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(Regioselectivity and stereochemistry of the synthesized sulfated polysaccharides)
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A novel sulfated f-1,3-xylan product was synthesized from algal cell wall microfibril homoxylan by the N, N-
dimethylformamide (DMF)-S03 complex sulfation method. Antithrombin activity appeared in this product was 6.5
times higher than that of standard heparin. From the results of 'H- and "C-NMR spectroscopic analyses by DQF-COSY
and HMQC, it was revealed that the ordered structure of f3-1, 3-xylan as a triple helix decayed and the resulting
conformational changes had been caused by the sulfation reaction. The sulfated positions on the C-4 hydroxyl groups of
the xylose residues were determined from “"C-NMR chemical shifts, and it was found that regioselective sulfation had
occurred predominantly with the C-4 secondary hydroxyl groups to produce mono-substituents. Another type of
sulfation of f3-1.4-xylan that showed no regioselectivity is considered to have been due to the different conformation of
both xylan chains such as triple helix in -1, 3-xylan and the double straight chain like cellulose in f-1,4-xylan.
Therefore, the different type of regioselective sulfation of -1, 3- and B -1,4-xylan was caused by the difference in
steric hindrance due to these conformations. These different types of regioselective sulfation with different linkage
positions are also discussed for the secondary hydoxy! groups in f3-1.3- and S-1,4-glucan after chemoselective

sulfation of the C-6 primary hydroxyl groups.
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BARIZIE, 7 a—)b, FEEFT7x /- EOKEEE & BEERRE & ORIORIK, MEICE-> T, T
AT (sulfate ester) MRS NT=MENOALBFET D, ERNTOZDORBIE, 3-FARTYT /2 >-
5- R ANEEE (PAPS) WOMBEENEGSE L TERTEMN,. ZOEBEBOMRIZE > T, #NENT J IV,
2704 FEiEE. 0 DB, BUEREI AT N EERENLBLOEEMBOERT 5 &2k 5,
BEHIZH L TEBME Z > R T, FiEs{b%5E (sulfated polysaccharides) &FEINSEMLHED I
—TEisB,

B L2853, SR TR - THES N SBoNEEEA2ERT A L088EFINAPT, O
ROAF R ANTUHBREOIDIHBEEZRD I —TNRHD, TOLEWAHORENEH S
NTW5, LALEYRTOELR. BHEEOMAEEZBRTOHELEORS LT, BREORWKE
BT 2RO A DN OBEEEZHSZEE L THSNDEHDODOATH > T, B LEMITIIFETEL 24,

A, FREEEE L. HIV OBE2 0TIV ARG, MKEEMIER OB 2 D EYTEENED S
NTETNT, ZNSOFBITIE. TTEPENBNENSBERELRET L2 LMok, V7Y
VG, INETEMEBIELTAENES THho-bao—A, T2 72 EOPHEEEELEMNICHEL
THIEILEDT, ZNEZRDSNTWRVWHEREEERDDEZAN S, SREBITH L TRE{LREZ
HEIL, XDEHRORBWERNZGLIRANRINTNS,

TOHRT, h—KS52 (B-1, 3-70VAhY) BN, ZhETIZASNTWETFA NI URMEERELD
H, BWEISTHIVOEBEEZED Z NG, V" ZOBOMBEIEEEOBE SHEMERBICIDNWTES<EA SN
X0z, HEHBETIE. SEERBRTAEREAOER, 22747 —2alz2baUBBOKE



WNE. ISIHTFIAAREOBBEERNEDL D BIERRBRICEAETL2hZRRLI L LS. Lh-

TFII 2R FNI-ALDREBRO—BEALPRRNF I O—-AEEREELTHED, I—RI72088E
SHBEHRIZR AN D, MR-, SREOFHETHL LT, MBOHATIHER FLEAS
N, ZOBERNVEDIDITERICEEERTZITOOUKAMZFETES, B-1, 3-FF7203, B-1, 47>
FUDOBEEELIT, PENERTHIEBRO-HO bl o— At SIHEN 2 fEOMaEE S »
O74 JUNOBRTIERETHS, KESOEMOI /A7 0 TIINENVO—ZATHLIDIIHL T, Z
NSOBETIE, BLO—ANEELAEZWRDLDIZ, F2 52, HA0WRERTF LTI O 07V
N ENTWS, £/, F520. I2FONOBEIZE-> T, IOBBEA(LETENIERT I E
E, BoNERRBIMMOBHEICELA25ENRERELEBEGEH—H L TVWS, "

P LRy OMigeEEmh S5 EsNEF T T T, ISR B, 4-F 2T THDOIIHL T, TOHED
S5OFTFUEB-1, IMEEELZBEHBEOTREEETH-> T, YR TR ZIOERUANSETHRASN
TWigh, BLWEBETHS., ZDL-1, 3-F 7> 0EKEER. ANNAIIVITHETAHEHIC. ALK
IZHET B EEMEIC A H > TETL. ZEI v EZHRTIERLLDL I ENXEREHT O
BhSEDSNTNS, "IOEER, T0FPITCOKRRBIVEAZRTOFNZBIOTNTTT 4 —
W TROSNEENTORFRZRETSE, 3 10BBREL TRINEHBERNSBHASHTH o, ¥
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BEOKEEST I/ E~OREBERER. ROEELHEGIE. 0 CUTICHAL BERDICEE Z R
MUTERZHIZHERD S, " HRAED- VL I—-ACEBWTIRE /- HELS R - HBEOESUNES
s, LhL, INSOERYEHREICOB. BRTLZLEEBETHY, BETIIEAMMOMRITHEN
X RTENBESZERVTIELAEHHEIN TN,

Zhicfbo TREIN TV S 5K ‘EU9>%W¢f7mmxw7¢>@é%m15%émkt#.
KGR E UINN-FAFLN T HINVALT IR (DMF) RBREDOE=ZTIIHL T, ZBIEAAVEEBRL

qbﬂk@é%%ﬁ%&bTﬁbéﬁ&@%{”mt#‘E<mbﬁﬂﬁﬁﬁabfﬂ6h1m6°%ﬁ
T3, DMFEBEEL T 7anFIINANRT A IR (DCC) 2HAAKIE T HBMETI AT IVOERK
. BAREE T THONAEERAEELL CGHENGE VL, "2 ZOBRKISHORBNRBEOHFIE.
A ORBRIEH S LEBUTH BELABIC, BV THNILZEYIVav sl eTHI812E0 T,
BIRICERIE LS, ZORKIE. BESKMIEKETS2OTINS 2RETAI LICX> T, MEE(L
DRENELIZRBRIERMNESNZOT. EHRERICEBL TREVEEOEWERYZE2 I L2 HY
ETHIENTES., MBI, FRIRBRARY BIVT, HiCHBERORROBENROONZZET
HELZ. ZORMEE, 5503 S AMOBRICK-> T, MBELOBREEZHEL., IhEERECHT 2
B (D.S. ; Degree of substitution) DBEFEICHFM I 5.
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4lal, NTA T RXH (Caulerpa brachypus) XVDHELNZF T TP, FXO—ADHEMRELRE LT DR
TFTTHD. BEAFIVESH. BXU ZOEHH MK #EYMD MALD-TOF (2 X 2EEHD T Tl
PR EH BREANBHICESLTWB B, 3-F2F>2Thoik, "W ZOF T %, SO;-DMF HERK
EZRWT, 0C. 302BORMG THBgLZ2To72EZ 3. DS.=1 OHETH-> T, 2 TOEREREIZITIL
OREBEENEAIN TV, F2O0—-2ARFRY b—ATH> T—HRKBREIEFEERET. B-1, 3-F5>T
DIAFIAIE2, E£2134 212, B-1, 4-F T2 TR 2. FRE I MITBITSE, WIhd HoKEREIZH
WTRRZ %, MEBELATZRORED AFIIALSIHEROEEIIB VT, REIEHUOBRE, Foerilk
HLENWTFERAFICERET, 2, 4P AFIN-FLO-ATHEDIIHL T, HEREHTIE. 2-€/ AF)-



FO—ATHD, WBERIIFO—AKREOAMIIH LU TEANKEZ S Z ENPDHSNE.
FTEAFIED T OFERIE, NMRARY M AHICBENTOREEHBRLS —HLE, $/4b5, DQF—
COSY. HMQC 2 EIZ&» T2 7O R DL 7 FORBIZE 1 BICRTIDIITHREL., " ZORENS.
C—HCOSYIZL BB T FTINORBOREEITO ZENTET .

Table . Chemical Shifts (6 ppm from DMSP) in the TH-NMR (A) and
13C-NMR (B) Spectra of Sulfated and Original p-1,3-Xylan

(A) |
H-1 H-2 H-3 H-4 H-5ax H-5eq
Sulfated p-1,3-xylan* 516 4.61 4.28 4.61 3.80 4.41
Original B-1,3-xylan 4,63 3.44 3.55 3.62 3.28 3.93
A 0.5 1.2 0.7 1.0 0.5 0.5

* Spin-coupling constants could not be obtained because of signal broadening.

(B)

C-1 C-2 C-3 C-4 C-5

Sulfated B-1,3-xylan  101.2 76.7 or 77.5 76.7 76.7 or 77.5 63.3
Original -1,3-xylan  107.1 76.5 88.9 70.7 68.3

A -5.9 0.2 or 1.0 -12.2 6.0 or 6.8 -5.0

BREEAEDE Z > B REL. MBI ORENIDNWTOARY MLORRIZE > TITA T, ¥ 3kb
BP0 DANRY MLVTIRL 2 fIORES T FINOES T MUIEEAEBEABVDIZHL T, 4 M0
RBEDITFNOHN, FRANEBRBAICKES ST RLTWEIENS, REMLIZ Z DB OKEEEIC
BRAICEASNAEZENTSNSD, ' H-NMRARY RVTD., 2L, 3L O FFILd 4 MOBEAER
RIS T b L2 L3, MEBEOL D BAERBREAVERRICEAINTERLEZB-D-F0
BT —ZA-A-MBERETRED SN KEENI AT IMEZINTREI > ZEREOEADHRTH 5,

B-1, 3-F53>DA2 T A—a M FLUOROZEHAELAEEZIZR. B 1RIIRTEIIC, 2
MBLY 4 fLOKEREITIZFNZENST o ONA AR M T 2EIEE 5,
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Fig. 1, Orientations of C-2 or C-4 hydroxyl groups in the helical structures of 5-1, 3-xylan.
Ui TRENZEIM L 7= 2 MoKEEOMIZIE, 2 TFROELIEFFROKBEEESOEHRIZL->T, 7t
COREANDTFENHSDITHL T, TOXIBWREITANT L 2 OANCERT 5 4 fLDKEREIE, 5
FITHL TERICMZEDH > TWT, —RICAEORBMNMTONOLTVREICHS. £, B2 N (A) TR
TEIZ, B-1, 3-FI>TOFIO-AERETIE, 2. BV I MOETNTNDO ZHKERLIIXNTS
ROnEL, BEF o O0—2BREONEBEORENH > T, LT LHR—RRIEEEZRTHD TR,

(A)

(B)

u ' in
Fig. 2, Steric hindrance to the secondary hydroxyl groups of 5-1,3-xylan (A) and
B -1,4-xylan (B). (Circle indicate the steric hindrance effects of

bulky substituents to the secondary hydroxyl groups)



2MOKEREIL, HnblEifllZzMET2F 2 0-AKE R BIU Ry ICHEENLHT, WHEIZKDIL
HREENKEL LD, MEAZEOE RTINS, ZHITH LT, 4 fTOKERIT, 3 LIZidF
O—A%E (R) WHMHETHDAT, BMEOBBREIZIDVAREDT 2 ToBEEXL0 LD DL, MKkt
AEOHEOBEETH D, ZOXIEIEN, FBRIENAMLICBNTEMITEZ 2BEREEZSNS,

TOEIBEZSE. B, 4F LI OMBILOMELFHBEL TEXATRSEE, JVEENIND
T, TOZHEL, BEIRNIRTIDIT, FLO-ARENKEIIRELZEHOEEZ LD, ZOREHEI,
TN O—ZADBEDOXDITETITMNET HMOBEHB THFRIOKFHESORRICL>TI/O07 0 7Y
Els 5B, . o 0 O\m\

) 0]
Fig. 3, Alternatively linked linear structure of [3-1,4-xylan.
B-1, 4-F T ML TS EE, 2-E /LT /MBOFERESYNERT S, MELNZDO%
BEHICPVWTRIAEE, 2 BV I MOTRKEEOHET SRR EICL D IAEER. 2K (B
TRINDEDICNTNHFMOMNBICHD-DERD, LMo TIOHRAKBEREIZNT 2B (LHED
R, AUHRTEID, TOERY TOMEOERESY N EONS.,

HOKBEREIZ BT A EBRRABEREICOEZ DAL, AUV —AZHREEELENS, 208K
BORED. B-1, 3-BXUB-1, 47 AH2ICHT 5iEkE{L (oversulfation) DFEITDONTOLEIZSH
WTHRRBERNBOD SNz, WTHOT N A IZBNTE, AFY—ATH BT I—RIHMT Bk
IATIVEIZ. BHERIRMIC 6 O—FKBEIZBLWTEID, B/ IATFINELNS, Ll T
ATFNE/BEDIZEISIIREERGEL T & &, THRKBEICHTAMBEBRIRVEZ 20, ZOKEIE
SEOHMEDERRLZF LI OFEGLEAKRTH >, BB, B-1, 3-FINA> (Bh—RF52) TR, $4
WRTRDIZ, £T 6 MICEASIN, EABHRAL L TORBEICKSAEEN, 2 ET 4o
KB EAI R T HRONEICEER 5 X 5.

Fig. 4, Steric hindrance to the secondary hydroxyl groups of £-1,3-glucan after
chemoselective sulfation.

ZIZT2MOKEREIZHLUTIE, METHHERE R BEURY) IZXBNKEENHD, FHKIZ, 4 LD
KEEIZBWTIE, 3MIZBITLMIEEREE 6 (ICBIT2MBEENKIUARBEES 2D, IS5 DOHUK
BENHBLINAHERIIF LY. BE, ZOEEMI-oWTIE, NEEIESEELBO TR, £, £
Nnold. 2, 6-BXWM, 6- PHBOFRREGY THH /2.

ZHUTHLUT, B-1, 47 A> (BIVa—R) OFaRsHs, lo—Ad, 85 KIRTLIIT, 8-
1, 4-F I EMUL, BERANKEICREL ZEEBEEZ L. 2 TNIZBWT 6 fLO—HKEE LT REE
THRERED 2 MOZFoKEER S, 3 MNOTHKEE BBEOREEBEDORNERE T OB TKERFE Z2F
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Fig. 5, Steric hindrance to the secondary hydroxyl groups of ~ 5-1,4-glucan after
chemoselective sulfation. ( Il ; indicates a hydrogen bond).

B, W= RS OB ELARIZET RKBEREIIHLUTEZAMN, Z ZIZEAINHEERIIMERE
BREOIMOKERIZEEL., ChE2BS>LO5REMEES, ZO0kD, ARIEMTHHRE 246, £/
W3MOBARBERETIE, ERBRELL CORBEICLZNEREEIZL-> T, IMORBHEIZZLL A5,
ZOEFRMIZDONTIE, WRIIRIEID AR, 2, 6-CHEBEOAERNEETH - =,

ZOXDIILTHESNEL-L, 3-FUIUMBIIBWTIE, SEEmREEBILEEEZRL., Z0H O
SEAEHIIEEANY DO T RETEEWEZRLZ, JRULER, HIVOEEMEA OB LY
LIREDHIAINAENRZ S ELTEFITRL ., " HEBIEZHED 20X D aihE SHERRICDOWTORH
3. ROERIZDT 00,

ZO/MEE. INETHHARBICB W TERINELZBENZZ OEME, REREOREDELEDT
HYD., INSOARIIHMBELEROZFBEERL 4,
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