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The carbene-ligand precursors methylenebis(N-alkylimidazolium) iodide (alkyl = methyl, neo-pentyl) and ethylenebis-
(N-methylimidazolium) chloride have been used in the preparation of several new Ru(ll)-p-cymene complexes where
the ligand behaves as mono- and bidentate. The molecular structures of the two biscarbene-complexes are reported.
From the data reported, we can conclude that steric reasons (mainly the bisimidazolium linkers, methylene/ethylene)
are the main factors determining both reactivity and synthetic difficulties of the products reported.

N-Heterocyclic carbenes derived from imidazolium ibns As observed for phosphines, the introduction of the chelate
have attracted greatly increased attention since they haveeffect in carbenes confers the ligand an additional stabilizing
proven to act as efficient spectator ligands in homogeneouscharacter that may have interesting applications in the design
catalysis>® Among organometallic catalysts, only phosphines of stable complexes. The first chelate biscarbene complexes
are currently more versatile, and only because the design ofdescribed were Pd-basé#’* ¢ showing good catalytic
carbene ligands is much less developed. Despite the applicaactivity in C—C coupling reactions such as He&k:*Suzuki,
tion of N-heterocyclic ligands (NHCs) in the design of and Sonogashifd,and the stability of the compounds
homogeneous catalysts being relatively recent (mid-1990s), _ _
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obtained allowed the design of methods for catalyst recycling, bases such as NaOAc or }&0; did not yield the desired
such as immobilization on solid surfaces.Then, the use  compounds and only gave mixtures, which we were not able
of chelate and pincer carbene ligands was extended toto identify. We have found that NEis a good deprotonating
Rh*51819 and Ir2° thus widening the range of catalytic agent of bisimidazolium salts, although we do not believe
applications. that free biscarbenes are generated in situ by such a weak
Despite the rich catalytic applications of ruthenium, the base. In fact, we believe that the deprotonation of the
number of chelate-carbene complexes of this metal is precursor is favored by its fast coordination to the metal,
restricted to two pincer complexes reported by Danopdtilos  thus deplacing the equilibrium to the biscarbene formation.

and us?? which showed very good catalytic activity in
transfer hydrogenation reactié®8? and oxidation of ole-
fins22 Some mono-carbeng-arene-ruthenium complexes

The formation of HNEt; as a byproduct of the reaction
confirms that NE§ is behaving as the true proton acceptor.
As biscarbene precursors, we used the bisimidazolium salts

have been recently described and have shown interestingshown in Scheme 1, aiming to evaluate the effect of the linker

applications in homogeneous catalySibut we did not find

length in the reactivity of the products obtained. In a recent

in the literature a single example where a chelate biscarbeneyork, we described the different coordination capabilities
is coordinated to this metal fragment. We have now of these ligands when coordinated to rhodium and iridium,
considered the possibility of coordinating bis-carbene ligands gng we observed that the relative orientation of the azole
to n7%-arene-ruthenium complexes, since there is an increasingrings is strongly dependent on the number of carbon atoms
interest in incorporating substituted imidazol-2-ylidenes to (n) in the linker, thus affecting the reactivity of the complexes
this metal fragment, in view of the interesting reactivity that 5,4 coordination type (chelate, bridge) of the ligand. We

can be derived3?*

believe that the steric hindrance of the ligand could also play

On the basis of our previous experience in the coordination g, important role in the coordination of the biscarbene, so

of chelate bis-imidazol-2-ylidenes, we now report the
synthesis and reactivity of several nef+arene-ruthenium

complexes with chelating bis-N-heterocyclic-carbene ligands.

The molecular structure of two of the complexes is also
described.

Results and Discussion

Synthesis and Characterization of the Compounds.
According to our previously reported results, we decided to
use NEt as deprotonating agent to generate the biscarben
ligands from the bisimidazolium precursors. Other weak

(17) Mas-Marza, E.; Segarra, A. M.; Claver, C.; Peris, E.; Fernandez, E.
Tetrahedron Lett2003 44, 6595.
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R. H. Chem. Commur2001, 2274. Grundemann, S.; Kovacevic, A.;
Albrecht, M.; Faller, J. W.; Crabtree, R. H. Am. Chem. So2002
124, 10473.

(21) Danopoulos, A. A.; Winston, S.; Motherwell, W. Bhem. Commun.
2002 1376.
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we decided to use the crowd&ineopentyl precursotb
to compare the reactivity with the less hindered imidazolium
ions, 1la—3a.

The reaction products of the reaction with¥{p-cymene)-
RuClL], depend on the precursatg, 1b, 2a, and3a) used.
While 1laand2ayielded the expected biscarbene complexes
(4a and5a, respectively), the sterically crowded precursor
1b and the propylene-linke8a did not yield the desired
biscarbene compounds under the same reaction conditions
(22 h reflux, CHCN). It is important to point out thada
was obtained in a much higher yield thaa (45% vs 21%,
respectively). For the methylene-bridged-bisimidazolium
salts,1a and 1b, we prepared the iodide derivatives. The
reaction of these precursors withyf¢p-cymene)RuGl,
results in the substitution of the halogen ligand from the
coordination sphere of the Ru atom. In order to avoid
mixtures of the Cl/I products, in those reactions where we
usedlaandlb, we added an excess of Kl aiming to obtain
the fully iodinated complexes. All the compounds were
separated by column chromatography eluting with gradient
acetone/dichloromethane. In order to facilitate the elution
of the cationic complexes obtained, we added KRFthe
eluent, thus obtaining the final products assPBalts.

For the more sterically demanding imidazolium sHbt
the only reaction product which we could isolate under the
same conditions was the monocarbene comple{Scheme



Chelate-N-Heterocyclic Biscarbene Ru Complexes

Scheme 2
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2). Compoundbb did not evolve to the corresponding chelate suffering the same effect, avoiding the chelate coordination
biscarbene complex, even under harsher reaction condition®f the ligand. This effect may also explain the different
such as addition of an excess of Nt use of a stronger  reaction yields in the synthesis 4& and5a, the latter one
base such as NaH orBuOK. In this sense, we also being clearly disfavored due to the more sterically demanding
performed reactions directed to generate the correspondindigand. However, for3a we would expect to obtain a
free biscarbene in situ in order to determine whether, once monocarbene complex such@sut the reaction oBawith
generated, their coordination would be favored compared to[(5%-p-cymene)RuGl, did not yield any more isolable
the use of NEf Addition of [(57°-p-cymene)RuGl.to a0 species than the starting ligand precursor and metal complex.
C THF solution .of the Iilgand precqrsolto treated with All new compounds reported in the present wotk, 5a,
NaH ort-BuOK did not yield the desired carbene complex, g5 and6b) were characterized by NMR and mass spectros-
and only the initial Ru precursor was recovered. The same copy and gave satisfactory elemental analyses.
result was reproduced when the reaction was carried out ) . . .

. . The equivalency of the two imidazol rings in theé NMR
leaving the reaction to warm at room temperature and react '

spectra of4a and 5a confirms the 2-fold symmetry of the

for 24—48 h and even after refluxing the mixture for long helate ligands. The sianals due to t ligand

reaction times. We also have to point out that none of the chelale figands. The signais due 1o b'e:ymene. 'gan

other ligand precursord &—3a) yielded any of the carbene appear in the usual pattern. It is interesting to point out that
rkthe two hydrogen atoms of the GHinker in 4a are

coordinated species that we describe in the present wo icall val fh I

under the harsher reaction conditions that we just described.geomet,rlca y unequiva ent, one o them pomtmg f”‘t the

In the case of the compourib, we believe that the steric arene ligand, while the other is closer to the iodine atom.
’ This effect is observed in théd NMR spectrum, where the

hindrance of theneopentyl wingtips of the ligand is )
preventing the chelation of the ligand. A similar monocarbene W0 hydrogen atoms of the GHinker show two separate

compound can be obtained witte, when the reaction is  doublets £i-n = 13.2 Hz). The same effect is observed
performed at 50°C in CHCN. Using the same ligands, for 5a, showing two multiplets for the unequivalent two pairs
Herrmann and co-workers have described a series ofOf hydrogens of the ethylene bridge. The more relevant
complexes of Pd(ll) where the mono-carbene coordination féature in thet*C NMR spectra of these two complexes is
of the ligand is also observé8iThe precursor with the longer ~ the signal due to the metalated carbon atom, in the typical
linker length,3a (n = 3), did not give any of the biscarbene high-frequency region) = 172.5,4a; 169.2,5a).

nor monocarbene complexes. We believe that the larger bite  Both *H and*C NMR spectra oféa and 6b reveal the
angle imposed by the linker (see below the comments loss of the 2-fold symmetry of the ligand upon coordination.
regarding the molecular structures4zfand5a) may prevent ~ The downfield signal of the proton in thé-gosition of the

the ligand to coordinate in a bidentate form due to higher imidazolium functionality § = 9.0,6a; 8.8,6b) reveals that
sterically demanding reasons. Attempts to coordinate theone of the rings remains unbound. The bound imida-
longer-linked precursoio-xylylenebisN-methylimidazoli- zolylidene ring appears at higher field compared to the
um)chloride did not afford any of the mono- or biscarbene unbound azole. ThéHNMR signals due to the hydrogen
complexes either. This unsatisfactory result may not be soatoms in the linker appear as broad signals, probably due to
surprising since these two precursors have always coordi-the fluxional behavior of the ligand about the linker chain.
nated to square planar complexes, and failed to coordinateThese signals were unequivocally assigned by HETCOR and
to pseudo-octahedral metal comple*&¥.We have very  COSY experiments. The metalated C resonances appear in
recently reported that the coordination of long-linked bi- thel3C NMR spectra at 177.1566) and 174.66b) ppm, while
simidazol-2-ylidene ligands favors the azole rings to orient the signals due to the protonate@NN carbon atom appear
perpendicular to the sterically crowded coordination plane at 137.5 6a) and 136.5 §b) ppm.

in square planar tetracoordinated complexes, thus preventing pgsitive ion ESMS analyses of the isolated chelate
the formation of octahedral species due to the steric h'ndranceproducts4a and5a in MeOH showed a peak a/z [M*]

induced along the perpendicular a&sln our case, the (539) for4a and [M*] (461) for 5a. For the monocarbene
pseudo-octahedral coordination around the Ru atom may becomplexea, we observed a major peak @tz [M*] (667).

(25) Mata, J. A.; Chianese, A. R.; Miecznikowski, J. R.; Poyatos, M.; Peris, For the neopentyl derivative6b, the most intense peak
E.; Faller, J. W.; Crabtree, R. HDrganometallicssubmitted. appeared am/z [M* — 1] (652), and a weaker peak ai/z
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Figure 1. X-ray molecular structure ofa. Selected bond lengths (A) and
angles (deg): Ru(HC(17) 2.053(7), Ru(t)yC(11) 2.061(7), Ru(ByI(1)
2.6775(11), C(1ARu(1)-C(11) 83.6(3).

[M*] (779). All the spectra showed the characteristic isotopic
distribution for one ruthenium atom.

X-ray Crystal Structures of Complexes 4a and 5aTo
unequivocally confirm the molecular structures4# and
5a, we obtained crystals of these compounds by slow
evaporation from MeOH solutions. We were unable to obtain
crystals suitable for X-ray diffraction for the monocarbene
complexesba and 6b.

The molecular structure ¢fais shown in Figure 1. The
biscarbene chelating, bite angle C(3Ru(1)>-C(17) of
83.6, lies among the lower angles reported for this ligand
(83.2-87.8),1318192528robably due to the highly sterically
demanding situation of the metal fragment to which it is
bound. The CHIinker of the biscarbene ligand is pointing
out of the coordination sphere of the metal atom thus
minimizing its repulsion with the iodine ligand. The average
dihedral angle between the plane defined by C{R)(1)-
C(17) and the imidazol rings is 32.9éigher than the same

Poyatos et al.

Cl4}
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Figure 2. X-ray molecular structure dfa. Selected bond lengths (A) and
angles (deg): Ru(¥)C(11) 2.033(15), Ru(1)C(17) 2.049(15), Ru(t)
ClI(1) 2.436(4), C(17rRu(1)-C(11) 87.2(6).

angle between the plane defined by C(2Ru(1)-C(11) and

the imidazol rings is 34 9which indicates that this angle is
not depending on the length of the linker, conversely to our
previous findings in Rh and Ir complexes. The dihedral angle
Ci—Ru(1)-C(11)-N(1) is 83.7. As we have previously
reported, the dihedral angle between tlyglane of a series
Rh(l) complexes and the NHC ring is ca. °2@r the
methylene linker, ca. 60for ethylene, and ca. 90for
propylene, thus clearly depending on the linker length. For
our two complexes, this angle is also modified by replacing
the methylene-bridged ligands by the ethylene-bridged
ligands (dihedral angles 103.9s 83.7). We believe that,

in our case, th@-cymene ligand is highly sterically demand-
ing, forcing the azole rings to orient their slim angle in the
bulky axis of the complex. For the propylene-bridged ligand
(which we were unable to coordinate), a similar effect would
force the azole rings to orientate far from its natural
orientation (orthogonal to the-€Ru—C plane), thus yielding

a highly unstable structure. However, we are aware that the

angle observed for other pseudo-octahedral complexes; rang&iy,ctures of these two compounds may well be more

19.7-26.3).1819.25.27The dihedral angle €Ru(1)-C(11)~
N(1) (C is the central point of thp-cymene ring) is 1039
thus minimizing the repulsion between tpecymene and
the imidazole rings. The RuC distances for the imidazol-
2-ylidene ligand are 2.053 and 2.061 A, typical for-Rh
o-bonds, indicating that the back-donation is negligible for

this compound, a situation that has become typical for this

an other related NHEmetal complexes. The RtC dis-
tances for thg-cymene ligand lie in the usual range.
Figure 2 shows the molecular structure B6& The

biscarbene ligand is chelating the metal with a bite angle of

87.2, bigger than that shown iha as a consequence of the

longer linker between the azole rings. The average dihedral

(26) Herrmann, W. A.; Schwarz, J.; Gardiner, M. G.; Spiegler, M.
Organomet. Chenml999 575 80. Quezada, C. A.; Garrison, J. C.;
Tessier, C. A,; Youngs, W. J. Organomet. Chen2003 671, 183.

(27) Albrecht, M.; Miecznikowski, J. R.; Samuel, A.; Faller, J. W.; Crabtree,
R. H. Organometallic2002, 21, 3596.
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complex than suggested by the static structures, since
correlated motion of the NHC may be possitié® The
Ru—C distances for the imidazol-2-ylidene are 2.033 and
2.049 A, again typical for RaC o-bonds.

Conclusions

The present work describes the synthesis and properties
of a series of rutheniumarene-monocarbene and biscarbene
complexes. The synthesis of the chelate-biscarbene com-
plexes is highly influenced by the nature of the ligand,
especially concerning the length of the linker between the
azole rings. The crystal structures of the two biscarbenes
described indicate that the different reactivity of the ligands
with the metal precursor may be due to the different sterically

(28) Bertrand, G.; Diez-Barra, E.; Fernandez-Baeza, J.; Gornitzka, H.;
Moreno, A.; Otero, A.; Rodriguez-Curiel, R. |.; TejedaEdr. J. Inorg.
Chem.1999 1965.
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demanding situations of the two ligands, especially concern-

ing the relative orientation of the two azole rings with their

under vacuum. Then the crude solid was redissolved inGGH
and purified by column chromatography; elution with £Ci/CHs-

coordination plane. The results that we describe in this work OH (9/1) and KPEafforded the separation 6&.as an orange band.
are in agreement with previously reported papers, where aCompoundbSa was precipitated from a CGi€l/hexane solution.
clear dependence of the biscarbene ligand on its linker IengthY'e'd- 21%.*H NMR (CD;OD, 300 MHz): 7.37, 7.26 (d, 4H,

seems to operate. For pseudo-octahedral metal complexe

we did not find in the literature any chelate biscarbene

compound with a linker longer than two carbon atoms. For

S

CHimi), 5.74, 5.64 (d, 4H, (CH2CHCsH4(CHz)-p), 4.56, 4.30 (m,
4H, NCHp inker), 4.02 (s, 6H, NCH), 3.21 (m, 1H, (CH),CHCgH4
(CHs)-p), 2.23 (s, 3H, (CH),CHCsH4(CH3)-p), 1.02 (d, 6H2J_
6.9 Hz, ((H3),CHCsH4(CHs)-p). 23C{H} NMR (CDsOD, 500

these ligands, pseudo-square-planar complexes of the Iigandﬁ_,le): 169.17 (1C, G-Ru), 125.37, 123.23 (4C, GHb), 106.64

are highly preferred, while shorter linkers (two or one carbon

atoms) tend to give pseudo-octahedral or bimetallic com-

plexes.
We are currently exploring the catalytic application of

105.64, 92.70, 86.64 (6C, (GHCHCsH4(CHs)-p), 54.88, 49.25
(2C, NCH; jinker), 38.96 (2C, NCH), 31.69 (1C, (CH),CHCgsH4-
(CH3)-p), 21.84 (2C, CH3),CHGH4(CHz)-p), 17.22 ((CH)--
CHGCsH4(CH3)-p). Anal. Calcd for GoH2sCIFgNsPRu (605.95): C,

these complexes, although our initial attempts in reactions 39.64; H, 4.66; N, 9.25. Found: C, 39.60; H, 4.69; N, 9.22.
such as hydrosilylation of terminal alkynes, hydrogen transfer Electrospray MS. Cone 30V/z (fragment): 461 [M.

between alcohols and ketones, and intramolecular hydroami-

Synthesis of 6aA mixture of [(;75-p-cymene)RuGl, (100 mg,

nation were unsuccessful. We believe that this result is in 0.16 mmol), methylenebikskmethylimidazolium) iodideXa) (117

fact confirming the high coordination abilities of the ligand,

which prevents the complex from opening a coordination
vacant site needed for catalytic activity. We are currently
modifying the compounds in order to obtain catalytic results.

Experimental Section

General Details.NMR spectra were recorded on Varian Innova
300 and 500 MHz instruments, using CRADMSO-ds, and C3-
OD. The bis-imidazolium ligand precursdrs, 1b, 2a, and3al®2527
and the metal complex #f-p-cymene)RuGCl,?® were prepared

mg, 0.32 mmol), NE£(250uL, 1.66 mmol), and KI (100 mg, 0.6
mmol) was stirred in CECN (10 mL) at 50°C for 12 h and at 90
°C for 4 h. The solvent was eliminated under vacuum. The
compound was purified by column chromatograpBiution with
CH,Cl,/acetone (1/1) and KRFgave compounda as an orange
band. The product was precipitated from aCh/ether solution.
Yield: 15%.*H NMR (CDsOD, 300 MHz): 9.00 (s, 1H, NCHN),
7.78, 7.52 (s, 2H, free CHy), 7.48, 7.41 (d, 2H, coord GHa),
5.63, 5.35 (d, AH)4_y = 6 Hz, (CH)2CHCsH4(CHa)-p), 4.04 (s,
3H, free NCH), 3.88 (s, 3H, coord. NC§), 2.98 (m, 1H,
(CH3),CHCgH4(CHz)-p), 2.00 (s, 3H, (CH),CHCsH4(CH3)-p), 1.28

according to literature methods. All other reagents were used aS(d, 6H, 3Jy_p = 3.3 Hz, ((H3),CHCsHA(CHa)-p). 13C{H} NMR

received from commercial suppliers. All reactions were carried out (CD;0D, 300 MHz): 177.13 (1C, ERU), 137.48 (1C, NCHN)
under inert conditions, the solvent was degassed prior to use, and; 56 78 12356 (2C, free Ght), 122.12 (2C, coord.Chig), 110.85

the NEg was distilled under potassium hydroxide.

Synthesis of Compounds. Synthesis of 4& mixture of [(;°-
p-cymene)RuGl, (100 mg, 0.16 mmol), methylenebiéfmeth-
ylimidazolium) iodide (&) (117 mg, 0.32 mmol), KI (200 mg, 1,2
mmol), and NE§ (250uL, 1.66 mmol) was stirred in C}CN (10
mL) at reflux for 12 h. After cooling, the solvent was removed

under reduced pressure. The crude solid was then redissolved in

CH,Cl; and added to a column for chromatography. Elution with
CH,Cl,/acetone (9/1) separated a minor red band containijfg [(
p-cymene)RuGl,. Subsequent elution with GBl,/acetone (1/1)
and KPR, afforded the separation ofa as a yellow band.
Compound4a was recrystallized from methanol as an orange
crystalline solid. Yield: 45%!H NMR (DMSO-ds, 300 MHz):
7.50-7.54 (m, 4H, Chhig), 6.29 (d, 1H,2J4—4 = 13.2 Hz, NCH
linker), 5.78-5.94 (m, 4H, (CH),CHCsH4(CHjz)-p), 5.52 (d, 1HI4—n

= 13.2, NCHjinke), 3-32 (s, 6H, NCH), 3.08 (m, 1H, (CH),CHC¢H.-
(CHa3)-p), 2.05 (s, 3H, (CH),CHCsH4(CH3)-p), 0.91 (d, 6H 2Jn_n

= 6.9 Hz, ((H3),CHGCsH4(CHgz)-p). 13C{*H} NMR (DMSO-dg, 300
MHz): 172.54 (1C, G-Ru), 124.55, 122.09 (4C, Gh), 109.75,
104.00, 92.43, 86.48 (6C, (GHCHCsH4(CH3)-p), 61.47 (1C,
NCH jinker), 46.43 (2C, NCH), 32.16 (1C, (CH),CHCgH4(CHz)-

p), 22.93 (2C, CH3),CHCsH4(CHs)-p), 19.59 (1C, (CH),CHCsH,4-
(CHa)-p). Anal. Calcd for GgH,6FsIN4sPRuU (683.38): C, 33.39; H,
3.83; N, 8.20. Found: C, 33.43; H, 3.80; N, 8.22. Electrospray
MS. Cone 20 V.m/z (fragment): 539 [MF.

Synthesis of 5aA mixture of [(;75-p-cymene)RuGl, (100 mg,
0.16 mmol), ethylenebibi-methylimidazolium) chlorideZda) (172
mg, 0.65 mmol), and NEt(250 uL, 1.66 mmol) was stirred in
CH3CN (10 mL) for 12 h. After cooling, the solvent was removed

(29) Bennett, M. A.; Smith, A. KJ. Chem. Soc., Dalton Tran974 233.

99.42 86.56, 82.19 (6C, (G)CHCeH4(CHs)-p), 62.41 (1C, NCH
inker), 39.05 (1C, free NCh), 35.57 (1C, coord. NC§), 30.97 (1C,
(CH3)20HC6H4(CH3)-D), 21.43 (ZC, CH3)2CHC6H4(CH3)-p), 17.47
(lC, (CHg,)zCHC6H4(CH3)'p) Anal. Calcd for GoHo7Fsl o2N4PRU
(811.29): C, 34.25; H, 4.08; N, 8.41. Found: C, 34.28; H, 4.10;
N, 8.38. Electrospray MS. Cone 30 Wz (fragment): 667 [Mf.

Synthesis of 6bA mixture of [(15-p-cymene)RuGl, (100 mg,
0.16 mmol), methylenebisknecpentylimidazolium) iodide Ib)
(356 mg, 0.65 mmol), NEt(150 «L, 1.00 mmol), and KI (100
mg, 0.6 mmol) was stirred in GEN (10 mL) at 50°C for 12 h
and at 90°C for 4 h. This compound was purified by a method
similar to that described above. Elution with @F,/acetone (1/1)
and KPF afforded the separation of a major red band that contained
6b. The product was precipitated with GEl /ether. Yield: 45%.
IH NMR (CD3;0D, 500 MHz): 8.77 (s, 1H, NCHN), 7.73, 7.61 (s,
2H, free CHhig), 7.54, 6.90 (d, 2H, coord. GHq), 5.22, 5.43 (d,
4H,3JH7H =6 Hz, (CH3)2CHC6H4(CH3)-p), 4.05 (S, 2H, free NE,-
t-Bu), 3.92 (s, 2H, coord NB,-t-Bu), 5.62 (s, 2H, NCH jinker),
2.82 (m, 1H, (CH),CHCgH4(CHs)-p), 2.20 (s, 3H, (CH),CHCH,-
(CH3)-p), 1.31 (d, 6HEI4—p = 7 Hz, (CH3),CHCsH4(CHg)-p), 0.998
(s, 9H, coord-Bu), 0.976 (s, 9H, free¢-Bu). 23C{H} NMR (CDs-
OD, 500 MHz): 174.58 (1C, €Ru), 136.50 (1C, NCHN), 124.71,
123.47 (2C, free Clghig), 122.98, 122.46 (2C, coord. Gki),
110.32, 101.68, 88.08, 83.55 (6C, (§CHCsH4(CHs)-p), 64.66
(1C, NCHjjinken), 63.76 (1C, free I€H,-t-Bu), 62.15 (1C, coord
NCH-t-Bu), 31.74 (1C, (Ch),CHCeH4(CHg)-p), 29.41 (1C, free
C-(CHy)3), 29.01 (3C, free €(CHy3)3), 27.75 (1C, coord-(CHy)s),
27.45 (3C, coordC-(CHa)s), 23.70 (2C, CH3),CHCsH4(CHa)-p),
19.61 (lC, (CH)chC6H4(CH3)-p) Anal. Calcd for G7H 43l 2FeN4-
PRu (923.50): C, 35.12; H, 4.69; N, 6.07. Found: C, 35.15; H,
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Table 1. Crystallographic Data

4a 5a
empirical formula GoH26IN4RUPFs CooH28CINsJRUPR
fw 683.38 605.95
wavelength (A) 0.71073 0.71073
cryst syst orthorhombic monoclinic
space group Pna2; Plcl
a(h) 12.111(2) 11.897(2)
b (A) 13.081(3) 10.797(2)
c(A) 15.513(3) 19.355(4)
o 90.00 90.00
B 90.00 100.017(5)
y 90.00 90.00
V (A3) 2457.7(8) 2448.3(8)
z 4 2
D (calcd) 1.847 Mg/ 1.644 Mg/n?
abs coeff 2.018 mmt 0.876 mnTt
refins collected 15742 16480
GOF onF? 1.055 0.957
final Rindices | > 20(1)] R1=0.0519 R1=0.0703

wWR2=0.1627 wWR2=0.1910

4.66; N, 6.03. Electrospray MS. Cone 20 Mz (fragment): 779
[M]*, 652 [M — I]*.

X-ray Diffraction Studies. Single crystals o#ta and 5a were
mounted on a glass fiber in a random orientation. Crystal data are
summarized in Table 1. Data collection was performed at room

Poyatos et al.

on systematic absencds statistics, and successful refinement of
the structures. The structure was solved by direct methods with
the aid of successive difference Fourier maps and was refined using
the SHELXTL 5.1 software package.All non-hydrogens were
refined anisotropically. Hydrogen atoms were assigned to ideal
positions and refined using a riding model. Details of the data
collection, cell dimensions, and structure refinement are given in
Table 1. The diffraction frames were integrated using the SAINT
package’!

Electrospray Mass Spectrometry.Electrospray mass spectra
(ESI-MS) were recorded on a Micromass Quatro LC instrument
using CHOH as the mobile phase solvent. Nitrogen was employed
as drying and nebulizing gas. Isotope experimental patterns were
compared with theoretical patterns obtained using the Masslynx
3.5 program. In all cases there was good agreement between the
experimental and calculated isotopic mass distributions.
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Supporting Information Available: X-ray crystallographic data

temperature on a Siemens Smart CCD diffractometer using graphitejn C|F format. This material is available free of charge via the

monochromated Mo K radiation ¢ = 0.71073 A) with a nominal
crystal to detector distance of 4.0 cm. An hemisphere of data was
collected based on threg-scan runs (starting = —28°) at values
¢ = 0° 90, and 180 with the detector at 2 = 28° At each of
these runs, frames (606, 435 and 230) were collected &t 0.3

Internet at http://pubs.acs.org.
1C0353070

(30) Sheldrick, G. MSHELXTL version 5.1 Bruker AXS, Inc.: Madison,
WI, 1997.

intervals and 30 s per frame. Space group assignment was base@1) SAINT,version 5.0 Bruker AXS: Madison, WI, 1998.
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