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Summary: In an effort to delop a general synthetic route to
ansa-chromocene complexes witheatse ligand frameworks,
we irvestigated ansa-magnesocene compounds as an altenati
potentially moreversatile ligand source than ansa-calcocene

stable to CO loss, unlike its unbridged counterpargHg);-
CrCO# Our group discovered a more facile route to /dg
(CsH4)2.CrCO and other ethanediyl-bridged chromocene carbonyl
and isocyanide complexes that empl@yssacalcocene com-

compounds. The first single-carbon-bridged ansa-chromocenepounds as a ligand source (Schemé ¥We have used these

compound, MgC(CsHy),CrCO, was isolated from the reaction
between MgC(CsH4)2Mg and CrC} in THF under an atmo-
sphere of carbon monoxide. This new ansa-chromocene com
pound is considerably more air-sensgiand less chemically
stable than its ethanediyl-bridged counterparts.

Introduction

ansametallocene complexes of Cr(ll) as an entry point to novel
bent-metallocene complexes of Cr(lll) and Cr(/Jhis method

is versatile from the standpoint that it allows the introduction
of differently substituted ethanediyl bridges within thasa
metallocene ligand framework. However, the exclusive prepara-
tion of ansacalcocene compounds via the reductive coupling
of fulvenes with C& brings a limitation; it only allowsansa
metallocenes with two-carbon bridges to be prepar&ihce

Despite the fact that bent-metallocene complexes of the early ihe reactivity ofansametallocene complexes of group-8

transition metals (groups-3) have been central to major

transition metals can be influenced dramatically by the con-

advancements in organometallic chemistry over the past half- ¢trzints of the bridge on the metallocene geomémg sought

century! the chemistry of bent-sandwich chromocene is poorly
developed, primarily due to the tendency of dicyclopentadi-
enylchromium complexes to lose one or both cyclopentadienyl
rings upon participation in a chemical reactforin 1983,
Brintzinger and co-workers reported the first bent-sandwich
ansachromocene complex, ME,(CsH4).CrCO2 which is

(1) (a) Crabtree, R. HThe Organometallic Chemistry of the Transition
Metals 4th ed.; Wiley: New York, 2005; Chapter 5. (b)etallocenes:
Synthesis, Reaetty, Applications Togni, A., Halterman, R. L., Eds.; Wiley-
VCH: Weinheim, Germany, 1998.

(2) (a) Sneeden, R. P. AOrganochromium Compoungd#cademic
Press: New York, 1975. (b) Abernethy, C. D.; Clyburne, J. A. C.; Cowley,
A. H.; Jones, R. AJ. Am. Chem. S0d.999 121, 2329-2330. (c) Cotton,

F. A.; Rice, G. W.Inorg. Chim. Actal978 27, 75-78. (d) Cotton, F. A.;
Daniels, L. M.; Kibala, P. Alnorg. Chem1992 21, 1865-1869. (e) Cotton,
F. A.; Wang, W.Polyhedronl985 4, 1735-1739. (f) Kalousova, J.; Benes,
L.; Votinsky, J.; Nadvornik, MCollect. Czech. Chem. Commur®85 50,
828-833. (g) Benes, L.; Kalousova, J.; Votinsky JJ.Organomet. Chem.
1985 290 147-151. (h) Benes, L.; Votinsky, J.; Kalousova, J.; Nadvornik,
M.; Klikorka, J. Collect. Czech. Chem. Commutf82 47, 3381-3383.
(i) Votinsky, J.; Kalousova, J.; Benes, L.; Nadvornik, ¥l. Chem.1981,
21, 445-446. (j) Eremenko, I. L.; Pasynskii, A. A.; Volkov, O. G.; Ellert,
O. G.; Kalinnikov, V. T.J. Organomet. Chen1981, 222, 235-240. (k)
Chisholm, M. H.; Cotton, F. A.; Extine, M. W.; Rideout, D. {Borg. Chem.
1979 18, 120-125. (I) Pasynskii, A. A.; Eremenko, I. L.; Kalinnikov, V.
T. lzv. Akad. Nauk SSSR, Ser. Khib®76 2843-2844. (m) Karol, F. J.;
Wu, C.; Reichle, W. T.; Maraschin, N. J. Catal. 1979 60, 68—76. (n)
Wiberg, N.; Haering, H. W.; Huttner, G.; Friedrich, hem. Ber1978
111, 2708-2715. (o) Eremenko, I. L.; Pasynskii, A. A.; Gasanov, G. S,;
Bagirov, S. A.; Ellert, O. G.; Novotortsev, V. M.; Kalinnikov, V. T.;
Struchkov, Y. T.; Shklover, V. Bzv. Akad. Nauk SSSR, Ser. Khit®83
1445-1446. (p) Bottomley, F.; Paez, D. E.; Sutin, L.; White, PJSChem.
Soc., Chem. Commui985 597-598. (q) Bottomley, F.; Paez, D. E;
White, P. SJ. Am. Chem. S0d.982 104, 5651-5657.

(3) Schwemlein, H.; Zsolnai, L.; Huttner, G.; Brintzinger, H. Bl
Organomet. Cheml983 256, 285-289.

10.1021/0m061136u CCC: $37.00

a more general synthetic approach that would allow the
preparation of single-atom-bridged complexes.

The silicon-bridged octamethylatethsachromocene com-
plexes [MeSi(CsMe4)-,CrC0] 22 [Me;Si(CsMey)2Cr],%° and [Me-
Si(CsMe4),CrCN-xylyl]°® were prepared by Schaper et al. by
reacting the dilithium salt of the ligand with Cr{THF)y;
however, our repeated efforts to prepaesachromocene
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Scheme 1. Synthetic Route to Ethanediyl-Bridged
ansaChromocene(ll) Complexes
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R1:3,4(MeO)CgH3; Ro: H Figure 1. Thermal ellipsoid (30%) drawing df-2THF. Hydrogen

atoms are omitted for clarity. The dotted line representsithe
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CMe,, SiMey) or (CHy)2(IndenylyK, appeared to afford only 2.578(4); MgE-C8 = 2.314(4): O+Mg1l—02 = 88.81(12); C5

polymeric material?® o _ C6-C7 = 105.8(3); C12C6-C13 = 108.8(3).
With an eye toward developing a simple, reliable, and general _
route toansachromocene complexes with different types of Scheme 2. Synthetic Route to Mg&(CsH4)CrCO (2)

bridges, we have investigatethsamagnesocene compounds
as an alternative ligand source, since divenrssamagnesocene 7L
compounds can be prepared by metalating the ligands with Bu MgBu,

Mg.1! Herein we report our initial efforts using this approach, heptane, 70°C
by which we prepared the highly strained, single-carbon-bridged 15 hrs

ansachromocene complex [ME(CsH4)2CrCO] (2).

Results and Discussion i,/ \ CrCl, ., \
'.c i,

; v Mg /C Cr—CO
Synthesis and X-ray Crystal Structure of [Me,C(CsH4),Mg- -;83:?2%9(: \Q
(THF)2] (1-2THF). The synthesis of th@ansamagnesocene 15 hrs
compound [MeC(CsH4),Mg(THF);] (1-2THF) and its molecular 1 2
structure were reported briefly in an article by Cremer et al. in
1997H21-2THF was prepared by reacting M CsHs), with warming the reaction mixture gradually to room temperature

Bu,Mg in pentane followed by crystallization of the compound - ith stirring to afford a deep red-brown solution (see Scheme
from THF. We modified the synthesis slightly by heating the ) gypsequent removal of the volatiles followed by extraction
reagents in heptane at 7C and isolated [MgC(GsHa)2Mg] and crystallization of the product with pentane afforded,®te

(1) in near_ly quantitative yield (87%) as a \_/vhlte precipitate. (CsHa)2CrCO @) in 14% yield as red-orange needles. Although
X-ra_y-quallty crystals of1-2THF were c_)btalne_d by slowly thermally stable, comple® is extremelyair sensitive and
cooling a hot (ca. 70C) saturated solution df in a THF- decomposes readily even under ap dimosphere that is not

toluene mixture (1:7) to room temperature. The molecu_lar rigorously oxygen free. ThéH and13C NMR spectra exhibit
structure of the compound is shown in Figure 1. The magnesium . . .
two cyclopentadienyl resonances, consistent with @

adopts a highly distorted tetrahedral geometry. Ring-Ch is symmetry of the complex. All proton and carbon signals

n°-coordinated. The arrangement of single and doubteCC . o
bonds within the ring C6C10 indicates;! coordination of that aSS|ngents are based on a cpmblnatlon Qf HMBC and HSQC
experiments (see the Supporting Information). @ NMR

ring at C7, with the close proximity of C8 to Mgl being due to . > . o
the geometric constraints of the ansa bridge rather than achemical shift of the carbonyl ligand (256 ppm)2fs similar
bonding interaction between the atoms. For comparison, mo- [0 that of MeCy(CsHa),CrCO (261 ppm}?
lecular structures of relatednsamagnesocene compounds The C-O stretch of2, at 1918 cm?, is slightly higher in
containingtert-butyl-substituted cyclopentadienyl rings that were energy than those of GBrCO (1900 cm?), MesCy(CsHa)2-
bridged by MeSk and—H,CCH,— groups exhibited;®.»* and CrCO (1905 cm?),® and rac-PhCyH,(CsHs),CrCO (1882
n°n° ring coordination, respectivel? cm~1),%0 indicative of lessz-back-bonding between the chro-
Synthesis and X-ray Crystal Structure of [MexC(Cs- mium and the carbonyl ligand. X-ray-quality crystals2ofiere
H4)>CrCQ] (2). The title compound was prepared by applying grown from a pentane solution at20 °C. The molecular
an atmosphere of carbon monoxide to an unstirred equimolar structure of the complex is shown in Figure 2. Selected structural
mixture of 1 and chromium(ll) chloride in THF at 78 °C and parameters foR are compared with those of M@y(CsHy)2-
CrCO andrac-Ar,CyH,(CsHs),CrCO (Ar = 3,4-(MeO)»CeHys)

(10) Kane, K.; Matare, G.; Zehnder, R.; Sinnema, P. J.; Foo, D. M. J.; in Table 2. The data indicate that the-@ZO bond length ir2
Shapiro, P. J. Unpublished results.

(11) (a) Cremer, C.; Jacobsen, H.; Burger,(himia 1997, 51, 650—
653. (b) Damrau, H.-R.; Geyer, H. A.; Prosenc, M.-H.; Weeber, A.; Schaper,  (12) Gutmann, S.; Burger, P.; Prosenc, M. H. Brintzinger, H.JH.
F.; Brintzinger, H. H.J. Organomet. Chenl998 553 331-343. Organomet. Cheni99Q 397, 21—28.
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Table 2. Comparison of Selected Bond Distances (A) and
Angles (deg) amongansaChromocene Carbonyl Complexes
Me4C2(C5— rac-Ar,CoHo-
2 H4)2CI'COa (C\l—',H4)2CI’Cd3
centroid-Cr—centroid 143.5 143.3 1434
Cr—CO 1.876(2)  1.85(1) 1.848(6)
o1 Crc-0 1.159(3) 1.16(1) 1.171(7)
@ @ d(ring planes) 50.5 38.5 39.8
Ci4 nonbonded ipso 2.25 2.61 2.61
C(Cp1)- - -C(Cp2)
Cr—centroid(av) 1.774 1.78 1.792
centroid-Cipso—Cpridggdav)  157.4 177.6 173.2

Figure 2. Thermal ellipsoid (30%) drawing &. Hydrogen atoms
are omitted for clarity. Selected bond angles (deg).—C6—C7

= 94.71(15); C12C6—C13 = 109.95(16).

Table 1. Crystallographic Data for 1 and 2

aData from ref 3P Ar = 3,4-(MeO}CsHs. Data from ref 5b.

atom-bridged ferrocene complex&showever, it is slightly
greater than that of a single-carbon-bridged titanocene com-
plex14

Preliminary experiments show that the strain of the bridge
has a noticeable effect on the reactivity of #resachromocene
system. For example, whereas ethanediyl-bridgesachro-
mocene carbonyl complexes readily undergo CO ligand sub-

1 2 stitution by isocyanide ligands,2 reacts very slowly (days)
empirical formula GiH3oMgO; Ci4H14CrO with 1 molar equiv of xylyl isocyanide to form an insoluble,
formula wt 338.76 250.25 presumably polymeric, product.
temp, K 185(2) 87(2) So far we have been unable to obtain reproducible cyclic
wavelength, A 0.71073 0.71073 | | inalv. th ical
cryst syst monoclinic monoclinic voltammetry _da_ta on compleR. Interestingly, theoretica
space group P2y/c P2i/c calculations indicate that the @ redox potential is not
a, 14.3948(8) 12.8735(6) significantly influenced by the degree of bending between the
b, A 8.3443(5) 8.3211(4) cyclopentadieny! ring&®
¢ A 15.8022(9) 11.1528(5) In contrast to the ethanediyl-bridged ch bonyl
a, deg 20 20 O the rediyl-bridged chromocene carbony
B, deg 90.894(1) 115.549(1) compounds, oxidation & with 1 molar equiv of [CpFe][B(3,5-

y, deg 90 90 (CFs3)2CsH3))4] did not afford an isolable 17e chromocenium
\Z/' A 1897-84(19) 41077-83(9) carbonyl salt, although Gpe was formed in the reaction. The
peatcs Mg/m? 1186 1542 ESR spectrum of the reaction product was more complex than
abs coeff, mm 0103 1032 what is expected for a single, low-spin 17e speéieShe
F(000) 736 520 identity of this product has yet to be determined.

0.37x 0.13x 0.05
colorless, plate

cryst size, mm
cryst color, habit

0.35x 0.22x 0.05
orange, plate

Curiously, our efforts to prepare the analogous$tdridged
chromocene carbonyl complex using & CsH,).Mg(THF),

0 range for data collecn, deg  2.585.27 1.75-25.25 . . . .
hkl ranges —17 to+17, ~15 to-+15, has yielded _only insoluble, presumably polymeric, _matenals.
—10to+10, —9t0+9, In conclusion, we have demonstrated the synthesis gOve
—18t0+18 —13to+13 (CsH4)2CrCO using aansamagnesocene ligand source. The
no. of rflns collected 21376 16 506 sinal : ;
: L > gle-carbon-bridged complex is less stable and reacts less
no. of indep rfins 3440R(int) = 1958 R(int) = . . .
0.1011) 0.0302) predictably than related ethanediyl-bridged complexes. The
max, min transmissn 0.9949, 0.9628 0.9502, 0.7139 generality of this synthetic approach w@nsachromocene
no. of data/festfainztS/PafamS 3440/24/212 1958/0/147 complexes is still in doubt, given the poor results withJ8ie
%gg?g?:jig‘;;”(of 20(1) é—f% 0673 R1-106% 0303 (CsH2)2Mg(THF),. Nevertheless, it is an attractive approach that
(o =0. , =0. , R . . .
WR2= 0.1385 WR2= 0.0755 warrants further investigation, due to the b_road varietsreda _
Rindices (all data) RE 0.1289, R1= 0.0337, magnesocene compounds that are available through simple
WR2=0.1652 wR2=0.0773 metalation of the metallocene ligand framework with,Big.11
largest diff peak, hole, e®  0.286,—0.249 0.365;-0.252

Experimental Section

is shorter than in the other two complexes; however, differences General Considerations.Me,C(GsHs), was prepared as de-

among the Cr&O bond lengths are negligible. Although the  gqijhe in the literaturé Di-n-butyimagnesium (1 M solution in
centroid-Cr—centroid angles are comparable among the three neptane) and Crglwere purchased from Aldrich and used as
different complexes, the significantly larger angle between received. THF, pentane, and heptane were dried over and distilled
cyclopentadienyl ring planes d and significantly shorter  from sodium/benzophenone immediately prior to us¢%£99.5%
distance between the ipso cyclopentadienyl ring carbons relative
to the ethanediyl-bridged complexes highlight the greater strain therein.

imposed on the metallocene geometry by the single-carbon  (14) Shaltout, R. M.; Corey, J. Y.; Rath, N. B. Organomet. Chem.
bridge. The difficulty with which the chromocene accommodates 1995 503 205-212. .

. . . . .. (15) Shapiro, P. J.; Sinnema, P.-J.; Perrotin, P.; Budzelaar, P. H. M.;
the single-carbon bridge is also reflected in the greater deviation\yeine, H.; Twamley, B.; Zehnder, R. A.; Nairn, J. J. Submitted for
of the centroid-Ci,so—C6 bond angle from 180in 2 relative publication. _
to the angles in the ethanediyl-bridged complexes (final entry, , (18 Nifantev, I. E.; Yamykh, V. L, Borzov, M. V.; Mazurchik, B. A.;

> 0 - Mstyslavsky, V. I.; Roznyatovsky, V. A.; Ustynyuk, Y. Rrganometallics
Table 2). This distortion is not as great as that observed in single-1991, 10, 3739-3745.

(13) Shapiro, P. Xloord. Chem. Re 2002 231, 67—81 and references
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D) was purchased from Cambridge Isotope laboratories and storedinstrument (Mo K radiation,A = 0.71073 A) equipped with a
over 4A molecular sieves. All compounds were handled and stored Cryocool Neverlce low-temperature device. Data were measured
in a nitrogen-filled glovebox and were manipulated using argon usingw scans of 0.3 per frame for 10 s, and full spheres of data
and vacuum Schlenk techniques. IR spectra of the compounds werewere collected. A total of 2450 frames were collected with a final
recorded on an Avatar 370 FT-IR Thermo Nicolet instrument. NMR  resolution of 0.83 A. The first 50 frames were recollected at the
spectra were run on a Bruker AMX 300 NMR spectrometer (300 end of data collection to monitor for decay. Cell parameters were
MHz 1H). retrieved using SMART software and refined using SAINTPRis
Synthesis of MeC(CsH4).Mg (1). A 1 M solution of BuMg on all observed reflections. Data reduction and correction for Lp
(13.2 mL) was added all at once via syringe to a solution of®Ae and decay were performed using the SAINTPIus software. Absorp-
(CsHs)2 (2.28 g, 13.2 mmol) in 45 mL of heptane under a blanket tion corrections were applied using SADABET he structures were
of argon cooled to CC with an ice-water bath. The reaction  solved by direct methods and refined by least-squares methods on
mixture was warmed to 78C. Gas evolution was observed when F? using the SHELXTL program packagkBoth structures were
the reaction mixture reached ca. 6G, and a white precipitate  solved in the space groig2:/n (No. 14) by analysis of systematic
formed. The reaction mixture was stirred at°@overnight under absences. The coordinated THF molecules 1i2THF were
argon. The product was isolated by filtration and washed twice with disordered (55:45 occupancy) and held isotropic, and restraints were
pentane (20 mL) to yield 2.28 g (89%) of M&CsH,),Mg as a applied to optimize the geometry and thermal displacement. All

white powder. other non-hydrogen atoms were refined anisotropically. No de-
IH NMR (THF/CgDg, 300 MHz, 303 K): ¢ 6.06, 5.95 (m, 8 H, composition was observed during data collection. Details of the
CsHy, J = 2.4 Hz), 2.15 (s, 6 H, C(B3)y). data collection and refinement are given in Table 1. Further details

Synthesis of M@C(CsH4),CrCO (2). THF (150 mL) was are provided in the Supporting Information.
transferred under vacuum to a 500 mL Schlenk flask charged with
Me,C(CsH4).Mg (1.50 g, 7.70 mmol) and Crg{0.95 g, 7.70 mmol) Acknowledgment. P.P. thanks the University of Idaho
and cooled to-78 °C. An atmosphere of CO was admitted to the College of Graduate Studies for a graduate research fellowship.
vessel, and the reaction mixture was gradually warmed to room We thank Dr. Alex Blumenfeld (University of Idaho) for his
temperature with stirring. After 15 h, the volatiles were removed assistance with the NMR experiments. The Bruker (Siemens)
under vacuum. Pentane-soluble product was extracted from the solidSMART APEX diffraction facility was established at the
residue containing Mg@luntil the filtrate turned colorless. The  University of ldaho with the assistance of the NSF-EPSCoR
combined filtrates were concentrated to 50 mL and cooled#8 program and the M. J. Murdock Charitable Trust, Vancouver,
°C, affording2 as a red-brown powder (2 crops: 0.264 g, 14%). WA.

IH NMR (CeDg): 6 4.05 (m, 4H,0-CsHa, J = 1.8, 2.1 Hz),

3.75 (m, 8H3-CsHy, J= 2.1 Hz), 0.74 (s, 6H, C(83),). *C NMR Supporting Information Available: CIF files giving X-ray
(CeDg): 0 256.0 CO), 81.9 (--CsHa), 76.0 (3-CeHa), 52.7 (quat  crystallographic information for compoundsand2 andH, 3C,
CsHa), 36.8 C(CHg)2), 21.6 (CCHa)2). IR (Nujol mull, NaCl): HMBC, and HSQC NMR spectra for compoud This material

1916 cm* (CO). Anal. Calcd for GH14CrO: C, 61.19; H, 5.64. s available free of charge via the Internet at http://pubs.acs.org.
Found: C, 68.38; H, 5.57. We attribute the error in the measured

carbon value to the extreme air sensitivity of the complex. OM061136U
Orange plate-shaped single crystals were obtained from a (17) Hope, HProg. Inorg. Chem1994 41, 119

saturated pentane solution-a20 OC_ ov_er 4 days. (18) SMAéT ;/ersi(l)n 5.626, Bruker Moleéular Ahalysis Research Tool;
X-ray Crystal Structure Determinations of 1-2THF and 2. Bruker AXS, Madison, WI, 2002.

Crystals of the compounds were removed from the flask and  (19) SAINTPIus version 6.45a, Data Reduction and Correction Program;
covered with a layer of hydrocarbon oil. Suitable crystals were Bruker AXS, Madison, WI, 2003. . . _
selected, attached to a glass fiber, and placed in the Iow-temperatureBréﬁgz iﬁgAaia’iggﬂor\}vzl'Ozldoa'i"p'”ca' Absorption Correction Program;
nitrogen stream’ Data for1-2THF and2 were collected at 185(2) (21) Sheldrick, G. M. SHELXTL version 6.10, Structure Determination

and 87(2) K, respectively, using a Bruker/Siemens SMART APEX Software Suite; Bruker AXS, Madison, WI, 2001.



