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Reaction of (3-C¢HsCO,CH,;)Cr(CO),(CS) with excess (CH30),P in toluene at 65 °C for 12 h results in replacement of the arene,
and yellow crystals of Cr(COQ),(CS)[(CH;0)3P]; can be isolated in high purity. FT-IR and NMR ('H, 13C, *!P) spectra suggest
that the product has octahedral mer stereochemistry (with the two CO groups trans to each other) rather than the initially expected
fac geometry. This molecular arrangement has been confirmed by room-temperature, single-crystal, three-dimensional X-ray
diffraction: orthorhombic space group (D}, Pbca, Z = 8),a = 15.61 (1) A, b= 1532 (2) A, c = 18.88 (1) &, V = 4505 A3,
mol wt = 524, p(calcd) = 1.47 g cm™, p(obsd) = 1.40 g cm™?; R = 0.051 and R, = 0.073 based on 1453 reflections with / >
3e(I). The Cr—~(CS) bond is significantly shorter [1.782 (9) A] than the two Cr~(CO) bonds [mean value 1.839 (9) A}, while
the Cr-P bond trans to CS is appreciably longer {2,346 (3) A] than the other two Cr-P bonds [mean value 2.262 (3) A]. These
variations in bond lengths are attributed to the stronger electron-withdrawing capacity of the CS ligand compared to that of CO.

Introduction

Transition-metal thiocarbonyl complexes often exhibit quite
remarkable differences in chemical reactivity when compared to
their carbonyl counterparts. Striking examples of this are the
labilizing effects of the CS ligand in such reactions as CO sub-
stitution in W(CO)(CS)! and olefin substitution in (4-CsHj)-
Mn(CO)(CS)(CsHy,).2 More recently, the synthesis of Cr(C-
0)5(CS) from (n- arene)Cr(CO),(CS) (arene = CsHg, C;HC-
0O,CHy;, etc.) under moderate CO pressure has revealed the much
greater lability of the arene rings in these complexes compared
to those in the corresponding tricarbonyl analogues.’ Arene
activation is even more pronounced in the related selenocarbonyl
derivatives, (n-arene)Cr(CO),(CSe).* All these various obser-
vations have been attributed to the much stronger electron-
withdrawing capacities of the CS and CSe ligands compared to
that of CO, leading to a decrease in the amount of d electron
density being transferred from the metal center to the other
w-acceptor ligands present in the complexes.®

In an effort to assess quantitatively the labilizing effects of the
chalcocarbonyl ligands CS and CSe, we recently initiated a study
of the kinetics and mechanism of reactions such as

(1-C¢HsCO,CH,)Cr(CO),(CX) + 3(RO),P —
Cr(CO),(CX)[(RO);P]; + C4H,CO,CH,

X =8, Se; R = alkyl, aryl

Any information obtainable on the mechanism of this type of
reaction will be of particular interest since, while arene activation
is believed to be the prime factor in the catalytic hydrogenation
of dienes using (g-arene)Cr(CQ); complexes,® (n-arene)Cr-
(CO),(CS) complexes do not exhibit any catalytic activity.’
During the course of our kinetic investigation, it became crucial
to identify the geometrical structure of the organometallic
products. We report here the spectroscopic properties and the
crystal and molecular structure of a typical product, Cr(CO),-
(CS)[(CH;0);P;.
Experimental Section

All synthetic reactions were performed under an atmosphere of pre-
purified nitrogen. Toluene was freshly distilled over sodium strips under
nitrogen. Trimethyl phosphite (Aldrich Chemical Co., Gold Label
+99%) was used as obtained. (»-C¢H;CO,CH;)Cr(CO),(CS) was pre-
pared by the literature method.> FT-IR spectra were recorded on a
Nicolet 6000 spectrometer (32 scans, 1-cm™ resolution). Proton and *!P
NMR spectra were measured on a Varian XL-200 spectrometer equipped
with a broad-band probe; 1*C NMR spectra were measured on a Varian
X1.-300 spectrometer equipped with a 5-mm broad-band probe. The
chemical shifts reported here are relative to Me,Si (‘H and '*C) and
(CH,;0),P (*'P).

Preparation of Cr(CO),(CS)[(CH;0);P)s. (n-C4Hs;CO,CH;)Cr-
(CO),(CS) (200 mg, 0.69 mmol) was dissolved in toluene (25 mL).
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Table I. Crystallographic Data for X-ray Diffraction Study of
Cr(C0O),(CS)[(CH;0);P];

Crystal Parameters
cryst system: orthorhombic Z=3
space group: Pbca deged = 1.466 g cm™

a=1561 (1) A s = 1.40 (2) g cm™
b=1532(2)A temp = 22 °C

c=1888 (DA formula = C,,H,,0,,SP,Cr
V = 4505 A? mol wt = 524.0

Measurement of Intensity Data

diffractometer: Picker Nuclear FACS-1

radiation: Mo Ka

monochromator: highly oriented graphite

detector aperture: 3 mm X 3 mm

cryst to detector dist: 25 ¢cm

detector: scintillation counter and pulse-height analyzer
set for 100% of Mo Ka peak

attenuators: Ni foil used for intens >10* Hz

scan type: coupled f(cryst) — 26(detector), 2.0° min~!

scan length: 2 = [1.8 + (0.692 tan 6)]°, beginning 0.9°
below the predicted peak

rotation axis: [010]

reflcns measd: +h,+k,+/

min and max 20: 3.5°, 40.0°

stds every 50 cycles: 430, 006, 043

variation: 3% (random)

no, of reflcns colled: 2108

no. of reflens with 7 > 3q(J): 1453

Ry = 0.051
Ryr = 0.073
GOF = 1.19

(CH;0)5P (1.5 mL, 12.7 mmol) was added, and the reaction mixture was
heated for 12 h at 65 °C. After the solution was allowed to cool to room
temperature, all volatile material was removed under reduced pressure
on a rotary evaporator. The remaining yellow solid was purified by
preparative TLC on silica gel plates (eluent 3:2 dichloroethane-hexane).
Yield: 311 mg (85%). Anal. Caled for C;,H,,0,,P,SCr: C, 27.6; H,
5.19; P, 17.7. Found (Guelph Chemical Laboratories): C, 27.2; H, 5.15;
P, 17.0. FT-IR (KBr): »(CO) 1961 w, 1896 vs cm™'; »(CS) 1205 cm™..
"H NMR (CD,Cl,): 3.40 (d,J = 11 Hz, 1H), 3.72 ppm (d, J = 11 Hz,
2H). ®C NMR (CD,Cl,): 224.2 (g, J = 22 Hz, 2 CO), 336.5 ppm (td,
J, =30 Hz, J; = 6 Hz, CS). 3P NMR (CD,Cl,): 34.55(t,J = 63 Hz,
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Table II. Final Positional Parameters for Cr(CO),(CS)[(CH,0),P],
and Their Estimated Standard Deviations

atom x v z B, A?

Cr 0.19911 (9) 0.38303 (9) 0.38742 (1) 2.43 (7)
P(1)  0.32792 (15) 0.41733 (16) 0.43546 (12) 2.82 (11)
P(2)  0.23895 (15) 0.44281 (15) 0.27786 (12) 2.67 (11)
P(3)  0.07087 (15) 0.33602 (16) 0.34657 (13) 2.81 (11)
C(1)  0.1663(5) 03483 (5)  04733(5) 2.9 (4)

S 0.13294 (20) 0.32226 (20) 0.54977 (14) 5.17 (15)

C(2) 02478 (6)  02782(6)  03610(5) 3.1 (4)
0(2) 02780 (5) 02140 (4) 03418 (4) 5.6 (4)
C(3) 0.1580(6) 0.4919(6) 04097 (5) 3.0 (4)
O(3) 01317 (4)  0.5600 (4)  0.4251 (4) 4.8 (4)
O(11) 03437 (4) 05118 (4) 04690 (3) 3.8 (3)
C(11) 03014 (7)  0.5356 (8)  0.5336 (6) 6.0 (6)
O(12) 0.4058 (4)  0.4123(4)  03830(3) 3.5(3)
C(12) 0.4958 (6)  0.4274(7)  0.4062 (6) 5.2 (6)
O(13) 03613 (4)  0.3626 (4) 05018 (4) 4.5 (3)
C(13)  0.3648 (7)  0.2686 (7)  0.4986 (7) 6.0 (6)
0(21) 02931 (4) 03858 (4) 02242 (3) 4.0(3)
C(21) 0.2585(7)  0.3154(6)  0.1832(5) 49 (6)
0(22) 02993 (4) 05250 (4) 02876 3) 3.6 (3)
C(22) 0.3387(7) 05691 (7)  0.2268 (5) 5.1 (6)
0(23) 0.1675(4)  04755(4) 02239 (3) 3.7(3)
C(23) 0.1101(7)  0.5445(7) 02413 (6) 5.1 (6)
O(31) -0.0097 (4)  0.4015(4) 03464 (3) 4.0(3)
C(31) -0.0444 (7)  04313(7)  04122(6) 5.4 (6)
0(32) 0.0238 (4) 02580 (4) 03858 (3) 3.9 (3)
C(32) 00672 (7)  0.1753(7) 04016 (6) 5.2 (6)
0(33) 0.0683 (4) 03071 (4) 02664 (3) 3.6 (3)
C(33) -00101 (6) 02719(7) 02333 (5)  4.5(6)

“ B, is the arithmetic mean of the principal axes of the thermal el-
lipsoid.

1P), 43.64 ppm (d, J = 63 Hz, 2P).

X-ray Data Collection, Structure Solution, and Refinement. The unit
cell and data collection parameters are summarized in Table I. Weis-
senberg and precession photographs showed mmm symmetry and the
following systematic absences, which uniquely define the space group
Pbca (No. 61, Di}): on Oki, k= 2n+ i;0on kOl I = 2n + 1; on kKO, k
= 2n+ 1. The accurate unit cell dimensions were obtained by automatic
centering of 51 reflections scattered randomly in reciprocal space in the
range 15° < 26 < 25°. The following formulas were used in the data
reduction:

I=N-B(t;/t,) o) = [N + B(t,/1,)%]'/?
Lp = (sin 26)(cos? 26, + 1) /(cos? 26 + cos® 26,,)

The net intensity I is derived from the total count N accumulated
during the scan time ¢,. The background count B was measured for time
t,. The Lorentz—polarization correction Lp is calculated for diffraction
angles 26, and 26, at the monochromator and sample crystals, respec-
tively.

The structure was solved by conventional heavy-atom techniques and
refined by using the block-diagonal least-squares approximation. In the
last stages of the refinement all atoms were refined with anisotropic
thermal parameters. A final difference Fourier map was devoid of sig-
nificant features; the highest peaks were about 1% of the intensity for
the last carbon atom found and were randomly located. Also, since there
appeared to be no clear indication of hydrogen atom locations, these
atoms were not included in the structure factor calculations.

The computer programs used for the data collection, structure solu-
tion, and refinement and geometry calculations are those contained in
the NRC PDP-8e crystallographic package.! The perspective diagram
was prepared by the Concordia University CDC Cyber system. The
function minimized in the least-squares refinement was

Zw(Fl - IFN'? w=1/[(a(F)* + 0.03F
The discrepancy indices listed in Table I are
Re = ZIFo| = (FII/ ZIFl
Rur = [ZW(IFo| = |2/ ZIF 12
GOF = [Zw(|Fi| - |Fc)?/(m - m)]/?

(8) Gabe, E. J.; Larson, A, C,; Lee, F. L.; Wang, Y. “The NRC PDP-8e
Crystal Structure System™, NRC: Ottawa, Ontario, Canada, 1979.
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Figure 1. Possible isomers of [(CH;0),;P],Cr(CO),(CS).

The neutral-atom scattering factors and anomalous dispersion corrections
were taken from standard tables.’ Listings of the observed and calcu-
lated structure factors are available; see the note on supplementary ma-
terial at the end of this paper. The final atomic parameters are collected
together in Table II.

Results and Discussion

The complex reported here, Cr(CQO),(CS)[(CH;0);P];, is the
first example of a substituted group 62 metal thiocarbonyl complex
containing more than one monodentate ligand other than CO.
Attempts to prepare such complexes from Cr(CO);(CS) by
thermal replacement of the CO groups have only resulted in the
loss of the CS ligand following the first substitution step, i.e.
yielding first Cr(CO),(CS)L and then Cr(CO),L,.! Thus, arene
substitution provides the first entry into multisubstituted complexes
of the type Cr(CO),(CS)L,.

Arene replacement in (n-arene)M(CO); complexes affords
fac-M(CO);L; (M = Cr, L = CH,CN;!9M = Mo, L = (CH;-
0);P, CI;P, Ph,CIP, n-Bu;P;!2 M = W, L = (CH,;0);P!3).
fac-Mo(CO);[(CH;0);P]; has also been synthesized by the
substitution of cycloheptatriene in (n-C,H3z)Mo(CO); by (CH;-
0O);P.!* The stereochemistry of the fac isomers was established
by the appearance of two strong »(CO) peaks in the IR spectra,
in accord with the C;, local symmetry of the M(CO); moiety
[v(CO) = a, + e]. We, as well as others,!’ have observed that
cycloheptatriene displacement from (n-C;Hg)Cr(CO); by (C-
H;0),P in refluxing methylcyclohexane affords a mixture of fac-
and mer-Cr(CO);[(CH;0);P};. Similar mixtures are obtained
from the reactions of (n-arene)Cr(CO); complexes with mono-
dentate ligands at high temperatures, as evidenced by the ap-
pearance of a third »(CO) band and the splitting patterns in the
3Ip NMR spectra.!®

While the reactions of the tricarbonyl complexes described
above yield predominantly the fac isomer under the conditions
employed here, the »(CO) region in the FT-IR spectrum of Cr-
(CO),(CS)[(CH;0),P]; with one very strong and one very weak
band being observed is clearly at variance with the intensity pattern
expected for the fac isomer. The spectrum of the latter should
most likely resemble that of fac-Cr(CO),L; with two strong peaks
of comparable intensity. The very low intensity of the 1961-cm™
peak is immediately suggestive of the mer isomer shown below
in Figure 1 in which the two CO groups are trans to each other.
The mer stereochemistry is further indicated by the similarity of
the 3P NMR spectrum to that of mer-Cr(CO);[(CH;0),P]; in
CD,Cl, solution, even down to the 2J,, couplings (63 Hz).!® The
solitary 1*C NMR resonance for the CO groups is evidence of the
absence of isomer 3, and its appearance as a quartet is in accord
with the splitting that would be predicted for isomer 2, assuming

(9) “International Tables for X-Ray Crystallography”; Kynoch Press:

Birmingham, England, 1979; Vol. IV, Tables 2.28-2.31.

(10) Yagupsky, G.; Cais, M. Inorg. Chim. Acta 1978, 12, 127.

(11) Pidcock, A.; Smith, J. D.; Taylor, B. W. J. Chem. Soc. A 1967, 872.

(12) Zingales, F.; Chiesa, A.; Basolo, F. J. Am. Chem. Soc. 1966, 88, 2707.

(13) Pidcock, A.; Smith, J. D.,; Taylor, B. W. J. Chem. Soc. A 1969, 1604.

(14) Pidcock, A.; Taylor, B. W. J. Chem. Soc. A 1969, 877.

(15) Mathieu, R.; Lenzi, M.; Poilblanc, R. Inorg. Chem. 1970, 9, 2030.

(16) 2Jpp couplings for mer-Cr(CO),{(CH;0);P); were measured under the
same conditions given for [(CH;0);P};Cr(CO);(CS) in the Experi-
mental Section.
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Table III. Bond Angles for Cr(CO),(CS)[(CH;0),P]; (deg) with
Esd’s in Parentheses

Angles about Chromium Atom

Cis Angles
C(1)-€r-C(2) 96.0 (4) C(2)-Cr-P(3) 89.7 (3)
C(1)-Cr-C(3) 87.8 (4) C(3)-Cr-P(1) 90.4 (3)
C(1)-Cr-P(1) 87.6 (3) C(3)-Cr-P(2) 86.6 (3)
C(1)-Cr-P(3) 87.8 (3) C(3)-Cr-P(3) 93.4 (3)
C(2)-Cr-P(1) 86.9 (3) P(1)-Cr-P(2) 91.6 (1)
C(2)-Cr-P(2) 89.6 (3) P(2)-Cr-P(3) 93.3 (1)
Trans Angles
C(1)-Cr-P(2) 1744 (3) P(1)-Cr-P(3) 174.0(1)
C(2)-Cr-C(3) 1752 4)
Angles in Cr—C(X) Linkages
Cr-C(1)-S 176.4 (6) Cr-C(3)-0(3) 178.7 (8)
Cr-C(2)-0(2) 177.2(8)
Angles about Phosphorus Atoms
Cr-P-O 111.4 (2)~ O-P-O 96.2 (3)-
120.3 (2) 104.0 (3)

Angles about Oxygen Atoms in Phosphite Ligands
P-O0-C 119.5 (6)-124.1 (6)

Table IV. Bond Lengths for Cr(CO),(CS)[(CH,0);P]; (&) with
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Figure 2. Perspective diagram of [(CH;0);P],Cr(CO),(CS) showing
50% electron density probability ellipsoids.

Table V. »(CS) Wavenumbers and C-S Bond Distances in Selected
Transition-Metal Thiocarbonyl Complexes®

Esd’s in Parentheses complex »(CS), em™  d(C-S), A
Cr-P(1) 2265(3) C(1)-S 1.585 (9) [(7-CsH;)Fe(CO),(CS)]PF, 1348 1.501
Cr-P(2) 2346 (3) C(2-0(2) 1.148 (11) [Ir(PPh,),(CO),(CS)]PF, 1321 1511
Cr-P(3) 2260(3) C(3)-0(3) 1.157 (11) (n-CsH5)Mn(CS)(NO)(I) 1291 1.513
Cr-C(1) 1.782(9) P-O 1.569 (6)-1.607 (6) trans-RhCI(PPh,),(CS) 1299 1.536
Cr-C(2) 1.844 (9) (P)O-C 1.424 (12)-1.488 (11) Fe(OEP)(CS)* 1292 1.559
Cr-C(3)  1.834 (9) trans-W(CO)(CNC¢H,,)(CS) 1240 1.564

(n-C¢HsCO,CH,)Cr(CO),(CS) 1225 1.570

that the two different tertiary phosphite environments are not Cr(CO),(CS)[(CH;0),P]y . 1205 1.585

sufficiently different to give rise to different values of 2/%sc_sp. (n-C1oH,40)Cr(CO) (PPh;)(CS) 1.59

The observed coupling constant (22 Hz) is very close to the cis-[(n-C5H;) Fe(CO)(CS)], 1124 1.592

(bridging thiocarbonyl 1.587

2Jeis3_np value reported for Cr(CO)s[(CH;0),P] and trans-
Cr(C0),[(CH;0);P], (21 Hz).'7 The 3CS NMR resonance
appears as a doublet, due to the unique 3P-!3C coupling, split
into triplets by the other two equivalent >'P nuclei, again in accord
with isomer 2.

The mer stereochemistry (isomer 2) of the chromium thio-
carbonyl derivative was confirmed by single-crystal X-ray dif-
fraction (Table IT). The resulting perspective diagram including
the labeling scheme is shown in Figure 2. The arrangement of
the ligands around the central Cr(0) atom is distorted from
idealized octahedral geometry (see Table III for the interatomic
angles). The OC-Cr-CO angle is 175.2 (4)°, while the trans
phosphorus atoms are bent away from P(2) with P(1)-Cr-P(3)
= 174.0 (1)°, presumably to minimize steric interactions between
the three (CH;0);P groups. '

The interatomic distances are given in Table IV. The trans
Cr-P bond lengths are equal within experimental error [mean
value 2.262 (3) A], while the Cr—P bond trans to CS is appreciably
longer [2.346 (3) A}, i.e., an increase of 0.084 (3) A, We attribute
this to the strong electron-withdrawing capacity of the CS ligand,
leading to a weakening (and lengthening) of the trans Cr—P bond.

A comparison of the Cr=C(S) and C-S bond lengths with those
in related metal thiocarbonyl complexes containing terminal CS
linkages'® reveals that these distances are among the longest C-S
and shortest Cr—C(S) distances known. This effect is also reflected
in the low value of the CS stretching frequency (1205 cm™). The
Cr-C(S) bond distance is significantly shorter than the mean
Cr—C(O) value [1.839 (9) A]. We attribute these different ob-
servations to the relatively large amount of electron density
available for = back-bonding at the metal center resulting from
the presence of the three strongly s-donating phosphite ligands.
The variations observed in the bond distances associated with the

(17) Bodner, G. M. Inorg. Chem. 1975, 14, 2694.
(18) Woodward, S. S.; Jacobson, R. A.; Angelici, R. J. J. Organomet. Chem.
1976, 117, C75.

ligands)

9Data from: Woodard, S. S.; Jacobson, R. A.; Angelici, R. J. J.
Organomet. Chem. 1976, 117, C75, and references therein. *OEP =
octaethylporphyrin, see: Scheidt, W. R.; Geiger, D. K. Inorg. Chem.
1982, 21, 1208. °This work. "Korp, J. D.; Bernal, I. Cryst. Struct.
Comm. 1980, 9, 821.

CS ligand are completely in accord with ab initio molecular orbital
calculations for the free and coordinated CO and CS ligands: CS
is expected to be a substantially better electron-withdrawing ligand
than CO."

Angelici has reported a linear relationship between the CS
stretching frequency and the C-S bond length in a series of
terminal thiocarbonyl complexes.'® Least-squares analysis of the
currently available data given in Table V (excluding Fe-
(OEP)(CS)) yields a correlation coefficient of 0.99. Inclusion
of Fe(OEP)(CS) reduces the correlation significantly (r = 0.94).
This may be attributed to appreciable mixing of »(CS) with
»[M-C(S)], as observed in analogous porphinato thiocarbonyl
complexes.?

Conclusions

It has been shown in this study that arene displacement from
(n-arene)Cr(CO),(CS) by (CH;0),P yields predominantly?!

(19) Saillard, J. Y.; Grandjean, D.; Caillet, P.; Le Beuze, A. J. Organomet.
Chem. 1980, 190, 371.

(20) Smith, P. D.; Dolphin, D.; James B. R. J. Organomet. Chem. 1981, 208,
239,

(21) The FT-IR spectrum of the crude product of this reaction, prior to TLC
purification, exhibits an additional peak in the carbonyl stretching region
at 1957 em™! of weak intensity (<5% of that at 1896 cm™'), which may
be attributed to fac-Cr(CO),(CS)[(CH;0);P]; present in a very small
amount. [The second »(CO) mode of this isomer is presumed to be
hidden under the intense peak of the mer isomer at 1896 cm™.} This
assignment has been verified during investigations of the isomerization
of the mer isomer currently in progress in this laboratory.
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Cr(C0),(CS)[(CH;0),;P]; with octahedral mer stereochemistry.
The CO groups are mutually trans, and the CS ligand is trans
to one of the trimethyl phosphite ligands. The explanation for
this stereochemical preference does not appear to originate with
steric effects since Cr(CO),L, complexes (L = THF, CH,CN,
R;P), when synthesized under the same conditions as those em-
ployed here, are isolated as fac isomers even though they are
significantly distorted due to steric effects. The formation of only

(22) In this paper the periodic group notation is in accord with recent actions
by IUPAC and ACS nomenclature committees. A and B notation is
eliminated because of wide confusion. Groups IA and IIA become
groups 1 and 2. The d-transition elements comprise groups 3 through
12, and the p-block elements comprise groups 13 through 18. (Note
that the former Roman number designation is preserved in the last digit
of the new numbering: e.g., IIl — 3 and 13.)

Inorg. Chem. 1985, 24, 2914-2919

one of the two possible mer isomers of Cr(CO),(CS)[(CH;0)4P],
further suggests that the stereochemical preference is dictated by
the electronic properties of the thiocarbonyl ligand.
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Further Insight into Magnetostructural Correlations in Binuclear Copper(II) Species
Related to Methemocyanin: X-ray Crystal Structure of a 1,2-u-Nitrito Complex
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The X-ray crystal structure of the nitrite complex [Cu,(L-Et)(NO,)][ClO,], (HL-Et = N,N,N’ N'’tetrakis(2-(1-ethylbenz-
imidazolyl))-2-hydroxy-1,3-diaminopropane) has been determined as a further test of the hypothesis of d,.,2/d2 orbital switching
which was used to explain the markedly different magnetic properties of the analogous azide and acetate complexes. Crystal data:
monoclinic, P2,/n, a = 14.229 (3) A, b=122.683(6) A, c=15913 (4) A, 8 =98.92°(2), Z = 4. The copper(II) stereochemistries
are close to trigonal bipyramidal with the alkoxide taking an equatorial bridging site. The nitrite ligand is asymmetrically bound,
forming an O,N bridge between axial sites. Despite very close structural similarity to the ferromagnetic acetate complex (2J =
+24 cm™), the nitrite complex is quite strongly antiferromagnetically coupled (2J = -278 cm™). This is traced to complementary
symmetries of the bridging ligand orbitals. This concept of ligand orbital complementarity is also used to gain a deeper
understanding of the diamagnetism of the azide complex [Cu,(L-Et)(N;)]?*. The relationship of these findings to the geometry
and magnetic properties of methemocyanin and oxyhemocyanin is discussed.
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