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Reagents and Conditions: (a) Ref. 7. (b) DCC, NHS, CH2Cl2, rt, 16 h, 86%. (c) Ref. 8. (d) Na2CO3, BnBr, DMSO, 60 oC, overnight, 85%. 
(e) i) Ph3P, MeCN, 0 oC, 1 h, to 50 oC, 2 h. ii) 3, MeCN, rt, 3 h, 88%. (f) Pd(OH)2, H2, MeOH, rt, 4 h, 86%.

Scheme 1. Synthesis of the water-soluble germanium compound

Organogermanium compounds have a wide range of bio-
logical activities including antimicrobial, antiviral, antineo-
plastic, analgesic, and immuno-modulating effects.1 Among 
the many organogermaniums known, bis-(carboxyethylgerma-
nium) sesquioxide, which is generally referred to as Ge-132 or 
‘organic germanium’, has been well-studied and is used widely 
as a dietary supplement. Ge-132 has been reported to enhance 
several cytokines (such as INF-γ and IL-2), which may be due 
to its antioxidant effects.2,3 However, long-term ingestion or 
high doses of organic Ge-132 can have toxic effects similar to 
GeO2.4 Ge-132 is a water-insoluble polymer that is synthesized 
from GeO2 and an organic acid. After synthesis and purification, 
Ge-132 can be contaminated easily with significant amounts of 
inorganic germanium or other hazardous impurities.5 In light 
of this problem, a novel water-soluble organogermanium com-
pound (Ge-OH) conjugated with glucose without contamination 
with toxic inorganic germanium was recently synthesized and 
found to be a better INF-γ inducer than Ge-132.6

Regarding the water solubility and antioxidant activity, vita-
min C (L-ascorbic acid) was selected as another coupling agent 
to organogermanium. Vitamin C is a water-soluble antioxidant. 
Therefore, it was expected that the antioxidant activity of this 

conjugated compound would be improved by the combined 
effects of ascorbic acid and organogermaium. The efficient pre-
paration of organogermanium 8 conjugated with ascorbic acid 
proved to be straightforward. First, commercially available 
trichlorogermylpropionic acid (1) was converted to trimethyl-
germylpropionic acid (2) by a treatment with three equivalents 
of methyl magnesiumiodide according to the literature pro-
cedure.7 Compound 2 was treated with N-hydroxysuccinimide 
(NHS) in the presence of dicyclohexylcarbodiimide (DCC) to 
produce the corresponding active ester 3. The vitamin C deri-
vative 5 was prepared independently from bromide, which was 
synthesized from ascorbic acid (4) according to the literature 
procedure.8 Preparation of the organogermanium conjugate 8 
was first attempted by direct condensation between the amino- 
ascorbic acid and compound 3, but it was unsuccessful due to 
the low isolation yield of the amino-ascorbic acid from azide 5. 
To overcome this problem, the hydroxyl groups of compound 5 
were first protected with benzyl bromide under basic condi-
tions. The resulting compound 6 was treated with a solution of 
triphenyl phosphine in acetonitrile, and then reacted with 
germylhydroxysuccinimide derivative 3 without purification 
to give the condensation product in 88% yield. After depro-
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Figure 1

tection by hydrogenation in the presence of Pd(OH)2, the re-
sulting crude product was recrystallized in a hexane/ethylace-
tate solution to produce the final product (Ge-Vit, 8)9 in good 
yield (Scheme 1).

The free radical scavenging activity of Ge-Vit was then 
determined using the DPPH (1,1-diphenyl-2-picryl-hydrazyl) 
assay reported in the literature.10 DPPH is a stable radical with 
characteristic absorption at 515 nm due to an unpaired electron. 
The DPPH radical reacts with compounds with antioxidant 
activity and is reduced. The reduced form of DPPH is colorless. 
Therefore, the decrease in A151 is considered to be directly 
related to the electron scavenging capacity of the antioxidant 
compounds. Accordingly, a freshly prepared ethanolic solution of 
DPPH (100 µM) was incubated at 37 oC for 30 min with 10 µM 
aqueous solutions of the compounds at various final concent-
rations and A515 was measured using a spectrophotometer. As 
shown in Figure 1, ascorbic acid expectedly showed a high anti-
oxidant activity, but trimethylgermylpropionic acid (2) was not 
as active as ascorbic acid. On the other hand, the conjugated 
form of trimethylgermylpropionic acid and ascorbic acid, Ge- 
Vit, was found to have better antioxidant activity than either 
ascorbic acid or organogermanium 2. One reason why Ge-Vit 
had high antioxidant activity despite the low antioxidant activity 
of 2 is that the liquid trimethylgermylpropionic acid (2) might 
be too lipophilic to make a homogeneous solution in ethanol 
for the DPPH assay.

The cumulative amount of ascorbic acid in the cells after 
permeating through the cell membrane is limited due to its poor 
liposolubility. Therefore, modification of the hydroxyl groups of 
ascorbic acid with a lipophilic molecule has been developed 
to improve its liposolubility. For example, it was reported that 

synthetic 6-acyl ascorbic acid with fatty acids showed increas-
ing antioxidant potential in skin.11 Since Ge-Vit is the conju-
gated form of ascorbic acid with hydrophobic organogerma-
nium, it is expected that this compound might improve the 
level of cell penetration. Regarding toxicity of Ge-Vit, when 
cell viability was measured by the MTT method using HaCaT 
cells, Ge-Vit showed no effect on it within the given concent-
ration range (up to 50 mM), suggesting that the compound is 
not cytotoxic to cells. It was reported that organogermanium 
enhances INF-γ production through its antioxidant effects and 
high doses of vitamin C increased the secretion of INF-γ in the 
bronchoalveolar lavage fluid (BALF), suggesting that a supple-
ment of the antioxidant agents might attenuate the inflamma-
tion in vivo.12 Therefore, it is anticipated that amphiphilic ascor-
bic acid-conjugated organogermanium would be an useful 
pharmaceutical material both in vitro and in vivo.
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