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Abstract: Subjecting ferrocene, ruthenocene, or osmocene to the synergic amide base sodium—magnesium
tris(diisopropylamido) affords a unique homologous series of metallocene derivatives of general formula
[{M(CsH3)2} NauMga(i-PraN)s] (where M = Fe (1), Ru (2), or Os (3)). X-ray crystallographic studies of 1—3
reveal a common molecular “inverse crown” structure comprising a 16-membered [(NaNMgN)4J** “host”
ring and a metallocenetetraide [M(CsHs)2]*~ “guest” core, the cleaved protons of which are lost selectively
from the 1, 1', 3, and 3'-positions. Variable-temperature NMR spectroscopic studies indicate that 1, 2, and
3 each exist as two distinct interconverting conformers in arene solution, the rates of exchange of which
have been calculated using coalescence and EXSY NMR measurements.

Introduction lographically characterized. Higher lithiation (or polar metala-
tion) of ferrocene represents a far greater challenge to synthetic

The ability to metalate parent metallocene molecules is of chemists. Several strong metalating agents (for example, a 4-

Lundamer:jta}[l |mporta;nce o metafllo_cene (E)hi;n[[st(rjy. dEr)tryt.can to 8-fold stoichiometric excess ofBuLi,® the reactive alkyl-

© gamed 0 3 vas ;xpanseﬂ(]) t;ln%-su Sf' ute envad'.v.es'sodiumn-PeNa? or up to 20 molar equivalents of the alkylpo-
compounds In demand across the borders ot science, me IC'netassiumn-Bqu) have been reputed to bring about polydepro-
and technology, by exploiting the metal-activated offspring as

synthetic intermediatés? Lithiation is the vehicle most often tonation of ferrocene (as determined indirectly by in situ
o e . AT electrophilic quenching protocols), but leading only in sporadic
used in this endeavémMonolithioferrocene is accessible in high P d gp ) g only in sp

; . - ) . ways to complex mixtures of little practical use. In our
y'EId. b)g 5react|ngtert—buty|||th|um with ferrocene in THF contribution herein, we describe a new and effective polymeta-
solution-> When more than one hydrogen atom ne_eds to be lation strategy illustrated through the synthesis of a remarkable
removed ffom the parent metalloc_:ene (OT when Staf“”g frqm a homologous series of regioselectively tetrametalated group 8
prior-substituted metallocene), regioselective metalation is highly metallocenes of general formulM(CsHs)s} NagMga(i-PrN)g]
desirable. Dilithiation of ferrocene (predominately in the'1,1 (where M= Fe (1), Ru (2), or Os @)). The ferrocenyl member
p]?sri]tionlsg ff‘[‘].be alg:com.plisr?ed by increas;ing t::el stpichiometryl was the subject, of a p}eliminary communicatidrHere we
of the alkyllithium base in the presence of a chelating tertiary C
amine [TMEDA, MeNCH,CH,NMe,, or PMDETA, (Me- add the ruthenocen@land osmoceny8 congeners, which, like

. . . 1, have been made in isolable, pure crystalline forms that have
NCH,CH,),NMe]. While there is a general dearth of solid-state : : h :
ermitted their crystallographic and ectroscopic (NMR
structures in thes-block metallocene area, both TMEBANd P ! I ys graphi sp scopic )

characterization.
PMDETA’ complex f dilithioferrocene hav n crystal- ) , . L
complexes of dilithioferrocene have been crysta Focusing further afield of metallocene chemistry, this trio of
t University of Strathclyde. F:ompgunt;is re.presents thellatest deyelopment in our ongoing
# University of Newcastle. investigations into the special synergic effects of mixed alkali
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tonation, these heterometallic bases can generate novel macrom all cases, toluene was added to the concentrated reaction
cyclic structures in which a cationic ring of alternating metal solution to aid crystallization of the product. Diagnostic of the
and nitrogen atoms (the residue of the base) surrounds an anionisuccessful metalation of ferrocene, the reaction solution turns
core (the deprotonated substrate). Though coined previously byfrom orange to red; no such color change accompanies the
other researchers in different contedds!® the term “inverse conversion of the larger metallocenes, the solutions of which
crown” seems particularly apt to describe this type of structure remain yellow. The crystalline products show the same distinc-
as its Lewis acidic (metal cation) and Lewis basic (substrate tion, with the ferrocenyl complex being red, and the other
anion) sites have been interchanged relative to those incomplexes yellow (pale yellow in the case3)f To date, the
conventional crown ether complexes. best yields of crystalline material obtained have been 72, 53,
and 62% forl, 2, and3, respectively. Occasionally the reaction
solutions can afford an oily residue in addition to and concomi-

Synthesis. Previously we have demonstrated the unusual tant with a substantially lower yield of crystalline product. We
deprotonating ability that mixed sodiurmagnesium tris(TMP) ~ Suspect that this complication could be due to a problem with
“NaMg(TMP)s” (TMP = 2,2,6,6,-tetramethylpiperidide, IM@- commercial DBM samples. Developed by FMC, DBM is not a
(CH,)sC(Me)N) can display toward arene molecules. For Precise stoichiometric compound but rather a solution mixture
example'® toluene can be selectively dideprotonated in ring sites Of N- ands-butyl groups (presumed to be in a 1:1 ratio) admixed
(2,5-positions) without cleavage of a methyl hydrogen atom, With a much smaller proportion of-octyl groups, introduced
as manifested in the 12-membered inverse crown ring systemto aid solubility of the reagent in acyclic hydrocarbon solvents
[NauMga(TMP)s(CsH3CHz)] 4. On the other hand, when the such asn-heptane. These bare compositional facts mask the
“NaMg(TMP)s” synergic base was applied to ferrocene, the inherent chemical complexity of the mixture. Given the
disodium-trimagnesium trinuclear ferrocenophafEé(GHa)2} >- propensity of organomagnesium compounds to self-aggregate
{NaMgs(TMP),.(TMPH),}] 5 was produced’ Notwithstanding ~ and the ability of alkyl groups to act as bridges, it is possible
the product’s odd stoichiometry and triferrocenyl constitution, that a plethora of species could be present in solution: likely
its formation is less extraordinary from a deprotonation stand- constituents include-Bu,Mg, s-Bu,Mg, n-Bu(s-Bu)Mg, and
point, as its ferrocene-1;:tliyl units are the norm when permutational oligomers such asqBu)x(s-BulyMgu+y2] as
ferrocene undergoes mainstream dimetalation (as encounteredvell as a small concentration ofOct-containing isomers. As
in the aforementioned TMED®and PMDETA complexes). a consequencéH NMR spectra of a sample of DBM indDe

solution recorded over a temperature range {3880 K) are

Results and Discussion

/\ )\ extremely complicated, showing signs of dynamic exchange
W Na WMQ N;@ processed® However, while a complete interpretation of the
( i \f %F’e Mg alkyl region of the spectra (in this case, spanning approximately
Mg~©—m ‘;>< %\Te o 2.0 to —1.0 ppm) is problematical, of greater diagnostic
Q ) v N significance is the unexpected presence of a set of overlapping
Na Na

PN resonances outside of this fingerprint region (at approximately

\-/ o - >(Nj< ;‘N\y) o - >[Nj< 4.0—-3.6 ppm). These resonances can be assigned to adventitious

° 5 ° butoxide groups (for examplen-BuO~, s-BuO~), further
evidence for which comes from sister signals found in the
For that reason we turned our attention to another sterically corresponding*C NMR spectra at around 65 ppm (denoting
demanding secondary amide that derived from diisopropylamine, —CH>—O~/—CH—O~ carbon atoms). This contamination al-
iPLN". The first step in the synthesis bf2, and3 was therefore most certainly arises from accidental exposure of the air-
to generate in situ the corresponding tris(diisopropylamide) sensitive reagent to atmospheric oxygen, a common occurrence

“NaMg(i-Pr.N)3" by treating a 1:1 stoichiometric mixture of  with polar organometallic compounds in general, though the

n-BuNah,s-Bu,Mg (dibutylmagnesium, DBM) in aliphatic  associated chemistry is not all that well understood. Since

hydrocarbon solution with 3 molar equivalents of the amine. alkoxides are generally much weaker bases than alkyls, the

Next, the appropriate metallocene was introduced: severalformer will presumably remain in the reaction mixture following

reaction stoichiometries were screened to reveal that optimumthe amination step that is intended to produce pure “NaMg-

yields are obtained using only 0.25 molar equivalents (eq 1), (i-PrN)3".1° Mixed alkoxo-amido adducts may possibly be
commensurate with the stoichiometry of the desired product. involved at this stage. In that regard, it is significant that
sodium-magnesiumr-alkoxide—diisopropylamide inverse crowns

(13) First use of the term “inverse crown”: Stemmler, A. J.; Kampf, J. W.;  of general formula{{NaMg[i-PrN],RO};] (where R= n-Bu
Pecoraro, V. LInorg. Chem.1995 34, 2271. . h . . .

(14) For the report of an “inverse crown” ether sandwich, see: Saalfrank, R. or_n-Oct), synthesmed ra“or?a”y by treating mixed-metal amide
\lﬂlvéinlz?nrgﬁnlf'F‘.{{W?%Iafrﬁici%]:#;:?m'Mﬂﬁgfwﬁygédroﬂggé:fé 2H Z; mixtures with the ap_proprlate_ alcohol, have been r_eported,
2985. though these 2:1, amide/alkoxide adducts are crystalline com-

(15) gg{jrk’el}’ L‘ffff"ggsz}%‘f‘"ﬁ;%’r‘]"(’)’;;g"el\;lclugf‘;cggé%’aa‘gelfo&gﬁxceﬁversnele1 @) pounds?’ In our case, it appears that the unplanned participation
1999 71, 1371. (b) Lee, H.; Knobler, C. B.; Hawthorne, M. . Am. of alkoxide groups (in lower, nonstoichiometric quantities)

Chem. Soc2001, 123 8543. (c) Zheng, Z. P.; Knobler, C. B.; Mortimer,
M. D.; Kong, G. G.; Hawthorne, M. Hnorg. Chem.1996 35, 1235. (d)

For a review, see: Wedge, T. J.; Hawthorne, M.Geord. Chem. Re (18) See Experimental Section.
2003 240, 111. (19) TMEDA-solvated “NaMgi¢Pr.N)3s” has recently been prepared: Hevia, E.;
(16) Kennedy, A. R.; Mulvey, R. E.; Rowlings, R. Bngew. Chem., Int. Ed. Kenley, F. R.; Kennedy, A. R.; Mulvey, R. E.; Rowlings, R. Bur. J.
1998 37, 3180. Inorg. Chem.2003 3347.
(17) Henderson, K. W.; Kennedy, A. R.; Mulvey, R. E.; O'Hara, C. T.; Rowlings, (20) Drewette, K. J.; Henderson, K. W.; Kennedy, A. R.; Mulvey, R. E.; O'Hara,
R. B. Chem. Commur2001, 1678. C. T.; Rowlings, R. BChem. Commur2002 1176.
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Figure 1. Molecular structure ofl showing selected atom labeling.
Hydrogen atoms, except those belonging to th&l{rings, have been
omitted for clarity, and ellipsoids are at the 50% probability level.

Figure 2. Molecular structure of2 showing selected atom labeling.
Hydrogen atoms, except those belonging to the&l{rings, have been
omitted for clarity, and ellipsoids are at the 50% probability level.

causes the reaction solutionsf2, and3 to partially degrade
to an oil-like substance.

4n-BuNa+ 4 n,s-Bu,Mg + 12i-Pr,NH + M (CHg), —
[{M(CgH,),} Na,Mg,(i-Pr,N)g] + 12 BuH+ 4i-Pr,NH (1)
where M= Fe, Ru, or Os.

New Inverse Crown Architecture. Crystal structure deter-
minations ofl, 2, and 3 reveal a common centrosymmetric

molecular structure. This commonality is clearly evident from
the individual structures shown in Figures-3, respectively.

11614 J. AM. CHEM. SOC. = VOL. 126, NO. 37, 2004

Figure 3. Molecular structure of3 showing selected atom labeling.
Hydrogen atoms, except those belonging to th#l{rings, have been
omitted for clarity, and ellipsoids are at the 50% probability level.

Keeping to the inverse crown interpretation, the common
structure can be regarded formally as a hagtest assembly
of a 16-membered [(NaNMgN]}* ring with a metallocenyl
[M(CsH3),]*~ center. Protons have been cleaved from the,1, 1
3, and 3-positions of the parent metallocene (a fact corroborated
by the NMR spectroscopic study, vide infra), associated with
carbon atoms C27, C27*, C29, and C29*. Within the host ring,
the metal atoms linked by the N bridges are alternately sodium
and magnesium. There are two chemically distinct types of
sodium atom: part of the linear NaFe --Na arrangement that
bisects the metallocenyl fragment, Nal occupiges-aonding
site between the Cpgings (Cp = CsHsz) and completes its
distorted tetrahedral coordination by binding to two N atoms;
in contrast, Na2 engages with theface of the Cpring in an
asymmetrical n3-fashion and completes a pseudo-trigonal
coordination (counting the Cping as a single coordination
point) by also binding to a pair of N atoms. Formally refilling
the positions left vacant by the cleaved hydrogen atoms, the
four chemically equivalent magnesium atoms (arranged in two
crystallographically distinct pairs) adopt a distorted trigonal
planar coordination of one carbon and two nitrogen atoms.

Existing in two chemically inequivalent sets comprising
N1/N4 and N2/N3, all eight amido N atoms display distorted
tetrahedral geometries. Their gemindlr substituents twist out
of each other's way to minimize MeMe repulsions, a
phenomenon seemingly maintained in solution (vide infra).
To facilitate the anchoring of the dideprotonated edge of
each Cpring, the 16-membered azaheterobimetallic ring must
pucker severely in a “Z-shaped” conformation, defined by
sections N2Mg1N1Na2N4Mg2N3, N2NalN3N2'NalN3,
and N2Mg1'N1'NaZN4'Mg2'N3' (Figure 4). The Cprings
themselves lie parallel and staggered relative to one another (a
key factor in theC; symmetry of the whole molecule), and there
is essentially no ring slippage.
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Table 1. Key Corresponding Bond Distances within Complexes 1, 2, and 3

bond distances (A) 1M=Fe 2M=Ru 3M=0s bond distances (A) 1M=Fe 2M=Ru 3M=0s
Mgl—N1 2.0397(13) 2.044(3) 2.0379(13) NaZ 26 3.256(2) 3.345(3) 3.352(2)
Mgl—N2 2.0163(14) 2.014(3) 2.0133(14) NaZ27 2.8329(15) 2.857(3) 2.8470(16)
Mg2—N3 1.9965(13) 1.997(3) 1.9965(13) NaZ?28 2.6080(15) 2.595(3) 2.5887(15)
Mg2—N4 2.0411(13) 2.047(3) 2.0457(13) NagZ29 2.9232(15) 2.966(3) 2.9597(16)
Mgl—C27 2.1469(15) 2.136(3) 2.1347(15) mean Neld 3.286 3.223 3.223
Mg2—C29 2.1580(15) 2.150(3) 2.1458(15) NeNal 6.572 6.459 6.447
Nal-N2 2.5347(15) 2.542(3) 2.5467(14) NaNaZ2 8.663 9.014 9.003
Nal-N3 2.7113(15) 2.737(3) 2.7359(15) C2626 1.430(2) 1.420(4) 1.439(2)
Na2—-N1 2.5068(14) 2.511(3) 2.5120(14) C2627 1.434(2) 1.434(4) 1.443(2)
Na2—N4 2.4661(14) 2.475(3) 2.4709(14) C2629 1.438(2) 1.435(4) 1.444(2)
Nal-C27 2.7546(16) 2.818(3) 2.8157(16) c2228 1.459(2) 1.458(4) 1.464(2)
Nal-C29 2.6287(15) 2.661(3) 2.6574(16) C2829 1.454(2) 1.453(4) 1.463(2)
Na2+-C25 3.201(2) 3.286(3) 3.292(2)

N3 % compounds. It can be reasoned from this comparison that the
A flexibility of the “[(NaNMgN)*]," system (where N= i-ProN)

Nat O C26 to encapsulate guests of different chemical composition and size

Na2 (including a series of metallocenes, alkoxides, and hydride)

|
\
A 237wt @} stems not from microscopic bond length adjustments but from
\ \/@’" - a macroscopic, chameleonic ability to change aggregation state
N2 (b M (i,e.,n=4in 1-3, cf, n = 2 in the alkoxide and hydride
28 structures).

This picture could prompt a comparison with the “conveyor-
belt” mechanisr# proposed to exist when lithium diisopropyl-

Figure 4. Alternative side view of the common structure af3 amide functions as a base. However, in that case, the building
highlighting the pseudo-Z conformation of the azametalla host ring. up of molecular lithium amide units to fit a specific metalation
Table 2. Key Corresponding Bond Angles within Complexes 1, task represents a pre-metalation event, whereas here inverse
2,and 3 crown ring aggregates are products of post-metalation. As yet,
bond angles (deg) 1 2 3 it is not clear whether synergic amide-induced polymetalation
Mg1—-N1—Na2 90.84(5) 91.87(9) 92.03(5) is achieved by a single templating aggregatk @nveyor belt
mg%—“?“gi’ 7883.5153((55)) ;395.;3335((99)) 7895.;15((55)) moo_lel) made up of several active pase sites or by muIti_pIe
Mgz—N4—Na2 9370(5)  95.12(10)  95.17(3) equivalents of the same base. Turning to angular dimensions
N2—Nal-N3 129.46(5) 128.61(9)  12852(5)  Within 1—3, there is also close agreement between corresponding
C27-Nal-C29 79.78(5) 85.89(9) 86.24(5) meta-N—metal bond angles and between corresponding
N1-Na2-N4 150.43(5)  153.71(9) 153.76(6) N—metaN bond angles, both of which come in four distinct
MO AL MISAS  sels: the former MGENI-Na2, Mgl N2-Nat, g2 N3
N2—Mg1-C27 107.49(9)  106.63(11)  106.40(6) Nal, and Mg2-N4—Naz2 differ by only 1.19, 2.22, 1.48,
Hg—mgg—ggg 1131.%.713((2)) 1131.2962((1111)) 113152.%%((%)) and 1.47, respectively, across the series; and the latter N2
NN C WD e gt b NN NG NMGLNZ and N2 e e
180-(Mg1—C27—centroid) 28.40 27.10 25.83 9%, 9.99, 1.£9, 99 :
180—(Mg2—C29—centroid) 32.87 31.60 31.43 the series. Note that the bond angles subtended at N in this list

represent endocyclic ones, whereas those subtended at metal

A salient feature emerging from the dimensions across the Centers represent exocyclic ones. This pattern accounts for the
series1—3 (selected bond lengths in Table 1; selected bond directional Lewis acidity of the host ring, with available metal
angles in Table 2) is that the host ring can accommodate anyOrbitals projecting inward toward the Lewis basic guest. It is
of the three different metallocene molecules without significant Significant that the largest difference in the aforementioned
alteration to its constituent bond lengths or bond angles. The N—meta-N bond angles is that for NINa2—N4. This reflects
striking similarity of the corresponding dimensions of these 16- the pushing out of the pseudoaxial Na2 atoms as the host ring
membered rings is evident from the restricted range of mean Stretches to accommodate the taller 4d and 5d metallocenes, a
Mg—N bond lengths withinl—3 (2.016-2.018 A), a statistic  Point confirmed by comparison of the respective Ne2a2
echoed in the NaN data (2.555-2.566 A). Interestingly, these ~ Separation distances fdy 2, and 3 (8.663, 9.014, and 9.003
values also show little variation from those in the previously A). In contrast to this vertical stretch, to counterbalance the
reported diisopropylamide-based alk&kand hydridgtinverse ~ greater Cp--Cp separation distances thand 3 (3.644 and
crowns [NaMg(i-PN]2n-BuG} 5] and [ NaMg[i-PrN](u-H).- 3.646 A, respectively, cf., 3.354 A it), a horizontal contraction
(toluene) 5], respectively, (Mg-N bond lengths 2.051 A (mean) ~ ©ccurs in the pseudoequatorial NelNal vector (6.572, 6.459,
and 2.065 (18) A, respectively; N&N bond lengths, 2.469 A~ and 6.447 A, fon, 2, and3, respectively), though the extent of
(mean) and 2.4807(18) A, respectively), which, it should be change (mean, 0.119 A) is less marked (mean vertical difference,
stressed, are in contrast to smaller eight-membered ring 0-345 A). This horizontal contraction is not enough to prevent

(21) Gallagher, D. J.; Henderson, K. W.; Kennedy, A. R.; Mulvey, R. E.; O'Hara, (22) Organometallics in Synthesis: A Manuahd ed.; Schlosser, M., Ed.; Wiley
C. T.; Rowlings, R. BChem. Commur2002 376. & Sons: Chichester, U.K2002 p 32.

J. AM. CHEM. SOC. = VOL. 126, NO. 37, 2004 11615



ARTICLES Andrikopoulos et al.

a significant elongation in the NaXC27 and NatC29 bond ported, in addition to the previously mentioned dilithioferrocene
lengths of2 and 3 (by mean values of 0.063 and 0.032 A, TMEDA® and PMDETA complexes. To the best of our
respectively, compared to those by, which is accompanied  knowledge, no other directlyblock C-metalated ferrocenes (or

by a widening of the Na-Cp/Cp bond angles (mean fa2 ruthenocenes or osmocenes) have been crystallographically
and3, 86.07; cf., 79.78(5) for 1). Emphasising the dominance characterized. The structural literature on other metal and
of the Mg atoms within the hostguest bonding, there is  metalloidal derivatives of ferrocene is far less impoverished,
decidedly less spread in the M@ bond lengths and NMg—C including examples where A¥,Ga2® Ge?2° Hg2° Pt3! Sn3?

bond angles across the series (largest differences, 0.0122 A and’i,33 V,34 W,35 or Zr% are directly attached to the carbon
1.09, respectively). However, unlike in the toluene-based framework of the sandwich compound. The most pertinent
inverse crowrd, the Mg atoms irl—3 do not lie coplanar with example is that of 1,13,3-tetrakis(trimethylstannyl)ferrocerté,

the plane of the aromatic ring, but protrude out of it by 1.141(3)/ which, in contrast td—3, is not made by direct metalation of
0.981(3), 1.082(5)/0.876(5), and 1.071(3)/0.875(3) A, respec- the parent metallocene but by a sequential strategy from stannyl-
tively, for the two independent MgC bonds in each com-  substituted monocyclopentadiene precursors. Metalated ru-
pound?® The bridge span may be an important consideration thenocene structures are much rarer, with examples limited to
in this distinction, as i4 the Mg atoms are joined by five-  the soft metals Pt and Au®® At the time of this writing,3
membered N-Na—N—Na—N arrangements, whereas here they represents the sole example of a metalated osmocene structure.
are joined by a three-membered-Na—N bridge. Presumably Solution Behavior. Good solubility of1—3 in arene solvents

the latter setup offers less flexibility, and ring closure can be has permitted detailed NMR spectroscopic studies to be carried
achieved only at the expense of a modest compromise to theout. The spectra obtained are generally similar for each
o-component of the MgC bonding. Turning to €C bond compound, suggesting that the structural resemblance between
lengths within the Cirings, a consistent pattern across the series the three compounds seen in the crystalline state is maintained
is evident, though the differences involved are rather modest: in arene solution. There are three distinct diagnostic regions
the nonmetalated edge (C2826) has the shortest (1.430(2), within the’H NMR spectra: from low to high frequency, these
1.420(4), and 1.439(2) A fot—3, respectively), the 2-fold-  are populated by Bs, i-Pr CH, and Cp CH resonances, as
metalated triatomic edge (C2L28-C29) has the longest  shown in the representative spectrum of the osmocenyl inverse
(mean values, 1.456, 1.456, and 1.464 A, respectively), while crown 3 in CgDg solution (Figure 5).

the remaining singly metalated edges (€Zx9/C26-C27) Most informative is the last set of resonances, as it establishes
have intermediate values (mean, 1.436, 1.435, and 1.444 A the presence of two distinct species that further experiments
respectively). indicate are two interconverting conformations of the ring

Despite the vast mountain of literature on ferrocene (and strycture observed in the solid state. Bpthe major conformer
metallocene) chemistry in general, the novelty of the structures axnibits a doublet at 4.56 ppm and a triplet at 3.77 ppm (for
of 1—3iis such that no direct comparisons, and very few tenuous hich 4J@H,H) = 0.62 Hz is common) and the minor

comparisons, are available. Thus, searching the Cambridgeconformer exhibits corresponding resonances and couplings at
Structural Databadrevealed no hits for heterometallic soditm 4 52 and 3.85 ppm, with the conformers in an approximate ratio
magnesium (with the exception of the ferrocenophane speciespf 3:1. Using the crystal structure notation, we can assign the
5) or homometallic sodium group 8 metallocene species. It goyblets and triplets to H atoms attached to C25/C26 and C28,
follows that 1—3 exhibit the first structurally authenticated respectively. In the case d?, the corresponding pairs of
Na—metallocenyl bonds of this group. Only one previous article esonances appear at 4.45/3.68 ppm (major conformer) and 4.41/

reporting homometallic magnesoferrocene structures wasgz 73 ppm (minor conformer), and the major/minor conformer
found?® though the compounds involved were not synthesized
by direct magnesiation but by metathesis from a lithioferrocene o6 Bucaille. A- Le B T Epritikhine. NO lc<2000 19
and a magnesium halide. Representative of these compounds\?®) Bucaille. A.; Le Borgne, T.; Ephritikhine, Morganometallic200Q 19,
[(FCN),Mg.THF] (where FcNH is dimethylaminomethylfer-  (27) Eorse?amgtle’&setlé: Knab'«\?/ll, Ié.;_fKrrct)siiEng,Jli;'tthoH.; gﬁhwiggéKilrgggr,

. . . . midt-Ams n . L JaIn . m .
rocene) is mononuclear with Mg bonded to both ferrocenyl units - Sehmidi-Amelunxen, M.; Sertert, ur. . inorg. hen
K . . . . (28) For example, see: Jutzi, P.; Lenze, N.; Neumann, B.; Stammler, H.-G.
via the anionic C atoms adjacent to the alkyl-substituted position, Angew. Chem., Int. EQ001, 40, 1424 and references therein.

H (29) For example, see: Castruita, M.; Cervantes-Lee, F.; Mahmoud, J. S.; Zhang,
to bothNMe, atoms and to the O atom of THF. Less sterically v.. Pannell, K. H.J. Organomet. Chen2001, 637, 664.

shielded than those ii—3 in accord with its higher five- (30) For example, see: Sunkel, K.; Kiessling,JI.Organomet. Chen2001,
; ; ; 637, 796.
coordinate env_lronrr_]ent, this Mg atom approaches the_ Cp plane(31) For example, see: Yoshida, T.; Tanaka, S.; Adachi, T.; Yoshida, T.;
more closely, implying a greater degree @tharacter in the @) Onitsuka, KI SOnoga(sh)ilrjl&,!L lAngewl.kChem., Int. Eﬁ. Engdl995 34, 319.
_ ; H H . : 32) For examples, see: (& F.; Rulkens, R.; Zech, G.; Foucher, D. A;
Mg—C bonding. However, this more favorablg directionality Lough, A. J.; Manners, IChem—Eur. J. 1998 4, 2117, (b) Herberhold,
does not translate into shorter M@ bonds, as their mean length M.; Steffl, U.; Milius, W.; Wrackmeyer, BAngew. Chem., Int. Ed. Engl.

; . . , 1996 35, 1803.
(2.156 A) |5_ eSS?nt|ally e.qUNalem to thatlirf2.152 .A), _thOUQh (33) For example, see: Zakharova, L. N.; Struchkov, Y. T.; Sharutin, V. V.;
the comparison is complicated by the lower coordination number 2 iux?rov'g, F?:gcinbv StArL{C|_t|- gommull:‘l_i’;gh&b‘lig-u . StaufferChs
(three) of the Mg atoms ith. For lithium, the crystal structures (34) Bor. %‘84' 117 o0 o mant ey SCRLEr Ty STAtertAEm-

of two ferrocenophane species akingtand a related uranium  (35) Herberhold, M.; Kniesel, H.; Haumaier, L.; Gieren, A.; Ruiz-PerezZ.C.
Naturforsch., B: Chem. Scl996 41, 1431.

(IV) complex® [{ Fe(GHa)2} sULio.(pyridine)] have been re- (36) Broussier, R.; Da Rold, A.; Gautheron, B.; Dromzee, Y.; Jeannimofg.
Chem.199Q 29, 1817.
(23) In the preliminary communication, we inadvertently stated incorrectly that (37) Lenze, N.; Neumann, B.; Salmon, A.; Stammler, A.; Stammler, H.-G.; Jutzi,

the Mg centers protrude out of the aromatic plane by 58t 63.2. P.J. Organomet. Chen2001, 619, 74.

(24) (a) Allen, F. H.Acta Crystallogr., Sect. R002 58, 380. (b) Cambridge (38) Yoshida, T.; Shinohara, T.; Onitsuka, K.; Ozawa, F.; Sonogashird, K.
Structural Database, Version 5.25 with January 2004 update. Organomet. Cheml999 574, 66.

(25) Seidel, N.; Jacob, K.; Fischer, A. K.; Pietzsch, C.; Zanello, P.; Fontani, M. (39) Nefedova, M. N.; Mamed'yarova, |. A.; Sokolov, V. I.; Smyslova, E. I.;
Eur. J. Inorg. Chem2001, 145. Kuz'mina, L. G.; Grandberg, K. IRuss. Chem. Bulll994 1335.
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CHj; region

Cyclopentadienyl Isopropyl
CH region CH region

~—

- . 1[ R

r T T T T T T T T T T T T T T T 1
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 ppm

Figure 5. *H NMR spectrum of a deuteriobenzene solutiorBakcorded at ambient temperature.

‘H25/H26 ‘H28'
Temperature / K

360 —_
350
340 o
1
h " . ﬂ
320
: . 310
4.45 4.40
300
5(H) 4. 440 375 365

Figure 6. Key regions of the 500 ms 2BH, *H] EXSY NMR spectrum 5('H)

of 2 acquired at 9.4 T (320 K) showing the presence of two interconverting rigure 7. Variable-temperaturéH NMR spectra of a deuteriotoluene
structures: (A) H25/H26 resonance region and (B) H28 resonance region. solytion of2 recorded over the range 39860 K.
R

For both regions, cross-peaks due to the presence of the slow (on the NM

time scale) chemical exchange process are indicatéd Bgr each region, .. . .
the 1DH NMR spectrum of2 (at 320 K) is shown at the top of each  ©Of relative integral 3:1 commensurate with the ratio of conform-

section of 2D data. ers. This complexity reflects the eight chemically inequivalent
Me groups, four per unique conformer, that would be expected
from a structure in solution matching the crystalline structure.
13C NMR spectroscopic data support this assignment, as eight

ratio is again approximately 3:1. The situation witfs different
in that the distinct conformers exist in an equal 1:1 population

ratio, but the same pattern of resonances is present (doublet a%eparate methyT resonances are clearly visible in the spectra

4.22 ppm, triplet at 3.50 ppm; doublet at 4.21 ppm, triplet at of 1—3. 2D[H, 1H] EXSY NMR data (Figure 6 depicts those

3'55 ppm; note thaF the resonance at 3.5.0.ppm was lnadvertentlyof 2) establish that a slow exchange takes place between the
missed in the preliminary report df as it is obscured by an

overlappingi-Pr CH resonance). Comparing these ’ two conformers in each solution. Exchange rates at 300 K are
pping I-Fr L . ; paring ap . calculated to be 0.4 0.1 s'! (forward and reverse have same
resonances, it is discernible that corresponding ones shift to

) ) Lo
higher frequency in concert with an increase in the period (3d rate, therefore have a 50:50 mix) fbr0.324 0.04 s (minor

" ) T ’ to major) and 0.12t 0.01 s! (major to minor) for2; and
4d, 5d) of the transition metal involved, thus mimicking the 1 . PR
trend observed in théH NMR spectra of the parent metal- 0.45: 0.05 s (minor to major) and 0.16 0.02 s (major

locenes’® The methyl region of théH NMR spectra ofl—3 is to minor) for 3.

mo_re cc_)mpllcated, comprising a Se_”es of _overlapplng doublets, (40) The chemical shifts for the parent metallocenes ¢égLared 4.00, 4.47,
which, in the cases d? and3, are divided into two equal sets and 4.63 ppm, respectively, for ferrocene, ruthenocene, and osmocene.
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—Mg Mg Mg Mg 180° Mg Mg
N\ /N Dg-toluene N< ;N pseudo-rotation N\ )N
o Na , Fe NaC.,. Na Fe Na /Na Fe Na\
\ / 9 Mg Mg M\g ?ﬂ’lg
N—Na—y \N/Na,ﬁhh{ \ —Na—_|
'Z'-shape . _ 'W'-shape

Asymmetrical Na-N and Na-C
bond cleavage

Figure 8. Proposed interconversion between the postulated conformers.

This fluxionality is corroborated by variable-temperattirte
NMR spectra (those d? recorded over the range 36860 K
are reproduced in Figure 7). The respective coalescence tem:
peratures fod, 2, and3 were found to be 370, 350, and 355 K.
Logic dictates that one conformer must correspond to the
pseudo-¢ molecule of the crystal structure, which displays
staggered Cpligands. As yet the identity of the second
conformer is not known for certain, though it is possible that it
could be a Galternative with eclipsed as opposed to staggered
Cp' ligands. The interconversion between the two conformers rigure 9. Side view of model along the Na(%)-Fe--Na(1) axis. Color
could be achieved by formally breaking weak electrostatic links code: red, Na; green, C; blue, N; magenta, Mg; white, H.
to the equatorial Na atoms and rotating one half of the molecule
by 180 about the centrotd-M---centroid axis, to give the host
ring more of a “W” shape than a “Z” shape (Figure 8). It is
also plausible that the exchange phenomenon that is observec
may be due to rearrangement of Cp/@gands, or it may be
as a consequence of a change in the geometry of the host rinc
alone through flipping and/or locking of the diisopropylamido
side chains.

Thus, it seemed appropriate to investigate by BPT
calculations the feasibility of the presence of a S€lster
conformer tol. The geometry optimization procedures were
performed using the Gaussian 03 computer proéfamploying Figure 10. Side view of modell , emphasising the W-shape of the host
the B3LYP*-46 density functional method and the 6-31G* basis "9 Color code: red, Na; green, C; blue, N; magenta, Mg; white, H;

. . s cyan, Fe.
set4~49 The G version () of 1 was modeled initially, and then
Fhe G varlayon ) was_con_structed by the afor_eme_ntloned structural relationship between the two models). No theoretical
interconversion scheme _(|n Flgu_re§ 9 and 10, the S|de_V|eW alongsimplification of the models was carried out, so botand I
the Na(1)--Fe--Na(1) line axis is shown, illustrating the

have the same molecular formula Bs[{ Fe(GHz)2} NasMgs-
i-Pr.N)g]. It was found that the energy difference between the
(41) Hohenberg, P.: Kohn, Bhys. Re. 1964 136 B864. (i-PRN)g] energy k
(42) Kohn W.; Sham, L. JPhys. Re. 1965 140, A1133. two models was 5.4 kcal mol, with modell having the lower
(43) Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb, M. 0 i i ial i
A.; Cheeseman, J. R.; Montgomery, J. A., Jr.; Vreven, T.; Kudin, K. N; e”ergyﬁ This energy differential is small enough to ,SlflggeSt
Burant, J. C.; Millam, J. M.; lyengar, S. S.; Tomasi, J.; Barone, V.; that, in the presence of arene solvents, theaPiant is a distinct
Mennucci, B.; Cossi, M.; Scalmani, G.; Rega, N.; Petersson, G. A, ihili
Nakatsuji, H.; Hada, M.; Ehara, M.; Toyota, K.; Fukuda, R.; Hasegawa, pOSSIbIlIty as the second conformer. . .
J.; Ishida, M.; Nakajima, T.; Honda, Y.; Kitao, O.; Nakai, H.; Klene, M.; The calculated bond lengths of modélandll are given in
5' égnfggft'sfhf"sﬂ;‘i‘;f;‘ﬁ”"RH_"EP_;"Y%'Z‘;,Ses\;fo'_'?'/g\lf‘s‘iﬁ]"“& E;'égﬁnﬂ"”%_; Table 3, along with the relevant experimental values taken from

Pomelli, C.; Ochterski, J. W.; Ayala, P. Y.; Morokuma, K.; Voth, G. A;;  the X-ray determination ofl.. In general, the key structural

O B D K Ny G DaRPrieh, SAP3el: dimensions calculated for modelagree favorably with those

gﬁf?h%v%chéri, I|< Flgr%smse}nf, J. B.;Boétiz,L_J. \é EUi’hQ';kBaROL:DI‘ ﬁ. G.; found in the solid-state structure df* This is especially true
ord, S.; Closlowski, J.; stefanov, B. B.; , G, Llashenko, A.; PISKorz, b . . . .
B Komaromi 1 Martin R, L Fox. D. .. Keith. T ALLaham. M a-  within the ferrocene ring unit, where the discrepancy is less

Peng, C. Y.; Nanayakkara, A.; Challacombe, M.; Gill, P. M. W.; Johnson,  than 0.01 A. It is also evident that the comparable bond distances
B.; Chen, W.; Wong, M. W.; Gonzalez, C.; Pople, J. Baussian 03 . . . .
revision A.1; Gaussian, Inc.: Pittsburgh, PA, 2003. in modelsl andll are similar, suggesting that, on changing the

(44) Becke, A. D.J. Chem. Phys1993 98, 5648. molecule fromC; to C, symmetry, relatively little structural
(45) Lee, C.; Yang, W.; Parr, R. ®hys. Re. 198837, B785. ! 2 Y Y y

(46) Miehlich, B.; Savin, A.; Stoll, H.; Preuss, I€hem. Phys. Letl989 157,

200. (50) The total energies of modéland modelll are —5432.772701 au and
(47) Ditchfield, R.; Hehre, W. J.; Pople, J. A. Chem. Physl1971, 54, 724. —5432.764129 au, respectively.
(48) Hehre, W. J.; Ditchfield, R.; Pople, J. B. Chem. Physl972 56, 2257. (51) It can be seen that there is reasonable agreement between the calculated
(49) Rassolov, V. A.; Pople, J. A,; Ratner, M. A.; Windus, TJLChem. Phys. and experimental bond distances. For the whole molecule, the average bond
1998 109, 1223. distance error is 0.034 A and the average percentage error is 1.37%.
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Table 3. Comparison of the Calculated Bond Distances for Models | and Il with Those from the X-ray Crystallographic Data

bond model | (C) (A) model Il (C,) (A) X-ray (1) (A) bond model | (C) (&) model Il (C,) (A) X-ray (1) (A)
Mgl—N1 2.088 2.087 2.040 NazC28 2.587 2.781 2.608
Mg1l—N2 2.045 2.061 2.016 Naz2C29 2.877 2.880 2.923
Mg2—N3 2.058 2.037 1.997 NaiFe 3.356 3.389 3.286
Mg2—N4 2.071 2.086 2.041 C25C26 1.431 1.435 1.430
Mgl—-C27 2.167 2.174 2.147 Cc2827 1.443 1.447 1.434
Mg2—C29 2.168 2.164 2.158 C26C29 1.442 1.446 1.438
Nal—N2 2.642 2.558 2.535 C27C28 1.458 1.458 1.459
Nal—-N3 2.564 2.704 2.711 C28C29 1.459 1.457 1.454
Na2—N1 2.438 2.549 2.507 FeC25 2.066 2.035 2.063
Na2—N4 2.465 2.493 2.466 FeC26 2.066 2.029 2.065
Nal—-C27 2.740 2.819 2.755 FeC27 2.118 2.121 2.112
Nal-C29 2.758 2.721 2.629 FeC28 2.036 2.070 2.031
Naz2—C27 2.875 2.775 2.833 FeC29 2.117 2.123 2.118

perturbation of the cationic heterobimetallic amide ring is flask filled with hot water. On reaching ambient temperature, red
necessary. The main structural rearrangement (Figure 8) occurgubelike crystals of. were obtained. Complek is air- and moisture-

in the metallocenyl fragment. In modé) the Cp rings are sensitive and pyrophoric. Yieles 2.11 g, 72%. mp= 161-164 °C.
perfectly staggered as a consequence ofgigymmetry ofl; Satisfactory C,_ H, and N analysis was obtained. Fr_om EXSY NMR‘
however, in modell the Cp rings lie in an almost eclipsed specFrosF:opy, it has been §hown thaF two conformations are present in
configuration with the RC---C—R (where R= H or Na) solution in an equal quantity (1:1 ratio of conform&rto conformer

. ) ) ; B). IH NMR (400.13 MHz, benzends, 300 K): 6 4.22 [4H, d, (&),
dihedral angles ranging from 9.@0 14.8. The Cp rings in cyclopentadieny)], 4.21 [4H, d, (GH),, cyclopentadieny®)], 3.55

model Il are not parallel with respect to gach other. Instead [2H, t, CH, cyclopentadieny)], 3.52 [16H, m, (CH),CH, amidef
they are tilted so that the atoms of the equivalent nonmetalatedang )] 3.50 [2H, t, H, cyclopentadienyk)], 3.15 [16H, m,
edges (i.e., C25 and C26) lie close together (3.158 A), while (CH;),CH, amidé(A andB)], 1.50-1.41 [four overlapping doublets,
the corresponding C28 atoms lie further apart (3.550 A). Turing 96H, (CHs).CH, amideA and B)], 1.10-0.95 [four overlapping
to the calculated bond angles, the most noteworthy change isdoublets, 96H, (€l3).CH, amid&A andB)]. 13C NMR (100.63 MHz,
for the Na(1)--Fe--Na(1) angle, which was 180dn modell benzeneds, 300 K): 6 87.7 [CH, cyclopentadienyl], 86.6 GH,
and is 134.6in modelll . This change allows these Na atoms cyclopentadienyl], 86.4q, cyclopentadienyl], 84.8q, cyclopentadi-
to maintain a comparable local bonding environment to that in €nyll, 82.4 CH, cyclopentadienyl], 82.1qH, cyclopentadienyl], 50.1,

modell. 49.7, 49.4, 48.4 [four resonancesH, diisopropylamide], and 28.3,
28.1, 28.0, 27.5, 27.0, 26.5, 26.0, and 24.2 [eight resonai@i¢s,
Experimental Section diisopropylamide].

General Methods.*H and 3C NMR spectra were recorded on a [{Ru(CsHa)o} NaMga(i-PraN)g (2). In a flame-dried Schienk tube,

Bruker DPX 400 MHz or a Bruker AMX 400 MHz spectrometer. Al 2'32L9 $4hmm°') of :eslh'y Er‘?para“ﬁ“ty'sof"imtxv?s ngpe.”dfd "
13C NMR spectra were proton-decoupled. Exchange rates were mL of hexane and placed in an ultrasonic bath for minutes. 1o

calculated from EXSY NMR data on the basis of a two-site exchange this szspengié)na4 mm%Of tnsdibutylmagredsium SO'#T?” in heg_tanei q
process using the program D2DNMRToluene and hexane were ~Was then addedto yield a brown congealed mass. This was dissolve

distilled from sodium-benzophenone. Ferrocene (Aldrich and Lan- b}_/ the additign of 3 molar equiyalents (1.68 mL,. 12 mmol) of
caster) was purified by recrystallizing from hexane. Ruthenocene diisopropylamine. The resu[tant sl!ghtly cloudy solution was heated
(Aldrich) and osmocene (Strem) were used as receingeDibutyl- gently to ensurg complete dISSO!UtIOI’l. Ruthenpcene (2 mmol, 0.23 g)
magnesium in heptane (Aldrich) was standardized immediately prior was adde_d to yleld'a ye_IIow solution. ThIS so_lutlon was h_egted to reflux
to use using salicylaldehyde phenylhydrazéhd@he synthesis of for _15_ min, by which time an off-white solid hagl precipitated. The
butylsodium was as previously publish&dAll synthetic work was majority of the hydrocarbon solvent was removed in vacuo and replaced
carried out under an inert argon atmosphere. with 2 mL of toluene. The solution was briefly heated to reflux again

[{Fe(CsH3)2} NasMga(i-PraN)g] (1). In a flame-dried Schlenk tube, to ensure complete _dissolution of the product. A ye_llovy s_olution was
0.8 g (10 mmol) of freshly preparawbutylsodium was suspended in obtaln(_ed. Thl_s solution was slowly cqoled by. leaving it in a Dewar
10 mL of hexane and placed in an ultrasonic bath for 10 minutes. To 112sk filled with hot water. On reaching ambient temperature, pale
this suspension, 10 mmol of amsdibutylmagnesium solution in  Yellow cubelike crystals of were obtained. Comple is air- and
heptane was then added to yield a brown congealed mass. This wadhoiSture-sensitive. Yiele= 0.65 g, 53%. mp> 250°C. Satisfactory
dissolved by the addition of 3 molar equivalents (4.2 mL, 30 mmol) of C: H.and N analysis was obtained. From EXSY NMR spectroscopy it
diisopropylamine. The resultant slightly cloudy solution was heated has been _shown_ that two conformations are present in solution (3:1
gently to ensure complete dissolution. Ferrocene (2.5 mmol, 0.48 g) concentration ratio of conformek to conformerB).'H NMR (400.13
was added to yield an orange solution. This solution was heated to MHZ, benzenegs, 300 K): 6 4.45 [12H, d, (G1),, cyclopentadienyl-
reflux for 15 min, by which time it had turned from orange to red. The (A)). 4.41 [4H, d, (G1),, cyclopentadieny)], 3.73 [2H, t, OH,
majority of the hydrocarbon solvent was removed in vacuo and replaced cyclopentadienyR)], 3.68 [6H, t, CH, cyclopgntadlenyli)], 3.47 [32H
with 3 mL of toluene. The solution was briefly heated to reflux again (24 fromA and 8 fromB), m, (CH).CH, amide], 3.23 [32H, (24 from
to ensure complete dissolution of the red product. A deep red solution A @nd 8 fromB), m, (CH).CH, amide], 1.46-1.32 [four overlapping

was obtained. This solution was slowly cooled by leaving it in a Dewar doublets, 196H (144 from and 48 fromB), (CHs),CH, amide], 1.18
1.06 [four overlapping doublets, 196H (144 frofnand 48 fromB),

(52) Abel, E. W.; Coston, T. P. J.; Orrell, K. G.7K3} V.; Stephenson, Dl. (CH3),CH].*3C NMR (100.63 MHz, benzends, 300 K): 6 86.3 [CH,
53 I!agn. é?eEsoanSG 72, SGAJL Org. Chem1899 64, 3755 cyclopentadienyl], 84.7GH, cyclopentadienyl], 82.3(, cyclopenta-
ove, B. E.; Jones, E. G. Org. em X . f . s
(54) Schade, C.; Bauer, W.; Schleyer, P. vJROrganomet. Cheni985 295, dienyl], 81.8 [C, cyclopentadienyl], 70.40H, cyclopentadienyl], 65.9
C25. [CH, cyclopentadienyl], 49.1, 48.6, 48.1, 47.9 [four resonanCés,
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Table 4. Crystallographic Data for 1, 2, and 3

1

2

3

empirical formula GsH11g-eMaNgNay CsgH11gMIgaNgNasRu GsgH118MgaNgNaysOs
formula weight 1172.7 1217.9 1307.0

temp (K) 160 123 123

crystal size (mr#) 0.70x 0.60x 0.50 0.35x 0.30x 0.05 0.60x 0.50x 0.40
crystal system monoclinic monoclinic monoclinic
space group P2:/n P2i/n P2i/n

a(h) 16.1070(7) 16.1677(5) 16.1472(2)

b (A) 15.2446(6) 15.1615(6) 15.1476(2)
c(A) 16.2557(7) 16.1872(6) 16.1729(2)

p (deg) 118.082(1) 117.288(2) 117.255(1)
volume (&) 3521.6(3) 3526.3(2) 3516.57(8)

z 2 2 2

Pealed (g cm3) 1.106 1.147 1.234

u (mm™Y) 0.313 0.321 1.912

data measured 29235 15032 85043

unique dataRin 8205, 0.0272 7790, 0.0783 10255, 0.0330
refined parameters 368 368 368

R[I > 20(1)] 0.0357 0.0529 0.0203

Ry (onF?, all data) 0.1127 0.0942 0.0482

GOF onF? 1.248 1.019 1.043

max, min el density (e A3) 0.59,—0.29 0.63,-0.87 0.74-1.13

diisopropylamide], and 30.2, 27.5, 27.4, 27.3, 26.9, 26.1, 25.7, and 23.7 OCH,, OCH), 3.42 1.68-0.68 (m, broad, Chs, CH's aliphatics),
[eight resonance<;H3, diisopropylamide]. 0.54-(—0.3) (m, broad, Mg CH2), —0.68 (m, broad, MgCH).

[{ Os(CsH3)2} NauMg(i-PrzN)g] (3). In a flame-dried Schlenk tube, 13C{H} NMR (100.63 MHz, 293K, benzend): 6 64.6 (QCH,, OCH),
0.32 g (4 mmol) of freshly prepareubutylsodium was suspended in ~ 38.0, 37.6, 31.2, 29.4, 29.1, 20.2, 19.6, 14.2, 14.1, 18,6, CHs's
6 mL of hexane and placed in an ultrasonic bath for 10 min. To this aliphatics), 9.4, 9.6 (Md@sHz, Mg-CH). 'H NMR (400.13 MHz, 360K,
suspension, 4 mmol of am,s-dibutylmagnesium solution in heptane  benzeneads): 6 3.73 (m, O®,, OCH), 3.42 [quartet (7.05 Hz), O,
was then added to yield a brown congealed mass. This was dissolvedOCH], 1.68 [quintet (7.89 Hz), Ckis aliphatics], 1.49 [sextet (7.2 Hz)
by the addition of 3 molar equivalents (1.68 mL, 12 mmol) of CHy's aliphatics], 1.35 (m, Chis aliphatics), 0.99 [t (7.2 Hz), C¥b
diisopropylamine. The resultant slightly cloudy solution was heated aliphatics], 0.350.12 (m, broad, Mg CH), —0.64 (m, broad, Mg
gently to ensure complete dissolution. Osmocene (1 mmol, 0.32 g) was CH,).
added to yield a pale yellow solution. This solution was heated to reflux ~ X-ray Crystallography. Crystal data and other information on the
for 15 min, by which time a white solid had formed. The majority of  structure refinements are given in Table 4. Data were collected on
the hydrocarbon solvent was removed in vacuo and replaced with 2 Bruker SMART (1) and Nonius KappaCC2(and3) diffractometers
mL of toluene. The solution was briefly heated to reflux again to ensure with Mo Ko radiation ¢ = 0.71073 A), using standard procedures
complete dissolution of the product. A pale yellow solution was and softwaré> Absorption corrections were semiempirical, based on
obtained. This solution was slowly cooled by leaving it in a Dewar symmetry-equivalent and repeated measurentéfitse structure ofl
flask filled with hot water. On reaching ambient temperature, pale off- was solved by direct metho85and the others are isostructural; the
white cubelike crystals oB were obtained. Comple8 is air- and same atom numbering was used for all structures for ease of comparison.
moisture-sensitive. Yield= 0.81 g, 62%. mp> 250 °C. Satisfactory Refinement was oR? values for all unique data in each casel atoms
C, H, and N analysis was obtained. From EXSY NMR spectroscopy it were constrained with a riding model, except for those of the Cp rings,
has been shown that two conformations are present in solution (3:1 which were located in difference maps and refined freely with individual
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