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FEIRHE NN-Z LB -4-B 55 B-5% 5 (pNP-TCB), FFr A7 7 W/ MFEF /K EREEE 18 FKE(GH18)JL T i BEANZE 20
FKR(GH20) B-N- .k CUp FEE 4T pNP-TCB [ R& MmN, 45 R B R Y pNP-TCB JLFAHE B-N-£. 1k O Wi R B AR, 20
AEEH LT BB MR RO SRS R 28, 1% TR 7E 405 nm AL EEAROUE 1. R WIEY pNP-TCB B4 K IFHI4F
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R TR P 7 325 73 B9 PR At R A PO RS DU R
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Synthesis and Enzyme Substrate Activity of p-Nitrophenyl
N,N*-Diacetyl-4-thio-B-chitobioside

Shen, Shengqgiang Jin, Shuhui* Lu, Huizhe Zhang, Jianjun™

(School of Science, China Agricultural University, Beijing 100193)

Guo, Bingbo

Abstract Based on the resistance of glycosidase to the hydrolysis of glycosidase, the probe molecule p-nitrophenyl N, N'-
diacetyl-4-thio-f-chitobioside (pNP-TCB) was designed and synthesized. The effects of pNP-TCB on the degradation of gly-
coside hydrolase family 18 (GH18) chitinase and 20 (GH20) f-N-acetylhexosaminidase were studied. The results showed that
when pNP-TCB was combined with f-N-acetylhexosaminidase, the disaccharide substrate was hardly degraded. But when it
reacted with chitinase, the pNP-TCB was degraded by enzyme to release p-nitrophenol group, and the corresponding
ultraviolet absorption value can be detected by enzyme-labeled instrument at 405 nm. It indicates that the substrate molecule
exhibits good specificity, which can be used to study the properties of GH18 chitinase at the cellular level without interference
of f-N-acetylhexosaminidase. The pNP-TCB can also provide a good detection method for screening and isolation between the
GHI18 chitinase and the GH20 f-N-acetyl hexose.

Keywords p-nitrophenol; disaccharide substrate; chitobioside; chitinase; UV absorption
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IR T AR,

BIFFC LT o RS P 00 e 1 26 T LT R &
FEERFIFH S BT AL T o8 B i) 770 A A 55 B AR 1
BIEA. JUT 0T i e K A 1 — b, G A I 7
FEBEGR L EENY . BN EE el
AHPLC =4 Horp bty L, HRME Y —2
FIFH 4- 3 2K 3 - B-D-N- 2. Bk 2 3 461 % i HF (pNP-Gle-
NAc). 4-fEFEHERE-B-D-N,N'-— Z. 5% —FEHF (pNP-(Gle-
NAc),) 8k 4-H F - p-D-N- 2, Bk & 5 6 % B 1
(Mu-Gle-NAc)ZAE N KRB 7 T, BBk
PR T i 2 0% 7 Y 356 < P i S A 0 il 3 1) 3R
AT A A PO B IR 7 rp, Wi RIE T R B A
FAL 2L W B T R AT, B BT /KIS VAN T 6 RE
P, 7SI WE R 35 AR U R R B L Mu-GleNAc
A DA SCRIGER GHI8 JUT BSR4/ 1 F %
N A-THEEFEEE- B-D-N,N'-— . 5% — FE1F (pNP-(Gle-
NAc),), ZERPI AT LT Jofi B B i 5 XSUBE (GleNAc), K&
XA LR (pNP), 8 7E K 405 nm ALK pNP 2841
AT R B Sk A I HL Pl 75 21, pNP-(GleNAc), JEEWIRE % [F)
B4 GHI8 JLT EEA GH20 S-N- 2Bk b B A,
FREE pNP 207251 K, pNP-(GleNAc), JEYIA
T AR LT B T R R . BTRA, ek
Rel GHI8 JL T B /K i I & — M ) B L E I
=X

MR A0 1) — P, AR EF Bl LA bR /K A
Ffptr 2] S b, Bt T R A SRR R 4-
il 2 AR NN- . Lk FE -4- B AR -B-D- 58 — FE FF (pNP-
TCB), #itBEuE 1 iR, DHZEY R GHIS
JUT WAl —VEFERE, TAREYE GH20 B-N- T b i
B R, MM SEILAn i /K GH18 JLT Joii B i) P4 st 78
AN O RT3, JEN GHIS JUT FEEA GH20
B-N- .5 CWE & I 1) 5 346 70 B 3k 1 0 (R B

m @ =,
E NHAC

pNP (GlcNAc),

B 1 4-mE IR NN- -4 - - 58 —HEE (pNP-

TCB)# & i1 2%
Scheme 1 Design of p-nitrophenyl N,N'-diacetyl-4-thio-f-
chitobioside (pNP-TCB)
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1 ZR5ie
1.1 pNP-TCB &5 FRIBLR T 5 & RITIE

SEWE I A RO A 7 ZEAEAR R A A AT AR I R B,
TN PEGEN S AN FRIE, RO B e 8
PR AT IEBENE R SR R EE A R R —
AN T EE PO, AR AR R 2 R T SR A T
G390 PN BN 5 A AT IR B OR A, ARIDE RN e PG
MRk, B 4535 pNP-TCB Hiztb &4, Hham T
KPR 2- 2B & FE-3,4,6- =-0- L TE 5E-2- i 4 - 1-
RAR-p-D-ME B & BT (27), & 28 Scheme 2 Al
AN, EAELL N- T e 5 % A R 2B SRR
N RA A LB AR E A R SR B 4 2B EAREE, SR
4 AL SEURORE 7R TR B A7 A5 T 5 60 IR s B A= R ik
EhEREL, HHUEAS A 2a, TR A H R 2 AR R A 1
H R KfEERSALEY 2!, & 2'9F SH MBS HECN
J=9.4 Hz (d, ¢ 2.58), 53Hk{EP? J=9.6 Hz (6 2.58)—
.
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Scheme 2  Synthetic route of compound 2'
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IR AR SN A ZR R RV T L T AU R AR B,
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ML, WEY) 2 1EH B R P IR 2, B
FE A IR AT HY LB R, 4 I B AR 2R 1R AT DRk el i T 15
WEY 3. BT TR EXNZIRRIER 4 AL REEATRER,
R TR E 3,6 [REERIER, ik, ek FE
ot RS (R AL TR 4,6 17 2 B E4T 5 T8 XL {4
BU L 92% I R R &) 4. BEERHALEY 4 (1 3 fir
FIEAT R AR RS 5. N T AL EY) S
1) 6 PrFRFEIAT IR, 755 F UKESER FN/K R 25 4,6 A
HI5 A XS RI A 6, MJEHET 6 frFRE kit
P EAL.

WA T~11 5 B 26 W1 Scheme 4 Fis. (b &)
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AL
OH ) R AN X i B PR AE I AL A B
HO O L0, Aco O ophp . Table 1 Feature chemical shift of regioselective acylation
HO NH Ac AcO NH Ac reactions

1 0 3 6 7
‘ , Sits 3.74 5.22 533

H367£§:§¢¢0 NP, ——= iif:éi/OPNP - Otcartes  3.37~3.15(2H) 3.67~3.48 (2H) 4.64~4.44 (2H)

NHAc NHAc
3 4 W& T AETKMEIERMTE K Z &Pk T 5=
Me:C0 _ OH FRBE I P SN, EEEAMﬁEﬁkEﬁEﬁ@?ﬁ’fL%EMJﬁE’JﬂPIWZ’S,
O&&OPNPL Hoﬁo&OPNP s : 5 | o Bt L N
BzO . BzO s TE VAR BRI AE F N ik — B SE M B 15 B &
5 6 8; a8 &I 4 o = U Vs R I R A0 A3 AR IR

Reagent and conditions: (i) AcCl; (ii) K.COs3, acetone, 4-nitrophenol,
reflux; (iii) CH3OH, CH3NHy; (iv) DMF, 2,2-dimethoxypropane,
4-TsOH; (v) pyridine, benzoyl chloride, 0 °C; (vi) AcOH, H,O, reflux

B3 a6 a ks
Scheme 3  Synthetic route of compound 6
R PP BE SRR R 0O EAT 6 A7 FR R IR 28 14 28 Y BEAL,
SN, AFEMGEYD 7. X EC SN S5 RN, FH 2 Y A
P4 PR W T P 2 PP I St A S BT g . e AL
“W3, 6 M7 WAL LAY 3 T H-3 BIAALRE(6) N
3.74, 3 ARG 6, tbEY 6 T
H-3 B A8 kIR sh 2 6 5.22, UERAZR AL A
AAE3-OH b b &4 6 1) 3,6 A it R AL i #1128
Btk 5, Bt &y 7 o H-6 LA AR T &9
6 1) H-6 NI M7 R 3), ik Wk £ 28 F AL R A2
£ 6-OH b BAKKIRAEIEAL A A R AL N3 1 B,

QOB2

vii HO o viii, ix
BZO&/O;)NP BZS%OPNP —_—
NHAC
OBz OT£0Bz OAc
o] g O
OpNP OpNP+ AcO SH
NHAC NHAC o+ NHAC
i, AcO O _OpNP i
AcO
BzO
NHA NHAc
‘ OH OH
; HO NHAc
NHAc

Reagent and conditions: (vii) CH.Cl,, pyridine, benzoyl cyanide;
(viii) CH,Cly, pyridine, Tf,O, —10 °C; (ix) DMF, NaNO,; (x) CH.Cl,,
pyridine, Tf,O; (xi) sodium hydride, DMF or cysteamine, dithio-
erythritol (DTE) DMF; (xii) CH30H, CH3NH,

B4 Lam 1 iE s

Scheme 4 Synthetic route of compound 11
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LAY 9. (WEW 9 WA RE, ARG EERT
THERBOR L, FETCK TSR, AR SR E R
J7 AT AOFEALAR 21 5 X005 52 7k 9 7R S ALENE k)
FIETREELL 16% MU 1S BIEE ) B-(1>S—4)i%E
B LAY 10; SR 21 5 0U0E 52 14 9 76 —fi 7k
BEE(DTE) i 5 L 0 2 A% N AT B, W) H AR
A0 10 FICRA 26%. LAY 10 25 HRZ (1) H BE 7S
BRI EERLEY 1. tkEW 11 W4 'H
NMR, "*C NMR #1 HRMS #iiE. Hrh, St H-1 1
H-1'"FIE A5 500 738 J=8.5 Hz (6 5.23) J=10.3 Hz (¢
4.59), diEmRiGt, C-1, C-1'f) 6 25N 98.16 1
82.75, UEMIMLAEY) 11 G588 B-(1—-S—4)EE 1) B .
1.2 pNP-TCB {£ GH18 JLT RESRYAIME R Z

T BN GHI8 LT XS pNP-TCB JEY)
IR ARAE L, SR F SR ok o v 76 EQ R LT o B (EC
3.2.1.14)%} pNP-TCB JRVIPEMESEE, 250k 1.
SRRV TR IR LT RS E 30 min J5 R, 15 405
nm AT EBEARACR I R pNP SR AN USA,
e ELZ RSB (1 R /NBE S LT 5 I P 5 P 38 o o 5%
WK, HWE 2 B R 2 26 R (R =0.9928),
BHE B, RSV E IR LT BiBFRERS 4T pNP-TCB JiK

VIREAT AR, BRI H pNP S8 AR SO 4],

045 [ ,_
0.40 R“=0.9928 0.351

3!
828 0.275 /,/

0.25 0.195 /-//
0.20 0.142 g

0.15 el

0.10

0.05

0.00

UV absorbance/a.u.

20 40 60 80
Enzyme amount/uL

B 1 ARRERRY S RE LT FREEEC 3.2.1.14)% pNP-
TCB &Y BRI

Figure 1 Degradation of pNP-TCB substrate by different con-
centrations of chitinase from Serratia marcescens
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1.3 pNP-TCB JR#IH0E— 4%

N THEFE pNP-TCB JEMIH & —1t, B E T H
JRVD R KB LT R BS(EC3.2.1.14)(GH18 JL T i )%} [
—WE pNP-TCB. pNP-(GlcNAc), Fl pNP-GIcNAc 3 Fifi
JE A () A PR S BG, 2 O BECA A TR0 B (i
IR-TR IR M (pH 6.0), BRI E R 3 k. &5
Bl 2 Fros. R KWL T BiEE S pNP-TCB
pNP-(GIcNAc), PPl B J5 7R3 405 nm T £ ighn
AR 507 B2 1) pNP S54RI, T 5 pNP-GleNAc Ji%
VIt E 5 LA, s, KR IR ILT
R AE S XT pNP-TCB A1 pNP-(GIcNAc), I’ F 4T
R pNP, XS pNP-GleNAc JEM M LA Ak

1.40
g 1.20
$ 1.00
g 0.80
g 060
© 0.40 0.361
3 0.20

0.00 0.047

S —
pNP-TCB  pNP-(GIcNAc)2 pNP-GIcNAc

1.189

B2 KBS KE LT BEE(EC 3.2.1.14) %A [H 4 i B iR
e

Figure 2 Dgradation of different substrates by chitinase from
Serratia marcescens

9T #E—BIAIE pNP-TCB JRWIA & —1E, KA
PR KIEE OfHex1 B§(EC3.2.1.52) (GH20 fS-N-Z.FE C ki
Ji& i) 4f [l — ¢ £ pNP-TCB. pNP-(GIcNAc), Al pNP-
GlcNAc =FhRMIHEAT e, BRI E S 3 k. 455
Kl 3 fioR. B KIS OfHex1 BF(EC 3.2.1.52)5 pNP-
GleNAc. pNP-(GlcNAc), MRV & J5 ES K 405 nm
NGB AR ORI A B S AR, TS pNP-TCB
JRAE G JUF 38 . BBt B, 9 R OK R
Offex1 BH(EC 3.2.1.52)Ref i HuF % pNP-(GleNAc),
A1 pNP-GleNAc WA, (HXF pNP- TCB JiE4JLFA
R A

2 Zhig

DL N-Z TR w0 o 5k, St 4 ol &
o BUR. RIEAEAL . KB, BRAG. R
ORI S 0R, SR — R AL GHIS JUT & —
PEIRY) 4-TS LB -N N — 2B 341 Bk -p- 7% — W
(pNP- TCB). ifiid 'H NMR, *C NMR Al HRMS il T
&SR, RAWEZEHT T GHIS JUT FEEH
GH20 B-N- Bt CHERZRE X ET A i) pNP-TCB [ % fi#

Chin. J. Org. Chem. 2019, 39, 3490~3497

© 2019 Chinese Chemical Society & SIOC, CAS

1.60 1.397
1.40 1.215

UV absorbance/a.u.

0.20 0.052

-

pNP-TCB

B3 YK OfHex] BE(EC 3.2.1.52) % AN[F] JE 4 ) B
TEH]

Figure 3 Degradation of different substrates by the OfHex1
from Ostrinia furnacali

WL SRR, 2R DR — kg GHI8 JLT R
B /KM, LT AREHE GH20 B-N- LI CFE e /K Ak
BT AT GHI8 JUT Bl iz & — 1k, SCife
AT EXF GHIS LT Bt ot kT if A 52 U %
B EOFPE, BEJHTALE GHIS JUT ot Mg il 771 H) v 1L A
FEIRAL — BRI R,

3 LIRS
31 X5

543 5 1% K B Bruker Daltonics Bio-TOF-Q III %Y
A (ESIMS)IE; "H NMR 1 °C NMR i F 5 i
Bruker Avance 300 Y#%#f LRGN 52, T FF L AL 0%
(TMS) AW #5; FlexStation 3 E#R1Y, Molecular Devices
AF]; RE-52AA RG24, B SR AEAANER T
SHZ-DAIDEH KR T, T FHEARTELA];
ZF7-C =SNG PR ST A
Hl; CP214 BUArt RV, BEMAERCE M)A R ITEL
F]; ZNCL-T #RefEimEE 1 b, FMNA R R
TTEAH]; Bruker Avnce IZHEILIRIGIEAN, B LATE 5T
W 2 RA. BIZENTREIRIR, FRBigFEH LT H2
WrERe, & SUFeb ). GHIS Kim b & K # (Serratia
marcescens)JL T A E(SU) . #7456 TR — 1% B2 2 b 45 0 (pH
6.0) TG Z& K B T R FRSRAE MR B A TR A H,
BT GH20 FISEN R KR B-N- 2.k b i OfHex]
(5 mU/mL)+ pNP-(GIcNAc), JiA & i B Ak Ft 22 B il
VIERI B TR T R R SR, e E RN
7= T 5 23 pr .
32 EMHER
321 2-TEBEAI-3,4,6-=-0-TFEE-2-B 8- 1-#AX.-
B-D-=vh &) E)H2H(2") 89 & K

S LWR[32) )77, B 30.5 g (138 mmol)ft.&
YI1¥T 100 mL ) A, ZHERM 18 h, ZHE i
(TLC) [V(A ) - (LR CHER)=1 & 110l /e 3 56 4>

pNP-(GIcNAc)2 pNP-GIcNAc
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MR

Ja, F SR BEREE. A HUAHZE 2 53l 48 o RO R B B0 1 VR
AR fr EhK Bk, ToKBREREN T 1, WR4iA RIS 58
A 42.5 g, SRJ5 F 250 mL 7 5 AR G 45 € [ 4,
A 16.5 g (217 mmol)Bi K, 57 ‘CEI 6 h, & TLCUEIT
FIR 8 LRI [ B 5E 4, IO $ 8 A H ) 44 2a (35
g).

H 35 g (86.4 mmol)H [ 44 2a T 300 mL & H
FEAN 200 mL /K, I 34.2 g (172.8 mmol)fi 55 VA R
B4, 50 ‘ClElJRE 5 h. & TLC [M(&H %) © V(FEE)=
10 © 1k e B 58 4, B SRR 2R, A ALAHZ AN

KRR G TR, R8T 5 H R e 45 e
28.6 g AEEE 2, F*F N 57%. mp. 164~166 C,
[« —253 (c 0.5, DMSO)[ ik P mp. 165~
167 C, [a]} —24.8 (c 1.0, & {/)]; 'HNMR (300 MHz,
CDCly) 6: 5.65 (d, J=9.2 Hz, 1H, NHAc), 5.18~5.02 (m,
2H, H-3, H-4), 4.58 (t, J=9.8 Hz, 1H, H-1), 4.25 (dd, J=
12.4, 49 Hz, 1H, H-6a), 4.15 (t, J=10.1 Hz, 2H, H-2,
H-6b), 3.70 (dd, J=6.0, 3.7 Hz, 1H, H-5), 2.58 (d, J=9.4
Hz, 1H, SH), 2.10 (s, 3H, CH;CO), 2.04 (d, J=4.2 Hz, 6H,
CH;CO), 1.99 (s, 3H, CH;CO); “C NMR (75 MHz,
DMSO-dg) J: 170.15, 169.70, 169.43, 169.35 (C=0),
78.82, 74.93, 73.48, 68.59, 62.14, 55.67, 22.77, 20.64,
20.49, 20.43 (CH;CO). HRMS calcd for C,4H,,NOsS [M+
H]" 364.1051, found 364.1061.

322 2-TEAK-34,6-=-0-THLH- 2-BLA-p-D-1t
i # F AR A LB H(2) 89 A R

S CHR[33] )75 4%, HL40.0 g(181 mmol) L&)
1% 100 mL [ 2B, EIRXRM 18 h. & TLC [V(A
TR © V(CRR R =1 & 1Rl e S 584, =S
RH. A HUAH 53 7] 8 VI ik TR A Y R R VR £ 2R K
e JO/KBRBRIN T 1R, IRAG1 I K (i 4= 57 g. H
150 mL A JR 5 A [ A 7= 9, RN 27.7 g X AE2E K15 (199
mmol)f 27.4 g (199 mmol) 57K K,COs, 69 °C Al 4 h.
2 TLC [N =& W) © VITED)=20 : 11K S0 5842,
IRGETIIR. F SR, TR R4, B AGEA 2
(39.8 g), & 47%. m.p. 238~239 C; [alf —45.4 (c
0.5, DMSO)[SCHRME P m.p. 235~237 C, [alsss —49 (¢
1.0, &4/5)]; 'H NMR (300 MHz, CDCl3) J: 8.26~8.20
(m, 2H, ArH), 8.12 (d, J=9.0 Hz, 1H, NH), 7.29~7.18
(m, 2H, ArH), 5.56 (d, J=8.4 Hz, 1H, H-1), 5.29~5.18
(m, 1H, H-3), 4.95 (t, J=9.7 Hz, 1H, H-4), 4.37~3.94 (m,
4H, H-2, H-5, H-6a, H-6b), 2.01 (s, 6H, CH;CO), 1.96 (s,
3H, CH;CO), 1.78 (s, 3H, CH;CO); °C NMR (75 MHz,
DMSO-dg) 8: 170.08, 169.96, 169.81, 169.72 (C=0),
161.72, 142.34, 125.84, 116.71 (ArC), 98.05, 70.79, 70.19,
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66.71, 61.48, 49.30, 22.80, 20.51, 20.44 (CH;CO).
323 2-TBAK-2-BL A -B-D-vie v # & Az 2T K By
F(3) 89 A A&

KA 2 (39.8 g, 85.0 mmol)iE T 150 mL I,
B 50 mL F G, HIRR Y 12 h. 4 TLC [M(—AH
Bty @ V(REE)=6 : 18I R RLTE 4, igfs o el 3
(26.8 g), P2 N 92%. m.p. 205~206 C, [a]F —22.8(c
0.5, DMSO)[k{E:P* m.p. 200~201 C, [a]?
—16.18 [c 0.87, V(/K) : V(ARd)=1: 1]. '"H NMR (300
MHz, CDCl;) 6: 8.26~8.14 (m, 2H, ArH), 7.86 (d, J=9.0
Hz, 1H, NH), 7.23~7.09 (m, 2H, ArH), 5.24~5.12 (m,
3H, H-1, 2X OH), 4.66 (s, 1H, OH), 3.74 (dd, J=18.6, 8.7
Hz, 2H, H-2, H-3), 3.55~3.15 (m, 4H, H-4, H-5, H-6a,
H-6b), 1.82 (s, 3H, CH;CO); *C NMR (75 MHz, DMSO-
dg) 9: 169.68 (C=0), 162.38, 141.96, 125.84, 116.71
(ArC), 98.61, 77.51, 73.99, 70.23, 60.70, 55.42, 23.14
(CH;CO). HRMS caled for C;H;N,Oy [M + H] *
343.1136, found 343.1129.
324 2-TELAA-2-BL A -4,6-O-5+ A X Ik -p-D-=L7%
B E) BT A A B A (4) 89 A%

¥ 15.8 g (46.2 mmo)AE4) 3 ¥ T 100 mL Tk
N,N- — H 3t B I i (DMF) & 8, ImAN 0.6 g (3.15
mmol) p-TsOH #1 7.4 mL (78.4 mmol) 2-F4EJE I, &
SO 14 h, TLCURFTHIA LR L ER )R B 56
45, 15 mL = ZFE(TEA)& 1L M. H 4R B2 HUA
ZEV R BR IR S ANTE A K ek, oK BR AT 155 Tk 4
BASAEEE 4 (162 ), 72F 92%. mp. 111~
112 C, [a]¥ +29.5 (¢ 0.5, DMSO), '"H NMR (300
MHz, DMSO-d;) d: 8.20~8.16 (m, 2H, ArH), 7.92 (d, J=
8.9 Hz, 1H, NH), 7.23~7.12 (m, 2H, ArH), 6.63 (d, J=
7.8 Hz, 1H, NH), 5.32 (d, J=8.2 Hz, 1H, H-1), 5.29 (s,
1H, OH), 3.87~3.77 (m, 2H, H-2, H-3), 3.70 (t, J=9.9
Hz, 1H, H-4), 3.62~3.45 (m, 3H, H-5, H-6a, H-6b), 1.80
(s, 3H, CH;CO), 1.45 (s, 3H, CMe-2a), 1.33 (s, 3H,
CMe-2b); *C NMR (75 MHz, DMSO-d) 6: 169.69 (C=
0), 162.04, 142.14, 125.87, 116.74 (ArC), 99.15 (C,
CMe,), 98.64, 73.71, 70.73, 67.27, 61.40, 56.14, 29.14
(CHs, CH;CO0), 23.09 (CH;, CH;COO), 19.19 (CHs,
CH;CO). HRMS caled for C;;H;N,O3 [M + H] ©
383.1449, found 383.1438.
325 2-TELAI-2-BLA-4,6-0-F 7 XK -3-0- K F
Bt Ak -B-D-it v &) ) A5 xF A A B (5) 69 A Ak

#12.1 g (31.7 mmol)H, &4 4 VT 40 mL JG/KHEIE
i, 0 CEAMRY T, BN 5.6 mL (48.6 mmol)
BzCl, <. 2 h. TLC [V(AMEE) @ M(LBR LER)=3 1]

Chin. J. Org. Chem. 2019, 39, 3490~3497
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RSN 58 4. 02 mL WS, [ROSAR RARTETE, Ll
IIER 5% VKRR SRR VRV J5 H R R 2, TRk
A EEAS (11.8 g), 7#F N T7%. mp. 191~192 C
[@]® +26.3 (¢ 0.5, DMSO); '"H NMR (300 MHz, CDCls)
5: 8.19~8.11 (m, 2H, ArH), 8.03~7.97 (m, 2H, ArH),
7.64~7.56 (m, 1H, ArH), 7.45 (t, J=7.6 Hz, 2H, ArH),
7.11~7.05 (m, 2H, ArH), 6.36 (d, J=9.3 Hz, 1H, NH),
5.65~5.52 (m, 1H, H-3), 5.39 (d, J=8.3 Hz, 1H, H-1),
4.55 (dd, J=18.8, 9.3 Hz, 1H, H-2), 4.12~3.99 (m, 2H,
H-4,H-6a), 3.89 (t, J=10.4 Hz, 1H, H-6b), 3.78~3.70 (m,
1H, H-5), 1.86 (s, 3H, CH;CO), 1.51 (s, 3H, CMe-2a), 1.38
(s, 3H, CMe-2b); “C NMR (75 MHz, DMSO-dy) o:
169.63, 165.47 (C=0), 161.74, 142.37, 133.51, 129.53,
128.80, 125.88, 116.87 (ArC), 99.57 (C, CMe,), 98.06,
72.85, 71.30, 67.15, 61.33, 53.76, 28.94 (CH;, CH;COO),
22.69 (CHs, CH;COO0), 19.14 (CH;CO). HRMS calcd for
CysH27N,O9 [M+H]" 487.1711, found 487.1698.
32.6 2-TEEAKA-3-O-KFBA2-BLA-B-D-"h H
E) b BH B 3 (6) 89 A Ak

¥ 8.5 g (17.5 mmol) & 5 ¥ T 75 mL VKBS RN
50 mL Z&1#/KH, 60 “ClElj 3 h. TLC(BHFHIA LR 4
B A I e 256 4. F R 5 IR RLAR R IR TR 2 SR AT
K, FHH O BRI R IR IRAR, 19 9.5 g ARp (ulFl {4 6 1)
=9, Mr=maErEZH e e @ V(CR lR)=
2 3 At E AR AEE 6 (6.5 g), 7% 83%. mup.
154~155 C, [a]¥ +32.4 (¢ 0.5, DMSO)[CHkfH: P
[@? +29.3 (¢ 0.5, FAfi)]. '"H NMR (300 MHz,
DMSO-ds) d: 8.25~8.15 (m, 2H, ArH), 8.04 (d, J=9.2
Hz, 1H, OH), 7.97~7.89 (m, 2H, ArH), 7.64 (td, J=7.8,
4.0 Hz, 1H, ArH), 7.51 (t, J=7.5 Hz, 2H, ArH), 7.26~
7.17 (m, 2H, ArH), 5.54 (d, J=5.5 Hz, 1H, NH), 5.44 (d,
J=8.4 Hz, 1H, H-1), 5.22 (dd, J=10.3, 8.5 Hz, 1H, H-3),
473 (t, J=5.6 Hz, 1H, H-2), 4.23~4.03 (m, 1H, H-4),
3.75~3.69 (m, 1H, H-5), 3.67~3.48 (m, 3H, H-6a, H-6b,
OH), 1.62 (s, 3H, CH;CO); *C NMR (75 MHz, DMSO-d;)
5: 169.42, 165.66 (C=0), 162.07, 142.18, 133.28, 130.12,
129.47, 128.69, 125.90, 116.84 (ArC), 97.78, 77.22, 76.53,
67.70, 60.24, 53.34, 22.76 (CH;CO). HRMS calcd for
CHyuN,0 [M+H]" 447.1398, found 447.1397.
327 2-CEBEAK-3,6-=-0-K TP Bt -2-BL & -p-D-1t
v F) B M AT A B (7) 89 A Ak

¥ 7.0 g (15.7 mmol)H. &4 6 T 50 mL Jo/K 4
FEEAT 20 mL JE/KHEREH, —10 CEARY T, 2218
N 20 mL & H A1 2.2 mL (19.2 mmol)ZE F L FUIR
GV, —10 ‘CKM 6 h. TLC [V(f i) - (LR Z
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BE)=1 : 1]kl [ 5684, NS mL HREL b B, B
IERZTREDN BN 5%k R E, H A/ ke
B, A AUAH 200 RN B R S R R A & bk vk, 6
IKBR RN T8 IR 4R VR 77145 7 KL=, k= &
IR OEREL WA AGEAK 7 6.7 g), 7% 78%. m.p.
235~237 C, [« +23.8 (¢ 0.5, DMSO); [k
P mp. 242~245 C, [« +13.7 (c 0.5, HH)];
'H NMR (300 MHz, CDCl3) ¢: 8.16 (d, J=9.2 Hz, 1H,
OH), 8.13~8.05 (m, 2H, ArH), 8.04~7.94 (m, 4H, ArH),
7.75~7.62 (m, 2H, ArH), 7.58~7.51 (m, 4H, ArH), 7.24
(d, J=9.3 Hz, 2H, ArH), 5.90 (d, J=6.1 Hz, 1H, NH),
5.56 (d, J=8.5 Hz, 1H, H-1), 5.38~5.23 (m, 1H, H-3),
4.64 (d, J=10.0 Hz, 1H, H-6a), 4.44 (dd, J=12.0, 6.8 Hz,
1H, H-6b), 4.19 (dt, J=14.4, 7.9 Hz, 2H, H-2, H-4),
3.82~3.74 (m, 1H, H-5), 1.67 (s, 3H, CH;CO); >C NMR
(75 MHz, DMSO-ds) 0: 169.58, 165.67, 165.57 (C=0),
161.69, 142.14, 133.54, 133.33, 130.03, 129.70, 129.53,
129.40, 128.79, 128.69, 125.65, 116.83 (ArC), 97.39,
76.20, 74.03, 68.39, 63.75, 53.29, 22.76 (CH;CO). HRMS
caled for CxyHyN,Opp [M + H] " 551.1660, found
551.1647.
328 2-TEEAHK-3,6-—-0-KFPEA2-BLA-L-D F
FUbE T B A B 3 (8) 89 & Ak

¥ 6.4 g (11.6 mmol)f. & 7 T 25 mL Jo/K =4
FGER 10 mL Jo/KMERE iR &R, —15 CRAMRY
T, Z218 M 20 mL — &R 5 mL =% BRI 4
WIR GV, —15 ‘CIM 1.5 h. TLC [V(f1 i) @ (&
g ClE)=1 : 1R M EA S, RNAK RS R &5
N S%MVKERER VR IS, F S A, A A S
AR IR Z AR AN ShKBER G, TEIRARER BIE
REE 7.3 g, HET T 0 M.

¥ 7.3 g (10.7 mmol) A L AR [E 747 T 40 mL T
{5 DMF 1, 1117.4 g (107 mmol) WA EZH, 0~25 C &M
16 h. TLC [V ) @ MR LED)=1 © 1R M 5
2Ja, SRR, AHUHRKBEG, TrRk4is
FREEAEY) 8 =4, A& 8 IAH =4 H
K R Z5 A3 R IR 4 8 (4.8 ), Kk ™4 8 &
g A B A EN VA MEE) @ V(LR LTR) -
NZE W R =22 D 115781305 gtb &8, &I LG
Y 8 3L 53 g, P RMAAIEN 82%. mp. 232~
234 C, [al¥ 42.8 (¢ 0.5, DMSO)[SCEAE:PY [a]%
+39.4 (¢ 0.5, PFfi)]; '"H NMR (300 MHz, DMSO-dj) 9
8.10~7.90 (m, 7H, ArH, OH), 7.77~7.45 (m, 6H, ArH),
7.24~7.17 (m, 2H, ArH), 5.62 (d, J=5.8 Hz, 1H, NH),
5.47 (d, J=8.5 Hz, 1H, H-1), 5.07 (dd, J=11.1, 3.0 Hz,
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1H, H-3), 4.68~4.32 (m, 4H, H-2, H-5, H-6a, H-6b), 4.22
(dd, J=6.2, 3.2 Hz, 1H, H-4), 1.72 (s, 3H, CH;CO); "°C
NMR (75 MHz, DMSO-dj) 8: 169.77, 165.67, 165.57 (C=
0), 161.80, 142.01, 133.55, 133.34, 129.70, 129.53,
129.41, 128.79, 128.69, 125.66, 116.76 (ArC), 97.83,
74.51, 72.87, 65.07, 63.85, 48.89, 22.92 (CH;CO). HRMS
caled for CpsHysN,Opp [M + H] © 551.1660, found
551.1648.
329 2-TEEAIK-3,6-—-0-K FELA-2-BLA-4-0-=
AT B B A - p-D-ere vl F SUAE T BE LB (9) 89 & Ak

$0.55 g (1.0 mmol)fb. 54 8 % T 6 mL Jo/K & H
FeAl 2 mL JKMEBERAE R, —15 CRARYT,
N 5 mL & H A 0.25 mL =5 FFEEER T VR
HW, —15 C/RM 1.5 h. TLC [V : M2
fg)y=1 : 1M RN 5EL)E, RMNAKRREH &S 5%
VKRR e G, H SR EEAEL, A A4 AR R
SNV AN ShoK PR gk, TR 1A% E I AR ]
#0.62 g, HFEEHT TP M.
3210 2-TEEAKE-S-Q-T B A H-3,4,6-=-0-T B
K 2-FL B -B-D-= v #) E) 4B A )-(1-4)-3,6- —-0-K F
Bt H -2- L R -4- B AX - - vt vl B B AR AT A A B 3R (10) 49
AR

Z23LHR[30, 36177741l %. % 0.363 g (1.0 mmol)¥
&Y 2% T 10 mL 67K DMF #,0 CF, M 40 mg
NaH(H P 60%H1 & &)= M 10 min, JIA 0.62 g
(0.91 mmo)IL AW 9 F1 1.0 g 73 FIii, BALY T, KM
14 h. TLC [V(&Mh) : M(LEE)=10 @ 10 N 5E 4 A,
W BEAR F BN A AR IR E AN I UOK R, AR R B
g, T8, IEUHA MR — ST B AUKOK TR 6
W, FERAFAE YA, AVUEE TR RN T8 W46
JE AR (U EE, B S SR A E AT VR - (L=
30 D 15 EAAGEE 10 210 mg), PR A 26%.
m.p. 209~211 C, [a]¥ +5.2 (¢ 0.5, DMSO); '"H NMR
(300 MHz, CDCl;) 6: 8.15~7.00 (m, 14H, ArH), 6.07 (t,
J=10.6 Hz, 1H, H-3), 5.90 (s, 1H, NHAc), 5.74 (d, J=8.1
Hz, 1H, H-1), 5.59 (s, 1H, NHAc), 5.16~4.90 (m, 4H,
H-1', H-3', H-4', H-6a), 4.70 (dd, J=12.4, 6.6 Hz, H-6b),
4.44~3.68 (m, 6H, H-2, H-2', H-5, H-5', H-6'a, H-6'b),
3.11 (s, 1H, H-4), 2.04 (s, 3H), 2.01 (s, 2H), 2.00 (s, 2H),
1.93 (d, J=7.7 Hz, 2H), 1.51 (s, 2H), 2.04 (s, 3H, OAc),
2.01 (s, 3H, OAc), 2.00 (s, 3H, OAc), 1.92 (s, 3H, NAc),
1.51 (s, 3H, NAc); >C NMR (75 MHz, CDCl;) 6: 170.56,
170.56, 170.08, 169.64, 168.93, 166.50, 165.60 (C=0),
160.95, 142.53, 133.79, 133.15, 129.64, 129.40, 129.27,
128.44, 128.36, 128.20, 125.28, 116.43 (ArC), 96.82 (CH,
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C-1), 82.14 (CH, C-1'), 75.77, 74.20, 73.58, 68.72, 67.89
(CH, C-3, C-3', C-4', C-5, C-5"), 63.67, 62.08 (CH,, C-6,
C-6"), 56.83, 52.22 (2X CH, C-2, C-2"), 46.39 (CH, C-4),
23.03, 22.34, 20.34, 20.26, 20.24 (CH;CO). HRMS calcd
for C4HyeN30,,S [M+H]" 896.2548, found 896.2556.
3211 2-TEAAK-S-2-T B & A -2-BL # -f-D-+7h
F B AE)-(1-4)-2-BL A -4-FAX -B-D-wit. v &) F) A5 2T 5K
A B (11)89 4 5%

#0.201 g (0.22 mmol)I{L &4 10 ¥ T 10 mL ik H
Jevsmoh, iR B 24 h. TLC [V(&A) @ N(ZEE)=6 :
VR R R AT 5842, IR g A F il 44 11 (0.102
g), FEH 81%. m.p. 215~217 C, [a]¥ +2.6 (c 0.5,
DMSO); '"H NMR (300 MHz, DMSO-d;) J: 8.31~8.18
(m, 2H, ArH), 7.93 (d, J=8.8 Hz, 1H, NHAc), 7.83 (d, J=
9.2 Hz, 1H, NHAc), 7.24~7.13 (m, 2H, ArH), 5.23 (d, J=
8.5 Hz, 1H, H-1), 5.10 (d, J=21.0 Hz, 3H, OH), 4.72 (d,
J=40.7 Hz, 2H, OH). 4.59 (d, J=10.3 Hz, 1H, H-1"), 3.80
(dd, J=18.1, 8.6 Hz, H-2, H-2', H-3, H-3', H-4', 5H),
3.68~3.10 (m, 6H, H-5, H-5', H-6a, H-6b, H-6a', H-6b"),
2.85 (dd, J=14.7, 7.4 Hz, 1H, H-4), 1.86 (s, 6H, 2 NAc);
3C NMR (75 MHz, DMSO-dg) J: 169.52, 169.49 (C=0),
162.32, 141.95, 125.88, 116.65 (ArC), 98.16 (CH, C-1),
82.75 (CH, C-1'), 80.95 (CH, C-5'), 77.29 (CH, C-5), 75.60
(CH, C-3), 70.76 (CH, C-3), 70.76 (CH, C-4"), 61.85,
61.24 (CH,, C-6, C-6'), 56.42, 55.23 (2X CH, C-2, C-2),
47.52 (CH, C-4), 23.16 (Ac). HRMS calcd for C,H; Ns-
01,8 [M+H]" 562.1701, found 562.1709.

3.3 pNP-TCB {EAEEERIAI M BRI

4 pNP-TCB, pNP-GIcNAc il pNP-(GlcNAc), T
KHEC A 5 mmol/L IR & W ; ¥ h v & IR
(Serratia marcescens))L '] JABF(EC 3.2.1.14)F1E I F oK
U5 B-N- 2T CBE i OfHex1 (EC 3.2.1.52)F0 ik FE N 5
mU/mL IBEZEMA 2 (pH 6.0). KA pH 6.0 HIFTHF
PR~ R 2 M I TR AR 7 TS I 22 96 FLBEEARAR
1E 37 C&MTHATIHE —EAfE, A 5 mmol/L A
Na,CO; & 11 B, JEEAG 405 nm (£ SMRIE R
RAFBEXT R I B ARG 1. A T BB A S o] B re
A BV AMR O, HEAT R IR SRS . A SIS 2 2 SOk
[37,38] /77447,

257 BIREEL 20, 40, 60, 80 pL LTV FE JL
TRBHEC 3.2.1.14) MM BIBEARAR Y, AR 75,
55, 35, 15 pL MIFTRIR-BE IR S (pH. 6.0), 285 7
SN 5 uL WA 5 mmol/L f) pNP-TCB J& W, *t HE4H.
i1 5 L JEEYIAN 95 uL Z2 P iBi(pH 6.0) M, 7E37 C T
A 30 min J5 i1 100 pL Y Na,CO; (0.5 mol/L)iAE £ 1k %
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i, FHBEARXAE 405 nm A T AT 58 ZRR AR (1R 5E .
BTG PRI 2 5250 B A — IR
3.4 pNP-TCB [R4IHIE—1H#5
341 HADVERAILT REFEC 3.2.1.14) % R E kA
8 M iR 5 M

B AAEREFRI TN 45 uL B R - RR 22 I
W(H 6.0), SAJEHKX5THIMAN 5 uL ) pNP-TCB.
pNP-(GIcNAc), Fl pNP-GlcNAc, )52 HIIIA 50 pL i
RV ER G LT BB R, X R A A (R i FE 1
Fr BT FR 2 VA (pH. 6.0). 1E37 CHMETHHE 1h
J&, 100 pL ] Na,COs5 (0.5 mol/L)¥ iRk 1k [ v, F
BEARAAE 405 nm PAS T E AH R AR ISE. B
TE PRI SR E R
342 | 2RI OfHex] BH(EC 3.2.1.52)% R &4
89 1 i &

ARSI BT 5256 7738 3.4.1 A5 s vk —
.

4 B4 Bl (Supporting Information) 1L&% 2 § 'H
NMR, “C NMR i, tb&4) 2", 3~11 ) '"H NMR, “C
NMR fil HRMS 3. XL sl a] Bh G 5 A1) R i
(http://sioc-journal.cn/) . N %K.
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