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perature, independent of solvent, and unaffected by
added free olefin, unequivocally rules out simple olefin
rotation as being solely responsible for the averaging of
the carbonyl groups, since such a process would not
exchange axial carbonyl groups with equatorial ones as
demanded by the observed single line at high tempera-
tures. Unfortunately, due to the simplicity of the
spectrum, the nmr line shape changes contain no mecha-
nistic information. As a result analysis of the axial-
equatorial carbonyl group exchange in terms of ‘‘basic
permutational sets””!? with the present data is not
feasible. We would only like to point out that a syn-
chronous olefin rotation and Berry rearrangement of
the carbonyl groups (Scheme I), which by the way are

Scheme 1
CO>™ < Co, C{O:j .
i CO; 2
'/ Ve | = COs = /. F -
/_QFcho — R 7o,
| A 7 eo |
COr* 0,C : Co,

inseparable, provides a simple pathway for the ex-
change process.!'® The process is also attractive since
it offers a ready rationale for the observed dramatic in-
crease in the activation barrier upon the replacement of
one CO group by an olefin moiety.?* Should the above
process be operative it also suggests a very close corre-
spondence between the strength of the metal olefin bond,
or more precisely its 7 component,!s-1¢ and the obtained
energies of activation based on carbonyl group ex-
change.” Our observation that the rate of rearrange-
ment decreases in the series styrene—% > (ethyl acrylate)-
> benzalacetone~ > (diethyl maleate)- ~ (diethyl
fumarate)- > trifluorochloroethylene-Fe(CO),!? is a
clear indication of this.

Studies are in progress to establish more convincingly
the correlation between Fe-olefin bond strength and
activation barriers for carbonyl group exchange.
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Preparation and Structure of n!-Pentachlorocyclopenta-
dienylpentacarbonylmanganese(I), (n'-C;Cl;)(CO);Mn
Sir:

In this communication the preparation and structure
of the first o-bonded pentachlorocyclopentadienyl-
transition metal complex are described. The prepara-
tion of pentachlorocyclopentadienyl-metal complexes
has proved a somewhat difficult task in the past. Deca-
chloroferrocene and decachlororuthenocene were ob-
tained by repetitive metalation exchange-halogenation
reactions.!'? Bis- and monopentachlorocyclopenta-
dieny! (C;Cl;~) complexes of mercury have been pre-
pared with 1,2,3,4,5-pentachlorocyclopentadiene or
thermally unstable TIC;Cl;.»¢ We recently reported
the convenient synthesis of halogen substituted n5-
cyclopentadienylrhodium complexes vie the insertion
reactions of diazocyclopentadienes into halogen-
bridged dirhodium species.® Extension of this reaction
has resulted in the first C;Cl;~ derivatives of man-
ganese.®

Two yellow crystalline products, (n!-C;Cl;)(CO);Mn
(I) and (5%-C;C1;)(CO);Mn (II) are obtained from the
reaction of manganese pentacarbonyl chloride and 2,3,
4,5-tetrachlorodiazocyclopentadiene in pentane at room
temperature. They are conveniently separated by frac-
tional crystallization from the filtered reaction mixture.”
Four carbonyl stretching bands are observed in the so-
lution (cyclohexane) infrared spectrum of the less sol-
uble compound I. These occur at 2128 (m), 2077 (w),
2044 (vs), and 2011 (s) cm~! and are assigned to the
A, By, E, and A;Y modes, respectively.! Excluding
bands due to the carbonyl groups, the remainder of the
spectrum (4000-400 cm~!; Nujol mull) is virtually
identical with that reported for Hg(C:Cl;),,** indi-
cating that the pentachlorocyclopentadienyl ligand is
o-bonded. This has been confirmed by the prelim-
inary results of an X-ray structural analysis which are
reported at this time.

Crystals of (5-C;Cl;)(CO);sMn are monoclinic:
space group P2i/n, a special setting of P2,/c (no. 14,
C2:%);a = 13701 (2), b = 8.758 (1), ¢ = 13.329 (1) A;
B8 = 107.78° (1); Z = 4. Data collection (Nb-filtered
Mo Ka radiation, Syntex P; Autodiffractometer) yielded
1560 symmetry independent reflections having 28x.xa <
43.0° (0.5 limiting Cu K& spheres) and / > 2¢(). Di-
rect methods were used to locate the manganese and
three chlorine atoms. The remaining atoms were lo-
cated using standard difference-Fourier techniques.
Unit-weighted full-matrix least-squares refinement,
employing anisotropic thermal parameters for all atoms,
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has resulted in a conventional unweighted residual,
R = I||F,| — |F.J|/Z|F,|, 0f 0.041. The crystal used for
data collection gave slightly more than one-half copper
sphere of data before the six standard reflections being
monitored every 300 reflections showed a sharp de-
crease in intensity, presumably due to a rapid degrada-
tion of the compound. The remaining intensity mea-
surements necessary for a complete set of 6-20 scan
data (at least to 20mora = 55°) will be made on
other crystals of this compound and then merged with
the present data set. The additional data will be
necessary if we are to make the best possible compari-
sons between the structural parameters of this complex
and others in a series containing halogen substituted
cyclopentadieny! groups.

(n1-CsCL)Y(CO);Mn is composed of discrete mole-
cules in which the manganese atom achieves a filled
valence shell configuration by bonding octahedrally to
five carbonyl groups and a ¢-bonded pentachlorocyclo-
pentadienyl ligand (Figure 1). The C;Cl;~ group is
bonded to the manganese atom through a single carbon
atom at a distance of 2.204 (6) A and possesses the
normal characteristics of a o-bonded cyclopentadienyl
group, namely two short, 1.351 (8, 6, 6)° A, and three
long, 1.487 (8, 12, 13) A, carbon—carbon bonds. The
four carbon atoms of the cyclopentadienyl ring in-
volved in the two double bonds are bonded to chlorine
atoms at an average distance of 1.693 (6, 4, 5) A, while
the fifth carbon atom is bonded to a chlorine atom at a
distance of 1.798 (6) A—observations also consistent
with a g-bonded cyclopentadienyl ring. The four car-
bonyl groups, whose carbon atoms form a quasi-square
oriented approximately normal to the Mn-CP1 vector,
have average manganese~carbon bond lengths of 1.871
(8, 10, 21) A, while the group trans to the pentachloro-
cyclopentadienyl group has a manganese—carbon bond
of 1.833 (8) A. The carbonyl groups are bonded
linearly to the manganese (average Mn—-C-O angle of
177.2 (8, 6, 14)°) and have average values of 1.151
(8,4, 7) A for the carbon-oxygen distances.

Compound I is stable in the solid state. Samples ex-
posed to light or air show no visible signs of deterio-
ration. It melts, with effervesence, at 110° to give
quantitative yields of II. This conversion also takes
place slowly in solution at room temperature and may
account for the isolation of II from the original reac-
tion mixture.

When II is the sole product desired, the insertion
reaction is carried out in octane. After 24 hr at room
temperature, the reaction solution is warmed to ~80°
for a few minutes, cooled, and stripped to dryness.
Sublimation of the residue yields II uncontaminated by
I. The infrared spectrum (cyclohexane solution) of II
in the carbonyl stretching region shows two bands at
2050 (s) and 1982 (vs) cm~! assigned to the A; and E
modes, respectively. These are shifted an average of
28 cm~! to higher wave numbers than those observed
for (#%-C;H;XCO);Mn. This suggests that the #°-
C;Cl; ring is a poorer electron donor and/or better
electron acceptor than the 5°-C;H; moiety. The solid
state spectrum of II, excluding carbonyl related vibra-
tions, has fewer bands than that of compound I and is

(9) The first number in parentheses is the rms estimated standard
deviation of an individual datum. The second and third numbers,

when given, are the average and maximum deviations from the average
value, respectively,

4009

Figure 1. The molecular structure of (!-C;Cl;CO);Mn.

similar to that reported for Fe(C;Cl;)..! This is ex-
pected for 7% coordination of the pentachlorocyclo-
pentadienyl group.®

The relative stability of (n!-C;CL)}(CO);Mn is no-
table, as (-CsH;)(CO);Mn is not known. This may
be due to the decreased nucleophilicity of C,;Cl;~ 1!
relative to C;H;™ so that displacement of two carbonyl
groups is less readily achieved. Also, the well-known
ability of halogens to stabilize metal-carbon o-bonds!?
probably contributes to the stability of I.1?

Investigation of the chemical properties of these com-
plexes is currently in progress.
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Iodo- and Hydridotantalum(IIT) Complexes
of Dialkylacetylenes
Sir.

The isolation and study of stable transition metal
complexes of monoolefins and acetylenes and their
derivatives have provided insight into transition metal
catalyzed reactions of these hydrocarbons. Heretofore
most of these studies have been restricted to systems in-
volving olefins or acetylenes which are activated by
electronegative substituents;! with relatively few ex-

(1) See, for example, A, Nakamura and S. Otsuka, J. Amer. Chem.

Soc., 94, 1886 (1972); I. Schwartz, D. W. Hart, and J. L. Holden, ibid.,
94, 9269 (1972).
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