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Abstract

glycoside nucleotide analog, which can be used as a chemical handle for bioorthogonal reactions, and has extensive

Uridine diphosphate-6-deoxy-6-azido-a-D-galactose ( UDP-a-6-N,-Galactose ) is an important

application value in glycobiology research. In this study, an efficient chemical-enzymatic synthesis route was
developed, starting from a-1-O-benzyl galactose, and o-1-phosphoryl galactose derivatives were constructed with
high selectivity through an oxidation step. This method effectively avoids the problems of isomerization or
configuration inversion that are prone to occur in the traditional synthesis of sugar-1-phosphate. We then directly
applied the derivative to the enzymatic coupled reaction catalyzed by UDP-sugar pyrophosphorylase. This chemical-
enzymatic route combines the flexibility of chemical synthesis with efficiency and stereoselectivity of enzymatic
reactions, featuring simple operation and yielding the targe product in 31% overall yield. It provides a reliable
preparation pathway for unstable glycoside nucleotides containing azide functional groups and lays a material
foundation for the subsequent study of glycosylation mechanisms based on click chemistry and the labeling and
tracing of glycan chains.

Keywords UDP-a-6-N;-Galactose, Chemical-enzymatic synthesis, Azide.
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Tab.1 Optimization of benzyl deprotection reaction to synthesis

ACO N3 Deprotection AcO N3
O —» )
AcO AcO
ACOOBn AcO OH
Entry Catalyst Catalyst ratio Solvent® Temp Time Anzrzﬁri{:)r:ilio Yield%*
1 pd/C 10mol% THF RT >10d 3:1 20%
2 pPd/C 20mol % THF RT >5d 3:1 50%
3 Pd(OH),/C 10mol % THF RT >7d 3:1 30%
4 Pd(OH),/C 20mo/ % THF RT 1. 5h 5:1 65%
5 NaBr0,/Na,$,0, 3eq/3 eq EA:H,0(1:1) 0°C—RT >7d 10:1 78%
6 NaBr0,/Na,$,0, 4 eq/6 eq EA:H,0(1:1) 0°C —RT - NA -
7 NaBr0,/Na,S,0, 6 eq/4 eq EA:H,0(1:1) 0°C—RT 15h 10:1 90%

(a) RIS 0.2 mol/ L (b) SeAb A LU 181 i A% RE IR S I A 5 (o) ML IR
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50mL Ak BE oSS SR AR, T 0C T A 2. 1g
(11mmol ) Xf I ILAME LS IR A WTEZEIR T A K
FHEIEBERE R . HAE 0°C FANA 45mL M
M 45mL ZTREF, IR AW A R THE 2 = E I+
W, I R O (TLC, A M BE 2 1R 21 =
2:1,R,=0.5) %t 5 N AR EA T W, 15 52 52 B
JETE 0°C A 45mlL IR Wedi, sk £
iz 2 TG Vs i, 4% 9 1. Omol/L HCL ¥ W . 1L
NaHCO, ¥ /1A NaCl ¥ 2K, A HLZ 40
7K Na,SO, T4 4, fe)a Zer et oy g alifbas
F 4. 5¢ HEFEIRLS Y 2 (YK 82%) ,'H NMR
(500MHz, CDCl,) 8:7.76 (d, J = 8.3Hz,2H),
7.38~7.27(m,7H),5.39(d, J=2.4Hz, 1H),
5.33(dd, J=10.8,3.4 Hz, 1H),5.11(d, J =
3.7Hz,1H),5.07(dd, J= 10.8.3.7 Hz, 1H),
4.66(d,J=12.2Hz, 1H),4.47(d, J = 12. 2Hz,

1H) ,4.24(1,J=6.1Hz,1H) ,4.04(dd,J = 10.2,
6.9 Hz,1H),3.97 (dd,J= 10.2.5.8 Hz,1H),
2.44 (s,3H),2.04(s,3H),2.01(s,3H),1.95
(s,3H);"”C NMR ( 126MHz, CDCl, ) §: 170.27,
170.01,169. 89, 145. 19, 136. 63, 132. 53, 129. 96,
128.52, 128.15, 128.03, 127.95, 95.25, 69. 99,
67.91,67.87, 67.42, 66.8, 66.4, 21.67, 20.71,
20.63, 20.51; HRMS, m/z; C,,H,NaO,S [ M +
Nal*, FHiS{E 573. 1401, 520{H 573. 1403,
&Y 3.5 2. 2g(4. Ommol ) fL &9 2 A
10mL Jo7K DMF H1 58535 , T 0°C T A 520mg
(8. Ommol ) Z A ALHHHI 88mg (0. 4mmol ) 15-5-5,
REWIEER T ARTHEIF SOV, il TLC
(Al R ZEE=1:1,R,=0.7) XF S HEFE
AW, FRBEEE A BE TR B ik T G R &
TS i, AR NaCl ¥ W A B, A HLJZE 4 T8 K
Na,SO, T W4, Incfa Srk i kE o 5 alifb 15 2
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1. 3g AR AR &9 3 (W% 78%) .'H
NMR (500MHz, CDCl,) 6:7.39~7.29(m,5H),
5.43~5.36(m,2H),5.19(d, J=3.7Hz, 1H),
5.13(dd, J=10.5.3.7 Hz, 1H),4.77 (d, J =
12.2Hz,1H), 4.58 (d, J = 12.2Hz, 1H) , 4.20
(mlH),3.40(dd, J=12.8.8.2 Hz, 1H),3.12
(dd,J=12.9 4.4 Hz,1H) ,2.15(s,3H) ,2. 04 (s,
3H),1.98(s,3H);”C NMR (126MHz,CDCL,)$§:
170.22,170. 18, 169. 90, 136. 73, 128. 52, 128. 14,
127.99, 95.17, 69.93, 68.94, 68.20, 67.94,
67. 60, 50. 69, 20. 68, 20. 61, 20. 59; HRMS, m/z:
C,oHyN,NaOg [ M+Na ", B {H 444. 1377, 520
{l 444. 1378,

fbEW 4.6 1.3g(3. Immol ) L &9 3 Wit
T 7.6mL 4R L BR, N A% 2.8¢ (18. 6mmol )
NaBrO, (I7KIEW (3. 8mL) , F T 0°C FZE 18 fm A
% 2. 1g Na,S,0,( 12. 4mmol ) A 7K WK (3. 8mL) |
THE Z IR FRIZERE 15h, g TLC (£ it/
LFR MR/ HEE=10:10:1,R,=0. 4) X 52 i AL
PEAT WS, RN 56 58 5 R 4R, TR iR v U AR A
25mL &K & B, F 0C T im A 1.3mL
(4. Tmmol ) X ( 2-F L FE ) -N, N- 55 74 & 3TV i Pk
e F1 1. 1g (9. 3mmol ) 4, 5- %0 JE Bk mk | $if $f
30min, FF 0°C FAIA 2. 3mL( 12. 4mmol ) LT
Fe B AL A, IEHE K 30min, @it TLC (2R &
fis/ R/ 7K =20:3: 2, R, =0.7) % [ gL HEAT
W, 2 5E S 5 FAR AT NaHCO, S0, A
LR CTRIG A3 7K ARFD NaCl WA HL, A 1L
JRZTCIK Na,SO, T4 s, It Sephadex
LH-20( Z i/ — @ Fbe=2:1) 2lifk5 3] 801mg J&
BRI AL & 4 (BCR 5%, /B =5/
1) ,'"H NMR(500MHz,CDCI,)6:5.94(dd, J=6.4.
3.4 Hz,1H),5.43(d,J=2.2Hz,1H) ,5.30(dd,
J=10.93.2 Hz,1H),5.21(m, 1H) ,4.41 ~4.16
(m,5H),3.46(dd, J=13.0.8.2 Hz, 1H),3.23
(dd,J=13.0.4.3 Hz,1H),2.84~2.71(m,4H) ,
2.13(s,3H),2.07(s,3H),1.96(s,3H) ;*C NMR
( 126MHz, CDCl, ) & 170.02, 169.96, 169. 90,
116.46, 116.44, 95.28, 70.41, 68.14, 66. 80,
66. 65,62.72,50.49,20. 66,20. 57,20.55,19. 64,
19.58;"P NMR ( 202MHz, D,0) &: - 3.81;
HRMS, m/z: C,H,N,0,,P [ M-H ], B i 1
516. 1294, 5L 516. 1297,

&M 5.8 801mg( 1. 3mmol ) 1L& 4 4 it

T 4mL PUEERE 3, T 0°C A 200l DBU, 1k
FEWR P 2h, W TLC(RIFH]: 2R L HE/
HfE/ 7K =20:3:2,R,=0.3) Wil 5z i EFE, F5 [2
N 5E R e 4, 8 1 Sephadex LH-20 ( Z M/ — &,
e =2:1) aifbfs 2] thag, B R T 0°C T
WERAE 4mL 20K FHER 2 = T Sh, 8
it TLC M (JRFFH] . &R L Wi/ W BE/ 7K =5:3:2,
R, =0.3) W5 Sz i gk /% | B SO 58 B Vi 4 | a5k
P2 FEXF R A T4l AL, 153 415mg HE IR IL S
s (&R 9%, /B = 15/1).'H NMR
(500MHz,D,0)8:5.47(dd,J=7.3.3.6 Hz,1H),
4.22(m,1H) ,4.00~3.97(m,1H) ,3.91(dd,J=
10.3.3.4 Hz,1H),3.77~3.72(m, 1H) , 3. 60 ~
3.46(m,2H) ;"C NMR(126MHz,D,0) §:93.99,
69.40, 69.35, 69.18, 68.84, 50.49;"'P NMR
( 202MHz, D,0 ) &: 1.85; HRMS, m/z;
C,H,N;NaO,P [ M+Na]" HiB{H 308. 0255, 5]
{# 308. 0254

AW 6.8 400mg (1. 3mmol) tb&H) 5 5
50mmol/L Tris-HCl ZZ 4 (pH=7.5) 1. 1g UTP |
10mmol/L G AbEE 4. S5mg WL B4 il ( AtUSP) F1
0. 2mg TCHLEEBEFREE ( PPA) IR A, 7 37°C F kAT
WEE RN, it TLC (BRI . LR LR/ H s/ K
=5:3:2) XF O kAR AT W, A S 5 B
AVK AR o B0 bR B AN DUNE , PRl 13
WA 3 R M e B A RN S AR ke AT Al
b, 1% 3] 745mg H A BRI S W 6 (U F
90%)."H NMR (500MHz, D,0) 6:7.98 (d,J=
8.2Hz,1H) ,6.00(d,/=8.0Hz,1H) ,5.99(d,J=
4.9Hz,1H) ,5.64(dd,J=7.2.3.6 Hz,1H) ,4.39
(t,J=4.3Hz,1H) ,4.33 ~4.18 (m,3H), 3.93
(dd,J=10.3.3.3 Hz,1H),3.80(m, 1H),3.58
(dd,J = 12.7.7.3 Hz,1H) ,3.48(dd,J=12.8,
6.1 Hz,1H) ;"C NMR (126MHz,D,0)8:165.77,
151. 35, 141.18, 102.17, 87.96, 82.76, 73.32,
69. 65, 69.14, 68.72, 68.69, 67.81, 49.80;'P
NMR (202MHz,D,0) 6:-11.12,-12. 85; HRMS,
m/z:CsH,N, O P, [ M-H ™ BB H 590. 0542, 5%
MAE 590. 0545,

3 RS

ABFFETF R T — 2k B SRR PRI S W a-
MR- 1-BARTRR 1) IS 2 12 B 2 ) S R AR T
TR L AR A IR, O B R BT 6-N,-UDP-
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