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Ligands containing aromatic nitrogen heterocycles play a
leading role in the molecular self assembling processes that
lead to macromolecular architectures. The inductive effect of
various metal fragments on those building blocks has not yet
been studied systematically. To evaluate this effect we syn-
thesized the homologous series of Group-13 metal complexes
[Me,AlPy,N] (1), [Me,GaPy,N] (2), [Me,InNPy,], (3), and
[Me,TINPy,].. (4) (Py = 2-NC5H,), and characterized them by
low-temperature X-ray structure analysis and 'SN-NMR
spectroscopy in solution. The electronic equivalence of the
central and the ring nitrogen atoms leaves the energetic hy-
perface of the anion quite flat, and the electron density is
polarized according to the requirements of the metal. In the
aluminum and the gallium complexes 1 and 2 the metal cen-
ter is coordinated exclusively through the nitrogen atoms wi-

thin the pyridyl rings. The complexes with these hard metals
are close-contact ion pairs. In the indium complex 3 the cis-
cis orientation gives rise to a dimeric structure, while the un-
precedented cis-trans arrangement in the thallium com-
pound 4 leads to a polymeric structure. The complexes 3 and
4 have to be regarded as separated ion pairs of Me,M™* ca-
tions and Py,N~ anions without any covalent bonds between
the anionic moiety and the dimethylmetal cations, even in
the solid state. The series of complexes proves the bis(2-pyri-
dyl)amide to be an excellent self-adapting ligand. These
findings are substantiated by NMR-spectroscopic studies in
solution. Not only do the steric requirements of N heteroaro-
matic ligands have to be considered in molecular self-as-
sembling processes but also the inductive effect of the diffe-
rent metal fragments.

Introduction

The use of aromatic nitrogen heterocycles has given a
great impetus to metal coordination chemistry.['l Due to
the low-energy m* orbitals pyridine and its derivatives are
valuable ¢ donors and m acceptors in the bonding syner-
gism of transition-metal complexes.?! Classical N-heteroar-
omatic donor ligands are pyridine, 2,2'-bipyridine and
1,10-phenanthroline.
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In metal-induced molecular recognition processes various
linkages of the simple building blocks yield polydentate
macromolecular ligands tailored to the steric requirements
of the nanomolecular architectures present. Helical ar-
rangements with transition-metal centers are one focus of
interest.’] A spheric palladium polymacrocycle containing
triazine bridgeheads has also been synthesized,* and met-
allo carotenate molecular wires containing pyridyl or bipyr-
idyl ends coordinated to metal centers combine the elec-
tronic or photochemical properties of a metal fragment and
the conjugated electron system of the carotenes.[
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Over the last years our work has been concerned with
the design and fine tuning of monoanionic ligands, contain-
ing N-heteroaromatic rings, which show a different coordi-
nation behavior towards soft and hard metals.[l In these
systems a single p block element in a low oxidation state
links two or three pyridyl (Py) or pyrazolyl (Pz) rings. Metal
coordination is achieved by the ring nitrogen atoms but
never by the bridgehead atom. Anionic systems studied so
far are the pyridyldiphenylmethyl,” dipyridylmethyl,®! di-
pyridylphosphide and -arsenide,®! tripyrazolylgermanate
and -stannate.l'9 These ligands are formally carbanions,
phosphides and arsenides but in metal coordination they
behave as amides. For instance the phosphorus or ar-
senic(IIT) center is only two-coordinate to both ipso-carbon
atoms and the structures do not comprise any short M—P
or M—As bonds. The negative charge in the anions is lo-
cated almost entirely on the nitrogen atoms of the pyridyl
substituents.

Scheme 2. Dipyridylmethyl, -phosphide and -arsenide coodination
to metal centers
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To counterbalance the electron-withdrawing effect of the
ring nitrogen atoms we isoelectronically replaced the CH
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group, the P or the As bridgeheads by a nitrogen atom. In
this paper a systematic study of the coordination behavior
of the Py,N~ anion, in both the solid state and solution,
towards Group-13 metals is presented. The relationship be-
tween the geometry of a coordinated and an uncoordinated
ligand system in solution and in the solid state is of special
interest in the study of self-assembling systems.!!!] The di-
pyridylamide ligand is anticipated to permit a transoid
orientation in the uncoordinated form in solution, as found
in 2,2'-bypiridine!'?! and shown in Scheme 3.

Scheme 3. The transoid versus cisoid coordination of 2,2'-bipyri-
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Because of electrostatic repulsion between the N lone
pairs and the weak attraction between N and CH sites in
antiparallel orientation of the N sites, they should favor the
transoid over cisoid arrangement. A priori one can think of
three different coordination modes.

Scheme 4. Feasible coordination modes of the dipyridylamide li-
gand
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In the known complexes of neutral bis(2-pyridyl)amine
the trans-trans coordination mode to both ring nitrogen
atoms is observed [(HNPy,)CuHal, (Hal = Brl!3a C]3b))],
[(HNPy,),Cd—(ONO),!*9, (HNPy,)M(CO), (M = Cr,
Mo, W)].113 In the monomeric M(Py,N), (M = Cull4al,
Ru, Pd4vll4ely complexes trans-trans arrangements of both
ring nitrogen atoms coordinated to the metal center are
found, while in (Py,N)W(CO)s,['3] the tungsten atom ap-
parently is exclusively coordinated to the central nitrogen
atom. A cis-cis arrangement and coordination to all
three nitrogen atoms is found in the dimer of
[(Py,N)TI(C¢Fs),],.1'! This coordination is emulated in the
polymeric complexes of [Cu(Py,N)],['7), [Ms(Py,N),Hal,],
(M = Cul'®al Nil!8®l) Tt seems worthy to note that until
now a cis-trans coordination of the dipyridylamide ligand
has not been observed.

To study the coordination behavior of the bis(2-pyridyl)-
amide anion systematically in both the solid state and in
solution the Group-13 metal complexes [Me,AlIPy,N] (1),
[Me,GaPy,N] (2), [Me,InNPy,], (3), and [Me,TINPy,].. (4)
have been synthesized and characterized by low-tempera-
ture X-ray structures as well as by ’N-NMR spectroscopy
in solution.
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Results and Discussion
Preparation of 1—4

Compounds 1—3 were synthesized by adding trimeth-
ylmetal compounds to a solution of bis(2-pyridyl)amine

(eq 1.
n HNPy, + n MesM —— [Me,MPy,N], + n MeH )

1: M = Al; -10 °C in diethyl ether; n =1
2: M = Ga; -78 °C in toluene; n = 1

3: M =1In; | hreflux in toluene; n =2

To obtain the compound 4 trimethylthallium has to be
synthesized first in situ by adding methyllithium to a solu-
tion of dimethylthallium iodide in ether.l'”! The second step
is the addition of one equivalent of bis(2-pyridyl)amine

(eq. 2).

1.+ n MelLi, - n Lil
2. +n HNPy, , - MeH

n Me,TII [Me, TINPy,], )

4 n=owo

ISN-NMR-Spectroscopic Experiments

To gain information about the coordination behavior of
the bis(2-pyridyl)amide ligand in the complexes 1—4 in
solution we recorded NMR spectra. Particularly informa-
tive are the results of the '"N-NMR-spectroscopic experi-
ments. The spin of the >N nucleus is 1/2 and this gives
sharp signals in the NMR experiments. Therefore, this
method is particularly suitable to compare non-equivalent
nitrogen atoms in solution. The chemical shift of the nu-
cleus is correlated to its electronic shielding.

The neutral bis(2-pyridyl)amine gives rise to two signals
which differ considerably with respect to their chemical
shifts (assignment in analogy to similar systems!?%l) because
of the magnetically non-equivalent nitrogen sites (Table 1).
In the aluminum and the gallium complexes 1 and 2 the
signals of both nitrogen atoms display very similar chemical
shifts, demonstrating the electron density to be shifted from
the central nitrogen atom (the signal is more than 80 ppm
downfield relative to that of the starting material) to the
ring nitrogen atoms (where there is more than a 70 ppm
upfield shift). These findings are further substantiated by
the 'H- and '3C-NMR experiments. The two "'N-NMR-
spectroscopic shifts of both nitrogen sites in 3 and 4 differ
by about 100 ppm and show a similar deviation of the sig-
nals as does the neutral system. Furthermore, in the 'H-
and the 3C-NMR spectra of 4 the coupling of the related
nuclei with the thallium nucleus are resolved (?Jy_1 =
396.7, 'Jc_11 = 2574.7 Hz). There has no TI-N coupling
been detected. The coupling constants are in good
agreement with separated linear dimethylthallium cations in
solution.?!! Thus, the indium and the thallium compounds
3 and 4 are solvent-separated ion pairs in THF solution,
while the aluminum and gallium complexes 1 and 2 are
stable contact ion pairs, even in THF solution. To investi-
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Table 1. & '"N-NMR-spectroscopic shift (THF/C¢Dg) of 1—4

Py,NH 1 2 3 4
NCsHy —-107 —181 —182 —121 —117
—266 —184 —190 —230 —216

center

gate the nature of these complexes in the solid state, the
crystal structures were determined.[??]

Crystal Structure of Me,AlPy,N (1) and Me,GaPy,N (2)

As in in the structures of Me,AlIPy,CH,®l Me,Ga-
Py,CH, ® Me,AlPy,P,®! Me,GaPy,PP! and Me,AlPy,As!
1 and 2 form monomers in the solid state (Figure 1). De-
spite the electronic competition between the deprotonated
central nitrogen atom and the ring nitrogen atoms in 1 and
2 the metal center is chelated by the two ring nitrogen atoms
without any contact with the central nitrogen atom (Figure
1). The anion shows trans-trans coordination (Scheme 4).

The Al—-N distances of 191.5 pm in 1 are in good agree-
ment with the literature values for aluminum amides, ! but
are about 15 pm shorter than the AlI—N donor bonds to
neutral 2,2'-bipyridyl®*3 or pyridine.?**) The Al—C bond
lengths (195.0 pm) are comparable with the distances in
Me;AL P The N—AI—N angle (93.5°) is more acute than
in the related bis(2-pyridyl)methyl derivative!® (97.1°), and
the aluminum atom is not in the plane of the ligand but is
28.3 pm out of the mean plane of the Py,N~ ligand. These
phenomena are due to the different “bite” of the amide li-
gand compared to that of the methyl ligand. The N--*N dis-
tance (279.1 pm) is 7 pm shorter than in the bis(2-pyridyl)-
methyl ligand. In contrast to the bis(2-pyridyl)methyl ligand
the amide is not strictly planar, but the pyridyl rings are
twisted by 10.4° with respect to each other. The basic struc-
tural parameters of the central nitrogen atom N1 (av. N—C
134.3 pm and C—N—C 125.5°) show that this atom is sp’-
hybridized. The expected C—N—C bond angle of 120° for
an unstrained system is widened by the coordinated alumi-
num atom. Obviously, no electron density is accumulated at
the central nitrogen atom.

The gallium atom in 2, like the aluminum atom in 1, is
coordinated to the ring nitrogen atoms (Figure 1b). It is
32.1 pm out of the plane of the anion. The two pyridyl rings
are twisted by 12.1°. The slightly longer Ga—N bonds of
197.5 (N2) and 196.9 (N3) pm reflect the decrease in the
covalent contribution to the metal—nitrogen bonds from
aluminum to gallium, but are in good agreement with the
literature values for gallium amides.[>] The Ga—C dis-
tances (Gal —Cl11 194.2 and Gal—CI12 195.6 pm) are simi-
lar to the distances found for Me;Ga in the gas phase. 2]

Crystal Structure of 3

To study the change in coordination behavior of the
bis(2-pyridyl)amide anion to larger and softer cations, the
bis(2-pyridyl)amine was treated with 1 equiv. of freshly pre-
pared Me;In.271 The dimethylindium bis(2-pyridyl)amide
(3) forms a dimeric structure in the solid state (Figure 2).
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Figure 1. Solid-state structure of Me,AlIPy,N (1) (a) and Me,Ga-
Py,N (2) (b); anisotropic displacement parameters are depicted at
a probability level of 50%

Figure 2. Solid-state structure of [Me,InNPy,], (3); anisotropic
displacement parameters are depicted at a probability level of 50%

The dimer shows C, symmetry with the two-fold axis in
the center of the molecule. The metal atom is coordinated
by the pyridyl nitrogen atoms, but they are coordinated to
different metal centers, providing the links in the dimer. Ad-
ditionally each indium atom is coordinated by the depro-
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tonated central nitrogen atom. All three nitrogen atoms of
the ligand are pointing in the same direction, hence, the
ligand coordinates in the cis-cis fashion (Scheme 4). The
five atoms at each metal center form a distorted trigonal-
bipyramidal coordination polyhedron. C11, C12, and N1A
occupy the equatorial positions (sum of the angles 355.5°)
while N2 and N3A reside in the axial positions
(N2—Inl1—N3a 138.1°). The distance of the indium atom
to the central nitrogen atom (220.4 pm) is considerably
shorter than that to the ring nitrogen atoms (In1—N2 236.6
and In1—N3A 261.1 pm). These distances are found in
MesIn- N-donorbase adducts like Me;ln-tetramethyl-
piperidine (250.2 pm) and have to be regarded as dative
bonds[?8. Only the In1—N1 distance is in good agreement
with In—N bond lengths in indium amides (av. 223.3 pm in
[Me,InN-methylpiperazinyl],*!). The indium—carbon dis-
tances (213.3 and 215.1 pm) are in good agreement with
the literature values of trimethylindium adducts® and of
dimethylindium complexes®?. In 3 the distribution of the
electron density must be notably different to that in the
molecules of 1 and 2. The anionic system is less planar than
in 1 and 2. The pyridyl rings are twisted by 58.3° with re-
spect to each other to prevent full conjugation. The bond
lengths of the central nitrogen atom differ (N1—-C1 138.5
and N1—C6 135.9 pm) and are longer than in 1 and 2.

Crystal Structure of 4

In the solid-state structures of 1—3 the tendency to
greater isolation of the dimethylmetal cation moieties
Me,M*, (M=Al, Ga, In) in the complexes can be ascer-
tained. These phenomena should be even more pronounced
in the dimethylthallium bis(2-pyridyl)amide complex. The
dimethylthallium cation is known to be a very stable frag-
ment that often forms separated linear cations.?!l To see
whether this is valid with the dipyridyl amide ligand as well,
we synthesized the thallium derivative 4 from freshly syn-
thesized trimethylthallium'”! and bis(2-pyridyl)amine. 4
crystallizes as a polymer (Figure 3).

Figure 3. Solid-state structure of [Me,TINPy-].. (4); anisotropic dis-
placement parameters are depicted at a probability level of 50%

The helical polymer is made up by a crystallographic 2;-
screw axis. The thallium atoms are coordinated by the two
methyl carbon atoms and three nitrogen atoms of the
anionic ligand, but it seems arbitrary to assign any coordi-
nation polyhedron to the metal atom. It seems worth noting
that in 4 the cis-trans arrangement (Scheme 4) of the bis(2-
pyridyl)amide ligand is observed for the first time. The cen-
tral, as well as one ring nitrogen atom (N1 and N2 in Figure
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3), coordinate to the same metal center (T11), while the se-
cond ring (B in Figure 3) turns about the central N—C
bond and coordinates to a second metal center (Tlla) pro-
viding the polymeric link. The pyridyl rings are twisted by
38.2° with respect to each other to prevent full conjugation
of the Py,N~ anion. In contrast to 3 the shortest M—N
distance is not found to be to the central nitrogen but to
one ring nitrogen atom (T11—N2 248.1 pm). The other two
are considerably longer (T11—N1 259.2; TI2—N3a 268.9
pm). However, all three TI—N contacts have to be regarded
as weak donor bonds, since T1—N bonds in thallium amides
are normally shorter.3 The TI—C bonds are similar in
length to those determined for the Me,M ™ cations?!1, but
about 8 pm shorter than the shortest TI-C contact in
Me,TL.B1  The Me,M* cation is almost linear
(C11-TI1-C12 158.3°), only bent slightly by the ad-
ditional weak coordination of the three nitrogen atoms to
the open side.

Structural Comparison

As mentioned above, the MMe, fragment in the com-
plexes approaches linearity as the Group-13 metal gets
heavier. The C—M—C angle widens from 116.9 (M = Al)
to 120.8 (M = Ga), 126.1 (M = In) and finally to 158.3°
(M = TI). Hence the Me,M™* cationic character is most
pronounced in the In and T1 complexes. The contacts to the
Py,N~ anion in the aggregates of 3 and 4 are only weak,
while the hard metals, aluminum in 1 and gallium in 2, in-
duce metal amide bond lengths on the molecular level.

Table 2. Bond lengths [pm] of the Py,N~ anion in 1—4 compared
to the starting material

H
2 N
1
G710
5 6
a
©
0 oo
b c
Compound 1 2 3 4 5 6 7
Py,NH (a) 138.0 139.5 137.0 137.0 136.5 134.0 133.5
1 and 2 134.5 141.7 136.0 1394 1356 1363 1364
3 Al 138.5 140.6 137.3 137.5 1358 1359 134.0
3 Bl 1359 1404 1372 1379 1369 134.1 136.1
4 Al 136.2 143.0 137.5 139.2 137.1 1323 135.1
4 Bl 1348 140.6 133.7 1403 1358 134.5 137.1

[a]' A and B refer to the ring labeling in Figures 2 and 3.

The bis(2-pyridyl)amide ligand itself reveals different co-
ordination behavior toward small hard and large soft cat-
ions in solution and in the solid state. In the compounds
with the hard aluminum and gallium cations the anion ex-
clusively coordinates the metal centers through the two ring
nitrogen atoms. This coordination mode has previously
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been observed in aluminum and gallium complexes of the
bis(2-pyridyl)methyl anion.!® Coordination of the ring ni-
trogen atoms and the '>N-NMR -specroscopic shift lead the
negative charge in 1 and 2 to be accumulated at the ring
hetero atoms. In 3 and 4 the NMR experiments in solution,
and the coordination through the central nitrogen atom in
the solid state, indicate an accumulation of negative charge
at this position. This different electronic situation has to
induce structural differences in the Py,N~ anion. Close in-
spection of the solid-state structures should be decisive in
determining whether the resonance form b, with the charge
at the ring nitrogen atom and localized double bonds in the
rings, or the mesomeric form ¢, with the charge at the cen-
tral nitrogen atom and delocalized rings, contributes most
to the description of the structures (Table 2).

All experiments prove that b is the form which contri-
butes most for 1 and 2. Unlike the neutral system[3? de-
scribed in a the double bonds are localized in positions 1,
3, and 5. The bonds 6 and 7 of the pyridyl nitrogen atom
are lengthened significantly, also indicating as well an ac-
cumulation of the negative charge on these nitrogen atoms.
In 3 and 4 the bonding situation is more complex. The pyri-
dyl rings are not coplanar and both are involved in a differ-
ent coordination. The notation A and B refers to the two
different rings in Figures 2 and 3, respectively. Ring A in 3
is similar to the delocalized rings of bis(2-pyridyl)amide.
Ring B, however, exhibits significant deviations from the
neutral molecule. The bond in position 1 is shortened by
2.1 pm, and that in position 7 is lengthened by 2.6 pm,
relative to the amine. Coupling of the central nitrogen atom
to ring B and the marginal shift of electron density from
the original place of deprotonation to the pyridyl ring B
are established in this structure. Both nitrogen atoms are
members of the azaallyl system coordinated to the same
indium atom to give an InN,C four-membered ring. In 4
significant shift of electron density to ring B can be de-
tected. The bond in position 1 is shortened by 3.2 pm and
there is partial localization of double bonds in the positions
3 and 5. As a consequence the TI—N,;,, bond is more than
11 pm shorter than the Tl—Nc.,a bond. The nitrogen
atom of the delocalized ring A provides the longest metal
donor bond (about 21 pm longer).

Conclusion

The bis(2-pyridyl)methyl and the bis(2-pyridyl)phosphide
anions coordinate metal atoms exclusively through the ni-
trogen atoms within the pyridyl rings. Due to the electro-
positive bridgehead atoms these ligands behave like amides
with the electron density accumulated at the ring nitrogen
atoms. The bis(2-pyridyl)amides discussed here show a
higher coordination flexibility towards metals. The elec-
tronic equivalence of the central and the ring nitrogen
atoms leaves the energetic hyperface of the anion quite flat
and the electron density is polarized according to the re-
quirements of the metal. In the complexes with the hard
metal aluminum (1) and gallium (2) the coordination is the
same as that observed in the bis(2-pyridyl)methyl and
-phosphide ligands. With the soft metals indium and thal-
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lium the system changes its coordination behavior to suit
the larger, and easier to polarize, cations. In these com-
plexes the deprotonated nitrogen atom participates in the
coordination and the ligand forms a bridging group. In the
indium complex 3 the cis-cis orientation gives rise to a di-
meric structure, while the unprecedented cis-trans arrange-
ment in the thallium compound 4 leads to a polymeric
structure in the solid state. In the aluminum and the gallium
complexes 1 and 2 the metal—nitrogen bond lengths are in
good agreement with literature values for metal amides. In
the indium and thallium complexes most metal—nitrogen
distances are too long for metal amides, partly due to their
higher aggregation. They approach separated Me,M™ and
Py,N~ residues, even in the solid state. In solution the Al
and Ga complexes are close contact ion pairs while the In
and Tl complexes dissolve as solvent-separated ion pairs.
Hence, not only the steric requirements of N-heteroarom-
atic ligands have to be considered in molecular self-assemb-
ling processes, but also the inductive effect of different me-
tal fragments (like in any complexation).
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Experimental Section

All manipulations were performed under dry nitrogen with
Schlenk techniques or in an argon drybox. Solvents were dried over
Na/K alloy and distilled prior to use. NMR spectra were obtained
with a Bruker MSL 400 or AM 250 instrument. All NMR spectra
were recorded in CgDg or [Dg]THF with SiMe, ('H, '*C), CH3;NO,
(*N) and AICl; (*’Al) as external standards. EI mass spectra were
measured with Finnigan MAT 8230 or Varian MAT CH 5 instru-
ments.

1: 1.00 g (5.8 mmol) of HN(2-NCsH,), in 25 ml of Et,O was
treated with an equimolar amount of Me;Al (2.90 ml of a 2.0 M
solution) at —10°C. Stirring for 12 h at room temp. gave a yellow
solution with a little of a yellow precipitate. Addition of 5 ml of
THF gave a clear solution. Crystallization from this solution at
—35°C yielded crystals suitable for X-ray diffraction. Yield 0.78 g
(80%), m.p. 146°C. — '"H NMR ([Dg]THF, room temp.): 5 = —0.66
(s, CH3), 6.68 (ddd, 3Js,4 6.8 Hz, 3J55 = 6.1 Hz, *J5;5 = 1.2 Hz, 5-
H), 6.93 (ddd, 3J54 = 8.8 Hz, /55 = 1.2 Hz, 3J55 = 0.9 Hz, 3-H),
7.54 (ddd, 3J,3 = 8.8 Hz, 3J, 5 = 6.8 Hz, “J, s = 1.9 Hz, 4-H), 7.74
(ddd, 3Jgs = 6.1 Hz, *Js4 = 1.9 Hz, 3Js; = 0.9 Hz, 6-H). — 13C
NMR (THF/C¢Dg, room temp.): & = —10.5 (s, CH3), 112.9 (s, C-
5), 124.8 (s, C-3), 139.2 (s, C-4), 140.5 (s, C-6), 158.6 (s, C-2). —
I5’N NMR (THF/C¢Dg, room temp.): § = —181.1 (s, NCsHy),
—184.5 (s, Neenter)- — 2’Al NMR (THF/C¢Dg, room temp.): § =
150. — MS (70 eV); m/z (%): 227 (14) [Me,Al(NCsH,),N], 212
(100) [MeAl(NCsHy),N], 197 (10) [AI(NCsH4),N], 120 (10)
[AIINCsH4)N], 106 (14) [AI(NCsHy)].

2: 4.00 g (34.8 mmol) of Me;Ga in 50 ml toluene was treated
with 5.96 g (34.8 mmol) of HN(2-NCsHy,),, dissolved in 20 ml of
toluene, at —78°C. Stirring for 12 h at room temp. gave a yellow
solution. Crystallization from this solution at —35°C for 3 d
yielded crystals in the form of pale yellow needles suitable for X-
ray diffraction. Yield 7.48 g (80%), m.p. 134°C. — 'H NMR
([Dg]THF, room temp.): § = —0.10 (s, CH;), 5.97 (ddd, 3J45 = 6.8
Hz, 3J,5 = 6.0 Hz, *J4 6 = 1.3 Hz, 4-H), 6.83 (ddd, 3J5 = 8.8 Hz,
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3J54 = 6.8 Hz, %Js5 = 2.0 Hz, 5-H), 7.05 (ddd, 3/5, = 6.0 Hz,
4755 = 2.0 Hz, /54 = 0.8 Hz, 3-H), 7.09 (ddd, 3Js5 = 8.8 Hz,
4J5_4 =13 HZ, 5]@3 =0.8 HZ, 6-H) - 13C NMR (THF/CGDG,

room temp.): & = —7.5 (s, CHz), 112.4 (s, C-5), 124.7 (s, C-3), 138.2
(s, C-4), 141.1 (s, C-6), 158.6 (s, C-2). — >N NMR (THF/C¢Ds,
room temp.): & = —181.5 (s, NCsHy), —189.8 (s, Neenter). — MS
(70 eV); milz (%): 269 (14) [Me,Ga(NCsH,),N], 254 (100) [Me-
Ga(NCsHy),N], 238 (24) [Ga(NCsHy),N].

3: 1.80 g (11.3 mmol) of MesIn in 10 ml of toluene was treated
with 1.93 g (11.3 mmol) of HN(2-NCsHj,),, dissolved in 10 ml of
toluene at room temp. Stirring for 24 h at room temp. gave a color-
less precipitate. Heating under reflux for 1 h gave a clear solution.
Colorless needles crystallized upon cooling the solution slowly to
room temp. These crystals were suitable for X-ray diffraction. Yield
3.10 g (89%), m.p. 208°C. — '"H NMR (C¢Dg, room temp.): & =
0.24 (s, CH3), 6.11 (dd, 3J54 = 7.2 Hz, 3J54 = 5.0 Hz, 5-H), 6.68
(d, 3J34 = 8.2 Hz, 3-H), 6.92 (dd, 3J,3 = 8.2 Hz, 3J, 5 = 7.2 Hz,
4-H), 7.77 (d, 3Js5s = 5.0 Hz, 6-H). — 3C NMR (C¢Dg, room
temp.): 3 = —5.3 (s, CHy), 113.5 (s, C-5), 114.0 (s, C-3), 138.7 (s,
C-4), 147.1 (s, C-6), 163.2 (s, C-2). — SN NMR (THF/C4Dy, room
temp.): 6 = —120.7 (s, NCsHy), —230.2 (s, Neeneer)- — MS (70 eV);
miz (%): 315 (20) [Me,InN(NCsHy),], 300 (100) [MeInN(NCsHy),],
285 (68) [INN(NCsH,),], 170 (78) [N(NCsH,),], 145 (24) [MeIn].

4: 2.00 g (5.5 mmol) of Me,TII in 30 ml of n-hexane was treated
with 3.44 ml (5.5 mmol) of a 1.6 M solution of MeLi in Et,O at
room temp. After stirring for 2 h, a solution of 0.95 g (5.5 mmol)
of HN(2-NCsHy), in 20 ml of Et,O was added. This reaction mix-
ture was stirred for 24 h at room temp. The solvent was removed
under vacuum and the precipitate was suspended in toluene and
the Lil was removed by filtration. Colorless needles crystallized
from the clear solution at room temp. These crystals were suitable
for X-ray diffraction. Yield 1.12 g (50%), m.p. 179°C. — 'H NMR
(C¢Dg, room temp.): & = 0.82 (d, 2Jpe—1 = 396.7 Hz, CH3), 6.35

(ddd, 3Js4 = 7.0 Hz, 3Js¢ = 5.1 Hz, “Js; = 1.0 Hz, 5-H), 7.10
(ddd, 3J5, = 8.5 Hz, 4J55 = 1.1 Hz, 5J55 = 0.9 Hz, 3-H), 7.22
(ddd, 3J,5 = 8.5 Hz, 3J,5 = 7.0 Hz, “J,5 = 2.0 Hz, 4-H), 8.06
(ddd, 3Jss = 5.1 Hz, 4Jg4 = 2.0 Hz, 5J53 = 0.9 Hz, 6-H). — 13C

NMR (THF/C¢Dg, room temp.): 8 = 8.7 (d, 'Jye—m1 = 2574.7 Hz,
CH,), 112.1 (s, C-5), 112.9 (s, C-3), 137.4 (s, C-4), 147.3 (s, C-6),
161.1 (s, C-2). — >'N NMR (THF/C¢Dg, room temp.): § = —117.3
(s, NCsH.), —215.8 (5, Neenwer): — MS (70 €V); mlz (%): 405 (26)
[Me,TIN(NCsH,),J, 390 (36) [MeTIN(NCsH,)l, 375 (90)
[TIN(NCsH,).l, 235 (18) [Me,TIl, 205 (100) [TI, 170 (20)
[N(NCsHy)].

X-ray Measurements of 1—4: All data were collected at low tem-
peratures using an oil-coated shock-cooled crystal®3 on a Stoe-

Table 3. Selected bond lengths [pm] and angles [°] of 1—4

1 2 3 4
N1-C1 134.3(2) N1-C1 133.9(13) N1-C1 138.5(7) N1-C1 136.2(9)
N1-C6 134.2(2) N1-C6 135.4(12) N1-C6 135.9(7) N1-C6 134.8(10)
In1-N1A 220.4(5) TI1—-N1 259.2(7)
All—N2 191.6(2) Gal—N2 197.5(7) In1—-N2 236.6(5) TI1-N2 248.1(7)
All—-N3 191.4(2) Gal—N3 196.9(7) Inl N3A 261.1(5) Tl N3A 268.9(6)
All-C(av) 195.0 Gal—C(av) 194.9 Inl—-C (av) 214.2 TI1-C (av) 2134
CI-NI1-C6 125.5(2) C1-NI1-C6 127.6(8) C1-NI1-C6 121.1(5) C1-N1-C6 124.5(7)
Cl1-All-C12 116.9(1) Cl1-Gal—Cl12 120.8(4) Cll1-In1-C12 126.1(3) Cl11-TI1—-C12 158.3(4)
Table 4. Crystal data for 1—4 at 153 K

1 2 3 4
Formula C12H14A1N3 C12H14GHN3 C12H14IHN3 C12H14T1N3
Mol. mass 227.2 270.0 315.1 404.6
Cryst. size [mm] 0.5 0.3 X 0.3 0.3 X 02 %02 0.4 X 02 % 0.2 0.2 X 02 %02
Space group Pbca Pbca P2,2,2 P2,2,2,
a [pm] 692.5(1) 692.5(1) 1633.7(3) 710.5(1)
b [pm] 1233.4(2) 1238.5(2) 789.3(2) 1099.7(2)
¢ [pm] 2779.9(4) 2775.0(6) 974.9(2) 1555.6(3)
V [nm?) 2.374(1) 2.380(1) 1.257(1) 1.215(1)
Z 8 8 4 4
T [K] 153(2) 153(2) 153(2) 153(2)
pe [Mgm 3] 1.271 1.507 1.665 2.211
u [mm™1] 0.146 2.288 1.857 13.264
F(000) 960 1104 624 752
20 range [°] 8—50 8—45 8—45 8-55
No. of refln measd. 3749 3505 3045 1630
No. of unique reflns. 2103 1548 1654 1625
No. of restraints 28 0 0 0
Refined param. 181 147 147 147
R1[ HI > 20(1)] 0.040 0.061 0.028 0.029
wR2®! (all data) 0.115 0.183 0.066 0.071
gl; g2l 0.072; 0.423 0.075; 17.187 0.031; 0.010 0.045; 0.436
Flack x param. —0.008(61) 0.003(22)
Highest diff peak (107 e pm~3) 0.25 0.89 0.76 0.72
Absorbt. corr. semi-empirical semi-empirical semi-empirical
Trans. min; max 0.499; 0.993 0.562; 0.870 0.617; 1.000

@ Rl = S|F,| — |FJVEIF,|. — ©1 wR2 = {S[w(F,2 — FAXSWFELP 2 — 1w = 1/[6X(F,2) + (gl-P? + g2-P]; P = (F.2 + 2F.2)/3.
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Siemens AED diffractometer with Mo-K, (A = 71.073 pm) radi-
ation. A semiempirical absorption correction** was employed for
structures 2—4. The structures were solved by direct methods using
SHELXS-903% and refined with all data on F? with a weighting
scheme using SHELXL-93.3¢ All non-hydrogen atoms were re-
fined anisotropically. The hydrogen atoms of the molecules were
geometrically idealized and refined using a riding model. Refine-
ment of an inversion twin parameterB3’l [x = —0.008(61) (3),
0.003(22) (4) where x = 0 for the correct absolute structure and
+1 for the inverted structure] confirmed the absolute structures of
3 and 4. Selected bond lengths and angles of 1—4 can be found in
Table 3, relevant crystallographic data for 1—4 are presented in
Table 4. Crystallographic data (excluding structure factors) for the
structures reported in this paper have been deposited with the Cam-
bridge Crystallographic Data Centre as supplementary publication
no. CCDC-100792. Copies of the data can be obtained free
of charge on application to CCDC, 12 Union Road, Cambridge
CB2 1EZ, UK [fax: (internat.) + 44(1223)336-033; e-mail:
deposit@ccdc.cam.ac.uk].
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