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The structures of syn-mer-RuCl(»3-PhC;CHPh)(Cyttp) (1A) (Cyttp = PhP(CH,CH,CH,P(C¢H,})s)5),
anti-mer-RuCl(n?-PhC,CHPh)(Cyttp) (1B), and mer-Ru(C=CPh)(n*-PhC;CHPh)(Cyttp) (2) have been
determined by X-ray diffraction. 1A crystallizes in space group P2,/c¢ with cell constants a = 11.218 (3)
A, b =21.911(3) A, c =20.252 (3) A; 8 = 91.09 (2)°; V = 4977 A%, Z = 4; and R(F) = 0.030 and R(F) =
0.037 for the 6731 intensities with F 2 > 34(F,%) and the 542 variables. 1B crystallizes in space group P1
with cell constants a = 12.131 (1) A, b = 18.715 (2) A, ¢ = 11.495 (1) A; a = 103.91 (1)°, 8 = 105.06 (1)°,
v =99.13 (1)°; V = 2377 A% Z = 2; and R(F) = 0.035 and R(F) = 0.042 for the 6080 intensities with F 2
> 30(F,2) and the 536 variables. 2 crystallizes in space group PI with cell constants a = 11.566 (3) A, b
=12.532 (3) A, ¢ = 19.328 (7) A; « = 90.49 (3)°, 8 = 102.42 (3)°, v = 108.03 (3)°; V = 2593 (1) A}, Z =
2; and R(F) = 0.038 and R, (F) = 0.043 for the 6540 intensities with F, > 5¢(F,) and the 533 variables.
The geometry of the coordination sphere of the compounds about the ruthenium atom is roughly octahedral,
and all the compounds contain an »*-PhC;CHPh ligand. The triphosphine is meridional around ruthenijum.
The phenyl group on the central phosphorus atom P(2) is on the same side of the Cyttp ligand as the chloride
in 1A and on the same side of the Cyttp as the vinyl group in 1B and 2. The acetylenic group is more
strongly bound to ruthenium in 1B and 2 than in 1A.
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Introduction
In the previous paper,? we reported that two isomers of
RuCl(n%-PhC,CHPh)(Cyttp) (Cyttp = PhP-
(CH,CH,CH,P(C4H,,));) were obtained from the reaction
of RuHCl (Cyttp) and 1,4-diphenylbutadiyne (PhC=
CC==CPh) (eq 1) and that Ru(C=CPh)(»3-PhC,CHPh)-
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(Cyttp) was produced from the reaction of RuH,(Cyttp)
and excess phenylacetylene (eq 2). The spectroscopic data
alone for the new complexes did not provide enough in-
formation to define their structures. Thus, X-ray dif-
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fraction studies were carried out on syn-mer-RuCl-
(PhC,CHPh)(Cyttp) (1A), anti-mer-RuCl{(PhC;CHPh)-
(Cyttp) (1B), and Ru(C=CPh)(PhC;CHPh)(Cyttp) (2).
These compounds contain the novel ligand #*-PhC;CHPh.
The only X-ray-characterized compounds for this type of
complex that we are aware of is [Os(»*-PhC,CHPh)-
(PMey),]PF;, which was produced from the reaction of
¢is-0s(C=CPh),(PMe,), with AgPF¢* We herein report
the structural studies of the ruthenium complexes.

Experimental Section

Crystallographic Analysis of syn-mer-RuCl(n’-
PhC,CHPh)(Cyttp):!/,CcHg (1A). X-ray-quality crystals of the
compound were obtained by slow diffusion of Et,0 into a saturated
benzene solution of syn-mer-RuCl(n>-PhC;CHPh)(Cyttp).? The
clear crystal used for data collection was red and had well-formed
faces. It was coated with a thin layer of epoxy as a precaution
against possible air sensitivity. Examination of the diffraction
pattern on a Rigaku AFC5 diffractometer revealed a monoclinic
crystal system with a uniquely determined space group, P2;/c.
The cell constants a = 11.218 (3) A, b = 21.911 (3) A, ¢ = 20.252
(3) A, and 8 = 91.09 (2)° were determined by a least-squares fit
of the diffractometer setting angles for 25 reflections in the 26
range 29-30° with Mo Ka radiation.

Intensities were measured by the «—-26 scan method. Six
standard reflections were measured after every 150 reflections
and indicated that the crystal was stable during the course of data
collection. Data reduction and all subsequent calculations were
done with the TEXSAN package of crystallographic programs.?

Ch(l) Part 6: Jia, G., Meek, D. W, Submitted for publication in Inorg.
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Table I. Crystallographic Details for the Ru(Cyttp) Complexes

1A 2
formula 052H7201P3RU'1/2CGH6 C52H72C1P3Ru CsoH77P3Ru
fw 965.64 926.59 992.26
space group P2,/c Pi P1
a, 11.218 (3) 12.131 (1) 11.566 (3)
b, A 21.911 (3) 18.715 (2) 12.532 (3)
¢, 20.252 (3) 11.495 (1) 19.328 (7)
a, deg 103.91 (1) 90.49 (3)

B, deg 91.09 (2) 105.06 (1) 102.42 (3)
v, deg 99.13 (1) 108.03 (3)
V, A® 4977 2377 2593 (1)
VA 4 2 2

d.gq, g/cm® 1.29 1.29 1.23

cryst size, mm 0.38 X 0.42 X 0.42

radiation

linear abs coeff, 491 5.11
cm!

T, °C 22 23

scan type w-28 w26

4<20<50
4 in w, max of 4 scans/ref

26 limits, deg
scan speed, deg

0.15 X 0.23 X 0.38

4<20<50
8 in w, max of 4 scans/ref

0.22 X 0.29 X 0.36

Mo Ka with graphite monochromator Mo Ka with graphite monochromator Mo Ka with graphite monochromator

4.2

23

w—260
4<20<48
variable, 7-20

min!
scan range (0.95 + 0.35 tan 6)° in w (1.20 + 0.35 tan §)° in @
data collected +h,+k, %! +h,k,+! +h,+k,+1
no. of unique data 9031 8373 8142
no. of data used in 6731 (F,2 > 30(F.%) 6080 (F,2 > 30(F2) 6540 (F, > 50(F,))
refinement
final no. of 542 536 533
variables
R(F)* 0.030 0.035 0.038
R.(F)* 0.037 0.042 0.043
goodness of fit 1.42 1.29 1.27

*R(F) = Z”Fol - IFe"/ZlFol bRw(F) = IZw(IFoI - I-Fcl)z/Zw'FuF]U2 with w = l/az(Fo)~

Since the crystal is approximately equidimensional and the ab-
sorption coefficient is small, no absorption correction was added
to the data.

The position of the Ru atom was located by Patterson methods.
This Ru atom was then used as a phasing model in the DIRDIF
procedure,® and a major portion of the rest of the molecule was
located on an electron density map. The remainder of the missing
atoms were located by standard Fourier methods. During the
course of isotropic refinement it was discovered that a benzene
solvent molecule had cocrystallized with the Ru complex. With
a crystallographic inversion center located at its center, there is
half of a benzene molecule in the asymmetric unit. After the
benzene molecule was introduced into the model and refined
isotropically, the difference electron density map revealed peaks
with substantial electron density located approximately at the
midpoints of the C-C bonds. This was interpreted as an alternate
position for the benzene and was then included in the model with
the two positions each assigned an occupancy factor of 0.5. This
disorder model for the benzene, with the two molecules labeled
as C(53A), C(54A), C(55A) and C(563B), C(64B), C(55B), is kept
at the isotropic level for the remainder of the least-squares re-
finements. After a cycle of anisotropic refinement of the ru-
thenium complex, most of the hydrogen atoms were located on
a difference electron density map, including the hydrogen atom
bonded to C(4). The hydrogen atoms of the ruthenium complex
were included in the model as fixed contributions in their cal-
culated positions with d(C-H) = 0.98 A and By = 1.2B¢(,q). In
the final stages of refinement the H(1) atom bonded to C(:ﬁ was
allowed to refine isotropically. No hydrogen atoms were added
to the disordered benzene solvent molecule. The final refinement
cycle for the 6731 intensities with F 2 > 3¢(F,?), and the 542
variables yielded agreement indices of R(F) = 0.030 and R, (F)

(5) TEXSAN, TEXRAY Structure Analysis Package, version 2.1, Molecular
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(6) Beurskens, P. T.; Bosman, W. P.; Doesburg, H. M.; Gould, R. O.;
Van der Hark, Th. E. M,; Prick, P. A. J.; Noordik, J. H.; Beurskens, G.;
Parthasarathi, V.; Haltiwanger, R. C.; Bruins Slot, H. J. DIRDIF: Direct
Methods for Difference Structures—an Automatic Procedure for Phase
Extension and Refinement of Difference Structure Factors. Technical
Report 1984/1; Crystallography Laboratory: Toernooiveld, 8525 Ed
Nijmegen, The Netherlands.

= 0.037. The final difference electron density map contains
maximum and minimum peak heights of 0.36 and —0.32 e/A%,
Scattering factors for neutral atoms, including terms for anomalous
scattering, are from the usual sources.” Further crystallographic
details are given in Table I. Final atomic coordinates and selected
bond lengths and bond angles are presented in Tables II and III,
respectively.

Crystallographic Analysis of anti-mer-RuCl(n3-
PhC;CHPh)(Cyttp) (1B). X-ray-quality crystals of the com-
pound were obtained by slow evaporation of solvents from a
saturated CH,Cly/MeOH solution of RuCl(»*-PhC3CHPh)-
(Cyttp).® The crystal used for data collection was a clear, or-
ange-red rod with well-formed faces. The crystal system is triclinic,
and the space group possibilities are P1 or P1. The cell constants
a=12131 (1) A, b=18.715(2) A, c = 11.495 (1) A, o = 103.91
(1)°, 8 = 105,06 (1)°, and v = 99.13 (1)° were determined by a
least-squares fit of the diffractometer setting angles for 25 re-
flections in the 26 range 20-30° with Mo K« radiation.

Intensities were measured by the w-26 scan method. Six
standard reflections were measured after every 150 reflections
and indicated that the crystal was stable throughout data col-
lection. Data reduction and all subsequent calculations were done
with the TEXSAN package of crystallographic programs.® No
absorption correction was applied to the data.

The structure was solved and refined in the space group PI.
The position of the Ru atom was located by Patterson methods.
The Ru atom was used as a phasing model in the DIRDIF pro-
cedure,® and most of the rest of the molecule was located in the
electron density map. The missing atoms, which are five carbon
atoms from one cyclohexyl ring, were subsequently located by
standard Fourier methods. During the course of isotropic re-
finement it was discovered that this cyclohexyl ring is disordered.
Atoms C(35), C(37), C(38), and C(40) of this ring essentially lie
in a plane, and since the ring is in the chair form, atom C(36) can
be considered to be above this plane with C(39) lying below it.

(7) Scattering factors for the non-hydrogen atoms and anaomalous
dispersion terms are from: International Tables for X-ray Crystallog-
raphy, Kynoch Press; Birmingham, England, 1974; Vol. IV, pp 71 and
148. The scattering factor for the hydrogen atom is from: Stewart, R.
F.; Davidson, E. R.; Simpson, W. T. J. Chem. Phys. 1965, 42, 3175.
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Table II. Positional Parameters and Equivalent Isotropic
Thermal Parameters for 1A°

atom x y P Bleq), A?
Ru 0.60471 (2) 0.06581 (1) 0.25005 (1) 2.33 (1)
Cl 0.79503 (6) 0.07977 (3) 0.31316 (4) 3.44 (3)
P(1) 0.69886 (6) 0.00259 (3) 0.16822 (3) 2.51 (3)
P(2) 0.52726 (6) -0.02041 (3) 0.29292 (4) 2.92 (3)
P(3) 0.52022 (7) 0.12263 (3) 0.34083 (4) 2.94 (3)
C(1) 0.6411 (3) 0.1596 (1) 0.1780 (1) 34 (1)
C(2) 0.5453 (2) 0.1335 (1) 0.1741 (1) 2.6 (1)
C(3) 0.4636 (2) 0.0864 (1) 0.1891 (1) 2.5 (1)
C(4) 0.3524 (3) 0.0779 (1) 0.1663 (1) 3.0 (1)
C(5) 0.6102 (3) -0.0627 (1) 0.1379 (1) 35(1)
C(6) 0.5565 (3) -0.1047 (1) 0.1887 (2) 4.0 (2)
C(1) 0.4637 (3) —0.0731 (1) 0.2309 (2) 3.5(1)
C(8) 0.3962 (3) -0.0086 (1) 0.3442 (2) 3.8(1)
C9) 0.4236 (3) 0.0191 (2) 0.4118 (2) 4.6 (2)
C(10) 0.5106 (3) 0.0732 (1) 0.4146 (1) 3.8(1)
C(11) 0.7347 (2) 0.0381 (1) 0.0872 (1) 2.7 (1)
C(12) 0.6207 (3) 0.0538 (1) 0.0475 (1) 3.4 (1)
C(13) 0.6487 (3) 0.0937 (2) -0.0112 (1) 4.1(2)

C(14)  0.7309 (3)
C(15)  0.8426 (3)

0.0602 (2)
0.0386 (2)

-0.0573 (1) 4.5(2)
~0.0209 (2) 4.7 (2)

C(16)  0.8157 (3) 0.0019 (2) 0.0411 (1) 3.8(1)
C(17) 0.8392(2) -0.0317 (1) 0.2020 (1) 29 (1)
C(18)  0.9457 (2) 0.0115 (1) 01994 (1) 3.3(1)
C(19) 1.0452(3) -0.0112(2) 0.2455 (2) 4.4 (2)
C(20) 1.0831 (3) -0.0753 (2) 0.2270 (2) 5.1 (2)
C(21) 09779 (3) -0.1188 (2) 0.2240 (2) 5.4 (2)
C(22) 0.8769 (3) -0.0953 (1) 0.1786 (2) 4.3 (2)
C(23) 0.6140(3) -0.0743 (1) 0.3453 (2) 3.5 (1)
C(24) 07188 (3) -0.0578 (1) 03761 (2) 4.2 (2)
C(25) 0.7827 (3) -0.0991 (2) 0.4148 (2) 5.3 (2)
C(26) 0.7441 (4) -0.1569 (2) 04231 (2) 5.7(2)
C(27) 0.6410 (4) -0.1747(2) 0.3925 (3) 7.8 (3)
C(28) 0.5752 (4) -0.1341(2) 03543 (2) 7.0(2)
C(29)  0.5992 (3) 0.1916 (1) 0.3759 (1) 3.5 (1)
C(30)  0.6901 (3) 0.1785 (2) 0.4322 (2) 4.6 (2)
C(31)  0.7537 (4) 0.2367 (2) 0.4551 (2) 5.6 (2)
C(32) 0.8135 (3) 0.2694 (2) 0.3987(2) 5.6 (2)
C(33) 0.7234 (3) 0.2843 (2) 0.3444 (2) 4.7 (2)
C(34) 0.6594 (3) 0.2272 (1) 0.3206 (1)  3.7(1)
C(35)  0.3646 (3) 0.1508 (1) 0.3288 (1) 3.4 (1)
C(36)  0.2950 (3) 0.1628 (2) 0.3921 (2) 4.9 (2)
C(37)  0.1647 (3) 0.1778 (2) 0.3754 (2) 6.3 (2)
C(38)  0.1539 (3) 0.2318 (2) 0.3204 (2) 6.3(2)
C(39)  0.2255 (3) 0.2226 (2) 0.2674 (2) 5.2 (2)
C(40)  0.3552 (3) 0.2073 (1) 0.2841 (2) 3.9(1)
C(41)  0.2880 (3) 0.1135 (1) 0.1149 (1) 3.1(1)
C(42)  0.1642 (3) 0.1113 (2) 01116 (2) 4.4 (2)
C(43)  0.1001 (3) 0.1429 (2) 0.0634 (2) 5.6 (2)
C(44) 0.1576 (4) 0.1761 (2) 0.0168 (2) 5.6 (2)
C(45)  0.2801 (3) 0.1792 (2) 0.0190 (2) 4.8 (2)
C(46)  0.3447 (3) 0.1484 (1) 0.0677 (2) 3.9 (1)
C4n  0.7277 (3) 0.2062 (1) 0.1646 (1) 3.2 (1)
C(48)  0.6908 (3) 0.2608 (2) 0.1366 (2) 4.4 (2)
C(49) 0.7715 (4) 0.3067 (2) 0.1236 (2) 5.4 (2)
C(50)  0.8897 (4) 0.2985 (2) 0.1380 (2) 5.3 (2)
C(51) 0.9274 (3) 0.2452 (2) 0.1656 (2) 5.6 (2)
C(52) 0.8479 (3) 0.1994 (2) 0.1799 (2) 4.4 (2)
C(53A) 0.964 (1) 0.0478 (4) 0.4567 (7) 5.1 (2)*
C(53B) 0.999 (1) 0.0301 (5) 04399 (4) 4.3 (2)*
C(54A) 0.897 (1) 0.0410 (6) 0.5125 (8) 6.6 (3)*
C(54B) 0.920 (1) 0.0433 (5) 0.4884 (8) 6.0 (3)*
C(55A) 1.063 (1) 0.0095 (7) 0.4442 (5) 6.0 (2)*
C(55B) 0.9174 (9) 0.0168 (7) 0.5518 (6) 5.8 (2)*
H(1) 0.309 (2) 0.046 (1) 0.185 (1) 2.6 (6)*

*Bleq) = 8/47*%;3;U;0:*a*apa;. Starred atoms were refined
isotropically.

The disorder occurs as a result of C(36) having an alternate
position below the plane with C(39) then having an alternate
position above the plane, such that two different orientations of
the cyclohexyl ring are present in the crystal. The disorder model
is set up such that the occupancy factor of C(36A), a, is tied to
that of its alternate position C(36B), 1 - «. A separate occupancy
factor for C(39A), 8, is tied to that of C(39B), 1 - 8. When the
refinement of these occupancy factors settled, the average value
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Table III. Selected Bond Lengths and Angles for 1A°

Bond Lengths (A)
Ru-P(1) 2.4180(8) Ru-P(2) 2.2559 (8) Ru-P(3) 2.4279 (8)
Ru-Cl 2.4863 (8) Ru-C(1) 2.558(3) Ru-C(2) 2.229(3)
Ru-C(3) 2.040 (3) C(1)-C(2) 1.220 (4) C(1)-C(47) 1.439 (4)
C(2)-C(3) 1.416 (4) C(3)-C(4) 1.335(4) C(4)-H(@1) 0.94 (3)
C(4)- 1.477 (4)
C(41)

Bond Angles (deg)

C(3)-Ru-C(2) 38.4 (1) P(2)-Ru-P(3) 88.81 (3)
C(3)-Ru-P(2) 96.78 (8) P(2)-Ru-Cl 103.77 (3)
C(3)~-Ru-P(1)  93.21 (8) P(1)-Ru-P(3) 174.04 (3)
C(3)-Ru-P(3) 92.02 (8) P(1)-Ru-Cl 92.34 (8)
C(3)-Ru-Cl 168.90 (8) P(3)-Ru-Cl 83.76 (3)
C(2)-Ru-P(2) 135.15 (7) C(2)-C(1)-C(4T)  156.7 (3)
C(2)-Ru-P(1) 92.11 (1) C(1)-C(2)-C(3) 154.3 (3)
C(2)-Ru-P(3) 93.77 (7) C(1)-C(2)-Ru 90.9 (2)
C(2)-Ru-Cl 121.04 (7) C(3)-C(2)-Ru 63.5 (1)
C(1)~Ru-C(2) 28.48 (9) C(4)-C(3)-C(2) 129.2 (3)
C(1)-Ru-C(3) 66.9 (1) C(4)-C(3)-Ru 152.6 (2)
C(1)-Ru-P(1) 89.61 (7) C(2)-C(3)-Ru 78.0 (2)
C(1)-Ru-P(2) 163.28 (7) C(3)-C(4)-C(41) 1277 (3)
C(1)-Ru-P(3) 95.08 (7) C(3)-C(4)-H(1) 117 (2)
C(1)-Ru-Cl 92.83 (7) C(41)-C(4)-H(1) 115 (2)
P(2)-Ru-P(1) 81.73 (3)

¢Estimated standard deviations in the least significant figure are
given in parentheses.

of « and 8, 0.51 (2), was chosen as the final occupancy factor for
C(36A) and C(39A) and fixed at that value. The occupancy factors
for C(36B) and C(39B) were then fixed at 0.49 each. After a cycle
of anisotropic refinement, hydrogen atoms were added as fixed
contributions in calculated positions with the assumptions C-H
= 0.98 A and By = 1.2B, (attached carbon atom). One hydrogen
atom bonded to C(4) was located on the PAC=CC=CHPh ligand
in a difference electron density map. In the final stages of re-
finement this hydrogen atom, H(1), was allowed to refine iso-
tropically. The final refinement cycle for the 6080 intensities with
F 2> 30(F,? and the 536 variables resulted in agreement indices
of R(F) = 0.035 and R,(F) = 0.042. The final difference electron
density map contains maximum and minimum peak heights of
0.51 and ~0.31 /A%, Scattering factors for neutral atoms, including
terms for anomalous scattering, are from the usual sources.”
Further crystallographic details are given in Table I. Final atomic
coordinates and selected bond lengths and bond angles are
presented in Tables IV and V, respectively.

Crystallographic Analysis of mer-Ru(C=CPh)(n*-
PhC,CHPh)(Cyttp) (2). X-ray-quality crystals of the compound
were obtained by slow evaporation of solvents from a saturated
CH,Cl,/MeOH solution of mer-Ru(C=CPh)(r*-PhC,CHPh)-
(Cyttp).® The crystal used for data collection was deep red-orange
and was mounted on the end of a glass fiber with epoxy cement.
The crystal system is triclinic. The cell constants a = 11.566 (3)
A b=12532(3) A, c =19.328 (7) A, a = 90.49 (3)°, 8 = 102.42
(3)°, and 4 = 108.03 (3)° were determined by the least-squares
fit of 25 reflections (20° < 26 < 25°).

Intensities were measured with use of w scans. Three standard
reflections measured every 197 reflections showed insignificant
variation (<1%) in intensity. No absorption correction was ap-
plied to the data set (well-shaped crystal, u = 4.17 em™, Tpue/ Tnin
= 1.043).

E statistics suggested the centrosymmetric space group PI, and
this was confirmed by the chemically sensible results of the re-
finement.

The structure was solved by direct methods that located the
ruthenium atom. The remaining non-hydrogen atoms were found
through subsequent least-squares and difference Fourier syntheses.
All hydrogen atoms were included as idealized isotropic contri-
butions (d(C-H) = 0.960 A; Uy = 1.2U¢ for attached C), and
phenyl rings were fixed as rigid hexagons (d(C-C) = 1.345 A). All
non-hydrogen atoms were refined with anisotropic thermal pa-
rameters. The final refinement cycle for the 6540 intensities with
F, > 50(F,) and 533 variables resulted in agreement indices of
R(F) = 0.0376 and R (F) = 0.0429. In the final difference electron
density map, the largest peaks (0.50-0.67 e/A%) are in the vicinity
of carbon atoms 13, 14, and 15 of the cyclohexy! ring. The largest
negative peak is —0.39 e/A3,
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Table IV. Positional Parameters and Equivalent Isotropic
Thermal Parameters for 1B*

atom x ¥ 2z B(eq), A®
Ru 0.21267 (3) 0.20234 (2) 0.80788 (3) 2.50 (1)
Cl 0.20663 (9) 0.11658 (5) 0.59983 (8) 3.79 (3)
P(1) 0.00543 (8) 0.14846 (5) 0.77145(8) 2.98 (3)
P(2) 0.26545 (8) 0.10391 (5) 0.88104 (9) 3.00 (3)
P(3) 0.41550 (8) 0.25645 (5) 0.83695 (9) 2.92 (3)

C() 0.1500 (3)  0.2985 (2)  0.7339 (3) 31
C(2) 0.1764 (3)  0.3139 (2)  0.8510 (3) 2.7 (1)
C(3) 0.2154 (3)  0.2913 (2)  0.9587 (3) 2.7(1)
C(4) 0.2343 (3)  0.3276 (2)  1.0806 (3) 3.1(1)
C(5) -0.0380 (3)  0.0448 (2)  0.7286 (4) 3.8(1)
C(6) 0.0368 (4)  0.0090 (2)  0.8176 (4) 41()
C(7) 0.1591 (3) 0.0119 (2)  0.8074 (4) 38D
C(8) 0.3888 (3)  0.0709 (2)  0.8392 (4) 3.6 (1)
C(9) 0.5052 (3)  0.1283 (2)  0.8865 (4) 39 (1)
C(10) 0.5091 (3) 0.1884 (2)  0.8171 (4) 3.8 (1)
C(11) 01033 (3) 0.1679 (2)  0.6428 (3) 3.6 (1)
C(12) -0.0832(3) 0.1408 (2) 0.5143 (3) 4.0 (1)
C(13) -0.1599 (4) 0.1691 (2)  0.4170 (4) 5.0 (2)
C(14)  -0.2901 (4) 0.1427 (3)  0.4006 (4) 5.8 (2)
C(15) -0.3123(4) 0.1650 (3)  0.5269 (4) 5.8 (2)
C(16)  -0.2343 (4) 0.1373 (3)  0.6258 (4) 4.7 (2)
C(17)  -0.0425(3) 0.1819(2) 0.9133 (3) 3.1 (D)
C(18)  -0.0757 (3)  0.2588 (2)  0.9268 (3) 3.2(1)
C(19)  -0.0842 (3) 0.2908 (2)  1.0578 (3) 3.7 (1)
C(20) -0.1711 (3) 0.2363 (2) 1.0884 (4) 4.0 (1)
C(21)  -0.1460 (4) 0.1585 (2)  1.0686 (4) 4.3 (2)
C(22)  -0.1361 (4) 0.1266 (2) 0.9380 (4) 4.1 (1)
C(23) 0.2955 (3)  0.1075(2)  1.0481 (3) 3.2(1)
C(24) 0.2367 (3)  0.1469 (2) 1.1192 (4) 39 (1)
C(25) 0.2471 (4)  0.1450 (2) 12413 (4) 4.7 (2)
C(26) 0.3186 (4) 0.1051 (3)  1.2966 (4) 5.0 (2)
C(27) 0.3795 (5)  0.0664 (3)  1.2282 (4) 5.8 (2)
C(28) 0.3691 (4) 0.0674 (3) 1.1063 (4) 49 (2)
C(29) 0.4993 (3) 0.3275(2)  0.9927 (3) 3.3 (1)
C(30) 0.5071 (3) 0.2938 (2)  1.1022 (3) 39 (1)
C(31) 0.5570 (4)  0.3556 (3)  1.2290 (4) 5.0 (2)
C(32) 0.6790 (4) 0.3992 (3)  1.2430 (4) 5.7 (2)
C(33) 0.6771 (4) 04312 (3) 1.1347 (5) 5.6 (2)
C(34) 0.6227 (3)  0.3709 (2)  1.0061 (4) 4.2 (1)
C(35) 0.4450 (5)  0.3064 (2)  0.7229 (5) 5.9 (2)
C(36A) 0.4255(7)  0.2634 (4)  0.5959 (7) 3.6 (3)
C(36B)  0.520 (1) 0.2960 (6)  0.655 (1) 6.1 (5)
C(@37) 0.4911 (5)  0.3165 (3)  0.5280 (5) 6.9 (2)
C(38) 0.4664 (7)  0.3945 (4)  0.5502 (6) 9.4 (3)
C(39A) 04831 (9) 04319 (5) 0.6763 (9) 43 (3)
C(39B)  0.398 (1) 0.4133 (5)  0.621 (1) 5.3 (4)
C(40) 0.4181 (4) 0.3848 (2)  0.7436 (4) 4.4 (2)
C(41) 0.2157 (3)  0.4023 (2) 1.1333 (3) 3.4 (1)
C(42) 0.1803 (4)  0.4504 (2)  1.0625 (4) 4.8 (2)
C(43) 0.1612 (4) 05198 (2) 1.1188 (5) 5.9 (2)
C(44) 0.1776 (5)  0.5433 (3)  1.2444 (6) 6.6 (2)
C(45) 0.2126 (5) 0.4982 (3) 1.3168 (5) 6.7 (2)
C(46) 0.2324 (4) 04282 (2) 1.2624 (4) 4.9 (2)
C(47) 0.1054 (3) 0.3224 (2) 0.6232 (3) 3.2Q)
C(48) 0.0522 (4) 0.3829 (2)  0.6339 (4) 4.3 (1)
C(49) 0.0079 (4)  0.4085 (3)  0.5298 (4) 5.2 (2)
C(50) 0.0183 (4) 03708 (3)  0.4147 (4) 5.3 (2)
C(51) 0.0713 (4) 0.3112(3)  0.4037 (4) 4.6 (2)
C(52) 0.1145 (3)  0.2856 (2)  0.5063 (3) 3.8 (1)
H(1) 0.265 (3) 0.304 (2) 1.141 (3) 4.3 (9)*

°Bleq) = ?/gm*y ;Y ju;0;*a*ara;. Starred atoms were refined
isotropically.

All computer programs and the sources of the scattering factors
are contained in the SHELXTL (5.1) program library (G. Sheldrick,
Nicolet XRD, Madison, WI).

Further crystallographic details are given in Table I. Final
atomic coordinates are presented in Table VI and selected bond
distances and angles in Table VIL

Results and Discussion

Description of the Structure of syn-mer-RuCl-
(n*-PhC;CHPh)(Cyttp)-!/,CsH; (1A). The molecular
structure of the compound is shown in Figure 1. The
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Table V. Selected Bond Lengths and Angles for 1B®

Bond Lengths (A)
Ru~P(1) 2.441(1) Ru-P(2) 2313(1) Ru-P(3) 2411(1)
Ru-Cl 2.515 (1) Ru-C(1) 2319 (4) Ru-C(2) 2.169 (3)
Ru-C(3) 2084 (3) C(1)-C(2) 1.248 (5) C(1)-C(47) 1.450 (5)
C(2)-C(3) 1.396 (5) C(3)-C(4) 1.343 (5) Ci4)-H(1) 0.94 (4)
C(4)- 1.462 (5)

C(41)

Bond Angles (deg)
C(3)-Ru-C(2) 383 (1) C(1)-Ru-Cl 97.42 (9)
C(3)-Ru-P(2) 109.5(1) P(3)-Ru-P(1) 178.02 (3)
C(3)-Ru-C(1) 703 (1) P(3)-Ru-Cl 87.36 (3)
C(3)-Ru-P(3) 89.7(1) P(1)-Ru-Cl 91.48 (3)
C(3)-Ru-P(1) 91.1(1) C(2)-C(1)-C(47) 147.0 (4)
C(3)-Ru-Cl 167.3 (1) C(2)-C(1)-Ru 67.3 (2)
C(2)-Ru-P(2) 147.7 (1) C4N-C(1)-Ru  145.7 (3)
C(2)-Ru-C(1) 32.1(2) C(1)-C(2)-C(3) 148.2 (3)
C(2)-Ru-P(3) 91.25(9) C(1)-C(2)-Ru 80.6 (2)
C(2)-Ru-P(1) 88.24 (9) C(3)-C(2)-Ru 67.6 (2)
C(2)-Ru-Cl 129.4 (1) C(4)-C(3)-C(2) 1304 (3)
P(2)-Ru-C(1) 177.1(1) C(4)-C(3)-Ru 155.4 (3)
P(2)-Ru-P(3) 90.44 (3) C(2)-C(3)-Ru 74.2 (2)
P(2)-Ru-P(1) 91.01 (3) C(3)-C(4)-C(41) 127.6 (3)
P(2)-Ru-Cl 82.90 (3) H(1)-C4)-C(3) 118 (2)
C(1)-Ru-P(3) 92.47 (9) H(1)-C(4)-C(41) 115 (2)
C(1)-Ru-P(1)  86.09 (9)

2 Estimated standard deviations in the least significant figure are
given in parentheses.

Figure 1. Molecular structure of syn-mer-RuCl(n3-
PhC,;CHPh)(Cyttp)-!/,C¢Hg. Hydrogen atoms and the solvent
molecule are omitted for clarity, except for the hydrogen bonded
lto atlom C(4). Thermal ellipsoids are drawn at the 50% probability
evel.

geometry of the coordination sphere about the ruthenium
atom is roughly octahedral, and the compound contains
an n®-PhC,;CHPh ligand. The triphosphine is meridional
around ruthenium. The phenyl group on the central
phosphorus atom P(2) is on the same side of the Cyttp
ligand as the chloride. The angle P(2)-Ru-Cl is 103.77
(3)°, which is significantly larger than those for P(1)-Ru~Cl
(92.34 (3)°), P(3)-Ru—Cl (83.76 (3)°), and P(2)Ru-C(3)
(96.78 (8)°). The relatively larger P(2)-Ru-Cl angle is
caused by the steric interaction between the phenyl group
on P(2) and the chloride. Such an angular pattern is
similar to that in other six-coordinated complexes such as
RuH,(N,)(Cytip),? anti-mer-RuCl(n®-PhC;CHPh)(Cyttp)



Ruthenium Hydride-Triphosphine Complexes

Table VI. Positional Parameters (x10*) and Equivalent
Isotropic Thermal Parameters (A? X 10%) for 2

x y z e
Ru 3474.6 (2) 2867.2 (2) 22284 (1) 31.2(1)
P(1) 3667.7 (8) 4696.5 (7) 2726.8(4) 36.4 (3)
P(©2) 4326.7 (8) 3662.2 (7) 13158 (4) 38.8(3)
P(3) 3134.1 (8) 9929 (7) 17252 (5) 37.2(3)
CQ) 3537 (4) 5737 (3) 2076 (2) 47 (1)
C(2) 4335 (4) 5910 (3) 1531 (2) 48 (1)
C(3) 3951 (4) 4914 (3) 997 (2) 48 (1)
C(4) 3772 (4) 2845 (3) 439 (2) 52 (2)
C(5) 3846 (4) 1660 (3) 440 (2) 52 (2)
C(6) 2833 (3) 848 (3) 754 (2) 46 (1)
C(7) 1881 (3) 2883 (3) 1557 (2) 39 (1)
C(8) 906 (3) 2864 (3) 1149 (2) 44 (1)
C(9) 4931 (3) 2701 (3) 3123 (2) 37 (1)
C(10) 6099 (3) 2800 (3) 3469 (2) 40 (1)
C(11) 2558 (4) 4360 (3) 3924 (2) 55 (2)
C(12) 1370 (5) 4142 (4) 4205 (3) 84 (2)
C(13) 920 (5) 5137 (4) 4155 (3) 84 (2)
C(14) 724 (4) 5489 (4) 3398 (3) 77 (2)
C(15) 1895 (4) 5688 (4) 3111 (3) 72 (2)
C(186) 2343 (4) 4684 (3) 3152 (2) 53 (2)
camn 5224 (4) 6555 (3) 3752 (2) 60 (2)
C(18) 6438 (4) 7025 (4) 4326 (2) 77 (2)
C(19) 7579 (4) 7105 (4) 4042 (3) 76 (2)
C(20) 7487 (4) 5996 (4) 3691 (2) 66 (2)
C(21) 6301 (3) 5565 (3) 3109 (2) 52 (2)
C(22) 5137 (3) 5419 (3) 3407 (2) 45 (1)
C(23) 6669 (2) 4929 (2) 1042 (1) 53 (2)
C(24) 7948 5162 1104 62 (2)
C(25) 8586 4533 1527 64 (2)
C(26) 7944 3671 1889 57 (2)
c2n 6665 3438 1827 47 (1)
C(28) 6027 4068 1404 41 (1)
C(29) 4738 (3) -316 (3) 1494 (2) 51 (2)
C(30) 6000 (4) ~483 (3) 1773 (2) 57 (2)
C(31) 6075 (4) -954 (3) 2488 (2) 56 (2)
C(32) 5779 (4) -240 (3) 3020 (2) 52 (2)
C(33) 4526 (3) -62 (3) 2742 (2) 44 (1)
C(34) 4496 (3) 460 (3) 2023 (2) 40 (1)
C(35) 1610 (3) -1350 (3) 1614 (2) 59 (2)
C(36) 526 (4) -2196 (3) 1847 (3) 78 (2)
C(37) -691 (4) -1956 (3) 1579 (3) 86 (2)
C(38) -550 (4) 7562 (4) 1829 (3) 84 (2)

C(39) 541 (3) 94 (3) 1598 (3) 60 (2)

C(40) 1760 (3) -149 (3) 1901 (2) 47 (1)
C(41) -1352 (2) 1881 (2) 821 (1) 55 (2)
C(42) -2545 1779 423 61 (2)
C(43) -2702 2509 -104 66 (2)
C(44) -1665 3342 -232 65 (2)
C(45) -472 3444 167 53 (2)
C(46) -315 2714 693 42 (1)
C(47) 7155 (2) 2456 (2) 4379 (2) 65 (2)
C(48) 8180 2056 5024 91 (3)
C(49) 7356 1600 5455 91 (3)
C(50) 6105 1543 5242 81 (2)
C(51) 5680 1943 4597 66 (2)
C(52) 6504 2399 4166 46 (1)
C(53) 3784 (3) 2248 (3) 3287 (2) 35 (1)
C(54) 2626 (3) 2025 (3) 3111 (2) 39 (1)
C(55) 1466 (2) 826 (2) 3891 (1) 56 (2)
C(56) 362 326 4111 71 (2)
C(57) -743 506 3763 73 (2)
C(58) -743 1187 3196 61 (2)
C(59) 361 1688 2977 50 (2)
C(60) 1465 1507 3324 40 (1)

9 Equivalent isotropic U defined as one-third of the trace of the
orthogonalized Uj; tensor.

(see below), and mer-Ru(C=CPh)(s*-PhC,CHPh)(Cyttp)
(see below). The mutually trans Ru-P(1) and Ru-P(3)
bonds are longer than the unique Ru-P(2) bond. The
Ru-P bonding pattern is similar to that in other meridional
ruthenium phosphine complexes such as RuH,(N,)-

(8) dia, G.; Gallucci, J. C.; Meek, D. W. Inorg. Chem., in press.
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Table VII. Selected Bond Lengths and Angles for 2

Bond Lengths (A)
Ru-P(1) 2.405(1) Ru-P(2) 2.290(1) Ru-P(3) 2.417 (1)
Ru-C(7) 2.087 (3) Ru-C(8) 2.200 (3) Ru-C(53) 2.191 (3)
Ru-C(54) 2.258 (3) C(7)-C(8) 1.205 (5) C(9)-C(563) 1.379 (5)
C(53)- 1.249 (5)
C(54)

Bond Angles (deg)

P(1)-Ru-P(2)  90.61 (3) P(1)-Ru-P(3) 176.18 (4)
P(2)-Ru-P(3) 91.50 (3) P(1)-Ru~-C(7) 88.0 (1)
P(2)-Ru-C(7) 824 (1) P(3)-Ru-C(7) 89.2 (1)
Ru-C(7)-C(8) 178.1(3) C(9)-C(53)-C(54) 148.7 (3)

(Cyttp),? anti-mer-RuCl(n3-PhCsCHPh)(Cyttp) (see be-
low), and mer-Ru(C=CPh)(3-PhC,CHPh)(Cyttp) (see
below), RuH(O,CH)(PPh,);,° RuH(0,CMe)(PPh,),,!°
RuHCI(PPh,);,'! and RuCly(PPh;);.22 The Ru-P and
Ru—Cl bond distances are normal compared with those of
other ruthenium complexes.!?

The acetylenic group of the PhC;CHPh fragment is
weakly bound to ruthenium as indicated by the long Ru-
C(1) and Ru-C(2) bonds and short C(1)=C(2) bond dis-
tances. The bonding interaction between ruthenium and
the acetylenic group is evidenced by the bent-back angle
(C(2)-C(1)-C(47) of 156.7 (3)°. Such angles have been
reported to range from 168° to 134° for the =-bonded
acetylenes in several complexes.!* For comparison, the
bend-back angles are 168 (4)° in [Pt(Me)(PMe,Ph),-
(MeC=CMe)]PF4!** and 151.5 (5)° and 145.0 (5)° in
[Ru(NH,);(DMAD)](PFg),.¥* The angle of noncoordi-
nated C==C—Ph was observed to be 175.6 (10)° in Ru(C-
(C=CPh)=CHPh)(0,CCF3)(CO)(PPh,),!® and 177.5° in
[CpMo(CO),]4(u-1,2-9-Ph=CC==CPh).'® The C(1)-C(2)
bond at 1.220 (4) A is at the lower end of the carbon—
carbon triple-bond lengths in some r-bonded acetylenes
(range 1.22-1.32 A), for example 1.238 (7) A in [Ru-
(NH,);(DMAD)]}(PFg),'*? and 1.27 (1) A in Mo(PhC=
CH)(CO)(PEt,),Bry.*¢ The bond length, however, is only
slightly longer than that for noncoordinated carbon—carbon
triple bonds of a similar fragment in Ru(C(C=CPh)=
CHPh)(0,CCF3)(CO)(PPhj), (1.208 (13) A)!® and in
[CpMo(CO),](u-1,2-7-PhC=CC=CPh) (1.208 (5) A).16
The bond Ru-C(2) (2.229 (3) A) is slightly longer than the
Ru-C bonds in the acetylene complex [Ru(NHj,);-
(DMAD)](PF), (average d(Ru-C) = 2.131 A).14b Thus,
the acetylenic group in isomer 1A is weakly bonded to
ruthenium. The Ru-C(3) bond distance (2.040 (3) A) is
in the range for Ru—C(vinyl) bonds (range 2.003 (11)-2.16

(9) Kolomnikov, L S.; Gusev, A. L.; Alesksandrov, G. G.; Lobeeva, T.
S.; Struchkov, Yu. T.; Vol'pin, M. E. J. Organomet. Chem. 1973, 59, 349.

(10) (a) Skapski, A. C.; Stephens, F. A. J. Chem. Soc., Dalton Trans.
1974, 390. (b) Skapski, A. C.; Stephens, F. A. J. Chem. Soc., Chem.
Commun. 1969, 1008,

(11) Skapski, A. C,; Troughton, P. G. H. J. Chem. Soc., Chem. Com-
mun. 1968, 1230.

(12) La Placa, S. J.; Ibers, J. A, Inorg. Chem. 1965, 4, 778.

(13) Jardine, F. H. Prog. Inorg. Chem. 1984, 31, 265.

(14) (a) Ittel, S. D.; Ibers, J. A, Adv. Organomet. Chem. 1976, 14, 33.
(b) Henderson, W. W.; Bancroft, B. T.; Sheperd, R. E.; Fackler, J. P., Jr.
Organometallics 1986, 5, 506. (c) Winston, P. B.; Burgmayer, S. J. N,;
Templeton, J. L. Organometallics 1983, 2, 167. (d) Kersting, M.; Deh-
nicke, K.; Fenske, D. J. Organomet. Chem. 1988, 346, 201. (e} Winston,
P. B.; Burgmayer, S. J. N.; Tonker, T. L.; Templeton, Organometallics
1986, 5, 1707. (f) Birdwhistell, K. R.; Tonker, T. L.; Templeton, J. L. J.
Am. Chem, Soc. 1987, 109, 1401. (g) Churchill, M. R.; Wasserman, H. J.
Organometallics 1983, 2, 755. (h) Ball, R. G.; Burke, M. R.; Takats, J.
Organometallics 1987, 6, 1918,

- (15) (a) Dobson, A.; Moore, D. S.; Robinson, S. D.; Hursthouse, M. B;
New, L. J. Organomet. Chem. 1979, 177, C8. (b) Dobson, A.; Moore, D.
S.; Robinson, S. D.; Hursthouse, M. B.; New, L. Polyhedron, 1985, 4, 1119,

(18) Ustynyuk, N. A.; Vinogradova, V. N.; Korneva, V. N.; Kravtsov,
D. N.; Andrianov, V. G.; Struchkov, Yu. T. J. Organomet. Chem. 1984,
277, 285.
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Molecular structure of anti-mer-RuCl(n-
PhCsCHPh)(Cyttp). Hydrogen atoms are omitted for clarity,
except for the hydrogen bonded to atom C(4). Thermal ellipsoids
are drawn at the 50% probability level. Only one orientation of
the disordered cyclohexy! ring is shown.

Figure 2.

(2) A),517 for example, 2.03 (1) A in RuCl(PhC=
CHPh)(CO)(PPh,),'" and 2.076 (8) A in Ru(C(C=CPh)-
=CHPh)(0,CCF;)(CO)(PPhy),.15

Description of the Structure of anti-mer-RuCl-
(n®-PhC,CHPh)(Cyttp) (1B). The molecular structure
of the compound is shown in Figure 2. The geometry of
the coordination sphere about the Ru atom is similar to
that of 1A, and the compound also contains an »°-
PhC;CHPh ligand. There are several differences between
the structures of 1A and 1B. The most apparent differ-
ence is that in 1B the phenyl group on the central phos-
phorus atom is on the opposite sides of the Cyttp ligand
as the chloride. As a consequence, the angle P(2)-Ru—C(3)
(109.5 (1)°) is larger than the angle P(2)-Ru-Cl (82.90
(3)°), owing to the steric interaction between the phenyl
group on P(2) and the vinyl group; the opposite trend is
observed in 1A. Interestingly, the angles P(1)-Ru-Cl
(91.48 (3)°) and P(3)-Ru-Cl (87.36 (3)°) in isomer 1B are
similar to those observed in isomer 1A (P(1)-Ru-Cl =
92.34 (3)°, P(3)-Ru~Cl = 83.76 (3)°).

The acetylenic group is more strongly bound to ruthe-
nium in 1B than in 1A. The bond distance of C(1)-C(2)
(1.248 (5) A) is in the range for carbon~carbon triple-bond
lengths in 7-bonded acetylene complexes (generally ranging
from 1.22 to 1.32 A)! and is significantly longer than that
in isomer 1A (1.220 (4) A). The bond Ru-C(1) is 2.319 (4)
A long, which is shorter than that in isomer 1A (2.553 (3)
A) and longer than the Ru-C bonds in the acetylene com-
plex [Ru(NH,;);(DMAD)}(PF;), (average d(Ru-C) = 2.131
A).1® The Ru~C(2) bond (2.169 (3) A) is also shorter than
that in isomer 1A (2.229 (3) A) and comparable with the
Ru~C bonds in the acetylene complex [Ru(NH,);-
(DMAD)1(PBy), (2.144 (5), 2.117 (6) A).1* The bend-back
angle C(2)-C(1)-C(47) is 147.0 (4)°. Thus, the acetylenic

(17) (a) Komiya, S,; Ito, T.; Cowie, M.; Yamamoto, A.; Ibers, J. A. J.
Am. Chem. Soc. 1976, 98, 3874. (b) Bruce, M. L; Catlow, A.; Humphrey,
M. G,; Koutsantonis, G. A.; Snow, M. R.; Tiekink, E. R. T. J. Organomet.
Chem. 1988, 338, 59. (c) Torres, M. R.; Santos, A.; Ros, J.; Solons, X.
Organometallics 1987, 6, 1091, (e) Torres, M. R.; Vegas, A.; Santos, A.;
Ros, J. J. Organomet. Chem. 1987, 329, 413. (f) Torres, M. R.; Vegas, A,;
Santos, A.; Ros, J. J. Organomet. Chem. 1986, 309, 169.

Jia et al.

Figure 3. Molecular structure of mer-Ru(C=CPh)(»*-
PhC;CHPh)(Cyttp). Hydrogen atoms are omitted for clarity. The
cyclohexyl and phenyl rings are drawn with arbitrary size spheres
to enhance clarity.

group is bonded to ruthenium more strongly in isomer 1B
than in isomer 1A, although the origin is not clear to our
knowledge.

The bond C(2)-C(3) is 1.396 (5) A long, which is com-
parable to that in isomer 1A (1.416 (4) A) and shorter than
the C—C= bond in Ru(C(C=CPh)=CHPh)(0,CCFy)-
(CO)(PPhy), (1.437 (12) A),' in which the acetylenic group
is not bonded to the ruthenium. In fact, such a bond
length is similar to the allylic carbon-carbon bond lengths
in Ru(NO)(%%-C3H;)(PPh,), (being 1.38 (1) and 1.41 (1) A,
respectively).’®® The Ru-C(3) bond distance (2.084 (3)
A) is in the range for Ru-C(vinyl) bond lengths!>!? (range
2.003 (1)-2.16 (2) A).

The X-ray structures of 1A and 1B are consistent with
their spectroscopic data in solution.?

Description of the Structure of mer-Ru(C=
CPh)(7®-PhC,CHPh)(Cyttp) (2). The molecular struc-
ture of mer-Ru(C=CPh)(n3-PhC,CHPh)(Cyttp) is shown
in Figure 3. The overall geometry around ruthenium is
roughly octahedral. The three phosphorus atoms are
bound to ruthenium in a meridional fashion as indicated
by its 3'P and ®C NMR spectra in solution.> The phe-
nylacetylide group is nearly linear (Ru-C(7)-C(8) = 178.1
(3)°) and is cis to the three phosphorus atoms of the tri-
phosphine. The distances between ruthenium and C(7)
and between C(7) and C(8) are 2.037 (3) and 1.205 (5) &,
respectively, which are consistent with the distances ob-
served for other ruthenium acetylide complexes.!®* The
phenyl group on the central phosphorus atom is on the
same side of the Cyttp ligand as the vinyl group. As a
consequence, the angle P(2)-Ru-C(9) (110.9 (1)°) is sig-
nificantly larger than the angle P(2)-Ru-C(7) (82.4 (1)°),
presumably owing to the steric interaction between the
phenyl group on P(2) and the vinyl group. These angles
are remarkably consistent with the comparable angles in
1B: P(2)-Ru-C(3) = 109.5 (1)° and P(2)-Ru—Cl = 82.90
(3)°.

(18) (a) Albers, M. O; Liles, D. C.; Robinson, D. J.; Shaver, A.; Sin-
gleton, E. Organometallics 1987, 6, 2374. (b) Schoonover, M. W.; Kubiak,
C. P,; Eisenberg, R. Inorg. Chem. 1978, 17, 3050. (¢) Smith, A. E. Inorg.
Chem. 1972, 11, 2308. (d) Lydon, J. E.; Truter, M. R. J. Chem. Soc. A
1968, 362. (e) Colombo, A.; Allegra, G. Acta Crystallogr. B 1971, 27.

(19) (a) Wisner, J. M.; Bartczak, T. J.; Ibers, J. A. Inorg. Chim. Acta
1985, 100, 115. (b) Bruce, M. I; Himphrey, M. G.; Snow, M. R.; Tiekink,
E. R. T. J. Organomet. Chem. 1986, 314, 213,



Ruthenium Hydride-Triphosphine Complexes

The most surprising feature of the compound is the
presence of an n°-PhC;CHPh ligand that must have been
formed by end-to-end coupling of two phenylacetylene
fragments. The distances between ruthenium and C(9),
C(53), and C(54) are comparable at 2.200 (3), 2.191 (3), and
2.258 (3) A, respectively. The Ru-C bonding pattern in
compound 2 for the n°-PhC,CHPh ligand is unusual com-
pared with other known similar complexes, such as
RuCl(n3-PhC,CHPh)(Cyttp) (isomers 1A and 1B (see
Tables II and IV)) and [Os(#- PhC3CHPh)(PMe3)4]PF6
The Ru-C(54) bond (2 258 (3) A) is significantly shorter
than that observed in the similar complexes RuCl(x*-
PhC,CHPh)(Cyttp): 1A, 2.558 (3) A; 1B, 2.319 (4) A. This
implies that the acetylenic group is more strongly bonded
to ruthenium in Ru(C=CPh)(s*-PhC,;CHPh)(Cyttp) than
in 1A or 1B. The Ru-C(9) bond (2.200 (3) A), on the other
hand, is significantly longer than that observed in the
similar complexes RuCl(#*-PhC;CHPh)(Cyttp): 2.040 (3)
A, 1A; 2.084 (3) A, 1B.

In fact, while the values 2.036 (3) and 2.084 (3) A are
in the range15 17 for Ru-C(vinyl) bond lengths (2.003
(1)-2.16 (2) A), the value 2.200 (3) A is in the range for
Ru-C (7-olefin) bond lengths (for example, it ranged from
2.14 to 2.38 A in several ruthenium olefin comglexes)"""21
and Ru-C(allyl) bond lengths!® (for example,® d(Ru—C)
= 2.130 (7), 2.214 (7), and 2.258 (8) A in Ru-
(NO)(CgH5)(PPh3)2) The bond distance between C(53)
and C(54) is 1.249 (5) A, which is in the range for car-
bon-carbon tnple-bond lengths in r-acetylene complexes
(generally ranging from 1.22 to 1.32 A).}* The bond length
between C(9) and C(53) is 1.379 (5) A, which is similar to
C-C bond distances in 73-allyl complexes 18 The angles
C(10)-C(9)-C(53), C(9)-C(53)-C(54), and C(53)—C(54)—C-
(60) are 133.0 (3), 148.7 (3), and 144.6 (3)°, respectively.
These values suggest hybridization intermediate between
sp and sp? for the central carbon atoms C(9), C(53), and
C(54) of the C, connection between the phenyl groups.

On the basis of the X-ray diffraction results, the
structure of Ru(C=CPh)(n*-PhC,CHPh)(Cyttp) (2) can
be best described as A, which is a combination of the
canonical forms B and C. To our knowledge, this type of
complex is still very rare in the literature,*?? although

(20) Carrondo, T. de C. M. A, A. F,; Chaudret, B. N.; Cole-Hamilton,
D J Skapski, A. C.; Wilkinson, G. J. Chem. Soc., Chem. Commun. 1978,
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Grevels, F. W.; Moser, R Organometalhcs 1987 6, 2260. (b) Ashworth,
T. V.; Nolte, M. dJ.; Singleton, E. J. Chem. Soc., Dalton Trans. 1978, 1040.
(c) Manoli, J.; Gaughan, A. P., Jr.; Ibers, J. A. J. Organomet. Chem. 1974,
72, 247. (d) Potvin, C.; Manoli, J. M.; Pannetier, G.; Chevalier, R.;
Platzer, N. J. Organomet. Chem. 1976, 113, 273. (e) Potvin, C.; Manoli,
J. M.; Pennetier, G.; Chevalier, R. J. Organomet. Chem. 1978, 146, 57.
(f) Gould, R. O.; Jones, C. L.; Robertson, D. R.; Stephenson, T. A. J.
Chem. Soc., Dalton Trans. 1977, 129. (g) McNair, A. M,; Gill, T. P,;
Mann, K. R. J. Organomet. Chem. 1987, 326, 99.
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n3-allyl complexes are abundant.2? The true structures
of 1A and 1B could also be regarded as a combination of
two canonical forms similar to B and C, but with more
contribution from form B.
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