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SUMMARY

The applicability of gas chromatography to the resolution of boratranes and
germatranes on polar and non-polar stationary phases at 200-250°C has been
demonstrated. A remarkably high retention reported earlier for silatrapes is also
exhibited by boratranes, germatranes and stannatranes. The effects of modification
of the atrane framework and of introduction of substituents on retention parameters
indicate that the association of atrane molecules with the stationary phase molecules
is essentially controlled by the oxygen atoms of the atranes. The difference between
experimental and theoretical values of retention indices has been correlated with some
physical and chemical properties of transannular bonds, and can be used as a criterion
of the presence of such a bond in solute molecules under gas-liquid chromatographic
conditions. ’

INTRODUCTION

We have reported previously! that silatranes possess sufficient volatility and
thermal stability to be resolved by gas-liquid chromatography (GLC). The extremely
high values of the retention indices (7) and A7 found for silatranes could not be
predicted on the basis of the components of their structures. The observed effects are
believed to be due to the presence of transannular N — Si bonds. Association of
silatranes with the stationary phase is determined by the oxygen atoms of the silatrane
ring, as evidenced by the effects of substituents on retention parameters.

To extend our previous investigations we have now studied the chromatogra-
phic properties of Si- and C-substituted silatranes, homosilatranes, Ge- and C-sub-
stituted germatranes, homogermatranes, 1-(trimethylsilylmethyl)stannatrane, bora-
trane and its analogues.
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EXPERIM=ENTAL

Tha retention indices were measured under the same conditions and using the
same columns as described previously!. As the chromatographic behaviour of the
silatranes studied earlier was found fo be determined only by the overall polarity of
the stationary phase and not by the presence of particular functional groups on it, the
present study was restricted to the measurements of 7 values on columns A (Apiezon
L) and C (OV-225). The samples were injected as 1-10%, solutions in acetone or
benzene, or 0.1-1 % solutions in dimethylformamide. Preliminary investigations have
shown that germatranes and stannatranes, like silatranes, can be chromatographed
at 200-250°C. Conversion of dissolved samples into the vapour phase can be achieved
by using injection port temperatures of 270-300°C. Boratranes are characterized by
significantly higher melting points and lower volatilities and require ap injection port
temperature of 380°C. Unlike silatranes and germatranes, boratranes gave wide and
asymmetrical peaks resulting in greater errors in the J measurements. Despite the
high temperatures used, symmetrical peaks could be obtained only with C-methyl-
substituied boratranes whose melting points are lower. Attempts to chromatograph
the appropriate molybdenum and vanadium derivatives met with no success and we
could not establish whether this was due to their extremely low volatilities or to
chemical interaction with the sorbent.

The generai procedures for the synthesis of the compounds used can be found
in refs. 2 and 3, the synthesis of 19, 20, 26, 27 and 55 (Table I) is described in ref. 4
and compounds 14-17, 24, 34, 38, 40 and 56~60 were prepared by alcoholysis of or-
ganotrialkoxysilanes, R’Si(CR");, and organotrialkoxygermanes, R'Ge(OR");, re-
spectively, using the correspending amino alcohols. Compounds 18, 21, 22 and 28
were obtained by hydrosilylation of 1-vinylsilatrane (II). Stannatrane (61) was kindly
provided by Dr. V. Shiryaev (Moscow).

RESULTS AND DISCUSSION

The retention parameters of the compounds studied are listed in Table I along
with seme previously obtained data' presented for the sake of comparison. Even a
cursory glance at the data reveals that the retention indices have much higher values
than one would expect, taking into account the number of carbon atoms in the
molecules and the presence of only one tertiary amino group and three ether groups.
The corntribution of the transannular N — M bond to f can be estimated from the
difference between experimental and calculated values, the latter being found according
to:

éIN-OM = Iexpll. = Leale. (1)

81 .\ values are also given in Table I. The values for complex organic com-
pounds are only a rough approximation because of the interactions between the
various parts of the solute molecule. Therefore -a discrepancy of even 100 units
between estimated and experimental values should be considered normal. However,
the silatranes studied earlier gave differences of 300-600 7 units and 600-1200 7 units
on the non-polar and polar stationary phase, respectively. The 8/ _ s values for bora-
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tranes and germatranes are of the same order of magnmitude. A comparison of 7
values of silatrapes with those of analogous boratranes showed that the latter are
eluted later than the former. The difference in the chromatographic properties of
silatranes and boratranes is determined by the nature of the substituents at the carbon
atoms. It is largest for unsubstituted compounds and smallest for trimethyl-substituted
derivatives. Boratranes are also characterized by large AF values. Comparison of
retention values found for germanium and silicon derivatives indicates stronger
interaction of germatranes with the sorbent. Stannatrane (61) on Apiezon has 6fy_.
values comparable with silatrane (18), whereas on OV-225 the former has higher
values. Since it is impossible to obtain boratranes with substituents at the boron atom,
their full comparison with sila- and germatranes was not feasible. Nevertheless,
estimation of the average contribution of the N — M fragment to retention gave the
sequence B > Ge ~ Si, which coincides with the order found from nuclear magnetic
resonance (NMR) data: [O = V > O = Mo(OH)] > B > CH;Si ~ CH,Ge®. This
is also supported by our failure to perform chromatographic resolution of derivatives
Mo and V.

It had been found earlier that 07y _, in silatranes is correlated with the effective
electronegativity of the substituents at the silicon atom. The same is apparently valid
for other atranes: the values of 6/y_ u of Si- and Ge-phenyl-substituted compounds
exceed by 200-290 units the corresponding values of methyl-substituted derivatives.

A~ and 61y_s; values diminish with elongation of the silicon and carbon chain
connecting the electron-acceptor substituent with the carbon of the silatrane ring.
For the chain consisting of three atoms, 6fy_s; approaches the values characteristic
of n-alkylsilatrancs (Fig. 1).

2 Slyeg;

A =1 Pheny!
2 2-Furyl
3 2-Thieny!
4 3-Furyl

5 Methylt

1000

Fig. 1. Dependence of 0fy.5; on m + n values in the series of compounds:
CH.

l i 1
A- Sli —(CH,).—Si(OCH,CH,);N
CH) a

Introduction of methyl or phenyl substituents into the atrane framework

usually leads to lower 6.\ values, the decrease apparently being independent of
R and k& - I + m (Table'I1). Similar changes are observed for the chemical shifts in

29Si NMR spectra upon R? introduction: when R! = C;H;, the resonances shift to



CHROMATOGRAPHY OF DERIVATIVES OF AMINO ALCOHOLS. II. 11

higher fields, and show almost no dependence on the nature of R3. An increase in
6 upon R3 R4 RS introduction was observed only for silatranes with R! = H.
The decreases in 6fy._.\ following the introduction of substituents were more pro-
nounced and with increasing number of substituents its values approach 6f_,,.

The melting point of silatranes has also been found to drop with increasing
number of methyl groups in the rings®. However, the dipole moments decrease when
R! — CH; and somewhat increase when R! = C,H; (ref. 6). Hence it appears that
changes in 8fy_.5; values do not follow the changes in polarity, the values decreasing
even when the dipole moments increase. This indicates that silatrane retention is
determined by the steric accessibility of the oxygen atoms rather than by the high
polarity of these molecules. This conclusion is consistent with the suggestion that the
oxygen atoms of silatranes participate in hydrogen bonding with chloroform’. Sub-
stitution of oxygen for a methylene group in the silatrane ring results in a substantial
drop in 81y values (by 150 and 220 units, respectively, when R! = CH; and C¢Hj).

Analogues of atranes with a six-membered ring (homosilatranes, homoger-
matranes) are characterized by lower dipole moment values and greater N > M bond
lengths. 61y _ values diminish with increasing number of six-membered rings in the
molecule (Fig. 2). If we assume that the changes of 8/y_.. alterations are at least
roughly similar for boron, silicon and germanium derivatives, the germatranes and
particularly silatranes with two and three six-membered cycles would be expected
to have very low 6/y_. valaes as a result of their comparatively weak N — M bonds.
This is supported by the failure to synthesize these compounds.

Slyem
1500+~
1000}
0123 o0 o©O1 o1 o1 2T o1 H
I o m v v Vi VI

Fig. 2. Dependence of 6Fy.\ on the number of six-membered rings (H). I, M=B; I, M=Ge,
R'=a-CyFl;; HI, M=Ge, R'=CsH;; IV, M=Si, R'=CsHs; V, M=Si, R'=CH;; VI, M=Si,
R!=CH=CH;; VII, M=S8i, R'=CsH;, R*=R*=CH;.

The experimental values of dipole moments for silatranes are considerably
(by 3-6 D) greater than the values calculated using a vector scheme. These findings
provide further support for the existence of a transannular bond. The difference
between the experimental and estimated dipole moment values g {2], is correlated
with the 8Jy_ values (Fig. 3). It can be seen that 8/ values close to zero, i.e.,
when a transannular bond is absent, correspond to Ax values ~ 2-2.5D.
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Fig. 3. Dependence of /... on the difference betweea calculated and experimental values of dipole
moments (dz).

/OCHgCHz\ £ ,OCHZCH,_\ I

CgH=Si-OCH,CH,=N Cg Hg~Si- OCHCH,~N

ocu, UL NocH,cHy”
1=2370 L=
31=140 SI =840

UL

Fig. 4. Chromatogram of di- and triethanolamine derivatives on OV-225 at 200°C.

Another parameter indicative of a transannular bond is the N — M distance.
The compounds with similar substituents at silicon exhibit decreasing 8/ values
with increasing distances between the atoms:
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Ohyst rd)

(a) 1-Ethylsilatrane 570 2.21
(b) 1-Methyl-2-carbasilatrane 450 2.34
(c) 1-Phenylsilatrane 870 2.13
(d) 1-Phenyl-3,7-dimethythomosilatrane 330 242

Extrapolation of data for compounds a, b and ¢, d to values corresponding to
0ly_s; = 0 shows that such hypothetical substances would have r values of about
2.7 A. This is in accord with the fact® that the silicon derivative with R! =
[CsH s(CH3),PLPt(Cl) has a N — Si distance of 2.89 A and no transannular bond.

Diethanolamine derivatives similar to atranes are characterized by more
labile N—Si bonds. The absence of this bond is quite feasible at the high tempera-
tures of the chromatographic column. Fig. 4 shows a chromatogram of two compounds
containing similar structural fragments but differing as to the presence of a N — Si
bond. The retention volumes of the two substances differ significantly, and the
0Iy.s; value of the diethanolamine derivative is considerably lower than that of the
corresponding silatrane. Consequently, the accumulated data on the relationship
between d1_.» and the structure of amino alcohol derivatives, as well as the physico-
chemical characteristics of traansannular N — M bonds, enable us to regard this
parameter as an indication of the presence of a transannulai bond in amino alcohol
derivatives under GLC conditions.
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