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Synthesis of Oligosaccharides Relevant to the Substrates of
Heparanase via Dehydrative Glycosylation
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Abstract Heparanase, an endo-f-D-glucuronidase responsible for specific cleavage of heparin and heparan sulfates, is rel-
evant to a number of biological processes, such as inflammation, tumor angiogenesis and metastasis. Heparin and heparan
sulfate(HS), ubiquitously distributed on the cell surface and in the extracellular matrix, play significant roles in a diverse set
of biological processes, including cell growth, virus infection, and tumor metastasis. The substrate specificity of the purified
recombinant human heparinase has been investigated, and an optimal tetrasaccharide substrate of heparinase was found to be
AHexUA(2S)-GIecN(NS,6S)-GlcUA-GIcN(NS,6S). Here we report an efficient alternative to the chemical synthesis of oligo-
saccharides relevant to the substrates of heparanase, including the stereoselective construction of o~GlcN-(1—4)-GIcA gly-
coside bonds and the effective post-assembly manipulations on the fully elaborated oligosaccharides. The dehydrative glyco-
sylation protocol, capitalizing on direct activation of C1-hemiacetals as glycosyl donors, was employed to construct the chal-
lenging o-GlcN-(1—4)-GlcA linkages, using diphenyl sulfoxide(Ph,SO)/triflic anhydride(Tf,0) as promoters, 2,4,6-tri-tert-
butylpyrimidine(TTBP) as base, toluene as a solvent, and —60 ‘C to room temperature as the working temperature. Under
these optimized conditions, mono- and disaccharide donors(9 and 10) and disaccharide acceptors(11 and 12) were condensed
to provide the coupled tri- and tetrasaccharides 5~8 in good yields and satisfactory stereoselectivity(>65% yield and o/ >
5.4/1.0). The fully elaborated oligosaccharides 5~8 have then been successfully transformed into the target heparin oligo-
saccharides 1~4 via an effective sequence of manipulation of the protecting groups(>52% yield for 5 steps). The
post-assembly manipulations include saponification under Zemplén conditions(for removal of benzyl ester and benzoyl
group), O-sulfonation with sulfur trioxide pyridine complex(for hydroxyl groups), reduction and N-sulfonation(for azido
group), and high pressure hydrogenation(for removal of benzyl groups). The availability of these heparin oligosaccharides
would facilitate in-depth elucidation of the substrate selectivity of heparanase and the development of an effective assay for
measuring the heparanase activities.
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Figure 1 Structure of tetrasaccharide A relevant to the substrate of
heparinase
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Table 2 ESI Test for monosaccharide B/C

Observed Observed
Sample Molar  m/z for . m/z for . , Intensity
No. ratio(B/C) [M— Mensity(B) Ty, Intensity(C) o Bic)
Na] (B)* Na] (©)
A° NA NA NA NA NA

37413 49411 377.07 6486 7.6181
37427 77031 377.20 22613 3.4065
37427 65635  377.20 35878 1.8294
37427 49172 377.20 42720 1.1510
37420 31805  377.13 42525 0.7479
37427 27158  377.13 54446 0.4988

8 .7 37433 22614  377.20 84840 0.2665
“ Calculated value m/z for [M—Na] is 374.30; ” Calculated value m/z for
[M—Na] is 377.32; “ Not available.

AR 4 A [ b 3] S 11 5 o i =F B b ==k il
LE(E 4), @ TR EIEMERMEE TR y=
0.8600x—0.1085, <t RE R*=0.9996. X —45 RN
5E f A R B K AR RE 03T T IR S it

NN AW N -
w.bkluO’\\lOO\Oz
AN AW N =

7 1=0.8600x—0.1085
R*=0.9996

Intensity ratio (B/C)

Ollllllllll
01 2 3 4 5 6 7 8 910

Molar ratio (B/C)
B4 5% B/C IR IZE

Figure 4 The quantification curve of monosaccharide B/C

3 g

FATHOE 7 — 25 = 200 RO 2 S IR B 26 R
7 F AR AR R AL PR L R (R PR AR 55 1)
FRbk . BEILORY AL, N B AR T A T 2 v ROk
FHEH) GleN-(10—4)-GlcA FEFFEE; K bRk R R 5
Bk AR BRI, Mk, SRS T R R — b
FIVURE 1~4. )5 FoPEAE SRR 52%. XL TEhE
(1 O BATTE— Dt SO BRI Ik £ 1k, IR
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— BRI VEE RN T EST N 1A TR R
3 7795 T P T PR 25 30 A4 ) £ 75 3 A0 T 788 55 4 5
PRI 2 T

4 SCIGERSY

ARARE A I ) R LA R R AT 2P Al W
FHFTEFE B G AL 4 A 4y 1 I T T, %0k
FEHREE B Bruker AMX-300 Fil BrukerAV-400 % i 3k
PRACIE (LD TMS FEAWER); w2 B T HP5989A
VG Quattro MS/MS Ji i 3 Il 72 ; L e ot B
Perkin-Elmer 241 MC A! B3 @ GAINE, JelE e
U5, 589 nm; HUZHTHEIIRH] 10%IBR AR £ 1% hn#h e ¢
B¢ UV254 nm £,

(Benzyl 2-0-benzoyl-3,4-di-O-benzyl-f#-D-gluco-
pyranosyluronate)-(1—4)-2-azido-6-0-benzoyl-3-0-
benzyl-2-deoxy-a/ff-D-glucopyranose(10):

LAY 13U)(2.6 g, 2.7 mmol)IE T TR VI A
WRIR(3 mL), VKA1, I\ BH3*THF(1 mol/L, 27 mL),
BidE 5 min, SN Bu,B-OTf A & B (1 mol/L,
5.4mL). UK FRM 3h, TLC BRRM7%EE. IMA=2
JfE(1.5 mL)J5, S RS KRN, T4, 1593
AN RS, W4 =R, AEJET(V e © V 2mem=6
1) 18 #| tert-Butyldimethylsilyl(2-O-benzoyl-3,4-O-
benzyl-f-D-glucopyranosyl)-(1—4)-2-azido-6-O-benzoyl-
3-0-benzyl-2-deoxy-S-D-glucopyranoside TG HEH (2.4 g,
2.5 mmol), =# 93%. R, =0.45(V st - V emew=4 1 1);
'H NMR(400 MHz, CDCl;) 6: 8.01 (d, 2H, J=6.8 Hz),
791 (d, 2H, J=17.2 Hz), 7.57 (t, 1H, J=7.2 Hz), 7.44~
7.24 (m, 15H), 7.12~7.08 (m, 5H), 5.29 (t, 1H, J=9.2
Hz), 4.95 (d, 1H, J=11.2 Hz), 4.83~4.70 (m, 3H), 4.62~
4.58 (m, 3H), 4.47~4.42 (m, 2H), 4.35 (dd, 1H, J=10.8
Hz, 6.0 Hz), 3.80~3.74 (m, 2H), 3.63~3.58 (m, 2 H),
3.47~3.43 (m, 1H), 3.39~3.30 (m, 3H), 3.26~3.22 (m,
1H), 0.83 (s, 9H), 0.057 (s, 3H), 0.034 (s, 3H); HRMS
(ESI) caled for Cs3Hg N3O ,SiNa: 982.3917; Found:
982.3942.

o E— PRI ORI 1.53 g 1.59 mmol)iE T
TRHRERKRIREHEAS mL, Vi V=2:1), A
TEMPO (5 mg, 0.03 mmol)fIBAIB (1.3 g, 4.0 mmol). =
TR R ZIE A (2912 h), TLCE RN 564, Ml
NaHSO /KB K I, ARk, 22, WEH
UM, TINS5 % G i IR K =, =S b A UK A
=R, BIFENUE, JoKRIREN TR, Uk, e 2%
RACHEFH 7, 1328 5" §htert-Butyldimethylsilyl
(2-O-benzoyl-3,4-0O-benzyl-f-D-glucopyranosyluronate)-
(1—4)-2-azido-6-0O-benzoyl-3-O-benzyl-2-deoxy-f-D-
glucopyranoside }y7& & A B I .

F b —B R MR G T oK DMF (15 mL)
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o, I KHCO; (640 mg, 6.4 mmol), VKA1, A
FUR(0.3 mL, 2.4 mmol). KE =, KMFH, TLC &
ANBLTE K. IR AT IR SRR RE, 2 tHA HULAH, 7K
M O CBRAR =K, &IFA NN, MAE Eh KR
Ve IR, TKBRRIN . AT AV wume © V mom=
5 1)f4 3| tert-Butyldimethylsilyl(benzyl 2-O-benzoyl-
3,4-0O-benzyl-f-D-glucopyranosyluronate)-(1—4)-2-azido-
6-0-benzoyl-3-0-benzyl-2-deoxy-B-D-glucopyranoside H
415 g, 1.4 mmol), P72 88%.
FREL_E—25 A & 4410 mg, 0.39 mmol)i& T4
(12 mL)AIESER(0.07 mL, 1.2 mmol), =R i HE
T, IIATBAF [ VU MR %5 (1 mol/L, 0.8 mL, 0.8
mmol). HAATF B =R Bi1.5 h, TLCERER I B 58 4%
Ja, DN SR e MRe, AKUE, WRTRR R BN VA TR,

RELKYE, TR T, I8, WR4H, RN (Vi -

Vewew=2 1), 1350410 (344 mg, 0.4 mmol), Y&
94%. ESI-MS (m/z): 891.8]M+NH,]",896.7 [M+Na]".

Methyl(benzyl 2-O-benzoyl-3-O-benzyl-f-D-gluco-
pyranosyluronate)-(1—4)-2-azido-6-0O-benzoyl-3-O-ben
zyl-2-deoxy-a-D-glucopyranoside(11):

TR A 14U7(1.2 g, 1.6 mmol)IE Tk ZHR(20
mL), JI#AE 80 C, ERRIMA 5 mL H,0, k%[
WS 2 h, TLC Rl je i se 4, WRER, et 2
WV s =V ozmew=1 1 DA BIFERE X HITC AR .0
g, 1.4 mmol), /*Z 96%. '"H NMR (400 MHz, CDCl;) o:
8.10 (d, 2H, J=6.8 Hz), 7.95 (d, 2H, J=6.8 Hz), 7.59 (t,
1H, J=7.2 Hz), 7.49~7.15 (m, 15H), 5.31 (t, 1H, J=8.8
Hz), 5.04 (d, 1H, J=10.8 Hz), 4.82 (d, 1H, J=10.8 Hz),
4.71~4.38 (m, 6H), 3.94~3.61 (m, 6H), 3.44~3.41 (dd,
1H, J=3.6, 9.6 Hz), 3.34 (s, 3H), 3.34~3.16 (m, 2H),
2.54~2.52 (m, 1H), 1.87~1.83 (m, 2H); *C NMR (100
MHz, CDCl;) 0: 166.1, 165.0, 138.2, 137.7, 133.4, 129.8,
129.5, 129.2, 128.7, 128.6, 128.5, 128.0, 127.93, 127.90,
127.4, 101.0, 98.4, 82.7, 78.1, 77.7, 75.7, 75.3, 74.8, 73.9,
70.6, 68.9, 63.2, 62.6, 62.0, 55.4; HRMS (MALDI/DHB)
calcd for C4Hy43N3;05Na: 792.2739; Found: 792.2735.

B E—B O A.0 g 1.4 mmol)id T & Hkt
MUK R EVEW(15 mL, V: V=2":1), I\ TEMPO(4
mg, 0.03 mmol), BAIB(1.0 g, 3.2 mmol), =i~ &Iz
FE 4.5 h, TLC BoR M 5E4. WA NaHSO5 /K IEREE K
KB, “RWEREE, R, WEANUE. IR
O S%MAMBIRRAKE, ZE P EERUKMHE =R, &
FHANUH, KRBT, g, HheE & kAT
w5, 15 3|  Methyl2-O-benzoyl-3-O-benzyl-p-D-
glucopyranosyluronate)-(1—4)-2-azido-6-O-benzoyl-3-O-
benzyl-2-deoxy-a-D-glucopyranoside FH = fih A3 ¥ (b
x.

bR BI R TDMF(12 mL)H, A
KHCO5(0.5 g, 5.1 mmol), VKA1, MATEIR(0.23 mL,
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1.9 mmol), & ZFiiRFIER. TLCRAR KM TEMKL. M
NIKH IR CERRE, o3 AN, KA 1R ClEZE
BU=0R, & IFANIA, WAE SR s e —k, JoKR
RN T, FEE A (Viww © Vewen=4 © DIFEINE
Y1 (0.7 g, 0.8 mmol), ATENER, W73 62%.
[a]y =80.1 (¢ 1.0, CHCl;); "H NMR (400 MHz, CDCl5) 4:
8.02 (d, 2H, J=17.6 Hz), 7.88 (d, 2H, J=7.2 Hz), 7.52 (t,
1H, J=17.6 Hz), 7.45 (t, 1H, J=17.2 Hz), 7.38~7.26 (m,
14H), 7.12 (s, 5H), 5.33 (t, 1H, J=8.8 Hz), 5.09~4.95 (m,
3H), 4.78~4.65 (m, 5H), 4.49~4.45 (m, 1H), 4.35 (dd,
1H, J=12.0 Hz, 4.0 Hz), 4.06 (t, 1H, J=9.6 Hz), 3.97~
3.90 (m, 2H), 3.78~3.76 (m, 1H), 3.71 (d, 1H, J=10.0
Hz), 3.64 (t, 1H, J=9.2 Hz), 3.33~3.30 (m, 4H), 2.87 (bs,
1H); C NMR (100 MHz, CDCl;) §: 168.39, 165.97,
164.96, 138.25, 137.68, 134.86, 133.39, 133.31, 129.85,
129.56, 129.53, 129.18, 128.64, 128.59, 128.51, 128.34,
128.29, 127.99, 127.60, 101.14, 98.51, 80.97, 77.96, 77.79,
75.33, 74.75, 74.44, 73.24, 72.14, 68.69, 67.51, 63.25,
62.55, 55.41; HRMS (ESI) calcd for C4gH47N;O,3Na:
896.3001; Found: 896.3040.

Methyl(benzyl 2,3-O-benzyl-f-D-glucopyranosylu-
ronate)-(1—4)-2-azido-3-O-benzyl-2-deoxy-6-0O-benzoyl
-a-D-glucopyranoside(12):

LA 1502°0.9 g, 1.0 mmol)iE Tk ZER(10
mL)H, fi#E 80 C, 12N 6 mL H,O, 4k4:[H|
WAL 2 h, TLC Rl | Bi5e 4, W R %R, T, )2
W (Vor - Vea=1 1 DIFBIBLER R LI L FE 5K (0.65 ¢,
0.86 mmol), /= 82%. ESI-MS(m/z): 773.5 [M+NH,]",
778.3[M-+Na]".

¥ BB OB (0.62 g, 0.82 mmol)iE T —&H
BeRK VR G W A5 mL, Vi Vv=2:1), WA
TEMPO(3 mg, 0.02 mmol), BAIB(0.66 g, 2.05 mmol), =
B RZIGEEE 4.5 h, TLC BoR M 5E4s. A1 NaHSO;
IR K L, AP e ke, 7=, WEAEAFNAHE.
IINBUE S E 5% H SRR K=, S B2 HOUK
M=K, GIANAE, KRR TR, g, HiEk
FRAORETVET, 15924 5 Methyl(2,3-O-benzyl-B-D-
glucopyranosyluronate)-(1—4)-2-azido-3-O-benzyl-2-
deoxy-6-0O-benzoyl-a-D-glucopyranoside A% ¥ L 3K .

b3 BB VA T DMF(10 mL)H, nA
KHCO5(0.33 g, 3.3 mmol), vKiB¥&H, IMATEIR(0.15
mL, 1.23 mmol), K& =i Nt . TLCIE 7R [ B 58 k.
A B R, o AN, AKAMH R 1
M=K, EIFENUAE, WA KIS — X, oK
RN T 1. FEENTLL (Ve © Vea=4  DEEHLED
12(0.6 g, 0.65 mmol), AT ARERK, HD7=4%79%. 'H
NMR (400 MHz, CDCl;) 6: 7.95 (d, 2H, J=7.6 Hz), 7.49
(t, 1H, J=7.2 Hz), 7.41~7.25 (m, 22H), 5.09~4.98 (m,
3H), 4.87~4.79 (m, 4H), 4.73~4.66 (m, 3H), 4.57 (d, 1H,
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J=6.8 Hz), 4.44~4.39 (dd, 1H, J=12.4 Hz, 4.8 Hz), 4.02
(t, 1H, J=9.2 Hz), 3.94~3.85 (m, 2H), 3.78 (dd, 1H, J=
10.0 Hz, 3.2 Hz), 3.69 (d, 1H, J=9.6 Hz), 3.45~3.42 (m,
5H), 3.36 (dd, 1H, J=10.4 Hz, 3.6 Hz), 2.67 (d, 1H, J=
2.4 Hz); HRMS (ESI) calcd for C4gH49N;0,Na: 882.3209;
Found: 882.3228.

General Procedure A: Bi/K¥EEN T ERADER:

Z54K(1 equiv., 0.02 mol/L in Tol)# T i& & 15 H 2K
W, N Ph,SO (2.8 equiv.), TTBP (3.0 equiv.), 4 A MS,
FiE TR 0.5 h. BFIEE—60 C, WA THO (1.4
equiv.), FHAE—40 CKM 1 h J&, WIIASZAD.5~
2.0 equiv.) I ZRIE (0.1 mol/L), #AJ5 H ATHE F = i
SN KL E) 3 hJE, TLC(Vror - Vea=20 & 1R K3
FeA. A= SRR, kit ug. B s E M
M1 NaHCO; ¥, NaCl #lvEH, Jo/K NaSO, T
IR 5 I AL E M (PR OFR CBR)IRZEWT DLy &t of B
SR,

Methyl( 2-azido-3,4-O-benzyl-2-deoxy-6-O-benzoyl
-a-D-glucopyranosyl)-(1—4)-(benzyl 2-0O-benzoyl-3-0-
benzyl-f#-D-glucopyranosyluronate)-(1—4)-2-azido-3-
O-benzyl-2-deoxy-6-0O-benzoyl-a-D-glucopyranoside(5):

Procedure A: 251K 9(81 mg, 0.165 mmol), 3Z{k
11(290 mg, 0.330 mmol); FZHT(Vre © Vea=30: 1), =
BEF=40 5: 175 mg, 79%, o & f=24.0 . 1.0.

[a]y =64.5 (¢ 1.0, CHCL;); 'H NMR (400 MHz,
CDCl;) d: 8.08 (d, 2H, J="7.2 Hz), 8.04 (d, 2H, J=7.2 Hz),
7.94 (d, 2H, J=7.2 Hz), 7.52~7.14 (m, 34H), 5.49~5.45
(m, 2H), 5.11~5.00 (m, 3H), 4.89~4.39 (m, 14H), 3.99~
3.91 (m, 4H), 3.84 (t, 1H, /=9.2 Hz), 3.77~3.75 (m, 2H),
3.66 (t, 1H, J=9.6 Hz), 3.37~3.30 (m, 5H); *C NMR
(100 MHz, CDCl;) ¢: 167.35, 166.13, 165.97, 164.80,
137.96, 137.53, 137.41, 137.20, 134.60, 133.54, 133.35,
133.15, 129.85, 129.78, 129.72, 129.55, 129.04, 128.99,
128.69, 128.62, 128.56, 128.51, 128.48, 128.43, 128.40,
128.32, 128.24, 128.09, 127.73, 127.67, 125.32, 101.19,
98.51, 97.34, 82.24, 80.26, 78.09, 77.90, 75.66, 75.59,
75.31, 74.75, 73.63, 70.06, 68.73, 67.82, 63.44, 63.17,
62.66, 6244, 55.40; HRMS (ESI)
C75sH7,NqO;sNa: 1367.4795; Found: 1367.4803.

Methyl(2-azido-3,4-0-benzyl-2-deoxy-6-O-benzoyl-
a-D-glucopyranosyl)-(1—4)-(benzyl 2,3-O-benzyl-f#-D-
glucopyranosyluronate)-(1—4)-2-azido-3-O-benzyl-2-

caled for

deoxy-6-0-benzoyl-a-D-glucopyranoside(6):

Procedure A: % {& 949 mg, 0.1 mmol), 3%k
12(172 mg, 0.2 mmol); ¥EZHT(Vro - Vea=30: 1), =HE
1) 6: 102 mg, 76%, o : f=6.3 : 1.0.

[a]y =58.0 (¢ 0.5, CHCl); 'H NMR (400 MHz,
CDCly) 0: 8.03 (d, 2H, J=7.2 Hz), 7.96 (d, 2H, J=7.2 Hz),

774 http://sioc-journal.cn

© 2020 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

7.53~7.20 (m, 36H), 5.55 (d, 1H, J=3.2 Hz), 5.51 (t, 1H,
J=9.6 Hz), 5.35 (t, 1H, J=28.7 Hz), 5.05~5.03 (m, 2H),
5.00 (d, 2H, J=1.5 Hz), 4.83~4.70 (m, 5H), 4.64~4.50
(m, 4H), 4.24~4.24 (m, 3H), 4.15~3.98 (m, 4H), 3.84~
3.77 (m, 5H), 3.72~3.66 (m, 2H), 3.53 (dd, 1H, J=10.2
Hz, 3.6 Hz), 3.45~3.41 (m, 1H), 3.34~3.28 (m, 5H); °C
NMR (100 MHz, CDCl;) ¢6: 167.74, 166.22, 165.87,
138.20, 137.85, 137.83, 137.62, 137.50, 134.70, 133.36,
133.17, 129.96, 129.79, 129.73, 129.59, 129.08, 128.64,
128.62, 128.60, 128.53, 128.49, 128.18, 128.13, 128.10,
128.02, 127.94, 127.65, 127.39, 102.98, 98.48, 97.40,
84.08, 82.59, 80.35, 78.11, 77.95, 77.73, 75.93, 75.67,
75.56, 75.34, 75.29, 74.96, 74.58, 69.96, 69.05, 67.83,
63.51, 63.09, 62.79, 62.35, 55.55; HRMS (ESI) calcd for
C7sH74NO;7Na: 1353.5003 ; Found: 1353.5027.

Methyl(benzyl 2-0-benzoyl-3,4-0-benzyl-f£-D-
glucopyranosyluronate)-(1—4)-(2-azido-3-O-benzyl-2-
deoxy-6-0-benzoyl-a-D-glucopyranosyl)-(1—4)-(benzyl
2-0-benzoyl-3-0O-benzyl-f-D-glucopyranosyluronate)-
(1—4)-2-azido-3-0-benzyl-2-deoxy-6-0-benzoyl-a-D-
glucopyranoside(7):

Procedure A: #51& 10(171 mg, 0.18 mmol), 5214k
11315 mg, 0.36 mmol); EHT (Vi © Vea=25: 1), IY
BEF=4) 7: 237 mg, 73%, o @ f=5.4 ' 1.0.

[a]y =68.2 (¢ 1.0, CHCL); 'H NMR (400 MHz,
CDCl;) o: 8.06~7.99 (m, 6H), 7.89 (d, 2H, J=8.0 Hz),
7.48~7.04 (m, 48H), 5.45~5.37 (m, 3H), 5.16 (d, 1H,
J=11.2 Hz), 4.99~4.97 (m, 3H), 4.79 (d, 1H, J=8.4 Hz),
4.73~4.34 (m, 14H), 4.37 (dd, 1H, J=12.0 Hz, 3.6 Hz),
4.28 (t, 1H, J/=9.6 Hz), 4.05~3.97 (m, 2H), 3.93~3.83
(m, 5H), 3.78~3.71 (m, 3H), 3.66 (d, 1H, J=10.4 Hz),
3.28~3.25 (m, 5H); C NMR (100 MHz, CDCl;) o:
167.49, 167.09, 165.97, 165.92, 164.86, 164.74, 138.06,
137.87, 137.82, 137.45, 137.30, 137.04, 134.95, 134.53,
133.54, 133.49, 133.37, 129.83, 129.75, 129.59, 129.55,
129.48, 129.46, 129.07, 128.92, 128.88, 128.77, 128.68,
128.62, 128.56, 128.55, 128.48, 128.46, 128.37, 128.35,
128.29, 128.27, 128.25, 127.94, 127.87, 127.76, 127.74,
127.69, 127.67, 12532, 101.16, 101.15, 98.47, 96.87,
82.55, 81.98, 79.45, 77.97, 77.81, 77.72, 77.60, 75.68,
75.64, 7535, 75.02, 74.93, 74.69, 74.38, 73.95, 73.63,
73.48, 69.45, 68.72, 67.43, 67.36, 63.13, 62.83, 62.34,
62.02, 55.38; ESI-MS (m/z): 1828.4 [M+Na]".

Methyl(benzyl 2-0-benzoyl-3,4-0O-benzyl-f-D-
glucopyranosyluronate)-(1—4)-(2-azido-3-0O-benzyl-2-
deoxy-6-0-benzoyl-a-D-glucopyranosyl)-(1—4)-(benzyl
2,3-0-benzyl-f-D-glucopyranosyluronate)-(1—4)-2-
azido-3-0-benzyl-2-deoxy-6-0O-benzoyl-a-D-glucopyran
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oside(8):

Procedure A: 451K 10(192 mg, 0.2 mmol), Z{&
12(343 mg, 0.4 mmol); ¥EZHT(Vro - Vea=30: 1), VUBE
P21 8: 236 mg, 65%, o> f=8.3 . 1.0.

'H NMR (400 MHz, CDCl3) 6: 7.98~7.95 (m, 4H),
7.89 (d, 2H, J=8.4 Hz), 7.48~7.06 (m, 49H), 5.50 (d, 1H,
J=4.0 Hz), 5.38 (t, 1H, J=8.8 Hz), 5.13 (d, 1H, J=10.4
Hz), 5.01~4.92 (m, 4H), 4.79~4.73 (m, 4H), 4.69~4.41
(m, 13H), 4.34 (dd, 1H, J=12.4 Hz, 4.0 Hz), 4.11 (t, 1H,
J=9.2 Hz), 4.03~3.90 (m, 3H), 3.83~3.61 (m, 8H), 3.46
(t, 1H, J=8.0 Hz), 3.40 (s, 2H), 3.31 (dd, 1H, J=10.4 Hz,
3.6 Hz), 3.24 (dd, 1H, J=10.4 Hz, 4.0 Hz); >*C NMR (100
MHz, CDCLy) 6: 167.59, 167.49, 166.08, 165.86, 164.87,
138.13, 138.06, 137.82, 137.77, 137.53, 137.38, 135.05,
134.62, 133.56, 133.46, 133.43, 129.93, 129.69, 129.68,
129.64, 129.54, 129.26, 129.03, 128.99, 128.73, 128.70,
128.69, 128.67, 128.64, 128.59, 128.55, 128.52, 128.49,
128.37, 128.07, 128.05, 128.00, 127.94, 127.86, 127.76,
127.70, 127.54, 102.95, 101.22, 98.44, 96.89, 84.20, 82.68,
82.11, 79.55, 78.07, 77.91, 77.70, 77.62, 77.36, 75.97,
75.81, 75.61, 75.48, 75.40, 75.17, 75.01, 74.29, 74.08,
73.52, 69.37, 69.07, 67.48, 63.05, 62.88, 62.20, 62.13,
55.60; ESI-MS (m/z): 1813.0 [M+Na]".

JHF 2 B0 L ORI IR R AL 1) — R M 2P 3R

General Procedure B: 7Kf#:

FACA T DU Sk MR R ) TR A VA (Ve -
Vmeon=1 : 1, 0.01 mol/L), 12f&/nA 3 mol/L KOH 7/Ki#
W (Vkon - Veur=1: 1), EEXMN 24 h. TLC(Vpey -
Vieon =10 - DRI s B 58 45 J5, N R A i 1 22 vp
PE. AE AR 28 R AONE 2 IR BE, #EIRAE LH-20(Vpew
Vaeon= 1 DA 73B5H HFR=4.

General Procedure C: O-fiE#4k:

4G I RNA T DMF ¥ #(0.02 mol/L)H, fIA=
EALBREMEIE (10 equiv. per hydroxyl), =& W 4~8 h.
TLC(RAM, Vieon * Vino=3 * DM N 584 )5, 7T
PLE$2 LH-20(Vpewm - Vmeon=1 © DI&4l; 3 A F iz
HE 15 min, f88 T % 28 R ACE 25 I B, RORAAE
RP-18 #2241, MeOH 1 H,O 1ENPEMEAI, RO :
100575 25, Vi VA B ES T, 2@
DewexSOWX4Na 48 e sl si 7.

General Procedure D: %A R LK N-FRER{L:

WU FRHE T THF(0.005 mol/L)H, M 0.1
mol/L NaOH /KA (5 mol per —N3), ZJGiH NN PMe;
f{) THF ¥4 mol per —N3), %8 N &M 8 h. TLC(J
MR, Vimeon - Vino=2 : DRI M 5845, 7NOiiin
0.1 mol/L HCI ¥ pH 2 7~8, i ik 28 Kk AUie 2=
SRR

B AW B BT RAE F(0.005 mol/L)H, IMA=2
J(Vnes - Vaveon=1 : 3), 0.1 mol/L NaOH 7K (2 mol
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per —NH,), A, FERE 0 C, # =54 LHit
WE (10 mol per —NH) M, VK¥ T 4k 2 & B 7K.
TLCOURAIR, Vaeon - Vino=1 : DRI N 5E 42 5,
A [ SIM, SOREEE RP-18 4241, MeOH A H,O 1E AT M
), BREEWGEO 10050 250, V1 V)5 e B AR,
2 J5 i) DewexSOWX4Na" #2844 7.

General Procedure E: Pd(OH),/C fiifg3:

W S 4R JEORE A T AT K R A W (Vveon
Vino=3 : D, % 1013 kPa H, FEUE 3 d, 184K
iLyE PA(OH)/C, Be T2 Hbra 7. WiRr-=ik
#/b& PAd(OH)y/C, wIfE &R G-10 f24L.

Methyl(3,4-0-benzyl-#-D-glucopyranosyluronate)-
(1—4)-(2-azido-3-0O-benzyl-2-deoxy-a-D-glucopyranosy
1)-(1—4)-(3-0O-benzyl-f-D-glucopyranosyluronate)-(1—
4)-2-azido-3-0-benzyl-2-deoxy-a-D-glucopyranoside(13
):

Procedure B: 457Kl 70134 mg, 0.074 mmol);
=4 13(85 mg, 96%).

[a]y =462 (¢ 1.0, CHCL;); 'H NMR (400 MHz,
CD;0D) 0: 7.47~7.21 (m, 25H), 5.52 (d, 1H, J=2.8 Hz),
5.13~5.07 (m, 3H), 4.91~4.63 (m, 10H), 4.06~3.48 (m,
18H), 3.31 (s, 3H), 3.20 (dd, 1H, J=9.6 Hz, 2.8 Hz),
3.10~3.08 (m, 1H); °C NMR (100 MHz, CD;OD) o:
140.19, 140.06, 139.76, 139.71,139.56, 130.01, 129.98,
129.39, 129.36, 129.31, 129.09, 129.04, 129.01, 128.77,
128.73, 128.71, 128.67, 128.64, 104.69, 104.56, 100.11,
99.19, 86.13, 85.48, 80.95, 79.55, 79.21, 78.74, 77.87,
76.74, 76.40, 76.36, 76.14, 75.99, 73.14, 72.77, 64.29,
64.16, 61.06, 60.56, 55.62; HRMS (ESI) calcd for
CeoHesNgO21Na: 1231.4330; Found: 1231.4300.

Methyl(3,4-0-benzyl-2-O-sulfo-f-D-glucopyranosy
luronate)-(1—4)-(2-azido-3-O-benzyl-6-O-sulfo-2-deoxy
-a-D-glucopyranosyl)-(1—4)-(3-O-benzyl-2-O-sulfo-f-D
-glucopyanosyluronate)-(1—4)-2-azido-3-O-benzyl-6-0O-
sulfo-2-deoxy-a-D-glucopyranoside(14):

Procedure C: Z4f)5 Kl 13(22 mg, 0.018 mmol); /=
) 14(28 mg, 99%).

'H NMR (400 MHz, CD;0D) ¢: 7.55~7.23 (m, 25H),
5.49 (d, 1H, J=3.6 Hz), 5.37 (d, 1H, J=9.6 Hz), 5.27~
5.18 (m, 3H), 5.07~5.02 (m, 2H), 4.79~4.67 (m, 9H),
4.50 (m, 2H), 4.32~4.23 (m, 2H), 4.07~3.87 (m, 12H),
3.41 (s, 3H), 3.26~3.20 (m, 2H); ESI-MS (m/z): 509.1
[M-+3H]".

Methyl(3,4-0-benzyl-2-0-sulfo-f-D-glucopyrano-
syluronate)-(1—4)-(2-N-sulfo-3-0-benzyl-6-O-sulfo-2-
deoxy-a-D-glucopyranosyl)-(1—4)-(3-0O-benzyl-2-0-
sulfo-f-D-glucopyanosyluronate)-(1—4)-2-N-sulfo-3-0-
benzyl-6-O-sulfo-2-deoxy-a-D-glucopyranoside(15):

Procedure D: #2477 Kl 14(28 mg, 0.018 mmol); 7~
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) 15 (25 mg, 86%).

'H NMR (400 MHz, CD;0D) ¢: 7.63~7.14 (m, 25H),
5.46 (d, 1H), 5.12~4.98 (m, 5H), 4.94~4.83 (m, 3H),
4.72~4.59 (m, 7TH), 4.51~4.47 (m, 2H), 4.31~4.19 (m,
5H), 4.09~3.95 (m, 6H), 3.89~3.74 (m, 3H), 3.67~3.66
(m, 1H), 3.50~3.41 (m, 4H); ESI-MS (m/z): 545.1
[M+5H]".

Methyl(2-O-sulfo-f-D-glucopyranosyluronate)-
(1—4)-(2-N-sulfo-6-0-sulfo-2-deoxy-a-D-glucopyrano-
syl)-(1—4)-(2-O-sulfo-f-D-glucopyanosyluronate)-(1—
4)-2-N-sulfo-6-0-sulfo-2-deoxy-a-D-glucopyranoside(3):

Procedure E: 455kl 1525 mg, 0.016 mmol); /=
) 3(19 mg, 99%).

'H NMR (400 MHz, D,0) d: 5.51 (d, 1H, J=3.6 Hz),
5.03 (d, 1H, J=3.2 Hz), 4.79 (d, 1H), 4.59~4.54 (m, 2H),
4.27~4.09 (m, 4H), 4.04~3.95 (m, 3H), 3.85~3.69 (m,
9H), 3.59 (t, 1H, J=9.6 Hz), 3.42 (s, 3H), 3.31~3.28 (m,
2H); *C NMR (100 MHz, D,0) d: 100.06, 99.82, 98.58,
98.23, 79.78, 79.68, 78.79, 78.06, 77.58, 76.55, 75.66,
74.53, 74.46, 71.71, 69.43, 69.09, 68.04, 65.93, 65.83,
57.86, 57.19, 55.48, 55.44; ESI-MS (m/z): 394.8 [M+
5H) .

Methyl(2-N-sulfo-6-0-sulfo-2-deoxy-a-D-gluco-
pyranosyl)-(1—4)-(2-0O-sulfo-#-D-glucopyanosyluro-
nate)-(1—4)-2-N-sulfo-6-0-sulfo-2-deoxy-a-D-gluco-
pyranoside(1):

Procedure E: 455kl 5(67 mg, 0.05 mmol); =4
1(25 mg, 54%).

'H NMR (400 MHz, D,0) d: 5.69 (d, 1H, J=2.4 Hz),
5.07 (d, 1H, J=2.8 Hz), 4.79 (d, 1H), 4.62 (d, 1H, J=10.0
Hz), 4.40 (d, 1H, J=10.4 Hz), 4.29 (d, 1H, J=11.2 Hz),
4.23~4.15 (m, 2H), 4.04~3.60 (m, 9H), 3.46 (s, 3H),
3.33~3.27 (m, 2H); *C NMR (100 MHz, D,0) §: 100.07,
98.31, 97.82, 79.93, 7791, 76.47, 75.05, 71.30, 69.95,
69.48, 69.08, 68.10, 66.39, 65.97, 57.94, 57.26, 55.51;
ESI-MS (m/z): 309.2 [M+3H]*", 464.2 [M+4H]*".

Methyl(2-NV-sulfo-6-0-sulfo-2-deoxy-a-D-gluco-
pyranosyl)-(1—4)-#-D-glucopyanosyluronate-(1—4)-2-
N-sulfo-6-O-sulfo-2-deoxy-a-D-glucopyranoside(2):

Procedure B, C, D, E: {£5)7%} 6(75 mg, 0.056
mmol); =¥ 2(34 mg, 71%).

'H NMR (400 MHz, D,0) d: 5.67 (d, 2H, J=3.6 Hz),
5.07 (d, 1H, J=3.6 Hz), 4.63 (d, 1H, J=8.0 Hz), 443~
4.35 (m, 3H), 4.19 (d, 1H, J=10.8 Hz), 4.03~4.01 (m,
1H), 3.92~3.80 (m, 4H), 3.77~3.70 (m, 2H), 3.67~3.58
(m, 2H), 3.46 (s, 3H), 3.41 (t, 1H, J=8.4 Hz), 3.34~3.28
(m, 2H); "C NMR (100 MHz, D,0) d: 102.14, 98.24,
97.40, 78.53, 76.43, 76.28, 76.17, 72.99, 71.12, 69.79,
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69.67, 69.04, 69.23, 66.52, 66.35, 57.93, 57.25, 55.52;
ESI-MS (m/z): 282.3 [M+2H]’"; 424.2 [M+3H]*".

Methyl(2-O-sulfo-f-D-glucopyranosyluronate)-
(1—4)-(2-N-sulfo-6-0-sulfo-2-deoxy-a-D-glucopyrano-
syl)-(1—4)-p#-D-glucopyanosyluronate-(1—4)-2-N-sulfo-
6-0-sulfo-2-deoxy-a-D-glucopyranoside(4):

Procedure B, C, D, E: #2457kl 830 mg, 0.017
mmol); =4 4(10 mg, 52%).

"H NMR (400 MHz, D,0) §: 5.52 (d, 1H, J=3.6 Hz),
5.05 (d, 1H, J=3.2 Hz), 4.79 (d, 1H), 4.60 (d, 1H, J=8.0
Hz), 4.56 (d, 1H, J=10.8 Hz), 4.42 (d, 1H, J=10.8 Hz),
4.33 (dd, 1H, J=11.2 Hz, 3.6 Hz) , 4.20 (d, 1H, J=10.8
Hz), 4.12 (t, 1H, J=8.8 Hz), 4.03~4.01 (m, 2H), 3.88~
3.68 (m, 9H), 3.60 (t, 1H, J=9.6 Hz), 3.44 (s, 3H), 3.42~
3.31 (m, 3H); °C NMR (100 MHz, D,0) J: 181.53, 175.60,
102.23, 100.81, 99.84, 98.21, 79.70, 78.81, 78.67, 77.58,
76.63, 75.74, 75.68, 74.48, 72.96, 71.74, 69.70, 69.36,
69.01, 68.25, 66.62, 65.87, 57.86, 57.24, 55.50; ESI-MS
(m/z): 367.5 [M+4H] .
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