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The crystal structure of methyl[hydrotris(pyrazol-l-yl)borato]carbonyl- 
platinum(I1) has been determined by single crystal X-ray diffraction techniques. 
Crystals of (CH,)]HB(C,N,H,),]Pt(CO) are monoclinic, P2,/c, (z = 14.416(l), 
b = 7.951(l), c = 12.990(l) A, /3 = 104.35(l)“. The observed densiI;y (2.04 g 
cm-‘) agrees favorably with that calculated (2.08 g cmm3) on the basis of four 
molecules per unit cell. The structure was solved by the Patterson method and 
has been refined by full-matrix least squares techniques to a final Ri value of 
0.041 (R2 = 0.039) for 2124 reflections. The compound is square-planar with 
only two of the three pyrazolyl groups coordinated to the platinum atom. The 
platinum atom is located 0.015(l) A above the plane defined by the four donor 
atoms. The uncoordinated pyrazolyl group is disordered with the shortest intra- 
molecular distance involving platinum and any non-hydrogen atom of that ring 
being 3.30(l) A. The I%--N distances are 2.036(9) and 2.064(9) A; Pt-C(methyl) 
and Pt-C(carbonyl) distances are 2.070(12) and l-798(16) A, respectively. 

Introduction 

Clark and Manzer [1,2] have reported the preparation and structural char- 
acterization by NMR techniques of a series of platinum(H) complexes contain- 
ing the hydrotris(pyrazol-1-yl)borato ligand, HB(C3N2H3);, hereafter referred 
to as HB(pz)s. These complexes were prepared by cleavage of the polymeric 
complex, (CH,)[HB(pz),]Pt, with various alkenes, alkynes, allenes, and carbon 
monoxide. The NMR spectrum of each complex was consistent with the formu- 
lation of a five-coordinate geometry about the platinum atom. The single crystal 
X-ray study of the complex (CH3)[HB(pz)s]Pt(CF&=CCFs) has appeared [ 31 
and reveals a five-coordinate, trigonal bipyramidal structure for the molecule. 

* Present address: Lubricants Division. Texaco. Inc.. Port Arthur. Texas 77640 <U.S.A.). 
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The NMR spectra of the carbonyl complex, (CH,)[HB(pz)JPt(CO), indi- 
cated that the molecule consisted of a stereochemically non-rigid five-coordi- 
nate species. In order to determine the stereochemistry of the molecule and 
thereby gain additional insight into the interpretation of its NMR spectrum, a 
single c_rystal X-ray study was initiated (a preliminary account of this study has 
previously appeared) [ 43. 

Experimental 

Clear crystals of the title compound, kindly supplied by Clark and Manzer, 
were grown from hexane. All X-ray studies were performed with a Diano XRD- 
700 diffractometer equipped with a single crystal orienter, with CLI-K, radiation 
and at ambient room temperature. Qystal Data: (CH3)[HB(C3N2H&]Pt(CO), 
mol. wt. 451.2 g/mol, monoclinic, o = 14.416(l), b = 7.951(l), c = 12.990(l) 1\, 
@ = 104.35(l)“, V= 1442.6 A3, space group P21/c, D, (by flotation in AgNO, 
solution) 2-04 g cmm3, D, = 2.08 g cmm3 (assuming four molecules per cell), p = 
186.2 cm’, F(OO0) = 848 e. 

A small platelet (-0.05 X 0.16 X 0.21 mm) was selected for the X-ray 
study to avoid problems .of twinning and poor mosaic quality and was mounted 
with [i, 0, 23 parallel to the cp axis of the goniometer. Intensity weighted plots 
of the reciprocal lattice revealed diffraction symmetry of 2/m (C,,) with syste- 
matic absences (Ok0 for k odd and h01 for I odd) consistent with the space group 
P2,/c. Lattice parameters were obtained by least-squares refinement of 32 in- 
dependent 28 measurements with Kal (1.54051 a) and Kcr2 (1.54433 a) well 
resolved_ 

Measurements of w scans (0.5” take-off angle, and an open counter) for 
several reflections showed the peaks to be single, narrow (< 0.5” wide) and sym- 
metrical indicating suitable crystal quality for the stationary-crystal/stationary- 
counter technique of data collection (5” take-off angle, 1” receiving slit), using 
a balanced nickel--cobalt filter pair. Of the 2738 independent reflections mea- 
sured, 2124 (those with Inet > 7 counts set-’ ) were used in the solution and re- 
finement of the structure. Arbitrary intensities of 3.5 counts see-’ were assigned 
to those reflections with Inet < 6 counts set-’ . 

At frequent intervals throughout the data collection, the crystal was 
aligned (1” take-off angle, 0.05” receiving slit) and the intensities of four standard 
reflections monitored. The net intensities for each of’ these reflections were nor- 
malized against their respective original net intensities and their averages were 
plotted as a function of X-ray exposure hours. This plot revealed a linear iso- 
tropic decay of the crystal (18% by the end of data collection) with respect to 
X-ray exposure hours (the maximum relative deviation of any of the averaged 
values from the best fit straight line was 2.2%). The data were broken into 10 
blocks of approximately equal size and the decay correction factor applied to 
each block was chosen from this plot. 

A correction for absorption as a function of crystal shape was applied 
with correction factors ranging from 2.28 to 15.43 [ 51. The intensity data were 
corrected for Lorentz and polarization effects as well as 01~ - a2 splitting [6]. 
Standard deviations in structure factor amplitudes, CJ( IF, I), were calculated on 
the basis of counting statistics [ 73. 
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The coordinates of the platinum atom were determined from the Patterson 
map. A heavy atom map phased by the platinum atoms revealed the positions of 
the remaining nineteen non-hydrogen atoms in the structure. Due to the proxim- 
ity of atom A(2) to the inversion center at (l/2, l/2,1/2) it was interpreted as 
the nitrogen atom of the ring in order to prevent the short intermolecular con- 
tact distances involving the hydrogen atoms if the atom were a carbon atom. 

The structure was refined by full-matrix least-squares methods, including 
all 20 non-hydrogen atoms of the structure, to an R, value of 0.043 (R* = 0.059). 
All 13 hydrogen atoms were subsequently located in a difference Fourier map. 
Continued refinement of these 33 atoms resulted in an R, value of 0.039 (R2 = 
0.033). Examin ation of a difference Fourier map at this point revealed a peak 
(0.5 e/A3) near the position of a hydrogen atom on A(2) which suggested a rota- 
tional disorder in the uncomplexed pyrazolyl ring. This hypothesis was tested by 
removing the hydrogen atoms of the uncomplexed ring and refining the ring 
atoms isotropically while holding the remainder of the structure fixed. The atom 
types for atoms A(1) and A(2) were then reversed and the same process was re- 
peated. Comparison of the isotropic temperature factors for A(1) and A(2) from 
these two calculations revealed no preferential location of the nitrogen atom in 
the ring. Scattering factors were then assigned to both the atoms A(1) and A(2) 
corresponding to the average of those for carbon and nitrogen. Since several of 
the parameters for the hydrogen atoms were not well behaved in the least squares 
calculations, the hydrogen atoms of each of the coordinated pyrazolyl groups, 
as well as the hydrogen atoms of C(9) and C(10) were included in idealized posi- 
tions and were not refined. The hydrogen atoms of the methyl group were also 
removed. Additional full-matrix least squares refinement of this model resulted 
in an R1 value of 0.041 (R, = 0.039). A final difference map contained a large 
peak (1 e/A3) within 1 BL of the platinum atom, three diffuse peaks (-0.5 e/A3) 
near the methyl carbon atom C(2) and two other diffuse peaks (-0.5 e/A3) in 
chemically and structurally reasonable positions for the hydrogen atoms of A(1) 
and A(2). No other peaks in reasonable positions were observed. Scattering fac- 
tors used for boron, carbon, nitrogen, oxygen, and platinum atoms were those 
of Cromer and Waber [ 81. The anomalous dispersion corrections for the platinum 
atom were included [ 91. Scattering factors for the hydrogen atoms were taken 
from Stewart, Davidson and Simpson [lo]. 

All calculations were carried out on an IBM 360/40 computer located on 
the campus of West Texas State University. Structure factor and full-matrix 
least squares calculations were performed using the ORXFLSS [11] program. 
All Fourier calculations were made using a program by Rao 1121. 

The function minimized in the least squares calculation was Cw( IF, I--IF,l)2 
where w = l/02(IFOI). Discrepancy indexes referred to are R, = ZlIF,I--lF,II/ 
CIFJ and R, = [I=(wllFol-lF,l12)/~~(lF,,l)2] ‘12. Final atomic parameters are 
given in Tables 1 and 2. A listing of structure factors is available upon request*. 

* The table of structure factors has been deposited as NAPS Document No. MS 2697 (14 pages). Order 
from ASIS/NAPS. c/o MicrofichePublications. 440 Park Avenue South. New York. N.Y. 10016. Acopy 

may be secured by citing tbe document number. remitting 5 5.00 for photocopies or $3.00 for 

microfiche. Advance payment is required. Make checks payable to Microfiche Publications. 
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TABLE 2 

FINAL POSITIONAL PARAMETERS (X 103) AND TEMPERATURE FACTORS FOR THE HYDROGEN 

ATOMS 

x Y L B(A*) 

H 435(6) 219<10) 543<7) 4w 
H<3) 96 -81 505 5 

H<4) 212 -68 691 5 

H(5) 363 98 678 5 . 

H(6) 289 45 137 5 

H(7) 476 -11 191 5 

H(8) 521 128 374 5 
H<9) 176 704 385 5 
H(lW 353 792 408 5 

Discussion 

The atom labeling scheme for the non-hydrogen atoms and a perspective 
drawing of the molecule are shown in the stereoscopic drawing [13] in Fig. 1. 
The hydrogen atom of the carbon atom C(i) is labeled H(i). Bond distances 
and bond angles are given in Tables 3 and 4, resnectively. 

The-structure is monomeric and reveals a siightly distorted four-coordinate 
square-planar geometry about the platinum atom, with the HB(~z)~ moiety ac- 
ting as a bidentate ligand. The angle formed by the intersection of the plane de- 
fined by the atoms Pt, C(l), and C(2), plane A, and that defined by the atoms 
Pt, N(2), and N(4), plane B, is 1.9” (cf. Table 5 for the equations for planes cited 
in the text). 

The six-membered PtN,B chelate ring is in the boat conformation with Pt 
and B being respectively 0.711(l) and 0.530(12) A above the least-squares plane 
defined by the four nitrogen atoms. The dihedral angle formed by plane B and 
the plane defined by the atoms N(l), B, and N(3), plane C, is 114.3”. The Pt-B 
non-bonded distance, 3.36(l) a, observed in this compound is significantly 

Fig_ 1_ Stereoscopic view of the molecule emPloYing 30% ewiprobability ellipsoids. 
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long&than the value of 3.201(7) a observed in the five-coordinate platinum 
complex 131. This increase in Pt-B non-bonded distance corresponds to a flatten- 
ing of the PtN4B boat due to relaxation of steric requirements of a bidentate as 
opposed to a tridentate polypyrazolylborate. 

Each of the three pyrazolyl groups in this compound is planar. The bond 
distances and bond angles of the two complexed pyrazolyl rings in this work 
are in good.agreement with the values contained in a summary of six X-ray 
structures containing polypyrazolylborate ligands [ 14]_ 

A marked tendency for the HB(~z)~ ligand to assume CgV symmetry has 
been observed [3,15-171, however in this structure no such tendency is indi- 
cated. The angle formed by the intersection of the planes for the two complexed 
pyrazolyl rings, planes D and E, is 132.6”. The angles between the plane of the 
uncomplexed pyrazolyl ring, plane F, and the planes D and E are respectively 
113.0” and 107.0”. The boron atom and the platinum atom are respectively 
O.OlO(13) and 0.044(l) i% out of pIane D and 0.058(13) and 0.043(l) A out of 
plane E. The corresponding distances of the boron atom and the platinum atom 
out of plane F are 0.003(14) and 1.816(l) a, respectively. 

The bonding about the boron atom is tetrahedral with the average of the 
N-B-N angles being 109.7(S)” and the average of the B-N-H angles being 
109(9)“. The mean B-N distance, 1.53(3) A, is comparable to the average value, 
1.54(2) a, obtained from several other structures [ 3,1420]. The distance 
B-N(5) is, however, 0.048 a longer than the average of the two other B-N 
distances. Using the Cruickshank criteria 121 J this difference (Al/or = 2.10) is 
possibly significant. 

The Pt--C(methyl) distance in this compound is 2.07(l) a. In the five- 
coordinate complex [ 31 the corresponding distance is also 2.07(l) a. The aver- 
age P+C(methyl) distance for several compounds is 2.06 i 0.06 a [ 22-271, 
thus the bond distance observed in this work is reasonable. 

TABLE3 

BONDDISTANCESL4, 

i i D(ii) i i 

pt---al) 1.798(16) N(l)--N(2) 
R-c(2) 2.070(12) N(3)-N(4) 
Pt-N(2) 2.036(g) NW-A(1) 
R-N(4) 2.064<9) N(5)-A(2) 
B-N(l) 1.523(X) B-H 
B-N(3) 1.510(16) C<3)-H(3) 
B-N(5) l.564(16) C(4)-H(4) 
C(l)-0 1.156<19) C(5)--H(5) 
c<3FCc41) 1.369<19) C(6)-H<6) 
cc3)--~(2) l-324(15) C(7)_H(7) 
C(4)--c(5) 1.381(19) Cv3)-HW 
C(5)-NW 1.345<14) C(9)-H(S) 
C(6)-N(4) 1.339(15) C<lO)_H(lO) 
C<6)-C<7) 1.403<19) 
CU)-CX8> 1.339<18) 
'-X8)-N(3) l-376(14) 

C(9)-A(l) 1.383<17) 
C(9)--c(lO) 1.337<21) 
C(lO)_A<2) 1.350<18) 

DW 

1.377<12) 
1.357<12) 

1.356<14) 
l-345(15) 
1.30(S) 
1.04 

1.03 
1.05 
1.05 
1.02 
1.07 
1.07 
110-r 
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TABLE4 

BOND_4NGLES(o) 
- 

i j k Angle (ijk) i j k Angle (tjk) i j k Angle (ijk) 

c(l)-Pt-C(2) 84.0(6) C(S)--N(l)-B 126.8(10) H(3)-C(3)-N(2) 126 
C(l)-Ft-N(2) 175.2<5) C(5)-N(l)_-N(2) 108.7(S) H(3)-C(3)--C(4) 125 

C(l)-Pt-N(4) 97.0(5) N(l)-N(2)-Pt 122.4(6) H<4)-C<4)--C<3) 127 

C(2)-Pt-N(2) 91.6(5) N(l)-N(2)--C(3) 108.0(S) H(4)--Ci4)--C(5) 126 
C<2)_Pt-N(4) 179.0<5) C<3)_N2-Pt 129.6(S) H(5)-C(5)--c(4) 126 

N(2)-Pt-N(4) 87.4(3) N(4)-N(3)-B 124.8(S) H(6)---C<5)_N(1) 127 

N(l)-B-N(3) 108.9(g) N(4)-N(3)-C(8) 107.8(g) H(6)-C(6)-N(4) 125 

N(l)-B-N(5) 109.7(S) C(8)-N(3)-B 127.4(9) H(6k-'X6)--C(7) 123 
N(3)-B-N(5) 110.5<10) N(3)--N(4)-Pt 122.5(6) H(7)--C(7)-C(6) 129 
O-C(l)--pt 176.4<13) N(3)_N(4)--C(6) 106.5(S) H(7)--C(7)--C(8) 127 

N(2)-C(3)--C(4) 108.8(11) C(6)-N(4)-Pt 130.9(8) H(8)-C(8)--C(7) 124 

C(3)-C(4)--c(5) 1071.5(12) A(l)-N(5)-B 126.6(g) H@)-'X8)-N(3) 125 

C(4)-C(5)_N(l) 107.0(10) A(2)-N(5)-B 122.3<9) HW-C(S)-A(1) 124 

N(4)--C(6)-(7) 111.2<11) A(2)-N(5)-A(1) 111.1(9) H(9)-C(S)--C(10) 125 

C(6)-C(7)-C(8) 103.8(11) N(5)-A(l)--C(S) 103.4(10) H(lO)-C(lO)-A(2) 126 

C(7)-C(8)_N(3) 110.6(10) N(5)-A(2)-C(lO) 107.6(11) H(lO)-C(lO)--C(9) 127 

A(l)--C(S)-C(lO) 110.9(12) H-B-N(l) lOl(4) 

C(S)-C(lO)_A(2) 107.1(12) H-B-N(3) llS(4) 
N(P)-N(l)-B 124.6(g) H-B-N(B) 108(4) 

The observed Pt-C(carbonyl) distance in this compound is 1.80(Z) a and 
agrees with the mean value of similar distances for several structures, 1.80 * 0.04A 
[28-33]_ The carbon-oxygen distance is 1.16(2) A. This value is similar to the 
C-O distances found in other complexes containing carbonyl ligands [ 341. 

The two observed Pt-N distances in this work do not differ significantly 
from their mean value of 2.050 ,& and compare favorably to the average value 
of Pt-N distances for several other structures, 2.02 f 0.03 _4 [ 35-391. These dis- 
tances are, however, 0.083 pi shorter than the average Pt-N distance found in 
the five-coordinate complex of platinum [ 31. The non-bonded distance Pt-Al 
is 3.30 a. The observed “bite” angle of the chelating ligand (i.e., the angle 
subtended at the metal atom by the donor nitrogen atoms) in the five-coordi- 
nate compound is 83.1(3)“, whereas the “bite” angle observed in this work is 
87.4(3)“. These structural differences may be explained by the reduced steric 
requirements of the bide&ate versus the tridentate HB(~z)~ ligand. 

The shortest non-bonded contact distances involving the platinum atom 
and either atoms A(1) or A(2), the two possibilities for donor atoms on the un- 

TABLE5 

SELECTEDLEASTSQUARESPLANES(Theequationsoftheplanesareoftheform:Ax+ Br+Cz+D=O) 

E%ne Atomsdefiningtheplane A B C D 

A Pt.C(l),and C(2) -0.0340 -0.9911 -0.0947 1.2035 
B Pt.N(2).and N(4) -0.0971 -0.9870 -0.1279 1.3283 

C N(1). B.and N(3) -0.6502 0.5493 -0.5249 4.5351 
D N(l), N(2). C(3).C(4).=d C(5) 0.4764 -0.8590 -0.1874 0.7817 
E N(3). N(4),C(6). C(7).and C(8) 0.0284 0.8991 -0.4369 0.9759 

F N(5).A(l).A<2).C(S).and C(l0) 0.1573 -0.1543 -0.9754 5.3771 



coordinated pyrazolyl ring, are 5.39 and 5.61-a. These distapces are consider- 
ably greater‘than the sum of the Van der Waals radii for the respective atoms. 
The fractional coordinates of the hydrogen atoms in idealized positions on A(1) 

‘and A(2) are (0.170,0.123,0.915) and (0.456, -0.023,0.951), respectively. 
The hydrogen atom on A(1) is 2.61 A from the platinum atom, while the hy- 
drogen atom on A(2) is 1.60 A from itself through the inversion center at (l/2, 
l/2,1/2). A minor rotation of the uncomplexed ring about the B-N(5) bond 
would increase both these contact distances simultaneously, therefore these 
contact distances are not significantly shorter than expected. The shortest 
Pt-Pt intermolecular distance is 5.84 A. No other intermolecular contact dis- 
tances are shorter than the sum of their respective Van der Waals radii. 

In conclusion, the existence of the four-coordinate complex rather than 
the expected five-coordinate species allows for an alternate interpretation of 
the NMR spectrum of this compound. Fluctionality of RB(~z)~ ligands in 
similar compounds has been observed [19,40]. Extension of the “tumbling” 
mechanism of Tromfimenko 1401 to this case would require a dissociation of 
one coordinated pyrazolyl group followed by coordination of the previously 
unattached group. A rapid inversion of the PtN,B boat, as postulated by 
Calderon, et al. [ 191, constitutes a second dynamic exchange process available 
to a bidentate RB(~z)~ ligand. The exchange rate in any case must be rapid 
on the NMR time scale in order to retain the “‘Pt coupling to the protons of 
the pyrazolyl groups. 
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