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Synthesis and Characterization of
CpFe(CO)(EPh;)SeSO,R (E=P, As, Sh)

Mohammad El-khateeb,! Tara Obidate,!

and Mousa Al-Noaimi?

IChemistry Department, Jordan University of Science and Technology,
Irbid, Jordan

2Chemistry Department, Faculty of Science, The Hashemite University,
Zarka, Jordan

Photolytic substitution reactions of the iron selenosulfonate complexes
CpFe(CO)2SeSO2R with EPhg produces the monosubstituted complexes
CpFe(CO)(EPh3)SeSOsR [E = P (a), As (b), Sb (¢c); R = Cs4Hj5 (1), 4-CH3CsHy
(2), 4-CH30CsH ;(3)] in good yields. Complexes 1-3 were characterized by spectro-
scopic techniques and elemental analysis.

Keywords Complexes; iron; selenium; selenosulfonate; substitution; triphenylarsine;
triphenylphosphine; triphenylstibine

INTRODUCTION

The substitution reactions of the iron complexes Cp'Fe(CO):X (Cp’' =
CsHj5, CsMes, CsHyBu!, CsH3(Buf)e; X = alkyl, aryl, silyl, thiocarboxy-
late, selenocarboxylate) with EPhg (E=P, As, Sb) ligands have been
investigated thoroughly.!™1° These reactions were found to give a va-
riety of products such as CpFe(CO)(EPh;3)X, [CpFe(CO)2(EPh3)IX, or
[CpFe(EPh;3)3]X depending on the reaction conditions.™10

Our research group has been interested in photolytic CO-
substitution reactions of the iron thiocarboxylate complexes
(Cp'Fe(CO);SCOR)."112 The reactions of the latter iron complexes
with EPhs ligands were reported to produce the monosubsti-
tuted complexes Cp'Fe(CO)EPh3)SCOR.” The disubstituted prod-
ucts (Cp'Fe(EPh3)sSCOR) were never obtained in these reactions.”
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The effects of Cp-substituents, the R-group of the thiocarboxylate
ligands, and the donor atom of the EPhg ligands on the rate of
these reactions have been reported.” However, the analogous reac-
tions with bis(diphenylphosphino)alkane ligands (PhoP(CHy),PPhs;
n = 1-6) gave the monosubstituted complexes CpFe(CO)(xP—
PheP(CHs),PPhy)SCOR for n = 1-6 and the disubstituted complexes
CpFe(k?P,P-PhyP(CH;),PPhy)SCOR only for n= 1 and 2.112 The
reactions of the selenocarboxylate complexes CpFe(CO)2;SeCOR with
EPh3 have been also reported to give the mono-substituted complexes
CpFe(CO)(EPh3)SeCOR.M

The importance of selenosulfonate group in organic synthesis!®
prompted us to make complexes containing this ligand, which
are rare in the literature. The iron selenosulfonate complexes
CpFe(CO)2SeSOsR  have been made by the reaction of (u—
Se)[CpFe(CO)sly with sulfonyl chlorides.!* The tungsten analogues
CpW(CO)3SeSOsR were made by the reaction of the tungsten anions
CpW(CO)3Se™ with sulfonyl chlorides.'®

Here we report the synthesis of the substituted iron selenosulfonate
complexes CpFe(CO)(EPh3)SeSOsR from the photolytic reaction of the
parent dicarbonyl complexes (CpFe(CO)2SeSO2R) with EPhg ligands.

RESULTS AND DISCUSSION

The photolytic reaction of CpFe(CO);SeSOsR with triphenylphos-
phine, triphenylarsine, or triphenylstibine gave the corresponding
CO-substituted complexes CpFe(CO)(EPh3)SeSO3R (1-3) as shown in
Scheme 1.

= =

L AL hv | QAP
N\
Fe .S, + EPhy — > Fe. _S. + CO
OC/| \Se/ \R 3 OC/ \Se \R

co EPh,
R = Ph (1), 4-CH;CgH, (2), 4-CH;0CsH, (3)
E=P (a), As (b), Sb (¢)

SCHEME 1

The complexes 1-3 are stable in the solid state, but are sensi-
tive in solution. Complexes 1-8 were characterized by IR and 'H
NMR spectroscopy and by elemental analysis. The IR spectra of these
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complexes exhibit one very strong band for the terminal carbonyl
group in the range of 1955-1967 cm~!. These bands are at higher fre-
quency than those reported for the corresponding selenocarboxylates
CpFe(CO)(EPh3)SeCOR (1941-1957 cm~1).1° This shift might be at-
tributed to lower electron density around the iron atom in complexes
1-3 compared to the corresponding selenocarboxylate complexes. The
IR bands appear at lower frequency than the corresponding bands for
the parent dicarbonyl complexes, which exhibit two bands in the ranges
of 2038-2043 and 1993-1999 cm~!.4 A similar shift was observed for
the thiocarboxylate system.”'6:17 This shift may be due to the weak 7—
acceptor property of the incoming EPhg ligand compared to that of the
leaving CO ligand. The S=0 stretching bands appear in the IR spectra
of 1-3 as two strong bands in the ranges of 1260-1268 and 1110-
1124 cm~!. These bands are in good agreement with those reported
for CpFe(C0O)2SeSO,R™ and other complexes containing seleno- and
thiosulfonate groups.!5:18.19

In the 'H NMR spectra of 1-3 in CDCls, the protons of the cy-
clopentadienyl ligand appear as one singlet in the range of 4.62—4.88
ppm. This resonance is at higher field compared to that of the start-
ing dicarbonyl complexes CpFe(C0O)2SeSO.R (5.19-5.24 ppm).'* This
shift is consistent with an increase of the electron density around the
Fe center by substitution of one carbonyl group by the EPhg ligand.
The proton chemical shift for the Cp substituent in 1-3 is similar
to that observed for the corresponding selenocarboxylate complexes
CpFe(CO)(EPh3)SeCOR (4.61-4.87 ppm).1° The 'H NMR signals of the
R groups and the EPhs ligands are present in the spectra with the
expected multiplicity and integral ratio.

Table I shows the reaction times for the substitution reactions. The
data indicate that the reaction time decreases in the order of C¢gHs >
CsH4CH;3 > C4H,OCHs;. The data also show that the reaction times for
the reactions reported in this study are shorter than those for the

TABLE I Reaction Times for the Reaction of CpFe(C0),SeSO:;R with
EPh;

Reaction times (min)

ER P As Sh
CeHs 80 85 70
4-MeCgH, 110 110 115

4-MeOCgHy 120 115 115
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reactions of the selenocarboxylate complexes.!® This is due to the
weaker Fe-CO bond in CpFe(CO)3SeSO2R compared to the analogous
bond in the selenocarboxylate complexes.

EXPERIMENTAL

Reactions and manipulations were carried out under an inert atmo-
sphere of nitrogen using standard Schlenk line techniques. Tetrahy-
drofuran and hexane were dried over sodium/benzophenone and were
distilled under nitrogen prior to use. Methylene chloride was distilled
over P305. The complexes CpFe(CO)2SeSO2R were prepared using a
published method.!* The reagents EPhs, [CpFe(CO)sls, the sulfonyl
chlorides, and elemental selenium were obtained from Acros and were
used as received.

NMR spectra were recorded with a Bruker 80 MHz spectrometer.
Chemical shifts are in ppm relative to TMS as external standard. IR
spectra were recorded on a Nicolat Nexus FT-IR spectrometer using
NaCl solvent cells. Elemental analyses were performed in the Lab-
oratoire d’Analyse Elémentaire, Université de Montréal, Montréal,
Québec, Canada. Melting points were measured with an electrothermal
melting point apparatus and are uncorrected. The photolytic reactions
were carried out with a medium pressure mercury lamp (150 W) and a
quartz immersion cell.

General Procedure for the Preparation of
CpFe(CO)(EPh;3;)SeSO,R (1-3)

A THF solution of CpFe(CO)2SeSO2R (0.50 mmol) and EPhg (0.51
mmol) is irradiated by UV light at 0°C until the disappearance of
the bands in the range of 2038-2043 cm~'and 1993-1999 cm~! and
the appearance of a single band in the range of 1955-1967 cm~!. The
volatiles were removed under reduced pressure and the resulting solid
was redissolved in a minimum amount of CH;Cly and transferred to
a silica gel column made up in hexane. The column was first eluted
with hexane to remove any unreacted EPhg ligand. Elution with hex-
ane/dichloromethane solution (3:1) gives a dark red band of the prod-
ucts. The products were recrystallized from dichloromethane/hexane.

CpFe(CO)(PPh;)SeS0O,CsHs (1a)

Yield, 0.44 g, 55%. Mp 126-128°C. IR (CH3Cly, cm™1): v = 1959
(s) (C=0), 1260 (s), 1119 (s) (SOz). 'H NMR (CDCly): § = 4.65 (s,
5H, CsHs), 7.83 (m, 15H, PPh3), 7.85 (m, 5H, CsHj5). Anal. Caled. for
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Cs3oHosFeOsPSSe: C, 57.07; H, 3.99; S, 5.08. Found: C, 56.58; H, 4.03;
S, 5.23%.

CpFe(CO)(AsPh;)SeSO,Cs;H; (1b)

Yield, 0.38 g, 45%. Mp 179-180°C. IR (CH3Cly, ecm™1): v = 1957 (s)
(C=0), 1261 (s), 1119 (s) (SOz). 'H NMR (CDCl3): § = 4.80 (s, 5H,
CsHs), 7.80 (m, 15H, AsPhs), 7.87 (m, 5H, CgHjs). Anal. Calcd. for
C3oHosFeO3AsSSe: C, 53.36; H, 3.73; S, 4.75. Found: C, 53.04; H, 3.86;
S, 5.01%.

CpFe(CO)(SbPh3)SeSO,CzH; (1c)

Yield, 0.51 g, 65%. Mp 146-148°C. IR (CH,Cly, cm™1): v = 1957 (s)
(C=0), 1261 (s), 1119 (s) (SOz). 'H NMR (CDCl3): § = 4.85 (s, 5H,
CsHs), 7.54 (m, 15H, SbPhs), 8.20 (m, 5H, C¢Hs). Anal. Calcd. for
C3oHosFeO3SbSSe: C, 49.90; H, 3.49; S, 4.44. Found: C, 48.95; H, 3.25;
S, 5.09%.

CpFe(CO)(PPh3)SeSO,(4-MeCsH,) (2a)

Yield, 0.35 g, 45%. Mp 84-85°C. IR (CHyCly, cm™1): v = 1967 (s)
(C=0), 1264 (s), 1124 (s) (SO3). '"H NMR (CDCls): § = 2.46 (s, 3H, CHj),
4.62 (s, 5H, C5Hs5), 7.76 (m, 15H, PPhg), 7.79 (m, 4H, C¢H,4). Anal.
Calcd. for C3;Hy7FeO3PSSe: C, 57.69; H, 4.22; S, 4.97. Found: C, 57.13;
H, 4.05; S, 5.09%.

CpFe(CO)(AsPh;)SeSO,(4-MeC;H,) (2b)

Yield, 0.42 g, 50%. Mp 61-62°C. IR (CHyCly, cm™1): v = 1965 (s)
(C=0), 1265 (s), 1117 (s) (SOy). 'TH NMR (CDCls): § = 2.39 (s, 3H,
CHj), 4.86 (s, 5H, C5Hs), 7.43 (m, 15H, AsPhs), 7.84 (m, 4H, CgHy).
Anal. Caled. for C31Hy7FeO3AsSSe: C, 54.01; H, 3.95; S, 4.65. Found: C,
53.67; H, 3.95; S, 5.11%.

CpFe(CO)(SbPh;)SeSO,(4-MeCzH,) (2¢c)

Yield, 0.58 g, 65%. M.p. 64—65°C. IR (CHCly, cm™1): v = 1955 (s)
(C=0), 1261 (s), 1110 (s) (SOy). 'H NMR (CDCls): § = 2.39 (s, 3H,
CHsj), 4.88 (s, 5H, CsHs), 7.79 (m, 15H, SbPhs), 8.84 (m, 5H, CcHs).
Anal. Caled. for C31Ho7FeO3SbSSe: C, 50.58; H, 3.70; S, 4.36. Found: C,
49.81; H, 3.52; S, 4.48%.

CpFe(CO)(PPh3)SeSO,(4-MeOCzH,) (3a)

Yield, 0.36 g, 47%. Mp 72-73°C. IR (CH3Cly, cm™1): v = 1967 (s)
(C=0), 1267 (s), 1119 (s) (SO2). 'H NMR (CDCl3): § = 2.46 (s, 3H, CH3),
4.62 (s, 5H, CsHs5), 7.76 (m, 15H, PPhg), 7.79 (m, 4H, C¢Hy4). Anal.
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Calced. for C31Ho7FeO4PSSe: C, 56.30; H, 4.11; S, 4.85. Found: C, 56.14;
H, 4.00; S, 4.26%.

CpFe(CO)(AsPh;)SeS0O,(4-MeOC;H,) (3b)

Yield, 0.45 g, 54%. Mp 84-86°C. IR (CH,Cly, cm™1): v = 1966 (s)
(C=0), 1268 (s), 1117 (s) (SOy). 'H NMR (CDCls): § = 2.39 (s, 3H,
CHg), 4.66 (S, 5H, C5H5), 7.43 (m, 15H, ASPhg), 7.84 (m, 4H, CGH4).
Anal. Caled. for C31Ho7FeO4AsSSe: C, 52.79; H, 3.86; S, 4.55. Found: C,
52.52; H, 3.45; S, 4.12%.

CpFe(CO)(SbPh3;)SeS0O,4-MeOC;H,) (3c)

Yield, 0.60 g, 68%. Mp 66—-67°C. IR (CH,Cly, ecm™1): v = 1957 (s)
(C=0), 1267 (s), 1119 (s) (SO2). 'H NMR (CDCly): § = 2.43 (s, 3H,
CHs3), 4.70 (s, 5H, C5Hj5), 7.81 (m, 15H, SbPhg), 8.84 (m, 5H, CgHs).
Anal. Caled. for C31Ho7FeO4SbSSe: C, 49.50; H, 3.62; S, 4.26. Found: C,
49.61; H, 3.42; S, 3.88% .
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