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Acceptor Site Recognition of Transglycosylase Inhibitors
A B-D-glucopyranosyl-(1-52)-a-D-glucopyranuronamide-derived
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Abstract - The synthesis, the antibiotic and the transglycosylase inibiting properties of a disaccharide
analogue of moenomycin A in which the NHAc group of unit E is replaced by a hydroxyl function are
described. It can be concluded that this NHAc group is essential for eliciting transglycosylase inhibiting
properties, in agreement with a recently established solution structure of moenomycin A. © 1999 Elsevier Science
Lid. All rights reserved.
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Introduction
Transglycosylases such as penicillin binding protein 1b (PBP 1b) catalyze the formation of un-crosslinked

proceed in such a way that the growing peptidoglycan chain is the glycosyl donor substrate whereas lipid IT is
Crl 1 2
the glycosy! acceptor (see Scheme 1).
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The moenomycin antibiotics have been shown to inhibit PBP 1b and related enzymes.” The structure-activity
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tural analogues with at least three sugar units bind presumably to the donor binding site.*? They are active in
vivo (against gram-positive bacteria) as well as in the in vitro test systems. Moenomycin analogues with two
sugars are antibiotically more or less inactive but they do inhibit the enzyme in the test systems provided that
they have the right substitution pattern.5 Compounds 1a and 1b fulfil these conditions.

HzN\//O HZN\'/ \
R
I e 0 v ]

P o
o~ X0 o~ <Xp T
Ho | Ho
HOOC — HOOC—

1l X R I b bean 2

a| NHAc CH, ! A

hi WITTA . —<

U NOAC H |

¢ OH H
It is believed that these analogues bind to the acceptor binding site. Formula 2 indicates the groups that have
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been shown with the help of structural analogues to be indispensible for transglycosylase inhibition to be
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elicited.” From a recently determined NMR conformation of moenomycin A in aqueous solution it may be
concluded that in addition to the previously established pharmacophoric groups (see arrows in formula 2) the
NHACc group of unit I should also be an obligatory structural feature of transglycosylase inhibitors.

It was the purpose of the work outlined herein to test this conclusion. Described are (i) the synthesis, (ii) the
antibiotic, and (iii) the transglycosylase inhibiting properties of compound 1e, a disaccharide analogue of
moenomycin A in which the NHAc group of unit E is replaced by a hydroxyl function.
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The disaccharide part of Ic was constructed from a suitably functionalized D-glucuronic acid derivative
(glycosyl acceptor) and a D-glucose-derived glycosyl donor.
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intermediates with the uronamide and carbamoyl functionalities.” A number of measures have been taken to
overcome these problems, including development of a new lipophilic protecting group for the anomeric
centre.® In the present work we used benzyl groups for both the 1- and the 5-position of unit F to render the
compounds less polar. Recently, we found out that replacing the carbamoyl group in unit F by a latent
functionality, a phenyl carbonate, solved most of the solubility and polarity problems.5 This method was
used for the present synthesis, too, but in addition, we performed some preliminary experiments with a

glycosyl donor in which the acetyl were replaced by butyryl groups.
A]kvlatmn of the 5-OH oroun of 3a

\lkylation 5 group of 3a using benzy! trichloroacetimidate in a trifluoromethanesulfonic

acid-mediated reaction gave benzyl ether 3b in 60% yield. The lactonic ring in 3b was opened with NH; in
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and triethylamine (procedure of McLamore et al. ) provided phenyl carbo-
nate 4b. T‘ne acetonide protecting group was then removed with 90 per cent trifluoroacetic acid at 20°C'*"
to form 6a in quantitative yield as a mixture of anomers which was in turn converted under Fischer
conditions'® to a mixture of benzyl glycosides 6b (56%) and 6c (26%).

17 . . :
donor. " In a model experiment 15a was treated with cyclopentanol (0°C, o MO S
1SRN Tla M — 3 P b A *1 ‘Alg - . 1 ' P Vi * % o= A.&c _ ¥4
briy-wiU-meaiated) to provide 10 1n an unexceptional reaction (66% yieid, not ’W\To
optimized). On the other hand, on reaction of 15a with the glycosyl acceptor 6¢ at OAc

-20°C (BF3Et;0-mediated) in a clean reaction solely orthoester Sb was formed 10
(93%). The configuration at the orthoester carbon was not determined. When the reaction was repeated at
20°C three products could be isolated. One of them was the desired disaccharide 7b (17%), the others were
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Scheme 2: Proposed mechanism for the formation of b, 8

and 9a
disaccharide 9a with an a - glucopyranosyl unit lacking the acetyl group of position 2 (29% yield) and
glycosyl acceptor derivative 8 in which the accepting OH group of 6¢ was acetylated. Scheme 2 indicates
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aglycons. hen the same reaction was repeated with 6b as glycosyl acceptor 5a and 7a were isolated.
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In some model experiments glycosyl acceptors 6b and 6¢ were treated with the Beau-Jacquinet glucosamine
glycosyl donor 15b.2° Here the reactions were again straightforward and provided disaccharides 16a and
16b, respectively. As already mentioned above we exchanged 15b against the butyryl analogue 15¢ (for the
preparation, see Experimental). The disaccharide formation proceeded as desired and indeed, the
disaccharide 16¢ was much less polar when compared with 16a. This example shows that the previously

encountered solubility problems can also be solved by the proper choice of acyl protecting groups at least as
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dreatment of 7a and /b with NH3 in l1HF solution ! provided 7¢ (63%) and 7d (41%) which on
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hydrogenation furnished 17a. The anomeric mixture was acetylated to give a mixture of anomeric
acetates which was then selectively deacetylated to provide the desired compound 17¢.** Treatment of 17¢
with reagent 21, prepared in-situ from 1H-1,24-triazol and 2,2,2-trichloro-1,1-dimethylethyl
dichlorophosphite, followed by reaction with the moenomycin derived building block 22?° furnished a
phosph1te which was oxidized with b1s(mmethylsxlyl)peromde to form phosphoric acid triester 20.2 Two

N nhate unit was not determi n
phosphate untt was not determined. Dep
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conditions)” and (ii) b yurmyslb 0 s usual, the glyceric acid methyl ester
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was secured by FAB MS and *C and *'P NMR.

Antibiotic and transglycosylase inhibiting properties of 1c
1c was antibiotically inactive (Staph. aureus SG 511). In van Heijenoort’s test system™ the compound was
devoid of activity even at 10 ug / mL.

The results mean that the N-acetyl group of unit E is indeed a p_re_reou.isi eoft
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EXPERIMENTAL
General
Organic solvent evaporations were performed in vacuo at 40 °C u mg rotatory evaporator water was
removed by lyophilization (Leybold-Heraeus GT2 or Christ Alpha 1-2). Solvents were purified by standard

procedures, If necessary, solvents were degassed by sonication (Bandelin, S onorex Super RK 106).- Oz- or

moisture-sensitive reactions were nerformed in oven-dried olassware nndpr a nositive pressure of areon
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Liguids ar utions were transferred by syringe. Small-scale reactions were performed in Wheaton serum
bottles sealed w1lh alurmmum caps with open top Teﬂon—faced septum (Aldrich).- The instrumentation used
was; NMR: Gemini 200 and Gemini 2000 (Varian, '"H NMR 200 MHz, 3C 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), Bruker DMX 600 spectrometer (‘H NMR 600.13 MHz,
proc;:ssed on a SGI O2 workstation using the X-WINNMR program), chemical shifts are given in 8 values,

the °'P NMR shifts are based on external pno&.pnorl(, acid; FT-IR: ATI Mattson Spectrometer, Genesis series;
FAB MS: VG AUTOSPEC (matrix: lactic acid or 3- nitrobenzyl alcohol), two molecular masses are always
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communicated, the first was calculated using the International Atomic Masses, the second refers to izC, iH,

0, N, 7P, 7°Cl (mono-isotopic masses), carbon and proton numbering in the subunits (see NMR data) as
1

well as naming of the MS fragments follows the moenomycm nomenclature (sce formula), melting points

Ve | - n,,I /MY CANN. ~enn ARV TPT M na PPN ~m ~al (r\n
(COHCLI.@CI GCICHHIHCCI m Lapmdry luDCb} bpu l (D~-04U), dIldly lbdl 1L, Merc, K preboaleu blllba gL 0U sy
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2.22 mol/L H,S0Q; solution containing Ce(S0;);x4H;0 (10.0 g/L)) and H3[PO4«Mo305)1xH,0 (25.0 g/L )

and subsequent heating at 140°C or with the phosphate-specific spraying reagent of Dittmer and Lester; 3
flash chromatography (FC) : silica gel (ICN Biomedical Silica 32-63 pm), Optima pump (Model 10007),
medium-pressure liquid chromatography (MPLC): silica gel 20-40 pm (Merck), 35-70 pm (Amicon) or 50
um (Fa. Grace), the samples were applied to a precolumn (3-5 g Kieselgel, 63-100 pm) and eluted at 1-2-10°
Pa using a dosage pump (Promint Dosiertechnik, Heidelberg or Kronlab Chromatographie und Labortechnik,
Sinsheim).
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trichloroacetimidate® (5.5 g, 21.78 mmol) in diethylether — dichloromethane (1:1, 13 mL) at 20°C. The
solution was stirred at 20°C for 3 h and then triethylamine (0.2 ml.) was added. The mixture was cooled to
0°C, solids were filtered off. The residue was washed several times with petrol-dichloromethane (3:1).
Solvent evaporation from the combined solutions and FC (dichloromethane-ethyl acetate 99:1— ethyl
acetate) gave 3b (1.85 g, 60%).- '"H NMR (200 MHz, 'H-'H COSY, CDCL): §=1.34, 1.51 (6H, 25,
0,C(CHs)), 4.26 (1H, d, 5-H, Jy,5=4.3Hz), 471 (1H, d, 3-H, J4=29Hz), 479 (1H, d, 2-H,
Ji2=3.7Hz), 4.86 (1H, dd, 4-H, J34=3.0 Hz, J45=44Hz) 4,92 (2H, s, OCH,Ph), 6.04 (1H, d, I-H,
J12=3.7Hz), 7.32-7.48 (m, Ph); impurity: 5.30 (CH,Cly).- *C NMR (50 MHz, CDCls): 6=27.0, 27.4
(O,C(CHs)), 73.0, 75.0, 77.9, 82.2, 83.0 (C-2, C-3, C 4, C-5, OCH,Ph), 107.5 (C 1), 113.7 (OC(CHs3)y),
ICL3): 1804 em™ - CiH 305 (306.28, 306.11), FAB MS:

128.9, 129.1, 136.6 (Ar-Cs), 172.4 (CO).- IR (C} 1804 em™ .- CiHisO6 (306.28,
m/z 329.0 [M+Nal", 307.0 [M+H]", 305.0 (M+H-H,}".

1,2-O-Isopropylidene-5-0O-benzyl-3-hydroxy-o-D-glucofuranosiduronamide (4a)

Ammonia was slowly bubbled into a solution of 3b (4.16 g ,13.6 mmol) in dry THF (25 mL) for 1.5 h. The
reaction mixture was stirred at 20°C overnight. Solvent evaporation furnished pure 4a (4.07 g, 93%).- M.p.
136°C, lit."? 135°C.- '"H NMR (200 MHz, CDCl3): §=1.32, 1.47 (6H, 2's, C(CHs),), 4.22 (1H, m, 3-H,
J3ou=5.4Hz, J34=3.2 Hz), 437 (IH, d, 5-H, Ja5=2.0 Hz), 4.50 (1H, d, 2-H, J;, = 3.6 Hz), 4.56 (1H, t,
4—H, Js4=3.2Hz, Jy5=22Hz), 469, 477 (2H, AB system, OCH,Ph, 2J=11.6 Hz), 5.24 (1H, d, OH,

=85 A0, Son /111 31 1 17 I.-—-’)KLT-,'\ S05 A9 /0 Y% ONONLIN T 2AIN_T7 A8 (81T DL\_lSI"‘
.1_5 OH = 5.9 xu,;, J.Ju i, G, 1-11, v} 2 7 3.0 11Z), J.70, V.04 \£61, L0S, LUINILj, /.0VU-/.90 (Or11, ITl, I'1l}. | ©
NMR (50 MHz, CDCl;): §=26.6, 27.4 (0,C(CHs)), 74.4, 75.8, 76.9, 81.2, 86.0 (C-2, C-3, C-4, C-5,
OCH;Ph), 1054 (C-1), 112.5 (0,C(CHs), 1287 129.1,129.3, 136.7 (ArCs), 173.8 (CONHy).- IR (KBr):
1662 em™.- C1gHyNOg (323.35, 323.14), FAB MS: m/z 346.0 [M+Na]", 324.0 [M+H]".

1,2-O-Isopropylidene-5-0-benzyl-3-O-phenoxycarbonyl-o-D-glucofuranosiduronamide (4b)
To a solution of 4a (2.1g, 6.5mmol) and phenyl chloroformate (1.02g, 0.82mL, 1.0eq) in
dichloromethane (24 mL) DMAP (803 mg, 1.0 eq) and triethylamine (0 9 mL) were added at 20°C The

~ e

it o catizmndtad ATATTWY anliidinen nead exeidle wovmdaun et mErmeamsmdiea e d TV /LY O
WILIL a dSaturdicd (Narit.sg >oiuuoil anad Wll.ll Wdlﬁl ﬂltcl Ulylllg, bUlVCIll Cvaporduon andua re {CI10I010I1I-
ethvl acetate 7'2\ nure dh (2D 85 o RR04) was ohtained - M n 1970(-‘ l” INMBR 200 MH> CNCLY- S =122
V\—LIJI “AWwwiidiw J} Pul\.f TERr \A‘ -t 5 UUIUI YV Lo VUGLIwL,. AV AL, }1 A0 1N1YaxN \LUU iviik ‘LA As ‘j’ v I.JL’
1.50 (6H, 2's, 0,C(CHy)y), 4.28 (1H, d, 5-H, Jus = 6.8 Hz), 4.58 (1H, dd, 4-H, J3, = 2.8 Hz, Js 5 = 6.8 Hz),

4.64, 4.77 (7H AB system, OCH,Ph, =11, 4 Hz), 4.68 (1H, d, 2-H), 534(1H d, 3-H, J34 = 2.8 Hz), 6.04
(1H, d, 1-H, 1, = 3.8 z), 6.14, 6.41 (2H, 2 bs, CONH,), 6.95-7.38 (10H, m, Ar-Hs).- *C NMR (50 MHz,
CDClLy): & =26.7, 27.0 (0,C(CHa),), 74.3, 77.3, 79.3, 80.2, 83.3 (C-2, C-3, C-4, C-5, OCH,Ph), 105.3 (C-1),
113.2 (0,C(CHs),), 121.2, 126.7, 128.70, 128,75, 129.1, 130.0, 137.3 (Ar-Cs), 151.4, 153.1 (ipso-Ar-C,
carbonate-C), 172.8 (CONH,)- IR (KBr): 1766, 1678, 1380, 1300, 1256, 1213, 1163, 1094, 1077, 1026

TOAYE R A Ars 1 MA A AT Tt

em™ - Cp3HysNOg (443.45, 443.16), FAB MS: m/z 466.1 [M+Na]", 444.1 [M+H]".
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5-0-Benzyl-3-O-phenoxycarbonyl-D-glucofuranuronamide (mixture of anomers) (6a)
4b (600 mg, 1.35 mmol) was treated with 90 per cent trifluoroacetic acid (6 6 mL). The solution was stirred
at 20°C for 90 min. Lyophilization furnished pure 6a (545 mg, 100%) - 'TH NMR (200 MHZ, DMSO-dg):

8=3.97 (1H, d, 5-H", Js5=8.1 Hz), 4.03 (I1H, m (wy, = 2.0 Hz), 2-H%), 4.10 (1H, d, 5-H, Jas = 9.0 Hz),
A 177 (11T + D LTX T— AN 1IN AT ALY FALT P, N f\f‘U DL A LIG ned A LTI N (1LY A4 2 ﬂ
4.4/ (n, 4, 2-117, JT 42112}, 4.5/-4.02 (bn, M, XUlrprn, 4-n and 4-n’j, J2.Us> (un, aa, >-n,
Li=14Hz J.=45Hz2). 509 (1H. s. 1-HP. J,<10Hz). 5.19 (1 dd 1H® L.=44H»
v23 L. 14, J34 Tood & :.4}, SJUF 1Mk, 5y, 1TRL , J]2 N 1,2V KAL)y, J.iF LER, U, JSxR , V323 T Rl
Js4 = 4.8 Hz), 5.26 (1H, d, 1-H%, J; , = 4.2 Hz), 6.20-6.70 (4H, m, probably OH signals), 7.05-7.50 (10H, m,

Ar-Hs), 7.63, 7.69 (CONHQ_).- 130 NMR (50 MHz, CDCl3): § = 71 4, 71.7 (OCH,Ph of both anomers), 73.8,
75.3,77.9, 78.1, 79.1, 81.6, 82.1 (C-2, C-3, C-4 and C-5 of both anomers), 96.3 (C-1%), 103.3 (C-1), 121.2,
121.3, 126.4, 127,67, 127.75, 127.8, 128.4, 129.8, 129.9, 137.90, 137.93 (Ar-Cs), 150.8, 152.8 (carbonate-C
of both anomers), 171.4, 171.5 (CONH; of both anomers).- Cy0H; NOg (403.39, 403.13), FAB MS: m/z
426.1 [M+Na], 404.1 [M+H]", 391.2 [M+H-H,0]".

V ) . Y I QP S E— R PR % | Ly % £
Conversion of 6a to benzyl glycosides 6b and 6c
A mivtiira af Ga 704 ma N7 mmalY Nawavy §7) TI/’V7® (LT frmm and hanaul alanhal 7118 T ) ymae
42 HILAWULGC UL Va (&7 1115, V./2 uuuun), 1LIZUWUA JU P2 w4 i J.Ulll.l, ~ 1 s} i UDllLyl alvulul (1 1 1) v¥ad
stirred at 20°C for 7 h. After filtration, the resin was washed with ethyl acetate. From the combined solutions
ethyl acetate and benzyl alcohol were removed by distillation (benzyl alcohol at 80°C and p= 0.7 Pa).

Purification by FC (chloroform-ethyl acetate 7:3) yielded 6b (92 mg, 26%) and 6¢ (202 mg, 56%).

Benzyl 5-O-benzyl-3-0-phenoxycarbonyl-D-a-glucofuranosiduronamide (6b) A
M.p. 176°C (decomp.).- 'H NMR (200 MHz, pyridine-ds): 8 = 4.68 (1H, d, OCH,H,Ph, “J=11.9 Hz), 4.76

(1H, d, 5-H), 4.87-5.08 (4H, m, 2-H, J;» =4.6 Hz, J, 3 = 6.8 Hz, OCHH,Ph, OCH,Ph’,), 5.41-5.48 (2H, m,

i-H, 4-H), 6.22 (iH, t, 3-H, J,3 = J34 = 6.8 Hz), 7.09-7.54 (15H, m, Ar-Hs), 8.30, 8.64 (2H, 2 s, CONH,).-

3C NMR (50 MHz, pyridine-ds): & = 69.5, 73.5, 75.5, 76.7, 79.9, 81.9 (C-2, C-3, C-4, C-5 and 2xOCH,Ph),
1N s (0 1\ 1’71’7 1")(0 197 4 17277 1970 198N 17Q¢ 2 1")9/1 1’)0’1 120 A+ 181 4 1827
1 V.S \\J }, 141, ;‘, Ll o U, ILI l, ll‘l.l, LJ-U.U, IAU.J, j A% , .J, 10.v \m \.,a}, lJl.'T, rJII.7
(OCOOPh, ipso- Ar—C), 1722 (C-6).- IR (KBr): 1752, 1676, 1657, 1261, 1214 cm™ - C5;Hy7NOg (493.51,
493.17), FAB MS: m/z 516.3 [M+Na]", 494.4 [M+H]".

Benzyl 5-0-benzyl-3-O-phenoxycarbonyl-D-f-glucofuranosiduronamide (6¢) _
M.p. 98°C.- '"H NMR (200 MHz, pyridine-ds): & = 4.75, 5.20 (2H, AB system, OCH,Ph, ‘J=11.9 Hz), 4.83,
4.99 (2H, AB system, OCH,Ph, “J=11.4 Hz), 4.90 (1H, d, 5-H, Js s = 8.6 Hz), 5.08 (1H, bs (w,, = 0.4 Hz),

2-H), 5.46 (1H, dd, 4-H, J34—51HZ J45—87HZ),560 (1H, bs, 1-H), 5.92 (1H, dd, 3-H, 123—19HZ
Js4=5.1Hz), 712753 (I5H, m, Ar-Hs), 852, 854 QH, 25, CONHy)- 3C NMR (50 MHz, APT,

Yo S ="TNAD 17 N ANTIT DLY 7O 1 on 1 oNnNO O L /M NH A ML 1NOQ 77 1y 171 O
pyuumc-us) o =702, 73.0 2x0OCH,Ph), 79.5, 80.1, 80.9, 82.6 (C-2, C C-3, C-4, C-5), 108.9 it-1), izl.0,
125(\ 1277 1202 1288 1207 1720 1201 1304 1R Q FA+c) 15820 15820 (OY'OYOPh inca-Ar-()

Uy 1LULy L&U.Jy LLD.Jy 1407y 1407, 10V.d,y 1J0WJ, LJUWT (CMTUOJ, 104Uy 10007 (WAL 1,y IPOUTIMT G )y
173.3 (CONH,).- IR (KBr): 1760, 1683, 1259, 1212, 1093, 1045 cm' - Cp7Hy;NOg (493.51, 493.17), FAB
+
MS: m/z 516.2 [M+Na]", 494.3 [M+H]".

Cyclopentyl 2,3,4,6-tetra-O-acetyl-B-D-glucopyranoside (10)

To a solution of 15a (327 mg, 0.664 mmol) and cyclopentanol (60 pl., 0.664 mmol) in dichloromethane
(3mL) BF3Et;O (21 pL, 0.25 eq.) was added at 0°C. The mixture was stirred at 20°C for 90 min.
Triethylamine (0.1 mL) was added. After solvent evaporation water addition (5 mL) and iyophilization the

13~ dm s L Al cpana AL o
\_, I\UVIK prLlrum Of lhc (Juuc rcd‘.«uoﬂ prUuuLl (37/ m&) pruvcu LﬂC dbb(: T1C Uf dan Orlnocstcr UIO blg[ld]
hatwweon 11 and 178 nn T (natralenm athareethyl acatate 1:1) firmiched 10 (184 mo 64694) - 11T N'MR

g
ULiVWALll 110 g 1 o) j—’}-’m} 1 A \pvuun»wu ULIIUL'VIILJI awvw il 1 -1} FRETQNINGBLWIN Iy A1 \10"’ 1115’ v /U}‘_ A1 LNAVAAN

(200 MHz, homodecoupling, CDCl3): & = 1.40-1.75 (8H, m, CH,-2P"™ and CH,-3¥*P"¥! covered by an
impurity signal), 1.94, 1.95, 1.96, 2.02 (12H, 4 s, COCH3), 3.62 (1H, ddd, 5-H, Js ¢, = 2.6 Hz, Js s = 4.8 Hz,
Jis=9.7 Hz), 4.06, 420 (2H, part of an ABX system, CHy-6, 2/=12.3 Hz, Js 5, = 2.6 Hz, Js ¢ = 4.8 Hz),
4.21 (1H, m, 199, covered by 6-H), 4.46 (1H, d, 1-H, J), = 8.0 Hz), 4.87 (1H, dd, 2-H, J; 2 = 8.0 Hz,
J3=93Hz), 5.00 (1H, dd, 4-H, J54=9.3 Hz, Js5=9.7 Hz), 5.14 (1H, dd, 3-H, J=9.3 and 9.7 Hz);

impurities: & = 1.98, 2.04, 5.37-5.49 (t), 5.54-5.56 (m), 5.79-5.85 (m), 6.00-6.06 (m).- *C NMR (50 Mllz,
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APT, CDCL): 8 = 21.1 (3x), 21.2 (COCH3), 23.5, 23.8 (C-3°), 32.6, 33.6 (C-2), 62.6 (C-6), 69.1, 71.9, 72.2,
73.4, 82.1 (C-2, C-3, C-4, C-5, C-17), 100.0 (C-1), 169.7, 169.9, 170.8, 172.2 (COCHs); impurity: & = 67.8,
69.9.- C19H25010 (416.43, 416.17), FAB MS: m/z 439.1 [M+Na]", 417.1 [M+H]".

Nanavl P N 13 svinhlavasnnatamidn 2 A4 £ dei D anntal IV _danwes R N albuannueamacoll £ M  haeal 1 N

DERZYI &~ &~ NICRIOTIoacelaniads-o5,4,0-ri-U-ality 1-o-GeoXy-p~D-giucopyranosy 1 j-o~-L~oeRzyi->-U-

nhpnntvrarhnnv ~-a-D-aglnea anosiduronamide (162a)
aenoxvearponvi-g-D-giucofuranesigurenamice )

A suspension of 6b (31 mg, 0.063 mmol), 15b (49.4 mg, 0.082 mmol), 3 A molecular sieves (44 mg) in 1,2-
dichloroethane (0.6 mL) was stirred at 20°C. After | h the mixture was cooled to 0°C and a solution of
TMSOTY in toluene (1 M, 12 puL) was added. Stirring was continued for 4.5 h, before the reaction was
stopped by adding of triethylamine (11 pL). Ethyl acetate (5 mL) was added and the organic layers were
extracted with a saturated NaHCOj3 solution, with 10 per cent tartaric acid and with water. The organic layer
was dried with NaSQ,. Solvent evaporation and FC (chloroform - ethyl acetate 7:3) gave 16a (40 mg,

///// lvxr wvx ovv ~An~ 2 oavy 134 lyxy ~nvovvr  wm sy s Am o ome T T 8 A e A e
03 7).- H NMK (Z.UU MHz, "C-"H CO>SY, DMDdO- 6) 5=1 91 1.93, 2.0l (YH, 3 s, COCH3), 3.//-3.93
1T o A 1TE 2 1By A i 10 o4 e wF 7 2TV A1 AYY 3 s AT 1B 7 Ao TTon
(ZH, m, 2-H", 5-H"), 4.10 (14, d, 5-H', J;5=6.5Hz), 4.15 (2H, d (w,,=0.4 Hz), 6-H , Jss=2.9 Hz),
4 404 73 {AH m cantainino- ’)guF A=4 A2 Ad T =ATH» .. =727 Ivw(LI.Dh A=LIF\ AQO /11T +

..... i \\JLL’ 1ii, UUJIWIJIIE- LaTL R v TTOTI, WA, T LRLy UL‘J F e ‘LL’ ‘1’\\_/111‘ l‘., i1 l’ .77 \lll, LY

E

4-HE, J= 9.5 Hz), 5.01 (1H, d. 1-HE, J;» = 8.5 Hz), 5.17 (1H, d. 1.H', J, 5 = 4.2 Hz), 5.30-5.44 (2H, m, 3",

3- HE) 6.97-7.39 (16H, m, Ph and CONHH"), 7.51 (1H, s, CONHH"), 9.17 (1H, d, NH, 5, xu = 8.9 Hz).- *C
NMR (50 MHz, DMSO-dg): & =20.5, 20.7 (2x) (COCH3), 55.3 (C- 2‘%) 62.0 (C- 6F) 68.8, 72.7 (2xCH,Ph),
69.8, 71.4, 71.9, 74.6, 78.3, 79.0, 81.2 (C-3F, C-4%, C-5F, C-2F, C-3F, C-4F, C-5%), 92.8 (CCl3), 99.9 (1-H),
100.3 (1-H"), 121.1, 126.4, 127.7, 127.8, 128.0, 128.4, 129.7, 137.8, 138.1 (Ar-Cs), 150.8, 152.6 (ipso-Ar-C,
carbonate-C), 161.9, 169.6, 169.7, 170.2, 170.9 (COCCl;, COCHs, CONH,).- Ca1HasN2016Cls (926.16,

924.17) FAB MS: m/z 947.1 [M+Na]", 925.1 [M+H]".
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phenoxycarbonyl B-D-glucofuranosnduronamlde (16b)
16b was prepared from 6¢ and 15b as described for 16a. Yield: 83 % H NMR (200 MHz, Bellg CQSY
, 5-HF,

DMSO-dg): 6 =1.92, 1.96, 1.99 (9H, 3 s, COCH3), 3.69-3.96 (2H, m, 2 HE, 5-HF), 3.98-4.27 (3H, m

CH,-6%), 4.40-4.59 (SH, m, CHyPh, CH,HyPh’, 2-HF (5 = 4.48, 5), 4-HF), 4.81 (1H, part of an AB system,
CHHyPh’, *J=11.7Hz), 494 (1H, t, 4-H%, J=9.6Hz), 5.137 (1H, s, 1-H") 5.144 (1H, d, 1-H,
J12=8.1Hz), 5.28 (1H, t, 3-H", J=9.6 Hz), 5.40 (1H, d, 3-H', /3, = 4.8 Hz), 7.05-7.42 (16H, m, Ph and
CONHH’), 7.74 (1H, s, CONHH), 9.22 (1H, d, NH, Jnu =92 Hz).- 3C NMR (50 MHz, DMSO-de):
&=204, 20.6 (2x) (COCH;), 54.8 (C- 2“), 61.8 (C-6%), 68.6 (C-4%), 69.0 (CH,Ph), 71.3 (CHQPh ), 71 8
{C- DE), 72.0 (C-35), 77.9 (C-55), 78.2 (C-35), 79.4 (C-45), 83.9(C-25), 92,5 (CCly), 98.5 (C-1 £y, 105.6 (C-1 ),
121.1, 126.6, 127.7, 127.9, 128.1, 128.4, 128.5, 130.0, 137.7, 137.9 (Ar-Cs), 150.7, 152.4 (ipso-Ar-C,
carbonate- (’\ 1621 1605 1606 17n7 171.1 (COCClL., COCH:. CONH-).- C4siHiN-0O..Cl, (92616

Vil UG AVLidy LVUZ Ty LU 74N, WS E Ry MR, NsiNLELT g, AILI431N3 [0 \FaU. 20,

924.17) FAB MS: m/z 947.1 fM+Na] ,925.1 [M+H1+
1,3,4,6-Tetra-O-n-butyryl-2-deoxy-2-trichloroacetamido-D-glucopyranose (mixture of anomers,
formula not shown)

To a solution of 2-deoxy-2-trichloroacetamido-D-glucopyranose (6.43 g, 19.8 mmol) in pyridine (110 mL)
butyryric anhydride (50 mL) was added at 0°C. The mixture was heated to 20°C. After 16 h the reaction was
stopped by solvent removai. Repeated FC (petroleum ether-ethyl acetate 2:1) yieided 1,3,4,6-Tetra-O-n-
butyryl-2-deoxy-2-trichloroacetamido-D-glucopyranose (9.63 g, 80%).- 'HNMR (200 MHz, CDCly):

&= 08’) 099 (12H. COCH-CHACH; sienals), 1.48-177 (8“ NCH.CH.CH.. cionalgd 2 1.2 47 (U

(12H, COCH,CH,CH; signals), 1.48- H, COCH,CH,CH; signals
COCH,CH,CH; signals), 3.95-4.36 (4H, m, 2-H, 5- H CH,-6), 5.17 (1H, t, 4-HP, covered by 4-H%), 5.23
(1H, t, 4-H% J=9.7 Hz), 5.35 (1H, dd, 3-H, J=9.5, 10.3 Hz), 5.81 (1H, d, 1-H®, J= 8.9 Hz), 6.30 (1H, d,
1-H", J=3.7 Hz), 6.89 (1H, d, NH®, J=8.1 Hz), 7.17 (1H, d, NHP); ratio of anomers: /B = 5:1 (bascd on
the 1 H signal integrals).- *C NMR (50 MHz, CDCls): 8 = 13.96 (3x), 14.00 (COCH,CH,CHs), 18.6 (2x),
18.7, 18.8 (COCH,CH,CHj), 36.20, 36.24, 36.29 (2x) (COCH,CH,CH3), 54.0 (C-2), 61.7 (C-6), 67.2, 70.3,

70.5 (C-3, C-4, C-5), 89.7 (C-1), 92.2 (COCCls), 162.5, 162.7 (B?) (COCCls), 171.5, 172.2, 173.8, 175.1

11D Jg  Les AUTL .o LoL1,
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(COCH;CH;CHs).- CasH3CLINOy (60491, 603.14).- FAB MS: m/z 6263 [M+Na]', 5163 [M+H-
C4Hz09]".

3,4,6-Tri-O-n-butyryi-2-deoxy-2-trichioroacetamido-a-D-giucopyranose (formuia net shown)

A solution of 1,3,4,6-tetra-O-n-butyryl-2-deoxy-2-trichloroacetamido-D-glucopyranose (2.17 g, 3.59 mmol)

and hudraziniiim anatata (822 mio K 2 mmnl\ in MME (M0 T ) wae ctiread at N Ffar 20 min Bthyl aratata
alia nyGlagiiiiuili attidiC (JoJ Iiig, U.5 ITTi01) I wivir (4vu ML) Wad SUTICU at «u v 10T 4V I Culyl atludic
t

(80 mL) was added. The ggm‘ajning solution was extracted with water, a saturated NaHCO; so T
again with water. After drying the organic layer with MgSO;, and solvent removal pure 3,4, 6—m-0-n-butvrvl
2-deoxy-2-trichloroacetamido-o-D-glucopyranose (1.64 g, 85%) was obtained.- 'H NMR (200 MHz,
CDCL): 6=0.83-0.97 (9H, COCH,CH;CH3 signals), 1.45-1.73 (6H, COCH,CH,CHj signals), 2.18-2.37
(6H, COCH,CH,CHj signals), 4.12-4.26 (4H, m, 2-H, 5-H, CH»-6), 5.23 (1H, t, 4-H, J= 9.5 Hz), 5.34 (1H,
d, 1-H, J=3.5 Hz), 5.41 (1H, dd, 3-H, J=9.7, 10.4 Hz), 7.07 (1H, d, NH, J = 9.0 Hz).- *C NMR (50 MHz,

CDCl): 8§=14.06, 14.11 (2x) (COCH,CH,CH3), 18.7, 18.8 (2x) (COCH,CH,CH3), 36.35, 36.42 (2x)

(COCH,CH;CHs), 54.8 (C-2), 62.1 (C-6), 68.1, 68.4, 70.5 (C-3, C-4, C-5), 91.4 (C-1), 92.5 (COCCl5), 162.5
(COCCL3), 172.4, 174.0, 174.4 (COCH,CH,CH,).- C20H30C1NOs (534.82, 533.10).- FAB MS: m/z 556.3
[M+Na]’, 516.3 [M+H-H,0]"

0-(3,4,6-Tri-O-n-butyryl-2-deoxy-2-trichloroacetamido-D-glucopyranosyl)-trichloroacetimidate (15¢)

A mixture of 1,3,4,6-tetra-O-n-butyryl-2-deoxy-2-trichloroacetamido-D-glucopyranose (1.64 g, 3.07 mmol),
trichloroacetonitrile (2.4 mL, 23.2 mmol), dichloromethane (12 mL) and DBU (170 pul) was stirred at 20°C
for 30°min. Evaporation and FC (petroleum ether-ethyl acetate 2:1 + 0.1% NEt;) gave 15¢ (1.74 g, 83%)).-
'H NMR (200 MHz, homodecoupling, pyridine-ds): & = 0.80-0.89 (9H, COCH,CH,CHj; signals), 1.53-1.71
(6H, COCH,CH,CHj signals), 2.28-2.42 (6H, COCH,CH,CHj signals), 4.41-4.75 (3H, m, 5-H, CH;-6), 5.19

(1H, ddd, 2-H, J= 3.1, 8.2, 10.8 Hz), 5.84 (111, t, 4-H, J = 9.6 Hz), 6.04 (1H, dd, 3-H, J= 9.6, 10.7 Hz), 7.13
1LY L. 1 IT F— 2 N 1IN OEO 11T 3 N1 JT—=0 1 LIy 1N £A4 FA1LT o —=NILI\. temremsanitess A TT A QN 7Y & 5Q
\ll.l, Ud, 1-I, J Q.U l_lL}, 0.0 \lll, u, INI1, J O.1 IJ.L), 1. U4 \111, S, IVI]}, jsse U.l]l,y. “4. 7 I==.7V \lll}, ST
(@d, J=9.5, 9.9 Hz), 9.35 (d, J=8.8 Hz), 9.79 (d, J=3.1 Hz).- *C NMR (50 MHz, CDCL): 5= 13.80,

13.83, 13.9 (COCH,CH,CH3), 18.7 (3x) (COCH,CH,CH3), 36.04, 36.07, 36.2 (COCH,CH,CH3), 54.7 (C-
2), 62.1 (C-6), 68.2, 70.9, 71.5 (C-3, C-4, C-5), 93.1, 94.5 (C-1, COCCl3, NHCCCl3), 159.6 (C=NH), 163.1
(COCCly), 172.5, 173.3, 174.3 (COCH,CH,CHj3). The Be spectrum contained an other set of signals with
low intensity at & = 13.76, 36.4, 55.7, 62.9, 68.0, 69.7, 71.56 (shoulder), 91.4, 91.8, 172.7, 163.1 (shoulder),
173.4, 173.6 probably belonging to the oxazoline.- C;;H3¢ClgN,O9 (679.21, 676.01).- FAB MS: m/z 699.3
[M+Na]", 516.3 [M+H-CI;CCONH,]".-

,4,6-tr‘i—0-“-buiyryi—2 leoxy-2-trichloroacetamido-[B-D-glucopyranosyl)-5-0O-benzyl-3-0-

na ..In {1LaN\
na

savhanaxr
1ae (1ol

LAl VAU y i~k U- g u [

16¢ was prepared from 6¢ d 15¢ as descrlbed for 16a. Yield: 66 % after FC (petroleum ether-chloroform-
acetone 1:1:1).- 'H NMR (400 MHz, 'H-'H COSY, "“C-'H COSY, pyridine-d;): &=0.77-0.90 (9H,
COCH,CH,CHj signals), 1.51-1.73 (6H, COCH,CH,CH3 signals), 2.16-2.45 (6H, COC&CH;CP& signals),
3.96 (1H, dt, 5-H, Jy5=9.8 Hz), 4.42-4.59 (3H, m, CH,-6%, 2-H%), 4.73 (1H, d, 5-H", J;5=4.9 Hz),
4.77/5.00 (2H, AB system, OCHzPh 2J=12.1 Hz), 4.89/4.94 (2H AB system, OCH,Ph, the second signal
was covered by the F0 signal), °J = 11.6 Hz), 5.04 (1H, dd, 2-H', Ji; = 4.4 Hz, /o3 = 8.1 Hz), 5.41 (1H, dd,
4-HF, J34—75Hz Jis=5.1 Hz), 5.52 (1H, 4, lH“ Ji2=8.6 Hz), 5.55 (1H, 4, 1 -HF, J]2—44HZ) 5.58

(1H, d, 4-H", the signal was partly covered by 1-HF, Ji5=9.7 Hz), 6.15 (i1H, dd, 3-H* 9.8, 10.2 Hz),

6.27 (1H, t, 3. Hf, J=7.8 Hz), 7.09-7.35 and 7.49-7.53 (15H, 2 m, Ar-Hs), 8.24, 8. 69 H, 2s, CONH,),
10.94 (1H, d, NH, ., nu = 8.3 Hz); impurities: 9.57, 9.75 (2 bs).- °C NMR (50 MHz, *C-'"H COSY, DEPT,
pyridine-ds): 6 =13.8 (2x), 14.0 (COCH,CH,CHj signals), 18.66, 18.74, 18.84 (COCH,CH,CH; signals),
36.04, 36.14, 36.3 (COCH,CH,CH; signals), 57.0 (C-25), 62.3 (C-6%), 69.3 (C-4%), 70.6 (OCH,Ph), 72.1
(C-3%), 72.9 (C-5%), 74.4 (OCH,Ph), 76.2 (C-45), 79.6 (C-3F), 81.0 (C-5), 82.5 (C-2%), 94.2 (CCl3), 100.7,
101.4 (C-1%, C-1F), 121.9, 126.6, 128.1, 128.3, 128.5, 128.9, 129.1, 130.0, 138.6, 138.9 (Ar-Cs), 152.0,
154.0 (ipso-Ar-C, carbonate-C), 163.5 (COCClLy), 172.5, 172.6, 173.3, 173.4 (CO(CH,),CH;, CONH,).-

C47HssC13N;016 (1010.32, 1008.26).- FAB MS: m/z 1031.3 [M+Na]", 901.3 [M+H-BnOH]".
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Benzyl 5-O-benzyl-3-O-(phenoxycarbonyl)-2-0-[(£)-1,1-(3,4,6-O-triacetyl-a-D-glucopyranose-1-0, 2-
O-diyl)ethyl}-o-D-glucofuranosiduronamide (5a)

To a suspension of 15a (480 mg, 974 umol) and 6b (397 mg, 804 pmol) in dichioromethane (20 mL) a
solution of TMSOTT in dichloromethane (0.5 M, 100 uL, 0.06 eq.) was added at -20°C. The mixture was

stirred at -20°C for 7 h. After quenching with tricthylamine (0.2 mL), solvent evaporation and FC
(chloroform-ethyl acetate 2:1) furnished 5a (505 mg, 76%).- 'H NMR (400 MHz, 'H-'H COSY, “C-'H
COSY homodecouo ing, pyridine-ds): &= 1.89, 1.95, 1.99, 2.01 (12H, 4 s, COCHj, CH3:CO»), 4.30-4.36
(1H, m, 5- HE) 4.46-4.50 (2H, m, CH,-6"), 4.58 (1H, part of an AB system, OCH,HyPh, 7= 12.0 Hz), 4.73
(1H, d, 5-H, Jy5=5.3 Hz), 4.76-4.79 (1H, m, 2-H"), 4.84-5.03 (4H, m, 2-H", OCHHyPh, OCH,Ph"),
5.30-5.37 (2H, m, 4-H', 4-H), 5.48 (1H, d, 1-H", /1, = 4.4 Hz), 5.59 (1H, t, 3-HF, /= 2.6 Hz), 5.89 (1H, d,
1-HE, J;, = 5.1 Hz), 6.08 (1H, t, 3-HF, J= 7.2 Hz), 7.10-7.40 and 7.49-7.55 (15H, 2 m, Ar-Hs), 8.26, 8.63
(2H, 2bs, CONH,).- *C NMR (50 MHz, APT, *C-'H COSY, pyridine-ds): & =20.17, 20.20 (2x), 20.7
(COCH;3, CO3CH3), 63.3 (C-6"), 67.4 (c -5%), 68.6 (C-4F or C- 4E) 69.2 (OCH,Ph), 70.2 (C-3%), 73.6 (C-25),

A\
d
8

71.9 (OCH,Ph). 75.7 (C Ay Az a  AF ae 0 ABN 70 g 2R on1 0 2R 072 1[1\ oa2 1Py 191 ¢
3.5 0Cmrn), /5.7 (L-27), /5.7 (L-4 orL-47), /95 (L-3), 0U.1 (L-5), 575 (L-17), 995 (L-1), 1210
(COY 1212 1260 1927 127 7 12782 1220 17222 19294 1988 1204 1277 1370 (Ar.('c) 1514
\\./\I_,I, ALk kg lh\].\_” ll‘l'l’ lLAI.IU’ 1.&!-\.’1—:, l.{_:u.\-’, th-J, ll—uaj’, A‘d\ll-’, L e S "", IJI./, F . J, \ru \—IO/, IJL.‘T,
153.4 (ipso-Ar-C, carbo te-C) 1688, 1 95 170.2, 171.9 (COCH;, CONHy).- C4HysNO,; (823 80,

na
6.

823.27), FAB MS: m/z 84

Benzyl 2-0-(2,3,4,6-tetra-0O-acetyl-p-D-glucopyranosyl)-5-O-benzyl-3-O-phenoxy-carbonyl-a-p-
glucofuranosiduronamide (7a)

i) To a mixture of 6b (232 mg, 470.1 umol), 15a (304 mg, 616.6 pmol) and 1,2-dichloroethane (5.0 mL) at
0°C BF3:Et;0 (8.5 uL, 0.25 eq.) was added. The mixture was stirred at 0°C until the solids dissolved

ANOAM 1

f1- AY PR, 1. ANOM 10 L ’F S i DY 11 1 rn 1 T\

(1o 1'[1111) and was then left at 20°C for 1 . AT nymmme was aadea (U.i mL). nvaporauon at 40°C and
AMD atenl i athar ahlasafarnm_mathanal 1010, Frrmichad Ta 7122 g 2404\ o d Frer Af nnt
VI [318)1 T-CiiOTOI0TIM-Meuiano: 1viiv. ) IUrmisnea /a (155 mg, 54/) ana a fraction of not

1
roducts (125 mg).
u) To 1xture of 6b (153 mg, 310.6 umol), 15a (167 mg, 338.2 umol), 4 A molecular sieves and
dichloromethane (5.0 mL) BF3'Et;O (5.6 puL, 0.25 eq.) was added at 0°C. The reaction mixture was stirred at
0°C until solid materials dissolved (15 min). The mixture was then left at 20°C for 2 d. Pyridine (0.2 mL)
was added. Evaporation at 40°C and HPLC (petrol-chloroform-methanol 10:10:1) furnished 7a (37 mg, 34%,
9.0 min) and a fraction of not identified products (80 mg, 10.4 min).- HPLC conditions: 10 mL/min,
p=1.3 MPa, 1. =254 nm.- 'H NMR (400 MHz, 'H-"H COSY, pyridine-ds): & = 1.98, 1.99, 2.03, 2.05 (12H,

4s, COCHa3), 4.08 (iH, ddd, 5- h‘ Jas=10.1 Hz, Jsga = 4.8 Hz, J5 6, = 2.6 Hz), 4.41/4.52 (2H, part of an
ADVY erntama HIT KE 2 F— 13 2 1T — A OTY. T — LTI N ATy 1TYT A v1F T —_— L VY ITN A "I /A O
ADA SYSICHL, UIIR-0 , J = 140 114, J5’6a — 4.0 L, J56p — L0 11L), 4./ (111, U, O-11 ,J45 = 2.0 11L), 4./5/4.0F
{(2H. AR svstem. OCH-Ph 2r_191 4\ 4 00/4 00 AR cuctam OCH-Ph 2711 £\ 40Q (117 A4
\~11, 4Ly o.you.a s VAN 21)1 Ml W Lol LALjy TeTVIITuZ 7 \1.11, AALD DYy OLLLLL, AL i) M, J 11.v114), 7,70 111, Uu,
2-HF, Ji,=4.1Hz, Jo3=74Hz), 520 (1H, d, 1-H%, Ji,=7.9Hz), 534 (1H, dd, 4-H", J,,=7.5Hz,

Jis=53 Hz), 5.48-5.54 (3H, m, I-HF, 2-HF, 4-H), 5.75 (1H, t, 3-HE, J=9.6 Hz), 6.21 (IH, t, 3-H,
J=17.6 Hz), 7.13-7.38 (10H, m, Ar-Hs), 7.47-7.56 (5SH, m, Ar-Hs), 8.18, 8.66 (2H, 2s, CONH,).- 3C NMR
(50 MHz, APT, “C-'H COSY, pyrldme-ds) 3 =19.87, 19.89 (2x), 20.01 (COCH5), 61.8 (C-6F) 68.5 (C- 4E)
69.6 (OCH,Ph), 71.5 (c 25), 72.0 (©- 5%, 72.7 (C-3%), 73.8 (OCH,Ph), 75.7 (C-4%), 79.2 (C-3F), 80.0 (C-5),
82.6 (C-25), 995(0 1), 101.4 (C-1%), 121.2, 126.0, 127.4, 127.6, 127.8, 127.9, 128.2, 128.4, 129.4, 137.9,

138.0 (Ar-Cs), 151.3, 153.4 (ipso-C, carbonate-C), 169.2, 169.4, 169.9, 170.2, 171.9 (COCH3, CONH,).- IR
. o 11~ 17N 1N~ 1M AN '] el Y TN I s e S DR s VaY e lnto NEe Lo Y oA

(KBr): 1757, 1085, 1372, 1251, 1073, 1042 cm™ .- C4;HasNOy7 (823.80, 823.27), FAB MS: m/z 846.1[M+Na

1Y Q94 1 IMALLITT 714 1 IMMALIT. RaNITT | IR AMQ. INALLT 2010 074 9746 £4:221 0794 2704

j 2 OL™. 1 |1IVAT LIJ » 110.1 llVl Ly § l"JJll\J'llJ I1IN 1IV1O LlVl"l'r,lJ Cail O0L~. 4L IUU, JOUWIU OLSG.L 779,

Benzyl 5-O-benzyl-3-O-(phenoxycarbonyl)-2-0-[(E)-1,1-(3,4,6-O-triacetyl-a-D-glucopyranose-1-0,2-0-
diylethyl]-B-D-glucofuranosiduronamide (5b)

The reaction of 6¢ and 15a under the condition described for the formation of 5a provided 5b (93 %).-
'HNMR (200 MHz, 'H-'H COSY, "C-'H COSY, homodecoupling, pyridine-ds): & = 1.95 (2x), 1.98, 2.02
(12H, 3 s, COCHj3, CH3COs3), 4 37 (1H, dt, 5-HF, Jy 5= 9.2 Hz, Js 6a60 = 4.0 Hz), 4.48-4.52 (2H, m, CH-6%),

pregep o~ P o ~T T ~NTY T = = I'J

4.67/5.12 (2H, AB, OCH;Ph, J=117 Hz), 4.78/4.95 (2H, AB, OCH,Ph, 2J=11 .4 Hz), 4.80 (1H, d, 5-H",
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J=84Hz), 484 (1H, dd, 2-H®, J,3=2.9 Hz), 5.04 (1H, bs (wy=5.6Hz), 2-HP), 525 (1H, dd, 4-HF,
J34=5.1 Hz, Jys = 8.4 Hz), 535 (1H, dd, 4-H%, J14 =29 Hz, Jus = 9.2 Hz), 5.44 (1H, s, 1-H'), 5.63 (1H, 1,

3-HE, J= 2.9 Hz), 5.79 (1H, dd, Jﬂ J3=22Hz, J4=5.1Hz), 6.19 (1H, d, -HE, J12=5.1 Hz),
7.13-7.55 (15H, m, Ar-Hs), 8.43, 8.53 (2H, 2bs, CONH,).- °C NMR (50 MHz, APT, "*C-'H COSY,

nyridine.d.): 8 =1027 1024 MY 211 (COCH. CNO.CH.)Y A2 4 1’(“=£E‘\ AR QO f(“a(E\ &7 4 r0.4aEy g0
| P A2t ua/ o LA Liy L A.I7T \L } dl \NASX ARy W3NG s VAT \(WTVY },‘W-] \\.1 ~ Ja WD (T Jy VOLS
(OCH;Ph), 69.5 (C-3%), 71.6 (OCHzPh), 73.0 (C-2), 78.5 (C-5), 78.9 (C-2), 79.0 (C-4F), 79.3 (C-3), 96.6

(C-1%), 105.7 (C-19), 1212 (COy), 120.2, 125.2, 126.8, 127.0, 127.2, 127.3, 127.4, 127.5, 127.7, 128.6,
137.0 (Ar-Cs), 150.4, 152.2 (ipso-Ar-C, carbonate-C), 168.1, 168.7, 169.3, 171.4 (COCH;, CONH,).- IR
(CHCly): 1753, 1699, 1371, 1251, 1045 cm™ .- C4/HysNOy7 (823.80, 823.27), FAB MS: m/z 862.0 [M+K]",
846.2 [M+Na]’, 824.2 [M+H]", 331.1 [e]".

Glycosylation of 6¢ with 15a

To a mixture of 6¢ (575 mg, 1.16 mmol) and 15a (620 mg, 1.26 mmol) in dichloromethane (10.0 mL)
BF.-Ft,O (46 ul. 0.29 mmol. 0.25 eq.) was addad (TT 6 G A nntad sl fmamaadiain Frsemntine ~F ZLY Tl

C3LV (10 HL, V.27 UL, V.20 CY.) Wdd dudild (1LU HIUICdlcyd UIc HINNCUldle tUINdlion V1 o). 1ic
reaction mivture wae ctirrad at 20°C for 27 h Triethvlamine (02 mI ) wae added A ftar enlvent evanaration
LLaLiiOnN MIALRIC Was SUITCU du v (06 27 1L 1 0uyhaliiifle (V.2 e ) Was aGlull, AalT SCIVUILL CvVaporauion
and MPLC (chloroform-ethyl acetate = 1:1) 7b (164 mg, 17%), 8 (117 mg, 19%) and 9a (334 mg, 29%) were
obtained

Benzyl 2-0-(2,3,4,6-tetra-O-acetyl-p-D-glucopyranosyl)-5-O-benzyl-3-O-phenoxycarbonyl-f-D-
glucofuranosiduronamide (7b)

'H NMR (400 MHz, 'H-'H COSY, “C-'H COSY, pyridine-ds): &=1.96, 2.00, 2.02, 2.03 (121, 4 s,
COCH3), 4.09 (1H, ddd, 5-HF, Jy5=9.9 Hz, Js 62 = 2.4 Hz, Js 6 = 4.3 Hz), 4.28/4.49 (2H, part of an ABX

at ot Aasea MIT r4 T —_ "N TYY _ A TY_ ) 4 1 " YT_\ A O/ 1A I'"l'l'l' A YTY . AT Y YL
system, CHjz-6", Js6a=2.2 Hz, Jseo =4.3 Hz, Jouso = 12.3 Hz), 4.68/5.14 (2H, AB system, OCH,Ph,
2 I=11 Q> ociaona 1 at 8 1A meers  nrvarad hey D) UF aianal) A QN/A QK MY AD axrotasan NCOLI_ DL
o 11.0 114, msucu QL RO e 4 _[)l}l.l.l vOUvVLILU U_y "1l ">1 bllal 2. 00U/, 70 \Ll £ Dyb\.Clll, Ubllzl 11,
27=113 H2). 4.83 (1H. d. 5-HF. J.-=8.5 Hz) 5.16 {1H, bs 2.1 partly hidden), 5.19 (1H, dd 47",
J=113Hz), 483 (14, d, 5., Ji5=8.5 Hz), 5.16 (IH, bs, 2-H, ,,m ........ ), 5.19 (1H, dd, 4
J34=53Hz, Js;5s=8.4Hz), 541 (1H, d, I-H", Ji2= 8 0 HZ) 5.46- (3H, m, containing: 3 =5.48, dd,

2-HE, 5=5.53, . 4-HE, 5= 5.56, s, 1-H", 5.76 (1H, t, 3-IT%, /= 9.5 Hz), 5.81 (1H, dd, 3-H', J53 = 1.5 Hz,
Js4="5.3Hz), 7.16-7.34 and 7.47-7.55 (15H, 2m, Ar-Hs), 8.45, 8,57 (2H, 2 bs, CONH,); 4.36-4.45 (m,
impurity).- °C NMR (50 MHz, '*C-"H COSY, pyridine-ds): & = 20.6 (3x) and 20.7 (COCHj), 62.2 (C-6"),
69.0 (C-4%), 70.4 (OCH,Ph), 72.0 (c-zt) 72.7 (C-5%), 73.0 (OCH:Ph), 73.5 (C- 38), 79.5 (C-5F), 80.0 (C-
3), 80.5 (C-4%), 86.3 (C- 2F) 100.8 (C-17), 106.8 (C-17), 121.8, 126.9, 128.3, 128.4, 128.6, 128.7, 129.0,

~ o~ o - 4’-" .-n I ] o -

130.1, 130.2, 138.51, 138 (Ar-Ls), 151.9, 153.8 (ipso-Ar-C, carbonate-t,), 170.0, 170.1, 170.6, 170.8,
1797 0O 7MY FYIYNITT N el 707917 0N NN ATy AT QAL 1 IAAINT-1Y ©na 1 maas Tt
172.9 (COCH;, CONH,).- C41H4sNO7 (823.80, 823.27), FAB MS: m/z 846.1 (M+Naj', 824.1 [M+H],
716.1 IMAH-BaOHT 3310 fel” - HR MS: IM+HT cale 824 2766, found 224 2775

S AVATIRSONVUTLY , 3O 1.V 5] LN IVID. [IVITTLL] VAV 0L L7 VUV, IUWIL 0L .4/ 19

Benzyl 2-0-acetyl-5-O-benzyl-3-0O-phenoxycarbonyl-3-D-glucofuranosiduronamide (8)

M.p. 88°C.- lH NMR (200 MHz, pyridine-ds): 6 =1.92 (3H, s, COCHj), 4.74/5.19 (2H, AB system,
OCH,Ph, %J = 12.0 Hz), 4.82/4.96 (2H, AB system, OCH,Ph, 2/ = 12.8 Hz, signal at 4.96 ppm covered by
the water peak), 4.88 (1H, d, 5-H, Js5 = 8.8 Hz), 5.27 (1H, dd, 4-H, J34 = 5.3 Hz, Jy s = 8.8 Hz), 5.46 (1H, s,
1 H) 584(1H bs 2H) 594(1H dd 3 H J23—13IIZ J34—53Hz) 705 734and746 7.60 (15H, 2 m,

nFm.—Ff\

C—3 , C-47, C-5", 2xOCH,Ph), 1U34(L 1h, 121.1, 126.1, u/o u// u/x uzsu
o)
/

C n {3 em o o 1£ON 1777 Y £00MT SUNNTTT Y

BJ

9 (ipso-Ar-C, carbonate-C), 169.2, 172.3 (COCH;, \,uwnz) -

S), 101
), FAB MS: m/z 558.1 [M+Na]', 536.1 [M+H]", 428.1
536 1

Benzyl 2-0-(3,4,6-tri-O-acetyl-a-D-glucopyranosyl)-5-O-benzyl-3-O-phenoxycarbonyl-B-D-gluco-
furanosnduronamlde (9a)
'H NMR (400 MHz, 'H-'H COSY, DMSO-dq): 5= 1.83, 1.95, 1.97 (9H, 3 5, COCH3), 3.63 (1H, ddd, 2- HF,

J12=38Hz, J3=99Hz, S,oq= 69HZ) 3.93-3.98 (2H, m, SHL CHaHb—6L),4O7-4 13 2H, m, 5-HF,

v ~rrry -Es

4 2y
Z, UiaHdp-07), 4.41 (l“ DS 2-H ), 444/4 57 (AH AB Sys[em Ubﬂz.t'n _J‘““ 1.5 HZ), 4. 3.5/4 8i

-

|i[
O
.l:;

J45
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(2H, AB system, OCH,Ph, 2/ = 11.8 Hz), 4.64 (1H, dd, 4-H', J34=5.1Hz, Jy5=9.2 Hz), 4.80 (1H, t, 4-HE,
J=9.6 Hz), 5.05-5.09 (2H, m, 1-H", 3-H"), 5.23 (1H, s, 1-H"), 5.38 (1H, dd, 3-H', J23—-10Hz
J34=15.1 Hz), 5.45 (1H, d, OH, J> ou = 6.8 Hz, exchangeable with D,0), 7.01-7.05 and 7.29-7.41 (15H, 2

Iyy wrvam 72 1Y, lrr Iy ~oYy i v,

Ar-Hs) , 743, 7.73 (2H, 2 bs, CONH,).- H NMR (400 MHz, 'H-'H COSY, pyridine-d,): § = 1.98, 2.01,

E E

2.04 (SH, 3 5, COCH;), 4.19-4.26 (1H, m, 2-H"), 4.38-4.43 (1H, m, CH.Hy-6), 4.51-4.58 (34, m, 5-H",
E e

OCH, H..Ph, CH.Hs, -67), 4.77/4.94 (2H, AB, OCH,Ph, signal at 4.94 ppm hidden by the water signal), 4.79

(1H, d, 5-HF J12= 8.5 Hz), 5.11 (1H, bs (wy = 4.2 Ha), HF) 518 (1H, d, OCH,HpPh, 27=11.6 Hz), 5.19
(1H, dd, 4-Hf, J3, =58 Hz, J,5s = 8.4 Hz), 547 (1H, dd, 4-H%, J=9.6 and 9.9 Hz), 5.56 (1H, d, 1-H',
Ji2=1.4 Hz), 5.65 (1H, d, 1-HE, J,, = 3.8 Hz), 5.95 (2H, dd and t, 3-H\, 53 = 1.9 Hz, J34 = 5.6 Hz; 3-HF,
J=9.6Hz), 7.14-7.33 and 7.47-7.51 (15H, 2 m, Ar-Hs), 832, 8.56 (2H, 25, CONHy); impurity: 5.68
(CHxCly).- *C NMR (50 MHz, APT, pyridine-ds): & =21.0, 20.8, 20.9 (COCH3), 62.9 (C-6%), 70.4, 73.1
(2xOCHzPh), 69.4, 69.8, 70.8, 74.2, 80.1, 80.4, 80.7, 85.8 (C- 2F, C3E C-4E, C-5E, c-2F, C-3F, -4, cs*)

100.3 (C- 15), 106.8 (C-'F), 121.8, 126.8, 128.2, 128.4, 128.58, 128.62, 128.98, 129.03, 130.1, 138.5, 138.6
(Ar-Cs), 151.9, 153.7 (ipso-Ar-C, carbonate-C), 170.3, 170.9, 171.0, 172.9 (COCH;, CONH,).- IR
(CHCI;): 1749, 1698, 1258, 1237, '225, 1074, 1039 cm™ .- C3oHgiNOj6 (781.77, 781.26), FAB MS: m/z
804.2 [M+Na]", 782.2 [M+H]", 674.1 [M+H-BnOH]" .- HR MS: [M+H]" calc 782.2660, found 782.2663

Benzyl 2-0-(2,3,4,6-tetra-0-acetyl-B-D-glucopyranosyl)-5-O-benzyl-3-O-phenoxycarbonyl-a-D-
glucofuranosiduronamide (9b)

9a (55 mg, 70 mmol) was acetylated with acetic anhydride in pyridine. Solvent evaporation and MPLC
(petroleum ether-chloroform-methanol 10:10:1) yielded 9b (59 mg, 98%).- 'H NMR (400 MHZ ‘H-H

COdY, pyrldme ds): &=1.95, 2.00, 2.02, 2.04 (12H, 4s, COCHs;), 4.35-4.45 (IH, m, LHaHb-b'“) 4.49-4.57
(2H, m, 5-HF, CH.Hy,-65), 4.70/520 (2H, AB system, OCILPh, %/=11.7Hz), 4.80 (1H, d, 5-H',
Jis5=8.0Hz), 4.81/4.94 (2H, AB s stem, OCH,Ph, (signal at 4.94 ppm was partly covered by the water
peak), 2/=11.3Hz), 5.11 (1H, dd, 2-H", J;,=19Hz Jy3=24Hz), 532 (1H, dd, 4-HF, J;5=82Hz

pYas eli LAk, WG, 1.7 xad, LKk, v4s T Y.L iid 9

J3,4—6.0Hz), 5.36 (111, dd, 2-H® , /,7-40H7 Jy3=10.3 Hz), 5.528 (1H, d, 1-H, J,, =1.7 Hz), 5.535
(1H, t, 4-H%, J;4=9.6 Hz, Jy5=9. 9 Hz), 5.82 (1H, d, 1-HE, Jia=4. 0 Hz), 5.93-5.99 (2H, m, containing:
8=5.95, dd, 3-H" J=2.6 Hz; 6 =5.96, t, 3-HF, J=9.9 Hz), 7.14-7.37 and 7.49-7.55 (15H, 2 m, Ar-Hs),
8.35, 8.61 (2H, 2 bs, CONHy).- *C NMR (50 MHz, pyridine-ds): 8 = 19.8, 19.9, 20.00, 20.04 (COCH3), 61.7
(C6“) 68.4, 68.5, 69.8, 70.1, 70.7, 72.6, 79.59, 79.62, 79.68, 84.8 (C-2F, C-3E, C-4E, C-5%, C-2F, 37, C-4F,
C-5%, 2xOCH,Ph), 96.1 (C-1F), 105.5 (C-17), 121.1, 127.97, 128.03, 128.36, 128.37, 129.4, 137.75, 137.81

(Ar-Cs), 151.2, 153.1 (ipso-Ar-C, carbonate-C), 169.5, 169.9, 170.2, 172.3 (COCHj, LUNHg) Cq1HysNOy5
(823.80, 823.27), FAB MS m/z 846.1 [M+Na]’, 824.1 [M+H]", 716.1 [M+H-BnOH]".- HR MS: [M+H]"
nd 758.

rale Q74 V766 fon

VAl OLTT.4 U, AU ULV DL‘T

Benzyl 2-0-(2,3,4,6-tetra-O-acetyl-B-D-glucopyranosyl)-5-O-benzyl-3-O-carbamoyl-a-D-gluco-
furanosiduronamide (7¢)

Ammonia was slowly bubbled into a solution of 7a (133 mg, 161.1 umol) in dry THF (10 mL) for 18 h at
20°C. After solvent removal and FC (chloroform-methanol 10:1) 7¢ (76 mg, 63%) and a fraction of com-
pounds with an unprotected OH- function (32 mg) were obtained. The yield of 7¢ increased to 85% after
acetylation of the 32 mg fraction.- 'H NMR (400 MHz, 'H-'H COSY, homodecoupling, pyridine-ds):
99, 2.01, 2.06 (i2H, 4s, COCHs), 3.96 Un 2cma 5-H-, ./45 =9.9Hz, Js¢a=4.6Hz,

3 9
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l‘ﬂ
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o o
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J_JALL;/’ T, &1L, £xaD oJS

4.95 (1H, dd, 2HF Ji2=44Hz, J23 7.2 Hz), 5.18 (1 d, 1-HE, J,=
Jy4=7.4 Hz, Jy5s = 5.3 Hz), 5.45-5.53 (3H, m, containing: & = 5472 dd, 4-HE, J= 94, 99Hz 5=5.474, d
1-H", J=4.3 Hz, 6="5.51 dd, 2-HF, J=8.0, 9.6 Hz), 5.66 (1H, t, 3-HE, J»3 = 9.5 Hz), 6.26 (111, t, 3-HF,
J=7.3Hz), 7.14-7.36 and 7.46-7.54 (10H, 2m, Ar-Hs), 7.71 (2H, s, OCONH,), 7.93, 8.47 (2H, 2s,
CONH).- BC NMR (50 MHz, *C-'H cosY, _pyridine-ds): §=19.2 (3x), 19.4 (COCHy), 61.1 (C- -65), 67.9
(C-4F ), 68.7 (OCH,Ph), 707 (C- 2F), 71.1 (C-55), 72.2 (C-35), 72.8 (OCH,Ph), 73.9 (C-3"), 76.0 (C-47), 79.4

cF\ om A s~ AFN An 1 1tAn -~ IRV - Ko Y B N Lo I o P e 2

{C-5),8 /_ux,z),wxu,-i 9, 100.6 (C-17), 126.5, 126.7, 127.0, 127.4, 127.6, 137.2, 137.5 (Ar-Cs), 156.0
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(OCONH_y), 168 4, 168.6, 169.1, 169.3, 171.5 (COCH;, CONHy).- IR (CHCl3): 1751, 1689, 1376, 1231,
1211, 1042 em™ - CasHiaNyOj6 (746 72, 746.25), FAB MS: m/z 769.2 [M+Na]’, 747.2 [M+H]", 639.1
[M+H-BnOH]".- HR MS: [M+H]" calc 747.2613, found 747.2607.

Benzyl 2-0-2,3,4,6-tetra-O-acetyl-p-D-glucopyranosyl)-5-O-benzyl-3-O-carbamoyl-B-D-gluco-
furanosiduronamide (7d)

Ammonia was slowly bubbled into a solution of 7b (156 mg, 316 umol) in dry THF (10.0 mL) for 18 h at
20°C. After solvent removal and FC (chloroform-methanol 10:1) 7d (58 mg, 41%) was isolated.- 'H NMR
(600 MHz, pyridine-ds): 8 = 1.96, 1.97, 1.99, 2.01 (12H, 4s, COCH3), 4.09 (lH ddd, 5-HE, Jy5=10.1 Hz,
Js6a=2.4 Hz, Js g, = 4.1 Hz), 4.27/4.51 (2H, part of an ABX system, CH,-6", Js 6o = 2.3 Hz, Js ¢ = 4.3 Hz,
Jos6b = 12.3 Hz), 4.69/5.18 (2H AB system OCH,Ph, 2/ =12.0 Hz), 4.71/4.79 (2H, AB system, OCH,Ph,

*J=10.7 Hz), 4.72 (1H, d, 5-H", J = 9.0 Hz), 4.98-5.04 (4-H" and 2-H", hidden by the H,O signal), 5.45-5.53
(4H, m, containing: 3 = 5.46, 4, 1-H", J= 8.0 Hz and 8= 5.51, 5, I-H' and 2-HF, 4-H5), 5.73 (1H, t, 3",
J=94Hz), 585 (1H, d, 3-H', J=6.0Hz), 7.21-7.30 and 7.47-7.53 (10H, 2 m, Ar-Hs), 7.90 (211, s,
OCONH,), 8.22, 8.44 (2H, 2 bs, CONH,); impurity: 3.78-3.81 (m), 3.99-4.02 (m).- *C NMR (50 MHz,
pyridine-ds): 8 =19.0, 19.1 (2x), 19.2 (COCILy), 607 (C-6%), 675, 68.7, 70.6, 711, 71.6, 72.1, 743, 78.4

79.6, 85.7 (C-2F, C-3%, C-4%, C-5F, C-2F, C-3F, C-4F, C-5F, 2xOCH,Ph), 99.2 (C-15), 105.7 (C-1F), 126.6,
126.9, 127.1, 127.4, 137.1, 137.2 (Ar-Cs), 156.1 (OCONH,), 168.5, 168.6, 169.1, 169.3, 172.1 (COCHs,
CONH,).- IR (CHCl3): 1752, 1689, 1231, 1070, 1042 cm™.- C35HioN,016 (746.72, 746.25), FAB MS: m/z
769.2 [M+Na]’, 747.2 [M+H]’, 639.1 [M+H-BnOH]", 331.1 [e]’.- HR MS: [M+H]' calc 747.2613, found
747.2618.

2-0-(2,3,4,6-Tetra-O-acetyl-p-D-glucopyranosyl)-3-0-carbamoyl-a-D-glucopyranuronamide (17a)

1) A mixture of 7¢ (116 mg, 155.5 pmol) and PA(OH)»/C (142 mg, 20%) in THF-acetic acid (10:1, 10 mL)

wasg stirred in a hvdrnopn atmospher F or 18 h at 20°C. After filtration the catalyst was r-;m:ﬁnllv wnchpd with

aa vurl-“.' ava 10 1 RS LE

acetone. Solvent removal from the combined solutions and lyophilization nrov1ded 17a (85 mg, 96%).

i) A mixture of 7¢ (57 mg, 76.5 pmol) and Pd/C (89 mg, 10%) in aqueous THF (4.5 mL) was stirred in a
hydrogen atmosphere for 12 h at 20°C. After filtration the catalyst was carefully washed with THF. Solvent
evaporation from the combined solutions and FC (chloroform-methanol 4:1) furnished 17a (40 mg, 91%).-
'H NMR (600 MHz, 'H-'H COSY, *C-'H COSY, pyridine-ds, containing a trace of the B-anomer): 3 = 1.92,
1.98, 2.01, 2.31 (12H, 4s, COCH3), 3.91 (1H, ddd, 5- H“ Jas = 9.9 Hz, J5 6, = 4.7 Hz, J56b-—24HZ) 4.14
(1H, dd, 2-H, Ji2=3.4Hz, Jy3=10.1Hz), 434 (1H, part of an ABX system, CH.Hp-6, Jsg=2.2 Hz,

Jsas = 12.1 Hz), 4.43-4.50 (2H, m, CHaHy-6%, 4-H"), 5.15 (1H, d, 1-HE, J,,=8.0 11z), 5.17 (1H, d, 5-HF,

Jis=9.9Hz), 540 (1H, t, 4-H", J=9.8 Hz), 5.51 (1H, dd, 2-H", J,, =82 Hz, J,5=9.5 Hz), 5.64 (I1H, 1,
3-HF, J=9.6), 6.00 (m d, 1-H', Ji, =34 Hz), 627 (H, t, 3- I, J=9.6 Hz), 7.52 (2H, bs, OCONH,),
8.50, 8.55 (2H, 2 bs, CONH,).- >C NMR (50 MHz, *C-"H COSY, pyridine-ds): & = 19.96 (2x), 20.05,20.1

(COCH3), 61.9 (C- 65), 68.7 (C-4F), 71.17 (C-5%), 71.24 (C-25), 71.7 (C-55), 72.1 (C-4), 73.3 (C-3Y), 74.2
(C-3%), 79.8 (C-2"), 93.1 (C-1), 102.2 (C-1%), 157.7 (OCONH,), 169.5, 169.8, 170.1, 170.2, 173.9 (COCHs,
CONH,).- C21H30N,016 (566.47, 566.16), FAB MS: m/z 589.1 [M+Na]", 567.1, [M+H]".- HR MS: [M+Na]"*
calc 589.1493, found 589.1493.

4-Di-O-acetyl-2-0-(2,3,4,6-tetra-O-acetyl-p-D-giucopyranosyi)-3-O-carbamoyi-o-D-

64.7 ||mn]\ and PA(OHYW/C (51 me 709A\ in THF-acetic acid (10:1. S ml)) was

18 mg, nd Pd(OH)Y/C (51 mg, in THF-acetic acid (10:1, SmL)
stlrred in a hydrogen atmosphere for 18 h at 20°C. After filtration the catalyst was carefully washed with
THF. After solvent evaporation from the combined solutions the crude product was treated with a mixture of
pyridine and acetic anhydride (1:1, 1 mL), and the solution was stirred overnight. Solvent removal by
lyophilization and FC (chloroform-methanol 10:1) yielded 17b (42 mg, 100%).- 'H NMR (200 MHz,
homodecoupling, 'H-'"H CosY, 13C-'"H COSY, pyridine-ds): 5 =1.82, 1.98, 2.01, 2.07, 2.11, 2.23 (18H, 6s,
COCH3), 3.97 (1H, dt, 5-HE, Jy5=9.9 Hz, Jss = 3.3 Hz), 4.26 (1H, dd, 2 1, Ji2=3.8 Hz, J»3=9.7 Hz),

A A A sEx A 01 rexy WF 5 NN /1YY

E
4.43-4.48 (2H, m, CH,-6"), 4.81 (1H, d, 5-H', J45=9.7 Hz), 5.09 (1H, 4, 1-H", J,,=7.7 Hz), 5.44 (2H, t,
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2-HE, 4-HE, J = 9.2 Hz), 5.64 (1H, t, 3-HE, /=9.4 Hz), 5.90 (1H, dd, 4-H, J54 = 9.5 Hz, Ji s = 9.9 Hz), 6.02
(1H, t, 3-Hf, J=9.6 Hz), 6.83 (1H, d, 1-H', J;, =3.9 Hz), 7.79 (2H, bs, OCONH,), 8.32, 8.49 (2H, 2 bs,
CONHy); impurity: 5.68 (CH,Cl).- *C NMR (50 MHZ, ”c~ H COSY, pyridine-ds): & =19.88, 19.92,
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169.55, 170.0, 170.4 (COCH;, CONH,).

————— =23y SRRy 22

C2sH34N203 (650.55, 650.18), FAB MS: m/ 673.1 [M+Na] 6 [M+H] 59 [M+H AcOH] - HR
MS: [M+Na]" calc 673.1704, found 673.1718.

N
r

2-0-(2,3,4,6-Tetra-0-acetyl-B-D-glucopyranosyl)-4-O-acetyl-3-O-carbamoyl-D-glucopyranuronamide
(mixture of anomers) (17¢)
A mlxture of 17b (46 mg, 70. 68 pmol), hydrazinium acetate (9.3 mg, 100 pmol, 1.4 eq.) and DMF (0.4 mL)

sl
Z
s ]
~
N
S
N
=
%’
(=9
(43
(]
=
5

pyndme d5, contammg a trace of the B-anomer) 6 1.94, 1.98, 2.02, 08 2 28 (15H OCH3),
(1H, ddd, 5-HE, Jss=10.1Hz, Js¢a=2.6Hz, Jsgy=4.8Hz), 4.13 (1H, dd, 2 HF Ji2=34 H/_,
ng— 10.1 HZ), 4.36/4.48 (2H part of an ABX system CH;- 6 J563—26HZ J56b~48H1.
Jeags = 12.3 Hz), 5.12 (1H, d, 1-H%, J;, = 8.0 Hz), 5.17 (1H, d, 5-HF, J45—103Hz) 5.40 (1H, dd, 4-HE,
Jas=10.1 Hz, J54= 9.4 Hz), 5.48 (III dd, 2-11F, J12—80HZ J23—96Hz) 5.64 (1H, t, 3-HE, J = 95Hz)

5.89 (1H, dd, 4-HF, J34—96HZ J45*101HZ), (1H, d, IH J12—33HZ), 6.24 (IH [ 3-H',

2-0-(2,3,4,6-Tetra-0-acetyl-B-D-glucopyranosyl)-4-O-acetyl-3-O-carbamoyl-1-0-{ [(R)-2-
methoxycarbonyl-2-(3,8,8,11,14,18-hexamethylnonadecyloxy)-ethoxy]-(2,2,2-trichlor-1,1-
dimethylethyloxy)-phosphoryl}-a-D-glucopyranuronamide (20)

To a soiution of 1H-1,2,4-triazol (44.6 mg, 660.7 umol) in 1:4 pyridine-dichloromethane (1.2 mL) 2,2,2-
trichloro- l cumemylcmyl ﬂlCﬂlOTOpﬂOSpﬂlle (32 }11_4 lDl 7 p.mox) was aaaeo at 0° L/, ana UIC leIUI'e was
stirred at O°C for 30 min. A solution of 17¢ (78 mg, 127.5 pmol) in pyridine-dichloromethane (1:1.8,

2.5 rp] ) was added Arnr\unqp Stirrino was continued for 90 min at 0°C. Within 90 min a solution of 22

(AR R RSES S viiivanAs viiika daxiil @ O

{181 mg, 384 pmol) in nvndmc—dlchloromethane (1:4, 2 mL) was added. After another 3 h stirring at 0°C
bis(trimethylsilyl)-peroxide (56 uL, 267.4 umol) was added, and the mixture stirred at 20°C ovemlght. After
solvent removal and FC (chloroform-methanol 20:1) two P-diastereomers of 20 (unpolar product: 51 mg,

31%), polar product: 13 mg, 8%) and a fraction containing both diastereomers (40 mg, 23%) were obtained.

20 (unpolar diastereomer)
'H NMR (400 MHZ ‘H ‘H COSY 13c ‘H COSY, pyridine-ds): 8= 0.87-0.97 (23H, m, signals of the lipid
~a 1 ‘i T

o

L

1l

“O
O
bt

——
_\] L
o
=)

]

[}

o
N
N
wt

2HY), 4.64-4.80 (2H , CHy-3" ) 4.93 (5 “HF hidden by the H,0 peak), 4.95-5.01 (m
J12= 8.0 Hz), 5.47 (1H, dd, 2HE Ji2=8.0Hz, J;3=9.7Hz), 5.52 (1H, t, 4-HE, J= 97Hz),564 (lH ‘
3-H%, J=9.6 Hz), 5.91 (1H, t, 3H"or4HF J=7.1Hz), 5.93 (14, t, 3H‘°or4HF J=17.1Hz), 6.41 (1H, dd,
I-H', J12=3.6 Hz, Ji » = 5.6 Hz), 7.74 (2H, bs, OCONHy), 8.01, 8.59 (2H, 2 bs, CONH,).- *C NMR (50
MHz, “C-'H COSY, APT, pyridine-ds): &= 19.3-41.1 (signals of the lipid part and protecting group
signals); 52.0 (OCHz), 61.7 (C-6%), 68.2 (d, C-3", Jcp = 5.5 Hz), 68.6 (C-4%), 69.7 (C-1Y), 69.8, 70.8 (C-5"

A2 ana o AFN 71 000 AEN 71 0 s gEN llf“‘)E\"!"IAIJf‘\ 1N 1 TToN n ~ ~F
and C-37), 70.9 (C-4"), 71.0 (C-2%), 71.9 (C-5%), 73.1 (C-3%), 77.4 (d, C-27, Jcp=10.1 Hz), 78.0 (d, C-2",

3763
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Jep=9.1Hz), 90.6 (d, OC(CH3),CCls, Jep = 5.5 Hz), 97.1 (d, C-1%, Jep = 6.4 Hz), 102.1 (C-1%), 105.6 (d,
CCls, Jep = 14.6 Hz), 156.7 (OCONIL), 1689, 169.38, 169.43, 169.5, 170.0, 170.1, 1703 (COCHj,
CONHy).- *'P NMR (80 MHz, pyridine-ds): 8 = — 4.03 (phosphate).- IR (KBr) 1752 cm’' .- CsgHoyClIN, 03P

1200 &0 1")00 C1Y TAR MQ. /e 1291 & TMaNATT 172007 ALY 1170 € INMUR _C.TI.OLTY 1162 §
(LIVV.VU7, 1470.01), DAL VIO, LIUVL 1J41.0 [viTiNa} , 1&77,7 [IviTrly 111 W PIVITRNU4TESL3 ), 110D

[M+Na-C;HsCLT.

20 (polar diastereomer)

'"H NMR (400 MHz, 'H-"H COSY, pyridine-ds): 8 = 0.80-1.95 (51H, m, signals of the lipid part), 2.02, 2.03,
2.04, 2.06, 2.07, 2.16, 2.27 (21H, 7s, COCH3, (CH3),CCCly), 3.77-3.84 (1H, m, CH,H,-1"), 3.96-4.05 (5H,
m, containing: & = 3.96 (d, OCHj, J ~ 2 Hz, the sample did not contain the other diastereomer, the splitting
might be due to 'H, *'P coupiing), CiLHy-1', 5-HY), 4.22-4. 30 (1H, m, 2-H"), 4.35-4.44 (m, plasticizer),
4.50-4.66 (3H, m, CH,-6%, 2-H"), 4.79-ca. 5.00 (2H, m, CH>-3", signal partly covered by water), 4.98 (lH

b
AsuF 71 o —1nAaun S0 A 1.10E 7o —ents 580557 O v .LIE 4 1TR
G, >-11 , J45~ 1V T1Z), J.12 \lll Q, 1-I1 , V]2 = 0.V 11Z}, 3.0U-J.5/ (11, IIl, 2-11 , &~11 )

J=9.6Hz), 5.84 (1H, dd, 4-H", J;4=9.8 Hz, J;5s=10.4 Hz), 5.98 (1H, t, 3-H", /=9,
13

oA akefy a2 AaR, ks, Z.0 234, Y45 AV.T X34, iky wy L™IL o

Ce70 Al
(wy, = 12.8 Hz), l-HF\ 7.78 (2H, bs OCONH,), 8.08, 8.55 (2H, 2 bs, (‘()NH»\— 1
pyridine-ds): 6 = 19.1-41.8 (signals of the lipid part and the protecting group signals); 51. 8 (OCH;) 61 7
(C-6%), 68.0 (C-3H, broad signal), 68.5, 69.5, 69.6, 69.8 , 70.5 (2x), 70.9, 71.9, 72.9 (C-2%, C-3F, C-4E, C-5F,
C-3F, C-4F c-5F, C-1Y), 77.5 (broad signal) and 77.8 (d, /= 8.7 Hz, C-2", C-2F, assignment based on the
assignment of the other stereoisomer), 90.3 (d, (CH3),CCl;, Jop=4.5 Hz), 96.4 (d, C- lr, Jep=5.3Hz),
102.0 (C-1%), 105.6 (d, CCls, Jep = 15.5 Hz), 156.5 (OCONH,), 169.35, 169.38, 169.5, 169.6, 169.9, 170.2,
170.4 (COCH3, CONH,).- *'P NMR (80 MHz, pyridine-ds): 8 = -4.69 (phosphate).- IR (KBr): 1755 cm™ -

N_ N Il’)!\n £0 Y TAD NQ. smaf/ 1291 1 MAAINLTY 179009 It 11
\.,561194\41:”‘2\}23[ \12UU. U7 AL VIO, JVL 10411 [IviTiNa] 4, 14774 jlviTidg o, 11

C4H;Ch]", 1163.2 [M+Na-C4H;s
2-0-(2,3,4,6-Tetra-0O-acetyl-p-D-glucopyranosyl)-4-0-acetyl-3-O-carbamoyl-1-0-{ [(R)-2-
methoxycarbonyl-2-(3,8,8,11,14,18-hexamethylnonadecyloxy)-ethoxy]-hydroxy-phosphoryl}-a-D-
glucopyranuronamide (18)

A mixture of both diastereomers of 20 (23 mg, 17.6 pmol) and freshly prepared zinc-copper couple (26 mg),
pyridine (1.4 mL) and 2,4-pentandione (30 uL) was stirred at 20°C for 2 h. After filtration the residue was
carefully washed with pyridine and ethanol. From the combined solutions the solvent was evaporated. The

~1 A ntad < ™
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100%) was obtamed 1H NMR (400 MHZ ] 0 1 70 (2m sxgnals
of the lipid part), 2.01, 2.02, 2.04 (broad), 2. 18 (broad), 2.25 (15H, 55 COCHg), 3 75 4.03 (6H, m, CH,-1",
COOCH; (3 =3. 87) 5-HF), 4.07-4.11 (1H, m, 2-H"), 4.45-4.69 (4H, m, CH>-6%, 2-H", CH,H,-3"), 4.76-4.85
(1H, m, CHﬁb 3", covered by an xmpurlty sxgnal) 5.05 (1H, d, 1-HE, covered by the H;O signal), 5.19 (1H,
m, 5-HY), 5.44 (2H t (broad signal), 2-HE, 4-HF, J=9.4 Hz), 5.63 (1H, 1, 3-HE, J=9.5 Hz), 5.86 (11, t,
4-11F, J=9.7Hz), 5.93 (IH t, 3HF J 9.5 Hz), 6.36 (1H, bs (wy,=14.5 Hz), 1-H"), 7.60 (2H bs,

50 MHz, “C-'"H COSY, APT, pyridine-

igna 3 (OCHj3), 62.5 (C-65), 66.7
signal) (C-19, 70.0 (C-4), 70.8 (C-5"), ° 9 (C-2% or C-45), 72.4 (C-55), 723 (C-
3, 73 73. (c -3k ) 78, 9(c 2F broad s1gna1) 79.8 (C-2M, broad signal), 95.3 (C-17, broad sxgnal) 102.6 (C-15),
157.6 (OCONH,), 170.0, 170.2, 170.5, 170.6, 171.2 (broad signal), 171.6, 172.3 (COCHs;, COOCHs,
CONH,).- *'P NMR (80 MHz, pyridine-ds): 8 =+ 0.78 (phosphate).- Cs;HgoN,023P (1141.25, 1140.5594),

FAB MS: m/z 1185.5 [M+2Na-H]", 1179.4 [M+K]", 1163.5 [M+Na]".
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Dowex SOW X2 (H'-form). Stirring was continued for 30 min. After filtration the resin was washed with
ethanol. The combined fiitrates were concentrated and the remaining solution was lyophilized. MPLC

(chloroform-methanoi-water 18:11:1.8—18:11:2.7) and bepnaaex filtration (water) gave ic (29.5 mg, 63%)
and the uronic acid 19 (13.3 mg, 29%).

2-0-(B-D-Glucopyranosyl)-3-O-carbamoyl-1-0-{[(R)-2-carboxy-2-(3,8.8,11,14,18-
hexamethylnonadecyloxy)-ethoxy]-hydroxyphosphoryl}-o-D-glucopyranurenamide (1c)

"*C NMR (50 MHz, D,0): signals of the lipid part: & = 19.8, 20.0, 22.8, 22.9, 24.6, 25.0, 27.2, 28.0, 29.8 (b),
32.6, 33.2 (b), 34.0, 34.6, 37.4 (b), 37.7 (b), 39.5, 39.7, 42.6 (b) saccharide signals: & = 60.6 (C-6%), 69.6
(very broad signal), 71.8 (s), 72.9, 75.9 (very broad signal), 78.0, 95.6 (b, C-1%), 104.1 (b, C-1F), 159.1 (b,
OCONHy), 172.6 (b), 174.6? (b, COOH, CONHa); impurities or unknown signals: 14.2, 125.5, 129.4 (weak

(O oo x 31 . %
intensity).- = P NMR (80 MHz, D,0): 8 = - 1.86 (phosphate).- L,41ﬂ77N2U13t' (wn 04, 916.49), FAB MS:

m/z 977.4 ([M+Na+K-HJ', 961.5 ([M+2Na-H]', 955.4 [M+K]", 939.5 [M+Na]".- HR MS: [M+Na]" calc
939.4807, found 939.4799.

INuziva T2 7Y

2-0-(B-D-Glucopyranosyl)-3-O-carbamoyl-1-O-{[(R)-2-carboxy-2-(3,8,8,11,14,18-
hexamethylnonadecyloxy)-ethoxy]-hydroxyphosphoryl}-a-D-glucopyranuronic acid (19)

BC NMR (50 MHz, D,0): signals of the lipid part: §=16.9, 22.6, 22.8, 25.6, 27.7 (broad signal), 29.8
(broad signal), 30.8, 32.6, 33.2, 37.5 (broad signal), 40.2, 40.4, 42.3; saccharide signals: 6 =62.0 (C-65),
72.6, 78.7, 78.8, 79.0 (no other saccharide carbon signals could be detected).- *'P-NMR (80 MHz D,0):

6=-2.17 (pnospnate) - L41H76NU|91’ (918 UZ 917. 48), FAB MS: m/z 9784 | M+Nat+Kk- lij R 962.4
[M+2Na-HJ", 956.4 [M+K]", 940.5 [M+Na]".- HR MS: [M+Na]" calc 940.4647, found 940.4665.
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