u{ [(CHs)sN J,P(0)CH.P(O) [N (CHy)z o} 5(C104),

super-exchange.4? If the orbitals used by the bridging
oxygen atoms are pure p orbitals, the bond angle is ex-
pected to be 90° and the ground state is predicted to
be a triplet (z.e., 2J > 0); if the orbitals are purely s,
the ground state is predicted to be a singlet (i.e., 27 <
0). Hence, since an increased value of the bridging
angle implies greater s character in the bridging orbitals,
we would expect a decrease in 2J as the bridging angle

(42) J. B. Goodenough, “Magnetism and the Chemical Bond,” Inter-
science, New York, N. Y., 1963, p 180 {f.
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is increased from 90°. For the three cases which have
been studied in detail, this trend is observed.
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Tris(octamethylmethylenediphosphonic diamide)copper(II) perchlorate, Cu{[(CH;).N];P(O)CH,P(O)[N(CHjs),]s}s(ClOy):,

crystallizes in the orthorhombic space group Pna21, with four molecules in the unit cell.

19.196 (4), b6 =
fractometer.

12.131 (2), and ¢ = 22.868 (4) A.

The unit cell dimensions are ¢ =

Intensity data were collected with a four-circle computer-controlled dif-
Reflections were measured with the 6-28 scan technique.
cally and the 78 hydrogen atoms were included as fixed atoms.

All 62\nonhydrqgen atoms were refined anisotropi-
Refinement by full-matrix least squares using 6305 reflections

gave a final R factor of 0.046. The CuO; group is a slightly distorted octahedron with each chelate ring in a boat conforma-

tion. The bend in one of the chelate rings is opposite that of the other two.
Cu-0O, 2.085 A (range 2.023-2.134 A);

rms deviations for the chelate rings are as follows:

Average bond distances and bond angles with
P-0, 1.483 (5) &; P-C(P),

1.798 (13) A; O-Cu-0, 89.9 (12)°; Cu-O- P, 132.1(14)°; O-P-C, 110.5(6)°; P-C~P, 115.3 (15)°.

Introduction

During the past several years a number of six-coor-
dinate Cu(II) complexes have been found to have
higher symmetry than that allowed by the Jahn—Teller
theorem. These include tris(octamethylpyrophos-
phoramide)copper(I1) perchlorate, referred to as Cu-
OMPA,?  tris(ethylenediamine)copper(II) sulfate,?
and potassium lead hexanitrocuprate(1I).#® The site
symmetry of Cu(II) is 32 (D;) in the first two and m3
(T7) in the last one. Another example is [Cu(H:O)s]-
SiFs which crystallizes in space group R3 with four
molecules per unit cell. One of the cations is at a 3
(Cs;) symmetry site while the othetr three are at 1
(C;) sites.®

CuOMPA was the first of a series of tris chelates of
Cu(II) with organophosphorus bidentate ligands to be
prepared in this laboratory. Members of this series
(shown with their abbreviations in Table I) have sim-
ilar physical and chemical properties.

The crystal structures of CuOMPA, previously re-
ported,? and CuNIPA are isomorphous, based on a
comparison of precession photographs.” This observa-
tion supports the conclusion that Cu(II) also has 32
(Ds) site symmetry in CuNIPA and has prompted us to

(1) (a) Abstracted in part from the Ph.D. thesis of P. T. Miller, Vander-
bilt University, Aug 1971, (b) Department of Chemistry. (c) Department
of Physics.

(2) M. D, Joesten, M. S, Hussain, and P. G. Lenhert, Inorg. Chem., 9,
151 (1970),

(3) D.L.Cullenand E. C. Lingafelter, sb/d., 9, 1858 (1970).

(4) N. W.Isaacsand C. H L Kennard, J Chem Soc. A, 386 (1969).

(5) D.L.Cullenand E, C. Lingafelter, Inorg. Chem., 10, 1264 (1971).

(6) D. H, Templeton, S. Ray, and A. Zalkin, private communication.
(7) X.P.Lannert, Ph.D. Thesis, Vanderbiit University, 1960.

TasLE 1
STRUCTURE OF LIGANDS
o
P P
Ny
v/ X NNy
Abbreviation
for tris
chelate of
X Y Ligand Cu(ClO4)2 Ref
(0] N(CHs), Octamethylpyrophos- CuOMPA 2
phoramide (OMPA)
NCH; N(CH;). Nonamethylimidodi- CuNIPA 7,8
phosphoramide
(NIPA)
CH: N(CHj). Octamethylmethylene- CuPCP a
diphosphonic
diamide (PCP)
CH. OCH(CHs;); Tetraisopropylmethy- CulPCP 7
lenediphosphonate
(IPCP)

e K. P. Lannert and M. D. Joesten, Inorg. Chem., 8, 1775
(1969). :

investigate the structures of two additional systems,
CuPCP and CulPCP, which crystallize in lower sym-
metry space groups. The present report is a descrip-
tion of the structural results for CuPCP.

Collection and Reduction of Data
Caution! Although the toxicity of PCP s not known, it should
be handled with care because of its similarity to OMPA, a toxic
anlicholinesterase agent.
Crystals of CuPCP, Cu{ [{CH;):N],P(O)CH.P(O)[N(CHs)al» J5-
(ClOy)z, were obtained by evaporating an acetone solution of
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hydrated copper(I1) perchlorate and ligand in a 1:4 mole ratio.
Evaporation was carried out at room temperature in a desiccator
since CuPCP is slightly hygroscopic. A number of transparent
colorless crystals of CuPCP were selected from the original prod-
uct synthesized and characterized by Lannert and Joesten.?
The crystals deteriorated slowly in the presence of both atmo-
spheric moisture and X-radiation. However, humidity control
allowed the intensity data to be collected without special mount-
ing procedures.

One large crystal of superior quality was cleaved across the
needle axis to give a hexagonal prismatic section 0.81 X 0.59 X
0.69 mm along a¥*, b*, and c*, respectively. It was mounted at
the apex of the small faces on one end with the glass fiber parallel
to a* and to the ¢ axis of the diffractometer. The major faces
parallel to the needle axis were (011), (011), (001), (011),
and (001).

Precession photographs showed the crystals to be ortho-
rhombic with 0k/ reflections absent for £ -+ [ odd, and k0! re-
flections absent for 2 odd. The space group is therefore either
Pna2, or Pnam?® (an alternate setting of Pama).

Accurate cell parameters were determined at 21° from 25 high-
angle reflections (26 > 80°) centered manually on an accurately
aligned four-circle diffractometer using the Cu Ke; line of the
resolved doublet (A 1.54051 A) and a 1.0° X-ray tube takeoff
angle. The six cell constants and three orientation parameters
were obtained by least-squares refinement using 26, w, and x
values as observations. All cell angles were constrained to 90°
for the final refinement which gave ¢ = 19.196 (4), b = 12.131
(2), and ¢ = 22.868 (4) A. The crystal density of 1.390 g/cm?,
measured by flotation in a mixture of 2-bromo-1-propane and 1-
bromopentane, compares with the calculated value of 1.391
g/cm3 based on four molecules per unit cell (volume 5325.1 A3)
and a molecular weight of 1115.28. The centrosymmetric space
group Pnam with eight equivalent positions would have required
the cation to possess either mirror or inversion symmetry,
neither of which was expected. Comnsequently, the noncentro-
symumetric space group Pra2,, which imposed no symmetry on
the cation, was chosen. This choice was later supported by a
Karle-Hauptmann statistical treatment of the normalized struc-
ture factor magnitudes which clearly favored the noncentre-
symmetric space group.l?.1

Intensity data were collected with the four-circle computer-
controlled Picker diffractometer (Facs-I system) using a Digital
Equipment Corp. PDP-8/1 with auxiliary disk memory. The
computer programs, based on the FACS-I programs, were ex-
tensively modified and adapted for use with the disk memory in
this laboratory.!? The X-ray source was a standard-focus molyhb-
denum tube set at a takeoff angle of 2.0° and operated at 50 kV
(constant potential) and 12 mA. Both the source-to-crystal and
crystal-to-detector distances were 23.5 ¢m and a 3.75 X 3.75
mm aperture defined the Nal detector opening. The pulse-
height analyzer was set to a 959, window centered on the Mo Ka
peak. Reflections were measured with the #-26 scan technique
using a scan speed of 2°/min with 20-sec background meastre-
ments at each end point of the scan. Attenuation filters (con-
structed of one to five thicknesses of 0.0005-in. Ni foil) were
automatically inserted in the diffracted beam when the count rate
exceeded 8000 counts/sec.

Zr-Y-Al balanced filters!®:!¢ placed in the diffracted beam to-
gether with a 0.002-in. niobium incident-beam filter were used to
collect reflections in the 26 range 0-12°. In the 26 range 12-55° a
0.001-in. niobium S filter was used without balanced filters. All
reflections (except space group extinctions) out to the 53° limit
in the A%kl and hkl octants were measured once.

The scan range was given by A4 + B tan 6 where A is the base
width and B tan ¢ is the dispersion term. The balanced-filter
data used 4 = 1.0 and B = 6.287, resulting in a scan from 0.5°
(8) K. P.Lannertand M. D. Joesten, Inorg. Chem., T, 2048 (1968).

(9) ‘“‘International Tables for X-Ray Crystallography,” Vol. I, Kynoch
Press, Birmingham, England, 1962,

(10) H. Hauptmann and J. Karle, ““Solution of the Phase Problem. 1.
The Centrosymmetric Crystal,”” ACA Monograph No. 3, Polycrystal Book
Service, Pittsburgh, Pa., 1953, and references therein.

(11) C. Dickinson, J. M. Stewart, and J. R, Holden, Acta Crystallogr., 21,
663 (1986).

(12) Modifications by Douglas Henry and P. G. Lenhert. A program
write-upis available from P. G. L.

(13) T. C. Furnas, ‘“‘Single Crystal Orienter Instruction Manual,” General
Electric Co., Milwaukee, Wis., 1966, Chapter 10.

(14) P. K. Kirkpatrick, Rev. Sci. Instrum., 10, 188 (1939).
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below the filter band pass to 0.5° above it. Reflections above 12°
in 20 used 4 = 1.2 and B = 0.692.

During the course of data collection, three standard reflections
were measured approximately every 2 hr to monitor X-ray source
and detector stability. The intensity sum of each set was used
to calculate the relative scale factor for the reflection measured
between each set of standards. The three standards decreased
slowly by about 209, during the course of data collection so the
scaling also had the effect of correcting for crystal deterioration.
A number of extra standards were measured every 400 reflections
(approximately every 12 hr) to check for fluctuations remaining
after the scaling procedure.

Data reduction included the usual background correction where,
for a peak scan with I, total counts, scan time #,, and back-
ground counts B; and B,, each measured for {,/2 sec, the in-
tegrated intensity I was

I =1, = (Bi+ Bs)(ty/t)

I was taken as zero if the expression gave a negative value. The
integrated intensities were multiplied by the usual Lorentz-
polarization factor, the relative scale factors derived from the
standard reflections, the attenuation-filter factors, and the
X-ray absorption factor to obtain the F2.

The absorption correction was calculated by numerical in-
tegration using the program oRABS.” The linear absorption co-
efficient calculated from mass absorption coefficients for Mo Ka’®
was 7.7131 cm~*. The calculated absorption factors ranged from
0.646 to 0.746 with an average of 0.686. The crystal volume,
also calculated by oraBs, was 0.227 mm?.

The standard deviation for the integrated intensity, ¢(I), was
considered to arise from two sources.”” The first is the variance
resulting from counting statistics, ¢.2. The second, o«? (expressed
in per cent) is that from all other sources which affect the value
obtained by repeatedly measuring the same reflection (e.g.,
short-term fluctuations in the X-ray source intensity). The com-
bination gives ¢2(I) = ¢, + 04x2I? where

ot = I, + (B1 + Ba)(t/t)?

using the symbol definitions given above. oy’ was obtained from
the mean-square deviations of the extra standard reflections.
The variance due to counting statistics, .2, was subtracted from
the mean-square deviation for each extra standard, ¢?, and the
difference, expressed as a per cent of I, was averaged over the
different reflections to give o2, which for CuPCP was 1.0%,.

The ¢(]) values were then converted to o( F?) by multiplication
with the same factors used to convert I. For all reflections, in-
cluding those with F2 = 0

o(F) = —F + (F* + o(F%)"

Finally, the 12,650 observations of the %kl and hkl reflections
were averaged. o(F) for 6305 independent reflections was

o(F) = [2Za2(F)]/(1/N)
where N individual measurements are averaged.

Solution and Refinement of the Structure

The CuPCP crystal structure was solved by the heavy-atom
method using the Patterson function, F, Fourier synthesis, and
F, — F. difference synthesis, with subsequent refinement of non-
hydrogen atoms by full-matrix least squares.

A sharpened origin-removed Patterson function was calculated
for CuPCP using preliminary data (2217 reflections with 8° <
26 < 38°). All Cu—Cu peaks were identified and Fourier syn-
theses allowed the assignment of six phosphorus and six oxygen
atoms (R = 0.39). Alternating least-squares and difference
syntheses were used to locate the remainder of the 62 nonhydro-
gen atoms. Several additional full-matrix least-squares calcula-
tions were carried out using the full data set. Various blocks of
up to 200 parameters were selected from the 558 heavy-atom
parameters for each cycle and R was reduced to about 0.065.

(15) D. J. Wehe, W. R. Busing, and H. A. Levy, “ORABS, a Fortran
Program for Calculating Single Crystal Absorption Corrections,” Oak Ridge
National Laboratory Report ORNL-TM-229, Oak Ridge, Tenn., 1962, '

(18) “International Tables for X-Ray Crystallography,” Vol. III, Kynoch
Press, Birmingham, England, 1962,

(17) T. J. Shaffner, Ph.D. Dissertation, Vanderbilt University, Nashville,
Tenn., 1969.
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TaBLE 11
Aromic PARAMETERS FOR CuPCPs
x/a y/b z/c By Bao B33 B2 B3 B23
cu +09469(2) «20050(3) +25000 3.43{2) 3.07(2) 2.65(2) «2712) «10(2) -.05(2}
PLl) «0275216} «2236819}) «11769(5) 4.8706} 4.281(6) 3,70(5) «141(5) «70(4) «23(4)
P(2) «14727(6) «37234(10) *«14951(5) 4.73(6) 5.71(7) 3.45(5) ~e42(5) «78(5)
P{3) «151441(6) +26833(9) «37979(5} 4.25(5) 4,35(5) 3,17(4) ~es22(4} =+54(4}
P{4) ~«003131(5) «29046(8) «35370(5) 4.19{5) 3.92(5) 2.9414) «391(4) «021(4)
P{5) +174881(5) =.01172(9) «19284(5) 3.,6215) 4.00(5) 4454(5} «D4(4) =e22(4) - 6814}
Pt6) +08375(6) -.05935(8) «27673(5) 4.201(5) 3.36(5) 4.45(8) ~e021{4} —e24(4) -e57(4)
o) «027161(14) «17433(22) «17717012) 5.03(15) 4.80(14} 4,60(14) «37(12) l.38112) 1.57(12)
o(2) +12850(15) +34594(23) «21068(11} 6445(16) 5.10(15) 2.94(12) «20(13}) «21{12} «25(11)
0(3) «164301(13) «23054(20) «31914(11) 4e34(13) 4443(14) 3.50(12) =.061(11) «33¢(11) =+34(10)
0t4) «+018641(13) +28535(21) 291540100 4.52{13) 4e56(14) 2496(11) «92(11) «23(10} «27{10)
ats) «16773(13) +107061(20) «20615(11} 4,20(13) 3.35(12) 5,01(14) ~e42{11) =.25(11} ~+25(11)
o6} «060141(14) »05850122) «29441(11) 5,01(15) 4.10(14) 4.99(15) «37(12) -.05{12} ~1.32(11)
N{10) +0085(2) «1388(3) «0649(2) 6.511(23) 6.98(24) 6.081(22) ~s79(19} 1.49{19) -1.80(19)
N{l4) -e0287(2) +3230(3) +1139(2) 5.90(20) 5.41{19) 4,08117) 1.3%(16) ~+35(15) «62(15)
N{20) »1139(2) +4922(3} «1303(2) 8.,67(26) 4.42(19) 4,98120) ~+80(18) ~e97{18) +80(16}
N{24) 22298(2) .3822(5} 141602} 4.68(21) 14.47{40) 6.88(26) =-155024}) «53{19) 2.66{26)
N(30} 0164212} 43994(3) +3873(2) 6046122) 4.91{19} 5.34(20) -1l.24(16}) «53(17) ~1.48(16)
N{34) «2017(2) «2037{3} «4259(2) 4.801(19) 6.37(22) 5.54(20) «72(17) ~1.35{16) ~.02(17}
N{40) ~-+02031(2) +4180(3) «3696(2} 6.76122) 3.94(17) 5.79(20} 1.33(16) «95(17) -+20(15)
N(44) -.07381(2) «2221(3) «3704¢2) 3.841(16) 5.77(20) 5.47(19) 227{15) s22(14) 1.39(16)
N(50) +2384(2) ~.0607(3) «2312021) 4.541017) 4.83(18) Ta11(23) 1.54(15} ~e86116) ~«75016)
N(54} +1909(2) -.0367(3) «l247(2) 5.40(20) 6435(21) 4.93(19}) -eT4(17}) 1.13{16) ~1.57(17)
N{60) -.02851(2) -.0908(3) 2273112} 4439417) 5.58(19) 5.39(19) -+55(15) «27115} ~.29(16}
Ni64) «087512) ~.1452(3) «3227(2) 8.03(24) 5.28(20) 5.14(19)} 1.95(19) -e49119) L0101IT)
(A «11391(2) «2713(3) «+1000(2) 4,63(21) 4.82(22) 3.09(17) «611(17) +86{15) e44(16)
ct3) «06281(2) +23571{3) «4008(2) 4455(20) 4450020} 3.02(186) +37417) «03(16) -+08(15)
cts} «0945(2} -,0815(3) «2060(2) 4.16019) 4.09(20} 5,22{211} «09(17) «04(18) -1.15(17)
c(ll} -.06271(3) +0935(6) «0644(3} T.96(36) 12.05(48) 15.01(58}) -6.251(36) 3.15{39) =5.84{45)
cii2) +0489(4) »0895(8) «0223(4) 10.76(49) 17.72{70} 14.37(59) ~2.75{481} 3.58145) ~-10.97{54)
c{l15) -.056112) «3784(4) .1653(2) 5.48{24) 6.66(27) 5.03(24) l.81(22) ~e44(20) -.02021)
c(is) -.0511{3) »3696(5) «0579(2) 9,95(38) B8+491(36) 6439(30) 2.65(32) +45129) 2.39(27)
ctzl) «10911(4) +5770(4) «1726(3) 16424157} 5.53{30}) 8.58(40) 1.20(34) ~2.87(38) -.71(28)
ci{22) «1067{5} «5329(5) «0719(3) 24,8885} T7.21(38) 64641(35) «501(45) «36(46) 2.,121{30}
c{25) «2764(3) «3226(T) «17931(5) 4.74(030) 14.19(56) 22.56(82) -+J1(35) ~1s26{43} 5.03(59)
ci2e) +2639(4} 0 %264(17) «0955(6) 4470(39) 68.86(278) 23.11(107}) +001(88) 1.70(54) 25,17{155)
cf3l) «2021(3} «461704) +344013) 10.08(38) 4.16023) 8499136) -:72{25) «58(30} -.29(25)
ci3z} «14121{3) 14629(5) +4389(3) 10.50{42) 8.34135) T.40(33) -1.68032) 1.43(29) ~4.941(29)
c(35) +1967(3) «0850(5) «4296(3} 9.92(41) T7.00({32) 10.16(40) 2.17{30) ~4e12{34) «50(30)
ct3s) «24101(3) «2535(6) 4724(2) 8.16(35) 13.221(48} 5.31(26) ~1.79{34) ~2.07(26) 1.22(30)
Clal) =.0067(3) +5075(4) +3288(3) 10.47¢{38} 4.38(23) 9.28137) -+J1(25) -1.42(32) «08(25)
Cl42) -+0556(3) «4473(5) «42361(3) 10.28(42) T.451{35) 9.43(39) 2.521(30) 2.46(33) -3,97(30}
Ci45) -+13601{2) 2 24731(5) +3357(3) 4e40(25) B8471(33) 9.73(39) «83(24) -e77(25) 2.33(30)
Clas) -.0783({3} «12061(4) «4020(3) 5.02(261 T.48(31) 9.13135) -1.03(23) «4B{24) 3.18{27})
c(51) +26821{3) -.0030(5) «2799(3) 6.89{30) 8.05(34) 9.48(37) 1.56(26) -4,01(28) \-1.33(29)
c(s52) «2746(3) -,1643(5) +2149(3} 6.51(30} 7.84(33) 11.82{44) 3.88(27) -.89(29) 1-1.19(31)
C(55) «159214) ~.11881(6) «0867(31) 11.99(48) 14.491(56) 7.89(38) ~4425(43) 2.18(36) ~5.85{40)
c{s56} «2557(3) .0088(5} .0992(2} 6.53(29) 10.63(40) 6.26129) +551(29) 1.63(24) -1.04(28)
cisl} -.0774(2) -.0168{5} $26472(3) 4.65(24) 10.,11(37) 8.71(34) 022123} —e66(27} 1.49(36)
c(s62) =.052413) -,2050(4) $2727(3) T.971(32) 7.08(31}) 9.97(40) ~2.96{28} «87(29) «29(29)
cles) +1336(4) —42348(5) «3104(3) 11.24(44) 699(35) 12.63(48) 1.87{(33) «41{41) 3.93(34)
cles) «0631(5) -s1443(6) «3823(3) 21.50{73) 9e36(42} 5.681(33) 3.,30(46) 1.06(43) 1.21¢(31}
cLeL) 219574 (14) «24391(18) ~-.06845(8) 16.89(20} 11.19(14) 8417(11) 1.80(14} 5.,88(13) 2+75(11)
cLt2) ~-:06176(9} ~,248001{13) +08611(7) 9.45(10) 6.38(7) 6493¢(8) ~.28(8) ~2.70¢(8) ~1.01(7)
a1} »1439(5) «3064(6) -.0463(3) 37.03{98) 19.85{62) 13.73{46) 20.58(68) 12.20(58) B.32{44)}
ol «2564(8) +2898(11) ~.0547(6) 41.14(153) 36471{144) 35.35{156} ~19.64(129} 5¢41(142) ~14.35(128)
a2} «201714) .2351(8) -.124813) 23.07(75) 37.26(102) B.65{36) 6.74(70) 5.121451} 1.99{52)
0{13) «201l4(4) +1559(6) -.0390{4) 23.01(72) 17.37(54) 33,061(96} 10444({53) 17.58(71) 14.,02(61}
af1s} -.1203(3) -.1885({5} .0893{5) 11.03(40) 14,12(48) 40.60(115) 4.37036) -7.82(61) ~3.13(61)
atls) -.0161(3) ~e2122(6) «12391{3) 13.34(40) 27.74175) 12.281(41) ~3.25(44}) =-5.,09(35) ~T7.07({44)
afi7} -.0790(3) -e3445(4) +0897(6) 13.32(45) 6457(29) 59.86{160) =-1.08(30) 2454(74) «8l{63)
o(18) ~.0283{6) —+2345(11) «0399(3) 35,22(114) 50.76{165) 5.,17(28) -7.84(112) 1.91(50) ~1.67160)
x/a y/b z/c B x/a y/b z/c B
H(1l1) +1467 +2063 «1004 5.07 H{361) 2123 «2520 «5096 10.94
H{12) «1200 «2972 0613 5.07 H1362) +2850 22126 «4788 10.94
H(31) +0584 .1539 <4024 4.79 H363) +2508 «3317 4619 10.94
H{32} L0617 .2667 +4356 4.79 H{411) ~.0428 +5652 .3318 9.63
H{5L} +1050 ~.1500 .1997 5.08 H{412) +0404 V5414 +3390 9.63
H(52) <0667 -,0528 <1825 5.08 H{413} -,0038 +4789 .2879 9.63
H(1l1) ~.0967 »1565 «0599 13.57 H{421) ~.0255 +5043 4443 10.70
H(l112) ~-.0683 <0433 «0295 13.57 H{422}) -+1016 24771 «4157 10.70
H({113) -.0722 «0531 «1006 13,57 H{423)} ~.0577 23799 +4486 10.70
H{l21) 0831 «0402 +0408 17.04 H{451) ~.1527 «1777 #3155 9.01
H(122) <0174 20465  =.0044 17.04 H{452) =.1740 «2733 +3625 9.01
H{123) <0727 «1486 -.0005 17.04 H{453) -e1252 + 3040 «3063 9.01
H{151) -+0433 «4561 «1627 6.88 Ht461} ~e1260 +1139 «4204 8.97
H{152) -.1073 «3698 1664 6.88 H{462) -.0712 +0563 «3751 8.97
H{153) -.0344 +3452 +2009 6.88 H(463) ~.0424 «1184 4336 8497
HIl61) -.1003 «3549 .0508 10.06 H{511) .2758 ~.0572 .3129 9.81
HI162) -+0420 «4518 20586 10.06 H{512) «3155 0272 «2684 9.81
H(163) -.0213 «3364 <0262 10.06 H({513) «2380 +0574 «2931 9.81
H{211} + 1496 6285 « 1669 12.32 H{521} 23256 =a1477 2085 10.47
Ht212) +0648 .6176 +1684 12.32 H{522) L2704 -.2175 2484 10.47
H{213) 1124 +5429 +2124 12.32 H{523) +2539 -+1950 «1793 10447
H({221) « 0645 +5025 0534 14.91 H{551) «1657 ~.0993 «0449 13,29
H(222) «1029 +6155 Q730 14.91 H{552) 21782 -.1936 +0948 13.29
H{223) « 1484 +5126 «0&91 14.91 H(553) +1066 -.1208 «0950 13,29
H{251) «3038 $2656 +1550 16472 HE{561) 02921 ~+0498 «0964 9.51
H{252) 3111 #3721 +1982 16.72 H(562) «2461 «0398 +0595 9,51
H{253) 42503 2807 +2099 16.727 H{563) 2733 -0696 +1253 9.51
H(261) +2989 «4776 +1056 38.51 H(611} -+ 0904 -+0435 .2072 9.92
H{262) «28B96 +3575 «0743 35.51 H{612} -.1205 ~.0117 2718 992
H{263) «2297 «4519 «0663 38,51 H(613) -.0560 «0585 +2438 9492
H{311} « 1696 +5189 3265 8.88 H{621) ~s1024 -.2082 «2817 10.21
H{312) 02616 «4993 <3631 8.88 H{622) ~s0416 -.2377 «2342 10.21
H{313}) «2181 <4113 +3128 8.88 H{623) ~e 0252 ~+2455 3041 10.21
H(321) +1813 «5132 «4510 10,44 H{651) 1827 -e2129 +3205 11.92
H{322) +1007 +5107 +4283 10.44 H(652) «1206 -+3019 +3330 1192
H(323) «1297 24131 «4711 10.44 H(653} +1325 -.2535 «2671 11.92
H{351) « 2443 20523 +4290 10.41 H{es61} +0236 -e1972 23868 15.49
H{352) <1716 .0630 « 4657 10.41 H{662) +1019 =+1649 4087 15.49
H{353) #1700 «0585 #3943 10.41 H{663) «0465 -,0679 3917 15.49

= Fractional coordinates and thermal parameters are shown with standard deviations. An additional figure has been retained to
avoid rounding errors in derived quantities and improve correspondence with the calculated structure factors. Isotropic B values are
given in A% and anisotropic temperature factors are in the form: T = exp[—1/4s(Buh®a*? 4+ Bpk?*? 4 Byl®c** + 2Bphka*h* 4+ 2Bi;-
hla*c* 4 2Basklb*c*)].
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Hydrogen atoms were located from difference maps with the aid
of calculated positions based on the known geometry of the carbon
atoms. A C-H distance of 1.0 A and tetrahedral geometry were
used for the three methylene groups. For methyl groups, the
hydrogen atoms were afsigned a C-C-H angle of 109.5° and a
C-H distance of 1.00 A and were assumed to lie on the circle
traced out when the methyl group was rotated about the C-C
bond. This procedure, suggested by Paton, Maslen, and
‘Watson,!® was programmed for the computer. A difference syn-
thesis (with hydrogen atoms omitted from F,) was stored in the
computer and values of the electron density were interpolated
at intervals along the locus of possible hydrogen positions. The
points, spaced by 120°, which gave the maximum electron density
values were chosen as the best hydrogen positions. Most of the
72 methyl hydrogen atoms were located with reasonable cer-
tainty although a few, especially those on C(26), are unreliable.
The hydrogen atom temperature factors were taken as 1.2 times
the isotropic equivalent of the methyl carbon temperature
factor.

After further refinement of all heavy-atom parameters, hydro-
gen positions were determined as described above. At this point
in the refinement (R = 0.048), it was noted that several intense
reflections seemed to be affected by extinction, since F, was
significantly smaller than F,. The extinction corrections, based
upon a value of 0.1124 X 10~¢ cm for #* (Zachariasen’s'? extinc-
tion parameter), resulted in a maximum change (AF) of 23.7 and
in changes of 0.59%, or more for 32 reflections.

The final cycles of full-matrix least squares reduced the con-
ventional R factor, R = (Z||F| — | Fll) /ZIF |, to 0.046 and the
weighted R factor, R’ = {[Zw(| F,| — /F{ )2] / Zw Fy2}'/2, to 0.035.
This final set of data included reflections with F, = 0 and allowed
11 observations for each of the 558 parameters refined. All 62
nonhydrogen atoms were refined anisotropically and the 78 hy-
drogen atoms were included as fixed atoms.

Atomic scattering factors for Cu(II), Cl, P, O, N, and C were
those tabulated by Cromer and Mann.?® The Cu(II), Ci, and P
scattering factors were corrected for the real part of anomalous
dispersion. Hydrogen scattering factors were those of Stewart,
Davidson, and Simpson.*

Structure factor, electron density, bond distance—angle, and
least-squares calculations were carried out with the X-Ray 67
programs.?? The quantity minimized in the least-squares calcula-~
tion was Zw(| Fo] — | F|)? where the weights were

= 0.8/q%(F)

and ranged from 0.14 to 4.17. The atomic parameters (calculated
from the inverse matrix of the normal equations) and their stan-
dard deviations are displayed in Table IT. The valuesshown were
used (before rounding) in the calculation of the final structure
factors.?®* The large thermal parameters for the perchlorate
oxygen atoms and some of the terminal methyl groups on the
CuPCP cation suggest local disorder. The average shift-to-error
ratio for the final cycle was 0.17 but several perchlorate param-
eters had ratios as high as 1.1. The maximum ratio for the Cu-
PCP cation was (.71 for the x coordinate of IN(60). A final
difference synthesis using all 6305 reﬁections showed a maximum
residual electron density of 0.30 e/A% and a minimum of —0.32
e/A both in the vicinity of the disordered perchlorate amons
Resxdual densities of 0.25 e/A? maximum and —0.27 e/A3
minimum were noted in the vicinity of N(24), near C(25) and
C(286).

Magnitudes and directions of thermal ellipsoid principal axes
(Table III) are included to permit comparison with published
values for CuOMPA,2 Cu(en);SOs,® and KyPbCu(NO;)s.?

(18) M. G. Paton, E. N, Maslen, and K. J. Watson, Acia Crystallogr., 22,
120 (1967).

(19) W. H. Zachariasen, Acta Crystallogr., Sect. A, 24, 212 (1968).

(20) D. T CromerandJ. B. Mann, ibid., 24, 321 (1968).

(21) R. F. Stewart, E. R. Davidson, and W, T. Simpson, J. Chem. Phys
42, 3175(1965),

(22) J. M. Stewart, “X-Ray 67 Program System for X-Ray Crystallog-
raphy for the Unmivac 1108, CDC 3600/6600, IBM 380/50, 65, 75, IBM
7094,” Technical Report TR-67-58, Computer Science Center, University
of Maryland,College Park, Md., 1967.

(23) A listing of structure factors will appear immediately following this
article in the microfilm edition of this volume of the journal. Single copies
may be obtained from the Business Operations Office, Books and Journals
Division, American Chemical Society,1155 Sixteenth St., N.W., Washington,
D. C. 20036, by referring to ccde number INORG-72-2221. Remit check
or money order for 33,00 for photocopy or $2.00 for microfiche.
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Tasre III

THERMAL ELLIPSOID PRINCIPAL-AXIS MAGNITUDES (A)
AND DIRECTIONS FOR SELECTED ATOMS
———Angle (deg) from:

Axis Vul a b ¢
Cu 1 0.213 28 63 86
2 0.194 85 149 73
3 0.182 101 w7 17
0(1) 1 0.298 57 58 49
2 0.241 138 49 85
3 0.189 67 58 139
0(2) 1 0.288 10 81 86
2 0.254 99 11 85
3 0.191 87 84 173
0(3) 1 0.242 57 138 67
2 0.233 38 53 86
3 0.205 106 7 23
04) 1 0.262 46 46 81
2 0.217 135 45 89
3 0.192 84 83 171
0(5) 1 0.252 74 86 164
2 0.234 29 116 78
3 0.199 66 26 80
0(6) 1 0.275 74 54 140
2 0.251 18 92 72
3 0.199 98 36 55

Description of the Structure

The orientation of the cations and anions in the unit
cell is shown in Figure 1. The shortest copper—-copper
separation (9.673 A) is between cations related by the
a-glide operation. The next nearest copper neighbor is
related by translation along b (12.131 A). The spaces
between a cation and its nearest neighbors (along the
pseudotrigonal axis) are free of perchlorate anions, as
are the spaces between next nearest neighbors.

TaABLE IV

o
INTRAMOLECULAR BoxD DisTANCES (A) AND STANDARD
Deviarioxs For CuPCPe

Distances in Cation N(14)-C(15) 1.453 (6)
Cu-0(1) 2.134(3)  N(14-C(6)  1.464 (7)
Cu-0(2) 2.084 (3)  N(20)-C(21)  1.415 (7)
Cu-0(3) 2102 (3)  N(20)- cmz 1.431 (8)
Cu-0(4) 2.023 (2)  N(24)-C 1.437 (10)
Cu-0(3) 2.063 (3)  N(24) C(26) 1.352 (13)
Cu-0(6) 2.107 (3)  N(80)-C(31)  1.443 (7)
0(1)-P(1) 1.48 (3)  N(30)-C(32)  1.477 (8)

0(2)-P(2) 1.480 (3)  N(34)-C(35)  1.446 (7)
o<3> P(3) 1.481 (3)  N(34)-C(36)  1.437 (7)
O(4)-P(4) 1.483 (8)  N(40)-C(41)  1.435 (7)

0(5)-P(5) 1.479 (3)  N(40)-C(42)  1.453 (8)
Ote)-P(6 1401 (3)  N(44)-C(45)  1.466 (6)

(1)-C(1) 1.795 (4)  N(44)-C(46)  1.430 (7)
P(2) c(1) 1.787 (4)  N(30)-C(31)  1.434 (8)
P(3)-C(3) 1.812 (4)  N(30)-C(52)  1.484(7)
P(4)-C(3) 1.790 (4)  N(34)-C(55)  1.455 (8)
P(5)-C(5) 1.785 (4)  N(54)-C(56)  1.481 (7)
P(6)-C(5) 1.817 (5)  N(60)-C(61)  1.427 (7)
P(1)- \(10) 1.630 (4)  N(60)-C(62)  1.459 (6)
P(1)-N(14)  1.625(4)  N(64)-C(65)  1.430 (8)

P(2)-] (20) 1.648 (4)  N(64-C(66)  1.441 (8)

P(2)-N(24) 1.599 (4) Distances in Anion
P(3)-N(30 1.618 (4 :
PE3§ \234; 1 630 E4§ CI(1)-0(10)  1.35 (1)
P(4FNUD) 1628 (4) Cl1)-0(11)  1.33 (2)
P( - \(a@) 1.615 (4 CL1)-0(13)  1.27(1)
P(5)-N(54)  1.617 (5)  CH2-0(5)  1.34 (1)
P(6)-N(60)  1.626 (4)  Si2)-006)  1.31 (1)
PO-N(B4)  Lels 4y (@m0 123
N(10)-C(11)  1.473(7) ~ CI2-0a8) 125 (1)
N(10)-C(12)  1.381 (10)

@ Several of the N—C distances and all of the Cl-O distances are
affected by local disorder (see thermal parameters in Table II).
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Figure 3.—Stereogram of chelate ring.
points about the geometry of the cation. First, the

A number of intermolecular contact distances are
smaller than the sum of van der Waals radii for the ad-
jacent atoms. The perchlorate anions are near the
methylene bridge atoms of the chelate ring and there
are two contacts of the C-H:.-O type with H---O
contacts of 2.50 A. The cations are closely packed as
indicated by the 26 methyl-methyl contacts (with 12
different cations) which are less than the sum of the
van der Waals radii (4.0 A for methyl groups). Of
these, the six shortest are less than 3.6 A and result
from interactions between the cation and six different
neighboring cations.

Bond distances and bond angles are shown in Tables
IV and V; the stereogram, Figure 2, shows the thermal
motion and the numbering scheme. The stereoscopic
drawing of the chelate rings in Figure 3 illustrates two

preferred conformation of each chelate ring is that of a
slightly twisted boat with the bend in ring A opposite
to that of rings B and C. Second, the Cu(Il) is dis-
torted from octahedral symmetry but the distortions
are not large. ‘

The degree of twist in the rings is shown by the least-
squares plane calculations given in Table VI. The
P,0, combination is approximately planar and it makes
dihedral angles of about 21° with the O—Cu-O plane
and 44° with the P-C-P plane. This conformation is
quite different from that in CutOMPA? where the Cu(1I)
is coplanar with the chelate rings. In the (OMPA),%
complex, however, the O-P-O-P-O backbones are es-

(24) M. S. Hussain, M. D. Joesten, and P. G. Lenhert, Inorg. Chem., 9,
162 (1970).
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TaBLE V
INTRAMOLECULAR BOND ANGLES (DEG) AND STANDARD
DEVIATIONS FOR CuPCP

Angles about the Metal Ton  Other Angles in Chelate Rings

Type I¢ Cu-O(1)-P(1) 130.4 (2)
0(1)-Cu~0(2) 88.8 (1) Cu-O(2)-P(2) 131.8 (2)
0(3)-Cu-0(4) 91.0 (1) Cu-0(3)-P(3) 130.7 (2)
0(5)-Cu-0(6) 89.9 (1) Cu-O(4)-P(4) 132.4 (2)

. Cu-0O(5)-P(5) 134.3 (2)

Type II Cu-0(6)-P(6) 132.8 (2)
0O(1)-Cu-0O(4) 90.2 (1) O(1)-P(1)-C(1) 110.2 (2)
O(l)—Cu—O(6) 93.6 (l) 0(2)_13(2) C 1) 111.3 (2)
0(2)-Cu-0(3) 88.8 (1) 0(3)-P( 3) C(3) 109.7 (2)
0(2)-Cu-0(5) 92.5 (1) O(4)-P(4)-C(3) 111.2 (2)
0(3)-Cu-0(5) 91.7 (1) O(5)-P <o) ) 110.3 (2)
O(4)-Cu-0(8) 87.9 (1) (()-P(6)-C(5) 110.4 (2)

Type I1I¢ P(1)-C(1)-P(2) 11%.1 3)
oézi—cﬁ—ogig 8;8 Eli P(5)-C(5)-P(8) 116.9 (3)
0(3)-Cu-0(6) 88.8 (1)

Other Angles in Cation
O(1)-P{1)~N(10) 114.9 (2) C(1)~-P(1)-N(10) 104.3 (2)
O(1)-P(1)-N(14) 109.9 (2) C(1)-P(1)-N(14) 111.4 (2)
0O(2)~-P(2)-N(20) 110.4 (2) C(1)- P(Z) N(20) 107.3 (2)
Q(2)-P(2)-N(24) 111.4 (2) C(1)-P(2)-N(24) 109.6 (2)
0O(3)-P(3)-N(30) 112.2 (2) C(3)-P(3)-N(30) 109.2 (2)
O(3)-P(3)-N(34) 111.0 (2) (3) P(3)-N(34) 106.2 (2)
0O(4)-P(4)-N(40) 108.2 (2) C(3)-P(4)-N(40) 111.3 (2)
0(4)-P{4)-N(44) 115.9 (2) C(3)-P(4)-N({44) 104.9 (2)
Q(5)-P(5)-N(50) 108.5 (2) C(5)-P(5)-N(50) 112.7 (2)
O(5)-P(5)-N(54) 113.5 (2) C(5)-P(5)-N(54) 103.8 (2)
0(6) -P(6)-N(60) 108.6 (2) C(5)-P(6)-N(60) 109.8 (2)
OB)- P( )-N(64) 114.1 (2) C(5)-P(6)-N(64) 108.1 (2)
N(10)-P(1)-N(14) 106.0 (2) C{11)-N(10)-C(12) 110.7 (5)
h(20)— (2)-N(24) 106.8 (2) C(15)-N(14)-C(16) 115.0 (4)
N(30)-P(3)-N(34) 108.3 (2) C(21)-N(20)-C(22) 112.4 (4)
N(40)-P(4)-N(44) 105.2 (2) C(25)-N(24)-C(26) 111.5(7)
N(50)-P(5)-N(54) 108.1 (2) C(Sl) N(30)-C(32) 115.2 (4)
\(60)——P(6) N(B4) 105.7 (2) 35)-N(34)-C(36) 114.2 (4)
P(1)-N(10)-C(11) 117.0 (4) ( 1)-N(40)-C(42) 116.5 (4)
P(1)-N{10)~C(12) 131.9 (5) C(45)-N(44)-C(46) 113.8 (4)
P(1)-N{14)-C(15) 122.8 (4) C(51)~N(50)~-C(52) 114.9 (5)
P(1)-N(14)-C(16) 122.0 (4) C(5o) N(54)-C(56) 111.8 (5)
P(2)-N(20)-C(21) 119.0 (4) C(61)-N(60)-C 62) 112.8 (4)
P(2)-N{20)-C(22) 126.2 (4) C(65) N(64)-C(66) 113.1 (5)
P(2)-N(24)-C(25) 120.7 (5) P(5)-N(50)-C(51) 122.9 (4)
P(2)-2 (24) C(26) 126.7 (6) P(5)-N(50)-C(52) 121.9 (4)
P(3)-N(30)-C(31) 121.2 (4) P(5)-N(54)-C(55) 128.6 (4)
P(3)- I\(30) C(32) 123.5(4) P(5)-N(54)-C(56) 118.0 (3)
P(3)-N(34)-C(35) 118.5(4) P(6)-N(60)-C(61) 120.8 (4)
P(3)-N(34)-C(36) 126.0 (4) P(6)-N(80)-C(62) 121.9 (4)
P(4)-N(40)-C(41) 122.1 (4) P(B)-N(64)-C(65) 127.6 (4)
P(4)-N(40)-C(42) 121.2 (4) P(6)~-N(64)~C(66) 118.7 (5)
P(4) N(44)-C(45) 116.3 (4)
P(4)-N(44)-C(46) 127.2 (4)

@ Between bonds of the same ligand. ? Between bonds related
by pseudo threefold axis. ¢ Between bonds in different ligands.

sen‘iially planar, with the Cu(II) out of the plane by
0.3

This difference in ring conformation is not surprising
since the tetrahedral geometry of the bridging carbon
atom in CuPCP requires a P-C-P angle of about 110°
while the bridging oxygen atom in CuOMPA permits
much larger angles (134°). The movement of the car-
bon bridge atom out of the P,O, plane and the slight
twist about the bridge bonds relieves the steric strain
which would otherwise be present. The increase in
the dihedral angle between the O—Cu-O plane and the
P,0; plane from 14° for the (OMPA), complex to 21°
in CuPCP appears to reflect the greater importance of
intramolecular interactions in CuPCP.

One also observes that the slightly twisted boat con-
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TABLE VI
LEAST-SQUARES PLANES FOR CuPCP
Ring A Ring B Ring C
Atom Dev, A Atom Dev, A Atom Dev, &
P;0; Ligand Planes
Cue +0.55 Cue —0.49 Cue —0.50
O(1) +0.11 0(3) —0.11 0(8) —0.06
P(1) —-0.11 P(3) +0.10 P(5) +4-0.06
C(1)e +0.69 C(3)e —0.66 C(5)e —0.63
P(2) +0.11 P(4) —0.10 P(6) —0.06
Q(2) —0.11 0O4) +0.11 0(6) +0.06

Nitrogen Atom Deviation from (A) the PC, Planes for the
Dimethylamino Groups®

N(10) (e) 0.056 N(30)(a) 0.019 N(50) (a) 0.043
N(14) (a) 0.040 N(34) (e) 0.098 N(53)(e) 0.109
N(20) (a) 0.134 N(40) (a) 0.038 N(60)(e) 0.185
N(24) (e) 0.088 N(44) (e) 0.141 N(64)(a) 0.063

¢ Omitted from calculations of the plane. ? (a) axial nitrogen;

(e) equatorial nitrogen.

formation places the dimethylamino groups in either
axial or equatorial positions. Although this relieves
steric strain in the ring, it gives rise to interactions be-
tween the dimethylamino groups on adjacent ligands.
These are minimized when the bridge atom of omne
chelate ring points in the opposite direction from the
other two. In the observed conformation, rings A
and B, A and C, and B and C show respectively 0, 1,
and 4 methyl-methyl contacts less than 4.0 A between
ligands (Table VII). If all three bridge atoms pointed

TaABLE VII
METHYL-METHYL INTRAMOLECULAR CONTACTS
Intraligand Interligand——————
Distance, Distance,
Ring Atoms A Rings Atoms

A C(12)-C(18)
C(16)-C(22)

.99 A-C
.63 B-C

C(12)-C(55) 3.61
C(45)-C(61) 3.95

C(15)-C21) .98 C46)-C(61) 3.91
C(11)-C(186) .36¢ C(66)-C(35) 3.93
C(22)-C(26) 27e C(31)-C(85) 3.84

C(21)-C(28)
B C(32)-C(41)
C(42)-C(32)
C(31)-C(38)
C(42)-C(43)
C(32)-C(36)

[FCR AR AR R AR AN ANV R RN VU VO VOl VOR V)
©
e

C  C(62)-C(85) 69
C(62)-C(66) 43¢
C(52)-C(55) 72

C(52)-C(56) 40e
C(52)-C( 60) 58
C(51)-C(85) 3.88

e Contacts between substituents on the same phosphorus atom.

in the same direction, there would be several additional
contacts between ligands.

All intramolecular methyl-methyl contacts (C-C
distance less than 4.0 A) are listed in Table VIT). Five
of these are wnterligand contacts but only one of these
(C(12)-C(53)) is substantially less than the normal
van der Waals distance. The six shortest ‘ntraligand
contacts range from 3.51 to 3.27 A.  These are between
methyl groups on the dimethylamino substituents
attached to the same phosphorus atom. The two
shortest intraligand contacts (C(32)-C(36) and C(22)~
C(26)) involve atoms with the shortest intermolecular
contacts (C(22), C(26), and C(386)).

There is a strong tendency for the nitrogen bonds to
be trigonal. The nitrogen atoms deviate 0.085 A on
the average from the plane defined by the phosphorus
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and two carbon atoms of the PNC,; groups. In both
the (OMPA);, and (OMPA); complexes of Cu(II)?2
the PNC, groups which are coplanar with the P-O
(donor) bond are more nearly planar than the other
PNGC, groups. In CuPCP, this tendency, if present, is
much less pronounced. Instead, there is a correlation
between the planarity of the nitrogen bonds and the
presence of the PNC; group in axial or equatorial posi-
tions (see Table VI). In every case except one (N(20)
and N(24)), the axial PNC; groups are more nearly
planar than the corresponding equatorial group in-
volving the same phosphorus atom. On the average,
the nitrogen atom deviates 0.056 A from the PC; plane
for axial and 0.113 A for equatorial groups.

The average bond distances and mean deviations for
CuPCP are as follows: phosphoryl P-O, 1.483 (5) A;
bridging P-C—(P), 1.798 (13) A; P-N, 1.623 (12) A;
N-C, 1.443 (30) A.%® The P-O distance is nearly
identical with the corresponding distance in CuOMPA?
and the (OMPA); complex;* the short distance has
been accounted for in terms of multiple bonding 2¥
The P-C~(P) bond distances are consistent with litera-
ture values of 1.83 A for P-CH,* and 1.80~-1.83 A for
P-CH,»—% single bonds. The P-N bond distances

(25) Several N-C distances are appreciably affected by the substantial
*‘thermal’’ motion of the terminal methyl grougs,
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(29) M. W. Doughill, J. Chem. Soc., 5471 (1861).
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(1966).
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are comparable to values of 1.56-1.63 A which have
been reported for delocalized systems involving P-N
linkages.® The accepted value for a P-N single bond
i51.77-1.78 A 3.3¢

In CuPCP the Cu-O distances range from 2.023 to
2.134 A and the O-Cu-O angles are in the range 87.2-
93.6°. In CuOMPA? the Cu-O distances are equal
(2.065 A) and the angles about Cu(II) are in the range
88.4-90.6°. Thus, the symmetry of Cu(II) in CuPCP
is definitely lower than that of Cu(II) in CuOMPA,
although the distortion from octahedral symmetry is
not large.

At present, it is not possible to say whether the dis-
tortions of CuPCP from octahedral geometry arise be-
cause of the Jahn-Teller effect or because of steric
effects. It is conceivable that the several short intra-
and intermolecular atomic distances, through the dis-
tortions they introduce, affect the Cu-O distances.
The present work, however, provides additional evi-
dence that tris chelates of Cu(II) possess either trigonal
symmetty or approximate octahedral geometry.
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The crystalline compound caéena-bis[u-(0,0'~diisopropyldithiophosphato )}-digold (I)] (Au—Au), {[Au(i-C3H:0),PS,]s} s, forms
yellow needles in the triclinic space group P1 (Cit) with unit cell parameters a = 12495 £ 0.004, b = 17.251 = 0.004,

¢ = 12.167 &= 0.004 A, o = 99.33 == 0.03°, 8 = 102.17 == 0.05°, v = 72.79 £ 0.02°,
are 2,21 and 2.238 =& 0.002 g/cm? (for Z = 4 formula weights/unit cell), respectively.

The observed and calculated densities
A full-matrix anisotropic~isotropic

- least-squares refinement has resulted in a discrepancy index of 0.062 using three-dimensional X-ray diffraction counter data.
The crystal structure is comprised of two. crystallographically independent dimers each of which contains one gold-gold
bond bridged through sulfur by two bidentate S;P{OCsH); ligands. These dimers are joined together through the metal
atoms in a staggered arrangement to form linear chains of weak gold-gold bonds extending the full length of the crystal.
The gold—gold separations along the chain within and between the [Au(dtp)l, dimers range from 2.914 (5) to 3.109 (6) A,
with the average, 3.04 A, being equivalent to ¢/4. Each gold atom is therefore surrounded by four atoms, two of which are
sulfur and two are gold, in a slightly distorted square-planar configuration. The Au-S bonds average 2.28 (rms, 0.03) A
in length, a value which is comparable with that in gold(111) sulfur-ligated complexes. This material has been found to be
dimeric in benzene solution by vapor pressure osmometry.

Introduction
The development of oil-soluble compounds which
will deposit soft metallic films on rubbing metal surfaces
for the reduction of wear has long been an objective in

lubricant science. Investigation of metal 0,0’-di-
alkylphosphorodithioates in this laboratory has re-
sulted in the finding that gold derivatives exhibit ex-
cellent lubrication performance in this regard. These



