169

Journal of Organometallic Chemistry, 206 (1981) 169176
Elsevier Sequoia S.A., Lausanne — Printed in The Netherlands

m-COMPLEXES AS LIGANDS IN TRANSITION METAL COMPOUNDS

IV *, METALLATION OF #-PYRROLYLTRICARBONYLMANGANESE

N.I. PYSHNOGRAEVA *, V.N. SETKINA, V.G. ANDRIANOV, Yu.T. STRUCHKOV and
D.N. KURSANOV

Institute of Organo-element Compounds, Academy of Science of the USSR, Vavilou St., 28.
Moscow (U.S.S.R.)

(Received August 14th, 1980)

Summary

The metallation of w-pyrrolyliricarbonylmanganese (PTM) with n-butyl-
lithium has been studied. The metallizing agent has been shown to attack the
carbonyl group of PTM, forming a trinuclear complex (I) as a reaction product.
The complex contains the initial and the CO group-metallated molecules of
PTM as n-ligands. The possible routes of formation of I are discussed.

Introduction

The first papers devoted to studying the reactivity of w-pyrrolyltricarbonyl-
manganese (PTM) were only published in the early 1970’s, although Pauson
and co-workers had synthesized this complex as far back as 1964 [1]. Up to
now, the participation of PTM in isotopic hydrogen exchange and protonation
in acid media [2,3], acetylation [4], reactions with halogens [5], metal
carbonyls [6,7], and diphenylketene [8] have been reported. While system-
atically investigating the reactivity of PTM, we have studied its behaviour in
metallation reactions. This paper deals with the interaction of PTM with
n-butyllithium.

Results and discussion
It is known that metallation of w-cyclopentadienyltricarbonylmanganese
(CTM) can proceed in two directions: in the cyclopentadienyl ring or at the CO

group. The direction of attack by a metallizing agent depends to a great extent
on the reaction conditions (a decrease of temperature and an increase of the

* For part III see ref. 7.
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solvent coordinating strength favour metallation in the ring) [9,10].

Since our aim was to use the metallation of PTM to synthesize various
derivatives of this complex, we chose the conditions under which metallation
of CTM proceeds mainly in the cyclopentadienyl ring [9,10]. The metallation
was performed in THF at —60 or —70°C with n-butyllithium as metallizing
agent. The reaction mixture was decomposed with D,0 in order to detect the
location of lithium.

We found, quite unexpectedly, that under the above conditions n-BulLi
attacks not the pyrrolyl ring, but the carbonyl group of PTM, yielding the
trinuclear complex I, not containing deuterium. The structure of I was
established by an X-ray diffraction analysis.
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Complex 1 is yellow crystalline compound with a decomposition temper-
ature of about 152°C, readily soluble in acetone and CH,Cl,, and insoluble in
hexane. It is stable in the solid state but decomposes gradually in solution.

Crystals of I are monoclinic with lattice parameters at 20°C, a 8.503(1),

b 13,657(3), c 21.185(4) &,  100.84(2)°, V 2416(1) A3, M = 606.22 (C,,H, -
N,OgMnj3), d.a1c 1.66 g/cm3, Z = 4, space group P2,/n. Unfortunately, because
of the poor quality of the crystals, the results are not accurate enough to
discuss the molecular dimensions in detail, but the general stereochemical
features of the molecule I are determined quite reliably. Atomie, positional and
thermal parameters are given in Table 1, bond angles in Table 2, and the
geometry of the molecule, with bond lengths, is shown in Fig. 1.

The Mn(1) atom has an 18-electron shell and coordination typical for
w-pyrrolyl complexes of manganese, (1°-C,H;N)Mn(CO);(C,H;NCOCH;)Mn-
(CO); (I1) [4], (7°-CsH,N)Mn(CO)s(7°-CsHs)Re(CO), (III) [6] and [(7°C,HiN)-
Mn(CO);].Mn(CO;)I (IV) [5], whose structures we have determined earlier, i.e.
it is bonded to three carbonyl groups and to a n°-pyrrolyl ligand. The Mn(2)
atom is bonded to two CO groups and a carbene-like ligand, since the length of
the Mn(2)—C(6) bond to this ligand, equal to 1.96(3)4, is appreciably shorter
than the standard length of the Mn—C(sp?) ¢ bond (ca. 2.15 &) [11], but
exceeds the usual length of the Mn—CO bond (ca. 1.8 A [12]). The distance
C(6)—C(10), equal to 1.52(4) A, corresponds to a single C(sp?)—C(sp3) bond.
The distance C(6)—0(6), equal to 1.25(4) A, is much shorter than the standard
length of a single C(sp?)—O bond (1.31 A) and exceeds only slightly the
standard length of a double C=0 bond (1.22 A) [13].

Taking into account the values determined for the Mn—C(6) and C(6)—0(6)
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TABLE 2
BOND ANGLES

Angle w ¢) Angle w ) Angle w )
C@A)Mn(1)C(2) Q0(2) N(2)Mn(3)C(3) 23(2) Mn(2)C(6)C(10) 128(2)
C@@)Mn(1)C(3) 93(2) C(7)Mn(3)C(8) 82(2) 0(6)C(6)C(10) 111(3)
C(2)Mn(1)C(3) 97(2) C(7)Mn(3)C(9) 90(2) Mn(3)C(7)0(7) 172(5)
C(4)Mn(2)C(5) 89(2) C(8)Mn(3)C(9) 20(2) Mn(3)C(8)O0(8) 172(4)
C(4)Mn(2)C(6) 87(2) Mn(3)0(6)C(6) 128(2) Mn(3)C(9)0(2) 176(4)
C(5)Mn(2)C(6) 97(2) Mn(3)N(1)C(14) 123(2) C(6)C10)C(11) 115(¢3)
O(6)Mn(3)N(1) 83.5(9) Mn(3)N(1)C(17) 129(2) C(10)C(11)C(12) 113(3)
0(6)Mn(3)N(2) 86.0(9) CA4N(1)C(T) 108(3) C(11)c{12)C(13) 107(4)
O(6)Mn(3)C(7) 91(2) Mr(3)N(2)C(18) 120(2) N(1)C(14)C(15) 105(3)
C(6)Mn(3)C(8) 30¢1) Mn(3)N(2)C(21) 121(2) C(14)C(15)C(16) 111(3)
O(6)Mn(3)C(9) 179(2) C(18)N(2)C(21) 115(3) C(15)C(A6)C(17) 106(3)
N@1)Mn(3)N(2) 85(1) Mn(1)C(1)O(1) 171(4) N(1)C(17)C(16) 110(3)
N(1)Mn(3)C(7) 97(2) Mn(1)C(2)0(2) 173(4) N(2)C(18)C(19) 105(3)
N(1)Mn(3)C(8) 174(2) Mn(1)C(3)0(3) 174(3) C(18)C(19)C(20) 109(3)
N(1)Mn(3)C(9) 96(2) Mn(2)C(4)0(4) 176(3) C(19)C(20)C(21) 109(3)
N(2)Mn(3)C(7) 175(2) Mn(2)C(5)0(5) 169(3) N(2)C(21)C(20) 101(3)
N((2)Mn(3)C(8) 95(2) Mn(2)C(6)0(6) 119(2)

Fig. 1. The geometry of the molecule I.
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bond lengths, the structure of complex I in the Mn(2) region can be
represented by a resonance of two canonical forms:

N
N—>r~|/1n— @N——.—Mn___
| | >
— — +
/Mn§c/0 /Mn C//o
n—Bu n—-Bu

The coordination of the central Mn(3) atom is fac-octahedral: the metal
atom is bonded to three CO groups, participates in a donor-acceptor interation
with nitrogen atoms of two cis-situated pyrrolyl ligands and forms a o-bond
with O(6) of a carbene-like ligand, the length of the latter bond (1.98(2) A)
being somewhat shorter than the sum (2.04 ) of single-bonded covalent radii
of Mn [14] and O [15]1.

The lengths of the two donor-acceptor Mn(3)—N(1) and Mn(3)—N(2) bonds
are equivalent (2.11(8) &) and differ only slightly both from those found in IT
(2.104 &) and IV (2.115 and 2.118 &) and from the sum (2.08 ) of single-
bonded covalent radii of Mn [14] and N [15].

Data from elemental analysis and mass, IR, and PMR spectra are consistent
with the structure established for complex 1.

The IR spectrum of complex I (in CH,Cl,) in the region of carbonyl vibra-
tions contains the following absorption bands, corresponding to eight terminal
CO groups: 1867s, 1922(sh), 1940vs, 1980s (br), 2013 (bending), 2023(sh),
2032s, 2039(sh), 2055s, and 2105w cm™!. The poor resolution of some

| Ui
WA

| ]
7 6 5 3 1 &( ppm)
Fig. 2. The NMR spectrum of complex I.
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carbonyl bands and their superposition resulting in shoulders and distortions,
considerably complicates the IR spectrum of I and makes band assign-

ments unreliable. It can only be noted that the weak absorption at 1400

cm ™! seems to correspond to the C—O vibration in a cyclic fragment of I (Mn—
C—O—Mn).

The PMR spectrum of I (in acetone-d,, Fig. 2) reveals in a strong field three
signals from n-butyl group protons at 6 0.9 (3H), 1.3 (4H), and 2.9 (2H) ppm,
and eight signals of equal intensity (1H) in a weak field at 6 4.5, 4.9, 5.4, 5.8,
6.0, 6.6, 6.7, and 6.9 ppm, corresponding to protons of the two pyrrolyl rings
in I. These data show the non-equivalence of the pyrrolyl protons due to the
asymmetric structure of the trinuclear complex 1.

The mass-spectrum of I (12 eV), showing the presence of a molecular ion
with m/e 606 and fragments, is consistent with the X-ray-determined structure
of T and no deuterium is detected in pyrrolyl ligands of the complex analyzed.

_ Formation of the trinuclear complex I by interaction of PTM with n-BulLi is,
apparently, a complex process (Scheme 1), whose first stage represents lithia-
tion of the CO ligand with formation of the carbene complex A. Interaction of
A with D,O should yield the enol complex B. Formation of the trinuclear com-
plex I can be represented as resulted from coordination of the fragment
[Mn (CO),;1* with the enol complex B and a PTM molecule. But, as such, this
fragment can be absent in the reaction medium and interaction of the enol

¥ It should be noted that upon metallation of a phosphorus analogue of PTM (phosphacymantrene)
under identical conditions a nucleophilic attack at the heteroatom of the complex was observed,
accompanied by destruction of the n-bond Mn—phospholyl and formation of P—butylphosphole
[16]. It is not excluded that in the case of PTM such a process is also possible and, then, in addi-
tion to metallation of the CO ligand, the attack of n-BulLi at the nitrogen atom of PTM molecule
will give rise to decomposition of the complex, yielding N-butylpyrrole and the fragment [Mn-

(CO)3l.
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complex B, which, apparently has a mobile deuteron, with the PTM molecule
(Scheme 2) can result in elimination of D-N-pyrrole *, and formation of a
coordinatively-unsaturated intermediate C. The latter builds up its 16-electron
shell to an 18-electron one via coordination with a new PTM molecule, yielding
complex 1.

Formation of complex I supports the proposal that unreacted PTM is present
in the reaction medium. To confirm this, we metallated PTM with 1.5—2-fold
excess of n-BuLi, assuming that the whole amount of initial PTM would partici-
pate in the reaction already at the first stage. It turned out that in fact no com-
plex I is formed under these conditions.

The above schemes for the formation of the trinuclear complex I undoubt-
edly require an additional experimental foundation and, therefore, we intend
to study the metallation of PTM in more detail.

Experimental

Complex I was synthesized and isolated under argon. All solvents were care-
fully dried and distilled under argon prior to use.

PTM was prepared by the known procedure {2].

A hexane solution of n-BuLi (2 ml, 0.85 N) was added dropwise to the
solution of PTM (0.7 g or 3.4 mmol) in 30 ml THF at —60 to —70°C under
stirring for 5—10 minutes. After stirring for 30—40 minutes at this temper-
ature, the mixture was brought to room temperature and decomposed with
D,0 (10—15 ml). The addition of 10—15 ml of benzene resulted in separation
of the mixture to an organic layer, which was isolated, and an aqueous layer,
which was extracted with benzene. The extracts were dried over MgSO,, and

* It shouid be noted that both D-N-pyrrole and N-butylpyrrole seem to polymerize under the reac-
tion conditions and therefore attempts at their identification were unsuccessful.
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the solvent was removed in vacuo. The oily residue was dissolved in CH,C}, and
passed rapidly through a thin silica gel layer. After removing the solvent, the
residue was washed with hexane to separate the unreacted PTM and recrystal-
lized from a mixture of hexane and CH,CIl,. Yellow crystals of complex I (0.1
g or 15% as calculated for 3 PTM molecules) were obtained with a decomposi-
tion temperature of about 152°C.

Elemental analysis. Found: C,41.25; H, 2.70; N, 4.28; Mn, 27.31. C,;;H,;,N,-
OgMnjcaled.: C, 41.58; H, 2.80; N, 4.62; Mn, 27.23%:

Lattice parameters of I and intensities of 1130 reflections with I == 20 were
measured with a 4-circle Hilger & Watts automatic diffractometer (A Cu-K,,
graphite monochromator, /26 scan, 8 < 57°) without correction for absorp-
tion. The structure was solved by a direct method using the MULTAN
programme and refined by the least-squares method in a full-matrix anisotropic
(Mn atoms)-isotropic approximation, R = 0.108, R = 0.111.

Mass spectra were recorded with a MS-30/DS-50 spectrometer; IR spectra
were measured with a UR-20 spectrophotometer; PMR spectra were recorded
with a RYa-2309 (20 MHz) spectrometer.
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