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SUMMARY

The retention behaviour of 25 derivatives of dialkanolamines and diethylene
glycol on Apiezon L and OV-225 has been investigated. It was found that organosi-
licon derivatives have no transannular N — Si bond under gas-liquid chromato-
graphic conditions. As in the case of atranes, the chromatographic behaviour of
boron-containing derivatives of diethanolamine indicates a stronger transannular
interaction when compared with the silicon compounds. It is shown by quunium-
chemical calculations that the charge distribution in derivatives of dialkanolamines is
similar to that observed in atranes. This indicates that the strong solute-sorbent
interaction of atranes is due mainly to a specifically favourable conformation which
facilitates the aitraction of oxygen atoms to altermatively charged centres on the
stationary phase.

INTRODUCTION

Previous publications in this series!? discussed the chromatographic proper-
ties of atranes, triethanolamine derivatives of boron, silicon, germanium and tin. The
chromatographic behaviour of these compounds failed to agree with the simple addi-
tive scheme and the difference between the calculated and experimental values of
retention: indices (81y _. ,) could be indicative of a transannular bond between the
nitrogen atoms and the element in atrane existing under gas-liquid chromatographic
(GLC) conditions.

Information is available that diethanolamine derivatives may or may not have
such a transannular N — M bond depending on the substituent®*. This bond tends to
be less strong than in the corresponding derivatives of tricthanolamine. Several or-
ganosilicon derivatives of diethanolamine have been shown to occur in solution as an
equilibrium of two forms, one of which has the intra-complex N — Si bond, whereas
the other fails to do so®. It was therefore of interest to study the gas chromatographic
properties of dialkanolamine denvatw&c on Apxezon L and OV-225, which is the
subject of this paper. -
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EXPERIMENTAL

The measurement of retention indices were conducted on a Chrom-4 chroma-
tograph at 200°C as described earlier!+?, using Apiezon L and OV-225 as stationary
phases, 80-100-mesh Chromosorb W HP as the solid support and 1.2 m x 3 mm L.D.
glass columns. The quantum-chemical calculations were carried out using the CNDO
2 program®. Compounds 1-3 (Table I) were obtained by reaction of the correspond-
ing diorganyldiethoxysilanes with diethylene glycol. Similarly, compounds 4-20 were
obtained by the reaction of diethoxy- or dimethoxysilanes and diethanolamines,
whereas compounds 2425 were synthesized by reaction of dialkanolamines with
phenylboric acid in dioxan solution.

RESULTS AND DISCUSSION
The title compounds have the general formula

=3 OcHR}CH, )
\M/ e NS
Rz/ ~N

°
OCHR(CH,),

where R! = alkyl, aryl; R? = alkyl, alkoxyl, aryl; R3 R* = H, methyl; R> = H,
alkyl, phenyl; M = Si, B; X = O, N;and &,/ = 1 or 2.

Their retention parameters are summarized in Table I. Unlike the trialkanol-
amine derivatives studied earlier, organosilicon derivatives of dialkanolamines are
characterized by low, sometimes negative, values of é/y_,,,. This provides evidence
that the above compounds in the chromatographic system appear to possess no intra-
complex bond. This conclusion is supported by the comparison of 7/ _,, values in
organosilicon derivatives of dialkanolamines and the corresponding diethylene glycol
derivatives (compounds 1-3), which have been shown to have no bond of this type.

It can be assumed that the intra-complex N — Si bond is stabler at low tem-
peratures®-’. So, if this gain in stability is appreciable, the values of 8/ _g; are ex-
pected to increase with decreasing temperature. We estimated 6 I g; values for com-
pound 10 at various temperatures. The transannular bond in this compound, existing
both as crystals and in solution, is due to the eleciron-donor character of the methyl
group on the nitrogen atom and the electron-acceptor properties of phenvl radi-
cals®*_ Nevertheless, the data presented in Table II demonstrate that with decreasing
temperature (down to 160°C) the values of 8/ _g; fail to increase, and a slight de-
crease in the values is even observed. These data suggest that diethanolamine deriva-
tives during GLC at 160-250°C exist in the form without an intra-complex bond.

Boron derivatives, unlike the organosilicon derivatives of dialkanolamines, are
characterized by high values of 817_,,, comparable to those of boratranes. The rela-
tonship of these valiues to the number of six-membered rings in the molecule is
roughly the same for the derivatives of di- and trialkanolamines (Fig. 1). Organo-
boron derivatives of dialkanolamines resemble boratranes with respect to other
physico-chemical properties, e.g., melting points and solubility in organic solvents.
The high-melting points are apparently responsible for the asymmetric peaks ob-
served in these compounds despite the fact that the temperature of the injecticn port



60 V.D.SHATZ et al.

TABLE II
RETENTION INDICES OF (C,H),Si(OCH,CH.),-NCH, AS A FUNCTION OF TEMPERATURE

Temperature 1 81110°C 8y .5
(=Cj

250 2521 70
200 2470 ;g:(Z) 20
180 2446 1L5 0
160 2423 - -30

of the chromatograph was kept at 350400°C and the samples were injected as dilute
solutions.

The replacement of a secondary with-a tertiary amino group usually brings
about an increase in retention indices by 70~150 units, depending on the polarity of
the stationary phase used. Our experimental conditions provided a reliabie identifi-
cation of compounds with retention indices up to 4000. However, our attempts to
perform chromatographic analyses of boron compounds with R = H were unsuc-
cessful. The explanation probably lics in the low thermal stability of these com-
pounds, as evidenced by experiments using a short column (50 cm).

Thus, as with atranes, the chromatographic behaviour of boron-containing
derivatives of dicthanolamine indicates a stronger transannular interaction than with
silicon compounds, apparently because the migration of the unshared electron pair
on the nitrogen atom to the p orbital of boron is preferred to the 4 orbital of silicon.

An analysis of retention data in earlier publications suggests that the associ-
ation of atranes with the stationary phase molecules involves oxygen atoms of the
atrane backbone. It is to be expected that if the steric hindrances for various deriva-
tives are roughly similar, the solute-sorbent association will be determined primarily
by the atoms carrying the greatest absolute charge. To test this assumption, quantum-
chemical calcuiations were conducted for several compounds (Table 1IT). The results
obtained show that the charges are most conspicuous on the silicon atom and the
oXygen atoms directly bound to it. It should be noted, however, that the silicon atom

8 In—m
1600}

8Cot+

b 3
23012 021 01 &t © Number cf
1 I IXY X 6-membered rings

Fig. 1. Relationship between 6/y_,, and number of 6-membered rings in the molecule. 1 = B dcnvanv&s of
tricthanolamine; II = B derivatives of diethanolamine, R} = CH,; HI = Ge derivatives of triethanol-
amine, R! = Cg¢H,; IV = Si derivatives of tricthanolamine, R! = C4Hy; V = Si derivatives of tri-
ethanolamine, R = CH,; VI = Si derivatives of dicthanoiamine, R! = RS = CH,, R?2 = C,H,.




CHROMATOGRAPHY OF DERIVATIVES OF AMINO ALCOHOLS. III. 61

TABLE II¥

CHARGE DISTRIBUTION IN ATRANE MOLECULES ACCORDING TO QUANTUM-
CHEMICAL CALCULATIONS

Compound Charge
Si o R,
HSi(OCH,CH,);N +0478 —0.296 ~0.121
©OCH,CH,), ) —~0.296
—0.296
HSi — OCHCH,—N +0.472 -0.302 —0.118
i —0.290
CH, -0.290
HSi(OCHCH,);N +0.468 —0.310 —0.124
] —0.309
CH, —0.307
HSi(OCHCH,);N +0.463 —0.302 —0.120
i —0.302
CH, —0.302
CH,Si(OCH,CH,),N +0.440 —0.291 —0.058
—0.291
—0.291
C,H, Si(OCH,CH,),N +0.438 —0.288 —0.054
—0.288
—0.291
CH, = CHSi(OCH,CH,),N +0.438 —0.293 —0.067
—~0.293
—0.293
[>—scoen,cnan +0.435 ~0.289 ~0.057
—0.293
—0.293
CH,0Si(CCH,CH.,),N +0.576 —0.291 —0.195
: —0.294
—0.294
(CH,),Si(QCH,CH,),NCH, +0.522 —0.281 —0.032
—0.281
Cl"lz—-CHz —0.279
o +0.522 ~0.236
CHy—CH, (C)

is strongly shielded by cther atoms and is therefore unlikely to participate directly in
the formation of an associate. At the same time, a certain contribution is provided by
the substituent on the silicon atom, which explains our attempts to relate the charge
values over sterically accessible atoms to chromatographic characteristics:

Algya2s = —4404 + 2772g, + 5837g, (r = 0.98; ¢ = 39)
Sly_; = —9882 + 2232g, + 119364, (r = 0.96; ¢ = 83)

where gz, and g are the charges on the R, and oxygen atoms, respectively.
- Further, as evidenced by quantum-chemical calculations, the charges on all
remaining atoms in the estimated molecules show little dependence on the character of
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the substituent on the silicon atom. It is evident, therefore, that they cannot be
responsible for the different chromatographic behaviour of particular compounds
and therefore were neglected. -

The present model for explaining the chromatographxc properties of com-
pounds appears to be more general in character than the models proposed in our
earlier work!. It permits, for instance, the assessment of the sequence of elution for
diastereoisomeric atranes as well as the calculation of d/_g; values for 1-hydro-
silatrane, which cannot be achieved with previously proposed equations.

Nevertheless, the quantum-chemical calculations applied to a diethanolamine
derivative gave a charge distribution pattern in the molecule (Table III) similar to that
cbserved in atranes. Dialkanolamine derivatives are characterized by small d7_,,
values, suggesting that the strong solute-sorbent association in the case of atranes in
due mainly to the charges on the oxygen atoms being in a specifically favourable
environment to participate in intermolecular interactions. Unlike organosilicon de-
rivatives of diethanolamine, atrane molecules exhibit enhanced conformational ri-
gidity. In the molecules carrying a transannular bond, oxygen atoms are incorporated
in the 5- and 6-membered rings, forming a constant protrusion which facilitates their
attraction by the alternatively charged centres of the stationary phase. On the other
hand, molecules without a transannular bond permit a variety of energetically equi-
valent conformations, only some of which are suitable for the specific intermolecular
interaction.

This interpretation of the strong chromatographic retention is supported by a
certain similarity between the atrane system and the corresponding cyclic ethers. The
excessive negative charge on the oxygen atom in tetrahydrofuran is only slightly
lower than that on the oxygen atom in atranes (Table III). The additive scheme can be
useful for the calculation of retention indices in the hypothetical system, the carbon
analogue of l-methylsilatrane. The retention index of tetrahydrofuran on OV-225 is
about 830 at 200°C; hence for the 1-methylsilatrane analogue it should be 830 +
(2-630) + 100 = 2190, which is in good agreement with the experimental value!.

O QLY) (fb )

We therefore think that the high § /., values found for intra~omplex ethers
are due mainly to the formation of 5- and 6-membered oxygen-containing heterocy-
cles having a conformation that is favourable for intermolecular interactions. If such a
conformation predominates, other (secondary) factors come into play, e.g., the elec-
tron density distribution and the steric environment of the oxygen atoms.
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