dimethy! sulfoxide (DMSO) and not in water. Separation of
nucleosides on a preparative scale ought to be possible,
therefore, on organic polymer gels which swell in these
solvents and which contain covalent nucleoside residues.

We have prepared such gels and tested their separation ef-
ficiency regarding the nucleosides thymidine (T), adenosine
(A), cytidine (C), and guanosine (G). 1-{2,3,4-O-tris(trimethyl-
silyl)-6-methacryloyl-8-p-glucopyranosylithymine (/) and
N4-benzoyl-O0%’,0Y" - bis(trimethylsilyl) - 0% -methacryloylcy-
tidine (2) 151 were copolymerized radically with tetrameth-
ylene dimethacrylate to give insoluble thymine- and cytidine-
containing polymer gels that swell in organic solvents.
Cleavage of the trimethylsilyl groups with HCl/acetone and
of the trimethylsilyl- and benzoyl groups with NH3;/methanol
afforded T gels and G gels, which swell in DMSO or DMSO/
CHCI; and exhibit very good flow rates.

With T gels it was not possible to separate the 1 : 1 complex
of the two corresponding nucleosides formed from equimolar
amounts of T and A in DMSO. On the other hand it was
possible to separate the excess amounts of A from the 1:1
complex formed from a mixture of T and an excess of A.
In experiments with an analogous sample gel that did not
contain T species, no interactions took place and conse-
quently there was no separation effect.

In separation experiments carried out with CG mixtures on
C gels similar results were obtained as with TA mixtures on
T gels. With C gels, however, it was found that not only good
separation of the 1:1 TA complex could be accomplished
but also that the separation could be improved by lengthening
the column. The two non-classical 1 : 1 complexes between
A and G and between T and G can be completely separated
on C gels. These results confirm indirectly the interaction
energies 161 calculated for vacuum for the classical and non-
classical base pairs. Accordingly, the value for the base pair
CG (—19.2 kcal/mole) is almost three times higher than that
for the other combinations (AT = —7.0, AC = —7.8, AG =
—7.5, TG = —-7.4, and TC = —6.5 kcal/mole).

Chromatographic procedure:

Glass columns, 48 cm in length and 1 cm in diameter, were
filled with 18 g of swollen T- or C-gel — a mixture of DMSQ/
CHCI; (2 : 3) being used as swelling agent. For separation,
up to 100 mg of mixed nucleosides was dissolved in DMSO
(ca. 20 mg/ml), transferred to the column, and then devel-
oped at room temperature with a mixture of DMSO/CHCl;
(2 : 3), the flow rate being about 38 mi/h. The separation
process was monitored in a measuring cell using a Uvicord-
Ultraviolet absorptiometer and recorded in the form of a UV
absorption diagram by an LLKB pen recorder. Samples of the
eluate were collected at regular intervals and the separation
of the nucleosides examined by UV absorption measurements
using a Zeiss spectrophotometer PMQ 11 at Ejgg/Eago nm.
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The Color of Trimethylsilyl Derivatives
of Diiminell]

By H. Seidl, H. Bock*1, N. Wiberg, and M. Veith[**]

The n—>n* excitation energies of hetero atom chromophores
are lowered drastically by trimethylsily]l substituents (Table
1); for instance bis(triphenylsilyl) ketone!2:31 is violet in
contrast to the colorless dialkyl ketones, and bis(trimethyl-
silyl)diimine [5] is blue in contrast to the colorless dialkyldi-
imines 61,

Table I. n—n* excitation energies {cm~1) of silyl- and alkyl-substi-
tuted hetero atom chromophores [R = Cg¢Hs in (R3Si);CO, otherwise
CH;].

X R3C

X C-013] C=N—-X [4] | X—=N=N-X [5, 6]
x7 H

CR; 35800 40200 27200

CRs/SiR; | 26800 20000

SiR; 18500 33400 12750

On the basis of experimental data (7l the color of the silyl
ketones has to be ascribed to the strong inductive rise of the
highest occupied n-orbital of the oxygen atom due to the
R;3Si group in the B-position and to the lowering of the w*-
orbital by Si< C interaction with unoccupied atomic orbitals
of silicon in a-position to the C=0 n-system. The long-wave-
length shift of the n—>w* absorption band of bis(trimethyl-
silyl)diimine whose R3Si groups are in a-position to both the
N=N =-system and to the nitrogen lone pairs ny is, however,
still unexplained.

For a study of the substituent effects on the azo chromo-
phore(8) we selected the more stable phenyl derivatives
(1)191 and (2) 1101 for which additional experimental data
can be obtained. Their ionization energies (determined by
mass spectroscopy [111), electron-spectroscopic excitation
energies, and half-wave reduction potentials [12] are collected
in Table 2.

Table 2. Experimental data for tert-butyi- (1) and (tri-
methylsilyl)-phenyldiimine (2).

CgHs—N=N—C(CH3)3 CeHs—N=N-—-Si(CH3);

(1) (2)
JEQN) V) 7.75 7.05
I emmy [13] 24400 17250

VIO (emon [13] 38400 37500
Red

EI/z V) —1.35 —1.13
2
Of--~---1 oo AT
(e
__________________ Red
> ~IAER <p22y
A 1150em
N [T ate =o70ev
N N " x
A= 900em™
T —------—- ﬂ—:a.zzz)

Fig. 1. Experimental energy level schemes for fert-butyl- (1) and tri-
methylsilyl-phenyldiimine (2).
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Comparison of the energy level schemes for the inner molec-
ular orbitals of (/) and (2} drawn up from the data in Table 2
shows that the R3Si substituent in phenyldiimine derivatives
also increases the energy of the nitrogen lone pair ny whilst
lowering the w-molecular orbitals. The decreased n—>7* ex-
citation energy of (2), and thence also of bis(trimethylsilyl)
diimine, is then to be explained as in the case of the silyl
ketones [71. However, as the rise in the ng level of the oxygen
due to silicon in the B-position amounts to 0.9 eV relative to
the standard rert-butyl phenyl ketone (7], a difference in the
ionization potential AIE >1 eV would be expected between
the alkyl- and the silyl-substituted phenyldiimine derivatives,
because the inductive effect of substituents in the a-position
should be enhanced by a factor I/Ig ~ 1.6 (141,

The observed difference of only 0.7 eV can be accounted for
by an additional Si<-ny interaction (in the direction oppo-
site to the inductive increase) of the ny lone pair with un-
occupied atomic orbitals of the silicon in a-position to the
nitrogen [151. The interaction should lead to an increase in the
NNSI angle since a wider angle favors the overlap [16],

Neither the NNSIi angles(13] in the trimethylsilyldiimine
derivatives nor the interaction between the two nn electron
pairs discussed for azo compounds!6:8! is' known. Since,
however, the whole visible and ultraviolet region of the
electronic spectrum of bis(trimethylsilyl)diimine shows only
the n—>n* absorption at 12750 cm™1, the n,/ng splitting must
exceed 4.7 eV II7L
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1,1,4,4-Tetrakis(trimethylsilyl)tetrazene (11
By N. Wiberg and W. Uklenbrock 1*!

Thermal decomposition of bis(trimethylsilyl)diimine (1)
below 0 °C affords almost exclusively tetrakis(trimethylsilyl)-
hydrazine (2) and nitrogen 21, We have now found that an
increase in thermolysis temperature reduces the yield of
these two products; instead, other thermolysis products are
formed, and in particular a compound having the com-
position (R381)4Ny4 (3) (R = CHj; elemental analysis, mass
spectrum) as well as tris(trimethylsilyl)hydrazine (4).

X 2 )
—> (RgSi),N; + Np

(2)
2

R3Si-N=N-SiR; L= "> (R,Si),N,
(1) (3)

LX3 5 5 (RgSi)gNH + N,

Y2 H
(4)

The hydrogen required for formation of (4) comes from
methyl groups; those molecules affected by hydrogen ab-
straction react further to give various products that have not
yet been examined in detail.

The IH—-NMR spectrum of compound (3) contains only one
signal in the (CH3);Si region [§ = —16.7 Hz, measured
against TMS as internal standard in benzene!31]. Thus, of
the isomers (3a), (3b), and (3c) that are formally possible
according to

R3Si

. NG 9
R3Si-N=N-SiRg = N=
R3ST
x2l lx2
R4Si SiR4 R;Si_  SiRg , )
“N-NT N RySi SiRg
e o N-N=N-N
i SiR
RySiT  SiRg NN RqS1 a
R3St SiRg
{3a) {3b) {3¢)

(3b) can be ruled out (the same applies to the compound
(R3S N-—N(SiR3;)—N=N(SiR3)). The IR and Raman
spectra indicate the presence of (3¢} rather than (3a);
unequivocal evidence for an atomic skeleton containing an
N=N bond comes, in particular, from the position, intensity,
and polarization of a band at 1444 cm™1 that is absent from
the Raman spectrum of (2) 4. The electronic spectrum of
the compound also lends support to the 2-tetrazene structure:
as in the case of organic tetrazenes 5! an n — w* transition of
medium intensity is observed at about 280 nm, Amax = 293
nm, {€ = 5820).
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