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Quantitative Photochemistry of @°>-CsHs)Fe(CO),l in Solution: Effective Heterolytic Fe—I
Dissociation upon Long-Wavelength Excitation
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The quantitative photochemistry of¥CsHs)Fe(CO}Il in room-temperature solution involving the heterolytic
cleavage of iodide to formyP-CsHs)Fe(COX(1-N-pyrrolyl) has been investigated following irradiation at several
wavelengths in the 488647 nm region. The most effective photoconversions were found to take place with
excitation at long wavelengths (58647 nm) into weak low-lying absorption bands; the absolute quantum efficiency
for the photoreaction ofi-CsHs)Fe(CO}l in room-temperature toluene has been determined to be &G872)

upon Kr* laser photolysis at 647 nm. The photochemical results are in accordance with recent assignments for
the HOMO orbitals in £5-CsHs)Fe(CO}l and demonstrate that long-wavelength irradiation provides a valuable
way of effecting heterolytic Fel dissociation, facilitating a synthetic pathway to azaferrocene.

Introduction in the presence of triphenylphosphine (BPleads to the

. . formation of the covalent complex;¥-CsHs)Fe(CO)(PPEX
Cyclopentadienylmetal carbonyl complexes containing one- (X = Br, I) with high quantum efficienc§®although it should
electron-donor halide ligands have attracted considerable at-, notea thatsf5-CsHs)Fe(CO)CI reacts ,rapidly with PPhin
tention recently as they are known to exhibit a variety of the dark at room temperature to produce a mixture of the

photochemical deactivation pathways. These processes includeC lent £5-C=H:)Fe(CO)PPRACI and ionic 65-C<He)Fe(CO)-
dissociation of the carbonyl ligarie, homolytic® or heterolyti¢ (S\Fl,?;fcfi, dgri\i)ati?/(esl.c)(M o?eova(ler;, Fl)%rgtco?ysiss O?Zf-eé5H$-

cleavage of the metahalide bond, intramolecular isomeriza- Fe(CO}X (X = Cl, Br, ) in benzene solution saturated with

tion! and intraligand rearrangemefitsFor instance, earlier 130 vi 5 1 -

" ' O yields °-CsHs)Fe(CO)ECO)X.1c Additionally, recent
studies have ollemonstrated that-CsHs)M(CO)sX complexes low-temperature work at ca. 12 K following irradiatiohef >
(M = Mo, W; X = CI, Br, |) undergo photochemistry in 350 ) of ¢5.C5Hs)M(CO),Cl complexes (M= Fe, Ru) in
solutions containing two-electron-donor ligands to yield either methane, nitrogen, and carbon monoxide matrices and in PVC
ligand-substituted or ionic products via CO and halide ion films produced only 16-electron species, confirming that CO

i ,6
dlsplagemer!téé dissociation rather than cleavage of the M-Cl| bond is the
Similarly, in the case of the analogoug{CsHs)Fe(CO}X principal reaction pathwas?

complex, the primary photochemical process upon 366- or 436- " |y conrast, other studies have revealed that irradiation®f (

nm irradiation is recognized to involve dissociative loss of a CsHs)Fe(COYX can result in the formation of the diméf(,5-
carbonyl ligandt Photolysis of the bromo or iodo derivatives CsH:)Fe(CO)]»}, together with F&, X-, and ferrocene

depending on experimental conditiolig¢ Metal—halide het-

(1) (a) Alway, D. G.; Barnett, K. WJ. Organomet. Chen1975 99, C52. i _ i i
(b) Alway, D. G.; Barnett, K. Winorg. Chem.1978 17, 2826. (0 erolysis and metalmetql bonded dimer formation followed by '
Alway, D. G.; Barnett, K. WAdy. Chem. Ser1978 168 115. subsequent disproportionation have been shown to be the main
(2) (a) Wrighton, M. S.Chem. Re. 1974 74, 401. (b) Balzani, V.; routes for the photochemical formation of ionic products from

Carassiti, V Photochemistry of Coordination Compounégademic organometallic halide complexes. In the caserStCsHs)Fe-

Press: New York, 1970. (c) Wrighton, M. $op. Curr. Chem1976 s L .
65, 37. (d) Hooker, R. H.; Mahmoud, K. A Rest, A. J. Chem. (CO).l, the reaction involves the initial heterolysis of the-He

Soc., Dalton Trans199q 1231. (e) Haines, R. J.; Nyholm, R. S.;  bond, a step which is recognized as being amine base as$isted.
Stiddard, M. G. BJ. Chem. Soc. A967, 94. Although quantitative photochemical measurements have

(3) (a) Wrighton, M. S.; Ginley, D. S1. Am. Chem. S04.975 97, 4246. demonstrated that the CO dissociative procesgiCiHs)Fe-
(b) G_|n|ey, D.S.; Wrighton, M. SJ. Am. Chem. Sod975 97, 4908. - . . Y
(c) Giannotti, C.; Merle, GJ. Organomet. Cheni976 105, 97. (d) (CORX (X = Br, I) proceeds with high quantum efficiencg
Laine, R. M.; Ford, P. Clnorg. Chem1977, 16, 388. (e) Alt, H. G. = 0.14-0.89) at 366 or 458 nrff, the optimum excitation
J. Organomet. Chend977 124, 167. (f) Hughey, J. L., IV Bock, C.  avelength conditions and the photoefficiencies for the corre-

R.; Mayer, T. JJ. Am. Chem. Sod.975 97, 4440. . . . L. .
(4) (a) Haines, R. J.: Nyholm, R. S.; Stiddard, M. G.BChem. Soc. A SPponding heterolytic FeX dissociative reaction are not known.

1968 43. (b) Pan, X.; Philbin, C. E.; Castellani, M. P.; Tyler, D. R.  Consequently, we present here a determination of this quantita-
Inorg. Chem.1988 27, 671. (c) Ali, L. H.; Cox, A.; Kemp, T. JJ. tive photochemistry for the dissociation of | from>CsHs)-
Chem. Soc,, Dalton Trand973 1475. Fe(CO)l (see eq 1) following long-wavelength excitation. This

(5) (a) Fish, R. W.; Giering, W. P.; Marten, D.; Rosenblum, 8. . :
Organomet. Chen976 105, 101. (b) Faller, J. W.; Johnson, B. v.;  reaction was selected for study because it was recently found

© l()r)yja, TH P.J. Organomet. Chenl974 65, 39hS. ) that the iodide ligand can be replaced h¥pyrrole ligands
6) (a) Fischer, E. O.; Moser, B. Organomet. Chenl964 2, 230. ; imi i icimi
Fischer, E. O.- Moser, E1 Organomet. Chenl966 5. 63. (c) King, (pyrrole, |ndqle§§r imidato ligands (cyclic |m|de's, nugleobases,
R. B.; Pannell, K. H.; Eggers, C. A.; Houk, L. Whorg. Chem1968 anq nucl_e03|de )n the p_res_ence_ Of sca\_/eng_lng d”SOPrOpy"
7, 2353. amine (dipa) base following irradiation with either sunlight or
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a tungsten lamp. It is important to determine the optimum Figure 1. Electronic absorption spectrum of%CsHs)Fe(CO} in

photochemical conditions for this reaction because the photo- chloroform at room temperature. The inset depicts weak absorption
5 1 . bands at long wavelength.

product, °>-CsHs)Fe(COX}(n*-N-pyrrolyl), is valuable as a

precursor for the synthesis of azaferrocéhe.

T

pass interference filter (10 nm, Ealing Corp.) was used to isolate the
. . excitation wavelength. Photolyses at 488 and 515 nm were carried
Experimental Section out with a Lexel Corp. model 95-4 4-W argon ion laser at various
Materials. Cyclopentadienyliron dicarbonyl iodide and pyrrole were ~ 1aser powers (30650 and 26-150 mW, respectively). Excitations at
purchased from Aldrich Chemical Co. in high purity (97% and 98%, 633 nm were performed with U_nlphase model 1105P and Hughes model
respectively) and used as received. Redistilled diisopropylamine was 3222 H-PC He-Ne lasers with a total laser power of 13 mW.
also obtained from Aldrich Chemical Co. in high purity (97%) and Photolys_es at 647 nm were carried out with a Coherent Innova 90
used without further purification. Solvents used in the photoreactivity Krypton ion laser with laser powers of +50 mW. In all laser
measurements were purchased from Fisher Scientific Co. and Aldrich excitation expenrr_lents, tht_a incident light mtensm_es were calibrated by
Chemical Co. as spectroscopic grade. Toluene was distilled under N means of an Ophir Optronics Ltd. model Nova-Display external power
from sodium/benzophenone prior to use. Silica gel (2000 mesh) meter.
used in the separation of photochemical products was obtained from During these irradiation experiments, the solution temperatures were
Aldrich Chemical Co. Nitrogen gas used for solvent deoxygenation controlled to+0.1 K by circulating a thermostated ethylene glyeol
was obtained as high research grade (Union Carki®8,99% purity) water mixture through a jacketed cell holder. Prior to light excitation
and was itself deoxygenated and dried by passage over calcium sulfatdhe solutions were stringently filtered through 022-Millipore filters
(W. A. Hammond Co.), phosphorus pentoxide (Aldrich Chemical Co.), and deoxygenated by purging with prepurified nitrogen gas for 15 min.
and a pelletized copper catalyst (BASF R3-11, Chemical Dynamics Throughout photolysis, the solutions were rapidly stirred to ensure

Co.) that had been activated with hydrogen gas (Union Carbi€e% sample homogeneity and a uniform absorbance in the light path— UV

purity) according to a previously described procedure. visible and FTIR spectra were obtained from solutions at regular time
Synthesis. The (;5-CsHs)Fe(CO)(n'-N-pyrrolyl) complex was intervals throughout irradiation. Quantum yields for 647-nm excitation

prepared via photochemical reaction g%-CsHs)Fe(CO} with pyrrole were obtained by measuring the concentration changes during photolysis

and diisopropylamine analogous to a previously described proc&ure. OVer the initial 59—60% of the_reaction anc_i corrected for inner filter
A solution of ¢75-CsHs)Fe(CO}l (0.7 mmol) in a mixture of toluene _effec_ts_ according to a previously des_crlbe_d procedtrdzurther
(30 mL), diisopropylamine (3.4 mL), and pyrrole (1.1 mL) was irradiation was compllcate_d_ by the precipitation of the_ phqtopr_oduct.
irradiated with a 750-W tungsten lamp. This reaction mixture was The resultant quantum eff|C|en_cy resuIFs were determined in triplicate
stirred and cooled by circulating water through a jacketed glass reaction@nd were found to be reproducible to withit5% from the mean value
vessel. Immediate precipitation of diisopropylammonium iodide was N each case. The iodide substitution reactions were also measured in
observed, and the solution gradually turned from black to orange-red. the dark to assess the extent of thermal processes, and these were
The photoreaction was essentially complete within 1 h, and during this détermined to be negligible during the course of the photolysis
time, the photoconversion was monitored by FTIR spectroscopy. €XPeriments.
Subsequently, the solution was filtered to remove the amine salt and UV —Visible absorption spectra were obtained on a Hewlett-Packard
the filtrate evaporated to yield an orange-red residue, which was Model 8450A diode-array spectrometer and the reported band maxima
chromatographed on silica gel with chloroform as eluent. The product are considered accurate? nm. Infrared spectra were recorded on
was collected and identified ag5(CsHs)Fe(COX#n-N-pyrrolyl) in 62% a Nicolet model 20SXC Fourier transform infrared (FTIR) spectrometer,
yield. IR in CHCE: »(CO) 1996, 1962 cri (lit.”® in CHClz: 1995, and the reported band maxima are considered accurat€.cnt.
1960 cntl). NMR in CDCk: 8 6.41 (s, 2H, pyrrolyky), 6.28 (s, 2H, The infrared spectra were typically obtained from solutions using NaCl
pyrrolyl 8), 5.05 (s, 5Hy5-CsHs) (lit.7?in CDCls: 6 6.36, 6.27,5.03).  Cells of 0.1-1.0 mm path lengths.

Photochemical Procedures. Visible excitations at 580 nm were . .
performed with light from an Ealing Corp. medium-pressure 200-w Results and Discussion

mercury lamp and housing apparatus set on an optical rail. A band-  pactronic Absorption Spectra. The electronic absorption

(7) (a) Zakrzewski, JJ. Organomet. Chenl987, 327, C41. (b) Zakr spectrum of §°-CsHs)Fe(CO} in chioroform at room temper-
zewski, J.; Gia’nno-tti, CJ. Orgahomet. Chénﬂ.géQ 383, 175. (c) atlﬂe IS _dlommatEd by a band centered at 337 Hn_q: (2250
Zakrzewski, JJ. Organomet. Chenmi991, 412, C23. M~1 ecm™t) with a shoulder at~ 390 nm (see Figure 1).

(8) (a) Zakrzewski, JJ. Organomet. Chem.989 359, 215. (b) Bukowska- However, weaker features can also be observed at 486 nm

Strzyzewska, M.; Tosik, A.; Wiika, D.; Zakrzewski, JPolyhedron — [p—1 — —1 ~p—1
1994 13, 1689. (c) Zakrzewski, J.; Tosik, A.; Bukowska-Strzyzewska, (€ =140 M cm™) and 642 nm{ = 63 M~ cm™). Although

M. J. Organomet. Chen1995 495 83.
(9) Schadt, M. J.; Gresalfi, N. J.; Lees, Aldorg. Chem1985 24, 2492. (10) Lees, A. JAnal. Chem1996 68, 226.
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Table 1. Electronic Absorption Spectral Data for 0.6 T
(7°-CsHs)Fe(CO)l in Various Room-Temperature Solutiéns J l l
solvent Amax NM (€, M~ cm™1) 0.5 1
chloroform 337 (2250), 390 (12706)86 (140), 642 (63)
toluene 344 (2300), 390 (1290386 (146), 644 (73) 04 +
benzene 343 (2290), 390 (1301})88 (147), 642 (72)
acetonitrile 330 (2220), 385 (1240476 (134), 636 (54)

bsorbance
(=]
)

2 Reported literature values are 342 (2090) in benzene, 323 (2300) £
in acetonitrile, and 337 (3010) in methylene chloride (see refs 1b and , |
4b).? Observed as a shoulder.

these bands have not been previously assigned, they are believed oIT
to be ligand field (LF) transitions for several reasons. First,
the energy positions of these bands have been determined to
not be particularly solvent dependent (see Table 1), which is
typical behavior of d— d transitions*?> Second, the molar _ _ _
absorptivities of these absorption bands are fairly low, consistent Figure 2. Infrared absorption spectral changes accompanying the 647-

. lon spec ;
with orbitally forbidden transitions in organometallic com- M photolysis of 5x 107% M (i7-CsHs)Fe(CO)l in deoxygenated

d . . . toluene containing excess pyrrole (0.6 M) and dissopropylamine (0.6
11
plexes:* Third, the earlier photochemical studies have dem- M) at room temperature. The laser excitation power was 11.3 mW.

onstrated that thesg%CsHs)Fe(COYX (X = halide) complexes  spectra were obtained following photolysis at 2-min time intervals;
undergo highly efficient CO dissociation following excitation the initial spectrum was recorded prior to irradiation.

at 366 and 458 nrff . .

Photolysis Experiments. Irradiations have been performed ~FTIR spectra for 56:60% conversion (see Figure 2); on more
at 488, 515, 580, 633, and 647 nm to explore the photochemicalProlonged photolysis, the spectral data became excessively
processes taking place following excitation into the lowest- complicated by precipitation of the iodide salt. The quantum
energy absorption bands of%CsHs)Fe(CO)I. In each case, efficiency values @.;) were obtained by application of eq 2,
the photochemical transformation af¢CsHs)Fe(CO}l to form A
(7°-CsHs)Fe(COX}(n-N-pyrrolyl) (eq 1) was monitored, under —dCg/dt = @ lo(1 — 10 ™*)egbCrlAy (2)
specific experimental conditions where pyrrole (0.6 M) and ) ) )
diisopropylamine (0.6 M) were present in a substantially excess WhereCr is the concentration of the reactant complex at various

4 |
t —

2075 2050 2025 2000 1975

Wavenumber, em’

concentration relative to that of the parent complex(30-3 irradi_ation timest, lo is th_e incident light intensity per unit
M). The extent of photoconversion was determined by the Solution volume (3 mL)p s the cell path length (1 cm), and
decline in the carbonyl-stretching vibrations @ff{CsHs)Fe- Aot and eg are the absorbance of the solution and molar
(COYl at 2036 and 1993 cr# and isolation of thess-CsHs)- absorptivity at the excitation waveleng#k({s 73 M-t cm* at

Fe(COY5-N-pyrrolyl) photoproduct (see Experimental Sec- 647 nm), respectively. The valug, constitutes absorbances
tion). For excitations at 488 and 515 nm, the transformation Py Poth reactant and product complexes at each stage of the
to Fe(COYu-N-pyrrolyl) is complicated by CO dissociation ~ "€action; hence, the fractiomkbCr/Aw: represents the portion
reactions, including the formation of thg%CsHs),FexCO)- _of the abso_rbed light that_ is ab;orbed by the reactant complex
(71-N-pyrrolyl) dimer®< with a characteristic infrared absor- In the solution at any particular time. Consequently, eq 2 takes
bance at 1715 cn. Saturation of the solution with CO gas Into account the varying inner filter effects caused by the
(ca. 1x 1072 M)13 was not found to appreciably hinder the increasing light absorption of thep{CsHs)Fe(CO)(n'-N-

CO dissociative process. However, photolyses at 580, 633, andPYolyl) photoproduct throughout the reaction and it enables
647 nm were not significantly influenced by CO dissociations duantum efficiency calculatllon_s to be performed with a relatively
and the heterolytic Fel cleavage reaction was achieved |OW absorbance at the excitation wavelentttRearrangement
effectively. A representative photochemical sequence following @nd integration of eq 2 yield eqs-5.

647-nm excitation of >-CsHs)Fe(CO}! in toluene is shown

in Figure 2, illustrating logarithmic decline of the two infrared dInCp= —Dloegbl(1 — 10 /A ] dt 3)
bands over approximately 60% of reaction. The spectra did
not show such a clean transformation over more prolonged |”(Cti/Cto) = aj;:'[(l — 107A«ox)/AmT] dt 4

photolysis due to the formation of precipitate. For the same
reason the smoothest spectral conversions were observed at low
excitation powers €15 mWw).

Quantitative Photochemistry. Absolute photochemical
qguantum efficiencies®,;) for the heterolytic ligand substitution
of | by pyrrole (eq 1) in toluene have been determined following
krypton ion laser excitation at 647 nm. Typically, the photo-
chemical reaction was monitored by acquiring B¥s and

o= _q)crIOGRb )

Plots of In[(A&: — A«)/(Ac — Ax)] versus f{'o [(1 — 10 M)/
A dt, whereAo, A, andA., are the infrared absorbances of
the v(CO) bands of {{>-CsHs)Fe(CO)I throughout the photoly-
sis, were observed to yield straight lines of slape The a
value has units of reciprocal time, and coincident values were
determined following kinetic analysis at either of théCO)

(11) (a) Geoffroay, G. L.; Wrighton, M. SOrganometallic Photochemistry
Academic: New York, 1979, (b) Lees, A. Ghem. Re. 1987 87, bands at 2036 and 1993 cf Moreover, the measured

711. values were found to be unaffected by variations in the incident
(12) (a) Manuta, D. M.; Lees, A. dnorg. Chem 1983 22, 3825. (b) light intensity, illustrating that in each experiment the solution
Manuta, D. M.; Lees, A. Jinorg. Chem 1986 25 3212. (c) Zulu,  \ya5 homogeneous and exhibited a uniform absorbance through-

M. M.; Lees, A. J.Inorg. Chem 1988 27, 3325. . . . . L
(13) This value is based on the solubility of COritheptane: Lawson, D.  Out the light path at any point during the irradiation. The
D. Appl. Energy198Q 6, 241. quantum efficiency recorded for the 647-nm photolysisiSf (
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CsHs)Fe(CO)l in 293 K toluene solution is 0.38H0.02), based more metal d orbital character and the—febond order is

on a mean value of triplicate readings. This qguantum efficiency predicted to decrease; hence, the possibility exists for heterolytic

value was also found to be unaffected by the solution temper- cleavage, as is indeed observed here. Moreover, the long-

ature in the 283323 K range. wavelength photochemistry is of significance as this clearly
The relatively high photoreaction efficiency and its negligible provides an effective route to new types g#-CsHs)Fe(CO}L

temperature dependence are entirely in accordance with thecomplexes which are, in turn, valuable precursors to azafer-

above LF assignment for the long-wavelength absorbance bandsocene. Such synthetic pathways are highly desirable because

in (7°-CsHs)Fe(CO}l. Interestingly, the experimental results of the greatly increased reactivity at the metal center of

are also consistent with recent MO calculatidhsFor (;°- azaferrocene compared to ferrocéh&

CsHs)Fe(CO)CI, the HOMO orbitals are considered to be a  acknowledgment. We are grateful to the Division of

doubly degenerate set of irealogenv* orbitals. Absorption Chemical Sciences, Office of Basic Energy Sciences, Office of
of light thus causes an increase in the-&3 bond order and Energy Research, U.S. Department of Energy (Grant DE-FG02-
no heterolytic cleavage is expected. IP-CsHs)Fe(CO}l, 89ER14039), for support of this research.

however, the HOMO orbitals have been postulated to possess
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