Inorganica Chimica Acta, 42 (1980) 139143
©Elsevier Sequoia S.A., Lausanne — Printed in Switzerland

139

Studies on Macrocyclic Complexes Derived from vic-Dioximes. Part V*. The Crystal
and Molecular Structure of the 1:1 Adduct of 4,4 -Bipyridine with Bis(difluoroboron-

dimethylglyoximato)nickel(II)

FREDERICK S. STEPHENS and ROBERT S. VAGG

School of Chemistry, Macquarie University, North Ryde, N.S.W. 2113, Australia

Received March 15, 1980

The 1:1 adduct of 4,4'-bipyridine with bis(di-
fluoroborondimethylglyoximato Jnickel(Il) is orthor-
hombic, space group 1222, a=10.108(5), b = 13.929-
(5), ¢=15.687(5) A, Z =4. The structure was refined
to R = 0.080 for 835 photographic reflexions. The
structure consists of NifdmgBF, ), dimer units
bridged by 4,4'-bipyridine molecules forming poly-
meric chains parallel to c. The remaining 4,4'-bipyri-
dine molecule per dimer unit acts as a solvate and is
also aligned along c. The Ni atom is co-ordinated to
four N atoms of the closely planar macrocycle
[average, Ni—-N 1.85(1) A, N-Ni-N 80.0(6) and 98.6-
(6)°] and a 4,4'-bipyridine N atom [Ni—N 2.35(1) A)
forming an irregular square pyramid. The Ni atom is
0.20 A out of the plane of the equatorial N atoms
and the Ni++*Ni separation in the dimer units is
3.909(3) A. The 4,4'-bipyridine molecules are non-
planar, the pyridyl rings being rotated by 34 and 40°
about the 4,4’-bond for the coordinated and solvate
molecules respectively.

Introduction

Bis (difluoroborondimethylglyoximato) nickel (IT),
Ni(dmgBF,),, has been shown to be dimeric both
in the solid state [1] and in solution [3]. Monoden-
tate bases form 1:1 adducts in solution [5] and the
solid state [3, 4] with the retention of the dimeric
nature of the parent. We have isolated with 4,4’
bipyridine 1:1 and 1:2 adducts both of which are
diamagnetic. Since 4,4'-bipyridine cannot act as a
multidentate ligand the 1:2 compound can be
envisaged with the bipyridine bridging dimeric Ni-
(dmgBF,), units. Several structural possibilities are
feasible for the 1:1 compound and hence we under-
took the structural investigation here reported.

*Parts I-IV may be taken as references [1]—[4].

Experimental

Clystal Data: C18H20B2F4N604Ni, Mr = 540.7,
Orthorhombic, a = 10.108(5), b = 13.929(5), ¢ =
15.687(5) A, U = 2208.6 A3, D,, = 1.62 (by flota-
tion), Z = 4, D, = 1.626 g cm 3, F(000) = 1104,
#(MoK,) = 9.5 cm . Systematic absences A, k, I if
h + k + 1 # 2n, Space group 1222 (No. 23), 12,2,2,
(No. 24), Imm2 (No. 45) or Immm (No. 71).

The complex crystallises as deep-red [001] elon-
gated hexagonal prismatic plates, with [100] the pris-
matic axis, on the addition of 4,4’-bipyridine dihy-
drate to a warm acetone solution of Ni(dmgBF,),.
Cell parameters were determined from precession
photographs using Mo-K, radiation. Intensities were
estimated visually from precession photographs for
the layers 0—3 about [100], 0—4 about [010] and
0-5 about [110]. They were corrected for Lorentz
and polarisation effects but no correction for absorp-
tion or extinction was applied. The structure factors
were placed on a common scale by internal correla-
tion, and 835 non-zero unique reflexions were
obtained. Scattering factors were taken from Inter-
national Tables for X-ray Crystallography [6]. All
calculations were carried out on a UNIVAC 1106
computer with programmes written by F.S.S.

From the systematic absences the space group is
1222, 12,2,2,, Imm2 or Immm. With four Ni(dmg
BF,),(4,4"bipy) units per cell each space group
imposes symmetry requirements on the formula unit,
the first two groups impose 2, the third m and the
fourth mm. Of these the last is unlikely. The three-
dimensional Patterson synthesis indicated the space
group to be 1222 which was subsequently confirmed
by the successful analysis.

The structure was solved by the heavy-atom
method and refined by full matrix-least squares in
which TwA? was minimised. Weights were initially
unity and in the final stages w = (10.0 + 0.11F, [)™*.
Reflexions were omitted from a refinement cycle if
IF.| < 0.3|F,|. After isotopic refinement a difference
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TABLE 1. Final Atomic Co-ordinates with Estimated
Standard Deviations in Parentheses (Fractional X 10%).

x/a y/b z/c
Ni 0 0 1246(2)
N(11) 1812(11) -128(9) 1106(7)
N(12) —122(15) 1314(8) 1127(6)
N(2) 0 0 2243(21)
N(3) 0 5000 4526(9)
B 2245(22) 1569(14) 1402(12)
F(1) 2083(13) 1496(9) 2293(6)
F(2) 3186(10) 2225(7) 1188(9)
0o(11) 2701(11) 626(8) 1069(9)
0(12) 976(15) 1914(9) 1036(11)
C(11) 2276(17) -975(14) 1017(12)
C(12) —1249(21) 1694(16) 1012(12)
C(M11) 3713(19) ~1173(16) 930(14)
C(M12) —1478(22) 2752(14) 906(13)
C(21) —340(15) 781(10) 3172(8)
C(22) -33117) 820(9) 4050(8)
C(23) 0 0 4526(9)
C(31) 1019(25) 4729(25) 1802(16)
C(32) 1142(27) 4707(15) 942(15)
C(33) 0 5000 486(18)

map indicated approximate positions for all hydro-
gen atoms. The positions of these atoms were
optimised, assuming C—H to be 1.0 A, and they were
included in the calculations but not refined. The
refinement was terminated when the change in mini-
misation function was <0.05%. 832 reflexions were
included in the final cycle. The final R, based on 835
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reflexions, was 0.080 and R'[=(ZwA?/Zw|F,|*)!?]
was 0.091. A final difference map showed no features
>|0.7|eA73. The final atomic parameters are given in
Tables I, II and III. A lists of observed and calculated
structure factors has been deposited with the Editor.

TABLE III. Hydrogen Atom Parameters (Co-ordinates: frac-
tional X 103).

x/a y/b z/c
H(111) 421 -65 77
H112) 380 ~167 53
H(113) 410 —141 140
H(121) —65 306 72
H(122) —173 294 147
H(123) -223 289 49
H(21) -60 137 282
H(22) -54 145 437
H(31) 178 437 218
H@32) 199 452 62

For all hydrogen atoms B = 6.0 A2,

Results and Discussion

The structure consists of Ni(dmgBF,), dimer
units bridged by 4,4'-bipyridine molecules forming
polymeric chains parallel to ¢. The remaining 4,4'-
bipyridine molecule acts as a solvate which is also
aligned along c. The bond lengths and angles are given

TABLE II. Final Anisotropic Thermal Parameters (X 104) [with Estimated Standard Deviations in Parentheses] in the form

exp —(h%byy + k?byy + Pbyy + 2hkby, + 2hlby3 + 2kiby).

by by b3s by, b bxn

Ni 78(3) 34(1) 21(1) -2(3) 0 0
N(11) 66(11) 24(7 36(5) —-12(11) 3D 12(6)
N(12) 28(12) 55(7) 194) -27(10) -10(10) -34)
N(2) 133(22) 34(8) 14(5) 23(25) 0 0
N(3) 183(48) 314(58) 76(17) 134(57) 0 0

B 107(26) 44(10) 36(9) 5(16) 3(13) -2(8)
FQ) 171(16) 85(8) 36(4) -17(12) —16(8) —4(5)
F(2) 104(12) 66(6) 76(1) -39(8) 59) ¥
o(11) 66(13) 55(6) 48(7) -19(9) ~2(8) —6(6)
0(12) 121(15) 52(7) 40(7) 16(10) -23(9) 2(6)
C(11) 68(19) 61(11) 28(7) —8(14) 0(10) -2(7)
C(12) 120(29) 70(13) 19(7) 50(16) -7(12) 1(8)
C(M11) 97(23) 83(15) 66(12) 21(15) 21(14) 7(11)
C(M12) 149(27) 57(11) 55(10) 28(16) 10(14) 8(9)
C(21) 101(25) 3T 22(5) 1(11) —3(8) 2(5)
C(22) 134(28) 30(7) 17(4) -2(11) 11(9) 1(4)
C(23) 70(20) 44(10) 14(5) —-23(28) 0 0
C(31) 134(30) 171(40) 63(12) —4027) —-18(16) 8(16)
C(32) 194(37) 72(16) 67(12) -19(19) 29(18) 14(10)
C(33) 107(32) 61(16) 84(16) -29(39) 0 0
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TABLE IV. Bond Lengths and Angles with Estimated Standard Deviations in Parentheses.

(a) Distances (A)*
Ni-++Nil 3.909(3)

141

Ni-N(11) 1.85(1) Ni-N(12) 1.84(1)
Ni-N(2) 2.35(1) ca1-c2 1.44(3)
N(11)-C(11) 1.28(2) N(12)-C(12) 1.27(2)
C(11)-C(M11) 1.49(2) C(12)-C(M12) 1.50(3)
N(11)-0(11) 1.38(2) N(12)-0(12) 1.40(2)
O(11)-B 1.49(2) O(12)-B 1.49(2)
B~F(1) 1.41(2) B-F(2) 1.36(2)
N(@2)-C(21) 1.32(1) N(3)-C(31) 1.30(3)
C(21)-C(22) 1.38(2) C(31)-C(32) 1.35(3)
C(22)-C(23) 1.40Q1) C(32)-C(33) 1.42(3)
C(23)-C(2311) 1.49(2) C(33)-C(33'Y) 1.52(4)
(b) Angles (°)*
N(11)-Ni-N(12) 98.6(6) N(11)-Ni-N(1210) 80.0(6)
N(11)-Ni-N(111) 166.4(5) N(12)-Ni-N(121} 168.4(5)
N(2)-Ni-N(11) 96.8(4) N(2)-Ni-N(12) 95.8(3)
Ni-N(11)-0(11) 125(1) Ni-N(12)-0(12) 123(1)
Ni-N(11)-C(11) 118(1) Ni-N(12)-C(12) 119(1)
O(11)-N(11)-C(11) 117(1) 0(12)-N(12)—C(12) 117(1)
N(11)-C(11)-C(121T) 112(1) N(12)-C(12)-Cc(111} 111Q1)
N(11)-C(11)-C(M11) 123(2) N(12)-C(12)-C(M12) 124(2)
C(M11)-c(11)-Cc(12!h 125(1) C(M12)-C(12)-C(111) 125(1)
N(11)-0(11)-B 117(1) N(12)-0(12)-B 117Q1)
0(11)-B-0(12) 115(1) F(1)-B~F(2) 112(2)
0(11)-B-F(1) 109(1) 0(12)-B-F(1) 108(2)
O(11)-B-F(2) 107(2) 0(12)-B-F(2) 107(1)
Ni-N(2)-C(21) 120(1) CG31)-NG)C(31Y) 116(3)
C(21)-NQ2)—C(211) 119(1) N(3)-C(31)-C(32) 128(3)
N(@2)-C(21)-C(22) 122(1) C(31)-C(32)-C(33) 115(3)
C(21)-C(22)—C(23) 120(1) C(32)-C(33)-C(32V) 119(3)
C(22)—-C(23)—C(2211) 116(1) C(32)-C(33)-Cc(331V) 120(3)
C(22)—-C(23)—C(23111) 122(1)
*Roman numerals as superscripts refer to the following equivalent positions relative to atoms at
X, ¥, 2

I x, 772 IV x,1-y,2

I x7:z V %1-y,z
m x7,1-z

in Table IV. Figure 1 shows the polymeric unit and
the labelling of atoms [7]. The packing in the crystal
is shown in Fig. 2. The arrangement of the Ni(dmg
BF,), dimer units in the cell is similar to that in the
parent with the exception that the stacking distance
between units is increased by the bridging bipyridine
molecules. It is this separation which creates a hole
between dimer units sufficiently large to accommo-
date solvate 4,4'-bipyridine molecules. The inter-
molecular contact distances <3.5 A are given in
Table V.

The space group imposes 222 (D;) symmetry
points midway between the Ni+*Ni of the dimer
units and the centres of the 4,4'-bonds of the bipyri-
dine rings. The dimeric nature of the parent Ni(dmg

BF,), and the conformation of the moieties relative
to one another [1] is retained on co-ordination of the
base in axial positions forming square-pyramidal

TABLE V., Contact Distances (A) < 3.5 A*.

F(2)++-C(22V1]) 3.13
F(2)+++C(21 V1) 3.31
F(1)++sCM12V1]) 3.35
F(1)+++C(31V11}) 3.43
F(2)++-C(M111%) 3.48

0(12)-++Cc12Vl)  3.24
0(12)++-C(M12VY) 3,30
O(11)++-C(11Y 3.34
o(11)---CcM11h)  3.39
N(11)-<-N(111) 3.49

*Roman numeral superscripts -V are as defined in Table IV.

Vil %y,72 VII %-xy-%Y%-z
VII %+x, -y -z IX 1-x,72
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Fig. 1. A perspective drawing of the {(4,4'-bipy)[Ni(dmg
BF3)2]2}n chain molecular unit with the labeiling of the
atoms. Thermal ellipsoids are drawn to include 35%
probability.

F, S. Stephensand R. S. Vagg

(b)

Fig. 2. The packing in the crystal. (a) Projected down ¢ and
(b) projected down b with only the polymeric chains and
solvate molecule centred at & = 0 shown for clarity.

environments about the Ni atoms. The Ni atom is
displaced 0.20 A from the equatorial co-ordination
plane (Table VI) towards the pyridyl N atom and this
results in a small angular distortion of the macro-
cyclic rings from the planarity observed in the parent
structure even though the bond lengths are
unchanged. The pyridyl Ni-N length of 235 A is
considerably shorter than the corresponding distances
(2.72 and 2.60 A) in the aniline adduct {4] and this
shortening is accompanied by a lengthening of the
Ni+--Ni separation from 3.654 A [4] to 3.909 A,
Unlike the aniline adduct which changes to the
M-L-M stacking arrangement [8], the bipyridyl
adduct retains the M—M arrangement of the parent.

Even though the separation of the Ni atoms in the
dimer units is large the close packing of the two
macrocycles is retained. The C---O contacts of 3.24
and 3.34 A (Table V) are slightly longer than the
corresponding values in the parent (3.13-3.17 A)
[1] and the aniline adduct (3.15-3.25 A) [4]. The
separation between the planes containing the four
oxygen atoms of one moiety with the plane con-
taining the four carbon atoms of the other (Table VI)
is 3.24 A which is in accord with the predicted
spacing of about 3.2 A for the close packing of
organic ligands in these type of complexes [8].

The bond lengths and angles in the bipyridine
molecules are in good agreement with those reported
in structures of 4,4"-bipyridylium salts [9]. However
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TABLE VI. Least-squares Planes and Their Equations Given by IX + mY + nZ — p = 0 where X, Y, and Z are the Co-ordinates in
A. Deviations (&) of the Most Relevant Atoms from the Planes are Given in Square Brackets. Roman Numeral Superscripts are as
Defined in Table IV,

Plane (1): N(11), N(12), N(111T), N(121T) 0.0000 0.0000 1.0000 1.7514
[N(11) —0.02; N(12) 0.02; Ni 0.20; N(2) 2.56; 0(11) —0.07; O(12) —0.13; C(11), C(12) ~0.16; C(M11) —0.29; C(M12)
—0.33;B 0.45; F(1) 1.85; F(2) 0.11]

Plane (2): Ni, N(11), N(12'T) 0.1096 -0.0938 0.9895 1.9344
[O(11) —-0.06; C(11) 0.02; C(M11) 0.07; c(121h), c(M121) < 10.011; O(1211) —0.18]

Plane (3): N(2), C(21), C(22), C(23), C(22'D), C(211)  —0.9569 —0.2905 0.0000 0.0000
[C(21) 0.01; C(22) ~0.01]

Plane (4): N(3), C(31), C(32), C(33), C(321V), c311Y)  0.3384 0.9410 0.0000 6.5536
[C(31) <10.011; C(32) < 0.01]

Plane (5): C(11), C(12), c(1111), c121h 0.0000 0.0000 1.0000 1.5914

[C(11) 0.005; C(12) —0.005; N(11) 0.14; N(12) 0.17; O(11) 0.09; O(12) 0.03; C(M11) —0.13; C(M12) —0.18; Ni 0.36;
N(2) 2.72]

Plane (6): O(11), 0(12), (111, 0(121T) 0.0000 0.0000 1.0000 1.6513
[O(11) 0.03; 0(12) —0.03; N(11) 0.08; N(12) 0.12; C(11), C(12) —-0.06; C(M11) —0.19; C(M12) —0.23; Ni 0.30; N(2) 2.66]
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