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Structure of (Benzo|c]cinnoline-/V’)pentacarbonyltungsten

By Eric K. PHAM AND LisaA MCELWEE-WHITE
Department of Chemistry, Stanford University, Stanford, CA 94305, USA

(Received 8 April 1991; accepted 8 October 1991)

Abstract. [W(ClegNz)(CO)S], Mr = 504.1 1, triCliniC,
P1, a=7.152(3), b=10.124 (4), c=12.170 (6) A, «
=092914), B=99493), v=107.62(3)>, V=
823.7(6) A%, Z=2, D,=2.03gcem™3, A(Mo Ka) =
0.71069 A, u =71.9 cm ™!, F(000) =476, T =298 K,
R =0.043, wR = 0.049 for 3060 reflections with >
30(I). The compound is a mononuclear complex of
benzo[c]cinnoline involving the coordination of the
W metal to the lone pair of one N atom (N1). The
W---N2 separation is 3.01 A. The N1—N2 distance is
1.31 (1) A, intermediate between that of a double
bond (1.25A) and a single bond (1.40 A). The
benzo[c]cinnoline ligand is essentially planar with a
1° twist angle between the phenyl rings.

Experimental. The title compound was obtained as
an unexpected product from the reaction of the
Fischer carbene complex (CO);W=C(OMe)(Me)
with benzo[c]cinnoline which can be viewed as a
rigidly fixed form of cis-azobenzene. Red prisms of
the complex, recrystallized from a concentrated solu-
tion of CH,Cl, at 253 K, had NMR data identical to
an authentic sample prepared independently via a
previously published route (Kooti & Nixon, 1976). A
single crystal of dimensions 0.15 % 0.31 x 0.25 mm
was mounted on a glass fiber and coated with epoxy
cement. Data collection was performed on a Nicolet—

0108-2701/92/061120-02$06.00

Siemens P2, diffractometer (Mo Ka radiation,
graphite monochromator). From the least-squares fit
of the angular settings of 25 reflections (20 <28 <
25°) final unit-cell parameters were obtained. The
intensities were collected at 298 K using the 6-26
scan technique with a variable rate of 1 to 15° min !
in the range 3 < 20 < 55°. The index ranges were 10
<h<0, —-19=k=<19, —-21=</<2]1. The three
standard reflections measured every 97 reflections
showed only 0.5% loss in intensity during the total
exposure time of 255 h. Of 4095 reflections collected,

Fig. 1. ORTEP (Johnson, 1965) drawing of the title compound
with the atom-numbering scheme. H atoms omitted. Ellipsoids
are drawn at the 50% probability level.
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Table 1. Atomic coordinates and final equivalent
isotropic thermal parameters (A with esd’s in
parentheses for [W(C,HgN,)(CO)s]

By = (1/3)%,%,B;;a*a*a; a;.

X y z B,
wi1 0.01474 (6) 0.07529 (4) 0.22384 (3) 2.820 (6)
Cl 0.155 (1) 0.004 (1) 0.3577 (8) 3.8(2)
o1 0.227 (1) —0.0385 (8) 0.4299 (7) 6.1 (2)
Cc2 -0.090 (1) -0.116 (1) 0.1493 (8) 4.0(2)
02 —-0.158 (1) —0.2281 (7) 0.1032 (7) 59(2)
C3 0.258 (1) 0.102 (1) 0.1505 (8) 3.8(2)
03 0.391 (1) 0.113 (1) 0.1080 (7) 6.2 (2)
C4 -0.234 (1) 0.0384 (9) 0.2929 (7) 3.3(2)
04 -0.378 (1) 0.0113 (8) 0.3266 (6) 53(Q)
Cs -0.137 (1) 0.146 (1) 0.0942 (8) 4.0 (2)
05 0.225 (1) -0.1806 (9) -0.0217 (6) 59()
C6 0.212 (1) 0.4207 (9) 0.2877 (7) 3.0 (2)
C7 0.273 (1) 0.5444 (9) 0.3630 (8) 33(Q)
C8 0.336 (2) 0.674 (1) 0.3195 (9) 4.3 (2)
C9 0.340 (2) 0.679 (1) 0.208 (1) 5.2(3)
Cl10 0.283 (2) 0.558 (1) 0.1353 (9) 5.4 (3)
Cl1 0.221 (2) 0.431 (1) 0.1735 (8) 43(2)
Cl2 0.201 (1) 0.3946 (9) 0.5080 (7) 302
C13 0.267 (1) 0.5314 (8) 0.4790 (8) 29(2)
Cl4 0.317 (1) 0.644 (1) 0.5648 (9) 39()
Cl5 0.305 (1) 0.616 (1) 0.6733 (9) 42()
Clé 0.242 (1) 0.480 (1) 0.7008 (8) 43(2)
c17 0.192 (1) 0.370 (1) 0.6212 (8) 3.8 (2)
NI 0.142 (1) 0.2897 (7) 0.3254 (6) 3.1(2)
N2 0.142 (1) 0.2781 (7) 0.4322 (6) 3.1(2)

3485 were unique, and 3060 reflections had I>
3o(I). Lorentz and polarization corrections were
applied. Owing to the relatively small size of the
crystal no empirical absorption correction was
applied. The structure was solved by Patterson
methods and refined via standard full-matrix least
squares (on F) and Fourier techniques with a Digital
Equipment MicroVAX computer using locally
modified Enraf-Nonius SDP software (Frenz, 1985).
Function minimized was Sw(F,| — |F|)? w=
Vo™ (F,), a(F2) =[o, (F?) + p(F2)’1"% p=0.02. All
non-H atoms were refined with anisotropic thermal
parameters. H atoms were placed according to their
ideal molecular geometries (C—H = 0.95 A) and
included in the structure-factor calculations with
their positions and isotropic temperature factors
fixed. The refinement of 258 parameters converged
with R =0.043 and wR = 0.049; the maximum shift/
e.s.d. in the final refinement cycle was 0.01 while the
final difference Fourier map at this stage was
featureless; the maximum and minimum residual
electron densities were 0.795 and —0.645¢ A3,
respectively. Atomic scattering factors and f7, f”
were taken from International Tables for X-ray
Crystallography (1974, Vol. IV, pp. 72-151).
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Table 2. Selected interatomic distances (A) and angles
(°) with e.s.d.’s in parentheses for [W(C,,HgN;)(CO)s]

w1—Cl 2.05 (1) C—O (av.) 1.14 (1)
WI1—C2 1.959 (9) C—C (Ph,av.)  1.39(1)
W1—C3 2.03 (1) C6—NI1 1.40 (1)
W1—C4 2,03 (1) C7—C13 1.43 (1)
W1—CS 2.05 (1) C12—N2 1.37 (1)
WI1—NI1 2.287 (6) NI—N2 1.31 (1)
Cl—W1—C2 89.0 (4) W1—C—O (av.) 177.6 (8)
Cl—W1—C3 89.8 (4) C—C—C (Ph,av.) 1200 (9)
Cl—W1—C4 90.3 (4) C7—C6—N1 120.9 (8)
CI—W1—C5 177.2 (4) C11—C6—NI1 119.9 (8)
Cl—WI—NI 86.2 (3) C6—C7—Cl3 118.3 (8)
C2—W1—C3 88.0 (4) C8—C7—C13 123.4 (8)
C2—W1—C4 9.0 (4) C13—C12—N2 123.7 9)
C2—W1—C5 91.2 (4) C17—C12—N2 115.7 (8)
C2—WI1—NI 175.0 (3) C7—C13—ClI2 115.9 (7)
C3I—W1—C4 177.0 (4) C7—C13—Cl4 125.7 (8)
C3—W1—C5 93.0 (4) W1—N1—C6 128.9 (6)
C3—WI—NI 93.5 (3) W]—N1—N2 110.5 (5)
C4—W1—C5S 86.9 (4) C6—NI—N2 120.5 (6)
C4—WI1—NI 89.4 (3) C12—N2—NI1 120.5 (7)
C5—WI1—NI 93.5(3)

A drawing of the title compound with the atom-
numbering scheme is shown in Fig. 1. Atomic
coordinates and final equivalent isotropic thermal
parameters of all non-H atoms included in the
refinement are given in Table 1.* Interatomic dis-
tances and angles are listed in Table 2.

Related literature. The structure of benzo|c]cinnoline-
bis(tricarbonyliron), [Fe,(C,,HgN,)(CO)q] (Doedens,
1970) has been reported with an N—N bond length
of 1.399 (8) A. The corresponding N—N length in
the title compound is 1.31(1) A, intermediate
between that of a single bond and a double bond
(Power & Destana, 1991).

* [ists of structure factors, anisotropic thermal parameters,
least-squares-planes data, complete bond distances and angles,
and H-atom parameters have been deposited with the British
Library Document Supply Centre as Supplementary Publication
No. SUP 54722 (27 pp.). Copies may be obtained through The
Technical Editor, International Union of Crystallography, 5
Abbey Square, Chester CH1 2HU, England.
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