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Abstract:  The  organolithium  bis(iminophosphorano)methandiide  dimer
[Li2C(PhoP=NSiMes)2]> ([Li2-1]2) reacts with 4 equiv of AICIz in THF to generate the
novel bimetallic aluminum carbene complex of [Li(THF)4][{C(Ph2P=NSiMes)2}Al>Cls]
(1). In addition, several new bis(iminophosphorano)methanide chelate-coordinated
complexes of [{CH(Ph2P=NSiMes)2}AICI2] (2), [{CH(Ph2P=NSiMes).}GaBr2] (3),
[{CH(Ph2P=NSiMe3)2}InCla] (4), and [{CH(Ph2P=NSiMez)2}InBr2] (5) are synthesized
in situ while organolithium bis(iminophosphorano)methandiide ([Liz-1]2) reacts with 2
equiv of metal halides AICI3, GaBrs InClz and InBrz respectively in THF. Furthermore,
an unexpected complex of [{CH2(Ph.P=NSiMez)2}ZnCl;] (6) is formed as [Li2-1]> dimer
reacted with 2 equiv of ZnCl; in situ. All six synthesized complexes (1, 2, 3, 4, 5 and 6)
in situ/were isolated in solid and were structurally characterized by X-ray diffraction.
Complexes containing particular carbene to metal or ionic linking interaction bonds (1, 2,
3 and 4) were selected and further characterized in detail by DFT calculations using
Gaussian03 program. The DFT calculation demonstrates the existence of a carbene-Al ¢

bond in structure 1 and ionic linkage interaction in structures 2-4.

Keywords: bis(iminophosphorano)methandiide  dimer, organolithium, aluminum,

gallium, indium, zinc, DFT calculation.
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Introduction
Metal complexes with chelate ligands have continued to attract scientific attention and
generated a considerable amount of interest in chemicals as well as catalytic applications
[1]. We [2] and others [3] have developed a chelate N,N-bidentate monoanionic of
bis(diphenyliminophosphorano)methanide (LiHL) or bianionic
bis(diphenyliminophosphorano) methandiide (LioL) ligand systems several years ago
through either single or double deprotonation of bis(diphenyliminophosphorano)methane

with lithium methide (Scheme 1).
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It was demonstrated that our ligand systems have abundant chemical bonding properties

and reactivities with transition metals, lanthanide and actinide metals, as well as main
group elements. E.g. formation complexes containing either single (C—M) or double
(C=M) carbene—metal bonds, or formation of monomeric and
bimetallic complexes, which showed great catalytic activities (Scheme 1)[4]. We

have learned from our synthesis experiments that the reactivities of these ligand systems,

especially dilithium LioL salt, are pretty much dependent on the structures of metal



precursors. In addition, the metal properties and electronic configurations are critical
factors for how well the carbene will bind to the metal, through formation of either a
single or double bond between the carbene carbon and metal center. Compared to
transition and lanthanide metals, the chemistry of these chelate ligands with main group
elements have not been extensively explored. A few examples of AI** and TI* metals
were conducted in our laboratory so far [5], showing unusual reactivities and_catalytic
activities, especially for Al complexes [6]. To further understand the reactivities of this
type of ligands with structural examples, especially with rarely studied closed shell main
group elements, we have extended our ligand system to main group 13 elements and a
few bis(diphenyliminophosphorano)methandiide,
bis(diphenyliminophosphorano)methanide and bis(diphenyliminophosphorano)methane
chelate coordinated AIF*, Ga**, In® and Zn?** complexes. Complexes containing a six-
member-ring in boat conformation were prepared, isolated and structurally characterized
by X-ray diffraction and DFT calculations.
Experimental Section

General Considerations. All manipulations were performed either in an Ar-filled glove
box or under an Ar or N2 atmosphere using standard Schlenk techniques. Solvents were
dried over appropriate drying agents and degassed by three freeze-pump-thaw cycles
prior to use. The organolithium compounds [Li>-1]> was prepared according to our
published procedures [2]. NMR spectra were recorded at ambient temperature using
THF-dg or toluene-ds solutions of the complexes on a Varian i400 spectrometer (161.9
MHz for 3P, 100.6 MHz for *3C) and referenced to residual solvent proton (*H), solvent
(13C), external 85% HsPO4 (*!P). Elemental analyses were carried out at Analytical and

Instrumentation Laboratory, Department of Chemistry, University of Alberta.

Synthesis of [{C(Ph2P=NSiMes)2}Al2Cls][Li(C4HsO)4] (1)

To THF solution (10 ml) of [Li2-1]2 (0.115 g, 0.10 mmol) was added AICIs (0.054 g,
0.40 mmol) as a solid in a single portion at room temperature. The resulting solution was
stirred at room temperature overnight, during which the mixture turned into a clear light
yellow solution. The filtered THF solution was evaporated on a dynamic vacuum line and

the remaining powder was dissolved in 5 ml ether. The undissolved solid of LiCl was



removed by centrifugation. The yellow-green solution was evaporated under vacuum to
half of the volume and a few drops of dry toluene was added. The solution was kept
inside the freezer (-20° C) for a few days, during which white crystals formed. The top
liquid was taken and dried under vacuum. The product of 1 was obtained (0.124 g, yield
57.2%). Anal. Calcd for C47H70AIl2ClsLiN204P,Siz: C, 52.11; H, 6.51; N, 2.59. Found: C,
52.0; H, 6.67; N, 2.61. *H NMR: *H NMR(THF-ds): & 7.94 (t, phenyl, 8H), 7.69 (d,
phenyl, 4H), 7.35 (t, phenyl, 8H), —0.24 (s, -Si(CH3)s, 18H). *C{'H, P} NMR (THF-
dg): & 135.71(s, phenyl), 133.68(s, phenyl), 132.22(s, phenyl), 128.18(s, phenyl), 3.31 (s,
Si(CHs)s). 3P{*H} NMR(THF-ds): & 35.98 (s).

Synthesis of [{CH(Ph2P=NSiMez3)2}AICI?] (2)

To THF solution (10 ml) of [Li2-1]2 (0.115 g, 0.10 mmol) was added AICIs (0.027 g,
0.20 mmol) as a solid in a single portion at room temperature. The isolation procedure
was similar as 1. The product of 2 was obtained (0.085 g, yield 65%). Anal. Calcd for
Ca1H39AICI2N2P,Siz: C, 56.79; H, 6.00; N, 4.27. Found: C, 56.65; H, 6.03; N, 4.25. H
NMR(THF-ds): & 7.82 (t, phenyl, 8H), 7.34 (d, phenyl, 4H), 7.10 (t, phenyl, 8H), —0.12
(s, -Si(CH3)s, 18H). BC{*H, 3P} NMR (THF-ds): & 132.7(s, phenyl), 131.3(s, phenyl),
129.7(s, phenyl), 127.0(s, phenyl), 3.82 (s, Si(CHs)s). *P{*H} NMR(THF-ds): 5 29.88
(s).

Synthesis of [{CH(Ph2P=NSiMez3)2}GaBr:] (3)

To THF solution (10 ml) of [Liz-1]2 (0.115 g, 0.10 mmol) was added GaBrs; (0.062 g,
0.20 mmol) as a solid in a single portion at room temperature. The isolation procedure
was similar as 1. The product of 3 was obtained (0.118 g, yield 75%). Anal. Calcd for
CaiH39BraGaNP,Siz: C, 47.29; H, 4.99; N, 3.56. Found: C, 47.50; H, 5.01; N, 3.53. 'H
NMR(THF-ds): & 7.70 (t, phenyl, 8H), 7.34 (d, phenyl, 4H), 7.30 (t, phenyl, 8H), —0.13
(s, -Si(CHa)3, 18H). 13C{'H, 3P} NMR (THF-ds): & 137.05(s, phenyl), 134.51(s, phenyl),
129.65(s, phenyl), 3.56 (s, Si(CHs)s). 3'P{*H} NMR(THF-ds): & 31.68 (s).

Synthesis of [{CH(Ph2P=NSiMes)2}InCl:] (4)



To THF solution (10 ml) of [Li2-1]> (0.115 g, 0.10 mmol) was added InCl3z (0.044 g,
0.20 mmol) as a solid in a single portion at room temperature. The isolation procedure
was similar as 1. The product of 4 was obtained (0.116 g, yield 79%). Anal. Calcd for
Ca1H39CI2N2P2SizIn: C, 50.08; H, 5.29; N, 3.77. Found: C, 50.31; H, 5.27; N, 3.88. 'H
NMR: *H NMR(THF-ds): & 7.62 (t, phenyl, 8H), 7.36 (d, phenyl, 4H), 7.25 (t, phenyl,
8H), —0.03 (s, -Si(CH3)s, 18H). *C{H, 3P} NMR (THF-dg): & 132.29(s, phenyl),
131.35(s, phenyl), 128.32 (s, phenyl), 3.47 (s, Si(CHs)s). *'P{*H} NMR(THF-ds): & 33.2
(s).

Synthesis of [{CH(Ph2P=NSiMez3)2}InBr2] (5)

To THF solution (10 ml) of [Li>-1]> (0.115 g, 0.10 mmol) was added InBrz (0.071 g,
0.20 mmol) as a solid in a single portion at room temperature. The isolation procedure
was similar as 1. The product of 5 was obtained (0.123 g, yield 74%). Anal. Calcd for
C31H39Br2InN2P2Siz: C, 44.73; H, 4.72; N, 3.37. Found: C, 44.68; H, 4.64; N, 3.32. H
NMR (CDCla3): 6 7.60 (t, phenyl, 8H), 7.36 (d, phenyl, 4H), 7.26 (t, phenyl, 8H), —0.02
(s, -Si(CH3)s, 18H). ¥ C{*H, 3'P} NMR (CDCls): & 133.89(s, phenyl), 132.51(s, phenyl),
131.22(s, phenyl), 128.24(s, phenyl), 3.62 (s, Si(CHs)s). *'P{*H} NMR(CDCls): § 32.92
(s).

Synthesis of [{CH2(Ph2P=NSiMezs)2}ZnCl2] (6)

To THF solution (10 ml) of [Li2-1]2 (0.115 g, 0.10 mmol) was added ZnCl> (0.028 g,
0.20 mmol).-as-a solid in a single portion at room temperature. The isolation procedure
was similar as 1. The product of 6 was obtained (0.112 g, yield 80%). Anal. Calcd for
Cs1H40Cl2N2P,Si>Zn: C, 53.57; H, 5.80; N, 4.03. Found: C, 53.84; H, 5.78; N, 4.05. 'H
NMR: *H NMR(THF-ds): & 7.48 (q, phenyl, 8H), 7.32 (t, phenyl, 4H), 7.22 (t, phenyl,
8H), —0.094 (s, -Si(CHa3)s, 18H). *C{*H, P} NMR (THF-ds): & 137.51(s, phenyl),
131.36(s, phenyl), 129.71(s, phenyl), 127.45(s, phenyl), 3.25 (s, Si(CHas)s). 3P{‘H}
NMR(THF-ds): & 30.78 (s).

Crystal Structure Determination. Suitable crystals of 1 to 6 were mounted on glass

fibers by means of mineral oil, and data were collected using graphite-monochromated



MoKo radiation (0.71073 A) on a Bruker PLATFORM/ SMART 1000 CCD
diffractometer. The structure was solved by direct methods using SHELXL-90 [11a], and
refined using full-matrix least-squares on F? (SHELXL-93) [11b]. All non-hydrogen
atoms in the structure compound were refined with anisotropic displacement parameters.

Selected crystal data and structure refinement details for 1-6 are listed in Table 1.

Computational Details. The geometric optimization and energy calculations were
performed with the Gaussian03 program [10a] based on the density functional theory
(DFT) method. The Becke's three-parameter hybrid functional with the Lee-Yang-Parr
correlation functional (B3LYP) [12] was employed for all calculations. For geometric
optimization, the LANL2DZ basis sets for Ga, In and 6-31G(d) for others. Once an
optimized geometry was obtained, imaginary frequencies were checked at the same level
by vibration analysis to verify the genuine minimum on the potential energy surface
(PES) and to evaluate the zero-point energy (ZPE) correction. The DFT wave functions
obtained at optimized structures were confirmed to be stable. Gaussian NBO analysis was
carried out for the final optimized structures [10b].

Results and Discussion

Synthesis and Crystal Structures

Transmetalation of the lithium methandiide complex, [Li2C(Ph2P=NSiMes)2]>
([Li2L]2), with AIClz in a 1:4 molar ratio in THF followed by extraction with ether and
crystallization -from ether/toluene afforded the corresponding aluminum complex
[Li(THF)4][{C(Ph.P=NSiMe3)2}Al.Cls] (1) as colorless crystals in good yield (Scheme
2). Complex of [{CH(Ph2P=NSiMes).}AICI2] (2) was isolated as crystalline solid from
the reactant solution of [Li2L]2 with AICI3 salts in 1:2 molar ratio in THF. This compound
was prepared by reaction of [LiIHC(PhoP=NSiMes)>] with AICI3 in benzene [4s]. In a
similar procedure, the bis(iminophosphorano)methanide complexes  of
[{CH(Ph2P=NSiMe3).}GaBr;] 3), [{CH(Ph2P=NSiMe3)2}InCl;] 4),
[{CH(Ph,P=NSiMes)2}InBr]  (5) and [{CH2(Ph,P=NSiMes).}ZnCl,] (6) were
synthesized by reaction of [LioL]> with the corresponding metal halides in situ and

isolated in solid (Scheme 3).
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The solid structure of 1 was investigated by single-crystal X-ray diffraction (Figure
1). Compound 1 is a bimetallic organometallic carbene compound and crystallizes in the
triclinic space group Pi, with two molecules in the unit cell. The selected bond lengths
and angles are given in Table 2. Two nitrogen atoms coordinate to Al(1) and generates
the heteroatomic six-member ring (-Al(1)-N(1)-P(1)-C(1)-N(2)-P(2)-). Four atoms of
P(1)-N(1)-N(2)-P(2) sit in a perfect plane, while Al(1) and C(1) are located above this
plane to form a boat conformation. At the front of the boat, two chelate nitrogen atoms
(N(1) and N(2)), and two chlorine atoms (CI(1) and CI(2)) coordinate to Al(1). At the tail
of the boat, PCP carbene center coordinates to Al(2) with three chlorine atoms (CI(3),



Cl(4) and CI(5)). Both aluminum centers (Al(1) and Al(2)) adapt to a slightly twisted
tetrahedral geometry as expected. In addition, four atoms of carbene and its bonded three
atoms (P(1), P(2) and Al(2)) are almost within one plane as well. The bond length of
carbene-Al (Al(2)-C(1) = 1.966(4) A) is shorter than the NHC heterocyclic carbene
aluminum structure (Al-C = 2.009(5)) [7], which has the same coordination environment
as 1 (C AICIs). The bond lengths of Al-C (Al(2)-C(1) = 1.966(4) A), AI-N (Al(1)-N(1)
=1.866(3), and Al(1)-N(2) = 1.871(3) A) in 1 are notably shorter in comparison with our
previously  determined carbon bridged two aluminum compound [5b]
[(Me2Al)2,C(Ph,P=NSiMes).]. (average Al-N = 1.930(3) A) and AI-C = 2.119(3) A),
which indicates a strong bonding interaction in 1.

Scheme 4

One  aluminum  bis(diphenyliminophosphorano)methanide ~ compound  of
[{CH(Ph2P=NSiMes).}AICI2] (2) was isolated and the crystal structure solved by X-ray
diffraction (Figure 2). The core structural conformation of 2 is compatible to 1 with
similar bond lengths (Scheme 4 and Table 2). Instead of carbene coordinated to AICI3 as
shown in 1 with one protonated H in 2. The C(1)---Al distance of 2.763(3) A is
considerably longer than the Al-C bonding lengths, indicating there is no direct bonding
interaction. However, it is notably shorter than the C(1)-Al(2) distance in 1 (C(1)-Al(1) =
2.957(3) A), suggesting some ionic link interaction between positive charge (Al) and
negative charge (C(1)), which is supposed non-existent in the structure 1 between C(1)
and Al(1).



The crystal structures of 3 to 5 were all solved using X-ray diffraction (see Figure 3 to
Figure 5; selected bond lengths and angles in Table 2). To the best of our knowledge, the
crystal structures even with the preparation of indium metal compounds with this type
ligand have not been reported in literature. However, one structure of
[{CH(Ph2P=NSiMes),}GaCl,] was previously determined [4s] for the gallium metal. The
solid structure of 3 [{ >-CH(Ph.P=NSiMes),}GaBr>] is in the same space group as that of
the previously reported chloride coordinated compound, with compatible Ga-N bond
lengths and N-Ga-N angle as well as the same boat conformation [4s]. The
pseudotetrahedral coordination sphere about Ga is defined by the two. phosphinimine
nitrogen atoms and the two bromides. The “bite angle” of the bisphosphinimine anion is
113.88(14)°, while the Br(1)-Ga-Br(2) angle is 105.29(2)°. The distance between C(1)
with charge (-1) and Ga with charge (+1) (2.913(3) A) is shorter than Al(1)-C(1) distance
in structure 1 (2.957(3) A) regardless of the long Ga-N bonds in structure 3, which
indicates the existence of ionic link interaction within 3 as similarly presented in 2.
Structures of two indium compounds with chloride (4) and bromide (5) are similar to
each other, both having the same conformation as 2 and 3. Based on the atomic distances
between C(1) and In within the molecular structures (2.763(3) A (4) and 2.803(3) A (5)),
it clearly indicates the existence of ionic linkage interaction.

The crystal structure of zinc .compound 6 is shown in Figure 6 and the selected bond
lengths and angles are listed in Table 2. The zinc coordination sphere as expected is
pseudotetrahedral with two nitrogen atoms and chlorides, but the structure is not identical
to 2-5, whereas the carbon is single protonated. The distance between C(1) and zinc
within the heterocyclic six-member ring, C(1)-Zn = 3.156(3) A, is the longest compared
with structures 2-5, which points to a lack of ionic link interaction in 6. This is further
understood as 6 is neutral, and ionic linkage interaction can only exist when there is
positive/negative charge separation.

The structural features of the determined crystal structures are all analogous to
formation of the heterocyclic six-member ring (CP2N2M, M = Al, Ga, In and Zn) as boat
conformation. In contrast to the conformation of 1, the boat shape of 2 is more flat with
larger N(1)-Al-N(2) and P(1)-C(1)-P(2) angles and shorter distances of C(1) and Al
above the P2N2 plane (Table 2). This could be due to the C(1)—Al distance shrinkage



caused by attraction interaction between the negative charge around C(1) and positive
charge around Al. It is interesting to note that in analogous structures 2-5, the N(1)-M-
N(2) and P(1)-C(1)-P(2) bond angles are almost identical in compounds 2 and 3 for Al
and Ga, and in compounds 4 and 5 for In, no matter where chloride or bromide
coordinates to the metals. However, these two angles (N(1)-M-N(2) and P(1)-C(1)-P(2),
M = Zn) were the smallest (Table 2) in 6, which also had the longest C(1)-M (M = Zn)
atomic distance (3.156(3) A) compared to structures (2-5, from 2.763(3) t0.2.913(3) A).
These differences between 2-5 and 6 indicate the existence of an attraction interaction
between separated positive and negative charges within molecules in 2-5, which could
cause shrinking of distance C(1)-M and eventually enlarge the two angles.

Both of the P-C(carbon) lengths in 1-5 are noticeably shorter than that found for
parent P-C(carbon) in H»>-1 [8] (P(1)-C(1) = 1.708(2) ~1.7289(3) vs 1.827(1) A), while
the P-N distances are considerably longer (P(1)-N(1) and P(2)-N(2) = 1.6260(15) ~
1.647(3) vs 1.539(2) A). The electronically delocalized effect inside the heterocyclic 6-
membered ring introduces a structural bond length difference between H.-1 and bound 1-
5. This observation is similar to our previously studied complexes and consistent with our

suggestion of -electron delocalization discussed previously [41, 4h, 4k, 4n, 40, 9].

DFT Calculations

The interested - bonding model molecules, [{C(Me2P=NSiH3).}Al.Cls]” (1a),
[{HC(Me2P=NSiHs)2}AICI:] (2a) containing Al-carbene bond,
[{HC(Me2P=NSiH3).}GaBr] (3a) and [{HC(Me2P=NSiHs).}InCl,] (4a) presenting ionic
linkage interactions, were selected and further characterized by Gaussian-03 DFT
calculations as well as NBO analysis for 1a [10]. The HOMO of four model structures is
shown in Figure 7, it is seen that 1a is obviously different than those of 2a-4a. Based on
the molecular orbital coefficients (MOCs), it can be explained that the bonding
interaction to metals of carbene (P2C) is different than its protonated (P.CH) carbon. 1a
to 4a all contain the o bond between carbon and two P by overlapping their p; atomic
orbitals. In addition to the ¢ bond, 2a to 4a also have nonbonding free electron of py

atomic orbital around the carbon, making the surface of the molecular orbital electron

10



shell unsymmetric as shown in Figure 7. This finding is in agreement with the crystal
structures that show there is one remaining negative charge around the carbon center.

Unlike structures 2a-4a which are similar in bonding, 1a is a novel aluminum carbene
compound. The NBO analysis was performed on this novelty structure. After geometry
optimization calculation, the structural data show that two of P-C, P-N and N-Al bond
lengths are identical within the six-membered ring, while two CI-Al bond lengths around
Al(1) are not equivalent (see Sl). Two of the three CI-Al bond lengths around Al(2) are
equivalent but not identical to the third one (See SlI), which is in agreement with the
crystal structural data (1). NBO analysis shows around Al(2) metal that the carbene-Al
bond is 13.3% from the Al(2) s%*p®" hybrid orbital and 86.7% from the carbene
s932p088 hybrid orbital, while the two CI(4), CI(5) to Al(2) is 86.4% CI s°3p®® and
13.6% Al(2) s>2%p%"" hybrid orbitals respectively and CI(3)-Al(2) is 86.1% from ClI
s936p0%64 and 13.9% from Al(2) s%%p°7® as well. For Al(1) metal center, N-Al is 8.3%
from Al s°2°p%" and 91.7% from N s°*2p%¢7 hybrid orbital, and CI(1)-Al(1) is 13.7% Al
024 076 and 86.3% CI s%3p%4 as well as CI(2)-Al(1) is 13.5% Al s°2%p®8 and 86.5% ClI
s038p%62 hybrid orbitals as shown in Figure 8 (details listed in SI).

Conclusions

The reactions of bis(diphenyliminophosphorano) methandiide (LioL) ligand with
group 13 metals are conducted, and one stable air-sensitive carbene aluminum compound
(1) was isolated and characterized by crystallography. Several novel unexpected
complexes resulted as the final products of Ga and In metals. No carbene-metal bond
formed after reaction with this bianionic electron rich ligand in situ, and eventually one
protonated carbon coordinated compounds (2, 3, 4 and 5) was isolated in solid. This
indicates that carbene bound Ga and In are not stable enough to hinder its protonated
trend. As we know, the second proton of P-CH™-P is more strongly bonded than the first
proton in P-CHH-P, and the bianionic ligand (P-C2-P) tends to back to P-CH-P while it is
not strongly bound by a metal center, which is the case for Ga and In metals. As for Zn,
both in reactions of HzL with Zn(CHzs)2 previously [4u] or Li:L with ZnCl; herein, no
species with carbene metal bond formation was generated. This study clearly

demonstrates that the d orbital-filled main group 13 elements have different metal-

11



bonding behavior than those of the transition metals lanthanides and actinides, while
reacting with the electron rich PCP carbene ligand. In comparing the distance between
C(1) and metal ions within the heterocyclic six-member ring of 1 and 6 to 2-5, we have
determined the existence of an ionic linkage or separation positive/negative charge

attraction interaction in 2-5.
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C{4)

Figure 1. Perspective view of the [{C(Ph2PNSiMes) }Al>Cls]™ anion showing the atom
labeling scheme. Non-hydrogen atoms are represented by Gaussian ellipsoids at the 20%
probability level. Hydrogen atoms are not shown.
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Figure 2.

Perspective view of the [CL,AI{x*~HC(Ph,PNSiMes),}] molecule showing
the atom labelling scheme. Non-hydrogen atoms are represented by
Gaussian ellipsoids at the 20% probability level. The hydrogen atom
attached to C(1) is shown with an arbitrarily small thermal parameter; all
other hydrogens are not shown.
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Figure 3.

Perspective ~ view of the [Br.Ga{x>~HC(Ph,PNSiMes),}] molecule
showing the atom labelling scheme. Non-hydrogen atoms are represented
by Gaussian ellipsoids at the 20% probability level. The hydrogen atom
attached to C(1) is shown with an arbitrarily small thermal parameter; all
other hydrogens are not shown.
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Figure 4.

SOc4

Perspective view of the [Cl2In{x*~HC(Ph2PNSiMes).}] molecule showing
the atom labelling scheme. Non-hydrogen atoms are represented by
Gaussian ellipsoids at the 20% probability level. The hydrogen atom
attached to C(1) is shown with an arbitrarily small thermal parameter; all
other hydrogens are not shown.
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Figure 5.

Perspective view of the [{CH(Ph2PNSiMes).}InBr2] molecule showing the
atom labelling scheme. Non-hydrogen atoms are represented by Gaussian
ellipsoids at the 20% probability level. Only the methine hydrogen atom is
shown (with arbitrarily small thermal parameter); all other hydrogen
atoms are not shown.
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Figure 6. Perspective view of the [x>—{CH2(Ph.P=NSiMes),}ZnClz] molecule showing
the atom labelling scheme. Primed atoms are related to unprimed ones by the
crystallographic mirror plane located at (x, ¥, z). Non-hydrogen atoms are
represented by Gaussian ellipsoids at the 20% probability level.
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Figure 7. HOMO - of = [{C(MeP=NSiH3)}AILCIs]" (1a) (top, left),
[{HC(Me2P=NSiHs).}AICI;] (2a) (top, right), [{HC(Me2P=NSiHs);}GaBr]
(3a) (bottom, left) and [{HC(Me2P=NSiH3)2}InCl;] (4a) (bottom, right).
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Figure 8. NBO of Al-C (top, left), Al-CI (top, middle) and Al-N (top, right) bonds of
[{C(Me2P=NSiHs)2}Al:Cls] (1a).
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Table 1. Crystal data and structure refinement details for complexes 1-6

Empirical formula

Formula weight

Crystal system
Crystal Dimensions
Space group
Unit cell parameters
a(A)
b (A)
c (R)
a(°)
B ()
7y ()
Volume (A3%)
Z
Calculated density (g cm)
Temperature, K
u (MoKa), (mm™)
6 range for data collection (°)
Index ranges

Independent reflections
Observed reflections
Data/restraints/parameters
Goodness-of-fit on F2

Final R indices

[Fo2 2 2C(Fo)]

WR>2 [Fo2 2 —30'([:02)]

Large difference peak and hole

C47H70A|2C|5Li NZO4P2
Sip 2C7Hg (1)

1267.59

Triclinic
0.48%0.41x0.27 mm
P1(No. 2)

12.933(2)
15.697(3)
17.787(3)
73.594(2)
80.332(2)
81.510(2)
3395.6(9)
2

1.240
173.2(1)
0.366
0.3t027.54

9438
15360/80/624
1.026

Ry =10.0772
WR> = 0.2647

-0.905 and 1.085 e/A3

C31H39A|C|2N2P28i2 . 204
HsO (2)

799.85

Triclinic
0.32x0.30%0.20 mm
P1(No. 2)

11.7241(13)
12.1905(13)
17.3594(19)
101.6150(14)
100.4737(14)
113.8145(13)
2125.4(4)

2

1.250
173.2(1)
0.340

0.3 t0 26.45

6448
8688/10/467
1.057

R1=0.0455
WR2 = 0.1298

-0.280 and 0.548 e/A3

Cs1H39Br.GaN,P,Si; (3)

787.30

Monoclinic
0.26x0.24x0.17 mm

P21/c (No. 14)

12.1720(6)
20.8331(10)
15.0581(8)

113.1782(6)

3510.2(3)

4

1.490
173.2(1)
3.243

0.3 10 26.36

5380
7159/0/361
1.047

R: =0.0412
WR, = 0.1177

-1.324 and 0.556 e/A3
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Empirical formula

Formula weight

Crystal system
Crystal Dimensions
Space group
Unit cell parameters
a(A)
b (A)
c(A)
o (%)
B ()
7 (%)
Volume (A3%)
Z

Calculated density (g cm)

Temperature, K
u (MoKa), (mm™)

6 range for data collection (°)

Index ranges

Independent reflections

Observed reflections

Data/restraints/parameters

Goodness-of-fit on F?

Final R indices
[Fo? = 20(Fo)]

WR>2 [Fo2 2 —30'([:02)]
Large difference peak and hole

C31H39CI2InN2P28i2
+2C4Hs0 (4)
887.69

Triclinic
0.45x0.43%0.20 mm
PI(No. 2)

11.9930(4)
12.1868(5)
17.7776(7)
103.1082(4)
102.6668(4)
113.5754(4)
2175.04(14)
2

1.355
173.2(1)
0.829

0.3 10 27.48

9047
9854/0/451
1.048

R; =0.0263
WR2 =0.0695

-0.555-and 0.647 e/A3

Ca1Hz9BraInN2P2Si
(5)
832.40

Monoclinic
0.38%0.16x0.15 mm

P21/c (No. 14)

12.3143(9)
20.8213(15)
15.2506(11)

113.2510(10)

3592.7(5)

4

1.539
173.2(1)
3.061

0.3 t0 2751

6687
8224/0/361
1.025

R1 =0.0266
WR2 = 0.0627

-2.82 and 0.507 e/A3

Ca1H40Cl2N2P2Si
C4H:O (6)
787.30

Monoclinic
0.43%0.36x0.14 mm

P21/m (No. 11)

9.1879(5)
20.1148(10)
10.7099(6)

102:7190(10)

1930.76(18)
2

1.32
193.2(1)
0.949

0.3 t0 27.00

-11<h=<11
—26 £k =26
-13<1=<13
4541

4118
4541/0/187
1.076

R; =0.0259
WR2 = 0.0757

-0.248 and 0.492 e/A3
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Table 2. Selected bond lengths (A) and angles (°) for compounds 1-6

Al(1)-CI(1)
Al(1)-CI(2)
AI(1)-N(1)
AI(1)-N(2)
Al(2)-C(1)
Al(2)-CI(3)
Al(2)-CI(4)
Al(2)-CI(5)
C(1)-P(1)
C(1)-P(2)
P(1)-N(1)
P(2)-N(2)
C(1)-Al(L)?

Al-CI(1)
AI-CI(2)
AI-N(L)
AI-N(2)
N(1)-P(1)
N(2)-P(2)
C(1)-P@)
C(1)-P(2)
C(1)-Al°

Ga-Br(1)
Ga-Br(2)
Ga-N(1)
Ga-N(2)
N(1)-P(1)

2.1460(19)
2.1684(15)
1.866(3)
1.871(3)
1.966(4)
2.1566(18)
2.1665(16)
2.1736(15)
1.728(3)
1.727(4)
1.647(3)
1.639(3)
2.957(3)

2.1707(9)
2.1688(9)
1.8818(19)
1.885(2)
1.6359(19)
1.6364(19)
1.713(2)
1.708(2)
2.763(3)

2.3529(6)
2.3371(6)
1.937(3)
1.922(3)
1.641(3)

Compound 1

N(L)-Al(1)-N(2)
P(1)-C(1)-P(2)

C(1)-Al(2)-CI(3)
C(1)-Al(2)-CI(5)
C(1)-P(1)-N(1)

C(1)-P(2)-N(2)

N(L)-Al(1)-CI(1)
N(2)-Al(1)-CI(1)
CI(1)-Al(1)-CI(2)
CI(3)-Al(2)-C(4)
CI(4)-Al(2)-CI(5)

Compound 2

N(1)-AI-N(2)
CI(1)-Al-CI(2)
P(1)-C(1)-P(2)
P(1)-N(1)-Al
P(2)-N(2)-Al
N(1)-P(1)-C(1)
N(2)-P(2)-C(1)

Compound 3

N(1)-Ga-N(2)
Br(1)-Ga-Br(2)
P(1)-C(1)-P(2)
P(1)-N(1)-Ga
P(2)-N(2)-Ga
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109.40(14)
116.0(2)
114.14(12)
115.38(12)
111.94(16)
112.38(16)
113.89(12)
114.49(12)
102:36(7)
106.17(7)
99.60(6)

113.88(9)

101.65(4)

123.99(14)
107.81(10)
108.24(10)
108.59(10)
108.00(11)

113.88(14)
105.29(2)
123.0(2)
109.36(17)
109.84(18)



N(2)-P(2)
C(1)-P(1)
C(1)-P(2)
C(1)-Ga*

In-CI(1)
In-CI(2)
In-N(1)
In-N(2)
N(L)-P(1)
N(2)-P(2)
C(1)-P(1)
C(1)-P(2)
C(1)-In®

In-Br(1)
In-Br(2)
In-N(1)
In-N(2)
N(1)-P(1)
N(2)-P(2)
C(1)-P(2)
C(1)-P(2)
C(1)-In?

Zn-Cl(1)
Zn-Cl(2)
Zn-N
Zn-N'
N-P
NP’

1.642(3)
1.709(4)
1.714(4)
2.913(3)

2.3813(5)
2.3836(5)
2.1370(15)
2.1378(14)
1.6260(15)
1.6260(15)
1.7283(17)
1.7289(17)
2.763(3)

2.5103(4)
2.5240(3)
2.1357(18)
2.1440(18)
1.6293(19)
1.6297(18)
1.720(2)
1.730(2)
2.803(3)

2.2800(5)
2.2558(5)
2.0447(11)
2.0447(11)
1.5887(11)
1.5887(11)

N(1)-P(1)-C(1)
N(2)-P(2)-C(1)

Compound 4

N(L)-In-N(2)
CI(1)-In-CI(2)
P(1)-C(1)-P(2)
P(1)-N(1)-In
P(2)-N(2)-In
N(1)-P(1)-C(1)
N(2)-P(2)-C(1)

Compound 5

N(1)-In-N(2)
Br(1)-In-Br(2)
P(1)-C(1)-P(2)
P(1)-N(1)-In
P(2)-N(2)-In
N(1)-P(1)-C(1)
N(2)-P(2)-C(1)

Compound 6

N-Zn-N'
Cl(1)-Zn-CI(2)
P-C(1)-P’
P-N-Zn
P’-N'-Zn
N-P-C(1)
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111.30(18)
110.89(18)

108.04(6)
100.669(19)
126.62(10)
104.84(7)
104:53(7)
108.47(8)
109.06(8)

109.95(7)
105.397(11)
126.76(13)
105.38(10)
104.97(9)
109.43(10)
109.70(10)

105.87(6)
112.97(2)
119.55(9)
116.84(6)
116.84(6)
110.68(7)



C(1)-P 1.8182(9) N'-P'-C(1) 110.68(7)
C(1)-P' 1.8183(9)
C(1)-Zn? 3.156(3)

2 It is not directly bonding distance and indication somewhat ionic linkage

separated positive/negative charge attraction interactions.
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2
L _Li A
Ph,P~ " PPh, PhoP i PPhy
| Il MX3 or MX2 - I
N N N ° N
! s THF INELTINR
(CH3)5Si Si(CHa)3 (H4C)4Si M_ Si(CHy)s
X X
(LizL]
M= Al Ga, In
X=Cl Br

Six compounds of bis(iminophosphorano)methanide chelate ligand was synthesized and
the compounds either present the intramolecular C-Al  bond or C*M* ionic bonding

interactions.
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