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Synthesis and Electrochemistry of Ruthenium Complexes with an Oxygen Tripod Ligand
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Reaction of [Ru(COD)GJ« (COD = 1,5-cyclooctadiene) with Nalg; afforded Log{ COD)RuUCI (). The average
Ru—0, average RuC and Ru-Cl distances irl are 2.129, 2.164, and 2.398(3) A, respectively. Treatmefit of
with AgBF, in acetone/HO afforded [Loe{ COD)Ru(OH)]BF4 (2), which reacts with L to give the respective
adducts [log{COD)RUL]BF; (L = t-BuNH, (3), p-MeCGsHsNH; (4), NH3 (5), NoH,4 (6), pyridine (7), 4,4-bipyridine
(8), MeCN (9), E&S (10), and MeSO (L1)). The structures o8 and 4 have been characterized by X-ray
crystallography. The average R®, Ru-C, and Ru-N distances in3 are 2.115, 2.162, and 2.197(6) A,
respectively. The corresponding bond distances4fare 2.113, 2.160 and 2.174(5) A. Reaction8ofvith 2
afforded the 4,4bipyridine-bridged binuclear compleklloe{ COD)RU 2(u-4,4-bipy)](PFs)2 (12). Deprotonation
of complexes2 and 4 gave the hydroxide ¢g{(COD)RUOH (3) and the amide bg{ COD)RU(NHGHsMe-p)
(14), respectively. The structure of ge{CO)(PPR)RuU(OH)]BF4 (15 has been characterized by X-ray
crystallography. The average RO(Log), Ru—C, Ru—P, and Ru-O(aquo) distances ith5 are 2.118, 1.83(1),
2.285(3), and 2.091(7) A, respectively. Interactioril&fwith p-MeCsHsNH,, PPh, and NaN gave [Log{CO)-
(PPR)Ru(p-MeCsH4NH,)]BF 4 (16), [Loe(PPh)RU(CO)]PFK (17), and Log(CO)(PPR)RUN; (18), respectively.
Deprotonation of15 and 16 afforded the hydroxide &g(CO)(PPR)RU(OH) (19) and amide kg(CO)-
(PPh)RU(NHGH4Me-p) (20), respectively. Treatment of Ru(CO)CI(H)(P§hwith NaLog; afforded the hydride
Loe{CO)(PPR)RuUH (21), which reacts with tosyl azide to give the Ru(ll) tosylamideg{CO)(PPR)Ru-
(NHSO,CeHsMe-p) (22). Reaction of [loe{ PPR).RU(MeOH)J" with t-BUNC, CNpy (4-cyanopyridine), M&8O,
and SQ afforded the respective adductsof{PPh),RuL]* (L = t-BuNC (23), CNpy 24), Me;SO 5), SO,
(26)), isolated as their Rfsalts. The cyclic voltammograms for the Ruog; complexes show reversible oxidation
couples assignable to Ru(lll/Il) couples. The availability of electrons in theRu complexes for back-bonding
can be accessed by theifC=0) and Ru(lll/ll) potentials.

Introduction An understanding of the factors affecting the back-bonding in
the Ru aquo complexes will shed light into the mechanisms for
the [Ru(OR)g]?"-catalyzed reactions. The oxygen tripod ligand
[CpCoP(OEty=0}3]~ or Logi, an oxygen analogue for

Complexes of ruthenium(ll) aquo ion have attracted much
attention due to their applications to organometallic catalysis,

notably ring-opening metathesis polymerization of cyclooléfins - g . . .
and isomerization of olefifsin aqueous or polar media. The ~CYclopentadienyl ligands, is known to bind to variety of metal

catalytic activities of these complexes are attributed to the ions® We are par‘[icularlyinterested in organometallic complexes
electron-releasing aquo ligands that facilitate the Ru-to-ligand ©f LoeRU, which may serve as a model for flae-[Ru(OH,)s]*"
back-bonding. Accordingly Ru(ll) aquo ion is found to have Moiety. Organoruthenium complexes withd.are expected to
high affinities for = acid ligands such as olefins and N- be more amenable than those with aquo ligands due to their
heterocycles. Complexes of the type [Ru(EyH] 2" (L = CO;2 high solubilities in common organic solvents including hexane
N,,* olefin°~7) have been synthesized and characterized recently. and the kinetic stability. Previously we found that with electron-
releasing PPjcoligands the bgRu fragment is a good donor

* To whom correspondence should be addressed. and is capable of stabilizing a variety of hydrocarbyl ligands
; To whom crystallographic inquiries should be addressed. including o-acetylide, carbene, vinylidene, and allenylidéne.
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Experimental Section

General Considerations.NMR spectra were recorded on a Bruker
ALX 300 spectrometers operating at 300 and 121.5 MHZfband
31P, respectively. Chemical shiftd,(ppm) were reported with reference
to Si(CH)4 (*H) and BPQ, (3'P). Infrared spectra (Nujol) were recorded
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(m, PO(OEL). MS (FAB): m/z 851 (M" — BF,). IR (cm %, Nujol):
3290, 3244/(N—H). Anal. Calcd for CoRugHssBFsNOoPs: C, 40.9,
H, 6.0, N, 1.5. Found: C, 40.7; H, 6.0; N, 1.6.

Characterization data for fe(COD)RuU(NH)]BF4 (5). 'H NMR
(CDCly): 0 1.27 (t, 6H, CH), 1.30 (t, 6H, CH), 1.33 (t, 6H, CH),
1.88-1.95 (m, 4H, CH of COD), 2.33-2.37 (m, 4H, CH of COD),

on a Perkin-Elmer 16 PC FT-IR spectrophotometer. Mass spectra werez g1—4.19 (m, 16H, OCHand olefinic protons of COD), 5.01 (s, 5H,
obtained on a Finnigan TSQ-7000 spectrometer. Cyclic voltammetry c.Hg). 31p{1H} NMR (CDCl): ¢ 116.3 (m, PO(OE#). MS (FAB):
was performed with a Princeton Applied Research (PAR) model 273A y7 761 (M* — BF,). IR (cmrt, Nujol): 3294, 32500(N—H). Anal.

potentiostat. The working and reference electrodes were glassy carboncajcd for CoRuGHsBNF.OoPs: C, 35.4: H, 6.0, N, 1.7. Found: C,
and Ag/AgNQ (0.1 M in acetonitrile), respectively. Potentials were 35 1: H 6.0: N, 1.7.

reported with reference to ferrocenitiferrocene (Cg-e°). Elemental
analyses were performed by Medac Ltd, Surrey, U.K.

Characterization data for fe{ COD)RU(NH4)]BF4 (6). *H NMR
(CDCly): 6 1.21 (t, 6H, CH), 1.31 (t, 6H, CH), 1.33 (s, 6H, CH),

Solvents were purified by standard procedures and distilled prior to 1.87-1.96 (m, 4H, CH of COD), 2.34-2.41 (m, 4H, CH of COD),

use. Nalog,*® [Ru(COD)Ch]x (COD = 1,5-cyclooctadienél}, [L oer
(CO)(PPR)RU(OH)]BF4,% Ru(CO)CI(H)(PPH)s,'? Loe(PPR).RUCI

and tosyl azid® were prepared according to the literature methods.
4,4-Bipyridine (4,4-bipy) and 4-cyanopyridine (CNpy) were purchased

from Aldrich.
Syntheses. Preparation of kgRu(COD)CI (1). To a solution of

NaLogt (0.12 g, 0.22 mmol) in acetone/dimethyl formamide (50 mL,

1:4) was added [Ru(COD)g\k (96 mg, 0.34 mmol), and the mixture

3.71-4.19 (m, 16H, OCHand olefinic protons of COD), 5.03 (s, 5H,
CsHs). 3P{*H} NMR (CDCl): 6 116.0 (m, PO(OE%). MS (FAB):
m/z 776 (Mt — BF,). IR (cm%, Nujol): 3348, 3266v(N—H). Anal.
Calcd for CoRuGsHs1BFsN2OgPs: C, 34.8; H, 6.0, N, 3.2. Found: C,
34.0; H, 6.0; N, 3.6.

Characterization data for fe(COD)Ru(py)]|BR (7). 'H NMR
(CDCl): 6 0.94 (t, 6H, CH), 1.27 (t, 6H, CH), 1.36 (t, 6H, CH),
1.66-1.98 (m, 8H, CH of COD), 3.29-4.24 (m, 16H, OCH and

was heated at reflux overnight. The solvent was pumped off in vacuo, olefinic protons of COD), 4.96 (s, 5H,:85), 7.58 (dd, 2H, K, of py),

and the residue was extracted with.@thexane (4x 20 mL, 3:1).

8.03 (dd, 1H, H of py), 8.86 (d, 2H, H of py). 3*P{*H} NMR

Slow evaporation of the filtrate at room temperature gave orange crystals(CDCl): 6 115.2 (m, PO(OE$). MS (FAB): m/z 823 (M" — BF,).

(yield 0.1 g, 61%).*H NMR (CDCl): 6 1.21 (t, 6H, G3), 1.26 (t,
6H, CH3), 1.31 (t, 6H, GHs), 1.86-1.96 (m, 4H, &1, of COD), 2.27
2.34 (s, 2H, @i, of COD), 2.49-2.63 (m, 2H, &1, of COD), 3.7+
4.35 (m, 16H, CH=C and OGy), 5.03 (s, 5H, GHs). 3P{*H} NMR
(CDCly): ¢ 111.7-113.2 (m, PO(OEE}). Anal. Calcd for CoRugHa47-
ClOgPs: C, 38.4; H, 6.0. Found: C, 38.7; H, 6.1.

Preparation of [L oe:(COD)RuU(OH3)|BF4 (2). To a solution ofl
(0.2 g, 0.26 mmol) in acetoneB (60 mL, 1:1) was added AgBF

(90 mg, 0.46 mmol). The reaction mixture was stirred at room

temperature fio2 h and filtered. Recrystallization from G8l,/hexane
afforded yellow crystals (yield 0.147 g, 68%H NMR (CDCl): ¢
1.26 (t, 6H, CH), 1.31 (t, 6H, CH), 1.34 (t, 6H, CH), 2.03-2.40 (m,
8H, CH, of COD), 3.94-4.28 (m, 16H, OCHand olefinic protons of
COD), 5.06 (s, 5H, €Hs). 31P{*H} NMR (CDCk): 6 152.0 (m, PO-
(OEty).

Preparation of [L og((COD)RUL]BF 4 (L = t-BuNH,, p-MeCgH4NHo,
NHs, N2H4, MeCN, py, 4,4-bipy, Et,S, M&SO). Typically, to a
solution of2 (64 mg, 0.077 mmol) in CkCl, (20 mL) was added 2

Characterization data for e{ COD)Ru(4,4-bipy)]BF4 (8). *H NMR
(CDCly): 6 0.90 (t, 6H, CH), 1.28 (t, 6H, CH), 1.36 (t, 6H, CH),
1.71-1.74 (m, 2H, CH of COD), 1.96-1.99 (m, 4H, CH of COD),
2.39-2.44 (m, 2H, CH of COD), 3.40-4.27 (m, 16 H, OCH and
olefinic protons of COD), 4.97 (s, 5H,s8s), 7.76 (m, 2H, H, of 4,4-
bipy), 7.93 (d, 2H, H of 4,4-bipy), 8.80 (m, H' of 4,4-bipy), 9.03
(d, 2H, H, of 4,4-bipy). 3P{H} NMR (CDCl): ¢ 115.2 (m, PO-
(OEt)). MS (FAB): m/z 901 (Mt + 1 — BF4). Anal. Calcd for
CoRuGsHssBF4N,OgPs: C, 42.6; H, 5.6; H, 2.8. Found: C, 42.3; H,
5.7; N, 2.8.

Characterization data for fe{ COD)Ru(MeCN)]BR (9). *H NMR-
(CDCly): 0 1.22 (t, 6H, CH), 1.32 (t, 6H, CH), 1.33 (t, 6H, CH),
1.92-1.98 (m, 4H, CH of COD), 2.36-2.39 (m, 4H, CH of COD),
2.76 (s, 3H, MeCN), 3.864.16 (m, 16H, OCH and olefinic protons
of COD), 5.04 (s, 5H, €Hs). 31P{*H} NMR (CDCl): 6 116.1 (m,
PO(OEt). MS (FAB): m/z 785 (M" — BF,). Anal. Calcd for
CoRuG/HsBFsNOgP;: C, 37.2; H, 5.7, N, 1.6. Found: C, 37.1; H,
5.9; N, 1.6.

Characterization data for i COD)RU(SE$)]BF,4 (10). 'H NMR-
(CDCly): 6 1.22 (t, 6H, CH), 1.31 (t, 6H, CH), 1.36 (t, 6H, CH),
1.47 (t, 6H, CH of Et,S), 1.77-1.84 (m, 4H, CH of COD), 2.36-

equiv of L, and the mixture was stirred at room temperature overnight.
The solvent was pumped off, and the residue was extracted with CH
Cl,. Careful addition of hexane to the filtrate afforded the crude yellow

product, which was further recrystallized from @/hexane (yield
50—-70%).

Characterization data for fe(COD)Ru¢-BuNH,)]BF,4 (3). 'H NMR
(CDCl): 6 1.24 (t, 6H, CH), 1.34 (overlapping t, 12H, C#j 1.41 (s,
9H, t-Bu), 1.92-2.32 (m, 8H, CH of COD), 3.93-4.20 (m, 16H, OCHkl
and olefinic protons of COD), 5.13 (s, 5H,sis). 3'P{*H} NMR
(CDCl): ¢ 115.6 (m, PO(OE%). MS (FAB): m/z 817 (M™ — BFy).
IR (cm™%, Nujol): 3294, 3250/(N—H). Anal. Calcd for RuCoBg&HsgFs-
NOyPs: C, 38.5; H, 6.4, N, 1.6. Found: C, 38.4; H, 6.5; N, 1.6.

Characterization data for f={ COD)Rup-MeCsHsNH,)|BF,4 (4). *H
NMR (CDCL): ¢ 1.29 (t, 6H, CH), 1.30 (t, 6H, CH), 1.35 (t, 6H,
CHg), 1.45-1.91 (m, 8H, CH of COD), 2.29 (s, 3Hp-Me), 3.90-
4.15 (m, 16H, OCHand olefinic protons of COD), 5.11 (s, 5Hglds),
7.08 (d, 2H, Hy), 7.47 (d, 2H, H). 3'P{*H} NMR (CDCl): ¢ 115.7

(8) (a) Klaui, W. Angew. Chem., Int. Ed. Engl99Q 29, 627. (b) Kdle,
U. Coord. Chem. Re 1994 134/135 623.

(9) (@) Leung, W.-H.; Chan, E. Y. Y.; Wiliams, I. D.; Wong, W.-T.
Organometallics1997 16, 3234. (b) Leung, W.-H.; Chan, E. Y. Y;
Wong, W.-T.Organometallics 1998 17, 1245.

(10) Bennett, M. A.; Wilkinson, GChem. Ind 1959 1516.

(11) Klaui, W. Z. Naturforsch., B.: Anorg. Chem, Org. Chet979 34B,
1043.

(12) Vaska, L.; DiLuzio, J. WJ. Am. Chem. Sod 961, 83, 1262.

(13) Regitz, M.; Hocker, J.; Liedhegender, @rganic SyntheseWiley:
New York, 1973; Collect. Vol. V, p 179.

2.66 (m, 4H, CH of COD), 2.98 (q, 4H, CHof Et,S), 3.874.20 (m,
16H, OCH and olefinic protons of COD), 5.14 (s, 5Hslids). 31P{*H}
NMR (CDCL): ¢ 114.1 (m, PO(OE%). MS (FAB): m/z 834 (Mt —
BF,). Anal. Calcd for CoRu&HsBF,O9PsS: C, 37.4; H, 6.2. Found:
C, 37.8; H, 6.2.

Characterization data for e COD)Ru(MeSO)|BF; (11). *H NMR-
(CDCly): 6 1.25 (t, 6H, CH), 1.32 (t, 6H, CH), 1.38 (t, 6H, CH),
1.61-1.90 (m, 4H, CH of COD), 2.43-2.63 (m, 4H, CH of COD),
3.41 (s, 6H, MgS0), 3.93-4.22 (m, 16H, OCHand olefinic protons
of COD), 5.19 (s, 5H, €Hs). 3'P{*H} NMR (CDClL): 6 114.8 (m,
PO(OEt)). MS (FAB): m/z 822 (M" — BFy).

Preparation of [{Loe:(COD)Ru}2(u-4,4-bipy)](BF4). (12). To a
solution of 8 (50 mg, 0.05 mmol) in CkCl, (10 mL) was added 1
equiv of 2 (43 mg, 0.05 mmol), and the mixture was stirred at room

temperature overnight. Removal of solvent and recrystallization from

CH,Cl,/hexane gives a yellow solid (yield 60 mg, 70%H NMR
(CDCl): 6 0.90 (t, 12H, CH)), 1.28 (t, 12H, CH), 1.36 (t, 12H, CH),
1.73-1.99 (m, 12 H, CHof COD), 2.41 (m, 4H, Chlof COD), 3.40-
4.27 (m, 32H, OCHand olefinic protons of COD), 4.96 (s, 10HsH),
8.38 (d,J = 6.8 Hz, 4H, H, of 4,4-bipy), 9.03 (dJ = 6.8 Hz, 4H, H
of 4,4-bipy). 3'P{*H} NMR (CDCly): ¢ 114.5 (m, PO(OE}). Anal.
Calcd for CoRW,CsoH10B2FsN2018Ps: C, 39.1; H, 5.6; N, 1.8. Found:
C, 39.6; H, 5.8; N, 1.5.

Preparation of Log(COD)Ru(OH) (13). To a solution of2 (60
mg, 0.07 mmol) in MeOH/KO (25 mL, 1:1) at ®C was added NaOH
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(25 mg) and the resulting mixture was stirred at room temperature for

Leung et al.

was extracted with hexane. Concentration and cooling-20 °C

30 min. The solvent was pumped off, and the residue was extracted afforded yellow crystals (yield 23 mg, 4098 NMR (CsDg): 6 0.95

with hexane. Concentration and cooling-al0 °C afforded yellow
crystals (yield 22 mg, 40%)H NMR (C¢De): 6 1.19 (t, 6H, CH),
1.26 (t, 6H, CH), 1.37 (t, 6H, CH), 2.18-3.02 (m, 8H, CH of COD),
3.95-4.27 (m, 12 H, OCHh), 4.46-4.57 (m, 4H, olefinic protons of
COD), 5.01 (s, 5H, 6Hs). 3P{*H} NMR (CeDg): 6 113.0 (m, PO-
(OEty). Anal. Calcd for CoRugH4sNOgPs-H,O: C, 38.5, H, 6.4.
Found: C, 37.7; H, 6.5.

Reaction of 13 with PhOH. To a solution 0f13 (8 mg) in GDs
(0.5 mL) was added PhOH (2 mg), and the mixture was left to stand

(t, 3H, CHs), 1.06 (t, 3H, CH), 1.34 (overlapping t, 6H, C#), 1.39 (t,

3H, CHy), 1.47 (t, 3H, CH), 3.36-3.71 (m, 4H, CH), 4.23-4.56 (m,

8H, CH), 5.01 (s, 5H, GHs). 3*P{*H} NMR (C¢D¢): 0 58.7 (s, PP¥),

109.6-111.8 (m, PO(OE$). MS (FAB): m/iz944 (M* + 1). IR (cnT?,

Nujol): 3396 br »(O—H), 1922 y(C=0O). Anal. Calcd for

CoRuGeHs1011Ps: C, 45.8, H, 5.4. Found: C, 46.0, H, 5.8.
Preparation of Log(CO)(PPhg)RU(NHCeHsMe-p) (20). To a

solution 16 (50 g, 0.04 mmol) in THF (20 mL) at OC was added

NaH (5 mg), and the mixture was stirred at room temperature under

at room temperature for 1 h. A new species, presumably the phenoxidenitrogen for 30 min. The solvent was pumped off, and the residue was

complex Log{COD)Ru(OPh), was identified by NMR spectroscopy.
IH NMR (CsDs): 6 1.26 (t, 6H, CH), 1.29 (t, 6H, CH), 1.35 (t, 6H,
CHg), 2.16-2.16 (m, 4H, CH of COD), 2.49-2.51 (m, 2H, CH of
COD), 3.03-3.06 (m, 2H, CH of COD), 4.03-4.42 (m, 16H, OCH
and olefinic protons of COD), 5.02 (s, 5Hsix), the phenoxide protons
signals were not assigned due to overlap with the PhOH sigiiBls.
{1H} NMR (C¢Ds): 6 113.8 (m, PO(OEY}).

Preparation of Log(COD)Ru(NHCgsH4Me-p) (14). To a solution
of 5 (70 mg, 0.075 mmol) in THF (30 mL) at @ was added NaH (6
mg). The resulting mixture was stirred at room temperature under

extracted with hexane. Concentration and cooling 20 °C afforded
red crystals (yield 26 mg, 57%3 NMR (CsD¢): 6 0.96 (t, 3H, CH),
1.10 (t, 3H, CH), 1.23 (t, 3H, CH), 1.32-1.49 (overlapping t, 9H,
CHs), 2.45 (s, 3H,p-Me), 3.40-3.45 (2H, m, CH), 3.82-3.88 (m,
2H, CH,), 4.31-4.63 (m, 8H, CH), 5.02 (s, 5H, @Hs), 7.08-8.22
(m, 19H, phenyl protonsP{*H} NMR (C¢Dg): 6 56.0 (s, PP¥),
110.2 (m, PO(OEY). IR (cm %, Nujol): 3444 bry(N—H), 1922v(C=
0). Anal. Calcd for CoRu&HssNO1oPs: C, 50.0; H, 5.6; N, 1.4.
Found: C, 49.6; H, 6.1; N, 1.2.

Preparation of L og:(CO)(PPhg)RuUH (21). To a slurry of Ru(CO)-

nitrogen for 30 min during which the color changed from yellow to  cj4)PPh); (0.3 g, 0.32 mmol) in toluene (40 mL) was added NaLOEt
red. The solvent was pumped off and the residue was extracted with (0.1 g, 0.179 mmol), and the mixture was heated at reflux overnight.

hexane. Concentration and cooling-al0 °C afforded red crystals
(yield 41 mg, 58%)1H NMR (C¢De): 0 1.23 (t, 6H, CH), 1.27 (t,
6H, CH), 1.29 (t, 6H, CH), 1.89-2.66 (m, 8H, CH of COD), 2.41
(s, 3H,p-Me), 3.94-4.32 (m, 16H, OCHand olefinic protons of COD),
5.01 (s, 5H, GHs), 7.14 (d, 2H, H), 7.31 (d, 2H, H). 3*P{*H} NMR
(CeDg): 6 113.1 (m, PO(OE). IR (cm?, Nujol): 3426 bry(N—H).
Anal. Calcd for CoRugH3sNOgPs: C, 45.2; H, 6.5, N, 1.7. Found:
C, 44.6; H, 6.6; N, 1.5.

Preparation of [L og:(CO)(PPhs)Ru(p-MeCeH4NH2)|BF4 (16). To
a solution of [Log(CO)(PPR)RU(OH,)]BF4 (65 mg, 0.06 mmol) was
addedp-MeCsH4NH; (11 mg, 0.1 mmol), and the mixture was stirred
overnight. Recrystallization from G&l./hexane afforded red crystals
(yield 41 mg, 60%)*H NMR (CDCls): ¢ 0.82 (t, 3H, CH), 0.97 {(t,
3H, CHs), 1.27 (t, 3H, CH), 1.36 (t, 3H, CH), 1.39 (t, 3H, CH), 1.41
(t, 3H, CHy), 2.19 (t, 3H, CH), 3.27-3.51 (m, 4H, OCH), 3.99-4.63
(m, 8H, OCH), 5.00 (s, 5H, €Hs), 6.52 (d, 2H, H,), 6.76 (d, 2H, H),
7.37-7.56 (m, 15H, PPJ. 31P{H} NMR (CDCl): ¢ 51.1 (s, PP¥),
111.8 (m, PO(OEY). IR (cm™?, Nujol): 3295, 3252v(N—H), 1950
»(C=0). Anal. Calcd for CoORuB&GHsgFsNOgP,: C, 45.0, H, 5.3, N,
1.3. Found: C, 45.9; H, 5.4; N, 1.2.

Preparation of [L oet(PPhs).RU(CO)]PFs (17). To a solution of2
(65 mg, 0.06 mmol) was added excess £RH0 mg, 0.38 mmol), and

The solvent was pumped off, and the residue was extracted with hexane.

Concentration and cooling at10 °C afforded a yellow solid. The

product was found to be contaminated with some cocrystallized, PPh

which has yet to be separatéti NMR (CDCly): 6 —15.63 (d d,Jpn

= 36 Hz,Jpi = 9 Hz, Ru-H), 1.02 (t, 3H, CH), 1.13 (t, 3H, CH),

1.33 (t, 3H, CH), 1.34 (t, 3H, CH), 1.42 (t, 3H, CH), 1.46 (t, 3H,

CHg), 3.54-3.59 (m, 2H, CH), 3.74-3.59 (m, 2H, CH), 4.33-4.67

(m, 8H, CH), 5.06 (s, 5H, @Hs), 7.02-8.17 (m, 15H, PP§. 31P{1H}

NMR (CDCl): ¢ 70.2 (s, PP}, 110.2 (m, PO(OE}%). MS (FAB):

m/z 927 (M*). IR (cm%, Nujol): 1966v(Ru—H), 1908v(C=0).
Reaction of 21 with Tosyl Azide.To a solution of the crude product

of 21 (95 mg) was added tosyl azide (40 mg, 0.2 mmol) and the mixture

was stirred under nitrogen at room temperature for 2 days. The solvent

was pumped off and the residue extracted witftOERecrystallization

from EtO/hexane afforded a yellow solid characterized as(CO)-

(PPR)RU(NHTSs) @2), which was found to be contaminated with some

with TsN=PPh. IH NMR (CDCly): ¢ 0.83 (t, 3H, CH), 0.96 (t, 3H,

CHg), 1.14 (t, 3H, CH), 1.28 (t, 3H, CH), 1.33 (t, 3H, CH), 1.39 (t,

3H, CHs), 2.31 (s, 3H,p-Me), 3.19-3.24 (m, 4H, CH), 3.74-3.87

(m, 2H, CH), 4.05-4.30 (m, 6H, CH), 6.99-7.84 (m, 19H, phenyl

protons) 3:P{*H} NMR (C¢Dg): 6 54.0 (s, PP$), 112.0 (m, PO(OEd).

IR (cm™, Nujol): 3307 wv(N—H), 1266v(S=0). MS (FAB): m/z

the mixture was stirred at room temperature for 1 day. The solvent 1097 (M + 1). IR (cn?, Nujol): 1942v(C=0)

was pumped off, and the residue was recrystallized from a saturated

solution of NaPEin MeOH to give pale yellow crystals (yield 39 mg,
50%).*H NMR (CDClg): 6 0.95 (t, 6H, CH), 1.25 (t, 6H, CH), 1.33
(t, 6H, CHg), 3.06-3.53 (m, 4H, CH), 4.83-4.30 (m, 8H, CH), 5.05
(s, 5H, GHs), 7.12 (m, 30H, PPj). 3P{H} NMR (CDCl): 6 41.0
(s, PPh), 111.5 (m, PO(OE%). MS (FAB): m/z1954 (M — PRy). IR
(cm™%, Nujol): 1954 »(C=0). Anal. Calcd for CoRu&HesFeO10Ps:
C, 48.6, H, 4.9. Found: C, 47.6, H, 4.9.

Preparation of L og(CO)(PPhg)RuN;3 (18). To a solution of [logr
(CO)(PPB)RuU(OH,)]BF4 (65 mg, 0.06 mmol) in MeOH (20 mL) was
added Nal (100 mg) in water (10 mL), and the reaction mixture was
heated at reflux for 1.5 h. The yellow precipitate was collected and
washed with MeOH/BHD (1:1) (yield 31 mg, 54%).!H NMR
(CDClg): 6 0.85 (t, 3H, CH), 0.93 (t, 3H, CH), 1.28 (t, 3H, CH),
1.30-1.37 (overlapping t, 9H, C#), 3.09-3.53 (m, 4H, CH)), 3.97—
4.43 (m, 8H, CH), 4.99 (s, 5H, @Hs), 7.29-7.58 (m, 15H, PP).
31P{1H} NMR (CDCls): ¢ 53.1 (s, PP¥), 109.8-111.1 (m, PO(OEY).

IR (cm™%, Nujol): 2204 »(N=N), 1931 »(C=0). Anal. Calcd for
CoRuUGeH4sN3010Ps: C, 44.6, H, 4.7, N, 4.3. Found: C, 45.2; H, 5.2;
N, 4.1.

Preparation of L og((CO)(PPhs)Ru(OH) (19). To a solution of [logr
(CO)(PPR)RuU(OH,)]BF4 (65 mg, 0.06 mmol) in MeOH/EO (20 mL,
2:1) was added NaOH (5 mg), and the mixture was stirred at room

Preparation of [L oe:(PPhs),RUL]PFs (L = t-BuNC, 4-Cyanopy-
ridine, Me,S0O). To a solution of log{PPh).RuCl (70 g, 0.06 mmol)
and NHPF; (17 mg) in MeOH/THF (20 mL, 1:1) was added L (0.1
mmol), and the solution was stirred at room temperature under nitrogen
overnight. The solvent was pumped off and the residue recrystallized
from CH,Cl./hexane to give yellow crystals (yield 605%).

Characterization data for fe{PPh).Ru-BuNC)|PF (23). '"H NMR
(CDCly): 6 0.93 (t, 6H, CH), 1.16 (t, 6H, CH), 1.36 (t, 6H, CH),
1.42 (s, 9H,t-Bu), 3.00-3.12 (m, 4 H, OCH), 3.67-3.76 (m, 4 H,
OCH,), 4.11-4.15 (m, 4 H, OCH), 5.19 (s, 5H, @Hs), 7.07-7.68
(m, 30 H, PPH). 3P{'H} NMR (CDCl): ¢ 48.7 (s, PP¥), 108.7 (m,
PO(OE®). IR (cm%, Nujol): 2114v(C=N).

Characterization data for fe(PPh),Ru(CNpy)]PF (24). *H NMR
(CDCl): 6 0.93 (t, 6H, CH), 1.27 (overlapping t, 12H, C§j 2.95-
3.52 (m, 4 H, OCH), 3.79-4.13 (m, 8 H, OCH), 5.10 (s, 5H, GHs),
6.91-7.83 (m, 34 H, aromatic protons}P{*H} NMR (CDCk): ¢
44.3 (s, PP}, 108.8 (m, PO(OE$). IR (cm %, Nujol): 2214v(C=N).
MS (FAB): m/z 1264 (M — PRy)*".

Characterization data for fe(PPh).Ru(M&SO)IPFK (25). *H NMR
(CDCl3): ¢ 1.11 (t, 6 H, CH), 1.21-1.29 (overlapping t, 12 H, C§},
2.89 (s, 6HMe,S0), 3.63-3.93 (m, 12 H, OCH), 5.19 (s, 5H, GHs),
7.07-7.68 (m, 30 H, PPY. 31P{*H} NMR (CDCL): ¢ 38.5 (s, PP,

temperature for 30 min. The solvent was pumped off, and the residue 108.7 (m, PO(OE}).
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Table 1. Crystallographic Data and Experimental Details fee{COD)RuCI (), [Loe{COD)Ru¢-BuNH,)]BF, (3),
[Loe{ COD)RUP-MeCsHaNH,)]BF4 (4), and Loe(CO)(PPR)RU(OH,)]BF4 (15)

1 3 4 15
empirical formula CoRugH47CIOgP; CoRuUGgHs5sBF4sNOgP; CoRUG:H56BFsNOgP3 CoRuUGeHs54BF4015P,
fw 780.02 904.51 938.52 1049.52
color, habit orange, rod orange; block yellow, prism pale; plate
cryst dimens/mm 0.%0.32x 0.44 0.20x 0.23x 0.26 0.12x 0.12x 0.23 0.12x 0.32x 0.34
a A 12.203(2) 12.950(1) 13.090(2) 13.686(2)

b, A 19.187(2) 18.688(2) 18.112(3) 14.733(4)
c, A 14.181(2) 17.141(2) 17.502(1) 12.445(2)
o, deg 109.05(2)
p, deg 91.13(1) 100.20(2) 96.904(9) 90.02(1)
y, deg 89.39(2)

Vv, A3 3319.8(6) 4082.7(7) 4119.5(8) 2372.0(9)
VA 4 4 4 2

cryst syst monoclinic monoclinic monoclinic _triclinic
space group P2:/n (No. 14) P2i/c (No. 14) P2:/n (No. 14) P1 (No. 2)
Deaiw g CNT® 1.560 1.471 1.513 1.469
T,°C 28 25 25 28

scan type w—20 w w—20 w—20

u, et 12.25 9.58 9.52 8.72

no. of reflns measd 5673 5807 5877 6512

no. of reflns obsd 3892 3206 3525 3153
weighting scheme 14f(Fo) + 0.03F2/4] 1/[0%(Fo) + 0.016-.%/4] 1/[0?(Fo) + 0.016-,%/4] 1/[0?(Fo) + 0.005-%/4]
R2% 4.3 4.0 4.0 4.8

Ru.? % 5.9 4.8 4.6 55

F(000) 1608 1872 1936 1076
GoP 3.95 1.80 1.85 2.27

*R= (IFol = IFe)/ZIFol. * Ry = [(X(WIFo| — [Fe)¥IwWFol]¥% © GoF

Preparation of [L oe:(PPhs).RU(SO,)]PFs (26). SO, was bubbled
to a solution of log(PPh),RuClI (70 mg, 0.06 mmol) and N4fF (17
mg) in THF/MeOH (1:1, 20 mL) for 2 min, during which the color
changed from red to orange. The solvent was pumped off, and the
residue was recrystallized from GEl,/hexane to give yellow crystals
(vield 53 mg, 65%)*H NMR (CDCl): 6 0.93 (t, 6H, CH), 1.84 (t,
6H, CH), 1.38 (t, 6H, CH), 3.02-3.16 (m, 4 H, OCH), 3.47-3.70
(m, 4 H, OCH), 4.20-4.27 (m, 4 H, OCHJ), 5.08 (s, 5H, GHs), 7.12-
7.67 (m, 30 H, PP). 31P{*H} NMR (CDCl): ¢ 32.7 (s, PP}), 111.2
(m, PO(OEt). MS (FAB): m/z 1226 (M" — PR + 2). IR (cni?,
Nujol): 1292v(SQ,)as Anal. Caled for CoRuGHesFs011PsS: C, 52.0;
H, 4.8. Found: C, 51.6; H, 5.0.

X-ray Crystallography. The details of crystal data collection and
refinement parameters fopk(COD)RUCI @), [Loe{ COD)Ru(-BuNH,)]-
BF4 (3), [Loe{ COD)Rup-MeCsHaNH2)]BF 4 (4), and [Loe{ CO)(PPh)-
Ru(OH,)]BF4 (15) are listed in Table 1. Single crystals for these
complexes were grown from GBl./hexane at room temperature. Data
for 1, 4, and 15 were collected on a Rigaku AFC7R diffractometer
while data for3 were collected on a MAR-Research image plate
diffractometer. Graphite-monochromated Moo Kradiation ¢ =
0.710 73 A) was used for the measurements. All data were corrected
for Lorentz, polarization, and absorption effects. The structures were
solved by direct methods (SIR ¥pand subsequently refined by full-
matrix least-squares routines. Selected bond lengths and anglgs for
3, 4 and 15 are collected in Tables-25, respectively.

Results and Discussion

Complexes of the Type [log(COD)RuL]"* (n =0, 1).The
aquo complex [be{ COD)Ru(OH)] ™ was first isolated by Kite
and co-workers by the reaction of [Ru(COD)(@K?*" with
NalLog.?2 We found that loe( COD)RUCI () can be prepared
conveniently from Nabg; and [Ru(COD)Cl], isolated as air-
stable orange crystals. Treatmentlofvith AgBF, in acetone/
H-20 afforded [Loe{ COD)Ru(OH)]BF4 2 in good yield. Figure
1 shows a perspective view df selected bond lengths and
angles are given in Table 2. The average®R average Rt
C, and Ru-Cl distances are 2.129, 2.164, and 2.398(3) A,
respectively. The average RC and Ru-O distances il are
similar to those for [log(COD)RUOH)]*.62 Complex 2 has

= [(ZW|F0| - |FC|)2/(N0bS - Nparan]uz-

Table 2. Selected Bond Lengths (A) and Angles (deg) for
Loe{COD)RuCI @)

Ru(1)-Cl(1) 2.398(3) Ru(1}0(1) 2.127(6)
Ru(1)-0(2) 2.130(6) Ru(1y0(3) 2.129(6)
Ru(1)-C(18) 2.178(10) Ru(BC(21) 2.154(10)
Ru(1)-C(22) 2.157(9) Ru(1C(25) 2.167(10)
C(18)-C(25) 1.40(1) C(21yC(22) 1.37(1)
Cl(1)-Ru(1-O(1)  160.6(2) CI(I}Ru(l-0(2)  84.5(2)
Cl(1)-Ru(1-0O(3)  83.9(2) CI(1}Ru(1}-C(18) 116.8(3)
Cl(1)-Ru(1)-C(21) 116.6(3) CI(1¥Ru(1}-C(22)  79.8(3)
Cl(1)-Ru(1-C(25)  79.7(3) O(1y¥Ru(1-0(2) 82.8(2)
O(1)-Ru(1)-0(3) 82.4(2) O(1yRu(1}-C(18)  76.8(3)
O(1)-Ru(1}-C(21)  77.93) O(LFRu(1-C(22) 114.4(3)
O(1)-Ru(1)-C(25)  114.5(3) O(2YRu(1}-0O(3) 93.9(2)
O(2)-Ru(1)-C(18) 158.6(3) O(2YRu(1-C(21)  89.3(3)
O(2)-Ru(1)}-C(22)  88.6(3) O(2yRu(1-C(25) 162.2(3)
O(3-Ru(1)-C(18) 158.6(3) O(3YRu(1-C(21) 159.5(3)
O(3)-Ru(1)}-C(22) 163.2(3) O(3YRu(1-C(25) 162.2(3)
C(18-Ru(1)-C(21)  80.0(4) C(18yRu(1)}-C(22) 93.7(4)
C(18)-Ru(1)-C(25) 37.7(3) C(2LRu(1)}-C(22) 37.0(3)
C(21-Ru(1-C(25) 90.3(1) C(22YRu(1)-C(25) 80.5(4)

proven to be a good starting material for theyf(COD)RuL]-
type complexes, the syntheses of which are summarized in
Scheme 1.

Thus, treatment a2 with nitrogen or sulfur donor ligands L
afforded the respective adductscff{ COD)RuL]" (L = t-
BuNH; (3), p-MeCsH4NH2 (4), NH3 (5), NoH4 (6), pyridine (7),
4,4-bipOy (8), MeCN (9), ELS (10), Me;SO (11)) in good
yields. For the amine complex8s-6, two IR N—H bands were
found in the 3208-3300 cnt! region. The N-H resonant
signals for these complexes were, however, not observed in the
IH NMR spectra. Interaction o8 with 2 gave the 4,4bipy-
bridged binuclear complex{Loe{COD)RU »(u-4,4-bipy)]-
(BF4)2 12. The ortho pyridyl protons foll2 are magnetically
equivalent and so are the meta pyridyl protons, indicating that
the 4,4-bipy coordinates to the twodeg(COD)Ru fragments
symmetrically.

The structures of theBuNH, adduct have been established
by X-ray crystallography. Figure 2 shows a perspective view
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Table 3. Selected Bond Lengths (A) and Angles (deg) for
[L oe{ COD)RuU(NH-t-Bu)]BF4 (3)

Ru(1)-0O(1) 2.106(5) Ru(1)yO(4) 2.123(4)
Ru(1)-0(7) 2.117(4) Ru(1yN(1) 2.197(6)
Ru(1)-C(18) 2.141(8) Ru(1)C(19) 2.171(7)

Ru(1)-C(22) 2.179(7) Ru(HC(23) 2.155(7)

O(1)~Ru(1)-O(4) 84.4(2) O(1yRu(1-0O(7) 85.2(2)
O(1)-Ru(1)-N(1)  157.0(2) O(1}Ru(1)-C(22) 112.1(3)
O(1)-Ru(1)-C(19) 114.6(3) O(BYRu(1}-C(22) 112.1(3)
O(1)-Ru(1)-C(23)  75.7(3) O(4yRu(1)-0(7) 88.6(2)
O(4)-Ru(1)-N(1) 77.2(2) O(4}Ru(1)-C(18) 161.6(3)
O(4)-Ru(1)-C(19) 160.4(3) O(4YRu(1)-C(22)  88.9(2)
O(4)-Ru(1)-C(23)  92.1(2) O(A-Ru(1)-N(1) 83.4(2)
O(7)-Ru(1)-C(18)  90.4(3) O(7rRu(1}-C(19)  97.9(2)
O(7)-Ru(1)-C(22)  164.9(3) O(ARu(1)-C(23) 157.9(3)
N(1)-Ru(1-C(18)  120.9(3) N(1}Ru(1)-C(19)  85.2(3)
N(1)-Ru(1}-C(22)  81.5(3) N(1}Ru(1)-C(23) 118.3(3)
C(18-Ru(1)-C(19) 37.5(3) C(18yRu(1)-C(22) 96.6(3)
C(18-Ru(1)-C(23) 82.1(3) C(19YRu(1)-C(22) 80.1(3)
C(19-Ru(1)-C(23) 88.8(3) C(22}Ru(1)-C(23) 37.1(3)

Table 4. Selected Bond Lengths (A) and Angles (deg) for
[L oe( COD)RU(NHCsHsMe-p)IBF, (4)

Ru(1)-0O(1) 2.094(4) Ru(1y0(4) 2.118(4) @ SO
Ru(1)-0(7) 2.128(4) Ru(1yN(1) 2.174(5) G
Ru(1)-C(18) 2.150(7) Ru(1yC(19) 2.166(7)

Ru(1)-C(22) 2.169(7) Ru(1)C(23) 2.155(7) QP
(')

O(1)-Ru(1)-0(4) 85.6(2) O(1yRu(1)-0(7) 82.3(2) e owji (

O(1)-Ru(1)-N(1)  155.9(2) O(1}Ru(l)-C(18)  78.5(2) %Ulw

O(1)-Ru(1)-C(19)  115.6(3) O(I}Ru(1)-C(22) 113.4(2) Cf%é)

O(1)-Ru(1)-C(23)  76.9(2) O(4}Ru(1>-0O(7) 91.7(2) o

O(4)-Ru(1)-N(1) 76.3(2) O(4)Ru(1)-C(18) 163.7(2) o=

O(4)-Ru(1-C(19) 158.5(3) O(4yRu(1)-C(22)  87.4(2) <

O(4)-Ru(1)-C(23)  91.7(2) O(7FRu(1)-N(1) 82.4(2)

O(7)-Ru(1}-C(18)  89.5(2) O(7¥Ru(1l)-C(19)  94.8(2)

O(7)-Ru(1)-C(22)  164.2(2) O(7Ru(1)-C(23) 158.5(2) c

N(1)-Ru(1)-C(18) 119.9(2) N(I}Ru(1)-C(19)  84.2(3) %

N(1)-Ru(1)-C(22)  82.0(3) N(1}Ru(1)-C(23) 119.0(3) el

C(18)-Ru(1)-C(19) 37.1(3) C(18YRu(1)-C(22) 95.8(3) g

C(18-Ru(1)-C(23) 81.5(3) C(19/Ru(1)-C(22) 80.8(3)
C(19)-Ru(1)-C(23) 89.8(3) C(22yRu(1)}-C(23) 37.3(3)

Table 5. Selected Bond Lengths (A) and Angles (deg) for
[Loe{CO)(PPR)RU(OH,)]BF, (15)

Ru(1)y-P(4) 2.285(3) Ru(10(2) 2.091(7) Fg): B
Ru(1)-0(3) 2.148(8) Ru(1}0(4) 2.074(7)
Ru(1)-0(5) 2.133(7) Ru(1rC(1) 1.83(1) D

P(4)-Ru(1)-0(2) 903(2) P@RU1)-O(3) 174.8(3) Figure 2. Perspective view of [beCOD)Ru(-BuNH,)|BF, (3).

P(4)-Ru(1-0(4)  95.7(2) P@4YRu(1}-O(5)  94.6(2)

P(4)-Ru(1y-C(1) 89.9(4) O@yRu(1)-0(3) 84.5(3) been determined. Figure 3 shows a perspective view;of

0(2)-Ru(1-0(4) 1725(3) O(2)yRu(1)-O(5) 89.7(3) selected bor_ld I_en_gths and angles are given in Table 4 The
O(2)-Ru(1)-C(1) 92.4(5) O(3YRu(1)-0(4) 89.5(3) structure o# is similar to that for3 featuring hydrogen bonding
0O(3)-Ru(1)-0(5) 85.6(3) O(3FRu(1)>C(1) 90.2(5) between the toluidine ligand and BRhe N(1)--F(2) separation
O(4)-Ru(1)-O(5)  85.4(3)  O(4)yRu(1)-C(1) 92.1(5) is 3.06(9) A and the F(2)-H distance and N(HH-+-F(2) angle
OB)-Ru()-C(1)  175.1(5) Ru(yC(1)-O(1)  176(1) were calculated to be 2.20 A and P58spectively. The average

. . Ru—0O, average RtC and Ru-N distances i4 are 2.113,
of 3; selected bond lengths and angles are given in Table 3.2 160, and 2.174(5) A, respectively. The-RM distance in4

The average RuO, average RtC, and Ru-N distances ir8 is shorter than that iB possibly becausp-tolyl group is less
are 2.115, 2.162, and 2.197(6) A, respectively. The-Ru bulky thantert-butyl group.
distance in3 is slightly shorter than that found forf{-CsHs)- Deprotonation o with NaOH in MeOH/HO afforded the

Ru{ P(OMe}}2(t-BuNHy)]* (2.216(2) A)!* The amine ligand  hydroxide complex be(COD)RuU(OH)13. The formulation of

is found to be hydrogen bonded to the Bé&nion with the 1355 a neutral hydroxide is in accord with (a) its high solubility

N(1)-+-F(3) separation of 3.04(1) A. The F{3H distance and  jn hexane and (b) the absence of ##e NMR signal for B

the N(1)-H-+-F(3) angle were calculated to be 2.18 Aand144 |t js not clear whether complek3 is monomeric or dimeric in

respectively. The structure gftoluidine complex4 has also  nature at this pointd Complex13 is stable in the solid state

but was found to be moisture sensitive in solutions, in which it

(14) Cascarno, G.; Favia, L.; Giacovazzo, X Appl. Crystallogr 1992 is readily protonated t@. Reaction ofl3 with PhOH in GDg

(15) %g) ?i]:t)os'lin F. L.; Johnson, P.; Mague, J. T.; Roundhill, D. M. gave a new species, as EVider.lced t.)y NMR spectroscopy. The
OrganométallicsLéQl 10, 41, (b)’Joinn, F L.; Johnson, P.; Mague, 'H NMR spectrum of the reaction mixture shows new signals
J. T.; Roundhill, D. M.Organometallics1991, 10, 2781. attributable to the phenoxide ligand, which overlap with the
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Scheme 1
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signals for unreacted phenol, suggestive the formation of the may be attributed to the insertion of G@ the Ru-amide bond
Ru(ll) phenoxide le(COD)RuU(OPh). We were, however, and the formation of a carbamdfeWe have yet been able to
unable to exclude the structures based on RHEOPh or obtain pure sample of the carbamate for analysis.
RuO—-H—-OPh?’ Similarly, treatment o# with NaH afforded Complexes of the Type [log(CO)(PPhg)RuL] " (n = 0,

the p-tolyl amide Log{COD)Ru(NHGHsMe-p) 14, which is a 1). Previously we reported the isolation of J&(CO)(PPh)-
rare example of mononuclear Ru(ll) complex of primary Ru(OH)]BF. 15 from the protonation of kg(CO)(PPR)Ru-
amide!>1819The IR spectrum of4 shows one’(N—H) at 3426 (CH=CHPh) with HBR.%2 The intermediatg?-styrene complex
cmtin contrast to4, which exhibits twor(N—H). Again, the could be isolated but was found to be subsitutionally labile
high solubility of 14 in hexane and the absence of Bstgnal presumably because of the competition between the CO and
are consistent with the formulation of a neutral amide. Attempts olefin ligands for back-bonding. The structure 1§ has been

to deprotonate3 or 5 by NaH were unsuccessful apparently established by X-ray crystallography and is shown in Figure 4.
because of the lower acidity ¢fBuNH, and NH; compared The Ru-O(aquo), Ru-C, Ru-P, and average RtO(Logy)
with p-MeCsH4NH,. Complex 14 reacts with CQ to give a distances inl5 are 2.091(7), 1.83(1), 2.285(3), and 2.118 A,
brown material, which exhibit an IR band at 1700 @mThis respectively. The RuO(aquo) distance id5is similar to that
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Figure 3. Perspective view of [be{ COD)Rup-MeCsH4NH,)]BF4 (4). Figure 4. Perspective view of [be{ CO)(PPR)Ru(H.0)]|BF, (15).
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in the COD analogue [LOEt(COD)RutB®)]* (2.10(2) A)s2As
expected, the aquo ligand binds to Ru(ll) in a pyramidal fashion.
The Ru-0O(3) and Ru-O(5) bonds are considerably longer than
the Ru-O(2) bond, which is opposite to the aquo ligand,
apparently due to the trans influence of CO and £Ph
respectively. Hydrogen bonds between the aquo ligand and BF
(O(2)++F(3) = 2.66(1) A) and between the aqua ligand and a
water of crystallization (O(2)-0(12) = 2.67(2) A) were
observed. The hydrogen bond distances +H)and O(12)--H
were calculated to be 1.69 and 1.96 A, respectively, while the
O(2)—H---F(13) and O(2)-H---O(12) angles are 153 and 128
respectively. The RuP in 15 (2.285(3) A) is longer than that

in Loe(PPh),RUCI (average 2.267 A% suggesting that the
Ru—P in the former is stronger than that in the latter although
the latter is more sterically congested. The-Fuc bond

Leung et al.

Table 6. IR CO Stretching Frequencies for dk(CO)(PPR)RuL]"™™

L n »(C=0)/lcmt
H 0 1908
PhCH=CH 0 1918
OH 0 1922
p-MeCsH4sNH 0 1922
N3 0 1931
TsNH 0 1942
p-MeCsH4NH; 1 1950
H,0 1 1954
PPh 1 1954
PhCH=CH, 1 1978

RuH (0 —11.6)2* Thev(Ru—H) for 21 of 1966 cntt is higher
than that for §°-CsHs)(CO)(PPR)RuUH (1937 cm1)?! because
the hydride in the former is trans to an oxygen while the hydride

strength for the two complexes should be comparable given the the latter is opposite to a carbon ligand, which has a strong
similar coordination environment around Ru(the phosphines aretrans influence. Upon addition of triflic acid @1 in CDCl,

transto oxygen in both cases). In fact the R o bond for1l5

the hydride signal vanishes immediately presumably due to

is expected to be stronger as the ligands are pulled closer to theProtonation of hydride to b which subsequently dissociates

metal center due to the positive charge. The fact that theFRu
bond in the former is longer than that in the latter implies that
back-bonding plays a predominant role in the-FRubonding

from the complex. Attempts to isolate thg?-dihydrogen
intermediate were unsuccessful. TreatmenRfwith TsN;
afforded the tosylamide complexok(CO)(PPR)RU(NHTS)

in these complexes, consistent with the IR data (see later (22, which was characterized by NMR spectroscopy. An

section). The RuP back-bonding inl5 is relatively weak
because of the presence of the strangcid CO.

Like 2, the aquo ligand irl5 is labile and can be replaced
by donor ligands easily. For example, treatmentl&fwith
p-MeCsH4NH,, PPh, and NaN gave [Log(CO)(PPhB)Ru-
(NH2CgHsMe-p)IBF. (16), [L oed PP).RU(CO)IBFR: (17), Loer
(CO)(PPR)RUN; (18), respectively. Deprotonation df with
NaOH afforded the hydroxidede{CO)(PPB)Ru(OH) (19). The
high solubility of19in hexane and absence§F NMR signal
is consistent with its formulation as a neutral Ru(ll) hydroxide.
In addition, the presence of a stromgdonating OH ligand in
19is also evidenced by the low value ofC=0) (1922 cn1?)
(see later section). Similarly deprotonation of gholuidine
complex 16 with NaH give the amide &g(CO)(PPh)Ru-
(NHCgH4Me-p) 20, which is soluble in hexane. ThgC=0O)
for 20 of 1922 cnt! is identical to that forl9, suggestive of
the presence of-donating amide ligand.

Previously we reported that TsNTs = tosyl) inserts into
the Ru-H of Ru(Etdtc)(PPh),(CO)H (Etdtc = diethyldithio-
carbamate), resulting in the formation of a Ru(ll) tosylamide
complex?® We were therefore interested in the insertion reaction
of TsNs with the hydride of lpgRu. The hydride bg(CO)-
(PPR)RuUH (1) can be prepared by the reaction of Ru(CO)-
CI(H)(PPh)3; with NaLog, isolated as air-stable yellow crystals.
The crude product 021 was found to be contaminated with
some PP which has yet to be separated. The identity2af
is, however, fully established by NMR, IR and mass spec-
troscopies. Consistent with the high donor strengthLthe
hydride resonant signal f&1 is more upfield § —15.63) than
that for the cyclopentadienyl analogug®{CsHs)(CO)(PPh)-

(16) Burn, M. J.; Fickes, M. G.; Hartwig, J. F.; Hollander, F. J.; Bergman,
R. J.J. Am. Chem. S0d 993 115 5875.

(17) Canestrari, M.; Chaudret, B.; Dahan, F.; Huang, Y.-S.; Poliblanc, R.;
Kim, T.-C.; Sanchez, MJ. Chem. Soc., Dalton Tran$99Q 1179.

(18) (a) Hartwig, J. F.; Andersen, R. A.; Bergman, R @ganometallics
1991, 10, 1875. (b) Burn, M. J.; Fickes, M. G.; Hollander, F J.;
Bergman, R. GOrganometallics1995 14, 137.

(19) Leung, W. H.; Wu, M.-C.; Chim, J. L. C.; Wong, W.-Thorg. Chem
1996 35, 4801.

(20) Poulton, J. T.; Folting, K.; Streib, W. E.; Caulton, K. Borg. Chem
1992 31, 3190.

(21) Humphries, A. P.; Knox, S. A. R. Chem. Soc., Dalton Tran$975
1710.

analytically pure sample a22 could not be obtained due to
contamination witiN-tosyl triphenylphosphinimine BR=NTS,
which apparently was formed by the reaction of Fsbith the
PPh impurity of the starting material. No reactions between
21 and terminal acetylenes such as phenylacetylene were
observed.

The »(C=0) serves as a good spectroscopic marker to
indicate the availability of electrons in fe{CO)(PPR)RuX]"*
(n =0, 1). In general, a good donor ligand X will result in
strong back-bonding and thus a downshify{(€0O). The C-O
stretching frequencies for the carbonyl complexes are sum-
marized in Table 6. As expected the cationic complexes have
lower values ofv(C=0) than the neutral species. On the basis
of »(C=0), the donor strength of anionic X decreases in the
order H> PhCH=CH > p-MeCsHsNH ~ OH > TsNH > Na.
The strongo-donating hydride was found to top the series and
is followed by vinyl, hydroxide and amide. Tosyl amide is a
weaker donor thamp-tolylamide due to the presence of the
electron-withdrawing tosyl group. For the [LOEt(CO)(RPRh
RuL]* series, the/(CO) increases in the order % p-MeCgHa-
NHz > H,O ~ PPhly > PhCH=CH,, which roughly parallels
the order ofz acidity of X. It is surprising that the(CO) for
[LoedCO)(PPR)RU(OH,)]" and [Loe(PPR)Ru(CO)I" were
found to be identical, in light of the higher Lewis basicity of
PPh. This may be rationalized by the fact that the increase in
electron density by PRu o donation is offset by the RuP
back-bonding. Styrene is such a strongcid that [Log{CO)-
(PPh)Ru(;?-styrene)T is unstable with dissociation in solutiéf.

Complexes of the Type [log:(PPhs),RuL] . Previously we
reported that dissolution ofdg(PPHh),RuCl in THF/MeOH (1:
1) in the presence of NWPF; led to chloride dissociation and
the resulting cation [be(PPh).Ru(solvent)] has a high affinity
for unsaturated hydrocarbyl ligands such as carbene, vinylidene,
and allenylidené.Although the reaction was carried out under
nitrogen, there is no evidence for the formation of the Ru(ll)
dinitrogen complex. Treatment of HefPPh).Ru(solvent)f
with 7z acid ligands Laffords the respective adductsof(PPh),-
RuL']* (L' = t-BuNC (23), CNpy 24), Me;SO 25), SG; (26)),
isolated as their Rfsalts. Thev(C=N) for [Log(PPh).Ru-
(CNpy)I™ (2214 cn1?) is lower than that for free CNpy (2242
cm1), indicating that Ru coordinates to CNpy via the CN group.
Ru binds to the cyano instead of pyridyl nitrogen of CNpy



Ru Complexes with an Oxygen Tripod Ligand

Table 7. Formal Potential E°) for LoglRu Complexes

E°(V vs CpFe™)
complex oxidation  reduction
[L oe{ COD)RuU¢-BuNH,)]BF,4 0.69
[L oe( COD)RU(NH)]BF, 0.67
[Loe{ COD)RU(NH4)1BF4 0.72
[L oe( COD)RU(OH)|BF, 0.73
[L oe{(COD)Ru(py)]BR 0.76
[Loe{COD)Ru(MeCN)]BR 0.79
[L oe( COD)RU(SE1)|BF,4 0.81
[Loe{ COD)Rup-MeCsH4NH,)]BF,4 0.83
[L oe( COD)RU(MeSO)|BF, 0.98
[Loe{COD)Ru(4,4-bipy)Ru(COD)Log ?* 0.76
Loe{COD)RU(NHGH.Me-p) —0.59
Loe(COD)RUCI 0.31
[L oe{PPR).RU(CO)]BF, 0.79
Loe{CO)(PPR)RU(OH,)]BF, 0.79
[Loe(CO)(PPR)RuU(p-MeCsHaNH,)BF 4 0.99
Loe{CO)(PPR)RU(NHGsH,Me-p) —-0.76
Loe{CO)(PPR)RU(CH=CHPh) —0.02
Loe{CO)(PPR)RUNg 0.20
[L oe(PPh).RU=C(OMe)Me]BF, 0.58
[L o PPh);RU=C=CMePh]|BR 0.64
[L oe((PPh)2RU(CNpy)I* 0.66
[Loe(PPh)Rut-BuNC)[* 0.81
[L oe{PPR).RU(M&SO)I 0.82

a Potential measured in GBI, with 0.1 M [n-BusN]PFs as sup-
porting electrolyte; scan rate 100 mV s*. ® Irreversible. Reference
9b.

probably because the former is the strongacceptor. Similarly
the MeSO ligand in25 is expected to be S-bound, consistent
with the electrochemical data (see later section). Sulfur dioxide
is known to be a strong acid that binds to electron-rich metal
centers via the sulfur atoA Indeed [Log(PPh).Ru(solvent)f
reacts with S@ almost instantly to give the SOadduct
[Loe(PPh),RU(SQ)]™ (26). The ¥(S=0).s for 26 was found
at 1292 cn?, in accord with they, S-bound coordination mode
of SO,.21 Attempts to isolate olefin complexes obERuU by
reacting [LoedPPh).Ru(solvent)t with olefins such as styrene
were unsuccessful.

Electrochemistry. The formal potentialsE°®) for the Logr
Ru complexes in CKCl, have been determined by cyclic
voltammetry and are collected in Table 7. The cyclic voltam-
mograms for most of the Rugs; complexes exhibit reversible
oxidation couples assignable to the metal-centered Ru(lll/Il)
couples. The Ru(lll/Il) potential for b COD)RuCI of 0.31 V
vs CpFet’®is more positive than that forde PPh),RuCl (0.02
V),? indicating that in this coordination environment the
acidity for COD is higher than that for two PRHor cationic
[L oe{COD)RuUL]", the Ru(lll/Il) potential was found to decrease
in the order L= t-BuNH; ~ NH3 > OH, > py > MeCN >
Et:S > p-MeCsH4NH; > Me,SO. It appears tha°[Ru(l11/11)]
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ligand, as noted by Lever and co-workétShe highE® value

for the MeSO complex suggests that the §8© ligand is
S-bound so that the Ru(ll) state is stabilized by Ru-to-S back-
bonding. Unlike5, the oxidation of6 is irreversible possibly
because an irreversible chemical change occurs in the hydrazine
ligand upon oxidatioi* The Ru(lll/Il) potential for dimeric12

is almost identical with that for monomerg; suggesting that
there is no electronic communication between the two Ru in
12. The Ru(lll/11) couple for the amid&4 occurs at a negative
potential (0.59 V), demonstrating that the Ru(lll) state is
strongly stabilized by ther-donating amide ligand. Attempts

to oxidize 14 in air led to isolation of4 instead of the Ru(lll)
amide presumably because the amide ligand is so basic that
protonation ofl4 is more facile than its redox reaction.

The Ru(lll/) potentials for [log{CO)(PPR)RUL]" are
similar to those for the COD analogues, suggesting that the
donor/acceptor properties for COD and (CO)(B)R& compa-
rable. For neutral bg(CO)(PPR)RuX, the Ru(llI/Il) potential
decreases in the order> N3 > PhCH=CH > p-MeCsH;NH.

This indicates that the amide is a better donor than the vinyl,
which is in contrast to the order obtained on the basig(GE&

O) (see earlier section). The discrepancy can be accounted for
by the fact that thev(C=O0) is solely dependent on the
availability of electrons in the complex in the Ru(ll) state while
the Ru(llli/ll) potential measures the relative thermodynamic
stability of the Ru(ll) and Ru(lll) states. It appears that the amide
ligand is not a good donor for Ru(ll) particularly when the amide
is cis rather than trans to the carboAyIOn the other hand,
Ru(lll) is a good acceptor and is strongly stabilized by the amide
via pr(N)—dz(Ru) interaction.

For the [Loe(PPh).RuL']™ complexes, the Ru(lll/Il) potential
decreases in the order:’ & Me,SO > t-BuNC > CNpy. The
Ru(lll/11) potentials are high and positive, suggesting that the
Ru(ll) state for these complexes are strongly stabilized by Ru-
to-L' back-bonding. The Ru(lll/Il) oxidation for the carbene and
allenylidene complexes occurs at similar potenfiiadicating
that the carbene and allenylidene should also be gmod
acceptors. The S-bound $@ such a strong acid ligand that
no oxidation was found fo26 in the observed potential range
(—=2.00 to 1.2 V).

Summary. We have demonstrated that thgdRu moiety is
capable of stabilizing a variety of ligands, depending on the
nature of ancillary ligands. The electron-riclpyd{ PPh),Ru
fragment is a goodr donor and normally forms stable
complexes withr acid ligands. On the other hand, botbge
(COD)Ru and loe{CO)(PPh)Ru fragments are goad accep-
tors and have high affinities for N and S donor ligands. Unusual
mononuclear amide and hydroxide complexes of Ru(ll) can also
be stabilized by bg:. The availability of electrons in thedgr
Ru complexes for metal-to-ligand back-bonding can be accessed

decreases as the Lewis basicity of L increases but increases aby their IR G=O stretching frequencies and the Ru(lll/Il)

thesr acidity of L increases. However, a consistent correlation
between theE°[Ru(lll/Il)] and ligand donor strength for the
series of compounds cannot be made becaus&thizpends

reduction potentials.
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