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Abstract

Acid-mediated hydride reduction of tricarbonyl(n®-N-
methyl-1,2,3,4-tetrahydrocarbazole)chromium(0) affords
either the cis-fused exo-hexahydrocarbazole—chro-
mium(0) complex {[Cr(C;3H;;N)}(CO)3}, (D} exclu-
sively, or a separable mixture of (I) and the endo-
isomer {[Cr(C;3H,7N)(CO);], (II)}, depending upon the
choice of hydride donor. The conformations of the hexa-
hydrocarbazole systems differ in the orientation of the
indoline moiety with respect to the saturated hexahydro-
carbazole rings. The isolation of the exo-isomer is un-
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usual, as this complex arises via reaction at the sterically
more hindered endo face of the coordinated ligand.

Comment

The chemistry of (n®-arene)tricarbonylchromium com-
plexes continues to attract much attention, owing to the
multitude of reactions in which the bound arene can par-
ticipate (Semmelhack, 1995). Moreover, most transfor-
mations of chromium-complexed arenes proceed with
excellent levels of stereoselectivity, as a consequence
of the stereodirecting effect of the Cr(CO); fragment
(Davies & McCarthy, 1995). In a study aimed at ex-
tending this useful reactivity profile to include stereo-
controlled manipulations of 7°-coordinated indoles, the
acid-mediated hydride reduction of (indole)Cr(CO);
complexes has been explored (Pigge et al., 1998). It is in
connection with this project that the title complexes, (I)
and (II), were prepared and structurally characterized.

The molecular structures of (I) and (II) are shown
in Figs. 1 and 2, respectively. The exclusive production
of the exo-isomer, (I), under the initial set of reaction
conditions is significant, as this complex results from
reaction at the nominally sterically more hindered endo
face of the coordinated indole ligand. Such endo-
selective reactions of (arene)chromium complexes have
rarely been observed (Sur er al, 1996). It is also
noteworthy that (I) and (II) represent two of only a few
structurally characterized (n°-indoline)-transition metal
complexes (Chen et al.,, 1997; Heaton et al., 1993;
Dickens et al., 1989).

Bond distances and angles for the two complexes are
quite similar, with the major structural difference being
the stereochemistry of the carbazole ring fusion rela-
tive to the Cr(CO); group. The average Cr—CO dis-
tances are 1.834(2) and 1.832(4) A, and the average
OC—Cr—CO angles are 88.16(9) and 88.04 (8)°, for
compounds (I) and (II), respectively. The Cr(CO); frag-
ment adopts a partially eclipsed conformation with the
coordinated arene, and the three CO ligands are aligned
over C5, C7, and C8a. Such a conformation is typical
in Cr(CO); complexes of arenes bearing an electron-
releasing substituent (Solladie-Cavallo, 1985). The Cr—
Carene distances vary in ethc ranges 2.202(2)-2.346(2)
and 2.200(2)-2.390(2) A in (I) and (II), respectively.
The distance from the Cr atom to the centroid of the aro-
matic ring is 1.757 in (I) and 1.773 A in (II). The bond
distances and angles within the aromatic ring itself are
typical for both complexes [mean values are 1.410(3)
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Fig. 1. View of (I) showing the labeling of the non-H atoms.
Displacement ellipsoids are shown at the 50% probability level:
H atoms are drawn as small circles of arbitrary radii.

Fig. 2. View of (II) showing the labeling of the non-H atoms.
Displacement ellipsoids are shown at the 50% probability level:
H atoms are drawn as small circles of arbitrary radii.

and 1.410 (3) 10\, and 119.9 (4) and 119.9 (4)°, for (I) and
(ID), respectively]. The indoline ring in both complexes
(mean plane calculations include atoms C4a, C4b, C5-
C8, C8a, C9a and N9) adopts an envelope conforma-
tion in which all the atoms are approximately coplanar
except C9a, which constitutes the ‘flap’ of the enve-
lope and which deviates from the indoline mean plane
by 0.237(1) in (I) and O. 118(1)A in (II), toward the
face of the arene occupied by the Cr(CO); fragment.
The saturated six-membered carbocyclic ring (C1-C4,
C4a, C9a) exists in a chair conformation in both com-
plexes. The attached N atom occupies an axial position
in (I) and an equatorial position in (II). The conforma-
tional preferences observed in (I) and (II) presumably
reflect a minimization of interactions between the bound
ligand and the Cr(CO); fragment, although examina-
tion of molecular models did not reveal any significant
steric constraints present in either complex, regardless
of the conformation adopted by the cyclohexane ring.
The C—C distances and angles in the saturated carbo-
cyclic rings are in the ranges 1.515 (3)-1.556 (2)A and
109.3 (2)-116.29 (14)°, respectively. These values are
similar to the distances and angles found in a struc-
turally characterized metal-free cis-hexahydrocarbazole

exo- AND endo-[Cr(C,3H7N)(CO);]

derivative (McLean er al., 1970). The crystal packing of

the molecules indicates a weak interaction of one of the

carbonyl O atoms (O3) with an aromatic H atom [O3—

H5(1+x 3. 9 = 2.55A and O3—H6A(—x— 4, y—1,
—z+ ,) = 2.54 A for (I) and (II), respectively].

Experimental

Treatment of (1°-N-methyl-1,2,3 4-tetrahydrocarbazole)Cr(CO):
with NaBH:CN in trifluoroacetic acid afforded the exo-hexa-
hydrocarbazole complex, (I), as the sole product in 84%
isolated yield. Substitution of NaBH; for NaBHaCN in the
reaction produced a separable 1:1 mixture of (I) and the endo-
isomer, (ID). in 95% yield. Full experimental details. including
spectroscopic data, for the synthesis of (I) and (II) have been
published elsewhere (Pigge er al., 1998). Crystals suitable for
X-ray diffraction were grown by slow diffusion of hexanes
into a methylene chloride solution of (I) and a diethyl ether

solution of (II).

Compound (I)
Crystal data

[Cr(C3H17N)(CO);]
M, = 323.31
Monoclinic
P2|/(‘
a=173756(1) A_
b=121.9934(2) A
c=9.6991(1) A
B = 108.843 (1)°

= 1489.02 (3) Al
Z 4
D, =142Mgm™*
D,, not measured

Data collection

Siemens CCD diffractometer

w scans

Absorption correction:
empirical (Blessing, 1995)
Tonin = 0.78, Thax = 0.98

25 368 measured reflections

3598 independent reflections

Refinement

Refinement on F*
R[F* > 20(F")] = 0.032
wR(F) = 0.082
S = 1.081
3596 reflections
190 parameters
H atoms not refined
w = [ (F]) + (0.0352P)
+ 0.6246P]
where P = (F; + 2F>)13

Compound (II)
Crystal data

[Cr(C13H17N)(CO)1]
M, = 32331

Mo Ko radiatgon

A=0.71073 A

Cell parameters from 8192
reflections

g =2-28°
u=0777 mm™'
T=2182)K

Hexagonal plate
0.33 x 030 x 0.10 mm
Light yellow

3102 reflections with
I>20()

Rin = 0.029

ema\ = 28°

h=-10—-9

k=0—- 30

I1=0—-13

(A/U)md\ = 0.002

Apman = 0291 € A7

Apwn = 0313 e A7

Extinction correction: none

Scattering factors from
International Tables for
Crvstallography (Vol. C)

Mo Ko radiation
A=071073 A
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Monoclinic Cell parameters from 8192
P2, /n reflections

a=95188 (1) A 6 = 2-28°

b= 10.3406 (1) A p = 0.804 mm™!
c=14.6223 (2) A T=293(2)K

B =91.379 (1)° Rectangular

V = 1438.86 (3) A° 04 x 0.3 x 0.1 mm
Z=4 Yellow

D, =1.492 Mg m~*
Dy, not measured

Data collection

Siemens CCD diffractometer 3034 reflections with

w scans 1> 20(l)
Absorption correction: Rin = 0.037
empirical (Blessing, 1995)  fmax = 28°
Tmm = 077, Tmux = 0.91 h=-13—13
28 024 measured reflections k=0— 14
3476 independent reflections /=0 — 20

Refinement

Refinement on F?
R[F? > 20(F?)] = 0.032
wR(F) = 0.088
$=1.030
3463 reflections
190 parameters
H atoms not refined
w = [ (F?) + (0.0451P)°
+ 0.6378P]
where P = (F? + 2F3)/3

(A/0)max = 0.004_

Apmax = 0.299 e A:3

Apmin = —0477 e A7

Extinction correction: none

Scattering factors from
International Tables for
Crystallography (Vol. C)

Data collection was carried out by a Siemens CCD X-ray
diffractometer at 218 K. Data were collected by the double-
pass method using the CCD area-detector system. The first 50
frames of data were recollected at the end of data collection to
monitor crystal decay. H atoms were treated using appropriate
riding models.

For both compounds, data collection: SMART (Siemens,
1997); cell refinement: SMART; data reduction: SAINT
(Siemens, 1997); program(s) used to solve structures:
SHELXS97 (Sheldrick, 1997b); program(s) used to refine
structures: SHELXL97 (Sheldrick, 1997a); molecular graph-
ics: SHELXTL-Plus (Sheldrick, 1998); software used to pre-
pare material for publication: SHELXTL-Plus.
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University of Missouri Research Board for generous
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Supplementary data for this paper are available from the IUCr
electronic archives (Reference: FG1479). Services for accessing these
data are described at the back of the journal.
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Abstract

The cation of the title compound, tris(2,2'-bipyridyl)-
copper(Il) bis[bis(2-thioxo-1,3-dithiole-4,5-dithiolato-
S“,Ss)nickelate(lll)], [CU(C]()HxNz)gl[Ni(C3SS)2]2, has
crystallographic twofold rotation symmetry with all
Cu—N distances almost equivalent in an octahedral
environment. The NiS; coordination of the anion is
significantly distorted from a square-planar geometry.

Comment

The synthesis of molecular conductors containing lo-
calized magnetic moments is a new challenge in the
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