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In recent years a number of authors have evinced interest in intra—com-
plex heterocyclic inorganic esters and alcoholates of triethanolamine and
its derivatives of the type R,_sM(OCH2CH,)sN (I), where M = an atom

+ 1

of tri- or multivalent element with an incomplete p- or d-valency shell;
n = its valency; and R = an organic radical, hydrogen or any other sub-
stituent. The growing interest in this type of compounds is prompted by

both theoretical and practical reasons. At the present time the following
compounds of the above indicated structure are already known: with
M = boronl-21, aluminium?2-24, silicon25-36, titanium and zirconium37-44,
bismuth¥; and vanadyl4¢ and iron47-50,

We would suggest that all compounds of the type (I) should be unified
under one name “atranes’ and that the various substances should be named
depending on the substituent M, e.g. “silatrane”’—(M=5i, R=H)—2,2,2"'-
aminotriethoxysilane; “boratrane”’—(M==B)~-2,2',2"'~aminotriethoxy-
boron; “alumatrane”’—(M==Al)—2,2’,2"'-aminotriethoxyaluminium, etc.

The silatranes containing a coordinate link to nitrogen from a penta-
coordinated silicon atom, are of special interest because of the formation of
stable coordinated complexes between alkoxysilanes and tertiary amines.
Such compounds have not been reported so far, nor did we succeed in
gathering sufficient evidence, by means of physico-chemical analyses,

}in collaboration with G. I. Zel¢ans, 1. B. Mazeika, J. J. Baltkajs, J. P. Jegorov, and
V. A. Pestunovich
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molecular or n.m.r. spectroscopy, for a possible coexistence of alkoxysilanes
with tertiary amines in a solution. Silatranes of a general formula (I) have
been only rarely mentioned in the literature. Some patents25-27, a letter to
the editor?$, one publication3% with only a passing mention about 1-vinyl-
silatrane, and a reference to unpublished data36 have appeared recently; all
this material contains just a minimum of information and no descriptions of
experimental resultst.

Synthesis of similar compounds is always done by trans-esterification of the
corresponding Si-substituted triethoxysilanes according to the reaction
given in equation (1).

RSi(OCoH;)s + (HOCH;CH,)sN >

RSi(OCH,CH)sN + 3CoH;0H (1)
4 -

where R = alkyl, alkenyl, aryl, or alkoxyl.

1-ORGANYLSILATRANES

We have found a simple and convenient method for the synthesis of
1-organylsilatranes?8, 30 using more accessible starting reagents than the
corresponding organyltriethoxysilanes. This method is based on triethanol-
amine cleavage reaction on organyltrichlorsilanes hydrolysis products,
namely polyorganylsesquisiloxanes (RSiOj5); or polyorganylsiloxanols
[R8i01,5-y(OH)2ylz(» = 0-1-5), in the presence of catalytic quantities of
alkali metal hydroxide (preferably KOH). Equation (2) illustrates the course
of the reaction:

1/4[RSiO; 5_y(OH)s,Js + (HOCH;CHy)3N —

RSi(OCH,CH,)sN + (1+5 + »)HsO (@)
[ . 1

Water lost during this process is gradually eliminated by azeotropic
distillation with a suitable inert solvent (xylene). The volume of water
distilled over enables the course of the reaction to be followed till its com-
pletion. The velocity of the reaction increases with diminishing degree
of condensation of the starting siloxanols. Vinyl and phenyl derivatives react
with triethanolamine considerably faster than the alkyl derivatives. The
alkylsilatranes synthesis is complete in 4-8 h; in the case of vinyl or phenyl
derivatives it is complete in 0-5-1-5 hour. On cooling 1l-organylsilatranes
precipitate in crystals and are purified by recrystallization; yields 60-90 per
cent.

Polyorganylhydrosiloxanes of the type (RSiHO); or HO(RSiHO) H,
obtained by hydrolysis of corresponding organyldichlorosilanes when used
as starting materials for 1-organylsilatrane synthesis give also high yields.

1 Some of these communications appeared after our articles were either published or in
press.
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The reaction takes place under the same conditions and is illustrated in
equation (3).

1/x (RSiHO),; + (HOCH:CHz)3N —
RSi(OCH2CH2)sN + H20 -+ Hj (3)
N

In the reaction of triethanolamine with polyorganylhydrosiloxanes the
first to react is the Si-H bond which results in the liberation of hydrogen;
the theoretical quantity of hydrogen is eliminated long before the end of the
whole process. This is followed by the cleavage of the siloxane bonds with
consequent water formation. It is therefore not the completion of hydrogen
elimination but the termination of water formation that indicates the end of
the reaction. The completion of the reaction in this case does not exceed
1-5-2 hours as against 4-8 h when polyalkylsesquisiloxanes or polyalkylsilox-
anols are used as the starting materials.

The nine l-organylsilatranes (four of which have not been previously
known) synthesized by both these methods along with their yields, melting
points, water-solubility, analytical data and molecular weights are given
in Table 1. Among the products listed are also 3-methyl-, 3,7-dimethyl-,
and 3,7,10-trimethyl-1-phenylsilatranes obtained by reacting polyphenyl-
sesquisiloxane with isopropanoldiethanolamine, diisopropanolethanolamine
and triisopropanolamine respectively.

All 1l-organylsilatranes form colourless pretty crystals mostly needle-
shaped with sharp melting points. In substituted 1-phenylsilatranes the
occurrence of stereoisomeric forms can be attributed to the presence of
asymmetric carbon atoms. 3-Methyl-, 3,7-dimethyl-, and 3,7,10-trimethyl-1-
phenylsilatranes can have, depending on the number of asymmetric hydro-
carbon atoms, two, three and four stereoisomers respectively. In the last
case they may be presented as follows.

CH; CHj,

(In

In this connection we would like to indicate that we obtained 3,7-
dimethyl-1-phenylsilatrane in two crystal forms (in needles with m.p.
90-4-91-4°; and in platelets with m.p. 94-5-95-8°).

1-Methylsilatrane is a polymorphic compound and has a double melting
point. After recrystallization from xylene its m.p. is 142-143°, but after
fast cooling of the melt the m.p. is raised to 151-5-152-5°. This more stable
form, which does not change after repeated cooling and heating, is sometimes
obtained by recrystallization of the mentioned compound from z-heptane
or xylene. These data disagree with another report26 according to which on
recrystallization of l-methylsilatrane from the melt a low temperature
melting form (m.p. 123-125°) is obtained.
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SILATRANES

All l-organvylsilatranes synthesized are sufficiently thermostable to be
distilled in vacuo, or even at normal pressure, without decomposing. They are
monomers, a fact confirmed by cryoscopic data on their molecular weights
in nitrobenzene or benzene ( Table I).

These substances are readily soluble in halogenated hydrocarbons, nitro-
benzene, dimethylformamide, and acetonitrile. Methyl and ethyl derivatives
are fairly soluble in water, which cannot be said about arylsilatranes (cf.
Table 1). The nature of the hydrocarbon radical bound to the silicon atom
also influences substantially the degree of solubility of 1-organylsilatranes in
organic solvents. Thus, for instance, l-methylsilatrane is practically in-
soluble in diethyl ether; its nearest homologues, however, such as 1-ethyl-
and l-isopropylsilatranes are readily dissolved in the same solvent. The
solubility of 1-ethylsilatrane in xylene is less but in water it is more as com-
pared to the isopropyl derivative. As a rule, l-arylsilatranes dissolve less
readily in any solvent than do the l-alkylsilatranes.

In contrast to the organyltriethoxysilanes RSi(OCH2CHg)s which are
hydrolyzed readily the l-organylsilatranes are quite resistant to humidity
(and atmospheric oxygen). A notable hydrolytic decomposition of 1-methyl-
silatrane can be observed after its exposure to 50 per cent relative humidity
during 28 days; l-isopropyl- or l-phenylsilatrane, kept under the same
conditions for almost two years, remained unchanged.

One of the characteristic properties of the l-organylsilatranes (especially
of 1-isopropylsilatrane) is the ability of their crystals to develop intensive
contact movements when put on the surface of a fluid (water, benzene, ctc.).

1-Organylsilatranes do not give ammonium bases with methyl iodide
at its boiling temperature. 1-Phenylsilatrane does not react with iodine
solution in boiling chloroform, but decolorizes a bromine solution. 1-Vinyl-
silatrane reacts with bromine in cold.

1-ORGANOXYSILATRANES

Three compounds belonging to the group of 1-organoxysilatranes have
already been described in literature (1l-ethoxy25-27, 3,7,10-trimethyl-1-
ethoxy??’- and l-menthoxysilatrane26) and have been prepared according
to scheme (1) from the corresponding organoxytriethoxysilanes. To consider
this as the general method of synthesis is not feasible because it neces-
sitates a previous preparation of the already mentioned organoxytriethoxy-
silanes.

We have found a new general method for synthesis of 1-organoxysila-
tranes29: 33 based on trans-esterification of the lower tetralkoxysilanes,
Si(OR")4 [R'=CHs, CgHj5] by an equimolar mixture of triethanolamine and
a corresponding hydroxyl containing organic compound (ROH). The reac-
tion takes place mostly in the presence of an alkali catalyst (an alkali metal
hydroxide) which speeds up the process and ensures better yields of the end
product. Some of the 1-alkoxysilatranes [R =(CHs)2CH, (CHs)3C] cannot
be prepared in the absence of alkali. The reaction proceeds according to the
equation (4).

ROH + Si(OR’); 4+ (HOCH2CHz)sN—
ROSi(OCH2CH3)sN + 4R'OH 4)
T

r
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where R = alkyl, cycloalkyl, aralkyl, aryl; and R" = CHjs, CoHs.

The synthesis is achieved by preparing an equimolecular mixture of
tetraethoxysilane (or tetramethoxysilane), triethanolamine, a corresponding
alcohol or phenol and a catalyst; the whole mixture is then heated until
ethanol (or methanol) is completely distilled off (0-5-1-5 h). 1-Organoxy-
silatranes are crystallized directly from the reaction mixture or are sepa-
rated from it after evaporation of the solvent and then purified by recrystalli-
zation. 1-Alkoxy- and 1-cycloalkoxysilatranes are crystallized from
n-heptane (1-methoxy- and 1-cyclohexoxy derivatives can be also crystallized
from xylene), and 1-aralkoxy- and 1l-aroxysilatranes from xylene, a mixture
of chloroform and n-heptane, or from carbon tetrachloride and chloroform.

1-Organoxysilatranes thus obtained, their melting points, analytical data,
molecular weights, neutralization equivalents, and yields are given in Tables
2 and 3.

Like l-organylsilatranes all these compounds represent colourless (with
the exception of the yellow l-nitrophenoxysilatranes) solid substances and
after crystallization acquire the form of small, mostly flake-like crystals.
1-Alkoxysilatranes dissolve readily in water and in most organic solvents,
like chloroform, dioxane, acetone, ethyl acetate, alcohol, aromatic hydro-
carbons, diethyl ether, carbon tetrachloride, but do not dissolve in cold
petroleum ether. 1-n-Tetradecoxysilatrane, on the contrary, is not soluble
in water, but soluble in cold petroleum ether; l-methoxysilatrane is only
slightly soluble in cold benzene, toluene, xylene and completely insoluble
in diethyl ether and carbon tetrachloride. 1-Aroxysilatranes are only slightly
soluble in water and in many organic solvents with the exception of halo-
genated hydrocarbons, nitrobenzene, dimethylformamide, acetonitrile, and
alcohol, in which they easily dissolve.

1-Organoxysilatranes as well as l-organylsilatranes are monomers
(cf. Table 2). They get gradually hydrolyzed in atmosphere. 1-p-Nitro
phenoxysilatrane, like p-nitrophenol has indicator properties. 1-Organoxy-
silatranes can be recommended as crystalline derivatives for identification
of various alcohols and phenols.

By replacing the alcohol with the corresponding monocarboxylic acid
we synthesized crystalline l-acyloxysilatranes—new compounds not de-
scribed previously in the literature. These compounds are extremely un-
stable which makes their purification a matter of considerable difficulty.
Aliphatic carboxylic acid derivatives are easily transformed into polymers,
even in the absence of air humidity and at room temperature; aromatic
and heterocyclic acid derivatives polymerize in the process of crystalliza-
tion.

KINETICS OF HYDROLYSIS

The hydrolysis of silatrane in an aqueous solution is a first order reaction.
The decrease in speed in silatrane (I) hydrolysis with change in substituent
R at the silicon atom can be expressed by the following series:

(1) Hy» CHp = CH>CHs > CgH; > CoHj > i-C3Hy
(2) CH30 > C3H30 > n-CsH70 > i-CsH,0 > n-C4HoO > sec-CyHoO
> i-C4HyO > t-C4HoO
40



SILATRANES

WW 9.0 5081 *d'q {,301-001 "d'Wr 1931 §

*3sA1e1e0 INoYN M }

6L 182 14 189 6% 866 80-L 98-¥¢ L1:01 ISTON®'H™D | 86182 | 182°LL% | 0-36-5-061 THO'H'D
98 eLe LLT 88 aLee £3-01 9¢-8 01:3§ wm”? IS'ON™HY'D | Iv-6L8 | €LE8°1LT | §-S6-S-€61 H'D
1ze 88¢ 88¢ 99-01 L6119 iz 0£-01 61-29 WMW IS'ON'"H"D | ¥9-18¢ | 98¢ ‘T6¢ 18-08 HD* (*HD)*HD
wm (744 9LZ $1:6 £€-38 0301 61-6 $9-3S mm“m: IS'ONS*H'D £8-28 *HD'(*HD)*HD
L8 192 19% L8-8 §S-08 Ly-01 LL-8 £€0-0S WWP IS'ON®H''D 08-8L1 *HDD*(*HD)
69 192 ¥92Z L88 $$-08 L¥-01 00-6 ¥6-08 mw”m# ISTON"H''D 0-9¢1-6-¥€1 | *HD*HDHO®(*HD)
£9 192 S92 L8-8 $S-08 L¥-01 eL-8 99-08 mwmw IS'TON¥H''D S-801-6-301 *HO*("HD)*HO
99 Lyg 8¥%: 958 958% SE-11 L8 SP-8¥ mmm ISYTON"™H"'D | LE-L¥3 | LV “7ST | S-L¥—S-9%1 O°(*HD)
6¢ JA24 874 9¢-8 95-8¥ se-11 b8 11-8% wm”“ “ IS'ONYH'D 2€-1€1 HO(CHD)*HOHD
39 Ly 08T 95-8 9¢-8¥ selr | o 92-8% Mm““ “ IS'ONYH"D 001-66 *HOHO® (*HD)
L LYe 6¥C 9¢-8 9¢-8% se-11 1.8 90-6¥ mm“ “ ISTON"™H""D S- 1811 FHD® (CHO)*HD
L €€7 622 128 £€-9% $0-31 , 03-8 08-5¥% mm“w “ ISTONS"H®D | ¥¢£-€8C | 9%2 523 {0-181-6-631 HO*(*HD)
s [ 1£3 13-8 €E-9% $0-21 , €0-8 18:S¥ MMM“ ISTON*H*D 08-6L *HD*HO®HD
198 615 244 18-L 18-¢¥ 1831 | LSL 9L-E¥ sL-gl IS'TONS'H®D | 16:613 | #83 ‘032 | +601-301 HDO®HD
%Wm €08 €02 Le-L 96-0F so€l | 60L €0-1¥ Wm”wm ISTON®'H!D | 62:S03 | 012 ‘903 96-SS1 *HD
(%) IJeY | punog M Kie) punoq (Do)
sponposq H 0 s ! H o] 1S opnuciof “joy Fu ki
pawyasun puajoamnb 7 I (*ONUd u2 ‘914095064))
Jospiag | uoupzyvanap (%) paomaw) | (%) punoy 1m0y
1

NE(FHOZHDO)ISOY SoUeneIsixoNy-1 g 290,

41



M. G. VORONKOV

120 12d g9.87 Pare[no[eD Hudd 13d (6-87

punoy ‘10 U0 398 ¢7.11 PRTNOIEd (jusd 12d g6.11 ‘1D ‘punog § *)sATeyed € oy *$1901() Ul USAIS S1 UONRZIJJEISAID JOF PIS (JINIXTW JO) JUIAIOS YT, 1
- - ”
88 ¢ €0-9 ¥$-09 o8-8 19-% 109 | €409 | 868 | ISFON""H*'D (joura) ‘HD g
| 68 | 5-981-C-F8I
,
001~ $9-8 91-S FI-9F 668 L1-6 %3-S | orov L6'8 | ISO°NH' "D (suanjoy) THON'O-¥
st J 198 | P8I-§-C81
116 $9-8 91-¢ $1-9% 66-8 69-8 g1-¢ 08-9% 01-6 ISCOPN"HP'™D (audthx) FH'ON*O-¢
L8 | 91-6 _ S-861-G-L61
8¢ €9-8 91-¢ ¥1-9% 668 €L-8 €8¢ | £6:SF €86 ISPO’N'H*'D (susAx) H'ON*O-2
7 066 YE-£€5
82 8L-¢ 18-¢ 88-8¢ 86-L 90-¥ 88-¢ 6988 | L¥L MSTONPID''H* ™D (oUd[4Ax) SHPOMD-9FT
| 8¥L S-0£~0€3
1001~ | ¥9¥ ¥e8 9L-LY 126 6S-¥ 09-§ 19-L¥ mw.m | §ISTONID"'H''D ?m%?& TH'DIO ¥
001~ IS -991 )
118 £E 6L:L 1¥-6$ 89-8 £5+¥ 68-L | 09-68 18:8 ISTON"H™D | (Suwdey-u + :ommhov HPDHD® (*HO)-¢—"HD-S
06 , ¥L-8 C-81—C-L1g
oL ee-¥ o6LL 1565 89-8 18-¥ ¥9-L 66-89 68-8 ISTONTHD | (eumiday-u + *[DHD) YHPODE(CHD)-F
W 68-8 £52€3
19s | 86¥ 189 6%-SS 866 84 S0-L 0£-8S 166 ISPTONS'HE'D | (pueiday- + *[DHD) "H"D*HO¥
86 , €L-6 68-881
128 86-¥ 189 6¥-6¢ 866 A 96:9 98-8 $1-01 1ISTONSTH'D (ounathx) FH'O'HD-¢
68 25-01 §-€9-6-291
1e8 86-% 18:9 6¥%-SS 866 ¥0-§ 699 1668 £0-01 ISTONS'H®™D (suR]dx) YH'D*HO¢
86 £0-01 §-61-812 |
168 728 149 16-68 08-01 9¢-¢ sL-9 Z1-98 16-01 ISTONSTHE™D | (19D + *PHD) ! ‘H*D
66 11-01 $-656-83%
(%)
spnpoid N H o] 1S N H o] S |
pautfasun ppnuLof “JopN (Do) L du Y
Josppang (%) paronagn) (%) punod ! ;
1

NECHDETHDO)ISOY souene[sixory-1 °¢ 9oL

42



SILATRANES
(8) p-ClCeH4O > p-CH3CeH1O > CeH50

(4) H>» CH30 > -C3H70 > CgHsO > CHjs > CgHj; >
1-CgHy > -C4H,O

Exact quantitative data will be published elsewhere.

DIPOLE MOMENTS AND THE STRUCTURE OF SILATRANES

According to the classical tetrahedral theory of organic compounds the
Si-substituted 2,2’,2"'-aminotriethoxysilanes can have two kinds of steric
structures with a tetrahedral XSiOj group—one is a non-strained ‘“bi-
convex” (III) (Figure I) and the other also a practically non-strained
“concavo-convex’ (IV) (Figure 2). It is obvious, that the existence of a
donor—acceptor trans-annular bridge between the nitrogen and silicon
atoms is possible only in structure (IV). A study of the Stuart-Briegleb
atom model reveals that only one form of “concavo—convex’ structure (IVa)
(Figure 3) is possible, in which the distance between the silicon and nitrogen
atoms is such as to allow the formation of a coordinated bondt. Nevertheless,
to assume that silatranes have the structure (IV) is jumping to prema-
ture conclusions. We have to keep in mind that in the presence of a trans-
annular donor-acceptor bond Si<-N the covalency of the silicon atom raises
to five. In this case, the hybridization of its valency orbitals is not more
tetrahedral (sp3) as usual, but sp3d, which corresponds to penta-coordinated
silicon atom with bonds directed towards the apexes of the trigonal bipyra-
mid. Consequently, the molecular configuration of the silatranes should be
expressed by structure (V) (Figure 4), which contains the SiOgz planar group
and a tetrahedral four-coordinated (onium) nitrogen atom.

The most decisive evidence for the existence of the silatrane configuration
(V) must be the presence of a trans-annular donor—acceptor bond between
the silicon and nitrogen atoms. This fact can be verified by measurements of
the corresponding dipole moments.

In this laboratory we have measured the electric dipole moments of six
l-organyl- and 1-organoxysilatranes (I; R=CHgs, (CH3)2CH, CHy;=CH,
CeHs, CoH;0, CsH50). As can be seen from the results presented in
Table 4 these dipole moments are very high (of the order 5-7-7-1 D).

Calculated on bond moments the general dipole moment of the grouping
Si(OCH2CHg2)3N, which does not contain the trans-annular donor-acceptor
Si <« N bond (III), equals 0-93 D, with the vector directed from the silicon
toward the nitrogen atom}. The dipole moments of organyl- and organoxy-
silatranes (2,2',2”"-aminotriethoxysilanes) have been calculated based on
the value 0-93 D and the Si-R bond moments in structure (III). The

t On the contrary, the possibility of structural configurations for ‘‘bi-convex” as well as
for “concavo-convex®’ forms exists in similar molecular models of boratranes B{OCH2CHz)sN
with a planar BO3 grouping. L

! In calculation, the valency angles of CG-N-C, Si-O-C and O-Si-O have been regarded

— > —_—
as tetrahedrals, and the bond moments values of C-H, C-N, Si-O and C-O are 0:37; 0-45;
1-54 and 0-74 D respectively.
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calculated values appear to be considerably lower than the experimental
values (about 5 D less). The dipole moments of the similarly built organyl-
and organoxytriethoxysilanes, RSi(OCH3CHjs)s, are also much lower than
those of the corresponding silatranes (by 3-5-4:5 D).

Dipole moment studies reveal a strong polarity of the organyl- and
organoxysilatranes. It also became apparent that structure (III) in its

Table 4. Dipole moments of 1-organyl- and l-organoxysilatranes RSi{OCH2CHz)sN
[ 1

# D
® [
R Found Calc. for RSi(OC2Hs)s #SiR —Si(OCH2CHs)sN
(+ 0-15D) | structure 111 (ref. 84) .- !
CHs 5-30 0-66 1-70 0-27 5-03
(CH3)sCH 555 0-66 = 027 528
CH;=CH 5-88 0-5. — 0-4 5-5
CsHs 5-98 0-09 1-67 0-84 5-14
C2Hs0 6-29 0-49 1-82 1-42 4-87
CeHsO 713 — — —

Mean value 52 4 0-2D
|

“bi-convex” form cannot be applied to these compounds. The existence in

these compounds of a trans-annular dipole bond Si<—1t1 with an onium

nitrogen atom and a negatively charged penta-coordinated silicon atom has

been substantiated. Experimental values of the dipole moment calculated

for the group —Si(OCHCHs)sN are about 5-2 4 0-2 D, with the vector
A !

directed from the nitrogen towards the silicon atom.

The dipole moment of the Si<« N bond was evaluated as about 8:6 D
(the transfer of an electron of the bond N— Si (sp3d) over the interatomic
distance about 1-8 A). Therefore, the moment of the whole group
—Si-(OCHzCH_)3N should amount to 8:6-1-1 = 7-5D (in case of structure

A |

V, however, but without the transannular bond Si < N, the dipole moment
will have a value of 1-06 D). A somewhat lower experimental value of the
dipole moment of this group (5-2 D) is conditioned by reversed polarization
induced by its own dipole moments as well as by a dipole moment inducted
in the R} substituent, bound to the silicon atom, and of course, because of
the fact that the unshared electron of the nitrogen atom is not completely
transfered to the 3d silicon orbital.

Similar high values of dipole moments are common for all molecules with
dipolar bonds analoguous to the Si «<- N bonds in silatranes (such as com-
plexes of amines, ethers and sulphides with halogenides of boron, aluminium,
titanium, tin, etc2). The same high dipole moment values (8:8 D) are shown
by boratranel6.

+ It should be pointed out, that the experimental value of the moment for the grouping
—Si(OCH2CHz)sN (5-2 D) is based on the moments of R—-Si(sp8) bonds shown in Table 4.
4 I

Moment values of R—Si (sp3d) bonds will certainly differ from them.
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Figure 1. A *bi-convex” non-strained steric model of the l-methylsilatrane molecule (IT1)

Figure 2. A *‘concavo—convex” almost non-strained steric model of the l-methylsilatrane
molecule (IV)
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Figure 3. A “‘concavo—convex” steric Briggleb—Stuart model of the l-methylsilatrane (IVa)

Figure 4. A steric structure of the l-methylsilatrane molecule (V)



SILATRANES
INFRAREDYABSORPTION SPECTRA

There have been no reports in the literature on the ir. spectra of sila-
tranes (I). It has been indicated only in a short note26 that the frequency
of the Si—H bond stretching vibrations in silatrane itself (I, R=H) is
outside the region usually occupied by organosilicon compounds containing
the HSi(O)3 group (2190-2220 cm~—1}), and is shifted towards lower fre-
quencies (to 2137 cm~! in a CHCl; solution, and to 2117 cm~1 in a CH30OH
solution).

In this laboratory the ir. spectra of ten organyl- and organoxysilatranes
have been studied (I; X==H, CHj, C3Hs, (CHs)2CH, CHa—CH, CgHj,
C2H;50, n-C14Hg90, CgH50, p-CH3CH40) in the region of 400-1700 cm 1.
The data are presented in Figure 5. For comparison purposes i.r. spectra
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Figure 5. Infrared spectra of silatranes (I)

i As it is already known53759, the vibration frequency of the bond Si~-H in molecules
of the type RR’” R’’SiH is linearly connected with the general inductive effect of the sub-
stituents R,R’ and R” and rises with the increase of their electron-acceptant ability (at the
same time the polarity of the Si-H bond decreases).
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of methyltriethoxysilane CH3Si(OCgoHj)s (447, 645, 730, 780, 820, 855,
960, 1094, 1170, 1263, 1298, 1392, 1445, 1485 cm~1) and of tricthanolamine
N(CH2CH2OH)s, (885, 910, 1040, 1075, 1155, 1250, 1285, 1360, 1410, 1450,
1485 cm~1) have also been recorded (Figure 6).
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Figure 6. Infrared spectra of: (A) methyltriethyloxysilane, CH3Si(OC2Hs)3; and (B) tri-
ethanolamine, N(CH2CH2OH)3

Spectra were run on a Model UR~10 double-beam i.r. spectrophotometer
with a KBr and NaCl prisms. Silatrane samples were used in tablet form
with KBr, CH3S8i(OC2Hj)3 and N(CHsCH2OH)3 in pure state.

The spectra of the molecules (structure I) can be discussed part by part.
To the first part, common to all molecules, belongs the main cyclic silatrane
skeleton (I) with an approximate symmetry of Cs,. In the second, the vari-
able part, are the R substituents bound to the silicon atom (R = alkyl,
alkenyl, aryl, alkoxyl, and aryloxyl). In noticing the spectral peculiarities
of different organo-silicon compounds and in comparing the different fre-
quencies it is possible to single out absorption bands corresponding to the
cyclic system of all molecules (7able 5).

Absorption frequencies characteristic for R substituents (Table 6) have
been identified on the basis of published data57-62 as well as from our own
observations.

Considering the structure-spectra correlation one can already anticipate
a definite picture of silatrane vibration bands for bonds like Si-O, C-O,

C-C, C-H, C-N and presumably also of the coordinate bond Si<N. It
may also be expected that specific electron conditions of the silicon atom in

structure (I) would bring about a change in the position and intensity of
the bands v(Si-O) and v(Si-C).
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A number of publications have appeared recently dealing with vibra-
tion spectra of organo-silicon compounds containing the Si-O-C
group®7-59, 63-73_ A study of these reports brings us to the conclusion that
in i.r. absorption spectra of compounds with Si-O-C grouping, a very
intense band is present at 1100 cm~1 and bands of variable intensity in the
interval of 620-840 cm~1. In the majority of the above~indicated articles,
the frequency ~ 1100 cm ™~ is assigned to the unsymmetric stretching vibra-
tion of the group Si-O-C with the stretched C-O bond prevailing; fre-
quencies of the region 800-840 cm~! are attributed to symmetric stretching
vibrations of Si-O. In passing from a single Si-O-C group to molecules
containing several such groups, e.g. RSi(O-C)s, three frequencies become
apparent: one connected with the prevailing stretched Si-R bond, and two
others assigned to the Si—O bond—one symmetric and the second degenerated.

Interpretation of the structure (I) reveals that the ‘“lower” part of the
silatrane skeleton is structurally similar to the molecules of RSi(OCHj3)s
and RSi(OCH2CHs)3 (where R ==alkyl). In the most simple molecule of this
group—CH3S8i(OCHs)3%8: 2—four frequencies are detected in the region
lower than 900 cm~1: 620-v(Si~C), 668-v5(Si~O) and a doublet 728 and
790 cm~1, the latter due to a band split in the second frequency vag(Si—O).
In full accordance with this we have found in the CH3Si(OCH2CHs)s
spectrum frequencies of 645, 730 and 780 cm~L. In silatrane spectra three
vibration frequencies are constantly present at: 568-590, 620-675, and 770—
795 cm~1 (Table 7). In the spectrum (I) with R==CHj the frequency 675
cm~1 is concealed on a wide band stretching from 790 to 635 cm—1.

Tuble 7. Vibration frequencies of the oxygen-silicon silatrane skeleton, cm=1

R v(Si<—N) v(8i—O) v(Si—C)

H 592 633 755 —
CH3 570 (675) 772 620
CH2CH3 570 675 770 615
CH(CHs)2 568 661 768 609
CH=CH: 568 675 767 621
CgHs 592 624t 787 624t
OCz:H;s 585 634 770 —_
OCi14Hgg-n 588 632 782 f—
OCgH; 588 638 775 —
OCeHCHs-p 582 645 795 —

1 In case of phenylsilatrane frequencies v(Si—O) and vA(Si-C) overlap.

In alkoxy and aroxysilatranes and also when R==H the first frequency
is considerably higher than the one in alkylsilatranes. The same tendency
can be observed in the third frequency. Contrary to this, the second fre-
quency in this group of silatranes is usually lower. In alkylsilatranes still
another frequency in the indicated region is observed, viz. 609-620 cm~1,
related to v(Si—C) vibrations.

It has been indicated in the literatureS? 69, 70 that frequencies higher than
700 cm~1 are identified with the degenerate antisymmetrical vibrations of
the Si~O bond in the silicon-oxygen skeleton, whereas frequencies lower than
700 cm~1 are ascribed to symmetrical vibrations. In the first case, frequencies
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of degenerate vibrations actually occupy a region near to the one expected
(800 cm~1); the symmetrical vibration frequencies, are probably in the
region 620-675 cm~1.

If we assign the frequency in the region 568-590 cm~1 to vibrations of the
coordinate bond v(Si< N) we observe, for instance in the case of silatrane
itself (R=H), an irregular shift in the frequencies discussed for the skeleton.
This possibly could be explained by changing vibration forms affected by the
small mass of the substituent (R=H).

These frequency assignments should be taken only as a presumption.
Another possibility could be also considered, namely, the shift of the fre-
quency vs(Si—O) from the region 620-675 toward 568-590 cm~1 as a result
of Si-O and Si <~ N bonds interrelation.

No indications concerning vibration frequencies of the coordinate bond
Si < N are found in the literature. As it is known, stretching vibrations of the
Si-N bond are in the region of 920-980 cm~—! (in silazanes) and at 790-
830 cm~! (in aminosilanes)37. 74-7%. It appears from these data as well as
from the force constants, that the Si-N frequency is situated lower than the
frequency C-N. The frequency of the coordinate bond 8i< N should
correspondingly be even lower than that of the ordinary bond Si-N. The
tentative band assignments to higher regions are therefore fully acceptable.

Further attention is required by the region of KBr and the frequency of a
full symmetrical stretching vibration of the Si~C bond?0; 77, 78, for which
R = CH(CHj)s, CsHs, CHs, CH=CH, corresponds to 609, 615, 620 and
621 cm~! respectively. The full symmetrical frequency vs(8i-C) dependsonly
slightly on the radical mass, but is strongly influenced by the very character
of the substitution at the silicon atom.

The inter-dependence of the nature of the hydrocarbon radicals bound to
the central silicon atom and the va(Si—~C) frequency has been previously
indicated??. More precisely, a correlation exists between the state of the elec-
tron shell of the Si—C bond and the v4(Si—C) frequency which raises with
the increase of the radical’s R electronegativity. A markedly lower [as
compared with CH;3Si(OCoHs)s] frequency of va(Si-C) in the alkylsila-
trane spectra (645 and 609620 cm—1 respectively) corresponds to the fre-
quencies of molecules such as (CHs)sSiCgHs or (CHs)sSiCH=CHCHj3
whereas the general -1 effect of (OCH2CH?2)3N grouping (in the absence of
the bond Si<-N) should be even greater, than in the grouping (OCHCHs)s.
This fact, as well as the shift described in literature2é of the absorption band
v(Si-H) in silatrane itself (I, R=H) towards lower frequencies (correspon-
ding to our data for (I) with R=H the v(Si-H) is 2100 cm~1) is an additional
proof of the existence in (I) of an intramolecular coordinate bond Si<N
the presence of which lowers the electronegativity of the central silicon atom
and consequently raises the polarity of its bonds with G or H.

The structural fragment Si-O-C~C is characterized by typical frequencies
940-950 cm~1, 1015-1020 cm~! and the split band group in the region of
1080—1130 cm 1. Silatranes with R =CsHs, OC2Hjs, CH=CHz, CH(CHs)2
have in the region 1080-1130 cm—1 frequencies of 1085, 1095 and 1125 cm 1.
In silatranes with R=CHj;, C¢Hs, OCgHjs, OC14Hsos-n and OCgH4CHs-p
two frequencies have been observed—1085 and 1125 cm—1.

The frequency 1055 cm~1 in the Lr. spectra of (I) is placed at the edge
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of a very strong band 1095 cm~1. Considering previously reported data?
this band can possibly be identified with stretching vibrations of the C-C
bond in the silatrane skeleton. Comparison of ir. spectra (I) with the
N(CH:CH,OH);3 spectrum revealed the frequency 911 ¢m~1 common to
both. Similarly, this frequency could be identified with vibrations of the
C-N bond. The band 944 cm~1 is situated in the region of stretching vibra-
tions C—C. However, its greater intensity suggests an overlapping by other
frequencies of the Si-O-C-C grouping. It is interesting to notice that the
frequency 880-895 cm~1 is present in all the spectra of organyl- and alkoxy-
silatranes and also in the spectrum of N(CH2CH2OH)s. In the spectra of the
indicated silatranes this frequency is of medium intensity, in the spectrum of
triethanolamine the intensity raises considerably. In aroxysilatrane spectra
this absorption band is shifted to 895 cm~—1 and is extremely intensive.
Consequently, frequencies of 880-895 cm~1 and 910 cm—1 should be consid-
ered as characteristic to the C—~N bond.

For the cyclic skeleton structure (I) also specific are the frequencies 1360
and 1440 cm~1 attributed to deformation modes of the group CHa. In favour
of this speaks the fact that frequencies 1360 and 1462 cm~1 are also present
in the spectrum of N(CH2CH20H)s. Band assigned to R substituents in (I)
are easily identified (7able 6) as considerable work has been already done in
this field.

It has been observed that frequencies of the R substituents are seldom
perturbed or considerably shifted in spite of the fact that they are associated
with a nitrogen coordinated silicon atom. Even vibration frequencies of the
vinyl group, which is very sensible to inductive effects, have the usual size
(945 and 1010 cm™1).

In a number of spectra, overlapping occurs between the R substituents and
the frequencies reflected in the variable intensity of the absorption bands.
Thus, according to previous work, the CoHj group 1s identified by frequen-
cies 1012, 1880 and 1460 cm~1. In structure (I; R=C3Hj) these absorption
bands overlap the skeleton frequencies (1016, 1366 and 1460 cm—! respec-
tively). Frequency assignments for the vinyl group®, 955 and 1270-1280
cm~1, coincide with absorption band pattern of the skeleton (I) (945 and
1283 cm~1). Frequency assignments for the CgHs group?: ® are at 1435,
1190, 1125 and 1032 cm~L. In the spectrum of the structure (I; R =CgHj)
we have bands of 1427, 1170, 1113 and 1027 cm~—1. Bands of 1113 and 1027
cm 1 overlap the absorption bands of the skeleton (I). Frequency 740 cm—1
is also referred to the C¢Hjs group?8. Almost the same absorption band (750
cm™1) is observed in structure (I; R=CgHs).

For the cyclic structure (I) frequencies of 1360 and 1460 cm~! are speci-
fic; they correspond to deformation vibrations of R =CHjs with bands at 815
and 1259 cm ™1, whereby the first represents the pendulum vibrations of the
group CHjs and the second, the deformation vibrations of Si~CHjg.

For the structure (I; R =C3Hj) the frequencies 963 and 1016 cm 1 stretch-
ing C-GC of the ethyl groups at the silicon atom®! are specific. Frequency 1412
cm~1 corresponds to the deformation vibrations of CHg; 1370 cm~! to the
symmetric deformation vibrations of CHs; 1453 cm~! to the asymmetric
deformation vibrations of CHj in the CsHjs group.

It is necessary to mention that substantial changes in stretching vibrations
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of the C-H bond occur depending on different solvents used in i.r. spectral
analyses of (I). Further investigations will be required to arrive at more
exact definitions.

PROTON MAGNETIC RESONANCE SPECTRA

Studies on the p.m.r. spectra of 1-organyl- and 1-organoxysilatranes (I)
(Figure 7) support the validity of the previously suggested structure of these
compounds and give valuable information concerning the electron density
distribution in the molecule.

The p.m.r. spectrum of the O—CHy—CHs— fragment in the silatrane
molecules reflects the AsXy system expressed in small constant values of the
spin-spin interaction between OCHjz and CHy protons (5-6 Hz) as compared

R=H R=CgHg CeHip R=C.Hg CsHiz

0-CH; H—CH,

1l ! | il [ !
6.166)4 712 856 254281 622 728 856
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Figure 7. The H! n.m.r. spectra of silatranes (I)
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with their chemical shifts. A certain asymmetry of the two triplets is due to
the fact that the AgXs system is not clearly expressed and tends toward AsBs.
The appearance in a silatrane skeleton of a simple p.m.r. of this kind instead
of an AgBg spectrum reveals an interaction of the second order between its
three half-rings. The half-rings Si—O—CHy—CHo—N themselves remain
independent but are identical. Assignments of the other signals in the p.m.r.
spectra do not present any difficulties.

A characteristic factor of the chemical shifts in the p.m.r. spectra of the
silatranes (Table 8) is a well expressed inductive influence of the substituents

Table 8. Chemical shifts 7 in p.m.r. spectra of silatranes (I)

R 78t—0—CH, | 7Si<~N—CH, TR
H 614 712 6-06
CHjs 622 721 10-12
CH3fCH,* 624 7-21 970 (a); 9-03(8)
CH3#' (CH38)CH* 625 7-23 908
CHy=CH 622 716 431
CsHs 6-22 7-28 2:81; 2-54
CH30 619 7-08 660
CH3fCHz*O 620 708 8:87(B);6-30(a)
CH;3YCHfCH:*O 617 714 9-11(y); 8:58(B) ; 6:42(a)
CH;® CH,”CGH28CH,%0 618 712 9:12(5); 8-56-8-58(8,y) ; 6-34(a)
(GH3)2:YCHACH:2*O 6-20 712 9-15(y); 8:55() ; 6:62(a)
CH3YCHA(CHa#')CH*O 621 7-18 9-06(y); 8:85(8") ; 8-78(8);

6-18(a)
(GH3)3CO 625 724 870
CsHsCH20 618 7+29 5-26(CHz) ; 2:71(CgHs)
!

R on the electronic screening of the methylene protons in the fragment
—O—CHy»—CHjy— but only when the R represents some alkyl radicals.
This effect would be expected considering that all the other substituents R
have the capacity of d, — p,-conjugation with the silicon atom, acting in
the direction opposite to the inductive —I effect of the substituents. For 1-
phenyl- and 1-benzoxysilatrane, besides the already mentioned two effects
(the inductive and the d, — py-interaction), there is still another effect
influencing the chemical proton shifts of the methylene groups, namely, the
magnetic anisotropy resulting from w-electron circulation of the aromatic
ring. In addition, the d; — p,-conjugation between the O and Si atoms in
the very skeleton of the silatrane plays seemingly a considerable part in the
relative stability of the chemical shifts of OCHgz-protons following changes in
the character of the substituents at the central silicon atom.

A distinguishing characteristic of the silatrane structure is the participation
of the unshared nitrogen electron pair in the formation of a trans-annular
dipole coordinate bond with the silicon atom, achieved through its vacant
3d—orbitals30-33. This peculiar trait of the electronic structure of the silatrane
molecules, already confirmed by high values of their dipole moments3!
(5-7D) as well as by ir. spectroscopic data8, can also be observed in their
p.m.r. spectra.

In fact, if one should compare the chemical shifts of the corresponding
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protons in the Si-substituted triethoxysilane RSi(OCH2CHj;); and in 1-
substituted silatranes a considerable shift of substituent protons toward
higher fields in the silatrane molecules will be noticed, which proves that the
electron density at the silicon atom of the silatrane molecules is considerably
higher:

R—H  CHs CHsCH; CHy—=CH CH,O
~g in (I) 6-06 1012 9:70(x);9-03(8) 431  887(8)6-30(x)
g in RSi(OCH;CHj)s

5-74 996  9:30(c);9-00(B) 402  877(8)6:20(x)

A comparison of the chemical shifts of the CHa-protons in the silatrane
fragment Si<-N—CH, with those of the N—CHg— protons in triethanola-
mine and N-dimethylethanolamine (= = 7-39 and 7-55 p.p.m. on grounds of
published and our own data8l) reveals that the nitrogen atom in silatrane
molecules is screened less distinctly than in p-oxyethylamine. Similar decrease
in electron density at the nitrogen atom can be observed in the case of substi-
tution of one hydrogen atom in the NHjy group of the p-amino-ethoxytri-
methylsilane by a trimethylsilyl group: the chemical shifts of N—CHo-
protons in (CH3)3SiOCH2CHeNH; and in (CH3)3SiOCHCHINHSi(CHjy)s
are 7-37 and 7-16 p.p.m. respectively. The shift of the signal from the methyl-
ene protons in the second compound towards a less distinctive field is
ascribed to d, — p,-conjugation of the silicon atom with the unshared elec-
tron nitrogen pair, and the value of this chemical shift is comparable to the
chemical shift of the methylene protons in the Si<-N—CHj fragment of the
silatranes.

The p.m.r. spectra of all compounds were obtained in CHClI; solutions.
Cyclohexane was used as an internal standard and chemical shifts were
measured in p.p.m. on the 7-scale (tSi(CHs)s = 10-00).

PHYSIOLOGICAL ACTIVITY

In the light of the now available literature8? the outlook for a possible
discovery among organosilicon compounds of substances with specific bio-
logical and pharmacological activity seemed to be rather dim. Polyorgano-
siloxanes and silicohydrocarbons (not containing the Si—-H bond) are, as a
rule, physiologically inert. The biological effect of monomers of the type
R4-48iX;, (where R = organic radical, X = a hydrolysable functional
group or atom, and n = 1-4) is chiefly due to the products of their hydro-
lysis (HX)t. Organosilicon compounds with a carbon-functional group do
not differ much in physiological activity from their purely organic analogues.
The only relatively toxic compound of this group described is methyl(4-
aminobutyl)diethoxysilane$?3 NHg(CHs)18i(OC2Hs)2CHs (on rabbit skin
absorption LDsp = 0-045 ml/kg). The high physiological activity of this

t It is interesting to note that physiologically the most active compounds are with n =
1 (R3SiX).
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compound should be ascribed, in our opinion, to the probability of an intra-
molecular coordination of the 8-amino group with the central silicon atom

CHz—NH; OC:H;

/ NS
CH: Si—CHs

VRN
CHQ—-GHz OCZH5

This has been substantiated by research work in our laboratory which
brought us to the discovery of a number of new physiologically active organo-
silicon compounds containing a nitrogen atom in the y and § position to the
central silicon atom.

It thus seemed justified to expect that silatranes might also be physiologic-
ally active because of a stable intramolecular donor-acceptor bond Si<-N
in their structure. This assumption has been substantiated by pharma-
cological tests of thirteen 1-substituted silatranes (I; R=CHj, CoHs,
(CH3)2CH, CHs=CH, CgHs;, 3-ClC¢Hy, CH30, CHs;0, CgHs0, 4-
CH3C¢H,O, 5-CH3z—2~(CHs)2CHCgH3O, 4-ClCgH4O, 4-O:NCgHO as
well as of 8,7-dimethyl-1-phenylsilatrane.

During the preliminary pharmacological testing a well expressed physio-
logical activity has been demonstrated by 1-phenylsilatrane

CeH5Si(OCH2CH3)sN
S |

which is the compound most sparingly soluble in water. Its toxicity was
experimentally studied on white mice. Already doses of 0:20-0-25 mg/kg
injected intraperitonially cause motor excitation followed sometimes by a
change in the position of the tail, typical to the action of morphine (test of
Straub). At the same time heavy breathing was observed. At slightly higher
doses (~0-35 mg/kg) 1-phenylsilatrane causes alternating clonic and tonic
convulsions. At a dosage of around 0-4 mg/kg this convulsive effect might
cause death. The mean lethal dose of 1-phenylsilatrane, calculated by the
method of Litchfield and Wilcoxon, is 0-43 (0-36-0-50) mg/kg (P=0-05).

The toxic effect of 1-phenylsilatrane on unanaesthetized cats is similar to
the one described. Injected intraperitonially 0-30 mg/kg of the compound
cause first twitch, like muscle contractions of the ears and lids, followed
shortly thereafter by severe tonic and clonic convulsions. The animal dies in
about 8 min after the injection. The toxic effect of 1-phenylsilatrane is much
weaker, however, in cats anaesthetized with uretan (1 g/kg) or with chlora-
lose (30 mg/kg). Even an intravenous administration of a tenfold lethal
dose does not kill the animal. Dosages of 0-30-0-40 mg/kg cause only con-
vulsive contractions of the skeletal muscles followed by intensive breathing.

In the experiments on unanaesthetized rabbits 0-20 mg/kg of 1-phenyl-
silatrane injected intravenously cause agitation and convulsive contractions
of the skeletal muscles. The same compound injected in a dose of 0-30 mg/kg
results in pronounced clonico-tonical convulsions lasting several minutes.
There is no lethal effect.
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Frogs are extremely resistant to l-phenylsilatrane. Even doses of 3040
mg/kg have no effect at all. Administration of higher doses is made difficult
due to a low water solubility of the compound.

As we see, l-phenylsilatrane is characterized by a great variability in its
physiological action depending on the sensitiveness of the species. It is
extremely toxic to mammals (about twice as toxic as strychnine) and ob-
viously non-toxic or almost non-toxic to frogs, microbes and fungi.

The mechanism of muscle twitching and convulsions under the influence
of l-phenylsilatrane has been studied on an isolated m.rectus abdominis
of the frog. At a concentration of 10~} no contractions occur. Similarly, this
compound acting in concentration 10~ for 2 min does not change markedly
the reaction of muscle on acetylcholine in concentrations of 101,

Immersion of frog isolated hind leg muscles in Ringer solution with 0-01
per cent of l-phenylsilatrane and also a perfusion with this solution of the
frog’s hind legs (method of Trendelenburg) does not cause any contractions.

As we see, these results excluded the direct influence of 1-phenylsilatrane
on the peripheral neuro-muscular mechanism.

In experiments on decerebrated cats convulsions and accelarated breath-
ing appear already after a dose of 0-10-0-20 mg/kg of 1-phenylsilatrane in-
jected intravenously. A previous pharmacological denervation (with 5 ml
of a 5 per cent novocain) of the sinocarotidal regions does not significantly
influence the stimulation of breath. In experiments on spinal cats spas-
modic twitching of the muscles is caused only by higher dosages of 1-phenyl-
silatrane. Cats with completely destroyed nervous system do not react even
to intravenous injections of 1-5 mg/kg of the compound.

These experimental data confirm the assumption that convulsive reactions
occur under the influence of 1-phenylsilatrane on the central nervous system.
No doubt, its action on the spinal cord is of great importance. It is therefore a
worthwhile observation that contrary to other known substances which
influence the spinal cord, 1-phenylsilatrane is not active in frogs. It may
be assumed that it acts on a certain enzyme system, very important to the
normal function of the nervous apparatus of mammals and absent or unim-
portant to the normal activity of the frog nervous system. Cholinesterase of
horse blood serum and acetylcholinesterase of rat erythrocyte stroma and
of the brain are not inhibited by 1-phenylsilatrane.

1-(m-Chlorophenyl)- and 3,7-dimethyl-1-phenylsilatrane are much less
active. The latter in experiments on white mice is active only when given
intraperitonially in doses as high as 5 mg/kg, which cause a change in the
position of the tail; 10 mg/kg increase the motor excitation of the animals
and cause clonic-tonical convulsions (already 3-5 min after injection)
with a possible lethal effect. The mean lethal dose of this compound calcu-
lated by the method of Litchfield and Wilcoxon is 147 mg/kg (P=0-05).
LDsg of 1-(m-chlorophenyl)silatrane is 4-4 mg/kg. As we can see, introduction
of a chlorine atom in the phenyl group and of methyl groups into the hetero-
cycle of phenylsilatrane decreases the toxicity of the compound considerably.
It is interesting to note that a substitution in I-phenylsilatrane of the silicon
atom by a germanium atom reduces considerably the toxicity of the com-
pound (1-phenylgermatrane is about 100 times less toxic than its silicon
analogue),

56



SILATRANES

All the other investigated silatranes are physiologically inactive or produce
an insignificant biological effect. Thus, for instance, 1-phenoxysilatranes in
experiments on white mice are active only at dosages starting with 100 mg/kg.
This causes a decrease in motor activity of the animal. At 150 mg/kg twitch-
ing occurs, sometimes followed by tonic convulsions; 200 mg/kg can be
fatal. In experiments on cats under urethane anaesthesia, l-phenoxysila-
trane in doses of 10 mg/kg and higher causes a short lasting (for about 1
min) drop in blood pressure. All the 1-aryloxysilatranes are even less active.

The mean lethal dose of 1-methoxysilatrane administered by intraperi-
tonial injection for white mice is 2100 mg/kg, and 1-ethoxysilatrane dose not
seem to act even at 1600 mg/kg. In experiments on anaesthetized cats 1-
ethoxysilatrane in doses of 10 mg/kg does not exert an appreciable influence
on blood pressure or on the effects of acetylcholine, histamine and adrena-
line.

In all the other silatranes investigated no pharmacological activity could
be observed. LDsq for the studied silatranes administered intraperitonially
to white mice are given in Table 9 (order of decreasing activity).

Table 9. LDsg of silatranes (1) for white mice

R LDsp R LDsg
(mg/kg) (mg/kg)
CeHs 0-43 CH3O 2100
m-ClCgHy 44 5-CHj3-2-(CHs)o- |
CHCgH30O i 4000
3,7-Dimethyl-1- 14-7 C2H50 non-toxic
phenylsilatrane \
CsHs0 200 CHs ! non-toxic
p-O:2NCeH4O 700 CgHs [ non-toxic
#-ClCH4O 1050 (CHs)2:CH | non-toxic
p-CH3CsH4O 1270 CH:=CH \l non-toxic

On the basis of the newly acquired data it is not unreasonable to assume
that continued research on physiologically active substances among com-
pounds with a coordinated nitrogen bound silicon atom might result in
interesting findings suitable for practical purposes.
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