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A series of group 13 metal complexes featuring fhdiketiminate ligand{(CsHs-2,64-Pr)NC(Me)} .CH]~ (i.e.,
[Dippznacnact, Dipp = CgHs-2,64-Pr,) have been prepared and spectroscopically and structurally characterized.
The chloride derivatives DippacnacMCl (M = Al (3), Ga 6), In (8)) were isolated in good yield by the reaction

of 1 equiv of DippnacnacLiEt,O (2) and the respective metal halides. The iodide derivatives -DggmacM}

(M = Al (4), Ga @), In (9)), which are useful for reduction to afford M(l) species, were made by a variety of
routes. Thus4 was obtained by treatment of the previously reported BippnacAlMe with |, whereas the
gallium analogueb was obtained as a product of the reaction of “Gal” with DipgcnacliEt,O, and9 was
obtained by direct reaction of Inand the lithium salt. The methyl derivatives DippcnacMMe (M = Ga (7),

In (10)), which are analogous to the previously reported BigggnacAlMe, were synthesized by the reaction of
GaMe; with DippznacnacH 1) or by reaction of the indium chloride derivatiewith 2 equiv of MeMgBr in

diethyl ether. The compounds-10 exist as colorless, air- and moisture-sensitive crystalline solids. Their X-ray
crystal structures feature nearly planagNg arrays in the Dipgnacnac ligand backbone with short-C and

C—N distances that are consistent with a delocalized structure. However, there are large dihedral angles between
the GN; plane and the pM metal coordination plane which have been attributed mainly to steric effects. The
relatively short M-N distances are consistent with the coordination numbers of the metals and the normal/dative
character of the nitrogen ligands. The compounds were also characteriZeldabyg 13C NMR spectroscopytH

NMR data for7 revealed equivalent methyl groups whereas the spectrui® aisplayed two Ir-Me signals

which indicated that ring wagging was slow on thé¢ NMR time scale.

Introduction activity in the area subsequently wanetthe last 5 years have
seen an impressive revival of interest. This is especially true
for the more sterically encumbered derivatives (i.e= Rulky
group, especially ortho-substituted aryl groups), which have
found use as either neutfabr monoanioni&=2° ligands in a

The monoanionic, bidentafediketiminate ligands shown by
the formula are members of a fundamentally important class of

R
- (7) For example, these ligands were not treated as a separate class in the
(RorR'=H, alkyl, aryl) following: Comprehengie Coordination ChemistryWilkinson, G.,
Gillard, R. D., McCleverty, J. A., Eds.; Pergamon: Oxford, U.K., 1987;
Vol. 1. Rare examples of the use of nacnac ligands in the 1980s include
R the following: Bercaw, J. E.; Davies, D. L.; Wolczanski, P. T.
Organometallics1986 5, 443. Richeson, D. S.; Mitchell, J. F;
. . . . . . Theopold, K. H.Organometallics1989 8, 2570.
pB-difunctional, uninegative, chelating ligands. Metal complexes (g) Feldman, J.; McLain, S. J.; Parthasarathy, A.; Marshall, W. J.:
of these ligands were first synthesized more than four decades  Calabrese, J. C.; Arthur, S. @rganometallics1997, 16, 1514.

ago! and they have been studied extensively for their unique (9) Lappert, M. F.; Liu, D.-SJ. Organomet. Cheni995 500, 203.
(10) Rahim, M.; Taylor, N. J.; Xin, S.; Collins, ®rganometallics1998

geometric and electronic properti&s$. Although the level of 17, 1315.
(11) Gibson, V. C.; Maddox, P. J.; Newton, C.; Redshaw, C.; Solan, G.
(1) Bradley, W.; Wright, 1.J. Chem. Socl956 640. A.; White, A. J. P.; Williams, D. JChem. Commurl998 1651.
(2) Tsybina, N. M.; Vinokurov, V. G.; Protopova, T. V.; Skoldinov, A. (12) Budzelaar, P. H. M.; de Gelder, R.; Gal, A. @tganometallics1998
P.J. Gen. Chem. USSRO66 36, 1383. 17, 4121.
(3) Parks, J. E.; Holm, R. Hnorg. Chem.1968 7, 1408. (13) Kim, W.-K.; Fevola, M. J.; Liable-Sands, L. M.; Rheingold, A. L,;
(4) Honeybourne, C. L.; Webb, G. Al. Chem. Soc., Chem. Commun. Theopold, K. H.Organometallics1998 17, 4541.
1968 739. (14) Budzelaar, P. H. M.; van Oort, A. B.; Orpen, A. &ur. J. Inorg.
(5) McGeachin, S. GCan. J. Chem1968 46, 1903. Chem.1998 1485. Budzelaar, P. H. M.; Moonen, N. N. P.; de Gelder,
(6) Holm, R. H.; O’Connor, M. JProg. Inorg. Chem1971, 14, 241. R.; Smits, J. M. M.; Gal, A. WEur. J. Inorg. Chem200Q 753.
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HC{C(Me)N(GH3-2,64-Pr)},MX, Complexes

wide range of transition met&t2! main group elemerf-31
and lanthanid® complexes. These are of interest owing to their
behavior as olefin polymerization catalysts13232%r as models
for active sites in metalloproteiig€2° In addition, the ability

Inorganic Chemistry, Vol. 40, No. 12, 2002795

TripaH3CeM: (M = In or T1).35 The unusual composition and
structure of the low-valent group 13 metal Djppcnac
complexes requires that structural and spectroscopic data from
other group 13 derivatives be available for comparison. Cur-

of these ligands to stabilize low coordination numbers, rare rently, such data are scant and are available only for
coordination geometries, or low oxidation states has been Dipp:nacnacAlMe (and related less crowded derivativés),

recognized?-20.3031The bulky [Dippnacnaci ligand3 (i.e.,
[{(Dipp)N(Me)G ,CH]~; Dipp = CgHs-2,6-i-Pr) has played a

[DippznacnacAlMe][B(GFs)4],% [{ DippznacnacAlMé{ B(CgFs)z-
Me}],% DippznacnacAl(SeH)?” and{ DippznacnacAl(SeH),Se?’

leading role in these investigations. Our interest in this ligand Our objectives in this work were the preparation and charac-
derives in part from its steric resemblance to the terphenyl ligand terization of a range of DigpacnacMX (M = Al, Ga, or In,

2,6-TripH3Cs (Trip = CgH»-2,4,6-i-Pg) as shown. The latter

4

y O
Dipp,nacnacE 2,6-Trip,H,CE

X = halogen or methyl) species and then to compare their
spectroscopic and structural properties with the new monovalent
metal derivatives in order to draw conclusions regarding the
bonding in the latter species.

Experimental Section

General Procedures All manipulations were carried out by using
modified Schlenk techniques under an atmosphere of 1 a Vacuum
Atmospheres HE-43 drybox. All solvents were distilled from Na/K alloy
and degassed three times before use. The compoundsnBgracH
(1)® and DippnacnacLiOEtL (2)%" were prepared as previously
described. Aluminum(lll) chloride and iodide were sublimed prior to
use. High-purity GaGl (99.999%), InCGJ, and Ink (99.99%) were
purchased commercially and used as received. The compound “Gal”

has been demonstrated to be effective in the stabilization of aWas prepared in accordance with the literature procethuté and**C

wide variety of new compoundd.Very recently, it has been
shown that the use of the Digpacnac ligand can stabilize the
unusual monomeric M(I) species DigfacnacM: (M= Al or

NMR spectroscopic data were recorded on a Varian INOVA 400 MHz
spectrometer and referenced to the deuterated solvent.
DippznacnacMCl, (M = Al (3), Ga (5), In (8)). For 3, A toluene
solution (20 mL) of DippnacnacLiOEt (2) (1.92 g, 4.53 mmol) was
added dropwise to a chilled (ca.°Q) suspension of freshly sublimed
AICl;(0.63 g, 4.73 mmol) with rapid stirring. The mixture was allowed
to warm to room-temperature overnight, whereupon the solvents were
removed under reduced pressure. The crude product was extracted with
hexane (30 mL), and filtration produced a clear pale yellow solution
which, upon concentration and cooling, afforded the prodiets
colorless crystals. The compoun8isind8 were prepared in a similar
manner.3: yield 1.70 g (73%); mp 211213 °C. Anal. Calcd for
CooH41AICIN,: C, 67.57; H, 8.00; N, 5.44. Found: C, 67.91; H, 8.11;
N, 5.61.*H NMR (C¢Dg, 399.77 MHz, 25°C): ¢ 1.10 (d, 12HJ =
6.8 Hz, CH(CH)3, 1.42 (d, 12H, = 6.8 Hz, CH(CH)3), 1.50 (s, 6H,
CHs), 3.43 (sept, 4HJ) = 6.8 Hz, (H(CHs)3), 4.91 (s, Hy-CH), 7.1—

Ga)*03' These results parallel the recent finding that monomeric, 7.2 (br, 6H, Ar) 23C{*H} NMR (C¢Ds, 100.53 MHz, 28C): 24.7 (CH),
monovalent group 13 metal complexes can also be stabilized24.9 CH(CHs),), 25.5 (CH(CH)2), 28.8 CH(CHs),), 98.9 ¢-C), 124.9

by terphenyl ligands as exemplified by the compounds 2,6-

(15) Chen, M.; Lobkovsky, E. B.; Coates, G. \W.Am. Chem. S0d.998
120, 11018.

(16) Lee, L. W. M.; Piers, W. E.; Elsegood, M. R. J.; Clegg, W.; Parvez,
M. Organometallics1999 18, 2947.

(17) Qian, B.; Scanlon, W. J.; Smith, M. R., Ill.; Motry, D. lrgano-
metallics1999 18, 1693.

(18) Kakaliou, L.; Scanlon, W. J., IV.; Qian, B.; Baek, S. W.; Smith, M.
R., lll; Motry, D. H. Inorg. Chem.1999 38, 5964.

(19) Holland, P. L.; Tolman, W. BJ. Am. Chem. Sod.999 121, 7270.

(20) Holland, P. L.; Tolman, W. BJ. Am. Chem. SoQ00Q 122, 6331.

(21) Closely related, neutrai-diimine ligands have also been recently
employed in transition complexes that act as catalysts for olefin
polymerization; see: Johnson, L. K.; Killian, C. M.; Brookhart, 3.
Am. Chem. S0d.995 117, 6414. Tempel, D. J.; Johnson, L. K.; Huff,
R. L.; White, R. S.; Brookhart, MJ. Am. Chem. So200Q 122, 6686.

(22) Qian, B.; Ward, D. L.; Smith, M. R., lllOrganometallics1998 17,
3070.

(23) Radzewich, C. E.; Coles, M. P.; Jordan, RJIFAm. Chem. S08998
120, 9384.

(24) Kuchta, M. C.; Parkin, G. TNew J. Chem1998 22, 523.

(25) Radzewich, C. E.; Guzei, I. A.; Jordan, RJFAm. Chem. S04999
121, 8673.

(26) Qian, B.; Baek, S. W.; Smith, M. R., lIPolyhedron1999 18, 2405.

(27) Cui, C.; Roesky, H. W.; Hao, H.; Schmidt, H.-G.; Noltemeyer, M.
Angew. Chem., Int. Ed. Eng200Q 39, 1815.

(28) Bailey, P. J.; Dick, C. M. E.; Fabre, S.; ParsonsD@&lton Trans.
200Q 1655.

(Ar), 138.2 (Ar), 144.8 (Ar), 172.3 (CN): colorless crystals, yield:
2.21 g (87%); mp 183184 °C. Anal. Calcd for GoH41Cl.GaN: C,
62.40; H, 7.39; N, 5.02. Found: C, 62.1; H, 7.12; N, 4.#8.NMR
(CeDs, 399.77 MHz, 25°C): 6 1.13 (d,J = 6.8 Hz, 12H, CHCHa)y),
1.43 (d,J = 6.8 Hz, 12H, CH(€l3),), 1.58 (s, 6HCHs), 3.42 (sept,)
= 6.8 Hz, 4H, GH(CHa),), 4.7 (s, 1H, ®©), 7.10 (m, 6H, AH). 13C-
{IH}NMR (CsDg, 100.53 MHz, 25C): 6 24.6 (CHa), 25.2 CH(CHa),),
29.0 (CH(CHa)), 98.4 (/-C), 124.19 (Ar), 138.5 (Ar), 144.9 (Ar), 172.9
(CN). 8: colorless crystals, yield: 2.40 g (ca. 80%); mp 40 dec
216°C.*H NMR (CgDs, 399.77 MHz, 25°C): ¢ 1.07 (d,J = 6.8 Hz,

(29) Gibson, V. C.; Segal, J. A.; White, A. J. P.; Williams, D.JJ.Am.
Chem. Soc200Q 122, 7120.

(30) Hardman, N. J.; Eichler, B. E.; Power, P.Ghem. Commur00Q
1491.

(31) Cui, C.; Roesky, H. W.; Schmidt, H.-G.; Noltemeyer, M.; Hao, H.;
Cimpoesu, FAngew. Chem., Int. Ed.End200Q 39, 4274.

(32) Driess, D.; Magull, JZ. Anorg. Allg. Chem1994 620, 814.

(33) The designation [nacnac] for the unsubstituted species
[HC{CMeNH},]~ by analogy with [acac] for [HC{C(Me)C}2] ",
which was first proposed by Theopold and co-workéiis,used here.

(34) Twamley, B.; Haubrich, S. T.; Power, P.A&dv. Organomet. Chem.
1999 44, 1.

(35) Haubrich, S. T.; Power, P. B. Am. Chem. Sod 998 120, 2202.
Niemeyer, M.; Power, P. FAngew. Chem., Int. Ed. Engl99§ 37,
1277.

(36) Green, M. L. H.; Mountford, P.; Smart, G. J.; Speel, SPBlyhedron
199Q 9, 2763.
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12H, CH(QHs),), 1.41 (d,J = 6.8 Hz, 12H, CH(®l3)), 1.57 (s, 6H,  {H}NMR (100.53 MHz, 25°C): & —8.8 (InCH3), 1.6 (InCH), 24.2

CHs), 3.15 (sept,) = 6.8 Hz, 4H, GH(CH),), 3.84 (sept] = 6.8 Hz, (CH(CHs3),), 24.7 (CHCHs3)2), 28.3 CH(CHs)), 95.6 (-C), 124.2,

4H, CH(CHs)), 4.79 (s, 1H, ®), 7.13 (m, 6H, AH). 3C{*H}NMR 143.2, 143.8 (Ar), 168.3 (s, CN).

(CeDe, 100.53 MHz, 25°C): 6 24.5 (CHs3), 25.0 (CHCHs3)2), 25.3 (s), X-ray Crystallographic Studies. Crystals of3 and 5—10 were
28.6 CH(CHs),), 98.9 (-C), 124.64 (Ar), 138.1 (Ar), 144.8 (Ar), 172.7  removed from the Schlenk tube under a stream pahtl immediately
(CN). covered with a layer of hydrocarbon oil. A suitable crystal was selected,

DippznacnacMl, (M = Al (4), Ga (6), In (9)). The synthesis and attached to a glass fiber, and quickly placed in the low-temperature
spectroscopic characterization 4fhas been given previously in ref  nitrogen streani’ The data were recorded near 90 K using a Bruker
27. For6, solid2 (2.5 g, 5 mmol) was added to a rapidly stirred slurry SMART 1000 (Mo Ko radiation and a CCD area detector). The
of “Gal” (1.5 g, 7.6 mmolj¢ of toluene (30 mL) with cooling in a dry SHELXTL version 5.03 program package was used for the structure
ice/acetone bath. The mixture was allowed to come to room-temperaturesolutions and refinement& Absorption corrections were applied using
overnight, and the volume was reduced to ca. 10 mL. The solution the SADABS prograni® The crystal structures were solved by direct
was then placed in a ca.20 °C freezer for 48 h to give yellow crystals ~ methods and refined by full-matrix least-squares procedures. All non-
of DippznacnacGa in ca. 40% yield. The supernatant liquid was hydrogen atoms were refined anisotropically. Hydrogen atoms were
separated and pumped to dryness and washed with hexane. Théncluded in the refinement at calculated positions using a riding model
remaining, almost colorless solid was recrystallized from the minimum included in the SHELXTL program. The structure ®fncluded 50%

volume of hot toluene (ca. 5 mL) with cooling in-820 °C freezer to Br occupancy (as a result of Br contamination by an in situ preparation
give 6 as colorless crystals. Yield: 0.70 g (26%), mp 24818 °C. of LinacnacDipp using halide-rich LiMe) at one of the CI positions
Anal. Calcd for GgH.1GabN: C, 47.00; H, 5.56; N, 3.79. Found: C, and refined satisfactorily. Far, data were obtained on a crystal mounted
47.61; H, 5.79; N, 3.38H NMR (CgDs, 399.77 MHz, 25°C): 6 1.10 in a capillary tube at room temperature. Some details of the data
(d,J=6.3 Hz, 12H, CH(®l3)2), 1.43 (d,J = 6.6 Hz, 12H, CH(E13),), collection and refinement are given in Table 1. Further details are
1.50 (s, 6H, El3), 3.56 (sept) = 6.6 Hz, 4H, Gi(CHs),), 4.92 (s, H, provided in the Supporting Information.

A-CH), 7.11 (m, br, 6H, ArH)133C{*H}NMR (CsHe, 100.53 MHz, 25 _ _

°C): O 24.5 CH(CHs)2), 24.7 (CCH), 27.0 (CH(CH)), 29.3 CH- Results and Discussion

(CHs)»), 98.5 ¢-C), 125.0 -C), 127.3 p-C), 139.3 (-C), 144.8

(C(CHy). 170.8 (CN). For9, a diethyl ether solution (20 mL) a2 Synthesis A number of Al(lll) nacnac derivatives have been

(1.24 g, 2.48 mmol) was added dropwise to a stirred solution af Inl prewously synthe5|ze(_j and Structurallgs characterl_zed. These
(1.23 g, 2.48 mmol) in diethyl ether (20 mL) with cooling in a dry include the Catlor;z [D'pmacnaCAlMeT' the_ Ch_londe _()-
ice/acetone bath. The cooling bath was then removed, and the solutiontOly)2nacnacAIC4,** and the dimethyl derivative Dipp
was allowed to come to room temperature and stirred for a further 24 NacnacAlMe.?2%The latter species was prepared independently
h. The solvent was removed under reduced pressure, and the cruddy two different group®2° via the reaction of AlMe with
product was dissolved in hexane (30 mL). Filtration through Celite DippnacnacH. The chloridepftolyl),nacnacAlC§?* was syn-
followed by cooling in a ca—20 °C freezer afforded the produgtas thesized by the reaction of Al€With (p-tolyl),nacnaclLi, and
very pale yellow needles. Yield: 1.69 g (87%). Mp: 16871 °C. it was also shown that either one or both chlorides in this
Anal. Calcd for GoHailoInNz: C, 44.3; H, 5.24; N, 3.56. Found: C, compound could be replaced by methyl gro&bm a similar
43.71; H, 5.0L; N, 3.46H NMR (CeDs, 399.77 MHz, 25C): 0 1.11 manner, the aluminum, gallium, and indium chloride derivatives
(d, 12H,J=6.8 Hz, CHCHj3),), 1.40 (d, 12HJ = 6.8 Hz, CH(GH3),), 3. 5 and8 wer r red in 7387% vield by the straight-
1.50 (s, 6H, CH), 3.48 (sept, 4H,] = 6.8 Hz), 4.73 (s, 1Hy-CH), ' 2 a ere prepare of /b YIeld by the straig
7.1-7.2 (br, 6H, Ar).BC{IH}NMR (CeDs, 100.53 MHz, 25°C): 6 fo_rwa}rd rgactlon of Dlpﬁna_cnaCUOEtz with the respective
24.3, 24.6 (CHCHa)2), 25.5 (CHCH:)2), 28.7 CH(CHz)), 97.0 ¢~ trihalides in accordance with eq 1.
C), 124.6, 137.7, 143.7 (Ar), 171.8 (CN). o

Dippzn_acnacMMeQ (M = Ga (7), In (10)). For7, a tolueng (15_ Dipp,hacnacLiEt,0 + MCI3L
mL) solution of GaMe (0.59 g, 5.17 mmol) was treated dropwise with 2
a diethyl ether solution (30 mL) df (2.58 g, 5.17 mmol) with cooling

in a dry ice/acetone bath. The solution was then allowed to warm to Dipp;nacnacMC} +LiCl (1)

room temperature and refluxed for 48 h. The solvents were removed M = Al (3), GaE),In (8)

under reduced pressure, and the residue was extracted with hexane (30

mL) and filtered. Concentration to ca. 10 mL and storage in-20 Although chloride compounds are generally the most acces-
°C freezer fo 5 d afforded the product as colorless crystals. Yield:  sible, least expensive halide derivatives to prepare, the corre-
2.27 g (85%). Mp: 156158 °C. Anal. Calcd for GiHsGaNe: C, sponding iodide species possess advantages as precursors. An
71.95; H, 9.16; N, 5.42. Found: C, 72.41; H, 9.00; N, 5341 NMR example is the synthesis of the M(l) species RimtnacAl:

(CeDs, 399.77 MHz, 25°C): 6 —0.18 (s, 6H, Ga(Ch)), 1.15 (d,J = where the reaction of potassium with DipcnacAlp affords

6.8 Hz, 12H, CHCHs),), 1.30 (d,J = 6.8 Hz, 12H, CH(®l3),), 1.58 DippznacnacAl in accordance with eq®23! In contrast, the
(s, 6H, (H3), 3.43 (septJ = 6.8 Hz, 4H, GH(CHs),), 4.80 (s, 1H, PP q°= ’

CH), 7.12 (br, m, 6H, ArH)*C{*H}NMR (CsDs, 100.53 MHz, 25 corresponding reaction using the DjppcnacAlC} was unsuc-

°C): & 24.3 (CHCHa)), 24.5 (CHCH2)2), 28.5 CH(CHs),), 95.91 cessful.

(y-C), 124.2 (s), 125.7, 126.6, 142.0, 142.6, 144.03 (Ar), 172.2 (CN). . .

Fyorlo, methylmagnesium bromide (3.6 mmol, 1.2 mL of 3M solution) Dipp,nacnacAl} + 2K — Dipp,nacnacAk 2KI - (2)

in diethyl ether was added to a rapidly stirred diethyl ether (30 mL) 4

solution of 8 (1.00 g, 1.66 mmol) with cooling in a dry ice/acetone

bath. The bath was then removed, and the solution was allowed to The compound DipmacnacAly*3t was synthesized, eq 3,
come to room temperature, whereupon it was stirred for a further 12 by the direct reaction of,lwith the methyl derivative Dipp

h. The solvent was removed under reduced pressure, and the residugacnacAlMe.22 This approach avoids product separation prob-

was extracted with hexane (30 mL) and filtered. Concentration to ca. |lems encountered in the more direct route involving the reaction
5 mL and storage in a ca:20 °C freezer fo 2 d afforded the product ¢ 2 with All;. The reaction of “GaP® with the lithium

10as colorless crystals. Yield: 0.86 g (92%). Mp: 84567°C. Anal. derivative2 produces DiognacnacGal(6) in addition to Dipp-
Calcd for GiH47INN2: C, 66.18; H, 8.42; N, 4.98. Found: C, 65.48; P P al(6) PR
H, 8.01; N, 4.71H NMR (C¢Ds, 399.77 MHz, 25°C): 6 —0.02 (s,

37) Hope, H.Progr. Inorg. Chem1995 41, 1.
3H, InCH3), 0.34 (s, 3H, In®l3), 1.23 (d, 12H,J = 6.9 Hz, CH(CH)»), §38§ SHELXL vergion 5.1% Bruker AXS: Madison, WI.
1.32 (d, 12H,J = 6.9 Hz, CH(GH3)2), 1.66 (s, 6H, Me), 3.48 (sept,  (39) SADABS an empirical absorption correction program part of the
4H,J = 6.9 Hz), 4.79 (s, 1Hy-CH), 7.1-7.2 (br, m, 6H, ArH).1%C- SAINTPlus NTversion 5.0 packagdBruker AXS: Madison, WI, 1998.
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Table 1. Data Collection Parameters for Compoursisl(®

Inorganic Chemistry, Vol. 40, No. 12, 2002797

3 4 5 6
formula C29H41A|C| oN> C29H41A|| oN> C29H41C|2GaNg ngH4lGaI2N2
fw 515.2 698.42 558.26 741.11
cryst system monoclinic monoclinic monoclinic monoclinic
space group P2,/c P2:/n P2i/c P2i1/n
a(A) 17.9413(7) 18.927(10) 17.071(1) 18.8237(7)
b (A) 9.9216(4) 8.690(5) 13.095(1) 8.6190(3)
c(A) 17.1167(7) 20.137(15) 13.736(1) 20.0720(7)
o (deg)

S (deg) 108.842(1) 113.45(4) 108.432(2) 113.388(1)
v (deg)
V (A3 2883.6(2) 3038(3) 2912.9(4) 2989.0(2)
z 4 4 4 4
w(Mo Ka) (mm2) 0.275 2.118 1.147 3.759
TIK 90 300 90 90
R1 0.0326 0.0248 0.040 0.0185
wR2 0.0896 0.0608 0.1025 0.0528

7 8 9 10
formula GiHsGaNs CaoHa1Bro s¢6Clr soINN2 CagHail2INN2 Cz1Ha7InN2
fw 517.43 625.59 786.26 562.53
cryst system monoclinic monoclinic monoclinic _triclinic
space group P2:/n P2i/c P2i1/n P1
a(A) 12.6644(5) 17.942(2) 18.7802(8) 10.3346(4)
b (A) 19.3511(8) 10.1655(9) 8.6647(4) 12.5671(5)
c(A) 13.3291(5) 17.4672(15) 20.3412(8) 12.9080(5)
o (deg) 69.829(1)
S (deg) 107.02(1) 108.984(2) 113.0306(1) 76.852(1)
y (deg) 74.993(1)
V (A3) 2910.5(2) 3012.6(4) 3046.1(2) 1502.2(1)
z 4 4 4
w(Mo Ka) (mm2) 0.965 1.599 2.822 0.806
TIK 90 90 90 90
R1 0.0431 0.0323 0.0211 0.0215
wR2 0.0696 0.0810 0.0434 0.0562

aR1= 3||Fo| — |Foll/|Fol. WR2 = [SW(Fe2 — FAYZ[W(F] V2

nacnacGa:.. The diiodidé also undergoes reduction with
potassium to give DipmacnacGas3° Dipp,nacnacing (9) was
synthesized by the direct reaction of DippcnacLiOE®L with
Inlz. Thus, the three iodide$ 6, and9 were each synthesized
by a different method. The gallium methyl compounhdvas
synthesized in a manner very similar to that of its aluminum
analogue. However, the indium methyl specidswas made
by the reaction of 2 equiv of the Grignard MeMgBr with the
chloride 8 in diethyl ether solution.

Dipp,nacnacAlMg + 2I, — Dipp,nacnacAl} + 2Mel (3)
4

All compounds afforded simpléH and 13C NMR spectra.
There are only minor differences in the observed chemical shifts
for the Dippnacnac ligand in compoun@s-10. However, the
IH NMR shifts of the-Me andy-H hydrogens of the lower
valent DippnacnacM: derivatives (M= Al or Ga) are ca. 0.05
and 0.2 ppm further downfield. ThiH NMR metal methyl Selected bond distances and angles are listed in Table 2. The
resonances of compoundsand10were found at upfield shifts.  structures have several features in common: (a) T @Gng
The gallium methyl signal was observed as a single peak like fragment is planar or close to planar in each molecule. (b) The
its aluminum counterpaff;?>despite the puckering of the ring  metals lie significantly out of the 48, planes such that there
which renders distinct environments to the two metal methyl are considerable dihedral angles between thld,@nd MN,
groups in the solid state. The solid state structures are likely to arrays. (c) The ring €C and C-N distances lie within the
be maintained in solution, so that methyl site exchange must narrow ranges 1.387(6)1.418(3) and 1.320(1.353(2) A,
be rapid on the NMR time scale. Fd®, however, two distinct ~ which are indicative of considerable multiple character in these
methyl signals are observed suggesting that the exchange is quitdonds. (d) Within the gNo-M (M = Al, Ga or In) rings the
slow. It is possible that the rate of exchange observed@is N—M-—N angle is invariably the narrowest (usually100°)
connected to the puckering of the ring which is the largest of whereas the other angles areall17 with widest angle (130-
any compound in the serig-10 (vide infra). (£3)°) observed at the C(2) carbon position.

Structural Data. The structures of compounds-10 are One of the most noticeable aspects of the structures is the
represented by the thermal ellipsoid plots in Figures31 presence of a dihedral angle between the N(1)C(1)C(2)C(3)N-

Figure 1. Thermal ellipsoid plot (30%) 08. H atoms are not shown
for clarity. Structural data are given in Table 2.
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Table 2. Selected Bond Distances (A) and Angles (deg)3et10

3 4
Al(1)—N(1) 1.8843(9) Al(LFN(1) 1.872(2)
o o Al(1)—N(2) 1.8663(9) Al(1}-N(2) 1.893(3)
D Al(1)—CI(1) 2.1344(4)  Al(1)1(1) 2.501(1)
Al(1)—CI(2) 2.1185(4)  Al(1-1(2) 2.541(1)
N(1)—C(1) 1.341(1)  N(1¥C(2) 1.338(3)
N(2)—-C(3) 1.348(1)  N(2}C(2) 1.340(3)
C(1)-C(2) 1.405(1)  C(1)}C(2) 1.391(4)
Cc(2)-C(3) 1.396(1) C(23C(3) 1.394(4)
N(1)—-AI(1)-N(2)  99.36(4) N(LAI(L)-N(2) 99.9(1)
Cl(1)—-Al(1)—CI(2) 108.02(2) I(1}Al(1)—1(2) 108.40(5)
Al(1)-N(1)-CI(1) 119.33(7) AI(1FN(1)—I(1) 118.2(2)
Al(1)-N(2)-C(3)  119.73(7) AI(1}¥N(2—-C(3) 117.7(2)
. - N(1)-C(1-C(2)  120.76(9) N(I}¥C(1)-C(2) 123.1(2)
e 2 Ll slpsad ot (0w o goms areratshoun gy cor-cl)  12770) SHCEICE) 12810
Y- 9 : C(2-C(3)-N(2)  122.78(9) C(2}C(3-N(2) 123.8(2)
5 6
Ga(1)-N(1) 1.926(3)  Ga(BN(1) 1.924(1)
Ga(1)-N(2) 1.906(3) Ga(L}N(2) 1.948(1)
Ga(1)-Cl(1) 2.228(1) Ga(B(1) 2.5528(2)
Ga(1)-ClI(2) 2.218(1)  Ga(1YI(2) 2.5082(2)
N(1)—C(1) 1.337(5)  N(1)}C(1) 1.340(2)
N(2)—C(3) 1.353(2) N(2}C(3) 1.337(2)
C(1)-C(2) 1.403(6) C(1yC(2) 1.400(2)
C(2)-C(3) 1.387(6) C(2rC(3) 1.401(2)
N(1)-Ga(1)-N(2) 100.2(1) N(1}Ga(l)}-N(2) 99.25(5)
Cl(1)—Ga(1)-CI(2) 110.20(4) 1(1yGa(1)}-1(2)  109.413(7)
Ga(l-N(1)-C(1) 118.3(3) Ga(HN(1)-C(1) 118.0(1)
Ga(1-N(2)-C(3) 117.6(3) Ga(hN(2)-C(3) 117.4(1)
- N N(1)-C(1)-C(2)  123.4(4) N(I}C(1-C(2) 123.56(1)
fof larty. Suctural cata are gien n Table 2. CA-CRI-CE) 1296w  CHCEICE 12910
' ' C(2-C(3-N(2)  123.7(4) C(2XC(3)-N(2) 124.2(1)
(2) and N(1)MN(2) (M= Al, Ga or In) arrays. This is also
found in many other derivatives of these ligands from different 7 8
groups of the periodic tabé¢:1822-29 The folding of the rings Ga(1)-N(1) 1.979(2)  In(1yN(1) 2.123(3)
in 3—10can be expressed by either the angle between the planesGa(1)-N(2) 2.001(2)  In(1}N(2) 2.111(3)
or the distance of the metal from the averaged extended plane G&(1)-C(30) 1.970(2) '”(1‘}(7:(1) 2.3872(9)
formed by the N(1)C(1)C(2)C(3)N(2) array. These data are listed ﬁa()l_)—cc(f)%l) %ggg(%) Ilrr:((ggr((?) g'ggg%
in Table 3. It can be seen that the deviation from planarity of N 2)—c(3) 13252) N(L-C() 1.335(4)
the chloride and iodide derivatives is similar, whereas the values c(1)-c(2) 1.400(3) N(2}C(3) 1.332(4)
for the methyl derivatives are considerably greater. There is also C(2)—C(3) 1.415(3) C(1XC(2) 1.406(5)
some correlation between the NMN angles and the degree of C(2)-C(3) 1.400(5)
ring folding; the narrower the NM—N angle is, the greater N(1)—Ga(1)-N(2) 93.92(7) N(1)In(1)-N(2) 92.5(1)
the folding. However, the monomeric aluminum and gallium g(?g)):ﬁ?l()l)—cc(gl) ﬁé-gé(?) Fl((llgll\lf}(ll))—g('g) igg-gi’z(;?)
i ; . — 30,31 /i a — . n — .
species DipgnacnacM: (M= Al or Ga);*°3twhich have planar _ Ga(l-N@)-C(3) 1185(1)  In(I-NQR)—C(3)  1205(2)
CsNoM arrays, have narrower angles of 89.36(8) and 87.53 N(L)~C(1)-C(2) 1233(2) N(IYC(1)-C(2) 124.8(3)
(5)°. It seems probable that more highly charged and polarizing c(1)-c(2)-c(3) 127.7(2) C(I}C(2-C(3)  131.2(3)
metal cations such as &l, Ga*, or In®" result in shorter M-N C(2)-C(3)-N(2) 123.8(2) C(XC(3)-N(2) 124.7(3)
bonds and greater steric interactions involving the Dipp and
metal substituents which results in folding of the ring for steric 9 10
reasons. The planar geometries observed for DggnacM: (M In(1)—N(1) 2.121(2) In(1)}-N(1) 2.190(1)
= Al or Ga) molecules are consistent with this argument since :ngg—:\(lg) g-%lgél&) :"EK@@» 22-21%13((11))
_ i n(1)— . n .
the M N bonds in these molecules are Iong and thg mgtals are In(1)-12) 26050(2)  In(1)-0(31) 2168(1)
unsubstituted by other groups so that steric crowding is much N(D)—C(1) 1.338(2) N(1}-C(1) 1.332(2)
lower. A ring geometry, which is much closer to pI_ananty, IS N(2)-C(3) 1.333(2) N(2)}-C(3) 1.320(2)
also observed for [DipmacnacAlMe][B(GFs)4]2> which, al- C(1)-C(2) 1.401(2) C(1}C(2) 1.403(2)
though it has shorter AIN distances, features a less crowding, C(2)—C(3) 1.405(2) C(&C(3) 1.418(2)
essentially three coordinate environment at aluminum. N(1)-In(1)-N(2) 92.42(5) N(1)>In(1)—N(2) 86.76(4)
The aluminum chloride and iodide derivativesand4 bear 1(1)—In(1)—-1(2) 111.748(6) C(30¥In(1)—C(31) 130.94(6)
a very close structural resemblance. Inspection of the data in In(1)—N(1)—C(1) 118.9(1) IN(1yN(1)-C(1)  119.35(7)
Table 2 shows that the AIN bonds in3 and4 have an average mé%;:géf;:g(%) ggggg :\rl‘((ll; ('\:‘((12))__&(23)) gg'ga(?)
distance of 1.88(1) A and nearly equal N¢BI(1)—N(2) angles c(1)-C(>)-C(3) 131.3(2) c(ByC(2)-C(3) 129.6(1)
of 99.36(4) and 99.8(1) The angles between the halogens are c(2)-c(3)-N(2) 125.1(2) C(2}C(3)-N(2) 124.3(1)

also very close, having the values 108.02(2) and 108.20(5)

The AI-N bond lengths are similar to those observed for dinate aluminunt? although they are shorter than those values

terminal AI=N bonds in aluminum amides having four coor-

(1.922(2) and 1.935(2) A) recently reported for Dipp
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Table 3. Folding Parameters for thes8, and MN; Arrays of
Compounds3—10

metal dist  dihedral angle between
from the the GN, and
compd CsN; plane (A) MN arrays (deg)

DippznacnacAIC} (3) 0.525 155.0
DippznacnacAlp (4) 0.571 152.5
DippznacnacAlMe? 0.72
DippznacnacGaGl(5) 0.507 156.2
DippznacnacGal(6) 0.568 153.7
Dipp-nacnacGaMg(7) 0.76 146.8
DippznacnacInBgsCly s (8) 0.551 158.3
Dippznacnacind (9) 0.643 154.7
DippznacnacinMe (10) 0.892 146.7

a Reference 22.

nacnacAlMe.?2 The difference is probably due to the increased
positive charge on the metals $hand4 (and a stronger ionic
Al—N bonding component) as a result of their bonding to

Inorganic Chemistry, Vol. 40, No. 12, 2002799

amidinate gallium chloride and methyl derivatives the-Ga
bonds average 1.941(5) and 1.986(5) A. The difference between
these values is similar to that between the-Gladistances in

5 and 7. The (MeYATI and related ligand$ also resemble
nacnac ligands in that they are uninegative bidentate dimine
donors. In{(Me),ATI},Gal the GaN bond lengths average
1.968(14) A, which is not significantly different from the 1.936-
(12) A average GaN distance in the iodidé. However, the
Ga—| distance in{ (Me),ATl},Gal is 2.7178(5) A, which is ca.
0.2 A longer than that i6. Clearly, the different coordination
numbers and steric environment have very large effects on the
Ga—I distance in these compounds, and this is also consistent
with the data for the aluminum compountsThe Ga-C
distances i, average 1.975(5) A are well within the range ca.
1.94-2.03 A for Ga-C bonds"

The indium halide compound® and 9 have similar In-N
bond lengths in the narrow range 2.1143)147(1) A, whereas
those of the methyl derivative have a somewhat longer average

halides. This argument is supported by the fact that even shortenin—N distance of ca. 2.197(7) A. This is, of course, similar to
Al—N bonds (average 1.826(1) A) were observed in the complex the pattern observed for both the aluminum and gallium series.

[DippznacnacAlMe][B(GFs)4].2> Nonetheless, the AIN dis-

The In—N bond lengths ir8—10are very similar to the average

tances are marginally longer than the 1.850(2) A bond length of 2.145(3) A (In-N(eq) and 2.171(4) A (IrN(ax)) observed

in [HC{C(Me)N(GsHs-4-Me)} 5]AICI »,21 possibly as a result of
the greater steric hindrance 3and4. The aluminum chlorine
distances ir8 (average 2.126(1) A) are slightly longer than-Al
Cl distances (2.106(4) A) i CLAI(u-NMey)} 2.4t The Al—I
bonds (average 2.52(2) A) #hare essentially the same as the
average Al bond of 2.49(1) A in{I,Al(u-NMey)}» although

in the specieq (Me),ATI},InCI*2 despite the higher indium
coordination number. The trCl distance i{ (Me),ATI}InCl,
2.4174(9) A, is also very similar to the value, 2.3872(9) A,
observed foB. The similarity in these metal chloride bonds is
in sharp contrast to the large differences between thelGa
distances in the corresponding pair of gallium iodide derivatives

it is considerably shorter than the 2.704(1) A measured for g and{(Me),ATI},Gal. Structural data for the five coordinate

(pyridine)()Al(2,2,6,6-tetramethylpiperiding¥? In the latter

In—1 species phthalocyaninatoindium(lll) ioditfeand the tris-

species the very crowded four-coordinate aluminum environment (3 5_di+ert-butylpyrazolyborato)diiodoindium(l1f§ also show

may cause lengthening of the-AN bond. The steric argument
is supported by the observation of a much shorterlAond
(ca. 2.57 A) in the less crowded (pyridine})(2,2,6,6-
tetramethylpiperidino) molecul&.

The Ga-N bond lengths for the gallium compounds-7
follow a pattern similar to that for the aluminum specgand
4 and their methyl analogue DigpacnacAlMe, presumably
for similar reasons. For the pair of compourelsnd 6, the
average GaN distances 1.916(10) and 1.936(12) A are

that their In-I distances of 2.672(4j and 2.743(20) A8 are
similar to the 2.6050(2) and 2.7008(2) A observe@.iRerhaps,

the larger size of indium in comparison to gallium renders steric
effects less important in the heavier element compounds. The
In—C distances, ca. 2.16 A, lie within the range for indium
terminally bound to carbof.

Acknowledgment. We are grateful to the National Science
Foundation and the Alexander von Humboldt Stiftung for the

essentially equal. These distances are significantly shorter thanaward of a fellowship to P.P.P. H.W.R. thanks the Deutsche
the average of 1.990(11) A observed for the methyl derivative Forschungsgemeinschaft for support of this work.

7. The compounds most closely relatedbto7 are the amidinate
specie{ PhC(NPh)} GaMe,*3 {t-BuC(NCy)} GaCh,** and{t-
BuC(NCy)} GaMe* and theN-methyl-2-(methyamino)tropon-
imininate [(Me}ATI]~ derivative {(Me),ATI},Gal*® In the

(40) Haaland, A. InCoordination Chemistry of AluminynRobinson, G.
H., Ed.; VCH: New York, 1993.

(41) Barthe, T. C.; Haaland, A.; Novak, D. Rcta Chem. Scand.975
29A 273.

(42) Krossing, I.; Nith, H.; Schwenk-Kircher, HEur. J. Inorg. Chem1998
927.

(43) Barker, J.; Blacker, N. C.; Phillips, P. R.; Alcock, N. W.; Errington,
W.; Wallbridge, M. G. H.J. Chem. Soc., Dalton Tran4996 431.

(44) Dagorne, S.; Jordan, R. F.; Young, V.Qrganometallics1999 18,
4619.

Supporting Information Available: Eight X-ray files in CIF
format. This material is available free of charge via the Internet at
http://pubs.acs.org.

IC001311D

(45) Dias, H. V. R.; Jin, Winorg. Chem.1996 35, 6546.

(46) For a recent review of some tropoiminate compounds, see: Roesky,
P. W.Chem. Soc. Re 200Q 29, 335.

(47) Starowieski, K. B. InChemistry of Aluminum, Gallium, Indium and
Thalliumy Downs, A. J., Ed.; Blackie/Chapman-Hall: London, 1993;
Chapter 6.

(48) Janczak, J.; Kubiak, Rnorg. Chem. Actdl999 174, 288.

(49) Kuchta, M. C.; Parkin, GMain Group Chem1996 1, 291.





