Reactions of 1,3,5-triazine with organolithium compounds
containing trimethylsilyl substituents; X-ray structures of 1,3,5-
triaza- and 1,3,5,7-tetraaza-heptatrienyllithium compounds
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While treatment of 1,3,5-triazine NC(H)NC(H)NE “H 1 with a [LiCH,R],, b [LiCHR,],, or ¢ [LiSiR;(thf);]

(R =SiMe;) was believed to yield the 1,4-adducts Lil\'IC(H)NC(H)(R’)NCH 2a-c, by contrast, 1 with [LiNR,]; or
[Li(thf),][Li(CR;),] under similar conditions gave the 1,3,5,7-tetraazaheptatrienyllithium [Li;{RNC(H)NC(H)NC-
(H)NR};] 4 or 1,3,5-triazaheptatrienyllithium [Li,{ RNC(H)NC(H)NC(H)CR,},(p-thf)] 5 compounds, implicating
a trimethylsilyl-shift and subsequent ring-scission. For 2b, the transformation to the 1,3,5-triazaheptatrienyllithium
compound [Li,{ RNC(H)NC(H)NC(H)C(H)R },] 7 was accomplished by heating the solid to 140 °C. Although
compound 4 was unreactive towards tmen or pmdien, from the triazaheptatrienyllithium compound 5 and pmdien,
the lithium compound [Li{RNC(H)NC(H)NC(H)CR,}(pmdien)] 6 was isolated. The tri- 4, di- 5, tetra- 7 and
mono-nuclear 6 lithium compounds have been fully characterised, including their X-ray crystal structures.

Introduction

1,3,5-Triazine 1 has been well investigated for its use in organic
synthesis, in particular by Grundmann and Kreutzberger.! The
aromatic heterocycle 1 was shown to be a useful synthon for
hydrogen cyanide, for example in Gatterman’s aldehyde syn-
thesis.> Some attention has been paid to the mechanism
believed to consist of either (i) one or more additions to the
heterocycle and then ring-opening or (ii) initial depolymeris-
ation to HCN units.> Organometallic derivatives of triazine are
scarce and attention has focused on derivatives formed by the
cyclotrimerisation of organonitriles, induced by alkyllithium
compounds.* Oakley and co-workers prepared the formamidine
RNC(H)NR, by the reaction of 1 with 2/3 [LiNR,],, treatment
with RCI and sublimation, eqn. (1) (R = SiMe;).’
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This reaction led us to anticipitate that 1 might behave as
an HCN synthon with LiCHR, and thus furnish the lithium
l-azaallyl Li{N(R)C(H)C(H)R} or B-diketiminate Li[{N(R)-
C(H)},CH], by analogy with the reaction of [LiCHR,], and a
nitrile free from o-hydrogen, e.g, yielding [Li{N(R)C(Bu')-
C(H)R}], with Bu'CN or [Li{N(R)C(Ph)},CH], with PhCN.¢
However, a 1,4-adduct LiNC(H)NC(H)(CHR,)NCH 2b was
formed, analogous to the reaction between an alkyllithium
compound and 2,4,6-triphenyl-1,3,5-triazine.” This result and
the notion that mono-substituted dihydrotriazines 3 were con-
sidered unstable,® prompted us to investigate the reaction of 1
with a variety of lithium alkyls and amides. A preliminary
communication has been published describing the reaction of 1
with LICHR,, LiCR,(thf), or LiNR, and including the X-ray
crystal structure of the triazaheptatrienyllithium compound 5;°
full experimental details and extensions are now reported.

This paper also has a bearing on the structural chemistry of

+ Supplementary data available: rotatable 3-D crystal structure diagram
in CHIME format. See http://www.rsc.org/suppdata/dt/1999/4041/

lithium amides. Lithium amides and their complexes are valu-
able deprotonating reagents in organic synthesis '* and have also
been used extensively to prepare amides of other metals.! The
structures of crystalline lithium compounds LiNR'R? have
been reviewed,'? as well as their solutions.”® Lithium amides
with R! or R? containing additional functionalities, e.g., nitro-
gen atoms have been omitted in reviews,'? but include the
porphyrinates,** phthalocyaninates,”® amidinates,'®!” o-amido-
pyridines '8 and B-diketiminates."

Results and discussion

The reaction of 1,3,5-triazine 1 with a [LiCH,R],, b [LICHR,],,
or ¢ [LiSiR;(thf);] (R = SiMe;) in benzene at ambient temper-
ature gave insoluble, air-sensitive adducts 2, (i) in Scheme 1.
Due to their insolubility, they have not been characterised.
Attempts to form more soluble tetramethylethylenediamine
(tmen) or pentamethyldiethylenetriamine (pmdien) adducts
failed. However, protolysis with one equivalent of methanol (or
water), and extraction with diethyl ether, dichloromethane
or tetrahydrofuran, followed by concentration afforded 1,4-
dihydrotriazines 3a—c in good yield (ca. 70%), (ii) in Scheme 1;
thus providing evidence that a carbon—carbon or —silicon bond
formation had taken place. These crystalline compounds 3 will
be fully discussed in a separate paper.*

Reaction of 1 with 1/3 [LiNR,]; under the same conditions
gave an off-white suspension, (iii) in Scheme 1. After removal of
volatiles in vacuo, the solid was extracted into pentane to yield
the 1,3,5,7-tetraazaheptatrienyllithium compound [Li;{RNC-
(H)NC(H)NC(H)NR};] 4. The air-sensitive compound 4 was
characterised by C, H, N elemental analysis and 'H, "Li{'H}
and PC{'H} NMR spectroscopy. The "Li{'"H} NMR spectrum
showed two inequivalent nuclei in a ratio of 2:1. Mass spec-
trometry revealed the parent molecular ion peak at m/z = 503
corresponding to [Li;L,]* [L=RNCH)NCH)NC(H)NR].
Single crystals suitable for X-ray analysis were obtained from
pentane at —20 °C and showed 4 to be trinuclear in the solid
state, Fig. 1. Cryoscopy in benzene (Beckmann method) was
consistent with the formula (LiL), ¢, indicating that 4 was largely
trinuclear in solution in accord with its "Li{*H} NMR spec-
trum. Variable temperature 'H and "Li{'H} NMR spectro-
scopic experiments (213 to 333 K) in toluene-ds did not provide
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The formation of compounds 2-7 from triazine 1. Reagents and conditions; [(i)—(iv) ca. 20 °C, benzene] and: (i) LiR’ (R’ =a CH,R,

b CHR,, ¢ SiR;; R = SiMe;);? (ii) 1 equivalent MeOH; (iii) LINR,, 4 h; (iv) LiCR(thf),, 24 h; (v) pmdien, pentane; (vi) 140 °C, 10~ mbar, 5 min.

Fig. 1 The molecular structure of [Li;{RNC(H)NC(H)NC(H)NR };]
4, with atom labelling.

more information. Further indication of the stability of this
trinuclear complex is that tmen and pmdien failed to cleave
the trinuclear molecule, possibly due to the steric inaccessibility
of the lithium atoms. By contrast, the ligands in the triaza-
heptatrienyllithium compounds 5 and 7 have fewer coordin-
ation possibilities for the lithium cations; compound 5 reacted
with pmdien (and 7 is expected to react similarly) to give the
mononuclear adduct 6 (see below).

Reaction of 1 with 1/2 [Li(thf),][Li(CRj),], following a simi-
lar procedure as for LiNR,, afforded analytically pure, yellow
crystals of the 1,3,5-triazaheptatrienyllithium compound [Li,-
{RNC(H)NC(H)NC(H)CR,},(u-thf)] 5 in moderate yield
(38%), (iv) in Scheme 1. Elemental analysis and mass spec-
trometry (parent molecular ion m/z =638) are in agreement
with the molecular formula of 5 taking into account the loss
of a thf molecule. Colourless, single crystals suitable for X-ray
analysis were obtained by recrystallisation from pentane at
—20°C and showed 5 to be dinuclear, Fig. 2. The 'H NMR
spectrum showed a broad singlet for one of the NC(H)N frag-
ments due to fluxionality in the dinuclear molecule at 298 K.
Variable temperature 'H and "Li{'"H} NMR spectroscopic
experiments (193 to 333 K) in toluene-dg led only to a change in
the shape of the signals. Treatment of 5 with pmdien, (v) in
Scheme 1, and crystallisation from pentane at —20 °C gave
colourless, single crystals suitable for X-ray analysis which
showed it to be the mononuclear 1,3,5-triazaheptatrienyl-
lithium compound [Li{RNCH)NC(H)NC(H)CR,}(pmdien)]
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Fig. 2 The molecular structure of [Li,{RNC(H)NC(H)NC(H)CR,},-
(u-thf)] 5, with atom labelling; only the O atom is shown for the thf
molecule.

Fig. 3 The molecular structure of [Li{RNC(H)NC(H)NC(H)CR,}-
(pmdien)] 6, with atom labelling.

6, Fig. 3. The lithium compound 6 was characterised by elem-
ental analysis and its '"H, *C{'H} and "Li{'"H} NMR and mass
spectra.

The transformation of the lithium dihydrotriazine adduct

LiNC(H)NC(H)(CHR,)NCH 2b into the 1,3,5-triazahepta-
trienyllithium compound [Li,{RNC(H)NC(H)NC(H)C(H)-
R},] 7 was achieved by heating the green/white solid 2b for 5
min to 140 °C under reduced pressure (107 mbar), (vi) in
Scheme 1. By contrast, heating of 2a or 2¢ led to their decom-
position. The analytically pure, yellow, crystalline lithium
compound 7 gave satisfactory elemental analysis. The 1,3,5-
triazaheptatrienyllithium compound 7 was recrystallised from
hexane to give colourless single crystals suitable for X-ray




Fig. 4 The molecular structure of [Li,{RNC(H)NC(H)NC(H)-
C(H)R},] 7, with atom labelling.
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Fig. 5 The variable temperature "Li{’H} NMR (C,Ds;CD;, 194 MHz)
spectra of the tetraazaheptatrienyllithium 7.

analysis, showing it to be tetranuclear, Fig. 4. The 'H and
"Li{'"H} NMR spectra showed broad signals at 298 K. At lower
temperatures the spectra were very complicated. The "Li{'H}
NMR spectrum at 183 K revealed several signals of varying
intensity, Fig. 5; the '"H NMR spectrum at 213 K showed
twelve signals for the SiMe; groups indicating the existence of
six isomers. The '"H NMR spectrum at 333 K clearly showed
the C(H) fragments, including the vinylic coupling for
C(H)C(H)R (Jgg=159 Hz). Variable temperature NMR
spectroscopic experiments indicated the existence of a complex
equilibrium between several oligomers. This equilibrium was
absent after the addition of tetrahydrofuran. Synthesis of the
solvent-free analogue, the 1,7,7-tris(trimethylsilyl)-1,3,5-
triazaheptatrienyllithium compound, from 1/2 [LiCR;], and
1,3,5-triazine 1, showed similar behaviour in NMR spectro-
scopic experiments.

The pathway leading stereospecifically to the trans-product 4,
5 or 7 is believed to implicate the 1,4-addition of the lithium
reagent to triazine 1 forming the 1,4-dihydrotriazinyllithium

Table 1 Selected intramolecular distances (A) and angles (°) for
[Li;{RNC(H)NC(H)NC(H)NR },] 4

Li(1)-N(1) 2.117(7) N(1)-C(1) 1.281(4)
Li(1)-N(5) 2.123(7) C(1)-N(2) 1.371(4)
Li(1)- - - N(9) 2.461(7) N(2)-C(2) 1.327(4)
Li(1)-N(10) 2.077(7) C(2)-N(3) 1.313(5)
Li(2)-N(2) 1.968(7) N(3)-C(3) 1.377(4)
Li(2)-N(6) 2.079(7) C(3)-N(4) 1.274(5)
Li(2)-N(7) 2.077(7) N(5)-C(10) 1.280(4)
Li(2)-N(11) 1.972(7) C(10)-N(6) 1.358(4)
Si(1)-N(1) 1.747(3) N(6)-C(11) 1.328(4)
Si(1)-C(4) 1.856(4) C(11)-N(7) 1.317(4)
Si(3)-N(5) 1.742(3) N(7)-C(12) 1.365(4)
Si(3)-C(13) 1.844(5) C(12)-N(8) 1.281(4)
N()-Li(1)-N(5)  123.5(3) Li(1)-N(5)-C(10)  102.9(3)
N(1)-Li(1)-N(10)  107.9(3) Li(2)-N(6)-C(10)  154.2(3)
N(5)-Li(1)-N(10)  125.3(3) Li2)-N(6)-C(11)  87.1(3)
NQ)-Li2)-N(@©6)  110.2(3) Si(3)-N(5)-C(10)  121.6(3)
N(Q2)-Li2)-N(7)  124.4(4) N(5)-C(10)-N(6)  122.0(3)
N(Q2)-Li2)-N(11)  115.0(3) N(6)-C(I1)-N(7)  118.7(3)
N(6)-Li(2)-N(7) 66.4(2)

complex, analogous to 2, followed successively by a 1,3-Me;Si
shift from NR, or CR; and then its ring-scission. This is illus-
trated for the system 1 + LiNR,—— 4 in Scheme 2.
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Scheme 2 Reaction pathway for 1 + LiNR, to 1,3,5,7-tetraazahepta-
trienyllithium 4.

Evidence for the Meisenheimer complex I (or its CR,
analogue for 5) is supported by NMR spectroscopic experi-
ments involving treatment of an excess of 1,3,5-triazine 1 with
LiNR, in benzene-d,. Apart from 4, the formation of an
intermediate I was observed, having chemical shifts and
coupling patterns resembling those of the dihydrotriazines
3;'"H 6 7.37 (d, *J=2.1 Hz, 2H), 6.60 (t, 1H), 1.01 (s, 18H).
Additionally, we have isolated the analogous intermediate
[Na{NC(H)NC(H)(CHR,)NCH}(pmdien)], from 1 and
NaCHR,.*" Precedents exist for anionic 1,3-Me,Si shifts from
N—->N?or C-»N.°f

Each of the lithium compounds 4-7 was characterised by
X-ray crystallography. The X-ray molecular structure of the
crystalline tetraazaheptatrienyllithium compound 4, with atom
labelling, is shown in Fig. 1, selected geometric parameters
being in Table 1. The projection down its Li-Li—Li axis shows it
to have close to C;-symmetry, Fig. 6. The lithium compound 4
has a rather unusual structure. Three lithium atoms form a
cationic rod surrounded by the three negatively charged ligands.
The atoms Li(1) and Li(3) are both three-coordinate, with the
sum of the angles at each being 354.7 and 355.5°, respect-
ively, while Li(2) is four-coordinate with a bond angle of
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Table 2 Selected intramolecular distances (A) and angles (°) for
[Li,{RNC(H)NC(H)NC(H)CR,},(p-thf)] 5

Table 4 Selected intramolecular distances (A) and angles (°) for
[Li,{RNC(H)NC(H)NC(H)C(H)R },]1 7

Li-O 2.133(7) Si(3)-N@3) 1.738(3)
Li-N(1) 2.197(7) Si(3)-C(11) 1.863(5)
Li-N(2) 2.096(7) C(1)-C(2) 1.351(5)
Li'-N(3) 2.058(7) C(2)-N(1) 1.406(4)
Si(1)-C(1) 1.854(4) N(1)-C(3) 1.303(4)
Si(1)-C(5) 1.858(5) C(B3)-N(2) 1.346(4)
Si(2)-C(1) 1.867(4) N(2)-C(4) 1.346(4)
Si(2)-C(8) 1.866(4) C(4)-N(3) 1.292(4)
N(1)-Li-N(2) 63.9(2) CQ)-C(1)-Si(1)  116.5(3)
N(I)-Li-N(3)  115.33) N()-CQ)-C(1)  124.6(4)
N(1)-Li-O 114.0(3) CQ2)N(1)-C(3) 116.2(3)
Li-O-Li’ 77.4(4) N(1)-C(3)-N(2)  118.2(3)
Si()-C(1)-Si(2)  123.8(2) N(Q2)-C4)-N@3)  120.5(3)

CA)-N(3)-Si3)  122.8(3)

Table 3 Selected intramolecular distances (A) and angles (°) for
[Li{RNC(H)NC(H)NC(H)CR,}(pmdien)] 6

Li-N(1) 2.135(11) Si(3)-C(4) 1.864(6)
Li-N(2) 2.147(10) Si(3)-C(9) 1.870(6)
Li-N(4) 2.113(6) N(1)-C(1) 1.287(7)
Li-N(5) 2.219(11) C(1)-N(2) 1.346(7)
Si(1)-N(1) 1.730(5) N(2)-C(2) 1.335(7)
Si(1)-C(5) 1.850(5) C(2)-N(3) 1.296(7)
Si(2)-C(4) 1.849(6) NG3)-C(3) 1.390(7)
Si(2)-C(8) 1.869(5) C(3)-C(4) 1.351(8)
N(1)-LiNQ2)  64.803) Si(H)-N()-C(1)  124.5(4)
N()-Li-N@)  117.33) Si(2)-C(4)-Si(3)  124.5(3)
N()-Li-N(5)  114.9(5) Si(2)-C(@)-C(3)  118.4(5)
NQ)-Li-N@)  97.6(3) N(1)-C(1)-N@2)  121.1(5)
NQ)-Li-N(5)  179.6(5) C(1)-N(2)-C2)  117.0(5)
N@)-Li-N@")  124.6(5) N(2)-C(2)-N@3)  124.1(5)
N@)-Li-N(5)  82.6(3) NG3)-C(3)-C{@)  126.2(6)
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Fig. 6 Projection of the trinuclear complex 4 down its Li-Li-Li axis.

66.4(2)° for N(6)-Li(2)-N(7) and between 110 and 125° for
the other N-Li(2)-N' angles. The Li-N bond distances are
2.10 +0.02 A, except for the Li(2)-N(2) and Li(2)-N(11) which
are significantly shorter, ca. 1.97 A. The organic backbone is
planar. A zig-zag conformation for the anionic ligand has been
predicted to be the most stable.”® The intraligand C-N bond
lengths are unremarkable, 1.28 A for N(1)-C(1) [C(spd)=
N(sp?)], 1.37 A for C(1)-N(2) [C(sp*)-N(sp?)] and 1.33 A for
C(2)-N(2) [delocalised C(sp?)===N(sp?)].

The X-ray molecular structure of the crystalline lithium
compound 5, with atom labelling is shown in Fig. 2; selected
molecular parameters are in Table 2. Compound 5 is dinuclear
and lies on a crystallographic two-fold rotation axis. The lith-
ium atoms are four-coordinate and bridged by a thf molecule,
a rare phenomenon.?* Each Li-O distance is ca. 2.13 A and
the Li-O-Li’ angle 77°. The Li-N distances range from 2.06
to 2.20 A with Li-N(3’) being the shortest. The N(1)-Li-N(2),
N(1)-Li-N(3") and N(2)-Li-N(3') angles are 64, 115 and
125°, respectively. The atoms C(1), C(2), N(1), C(3), N(2),
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Li(1)-N(1) 2.019(5) N(1)-C(1) 1.292(3)
Li(1)-N(5) 2.118(5) C(1)-N(2) 1.355(3)
Li(1)-N(3") 2.157(5) NQ2)-C(2) 1.345(3)
Li(2)-N(3) 2.026(5) C(2)-N(3) 1.297(3)
Li(2)-N(4") 2.041(5) NG3)-C(3) 1.399(3)
Li(2)-N(6) 2.080(5) C(3)-C(4) 1.316(4)
Si(1)-N(1) 1.735(2) N@4)-C(11) 1.281(3)
Si(1)-C(5) 1.857(3) C(11)-N(5) 1.370(3)
Si(2)-C(4) 1.841(3) N(5)-C(12) 1.345(3)
Si(2)-C(8) 1.862(4) C(12)-N(6) 1.305(3)
Si(3)-N() 1.756(2) N(6)-C(13) 1.406(3)
Si(3)-C(15) 1.856(3) C(13)-C(14) 1.331(4)
N()-Li(1)-N(5)  124.8(3) Si3)-N@)-C(11)  121.6(2)
N(I)-Li(1)-N(5")  134.0(3) N(1)-C(1)-N(2) 121.9(2)
NG)-Li(1)-N(5")  99.4(2) C(1)-N(Q2)-C(2) 115.7(2)
N(3)-Li2-N(@©6)  117.8(3) N(2)-C(2)-N(3) 119.6(2)
NG)-Li(2)-N@")  117.6(2) N(3)-C(3)-C(4) 124.7(3)
N@)-Li(2)-N®6)  121.2(2) N@)-C(I1)-N(5)  122.9(2)
Si(H-N(D)-Li(1)  139.3(2) N(5)-C(12)-N(6)  121.0(2)
Si(-N(1)-C(1)  123.3(2) N(6)-C(13)-C(14)  124.2(3)
Si(2-C(@)-C(3)  127.6(2)

C(4) and N(3) are coplanar and comparison of the bond
lengths with known formamidinates!®*?® suggests that the
NC(H)NC(H)N unit has some delocalisation, while the values
of 141 A for N(1)-C(2) and 1.35 A for C(2)-C(1) are
unexceptional for a N(sp*)-C(sp?) and C(sp?)=C(sp?) bond,
respectively.?’

The X-ray molecular structure of the crystalline pmdien
adduct 6 of 5 shows it to be mononuclear and to lie on a crys-
tallographic mirror plane, Fig. 3; selected molecular param-
eters are in Table 3. The bond lengths in the anionic organic
backbone are comparable with those of 5 showing some
delocalisation in the NC(H)NC(H)N unit. The lithium atom
is five-coordinate, capped by the chelating pmdien ligand with
distances of ca. 2.11 A for Li-N(4), 2.22 A for Li-N(5) and
2.14 A to both N(1) and N(2); the bite angle N(1)-Li-N(2) is
64.8(3)°.

The X-ray molecular structure of the crystalline lithium
complex 7 shows it to be tetranuclear lying on a crystallo-
graphic inversion centre, Fig. 4; selected molecular parameters
are in Table 4. There are two distinct ligands in the tetramer.
One binds with two of its remote nitrogen atoms, N(1) and
N(3), to the lithium atoms, while the other uses all three nitro-
gen atoms for coordination. This does not significantly affect
the bond lengths or angles, consistent with the electrostatic
nature of the interactions between the anionic heptatrienyl lig-
ands and the cationic lithium atoms. The bond lengths of the
anionic backbone show similar distances to those of 5 and 6,
a partly delocalised NC(H)NC(H)N unit. The lithium atoms
Li(1) and Li(2) are both three-coordinate, the sum of the angles
at these being 358.2 and 356.6°, respectively. The angles N(5')—
Li(1)-N(2) and N(5')-Li(1)-N(5) are the narrower, ca. 99°, thus
keeping the ligands together. The Li—N distances range from ca.
2.02 A [Li(1)-N(1) and Li(2)-N(3)] to 2.16 A for Li(1)-N(5"),
while there may be additional stabilising interactions between
lithium and nitrogen atoms; for example the Li(1)-N(6") dis-
tance is ca. 2.37 A.

The X-ray structures show that the bond lengths in the
anionic organic backbone are more or less independent of the
location and bonding of the lithium cations. This suggests
that the formation of the aggregates is largely governed by elec-
trostatic interactions, the nitrogen atoms providing ample
opportunities for coordination in solution and in the solid state.
In solution the trinuclear structure of 4 is retained, while each
of the solvent-free bis- and tris-(trimethylsilyl)-1,3,5-triaza-
heptatrienyllithium complexes appear to form a complicated
mixture of oligomers.



Table 5 Crystal data and refinement parameters for lithium compounds 4-7

Formula CyHesLisN,Sie (CsHyy)s 4
M 781.3

Crystal system Monoclinic
Space group P2,/n (no. 14)
a//§ 18.869(7)
blA 14.603(4)

clA 19.523(4)

al®

B 112.10(2)

e

UIA? 4984(3)

V4 4
#(Mo-Ka)/cm™! 2.0
Reflections collected 9027
Independent reflections (R;,,) 8753 (0.0334)
Reflections observed [I > 2a(1)] 5240
R1[I>2a(I)], wR2 all data 0.061, 0.161

C,;0HggLi,NOSig 5 C,Hs;LiNgSi; 6 C4oHggLi,N;,Sig 7

711.3 492.91 989.70

Monoclinic Orthorhombic Triclinic

P2/n (no. 13) Pnma (no. 62) P1 (no. 2)

13.022(3) 28.389(5) 10.047(3)

8.134(4) 11.343(2) 12.148(4)

22.607(6) 10.290(2) 13.646(3)
82.42(2)

106.43(2) 76.68(2)
76.74(2)

2296.8(14) 3313.5(10) 1572.0(8)

2 4 1

2.1 1.6 2.1

4220 4037 5516

4041 (0.0347) 2149 (0.0907) 5516

2570 1400 4010

0.062, 0.162 0.061, 0.158 0.048, 0.124

Experimental
General procedures

All manipulations of organometallic compounds were per-
formed under an argon atmosphere using standard Schlenk
techniques. Solvents were pre-dried over sodium wire and dis-
tilled over potassium—sodium alloy under nitrogen gas. Hexane,
pentane and benzene were stored over a potassium mirror,
while tetrahydrofuran, diethyl ether and deuterated solvents
were stored over molecular sieves (4 A). [LiCR,],,%® [Li(thf),]-
{Li[C(SiMe;);],},° [LiCH(SiMe;),],,** and [LiN(SiMe;),];*
were prepared by established procedures. N,N,N',N'-Tetra-
methylethylenediamine (tmen) and N,N,N',N”,N"-pentamethyl-
diethylenetriamine (pmdien) were obtained from Aldrich and
were distilled over CaH, prior to use. 1,3,5-Triazine 1 (Aldrich)
was used without further purification.

Microanalyses were carried out by Medac Ltd., Uxbridge,
Middlesex or the Canadian Micro-analytical Service Ltd.,
Delta, Canada. The NMR spectra were recorded using a
WM-300 Bruker at 300.13 MHz (‘H), 75.42 [*C{'H}], 116.64
["Li{'H}], or an AMX-500 Bruker spectrometer at 500 MHz
(*H) at ca. 295 K in benzene-d, and referenced internally to
residual solvent resonances unless stated otherwise, EI mass
spectra on solid samples were obtained using a Kratos
MSS80RF spectrometer. Melting points were determined under
argon in sealed capillary tubes using an electrothermal appar-
atus and are uncorrected.

Syntheses

[1,7-Bis(trimethylsilyl)hepta-1,3,5,7-tetraaza-1,4,6-trienyl-
lithium], 4. Triazine 1 (1.62 g, 20.0 mmol) was added in portions
to a stirred solution of [LiNR,]; (3.39 g, 6.8 mmol) in benzene
(30 cm® with cooling (waterbath at ambient temperature).
After stirring for 2% h at ambient temperature, volatiles were
evaporated in vacuo and the residue was “stripped” with pen-
tane and carefully dried in vacuo. Pentane (30 cm?®) was added
and the solution was kept at —20 °C. This yielded analytically
pure, colourless crystals (1.66 g); a second and a third fraction
gave another 1.96 g to give a total for 4 of 3.62 g (70%). In a
typical procedure for molecular weight determination, a sample
of 4 (0.3854 g) was dissolved in benzene (20.0 cm®) resulting in
a decrease of 0.176 K for the melting point: M, =641.
Recrystallisation from pentane yielded colourless single crystals
of 4, suitable for X-ray analysis, mp 188 °C (with decomp.)
(Found: C, 44.4; H, 8.64; N, 22.2. C,;H,;Li;N,,Si, requires C,
43.5; H, 8.52; N, 22.55%). '"H NMR: J 8.24 (s, 6H), 7.85 (s, 3H),
0.37 (s, 54H, SiMe;). "Li{'H} NMR: J 3.13 (1Li), 1.94
(2Li). BC{'H} NMR: 6 177.8 [NC(H)N], 170.5 [RNC(H)], 0.85
(SiMe,). Mass spectrum (EI): m/z 503 (M — L]*, 18), 255
(IM — L,Lil", 10), 242 ([L + H]", 8).

[1,7,7-Tris(trimethylsilyl)hepta-1,3,5-triaza-1,4,6-trienyl-
lithium],(n-thf) 5. Triazine 1 (0.70 g, 8.6 mmol) was added in
portions to a stirred solution of [Li(thf),]J[Li(CR;),], (3.33 g, 4.2
mmol) in benzene (30 cm?®) with cooling (waterbath at ambient
temperature). After stirring for 48 h at ambient temperature,
volatiles were evaporated in vacuo and the pale yellow residue
was “stripped” with pentane. Crystallisation from pentane at
—20 °C afforded analytically pure yellow crystals of compound
5(1.17 g, 38%). Recrystallisation from pentane yielded colour-
less, single crystals, suitable for X-ray analysis, mp 111-113 °C
(Found: C, 48.8; H, 9.45; N, 12.7. C,H,Li,N¢Si¢ requires C,
48.9; H, 9.46; N, 13.15%). '"H NMR: § 8.20 [s, 2H, RNC(H)N],
7.89 [br s, 2H, CCH)NC(H)NC(H)], 7.47 [s, 2H, NC(H)CR,)],
3.59 (ddd, 4H, thf), 1.41 (ddd, 4H, thf), 0.36 (s, 18H, SiMe;),
0.33 (s, 18H, SiMe;), 0.17 (s, 18H, SiMe;). 'Li{'"H} NMR:
6 1.40. BC{'H} NMR: § 171.5, 169.95, 159.8, 121.7 (ipso), 68.1
(thf), 25.65 (thf), 2.7 (SiMe,), 1.2 (SiMe;), 0.3 (SiMe;). Mass
spectrum (EI): m/z 638 ([M — thf]*, 13), 565 ([M — thf —
SiMe;]*, 12), 326 ([M — L — thf]*, 38).

1,7,7-Tris(trimethylsilyl)hepta-1,3,5-triaza-1,4,6-trienyl-

lithium. The procedure followed was similar to that for 5, but
with triazine 1 (0.21 g, 2.6 mmol) and [LiCR;], (0.62 g, 1.3 mmol)
in benzene (15 cm®). The title compound (0.41 g, 49%) was
obtained as a yellow powder from pentane, mp 101-104 °C. 'H
NMR (C¢DsCD;, 343 K): 6 8.24 (s, IH), 7.90 (br s, 1H), 7.28
(s, 1H), 0.17 (s, 18H), 0.07 (s, 9H). “C{'H} NMR (C¢(DsCD;,
323 K): 6 170.6, 170.2, 158.7, 123.5 (ipso), 2.7 (SiMe;), 1.1
(SiMe,), 0.2 (SiMe;,).

1,7,7-Tris(trimethylsilyl)hepta-1,3,5-triaza-1,4,6-trienyl-

lithium(pmdien) 6. Pmdien (160 mm?, 0.77 mmol) was added to
a solution of the 1,3,5-triazaheptatrienyllithium 5 (0.27 g, 0.4
mmol) in pentane (1 cm®) at ambient temperature. After 20 min,
volatiles were removed in vacuo. Recrystallisation from pentane
yielded colourless single crystals of 6 (0.25 g, 66%), suitable for
X-ray analysis, mp 122 °C (Found: C, 53.6; H, 10.7; N, 17.4.
C,Hs;LiNgSi; requires C, 53.6; H, 10.8; N, 17.0%). '"H NMR:
0 8.57 (br s, 1H), 8.36 (s, 1H), 7.87 (s, 1H), 2.11 (s, 3H), 2.07
(s, 12H), 1.8 (br s, 8H), 0.60 (s, 9H), 0.40 (s, 9H), 0.17 (s,
9H). ’Li{'H} NMR: 6 0.91. ®C{'H} NMR: 6 173, 172.5, 166.3,
117 (ipso), 56.3 (pmdien), 53.8 (pmdien), 45.1 (pmdien), 43.9
(pmdien), 2.4 (SiMe;,), 1.5 (SiMe;), 0.8 (SiMe;).

[1,7-Bis(trimethylsilyl)hepta-1,3,5-triaza-1,4,6-trienyl-
lithium], 7. Triazine 1 (0.69 g, 8.5 mmol) was added in portions
to a stirred solution of [LICHR,],, (1.41 g, 8.5 mmol) in benzene
(25 cm?®) with cooling (waterbath at ambient temperature). Stir-
ring was continued for 12 h; volatiles were removed in vacuo.
The resulting green/white powder (2.05 g) was heated to 140 °C
under reduced pressure (ca. 10~ mbar) for ca. 5 min. Crystal-
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lisation of the brown/yellow residue from diethyl ether and
recrystallisation from hexane at ambient temperature yielded
colourless single crystals of compound 7 (1.44 g, 70%), suitable
for X-ray analysis, mp 188-191 °C (with decomp.) (Found: C,
48.3; H, 8.94; N, 16.8. C, HgLi,N,,Sig requires C, 48.55; H,
8.96; N, 17.0%). '"H NMR (348 K): § 8.21 [s, 4H, RNC(H)N],
7.80 [s, 4H, C(H)NC(H)N], 6.79 [d, /=159 Hz, 4H,
C(H)CHR], 5.63 [d, 4H, C(H)CHR], 0.31 (s, 36H), 0.26 (s,
36H). BC{'H} NMR (333 K): 6 171.5 (br), 171.3 (br), 151.7,
114 (br, CHR), 0.3 (SiMe;), —0.6 (SiMe;). "Li{'H} NMR
(333 K): 0 1.49. Mass spectrum (EI): m/z 221 (18), 168 (6), 148
(80), 82 (85), 70 (88), 28 (100).

X-Ray crystallography

Details are given in Table 5. Unique datasets for compounds 4—
7 were collected on an Enraf-Nonius CAD4 diffractometer at
173(2) K. The structures were solved via direct methods using
SHELXS 86,%% and refined by full-matrix least squares on all F?
using SHELXL 93* with all non-H atoms anisotropic; H’s
were included in riding mode with Uy, (H) = 1.2 U,(C) or 1.5
U,4(C) for methyl groups.

CCDC reference number 186/1687.

See http://www.rsc.org/suppdata/dt/1999/4041/ for crystallo-
graphic files in .cif format.
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