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Variants of the 5-aminophosphine L* [Ph,PCH,CH(Ph)NHPh] containing additional nitrogen donor functions have
been prepared. These functions are branched off the C atom adjacent to the P atom, or the P atom itself. Ligand
[Ph,PCH(0-C¢HsNMe,)CH(Ph)NHPh] has been obtained as a mixture of two diastereomers L% and L8 by lithiation
of L? [Ph,PCH,(0-CeHsNMe,)] with n-BuLi followed by PhCH=NPh addition and hydrolysis. The diastereomers
have been separated by fractional crystallization from ethanol. Ligand Et,NCH,P(Ph)CH,CH(Ph)NHPh has been
obtained as a mixture of two diastereomers L% and L8 starting with P=Ph reductive cleavage of L* by lithium and
subsequent hydrolysis to give PhP(H)CH,CH(Ph)NHPh (mixture of two diastereomers L** and L*E). The latter
reacts with diethylamine and formaldehyde to afford the L> diastereomeric mixture. Complexes RhCI(CO)(L) (L =
L3A, 1A; 3B, 1B; | 5B 2A/B) were obtained by reaction of [RhCI(CO),], and the appropriate ligand or ligand mixture.
Complexes 14, 1B, and 2* have been isolated in pure form and characterized by classical techniques and by
single-crystal X-ray diffraction. All structures exhibit a bidentate «-P,«-N(NHPh) mode similar to the complex containing
L. While complexes 1* or 1B are stable in CDCl; solution, complex 2* slowly converts to its diastereomer 28. This
unexpected epimerization appears to take place by inversion at the Rh-coordinated P center, an apparently
unprecedented phenomenon. A mechanism based on a reversible P—C bond oxidative addition is proposed. The
influence of the pendant nitrogen function of the diaminophosphines L3 and L8 on the rhodium catalytic activity
in styrene hydroformylation has been examined and compared to that of the aminophosphines L* or L2 The
observed trends are related to the basicity of the dangling amine function and to its proximity to the metal center.

Introduction preparation of chiral versions @P,N ligands requires in

i i 5
Aminophosphine ligands are being intensively investigated general tedious multistep procedufés;” some have been

because of the catalytic applications of their corresponding shown. to be efficient in as;_/mmetric enantioselgctive allylic
Rul2 Ni,®4 Rh58 and P& complexes. Although the alkylationst® hydroformylation’ and hydrogenatiof?
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S-Aminophosphines Bearing a Dangling Nitrogen Group

Scheme 1 Scheme 3
n-BuLitmeda ) @ N
Ph,P-CHj PhoP-CHy ™ Li & Q b .
in Et,0 r P N
1) PhCH=NPh f
2) hydrolysis Y N
Ph typel type ll
PhP NHPh the behavior of complex [Cul" [L = N,N-CHz(0-CgH.-
L CH,PPh)NCH,CH,0OH], showing a double exchange be-
Scheme 2 tween [Cu(Lx-P)(L-x-P' «-N'«-O'")] ™ and [Cu(L#-P,k-N,«-
" . O)(L-«-P)]* forms, see Schemezﬁ_. N
(P\M _/P\M/P N It has been reported that rhodium catalysts containing
N \ N o > achiral-aminophosphines have a greater activity when the
0 ligand bears an ether vs an alcohol functidrhe preparation
“ U of a P,N,N ligand with a chirgB-aminophosphine moiety
S — has not so far been considered. These ligands, however, could
<P\M/° N P\M/P'> provide advantages linked to the different basicity of the
<o o’ N residual (dangling) N function and to an increased steric
R

N
control via the nitrogen substituents.

In this paper, we describe the synthesis of new types of
p-aminophosphines (P,N,N) bearing a dangling nitrogen
group, the latter being linked either to the carbon atom
adjacent to the phosphorus atom (type ) or directly to the
phosphorus atom (type I1), see Scheme 3. The type Il ligands
that we have developed have a chiral phosphorus atom. We

We have recently reported a novel and relatively simple
synthetic procedure for the preparation of chjfaamino-
phosphines, which consists of the nucleophilic addition of a
phosphinomethyl carbanion onto an imine. This procedure
is exemplified by the formation of ligand FPCH,CH(Ph)-

NHPh (%), in Scheme 2 Ligands of this type have been  gp,o vefer 1o these ligands Asn-diaminophosphines:( =

shown to cc_>ord|nate in a chelating fashiot?-b,N) and o or y depending on the distance between the second N
stereoselectively. However, we noted that only one of the function and the P donor)

two possible diastereomers is formed upon bidentate coor-

L 1 . .
d:cnar:lon r?‘fL| _tof Pdcb‘. Thus, Lhere_ is 100% tran?m|ssu:1n ligands in rhodium chloride carbonyl complexes showing an
0 .t e chiral information t_o t_e nltrogen_atqm rom t_ € unusual rhodium-coordinated P-atom epimerization and (ii)
adjacent carbon atom, making ligands of this kind potentially their catalytic properties in styrene hydroformylation in

useful in enantlos_,electlve_ cataIyS|s._ comparison to related but simplgf or y-P,N ligands.
More recently, interest is developing toward the prepara-

tion of aminophosphines, with additional functional groups Experimental Section

(P’N’.N.’. P.N,O; etc.). Qne reaspn fqr this mteres_t is the All manipulations were carried out under purified argon and in
pOSS'b'“ty to Qse the third fgnctlonallty for a_nChormg the the dark using standard Schlenk techniques, and all solvents were
ligand to a solid support. Solid-supported aminophosphines 4ied and deoxygenated prior to use. NMR measureméhts (
(Merrifield resin type) have in fact shown promise for 13c{iH}, and31P{1H}) were carried out with a Bruker AC200
catalytic applications in biphasic medfa. spectrometer in CDGlat room temperature. The peak positions
In the case of3-P,N ligands of the pyridinylphosphine are reported with positive shifts in ppm downfield of TMS as
type, thecz-P,NcheIating behavior was shown to be reduced calculated from the residual solvent peakisl)(or downfield of
or even suppressed by the introduction of other donor external 85% HPO, (°'P). *H—'H and**C—*H correlation experi-
functions which compete with the pyridine for coordina- ments were carried out on a Brukgr DRX500 spectrometer. IR
tion.1920This competition may result in a double hemilability SPectra were recorded in GEl, solution with a Bruker IFS 66V
behavior (termed “wiper” by Braunstei@) For instance, the spectrophotometer with KBr optics. Elemental analyses were carried

. i o ) 19 out by the analytical service of the LSEO with a Fisons Instruments
N,P,0 ligand EHaN(2-CH,P(Ph)b-anisyl))(6-CH)™ shows EAI108 analyzer. Compounds Ph&IPh, n-BuLi (1.6 M in

a reversible P,O a_md P,N chelate exchange in catlonlchexanes)v ChO (37% in water), NHEt(Aldrich), and [RhCI(COY,
complexes of rhodium, see Scheme 2, while a P,P,N,N (strem) were commercial products and were used as received. The
ligand [PhPCH(2-Py)CH(2-Py)PRhshows a similar P,FN preparation of PHPCH,CH(Ph)NHPh (1) has been previously
and P,PN’ exchange for a Rh(l) compléX Also notable is described? Ligand PhPCHy(0-CsHsNMe,) (L2) was prepared
according to the literature procedutfe.

We also report on (i) the coordination modes of these
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2001 40, 159¢ 1605. lution of L2 (1.0 g, 3.13 mmol) in BO (12 mL dded
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954.
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n-BuLi (2.0 mL, 1.6 M in hexanes). After refluxing for 4 h, the

resulting white suspension was cooled to room temperature, fol-

lowed by slow addition of an ED solution (15 mL) ofN-ben-
zylideneaniline (0.567 g, 3.13 mmol). An orange solution im-

Andrieu et al.

Synthesis of HP(Ph)CHCH(Ph)NHPh, L*~B, To a colorless
solution ofL?* (0.875 g, 2.30 mmol) in 20 mL of THF was added
lithium (35 mg, 5.0 mmol). After 4 days under stirring, the resulting
solution was yellow-orange. Addition of 0.7 mL of water afforded

mediately formed, which then changed to a white suspension aftera colorless solution. All solvent was evaporated under reduced

a few minutes. After stirring for 12 h, the mixture was hydro-
lyzed by addition of a few milliliters of degassed water. The sol-

pressure, and the white residue was dried in vacud.fb at 50
°C, followed by extraction with 2x 10 mL of toluene. After

vents were removed by evaporation under reduced pressure, andiltration through Celite, solvent evaporation afforded a viscous oil

the very viscous residue was dried fds h at 50°C, followed
by extraction with 2x 10 mL of toluene and filtration through
Celite to eliminate the lithium salts. The solution was evap-

which was dried in vacuo at 100C for 2 h. NMR spectroscopic
analyses of the crude product showed only the presence of the
expected ligand.* (1:1 mixture of diastereomers) (0.670 g, 95%).

orated to dryness under reduced pressure, and the residue waSince the two isomers could not be separated, the NMR analy-

dried far 1 h at 130°C. No starting ligand_2 was detected in the
crude product by NMR. After two crystallizations from hot ethanol
(20 mL) the pure.®A ligand was recovered as white crystals (355
mg, 23% based on the starting liganthl. NMR: 8.00-6.16 (24

H, m, aromatics), 5.44 (IH, s, br,H exchange with BO), 5.03
(2H, m, NCH + PCH), 2.25 (6H, s, N(El3)). 31P{H} NMR: —6.83.
13C{*H} NMR: 153.20-113.01 (30C, m, aromatics), 61.26 (1C,
d, NCH, 2J(P,C) = 18 Hz), 45.51 (2C, s, CHN), 44.45 (1C, d,
PCH, J(P,C) = 14 Hz). IR: 3410 (w, bryyny). The combined
filtrates were concentrated to half volume. After 10 days at room
temperature, pure white crystals of the second diasterearter
were recovered (315 mg, 20% based on the starting ligaht).
NMR: 7.70-6.31 (24H, m, aromatics), 4.93 (1H, s, brHN
exchange with BO), 4.66 (2H, s, br, N& + PCH), 2.10 (6H, s,
CH3N). 31P{*H} NMR: —4.05.13C{H} NMR: 148.40-113.95
(30C, m, aromatics), 60.68 (1C, da, 2J(P,C)= 19 Hz), 45.89
(3C, s, EH + CH3N). IR: 3409 (w, br,vyy). Anal. Calcd for
CaqH3gNoP: C 81.57, H 6.64, N 5.60. Found: C 81.96, H 6.78, N
5.61.

Synthesis of [RhCI(CO)(L3*-k-P,k-N)], 1A. To a mixture of
[RhCI(CO)]» (36 mg, 0.092 mmol) antd3” (92 mg, 0.184 mmol)
was added 5 mL of THF. The resulting yellow solution was stirred
for 1 h. Addition of pentane afforded a yellow powder, which was
isolated by filtration and dried in vacuo (84 mg, 76%). Yellow
single crystals suitable for an X-ray diffraction analysis were
obtained by slow diffusion from a THF/pentane mixturéd
NMR: 7.82-6.45 (24H, m, aromatics), 6.05 (1H, dH\N3J(P,H)
= 8 Hz), 5.88 (1H, dd, P8, 2J(P,H) = 8 Hz, 3J(H,H) = 13
Hz), 4.29 (1H, dd, N@&, 3J(P,H) = 23 Hz, 3J(H,H) = 13 Hz),
2.00 (6H, s, N(€l3)). 3'P{*H} NMR: 74.0 (d,"J(Rh,P)= 170 Hz).
13C{H} NMR: 154.52-121.30 (30C, m, aromatics), 75.10 (1C,
d, NCH, 2J(P,C)= 13 Hz), 48.63 (1C, d, PCHJJ(P,C)= 17 Hz).
45.50 (2C, sCH3N). IR: 3249 (w,vnn), 1983 (VS,vco). Anal.
Calcd for GgH33N,OPROCI: C, 63.03; H, 4.98; N, 4.20. Found:
C, 62.90; H, 5.17; N, 4.38.

Synthesis of [RhCI(CO)(L3B-k-P,k-N)], 18. To a mixture of
[RhCI(CO)]» (27 mg, 0.069 mmol) antd 38 (70 mg, 0.140 mmol)
was added 5 mL of THF. The yellow solution was stirred for 1 h.
Addition of pentane afforded a yellow powder, which was isolated
by filtration and dried in vacuo (71 mg, 78%). Yellow single crystals
suitable for an X-ray diffraction analysis were obtained by slow
diffusion from a THF/pentane mixturédd NMR: 9.38-7.34 (24H,

m, aromatics), 5.75 (1H, dd, BC2J(P,H) = 15 Hz,3J(H,H) = 5
Hz), 5.08 (1H, d, M, 3J(P,H) = 11 Hz), 4.41 (1H, dd, N@,
3J(P,H)= 12 Hz,3J(H,H) = 5 Hz), 1.80 (6H, s, N(El3)). 3P{*H}
NMR: 69.36 (d,%J(Rh,P)= 172 Hz).13C{H} NMR: 144.77
122.61 (30C, m, aromatics), 74.45 (1C, doi, 2J(P,C)= 12 Hz),
47.32 (1C, d, BH, J(P,C) = 26 Hz), 45.10 (2C, sCHsN). IR:
1993 (vs,vco) and 3271 (w,vnu). Anal. Calcd for GsHssNo-
OPRIhCIC4HgO: C, 63.38; H, 5.59; N, 3.79. Found: C, 64.12; H,
5.26; N, 3.74.
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ses did not allow an intimate structural assignméht-‘H and
13C—1H NMR correlation experiments allowed a complete peak
assignment!H NMR: 7.39-6.51 (15H+H', m, aromatics), 4.53
(IH+H', m, NCH, 4.36 (1H or 1H, dt, FH, YJ(PH) = 215 Hz,
3J(H, Hpchg = 3J(H, Hpchy = 7 Hz), 4.32 (1H or 1H d, NH,
8J(H,H) = 6 Hz), 4.19 (1H or 1H, FH, J(PH) = 215 Hz,3J(H,
Hpcrg = 3J(H, Hpchy = 7 Hz), 4.18 (1M or 1H, d,NH, 3J(H,H)

= 6 Hz), 2.47 (2H-H', PCH, m). 3P{IH} NMR: — 62.00 (s,
P+P). 3P NMR: —62.00 (d,%J(P,H) = 211 Hz).13C{H} NMR:
147.1+113.57 (15G-C', m, aromatics), 57.18 (€C', d, NCH,
2J(P,C)= 9 Hz), 34.04 (1C or 1Cd, PCH,J(P,C)= 15.5 Hz),
33.07 (1Cor 1C, d, PCHJ(P,C)= 15.5 Hz). An elemental analysis
could not be carried out because of the combined air sensitivity
and high viscosity. The mixture was used for the synthesis below
without further purification.

Synthesis of EtNCH,P(Ph)CH,CH(Ph)NHPh, L5. The L*
diastereomeric mixture obtained in the above procedure (0.670 g,
2.20 mmol) was dissolved in 10 mL of degassed ethanol. Diethyl-
amine (26QuL, 2.50 mmol) was added, and the resulting solution
was stirred for 10 min. Formaldehyde in water (185 2.50 mmol)
was then added. After 10 min a white precipitate appeared. After
2 h of stirring at room temperature, the suspension was cooled to
0 °C for 20 min and then filtered. The resulting white powder was
dried in vacuo fo 4 h atroom temperature. (0.751 g, 83%). By
and3P{1H} NMR spectroscopic analyses, the product consists of
a mixture of two diastereomelts®® andL>8 in a 3:2 ratio. The
IH—1H and 3C—'H NMR correlation experiments allowed a
complete peak assignment. The attribution of the resonances for
each isomer was possible following the separation of the rhodium
complexes of the ligands (see next section). NMR properties of
compound.®*: 1H NMR 7.59-6.31 (15H, aromatics- 1H, NH),

4.42 (1H, @GN, m), 2.89 (8H, all ®i,, m), 1.12 (3H, E3, t);
SIP{1H} NMR —35.86 (s);13C{'H} NMR 147.11%-113.04 (m,
aromatics), 57.78 (2C, s, GBH,N), 57.06 (1C, d, CHCHN,
2J(PC) = 20 Hz), 48.50 (1C, d, €H,N, LJ(P,C)= 7 Hz), 41.60
(1C, d, FCH,C, YJ(P,C) = 19 Hz), 11.16 (2C, sCH3). NMR
properties of compound®8: H NMR 7.59-6.31 (15H, aromatics),
5.82 (1H, d, NH, 3J(H,H) = 5 Hz), 4.73 (1H, GIN, m), 2.89
(8H, all CH,, m), 1.05 (3H, G, t); 3IP{H} NMR —43.35 (s);
13C{1H} NMR 147.11-113.04 (m, aromatics), 57.46 (2C, s,
CH3CH:N), 56.03 (1C, d, CKCHN, 2J(P,C)= 14 Hz), 48.21 (1C,
d, PCHN, 3J(P,C)= 8 Hz), 39.73 (1C, d, PC}T, JJ(P,C)= 19
Hz), 11.45 (2C, s, CH. IR: 3418 (w) and 3242 (w) (bothny).
Anal. Calcd for GsHsiNoP (390.50): C, 76.89; H, 8.00; N, 7.17.
Found: C, 76.72; H7.75; N, 7.15.

Synthesis of [RhCI(CO)(L%*-k-P,k-N)], 24, and [RhCI(CO)-
(L58-k-P,k-N)], 2B. A compound [RhCI(CQJ, (53 mg, 0.136
mmol) and L5 (3:2 diastereomeric mixture) from the above
procedure (107 mg, 0.273 mmol) were dissolved in 5 mL of THF.
The brown-red solution was stirred for 1 h. Addition of pentane
with stirring afforded a yellow-brown powder, which was isolated



p-Aminophosphines Bearing a Dangling Nitrogen Group

Table 1. Crystal Data and Structure Refinement for All Compounds

14 18 2h
formula Q5H33N20PC|RhC4Hgo 035H33N20PC|Rh1.5 (QHgO) CstglNZOPCIRh
M 739.07 775.12 556.86
T,K 110 110 110
cryst syst monoclinic triclinic monoclinic
space group P2,/c P1 P2,/c
a, 9.5846(1) 11.8621(4) 9.8922(1)

b, A 18.3642(2) 12.7054(4) 21.4323(3)
c, A 19.6147(2) 12.9551(5) 12.5571(2)
o, deg 90 75.371(1) 90
S, deg 93.460(1) 82.537(1) 106.622(1)
y, deg 90 78.473(1) 90
Vv, A3 3446.16(6) 1844.6(1) 2551.01(6)
z 4 2 4
F(000) 1528 804 1144
Dcalca g/cn? 1.424 1.396 1.450
diffractometer Kappa CCD
scan type mixture ap rotations andv scans
2, A 0.71073
w, mmt 0.657 0.618 0.857
crystal size, mm 0.25x 0.22x 0.20 0.45x 0.30x 0.30 0.50x 0.38x 0.25
SiN(O)/ Amax A1 0.65 0.65 0.65
index ranges
h —12;12 —15; 15 -12;12
k —23;23 —16; 16 —27; 20
| —25; 25 —16; 16 —16; 12
RC = reflns collected 24975 13427 14013
IRC = unique RCR(int) 7871/0.0201 8258/0.0236 5785/0.0227
IRCGT=IRC and | > 20(1)] 7002 6479 4990
refinement meth full-matrix least-squareséh
data/restraints/params 7871/0/514 8258/0/435 5785/0/383
Rfor IRCGT RP = 0.0253, wWR2=0.0627 R%®=0.0448, wWR2=0.1188 R%®=0.0252, wR2 = 0.0552
R for IRC R? = 0.0305, wR2 = 0.0652 R%#=0.0582, wR2=0.1248 R%=0.0339, wR2 = 0.0582

goodness-of-fit
Ap, max, min, e A3

1.030
0.99 and—-0.54

1.087
1.177 and-1.190

1.010
0.457 and-0.546

aR1= S(||Fol — IF¢/)/|Fol. ®WR2 = [SW(Fo?2 — FA)ZY [W(Fo?)?]H2 wherew = 1/[0%(Fs?) + (0.03P)2 4 2.32P] for 1 andw = 1/[c4F?) + (0.06F)2
+ 0.8(P] for 1' andw = 1/[0¥Fo?) + (0.024P§ + 1.33] for 2 whereP = (Max(F¢2,0) + 2F2)/3. ¢ Goodness of fit= [SW(Fo?2 — FA)2/(No — Ny)]Y2
by filtration and dried in vacuo(97 mg, 64%). A3P NMR methods (SHELXL-97F with the aid of the WINGX progrard’
spectrum of the crude product indicated a mixture2&®* in a Except for some carbon atoms 1%, non-hydrogen atoms were
45:55 ratio in the presence of a byprod2tt The same ratio of anisotropically refined. 114, the hydrogen atoms belonging to the
products was also observed in solution after 10 min when the complex were located in the final difference Fourier maps and
reaction was carried out in CDg£$olution instead of THF. refined freely with their temperature factors fixed at 1.2 or 1.5 (for

DiastereomeP” was isolated by two routes. The first procedure CHjs) times theUgq of their parent atoms. The hydrogen atoms of
consisted of a crystallization from GBl./pentane, affording pure  the solvate (one THF molecule) were included in calculated
27 as yellow-red single crystals. The second procedure consistedpositions and refined in a riding model. 18, the two phenyl groups
of the addition of a few milliliters of toluene to the crude mixture, attached to the phosphorus atom were found to be disordered over
followed by cooling of the resulting solution t630 °C for a few two positions. The occupancies of the pairs of phenyl groups
days. This procedure afforded a 79:21 mixture (by integration of converged to ml= 0.55 and m2= 1 — m1, and one of the
the 3!P resonances) of complex@ and 2 as a yellow-brown disordered phenyl groups was left isotropic. Two THF solvate
powder in a higher yield (52 mg, 25%). Compou2fd H NMR molecules were located in the Fourier map, one in general position
8.13-7.00 (15H, m, aromatics), 6.12 (1HH\'s, br), 4.68 (1H, and the other around an inversion center. These molecules were
CHN, s, br), 3.34-3.09 (8H, all G4, groups, m), 1.12 (3H, &, badly disordered, and any attempt to refine a model failed. Thus a
s, br); 3P{*H} NMR 42.39 (d,"J(Rh,P)= 166 Hz); no3C{'H} BYPASS procedure, implemented in the PLATON progfdmvas
NMR data could be obtained due to the appearance of a decom-ysed to handle this problem. In this procedure the contribution of
position product after céb h in CDCl;; IR 3262 (w,vnh), 1985 the solvent (1.5 THF molecules) electron density was subtracted
(Vs, vco). Compound2': 3'P{*H} NMR 47.36 (d,"J(Rh,P)= 163 from the structure factor. The refinement was carried out with this
Hz).'H NMR and IR data foR® were deduced by difference from  solvent-corrected data set. 2, the hydrogen atoms were located
the spectra of the crude mixture. Compoufd *H NMR 8.13— in the final difference Fourier maps and refined freely with their
7.00 (15H, m, aromatics), 6.39 (1NH, s, br), 3.83 (1H, EIN, s, temperature factors fixed at 1.2 or 1.5 (for gkimes theUgq of
br), 3.34-3.09 (8H, all CH groups, m), 1.12 (3H, Bs, s, br); IR their parent atoms. Crystallographic data and selected geometrical
3249 (W,vn), 1983 (Vspco); 3P{H} NMR 57.51 (d XJ(Rh,P)=
160 Hz). Anal. Calcd for gH3;N,OPRNCI: C, 56.07; H, 5.61; N,
5.03. Found: C, 56.12; H, 5.62; N, 5.12.

(25) Sheldrick, G. MSHELXS97. Program for Crystal Structure solution
University of Gdtingen: Gitingen, Germany, 1997.
Crystal Structure Analyses of Complexes 4, 1B, and 2°. (26) Sheldrick, G. M.SHELXL97. Program for Crystal Structure refine-
; ; ment University of Gdtingen: Gidtingen, Germany, 1997.
Intensity data were collected on a Nonius Kappa CCD at 110 K (27) Farrugia, L. 1J, Appl. Crystallogr.1999 32, 837-838.
for all complexes. The structures were solved by the heavy-atom (2g) van der Sluis, P.: Spek, A. lActa Crystallogr., Sect. A.: Found.

method (SHELXS-97% and refined by full-matrix least-squares Crystallogr. 199Q 46, 194-201.
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Table 2. Selected Bond Lengths (A), Angles (deg), and Dihedral Scheme 4
Angles (deg) for All Compounds A, n-BuLi e,
1A 18 » | ] |
N _PPh inEt,0 A -PPh,

Rh—P 2.2026(4) 2.2041(8) 2.2075(5) o
Rh—N(1) 2.1606(13)  2.169(2) 2.1860(15) L2 L
Rh—CI 2.3809(4) 2.3758(7) 2.3954(5) 1) PhCH=NPh
Rh—C(3) 1.8152(18)  1.801(4) 1.796(2) 2) hydrolysis
C(3)-0(1) 1.146(2) 1.142(4) 1.155(2)
N(1)—H 0.89(2) 0.70 0.85(2) A
H---Cl 3.25 2.98 3.35 e
N(1)-+-Cl 3.22 3.23 3.29 o NMe, - NMe;
H---Cl2 2.73 2.75 2.57 @ | 1
N(1)---CI2 3.47 3.44 3.39 PP v\ypphz
other bond !

N(2)-+*Rh 3.66 Ph/i\NHPh Ph” . YNHPh
S%_SE_E“’ g;?l-g?é?) 32313(31%?) é{%gﬁg ) L* (RerRea(SerSca) L (Ser.Real(Rex. Sea)
N(1)-Rh-P 84.82(4) 84.39(7) 84.01(4)

C(3)-Rh—C1 93.01(5) 93.24(12) 92.81(6) Scheme 5

N(1)-Rh—C1 90.03(4) 90.64(7) 91.74(4) Ph Ph . NE,  Ph . NEt,
P—Rh—ClI 174.46(2) 173.57(2) 174.44(2) P—Ph ey Spon/’
O(1)-C(3)-Rh 179.37(17)  176.6(5) 178.7 (2) /[ L . L
Ethglr(el%g:zz cl 3(2) 52(1) 78(2) Ph™ . "NHPh Ph”"« "NHPh Ph”"» "NHPh

H—-C(1)-C(2)-H 175(2) —47 L! N L=

H—C(1)-N(1)-H 167(2) 172 v

Rh—P—C(22) 119.18(7) YL

P—C(22)-N(2) 109.69(13) 2Ho  Ph -H0

H—C(2)-N(1)—H —179(2) 2 _—

Rh—P-C(22)-N(2) 44.2(2)

/( CH,0
a Atom of the closest symmetrically related molecule. PR NHPh NHEt,
Table 3. Catalytic Properties of P,N and P,N,N Ligands in Rhodium (R

Styrene Hydroformylatich

it is known that the aminophosphines,PEH(0-CsHsNRR)

conversior?, TOF . .
ligand % TON (h3° regioselectivity (R, R = C_Hs, C_3H2CH2(_)H) can easily undergo benzylic
LL(-P.N) 32 320 16 91/9 deprotonation witm-BuLi,? we have now applied the same
L2 (y-P,N) 17 200 8.5 92/8 procedure starting from the knowmdiphenylphosphino-
L3 B.y-PN.N) 24 240 12 86/14 N,N-dimethylbenzylaminel(?).24 The deprotonation reaction
L (BocPNN) 87 870 %0 o1/ leads to the PHPCH (Li*)(0-CeHiN(CHs),), anion which

a[RhCI(COD)L (12 mg), styrene/Rh/=1000/1/1, CHG (40 mL), 55
°C, CO/H, = 1, 600 psi. TON= turnover number.? The regioselectivity
is defined by the branched/linear ratio and measured after 20 @F
calculated from the conversions at different times.

reacts with PhCHNPh to afford a 1:1 mixture (by NMR)
of the L3 (Rcy,Re)/(Se1,Sc2) and L8 (Scr,Re2)/ (R, o)
ligands after hydrolysis in 48% vyields, see Scheme 4. Both
diastereoisomers could be obtained in a pure form by
parameters for all compounds are reported in Table 1 and Table 2,fractional crystallization from ethanol. The relative config-
respectively. uration is known for both isomers from the X-ray analysis
Catalytic Runs. The hydroformylation reactions were carried of the corresponding Rh(l) derivatives 1 (vide infra).
out in a SOQ mL stainlgss steel Parr autoclave equipped with a o Synthesis off,a-Diaminophosphines The new ligand
magnetic drive a_n_d an m_ternal glass vessel. The temperature_ WaSEtzNCHzP(Ph)CHCH(Ph)NHPh,L5 (as a mixture of two
Co.mro”eo' by a rigid heating mantle anq by a single loop cooling racemic diastereomers), is available by P-functionalization
coil. The autoclave was purged three times under vacuum/argonOf the 8-P.NLL * ligand in only two steps as shown in Scheme

before the catalytic solution and the styrene were introduced. The . . )
CO/H, mixture in a 1:1 ratio was prepared by mixing the pure gases 5. The first step consists of the reductive cleavage of one

in a 500 mL stainless steel cylinder before introduction into the P—C(phenyl) bond by lithium. Alkali metals are known to
autoclave at the desired pressure. Aliquots of the mixture were Perform this reaction selectively and under mild conditions
withdrawn periodically and rotary evaporated at room temperature, in ether or liquid NH.2°-3! The presence of the secondary
and the resulting yellow-orange residue was analyzetHo)MR amine function inL! does not interfere with the reaction.
spectroscopy (see Table 3). After hydrolysis, a 1:1 mixture of the diastereometi¢*

. . (Rr1.S)/(S,Rc) andL“B (Re1,Re)/(S,&) ligands containing
Results and Discussion a new P-H bond was obtained in excellent yields (95%)

1. Synthesis off,y-Diaminophosphines.The new ligand

_ 3 i (29) Barclay, C. E.; Deeble, G.; Doyle, R. J.; Elix, S. A.; Salem, G.; Jones,
PhZPCH(O CeHiNMe;)CH(Ph)NHPhL ® (as a mixture of two T. L.; Wild, S. B.; Willis, A. C.J. Chem. Soc., Dalton Tran£995

racemic diastereomers), has been synthesized by an exten- 57 gs.
sion of our previous work which led to the formation of the (30) Doyle, R. J.; Salem, G.; Willis, A. Cl. Chem. Soc., Dalton Trans.
B-P,N ligandL?' by nucleophilic addition of P*CH," to 1997 2713 2723.

A . (31) Carmona, A.; Corma, A.; Iglesias, M.; Sanjose, A.; Sanched, F.
the G=N double bond of benzaldimine (Schemée'1gince Organomet. Chenl995 492, 11-21.
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Scheme 6
Ph\ N Ph\ VN
P’ “NEt PT ONEL
)i P /H/
Ph”* “NHPh Ph" . N
Ph
yNH = 3410 cm™' yNH = 3242 ¢cm”’

(see Scheme 5). The presence of theHPbond was
confirmed by®'P{'H} NMR resonances (accidentally over-
lapping at—62 ppm for the two isomers) antH spectra.
The formation of the new asymmetric center on the P atom
leads to the formation of two diastereomers without any

diastereomeric excess. The second step consists of a standa

Mannich-type addition to formaldehyde, similar to the
previously reported synthesis of FACHNR, from PhPH,
R:NH, and CHO,* and gives rise td.%* andL>E in a ca.

3:2 ratio. This step is also characterized by excellent yields

and chemoselectivity. The two diastereomers could not be

separated from each other. It is worth underlining that this
synthetic procedure is more convenient and efficient relative
to that previously described for simpler, achirgla-
diaminophosphine®¥,since it avoids the use of tedious PhPH
or Na/NH; reagents.

The second step of Scheme 5 was also carried ou78t
°C in an attempt to increase the diastereoselectivity. How-

ever, the same diastereomeric excess was obtained after th

workup, as indicated by the NMR analyses. Moreover, in
contrast to the diastereomeric mixture fo#, different
separation attempts of the isomers by crystallization from
hot ethanol (cooling to either room temperature-&0 °C)

did not alter the diastereomeric ratio. These observations ) ) :
hthe rhodium atom. The largest discrepancy is along the

could be the consequence of a rapid interconversion, whic
in fact slowly takes place when the ligand is coordinated to
a Rh(l) center in complexe®' and2® (vide infra). However,

the relative intensities and shape of the PCH signals in the

IH NMR spectrum in GDs solution do not change in the
20-60 °C range, in disagreement with such a proposal. In
addition, it is well-known that the pyramidal inversion
barriers for tertiary phosphines are rather lafalthough

the NMR properties of 5* and L% are rather similar, the
two ligands show markedly different IR absorptions in the
vn-n Fegion. We attribute this difference to the greater ability

of one of the two diastereomers to establish an intramolecular

N—H---N hydrogen bond between the NHPh group as a
proton donor and the NEgroup as a proton acceptor, see
Scheme 6.

3. Coordination of Ligands L3*® to Rh(l). The reaction
between thelL?® ligands with [RhCI(COj), led to the
stereospecific formation of complexéssee Scheme 7. In

each case, the presence of only one broad carbonyl absorptio

band at ca. 1990 cm is consistent with a square planar
monocarbonyl rhodium chloride structure bearing a P,N
chelating ligand. However, the NMR analysis does not
provide a clear indication of the chelating nature of dhe-

diaminophosphine ligand. N-Coordination by either the NH

(32) Beachler, R. D.; Mislow, KJ. Am. Chem. So&97Q 92, 3090-3093.

Scheme 7
Me,
N
NMez th \O
@; pph, *+ 12[RRCICO)), OC\Rh/P TN
/l -COo s Ph
Ph”YNHPh c ']‘H
Ph

1" (Ru.Rc1.Re2)(Sn. Scr.Sca)
18 (Sn.Sc1.Re2)(Ru.Re1.Sc2)

L** (Re1.Re2)/(Sc1.Sc2)
L*® (Sc1.Re)(Re1.Sc2)

or the NMe function should lead to significant shifts for
the proton (and/or carbon) resonances of the concerned

rr(qoiety, as previously shown for rhodium complexes contain-

ing 5-P,N ory-P,N ligands Ao = 2.5 ppm for NH and 0.5
ppm for N(CH3), protons)é1224 On the other hand, the
chemical shifts of both the NH and NMe@rotons for1#
and 18 were found to be identical to those of the corre-
sponding free ligand.

The X-ray analysis of both complexes (Figure 1), however,
confirms that the ligand adopts a bidentate coordination mode
via the P and NH donors in both cases, whereas the NMe
group remains dangling. In contrast to comple@eésee
below) the'H NMR resonances for the NGCHP moiety
give rise to a simple and distinct pattern for each isomer.
Their 2J(H,H) coupling constants are quite different, sug-

esting a near 180NCH,,—CH,P dihedral angle (13 Hz)
or 1* and a near 60NCH,«—CHeP dihedral angle (5 Hz)
for 18 in solution3® This assignment corresponds to the
geometry observed in the solid state.

Selected geometrical parameters are given in Table 2. Both
structures show a nearly ideal square planar geometry around

P—Rh—Cl axis with angles of 174.46(2and 173.57(2)for
1# and 1B, respectively. The related complex [RhCI(CO)-
{PhP(0-CsHsNMe,)-«-P,k-N} | has a similar PRh—N angle
of 174.7(2y.3* The Rh-C(3) bond lengths, on the other hand,
are significantly shorter and the C3pP(1) bond lengths are
significantly longer than those of the above-mentioned
complex [Rh-C, 1.827(5) A; G-0, 0.989(5) A3 suggest-
ing that the—CH(Ph)NHPh function is transmitting more
electron density to the metal center than th€H,NMe,
function. This assertion is in agreement with the lowes
of 1A (1983 cn1?) and1® (1993 cn1?) relative to the above-
reported complex (1995 crt). Moreover, the strong coor-
dination is also confirmed by a large decreasegf (161
cm! for 1* and 140 cm? for 18 relative toL3* and L 38
free ligands).

Since we have recently found examples of intra- and
intermolecular N-H---CI-M (M = RH, Pd') interac-

fjons;"*we have investigated the presence of this interaction

in complexesl both in the solid state though the X-ray data

(33) Haasnoot, C. A. G.; De Leeuw, F. A. A. M.; Altona, Tetrahedron
1980 36, 2783-2792.

(34) Suomalainen, P.;"dskelanen, S.; Haukka, M.; Laitinen, R. H.;
Pursiainen, J. T.; Pakkanen, T. Bur. J. Inorg. Chem200Q 2607—
2613.

(35) Andrieu, J.; Camus, J. M.; Richard, P.; Poli, R.; Baldoli, C.; Maiorana,
S., submitted.
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Figure 1. ORTEP views of diastereomet$ (a) and1® (b). Thermal ellipsoids are drawn at the 50% probability level. For clarity, the solvate molecules

are omitted and only relevant hydrogen atoms are shown.

and in solution through NMR and IR. No intramolecular
N—H---Cl—Rh interaction exists in the solid state, since the
H—N(1)—Rh—Cl dihedral angle is very far from zero in both
structures. The H-Cl distances (3.243.35 A) are quite
close to the sum of the H and Cl van der Waals radii (3.35
A). Furthermore, complexes with a genuine-N-+-CI—M
intramolecular interaction in four-membered rings show
H---Cl average values of 2.63 R.In principle, an intramo-
lecular interaction could still be established in solution via
a dynamic ring configuration exchange, by analogy with a
similar Rh complex of thes-P,N ligand (R,2R)-Ph,PCH-
(Ph)CH(Me)NHMe'? leading to expected significant changes
of the H-C(1)-C(2)—H dihedral angles. However, thél
NMR spectra of our complexekin CDCl; solution show
8J(H,H) coupling constants that, as mentioned above, are
perfectly consistent with the corresponding solid-state
H—C(1)—-C(2)—H conformations according to the Karplus
relationship®

Thus, the NMR data indicate that the solid-state struc-
ture is maintained in solution. This still leaves open the
possibility of intermolecular hydrogen bonding interactions.
Indeed, in the solid state, the three structurssl®, and2*

(see below) stack in an almost identical fashion. Two
coordination square planes are related by an inversion cente
showing a self-assembling interaction of two molecules by
means of N-H---Cl intermolecular hydrogen bonds (see
Table 2). Infrared studies in GBI, solution, however,
indicate that no hydrogen bonding is present. Tgbands

at 3249 and 3270 cm for 1* and 1B agree with a simple
NH—Rh coordination modé&

It is worth noting that the observad-P,N(H) coordination
mode generates a new asymmetric center at the N atom
Therefore, each ligand® should yield in principle a mixture
of two diastereomeric complexes. However, one diastereome
was obtained¥* from L3 and1® from L %), indicating that
the coordination reaction is highly©8%) diastereoselective.
This feature must be the result of a strong preference for
placing the bulkier Ph group in the less congested, pseu-
doequatorial position and the smaller H group in the

(36) Fryzuk, M. D.; MacNelil, P. A.; Rettig, S. J. Am. Chem S0d.987,
109, 2803-2817.
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Scheme 8
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/ : ] R
c’ s WpyH H
2° 28

(Rn.Re.Rp)/(Sn,Sc, Sp) (SnSc.Re)/(Ry.Rc. Sp)
pseudoaxial position. A high diastereoselectivity was also
observed by us for the coordination of the simpteP,N
ligand L! to Pd(Il)’

4. Coordination of Ligands L®to Rh(I). The inseparable
mixture of ligand<. reacts with [RhCI(CQJ, to afford the
corresponding complexexs[doublets at 42.4(0rnp = 166
Hz) for 2% and 57.5 ppm*rne = 166 Hz) for2®] in a ca.
55:45 ratio, i.e., very close to that of the two isomeric free
ligands, see Scheme 8. As for complexigsa chelating
coordination mode is indicated by the presence of only one
(broad) carbonyl absorption band at 1985 ¢im the infrared
spectrum. However, in contrast to compleXdeshe*H and
3P NMR spectra show broad signals. THE spectrum of
the reaction mixture also shows the presence of small
amounts of an unidentified compleéX (6 47.36 ppm with
J(Rh,P) = 163 Hz), in addition to the diastereomeric
complexe2. Crystallization from CHCl,/pentane afforded
single crystals of the major compleX'. When these pure
single crystals were dissolved in CQClthe 3P NMR
spectrum recorded after only 2 min shows a mixtur@of
and 2 in an approximate 8:2 ratio (see also section 5). It
cannot be established unambiguously, however, whether
complex2' forms rapidly from2* when this is dissolved or
the solid sample, which looks homogeneous at a visual
microscope inspection, contained in fact another cocrystal-
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&0

(a)

Figure 2. ORTEP view of diastereome®. Thermal ellipsoids are drawn
at the 50% probability level. For clarity, only relevant hydrogen atoms are
shown.

lized specimen. Cooling a toluene solution-t80 °C gave
a microcrystalline powder, which, upon dissolution and NMR
analysis, consisted again &f and the byproduc®’ in the
same 8:2 ratio. However, both crystallization methods gave
samples with no contamination 7. (d)
The molecular structure d¥ was elucidated by X-ray
diffraction methods (see Figure 2). This demonstrates a - % % P % % p %
x2-P,N(H) chelating mode of thg,a-P,N,N ligand, similar ‘ . e ‘
to that observed for complexel and establishes the ~ Foe > MR mofiorns o e imerzeton el cureoner
(Sv.& S)relative configuration for this diastereomer. Se-  cyystaliization filtrate or crude product.
lected geometrical parameters @fr are given in Table 2.
The geometry around the rhodium atom is similar to those namely, for complexes [M(COBPhPCH(Ph)CH(Me)-
of 1A and 1B, with similar slight deviations from ideal. All  NHMe}]*™ (M = Rh, Ir) 12 Therefore, it cannot be excluded
bond lengths and angles of the coordination sphere as wellthat a ring conformer with a different absolute configuration
as the P,N chelate moiety &t are also quite similar to those  at nitrogen is responsible for the minor prod®&t The
found for1* and1B. In particular, the Rk C(3) and C(3)-O alternative interpretation & as a dinuclear species contain-
bond lengths show once again the strong electron-donoring P,N bridges seems excluded because the relative intensi-
character of the-CH(Ph)NHPh function. As discussed for ties of all complexes do not significantly change upon 4-fold
14 and 1B, the geometry in compleg* is not compatible  dilution.
with an intramolecular NH-Cl interaction, but as observed 5. Epimerization of Complexes 2 and 2. As stated
for 1, two adjacent molecules are linked by intermolecular above, theé’lP NMR analysis of a CDGlsolution of single
hydrogen bonds. The main difference with respect to crystals of2* showed an 8:2 mixture d?* and?2' after 2
complexesl is the position of the dangling amine function min. However, the continued monitoring of this solution
relative to the Rh atom. The small RFP—C(22)-N(2) revealed further evolution, with appearance of the diastere-
dihedral angle [44.2(2) places the N(2) atom near the apical omer28. The relative intensity 08 slowly increased with
axis of the complex, at a relatively close contact with the time while that of 2* correspondingly decreased. The
Rh atom (3.66 A). Even though this distance precludesNEt evolution stopped when the composition became identical
coordination to the metal center, the metal reactivity may with that of the crude product (see Figure 3). The filtrate of
be affected by the presence of this function (see section 6).the crystallization process also exhibited the same product
Given the establishe&(, <, ) relative configuration for distribution.
complex2”, a relative &,,Rp) configuration is attributed This observation may be rationalized by inversion of either
to diastereomeg®. This attribution is based on the similar the skeletal shC atom or the P atom. As mentioned above,
28/2* and L°B/L5A ratios, suggesting the opposite relative the skeletal shC inversion has at least one precedent in
configurations of the P and C chiral centers (as also happenscoordination compound§.There seems to be no precedent,
for complexesl above), and on the demonstrated effect of however, for the racemization of a metal-coordinated chiral
the carbon configuration on that of the coordinated N atom. P atom. Of relevance is a previous repofta P atom
Even though a diastereoselective N coordination has beeninversion in a rhodium-coordinated tetraphosphine ligand,
observed in this work for complexelsand previously on although the phosphorus center undergoing the inversion
complex PAG(PhPCHCH(Ph)NHPh)Y’ the literature re- process does not appear to be formally coordinated to the
ports at least one precedent for diastereoisomers differingmetal®” When the equilibrium mixture oPA® and 2' in
by the absolute configuration at the coordinated N atom, CDCl; was treated with BD, the intensity of the PE proton
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Scheme 9 P—C bond cleavag&° This mechanism also allows an
additional possible interpretation of the “byprodu®”as
being the Rh(lll) intermediate complex.

We should also consider the alternative possibility of a
reversible P-CgHs rather than P-CH,NEt, oxidative addi-
tion. Indeed, a related reversible-Ph bond activation was
shown to take place with triaryl phosphine rhodium com-
plexes at 126130 °C under propene hydroformylation
conditions, leading to an aryl group exchange and to the
formation of free PEP(GH-).4142 However, since the epi-
merization of2* occurs at room temperature, it seems rea-
sonable to exclude this mechanistic pathway. It is important
to underline that the solutions containing 21¢28/2' mixture
are not indefinitely stable. After several hours, all signal
intensities in thé'P NMR spectrum decreased, accompany-
ing a color change from yellow to dark brown. A similar
behavior was reported during the formation of phosphido

Et;N Ph

Ph””””P H EtzN 8 |

s e

OC\Rh\N'/\Ph OC—Rh~_ 2
cl o |‘4
2B

U

Ph,

’/,//P‘ H

. OC__ % PN
= \Rh{\N'/\
o | Ph

NEt; H

Ph
2* H

Ph

signals in the'H NMR spectrum remained unaltered even
after 12 h (which is much longer than the half-life of the
epimerization reaction). This observation is inconsistent with compounds from RRPPh complexes, giving rise to a

a CH inversion. Since this-€H bond is close to the metal  clustering process. This observed instability is also the reason
center, it is possible to imagine a reversible oxidative addition for the limited yield with which comple®* was recovered.

to generate a Rh(lll) hydride species. However, this process 6. Catalytic Properties in Rhodium Hydroformylation.
would not easily lead to inversion at carbon (this would The newly developeg,y- andg,a-diaminophosphines were

require furthera-H elimination from the Rh-coordinated
amine function to generate an imindihydride intermediate,
migration of the metal onto the opposite imine face, and
reversal of the above processes).

used for preliminary studies of rhodium-catalyzed styrene
hydroformylation, in comparison with previously developed
p- andy-aminophosphines, in order to find out whether the
dangling nitrogen function can affect the activity and/or the

The proposal ba P inversion seems more appealing. A selectivity. The relevant results are assembled in Table 3.
first and obvious possibility consists of a reversible rupture All catalytic runs were carried out under identical conditions,
of the Rh—P bond to afford a-N or ax?-N,N coordination and in all cases the catalyst was prepared in situ by the
mode, followed by inversion at the free phosphorus atom reaction of [RhCI(COD)] with 2 equiv of the appropriate
and recoordination since inversion barriers are high for free P,N or P,N,N ligands under syngas pressure. More detailed
tertiary phosphine% This possibility, however, does not mechanistic investigations of this catalytic process with the
seem very likely since Rh(HP bonds are stronger than aminophosphine complexes are underway and will be
Rh(I)=N bonds. Another way to accomplish the P-racem- presented in due course.

ization is via a reversible PC bond oxidative addition as The results show that the product isomer ratio is always
shown in Scheme 9. The key transformation, formally in favor of the branched isomer, as is usual for the Rh-cat-
analogous to am-alkyl elimination, is the transfer of the  alyzed hydroformylation of styrerfé The catalyst containing
P-bound CHNEt, group onto the metal center, while the theg,y-diaminophosphink 3 has a comparable activity with
phosphine donor becomes a phosphido donor. The metalhe catalysts based on tieandy-aminophosphineks® and
formally becomes Rh(lll) along the process, and the elec- |2 The slight decrease of regioselectivity for the branched
tronic unsaturation would be satisfied lrydonation from aldehyde observed fdr3A relative toL! and L2 remains

the P lone pair. As is well-known, metgbhosphido moieties  without a reasonable interpretation. This result would be
with a 4-electron ¢ + ) M—P bond adopt a planar-at-P  rationalized ifL3* coordinates more strongly and/or exerts
configuration. Consequently, we need to invoke a ligand g greater steric hindrance. However, this does not seem to
rearrangement in the 5-coordinate Rh(ll) intermediate which pe confirmed by the solid state structural data. The NMe
places the-CH.NEt, moiety on the opposite face of the group does not strongly affect the catalytic activity because
phosphido plane, and final reversal of the ® oxidative  of its remote position from the rhodium coordination sphere,
addition process. This proposed mechanism has close analoas suggested by the X-ray investigation of the catalyst
gies with the recently reported Rh(l)-catalyzed epimerization precursor (see Figure 1). On the other hand, the activity of

of PRP(E)CH(Ph)NHCH(Me)Ph (E= O, S), which involves  the catalyst containing® is three times greater than that of
inversion at a chiral C center and seems to take place via a

reversible P-C oxidative addition to Rh(Ij It is also (39) Andrieu, J.; Dietz, J.; Poli, R.; Richard, Rew J. Chem1999 23,
relevant to mention here that-aminophosphines of the 581-583.

 ~_ : (40) Andrieu, J.; Baldoli, C.; Maiorana, S.; Poli, R.; Richard,Bur. J.
P—C—N(H) type have been shown to undergo reversible Org. Chem'1999 30953097

(41) Abatjoglou, A. G.; Billig, E.; Bryant, D. ROrganometallicsl984 3,
923-926.

(42) Abatjoglou, A. G.; Bryant, D. ROrganometallicsl984 3, 932-934.

(43) van Leeuwen, P. W. N. M., Claver, C., Ed®hodium Catalyzed
Hydroformylation Kluwer: Dordrecht, 2000; Vol. 22.

(37) Hunt, C.; Fronczek, F. R.; Billodeaux, D. R.; Stanley, G.l&rg.
Chem2001, 40, 5192-5198.

(38) Andrieu, J.; Camus, J.-M.; Poli, R.; Richard,Neew J. Chem2001,
25,1015-1023.
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the catalyst containing?, while a high regioselectivity was  have observed a relatively slow epimerization which we
maintained. As suggested by the molecular structure of thepropose to involve inversion at the coordinated P atom. A
catalytic precursoP” (see Figure 2), the placement of the remote NMe function (in ligandL®*) does not significantly
dangling NE group close to the metal center may play a modify the activity in rhodium-catalyzed styrene hydro-
beneficial effect on the activity relative to the catalysts formylation. However, a relatively close but uncoordinated
containingL?, L?, or LA, We believe that the high basicity = NEt, function (in ligandsL®) increases the conversion rate
and the close proximity of this dangling nitrogen function by a factor of 3. Although the latter ligand is more efficient
to the metal center may facilitate a heterolytic dihydrogen in rhodium-catalyzed styrene hydroformylation and it pos-
activation, during the initial conversion of the REI sesses an asymmetric P atom, it is not expected to induce
precursor to the RhH active species. Our current mecha- large e.e.’s if used in the enantiomerically pure form, because
nistic studies are intended to clarify the intimate action of of the established epimerization process. Further fundamental
this dangling amine group and to rationalize its beneficial investigations are currently in progress in order to rationalize
effect in the rhodium-catalyzed hydroformylation process. the beneficial effect of a dangling amine function, with the
target of developing new active and enantioselective hydro-
formylation catalysts.
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Conclusions

solution. However, when a phenyl group on the P atom is
replaced by a CEHNEt, fragment, i.e., in complexe®, we 1C011035I
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