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Ruthenium(ll) complexes of the primary phosphines PH,Fc and PH,CH,Fc and the secondary phosphine PH-
(CH3Fc),, including [(p-cymene)RuCI(L),](PFs) (p-cymene = p-PrCeHsMe, L = PH,CH,Fc and PH(CH,Fc),, 2b
and 2c, respectively) and trans-[RuCly(L)s] (L = PH,Fc, PH,CH,Fc, and PH(CH,Fc),, 3a—c, respectively) were
prepared and characterized by IR, 'H NMR, and 3P NMR spectroscopy. 3b was additionally characterized by
X-ray crystallography. The spectroscopic effects of phosphine ligation were determined. Characteristic downfield
shifts of the 3P NMR resonances and increases in energy of the »(P—H) modes were observed in all cases.
Iterative fitting of coupling constants to second-order NMR spectra also resulted in a complete elucidation of $:P—
H and 3'P-3'P couplings. This analysis provides a basis for considering the influence of coordinate bonding on
the observed Jpy and 2Jep constants.

Introduction only sparing use as ligand§.Much of the interest in the
resulting complexes lies in their use as synthons for phos-
phido (—PR,), phosphinidene€PR), and related complexes,
exploiting the lability of the P-H bonds’”2? In fact,
development of coordination chemistry for primary and

Tertiary organophosphines (BRire ubiquitous as ligands
in organometallic coordination chemistry; a wide variety of
complexes are known, and some have gained significant
technological importanceFor example, PRhis used to
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secondary phosphines has presumably suffered from aScheme 1

reputation for reactivity. However, a number of air-stable @) @ "PFs  ®

primary and secondary phosphines have been rep®rt&d, m m ‘|:' PRs
and an increasing range of metal complexes is also kriéwn. o e o1~ PRy zsg 'T" PR3
. . . . . 3
Given the general importance of phosphine ligands in PR PR3 c

coordination chemistry and catalysis, numerous analyses of PR3 = (a) PHzFc, (b) PH2CH,Fc, () PH(CH,FC),

their donor properties have been described, for example by

deriving a comparative steric factor from direct structural
information, or electronic properties from indirect spectro-

respectively) were reported previoushComplete IR and
NMR spectroscopic analyses have been carried out, which

scopic effects on ancillary ligands, typically the energies of suggest trends in relevant parameters that characterize the

v(C=0) modes of carbonyl coligand$Analogous primary
and secondary phosphine complexes alternatively afford
rich array of IR and NMR spectroscopic information directly

coordinate bonding in these complexes.

a . .
Experimental Section

responsive to the effects of phosphine coordination to a Lewis General Considerations.All manipulations were carried out

acidic metal center; the(P—H) modes lie in the open 2260
2400 cnt? region of IR spectra, antH—3P spin coupling
reveals a wealth of information in NMR spectfa3® One

can note that primary and secondary phosphine centers retai

the possibilities of chelation and chiral modification while
offering distinct steric and electronic properties as ligands

under inert atmosphere using standard Schlenk techn@ée¢{400

MHz) and3'P (162 MHz) NMR spectra were obtained on a Bruker
AVANCE DRX 400 spectrometer and externally referenced to TMS
rqu) or 85% HPO, (3'P). Fits to NMR spectra were calculated
using the PERCH software package (Perch Solutions, Ltd., Kuopio,
Finland). IR spectra were obtained from KBr pellets on a Perkin-

* Elmer System 2000 spectrophotometer. Elemental analyses were

In the present WOfk, we have prepared b'S' and tetrakIS- performed by Desert Ana|yt|cs (Tucson, AZ)

(phosphine) complexes of the air-stable, solid primary

phosphines PyFc** and PHCHyFc?® (Fc = CsHyFeGHs,
ferrocenyl), as well as the secondary phosphine PH{CH
Fc),%8 at ruthenium(ll) centers (Scheme 1), specifically- [(
cymene)RuCl(Ly|(PFs) (p-cymene= p-PrGH;Me, L =
PH.CH,Fc and PH(CHFc), 2b and 2c, respectively) and
trans[RuCh(L),4] (L = PH.Fc, PHCH.Fc, and PH(CH-C),,
3a—c, respectively). Monophosphine complexgsdymene)-
RuCLL] (L = PH,Fc, PHCH,Fc, and PH(CHFc), la—c,

(21) Blaurock, S.; Hey-Hawkins, EEur. J. Inorg. Chem2002 2975—
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Materials. RuCh-xH,0 was used as received from Merckp-{(
cymene)RuCl; and [(p-cymene)RuCI(NCMe)PFs; were prepared
according to literature procedur&sy-terpinene (Fluka) was used
herein as received from the manufacturer. Preparations of the
phosphines PhFc2* PH,CH,Fc?® and PH(CHFc)3® were de-
scribed previously. Reagent grade solvents (acetonitrile, absolute
ethanol, hexanes, and anhydrous diethyl ether) were obtained from
Aldrich and degassed, dried, and distilled before use by standard
techniques. CDGI(Cambridge Isotopes) was freshly distilled and
degassed prior to use.

[(p-cymene)RuCI(PHCHFc),]PFs (2b). A 100 mL Schlenk
flask was charged with solid samples gi-fymene)RuCI(NCMe}-

PR (100 mg, 0.20 mmol) and PEH,Fc (103 mg, 0.44 mmol).
Acetonitrile (30 mL) was added, and the resulting orange solution
was stirred overnight at room temperature. Solvent was then
removed under vacuum, affording an orange oil. This oil was
triturated with anhydrous diethyl ether (30 mL) overnight, giving
a powdery orange solid. The product was washed with anhydrous
ether (4x 30 mL) and dried in vacuo to constant mass (140 mg,
80%).'H NMR (0; CDCl;, 25°C): 1.16 (6H, dJ= 7 Hz, —CH-
(CHs),); 1.98 (3H, s, p-CHs); 2.51 (1H, septetd = 7 Hz,
_CH(CH3)2), 3.14 (2H, dddd,ZJHH =14 HZ,3JHH =7 Hz, 2 Hz,

2Jpn = 8 Hz, PHCH,Fc); 3.29 (2H, dddd2yy = 14 Hz,30uy =

7 Hz, 7 Hz,2Jpy = 7 Hz, PHCH,Fc); 4.19 (10H, s, 6Hs); 4.22
(4H, br s, GHy); 4.31 (4H, br s, GH,); 4.45 (2H, m, P,CH,Fc);
4.87 (2H, m, PM,CH,Fc); 5.52 (2H, dJ = 6 Hz, GH,); 5.74 (2H,

d, J = 6 Hz, GH,). 3P{1H} (0; CDCl, 25 °C): —24.9 (s,PH,-
CH,Fc); —144.1 (septetlJpr = 714 Hz,PFs7). LSI-MS: m/iz =
735.0 ([M]"), 502.9 (M — PH,CH,Fc]") [100], 466.9 ([M— PH;,-
CH,Fc — HCI]*) [56], 347.0 (IM— PH,CH,Fc — CI — Fe(GHs)])

[31]. Anal. Calcd (Found) for HClFsFePsRu: C, 43.68
(43.46); H, 4.59 (4.56).

[(p-cymene)RuC{ PH(CHFc),} 5]PFs (2c). The complex was
prepared from f§-cymene)RuCI(NCMe]PFs (100 mg, 0.20 mmol)
and PH(CHFc), (190 mg, 0.44 mmol) as described @i above,
yielding a solid orange product (240 mg, 94% yiel).NMR (9;

(40) Shriver, D. F.; Drezdzon, M. AManipulation of Air-Sensitie
Compounds2nd ed.; Wiley-Interscience: New York, 1986.

(41) Jensen, S. B.; Rodger, S. J.; Spicer, MJDOrganomet. Cheni998
556, 151-158.
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CDCl;, 25°C): 1.22 (6H, dJ =7 Hz, —CH(CHjy),); 1.89 (3H, s, Table 1. Summary of the X-ray Data Collection f@b
—CHg); 2.51 (1H, sepJ = 7 Hz, —CH(CHs),); 2.77 (2H, ddd,

formula Cy4Hs5.CloFePsRu
ZJHH =15 HZ,3JHH =8 HZ,ZJPH =5 Hz, PH(CHZFC)Z), 2.96 (4H, fw 1100.11
m, PH(QH,Fc)); 3.30 (2H, ddd 2 = 15 Hz, 3y = 4 Hz, T.K 205(2)
2Jpn = 11 Hz, PH(GH,Fc)); 4.02 (2H, m, PI(CH,FC)y); 4.13 (10H, space group monoclini&2/c
s, GHs); 4.15 (10H, s, GHs); 4.18 (16H, br m, GH): 5.58 (2H, f)"ﬁ 1‘1"333%
d, J = 6 Hz, GHJ); 5.64 (2H, d,J = 6 Hz, G:Ha). 3P{1H} NMR c A 12.843(2)
(8: CDCls, 25°C): 31.8 (s,PHa(CHoFC)); —144.0 (septetpr = A 103.490(2)
714 Hz,PFg). LSI-MS: miz= 1131.1 (M}), 701.1 ([M — PH- v, A3 2128.7(5)
(CHoFc)]*) [100], 665.1 (IM— PH(CHFc), — HCI*) [64]. Anal. z s im
Calcd (Found) for @HscCIFsFesPsRu: C, 50.83 (50.21); H, 4.75 fg;‘;’l ?eflns 14792
(4.69). independent refns 4825
trans-[RuCl,(PH,Fc),] (3a). A 100 mL Schlenk flask was PRT?!;:; 52552
charged with RuGI(50 mg, 0.24 mmol) and P#fc (265 mg, 1.21 WR2 (%) 872

mmol). Absolute ethanol (50 mL) was added, and the resulting
green solution was refluxed for 2 h, resulting in a yellow suspension. Al data.
Volatiles were removed under vacuum, affording an ochre-yellow
solid. The product was washed with hexanesx(310 mL) and
dried under vacuum to constant weight (90 mg, 36% yield).
NMR (0; CDCls, 25 °C): 4.11 (20H, s, €Hs); 4.32 (8H, br s,
CsHa); 4.42 (8H, br s, @Hy); 5.36 (8H, m, PiFc). 31P{*H} NMR
(0; CDCls, 25 °C): —27.2. LSI-MS: m/z = 1043.8 ([M]") with
fragmentation. Anal. Calcd (Found) forgEl4.CloFePsRu: C, 46.01
(46.02); H, 4.26 (4.45). ¢
trans-[RuCl;(PH,CHzFc),] (3b). The complex was prepared crdx
from RuCk (50 mg, 0.24 mmol) and Pi€H,Fc (280 mg, 1.21 P
mmol) as described f@a. An ochre-yellow product was obtained y
(170 mg, 64% yield)!H NMR (9; CDCl;, 25°C): 2.94 (8H, dt, mw
3Jun = 7 Hz, PHCH,Fc); 4.14 (20H s, €Hs); 4.16 (8H, br s, GHy);
4.22 (8H, br s, GHy); 4.55 (8H, m, P,CHyFc). 31P{1H} NMR (9;
CDCls, 25 °C): —20.7. LSI-MS: m/z = 1099.9 ([M]") with
fragmentation. Anal. Calcd (Found) forfEls,Cl.FePsRu: C, 48.03
(48.06); H, 4.77 (4.84).
trans-[RuUCl ;{ PH(CHFc),} 4] (3c). The complex was prepared
from RuCk (50 mg, 0.24 mmol) and PH(GHc), (518 mg, 1.21 Figure 1. ORTEP drawing oftrans[RuCly(PHCHzFc)] (3b), with

. - ellipsoids displayed at 30% probability. Carbon-bonded hydrogen atoms
mmol) as described fa8a, yielding a green product (280 mg, 61% are omitted for clarity. Selected bond distances (A):—Rid, 2.4397(7);

yield). *H NMR (6; CDCls, 25°C): 2.47 (8H, ddd?Jp < 2 Hz, Ru—P1, 2.3127(8); RtP2, 2.3129(8); P4C1, 1.834(3); C+C2, 1.493-

2Jun = 14 Hz,33yn = 6 Hz, PH(MH,FC)); 3.24 (8H, ddd2Jpy < (4); P2-C12, 1.843(3); C12C13, 1.492(4). Selected bond angles (deg):

2 Hz, 23y = 14 Hz,3Jy = 3 Hz, PH(GH,Fc)); 3.90 (16H, br s, P1-Ru—P2, 90.09(3); PARu—P2, 89.91(3); P+Ru—Cl1, 93.35(3); P+

CeHa): 4.09 (40H, s, @Hs): 4.21 (16H, br s, €H.): the AH signal 55_8'11"181%35(3?; P2Ru—Cl1, 85.61(3?; P2Ru—CIT, 94.39(3);. Ru-

. ~C1, 119.2(1); P+C1-C2, 115.8(2); Ru-P2—C12, 121.4(1); P2

was not distinguishabléP{*H} NMR (9; CDCls, 25 °C): 30.6. C12-C13, 110.7(2).

LSI-MS: m/z = 1892.0 ([M]") with fragmentation. Anal. Calcd

(Found) for GgHo CloFesPsRu: C, 55.86 (54.50); H, 4.90 (4.91).  available in SAINT. The data were corrected for Lorentz and
X-ray Structure Determination of trans-[RuCly(PH>CHFc),] polarization effects. The structure was solved by a combination of

(3b). X-ray quality crystals oBb were grown by slow evaporation  direct methods and Fourier methods using SHELXTL 6.1. The

of a CH,CI, solution, giving yellow plates. A single crystal was ruthenium atom lies on a crystallographic center of inversion

washed with perfluoropolyether PFO-XR75 (Lancaster) and sealed symmetry. Idealized hydrogen atom positions were included as fixed

in a glass capillary. The sample was optically aligned on the four- contributions using a riding model with isotropic temperature factors

circle of a Siemens P4 diffractometer equipped with a M@ K  set at 1.2 times that of the adjacent carbon. A summary of the

radiation sourcel(= 0.71031 A), graphite monochromatic crystal, refinement is given in Table 1. An ORTEP representation of the

and a SMART CCD detector. Data were collected at room refined structure is shown in Figure 1 (relevant bond lengths and

temperature. Four sets of 20 frames each were collected using theangles are summarized in the caption).

o scan method with a 10 s exposure time. Integration of these

frames followed by reflection indexing and least squares refinement Results

produced a crystal orientation matrix and preliminary lattice We have utilized a range of air-stable ferrocenyl-

parameters for the monoclinic cell. The program SMART (version g iy ted primary and secondary phosphines in order to
5.6) was used for diffractometer control, frame scans, indexing, . . .
obtain robust ruthenium(ll) complexes. Preparation and

orientation matrix calculations, least squares refinement of cell h . f h hi | fthe f |
parameters, and the data collection. A total of 1650 frames were characterization of monophosphine complexes of the formula

collected with 30 s exposures in five different runs covering a L(P-cymene)RUGIPRy)] (PRs = PHFc (1a), PH,CH:Fc
hemisphere of data. All raw data frames were read by the program (1b), PH(CHFc), (1c), Scheme 1) were described previ-
SAINT (version 5/6.0) and integrated using 3D profiling algorithms. ously® In the present work, we have prepared bis(phosphine)
An absorption correction was applied using the SADABS routine complex salts of formula p-cymene)RuCI(PE2]PFs

Inorganic Chemistry, Vol. 45, No. 14, 2006 5563
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Table 2. Selected NMR and IR Parameters for Phosphines and the Ruthenium(ll) Complexes

complexes v(P—H) (cm™) On (ppm) Op (ppm) Upn (H2) ref
[(p-cymene)RUC(PH;Fc)] (1a) 2340 5.69 —27.6 394 39
[(p-cymene)RuCG(PH.CHzFc)] (1b) 2338 4.82 —=27.7 359 39
[(p-cymene)RuCGK PH(CH:Fc)}] (1¢) 2375 4.72 24.7 351 39
[(p-cymene)RUCI(PLCH,FC),]PFs (2b) 2346 4.45,4.87 —24.9 373,370 c
[(p-cymene)RuGIPH(CH:Fc)} 2]PFs (20) 2343 4.02 31.8 366 c
trans[RUCIL(PH:Fc)] (3a) 2327 5.35 —27.2 347 c
trans[RuCL(PH,CHFc)] (3b) 2326 4.54 —20.7 330 c
trans[RuCl{ PH(CHFc),} 4] (3¢) 2312 b 30.6 332 c
PHFc 2259 3.82 —143.3 203 24
PH,CHzFc 2285 2.94 —129.1 194 26
PH(CHFc) 2285 3.31 —53.4 196 38

a3lp NMR data recorded in CDght 25°C; IR data recorded from KBr pellet8 The peaks were not directly observé@his work.

Scheme 2

[(p-cymene)RuCly], + 2.2NH4PFg
[(p-cymene)RUCI(NCMe),]PFg + 2.2PR3 25N

PR3 = PH,CHoFC (b),

Scheme 3

EtOH (abs.

RuCls + xsPR3 reflux, 2 h

trans-[RuClx(PR3)4] (3)

PR3 = PHoFc (@), PH,CHoFc (b), PH(CHoF o), (c)

(PRs = PH,CH,Fc (2b), PH(CHFc), (20)) by simple ligand
substitution of the complex ffcymene)RuCI(NCMe]PFs
(Scheme 2¥! attempted preparation of the Bt analogue

NCMe
25°C,16h

C
°C,16 h

2[(p-cymene)RuCI(NCMe),]PFg

Me [(p-cymene)RuUCI(PR3),]PFg (2)

PH(CHyFc); (c)

coordinate bond lengths are also comparable to those 3f

The complex is slightly distorted from ideBly, symmetry,
exhibiting a tilt of the rigorously linear GtRu—ClI vector

with respect to the JRu equatorial plane. This distortion
was also observed, to a lesser extent, in related comptexes.
A unique aspect of this structure is the four ferrocenylmethyl
substituents on the phosphines, which are clearly disposed
to minimize intramolecular steric contact. In keeping with
the inversion symmetry, two of these substituents lie above

2a generated multiple phosphorus-containing species, asthe ruthenium-phosphorus plane and two below, with each

shown by?'P NMR. We also prepared the tetrakis(phosphine)
complexes of general formulgans[RuCl(PRs)4] (PR; =
PH.Fc (3a), PH,CH,Fc (3b), PH(CHFc) (3¢) from the
previously demonstrated in situ reduction of Ry&H,0 in

pair further oriented in a staggered arrangement. The non-
hydrogen atom geometry of each ligand is identical to that
of the free phosphine, except for an extremely slight

contraction of the phosphordagsarbon bond lengths from a

the presence of excess phosphines in EtOH solution (Schemalistance of 1.850(3) A¢ The Ru-P—CH;R angles of ca.

3).42745 The products were fully characterized by IR spec-
troscopyH and®'P NMR spectroscopy, mass spectrometry,

120 are also typicaf?43-46
Complexe£b,cand3a—c displayed singlet'P{*H} NMR

and elemental analysis, although in the latter case, carbonspectra arising from the chemically equivalent ligated phos-

analyses of botl2c and 3c were slightly low. The solid
materials were air and water stable but displayed mild
sensitivity in solution.

The tetrakis(phosphine) compl8k was further character-
ized by X-ray crystallography (Figure 1). The observed
octahedral structure is similar to previously characterized
PHMe,** PHPh,* PH,Ph? and related analogué$;the
Ru—P bond lengths of 2.3127(8) and 2.3129(8) A and the
Ru—Cl bond length of 2.4397(7) A lie within the narrow
range observed for the analogues, 2.318@B367(1) and
2.422(3)-2.450(1) A, respectively. The RtP and Ru-Cl

(42) Sanders, J. Rl. Chem. Soc. ALl971, 2991-2995.

(43) Cotton, F. A.; Frenz, B. A.; Hunter, D. llnorg. Chim. Actal976
16, 203—-207.

(44) McAslan, E. B.; Blake, A. J.; Stephenson, T.Acta Crystallogr. C
1989 45, 1811-1813.

(45) Blake, A. J.; Champness, N. R.; Forder, R. J.; Frampton, C. S.; Frost,
C. A; Reid, G.; Simpson, R. Hl. Chem. Soc., Dalton Tran994
3377-3382.

(46) Higham, L.; Powell, A. K.; Whittlesey, M. K.; Wocadlo, S.; Wood,
P. T.J. Chem. Soc., Chem. Commud®98 1107-1108.
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phines, as well as a septuplet peak arising from the)(PF
counterion for2b,c. *H NMR spectra were also consistent
with the assigned complex structure (vide supra). The
expected downfield shifts of resonances for the bound ligands
versus free phosphines were observed in all cases (Table 2).
An increase in energy of thgP—H) mode characteristic of
ligation was also observed by IR spectroscopy. Similar
spectroscopic results have been reported #éerc and related
complexes?®

In the case of complexesa—c, increased:J(*H—3'P)
values were also directly diagnostic of ligand coordination.
However, evaluation of this parameter f2b,c and 3a—c
was complicated by magnetic inequivalence in tHeand
'H-coupled3P NMR spectra, which give rise to second-
order multiplicity arising from?J(3*P—31P) coupling. Con-
sidering the wealth of spectroscopic information contained
within these data, iterative computer simulations of iHe
coupled®P NMR were performed to extract approximate
values of the various coupling constants. In the single case



Primary and Secondary Phosphine Ligation on Ru(ll) Complexes

| | | | | | ‘_A/MA/\/\—/\/\/\N/\“
22,0 24.0 -26.0 28,0 T T T T T T
22,0 24.0 -26.0 280 -30.0 -32.0

3 (ppm)

3 (ppm) -

Figure 2. Experimental (bottom) and simulated (tdp)-coupled®P NMR . ) .

; : 3 A Figure 4. Experimental (bottom) and simulated (tdp)-coupled®’P NMR
g;:igg)%tg%%:?aw phosphine complep gymene)RUCI(PECH:FC)) é[l)éecc:}ra of the primary phosphine compleans[RuCh(PHxFc)] (3a) in
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Figure 3. Experimental (bottom) and simulated (tdp)-coupled®P NMR -16.0 -18.0 -20.0 220 -24.0 -26.0
spectra of the secondary phosphine complgxcimene)RuGIPH(CH- 8 (ppm)
Fc)}2]PFs (2¢) in CDCls. Figure 5. Experimental (bottom) and simulated (tdp}-coupled®P NMR

spectra of the primary phosphine compteans[RuCL(PH,CH,Fc)] (3b)
of complex3a, the second-orderHRFc H resonance was  in CDC.

fully resolved and was simulated as well, with concordant
results. determined for2b,c). The smaller remaining coupling
Complexeb,cdisplay complex coupling patterns arising constants obtained for comple2b were 2Jpy = 8, 7 Hz,
from [AWXYZ] 2 and [,AVWXYZ]2 Spin systems, respec- 3Jp|-| = 13, 3 Hz. The values obtained for Complétxwere
tively, in which the large number of distinct spins are due quite similar: 2Jpy = 12, 8, 6, and 5 Hz3Jpy = 8 Hz.
to the diastereotopic protons on the phosphorus and/or The 'H-coupled'P NMR spectra of the tetrakis(phos-
methylene carbons. Notwithstanding this complexity, the spin Phine) complexes3a—c are more complex than those
physics of simple ¥AA'X', spin systems are relevant to Obtained for complexea,b (Figures 4-6). The trans
these systenfd; 4® owing to the relatively larg&Jp and2Jpp geometries give rise to significantly largdse values, evident
couplings; approximate first-order patterns are still observed in the much wider signal dispersions. The spectrum of the
for 2b,c reflecting the large one-borti—31P coupling. The ~ secondary phosphine compleSc still features obvious
experimentalH-coupled3P NMR resonances and simula- doublet lines arising fromH—3'P coupling, but the triplet
tions are shown (Figures 2 and 3); the spectruritois an patterns of the primary Pffc and PHCH;Fc phosphine
approximate tripletlJey = 373, 369 Hz, while that ofc complexes,3a and 3b, respectively, are much harder to
resembles a doublétey = 366 Hz. The fitted values closely  discern (see commentary in Supporting Information). Com-
approach those direcﬂy observed for the monophosphineparison of the latter spectra indicates that the methylene
complexesla—c in rigorously first-order spectra (Table 2) Proton couplings are largely unresolved. Therefore, simula-
and again are significantly larger than those of the free tions were simplified by fitting an [AX4 spin system for
phosphines. The second-order complexity derives from two- the primary phosphine complex8a and3b, and [AX], for

bond3P—31P coupling,2Jep = 56 Hz for 2b, and2Jpp = 50 the secondary phosphine analo@eeThe simulated spectra
Hz for 2c (note that the absolute signs &Jsp are not obtained for3a—c closely correspond to the observed data

(Figures 4-6). The coupling constants are as follows.

(4;) Harrii, R. K.Can.éhChem1964642, 2275_—2281. 067 23 3a, ey = 347 Hz,Zppyans= 342 Hz,2Jppcs = —38 Hz,
48) Mowthorpe, D. J.; Chapman, A. Spectrochim. Acta967, 451— _ _ . —

( )453. P P P A 3\]PH'(rans— 0 HZ, 3JPHcis =8 HZ, 3b, 1JPH = 330 HZ,
(49) Mann, B. E.J. Chem. Soc. A97Q 3050-3053. 2Jpptrans = 328 Hz, 2ppeis = —40 Hz, 3Jppgans = 0 Hz,
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Table 3. Jpy and?Jpp (trans and cis) for a Series of Bis- and Tetrakis(phosphine) Complexes

2Jpp(Hz) 2Jpp(Hz)

complexes pn (H2) (trans) (cisP ref
[(p-cymene)RuCI(PLCH;Fc)]PFs (2b) 373, 370 - 56 a
[(p-cymene)RuGIPH(CH:Fc)} 2] PFs (20) 366 - 50 a
trans[RUChL(PHxFc)] (3a) 347 342 —-38 a
trans[RuCl(PHCHzFc)] (3b) 330 328 —40 a
trans[RuClL{ PH(CHFc)} 4] (3¢) 332 300 -39 a
[Pd(PHBuU,)3] 256 - - 31
[Ni(PH:Mes)] 283 - 33 32
[Cu(PH:Mesy][PF¢] 317 - - 32
[Pd(PHMes)][BF ]2 422 394 -30 32
[Ru(por) PHy(PA)} 5@ 341 621 - 35
[Ru(Fzo-tpp)(PHPh)]® 330 510 - 36
[Ru(4-MeO-tpp)(PHPH).] 338 500 - 36
[CpRu(PPR)(PHPR)CI]¢ 360 - 47 57
[Cp*Ru(PPh)(PHPhR)CI]" 362 - 43 57

aThis work.? Sign undetermined unless specifiéd.etrahedrald por = 5,10-bis(3,5-ditert-butylphenyl)-2,8,12,18-tetraethyl-3,7,13,17-tetramethyl-
porphyrindiato; PA= phenylacetylene phosphineFze-tpp = 5,10,15,20-tetrakis(pentafluorophenyl)porphyrindid#-MeO-tpp= 5,10,15,20-tetrakis(4-
methoxyphenyl)porphyrindiatd.Cp = 7°-CsHs. " Cp* = #5-CsMes.

-
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T T T
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Figure 6. Experimental (bottom) and simulated (tdp)-coupled®P NMR Figure 7. Experimental (bottom) and simulated (topH#Fc proton

spectra of the secondary phosphine comptars [RuCly{ PH(CHFc)} 4] resonances from thdd NMR spectrum oftrans[RuClL(PHFc)] (3d) in

(30) in CDCl. CDCls.

3JpHcis = 12 Hz; 3¢, Wpy = 332 Hz, 2Jpprrans= 300 Hz, of 1Jpy for ruthenium(ll)-bound phosphine complexes com-

2Jppcis= —39 HZz,%Ipprans= 0 Hz, 3Jppcis = 14 Hz (only the pared the free phosphines (Table 2). This effect is postulated
relative signs of2Jppians and 2Jppeis are determined by  to result from enhanced s-orbital character in theHP
simulation, and we tak&Jppyans™> 0, 2Jppeis < O for 3a—c by bond(s) of the coordinated phosphine (Bent's rufés),
literature precedent). Inclusion of coupling from the meth- consistent with a rehybridization towarcd?spthis increases
ylene protons, less than 5 Hz, merely served to broaden thethe Fermi contact, adding a large, positive contribution to
simulated peaks. the observed coupling. Thus, one has the rangéJaf
Observation of an unobstructédl NMR signal for the values: [Pd(PHBUy)3], 256 Hz?&! [Ni(PH,Mes),], 283 Hz &2
PH,Fc protons of3a allowed us to independently confirm  [Cu(PH:Mes)]*, 317 Hz# trans[RuCh(L)4] (3a—c), 330~
the results of the simulation to tAel-coupled®’P NMR data 347 Hz; [Pd(PHMes)]?t, 422 Hz (Table 3§? These data
(Figure 7). A slightly higher first-order splitting was indicated seem generally consistent with the proposal that the increase
by the'H NMR simulation,*Jpy = 368 Hz, but the other  in Jpy approximately correlates with the Lewis acidity of
parameters were identicatJppyans = 342 Hz, 2Jppeis = the complexed metal ion and hence with thdonor strength
—38 Hz, 3Jppans = 0 Hz, 3Jpnes = 8 Hz. The slight of the phosphin&3?
discrepancy probably results from the weak, broad outer lines A potentially related spectroscopic parameter is the energy
in the P data A6 = 0.06 ppm), and provides a useful of the »(P—H) mode(s) observed by IR spectroscopy. This
independent estimate of the accuracy of g values  stretching shifts to higher energy relative to the free
obtained from the iterative f|tt|ng of such data. phosphine for all the ruthenium(”) Comp'exéa_C, Zb,Q
and 3a—c, consistent with PH bond strengthening on
ligation (Table 2). However, this effect must be a composite
The IR and NMR spectroscopic data of comple®ésc of various factors in addition to rehybridization and is absent
and3a—c exhibit several parameters that can be associatedor even reversed in other transition metal compléXes.
with primary and secondary phosphine coordination (Tables
2 and 3). First, there is a significant increase in the magnitude (50) Bent, H. A.Chem. Re. 1961, 61, 275-311.

Discussion
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Within these available data, there appears to be no particularScheme 4

correlation betweehlpy andv(P—H).

The bis- and tetrakis(phosphine) compleRbscand3a—c
exhibit second-ordef’P NMR spectra in the presence of
31p—1H coupling due to magnetic inequivalence resulting
from the conditiontJey = 3Jpw. This leads to observabidep
coupling, and the values of the coupling constants can be
determined by iterative simulation (Tables 2 and 3 and
Supporting Information). Th&Jep coupling constants display
the expected geometry dependence with respect to both
magnitude and sign on comparison of the cis and trans values
obtained 2Jppirans™> 2Jppcis With opposite relative signs; this
dependence has been well documented in octahedral and
square-planar complexes of tertiary organophosphines, with
the general rule beintlppyans™ 2Jppcisfor such system--56
Moreover, the primary phosphine complexXgs,b exhibit
1H-coupled®'P spectra that are quite similar to that of the
square-planar complex [Pd(R¥es)]>t, which yields similar
cis and trandJpp values with respect to both magnitude and
sign (Table 3§32 Additionally, the tetrahedral compound [Ni-
(PH:Mes),] exhibits a?Jpp value on par with that of the cis
couplings in2b,cand3a—c.3? Also noteworthy are the first-
order couplings between chemically inequival&f nuclei
with an absolute magnitude of 347 Hz in the complexes
[CpRU(PPR)(PHPR)CI] (Cp = CsHs),>" [Cp*Ru(PPh)-
(PHPR)CI] (Cp* = CsMes),%” andtrans,trans,trangRuCl,-

{ P(CHOH)g} o{ P(CHOH)H} 2].%

the metal ion. This effect arises from contributions of
paramagnetic excited states to the couptiri§Filled s donor
orbitals on two trans phosphorus atoms form symmetric and
antisymmetric combinations that interact with the metal-
centered gerade s ang drbitals and with the ungerade p
orbital, respectively (Scheme 4). The supporting equatorial
ligand field will also interact with the s andzdrbitals but

not the p orbital. Therefore, the donor properties of the
supporting ligands will modulate the energy gap of éthes*
transition and thus its contribution to the observed coupling.
The Fermi contact contribution is presumably much smaller
and should mirror théJpy trend, as in comparison of neutral

Apart from the obvious geometric effects, coordinate trans[RuCIz(PHch)4] and dicationic [Pd(PIZMGS);]ZJr (Table
bonding and phosphorus rehybridization should also exert 3y 3

an influence ortJep magnitudes. For example, correlation
of 2Jpp to phosphine ligand basicity was observed in first-
order spectra of mixed-ligand complexes [Fe(gD)L")].58
Compared to the domination &y coupling by the Fermi
contact term, interpretation of any such trendZlp is
complicated by other contributions. For example, geo-
metrically equivalent trans couplings in three complexes of
various primary phosphines at ruthenium(ll) porphyrins range
from 500 to 621 Hz value®:3¢ The through-metai'P—3'P
trans coupling is clearly influenced by ancillary ligation on

(51) Bertrand, R. D.; Ogilvie, F. B.; Verkade, J. G&. Am. Chem. Soc
1970 92, 1908-1915.

(52) Ogilvie, F. B.; Jenkins, J. M.; Verkade, J. 5 Am. Chem. Sod97Q
92, 1916-1923.

(53) Bright, A.; Mann, B. E.; Masters, C.; Shaw, B. L.; Slade, R. M;
Stainbank, R. EJ. Chem. Soc. A971, 1826-1831.

(54) Goggin, P. L.; Goodfellow, R. J.; Knight, J. R.; Norton, M. G.; Taylor,
B. F.J. Chem. Soc., Dalton Tran&973 2220-2226.

(55) Goodfellow, R. J.; Taylor, B. Rl. Chem. Soc., Dalton Tran%974
1676-1684.

(56) Fontaine, X. L. R.; Kennedy, J. D.; Shaw, B. L.; Vila, J. MChem.
Soc., Dalton Trans1987 2401-2405.

(57) Lubian, R. T.; Paz-Sandoval, M. Al. Organomet. Cheni997, 532,
17-29.

(58) Keiter, R. L.; Benson, J. W.; Keiter, E. A.; Harris, T. A.; Hayner, M.
W.; Mosimann, L. L.; Karch, E. E.; Boecker, C. A.; Olson, D. M.;
VanderVeen, J.; Brandt, D. E.; Rheingold, A. L.; Yap, G. P. A.
Organometallics1997, 16, 2246-2253.

There are several compelling motives to extend the initial
investigation of primary and secondary phosphine coordina-
tion on ruthenium(ll) as reported herein. First, the various
contributions to the observéder coupling constants might
be quantitatively resolved if the overall paucity of data for
complexes of primary and secondary phosphines is amelio-
rated. Such a development could lead to a straightforward
scale of coordinate bonding if the paramagnetic contribution
could be calibrated to—o* gaps calculated by high-level
theory. Furthermore, the synthetic utility of these phosphine
complexes as phosphide and phosphinidene ligand precursors
has been the subject of only cursory examinatfon.
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