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Abstract - Two new Cy protecting groups for the anomeric posiiion of carbohydrates are

reported. Methods both for their introduction and removal are described. The Co-protected

comnounds are much less nolar than the corresnondine allvl nrotected analooues. The new

compounds are much less polar than the corresponding allyl protected analogues. The new

protecting group chemistry has been used to prepare compound 17 en route to a

disaccharide analogue of the antibiotic moenomycin A. © 1998 Elsevier Science Ltd. All rights reserved.
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Introduction
The moenomycin-type antibiotics inhibit the enzyme that catalyzes the so-called transglycosylation step in

occumng armblotlc and by synthesns have contrlbuted to a great

1

¢~ | CONH, | extend to the understanding of structure-activity relationships in this
A Hoge P coon class of compounds and have lead to a first mechanistic picture of the

L oo

o/ ‘[ . H mode of action.
ol QYo 1 OC M1 At least in the van Heijenoort in-vifro test system disaccharide

HOCH; \p” y
7 o7 Nou A analogue 1a caused full inhibition of the enzyme at a concentration of
E NH A~ 1 -1 1 llﬂ/ml (l(\ mnl/]\ Arrn lIL !n Pnrmn]cl Ta indicate mandificatinne
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HO | a CHa  that lead to inactive compounds.” However, until now the importance
b H

of the methyl group at C-4 of the moenuroncic acid moiety (F in
formula 1) for the transglycosylase inhibition potency remained unknown. Several attempts that have been
undertaken to synthesize compound 1b and to study its activity in the test system failed.*> The main reason
for this lack of success was the low solubility of the anticipated synthetic intermediates 2, 3, and 4 in suitable
solvents which prevented their use in subsequent transformations.
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This troublesome behaviour is probably caused by the amide and urethane functions in 2, 3, and 4. We have
now examined a number of options to overcome the disappointing limitations brought about by the solubility
behaviour of compounds 2, 3, and 4. One idea was to use for the anomeric position of unit F instead of the
allyl protecting group a more lipophilic one. This structural change was hoped to render the synthetic
intermediates iess polar and, furthermore, wouid aiiow to purify them by reversed-phase chromatography.
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We decided to replace the allyl protecting group by an appropriate Cy residue.

Model experiments

The nonenyl l coside 6 was prepared using the Schmldt procedure (74%).% 8 was simply obtained from
pentaacetyI-D-qucose on BF3.OEt,-mediated reaction’ with 2- nonyn-l»ol8 in 69% yield.
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Removal of the Cy protective groups was achieved via B-alkoxy ketone 9. Treatment of 6 with PdCl,
(3 equiv) in 6:1 DMF-water furnished 9 in 97% yield. Only a trace of the isomeric a-alkoxy-ketone (formula

not shown) could be deiecied. Waier addiiion io 8§ was accompllsnea by treatment thh 5 mol% Hg (trom
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CH;Cl;, 20°C, 30 mm) and gave 7 in 82% yield. This part of t ork was reported in preliminary form.
In a recent publlcanon Mereyala and Gurrrala used the same type of chemistry to prepare simple propargyl
and allyl glycosides.'?

Synthesis of the E-F part of 1b
The value of the new method was tested in the synthesis of disaccharide 17. 8 was converted to 11 via 10 by
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hydrolysis’” and (ii) acetal formation with PhCH(OCHj3;), in DMF" (69% overall yleld) For the
s R [ P

o
=
o
MO
Iy
.':l
‘<‘,
s
>
>
)
b

e
D
3
o
b »
-
o
el
S
=

1 o
this stage, 16 was removed by reversed-phase hromatograph demonstrating one of the hoped for merits of
the new protecting group. 12a and 13a were jointly converted to urethanes 12b and 13b by treatment with (i)
trichloroacetyl isocyanate and (ii) zinc dust in mf:thamol.17 In the reaction of 12a and 13a with trichloroacety!
isocyanate the advantages provided by the new protective group were again obvious. Whereas in related
cases for solubility reasons the diol substrates first had to be converted to the corresponding tributylstannyl
ether'® in the present case the reaction could nicely be directly performed in methylene chloride solution.
After acid hydrolysis (2:1 ethanol-water, cation exchange resin'®) from the mixture of 12b and 13b the
desired 1—>2-linked disaccharide 15a (31% overall yield) and the corresponding 1—3 isomer 14 (48%
overall yield) were obtained. Chromatographic separation couid easiiy be performed at this stage. The two
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free OH groups in 15a were silylated (‘BuMe,SiCl, imidazole, DMF'®) in quantitaive yield and the silyl ether
in the 6-position was selectively cleaved by acid hydrolysis (1:1:3 THF-water-acetic acid, 20°C, 20 h,
86%).%° Two-stage oxidation with (i) o-iodoxybenzoic acid in DMSO?!, (ii) NaClO,** and subsequent amide
formation using Staab’s procedure® provided 15d in 62% overall yield.* Then, water addition to 15d as
described above furnished 17 in 58% yield. In preliminary experiments it was found that the protecting group
could be removed under the conditions reported above but the reaction was much more complicated than in
the model case, presumably due to the presence of the uronamide function.?® At thlS time another and more
~ recdl
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efficient synthetic approach to compound 1b could be completed (see th mpanying paper) and we
stopped, therefore, experiments aimed at optimising the deprotection of 17.
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In any case, the new protective groups can readily be introduced and their removal has been achieved in the
model series with reasonable yields. Furthermore, in keeping with our expectations all compounds
encountered in the present work were nicely soluble in CH,CL?® in contrast to their allyl analogues
investigated previously. The lipophilic anker has been demonstrated to be useful for reversed-phase
separations.
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(zeneral
Organic solvent evaporations were performed in vacuo at 40 °C using a 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, Sonorex Super RK 106).- O,- or
moisture-sensitive reactions were performed in oven-dried glassware under a positive pressure of argon.
Liquids and solutions were transferred by syringe. Smali-scale reactions were performed in Wheaton serum
bottles sealed with aluminium caps with open top Teflon-faced septum (Aldrich).- The instrumentation used
was: NMR: Gemini 200 and Gemini 2000 (Varian, 'H NMR 200 MIIz 3C NMR 50.3 MHz), Gemini 300
(Varian, '"H NMR 300 MHz, *C NMR 75.5 MHz, Unity 400 (Varian, 'H NMR 400 MHz, *C NMR 100.6

MHz), chemical shifts are given in 8 values; IR Specord M80 grating spectrophotometer (Carl Zeiss Jena)
and FT-IR spectrometer ATI Mattson, Genesis series; FAB MS: VG AUTOSPEC (matrix: lactic acid or 3-
nitrobenzyl alcohol), two molecular masses are always communicated, the first was calculated using the
International Atomic Masses, the second refers to '*C, 'H, 0, "N, (mono-isotopic masses), carbon and
proton numbering in the subunits (see NMR data) as well as naming of the MS fragments follows the
moenomycin nomenclature’ (see formula); analytical TLC: Merck precoated silica gei 60 Fis4 plates (0.2
mm), spots were identified under a UV lamp (A = 254 nm and A = 366 nm) and by dipping into a 2.22 mol/L
H,SO4 solution containing Ce(SO4)x4H,O (10.0 g/L) and H3[PO4(Mo304)]xH,0 (25.0 g/L)*’ and
subsequent heating at 140°C, flash chromatography (FC)?®: silica gel (ICN Biomedical Silica 32-63 um),
Optima pump (Model 10007), medium-pressure liquid chromatography (MPLC): silica gel 20-40 pum
(Merck), 35-70 pm (Amicon) or 50 pm (Fa. Grace), the samples were applied to a precolumn (3-5 g
Kieselgel, 63-100 um) and eluted at 1-2-10° Pa using a dosage pump (Promint Dosiertechnik, Heidelberg or

Kronlab Chromatographie und Labortechnik, Sinsheim).

?

2,3,4,6- tetra-O-acetyi—ﬁ-D-giucopyranos' de (6)
F3-Et,O (29 ul, 0.23 mmol) was added to a cooled (-

78°C) tio
acetyl-B- Duglucopyranosyl) trichloroacetimidate (1.12 g, 2.27 mmol) in dry CH,Cl; (15 mL) After 10 min
(E)-2-nonen-1-ol (0.38 mL, 2.3 mmol) was added and the mixture was stirred at -78°C for 3 h. Then the

solution was allowed to warm to -10°C and was stirred at this temperature for 20 h. NaHCO; (200 mg) was
added and the mixture was stirred for 30 min. After filtration the solvent was evaporated. The residue was
purif ied by LC (hexanes-ethyl acetate 4:1) to Iglve 6 (1.05 g, 2.21 mmol, 97 %).- 'H NMR (400 MHz,

13) Unit F: 1-HF d 4.54; 2-H" dd 4.98; 3-H dd 5.18; 4-HF dd 5.06; 5-H' ddd 3. 67; 6-H" dd 4.14; 6- H’F

Ji2=8.0 Hz; J,3=9.5Hz; J34 = 9.5 Hz; J4 5 = 10.0 Hz; Jsﬁ—:bﬂz Js,

Aune 17 L7 131 A NA. 17 1T 311 A N£. D
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:

1,-6’, CH,-7°, CH,-8’ m 1.23-1.38; CH3-9 ; Jia=7.0Hz I
= 1.0 Hz; Jg = 7.0 Hz; acetyl groups: 4*s 1.99, 2. 01, 2.04, 2. 07. - B¢ NMR (100.6 MHz CDCl;,
APT). 5 =13.62 (C-9°); 20.12, 20.15, 20.21, 20.26 (COCH3); 22.15 (C-8°); 28.08, 28.40, 28.54 (C-7°, C-6,
C-57); 31.83 (C-4°); 61.59 (C-6); 68.08, 70.92, 71.33, 72.54 (C-5, C-4, C-3, C-2); 69.56 (C-1"); 98.75 (C-1);
124.35 (C-2°); 135.26 (C-3"); 168.89, 168.98, 169.88, 170.24 (COCH3).- C23H36010 (472.53, 472.23).- FAB
MS: m/z 495.3 ([M+Na]"), 331.2 ([f]).
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2-Nonyn-1-yi 2,3,4,6-tetra-O-acetyl-p-D-glucopyranoside (8)
B-D-Glucose pentaacetate (1.00 g, 2.6 mmol) was dissolved in CH,Cl; (8 mL). BF3-OEt; (640 L, 5.1 mmol)
and 20 min later 2-nonyn-1-o0l (430 uL, 2.6 mmol) were added. After 4.5 h the solution was diluted with



ethyl acetate (4 mL) and after 30 min with another portion of ethyl acetate (30 mL). After washing this
solution with aqueous NaHCO; solution (3 times with 8 mL) and solvent evaporatlon a yellow oil was
obtained (1.34 g). LC (hexanes-ethyl acetate 3:1) gave 8 (844 mg, 69 %). = 'H NMR (400 MHz, CDCI;,

s L SF == ~ v<F 13 2 - viF - ~n R n mn - x3F «~ - vooF
COSY): Unit F: 1-H" d 4.77; 2-H" dd 4.99; 3-H" dd 5.23; 4- H dd 5.08; 5-H ddd 3.70; 6-H dd 4.13; 6-H

dd 4.27; J,,= 8.0 Hz; J,3=9.6 Hz; J34=9.4 Hz; J45s = 10.0 Hz; Js¢ = 2.4 Hz; Js5 = 4.6 Hz; Js = 12.3 Hz;
nomnvl eroun: CH5-1 433 CH-4’° m 2.18-2.23:- CH5-5" m 1.46-1.54: CH;- % m 1 281 A’) T»-L_'7’ CH,-
RORYFDY: Broup. orij-1 1 9.535, vriy~a 1l £.106°4.40, a1)=0 1l 1.9071.0%5, Lak27Y il 1.J2071.594, 417 u;lgt
8’ m 1.24-1.33; CH3-9’ t 0.89; J14 = 2.1 Hz; Jso = 6.8 Hz; acetyl groups: 4#s 1.99, 2.01, 2.04, 2.07. - °C

NMR (100.6 MHz, CDCly): § = 13.59 (C-9"); 18.27 (C-4"); 20.12, 20.15, 20.23, 20.25 (COCH); 22.09 (C-
8"); 28.07 (2%) (C-5°, C-6°); 30.85 (C-7"); 56.20 (C-1); 61.39 (C- 6%); 67.98, 70.65, 71.40, 72.48 (C-2F, C-3F,
C-4F, C-5F); 73.85 (C-27); 87.81 (C-3); 97.52 (C-1%); 168.98, 169.86, 170.23 (COCH3). - C23H34010 (470.52,

470.22). - FAB MS: m/z 493.1 ((M+Na]"), 331.0 ([f]".

Water addition to 8

washed w1th water (5 mI) and evaporated FC (hexanes—ethyl acetate 2: l) of t e raw material (8
nrnv:ded 9 (71 9 mg, 69 ‘%\ the isomeric ry-alkm(v ketone (fnrmnla not shown, 3.3 mg, 3 /) 1

15%).

Wacker-type oxidation of 6
6 (50 mg, 105 pmol) was dissolved in a mixture of DMF (1.8 mL) and water (0.3 mL). The solution was
heated to 45°C and PdCl; (3 portions of 18.6 mg, 105 pmol each) was added over a period of 24 h. After

gy

further stirring at 45°C for 24 h water (10 mL) was added and the resumng mixture was iyophilized. The
lbbluub was uiSSOl'v'f‘:u 1u IIIUL[ld.IlUl AILCI dUUlUUll uuuugu a UCU Ul KICDCIBLUU UIC bUlVCﬂl was CVdeldlCU

and the kieselguhr used was extracted for 18 h with CH,Cl, using a Soxhlet apparatus. After evaporation and

FC (hexaneq-ethvl acetate 2.5:1) 9 (51 mg, 97 %) was obtained m‘mtmmno a trace of the isomeric a-alkoxy

ketonc

3-Oxononan-1-yl 2,3 .4, 6-tetra-O-acetyl-E-D—glucopyranOSIde )
'H NMR (400 MHz, CDCls): Unit F: 1-H' d 4.59; 2- H dd 4.91; 3-H' dd 5.17; 4-HF dd 5.04; 5-HF ddd 3.66;
6-H" dd 4.11; 6-H’F dd 4.24; I, = 8.1 Hz; Jo3 = 9.5 Hz; J34 = 9.5 Hz; Ju4s = 9.9 Hz; J55—25 Hz;

Js¢ = 4.6 Hz, J56 = 12.3 Hz; 3-oxononan-i-yl group 1’-H ddd 3.83; i’-H’ ddd 4.01; 2°-H ddd 2.55; 2’-H’
AAA 7 ~ ALY AN OYT_ LY OIT £ '1’ OIT. 00 Vo 1 AQ 1 && O« 0QL.

- 2. T P, " ~1
Qad 4./50 \,nz-ﬁr mM £.55=-2.4U; CUr1p->, Lrip-0', \.,nz- , LI-0 Z¥I 1.21-
= 2.2

1
1.
Jl 98HZ J|2—54HZ J12—82HZ J12—54HZ J12—57 ,J =
groups: 4*s 1.97, 2.00, 2.00, 2.06. - *C NMR (50.3 MHz, CDCl;, APT): &

LU, L. U \- Ve WVATRL, LA, AAD

21.18 (COCH3); 22. 92, 23.97 (C-5°, C-8”); 29.28, 32.03 (C-6°, C-7°); 42.69, 44.06 (c 2’, C-4"); 62. 35,
65.66, 68.86, 71.62, 72.26, 73.21 (C-2F, C-3F, C-4", C-5F, C-6F, C-1"); 101.60 (C-17); 169.82, 169.87,
170.65, 171.09 (COCH3); 209.14 (C-3°).- Cp3H3601; (488.53, 488.23).- FAB MS: m/z 511.2 ([M+Na]"),
489.2 ([M+H]"), 487.2 ((M+H-H,]"), 331.1 ([f]").

2-Oxononan-i-yi z,.5,4,b-tetra-U-acetyl-p-D glucopyranosme (formula not shown)
H NMR (2060 MHz, CDCl;, COSY (400 MHz)): Uit F: 1-H d 5. 5. :
ddd 3.86; 6-H' dd 4.13; 6-HF dd 4.30; J;» = 8.1 Hz; Ju5 = 9.7 Hz J56 = .2 Hz; Js¢ = 4.4 Hz;
66 = 12.4 Hz; 2-oxononan-1-yl group: CHy-1’ AB,t 3.46, 3.55; CH,-3’ t 2.49; CH,-4’, CH,-5’, CH,-6",

_ 1) L) L 190

CH,-7’, CH,-8’ m 1.25-1.35, CH3-9° t 0.89; 2J, = 15.8 Hz; J;.3 = 7.3 Hz; Jg.0 = 7.0 Hz; acetyl groups: 3us
2.02, 2.04, 2.09. - APT (50.3 MHz, CDCly): 8 = 13.52 (CH3-9"); 20.09 (3%), 20.22 (COCH;); 21.96, 22.93
(CH,-4’, CH,-8’); 28.88, 29.16, 31.04 (CH,-5", CH,-6", CH,-7"); 42.88 (CH,-3"); 48.33 (CH,-1"); 60.99
(CH-6%); 67.35, 69.37, 72.14, 72.44 (CH-2F, CH-3F, CH-4%, CH-5%); 91.73 (CH-1%); 164.91 (not assigned);

169.01, 169.11, 169.65, 170.19 (COCHj;); 201.23: (C-2%). - Cy3H360,, (488.53, 488.23). - FAB MS: m/z

m+\
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Deprotection of 9
DBU (70 pL, 0.48 mmol) was added to a solution of 9 (44.2 mg, 91 pmol) in CH,Cl; (0.4 mL) and the
mixture was stirred for 30 min at 20°C. The solution was diluted with CH,Cl, (15 mL) washed with

agueous Nl‘h(..l dried over Nasz4 and evaporatea The resumng brown oil was purm by re
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ethyl acetate 2:1) to furnish 7 (24.5 mg, 82 %) and an unknown compound (3.7 m
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recovered.

2-Nonyn-1-yl B-D-glucopyranoside (10)

A solution of LiOH-H,0 (154 mg,3.67 mmol) in water (25 mL) was added to glucoside 8 (431 mg, 0.92
mmol) in THF (25 mL) and the mixture was stirred for 3 h at 20°C. Then cation exchange resin was added.
30 min later the resin was filtered off, washed with methanol and the combined ﬁltrates were evaporated. LC
(hexanes-CHCl;-ethanol 5:1:1) ylelded 10 (211 mg, 76 %) as a colorless oil. - 'H NMR (400 MH'I

1 4 nn. A Ac. c11F 11140

e=
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pyridine-ds, COSY): Unii F: 1-Hf d 5.04; 2- Hf dd 4.00; 3-H°, 4-H m 4.15-4.25; 5-H dda 3.389; 6-0" dd
432 6-H7dd446: 1,,=77Hz },:=85Hz Jus=91Hz: Jsc =53 Hz Js o =22 Hz: Jo o= 11.9 Hz;
4.5, O-r1 G4 490, Ji2 i 114, 923 O.J 114, J45 7.1 X1Z, 456 J.3 NZ, J56 dni 117 466 11.7 0z,
nonynyl group: CH-1’ ABt 4.61, 4.71; CH;-4’ m 2.13-2.18; CHy-5 m 1.35-1.42; CHp-6* m 1.22-131;
CH,-7’, CHz-8’ m 1.05-1.20; CH3-9’ t 0.78; 2J; = 15.0 Hz; Ji4 = 2.1 Hz; Jg.o = 7.0 Hz; OH: s,b 6.80.

-BCNMR (100.6 MHz, pyridine-ds, APT): & = 14.04 (CH3-9"); 18.77 (CH,-4"); 22.57 (CH,-8’); 28.55,
28.66 (CHa-5", CH,-6"); 31.33 (CHa-7"); 56.63 (CHp-1%); 62.51 (CH,-6"); 71.37, 74.80, 78.31, 78.34 (CH-2",
CH-3", CH-4", CH-5"); 76.58 (C-2’); 87.17 (C-3); 102.51 (CH-1"). - C;sH2605 (302.37, 302.17). - FAB MS:
m/z 325.1 ([M+Na]"), 303 ([M+H]"), 185.1 ([f+Na-H]").
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2-Nonyn-i-yi 4,6-0-benzyiidene-p- u-glucopyranosme (ii) from 8

O
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mg, 1.39 mmol) in methanol (5.0 mL) over a period of 2 h. After 2 h the solvent was evaporated and the
residue was redissolved in DMF (5 mL). PhCH(OMe), (380 pL, 2.53 mmol) and p-TsOH-H,O
(60 mg, 0.32 mmol) were added. The reaction flask was attached to a rotatory evaporator and the rotating
flask was kept at ca. 4 hPa and 45°C for 2 h. Solvent was removed after that time and the residue was dried
in vacuo. The resulting yellow solid (730 mg) was purified by FC (hexanes-ethyl acetate 1:1) to provide 11
(468 mg, 86 % based on 8) asa white sohd 'HNMR (400 MHz, CDCl3, COSY): Unit F: 1-H d 4.55; 2-H

Ty

+F F
C.l.(.lj‘lb 3-H dd 3.77; 4H dd 3.48; D—l‘l ddd 3.40;, Oﬂax dd 3.71; b—ﬂcq (10425 J)z—/‘)HZ J23-—9l

. 1. . =Q 1 LT, Q<5 = 10.0 Hz: = &N s — 1N 72 o 324 i1 oroup: CHy-17
NZ; y34 = 7.1 niZ; J45"7JnL J56ax— 1u unL,Jsﬁeq—JunL, JGaxﬁcq— V.0 NZ, fionyny: group. L iis-
1
i

i
AB,t 4,30, 4'17 CH,-4’ m 2.15-2.20; CH;-5" m 1.42-1.50; CH,-6’ m 1.29-1 47. ("T—l'.._7’ CH,-8 m 1.19-

92 9 i SO Sy 4V = LUy W ARTV m 1.2Y-1. oA AT 193 5 9]

1.29; CH3-9’ t 0.84, 21, =154 Hz; J14 = 2.1 Hz; Jg.o = 6.9 Hz; benzylidene acetal: CHY*™! 5. 47; Ph 2*m
7.29-7.32, 7.42-7.45; OH protons: s,b 2.96. - BC NMR (100.6 MHz, CDCl;, APT): & = 14.05 (CH3-9");
18.75 (CHy-4’); 22.53 (CH,-8°); 28.44, 28.54 (CH;-5", CHy-6'); 3128 (CHy-7"); 57.09 (CHy-1); 66.41,
73.10, 74.27, 80.48 (CH-2%, CH-3 , CH-4r CH-5%); 68.61 (CH,-6"); 74.48 (C-2); 88.53 (C-3"); 100.74,
101.92 (CH-1F, CH™™); 126.31, 128.34 (CHuon", CHaron™); 129.28 (CHuon); 136.95 (Carom’). = C22H3006
(390.48, 390.20). - FAB MS: m/z 391.1 ([M+H]"), 251.0 ({{]").

Nanvarsinn anf 11 ‘.\nm'vt- o Al 1V an A 120 nd 1£
L UMYTL BlUl.l O1 11 10 a mixi ¢ Ul 1laa allu lJa, ana 1v

11 (12.86 g, 32.9 mmol) was dlssolved in CH,Cl; (40 mL). At 60°C solutions of camphorsulfonic acid (0.75
g, 3.3 mmol) in CH,Cl, (4.5 mL) and subsequently of 2-methyl-(3.4.6-tri-O-acetyl-1,2-dideoxy-a-D-
glucopyrano)[2,1-dJoxazoline®® (5 portions, total 12.65 g, 38.2 mmol) in CH,Cl, (26 mL) were added over a
period of 6.5 h. Triethylamine (1.0 mL) addition, solvent evaporation and FC (gradient hexanes-ethyl
acetate-methanol 6:2:1 — pure ethyl acetate) gave a mixture of the isomeric disaccharides 13a and 12a and
trisaccharide 16 (total 23.97 g). 0.39 g of 11 were recovered.- From such a mixture (410 mg) by reversed-

phase MPLC (RP ( 18 methanoi-water 65:35) pure 16 (9 mg) and a mixture contammg oniy 12a and 13a (110

o - i~ PR 19 . ...111L 1t 1N.t1
mg) was obtained. For characterization 12a and 13a could be enriched by FC (toluene-pyridine 10:1).



2-Nonyn-1-yl 2-0-(2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-B-D-glucopyranosyl)-4,6-O-benzylidene-3-D-
glucopyranoside (13a)

'H NMR (400 MHz, CDCl3, COSY, from a 3:1 mixture of 13a and 12a): Uth 1-HF d 4.56; 2-Hf dd 3.37;
3-HF dd 3.81; 4-HF dd 3.47; SHFm331 3.38; 6H m 3.66-3.72; (S-H‘.,q m 4.22-4.28; J,, = 7.7 Hz;

e aieadd ‘ E E E ___
J23=8.5Hz; J34 = 9.4 Hz; Ju5 = 9.1 Hz; unit E: 1-H® d 4.76; 2-HF ddd 3.95; 3-HF, 4-H® m 5.02-5.11; 5-H
E E . = . - . = . = .
m 3.66-3.72; 6-HE ca. 4.21; 6-H'® m 4.22-4.28; J,, = 8.4 Hz; Ly = 8.4 Hz; I3 = 104 Hz; Js,=3.3 Hz;
nonynyl group: CHy-1’ AB,t 4.24, 4.41; CHy-4’ m 2.11-2.18; CH,-5’ m 1.39-1.48; CH,-6’ m 1.27-1.35;

CH,-7’, CH2-8’ m 1.17-1.27; CH3-9’ t 0.83; 2J, = 14.5 Hz; J14 2.1 Hz; Jgo = 6.9 Hz; acetyl groups: 4*s
1.89, 1.96, 1.97, 2.02; OH: 3.0H s 3.48; NH: 2°-NHAc d 5.77; benzylidene acetal: Hl 5.45; Ph 2*m
7.26-7.29, 7.39-7.43. - 3C NMR (100.6 MHz, CDCl;, APT): & = 13.65 (CH3-9’); 18.33 (CHp-4"); 20.19,
20.27, 20.34, 23.11 (COCH3); 22.13 (CH»-8’); 28.07, 28.21 (CH,-5°, CH;-6’); 30.90 (CH»-7); 54.63
(CH-2%); 57.48 (CH,-1°); 61.49 (CHz-ef) 65.80, 67.54, 71.59, 71.70, 72.07, 79.31, 83.20 (CH-2F, CH-3F,
CH-4%, CH-5F, CH-3F, CH-4F, CH-5%); 68.18 (CH;-6"); 74.33 (C-2"); 87.77 (C-3°); 100.41, 101.42, 101.57

benza N,

F E
(CH-1", CH-1%, CH*™™); 125.95, 127.86 (CHarom”, CHurom™); 128.78 (CHuon?); 136.57 (Carom’); 168.88,
170.38, 171.06, 171.52 (COCHs). - C3eHssNO4 (719.78, 719.32),

2-Nonyn-1-yl 3-0-(2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-3-D-glucopyranosyl)-4,6-O-benzylidene-3-D-
glucopyranoside (12a)

'H NMR (400 MHz, CDCls, COSY, from a 2.5:1 mixture of 12a and 13a) Unit F: 1-H' d 4.55; 2-H  m
3.46-3.54; 3-H" m 3.67-3.81; 4-H" dd 3.58; 5-H" m 3.32-3.40; 6-H,' m 3.67-3.81; 6Heq dd 4.26;
J12=T79Hz; Joon= 1.9 Hz; J34 = 9.4 Hz; J45 = 9.4 Hz, J56e = 5.0 Hz; J(,ax(,cq 10.4 Hz; unit E: 1- HE d

4.89; 2-H m 3.67-3.81; 3-HE dd 5.20; 4-HE dd 4.99; SHEm346354 6-HE dd 3.86; 6-H'F dd 4.07: J, 2=
8.4 HZ; JZNH; 8.2 HZ, J2,3 =103 HL, 434—95 HL J45=9 9 H" Js_(,:z 4 Hz., J5_5’ =4.4 HZ; J(,' 6 = 12.3 HZ;
nonynyl oroup: CHs-1° AB.t 430, 436: CH,-4’ m 2.11-2.19: CH,-5> m 1.38-1.49: CH--6" m 1.26-1135-
AT IR STV AT D, 500, [RSAV PRS2 B 9 Lok ATk 3 Ty NRADTY AL XL,2UTLSTI, NA17TU 1L 1L.AUTL.T0,
CH,-7°, CH>-8 m 1.16-1.26; CH;-9° t (.83, 2]. =15.2 Hz; ], 4 = 2.1 Hz; Iz g = 6.9 Hz; acetyl groups: 4xs

112 Vs AL37 V.0 114,

1.76, 1.92, 1.93, 1.93; OH: 2F-OH d 3.14; NH: 2.NHAc d 5. 75; benzylidene acetal: Hberal g 45; Ph 2*m
7.25-7.28, 7.38-7.42. - BC NMR (100.6 MHz, CDCl;, APT): § = 13.65 (CH3-9"); 18.37 (CHy-4"); 20.19,
20.26, 20.34, 22.89 (COCHj); 22.13 (CH,-8"); 28.07, 28.14 (CH,-5’, CH»-6"); 30.89 (CHy-7’); 54.72
(CH-Z“), 56.66 (CHy-17); 61.47 (CH,-6%); 66.26, 67.92, 71.52, 72.00, 73.19, 78.43, 81.31 (CH-2\, CH-3",
CH-4", CH-5", CH-3%, CH-4%, CH-5%); 68.20 (CHp-6"); 74.04 (C-2°); 88.09 (C-3"); 100.25, 100.66, 101.01
(CH- 1F CH- 1E CHb"“Z""), 125.71, 127.87 (CHmm", CHaron™; 128.88 (CHuon?); 136.76 (Carom'); 169.00,
170 2 N <

170.38, 170.51, 170.77 (COCH3). - C3¢HaoNO14 (719.78, 719.32).
2-Nonyn-1-yl 2,3-di-0-(2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-3-D-glucopyranosyl)-4,6-0-benzylidene-

P-D -glucopyranoside (16) ,

HNMR(4OOMHZ CDCls, COSY) Unit F: 1-H" d 4.56; 2-H' dd 3.52; 3-H dd 3.84; 4-H' dd 3.63; 5-H' m
3.29-3.37; 6-Hax dd 3.67; 6-Heg' m 4.18-4.26; J;, = 7.7 Hz; Jo3 = 8.9 Hz; J34 = 9.1 Hz; Jy5 = 9.5 Hz;
Js.60= 10.4 Hz; Jomeq' = 10.4 Hz; unit E: 1-HE d 5.08; 2-HF m 3.25-3.33; 3-HE dd 5.33; 4-HF dd 4.89; 5-H"
ddd 3.16; 6-H" m 3.52-3.62; 6-1°F dd 3.84; Ji» = 8.5 Hz; Jo,nu = 8.2 Hz; Jo3 = 10.1 Hz; J;4 = 9.6 Hz;
Ji5=9.9 Hz; Js6 = 2.4 Hz; Is¢ = 3.4 Hz; Js ¢ = 12.4 Hz; unit D: 1-HDd511 2HDm352362 3-HP dd

D D D
5.29; 4-HP dd 5.00; 5-H" ddd 3.75; 6-H", 6-H’" m 4.15-4.25; J; ;= 8.7 Hz; JZNH—89HZ J23=10.4 Hz;
Ja4=9.6 Hz; JA<—99H7 J:<—38H7 Jeeo =2.6 Hz: no nvm)/ group: CH;-1" ABt4.17, 4.41; CH,-4’ m

Q 124, J56 L. 114, SR LTIy

2.11-2.17; CHZ-S’ m 1.40- 1497 CH;-6’ m 1.25-1.34, CH; -7, CH,-8 m 1.17-1.25; CHs- 9’ t 0.83,
2J1 =14.4 Hz; J1 4 = 2.0 Hz; Jgo = 6.9 Hz; acetyl groups: 8+s 1.88, 1.91, 1.92, 1.94, 1.95, 1.96, 1.97, 2.01;
NH's: 2°-NHAc d 6.23; 25-NHAc d 6.49; benzylidene acetal: H*™ s 5.42; Ph 2*m 7.32-7.35, 7.36-7.40.
- “C NMR (100.6 MHz, CDCls;, APT): & = 13.63 (CH3-9%); 18.35 (CH»-4’); 20.15, 20.18, 20.22, 20.28,
23.01, 23.04 (COCH3); 22.11 (CHp-8'); 28.07, 28.23 (CHy-S’, CHp-6'); 30.88 (CHy-7); 55.11, 55.73
(CH-2%, CH-2P); 57.39 (CH»-1°); 61.16, 61.62 (CH,-6%, CH,-6D); 65.22, 68.02 (2%), 71.24, 71.35, 71.39,

71.83, 79.60, 79 86, 80.07 (CH-2F, cH-3F CH-4%, CH-SF CH-3%, CH- 4E CH-5%, CH-3", CH-4", CH-5");
68.27 (CH»-6" ); 74.15 (C-2%); 87.92 (C-3°); 99.41, 99.63, 100.61, 101.60 (CH-1F, CH-1E, CcH-1P Cpenzaly,

LSAS Py \ 2] \Jll'l A2 ¥ O 11 1 s AL I»

125.77, 128. 12 (CHMm", CHmm'"), 129,19 (CH,,,U,_,”); 136,0 (Carom'); 169 15 170.16, 170.23, 170.30,
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171.05, 171.23 (COCH). - CsoHesN2Oz (1049.09, 1048.43). - FAB MS: m/z 1071.1 ([M+Na]"), 1049.2
(IM+HT"), 330.0 ([e]") bzw. ([d]').

-Nonyn-i-yl 2-0-(2-acetami d -3,4,6-tri-O-acetyl-2-deoxy-p-D-glucopyranosyi)-4,6-0-benzylidene-3-0-
carbamayl-p-D-glucopyra 3b)

A 71 mivhirs ml) and the solution was

o
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cooled to -7°C. Tnchloroac etyl i ocyanate (7 pL, 59 pmol) was added. After 1 h the reaction was quenched
with methanol (0.1 mL) and the solvents were evaporated in a stream of argon. The residue was redissolved
in methanol (5.0 mL), zinc powder (35 mg, 0.54 mmol) was added and the mixture was stirred for 16 h at
20°C. Solids were removed by filtration and carefully washed with methanol and CH,Cl,. The combined
organic solutions were evaporated. FC (CHCl3-methanol 20:1) gave a 2:1 mixture of 13b and 12b (24.3 mg,
90 %).- '"H NMR (400 MHz, CDCls, COSY of 13b, obtained from the mixture): Unif F: 1 -H' ca. 4.72; 2-H

11~ ma ~ vyF 11 A an - F F A~ -~ N TY, L

LA N e - 'YF A k | -~ rd A "1 Y
m 3.0¥-3,/0, 3-11 00493 411 ad 3./3, o-H 4dd 3.4Y, Onax GCIJOO oueq m 4.23-4.31; J23= /.U NZ;]
T, —Q L. T, _ —Q7LI.. T —1N1 U T — %1 LI — 1N 7 s - 1. 19E 3 4 @7- 5_1E 444
J34 7.0 I1L, J45 7.1 X124, J5 6ax 1U.1 T1Z, J5 6eq J.1 Nz, J63x6eq 1U.5 ﬂL unit £: 1-H - d 4.0/, «a-11 QG4
3.83; 3-HF dd 5.18; 4-HF dd 5.02; 5-H" m 3.62-3.69; 6-H", 6-H’F m 4.23-431; J;, = 8.7 Hz; Ju = 8.7 Hz;

Ja3 =10.4 Hz; J34 = 9.4 Hz; J45 = 9.8 Hz; nonynyl group: CHy-1" AB,t 4.26, 4.26; CHy-4* m 2.12-2.18;
CH,-5> m 1.39-1.48; CH,-6’ m 1.26-1.35; CH,-7’, CH,-8’ m 1.17-1.26; CH3-9’ t 0.83; 2J; = 14.9 Hz;
J14=2.1 Hz; Jgo = 6.9 Hz; acetyl groups: 4%s 1.89, 1.94, 1.96, 2.02; NH's: 3F.OCONH, s,b 4.83; 2E.NHAc
d 5.93; benzylidene acetal: H"™ s 5.41; Ph 2*m 7.25-7.29, 7.35-7.39. - *C NMR (75 MHz, pyridine-ds):
8 = 14.66 (C-9°); 19.35 (C-4"); 20.99, 21.08, 21.12 (COCH3); 23.22, 23.95 (C-8’, COCH3); 29.24 (2*) (C-5°,
C-6'); 31.94 (C-7); 56.02, 5719(02E C-1"); 62.98 (C- 6E) 66.00, 69.95, 70.12 (2x), 72.80, 74.12, 74.55,

A~ ram PPN ]

79.54, 80.06 (C-27, C-3%, C-4%, -5, C() , C-3%, C-4F c-5F Ll),ISB‘H(Lj),lUUbU 101.11, uuzuw-

1F ~ 1E  ~benzaly, 127 Ar\ 170 QN s my. 170 £0Q 170 77 . 129 1¢ r'»F OCONH-):
1, C-15, C ); 127.40, 128.92 (Caom’s Carom); 129.68 (Caont); 138.77 {Carom ); 158.15 (3" -OCONH,);

170.29, 171.08, 171.33 (COCHj3). - C37H5oN,0;5 (762.81, 762.32).

2-Nonyn-1-yl 3-0-(2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-f3-D-glucopyranosyl)-4,6-O-benzylidene-2-0-
carbamoyl-B-D-glucopyranoside (12b)

A 4:1 mixture of 12a and 13a was converted into a 4:1 mixture of 12b and 13b as described above.- 'H
NMR (400 MHz, CDCl;, COSY of 12b, obtained from the mixture): Unit F: 1- HF, 2-H" m 4.78-4.75; 3-H"
dd 3.95; 4-H" dd 3.65; 5-H' ddd 3.39; 6-H, dd 3.71; 6Hecl m 4.23-4.30; J7_3—75 Hz; J;4 = 8.9 Hz;

o -~ s A vtF

Jas5=9.7 Hz; Jseax = 9.7 Hz; Jsﬁeq—DUk‘lZ Joax,6eq = 10.3 Hz; unit E: l-ﬁ"d4l§6 2-H% m 3.63- 3.75; 3-H"
T...

Ad £94. Ak 13 4 qo. 41 1 ¢2. £ 1B 11 109, cusE,.uAnor — QA II. =84 H
dd 5.26; 4-H™ dd 4.98; 5-H" ddd 3.53; 6-H™ dd 3.92; 6-H’" dd 4.08; .112*04 Hz; Jobny = 8.4 Hz

J23=10.4 Hz; ]34 = 9.4 Hz; Ju5s = 9.9 Hz; Js6 = 2.7 Hz; Js¢ = 4.0 Hz; Js6 = 12.2 Hz; nonynyl group: CH,-
1’ t4.27; CH,-4’ m 2.11-2.18; CH,-5’ m 1.39-1.48; CH,-6’ m 1.26-1.35; CH»-7’, CH,-8’ m 1.17-1.26; CHs-
9° 1 0.83; J14 = 2.0 Hz; Jgo = 6.9 Hz; acetyl groups: 4*s 1.85, 1.90, 1.92, 1.93; NH’s: 2"-OCONH, s,b 4.94;
25:NHAc d 5.92; benzylidene acetal: H*™' s 5.45; Ph m 7.24-7.28, 7.37-7.42. - *C NMR (50 MHz,
pyridine-ds): & = 14.61 (C-9°); 19.36 (C-4’); 20.93, 21.04, 21.11 (COCH3); 23.17, 23.82 (C-8°, COCHs);
29.17 (2%) (C-5’, C-6"); 31.89 (C-7°); 56.20, 57.10 (C-2%, C-1"); 63.06 (C-6%); 67.12, 69.49, 70.09 (2% ?),
72.62, 73.95, 74.66, 79.97, 8031:(Ch2' , C- 3%, C-4F, C-5%, C-6F, C-3F, C-4F, C-55, C-2°); 88.55 (C- 3

100.19, 101.60, 101.94 (C- 1 C-i7, ), Iz/ 37, 1.46 88 (Carom”s Carom ); 129.68 (Caoni”); 138.94 (Carom);
157.56 (2F-OCONH,); 170.25, 171.05 (2*), 171.38 (COCH3). - C37H3oN2045 (762.81, 762.32).

Conversion of the mixture of 12a, 13a and 16 into 15a, 14 and 2-nenyn- 1-y1 2,3-di-0-(2-acetamido-

IR0 W21 A% Ot il 204 4102 20 s SRR L=ty E

3,4,6-tri-O-acetyl-2-deoxy-B-D-glucopyranosyl)- _B-D-glucopyranosnde ( formula not shown)

A sample of the original glycosidation mixture obtained from 11 (vide supra) (2.39 g, max. 3.32 mmol) was
dissolved in CH,Cl, (60 mL) and cooled to -7°C. Trichloroacetyl isocyanate (430 pL, 3.63 mmol) was
added. After 2.5 h methanol (1.0 mL) was added and the mixture left for 30 min. Solvents were evaporated
and the residue redissolved in methanol (80 mL). Zinc powder (2.2 g, 35 mmol) was added and the mixture

was stirred overmgm Solids were removed Dy filtration and after arymg extracted with CHoC Iy in a Soxhlet

apparatus. The organic combined solutions were evaporated and redissolved in ethanol (80 mL). Then
Dowex 50 (H+ 44 cr\ and water (4() ml) were added and the flask was sealed. For 1 h the mixture was



heated to 100°C, alternatively for 48 h at 60°C. Then, the resin was filtered off and washed with methanol.
The combined solutions were evaporated. FC (CHCls;-methanol 15:1) provided 15a (0.70 g, 31 %, based
on 11), 14 (1.07 g, 48 %, based on 11) and 2-nonyn-1-yl 2,3-di-O-(2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-
f-D-glucopyranosyl)-B-D-glucopyranoside (formula not shown, 258 mg, 8 %, based on 11).

2-Nonyn-1-yi 2-0-(2-acetamido-3,4,6-
Flucopyranosxde (15a)

H NMR (400 MHz, pyridine-ds, COSY): Unit F: 1-HF d 5.08; 2-HF dd 4.26; 3-HF dd 5.65; 4-H dd 4.34; 5-
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HF ddd 3.88; 6-H, 6-H'F m 4.30-4.43; 112—74Hz,123—86Hz,J34—90Hz.145—97Hz.J55—42Hz
Js¢ = 2.2 Hz; unit E: 1-HE d 5.74; 2-HF m 4.37-4.45; 3-HF dd 5.89; 4-HF dd 5.48; 5-HE m 3.98-4.04; 6-H"
dd 4.51; 6-HF m 4.57-4, 64; J12 = 8.6 Hz; Jynu = 8.6 Hz; Jo3 = 10.1 Hz; J34 = 9.7 Hz; J45=9.5 Hz;
Jse =24 Hz; Joo = 12.1 Hz; nonynyl group: CH,-1’ AB,t 4.60, 4.70; CH2—4’ m 2.13-2.19; CH;-5’ m
1.36-1.44; CHy-6’ m 1.22-1.32; CH,-7°, CH,-8’ m 1.12-1.22; CH3;-9’ 1083 ‘J1—147HZ 114%201‘12

LW aTe)

Jso= 7.0 Hz; acenyl groups 4%s 2.00, 2.01, 2.09, 2.
l‘\

13~ aam — 1479 70 00N
- U NMR \JU MHz, py[luulh-uy 6 =14.32 (C-9');

23.49 (C-8’, COCH3); 28.81, 28.87 (C-5°, C-6°); 31.58 (C-7"); 55.99,
C-65); 69.59, 69.68, 72.40, 73.92, 76.43, 78.06, 78.84, 80.26, 87. 55 (C-2F, C-3¥, C-
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C30H46N2015 (674.70, 674.29). FAB MS. m/z 1371.7 ([2M+Na] ), 1349.7 ([2M+H] ), 6972 ([M+Na] ),
675.2 (IM+H]M), 330.1 ([e] ).

2-Nonyn-1-yl 3-O-(2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-p-D-glucopyranosyl)-2-O-carbamoyl-B-D-
glucopyranoside (14)

'"H NMR (400 MHz, pyridine-ds, COSY): Unit F: 1-H" d 5.16; 2-H' dd 5.51; 3-Hf dd 4.26; 4-H' dd,b 4.09;
S-H' ddd 3.84; 6-H' m 4.19-4.25; 6-HF mb 4.38-4.43; J, 12 = 8.1 Hz; J,3 = 88 Hz; Js4 = 8.8 Hz;
Jss=9.4Hz; Jss = 5.3 Hz; Js¢ = 1.8 Hz; unit E: 1-HE d 5.63; 2-HF m 4.12-4.20; 3-HF dd 6.05; 4-HF dd

5.36; 5-HF ddd 4.02; 6HEdd431 6- H’Edd447 J12 = 8.4 Hz; Jyn = 8.2 Hz; Jm—99Hz J34=9.7 Hz;
J4,5 =97 HZ JS,G =24 HZ sz(, =57 HZ J6,6 =12.1 HZ nonynyl group: CHz-l S 4.59, Wy, & 5 HZ, CH2-4
m 2.09-2.15; CH2-5" m 1.33-1.41; CH;-6 m 1.20-1.28; CH,-7’, CH;-8> m 1.07-1.20; CH3-9’ t 0.80;
Js9 = 7.1 Hz; acetyl groups: 4*s 1.98,2.02, 2.04, 2.22; OH’s: OH 2#s)b 5.85, 6.51; NH's: 2°-~OCONH; s,b
7.61; 2E.NHAc d 8.78. - °C NMR (50 MHz, pyridine-ds): & = 14 46 (C-9%); 19.21 (C-4%); 20.76, 20. 82
20.90 (COCH3), 23.01, 23.71 (C-8°, COCHj3); 29.00, 29.05 (C-5°, C-6%); 31,73 (C-7°); 56.15, 56. 77 (C- 2“
C-17), 62.46 C-6%); 69.98, 70.08, 72.29 73.91, 76 37 78.35, 85.99, 87.99 (C-2F, C-3T,
.57 (2F-OCONH,); 170.16, 170, 77,

A+Nalh. 13497 (PM+HT
RREAN B s
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17); 62.46, 62.91 (C- oF, C-67); 69.98, 70.08, 72.29, 73.2
C4F C-5F, C3E C-4%, C-5%, C-2°, C-3°); 99.99, 101.79 (C-
]7]_29 {pnpnd\ - an”n(N'\niz (67A 7“ 674 200 . FAR MS: m
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697.3 (IM+Na]"), 675.3 ([IM+H] ), 535.1 ([fT"), 330.1 ([e]").

2-Nonyn-1-yl 2,3-di-0-(2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-B-D-glucopyranosyl)-B-D-glucopyrano-
side (formula not shown) . - N .
‘H NMR (400 MHZ CDC13, COSY) Umt F 1 Hr d 461 2 Hr m 343 3 50 3 Hr dd 3.59; 4- H' m
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8; S-h m 3.79-3.91;: 6-H on m4uz41/ J|2—254 Hz;
0.

4=9. s=10.0 Hz, umtDlHDdSOO2HDm3793913HDdd
504 4-HP dd 4.97; 5-H° m 3.67-3.73; 6-HP ﬁ-H’DmAﬂ')-AlT J;2=84Hz J,5= 102 Hz; I;4= 9.5 Hz;

Q20 s V7L, V=11 2 Va2, v 2T OS5 51 Ly V23 1V.L Ll U3 4 T.d 114,

J45 = 9.4 Hz, nonvnvl group: CH,-1’ AB,t 4.28-4.40; CH7-4’ m 2.12-2. 18; CH;-5’ m 1.39-1.49; CH,-6’ m
1.25-1.34; CH,-7°, CH»-8" m 1.17-1.25; CH3-9’ t 0.83; 2J, = 14.9 Hz; Jas = 2.0 Hz; Jgo = 6.9 Hz; acetyl
groups: 8*s 1.93, 1.96, 1.96, 1.97, 1.97, 1.98, 2.01, 2.03; OH’s: OH m 6.19-6.35, s,b 6.71; NH's: 2°-NHAc
m 6.19-6.28; 25-NHAc m 7.09-7.15. - APT (100.6 MHz, CDCly): 8 = 14.02 (CH3-9%); 18.74 (CH-4’); 20.62,

20. 69, 23.39 (COCH3); 22.50 (CH;-8%); 28.51, 28.64 (CHz-5°, CH,-6"); 31 27 (CH,-7°); 54.81, 55.75

(CH- 28 CH-2" ); 57.16 (CH,-17); 62.08, 62.23, 62.54 (CH,-6", CH,-6", CH,-6"); 68.28, 69.20, 69.83, 71.53,
F F F E E D
71.80,72.09, 72.74, 75.17, 78.72, 85.94 (CH-2", CH-3", CH-4", CH—SF CH-3", CH-4", CH-5", CH-3", CH-

)]
e
(9}
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4P, CH-5P); 74.80 (C-2°); 88.41 (C-3"); 99.15, 99.66, 100.87 (CH-1¥, CH-1%, CH-1P); 169.39, 169.73,
170.27, 170.55 (2%), 170.95, 171.42, 171.75 (COCHj3). - C43HgN2O2; (960.98, 960.40). - FAB MS: m/z
983.4 ([M+Na]"), 961.4 ([M+HT"), 330.1 ([e]") bzw. ([d]").

2-Non n-l-yl z u-(z-acetamnuo-3,4,6 tri u—acetyl-l.-ueoxy B-D-giucopyranosyi)-4,6-di-O-fert.-butyi-
dim
A
m

solution of 15a (100 mg, 0. 15 mmol) imidazole (66 mg, 0.97 mmol) and ‘BuMe,SiCl (110 mg, 0.73
mol) in DMF (1.6 mL) was stirred for 4 days at 40°C. Methanol (0.5 mL) and then CHCls-ethanol 3:2
(15 mL) were added. The solution was washed with water (10 mL) and evaporated. FC (CHCl;-methanol
50:1) furnished pure 15b (115 mg, 85 %) and a fraction of 15b (22.7 mg, ca. 15 %) containing traces of two
unknown compounds.- '"H NMR (300 MHz, CDCls, COSY): Unit F: 1-H' d 4.66; 2-HF dd 3.55; 3-H" dd

4.82; 4HFm368383 5-Hf ddd 3.27; 6-H', 6-H’F m 3.68-3.83; J;, = 6.9 Hz; J23=84 Hz; 3,=89 Hz,
=B

) CE P - nm 4 t<E JERS . n o~ on. - viE J—-
unit E: I-H“d49b 2-H" m 3.68-3.83; 3-H" dd 5.37; 4-H" dd 5.08; 5-H" m 3.68-3.83; 6-H" dd4l/()H
11 417N, T 0O £ IY_.. ¥ —_— 0 N TT.. T —_A 1T TT_.. T —_— I NTIT . T —_ 1 A TT .
aa 4.32; 12 = 3.5 HZ; Jonu = 8.2 HZ; Jse = 4.1 NZ; Js g = 3.0 0Z; Jg g = 12.4 NZ; nonyn il group: CHy-1" m
425-4.42: CH,-4’ m 2.16-2.24; CH,-5> m 1.44-1.53; CH,-6’, CH,-7", CH,-8" m 1.15-1.42; CH3-9’ m 0.90;

P} \1‘1 e e AT L h-f AT § L I~ i1 L. TT L-JJ A LJTNT VAL‘ i A2 S Pans) Ak2 1.1.J f _Yl-t, L 7 113 V. IV,

acetyl groups: 4*s 1.96, 2.02, 2.02, 2.09; NH's: 37-0 ONH2 s,b 487 2F-NHAc d 5.88; silyl groups:
Si(CHs), 3*s 0.07, 0.08 (2%), 0.10; S1C(CH3)3 2%s 0.86, 0.90." - APT (75 MHz, CDCl3): § = -5.34, -4.97,
-4.83, -4.53 (2 * Si(CHs)); 14.05 (CH3-9); 17.99, 18.42, 18.78 (2 * SiC(CH;);, CH,-4"); 20.67, 20.73,
20.77 (COCH3); 22.55 (CH»-8"); 23.42 (COCH3); 25.74, 25.95 (2 * SiC(CHs)3); 28.56, 28.62 (CH,-5’,
CH-6"); 31.32 (CH,-7"); 55.03 (CH-2%); 56.15 (CHp-1); 61.61, 61.94 (CH,-6", CH2-6E) 68.37, 68.72.
71.73, 72.62, 76.38, 78.30, 78 36 (CH- 2F, CH-3F, CHJV CH-5F, CH-3E, CH-4%, CH-5%); 74.90 (C-2"); 87.77

(C-3%); 99.01, 99.49 (CH-1°, CH- 1“) 156.51 (3° ~()(,()NH2) 169.44, 170.65, 170.69, 170.77 (LOLH3)-

A A A Yn w oroy Y- s U EE S PR E T YT LANTY -~

L42r174N2U15b12 (903.22, "“2 46). - FAB MS: m/z 925.4 ([M+Na]"), 845.4 ([M+H-HC(CH;);]"), 330.1

VP Namerea 1T o1V D () anntasnida 2 AL éui ) annta]l D Aanwws: R alianmeman o _A_0) 420 Tt
«-INORIYTi-1-¥1 4~ U-(&-aCClaiiiao-5,4,0-tri-U-acety 1-2-a¢oXy-p-D-giicopyranosyj-4-U-iére. -outyi-
dimethvlcilvl-2-O-carhamaovl- RJ\_olunnnvrannqirlp {150)

yisuyi-2-U-carpamoyi-p-D-giuc rangsicae (15¢)

A mixture of 15b (127 mg, 0.14 mmol) in THF (1.2 mL), water (1.2 mL), and acetic acid (3.6 mL) was
stirred at 20°C for 20 h. CH,Cl, (25 mL)was added and the solution was washed with water (10 mL) and
evaporated. Acetic acid was removed by codistillation with toluene. FC (CHCl3-methanol 50:1) furnished
15¢ (95.2 mg, 86 %). - 'H NMR (400 MHz, pyridine-ds, COSY): Unit F: 1 -HF d 5.15; 2-Hf dd 4.29; 3-Hf dd
5.49; 4-Hf m 4.42-4.49; 5-Hf m 3.71-3.77; 6-H' dd 4.07; 6-H’F db 4.16; J12 = 6.2 Hz Jo3 = 7.3 Hz;

J34=8.0 Hz; Js6 = 3.4 Hz; Jog = 12.1 Hz; unit E: 1-H" d 5.77; 2-H" m 4.36-4.46; 3-H" dd 5.88; 41—1“0(1
5.48; 5H5m397402 6HEm444-449 6-H'" dd 4.58; J,, = 8.4 Hz; T3 = 10.
2

I r -_— 9 7 ” T— " = A u T’ /3 17 " u'T‘ "Il"l}"‘ll "yﬂ‘ll"l Fua_l 4 m A AF)_A A7 C

7 AA:., v . A AAL., uH, L lede Lhiug TRUTIYTIYE B CUUpr. X171 LU FULST U7

5’ m 1.37-1.46; ("Hq-ﬁ’ ("Hq-7 ,CH,-8" m 1.13-1.32; CH3-9° 1 0.84; Js5=7.1 H
2.01,2.07,2.18; NH's: 3F OCONH; s 7.61; ZE-NHAc 8.71; silyl group: Si(CH3); 2*s ( )
s 1.01. - 13CNMR(50MHZ CDCl;, APT): & = -4.35,-3.98 (Sl(CH;)z) 14.50 (CH3-9"); 18. 36 1921 (SlC(CH3)3,
CHp-4"); 21.09, 21.16, 21.23 (COCHs); 22.98 (CHo-8"); 23.85 (COCHa); 26.15 (SiC(CHs);); 28.97, 29.08
(CHy-6’, CHy-7"); 31.75 (CHa-5"); 55.36 (CH-2%); 57.91 (CHa-1°); 61.76, 62.50 (CH,-6", CH,-6%); 68.93, 69.07,
72.26, 73.18, 76.45, 78.32, 79.33 (CH-2F, CH-3F, CH-4", CH-5", CH-3E, CH-4%, CH-5%); 75.52 (C-2’); 88.47
(C-3"); 100.50, 100.75 (CH-IF CH-1%); 15695 (3"-OCONH,); 169.85, 171.18, 17137 (COCH;)
8 5(1

1
- C36H0N201551 (788.96, 788.38). - FAB MS: m/z 811.5 ({M+Na]"), 789.5 ({M+H j ), 330.1 (fe] )
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2-Nonyn-1-yl 2-0-(2-acetamido-3,4,6-tri-O-acetyl-2- deoxy-B-D-glucopyranosyl)-4-O-tert.-butyl-

O-(2-acetar 1,6-tri-O-acetyl-2-deoxy-B-D-glucopyranosyl)-4-O-fert, -buty
dimethyls:lyl-3 O-carbamoyl-p-D-glucopyranosiduronic acid (formula not shown)

A solution of 15¢ (0.84 g, 1.07 mmol) in DMSO (3.0 mL) was added to o-iodoxy benzoic acid (IBX, 1.05 g,
3.75 mmol) dissolved in DMSO (4.0 mL). The mixture was left at 20°C for 24 h. Water (5 mL) was added
whereupon a suspension resulted. CH,;Cl; (180 mL) and water (70 ml.) were added. The phases were
separated after shaking in a separatory funnel. The organic layer was clear and was evaporated. To this raw

' The 9’-CHj signal was presumably hidden by the SiCHj signals.



material fert.-butanol (50 mL) and 2-methyl-2-butene (10 mL) were added. Over a period of 1.5 h a solution
of NaClO; (480 mg, 5.3 mmol) and NaH,PO4H>0 (960 mg) in water (7.5 mL) was added. After 1.5 h the
yellow solution was evaporated. Water (60 mL) was added to the residue. After acidifying the resulting

suspensmn with aqueous HCI (5 %) it was extracted 4 times with CHCl3-ethanoi 3:2 (total 300 mL) The

PRSI, WS, P P s atranmneatad oA ko R, Y cerm ~La_2 3
LUﬂlDlIlﬁu urga.nu. ld.)’t:rb WEIC €Ve dpOI¢ icd ana ine raw urunlu dLlu (1 10 g) Was opiainea as a yCllUW Ull
) _ .
C NMR (50 MHz, pyridine-ds): 8 = -4.23, -3.74 (Si(CHa)y); 14.46 (C-9"); 18.58, 19.13 (SiC(CHa)s, C-4");

.
20.78, 20.89, 23.00, 23.68 (C-8’, COCH3); 26.28 (SiC(CHs)s); 29.02 (2%) (C-5°, C-6"); 31.72 (C-7°); 41.38,
42.74 (DMSO); 55.90, 56.68 (C-2F, C-1°); 62.78 (C-6%); 69.91, 71.82, 72.57, 73.95, 76.14, 76.77, 77.64,
79.60 (C-2F, C-3F, C-4F, C-5F, C-3, C-4F, C-5E, C-2); 88.28 (C-3°); 99.72, 100.85 (C-1F, C-1F); 124.08,
128.54, 131.42, 132.59, 136.09, 141.74 (IBX); 157.81 (3"-OCONH_,); 170.05, 170.83 (2+), 171.01, 172.30

(C-6", COCH3). - C36HssN2016Si (802.95, 802.36). - FAB MS: m/z 825.3 ([M+Na]"), 330.1 ([e]).

2-Nonyn-1-yl 2-0-(2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-B-D-glucopyranosyl)-4-O-tert.-butyl-
dimethyisilyi-3-O-carbamoyi-B-D-glucopyranosiduronic amide (15d)

To a solution of the raw acid described above in CH,Cl, (8.0 mL) a solution of N,N’-carbonyl diimidazole
(CDI, 600 mg, 3.70 mmol) in CH,Cl, (6.0 mL) was added over a period of 3 h. The mixture was then left at
20°C for 1 h. After cooling to 0°C ammonia was bubbled through the solution for 15 min and the mixture
was then left at 0°C for 30 min. Solvent evaporation and FC (CHCl3-methanol 50:1) furnished 15d (527 mg,
62 % based on 15¢).- '"H NMR (400 MHz, pyridine-ds, COSY): Unit F: 1-H' d 5.30; 2-H' dd 4.37; 3-H" dd
5.53; 4-HF dd 4.74; 5-H" d 4.48; J,,=5.6 Hz; J,3= 6.3 Hz; J34= 7.9 Hz; J45-9 1 Hz; unit E: 1-H® d 5.73;
2-HF m 4.38-4.47: 3-I dd 5.87; 4-H dd 5.47; 5-H® m 3.97-4.02; 6-HE m 4.38-4.47;, 6-H'F dd 4.57

J12 = 8.4 Hz; Janu=18.7 Hz ,J273 9.9 Hz; J3:4=9.()HZ, 45 =9.7Hz; Js¢ = 4.1 Hz; Jo o = 12.2 Hz; nonynyl
group: CHy-1" m 4.68-4.72; CH-4’ m 2.12-2.17; CH,-5" m 1.34-1.43; CH,-6", CH;-7’, CH,-8’ m 1.12-1.30;
CH3-9° 1 0.83; Jz9 = 6.9 Hz; acetyl groups: 4+s 2.00, 2.01,2.06,2.17; NH's: 3F-0COI\H2 s 7. 71 CONH>- 6F
2%s,b 8.37, 8.37; 25-NHAc d 8.84; silyl group: Si(CHs), 2*s 0.33, 0.34; SiC(CHs); s 1.02. - '*C NMR
(100 MHz, pyridine-ds, APT, CH COSY): 8 = -4.16, -3.92 (Si(CH;),); 14.64 ((“IL-Q’\ 1R g1, 1932

I 2 AR M123027, \=aa3= 7 g, 20,02

(SiC(CHy)s, CHp-4"); 20.96, 21.07, 21.12 (COCHj); 23.18 (CHy-8"); 23.85 (COCHs); 26.58 (SiC(CITa)s);
29.22 (2#) (CHy-5", CH-6"); 31.92 (CHx-7"); 56.11 (CH- 2F). 57.26 (CHy-1’ ); 63.03 (CHo- 6E) 70.02 (CH-
4 ©); 71.86 (CH- 4%y 72.74 (CH—5 Y); 74.24 (CH-3® ); 76.55 (C-2); 71.70 (CH-5 F); 78.00 (CH-3F); 80.50 (CH-
27); 88.34 (C-3"); 10047 (CH-17); 101.65 (CH-1%); 157.99 (3"-OCONH,); 17027, 171.06, 171.31, 171.37
(C-6", COCHj). - C36HssN;0158i (801.96, 801.37). - FAB MS: m/z 824.3 ([M+Na]"), 802.3 ([M+H]"), 744.2

([M+H-I 662.2 ([f]"), 330

-HC(CHa)"), 662.2 ([f]"), 330.1 ([e]")

3-Oxononan-1-yl 2-0-(2-acetamido-3,4,6-tri-O-a

dimethylsilyl-3-O-carbamoyl-B-D-glucopyranosidy

15d (50 mg, 62 pmol) was converted into 17 as described f

mol) was converted in e onversion 8 — 9. FC (CHCl;-MeOH 50:1)
provided 17 (29.4 mg, 58 %). - '"H NMR (400 MHz, Dvrldme-dq COSY) Unit F: 1-H' 4.96; 2-H' dd 4.27;

3-H" dd 5.52; 4-HF dd 4.63; 5-H® d 4.40; J,,= 6.3 Hz; 3= 7.3 Hz; J34= 8.4 Hz; Ju 5= 8.9 Hz; unit E: 1-HE
d 5.59; 2HEm440-449 3-HF dd 5.80; 4-HE dd 5.46; 5-HF ddd 3.93; 6-H® dd 4.40; 6-H’F dd 4.58:
Ji2=84Hz; I,y = 8.7 Hz; Jp3 = 102 Hz; J34 = 9.6 Hz; J4s = 9.6 Hz; Js = 2.7 Hz; Js¢ = 4.4 Hz;
Js.6 —ull-lz,.foxononan 1-yl group 1-Hm397-403 I’-H’ m 4.27-4.35; CH,-2" dt 2.83; CH,-4’ dt

2. 45 \,nz—.) m 1.51-1. 0/. \_,nz-o \_,ny_-l R an—o m 1.17-1. AD Ln3 9t U.ISL, J1,2 =63 HZ, J2,4 i.9 l’iZ,

J45 = 7.0 Hz; Jg9 = 6.9 Hz; acetyl groups: 4*s 1.99, 2.01, 2.07, 2.18; NH'’s: 3F-OCONH2 s 7.70; CONH,-6"
2%*s.b £36. 8 dq ’)E-NHAP d R 60 m/\)l group: QI((‘T—T.\\,. I%xc N IK N 3',7, SiC(CH:): s 1 03, - APT(1D

o 0.00, NIAAL U C.VV, ST UM, ORNAR3 ) LTS V.IU, U.

UG
pyridine-ds): 8 = -6.45, -6.26 (S:(CH3)2\ 12.28 (CH;-9"); 16.48 (SiC(CH;)3); 18.58, 18.69, 18.79 (COCH
20.82, 21.90 (CH,-5", CH,-8"); 21.46 (COCH3); 24.24 (SiC(CHs)s); 27.19, 29.99 (CH»-6’, CIL,-7°); 41. 20
(2%) (CH»-2’, CHp-4); 53.74 (CH-25); 60.79, 63.05 (CH,-6", CHz-l) 67.67, 69.73, 70.41, 71 93 75.58
(2%), 77.49 (CH-2", CH-3", CH-4", CH-5", CH-3%, CH-4%, CH-5%); 99.18, 100.18 (CH-1", CH-1%); 155.71
(3F-OCONH,); 167.95, 168.74, 168.80, 168.90, 169.06 (C-6°, COCH;); 206.93 (C-3"). - CsHgN301Si

(819.98, 819.38). - FAB MS: m/z 8424 ([M+Na]’), 820.4 ([M+H]"), 762.3 ((M+H-HC(CH:);]),
330.1 ([e].
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