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Summary

Kinetic data for the exchange of 1,3-cyclohexadiene with (7*-benzyl-
ideneacetone)Fe(CO),L complexes (L = CO, PPh; Me, (x = 0-2) or P(OPh),) to
give (9*-1,3-cyclohexadiene)Fe(CO),L derivatives indicate a mechanism involving
stepwise competing D and I, opening of the ketonic M—CO #-bond. Rates increase
in the order CO > PPh, = P(OPh), > PPh,Me > PPhMe,, and both steric and
electronic factors appear to be important. (7*-1,3-cyclohexadiene)Fe(CO),L com-
plexes of potential use in enantioselective synthesis (L =.(+)-Ph,P(menthyl) or
(+)-Ph,PCH,CH(Me)Et) may be prepared via their (n*-benzylideneace-
tone)Fe(CO),L complexes.

Introduction

One of the notable successes in the organometallic chemistry of iron is the utility
of tricarbonyliron complexes in organic synthesis [la-1c]. Not only does the
tricarbonyliron moiety function as a protecting group, but it also promotes high
stereo- and regiospecificity in reactions of its complexes. One primary difficulty has
been the high temperatures and the resultant mixtures formed in the synthesis of
(n*-diene)Fe(CO), complexes from Fe(CO)s;. One alternative method which has
received some attention is the exchange reaction under mild conditions of more
labile (7*-enone)Fe(CO), complexes
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developed initially by Lewis and coworkers [2], and later workers have demonstrated
particularly the marked selectivity of this reaction in the trapping of tautomeric
polyenes [3a-3d]. We [4a,4b] and others [3c] have investigated this reaction kineti-
cally and found that the results are most consistent with a stepwise exchange in
which the rate-determining step involves competing D and /, opening of the ketonic
M-CO bond *.

Recently, related (7*-enone)Fe(CO), L complexes (L = PPh,, P(OPh),) have been
synthesized and shown to undergo exchange with 1,3-cyclohexadiene (chd) to give
(chd)Fe(CO), L complexes in good yields [5]. From a kinetic point of view, this
provides an ideal opportunity for the study of the influence of auxiliary ligand on
the rates and mechanism of this reaction. From a synthetic point of view, this
reaction may prove valuable in producing useful (diene)Fe(CO),L complexes and,
inter alia, [(n’-dienyl)Fe(CO),L]X salts. The little that is known shows that the
reactivity of such derivatives can be significantly different from that of their
tricarbonyl analogues. Thus, acetylation of (chd)Fe(CO),PPh, proceeds in better
yield than that of (chd)Fe(CO), [6], while the observed position of nucleophilic
attack on [(n’-cycloheptadienyl)Fe(CO),PPh,]* is modified relative to that of its
tricarbonyl analogue [7a, 7b].

The results of these kinetic studies are reported in this article, together with some
synthetic results of relevance in the possible use of these complexes in enantioselec-
tive synthesis. During the course of this work, these (7*-enone)Fe(CO),L complexes
have also revealed interesting structural and fluxional properties which are described
in the preceding paper in this journal [8].

Results and discussion

(a) Kinetics

The reactions shown below were examined kinetically in toluene (L = CQO), in
100-120 petroleum ether (L = CO, PPh,, P(OPh);), or 120-160 petroleum ether
(L = PPh,Me) at the temperatures given in Table 1. The substrate complexes
(7*-bda)Fe(CO);, (n*-bda)Fe(CO),L (bda = benzylideneacetone (trans-4-phenyl-3-
buten-2-one), L = PPh,, PPh,Me, PPhMe,, P(OPh),) and (n*-cinn)Fe(CO),PPh,
(cinn = cinnamaldehyde (trans-3-phenylpropenal)) were prepared as described [8].
The product (chd)Fe(CO),L complexes (L = PPh,, PPh,Me, P(OPh); were pre-
pared on a synthetic scale and characterized by microanalysis and spectroscopy (see
Experimental section).

R R
/Y s a
Ph /' \o + © — @—Fe(co),L + pPht \o
Fe(co),L
L= CO, PPhy, PPh,Me, P(OPh), ; R=Me
L=PPh,; R=H
The reactions were conveniently monitored by infrared spectroscopy using the

method described in the Experimental section; although all product and substrate

* D and I; mean dissociative and interchange dissociative, respectively. For an explanation, see J.A.S.
Howell and P.M. Burkinshaw, Chem. Reviews, 83 (1983) 557.
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TABLE 1

OBSERVED RATE CONSTANTS FOR REACTION OF (bda)Fe(CO),L COMPLEXES WITH
1,3-CYCLOHEXADIENE

L Solvent Temp. [chd] 10%k .
(o) (mol dm~?) s™hH
Cco toluene ¢ 70.2 0.049 10.9 11.2
0.098 14.8 152
0.196 20.7 19.7
0.392 236 24.0
0.539 25.5 25.5
0.637 25.0 25.6
0.735 25.9 25.7
0.882 26.4 26.9
co 100-120 70.4 0.025 10.5 110
petroleum 0.049 13.0 12.7
ether 0.098 17.4 17.7
0.196 23.2 226
0.270 25.2 26.4
0.319 26.6 26.0
0.368 26.6 27.5
0.441 28.2 28.7
PPh, 100-120 70.1 0.058 0.34 0.34
petroleum 0.116 0.39 0.39
ether * 0.173 0.46 0.44
0.231 0.43 0.46
0.289 0.46 0.47
P(OPh), 100~-120 70.1 0.025 0.24 0.24
petroleum 0.049 0.31 0.34
ether 0.098 0.40 0.38
0.147 0.41 0.43
0.245 0.43 0.44
0.294 0.48 0.46
0.343 0.48 0.48
PPh,Me 120-160 91.2 0.025 0.16 0.16
petroleum 0.049 0.20 0.20
ether 0.098 0.26 0.26
0.147 0.29 0.28
0.196 0.31 0.30
0.245 0.34 0.36
0.294 0.38 0.38

“ [(bda)Fe(CO);] 4.9%x 1072 mol dm 3. ? [(bda)Fe(CO), L] 2.45x 10~ > mol dm 3.

absorptions are well separated, k_,, values were determined by monitoring of the
disappearance of the highest frequency CO absorption of the (bda)Fe(CO),L
complexes (L = CO, 2065 cm™'; L = PPh,, 2000 cm™'; L = PPh,Me, 1995 cm™};
L = P(OPh),, 2014 cm ™). Values of k_, are tabulated in Table 1, while plots of k_,_
against [chd] are shown in Figs. 1 and 2.

Although exchange using (bda)Fe(CO), is quantitative, reactions using the phos-
phine and phosphite derivatives are not quite so. Infrared calibration at the end of
the reaction using solutions of known concentration shows that in addition to
(chd)Fe(CO),PPh, (91% yield), (chd)Fe(CO); (4%) is also formed. The remaining
5% is attributed to the formation of decomposition products which appear as a
brown film on the walls of the reaction vessel. Essentially similar figures are
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observed for (bda)Fe(CO),P(OPh);; for (bda)Fe(CO),PPh,Me, which was studied
at higher temperature, an 86% yield of (chd)Fe(CO),PPh,Me and a 9% yield of
(chd)Fe(CO), are observed. In no reaction are infrared bands attributable to any
intermediate observed.

Within the limits of reproducibility of the experiments, the ratio of
(chd)Fe(CO),PPh, to (chd)Fe(CO); is independent of the concentration of chd
used. Although this ratio can provide information relevant to the mechanism, its
insensitivity (at least in the absence of added CO) to changes in the amount of
(chd)Fe(CO), produced, together with the need for measurement at completion of
reaction (thus reflecting any differential rate of decomposition of (chd)Fe(CO),PPh,
and (chd)Fe(CO),) limits its value in the present case.

The following observations are also relevant to the mechanistic discussion pre-
sented in section (b):

(i) In the absence of chd, (bda)Fe(CO),PPh, (2.45 X 103 mol dm?) slowly
decomposes thermally at 70°C in 100-120 petroleum ether (¢, ,, = 3 d) to give a 30%
yield of (bda)Fe(CO),. This may be compared with the half-life for the slowest
exchange reaction of this complex of about 6 h.

40’—

-1

10* kobs/ s

"/, 0O L=CO (100-120 pet. ether)
A L=CO (toluene)
» L=PPh;(100-120 pet.ether)

0 1 2 3 4 5 6 7 ] 9 10
10 [chd] , mot dm™3

Fig. 1. Plot of k_,, against [chd] for reaction of (bda)Fe(CO),L with chd (L = CO, PPh;).
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Fig. 2. Plot of k,,; against [chd] for reactions of (bda)Fe(CO),L with chd (L = PPh,, P(OPh);, PPh,Me).

Under one atmosphere of CO and in the absence of chd, thermolysis provides an
80% yield of (bda)Fe(CO),, with the rate of disappearance of substrate being much
faster than the value obtained in the absence of CO. No infrared detectable
quantities of Fe(CO),PPh; or Fe(CO); are formed.

The PPh,Me and P(OPh), complexes decompose in a similar fashion at the
temperature of their exchange reactions with rates in the order PPh,Me < P(OPh),
< PPh,; (bda)Fe(CO),PPhMe, shows no decomposition at 90°C over a period of
days and in the presence of chd, shows no detectable exchange to give
(chd)Fe(CO),PPhMe,.

(i1) (bda)Fe(CO),PPh, reacts with chd under one atmosphere of CO at 70°C to
give exclusively (chd)Fe(CO),. Although no (bda)Fe(CO), can be detected by
infrared sampling, the rapid reaction of (bda)Fe(CO), with chd to give (chd)Fe(CO),
at this temperature may be noted.

(iii) Variations in entering and leaving groups have been investigated. Although
(bda)Fe(CO),PPh, reacts with both 1,3,5-cycloheptatriene (chpt) and 1,3,5,7-
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cyclooctatetraene (cot) to give (n*-diene)Fe(CO),PPh; complexes, the reactions are
sufficiently slow (compared to that using chd) that greatly increased substrate
decomposition makes kinetic monitoring unhelpful. Although (cinn)Fe(CO),PPh;,
reacts more slowly with chd than its bda analogue to give (chd)Fe(CO),PPh,, the
larger amounts of (chd)Fe(CO), also formed preclude any kinetic investigation.
Qualitatively, the ordering of rates for the exchange bda > cinn is the same as that
observed in the kinetically well behaved reactions of the (n*-enone)Fe(CO), com-
plexes [2].

(b) Mechanism
A mechanism which best explains these qualitative and quantitative data is shown
in Scheme 1.

Me Me
k
LN 6 th
Ph‘//iy\QO s Ph_//\_/\g) + L X+ co + pr%due;ts
Fe(CO),L Fe(co),
(o)
ky
P
-chd 1"+chd Me
p,,f/\%\o
Fe(CO),L k
k-2 ! Me
f_<“e ~chd_= (8) +c}\ ~
o /\\o (c) .chd Ph 0
Fe(CO),1 Fe(CO),
/
fast
© Ky /chd
(chd)Fe(CO),L + bda (chd)Fe(CO), + bda
SCHEME 1

The small amounts of (chd)Fe(CO), that are formed in the absence of added CO
are proposed to arise by a decomposition which proceeds via phosphine dissociation
to yield intermediate D; decomposition of D, followed by the reaction of the
released CO with (bda)Fe(CO), L, gives (bda)Fe(CO), which under the conditions of
temperature and concentration of chd used, rapidly yields (chd)Fe(CO);. Phosphine,
rather than enone dissociation via intermediate B, is preferred as the thermolytic
pathway for the following reasons:

(i) The ratio of (chd)Fe(CO), decomposition products (91/9) in the exchange
reaction is about the same as the ratio of the half-life of the exchange reaction to the
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half-life of the decomposition in the absence of chd (92/8). If both decomposition
and exchange proceeded through intermediate B, one might expect some suppression
of the decomposition in the presence of chd.

(ii) The ordering of the rates of decomposition PPh, > PPh,Me > PPhMe, paral-
lels that found for phosphine dissociation in the octahedral cis-Mo(CO),
(PPh, Me;_,), series (x = 1-3) [9a,9b].

Formation of (bda)Fe(CO), and inter alia, (chd)Fe(CO), via reaction of CO with
intermediate B rather than D is preferred for the following reasons:

(i) Reaction of (bda)Fe(CO),PPh; with chd under one atmosphere of CO results
in exclusive formation of (chd)Fe(CO),. This most probably results from an effective
competition of CO with chd for intermediate B. Although the situation is com-
plicated by the complex nature of the rate law, data from other reactions do suggest
at least some discrimination; k,/k_, values have been determined for the reaction

5

kl
(PhCH=CH, Fe(CO), = Fe(CO), + PhCH=CH,

- +L

Fe(CO),L

where L = CO and methyl acrylate [4a,10). Assuming a constant value of k_,, the
value of k,(CO)/k, (methyl acrylate) is approximately two.

(ii) Reaction of the related Schiff base complex (n*-PhCH=CHCH=
NPh)Fe(CO),AsPh, with CO also yields exclusively (7%*PhCH=CHCH=
NPh)Fe(CO), [11] and the kinetic results are completely consistent with a rate-de-
termining formation of an N-bound (%*-PhCH=CHCH = NPh)Fe(CO), AsPh, inter-
mediate analogous to B of Scheme 1. The data also indicate that coordination of CO
to this N-bound intermediate is much favoured relative to rechelation, as k_,/k,
0.054 mol dm~? for this complex.

Since the amount of decomposition is small in the absence of added CO, we have
treated the kinetic data solely on the basis of the exchange pathway of Scheme 1
(i.e., k5, k_5, kg and k,=0). The exchange pathway may be seen to involve
competing reversible dissociative and 7, formation of intermediate C which is
irreversibly transformed into (chd)Fe(CO),L. This mechanism is exactly that pro-
posed for the diene exchange of (bda)Fe(CO); [4a). Steady state treatment of
intermediates B and C yields the rate law

kg[chd]

—d[s]
k., + kg[chd]

S =[]k, [chd] +

where S = (bda)Fe(CO),L

and thus

kglchd]

k, =k |chd] + ——
s = K[ chd] k, + k[chd]

where

ka = k3ka/(k—a + k3)

_ k3(k1k2k—a +kikoks — kak—Zk—l)
h k_,+k,

k,=k_.k_+k_jk_, +kik_,

—alh—

kg
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and
ks=k_ ky+kqk,

Plots of k_,, against [chd] for reactions of (bda)Fe(CO), and (bda)Fe(CO),PPh,
are shown in Fig. 1, while Fig. 2 shows more clearly the curvature in the plots of k
against [chd] for the phosphine and phosphite complexes. Although the simplifying
assumptions that k_, = k_, = 0 have been used in the application of this mechanism
to the substitution of (n*-enone)Fe(CO), complexes by Group V donors [12a-12d],
the shapes of the curves of Figs. 1 and 2 indicate that no such simplification is
warranted here. The derived rate constants (k,, kg/k, and k_/k;) listed in Table 2
were obtained by a fitting of the experimental data to the expression for &, above
by means of a non-linear least squares program. Initial estimates were obtained
graphically and then refined by an iterative Taylor differential correction routine. In
addition, an overall standard deviation is given which reflects the fit of the
experimental data to the theoretical model. The value of this standard deviation for
each system is close to the standard deviation of the difference between duplicate
runs, thus showing that within the acceptable precision of our experiments, the
mechanistic model is consistent with our experimental results.

The complexity of the expressions associated with the derived rate constants
makes a detailed analysis rather difficult. However, three major points may be made,
based mainly on a comparison of k_,, values:

(i) A comparison of the curves for the reaction of (bda)Fe(CO), with chd in
toluene and 100-120 petroleum ether shows some dependence on solvent. Although
overall k. values differ only slightly, there are marked changes in the partial rate
constants (Table 2); k. /k; diminishes appreciably in toluene, while k, shows a
marked increase.

(i1) Enone lability in the phosphine and phosphite complexes is much lower than

TABLE 2

DERIVED RATE CONSTANTS FOR REACTIONS OF (bda)Fe(CO),L WITH 13-CYCLO-
HEXADIENE #-6:¢

L Solvent Temp. 10k, 10%g/ks 10%k,/ks  10%;, 10%,,
°C) @m’*mol™'s™!) (7hH (moldm~3) (7)) (7Y

Cco toluene 70.2 0.4(1.2) 28.6(1.1) 0.82(0.07) 0.45 0.29

CO 100-120 70.4 18.5(4.6) 22.8(2.2) 0.04(0.01) 0.81 0.30
petroleum cther

PPh, 100-120 70.1 0.42(0.11) 0.38(0.04) 0.1(0.2) 0.02 0.01
petroleum cther

P(OPh), 100-120 70.1 0.10(0.11) 0.47(0.04) 0.02(0.01) 0.02 0.01
petroleum ether

PPh,Me 120-160 91.2 0.43(0.06) 0.25(0.02) 0.02 0.01 0.01

petroleum ether

4 Standard deviations in parentheses. * Overall standard deviation
2
_ u [kohs (calc) - kohs (expt)]l
Oy = Z n—3
=1
¢ Standard deviation of experimental reproducibility o, = o[k, (A)— k., (B)] where (A) and (B) are the
duplicate determinations.

, where n is the number of experimental observations.
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that of (bda)Fe(CO),. Crystal structure determinations of (cinn)Fe(CO), [13],
(cinn)Fe(CO),PPh, [14], and (bda)Fe(CO),L (L = PPhMe,, PEt;) [15] show that
the complexes have a distorted square pyramidal structure with, in the cases of the
phosphine derivatives, L occupying the axial site of the square pyramid. NMR
results (see preceding paper {8]) show that at least for the bda complexes, this
structure is essentially retained in solution. Although caution must be used in
relating ground state structural and spectroscopic properties to reaction rates, a
comparison of the crystal structures of (cinn)Fe(CO); and (cinn)Fe(CO),PPh, is
instructive. The latter shows shortened M-CO distances consistent with increased
back donation which is also obvious from the infrared spectra, and although the
M-enone bond distances are the same in both complexes, increased back donation
to the enone is seen in changes in the enone bond distances, particularly an
increased C=0 bond length. Since exchange proceeds by competing D and I
pathways in which breaking of the ketonic M—CO bond is important, this probably
provides an electronic contribution to the decreased lability of the phosphine and
phosphite complexes.

(iii) The ordering of exchange lability is in the order PPh, = P(OPh); > PPh,Me
> PPhMe,. For the phosphine complexes, the order follows the decreasing cone
angle of the ligands (PPh, (145°)> PPh,Me (136°) > PPhMe, (122°)). Although
much slower, the rates of decomposition (which probably occurs via initial phos-
phine dissociation) exhibit the same ordering. Spectroscopic properties [8] (infrared
and '*C chemical shifts of the bound carbons) show no discernable trend in ground
state electronic structure, and perhaps the most relevant data for comparison
concern the reaction

cis-Mo(CO),L, + CO - Mo(CO);L + L

which proceeds via phosphine dissociation at rates which are in the order PPh, >
PPh,Me > PPhMe, [9a,9b]. Crystal structures of these complexes [16] show increas-
ing distortion from octahedral geometry with increasing cone angle of L, and thus
the ordering of lability which we also observe seems best interpreted in terms of a
steric acceleration involving an increasing relief of steric strain in proceeding either
via the D process from S to B or via the I, pathway from S to C (S = (bda)Fe(CO), L),
which by definition involves substantial progress towards ketonic M—CO cleavage in
the transition state.

On the basis of only its cone angle (128°), a lower exchange lability might be
predicted for (bda)Fe(CO),P(OPh); than that which is actually found. However,
infrared spectra indicate a significantly smaller back donation to CO than in
(bda)Fe(CO),PPh,Me,; , (x=1-3), and if this is mirrored in a smaller back
donation to the enone ligand as well, this may provide a lower electronic barrier to
exchange for the P(OPh), complex.

From a synthetic point of view, a paradox is apparent, at least for phosphine
complexes, in that although ligands of large cone angle promote the fastest rates of
enone exchange, they are also most liable to dissociation via loss of phosphine. One
may, however, use this reaction to a possible advantage in enantioselective synthesis.
Thus (Scheme 2), irradiation of Fe(CO),L (L = (+)-Ph,P(menthyl), (+)-
Ph,PCH,CH(Me)Et) with benzylideneacetone yields the expected (bda)Fe(CO),L
complexes. Only the (+)-Ph,PCH,CH(Me)Et derivative has been obtained analyti-
cally pure; two equally intense signals are observed in the *'P NMR spectrum,

(Continued on p. 94)
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consistent with the presence of two diastereoisomers (Scheme 2). Three CO stretch-
ing vibrations are observed, rather than the two which are characteristic of
(bda)Fe(CO),L complexes in which L is achiral. Infrared spectra of the (+ )-
Ph,P(menthyl) complex are essentially identical. Both complexes easily undergo
exchange with chd to give the (chd)Fe(CO),L complex, and we have recently shown
that nucleophilic attack on the [( 115-cyclohexadienyl)Fe(CO)2L]BF4 salt (L =(+)-
Ph, P(menthyl); prepared by hydride abstraction from (chd)Fe(CO), L) does proceed
with a reasonable degree of asymmetric induction at the chiral quaternary carbon so
formed [17].

CoCl,(H,0),
S -

Fe(CO), + L Fe(co),L + bda

hv
Me Me
Ph_//T\% . 07/—|_\\_ Ph
Fe(CO),L Fe(cO),L
L=(+) -pth(menthyl) A

(+)-Ph,PCH,CH(Me)Et

i+ [(Trrleo

SCHEME 2

Experimental

NMR and infrared spectra were recorded on JEOL FX-100 and Perkin-Elmer
257 spectrometers. Samples of (bda)Fe(CO),, (bda)Fe(CO),L (L = PPh,, PPh,Me,
PPhMe,, P(OPh),) and (cinn)Fe(CO),PPh,) were prepared as described [8,15]. The
purity of the substrates used in the kinetic work was confirmed by microanalysis.
Spectroscopic and microanalytical data for other complexes may be found in Table
3. Solvents used in the kinetic work were distilled and degassed; chd, chpt and cot
were used as received.

(a) Kinetic work

All kinetic experiments were conducted in duplicate under argon in sealed,
darkened vessels immersed in a constant temperature oil bath (+0.01°C) at the
temperatures given in Table 1. A sample of substrate was weighed into the reaction
vessel, and after flushing and addition of solvent, the vessel was shaken in the
constant temperature bath until solution was complete (the limits of solubility of the
(bda)Fe(CO),L complexes are approached in these solvents). Appropriate volumes
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of diene were then added by syringe, and samples for infrared monitoring were
periodically withdrawn by syringe, yielding an average of at least 12 absorbance,
time data pairs.

Infrared spectra were recorded using 2 mm NaCl cells with a solvent /diene blank
of appropriate concentration. k_, values were obtained from plots of In(A,—
A_)/(A, — A,) where A represents the absorbance of the highest frequency absorp-
tion of the (bda)Fe(CO),L or (bda)Fe(CO), substrate. Due to the slowness of the
reactions of the (bda)Fe(CO),L complexes, they were generally followed only to two
half-lives; however, selected reactions followed to three half-lives showed no devia-
tion from linearity for the plots of In(A4,— A4.)/(A4, — A,) against time. All such
plots had correlation coefficients greater than 0.999.

{b) Synthesis

(i) Fe(CO) J( + )-Ph,PCH,(Me)Et]

CoCl1,(H,0), (0.04 g, 0.24 mmol) and (+)-Ph,PCH,CH(Me)Et (1.95 g, 7.55
mmol) were added to toluene (30 ml) and the stirred solution brought to reflux.
Fe(CO), (2.96 g, 15.1 mmol) was added and the reaction mixture was refluxed until
the infrared spectrum indicated completion of reaction (ca. 4.5 h). The catalyst and
excess of phosphine were removed by eluting the cold reaction mixture through a
CoCl,(H,0),/alumina /silica gel (S g/20 g/20 g) column with benzene. Solvent
and excess of Fe(CO), were removed under reduced pressure and the residue was
chromatographed on a silica gel column using light petrolenum (40-60)/dichloro-
methane (90,/10) as eluant to give a yellow oil (73%) which solidified on cooling. An
analytical sample was obtained by sublimation (105-115°C, 0.02 mmHg).

Fe(CO),[(+)-Ph,P(menthyl)] was prepared similarly.

(i) (bda)Fe(CO), [( + )-PPh ,CH,CH(Me)E!]

Fe(CO),[(+)-PPh,CH,CH(Me)Et] (0.658 g, 1.55 mmol) and benzylideneacetone
(0.226 g, 1.55 mmol) were dissolved in benzene (200 ml) and irradiated for 22 h
using a 90 W medium pressure lamp. After removal of solvent, the orange-red
solution was chromatographed on silica gel using benzene. After elution of starting
material, the product was eluted with benzene/ethyl acetate (90,/10) and isolated as
a red oil after removal of solvent (56% yield).

(bda)Fe(CO),[( +)-Ph,P(menthyl)] was prepared similarly (65% yield), although
satisfactory microanalyses could not be obtained.

(iii) (chd)Fe(CO),L complexes

The (bda)Fe(CO),L complex (300 mg) was reacted with a 40-fold molar excess of
chd at 70°C in 100-120 petroleum ether (L = PPh,, PPh,Me, P(OPh),) or in
refluxing toluene (L = (+ )-Ph,P(menthyl) or (+)-Ph,PCH,CH(Me)Et) until reac-
tion was complete, as judged by the infrared spectrum. After filtration through
Hiflow and evaporation of solvent, chromatography on silica gel using benzene gave
the crude product which was crystallized from methanol (L = PPh,;, P(OPh),) to
give light yellow crystals or sublimed (90°C/0.01 mmHg, L = PPh,Me; 120°C/0.01
mmHg, L = (+)-Ph, P(menthyl) or (+)-Ph, PCH,CH(Me)Et) to give yellow oils.

The identity of (chd)Fe(CO), was confirmed by comparison of its infrared
spectrum with that of an authentic sample (»(CO): 2046, 1976 cm ™!, hexane).
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