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Synthesis of galloyl glycoside compounds and their
complexation with metallic germanium
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Abstract: Gallic acid was modified to synthesize tribenzyl gallic acid and its acyl chloride, and then reacted
with D-arabinose, glucose and heptaazinose. After catalytic hydrogenation debenzyl, three galloyl glycoside
compounds, gallioyl-arabinose (V), gallioyl-glucose (V) and gallioyl-heptaazinose (IX), were obtained,
respectively. The structures of the synthesized intermediates and target compounds were confirmed by
'HNMR, ®CNMR and HRMS. The galloyl glycoside compounds were complexed with germanium (Ge*")
solution, and the complexes were obtained by centrifugation and freeze-drying. The germanium
concentrations in the centrifuged supernatants and the complexes were analyzed. The results showed that
the concentrations of Ge** in the supernatants were lower than that in the standard solution (10 mmol/L),
indicating that all three synthesized galloyl glycoside compounds could undergo complexation reactions
with Ge**, and form stable complexes which precipitate out. The optimal conditions for the complexation of
galloyl glycoside compounds and Ge*" were obtained as follow: pH of solution 2, temperature 50 °C,
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shaking time 2.0 h. The order of the complexation of Ge**, Fe** and Zn** with galloyl glycoside compounds
was Fe**>Ge**>Zn?*. Based on the adsorption amount of Ge**, the ability of the synthesized galloyl glucose
complex to bind Ge** was similar to that of gallic tannic acid, while that of gallic arabinose and gallic

heptaazinose was better than that of gallic tannic acid.

Key words: galloyl saccharide compounds; structural modification; germanium complexes; germanium

content; fine chemical intermidiates
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Fig. 1 Chemical structure of tannic acid
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Fig. 2 Schematic diagram of synthetic route

Z MR SCHk[18], Xk TG, K 20.0 g
(117.6 mmol ) GA . 40.0 g ( 289.4 mmol ) JC/K kKR
A, 100 mL DMSO Ml A% 500 mL = B, 7&
FAART R THE E 140 °C; FEZ212 3 in 100 mL
(840.8 mmol ) BnCI, #FZi)zNi 6~8 h, {2k
(TLC) BREEIN; RN 5E RS AR HI 2 25 °C;
R, BN R 1000 mL &K bR, ot g,
16 40 CHEFE R T4 12 h, 53 52.0 g KA A A

¥ 5.59 (98.0 mmol ) E 4 LHIA T 500 mL (KR L
D4 L EERUKIR AR R K A A
WP PEIETE 2 h, g, 78 40 CCHEFETP TS5 h
5, BEIAEEA, FH 60~90 °C A Mk H 4 fn,
#5521 gtk &9 T, 1% 83.4%.'"HNMR (600 MHz,
CDCls), d: 7.44~7.30 (m, 22H), 5.32 (s, 2H), 5.12 (d,

J=5.7 Hz, 6H); ®*CNMR (151 MHz, CDCl,), J: 166.01,
152.53, 142.44, 137.39, 136.64, 136.06, 128.63,
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128.58, 128.56, 128.27, 128.22, 128.14, 128.04,
128.00, 127.56, 125.14, 109.20, 75.14, 71.23, 66.80,
122 =FRE&xeTm (1) b

¥ 25.0 g (47.1 mmol) &% 1 &F 500 mL
=B, A 50 mL HEE, 7E 100 °C R /K ¥ [El
Ui, G2 1B N 40 mL KRS BCR 20%0) NaOH ¥k,
KW 2h, TLCREER N ; KRG, HARHEZER,
FIA 100 mL /KFBE, JF22 1% ik 2o 1 mol/L 1Y
e, VIARZR pH oA 3, WP I A AZRDINE,
wHug, 7E 40 CHEAET T 5h, 155] 206 g fbBY
I, Y% 99.3%., *HNMR (600 MHz, DMSO-dg), J:
7.47~7.23 (m,17H), 5.16 (s, 4H), 5.02 (s, 2H):

¥CNMR (151 MHz, DMSO-dg), §: 167.31, 152.47,
141.38, 137.84, 137.30, 128.90, 128.67, 128.56,

128.37, 128.05, 126.49, 108.62, 74.69, 70.64.
123 =FR&ZeFma () #am

¥ 5.0 g (11.4 mmol) tL&# % T 20 mL &
AR, 7 80 °CF Il S i 6 hs J2 v 5¢ B
T 76 R A 4 s 76 25 °C BL23 T4 T4 30 min
Jo, HIWRERLE R 4+ 1 0 FR R il BE TR 5 7 B 2%
i, 133 3.7 g HESHRME, EMEEWIT, W
71.4%. 'HNMR (600 MHz, CDCly), d: 7.47~7.08 (m,
17H), 5.09 (d, J=18.6 Hz, 6H).
124 EETBREGE (V) 6K

¥R 1.2 9 (4.6 mmol) (bW AT 4
Hge, A 1.1g (5.4 mmol) EDC 4k 30 min )5 ;
PRI A 60 mg (0.4 mmol ) D-PafHi{f4EH1 0.3 g
(2.46 mmol ) DMAP, f£ 60 °C FJ)i¥ 24 h, TLC
PRER RN 5 41ROV S AR N R AR, # RN
JeHIVREE N 1 mol/L MYERFRYE 2~3 ¥k, FHAH/KUE 3
W wh, MR OERARME LK TAE, A
MU JOK SRR e T4 fe , 08, W4 /57593 1.02 g
WIEEFEERTRR (V) LAY AR (B
XPHAE T AiA, DARFRLEA 4+ 1~8 + 1 (A kAl
LR CTRIRA T RE RN, Ve 2 e 5 78
{)k4s , 743 133.8 mg H AR, ELEY
IV, W% 18.2%, "HNMR (600 MHz, CDCly), o: 7.52~
7.19 (m, 68H), 6.20 (d, J=6.4 Hz, 1H), 6.03 (s, 1H),
5.85 (dt, J=5.8. 2.9 Hz, 1H), 5.81 (q, J=3.5 Hz, 1H),
5.11~4.97 (m, 20H), 4.77 (d, J=3.9 Hz, 4H), 4.37~4.18
(m, 2H); ®CNMR (151 MHz, CDCl;), J: 165.22,
165.18, 164.68, 152.78, 152.75, 152.66, 143.37,
143.29, 143.20, 143.13, 137.49, 137.41, 137.38,
136.44, 136.28, 128.67, 128.64, 128.59, 128.54,
128.50, 128.45, 128.42, 128.28, 128.26, 128.21,
128.17, 128.15, 128.08, 128.05, 128.00, 127.90,

127.86, 127.66, 127.62, 127.59, 124.18, 123.85,
123.78, 123.69, 109.56, 109.41, 109.28, 109.09, 93.22,

75.24, 75.22, 75.10, 71.27, 71.17, 70.88, 69.65, 68.32.,
# 100 mg ( 0.055 mmol ) fL&HIVET 20 mL

HEEF, A 30 mg 6k, T AT
12 h, TLC BRI/, U8, FFIEMLheRt 725 2 AL
Wwan)E, 135 20.8 mg HEFPRBAK, RIEAY
V., §it#% 50.5%. "HNMR (600 MHz, CD;0D), §: 7.12
(s, 2H), 7.03 (s, 2H), 6.95 (s, 2H), 6.91 (s, 2H), 6.03 (d,
J=7.7 Hz, 1H), 5.80 (dd, J=9.8. 7.7 Hz, 1H), 5.65 (dt,
J=3.8. 2.0 Hz, 1H), 5.62~5.59 (m, 1H), 4.20~4.11 (m,
2H); *CNMR (151 MHz, CD;0D), §: 165.98, 165.84,
165.82, 165.03, 145.20, 145.18, 145.04, 144.93,

139.31, 138.93, 138.84, 119.52, 119.08, 119.04,
118.58, 109.26, 109.06, 108.99, 93.13, 71.03, 68.83,

68.38, 64.73.HRMS, m/Z: [M+Na] i {4 781.0859;
i {H 781.0838,
125 &RTEER A (V) 696 m

¥ 230 mg (0.5 mmol ) fE&# M A 50 mL
RN, FEIIA 20 mL ZJiE . 128 mg ( 1.05 mmol )
DMAP, f5#+k 10 min J5, JilA 18 mg (0.1 mmol )
MW, AkLERN 18 h, TLC BRERSUN 3 BF KWK
ZETERE 7% ARG , A 3 mL G b i, K
WREN B3 U <k 2~3 cm JE YRR (300~400 H ) 2
TS, FARFR L R 4 ¢ 1 9 5 F B Fn T 2RI A7 77
ST RE MRS P TR e e T, U B IR 2 e
ZERAAKAE)S , 155 98.0 mg EFNE . & AR
Y, EMEEV, WK 42.8%., 'HNMR (600 MHz,
CDCls), §: 7.53~7.10 (m, 85H), 6.85 (d, J=3.6 Hz, 1H),
6.37 (t, J/=10.1 Hz, 1H), 6.25~6.04 (m, 1H), 5.87~5.73
(m, 1H), 5.63 (dd, J=10.3. 3.7 Hz, 1H), 5.18~4.76 (m,
30H), 4.64~4.42 (m, 1H), 4.34 (dd, J=12.2. 5.3 Hz,
1H); *CNMR (151 MHz, CDCls), J: 166.03, 165.78,
165.32, 165.06, 164.12, 152.80, 152.73, 152.68,
152.65, 152.61, 143.58, 143.39, 143.20, 143.12,
142.77, 137.61, 137.43, 136.84, 136.76, 136.56,
136.51, 136.43, 136.41, 136.37, 136.31, 128.74,
128.69, 128.67, 128.64, 128.62, 128.60, 128.58,
128.55, 128.52, 128.47, 128.45, 128.42, 128.38,
128.36, 128.28, 128.25, 128.20, 128.17, 128.12,
128.06, 128.00, 127.78, 127.75, 127.70, 127.68,

124.65, 123.81, 109.54, 109.48, 109.36, 109.22, 93.13,
90.40, 75.28, 75.24, 75.20, 75.19, 71.41, 71.34, 71.26,

71.24,71.21, 71.15, 71.10, 71.08, 71.04, 70.80,

¥ 50 mg (0.022 mmol ) tL&# VIET 20 mL
PRFREE R 10 1 Y B s O SRk TR A v 0] R 9
A 30 mg ik, FARSHFITHEAE 12 h, TLC
PRERRCN ; 1T, DRI AN R ARG, 155
19.0 mg A @ FHBRRA M, BIAEA 4 VI, 1% 92.6%.,
'HNMR (600 MHz, CD;0D), 6: 7.21 (s, 2H), 7.12 (s,
2H), 7.00 (s, 2H), 6.94 (s, 2H), 6.93 (s, 2H), 6.70 (d,
J=3.6 Hz, 1H), 6.13 (t, J=10.0 Hz, 1H), 5.71 (t, J=9.9
Hz, 1H), 5.50 (dd, J=10.2. 3.6 Hz, 1H), 4.57 (ddd,
J=10.2.3.8.2.3 Hz, 1H), 4.48 (dd, J=12.5.2.3 Hz, 1H),
4.39 (dd, J=12.6. 3.9 Hz, 1H); *CNMR (151 MHz,
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CD;0D), ¢: 167.91, 167.59, 167.06, 166.85, 165.94,
146.76, 146.47, 146.44, 146.34, 146.29, 140.77,
140.40, 140.36, 140.18, 140.01, 121.01, 120.35,
120.16, 120.13, 119.93, 110.49, 110.45, 110.41,
110.36, 110.28, 90.95, 72.01, 71.59, 71.57, 69.60,

63.01, HRMS, m/Z: [M+Na]"Bit{d 963.1074; il
X fH 963.1066,
126 EBETFBETREE (IX) 894K

¥ 1.2 g (3.03 mmol) TG I ¥ T
20 mL DMF 1, JiiA 1.03 g ( 5.37 mmol ) EDC ik
30 min J& ; FAKYOIMA B il %79 80 mg ( 0.42 mmol )
LIt A2 HERY 0.3 g (2.46 mmol ) DMAP, 7E 60 °C
NN 24 h, TLC M s b i Hh T oo /2 e
IR N, ARG HIE R, B SN e R N
1 mol/L MY ERMRYE 2~3 ¥k, FFH4liKYE 3 W )F,
R TR AV AN & SR K SEAT AR B, AR A LA,
FTOKBRRREE TS, 08, MBS hes: 75 kAU
R JE A B R AR (i X etk A7 alitk, H
RN 6 0 1~8 = 1 BBt FI 4R £ R A 71
VMG, VRN 28 e i 28 A AR 4R T8 )5, 7431 150.7
mg 7 BHPIR A4, B P VI, W% 15.8% . "HNMR
(600 MHz, CDCl3), 6: 10.08 (s, 1H), 7.64 (s, 1H),
7.51~7.13 (m, 25H), 5.23 (d, J=5.6 Hz, 1H), 5.17 (d,
J=3.1 Hz, 2H), 5.13 (s, 1H), 5.04 (d, J=6.1 Hz, 1H),
4.97~4.87 (m, 4H), 4.85 (d, J=5.6 Hz, 1H); *CNMR
(151 MHz, CDCls), d: 166.15, 165.54, 165.48, 165.44,
164.77, 152.77, 152.61, 152.57, 152.42, 142.99,
142.90, 142.85, 142.81, 142.74, 137.56, 137.46,
137.41, 136.70, 136.66, 136.37, 136.35, 136.23,
129.79, 128.61, 128.58, 128.52, 128.46, 128.39,
128.35, 128.28, 128.24, 128.21, 128.19, 128.12,
128.09, 128.06, 128.00, 127.91, 127.80, 127.74,
127.68, 127.66, 127.64, 127.60, 127.56, 124.75,
12452, 124.35, 124.15, 124.01, 109.26, 109.21,

109.17, 109.01, 108.86, 77.30, 77.09, 76.87, 75.19,
75.14, 75.03, 74.21, 71.98, 71.28, 71.21, 71.19, 70.96,

70.93, 65.32, 59.60, 48.89,,

# 100 mg ( 0.043 mmol ) L& VIliE T 20 mL
s, A 30 mg 6k, S ARSI )5
12 h, TLC MERR NG, ik, IEIRANER 75 &I
WA T 5155 31.9 mg EBRIR, RIfEAY
X, #% 61.7%., "HNMR (600 MHz, CD;0D), d: 7.93
(s, 1H), 7.07 (s, 2H), 7.05 (s, 2H), 6.93 (s, 2H), 6.87 (s,
2H), 6.86 (s, 2H), 6.02 (t, J=7.9 Hz, 1H), 5.64 (dd,
J=8.0. 2.9 Hz, 1H), 5.61~5.56 (m, 2H), 5.45 (s, 1H),
4.51 (dd, J=12.0.3.4 Hz, 1H), 4.43 (dd, J=11.9 .6.3 Hz,
1H), 3.44 (dd, J=14.6 . 3.3 Hz, 1H), 3.19 (dd, J=15.0
6.7 Hz, 1H); *CNMR (151 MHz, CD;0D), J: 180.89,
168.23, 167.52, 167.28, 167.16, 146.52, 146.50,

146.32, 146.27, 146.17, 140.12, 140.05, 139.96,
121.13, 120.69, 120.59, 110.43, 110.38, 110.23, 74.22,

72.98, 71.22, 70.33, 63.81, 63.18, HRMS, m/Z:

[M+H]"HEi8 {4 954.1571; i {4 954.1567,
13 HEMEREEEIR

WAL E DS Ge B T4 A . A HLERIE
3, Horh R MBTHAFRE . A0 I LT RS

OR

OH OH

O%H Ge*
RO o 1:_ - :CAcidic HO Oang:O
LIEASNE, W TENE OR

O
R=PTHLAAHE . HAH RO

LR T B

K3 Za PR A
Fig. 3 Schematic diagram of complexation mechanism

1.3.1 %A e R Lk

$ 0.52 g (2.39 mmol ) —EHALEEA 15 mL ke
PR, A 0.50 g AL EIEIRE, A 10 mL
gk, fFEafiis, FAWRE R 1 mol/L 6
T pH A 7. Mgk, E4EZE 500 mL
KEHT, BEWE N 10 mmol/L B Ge* ik,
R

¥ 195, 24.3, 245, 441 mgikE V. VI,
IX R A% 57 R A3 s T AR B %0 50% 1) H
BEOK WD, BC B BE 2 10 mmol/L A%,
-

] 15 mL BSO8R 2~4 Tk B R 41 2% vk
BEJE, A 8 mL Ge*' i ; ¥WoiiiHkE, ¥ 2 mL
FREHIAESY V. T XA 7T RIS
i E.cE R, RV T 2P, DIk R
1 mol/L RYELFR TS W 1 pH o4 2; b5, 7E 50 °C
EIREG S IEY 2 h, PAEVE; &, T
1100 r/min B0 10 min, Y& FiEW, TUEHEE
TAGERE 2 Ik, BAEL, FELER, B30,
£:-50 °CA T4 15 h J5 53] 3 @ AR K .

132 #®FHEE

el BE 440 33.3 mmol/L 19 Ge**. Fe**fil Zn**
FRUEVETR 50 mL, il 3.3 mL, JRA1ETSE] 3 F
WA 11.1 mmol/L BTR & 48 & FiA 9.9 mL,
B3 45

350K 2 mL MR EE A 10 mmol/L B4k &5 V VI,
XEBRMAZREEBE FHERT, HIREN
1 mol/L BYERERIATT pH K 2, 7 50 °CHEIRIRZ #%
R 2 h, PRI, BLOBUH DIRES7E 40 °CHE
e 2h, 4aEEEE VT, XS54 EE
TR g aY, R ICP-MS Xf F il 4459
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o Ge™ ARSI . FEIES (1) A (2) HEE
LR G Y25 TCE I 4K

%= (c, xVyy —¢; xV;) I (¢, xV,,) X100 (1)

W 1% = w; | <100 (2)

L p WEER, %; oo o AEERES . ETER

IWEE, mol/L; Vy. Vi WA HIRERD (8 mL ¥WE N

10 mmol/L By Ge* iAW +2 mL AT %0 50%HY

BEOKEW ) . LIHWRIER, L w RS EYTh 4

TCRM BRI, %; o AESBIELKSY I

H, mglg; o NEEEES SRS, my/g.

2 RS

21 EMERSW

TEXTR B F RS T R R DL S B
THBEART, PRSI E R E =Y, (H—Ik
HmE AR S e B gt Yy, X T IR E
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Table 1 Effect of different factors on enrichment rate

i pH 61°C th nl%
1 2 40 1.0 326
2 7 40 1.0 30.2
3 12 40 1.0 28.2
4 2 40 1.0 329
5 2 50 1.0 33.2
6 2 60 1.0 31.8
7 2 50 15 331
8 2 50 2.0 344
9 2 50 25 34.2
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Table 2 Germanium content and enrichment rate
HfETF Z=H

v k. TR YR
Ve /mg 1892 2103 2264 3832 0
W% b E:/mg 212 1.95 2.09 2.00 0
HafEi(mglg) 1116 92.9 90.7 52.6 0
T EERY% 364 335 35.8 34.3 0
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