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Matrix Photolysis of Fe(allyl)(CO)3Br. Evidence for an Unexpected
Alternative Mechanism for Allyl Rotation
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Matrix photolysis of a mixture okende and exoFe(;3-C3Hs)(CO)Br yields the G-merisomer at
visible wavelengths and CO-loss species with UV photolysis. It is proposed thai-thei@Gomer arises
from a Bailar twist. A second Bailar twist completes the allyl pseudorotation.

The pseudorotation of*-allyl ligands has been explored since 2043
the very early days of organometallic chemistry with notable 2088
examples being CpMo(Cél)3-allyl)! and CpRu(CO)¢-allyl).? 2010
Limberg et aP and Bitterwolf have examined the photochemi- a

cal initiation of allyl rotation of CpMo(CQO)#3-allyl), and we
have recently described a similar photochemical process for
CpRu(CO)gB-allyl) and @73-allyl)Fe(CO)(NO).5 In all cases,
the assumption is made that the allyl ligand rotates about its

center of mass while retaining tlsgnanti protons of the Chl 2050 2029

groups in a fixed orientation, as is consistent with NMR studies.
The results presented here suggest that in at least some cases
this simplistic interpretation of the mechanism of pseudorotation

may have to be revisited.

endo exo

The existence of two rotameric isomers for thgs3-(

1986 1975 d

2200 2100 2000 1950
cm-1
Figure 1. Photolysis of Fef3-C3Hs)(CO)Br in Nujol, ca. 90 K:
(a) before photolysis (absorbance range,-10® mA); (b) differ-
ence spectrum of 10 min photolysig; = 400+ 35 nm— spectrum
a (absorbance range, 54 t65 mA); (c) difference spectrum of
10 min photolysis, 330 nn¥ Ai; < 400 nm— 10 min photolysis,
Air = 450+ 35 nm (absorbance range, 7.4-t3@.2 mA); (d) back
photolysis difference spectrum, 10 min photolysig, = 550 +
5 nm— 10 min photolysisdi; = 400+ 35 nm (absorbance range,

allyl)Fe(CO}Br derivatives was discovered by Nesmeyanovand 3 i5—12 m A).
co-workers on the basis of there being two sets of resonances

for the allyl ligands in these compoungi&aller and Adans
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bitterte@ carried out detailed NMR studies, which established that the
interconversion of the two forms takes place by pseudorotation
of the n3-allyl group; that is, the relative orientation of tlsgn
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Table 1. Calculated and Observed Carbonyl Stretching
Frequencies (cn1l) for Fe(n3-allyl)(CO)3Br Isomers?

Bitterwolf and Jeitler

Table 2. Experimental and Calculated (BP3LYP/6-31G**)
Structural Parameters for Fe(3-allyl)(CO) ;Br Isomers

observed, Nujol ca. 90 K calcd RB3LYP/6-31G** Cz/ Cz/cs CE/
endo/exo Gisomer endo emer exo \FL\C1 hv \J\‘% —:L\:Lc
2088 (1.00) 2098 (0.07) 2173(0.76) 2177 (0.13) 2173(0.79) O°é / B °4°‘*7 M, 8% 0
2043 (1.00) 2034 (1.00) 2137(1.00) 2134 (1.00) 2137 (1.00) d %o ¢ Br Cs °
2010 (0.63) 2024 (0.47) 2115(0.76) 2127 (0.54) 2116 (0.78) 0g° 05" o5
endo Cq1-mer exo
a Relative intensities are presented in prentheses.
endeFe(;®-allyl)(CO)sBr Cy-mer exo
examination of the photochemistry of%CsHs)Ru(COXBr.8 It crystal structure calcd calcd calcd
was found that near-UV irradiation of both compounds in Bond Lengths (&)
3-methylpentane solution resulted in conversion of ¢melo Fe—Br 2.494(2) 2.555 2.486 2538
isomer to theexoisomer. Fe-C1 2.126(8) 2.144 2.121 2.160
For our photolysis study we chose the readily availapfe ( Fe-C2 2.058(11) 2112 2.101 2.103
C3Hs)Fe(CO3}Br, I, which is easily soluble in hydrocarbons. Ee_gi 1.791(12 1.776 2'11329 1778
Petroleum ether solutions of this compound have electronic o 191(12) ) ) )
p ! Fe-C5 1.785(9) 1.807 1.833 1.806
bands at 298 nme(= 1200) and 404 nme(= 670) and a tail Fe-C6 1.786
that extends across the visible spectrum. The IR spectrum of C4-04 1.123(12) 1.149 1.145 1.149
in frozen Nujol at ca. 90 K, Figure 1a, has three terminal 82:82 1.150(12) 1.145 111&;‘4 1.145
carbonyl bands at 2088, 2043, and 2010 éneonsistent with Cc1-C2 1.392(10) 1.408 1414 1.407
the Cs symmetry of the molecule. The bands of #wedoand c2-C3 1.403
exorotamers are not resolvgd: Spectral changes were observed Bond Angles (deg)
upon relatively low energy visible photolysig; = 500+ 35, Br—Fe—C1 88.3(2) 88.11 99.71
with the extent of photolysis increasing with increasing energy. Br—Fe-C2 105.2(4) 104.74 84.34
For example, Figure 1b presents the difference spectrum for Er:Ee‘g‘S‘ églég’z(“) ég%? 8822.32 813215-22
the photolysis of atZi = 400- 35 nm, showing the bleaching "> =2 5@) : 9897 :
of the bands of and growth of new bands at 2098, 2034, and Fe—-C4-04 177.8(11) 178.43 1.77_29 179.11
2024 cn! and a broad band at 1984 citn A small band at Fe-C5-05 177.8(11) 178.28 178.01 177.96
2132 cn1? characteristic of free CO can be observed. As neither Fe-C6-06 176.30
the 2132 cm? band nor the broad 1984 cthband is observed gj::ig:gg 91.6(3) 93.21 91655660 93.46
at lower energy, we attribute_thgse bar_1ds to CO-loss species 5 pe o5 105.9(4) 102.63 ' 102.49
that become more prevalent with increasing energy. Absorbance cs—Fe-C6 91.70
changes indicate that almost 50% of the sample is transformed C1-C2-C3 124.1(4) 122.77 121.75 122.71
at Aiyr = 400 + 35 nm. Increasing the energy of the incident Scheme 1
radiation into the UV, 300 nn< Ay < 400 nm, Figure 1c, cheme
results in loss of the bands at 2098, 2034, and 2024! s
well as starting material bands and growth of the 2132%tm
band, the broad, low-energy band, and small bands at 2050 and _______ €~
2029 cnr. By comparison with the absorbance changes in the 0C™ \ Bre——,c -""" B
visible spectrum, these UV changes transform only about 7% c b, c“' \
of the sample. Back photolysidi¢ = 550 + 35 nm), Figure o o CO
1d, reverses this last process, as evidenced by the negative 2132
endo exo

cm~! band, although it is interesting to note that photolysis of
| to givell continues even at this remarkably low energy. Of
particular note in the back photolysis is the clear resolution of
the broad, low-energy band into two distinct bands at 1986 and
1975 cntl

The observed photochemistry consists of two events. Visible
photolysis ofl gives rise a new tricarbonyl specidk, which
we assume to be the hitherto unobservedr@risomer of -
C3Hs)Fe(COXBr with IR bands at 2098, 2034, and 2024 ¢m
UV photolysis results in loss of CO by specié¢sandendo-or
exal, giving rise to the broad, non-Gaussian band at 1984'cm
as well as smaller bands at 2050 and 2029 trendo-and
exal may each give rise to two isomeric dicarbonyl photo-
products in which the carbonyl ligands are orientésito one
another, while the €merisomer may give rise to three CO-
loss isomers, one of which has a paitigins carbonyl ligands.

DFT calculations (Spartan 04, ver. 1.0.3) at the RB3LYP level
using the 6-31G** basis set were carried out for émelo, exp
and G-mer isomers. The computed values for the carbonyl
frequencies, Table 1, are shifted about 100 tno higher
energy relative to the observed bands, but the pattern of the
three sets of calculated bands almost perfectly matches the
observed patterns. The computed electronic excitation bands
have maxima at 394 and 305 nmn@dg and 401 and 312 nm
(ex0, in remarkable, and certainly fortuitous, agreement with
the observed spectra. Bond lengths and angles for the three
computed conformations and for the known molecular structure
of endo(n3-allyl)Fe (COXBr® are presented in Table 2. The
agreement between the computed and observed structure is very
good.

Given that there may be as many as seven CO-loss isomers, Treatingl as an octahedral complex, the transformatioh of
the back photolysis bleaching of only a subset of these (bandsto Il requires a rearrangement of the carbonyl ligand set from
at 1986 and 1975 cm) seemingly related to the;@nerspecies a facial to a meridional arrangement. Such transformations are
is unusual and may be attributable to the higher energy of the well known in coordination chemistry, where mechanisms
Ci-mer species itself. involving eitherDg, intermediates (Bailar twis) or a bicapped

(8) Wuu, Y.-M.; Wrighton, M. SOrganometallical988 7, 1839-1845. (9) Simon, F. E.; Lauher, J. Wnorg. Chem.198Q 19, 2338-2343.
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Figure 2. Kohn—Sham orbitals foende(73-CsHsFe(CO)Br.
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Scheme 2. Proposed Mechanism for Allyl Pseudorotation of Fg¢-C3Hs)(CO)3Br Utilizing a Series of Bailar Twists
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tetrahedron (RayDutt twist'l) have been invoked. Several

tion appears to be a ligand nonbonding orbital to metal charge

workers have examined the theoretical underpinnings of thesetransfer in which the bonds to theans-oriented carbonyl and

rearrangement mechanisf#sAssuming a Bailar twist mech-
anism in the current case, Scheme 1, transformaticendbt|

to Il requires one Bailar twist, while transformation Ibf to
exal simply requires a second. If we make the reasonable
assumption that photochemically generalieds energetically
higher than eitheendol or excl, a Bailar twist to either of

bromide ligands in the excited state are weakened, facilitating

the observed rearrangement. The remarkably good correlation
between the calculated electronic spectrum, which predicts bands
at 401 and 312 nm, and the observed spectrum with bands at
404 and 298 nm suggests that the energies of the HOMO/LUMO

gap are at least consistent with experiment.

these would be spontaneous at room temperature. Hence the The Bailar twist has been proposed to explain the photo-

endoto exopseudorotation observed by Wuu and Wrighton need

only generatél photochemically for the rotation to take place.
Examination of the KoharSham orbitals arising from our

DFT calculations, Figure 2, provides a useful insight into the

chemical conversion of\-fac-(Cr(S-trp} to A-fac-Cr(S-trp},
where S-trp is the bidentate amino acid liga@Htfyptopha-
nato} as well as the deracemization of chromium oxalate and
acac complexes with circularly polarized lighitA very similar

nature of the highest occupied and lowest unoccupied molecularthermal process involving-CsHs)Mo(CO)(diphos)Cl has

orbitals. The nearly degenerate HOMO and HOMDorbitals,
—6.80 and—6.81 eV, respectively, are dominantly associated
with the nonbonding orbitals of the bromide ligand, while the
much lower HOMG-2, —7.80 eV, appears to correspond to a
significant Fe-Br bonding component. The LUMO orbital,
—2.08 eV, hagr-antibonding interactions with both the bromide
and carbonytransto the bromide. The very much higher energy
LUMO+1, —1.46 eV, exhibits antibonding interactions between
the metal and allyl ligand, although the dominant contribution
is toward the Fe CO back-bond. The HOMOGLUMO transi-

(10) Bailar, J. C., Jrd. Inorg. Nuc. Chem1958 8, 165-175.

(11) Ray, P.; Dutt, N. KJ. Indian Chem. Sod 943 20, 81-92.

(12) (a) Casanova, D.; Cirera, J.; Llunell, M.; Alemany, P.; Avnir, D.;
Alvarez, S.J. Am. Chem. So@004 126, 1755-1763. (b) Hansen, L. M.;
Marynick, D. S.Inorg. Chem.199Q 29, 2482-2486. (c) King, R. B.
THEOCHEM1989 185 15-37. (d) Hoffmann, R. H.; Howell, J. M.; Rossi,
A. R. J. Am. Chem. Sod.976 98, 2484-2492. (e) Muetterties, E. LJ.
Am. Chem. Sod 968 90, 5097-5102.

been described by Faller et¥allt is difficult to imagine how

an analogous process might account forghdoto exorotations

of allyl groups in the formally seven-coordinate group Y
CsHs)M(CO),(173-C3Hs) compounds, but a “rotation” in the
formally five-coordinate #3-CsHs)Fe(CO}NO) compounds
might pass through a square pyramidal or trigional bipyramidal
intermediate. Lin and co-workers have recently described the
results of theoretical studies of allyl rearrangements on a number

(13) Kane-Mcguire, N. A. P.; Hanks, T. W.; Jurs, D. G.; Tollison, R.
M.; Heatherington, A. L.; Ritzenhalter, L. M.; McNulty, L. M.; Wilson, H.
M. Inorg. Chem.1995 34, 1121-1124.

(14) (a) Stevenson, K. L.; Sievers, R.lBorg. Chem1976 15, 1086-
1088. (b) Stevenson, K. L.; Vaden Driesche, TIPAmM. Chem. Sod974
96, 7964-7968. (c) Yoneda, H.; Nakashimi, Y.; Sakaguch,Ghem. Lett.
1973 1343-1346. (d) Stevenson, K. J. Am. Chem. So&972 94, 6652~
6654. (e) Stevenson, K. L.; Verdieck, J. x.Am. Chem. Soc1968 90,
2974-2975.

(15) Faller, J. W.; Haitko, D. A.; Adams, R. D.; Chodosh, D.JFAm.
Chem. Soc1977, 99, 1654-1655.



4078 Organometallics, Vol. 25, No. 17, 2006 Bitterwolf and Jeitler

of CpM(3-allyl) compound¥® and, of more immediate rel- way that a transien’-species could give rise to the;-@er
evance, on i3-allyl)Ru(CO)(PH).Cl.Y" For the ruthenium isomer without substantial reorganization of the ligands in the
compound they found an energetically reasonable mechanismshort-lived five-coordinatey’-state.

involving 73—n* transformations and were unable to locate a ) ]

pathway for simple rotation of the allyl unit. A Bailar twist Experimental Section

pathway was not investigated. We cannot rule outy&nn* Fe(3-C3Hs)(CO)Br was prepared by the method of Murdoch
transformation as contributing tendoto exo transformations and Weisd® Details of the photochemical methods have been
in solution, although our DFT studies do not support the reported previously® Nujol is degassed by heating under vacuum
involvement of iror-allyl bonding in any of the energetically  and stored under nitrogen.

accessible HOMO or LUMO orbitalg!-Allyl groups are rarely Quantum mechanical calculations were carried out using the
observed in matrix photochemistry since the barrier to recom- Spartan 04, version 1.0.3, software package.

plexation is quite low. In the present case there is no obvious
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