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The rhodium(ll1) complex mer,cis-[RhCl3(PPhypy-P,N)(PPhypy-P)] (1) (PPh,py = diphenyl (2-pyridyl)phosphine) has
been prepared from RhCl;-3H,O and PPhypy and converted to the trans,cis-[RhCl,(PPh,ypy-P,N),]PFs (2) in acetone
solution by treatment with Ag* and PFs~. Ruthenium(lll) and ruthenium(ll) compounds with PPhypy, mer,cis-
[RUCls(PPhypy-P,N)(PPhypy-P)] (3) and mer{RuCI(PPh,py-P,N),(PPh,py-P)|Cl (5) have been obtained from DMSO
precursor complexes. In a chloroform solution, complex (5) isomerizes to fac-[RuCl(PPh,py-P,N),(PPh,py-P)]Cl
(fac-5). All compounds have been characterized by MS, UV-vis, IR, and *H and 3'P{'H} NMR spectroscopy, and
the Ru(lll) compound has been characterized by EPR spectroscopy as well. The crystal structures of 1, 2, 3, and
fac-5 have been determined. In all compounds under investigation, at least one pyridylphosphine acts as a chelate
ligand. The 3P chemical shifts for chelating PPh,py-P,N depend on the Ru—P bond lengths.

Introduction modes are possible with this compound: P-monode#ifate,

. . ) N-monodentaté P—N bridge in homé&>°1* and heter6%15
Tertiary phosphines form stable complexes with many
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binuclear compounds as well as in oligonéfand clusters Experimental Section

and th? FL.N. chelate .modég'lS'D|p.henyI (2-pyridyl)- Synthesis.All reactions were performed under an inert atmo-
phosphine in its chelating coo_rdmaﬂon modg forms four- sphere using standard Schlenk techniques.

membered rings that.are. strained and relatively unstaple. The starting complexesis-RUCKL(DMSO-S):(DMSO-0)22%3and
However, this coordination mode plays a key role in merRuCKDMSO-9),(DMSO-0)%*25were prepared according to
catalysis, e.g., in the carbonylation of alkynes by palladium the literature procedures. Rh&€3H,0 and PP}py (Aldrich) were
complexes®2! A detailed knowledge of the ground-state used as received.

geometry of the metal complexes facilitates a discussion of mer,cis{RhCl3(PPhpy-P,N) (PPhypy-P)] (1). PPhpy (0.3 g,
structure-reactivity relationships. To establish the steric 1.14 mmol) in CHCI, (15 cn?) was added with stirring to a warm
demand of the chelate-coordinated RBh ligand, we solution of RhC§-3H,0O (0.15 g, 0.57 mmol) in anhydrous ethanol

prepared and structurally characterized some new rhodium(10 ¢n¥). The mixture was refluxed for 2 h. The resulting orange
and ruthenium complexes solution was reduced in volume to about 5°chine orange complex

1 that deposited was filtered off, washed with diethyl ether, and
dried under vacuum (yield: 0.37 g, 88%). Anal. Calcd. fostGs
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300 MHz, 298 K): 6 —15.1 (d,Jgrn-p = 93.9 Hz),—144.27 (sep,
J-Fg = 713 Hz). UV-vis (acetone, nme¢( cmt M~1): 295
(60 200), 328 (1880), 424 (280).

Yellow crystals of 2-(CH3),CO were grown by freezing an
acetone solution o2 into which EtO had been added.

mer,Cis[RuCl 3(PPhpy-P,N)(Phypy-P)] (3). mer[RuCl(DMSO-
9,>(DMS0-0)] (0.0442 g, 0.1 mmol) was dissolved in @El, (5
cm?). Phypy (0.0526 g, 0.2 mmol) in the same solvent (5°cmas

fac-[RuCIl(PPh,py-P,N),(PPhypy-P)]CI (fac-5).18" X-ray dif-
fraction quality orange crystals &dc-5-2CHCI; were isolated from
a CHCE solution of complexs that had been layered with Jex.

Physical MeasurementsIR spectra were recorded on a Bruker
IFS113v; UV-vis spectra were recorded on Bruker DU 7500 and
Cary 5 spectrometers. Electrospray mass spectra were recorded on
a Finnigan MAT TSQ 700 triple stage quadrupole mass spectrom-
eter equipped with an electrospray ion source. EPR spectra were

added, and the resulting mixture was stirred at room temperaturemeasured on a Bruker ESP 300E spectrometer equipped with a
for 3 h. The resulting red-orange solution was reduced in volume Vvariable-temperature accessory and a liquid®éwar insert. The

to about 5 crh and EtO (25 cn?) was added, giving an orange
solid. This precipitate was filtered off, washed with diethyl ether,
and dried under vacuum (yield: 0.0624 g, 85%). Anal. Calcd. for
C34H28CIsN2PRuU (fw 734.0): C, 55.6; H, 3.9; N, 3.8; Cl, 14.5; P,
8.4. Found: C, 55.2; H, 3.8; N, 3.7; Cl, 14.3; P, 8.0. M5SIm/z
(%): 697 (50), [RuGi(Phpy),]™; 662 (100), [RUCI(Pkpy),]; 626
(10), [Ru(Phpy)z]*. IR (cmt, KBr): 3440 m, 3057 vw, 1582 vw
(ven), 1571 w (en), 1481 m, 1448 w, 1434 vs, 1330 vw, 1309
vw, 1270 vw, 1186 vw, 1162 vw, 1131 vw, 1092 m, 1017 w, 998
vw, 986 vw, 765 m, 743 m, 727 w, 691 vs, 642 vw, 617 vw, 568
vw, 531 vs, 516 vs; (Nujol) 497 vs, 455 mddy), 443 m Ocn),
431 m Qcn), 424 m Qcn), 416 w, 400 w, 339 VSiu-ci), 323 S
(VRu-c1), 282 VS {ru-ci), 255 w, 230 w, 214 w. UV-vis (CHCE,

nm (e, cm ! M~1)): 248 (12 850), 364 (2510), 447 (1040), 504
(690).

Orange single crystals & appropriate for X-ray measurements
were grown from chloroform/ether via the slow vapor diffusion
technique.

[NBug][mer-RuCl3(DMSO-S);] (4). CissRuCh(DMSO-S);3-
(DMSO0-0) (0.024 g, 0.05 mmol) was dissolved in 10 chof a
1:1 mixture of CHCI, and CHOH, and 0.015 g of [NBJCI-H,O
(0.05 mmol) was then added. The yellow solution was refluxed
for 15 min and vacuum-evaporated to 2%&i&tO (10 cn?) was
then added. The yellow solid was collected by filtration, washed
several times with O, and dried in a vacuum (yield: 0.024 g,
68%). Anal. Calcd. for gHs4ClsNRuSO; (fw 684.3): C, 38.6; H,
8.0; N, 2.1; S, 14.1. Found: C, 38.4;H, 8.0; N, 2.1; S, 14.0-MS
ESI m/z (%): 441 (75), [RuG(DMSO)]~; 363 (100), [RuGH
(DMSO),]~. IR (cm?, KBr): 3405 br/vs, 2960 vs (cation), 2874
vs (cation), 1634 m, 1487 vs (cation), 1382 s (cation), 1307 w,
1287 vw, 1151 w, 1105 sv§ o), 1081 s {s-o), 1028 s, 973 w,
925 vw, 882 m (cation), 800 vw, 739 w, 709 vw, 676 w; (Nujol)
425 s fru-s), 384 M Qcso), 345 M fru-ci), 334 shim {ry—ci),
297 W ru-ci), 266 w, 241 w.

mer-[Ru CI(PPh2py-P,N),(PPhypy-P)ICI (5). A solution of
PPhpy in acetone (10 cf was added dropwise (0.0237 g, 0.09
mmol) to an acetone (5 cinsolution of4 (0.0205 g, 0.03 mmol).
The mixture was stirred at room temperature for 3 h. The solution
was concentrated and# (20 cn?) was added, giving an orange
solid. This was filtered off, washed with diethyl ether, and dried
under vacuum (yield: 0.0066 g, 23%). Anal. Calcd. fopt@-
CIN3P;Ru (fw 961.8): C, 63.7; H, 4.4; N, 4.4; Cl, 7.4. Found: C,
63.5; H, 4.4; N, 4.4; Cl, 7.2. MSESI m/z (%): 926 (8), [RuCl-
(Phpy)s]t; 663 (100), [RUuCI(Pkpy) 2]*. IR (cm?, KBr): 3434
br/s, 3049 w, 1583 vwifcyn), 1571 w @cn), 1482 w, 1444 w, 1435
vs, 1309 vw, 1262 w, 1186 w, 1158 w, 1119 m, 1096 s, 1022 w,
998 vw, 802 vw, 772 w, 766 w, 745 m, 724 w, 697 s, 618 vw, 522
s, 514 s; (Nujol) 493 s, 466 Md¢n), 445 m Pcn), 433 M Qcn),
424 m Ocn), 279 M pru-ci), 264 vw, 254 vw, 229 vw, 203 vw.
1H NMR ((CD3),CO, 300 MHz, 298 K):6 9.07 (t, H6 pyP,N)),
8.4-6.45 (m, H py+ H Ph phosphine ligands§*P{'H} NMR
((CD3),CO, 300 MHz, 298 K):6 53.05 (t,Jp-p = 30.5 HZ, R:rmina),
—2.80 (d, I%helatt)-

IH and3'P{*H} NMR spectra were recorded on Bruker AMX 300
and Avance 500 spectrometers. The chemical shifts ifHHeMR
spectra were referenced to the residual proton impurities in the
deuterated solvents aA#P{H} NMR spectra to external 85%zH

PQ,. Conductivity measurement was made af@%n freshly made

0.5 mM solution of a complex in acetone, using an electrochemical
meter universal instrument (Technical University Wroctaw, Poland).
The magnetic susceptibility was measured using a Quantum Design
SQUID magnetometer (type MPMS-5). The magnetic moment
values were calculated after considering the appropriate diamagnetic
corrections.

X-ray Structural Determination. The studied crystals were
mounted onto a glass fiber and then flash-frozen to 100 K (Oxford
Cryosystem cooler). Preliminary examination and intensity data
collection were carried out on a Kuma KM4CGbaxis diffrac-
tometer with graphite-monochromated Moo Kradiation ¢ =
0.71073 A). Crystals were positioned at 65 mm from the CCD
camera. A total of 612 frames were measured at Viftervals
with a counting time of 1520 s. Accurate cell parameters were
determined and refined by least-squares fit of 399000 of the
strongest reflections. The data were corrected for Lorentz and
polarization effects, and the analytical absorption corrections were
also applied. Data reduction and analysis were carried out with the
Oxford Diffraction (Poland) programs. Structures were solved by
the heavy atom method (program SHELX$97and refined by
the full-matrix least-squares method on &% data using the
SHELXL97?7 programs. Non-hydrogen atoms were refined with
anisotropic displacement parameters; hydrogen atoms were included
from geometry of molecules amtlp maps. They were treated as
riding groups during the refinement process. The absolute structures
of chiral crystals were determined by Flack’s met&®Crystal
data are given in Table 1, together with refinement details.

Results and Discussion

Rhodium Complexes.Diphenyl (2-pyridyl)phosphine is
a potentially P-N chelating ligand, but the rhodium(l) metal
center seems to favor a bidentate bridging coordintiéA®
Up to now, the P-N chelation to rhodium(l) was postulated
only by Faraone for cationic complex [Rh(COD)(Rpy]X
(X = ClOy4, PR). The P-N chelate coordination was sup-
ported only by chemical analysis, IR spectra, and conductiv-
ity measurements; NMR spectra and X-ray structure were
not investigated. It is well-known that rhodium(ll) com-
plexes are binuclear with a PRy molecule coordinated as
a bidentate bridging ligant:** The compound [Cp*RhClI-
(PPhpy-P,N)]CIO48 is the only known example of PN

(26) Sheldrick, G. M.SHELXS97 Program for Solution of Crystal
Structures University of Gdtingen: Gidtingen, Germany, 1997.

(27) Sheldrick, G. MSHELXL97 Program for Crystal Structure Refine-
ment University of Gdtingen: Gdtingen, Germany, 1997.

(28) Flack, H. D.Acta Crystallogr., Sect. A983 39, 876.

(29) Mague, J. TOrgamometallics1986 5, 918.
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Table 1. Crystal Data and Structure Refinement for Ri{RPhpy-P,N)(PPhpy-P) (1), [RhCh(PPhpy-P,N)2]PFs (2), RuCk(PPhpy-P,N)(PPhpy-P)
(3), and [RuCI(PPtpy-P,N)2(PPhpy-P)]Cl (fac-5)

1 2 3 facb
empirical formula G4H28N2C|3P2Rh C37H34F5N20C|2P3Rh C34H23N2C|3P2RU C53H44N3(:|8P3RU
fw 735.78 903.38 733.94 1200.49
T (K) 100(2) 100(2) 100(2) 100(2)

2 (A) 0.71073 0.71073 0.71073 0.71073

cryst syst orthorhombic orthorhombic monoclinic _ triclinic

space group P2,212; P2,2,2 P2i/n P1

a(A) 11.0841(8) 13.2352(9) 9.046(2) 11.781(2)

b (A) 14.9184(12 11.0135(9) 21.331(4) 15.449(3)

c(A) 18.5128(14 13.1525(12) 16.040(3) 17.961(4)

o (deg) 90 90 90 67.72(3)

B (deg) 90 90 90.21(3) 85.64(3)

y (deg) 90 90 90 76.35(3)

V (A3) 3061.2(4) 1917.2(3) 3095.1(11) 2939.2(10)

z 4 2 4 2

D¢ (mg n3) 1.596 1.565 1.575 1.356

u (mm™Y) 0.953 0.772 0.897 0.748

F(000) 1488 912 1484 1216

cryst size (mrd) 0.16x 0.12x 0.09 0.22x 0.18x 0.15 0.12x 0.08 x 0.06 0.15x 0.15x 0.10

0 range for data collection (deg) 3.227.00 3.45-27.00 3.22-27.00 2.88-27.00

ranges oh k| —14<h <38, —16 < h < 16, —11<h<8, —15<h < 15,
—19 <k <19, —12 <k <14, —27<k<27, —19 <k <19,
—23<1<23 —13<1<16 —20<1<20 —22<1<16

no. of reflns collected 20492 12782 30232 38 268

no. of independent reflnd(,;) 6566 (0.0711) 4144 (0.0350) 6755 (0.1240) 12798 (0.0980)

data/params 6566/380 4144/239 6755/379 12798/613

abs coeff min/max 0.863/0.919 0.848/0.893 0.900/0.948 0.896/0.929

GOF (?) 0.920 1.082 1.201 1.123

final Ry/WR; indices ( > 20)) 0.0475/0.0484 0.0342/0.0749 0.0762/0.1693 0.0883/0.1810

extinction coeff 0.00050(9) 0.0009(4)

largest diff peak/hole (e A3) 0.408/-0.454 0.801+0.914 1.54810.936 1.304+1.387

Flack’s param —0.06(3) —0.01(3)

chelate coordination to rhodium. For this reason, the rho- was formed. The smafJer value (9.6 Hz) indicates that
dium(lll) metal center should be a good candidate for phosphine ligands occupy cis coordination sites. The trans
preparation of such complexes with a BBhmolecule. 2Jpp is usually large, a few hundred Hz, whereas the cis
The reaction of two moles of PRy with one mole of  coupling constant is sma#.Of the two3'P NMR resonances,
RhCk-3H,0 in ethanolic solution at room temperature gave the one at lower frequency with a smallég,—p is assigned
an air-stable, orange solid of formula [RREPhpy).]. The to the phosphorus trans to the chlorine atom. The other
ESI(+) MS shows no parent ion but does show fragments resonance at higher frequency withk,p = 113.2 Hz is
[RhCl(Phepy)] *, [RhCI(Phpy) ] *, and [Rh(Ppy)] " (with assigned to the phosphine ligand trans to the nitrogen atom.
the correct isotopic distributions) that correspond to the peaksThe 13g;,_» value (100.4 Hz) for the phosphine trans to the
at mz 699, 664, and 627, respectively. Two different chorine is smaller than the values reported for rhodium(lil)
pyridylphosphine moieties are detected by NMR. In iHe complexes of the typener[RhCl(PRy)s, in which the
NMR spectrum, the H6 atoms of pyridyl appear as two phosphine ligand is trans to chlorifeThe lower value of
signals, a doublet at 8.26 ppm and a triplet at 9.17 ppm. 13, _ indicates a longer RAP distance, probably because
The downfield-shifted resonance is assigned to the chelatingof the strain in the four-membered chelating ring. Coordina-
ligand coupling also with Rh*4— = *Jrn-n = 4.3 HZ).  {jon of the N atom of PPipy to a metal ion is expected to
Two doublets of doublets are observed in #{*H} NMR shift the IR bands of the pyridine ring to higher frequencies
spectrum. The low-field signal &t 31.19 ppm is assigned by 10-30 cnT2.33 The band located at 1582 ciis assigned
to the terminal pyridylphosphine_ligand and _the s_econd ON€ 5 thew(C=N) stretching vibration. The energy of this band
atc? _31‘97 ppm t(;lthe chelating phosphme_ ligand. An is lower in comparison with that of the free P ligand
upfield shiit in the *P NMR spectrum (relative to the and indicates the presence of N-coordinated pyridyl. The far-

odentie Cordraton) i oun Lo be e o 2 e spoiumShows ) e i 350
9 : 280 cn1! (349, 328, and 284 cm), which are expected for

PPhpy molecule is coordinated as a terminal ligand and the
L the mer geometr§ All above results allow us to concluded
second one as a chelating ligand through P and N atoms. . L .
that complexl is the mononuclear mer,cis isomer (Figure

For this type of coordination, as seen in Figure 1, there are . . : SN
three possible geometrical isomers for an octahedral com-l) with monodentate and bidentate pyridylphosphine ligands.

pound of general formula [RheiPPhpy-P,N)(PPhpy-P)].
The 'H and®P NMR spectra showed that only one isomer

(32) Pregosin, P. S.; Kunz, R. WP and*C NMR of Transition Metal
Phosphine ComplexgSpringer-Verlag: Berlin, 1979.

(33) Dahlhoff, W. V.; Dick, T. R.; Ford, G. H.; Neoson, S. N. Inorg.
Nucl. Chem1971, 33, 1799.

(34) Mann, B. E.; Masters, C.; Shaw, B. . Chem. Soc., Dalton Trans
1973 1489.

(30) Garrou, P. EChem. Re. 1981, 81, 229.
(31) Hietkamp, S.; Stufkens, D. J.; Vrieze, K.Organomet. Cheni979
169, 107.
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a Figure 2. Molecular structure of [RhG{PPhpy-P)(PPhpy-P,N)] (1) with
trans-cis cis-cis crystallographic numbering.

(2)

Figure 1. Possible isomers for compounds of general formula [RF®Ih-

oy-P.N)(PPhpy-P)] and [RhCH(PPhpy-P.N)s} * central Rh(lll) has a distorted octahedral coordination due

to the presence of a four-membered chelating ligand with
The electronic spectra of Rh(lll) octahedral complexes are the bite angle substantially reduced from the regular cis angle
expected to contain two-ed transitions from théA4ground of 90° to N(1)—Rh—P(1)= 69.21(10}, which is similar to
state t0'T1y and Toq (for O, symmetry), but the higher-  that observed for the rhodium(lll) compound containing
energy transition tdTg is rarely detectable because it is orthometalated triphenylphosphine [RBGPPh-C,P)s] (68—
hidden beneath the intense CT transitiéhShe absorption  69°).38 The Rh-Cl bond lengths are 2.3534(11), 2.3605(11),
spectrum of complet in dichloromethane solution exhibits and 2.3852(10) A. The RRCI bond trans to the phosphine
three bands at 289 nne & 17 240), 366 nmd = 1430), ligand is longer than other bonds. The-RR bond trans to
and 451 nm { = 350). The band observed at 289 nm is Cl s longer (2.3184(12) A) than that trans to the N atom of
considered to be due to intraligang* transition3® The low- the pyridyl ring (2.3045(12) A). Similar trends were also
energy band at 451 nm should be assigned to the spin-observed for similar compounds of Tc(lll) and Ru(lll) (Table
allowed T4 <— A4 transition. This transition in complex  2).
[RhCls(tpy)] (tpy = 2,2:6',2"-terpyridine) is observed at Coordination of the second pyridine nitrogen ligand to
similar energy (421 nmy’ The band at 366 nm is assigned rhodium in1 has been achieved by removing the chloride
to the MLCT transition. with AgNOs; in an acetone solution (Figure 1). In the
Crystallization of complex from CHCl, after layering presence of NEPF;, cationic complex [RhG(PPhpy).]PFs
with EtOH yielded crystals suitable for a crystal-structure 2 was isolated as a yellow solid. Conductivity measurements
determination. The crystal structure df(Figure 2) shows in an acetone solutionA( = 119 Q! cn? molt in 1 x
the rhodium center to be approximately octahedral, with three 10-4 M solution) indicated tha® is a 1:1 electrolyté® The
chlorine ligands occupying meridional positions. The two electrospray mass spectradifevealed peaks with the correct
PPhpy ligands are cis to one another and adopt two different isotopic distributions atvz = 699 and 664, corresponding
bonding modes, chelating and monodentate. Selected bondo the [RhC}(PPhpy);]™ and [RhCI(PPkpy),]* ions, re-
lengths and angles are listed in Table 2. The mer,cis isomerspectively. The IR spectrum & shows the characteristic
(Figure 1) of complexl can exist only as one achiral strong absorption of the RF anion at 840 and 558 crh
stereoisomer. The single-crystal X-ray analyses revealed thatThe »(C=N) band (1584 cm') can be assigned to the
compoundl crystallizes in isomorphous space graR2;2;, coordinated pyridyl groups. A single RICI stretching
which is indicative of the spontaneous resolution of the vibration at 361 cm! indicated that two chloride ligands
enantiomeric pair. The chirality occurs at the metal center, are in the trans positions. TAE and3'P{'H} NMR spectra
but 1 is not chiral in solution because of the fluxionality of show that both phosphine molecules are equivalent chelating
the arms of PPipy. One can note that under crystallization ligands. This is confirmed by the presence of a triplet at 9.41
conditions, two enantiomorphic crystals were formed. The ppm, assigned to the H6 protons of pyridyl ringdt-nes =

3Jrn-rs = 3 Hz) in the'H NMR spectrum, and a doublet at

(35) kemvs(ire,rg\ér?]. I;Jgr:g(zrganic Electronic Spectroscopgnd ed.; Elsevier: 5 =—-15.1 (lJRh—P = 93.9 Hz) inglp{ 1H} NMR. A septet

(36) Vogler, A.; Kunkely, H.Coord. Chem. Re 2002 230, 243.
(37) Pruchnik, F. P.; Jakimowicz, P.; Ciunik, Z.; Zakrzewska-Czeéskan (38) Bennett, M. A.; Bhargava, S. K.; Ke, M.; Willis, A. @. Chem. Soc.,
J.; Opolski, A.; Wietrzyk, J.; Wojdat, Enorg. Chim. Acte2002 334, Dalton Trans.200Q 3537.
59. (39) Geary, W. JCoord. Chem. Re 1971, 7, 81.
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Table 2. Selected Bond Lengths (A) and Angles (deg) for RPhpy-P)(PPhpy-P,N) (1), RuCk(PPhpy-P)(PPhpy-P,N) (3), and

TcCly(PPhpy-P)(PPhpy-P N8

TcCly(PPhpy), d* RuCk(PPhpy), d® RhCk(PPhpy). d®
Te—N(1) 2.150(4) Ru-N(1) 2.172(5) RR-N(1) 2.085(3)
Te—P(1) 2.4554(15) RuP(1) 2.4152(17) RRP(1) 2.3184(12)
Tc—P(2) 2.4325(15) RuP(2) 2.3192(18) RRP(2) 2.3045(12)
Te—CI(1) 2.4174(140 RuCI(1) 2.3728(15) RK-CI(1) 2.3852(10)
Tc—CI(2) 2.3403(15) Ru-CI(2) 2.3330(14) RE-CI(2) 2.3534(11)
Tc—CI(3) 2.3338(14) Ru-CI(3) 2.3386(15) RK-CI(3) 2.3605(11)
N(1)-Tc—P(2) 173.599(13) N(BRu-P(2) 172.64(13) N(BRh—P(2) 175.717(10)
N(1)~Tc—P(1) 66.36(12) N(1Ru—P(1) 66.62(13) N(B-Rh—P(1) 69.21(10)
P(2-Tc—P(1) 107.24(5) P(2)Ru—P(1) 107.51(5) P(2)Rh—P(1) 106.56(4)
N(1)-Tc—Cl(2) 87.21(12) N(1)}Ru—CI(2) 82.68(12) N(1}-Rh—CI(2) 86.57(10)
P(2)-Tc—CI(2) 92.13(6) P(2}Ru—CI(2) 92.84(5) P(2¥Rh—CI(2) 93.72(4)
P(1)-Tc—CI(2) 86.16(5) P(1)}Ru—CI(2) 87.78(5) P(1}Rh—CI(2) 90.24(4)
N(1)-Tc—CI(3) 87.57(12) N(1)-Ru—CI(3) 92.43(12) N(1)}-Rh—CI(3) 86.83(9)
P(2)-Tc—CI(3) 92.60(5) P(2)}Ru—CI(3) 91.37(6) P(2)}Rh—CI(3) 92.84(4)
P(1)-Tc—CI(3) 88.00(5) P(1)}Ru—CI(3) 84.57(5) P(1)}Rh—CI(3) 87.17(4)
Cl(2)~Tc—CI(3) 173.36(5) Cl(2-Ru—CI(3) 172.10(5) Cl(2yRh—CI(3) 173.40(4)

typical of the P~ anion was observed at144.27 ppm. As
expected, the PRpy:PF~ signal ratio is 2:1. The absorption
spectrum of comple® in acetone solution is similar to that
of 1 and exhibits three bands at 295 (60 200), 328 (1880),
and 424 (280) nm, which are assigned to intraligand,
MLCT, and the spin-allowed'T;y — !A4 transitions,
respectively.

Compound crystallized in the chiral space gro®2,2,2
with two molecules in the unit cell. The crystal structure
consists of [RhGI(PPhpy),]* cations, PE  anions, and
solvate (CH),CO molecules, held together by electronic and
van der Waals interactions. The rhodiumgPBnions, and
acetone molecules are situated on a 2-fold axis. Rh(lll) in

Table 3. Selected Bond Lengths (A) and Angles (deg) for
trans[RhClL(PPhpy-P,N)J]PFs (2)

Rh(1)-N(1) 2.149(3)

Rh(1)-P(1) 2.2731(10)

Rh(1)-Cl(1) 2.3361(7)

N(1)-Rh(L)-N(L)#1 110.73(15) P(BHRh(L)-CI(L)#l  92.41(3)
N(1)-Rh(1-P(1)#1 178.79(8)  N(BHRh(1)-CI(1) 88.71(7)
N(1)~Rh(1)-P(1) 68.86(8)  P(1)#Rh(1)-Cl(1)  92.41(3)
P(#1-Rh(1)-P(1) 111.57(5)  P(BRh(1)-CI(1) 90.70(3)
N(1)-Rh(1-CI(1)#1 88.15(7)  CI(L)#ERh(1)-Cl(1) 174.48(4)

P)]* type complexed for about 0.05 and 0.02 A, respec-
tively. However, the RRN bond lengths found ir2 are
longer (by at least 0.06 A) than that ih The N-Rh—N
and P-Rh—P angles are in the range 110-7BL1.57,

the cation is situated in a distorted octahedral coordination yhereas PRh—N angles are smaller (68.86because of

environment, with two chloride ligands in the trans positions
and two chelated PN ligands in cis positions (Figure 3).
The five atoms Rh, P1, P1*, N1, and N1* and two pyridyl

strain in the four-membered rings.
Ruthenium Complexes. The DMSO ruthenium com-
pounds are useful precursors for the syntheses of ruthenium

rings are coplanar. The selected bond distances and anglegomplexes with P-N chelating ligands. Replacement of all

for 2 are listed in Table 3. The crystals ®fare an example
of the chiral crystallization of achiral compounds, which is
common for inorganic, organic, and organometallic com-
pounds?® The Rh-P and Rh-Cl distances are shorter than
those observed it (Table 2) or in Rh(lll)trans[RhClL(P—

c18

c19

Molecular structure of [RhG(PPhpy-P,N)2JPFs (2) with

Figure 3.
crystallographic numbering.
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the DMSO ligands was obtained upon treatment of the
ruthenium complexes with P or N donor ligands under mild
conditions??

A paramagnetic complex of formula [Ru{®Phpy).] (3)
was obtained frormer[RuCl;(DMSO-S),(DMSO-0)] and
PPhpy in a CHCI, solution at room temperature. The
ESI(+) MS spectrum of3 is similar to that ofmer,cis-
[RhCls(PPhpy-P,N)(PPhpy-P)] (1). The ions [RuGi(PPh-
py)]™ (m/z = 697), [RUCI(PPkpy),]™ (m/z = 662), and
[Ru(PPhpy),]" (m/z = 626) were observed. As expected,
the IR spectrum oB is also very similar to that observed
for 1 and contains weak bands at 1582 and 1571 'cm
assigned to the(C=N) vibration of N-coordinated and non-
coordinated pyridyl rings, respectively. Thre¢Ru—Cl)
bands at 339, 323, and 282 chreveal a mer arrangement
of chlorides?? Solid-state magnetic moment measurement
at 290 K suggests that complé&xis paramagnetic with a
magnetic momenty( = 1.92 ug) corresponding to one
unpaired electrof? A powdered sample & at 77 K exhibits

(40) Matsuura, T.; Koshima, H. Photochem. Photobiol., 2005 6, 7—24.

(41) Hill, A. M.; Levason, W.; Preece, S. R.; Webster, Rblyhedron1997,
16, 1307.

(42) Ruiz-Ramirez, L.; Stephenson, T. A.; Switkes, EJSChem. Soc.,
Dalton Trans.1973 1770.
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Figure 4. Molecular structure of [RuG{PPhpy-P)(PPhpy-P,N)] (3) with Figure 5. Molecular structure of [RuCI((PBhy-P)(PPhpy-P,N)J|Cl (fac-
crystallographic numbering. 5) with crystallographic numbering.

. _ _ of M out of the plane NC;C,CsC4Cs are 0.127 A for Tc
an EPR spectrum with thregvalues (g = 2.69, g = 2.15, '
and g — 1.72), typical of rhombic low-spin Ru(lll) 0.198(5) A for Rh, and 0.640(7) A for Ru compounds.

complexe<3 The complex absorbs strongly in the 24804 Compound 4, the meridional isomer of well-known
nm region{248 ( = 12850), 364 { = 2510), 447 ¢ = complexfac-[RuCly(DMSO-S)5] ~,24 was obtained froneis-
1040), 504 ¢ = 690) nm, presumably due to the intraligand RUCK(DMSO-§3(DMSO-0) and [NBu]Clin a 1:1 mixture
and charge-transfer transitions. The spectrum is similar to ©f CH:Clzand CHOH. As expected for the mer isomer, three
that observed for the’duthenium(lll) compounds containing  Ru—Cl bands in the IR spectrum were observed (345, 334,

PPh, N-donors (pyridine, bipyridine, or phenanthroline), and and 297 cm?). Unlike the fac isomer (one(S=O) band at
Cl ligands?® 1100 cn1Y), two v(S=0) bands at 1105 and 1081 chwere

observed for. The position of these bands indicate that all

by X-ray crystallography. As expected, the compound is a three DMSO ligands are coordinated through S. The ESI-
monomeric six-coordinate complex with mer chioride ligands () MS spectrum of compoundt shows the [RuGt

and two cis PPipy molecules in two different bonding (PMSOXI™ (m'z=441) and [RUGDMSO)]~ (m'z = 363)
modes, monodentate and chelating. Selected bond length&®"S:

and angles are listed in Table 2. Table 2 also shows that the The reaction ot with PPhpy (Ru:P= 1:3) in an acetone
molecular structures of Tc, Ru, and Rh compounds are nearlysolution leads to the substitution of DMSO and Cl ligands
identical. The PM—N bite angles of a four-membered and the formation of complex [RuCI(Pity-P,N)(PPhpy-
metallacycle for Tc(f), Ru(cF), and Rh(6) species are equal ~ P)ICI (5), which contains two chelating phosphine ligands.
to 66.36(12), 66.62(13), and 69.21(10)espectively. The  Complex5 displays in the IR spectrum only on¢Ru—Cl)
M—P distances, for both chelating and nonchelating phos- band at 279 cm' and, characteristic for the chelate Bgh
phine, diminish with an increase in the number of d electrons ligand, av(C=N) band at 1583 cnt. In the3'P{'H} NMR
from d* to d° (2.4554(15), 2.4152(17), and 2.3184(12) A for spectrum in acetonds solution, two signals were observed,
M —Pepeae@nd 2.4325(15), 2.3192(18), and 2.3045(12) A for a triplet centered ak 53.05 and a doublet @ —2.80 with

M —Permina). On the other hand, the RUIN(1) distance is intensity 1:2 and coupling constant 30.5 Hz. These data
longer (2.172(5) A) than that in Tc (2.150(4) A) and in Rh indicate that comple% has the mer structure, in which two
(2.085(3) A). In contrast to the technetitfirand rhodium P atoms in the trans position are part of chelating rings and
(Figure 2), where the nitrogen atom of the uncoordinated a third P atom (cis to the trans P atoms) acts as a monodentate
pyridyl ring is located almost close to the P(1) atom, in ligand. A compound with the same formula a®btained
ruthenium complex3, the uncoordinated pyridyl ring is by Faraon&" has the fac structure, in which one B
located between two chlorine atoms (Figure 4) and the CI- molecule is coordinated aia P atom while the remaining
(2)—Ru—CI(3) angle (172.10(8) is smaller than those for two act as chelating ligands. 188P{'H} NMR spectrum

Tc and Rh (173.36(5) and 173.40{4Yespectively). The  exhibits three signals at 47.31 (dd,2J(PP) 33.6 and 27.7
deviation of the coordinated pyridyl ring from the coordina- Hz), —6.53 (dd,2J(PP) 33.6 and 27.7 Hz), and7.72 (t,

tion plane is larger for the Ru compound. The displacements2J(PP) 27.7 Hz). The structural data for this compound were
not given. Compounds in CHCI; solution is quickly

(43) Medhi, O. K.; Agarwala, Ulnorg. Chem 198Q 19, 1381. converted into a fac isomer, as proved By{*H} NMR.

The molecular structure & (Figure 4) was determined
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Table 4. Selected Bond Lengths (A) and Angles (deg) for
fac-[RuCI(PPhpy-P,N)2(PPhpy-P)]CI (fac-5)

Ru—N(2)
Ru—N(3)
Ru—P(3)

N(2)—Ru—N(3)
N(2)~Ru—P(3)
N(3)—Ru—P(3)
N(2)—Ru—P(2)
N(3)~Ru—P(2)
P(3-Ru—P(2)
N(2)—Ru—P(1)
N(3)—Ru—P(1)

A solution of5in CHCI; layered with E2O gives crystals
of fac-[RuCIl(PPhpy-P,N)(PPhpy-P)]ClI (fac-5) suitable for

2.118(5)
2.122(5)
2.2964(17)

92.77(18)
161.48(14)
69.24(14)
68.33(13)
89.32(13)
105.81(6)
98.28(14)
166.62(13)

Ru-P(2)
Ru-P(1)

RuCI(1)

P(3}Ru—P(1)
P(2Ru—P(1)

N(2) Ru—CI(1)
N(3)Ru—CI(1)
P(3)Ru—CI(1)
P(2)Ru—CI(1)
P(HRu—CI(1)

2.3081(18)
2.3220(17)
2.4218(16)

100.15(7)

101.74(6)
88.52(13)
83.87(13)
93.68(6)

155.55(6)
88.87(6)

Wajda-Hermanowicz et al.

in fac5 and very similar to that observed@(2.13(1), 2.063-

(8) A). The Ru-P bond lengths are equal to 2.2963(17),
2.3077(18), and 2.3218(17) A. The longest-Rivalue is
for the nonchelated phosphine in the trans position to the
nitrogen atom; the two remaining values are slightly longer
than the corresponding distances observe@ {(2.265(4),
2.270(3) A). The two intermolecular weak hydrogen bonds
linking C52—H52---CI8 and C53-H53--CI8 atoms of two
molecules of chloroform and the Chlanion are observed
(D-++A distances are 3.310(8) and 3.341(10) A-B---A
angles are 166 and 16%0r C52 and C53, respectively).

Structural and Spectroscopic Correlation between
Complexes with Chelating Coordinated PPhpy-P,N

X-ray analysis. Figure 5 shows a perspective view of the Ligands. Crystallographic and'P{*H} NMR data for all

crystal structure ofac-5. The coordination geometry of the

known metal complexes with one or twe-R chelates are

ruthenium atom is octahedral with very large distortions given in Tables 5 and 6. The literature reports on the,PPh
caused mainly by the small bite angles of the two chelating py ligand acting as aPN chelate are rather scarce. Four-
ligands (see Table 5). The coordination spheréains is
similar to that found focis,cis[RuClL(PPhpy-P,N);] (6)8"
by Faraone et al. Both complexiee-5 and6 have N—-Ru—P

bite angles for two chelating ligands markedly smaller than
90° (68,33(13) and 69.24(1%¥or fac5; 68.7(3) and 69.6-
(3)° for 6). In complex fac5, analogous to the case of
compound, the two pyridine rings coordinated to ruthenium
are arranged orthogonally around the metal center. The Ru
Cl bond length of 2.4218(16) A is comparable to the
ruthenium-chlorine bond reported fo8 (2.420(3) A) and
for cis,cis{RUCL(CO)(PPhpy-PN)[8¢ (2.417(2) A). The

membered chelate rings are very strained, and small PN

bite angles are expected. An increase of thavP-N angle

in complexes with one (63:-270.68) and two (64.13
71.26) chelating ligands is observed. The extent of the
compression of the chelate angle follows the order>W
Re > Tc > Ru~ Rh > Pt and W> Ru~ Rh > Fe in
compounds with one and two\ ligands, respectively. It

is also seen from Tables 5 and 6 that the shortening of the
M—N and M—P bond lengths followed in the same direction.
This trend shows the effect of the relative size of the
coordinating metal on the bite angle and bond lengths.

ruthenium-nitrogen bond lengths are the same (2.118(5) A) Furthermore, it was found that the symmetric deformation

Table 5. Comparison of Structural andP NMR Data for Metal Complexes with One Chelating B#8AP,N Ligand®

M complex S4b (deg) P-M—N (deg) M-N (A) M —Pcy (A) Le O(Pch)d ref
w [W(CO)4(PN)] 10.1 63.2 2.256 2.543 co —-11 18b
[W(CO):NO(PN)(P)I 12.21 64.49 2.240 2.537 co -18.3 18m
Re [ReCEO(PN)] 1.9 63.57 2.280 2.423 Cl 18e
Tc [TcCL(NO)(PN)(P)] 17.29 66.09 2.198 2.400 cl 18f
[TcCls(PN)(P)] 18.02 66.36 2.150 2.4554 cl 18;
Ru [RUCK(PN)(P)] 17.32 66.63 2.1171 2.415 cl TW
[Ru(cymene)CI(PN)} 3.88 67.47 2.104 2.3311 aren —-11.72 18d
4.34 67.26 2.106 2.332 —17.4 18n
[Ru(bipy)x(PN)J?* 6.1 68.37 2.092 2.3038 N 43.86 180
[CeMesRUCI(PN)T 8.39 67.72 2.107 2.412 aren —11.25 18c
[RUCL(CO)(PN)] 8.47 68.678 2.119 2.321 cl —-6.84 18g
[RuCl(dppb)(PN)] 32.6 68.0 2.146 2.348 Cl —20.9 18a
Rh [RhCp*CI(PN)J 7.7 67.3 2.132 2.338 Cp* -11.6 18k
[RhCl(PN)(P)] 18.20 69.116 2.083 2.322 cl —-31.97 ™™
Pt [PtCI(PN)(P)] 2.86 70.76 2.07 2.223 cl -50.3 18
[PtCHy(PN)(P)J 17.6 70.68 2.07 2.327 GH -17.6 69

a (PN) = chelating PPjpy-PN, (P) = terminal coordinated PBpby-P, TW = this work.? Angular symmetric deformation coordinate’' 34defined as the
sum of the M-P—C angles minus the sum of the-®—C anglest Ligand trans to Bu. 9 0(Pcy) is a 3P chemical shift for a chelating phosphine.

Table 6. Comparison of Structural andP NMR Data for Metal Complexes with Two Chelating BP+P,N Ligands

M complex S4b (deg) P-M—N (deg) M—N (A) M —Pcy (A) Le O(Pch)d ref

w [W(CO)(NO)(PNY]* 11.6 64.13 2.210 2.556 co 2.3 18m
15.38 65.50 2.258 2.449 N —12.8

Ru [RUCH(PNY,] 16.33 69.57 2.063 2.270 iy 2.64 18h
21.69 68,65 2.13 2.265 Cl —4.49

[RUCI(PNY(P)]* 22.6 69.26 2.122 2.2964 ~6.53 ™

24.39 68.34 2.119 2.3077 Cl —-7.72 18h

Rh [RhCL(PN)]* 451 68.86 2.149 2.2731 N —-15.1 T™W

Fe [Fe(CO)PNYJ2* ~8.49 69.72 2.004 2.345 co 18i

3.56 71.26 2.015 2.253 oW

a(PN) = chelating PPjpy-P,N, (P) = terminal coordinated PRpy-P, TW = this work.? Angular symmetric deformation coordinate’ 34defined as
the sum of the M-P—C angles minus the sum of the-®—C angles® Ligand trans to Bs. 4 8(Pcr) is a3'P chemical shift for a chelating phosphine.
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Figure 6. Graph of Ru-P bond length (A) V&P{1H} NMR chemical
shift (ppm) for a series of ruthenium(ll) complexes containing pPh
P.N. (a and b)cis-[RuClL(PPhpy-P,N),],18" (c and d)fac-[RuCI(PPhpy-
P.N2(PPhpy-P)]* 18" () [Ru(cymene)CI(PRhy-P,N)]*,1% (f) [Ru(cymene)-
CI(PPhpy-P,N)] *,18" (g) [Ru(bipyh(PPhpy-P,N)]2*,2% (h) [CsMesRuCl-
(PPhpy-P,N)J ;28 (j) cis, cisfRUCK(COX(PPhpy-P,N)];*89 (j) [RuCI(dppb)-
(PPhpy-P,N)].182 3PP{1H} NMR data in CDC} (a—f, h, j), CD.Cl; (i), and
CDsCN (g)

coordinates S4“ depend on the trans influence of ligands
occupying trans-to-P coordination sites and on the N
bond length. The mean Svalues are small, and phosphine
ligands are considerably flattened in complexes with CO,
arene, and |y ligands. The smallest S¢alue (-8.4%) was
found in the [Fe(CO)YPphpy-P,N);]>* compound with CO
trans to P and the smallest-MN bond length value (2.004
A).lai

A plot of the Ru-P bond lengths for Ru(Il)(PBpy-P,N)-
containing complexes versus thé#P{H} chemical shift

(44) Dunne, B. J.; Morris, R. B.; Orpen, A. & Chem. Soc., Dalton Trans.
1991, 653.

data is shown in Figure 6. It is interesting that, as for Ru(ll)
complexes with triphenylphosphine and 1,4-bis(diphenylphos-
phino)butane (dpplf, complexes with PPjpy chelating
ligands show a pronounced negative correlation between
31P{1H} chemical shift and RuP bond length. The negative
slope £0.0040 A ppm?) of the line drawn in Figure 6 is
very similar to that of the plot for PRrand dppb systems
(—0.0029 A ppm?), whereas the intercept (2.2828 A) is
substantially different from that for the PP{2.465 A) and
dppb (2.423A) systenf§.The explanation of this fact seems
rather simple. It is well-known that th&P{*H} chemical
shift for phosphine ligands depends on the=-C angle3?
When the G-P—C angle opens, th&#P NMR shift moves

to a lower field. This is true when phosphine is monodentate
or part of a five-or-more-membered chelating ligand, but in
the case of four-membered chelating phosphines, the-&_
increase an@P{'H} chemical shift moves to a higher field.
Thus changes in th&P chemical shifts in comparison with
the data for monodentate coordination provide a good
diagnostic tool for identifying the mode of coordination of
PPhpy ligands. It is also seen from Figure 6 that in the case
of [Ru(bipyx(PPhpy-P,N)]?", the chemical shift is much
higher than expected (43.86 ppi).This is most probably
caused by transformation in solution of the chelating phos-
phine into a monohapto ligand coordinated only &P atom.
The correlation between structural and spectroscopic param-
eters for PPjpy-P,N could be expected for the complexes
of other metals, but there are not yet sufficient experimental
data to discuss this dependence.
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