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4a  R = CH2CH2Ge(CH3)3
4b  R = CH2CH2CH2CH3

3a  R = CH2CH2Ge(CH3)3
3b  R = CH2CH2CH2CH3

Reagents and Conditions: (a) DCC, NHS, CH2Cl2, rt, 16 h. (b) 1a or 
1b, K2CO3, Acetone, 50 oC, 16 h. (c) TFA, 10%Pd/C , H2, EtOH, rt, 4 h.

Scheme 1. The synthetic routes to the ascorbic acid derivatives (4a,
4b) conjugated with organogermanium

Table 1. Radical scavenging activity of ascorbic acid and its derivatives
against DPPH

Compound Scavenging Activity (%) 
at 0.1 mM EC50 (μM)

Ascorbic Acid 89.3 ± 0.4 23 ± 1
4a 62.5 ± 0.9 60 ± 2
4b 19.0 ± 0.9 -

L-Ascorbic acid, also known as vitamin C, is one of the po-
tent naturally-occurring antioxidants in a biological system.1 
Although ascorbic acid has a range of physiological and pharma-
cological functions, its solubility hinders its applications to re-
duce the reactive oxygen species (ROS) levels in vivo. Ascorbic 
acid is a water-soluble vitamin, and its poor liposolubility limits 
the cumulative amount of ascorbic acid in the cells after per-
meating through the cell membrane. Therefore, modification 
of the hydroxyl groups of ascorbic acid with long-chain fatty 
acids was developed to improve its liposolubility.2-4

Recently, a novel ascorbic acid derivative (Ge-Vit) conju-
gated with hydrophobic organogermanium was also prepared 
to improve the level of cell penetration.5,6 The antioxidant acti-
vity of this conjugated compound was expected to be improved 
by the combined effects of ascorbic acid and organogermanium 
because organogermaium compounds have been reported to 
enhance immune response,7 which may be due to its antioxi-
dant effects.8 The results showed good radical scavenging ability 
and attenuation of the inflammation in vivo.
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However, instability of Ge-Vit, such as the susceptibility of 
ascorbic acid to thermal and oxidative degradation, also makes 
it difficult to maintain its physiological value over long periods 
of time. To solve this problem, a number of stable ascorbic 
acid derivatives have been developed by modifying the 2-hy-
droxyl group of ascorbic acid.9-14 Therefore, in the present study, 
an organogermanium-conjugated ascorbic acid at the C-2 po-
sition was designed and investigated its antioxidant effects.

The efficient preparation of the ascorbic acid derivative con-
jugated with organogermaium proved to be straightforward. 
The acids were treated with NHS in the presence of DCC to 
produce the corresponding active esters 1a, b. And the vitamin C 
derivatives 3a, b were prepared independently by reaction of 
ascorbic acid and the active esters 1a, b following the literature 
procedure in ~90% yield.15 After deprotection of the acetonide 
group by TFA and hydrogenolysis of the benzyl group in the 
presence of Pd/C, the resulting crude products were recrystal-
lized in a hexane/ethyl acetate solution to produce the final pro-
ducts in good yield (Scheme 1).16 

The free radical scavenging activity of the ascorbic acid 
derivatives was then measured using a DPPH assay reported 
in the literature.17 When the scavenging activity of each com-
pound was quantified by the decolorization of DPPH at 516 nm 
after 30 min-incubation at 25 oC, compound 4a exhibited radical 
scavenging activity, even though its activity was lower than 
that of ascorbic acid (Table 1). Stable 2-O-substituted ascorbate 
derivatives generally have little scavenging effect.4 This result 
also shows that ascorbyl 2-pentanoate 4b has only limited acti-
vity, indicating that the radical scavenging effect was caused 
by the germanium core of compound 4a. The EC50 values (50% 
of the absorbance shown by a blank test) of vitamin C and 
compound 4a were 23 and 60 μM, respectively. In contrast, the 
EC50 of ascorbyl 2-pentanoate could not be determined, indi-
cating that the radical scavenging activity is extremely weak. 
Although ascorbic acid and Ge-Vit decomposed almost com-
pletely within 1 day, 1H NMR analysis showed that compounds 
4a remained stable for more than 1 month in distilled water at 
room temperature. Accordingly, compound 4a continuously 
showed radical scavenging ability for 2 days at 37 oC, whereas 
compound 4b produced limited scavenging activity (Figure 1).
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Figure 1. Time course of radical scavenging activity of 4a and 4b at 
37 oC.
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Figure 2. Antioxidant activities of 4a using H2DCF-DA dye system 
in HaCaT cells.

Ascorbyl 2-palmitate, which is one of lipophilic and stable 
2-O-substituted ascorbate derivatives, showed vitamin C acti-
vity in vitro and in vivo after enzymatic hydrolysis to free vita-
min C by a certain esterase.4 Therefore, to determine the cellular 
anti-oxidant effect of the compounds in the skin model, their 
protective effects against UV damage on the keratinocyte cell 
line, HaCaT, was examined using a H2DCF-DA dye system em-
ploying a fluoreoscent assay after determining the cytotoxic 
potential of the compounds.18 As shown in Figure 2, the amount 
of ROS in the UVB-treated cells produced a ~40% increase 
compared to the non-treated control cells. When UVB-treated 
cells were treated with the compounds, compound 4a induced 
a significantly larger dose-dependent increase in antioxidant 
capacity of the cells, whereas ascorbic acid showed relatively 
less anti-oxidant potency. This result indicated that might exhi-
bit the increased antioxidant effect in vivo by vitamin C and 
organogermanium after enzymatic hydrolysis.

In summary, a stable lipophilic organogermanium-conjugated 
ascorbic acid derivative with the combined effects of ascorbic 
acid and organogermanium was prepared. The DPPH assay re-
vealed this compound to have good radical scavenging activity. 

This compound also induced a significantly larger dose-depen-
dent increase in the antioxidant capacity of the cells according 
to the H2DCF-DA dye system. The cell viability of HaCaT cells 
determined by a MTT assay revealed the compounds to have 
no cytotoxicity within the given concentration range (up to 10 
mM), suggesting that the compounds are not cytotoxic to cells. 
Therefore, amphiphilic organogermanium-conjugated ascorbic 
acid would be a useful pharmaceutical material both in vitro 
and in vivo.
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