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Abstract

The new series of benzylgermatranes R CgH,CH,Ge(OCH,CH,);N, R = H (I), 2-Br (II), 3-Br (III), 4-Br (IV), has been obtained to
study the influence of a substituent position on coordination of the germanium atom, the values of bond angles and neurotropic
activity. Compounds I-IV were prepared by insertion of GeBr; into carbon—bromine bond of the corresponding benzylbromide or
bromobenzylbromide in refluxing toluene, conversion of benzyl- or bromobenzyltribromogermanes into triethoxy derivatives by
alcoholysis, and transalkoxylation with triethanolamine. The crystal structure of compounds I-IV was studied via the X-ray
diffraction method. The intramolecular donor—acceptor bond N — Ge in benzylgermatranes (2.175-2.219 A) is shorter than that in
tolylgermatranes (2.212-2.230 A). Biological investigations have demonstrated that all benzylgermatranes (I-IV) are low toxic
compounds (LDsy > 1000 mg kg~ ') with high anaesthetic and anti-Corazol activity. Benzylgermatrane (I), 3-bromobenzylgerma-
trane (III) and 4-bromobenzylgermatrane (IV) improve memory processes and completely prevent animals from retrogradal

amnesia (RA) caused by electroshock. © 2002 Elsevier Science B.V. All rights reserved.

Keywords: Benzyltribromogermane; Bromobenzyltribromogermane; Germatrane; Crystal structures; Toxicity; Neurotropic activity

1. Introduction

Germatranes (CAS name: 5-aza-2,8,9-trioxa-1-germa-
tricyclo[3.3.3.0Jundecane) contain hypervalent germa-
nium atom with transannular bond to nitrogen (bond
length 2.01-2.29 A) which is responsible for their
chemical stability [1,2]. The nature of substituent at
germanium atom influences the strength of the transan-
nular N — Ge bond, the values of bond angles [1,2] and
biological properties [3—6]. Recently we found that
arylgermatranes are less toxic compounds than corre-
sponding thienylgermatranes [6], at the same time the
N — Ge bond is longer in arylgermatranes than in furyl-
and thienylgermatranes [1,2,7]. It has been found that in
furyl- and thienylgermatranes the introduction of one
methylene group between heterocycle and germatranyl
group dramatically lowers the acute toxicity of the

* Corresponding author. Tel.: +371-75-51-822; fax: +371-75-50-
338
E-mail address: ign@osi.lv (E. Lukevics).

compound, while the neurotropic activity remains high
[4—6]. One can expect that in phenyl—benzyl series it will
lead to the low toxic compounds and thus to the increase
of their therapeutic index. Therefore, in this investiga-
tion we focused our attention to the benzylgermatranes.

The first step of their synthesis is preparation of
benzyltribromogermanes by the insertion of GeBr; into
the C—Br bond. As the starting bromobenzylbromides
contain two different carbon—bromine bonds (Cp:—Br
and C,p,.—Br) we could expect the formation of bromo-
benzylgermatranes or even bis(germatranyl)derivatives.
The influence of the position of bromine atom in the
phenyl ring on the reactivity of the starting bromides
and on the properties of the obtained germatranes has
been studied.

2. Results and discussion

Benzylgermatranes (I-1V) were obtained as a result of
the following conversions: insertion of germanium
dibromide into carbon—bromine bond of the corre-
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sponding benzyl- or bromobenzylbromides in refluxing
toluene, conversion of benzyl- or bromobenzyltribro-
mogermanes into triethoxy derivatives by alcoholysis,
and transalkoxylation with triethanolamine to germa-
tranes I-1V (yields 66.7, 61.0, 56.5, and 35.0, respec-
tively) (Scheme 1).

Although in the case of p-dibromobenzene the inser-
tion of GeBr; in to Cy.—Br took place (‘Pierce’vial,
~200 °C, 25 h) [8], all our attempts to insert GeBr,
into Cyp—Br bond of bromobenzylbromides were un-
successful even with excess of GeBr,, long time heating
in solvent, or without solvent at ~200 °C under
pressure in ‘Pierce’ vial. It means that the introduction
of CH,GeBr; group completely deactivated the Cgp.—Br
bond in bromobenzyltribromogermanes to the further
insertion of germylene.

Yields, melting points, element analysis, mass-spectra
and 'H-NMR data for new compounds obtained are
summarized in Table 1. After recrystallization from
chloroform (I, I, IV) or ethanol (II), they were
obtained as colorless crystals suitable for X-ray diffrac-
tion study.

In extension of our structural investigation of atranes
the crystals of germatranes I-IV were analyzed by
means of X-ray diffraction. Figs. 1-3 show a perspective
view of molecular structures I, II, IV with atomic labels.
Table 3 lists the main geometrical characteristics of
molecules I-1V.

For crystal structures I, II, IV the disorder is
observed. This phenomenon is usual for crystals of
atranes. The disordered atoms are carbons C4, C6 and
C11 in germatrane cage. In the structure I for atoms C4,
C6, C11 the occupation g-factor equals 0.72 (respec-
tively, g = 0.28 for C4,, C6, and Cl11,). In the structure
II for all disordered atoms C4;, C6;, C11; and C4,, C6,,
Cl11, the g-factor is 0.5. For structure IV the disorder is
observed only in one of two crystallographically in-
dependent molecules, namely in molecule B (see Fig. 4).
The values of g are 0.75 for C4, C6, C11 and 0.25 for
4., Co,, CI11,.

The values of intramolecular N — Ge donor—acceptor
bond lengths for I-1V lie in the interval of 2.175-2.219

R /N
/ a o Ry
G .
A W W G\ -

I R=H; I R=2-Br; Il R=3-Br; IV K =4-Br

o

A. It has been shown [9] that the N —Ge distance
depends on packing effect, because only a little energy is
needed to change the N —Ge bond length on a few
tenths of angstrom from optimum. At the same time, the
parameters of temperature factors for germanium and
nitrogen are relatively low and the thermal ellipsoids of
Ge and N are correspondingly small. Though ‘no
indication was found for unusually flexible cage or for
an impact of the crystal packing on the N — Ge linkage’
[10], however, these thermal displacement parameters
correspond to crystal state where molecules are com-
pressed. In the free state thermal displacements along
the N — Ge directions should be considerable because in
isolated molecules of germatranes and silatranes the
potential curve for deformation of transannular bond is
very shallow [9,11]. The experimental investigations of
atranes in the gas-phase [12,13] conform to this fact. The
significant atom displacements along transannular bond
lead to a large error for value of the bond length in gas-
phase electronography studies. The influence of crystal
packing effect is displayed for structure IV where there
are two symmetrically non-equivalent molecules (see
Fig. 4). For the molecules B the packing effect is less
than for A: the shortest intermolecular contacts for
molecule A are 2.67 A (for H7B- - -H6B) and 2.69 A (for
H4A- --02), whilst for molecule B they are 2.79 A (for
H6’A---08’) and 2.91 A (for H6B- - -H16"). Therefore,
unlike molecule A the molecule B is disordered and N —
Ge kgond for B is longer (2.219 (3) A) than for A (2.176
(3) A).

For other covalent bonds, the crystal packing influ-
ence is not significant, therefore, their values of bond
lengths are near to standard, except for C—C and C—-N
bonds in atrane system of m-bromobenzylgermatrane
(III). These bonds are shortened due to the strong
liberated thermal vibration [14] of the carbon atoms,
which are connected with nitrogen atom.

The intramolecular donor—acceptor bond N — Ge in
benzylgermatranes I-IV (2.175-2.219 A) is shorter than
that in tolylgermatranes (2.212-2.230 A) [1].

The experimental evolution of acute toxicity and
neurotropic activity of benzylgermatranes is presented

1. EtOH/E,N
2. N(CH,CH,OH),

R
4 ;ﬁ
\/\ \ CHzGG(OCHzCHz);;

Scheme 1.
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Table 1
Analytical data for benzylgermatranes RGe(OCH2CH2)3N
R Reaction M.p.  Molecular for- Anal. Found: (Calc.) (%) 'H-NMR (6 ppm) GS-MS (%) Yield
time (k) °O) mula (%)
C H N
C¢HsCH, (I) 4 224—  C;3H;9GeNO; 50.22 6.16 4.52 2.31(2H, s, CH»); 2.64 (6H, t, 311[M ™, 5], 220[M T —C4HsCH,, 100], 160(35), 146(18), 66.7
226 (50.39) (6.18) (4.52) N-CH,); 3.59(6H, t, O—CH,); 130(7), 116(5), 100(5), 91(50), 65(20), 56(35), 42(30)
6.79-7.26 (4H, m, C¢Hs)
2-Br-C¢H4CH, 3 195—- C;3HsBrGeNO;3 40.05 4.66 3.63 2.53(2H, s, CH,); 2.62(6H, t, 389[M ", 3], 220[M * —Br C¢HsCHo, 100], 160(30), 146(15), 61.0
() 197 (40.16) (4.67) (3.60) N-CH,); 3.62(6H, t, O—CH,); 130(7), 117(5), 102(5), 90(30), 56(35), 42(30)
6.62—-7.42(4H, m, C¢Hy)
3-Br- 6 189—  C;3H;3BrGeNOs; 40.20 4.60 3.52 2.28(2H, s, CH»); 2.64(6H, t, 389[M *,3], 310[M * —Br, 3], 220[M " —BrC4HsCH,, 100], 56.5
C¢H4CH, (1) 190 (40.16) (4.67) (3.60) N-CH,); 3.62(6H, t, O—CH,); 190(6), 160(28), 146(14), 130(10), 117(7), 102(5), 89(30),
6.77-7.37 (4H, m, C¢Hy) 56(35), 42(30)
4-Br- 5 225—  C;3HgBrGeNOs; 40.17 4.59 3.56 2.26(2H, s, CH,); 2.66 (6H, t, 389[M *,5], 220[M * —BrCsHsCH,, 100], 190(5), 160(30), 35.0
CsH4CH,L(IV) 228 (40.16)  (4.67) (3.60) N-CH,); 3.60 (6H, t, O—CH,); 146(16), 130(10), 117(7), 102(5), 90(35), 56(35), 42(30)

6.86—7.28(4H, m, C¢Hy)
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Table 2
Crystal data, measurement conditions and refinement results for compounds I-1V
1 I I v
Molecular formula C13H19G6NO3 C13H|8BrGeNO3 C|3H]3BTG€NO3 C|3H|8BrGeNO3
Molecular weight 309.88 388.79 388.79 388.79
Crystal size (mm) 0.07 x 0.32 x 0.37 0.08 x 0.2 x 0.45 0.24 x 0.25 x 0.47 0.10 x 0.18 x 0.28
Crystal system Monoclinic Monoclinic Monoclinic Triclinic
Space group P2/c P2,/c P2\/c Pi
Cell parameters
a (A) 10.4871(3) 7.6738(2) 6.7780(1) 6.9587(2)
b (A) 11.6149(4) 17.4535(5) 12.2271(3) 11.1650(3)
¢ (A) 13.7570(5) 12.5238(4) 17.9044(5) 19.0717(6)
o () 90.0 90.0 90.0 86.853(1)
B (©) 126.420 18.130(2) 100.614(1) 82.352(1)
y () 90.0 90.0 90.0 83.796(2)
Unit cell volume ¥ (A% 1348.41(8) 1479.24(8) 1458.44(6) 1458.74(7)
Calculated density Dy 1.527 1.746 1.771 1.770
(g.em )
F(000) 640 776 776 776
Absorbtion coefficient u 2.27 4.77 4.84 4.84
(mm~")
Data collection: 20,,,x 55 55 60 55
©)
Number of measured 5864 5741 7401 10383

reflections

Number of independent
reflections

Number of observed re-
flections

3423 [Rin, = 0.031]

1975 [I > 30 ()]

3547 [Rin, = 0.032]

2135 [I > 30 (I)]

4266 [Rin, = 0.033]

2961 [I > 20 (I)]

7086 [Rin, = 0.033]

4632 [I > 30 ()]

Refinement data: R-fac- 0.038 0.040 0.051 0.043
tor
R(F) for all data 0.071 0.090 0.083 0.071
wR (F?) for all data 0.080 0.119 0.121 0.101
Apmax, (€ A3 0.49 1.25 1.21 0.99
Number of parameters 175 197 172 359
Programs used DIRDIF [17], maxus [18], DIRDIF [17], maxus [18], SHELXS-86 [20], SHELXL-97 [21], sIrR97 [22], MmAXUS [18],
ORTEP [19] ORTEP [19] ORTEP [19] ORTEP [19]
Deposition number 185760 185761 in [16] 185762
C(3)
C(14) C(15)
c(12) C(16)
C(7) 7 \
RO
\[ A Ge(1) C(13)
\ NGO
C(6)
C(18) c(7)

C(11)
O(9)

C(10)

Fig. 1. Perspective view and atom numbering scheme of molecule I.
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Q!

Fig. 2. Perspective view and atom numbering scheme of molecule II.

in Table 4. Biological investigations have demonstrated
that all compounds I-IV are low toxic compounds
(LDso > 1000 mg kg~ "). Like in furyl- and thienylger-
matranes [4,6] introduction of CH,-group between

aromatic ring and germatranyl group significantly low-
ers the toxicity of germatrane (LDsq for phenylgerma-
trane 35.5 mg kg~ ' [1], for 4-bromophenylgermatrane
—65 mg kg~! [8]). All benzylgermatranes (I-IV)

Fig. 3. Perspective view and atom numbering scheme of molecule IV.
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Table 3
The principal geometrical parameters of molecules I-1V
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1 11 I IV (Molecule A) IV (Molecule B)
N-Ge (A) 2.183(2) 2.175(3) 2.183(3) 2.176(3) 2.219(3)
Ge-C (A) 1.956(3) 1.954(3) 1.962(4) 1.962(3) 1.952(3)
Ge—O(mean) (A) 1.798(2) 1.803(2) 1.800(3) 1.799(2) 1.797(2)
O-C(mean) (A) 1.408(4) 1.413(4) 1.411(5) 1.420(4) 1.404(4)
C—C(mean) (A) 1.517(3) 1.521(10) 1.471(8) 1.516(6) 1.490(7)
C—N(mean) (A) 1.478(4) 1.487(9) 1.445(6) 1.476(4) 1.471(5)
C-Br (A) 1.894(3) 1.895(4) 1.910(3) 1.899(4)
N-Ge-C () 178.46(9) 176.4(1) 175.6(2) 177.7(1) 177.3(1)
C-Ge—O(mean) (°) 97.3(1) 97.2(1) 97.3(2) 97.1(1) 98.0(1)
Ge-C-C (9) 115.7(2) 118.0(2) 117.8(3) 116.5(2) 116.1(2)
AGe (A) 0.2295(4) 0.2273(6) 0.2266(18) 0.2219(4) 0.2493(5)
AN (A) 0.381(3) 0.375(5) 0.380(5) 0.387(4) 0.362 (4)

Fig. 4. Crystal structure of compound IV projection along [100].

applied in doses 5 mg kg~ ! prolong hexobarbital-
induced anaesthesia by 62-95%, possess high anti-
Corazol activity (75-136%). Bromobenzylgermatranes
IT and III protect against hypoxia (50—58%). Duration
of ethanol anaesthesia is decreased by 40% under
influence of compound III (Table 4). Benzylgermatrane
(I), 3-bromobenzylgermatrane (III) and 4-bromobenzyl-
germatrane (IV) improve memory processes and com-

Table 4 + l
Acute toxicity and neurotropic activity of RGC(OCH2CH2)3N

pletely prevent animals from retrogradal amnesia (RA)
caused by electroshock (Table 4).

3. Experimental

Standard inert atmosphere techniques were used for
all synthesis and sample manipulations. The solvents
were dried by standard methods and distilled prior use.
Arylhalogenides—commercially available compounds-
were distilled prior use under vacuo. The dioxane
complex of germanium (II) dibromide was prepared by
reduction of GeBry with tetramethyldisiloxane in 1,4-
dioxane by known procedure [15].

"H-NMR spectra were conventionally recorded on a
Varian 200 Mercury instrument (200 MHz) using CDCl;
as a solvent and hexamethyldisiloxane (HMDSO) as
internal standard. Mass spectra were registered on GC—
MS HP 6890 (70 eV).

For X-ray crystal structure analysis of compounds I—-
IV an authomatic ‘Nonius KappaCCD’ diffractometer
with Mo radiation (1=0.71073 A) was used. The
crystallographic, measurement and refinement data for
I-1IV are given in Table 2. Preliminary data for 3-
bromobenzylgermatrane (III) have been described in
[16].

Neurotropic activity was studied on Icr:Ice BALB/c
and CBA mice. Ambient temperature (22+1 °C) was

R Hypoxia (%)  Corazol induced spasms (%) Phenamine, stereotypy (%) Anaesthesia of control (%) RA(%)
Hexo-barbital Ethanol

C¢HsCH, (I) 127 213 104 162 116 100

2-BrCqH,CH, (II) 158 226 129 162 91 100

3-BrCqH,CH, (III) 116 237 91 167 60 60

4-BrC¢H4CH, (IV) 150 175 129 195 80 100
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maintained in the laboratory and in the animal colony.
The tested substances were administered intraperitone-
ally 30 or 60 min prior to the assay as aqueous
suspensions prepared with the aid of Tween 80. Control
animals received injections of equal amounts of distilled
water with Tween 80. Tests were indicated and deter-
mined according to Ref. [23]. Conventional reflex of
passive avoidance was applied to evaluate the influence
of the substances in question on memory and antiam-
nesic activity. RA was caused transcorneally by maximal
electric shock administered just after learning.

3.1. Benzylgermatrane

Benzylbromide (3.7 g, 0.022 mol) and dioxane com-
plex of germanium (II) dibromide (6.98 g, 0.022 mol) in
20 ml toluene were refluxed for 4 h under argon
atmosphere. The resultant yellow solution was cooled
to room temperature (r.t.) and analyzed by GC—-MS (m/
z, %): 404 [M ™, 5], 325 [M* —Br, 3], 153 (Ge-Br, 10),
91(100). An ethanolic solution (5 ml) of triethylamine
(6.1 g, 0.06 mol) was added dropwise to a benzyltri-
bromogermane, cooled to 0 °C, followed by heating to
r.t. and boiling for 2 h. After cooling triethylamine salt
was filtered off. Triethanolamine (3.28 g, 0.022 mol) in
ethanolic solution was added to the filtrate. The reaction
mixture was stirred at r.t. for 10 h, cooled to 0 °C and
benzylgermatrane (4.55 g, 66.7%) was filtered off.
Recrystallization from chloroform was carried out.
Analytical data are summarized in Table 1.

Compounds II-IV were prepared analogously. After
recrystallization from chloroform, compounds had
properties shown in Table 1.

4. Supplementary material

Crystallographic data for the structures I-IV re-
ported in this paper have been deposited at the Cam-
bridge Crystallographic Data Centre as supplementary
information, CCDC nos. 185760-185762 for com-
pounds I, II, IV and no. 180000 for compound III.
Copies of the data can be obtained free of charge on
application from The Director, CCDC, 12 Union Road,
Cambridge CB2 1EZ, UK (Fax: +44-1223-336033;
e-mail: deposit@ccdc.cam.ac.uk or www: http:/
www.ccdc.cam.ac.uk).
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