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Abstract Sugar amino acids (SAAs) are carbohydrate derivatives bearing both amino and carboxylic acid functional
groups. SAAs represent an important class of multifunctional building blocks, which are amenable to serve as glycomimetics
or peptidomimetics with well-defined structures and useful properties. Because SAAs exist in nature in many forms with
various biological activities, recently, many unnatural SAAs, as the demand for finding new molecules to discover new drugs
and new materials, have been designed and synthesized by a number of research groups. In this paper, we have developed a
convenient method for the synthesis of novel SAAs gluco-7 and galacto-7 for the first time. The structure of gluco-7 was
similar to the natural SAA glucosaminuronic acid that was a component of many typical bacterial cell walls and could be
used for the preparation of type D flu vaccine; while galacto-7 was similar to the natural SAA galactosaminuronic acid that
was one of bacterial Vi-antigen components of Escherichia coli. Starting from unexpensive and commercially available
3,4,6-tri-O-acetyl-D-glucal and 3,4,6-tri-O-acetyl-D-galactal, two novel SAAs gluco-7 and galacto-7 were achieved in the
linear 6 steps with 34% overall yield and 19% overall yield, respectively. The key reactions included radical addition, decar-
boxylation, iodine generation reaction, azide reaction and reductive amination reaction. The crucial step was the synthesis of
the target compound gluco-7 from gluco-6. By using method A, the target compound gluco-7 was obtained in 4 steps with
63% overall yield. To optimize the transformation from gluco-6 to gluco-7, method B was developed to generate gluco-7 by
using one-pot reaction successfully with 76% yield only in one step. It proved that method B was superior to method A with
shorter steps and higher yields. All the new compounds were characterized by IR, 'H NMR, *C NMR and HRMS data. Study
on the synthesis and biological evaluation of linear and cyclic oligomers derived from gluco-7 and galacto-7 are currently in
progress.
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Figure 1 General structure of SAAs

HAR AR AE Z P R (B 2), i = 20
FERIF T REMERR, B2 N-BA O-Z b
AR KRKE, EAMUEAET AR, WEfE
bR AN R B 2w SERERE ) B A R, BA
AHMORG B TR AR R % PR U S R A
T2 AT EER). Siastatin B Q)£ MNEEH T E
RN RARE R EER, WU INE & B 7 I 1R g A
N- 2, B 4 48 S BRI 11 01 7701, Glucosaminuronic acid
(B)RAEN D BYFIEKIE MLAT TR 4H o BE AR e B4 o e
TR, W70 R IR AV 22 40 B A0 R BE ) AH R o 2 —,
FaT R, T D AR ATREE. Galactos-
aminuronic acid (4)7& KR B Vi U R B 57,
R4E Vi PrlE R IR 250 T8 KRy 1K
R 7T 9

OH OH CO5H
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HO 5 QOH
HaN Q OH HO NH
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Figure 2 Selected structures of naturally occurring SAAs
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KHIFER, —HLCRPF RN RS IHE R T 2 3ERR
PR IER, FRBIRIREIE I AR, B — 1 E K
FIFE R FLFR 1 Heyns 1 Paulsen T~ 1955 fEkiE, FEH
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R RAEERR A AR, R A EEE LW
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He-2- I S8 -D- 1 & B R ER TR, JF R ek e AR AN
HERR AN A K RS, 2 0k 5, ARk T £ I A
PR T AN TR 1R 07 V2R B B2 ) 22 R A D B 2 B TR
FACEY, 5 TATR A 55 B B T b 2 S A,

BT R E B glucosaminuronic acid (3)F1
galactosaminuronic acid (4)] ZAF/ETHR I H, HA
AW RPN PULRSEEY 2R, B, FRATIEL
BATAEAR, CLERAN 24531 3,4,6-0-= L1t -D- ] % B
1A 3,4,6-0-— L 5E-D-F- AR iR aa J5RE, it
G A M 4> 35 glucosaminuronic acid (3) Fl
galactosaminuronic acid (4)#H UL HE Z LR KL E D)
gluco-T 1 galacto-7, 43 7| F HAL i 42 T A3 T SE B 5L
WY, PRSI, PP ENTR G HRA 5RA
PE R EE R AL AR I A T Re . A E AN A
gluco-7 1 galacto-7 15 REHE5E.

2 HRSHE
2.1 B#rsEY gluco-T ARSI

H bRtk & gluco-7 K14 R 2R 4 B30 1 BT, AR
Bl (CAN) & — AN 12 B T AL SR H (1 B rL T
AT, BRATHTEARBE SRR TR CAN fEALA[F) 25
FIRIBEIS A &P R A H ISR N 5%, BERE
UFHICR AN 2 B SE TN =4 2-C- — R R FiE
WA gluco-2 WT LI FIMERLIR JFRNEAT 2 R Z FE1L
SR, AR SRR . BUE A I 2-C-BURE)
PR A Bk, LU 3,4,6-0-= B -D-F 2 G
(gluco-1) NHECLRFRL, Tt B IR AR SN 2 45
SN AT IS SR R A gluco-3 1M1 FEROR, glu-
co-3 il i LAk R, BEALBEUR 3 25 I N i 15
HHAAA gluco-6.

XFEARCEY) gluco-T WA AL, SATFRATRH
Method A 76 F BERI -G/ BLARY N RETIZ D OB Bk,
gluco-6 1E NaH Al BnBr W1 N [ NAF 3R B R 47
) gluco-8 (85%); Ja# £ PPhy HI/EH FidJR & LS5
BIRAEW) gluco-9 (89%); SRJA, FXTHEIEIAT LBE
BRI AF B EAK gluco-10 (95%); #JGTE H,, Pd/C 2%
P I BRF 315 B R IR BB gluco-T (87%). H
Je, N TR IR gk N 2k, RIS R A AL
BNIE SR E AT RN 3-C Fl 4-C IR B T FEAE S0,
AT gluco-6 NG RIS, T2 BB T 4
HEIE JF AL (Method B): gluco-6 1E PPh; FIAE F it JH 5
AR BRI G, AT B i, BEBH 8t
HAT ZREIEAR Y, B DL T6% 077 % s sh 152 B bRk
G gluco-7, UEWI LT 0T 4T HLAGIHE, AN s B i 2
4 BARE 1 2, Hi"% & T Method A (/=34
S EZR 63%).
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2.2 B#iE galacto-7 HIE K

Rk, WER 2 fiR, BA1SH gluco-7 W& T
%, L 3,4,6-0-= LT 5s-D-21- AW i (galacto-1) N if
JEkl, Zak | A, BRIl B, %4k
BNEUR AT —Havk it SR 2 Ak 6 28 I B D il A5 B AR &4
galacto-T (AR 19%).

3 g

BATRRE T —Ffai . A OB B 2 R 1
Jrik. AERTTES, AT Z 131 3,4,6-0-= L1
F-D-F BRI 3,4,6-0-= LR -D- LB A
£ CAN WEH Tl —2 3 &I 75 3 2-C-—
RIREEIFRMNEY) gluco-2 N galacto-2, LT MR i
Ll R, B AN —Bevkit IR A R B, DA

OAc OAc
a AcO
AcO O &ﬁ/
AcO cone

O/ﬁﬁ/OMe £ .

R EZP IR 6 D IHL TR EE IR gluco-T (BN 34%)
H1 galacto-T(2WE 19%) 15 Fk.

B FRBATE LA gluco-7 F galacto-T & HUIE,
PR 2T PRI SEREUA, JExT BT A s et
ATA AL

4 SKEERSY

41 NES5HHF

'H NMR Al °C NMR 437 i AVANCE 111 400 %%
WEFLIRACAE 400 MHZ #1101 MHz i %€, TMS NN FR. &
S HETE MALDI SYNAPT MS BR8] . 21 4h i
Kl NICOLET NEXUS 470 BI4T 44X, KBr & FriZ:
ME. 2 ZHT(TLC) M JZ T 70 mi e H L R 5 B
AR R EATRER GF254 BUEER AT 200~300

OH
0 d
H‘.}oﬁ%om <,
C02Me

CO,Me
gluco-1 MeO,C gluco-3 gluco-4
gluco-2
NHAc
0}
/%/ /%/OMG 4> H(|:.|)O OMe
COzMe Cco,Me Method B CO,Me
gluco-5 gluco-6 gluco-7
f /=% 2N\
& %
& 9
-
NH, NHAc
0 h BnO Q
B%%a%/ M thod A 7 OMe Method A BnO OMe
Co, M e CO,Me CO,Me
gluco-8 gluco-9 gluco-10

Reagents and conditions: (a) CAN, MeOH, DMM, 0 °C; (b) Lil, wet. DMSO, 180 °C (59% over two steps); (c) MeOH, MeONa, r.t.
(96%); (d) PPhs, ImH, I, THF, 65 °C (83%); (¢) NaN3, DMF, r.t. (95%); (f) NaH, DMF, BnBr, r.t. (85%); (g) PPh3/THF, reflux, 6 h;
then H,0, reflux, 6 h (89%); (h) Ac,0O, Py, r.t. (95%); (i) Hy, Pd/C, MeOH, r.t. (87%); (j) (1) PPh3/THF, reflux, 6 h; then H,O, reflux,

6 h; (2) Ac,0, Py, r.t. (76%).

B 1 WEEER gluco-T & MRS
Scheme 1 Synthesis and optimization of SAA gluco-7
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f o}
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Reagents and conditions: (a) CAN, MeOH, DMM, 0 °C; (b) Lil, wet. DMSO, 180 °C (50% over two
steps); (c) MeOH, MeONa, r.t. (83%); (d) PPhs, ImH, |5, THF, 65 °C (72%); (e) NaN3, DMF, r.t.
(87%); (f) (1) PPh3/THF, reflux, 6 h; then H,0, reflux, 6 h; (2) Ac,0, Py, r.t. (73%).

BR 2 FRER galacto-T WL
Scheme 2 Synthesis of SAA galacto-7
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421 TR 2-BLA2-C-[(FAFI)FHR]-3,4,6- =5 k-
B-D-F] B ¥% 3 (gluco-4) 494,

ER SR T, B ED gluco-3 (1.74 g, 4.62
mmol)¥& T T./K MeOH (46 mL)H, FIEBFE TN
NaOMe (5.4 mg, 0.1 mmol), =i M2/, TLC
MR} BT84 fa, MNP & T2 M 51 pH =
5~6, FimBEPE N M 10 min. JHIE, BEARRREF,
i PR A 2 #4546 (CHLCL, © MeOH=100 : 1—10 :
DHAEF A E A gluco-4 (1.11 g, 4.44 mmol, 96%). Ri=
0.29 (CH.Cl,/MeOH =10 : 1). '"H NMR (400 MHz,
Methanol-ds) 6: 1.95 (dddd, J=10.3, 8.8, 7.4, 4.7 Hz, 1H,
2-H), 2.38 (dd, J=15.2, 7.4 Hz, 1H, 7-H), 2.63 (dd, J=
15.2, 4.7 Hz, 1H, 7-H), 3.23~3.36 (m, 3H, 3-H, 4-H,
5-H), 3.46 (s, 3H, OMe), 3.66 (s, 3H, COOMe), 3.72 (dd,
J=4.0, 1.6 Hz, 1H, 6-H), 3.89 (dd, J=11.8, 1.6 Hz, 1H,
6'-H), 4.27 (d, J=8.7 Hz, 1H, 1-H); >*C NMR (101 MHz,
Methanol-ds) 6: 33.4 (C-7), 46.8 (C-2), 52.0 (CO-OMe),
57.3 (OMe), 62.9 (C-6), 72.8 (C-3), 76.0 (C-4), 77.9 (C-5),
105.4 (C-1), 175.1 (COOMe); IR (KBr) v: 3488, 2937,
1727, 1378, 1257 ecm '; HRMS ESI-TOF: [M+Na]*
calcd for C,;oH;307Na 273.0950; found 273.0967.

422 FHI34—HE 6-BLER-6-BER-2-PLEA-2-C[(F
FFHAR) T AK]-B-D-F] HAEF (gluco-5)89 5 A,

TSR T, B &9 gluco-4 (3 g, 12 mmol)¥
FJE/K THF (96 mL)H, Z R F KM PPh; (4.72
g, 18 mmol). ImH (1.63 g, 24 mmol), FHEZ 65 CHl
SR 10 min. 85 VAR 1, (4.56 g, 18 mmol)
767K THF (24 mL)&WR, W5, 4RZERR N 2 h
TLC Wik M se 4 i, WHIERIE, ik, ek
VTR, HH S A RE A E AT 46K (CHLCL, © MeOH=100 :
1-10 : 1), BB HEGFEAE gluco-5 (3.62 g, 10 mmol,
83%). R;=0.56 (CH,Cl,/MeOH=10 : 1). '"H NMR (400
MHz, Methanol-d;) J: 1.97 (dddd, /J=10.8, 8.4, 7.3, 4.7
Hz, 1H, 2-H), 2.40 (dd, J=15.2, 7.3 Hz, 1H, 7-H), 2.64
(dd, J=15.2, 4.7 Hz, 1H, 7"-H), 3.10~3.19 (m, 2H, 6-H,
6'-H), 3.30~3.37 (m, 3H, 3-H, 4-H, 5-H), 3.49 (s, 3H,
OMe), 3.68 (s, 3H, COOMe), 4.33 (d, J=8.7 Hz, 1H,
1-H); *C NMR (101 MHz, Methanol-d;) d: 6.8 (C-7), 33.3
(C-2), 46.9 (CO-OMe), 52.0 (OMe), 57.4 (C-6), 75.5
(C-3), 76.6 (C-4), 76.6 (C-5), 105.1 (C-1), 175.0
(COOMe); IR (KBr) v: 3473, 2931, 1708, 1442, 1274
cm '; HRMS ESI-TOF: [M+Na]" calcd for C,oH;7104Na
382.9968; found 382.9914.
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423 FH34- 5K 6-BLA-6-F R-2-PLA-2-C-[(F
FFHA) T HK]-B-D-F) 245 3 (gluco-6) 896~ A%,

BB gluco-5 (238 mg, 0.66 mmol)i T /K
DMF (13 mL)H, #ii#: F A NaN; (172 mg, 2.65
mmol), Fif N 24 h. TLC Y ER R N 52 45, A
MeOH KN, FEARBRIE I, AH & FH AR A E A afifh
(CH,Cl, : MeOH =100 : 1—10 : 1), 33 4 [ 1%
gluco-6 (173 mg, 0.628 mmol, 95%). R; = 0.24
(CH,Cl,/MeOH=20 : 1). '"H NMR (400 MHz, Metha-
nol-d,) d: 2.02 (dddd, J/=10.8, 8.7, 7.3, 4.7 Hz, 1H, 2-H),
2.45 (dd, J=15.2, 7.3 Hz, 1H, 7-H), 2.68 (dd, J=15.2, 4.7
Hz, 1H, 7'-H), 3.25~3.29 (m, 1H, 6-H), 3.31~3.40 (m,
3H, 3-H, 4-H, 5-H), 3.51 (s, 4H, OMe, 6'-H), 3.72 (s, 3H,
COOMe), 4.37 (d, J=8.7 Hz, 1H, 1-H); *C NMR (101
MHz, Methanol-d;) o: 33.3 (C-7), 46.7 (C-2), 52.0
(CO-OMe), 52.9 (OMe), 57.2 (C-6), 73.7 (C-3), 75.7
(C-4), 77.3 (C-5), 105.2 (C-1), 175.0 (COOMe); IR (KBr)
v: 3488, 2929, 2094, 1712, 1272 cm”'; HRMS ESI-TOF:
[M+Na] " caled for C;oH;;N;04Na 298.1015; found
298.1049.

424 T34 =5 -6-PLA-6- LHLRAKL-2-BLA-
2-C-[(F EF &) F HK)-4-D-F) B4 3 (gluco-7) 896 M

Method B: ¥4b& Y0 gluco-6 (103 mg, 0.37 mmol)
W T Jo7K THF (7 mL), ZRBEHE T PPhy (291 mg,
1.11 mmol), FHEZE 65 CEIIN 6 h. SRJ5 A [ M
NN H,O (0.08 mL, 4.44 mmol), 4k4E[RSM 6 h.
TLC WS ER R R Se 4, WEIE R, Mg, ek
VA, TR E T K Py (3.6 mL), EIEHEE TN
A Ac,0 (1.8 mL), JZ 10 min. TLC Y5 FARF SN 578 4=
Jei, TEZE R, R & RE R AR 2 A 4l 4k (CHLC,
MeOH =300 : 180 : 1), 32| H K gluco-7 (81
mg, 0.28 mmol, 76%). Re=0.39 (CH,Cl,/MeOH=10 : 1).
'"H NMR (400 MHz, Methanol-dy) J: 1.87 (ddq, J=8.4,
4.6,2.0, 1.2 Hz, 1H, 2-H), 1.93 (s, 3H, -Ac), 2.30 (dd, J=
15.2, 7.5 Hz, 1H, 7-H), 2.56 (dd, J=15.1, 4.6 Hz, 1H,
7'-H), 3.00~3.08 (m, 1H, 6-H), 3.17~3.28 (m, 3H, 3-H,
5-H, 6-H), 3.38 (s, 3H, OMe), 3.53 (dd, J=14.1, 2.8 Hz,
1H, 4-H), 3.59 (s, 3H, COOMe), 4.19 (d, J=8.7 Hz, 1H,
1-H); C NMR (101 MHz, Methanol-d;) 0: 22.4 (C-7),
33.4 (-CO-CHj3), 41.8 (C-2), 46.8 (CO-OMe), 52.0 (OMe),
57.3 (C-6), 74.0 (C-3), 75.3 (C-4), 75.9 (C-5), 105.4 (C-1),
174.0 (-COCH;), 175.1 (COOMe); IR (KBr) v: 3502,
3309, 1718, 1641, 1072 cm™'; HRMS ESI-TOF: [M—H]~
caled for Cj,H, NO; 290.1240; found 290.1228.

425 FAR2BA2-C-[(FEKL) T A]-3.4,6-=#HK-
B-D-F3UAE 3 (galacto-4) 494

WEY) galacto-4 W& WTTIE AN gluco-4. LA

galacto-3 (1.68 g, 4.46 mmol) NELah JFRl, 133 Al
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& galacto-4 (0.93 g, 3.7 mmol, 83%). R; = 0.38
(CH,ClyMeOH=10 : 1). 'H NMR (400 MHz, Chloro-
form-d) J: 2.27 (dddd, J=11.8, 8.5, 7.4, 4.6 Hz, 1H, 2-H),
2.38 (dd, J/=15.0, 7.5 Hz, 1H, 7-H), 2.64 (dd, J/=15.0, 4.7
Hz, 1H, 7'-H), 3.48 (s, 3H, OMe), 3.50 (dd, J=2.7, 1.4 Hz,
1H, 3-H), 3.68 (s, 3H, COOMe), 3.73~3.83 (m, 3H, 4-H,
6-H, 6'-H), 4.23 (d, J=8.6 Hz, 1H, 1-H); °C NMR (101
MHz, Chloroform-d) ¢: 33.4 (C-7), 42.3 (C-2), 52.0
(CO-OMe), 57.3 (OMe), 62.7 (C-6), 69.2 (C-3), 73.2
(C-4), 76.7 (C-5), 106.0 (C-1), 175.5 (COOMe); IR (KBr)
v: 3467, 2956, 1716, 1313, 1047 cm™'; HRMS ESI-TOF:
[M + Na] * caled for CyoH;30;Na 273.0950; found
273.0952.

42,6 FH-3,4-—HHK-6-BLA-6-BR-2-BLA-2-C-[(F
I F I ]-B-D-F 348 (galacto-5) 96,

WAEY galacto-5 W& TG gluco-5. LA
galacto-4 (137 mg, 0.55 mmol) AL asE R}, 153 fH
1k galacto-5 (140 mg, 0.39 mmol, 72%). Ry = 0.52
(CH,ClyMeOH=10 : 1). '"H NMR (400 MHz, Chloro-
form-d) J: 2.11 (dddd, /=11.3, 8.8, 6.4, 5.2 Hz, 1H, 2-H),
241 (d, J/=7.0 Hz, 1H, 6-H), 2.54 (dd, /=16.0, 6.4 Hz,
1H, 7-H), 2.63 (dd, J=16.0, 5.2 Hz, 1H, 7'-H), 3.13 (d,
J=8.1 Hz, 1H, 6'-H), 3.36~3.42 (m, 1H, 3-H), 3.52 (s,
3H, OMe), 3.61 (td, J=7.0, 6.6, 1.1 Hz, 1H, 4-H), 3.69 (s,
3H, COOMe), 3.97 (ddd, J=7.1, 3.3, 1.1 Hz, 1H, 5-H),
4.17 (d, J=8.7 Hz, 1H, 1-H); *C NMR (101 MHz, Chlo-
roform-d) ¢: 29.8 (C-7), 38.3 (C-2), 49.5 (CO-OMe), 54.7
(OMe), 66.2 (C-6), 70.4 (C-3), 72.6 (C-4), 74.8 (C-5),
101.2 (C-1), 171.5 (COOMe); IR (KBr) v: 3303, 2952,
1727, 1432, 1249 cm™'; HRMS ESI-TOF: [M+Na]”
calcd for C;gH;10¢Na 382.9968; found 382.9977.

427 FHA-34-—HK-6-BLA-6-F R-2-BLA-2-C-[(F
I F IL]-B-D-F 38 (galacto-6) 496~ A,

WEY galacto-6 HIH ITEFMGEY) gluco-6. LA
galacto-5 (1.2 g, 3.33 mmol) A#CiGJF kL, 1593 (1 (fEH 14
galacto-6 (0.8 g, 2.9 mmol, 87%). R;=10.47 (CH,Cly/
MeOH=20 : 1). '"H NMR (400 MHz, Chloroform-d) o:
2.17 (dddd, J=11.3, 8.7, 6.4, 5.2 Hz, 1H, 2-H), 2.55 (dd,
J=16.0, 6.4 Hz, 1H, 7-H), 2.64 (dd, /=16.0, 5.2 Hz, 1H,
7'-H), 2.73 (d, J=6.3 Hz, 1H, 6-H), 3.28 (dd, /=12.9, 4.1
Hz, 1H, 6'-H), 3.33~3.40 (m, 1H, 5-H), 3.51 (s, 3H,
OMe), 3.62 (ddd, /=38.2, 4.1, 1.1 Hz, 1H, 3-H), 3.70 (s,
3H, COOMe), 3.71~3.76 (m, 1H, 4-H), 4.20 (d, J=8.8
Hz, 1H, 1-H); BC NMR (101 MHz, Chloroform-d) o: 32.4
(C-7), 409 (C-2), 51.4 (CO-OMe), 52.0 (OMe), 57.1
(C-6), 68.4 (C-3), 72.6 (C-4), 74.3 (C-5), 103.7 (C-1),
174.2 (COOMe); IR (KBr) v: 3407, 2944, 2098, 1735,
1440 cm ™ '; HRMS ESI-TOF: [M + Na] " caled for
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C1oH17N304Na 298.1015; found 298.1049.
428 FHA-34-—FK-6-BLEA-6-TLBERIL-2-BLA-
2-C-[(F 83 F A ]-B-D-F 348 (galacto-T) 494 A,
WEY galacto-7 W& RITE AN gluco-T. LA
galacto-6 (124 mg, 0.45 mmol) AL A ERL, 753 A o[
& galacto-7 (96 mg, 0.33 mmol, 73%). Ry=0.24 (CH,Cl/
MeOH=10 : 1). '"H NMR (400 MHz, Chloroform-d) §:
1.99 (s, 3H, -Ac), 2.25 (dddd, J=11.7, 8.7, 7.4, 4.7 Hz,
1H, 2-H), 2.37 (dd, J=15.1, 7.4 Hz, 1H, 7-H), 2.62 (dd,
J=15.1, 4.7 Hz, 1H, 7"-H), 3.31~3.40 (m, 2H, 6-H, 6'-H),
3.47 (s, 3H, OMe), 3.49~3.59 (m, 2H, 4-H, 5-H), 3.65 (d,
J=3.3 Hz, 1H, 3-H), 3.67 (s, 3H, COOMe), 4.20 (d, J=
8.7 Hz, 1H, 1-H); *C NMR (101 MHz, Chloroform-d) ¢:
22.5 (C-7), 33.3 (-CO-CH,), 41.5 (C-2), 42.1 (CO-OMe),
52.0 (OMe), 57.2 (C-6), 69.5 (C-3), 73.0 (C-4), 74.3 (C-5),
105.8 (C-1), 173.8 (-COCHj3;), 175.4 (COOMe); IR (KBr)
v: 3318, 2937, 1731, 1646, 1047 cm'; HRMS ESI-TOF:
[M + Na] " caled for C;,HyNO;Na 314.1216; found
314.1211.
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