-1’-H), 1.62-1.52 (m, 4 H, 2x alkyl-CH;-2), 1.40-1.24 (m, 12 H, 2x alkyl-CH,-3, 4, 5), 0.90 (t, 6

2x alkyl-CHs), 2J1 - = 10.8 Hz, J12 = 5.0 Hz, J;-5 = 14.6 Hz, J,3 = 95 Hz- °C NMR (100.6 MHz,

CDC13) & = 137.54 (Ar-C-1), 128.43 (Ar-C-4), 127.78 (Ar-C-3, Ar-C-3"), 125.80 (Ar-C-2, Ar-C-2"), 100.75
(Ph-CH), 77.29 (C-3, C-4), 70.48, 69.41 (C-1, C-6, alkyl-C-1), 66.92 (C-2, C-5), 31.18, 29.63, 25.34, 22.21
(alkyl-C-2,3,4,5), 13.63 (alkyl-C-6).- IR (CHCl5): 2920, 2860, 1100 cm™ .- C3,H406 (526.71, 526.33).

2,5-Di-O-hexyl-D-
mixture of 4b
flux for 65 h
thanol under 1
dried over Na;SQy, and the solvent evaporated. The crude resxdue was punf by FC‘ (CHClg-methanol
20:1) to yield 5 (0.46 g, 70%).-'H NMR (200 MHz, CDCL3): & = 3.93 (1, 2 H, J = 6.0 Hz), 3.85-3.75 (m, 4
H), 3.70-3.45 (m, 6 H, 1’-H, 6’-H, 2x alkyl-CH,-1), 3.25 (d, 2 H, 2x OH, 3y=51 Hz), 2.85 (broad s, 2 H, 2x
OH), 1.65-1.50 (m, 4 H, 2x alkyl-CH,-2), 1.40-1.20 (m, 12 H, alkyl-CH,-3,4,5), 0.90 (t, 6 H, 2x alkyl-CHs).-

'H NMR (200 MHz, CDCIl3+D,0): Similar to the previous data, but there is no signal at § = 3.25 and 2.85.-
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13C NMR (50.3 MHz, CDCls): & = 81.06 (C-2, C-5), 71.48, 70.18 ( C-1, C-6, alkyl-C-1), 61.52 (C-3, C-4),
32.09, 30.46, 26.22, 23.05 (alkyl-C-2, 3, 4, 5), 14.48 (alkyl-C-6).- IR (KBr): 3580-3200, 2920, 2850, 1120,
1040 cm .- C5H3306 (350.50, 350.27)

(R)-Met"nyi—i—(hexyioxy)—?—ilydroxy propionate (6)
A solution of NalO4 (4.84 g, 22.8 mmol) in water (60 mL) was added to the solution of compound 5 (2.10 g,

pou
6.0 mmol) in THF (120 mL) at 20°C., After 12 min the reaction mixture was cooled to 0°C and bromine (1.9

mL) was added dronwise. The reaction was stirred for 2 h at 7ﬂ°(‘ then 1 ner cent H.SQ. (25 ml)) was
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added. Extraction with ethyl acetate (5x 50 mL), washing the organic laver several times with NaHCOj; until
the red-brown colour disappeared, then with water, drying over MgSOy and solvent evaporation yielded the
crude carboxylic acid (2.50 g). The crude acid was dissolved in 1.5% methanolic HC1 (120 mL) and the mix-
ture was stirred at 20°C for 24 h. After solvent evaporation the residue was taken up in dichloromethane,
washed with saturated aq NaHCQO;, water, dried over Na;SOs. Solvent evaporation and subsequent FC
(hexanes-ethyl acetate 7:3) provided 6 (1.55 g, 63%) as a yellow oil.- B.p.: 265-268°C.- [a]p>" = + 4.16 (¢
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0.308, CHCl3).- 'H NMR (200 MHz, homo decoupling, CDCls): 8 = 3.99 (dd, 1 H, 2-H, J = 3.7, 6.1 Hz),
1

3.90-3.80 (m,2 H H2-3) 3.78 (s, 3 H, COOCHa), 3.71, 3.42 (2 ddd, 2x 1 H, alkyl-CH,-1,J = 13.3,9.0, 6.7
Y 297 + 1 H1 ﬂU = A Q- 1741 &85 (v D IT all I . N 1471 9) (v AL L1 1T 24 SN
l..lL}, L 0 s \l, 1 ki, \J11i, J U.0 l.l.L}, 1./ 1.02 \111, & Lly QRN y “\oL1)" L’, 1. TLoT1 . 4 \111, U 11, all\yl'\./l‘l e P Y J},
0.90 (¢, 3 H, alkyl C.‘g).- After addition 0f 0.1, 0.1, 0.2, 0.2 eq. of Eu( FC)3 the methyl ester signal was in

\ ddition of 0. 0.2, u(T h w
all cases observed as a singlet at & = 3.89, 3. 99 4. 20 4.31, respectively.- *C NMR (C,H COSY, APT, 50.3
MHz, CDCL): & = 171.79 (CO), 80.06 (C-2), 71.89 (alkyl C-1), 63.87 (C-3), 52.51 (COOCHzs), 32.06,
30.07, 26.09, 23.04 (alkyl-C-2,3,4,5), 14.48 (alkyl-CH3).- IR (CHCl3): 3592, 3027, 2956, 2932, 2868, 1749,
1181, 1128, 1050 cm™' .- C1gH3004 (204.27, 204.14).- FAB MS: m/z 227.1 [M+Na]", 205.2 [M+H]".

1,2-O-Isopropyliden-5-0-allyl-o-D-glucofuranosidurono-6,3-lactone (7b)
7b was prepared as described previously.- -'THNMR (200 MHz, CDCl3): § =6.02 (d, 1 H, 1-H), 6.07-5.87 (m,
A Y 8
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1 H, allyl-2-H), 5.38 (dq, 1 H, allyl-3-H,), 5.28 (dq, 1 H, allyl-3-Hy), 4.95 (dd, 1 H, 4-H), 4.80 (d, 1 H, 2-H),
ATAE (A TH 1. TN 420421 fm 2T Nyl CLT._ 1Y 42274 1T L0 £ 1IN 187 128 () ¢ D% 11T 2¢ OIIN
4.i0\Q, 1 11, S5-Iy, 4.00-4.51 \Ili, £ 11, auyi-Lriz-i), 4.35 (G, 1 11, J~nj, 1.4, 1.33 {« §, 2X I3 11, £X 113,
J,,=40Hz. J--<10Hz J..=30Hz l,- =44 79"\/]01'(\17\'4]' . =15H7z J1~..=172H7z J,.. =105
J12 +0 0z, a3 vla..‘ 434 = 3.V HZ, J45 4 Nz, allyl group! Jisa D HZ,023a = 1/.2HZ, 023 = 10D
Hz, 2J30,3 = 2.9 HZSO C NMR (50.3 MHz, CDCl): 6 = 172 35 (C-6), 133.69 (allyl-C-2), 119.98 (allyl-C-

3), 113.67 [C(CH3),], 107.46 (C-1), 83.01 (C-4), 82.22 (C-2), 77.82 (C-5), 75.48 (C-3), 72. 58 (allyl-C-1),
27.34, 26.94 (2x CHj).- C12H1606 (256.26, 256.09).- FAB MS: m/z 279.0 [M+Na]", 257.0 [M+H]", 241.0
[M+H-CH,]", 199.0 [M+H-CH;COCH;]".

1,2~ 0-Isopropyllden-S—O-allyl-(x-D-glucofuranosnduronamxde (8a
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TEY RYR ATS STYT YT sNNCNET

8a was prepared as described previousiy.- 'H NMR (H,H COSY, 200 MHz, CDCls): 6 = 6.86, 6.25 (2 broad
Ner 1 TY ANNIIY N £ N1 £ ON fann 1 IT7T 1.1 A TTI\ g NN 71 1 7Y 1 YT\ & A1 71 1T YT AT o NA 3 1 7Y _1 21
8, 2X 1 1, CONhy), 6.01-5.80 {(m, 1 H, allyl-2-H), 5.0 (g, 1 H, 1-H), 5.41 (d, 1 H, OH), 5.34 (dq, 1 H, allyl-
T HAY S§967AA 1T H allyl 2. 1IN A KA A SN AT AAQO/A 1T LT DI 4121 /A 11T £ I\ ANL& (A4 1 LT 2. 1IN
3=iigy, J.£0 (0, 1 11, diy1-5-11p), T.00-7.0V (711, .47 (G, 1 11, a-11j, .01 (G, 1 11, O-11), .20 GG, 1 11, 5-11),
4.22-3.60 (m, 2 H, allyl-CH»-1), 1.49, 1.31 (2 s, 2x 3 H, 2x CH3), J;2 =3.9 Hz, J,3 < 1.0 Hz, J34 = 3.3 Hz,
Ja5=2.1Hz, J304 = 5.8 Hz.- 'H NMR (200 MHz, CDCIl3+D,0): Slm_il _r to the p evious (iata, but there are

C-2),—1 19.66 (anyl-c-é.), 112.47 (Q(CH3)2) 105.37 (C-1), 86.14 (C-4), 81.30 (c 2), 78.44 (c 5), 75.89 (C-3),
73.30 (allyl-C-1), 27.47, 26.74 (CHs).- C1oH;oNOg (273.29, 273.12).- FAB MS: m/z 296.0 [M+Na]", 274.0
[M+H]", 258.0 [M+H-CH,]", 216.0 [M+H-CH;COCH;]".

isopropyuuen-a-u—allyl-.s-u-pnenoxycarbonyl-a-D-glucoturanosmuronamlde (Sc)
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a mixture of 8a (250 mg, 0.9 mmol), DMAP (112 mg, 1.0 eq.), dry L,rlzl.,lz {4 mL), ury memylammc

stirred at 20°C or 1 h. The reaction mlxtu.re was dllufed with CH,Cl,, washed with a 10 per cent aqueous
solution of tartaric acid, twice with a saturated aq. NaHCO3, water and dried over Na;SQ4. After solvent
evaporation FC (CHCIs-ethyl acetate 9:1) provided 8c (340 mg, 96 %).- M.p.: 195-196°C (ethyl acetate).-

[a]p® = +0.66 (c 21.25, CHCl3).- 'H NMR (200 MHz, CDCls): § = 7.40-7.36 (2 H, Ar-3-H, Ar-3’-H), 7.27-
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7.26 (m, 1 H, Ar-4-H), 7.20-7.15 (2 H, Ar-2-H, Ar-2’-H), 6.40 (broad s, 1 H, CONH), 6.10 (d, 1 H, 1-H),
6.00-5.85 (m, 1 H, allyl-2-H), ~5.80 (1 H, CONH,), 5.40-5.18 (allyl-CHz-3), 5.30 (d, 1 H, 3-H), 4.70 (d, 1 H,
2-H), 4.55 (dd, 1 H, 4-H), 4.20 (d, 1 H, 5-H), 4.20-3.90 (m, 2 H, allyl-CH,-1), 1.51, 1.33 (2 5, 2x 3 H, 2x
CHs), J12 = 3.8 Hz, J23 < 1.0 Hz, J34 = 2.9 Hz, Jo5=6.9 Hz.- °C NMR (APT, 50.3 MHz, CDCLy): & =

172.65 (C-6), 153.08, 151.41 (Ar-C-1, OCOO), 133.80 (allyl-C-2), 130.10 (Ar-C-3, Ar-C-37), 126.78 (Ar-C-
4), 121.25 (Ar-C-2, Ar-C-2"), 119.10 (allyl-C-3), 113.19 (C(CHjs)y), 105.33 (C-1), 83.35 (C-2), 80.27 (C-3),
79 28 (CAY 1607 (C 8 TING (A1 1) 2716 26 76 (v CLIY _ TR (F R 2AAN 214N 17688 1R78 1748

B vy, 1O F0 (L-J), 710.VT7 (@aliyi-\-1lJ, &4 /.10, 40,71V (LA 1137 N \Ml}. GARIITI LT, L 1IN,y AU Ty LT,
1214, 1090, 1028 cm™'.- FAB MS: m/z 416.0 [M+Na]", 394.0 [M+H]", 378.0 [M+H-CH,]", 336.0 [M+H-
CH3;COCH;]", 198.0 [M+H-CH3;COCH;-PhOCOOH]".- C1gH23NOg (393.40, 393.14), caled. C 57.99, H

5-0-Allyl-3-O-phenoxycarbonyl-D-glucofuranuronamide (11a)
A mixture of 8¢ (200 mg, 0.5 mmol) and 90 per cent trifluoroacetic acid (1.2 mL) was stirred at 20°C for 40
min. Water (250 mL) was added and the solvents were removed by lyophilization to give 11a (171 mg, 95%)
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as a mlxture of anomers (11aa / 11ap = 4/6 as determined by H NMK) Mp 119-120°C (CHCis-hex-
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dﬂCb) = NI (11,00 CUD Y, 4UVU D2z, [ De|IVIDU ). bﬂdl'dblcnbllb blg Eu a-anomer: 0 = J.ZuU ({4, 1 1, 1-

H), 5.13 (dd, 1 H, 3-H), 4.36 (dd, 1 H, 4-H), 4.14 (t, 1 H, 2-H), 3.83 (d, 1 H, 5-H), J, 2 = 42 Hz, J,; = 4.1
Hz L,—ARH7 T, ,:Rnl—h R.nnnmpr & =15.05 (s IH 1. AQQ(dd II—I 2-m 4131 (dd. 1 H. 4-H)

iy iy vq) vvvvvv e \Ng 2 2%i2y, 77 1 xiy JT2L i e, 2 2R, BT,

3.98 (d, 1 H, 2-H), 3.96 (d, 1H 5. H), J12 < 1.0 Hz, Jo3 = 1.5 Hz, Jz4 = 4.8 Hz, JA<-90HZ - and B-ano-
mers: & = 7.56 (s), 7.50 (s), 6.60 (broad s) (4 H, CONHy), 7.45-7.42 (m, 4 H, Ar-3-H, Ar-3°-H), 7.33-7.27
(m, 2 H, Ar-4-H), 7.26-7.18 (m, 4 H, Ar-2-H, Ar-2’-H), 5.92-5.81 (m, 2 H, 2x allyl-2-H), 5.27-5.11 (m, 4 H,
2x allyl-CH,-3), 3.40 (broad s, 2 H, 2x OH), 4.08-3.85 (m, 4H, allyl-CH,-1).- *C NMR (C,H COSY, 100.6
MHz, [Dg]DMSO): characteristic signals: a-anomer: & = 95.94 (C-1), 81.84 (C-3), 77.41 (C-5), 75.00 (C-4),
73.66 (C-2); f-anomer: & = 103.06 (C-1), 81.39 (C-3), 78.91 (C-2), 77.80 (C-4), 77.29 (C-5); a- and S+

anomers: & = 171.34, 171.21 (C-6), 152. 33 150.75, 150.74 (OCOO, Ar-C-1), 134.42 (allyl-C-2), 129.73,
129.68 (Ar-C-3, Ar-C-37), 126.24 (Ar-C-4), 121.12, 121.05 (Ar-C-2, Ar-C-27), 117.2, 116.97 (allyl-C-3),

‘21[\(\ ’)’2/1( 1763 1("A 1638. 1264, 1212, 1078. 1049 l\mlﬁ
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JULJU, JULLAE (auyi-i-ij.- U\ \WDI). 04V s LTI, U9, 1414, 1U/ 1vas OO0
CiHioNO: (353.33. 353.11).- FAB MS: m/z 376.0 IM+Nal 354.0 TM+T-IT+ 336.0 IM+H-H,0O1"
S16TR19INg 202,20, 222,12, - Y AD VIS, VL 2/0.U 1 IVE aj , 224U MTh} , 3200 | VMITII-IhYU)

Allyl glycoside formation

A mixture of 11a (1.00 g, 2.83 mmol), Dowex 50 W X2 (H" form, ~ 1.5 ), 3A molecular sieves (1.0 g), and
allyl alcohol (20 mL) was stirred at 20°C for 2.5 h. Filtration, washing the resin with ethyl acetate, solvent
evaporation and FC (CHCls-ethyl acetate 7:3, then 1:1) furnished 11b (0.50 g, 45%) and 11¢ (0.28 g, 25%).

Allyl S-O-al]yl-3-0-phenoxycarbonyl—a D-glucofuranosnduronamlde (11¢)

AA e . 1LY 1EAOCT FOOTTLY baaerman a o r-.1 10N fa £ 0 MNYTOT N\ l" ATRATD /TIT LT MANAACY NN AATY
VLP.. 10J0=10% U (LI1ll 3‘Ilcxd.ﬂcb) i | JD = TI¥Y.L \C 0.LY, LIlLI13).- I1 INIVIN (1,11 UUD I, DUV VlIIZ,

naman darnimling INO N2 CNOCLY R =T747.728(m 7T Av 3. T A« 2 ITWN 7927274 fv 1 1T Awx A I
nving u\.«\uUul,ulll 9 LUV LVILLL, bu\/lj} v [0 XS Al BPPS SO \lll, dw Ahy SATITAAy M7 ll}}, 1 .40 . LT \ll" 1 11y OM™TT .I.l},
7.23-7.16 (m, 2 H, Ar-2-H, Ar-2"-H), 6.59 (b oad s, 1 H, CONH,), 6.00-5.82 (m, 2 I, 2v allyl-2-H), 5.60
(broad s, 1 H, CONHy), 5.41 (t, 1 H, 3-H), 5.38-5.20 (m 4 H, 2x allyl-CH,-3), 5.17 (d, 1 H, 1-H), 4.74 (dd, 1

H, 4-H), 4.56-4.47 (ddd, 1 H, 2-H), 4.38-4.09 (m, 4 H, 2x allyl-CH,-1), 4.12 (d, 1 H, 5- H), 280(d, 1 H,
OH), Jl,z =4.8 HZ, J2,3 =6.2 HZ, J3’4 =6.2 HZ, J4’5 =6.6 HZ, JZ,OH = 8.4 Hz.- 13C NMR (C,H COSY, 75.46,
50.3 MHz, CDCly): § = 172.74 (C-6), 153.54, 151.51 (OCOO, Ar-C-1), 133.92, 133.84 (allyl-C-2), 130.00
(Ar-C-3, Ar-C-3°), 126.67 (Ar-C-4), 121.35 (Ar-C-2, Ar-C-2%), 119.01, 118.50 (allyl-C-3), 99.73 (C-1),
81.96 (C-3), 79.19 (allyl-C-1), 77.31 (C-4), 75.84 (C-2), 73.94 (C-5), 69.69 (allyl-C-1)- IR (KBr): 3627-

3182,1760, 1668, 1313, 1261, 1124, 1056, 1028 cm™ .- FAB MS: m/z 416.2 [M+Na]*, 394.2 [M+H]", 336.1
MALLT ANNALTT M TIT AT 20720 2T07% 1A Anld M &£700 TT 20N AN D2 84 .1 M 20 L£0 1T 20N NT
LVITII-ANUILL] .- CiolipsNUyg (055,05, 355.14), caica. U 5/7.%9, 1 5.9U, N 5.50, founa C 58.065, 0 5.92, N
3.64

Allyl 5-O-allyl-3-O-phenoxycarbonyl-p-D-glucofuranosiduronamide (11b)
M.p.: 110-111°C (CHCls-hexanes).- [a]p’® = -52.7 (¢ 6.0, CHCL).- 'H NMR (H,H COSY, 200 MHz,
CDCls): § = 7.41-7.33 (m, 2 H, Ar-3-H, Ar-3>-H), 7.30-7.22 (m, 1 H, Ar-4-H), 7.20-7.10 (m, 2 H, Ar-2-H,



Ar-2’-H), 6.50 (d, 1 H, CONH,, ] = 2.9 Hz), 6.05-5.84 (m, 2 H, 2x allyl-2-H), 5.60 (broad s, 1 H, CONH),
5.40-5.19 (m, 5 H, 2x allyl-CH;-3, 3-H), 5.05 (d, 1 H, 1-H), 4.71 (t, 1 H, 4-H), 4.51 (broad s, 1 H, 2-H),
439—400(m,4H 2x allyl—CHz-l) 4.10 (d, 1 H, 5-H), 3.56 (d 1 H, OH) Juﬂ23 Hz, J34=64Hz, J45=

(UL‘UU, Ar-L -1 ), 134.48, 134.09 (allyi- L -2), 130. Ul (Ar-b -3, Ar-L, 3 ), 126.74 (Ar*bd}), i2i 41 (Ar-L,—L,

Ar-C-2%), 118.77, 117.84 (allyl-C-3), 107.76 (C-1), 81.79 (C-3), 79.47 (C-4), 79.27 (C-2), 78.98 (C-5),

73 22 69 ”7£ fallel O 1Y TR /TR 2844 2104 1767 1870 1644 1972 1980 1214 1118 100 1N45§

U (aityi= -1 ).~ U\ \NDL), 2J30-01V, 1/VUD, 1VU/7, 1UTT, 14&lJd, 14UV, 14177, 1110, 1UFJ, 1VUTY

- FAB MS: m/z 416.0 [M+Na]", 394.1 [M+H]", 336.0 [M+H-AIIOH]".- C;sH;;3NO; (393.39, 393.14),
calcd. C57.99,H 5.90, N 3.56, found C 56.87, H 5.96, N 3.65.

Allyl 2-0-(3,4,6-tri-O-acetyl-2-deoxy-2-trichloroacetamido--D-glucopyranosyl)-5-O-allyl-3-O-
phenoxycarbonyl-a-D-glucofuranesiduronamide (10b)

A mixture of 11¢ (275 mg, 0.7 mmol), 9 (500 mg, 0.8 mmol) and activated 3A molecular sieves (~ 690 mg)
in anhydrous 1,2-dichloroethane (8.5 mL) was stirred for 1 h at 20°C under dry argon, then cooled to 0°C.

Trimethyisilyl triflate in ary toluene (1.0 M, 151 uL, 0.2 eq) was injected into the reaction flask and the mix-
ture was stirred at 0°C for 5 h. Progress of the reaction was controlled by TLC (CHCl;-ethyl acetate 1:1).
Triethylamine (138 uL) was added, and the mixture was filtered, diluted with ethyl acetate, washed with sat.
aq. NaHCO; then with a 10 per cent aqueous solution of tartaric acid and water. The organic phase after
drying, solvent evaporation and FC (CHCls-ethyl acetate 1:1) furnished 10b (440 mg, 76%). 30 mg of 1l¢
were recovered.- M.p.: 162-163°C (CHCl3-hexanes).- [a]p®® = +51.8 (¢ 10.0, CHCI3).- 'H NMR (400 MHz,
[Ds]pyridine): 8 = 10.95 (d, 1 H, NHCOCCls), 8.60, 8.25 (2 s, 2x1 H, CONH,), 7.50-7.11 (m 5 H, Ar-Hs),
6.23 (t, 1 H, 3F.H), 6.13 (dd, 1 H, 3E-H), 6.09-5.93 (m, 2 H, 2x allyl-2-H), 5.60 (d, 1 H, 1 EH), 5.50 (t, 1 H,
4t ), 5 48 (d 1 H, 1F-H), 5. 40 5.28 (m, 3 H, 4"-H, 2x allyl-3- Ha) 5.18-5.08 (m, 2 H, 2x allyl-3-Hy), 5 01
(dd, 1 H, 2"-H), 4F60 (d, 1 H, 5F-H), 4.53-4.29 (m, 6 H, CH,-6", 2x allyl-CH,-1), 4.27-4.19 (m, 1 H, 2°-H),

3.95 (ddd, 1 H, 5°-H), 2.09, 2.03, 2.02 (3 s, 3x 3 H, 3x bULHg),J]EZE-lS‘fHZ Jopsg = 10.0 Hz, Jspaz =

IOOHZ J4555~]00HZ J556E—-24HZ J556E~46HZ J5E65—100HZ J]rzr‘43HZ J2]:3]:-82HZ
¢ = 8.0 Hz, Lirsp = 5.0 Hz, Jyuze = 8.2 Hz.- PC NMR (CH COSY, 100.6 MHz, [Dslpyridine): § =

J_jr qr Q.7 14, J4F JSF [ORAV I § VAN "'NHZJ: O.L 114, o ANAVAIIN \(pdl WO L, Ve IVIR AL,y [M5jPYAINMLLIV ). U

172.73, 170.97, 170.29 (CO), 163.72 (COCCLy), 154.16, 152.29 (OCOO, Ar-C-1), 135.56, 135.27 (allyl-C-
2), 13027 (Ar-C-3, Ar-C-3"), 126.85 (Ar-C-4), 122.14 (Ar-C-2, Ar-C-2), 118.24, 117.33 (allyl-C-2), 101.45
(C-1%), 100.31 (C-1F), 94.42 (CCl3), 82.62 (C-2%), 80.56 (C-3F), 79.93 (C-5%), 76.34 (C-4%), 73.50, 73.01 (C-
5E, allyl-C-1), 72.47 (C-3%), 69.94, 69.61 (allyl-C-1, C-4%), 62.90 (C-6), 57.28 (C-2%), 21.08, 20.93
(COCH3).- 'HNMR (H,H COSY, homo decoupling, 200 MHz, CDCl5): & = 7.44-7.15 (m, 5 H, Ar-Hs), 7.05
(d L H, NHCOCCl3), 6.57, 5.70 (2 broad s, 2x 1 H, CONH)), 6.00-5.78 (m, 2 H, 2x allyl-2-H), 5.58 (¢, 1 H,

3".H), 5.45 (dd, 1 H, 3"-H),538 -5.12 (m, 4 H, 2x allyl-CH,-3), 5.09 (t, 1 H, 4°-H), 507 (d, 1 H, 17-H), 5.02

(d, 1 H, lE-H), 4.72 (dd, 1 H, 4F.H ,4.48 (dd, 1 H, 2F-H) 4.28-3.91 (m, 6 H, CH>- 6 2x allyl-CH,-1), 4.06
71 11T CFTT\ I OLE Y OL fean 11T ”EYI\ D TO DY LT fama 1 LT EI:TY AN YN ‘\ﬂﬂ/".;‘)_ A TIT .. MNOIT N
{Q, 1 1, 5 =), 3.95-3.85 {m ,1 1, 2 -1, 5.78-3.67 (im, 1 0, 5°-11), 2.U7, 2.U03, 2.U2 (3 s, 3x 3 H, 3x COCH;),
Tinoe =R AHe To..=02H7 V... =107Hz I, .=104H T.....=Q2AH> T....—AAH, L. .. =735
JiEZE U.J 114, vIE3E 7.k Lidy J3E4E LU,/ L4, J4E SE LV.T 114, JNH.ZE O.J K14, J1F2F .7 i, JJF 3F .0
Hz, Japar = 7.5 Hz, J4p sp = 4.6 Hz.- °C NMR (C,H COSY, APT, 50.3 MHz, CDCl;): § = 172.52, 171.00,

169.90 (CO), 162.47 (_occ13) 153.18, 151.38 (OCOO, Ar-C-1), 134.40, 133.78 (allyl-C-2), 130.02 (Ar-C-
3, Ar-C-3’), 126.72 (Ar-C-4), 121.24 (Ar-C-2, Ar-C-2’), 119.13, 117.87 (allyl-C-3), 100.49 (C-15), 99. 51
(C-1%), 92.73 (CCls), 82.04 (C-2F), 79.32 (C- 3’“") 79.05 (C-5%), 75.98 (C-4%), 73.69 (allyl-C-1), 72.62 (C-55),
71.84 (C-3F), 68.91 (C-4F), 69.38 (allyl-C-1), 62.43 (C 6%), 56.55 (C-2F), 21.18, 21.09, 21.04 (COCHy).- IR
(KBr): 3600-3200, 1754, 1687, 1247, 1074, 1042 cm™ .- FAB MS: m/z 851.2, 849.2, 847.2 [M+Na]", 829.2,
827.2, 8252 [M+H]', 771.2, 769.2, 767.2 [M+H-AIIOH]* 436.0, 434.0, 432.0 [e]'.- C33H39CI3N;046

r1OMN L A A ¥y

(826.04, 824.14), caled. C 48.05, H 4.77, N 3.40, found C 48.14, H 4.88, N 3.52.

Allvl 2-0-(3 . 4.6-tri-O-acetvl- 7..:‘pnvv-')-hﬂnhlnrnnnnfnmlﬂu 'F}ED,.

mR) R TSI Y TIVT A ATV TR v vy AT AT MY U Ay TAT N AWARAUR Uav e ndsansR

phenoxycarbonyl-p-D-glucofuranosiduronamide (10a)

11b (400 mg, 1.0 mmol) was converted to 10a as described for the preparation of 10b. The crude reaction
product was purified by FC (CHCls-ethyl acetate 7:3, 6:4, 1:1) to give 10a (500 mg, 60%); 29% of 11b were
recovered.- M.p.: 158-159°C (CHCl;-hexanes).- [o]p”’ = -25.7 (¢ 10.5, CHCl;).- 'H NMR (H,H COSY, 400
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MHz, [Ds]pyridine): § = 10.75 (d, 1 H, NHCOCCl3), 8.47, 8.35 (2 s, 2x 1 H, CONHy), 7.40-7.18 (m, 5 H,
Ar-Hs), 6.11-5.95 (m, 2 H, 2x allyl-2-H), 6.08 (dd, 1 H, 3°-H), 5.85 (dd, 1 H, 3"-H), 5.69 (d, 1 H, 1°-H), 5.52
(t, 1 H, 45-H), 5.51 (s, 1 H, 17-H), 5.38-5.28 (m, 2 H, 2x allyl-3-H,), 5.24 (dd, 1 H, 4°-H), 5.18-5.08 (m, 3 H,
2x allyl-3-H,, 2F-H), 4.67 (d, 1 H, SF-H) 4.58-4.50 (m, 2 H, allyl-1-H, 25-H), 4.47 (dd, 1 H, 6’F-H), 4.42-

~ 111 1 1% T -~ N~y k] b ZE
433 (m, 1 H, auyl- -H), 4.31 (dd, 1 H, 65-H), 4.25-4.12 (m, 2-H, 2x allyl-1>-H), 3.97 (ddd, 1 H, 5"-H), 2.08,
A N1 0T Y VaVaVal s SRUNE ¢ o O L TV 1N A LY. Y -_ 0 & 1T T -— 1NN 1T T__
UL, LY/ {08, 3x ) n, 3x LUALI13), JIE2E = 0.0 11Z, nggg = 1U.4 INZ, J3E4E = J.0 ILZ, J4ESE = 1V.V IIZ, JSE6
=7 T m Ay 20 =19 AHy T = QAMs Too <10 H  Jopar= 1.8 Hz, Jsp4r = S2 Hz
L.k X1ey JSEGE .4 k1L, JBEG’E 14.% L1314, JNH,2E G.9 114, JIF2F < 1.V 114, JIF 3F 1.9 Xi&, v3F4F Sk L1l

ZF,
Jar 5 = 8.2 Hz.- 3C NMR (C.H COSY, APT, 100.6 MHz, [Ds]pyridine): 8 = 173.02, 171.01, 170.93, 170.27
(C0), 163.98 (COCCLy), 153.97, 152.13 (Ar-C-1, 0CO0), 135.32, 135.25 (allyl-C-2), 13041 (Ar-C-3, Ar-
C-3), 127.07 (Ar-C-4), 122.00 (Ar-C-2, Ar-C-2°), 117.97, 117.49 (allyl-C-3), 107.30 (C-1 F), 100.63 (C-19),
94.27 (CCly), 86.34 (C-2F), 80.62 (C-4F), 80.40 (C-3%), 79.53, (C-5), 73.03 (C-55), 72.71 (C-35), 72.27
(allyl-C-1), 69.76 (C-4F), 62.57 (C-65), 57.13 (C- 25), 21.00, 20.92 (COCH3).- IR (KBr): 3550-3200, 1757,
1724, 1692, 1530, 1371, 1255, 1164, 1071 cm - FAB MS: m/z 851.2, 849.2, 847.2 [M+Na]", 829.2, 827.2,
436.0, 434.0, 432.0 [e]'.- C33H3CL3N;016 (826.04,

T »

b
H 4.82,N 3.45.

825.2 [M+H]", 771.2, 769.2, 667.2 [M+H- AIIOH HJ, 4
824.14), calcd. C 48.05, H 4.77, N 3.40, found C 48.01,

77,
Allyl 2-0-(2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-f-D-glucopyranosyl)-5-0-allyl-3-O-phenoxycar-
bonyl-B-D-glucofuranesiduronamide (10e)

a) A solution of 10a (100 mg, 0.12 mmol), AIBN (7 mg, 43 umol) and tributyltin hydride (126 uL, 0.48
mmol, 4.0 eq) in DME (6 mL) was stirred at 80°C until no starting material remained (20 min). The reaction
mixture was cooled to 20°C and concentrated. The solid residue was washed with hexanes to remove
Bu3SnCl and the crude product was purified by FC on silica gel (11 g) using ethyl acetate to give 10e (70
mg, 80%). There were problems in the reproducibility of the reaction.

b) Reduction of 10a with with Zn-Cu couple in acetic acid: To a solution of 10a (500 mg, 0.61 mmol) in ace-

tic acid (8 mL), excess of activated Zn-Cu coupie (800 mg) was added under argon. The reaction mixture
was stirred at 20°C. After 2.5 h an additional amount of Zn-Cu (500 mg) was added under argon and the

ction mixture was stirred for 18 h at 20°C. Then the reaction mixture was filtered and the residue washed
LVANJLL 111k DLW 1V LU X RiNviL AWLLIUVILIL LL11ANntUaw YOO Lilvwi AW Vil A WOINW VY

atedly with CHCl;, ethyl acetate and toluene. The solvents were evaporated under reduced pressure. The
crude product was purified by FC on silica gel (85 g), eluted with CHCl;-ethyl acetate 50:50, 30:70 then
0:100 to provide pure 10e (373 mg, 85%).

¢) Reduction of 10a with with Zn-Cu couple in THF - acetic acid: To a solution of 10a (1.0 g, 1.21 mmol) in
THF (20 mL) and acetic acid (4 mL), excess of activated Zn-Cu (1.0 g) was added under argon. The reaction
mixture was stirred at 55°C. After 2.5 h additional amount of Zn-Cu (725 mg) was added under argon and
the reaction mixture was stirred at 55°C for 20 h. Then work-up of the reaction was performed as described
above. Yield: 83%.- M.p.: 139 190°C (CHClg-hexanes) [a]p®® = -27.6 (c 5.8, CHCl3).- ‘H NMR (H H

v-1 -
’13

= b €
Y
je!
c
g>
Z,
T
&
~3

b
.E ——
-/

5.08 (m 3H, 2x allyl -3-Hy, 2F—H) 4.68 (d 1H -H) 4.52-4, 43( , 2 H, allyl-1-H,
(m 2 H, allyl-1-H, 25-H), 4.29 (dd, 1 H, 65-H), 424 (dd, 1 H, allyl-1>-H), 4.11 (dd, 1 H allyl I -H) 395
(ddd 1 H 5F-H) 2. 09 203 200 1.96 (4 S, 4x 3 H 4x COCH3), J[Ezg =85 HZ J253E =10.4 HZ J3E4E =
95HZ 1455F—95HZ J5E6E—23HZ J5565—48HZ JGEGE“ 124HZ JNHzg 85HZ J1F2F<10HZ
J2;-3F— 1. SHZ J3p4p— 5. ZHZ J4F5F~83 Hz.- l"C NMR (CHCOSY APT lOOGMHZ [Ds]pyndme) 8=
172.23, 170.52, 170.26, 170.11, 169.49 (CO), 153.17, 151.34 (OCOO, Ar-C-1), 134.45 (allyl-C-2), 129. 56

£ A [o AN 17NL NN LA AN 11 A™ 7 A 22 2Y 117 AN 147 I 11 ~ n

(Ar-C-3, Ar-C-37), 126.20 (Ar-C-4), 121.22 (Ar-C-2, Ar-C-2%), 117.20, 116.63 (allyi-C-3), 106.41 (C-1 5,
100.31 (C-15). 85.29 (C-2FY. 7994 (C-3FY 79 50 (C-4Fy. 78 51 (C-5FY. 72 72 (C-3By 72 07 (C-55y 71 47
\VAV) 1 A\"1 ! VJ.L7 \\_/ e }, I 7.7 \\/ - } 7.V \\/'T } 10.01 \\J-J ], ldad 1 L ‘\\.1'.7 ), 14,917 k\./'.) }, /1.7
(allyl-C-1), 69.13 (C-4%), 68.89 (allyl-C-1), 61.91 (C-6%), 54.99 (C-2%), 22.70, 20.18, 20.11 (COCH;).- IR
(al ), 69.13 (C-47), 68.89 (allyl-C-1), 61.91 29 (C-27), 22.70, 2018  20.11 (COCH;).- IR

70, 20.18 1 (COCH3).- 1
(KBr): 3700-3000, 1751, 1651, 1641, 1373, 1273, 1254, 1073, 1046 cm" - FAB MS: m/z 745.1 [M+Na]",
723.1 [M-+H]", 665.1 [M+H-AIOH]", 330.0 [e]" - C3sHaN,O1s (72270, 722.25), caled. C 54.83, H 5.86,
3.88, found C 54.96, H 5.86, N 3.81.
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Allyl 2-0-(3,4,6-tri-O-acetyl-2-deoxy-2-chloroacetamido-f-D-glucopyranosyl)-5-0-allyl-3-O-phenoxy-
carbonyl-pB-D-glucofuranosiduronamide (10c)

To a solution of 10a (80 mg, 0.10 mmol), AIBN (6 mg, 37 pmol) in DME (4 mL) tributyltin hydride (100
uL, 0.38 mmole, 3.9 eq) was added at 20°C. The reaction mixture was stirred at 20°C for 5 min, then at 85°C

for 40 min. Work up of the reaction mixture was performed as described to provide 10e (33 mg, 47%) an

1
10L /90 waee AN LT ATMD 7200 M, OTYOLY. Tha ganactmim e very cimilar tn tha
1Y€ {40 Mg, QU /0).- 11 INIVIN (JUV IVITNTZ, Lisviz). 100 SPOLUULi 1s VOy suathal Wwouic X% ULLL
of N

5. excent for an AB svstem at 8 = 3.55 and 4.00 for COCH,CI and the si ‘H(‘()(‘Hq(*l observed

3, except for an AB system at 8 = 3.55 and for COCH,C the signal of

as doublet at 8 = 6.78 whereas for 10e as doublet at & = 5.78.- °C NMR (APT, 75.5 MHz, CDCls): The
spectrum is very similar to the spectrum of 10e, except of a signal at § = 42.47 for COCH>Cl (COCHj of 10e
at & = 23.64 ).- IR (KBr): 3580-3200, 1755, 1670, 1541, 1372, 1257, 1168, 1071, 1044 cm™ .- C33H4;CIN2O)6
(757.14, 756.21).- FAB MS: m/z 781.2, 779.2 [M+Na]", 759.2, 757.2 [M+H]", 701.2, 699.2 [M+H-AIlOH]",
366.1, 364.1 [e] .

Q
]
Q

halogenatl on of 10b
A A L ANL 74N . _ N NE ~ 1\ ATDOAT /A ..\ T Q_TIY 71777 .. T 1N .\ 2. TAARAL A IIM_— N ne A
a) A solution of 16b (40 mg, 0.05 mmol), AIBN (2 mg), Bu;SnH (127 mL,10 eq.) in DMAC (100 mL) and
talivana /10N T\ wraa hantad at QN0 mindoer arann After 1N min a x‘n te enlid nracinitated Tha reastinn
wJiuciiv \IUU l.lLLJ} wao 1ivailLul al ov o uuuvx Al gUll. e 1V g Wikitv Suiiu g leyltdl\au LIV ivQauuivli

mixture was diluted with toluene (300 mL) and heated 45 min at 80°C. After solvent evaporation hexane was
added and the precipitated material was washed with hexane to remove Bu3SnCl. The crude product (35 mg)
was then purified by FC (CHCls-ethy! acetate 1:1 to 0:1) to give 10f (18 mg, 52%), compound X (13 mg)
and 12 (3 mg).

b) A mixture of 10b (270 mg, 0.33 mmol) and freshly prepared Zn-Cu couple (~516 mg) in acetic acid (11
mL) was stirred at 20°C. After 2 h, 20 h, 30 h further ~400, ~180, ~500 mg portions of Zn-Cu were added
and the reaction mixture was stirred for another 15 h (45 h as a whole). After filtration the residue was re-

peatealy washed with Ll‘izblz, etnyl acetate and toluene. The solvents were evaporated under reduced pres-

s e a e PRy e A% A falsfal [P Y ANL 110 PR |

sure dIlu LﬂC LI'UUC PI'OUUL[ was punucu Dy I‘b \bl‘lbl3'€lll}’l acetate 1: l) o glVﬁ 1v1l {110 mg, 50 /0} and 10d

(94 mg, 40%), TLC: ethyl acetate.

c) A mixture of 10b (7'10 mg, 0. 28 mmol) and frpthv nrpnzred Zn-Cu r‘guplg (~560 mg) in acetic acid (1
mL) and THF (6 mL) was stlrred at 55°C. After 2ha further portion of Zn-Cu (~280 mg) was added and the
mixture was stirred for another 18 h at 55°C. The reaction mixture was cooled to 20°C, filtered and the resi-
due was washed repeatedly with ethyl acetate, CH,Cl; and toluene. From the combined filtrates solvents
were evaporated under reduced pressure and the crude product was purified by FC (ethyl acetate) to provide
a quantitative amount of 10f.

Allyl 2-0-(2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-p-D-glucopyranosyl)-5-0-allyl-3-O-phenoxycar-
bonyl-a-D-glucofuranosiduronamide (10f)

R/f n - ')17_’)]0°F fr'ur‘l.Jv\nvnnne\ Anr\nmr\ne;f;nn _ Tl =LA (r A9 CHICIN I's m~NQV

. Z17 o \aiua3=ilkaiils Oiposiusil,- QD TOJ.7 (€ U.4, LITUA3J= L INIVIRN (IL,I1 LUS I,
400 MHz, [Dspyridi ding): 8=9.47 (@ 1 H, NHCOCH), 8.60, 8.24 (2 5, 2x 1 H, CONHy), 7.53-7.15 (m, 5 H,
Ar-Hs), 6.24 (t, 1 -H) 6.17 (dd, 1 H, 3E. ), 6.10-6.00 (m, 1 H, allyl-2-H), 6.00-5.90 (m, 1 H, a llyIZ—

H),5.75 (d, 1 H, 1 -H) 5.45(d, 1 H, 1-H), 5.44 (t, 1 H, 4FH),541 -5.31 (m, 2 H, 2x allyl-3-H,), 5.30 (dd,

H, 47-H), 5.17, 5.09 (2 dd, 2x 1 H, 2x allyl-3Hy), 5.03 (dd, 1 H, 2°-H), 4.59 (d, 1 H, 5-H), 4.51 (dd, 1 H, 6’E
H), 4.42-4.28 (m, 4 H, 65-H, 3x allyl-1-H), 4.22-4.15 (m, 1 H, allyl-1-H), 4.10 (dt, 1 H, 2°-H), 3.93 (ddd, 1
H 51: H) 207 204 202 2.01 (4S 4X3H 4X COCH3) JlEZE-Jm{zE—S?)HZ 12535— 107HZ J3E4E=
J4ESE—97HZ,1555|3—20H7 JSFGE—47HZ J5555—128HZ Jir2r = 4.6 Hz, sz3p—83HZ Jspap=7.4
Hz, J4rsr = 4.9 Hz.- BC NMR (C,H COSY, APT, 100.6 MHz, [Ds]pyridine): 6 = 172.85, 171.43, 170.99,

170 27 (OO 1( 29 189D AQ fl‘\r“t’\ﬁ Aw Y 1\ 128 & Ao N 177 Of

N 128 18 14115 LY W:

LIV (VU LJ9.04, 124.45 (ULUU, AT-U~1 ), 150,02, 130.3) (@UYI-U-~2), 15U.L4 (AT 3 Ar-C-3 ), 1£20.80
21
= i
1

P N
(Ar-C-4), 122.36 (Ar-C- 2, Ar Cs,. ), 118.15, 117.33 (allyl-C-3), 7 (C-15y, C=1F), 82.65 (C-?_r),
80 40 (C 3F\ 80.31 (_ -5F ), 76.60 (C-4"), 73 6(_) (allyl C-1), 73.11 (C- 15\ 72.75 (C- 5‘5), 70.21 (C- 4‘5), 69.46
(allyl-C1), 63.04 (C-6) 56. 57 (C- 2E) 23.57, (CH3) IR (KBr): 3660 3100, 1749, 1670, 1640, 1373,

1251, 1074, 1043 cm™.- FAB MS: m/z 745.5 [M+Na] , 665.5 [M+H-ANOH]", 330.3 [e]".- C33HaaN,06
(722.70, 722.25), caled. C 54.83, H 5.86, N 3.88, found C 54.84, H 5.98, N 3.87.
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Allyl 2-0-(3,4,6-tri-O-acetyl-2-deoxy-2-chloroacetamido-f-D-glucopyranosyl)-5-0-allyl-3-O-phenoxy-
carbonyl-a-D-glucofuranosiduronamide (10d)

a) Vide supra.

b) Reduction of 10b with with Zn in acetic acid. To a solution of 10b (20 mg, 0.024 mmoli) in acetic acid

oa
uau mL), excess of activated Zn (wasnea with 1N HCI) was added. After 15 min the reaction mixiure was

st mzrmsnmsnnds i asmd T £ a v 18A (15 »n
uucrcu uu"ougn sm&d gUl wuu Uulyl acetate. Solvent Cyvapoiativii re \cuuyt avcww; Bavw ava (1o mg,

1R
82%).- '"H NMR (400, 200 MHz, CDCls): & = 7.42-7.23 (m, 5 H, Ar-Hs), 6.70 (d, 1 H, NHCOCH,C)), 6.68,
5.95(2's, 2x 1 H, CONHy), 6.01-5.85 (m, 2 H, 2x allyl-2-H), 5.63 (t, 1 H, 37-H), 5.56 (t, 1 H, 3%-H), 5.40-
5.15 (m, 5 H, 2x allyl-CH,-3, 45-H), 509(d 1H,1° H) 5.04 (d, 1 H, IE—H) 4.75(dd, 1 H, 4F-H),445 (dd,1
H, 2F-H), 4.30-4.15 (m, 6 H, CH,-6%, 2x allyl-CHp-1), 4.13 (d, 1 H, 5"-H), 3.85-3.72 (m, 1 H, 25-H), 3.78 (s,
2 H, COCHxCI), 3.60 (dt, 1 H, 5%-H), 2.08, 2.03, 2.02 (3 s, 3x 3 H, 3x COCHy), Jip2e = 9.4 Hz
(unexpectcdly large J) J2E3E_92 HZ 131:4}:—‘ 9.0 HZ J4L55 =8.8 HZ, JNHZE 7.6 Hz, J[pzx: =44 Hz, .’21.3;.
=7.6 Hz, Jspqr = 7.7 Hz, Jag.5r = 4.5 Hz.- °C NMR (100.6, 50.3 MHz, CDCl3): & = 173.43, 171.03, 170.79,

Py —_—— . P A7 aVaTaVal -~ PR Y N Ve

167.33 (CO), 153.34, 149.25 (ULUU Ar-C- 1), 134.39, 133.79 (allyl-C-2), 130.00 (Ar-C-3, Ar-C-3°), 126.79
A REValis Y 1!\(\’)(\/{" IF\ Q0 YL 1F\ [+ 1o M bo ] /f"\F\
(Ar-C-4), 121.54 (Ar-C-2, Ar-C-2"), 119.22, 117.89 (allyl-C-3), 100.39 (C-17), 99.36 (C-1), 82.73 (C-2°),

79.31 (C-39), 79.01 (C- 5") 75.93 (C-47), 72.44 (allyl-C-1), 71.47 (C-5%), 69.26 (C-3%), 69.22 (C4%), 62.58
(C-65). 56.52 (C- ?E\ 4278 (CH,CD, 21 21, 21.12, 21.09 (COCH3;), 148.41, 135.78 and 125.17 could not be

ATV g AUIL T4 A\ A &Llikdy &%y L2V T A 3r2 23 7y 20 Qins 2 LOUIL IV

assigned.- 'H NMR' (H,H COSY, 400 MHz st]pyndlnc) 5=9.97(d, 1 H, NHCOCH3), 8.69, 8.20 (2 s, 2x
1 H, CONH,), 7.53-7.08 (m, 5 H, Ar-Hs), 6.18 (t, 1 H, 3%-H), 6.13 (dd, 1 H, 35-H), 6.11-5.81 (m, 2 H, 2x
allyl-2-H), 5.70 (d, 1 H, 15-H), 5.42 (t, 1 H, 45-H), 5.41 (d, 1 H, 17-H), 5.39-5.25 (m, 2 H, 2x allyl-3-H,),
5.25 (dd, 1 H, 4°-H), 5.17-5.01 (m, 2x H, 2x allyl-3Hy), 4.99 (dd, 1 H, 2F-H), 4.55 (d, 1 H, 5'-H), 4.52-4.14
(m, 7 H, CH,-6%, 2x allyl-CH,-1, 25-H), 4.21, 4.15 (AB system, 2x 1 H, COCH,Cl), 3.96-3.84 (m, 1 H, 5°-
H), 1.99, 1.98,1.97 (3 s, 3x 3 H, 3x COCH3), Jig25 = 8.4 Hz, Juoe = 7.9 Hz, Jogse = 9.3 Hz, Japap = Japse =

10.6 Hz, Jipor = 44 Hz, Jop3r = 7.7 Hz, Jarar = 7.6 Hz, J4rsr = 5.4 Hz.- IR (KBr): 3600-3200, 1753, 1677,

1250, 1042 cm™.- C33H4,CIN2016 (75715 756.21).- FAB MS: m/z 781.1, 779.1 [M+Na]’, 759.2, 757.2
[M+HT", 701.1, 699.1 [M+H-AIIOHT", 366.1, 364.1 [e]"

(iva T iy AANSLRy

Cyclization product 12

'H NMR (200 MHz, CDCl3): The spectrum demonstrated that 12 contained only one allyl group.- °C NMR
(50.3 MHz, CDCls): & = 174.27, 172.78, 171.27, 171.21, 169.77 (CO) , 152.92, 151.58 (OCOO, Ar-C-1),
133.98 (allyl-C-2), 129.97 (Ar-C-3, Ar-C-3°), 126.58 (Ar-C-4), 121.30 (Ar-C-2, Ar-C-2"), 118.77 (allyl-C-
3), 100.88, 98.90 (C-1%, C-17), 79.96, 78.67, 77.66, 76.55, 75.61, 73.69, 73.40, 69.79, 68.68, 62.51, 52.11,
37.08,29.21, 23.25, 21.14, 21.06, 18.01 (3x COCH3;, HNCOCH,CH,CH,).- C33H4;N2016 (722.70, 722.25).-

FAB MS: m/z 745.3 [M+Na]", 723.3 [M+H]".

Compound X

'H NMR (200 MHz, CDCls): Only signals for one allyl group were present and multiplets between 0.60 and
1.90 ppm corresponding to a BusSn group.- C4sH70N206Sn (1013.74, 1014.37).- FAB MS: m/z 1037.2
[M+Na]*, 957.2 [M+H-AIIOH]", 330.1 [e]".

Allyl 2-0-(2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-B-D-glucopyranosyl)-5-0-allyl-3-O-carbamoyl-a-D-
glucofuranosu]uronamlde (13b)
i solution of ammonia in dioxane (4.5 mol/L

,a

ctivrrad at INOL Far £8 1. Tha onlss < wireTa

SULITU Al 4V U 1UI Vo 1i. 110 dULVCIILdD WCIC
n

vaporated (codistillation with toluene) under reduced nressure. The crude product was

aporatl & Wil undaer reaucea JRie e LA VWUV pPAVUUVL VA puiinally Uy o a

(CHCl3-methanol 97:3, 95:5 and 92:8) to yield 13b (80 mg, 78%).- M.p.: 204-205°C (CHCl;-methanol-hex-
anes), decomposition.- lH NMR (H,H COSY, 400 MHz, [Ds]pyridine): 8 = 9.32 (d, 1 H, NHCOCHj5), 8.72,
7.90 (2's, 2x 1 H, CONH,), 7.57 (broad s, 2 H, H,NCO0O), 6.31 (dd, 1 H, 3"-H), 6.11 (1, 1 H, 3“~H) 6.07-
5.89 (m, 2 H, 2x allyl-2-H), 5.65 (d, 1 H, 15-H), 5.42 (1, 1 H, 4F.H), 5.41 (d, 1 H, 1F-H), 5.37-5.28 (m, 2 H,
2x allyl-3-H,), 5.15 (t, 1 H, 4"-H), 5.12-5.04 (m, 2 H, 2x allyl-3Hy), 4.92 (2‘-H) 4.52-4.46 (1 H, 6’5-H, d, 1
H, 5"-H), 4.36-4.15 (m, 6 H, 6°-H, 2x allyl-CH,-1, 25-H), 3.92 (ddd, 1 H, 55-H), 2.08, 2.03, 2.01, 1.99 (4 s,
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4X3H 4x COCH3),J1525—84HZ J253E—98HL, J3E4E——98HZ J4555—98HZ J5565=38HZ,J555}3"
22HZ JNH,ZE”SZ HZ J1F2F—46HZ JZF}F“75 HZ J3F4F'75HZ,J4F5F—55 Hz.- l3(:1‘"\/11{((31'1
COSY, APT, 100.6 MHz, [Ds]pyridine): 8= 174.10, 17218 170.32, 169.95, 169.28 (CO), 156.67

N .-.. N S N ] N L V<]

(H;NCOQ), 135.18 (allyl-C-2, hidden by a solvent peak), 116.85, 115.98 (ailyl-C-3), 100.84
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{C-1), 82.58 (C-2"), 79.60 (C-5"), 76.40 (C-4"), 74.44 (C-37), 72. 3 (C-37), 72.12 (allyl-C-1), 71. 5%,
69.21 (C4%), 68.34 (allyl-C-1), 61.99 (C-65), 55. 22 (C-25), 22.50, 19.98, 19.88 (4x COCHs).- IR (KBr):
3700-3120, 1744, 1663, 1373, 1235, 1074, 1043 cm’'.- FAB MS: m/z 668.1 [M+Na]", 646.1 [M+H]", 588.0
[M+H-AIIOH]", 330.0 [e]".- C2;H3gN30;5 (645.62, 645. 24), caled. C 50.23, H 6.09, found C 50.39, H 5.97.

Allyl 2-0-(2-acetamido-3,4,6-tri-O-acetyl-2-deoxy--D-glucopyranesyl)-5-O-allyl-3-O-carbamoyl-3-D-
glucofuranosiduronamide (13a)
To a solution of 10e (625 mg, 0.87 mmol) in pyridine (18 mL), an 0.5 M ammonia-dioxane solution (17.3

mL, 10.0 eq) was injected and the reaction mixture was stirred at 20°C for 65 h. The solvents were evapo-

rated (COGIS[lHaIlOIl with tomene) under reduced pressure. The crude pI‘O(IUCI was dissoived in Lnb13-merna—

.........

llU}, lllLKCU. Wll.h klcbc:lgum bU}VCIllb WCIe CVdelaLCd, l.hC leldUC was dllCd dt 10 Pa aud lhc \AUUG }uuuuwt
was transferred to the top of a FC column eluting with CHClz-methanol: 95:5 and 90:10 to furnish 13a (541
mg, 97%), TLC: CHCls-methanol 9:1.- M.p.: 223-224°C (CHCls-methanol-hexanes), decomposition.- 'H
NMR (H,H COSY, 400 MHz, [Ds]pyridine): 8 9.50 (d, 1 H, NHCOCH3;), 8.28, 8.00 (2 5, 2x 1 H, CONH,),
7.83 (broad s, 2 H, HhNCOO), 6.07-5.90 (m, 2 H, 2x allyl-2-H), 5.90 (t, 1 H, 3E-H), 5.85 (d, 1 H, 3F-H), 5.62
(d, 1 H, 15-H), 5.48 (t, 1H, 45-H), 5.45 (broad s, 1 H, 1F-H), 5.36-5.22 (m, 2 H, 2x allyl-3- -H,), 5.09-5.04 (m,
2 H, 2x allyl-3-Hy), 5.03 (broad s, 1 H, 2"-H), 5.01 (dd, 1 H, 4"-H), 464-453(m, 1 H, 2"H) 4.56 (d, 1 H,
SF-H), 4.53-4.48, 4.32-2.24, 4.18-4.06 (m, 6 H, 2x allyl-CHx-1, CH,-6%), 3.96 (ddd, 1 H, 55-H), 2.07, 2.04,
1.99, 1.97 (4 S, 4x 3 H, 4 COCHg), J]E,zg =8.5 HZ, J25,3E =114 HZ, j3g,4E =903 HZ, J4E’55 =10.5 HZ, JNH,?.E =
9.9 Hz, Jir2r < 1.0 Hz, Jap3r < 1.0 Hz, Jap4r = 5.3 Hz, J4r.sr = 8.8 Hz.- *C NMR (C,H COSY, APT, 100.6

5 = 173 65 1’71 14 170Q7 17020 (C"ONW 187 77 (1A, \If"(\ﬂ\ 125 50 128 A5 fo},tﬂ (N
. H

71.16, 170.97, 170.29 , 157.77 (H;NC 135.50, 135.45 (allyl-C-
2), 117.93, 117.28 (allyl-C-3), 107.82 (C-1%), 101.47 (C-1 \E\ s§7 07 (C- 7\F\ 81.44 (}(*-4‘:\ 79.46 (C- 5%, ,;6 04
(C-3H, 74.04 (C-35), 72.82 (c-sf), 72.28 (allyl-C-1), 69.93 (c 45, 69.67 (allyl- c-1), 6271 (C-65), 55.37 (C-
2%), 23.51, 21.04 (4x COCH3).- IR (KBr): 3660-3140, 1744, 1707, 1657, 1373, 1256, 1235, 1050 cm™ .- FAB
MS: m/z 668.1 [M+Na]", 646.1 [M+H]", 588.1 [M+H-AIIOH]", 330.0 [e]".- Ca7H3oN30;5 (645.62, 645.24),

caled. C 50.21, H 6.09, found C 50.05, H 6.16.

2-0-(2-Acetamido-3,4,6-tri-O-acetyi-2-deoxy-
uronamide (14a)

-D-giucopyranosyl)-3-O-carbamoyl-o-D-glucopyran-

R o)

viira AfF 12a Q8 o N 1T mmmal) and DADDL Y. 718D s 1N am) i:n nnatia antd 1 D cnT ) axrna otivend
a} A mixture of 13a (00 Ig, V.15 MiNoi) and rawrriagjq4 (134 mg, 1.u €4) in aceiic acia (1.2 mij was stiried
under aroon at 20°C for 3 h. The solvent wag removed hv azeotronic avanaration with taliane The recids
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was taken up in water and washed repeatedly with CHCl;, then water was removed w n,
product was further punﬁed by washmg it with toluene- CHClg-methanol 10:10:3 to 1cld 14a (64 mg, 85
In a second reaction, 240 mg of 13a were used to yield 14a (166 mg, 79%). TLC: CHCl3-methanol 9:1 an
4:1.
b) A mixture of 13b (100 mg, 0.16 mmol) and Pd(PPh;), (164 mg, 0.9 eq) in acetic acid (3 mL) was stirred
under argon at 20°C for 3.5 h. Subsequent removal of the solvent and purification as described above yielded

ley ara amy

ida (70 mg, lSU“/o) - H NMR (
N

Y COANLIY 728 74 1
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COSY, 400 MHz, homo decoupling, 200 MHz, [Ds]DMSO): & = 7.39 (s,
ey
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, 1 H, CONH,), 6.81 {(d, 1 H, 1-OH), 6.32 (broad s, 2 H,
H AFnu\ 510t 1 H 2E N 407t H, 3Py 481 ¢t

LALIANNANINS Jy wed s \MSNy 1 11y X 41, T TIAL), JdV AL 1 11y T TL1], .07 L "11}, 01 L,

2 (br
1 H, 45-H), 4.68 (d, 1 H, IF-H) 422 (dd, 1 H, 6’E-H), 4.10-3.98 (m, 1 H, 65-H), 4.01 (d, IH 5F-H), 3.82
(ddd, 1 H, 55-H), 3.81-3.63 (m, 1 H, 2°-H), 3.54-3.40 (m, 2 H, 4"-H, 2F-H), 2.03, 1.98, 1.92, 1.81 (4 s, 4x 3
H 4 COCH3), 11525—8 5 HZ J2E3F_ 10.1 HZ J3E,4E_ 10.1 HZ Jggsg— 10.1 HZ JsE(,E—~42HZ JSEGE"25
HZ J6E6E_ 122HZ JNH25—96HZ J]F2F~40HZ J2F3F—98HZ J3F4F—97HZ J4F5F—96HZ J]FOH"
4.1 Hz.- BC NMR (C,H COSY, APT, 50.3, 100.6 MHz, [Ds]DMSO) 5 =171.48, 170.37, 170.01, 169.54,
169 47 (CO), 156.93 (HZNCOO) 102.32 (c 15), 92.17 (C-1%), 79.24 (C-2H), 73.12 (C-3F, C-3%), 71.13 (C-
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5 ), 71.03 (p—4 ), 70.85 (C-5%), 68.83 (C-4° ), 62.03 (C-67), 53.25 (C-27), 23.01 (NHCOCHj3;), 20.81, 20.68,

[
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20.60 (COCH;).- FAB MS: m/z 588.0 [M+Na]', 566.0 [M+H]', 548.0 [M+H-H;0]", 330.0 [e]'-
C1H31N3045 (565.49, 565.18), caled. C 44.59, H 5.53, found C 45.00, H 5.60.

2-0-(2-Acetamido-3,4,6-tri-O-acetyi-2-deoxy- 3-D-glucopyranosyi)-1,4-di-O-acetyi-3-O-carbamoyi-a-D-
glacapy. anuronamide (14b)
Acetic anhydride (1.3 mL) was added to a solution of 14a (obtained from 13a, 60 mg, 0.11 mmel) in

pyridine (2 mL), the reaction mixture was stirred at 20°C for 2 h, The solvents were removed by azeotropic
evaporation with toluene under reduced pressure. The crude product was dried over night under vacuum and
purified by FC (CHCl;3-methanol 100:0, 100:3, 100:5 and 100:10) to give 14b (a-isomer, 60 mg, 87%) as a
white solid product and a mixture of 14b and B-isomer 14¢ (5 mg, 7%), TLC: CHCl3;-methanol 4:1.

When the reaction was repeated with 165 mg of 14a (obtained from 13b) the yield was: 14b (153 mg, 81%),
a mixture of 14b and 14¢ (7 mg 1% a, 3% B) and a mixture of 14b and an unknown side product (28 mg, 7%

o and 8% unknown).- 'H NMR (H,H COSY, 400 MHz, 200 MHz, [Ds]pyridine): & = 9.32 (d, 1 H,
NHCOCH;3), 8.50, 8.32 (25, 2x 1 H, CONH,), 7.71 (broad s, 2 H, H;NCOO), 6.90 (d, 1 H, 17-H), 6.11 (dd, 1
H, 3%-H), 6.08 (1, 1 H, 3*-H), 5.95 (t, 1 H, 4"-H), 5.58 (d, 1 H, 15:H), 5.38 (¢, 1 H, 45-H), 4.80 (d, 1 H, 5°-H),
4.48 (dd, 1 H, 6°E-H), 4.37 (dd, 1 H, 6°-H), 4.23 (dd, 1 H, 2F-H), 4.15-3.95 (m, 2 H, 2, 5F -H), 2.19, 2.11,

2.10, 202 1.99, 1.81 (6 s, 6x 3 H, 6 COCH3), J1k 26 = 8.4 Hz, Jog3e = 9.9 Hz, Jag 4 = 9.8 Hz, J4g 5r = 9.7 Hz,
J555};*45HZ J5555—24HZ J()I:GE' 12.1 HZ JNH25—82HZ J]FZF—39HZ J2F3F—98HZ J3p4;:—98
Hz, Jsr.sr = 9.9 Hz.- *C NMR (C,H COSY, 100.6 MHz, APT, 50.3 MHz, [Ds]pyridine): &= 169.69, 169.46,
169. 28 168.76, 168 61, 167.96 (CO) 156.08 (HZNCOO) 100.64 (C-1 ) 89.83 (C 19, 76.76 (C- 2*) 71 36

21. ‘}4 ("HCOQH )s 19 53 1931, 19.20, 19.12, 19 05 (5x L()Ll-lg)- IR (KJ:Sr) 3600- 514() 1748, 1085
-1 R + + +

1373, 1236, 1050 ecm™.- FAB MS: m/z 672.0 [M+Na]', 650.0 [M+H]", 590.0 [M+H-AcOH]", 330.0 {e] .-

Ci5H3sN30,7 (649.56, 649.20), caled. C 46.21, H 5.43, N 6.47, found C 46.30, H 5.48, N 6.52.

2-0-(2-Acetamido-3,4,6-tri-O-acetyl-2-deoxy-B-D-glucopyranosyl)-1,4-di-O-acetyl-
glucopyranuronamide (14c¢)

'H NMR (200 MHz, [Ds]pyridine) of the mixture of 14b and 14c The spectrum of 14c¢ is very similar to that
of 14b but there is difference for & = 9.30 (d, 1 H, NHCOCH;, JNH w2=179 HZ) 6. 88 (d, 1 H, 154, 3 Jip2r =
3.8 Hz) for 14b, 3 = 8.67 (d, 1 H, NHCOCH3, *Jyii2e = 8.7 Hz), 6.40 (d, 1 H, 17-H, *J ;¢ ¢ = 7.0 Hz) for 14c.
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2-0-(2-Acetamido-3,4,6-tri-O-acetyl-2-deoxy-pB-D-giucopyranosyl)-4-O-acetyl-3-O-carbamoyi-a-D-

sluconvranuronamide (14d)
guiopyranuronamiae (14q)

A mixture of 14b (80 mg, 0.12 mmol), hydrazinium acetate (14 mg, 0.15 mmol, 1.2 eq.) in DMF (2.5 mL,
base free) was stirred for 40 min at 20°C under argon. The reaction mixture was nunf_ed dlregﬂv hv GPC on
Sephadex LH-20 (10 g, CHCl;-methanol 1:1) to give 14d (71 mg, 95%), TLC: CHClg-methanol 5:1.-'H
NMR (H,H COSY, 400 MHz, homo decoupling, 200 MHz, [Dg]DMSO): & = 7.45 (s, 1 H, CONH}), 7.40 (d,
1 H, NHCOCHj3), 7.15 (s, 1 H, CONHy), 7.06 (d, 1 H, 1"-OH), 6.37 (broad s, 2 H, H;NCO0O), 5.18 (dd, 1 H,

-H) 5.12 (dd, 1 H, 3E-H),498 (t, 1 H, 3F-H), 4.90 (t, 1 H, 47-H), 4.82 (t, 1 H, 4E~H) 4.69 (d, 1 H, 1°-H),
dd, 1 H, 6"‘-H), 4.16 (d, 1 H, 5°-H), 4.07 (dd, 1 H, 65-H), 3.84 (ddd, 1 H, 55-H), 3.73 (dt, 1 H, 2E-H),
1H,2 -H),LUJ 1.97, 1.91, 1.90, 1.75 (5s,5x 3 H, DLULH;),J1E25—85HZ Jop3e = 10.2 Hz,

T 1y 2y

L+

3 ‘E=9.7n&,a4555~73n1.,.v55¢,b—4 / nLJ5gﬁp—LDHZ, J6E6E = lLJl'lZ JanE—y‘lHZ,J]FzF—j 1
Hz, Jorsr = 10.0 Hz, J3p4r = 9.8 Hz, Jarsr = 9.8 Hz, Jipon = 4.9 Hz.- °C NMR (C,H COSY, 100.6 MHz,

APT, 50.3 MHz, [Ds]DMSO): & = 170.38, 170.03, 169.54, 169.41, 169.01 (CO), 156.22 (H,NCQOQ), 102.39

1014, L_u_. AVALOL) FUMD, 1005 LUV L (W \LLJININT Jy LVL T T

(C-15), 92.03 (C-1%), 78.80 (C-2"), 73.08 (c 35, 70. 96, 70.89 (C- 4F C-55), 70. 60 (C-35), 68.80 m-4h\ 68.52
(C-5%), 62.02 (C-6%), 53.19 (C-25), 22.94 (NHCOCH3), 20.83 (2x COCH3), 20. 69 20.60 (2x COCHj3).- IR
(KBr): 3640-3060, 2920, 2365, 1742, 1710, 1677, 1623, 1374, 1241, 1048 cm™ .- C23H33N;06 (607.53,

607.19), FAB MS: m/z 630.2 [M+Na]", 608.3 [M+H]", 330.1 [e]".



N. El-Abadla et al. / Tetrahedron 55

O
(=
:0
H\)
[3S]

2-0-(2-Acetamido-3,4,6-tri-O-acetyl-2-deoxy-B-D-glucopyranosyl)-4-O-acetyl-3-O-carbamoyl-1-O-
{{(R)-2-methoxycarbonyl-2-(hexyloxy)-ethoxy]-(2,2,2,trichloro-1,1-dimethylethoxy)-phosphoryl}-o-D-
glucopyranuronamide (18a)

e = o~ N AN i a0 N a T (T TN A AM
To a soiution of 1H-1,2,4-triazole ( g, 0.40 mmol, 4.8 eq.) in 4:1 CH;Cl,-pyridine (0.8 mL) 2,2,2,-
At L LU TR L T — :4.- %1 .. T N AN smnsmnal 1 VL o N nzrna nddad ot O Thio miivhiirs
mcmor("l l'almcmylcmyl UICIllor P HIC (41 P, V.1V HIIIOL, 1,490 ©4.) W AUty at v U, 1D Hiawae
was st tierad at N yindar arann far 25 min 144 (50 mao 08 mmol) dicenlvad in 7°1 CH,Clanvridine (2.3
Wao otiiivu cu V L ouliuvl dlpuvll i0r 2O min. 1450 \VV LR, o Vi Jy MADOVLY AAE T el NCRRZNCRITR Y RANGLLLY b

n
mL) was added and the reaction mixture was stirred for 2 h at 0°C. After addition of 6 (47 mg, 0.23 mmol,
2.8 eq.) dissolved in 7:1 CH;Cly-pyridine (0.6 mL) in three portions over a period of 2 h , the mixture was
stirred for 1.5 h at 0°C. Bis(trimethylsilyl)peroxide (35 uL, 0.17 mmol, 2.0 eq.) was injected into the reaction
flask and the stirred mixture was maintained at 0°C for 1 h, then 17 h at 20°C. The solvents were removed by
azeotropic evaporation with toluene (25°C, argon stream). The residue was dissolved in CH,Cl;-methanol,
mixed with kieselguhr (600 mg), solvents were evaporated, the residue was dried at 10 Pa and the crude
product was transferred to the top of a FC column (20g, CHCl;-toluene-methanoi 10:10:1 and 10:10:2) and

Lot L 3 L. T sMIY —— nnNn."n N\"7.9 ... 1 P [ SR

further purified by FC (CH,Cly-methanol 100:0, 97:3 and 95:5) to give pure P-diastereomer 18a (47 mg,
559’0) and a mixture of two P-diastereomers \20 ing, 23% ) TLC: \,HCIyI‘ﬁﬂﬁ}mnul 3:1. The lH NMR spec-
trum indicated that the sample of 18a contained some triazole. This impurity was removed in the next step.-
'H NMR (H,H COSY, homo decoupling, 200 MHz, [Ds]pyridine): § = 9.25 (d, 1 H, NHCOCH,), 8.65
(signal of CONH; hidden by a triazole peak), 8.08 (s, CONH,), 7.68 (broad s, 2 H, HbNCOO), 6.54 (dd, 1 H,
1°-H), 6.12 (t, 1 H, 35-H), 5.97 (1, 1 H, 3F-H), 592 (t, 1 H, 4°-H), 5.55(d, 1 H, 15-H), 5.45 (t, 1 H, 4™-H),
4.99 (d, 1 H, 57-H), 4.80-4.62 (m, 2 H, CH,-3"), 462436(m 3 H, CH,-6%, 2"-H), 4.22-4.10 (m, 2 H, 2"-H

2F_H), 4.05 (ddd, 1 H, 55-H), 3.84-3.71 (m, 1 H, I""-H, and s at 3.76, 3 H, COOCHs3), 3.65-3.51 (m, 1 H, 1l

H), 2.19 (3 H), 2.16 (3 H), 2.14 (6 H), 2.07 (6 H), 2.00 (3 H), (5 s, 7 CH; of units E, F and G), 1.65-1.11 (8
Y N o a 3 o T —_ O A TT T —_ N0 TY__ 2

D

o Ty _

H, signais of 2, 3, 4, 5-H’s), 0.80 (1, , 6-CH3), J1g2e = 8.4 Hz, Jog3g = 9.8 Hz, J3g4e = 9.8 Hz, J4gse =
T, 1. . —9201L-» T @1y T.... =21 e I —0& Ty T....=0Q07W~> 1. __
0.1 17, JIF2F = 3.1 £1Z, J2F3F = 7.J I1Z, J3F4F = 7.1 I1Z, J4F5F

9 g HL, JSE.6'E — 4.0 I14, JSEQE — 4.7 14, JNH2E = 0. i 2F
= 9.7 Hz, Jirp = 5.3 Hz.- ®C NMR (C,H COSY, DEPT, 50.3 MHz, [Ds]pyridine): 8 = 171.13, 170.98,
170.72, 170,63, 170.16, 169.92, 169.69 (CO), 157.37 (H,NCOO), 106.61 (d, CCls), 102.88 (C-1F), 97.97 (d,

1V, 10 i2d

C-1%), 91.08 (d, C(CHj3),), 78.90 (d, C- 2F), 78.54 (d, C-2M), 72.99 (C-3 ), 72.28 (C-5%), 71.89 (C-1 b, 71.42
(C-55), 71.12 (C-35), 70.53 (C-4"), 69.94 (C-4F), 68.73 (d, C-3"), 62.76 (C-6F), 55.99 (C-2%), 52.52
(COOCHS3), 32.04, 30.17, 26.11 (C-2', C-4', C-3%), 24.00, 23.94 (C(CH3),), 23.56 (NHCOCH;), 23.08 (C-5"),
21.12, 21.05, 20.85, 20.77 (3x COCHj3 of units E and F), 14.45 (C-6), 2Ju:,p = 6.4 Hz, Jopp = 10.1 Hz, *Jgp
= 4.6 Hz, J,gp = 14.6 Hz, I,up = 8.2 Hz, 2]3Hp = 5.6 Hz.- >'P NMR (81.0 MHz, [Ds]pyridine) 6=-592.-
C37Hs7CI3N302,P (1033.20, 1031.22), FAB MS: m/z 1058.3, 1056.3, 1054.3 [M+Na]", 1036.3, 1034.3,
1032.3 [M+H]", 612.2 [f+Na-H]", 330.1 [e]".

The second stereoisomer could not be obtained pure. The following characteristic signals were obtained for
the second isomer from the mixture of the two isomers: H NMR (200 MHz [Ds]pyridine): § = 6.63 (dd, 1

DL 1QVIACL 2201 1LC AAAAAle 2 YW AolJaalvi S, NIVIAN AVaild, |2P5jpyianais ;. P My 2

H, 1"-H, Jir.2r = 3.4 Hz, Jipp = 6.8 HZ).- >'P NMR (81.0 MHz, fDS]pyndlne) 8=-4.29.
2-0-(2-Acetamido-3,4,6-tri-O-acetyl-2-deoxy-B-D-glucopyranosyl)-4-0-acetyl-3-O-carbamoyl-1-O-
{{(R)-2-methoxycarbonyl-2-(3,8,8,11,14,18-hexamethyl-nonadecyloxy)-ethoxy}-(2,2,2,trichloro-1,1-
dimethylethyloxy)-phosphoryl}-a-D-glucopyranuronamide (18b)

i4d (80 mg, 0.13 mmoi) and the iipid part i6 (180 mg, 0.38 mmoi, 2.9 eq ) were converted into the phospho-
ric acid triester as described for 18a. FC \L,n\,u-mculdnm 100:2, 100:3, 100: :4, 100:5 and 100: lU) furnished
a single P-diastereomer 18b (80 mg, 47%, 'H NMR indicated the presence of some triazole in the product

which was used for the next sten without further nnnf‘nahr\n\ and a mixture of the P-diastereomers (55 me

G Lt 20D A IICAL oLy AN ANainAlba plRal il Baid Q@ LLAUY Vi Wiy 8 TULIGS WA WULLIVES \ Vo LR,

34%). TLC: CHCl3-methanol 10:1 then 5:1.- 'H NMR (H.H COSY 400 MHz, [Ds]pyridine): § = 9.23 (d, 1

VRS 2L JIF7 =S FESONT S

H, NHCOCHj), 8.60, 8.06 (2 s, 2x 1 H, CONH3), 7.65 (broad s, 2 H, H,NCOO), 6.52 (dd, 1 H, 1°-H), 6.11

(dd 1 H, 3%-H), 5.99 (t, 1 H, 3"-H), 5.93 (, 1 H, 4"-H), 5.53 (d, 1 H, 1°-H), 5.46 (t, 1 H, 45-H), 4.99 (d, 1 H,
5*.H), 4.85-7.73 (m, 1 H, 3’”—H) 4.72-4.64 (m, 1 H, 3"-H), 4.54 (dd, 1 H, 6’°-H), 4.52-4.48 (m, 1 H, 2".H),

4.42 (dd, 6°-H), 4.17-4.09 (dd, 2H, 2F-H, 2E-H), 4.05 (ddd, 1 H, 5”-H) 3.92-3.82 (m, 1 H, 1’-H), 3.79 (s, 3

i, COOCHs), 3.72-3.64 (m, 1 H, 1-ﬂ),zl9 2.17,2.16,2.15,2.08, 2.07,2.01 (7s,7x 3 H, 7 CH; of units E,

n OIITT T, N oYY

b
it I), Jig e = 3215,31: Hz, J E4E = 9.8 Hz, J4gse = 5.8 Hz, Jse e

> Ba ol

. n
> 7./

{signals o
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=4.5 Hz, Jsgee = 2.4 Hz, 2J6E,6'E = 12.2 Hz, Jyuae = 8.0 Hz, Jipor = 3.4 Hz, Jarsr = 9.5 Hz, J3par = 9.7 Hz,
Jegse = 9.7 Hz, Jipp = 5.4 Hz.- °C NMR (C,H COSY, 100.6 MHz, APT 50.3 MHz, [Ds]pyridine): 3 =
171. 12 170.98, 170. 71 170.64, 170.14, 169.92, 169.70 (CO) 157.36 (H,NCOO), 106.63 &_d, CCly), 102.86

P SN ANTE N ~o o ~e o s . nn sy o~ ~—

5 =E.
97.96 (d, C-1%), 91.09 (d, C(CHs),), 78.84 (a C-25), 78.66 (d, C-2"), 72.98 (C-35), 72.29 (C-55),

((’- E) >

1 A s €Fy Ay 1 AR ancz 0 AR an a7 i 1N a0 0 AEN 20 17 sa n')H\ £y £ 1 By conn
1AL (C-D ), 71.13(L-0 ), /U DI (L-4 ), /U.LT (L1 ), 0%.73 (L-4 },00./70 U, LD ), 0L.7/0 (-0 }, J0.UL (L~
2By €9 £1 (OO A7 §4.10 87 (cianale nfimit T OH. cignale afinite F F and () 2 ien=GARTH> T...=
& Jy S Idd \\JU\Jkllj} 44.50-17.6/ \SigNaiS OF Ullit 1, L 113 Sighiais vz..u Uiiis o, © aill ugl JiF,P V.1 51Z, JIFP
13.5 HZ, JIGP = 5.1 HZ Jsz = 14. HZ, Jsz =124 HZ J3H‘ = 5.1 Hz.- P NMR (81 0 Nﬂ'IZ,
[Dslpyridine): & = -3.67.- CsgHosClaN3O»P (1299.71, 1297.52), FAB MS: m/z 1324.7, 1322.7, 1320.7

Sars

[M+Na]*, 612.2 [f+Na-H]", 330.1 [e] .

2-0-(2-Acetamido-3,4,6-tri-O-acetyl-2-deoxy-p-D-glucopyranosyl)-4-O-acetyl-3-O-carbamoyl-1-0-
{[(R)-2-methoxycarbonyl-2-(hexyloxy)-ethoxy]-hydroxyphosphoryl}-a-D-glucopyranuronamide (18¢)
To a solution of the triester 18a (60 mg, 0.06 mmoi) in dry pyridine (2.5 mL) Zn-Cu coupie (freshly

pl'deI'Cﬂ, 60 Il'lg, 0.91 II]Il'lOl) dana L,‘l-pcn AEd ne (OU puJ, U 00 Hlm()l) WEIC auueu anu lﬂC leLUrC was

on
ﬂ"”ﬂf‘ Aﬁ" AYrYNT™ pl\" l “\ nt ’)nor‘ Evnnao 7 FI‘ TLrag rnmntrﬂA l\" PI*V‘O*‘““ OhA fhﬁ 'oﬂ“‘(l"ﬂ \EYGCP\DI‘ ‘l"fl’l
SUITeG unaer afgull I0T 1 11 at 2v ©. EACESS Li-uu was ICIHIUVYCU UY 1ddulinn alild uiC ITeuul wasiicl wiul

CH,Cl, (3x S mL), ethanol (3x 5 mL) and methanol (3x 5 mL). After solvent evaporation the residue was
dried at 10 Pa for 1 h, then taken up in 8:1 water-ethanol (9 mL). Dowex 50 W X2 /50-100 (H" form, 1.0 g)
was added and the mixture stirred for 1 h. After filtration the resin was washed with CH;Cl; (3x 5 mL),
ethanol (3x 5 mL), methanol (3x 5 mL) and methanol-water 1:1 (3x 5 mL). The organic solvents were
removed by evaporation under reduced pressure and the remaining aqueous solution was lyophilized. The
crude product was filtered through a column of Sephadex LH-20 (5.0 g, CHCl3-methanol 1:1) to give 18c as
a mixture of two products, one with 5-acetyl groups and the second with 4-acetyl groups, ratio by 'H NMR
8:1 (35 mg, 69%). TLC: CHCl3-methanol 3:1.- '"H NMR (H,H COSY, 400 MHz, D,0): = 5.83 (dd, 1 H,

rL’l\ 219744 110 2Exn cna7.ennm o AFu AF o s20v 4 117 AE v A2 /4 1w 1By 440 4 2%
-rij, 3.1 G4, 1 0, > -nj, J.U/-3.0V (2 n, 3 -n, 4 -nj, 4.52 U., 1r,4-n) 4./60(a, 1 0, 1 -n), 4.40-4.55

(2 H, 2H-H 5F-H), 4.24-4.14, 4.04-3.96 (2 m, 2x 1 H, CH,-3"), 3.95-3.88 (m, 2 H, 2F-H, 25-H), 3.80-3.50
(CH»- 6, , CH;- 1l SE—H\ 3.75 (s, 3 H, COOCH3;), 2.00, 1.98, 1.94, 1.83 (4 s, signals for _5 CHj3 of units E and
F), 1.58-1.48, 1.34-1.25, 1.25-1.18 (3 m, 2x 2 H, 1x 4 H, CHy-2', CHy-3', CHy-4!, CH,-5' ), 0.80 (3 H, CH; of
unit I), JlE,QE =8.5 HZ, J25,3E =104 HZ, JSE,4E =9.6 HZ, J4E,5E =96 HZ, le,zp =38 HZ, le,p =171 HZ‘, The
presence of the minor component was evident from the 15.H signal at § =5.69 (dd, Jip2r =2.9 Hz, Jirp = 6.3
Hz) and from signals in the acetyl CHj region (partially hidden).- *C NMR (C,H COSY, 100.6 MHz,
CDCI3-CD;0D 2:1): 6 = 170.82, 170 10, 169. 35 (probably 1, 2 and 3 overlapping CO signals), 156 08
(H,NCOO0), 128.26 (?), 100.87 (C-1), 94.13 (C-17), 77.92 (L-z C- z"), 71.62, 71.07, 70.88, 69.1 (L -s5E C-
3E, C-5F, C4h), 68.32 (C3F, C-1', C-4B), 65.47 (C-3"), 63.08 (C-65), 61.61 (‘?), 53 4‘7‘ (C-2%), 51.53
(COOCH3), 42.29 (?), 30.95, 28.99, 28.78, 24.83, (NHCOCH;3, C-2', C-4', C-3', C-5Y, 21.91, 21.74, 19.75
(CH; of units E and F), 13.13 (C- 6‘\ 3'P NMR (81.0 MHz, CDCl3-CD;0D 2:1): § = -3.53.- C33Hs,N;00,P
(873.76, 873.28), FAB MS: m/z 934.2 [M+Na+K-H]", 918.2 [M+2Na-H]", 896.2 [M+Na]", 876.2 [M+2Na-
H-CH,COJ", 854.2 [M+Na-CH,COJ", 834.2 [M+2Na-H-2x CH,CO]", 812.2 [M+Na-2x CH,CO]*, 612.1

[£+Na-H]".

Treatment of 18b with Zn-Cu couple
To a solution of the triester 18b (75 mg, 0.06 mmoi) in dry pyridine (3.5 mL) Zn-Cu couple (freshly pre-

pared, 70 mg, 1. 14 mmol ) and L,‘f-pcmanculone (90 pL, 0.77 mmol ) were added and the mixture was stirred
under argon at 20°C for 4 h. TLC (CHCl3-methanol 3:1) showed that most of 18b was still present. An addi-

tional amount of 2,4-pentanedione (30 uL, 0.26 mmol) was added and the reaction mixture was stirred at
20°C overnight. Excess Zn-Cu was removed by filtration and the residue washed with CH,Cl; (3x 10 mL),
ethanol (3x 10 mL) and methanol (3x 10 mL). After solvent evaporation the residue was dried at 10 Pa for 1
h. The same procedure was used for another amount of 18b (54 mg, 0.042 mmol) and the residue of both
reactions were taken up in 8:1 water-ethanol (30 mL). Dowex 50 W X2 /50-100 (H" form, 3.0 g) was added
and the mixture was stirred for 1 h. After filtration the resin was washed with CH,Cl, (3x 10 mL), ethanol
(3x 10 mL), methanol (3x 10 mL) and methanol-water 1:1 (3x 10 mL). The organic solvents were removed

U_y (2% apumuuu under reduced pressure and the remammg aqueous solution was 1yopn1uzea The crude



product was dissolved in CH,Cl>-methanol and mixed with kieselguhr, solvents were evaporated, the residue
was dried at 10 Pa and the crude product was transferred to the top of a FC column eluting with CHCl;-
methanol 4:1 then CHCl3-methanol-H>O 20:10:0.5 to give a mixture of two products 18d (R = CH3CO) and
18e (R probably = H), one with 5-acetyl groups and the second with 4-acetyl groups, ratio by 'H NMR 1:1
{77 mg, 68%).

2-0-(2-Acetamido-3,4,6-tri-O-acetyl-2-deoxy-f3-D-glucopyranosyl)-4-O-acetyl-3-O-carbamoyl-1-O-
{I(R)-2-methoxycarbonyl-2-(3,8.8.11,14,18-hexamethyl-nonadecyloxy)-ethexyl-hydroxy-phosphoryl}-

a-D-glucopyranuronamide (18d)

"HNMR (H,H COSY, 400 MHz, CD3;0D): for the mixture of 18d and 18e; characteristic signals of the first
compound: 8= 5.99 (dd, 1 H, 17-H), 5.35 (t, 1 H, 35-H), 5.23 (1, 1 H, 4"-H), 5.17 (t, 1 H, 3F-H), 5.02 (1, 1 H,
45-H), 488(d 1H, 1E-H), 4.46 (d, 1 H, 5*-H), 4.37 (dd, 1 H, 6°F-H), 4.31-4.08 (m, 2"-H, CH,-3"), 4.17 (dd,
1 H, 65-H), 3.96-3.78 (m, 25-H, 55-H), 3.79 (m, overlapping COOCH;, 1 H, 2F-H), 3.72-3.56 (m, CHy-1%),

noTy

Jig2e = 8.9 Hz, Jop 38 = 9.8 Hz, J3p45 = 9.8 Hz, J4p 55 = 9.7 /nz,J5565—4onz,J5EGE=zznz 7J556[:-— 12.1
Hz,J JIF2F = 3.4 Hz, J2F3F =9.8 Hz, .}3 4 =97 Hz, J J4F 5F = F. 9.7 Hz, J JIFP~— 7.2 Bz; characteristic signals of the
second compound: 8 = 5.77 (dd, 1 H, 17-H), 5.26 (dd 1 H, 3E- H), 525 (t, 1 H, 3F-H),

4.99 (t, 1 H, 45-H), 4.84 (hidden by solvent peak, 15-H), 4.49 (d, 1 H, 5*-H), 4.31-4.08 (m, 2 H, CH,-3")
3.96-3.78 (m, 25-H, 2F-H, 2"-H), 3. 72-3.56 (m, 5*-H, CH,-6%, CH,-1)), Tese = 10.4 Hz, J3e4p = 9.4 Haz,
J455}3 =95 HZ Jl}:z}‘ =3.3 HZ J2F3F =97 HZ J3F4F =9.38 HZ J4F5F =009 HZ Jn-p =6.5 HZ szgnals ofthe
two compounds: & = 3.85, 3.83 (2 s, 2x 3 H, 2x COOCHj3), 2.11-1.93 (CHj signals of units E and F), 1.70-
0.86 (signals of unit I).- 13C NMR (C,H COSY 75.46 MHZ, CD;OD): characteristic szgnals of the f rst com-
pound: 8= 103, 44(C 15, 9602(d c-15, 8048 (d, C-25), 79 87 (d, C-2"), 75. 62(C 19, 7425 (C-35), 72. 95
(C-55), 72.78 (C-45), 71.25 (C-3Y), 70.77 (C-4%), 70.33 (C-5F ) 67.09 (d, C-3™), 63.41 (C-6%), 55.55 (C-25),

2y 2y _ racieristic sior
Jirp=53Hz,J JZFP = 8.4 Hz, J2HP =17.4 Hz, .|3H p=7.5Hz; c cleristic szgmus of the secona compouna

& = 103.34 (C-1%), 96.02 (d, C-1%), 80.10 (d, C-2F), 79.20 (d, cz“ 75.62 (C-1'), 73.88 (C-3), 72.44 (C-3F),
71.45 (C-4), 70.86 (C-55), 70.71 (C-4%), 70.17 (C-57), 66.97 (d, C-3"), 61.65 (C-65), 55.40 (C-2F), J;pp =
5.3 Hz, Jyrp = 8.8 Hz, Irup = 8. 3 Hz; characterzstzc signals of the two compounds, 8= l73,57, 1'72,99s
172.95, 172.64, 172.57, 172.47, 171.91, 171.79, 171.35, 171.29, 171.21, 171.18 (CO of units E, F and H),
158.56, 158.44 (H,NCOO), 52.80 (COOCH3), 43.07-19.99 (CH; of units E and F and signals of unit I).- *'P
NI\iIR (81.0 MHz, CD3OD) 8 =-1.06.- Cs2HooN3O2P (1140.27, 1139.58), FAB MS: m/z 1184.5 [M+2Na-

H]", 1162.5 [M+Na]*, 1142.5 [M+2Na H-CH,COJ", 612.1 [f+Na-H]".- MALDI TOF (a-cyano-4- hydroxy-
cinnamic acid): 1184.43 [M+2Na-H j compound 18d; 1142.43 [M+2Na—Hj , compound 18e.

Hydrolytic cleavage of the ester protecting groups of 18¢

2:1 methanol (n a\-wafer (bidist ) was degassed (ctrpnm of argon. sonicati

(e} 1 HiaTe) n
peiteiiot.gie ) WYOLLD LVIRISL ) WAS UCgassl il Ui Gagi, AVALIVEL) & previiny DUIULIVIL U

(degassed, 0.3 mol/L, 267 uL, 7.0 eq) was added and the reaction mixture was rred at O°C for 30 min, then
at 20°C for 8 h. Excess base was neutralized by addition of Dowex 50 W X2 (H form). Stirring at 20°C was
continued for 30 min. After filtration the resin was washed with 1:1 methanol - water. The combined filtrates
were concentrated and the remaining aqueous solution was lyophilized. TLC: CHCl;-methanol-H,0O
18:13:2.7, the pH of the reaction was controlled with pH paper.-The same procedure was used in a second

reaction (10.0 mg of 18c). The crude products of both reactions were combined and purified by repeated FC
(CH2Cl2-methanol-HO 18:11:2.7) to yield 17a (7.0 mg, 44%) and 17b (4.0 mg, 25%). The two products

were filtered senaratelv throuoch Senhadex G10. 1 ¢m column. eluti 1rith mmathan~l 11N 1.1

A A
SIh LRLICG stpatatCly WITOUEN SCPAAGCK Uiy, 1 Ol Coiumn, :uling with metnanoi-ripu 1:1.

2-0-(2-Acetamido-2-deoxy-B-D-glucopyranosyl)-3-O-carbamoyl-1-O-{[(R)-2-carboxy-2-(hexyloxy)-
ethoxy]-hydroxy-phosphoryl}-o-D-glucopyranuronamide (17a)

lH NMR (H,H COSY, 400 MHz, 200 MHz, D;0): 8 = 5.76 (dd, 1 H, 1*-H), 4.91 (t, 1 H, 3"-H), 4.58 (d, 1 H,
—H) 425(d 1 H, 5F-H), 416408(m 2H),396(dd,1 H,J=5.9, 103Hz) 3.76 (dt, 1 H, 2P—H) 3.66 (t,

LI = r—-
= F

4F. -H), 3.82-3.77, 3.65-3.52, 3.51-3.42, 3.35-3.30, (4 m, CH»-6%, CH,-3", CH,-1}, 25-H, 5“—H) 1.94 (s,
NHCGOCH3), 1.56-1.48 (m, 2 H C' 2 of unit I), 1.31-1.15 (m, 6 H, 3x CH; of unit 1), 0.77 (t, 3 H, CH;

—
\D
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ofumtI) Jung 82HZ Jn:zp 32HZ J2F3F—99HZ J3F4F—98HZ J4psp*100Hz,lelp = 6.8 Hz.- 13C
NMR (50.3 MHz, D,0): § = 175.92 (CO), 161.28 (H,NCOO), 105.21 (C-1E), 97.62 (C-1), 81.09 (C-2),
78.64 (C-2H), 76.79, 76.08, 74.08, 72.76, 68.93, 68.85 (c-1,, c-38, Cc-5%, c4®, C-3F, c4F, C-5F, C- 3“)

A~ —~ o~ PRt R T P

63.73 (C—é“), 58.48 (C-25), 33.76, 31.51, 27.72, 25.19 (4x CH, of unit 1), 24.85 (NHCOCH;), 16.26 (C-6).-

P NMR (81.0 MHz, CDCl3:CH;0H:H,0 1:2:0.5): § = 1.45.- C2aHaoN;015P (691.58, 691.22), FAB MS:
+

m/z 736.2 [M+2Na-H]', 714.2 [M+Na]

2-0-(2-Acetamido-2-deoxy-B-D-glucopyranosyl)-3-O-carbamoyl-1-O-{|(R)-2-carboxy-2-(hexyloxy)-
ethoxy]-hydroxy-phosphoryl}-a-D-glucopyranuronic acid (17b)

'H NMR (H,H COSY, 200 MHz, 400 MHz, D,0): characteristic signals; 8 = 5.82 (dd, 1 H, 17-H), 5.00 (t, 1
H, 3"-H), 4.61 (d, 1 H, IE-H) 4.32 (d 1 H, 5°-H), 4.25-3. 95 (m, 2 H), 3.93-3.76, 3.75-3.48, 3.42-3.36 (3 m,
2F-H 4F.H, 4E-H, 25-H, 3B-H, CH,-6F, CH2-3H CH,-1", 5¥-H), 2.02 (s, 3 H, NHCOCH3), 1.68-1.50 (m, 2 H,

ix CH, of unitT) 1.38-1.22 (m, 6 H, 3x CH; of unit I), 0.84 (t, 3 H, CH3 of unit D), Jig2e = 8.1 Hz, Ju:z =33
HZ, szg]: =96 }12, J3F,4F =905 HZ, j4[:’5p =10.0 HZ, JIFp = 6.2 Hz.- "C NMR (DU 3 MHZ U2U) 8= 3119,
174.72 (CO), 158.88 (HNCOO), 102.75 (C-15), 95.02 (C-15), 78.66 (C-2F), 76.06 (C-2™), 74.31, 73.69,
71.61, 70.53, 70.20, 68.95, 66.01, 63.87 (C-ll, 3E, =55, 48, Cc-3F, c-4T, C-5F, C-3M), 61.15 (C-65),

55.87 (C-ZE) 31.17, 28.93, 25.12, 22. 59 2.26 (4x CH; of unit I, NHCOCH3), 13.65 (C-6").- °'P NMR (81.
MHz, CDCl;:CH;0H:H,0 1:2:0.5): 1.45.- C24HyN;01P (692.57, 692.20), FAB MS: m/z 737.2
[M+2Na-H]J", 715.2 [M+Na]".

Hydrolytic cleavage of the ester protecting groups of 18d and 18¢
To a degassed solution (stream of argon, sonication) of 18d and 18e (15.0 mg, 13.0 pmol) in 2:1 p.a. metha-
nol - bidist. water (1.8 mL) at 0°C degassed aqueous lithium 'nydroxide (0.3 mol/L, 307 pL, 7.0 eq.) was

1 20 min than at 20°C for § o renctiom was <homme
added. The reaction mixture was stirred at 0°C for 30 min, then at 20°C for 5 h. The reaction was stopped by

addition of Dowex 50 W X2 (H' form, 0.5 g). Stirring at 20°C was continued for 30 min. After filtration the
resin was washed with 2:1 methanol-water then with water. The combined filtrates were concentrated and
the remaining aqueous solution was lyophilized. TLC: CHCl3-methanol-H,O 18:13:2.7, the pH of the
reaction was controlled with pH paper.- The same procedure was used in a second experiment (10.0 mg of
18d and 18e) and the crude products of both reactions were combined and purified by repeated FC (CHCl;-
methanol-H;O 18:11:1 then 18:11:2.7) to provide 1b (15.0 mg, 45%), 17d (7.0 mg, 21%), a mixture of 1b
and 17d (3.0 mg, 9%) and a mixture of 1b with a less polar product, probably methyl ester 17e, (2.0 mg,
e two pure specimen of ib and 17d were fiitered separately through Sephadex G10, 1 cm column,

1n
al o warith saatlna st T M 1.1
Ciuuig Wil Meunano- 12w 1.1.

2-0-(2-Acetamido-2-deoxy-B-D-glucopyranosyl)-3-0O-carbamoyl-1-0-{|(R)-2-carboxy-2-(3,8,8,11,14,18-

BTTTVEJSTIEYYg Sy T R VeSS SRRV R~
hexamethyl-nonadecyloxy)-ethoxy]-hydroxyphosphoryl}-o-D-glucopyranuronamide (1b)
'"H NMR (H,H COSY, 300 MHz, water suppression, 0.4 mg / 0. 7 mL): signals that could be assigned: & =
5.90 (dd 1 H l -H Jn-zp—43 HZ lep—-74HZ) 5.00 (t 1 H 3 H er3r—~J3p4p—94Hz),480(a51gnal
hidden by the solvent, 15-H), 4.42 (d, 1 H, 5"-H, Jap,se = 9.9 Hz), 2.09 (s, 3H, NHCOCH3), 1.60-0.87 (signals
of unit I).- '"H NMR (200 MHz, [Ds]DMSO): signals that could be assigned: & = 7.48 (s, | H, CONH,), 7.46
(a I H, NHCOCH;3;), 7.18 (s, 1 H, CONHj), 6.25 (broad s, 2 H, HZNLOO) 579 (dd, 1H, 1° FH, Jip2r =29
Hz, Jipp=6.5 Hz), 4.85 (1, 1H, 3"-H, Jor3r = Jap4r = 9.5 Hz), 4.45 (4, 1H, 15-H, Jig2e=7.3 Hz), 4.05 (d, IH,
5F-H), 1.82 (s, 3 H, NHCOC Hs), 1.59-0.81 (signals of unit I).- "H NMR (H,H COSY, 400 MHz, [D]DMSO:

D,0 4:1, at 70°C, better resolution than at 26°C ): signals that could be assigned: 8 = 5.69 (dd, 1H, 1F 11

Ml ARSI LRRREL WAL QY SIS WIGE VU WIM UV Gooigliv. U J.UF M i =11,

J|F2F~3 3 Hz, Ji¢p = 5.6 Hz), 4.83 (t, 1H, 3F-H, J‘)B'u:—J'n:M:—-g 52 Hz), 4.50 (d, 1H, 15-H, J3515-7Q Hz),
4.10 (d, 1H, 5F-H, Jasr = 9.9 Hz), 1.84 (s, 3H, NHCOCH3), 1.60-0.75 (sumals of unit 1).- 3C NMR (50.3
MHz, D,0:CD;0D 1:1): only signals from unit I were observed, 8 = 40.44-20.73 and a 31gnal at & = 68.80.-
3¢ NMR (100.6 MHz, D20) & = 173.84, 172.24 (CO), 157.91 (H,NCOO), 102.07 (C-1 ) 94.48 (C-1 )
7800 7530(C 2r C2") 7339 72.68, 7079 69.15 (2x C), 68.01, 65.64 (C- 1‘ C3” C-5E, C-4F, c-3F, C-

4" C-5F, ©-3%), 60.01 (C-69), 55.02 (C-2%), 42.86-19.40 (NHCOCHS, signals from unit I).- >*P NMR (81.0

)
=37

3
=
]
=2
i »
D-
-\
k.
=5
-
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M}IZ, DzOICD;;OD 121)2 & =-217- C43H30N3013P (958.09, 957.52), FAB MS: m/z 996.8 [M+K]+, 980.8
[M+Na]', 958.8 [M+H]".

l—U—{l—Acetam ido-2-deoxy-j-D-giucopyranosyi)-3-O-carbamoyi-1-0-{[(R)-2-carboxy-2-(3,8,8,11,14,18-
hexamethyl-nonad ‘é‘yi xy)-ethoxy]-hydroxyphosphoryl}-o-D-glucopyranuronic acid (17d)

The NMR spectra were uninformative.- >'P NMR (81.0 MHz, DMSO:D20 4:1): & = -2.81.- CssHyoN,O15P
(959.08, 958.50), FAB MS: m/z 1003.8 [M+2Na-H]", 997.8 [M+K]", 981.8 [M+Na]*, 959.8 [M+H]"

2-0-(2-Acetamido-2-deoxy-f3-D-glucopyranosyl)-3-0-carbamoyl-1-O-{[(R)-2-methexycarbonyl-2-
(3,8,8,11,14,18-hexamethyl-nonadecyloxy)-ethoxy]-hydroxyphosphoryl}-a-D-glucopyranurenamide
(17e¢)

The NMR spectra were uninformative.- C44HgpN3015P (972.12, 971.53), FAB MS: m/z 1010.3 [M+K-H]",

- e -

994.3 [M+Na]".
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The couphng constants of the protons of the allyl group are similar in all subsequent compounds and
will not be reported.



