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o-Styryldiphenylphosphine[(o-vinylphenyl)diphenylphosphine], 

o-CH2=CHC6H,PPh, (sp) is dimerized by rhodium(II1) chloride in refluxing 

Z-methoxyethanol to give a rhodium(I) complex RhCl(l-bdpb) (IV) containing 

the tridentate chelate olefinic ligand 1,3-bis[(o-diphenylphosphino)phenyl]- 

trmzs-1-butene. o-PhzPC,H,CH="CHCH(CH3)CsH4PPh2-o (1-bdpb) (VI). VI is 

liberated from IV by reaction with sodium cyanide. IV and its iridium(I) 

analogue VII exist as mixtures of isomers which have different conformations 

of the chelate ligand. The isomers .of IV interconvert rapidly on the hiHR 

time scale in solution above 122OC with an estimated free energy of activation 

AG' (122O) of 20.5 kcal/nol; in the case of VII, the process is slow on the 

M4R time scale even at 122O (AC' > 20.5 kcal/mol). The five-coordinate 

carbonyl complexes MCl(CO)(l-bdpb) @l=Rh, VIII: M=Ir, IX) react with 

hydrogen chloride to give chelate 2-butyls ~Cl,(CO)(o-Ph2PC&+CHZCHdH(CH3)- 

CaHr+PPhz-o) @i=Rh, XIV; M=Ir, XV), the addition being reversible in the 

case ofrhodium. in the presence of triphenylphosphine, IV adds hydrogen 
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chioride to give a chlorine-bridged dimer containing a chelate 1-butyl 

unit i.e. [lk&(o-Ph2PC&+kHCH$H(CHs)CsHQPPh2-o)] (XVI). In the 

absence of auxiliary ligands, VII undergoes irreversible oxidative 

addition at the metal atom with chlorine and hydrogen chloride, and 

reversible oxidative addition with hydrogen, to give octahedral, chelate 

olefin complexes of iridium(III), IrCls(l-bdpb) (XII), IrZClz(l-bdpb) (XVII) 

and IrI-L&l(l-bdpb) (XVIII) respectively; each isomer of VII gives rise to 

one corresponding isomer in the case of XII and to two corresponding isomers 

in the cases of XVII and XVIII. IV reacts with chlorine to give RhCls(l-bdpb) 

(XI) and with hydrogen chloride to give a mixture of XI and XVI. XI loses 

hydrogen chloride irreversibly in solution to fora a pseudo-octahedral, 

&elate n3 -ally1 RhC12!o-Ph2PC&,CWW(CH3)C&,PPh~-o) (XIII) in 

which the phosphorus atcms are mutually z%zns. Although five-coordinate 

cations [M(CO)2(1-bdpb)]+ (M=Rh, XX; M=Ir, XXI), can be isolated as 

fluoroborate salts, analogous ethylene conplexes cannot be obtained; in 

the case of iridium, the tertiary C-H bond of coordi_nated I-bdpb oxidatively 

adds to the metal atom to give a cationic, pseudo-octahedral n3-ally1 

hydrido-ethylene iridium(III).complex, fIrH(C&)(o-PhsPC&+CWW(CHs)- 

CsH+PPh2-o)]BFk [XXII). There is also IH NISiI spectroscopic evidence for a 

r;inor by-product formed by loss of two hydrogen atws from l-bdpb viz. 

[Ir(C2&)Co-Ph2PC&+CH=CHC(=CH2)C6H~PPhz-o)] BFI+ (XXIII). The reactions 

of IV and VII are coqared with those of similar ccxnplexes containing 

o-Ph$'CsH&H&iC&PPh2-0 (bdpps), and the mechanism of dimerization of 

sp is shown to be analogous to that of the rhodium(II1) chloride-catalyzed 

dinerieation of ethylene to I-butene. 

Introduction 

In previous papers [l-4] we have shosn that coztplexes of rhodium and 

ruthenium promote coupling and dehydrogenation reactions of various ortiro- 

substituted aromatic tertiary phosphines. On heating with rhodium trichloride 

in high-boiling alcohols such as 2-nethoxyethanol, the a-tolylphosphines 
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Co-‘=3C6H4’4)nPh3_n P (n=l-3) undergo coupling and dehydrogenation to give 

chelate ms-stifbene complexes of rhodium(I) e.g. Ia (R=o-tol)* from 

tri-o-tolylphosphine; the yields of the coupled products decrease as the 

number of o-tolyl groups is reduced. The corresponding complex Ib (R = Ph) 

containing 2,2'-(diphenylphosphino)--&nza-stilbene, o-Ph2PC6H&H~CHC6H,+PPh2-o 

(bdpps) can be obtained almost quantitatively by dehydrogenation of the 

bibenzyl ligand o-Ph2PCsH4CHZCH2CaH4PPhR-0 promoted by the 1,5-cyclooctadiene 

complex [RhCl(COD)]2 [2]. The vinyl group of o-styryldiphenylphosphine, 

[(o-vinylphenyl)diphenylphosphine], o-CHa=CHCaHc+PPha, (sp) can be coupled 

with the vinyl group of a second molecule of sp, but the mode of coupling 

depends markedly on the metal complex present_ The Rus(CO)r2-promoted 

coupling occurs without any apparent hydrogen atom shift to give an octahedral 

dicarbonyl ruthenium(I1) complex containing two metal-carbon u-bonds i.e. 

P- M- PPha 

Pha \ 
CI1 

la; M= Rh, R = o-tolyl. 

Ib; M= Rh, R = Ph 

ic; M = Ir, R = Ph 

CO 
II 

CH3 

0 co 

III 

l 

Abbreviations: Ne = methyl, Et = ethyl, Ph = phenyl, o-to1 = o-tolyl 

fo-~3CG'41, COD = 1,5-cyclooctadiene, bdpps = 2,_ 7'-bis(diphenylphosphino)- 

iznzs-stilbene, dppe = 1,2-bis(diphenylphosphino)ethane, Ph2PCH2CH2PPh2 
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r I 
Ru(CO)2io-Ph2PCsHkCHCHZCH2CHCsHqPPhq -o>,-which is subsequently dehydrogenated 

to a chelate butadiene-ruthenium(o) complex Ru(CO)io-Ph~PCaH~CH%ICHkHC~H~- 

PFhn-o1 [S]_ In contrast, a carbonylated solution of ruthenillm chloride in 

2-methoxyethanol affords a mixture of octahedral, ruthenium(I'l)-carbon 

o-bonded chelate complexes Ii and 111 in which the coupling of vinyl groups 

has evidently been accompanied by hydrogen migrations [4f. 

He report-here on the rhodium(II1) chloride-promoted dimerization 

of sp, which is similar in some respects to the corresponding ruthenium(I1) 

reaction, and also on scme oxidative addition and hydrogen abstraction 

reactions of the resulting rhodium(I) and iridium(I) complexes. Some 

aspects of this work have appeared in preliminary communications [5,6]. 

Results 

Reaction of an excess of sp with hydrated rhodium(II1) chloride in 

refluxing 2-methoxyethanol gives a deep yellow crystalline complex of 

empirical formula RhCl(sp)2 in about 70% yield based on Rh. Spectroscopic 

data discussed below show that this complex is a planar chlororhodium(1) 

complex containing the tridentate ligand l,S-bis[(o-diphenylphosphino)- 

phenyfl-tiarzs-1-butene. o-Ph~PCsH~ClikiCH(CH~)C~H~PPh~-o (1-bdpb) coordinated 

IV M=Rh,X=CI1 

v M=Rh,X=Br 

VII M = IT, x = CJ?, 

XIX M = Rh*, x = co 
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via two phosphorus atoms and the double bond (IV). The corresponding bromo- 

complex, V, is prepared similarly starting frem rhodium(III)bromide. The 

ligand 1-bdpb,VI. which is derived by coupling the vinyl groups of two sp 

moieties, is liberated from IV by treatment with sodium cyanide in aqueous 

Z-methoxyethanol, and is a colourless, crystalline, air-stable solid. In 

the IR spectrum of VI (Table 1) there is a strong band at ca 970 cm 
-1 

assignable to the olefinic C-H deformation mode of a trans-disubstituted 

olefin; this stereochemistry is confirmed by the magnitude of the 'H-lH 

coupling constant between the olefinic_protons (J12 = 17.5 Hz) (Table 2). 

Reaction of 1-bdpb with [IrCl(COD)]2 gives the orange air-sensitive 

complex IrCl(l-bdpb), VII, the iridium(I) analogue of IV. In the IR 

spectra of both complexes the band due to the olefinic C-H deformation 

mode is shifted to iower frequency from its position in the spectrum of 

the free ligand, hence the double bond is coordinated [l,Z]. The far 

IR spectra of IV and VII show bands at ca 305 cm-r assignable to u@lCl) 

for Cl trans to olefin: the values are similar to those observed in the 

corresponding chelate -t2'mts-stilbene complexes of rhodium(I), Ia, and of 

iridium(I), Ic [l,?], and are also in the same general range as found for 

Cl trcw to CO in the planar complexes IJCl(CO)(P_Ph3)2 (M=Rh, 1~) [7]. 

The NMR spectra of IV and VII show the presence of two isomers in 

solution_ The methyl protons of the chlororhodium(1) complex IV appear 

as an overlapping pair of doublets, the intensity ratio being about 3:2 

at room temperature; the resonances of the olefinic and methine protox 

overlap and complete analysis is impossible. The marked upfield shift 

of the olefinic protons in the two isomers relative to the free ligand 

provides additional evidence for double bond coordination. The 31Pi1H) 

NM2 spectrum of N shows 16 lines corresponding to the AB quartets of 

the two isomers split into doublets by coupling with lo3i7h, and the 

magnitude of 2J(P-P) (Table 3) shoves that the phosphorus atoms in both 

isomers are mutually trans. Although there is only one methyl doublet 

in the 'H hM7 spectrum of the bromorhodium(I) complex V, the 31P(1H) 
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spectrum resmbles that of IV, hence this compound also contains two 

isomzrs in solution irz a ratio of about 3~2. 

In the case of VII the ismer ratio varies with reaction conditions 

such a3 solvent, temperature and tine. For example, reaction of [IrCl[CO~)J2 

with 1-bdpb in dichloronethane at 2S" for 10 min gives a 311 ratio of 

isomers A and B, the predominant ismer having its methyl doublet to 

loxer field than that of B. 'However, the saze reaction carried out 
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in refluxing cyclohexane for 45 min gives A and B in a ratic 

On heating this mixture to 130 o in bromobenzene the ratio changes to 

about 1:l and remains at this value on cooling to room temperature. 

The 3lP{lH} spectra of both isomers consist of AB quartets, and, as 

in the case of the rhodium(I) analogues, the magnitude of 2J(P-P> 

establishes that the phosphorus atoms are mutually trmts in both isomers. 

Recrystallization of VII from dichloromethanejmethanol gives isomer A in 

z-95% purity, but we have not so far succeeded in obtaining B free from A. 
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The isomers of TV readily interconvert on heating in ds- bramobenzene. 

Although the methyl doublets reniain well separ&ted in the temperature range 

32-106"C, they begin to broaden at about llO"C, coalesce at 12213*C, ad 

sharpen to a single doublet at 135°C; the original spectrum is recovered 

on cooling to 32?C. The rate (k) of interconversion at the coalescence 
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VlI changes on heating, but there is no evidence of exchange broadening 

in the IH h3R spectra, so that the rate of interconversion is fast enough 

to establish chemical equilibrium but is slow on the IiMR time scale. 

The free energy of activation for interconversion of the iscmers of VII 

is therefore greater than 20 kcal/mol. 

In the absence of X-ray crystallographic studies the natnre of the 

isomers is uncertain. Single crystal X-ray structural analysis of Ib [S] 

has shown that the double bond is oriented at 79O to the F&P, coordination 

plane; close to the 90° which is generally favoured for planar da metal- 

olefin complexes. In the case of Ib, the arrangement adopted is more or 

less required by the geometrical constraints of the ligand, but the greater 

flexibility of VI caused by the presence of the CECCHs group in the carbon 

chain gives rise to a number of possible coordination modes. Examination 

X 

c (i) X=CH,, Y=H 0 (iI X=CH3, Y=H 
(ii) X=H, Y=CH3 (ii) X=H, Y=CH, 

rotate about metal-olefin 

axis and IV- pi 

E (i) X= 
(ii) X= 

CH,, Y=H 
H, Y=CH3 

Figure 1. - Possible confonaztional interconversions for %l(l-bdpb). 

(3l= Rh, IV; M = Zr, VII). 
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of a Dreiding model of N or VII suggests that there is a relatively 

unstrained conformation C (Fig. 1) in which the double bond is approximately 

at right-angles to the MP&l coordination plane, as in Ib. The methyl 

group can occupy either of two sites in which it either points away from, 

or is close to, the asterisked phenyl ring [C(i) and C(ii) respectively 

in Pig. 11; the second possibility is sterically less favourable. Rotation 

about the C2-C3 and M-P2 bonds while the olefin is kept fixed generates a 

pair of geometric isomers D(i) and D(ii), the latter being favoured because 

the methyl group is in the sterically less hindered site; the process is 

essentially an inversion of two boat-like conformations of the chelate ring 

formed by the metal, P2 and the olefin, and cannot interconvert C(i) with 

either C(ii) or D(ii) unless some other process is involved. The model 

shows that in D(ii) H, and H3 are mutually trans, an arrangement for which 

a coupling constant J23 of about 11 Hz might be expected 191, whereas in 

C(i) they are gauche. In fact both isomers of VII have small values of 

J23 (0.5 and 3.5 Hz) suggesting that they have a gauche arrangement of 

H2 and H3, although this argument admittedly ignores the likely bending 

back of the olefin protons on coordination and the possible effects of 

this on the magnitude of J23. We therefore conclude that C(i-) is the 

most likely structure of those considered so far. 

An alternative possibility is rotation about M-P, P-C and C-C 

single bonds leading to net rotation of the olefin into an orientation 

approximately parallel with the MP2C1 coordination plane, and generating 

four more isomers, such as E(i) and E(ii] from C(i) and C(ii) respectively. 

A process of this type has been proposed to account for the existence of 

isomers of the octahedral complexes M(CO),^(sp) @f=Mo, W) and their rapid 

interconversion on the KMR time scale flO], and for the fluxional behaviour 

of the octahedral complzxes R(splHC&+PPh2) (X=CO, Cl) [4]. 

Rotation of a coordinated olefin about the metal-olefin bond axis in planar 

d* metal complexes is well established [ll-131, and it may be relevant that 

this process can be studied by RMR in the case of rhodium(I) but is slow on 

the hM2 time scale in the case of iridium(I) 1143, a trend also observed in 
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this work. Since models indicate a gauche arrangement for H, and Ha in E(i), 

we tentatively suggest that the isomers of N and VII have confoneations 

C(i) and E(i): undoubtedly the source of the isomerism in the various 

octahedral oxidative addition products of IV and VII [see below) is the 

same es that of Iv and VII thwelves. It is hoped that current work on 

co~@exes of o-PL,PCBH,~~CUCB,C.H,PPh,-o will help to resolve the problem. 

Zve-Coo,tikzte Cbqilexes. Both IV and VII react with carbon monoxide 

at 2s"/lari to give five-coordinate adducts MCl(CO)(l-bdpb) @i=Rh. VIII; 

BL=Ir, IX), the reaction being reversible in the case of rhodium. These 

complexes show a single intense v(C0) band in the 2000 cm-' region of the 

ZR spectrum and a weak band below 300 czn 
-1 

in the far IR spectrum assignable 

to v&Cl). Coordination of the olefin i; indicated by the absence of the 

characteristic ligand band at 970 cm 
-1 

and the appearance of bands due to 

nodified olefin C-H deformation modes in the 900 cm 
-1 

region (Table 1). 

Thus VIII and IX are five-coordinate and probably trigonal bipyramidal. 

The 1l-I hWR spectrum of YIII is slightly broadened at 32'% and apparently 

indicates the presence of only one isomer, while the alP{lH) hNR spectrum, 

which is also broad at 32*C, consists of en AB quartet of doublets arising 

fros inequivalent, mutually trmzs-phosphorus atoms coupled to 10% 

(Table 3). At -24OC the 31P{lH) IQ? spectrum becomes more complex and 

can be resolved into twc AB quartets of doublets in a ratio of about 2:1, 

although the outer lines of the less intense pattern could not be discerned 

owing to the small chemical shift difference between the inequivalent 

phosphorus atons. The presence of tws isomers is also evident from the 

IH NMR spectrum at -40°C nhich, although too complex for detailed analysis, 

clearly shows ti methyl doublets. The magnitude of aJ(P-P) in the major 

isomer and the similarity of the values of J(Rh-P) suggest that both isomers 

have mutually trcnz-phosphorus atoms occupying axial positions of a trigonal 

bipyrzunid, In the case of IX, the presence of two isomers having mutually 

5zwza-phosphorus atoms is evident from the room temperature IH and 31Pj1H) 

NNR spectra, exchange between the two being slow on the MR time scale. 

The isomeric cc&position of IX is independent of that of the sample of VII 
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used to prepare it, an observation which suggests that the isomers of VIII 

and IX differ according to which of the two possible equatorial sites of 

the trigonal bipyramid is occupied by CO (structures a and b), and that 

the temperature-dependence of the NNR spectra of VIII is caused by inter- 

molecular CO exchange. A similar process accounts for the observation that 

the olefinic hydkgen atcms and phosphorus atoms of the complex RhGl(CO)(bdpps) 

are each equivalent at 32'C and inequivalent at -40% 1151. The possibilities 

for isomerism discussed for IV and VII apply equally to VIII and IX, although 

there is no evidence that such isomers exist for these two compounds. It 

seems likely that the double bond lies in the equatorial plane, since this 

orientation is found in almost all trigonal bipyramidal olefin complexes [16] 

and appears to be preferred on electronic grounds [17]. 

VII reacts with ethylene at 2S0/latm to give a pale yellow solution 

from which the adduct TrC1(CaH4)(l-bdpb) (X) can be isolated at O°C. This 

is stable in solution only in the presence of ethylene, and in the solid 

state is unstable over long periods even when ethylene is present. The 

resonances due to free and to coordinated ethylene in X are broad at room 

temperature, es are those of the ligvld protons. The intermolecular 

exchange of ethylene which is responsible fcr this behaviour is slowed 

at -3?C, at which temperature the free ethylene resonance appears as a 

sharp singlet and a doublet methyl resonance of coordinated 1-bdpb GUI 

he distinguished; the remaining ligand protons and the coordinated ethylene 

protons appear as broad, complex multiplets. The srP{rH) NMR spectrum of 

X at -22°C is complex and suggests the presence of at least two isomers, 

presumably Xa and Xb. The complex is otherwise analogous to IrCl(CaliJ(bdppsj 

llS1 s in which the ethylene is assumed to lie in the equatorial plane but 

undergoes rotation about the metal-olefin bond axis; however, there was 

no ?NR evidence for the latter process in the present work. 1H NMR spectra 

show that the rhodium(I) complex IV does not react with ethylene, even at 

-68OC, in contrast with RhCl(bdpps) [Ib), which forms an unstable adduct 

under the same conditionsfls]. 



1. ch7d?ze. Oxidative addition of chlorine to IV OT VII. affords 

octahedral chelate olefin complexes of the trivalent metals, NCls(l-bdnb) 

!J=Rh. XI; M=Ir. XII), which are orange in the case of rhodium, yellow in 

the case of iridium. The 'H M-R spectra (Table 2) show the presence of 

the intact l-bdpb ligand, the upfield shift of the olefin resonances on 

coordination being less than in the starting planar complexes; this may 

be a reflection of weaker olefin bonding to the octahedral trivalent metals 

than to the planar univalent metals. The v@Cl)'bands in the far III spectra 

('Table 1) are very similar in frequency to those of the analogous bdpps 

complexes and of the trivalent metal carbonyl complexes MCl,(CO)(PPh,),, 

and the magnitude of *J(P-P) derived from the 3LP{1Hf SIR specrra (Table 3) 

confirms the mutually Crans-arrangement of the phQSphOnE ato-. -*ereas 

the IId K&E spectrum of XI shows the presence of only one isomer, XII contains 

txo isomers XIIA and XIIB which are formed stereospecifically from the 

isomeric precursors VIIA and VIIB respectively; XIIB can be obtained free 

VIxIa 

IXa 

Xa 

VIII% M = Rh, L = co, L' = cI1 

IXb M= Ir, L = CO, L' = C2 

21 !.S=Ir,L=C2Hs,L'=CIL 
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from XIiA by direct reaction between hydrated iridium(III) chloride and 

1-bdpb in refluxing 2-methoxyethanol. In contrast, the corresponding 

reaction using rhodium(II1) chloride gives a chelate 1-sn-allylic complex 

RhCl,(o-Ph,PC,H,C~~-r_rCCH3)C6H~PPh2-O} (XIII), the structure of which 

has been established by X-ray analysis [6]_ Complex XI is probably an inter- 

mediate in this reaction, since it forms XIII with loss of hydrogen chloride inhot 

Z-methox-jethanol or, more slowly, in dichloromethane at room temperature. 

This reaction is irreversible; XIII does not react with excess hydrogen 

chloride to give XI. The far IR spectrum of XIII shows two v(MC1) bands, 

which confirms the &s-arrangement of the chlorine atoms, and the magnitude 

of 2J(P-P) derived from the 31P{1H} NMR spectrum (Table 3) establishes that 

the mutually m-arrangement of phosphorus atoms found in the solid state 

is preserved in solution. The coupling constant of 8.0 Hz between the 

mutually &runs-allylic protons is unexpectedly small [18], and would have 

suggested these protons to be mutually cis, in contradiction with the X-ray 

result [6]_ XIII is formally analogous to known n3-allylrhodium(II1) 

complexes such as RhC12(n3-C3Hs)(EPh3)s (E=P, As) [19,20], though the 

triphenylarsine complex has fiars-chlorine atoms and cis-triphenylarsine 

ligands 1211. Deprotonation of 1-bdpb at the methine carbon atom to form 

a chelate n3-ally1 complex also occurs in the presence of nickel(I1) 

chloride [22]. The magnitudes of 2J(P-P) in both isomers of the five- 

coordinate product NiClio-Ph,PC,H+CHr-L%Hr%(CH3)C6H,+PPh2-o) suggest that 

the P-PI-P angle is in the range 90-120° for both compounds; a planar chelate 

n3-allylpalladium(I1) cation [Pd{o-Ph2PC5H,CSW(CH3)C6H,+PPh2-o)]+ 

containing &s-phosphorus atoms is also known 1221. Possibly relief of 

crowding in the coordination sphere of the octahedral rhodium(II1) complex 

XIII favours the arrangement with trm?s-phosphorus atoms. 

2. Hydrogen Chloride. We have noted elsewhere [lS] that addition of 

hydrogen chloride to the bdpps canplexes Ib or Ic can occur in two ways. 

In the presence of an auxiliary ligand such as CO or triphenylphosphine, 

the double bond is protonated and the chlorine atom adds to the metal to 

I 1 
g&e a chelate o-alkyl e.g. RhCl,(CO)(o-Ph,PC,H,CHCH,C,H,PPh,-o) is obtained 
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/- 

PPhz 

I 

x 

/ 
-M-Z 

Y /I 

+ PPh2 

(Olefinic hydrogen atoms omitted for clarity.) 

M=Rh;X=Y=Z=CY. XI (2 isomers possible, only one observed) 

M= Ir; x = Y = 2 = c!L XII (2 isomers.possible, both observed) 

# = Ir; X = H; Y = Z = C1 
7. 

Y=H;X=Z=CE) 
XVII{4 isomers possible, all observed) 

3 = Ir; X = CL; Y = 2 = H 

Y=CL;X=Z=H 
XVIII(4 isomers possible, all observed) 

from RhCl(CO)(bdpps) and HCl. In the absence of such a ligand, addition 

t&es place-exclusively at the netal atom e.g. IrI+Clp&dpps) is obtained 

from Ic and Fll and RhC13(bdpps) is obtained fron Ib and HCl, presmably 

via RhHQfbdpps) as an intenxdiate. In the analogous I-bdpb systems, 

there is a similar, though less clear-cut dependence of the course of 

addition on the presence or absence of auxiliary ligand. 
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The five-coordinate complex RlSl(CO)(l-bdpb) (VIII). formed in situ 

from IV and carbon monoxide, reacts with hydrogen chloride to give as the 

main product a colourless chelate a-alkyl &Cl,(CO](o-Ph2PC,H,C&C'KH(CH3)- 

PPh2-o) (XIV), which on heating in ethanol or 2-methoxyethanol reverts to 

IV. The far IR spectrum shows two v@lCl] bands arising from c&s-chlorine 

atoms which are &PGKS to CO and to o-alkyl respectively (Table 11, and the 

31P(1H) KMR spectrum shows the phosphorus atoms to be mutually %WZS. The 

hMR spectrum of the crude reaction product shows three methyl doublets in 

an approximate ratio of S:l:l; the minor products are removed by one 

recrystallization, and have not been further investigated. In addition 

to the aromatic resonances and the characteristic CliCH3 methyl doublet, 

the lH MR spectrum of the major product shons the resonances of four 

protons. The methine proton is strongly coupled to the methyl group 

and to only one other proton, which suggests the presence of the chelate 

2-butyl grouping, -CH2CH(Rh)CH(CH3J-. rather than the isomeric I-butyl 

-CH(Rh)CH$H(CH$-. The large geminal methylene coupling, 18.0 Hz, 

between the other two protcns is typical of a CH2 group attached to a 

sp2-hybridized carbon atom [22], while the two vicinal couplings of the 

CH2CH moiety are normal (Table 4). The lH-'H coupling constants of XN 

are very similar to those of the chelate 2_butylruthenium(II) complex (II) 

obtained by addition of hydrogen chloride to the five-coordinate complex 

Ru(C0)2(1-bdpb) [4], which provides support for the present structural 

assignment. 

Reaction of IrCl(CO)(l-bdpb) (IX) with hydrogen chloride gives an 

approximately 3:l mixture of isomeric chelate a-alkyls (XV) which are 

analogous to XIV; they could not be separated by-fractional crystallization, 

The major isomer appears to be similar to XN in respect of its IR spectrum 

(Table 1) and 1~ NMR spectrum (Table 4), but overlap of resonances in the 

latter has prevented complete analysis. Unfortunately the major isomer 

exhibits only a singlet in its 31P{1H) NMR spectrum (Table 31, presumably 

owing to fortuitously equal chemical shifts, while the minor isomer gives 

a doublet; these are assumed to be the central lines of an AB quartet 



218 

arising from strongly Coupled, mutually trcms-phosphorus atoms, the outer 

lines being undetectably weak. The source of the isomerism of Xv is 

therefore unknown. 

We have previously noted [4] that II isomerizes completely in hot 

2-methoxyethanol to the I-butyl isomer (III). Attempts to induce such 

an isomerization in the case of XIV lead only to loss of hydrogen chloride 

(see above), but the minor products detected in the addition of hydrogen 

chloride to VIII or IX may well contain the chelate 1-butyl moiety. 

In the absence of other ligands. IV reacts slcwly with hydrogen 

chlcride to give an approximately 1:l mixture of RhCls(l-bdpb) (XI) 

and a dimeric, chlorine-bridged chelate o-alkyl which we believe 
r 1 

contains the chelate 1-butyl group i.e. [RhC12{o-Ph2PC6H&HCH2CH[CHs)- 

CsH4PPh,-o)12 (XVI). XI is presumably formed by initial oxidative 

addition of hydrogen chloride at the metal atom to give RhHCl,(l-bdpb) 

(C-K the iridium analogue below) and subsequent rapid cleavage of the 

Rh-H bond by hydrogen chloride- The action of hydrogen chloride on 

RhCl(bdpps) (Ib) gives RhCll@dpps) as the only product [El, presumably 

by a similar mechanism, but we do not know why oxidative addition occurs 

exclusively in this case. Triphenylphosphine, like carbon monoxide, 

pronotes protonation of the ligand in RhCl(l-bdpb). the product being 

exclusively XVI. The assignment as a 1-butyl complex is based primarily 

on 'H NMR data (Table 4). The methyl protons appear as the expected 

doublet and the methine proton resonance at 63.2 ppm is complex; 31P- 

and lH-decoupling experiments show that it is coupled to two other protons 

which resonate at 62.2 ppm (J=4 Hz) and at 63.6 ppm (J=lO Hz). The foxzier 

has two more couplings each of 15 Hz, one of which must be the geminal 

methylene coupling, while the other is assigned to the vicinal (Rh)CH-CH2 

coupling. The general sinilarity of chemical shifts and coupling constants 

between XVI and the 1-butylruthenium(II) complex III supports the present 

assignment. A surprising feature revealed by the small magnitude of 

'J(P-P) obtained from the 31P{1H) spectrum of XVI is that the phosphorus 

atoms are mutually &a, not *CUE as in III and XIV. The magnitudes of 
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the two Rh-P couplings, cd 145 Hz. are larger than those characteristic 

of P trmzS either to P (~8.5 Hz) or Cl (-115 Hz) in octahedral rhodium(II1) 

complexes of the type RhCls[PRs)s [24-261, but are in good agreement with 

the values reported for P trcars to Cl in octahedral o-alkyls or a-aryls 

Rh(R)Cla(PM+Ph)s (R=Me, Ph) c-136 Hz) 1271. A band due to ~(Rhcl) at 

283 cm-l - in the far IR spectrum can be assigned to a terminal chlorine 

trans to phosphorus, but we could not locate V(RhC1) bands due to 

bridging chlorine atoms above 200 cm-'. These data are best accommodated 

by stmcturer XVIa or XVIb. 

Our work shows that both carbon monoxide and triphenylphosphine 

promote protonation of the double bond of RhCl(l-bdpb). the reactive 

species probably being five-coordinate complexes RhClL(l-bdpb) :L=CO, PPha), 

but the site of protonation and the disposition of the phosphorus atoms in 

the resulting tridentate chelate groups differ. The greater steric bulk 

of triphenylphosphine probably accounts for its failure to remain in the 

coordination sphere after protonation has occurred, but studies with other 

ligauds will be required to establish the factors responsible for the 

differences noted above. 

In the absence of other ligands, VII reacts irreversibly with hydrogen 

chloride to give exclusively the oxidative addition product IrHCl2(1-bdpb) 

(XVII), which shows an IR band at 2220 an-' typical of w(IrH) (H trcars to 

Cl) and tYo u{IrCl) bands in the far IR spectrum which are typical of Cl 

tzarzs to hydride and to olefin respectively (Table 1) _ These data are 

very similar to those found for IrXCl,(bdpps) 1151 and the same octahedral 

ligand arrangement can be assumed. However, the lH MR spectrum of XVII 

in the metal-hydride region shows that four isomers are present, each 

isomer of VII giving two isomers of XVII. The four hydride resonances 

appear as triplets owing to almost equal couplings with two 31P nuclei 

which are cia to the hydride [J(P-H) s 12 Hz], and their chemical shifts 

are in the region 6 -15ppm (~25) (Table 2), similar to that found for H 

trmza to Cl in ccmplexes os L the type IrHCla(CO)(PRs)a [28]. The 31PIlH} 
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xv M=Ir (major isomer) ’ 

xvra XVIb 

EWR spectra show that all four isomers have inequivalent, mutually 

kzwzs-phosphorus atoms, Y and the olefinic protor: couplings in the lH KKR 

spectra show that the &runs-configuration about the double bond is 

maintained. Thus the isomers must arise by interchange of the mutually 

~ZYTTUT hydride and chloride iigands in each of the tno isomers which have 

different conformations of coordinated l-bdpb (WIIa-d). 

” 

a. H&hp?t. VII reacts reversibly with hydrogen under ambient 

conditions to give a colourless dihydride IrH2C1(1-bdpb) (XVIII), which 

shows two v(IrH) bands atca22,OO cm-l and 2100 Cm-I assignable to H fzans 

to Cl and to olefin respectively. In the 'ii NlR spec~~~~, there are 

eight hydride resonances which occur in pairs corresponding to four 
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isomers. Each isomer has one hydride m to chlorine (6 -18 to -2: ppn) 

r28-31) and one hydride trmrs to olefin (6-7 to-8 ppm, ~17-18); these 

values are similar to those observed in the ccmplex IrH&l(bdpps) [one 

isomer only), and also to the values for Ii trona to Cl and CO respectively 

in complexes of the type IrH$l(CO)(PR33~ (PR3 = PMePPh, PEt2Ph) [29]. 

The isomers derived from VIIA are formed in a 2:1 ratio, those from VIIB 

in a 4:3 iatio; when the isomers are allowed to equilibrate for 12 hr, 

the former pair predominates over the latter by about 3:1, as estimated 

from the relative areas of the methyl and of the hydride resonances_ 

All four isomers exhibit AB quartets in their "P hNR spectra 

with large values of 'J(P-P), hence the phosphorus atoms are 

nutually -trots. This is also indicated by the fact that all 

the hydride resonElnces appear as approximate triplets with small 

P-ii couplings (Table S), showing that each hydride is cis to two 

phosphorus atoms. Thus, all four isomers of XVIII probably have 

the same octahedral arrangement of ligands about the metal atom, 

and the source of isomerism is the same as that discussed above 

for IrHC12(l-bdpb) (XVII). 

Cation-k CcmpZexes ad Hydrogen Migration behem Ligand and Met&. 

Treatment of RhCl[CO)(l-bdpb) (VIII) in dichloromethane with silver 

tetrafluoroborate gives an orange solution from which the planar mono- 

carbonyl cation [Rh(CO)(l-bdpb)]+ can be isolated as its BFq salt (XIX). 

This species is fairly stable in solution for several days, in contrast 

with the analogous bdpps cation 1151. The corresponding iridium(I) 

cation [Ir(CO)(l-bdpb)]+ is probably responsible for the transient 

orange colour which is observed on treatment of IrCl(CO)(i-bdpb) (IX) 

with AgBF,, but it rapidly decomposes to give a pale yellow solution 

(see below). Resction of hlCl(l-bdpb) or ErCl[CO)(l-bdpb) &=Bh, Ir) 

with AgBF4 in the presence of carbon monoxide gives pale yellow (Rh) 

or colourless (Ir), five-coordinate dicarbonyl salts [M(CO),(l-bdpb)]BF, 

W=Rh, XX; M=Ir, XXI). Heating or passage of nitrogen through solutions 
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of XX causes loss of carbon monoxide and fozsation of XIX, whereas XXI 

is stable under these conditions. The rhodium(I) dicarbonyl cation 

[Rh(CO).(l-bdpb)]+ is also formed in &?K on passing CO into a solution 

of IV in nitrcmethze. XIX shows one ~(133) band in its 

IR spectrum and its lH hl4R spectrum (Table 2) shows methine and methyl 

resonances arising frczn two isomers in a ratio (3:2) si~G1a.r to that of 

the precursor IV. The W(P-P) and J(Rh-P) values for both isomers 

(TabIe 3) are very s-biiar to those of [Rh(CO)(bdpps)J* [15] and of 

other cationic planar rhodium(I) complexes containing mutually trans- 

phosphorus atoms. 

The dicarbonyl cations XX and XXI show tno v(C0) bands in their 

IR spectra indicative of &a-carbonyls, and the upfield shift of the 

olefinic protons in their 1H MlR spectra relaiive to their positions in 

bdpb itself shows the olefin to be coordinated. The %-l and 31Pfk> LJ? 

spectra at room temperature suggest that only one isomer is present, 

though the possibility of two isomers interconverting rapidly on the 

KS?. time scale cannot be ruled out. The magnitude of q(P-P) obtained 

from the 31P(1H)WR spectra-shows that the phosnhorus atoms aie mutually 

tops, and we accordingly propose a trigonat bipyrvnidal structure, with 

the olefin Parallel to the equatorial plane. The magnitude of ~(Rhh-P) 

for five-coordinate XX is less than that for four-coordinate XIX (Table 3) 

as was also noted for the corresponding bdpps complexes [15]. 

Reaction of N with ethylene in the presence of AgBF,, gives a 

Precipitate of silver chloride and an orange-yellow solution which 

presumably contains [Rh(C.$ik)n(l-bdpb)]* (n=l OT 2); the solution is 

tco unstable for KMR study. In contrast, [Rh(C,H,)z(bdpps)]* is stable 

in the presence of excess ethylene [lo]_ The corresponding reaction 

with VII at room temperature gives a pale yellow solution which does 

not contain the expected iridium(I)-ethylene cation [Ir(C2HJp(l-bdpb)j+. 

ItI hii spectroscopy shows the presence of two complexes in proportions 

which vary depending on solvent and temperature; in dichloromethane at 
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ram temperature, the ratio is about 7:l. The major product can be 

isolated in a pure state by addition of n-hexane to give colourless 

needles. Microanalytical data are in fair agreement with the formulation 

[Ir(C&+)(l-bdpb)]RF,, (see Experimental for comments regarding low carbon 

analyses), but the spectroscopic data show unequivocally that the complex 

is a hydride [IrH(CaI%,)(l-bdpb-H)]BFb (XXII) formed by migration of the 

hydrogen atom from the tertiary carbon atom to the metal. The IR spectrum 

shows a typical v(IrH) band at ca 2100 -' cm (Table 1) and the lH NMR 

spectrum shows a doublet of doublets hydride resonance at 6-11.57 ppm 

(r21.57), the magnitude of the splittings being characteristic of hydride 

cis to two phosphorus atoms. Signals due to a coordinated 1-methallyl 

group are readily identified by comparison with those of XIII (Table 2), 

and in particular the singlet methyl resonance shows the absence of the 

tertiary carbon-hydrogen bond. The four protons of coordinated ethylene 

appear as a symmetrical multiplet after slP-decoupling, and the 3lF{lH} 

NMR spectrum consists of an AB quartet with a large value of %_r(P-P) 

(Table 3), hence the phosphorus atoms are mutually trans. These data 

establish the illustrated pseudo-octahedral, chelate ns-allylic structure 

for XXII. Since this structure has no plane of symmetry, the ethylene 

protons should all be inequivalent (ABCD). The observed AA'BB' multiplet 

probably arises from rapid rotation of ethylene about the metal-ethylene 

axis 111-131 which makes mutually m-pairs of protons equivalent; 

however, there was no evidence for slowing down of this process at -8S°C. 

The II-I NNR spectrum of the minor product from the reaction of VII 

with AgBF, and ethylene surprisingly shows no methyl resonance; there 

are four multiplets in the range 62-6 ppm each corresponding to one proton 

and a doublet of doublets containing four protons due to coordinated 

ethylene. The only structure we can suggest which is compatible with 

these data is a five-coordinate, probably trigonal bipyramidal cation 

(XXIII), containing a chelate l-4; 1,3-butadiene unit formed by abstraction 

of two hydrogen atoms from the CHCH3 group of the presumed intermediate 

[Ir(C2Hr,)(l-bdpb)]+. The interproton coupling constants are comparable 
. 



with those of typical butadiene ccqlexes. &d theTslP.caupling constants 

to the two teminal protons are close to the corresponding values for the 
t 

chelate butadiene con&x R~(co)(o-~~PC~Hq~~~~P~b~-o, ([3] 

Dable 7)). 

Iti hm and IR spectroscopic studies show that the yellow_solution 

formed by decomposition of the presumed species [Ir(CO)(l-bdpb)]+ (see 

above) contains hydrido n3 -ally1 complexes similar to XXII, in addition 

to [Ir(CO)p(l-bdpb)]+ and other unknown products. Attempts to isolate 

these compounds in a pure state are in progress. 

as ,c/-i \. / 
1: 

A’ 

C 

cti \ 
9 

II 
+/ %h2 

\ ,,/rr\* I 
Ph2 c&=‘cH 2 

XXII XXIII 

Discussion 

Tbe reaction of rhodium trichloride with an excess of sp resembles 

the corresponding reaction with tri-o-tolylphosphine [l] in that two 

ligand molecules are coupled at the metal centre to give a planar 

rhodium(I) complex, but differs from it in that the coupling is accompanied 

by a hydrogen atom shift instead of by hydrogen loss. Although the five- 

coordinate complex RhCl(~p)~ is isomeric with RhCl(l-bdpb) (IV) and is 

readily formed from ethanolic rhodium trichloride and sp in the presence 

of formaldehyde [So], it is unaffected by refluxing Z-methoxyethanol and 



cannot therefore be intermediate in the dimeritation of sp. However, 

(IV) is formed in good yield by heating the chlorine-bridged, chelate 
I 3 

o-alkyl complex IRhC12(CO)(a-CHJC%CgH4PPh2f]2~IV) with spp in 

2-methoxyethanol; XXIV has been prepared by reaction of [RhCla(C:c~)~]- 

with one equivalent of sp per g atom of rhodium 1313, and is known to 

react with monodentate tertiary phosphines (PRa) to give monomeric 

chelate a-alkyls %vhC6H,PPh21 [31,32]. In view of 

the ease with which CO is abstracted from primary alcohols by rhodium(II1) 

chloride in the presence of tertiary phosphines [33], it seems reasonable 

to suggest that XXIV, or a monomeric sp derivative such as XXV, is formed 

in the reaction between rhodium[III) chloride and sp in 2-methoxyethanol. 

The pendant double bond of XXV can then insert into the Rh-C o-bond to 

give the octahedral rhodium(II1) chelate a-alkyl XIV, which we have shown 

to be formed by reversible addition of hydrogen chloride to IV in the 

presence of CO; thus elimination of CO and HCl from XIV probably 

constitutes the last step in the formation of IV (Scheme 1). 

The intermediacy of XXIV is supported by the observation that the 

analogous iridium compound can be isolated from the reaction of chloroiridic 

acid with sp in refluxing 2-methoxyethanol [31]. In both cases, hydrolysis 

of the hydrated metal halide in the alcoholic medium provides sufficient 

EC1 for protonation of 2 presumed rhodium(I) 

MCl(CO)(sp). 

or iridium(I) intermediate 

gcheme 1 is similar to that proposed for the coupling 

of sp promoted by ruthenium(I1) species in 2-methoxyethanol [4]. Reaction 

of hydrated ruthenium(II1) chloride with sp in refluxing 2-methoxyethanol 

produces ultimately the chelate o-alkyl XXVI in about 60% yield and the 

chelate I-butyl complex 111 in about 18% yield. Treatment of XXVI with 

CO in 2-methoxyethanol induces insertion of the vinyl group into the Ru-C 

u-bond (perhaps by first displacing the olefin from the coordination 

sphere) to give the Z-butyl complex II which subsequently isomerizes to 

III. In the reactions promoted by both rhodiun(III) and ruthenium(II), 
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CO (either present as such-or abstracted from Z-methoxyethanol) seems to 

play a key role; it stabilizes intermediate olefin ccmplexes which can 

be protonated to form cbelate o-alkyls, and it promotes the coupling of 

vinyl residues as noted above. At present we do not 

reaction occurs. 

Scheme 1 also resembles the mechanism proposed for the dimerization 

know how the insertion 

of ethylene catalyzed by ethanolic rhodium(II1) chloride [34], in which 

the key steps are.thought to be:(l) reduction of rhodiurn(III) to rhodium(I) 

and formation of a bis(ethylene) rhodium(I) complex (2) protonation of the 

Rh-C$%, bond to form an ethylrhodium(III) complex (3) insertion of ethylene 

into the Rh-C2HS bond to form a n-butylrhodium(II1) complex and (4) 

S-elimination of 1-butene and reductive elimination of HCl with re-formation 

of the initial ethylene-rhodium(I) complex. lie have not been able to make 

our reaction catalytic, probably because l-bdpb is not easily displaced 

from N under the reaction conditions. 

Our qualitative observations indicatethat IV and VII are less prone 

to ligand addition than their bdpps analogues Ib and Ic, perhaps as a 

consequence of steric hindrance by the additional CHCH3 group in the 

chain bridging the coordinated phosphorus atoms. The same factor may 

also be responsible for the fact that, in the absence of added ligands, 

IV undergoes protonation by HCl partly at the metal atom and partly at 

the coordinated olefin, whereas Ib adds liC1 exclusively at the metal 

atom [15]. In most other respects, however, the oxidative additions of 

corresponding complexes of bdpps and 1-bdpb are very similar. 

An interesting effect on the ChY3Ha group in the connecting chain of 

I-bdpb is the activation of the tertiary C-H bond, either resulting in 

its elimination as HCl (XI ---f XIII) (see also ref. 22), or in an internal 

oxidative addition to the metal (XXlIj. A similar hydrogen migration 

to the metal has been observed in both neutral and cationic iridium(I) 

complexes of the W-chelating bibenzyl ligand o-Ph2PCaH~CIi$H2CeH~PPh2-o 

1351, andl(ze ortio-metallation of lrCl(PPhz)3 1361. We plan to examine 

the factors which promote this behaviour in cationic complexes of 1-bdpb. 



258 

The octahedral iridium(II1) complexes XV11 and XIIII, like their 

bdpps counterparts 1151, are rare examples of stable hydride-olefin 

complexes in which the olefin shows no appzrenl tendency to react xith 

the metal-hydrcgen bond to form a u-alkyl. While this lack of reactivity 

could reasonably be attributed to the incorporation of the olefin into a 

fairly rigid cbelate ligand, such an explanation clearly cannot zpply to 

the cationic hydrido-ethylene complex XXII, which shows no tendency to 

isomerire to a u-ethyl complex. Remarkably, since the phosphorus atoms 

of XXII are mutually &z%rz.8. the ethylene and hydride ligands are forced 

be ~58, an arrangement which shculd favour migratory insertion. The 

fact that complexes such as ReH(C&)(dppe'J2 1301 and [PtH(C2H4}(PEt3)~]* 

[37,38] can be PrePared may be due to the &runs-disposition of hydride 

and ethylene ligands, and indeed isomerization of the latter to its 

cis-isomer is believed to be a rate-determining step in the insertion 

reaction of iPtH(acetone)(PEt3)d+ with ethylene to give iPt(C2Hs)(acetone) 

(PEt$ .d+ I381 . Similarly, the cationic complex [MoH(C2HI,],(dppej2]+ 

appears to be in equili'Drium with a u-ethyl formed by reaction of the 

140-H bond with 0776 of the ethylene ligands (presumably that cis to the 

hydride) [39]. As far as we knor,the only other examples of stable 

sis-hydrido-ethylene complexes ar e the bis(n-cyclopentadienyl) metal 

complexes (CsHs)2NbHfC2H4) 140) and [(CsH5f+$H(C~H+)l* (M = &IO, W> 1411: 

all of which readily undergo ligand-induced insertions to form o-ethyl 

derivatives. Since migratory insertion i‘n the case of XXIX would lead 

to a fomally five-coordinate iridinm(II1) species, it seems likely that 

the stability of XXII is a reflection of the remarkable stability of the 

octahedral ligand arrangement for iridiun(llI>. 

Experimental 

The procedures and instrumentation for microanalysis, solvent drying, 

IR spectra and Fir spectra are as described previously [3,4]. Molecular 

ueights were determined in CHCl3 at 37°C using a Knauer vapour pressure 

osmometer. Conductivity measurements were made on a Philips GX4144/01 
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Universal Ueasuring Bridge. The complexes [MClfCOD)]2 @MU-I, Ix) were 

prepared by litex=ature nethods [42,43]. Analfiical and selected IR data 

are in Table 1, %-I NXR data are in Tables 2, 4 

in Table 3. 

and 5, 31P IWR data are 

Many of the cmpiexes o.f l-bdpb contained 

which could not be removed in vacua (Table 1). 

solvent of crystallization 

This was most frequently 

dichloromethane, which could be detected by its characteristic singlet 

at 65.3 ppm in CDCls, and which gave rise to low C,H and high Cl analyses. 

The presence of small amounts of dichloromethane (c 0.5% v/v) will cause 

slight errors in osmometric measurements performed in the less volatile 

chloroform, so that the molecular weights in Table 1 are necessarily 

approximate. However, they are generally sufficiently accurate to 

establish the molecularity of the complexes. 

The carbon analyses for the fluoroborate salts XIX, XXI and XXIV 

were consistently about 2% lower than the calculated values (in absolute 

terms), although the NW2 spectra were in agreement with the formulations. 

This analytical problem is believed to be associated with the presence of 

phosphorus, boron and fluorine together with the precious metal 1441. 

I1,3-Bis[(o-diphenylphosphino)~henyl]-~~-l-butene~chlororhodiun(I), 
‘ 

RhCl(l-bdpb), IV. A solution containing hydrated rhodium trichloride 

(0.3g, 1.14 moles) and o-styryldiphenylphosphine (sp) (l.Og, 3.5 mmoles) 

in degassed 2-methoxyethanol (40 ml) was stirred and heated under reflux 

in a nitrogen atmosphere for 1.5 h. The orange solution was evaporated 

to dryness under reduced pressure and the residue was taken up in dichloro- 

methane (15 ml]. The solution was filtered, treated with methanol (40 ml) 

and refrigerated overnight. The supernatant liquid was decanted and the 

yellow crystalline product was washed with methanol (2x5 ml). After drying 

in vacua at SO'%, the yield was 0.63g (77%). 

(Continued on p. 264) 
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TABLE 3. 31? %¶R DATia 

1-bdpb m) - 

RhC2(1-bdpb) (rv, A .- 

B 

IXE(l-bdpb) (VII) A 

B 
_b 

RhCE(CO) (I-bcipb) (VIII) -_ 

(VIII) A” 
vm)Bd 

IK!Z(CO)(l-bdpb) (Ix) A - 

B 

RhC$(l-bdpb) (XI) - 

IrCCP3(1-bdpb) (XII) A 

Bg 
h 

RhCO2(i-bdpb-H) (E) 

RhC2,(CO)(l-bdpbH) (XIV) 

i.r&.(CO)(l-bdpbH) (xv) 4 - 

B 

[=C~,(l-bdpbH)f2 (E) 

IrHC22(1-bdpb) (XVII) Al 

A2 

Bl 

B2 

IrH.$~(l-bdpb) (XVIII) Al 

A2 

Bl 

B2 

-16-h,-13.5s 0 

39.ldd,17.3dd 400 

40.0dd,lS.Sdd 400 

34.3d,9.Sd 392 

JS.Zd,6.2d 392 

46.9dd,30.3brdd 382- 

53.2dd,30.6dd 37d 

40.9,36.7e 33ae 

26.2d,-3.ld 347 

11.5,3.9 f ? 

44.ldd, 9.3dd 548 

2.7d,-22.7d 468 

lO.Zd,-23.ad 430 

55.6dd,30.Odd 493 

la.Zdd,a.Odd 444 

-8.0s ? 

ea. -7.7,-16.5 ? 

45.9dd,34.ldd 26 

18.6d, -3.S.d 419 

9.9d,-15.7d 422 

12.ld,-11.4d 420 

22.2d,-3.6d 415 

24.4d,7.ld 370 

16.9d,O.Sd 371 

2S.Sd,4.8d 347 

23.7d,-O.ld 329 

-I 

129,127 

130,127 

93,c102 

95,97 

ctzQ6,96 

7i,74 

9a,75 

93,94 

147,145 

JCP-P3 m3l-PI 



261 

TABLE 3 {Cont'd) 

B(P) J(P-P) J(Rh-P) 

[Bb(CO)(l-bdpb)]BF,+ (xrx) A 41.ldd,20.6dd 273 110,109 

B 41.7dd,iQ.Sdd 290 100,102 

[Rh(C0)2(1-bdpb)]BF4 & 43.ldd,17.9dd 296 Sl,S3 - 

[Ir(CO}2(1-bdpb)fBFb (XXI) 12.8d,-20.5d 259 

[IrH(C2H4)(1-bdpb-H)BFb(m) 28.9d,13.2d 324 

Chemical shifts in ppm relative to external 85% H8PO,, downfield being 

taken as positive. Solvent was CH$X2 and temperature was 32OC except 

where stated otherwise. Coupling constants accurate to within i5 Hz 

except where stated otherwise. 

Time-averaged spectrum at 32OC. 

+lO Hz owing to broadness of lowfield signal. 

At -24OC. 

Wing to small chemical shift difference, outer lines of AB quartet couldnotbe 

detected, hence b(P) and J(P-P) could not be evaluated directly. They 

were calculated from the equation J(P-P) (average at 32°C) = pAJ(P-P)(A) 

+ p&(P-P)(B), where pA, pB are the populations of isomers A and B (0.7 and 

0.3 respectively in this case) at -24OC. B(P) was then calculated from 

J(P-P) and the observed positions of the inner lines of the AB quartet. 

Could not be evaluated directly (see e). Calculated assuming J(P-p) same 

as for isomer A_ 

Determined by IhDOX lH131P). 

Chemical shifts given in ref. 6 are incorrect. 

Measured in CD&. 
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IV was also prepared in 63% yield frcin [W~tiCa&+Whz)~z 

[31] (0.25g, 0.25 sole) and sp (O.Zg, 0.7 mole) in refluxing Z-methoxy- 

ethanol (40 ml). 

The bromo-coa@ex RhBr(l-bdpb). V, was prepared as described above 

from hydrated rhodium tribromide (O.lg, 0.25 onole) and sp (0.35g, 

l-21 moles) in Z-nethoxyethanol (15 ml). The yield of yellow product 

was 0.105g (55%).- ’ 

Z,Z~-Bi~(o-diphenylphosphinoJphenyl]-trmrs-l-butene, I-bdpb. VI. A 

nixture of IV (lg) and sodiurp cyanide (3_5g, excess) was heated under 

rcClux in 90% aqueous ethanol or 2-methoxyethanol (50 nl) for lh. Addition 

of water (50 ml) gave a white precipitate, which was filtered off and 

recrystallized from ethanol to give 0.71g (904) of VI, m.p. 122OC. 

{1,3-Bis[(o-diphenylphosphino)phenyl]-~~-l-butene)chloroiridi~(I). 

IrCl(l-bdpb), VII. (i> A solution containing [IrCl(COD)]z (O.l9g, 0.28 msole) 

and l-bdpb (0.33g, 0.56 mmole) in dichloronethane (10 ml) was stirred under 

nitrogen at roan temperature for 10 nin. A portion of this solution was 

evaporated to dryness and the residue was redissolved in CD2C12; the lH 

KM8 spectrum showed the presence of isomers VIIA and VIIB in ca 3:l ratio. 

The bulk of solution was filtered and treated with methanol (30 ml). After 

12h, the supernatant liquid was decanted and the orange crystalline product 

was washed with methanol. After drying in vacua the yield was 0.3g (66%)_ 

lH IiMR spectroscopy showed it to contain >95% of isomer A. 

(ii) The same reaction was carried out in refluxing cyclohexane or benzene 

(3,3 ml> under nitrogen for 45 min. Solvent was removed under reduced 

pressure and a small portion of the residue dissolved in CD2C12; the 'H 

LX? spectrum showed the ratio of VIIA to VIIB to be 1:s. The residue was 

recrystallized fron dichloromethaneJmethano1 to give 70% yield of an orange 

crystalline product which contained a 1:3 ratio of ViiIA and VIIB according 

to its 'H NXR spectrum_ 
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il,3-Bis[(o-diphenylphosphino)phenyl]-trmrs-l-butene)carbonylchloro- 

rhodium(I) and -iridium(I), MCl(CO)(l-bdpb). M=Rh (VIII) or Ir (IX). 

Carbon monoxide was bubbled into solutions of IV or VII (4.28) in 

dichloromethane (10 ml) for 10 min. n-Pentane or m-hexane (20 ml) 

was added in an atmosphere of CO. After 20 min, the supernatant 

liquid was decanted, and the colourless crystalline product was washed 

with n-pentane. It was then dried, in a strean of CO in the case of 

VII, in vacua at 509C in the case of IX; yields were almost quantitative. 

Cl,3 -Bis[(o-diphenylphosphino)phenyl)-trrms--l-but~ne)chl~ro(eth~lene~ _ 

iridium(I), IrCl(C,H~)(l-bdpb). X. This was prepared similarly to IX 

using ethylene instead of carbon monoxide. The pale yellow product, 

which readily reverted to VII at room temperature, was dried in a current 

of ethylene. Solutions of X for lH NMR work were prepared in situ by 

passing ethylene into a solution of VII in CD2C12. 

{1,3-Bis[(o-diphenylphosphino)phenyl]-~~-l-butene)trichloro-rh~i~(III) 

and -iridium(III), MClz(l-bdpb), M=Rh (XI) or Ir (XII). (i) Chlorine gas 

was bubbled into solutions of IV or VII (4.2g) in dichloromethane (10 ml) 

for 1 min at room temperature. Solvent was removed under reduced pressure 

and the residue was dissolved in CD2C1.2 for 1H and 3lP{lH) hNR examination. 

Crude XI contained only a single isomer, even though the precursor IV 

contained two isomers in a 3:2 ratio. In contrast, crude XII contained 

two isomers; by starting with almost pure VIIA, or with VII containing 

different proportions of A and B (see above), it could be-shown that the 

isomers XIIA and XIlB arose from VIIA and VIIB respectively. The products 

were recrystallized from dichloromethane/methanol and after drying at 70° 

in vacua the yields were almost quantitative. XI was yellow-orange, 

XII was yellow. 

(ii) A mixture of chloroiridic acid (O.l47g, 0.29 mmole) and 1-bdpb 

(0.2g, 0.35 mmole) in 2-methoxyethanol (35 ml) was heated under reflux 

in 2 nitrogen atmosphere for 2h. Solvent was removed under reduced 

pressure and the residue nas recrystallized from dichloromethane/methanol 
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to give a yellow crystalline solid. After drying in vacua at 30° the 

yield of XIiB was 0.08g (22%). 

r r L t 
dichlororhodium(II1). RhC12{a-Ph2PC6H4CI.~(CH3)C6H4PPh2-03, XIII. 

(i) A mixture of hydrated rhodium tricbloride (O.O7g, 0.27 mmole) and 

l-hdpb (0.17g,O.29 mmole) in E-methoxyethanol (25 ml> was heated under 

reflux in a nitrogen atmosphere for 2h. After removal of solvent under 

reduced pressure, the residue was taken up-in a mixture of dichloromethane 

(15 ml) and methanol (30 ml). After lh a small crop of yellow crystals of 

IV had formed. The supernatant orange solution was decanted and deposited 

overnight orange crystals of XIII, which were dried in vacua (O.l22g, 60%). 

(ii) XI [O.OSg) was heated under reflux in 2-methoxyethanol (15 ml) for Zh. 

After removal of solvent under reduced pressure, the residue was recrystallized 

from dichloromethane/methanol to give XIII, identified by its lH W spectrum 

(Table 2). A solution of XI inCD.$lz lost hydrogen chloride over a 10d 

period at 25°C giving XIII; the reaction was not reversed by saturation of 

the solution with hydrogen chloride. 

(1,3-Bis[(o-di ~enylphosphino)phenyl]-2-butyl]carbonyldichloro-rh~i~(III) 
I I 

and -iridium(III), MCl2(CO)(o-Ph2PC8H~CH2CECH(CH8)C8H~PPh8-o~, M=Rh (XIV) or 

Ir (XV:. Solutions of VIII or IX generated in situ by carbonylation of 

IV or VII ZE described above were treated with dry hydrogen chloride for 

5 min. The products were crystallized by dropwise addition of n-pentane 

or n-hexene and were dried in vacua; yields were almost quantitative. 

Reaction of RhCl(l-bdpb) with hydrogen chloride: preparation of 

~1,3-bis[(o_diphenylphosphino)phenyl]-l-butyl~ichlororhodium(III) 

~~~~~~(~~~C~~PPh~-~~]2, XVI. A sample of IV was 

purified by four recrystallization from dichloromethane/methanol to 

ensure complete renoval,of small amounts of free spp or l-bdpb (see 

belcm). CG 0.3g was then dissolved in CDgC12 and treated with dry 

hydrogen chloride at room temperature for 15 min. The lH KM8 spectrum 

at this stage showed the presence of c(z 103 RhClg(l-bdpb) (XI) in addition 
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to unreacted IV. The solution was then saturated with hydrogen chloride 

gas end set aside at room temperature for 5d. The 1H NMR spectrum now 

shmed that IV had completely reacted to give approximately equal amounts 

of XI and XVI in addition to a small amount of the chelate 1-3n-ally1 

complex XIII. Attempts to separate XI and XVI by fractional crystallization 

were unsuccessful. 

The same experiment uas carried out in the presence of triphenylphosphi 

(1 mol per no1 of IV). After 2h at 2S°C, the 1H NMR spectrum showed the 

presence of about 80% of XVI, 5% of XI and 15% of an unknown compound having 

6(CHg) 1.62 ppm, J(CHs-CH) 6.5 Hz (possibly the 2-butyl isomer of XVI); the 

same composition was obtained if only a trace of triphenylphosphine, sp or 

1-bdpb were present initially. Fractional crystallization from dichloro- 

methane/n-hexane removed the small amount of Xl, but failed to separate 

XVI from the unknown compound. 

DehydrochZorination of X-W or XVI. XIV or XVI (ca O.lg) were separately 

heated under reflux in ethanol (20 ml) for lh. After cooling to room 

temperature and allowing to stand for lh, the yellow solid product was 

centrifuged off, dried in vacua, and identified by its IH‘NMR spectrum 

as RhCl(l-bdpb) (IV). 

fl.3-Bis[fo-diphenylphosphino)phenyl]-trans-l-butene~dichlorohydrido- 

iridium(III), -IrHCl2(1-bdpb). XVII. A solution of VII (0.2g) in 

dichloromethane (10 ml) was treated with dry hydrogen chloride gas for 

5 min. The colourless product crystallized on dropwise addition of 

n-pentane and was dried in vacua; the yield was almost quantitative_ 

_Cl,3- Bis[(o-diphenylphosphino)phenyl]-trmts-l-butene]chlorodihydrido- 

iridium(III), Irii,Cl(l-bdpb). XVIII. Hydrogen was passed into a solution 

of VII (0.2g) in dichloromethane (10 ml); the colour changed immediately 

from orange to very pale yellow. Attempts to isolate the adduct were 

unsuccessful owing to its ready reversion to VII, and it was therefore 
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characterised by its IR spectrum [u(IrH)221Os, 2100s CXU-~(CH$~~)] and 

by NHR spectroscopy (Table 5). 

~l,3-2is[(o-diphenylphosphino')phenyI]-t~~-l-butene)carbonylrhodium[I) 

tetrafluoroborate, [Rh(CO)(l-bdpb)]BF4, XIX. A solution-of N (a.0.g) 

in dichloromethane (10 ml) was treated -with an excess of AgBF4 under 

nitrogen. The orange solution was filtered and the complex was precipitated 

by addition of n-pentane. The sample for analysis was recrystallized from 

dichloromethane/ether: the yield was almost quantitative. Solutions for 

measurement of IR and MR spectra were prepared in situ in CH,Cl, and 

CD2C12 respectively. A solution of XIX reacted with CO to give XX (see 

below) _ 

(1,3-Bis[(o-diphenylphosphino)phenyl]-fira*s-l-butene~ic~bonyl-rhodium(I), 
tetrafluoroborate 

and -iridium(I)m(CO)3(1-bdpb)]BFII. M=Rh (-XX) or Ir (XXI). These colourless 
4 

salts were prepared as described above, an atmosphere of CO being employed 

instead of nitrogen. A suspension of IV (5.55 mg) in nitromethane (10 ml) 

dissolved on passage of CO giving a cofourless solution having A = 68.1 ohm11 

cm -1 
2mol , typical of a 1:l electrolyte [45], suggesting the formation of 

[K?(CO)2(1-bdpb)]+. Passage of nitrogen through the solution caused it 

to turn yellow and becom e almost non-conducting, presumably due to the 

re-formation of RhCl(l-bdpb). 

Reaction of T/II tith AgBF4 mzd etiylexe. A solution of VII (O.lg) in 

dichloromethane (5 ml) was saturated with ethylene (1 atn) and treated 

uith an excess of AgBFb. The yellow colour of VII was immediately 

discharged and a white precipitate of AgCl appeared. The mixture was 

stirred under ethylene at 25OC for 10 min and the precipitate was removed 

by centrifuging. N.n.r. examination of the clear supernatant liquid 

showed the presence of the hydrido (ethylene) complex XXII (87%) and 

the butadiene complex XXIII (13%). These proportions remained unaltered 

when the solutign in the n.m.r. tube was set aside for 2 weeks at room 
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temperature or on addition of an equal volume of CDCls. Addition of 

n-hexane to the bulk of the solution caused XXII to crystallize as 

colourless needles. After washing with n-hexane and drying in vacua, 

the yield was ca 50%. Attempts to isolate XXIII were not successful. 
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