Available online at www.sciencedirect.com
-~ COMPTES RENDUS

D

SOIENCE@DIRECT' éfé%{gl
W

ELSEVI R C. R. Chimie 6 (2003) 581-588 s

A

CHIMIE

Full paper / Mémoire

Study ofn>-(1-chloro-4-methylcyclohexadienyl)
andn>-(1-methyl-4-chlorocyclohexadienyl)tricarbonylmanganese
complexes in solution and in the solid state

Francoise Rose-Munctt, Frédéric Balss&, Béatrice Jacques
Eric Rose**, Yves Dromzeé’
2 Laboratoire de synthése organique et organométallique , UMR CNRS 7611, BP 181, université Pierre-et-Marie-Curie,
4, place Jussieu, 75252 Paris cedex 05, France

b Laboratoire de chimie inorganique et matériaux moléculaires, UMR CNRS 7071, université Pierre-et-Marie-Curie,
4, place Jussieu, 75252 Paris cedex 05, France

Received 23 January 2003; accepted 22 April 2003

Abstract

The spectroscopic studies of neutrgh(1-chloro-4-methylcyclohexadienyl) angf-(1-methyl-4-chlorocyclohexadienyl)
tricarbonylmanganese complexes have been realized in solutidH b§MR spectroscopy as well as in the solid state. The
structures showed a dihedral angle of th& srbon of 33.2° and 36.6° with respect to the cyclohexadienyl fiagite this
article: F. Rose-Munch et al., C. R. Chimie 6 (2003).

© 2003 Académie des sciences. Published by Editions scientifiques et médicales Elsevier SAS. All rights reserved.
Résumé

Les études spectroscopiques des complexes neutr@s(dtchloro-4-méthyl-cyclohexadiényl) et ayd-(1-méthyl-4-chloro-
cyclohexadiényl)tricarbonyl manganése ont été réalisées en particulier en solution pait-RMBM I'état solide par radiocris-
tallographie. Ces structures montrent un angle diédre de 33,2° et de 36,6° du carbpaerapport au plan du cyclohexadié-
nyle. Pour citer cet article : F. Rose-Munch et al., C. R. Chimie 6 (2003).
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1. Introduction received little attention in comparison with the isoelec-
tronic neutrain®-(arene)tricarbonylchromium deriva-
tives [5-8], which have been widely used in organic
synthesis. The main feature of cationic manganese
~* Corresponding author. complexes is their high electrophilic properties which
E-mail address: rose@ccr.jussieu.r (E. Rose). allowed addition reactions of nucleophiles such as,

Although known since 1957, cationicn®-
(arene)tricarbonylmanganese compleXés4] have
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inter alia, hydrides [9-14], to the coordinated arenes,
leading to the formation of stable n°-(cyclo-
hexadienyl)Mn(CO); complexes. The high solubility
and the ‘non-charged’ nature of these last complexes
gave them some interesting properties that were used
in different fields. At first, they have been proved to be
useful for the purification of n°(haogeno-
arene)Mn*(CO), complexes, which are difficult to ob-
tain in a pure form after coordination of the corre-
sponding arenes to the Mn(CO); entity. Indeed, it has
been well reported that complexation of bromoben-
zene, for example, suffered rather extensive loss of
bromine and yielded a mixture of cationic bromoben-
zene and benzene complexes 1 and 2 (Fig. 1) [15, 16].
Thus, reaction of this mixture of complexes 1 and 2
with an hydride source afforded a mixture of neutral
n°-(bromocyclohexadienyl) and n>-(cyclohexadienyl)
Mn(CO); 3 and 4 that could easily be separated by
silica gel chromatography column. Hydride abstrac-
tion by CPh* PR~ from complex 3 gave the pure
bromobenzene complex 1 (Fig. 1). Another source of
difficulty to obtain n°-(halogenoarene) in a pure state
comes from the problem due to their reactivity with
polar solvents [16] and attempts to recrystallise the
crude material from acetone—ethanol are frustrated by
the reaction of the halogenoarene complex with EtOH,
giving the ethoxybenzene complex. Only a relatively
few studies about the reactivity of the neutral n°>-Mn
complexes were developed and involved attack at the
terminus of the r-system leading to the formation of
cyclohexadienes [4, 17] after an oxidative process. As
far as we are concerned, we have used the anionic
chromium complex 6 as a hydride donor towards cat-
ionic benzene Mn complex 2, thus demonstrating not

Br\© Mn(CO)sBr \O O
AICl3, N,
PFe Mn*(CO Mn+(CO)3 PFs
1 2
N J
g
l LiAIH,
B~ CPh3PF6
! 0
PFg"Mn*(CO)3 Mn(CO)3 Mn(CO)
1 3 4

Fig. 1. Complexation of bromobenzene to Mn(CO), entity.
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Fig. 2. Easy hydride addition to Mn complexes.

only the easy hydride addition to Mn complexes, but
also the reversihility of hydride addition in the case of
n°-(benzene)Cr(CO); complex. Indeed, hydride H~
was trapped with cationic n°-(benzene)Mn*(CO), 2 to
give the neutral n°-Mn complex 4 and the n°-Cr com-
plex 5 (Fig. 2) [18]. We also described thefirst cineand
tele nucleophilic substitutions of n°-(halogenocyclo-
hexadienyl)Mn(CO); complexes after treatment with
hydrides and a proton source [19]. Finally, very re-
cently, we showed that n°>-Mn complexes [19-23]
could represent key building blocksfor the synthesis of
a new generation of electron-withdrawing group sub-
gituted  n°-(arenedMn*(CO);  complexes, via
palladium-catalyzed reactions (Fig. 3) [24, 25]. In-
deed, Pd-catalyzed reactions of complex 7 in the pres-
ence of AsPh, efficiently afforded the corresponding
n°-Mn derivatives 8 substituted by carbon, oxygen,
nitrogen, sulphur and phosphorous nucleophiles or n°
complexes 9 under CO atmosphere. Removal of the
exo-hydrogen with CPh,BF, yielded the n°-
complexes 10 or 11. In the course of these studies,
using differently substituted n°-(haogenocyclo-
hexadienyl)Mn(CO); complexes as starting material,
we prepared the two regioisomer chloro complexes 13
and 14. In this paper, we describe their structures in
solution by means of NMR spectroscopy and in the
solid state by means of X-ray analysis.

2. Results and discussion

Addition of LiAlH, to p-chlorotoluene tricarbonyl-
manganese complex 12 gave a 65:35 mixture of
1-chloro and 4-chloro complexes 13 and 14 in 90%
yield [19, 26] Other hydride sources have been de-
scribed in the literature, for example: LiEt;BH, LiB(i-
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,Mn(CO)s g M(CO%:
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Fig. 3. Paladium-catalyzed reactions applied to the syntheses of
new Mn complexes.

PrO);H [9], KBH, KBEt;H, KB(i-PrO);H,
LiB[CH(CH3)C,Hg]sH [10], Bu,NBH, [11], NaBH,
[14]. This confirms that the major isomer 13 corre-
sponds to an addition of the hydride ortho to the chlo-
ride group in harmony with the inductive effect pre-
dominating over the mesomeric effect for chloride
atom (Fig. 4).

8
A LiA H4 q 5 4 6
L, -
Hs 275 CHy 3 /% The
PFg" Mh*(CO)3 M (CO)z Mn (CO)z
12 13 14
Fig. 4. Synthesis of complexes 13 and 14.

2.1. 'H NMR study

The chemica shifts of protons of para-
chlorotoluene 15 are given in Table 1, entry 1, as well
asthose of the Mn and Cr corresponding complexes 12
and 16 (entries 2 and 5). The shielding of each proton
A, =6 —¢' (differencein chemical shift between H, ¢
of complex 15 and the same protons in 12) and Ad,
=0 —¢" (difference in chemical shift between H, ¢ of
complex 15 and the sameprotonsin 16) iscalculated in
entries 3 and 6 and the difference of chemical shiftso,,;
—0Jy isreported in column 5. These dataare in agood

agreement with other *"H NMR data comparing arene
Cr and arene Mn complexes [27]. The chemical shifts
of the cationic n°-Mn complexes resonated at higher
frequenci es than the corresponding neutral 11°-Cr com-
plexes. The H, and Hg protons ortho to the chloride
atom resonated in each case at the highest frequency
(Table 1, entries 1, 2, 5). The difference of chemical
shifts d3 — Jy, is amplified in the case of Cr and Mn
complexes (0.22 and 0.23 ppm) (entries 2 and 5) with
respect to the free arene: 0.09 ppm in Me,CO dg for
example (column 5). The shielding effects due to the
complexation Ad,; and Ad, are smaller for the H, and
Hg protons (0.10 and 1.36 ppm) than for the H; and Hg
protons (0.18 and 1.50 ppm) (Table 1, entries 3 and 6).
We did not try to predict the regioselectivity of the
addition of an anion to complex 12 because it is well
precedented in the literature [ 28] that regioselectivities
of nucleophilic additions are strongly dependent upon
the substituent of thering, the reaction medium and the
nature of the nucleophile. It is pointed out that “the
effect of substituent on the regiosel ectivity seemsto be
very complex” and that addition of nucleophiles can
even proceed with inversion of regioselectivity by
changing the nature of the solvent. Nevertheless, in our
case, it was not surprising to observe amajor addition
of the hydride to the C2 carbon ortho to the chloride
atom because there is a synergic effect of the methyl
and the chloro groups. Indeed the methyl moiety acti-
vates the meta position and the chloro moiety activates
the ortho position. Selected *H NMR chemical shifts
of n°-cyclohexadienyl complexes 13 and 14 are given
Table 2 in CyDg and in CDCI4 showing clearly an
increasing sp® character from Hy to H, and to Hy
protons. In complex 14, an unexpected high value,
difficult to explain, was observed for the difference
03 — 0, in the range 1.3-1.7 ppm, whereas the H; and
H,, positions seem relatively similar for complex 13 (05
— 6, in the range 0.10-0.52 ppm). A characteristic *J
gem of 12-14 Hz is observed for the Hg hydrogens: the
Heexo Nydrogen is coupled only with the Hggg0 hydro-
gen because thefirst oneisamost perpendicular to the
cyclohexadienyl moiety whereas Hgqqo iS Usually a
doublet of doublet J=5-6 and J = 12-14 Hz.

2.2. X-ray structures of complexes 13 and 14

Fig. 5 showstwo Cameron views of complex 13, the
first one corresponding to the projection of the tricar-
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Table1
Selected *H NMR data of complexes 12 and 16.
Entry Arene H, 6 Hjs® Op =0 p,
1 2 3 57.26Pcf 7.17°0f 0.09
C'OCH3 57.26° 7.17%f 0.09
15
C|OCH3 6.94b.cf
d b, c, f -
2 \ + 5'7.16°¢° 6.480% ¢ 0.22
Mn(CQO),
0" 6.66 % 0.18
3 AS,P=6-0 0.10 0.18
4 Ad ¢ 0.60 0.69
5 CIQCH\», 0" 5.902 ¢ 5.675¢f 0.23
Cr(CO)3 o" 5.779f 5544 f 0.23
6 AS,P=5-0" 1.36 1.50
7 A1 1.49 1.63

appm; ° Me,CO-dg; ©d, J=8Hz; ¢ CD,CN; ¢[12]; f thiswork.

bonylmanganese tripod on the cyclohexadienyl plane.
Thedienyl carbon atomsC1, C2, C3, C4 and C5 define
a nearly perfect plane (maximum deviation 0.06 A).
Thecyclohexadienyl ringisfolded about C1-C5witha
dihedral angle of 33.2°. The carbon—carbon bond dis-
tances in the cyclohexadienyl ring (except the 1.369 A
value for C1-C2 bond that shows a greater double-
bond character) are not significantly different from
each other and can be compared with the 1.391 and
1.417 A extreme values described in the case of tricar-
bonyl 6-phenyl, m°-(1,2,3,4,5-cyclohexadieny)man-
ganese complex [29] or the 1.41 A average value of the
tricarbonyl 1>-(cyclohexadienyl)manganese complex
Table2

Selected *H NMR data of complexes 13 and 14.

[30]. In each case, the mean carbon—carbon bond
length is less than the value of 1.43 A for the carbon—
carbon distance in n-cyclopentadienyl systems, indi-
cating that carbon—carbon bond of complexed -dienyl
system are stronger than those in the corresponding
n-cyclopentadienyl case. The central atom C3 of the
dienyl system isonly 2.137(5) A from manganeseion,
whereas the intermediate carbon atoms C2 and C4 and
the terminal atoms C1 and C5 are 2.245(7) and
2.157(5) A and 2.197(5) and 2.183(5) A from the metal
atom, respectively. The carbon—carbon distancesin the
bent back portion are normal single bond lengths
1.470(8) and 1.463(8) A. The C10-0O3 bond eclipses

complexes H, Hs 03—05 Hg 03—0g Hendo Hgexo

s 4.48° 458 0.10* 2.29% 2.28% 2732 2.072
c‘x—@»“—m—i3

* Vmco,  500° 5.52° 0.52° 3.09° 3.43° 3.02° 2.62°

. @% 3.58% 5.30% 1.722 2.60° 2.69% 2.60% 2.03*

ngw 4.60° 5.91° 1.31° 3.07° 2.84° 2.36° 2.66°

2CqDg; P CDCl,.
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Fig. 5. Cameron views of complex 13 (C;HgCl)Mn(CO) with the thermal ellipsoids at the 50% probability level.

the saturated carbon C6 and the carbon-chloride bond
is anti-eclipsed with respect to the projection of the
Mn(CO); tripod (Fig. 5).

Fig. 6 showstwo Cameron views of complex 14, the
first one corresponding to the projection of the tricar-
bonylmanganese tripod on the cyclohexadienyl plane.
The five unsaturated carbon atoms of the cyclohexadi-
enyl ring are amost coplanar (maximum deviation

0.03 A) while the remaining atom C6 liesin the C1 C6
C5 plane, which makes a 36.6° angle with the other
plane. This value can be compared with the dihedral
angle of 42.5° found by Churchill and Scholer [30] in
the case of tricarbonyl-n>-(1,2,3,4,5-cyclohexadienyl)
manganese complex, with the dihedra angle of
36.5(5)° found by Sweigart et a. for the tricarbonyl
6-phenyl, n°-(1,2,3,4,5-cyclohexadienyl)manganese

ey

> 4
?%@’! o
oc s )

° C5

Fig. 6. Cameron views of complex 14 (C;HgCl)Mn(CO), with the thermal ellipsoids at the 50% probability level.
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CN OMe
AN C/ Mn(CO)3
Mn(CO)s S-C6H4-p-Me

Fig. 7. Two examples of n°-(cyclohexadienyl)Mn(CO), complexes
17 and 18, described in the literature.

complex [29], with the 42.2(3)° value found by Chung
etal., for thetricarbonyl 1-N(CH,CH,0),Si, 6-phenyl,
n°-(1,2,3,4,5-cyclohexadienyl) manganese complex
[28] and with the 37° value found recently with respect
to the (exo-n>-C,oHg)Mn(CO), complex [31]. How-
ever, it is fairly different from the dihedra angle of
29.6° in the case of the tricarbonyl 4-isobutyronitrile,
n°-(3a,5,6,7,7a-indenyl) manganese complex 17 [32]
and with the dihedral angle of 25.5° for complex 18
(Fig. 7) that we recently prepared [21]. C10-O3 bond
eclipses the sp® carbon C6. The carbon—carbon bond
distances in the cyclohexadienyl ring are not signifi-
cantly different from each other, indi cating the del ocal -
ization of electrons in this portion of the ring and are
also similar to those described in theliterature [ 29, 30].
Nevertheless, the bond distances C1-C2 (1.379 A) and
C4-C5 (1.392 A) are slightly shorter than the C2—C3
(1.402 A) and C3-C4 (1.414 A) bond lengths. The
carbon—carbon lengths in the bent back portion are
those of single bonds: 1.469(7) and 1.488(7). The met-
a—carbon distancesin the cyclohexadieny! ring show a
normal pattern in which the metal atom iscloser to the
C3 carbon atom and further from the substituted C1
carbon atom. Indeed, the centra atom C3 is only
2.125(5) from the manganese ion, the intermediate
carbon atoms C2 and C4 are 2.210(5) and 2.129(4)
from the manganese and the terminal atoms C1 and C5
are 2.259(4) and 2.191(4) from the metal. The carbon—
chloride bond is eclipsed by the Mn—C9-02 bond

(Fig. 6).
3. Experimental section

3.1. Synthesis of complexes 13 and 14

(C;HgC)MN(CO), were synthesized and fully char-
acterized as previously described [16, 19].

Crystalsof 13 and 14 were obtained by slow cooling
of apentane solution at 20 °C. A crystal (plate) of each

of them of dimensions 0.1 x 0.38 x 0.56 mmand 0.16 x
0.5 x 0.7 mm, respectively, was mounted in a glass
capillary under nitrogen.

3.2. Crystallography

Selected crystals were set up on an Enraf Nonius
CAD4 diffractometer. Accurate unit cell dimensions
and crystal orientation matrices together with their
estimated standard deviations were obtained from
| east-squares refinements of the setting angles of 25re-
flections. For both compounds, two standard reflec-
tions were monitored periodically; no intensity decay
occurred during any of the data collections. Correc-
tions were made for Lorentz and polarization effects
Empirical absorption corrections were applied
(CARSPECIAUX 121/P “symbol” Scan). Crystallo-
graphic data and other pertinent information are sum-
marized in Table 3.

3.3. Sructure solution and refinement

For the two compounds, the observed systematic
absencesare, h+1=2n+1forhOl andk=2n+ 1for
0kO, and the space group is then P2,/n. Computations
were performed by using PC version of CRYSTALS
[33]. Scattering factors for all atoms were as incorpo-
rated in CRY STALS.

Structures were solved by direct method [34]. All
remaining non-hydrogen atoms were found by elec-
tron density map calculations. Their atomic coordi-
nates were refined, and they were affected isotropic
then anisotropic displacement factors.

At this stage, hydrogen atoms were located on a
difference electron density map; their coordinateswere
refined with an overall isotropic displacement factor.
L east-square refinement was carried out by minimising
the function X w (|Fo| — |Fc|)?, where Fo and Fc are the
observed and calculated structure factors. The criteria
for a satisfactory complete analysis were the ratios of
the rms shift to standard deviation being less than
0.02 and no significant features in the final difference
map.

The molecular geometry and the atom numbering
scheme of compounds 13 and 14 are shown in
Figs. 5 and 6 produced by the programn CAMERON
[35] included in the CRY STALS crystallographic pro-
gram system.
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Table3
Crystal data of complexes 13 and 14.

587

Formula (C; Hg CI)Mn(CO)5; compound 13 (C; Hg CI)MN(CO); compound 14
Chemical formulaweight 266.6 266.6
Crystal system monoclinic monoclinic
Space group P2,/n P2,/n
a(h) 7.400(2) 7.390(4)
b(A) 14.368(4) 14.464(6)
c(A) 10.153(3) 13.133(4)
L) 98.23(2) 98.57(4)
V(A3 1068(4) 1071(6)
z 4 4
dcac(gem~3) 1.658 1.653

7 (MoKa) (A) 0.71069 0.71069
u(MoKa) (cm~1) 14.2 14.2
Number of reflections for lattice parameters 25 25

Range for |attice parameters (°) 14-15 14-15
Temperature (K) 295 295
Collection method w20 w 20
Absorption corrected by v scan w scan
Correction (min/max) 0.55/1 0.58/1
Number of reflections collected 2073 2069
Number of uniques reflections 1870 1872
Number of reflectionswith | >3 o (1) 1116 1352

2 0 range (°) 3to50 3to50
R=%(|Fo| — |Fc|)/Z|Fo| 0.0426 0.0436
R, = [Z w ([Fo| — [Fc)%/Z w |Fo]¥? 0.0505 0.0495
S=[2Z w ([Fo| — [Fc)(m—n)] Y2 113 1.18
Number of parametersrefined 161 161

Weighting scheme
(410)

w=w [1{AF /60 (F)}2°
<002

w=Ww [1{AF /65 (F)} 22>
0.02

aw' =1/Z," Ar Tr(x), where n is the number (3) of coefficients Ar, for a Chebyshev serie, for which x is Fo/Fo(max).
b JR. Carruthers, D.J. Watkin (Chebychev Weighting), Acta Crystallogr. A 35 (1979) 698-699.

Supplementary material

[2] G.Winkhaus, G. Wilkinson, Proc. Chem. Soc. (1960) 311.

All crystallographic data have been sent in elec- [3] G.Winkhaus, L. Pratt, G. Wilkinson, J. Chem. Soc. (1961)
tronic format to the Cambridge Crystallographic Data 3807.
Centre, 12 Union Road, Cambridge CB2 1EZ, UK as [4] K. Mc Daniel, W. Abel, F.G.A. Stone, G. Wilkinson (Eds.),

cif files Nos. CCDC 200287 and 200288. They can be
obtained by contacting the CCDC [Fax : (internat.)
44-1223/336-033 ; E-mail : deposit@ccdc.cam.ac.uk].
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