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TR E. AXRET —FAAERRFEF, BLEREEES RN EERNB L, KBTI EEREEE
6-O0-F BR A5 1 A2 B A 6] B AT 3 = 4% o T0 AT A #1(28~34). X B8 AR A AL T % — K 5 2 (TBDPS)1E 4 & A
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AT 2 (Heparin) FIAR BR AT 25 (Heparan sulfate) & = &
TRERAL IR SR M, B 1 > ZE 2 M WSS R (o- L- 3L B
W 12 B B-D- 6] ) B P 1R ) 55 BB 2 (- D- 2 1 ] %) M)
AR EEREMI L, 4> T B 1E5000~300002 8], 31,
JHF 2R T AR s B TR A6 YT, R IE PR I
bk 2™, 35 #, van Harenif @20 ™ 5 B0 259 T
FAA RO B T R R, 2R A IR 2
AR I R BE = 205 3 o- Rl B A (a-syn) TE %
P G REA 4 E &Y (hep-a-syn), I 55 HAEH
Zou BRI, R TR AR R B A
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FHEEAREEN %R o s A 5 2 R R RE 2 1
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o5 71 BEBEAE 5 N i AE T 2 TR T R 4 A (.
20024F, OkadaflYamada 2557 FI R K- B I 2540 15
BN E TR B, BARGHR T AL
P JHF 2 16 P RE AR PR JH 3 SRR IS, G R R A (1)
JEYA MU bETetra-1 (B DFFHSC/SHE, Hd p 3L A4
R B -GIeN(NS,6S)-GlcUA-GIcN(NS,6S)- = H
Bt HT R E A B 2 PRI — 1, AR
F IR BN A5 B — SRS AR IR . FRATA
I A2 G Rk & S5 MRS T . S A AR ER A (2 1
FREE SRS, AMEERES R BOR, RGP T 45 14
EMFRBERS OB RERIMHEEERH, NOBTR
Pt 0 ) 51 PO 0 0 75 2R B A 5 2R

T AL R R =, TR AR H
FRPEPI G s, BRATTE VU BE Tetra-1 F7 Wil id J5 v A
R R 2 R S TR A R T BRI TR, IR AE DU Jr il
iR i 2 e T P R T R DA T R ) %
(K.

2 SIS
2.1 S

LE Je 't FH Perkin-Elmer  241MCHY H 3 e Y6 X (35
)il E; A% IR FIMERCURY300, Bruker AV-400
BBruker AV-500%Y % REILHRAY (T )il s, LADY H &
FEFE(TMSE N MR (0 ppm), Z450BEARIRNy: FIg
(s)s PHEEIE(d). —EEIG(t). DU E I (q)M%E & (brs). 5%
RIEFIECHC; (BRBLILIREARE, '"H NMR 6 =
7.26 ppm; BHEFEIERRE, °C NMR 6 = 77.16 ppm);
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Figure 1 Structure of Tetra-1 and the targeted oligosaccharides A
relevant to the substrates of heparinase (color online).
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CD,0D ('H NMR ¢ = 3.30ppm; "C NMR § =
49.00 ppm); HD,0 (‘H NMR & = 4.67 ppm). ¥ LR
S5 B S WECERIE AN, 'H-'H COSYfI'H-
C HSQCAHH ik S B i 1 . 1K 4) P 7 3% (HHP-5989A Y
JR AN 5 5 ¥ 43 ¥ 5 FH APEXIIL 7.0 TESLA FTMS
(ESI)Ek #TonSpec 4.7 Tesla FTMS (MALDI)Z A% 221
JE. W (g (TLC)E T 0.5 mm/FEHF254FE AR
BT, BERAL S VIR R IR- AR . H 42
JE T 0 SR FH ] 0.5 mm HSGFRER B (20 x 20), #E
JEHT BIRER NHAL10-40 . BREEBIVLIIAL, BT BN
BITE R RS TR R GRS FdAT. R
SR SLERAE SR 25 S A KGR e iE A 4815 Aoy 10
PR RHET. T OB 773503 P ¥ 77 A T 5 T aifh
JEEBEHT RN, VUERER. OBz, —2RH
B[l 22 08 £, BUSORY N 2R, ARk, HERN
BEER, BT R AN, N, N-
(DMF). MbmeE . FF 2 VS 00 2 10 T 0 5 B B f
FH; BN 2% B -1 b T At 70 R 3 71 o e Tk
VeI AMEARHE TR EAT AL RN AL B, VEAAif D B S
E>a

22 Ik

PRHEEREA. R BEIL ORI (1) N-RJE = 9 £ T WP fix
BERPRRI[2 2008 E AL IE 732 4R (1.2 equiv.)fl
ZAR(1.0 equiv.)VA, FZRHT K =K, i+, T
JE I 2K(0.2 mol/L)H, T4 A MS (IR &A% 1R
2 AR B A, GRS IR SEHHE30 min,
E-30C, MAMEHFITMSOTS (0.1 equiv.). TLCK
RMNIERTEARNG, = ORI, I g E, b
T, PREAEE 41,

PREERIEB. 6l T 3k I RER(TBDPS) £
IN-ZR I =5 TR REBR 25 PR B [2 + 2105 kad I
i BER0.2 equiv) FISZAR(1.0 equiv.)iB A, FARAT
IKZIR, RT3 TR ZR0.1 mmol)H, fIA
5 A MS (IR &AL RFISZ AR5 &2 A, SR
N EIRSEHEFE30 min, ¥ E-30C, AL =5 H
TR AL T 3k — AR RS (TBSOTY, 0.2 equiv.). TLCH
RNFERTEA G, = CHERK RN, IEEEE I 8, e
T, ¥ ERT 44k (FF % (Tol): 18 Z B8 (EtOAc) = 20:1).

PrUEIR/EC. BBRTBDPSHILeviry'3: ¥ AT R E
BEVE T e /BERR(3:2, 0.2 mol/L), 1818 A K&
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(5 equiv. T MLevIt[A]). 7E=HTHEH:6 h, TLCHE./RLev
PRy A IRBERR, I ERE KN, R . BEFiRE,
1 mol/LER MRV, MURIBRRR AN /KIS bk, Jo/Kui
FRAN TG, 198, T, PUdA:EHT(Tol:EtOAC = 2:1),
BEIHF =Y. B RFERE T T %0
(0.2 mol/L), 218N N &AL - ithe 46 &) (HF Py, 20
equiv. per TBDPS), 7£ =& #:36 h, TLCZ/RTBDPS
TRy A T BRR, A ZBR LB, 1 mol/LERFRTE
ok, WA ER KBRS, TOKIREREN T8, g, heT, R
A EHT (A MBE(PE):EtOACc = 1.5:1), 133 H Az~ 4).

PREERAED. O-TRIR Ik i O- & 1k i 7K T DMF
(0.1 mol/L)H, I =S AbA - MEHE 4 5 40(SO5 Py, 5
equiv. FMNOHEEH]), %R N &4 h. TLC (RP-18/%
AHAR, MeOH/H,OMkeAAk R) Ml s M 58 42 Je, I
FEVE KN, Ja INNEGNR T4 R 2 §908tE, sk
45, 2 JaKHSephadex LH-20 (45 H #t(DCM): FF iz
(MeOH) = 1:1)$24li; 5#HRP-18AHFEHE4(MeOH/
HOMBEARR), Bh MG B3 BO-BRIR AL =Y.
J&, i Dewex50WX4 Na A5 A2 a5 bk & i
B,

PREERAEE. ZK A R AN 2 F IR . K5 T R A AR v
T USRI A W(0.05 mol/L), 1848 N N Z 2 18 & 171
30%X 4K (100 equiv. BENCOOMe)HI1 mol/LE A,
#(50 equiv. per COOMe), =i FE12 h. I3 mol/L
KOH/K V& 24K ZpHis #| 14, =6 ) M 12 h. TLC ¥
W N 5E 4 g, INERYER FE B 1 mol/LER IR 1A &5 rh
PE. R R4, BEAESephadex LH-20 (DCM:MeOH =
1:1)7r B 45 2 H b5 r=4).

FrUEERAEF. Staudingerid Jii: i O-BRBR AL =05 T
VYU HEARI(0.02 mol/L)H, MMAO0.1 mol/LEF AL AH/K T
WG equiv. BAN;), ZEHEIAL mol/L= HFERE I
SRR (4 equiv. per Ny), =i F & MN4 h. TLC (RP-
18 AR, MeOH/H,OMk Bk R 2) M S B 5E 4 e, 71

oM IN0.1 mol/L ERFRIERIApH R 7~8, 1 EHKAi13
FIRL .

FrAEEAEG. N-IRER AL K Staudingerid Ji7 (PR i L
FEHRAE FBE(0.02 mol/L)H, M = LI (Vgs: Vaeon
= 3:10), 0.1 mol/LEFAAN/KIEW(2 equiv. per NH,),
e EE, 0°C R KSO, Py (5 equiv. per NHL) I, 3041
60 min Ji5 FE I 3 43 B B 1L 3 71SO5 - Py,  TEUK/KI T
Ak M. TLC (SHIHR, MeOH/H,OMRE 14K 22) M sz

N SEAEE, WS, IAHFERP-18 (MeOH/H,Of 14
R)Peal, BT MRIE B HN-RER L, B e iE R
DewexSOWX4 Na' 5 T A4 F 2 4 e sy .
PRERRVEH. EALBLRRRIE: K dh A T
MK (H TR SR Veon: Vauier = 1:1)F, Il
A20% Pd(OH),/C (Fi& 5iih i kAESE), WE=EERT
SN 24 h, AR e, e TR B AR T
18 BB G-104241, )5 il i Dewex50WX4 Na' &
TR FLAT B N B, VAR TGS 21 Ry ACIR B 4.

3 ZREWR®R

TERTHSCF I 2 B 1) TAE S, SR E ol %
BRI BB ORA B CR T BERE (Bz) . SEHE(Ac).
LIRS (Lev)S5), HHEE 70 REF A ) FH I 2 fr iz
% 56/, PR ek B SR, FEHEAT + 2)
2 + 2FEEE AL, 3 BIBEF A= R /BB S
P 20054F, Weiifiil 2H 4508 1) 32 ZWE 1 1IE 22 & BUR
W, A4 TBDPSAE Ay U & i 25 TR 6 0 F2 F AR 4 4,
5'C MR B AT RS RR 3 6 N IR SZ ARO[ + 1]¥E AL
A DA LL60% I %45 5 s — oty LB — W, T 5°C, M
T I R B IR 2 AR + 1PRE AL I 43 B Ui A A
25%". RS, Ut BRI TBDPS 4 3 5 A
FIF BN G AR, T8I 0 1% B R BT REA 7R2,3 07 R
8L, RINIAR SRR (p-BrBn), 447K H2-Z5H
FEQ-NAP)RY", 647K TBDPSLRY ) & & 4 Wi S
A 5 86 RS BRI + 1R, 53 alt)
R, BRI TE TR R ) B I R
Uk, FATULER + 20BEF L S, #5 %X TBDPSTE NS
R RO AL AR JE, R B R A R RS R B
R, KT REE AR PR R

3.1 FFEREERERE A R A

WE2F7R, BATCRIBUE S B PRI HEHME, 5K
S & HEO LA [ TR IR AL FE BE A I 3R WA DR s
i E AR IR AL ¥Rk Y IE S I TBDPS MTLev R, i %
Bt B A ) B R P 2B SR (NG U, R ER R SR
NI (Bn) HIBz RS, HlERERR 6N (R LR 5 (Me) R
P PRV ML + 20812 + 20 W b S ms ) 46 R
HIFF R =R AR B 28, Horh, AR AR AL
JE HN-2R H = LI WL R 45 AR 3R AT R B K a-(1—4)
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Figure 2 Retrosynthetic analysis of the targeted tri- and tetrasacchar-
ides A (color online).

BB SRR PR B, R OLA ST B OR3P 2
i B AR IR AL 3T, 5 R H AR AT 2R =B AT DU MREAT 2240,
PR T RIET RS20, *C ML (070 2 B R S TR — 32 16
(OB AL I PR S, it 4k . B2k E T (KT
FRRUREEF LU 2% P (R 971 2 ) 9515 1 vt ™ 0 T A 6 O B
M= B B e L

3.2 BRI REA IR B

MEmBEAEE "R (83), RA=Rm
IO I B T R A A, RUT R R O SR S
(TBDPSC) Al = Z JIZ (Et;N )ik FHE LRy 3R, 153 6-
O-TBDPSTRI ' B R I A HE2. e M40 B2 SE 0T
th, 5513 214-0-BzE& B A E PE3A4-0-Leva B M 4
BE4. KU T b8 (TBAF)/BEBR(ACOH) 212, i
B SR T 3k — IR RESE(TBS), #28 SN- 2R =
T LT i E AN R B S S, ] A5 BIN-R =90 &
RN

X TSR A R (B 4), SRRk
556-0-Bz & B FESZARSHEAT[1 + 1B E (L, 58] —
BE9. ¥, SKRAE DY SR (BH, THE)/ T 250 —
G BB TR 2 (Bu, B- O'TF) [X 33 428 1 ik 515 AR
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i) 60% TFA;
i) TBDPSCI, Et3N, OTBDPS  BzOH, EDCI, DMAP,

Ph/voo o CH,Cly, 0°C to RT Ho/&& CHClyi 9%
—_— = A i
o LS ep—— e OTBS r LevOH, DMAP, EDCI,
N M CH,Cly, 98%
i) TBAF, AcOH, THF;

OTBDPS i) CF3C(NPh)CI, K5COs, OTBDPS \ppy
o acetone RO/&&W B§
RO > 0~ ~CF
Bno oTBS BnO e 3
N3
_ 5R=Bz 81%
2RTEe 6R=Lev, 73%

B 3 SRS A6 A (M 28 I R )

Figure 3 Synthesis of monosaccharide donors 5 and 6 (color online).

Ph N0 o
o
Bao SEt
S PO o 0Bz i) BHyTHF, Bu,B-OTY, THF;
7 i !
. — o /ﬁ/OTBSu)TEMPO, BAIB, CH,Cly/H,0;
OLevBNO 3 iii) Mel, KHCO3, DMF;

o8 5A MS, CH2CI2,

3
HO Q oC. 879
-40°C, 87%
Bn(/)éﬂ/m—sS & 9

Ng
8

78% over 3 steps

i) TBAF, ACOH, THF; 0. OMe

0. OMe o ii) CF3C(NPh)CI, K,COs, OBz Nph
o z acetone BnO' Q o /[k
BnO o 0 : =" Bno 0 0~ CF,
BnO BrO OTBS 90% over 2 steps eanO S
OLev N. N.
10 ® n

B4 RS A R 2 ROR )

Figure 4 Synthesis of disaccharides donor 11 (color online).

LU B ER 6 BT A e 17 2,2,6,6- P FRRE IR IE - 8- 4
W) TEMPO)/BE R IR (BAIB)Y AL, B 5 F AL,
B3] 810, 2 )5, FHTBAF/HOAcKE, Wik k
FLAITBSERY B, B4 5 N-R 5 =90 S fie S
BRSO NE, 1) 2% 73 B N- 2 5 = 3 2Tk 0 e i — i o
11,

X T R R 1410 A BU(EDS), SR B E 45 1T 56-
O-TBDPSS & & Wi 2 A2 HEAT 1 + 1HE Lk, 53] —
W12, B2, R HRRIE 2 bR AR 2, ohn it
HEATTEMPO/BAIBE AL, Bt 5 H Rk, 40 stk
fIBzf#, 35 Bk BA13. 2 )5, K TBAF/AcOH%
P, BB SR TBS PRI, B SN-2K R =3 4k
U SRR R S S, i) 4% 73 BIN-2R 2 = 3 L BE P fie
fis —HE4e 414,

3.3 BEEALAM R TR

SRR REAN R iR 2 JE, BATRAR T T
DR EPEON IR RA X T2 + 2R Lk
IR, PRZR B R AL 2 A LSRR B ™ Mk
e BE LRSS NP RERN RN, B
FischerBi H AL A BLLOK, BEAL 2R O 2 Fim AL
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ph\ O
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OTBDPS i) CH;CITFA/H,0;
7 O'-e" Ph/v ii) TEMPO, BAIB,
# NIS, TMSOTS _ Bro BnO oTBS_ CHCl/H0;
OTBDPS 11 Cracn OLev iiiy Mel, KHCOs, DMF;
HO o] iv) BzOH, EDCI,
BnO oTBS -40°C,87% DMAP, CH,Cl,
N3 68% over 4 steps

2
i) TBAF, AcOH, THF; 0. OMe

0. OMe oTBDPS ) CFaCINPh)CI, K;CO3, OTBDPS NPh
acetone
Bzog&o Q 79/n 2 st ) Bm
BnO B0 OTBS over 2 steps OLevB"

OLev N3
13

B 5 HEAIR1405 (2% IR )

Figure 5 Synthesis of disaccharide donor 14 (color online).

PRI, For o BE A 7 VR B S B T i
FRTEM L2 A p U A g !0k R
N-F 3 = 550 LT 0 B 2 AT R 4 A A0 B 356 28 R IR
g 25 AR7%(Yu Glycosylation)#B & # sl 2h v H 1 25 5%
wEa Y

A, AR N-R 5 =90 OB e 5 14,
%526/ Bz TBDPSJ: [A1X) T-BH 1 4k 7 Ze Fe £ 1
S, e, ¥6-0-BzfR4 1 A 1413 56-0-Levik
P HE ARSI T R, IS TR S A),
Feor e, WEIE-30C, 1B8EHN0.1 equiv. =& H
TR = H BE R (TMSOTY), KR N4k . TLCIA
WU SZNE, 25 58 AT R JG T N = G 8K B, D617
B9 B N68%, /B FEMEIARI6.9:1 (&1, SEHI1)
Y Z AR 6-O-Bz A4 (K 32 7Rk 161", WE T 1k [ 8145 3
VUKELS, SR T BE3141%, o/pie Bt T FEI1.8:1 (5L
2); SRR G nE, A s SR B =
52%, B FEPERA S E(o/B = 2.2:1) (S£H413).

B, BA12%R86-0-TBDPSIR-Y I ks 14145
CHESZARISIRET AL SN, R AR R, 5 Ay
FIAERNTIEF, RAHidEE, WEZE-30C, 0.2
equiv. TMSOTT (%2, 5£6i1). & N E K2, ZFEH L
DAHZE (RIS (56%) 15 Bllas — PRI TUBE =17, 5 &
FITBSOTHE R WAL, WHIEETMSOTIM S, &
{14k 5:5%380.2 equiv. TBSOTHE AL, MEFE LUK
R — PR 72%, ERPETIINE B — okl B (L)
2). KA T HE =R OB B A R I[2 + 218
TR L, 7= 3 UIN- 2R 5 = 55 £ 15 0 & G 45 1k
(45%). 1 FRFEIEFING T P2 R, 24855,
FF&A B I @ P ek Olk, B IE B IER
BB, (FRWCEEAG P T B3 /4). R RE

F1 AR 5ZK15/161I[2 + 21854k RN

Table 1 Glycosylation of disaccharides 15/16 with donor 11

05 OMe 0Bz 0. OMe
BnO /&w : &/
OLeyBNO Fs BzO BnO OLinker

15R = Lev
16 R = Bz
fo) OMe OBz
TMSOTS, 5A MS _ Bnog&
OLevBrﬁh\ 0 OMe
T ro,300c &/
B;&/OLmker
ToRZEY | Linker _\(0\/\0/\/ N(Bn)Cbz
S ZHEZ AR 7= HR(%) Lt 451 (a/B)
1 15 68 6.9:1
2 16 41 1.8:1
39 16 52 2.2:1

a) ¥56-O-BzfRy (1 Wi Z AR 167 T 2k b, A FIiGS A),
Feor R, B HIE-30°C; BEJEHIN0.1 equiv. = J PR — H L AE
BE(TMSOT); P2 N —WE 45 Pk () B 9 70 & I NE IR, (R IE R
Ik V(293 h).

F 2 R4S 2Z0K15/1611[2 + 200 1L S
Table 2 Glycosylation of disaccharides 15/16 with donor 14

oM
O M° OTBDPS 0 OMe
n
OLeano Fs BzO BnO OLinker

15R=Lev
16 R=Bz
O Ol OTBDPS
TBSOTf (0 2 equiv. ) OLeanO O OMe -
5A MS, -30 oC
19R=Lev Bno OLinker
20R=Bz Ns
Linker =\(O\/\O/\/ N(Bn)Cbz
Sl L Vs PE%)  Hl(ap)
1 15 Toluene 56 1:0
2 15 Toluene 72 1:0
3 15 CH,Cl, 65 1:0
4 15 Et,0 37 1:0
5 16 Toluene 69 1:0

TR, —hEA K145 6-0-Bz R4 ) 2 AR 163347 5
1k, LL69%MI R G ot —ME I TUHE =920 (52
f15).
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ARICHRSE: B3R = A DU BT A0 ) v SEAR I B 1 AR

fE BIR[2 + 2]0EE L, TBDPSIRIFILLS AT
AHTHIREE SR AL B, IRATREESAE[1 + 2]
BSOS R RCR. Ui FRATTPTIE, 6-O-TBDPS & &
EIHEL 1R5/6-5 MERETR — WE 2R 15/16 FKIHE 4L [ Y g
LUK TF70% A5 A5 215 — oy L ) = (3R3).

3.4 DRIPEEBLERAIBLERAL T 1% B R

BT AR T I 2R SR A I R Al
FRATVTFUR SR A 35 it 5 AR R A S 1 75 i dme & PR BT
FEHE. DAVURE19 N BI(El6), 1%, FATKHHE Pyt
B VUHE191¥16-O-TBDPS ORI 5, 7K k-T2 2% 1 i B
LevfRy3E, 193 DUME24; B35 LASO5 Py E AT ER LR
71, DMFERE, 2RISR, PA8S% S 45 F

O-TRiR B IUbE2S; 2 )5, FIA A ALK
FRAT AT PR RR O R G, SRR T 2 A B B B2 AR
Ak, BRI0UE26; S8JE, FRATTK A Staudingerid 5 %%
P, R = A )5 S R R 5, B TR 2
T, KHSO;5 PyéﬁA%ﬁEﬁ TR, LL86% ML
B BIN-TRIR SR DU, )5, RAH20%Pd(OH),/
CHERMEAT, FIFHZZ A R (pH 7), %Eﬂmﬂ:
B 2T 2R D28, CRAP SRR AR R LB
SN SCRIE RS T Y%, A AP A ﬁifz‘ﬁ%%u
JOR R Sy BT s FL A A4,

F I8 IR LA B DR 22 58 B FD A R AL AS U Y S 56

F 3 HIRS/6HZIRI516M[1 + 2B TFIL S
Table 3 Glycosylation of disaccharides 15/16 with donors 5/6

OMe
OTBDPSNPh ﬁ OR?
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online).
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Highly stereoselective synthesis of heparin tri- and tetra-saccharide
derivatives
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401331, China
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Abstract: Heparin, a naturally highly sulfated glycosaminoglycan, mediates various physiologic and pathophysiologic
processes, and is mainly used for the prevention and treatment of venous thrombosis in clinic. Here we report an
efficient synthesis of heparin oligosaccharides with different degrees of 6-O-sulfonation modification, employing
orthogonal protective group strategy. tert-Butyldiphenylsilyl (TBDPS) group is used as the protective group of 6-OH of
the 2-azide-glucose donors, and highly a-selective construction of the key GlcN-(1—4)-GlcUA glycosidic bond was
achieved with the corresponding N-phenyl trifluoroacetimidate donors. Thus, tri- and tetra-saccharides are synthesized
by the convergent [1 + 2] and [2 + 2] glycosylation. The fully elaborated oligosaccharides have then been successfully
transformed into the target heparin oligosaccharides 28—34 via an optimal sequence of manipulation of the protecting
groups. The post-assembly manipulations include desilylation with HF-Py (for removal of TBDPS group),
delevulinoylation with hydrazine hydrate (for removal of levulinoyl group), saponification under Zemplén conditions
(for removal of methyl ester and benzoyl group), O-sulfonation with sulfur trioxide pyridine complex (for hydroxyl
groups), reduction and N-sulfonation (for azido group), and atmospheric pressure hydrogenation (for removal of benzyl
and Cbz groups). The availability of these heparin oligosaccharide derivatives which bear amino linker shall facilitate
the preparation of glycan chips for studies on the interaction between heparin oligosaccharides with proteins, such as the
heparanase.

Keywords: heparin oligosaccharide, TBDPS group, N-phenyl trifluoroacetimidates, a-selective glycosylation
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