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Abstract. Rhodium(l) complexes of the hybrid ylide-phosphine ligands,

Ph,P(CH,),,PPh,(CHC(O)C¢Hs) (n = 1: dppm-yl, or 2: dppe-yl) have been synthesised
from [Rh(mCl)(COD)], (COD = 1,5-cyclooctadiene) and characterized by NMR
spectroscopic and X-ray structural methods. The dppe-yl behavesasan ambidentate
ligand; it functions as a monodentate P-donor ligand with adangling ylidic carbonin
the neutral chloro complex, [(COD)Rh(CI)(dppe-yl)] (1), whereasreplacement of the
chloride by a non-coordinating counter anion results in the formation of the
complexes, [(COD)Rh(L-L9]* (L-L¢= dppe-yl (2) or dppm-yl (3)) respectively in
which the ligands are bonded to the metal viathe phosphorus and the ylidic carbon
atoms. The 1,5-cyclooctadiene (COD), present in the Rh(l) precursor, remainsintact
in the products. The structures of 1, 2 and 3 have been confirmed by X-ray crystalo-

graphy.

Keywords. Rh(l) complexes; ylide-phosphine; ambidentate coordination; crystal
structure; NMR.

1. Introduction

The coordination and organometallic chemistry of a-keto stabilised phosphorus ylides
has been investigated extensively and their ambidenticity explained in terms of a delicate
balance between electronic and steric factors.™? Heterofunctional ligands of the type
Ph,P(CH,),PPh(CHC(O)R) (n=1, or 2, R=Me, Ph or -OMe) containing both a phos-
phine and a keto stabilised phosphorus ylide moieties are also known and their transition
metal complexes are mostly confined to palladium and to a lesser extent platinum.>* In
this, paper we report the rhodium(l) complexes of the hybrid ylide-phosphine ligands,
Ph,P(CH,),PPh(CHC(O)CsHs) (n=1; dppm-yl, or 2; dppe-yl). Most of the rhodium
ylide complexes reported so for have been prepared by the oxidative addition of CH,X,
(X =halide) to Rh(1)-PR; bonds;® these reactions yield Rh(I11) complexes of the type
[LyRA(I)(CH,PR3)(X)2]" (L, = cyclopentadiene/PMes). Surprisingly, the coordination
chemistry of Rh(l)-ylide complexes is not well studied. A rare Rh(l) complex
[RhCI(PR3)(RsP=CHCOPh)] (R=CHMe,) has been structurally characterised® and
recently a Rh(l) complex species [Rh(1)(COD)(BINAPCH,)]® [COD = 1,5-cyclooct-
adiene, BINAP = 2,2¢bis(diphenylphosphino)-1,1¢binapthyl] containing BINAP mono
ylide has been spectroscopically characterised.’

"Dedicated to Professor C N R Rao on his 70th birthday
* For correspondence
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2. Resultsand discussion

Diphosphines such as dppe [1,2-bis(diphenylphosphino)ethane], or BINAP react with
[Rh(nCl)(COD)],, by displacing the COD ligand to yield chloro-bridged dimers, in
which the diphosphine ligands are chelated to the metal centres.®*® On the other hand,
reactions of [Rh(reCl)(COD)], with monodentate phosphorus ligands [PPhs, P(OMe)s,
P(OPh)3], though resulting in the displacement of COD, yield monomeric [L3RhCl] and
dimeric products [L,RhCl], depending upon the stoichiometry of the reactions.® Diphos-
phazanes of the type, X,PN(R)PX, (R=Meg, Et, Ph and X =F or OPh) displace the COD
ligand stepwise to give dimeric complexes in which the chloro bridges are retained.®
Interestingly, the cyclodiphosphazanes [BU'NP(X)], [X =Cl, F, or OPh] split the chloro-
bridge of the Rh(I) source without replacing the COD ligand and yield monomeric and
dimeric products in which cyclodiphosphazanes function as monodentate or bridging
bidentate ligands respectively.®®® In the present study, we observe that dppe-monoylide
(dppe-yl) reacts with the rhodium precursor [Rh(neCl)(COD)]», to split the chloro-bridges
and form a mononuclear complex, [(COD)RhCI(dppe-yl)] (1), in which the ylide func-
tions as a monodentate P-donor ligand. In contrast to the reaction of BINAP-monoylide
with [Rh(reCl)(COD)],,” the ‘C' coordination to Rh is not observed in complex 1.
Treatment of 1 with silver triflate yields complex 2 in which the ylide functions as a
chelating ligand via phosphorus and ylidic carbon atoms. The anion replacement reaction
proceeds with a characteristic colour change from yellow (complex 1) to orange (complex
2). Direct reaction of dppm-yl with [Rh(rrCl)(COD)], yields a mixture of products,
which decompose rapidly, whereas the anion replacement reaction proceeds in the same
way as that observed for the reaction of dppe-yl to yield a chelate complex 3. These
reactions are shown in scheme 1.
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2.1 Spectroscopic characterisation

The 3P NMR spectrum of complex 1 exhibits a doublet of doublets at 29 ppm, which is
assigned to the coordinated ‘PPh,’ group and a doublet at 17 ppm for the dangling
‘P=CHR’ group. The chemical shift of the latter is very close to that observed for the
ylidic phosphorus in the free ligand. Complex 2 exhibits broad spectral features. A doub-
let at 25 ppm and a broad singlet at 28 ppm can be assigned to the coordinated ‘ PPh,’ and
‘P=CHR’ groups respectively. The **P NMR spectrum of complex 3 closely resembles
that of 2, but the peaks are relatively sharper. A doublet of doublets at 29 ppm and a
doublet at 37 ppm confirm the coordination of ‘PPh,’ and ‘P=CHR’ groups respectively.
As reported earlier,>® the downfield shift of the ylidic phosphorus signifies ‘C-
coordination’ of theylidic moiety.

The *H NMR spectra of these complexes are rather broad at room temperature. In all
these complexes, the —CH,— signals of the COD ligand appear in the range 187—
241 ppm. The broadness of the signals at room temperature is presumably the result of
fluxional behaviour which is commonly encountered in several cationic Rh(l) complexes
of the type [Rh(COD)(P-X)]* (P-X = chelating ligand).® The fluxional behaviour usually
involves the exchange between the —C=C- group of the COD ligand. Selected NMR data
aregivenintablel.

2.2 Molecular structures

The structures of complexes 1-3 have been established by single crystal X-ray analysis.
The molecular structure of complex 1 is shown in figure 1 and relevant bond lengths and
angles are given in table 2. The Rh(l) atom islocated in a distorted square planar environ-
ment with ‘P and ‘Cl’ atoms having a cis orientation. The remaining positions are
occupied by the COD ligand. The coordination environment around Rh(l) closely
resembles that found in [Rh(CI)(COD){ Ph,PN(H)P(O)Ph,}].2° As expected, the metric
parameters are also in the same range. The ylidic moiety shows no interaction with Rh(l).
The structure of complex 2 is shown in figure 2. The ligand coordinates to the metal
via ‘P and ylidic ‘C’ atoms to form a six-membered chelate. The Rh-C and Rh-P
distances are in the usua range (table 2). The structure of complex 3 (figure 3) is very
similar to that of complex 2, in terms of the coordination mode of the ligand and the
geometry around the metal centre. However, the bite angle of the chelate and the P...P

Tablel. Selected NMR values of complexes 1-3.2

31P
Complex PPh; (da) inppm Dd ¢ P=CH (dy) inppm Dd¢ e
1 290 dd (150)° and (53)° 4156 170 (48)° 0 192-242,m
2 25%0d (143)b 37% 280br s 11 186 br s, 201 br s
3 200 dd (140)° and (45)° 560 3750 (43)° 23 D194Abrs 249br s

Abbreviations: d, doublet; dd, doublet of doublets; br s, broad singlet; m multiplet; ¥ecorded in
CDCl; at 293 K; *°Rh-P and P-P coupling constants respectively in Hz; 9Dd=d(complex)—d (free
ligand)]; the (da) of dppe-yl and dppm-y| are —12>6 and —27% respectively; (dx) of dppe-yl and
dppm-yl are 17X and 140 respectively; *~CH,— protons of COD; P(CH,) andylidicC-H protons
overlap with the olefinic protons of COD



744

D Saravanabharathi et al

Figurel. Molecular structure of [RhCI(CgH 1,){ Ph,PCH,CH,PPh{CHC(O)CHg)}
(1) with ellipsoids at the 30% probability level. (Hydrogen atoms are not shown.)

Figure2. Molecular structure of [Rh(CgH1,)(Ph,PCH,CH,PPh,(CHC(O)C¢Hs}]
CF3S0; (2) with ellipsoids at the 30% probability level. (Hydrogen atoms and the
counter anion are not shown.)
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non-bonded distances are lower than those for 2 owing to the reduced chelate ring size.
(The P-P non-bonded distancesin 2 and 3 are 348 and 202 A respectively.)

As expected, the higher trans influence of phosphorus lengthens the corresponding
Rh—C (COD) bonds, located trans to it compared to those trans to the chloride or carbon
atoms, as evident from the observed bond lengths (table 2).

Considering the structural features of the ylidic moiety, one observes that the P-C
(ylide) distance 1715(7) A in complex 1 is much shorter than the reported values'? for
C- or O-coordinated phosphorus-ylide complexes which lie in the range, 144(7) A-
1806(10) A. Furthermore, the G-O (keto) distances, 1219(6) A, and 1:226(3) A obser-
ved in complexes 2 and 3 respectively are comparable to those of other ‘ C-coordinated’
ylidic complexes [1:298(4) A-1:229(8) A] and are shorter than the G-O distances of the
‘O-coordinated’ ylidic complexes (127 A), as would be expected from the enhanced
contribution of the canonical structure C to the resonance hybrid (scheme 2).

In agreement with the earlier reports,*' the coordinating ylidic carbon atoms in
complexes 2 and 3 exhibit a hybridisation change from sp® to sp° as reflected in the
observed bond angles (table 2).

Table2. Selected bond distances and angles of complexes 1-3.
Complex Bond distances (A) Bond angles (deg)
1 Rh(1)-P(1) 2:295(2) C(36)—Rh(1)—C(40) 94:8(4)
Rh(1)-Cl(1) 2>868(2) C(35)—Rh(1)—C(39) 90%(4)
Rh(1)—-C(36) 2:403(8) C(36)—Rh(1)—P(1) 929(2)
Rh(1)—-C(35) 2:411(8) C(40)-Rh(1)-CI(1) 91:8(3)
Rh(1)—-C(40) 2:219(8)* C(39)—-Rh(1)-CI(1) 916(3)
Rh(1)—-C(39) 2:224(8)* P(1)-Rh(1)—Cl(1) 86:83(8)
2 Rh(1)-P(2) 2:281(2) C(33)—-Rh(1)-C(37) 918(2)
Rh(1)—-C(26) 2>202(5) C(26)—Rh(1)—C(37) 91%6(2)
Rh(1)—C(33) 2:436(5) C(34)—Rh(1)—C(38) 899(2)
Rh(1)—C(34) 2:464(6) C(26)—Rh(1)—C(38) 89%(2)
Rh(1)-C(37) 2:227(6)* C(34)—-Rh(1)-P(2) 90%61(17)
Rh(1)—-C(38) 2:266(6)* C(26)—Rh(1)—P(2) 92563(14)
P(1)-C(26)-Rh(1) 1164(2)
C(25)—C(26)—P(1) 109%4(4)
C(25)—C(26)—Rh(1) 110x4(4)
3 Rh(1)-P(1) 22784(17) C(37)—-Rh(1)—C(41) 95%(3)

Rh(1)-C(26) 2490(6)
Rh(1)-C(37) 2:448(8)
Rh(1)-C(38) 2:488(7)
Rh(1)-C(41) 2210(6)*
Rh(1)-C(34) 2251(7)*

C(26)-Rh(1)-C(41) 953(2)
C(38)-Rh(1)-C(34) 88:3(3)
C(26)—Rh(1)—C(34) 92:4(3)
C(38)-Rh(1)-P(1) 91:2(2)
C(26)—Rh(1)—P(1) 88:44(16)
C(27)—C(26)—P(2) 112:8(4)
C(27)-C(26)—Rh(1) 96:9(4)
P(2)-C(26)-Rn(1) 110%(3)

*Carbon atoms trans to the Rh—P bond (see text)
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Figure3. Molecular structure of [Rh(CgH,)(Ph,PCH,PPh,(CHC(O)CdHs)} |PFs (3)
with ellipsoids at the 30% probability level. (Hydrogen atoms and the counter anion
are not shown.)
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Scheme 2.
3. Summary

The present study demonstrates that both neutral and cationic Rh(l) complexes containing
bi s(di phenyl phosphino)alkane mono ylides and COD can be readily prepared. This offers
an opportunity to explore the displacement reactions of COD by stronger chelating chiral
bidentate phosphine ligands to generate a range of Rh(l) complexes, which would be
useful for asymmetric catalysis.

4. Experimental

The solvents, chloroform, diethyl ether, petroleum ether (60-80°C) were dried and
distilled by conventional methods and deoxygenated before use. The rhodium precursor
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[Rh(rFCI)(COD)], was prepared as reported in the literature.> The NMR spectra were
recorded on a Bruker Avance 400 MHz spectrometer.

4.1. Synthesisof ligands

The ligands were prepared by a slight modification of the procedure reported in the
literature®® Typically, diphosphines (256 mmol) were treated with bromoacetophenone
(26 mmol) in chloroform at room temperature. Addition of 50 ml of diethyl ether caused
the precipitation of phosphonium salts. The resulting phosphonium salts were treated
with triethyl amine (2%6ml) in toluene (75ml). The triethyl amine hydrobromide was
filtered off. Concentration of the toluene layer to 5ml and subsequent addition of
petroleum ether (50 ml) results in the precipitation of ligands as free-flowing white solids
(75% yield). They were further purified by crystallisation from toluene/petroleum ether
(1:5vlv).

A solution of [Rh(neCl)(COD)], (10mg, 062 mmol) and dppe-yl (20 mg, 004 mmal) in
5ml of CHCl3 was stirred for 2h. Addition of 30 ml of petroleum ether caused the
precipitation of complex 1 as a yellow powder in quantitative yield. The product was
air-dried. Suitable crystals for X-ray diffraction studies were obtained by the slow
diffusion of petroleum ether into a chloroform solution of 1. Analysis. Calcd for
C42H42CIP,ORN.CHCl3: C, 58%; H, 49%. Found: C, 59%; H, 54%.

Silver triflate (6mg, 002mmol) was added to a solution of complex 1 (20mg,
002mmol) in 3ml of CHCI3. The reaction mixture was stirred for 2%6h. The resulting
orange solution was separated from silver chloride and layered with 10 ml of petroleum
ether to obtain single crystals of complex 2 in 70% vyield. Anaysis. Calcd for
C43H42F38PzO4Rh.CHC|3: C, 534; H, 48%. Found: C, 54%; H, 4x4%.

44  Synthesis of [ Rh(CgH12) (Ph,PCH,PPh,(CHC(O)CgsHs)}] PF6 (3)

The procedure is essentially same as that for 2. A solution of [Rh(reCl)(COD)], (5mg,
001 mmol), dppm-yl (10mg, 0%2mmol), and NH4PFs (5mg, 063 mmol) in acetone
(3ml) was stirred for 0%6h. The resulting orange solution was layered with petroleum
ether to obtain the orange coloured single crystals of 3 (40% yield).

45 X-ray crystallography

Intensity data were obtained from a Bruker SMART APEX CCD diffractometer equipped
with a fine focus 1¥5 kW sealed tube Mo-K, X-ray source. The SMART software was
used for data acquisition and the SAINT software for data reduction. Absorption
corrections were made on the intensity data. The structure was solved using SIR-92
(level-4) and refined using SHELX-97. All non-hydrogen atoms were refined isotro-
pically. The crystal data and details pertaining to data collection, structure solution and
refinement are given in table 3.
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4.6 Supporting information

Crystallographic data for complexes 1-3 have been deposited with the Cambridge Cry-
stallographic Data Centre with the following CCDC Nos: 217874 (complex 1), 217875
(complex 2), 217876 (complex 3).
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