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Abstract

RuCl,- 3H,0 reacts with 2 equiv. of Ph,PCH.CH,NMe, in the presence of Zn to the neutral complex Ru( «*(P.N)-Ph,PCH,CH.NMe;),Cl,
(1). Aliernatively. 1 is also obtained by the reaction of RuCl,(PPh,) ; with 2 equiv. of Ph,PCH,CH:NMe,. Compound 1 crystallizes in the
space group P2, (No. 4) with ¢ = 11.009(3). b= 11L007(4). ¢ =16999(4) A, B=106.22(2)° and Z=2. The hemilabile nature of the
Ph,PCH.CH.NMe: ligand in 1 is revealed by the reaction with CO and HC = CPh affording complexes Ru( #*( P.N)-Ph,PCH,CH,NMe,)-
(&'(P)-Ph,PCH,CH,NMe,)(C1).(CO) (2) and Ru(x*(P.N)-Ph,PCH,CH.NMe,) (k' (P)-Ph,PCH,CH;NMe,;) (Cl)o(=C=CHPh) (3).
Halide abstraction from 1 with NaBPh, affords the five-coordinate cationic complex [ Ru( x*(P,N)-Ph,PCH.CH,NMe,).Cl} * [BPh,] " (4)
which crystallizes in the space group Phea (No. 61) with a=21.806(4), h=19.683(4), ¢ =26.405(5) A. and Z=8. Compound 4 reacts
readily with CH,CN. CO and HC =CR (R = Ph, SiMe,. n-Bu) to give the cationic complexes [Ru(«*(P.N)-Ph,PCH,CH,;NMe,).(Cl)-
(CHICN) | ' (8). [Ru(k*(P.N)-Ph,PCH.CH.NMe, )o(CH(CO)Y ] ' (6). and [Ru(k*(P.N)-Ph,PCH,CH;NMe.),(Cl) (=C=CHR) |
(7-9). Compound | Ru( 1K (PN)-Phy,PCH,CHNMe) -(CHI(CO) | | BPhy ] (68) one of the two stereoisomers 6a and 6b crystallizes in
the space group P1 (No. 2) with o= 11.637(3), b= 15.012(3), ¢ = 15.306(3) A, a=96.34(1). B=98.32(1), y=98.73¢ 1)* and Z= 2 and
the isomeric compound 6b crystallizes in the space group P2, /¢ (No. 14) witha = 20445(2), b= 14.198(2).¢ = 19.717(2) A, B=94.66(1)"
und Z= 4. | catalyzes the dimerization of HC = CPho Z- and E-butenynes.  © 1998 Elsevier Scictice S.A.

Kevwards: Crystal structures; Catalytic dimerization; Ruthenium compleses: Phosphino-amine complexes

1. Introduction Along these lines, we have been examining ruthenium
complexes with hemilabile ligands for their efticiency in stoi-
chiometrically and catalytically operating processes. Here we
report on the synthesis and reactivity of the ruthenium com-
plex Ru(k*(P.N)-Ph,PCH,CH,NMe;).Cl; (1). The hemi-
labile nature of the Ph,PCH,CH,NMe, ligand in 1 is dem-
onstrated and a preliminary account of the catalytic activity
of 1is given. X-ray structures of some of the new complexes
are presented.

Phosphinoethers, -esters, and -umines are hemilabile
ligands that form a strong metal phosphorus and a weak metal
oxygen or nitrogen bond with electron rich transition metal
centers | 1-6]. There is the ability in such assemblies to create
or protect reversibly a vacant coordination site for incoming
substrates. In actual fact, complexes with P-O and P-N
bidentates have been found to facilitate several stoichiometric
and catalytic transformations of organic molecules such as
acetylene to vinylidene tautomerizations | 3.5.71 or the con-

version of a metal-( n*-CH,=CH,) to a metal-(H)(7n'- 2. Experimental
CH==CH,) unit | 7]. Furthermore, such complexes appear to .
be effective catalyst precursors for olefin oligomerizations All manipulations were performed under an inert atmos-
and polymerizations. carbonylations of methanol and methyl ~ phere of purified argon by using Schienk technigues. All
acetate, and hydrogenations [4]. chemicals were standard reagent grade and used without fur-
ther purification. The solvents were purified according to
* Corresponding author. Tel.: +43 1 58801-4620: fax: +43 1 58166068: standard procedures. The deuterated solvents were purchased
e-mail: kkirch@fbeh.tuwicn.ac.at from Aldrich and dried over 4 A molecutir sieves.
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HI;PCH;CH:NM@; and RuCl,( PPh,); were pmpared
according to the literature [8.9]. 'H. '*C{'H}, and *'P{'H}
NMR spectea were recorded on a Bruker AC-250 spectrom-
cter opeaung at 250.13, 62.86, and 101.26 MHz, respec-
tively. and were referenced to SiMe, and to H;PO, (85%).
Diffuse reflectance FT-IR spectra were recorded on a Mattson
RS 2 spectrometer. Microanalysis were done by Micro-
analytical Laboratories, University of Vienna.

2.1 s""'hf.ﬂ.s QfR“(Kz(P.N)'PthCH:CH:NM?;);CI; (1)

2.1.1. Method (a)

RuCl:(PPhy), (2.00 g, 2.09 mmol) and Ph,PCH,CH,-
NMe; (1.03g. 4.01 mmol) were dissolved in toluene
(20 ml) and the mixture was stirred for 20 h at room tem-
perature. During that time the color changed from brown to
red and a dark red precipitate was slowly formed, which was
collected on a glass frit, washed with small amounts of tolu-
ene, diethyl ether, and then dried under vacuum. The crude
product was purified by diffusion of diethyl ether into a solu-
tion of 1 in CH.Cl. Yield: 1.25 g (87%).

2.1.2. Method (b)

To a solution of RuCl,>3H,0 (262 mg, 1.00 mmol) in
tetrahydrofuran (10 mi) Phy,PCH,CH,NMe, (514 mg.
2.00 mmol) and Zn (160 mg, 2.44 mmol) was added and
the mixture was stirred for 4 h at 65°C. Insoluble materiais
were removed by filtration, On removal of the solvent, a red
solid was obtained which was purified by diffusion of diethyl
ether into a solution of 1 in CH,Cl,. Yield: 550 mg (80%).
Anal. Found: C, 5591. H, 5.89; N, 3.96. Cale. for
C:H,CLNsP:Ru: C, 55.98; H, 5.87: N. 4.08%. NMR
(CDCy, 20°C): 8y, 7.29=7.00 (m., 20H), 3.03-2.80 (m,
8H). 2.82 (s, 12H). &, 1379 (L Jy- =214 H2), 1349 (1.
Jwe=43Hz), 1294, 1276 (L Jye=43Hz). 624 (1,
Joe =167 Hz, NCH3). 50.9 (NMe,), 32.7 (L Jp- = 12.4 He,
PCHQ)i 8P: 57.4-

2.2, Synthesis of Ru(&*(P.N)-Ph,PCH,CH NMe ) x'(P)-
PhyPCH,CHNMe )N Cl)yCO)(2)

A solution of 1 (100 mg, 0.15 mmol) in CH,Cl, (5 ml)
was purged with CO for 5 min at room temperature. where-
upon the color of the solution changed from red to orange.
The solvent was removed under vacuum and the resulting
solid was collected on a glass frit, washed with petroleum
ether, and dried under vacuum. Yield: 72mg (67%).
(Found: C, 55.51: H, 6.60: N, 4.00). C,H,,Cl,N,OP.Ru
requires C, 55.47: H. 5.64: N, 3.92%. NMR (CDCl,, 20°C):
8. 7.63=7.15 (m, 20H), 3.00 (s, 6H), 2.85-2.13 (m. 8H).
2,04 (s, 6H). d-, 202.0 (dd. S = 17.6 He, Jp- = 110.6 Ha.
C0). 135.3-125.8, 61.3 (d. Ji-=8.3Hz. NCH,). 54.5
(NMe.). 54.1 (d. Jy- = 1.52 Hz, NCH, ). 50.6 (NMe, ). 30.6
(dd. Jpe=206Hz, Jp-=15Hz, PCH,). 275 (d.
Joe =29.8 Hz, PCH,). 8y 36.6 (d. Jpp=26.9 Hz). 19.3 (d.
Jee =269 Hz). v,/ (cm~ ') 1949s (CO).

2.3. Svnthesis of Ru(k*(P,N)-Ph,PCH,CH ,NMe,)(k'(P}-
Ph,PCH,CH,NMe,)(Cl)x(=C=CHPh)(3)

To a solution of 1 (70 mg, 0.10 mmol) in toluene (3 ml)
HC=CPh (27.5 pl, 0.25 mmol) was added and the mixture
was stirred for 20 h at 80°C. Then the volume of the solution
was reduced toabout 1 mi and the resulting yellow precipitate
was collected on glass frit, washed with diethyl ether, pciro-
leum ether, and dried under vacuum. Yield: 36 mg (46%).
Anal. Found: C, 60.78; H, 590; N, 3.52. Calc. for
CHCluNP.Ru: C, 60.91; H, 588; N, 3.55%. NMR
(CDCl;, 20°C): 8y, 8.06-6.70 (m, 25H), 2.76 (s, 6H), 3.04-
2.64 (m, 8H), 2.31 (s, 6H). &, 355.0 (dd. Ju-=16.0 Hz,
Jpc=184 Hz, C,), 138.5-126.0 (m, Ph), 112.1 (1, Jpo=
2.4 Hz, Cp), 61.3 (1, Jpe=3.1 Hz, NCH,), 55.5 (NMe,),
54.6 (d, Jp = 6.9 Hz, NCH,). 50.6 (NMe,), 30.0 (d. Sy =
30.5 Hz, PCH,), 25.4 (d, Jpc = 28.1 Hz, PCH,). 8. 36.9 (d.
.’pp =28.1 Hz).28.8 (d..’pp =28.1 Hz). V“mx/(cm -1 ) 1616s
(C=C).

2.4. Synthesis of [Ru(&*(P.N)-Ph,PCH,CH,NMe,)Cl|-
BPh,(4)

A solution of 1 (200 mg, 0.29 mmol) in CH,Cl; (6 ml)
was treated with NaBPh, (100 mg, 0.29 mmol) and the het-
erogeneous mixture was stirred for 60 h at room temperature,
Insoluble materials were removed by filtration and the vola-
tiles were removed under vacuum. The resulting purple-red
solid was collected on a glass frit, washed with diethyl ether,
und dried under vacuum, Yield: 270 mg (96% ). Anal. Found:
C. 69.03: H, 6.22: N, 2.78. Calc. for Cs,HBCIN,P.Ru: C,
69.31; H, 6.23: N, 2.89%. NMR (CDCl,, 20°C): &, 7.93-
6.77 (m, 40H), 2.88=1.77 (m, BH). 2.74 (m, 6H), 2.30 (s,
6H). 6(% 164.6 (q. J.g(' =492 Hz). 136.7 (q‘ \Im* e |4 Hl)-
134.2 (Ph), 133.7 (Ph).132.2 (Ph). 130.0=129.3 (Ph).
127.9 (Ph), 127.7 (Ph). 126.2. 1224, 66.5 (1. Sy = |8 Hz.
NCH,),58.0 (NMe).52.7 (NMe). 32.2 (m,PCH,). 8,.77.5.

2.5. Svathesis of [Ru(«(P.N)-Ph,PCH-CH,NMe1)x CI)-
(CH,CN)|BPh, (5)

To a solution of 4 (50 mg, 0.0 mmol) in CH,Cl, (3 ml),
CH.\CN (2.7 1. 0.05 mmol) wasadded. whereupon the solu-
tion became yellow immediately. The mixture was stirred for
1§ min at room temperature and the solvent was temoved
under vacuum, The resulting yellow precipitate was collected
on a glass frit, washed with ethanol. dicthyl ether, and dried
under vacuum. Yield: 32 mg (61% ). Anal. Found: C, 68.83;
H. 6.22: N. 4.20. Calc. for Cs4H,,BCIN,P.Ru: C. 68.88; H,
6.28: N. 4.15%. NMR (CDCl,. 20°C): &, 7.44-6.76 (m.
40H). 3.10-2.43 (m, 8H). 297 (m, 6H). 2.51 (s.6H), 2.20
(s, 3H). &. 1642 (q. Jyc=48.7Hz). 1360 (q.
Jue=14Hz), 1340, 1399-1324, 1324, 130.5. 130.1,
128.6. 127.7, 125.8 (CN), 126.2 (q. Jac=2.8 Hz). 1224,
61.8 (NCH,). S0.8 (NMe). 499 (NMe). 300 (1
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Joe=13.3 Hz.PCH,).4.6 (CH.CN). 8,.53.7. »,,,./(cm ")
2253w (CN).

2.6. Svathesis of [Ru(x*(P.N)-Ph>-PCH.CH-NMe.)-(Cl)-
(CO)|BPh, (6a)

A solution of 4 (54 mg. 0.06 mmol) in CH,Cl, (6 ml)
was purged with CO for 5 min at room temperature. where-
upon the color of the solution changed from red to yellow.
The volatiles were removed under reduced pressure and the
resulting residue was recrystallized from CH,Cl,/methanol
(1:1). 6a was obtained as a yellow solid. Yield: 22 mg
(39%). Anal. Found: C, 68.63: H. 6.14: N, 2.77. Calc. for
Cs;H.BCIN,OP,Ru: C, 68.57: H. 6.06; N. 2.81%. NMR
(CDCl.. 20°C): §y,. 7.58-6.70 (m. 40H). 2.71 (s, 3H). 2.69
(s, 3H), 2.50-2.00 (m, 8H). 2.28 (s, 3H), 2.18 (5. 3H). 8.,
200.0 (dd, Jpe = 15.2 Hz, Jp=103.2 Hz, CO). 164.2 (q.
Joc=49.3 Hz) 1365, 133.8-127.7. 1259. 1222, 65.2
(NCH,). 64.0 (NCH,). 60.8 (NMe). 60.6 (NMe), 58.1
(NMe). 57.7 (NMe). 301 (d. Jop=32.5 Hz. PCH,). 27.0
(d, Jop=23.9 Hz. PCH.). & 41.8 (d. Jpp=28.1 Hz). 16.2
(d. Jpp=28.1 H2). »,,,./(em ') 19895 (CO).

2.7. Svathesis of |Ru(k’(P.N)-Ph;PCH,CH .NMe ) Cl)-
(CO}BPh, (6b)

In order to obtain crystals of 6a for an X-ray diffraction
analysis. a solution of 6a (30 mg) in CH;Cl,/CH,OH (1:1)
was set aside for erystallization by vapor diffusion with dic-
thyl ether. Within one day a small amounts of yellow and
colorless crystals of 6n and 6b, respectively, were formed
which were separated manually. NMR (CDCl, 20°C): 6y,
7.63-6.67 (m. 40H), 3.00=1 98 (m, 8H). 2.67 (s.6H), 2.58
(s, 6H). 8¢ 1977 (L A= 152 Hz €O 1635 (4.
Jue =488 Ha)o 1412, 1303, 137.6, 1379, 137.0. 1369,
136.4, 135.8, 135.0, 134.3, 133.4, 130.7 (. Jye= 3.1 H2).
126.9. 67.6 (NCH,). 59.6 (NMe). §5.2 (NMe). 34.7 (L
Jue = 258 Hao PCHL). 850 46.2, 1,/ (em ') 19485 (CO).

2.8. s.\”"h(’.\'l‘.\‘ Q’.[R"fK'?{P.N)'P":PCH:CH:NM(‘:)}(CI)'
(CO))BPh, (6¢)

A solution of 6a (50 mg) was stirred in 6 ml of CH,Cl,/
MeOH ( 1:1) for 20 h at room temperature. Then, the volume
of the solution was reduced to about 2 ml whereupon a white
precipitate was formed, which was collected on glass frit,
washed with dicthyl ether, and dried under vacuum. Yield:
35 mg (70% ). Anal. Found: C. 68.53: H, 6.10: N, 2.85. Calc.
for Cs;H,oBCIN;OP,Ru: C. 68.57: H, 6.06: N, 2.81%. NMR
(CDCl,. 20°C): &, 8.00-6.52 (m, 40H), 2.37 (5. 6H). 2.09
(s. 6H). 3 10-1.70 (m. 8H). 8. 2011 (1. Ji-=13.0 Hz.
CO). 164.6 (4 Jy-=49.6 Hz). 136.8 (q. Jyc=1.5 Hz).
134.5. 133.8, 132.7. 132.0. 131.5. 130.2, 128 8, 126.1 (q.
Jue=3.1 Hz). 1223, 65.1 (NCH,). 60.2 (NM¢). 57.8
(NMe). 300 (1 Jp-=22.1Hz. PCHy). 8p 349. vyn/
(ecm ') 19475 (CO).

2.9. Svathesis of [Ru(«(P.N)-Ph-PCH-CH -NMe¢)(Cl)-
(=C=CHPh)]BPh,(7)

To a solution of 4 (48 mg. 0.05 mmol) in CH.Cl, (3 ml)
HC=CPh (5.4 pl. 0.05 mmol) was added and the mixture
was stirred for 5 h at room temperature. On addition of diethyl
ether a yellow precipitate was formed which was collected
on a glass frit. washed with diethyl ether, and dried under
vacuum. Yield: 32 mg (60%). Anal. Found: C, 71.56: H.
6.16: N. 2.58. Calc. for C;Hq.BCIN,P-Ru: C. 71.67: H.6.20:
N. 2.61%. NMR (CDCl;. 20°C): 8. 7.58-6.70 (m. 45H).
2.83(s.3H).2.79 (s.3H), 3.10-2.20 (m.8H). 2.17 (s.6H).
8¢« 358.3 (dd. Jp-= 14.4 Hz. Jpe-=209 Hz, C,,). 164.8 (q.
Ju-=49.0 Hz). 1369, 135.3-127.0. 126.4, 122.6, 112.6 (t.
Jo- =48 Hz.C3) . 62.8 (NCH,).61.8 (NCH,).54.6 (NMe).
53.8 (NMe), 51.1 (NMe), 309 (d. Jp-=31.3 Hz. PCH,).
26.7 (d. Ji-=28.9 H2. PCH,). 8p. 38.1 (d. J;p=26.8 Hz).
32.3 (d. 2hp=268 Hz). 1,/ (cm ') 16165 (C=C).

2.10. Svnthesis of [Ru(&*(P.N)-Ph,PCH,CH-NMe,):(Cl)-
{=C=CHSiMe ) |BPl, (8)

This complex has heen prepared analogously to 7 but
with 4 and HC = CSiMe, as starting materials. Yield: 56%.
Anal. Found: C. 68.63: H. 6.57. N. 2.73. Calc. for
CH2,BCIN,P.RuSi: C. 68.56: H. 6.60: N. 2.62%. NMR
(CDCl,. 20°C): &, 7.90-6.55 (m. 40H). 2.99-2.00 (m.
8H). 2.47 (s. 6H). 2.30 (5. 6H). 0.02 (. 9H). 8. 348.9 (1.
== 16,1 Hz. C,). 1642 (q. "Ny =49.0 Hz), 1364,
134.5, 134.3, 133.2, 1317, 1313, 128.8, 1283, 125.8 (q.
e =24Hz), 1220, 922 (1. My =1L6Hz Cp). 619
(NCH,). 53,1 (NMe), 50.3 (NMe). 293 (1 Wy = 15.3 Ha,
PCH,). L8 (SiMey). 8. 42.7. v,/ (em ") 16278 (C=C).

2.11. Svnthesis of [Ru( K(PN)-PHLPCHCH NMe ) CL-
(=C=CHBu")|BPh, (9)

This complex has been prepared analogously w0 7 but
with 4 and HC = CBu" as the starting materials, Yield: 60%.
Anal. Found: C. 70.66: H. 6.64: N, 273, Calc. for
Co:H7oBCINPsRu: C. 70.75: H. 6.70: N. 2.66%. NMR
(CDCl,. 20°C): 6. 7.79-6.69 (m, 40H). 3.05-240 (m.
8H). 2.59 (s. 6H). 2.53 (s. 6H). 2.40-2.02 (m. 4H). 1.12
(q.2H).0.86 (1. 3H). 8. 3505 (L Sy = 169 H2. C,). 164.3
(. Jue =49.0 Hz), 136.5. 134,06, 134.3, 133.2.131.5. 1311
128.8. 128.3, 125.8 (. Jue- = 2.4 Hz), 1220 106.5 (Cy).
622 (NCH.). 542 (NMe). 506 (NMe). 333
(CH.CH,CH,CH\). 29.5 (L Jy-=16.1 Hz, PCHy). 22.3
(CH.CH.CH,CH,). 204 (s. CH,CH.CH.CH.). 141 (s
CH,CH,CH,CH ). 6. 43.4.

2.12. Catalvtic dimerization of HC = CPh
Phenylacetylene (215 ul) was added to a suspension of

cither 1 (2%) or 3 (2%) in toluene (4 ml). The sealed
Schlenk tube was heated in an oil bath for 20 hoat 111°C.
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After that time the reaction mixture was evaporated todryness
and the coupling products were extracted with n-hexane. The
solvent was again removed under vacuum affording an iso-
meric mixture of Z- and E-butynes in a 9:1 ratio in 70<
isolated yield. The product distribution was determined by
'H NMR spectroscopy.

2.13. X-ray structure determination for 1- CHCl,-
(C"_))_?CO. 4 (C2H5)30. 6a- CH_aClg. and 6b- 2CH2C1_5

Crystal data and experimental details are given in Table 1.
X-ray data for 1-CHCI,- (CH,),CO were collected on a
Philips PW 1100 four-circle diffractometer using graphite-
monochromated Mo Ka (A=0.71073 A) radiation and the
6-20 scan technique. Two other crystalline forms of this
complex obtained from various solvents have been observed
by us and by B. James (University of British Columbia,
Vancouver: private communication). For 4-(C,H,),0.
6a-CH,Cl,. and 6b-2CH,Cl, a Siemens Smart CCD arca
detector diffractometer, graphite monochromaied Mo Ka
radiation, a nominal crystal-to-detector distance of 3.85 cm,
and 0.3° w-scan frames were used. Corrections for Lorentz

and polarization effects, for crystal decay, and for absorp-
tion (empirical with program XABS2 [10a] for
1-CHCl;- (CH;)-CO and with program SADABS [ 10b] for
4-(C,H;),0, 6a-CH,CI,, and 6b-2CH.Cl, were applied.
The structures were solved by direct methods [ 11a}. All non-
hydrogen atoms were refined anisotropically, and hydrogen
atoms were included in idealized positions [11b]. The
structures were refined against F~.

3. Results and discussion
3.1. Svnthesis of Ru(x"(P,N)-Ph,PCH,CH-NMe-)>Cl, (1)

Treatment of RuCl;-3H,O with 2 equiv. of Ph,PCH,-
CH,NMe, in the presence of Zn affords, on workup. the dark
red complex Ru(«*(P.N)-Ph,PCH,CH,NMe.,),Cl, (1) in
80% yield. Alternatively, 1 is also obtained by the reaction
of RuCl:( Pphz)\ with2 equiv. Ot‘PhQPCHQCHzNMel in87%
yield (Scheme 1). 1 is a thermally robust red solid which is
stable to air both in the solid state and in solution.

Characterization of 1 was by elemental analysis. 'H.
*C{'H}. and *'P{'H} NMR spectroscopy. The *'P{'H})
NMR spectrum exhibits only one singlet at 57.4 ppm. In the

Table |
Cryswllographic duta
1:{CH,),CO+CHCI, 4 (CH.{CH,),O 6a-CH.Cl, 6b- 2CH,CI,
Formula CiH7CLINOPRy "t i50BCIN,OP,Ru CuwHa:BCLNOP,Ru CaHoBCLN,OP.Ru
Formula weight 864,02 1044 4% 1083.27 1168.19
Crystal size tmny) 0.2 x0,383x0.40 0.43x0.20x 0,18 0.36%0.19x0.11 0.38 X 0,25 x0.18
Space group P2, (No. 4 Phea (No, 61) P (No, 2) £2)/¢ (No. 14)
(A 11.000¢ 1) 2180614 11.637¢ 1) 20.4:48¢2)
hiA) H.00714) 19.683(4) 1502 11982
v 1A 16.999(4) I6.403¢ Ry 1530001 19, 717¢2)
al’)y 90,340 1)
B 106,230 98.A2010) 4600 1)
yi*) Y8.73( 1)
ViAY) 19781 1333 2591( 1) S704(2)
FLob) NNR 4384 1124 A6
¥4 2 8 2 4
P L2em %) 1.451 1.4 1.388 1.360
T(K) 27 297 298 M8
wimm 'y (Mo Ka) 0846 0420 0.562 0.606
Absorption correction empirical empirical cmpirical empirical
Tranumission lactoes 0,96/ 1.09 V.R0/7093 0.8370.93 0.75/0.86
min./max,
Hmax () k)] 25 25 25
Index ranges =iz =8 shsgds =1ighsg i3 ~-NBshsM
=13gig0 ==k =17ghkg 7 =16k 4
021220 =Nsisd) =-Rel=z1? = 17sle3
No. reflections measured 3RAR 125834 14890 666
No. unigue reflections 668 930 9018 QNG
No. reflections £ > dir £ 21 R} 6233 8107
No. parametens 426 626 617 675
RIFVF 240 F)) 00338 00420 0.0534 00324
R(EF) tall data) 0.0430 0.0700 00059 00469
WRUF?) tall data) 00738 0970 00200 0.0811
Diltesence Fourier peaks =047/0.39 =0.2870.40 -0.53/0.63 -0,30/0.58

=min./max. (¢ A %)

R=EJF0 = F QLI wR= [ DOwF = F2 ) S wt R
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center is distorted octahedral with the two phosphorus and
nitrogen aloms in ¢is position and the two chloride atoms in
trans position. The N(1)-Ru-N(2) and P(1)-Ru-P(2)
angles are 95.7(2) and 99.6( 1)°, while the P(1)-Ru-N(1)
and P(2)-Ru~-N(2) bond angles are smaller (82.7(2) and
82.1(1)°) probably due to the ring strain in the five-mem-

p.,,_K "‘,“\P\/\N E R bered PC,NRu ring systems. The Ru—Cl( 1) and Ru-Cl(2)
/ I \co " cl distances are 2.410(2) and 2.395(2) A and the CI(1)-Ru-
a C Cl(2) angle is 172.1(1)°C. For comparison, in the related

2 W e complex Ru( «*(P.0)-Ph,PCH.CH,OMe)-Cl, the Ru-Cl( 1)

s and Ru-Cl(2) distances are 2.394(2) and 2.396(2) A.

Scheme 1. (i) Pho,PCH.CH.NMe,. Zn in tetrahydrofuran at 65°C. (ii)
Ph,PCH,CH.NMe, in toluene at room temperature, (iii) CO in CH,YCI, for
5 min at room temperature, (iv) HC = CPh in toluene at 80°C.

Fig. 1. Structural view of Rutx'(P.N)-Ph,PCH.CHNMe ), ClL - CHCLL-
(CHPDLCO (1CHCL - (CHOC0) showing 20%  probability thermal
ellipsoids (CHCL amd ¢CH O L,CO omitied for elarity ).

"C'H) NMR spectrum of 1 the resonances of the
Ph,PCH,CH,NMec, ligand give rise to characteristic triplets
centered at 624 (Jop=1.67 Hz) and 327 ppm (=
11.2 Hz) assignable to the NCH; and PCH; methylene car-
bons, respectively. and one singlet at 50.9 ppm assignable to
the methyl groups. An X-ray structure of 1-CHCl,-
(CH,),CO is depicted in Fig. 1. Selected bond distances and
angles are given in Table 2. The geometry about the metal

Tuble 2

respectively, with a Cl(1)-Ru—Cl(2) angle of 166.0(1)°
[12]. The Ru-P and Ru-N distances are in the expected
ranges.

3.2. Reaction of 1 with CO and HC = CPh

The hemilabile nature of the Ph,PCH,CH,NMe, ligand in
1 is revealed by the reaction with carbon monoxide and
HC =CPh. Thus. when 1 is stirred under a CO atmosphere
for 5 min at ambient temperature. the Ru-N bond is cleaved
resulting in the neutral complex Ru(«’(P.N)-Ph,PCH,-
CH.NMe,) (k' (P)-Ph,PCH,CH.NMe,) (C1),(CO) (2) in
67% isolated yield (Scheme 1). Characterization of 2 was
again by a combinaiion of elemental analysis. IR. 'H.
C{'H}.and *'P{'H} NMR spectroscopy. In the IR spectrum
the CO stretching frequency is observed at 1949 cm ™',
Owing to the presence of one chelating and one open chain
Ph,PCH,CH,NMc; ligand the *'P{'H} NMR spectrum of 2
exhibits an AB pattern. The small coupling constant of
26.9 Hz is in tavor of a ¢is geometry of the phosphine atoms,
Inthe "'C{'H} NMR spectrum the €O ligand exhibits a low-
intensity resonance at 202.0 ppm (dd. Jop=17.6 Hz. Joy =
110.6 Hz). This coupling pattern for the carbonyl carbon is
originating from the two phosphine moieties cis and trans 1o
the €O ligand. The **C resonances of the NCH, and NMe,
moicties of the k'-(P) coordinated Ph;PCH.CH.NMe,
ligand are somewhat shifted to higher field compared with
the k*-(P.N) coordinated one. Provided that the chlorine
atoms are frans to each other the CO ligand would then be

Selected bond distances (A ) and angles () for complexes 1+ (CHO,CC-CHELL 4 (CHCH)0. 6n-CH.Cl,. and 6h- 2CH.CL,

1- (CH,CO-CHC, 4 (CHCHN,0 6 CH.Cl, 6b- 2CH.Cl,

Ru-P( 1) 2.255() 225830 2478 2240
Ru-P(2) 2.251(2) 2214010 23631 23240
Ru=N(1) 24024 21932y 22374 23332
Ru-N(2) 2.377(6) 22013 2220¢4) 2387
Ru-Cl( 1) 241000 23911 24272 2.407¢ 1)
Ru=Cl(2) 2.395(2)

Ru-C(33) 1.984(0) 1.847( %)
PC1)=Ru=P(2) 99.6(1) 9a.4(1) 102.2¢ 1) 100,11
N(D)=Ru-N(2) 98, 7(2) 176.06¢1) 175.9( 1) 93.5(1)
Cli N =Ru=Cl(2) 172,101

P(H-Ru-N( 1 827 82.2(1) 82.5(1) 823
P(2)-Ru-N() 821 80.7(1) 83,11 N2
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trans to the phosphorus atom of the x*-(P,N) coordinated
Ph,PCH,CH,NMe;, ligand (as drawn in Scheme 1). Two
other possible structures with the chlorine atoms in cis posi-
tion, however, cannot be ruled out with the data at hand. All
aiiempts to grow acrystal of 2 suitable for an X-ray diffraction
analysis have failed. It is worth noting that the related com-
plex Ru( Kz ( P.O)-Ph:PCH:CH;OMc ) 2C|: reacts withCOto
a mono and a dicarbonyl species both with a trans-P,P con-
figuration [12], while Ru(«*(P,0)-i-Pr,PCH.CH,OMe),-
Cl, yields only the dicarbonyl complex [7]. In contrast, 1
does not give a dicarbony! complex with two «'-(P) coor-
dinated Ph,PCH,CH,NMe, ligands. In these type of com-
plexes, therefore, the Ru~N bond is stronger than the Ru-O
bond.

The reaction of 1 with HC = CPh in toluene at 80°C yields
the neutral vinylidene complex Ru( x*(P.N)-Ph,PCH,CH,-
NMe,)( x'(P)-Ph,PCH,CH,NMe,) (Cl),(=C=CHPh) (3)
in 46% yield as an air-stable yeliow solid (Scheme 1). The
'P{'H) NMR spectrum of 3 displays an AB pattern showing
two doublets centered at 36.9 and 28.8 ppm. As above, the
small coupling constant of 28.1 Hz is consistent with a cis-
P.Parrangement, Characteristic '*C{'H} NMR spectroscopic
features comprise a marked low-field resonance at 355.0 ppm
(dd, Jep=16.0 Hz, J, = 18.4 Hz) and a resonance at 112.1
ppm (1, Jep=2.4 Hz) assignable to the - and B-carbons of
the vinylidene moiety. respectively. This coupling patiern of
the vinylidene C,, carbon atom results from the two phos-
phines cis o the vinylidene unit, Noteworthy, in the 'H NMR
spectrum the C4-hydrogen could not be observed, The spec-
troscopic data, however, do not allow 10 distinguish whether
the vinylidene moiety is bound trans 1o the chlorine or trans
to the nitrogen atom. In analogy to a recent X-ray structure
of the related complex Ru(x*(P.0)-Ph,PCH,CH,OMe)-
(K'(P)-Ph,PCH,CH;0Me) (C1),(=C=CHPh) |3] show-
ing the vinylidene moiety #rany to the chlorine atom, we favor
a Similar structure for complex 3 (as drawn in Scheme 1),
This in accord with the bonding types, since vinylidene is
7 acceptor and chloride is a 7 donor, whereas the amine
molety hus no #-bonding abilities.

3.3. Reaction of 1 with NaBPh,

When a solution of complex 1 in CH,Cl, is treated with
1 equiv. of NaBPh, for 60 h at ambient temperature the
five-coordinat- cationic complex |Ru(x*(P.N)-Ph,PCH,-
CH;NMe,);Cl1 * (4) was obtained as a purple=red solid
(Scheme 2). 4 is moderately air-sensitive both in the solid
state and in solution. Characterization was by elemental unal-
ysis, 'H, Y'C{'H). and “P{'H} NMR spectroscopy. The
‘P'H} NMR spectrum of 4 displays a singlet 77.5 ppm in
agreement with two equivalent Ph,PCH,CH,NMe, ligands.
The 'H and 'C{'H) NMR spectra bear no unusual features
and it is sufficient to mention that the NMe; groups give rise
to two singlets, i.e. the methyl groups are diastereotopic.
While there are several reports of five coordinate cationic
ruthenium(1l) complexes of the type [Ru(PP),Cl|*

Pu, | P
EN, T‘\N] ll'/\ 1
NCCH, N, 1 oN
s I ’ E,,/“l"\c\\\
@ c CHR
a Y TR=Ph
Em"“kluij _____’(i) P—Rlu"'"‘l, .
NN < e a
a e P | o
! (iml EN/lh“\N
C
P ™* I
E“"\ Ju N CHR
N Seo SRod
]
@

] ™ f' b
B, 1 P

[:;iiu':p EN/ “\N]
O g 0 &

Scheme 2. (i) NaBPh, in CH,Cl,. (ii) CH\CN., (iii) CO in CH,CI, for
S min, (iv) in CH,CL,/CH,OH (1:1) for 20 h, (v) HC=CR (R=Ph.
SiMe.. n-Bu) in CH,Cl, at room temperature.

(PP =diphosphine) [ 13-15], there are only a few examples
with five-coordinate ruthenium complexes with phosphine-
amine ligands such as Ru(pn) (Cl),(PR;) (pn = o-diphenyl-
phosphino-N.N-dimethylaniline, R = p-tolyl) [ 16).

In order to establish unequivocally the ligand arrangement
around the metal center the structure of' 4 has been determined
by X-ray crystailography. A structural view of 4 is depicted
in Fig. 2. Important bond distances and angles are given in
Table 2. The coordination geometry around the ruthenium
atom is best described as a distorted trigonal bipyramid with
the phosphine and chloride atoms in the equatorial position
and the nitrogen atoms occupying the axial position. The
N(1)=Ru=N(2) angle is 176.6(1)°. The bite angles of the
chelating ligands are 82.2(1) and 80.7(1)°, respectively.
The two phosphorus atoms in the equatorial plane form a
relatively small P-Ru-P angle of only 96.4( 1)°, This value
is comparable with the respective P-Ru~P angles in the
related cationic complexes | Ru(Ph,PCH;CH,PPh,),Cl]"

Fig. 2. Structural view of | Ru(x (PN 1-PhyPCH,CH,NMe.),(C1) | BPh, -
(CiHO):0 (4-(CHO,0) showing 20% probability thermal cllipsoids
(BPh, and dicthyl ether omitted for clurity ),
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(95.0(1)°) and [ Ru(Cy,PCH,CH,PCy.).Cl} * (93.1(1)°).
The angles between Cl-Ru-P(1) and Cl-Ru-P(2) are
138.8(1) and 124.8( 1)°. The deviation from 120° appears to
be electronic rather than steric in origin. An explanation for
this distortion has been given in the literature | 17.18].

3.4. Reaction of 4 with CH,CN, CO, and HC= CR (R = Ph,
SiMe;, n-Bu)

On treatment with CH,CN, 4 affords on workup the
cationic complex [ Ru(«*(P,N)-Ph,PCH,CH,NMe,),(Cl)-
(CH,CN) ] *(5) in 61% yield (Scheme 2). The *'P{'H}
NMR spectrum of § displays a singlet at 53.7 ppm consistent
with the phosphorus and nitrogen atoms being in equatorial
positions adopting presumably an all cis (as drawn in
Scheme 2) configuration with the CH;CN ligand rrans to the
chlorine atom in axial position. The 'H and '*C{'H} NMR
spectra bear no remarkable features. In the IR spectrum of §
the »(CN) band is observed at 2253 cm ~ ', in line with many
other ruthenium CH;CN complexes in this oxidation state.

Likewise, 4 reacts readily with CO to give the cationic
complex |[Ru(«*(P,N)-Ph,PCH,CH,NMe,).(Cl)(CO)]*
(6a) in 39% yicld. 6a is configurationally unstable in solution
and slowly isomerizes 10 both 6b and 6¢ (Scheme 2). In the
IR spectrum the CO stretching frequency is observed at
1989 cm ™', The *'P{'H)} NMR spectrum of 6a displays an
AX pattern showing two doublets centered at 41.8 and
16.2 ppm. The small coupling constant of 28.1 Hz is consis-
tent with u cis-P.P configuration. The '*C{'H} NMR spec-
trum of 6a displays a low-ficld doublet of doublets centered
at 200.0 ppm (2p = 15.2 Hz, *Jpe= 103.2 Hz) assignable
to the carbon atom of the CO ligand. This coupling pattern is
characteristic of two phosphine moieties lying cis and rrans
to the CO ligand. Both 'H and "'C{'H} NMR duta indicute
that the two PhaPCHCHNMe; ligands in 6a are inequiva-
lent giving rise to four singlets for the methyl groups.

The structure of 6a has been confirmed by X-ray crystal-
lography. Crystals of 6a were grown by diffusion of diethyl
ether into a solution of 6a in CH,Cl,/CH,OH (1:1). After
1 day. small amounts of yellow crystals 6a together with
colorless crystals 6b were formed which could be separated
manually. A structural view of 6a is depicted in Fig. 3. Impor-
tant bond distances and angles are reported in Table 2. The
configuration around the metal center corresponds to a dis-
torted octahedron with the two phosphorus atoms in ¢is posi-
tion and the two nitrogen atoms in trans position. The N(1)-
Ru-N(2) angle is 175.9¢(1)°. The P(1)-Ru-N(1) and
P(2)-Ru-N(2) bond angles are 82.5(2) and 83.1(1)°
respectively, similar to the respective angles in complex 1.
The Ru=Cl( 1) and Ru-C(33) distances are 2.427(2) and
1.984(6) A and the Ru~C(33)-O( |) angle is 172.9(6)°C.
Ru-P( 1) distance (2.478(1) A) is signiticantly fonger than
the Ru-P(2) distance (2.363(1) A) owing 1o the different
trans-influences of the CO (trans to P(1)) and Cl (trans to
P(2)) ligands.

Fig. 3. Structural view of [ Ru(*(P.N)-Ph,PCH.CH.NMe.,),(C1)(CO} |-
BPh, - CH,Cl, (6a-CH.Cl,) showing 20% probability thermal ellipsoids
(BPh; and CH,Cl, omitted for clarity ).

In contrast to 6a, the CO ligand in 6b is bound trans to the
chlorine atom as established by '*C{'H} and *'P{'H} NMR
spectroscopy. In the '*C{'H} NMR spectrum the CO carbon
atom gives rise to a characteristic low-field triplet resonating
at 197.7 (Jpe=15.2 Hz). The small coupling constant is
diagnostic for the phosphorus atoms in cis position with
respect to the CO ligand. This is also consistent with the
*'P{'H} NMR spectrum exhibiting only one signal. In the IR
spectrum of 6b the CO stretching frequency is found at
1948 cm ' which is typical of a rrans Cl-Ru-CO arrange-
ment [12]. A structural view of 6b is shown in Fig. 4.
Selected bond distances and angles are given in Table 2. The
overall slightly distorted octahedral structure of 6b is very
similar to that of 1 with the two phosphorus and nitrogen
atoms in ¢is position and the chloride and CO ligands in rrans
position. The Ru-Cl(1) and Ru-C(33) distances are
2.407(1) and 1.847¢3) A and the Cl(1)-Ru~C(33) ungle
is 175.9(1)°C. The Ru=P and Ru-N distances as well as the
angles about the metal center are in the expected ranges.

cH

c10
Fig. 4. Structural view of {Ru(«’(P.N)-Ph,PCH,CH,NMe;) 2 ChCOn |-
BPh, - 2CH,Cl, (6h - 2CH,Cl,) showing 200% probability thermal ellipsoids
(BPh, and CH,Cl, omitted for clarity ).



T6 J.oY. Shen et al. 7 norganica Chimica Acta 268 (1998) 69-76

When a solution of 6a in CH,Cl,/CH,OH (1:1) is stirred
for 20 h at room temperature and the volume of the solution
is then reduced to about one third, a white precipitate of 6¢
has been obtained in 70% yield. Owing to some minor dit-
ferences found in the IR and NMR spectroscopic data
between 6b and 6c it is reasonable to assume that in 6¢ a
trans-P,P and a trans-N\N rather than an all cis configuration
is adopted. Unfortunately, several attempts to grow crystals
suitable for an X-ray analysis failed.

Treatment of 4 with 1 equiv of HC=CR (R=Ph,
SiMe,, n-Bu) results in the formation of the cationic vinyl-
idene complexes [Ru(«*(P.N)-Ph,PCH.CH,NMe,),(Cl)-
(=C=CHR)] " (7-9) (Scheme 2). All of these complexes
are air-stable both in the solid state and in solution. Charac-
terization was by elemental analysis, IR, 'H. '*C{'H}. and
YP{'H} NMR spectroscopy.

The 'P{'H} NMR spectrum of 7 reveals two doublets
centered at 38.1 and 32.3 ppm with a small coupling constant
of 26.8 Hz indicating cis-P.P configuration and inequivalence
of the phosphino-amine ligands. The ' *C{'H} NMR spectrum
displays the highly deshielded vinylidene C,, resonance as a
doublet of doublets centered at 358.3 ppm (Jop=14.4 Hz,
Jep=20.9 Hz). This coupling pattern places the two phos-
phine atoms in cis position with respect to the vinylidene
unit and trans to one of the two nitrogen atoms of the
Ph;PCH;CH;NMe; Ilgands

In contrast to 7. the *'P{'H} NMR specirum of 8 and 9
exhibits just one signal being diagnostic of two equivalent
phosphorus atoms, In the ''C{'H} NMR spectrum of 8 and
9 the low-field triplet resonance of the C, carbon of the
vinylidene moiety is observed at 348.9 (Jop=16.1 Hz) und
3515 ppm (Jop=16.9 Hz), respectively. This coupling pat-
tern derives from two equivalent phosphines which are both
ciy 1o the vinylidene unit, However, we cannot distinguish
whether the phosphorus atoms are trans or ¢is 1o one another,

1.5, Catalytic coupling of phenviacetvlene with 1 and 3

Reuction of 1 or 3 with a 50-fold excess of HC =CPh in
toluene at reflux for 20 h results in an isomeric mixture of Z-
and E-butenynes in a 9:1 ratio in 70% isolated yield (30%
unreacted HC=CPh, as seen by TLC). Conversion with
unchanged product distribution decreases by temperature and
reuction ceuses below 90°C, Other terminal alkynes HC = CR
(R=Bu", Bu', CH,0H. SiMe,) gave no dimerization reuc-
tion under above mentioned conditions. For mechunistic
details, it seems likely that the catalytic dimerization is ini-
tinted by u neutral vinylidene complex (3 ora possible isomer
thereot) by HCI elimination to afford a 16e alkynyl catalyst.
Such an elimination might be facilitated owing to the basic
NMe, group. In fact, it has been shown recently that neutral
vinylidene complexes undergo 1.3-HCI eliminations upon
treatment with base to give 16e alkynyl intermediates which
were trapped in the presence of potential ligands such as CO.
pyridine or CH\CN [ 19]. The occurrence of such interme-

diates has also been surmised in the coupling reaction of
terminal acetylenes catalyzed by RuTp(PPh,).Cl (Tp=
trispyrazolylborate) and Ru Cp*(PR;)H; (R =Ph, Me, Cy)
[20.21].

4. Supplementary material

Listings of atomic coordinates, anisotropic temperature
factors, complete bond lengths and angles, and least-squares
planes for complexes 1, 4, 6a and 6b can be obtained from
the authors on request. Corresponding data have been depos-
ited with the Cambridge Structural Database.
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