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Summary

The synthesis and properties of trithiagermatranes (3) via reaction of tris(2-
mercaptoethyl)amine with trimethoxygermyl adducts (5) and germanium sesquio-
xides (6) are described.

Silatranes (1) as compounds with metallatrane skeletons [1], have received much
attention owing to their high biological activity and peculiar chemical structures [2].
The corresponding germatranes (2) contain germanium atoms instead of silicon
atoms. However, there are not many reports on the synthesis and the biological
activities of such compounds [3]. Lukevits et al. [4] recently reported carbamoylethyl
germatrane (2), (R = CH,CH,CONH,) to have psychotropic and antitumor activ-
ity. Recently, we reported the simple and improved synthesis of 1-substituted
germatranes [5].

Here we present a general method for the first synthesis of 2,8,9-trithia-
germatranes (3), which are compared with 2,8 9-oxagermatranes (2) with regard to
their physical and chemical properties, and bioactivity

< (1. Y=0,M = 5Si ;
(\l/ﬁ 2. Y=0,M Ge ;
Y—=|—M—Y Y=S,M =
v
RO

0022-328X /86 ,/$03.50 © 1986 Elsevier Sequoia S.A.



R« R
R® N cox
HGeCl,
RT RE
|
CiyGe — C——C ——COX
i
o
R? H
(4)

l NaOMe [ MeOH

N

R" R’

|

(MeO);Ge — C——C ——COX

S - "‘Ge S
C—M—C’HCOX
1 \2 l
R R r>
(3)

R,R°,R = H,Ph; X = OH,OMe,OFE1 ,

SCHEME 1.

NH,



C19

e 7

(o] Ge (o] S—|—Ge S
o~ / I
)_j > CH,CH,COOH
@)
(2a) (3a)

The synthetic procedure is shown in Scheme 1. First, the «,fB-unsaturated
compounds are treated with trichlorogermane to form trichlorogermyl adducts (4)
{6], which in turn form trimethoxygermyl compounds (5) with NaOMe in methanol.
The compounds formed were allowed to react with tris(2-mercaptoethyl)amine in
methanol to provide the desired products (3) in 44.8-61.2% vyields (Method A). In
Method B tris(2-mercaptoethyl)amine and germanium sesquioxide (6) obtained
from hydrolysis of the germyl adducts 4 were heated in benzene to form compounds
31in 51-70% yields.

The molecular structure of the trithiagermatranes (3) thus obtained was de-
termined by elemental analysis and spectral analysis (‘H and '*C NMR and mass
spectroscopy). For example, 3a; IR (KBr): 1700 (C=0), 400, 370 (Ge-S) cm};
mass spectrum (70 eV) m/e: 342 (M™"); '"H NMR (in CDCl;, 8, ppm): 1.46 (2H, t,
J 9.0 Hz, Ge-CH,), 2.58 (2H, t, J 9.0 Hz, CH,COOH), 2.70 (6H, s, NCH,), 2.70
(6H, s, SCH,); *C NMR (in CDCl,, §, ppm) 24.65 (Ge-CH,), 25.49 (SCH,),
29.72 (CH,CO), 55.73 (NCH,), 180.07 (CO).

The results of the preparation of 3 are summarized in Table 1.

It is noteworthy that the structure of 3a differs from that of 2a, which was
obtained from the reaction of carboxyethylgermanium sesquioxide [7] (6a: R! = R?
= R* = H, X = OH) with triethanolamine instead of tris(2-mercaptoethyl)amine and
was found by X-ray crystallographic analysis to be a spirogermanium compound [8]
with a germocine ring. The presence of a transannular N — Ge bond was established
by X-ray structure analysis for 3a. The Ge —» N distance (2.63 A) is longer than that
in the carbamoylethyl germatrane (2) (2.23 A) investigated earlier [9] because of
decreasing electron supply to germanium due to the low electronegativity of sulfur
compared with oxygen.

TABLE 1

SYNTHESIS OF 2,8,9-TRITHIAGERMATRANES (3)

3 R R? R} X M.p. Method Yield Molecular formula “
°O (%)

a H H H OH 167 B 51.0 CyH,,GeNO,S,

b H H H NH, 194 A 44.8 CoH,4GeN,0S;

c Ce¢Hs H H NH, 203 B 70.0 C5sH,,GeN,0S;

d H H H OCH, 87 A 61.2 C1oH4GeNO,S;

e CeH; H H OC,H; 105-107 A 56.3 C1sH,3GeNO, S,

“ Elemental analyses of these compounds were within acceptable limits.
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Although 2a is readily hydrolyzed to afford tricthanolamine and trihydroxy-
germylpropanoic acid, 3a is very stable to water. The reason for the differences in
the structure and reactivity between 2a and 3a in going from an oxvgen- (0 a
sulfur-bonded germanium atom has not been clarified. Among these compounds,
especially 3-(1"-germa-5/-aza-2’ 8".9-trithiabicyclo[3.3,3Jundecyvl)propanoic acid (3a)
exhibited strong inhibitory activity against dipeptidylcarboxypeptidase degrading
encephalins that have morphine-like action.

Investigation of the other biological activities of these newlv prepared com-
pounds is now being carried out.

References

I M.G. Voronkov and V.P. Baryshok. J. Organomet. Chem., 239 (1982) 199

M.g. Voronkov. in M.J.C. Dewar (Ed.), Topics in Current Chemistry vol. 84, Springer-Verlag, Berlin,

1979, p. 77.

3 R.C. Mehrotra and G. Chandra. Indian J. Chem., 3 (1965) 497: T.K. Gar. N.Y. Khromova, V.F
Sonina, V.S. Nikitin, M.V, Polvakova, and V.. Mironov, Zh. Obscheh, Khim. 49 (1979 1516 1.
Ochs. M. Zeldin. and R. Grell. Inorg. Synth., 16 (19767 229

4 E. YA. Lukevits, S.K. Germane, A A, Zidermane, A Zh. Dauvarte. I.M. Kravchenko, M.A. Trushule.

V.F. Mironov, T.K. Gar. N.YU. Khromova, N A, Viktorov, and V.1 Shirvaev, Khim. Farm. Zh.. 18

(1984) 154,

N. Kakimoto. K. Sato, T. Takada, and M. Akiba. Heterocycles, 23 (1985) 1493

N. Kakimoto, M. Akiba. and T. Takada, Svnthesis, (1985) 272,

M. Tsutsui, N. Kakimoto. and D.D. Axtell. J. Am. Chem. Soc., 98 (1976) 8287,

8 N.Y. Alekseev. SN. Gurkova. AL Guscev. S.N. Tandura, TK. Gar, N.Yu, Khromova, N A, Viktorov.
and V.F. Mironov. Zh. Obshch. Khim., 52 (1982) 2136.

9 SN. Grukova, Al Gusev, NV, Alckseev. TK. Gar. NYU. Khromova, and N A, Viktorev., Zh.
Strukt. Khim., 25 {1984) 138

12

~1 O L



