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The Crystal and Molecular Structure of Bis[dihydrobis-(1-pyrazolyl)borato]nickel(II):
Evidence for the Absence of Ni-H Interaction in Polypyrazolyl Borates of Nickel

By H.M.EcHoLs* AND D. DENNIST

Chemistry Department, University of Delaware, Newark, Delaware 19711, U.S.A.

(Received 2 September 1975; accepted T November 1975)

The crystal structure of bis[dihydrobis-(1-pyrazolyl)borato]lnickel(IT), [H,B(C5N;H3),];Ni"", has been
determined to a reliability index R=0-056. The space group is Pbca with cell parameters a=6-331 (2),
b=17-485(7), and ¢ = 14519 (3) A. The X-ray structure of this compound supports the recent hypothesis
that the methylene H atoms of the bis[diethyl bis-(1-pyrazolyl)borato]nickel(II) complex do not act as

apical ligands.

Introduction

Kosky, Ganis & Avitabile (1971) and Cotton, Jeremic
& Shaver (1972) have reported an electronic interac-
tion between the central metal and a nearby hydrogen
in pyrazolyl borates of molybdenum, resulting in a
stable 18-electron configuration and near octahedral
geometry, The crystal structure of bis[diethyl bis-(1-
pyrazolyl)borato]nickel(II) (Echols & Dennis, 1974)
suggested that no such electronic interaction exists in
this nickel complex. Although methylene H atoms oc-
cupy apical positions near nickel, there was no reason
to propose that they were acting as ligands since there
was no perturbation of the Ni-N bond lengths from
the square planar values of analogous compounds
(Nyburg & Wood, 1964). The present structure deter-
mination was undertaken to resolve the question of
Ni-H interaction. The dihydro derivative serves as an
excellent control for the comparison of Ni-N bond
lengths.

* Submitted in partial fulfillment of the degree of Doctor
of Philosophy at the University of Delaware, Newark, Dela-
ware 19711, U.S.A.

1 To whom correspondence should be directed.

Experimental

Red-orange crystals of bis[dihydrobis-(1-pyrazolyl)-
borato]nickel(Il), [H,B(C;N,H;),]),Ni!!, were provided
by Dr S. Trofimenko. Precession photographs showed
systematic absences characteristic of the space group
Pbca: k=2n+1 for Okl, /=2n+1 for hO/, and h=
2n+1 for hk0; h00, 0k0, and 00/ reflections had ab-
sences of h=2n+1, k=2n+1, and /=2n+1 respec-
tively.

Unit-cell dimensions (Table 1) were calculated by
least-squares refinement of 26, w, and y settings for
15 independent reflections. Intensity data were col-
lected on a Syntex PT computer-controlled diffrac-
tometer using molybdenum graphite-monochromatized
radiation in the 6-26 scan mode. Individual scan speeds
were determined by a rapid scan at the calculated Bragg
peak; the final scan rate varied from 2:0 to 24-0°
min~!, Background counts on each side of the peak
were counted for } the peak scan time. Three reflec-
tions were monitored 28 times during the data collec-
tion to check alignment and decomposition. Two sym-
metry equivalent sets of data (hk/ and hkl) were col-
lected ; equivalent reflections in these two sets showed
no evidence of decomposition or the need for absorp-
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tion corrections. All reflections were corrected for
Lorentz and polarization effects, and the two sets of
data were averaged. The resulting reflections were as-
signed observational variances o(F) on the basis of
counting statistics for the scan and background. All
reflections had sin 6/2<0-70. During least-squares re-
finement, six reflections (002, 020, 111, 113, 200, and
210) were discarded with values of w*4F much greater
than the rest. The first four were large reflections, and
their intensities were suspected to have exceeded the
linearity of the counter. Atomic scattering factors for

Table 1. Crystal data

Molecular formula: NiNgB,C,,Hs

M.W. 352-65

Crystal dimensions: 0-4 x0-35x 0-:3 mm
Space group: Pbca

a= 63312) A

b=17-485 (7)

c=14'519 (3)

D, =148 gcm™3

D, =1-458

Z=4

Radiation: Mo Ka, 1,,.=0-7114 A

Number of refiections taken/used: 2336/2302
Set of hkl taken: +h+k+! & +h—k+1
Linear absorption coefficient, #=12-36 cm !

BIS[DIHYDROBIS-(1-PYRAZOLYL)BORATO]INICKEL(II)

Table 2. Positional parameters as fractional coordinates,
with standard deviations in parentheses

X ¥ z
Ni 0-00000 0-00000 0-00000
N(I —0:0326 (4) 0-0965 (1) —-0:0577 (1)
N(2) - 0-0835 (4 0-1607 (1) —0-0091 (1)
N(3) —0-2238 (4) 0-0222 (D 0-0818 (1)
N(4) —0-2504 (4) 0-0931 (1) 0-1192 (1)
B —0-0864 (5) 0-1568 (2) 0-0979 (2)
C(1) —0-1286 (5) 0-2175 (1) —0-0680 (2)
C(2) —0-1104 (6) 0-1904 (2) —0-1566 (2)
C(3) —0-0478 (5) 0-1147 (2) —0:1470 (2)
C(4) —0-3932 (5) —0-0198 (2) 0-1065 (2)
C(5) —0-5296 (5) 0-0247 (2) 0-1598 (2)
C(6) —0-4316 (4) 0-0950 (2) 0-1658 (2)
H(CDt —-0-172 0-275 —0-049
H(C2)t —-0-139 0-221 —-0-220
H(C3)t —0-016 0-076 -0-203
H(C4)t —0-420 —-0-079 0-088
H(CS)t —-0679 0-008 0-190
H(C6)t —0-492 0-144 0-203
H(B)* —0-153 0-220 0116
H'(B)* 0-047 0-142 0-121

* The positions of the hydrogen atoms on boron were
located from a difference Fourier map. An estimate of the
likely uncertainties in these positions would be approximately
three times the uncertainties observed for the boron parameters.

T The positions of the ring hydrogen atoms were calculated.

Table 3. Thermal parameters (x 10%) for the non-hydrogen atoms

Parameters are in the form exp [—27*{Uy,h2a*2 + Upok?b*? + Uy3l2c*2 + 22U, hka*b* 4 2U shla*c* + 2 Uy kIb* %3], Hydrogen atoms
were given an isotropic thermal parameter U=0-0507.

Ull UZl U33 UlZ U13 U23
Ni 43 (0) 27 (0) 32 (0) 03 (0) 07 (0) 0-3 (0)
N(1) 5-4 (1) 34 (1) 34 (1) 0-2 (1) 0-6 (1) 0-5 (1)
N(2) 49 (1) 30 (1) 44 (1) 03 (1) 03 (1) 03 (1)
N(3) 47 (1) 34 (1) 4:0 (1) 0-1 (1) 08 (1) 03 (1)
N(4) 47 (1) 37 (1) 3:5(1) 05 (1) 05() =01 (1)
B 52 (2) 4-0 (1) 40()  —02(1) 02(1)  —0-5(1)
c) 63 (2) 34 (1) 57 (2) 05()  —02(1) 11 (1)
C) 79 (2) 47 (1) 4.8 (1) 09(2)  —07(2) 16 (1)
C(3) 66 (2) 4:6 (1) 3-7(1) —0-4 (1) 03 (1) 0-6 (1)
C(4) 48 (1) 4-8 (1) 44 (1) —-0:5(1) 0-5 (1) 0-6 (1)
C(s) 43 (1) 61 (2) 46 (1) 03 (1) 07 (1) 09 (1)
C(6) 47 (1) 5:3 () 39D 1:2(1) 0-8 (1) 0-3 (1)

Fig. 1. Stereo view of [HzB(C;N;H;)z];Ni“.
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neutral Ni, N, C, B, and H were taken from Interna-
tional Tables for X-ray Crystallography (1968).

Determination of the structure and refinement

Patterson synthesis confirmed the nickel atoms at 0,0,0,
1,4,0, 0,4,1, and 1,0,%, and showed possible Ni-N
vectors. A three-dimensional Fourier synthesis phased
on the Ni atom (R=0-45) revealed the position of the
first pyrazolyl ring. These coordinates allowed the cal-
culation of a map (R=0-35) showing the locations of
the N atoms of the second pyrazolyl ring and boron.
A Fourier synthesis based on these positions (R=0-28)
located the three remaining C atoms. Inclusion of all
the non-hydrogen atoms in the asymmetric unit re-
sulted in an R value of 0-18.

Least-squares refinement of positional and isotropic
temperature parameters gave an R of 0-13; the func-
tion minimized was R(F)=>w(|F,| —|F,|)?, where unit
weights were chosen for all data throughout the refine-
ment process. The H atoms on boron were difficult
to locate accurately from a difference Fourier map.
Consequently, the calculated coordinates for all the H
atoms were used with assigned isotropic temperature
factors of 4-0 A2. These H parameters were held fixed
while the non-hydrogen parameters were refined ani-
sotropically for two cycles (R=0-068). At this point,
the six reflections with w*4F>10-0 (w=1-0) were re-
moved; three more cycles of anisotropic refinement
yielded an R of 0-056. The ring H positions were now

Fig. 2. Numbering of non-hydrogen atoms and hydrogens of
interest in [H,B(C;N,H,),],Ni'.
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recalculated (Table 2), based on the refined non-hydro-
gen parameters. A difference Fourier map involving
all non-hydrogen atoms plus the adjusted ring H coor-
dinates now clearly revealed the positions of the H
atoms on boron. A final difference Fourier map from
structure factors which included the parameters of all
the atoms in the asymmetric unit (Tables 2 and 3)
checked the fit of F, to F,; the final value of the R
index for w=1-0 was 0-056.* The X-RAY 70 system
of programs (Stewart, Kundell & Baldwin, 1970) was
used.

Description of the structure

The stereochemistry of the complex is depicted in an
ORTEP drawing in Fig. 1 (Johnson, 1970). The mo-
lecular conformation is similar to that reported for
bis[diethyl bis-(1-pyrazolyl)borato]nickel(II), and to
bis[dimethyl bis-(1-pyrazolyl)gallatolnickel(II) (Rendle,
Storr & Trotter, 1974). The planar pyrazolyl rings
joined to B create a ‘chair’ conformation about the in-
version center at Ni. The geometry about Ni is square
planar. Important planes are given in Table 4. Fig. 2
depicts the approximately tetrahedral geometry about
B and the positions of the H atoms relative to Ni.
H'(B) is closest, yet still well removed from Ni, with
an interatomic distance of 3-05 A.

Table 4. Equations of planes, angles between planes, and
displacement of atoms from planes

Plane A: Ni-N(1)-N(3)
4-120X + 6-990Y +9:371Z=0-000
Plane B: B-N(2)-N(4)
—4614X+11-966Y+0-307Z=2-305
Plane C: N(1)-N(2)-N(3)-N(4)
5-568X—1:158Y +6:812Z = —0-700

Displacements from mean plane

N 0-012 A
N(2) —0-013
NQG3) —0-012
N(4) 0-013

The X-ray structure of this Ni complex permits a
clearer evaluation of the question of electronic inter-
action between Ni and H in the complex bis[diethyl
bis-(1-pyrazolyl)borato]nickel(II). As reported earlier
(Echols & Dennis, 1974), the close proximity of the
methylene H atom to Ni (2-46 A) and its apical posi-
tion might suggest such an interaction. Kosky et al.
(1971), Cotton et al. (1972), and Cotton, La Cour &
Stanislowski (1974) have reported such interactions
between Mo and H.

In certain complexes, Ni can exist in either a di-
amagnetic square planar or a paramagnetic octahedral
state. The Ni-N bonds increase in length when the

* The structure factor tables have been deposited with the
British Library Lending Division as Supplementary Publication
No. SUP 31507 (12 pp., 1 microfiche). Copies may be obtained
through The Executive Secretary, International Union of
Crystallography, 13 White Friars, Chester CH1 1NZ, England.
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Table 5. Comparison of important distances and angles

[(CH;CH,),-

[H;B(C3N,H,),l.Ni"  B(C;N;H,)],Ni"
Bond length
Ni-N(1) 1-895 (2) A 1-875 (8) A
Ni-N(3) 1-889 (2) 1-880 (4)
Ni-B 3:136 (2) 3-159 (17)
Dihedral angle
(A,B) 79-2° 78-4°
4,0) 31-8 32-5
(B,C) 47-4 45-9

complex converts from diamagnetic (1-89 A) to para-
magnetic (2:0-2:15 A) (Nyburg & Wood, 1964). Tro-
fimenko, Jesson & Eaton (1967) have shown that the
magnetic moment of the title complex is consistent
with a diamagnetic square planar structure, and hence
it serves as a good control for the comparison of Ni-N
bond lengths, seen in Table 5. There are no significant
differences in the Ni-N bond lengths for the title com-
plex and the diethyl derivative. The control has very
slightly longer Ni-N bonds than its diethyl derivative,
not the reverse, as would be expected should a metal-
hydrogen interaction exist. A similar Ni-N bond
length (1-895 A) was found by Rendle et al. (1974) for
square planar [Me,Ga(N,C,;H,),],Ni'!. All these com-
plexes have Ni-N distances that are shorter than those
found by Reimann, Santoro & Mighell (1970) for the
clearly octahedral complex hexapyrazolenickel(Il) ni-
trate, 2:125 A.

The Ni-B distances give no indication of any inter-
action; no evidence is seen for the B atom being
‘pulled’ toward the central Ni atom. This conclusion
is supported by a comparison of the dihedral angles
for the planes in the two complexes, in Table 5. The
largest difference is a 1-5° variation in the angle be-
tween the plane B-N(2)-N(4) and the plane N(1)-N(2)-
N(3)-N(4). The smaller value (45:9°) for the diethyl
derivative indicates that the B-N(2)-N(4) plane is tilted
slightly farther away from Ni than is the correspond-
ing plane in the control. Apparently there is no force

BIS[DIHYDROBIS-(1-PYRAZOLYL)BORATO]INICKEL(II)

attracting the methylene H atom of the diethyl com-
plex closer to the central Ni.

It would therefore appear that although an H atom
may act as a ligand in other types of metal pyrazolyl
complexes, it does not do so when the central metal
is nickel. The crystal structure of bis[dihydrobis-(1-
pyrazolyl)borato]nickel(II) supports the hypothesis that
in the diethyl compound, steric restrictions dictate the
conformation of the molecule, not an interaction of
Ni with an apical H atom.

We are indebted to Professor T. Kistenmacher, who
collected the data and also provided advice through-
out the structure determination.

We are most grateful to Dr S. Trofimenko for sup-
plying the crystals and to Dr L. Guggenberger and Dr
R. C. Gearhart for helping us obtain the final stereo
drawing,
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