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u- Tetrahydroborato - bis[ bis( triphenylphosphine -
copper(I)] perchlorate, CpHeaBCICu, O4P,, is or-
thorhombic, space group Panb witha=23.17(1), b=
18.90(1), ¢=14.94(1) A, Z=4. The structure was
refined to R = 0.045 by full matrix least squares using
2203 observed reflections. Two tetrahedral Cu(l)
atoms are linked by a tetrahedral BH, group
through bidentate hydrogen bridges. The coordina-
tion sphere about each copper is completed by two
triphenylphosphines. The P—Cu—P angles are dis-
torted [119.7(1) and 124.5(1)°]. The former is the
smallest angle observed for this type of structure.

Introduction

Cariati and Naldini [1] reported the first group of
compounds in which all the hydrogens in BH,™ are
involved in bridging two Cu(I) atoms. Because there
were no vg_y, absorbances in the infrared spectrum,
a structure with four bridging hydrogens between
boron and copper atoms was proposed. This paper
reports the crystal structure of one of these bridged
compounds, [(Cu(TPP),),BH,]*[Cl0,]” (1), where
TPP = triphenylphosphine (Fig. 1).

Experimental
{a) Complex Preparation
(i) The complex was prepared by a modification

of [1]. Dry absolute ethanol (25 cm®) containing
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Fig. 1. Designations of the atoms in u-tetrahydroborato-bis-
[bis(triphenylphosphine)copper(I)] perchlorate.

perchloric acid (0.17 g, 1.67 mmole) was added to a
suspension of tetrahydroboratobis(triphenylphos-
phine)copper(I) (2 g, 3.33 mmoles) in ethanol (40
cm?®). The solution cleared after stirring for 10 min
with evolution of H,. After a further 10 min, a white
suspension of the complex appeared. Addition of
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n-decane precipitated the remainder. The complex
was recrystallized from methylene chloride and n-
decane, and dried in vacuo at room temperature, m.p.
180 °C (Yield 84%). Anal. Found: C, 66.89; H, 5.22;
Cl, 2.70; P, 9.18%. Calc. for C,,Hg4BCICu,0,4P,:
C, 67.0; H, 496; Cl, 2.75; P. 9.60%. vy g, 2140
em ™! (s); v,(ClO4) 1090—1120 cm™ 2,

(b) Crystal Data

C,,H¢4BCICu,04P,, M =1289, orthorhombic,
space group Pnnb (variant of Pnna, D$, No. 52),a =
23.17(1), b=18.90(1), ¢ = 14.94(1) &, V = 6543(7)
A%. D, =131(1), Z=4, D, = 131 gcm™>. F(000) =
2376, u(Mo-Ka)=8.23 cm™'. Crystal size: 0.20 X
0.24 X0.36 mm. T =295 K.

(¢) Collection of X-Ray Data and Structure Solution
A data set (20,,., =45°) was collected on a
Syntex P2, four circle diffractometer (graphite mono-
chromatized Mo-Ka radiation, A = 0.7107 A yielding
4267 independent reflections, of which 2203 with
I1>30(I) were considered ‘observed’. Data were
corrected for absorption. The structure was solved
using heavy atom methods, and the atomic para-
meters refined in a 9 X9 block diagonal least squares

refinement to R =0.045 and R, =0.052. The tem-
perature factors for non-hydrogen atoms were refined
anisotropically. The hydrogen atoms were located
from a difference electron density synthesis. The
hydrogen atoms, other than those located on the B
atom were constrained at idealized tetrahedral or
trigonal positions. For all atoms the isotropic U was
set at Uy of the parent B or C atoms. Neutral atom
scattering factors were used and the non-hydrogen
atoms were corrected for anomalous dispersion. Com-
putation was carried out using the X-RAY 76 [2]
program system on a Perkin-Elmer 3240 computer.
Final positional parameters are listed in Table I,
while bond distances and angles are given in Table II.

Material available from the authors comprises:
structure factor amplitudes, thermal parameters and
hydrogen atoms parameters for the cation. Hydrogen
atom numbering follows that of the parent ring
carbon.

Discussion

In this complex the BH,™ group is tetrahedral and
bonded through four three-centred hydrogen bridges
to two tetrahedral copper(I) atoms. Two TPP ligands

TABLE 1. Atomic Co-ordinates. Hydrogen Atom Estimates are Included Only for BH4 ™ Species.

Ligand 1 Ligand 2
Atom X y z X y z
Cu 0.2500¢) 0.43702(5) 0.2500(-) 0.2500¢) 0.20229(5) 0.2500(-)
Phosphine ligand
P 0.32432(8) 0.49699(9) 0.1888(1) 0.33040(7) 0.14662(9) 0.2988(1)
C(11) 0.3089(2) 0.5890(3) 0.1628(4) 0.3219(3) 0.0524(3) 0.31974)
C(12) 0.3337(3) 0.6464(4) 0.2039(6) 0.3598(3) 0.00194) 0.2889(6)
C(13) 0.3196(4) 0.7141(4) 0.1800(7) 0.3517(4) --0.0687(4) 0.3071(7)
C(14) 0.2795(4) 0.7250(5) 0.1142(8) 0.3041(4) —0.0889(4) 0.3558(8)
C(15) 0.2535(5) 0.6713(5) 0.0745(6) 0.26524) ~0.0426(5) 0.3850(7)
C(16) 0.2673(2) 0.6012(4) 0.0977(6) 0.2737(3) 0.03104) 0.3671(5)
C(21) 0.3558(3) 0.4624(4) 0.0862(5) 0.3640(3) 0.17904) 0.4003(4)
C(22) 0.3863(4) 0.5073(4) 0.0267(5) 0.3866(4) 0.1364(5) 0.4668(6)
C(23) 0.4136(4) 0.4773(4) —-0.0472(5) 0.41224) 0.1667(6) 0.5417(6)
C(24) 0.4090(4) 0.4090(4) —0.0645(5) 0.4149(5) 0.2365(7) 0.5520(7)
C(25) 0.3802(4) 0.36354) -0.0083(6) 0.3914(5) 0.2798(5) 0.4878(7)
C(26) 0.3526(2) 0.3922(4) 0.0670(5) 0.3672(4) 0.2506(5) 0.4127(6)
C(31) 0.3867(3) 0.4998(3) 0.2636(5) 0.3877(3) 0.1551(3) 0.2150(5)
C(32) 0.4382(4) 0.5331(5) 0.2397(5) 0.3711(3) 0.1685(3) 0.1277(5)
C(33) 0.4848(4) 0.5328(5) 0.2978(7) 0.4120(4) 0.1756(4) 0.0602(5)
C(34) 0.4803(5) 0.4972(6) 0.3769(7) 0.4690(5) 0.1676(4) 0.0810(7)
C(35) 0.4307(6) 0.4649(6) 0.4031(7) 0.4866(3) 0.1537(5) 0.1679(8)
C(36) 0.3827(4) 0.4660(5) 0.3452(6) 0.4456(3) 0.1481(4) 0.2367(5)
Borohydride
B 0.2500(-) 0.3189(6) 0.2500(-)
H 0.220(-) 0.354(-) 0.211(-) 0.224(-) 0.286(-) 0.302(+)
Perchlorate
Cl 0.0000(-) 0.2500(-) 0.6963(2)
(0] 0.0340(4) 0.2946(4) 0.74477(5) 0.03144) 0.2095(5) 0.6388(6)
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TABLE II. Comparison between [(Cu(TPP),),BH4]*[ClO4]™ [1] and Cu(TPP),BH,4 [2] of:

(a) Interatomic Distances (A).

Bond (] 12] Bond (1] [2]
Cu—-P 2.256(2) 2.260(2) 2.276(1) C(22)-C(23) 1.39(1) 1.39(1)

Cu—B 2.23(1) 2.20(1) 2.184(9) C(23)-C(24) 1.32(1) 1.33(2)

Cu—-H 1.810 1.864 2.02(5) C(24)-C(25) 1.37(1) 1.37(2)
P-C(11) 1.818(7) 1.819(6) 1.817(4) C(25)-C(26) 1.40(1) 1.37(1)
P-C(21) 1.819(7) 1.812(7) 1.814(5) C(31)-C(32) 1.40(1) 1.38(1)
P-C(31) 1.828(8) 1.831(7) 1.829(4) C(31)-C(36) 1.38(1) 1.39(1)
C(1H-C(12) 1.37(1) 1.38(1) C(32)-C(33) 1.38(1) 1.39(1)
C(11)-C(16) 1.39(1) 1.38(1) C(33)-C(34) 1.36(2) 1.37(2)
C(12)-C(13) 1.37(1) 1.37(1) C(34)-C(35) 1.36(2) 1.39(2)
C(13)-C(14) 1.37(1) 1.38(1) C(35)-C(36) 1.41(2) 1.40(1)
C(14)-C(15) 1.32(1) 1.33(1) B-H 1.31 1.66 1.26(4)
C(15)-C(16) 141(1) 1.43Q1) Cl-0 1.36(1) 1.36(1)
C(21)-C(22) 1.42(1) 1.38(1)

C(21)-C(26) 1.38(1) 1.37(1)

(b) Bond Angles (°).

Bond [1] [2] Bond [1]

P(1)-Cu-P(3) 119.67(9) 124.52(9) 123.2(6) P-C(21)-C(26) 120.4(5) 118.0(6)
P(1)-Cu-B 120.16(5) 117.74(5) 118.4(1) C(22)-C(21)-C(26) 118.7(7) 117.4(7)
H-Cu-H 61 64 69(3) C(23)-C(22)-C(21) 118.7(7) 119.9(9)
Cu—-P-C(11) 114.7(2) 115.0(2) 111.1(2) C(22)-C(23)—-C(24) 121.0(8) 121.5(10)
Cu-P-C(21) 117.9(2) 111.9(2) 115.002) C(23)-C(24)-C(25) 122.1(8) 119.5(10)
Cu-P-C(31) 111.7(2) 109.7(2) 117.6(1) C(24)-C(25)-C(26) 118.0(7) 119.6(%9)
C(11)-P-C(21) 104.1(3) 103.5(3) 103.9(2) C(25)-C(26)-C(21) 121.4(7) 122.1(8)
C(11)-P-C(31) 105.0(3) 106.3(3) 104.0(2) P-C(31)-C(32) 122.2(6) 117.3(5)
CQ21)-P-C(31) 102.0(3) 103.3(3) 103.8(2) P-C(31)-C(36) 118.3(6) 122.3(6)
P-C(11)-C(12) 125.3(6) 123.5(5) C(32)-C(31)-C(36) 119.5(7) 120.5(7)
P—C(11)-C(16) 116.4(5) 117.5(5) C(33)-C(32)-C(31) 120.2(8) 120.8(7)
C(12)-C(11)-C(16) 118.3(7) 119.0(6) C(32)-C(33)-C(34) 119.1(9) 118.9(8)
C(13)-C(12)-C(11) 121.5(8) 121.3(7) C(33)-C(34)-C(35) 122.5(10) 121.3(9)
C(12)-C(13)-C(14) 119.3(8) 118.9(8) C(34)-C(35)-C(36) 118.9(10) 120.0(8)
C(13)-C(14)-C(15) 121.2(9) 122.3(8) C(35)-C(36)-C(31) 119.8(9) 118.5(7)
C(14)-C(15)-C(16) 120.6(9) 119.0(8) 0-Cl-0 115.8(5) 107.2(5) —
C(15)-C(16)-C(11) 119.1(8) 119.4(7) 0-Cl-0 107.2(5) 101.8(6) -
P-C(21)-C(22) 120.9(5) 124.6(6) H-B--H 108 116

complete the co-ordination about each metal ion.
There is a crystallographically imposed two fold axis
through the boron and copper atoms. The orientation
of the TPP with respect to the Cu(I) is different from
that in Cu(TPP);BH; (2) [3], [torsion angles B—
Cu(1)-P(1)—C(11), +162.0(8)°; —C(21), +39.0(8)°;
—-C(@31), —78.7(8)°; B—Cu(2)-P(2)-C(41),
+167.3(8)°; —C(51), +44.8(8)°; —C(61), —73.0(8)°
and equivalent B—Cu—P—C(1), —7.7(1), +115.1(1),
—125.3(1)°]. In (2) the molecule has a two-fold axis
with boron and copper atoms at special positions in
C2/c. It may be possible to form another isomer of
(1) with the conformation of TPP groups analogous
to that found in (2). Although the Cu—B distances
are comparable for (7): 2.20(1), 2.23(1) A and (2):

2.184(9) A respectively there seems to be a marked
difference in H—B—H angle (/): 107.6(8), 115.5(9)°
and (2): 132(5)° respectively. The coordination
around the metal atom is grossly distorted and ac-
cording to Lippard [4] this arises from the distribu-
tion of bulk about the metal to minimize nonbonded
contacts, However, one P—Cu—P angle in this case
is significantly smaller (119.7(1), 124.5(1)°) com-
pared to 123.26(1)° for (2). In fact it is the smallest
so far found for (TPP),ML type complexes. Further
similarities are found in the comparison in Table II
(a) and (b) of bond distances and angles for com-
pounds (/) and (2). The interatomic distances and
angles are comparable to other related compounds
[4], [5] and [6].
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Other examples of BH,~ bound to two metal
atoms via double hydrogen bridges are Be(BH,),
(3) [7], UBHa)s (4) [8], U(BHs)s*(n-C3H,)O,
[9]. A summary on metal borohydride bonding is in
[10]. The molecules are held together by van der
Waals interactions (Fig. 2). The anisotropic thermal
parameters of the perchlorate oxygens are large as
expected. The presence of the ClO,~ has an effect
similar to solvated C¢Hg in [4]. When it is absent as
in [(TPP);Cu,Cl;] [5, 6], the Cu—P distance is
shorter.

. |

Fig. 2. Packing diagram about the ab plane.
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