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Abstract. A series of sialyl-Lewis X tetrasaccharide analogscareful transfer hydrogenation in the presence of formic acid
la—d was prepared using a combined chemical and enzyer ammonium formate as a hydrogen source. Three sialyl-
matic approach. Sialic acid analdgsc were obtained from  Lewis X derivativesla—c were thus obtained and the parent
2-azido mannoséc or 2-deoxy mannosgb and pyruvate by compoundlawas further modified by alkaline hydrolysis of
an aldolase reaction and converted to the protected thioglythe two acetamides to give tlysosialyl-Lewis X derivative
cosides3b,c that served as sialyl donors for the Lewis X ac-1d. The four sialyl-Lewis X tetrasaccharidbs—d were test-
ceptor trisaccharid2. The resulting sialyl-Lewis X tetrasac- ed for their binding affinity td&c andP-selectin with thdyso
charidesBa—c were deprotected by deacylation and saponi-sialyl-Lewis X derivativeld showing the highest inhibitory
fication of the methyl ester. Debenzylation was achieved bypotency for both lectins.

The binding of sialyl Lewis X (s’8 epitopes and re- Therefore, considerable effort has been spent during
lated structures found on the termini of glycolipids andrecent years on improved anti-inflammatory drugs based
glycoproteins is considered to mediate the initial adheen the sLé& lead structure [6]. These were mostly de-
sion of several groups of leukocytes to areas of inflamsigned to replace the complex tetrasaccharid&,sLe
mation in the vascular system [1]. The selecEn®, based on the knowledge about structure-activity rela-
andL are cell surface lectins with distinct carbohydratetionships that have been obtained by variation of func-
recognition domains (CRD) involved in this process [2].tional groups of sL®&[7].

For instanceP-selectin plays a role in acute as well as

in long-term responses, as shown by the contact hyper-

sensitivity response in P-selectin-deficient mice [3], and ~ OH oH .

in delayed-type hypersensitivity reactionsLirselec- L7 S
tin-deficient mice [4] to mention only two out of a wealth Ho--+-"7""0-"7""N¢g o/. 5 =T R
of studies. SL¥ and derived antagonists (glycomimet- AHN--<--77"-- o 9 e
ics) which are targeted against the selectin CRDs are HO HO

therefore potential agents to prevent leukocyte adhesion

and their subsequent migration into the diseased tissue

in several acute and chronic inflammatory diseases.
However, clinical trials directed against ischemia/

reperfusion_using the native §1:e|igosaqcharide f@iled, In summary, all the ensuing attempts to replace the sug-
although this substance was an effective selectin blockss more rigorously by different chemical moieties were
erin a variety of mammalian species at quite high dosesither of limited success or provided rather inconsistent
up to 20 mg/kg [5]. results.

1) Present address: Bioorganische Chemie, Universitat Bayreuth, Gebaude NW 1, D-95440 Bayreuth
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Herein we describe another concise approach leadgxwa [11]. Starting with an acid catalyzed esterification
ing to slightly modified glycomimetics having specific the resulting methyl esteéb,c were acetylatedrp,c)
activities toward$- andE- selectins. Our approach in- and transformed to the thiomethyl derivatiaisc by
volves the introduction, respectively the unmasking ofreaction with TMS-SMe and TMS-triflate. Despite the
functional groups in sl%ein order to gain potential bind- increased acid sensitivity of the 5-deoxy and 5-azido
ing affinity via additional ionic interactions. Interest- sialic acids the protection sequence gave yields similar
ingly, our synthetic concept pursued here, namely théo sialic acid.
replacement of the acetamido group present in the sial- The conditions for regioselective-(2 - 3)-sialyla-
ic acid moiety of sL& by hydrogen or an amino group tion [12] usingN-iodosuccinimide and triflic acid in
[8] has also been successfully exploited by other groupacetonitrile gave the desired $ltetrasaccharideda—
to improve the binding of some sLeX-glycolipiddto ¢ (Scheme 3), albeit in significantly lower yields for the
selectin afteN-5 deacetylation [9]. modified donors8b,c. This may be attributed to a high-

The four sLé& tetrasaccharidesa—d were synthe- er tendency for elimination upon activation compared
sized from the Leétrisaccharide accept@rthat was si-  to the reference compouida.
alylated using the modified donoBd8]. We have es- Both sLé tetrasaccharide&a andb could be depro-
tablished different routes to accepaither following  tected following a three step procedure [13]. Initially,
the large-scale synthesis protocol [6c] starting frombasic deacetylation gave a mixture of lactones which
N-acetylglucosamine or an alternative sequence that wagere debenzylated using formic acid as an activant and
utilizing a phthalimido protected glucosamine at the re-a hydrogen source. The final basic step opened the lac-
ducing end [8] (Scheme 1). The synthetic scheme is dbne ring formed previously. Despite the increased acid
general applicability with respect to the derivatizationsensitivity of the 5-deoxy sialic acid moiety in com-
of the different sialic acids and their latter glycosyla-poundlb the use of formic acid was well tolerated. In
tion.

OH
OH
o] o] &
o) o] O(CHp)gNH,
HO NHRZ I 1a R'= NHAc, R?= Ac
HO o 1b R'=H, R*=Ac
OH 1c R =NH,,R?= Ac
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1d R'=NH,, R*=H
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AcO HO NHAc
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Scheme 1Retrosynthetic disconnection of the Slderivatives

The modified sialic acids (Scheme 2) were best obcontrast, the 5-amino compound derived fréende-
tained by enzymatic elongation of the mannose derivacomposed rapidly after adding formic acid. Thus, the
tives4b,c with pyruvate catalyzed by sialic acid aldola- deprotection oBc required mild debenzylation condi-
se. The substrate tolerance of the aldolase permits tii@ns to avoid hydrolysis of the highly acid sensitive
generation of sialic acids where tNeacetyl substitu- neuraminyl residue of compourig. The cleavage of
ent at position 5 is replaced by hydrogh)([10a] or  the protective groups could be conducted using solely
an azido groupHc) [10b]. An azido function can be basic or neutral conditions. In the first step the acetates
selectively reduced to an amine that is easily functionwere removed by methanolysis and after the addition
alized further. The modified sialic aciflb,c were con-  of water the newly formed lactones could be hydrolyzed.
verted to the corresponding donor thioglycosi@les  Subsequent debenzylation was accomplished by a cata-
according to a three step sequence introduced by Haselytic transfer hydrogenation under neutral conditions

746 J. Prakt. Chen200Q 342 No. 8



Chemical and Enzymatic Synthesis of Modified Sialyl Lewis X Tetrasaccharides FULL PAPER
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3a R®= NHAC 6bR3=H,R*=H
3bR®=H 6c R®= Ny, RY= H
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Scheme 2Synthesis of the sialyl donors. a) sialic acid aldolase; b) 1. MeOH2.HAc,O-pyridine; 7b (82%), 7¢ (82%);
c) TMS-SMe, TMS-OTf3b (91%),3c (90%)
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Scheme 3Synthesis and deprotection of $ltetrasaccharides; a) NIS, triflic acid, gGEN, —40 °C 8a: 54% [8, 6¢]8b: 21%,
8c: 26%); b) 1. NaOMe—-MeOH 2. J-Pd—-MeOH, HCOOH 3. NaOH+® (la: 70% [8, 6c];1b: 72%); c) 1. KCO;—MeOH-
H,O; 2. HCOONH-Pd/C(10%)-MeOH; Xc: 81%); d) ByNOH-H,0, 95 °C,3d (53%).
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using palladium on charcoal and ammonium formate95Q (thioglycerine-HOAc matrix; MB or m-nitrobenzylaco-
as a hydrogen source [14]. The desired tetrasaccharid@! NBA). ESI-MS: Finnigan TSQ.
lcwas isolated in 81% yield over two steps. ,

In contrast to the high sensitivity of compoureto ~ Methyl 3,5-dideoxy-D-glycerf-D-galacto-non-2-ulopyran-
acidic conditions the stability of glycosides in basic en-2SOnate(6b)
vironments is quite high. This includes sialosides ago a 0.415 g portion of 5-deoxy sialic aéidl(1.65 mmol) in
shown previously for the basic deamidation of the 5-35 ml of absolute methanol were added 1.66 g of Amberlyst
acetamido group [15]. Thus, we exposed the tetrasaé> ion exchange resin. The mixture was carefully stirred for
charidelato pH 13 at 95 °C for three days using con-12 h at ambient temperature. After cgmplgte reaction (TLC:
centrated tetrabutylammonium hydroxide in water. Thig¥ = 0-51 isopropanol/1 M NiDAc, 4.1, v:v) the ion ex-

d change resin was filtered off and washed repeatedly. The fil-
procedure removed both acetamido groups ttarur- trate was concentrated in a rotary evaporator and the remain-

nishing thelysosLe derivativeld in 53% yield. ~ qer \was dried in high vacuo. (0.44 g cr@®) CygH,4O0s
The four sLe& derivatives were assayed as inhibitors(266.25). 2H NMR (500 MHz, [Q]DMSO): &ppm = 4.05
[16] of the sL& binding proteins E and P selectin (table (m, 1H, H-4), 3.67 (s, 3H, OG} 3.59 (m, 1H, H-9a), 3.58
1). Compared to the reference compotadhe varia- (m, 1H, H-6), 3.48 (m, 1H, H-7), 3.34 (m, 1H, H-9b), 3.13
tions at C-5 of the sialic acid moiety gave only modes{m, 1H, H-8), 1.89 (dd)gem= 12.3,J,ic = 3.4, 1H, H-3eq),
improvements in inhibitory potency. Surprisingly, the 1.58 (m, 1H, H-5eq), 1.46 (m, 1H, H-5ax), 1.45 (m 1H, H-
fully deacetylatedysotetrasaccharided showed a sig-  3aX)- =°C NMR (125 MHz, [RIDMSO): dppm = 171.6 C-
nificant increase in binding affinity. F@selectin the 1 95.4C-2,72.8C-8,70.6 C-7,68.1C-4,63.5C-9,63.3C-6,
relative binding strength improved nearly fourfold 51.8 OCH, 40.3 C-3,36.5 C-5.
whereas the potency towarBisselectin was enhanced Methyl 5-azido-3,5-dideoxy-D-glycef®b-galacto-non-2-
by a factor of 12.5. These findings are in contrast to &lopyranosonaté6c)
recent study [18] where 2-amino and 2-azido*sle&e  To a 0.478 g portion of 5-azido sialic a&d(1.63 mmol) in
rivatives were tested f&-selectin and the affinities were 40 ml of absolute methanol were added 1.91 g of Amberlyst
not elevated compared to theNzacetyl compound. 15 ion exchgnge resin. The mixture was carefully s_tirred for
However, folE-selectin the 2-amino compound showed4-> h at ambient temperature. After complete reaction (TLC:
a sixfold improvement of binding. These data are inf¥ = 0-58 isopropanol/l M NIDAc, 4:1, v.v) the ion ex-

; ; .~ change resin was filtered off and washed repeatedly. The fil-
agreement with the reduction of the;y@r the diami trate was concentrated in a rotary evaporator and the remain-

no compoundd compared to the diamide. der was dried in high vacuo. (0.50 g créte C;gH;7/N3Og

Table 1 Inhibition of HL60 cell adhesion to recombindatandP-selectin-IgG fusion proteins by synthetic $ltetrasaccha-
ridesla—d. IC5yvalues are concentrations of inhibitors required to block adhesion of 50% of the cells compared to the negative
control [17].

la 1b 1c 1d
E-selectin I1G, 1000 pM 700 pM 900 pM 270 pM
P-selectin IG, 2000 uM 700 uM 1000 pM 160 pM

In summary, the data obtained from the binding stud{307.26). *H NMR (500 MHz, [Q]DMSO): dppm = 3.84
ies of the synthetic siederivatives support our inter- (ddd,Jss = 9.9, 1H, H-4), 3.72 (m, 1H, H-6), 3.69 (s, 3H,
pretation of the increased binding of tygo-sLe<com- ~ OCHa), 3.63 (m, 1H, H-9a), 3.48 (m, 1H, H-8), 3.47 (m, 1H,
poundld to bothE andP-selectin as a synergistic ef- H-7),3.39 (m, 1H, H-5), 3.38 (m, 1H, H-9b), 2.00 (ag,,=

, , 12.9,33¢44= 5.0, 1H, H-3eq), 1.75 (ddg,y = 11.7, 1H, H-
fect caused by the liberated amino groups. 3ax). 156 NMR (125 MHz, [Q]DMSO): %X/me =169.8 C-

This work was supported by Aventis Research and Technoloé?)gfgg%;ggg;cggallccf 68.8C-8,67.9C-4,634C5,

gies. Gratitude is expressed to Prof. Horst Kessler for his gen-
erous support. Methyl 2,4,7,8,9-penta-O-acetyl-3,5-dideoxy-D-glycgi-

galacto-non-2-ulopyranosonatéb)

To a cooled solution (0 °C) of 0.44 g of methyledibr
Experimental (2.65 mmol) in 13 ml of pyridine were added 14 ml of acetic

anhydride. The mixture was stirred for 48 h at ambient tem-
The solvents were dried by standard methods. NMR spectrperature. After complete reaction (TL&; = 0.50 hexane/
were recorded on a Bruker AMX-500 instrument. For spec-acetone, 1:1) the solution was concentrated and codistilled
tra recorded in BD the HOD signal (4.81 ppm) was used aswith toluene three times. The residue was further dried in
reference. Coupling constants in Hz. FAB-MS: Finnigan MAT high vacuo and purified by flash chromatography (hexane/
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acetone, 2:1). (0.64 g, 82.1%]$%, = —25.8 (1.0, dichlo-  6H, OAc), 1.79 (m, 1H, H-5eq), 1.54 (m, 1H, H-3ax), 1.28
romethane). 1H NMR (500 MHz, [Q}]DMSO): dppm = (m, 1H, H-5ax) B-anomer dppm = 5.21-5.06 (m, 3H, H-8,
5.14 (m, 1H, H-7), 5.10 (m, 1H, H-4), 5.02 (m, 1H, H-8), H-7, H-4), 4.48 (ddJg 9o = 2.5,Jgem= 12.2, 1H, H-9a), 4.27
4.30 (ddJg 02 = 2.4,Jgem= 12.6, 1H, H-9a), 4.21 (m, 1H, H- (m, 1H, H-6), 4.13 (ddJsgp = 5.6, 1H, H-9b), 3.70 (s, 3H,
6), 4.11 (ddJg 9= 5.2, 1H, H-9b), 3.66 (s, 3H, OGK2.32  OCH), 2.33 (ddJgem= 13.3,J,ic = 3.0, 1H, H-3eq), 2.10 (s,
(dd,Jgem= 12.6J,ic = 8.0, 1H, H-3eq), 2.10, 2.09, 2.00, 1.99, 3H, OAc), 2.01 (s, 3H, SCji 1.99, 1.98, 1.92 (3s, 9H, OAc),
1.97 (5s, 15H, OAc), 1.91 (m, 1H, H-5eq), 1.65 @g,=  2.04 (m, 1H, H-5eq), 1.83 (dd,, = 11.3, 1H, H-3ax), 1.34
11.8, 1H, H-3ax), 1.40 (m, 1H, H-5ax)}!3%€ NMR (125 MHz,  (m, 1H, H-5ax). 13C NMR (125 MHz, [Q]DMSO) a-ano-
[Dg]DMSO): &ppm =169.9, 169.7, 169.6, 169.3, 169.1 OAc, mer. d/ppm = 170.0, 169.8, 169.4, 169.3 OAc, 168.1 C-1,
166.0 C-1, 96.5 C-2, 70.3 C-7, 69.0 C-6, 69.0 C-8, 65.7 C-482.4 C-2, 70.7 C-6, 70.4 C-8, 67.9 C-7, 66.8 C-4, 61.5 C-9,
60.1 C-9, 52.7 OCH 35.3 C-3, 31.1 C-5, 20.4, 20.3 OAc. 52.7 OCH, 37.4 C-3, 31.4 C-5, 20.8, 20.4 OAc, 11.0 SCH
CyH,g043  Caled.: C50.42 H5.92 B-anomer dppm = 167.7 C-1, 85.2 C-2, 69.6 C-6, 68.2 C-8,
(476.43) Found: C50.41 H 5.76. 67.5C-7,66.5 C-4,61.3C-9,52.5 0¢B6.2 C-3, 31.6 C-5,

Methyl 2,4,7,8,9-penta—O—acetyI—S—azido—S,5—dideoxy—D—é0'E|’ 28'63’ 2oga%ﬁcéa§ 183(3\""_]' 6.08
glyceroa,3-D-galacto-non-2-ulopyranosonat&c) 19 128 11 . ' \

. (464.48) Found: C 49.13 H 6.10.
To a cooled solution (0 °C) of 0.50 g of methyledéer

(1.63 mmol) in 6.8 ml of pyridine were added 7.4 ml of aceticyjethy| (methyl 4,7,8,9-tetra-O-acetyl-5-azido-3,5-dideoxy-

perature. After complete reaction (TL&; = 0.57 hexane/ 30)

acetone, 1:1) the solution was concentrated and codistilled )

with toluene three times. The residue was further dried it Suspension of 0.63 g of pentaacefatg1.22 mmol) and
high vacuo and purified by flash chromatography (hexanek-5 g of ground and freshly dried molecular sieves 4 A and
acetone, 2:1). (0.69 g, 81.8%).1H NMR (500 MHz, 0.64 ml of tr|methyls}lIyI-methyImercaptane.(4.50 mmol) in
[D{]DMSO) B-anomer(major product)dppm = 5.41 (dd, 10 ml of absolu_tga dichloromethane was sUrrgd fo_r 10 min-
J;=7.7,1H, H-7), 5.13 (ddd, 5= 9.7, 1H, H-4), 4.97 (ddd, Utes. After addition of 0.24 ml of trimethylsilyl-trifluoro-
Jg9a=5.1,J3 9= 2.5, 1H, H-8), 4.30 (ddgem=12.5, 1H, H- methanesulfonate (1.22 mmol) the reaction was stirred for
95’1), 4.11 (dd, 1H, H-9b), 3.89 (d#},; = 1.5, 1H, H-6), 3.76 16 h (TLC:Rf =0.61 hex'ane/acetone, 1_:1, v:.v). The mixture
(ddd,J5 6= 10.6, 1H, H-5), 3.67 (s, 3H, ©0), 2.44 (ddJye, Was fllt.ered through cell'ge, V\{ashed twice with iM KHCO

= 13_3,jvic =4.9, 1H, H-3eq), 2.17, 2.12, 2.07, 1.99, 1.98 (5s,and d.rled over MgSgp Flltrat!on and concentration of the
15H, OAc), 1.92 (m, 1H, H-3axj-anomer &/ppm = 5.35  Organic phase gave a remainder that was purified by flash
(dd, Js 7= 1.4,J;5= 8.2, 1H, H-7), 5.13 (m, 1H, H-4), 5.04 chromatography (hexane/acetone, 4:1, v:v). (0.55g, 89.6%).
(m, 1H, H-8), 4.23 (m, 1H, H-9a), 4.06 (m, 1H, H-9b), 3.99—H NMR (500 MHz, [Q]DMSO) a-anomer &ppm = 5.34

(dd, Js¢ = 10.4, 1H, H-6), 3.76 (m,1H, H-5), 3.68 (s, 3H, (dd,J75=8.8, 1H, H-7), 5.21 (dddg ¢,= 2.6,Jg0p= 4.6, 1H,
OCH;). — 13C-NMR (125 MHz, [QJDMSO) B-anomer H-8), 4.81 (ddd,J),5 = 9.6, 1H, H-4), 4.28 (ddlyer, = 12.6,
dppm = 170.0, 169.8, 169.4, 169.3, 169.1 OAc, 165.9 C-11H, H-9a), 4.11 (dd, 1H, H-9b), 3.74 (s, 3H, Of;8.66
96.2 C-2, 70.6 C-6, 69.7 C-4, 69.0 C-8, 67.0 C-7, 60.9 C-9{dd,Jss=10.5, 1H, H-5), 3.52 (ddg ; = 1.4, 1H, H-6), 2.70
58.3 C-5, 52.9 OCH 35.1 C-3, 20.5, 20.4 OAc-anomer  (dd,Jgem=12.5, 1H, H-3eq), 2.17, 2.08, 2.06, 2.04, 1.98 (5s,

dppm = 165.9 C-1, 90.5 C-2, 68.6 C-8, 35.1 C-3. 15H, OAc SMe), 1.83 (dd},;c = 12.1, 1H, H-3ax)-ano-
C20H27N3013 CaICd.: C 46.42 H5.26 N 8.12 mer. dppm =5.46 (dd'J7,8: 671 1H7 H_7)7 5.10 (m1 2H= H-
(517.45) Found: C 46.46 H 5.32 N 8.13. 8, H-4), 4.48 (ddJg 9a= 2.4,Jgem= 12.6, 1H, H-9a), 4.13 (dd,

Jgop = 5.6, 1H, H-9b), 3.73 (s, 3H, OGK 3.93 (ddJs 7 =
Methyl (methyl 4,7,8,9-tetra-O-acetyl-3,5-dideoxy-2-thio-D- 1-2, 1H, H-6), 3.64 (ddl 5 = 9.8,J5 s = 10.5, 1H, H-5), 2.43
glycero,3-D-galacto-non-2-ulopyranosid)onatgb) (dd, Jyem = 13.8,J,ic = 5.0, 1H, H-3eq), 2.17, 2.07 (2s 6H,
. OAc), 2.03 (s 3H, SC¥J, 2.00 (m, 1H, H-3ax), 1.98, 1.91
A suspension of 0.62 g of pentaacefébg(1.30 mmol) and (25, 6H, OAc). 23C NMR (125 MHz, [R]DMSO): dppm =
1.5 g of ground and freshly dried molecular sieves 4 A an 69.9, 169.8, 169.5, 169.3 OAc, 168.3 C-1, 82.7 C-2, 71.5 C-
0.68 ml of trimethylsilyl-methylmercaptane (4.81 mmol) in ¢ 70.9 C-4, 67.7 C-8, 67.0 C-7, 61.4 C-9, 58.8 C-5, 53.0

10 ml of absolute dichloromethane was stirred for 10 min-QcH,, 36.4 C-3, 20.8, 20.5, 20.3 OAc, 11.2 SCH FAB-
utes. After addition of 0.25 ml of trimethylsilyl-trifluoro-  ms (NBA): My, = 505.2 Myer. = 528 (M+Na)

methanesulfonate (1.30 mmol) the reaction was stirred fot, H,-N;0,,S Calcd.: C 45.15 H 5.38 N 8.31
16 h (TLC:Rs = 0.59 hexane/acetone, 1:1, v:v). The mixture (505.50) Found: C 45.07 H5.42 N 8.12.
was filtered through celite, washed twice with 1 M KHCO

and dried over MgSQ Filtration and concentration of the - ns_(Benzyloxycarbonyl)-6-aminohexyl-O-(methyl 4,7,8,9-tet-
organic phase gave a remainder that was purified by flaspy-0-acetyl-3,5-dideoxy-D-glycera-D-galacto-non-2-ulo-
chromatography (hexane/acetone, 4:1, v:v). (0.58 g, 90.6%hyranosylonate)d - 3)-O-(6-O-benzy|g-D-galactopyrano-
—'H NMR (500 MHz, [Q]DMSO) a-anomer dppm =5.25  gy|).(1 _ 4)-0-[(2,3,4-tri-O-benzyla-L-fucopyranosyl)-
(m, 1H, H-8), 5.08 (ddJg7 = 2.4,J75 = 8.2, 1H, H-7), 475 (1, 3)]-2-acetamido-6-O-benzyl-2-deo)D-glucopyra-

(M, 1H, H-4), 4.28 (ddJg g0 = 2.5,Jpem = 12.4, 1H, H-92), noside(8h)

4.12 (dd,Jg gp = 5.0, 1H, H-9b), 3.85 (m, 1H, H-6), 3.73 (s, .

3H, OCHy), 2.59 (ddJgem = 12.2,4c = 3.3, 1H, H-3eq), A mixture of 50 mg of dono8b (0.108 mmol), 207 mg of
2.11, 2.08 (2s, 6H, OACc), 2.03 (s, 3H, SGH..99, 1.97 (2s, trisaccharid@ (0.215 mmol) and 103 mg of ground and freshly

J. Prakt. Chen00Q 342, No. 8 749



FULL PAPER G. Kuzniket al

dried molecular sieves 4 A in 0.8 ml of absolute acetonitrilefonic acid (19.8 mmol) were added. The reaction was com-
was stirred in the dark for 2 h at room temperature. The sugplete after 2 h at —40 °C (TL& = 0.33 (hexane/acetone,
pension was cooled to —40 °C and a solution of 48.4 g of 0.8:1, v:v). The solids were filtered off from the diluted reac-
iodosuccinimide (0.215 mmol) in 0.7 ml of absolute acetoni-tion mixture and the filtrate was extracted with diluteGlas,

trile was added. After 20 min 1.9 pl of trifluoro-methanesul-dried over MgS@and concentrated. The remainder was pu-
fonic acid (21.5 pumol) were added. The reaction was comrified repeatedly by flash chromatography (hexane/acetone,
plete after 2 h at —40 °C (TL®& = 0.35 (hexane/acetone, 2:1, v:v). In addition to 42.4 mg of tetrasaccha@dg25.6
0.8:1, v:v). The solids were filtered off from the diluted reac-%) 110 mg of the accept@rwere isolated.d]??, = —40.4°
tion mixture and the filtrate was extracted with diluteGlas, (1.0, dichloromethane).*H NMR (500 MHz, [;]DMSO):
dried over MgSQ@and concentrated. The remainder was pu-dppm = 8.01 (dJyy 2 = 9.6, 1H, NH-2), 7.33-7.21 (m, 30H,
rified repeatedly by flash chromatography (hexane/acetonéir), 7.22 (m, 1H, NH urethane), 5.27 (m, 1H, My75.27
2:1, viv). In addition to 37.5 mg of tetrasaccha8d€21.3%) (m, 1H, H-10"), 5.17 (m, 1H, H-B), 4.99 (s, 2H, OCKiZ),

130 mg of the accept@were isolated.d]??;, =—38.9 (1.0,  4.98 (m, 1H, OH-2"), 4.86 (m, 1H, HY 4.78 (m, 1H,
dichloromethane). IH NMR (500 MHz, [Q;]DMSO): dppm OCH,Ph), 4.78 (m, 1H, H-5", 4.68, 4.63, 4.53 (3m, 5H,
= 8.00 (dJyn2 = 8.9, 1H, NH-2), 7.33-7.23 (m, 30H, Ar), OCH,Ph), 4.52 (m, 1H, OH-4"), 4.48, 4.42 (2m, 2H,KQEh),
7.22 (m, 1H, NH urethane), 5.26 (m, 1H, @31 5.25 (m,  4.40 (m, 1H, H-B"), 4.38 (dJ; >, = 8.0, 1H, H-PB), 4.28 (m,
1H, H-™), 5.04 (m, 1H, H-B), 5.00 (s, 2H, OCKZ), 4.83  1H, H-9a), 4.00 (m, 1H, H-9%), 3.98 (m, 1H, H-3), 3.93
(m, 1H, OH-2"), 4.80 (m, 1H, OGRh), 4.77 (m, 1H, HY),  (m, 1H, H-5), 3.92 (m, 1H, H-3"), 3.87 (m, 1H, H-6a"), 3.82
4.76 (m, 1H, H-5"), 4.74 (m, 1H, OH-4"), 4.73, 4.68, 4.53,(m, 1H, H-3), 3.80 (m, 1H, H-5"), 3.79 (m, 1H, H-6b"), 3.78
4.42, 4.40, 4.38 (6m, 9H, OGPh), 4.38 (m, 1H, H@&),  (m, 1H, H-2", 3.78 (m, 1H, H-4"), 3.76 (m, 1H, H-4"), 3.70
4.37 (m, 1H, H-B), 4.27 (m, 1H, H-94, 4.01 (m, 1H, H- (s, 3H, OCH), 3.70 (m, 1H, H-6a), 3.69 (m, 1dCH,), 3.68
9nVY), 3.96 (m, 1H, H-3"), 3.95 (m, 1H, H-5), 3.94 (m, 1H, H- (m, 1H, H-8), 3.63 (m, 1H, H-2), 3.62 (m, 1H, H-6b), 3.58
3"), 3.92 (m, 1H, H-6a"), 3.81 (m, 1H, H-3), 3.80 (m, 1H, H- (m, 1H, H-&), 3.51 (m, 1H, H-4), 3.43 (m, 1H, H-2"), 3.35
4"), 3.78 (m, 1H, H-6b"), 3.75 (m, 1H, H-2'), 3.74 (m, 1H, H- (M, 1H,aCH,), 2.97 (m, 2HKCH,), 2.52 (dd Jyem= 12.5,
5", 3.71 (m, 1H, H-4"), 3.70 (m, 1H, H-6a), 3.69 (m, 1H, J ;. = 4.9, 1H, H-3et), 2.10 (m, 1H, H-3aX), 2.09, 2.03,
aCH,), 3.68 (s, 3H, OCkJ, 3.63 (m, 1H, H-2), 3.60 (m, 1H, 1.93, 1.86 (4s, 12H, OAc), 1.84 (s, 3H, NAc), 1.40 (m, 2H,
H-6b), 3.48 (m, 1H, H%), 3.47 (m, 1H, H-4), 3.38 (m, 1H, BCH,), 1.39 (m, 2H£CH,), 1.24 (m, 4Hy,6CH,), 1.06 (d,
H-2"), 3.34 (m, 1H@CH,), 2.97 (m, 2HKCH,), 2.48 (m,  Js= 6.1, 3H, H-6). —13C NMR (125 MHz, [Q]DMSO):

1H, H-3ed"), 2.01, 1.91, 1.87 (3s, 12H, OAc), 1.83 (s, 3H, dppm = 170.8, 169.9, 169.8, 169.3, 169.1 C=0 OAc NAc,
NAc), 1.81 (m, 1H, H-5€%), 1.78 (m, 1H, H-3d¥, 1.42 (m,  167.8 C-¥, 156.0 C=0 urethane, 102.2 C-1",101.8 C-1, 98.9
2H, BCH,), 1.37 (m, 2HgCH,), 1.28 (m, 1H, H-5a%, 1.22  C-2N, 95,5 C-1', 78.4 C-6", 78.1 C-3', 76.4 C-2', 75.9 C-4,
(m, 4H, y,0CH,), 1.04 (d,Js¢ = 6.4, 3H, H-6'). — 74.9C-4,74.8 QH,Ph, 73.6 C-3",73.3C-3,72.6 C-2",72.3,
13C NMR (125 MHz, [Q]DMSO, 300 K):dppm = 170.0, 72.1,71.9 @H,Ph, 71.0 C-B, 70.9 C-4, 70.5 CCH,Ph, 68.8
169.6, 169.5, 169.3, 169.1 C=0 OAc NAc, 168.4"C166.0  C-8Y, 68.5 C-6, 68.5 C-4", 68CH,, 68.4 C-5, 67.6 C-5",
C=0 urethane, 139.3, 139.2, 139.0, 138.5, 138.4, 137.3 C47.0 C-1, 65.4 C-5', 65.0 OCZ, 61.2 C-9, 58.9 C-5,

Ar, 128.3-126.7 Ar, 102.0 CAL, 100.8 C-B,99.0 C-¥,95.4  55.8 C-2,52.8 OCL40.3kCH,, 34.5 C-8, 29.4¢CH,, 29.0
C-1a', 78.6 C-3, 77.9 C-3', 76.1 C-2", 76.1 C-4', 74.6 C-4,3CH,, 26.0 yCH,, 25.1 dCH,, 23.1 NAc, 20.6, 20.4,
74.5 OCHPh, 73.4 C-3", 73.4 C-4", 72.5 C-2", 72.0, 71.9,20.30Ac, 16.5 C-6'.

71.7,70.3 OCkLPh, 70.3 C-B, 69.1 C-5, 68.®%CH,, 68.5C-  CgHgNs0,5 Calcd.: C 62.54 H 6.45 N 4.19

7N, 68.4 C-6,68.1 C-6",67.1 C-5", 66.8 &-85.3 C-5',65.0 (1670.82) Found: C 62.43 H6.41 N4.17.

OCH, Z, 61.2 C-%, 60.3 C-#, 55.8 C-2, 52.6 OC§] 40.2

KCH,, 35.9 C-3, 31.8 C-%, 29.4¢CH,, 29.03CH,, 26.0  6-Aminohexyl-O-(3,5-dideoxy-D-glycemD-galacto-non-
yCH,, 25.16CH,, 23.1 NAc, 20.8, 20.7, 20.4, 20.1 OAc, 16.4 2-ulopyranosylonic acid)2- 3)-O-(3-D-galactopyranosyl)-
C-6'". (1 - 4)-O-[a-L-fucopyranosyl-{ - 3)]-2-acetamido-2-de-
CgH10eN20,8 Calcd.: C 64.12 H6.68 N 1.72 oxy-3-D-glucopyranosidg1b)

(1629.81) Found: C 64.02 H6.66 N 1.70. 200 mg of sodium metal were dissolved in 100 ml of absolute

methanol. A volume of 3 ml of this solution was added to the
tetrasaccharid8b (61.4 pumol). After 1 h (TLCR; = 0.25,
hexane/acetone, 1:2, v:v) the mixture was neutralized by add-
ing Amberlyst 15 ion exchange resin. After filtration the con-
centrated and dried residue was dissolved in 2 ml of absolute
methanol. To this solution were added palladium-black (ob-
tained by hydrogenation of 250 mg of Pg@l 12.5 ml of

A mixture of 50 mg of donoBc (0.099 mmol), 190 mg of absolute methanol) and 50 pl of formic acid in absolute meth-
trisaccharid® (0.198 mmol) and 107 mg of ground and freshly anol giving a final reaction volume of 4 ml. The solution was
dried molecular sieves 4 A in 0.8 ml of absolute acetonitrilestirred under a hydrogen atmosphere for 48 h. After complete
was stirred in the dark for 2 h at room temperature. The susdebenzylation (TLCR = 0.29 isopropanol/l M NiDAc,
pension was cooled to —40 °C and a solution of 44.5 mg o4:1, v:v) the solids were filtered off and the solution was con-
N-iodosuccinimide (0.198 mmol) in 0.7 ml of absolute acetoni-centrated. The remainder was codestilled with toluene, dried
trile was added. After 20 min 1.7 ul of trifluoromethanesul-in high vacuo and dissolved in 2.5 ml of water followed by

N6-(Benzyloxycarbonyl)-6-aminohexyl-O-(methyl 4,7,8,9-tet-
ra-O-acetyl-5-azido-3,5-dideoxy-D-glycemD-galacto-
non-2-ulopyranosylonate)2(- 3)-O-(6-O-benzylg-D-
galactopyranosyl)-1 - 4)-O-[(2,3,4-tri-O-benzyla-L-
fucopyranosyl){ - 3)]-2-acetamido-6-O-benzyl-2-deo)y-
D-glucopyranosidg8c)
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adjustment of pH 9 by addition of 1 M NaOH. After 16 h at H-6a), 3.90 (m, 1H, H-4), 3.89 (m, 1H, H83.89 (m, 1H,
ambient temperature the mixture was purified twice by SephaH-4"), 3.88 (m, 1H, H-9aN), 3.87 (m, 1H, H-3"), 3.87 (m, 1H,

dex-G25 chromatography (eluent 0.1 M MHCO3) and
lyophilized. (38.2 mg, 72.2%)a]?% = —59.3° (0.15, kD).
—1H NMR (500 MHz, BO): dppm = 5.07 (dJ; , = 3.9, 1H,
H-1a'), 4.80 (qJs & 6.5, 1H, H-5'), 4.53 (m, 1H, HB), 4.52
(m, 1H, H-18"), 4.04 (ddJ;, = 3.2, 1H, H-3"), 3.99 (m, 1H,

2CH,), 3.86 (M, 1H, H-6b), 3.85 (m, 1H, H-2), 3.83 (M, 1H,
H-3), 3.80 (m, 1H, H-Y), 3.75 (m, 1H, H-4"), 3.67 (m, 1H,
H-9bY), 3.66 (M, 2H, H-6a", H-6b"), 3.66 (M, 1H, H-5"), 3.65
(m, 1H, H-2"), 3.56 (M, 1H, H-5), 3.55 (M, 1KCH,), 3.51
(m, 1H, H-8Y), 3.49 (m, 1H, H-2"), 3.45 (m, 1H, H}i 2.97

H-6a), 3.93 (M, 1H, H-4), 3.92 (m, 1H, H-4"), 3.90 (M, 1H, (t, J,ic= 7.6, 2HKCH,), 2.77 (dd.J; 5= Js 5= 9.6, 1H, H-5),

H-8V), 3.90 (m, IHaCH,), 3.89 (M, 1H, H-3"), 3.88 (m, 1H,
H-2), 3.88 (m, 1H, H-9%, 3.88 (m, 1H, H-6b), 3.85 (m, 1H,
H-4N), 3.85 (m, 1H, H-B), 3.78 (m, 1H, H-4"), 3.70 (m, 2H,

H-6a", H-6b"), 3.68 (m, 1H, HYJ, 3.68 (m, 1H, H-9%), 3.60

2.70 (dd,Jgem = 13.2,d,ic = 4.5, 1H, H-3et), 1.99 (s, 3H,
NAC), 1.69 (dd,Jyic = 12.1, 1H, H-3a)), 1.63 (m, 2HgCH,),
1.54 (m, 2HBCH,), 1.35 (M, 2HACH,), 1.34 (M, 2HyCH,),
1.14 (d,Js 6 = 6.5, 3H, H-6). 43C NMR (125 MHz, QO):

(m, 1H, H-5"), 3.59 (m, 1H, H-3), 3.58 (M, 1H, H-2), 3.58 d/ppm = 171.5, 171.5 C=0 NAc, C199.1 C-1", 98.4 C-1,

(m, 1H, H-5), 3.58 (m, 1|_UCH2), 3.49 (dd,J]_’z: 8.0,‘.]2’3:
9.8, 1H, H-2"), 2.96 (tJgem= 7.5, 2HKCHy), 2.65 (dd Jyem
= 11.8,],, = 2.4, 1H, H-3el), 2.00 (s, 3H, NAc), 1.84 (m,
1H, H-5ed), 1.62 (m, 2H£CH,), 1.53 (m, 2HBCHy), 1.50
(m, 1H, H-5a%), 1.47 (ddJ, = 11.8, 1H, H-3a¥), 1.34 (m,
2H, 3CH,), 1.33 (m, 2H,yCH,), 1.14 (d, 3H, H-6"). —

13C NMR (125 MHz, BO): &ppm = 171.9, 171.6 C=0 NAc,

C-1N, 99.3 C-1", 98.5 C-1, 97.7 CL296.0 C-1', 73.0 C-5,

73.0,C-3",72.5C-5",72.4 CL671.0 C-4, 69.8 C-3',69.4 C-

4',69.1 C-2', 68.7 CM 67.9aCH,, 66.7 C-2", 66.7 C'§
65.3 C-¥, 64.9 C-4", 64.2 C-5', 60.2 (L958.9 C-6", 57.2
C-6,53.3 C-2, 38.1 C!336.9kCH,, 31.6 C-%, 25.88CH,,
24.9 €CH,, 22.7 5CH,, 22.1 yCH,, 19.8 NAc, 12.8 C-6'.
CasHeoN,0,, (862.88).

FAB-MS (NBA): M= 862.4 Moyng= 863.6 (M+H)

6-Aminohexyl-O-(5-amino-3,5-dideoxy-D-glycered-ga-
lacto-non-2-ulopyranosylonic acid( 3)-O-(3-D-galacto-
pyranosyl)-{ —» 4)—O-[a-L-fucopyranosyl-{ - 3)]-2-aceta-
mido-2-deoxy-3B-D-glucopyranosidélc)

To a solution of 20.3 mg of tetrasaccha®d€12.0 mmol) in

97.1 C-?,96.0 C-1', 73.0 C-3", 72.7 C-5, 72.3 C-5", 72.3 C-
6N, 72.2 C-3, 70.8 C-4, 69.6 C\869.3 C-4', 67.8CH,,
67.7 C-&, 66.6 C-2", 66.5 C-3', 65.4 AL 755.1 C-2', 64.7 C-
4",64.1 C-5', 60.0 C1958.9 C-6", 57.1 C-6, 53.2 C-2, 49.8
C-5Y, 37.2 C-3, 36.8KCH,, 25.8 3CH,, 24.06CH,, 22.6
3CH,, 22.0yCH,, 19.7 NAC, 12.7 C-6'. £5Hs3N30,,(877.89)
ESI-MS (0.01 M NHOAC/MeCN): Megca. = 877.4 Mound.

= 878.6 (M+H)

6-Aminohexyl-O-(5-amino-3,5-dideoxy-D-glycered-ga-
lacto-non-2-ulopyranosylonic acid (G 3)-O-(3-D-galacto-
pyranosyl)-{ - 4)-O-[ a-L-fucopyranosyl{ - 3)]-2-amino-
2-deoxyB-D-glucopyranosid€1d)

A solution of 4 ml of 25% tetramethylammoniumhydroxide

in methanol was evaporated to dryness and the residue was
taken up in 0.5 mL of water. This solution was added to a
solution of 21.6 mg of compourid (23.5 pmol) in 0.5 ml of
water. After 4 days at 95 °C the reaction was terminated as
indicated by thin layer chromatography (TIRe= 0.43 iso-
propanol /1 M NHOAc, 4:1, v:v). After cooling to room tem-
perature the solution was diluted with water to a volume of

1.2 ml methanol were added 24.1 mg of potassium carbonattd ml and adjusted to pH 7.0—8.0 with 50% acetic acid.
(156 mmol) and the mixture was stirred for 2h. After addi- Lyophilization gave a crude mixture (751.6 mg) which was
tion of 1.2 ml of water the reaction was allowed to proceedpurified by size exclusion chromatography on Sephadex G-
for 3 days (TLC:R; = 0.49 isopropanol/l M NMDAc 4:1, 25 column (3.5 x 25 cm, eluent 0.1 M fHHCOs). The prod-
v:v). The reaction mixture was concentrated and lyophilizeduct fraction (60.0 mg) was dissolved in 10 ml of water and
The remainder was dissolved in 250 ul of acetonitrile andapplied to a CM Sephadex C25 column (1 x 3 cm; eluent:
diluted with 4.25 ml of water. The turbid solution was passedyradient of ammoniumacetate 0.1 M to 1 M). The product
through a SepPak RP 18 cartridge (Waters) followed by sieluted at a concentration of 0.3 M—0.4 M ammoniumacetate
washing steps with water to remove the salts. Subsequently(®/ophilized material 24.6 mg) which was purified by chro-
step gradient (5 ml each: 0%, 20%, 40%, 60% 80% acetanatography on a Sephadex G-25 column (3.5 x 25 cm, elu-
nitrile-water) was used to elute the product. The fractionsent 0.1 M NHHCGO;). (10.4 mg; 53%).4]%%, = -33.3° (0.7,
obtained from 40 and 60% acetonitrile-water were lyophi-H,0).

lized yielding 18.35 mg of crude tetrasaccharide. A 17.89 mdgC33Hg1N3054 (835.85). — ESI-MS (0.01 M NJDAC/ACN):
portion of the crude tetrasaccharide was dissolved in 2 ml o4 = 835.4 Myyng= 836.6 (M+H). tH NMR (500 MHz,
absolute methanol under an argon atmosphere. Ammoniuni,0): dppm = 5.14 (dJ, ,= 3.0, 1H, H-1"), 4.78 (m, 1H, H-
formate (57 mg) and 43 mg of palladium on charcoal (10%)"), 4.45 (dJ; = 8.0, 1H, H-1"), 4.37 (d, ,= 8.0, 1H, H-1),
were added and the mixture was stirred. After three days ar.03 (m, 1H, H-3"), 3.98 (m, 1H, H-6a), 3.89 (m, 1H, H-4"),
other portion of 180 mg of ammoniumformate was added3.89 (m, 1H,aCH,), 3.88 (m, 1H, H-8), 3.87 (m, 2H, H-
The reaction was complete within 48 h (TLR;:= 0.52 iso-  9a¥,H-91V), 3.85 (m, 1H, H-6b), 3.84 (m, 1H, H-3'), 3.83 (M,
propanol/l M NHOAc, 1:1, v:v) and the catalyst was fil- 1H, H-4), 3.79 (m, 1H, H-2'), 3.78 (m, 1H, Hj73.74 (m,
tered off and washed repeatedly. The concentrate (12.4 mdH, H-4"), 3.64 (m, 2H, H-6a", H-6b"), 3.64 (m, 1H, H-5"),
was purified by size exclusion chromatography (Superdex 163.63 (m, 1Ha CH,), 3.59 (m, 1H, H-3), 3.54 (m, 1H, Hif

60, eluent 0.1 M NFHCO,). (8.64 mg, 81.0%).d]?>, =  3.55 (m, 1H, H-5), 3.52 (m, 1H, H-2"), 3.47 (m, 1H, ¥J;4
—-53.7 (0.8, HO). —H NMR (500 MHz, BO): d/ppm =  2.95 (m, 2HxCH,), 2.81 (m, 1H, H-Y), 2.80 (m, 1H, H-2),
5.07 (d,J;,=3.8, 1H, H-1'), 4.77 (m, 1H, H-5'), 4.50 (m, 1H, 2.68 (dd Jyem= 12.8,Jic = 3.5, 1H, H-3eb), 1.69 (dd },;c =
H-1), 4.49 (m, 1H, H-1"), 4.04 (m, 1H, H-3"), 3.98 (m, 1H, 12.1, 1H, H-3a¥), 1.63 (m, 2HgCH,), 1.61 (m, 2HBCH,),
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1.37 (M, 4H,y,6CH,), 1.13 (d,Js¢ = 6.1, 3H, H-6"). —

G. Kuzniket al

(13]

13C NMR (125 MHz, BO): dppm = 171.0 CN,100.0 C-1,
99.3 C-1",97.4 C-1',97.2 Ci277.2 C-3, 73.0 C-5, 73.0 C-

6N, 73.0 C-5", 73.0 C-3", 70.9 C-4, 69.9 C-4', 69.9\C63.8
?CH,, 67.8 C-#, 66.8 C-3', 66.8 C-2", 65.8 C.765.8 C-2,
64.8 C-4", 64.7 C-5', 60.5 ¢L19%59.5 C-6", 57.5 C-6, 55.5 C-

(14]

(15]

2,50.3 C-¥, 37.8 C-3, 36.8KCH,, 26.4BCH,, 24.36CH,,
22.2,,60CH,, 13.0 C-6'.

(16]
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