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Abstract—The 2,2-biphosphole which presents axial chirality generated by the biphosphole framework and central chiralities due to the
phosphorus atoms leads to the existence of six stereoisomers corresponding to three pairs of enantiomers which have been fully characterised
by X-ray diffraction studies. Among these three diastereoisomers, one has a favourable configuration for chelating metals. The synthesis and
structure of numerous transition metal complexes are reported. Their X-ray analysis proved that in each complébigigo2phole

ligands have the expected configurati@n1999 Elsevier Science Ltd. All rights reserved.

Introduction presented in Fig. 2 displays a dihedral angle between the

two phosphole rings (8pwhich generated an axial chirality

The coordination chemistry of monophospholes has beenC,. This occurrence o€,-symmetry in the 1,%diphenyl-

extensively studied,and the evaluation of their potential ~ 3,3,4,4-tetramethyl-2,2biphosphole (BIPHOS) in a com-

in homogenous catalysis has been investigatedparticu- plex led to a renewed interest in the chemistry of this

lar, it was proved that phospholes are efficient ligands for bidentate ligand.

hydrogenation and hydroformylation of various unsaturated

substrates in conjunction with rhodiuffi’ On the other In this paper we will overview our recent work concerning

hand, chiral diphosphole ligands associated to rhodium the structure and stereochemistry of’Zy#phosphole com-

have proved to be moderate asymmetric inductors for pounds as well as their coordination chemistry.

these catalytic processsHigh enantiomeric excesses

(>96%) and high branched to normal (b/n) ratios (77/23)

have been obtained in the asymmetric hydroformylation of

styrene by the use of platinum complexes in the presence of Me Me Me Me

SnCh.*

/N [\
In the field of 2,2-biphosphole chemistry, little work has P P
been done. Indeed, only a few 2[@phosphole compounds, Me Me Me Me N\ ph
the 1,1-diphenyl-3,34,4-tetramethyl-2,2biphospholé Mo(CO)4
and its derivative§,and two 2,2-biphosphole complexes [\ / \
[Mo(2,2"-biphosphole)(CQJ)° and [Mry(2,2-biphosphole)- p P Me =~ Me Me — Me
(CO))° (Fig. 1) have been reported in the literature by p'h P'h / \ / \
Mathey et al., but no structural information was given. P

A\ /P\Ph
In 1997, we obtained the X-ray structure of the dinuclear P?CO)4M,,_M,,(CO)4
complex [Fe{°>-CsHs)(C4HMe,PhP)(CO)}.” It was the first
structural report of a complex containing the "2Zhphos- Me  MeMe  Me
phole ligand. The molecular structure of this complex /A 7 Me
- Ar P P Ar  Ar=Ph, [ N1 ) Me\fi
Keywords stereoisomers; diastereoisomers;’hiphosphole complexes; A }Iz S s P’
transition metal complexes; enantiomers. R=Me, CN
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Figure 2. The molecular structure of the dinuclear complex ff%eCsHs)-
(C4HMe,PhP)(CO)).

Results

Structure and stereochemistry of the 2,2biphosphole

This stereochemical analysis shows the occurrence of six
stereoisomers corresponding to three pairs of enantiomers.
Only two isomers were observed in solution for the’2,2
biphosphole compounds. Using the procedure previously
described by F. Mathey and coworkérsye synthesised
the 1,1-diphenyl-3,3,4,4-tetramethyl-2,2biphosphole1®
which we identified as a mixture of two isomets, 1b in

the ratio 88/12 as evidenced By-, *'P- and*C-NMR data
analysis® The existence of two isomers was also observed
for the 1,1-dicyano-3,34,4-tetramethyl-2,2biphosphole

2, obtained from compound (Scheme 1). However, in
the solid state, we were able to characterise the three pairs
of enantiomers b%/ X-ray diffraction analysis. The diastereo-
isomer ([afst[a]Rr) was identified for the dioxid8a and
disulfide 4a° obtained by oxidation of the corresponding
2,2-biphospholel (Scheme 1). The molecular structure of
dioxide 3a is presented in Fig. 4. The diastereoisomer
([blser [b]3) was characterised for the disulfide derivative
4b® of 2,2-biphospholelb. Fig. 5 shows the molecular
structure of disulfidetb in the crystal. The structure of the
third isomer ([afz+[a]8) was obtained for free 2/2
biphospholel and 2. The molecular structure obtained for
compound? is shown in Fig. 6.

The 2,2-biphosphole is a particular diphosphine which From these results, we were able to propose a structure for
presents axial chirality generated by the biphosphole frame-the two isomers of the 2/biphosphole observed in solu-
work and central chirality due to phosphorus atoms. The tion. Since the mixture of 2/zbiphospholelaandlbin the

different possibilities of combining axial and central chiral-

ratio 88/12, leads to the dioxidBaand3b or to the disulfide

ities in 2,2-biphosphole are depicted in Fig. 3 using a 4aand4b in the same ratio 88/12, the major products arise
Newman projection along the C—C axis of the bond linking from the major isomefLa and the minor product from the

the phosphole rings.
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Figure 3. The Z stereoisomers of 2/zbiphosphole which possess two chiral centres and one chiral axis. Subscript refers to central chirality and superscript to
axial chirality. Among these eight stereoisomers, six are really inequivalents.
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/ \ / \ CN CN 2a +2b (83/17)
Ph p'h [X]
la+1b \ / \
88/12
P, P
7"\ V2N [X]=0,3a+3b (88/12)
X Ph X Ph [X]=5,4a+4b (88/12)

Scheme 1.

1b or 2b corresponds to the pair of enantiomers3ia

of the 1b—1aisomerisatior?, by *'P NMR at low tempera-

[b]5: and presents opposite absolute configuration for the ture, shows that the free enthalpy of activation which corre-

two phosphorus atoms. Thus for the major stereoisdraer

sponds to the inversion barrier for the pyramidal phosphorus

or 2a, both phosphorus atoms have the same absolutecentre is AGhs=16.5 kcal/mol. This low barrier due to
configuration. We assume that this isomer exists in solution extensive electronic delocalization within the planar transi-

either in the [a§z+[a]53sform or in the [afiz+[a]Ssform or

as a mixture of these two pairs of enantiomers inter-
converting rapidly on the NMR time scale even at low
temperature £70°C) by rotation around the C-C bond
bridge and giving only one sharJP resonances=15.7).
The two isomersa andb could not be separated by usual
methods because 2;Biphosphole exists in solution as an
equilibrium mixture of two diastereoisomessand b, the
energetically preferred isomer beiagThe kinetics studies

Figure 5. The molecular structure of the disulfidé.

tion state is comparable to those observed for the mono-
phosphole serie¥.

However, if we consider the [3% and [aEs configurations,
the 2,2-biphosphole presents the phosphorus lone pairs in
the right direction to chelate a metal centre. We have
explored the coordination behaviour of the ‘igiphenyl-
3,3,4,4-tetramethyl-2,2biphosphole ligand (BIPHOS],

Synthesis and characterisation of 2,2biphosphole
complexes

The reaction of 2,2biphospholel (1a+ 1b) with appropri-

ate nickel, palladium and platine precursors produces
[MCI,(BIPHOS) in dichloromethane at room temperature
in excellent yield (Scheme 2). TH&{*H} NMR spectra of

the reaction mixture exhibit in each case a single resonance
showing that the conversion ofig+1b) into the corre-
sponding complexesis quantitative and that are obtained

in a pure diastereoisomer form. Owing to the low pyramidal
inversion barrier of the phosphorus atdi,it is clear that

1b is quantitatively transformed inttba in order to favour
coordination onto the metal. These complexes were charac-
terised by elemental analysis, multinuclear NMR spectro-
scopy, mass spectroscopy and X-ray diffraction studies.

The molecular view of complekb is presented in Fig. 7.
In this complex, the P(1), Pl and Pd atoms have a
square planar environment with slight distortion from

Figure 6. The molecular structure of the 2;Biphosphole2a
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Scheme 2.

Figure 7. The molecular structure of the palladium compix
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[MX,S,] Z \g
/ P/ \ / \ Ph 53, M=Ni

la+1b [Ru(n;-allyl),(COD)] \‘:‘

88/12

5S¢, M =Pt

forms of the ligand as expected from the stereochemical
analysis (c.f. Fig. 2).

For [NiCl,(BIPHOS)* 5aand [PtCy(BIPHOS)J* 5¢ com-
plexes, X-ray diffraction analysis shows the same stereo-
chemistry of the 2,2biphosphole ligand, [&k, [a]53s in
each complex. This stereochemistry appears to be stable
once coordinated to the metal.

The 2,2- b|phosphole ligand. can also chelate ruthenium
metal. Them?*allyl-complex, [Ruf? aIIyI)z(BIPHOS)] 6,

was obtained by reaction dfwith [Ru(n?3-allyl) ,(COD)]. L

In contrast to the formation of nickel, palladium and
platinum complexes which are immediate at room tempera-
ture, the formation of ruthenium complex is very slow,
complete in 8d at room temperature. Moreover, complex
6 is extremely air and moisture sensitive and has only been
characterised by'H, *P-NMR and mass spectroscopy.
The NMR spectra indicated the formation of only one
diastereoisomer from the two expected if we consider the

the idealised situation. The phosphole rings are all planar stereochemlstry of the 2;biphosphole ligand, [gk and
within experimental error,

but they are twisted with
respect to each other along the C(1)-¢{ond making
dihedral angles of 46°8 This value compares well with
the 46.6 observed for the free ligantl® As the structure
possesses &,-symmetry axis passing through the metal
atom and crossing the middle of the C(1)-(Q(ond, the
complex5b is chiral. The structure determination reveals
unambiguously the relative configuration of both central

[a]Ss and the stereochemistry of a tris-chelate ruthenium
complex,A and A. This reaction proceeds diastereoselec-
tively but we have not been able to determine on the basis of
a single NMR analysis which diastereocisomer has been
obtained.

2,2-biphospholel is a rather good ligand for transition
metals as evidenced by the formation of bis-biphosphole

and axial elements of chirality. However, the solid state complexes. The reaction df with [Pd(CHCN)4](BF.)>
structure corresponds to a racemic mixture since complexaffords a bis-2,2biphosphole—palladium-complex, [Pd(BI-
5b crystalllses in a centrosymmetric space group. This PHOS)](BF4)2,11 7 (Scheme 3) as indicated by elemental

racemic complex corresponds to the twogfapnd [afs

Scheme 3.
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Figure 8. The molecular structure of thmesepalladium complex’.

The molecular structure of the cation is shown in Fig. 8. As
Observed |n_comple>5b, the phosphole ””95 are planar Figure 9. The molecular structure of theans-meseruthenium complex
within experimental error and they are twisted along the 10

C(1)-C(11) bond making a dihedral angle of 53.3
Complex7 contains both the [gk and [aEsabsolute config-
urations of the 2,2-biphosphole and it is thus timeso
diastereoisomer. The sanmesepalladium complex was
later described by Matsuda and coworkErén addition,
these authors observed the formation of another complex,
the racemic diastereoisomer. The formation of these two Bis-2,2-biphosphole-dicarboxylato—ruthenium complexes,
diastereoisomers seems to be solvent dependant. A mixturdRu(O,CCRy),(BIPHOS)] R=CHjs, CF;, have been surpris-
of mesacand racemic complexes was obtained in a dichloro- ingly obtained by reaction of 2/biphospholel with
methane solution whereas the formation of only theso normal precursors of diphosphine-dicarboxylato—ruthenium
complex proceeds in a toluene—dichloromethane mixture. complexes [Ru(@CCRs),(P—P)]** The reaction of biphos-
These diasterecisomers are stereochemically stable inpholelwith these ruthenium complexes in dichloromethane
dichloromethane solution. For example, starting to the at 30°C gives, in a moderate yield, bis-biphosphole
mesepalladium complex in dichloromethane solution, no ruthenium complexe® and10,*® respectively, (Scheme 4)
interconversion to the racemic complex was observed as indicated by mass spectroscopy.

proving the stereochemistry of the 2[@phosphole ligand
is stable once coordinated to the metal.

spectroscopy and multinuclear NMR spectroscopy.

Unfortunately, we have not yet been able to obtain a crystal
structure of these complexes so we cannot determine if it is
the mesoor the racemate.

X-ray structural analysiS confirms for complex10 the
formation of [Ru(QCCR),(BIPHOS)]. The ORTEP plot
Similar bis-2,2-biphosphole—rhodium complexes, [Rh(BI- given in Fig. 9 shows a near-octahedral geometry for
PHOS)JX, ' were synthesised from [Rh(COPBF, or ruthenium and mutuallfransligated monodentate trifluoro-
[RhCI(COD)L, precursors. In these cases, only one acetate groups. Although unexpected, the monodentate
diastereoisomer was obtained and identified by masscoordination mode of the trifluoroacetate groups is not

Scheme 4.

R;C
770 NG
=\ ,Ph 4 Ph, /X = /Ph P zZ )
P! R P |
I \ /] \ ~/ N\ 7 \&= ~/ | P
_ Ru _ Rl
oo = IN~ A N
P (0}
Ph Ph < h . P N\ ~ \Phcz \\<
la+1b R,;C o R3C/< 0
88/12 (6]
R =CH; trans meso-9 cis () 11
R=CF; trans meso-10 cis () 12
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@C421 &NC521 near-octahedral geometry for ruthenium. As 10, this
\ complex12 contains the pair of enantiomers of biphosphole

arrangement around the ruthenium atom. However, the solid
state structure corresponds to the racemic mixture,
A(([al3r+[a]89 and A([a]3s+[a]sR), since complex12
crystallises in a centrosymmetric space group. The two
Ru—P bond lengths corresponding to the P atdrass to
each other, 2.358(4) and 2.394(4) &re similar to those
observed forl0, whereas for the two P atontsansto the
trifluoroacetate, the Ru—P distances are much shorter,
2.275(3) and 2.296(4) Aas also observed in related
complexes-’

2 A . ntom \
Sg o N \ JCs31 1 with [a]Sk and [as absolute configurations but with two
C431 s 2 % cis monodentate trifluoroacetate groups leading to a chiral
QA A NVLNAT o33

This large difference could be the consequence of a strong
trans influence of the trifluoroacetate ligands. We assume
that the formation of the kinetic produtor 10is probably
controlled by steric factors. Indeed, the molecular structures
reveal that steric constraints between the two enantiomers of
1 seem to be lower in thieans—meso9 or 10than in thecis

(%) 11or 12 On the other hand, we assume that the isomeri-
zation of thetrans—-meso09 or 10 into the thermodynamic
productcis (£) 11 or 12is triggered by thdransinfluence
unprecedented and there are many examples of such afthe monodentate trifluoroacetate ligands. We may assume
bonding mode for the trifluoroacetaté.The four Ru—P  that thistransinfluence facilitates a decoordination—recoor-
bond distances lie in the range 2.32-2.4Zdund for dination process of one of the trifluoroacetate ligands
related ruthenium(ll) bisphosphindgrans disubstituted eventually assisted by the formation of an intermediate
complexes.” This complex contains both the f and with a dihapto coordination of the other (Scheme 5).

[a]&s absolute configurations of the biphosphdle(c.f.

Fig. 2) and it is then thenesodiasterecisomer as already We are presently investigating the mechanism of this
observed in the [Pd(BIPHOS|BF,), complex*! isomerization reaction.

Figure 10. The molecular structure of thas-(*)-ruthenium complex2.

However, thesemeseruthenium complexe® and 10 are

stereochemically less stable in dichloromethane solution Conclusion

than the mesepalladium complex. Transformation of

complexes9 and 10 proceeded in solution leading to the The 2,2-biphospholes are peculiar diphosphines presenting
formation of new complexed1 and 12,'° respectively, axial chirality generated by the biphosphole framework and
(Scheme 4). Remarkable difference was observed for thecentral chiralities due to the phosphorus atoms. The differ-
stability of complexe® and10: conversion 0B is complete ent possibilities of combining axial and central chiralities
in 6 h whereas 8 d are necessary 1@ This conversion,  imply the existence of three pairs of enantiomers which
followed using®'P-NMR spectroscopy, displays the disap- have been fully characterised by diffraction studies of the
pearance of the single®(6=54.5, 10: 6=54.5), correspond-  2,2-biphosphole derivatives. The existence of only two
ing to four equivalent phosphorus nuclei in compleXes  diastereoisomers in solution, as an equilibrium mixture,
and 10 concomitant with the appearance of an ABCD was explained by the low inversion barrier for the pyramidal
system corresponding to four non-equivalent phosphorusphosphorus centre and the free rotation around the C-C
nuclei in complexesll and 12. Elemental analysis and bond linking the phosphole rings.

mass spectroscopy also confirmed the formation of bis-

biphosphole—ruthenium complexes for compoutdsand However, the stereochemical and structural analyses reveal
12. The molecular structure of compld®2,' determined by that only one configuration, [&and [aEs is favourable for
X-ray analysis and represented in Fig. 10, shows a chiral chelating transition metals atoms. Numerous complexes of

RsC

(0]
I /\
P O - P P P - P. P P
AN g y ﬂ \RI _~F +cryc00 \Rl - CR,
u u
p ([) ~ - \ ~o /I \0 /\<
R3C<( 04 0
R;C
b CR, 3 \((
trans meso Ocis (1)

Scheme 5.
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Ni, Pd, Pt, Rh and Ru with this specific configuration have 1,1’-Dicyano-3,3,4,4-tetramethyl-2,2'-biphosphole (2).
been obtained with the 2 diphenyl-3,3,4,4-tetramethyl- A solution of 1,I-diphenyl-3,3,4,4-tetramethyl-2,2
2,2-biphosphole ligand (BIPHOS) and fully characterised biphospholel (0.160 g, 0.43 mmol) in 5 ml of THF was
by NMR and X-ray diffraction. Moreover, this stereochem- added to a suspension of lithium (10-fold excess) in THF.
istry of the 2,2-biphosphole ligand appears to be stable After 3 h, the excess lithium was removed from the crude
once coordinated to the metal. mixture. This solution was then added to a solution of

cyanogen bromide (0.405 g, 3.85 mmol) in 5ml of THF
These results have highlighted the potential of this ligand and 10 ml of toluene at-60°C. The mixture was then
in coordination chemistry. More work is currently being allowed to warm at room temperature for 1 h. The mixture
done in order to define the evaluation of BIPHOS in was concentrated under vacuum and filtrated over silica gel
catalysis. to give 0.083 g of a yellow solid (71%*P-NMR (CDCL):

6 —37.34 (83%2a) and —41.88 (17%2b).

2a: *H NMR (CDClLy): 6 1.99 (s, 6H, Me31, 3}, 2.18 (s,
Experimental 6H, Me21, 21), 6.32 (m, 2H=CH-P); *C NMR (CDCL):

6 157.9 (t,Jcp 7 Hz, C2), 151.0 (tJcp 20 Hz, C3), 131.5 (t,
All reactions were conducted under an inert atmosphere of Jcp25 Hz, C1), 119.5 (s, CH, C4), 115.9 (@82 Hz, CN),
dry argon using Schlenk glassware and vacuum line tech-18.8 (t,Jcp 2.2 Hz, C31,131), 15.7 (s, C21,121). MS (DCI,
niques. Solvents were freshly distilled from standard drying CH4), m/z 290 (M"+18, 100%), 272 (M, 2%). Anal.
agents. Preparative column chromatography was performedFound (Calcd.) for &H14N,P,: C, 61.59 (61.76); H, 5.20
on Merck silica gel (70—-2¢.m). (5.15); N, 10.15 (10.29). Single crystals2d were isolated

by slow evaporation in dichloromethane.
H, Bc{™H, **P} and *'P{*H} NMR spectra were recorded
on a Bruker WMX 400 instrument operating at 400, 162 and 1,1-Diphenyl-3,3,4,4-tetramethyl-2,2'-biphosphole
100 MHz, respectively. Chemical shifts are reported in parts dioxide (3). To a solution of biphospholel (310 mg,
per million (ppm} relative to MgSi (*H and *°C) or 85% 0.082 mmol) in dichloromethane (6 ml) cooled -afl5°C,
HsPO, (3'P). For'H and »*C data, biphosphole ligands and was slowly added a solution of 3-chloroperoxybenzoic acid
biphospholes complexes have the same numbering as in th€290 mg, 1.67 mmol, 2.02 equiv.) in dichloromethane
X-ray structures. The following abbreviations are used: s, (2.5 ml). During the addition the temperature was kept
singlet; d, doublet; t, triplet; m, multiplet. Elemental between—15C and —10°C. After stirring for 3.5h at
analyses were performed by the ‘Service d’Analyse du —10°C, the mixture was washed at room temperature
Laboratoire de Chimie de Coordination’ at Toulouse, twice with a saturated solution of NaHGOThe two
France. Mass spectra were obtained on a Mermag R10-10phases were separated on a phase separator filter and the
instrument. organic phase was evaporated to give 310 mg (92%) of

compound 3 (3a+3b) as a pale yellow powder. The
X-Ray structure determinations were performed at room major producBBawas obtained in a pure form as colourless
temperature foi3a and at 160 K for2a on a Stoe IPDS  crystals from a dichloromethane solution by slow diffusion
diffractometer equipped with a graphite oriented monochro- with pentane.
mator utilising Moka radiation (=0.71073). Structures
were solved by direct methods (SIR$2gnd refined by  3a: 'H NMR: & 2.08 (s, 6H, Me31,131), 2.15 {t,"Jup
least-squares procedures on Fobs. H atoms could be locate@.2 Hz, 6H, Me21,121), 5.86 (dJ)p 27.8 Hz, 2H,—CH—
on difference Fourier syntheses, but they were introducedP), 6.97-7.02 (m, 4H, Ph), 7.14-7.19 (m, 2H, Ph), 7.29-
into the calculation in the idealised position (d(GH)  7.34 (m, 4H, Ph)¥'P{*"H} NMR: 6 42.20;"°C{'"H} NMR: &
0.96 A) and their atomic coordinates were recalculated 154.14 (dd,?Jcp 19.9 Hz,*Jcp 2.8 Hz, C2,12), 153.69 (dd,
after each cycle. They were given isotropic thermal para- “Jcp 29.1 Hz, “Jcp 5.5 Hz, C3,13), 131.46 (s, C114,214),
meters 20% higher than those of the carbon to which they 130.15 (d, 2Jcp 10.8 Hz, C112,116,212,216), 128.53 (d,
are attached. Least-squares refinements were carried out bjJep 12.6 Hz, C113,115,213,215), 128.48 (ddgp 99.0 Hz,
minimising thefunctiorw(Fo—Fc)z, whereF, andF. are the Jep 8.8 Hz, C1,11), 126.27 (dtJcp 97.2 Hz, C111,112),
observed and calculated structure factors. The calculations122.43 (dd, Jcp 98.3 Hz, “Jcp 2.2 Hz, C4,14), 17.91 (d,
were carried out with the CRYSTALS package progrdths. Jecp 18.6 Hz, C31,131), 15.27 (ddfJcp 15.0 Hz, “Jcp
Molecular views were drawn using ORTEP®Crystaland 2.7 Hz, C21,121). MS (DCI/N): 407 (M+1, 100%).
data collection parameters, the final residual values, theAnal. Found (Calcd.) for &H,,P,0,: C, 70.21 (70.93); H,
relevant structure refinement parameters, the atomic coordi-5.96 (5.95).
nates for the non-hydrogen atoms, the positional and isotro-
pic displacement coefficients for hydrogen atoms, a list of 3b: 'H NMR: 6 1.72 (s, 6H, Me31,131), 2.07 (s, 6H,
anisotropic displacement coefficients for the non-hydrogen Me21,121), 5.95 gd,ZJHp 25.0 Hz, 2H,=CH-P), 7.21-
atoms and a full list of bond distances and bond angles have7.71 (m, 10H, Ph); P{*H} NMR: 6§ 41.00.
been deposited with the Cambridge Crystallographic Data
Base. 1,1'-Diphenyl-3,3,4,4-tetramethyl-2,2’-biphosphole

disulfide (4). To a solution of biphosphold (270 mg,
The starting materials 2’,—2)iPhosphoIe compound® and 0.72 mmol) in dichloromethane (8 ml) was added 104 mg
complexes,'* 7, 8'* and10"® were prepared as previously  (3.24 mmol, 4.5 equiv.) of sulfur. After 2 h of reflux, the
described in the literature. solvent was evaporated to give 299 mg (95%) of compound
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4 (4a+4b) as yellow powderda and4b were separated by

9: H NMR: 6 1.67 (s, 6H, CGCH3), 1.92 (s, 12H, Me121,221,

chromatography on silica gel with dichloromethane as 421,521), 2.04 (d}Jy_ 1.0 Hz, 12H, Me131,331,431,531),

eluant.

4a: '"H NMR: 6 2.11 (t,*Jp 2.63 Hz, 6H, Me21,121), 2.14
(s, 6H, Me31,131), 6.03 (d)p 31.49 Hz, 2H—CH-P), 7.03
(m, 4H, Ph), 7.19 (m, 2H, Ph), 7.35 (m, 4H, PRP{ H}
NMR: 8 50.75;*C{*H} NMR: 6 153.32 (dd2Jcp25.6 Hz,
3Jcp 7.6 Hz, C2,12), 152.32 (ddJcp 15.0 Hz,*Jcp 2.1 Hz,
C3,13), 131.17 (d,*Jcp 3.1 Hz, C114,214), 131.10 (dd,
Jep 82.9Hz, 2Jep 11.5Hz, C1,11), 130.31 (d2Jcp
12.0 Hz, C112,116,212,216), 128.42 (d)cp 12.9 Hz,
C113,115,213,215), 127.08 (dtlep 82.1 Hz, *Jep 2.7 Hz,
C4,14,), 124.02 (d"Jep 76.5 Hz, C111,211), 17.91 (dJcp
16.6 Hz, C31,131), 15.42 (ddJcp 13.3 Hz, “Jcp 1.9 Hz,
C21,121). MS (DCI/NH): 439 (M+1, 100%). Anal.
Found (Calcd.) for gH,4P.S,: C, 65.63 (65.73); H, 5.36
(5.51); S, 14.68 (14.62). Single crystals4atwere obtained
by slow evaporation in dichloromethane.

4b: *H NMR: & 1.66 (t,*Jyp 2.33 Hz, 6H, Me21,121), 2.09
(s, 6H, Me31,131), 6.09 (QJHpso,g Hz, 2H=CH-P), 7.37
(m, 4H, Ph), 7.49 (m, 2H, Ph), 7.62 (m, 4H, PRY{'H}
NMR: & 51.37;*C{*H} NMR: & 153.49 (dd2Jcp 15.0 Hz,
4Jep 2.0 Hz, C3,13), 150.56 (ddJcp 25.8 Hz,*Jcp 7.7 Hz,
C2,12), 133.05 (ddXJcp 81.7 Hz, 2Jcp 11.2 Hz, C1,11),
131.89 (d, “Jcp 3.0Hz, C114,214), 131.08 (dZJcp
11.7 Hz, C112,116,212,216), 128.44 (d)cp 12.8 Hz,
C113,115,213,215), 127.13 (dJ)cp 77.8 Hz, C111,211),
125.59 (dd, YJcp 82.7 Hz, *Jcp 2.1 Hz, C4,14), 18.03
(d, 3Jcp 16.6 Hz, C31,131), 15.01 (dd)cp 13.4 Hz, “Jcp
1.8 Hz, C21,121). MS (DCI/NE: 439 (M+1, 95%).
Anal. Found (Calcd.) for &H,4P.S,: C, 65.75 (65.73);

H, 5.40 (5.51); S, 14.36 (14.62). Single crystals of

4b were obtained by slow evaporation in dichloro-
methane.

[Ru(m3-2-methylallyl),(1,1-diphenyl-3,3,4,4-tetra-
methyl-2,2'-biphosphole)] (6). To a solution of [Ruf>-
allyl)»(m*-cycloocta-1,5-diene)] (50 mg, 0.16 mmol) in

dichloromethane (2 ml) was added a solution of biphos-

phole 1 (59 mg, 0.16 mmol) in dichloromethane (2 ml).

After stirring for 8 d at room temperature, the resulting

red solution was evaporated to dryness. The complex

6.78 (M, 4H=CH-P), 6.86 (m, 12H, Ph), 6.96 (m, 8H, Ph);
3p{’H} NMR: & 58.18. MS (FAB, MNBA matrix):m/z:
968 (M", 45%), 909 ([M-(CO,CHz)]", 100%), 849
(IM —2(COCHa)] *, 66%).

The cis-(*)-complex11 was quantitatively obtained from
thetrans—-meso9 in 6 h in a dichloromethane solution.

11: 3P{*H} NMR: & 34.17-34.41 (m), 38.65-39.69 (m),
50.17-50.76 (m), 61.20—62.27 (m), 62.75-63.47 (m). MS
(FAB, MNBA matrix); m'z: 909 ([M—(CO,CHs)]*, 100%),
849 ([M—2(COCHy)] ¥, 42%).

Acknowledgements

We acknowledge the CNRS and RitePoulenc for finan-
cial support; and Professor F. Mathey for advice and fruitful
discussions.

References

1. Mathey, F.; Fisher, J.; Nelson, J. Btruct. Bondingl983 55,
154,

2. (a) Wilkes, L. M.; Nelson, J. H.; Mac Cusker, L. B.; Seff, K.;
Mathey, F.Inorg. Chem.1983 22, 2476. (b) Hjortkjaer, J.;
Dueholm, H.; Correa de Mello, Fl. Mol. Catal. 1987 39, 79.
(c) Neibecker, D.; Rau, R.J. Mol. Catal. 1989 53, 219; 1989
57, 153. (d) Neibecker, D.; Ral, R.; Lecolier SJ. Org. Chem.
1989 54, 5208. (e) Neibecker, D.; Re, R.New J. Chem199],
15, 219. (f) Brunet, J.-J.; Hajouiji, H.; Ndjanga, J.-C.; Neibecker, D.
J. Mol. Catal.1992 72, L21.

3. Hydrogenation: (a) Dang, T. P.; Poulin, J.-C.; Kagan, HIB.
Organomet. Cheml1975 91, 105. (b) Hayashi, T.; Tanaka, M.;
Ikeda, Y.; Ogata, |.Bull. Chem. Soc. Jpnl979 52, 2605. (c)
Brunet, J.-J.; Hajouji, H.; Ndjanga, J.-C.; Neibecker, D.Mol.
Catal. 1992 72, L21. Hydroformylation: (e) Tanaka, M.; lkeda,
Y.; Ogata, I.Chem. Lett1975 1115. (f) Hayashi, T.; Tanaka, M.;
Ogata, 1.J. Mol. Catal.1979 6, 1. (g) Becker, Y.; Einsenstadt, J.
K.; Sille, J. J. Org. Chem.1980Q 45, 2145. (h) Hobbs, C. F;
Knowles, J.J. Org. Chem1981, 46, 4422.

thus obtained was a deep red oil extremely air, moisture 4. (a) Pittman, C. U.; Kawabata, Y.; Flowers, LJI.Chem. Soc.,

and light sensitive.

6: *H NMR: 6 1.17 (s, 2H, allyl), 1.36 (s, 2H, allyl), 1.69 (s,
2H, allyl), 1.77 (s, 2H, allyl), 1.92 (s, 6H, Mgy), 1.95 (s,
6H, Me21,121), 2.08 (dfJy_n 1.9 Hz,6H, Me31,131), 6.07
(dd, 2Jy.p 30.4 Hz, “J4_ 1.9 Hz, 2H,=CH-P), 7.22 (m,
6H, Ph), 7.43 (m, 4H, Ph)*P{*H} NMR: & 73.00. MS
(DCI/NH3): 587 (M+1, 100%)

[Ru(acetate}(1,1-diphenyl-3,3,4,4'-tetramethyl-2,2'-
biphosphole)] (9, 11). To a solution of [Rufj>-acetate)
(n*-cycloocta-1,5-diene)] (100 mg, 0.3 mmol) in methyl
alcohol (5ml) was added a solution of biphosphdle
(220 mg, 0.6 mmol, 2 equiv.) in methyl alcohol (10 ml).

The mixture was stirred for 30 min at room temperature.

After removal of the solvent, th&eans—-mesocomplex9

was obtained as an orange-yellow powder. Yield: 135 mg

(50%).

Chem. Commuri982 473. (b) Consiglio, G.; Pino, P.; Flowers, L.
I.; Pittman, C. U.J. Chem. Soc., Chem. Commu®83 612. (c)
Stille, J.; Su, M.; Brechot, P.; Parinello, G.; Hegedus, L. S.
Organometallics1991, 10, 1183.

5. Mercier, F.; Holand, S.; Mathey, B. Organomet. Chen1986
316 271.

6. (a) Bevierre, M.-O.; Mercier, F.; Ricard, L.; Mathey,Angew.
Chem. Int. Ed. Engl199Q 29, 655. (b) Laporte, F.; Mercier, F.;
Ricard, L.; Mathey, FJ. Am. Chem. Sod994 116 3306. (c)
Waschbsch, K.; Le Floch, P.; Mathey, Bull. Soc. Chim. Fr.
1995 132 910.

7. Dupuis, A.; Gouygou, M.; Daran, J.-C.; Balavoine, G.Blll.
Soc. Chim. Fr1997 134, 357.

8. Deschamps, E.; Mathey, Bull. Soc. Chim. Fr1992 129 486.
9. Tissot, O.; Gouygou, M.; Daran, J.-C.; Balavoine, G. GJA.
Chem. Soc., Chem. Comir®96 2287.

10. Egan, W.; Tang, R.; Zon, G.; Mislow, K. Am. Chem. Soc.
1971, 93, 6205.



O. Tissot et al. / Tetrahedron 56 (2000) 85—-93 93

11. Gouygou, M.; Tissot, O.; Daran, J.-C.; Balavoine, G. G. A. 17. (a) Touchard, D.; Morice, C.; Cadierno, V.; Haquette, P.;
Organometallics1997, 5, 1008. Toupet, L.; Dixneuf, P. HJ. Chem. Soc., Chem. Commd894

12. (a) Gefie J.-P.; Mallart, S.; Pinel, C.; Jug8.; Laffitte, J. A. 859. (b) Field, L. D.; Hambley, T. W.; Yau, B. C. Knorg. Chem.
Tetrahedron Asymm1991, 2, 43. (b) Geng J.-P.; Pinel, C,; 1994 33, 2009. (c) Hockless, D. C. R.; Wild, S. B.; McDonagh, A.
Ratovelomanana-Vidal, V.; Mallart, S.; Pfister, X.; ©ame M.; Whittall, I. R.; Humphrey, M. G.Acta Crystallogr., Sect. C

Andrade, M. C.; Laffitte, J. ATetrahedron: Asymmetr{994 5, 1996 52, 1639. (d) Faulkner, C.W.; Ingham, S. L.; Khan, M. S;
665. Lewis, J.; Long, N. J.; Raithby, P. R. Organomet. Cheni994
13. Kajima, T. K.; Saeki, K.; Ono, K.; Ohda, M.; Matsuda, ¥. 482 139. (e) Buys, I. E.; Field, L. D.; George, A. V.; Hambley, T.
Chem. Soc., Chem. Commu®98 1679 521. W.; Purches, G. RAust. J. Chem1995 48, 27. (f) Szczepura, L.

14. (a) Albers, M. O.; Liles, D. C.; Singleton, E.; Yates, J. E. F.;Giambra, J.; See, R. F.; Lawson, H.; Janik, T. S.; Jircitano, A. J.;
J. Organomet. Chenl984 272 C62. (b) Heiser, B.; Broger, E. Churchill, M. R.; Takeuchi, K. dnorg. Chim. Actal995 239, 77.

A.; Crameri, Y.Tetrahedron: AsymmetriQ91, 2, 51. 18. Altomare, A.; Cascarano, G.; Giacovazzo, G.; Guagliardi, A.;
15. Tissot, O.; Gouygou, M.; Daran, J.-C.; Balavoine, G. G. A. Burla, M. C.; Polidori, G.; Camalli, M. SIR92—a program for
Organometallics1998 17, 5927. automatic solution of crystal structures by direct methadls.
16. (a) Fachinetti, G.; Funaioli, T.; Lecci, L.; Marchetti,IRorg. Appl. Cryst.1994 27, 435.

Chem.1996 35, 7217. (b) Wong, W.-K.; Lai, K.-K.; Tse, M.-S.; 19. Watkin, D. J.; Prout, C. K.; Carruthers, J. R.; Betteridge, P. W.
Tse, M.-C.; Gao, J.-X.; Wong, W.-T.; Chan, Bolyhedron1994 CRYSTALS Issue J10Chemical Crystallography Laboratory,
13, 2751. (c) Nishiyama, H.; Itoh, Y.; Sugawara, Y.; Matsumoto, University of Oxford, Oxford, 1996.

H.; Aoki, K.; Itoh, K. Bull. Chem. Soc. Jpril995 68, 1247. (d) 20. Johnson, C. K.; Burnett, M. N., ORTEP-IIl (version 1.0.2)
Zanetti, N. C.; Spindler, F.; Spencer, J.; Togni, A.; Rihs, G. 1996, ORNL-6895. Farrugia L. J. Ortep-3 for Windows (Version
Organometallics1996 15, 860. 1.01 Beta).



