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Abstract: Secondary phosphines such as
HPPh, add to the cationic iron dienyl
complex [(#°-(1R)-ethylnopadienyl)Fe-
(CO),]1* (1) by nucleophilic addition. The
phosphonium salt initially formed is read-

[(C,HPPh,)Fe(CO),] (6) in good yields.
The mechanism of formation of these
novel phosphines is discussed. Complex
2b crystallizes in the space group P2,2,2,
(no. 19); § crystallizes in the space group

P2,/c (no. 14). Like other monodentate
optically active phosphines, 2b is capable
of coordinating to transition metal com-
plexes. It forms palladium complexes
on reaction with [{u-chloro(allyl)palla-

ily deprotonated to yield an optically ac-
tive tertiary phosphine [(7*-(1R)-ethyl-
nopadienePPh,)Fe(CO),] (2b). A similar
reaction also occurs with [C4H,Fe-
(CO);1" (3) and [C,H,Fe(CO),]™ (4) to
give [(C¢H,PPh,)Fe(CO),] (5) and

Introduction

There has been considerable recent interest in the synthesis and
reactivity of tricarbonyl(s°-pentadienyl)iron(1 +) complexes.
Their usefulness as intermediates and reactants in organic syn-
thesis, specifically in highly diastereoselective addition reactions
of various nucleophiles, is well documented.!!? These addition
reactions have also been the subject of detailed kinetic studies.!?!

Addition of N- and P-nucleophiles is generally very fast and
reversible. We have used these reactions in the past to prepare a
number of free or coordinated phosphonium salts and phospho-
nates!® and to study their reactivity with respect to Wittig reac-
tions.[1

In a recent paper,!®! we also investigated the reactivity of an
optically active dienyl complex, the easily accessible [(1R)-
(ethylnopadienyl)Fe(CO),]* cation (1),!% towards a variety of
primary and secondary amines and were able to prepare a series
of optically active amines in this manner. In the reaction with
racemic phenylethylamine, we observed a kinetic resolution of
the amine, the first example for this type of reaction. The addi-
tion of an amine to 1 leads to formation of an ammonium salt,
which is then deprotonated by a second molecule of the amine
or by another nonnucleophilic amine added to the reaction mix-

[*] Prof. Dr. A. Salzer, Dr. U. Englert,!*1 Dipl.-Chem. B. Ganter,'*! Dr. M. Kiser,
Dipl.-Chem. E. Klinkhammer, Dipl.-Chem. T. Wagner!*!
Institut firr Anorganische Chemie der
Rheinisch Westfilischen Technischen Hochschule
D-52056 Aachen (Germany)
Fax: Int. code +(241)8888-288
e-mail: a.salzer@rwth-aachen.de
[*] X-ray crystal structure analyses.

[**1 Optically Active Transition Metal Complexes, Part 6. Part 5: U, Englert, M.
Kiser, A. Salzer, Inorg. Chem. 1995, 34, 6231-6232.

Chem. Eur. J. 1996, 2, No. 5

Keywords
carbonyl complexes -

iron complexes + phosphorus ligands

© VCH Verlagsgesellschaft mbH, D-69451 Weinheim, 1996

dium},] as well as with [{u-chloro-
[(N,N-dimethylamino-x N-2-methyl)phe-
nyl-xClpalladium},] (11). The latter reac-
tion product crystallizes in the space
group P3, (no. 144).

chiral ligands -

ture. With longer reaction times, the inital (E,Z)-ammoniodi-
olefin complex A* rearranges to the thermodynamically more
stable (E,E)-isomer B* (Scheme 1).

We have now investigated the same reaction, using secondary
phosphines instead of amines with a view to extending this reac-
tion to the synthesis of optically active, tertiary phosphines.
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Scheme 1.

Results and Discussion

Treatment of 1 with the secondary phosphine HPPh, and subse-
quent deprotonation of the very rapidly formed phosphonium
salt with the nonnucleophilic base NEt, led to formation of a
diolefin complex with a diphenylphosphino substituent, but as
a mixture of (E,Z) and (E,E) isomers (Scheme 2). The 3'P
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Scheme 2. a: 1) HPPh, (1.teguiv), CH,Cl,, —30°C,
b: 1) HPPh, (1.1 equiv), CH,Cl,, RT, 4d; 2) Et,0, NEt,.

1.5h; 2) Na,CO,.

NMR (CDCl,) shows two signals at é = 2.22 and 11.13. We
assigned the signal at 4 =11.13 to 2a and thatat 6 = 2.22to 2b.
As with some of the amines investigated previously, it proved
beneficial to extend reaction times to four days to allow the
system to reach thermodynamic equilibrium. After this time, the
only product isolated in good yields was the (E,E) diolefin com-
plex 2b as yellow crystals. The 3P NMR (C¢D) shows only one
signal at & =1.33. The reaction therefore proceeds in a manner
similar to that of primary and secondary amines (Scheme 3).
The intermediate phosphonium salts were precipitated as solids
and washed with ether. They were then immediately deproto-
nated, as they did not appear to be very stable even in the solid
state in the absence of excess phosphine.
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Scheme 3.

We have to postulate that the U-shaped dienyl complex 1a is
in a dynamic equilibrium with the S-shaped dienyl complex 1b
and that through a series of reversible equilibria the final (E,F)
product 2b is slowly formed, although the (E,Z) complex 2a is
initially favoured as the kinetically controlled product
(Scheme 3). Such equilibria between U- and S-shaped dienyl
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complexes were first postulated by Pettit!” and later extensively
studied by Sorensen.!®} The addition of the phosphine occurs
trans to the metal in both cases, establishing the (S) stereochem-
istry at the new chiral centre for the (E,Z)-diolefin complex !
and (R) stereochemistry for the (E,E)-diolefin compound (see
below). It is well established that phosphine addition to cationic
metal complexes is still reversible at the phosphonium-ion
stage.!?] In contrast to some amines, the basicity of the sec-
ondary phosphine is not high enough to deprotonate the phos-
phonium salt in situ. The addition of a strong, nonnucleophilic
base is therefore required.

Cation la offers various advantages over other dienyl
cations: a) due to the central chirality introduced by the organic
precursor and the planar chirality established by complex for-
mation, the diastereoselectivity of addition and therefore the
enantioselective formation of a new chiral centre is easily veri-
fied by NMR spectroscopy, and b) addition reactions occur
exclusively at C-12 of the dienyl system, thereby limiting the
number of possible addition products to the two observed.

As spectroscopic data were not sufficient to unequivocally
establish the proposed stereochemistry of phosphine addition,
crystals of 2b were grown from a saturated hexane solution,
cooled to —30°C (Fig. 1).1'% The stereochemistry of 2b in the
solid state is in agreement with the proposed rearrangement
mechanism and the trans addition of the secondary phosphine
to the S-shaped dienyl complex.

Fig. 1. Crystal structure of 2b (PLATON plot, ellipsoids at the 30% probability
{evel}.

In order to test whether this reaction could be extended to
other dienyl complexes and therefore be used as a general
method to prepare phosphines with organometallic sub-
stituents, we also treated the well-known cyclic cations
[CeH,Fe(CO),1™ (3) and [C,Hy Fe(CO);]* (4) with HPPh, un-
der similiar conditions. As before, we observed a smooth forma-
tion of organometallic phosphines [C,H,PPh,Fe(CO);] (5) and
[C,H,PPh,Fe(CO),] (6) in good yields (Scheme 4). In both cas-
es, no rearrangement is possible and only one racemic product
can be formed, since attack of the phosphine occurs trans to the
metal and at both terminal carbons of the dienyl system. In
principle, it should be possible to prepare optically active phos-
phines of this type, as optically active (cyclohexadienyl)Fe(CO),
derivatives are also known.I*1]

-i"BE,” PPh,
Fe(CO)3 Fe(CO)3
3:n=1 5:n=1
4:n=2 6:n=2

Scheme 4. 1) HPPh, (1.1 equiv), CH,Cl,, RT, 1 h; 2) NEBt,, CH,Cl,, RT, 2h.
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This reaction can be further extended to other secondary
phosphines, such as the bicyclic phosphabicyclononane
(“phobane”) CgH,,PH.""?) However, this phosphine, being a
mixture of the [3.3.1] and [4.2.1] isomers, yielded a mixture of
two phosphines, which could not be separated, and unlike other
authors, we did not observe a preferential accumulation of one
of these isomers.ft3

As an alternate method, it is also possible to first isolate the
addition product with dimethylamine 7 and then substitute this
amine by further reaction with HPPh, (Scheme 5). This syn-

-iterR,” NMe, PPh,
TR ) QU
T [81%1 T [79%] T
Fe(CO), Fe(CO)z Fe(CO)q
3 7 5

Scheme 5. a: excess HNMe,, CH,Cl,, —30°C, 15 min.; b: HPPh, (1.1 equiv),
AcOH, 60°C, 2 h.

thetic approach resembles the methology successfully employed
by Hayashi!'#! and Togni!!3- ' in the synthesis of chiral ferro-
cenylphosphines, where NMe, and acetate substituents in chiral
ferrocenes were replaced by secondary phosphines at elevated
temperatures. This substitution proceeds with retention of con-
figuration at carbon in optically active ferrocenes having both
central and planar chirality, and it must be assumed that metal-
stabilized carbocations are formed as short-lived configura-
tionally stable intermediates. We prepared the ferrocenyl carbo-
cation 8 and treated it immediately with HPPh,; we also
observed the formation of the ferrocenylphosphine 9 in good
yields (Scheme 6).

+ BF4_ Pphz
Q/\ Me Me
Fe W’ Fe
8 9

Scheme 6. 1) HPPh, (1.2 equiv), CH,Cl,, 0°C, 12h; 2) NEt,, CH,Cl,, RT, 2 h.

The Hayashi method via the amine adduct offers no advan-
tages in our dienyl iron complexes, as the metal dienyl complex-
es 1, 3 and 4 are themselves very stable and can therefore be
stored indefinitely and used as required. A further advantage
with these substrates is the fact that the chirality of 1 and 2b
originates from the “chiral
pool” and no resolution is re-
quired at any stage. The
methology of Lewis-base ex-
change also does not appear
to work with 1, as the
dimethylamine adduct of 1
cannot be thermally convert-
ed to 2a with HPPh,, most
probably because of the com-
plicated rearrangement mech-
anisms involving U- and S-
shaped dienyl complexes.

Complex 5 has also been
characterized by an X-ray
structure analysis. Single crys-
tals were grown from hexane

Fig. 2. Crystal structure of 5 (ORTEP
plot, ellipsoids at the 30% probability -
Jevel). (Fig. 2)."6! The crystal struc-
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ture of 5 also confirms the trans geometry of the diphenylphos-
phino group with respect to the Fe(CO), moiety.

The reactions of secondary phosphines with cationic dienyl
complexes therefore emerge as a useful and versatile method for
the synthesis of novel chiral phosphines with bulky organo-
metallic substituents.

We have also made several attempts to synthesize chelat-
ing diphosphines in this manner, starting from HPh-
PCH,CH,PPhH and treating this with two equivalents of the
respective cationic dienyl complexes. However, because these
reactions generate chiral centres both at carbon and at phospho-
rus, complicated mixtures of single and double addition prod-
ucts and also diastereomeric mixtures were generated. We have
not yet been able to separate these mixtures.

Hayashi has found several applications for monodentate op-
tically active phosphine (MOP) ligands!'7! in enantioselective
catalysis,!* ® particularly in connection with palladium complex-
es. In order to establish whether 2b can act as an optically active
ligand by coordinating to a second metal centre, despite its
bulky Fe(CO), substituent, we treated 2b with two palladium
complexes that normally form adducts with tertiary phosphines.
The allyl palladium chloride dimer [(C;H,PdCl),] is known to
form monomeric complexes [(allyl)Pd(PR,)CI] on reaction with
phosphines. In this respect, 2b appears to behave like other
phosphines. The monomeric complex 10 was formed at room
temperature and isolated as pale yellow crystals. Like other allyl
palladium complexes with a chiral ligand, it shows dynamic
behaviour in solution, most likely due to fast n—o-—n rearrange-
ments of the allylic ligand, leading to an equilibrium between
diastereomers 10a and 10b (Scheme 7). At —20°C this rear-

AN Ol PPhR'
—_— Pd
Pd S
¢’ PPhA' AN
10a 10b

Scheme 7. R* = (5*-(1 R)-ethylnopadiene)Fe(CO);.

rangement is sufficiently slow on the NMR time scale to allow
the observation of two signals at § = 32.92 and 34.97 in the 3!P
NMR spectrum. We were unable to grow single crystals of 10.
Nor could a similar palladium allyl complex of § be crystallized.
Possibly, crystal formation is inhibited by the presence of
diastereomers.

While we were now certain that organometallic phosphines
such as 2b were capable of reacting like regular phosphines, we
still wanted structural evidence for the overall geometry of a
coordinated phosphine complex of the type 2b, in order to study
the geometric restraints that might be imposed by this bulky
phosphine on complexation.

Another well-known palladium system that is known to give
crystalline phosphine adducts and has found some application
in homogeneous catalysis is the dimeric complex [{u-chioro-
[(N,N-dimethylamino-x N-2-methyl)phenyl-« CJpalladium} ,].1**!
This compound was therefore treated with two equivalents of
2b at room temperature. After one day we isolated the addition
product 11 in good yields as an orange powder (Scheme 8). This
complex shows no dynamic behaviour in solution and is readily
characterized by 'H, *3C and *'P NMR spectroscopy as a single
isomer. The *'P NMR signal is strongly shifted to lower field
compared to that of the uncoordinated phosphine 2b (6 = 50.1
vs. 2.22).

Single crystals of 11 could be grown from benzene.*®! The
crystal structure of 11 (Fig. 3) clearly proves that a sterically
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Scheme 8.

demanding phosphine such
as 2b can serve as a ligand in
palladium chemistry. The
bulky (diene)Fe(CO); unit in
the crystal adopts a position
above the square plane de-
fined by the ligands around
palladium, and therefore
should be perfectly suitable
to serve as an MOP ligand.

We have established that
bulky chiral phosphines can
be generated from the reac-
tion of secondary phosphines
with cationic iron dienyl com-
plexes. In addition, we have
shown that such organo-
metallic phosphines remain
capable of coordinating to transition metals. Currently, we are
investigating whether they might find some applications in ho-
mogeneous catalysis.

Fig. 3. Crystal structure of 11 (OR-
TEP plot, ellipsoids at the 30% prob-
ability level).

Experimental Procedure

All experiments were carried out under an atmosphere of nitrogen with standard
Schlenk techniques. Diethyl ether was distilled from sodium benzophenone ketyl.
Benzene was distilled over sodium. Dichloromethane and hexane were dried over
molecular sieves 4 A, The starting pentadieny! cation complex 1 [6], the cyclohexa-
dienyl cation complex 3 [21], the cycloheptadienyl cation complex 4 [22], the ferro-
cenyl cation complex (8) [23] and the dimeric [{p-chloro[(N,N-dimethylamino-k N-
2-methyl)phenyl-«Clpalladium},] [24] were prepared according to literature
procedures. The dimeric [{p-(chloro)(n3-allyl)-palladium},] was purchased from
Strem Chemicals. Diphenylphosphine was purchased from Fluka. *H NMR (300,
500 MHz) and *3C NMR (75, 125 MHz) spectra were measured on a Varian VXR
300 and Varian Unity 500 instruments, respectively, with tetramethylsilane [6 = 0.0,
TH NMR, 1*C NMR (C4D,}] or CDCl, (6 =77.00, *C NMR) as internal standard.
Carbon multiplicities were assigned by APT techniques. Phosphorus chemical shifts
were externally referenced to 85 % H,PO, with downfield shifts reported as positive.
IR spectra were recorded on a Perkin Elmer 1720X infrared spectrophotometer.
The elemental analyses were performed by the microanalytical laboratory of our
department.

(R)-Tricarbonyl{#*-4-] (1R)-6,6-dimethylbicyclo{3.1.1}hept-2-ene-2-yl|-( E)}-(2R)-2-

diphenylphosphino-but-3-ene}iron (2b): The pentadienyl cation 1(0.66 g, {.64 mmol)
was dissolved in dichloromethane (10mL). Diphenylphosphine (0.3 mL,
1.81 mmol) was added, and the reaction mixture stirred for four days at room
temperature. The solvent was removed under vacuum, and the residue washed with
two portions of diethyl ether. The residue was redissolved in dichloromethane
(10 mL), and triethylamine (0.25 mL, 1.81 mmol) added dropwise. After the mix-
ture had been stirred for a further hour, the solvent was removed in vacuum and the
product was extracted into hexane. After filtration to remove the ammonium salt,
2b crystallized from the filtrate at -- 30 °C as a yellowish orange solid; yield 0.41 g
(50%). "THNMR (500 MHz, C,Dg): 6 =7.58-7.53, 7.42-7.37, 7.12-7.01 [3m,
10H; 2 x Phj, 4.06 (d, >J(H,H) = 8.5 Hz; =CH), 2.29-2.20, 1.85-1.75 2m, 5H),
1.71-1.66 (m, 1H; CH), 1.45 (dd, *J(H,H) = 6.8 Hz, *J(P,H) =15.3 Hz, 3H;
CH,),1.39(d, 2J(H,H) =103 Hz, 1H; CH), 1.18 (s, 3H; CH;), 1.06—1.03 (m, 1 H;

526 ————— © VCH Verlagsgesellschaft mbH, D-69451 Weinheim, 1996

CH), 0.72 (s, 3H; CH,), 0.36 (ddd, 3J(H,H) = 8.5,
6.1 Hz, 3J(P,H) =10.7Hz, 1H; =CH). *C NMR
(125 MHz, C¢Dy): 6 = 213.67, 138.30 (d, 'J(C,P) =
18.1 Hz), 136.51 (d, 'J(C,P) =17.5 Hz), 134.85, 133.92
(2d, 24(C,P) =19.7 Hz), the other Ph signals are ob-
scured by CgDg, 116.04, 84.13 (d, *J(C,P) = 3.3 Hz),
60.34 (d, 2J(C,P) =16.9 Hz), 54.09, 47.39, 42.57, 40.08,
38.43 (d, 'X(C,P) =15.9 Hz), 37.18, 29.72, 26.10, 22.14,
21.20 (d, 2J(C,P)=19.7Hz). *'P NMR (202 MHg,
CeDg): 6 =1.33; IR (hexane): ¥WCO) = 2037, 1973,
1959 cm™'; C,sH,,FeO,P (500.36): caled C 67.21, H
5.84; found C 67.87, H 5.91.

Tricarbonyljn*-1-diphenylphosp yclohexa-2,4-diene)-
iron (5): Method A: The diphenylphosphine (0.59 mL,
3.40 mmol) was added at room temperature to a suspen-
sion of the cyclohexadienyl cation complex 3 (0.95g,
3.10 mmol) in dichloromethane (15 mL). After the reac-
tion mixture had been stirred for 1 h, the solvent was removed in vacuo. The residue
was carefully washed with ether and dried under vacuum. The residue was redis-
solved in dichloromethane (15 mL), and triethylamine (0.65 mL, 4.65 mmol) added
dropwise. After a further 2 h of stirring, the solvent was removed in vacuo, and the
product extracted into hexane. After filtration to remove the ammonium sait, the
filtrate was cooled and 5 crystallized as yellow needles; yield 0.82 g (65%).
Method B: Diphenylphosphine (0.42 mL, 2.4 mmol) was added to a solution of 7
(0.60 g, 2.40 mmol) in glacial acetic acid (15 mL). The temperature was maintained
at 60°C for 2 h, and the solvent was then removed in vacuo. The residue was
extracted into hexane, and the product (5) crystallized when the solution was cooled,
yield 0.76 g (79 %). 'HNMR (500 MHz, C,D¢): 6 =7.50-7.00 (m, 10H; 2 x Ph),
4.73,4.55,3.03,2.83 (4m, 4H; 4 x =CH), 2.66 (m, 1H, CH(PPh,)), 1.88, 1.46 2m,
2H; CH,). >*C NMR (125 MHz, C;D¢): 6 = 212.24,139.08 (d, ' J(C,P) =18.2 Hz),
138.12 (d, 'J(C,P) =17.0 Hz), 134.14 (d, 2J(C,P) =19.7 Hz), 132.92 (d, 2/(C,P) =
18.6 Hz), the other Ph signals are obscured by C;D,, 85.39, 85.32, 63.41 (d,
2J(C,P) =10.4 Hz), 61.24 (d, 3J(C,P) = 5.5 Hz), 35.76 (d, *J(C,P) =15.9 Hz), 30.53
(d, 2J(C,P) =258 Hz). *'P NMR (202 MHz, C:Ds): 6 = 8.03. IR (CH,CL):
#(CO) = 2048, 1980 cm™?; C,,H,,FeO;P (404.22): calcd C 62.40, H 4.24; found C
63.07, H 4.58.

Tricarbonyl|y*-1-diphenylphospk yclohepta-2,4-dieneliron (6): The diphenylphos-
phine (0.42 mL, 2.40 mmol) was added at room temperature to a suspension of the
cycloheptadienyl cation complex 4 (0.70 g, 2.20 mmol) in dichioromethane (15 mL).
After the mixture had been stirred for 1 h, the solvent was removed in vacuo. The
residue was carefully washed with ether and dried under vacuum. The residue was
dissolved in dichloromethane (10 mL), and triethylamine (0.35 mL, 2.40 mmol)
added dropwise. After a further 2 h of stirring, the solvent was removed in vacuo,
and the product extracted into hexane. After filtration to remove the ammonium
salt, 6 crystallized from the cooled filtrate; yield 0.60 g (65%). *H NMR (500 MHz,
C¢Dyg): & =7.60-7.00 (m, 10H, 2 x Ph), 4.56, 4.46, 3.11, 2.90 (4m, 4H; 4 x =CH),
2.52[m, 1 H; CH(PPh,)], 1.60 (m, 2H; CH,), 1.03,0.88 (2m, 2H; CH,). 13C NMR
(125 MHz, C4Dg): 6 = 211.92, 137.85 (d, *J(C,P) =19.0 Hz), 136.83 (d, 'J(C,P) =
17.2 Hz), 134.23 (d, 2J(C,P) =19.2 Hz), 133.31 (d, 2J(C,P) =18.4 Hz), the other
Ph-signals are obscured by C¢Ds, 88.83, 87.34, 60.07 (d, 2/(C,P) = 9.2 Hz), 59.40,
37.75 (d, 'JC.P) =17.8 Hz), 28.65 (d, *J(C,P) =12.8 Hz), 27.03 (d. 2J(C,P) =
19.4 Hz). *'P NMR (202 MHz, C(Dy): & = 9.00. IR (CH,Cl,): WCO) = 2043,
1972 cm™*; C,,H,,FeO,P (418.22): calcd C 63.18, H 4.57; found C 63.67, H 4.63.

Tricarbonyl[s*-1-dimethyl )iron (7): The cyclohexadienyl
cation complex 3 (1.00 g, 3.2 mmol) was suspended in dichloromethane (20 mL),
and the suspension cooled to —30°C. An excess of N,N-dimethylamine was con-
densed into the suspension, and the resulting solution was stirred for 15 min, before
being allowed to warm to room temperature. The solvent was then removed in
vacuo, and the product extracted into hexane. After filtration to remove the ammo-
nium salt, the product crystallized from the cooled filtrate; yield 0.67 g (81%).
"HNMR (500 MHz, C;D;): 6 = 4.78,4.68,3.09,2.52(4m,4H;4 x =CH), 2.41 {m,
1H; CH(N(CHj,),)], 1.85 [s, 6 H; N(CH;),], 1.76, 1.14 2m, 2H; CH,). 13C NMR
(125 MHz, C,Dg): § = 212.36, 86.15, 85.06, 63.79, 58.61, 58.04, 40.99, 26.68. IR
(hexane): #CO) = 2050, 1980 cm™?!; C,,H,,FeNO; (262.07): caled C 50.41, H
4.62; N 5.35, found C 50.60, H 4.64, N 5.39.

yelohexa-2,4-d

[1-(Diphenylphosphino)ethyllferrocene (9): The freshly prepared ferrocenyl cation
complex 8 (0.52 g, 1.70 mmol) was dissolved in dichloromethane (15 mL), and the
solution was cooled to 0°C, prior to the addition of diphenylphosphine (0.35 mL,
2.04 mmol). After being stirred for an hour at this temperature, the solution was
warmed to room temperature and stirred overnight. The solvent was removed in
vacuo, and the residue was washed with ether and dried under vacuum. The residue
was dissolved in dichloromethane (10 mL), and triethylamine (0.28 mL, 2.04 mmof)
added dropwise. After a further 2 h of stirring, the solvent was removed in vacuo
and the product extracted into toluene. After filtration to remove the ammonium
salt, 9 was purified by chromatography (toluene, Al,0,) and obtained as a orange
oil, yield 0.50 g (73%) 'HNMR (500 MHz, C;Dq): 6 =7.60-7.20 (m, 10 H;
2 xPh), 4.00 (s, 5H; Cp), 3.93, 3.88, 3.77, 3.54 (4m, 4 H; Cp-R), 3.25 [m, 1 H;
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CH(PPh,)], 1.48 (dd, *J(P,H) =14.3 Hz, *J(H H) =7.2 Hz, 3H; CH;). 3C NMR
(125 MHz, C,Dy): 6 =138.20 (d, 'J(C,P) = 6.7 Hz), 137.88 (d, 'J(C,P) = 8.0 Hz),
134.52, 133.90 (2d, 2J(C,P) =19.6 Hz), the other Ph signals are obscured by C4Ds,
91.73 (d, 2J(C,P) =14.7 Hz), 68.64, 69.17, 67.36, 66.99. 66.80, 32.66 (d, ' (C.,P) =
15.3 Hz), 18.17 (d, 2X(C,P) =19.0 Hz). *'P NMR (202 MHz, C/Dy): é = 4.59;
C,4H;FeP (398.27): caled C 72.38, H 5.82; found C 72.15, H 5.79.

{(R)-Tricarbonyl-{#*~4-{(1 R)-6,6-dimethylbicyclo-{3.1.1]-hept-2-ene-2-yi}-(E)-(2R)-
2-diphenylphosphino-1x P-but-3-ene}iron]chloro(y*-allylpailadium (10): Complex 2b
(0.36 g, 0.72 mmol) was dissolved in dichloromethane (15 mL). Bis[u-(chloro)(y*-
allyl)palladium) (0.13 g, 0.36 mmol) was added in one portion, and the reaction
mixture stirred for 2 d at room temperature. After removal of the solvent in vacuo,
the residue was dissolved in toluene/hexane (1:2) and filtered through Celite. After
removal of the solvent and drying under vacuum, 10 was obtained as a yellow solid;
yield 0.33 g (67%). *HNMR (300 MHz, C;D;): 6 = 8.00-7.00 (m, 10H; 2 xPh),
5.00-4.20, 3.40-2.80 {4m, SH; CH-(allyl), 2 x CH,~(allyD)], 2.40-1.56 (m, 11 H),
1.43 (d, 2J(H,H) =104 Hz, 1H; CH), 1.14 (s, 3H; CH,), 0.88 (s, 3H; CH,); 1*C
NMR (75 MHz, C4Dy): 6 = 213.55, 134.85,133.26 (2d, *J(C,P) =11.6 Hz), 132.94,
the other Ph signals are obscured by C¢Dy, 116.81, 84.30 (d, *J(C,P) = 3.6 Hz),
79.31, 5§9.57, 57.51, 55.41, 47.56, 42.61, 40.18, 38.06 (d, 'J(C.,P) =15.3 Hz), 37.29,
29.83, 26.14, 22.58, 21.07 (d, *J(C,P) = 6.7 Hz); *'P NMR (253 K, 202 MHz,
C¢Dy): 6 = 34.97,32.92; IR (hexane): #(CO) = 2039, 2034, 1970, 1963, 1951 cm ™ *;
C;,H,,CIFeO,PPd (683.80): caled C 54.49, H 5.01; found: C 54.56; H 5.30.

[(R)-Tricarbonyl{s*-4-{ (1 R)-6,6-dimethylbicyclo|3.1.1{hept-2-ene-2-yl}-(E)-(2R)-2-
diphenylphosphino-1x P-but-3-ene}iron]chloro[ (V,/N-dimethyl 1 N-2-methyl)-
phenyl-xClpalladium (11): 2b (1.08 g, 2.16 mmol) was dissolved in dichloromethane
(40 mL). Bis[u-chloro{(N,N-dimethylamino-k N-2-methyl)phenyl-xC }palladium]
(0.60 g, 1.08 mmol) was added, and the reaction mixture stirred overnight at room
temperature. The solvent was removed in vacuo, and the residue dissolved in hex-
ane/dichloromethane (1:1). After crystallization at — 30 °C and drying under vacu-
um, 11 was obtained as an orange solid; yieid 1.30 g (70%). *H NMR (500 MHz,
CDCly): § =7.91-7.87, 7.74-7.71, 7.47-7.39, 7.31-7.28 (4m, 10H; Ph), 6.96-
6.95, 6.81-6.77, 6.48—6.44 [3m, 4H; CH-(Bz)], 5.94 (d, *J(H.H) = 8.5Hz, 1H;
=CH), 4.18 [d, *J(P,H) =13.2 Hz, 1 H; CHH-(Bz)], 3.85 [dd, */(P.H) =13.2 Hz,
2J(H,H) = 2.3 Hz, 1H; CHH-(Bz)], 3.62~3.54 (m, 1 H), 2.90, 2.69 [2d, *J(P.H) =
2.1 Hz, 6H; N(CH,),},2.58-2.47,2.15-2.08,2.06-2.00,1.97-1.90 (4m, SH), 1.42
(s,3H; CH,),1.42(d, 2J(H,H) =10.1 Hz, 1 H), 1.30-1.22 (m, 1 H; =CH), 1.11 (dd,
3J(P,H) =15.1 Hz, 3/(H,H) = 6.9 Hz, 3H; CH,), 0.95 (s, 3H; CH,), -0.05 (ddd,
3J(H,H) = 8.8, 5.5 Hz, 2J(P,H) =10.3 Hz, 1H; =CH); '*C NMR (125 MHz, CD-
Cly): 8 =121248, 151.96, 147.88 (d, 'XC,P)=2.1Hz), 13710 (d, ACP)=
10.4 Hz), 135.50 (d, J(C,P) =10.4 Hz), 133.86 (d, J(C,P) = 9.9 Hz), 130.81, 130.42
(2d, J(C,P) = 2.1 Hz), 128.54, 128.22 (d, J(C,P) =10.4 Hz), 127.57 (d, {C,P) =
9.8 Hz), 126.30 (d, 2J(C,P) = 43 Hz), 125.23 (d, J(C,P) = 6 Hz), 123.77, 122.26,
115.85, 8324 (d. 3JC,P)=38Hz), 72.20 (d, 3JC}P)=25Hz), 5727 (d,
2J(C,P) = 2.8 Hz), 53.58, 50.59, 49.65 (d, 3J(C,P) = 2.1 Hz), 47.58, 42.23, 40.09,
37.09 (d, 'J(C,P)=21.5Hz), 36.62, 29.66, 26.14, 22.20, 19.12; *'P NMR
(202 MHz, CDCl;): §=50.08; IR (CH,Cl,): #CO)=2034, 1966cm™*;
HC=C)=1637ecm™!; C;,H,,CIFeNO,PPd x CH,Cl, (862.37): caled C 52.98, H
5.03, N 1.63; found C 51.68, H 5.09, N 1.48.
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