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Several organosilicon and organogermanium INTRODUCTION

compounds possessing radioprotective activity

have been synthesized. In this paper, we describe The radioprotective activity of organosilicon and
the preparation and study of the pharmacologi- organogermanium compounds is now well known
cal properties of new organometallic compounds and many reports in the literature have been
such as metallathiazolidines and metalladithioa- published on the subje¢t™ This report concerns
cetals derived from 1-N-(2-mercaptoethyl)- the synthesis and evaluation in chemical radio-
2-aminoethyl]-2-(1-naphthylmethyl)-2-imidazo-  protection of new organosilylated and organoger-
line and  1-[N-(2-mercaptopropyl)-2-ami-  mylated structures, which have been prepared by
noethyl]-2-(1-naphthylmethyl)-2-imidazoline. the condensation of bis(diethylamino)dialkylmetal-
We have noted a decrease in the toxicity and a lanes with derivatived 8 or 19. In this work, we
rather important increase in the radioprotective  present the study of the toxicity and radioprotective
activity of these new organometallic derivatives  activity of metallathiazolidines and metalladithioa-
in comparison with the starting organic com- cetals (Scheme 1).

pounds. Copyright © 1999 John Wiley & Sons,

Ltd.

Keywords: organosilicon; organogermanium;
metallathiazolidines; metalladithioacetals; toxi- EXPERIMENTAL
city; radioprotective activity; naphthylmethyli-
midazoline General methods

All manipulations were carried out under dry
nitrogen. Solvents were freshly distilled from
sodium/benzophenone before use. IR spectra were
recorded on a Perkin-Elmer 1600 FT-IR spectro-
photometerH NMR spectra were recorded on a
Bruker AC 80 (80.13 MHz) and®*C NMR spectra
were recorded on a Bruker AC 200 250.32 MHz)
spectrometer; the multiplicity of thé*C NMR
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Schemel Thecompoundsoncernedn this study.
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spectrometerElementalanalyses(C, H, N) were
performed at the Laboratoire de Microanalyse
de I'Ecole Nationale Supgieure de Chimie de
Toulouse.

Synthesis of metallathiazolidines
1-8

All thesecompoundswere preparedby a method
alreadydescribed:**7*°

Silathiazolidine 1

Bis(diethylamino)disoamylsilane (3.04¢,
9.67mmol) was addeddropwisewith a syringeto
a stirred solution of 1-[N-(2-mercaptoethyl)-2
aminoethyl]- 2 - (1 - naphthylmethyl} 2 -imidazo-
line 18(3.03g, 9.67mmol)in 70ml of dry toluene.
The reactionmixture was refluxed under nitrogen
for 3 h. Thevolatile materialwasremovedn vacuo
to afford a brown—orangepasty product corre-
spondingto silathiazolidinel (4.10g, 88%).

Compounds2-8 were preparedsimilarly from
the appropriatebis(diethylamino)dialkylmetllanes
and 1-[N-(2-mercaptoethyl)-2-ambethyl]-2-(1-
naphthylmethyl)-2-imidaaline or 1-[N-(2-mercap-
topropyl}2-aminoethyl} 2- (1-naphthylmethy2-
imidazoline.

Metalladithioacetals 9-16

All these compoundswere preparedby method
alreadydescribed:*?

Siladithioacetal 9

Bis(diethylamino)disoamylsilane (1.984,
6.29mmol) was addeddropwisewith stirring to a
solution of 1-[N-(2-mercaptoethyl)=aminoethyl]-
2-(1-naphthylmethyl)-2-imidzoline 18 (3.94q,
12.57mmol) in 70ml of dry toluene. After
refluxing for 5 h, the resultingmixture was cooled
to room temperature and the volatiles were
removedundervaccumto afford 9 (orangepasty
product;4.29g, 86%).

Compoundd 0-16 werepreparedsimilarly from
the appropriatebis(diethylamino)dialkylmettane
and 1-[N-(2-mercaptoethyl)-2-ambpethyl]-2-(1-
naphthylmethyl)-2-imidaaline or 1-[N-(2-mercap-
topropyl)}-2-aminoethyl} 2- (1-naphthylmethy)2-
imidazoline.

Copyright© 1999JohnWiley & Sons,Ltd.

1-Aminoethyl-2-(1-naphthylmethyl)-
2-imidazoline 17

In a flask adaptedto a Dean-Starkapparatus
diethylenetriamine (28.99g, 280.97mmol) was
added to a solution of 1-naphthylacetic acid

(52.32g, 280.97mmol) in 600ml of xylene. The
mixture wasrefluxeduntil all thewaterformedwas
removed (about 15h). The cooled mixture was
allowed to decant and the upper phase was
concentratedunder vaccum leading to a brown—
orangepastewhich wasstirredovernightin 700ml

of diethyl ether. The upper orange phase was
concentratedand distilled underreducedpressure
to obtain 32.30g (45%) of an orangeoily product
correspondingo 17.

1-[N-(2-Mercaptoethyl)-2-
aminoethyl]-2-(1-naphthylmethyl)-2-
imidazoline 18

A solution of 1-aminoethyl-2-(1-nghthylmethyl)-
2-imidazolinel7 (5.55¢g, 21.91mmol) in 60 ml of

dry toluenewas mixed with a solutionof ethylene
sulphide (1.51g, 25.19mmol) in 20ml of dry

toluene (sealedtube, argon-flushed)The reaction
mixture was then heated(110°C oven) for 15h.

Atfter cooling,40 ml of cold diethyletherwasadded
with stirring, andfilteredto removea smallamount
of polyethylenesulphide . Thesolventwasremoved
under reduced pressureto give a brown pasty
product18 (5.70g, 83%).

1-[N-(2-Mercaptopropyl)-2-
aminoethyll-2-(1-naphthylmethyl)-2-
imidazoline 19

A solution of 1-aminoethyl-2-(1-nphthylmethyl)-
2-imidazoline17 (11.51g, 45.43mmol) in 100mI
of dry toluenewas mixed with propylenesulphide
(3.37g, 45.43mmol) (sealedtube, argon-flushed).
The reaction mixture was then heated (110°C
oven)for 15h. Concentratiorundervaccumgave
14.58g (98%) of a brown—orangepasty product
correspondingto 19 (90%) and 19bis (10%).
Compound 19 was purified by precipitation of
19bisin toluene/pentanél:l).

Physicochemicatlataof all the derivativesl—19
arereportedin Tablel.

Appl. OrganometalChem.13, 583-594(1999)



586

G.RIMA ETAL.

Table 1 Physicochemicaldata and analysesof derivatives 1-19

Compound Yield(%)

Physicalpropertiesand elementalanalyses

1

Copyright© 1999JohnWiley & Sons,Ltd.

88

84

98

98

98

98

98

H NMR (CDClg; 8, ppm): 0.28-0.62(m, 4H); 0.80 (d, 12H, J=5.5Hz); 0.93-1.37(m,
6H); 2.44-2.81(m, 6H); 2.92—3.09(m, 2H); 3.21-3.44(m, 2H); 3.66—3.76(m, 2H); 4.03
(s, 2H); 7.28-7.51(m, 4H); 7.63-7.84(m, 2H); 7.94-8.15(m, 1H). **C NMR (CDCl;
0, ppm): 14.30 (+); 22.24(—); 29.62(+); 30.66(—); 32.32(+); 32.52(+); 38.85(+);
46.55(+); 51.14(+); 51.26(+); 52.27(+); 123.56(—); 125.50(—); 125.83(—); 126.22
(—); 126.39(-); 127.70(-); 128.84(-); 132.05(Cqua); 132.14(Cqua) 133.85(Cqua);
165.86(Cqua)- Massspectrumm/z=481[M] *.

'H NMR (CDClg; 6, ppm): 0.33—0.65(m, 4H); 0.81 (d, 12H, J=5.5Hz); 0.87 (d, 3H,
J=5Hz); 0.94-1.37(m, 10H); 2.23-3.11(m, 7H); 3.19-3.46(m, 2H); 3.67-3.78m, 2H);
4.05 (s, 2H); 7.30-7.53(m, 4H); 7.61-7.91(m, 2H); 7.95-8.18(m, 1H). °C NMR
(CDClg; 6, ppm): 14.18 (+); 21.59 (—); 22.21 (-); 30.79 (-); 32.22 (+); 32.52 (+);
38.86 (+); 41.29(—); 46.70(+), 51.08 (+); 51.30(+); 52.66 (+); 123.48(-); 125.49
(—); 125.76(—); 126.23(—); 126.38(—); 127.68(—); 128.83(—); 132.11(Cqua) 132.21
SCqua% 133.85(Cquad 165.86(Cqua) Massspectrumm/z=495[M] .

H NMR (CDCls; ¢, ppm): 0.33-0.59(m, 4H); 0.86 (t, 6H, J=5.7Hz); 1.01-1.21(m,
16H); 2.46-3.03(m, 8H); 3.22-3.46(m, 2H); 3.67-3.77(m, 2H); 4.04 (s, 2H); 7.29-7.50
(m, 4H); 7.64—-7.82(m, 2H); 7.95-8.17(m, 1H). *3C NMR (CDCls; 8, ppm): 14.23(-):
16.85(+); 22.67(+); 23.49(+); 23.63(+); 31.61(+); 32.89(+); 33.38(+); 39.65(+);
47.58(+); 51.12(+); 51.31(+); 52.67(+); 123.56(—); 125.50(—); 125.76(—); 126.23
(—); 126.38(—); 127.90(-); 128.84(—); 132.04(Cqua); 132.12(Cquad; 133.85(Cqua)
165.90(Cqua) Massspectrumm/z=509[M] *.

'H NMR (CDCls; 6, ppm): 0.31-0.57(m, 4H); 0.84 (t, 6H, J=6Hz); 0.95 (d, 3H,
J=6.6Hz); 1.21 (m, 16H); 2.21-3.04(m, 7H); 3.19-3.42(m, 2H); 3.65-3.75(m, 2H);
4.02 (s, 2H); 7.31-7.50(m, 4H); 7.64-7.85(m, 2H); 7.93-8.16(m, 1H). *C NMR
(CDCl3; 6, ppm): 14.16 (=); 15.65 (—); 22.60 (+); 23.18 (+); 23.42 (+); 31.54 (+);
37.17(+); 32.80(+); 39.79(+); 41.16(—); 47.38(+); 50.97(+); 51.17(+); 52.54(+);
123.41(-); 125.38(—); 125.63(—); 126.12(—); 126.29(-); 127.56(—); 128.71(-);
132.+03(Cqua9; 132.15(Cquap; 133.77(Cquads 165.72(Cqua)- Mass spectrum:nvz=523
viE

H NMR (CDCls; ¢, ppm): 0.83 (d, 6H, J=5.1Hz); 0.87 (d, 6H, J=5.3Hz); 0.98-1.11
(m, 4H); 2.53-2.72(m, 6H); 2.95-3.06(m, 2H); 3.20-3.43(m, 2H); 3.63-3.84(m, 2H);

4.06 (s, 2H); 7.39-7.54(m, 4H); 7.59-7.89(m, 2H); 8.04-8.17(m, 1H). *C NMR

(CDClg; 6, ppm): 18.28 (+); 22.14 (-); 27.67 (+); 30.71 (-); 32.23 (+); 32.35 (+);

40.60(+); 47.62(+); 50.55(+); 50.55(+); 50.74 (+); 52.66 (+); 123.64(—); 125.42
(—); 125.79(-); 126.31(—); 126.45(—); 127.67(—); 128.81(—); 132.07 (+) (Cquay;

132.23 (+) (Cquad; 133.86 (+) (Cquad; 166.12 (4) (Cqua). Mass spectrum:m/z=527
[M]*. Analysis (CogH43N3SGe): Calcd: C, 63.89; H, 8.23; N, 7.98. Found:C, 63.85;H,

8.51;N, 8.81%.

'H NMR (CDClg; 8, ppm): 0.85-0.99(m, 15H); 1.08—1.37(m, 10H); 2.52—2.85(m, 4H);

2.95-3.10(m, 3H); 3.30-3.41(m, 2H); 3.66-3.78(m, 2H); 4.04 (s, 2H); 7.33-7.53(m,

4H); 7.66—7.80(m, 2H); 8.05-8.19m, 1H). *3C NMR (CDClg; 3, ppm): 18.25(+); 20.79
(-); 22.14(-); 30.57(—); 32.12(+); 32.20(+); 40.48(+); 41.25(—); 47.46(+); 50.44
(4); 50.58(+); 52.43(+); 123.60(—); 125.39(—); 125.77(-); 126.29(-); 126.40(-);

128.22(—); 129.03(—); 132.02(+) (Cqua; 132.13(+) (Cquad; 133.82(+) (Cquap; 166.12
(+) (Cqua)- Massspectrum:mVz=541 [M] ©. Analysis (CpgH4sN3SGe): Calcd: C, 62.24;
H, 8.39;N, 7.78.Found:C, 62.02;H, 8.44;N, 7.72%.

'H NMR (CDClg; 8, ppm): 0.86 (t, 6H, J=5.7Hz); 1.23 (m, 20H); 2.54-2.80(m, 6H);

2.87-3.10(m, 2H); 3.18-3.46(m, 2H); 3.66—-3.78(m, 2H); 4.05 (s, 2H); 7.29-7.54(m,

4H); 7.60—7.89(m, 2H); 7.98-8.17(m, 1H). *3C NMR (CDCls; d, ppm): 14.15(—); 14.67
(+); 18.89(+); 22.62(+); 24.27(+); 24.34(+); 31.04(+); 31.47(+); 42.13(+); 48.27
(+); 50.51(+); 50.78(+); 52.72(+); 123.64(—); 125.47(-); 125.77(-); 126.19(-);

126.30(—); 127.60(—); 128.80(—); 132.23(Cquap; 132.36(Cqua; 133.85(Cquap; 165.84
(Cquad- Mass spectrum:m/z=555 [M] ©. Analysis (C3oH47/N3SGe): Calcd: C, 65.00; H,

8.54; N, 7.58.Found:C, 65.03;H, 8.86;N, 7.51%.

Appl. OrganometalChem.13, 583-594(1999)
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Table 1 Continued

Compound Yield(%)

Physicalpropertiesand elementalanalyses

8

10

11

12

13
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98

86

81

83

73

98

H NMR (CDCls; 6 ppm): 0.86—1.06(m, 9H); 1.17-1.27(m, 20H); 2.55-3.10(m, 7H);
3.25-3.39(m, 2H); 3.66-3.76(m, 2H); 4.05 (s, 2H); 7.30-7.54(m, 4H); 7.62—7.89(m,
2H); 7.96-8.17(m, 1H). **C NMR (CDCLg; d ppm): 14.15 (-); 15.46 (-); 22.61 (+);
23.36(+); 24.20(+); 31.43(+); 31.58(+); 32.25(+); 40.64(+); 41.32(—); 48.19(+);
50.59(+); 50.79(+); 52.75(+); 123.89(—); 125.48(—); 125.78(—); 126.29(—); 126.45
(—); 127.60(-); 128.81(—); 132.07(Cqua; 132.24(Cqua); 133.87(Cqua); 165.90(Cqua-
Massspectrum:m/'z=569 [M] . Analysis (C3;H4gN3SGe): Calcd: C, 65.51; H, 8.69; N,
7.39.Found:C, 64.01;H, 8.83;N, 7.76%.

H NMR (CDCLg; 6 ppm): 0.33-0.62(m, 4H); 0.81 (d, 12H, J=5.74Hz); 0.90 (s, 2H);
1.03-1.27(m, 6H); 2.43-2.82Am, 12H); 2.96-3.11(m, 4H); 3.31-3.42(m, 4H); 3.67-3.77
(m, 4H); 4.05 (s, 4H); 7.34—7.53(m, 8H); 7.60—7.89(m, 4H); 8.05-8.17(m, 2H). 3C
NMR (CDCls; ¢ ppm): 14.30(+); 22.21(—); 29.62(+); 30.66(—); 32.38(+); 32.64(+);
40.81(+); 47.44(+); 50.57 (+); 50.78(+); 52.72(+); 123.84(—); 125.50(—); 125.81
(—); 126.33(-); 126.40(—); 127.69 (-); 128.83(-); 132.14 (Cqua); 132.23 (Cquad;
133.86 (I(Equab; 165.86 (Cqua)- IR (cm™): wyy =3360. Mass spectrum: m/iz=481
M—313]".

H NMR (CDCl; 6 ppm): 0.31-0.61(m, 4H); 0.78 (d, 12H, J=5.7Hz); 0.84 (d, 6H,
J=5Hz); 0.92(s, 4H); 1.01-1.34(m, 6H); 2.19-3.39(m, 18H); 3.62-3.73(m, 4H); 4.01
(s, 4H); 7.30=7.49(m, 8H); 7.56—7.86(m, 4H); 8.01-8.13(m, 2H). **C NMR (CDCl;
o ppm): 14.15(+); 21.61(—); 22.23(-); 30.62 (-); 32.23(+); 32.35(+); 40.56 (+);
41.27(-); 47.50(+); 50.50(+); 50.70 (+); 52.69(+); 123.65(—); 125.45(—); 125.77
(—); 126.28(—); 126.37(—); 127.65(—); 128.79(—); 132.11 (Cquap; 132.24 (Cquad;
133.83 (Cquap; 165.49 (Cyua)- IR (cm7): wyy =3373. Mass spectrum: m/z=495
[M—327]". Analysis (C4gH70NS,Si): Calcd: C, 70.02; H, 8.57; N, 10.21. Found: C,
67.19;H, 8.85;N, 9.93%.

'H NMR (CDClg; 6 ppm): 0.23-0.59(m, 4H); 0.86 (t, 6H, J=6Hz); 0.92 (s, 2H); 1.20
(M, 16H); 2.44-2.81(m, 12H); 2.93-3.10(m, 4H); 3.17—3.40(m, 4H); 3.65-3.76(m, 4H);
4.04 (s, 4H); 7.29-7.53(m, 8H); 7.67—-7.89(m, 4H); 7.96-8.17(m, 2H). *3C NMR
(CDCls; 6 ppm): 14.23(—); 16.84(+); 22.67(+); 23.27(+); 23.36(+); 31.52(+); 31.60
(+); 32.39 (+); 40.61 (+); 47.59 (+); 50.56 (+); 50.77 (+); 52.73 (+); 123.63 (-);
125.49(—); 125.80(-); 126.23(—); 126.31(—); 127.68(—); 128.82(-); 132.13(Cqua);
132.24 (Cquap; 133.85 (Cqua); 165.88 (Cquap- IR (cm™): vyy =3379. Mass spectrum:
m/z=509[M —313]"".

H NMR (CDCl5; 6 ppm): 0.33-0.59(m, 4H); 0.85(t, 6H, J=6 Hz); 0.93 (s, 2H); 1.02—
1.38(m, 16H); 1.19(d, 6H, J = 6.3Hz); 2.24-3.44(m, 18H); 3.67-3.77(m, 4H); 4.05(s,
4H); 7.34-7.54(m, 8H); 7.68-7.89(m, 4H); 7.95-8.16(m, 2H). **C NMR (CDCl;
o ppm): 14.21(-); 16.74 (+); 20.80(-); 22.67 (+); 23.28(+); 31.67 (+); 32.26 (+);
32.39(+); 40.62(+); 41.28(—); 46.75(+); 50.58(+); 50.79(+); 52.90(+); 123.84(—);
125.48(~); 125.81(—); 126.23(~); 126.36(—); 127.69(~); 128.84(—); 132.05(Cquay;
132.23 (Cquads 133.86 (Cquad; 166.19 (Cquay- IR (cm™): vy = 3381. Mass spectrum:
m'z=523 [M—-327]"". Analysis (CsgH74NeS,Si): Calcd: C, 70.54; H, 8.76; N, 9.87.
Found:C, 68.73;H, 9.03;N, 9.79%.

IH NMR (CDClg; 6 ppm): 0.89 (d, 12H, J=5.5Hz); 0.92 (s, 2H); 1.16—1.51(m, 10H);
2.53-2.79(m, 12H); 2.96-3.12(m, 4H); 3.17-3.42(m, 4H); 3.67-3.78(m, 4H); 4.06 (s,
4H); 7.35-7.55(m, 8H); 7.69-7.91(m, 4H); 8.04-8.16(m, 2H). *3C NMR (CDCl;
o ppm): 17.40 (+); 18.26 (+); 22.14(—); 30.53(—); 32.36 (+); 33.46 (+); 40.80 (+);
47.61(+); 50.58(+); 50.76 (+); 52.87 (+); 123.63(—); 125.43(—); 125.80(—); 126.32
(—); 126.43(—); 127.68(—); 128.82(—); 132.05(Cqua); 132.21(Cquap; 133.85(Cquad;
166.15(Cqua)- IR (em™): vun = 3367. Mass spectrum:mvz= 527 [M—313]". Analysis
(CaeHssNeS,Ge): Caled: C, 65.79;H, 7.92;N, 10.01.Found:C, 64.24;H, 8.34;N, 9.65%.

Appl. OrganometalChem.13, 583-594(1999)
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Table1l Continued

Compound Yield(%)

Physicalpropertiesand elementalanalyses

14

15

16

17

18

19
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98

98

99

45

83

88

'H NMR (CDClg; 6 ppm): 0.81(d, 12H); 0.86 (d, 6H); 0.97 (s, 2H); 1.13—1.44(m, 10H):

2.47-2.69(m, 10H); 2.78-3.17(m, 4H); 3.22-3.38(m, 4H); 3.63—-3.73(m, 4H); 4.02 (s,
4H); 7.31-7.51(m, 8H); 7.56-7.86(m, 4H); 8.02-8.15(m, 2H). *C NMR (CDCls;

o ppm): 18.23 (+); 20.77 (—); 22.14(—); 30.52 (-); 32.26 (+); 33.37 (+); 40.50 (+);

41.23(-); 47.46(+); 50.43(+); 50.59(+); 52.61(+); 123.62(—); 125.36(—); 125.71
(—); 126.22 (—); 126.40 (-); 127.57 (-); 128.72 (—); 132.02 (Cquad 132.23 (Cqua)

133.78 (Cquad; 165.95 (Cyua)- IR (cm™ 1) vau=3369. Mass spectrum: m'z=541
[M—=327]". Analysis (CsgH;oNgS,Ge): Calcd: C, 66.43; H, 8.13; N, 9.68. Found: C,

64.76;H, 8.42;N, 9.43%.

'H NMR (CDCl3; 6 ppm): 0.86 (t, 6H, J=5.7Hz); 0.92(s, 2H); 1.25(m, 20H); 2.56—2.72
(m, 12H); 2.96-3.11(m, 4H); 3.16-3.42(m, 4H); 3.66-3.78(m, 4H); 4.06 (s, 4H); 7.34—
7.54 (m, 8H); 7.61-7.90(m, 4H); 8.04-8.16(m, 2H). **C NMR (CDCls; 6 ppm): 14.16
(=); 19.93(+4); 22.63(+); 23.36(+); 24.69(+); 31.39(+); 31.59(+); 32.66(+); 40.64
(—); 47.65(+); 50.60(+); 50.81 (+); 52.76 (+); 123.64(—); 125.02(-); 125.80(-);

126.31(-); 126.45(-); 127.68(-); 128.83(—); 132.08(+); 132.25(+); 133.87 (+);

166.14 (+). IR (cm™): vyy =3366. Mass spectrum: miz=555 [M—313]"". Analysis
SC4BH7ONGSZGe):Cach:C, 66.43:H, 8.13;N, 9.68.Found:C, 66.37;H, 8.29;N, 10.41%.
H NMR (CDCls; 6 ppm): 0.85(t, 6H, J=5.7Hz); 0.91 (s, 2H); 1.21 (d, 6H); 1.17-1.35
(m, 20H); 2.55-2.79(m, 8H); 2.84-3.09(m, 6H); 3.16—3.39(m, 4H); 3.64-3.75(m, 4H);

4.04 (s, 4H); 7.32—7.52(m, 8H); 7.59-7.87(m, 4H); 8.03-8.15(m, 2H). **C NMR

(CDCl3; 6 ppm): 14.16(—); 20.77(—); 22.58(+); 23.36(+); 24.66(+); 31.38(+); 31.58
(4); 32.22(+); 40.59(+); 41.24(—); 47.55(+); 50.55(+); 50.75(+); 52.67(+); 123.69
(-); 125.51(-); 125.76(—); 126.31(—); 126.36(—); 127.68(—); 128.80(—); 132.05
(Cquads 132.23(Cquap; 133.86(Cquad; 165.92(Cqua) IR (cm™): vy = 3365. Mass spec-
trum: m'z=569 [M —327]"". Analysis(CsgH;4N¢S,Ge): Calcd: C, 67.03;H, 8.32;N, 9.38.
FoundC, 66.34;H, 8.58;N, 9.61%.

B.p.=184-186°C /0.02mmHg. 'H NMR (CDCls; 6 ppm): 0.92 (s, 2H); A,B, System:
oa =2.48(2H), g =2.91(2H), Jag =6 Hz; A,B, System:d, =3.19 (2H), og = 3.68 (2H),

Jag = 9Hz; 4.01 (s, 2H); 7.54-7.30(m, 4H); 7.86—7.59(m, 2H); 8.09-7.99(m, 1H). *C
NMR (CDClg; 6 ppm): 32.28 (+); 40.57 (+); 50.53 (+); 50.69 (+); 52.60(+); 123.60
(—); 125.40(—); 125.79(-); 126.42(—); 126.65(—); 127.66(—); 128.81(—); 132.06
(Cquad; 132.21(Cyuap; 133.85(Cquap; 166.12(Cqua). IR (cm™): vz = 3281.3362Mass
spectrum:mvz= 252 [M—1]*". Analysis (C;gH19N3): Calcd: C, 75.85;H, 7.56; N, 16.58.
FoundC, 75.82;H, 7.75;N, 17.16%.

'H NMR (CDCls; 6 ppm): 1.09 (s, 2H,); 2.43-2.70(m, 4H); A,B, System:d, =2.58
(2H), 05 =3.00 (2H), Jag =6.2Hz; A,B, System: 5 =3.29 (2H), dg=3.75 (2H),

Jag = 8.8Hz; 4.04(s, 2H); 7.33-7.53(m, 4H); 7.66—7.81(m, 2H); 8.03—-8.08m, 1H). *C

NMR (CDCls; 6 ppm): 24.88(+); 32.29(+); 40.55(+); 47.53(+); 50.51(+); 50.67(+);

52.60 (+); 123.62(—); 125.42(—); 125.81(—); 126.32(—); 126.42(-); 127.67 (-);

128.81 (—); 132.05 (Cquad; 132.20 (Cyuad; 133.84 (Cyuad; 166.14 (Cquad- IR (cm™Y):

vsn = 2543; vy = 3369. Mass spectrum:m/z= 313 [M] *. Analysis (C;,gH»3N3S): Calcd:
C,68.97;H, 7.39;N, 13.40.Found:C, 68.94;H, 7.52;N, 14.07%.

'H NMR (CDClg; 6 ppm): 1.1 (s, 2H); 1.17(d, 3H, J=6.6Hz); 2.38-2.94(m, 7H); 3.14—
3.42 (m, 2H); 3.65-3.91(m, 2H); 4.04 (s, 2H). *C NMR (CDCls; 6 ppm): 20.79 (-);

22.40(+); 22.90(—); 32.35(+); 35.78(—); 40.59(+); 41.52(—); 47.56(+); 50.56 (+);

50.75 (+); 52.64 (+); 123.63(—); 125.44 (-); 125.82(—); 126.34 (—); 126.44 (-);

127.70(—); 128.84(—); 132.04(Cquad; 132.19(Cqua), 133.85(Cquap; 166.21(Cqua), IR

(cm™1): vey = 2539; vy = 3364. Massspectrum:miz= 327 [M] . Analysis (C1oH»sN3S):
Calcd: C, 69.68;H, 7.69;N, 12.83.Found.C, 68.78;H, 7.81;N, 12.73%.

Appl. OrganometalChem.13, 583-594(1999)



ORGANO-SILICONAND -GERMANIUM RADIOPROTECTANTS

589

Tablel Continued

Compound Yield(%)

Physicalpropertiesand elementalanalyses

19bis 10

'H NMR (CDCl5; 6, ppm): 1.1 (s, 2H); 1.34(d, 3H, J = 6.5Hz); 2.85-3.10(m, 7H); 3.14—
3.42 (m, 2H); 3.65-3.91(m, 2H); 4.04 (s, 2H). *

%C NMR (CDCls; 8, ppm): 20.79 (—):

22.40(+); 22.90(-); 32.35(+); 35.78(—); 40.59(+); 41.52(-); 47.56(+); 50.56 (+);
50.75 (+); 52.64 (+); 123.63(—); 125.44 (—); 125.82(—); 126.34(—); 126.44 (-);
127.70(—); 128.84(—); 132.04(Cquap; 132.19(Cqua; 133.85(Cqua; 166.21(Cqua) IR
(cm’l): Vs = 2538; vy = 3364. Mass spectrum:m/z= 327 [M] *. Analysis (C1gH25N3S):
Calcl: C, 69.68;H, 7.69;N, 12.83.Found:C, 68.78;H, 7.81;N, 12.73%.

PHARMACOLOGY

Among the threereferencecompounds18 had no
activity, 17 a low and delayedactivity and 19 a
slightly betterone.On the whole, germa-andsila-
thiazolidinesl, 3, 4, 5, 6 and8 hadalower toxicity
and a higher activity. Silathiazolidineshad the
lowest toxicity, but in spite of a higher injected
dose,they were not more radioprotectivethan the
correspondinggermaniumderivatives.Like most
thiazolidine compoundsthey showeda sustained
radioprotectiveactivity. The metalladithioacetals
were slightly less active, except compound 16,
which was equally efficient. They also showeda
sustainedaction. The silicon derivativeswere also
lesstoxic thanthegermaniunoneslt is interesting
to note that derivative 5 had one of the highest
activitiesin spiteof the lowestinjecteddose.
Theseresultsconfirm:

(1) the sustainedeffect of heterocyclic com-
pounds and particularly of thiazolidines
whichactthroughthereleasef cysteamin&®
(HSCH,CH,NHS,), whichis consideredsthe
referenceradioprotector;

(2) the positive contribution of germaniumand
silicon towardsdecreasinghe toxicity and
increasingthe radioprotectiveactivity. They
allow a higherpenetratiorinsidethe cell and
abetterdiffusionin thebody.Moreover their
low electronegativity,their great covalent
radiusand the presenceof empty d orbitals
canleadto adecreasén free-radical-indued
chemicallesions.

RADIOPROTECTIVE EVALUATION

Three-month-oldmale CDI mice (CharlesRiver,
France),25g bodyweight, wereused.

Copyright© 1999JohnWiley & Sons,Ltd.

The radioprotectiveeffect of compoundswas
evaluatedoy determiningthe dosereductionfactor
(DRF), defined as the ratio of 50% lethal-dose
irradiation30 days(LDs¢/30 days)of injectedmice
to that of control mice. Initially the survival rate
wasdetermined®0daysafterirradiationin different
groupsof 10 micereceivinganintraperitoneali.p.)
injection of thetestcompoundwith a doseequalto
half or one-eighthof its LDsg 15 or 90 min before
whole-bodyirradiationdeliveredwith a doseequal
to the LD 10¢/30 daysof control mice (7.5, 7.75or
8 Gy accordingto the irradiation date),or with a
doseequalto this dose+ 2 Gy. When necessary,
other irradiation doseswere testedin order to
evaluatethe irradiation LD of protectedmice by
the Krabermethod(calculatedor graphic)’

The radiosensitivityof the strain was regularly
monitoredby the determinatiorof lethality curves
of males and females. The LD5¢/30 days was
between6.5+ 0.3 and6.75+ 0.3Gy accordingto
the date (P < 0.05) Under these conditions sig-
nificant protectionwasobservedvith a DRF value
superiorto 1.15.

The toxicity was evaluatedoy a Probit analysis
of theLDso, ¥ *°thedoserangebeingdeterminedn
a preliminary study. Five groupsof 10 mice were
theninjectedwith differentdoseswithin thisrange.

Whole-bodyirradiationswere performedwith a
%9Coy-ray source(6 x 10" Bq). Thedoseratewas
equalto 0.2—-0.3Gy min~ . For the exposuremice
werepositionednsideaPlexiglasdoxdividedinto
30cellsin ahomogeneou8.5cm x 28.5cmfield.
The dosimetry was carried out by means of
ionizationchambemosimeterandlithium fluoride
thermoluminescerosimeters.

Eachirradiation sessionncludeda group of 10
mice irradiatedwith 7.5,7.750r 8 Gy accordingto
thedateafterintraperitonealnjectionof thesolvent
alone A 100%lethality wasalwaysobservedvith a
meansurvival time equalto 11+ 1 days.Further-
more, a group of eight unirradiatedmice received
the testcompoundwith a doseequalto half of its

Appl. OrganometalChem.13, 583-594(1999)
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LDs in orderto checkfor toxic lethality amongthe
injectedandirradiatedmice.Forall thecompounds,
theseanimalswerealive 30 daysafterinjection.

RESULTS AND DISCUSSION

Synthesis of metallathiazolidines

Thesecompoundswvere preparedaccordingto the

method of heterocyclization already described
in the literature!*>~> The reactionof 18 and 19,

in stoichiometric amounts,with the bis(diethyl-

amino)dialkylmetdbnesin anhydroustoluenere-

sultedin cleavageof M—N bonds(M = Si, Ge) by

the NH and SH groups,forming the corresponding
metallathiazolidine$n goodyields (Scheme2).

Synthesis of metalladithioacetals

The reaction of 2 equiv. of 18 or 19 with
bis(diethylamino)dialkylm&llanes in anhydrous
toluene, a cleavage reaction of M-N bonds
(M =Si, Ge) by the SH groups>**~1® gave the
correspondingmetalladithioacedls (Scheme3) in
guantitativeyields.

Synthesis of organic compounds

Compounds18 and 19 were obtained by the
reaction of stoichiometric amounts of 1-ami-
noethyl-2-(1-naphthylntayl)-2-imidazoline with
ethylenesulphideor propylenesulphidein toluene
(100°Cg (i.e.by acleavagef theC—Sbondby NH,
groupf’ (Schemes).

Tables2 and 3 summarizethe radiationprotec-
tion and toxicity in mice after intraperitoneal
administration of metallathiazolidine 1-8 and
metalladithioacetal®-16 as discussedThe com-
pounds 1, 3, 4, 6, 8 and 16 showed a high
radioprotective activity (DRF=1.25-1.33) and
lower toxicity in comparisonwith the starting
organiccompoundsl8 and 19 (Table 4). Deriva-
tives1 and3 showedamuchgreateradioprotective
activity and lower toxicity thanthat of compound
18. At anLDsy/2 of approximatelyl25mg kg *, 3
protected100% and 80% of mice when it was
injected 15 and 90min, respectively, before
irradiationat 8 Gy. At anLDsy/2 of approximately
110mg kg1, 4 protected80% and 90% of mice
whenit wasinjected 15 and 90 min, respectively,
beforeirradiationat 8 Gy.

At an LDsy/2 of approximately75mg kg ™+, 6

Copyright© 1999JohnWiley & Sons,Ltd.

R2M(NE.!2)2 + HSCHCHzNHCl'IzCHz‘N ~ N
x O

- 2 Et;NH | Toluene

s
RM
AN
N

CHCHyN N

O
O

Scheme2

protected0% of mice whenit wasinjected90min
before irradiation at 8Gy. At an LDsgy/2 of
approximatelyl00Omg kg™, 8 protected60% and
80% of mice whenit wasinjected15 and 90 min,
respectivelybeforeirradiationat 8 Gy.

Note that derivatives5, 12, 13, 14, 15 and 16
havea greaterradioprotectiveactivity anda lower
toxicity, in spite of lower injected dosagesn the
case of the metallated derivatives (expressed
inmmol fractions, on an average 0.156mmol)
compared with 18 (0.40mmol) and 19
(0.24mmol).

RzM(NEtz)z + 2 HSTHCHzNHC}‘bCHz-N P N
; O

- 2 Et;NH | Toluene

R;M| SCHCH,NHCH,CH;-N P N

. ®©
O

2

Scheme3
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/ \ W/ Toluene
N\ N-CH,CH,NH, + s 110°C N\ N~CH2CH2NHCH2(|:HSH
@) o
© 7 O
Scheme4
Table 2 Radioprotective activity of sila- and germa-thiazolidines s R'
’
N
|
CH,CH-NMI
LDso(mgkg ") Injecteddose Irradiation  Survivalrate
Compound M R R (LDsommol) (mgkg™  (Gy) (t, min)}? (%) DRF°
1 Si i—-CgH;y H 225 112.5 8 (15) 40
(0.47) 112.5 10(15) 0
112.5 8 (90) 70 1.25
28.12 8 (15) 0
2 Si i—CsHyy CHs 225 112.5 8 (15) 50
(0.45) 112.5 10(15) 10 1.2
112.5 8 (90) 60 1.2
28.12 8 (15) 50 1.2
3 Si n—C¢Hi3 H 250 125 8 (15) 100
(0.49) 125 10(15) 0 1.3
125 8 (90) 80 1.25
31.25 8 (15) 0
(0.42) 110 10(15) 0 1.25
110 8 (90) 90 1.3
275 8 (15) 50 1.18
5 Ge i—CgH;;y H 80 40 8 (15) 50
(0.15) 40 10(15) 0 1.2
40 8 (90) 80
40 10(90) 20 1.33
10 8 (15) 10
6 Ge i—CgHi; CHg 150 75 8 (15) 30
(0.28) 75 10(15) 0
75 8 (90) 90
75 10(90) 0 1.3
18.75 8 (15) 40
7 Ge n-Cg¢Hiz H 175 87.5 8 (15) 20
(0.31) 87.5 10(15) 0 11
87.5 8 (90) 40
8 Ge n—CgHiz CHg 200 100 8 (15) 60
(0.35) 100 10(15) 30 1.25
100 8 (90) 80 1.3
25 8 (15) 40

2t =time betweenadministrationof compoundandirradiations.
b Dosereductionfactor= LDsq (30 days) treated/LDo (30 dayg Untreated.

Copyright© 1999JohnWiley & Sons,Ltd.
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Table 3 Radioprotective activity of sila- and germa-dithioacetals

R,M | SCHCH,;NHCH,CH,-NMI
|
!
R 2
LDso (mgkg ™), Injecteddose Irradiation  Survivalrate
Compound M R R (LDsommol) (mgkg™)  (Gy) (t, min)® (%) DRP
9 Si i—-CsHyx H 200 100 8 (15) 20
(0.25) 100 10(15) 20
100 8 (90) 40 1.15
25 8 (15) 20
10 Si i—CgHj; CHs 150 75 8 (15) 30
(0.18) 75 10 (15) 0
75 8 (90) 40 1.15
18.75 8 (15) 20
11 Si n—CgHys H 175 87.5 8 (15) 60
(0.21) 87.5 10 (15) 20 1.2
87.5 8 (90) 60 1.2
21.9 8 (15) 0
12 Si n—CgHy3 CH3 125 62.5 8 (15) 40
(0.15) 62.5 10(15) 0
62.5 8 (90) 60 1.2
15.63 8 (15) 50 1.2
13 Ge i—-CsHyy H 150 75 8 (15) 20
(0.18) 75 10(15) 10 1.2
75 8 (90) 40
18.75 8 (15) 10
14 Ge i—CgH;i; CHs 125 62.5 8 (15) 60
(0.14) 62.5 10 (15) 0 1.2
62.5 8 (90) 56 1.2
15.6 8 (15) 30
15 Ge n—CgHy3 H 120 60 8 (15) 30
(0.14) 60 10 (15) 0 1.1
60 8 (90) 20
15 8 (15) 10
16 Ge n—CgH13 CHs 160 80 8 (15) 60
(0.18) 80 10(15) 10
80 8 (90) 100
80 10(90) 0 1.3
20 8 (15) 50
a,bseeTable2
CONCLUSIONS Once more, the results reportedin this paper

In conclusion, the radioprotective activity by
intraperitonealadministrationin mice of metal-
lathiazolidines and metalladithioacetalsis more
potentthanthat of the startingorganicderivatives
18and19.

Copyright© 1999JohnWiley & Sons,Ltd.

confirm the positive contribution of silicon and
germaniumin chemical radioprotection.We also
observedhatsilicon andorganogermaniurgroups
decreasdhe toxicity of the organic moleculesto
which they arelinked

This is in agreementvith our previouswork***

Appl. OrganometalChem.13, 583-594(1999)
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Table 4 Radioprotective activity of organic compounds

LDso (Mg kg™ Injecteddose Irradiation Survivalrate
Compound (LDsg, mmol) (mgkg™) (Gy) (t, min)? (%) DRP
17 175 100 7.75(15) 0
(0.69) 100 9.75(15) 0
100 7.75(90) 70 12
25 7.75(15) 10
18 125 60 7.75(15) 50 11
(0.40) 60 7.75(90) 50 11
19 80 40 7.75(15) 70
(0.24) 40 9.75(15) 0 1.15
40 7.75(90) 90 25
10 7.75(15) 30
a,bSeeTable2

and confirmsthe interestingbiological activity of
organosilicorandorganogermaniurnompoundsn
different fields?*~37
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