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Abstract

FAB mass spectra of silatranes evidence in favour of stronger donor-acceptor interaction in
condensed phase in comparison with that under electron impact (EI) conditions. In contrast to EI mass
spectra not confirming the presence of donor-acceptor interaction in germatranes in gaseous phase, the
character of FAB mass spectra displays such N — Ge interaction in these compounds in condensed
phase. FAB mass spectra of silocanes are similar to those of silatranes and indicate the existence of
N — Si interaction in silocanes, if there is no bulky substituent at the nitrogen atom sterically hindering
interaction between N and Si atoms.

Introduction

El mass spectra of silatranes and of similar systems containing a N — Si
coordinative bond have been investigated extensively [1]. On the other hand, only
scarce data exist on FAB mass spectra for a few derivatives of silatranes (2] and
homosilatranes [3].

FAB ionization mode, which does not require vaporization prior to ionization,
has certain advantages in the analysis of polar substances, to which compounds
containing an N — Si bond belong. We therefore investigated in detail FAB
spectra of silatranes and their diethanolamine analogues, silocanes, in order to
obtain information on donor-acceptor interaction in these molecules. We com-
pared the FAB spectra of silatranes with those of some germatranes. Only a few
FAB mass spectra of germatranes have been studied until now [2].

Results and discussion

FAB spectra of silatranes Ia—e maintain some characteristics of their EI
spectra.
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Similar to EI spectra. FAB spectra contain the molecular ion M7 of low or
medium intensity (Table 1. the ion (M — R)® being the maximal onc. These
features are due to N — S| donor—acceptor interaction, facilitating the removal of
the Si substituent and the transformation of the coordinative bond into a covalent
one (formation of ion A).
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These peculiarities have been considered in detail in many investigations on El
mass spectra of silatranes [1].

In addition to these jons FAB spectra of la—¢ contain the quasi-molecular ion
MH" and the ton with s /2 150, corresponding to the protonated product of
silatrane solvolysis, triethanolamine HN "(CH,CH ,OH);. The formation of the
analogous ion, the product of homosilatrane solvolysis with i /- 164, 15 deseribed
in detail in [3]. and the intensity of this peak is shown to be dependent both on
bombardment duration and on the R substituent at the Siatom.

FARB spectra of silatranes are generally similar to those of homosilatranes [3]
but there some differences exist:

(1) In FAB spectra of silatranes la—c the fragment ions of the corresponding
trialkanolamines, characteristic of the spectra of homosilatrancs, are practically
absent. To elucidate the influence of the matrix used (thioglveerol in the present
work, glycerol in [3]) we have obtained the FAB spectrum of Ic in glveerol and
observed that the character of the spectrum is only slightly dependent on the
matrix (Table 1) it agrees with the data in [3]. Most likely. the weaker donor-
acceptor interaction in homosilatranes is responsible for the easier cleavage of the
homosilatranc ring in comparison with that of silatrane. This has been demon-
strated previously by calculation of the heat of formation of the N - Si bond from
dipole moment data [4].

An [M — H]™ ion peak with 5--37% intensity is present in la~e spectra, which is
rather rare for FAB spectra. The appearance of [M -~ H] " has been studied in [5]:
its presence does not depend cither on the choice of matrix or on the presence of
heteroatoms or polar groups in the molecule, but it is the result of clectrophilic
attack on the hydrocarbon chain. The probability of [Af - H}* pcak formation is
increased statistically with the increase in the number of carbon atoms in the
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molecule. It is evidently not the case with the silatrancs under study. becausc the
increase in the number of carbon atoms from 7 in Ib to 11 in 111 does not increase
the [M — H]™ peak intensity. We are inclined to suspect that in the case of
silatrancs, [M — H]" i{on formation is caused by the withdrawal of the a-hvdrogen
atom rcegarding the oxygen. and by the formation of a structure with positively
charged oxygen (ion B).

FAB spectra of compounds -1V, containing alkyl and aryl substituents in the
silatrane system, muaintain the characteristic features of la-¢ spectra. io.. the
existence of MH™, [M — H]" and [M - R]" {ons and of the quasi-molecular ion
of the corresponding alkanolamine.

_OCH(CH.CH . OCHR'CH,_
H,C—$iZ— OCH(CH )CH . R—S$i” OCHR'CH,— N
OCHCH OCH . TOCH.CRY
(11) (1 ITva. by

(R=R'=R'=CH, (Il R=CH,. R'= C H.. R* = H (IVa): R = C,H,CH p.
R'=C,H. R =H (IVb)

As demonstrated earlier [1], during the first fragmentation stage of compounds
IT and 1V under EL an intensive a-cleavage of the side chain takes place. the
latter being characteristic of amines. because of the weakening of the donor-aceep-
tor interaction caused by steric tension (due to substituents) in the cvelic system.

Additional paths of fragmentation also appcear in the FAB spectra of com-
pounds 1T and 1V, as distinct from la—e: side chains are climinated from MH™ o
form € and D ions (Scheme 1, Table 1)

(2) In TVab the formation of ions with m,z 235 and i /2 311, respectively.
takes place owing to a-cleavage with climination of the henzaldehvde molecule
from the molecular ion (Scheme 2. Table 1)

We have comparced FAB spectra of silatranes with those of 1-(a-naphthyl)
germatrane (V), I-methyl-3-phenylgermatrane (VD and  1-(a-naphthyD
homogermatrane (VID. As demonstrated in [6,7], EI spectra of germatranes show
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OCH,CH + -

. 21 ’ L] ~R'CHQ -./OCHZCH2\+
R—Si—OCHR'CH,—N ——— R—Si _N=CH,
OCHR'CH, OCHR'CH,

(1v)

Scheme 2

absence of donor-acceptor interaction in the gaseous phase: (a) by low stability of
the molecuiar ion, (b) by the absence of substituent withdrawal from the Ge atom,
(c) by a-cleavage at the nitrogen atom with consecutive elimination of two CHRO
molecules (R =H, C,H,).

OCH,CH,
a-C,,H,~—Ge(OCH,CH,);N  H,C—G¢ OCH,CH,——N
) OCH(C H/)CH,
(VD)
OCH,CH,
a-CyyH;—Ge——OCH,CH,—N
OCH,CH,CH,
(VII)

While the EI spectra of germatranes differ considerably from those of silatranes
owing to the presence of donor—acceptor interaction in silatranes and to the
absence of this kind of interaction in germatranes, FAB spectra of germatranes
have common characteristics with those of silatranes. In FAB spectra of V and VII
there is no a-cleavage, but substituent withdrawal from Ge takes place. The
intensity of the corresponding ion is comparable to that of the quasi-molecular ion
MH™. Apparently, the character of the FAB spectra points out the existence of
weak donor—acceptor interaction in germatranes in condensed phase. The same
results have been obtained using the NMR method [8].

In contrast to the FAB spectra of V and VII, in the FAB spectra of compound
VI, destruction of the cyclic system is observed, giving rise to the ions [MH —
C,H,Ol* with m/z 266(7) and [MH— C,H;CH,CHO]* with m/z 192(39).
Fragmentation occurs similarly to the processes shown in Scheme 1. Apparently,
the donor-acceptor N — Ge interaction is weakened owing to the substitution in
the side chain of germatrane.

Similar to silatranes I-1V, the FAB spectra of germatranes V-VII contain an
intensive peak of the corresponding solvolysis product, protonated trialkanol-
amine.

FAB spectra of silatrane analogues, 1-phenyl-2-azasilatrane (VIII) and 1-
phenyl-3,7-dimethyl-10,11-benzosilatrane (IX), maintain the features characteristic
of the FAB spectra of silatranes. In compound VIII, only the nitrogen-containing
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half cycle is destructed to form ifons [MH — CH,NH]" with m/z 222 and
[MH - C,H /NH]" with m/z 208 (Table 1).

AOCHL.CH, __OCH(CH)CH

7 ) ) T~ y i -
C ,HSi——OCH,CH,—=N C HSi—OCH(CH DCH ,—N
o e .. P
"NHCH ,CH . SO H ot
(VI (1X)

El mass spectra of 1,3-dioxa-6-aza-2-silacvclooctanes or silocanes have been
discussed in  ref. 1. 1t was shown that in silocanes, there exists a N -—=Si
donor-acceptor mteraction defining the characteristic tfeatures of the El spectra:
fow stability of A7 an intensive withdrawal of the Sisubstituent, followed by the
climination of C-H ,0 from the eight-member cyele.

R P OCHR'CH T »
Si_ _NR°
R "OCHR*CH,

{Xa-t1)
(R=CH. R'=R*=H, R*"=CH, (a); R=C,H., R'=R = CH,, R*=H (b):
R=CH., R'=R =R'=CH; (¢)) R=C,H,CH;p. R"=R"=H. R'=CH,
(d:R=CH.R' =R =H. R = (-C,H, (&) R=CH, R'= R" = H. R =, H:
§9)]

We have also undertaken a study of FAB spectra of silocanes Xa-f (Table 2).

FAB spectra of silocanes Xa—t have the same characteristic features as their EIl
spectra and differ from the latter by the appearance of the {M — H1™ jon peak and
that of the protonated solvolysis product, the corresponding dialkanolamine
HRN“(CH ,CHR'OH)CH ,CHR?OH. FAB spectra of Xa—d are rather similar to
those of silatranes la-c. Apparently, there exists 4 N — Si donor—acceptor interac-
tion in the molecules of Xa-d. cither in the condensed phase or the gascous state,

FAB spectra of X change appreciably it the nitrogen atom is substituted by a
bulky tert-butyl or phenyl substituent (compounds Xe.f): (11 the intensity of the
[M — R} ion peak. maximal! for Xa—d and la-c. decreases noticeably in Xe,f: (2)
the ion of the protonated dialkanolamine is more intensive, and the jons of its
fragmentation products are formed, (3) some intensive ions appear in the low mass
region.

Analogously. in EI spectra of Xe appearance of the [M —~ R]™ peak of low
intensity and formation of the intensive ion peaks with om0 10SC100)
(CH,NCH, ), 10435) (HC=N"C_H.} clc. are observed [9].

This indicates weakening of donor--acceptor interaction in compounds Xe.f
cither in the gaseous or in the condensed phase. due 1o the presence of the bulky
substituent at the nitrogen atom, sterically hindering the approach of Si and N
atoms. This conclusion is in accordance with NMR and X-ray data [1, pp. 33. 1011

Experimental

FAB mass spectra were obtained on an AEI mass spectrometer with an lon
Tech. FAB 1INF source (hombarding gas, argon: matrix liquid, 2-thiogiyeerol).



47

LEHTD(SS)LS
L HPONTHD (ZL)S01 {(P)L
SHYDH , NTHD (55901 ' HIS*H®D (61901
ECI! L [HOYHO — 291 (#9)0E T
L [HO*HO —781) (S¥)0S] TH091 LHOS H’D JoHD -]
{0P)LOT LIPTHO ~ W) (£1)92¢ (SH661 (€£9)8L1 (%01 <) S1200
HO MHD HO
(12)281 (001)291 - (S)8pl €)Wl aneet HOMHO HD — . NdH
(r£)T61 - (18T (1)I82 {(£)897 (8WST L[OMHD*HO —H W]
- - (0DT61 (£0)T61 (V8LI (TO8LI L0 HD HO ~ 4]
(81772 (MF9T (00T)9€T (001)05C (001)9¢T 001277 (@) [a- W]
(6£)9¢T (£)0PE - (01)9Z¢ aunzre (11)867 HH- W)
(O0T)LET (D1¥E QLT (PLTE (S)ETE (5)667 .
(16)8€7 WLve (S7)8¢¢ (9)82¢ 8WIE (L0 JHAW
‘H°O *H"O" ‘HO *HO ‘HO *HO A
H H H ‘HO H H A
H H H *HO *HO H ®|
‘HOD ‘H°D FHOYH O *H®D *H°D *H%D S
X ax PX 5)¢ qx 15'¢ "ON

(sasayiuaied ui ‘¥rad [BWIXRW Y] WOIJ 95) SIMSUIUL pUE z /1 ‘(X) SIUBDO|IS JO B11IdS sseWl gV

A CLA



48

The investigated compounds were synthesized according to known methods: 1.
I (10T TIE (11 1V [12.13]; V [14]; VI VI1 [6]; X [15].

The new compound. 1-phenyl-2-azasilatrane (VII), m.p. 82-85°C. was obtained
in small yield by A. Lapsina from bis(2-hydroxyethyDaminocthylamine and phenyl-
tristdimethylamino)silanc.

The previously undescribed 1-phenyl-3,7-dimethyl-10.1 I-benzosilatrane (12X, m.p.
127-128°C, 30% yield) was synthesized by 1. Sleik8a by interaction of N-bis(2-hy-
droxypropyh-o-aminophenol with phenvliricthoxysilanc in absolute cthanol.
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