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Further to our work concerning organometallic
compounds active in chemical radioprotection, we
report the synthesis and pharmacological study
(radioprotective activity, toxicity) of new ger-
mathiazolidines and germadithioacetals derived
from cysteamine, methylcysteamine and N-substi-
tuted cysteamine. A germylated oxide and sulfide
with methylcysteamine hydrochloride as ligand
were also investigated.

A notable decrease in the toxicity and a fairly
large increase in the radioprotective activity of these
new organogermylated compounds were observed
compared with cysteamine, methylcysteamine and
N-substituted cysteamine.
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INTRODUCTION

During a research program in the field of the
pharmacological activity of organogermanium
compounds, several derivatives were chemically
synthesized and tested for their radioprotection
properties. The great majority of these com-
pounds were metalla-thiazolidines and -dithioace-
tals of N-substituted cysteamine, methyl-
cysteamine, N-(2-thioethyl)-1,3-diaminopropane
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and naphthylmethylimidazoline. Seventy com-
pounds of these derivatives have a dose reduction
factor (DRF) between 1.4 and 1.75.1-8

In Fig. 1 we cite some compounds synthesized
in our laboratory by way of example:

We have broadened our research program and
completed our study on the germathiazolidines
and germadithioacetals series. Various organoger-
manium compounds of these types with different
substituents on germanium and nitrogen have
been prepared and tested.

In this work we present the study of the
synthesis, toxicity and radioprotective activity of
some new germathiazolidines and germadithio-
acetals, and a germylated oxide and sulfide, as
listed below.

(a) Germathiazolidines
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Figure 1 Some germanium- and silicon-containing heterocycles and their dose reduction factors (DRF)
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(b) Germadithioacetals

R, RzGC[SCH(R; )CHzNHR4 ]2

R] ==p-CH3C6H4, R2 = CH;, R3 = H,
R4 = (CH;);NHCH,CH = CH;,

10

R; = R; =i-CsHyy, R3 = H,
Ry = (CH2)3N/;\/O 11

R} = R; =n-CgHy3, R3 =H,
Re = (CHy)¥ D 12
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R, = R, = SCH,CH,NH, . HCl, R; = H,
Rq = (CHy);{ D 17

(c) Germylated oxide and sulfide (i.e. a germoxane
and a germathiane)
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X=0 18
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X=S 19

(d) N-Substituted cysteamine
R — NHCH,CH,SH

R =4 N(CHy), 20
R = CH, = CHCH,NH(CH, ), 21

EXPERIMENTAL

General methods

All the syntheses were performed under nitrogen
or argon. Solvents were freshly distilled from
sodium/benzophenone before use. IR spectra were
recorded on a Perkin-Elmer 1600 FTIR spectro-
photometer. 'H NMR spectra were recorded on a
Briiker AC-80 spectrometer. Mass spectra, under
electron impact (EI) conditions at 70 eV, were
recorded on a Hewilett-Packard 5989 spectro-
meter. Elemental analyses (C, H, N) were
performed at the Laboratoire de Microanalyses
de I’Ecole Nationale Supérieure de Chimie de
Toulouse.

Syntheses of germathiazolidines

Germathiazolidines were prepared by two meth-
ods: A and B.

Synthesis of compound 1 (method A)

To a solution of di(isoamyl)dichlorogermane (4 g,
14 mmol) in 50 ml of tetrahydrofuran (THF) were
added freshly distilled N-substituted cysteamine
(0.44 g, 14 mmol) and triethylamine (3.03 g,
30 mmol). The mixture was refluxed for 4 h with
stirring. After the mixture had cooled to room
temperature it was filtered under argon and the
filtrate concentrated in vacuo.

Synthesis of compound 2 (method B)
Bis(diethylamino)di-isoamylgermane 2g,
5.6 mmol) was dissolved in 50 ml of THF and
N-substituted cysteamine (0.975 g, 5.6 mmol) was
added from a syringe. The solution was refluxed
under an argon atmosphere for 3 h with stirring,
and concentrated in vacuo.

Syntheses of germadithioacetals

These compounds were also synthesized by two
methods: C and D.

Synthesis of compound 12 (method C)

To a stirred mixture of N-substituted cysteamine
(288 g, 14.1 mmol), tricthylamine (1.6 g,
15.84 mmol) and 70 ml of THF, a solution of
dichlorodihexylgermane (2.21 g, 7.05 mmol) in
40 ml of THF was added slowly. The reaction
mixture was refluxed for 8 h, filtered at ambient
temperature under argon, and concentrated in
vacuo.

Synthesis of compound 13 (method D)
To a solution of methylcysteamine (0.945 g,
10.38 mmol) in 50 ml of THF was added
dropwise with a stirring bis(diethylamino)dihex-
ylgermane (2 g, 5.19 mmol) in 50 ml of anhydrous
THF. The mixture was refluxed for 4 h. Removal
of the solvent and work-up was as before.
Physicochemical data of derivatives 1-17
synthesized in this paper are reported in Table 1.

Synthesis of dichlorobis(2-
thienyl)lgermane

A solution of 1.6 M BuLi (10.25 g, 0.16 mmol) in
hexane was added dropwise to a solution of
thiophene (13.44 g, 0.16 mmol) in 200 ml ether
prepared according to Ref. 9. The mixture was
added dropwise with stirring to a solution of
tetrachlorogermane (17.15 g, 80 mmol) in ether
(300 ml) cooled to —78 °C. The reaction mixture
was allowed to stand overnight and was filtered at
ambient temperature, then concentrated, and the
residue was redissolved in pentane (100 ml) and
filtered again. The solvent was removed by
evaporation under reduced pressure. The residue
was distilled through a 30 cm vacuum-jacketed
vigreux column. A fraction of b.p. 115-120 °C/
0.05 mm Hg (6.92 g, 28% yield) was obtained.

'H NMR (6§ in CDCL;, ppm): 7.28 (d of d, 2H,
J=3.5 and 4.7 Hz), 7.54 (d of d, 2H, J=1 and
3.5Hz), 7.79 (d of 4, 2H, J=1 and 4.7 Hz).
Mass spectrum (GC/MS): m/z=310 [M*-].

Synthesis of compound 18

To a refluxing solution of (HCLH;NCH,
CH(CH3)8),GeCl5 (5g, 12.6 mmol) in 150 ml
of freshly distilled pyridine was added dropwise
with stirring a solution of NaSH (1.41 g,
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Table 1 Physicochemical data of some germathiazolidines and germadithioacetals

Method of
Compound synthesis  Yield (%) Properties
1 A 55 'H NMR (§ in CDCLs, ppm): 0.9~1.7 (m, 24H), 2.48-2.93 (m, 8H), 3.12 (m, 2H), 5.16
B 80 (m, 2H), 5.86 (m, 1H). Analysis: Calcd: C, 55.87; H, 9.83; N, 7.24. Found: C, 55.65; H,
981; N, 7.17%.
2 A 60 'H NMR (6 in CDCl;, ppm): 0.87 (s, 3H), 1.26 (m, 4H), 2.30 (s, 3H), 2.5 (m, 8H), 3.19
B 82 (m, 2H), 5.10 (m, 2H), 5.88 (mn, 1H). Analysis: Calcd: C, 54.76; H, 7.42; N, 7.98. Found: C,
54.37; H, 7.09; N, 7.57%.
3 A 79 TH NMR (6 in CDCl;, ppm): 0.84-1.82 (m, 24H), 2.38 (m, 6H), 2.93 (m, 6H), 3.66
(m, 4H).
B 89 Mass spectrum (EI): m/z=419 [M™* +1]. Analysis: Caled: C, 54.73; H, 9.60; N, 6.72.
Found: C, 54.38; H, 9.43; N, 6.57%.
4 A 65 'H NMR (§ in CDCL;, ppm): 1.21 (m, 26, H), 1.57 (g, 2H, J=6.4 Hz); 2.3 (m, 6H), 2.68
B 88 (m, 6H), 3.58 (m, 4H). Analysis: Calcd: C, 56.68; H, 9.90; N, 6.30. Found: 56.48; H, 9.84;
N, 6.17%.
5 A 70 'H NMR (6 in CDCl, ppm): 0.87-1.31 (m, 29H), 2.31-2.97 (m, 3H). Mass spectrum (EI):
B 83 m|z=433 [M*]. Analysis: Calcd: C, 54.28; H, 9.95; N, 4.22. Found: C, 54.15; H, 9.87; N,
4.12%.
6 A 89 'H NMR (6 in CDCly, ppm): 2.65-2.73 (m, 4H), 7.25 (d of d, 2H, J= 3.4 and 4.7 Hz), 7.49
(d of d, 2H, J=1 and 3.4 Hz), 7.69 (d of d, 2H, J= I and 4.7 Hz). Mass spectrum (EI): m/
z=315 [M*].
7 A 86 'H NMR (6 in CDCl3, ppm): 1.17 (d, 3H, J=6.2 Hz), 2.5-3.17 (m, 3H), 7.39 (d of d, 2H,
J=3.45 and 4.72 Hz), 7.64 (d of d, 2H, J=1 and 3.45 Hz), 7.84 (d of d, 2H, J=1 and
4.72 Hz). Mass spectrum (EI): 329 [M*]. Analysis: Calcd: C, 40.66; H, 3.97; N, 4.27.
Found: C, 40.37; H, 3.86; N, 4.15%.
8 A 51 'H NMR (5 in D,0, ppm): 1.39 (d, 6H, J=6.6 Hz), 2.14 (q, 2H, J=6.6 Hz), 2.9-3.75
(m, 18H), 3.93 (m, 4H). Mass spectrum (EI): m/z=366 [M+—90]. Analysis: Calcd: C,
34.12; H, 6.82; N, 10.61. Found: C, 33.82; H, 6.49; N, 10.27%.
9 A 60 'H NMR (5 in D,0, ppm): 1.95 (q, 2H, J=6.23 Hz), 2.56-3.34 (m, 16H), 3.80 (m, 4H).
Analysis: Caled: C, 31.19; H, 6.40; N, 11.20. Found: C, 30.88; H, 6.37; N, 10.93%.
10 C 64 'H NMR (§ in CDCl3): 0.89 (s, 3H), 1.22 (q, 4H, J=6.5 Hz), 2.18 (s, 3H), 2.47 (m, 16H),
3.14 (m, 4H), 5.20 (m, 4H), 5.82 (m, 2H), 7.33 (m, 4H). Analysis: Calcd: C, 54.90; H, 8.40;
N, 10.67. Found: C, 54.68; H, 8.36; N, 10.55%.
11 D 80 'H NMR (6 in CDCl3, ppm): 0.77-1.38 (m, 22H), 1.69 (q, 4H, J=6.7 Hz), 2.35 (m, 12H),
2.80 (m, 12H), 3.62 (m, 8H). Mass spectrum (EI): m/z= 551 [M*~71]. Analysis: Calcd: C,
54.06; H, 9.65; N, 9.01. Found: C, 54.47; H, 10.17; N, 9.25%.
12 C 87 'H NMR (6 in CDCl;, ppm): 1.22 (m, 26H), 1.57 (q, 4H, J=6.4 Hz), 2.33 (m, 12H), 2.57
(m, 12H), 3.60 (m, 8H). Mass spectrum (EI): m/z=1533 [M*~117)]. Analysis: Caled: C,
55.42: H, 9.85; N, 8.62. Found: C, 55.21; H, 9.73; N, 8.57%.
13 D 65 'H NMR (6 in CDCl;, ppm): 0.84-1.24 (m, 32H), 2.6-3.06 (m, 6H). Mass spectrum (EI):
m/z=433 [M*-91]. Analysis: Calcd: C, 51.11; H, 9.94; N, 6.63. Found: C, 51.07; H, 9.74;
N, 6.38%.
14 D 52 'H NMR (6§ IN CDCl;, ppm): 1.38 (s, 4H), 2.6-2.82 (m, 8H), 7.24 (d of d, 2H, J=3.4 and
4.7 Hz), 7.49 (d of d, 2H, J=1 and 3.4 Hz), 7.70 (d of d, 2H, J=1 and 4.7 Hz). Mass
spectrum (EI): m/z =358 (M+-34). Analysis: Calcd: C, 36.86; H, 4.61; N, 7.17. Found: C,
37.09; H, 4.67; N, 7.12%.
15 D 71 'H NMR (6 in CDCl,, ppm): 1.04 (d, 6H, J=6 Hz), 1.41 (s, 4H), 2.50-3.22 (m, 6H), 7.24
(d of d, 2H, J=13.4 and 4.7 Hz), 7.50 (d of d, 2H, /=1 and 3.4 Hz), 7.70 (d of 4, 2H, J=1
and 4.7 Hz). Analysis: Calcd: C, 40.13; H, 5.25; N, 6.70. Found: C, 39.91; H, 5.19; N,
6.57%.
16 C 60 'H NMR (6 in D,0, ppm): 1.39 (d, 6H, J=6.6 Hz), 2.18 (q, 4H, J=6 Hz), 2.84-3.72
(m, 30H), 4.00 (m, 8H). Analysis: Calcd: C, 39.32; H, 7.64; N, 11.50. Found: C, 39.18; H,
7.47, N, 11.36%.
17 C 42 '"H NMR (6 in D,0, ppm): 1.96 (q, 4H, J=6.23 Hz), 2.51--3.48 (m, 32H), 3.81 (m, 8H).

Analysis: Caled: C, 37.47; H, 7.38; N, 11.92%. Found: C, 37.43; H, 7.31; N, 11.86%.
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25.2 mmol) in pyridine (25 ml). The mixture was
stirred at room temperature for 4 h under argon.
The solvent was removed by evaporation under
reduced pressure. The residue was precipitated by
addition of 50 ml of anhydrous methanol, filtered
and washed twice with 50 ml of pentane and then
dried in vacuo for 1 h. The resulting white solid
was compound 18 (3.2 g, 71% yield).

'H NMR (§ in D,O, ppm): 1.46 (d, 6H,
J=6.6 Hz), 2.09-3.66 (m, 6H).

Mass spectrum: m/z =286 {M™-]

Analysis: Caled: C, 20.13; H, 5.03; N, 7.83.
Found: C, 19.93; H, 493, N, 7.75%.

Synthesis of compound 19

To a suspension of (HCLH,NCH,CH(CHj;)S),
Ge(OMe)? (3 g, 7.74 mmol) in ether (50 ml) was
added 2 g of water. The reaction mixture was
stirred for 15 min at room temperature. The
solvents were removed by evaporation under
reduced pressure.

The pasty product was precipitated in anhy-
drous THF (100 ml) and left overnight with
stirring. After filtration, the precipitate was
washed twice with anhydrous pentane (50 ml)
and then dried in vacuo. A white solid (1.85 g,
70% yield) was collected.

'H NMR (§ in DO, ppm): 1.37 (d, 6H,
J=6.6 Hz), 2.84-3.70 (m, 6H).

Analysis: Caled: C, 21.08; H, 5.27; N, 8.20.
Found: C, 21.04; H, 5.22; N, 8.27%.

Synthesis of MN-substituted cysteamines

Synthesis of compound 20

To a refluxing solution of 4-(3-aminopro-
pyDmorpholine (30 g, 0.21 mol) in 150 ml of
anhydrous toluene was added, dropwise with
stirring, thiirane (12.51 g, 0.21 mol). The mixture
was refluxed for 48 h. During this time the
reaction was monitored by GC. After 48 h, thi-
irane was almost absent. Solvent was removed in
vacuo, and the remaining liquid was distilled
under reduced pressure to afford compound 20
in the form of a liquid, b.p. 91-92 °C/0.05 mm Hg
(19 g, 44% vyield).

'"H NMR (6 in CDCl3, ppm): 1.54 (s, 2H), 1.65 (q,
4H, J=6.4 Hz), 2.40 (m, 6H), 2.66 (m, 6H), 3.68
(m, 4H).

IR in CDCl; (em™': vy =3312, vy =2520.
Mass spectrum (EI): m/z=205 [M* +1].

Synthesis of /V-allyldiaminopropane
CH;=CHCH;NH(CH; );NH;

To a solution of allylamine (61 g, 1.078 mol) in
180 ml of water was added, dropwise with
stirring,  3-chloropropylamine  hydrochloride
(28.1g, 0216 mol) in 25ml of water. The
reaction mixture was refluxed for 12 h. After the
mixture had returned to room temperature,
NaOH was added until the solution was
saturated. Then 200 m! of ether was added and
the organic phase was separated; the aqueous
phase was extracted twice with ether in this way.
The combined organic phase was dried over
anhydrous KOH and filtered, and the volatile
solvents were removed by evaporation under
reduced pressure. The residue was distilled
through a 10 cm vacuum-jacketed vigreux col-
umn. A central fraction (b.p. 175177 °C/1 atm)
was obtained (11 g, 45% yield).

'H NMR (§ in DMSO ppm): 1.31 (5, 2H), 1.46
(m, 2H),2.52 (m, 4H), 3.1 (m, 2H), 5.22 (m, 2H),
5.82 (m, 1H).

IR in CCly (cm™ 1): vy = 3079, 1y, = 3300, 3379.

Synthesis of compound 21

He)
/ C:CH(C) CHz(d)NH (CHZ )3
H) NHCH,CH,SH
21
Following previous procedure with

CH;=CHCH,;NH(CH,),NH, (31 g, 0.272 mol)
and thiirane (16.32 g, 0.272 mol) with work-up as
above, distillation gave CH,; = CHCH,NH
(CH;);NHCH,CH,SH (25 g, 53% yield) as a
colorless liquid boiling at 140-142 °C/13 mm Hg.

'H NMR (6 in DMSO ppm): 1.33 (s, 2H), 1.47 (q,
2H, J=6.5Hz), 2.53 (m, 8H), 3.1l (m, 2H,
Jua=5.6Hz), 520 (m, 2H), 575 (m, IH,
Joe =10.5 Hz, Ju. = 16.95 Hz).

IR In CCly (cm™'): vy = 2550, i = 3294.

Pharmacology: evaluation of
radioprotection

Male CDI1 mice (Charles River, France), 25 g
body weight, were used. Compounds were injected
intraperitoneally 15 or 90 min before irradiation.
The irradiation dose was LD 40/30, days for non-
treated control mice (8.5, 9 or 9.5 Gy, according
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to the irradiation date) or a 2 Gy greater dose.
The injected dose of compound was equal to
either one-half or one-eighth of the LDsy value
which had been determined previously. The
radioprotective effect was evaluated by the dose
reduction factor (DRF), which is the ratio
between the LDsy/30 days of treated mice and
that of control mice (between 7.5 and 8.5 Gy,
according to the date).

Irradiation was applied using a cobalt-60 source
at a dose rate of 7-8 Gy min~! according to the
date. During irradiation, animals were placed in a
Plexiglass box with 30 cells in a homogeneous field
28.5cm x 28.5cm in  area. Dosimetry was
checked with an ionization chamber dosimeter.
The different LDsy values were determined by
probit analysis.

RESULTS AND DISCUSSION

Synthesis of some germathiazolidines of
N-substituted cysteamine and
methyicysteamine

Germathiazolidines of N-substituted cysteamine
and methylcysteamine were prepared according to
two methods of hetcrocgfclization already de-
scribed in the literature.’ 1% 11

Method A

The action of the diorganogermanium dichloride!'!
(in stoichiometric amounts) on N-substituted
cysteamine or methylcysteamine in refluxing
anhydrous THF in the presence of freshly

distilled triethylamine gave by a cyclization
reaction, with elimination of hydrochloric acid
from M—Cl and SH and NH groups,!? the
corresponding products in yields of 51-89%
(Scheme 1).

Method B

The reaction of N-substituted cysteamine and
methylcysteamine, in stoichiometric amounts,
with the bis(diethylamino)dialkylgermane in
anhydrous THF resulted in the cleavage of Ge—
N bonds by the NH and SH groups, forming the
corresponding germathiazolidines in good yields
(83-89%) (Scheme 2).

Synthesis of germadithioacetals

These compounds of N-substituted cysteamine
and methylcysteamine were also prepared by two
methods, C and D4

Method C

The action of the diorganogermanium dichloride
on 2 mol of N-substituted cysteaminc or methyi-
cysteamine in refluxing anhydrous THF in the
presence of triethylamine gave the acyclic deriva-
tives (Scheme 3) in yields of 42-87%.

Method D

The reaction of 2 mol of N-substituted cysteamine
or methylcysteamine with the bis(diethylamino)-
dialkylgermane in anhydrous THF (a cleavage
reaction of Ge—N bonds by the SH groups) gave
the corresponding germylated derivatives (Scheme
4) in yields of 52-80%.

2 EuN A Rs
R(RyGeCl, + HSCHCH,NHR, —==1> RlRZGe\Nj + 2EN.HCI

Ry

R4

Scheme 1

Rj3
RyR,Ge(NEY), + HSCHCH;NHR, ——> Rg{ﬁe(‘;I j + 2EuNHC

R )
Scheme 2
RiRyGeCly + 2 HSCHCH,NHR, — 20 RiR;Ge [SCHR;)CH;NHR,
R, 2B1,N HCOl

Scheme 3
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RiR;Ge(NEty), + 2HSCHCH,NHR, ——— R,R,Ge[SCH(R;)CH,NHR,],
R, -2Et,NH

Scheme 4

(HCLH,NCH,CHCH,S) GeCl, + 2NaSH

-2Na(l pyridine

_SH
(HC1L.H,NCH,CHS), Ge
I ~SsH
CH,

-H,S

113 |:(HC1.H2NCH2C'HS)ZGeS]3
CH,

Scheme 5§

ther
[HCLH,NCH,CH(CH3)S],Ge(OMe), + H,0 ———— 1[(HCI.H,NCH, CHS),GeOl,
-2MeOH ([:H?,

Scheme 6

N\ tol /N
O N-CH,CH,CH,NH; +\ 7 ——= o o N-CH,CH,CH,NHCH,CH,SH
/ s 110°C \__/

Scheme 7

CH,=CH-CH,NH, + CI(CH,);NH,.HCl —H3-9-> CH,=CH- CH,NH(CH,);NH,. 2HCI
2NaOH
2H,0 + 2NaCl + CH;=CHCH,NH(CH,);NH,

Scheme 8

toluene
CH,=CHCH,;NH(CH,);NH, + \/ 11—> CH,=CHCH,NH(CH,); NH— CH,CH,SH
S

0°C

Scheme 9
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Synthesis of germylated sulfide

The action of NaSH on [HCLH;NCH;CH
(CH3)S];GeClj in anhydrous pyridine leads to
the corresponding product, 19 (Scheme 5).

Synthesis of germylated oxide 18
(germoxane), compound 18

The germylated oxide was prepared by the action
of water in excess on [HCL.H,NCH,CH(CH3 )S},
Ge(OMe); (Scheme 6).

Synthesis of AFsubstituted cysteamines

Synthesis of compound 20

Compound 20 was obtained by the reaction of
stoichiometric amounts of 4-(3-aminopro-
pyhmorpholine with thiirane in refluxing anhy-
drous toluene (i.e. by a cleavage of the C—S bond
by the NH group).!* This reaction leads to
derivative 20 (Scheme 7).

Synthesis of compound 21

This compound could be obtained in water by
adding N-allylamine to 3-chloropropylamine
hydrochloride (commercially available), then
saturating the solution with NaOH (Scheme 8)
to give the intermediate N-allyldiaminopropane.
The synthesis of diaminothiol 21 was then carried
out in a similar manner to that of compound 20
(Scheme 9.

CONCLUSIONS

Analysis of the results reported in Tables 2 and 3
shows that the germylated derivatives described
have generally a radioprotective activity greater
than that of the basic organic derivatives, and a
lower toxicity.

For example, compounds 3 and 4 have DRF
values of 1.3 and 1.5, compared with 20
(DRF=1.2) and 5 (DRF=1.5), compared with
methylcysteamine DRF .4,

Furthermore we note the low toxicity of
compounds 3, 4 and 5 (LDsy, 800, 1500 and
1500 mg kg~') compared with 20 (LDs,
450 mg kg~!') and methylcysteamine (LDs,
500 mg kg™1).

Noteworthy also are the compounds 11, 12, 13
and 14, which have an interesting radioprotective
activity (DRF 1.4-1.6), compared with derivative
20 (DRF =1.2). Derivatives 13 and 14, compared
with cysteamine and methylcysteamine,* have a
greater radioprotective activity and a lower
toxicity, in spite of lower injected dosages in the
case of the germylated derivatives (expressed in
mmol fractions): derivative 11 LDsp 900 mg kg™!
(1.45 mmol); derivative 12 LDsy 800 mg kg~!
(1.23 mmol) compared with derivative 20 LDsg
450 mg kg=! (2.2 mmol); derivative 13 LDsg
800 mg kg~! (1.89 mmol), compared with methyl-
cysteamine LDsy 500 mg kg~! (3.92 mmol); deri-
vative 14 LDsy 500 mgkg™! (1.28 mmol),
compared with cysteamine* LDsy 450 mg kg™!
(3.96 mmol).

Another very interesting result was obtained
with the germylated sulfide 18 [DRF 1.6, LDsq

Table 4 Germylated sulfide and oxide. Starting organic derivatives

LDsp (mg kg™!) Injected dose Irradiation dose

Survival rate

Compound (mmol) (mg kg™") (Gy) (1, min) (%) DRF

18 ([HCLH;NCH,CH(CH3; )S],GeS), 1000 500 7.5(15) 100 1.6
(0.93) 125 7.5 (15) 10
500 7.5 (90) 50
500 9.5 (15) 80

19 ([HC1.H,NCH,CH(CH; )S],GeO), 800 400 7.5(15) 50 1.2
(0.78) 100 7.5 (15) 20
— 400 7.5 (90) 30

20 §_ N~(CH,);NHCH,CH,SH 450 25 7.75 (15) 50 1.2
(2.20) 56.2 7.75 (15) 20
225 775 (50) 70

21 CH,;=CHCH;NH(CH; ),NHCH,CH,SH 150 75 7.75 (15) 30 1.1
(0.862) 18.7 7.75 (15) 10

75 7.75 (90) 20
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1000 mg kg~'  (0.93 mmol)], compared with
methylcysteamine.
In short, the radioprotective activity of

germathiazolidines, germadithioacetals, and the
germylated sulfide and oxide derived from
cysteamine, methylcysteamine and N-substituted
cysteamine can be increased compared with
unsubstituted organic derivatives by the presence
of organometallic groups which increase the
hydrosolubility, the lipophilicity and the activity
of these molecules, thereby favoring their passage
through the cellular membranes.

These derivatives are generally less toxic and
more active than the basic organic derivatives.

The results presented in this paper confirm the
positive contribution of germanium in this field in
agreement with previous work!™® and the inter-
esting biological activity of organogermanium
compounds.!>1° We also observed that organo-
germylated groups decrease the toxicity of the
basic molecules to which they are attached.
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