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Abstract

The crystal and molecular structures of [{exo-(EtO),P(O)-n*-C;HJMn(CO),] (1) (Et) and [{endo-(MeO),P(O)-n’-
CeHe}Mn(CO),] (2) (Me) have been established by an X-ray structural study. Compound 1 (Et) crystallizes in the space group
P2, /c with the unit cell dimensions a = 12.839(4), b= 13.982(4), c =15.188(5) A, B=96.33(2)°, V'=2709.78(1.40) A’ and D,,.=1.59
g/em?® for Z =4. Refinement converged at R=0.0509, R, =0.0477, based on 2721 observed reflections with intensities 7> 30(I).
Compound 2 (Me) crystallizes in C2/c with the unit cell dimensions a=18.466(4), b=12.377(2), c=14.267 A, B=92.90(1)°,
V'=3256.67(1.02) A3 and D =1.45 g/cm® for Z=8. Refinement converged at R=0.0652, R, =0.0718, based on 2580 observed

reflections with intensities 1> 3o(I).
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1. Introduction

Several years ago we reported [1] on the use of
phosphate as a nucleophile to the [(CsHg)Mn(CO),]*
cation. To our knowledge there had been no reports
on the use of phosphate as a nucleophile to the =
coordinated ring until we reported. Our previous com-
munication [1] revealed that [{exo-(RO),P(O)-n’-
CeHo)Mn(CO);] (1) (R) on treatment with nBuLi and
H,O underwent stereospecific rearrangement to [{endo-
(RO),P(0)-7°-CsHgIMn(CO);] (2) (R) (Scheme 1). In
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this note we describe the structural characterization of
1 (Et) and 2 (Me).

2. Experimental

Compounds (arene)Mn(CO),*, 1 (Et) and 2 (Me)
were synthesized as previously described [1].

Crystals suitable for X-ray diffraction were grown
from a hexane solution at room temperature. A summary
of the crystallographic results is presented in Table 1.
All data were collected by using a Nicolet R3m/E single-
crystal diffractometer, controlled by Nicolet software.
Data reduction, structure determination and refinement
were carried out using the SHELXTL program package.
Heavy-atom positions were obtained via automated
Patterson analysis and used to phase reflections for
the remaining light atoms via the usual combination
of structure factor, Fourier synthesis and full-matrix
least-squares refinement. All refinements were per-
formed using matrix least-squares on F, with anisotropic
thermal parameters for all non-hydrogen atoms, and
included idealized hydrogen coordinates as fixed atom
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Table 1
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Crystal data, data collection and refinements of the structures for
[{fendo-(MeQ),P(0)-1°-CsHg}Mn(CO);] and [{exo-(EtO),P(O)-n*-

CsHeiMn(CO);]

Formula C1H;,0,PMn C13H,c0OsPMn
Space group P2,/c Cyle

a (A) 12.839(4) 18.466(4)

b (A) 13.982(4) 12.377(2)

c (A) 15.188(5) 14.267(2)

B ) 96.33(2) 92.90(1)
V(A% 2709.78(1.40) 3256.67(1.02)
zZ 4 8

Dcalc (g Cm_3)

g (em™)

Radiation source, A (A)
Scan method

Range data collection (°)
Total no. observations
No. unique data I>3o(])
No. parameters refined
GOF

R=(3F,~F.)/3F,

R, =((3F,—F)Y(FAh)'"?

1.59

10.68

Mo Ka, 0.71069
6-26
3.5°<26<45
4068

2721

361

1.811

0.0509
0.0477

1.45

8.95

Mo Ka, 0.71069
6-26
3.5°<26<50
3256

2580

190

1.813

0.0652
0.0718

Table 2
Selected bond lengths (A) and angles (°) for 1 (Et) and 2 (Me)

1 (Et)

C(1)-0(1) 1.137(8) C(1)-Mn 1.798(7)
C(5>-Mn 2.216(6) C(6)-Mn 2.131(6)
C(7>Mn 2.132(6) C(4)-C(5) 1.510(7)
C(5)-C(6) 1.368(6) C(6)-C(N 1.426(7)
C(4)-P 1.815(5) P-O(5) 1.456(5)
Mn-C(1)-0O(1) 177.9(5) C(5)-C(4)-C(9) 103.4(3)
C(4)-P-0O(5) 114.3(2) C(5)-C(6)-C(7) 120.6(4)
2 (Me)

C(9)y-0(4) 1.144(7) C(9)-Mn(1) 1.794(6)
C(3)>Mn(1) 2.134(5) C(4)-Mn(1) 2.128(5)
C(1)-C(2) 1.501(7) C(2)-C(3) 1.407(7)
C(3)-C(4) 1.410(7) C(1)-P(1) 1.803(5)
P(1)-O(1) 1.452(4) P(1)-0(2) 1.557(4)
Mn(1)-C(9)-0(4) 175.4(5) C(2)-C(1)-C(6) 103.6(4)
C(1)-P(1)-0O(1) 113.0(2) C(2)-C(3)-C(4) 119.3(5)

contributors. Selected bond lengths and angles for 1
(Et) and 2 (Me) are given in Table 2.

3. Results and discussion

Compound 1 (Et) was prepared by the reaction of
(CsHe)Mn(CO),;* with NaP(O)(OEt), (generated in
situ) in THF at room temperature. Crystals of 1 (Et)
suitable for X-ray analysis were grown in a hexane
solution of 1 (Et) at room temperature. Compound 2
(Me) was prepared by the reaction of 1 (Me) with
nBulLi, and followed by quenching with H,O. Single
crystals of 2 (Me) for X-ray analysis were grown in a
hexane solution of 2 (Me) at room temperature.

The geometry of 1 (Et) showing the atomic numbering
scheme used is depicted in Fig. 1. The X-ray structure
of 1 (Et) confirms that the P(O)(OEt), is positioned
exo as expected. The coordination sphere around the
manganese atom in 1 (Et) is essentially that of a piano
stool, as in CpMn(CO); [2]. The dienyl carbon atoms,
C(5),C(6), C(7), C(8) and C(9) define a plane (maximum
deviation 0.014 A). The cyclohexadienyl ring is folded
about C(5)-C(9) with a dihedral angle of 38.0°, which
is larger than 36.5° in [7°-PhCgHs]Mn(CQO); [3]. The
metal—carbon distances in the cyclohexadienyl ring show
a pattern in which the metal atom is significantly closer
to the delocalized carbon set (C(6), C(7) and C(8))
than to the two terminal carbon atoms, C(5) and C(9)
[4]. This slipping of the Mn atom may be interpreted
as maximization of the interaction of the Mn with =~
electron density of the delocalized ring system. Similar
slipping distortion from regular m°-coordination has
been seen in cyclopentadienyl- and indenyl-metal com-
plexes [5]. The manganese atom is located 1.678 A
below the plane of the dienyl ring. The bond distances
of P=0 and P-O (1.456 and av. 1.570 A, respectively)
of 1 (Et) are similar to those (1.449 and 1.558 ‘i,
respectively) of organic compounds [6], but are shorter
than those (av. 1.486 and av. 1.608 A, respectively) of
CpFe(CO),P(O)(OEt); [7]. The longer bond distances
in CpFe(CO),P(O)(OEt), would be ascribed to the -
interaction between Fe and phosphorus atoms. The
electron in the P=0 bond flows into the iron d orbital
through presumably a phosphorus d orbital. However,
there are no w-interactions between C(sp®) and phos-
phorus atoms in 1 (Et).

As for 2 (Me), there are two crystallographically
independent molecules in the asymmetric unit and two
asymmetric units per cell (Z=4). An ORTEP drawing
of the two molecules with atom labels is shown in Fig.
2. The structures of the two crystallographically in-
dependent molecules (molecules 1 and 2) are basically
identical. The only difference is the orientation of the

chm

Fig. 1. ORTEP drawing of 1 (Et) with the atom labeling scheme.
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Fig. 2. ORTEP drawing of the two crystallographically independent
molecules in the asymmetric unit of 2 (Me) showing the atom labeling
scheme.

P=0 group. The molecules are well separated by normal
van der Waals distances in the crystal. The coordination
sphere around the manganese atom in 2 (Me) is es-
sentially that of a piano stool, as in CpMn(CO); [2].
The dienyl carbon atoms define planes (maximum de-
viation 0.028 A). The dihedral angles between the dienyl
ring and the plane containing the sp® carbon takes on
a value of av. 46.0°. The dihedral angle is larger than
the values of 43° in C;H,Mn(CO); [8], 39° in dicarbony!-
3-[m7-(2-cyclohexadienyl)]-o-propenoyliron [9], 41° in tri-
carbonyl {bis(ethoxycarbonyl)-methyl}cyclohexadienyl-
manganese [10], and are similar to the value of ap-
proximately 45° in structures of three substituted 1,2-
dihydropyridinechromium tricarbonyl complexes [11],
but are smaller than the value of 50° in C;Me,HRe(CO),
[12].

The metal-carbon distances in the cyclohexadienyl
ring show the pattern as in 1 (Et). The manganese
atom is located av. 1.690 A below the plane of the
dienyl ring. The bond distances of P=0 and P-O (av.

1.450 and av. 1.540 A, respectively) of 2 (Me) are
similar to P=0O and P-O (1.456 and av. 1570 A,
respectively) of 1 (Et), but are shorter than those
(av. 1486 and av. 1.608 A, respectively) of
CpFe(CO),P(O)(OEt), [6].

4. Supplementary material

Atomic coordinates and temperature factors, com-
plete bond distances and angles, final fractional co-
ordinates, and anisotropic thermal factors, hydrogen
coordinates, and torsion angles for 1 (Et) and 2 (Me)
are available from the authors upon request.
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