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Syntheses and properties of the iron bisphosphi-
noethane complexes FeH,(PP), and FeHCI(PP),
[PP=R,PCH,CH,PR,, where R=Me (PP=
DMPE), Et (PP=DEPE), and n-Pr (PP =DprPE)]
are reported. The complexes can be formed by
reduction of the corresponding dichlorides
FeCL(PP), with lithinm aluminiuvm hydride in
THEF solution provided that ethanol or more acidic
reagents are not employed during the reaction
work-up. The dihydrides are notably basic com-
pounds and can be protonated reversibly by alco-
hols.

The dihydrides exist as equilibrating mixtures of
cis and trans isomers in solution. The cis isomers of
each of the dihydrides are fluxional on the NMR
timescale and NMR studies indicate that the inter-
conversion of cis isomers does not necessarily pro-
ceed via the frans isomer.
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INTRODUCTION

For studies of C—H bond activation! and com-
plexes of molecular hydrogen’ we required
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the chlorohydrido complexes FeHCI(PP), (1)
and the dihydrido complexes FeH,(PP), [PP=
R,PCH,CH,PR,, R=-CH; (PP=DMPE), R=
-CH,CH; (PP=DEPE), and R=-CH,CH,CH,
(PP=DPrPE)]. Syntheses of FeHCI(DMPE),
(1a) and FeHCI(DEPE), (1b) have been
reported, and involve reduction of the corres-
ponding dichloride complexes with lithium alumi-
nium hydride in THF solution. FeH,(DMPE),
(2a) has been prepared previously by reaction of
Fe(CgHg), with excess DMPE under a hydrogen
atmosphere,’ and by reduction of
FeHNp(DMPE), [Np=_2-naphthyl] with hydro-
gen gas.* Here we report improved syntheses and
selected properties of the halohydrides (1a-2c)
and dihydrides (2a-2c).

RESULTS AND DISCUSSION

Synthesis and properties of halohydrido
complexes FeHX(PP),

The first preparations of FeHCI(DMPE), (1a)
and FeHCI(DEPE), (1b) involved reductions of
the corresponding dichlorides® with lithium alu-
minium hydride in THF solution followed by the
addition of ethanol to decompose excess lithium

+
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aluminium hydride. In our experience, impure
products are invariably obtained when this pro-
cedure is followed and a detailed investigation of
the course of these reactions® has demonstrated
that they proceed via over-reduction of the di-
chlorides to give the corresponding dihydrides,
followed by protonation (by ethanol)® to give
intermediatc molecular hydrogen complexes
[FeH(H;)(DMPE),|* (3a) or [FeH(H,)-
(DEPE),]* (3b) in high yield. Displacement of
the weakly coordinated H, by CI™ affords the
desired chloroiron hydrides, but these are conta-
minated by dichlorides (presumably due to a
second protonation and substitution by C17).*
The required chlorohydride complexes can be
obtained in a pure form by careful reduction of
the corresponding dichlorides with lithium alu-
minium hydride. However, even with slow tit-
ration of a vigorously stirred tetrahydrofuran
(THF) solution FeCl,(DMPE), with lithium alu-
minium hydride in THF, it is not possible to form
FeHCI(DMPE), in the absence of some over-
reduction to FeH,(DMPE),. In contrast, careful
titration of a THF solution of FeBr,(DMPE),
with lithium aluminium hydride in THF effects
quantitative conversion of the dibromide to the
bromohydride FeHBr(DMPE), without detec-

table  formation of FeH,(DMPE), or
[FeH(H,)(DMPE),]*
FeHCI(DMPE),,  FeHCI(DEPE),,  and

FeHCH(DPrPE), are soluble in non-polar sol-
vents, including THF, benzene and ether.
Solubility of the chlorohydrides in light petroleum
increases with increasing alkylation:

FeHCI(DPrPE), > FeHCI(DEPE),

>FeHCI(DMPE),.

The halohydride complexes exist exclusively as
the trans stereoisomers. Each complex gives rise
to a single resonance in the 'P{'"H} NMR spec-
trum (due to four equivalent phosphorus atoms)
(Table 1), and a quintet to extreme high field in
the '"H NMR spectrum (due to the iron-bound
hydride) as expected for trans-halohydride com-
plexes. FeHCI(DMPE), and FeHCI(DEPE),
have previously been assigned as trans complexes
on the basis of their 'H NMR hydride
resonances.™

In benzene solution, compounds la—1c¢ are con-
verted to the corresponding halodeuterides by
shaking with D,0; this exchange probably occurs

Table 1 *'P and sclected 'H NMR spectral data® for haloiron
hydride complexes (1a-1¢).

6'H
Complex 6P Fe—H
FeHCI(DMPE), (1a) 70.34 —32.28 (Jpy=49.4)
FeHCI(DEPE), (1b) 89.96 —31.94 (Jpy=48.1)
FeHCI(DPrPE), (1c) 82.20 —32.04 (Jpy=48.6)
FecHBr(DMPE), 65.58 —31.30 (Jp3=50.4)

* Benzene-d, solution, 300 K. Coupling constants are in Hertz
and signs of coupling constants are not implied.

by deuteration of the chlorohydride {with D*) to
give the n°-(H—D) complexes. In contrast, the
corresponding DPPE iron halohydride complexes
[DPPE = Ph,PCH,CH,PPh,] are resistant to H/D
exchange with D,0O.

Synthesis and properties of dihydride
complexes FeH,(PP),

FeH,(DMPE), (2a) can be obtained most con-
veniently by reduction of the corresponding di-
chloride with excess lithium aluminium hydride,
provided that ethanol, or any more acidic re-
agent, is not used during the work-up. Indeed,
after the reaction mixture obtained by treatment
of FeCl,(DMPE), with excess lithium aluminium
hydride in THF is stripped of solvent and
extracted with light petroleum, removal of sol-
vent affords FeH,(DMPE), as a pale yellow solid
which is sufficiently pure for most purposes. This
material can be further purified by sublimation if
required.

Treatment of THF solutions of either
FeCL(DEPE), and FeCL(DPrPE), with excess
lithium aluminium hydride affords a dark green
mixture; this has been observed previously in the
case of FeCL(DEPE),.”™ Removal of the solvent
leaves a green, gummy residue, from which the
dihydrides FeH,(DEPE), or FeH,(DPrPE), can
be extracted with light petroleum. The green
gums which remain after the extraction are
soluble in THF and *'P NMR spectroscopy indi-
cates that they contain the molecular hydrogen
complexes  [FeH(H,)(DEPE),]* (3b) or
[FeH(H,)(DPrPE),]* (3c) as major components.
Crude FeH,(DEPE), and FeH,(DPrPE), prod-
ucts prepared in this way are yellow to pale brown
oils or waxy solids, and although these materials
have the expected 'H and *'P NMR spectra, they
contain some chlorinated impurities (probably
residual AlH,_,, Cl, species). Neither 2b or 2c
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could be obtained in an analytically pure form by
recrystallization or by sublimation.

FeH,(DEPE), and FeH,(DPrPE), can also be
formed by treatment of the chlorohydrides 1b or
Ic with n-butyllithium, cyclohexylmagnesium
bromide or potassium hydride. However,
attempted reduction of FeClL,(DEPE), or
FeCl,(DPrPE), with sodium borohydride resulted
in significant decomposition of the complexes
with formation of the phosphine-borane adducts
H,B:P(CH,CH,),CH,CH,(CH;CH,),P:BH, and
H,B:P(CH,CH,CH,;),CH,CH,(CH;CH,CH,),P:
BH,. [Authentic sampies of the phosphine—
borane adducts H,B:P(Me),CH,CH,(Me),P:BH,
(6°'P=7.30, 6"B=-38.97ppm, Jpz 55Hz in
CsD¢ solution), H;B:P(Et),CH,CH,(Et),P:BH;
(6*P=22.43, 6 "B=—-41.78 ppm, Jpz 56 Hz in
CiDg solution) and H;B:P (n-Pr),CH,CH,)-
n-Pr),P:BH; (6*'P=18.65, 6 'B=41.18 ppm,
C,;D; solution) were prepared by treatment of
THF solutions of the appropriate bisphosphine
with excess borane followed by removal of the
solvent. |

The dihydride complexes 2a-2¢ are extremely
soluble in most neutral organic solvents (THF,
benzene, pentane) but react with hydroxylic sol-
vents. The iron bis(dialkylphosphino)ethane
dihydrides arc remarkably basic and are easily
protonated with strong acid. The protonation of
the aryl-substituted complex FeH,(DPPE), with
HBF, has been reported to form the stable,
crystalline, molecular hydrogen complex
[FeH(H,)(DPPE),|*.® Complexes 2a-2c¢ are pro-
tonated even by ethanol to give solutions of the
molecular hydrogen complexes 3a-3c¢.* In a
related reaction, we have previously reported the
reaction of 2a with BH; (a Lewis acid) to form a
stable adduct with a single hydrogen atom bridg-
ing iron and boron.”

Cis/trans isomerism and fluxionality in
FeH,(PP),

FeH,(DMPE), (2a) has been assigned the cis
stereochemistry on the basis of its infrared and
NMR? spectrum, and it has been noted that the
complex is fluxional on the NMR timescale.’ In
solution, the complexes la—lc exist as equilib-
rium mixtures of c¢is and trans stereoisomers. [The
related iron dihydrides, FeH,(PPh(OFEt),,
FeH,(PPh(OMe),),, and FeH,(DEPB), [ DEPB =
1,2-bis(diethylphosphino)benzene] have been
reported to exist in solution as mixtures of cis and
trans stereoisomers.’] The *'P{'"H} NMR spectrum

(162 MHz) of FeH,(DMPE), (2a) at ambient tem-
perature is dominated by two apparent triplet
resonances, due to the four phosphorus atoms of
the cis isomer (an AA’XX’ spin system). The
hydride region of the 'H NMR spectrum
(400 MHz) of 2a at ambient temperature is a
complex multiplet (Table 2) and the shape of the
hydride multiplet does not change significantly
when the temperature is lowered to —50°C. For
FeH,(DMPE),, the trans stereoisomer is a very
minor component of the mixture.

Both the P and 'H NMR spectra of
FeH,(DPrPE), (2¢) show considerably more
exchange  broadening than  those  of
FeH,(DMPE),. At 30°C, the hydride resonance
of 2c superficially resembies a binomial quintet,
with sharp outer lines and broadened inner lines
(Fig. 1) and *'P spectrum shows only two broad
resonances (Fig. 2). At lower temperatures the
P NMR resonances sharpen and eventually
display the triplet-like multiplicity observed for
FeH,(DMPE),, while an additional resonance
(0 105.3 ppm), assigned to trans-2c, emerges
from the baseline. The resonance assigned to
trans-2¢ appears to a 1:2:1 triplet in the proton-
coupled *'P NMR spectrum and is accompanied
by a quintet resonance in the 'H NMR
spectrum at —14.396 ppm. FeH,(DEPE), exhibits
temperature-dependent *'P and '"H NMR spectra
analogous to those of FeH,(DPrPE), (Table 2).

For 2a-2c, the proportion of the frans isomer is
relatively minor and the relative stability of the

Table 2 *'P and selected 'H NMR Spectral Data® for Iron
Dihydride Complexes 2a—2¢

6'H
Complex 4%p Fe-H
cis-FeH,(DMPE),; 76.44, 66.90 ~13.95
cis-2a" (splitting 27.5)"
trans-FeH,(DMPE),; 77.23 ~17.93
trans-2a‘ (Jou=137.8)
cis-FeH,(DEPE),; 102.35, 89.11 —-14.65
cis-2b° (splitting 20.5)°
trans-FeH,(DEPE),; 111.66 ~14.02
trans-2b? (Jp=40.3)
cis-FeH,(DPIPE),; 97.16, 83.83 1472
cis-2¢¢ {splitting 19.6)°
trans-FeH,(DPrPE),; 105.30 ~14.40
trans-2¢® (Jp=40.3)

“ Coupling constants are in Herz and signs of coupling con-
stants are not implies. ° In benzene-d; solution, at 300 K. ¢In
isopropanol solution at 300K. ‘In toluene-d, at 220K.
¢ Apparent triplets.
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Figure 1 Temperature dependence of the hydride region of
the '"H NMR spectrum of FeH,(DPrPE), (2¢) (400.1 MHz,
toluene-d, solvent).
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Figure 2 Temperature dependence of the *'P NMR spectrum
of FeH,(DPrPE), (2¢) (162.0 MHz, toluene-d; solvent).

trans isomer apparently increases with the length
of the alkyl chains substituted on phosphorus.
This would be consistent with increased destabil-
ization of the cis stereoisomers with increasing
steric demand of the phosphine substituents. For
20 mm solutions of FeH,(DEPE), in THF, pen-
tane, or toluene at —50°C, the rfrans isomer ac-
counts for about 3% of the total dihydride, while
for similar solutions of FeH,(DPrPE),, the trans
isomer accounts for 10-25% of the total dihyd-
ride (at —50°C). For FeH,(DPrPE),, the cis:trans
ratio displays a marked solvent dependence, with
the proportion of the trans isomer ranging from
10% in pentane to 15% in THF and 25% in
toluene (form 20 mmMm solutions at —50°C). The
presence of the trans isomer of FeH,(DMPE), (ca
5%} was only detected in isopropanol solution.

The temperature dependence of the P NMR
spectra of both FeH,(DEPE), and FeH,(DPrPE),
suggests that there is exchange between the cis
and trans isomers on the NMR timescale. At 0°C,
for 2a—2c, selective saturation of the *'P reso-
nance due to the trans isomer caused a reduction
in the intensity of both of the resonances of the cis
isomer, by saturation transfer. Selective satura-
tion of either of the *'P resonances of the cis
isomer at 0°C results in the removal of the other
resonance of the cis isomer, as well as the reso-
nance due to the trans isomer. Although these
results clearly demonstrate exchange between the
cis and trans isomers of 2a-2c¢ on the NMR
timescale, lineshape analysis of the exchange-
broadened *P NMR spectra as well as quantita-
tive saturation transfer experiments indicate that
the observed exchange between the degenerate
cis isomers is too rapid to proceed entirely via the
trans isomers and therefore there must be an
additional pathway (or additional pathways) for
direct cis € cis isomerization.’

CONCLUSIONS

The complexes FeH,(PP), and FeHCI(PP), can
be formed by reduction of the corresponding
dichlorides FeCl,(PP), with lithium aluminium
hydride in THF solution, provided that ethanol or
more acidic reagents are not employed during the
rection work-up. The dihydrides are notably basic
compounds and can be protonated reversibly by
alcohols.

The dihydrides exist as equilibrating mixtures
of cis and trans isomers in solution. The cis
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isomers of each of the dihydrides are fluxional on
the NMR timescale and NMR studies indicate
that the interconversion of cis isomers does not
necessarily proceed via the trans isomer.

EXPERIMENTAL

3P NMR spectra were recorded at 162 MHz, from
benzene-d, solutions, at ambient temperature.’'P
chemical shifts (8) are in ppm, and were meas-
ured using cxternal, ncat, trimethyl phosphite
(taken as & 140.85) as a reference. 'H NMR
spectra were recorded at 400 MHz, 'H chemical
shifts (0) are in ppm, and were referenced using
residual solvent signals. Coupling constants arc in
Hz and signs of coupling constants are not
implied.

FeBr,(DMPE),," FeClL,(DMPE),," FeCl,-
(DEPE),,"! FeCL(DPrPE),,"® and anhydrous
FeCl,”? were synthesized by literature methods.

FeHCI(DEPE]), (1b)

A solution of FeCl,(DEPE), was prepared in situ
by stirring a mixture of anhydrous FeCl, (1.33 g,
10.5 mmol) and DEPE (4.325¢g, 21.0 mmol) in
THF (180 mi) for several hours. This solution was
titrated with a solution of lithium aluminium hy-
dride (ca 0.3m in THF) until no FeClL,(DEPE),
remained. The solvent was removed under
reduced pressure, the residue was extracted
exhaustively with hot light petroleum, and the
combined extracts were filtered while hot.
Concentration of the filtrate afforded pure
FeHCI(DEPE), (1b) as dark red needles
(3.07 g,58%), m.p. 154.5-157.5°C (dec.) [lit.”
154.5-155.5°C (dec)].

Analysis: Caled for FeCIP,CyHyo: C, 47.59; H,
9.78; P, 24.54. Found: C, 48.0; H, 10.1; P,
24.4%.

'H {*'P} NMR (benzene-dy 25°C) ¢ 0.850 (12H,
dd,J 7.6 and 7.6, 4 X CH;), 1.136 (4H, dq, J 14.7
and 7.6, 4xCH,-CH\Hy-), 1.139 (12H, dd,
J 7.6 and 7.6, 4xCH;), 1397, 1.778
(8H, 2XAA'XX', Jasx.=+6.5, J,o=+6.6,
Jax=Jax =485, Jag=Jax=-133, 2x
P-CH,CH,-P), 1.707 (4H, dq, J 14.7 and 7.6,
4x CHy-CHnHp-), 1.753 (4H, dq, J 14.7 and 7.6

-)’
4% CH;-CHAHg-), —31.938 (1H, s, Fe-H) ppm.

FeHCI{DPrPE), (1¢)

FeHCI(DPrPE), was prepared by treatment of a
mixture of iron(Il) chloride (1.02 g, 8.05 mmol)
and DPrPE (4.14 g, 15.8 mmol) in THF (100 ml)
with a solution of lithium aluminium hydride,
according to the procedure used for
FeHCI(DEPE),. Pure FeHCI(DPrPE), (1¢) was
obtained from light petroleum as red cubes
(1.00 g, 27%), m.p. 143-144°C (dec.).

Analysis Caled for FeCIP,CxHgs: C, 54.51; H,
10.62; P, 20.08. Found: C, 54.8; H, 10.6; P,
19.9%.

FeHBr(DMPE),

FeHBr(DMPE), was prepared by reduction of a
solution of FeBr,(DMPE), (0.44 g, 0.85 mmol) in
THF (60ml) with lithium aluminium hydride
according to the procedure wused for
FeHCI(DMPE),. Pure FeHBr(DMPE), was
obtained from light petroleum as orange plates
(0.16 g, 37%), which decomposed without melt-
ing at temperatures above 220°C.

Analysis: Caled for FeBrP,C;H;;: C, 32.98: H,
7.61; P, 28.35. Found: C, 33.1; H, 7.8; P, 28.3%.

FeH,(DMPE), (2a)

A solution of FeClL,(DMPE), (1.228¢,
2.88 mmol) in THF (60 ml) was titrated with a
solution of lithium aluminium hydride (0.3 M in
THF) until no FeCL(DMPE), or FeHCl(DMPE),
remained (as determined by 'H and *'P NMR
spectroscopy). The mixture was stripped of sol-
vent under vacuum, and the residue extracted
exhaustively with hot light petrolcum. The com-
bincd light petroleum extracts were filtered and
stripped of solvent. Sublimation of the residue
(50°C/107°mm) onto a cold finger (—78°C)
afforded FeH,(DMPE), (2a) as a pale yellow
powder (0.466 g, 45%) m.p. 80-81°C (dec.).

The residue which had been previously
extracted with light petroleum was suspended in
THF (5 ml) and diluted with pentane (5 ml). The
mixture was filtered and stripped of solvent, and
the resultant solid sublimed to afford additional
FeH,{DMPE), (0.194 ¢, 19%).

FeH,(DEPE), (2b) and FeH,(DPrPE), (2c)

Potassium hydride (45 mg, 1.12 mmol) was added
to a solution of FeHCI(DEPE), (1b) (101 mg,
0.200 mmeol) in 2:1 THF/DMF (15 ml), and the

~mixture stirred for 18 h. The pale yellow mixture
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was filtered and stripped of solvent under
vacuum, and the resulting cream-coloured resi-
duc was extracted with pentane (3x2ml). The
combined extracts were filtered and evaporated
under reduced pressure, to afford FeH,(DEPE),
(1b) (95 mg, 100%) as a pale oil which partially
solidified on standing. The product was shown to
be essentially pure by 'H and P NMR, and was
used without further purification.

In an analogous experiment, treatment of
FeHCI(DPrPE), (60 mg, 0.097 mmol) with potas-
sium hydride (55mg, 1.37mmol) in 2:1
THF/DMF (10 ml) afforded FeH,(DPrPE), (l¢)
as a pale yellow oil (56 mg, 100%), which par-
tially crystallized on standing.
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