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The geometric preferences of a family of four coordinate, iron(ll) dé complexes of the general form L,FeX, have
been systematically evaluated. Treatment of Fey(Mes), (Mes = 2,4,6-Me3CgH,) with monodentate phosphine and
phosphite ligands furnished square planar trans-P.Fe(Mes), derivatives. Identification of the geometry has been
accomplished by a combination of solution and solid-state magnetometry and, in two cases (P = PMe;, PEt,Ph),
X-ray diffraction. In contrast, both tetrahedral and square planar coordination has been observed upon complexation
of chelating phosphine ligands. A combination of crystallographic and magnetic susceptibility data for (depe)Fe-
(Mes), (depe = 1,2-bis(diethylphosphino)ethane) established a tetrahedral molecular geometry whereas SQUID
magnetometry and Mossbauer spectroscopy on samples of (dppe)Fe(Mes), (dppe = 1,2-bis(diphenylphosphino)-
ethane) indicated a planar molecule. When dissolved in chlorinated solvents, the latter compound promotes chlorine
atom abstraction, forming tetrahedral (dppe)Fe(Mes)Cl and (dppe)FeCl,. Ligand substitution reactions have been
studied for both structural types and are rapid on the NMR time scale at ambient temperature.

Introduction Scheme 1
L

The geometry and electronic structure of a transition metal _  _  __ | X
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complex are interrelated properties and dictate both the ¥ % ¥ My, = PG —
physical characteristics and chemical reactivity of a given 22 xy? L \x L X W
molecule. Four coordinate compounds of the first transition typically high spin typically =

. " . XZ
. . . . . . . low/int diat
series are particularly intriguing, given the choice between n>2) e nagy oo

a low-/intermediate-spin square planar ground state and a o . o

high-spin tetrahedral configuration (Scheme*d)The tet- able, providing little ligand field st_abll!zatlon t_anergy_(LFSE)_.
rahedral arrangement is sterically preferred and typically In contrast, square planar coordination, while sterically dis-
observed with large ligands and small metal idf@r high- favored, offers substantial electronic stabilization that is a
spin complexes with telectronic configurations with > natural consequence of a high-lying, empty, antibonding

2, occupation of antibonding molecular orbitals is unavoid- 9¢¢~Y?) orbital (Scheme 1). .
For ¢ metal ions, the factors that govern the choice
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Center, Bloomsburg University, Bloomsburg, PA 17815. square planar geometries are almost exclusively obsérved.
» Virginia Polytechnic Institute and State University. The lighter Ni(ll) congener offers both limiting structural
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(1) Favas, M. C.; Kepert, D. LProg. Inorg. Chem198Q 27, 325. types. When weak field ligands such as halides or arylated

(2) The d-orbital splitting diagrams shown in Scheme 1 are for idealized, phosphines are present, as is the case with,NiGlF (PhP)-
high-symmetry cases.

(3) Greenwood, N. N.; Earnshaw, E&hemistry of the Element&nd ed.; NiCly, tetr.ahedral cqordipation is Obserﬁéd\'hereas_ com-
Butterworth Heinemann: Oxford, U.K., 1997; pp 1156166. pounds with strong field ligands or alkylated phosphines such
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as Ni(CN)?~ and (C¢P)NiCl, are square plandrnterest-
ingly, complexes supported by mixed alkyl/aryl phosphines
such as [(PhCHPhPLNIBr, contain both tetrahedral and
square planar geometries in the same crystal lattice.
Unlike the & cases, the geometric preferences of lower
d" configurations have not been as thoroughly studied. Our
laboratory has been exploring the chemistry of organo-
metallic iron complexes as potential surrogates for precious
metals in catalytic bond forming reactions such as olefin
hydrogenation and hydrosilati6is part of these investiga-
tions, we have prepared and characterized a family of four
coordinate, in some cases enantiomerically pure, iron(ll)
dialkyl complexes.While formally 14 electron species, these
compounds are unreactive toward olefins, possibly a con-
sequence of thelr tetrahe.dral geometry and hl.gh-ﬁmfl,Z Figure 1. Molecular structure oftrans(PhEbP),Fe(GCls), at 30%
ground state, which provides no vacant low-lying molecular pronaniity ellipsoids. Hydrogen atoms are omitted for clarity.
orbitals for substrate coordination. On the basis of this _ £ and Ancles (deq
hypothesis, we became interested in exploring alternat_|ve;gg'&;hEig')fgée(égf;;‘zdaagéames( ) and Angles (deg) for
geometries and spin states with the goal of generating

catalytically active iron complexes. trans-(PhEbP),Fe(GCls). 6

Square planar coordination for iron(lI EeX, compounds, Fe(1)-C(1) 1.999(3)  Fe(BHC(1) 2.031(2)
while amply precedented, is generally limited to complexes Fe(1)-P(1) 2.2990(8)  Fe(BHP(1) 2.2597(6)
containing porphyrin, salicylaldimato, and phthalocyanine C(1)-Fe(1)-C(1A)  180.0 C(1)yFe(1)-C(1A)  180.0

ligands, where the macrocyclic chelate confines the geometric gggfi%gﬁg()l) gf:gég; gg‘;_’;f:(;()l—ﬁg()l) Sg:;gg;

preference of the metal cenfé@?! Iron(ll) complexes C(1A)-Fe(1)-P(1A) 88.31(9) C(1AYFe(1)-P(1A) 90.28(7)
containing only mono- or bidentate ligands where the

molecule can adopt either geometry have not been systematibeen inferred on the basis of magnetic susceptibility data,
cally investigated. While both structural types have been where compounds witl$ = 1 ground states are consistent
reported, only tetrahedral ;EeX, complexes have been with intermediate-spin, & planar molecule¥’ Here we
crystallographically characterizée:!> The geometry of the  describe the synthesis and characterization of a family of
square planar complexes, such as (PREFe(GCls),,'¢ has P.Fe(Mes) (P = phosphine, phosphite; Mes 2,4,6-
Me;CeHy) complexes and explore the factors that govern their
(4) Gill, N. S.; Nyholm, R. S.J. Chem. Soc1959 3997. geometric preferences. In addition, crystallographic charac-

(5) Venanzi, L. M.J. Chem. Socl958 719. it
(6) Cotton, F. A.; Wilkinson, GAdvanced Inorganic Chemistrpth ed.; terization of (PhEP)Fe(GCls). and two square planarP

Wiley-Interscience: New York, 1988; pp 74255. Fe(Mes) compounds is also presented.
(7) Kilbourn, B. T.; Powell, H. M.; Darbyshire, J. A. Qroc. Chem.

S0c.1963 207. H ;
(8) Bart, S. C.; Lobkovsky, E.; Chirik, P. J. Am. Chem. So2004 Results and Discussion

126, 13794. . . 5
(9) Bart, S. C.; Hawrelak, E. J.; Schmisseur, A. K.; Lobkovsky, E.; Chirik, . C_rySta”OgraphIC and NMR Spectroscop|c Character

P. J.Organometallics2004 23, 237. ization of trans-(PhEt,P),Fe(CsCls),. Because no example

(10) Examples of square planargHeX, complexes with macrocyclic — of g square planar iron(ll) compound with monodentate
ligands have been crystallographically characterized. For representative

examples, see: (@) Kirner, J. F.; Dow, W.; Scheidt, WirRrg. Chem. ligands haq been StrUCtural_ly Cha_-rlaCt?rizedy our study com-
1976 15, 16(8)5- (b) Silver, M. E.; Ilbers, J. A. Am. Chem. Sc;]dfa83 menced with crystallographic verification of the structure of
105, 4108. (c) Strauss, S. H.; Silver, M. E.; Long, K. M.; Thompson, : 9

R. G.; Hudgens, R. A.; Spartalian, K.; Ibers, J.JAAm. Chem. Soc. the prewpusly rEporteuahs(PhEEP)ZFe(CGClF)Z' Yellow )
1985 107, 4207. (d) Ghiladi, R. A.; Kretzer, R. M.; Guzei, I.;  plates suitable for X-ray diffraction were obtained by layering

Rheingold, A. L.; Neuhold, Y.-M.; Hatwell, K. R.; Zuberbuhler, A. ncentr ichloromethan lution with ntane. Th
D.; Karlin, K. D. Inorg. Chem2001, 40, 5754. (e) Jacoby, D.; Floriani, a C.o centrated dichlo 0 ethane SO. u.t.O th pe .ta €. €
C.: Chiesi-Villa, A.: Rizzoli, C.Chem. Commuri991, 220. solid-state structure (Figure 1) definitively establishes the

(11) gorJ reprﬁsﬁnsati\ﬁ exagpprles, ;ee:B(gz)oEzv%réglleﬂA%: (Eti)?rtoogome, J.;square planar geometry of the molecule, in agreement with
e Jongh, L. J.; Filoti, GPhys. Re. , . ya, . .
T.; Takeda, J.; Kobayashi, N.; Sato, Morg. Chem199Q 29, 3734. the Pre‘_"ous assignment based on magneto_rﬁéﬁyected
(c) Ohya, T.; Kobayashi, N.; Sato, Nhorg. Chem 1987, 26, 2506. bond distances and angles are presented in Table 1. The

(d) Labarta, A.; Molins, E.; Vinas, X.; Tejada, J.; Caubet, A.; Alvarez, ; _
S.J. Chem. Phys1084 80, 444, (&) Molins, E.. Labarta, A.: Tejada. crystallography also reveatsans-phosphine and pentachlo

J.; Caubet, A,; Alvarez, STransition Met. Chem1983 8, 377. (f) rophenyl ligands that are related by a center of inversion.
Bﬁ'eleégg-z\éV'ghzg& R.J.; Edwards, P. R.; Johnson, CJ.EChem. To avoid steric interactions with the phosphines, the aryl
ys. ) . . .
(12) Hermes, A. R.; Girolami, G. ©rganometallics1987, 6, 763, ligands are orthogonal to the square plane, placingttiw-
(13) Hill, D. H.; Sen, A.J. Am. Chem. S0d.988 110, 1651. chlorine substituents above and below the iron center. The

(14) Klose, A.; Solari, E.; Floriani, C.; Chiesi-Villa, A.; Rizzoli, C.; Re,
N. J. Am. Chem. S0d.994 116, 9123.

(15) Mtller, H.; Seidel, W.; Gds, H. Z. Anorg. Allg. Chem1996 622,
756. (17) Seidel, V. W.; Lattermann, K.-Z. Anorg. Allg. Chem1982 488

(16) Chatt, J.; Shaw, B. LJ. Chem. Socl961, 285. 69.

structural data are consistent with Chatt and Shaw’s asser-
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Chart 1
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o
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MeoN 1 2
Meff = 5.1 Heff = 5.1ug

tion'® that strong field,ortho-substituted aryl groups are
essential for square planar coordination. In addition, the aryl
groups on the phosphine ligands are essentially parallel to
the pentachlorophenyl ligands, presumably to avoid steric
interactions with the ring substituents.

Analysis oftrans-(PhEtP)Fe(GCls), by *H NMR spec-
troscopy in benzends confirms the presence of only one . . . . .
compound in solution. As expected for 8n= 1 molecule, ~ consistent with a high-spiis = 2 tetrahedral molecule. This
the phosphine resonances are shifted dramatically from theirresult is consistent with Flor|an.|’s observation of a tetrahedral
diamagnetic reference values. For example, the ethyl sub-980metry for (pyFFe(Mes), which has also been character-
stituents on the phosphine ligands appear48.6 (CH) ized by X-ray diffraction:* Addition of a chelatlng diamine
and —0.15 (CH) ppm, while three peaks are observed at such aﬁ,N,N’,N’—tetramethylethylened|am|ne (t.m.eda) toFe
—7.8,-53.2, and 12.1gara) ppm for the corresponding (Mes), yielded (tmeda)Fe(Mes]2) as a tan solid in modest

pheny! protons. Attempts to observe eitR# or3C NMR yield (Chart 1). Measurement of the benzefesolution
spectra have been unsuccessful. magnetic moment at 22C produced a value of 5.4g,

Evaluation of Geometric Preferences of LFe(Mes) consistent with ars = 2 tetrahedral molecule. Addition of

Compounds.With both NMR spectroscopic and solid-state More hindered amines such as dlBt N,N,N',N'-tetraeth-
characterization of a square planar iron(ll) complex in hand, Y/€thylenediamine to EéMes), produced no reaction.

the geometric preferences of a family of four coordinate Fe- ' @ddition to nitrogen-based ligands, bis(mesityl)iron(I1)
(Il), d® compounds were systematically evaluated. For rapid COMPIexes supported by phosphines and phosphites were
screening, a series of neutral donors was addedAd/es), studied. The commercial availability of these ligands along
(eq 1). This iron precursor was chosen due to its synthetic with their diverse steric and electronic properties makes them
availability, versatility as a synthon for a range of iron attractive for a systematic study of the coordination prefer-

complexes, and reported ability to provide both square planar€nces of four coordinate iron(l) complexes.
and tetrahedral complexes. Using this approach, Floriani and_ Addition of the smallest phosphine in the series, ENte

co-workers have prepared (ply(Mes) and (phen)Fe(Mes) Fe(Mes) in diethyl ether at-78 °C afforded (MeP)Fe-
(py = pyridine, phen= 9,10 phenanthroline:® X-ray (Mes) (3) as a yellow crystalline solid in high yield. The

crystallography has established that both molecules areSClution magnetic moment &was measured by the Evans
tetrahedral in the solid state. Likewise, Siedel and co-workers Method in benzends and produced a value of 2.8,
have synthesized and structurally characterized tetrahedrafOnsistent with the spin-only value for two unpaired elec-

Figure 2. SQUID magnetization data fd3.

(dme)Fe(Mes) (dme = 1,2-dimethoxyethané}. trons. TheS= 1 ground state syggests.an intermediate-;pin,
dé planar molecule. Corroboration of this value was obtained
Mes from solid state magnetic susceptibility measurements on a
AL + ForMes)s o o Vel pow_dered sample d_f(Figur_e _2). TheT versusT data_ may
- L7 N pes P Vies be fitted to a zero-field-splitting model f&® = 1'° with a

- temperature-independent paramagnetism term that yields

s=2 s=1 =2.2640.01,D/k =51+ 1K, and TIP=5 x 1074 (emu

Nitrogen donors were the first class of ligand explored. )/mol. The high value of the TIP may reflect a trace
Treatment of FgMes), with N,N-dimethylaminopyridine ferromagnetic impurity. Deviation of thg-value from the
(DMAP) furnished a yellow powder identified as (DMAFE- free electron value is consistent with incomplete quenching
(Mes) (1) (Chart 1). The solution magnetic moment of the orbital angular momentum as has been seen previously

(benzenads, 22 °C) of 1 was measured by the Evans [OF Square planar Fe(IFf )

method® and produced a magnetic moment of 5, As with trans (PhELP),Fe(GCls), "H NMR spectroscopy
has proven useful for the identification 8fA representative

(18) Maygill, C. P.; Floriani, C.; Chiesi-Villa, A.; Rizzoli, dnorg. Chem. spectrum recorded at 2ZC in benzeneads is presented in

1994 33, 1928. i i = -
(19) Carlin, R. L.MagnetochemistrySpringer-Verlag: Berlin, 1986; p 24. Figure 3. A relatively sharpAv.. 36 Hz) peak corre

(20) Sellers, S. P.; Korte, B. J.; Fitzgerald, J. P.; Reiff, W. M.: Yee, G. T. Sponding to 18 hydrogens is observed-&5.8 ppm and is

" fw AGm. Cherg. gc;a%a C1r210 4?858 27 4601 assigned as the phosphine methyl grotipSistinct reso-
cGarvey, B. Rlnorg. Chem. \ . :
(22) Lorber, C.; Choukroun, R.; Costes, J.-P.; DonnadielG.BR. Chim. r.]ances for thertho and para methyl groups of the mgsﬂyl

2002 5, 251. ligands are observed at 20.5 andl.8 ppm, respectively,
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p'CeH:(CI"Ig)s
P(CH.,);
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Figure 3. 'H NMR spectrum of3 in benzeneds.
Mess,,  wPMe3 Mesrs, — wPEl Mes,, . wPMexPh
‘e ‘Fer ‘e
MesP” “Mes EP” “Mes  PhMeP”  Mes
3 4 5
Meff = 2.8 uB Metf = 2.8 uB Ve = 2.7 uB
Mes,,h.F _wPEtPh Mes,,  wPPhoMe Mes,,,  wP(OEt)s

e Fe e
PREP™  “Mes  MePhp” Mes  (EOPT  Mes

6 7 8
Ueff = 2.7 uB Ueff = 2.8 uB ueff =2.7 uB
Figure 5. Square planar iron(ll) complexes.

of the iron with theortho methyl groups avoiding steric
interactions with the phosphine ligands and protecting the
Figure 4. Molecular structure o8 at 30% probability ellipsoids. Hydrogen  axial sites on the iron center, again supporting the Chatt and

atoms are omitted for clarity. Shaw hypothesi?ﬁ

Using the synthetic approach outlined in eq 1, several other
Table 2. Selected Bond Distances (A) and Angles (deg)Jor bis(phosphine)iron(ll) bis(mesityl) complexes were prepared
Fe(1)-C(7) 2.032(3) Fe(ByP(1) 2.2552(10) in moderate to good yield (Figure 5). Each complex was
Fe(1)-C(16) 2.017(3) Fe(HP(2) 2.2475(10) characterized by a combination #f NMR spectroscopy,
C(16)-Fe(1-C(7) 176.61(13) C(AFe(l-P(1) 89.62(9) elemental analysis, and solution magnetometry. For all of
C(16)-Fe(1)-P(1) ~ 89.31(9)  C(AFe(1)-P(2)  90.91(9) the complexes containing monodentate phosphine ligands,

Cllb)y-Fe(ly-P@2)  90.91() P(LFe(lP@)  177.74(4) the magnetic susceptibility data are consistent with interme-

diate-spinS= 1 ground states, indicative of a square planar

while a single resonance is observed at 25.5 ppm for the geometry. The geometry & was corroborated by X-ray
metahydrogen on the aryl rings. diffraction, and the solid-state structure is presented in Figure

Single crystals suitable for X-ray diffraction were obtained 6, while selected bond distances and angles are reported in
by cooling a concentrated diethyl ether solutiorBdb —35 Table 1.6 is structurally similar to bothrans(PhELP)Fe-
°C. The molecular structure is shown in Figure 4, and (CsCls), and 3 with a square planar iron center atrdns
selected bond distances and angles are presented in Table 2hosphine ligands. The orientation of both the phosphines
As with the molecular structure tfans-(PhEtP),Fe(GCls)z, and the aryl ligands is similar to that observedtians
3is square planar with trans phosphine and mesityl ligands. (PhEtP),Fe(GCls),. The iron-carbon bonds in6 are
The mesityl ligands are oriented perpendicular to the plane elongated by 0.03 A as compared to thostaris(PhELP),-
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Et2
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Figure 7. Iron(ll) bis(mesityl) complexes with chelating phosphine ligands.

Figure 6. Molecular structure 06 at 30% probability ellipsoids. Hydrogen
atoms are omitted for clarity.

Fe(GCls),, while the iron-phosphorus bonds are contracted
by approximately the same distance.

Treatment of FgMes), with the trialkyl phosphite,
P(OEt}, furnishedtrans[(EtO)sPL.Fe(Mes) (8), which has
a solution magnetic moment (benzemhg22 °C) of 2.7 ug,
consistent with a planar, intermediate-s@irr 1 molecule.
Attempts to prepare similar bis(phosphite) complexes by
addition of more hindered and electron-poor precursors such
as P(OPh) P(OSiMeg)s, or P(O-2,6Bu,CgH3)3 produced no

Figure 8. Molecular structure ofl0 at 30% probability ellipsoids.
Hydrogen atoms are omitted for clarity.

Table 3. Selected Bond Distances (A) and Angles (deg) 1or

reaction.

The effect of chelating phosphines on the geometric Fe(1)-C(11) 2.0702(14)  Fe(1)P(1) 2.4692(4)
preference of bis(phosphine)iron(ll) bis(mesityl) complexes Fe(l)y-c20) 20745(3)  Fe(hP(@) 2.4859(4)
was also explored. Stirring either dppf (dppf 1,2-bis- g(ﬂ)‘ig(?‘g(fo) gg-‘l‘é(i) E%G)Eg(i)"'z(? igg-gg(i)
(diphenylphosphino)ferrocene) ot=}-BINAP (BINAP = C§11)):Fegl)):P§2§ 100:9754; Pél—)olze(l()—);(z()) 80.é5(1())

2,2-bis(diphenylphosphino)-1;/binaphthyl) with Fg(Mes),
in diethyl ether produced no reaction even after extended magnetometry in benzertg-at 22°C provided a magnetic
reaction times or gentle heating. However, addition of dmpe moment of 4.4ug, slightly lower than the spin-only value
(1,2-bis(dimethylphosphino)ethane) to an ethereal solution expected for four unpaired electrons but well within the range
of Fex(Mes), furnished a bright yellow powder identified as  of high-spin tetrahedral ferrous complexXes.
(dmpe)Fe(Mes) (9) on the basis of magnetic data and The tetrahedral geometry &0 was corroborated by X-ray
elemental analysis. diffraction. The solid-state structure is presented in Figure

Further characterization & by solution*H NMR spec- 8, and selected bond distances and angles are provided in
troscopy was hampered by the low solubility of the com- Table 3. As expected for a tetrahedral iron center, the mesityl
pound in common organic solvents such as toluene, benzeneljgands are oriented above and below the irphosphine
THF, diethyl ether, acetone, acetonitrile, and dimethyl chelate plane and are slightly twisted to avoid steric
sulfoxide. Dissolution 0B in chlorinated solvents such as interactions between thertho methyl groups. The ethyl
dichloromethane}, resulted in decomposition (vide infra). substituents on the phosphorus atoms are directed in a
Despite these limitations, a magnetic moment o 2vas “front—back” arrangement where the two carbon chain
measured in the solid state using the Gouy method. While directed toward the iron is parallel to the plane of the adjacent
low, this value is most consistent with tetrahedral coordina- aryl ring. Comparison of the ironphosphorus bond distances
tion. The origin of the low moment is not understood at this in 10 to those found irtrans(PhEtP)Fe(GCls),, 3, and6
time and may be a consequence of an impurity or population establishes a lengthening by approximately 0.2 A from square
of a low-spin, planar isomer. It should be noted, however, planar to tetrahedral coordination, consistent with population
that the magnetic measurements were conducted on analytiof antibonding molecular orbitals in the tetrahedral case. In
cally pure material. contrast, little change is observed in the irararbon bond

To circumvent the solubility problems associated véth lengths in the two limiting geometries.
a chelating phosphine with more lipophilic alkyl substituents  The tetrahedral geometry @D is somewhat surprising in
was explored. Addition of depe (1,2-bis(diethylphosphino)- light of the observation of square planar complexes for the
ethane) to F€Mes), furnished an orange powder identified monodentate phosphines and phosphite3irB8. At first
as (depe)Fe(Mes)10) in 79% yield (Figure 7). Solution  glance, it may appear that the tetrahedral geometry is favored

Inorganic Chemistry, Vol. 44, No. 9, 2005 3107
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Figure 9. SQUID magnetization data fdrO (red) and11 (blue).

due to the inability of the chelate to adopt a trans disposition .
of the phosphines and mesityl ligands. However, Siedel and -4 -?/elocityo[mmls]z 4
7 =
iazttf):‘ggg:qi ha\lleh I'epcr)ll_‘ted (cri]ppe)Fe(Mes?ll) (dpple | Figure 10. Zero-field Mssbauer spectra f@& 10, and11recorded at 80
,2- phenylphosphino)ethane) as a planar molecule ony
the basis of magnetic susceptibility data. Observation of a
square planar complex witirylatedchelating phophines and Table 4. Mdssbauer Parameters for a Series of Four Coordinate
. h Iron(ll) Compounds
tetrahedral molecules withlkylated phosphines also con-

trasts the coordination preferences observed in classic Ni- compound 6 (mm/s) quad splitting (mm/s)
(1) complexes’© 6 0.31 4.63

On the basis of these puzzling observatiofis, was o 939 o
prepared and studied in more detail. As was reported ((-)-sparteine)FeGl 0.91 2.43

previously!” addition of dppe to an ethereal solution otFe
(Mes), afforded an orange powder, identified B that is
sparingly soluble in ethereal and hydrocarbon solvents. The

low solubility of the compound in common NMR solvents ) ) ,
precluded measurement of the solution magnetic moment. AttemPts to verify the geometry dfl by X-ray diffraction

Solid-state magnetic data were collected from 2 to 300 K have been frustrated by the inability to obtain single crystals.

using SQUID magnetometry (Figure 9). For comparison, The complex is essentially insoluble in both hydrocarbon
similar data was recorded on powdered sampled®fa and ethereal solvents but dissolves freely in dichloromethane.

crystallographically verified tetrahedral molecule. Barthe ~ Recrystallization of the complex from a concentrated,CH

magnetic moment from 50 to 300 K ranges from 3.3 to 3.9 Clz solution of 11 layered with diethyl ether at-35 °C
s and is slightly higher than the values measured over the afforded large yellow blocks suitable for X-ray diffraction.

same temperature range farimportantly, the values of the 1 ne Solid-state structure, shown in Figure 11, is not the
magnetic susceptibility fol1 are substantially lower than ~ desired complex but rather (Qppe)Fe(Mes)Q)(M?nltorlng
those for10, supporting Siedel's original conclusion of a the reaction betweetil and dichloromethane; by *H NMR

planar molecule with an intermediate-sp®= 1 ground spectroscopy established clean conversiod2mver the
state. course of minutes at ambient temperature. Concomitant with

Mdossbauer spectroscopy was also used to investigate the
geometry ofl1l. For comparison, spectra were recorded on
the known tetrahedral compounds) and ()-(sparteine)-
FeCh?? as well as square pland. Selected spectra are
presented in Figure 10, and the experimentally determined
isomer shifts and quadrupole splittings are reported in Table
4. As expected for a series of iron(Il) compounds, the isomer
shifts are essentially invariant for the four compounds. In
contrast6 and11 have large quadrupole splitting parameters
consistent with plana§ = 1 molecules in which covalency
contributions to the electric field gradient are significant. The
unique appearance of the zero-field spectra showing unusu-
ally large quadrupole splittings of more than 4 mm/s and
small isomer shifts of 0.30.5 mm/s is fully characteristic Figure 11. Molecular structure ofl2 at 30% probability ellipsoids.
of ferrous ions in the intermedia®= 1 spin state. Thus,  Hydrogen atoms are omitted for clarity.

both magnetic susceptibility studies and $8bauer spec-
troscopy are consistent with a square planar geometry for
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Table 5. Selected Bond Distances (A) and Angles (deg)¥ar Ligand Exchange ReactionsThe isolation and crystal-
Fe(1)-C(1) 2.044(5) Fe(1P(1) 2.4598(15) lographic characterization of a family of square planar iron-
Fe(1)-CI(1) 2.2486(14) Fe(BP(2) 2.5169(15) (I) complexes offered the opportunity to study ligand
C(1)-Fe(1)-CI(l) 117.17(14) CI(1)}Fe(l-P(l) 98.60(6) exchange processes at an intermediate-spin;, 1 metal
C(1)-Fe(1y-P(1)  123.21(14) Ci(fFe(1)-P(2)  127.06(16) center and potentially compare the outcome of these pro-

Cl)-Fe(l)y-P@)  127.06(16) P(HFe(1)-P(2)  82.01(5 cesses to more familia§= 0, & complexes. Addition of 2

equiv of PMe to 4 resulted in rapid formation o8 with
liberation of 2 equiv of free PEtA similarly rapid reaction

was observed for the addition of PM® 6 (eq 4). Addition

of PEg or PEtPh to3 produced no reaction, indicating that
coordination of PMgis in fact thermodynamically favored.
Attempts to measure rate constants for the exchange reactions
Phy Phy have not been successful due to the rapid rate at which these

this process is a second chlorine atom abstractiohZip
form (dppe)FeCGl (eq 2). This competing atom transfer
process makes isolation of pul®, free of 11 or (dppe)-
FeCl, challenging. In both chlorine atom abstraction reac-
tions, the fate of the mesityl ligand is unknown.

Phy R R . o
P~__ _-Mes CH,Cl, \ \Cl CHxClp \ . reactions reach equilibrium.
E Fe —_— Fo —_— Fe'' (2
e v,
P Mes /' Mes 7 ¢
Phy P P Mes,,, WPEt3 2 PMe.
e e /Fe\ 2PE °
1 12 (dppe)FeCl EtsP Mes ~2PEl
. . . 4
The solid-state structure (Figure 11) and metrical param-
eters (Table 5) clearly establish a tetrahedral geometry for MeSu,  woPMes  2PMeg  Mesu,  .wPELPh
12. The remaining mesityl group is oriented essentially MesP”  Mes 2 PELPN prep?” Sives
perpendicular to the ironchlorine bond vector while the 3 6

phenyl substituents on the phosphorus atoms are arranged
in a propeller-like fashion and are related by an idealized Exchange reactions were also carried out véitand 6.
C; axis of symmetry. Importantly, the irerphosphorus bond  Addition of PMePh to6 rapidly furnisheds and free PEt
lengths of 2.4598(15) and 2.5169(15) A found i@ are Ph whereas, in the converse experiment, addition ofFFEt
elongated from the distances of2.3 A present in the  to5 produced no ligand exchange (eq 5). Given the electronic
corresponding square planar complexes. In comparison, thesimilarity of these two ligands in combination with the results
iron—carbon bond is barely elongatedi@ as compared to  of the PMg exchange studies, the thermodynamic preference
the square planar complexes. for phosphine coordination appears to be dominated by steric
Because substitution of one mesityl ligand by a chloride effects, where smaller ligands bind more tightly to the [Fe-
induces a geometric change from square planar to tetrahedral(Mes)] fragment than their more hindered counterparts.
the coordination preferences of iron(ll) bis(halide) complexes

were examined. Heating 2 equiv of REh, a phosphine MeS"/'..Fe.ﬂ\‘“PEtzph 22 F:\;ez:: Mesh/...FeQ\PMezPh
known to support square planar complexes, with either PhetP Mes - 2PEt PhMe,P Mes

anhydrous FeGlor FeBg furnished (PhEP):FeX; (X = ClI
(13), Br (14)) (eq 3). Measurement of the solution magnetic
moments (Evans method) yieldgg; values of 4.8 13) and Exchange reactions between square planar and tetrahedral
5.0 ug (14), consistent with & = 2 ground states and a complexes were also investigated. Addition of 2 equiv of
tetrahedral geometries. Observation of tetrahedral complexesPMe; to (py)Fe(Mes) resulted in immediate and quantitative
with 12—14 highlights the importance afrtho-substituted ligand exchange at 2ZC in benzeneds. Addition of a slight

aryl groups for isolation of square planar complexes. excess of pyridine t8 produced no reaction. These experi-
ments clearly demonstrate the thermodynamic preference for

6 5

PhEtPR, . . . . .
toluene 2 WX phosphine over amine coordination. As with the square planar
2PELPh  +  FeXp — o~y @ complexes, substitution of pyridine in (pfe(Mes) with
PhEt,P PMe; or pyridineds is too fast at ambient temperature to be
13:X=Cl measured by conventional NMR techniques.
14: X =Br
. . Py
Several other bis(phosphine)ferrous complexes were tar- \ Mes  2PMeg Mess,  .wPMeg
geted to further test this hypothesis. Attempts to isolate Fe FerQ oy P
T / Mes y MegP Mes
Ph, or trap the compound in situ in the presence of both Py
monodentate and chelating phosphines resulted in decom- 3

position. Likewise, attempts to alkylate (dppe)Fe@i 13
with MeLi or KCH,Ph did not produce a tractable product.
It should be noted that Hermes and Girolami have synthe- The coordination preferences of a family of four coordi-
sized and in many cases crystallographically characterizednate, @ L,FeX, complexes have been systematically studied
(dippe)FeR (dippe= bis(diisopropylphosphino)ethane) com- as a function of both neutral and anionic ligands. For iron-
plexes, all of which are tetrahedrél. (1) bis(mesityl) compounds, high-spitg = 2 tetrahedral

Concluding Remarks
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complexes are observed exclusively when supported byat half-height in hertz followed by integration value and, where
monodentate or chelating amine ligands. These results, inpossible, peak assignment.
conjunction with those previously reported for oxygen Unless stated otherwise, solution magnetic moments were
chelates5 suggest that, for first row donors, steric factors Mmeasured at 22C by the method originally described by Evéns
overcome competing electronic stabilization offered by the with stock and experimental sol.utions containing a known amount
square planar alternative. For monodentate phosphines an(ﬁ’f a ferrocgne standard. Soll_d-state magnetic moments were
phosphites, the opposite situation is observed, where planar/€¢0rded using a Quantum Design SQUID magnetometer. Magne-
. . . _ . tization versus temperature data were recorded in a 5000 G applied
lntermedlate-spms =1 .Complexes are favored. ngand field from 5 to 300 K. The sample holder was constructed from an
exc_hange stu_d|e§ establish a preference for phosphine OVEMR tube as previously describé8iDiamagnetic contributions
amine coordination and hence a square planar over ayere estimated using Pascal's constants. The sample used was
tetrahedral geometry. Thus, stronger phosphine ligandsrecrystallized several times and purity determined by elemental
overcome the dominant steric effect observed with the analysis.
nitrogen and oxygen donors, providing greater ligand field  Mossbauer data were recorded on an alternating constant-
stabilization energy and square planar complexes. Within theacceleration spectrometer. The minimum experimental line width
series of phosphines, preferential coordination of smaller was 0.24 mm st (full width at half-height). A constant sample
phosphines was observed. temperature was maintained with an Oxford Instruments Variox
For chelating phosphines, the conclusions are not as°r an Oxfprd Instruments stbauer-Spectromgg 2000 cyrostat.
straightforward. Alkyl-substituted chelates such as dmpe and Reported isomer shifts)] are referenced versus iron metal at 293
depe furnished tetrahedral molecules whereas the arylateCI(‘ ) ) ) ) )
phosphine, dppe, afforded a square planar complex, contrast- Sl_ngle crystals §q|table for X-ray dlffractlor_l were coated with
ing observations in classic Ni(ll) Sthemistry. This shift in polyisobutylene oil in a drybox and were quickly transferred to

. . . . . the goniometer head of a Siemens SMART CCD Area detector
geometric preference is not immediately obvious and may system equipped with a molybdenum X-ray tutie=¢ 0.710 73

be a result of subtle steric interactions. Significantly, replace- ) preliminary data revealed the crystal system. A hemisphere
ment of theortho-substituted aryl ligands with weaker field  routine was used for data collection and determination of lattice
halides induces a change in geometric preference, producingonstants. The space group was identified and the data were
tetrahedral molecules regardless of the field strength of the processed using the Bruker SAINT program, and data were
supporting neutral ligand. These observations are in agree-corrected for absorption using SADABS. The structures were solved
ment with Chatt and Shaw's asserfibthatortho-substituted ~ using direct methods (SHELXS) completed by subsequent Fourier

aryl groups are necessary for intermediate-siBn= 1 synthesis and refined by full-matrix least-squares procedures.
molecules Elemental analyses were performed by Robertson Microlit Labo-

ratories, Inc., in Madison, NJ.
Experimental Section Preparation of (DMAP)Fe(Mes), (1). A scintillation vial was
. . ) ) . charged with 0.102 g (0.173 mmol) of f¥&les), and approximately
General Considerations.All air- and moisture-sensitive ma- ¢ " diethyl ether. With stirring, 0.085 g (0.696 mmol) of
nipulations were ca_lrried OUI_ using standar_d vacuum line, Schlenk, pyjap jn 3 mL of diethyl ether was added and the resulting reaction
and cannula techniques or in an Mbraun inert-atmosphere dryboX iyt re stirred for 3 h. The resulting solid was collected by
containing an atmosphere of purified nitrogen. Solvents for air- g ation, washed with pentane, and dried in vacuo yielding 0.157

and moisture-ser_lsitiv_e manipulations were initially dried and g (84%) of1 as a yellow powder. Anal. Calcd fors@HsFeNs: C,
deoxygenated using literature procedue$he Mbraun drybox 70.03: H. 8.23: N. 10.89. Found: C. 70.26: H 8.14: N. 10.58

was equipped with a cold well designed for freezing samples in Magnetic susceptibility (benzerd): e = 5.1 us. *H NMR

liquid nitrogen. Argon and hydrogen gas were purchased from (benzeneds): & = 4.59 (59.3), 33.4 (241), 45.2 (814), 92.1 (546),
Airgas Inc. and passed through a column containing manganese; {7 (452).

T v 0r®  reparaton of (TMEDA(MeS): (2, This molsue ws
9 ) P prepared in a manner similar to that fowith 0.200 g (0.340 mmol)

s iensos v f (Ve a1d 0,079 0680 o) of TWEDA kg 0117
P 9 ’ g (42%) of tan solid identified a&. Anal. Calcd for G4HzgFeN::

B ceet o Ay, T0.26; H. 5.3 N, .82, Founc C, G9.94:H, 924; N, 656,
9 P P Magnetic susceptibility (benzerg): uer = 5.1 us. *H NMR

phosphites were p_urchased from Aldrich, Strem, and_ Acros and (benzenedk): 6 = 2.13 (68.3), 35.24 (1140), 85.17 (84.9), 113
were used as received. Fdes)?* was prepared according to the (203)

literature procedure.
P Preparation of trans-(MesP),Fe(Mes) (3). A 50 mL round-

IH NMR spectra were recorded on a Varian Mercury 300 and )
Inova 400 and 500 spectrometers operating at 299.763, 399.780,b°ttorned flask was charged with 0.200 g (0.340 mmol) of Fe

and 500.62 MHz, respectively. All chemical shifts are reported 8M1%3I3)4 an1d4a:)pproxi:na':(eg 10 mL gfdd(ijetbhyl e3t)r11e€:. V\fth is_grri?gd
relative to SiMe usingH (residual) chemical shifts of the solvent ) g (1.40 mmol) of PMewas added by a 31.6 mL calibrate

as a secondary standard. For paramagnetic compotde)MR gas bulb. The deep red solution was stirredd forming a yellow

data are reported with the chemical shift followed by the peak width SO'”“?“ over tlme._ The solvent was removed in vacuo, and the
resulting yellow solid was washed with pentane and dried to afford

(23) Pangborn, A. B.; Giardello, M. A.; Grubbs, R. H.; Rosen, R. K;

Timmers, F. JOrganometallics1996 15, 1518. (25) Sur, S. KJ. Magn. Reson1989 82, 169.
(24) Klose, A.; Solari, E.; Ferguson, R.; Floriani, C.; Chiesi-Villa, A.; (26) de Bruin, B.; Bill, E.; Bothe, E.; Weyheritier, T.; Wieghardt, K.
Rizzoli, C. Organometallics1993 12, 2414. Inorg. Chem.200Q 39, 2936.
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0.254 g (84%) oB. Anal. Calcd for GJHsoFeR: C, 64.58; H, 9.03.
Found: C, 64.74; H, 9.05. Magnetic susceptibility (benzdg)e-
et = 2.9 us. 'H NMR (benzeneds): 6 = —35.8 (36, 18H,
P(CHs)3), —4.8 (20, 6H,CH5-p-CgHy), 20.5 (79, 12HCH;-0-CeHy),
25.5 (25, 4H, GH,).

Preparation of trans-(EtsP).Fe(Mes) (4). This molecule was
prepared in a manner similar to that fowith 0.250 g (0.430 mmol)
of Fe(Mes), and 0.201 g (1.7 mmol) of PEyielding 0.318 g (70%)
of 4. Anal. Calcd for GgHs.FeR: C, 67.92; H, 9.88. Found: C,
68.82; H, 9.66. Magnetic susceptibility (benzefy- uer = 2.8
us. 'H NMR (benzeneds): 9§, —35.2 (845, 8H, CHCH,), —19.8
(727.6, 12HCH;CH,), —2.2 (1841, 6HCH3-p-CsH,), 10.4 (936.6,
12H, CH3-O-CGH2), 27.6, (9792, 4HmC6H2)

Preparation of trans-(PhMe,P),Fe(Mes) (5). A scintillation
vial was charged with 0.200 g (0.340 mmol) of ,fides), and
approximately 5 mL of diethyl ether. With stirring, 0.188 g (1.40
mmol) of PPhMegin approximately 3 mL of diethyl ether was added

orange solid identified as0. Anal. Calcd for GgHssFeR: C, 67.20;

H, 9.26. Found: C, 67.01; H, 8.75. Magnetic susceptibility
(benzeneds): pert = 4.4us. 'H NMR (benzeneds): 6 = 9.1 (302,
12H, GH»-0-CHjy), 18.4 (836, 6H, @H»-p-CHs), 90.3,—94.1 (2060,
20 H, CH,CHg), 127.9 (520, 4H, BH,CH,P).

Preparation of (dppe)Fe(Mes) (11). This molecule was
prepared in a manner similar to that ®with 0.337 g (0.570 mmol)
of Fe(Mes), and 0.457 g (1.2 mmol) of dppe yielding 0.594 g
(75%) of an orange solid identified 44. Anal. Calcd for G4Hye
FeR: C, 76.30; H, 6.69. Found: C, 76.27; H, 6.31. Magnetic
susceptibility (benzends): et = 3.7 us. *H NMR (benzeneds)

o =—-3.7 (120, 6H,CH3-p-C6H2), 16.5 (153, 12HCH3-0-C6H2),
92.1 (2904), 97.6 (2880), 103 (163, 8H), 132 (386, 4H).

Preparation of (PhEt,P),FeCl, (13). A 50 mL round-bottomed
flask was charged with 0.363 g (2.90 mmol) of Fgl.0 g (6.0
mmol) of PhEtP, and approximately 30 mL of toluene. A reflux
condenser and a 18deedle valve were attached, and the reaction

at ambient temperature forming a deep red reaction mixture. An mixture was heated to reflux for 2 h. The reaction mixture was
orange precipitate formed over the course of 3 h. The solid was transferred into the drybox and filtered through Celite. The toluene

collected by filtration and washed with pentane to afford 0.183 g
(78%) of 5. Anal. Calcd for GsHssFeR: C, 71.58; H, 7.77.
Found: C, 71.53; H, 8.04. Magnetic susceptibility (benzdg)e-
et = 2.7 ug. *H NMR (benzeneds) 6 = —33.5 (30.3, 12H, PgHs-
(CHs)2), —5.33 (5.3, 6HCH3-p-CsHy), 0.45 (14.3, 4H), 0.70 (23.4,
4H), 21.3 (74.6, 12HCH3-0-CsHp), 24.7 (11.1, 4H, ¢Hy).

Preparation of trans-(PhEt,P),Fe(Mes} (6). This molecule was
prepared in a manner similar to that fowith 0.500 g (0.850 mmol)
of Fe(Mes), and 0.565 g (3.4 mmol) of PERh in 10 mL of diethyl
ether yielding 0.862 g (81%) of an orange powder identifie6.as
Anal. Calcd. for GgHs.FeR: C, 72.84; H, 8.36. Found: C, 72.43;
H, 7.97. Magnetic susceptibility (benzedg: ue = 2.7 ug. *H
NMR (benzened): 6 = —44.0 (232, 4H)~20.53 (151, 12HCH;-
CHy), —4.0 (368, 6H, GH>-p-CH3), —3.3 (495, 4H), 0.86 (197,
8H, CH;CHy), 9.1 (171, 2H, pH-C¢Hs), 14.8 (262, 12H, gH,-0-
CHs), 25.4 (185, 4H).

Preparation of trans-(Ph,MeP),Fe(Mes} (7). This molecule
was prepared in a manner similar to that %owith 0.100 g (0.170
mmol) of Fe(Mes), and 0.136 g (0.680 mmol) of PR¥e yielding
0.183 g (78%) of a red solid identified @sAnal. Calcd for G4Has-
FeR: C, 76.08; H, 6.96. Found: C, 75.69; H, 6.25. Magnetic
susceptibility (benzends): wuerr = 2.8 us. *H NMR (benzeneds):
0=—7.0(179, 8H), 2.2 (159, 12H;H;-0-CgH,), 10.4 (169, 6H),
17.9 (184, 4H), 21.3 (167, 4H), 23.4 (72.5, 6H).

Preparation of [(EtO)3P].Fe(Mes) (8). This molecule was
prepared in a manner similar to that ®with 0.235 g (0.390 mmol)
of Fe(Mes), and 0.332 g (2.0 mmol) of P(OEtyielding 0.287 g
(57%) of a red solid identified a8. Magnetic susceptibility
(benzeneds): wer = 2.7 ug. *H NMR (benzeneds): 6 = —8.2
(43.6, 6H,CH3-p-CgHz), —4.1 (213.2, 30H, P(OH,CHg)), 19.0
(51.0, 4H, GH,), 32.4 (137, 12HCH3-0-CgH>).

Preparation of (dmpe)Fe(Mes) (9). This molecule was pre-
pared in a manner similar to that frwith 0.047 g (0.080 mmol)
of Fe(Mes), and 0.024 g (0.160 mmol) of dmpe yielding 0.058 g
(82%) of yellow solid identified a8. Anal. Calcd for G4HsgFeR:

C, 64.87; H, 8.62. Found: C, 64.89; H, 8.63. Magnetic susceptibility
(Guoy balance):uer = 4.2 ug.

Preparation of (depe)Fe(Mes) (10). This molecule was pre-
pared in a manner similar to that f&with 0.250 g (0.425 mmol)
of Fe(Mes), and 0.175 mg of depe yielding 0.332 g (79%) of an

was removed in vacuo, and the off-white residue was washed
several times with pentane and dried to afford 1.23 g (93%)30of
Magnetic susceptibility (benzerg): uer = 4.8 us. *H NMR
(benzeneds): 6 = —2.6 (57.4, 2Hp-CgHs), 2.57 (435.5, 4H), 14.1
(61.5, 4H), 77.9 (1543, 20 H, Es).

Preparation of (PhEt,P),FeBr, (14). This molecule was
prepared in a manner similar to that f&8 with 0.156 g (0.720
mmol) of FeC}, 0.250 g (1.5 mmol) of PhE&®, and approximately
20 mL of toluene and afforded 0.302 mg (77%)1ef Magnetic
susceptibility (benzends): wuerr = 5.0 us. *H NMR (benzeneds):

0 = —3.4 (52.3, 2H,p-C¢Hs), 4.6 (356.2, 4H), 14.0 (52.6, 4H),
77.1 (648.6, 20 H, €Hs).

Procedure for a Typical Exchange ReactionA J. Young NMR
tube was charged with 0.020 g (0.035 mmolb@ind approximately
1.0 mL of benzenek. Using a calibrated gas bulb, 2 equiv (0.070
mmol) of PMeg was added at 77 K. The solution was thawed and
shaken and théH NMR spectrum recorded.

IH NMR Characterization of (py) ;Fe(Mes). '"H NMR (benzene-
de): 0 =—5.14 (77.2, ©, py), 23.40 (10.8, &, p-py), 23.4 (127.1,
CH, py), 41.6 (752.3, €3, 0-CsHy), 112.5 (168.2, B3, p-CsHy),
138 (270.6, ©, m-CgHy).

IH NMR Characterization of (PhEt ,P),Fe(CsCls),. 'H NMR
(benzeneds): 6 = —53.0 (29.5, Ph);-18.5 (19.1, Gi3), —7.9 (9.2,
Ph), 11.8 (16.6p-Ph).
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