
Heteropolymetallic Complex Syntheses by Reiterative
Nucleophilic Additions of Lithiated

(η6-Arene)tricarbonylchromium Compounds to Cationic
(η6-Benzene)manganese Complexes

Christophe Renard, Raphael Valentic, Francoise Rose-Munch, and Eric Rose*
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Treatment of lithiated (η6-Xn-substituted-arene)Cr(CO)3 complexes (X ) OMe, n ) 2, 3)
with (η6-benzene)Mn(CO)xL3-x PF6 complexes (L ) P(OEt)3, x ) 0, 1) gave rise to the formation
of di-, tri-, and tetrapolymetallic complexes depending on the experimental conditions. A
“one-pot” procedure was developed to obtain tetranuclear complexes directly from (η6-arene)-
Cr and -Mn mononuclear complexes. The molecular structures of the trinuclear complex
5b ((CO)3Cr[(µ-η6-1,3-(OCH3)2-C6H2:(η5-C6H6)2]Mn2[(CO)4(P(OEt)3)2] and of tetranuclear
complex 9 ((CO)3Cr[µ-η6-1,3,5-(OCH3)3-C6:(η5-C6H6)3]Mn3[(CO)6(P(OEt)3)3] have been deter-
mined by X-ray crystallography.

Introduction

Arenes can be easily coordinated to neutral tricarbo-
nylchromium or cationic tricarbonylmanganese entities

giving neutral (η6-arene)tricarbonylchromium or more
electrophilic cationic (η6-arene)tricarbonylmanganese
complexes.1 Several studies have focused on the addi-
tion of “classical” nucleophiles to the arene ring of these
manganese complexes. These nucleophiles include car-
banion enolates, Grignard reagents, R-cyano- or
R-nitrocarbanions,2-9 diazo groups,10 and phospho-
nates.11 In contrast, a small number of investigations
have used organometallic derivatives as nucleophiles.12
One of the few areas which have been studied is that of
benzylic and homobenzylic anions. Indeed, Beck et al.
described the reaction of (η6-benzene)tricarbonylman-
ganese with deprotonated diphenyl methane or ben-
zothiophene coordinated to tricarbonylchromium.13 They
also observed the reactions with carbonyl osmate,14
carbonyl rhenate,15 and anionic alkynyl complexes.12e
Our own contributions have been aimed at studying the

(1) See, for example, the following reviews: (a) Kane-Maguire, L. A.
P.; Honig, E. P.; Sweigart, D. A. Chem. Rev. 1984, 84, 525. (b) Balas,
L.; Jhurry, D.; Latxague, L.; Grelier, S.; Morel, Y.; Hamdani, M.;
Ardoin, N.; Astruc, D. Bull. Soc. Chim. Fr. 1990, 127, 401. (c) Rose-
Munch, F.; Rose, E. Trends in Organometallic Chemistry; Research
Trends: Trivandrum, India, 1994; Vol. 1, p 669. (d) Semmelhack, M.
F. In Comprehensive Organometallic Chemistry II; Abel, E. W., Stone,
F. G. A., Wilkinson, G., Eds.; Pergamon: Oxford, 1995; Vol. 12, p 979.
(e) Semmelhack, M. F. In Comprehensive Organometallic Chemistry
II; Abel, E. W., Stone, F. G. A., Wilkinson, G., Eds.; Pergamon: Oxford,
1995; Vol. 12, p 1017. (f) Rose-Munch, F.; Gagliardini, V.; Renard, C.;
Rose, E. Coord. Chem. Rev., in press.

(2) Chung, Y. K.; Williard, P. G.; Sweigart, D. A. Organometallics
1982, 1, 1053.

(3) Pearson, A. J.; Richards, I. C. J. Organomet. Chem. 1983, 258,
C41.

(4) Walker, P. J. C.; Mawby, R. J. Inorg. Chim. Acta 1973, 7, 621.
(5) Woo, K.; Carpenter, G. B.; Sweigart, D. A. Inorg. Chim. Acta

1994, 220, 297.
(6) (a) Walker, P. J. C.; Mawby, R. J. J. Chem. Soc. Chem. Commun.

1972, 330. (b) Chung, Y. K.; Sweigart, D. A.; Connelly, N. G.; Sheridan,
J. B. J. Am. Chem. Soc. 1985, 107, 2388. (c) Miles, W. H.; Smiley, P.
M.; Brinkman, H. R. J. Chem. Soc., Chem. Commun. 1989, 1897. (d)
Lee, Y. A.; Chung, Y. K.; Kim, Y.; Jeong, J. H. Organometallics 1990,
9, 2851. (e) Pike, R. D.; Sweigart, D. A. Synlett 1990, 565. (f) Lee, Y.
A.; Chung, Y. K.; Kim, Y.; Jeong, G. H.; Chung, G.; Lee, D. Organo-
metallics 1991, 10, 3707. (g) Miles, W. H.; Brinkman, H. R. Tetrahedron
Lett. 1992, 33, 589. (h) Jeong, E.; Chung, Y. K. J. Organomet. Chem.
1992, 434, 225. (i) Oh, A. S.; Chung, Y. K.; Kim, S. Organometallics
1992, 11, 1394. (j) Lee, T. Y.; Kang, Y. K.; Pike, R. D.; Sweigart, D. A.
Inorg. Chim. Acta 1993, 214, 125. (k) Ryan, W. J.; Peterson, P. E.;
Cao, Y.; Williard, P. G.; Sweigart, D. A.; Baer, C. D.; Thompson, C. F.;
Chung, Y. K.; Chung, T. M. Inorg. Chim. Acta 1993, 211, 1. (l) Lee, S.
S.; Lee, J. S.; Chung, Y. K. Organometallics 1993, 12, 4640. (m) Woo,
K.; Williard, P. G.; Sweigart, D. A.; Duffy, N. W.; Robinson, B. H.;
Simpson, J. J. Organomet. Chem. 1995, 487, 111. (n) Astley, D. K.;
Astley, S. T. J. Organomet. Chem. 1995, 487, 253.(o) Lee, T. Y.; Lee,
S. S.; Chung, Y. K.; Lee, S. W. J. Organomet. Chem. 1995, 486, 141.
(p) Pearson, A. J.; Gontcharov, A. V.; Zhu, P. Y. Tetrahedron 1997, 53
(11), 3849.

(7) Rose-Munch, F.; Aniss, K. Tetrahedron Lett. 1990, 31, 1990.
(8) Balssa, F.; Aniss, K.; Rose-Munch, F. Tetrahedron Lett. 1992,

33, 1901.
(9) (a) Chung, T. M.; Chung, Y. K. Bull. Korean Chem. Soc. 1991,

12, 350. (b) Pearson, A. J.; Khetani, V. D. J. Am. Chem. Soc. 1989,
111, 6778.

(10) Réaud, R.; Reed, R. W.; Dahan, F.; Bertrand, G. Organometal-
lics 1993, 12, 1501.

(11) Chung, Y. K.; Bae, H. K.; Jung, I. N. Bull Korean Chem. Soc.
1988, 9, 349.

(12) (a) Breimair, J.; Weidman, T.; Wagner, B.; Beck, W. Chem. Ber.
1991, 124, 2431. (b) Wieser, M.; Sünkel, K.; Robl, C.; Beck, W. Chem.
Ber. 1992, 125, 1369. (c) For the addition of anionic complexes to
cationic η6-arene and tropylium metal compounds, see: Beck, W.;
Niemer, B.; Wieser, M. Angew. Chem. 1993, 32, 923. (d) Bitterwolf, T.
E.; Everly, S. C.; Rheingold, A. L.; Yapp, G. J. Organomet. Chem. 1997,
531, 1. (e) Milke, J.; Sünkel, K.; Beck, W. J. Organomet. Chem. 1997,
543, 39.

(13) Breimair, J.; Wieser, M.; Beck, W. J. Organomet. Chem. 1992,
441, 429.

(14) Niemer, B.; Breimair, J.; Völkel, T.; Wagner, B.; Polborn, K.;
Beck, W. Chem. Ber. 1991, 124, 2237.
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reactivity of cationic (η6-arene)tricarbonylmanganese
toward Fischer-type carbene anions.16 (Arene)tricar-
bonylchromium complexes are known to be easily
deprotonated,1d so we decided to study the reactivity of
such organometallic aryllithium derivatives17 with cat-
ionic (η6-arene)tricarbonylmanganese complexes. We
report herein the reaction of lithiated alkoxy-substituted
(arene)tricarbonylchromium complexes with cationic (η6-
benzene)tricarbonylmanganese, thus demonstrating the
potential of this method in the syntheses of heteropoly-
metallic compounds, which could hold a pivotal role in
the development of polynuclear organometallic chem-
istry.18

Studies and applications of ring deprotonation of (η6-
arene)tricarbonylchromium complexes have mainly em-
ployed strong bases such as n-BuLi.1e Fluoro and alkoxy
substituents have been shown to give high to very high
ortho selectivity,19 however, meta substitution was ob-
served when the arene ring was substituted by very
bulky groups.20 But fluoroarenetricarbonylchromium
derivatives are known to be synthesized with low yield
because of their electron-deficient ring. For these
reasons, we chose polymethoxy-substituted arene com-
plexes such as 1,3-dimethoxy- and 1,3,5-trimethoxy(η6-
benzene)tricarbonylchromium complexes as the starting
material.

Results and Discussion

Dinuclear Complexes. Complex 2a was obtained
by a facile monolithiation at carbon 2 due to the
synergistic effects of the two heteroatoms (no formation
of disubstitution products21 was detected).

Addition of complex 2a (obtained by deprotonation of
the corresponding neutral complex by 1.1 equiv of
n-BuLi) to 1.2 equiv of benzenetricarbonylmanganese
(1a) (Chart 1) gave an 80% isolated yield of the di-
nuclear complex 3a (eq 1). The same reaction using

2-lithio-1,3,5-trimethoxy complex 2bLi as the nucleo-
phile gave rise to the formation of complex 4a in 72%
yield.
Both the IR spectra (ν(CO) 1875, 1920, 1955, and 2005

cm-1 for 3a; ν(CO) 1865, 1935, 1955, and 2015 cm-1 for
4a) and the NMR spectroscopic data (δ CO), 223.2 (Mn),
233.7 (Cr) ppm for 3a; 223.4 (Mn), 234.1 (Cr) ppm for
4a) with nicely distinct signals for the manganese ring
protons (the 1H NMR spectrum for 3a, for example,
exhibits a multiplet for H8 and H12 at δ 2.70 ppm, a
triplet for H9 and H11 at δ 5.02 ppm, and a triplet of
triplets for H10 at δ 5.82 ppm) and chromium ring
protons (the 1H NMR spectrum for 3a exhibits a triplet
for H5 at δ 5.57 ppm and a doublet for H4 and H6 at δ
4.62 ppm) agreed with such structures. Furthermore,
the multiplicity of the H7 protons (triplet at δ 4.36 ppm
for 3a, triplet at δ 4.24 ppm for 4a) confirmed the exo
addition of the nucleophile (aryllithium-Cr) with re-
spect to the Mn(CO)3 entity.
We attempted to take advantage of the presence of

the other acidic protons (ortho to the methoxy groups)
in complexes 3a and 4a to synthesize, by the same
pathway, the tri- and tetrapolymetallic complexes.
Complex 3a (or 4a) was subsequently converted into the
corresponding lithiated arene (eq 2), which gave, after
addition to a solution of 1a, a black mixture which was
certainly due to the formation of unstable products. It
was impossible to isolate the expected complex 5a (or
6a) (eq 2).

It has been observed that single electron transfer6e,22
or CO attack6n could afford unstable products. If this
was the case, we reasoned that the problems could be
circumvented by replacing one of the CO ligands in 1a

(15) Niemer, B.; Steinmann, M.; Beck, W. Chem. Ber. 1988, 121,
1767.

(16) (a) Rose-Munch, F.; Susanne, C.; Balssa, F.; Rose, E. J.
Organomet. Chem. 1994, 476, C25. (b) Rose-Munch, F.; Susanne-Le
Corre, C.; Balssa, F.; Rose, E.; Vaisserman, J.; Licandro, E.; Papagni,
A.; Maiorana, S.; Meng, W.; Stephenson, R. J. Organomet. Chem. 1997,
545-546, 9.

(17) Such lithioarene metal complexes have been studied by reacting
with formyl-, acetyl-, or carbomethoxy-functionalized derivatives of a
second metal: see refs 12d, 13.

(18) Some of the heteropolymetallic arene complexes in which metals
are coordinated to separated π-hydrocarbon rings have been recently
synthesized using a completely different approach, see: (a) Kang, Y.
K.; Chung, Y. K.; Lee, S. W. Organometallics 1995, 14, 4905. (b) Lee,
S. S.; Lee, T. Y.; Lee, J. E.; Lee, I. S.; Chung, Y. K. Organometallics
1996, 15, 3664. (c) Kang, Y. K.; Lee, H. K.; Lee, S. S.; Chung, Y. K.;
Carpenter, G. Inorg. Chim. Acta 1997, 261, 37.

(19) See, for example: (a) Havshou, G.; Widdowson, D. A. J. Chem.
Soc., Perkin Trans. 1983, 3065. (b) Boutonnet, J. C.; Levisalles, J.;
Rose-Munch, F.; Rose, E. J. Organomet. 1985, 290, 153. (c) Boutonnet,
J. C.; Rose-Munch, F.; Rose, E.; Jeannin, Y.; Robert, F. J. Organomet.
Chem. 1985, 297, 185. (d) Giday, J. P.; Widdowson, D. A. Tetrahedron
Let 1986, 27 (45), 5525. (e) Gilday, J. P.; Negri, J. T.; Widdowson, D.
A. Tetrahedron 1989, 45 (14), 4605. (f) Dickens, P. J.; Gilday, J. P.;
Negri, J. T.; Widdowson, D. A. Pure Appl. Chem. 1990, 62 (4), 575.

(20) (a) Masters, N. F.; Widdowson, D. A. J. Chem. Soc., Chem.
Commun. 1983, 955. (b) Rose-Munch, F.; Rose, E.; Semra, A. J. Chem.
Soc., Chem. Commun. 1986, 1108. (c) Boutonnet, J. C.; Rose-Munch,
F.; Rose, E.; Semra, A. Bull. Soc. Chim. Fr. 1987, 640.

(21) (a) Rose-Munch, F.; Rose, E.; Semra, A. J. Organomet. Chem.
1989, 377, C9. (b) Gibson (née Thomas), S. E.; Guillo, N.; White, A. J.
P.; Williams, D. J. J. Chem. Soc., Perkin Trans. 1 1996, 2575.

(22) (a) Astruc, D. Synlett. 1991, 369. (b) Astruc, D. Electron Transfer
and Radical Processes in Transition-Metal Chemistry; VCH Publish-
ers: New York, 1995.

Chart 1

(1)

(2)
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with a phosphito ligand.23 The resulting complex 1b
(Chart 1) should be more difficult to reduce. Further-
more, the increased steric hindrance at the manganese
atom would force the nucleophilic attack to occur on the
arene ring, thus inhibiting detrimental side reactions.
This last assessment was provided by the results

obtained from studying the reactivity of mesityllithium
toward the three cationic benzenemanganese com-
plexes: 1a, 1b, and 1c. The last two were prepared by
substitution of one or two of the CO ligands by one or
two triethylphosphito ligands, respectively. In the three
cases, we observed the formation of η5-cyclohexadienyl
complexes 7 due to the addition of the aryllithium to
the manganese ring (eq 3). The yields increased from

38% (for x ) 0) to 54% (x ) 1) and finally to 74% (x )
2). In other words, the sterically hindered manganese
entity favored nucleophilic attack on the arene ring. In
light of these results, it was interesting to determine if
the same observation could be found, using chromium
complexes 2aLi and 2bLi as nucleophiles.
Indeed, when we added aryllithium complexes 2aLi

and 2bLi to complex 1b, we succeeded in isolating
complexes 3b and 4b in 81% and 80% yield, respectively
(eq 1). Thus, the presence of one phosphito ligand on
the manganese entity enables the addition of aryl-
lithium complexes to the manganese ring to occur and
prevents the formation of unstable compounds.
But when complexes 2aLi and 2bLi were added to

phosphito-disubstituted compound 1c, the correspond-
ing dinuclear complexes 3c and 4c could be isolated in
only 52% and 42% yield, respectively (eq 1). The NMR
spectroscopic data of these four new complexes 3b, 3c,
4b, and 4c confirmed the assigned structures. It is
interesting to notice the shielding effect (reported in
Table 1) of the phosphito ligands, less π-accepting than
the CO ligands, on the η5-cyclohexadienyl protons.
Taken as a whole, this shielding effect is weaker for the
H9,11 protons than for the H8,12 and H10 protons
(Table 1). The same effect was observed for the corre-
sponding 13C NMR signals.

It appears that although the role of the phosphito
ligand was important, the optimum effect (the best
yield) was obtained when only one CO of the manganese
complex was substituted by one triethylphosphito ligand.
So, all of the following experiments were carried out
with the P(OEt)3-monosubstituted manganese com-
pound 1b.
Trinuclear Complexes. Complexes 3b and 4bwere

subsequently converted into the corresponding aryl-
lithium (after reaction with 1.1 equiv of n-BuLi), which
added to the manganese complex 1b to give the tri-
nuclear complexes 5b and 6b in 63% and 61% yield,
respectively (eq 4).

X-ray-quality crystals of 5bwere grown from a diethyl
ether/pentane mixture at -10 °C. The structure ap-
pears in Figure 1, whereas the crystallographic data and
the most important bond distances and bond angles can
be found in Tables 2 and 3.
Tetranuclear Complexes. In turn, complexes 5b

and 6b could be lithiated and reacted with complex 1b,
giving “carousel-like” tetranuclear complexes 8 and 9
in 36% and 33% yield respectively (eq 4). The 1H NMR
spectra require careful examination concerning the η5-
cyclohexadienyl ring protons, especially the protons â
to the sp3 carbons. We note that for the compounds
where one of the η5-cyclohexadienyl manganese rings
straddles the molecular mirror plane (complexes 3b and
8, Chart 2), only one signal is observed for the two a
protons of the A ring (4.77 ppm for 3b). For the two
other η5-cyclohexadienylmanganese rings (B rings of
complex 8, Chart 2), separate signals are observed for
the diastereotopic b and c protons (4.75 and 5.01 ppm,
respectively). The same feature occurs in the A and B

(23) Rose-Munch, F.; Susanne, C.; Renard, C.; Rose, E.; Vaisserman,
J. J. Organomet. Chem. 1996, 519, 253.

Table 1. Shielding Effect of Phosphito Ligands on
the η5-Cyclohexadienyl Protons of Complexes 3a,

3b, 3c, 4a, 4b, and 4c
δ (ppm)

complex H10 H9, H11 H8, H12

3a 5.82 5.02 3.47
3b 5.49 4.77 3.11
3c 5.15 4.64 2.70
4a 5.76 4.95 3.42
4b 5.49 4.79 3.07
4c 5.16 4.65 2.68

(3)

Figure 1. ORTEP diagram of complex 5b.

(4)
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rings of complex 5b (Chart 2): in this case, four distinct
signals are observed, as expected, for the two pairs of
diastereotopic protons: a, b and c, d (4.69, 4.78 and
4.85, 4.92 ppm respectively).
To determine the role of the chromium entity in these

NMR features, we were able to selectively decoordinate
the chromium entity of complex 5b by simply exposing
a solution of this complex in CHCl3 to sunlight: bime-
tallic complex 10 (Chart 2), without any planar chirality,
was formed. 1H NMR data of this complex show only
one multiplet for the four η5-cyclohexadienyl ring a
protons (4.72 ppm, Chart 2). These NMR data can be
related to the elegant work of Mc Glinchey, Jaouen, et
al.24 who conducted an NMR study of mono-, bis-, and
tris-Cr(CO)3 complexes of triphenyl silanol and have
observed the same features due to symmetry reasons.
One-Pot Reactions. We succeeded in developing a

one-pot procedure to synthesize tetranuclear complexes

such as 8 directly from 1b and 2aLi. A solution of
complex 1b in THF was added to a solution of 1 equiv
of lithiated complex 2aLi. After 20 min of stirring at
room temperature, 1.1 equiv of n-BuLi was added to the
mixture at -78 °C. After 1 h of stirring at this
temperature, a second solution of 1 equiv of complex 1b
was transferred to the previous mixture. After addition
of n-BuLi and complex 1b for the third time under the
same conditions, we isolated trimetallic 5b and tetra-
metallic 8 (49% and 45% yield, respectively). The same
experiment starting from 1b and 2b gave rise to the

(24) Malisza, K. L.; Chao, L. C. F.; Britten, J. F.; Sayer, B. G.;
Jaouen, G.; Top, S.; Decken, A.; McGlinchey, M. J. Organometallics
1993, 12, 2462.

Table 2. Crystal Data for 5b and 9
5b 9

mol formula C39H48O15P2Mn2Cr C54H72O26P3Mn3Cr
fw 982.6 1366.8
a (Å) 15.792(4) 15.167(3)
b (Å) 17.893(3) 15.858(6)
c (Å) 16.975(2) 26.251(7)
R (deg) 90 90
â (deg) 109.51(1) 90
γ (deg) 90 90
V (Å3) 4521(1) 6314(3)
Z 4 4
cryst syst monoclinic orthorhombic
space group P21/c Pna21
linear abs coeff µ (cm-1) 8.89 8.69
density F (g cm-3) 1.44 1.44
diffractometer CAD4 Enraf-Nonius CAD4 Enraf-Nonius
radiation Mo KR (λ ) 0.710 69 Å) Mo KR (λ ) 0.710 69 Å)
scan type ω/2θ ω/2θ
scan range (deg) 0.8 + 0.345 tan θ 0.8 + 0.345 tan θ
θ limits (deg) 1-25 1-25
temp. of measurement room temp room temp
octants collected 0,18; 0,21; -20,19 0,18; 0,18; 0,31
no. of data collected 8542 6132
no. of unique data collected 7935 5664
no. of unique data used for refinement 2810 (Fo)2 >3σ(Fo)2 2707 (Fo)2 > 3σ(Fo)2
R(int) 0.0195 no
R ) ∑||Fo| - |Fc||/∑|Fo| 0.0671 0.0629
Rw ) [∑w(|Fo| - |Fc|)2/∑wFo2]1/2 0.0720, w ) 1.0 0.0671, w ) 1.0
abs corr no no
ext param 98 250
no. of variables 473 486
∆F(min) (e Å-3) -0.71 -0.41
∆F(max) (e Å-3) 1.74 0.54

Table 3. Selected Bond Distances (Å) and Bond
Angles (deg) for 5b and 9

Complex 5b
C6-C13 1.52(2) C1-Cr-C3 65.9(5)
C2-C7 1.55(2) C3-Cr-C5 66.0(5)
Mn1-C10 2.14(2) C5-Cr-C1 67.6(5)
Mn2-C16 2.13(1)
Mn2-C14 2.21(1)
Mn2-C18 2.23(2)

Complex 9
C4-C19 1.52(3) C5-O5-C27 113.3(15)
C2-C7 1.57(2) C1-O1-C25 113.3(14)
C6-C13 1.53(3) C3-O3-C26 113.4(14)
Mn1-C10 2.08(2)
Mn2-C16 2.11(2)
Mn3-C23 2.10(3)

Chart 2
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formation of complexes 6b and 9 in 52% and 46% yield,
respectively.
Finally, the addition of 3 equiv of n-BuLi directly to

a mixture of 3 equiv of 1b and 1 equiv of 2aH in THF
(eq 5) led to the formation of complexes 3b (45% yield)
and 5b (8% yield). No evidence for the formation of

tetranuclear complex 8 was seen; instead, a novel
reaction occurred in which the lithiated base n-BuLi was
added to the cationic benzenemanganese complex ring
to give the η5-cyclohexadienyl complex 11b (66% yield
calculated from 1b).
In these experimental conditions, the role of n-BuLi

could, thus, be two-fold: it reacted as a base with the
neutral chromium complex and as a nucleophile with
the cationic manganese complex. This competitive
reaction clearly confirms the very high electrophilicity
of (η6-arene)manganese complexes. Indeed, in the
absence of the (arene)tricarbonylchromium complex, we
showed that n-BuLi could react instantaneously at low
temperature with complexes 1a, 1b, and 1c as well,
giving the corresponding η5-cyclohexadienyl complexes
11a, 11b, and 11c, respectively, in quantitative yields
(eq 6).

Confirmation of the different modes of coordination
of the manganese and chromium atoms to the different
rings was provided by the X-ray structure of 9 whose
ORTEP drawing is reported Figure 2. Crystal data and
selected bond distances and angles are given in Tables
2 and 3.
The ORTEP views shown in Figures 1 and 2 clearly

demonstrate the following points: (1) concerning the
arene Cr complex structures of 5b and 9, the carbons
bearing the methoxy groups are eclipsed by chromium-
carbonyl bonds.25 One methoxy group in complex 5b
(at C1) and the three methoxy groups in complex 9 are
pointing away from the Cr(CO)3 entity. (2) Concerning
the Mn ring structures, they are characteristic of η5
coordination in both complexes. Indeed, five ring carbon
atoms are almost planar, while the remaining atom lies
on the opposite side of this plane from the Mn(CO)2P-
(OEt)3 moiety. The planes make an angle of 38° with
the C7C8C12 plane and an angle of 36° with the
C13C14C18 plane (complex 5b), in the range of values

observed for other η5-cyclohexadienyl complexes.26 As
for complex 9, it is noteworthy that the corresponding
angles are less open: 29°, 31°, and 31° for the angles of
the η5-cyclohexadienyl planes with the C7C8C12 (Mn1
ring), C13C14C18 (Mn2 ring), and C19C20C24 planes,
(Mn3 ring), respectively. The presence of the third
manganese atom does not seem to affect these η5-
cyclohexadienyl structures.
In summary, by combining the specific properties of

cationic (η6-arene)manganese complexes (high electro-
philicity) and of (η6-arene)chromium complexes (easy
and regioselective deprotonation), it was possible to
synthesize new hetero di-, tri-, and tetrametallic com-
plexes whose properties are being studied. Further
work is in progress in order to apply this method to the
synthesis of other polymetallic complexes using, as the
starting material, electrophilic complexes of other met-
als.

Experimental Section

All reactions were carried out under a dry nitrogen atmo-
sphere. All experiments were always protected from exposure
to light and oxygen. Workup procedures were done in air.
Tetrahydrofuran (THF) and di-n-butyl ether (DBE) used were
distilled over sodium benzophenone ketyl anion under a dry
nitrogen atmosphere.

1H and 13C NMR spectra were obtained with Brücker AC
200 and 400 spectrometers. Infrared spectra were recorded
on Perkin-Elmer 1420 and Brücker FT spectrometers. El-
emental analyses were performed by Le Service de Mi-
croanalyses de l’Université P. et M. Curie. Melting points were
measured on a Reichert apparatus.
Synthesis. Preparation of (η6-Arene)manganese Com-

plexes. (η6-Benzene)tricarbonylmanganese Hexafluo-

(25) The conformations of Cr(CO)3 entities can be related to those
of other complexes substituted with electron-donating groups, see for
example: (a) Saillard, J. Y.; Grandjean, D.; Le Meaux, P.; Jaouen, G.;
Top, S.; Decken, A.; McGlinchey, M. J. Nouv. J. Chim. 1981, 5, 153.
(b) Rose-Munch, F.; Bellot, O.; Mignon, L.; Semra, A.; Robert, F.;
Jeannin, Y. J. Organomet. Chem. 1991, 402, 1.

(26) For X-ray structures of η5-cyclohexadienyl complexes where the
Mn atom is substituted by phosphorous ligands, see: (a) Connelly, N.
G.; Freemann, M. J.; Orpen, A. G.; Sheehan, A. R.; Sheridan, J. B.;
Sweigart, D. A. J. Chem. Soc., Dalton Trans. 1985, 1019. (b) Snyder,
D. B.; Schauer, S. J.; Eyman, D. P.; Moler, J. L.; Weers, J. J. J. Am.
Chem. Soc. 1993, 115, 6718.

Figure 2. ORTEP diagram of complex 9.

(5)

(6)
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rophosphate Complex 1a: Yield 92%; lit.31 72%. IR (CH3-
CN): ν(CO) 2075, 2035, 2010 cm-1. 1H NMR ((CD3)2CO): δ
6.88, s. 13C NMR ((CD3)2CO): δ 216.3 (Mn(CO)3), 102.5 (CH).
Complexes 1b and 1c. In a typical procedure,26b,32 cationic

complex 1a (500 mg, 1.38 mmol) was dissolved in freshly
distilled acetone (50 mL). P(OEt)3 (470 µL, 2.74 mmol) and
then Me3NO (a pinch) were added and mixed at room tem-
perature for 3 h. Solvents were removed under reduced
pressure. The crude oil was chromatographed on silica gel (60
µ) ((CH3)2CO:CH2Cl2) to give 1b (1.07 mmol, 77% yield, lit.26b
88%).
Complex 1c: Mp 132 °C (dec). Yield 54% from 1b. Anal.

Calcd for C19H36MnO7P3F6: C, 35.75; H, 5.68. Found: C,
35.95; H, 5.71. IR: ν(CO) 1940 cm-1. 1H NMR (400 MHz,
(CD3)2CO, ppm): δ 5.90 (t, J ) 2.1 Hz), 4.15 (m, P(OCH2CH3)3),
1.34 (t, J ) 7.1 Hz, P(OCH2CH3)3). 13C NMR, (CD3)2CO,
ppm): δ 226.2 (t, J ) 45.5 Hz, Mn-CO), 94.6 (C6H6), 63.1
(P(OCH2CH3)3), 16.1 (P(OCH2CH3)3). 31P NMR (162 MHz,
(CD3)2CO, ppm): δ 181.5.
Preparation of (η6-Arene)chromiumtricarbonyl Com-

plexes. Complexes 2aH and 2bH were synthesized according
to literature methods. Yields: 90% of 2aH (lit.33 45%), 90%
of 2bH (lit.33 5%).
Preparation of Complexes 3-6, 8, and 9. Typical

procedure: to a solution of complex 2aH (274 mg, 1.0 mmol)
in THF was added a hexane solution of n-BuLi (1.5 M, 0.73
mL, 1.1 mmol) at -78 °C. The resulting solution was stirred
for 1 h at -78 °C and then added, through a cannula, to a
solution of complex 1a (434 mg, 1.2 mmol) in 15 mL of THF
at -78 °C. Immediately after this addition, distilled water
(20 mL) and then Et2O (30 mL) were added. The mixture was
warmed and extracted at room temperature with Et2O. The
organic phase was washed with brine, dried over MgSO4, and
filtered through a Celite column. Solvents were removed
under a nitrogen flush at low temperature. The yellow oil was
purified by flash chromatography on silica gel (15-40 µ) to
give the starting complex (η6-dimethoxy-1,3 benzene)Cr(CO)3
(2aH; 54 mg, 0.2 mmol) (Et2O:PE ) 30:100) and bimetallic
complex 3a (Et2O:PE ) 40:100) as a yellow solid (390 mg, 0.8
mmol, 80% yield).
Complex 3a: Mp 139 °C (dec). Anal. Calcd for C20H15-

CrMnO8: C, 49.00; H, 3.08. Found: C, 48.80; H, 3.07. IR
(CHCl3, cm-1): ν(CO) 1875, 1920, 1955, 2005. 1H NMR (400
MHz, CDCl3, ppm): δ 5.82 (tt, H10, J ) 5.3 and 1.1 Hz), 5.57
(t, H5, J ) 6.7 Hz), 5.02 (t, H9 and H11, J ) 5.7 Hz), 4.62 (d,
H4 and H6, J ) 6.7 Hz), 4.36 (t, H7, J ) 5.7 Hz), 3.73 (s,
2OMe), 3.47 (m, H8 and H12). 13C NMR (100 MHz, CDCl3,
ppm): δ 233.7 (Cr-CO), 223.2 (Mn-CO), 143.8 (C1 and C3),
97.6 (C9 and C11), 97.1 (C2), 92.2 (C5), 78.6 (C10), 68.5 (C4
and C6), 59.9 (C8 and C12), 55.6 (OMe), 31.5 (C7).
Complex 3b:Mp ) 112 °C (dec). Yield: 81%. Anal. Calcd

for C25H30CrMnO10P: C, 47.78; H, 4.81. Found: C,47.60; H,
4.91. IR (CHCl3, cm-1): ν(CO) 1865, 1935, 1955. 1H NMR
(200 MHz, CDCl3, ppm): δ 5.49 (t, H5, J ) 6.8 Hz), 5.49 (m,
H10), 4.77 (m, H9 and H11), 4.57 (d, H4 and H6, J ) 6.8 Hz),
4.37 (t, H7, J ) 6.0 Hz), 3.94 (m, P(OCH2CH3)3), 3.67 (s, 2OMe),
3.11 (t, H8 and H12, J ) 6.0 Hz), 1.26 (t, P(OCH2CH3)3, J )
7.0 Hz). 13C NMR (100 MHz, CDCl3, ppm): δ 234.0 (Cr-CO),
229.1 (d, Mn-CO, J ) 30.2 Hz), 144.0 (C1 and C3), 98.5 (C2),

96.4 (C9 and C11), 92.1 (C5), 76.5 (C10), 68.7 (C4 and C6),
60.2 (P(OCH2CH3)3), 57.0 (OMe), 55.5 (C8 and C12), 37.7 (C7),
16.3 (P(OCH2CH3)3). 31P NMR (162 MHz, CDCl3, ppm): 197.6
(P(OCH2CH3)3).
Complex 3c: Mp 155 °C (dec). Yield: 52%. Anal. Calcd

for C30H45CrMnO12P2: C, 47.01; H, 5.92. Found: C, 47.13; H,
5.95. IR (CHCl3, cm-1): 1960, 1875. 1H NMR (200 MHz,
CDCl3): δ 5.44 (t, J ) 6.8 Hz, H5), 5.15 (m, H10), 4.64 (t, J )
5.7 Hz, H9 and H11), 4.56 (d, J ) 6.8 Hz, H4 and H6), 4.43 (t,
J ) 5.7 Hz, H7), 3.99 (m, P(OCH2CH3)3), 3.66 (s, CH3 at C1
and C3), 2.70 (m, H8 and H12), 1.25 (t, J ) 7.0 Hz,
P(OCH2CH3)3). 13C NMR (50 MHz, CDCl3): 234.3 (CO(Cr)),
229.9 (t, J ) 35.1 Hz, CO(Mn)), 144.1 (C1 and C3), 99.8 (C2),
94.6 (C9 and C11), 91.8 (C5), 74.5 (C10), 68.9 (C4 and C6),
59.5 (P(OCH2CH3)3), 55.3 (CH3 at C1 and C3), 53.9 (C8 and
C12), 31.4 (C7), 16.4 (P(OCH2CH3)3). 31P NMR (162 MHz,
CDCl3): 190.2.
Complex 4a: Mp 183 °C (dec). Yield: 42%. Anal. Calcd

for C21H17MnCrO3: C, 48.48; H, 3.29. Found: C, 48.54; H,
3.35. IR (CHCl3, cm-1): ν(CO) 1855, 1865, 1935 (Cr), 1955,
2015 (Mn). 1H NMR (200 MHz, CDCl3, ppm): δ 5.76 (tt, H10,
J ) 6.0 and 1.3 Hz), 4.95 (t, H9 and H11, J ) 6.0 Hz), 4.71 (s,
H4 and H6), 4.24 (t, H7, J ) 6.0 Hz), 3.76 (s, OCH3 at C1 and
C3), 3.72 (s, OCH3 at C5), 3.42 (t, H8 and H12, J ) 6.0 Hz).
13C NMR (50 MHz, CDCl3, ppm): δ 234.1 (Cr-CO), 223.4
(Mn-CO), 142.4 (C1 and C3), 141.3 (C5), 97.7 (C9 and C11),
93.3 (C2), 78.6 (C10), 60.2 (C4 and C6), 60.0 (C8 and C12),
55.9 (OCH3 at C5), 55.8 (OCH3 at C1 and C3), 31.2 (C7).
Complex 4b: Mp 144 °C (dec). Yield: 41%. Anal. Calcd

for C26H32CrMnO12P: C, 47.43; H, 4.90. Found: C, 47.41; H,
4.90. IR (CHCl3, cm-1): ν(CO) 1860, 1940. 1H NMR (200
MHz, CDCl3, ppm): δ 5.49 (t, H10, J ) 6.0 Hz), 4.79 (t, H9
and H11, J ) 6.0 Hz), 4.70 (s, H4 and H6), 4.30 (t, H7, J ) 6.0
Hz), 3.94 (m, P(OCH2CH3)3), 3.71 (s, OCH3 at C1, C3), 3.66 (s,
OCH3 at C5), 3.07 (t, H8 and H12, J ) 6.0 Hz), 1.27 (t,
P(OCH2CH3)3, J ) 7 Hz). 13C NMR (100 MHz, CDCl3, ppm):
δ 234.5 (Cr-CO), 229.1 (d, Mn-CO, J ) 32.0 Hz), 142.8 (C1
and C3), 141.4 (C5), 96.8 (C9 and C11), 94.8 (C2), 77.7 (C10),
60.6 (P(OCH2CH3)3), C4 and C6), 57.4 (C8 and C12), 56.0
(OCH3 at C5), 55.8 (OCH3 at C1 and C3), 31.6 (C7), 16.7
(P(OCH2CH3)3). 31P NMR (162 MHz, CDCl3, ppm): 197.6
(P(OCH2CH3)3).
Complex 4c: Mp 151 °C (dec). Yield: 42%. Anal. Calcd

for C31H47CrMnO13P2: C, 46.74; H, 5.92. Found: C, 46.92; H,
5.94. IR (CHCl3, cm-1): 1950, 1860. 1H NMR (400 MHz,
CDCl3, ppm): δ 5.16 (m, H10), 4.72 (s, H4 and H6), 4.65 (t, J
) 5.7 Hz, H9 and H11), 4.36 (t, J ) 5.7 Hz, H7), 4.01 (m,
P(OCH2CH3)3), 3.86 (s, CH3 at C1 and C3), 3.80 (s, CH3 at C5),
2.68 (m, H8 and H12), 1.29 (t, J ) 6.9 Hz, P(OCH2CH3)3). 13C
NMR (100 MHz, CDCl3, ppm): δ 234.6 (CO(Cr)), 230.7 (CO-
(Mn)), 143.1 (C1 and C3), 141.3 (C5), 96.1 (C2), 95.0 (C9 and
C11), 74.8 (C10), 60.8 (C4 and C6), 59.9 (P(OCH2CH3)3), 56.2
(CH3 at C1 and C3), 55.7 (CH3 at C5), 54.4 (C8 and C12), 31.3
(C7), 16.8 (P(OCH2CH3)3).
Complex 5b: Mp 162 °C (dec). Anal. Calcd for

C39H50CrMn2O15P2: C, 47.67; H, 5.13. Found: C,47.61; H,
5.33. IR (CHCl3, cm-1): ν(CO) 1960, 1945, 1875. 1H NMR
(400 MHz, CDCl3, ppm): δ 5.53 (m, H10 and H16), 5.31 (d,
H5, J ) 7.0 Hz), 4.92 (m, H15 or H17), 4.85 (m, H17 or H15),
4.78 (t, H9 or H11, J ) 5.6 Hz), 4.69 (t, H11 or H9, J ) 5.6
Hz), 4.45 (d, H4, J ) 7.0 Hz), 4.23 (t, H7, J ) 5.6 Hz), 3.97 (m,
P(OCH2CH3)3), 3.77 (s, OCH3 at C1), 3.66 (t, H13, J ) 5.6 Hz),
3.63 (s, OCH3 at C3), 3.10 (m, H8, H12 and H14 or H18), 3.01
(t, H14 or H18, J ) 5.6 Hz), 1.30 (m, P(OCH2CH3)3). 13C NMR
(100 MHz, CDCl3, ppm): δ 233.8 (Cr-CO), 229.2 (d, Mn-CO,
J ) 34.4 Hz), 228.5 (d, Mn-CO, J ) 28.3 Hz), 143.1 (C1), 141.4
(C3), 105.8 (C6), 100.7 (C2), 96.6, 96.3, 95.4, 94.5 (C17, C15,
C11, C9), 93.0 (C5), 77.9 and 77.3 (C10 and C6), 69.3 (C4),
64.0 (OCH3 at C1), 60.3 and 60.5 (P(OCH2CH3)3), 57.6, 57.2,

(27) Watkin, D. J.; Prout, C. K.; Carruthers, J. R.; Betteridge, P.
W. Crystals Issue 10; Chemical Crystallography Laboratory: Univer-
sity of Oxford, U.K., 1996.

(28) Cromer, D. T. International Tables for X-ray Crystallography;
Kynoch Press: Birmingham, U.K., 1974; Vol. IV.

(29) Sheldrick, G. M. SHELXS-86, Program for Crystal Structure
Solution; University of Göttingen: Göttingen, Germany, 1986.

(30) Watkin, D. J.; Prout, C. K.; Pearce, L. J. Cameron; Crystal-
lography Laboratory, University of Oxford: Oxford, U.K., 1996.

(31) Winkhaus, G.; Pratt, L.; Wilkinson, G. J. Chem. Soc. 1961, 3807.
(32) Brown, D. A.; Glass, W. K.; Kreddan, K. M. J. Organomet.

Chem. 1991, 413, 233.
(33) McFarlane, W.; Grim, S. O. J. Organomet. Chem. 1966, 5, 147.
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56.0, and 55.8 (C18, C14, C12, and C8), 55.0 (OCH3 at C3),
32.2 (C7), 31.9 (C13), 16.4 (P(OCH2CH3)3). 31P NMR (162MHz,
CDCl3, ppm): δ 197.4 and 196.0 (P(OCH2CH3)3).
Complex 6b: Mp 186 °C (dec). Anal. Calcd for

C40H52CrMn2O16P2: C, 47.44; H, 5.18. Found: C, 47.39; H,
5.20. IR (CHCl3, cm-1): ν(CO) 1950, 1935, 1870. 1H NMR
(400 MHz, CDCl3, ppm): δ 5.32 (m, H10 and H16), 4.84 (m,
H9 and H15 or H11 and H17), 4.76 (t, H9 and H15 or H11
and H17, J ) 6.2 Hz), 4.48 (s, H4), 4.14 (t, H7 and H13, J )
5.6 Hz), 4.00 (m, P(OCH2CH3)3), 3.74 (s, OCH3 at C1), 3.70 (s,
OCH3 at C3 and C5), 3.05 (m, H8, H12, H14, and H18), 1.30
(m, P(OCH2CH3)3). 13C NMR (100 MHz, CDCl3, ppm): 234.1
(Cr-CO), 229.4 (d, Mn-CO, J ) 33.0 Hz), 228.5 (d, Mn-CO,
J ) 32.0 Hz), 142.4 (C1), 141.4 (C3 and C5), 96.6 (C9 and C15
or C11 and C17), 96.4 (C2 and C6), 96.3 (C9 and C15 or C11
and C17), 76.8 (C10 and C16), 63.9 (OCH3 at C1), 60.3
(P(OCH2CH3)3), 58.1 (C8 and C14 or C12 and C18), 57.6 (C4),
57.3 (C8 and C14 or C12 and C18), 54.8 (OCH3 at C3 and C5),
31.8 (C7 and C13), 16.4 (P(OCH2CH3)3). 31P NMR (162 MHz,
CDCl3, ppm): 197.6 (P(OCH2CH3)3).
Complex 8: Mp 175 °C (dec). Anal. Calcd for

C53H70CrMn3O20P3: C, 47.62; H, 5.28. Found: C, 47.37; H,
5.30. IR (CHCl3, cm-1): ν(CO) 1960, 1940, 1875. 1H NMR
(400 MHz, CDCl3, ppm): δ 5.69 (m, H16 and H22), 5.56 (m,
H10), 5.20 (s, H5), 5.01 (m, H15 and H23 or H17 and H21),
4.84 (m, H9 and H11), 4.75 (H17 and H21 or H15 and H23),
4.11 (t, H7, J ) 5.5 Hz), 3.98 (m, P(OCH2CH3)3), 3.71 (s, OCH3

at C1 and C3), 3.57 (t, H13 and H19, J ) 5.3 Hz), 3.13 (m,
H8, H12 and H14 and H24 or H18 and H20), 2.97 (m, H18
and H20 or H14 and H24), 1.31 (m, P(OCH2CH3)3). 13C NMR
(100 MHz, CDCl3, ppm): 233.8 (Cr-CO), 228.6 (m, Mn-CO),
140.2 (C1 and C3), 107.0 (C4 and C6), 103.0 (C2), 96.1 (C9
and C11), 95.4 (C15 and C23 or C17 and C21), 94.5 (C17 and
C21 or C15 and C23), 94.1 (C5), 78.0 (C10), 76.8 (C16 and C22),
64.1 (OCH3 at C1 and C3), 60.4 and 60.6 (P(OCH2CH3)3), 57.8
(C14 and C24 or C18 and C20), 55.7 (C18 and C20 or C14 and
C24), 32.8 (C13 and C19), 32.0 (C7), 16.4 and 16.5
(P(OCH2CH3)3). 31P NMR (162 MHz, CDCl3, ppm): 195.9 and
197.1 (P(OCH2CH3)3).
Complex 9: Mp 158 °C (dec). Anal. Calcd for

C54H72CrMn3O21P3: C, 47.45; H, 5.31. Found: C, 47, 46; H,
5.31. IR (CHCl3, cm-1): ν(CO) 1960, 1935, 1870. 1H NMR
(400 MHz, CDCl3, ppm): δ 5.55 (m, H10, H16, and H22), 4.84
(m, H9, H11, H15, H17, H21, and H23), 3.97 (m, H7, H13,
H19, and P(OCH2CH3)3), 3.64 (s, OCH3 at C1, C3, and C5),
3.10 (t, H8, H12, H14, H18, H20, and H24, J ) 6.1 Hz), 1.30
(m, P(OCH2CH3)3). 13C NMR (100 MHz, CDCl3, ppm): 234.6
(Cr-CO), 229.0 (d, Mn-CO, J ) 32.0 Hz), 143.4 (C1, C3, and
C5), 100.4 (C2, C4, and C6), 96.0 (C9, C11, C15, C17, C21,
and C23), 78.2 (C10, C16, and C22), 63.2 (C8, C12, C14, C18,
C20, and C24), 60.3 (P(OCH2CH3)3), 57.5 (OCH3 at C1, C3,
and C5), 32.3 (C7, C13, and C19), 16.4 (P(OCH2CH3)3). 31P
NMR (162 MHz, CDCl3, ppm): 197.3 (P(OCH2CH3)3).
Complex 10: Mp 140 °C (dec). Yield: 75%. Anal. Calcd

for C36H50Mn2O12P2: C, 51.07; H, 5.95. Found: C, 49.55; H,
5.81. IR (CHCl3, cm-1): ν(CO) 1940, 1870. 1H NMR (400
MHz, CDCl3, ppm): δ 6.81 (d, H5, J ) 8.6 Hz), 6.46 (d, H4, J
) 8.6 Hz), 5.54 (m, H10 or H16), 5.48 (m, H16 or H10), 4.72
(m, H9, H11, H15, and H17), 4.51 (t, H7, J ) 5.6 Hz), 4.05 (t,
H13, J ) 5.7 Hz), 3.98 (m, P(OCH2CH3)3), 3.73 (s, OCH3 at C1
or C3), 3.71 (s, OCH3 at C3 or C1), 3.19 (m, H8, H12, H14,
and H18), 1.31 (m, P(OCH2CH3)3). 13C NMR (100 MHz, CDCl3,
ppm): δ 228.8 (d, Mn-CO, J ) 34.4 Hz), 228.2 (d, Mn-CO, J
) 32.4 Hz), 156.7 (C1), 152.9 (C3), 133.1 (C6), 125.9 (C5), 105.6
(C4), 103.6 (C2), 94.9 (C9 and C11 or C15 and C17), 94.1 (C15
and C17 or C9 and C11), 76.8 (C10 or C16), 76.5 (C16 or C10),
61.7 (OCH3 at C1), 59.2 and 59.0 (P(OCH2CH3)3), 55.9 (C8 and
C12 or C14 and C18), 55.2 (C14 and C18 or C8 and C12), 54.1
(OCH3 at C3), 32.2 (C7), 31.6 (C13), 15.3 and 15.2
(P(OCH2CH3)3). 31P NMR (162 MHz, CDCl3, ppm): 198.2 and
197.3.

Preparation of Complexes 7 and 11. Typical Procedure:
To a solution of complex 1a (362 mg, 1.0 mmol) in THF (15
mL) was added an Et2O solution of mesityllithium (1.3 mmol).
The resulting solution was stirred for 15 min at -78 °C then
for 10 min at room temperature. Et2O (30 mL) and distilled
water (20 mL) were added to the solution. The aqueous phase
was extracted with Et2O (30 mL). The organic phase was
washed with brine, dried over MgSO4, and filtered through a
Celite column. Solvents were removed under a nitrogen flush
at low temperature. The red oil (308 mg) was purified by flash
chromatography on silica gel (20 µ) to give complex 7a (Et2O:
PE ) 3:1) as a yellow solid (127 mg, 0.38 mmol, 38% yield).
Complex 7a: Mp 129 °C (dec). Yield: 38%. Anal. Calcd

for C18H17MnO3: C, 64.30; H, 5.10. Found: C, 64.10; H, 5.07.
IR (CHCl3, cm-1): ν(CO) 1995, 1910. 1H NMR (200 MHz,
CDCl3, ppm): δ 6.76 (s, H4 and H6), 5.85 (tt, J ) 6.0 and 1.0
Hz, H10), 5.03 (td, J ) 6.0 and 1.0 Hz, H9 and H11), 4.68 (t,
J ) 6.0 Hz, H7), 3.58 (td, J ) 6.0 and 1.0 Hz, H8 and H12),
2.42 (s, 2CH3 at C1 and C3), 2.22 (s, CH3 at C5). 13C NMR
(50 MHz, CDCl3, ppm): δ 226.1 (CO), 139.6 (C5), 136.3 (C2),
135.6 (C1 and C3), 130.9 (C4 and C6), 98.7 (C9 and C11), 77.2
(C10), 62.9 (C8 and C12), 37.3 (C7), 22.9 (CH3 at C1 and C3),
20.6 (CH3 at C5).
Complex 7b: Mp 132 °C (dec). Yield: 54%. Anal. Calcd

for C23H32MnO5P: C, 58.23; H, 6.80. Found: C, 58.13; H, 6.83.
IR (CHCl3, cm-1): ν(CO) 1935, 1870. 1H NMR (400 MHz,
CDCl3, ppm): δ 6.79 (s, H4 and H6), 5.66 (m, H10), 4.90 (m,
H9 and H11), 4.79 (t, J ) 5.6 Hz, H7), 4.08 (m, P(OCH2CH3)3),
3.33 (t, J ) 6.2 Hz, H8 and H12), 2.50 (s, CH3 at C1 and C3),
2.27 (s, CH3 at C5), 1.39 (t, J ) 7.0 Hz, P(OCH2CH3)3). 13C
NMR (100 MHz, CDCl3, ppm): δ 228.1 (d, J ) 34.4 Hz, CO),
139.4 (C5), 134.5 (C1, C2, C3), 129.6 (C4, C6), 96.4 (C9, C11),
79.1 (C10), 59.2 (P(OCH2CH3)3), 58.6 (C8, C12), 36.2 (C7), 21.7
(CH3 at C1 and C3), 19.5 (CH3 at C5), 15.3 (P(OCH2CH3)3).
31P NMR (162 MHz, CDCl3, ppm): 197.5.
Complex 7c: Mp 140 °C (dec). Yield: 74%. Anal. Calcd

for C28H47MnO7P2: C, 54.90; H, 7.73. Found: C, 56.02; H,
7.81. IR (CHCl3, cm-1): ν(CO) 1855. 1H NMR (400 MHz,
CDCl3, ppm): δ 6.80 (s, H4 and H6), 5.37 (m, H10), 4.83 (H7,
H9, and H11), 4.19 (m, P(OCH2CH3)3), 2.97 (m, H8 and H12),
2.57 (s, CH3 at C1 and C3), 2.30 (s, CH3 at C5), 1.43 (t, J )
7.0 MHz, P(OCH2CH3)3). 13C NMR (100 MHz, CDCl3, ppm):
δ 230.1 (t, J ) 35.0 Hz, CO), 140.5 (C5), 134.6 (C1, C2, and
C3), 129.4 (C4 and C6), 94.6 (C9 and C11), 72.5 (C10), 58.5
(P(OCH2CH3)3), 55.4 (C8 and C12), 35.6 (C7), 21.8 (CH3 at C1
and C3), 19.4 (CH3 at C5), 15.4 (P(OCH2CH3)3). 31P NMR (162
MHz, CDCl3, ppm): 199.1.
Complex 11a:Mp 145 °C (dec). Yield: 80%. Anal. Calcd

for C13H15MnO3: C, 56.94; H, 5.51. Found: C, 56.89; H, 5.55.
IR (CCl4, cm-1): ν(CO) 2005, 1935. 1H NMR (400 MHz, CDCl3,
ppm): δ 5.69 (t, J ) 6.2 Hz, H4), 4.70 (t, J ) 6.2 Hz, H3 and
H5), 3.14 (t, J ) 6.2 Hz, H2 and H6), 2.38 (m, H1), 1.07 (m,
CH2 at C9), 0.95 (q, J ) 6.8 Hz, CH2 at C8), 0.74 (t, J ) 7.2
Hz, CH3 at C10), 0.62 (m, CH2 at C7). 13C NMR (100 MHz,
CDCl3, ppm): δ 223.3 (CO), 96.0 (C3 and C5), 79.7 (C4), 57.9
(C2 and C6), 42.4 (CH2 at C7), 35.0 (C1), 26.4 (CH2 at C8),
22.5 (CH2 at C9), 14.0 (CH3 at C10).
Complex 11b:Mp 151 °C (dec). Yield: 89%. Anal. Calcd

for C18H30MnO5P1: C, 52.43; H, 7.33. Found: C, 52.28; H,
7.42. IR (CHCl3, cm-1): ν(CO) 1935, 1865. 1H NMR (400
MHz, CDCl3, ppm): δ 5.50 (m, H4), 4.57 (m, H3 and H5), 3.96
(m, P(OCH2CH3)3), 2.94 (t, J ) 6.2 Hz, H2 and H6), 2.44 (m,
H1), 1.27 (t, J ) 7.1 Hz, P(OCH2CH3)3), 1.14 (m, CH2 at C9),
1.04 (q, J ) 5.3 Hz, CH2 at C8), 0.82 (t, J ) 7.2 Hz, CH3 at
C10), 0.62 (m, CH2 at C7). 13C NMR (100 MHz, CDCl3, ppm):
δ 229.8 (d, J ) 33.0 Hz, CO), 94.5 (C3 and C5), 78.7 (C4), 60.1
(P(OCH2CH3)3), 54.9 (C2 and C6), 42.3 (CH2 at C7), 35.1 (C1),
26.5 (CH2 at C8), 22.6 (CH2 at C9), 16.4 (P(OCH2CH3)3), 14.1
(CH3 at C10). 31P NMR (162 MHz, CDCl3, ppm): 197.6.
Complex 11c:Mp 152 °C (dec). Yield: 82%. Anal. Calcd

for C23H45MnO7P2: C, 50.18; H, 8.24. Found: C, 50.10; H,
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8.25. IR (CHCl3, cm-1): ν(CO) 1840. 1H NMR (400 MHz,
CDCl3, ppm): δ 5.19 (m, H4), 4.43 (m, H3 and H5), 3.97 (m,
P(OCH2CH3)3), 2.51 (m, H2 and H6), 2.35 (m, H1), 1.25 (t, J
) 7.1 Hz, P(OCH2CH3)3), 1.11 (m, CH2 at C9), 0.98 (q, J ) 5.3
Hz, CH2 at C8), 0.79 (t, J ) 7.2 Hz, CH3 at C10), 0.54 (m, CH2

at C7). 13C NMR (100 MHz, CDCl3, ppm): δ 230.5 (t, J ) 35.0
Hz, CO), 92.7 (C3 and C5), 75.8 (C4), 59.5 (P(OCH2CH3)3), 51.9
(C2 and C6), 42.3 (CH2 at C7), 34.3 (C1), 26.6 (CH2 at C8),
22.7 (CH2 at C9), 16.5 (P(OCH2CH3)3), 14.2 (CH3 at C10). 31P
NMR (162 MHz, CDCl3, ppm): δ 198.5.
X-ray Structure Determinations of 5b and 9. For

complex 5b, the selected crystal was a thick plate (0.03 × 0.40
× 0.59 mm), and for complex 9, the crystal was a little prism
(0.18 × 0.20 × 0.52 mm). For both crystals, accurate cell
dimensions and orientation matrix were obtained by least-
squares refinements of 25 accurately centered reflections. No
significant variations were observed in the intensities of two
checked reflections during data collections (decay <5%).
Complete crystallographic data and collection parameters are
listed in Table 1. The data were corrected for Lorentz and
polarization effects. Computations were performed by using
the PC version of CRYSTALS.28 Scattering factors and cor-

rections for anomalous scattering were taken from ref 29. The
structure was solved by direct methods (SHELXS-8629) and
refined by full-matrix least-squares with anisotropic thermal
parameters for the non-hydrogen atoms except for the carbon
atoms of the ethyl groups. For compound 5b, these carbon
atoms (C(21)-C(32)) showed large displacement parameters
and were left isotropic. For compound 9, only the Cr, Mn, P,
and C(1)-C(24) atoms were anisotropically refined, because
there were more atoms to refine and less data. Hydrogen
atoms were introduced in the last refinements in calculated
positions except on the ethyl groups.
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