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A novel class of mono- and di-meric chromium(il) amides has been prepared and characterized. Reaction
of [CrCl,(thf),] (thf = tetrahydrofuran) with 2 equivalents of M(NR,) (R =CgH,, Pr, Ph, or
phenothiazinyl; M = Li or Na) allowed the formation of the homoleptic amides [{Cr(p-NR,}(NR,)},]
(R =Ph 1a, C,H,, 1b or Pr 1c). The reaction is followed by co-ordination of a Lewis base which,
although preserving the Cr,(NR,), core, remarkably elongated the Cr... Cr distance forming [{Cr(p-
NR,)(NR,)L},] (R =Ph, L=thf 2). Facile cleavage to give the square-planar monomeric species
[Cr(NR,)L,] (R = Ph, L= pyridine 3a, thf 3b; NR, = phenothiazinyl, L =thf 3c) occurred upon
treatment with an excess of co-ordinating solvent. Reaction with an excess of M(NR,) led to the
formation of anionic chromium(il) square-planar metalates [M,Cr(NR,),L,] (R =Ph, M = Na, L = thf
4a; R = Et, M = Li, L = thf 4b or pyridine 4c). A dimeric species with a very short Cr... Cr contact
[{Cr[N(CzHN-2).].}.]-2dmf (dmf = dimethylformamide) 5b has been obtained involving a unique
three-centre chelating geometry of the bridging amide ligand. The crystal structures of compounds

1b, 2, 3a, 3c, 4c and 5b have been determined.

Anionic organic amides obtained by deprotonation of second-
ary amines may act as versatile ligands in the preparation and
stabilization of early transition metals in low oxidation states.
Several features of these ligands, such as electronic flexibility,
the possibility of fine tuning of the steric hindrance and of
introducing chiral groups, and the ability to bridge two or more
transition metals, make their utilization particularly promising.
In agreement with these expectations, activation of C-H
bonds,! preparation of the full series of lanthanides in unusual
co-ordination geometries,? and isolation of a series of exotic
Group 4 metal dinitrogen complexes>* are among the most
significant results recently achieved using sterically demanding
amides. However, despite the great potential for both synthesis
and chemical reactivity studies, not much work has been done
on the chemistry of low-valent early transition-metal amides,
since the pioneering work of Bradley and Lappert in the 1970s.°
While the chemistry of low-valent Group 3-5 transition-metal
amides remains poorly developed,® organic amides have been
widely and successfully used in the chemistry of low-valent
molybdenum and tungsten achieving some spectacular
successes in cluster chemistry’ and the activation of small
molecules.®

The chemistry of chromium amides and in particular of the
oxidation state +1r is, by way of contrast, limited to three
diverse examples.® This is despite some attractive characteristics
of divalent chromium and, in particular, a unique ability to form
dinuclear cores with unusually short Cr - - - Cr contacts, which
makes chromium(i1) complexes ideal substrates for clusterific-
ation reactions. In this respect, since the nature of the donor
atom and the geometry of the organic moiety are the properties
of bridging ligands which are likely to be the most important in
determining the stability of di- and poly-metallic cores, it is

1 Supplementary data available: see Instructions for Authors, J. Chem.
Soc., Dalton Trans., 1993, Issue 1, pp. xxiti—xxviii.

important to carry out a systematic synthetic and structural
study on the chemistry of divalent chromium with monodentate
ligands without special chelating abilities. The ultimate goal is
to clarify the intriguing role of bridging donor atoms in
determining both the occurrence of short Cr- - Cr contacts
and the magnetic properties of the metal, and empirically to
evaluate the effective contribution of Cr..- Cr bonds to the
stability of dinuclear frameworks. Therefore, as a continuation
and extention of our work in this field,!° we have now
investigated the structural features of a class of monomeric and
dimeric chromium(r) amides, with the dual purpose of develop-
ing the poorly known chemistry of chromium(i) monodentate
amides,” and hopefully gaining insight into how the nitrogen of
organic amides might affect the geometry of dichromium species.

Experimental

All operations were performed under an inert atmosphere (N,
or Ar) using standard Schlenk techniques, or in a nitrogen-filled
dry-box (Vacuum Atmosphere). The compounds [CrCl,(thf )21
(thf = tetrahydrofuran),“ECr(mes)z(thf )3](mes = mesityl)!
and [Li,Cr,Meg(thf),]'?** were prepared according to
published procedures; N(C¢H, ,),H, NEt,H and NPr',H were
chromatographed over Al,0, and distilled over molten potas-
sium and 2-methylaminopyridine, di-2-pyridylamine, pheno-
thiazine and NPh,H were used as received (Aldrich). Infrared
spectra were recorded on a Perkin Elmer 283 instrument from
Nujol mulls prepared in a dry-box. Elemental analyses were
carried out at the Microanalytical Department of the Chemistry
Department at the Rijksuniversiteit Groningen. Samples for
magnetic susceptibility measurements were weighed inside a
dry-box equipped with a microanalytical balance, and sealed
into a specially designed Teflon capsule. Data were recorded at
variable temperatures in the range 100-298 K by using a
Faraday balance (Oxford Instruments) interfaced with an
Apple II computer. Plots of 1/xy against 7/K were in
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satisfactory agreement with the Curie-Weiss law in the case of
complexes 1, 2 and 5. Magnetic moments were calculated
following standard methods'3 and corrections for under-
lying diamagnetism were applied to the data.!* Magnetic
moments of all the other complexes were measured at room
temperature by using a Johnson-Mathey magnetic susceptibility
balance.

[{Cr(up-NPh,)(NPh,)},] 1a.—A red greenish solution of
[{Cr(u-NPh,)(NPh,)(thf)}] 2 prepared as below (3.40 g, 3.78
mmol) in toluene (100 cm3) was refluxed for 2 h. After
evaporation to dryness, the residue was redissolved in toluene
(100 cm?), refluxed for 2 h and subsequently evaporated to
dryness. After repeating this procedure three times, light green
crystals of compound 1a (1.65 g, 2.13 mmol, 55%,) were formed
upon concentrating and cooling the resulting toluene solution
(Found: C, 74.10; H, 5.20; Cr, 13.35; N, 7.10. Calc. for
C,4H,,CrN,: C, 74.2; H, 5.20; Cr, 13.40; N, 7.20%,). IR (Nujol
mull, KBr, cm™1!): 1610m, 1570s, 1550m, 1330s, 1295s, 1260s,
1210s, 1165w, 1120s, 1000s, 1030w, 1000w, 920w, 895s, 850m,
790w, 740m, 720m, 670d (w), 685s, 670s, 610w and 530m. ¢ =
2.67.

[{Cr[p-N(CeH, ), J[N(CeH,,),]}.] 1b.—A solution of
LiMe in diethyl ether (4.5 cm?, 1.74 mol dm3, 7.8 mmol) was
added to a cooled solution of N(C¢H, ,),H (1.97 g, 8.1 mmol) in
thf (30 cm?). After 15 min of stirring, solid [CrCl,(thf),](1.02 g,
3.8 mmol) was added. The resulting dark green suspension was
stirred for 3 h and then filtered. Blue-green crystals of
compound 1b separated (1.11 g, 2.7 mmol, 71%,) upon addition
of ether (20 cm?) (Found: C, 69.95; H, 10.80; Cr, 12.60; N, 6.85.
Calc. for C,,H,,CrN,: C, 69.85; H, 10.75; Cr, 12.60; N, 6.80%,).
IR (Nujol mull, KBr, cm™): 1460s, 1330m, 1230m, 1130m,
1100m, 1070s, 1065s, 1050m, 1030s, 975m, 960s, 905w, 880s,
830s, 790w and 670m. p . = 2.62.

[{Cr(u-NPr*,)(NPr',)},] 1e.—A solution of LiMe (8 cm3, 1.4
mol dm™3, 11.2 mmol) in ether was added to a cooled solution of
NPri,H (1.13 g, 11.1 mmol) in thf (25 cm3). After 10 min of
stirring the addition of solid [CrCl,(thf),] (1.3 g, 5.2 mmol)
turned the solution green-brown. After 5 h of stirring the solvent
was removed in vacuo and the residue was crystallized at
—80 °C from pentane (10 cm?), yielding deep green crystals of
compound 1c¢ (0.96 g, 1.9 mmol, 73%) (Found: C, 57.10; H,
11.20; Cr, 20.45; N, 11.50. Calc. for C;,H,3CrN,: C, 57.10; H,
11.20; Cr, 20.60; N, 11.10%). IR (Nujol mull, KBr, cm™): 1375s,
1360s, 1335m, 1310w, 1155s, 1150m, 1100s, 990m, 970w, 920s,
840m, 805m, 635m, 550m, S00w, 480w and 420w. . = 2.30.

[{Cr(u-NPh,)(NPh,)(thf)},] 2.—A purple solution of
[Cr(NPh,),(thf),] (0.73 g, 1.27 mmol) in toluene (75 cm?) was
refluxed for 45 min. The resulting green solution was
concentrated to a small volume (10 cm?) by distilling off the
toluene at atmospheric pressure. The solution was slowly
allowed to cool to room temperature. The colour turned brown,
and red crystals of compound 2 (0.323 g, 0.35 mmol, 51%)
separated (Found: C, 73.35; H, 6.45; Cr, 11.30; N, 6.05. Calc. for
C,sH,3CrN,O: C, 73.00; H, 6.15; Cr, 11.30; N, 6.10%). IR
(Nujol mull, KBr, cm™): 1585s, 1570s, 1335m, 1325w, 1305s,
1245s, 1210m, 1165s, 1140w, 1075m, 1020s, 990s, 910s, 87Ss,
860s, 820s, 750s, 730s, 700m, 685s, 520m, 505s and 480s. f.; =
3.58.

[Cr(NPh,),(py),}0.5py 3a—A solution of [Cr(NPh,),-
(thf),] (1.82 g, 3.47 mmol) in thf (30 cm?®) was treated with
pyridine (py) (5 cm?®). The resulting deep green solution
precipitated large green crystals of compound 3a upon cooling
at —30°C(1.22 g, 2.1 mmol, 59%,) (Found: C, 74.75; H, 5.50; Cr,
8.70; N, 10.85. Calc. for C;34 sH3, sCrN, 5: C, 74.80; H, 5.55; Cr,
8.90; N, 10.75%). IR (Nujol mull, KBr, cm™): 1610m, 1600w,
1580s, 1440s, 1330s, 1310s, 1220s, 1180m, 1070m, 1050w, 990m,
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900w, 860m, 750s, 700s, 695s, 630m, 530m and S15m. p . =
4.76.

[Cr(NPh,),(thf),] 3b.—Sodium hydride (0.26 g, 10.8 mmol)
was suspended into a solution of diphenylamine (1.82 g, 10.8
mmol) in thf (40 cm®) and the resulting mixture was stirred and
refluxed for 30 min. After cooling to room temperature, solid
[CrCl,(thf),](1.41 g, 5.4 mmol) was added and the resulting red
mixture was stirred for 10 h. After filtration and cooling at
—30 °C, purple crystals of compound 3b were obtained (1.83 g,
3.4mmol, 64%,)(Found: C,71.30; H,6.75;Cr,9.40; N, 5.35. Calc.
for C;,H;,CrN,0,: Cr, 72.15; H, 6.80; Cr, 9.75; N, 5.25%). IR
(Nujol mull, KBr, cm™): 1570s, 1560m, 1330s, 1325s, 1300s,
1290s, 1220w, 1195m, 1160s, 1150w, 1060w, 1050w, 1020w,
1015s,985m,910w, 885w, 850s, 845m, 740s and 685s. u ¢ = 4.69.

[Cr(C,,HgNS),(thf),] 3c.—A solution of phenothiazine
(C,2HgNS) (1.50 g, 7.6 mmol) in thf (30 cm?) was treated with
NaH (0.18 g, 7.5 mmol). After the gas evolution was complete,
solid [CrCl,(thf),] (1.01 g, 3.8 mmol) was added to the reaction
mixture. The colour turned red and stirring was continued for
10 h. The solution was filtered and its volume subsequently
reduced almost to dryness. After addition of toluene (10 cm?),
deep red crystals of compound 3¢ (1.17 g, 1.98 mmol, 52%)
separated upon standing for 15 h at —30 °C (Found: C, 64.65;
H, 5.30; Cr, 8.45; N, 4.85. Calc. for C4,H;,CrN,0,S,: C, 64.85;
H, 5.45; Cr, 8.75; N, 4.75%). IR (Nujol mull, KBr, cm™): 1575s,
1550s, 1450s, 1410m, 1320s, 1290s, 1270m, 1240m, 1210s, 1145s,
1105s, 1050m, 1020s, 1005s, 960m, 920s, 910m, 850s, 815w, 730s,
710m, 700w, 680w, 600w, S60m, 490s and 430s. p. = 4.88.

[Na,Cr(NPh,),(thf),] 4a.—Solid NPh,H (2.28 g, 13.5
mmol) was added to a suspension of NaH (0.32 g, 13.3 mmol) in
thf (60 cm3). The mixture was stirred and refluxed for 30 min to
allow complete saltification. After cooling to room temperature
[CrCl,(thf),] (0.90 g, 3.4 mmol) was added and the stirring was
continued for 12 h. After solvent removal in vacuo, the solid
residue was recrystallized from ether (40 cm®) at —30°C,
yielding deep purple crystals of compound 4a (1.53 g, 1.42
mmol, 42%) (Found: C, 71.85; H, 6.95; Cr, 4.80; N, 4.80; Na,
5.25. Calc. for C¢,H,,CrN,Na,0,: C, 72.55; H, 6.85; Cr, 4.90;
N, 5.30; Na, 4.35%). IR (Nujol mull, KBr, cm™): 1580s, 1575s,
1320w, 1280s, 1270s, 1190s, 1160s, 1140m, 1070w, 1040s, 1020w,
985s, 900w, 890s, 880s, 870m, 830m, 810w, 740s, 695s, 690s,
610m, 525s, 500s and 420m. p ¢ = 4.63.

[Li,Cr(NEt,),(thf),] 4b.—Neat diethylamine (2.3 g, 30.8
mmol) was added dropwise to a solution of [ Li,Cr,Meg(thf),]
(2.04 g, 3.8 mmol) in thf (20 cm?). The resulting brown mixture
was stirred for 20 h. After solvent removal in vacuo, the resulting
solid was redissolved in ether (15 cm?) and filtered. Light green
crystals of compound 4b (1.63 g, 3.3 mmol, 43%) formed upon
standing for 2d at — 80 °C (Found: C, 56.95; H, 11.25; Cr, 10.25;
Li, 2.85; N, 11.40. Calc. for C,,H,,CrLi,N,O,: C, 57.80; H,
11.30; Cr, 10.45; Li, 2.80; N, 11.25%). IR (Nujol mull, KBr,
cm1): 1560m, 1360s, 1340s, 1280s, 1245m, 1160s, 1145m, 1095s,
1045s, 1000s, 910s, 890s, 865m, 770s, 710w and 640m. p g =
491.

[Li,Cr(NEt,),(py),] 4c.—Neat diethylamine (1.91 g, 26.2
mmol) was added to a solution of LiMe (15.3cm?, 1.7 moldm™3,
26.1 mmol) in thf (50 cm?). After the gas evolution was
complete, solid [CrCl,(thf),] (1.73 g, 6.48 mmol) was added.
The resulting dark green solution was stirred for 20 h. The
volume was then reduced to 10 cm? and diethyl ether (20 cm?)
added. After filtration, the solution was treated with pyridine
(1.5 cm3). Large, deep green crystals of compound 4¢ (2.57 g,
6.02 mmol, 78%) separated upon cooling to — 30 °C (Found: C,
61.65; H, 9.75; Cr, 9.55; Li, 2.55; N, 15.85. Calc. for
C,6H;oCrLi,Ng: C, 60.90; H, 9.85; Cr, 10.15; Li, 2.70; N,
16.40%). IR (Nujol mull, KBr, cm™): 2830w, 1590w, 1480m,
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1420s, 1330m, 1320m, 1275s, 1205s, 1165s, 1130m, 1100s,
1065m, 1050m, 1000s, 995s, 950m, 890w, 850s, 775m, 745s, 695s
and 615m. p = 4.83.

[Cr,{NMe(CsH,N-2)},]-2thf Sa.—A solution of 2-methyl-
aminopyridine (1.68 g, 15.5 mmol) in thf (30 cm3) was cooled to
—80 °C and treated with a solution of LiMe in ether (9.7 cm3,
1.6 mol dm™3). The solution was allowed to warm to room
temperature and then treated with solid [CrCl,(thf),] (2.07 g,
7.8 mmol). After stirring for 5 h at room temperature, the
resulting orange-red suspension was evaporated in vacuo and
the solid residue recrystallized from a mixture of hexane (75
cm?) and thf (20 cm?) at — 30 °C, yielding brick-red crystals of
compound 5a (1.86 g, 2.75 mmol, 70.5%,) (Found: C, 56.70; H,
6.80;Cr, 15.20; N, 16.35. Calc. for C3,H,,Cr,NgO,: C, 56.80; H,
6.55; Cr, 15.35; N, 16.55%). IR (Nujol mull, KBr, cm™): 1600s,
1500w, 1410w, 1290s, 1270s, 1165m, 1150w, 1120m, 1075m,
1010m, 980w, 930w, 820s, 810s, 745s, 720s, 640m, 630s, 590w,
520s, 445s and 430s. p; = 0.34.

[{Cr[N(CsH4N-2),],},]2dmf Sb.—A solution of di-2-
pyridylamine (2.63 g, 15.4 mmol) in thf (150 cm?) was treated
with NaH (0.37 g, 15.5 mmol). After the gas evolution was
complete, solid [CrCl,(thf),] (2.02 g, 7.6 mmol) was added to
the resulting suspension. The solution turned red and a red solid
precipitated. After 5 h of stirring the mixture was evaporated to
dryness and the solid residue was recrystallized from boiling
dimethylformamide (dmf), yielding brick-red crystals of
compound 5b (2.19 g, 2.35 mmol, 62%) (Found: C, 59.25; H,
5.10; Cr, 11.30; N, 21.15. Calc. for C,6H46Cr,N, ,0,: C, 59.35;
H, 5.00; Cr, 11.15; N, 21.05%). IR (Nujol mull, KBr, cm™):
1670m, 1610s, 1580s, 1480m, 1420m, 1310m, 1290w, 1275m,
1180s, 1145s, 1055s, 990w, 970m, 760s, 750m, 730s, 650m, 615m,
540m, 520m and 450m. 'H NMR (CDCl,): 3 8.28 (m), 8.06 (s),
7.59 (m), 6.83 (m), 2.91 (d, J = 12 Hz). p 4 = 0.31.

X-Ray Crystallography —The air-sensitive crystals used for
this study were selected in a dry-box and sealed in a thin-walled
glass capillary. The unit-cell parameters, obtained from least-
squares refinement of 25 high-angle reflections, were checked for
the presence of higher lattice symmetry.!® The intensities of
three reference reflections were measured every 3 h of X-ray
exposure to monitor crystal decomposition and possible
instrument instability. Space groups were derived from the
observed systematic absences and checked for the presence of
higher metrical symmetry.!6 The net intensities of the data were
corrected for the scale variation, Lorentz and polarization
effects, but not for absorption. Standard deviations as obtained
by counting statistics were increased according to an analysis of
the excess of variance of the three reference reflections.!’
Structures were solved by Patterson methods and subsequent
partial structure expansion (SHELXS 86!® and SHELXTL
PLUS). Details of the data collection and structure refinement
are in Table 1, selected bond distances and angles in Table 8. All
calculations were carried out with the program packages
SHELX 76,'® XTAL,2° EUCLID?! and a locally modified
version of PLUTO.?2

Compound 1b. Unit-cell parameters were obtained from
setting angles of 22 reflections with 5.13 < 8 < 12.89°
Positional and anisotropic thermal parameters for the non-
hydrogen atoms were refined with block-diagonal least-squares
procedures (XTAL).2° The hydrogen atoms were included with
their calculated positions in the final refinement riding on their
carrier atoms. Weights were introduced in the final refinement
cycles. Final refinement on F was carried out by full-matrix least
squares with anisotropic thermal parameters for the non-
hydrogen atoms and one overall thermal parameter for the
hydrogen atoms. Some carbon atoms showed high thermal
parameters, suggesting some disorder, which is in line with the
weak scattering power of the crystal investigated. The final
atomic coordinates are given in Table 2.
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Compound 2. Unit-cell parameters were determined from a
least-squares treatment of the SET4 setting angles of 25
reflections with 9.0 < 8 < 14.6°. Refinement on F was carried
out by full-matrix least-squares techniques. All non-H atoms
were refined with anisotropic thermal parameters. Hydrogen
atoms were introduced in calculated positions (C-H 0.98 A) and
included in the refinement riding on their carrier atoms. A
toluene solvate molecule (located on an inversion symmetry
site) could not be located from Fourier difference maps
unambiguously and was taken into account in the structure-
factor and refinement calculations by direct Fourier transform-
ation of the electron density in the cavity, following the
BYPASS procedure.?* Weights were introduced in the final
refinement cycles. Final atomic coordinates are listed in Table 3.

Compound 3a. Lattice parameters and their standard
deviations were derived from 22 reflections in the range
6.62 < 0 < 14.76° in four alternative settings.?* The intensity
data were corrected for the small decay. The solvent molecule
was highly disordered. Attempts to find a satisfactory disorder
model failed. Following the inclusion of the pyridine molecule,
the remainder of the structure refined satisfactorily. Refinement
using anisotropic thermal parameters followed by Fourier
difference synthesis resulted in the location of all the non-solvent
hydrogen atoms. The hydrogen atoms of the interstitial pyridine
were placed at idealized positions riding on their carrier atoms,
used in the structure-factor calculations, but not refined.
Weights were introduced in the final refinement cycles.
Refinement on Fwas by block-diagonal least-squares techniques
with anisotropic thermal parameters for the non-hydrogen
atoms and one common isotropic thermal parameter for the
hydrogen atoms. Final atomic coordinates are given in Table 4.

Compound 3c. Lattice parameters and their standard
deviations were derived from 22 reflections in the range
6.02 < 8 < 14.42° in four alternative settings.?* The intensity
data were corrected for the small drift. The positions and
anisotropic thermal parameters for the non-hydrogen atoms
were refined with block-diagonal least-squares procedures. The
hydrogen atoms were included with their calculated positions in
the final refinement cycle. Refinement on F by block-diagonal
least-squares techniques was carried out with anisotropic
thermal parameters for the non-hydrogen atoms. The crystal
exhibited some secondary extinction for which the Fvalues were
corrected by refining an empirical isotropic extinction
parameter.2® Final atomic coordinates for the non-hydrogen
atoms are reported in Table 5.

Compound 4c. Unit-cell parameters were determined from a
least-squares treatment of SET4 setting angles of 25 reflections
with 10.7 < 8 < 17.7°. Data were corrected for a linear decay
(2.2%) of the intensity control reflections during the 47 h of
X-ray exposure. Refinement on F was carried out with
anisotropic thermal parameters. The hydrogen atom positions
were isotropically refined with one common thermal parameter
[U=0.099(3) A*]. Weights were introduced in the final
refinement cycles. Final atomic coordinates are listed in Table 6.

Compound 5b. Cell constants and orientation matrix for data
collection were obtained from a least-squares refinement using
the setting angles of 25 carefully centred reflections in the range
24 < 0 < 32°. Data were collected at room temperature using
the @-scan technique to a maximum 26 value of 50.0°. Data were
corrected for absorption. The structure was refined with full-
matrix least-squares techniques. With the exception of the
solvent molecule, all the non-hydrogen atoms were refined
anisotropically. Final atomic coordinates are listed in Table 7.

Additional material available from the Cambridge Crystallo-
graphic Data Centre comprises H-atom coordinates, thermal
parameters and remaining bond lengths and angles.

Results
The synthetic procedures used for the preparation of chromium-
(1) amides are briefly outlined in the following schemes.
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Table 1 Crystal data and

structural analysis results *

Complex 1b 2 3a 3c 4c 5b
Formula C,sHgsCr,N, Ce3HsuN,O,Cr, C373H335CrNy ;. C3,H;3,CN,0,8;  Cy6H50CrLipNg CisH46CraN,,0,
M 825.24 1031.22 599.36 592.73 512.60 931.0
Crystal system Tetragonal Triclinic Monoclinic Monoclinic Monoclinic Orthorhombic
Space group 14, /acd P1 P2,/a 2/a P2,/n Pbcn
alA 17.285(2) 9.975(1) 18.322(2) 16.326(1) 11.072(1) 23.881(5)
b/A 10.119(2) 9.435(2) 15.947(1) 9.326(1) 9.644(2)
c/A 32.354(3) 13.963(2) 26.428(3) 22.428(2) 14.968(2) 19.219(3)
o/® 105.63(1)
B/° 90.82(1) 92.800(9) 103.59(1) 94.95(1)
P 103.87(1)
U/A? 9666(2) 1313.0(4) 4563(1) 5675.7(7) 1539.6(3) 4426.3(15)
V4 8 1 6 8 2 4
T/K 298 295 130 295 295 295
D /g cm™ 1.134 1.281 1.309 1.387 1.106 1.397
Rearc/om™ 4.7 44 4.0 5.7 3.8 5.32
R, R 0.132,0.052 0.053, 0.066 0.073, 0.056 0.081, 0.052 0.044, 0.049 0.085, 0.101
* Details in common: Mo-Ka radiation (A 0.710 73 A).
R R
[CrCl,(thf),] —MNRy) R N R
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R/ \N/ \R b
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According to Scheme 1, reaction of [CrCl,(thf),] with 2
equivalents of the alkali-metal amide leads to the formation of
the corresponding dimeric, homoleptic [{Cr(p-NR,)(NR,)},]
(R = Ph 1a, cyclohexyl 1b or Pr' 1c). The same compounds
were obtained upon reaction of both monomeric [Cr(mes),-
(thf);]*2 or dimeric [Li,Cr,Meg(thf),]*?# with the approp-
riate amine. The reaction proceeds directly towards the final
product when R = C¢H,, or Pr'. Conversely in the case of
R = Ph a monomeric species which retained two molecules of
solvent in the co-ordination sphere of chromium is initially
formed and the dimerization reaction towards [ {Cr(p-NPh),-
(NPh,)},] was obtained only upon solvent removal in vacuo
at 100 °C, followed by recrystallization from hot toluene. In
contrast to the two aliphatic congeners where R = C¢H,, or
Pr' which do not react with Lewis bases such as thf and pyridine,
[{Cr(u-NPh,)(NPh,)},] reacts reversibly with thf initially
forming the dimeric [{Cr(u-NPh,)(NPh,)L},] 2 and the
monomeric [Cr(NPh,),L,] 3 (L = thf), depending on the
amounts of thf employed (Scheme 2). In the case of a stronger
Lewis base such as pyridine there is no evidence for the

Scheme 4 R = C;H,, or Pr; R’ = Ph la, NMe(C;H,N-2) 5a or
N(CsH,N-2), 5b

formation of a complex isostructural with [{Cr(p-NPh,)-
(NPh,)(thf)},] since the reaction proceeds directly towards the
formation of the monomeric [Cr(NPh,),(py),] even in the
presence of lower amounts of pyridine. An irreversible reaction
was observed in the case of the phenothiazine derivative which
led to the formation of monomeric [Cr(C,,HgNS),(thf),] in
good yield.

Monomeric and dimeric chromium(ir) amides 1-3 react with
an excess of M(NR,) (M = Li or Na) to afford monomeric
amidochromates [M,Cr(NR,),L,] (R = Ph, M = Na, n = 4,
L = thfd4a;R = Et,M = Li,n = 2, L = thf 4b or pyridine 4c)
(Scheme 3). In contrast with the isostructural chromium(ir)
alkoxochromates,!°> attempts to disrupt these complexes via
treatment with co-ordinating solvents (pyridine, crown ethers)
or to assemble dimeric species via desolvation of the alkali-
metal cation failed.
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Table 2 Fractional atomic coordinates for compound 1b

Atom x y z

Cr(1) —0.058 05(8) 0.308 05(8) —0.12500
N() —0.000 000 0.250 000(0) 0.171 42)
N@©2) —0.137 5(4) 0.387 5(4) —0.12500
C) 0.048 9(7) 0.298 8(6) 0.197 1(3)
C2) 0.104 1(6) 0.257 2(6) 0.226 6(3)
C@3) 0.144 7(8) 0.317(1) 0.251 9(5)
C4) 0.186 9(8) 0.372(1) 0.2349(4)
C(5) 0.131 1(7) 0.415 5(6) 0.204 9(4)
C(6) 0.083 5(8) 0.359 8(7) 0.180 1(4)
c( —0.121 3(7) 0.467 0(6) 0.135 8(3)
C(8) —0.129 1(6) 0.484 6(6) 0.181 3(3)
(&) —0.106 2(9) 0.569 2(8) 0.190 6(4)
C(10) —0.065(1) 0.608 8(8) 0.166 6(5)
crn —0.062 2(8) 0.592 5(6) 0.123 3(4)
C(12) —0.082 0(8) 0.5117(7) 0.111 8(4)

f’s”e =
YRS
L,

Fig.1 An ORTEP plot of compound 1b. Thermal ellipsoids in this and
all other Figures are drawn at the 50%; probability level

The complexes [{Cr(u-NR,)}NR)},] (R = CH,, or Pri)
undergo easy transamination reactions with NPh,H or
bidentate amines such as NMe(CsH,N-2)H or N(C;H N-2),H
forming the corresponding dimeric [{Cr(u-NPh,)(NPh,)},] 1a,
[Cry,{NMe(CsH,N-2)},]-2thf5aand [{Cr[N(CsH,N-2),],},]-
2dmf 5b. The lower pK, of these amines with respect to the
aliphatic counterpart is probably the driving force for the
reaction (Scheme 4). Compounds 5 can also be easily
prepared via direct reaction of the corresponding alkali-metal
amide with [CrCl,(thf),] although in the case of 5b the poor
solubility makes problematic the separation from the
inorganic salts.

Crystal ~ Structures.—[{Cr[p-N(CgH,,),][N(CcH, )21} 2]
1b. The complex is isostructural with the previously reported
[{Cr(u-NPr',)(NPr';)},].% The structure shows the molecule
having a planar Cr,N, core composed of two chromium and
two nitrogen atoms of bridging N(C¢H,,), moieties (Fig. 1)
[N(1)-Cr(1}-N(1a) 93.2(2), Cr-N(1)-Cr(1a) 86.8(2)°]. The
geometry of the three-co-ordinated chromium atoms is
distorted trigonal planar with the terminally bonded nitrogen
atoms coplanar with the Cr,N, core [N(1)-Cr-N(2)
133.4(1)°]. The Cr-N bond distances formed by the bridging
and terminal nitrogen atoms are slightly different [ Cr(1)-N(1)
2.066(5), Cr(1)-N(2) 1.942(7) A] as a probable result of the
different co-ordination geometry. The trigonal-planar arrange-
ment of the terminal nitrogen atoms indicates, moreover, a
significant N-Cr = interaction. The Cr..-Cr distance
[2.838(2) A] compares well with that found in [{Cr(u-
NPr',)(NPr',)}, .5

[{Cr(u-NPh,)(NPh,)(thf)},] 2. The molecular structure is

Table 3 Fractional atomic coordinates for compound 2

Atom x y z

Cr(1) 0.061 70(5) 0.595 90(5) 0.107 61(4)
ol 0.129 4(3) 0.819 0(2) 0.168 0(2)
N(1) 0.001 0(3) 0.373 5(3) 0.031 6(2)
NQ) 0.111 2(3) 0.579 5(3) 0.244 8(2)
c) 0.112 5(3) 0.308 5(3) 0.006 7(2)
C(2) 0.118 3(4) 0.177 8(3) 0.021 0(3)
C(3) 0.2252(4) 0.117 1(4) —0.0129(3)
C4) 0.328 5(4) 0.182 9(5) —0.061 1(3)
C(5) 0.325 3(4) 0.311 4(5) —0.0750(3)
C(6) 0.219 8(4) 0.373 1(4) —0.041 3(3)
C(7) —0.103 8(3) 0.306 5(3) 0.086 1(2)
C(8) —-0.2433(3) 0.276 5(3) 0.052 4(3)
C©9) —0.347 0(4) 0.224 0(4) 0.107 8(3)
C(10) —0.314 5(5) 0.197 4(5) 0.194 6(3)
C(11) —0.176 0(4) 0.223 4(4) 0.227 6(3)
C(12) —0.072 3(4) 0.278 0(4) 0.174 5(3)
C(13) 0.029 9(4) 0.638 2(4) 0.3170(3)
C(14) —0.1127(4) 0.608 1(4) 0.296 0(3)
C(15) —-0.1951(4) 0.678 6(5) 0.360 9(3)
C(16) —0.135 5(5) 0.777 4(5) 0.449 7(3)
c(17) 0.003 7(5) 0.804 4(5) 0.4727(3)
C(18) 0.086 8(4) 0.736 6(4) 0.408 3(3)
C(19) 0.220 1(3) 0.5327(3) 0.274 5(3)
C(20) 0.3303(4) 0.519 9(4) 0.213 8(3)
C(21) 0.437 0(4) 0.466 9(4) 0.238 4(3)
C(22) 0.440 9(5) 0.427 4(5) 0.3253(4)
C(23) 0.335 1(5) 0.438 1(5) 0.385 3(4)
C(24) 0.225 44) 0.489 3(4) 0.361 7(3)
C(25) 0.044 9(5) 0914 3(4) 0.213 2(4)
C(26) 0.139 9(6) 1.047 0(5) 0.267 2(4)
C(27) 0.275 5(6) 1.027 6(5) 0.271 3(5)
C(28) 0.270 6(4) 0.881 9(4) 0.2147(3)

C(11) C(21)
Fig. 2 An ORTEDP plot of compound 2

constituted by discrete dimeric units (Fig. 2). The co-ordination
geometry of each chromium atom is slightly distorted square
planar [N(1)-Cr(1)-O(1) 173.8(1); N(1)-Cr(1)-N(2) 97.6(1)°].
The two metals are bridged by two NPh, groups forming a
Cr,N, core [Cr(1)-N(1)-Cr(ia) 94.2(1), N(1)-Cr(1)-N(1a)
85.8(1)°] having bond distances and angles comparable to those
observed in [{Cr(u-NRXNR,)},] (R = CH,, or Pri).
Conversely, the Cr-...Cr distance is considerably longer
[3.150(1) A]. The Cr-N bond lengths formed by both the
bridging and terminal p-NPh, groups [Cr(1)-N(1) 2.145(3),
Cr(1)-N(2) 2.031(3) A] are slightly longer than those found in
[{Cr(u-NR,)(NR,)},] (R = CgH,, or Pr’) probably as a result
of the decreased character of nitrogen N—Cr n bonding,
determined by the two phenyl substituents. The fourth co-
ordination site is occupied by one molecule of thf.
[Cr(NPh,),(py),]0.5py 3a. The unit cell contains two
crystallographically independent but chemically equivalent
molecules. One of the two molecules has the metal atom lying
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Table 4 Fractional atomic coordinates for compound 3a

Atom

Cr(1)
N()
NQ)
(1)
C()
Cc@3)
Cc@)
C()
C(6)
c
Cc®)
o))
C(10)
c(11)
C(12)
c(13)
C(14)
c(15)
C(16)
c(17)

X

0.5

0.5179(2)
0.5639(2)
0.5776(3)
0.5934(3)
0.5416(3)
0.4785(3)
0.4683(3)
0.6378(3)
0.6770(3)
0.7483(3)
0.7857(3)
0.7472(3)
0.6756(3)
0.5312(3)
0.5658(3)
0.5305(4)
0.4566(3)
0.4219(3)
0.4752(3)

y
0.5

0.6957(5)
0.3991(5)
0.7201(7)
0.8476(8)
0.9553(7)
0.9323(7)
0.8035(7)
0.3709(7)
0.2628(7)
0.2347(7)
0.3098(7)
0.4136(8)
0.4444(7)
0.3684(6)
0.3839(7)
0.3601(7)
0.3232(7)
0.3053(7)
0.3275(7)

z

0.0
0.0405(2)
0.553(2)

0.696(2)

0.0934(2)
0.0894(2)
0.599(3)

0.0358(2)
0.0496(2)
0.0768(2)
0.0683(3)
0.0315(3)
0.0048(2)
0.0133(2)
0.1008(2)
0.1485(2)
0.1919(2)
0.1902(2)
0.1434(3)
0.1000(2)

Table 5 Fractional atomic coordinates for compound 3¢

Atom

Cr(1)
S(1)
o(1)
N(1)
C()
C(
C(3)
C4)
C(5)
C(6)
¢@)]
C(8)
C(9)
C(10)
C(11)
C(12)
C(13)
C(14)
C(15)
C(16)

X

0.000 00(0)

—0.008 6(2)
~0.0950(3)
0.018 8(3)
0.075 8(4)
0.074 0(4)
0.132 5(4)
0.194 6(5)
0.198 5(4)
0.141 8(4)
—0.030 1(4)
—0.045 4(4)
—0.095 4(4)
—0.1325(5)
—0.119 4(4)
—0.068 6(4)
—0.135 0(5)
—0.194 4(5)
—0.206 4(5)
—0.130 3(5)

y
0.500 00(0)
0.555 8(2)
0.423 4(4)
0.544 6(4)
0.504 7(5)
0.505 3(6)
0.462 6(5)
0.414 6(5)
0.411 4(5)
0.457 7(5)
0.611 1(5)
0.626 9(5)
0.693 2(5)
0.742 7(6)
0.728 4(5)
0.665 4(5)
0.356 5(6)
0.312 8(6)
0.368 3(6)
0.424 8(6)

z

0.000 00(0)

—0.222 8(1)
—0.048 5(2)
—0.080 1(2)
—0.108 4(3)
—0.170 5(3)
—0.194 5(4)
—0.157 6(4)
—0.094 9(4)
—0.07144)
—0.111 0(3)
—0.1744(3)
—0.201 0(4)
—0.164 8(4)
—0.103 0(4)
—0.076 4(4)
—0.022 5(4)
—0.070 4(4)
—-0.12514)
—0.114 4(3)

Table 6 Fractional atomic coordinates for compound 4b

Atom

Cr
N(1)
N(@2)
N@3)
Li
C(1)
cQ)
C(3)
C4)
C(5)
C(6)
C(
C@®)
C9)
C(10)
cau)
C(12)
Cc(13)

X

0.5
0.2317(3)
0.3588(2)
0.4078(2)
0.3241(6)
0.1777(4)
0.1180(4)
0.1115(4)
0.1660(4)
0.2238(4)
0.3873(3)
0.4714(4)
0.2579(3)
0.1333(4)
0.4765(3)
0.5471(4)
0.3252(3)
0.2095(4)

y

0.5
0.0888(3)
0.4149(3)
0.3884(3)
0.2801(6)
0.0282(4)

—0.1000(5)

—0.1700(5)

—0.1125(5)
0.0160(5)
0.3476(4)
0.2227(5)
0.5142(4)
0.4474(5)
0.2958(4)
0.1829(4)
0.4795(4)
0.4092(6)

z

0
0.0012(2)
—0.0916(2)
0.0992(2)
0.0016(4)
—0.0724(3)
—0.0718(3)
0.0057(3)
0.0807(3)
0.0772(3)
—0.1749(2)
—0.1578(3)
—0.1092(2)
—0.1187(3)
0.1635(2)
0.1169(3)
0.1445(3)
0.1681(3)

on an inversion centre and is represented in Fig. 3. The
monomeric unit shows the same trans square-planar co-
ordination geometry [N(1)-Cr(1)-N(2) 88.6(2), N(1)-Cr(1)-

Table 7 Fractional atomic coordinates for compound 5b

Atom x

Cr(1) 4 655(1)
N 5 740(4)
N(Q) 4 894(4)
N@3) 40354)
N@) 4939(4)
N(5) 5674(4)
N(6) 6 422(5)
c() 6 286(5)
C(2) 6 544(5)
C@3) 6 236(5)
C(4) 5 695(6)
C(5) 5 426(6)
C(6) 4 461(5)
Cc(n 4 420(6)
C(8) 3952(7)
C©9) 3528(7)
C(10) 3 574(6)
C(11) 4 660(6)
C(12) 4 853(6)
C(13) 5337(6)
C(14) 5622(5)
C(15) 5426(5)
C(16) 6 156(5)
Cc(17) 6 328(6)
C(18) 6 798(8)
C(19) 7 098(7)
CQ0) 6 884(8)
o 2621(7)
N 2967(6)
(6p3))] 3033(10)
C(22) 2471(13)
C(23) 3464(11)

y z
5 888(2) 2236(1)
7 318(10) 2138(5)
7507(9) 1 628(5)
7 345(11) 1124(6)
4492(9) 1 507(5)
4259(10) 2221(5)
4611(12) 2909(6)
7651(12) 2206(7)
8 608(14) 1771(7)
9215(14) 1.246(7)
8 878(13) 1163(6)
7939(12) 1633(6)
8 178(13) 1292(6)
9 602(14) 1171(7)
10 119(16) 876(9)
9296(19) 675(8)
7919(18) 812(7)
4223(13) 908(6)
3288(14) 413(6)
2 589(13) 535(6)
2 886(13) 1131(7)
3822(11) 1632(6)
3724(13) 2512(7)
2328(15) 2474(7)
1887(22) 2781(8)
2 802(25) 3 143(9)
4173(23) 3212(8)
1928(17) —53(8)
3788(14) —581(7)
2 860(28) —57(13)
3697(29) —992(12)
4615(27) —574(12)

Table 8 Selected bond distances (A) and angles (°)

Complex 1b

Cr(1)-N(1) 2.066(5)
Cr(1)-N@2) 1.942(7)
Cr(1)---Cr(la) 2.838(2)
Complex 2

Cr(1)-N(1) 2.145(3)
Cr(1)-N(2) 2.031(3)
Cr(1) -+ Cr(1a) 3.150(1)
Complex 3a

Cr(1)-NQ2) 2.060(5)
Cr(1)-N(1) 2.152(5)
Complex 3¢

Cr(1)-N(1) 2.022(5)
Complex 4¢

Cr-N(2) 2.141(2)
Cr-N(3) 2.142(2)
N(@2)-Cr-N(3) 84.17(9)
N(2'Cr-NQ@3) 95.83(9)
Complex Sb

Cr(1-N(2) 2.032(9)
Cr(1)-N(4) 2.059(9)
Cr(1)-Cr(l1a) 1.937(3)

N(1)-Cr(1)-N(2)

Cr(1)-N(1)~Cr(1a)

N(1)-Cr(1)-N(1a)

N(1)-Cr(1)-0(1)
N(1)-Cr(1)-N(1a)
N(1)-Cr(1)-N(2)

N(1)-Cr(1)-N(2)
N(1)-Cr(1)-N(2a)

N(1)-Cr(1)-0(1)
O(1)-Cr(1)-N(1b)

Li-N(2)-Cr

N(1)-Li-N(2)
N(1)-Li-N(3)
N(@)-Li-N(3)

N(1a)-Cr(1)-N(2)
N(2)-Cr(1)-N(4)

133.4(1)
86.8(2)
93.2(2)

173.8(1)
85.8(1)
97.6(1)

88.6(2)
91.4(2)

89.5(2)
90.5(2)

87.6(2)
133.6(3)
131.13)

95.3(3)

87.14)
91.1(4)

N(2a) 91.4(2)°] previously observed in the bulky aryl
[Cr(mes),L,] (L = PR, or thf),'?* alkoxide [Cr(OC¢H,Me-4-
Bu';-2,6),(thf),],'®® amide [Cr{N(SiMe,),},(thf),]** and
pyrrolyl [Cr(NC,H,Me,-2,5),(py),] derivatives.?® The Cr-N
bond lengths [Cr(1)-N(2) 2.060(5) A] are normal and
comparable to those of the other chromium(ir) amides reported
in this work and those observed in {Cr{N(SiMe,),}(thf),].%*
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Fig. 4 An ORTEP plot of compound 3¢

The two residual pyridine ligands are coplanar to each other,
whereas the Cr-N bond length [Cr(I1)}-N(1) 2.152(5) A]
compares well with those observed in other chromium(ir)
complexes.2® The second crystallographically independent
molecule does not have an inversion centre. However the bond
distances and angles are comparable.

[Cr(C,,HgNS),(thf),] 3c. The unit cell contains two
crystallographically independent but chemically equivalent
molecules. In both cases the molecule is formed by discrete
monomeric units with a central chromium atom in an almost
perfect square-planar trans configuration geometry [N(1)-
Cr(1)-O(1) 89.5(2), O(1)-Cr(1)-N(1b) 90.5(2)°] (Fig. 4).
The two nearly planar molecules of phenothiazine are
positioned perpendicular to the CrO,N, plane. The Cr-N
distances [Cr(1)-N(1) 2.022(5) A] are shorter than in
[Cr(NPh,),(py),]-0.5py. The two thf rings positioned trans to
each other are nearly coplanar with the CrN,0O, molecular
core. All the bond distances and angles are as expected.

[Li,Cr(NEt,)4(py),] 4c. The molecule is composed of a
square-planar (R,N),Cr dianion binding two lithium cations
through the nitrogen atoms of the amido groups, in an overall
planar arrangement of the Li,CrN, core (Fig. 5). The co-
ordination geometry around the central chromium atom is
square planar [N(2}-Cr-N(3) 84.17(9), N(2)»-Cr-N(3)
95.83(9)°]. The Cr-N distances [Cr-N(2) 2.141(2), Cr-N(3)
2.142(2) A] are quite normal and comparable to those found in
all the other chromium(ir) amides reported in this work. Each
lithium atom possesses a distorted trigonal co-ordination
geometry [N(1)-Li-N(2) 133.6(3), N(1)-Li-N(3) 131.1(3),
N(2)-Li-N(3) 95.3(3)°], the third co-ordination site being
occupied by a molecule of pyridine. The angle subtended at the
nitrogen atom by the Cr and Li atoms [Li~N(2)-Cr 87.6(2)°] is
similar to that observed in [ {Cr[p-N(C¢H, ), J[N(CeH; 1), 1} 2]

795

C(10a)

C(9a)

Fig. 6 An ORTEP plot of compound 5b

Two ethyl groups of two NEt, moieties are bent towards the
fourth and fifth co-ordination sites of an ideal trigonal
bipyramid centred on lithium, with fairly short Cr...H
distances involving one of the two CH, groups [Cr. .+ H(82)
2.831(3), Cr -+« H(121) 2.854(4) A].

[{Cr[N(CsH,N-2),],},]2dmf 5b. The structure of the
complex shows the molecule to have the typical dimeric
arrangement (lantern type) of the well known quadruply
bonded complexes of dichromium (Fig. 6). The molecule is
formed by a Cr, moiety bridged by four amido ligands placed
trans with respect to each other, and with the two planes defined
by each pair of trans-positioned ligands which are perpendicular.
Each ligand adopts the classical three-centre chelating
geometry, where each of the two donor atoms of one ligand
molecule binds one of the two metal centres of the Cr, unit,
forming a five-membered ring. In common with the so-called
supershort quadruply bonded systems, the co-ordination
geometry around the two chromium atoms is square planar
[N(1a)-Cr(1)-N(2) 87.1(4), N(2)-Cr(1)-N(4) 91.1(4)°] with the
chromium atoms slightly intruded into the co-ordination
polyhedron [distance of Cr(1) from the N(1a),N(2),N(4),N(5a)
plane is 0.143(1) A]. The Cr-N bonding distances [Cr(1)-N(2)
2.032(9), Cr(1)-N(4) 2.059(9) A] are quite normal and compare
well with those found in [Crz(NC5H3NH-2-Me-6)4127 and
[Cry(C,HsN,), (dmf),] (C,HgN, = 7-azaindole).*® The
Cr(1) - -+ Cr(1a) 1.937(3) A is considerably short and falls in the
range of the supershort Cr - - - Cr contacts.

Discussion
Although both monomeric and quadruply bonded dimeric
chromium(ir) complexes have been used for the preparation of
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Scheme 6 (i) X = Me, OPh or OPr', M = Na or Li, L = thf, Et,0
orpy; (i) X = NR,,M = Li

Scheme7 R = aryl

chromium(ir) amides (Scheme 1), with the aim of investigating
the tendency of chromium to form or to preserve metal-metal
bonds, the result of the reaction was not affected by the choice of
starting material. In both cases the dimeric homoleptic [{Cr-
(NR,),},] was the only reaction product. This result may be
ascribed to high stability of the Cr,N, core, which might also be
related to the presence of a Cr-- - Cr bond. The fairly short
Cr...Cr distances found in [{Cr(p-NR)(NR,)},] [2.838
(R = C4H,,) and 2.866 A (R = Pr') respectively] and the low-
spin electronic configurations (p.s = 2.62 and 2.30 respec-
tively) > suggest, in fact, a significant degree of M-.-M
bonding (single or double). However, simple treatment with a
weak Lewis base (thf) gave a remarkable increase in the
intermetallic distance (up to 3.150 A in [{Cr(u-NPh,)-
(NPh,)(thf)},]) while preserving the Cr,(NR,), core, and
significantly modified the magnetic moment (., = 3.58). Since
the Cr - - - Cr distances and the magnetic properties of the metal
respond so strongly to simple solvent co-ordination, the
Cr - - - Cr interaction is probably very weak in these complexes
and certainly not able to hold together the dimetallic framework
in the absence of bridging donor atoms. In other words, the role
of the Cr - - - Cr bond in the stabilization of the dimetallic unit
should be only minor. In agreement with these observations,
treatment with a slight excess of co-ordinating solvent (thf or
pyridine) gave facile cleavage of the Cr,(NR,), core, forming
monomeric, square-planar [Cr(NR,),L,] species with the
expected high-spin d* electronic configuration (j . = 4.68).
The Lewis acidity of alkali-metal cations is a factor which
has been shown to be responsible for holding together di- and
poly-metallic frameworks of chromium(ir) species.**!%¢ How-
ever, attempts to prepare dimeric anionic amidochromates
Li,Cr,(NR,)s, isostructural with alkyl!24¢ (with supershort
Cr » -+ Cr quadruple bonds) and alkoxide derivatives (without
Cr - - - Cr bonds) *% gave only monomeric [M,Cr(NR,),(thf),]
(M = Li or Na) derivatives (Scheme 6), despite these species
being isostructural with the monomeric alkoxide and alkyl
building blocks of the corresponding dimers. The failure of
[M,Cr(NR,),(thf),] to dimerize is probably due to either the
poor ability of the amide nitrogen donor atom to give the p,-
bonding mode necessary for assembling Li,Cr,(NR,)g, or
steric congestion as suggested by the short CH,CH,.-.Li
contacts and the trigonal co-ordination geometry of the lithium
cation observed in [Li,Cr(NEt,),(py),]. However, when the
three-centre chelating geometry is introduced in the amide
ligand, for example just by placing a donor atom (nitrogen) in
the ortho position of the aromatic rings of Ph,N (Scheme 7), and
therefore introducing only a minor alteration in the overall
steric bulk of the bridging amide ligand, a very short Cr---Cr
contact [1.937(3) A}, the characteristic ‘lantern type’ framework
and the very low residual paramagnetism of the well known
quadruply bonded systems were observed as expected for the
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resulting dimeric chromium(n) amide derivative [{Cr[N-
(CsH,N-2),],},]-2dmf.
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