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Abstract—Mixed-ligand amidophenolate complexes [Ta(APPPP)(NMe,);] (I) and [Ta(APPPP),(NMe,)]
(II) were obtained by the reaction of Ta(NMe,)s; with 2,4-di-tert-butyl-6-((2,6-diisopropylphe-
nyl)amino)phenol (HZAPD‘pp). The products were characterized by X-ray diffraction (CIF file CCDC
nos. 2060699 (I), 2060700 (I1-0.5CsH,)) and NMR spectroscopy.
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INTRODUCTION

Bidentate N-substituted o-iminobenzoquinones
are structural analogues of o-benzoquinones and
diimines [1]. These three classes of ligands belong to
the type of redox-active ligands, as they can undergo a
series of reversible redox transitions (Scheme 1; IQR =
iminoquinone; (ISQR)™ = iminosemiquinolate;
(APR)2~ = amidophenolate). The redox potentials of
o-iminoquinones are shifted to more negative region
in comparison with o-quinone potentials. On the
other hand, the steric effect of iminobenzoquinones is

(ISQR)~

less pronounced than that for diimines. Thus, the use
of iminoquinone derivatives as ligands provides the
possibility of steric and electronic tuning of the coor-
dination unit, e.g., for the preparation of complexes
with a desired magnetic behavior [2—11]. Further-
more, complexes with iminobenzoquinone derivatives
can undergo oxidative addition and reductive elimina-
tion reactions, which do not change the oxidation state
of the central atom, but affect the m-system of the
ligand. These reactions can be either stoichiometric
[12—16] or catalytic [17].

(APR)*~

Scheme 1.

Currently, there are two key methods for the syn-
thesis of catecholate and semiquinolate complexes.
The first one is the reaction of quinone with a metal or
a low-valent metal complex (most often, carbonyl). In
this case, quinone oxidizes a relatively active metal or
its compound, being thus reduced to either catecho-
late or semiquinolate, depending on the reaction con-
ditions. The second method is displacement of the
ligand upon the reaction of metal halide with catecho-
late or semiquinolate (most often, of Na, K, or T1). In
the case of niobium and tantalum, the weak spot of

this approach is that niobium and tantalum halides are
highly reactive and can, in particular, cleave the C—O
bonds of ether solvents [18, 19]. The lack of conve-
nient metal-containing precursors seems to be respon-
sible for the very small number of known niobium and
tantalum catecholates. The only currently known cat-
echolate complex of tantalum, [Ta(Cat),(HCat)(Py)],
was obtained by the reaction of Ta(OEt); with catechol
at 1 : 3 ratio in pyridine [20]. The niobium complex
was prepared in a similar way. On the other hand,
amides (in particular, dialkylamides) of early transi-
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tion metals are known to be convenient precursors of
other compounds.

This study is devoted to the reaction of tantalum(V)
dimethylamide Ta(NMe,)s with 2,4-di-tert-butyl-6-
((2,6-diisopropylphenyl)amino)phenol  (H,APPPp)
containing a bulky diisopropylphenyl substituent at
nitrogen.

EXPERIMENTAL

The syntheses were carried out in an inert atmo-
sphere using standard Schlenk technique. The solvents
were dehydrated and degassed by refluxing and distil-
lation under argon using appropriate drying agents.
The NMR spectra were measured on a Bruker Avance
111 500 spectrometer, operating at 500.03 MHz for 'H,
125.73 MHz for BC, and 50.67 MHz for °N, using
solvent signals as standards (8(‘H) = 7.16 ppm,
0(3C) = 128.06 ppm) [21]. The "N NMR spectra
were obtained as the projection of 2D 'H,"N HMBC
correlation; the signals were referred to external for-
mamide standard (8('°N) = 112.5 ppm). The structure
determination and signal assignment in the 'H, 3C,
and "N NMR spectra were carried out using 2D
'H,3C HMBC, 'H,N HMBC, and 'H,*C HSQC
correlations. Elemental analysis was performed at the
Analytical Laboratory of the Nikolaev Institute of
Inorganic Chemistry, Siberian Branch, Russian
Academy of Sciences.

Synthesis of [Ta(APPP)(NMe,);] (I). Ta(NMe,)s
(150 mg, 0.37 mmol) and H,APP" (145 mg,
0.38 mmol) were placed into a Schlenk vessel and
evacuated. Toluene (30 mL) was condensed into the
vessel under reduced pressure with liquid nitrogen
cooling. After warming up to room temperature, the
resulting orange solution was heated on an oil bath
(T= 55°C) with stirring for 2 days. The solvent was
evaporated in vacuum, the residue was extracted with
pentane (30 mL), and the extract was decanted into a
double-elbow tube. Slow evaporation resulted in the
formation of orange crystals. The yield was 77 mg
(30%).

'H NMR (500 MHz; C(Dg; 6, ppm): 1.15 (d, J =
7.0 Hz, 6H, CH(CH,;),), 1.29 (d, J = 7.0 Hz, 6H,
CH(CH,),), 1.32 (s, 9H, #-Bu-4), 1.74 (s, 9H, #-Bu-
6), 2.21, 2.69 (br.s, 12H, N(CHs),), 3.25 (br.m, 14H,
N(CH;), and CH(CHs),), 6.12 (d, J/ = 2.1 Hz, 1H,
CH-3), 7.10 (d, / = 2.1 Hz, 1H, CH-5), 7.17 (t, J =
7.7 Hz, 1H, CH-4 (Dipp)), 7.28 (d, J/ = 7.7 Hz, 2H,
CH-3 (Dipp)).

BC{!H} NMR (126 MHz; C,D,; 8, ppm): 24.1
(CH(CHa),), 26.5 (CH(CHa;),), 28.8 (CH(CHa),),
30.5 (C(CH;);(#-Bu-6)), 32.3 (C(CH;)s(-Bu-4)),
34.7 (C(CH;)5(-Bu-4)), 35.1 (C(CH;)5(-Bu-6)),
39.0 (N(CH;),), 44.6 (N(CH;),), 46.7 (N(CHs),),
110.3 (C-3), 113.4 (C-5), 123.6 (C-3,5 (Dipp)), 126.0
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(C-4 (Dipp)), 134.4 (C-6), 139.6 (C-4), 144.7 (C-2,6
(Dipp)), 150.1 (C-0), 150.9 (C—N).

5N NMR (51 MHz; CDg; 6, ppm): 211.5
(NDipp).

IR (KBr; v, cm™!): 2961 s, 2867 m, 1653 m,
1636 m, 1558 m, 1541 m, 1472 m, 1457 s, 1437 m,
1419 m, 1361 w, 1326 m, 1240 m, 1102 m, 1026 m, 990
m, 796 m, 743 w, 538 w.

For C32H55N4OT3
Anal. calcd., % C, 5548 H, 8.00 N, 8.09
Found, % C, 55.10 H, 7.85 N, 8.25

Synthesis of [Ta(APP®P),(NMe,)]-0.5C;H,, (I
0.5C;H,;). Ta(NMe,)s (100 mg, 0.249 mmol) and
H,APP™ (192 mg, 0.503 mmol) were placed into a
Schlenk vessel and evacuated. Toluene (30 mL) was
condensed into the vessel under reduced pressure with
liquid nitrogen cooling. After warming up to room
temperature, the resulting orange-red mixture was
heated on an oil bath (7= 55°C) with stirring for two
days. The solvent was evaporated in vacuum, the resi-
due was extracted with pentane (30 mL), and the
extract was decanted into a double-elbow tube. Slow
evaporation resulted in the formation of dark red oil,
in which bundles of red-brown crystals were formed
after careful heating in an air bath for 3 days. The yield
was 150 mg (61%).

'H NMR (500 MHz, C;Dg 8, ppm): 1.10 (d, J =
6.9 Hz, 6H, CH(CH5;),-2), 1.13 (s, 9H, #-Bu-4), 1.20
(s, 9H, -Bu-6), 1.22 (d, / = 6.7 Hz, 6H, CH(CH,;),-
2),1.30(d, /J=6.9 Hz, 6H, CH(CH,;),-6), 1.40 (d, J =
7.0 Hz, 6H, CH(CH,;),-6), 3.39 (s, 6H, N(CH,),),
3.49 (sept., /= 6.8 Hz, 2H, CH(CHs),-2), 3.51 (sept.,
J =6.9 Hz, 2H, CH(CH,),-6), 6.14 (d, J/ = 2.1 Hz,
2H, CH-3),6.92(d, /J=2.1 Hz, IH, CH-5), 7.20 (dd,
2H, 3J = 7.6 Hz, *J = 2.0 Hz, CH-3 (Dipp)), 7.22 (t,
2H, J = 7.6 Hz, CH-4 (Dipp)), 7.32 (dd, 2H, 3J =
7.1 Hz, *J= 2.0 Hz, CH-5 (Dipp)).

BC{'H} NMR (126 MHz, C/D, &, ppm):
247 (CH(CH,),-6), 253  ((CH(CH,),)-2),
255 ((CH(CHy),-2), 255 ((CH(CHj),)-6),

28.5 ((CH(CH,),)-6), 28.6 ((CH(CH,),)-2), 30.1
(C(CH,)5(t-Bu-6)), 31.8 (C(CH):(+-Bu-4)), 34.6
(C(CH,)5(+-Bu-6)), 34.8 (C(CH,);(+-Bu-4)), 44.3
(N(CH,),)), 110.3 (C-3), 114.6 (C-5), 123.7 (C-5
(Dipp)), 125.3 (C-3 (Dipp)), 125.7 (C-4 (Dipp)),
135.6 (C-6), 143.5 (C-1 (Dipp)), 144.3 (C-4), 145.3
(C-6 (Dipp)), 145.7 (C-2 (Dipp)), 146.9 (C—0), 151.6
(C—N).

SN NMR (51 MHz, C,D; 8, ppm): 189.7 (NMe,),
206.8 (NDipp).

IR (KBr, v, cm™): 3057 w, 2963 s, 2867 s, 2790 w,
1576 m, 1465 s, 1442 s, 1410 s, 1360 m, 1321 m,
1286 m, 1251 m, 1229 m, 1201 s, 1109 w, 1056 w,
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Table 1. Crystallographic data and structure refinement parameters for I and II-0.5CsH ,

Value
Parameter
I1-:0.5CsH,,

Molecular formula C;,H55sN,OTa Cs6.5HggN3;0,Ta
M 692.75 1020.23
System, space group Triclinic, P1 Monoclinic, P2;/n
a, A 10.1202(5) 11.3038(6)
b, A 12.1128(7) 23.2747(13)
c, A 14.6967(8) 20.7177(11)
o, deg 93.090(2) 90
B, deg 98.061(2) 91.566(2)
v, deg 110.526(2) 90
v, A3 1660.18(16) 5448.6(5)
A 4
®, mm~! 3.339 2.058
Crystal size, mm 0.27 X 0.22 x 0.18 0.23 x 0.21 %< 0.05
F(000) 712.0 2140.0
Data collection range of 20, deg 3.612—54.262 2.632—48.812
Range of indices 4, k, [ —12<h <11, —13<h <13,

—15<k<15, —27<k<27,

—18</<18 —24<I/<19
Numbers of measured, unique, and 19766, 7305, 7027 57326, 8960, 7060
observed (I > 26([/)) reflections
Rt 0.0215 0.0727
Number of refined parameters 359 591
GOOF 1.064 1.172
Ry, wR, (I >206(1)) 0.0153, 0.0366 0.0624, 0.1270
R, wR, (all reflections) 0.0165, 0.0370 0.0828, 0.1336
Number of constraints 0
APriin/APimax: € A~ —0.48/0.41 ~3.63/1.93

977 m, 926 m, 907 m, 857 m, 824 s, 801 m, 748 w,
647 m, 586 m, 554 m.

For C54HgyN;O,Ta
Anal. calcd., % C, 65.90 H, 8.19 N, 4.27
Found, % C, 65.50 H, 8.15 N, 4.05

X-ray diffraction study. All measurements were car-
ried out on a Bruker-Nonius X8 APEX four-circle
automated diffractometer (CCD array detector, A =
0.71073 A, graphite monochromator). The reflection
intensities were measured by @-scanning of narrow
(0.5°) frames. The absorption corrections were
applied empirically (SADABS) [22]. The structures
were solved using the SHELXS [23] and SHELXT
[24] program packages and refined in the SHELXL
program package [25] in the anisotropic approxima-
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tion for non-hydrogen atoms using the Olex2 software
shell [26]. The hydrogen atoms were located geomet-
rically and refined in the rigid body approximation.
The crystallographic characteristics of the complex
and X-ray experiment details are presented in Table 1.

The crystallographic data are deposited with the
Cambridge Crystallographic Data Centre (CCDC
nos. 2060699 (I) and 2060700 (II-0.5CsH,,);

http://www. ccdc.cam.ac.uk/conts/retrieving.html).

RESULTS AND DISCUSSION

The reaction of Ta(NMe,)s; and aminophenol
H,APP"? (1 : 1) in toluene followed by product recrys-
tallization from pentane resulted in the isolation of the
amidophenolate complex [Ta(APPPP)(NMe,);] (I,
Scheme 2). The product has a distorted trigonal-bipy-
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Fig. 1. Molecular structure of complex I. Selected bond lengths and angles: Ta(1)—O(11), 2.0129(12); Ta(1)—N(11), 2.0632(15);
Ta(1)—N(21), 1.9634(15); Ta(1)=N(31), 1.9653(16); Ta(1)—N(41), 1.9958(16) A; and O(11)Ta(1)N(11), 75.00(5)°.

ramidal structure (Fig. 1), where the N(11), N(21), what exceeds the corresponding values for dimethyl-
and N(31) nitrogen atoms form the equatorial plane of  amjide ligands in the equatorial plane of the complex.
the trigonal bipyramid (TBP), with the NTaN angles The quantitative analysis of the structure by Shape

being 121.51(6)°, 117.27(7)°, and 120.13(6)°. The ;
O(21) and N(41) atoms are in the axial positions, and ~ Program [27, 28] unambiguously attests to TBP as the
the Ta(1)—N(41) bond length (1.9959(16) A) some- coordination polyhedron (So(TBP) = 0.613).

t
Bu Me,N

NMGZ .
'Pr

o) tBu
\Ta/NMez OH ‘Bu \ ipr
Bu N/ ~ NMe, _TaNMey)s Ta(NMey)s O——Ta N .
Pr Pr ‘Bu NH \ u
Pr 'Pr 'Bu i 0)

. T
’Pr\© Bu

(D (In)

Scheme 2.

The reaction of Ta(NMe,)s with aminophenol bis(amidophenolate) complex [Ta(APPPP),(NMe,)]-
H,APPP in 1 : 2 ratio in toluene followed by recrystal-  0.5CsH,, (II'0.5CsH},). Most likely, complex IT has a
lization from pentane resulted in the synthesis of the distorted square-pyramidal (CP) structure (Ta
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Fig. 2. Molecular structure of complex II. Selected bond lengths and angles: Ta(1)—O(11), 1.941(5); Ta(1)—0O(21), 1.927(5);
Ta(1)=N(11), 2.029(7); Ta(1)=N(21), 2.038(7); Ta(1)=N(3), 1.923(7) A; and O(11)Ta(1)N(11), 78.5(3)°; O(21)Ta(1)N(21),

76.8(3)°.

C.N.=5), although structure analysis using the
Shape program gives comparable values for both (TBP
and CP) coordination polyhedra (So(TBP) = 1.745,
So(CP) = 2.115). The amidophenolate ligands are
located in the basal plane of the CP in transoid posi-
tions relatively to each other (Fig. 2). The C—O and
C—N bond lengths of 1.368(10) and 1.417(11) A are
typical of amidophenolates. The Ta(1)—N(3) bond
length (1.923(7) A) and the sum of the three bond
angles at N(3) (360.0°) confirm the ligand coordina-
tion in the amide form. Alternatively, the coordination
polyhedron of complex II can be treated as a distorted
trigonal bipyramid with three N atoms in the equato-
rial plane and axial O atoms. The NTaN angles are in
the 113.4(3)°—129.8(3)° range, the O(1)Ta(1)O(2)
angle is 161.1(2)°, which attests to considerable devia-
tion from the ideal TBP geometry.

The reaction of Ta(NMe,)s with H,APP®" in 1 : 3
molar ratio also yields complex II. The formation of
this product instead of the anionic tris(amidopheno-
late) [Ta(APP®P),]~ or neutral [ Ta(APP"P),(HAPP®P)]
is attributable to the presence of bulky diisopropylphe-
nyl substituent at the nitrogen atom. The known
homoleptic complexes [M"(ISQR);] (M = Cr, Fe,
Co) contain relatively small phenyl and 3,5-difluoro-
phenyl substituents at the iminosemiquinolate nitro-
gen [1]. Also, vanadium complex [VY(APP"),(HAP™")]
containing monoprotonated N-phenyl-3,5-di-fert-
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butylamidophenolate is known [1]. This provides the
conclusion that that steric restrictions caused by the
presence of three bulky diisopropylphenyl groups are
too pronounced even for a relatively large central ion
such as Ta>*.

Complexes I and II were also characterized by 'H,
BC, and PN NMR spectroscopy. The results of analy-
sis indicate a rather rigid conformation of these com-
pounds in solution. The structure of compound II is
more rigid: for I, only the methyl groups of the isopro-
pyl moiety are non-equivalent, whereas in the spectra
of II, all groups of atoms give rise to separate well-
resolved signals. The chemical shifts for arylamide
nitrogen virtually coincide for I and II (65 = 211.5 and
206.8 ppm, respectively). The signal for the dimethyl-
amine ligand in IT (8y = 189.8 ppm) is somewhat
shifted downfield compared to that in Ta(NMe,)s
(164.6 ppm). In the "N NMR spectrum of complex I,
no signals for dimethylamide ligands were detected,
which may be due to insufficiently fast (on the NMR
time scale) conformation exchange between the non-
equivalent positions of the stereochemically non-rigid
structure with C.N. of 5. This assumption is supported
by considerable broadening of the 'H NMR signals of

NMe, groups in complex I (®,,, ~ 7—25 Hz) in com-
parison with II (®, , ~2 Hz). The carbon signal at the
C—N bond (C-2) is shifted upfield in comparison with
that of the C—O carbon (C-1). Also, the signal of the

No.9 2021
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H-3 atom is located in markedly lower field. This is
most likely due to the mutually perpendicular posi-
tions of the rings: the C-2 carbon atom is located vir-
tually in the plane of the ring of the diisopropylphenyl
moiety and experiences the de-shielding effect of the
aromatic ring, whereas the H-5 hydrogen atom is
located above the ring plane and falls into the shielding
region (cf. [29]).

Thus, we demonstrated that the reaction of
Ta(NMe,); with aminophenol H,APPP? gives,
depending on the reactant ratio, [Ta(APPP)(NMe,);]
or [Ta(APP*P),(NMe,)], which represent the first
amidophenolate tantalum complexes. The tris-ami-
dophenolate complex cannot be obtained, probably
for steric reasons. It is noteworthy that the coordina-
tion number for both complexes is five, which suggests
a certain coordinative unsaturation and Lewis acidity
of the amidophenolate complexes. Complex II has a
markedly distorted structure intermediate between the
CP and TBP geometry of the coordination polyhedron
of tantalum.
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