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Recent Advances in the Synthesis of Heparan Sulfate
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Abstract Heparin (HP) and heparan sulfate (HS), a member of the glycosaminoglycan (GAG) family, are structurally related
linear polyanionic polysaccharides. These complex sulfated polysaccharides can interact with hundreds of proteins and play
essential roles in mediating or modulating a variety of physiological and pathological processes. Accumulated evidence has
shown that the biological functions of HP and HS can be critically dependent upon their precise structure sequences. To deci-
pher the sequence code of HS and HP, many research groups have focus on the development of novel strategies and synthetic
methods for the assembling of heparin oligosaccharides during the last decade. The key developments since 2001 in the

chemical or chemoenzymatic synthesis of heparin oligosaccharides are covered in this review.
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N 1,4-cis (o K 2Y), B ES I R0V 6 W e 2 TR PO B EF
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KIEREI A BN RATIIY AT-TI 5 45 4 BT 25 S0k
B L T oA T B, IR SRR T e H T
M ——AN N A B TR 2R SR PUst 29—l i
2 (Fondaparinux, Arixtra®, GSK)[{J_ETi. WA & HiT
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2. HE0E DL ORI SR ks T S R 75 EE A R Ak
A7 RIS, T 28 U Bl R AR e 48 5 B R 1 2
5, B E B IEAS R FE B AN R 1A BSR )
FAAAIAL (2) GleN FUREEE IR 2 7] 1,2-cis-HE T (o F7Y)
T IEBEVE R ) . BT AR S S5 EH, 2-
S -2- LA AT BRI 1, 2-cis- B EF AL I ST AR R —
H LR TERAL A B 0 — AL H TR i
207 B AR A 2 R4 R4 A GLeN ®IE 1) i
1, BREBEEN GleN JiiAE L T &2 ErRI 5 4E,
1M H. T 57 Sk A 250N (anomeric  effect) il 146 18 17) T4
B 1,2-cis 1) o BEEFEE. (3) L-SCALBE(L-1do)Ek L-IdoA ]
Ly & MR, L-Ido M1 L-IdoA R 75 B i & ke thil
%, MZ AT Z 0 G R, XM m 2 F H 2855
PG B B RCR. BRA, 2 AN IR A AR R AL
I8 THT I S5 N AN 58 A 55 ) i it 0 RBT 1 S0 75 Bk
JIERIE RS AN I, B PR b — et o/ N AT
BRI G s EINR T — RV, fl, 1
WY P 35 28 SR 11 e ) MU AT S8 i 5 BRI IE B
F 4 2 550 P 20 06 . ANSCIERL 2001 4ELLK
FE] o b — A2 I 1) T A o) T 25 2R B0 A i T 11 ¢
B REATVRA; WA T e 5% T 3=
S A 7 T IO K TF 2 R SR 2R B g
115 B2 ARy T I AR B F T2 21 2 3 BT A1 i
AR SR

1 UFEARARLERE

1.1 #BERUER
1.1.1 Seeberger /J~20 495 1%,

SEARTEPENE HIAL HE GIeN 55 B I IR 2 7] 1) o 1-4 B
'Cy M 11 L-TdoA 5244 2 155 C-2-47 8 S IR ) 38 57 i
A LW REER(TCh 2R 1 AT PR R N g
ST ARIEREVE ) 1,2-cis 1) o BEFAAL; SR1TTEA *C 1
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511 GIcUA 5244 § fERA A FWAE R a/B 1G4
NI R G TORINT I SARIEREE S GleUA By
L-IdoA IR G 3 M <. 4 Scheme 3 ATz, HEEE IR 24K
FIBBUE N 'Cy 324K Scheme 3 H1K 7, 9)¢E— 41
IRE AL RN 3 SEARIE B I AR B 1,2-cis 1) o BT
e, I HAMSWE R 'Cy MAZ R HAT S 1) S N
A5 SN IR R .

Seeberger 25!z I S A i T — R B I JEUA v
R R V) BB RN SZ AR, IR E N T 3R
RTEREIBLAG A B AR, AT AN [ 3 40 1) 5 B 7 T
BTG IR AR RN 32 A8 AE = 3 LB RZ R (TCI)VE Ay 5 25 5k
VH (B Ak B B B B35 1 25 . i, RS 1k
11 5 RS2k 12 R4 HER) TMSOTS A7AE T LA 88%I[HI1K
TR Y 1,2-trans 1) a BEEFEE(Scheme 4).
BRIM, 348 S5 A S A B IR (GIcUA 8%, L-IdoA) (1) = 5 £ ik
Y A L 4 PR AT — SR 740 s B R R e 1 2 1E O
T4 =) (Scheme 4). X B L5 RN SZ AR (FIRESE T 51 5
PR IE RPN TR IR 45 /A 2 5 B 140 S N LA
K52, 0 SO RS 741, 18 HI[3+ 315 0%, See-
berger 25 IS0 T T 2SBS0 4 B K L
A AR B B A6 7= ) (Scheme 4).

S, Seeberger 2!Vl ik AR B R 1SR T ik
T2 N BRI, (FE e — SR JFUR G b C2- B %
WA R A 2 B 45 AR (N 4516 19) (s HH AL R rh A5
T B EAEY. W Eq. 1 PR, DVUBES A 19 5 2Rk
20 2 [A) FRPRE HF AL DA SRR A B — 0 HE T 0 B 1K /B
TR, TSN 25 A 1D 5078t A i W S 5 S N R A7
HePEEL

JERAR L-1doA I 2 255 e i —
ML %, Seeberger /NHUVRJE T — AN D-AHE
KA B L-1doA FT GlcUA IR (1) #i& 4%, Wl Scheme 5 it
N, ABEE 8 20 R N AR 22, 22 42 MgBr,-OEt, it it
] Mukaiyama aldol 5 3 S AAEPE: (145 21 55 1 i 28
BRSSP Al 23, vhIal{A 23 T2 C-4-f1ER3E Lev {297,
C-5-fi. TBS Jlit B, NIS-TFA 2 5¥ IR C-1-f7 1 £ 2k
AR IE I GRS =00 WA 3] GIcUA ik 24.
L-TdoA T H 28 W] LU ik /8 25 () 37 A4 P U 58 b e A
J Pinner [ N AT A RBEA b BRAS 3. RS G A itk 2k
K, RS RN IR, SIARIERETE T —, FTLL
5 SE G F R I j 1 A2 PR 371K GIcUA FT L-IdoA )
B, PR, LAY EATZ RN R S
1.2 Boons /MABIE K

Boons 5! VE i T I8 B IEAS ARG bR BRI
KA I 22 R A A K mg. W1 Scheme 6
N, (EICORAP LSRN b, TR IR AL R EE ] Lev TR9P,
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