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the (C)H hydrogen atoms of 2 and 3 were included as fixed atoms
with Upysr) = 0.05. The remaining hydrogen atoms were refined
isotropicalfy. No absorption corrections were carried out. One
of the CCl, molecules in 1a was strongly disordered. Coordinates
and equivalent isotropic thermal parameters are shown in Tables
V-VIIL. Crystals of 1 obtained from ethyl acetate were found to
crystallize in the triclinic space group P1 with cell constants a
= 12.411 (B), b = 14.863 (4), c = 33.298 (9) A; o = 94.87 (2)°; 8
= 97.87 (3)°; ¥ = 103.99 (3)°, and probably six molecules in the
cell. Programs used for calculations were SHELX 76, SHELXS 88,
and PLATON-g0.%!

(21) Spek, A. L. Acta Crystallogr. A 1990, 46, C31-37.
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The reaction between [cis-Pt(C=CR),L,} (R = Ph, *Bu; L, = 2 PPh;, dppe, COD) and [cis-M(C¢F5)s-
(THF),] (M = Pd, Pt; THF = tetrahydrofuran) in a 1:1 molar ratio affords neutral binuclear derivatives
of the type [{L,Pt(C=CR)yJM(C¢F;),] in which the RC=C—Pt—C=CR group is acting as a bidentate
ligand to “M(C¢F;),”. In contrast, [cis-M(Cg¢F;)o(THF),] reacts with Q,[cis-Pt(C¢F;):(C=CR),] and Q,-
{Pt(C¢F5)(C=CR);] (R = Ph, Q = PMePhg; R = By, Q = NBu,) to give anionic diplatinum and plati-
num-palladium complexes of types Q;[(C¢F;);Pt(u-C=CR);M(C¢F;);] and Q,[(C¢F;)(C=CR)Pt(u-C=
CR),Pt(C¢F3),], respectively. The crystal structures of the complexes [{(dppe)Pt(C=CPh)y}Pt(CF5),] (3)
and (PMePh;),[(CeF'5),Pt(u-C=CPh),Pt(C¢Fs),] (9) have been established by X-ray diffraction methods.
3 is a binuclear complex in which the unit “(dppe)Pt(s-C=CPh),” acts as a chelate metallo ligand to
“Pt(C¢F's).”. In contrast, the crystal structure for 9 shows that two identical [(C4F5)Pt—C=CPh] units
are joined together through 72 bonding of C=CPh groups. This indicates that the complex is formed from
the bis(s-alkynyl)bis(pentafiuorophenyl)platinate and the synthon Pt(C¢F}), via migration of one s-alkynyl

group between the two platinum metal centers.

Introduction

Over the past decade there has been growing interest
in homo- and heterobinuclear complexes stabilized through
bridging acetylide ligands. Much of the interest in those
organometallic systems stems from the special bonding
situations of C=CR groups.! In binuclear complexes the
C=CR ligand appears as a bridging group that exhibits
a varying degree of bending (I-III; Chart I).

The bonding situations I and II are well represented in
binuclear complexes containing main-groups and f orbital
metals,? but only a few examples of the type III have been
reported: [Cp,Ti(C=CSiMe,)},,? [(COD)Ir(C=CSiMe,)],,*
and [(MeCp),Zr(C=CPh),).° Interestingly, the titanium
derivative having a stoichiometry similar to that of the Zr
one seems to give initially the binuclear complex with two
bridging acetylides but spontaneously undergoes an oxi-
dative coupling at C, of the acetylide ligands to form
(u-(1-3)n:(2-4)n-trans,trans-1,4-diphenylbutadiene)bis-

’Ugtiversidad de Zaragoza-Consejo Superior de Investigaciones
Cientificas.
1 Colegio Universitario de La Rioja.

(bis(n*-methylcyclopentadienyl)titanium).b7 A similar
coupling of phenylethynyl ligands has recently been re-

(1) Pavan Kumar, P. N. V,; Jemmis, E. D. J. Am. Chem. Soc. 1988,
110, 125.

(2) (a) Schubert, B.; Weiss, E. Chem. Ber. 1983, 116, 3212. (b) Bell,
N. A;; Nowell, I. W.; Coates, G. E.; Shearer, H. M. M. J. Chem. Soc.,
Chem. Commun. 1982, 147. (c) Morosin, B.; Howatson, J. J. Organomet.
Chem. 1971, 29, 7. (d) Stucky, G. D.; McPherson, A. M.; Rhine, W. E.;
Eish, J. J.; Considine, J. L. J. Am. Chem. Soc. 1974, 96, 1941. (e) Al-
menningen, A.; Fernholt, L.; Haaland, A. J. Organomet. Chem. 1978, 155,
245. (f) Tecle, B.; Ilsley, W. H.; Oliver, J. P. Inorg. Chem. 1981, 20, 2335.
(g) Fries, W.; Schwarz, W.; Hansen, H. D.; Weidlein, J. J. Organomet.
Chem. 1978, 159, 373. (h) Atwood, J. L.; Hunter, W. E.; Wayda, A. L.;
Evans, W. J. Inorg. Chem. 1981, 20, 4115. (i) Evans, W. J.; Bloom, I;
Hunter, W. E.; Atwood, J. L. Organometallics 1983, 2, 709. (j) Boncella,
J. M,; Tilley, T. D.; Andersen, R. A. J. Chem. Soc., Chem. Commun. 1984,
710. (k) Evans, W. J.; Drummond, D. K.; Hanusa, T. P.; Olofson, J. M.
J. Organomet. Chem. 1989, 376, 311.

(3) Wood, G. L.; Knobler, C. B.; Hawthorne, M. F. Inorg. Chem. 1989,
28, 382.

(4) Miiller, J.; Tschampel, M.; Pickardt, J. J. Organomet. Chem. 1988,
355, 513.

(5) (a) Erker, G.; Fromberg, W.; Mynott, R.; Gabor, B.; Kriiger, C.
Angew. Chem., Int. Ed. Engl. 1986, 25, 463. (b) Erker, G.; Fromberg, W.;
Benn, R.; Mynott, R.; Angermund, K.; Kriger, C. Organometallics 1989,
8, 911,
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Table I. YF NMR Data for the Complexes in CDCl,*

Forniés et al.

temp,
compd °C Fortho Fpa.ru Freta 3J(Pt_Fon.ho)c SJ(Fpau—Fmeu)c
1 20 -117.1(d) -164.4 (t) -166.5 (br) 406 20
-55 -116.5 (s, br), -118.3 (d) -163.5 (t) -165.3 (s, br), -166.4 (s, br)
2 20 -114.5 (s, br), -115.7 (d) -164.6 (t) -165.8 (s, br), -166.8 (m) 405, 447 20
50 ~114.4 (s, br),% -115.6 (s, br)? -164.8 (t) -166.0 (br),? -166.5 (br)?
3 20 -115.14 (d) -164.6 (t) -166.2 (m) 405 19
-80 ~114.0 (s, br), -116.5 (s, br) -163.1 (t) -164.9, -165.2 (d, br)
4 20 -114.5 (s, br), -116.5 (d) -164.7 (t) -165.9 (s, br),® -166.4 (m)? 402, 460 19
50 ~114.4 (g, br),® -116.4 (s, br)? -164.9 (t) -166.4 (s, br)
5 20 -119.2 (s, br) -163.1 (t) -165.4 (m) 410 20
=55 -117.2 (br),¢ -121.4 (br)¢ -162.3 (t) -164.7 (s, br)
6 20 -114.7 (8), -121.0 (s) -163.2 (t) -164.9,% -165.5¢ 387, 466 20
50 -114.5 (br), -121.0 (br) -163.4 (t) -165.4 (br)
7 20 -115.1(d) -164.0 (t) -166.2 (m) 20
-55 -114.7 (d) -162.5 (t) -165.0 (br)
8 20¢  -111.9 (d), -113.0 (d) -163.9 (t) -165.9 (m), -166.7 (m) 20
9 20 -117.3 (d) -166.2 (t) -166.7 (m) 411 20
-60 -117.3,% -117.85 (br)? -165.3 (t) -166.4 (br)
10 200  -116.1 (d) -167.5 (t) -168.3 (m) , 442 20
11 20 ~113.6 (d, -Pd), -115.1 (d, -Pt) -165.1 (t, Pd) -165.8 (m), -167.3 (m)* 390
126 20 -107.7 (d -Pd), -112.2 (d, -Pt)  -166.7 (t, ~Pd) -166.1 (m, -Pd), -168.6 (m, -Pt) 420 19 (-Pd), 20 (-Pt)
-169.94 (t, -Pt)
13 20 ~-116.9 (d), -117.3 (d), -118.0 (d) -167.4 (m), -167.8 (m)
14 20 -114.9,% -114.1,» -114.5 (d) -168.5 (m), ~169.4 (m) 412, 442, 431

¢ Chemical shifts are given in 8, with reference to CFCl,. ®In CD;COCD;. ¢In Hz. ¢Overlapping of signals on base line. ¢ The same sharp
pattern is found at 50 °C. /The same pattern is found at -30 and ~50 °C. #¢Identical spectra are found at 20 °C for 12a. *Both signals

partially overlap. {This multiplet also includes a signal due to F,., (Pt).
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ported for a samarium center.® Binuclear derivatives in
which the L,M(C=CR), unit acts as a chelate ligand to-
ward a M’L, fragment are also rather scarce.*' When
the present work was already in progress, two molecular
structures of binuclear complexes with bridging acetylides
adopting the bonding situation IV were reported:

(6) Teuben, J. H.; De Liefde Meijer, H. J. J. Organomet. Chem. 1969,

7, 87.
(7) Sekutowski, D. G.; Stucky, G. D. J. Am. Chem. Soc. 1976, 98, 1376.
(8) Evans, W. J.; Keyer, R. A.; Ziller, J. W. Organometallics 1990, 9,

2628.

(9) (a) Yasufuku, K.; Yamazaki, H. Bull. Chem. Soc. Jpn. 1972, 45,
2664 (cited in ref 9b). (b) Ciriano, M.; howard, J. A. K.; Spencer, J. L.;
Stone, F. G. A.; Wadepohl, H. J. Chem. Soc., Dalton Trans. 1979, 1749.

(10) (a) Lang, H.; Zsolnai, L. J. Organomet. Chem. 1991, 406, C5. (b)
Lg;gbgl.; Herres, M.; Zsolnai, L.; Imhof, W. J. Organomet. Chem. 1991,
409, C1.

1

(L = ﬂ5'05H4SiMeg)-m

Although the chemistry of dinuclear platinum and
palladium complexes stabilized through bridging ligands
such as halide, SCN, pyrazole, SR, OOCR, PR,, etc. is well
established,!! no similar complexes with two bridging
acetylides have been described so far. The only few cases
reported have been the titanium-platinum derivatives
[(n-CsHj;) Ti(C=CPh),}Pt°PR;], which on the basis of
spectroscopic data have been formulated as chelate com-
plexes (type IV) with the Ph—C=C—Ti—C==CPh group
acting as a bidentate ligand to platinum.®

In this paper we wish to report on the synthesis and
crystallographic characterization of two types of bis(u-
acetylide) complexes: some neutral diplatinum and
platinum—palladium derivatives in which both acetylides
are bound to one metal center in a 4! fashion (s-bonded)
and to the other one in a n® fashion (w-bonded), i.e.
adopting the bonding situation IV (Chart I), and several
anionic diplatinum or heterometallic platinum—palladium
complexes where the metal centers are doubly bridged by
acetylide ligands adopting the bonding situation III (Chart
I). Complexes of the first type have been obtained by
reacting the neutral [L,Pt(C=CR),] complexes with
[cis-M(C¢F5),(THF),] (M = Pd, Pt), while the anionic
symmetric complexes of the second type have been pre-
pared through reactions between Q[cis-Pt(CyF;),(C=
CR)2] and [CiS'M(CGF5)2(THF)2].

Results and Discussion

Synthesis and Characterization of [{L,Pt(C=
CR),IM(C,F;),]. [cis-M(CgF;)o(THF),] (M = Pd, Pt) re-
acts with the neutral acetylide complexes [cis-Pt(C=
CR),L;], yielding the binuclear derivatives [{L,Pt(C=
CR)4M(CgF5).), in which the bis(s-alkynyl)platinum com-
pound, after displacing the THF ligands of the [M-
(C¢F;)o(THF),] substrate, is acting as a chelating metallo

(11) (a) Jain, V. K. Current Sci. 1990, 59, 143 and references therein.
(b) Hartley, F. R. The Chemistry of Platinum and Palladium; Wiley:
New York, 1973.



Doubly Acetylide-Bridged Pt-Pt and Pt-Pd Complexes
ligand toward the “M(C¢F;),” fragment (eq 1).

_c=ch L, .wC=CR
L,Pt + [cis-M(gFs)o(THE)y] —= Lo : 1
Nc=cR (6Fslo(THR) ™ Sc=cR! N
N
M\
/ \C5F5
CeFs

M =Pt L, =2PPhy, R=Ph(1), R="Bu(2)
M= P1, L, = dppe, R = Ph (3), R = 'Bu (4)
M=Pt, L, =COD, R =Ph(5), R ="'Bu (6)
M =Pt L, =2 PPhy R=Ph(7),R = Bu(8)

Elemental analyses, molecular weights, and other
structural data for these complexes are given in the Ex-
perimental Section. °F NMR data are collected in Table
1L

In order to ascertain the most relevant features of the
acetylide bridges, an X-ray diffraction study of [{(dppe)-
Pt(C=CPh),JPt(C¢F;),] (3) was carried out. Single crystals
were obtained by slow diffusion of n-hexane into an ace-
tone solution of 3. Figure 1 shows an ORTEP drawing of
this molecule. Selected bond distances and angles are
listed in Table II. The structure analysis reveals that the
complex is nonplanar dimer with the acetylide bridging
system displaying an structural situation of type IV (Chart

D.

Pt(1) is in an approximately square-planar environment
formed by two phosphorus atoms of the dppe ligand and
one carbon atom of each C=CPh ligand. The Pt(1)-C
(Pt(1)-C(27) = 2.009 (12), Pt(1)-C(35) = 1.983 (12) A) and
Pt(1)-P distances (2.271 (6) and 2.282 (6) A) are in the
range found in the literature for s-acetylide—*2 or phos-
phine—platinum(II)!22813 complexes. The angles P(2)-
Pt(1)-P(1) and C(35)-Pt(1)-C(27) are 85.9 (2) and 79.3
(4)°, respectively. Pt(2) is located in a distorted-square-
planar environment formed by the C(ipso) atoms of the
C¢F; groups and the midpoints of the C-C triple bonds.
The dihedral angle formed by the planes Pt(2)-C(43)-C-
(49) and Pt(2)-C(0)-C(0’) (C(0) and C(0) are the mid-
points of the C=C triple bonds) is 13.14 (30°). The
bonding mode between the C=CPh groups and Pt(2) is
schematized in Figure 2. As can be seen, the Pt(2)-C-
(acetylide) distances are equal (within experimental error)
8o that the interactions between the acetylide ligands and
Pt(2) (n? linkages) are symmetric. The Pt(2)-C distances
(see Figure 2) are similar to those reported for [Pt-
(CgF'5)o(PhC=CPh),],!* and the C=C bond distances (C-
(27)-C(28) = 1.234 (16), C(35)-C(36) = 1.229 (17) A) are
similar to distances reported for other s—r-acetylide com-

(12) (a) Blagg, A.; Hutton, A. T,; Pringle, P. G.; Shaw, B. L. J. Chem.
Soc., Dalton Trans. 1984, 1815. (b) Manojlovic-Muir, L.; Henderson, A.
N.; Treurnicht, L; Puddephatt, R. J. Organometallics 1989, 8, 2055. (c)
Stang, P. J.; Kowalski, M. H. J. Am. Chem. Soc. 1989, 111, 3356. (d)
Manojlovic, L.; Muir, K. W.; Treurnicht, I.; Puddephatt, R. J. Inorg.
Chem. 1987, 26, 2418. (e) Furlani, A.; Licoccia, S.; Russo, M. V.;
Chiesi-Villa, A.; Guastini, C. J. Chem. Soc., Dalton Trans. 1984, 2197. (f)
Sebald, A.; Wrackmeyer, B.; Theocharis, C. R.; Jones, W. J. Chem. Soc.,
Dalton Trans. 1984, 747. (g) Alcock, N. W.; Kemp, T. J.; Pringle, P. G;
Bergamini, P.; Traverso, O. J. Chem. Soc., Dalton Trans. 1987, 1659. (h)
Espinet, P.; Forniés, J.; Martinez, F.; Tomds, M.; Lalinde, E.; Moreno,
M. T,; Ruiz, A.; Welch, A. J. g Chem. Soc., Dalton Trans. 1990, 791. (i)
Espinet, P.; Forniés, J.; Martinez, F.; Sotés, M.; Lalinde, E.; Moreno, M.
T.; Ruiz, A.; Welch, A. J. J. Organomet. Chem. 1991, 403, 253.

(13) (a) Ogawa, H.; Onitsuka, K.; Joh, T.; Takashi, J.; Takahashi, S.;
Yamamoto, Y.; Yamazaki, H. Organometallics 1988, 7, 2257. (b) Cardin,
C. J.; Cardin, D. J.; Lappert, M. F.; Muir, K. W. J. Organomet. Chem.
1973, 60, C70. (c) Furlani, A.; Russo, M. V,; Villa, A. C.; Manfredotti, A.
G.; Gustini, C. J. J. Chem. Soc., Dalton Trans, 1977, 2154,

(14) Usdn, R.; Forniés, J.; Tomés, M.; Menjén, B.; Welch, A. J. J.
Organomet. Chem. 1986, 304, C24.
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Figure 1. View of the structure of complex [{{(dppe)Pt(C=
CPh),JPt(CgF;5)s] (3) with the atomic numbering scheme.

Table II. Selected Bond Distances (A) and Bond Angles
(deg) for Complex 3

Pt(1)-P(1) 2.271 (6) Pt(1)-P(2) 2.282 (6)
Pt(1)-C(27) 2.009 (12)  Pt(1)-C(35) 1.983 (12)
Pt(2)-C(27) 2.345 (12)  Pt(2)-C(28) 2.336 (12)
Pt(2)-C(35) 2.279 (12)  Pt(2)-C(36) 2.269 (13)
Pt(2)-C(43) 2.033 (13)  P(2)C(49) 2.033 (14)
P(1)-C(1) 1.842 (1499 P(1)-C(3) 1.809 (10)
P(1)-C(9) 1.816 (10)  P(2)-C(2) 1.848 (14)
P(2)-C(15) 1.809 (9) P(2)-C(21) 1.818 (10)
C(1)-C(2) 1.573 (21)  C(27)-C(28) 1.234 (16)
C(28)-C(29) 1.427 (14)  C(35)-C(36) 1.229 (17)
C(36)-C(37) 1462 (15)  C(43)-C(44) 1.358 (16)
C(43)-C(48) 1375 (18)  C(44)-C(45) 1.415 (18)
C(44)-F(1) 1.352 (15)  C(45)-C(46) 1.357 (21)
C(45)-F(2) 1.353 (15)  C(46)-C(47) 1.336 (20)
C(46)-F(3) 1.342 (17)  C(47)-C(48) 1.382 (20)
C(47)-F4) 1.358 (17)  C(48)-F(5) 1.337 (16)
C(49)-C(50) 1.346 (19)  C(49)-C(54) 1.383 (21)
C(50)-C(51) 1375 (22)  C(50)-F(6) 1.364 (18)
C(51)-C(52) 1.304 (20)  C(51)-F(7) 1.403 (18)
C(52)-C(53) 1.350 (28)  C(52)-F(8) 1.337 (22)
C(53)-C(54) 1.341 (23)  C(53)-F(9) 1.354 (24)
C(54)-F(10) 1.385 (17)
P(1)-Pt(1)-P(2) 859 (2) P(1)-Pt(1)-C(27) 1734 (3)
P(2)-Pt(1)-C(27) 100.1 (3) P(1)-Pt(1)-C(35)  94.6 (3)
P(2)-Pt(1)-C(35) 1778 (3) C(27)-Pt(1)-C(35) 79.3 (4)
C(27)-Pt(2)-C(28) 30.6 (4) C(35)~Pt(2)-C(36) 31.4 (4)
C(43)-Pt(2)-C(49) 881 (5) Pt(1)-P(1)-C(1) 107.3 (5)
Pt(1)-P(1)-C(3) 114.5 (3) C(1)-P(1)-C(3) 107.8 (6)
Pt(1)-P(1)-C(9) 1145 (3) C(Q1)-P(1)-C(9) 105.7 (6)
C(3)-P(1)~C(9) 106.6 (4) Pt(1)-P(2)-C(2) 107.2 (4)
Pt(1)-P(2)-C(15) 1174 (3) C(2)-P(2)-C(15) 103.7 (5
Pt(1)-P(2)-C(21) 1151 (3) C(2)-P(2)-C(21) 107.9 (5)
C(15)-P(2)-C(21) 104.7 (4) P(1)-C(1)-C(2) 106.7 (9)

P(2)-C(2)~C(1) 108.4 (9) Pt(1)-C(27)-C(28) 167.2 (10)
C(27)-C(28)-C(29) 164.6 (12) Pt(1)-C(35)-C(36) 159.2 (10)
C(35)-C(36)-C(37) 156.2 (12)

plexes.#1012hi15 - Ag g consequence of the 52 coordination
on the acetylide ligands to Pt(2), these groups are not
linear; the angles Pt(1)-C(27)-C(28) = 167.2 (10), Pt-
(1)-C(35)—-C(36) = 159.2 (10), C(27)-C(28)-C(29) = 164.6
(12), and C(85)—C(36)—C(37) = 156.2 (12)° are in the range

(15) (a) Churchill, M. R.; Bezman, S. A. Inorg. Chem. 1974, 13, 1418,
(b) Corfield, P. W. R.; Shearer, H. M. M. Acta Crystailogr. 19686, 21, 957.
(¢) Bruce, M. L; Clark, R.; Howard, J.; Woodward, P. J. Organomet.
Chem. 1972, 42, C107. (d) Hartley, F. R. Comprehensive Organometallic
Chemistry; Wilkinson, G., Stone, F. G. A., Abel, E. A,, Eds.; Pergamon
Press: Oxford, UK., 1982; Vol. 6, p707, and references therein.
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Figure 2. Schematic view of the u-n*-bonded acetylide groups
for the complex [{(dppe)Pt(C=CPh),JPt(C¢F;),] (3) with bond
lengths in A.

found in other similar u—7? bridging acetylide complex-
8. 3-5:1012hi1817  Both acetylide ligands have a trans-bent
arrangement. Although usually cis-bent arrangements
have been observed in metal-olefin or —acetylene com-
plexes,'8 cis- and/or trans-bent arrangements have been
found in acetylide complexes containing o- and r-acetylide
bonds, 12817

On the other hand, the dihedral angle formed by the best
least-squares planes around each platinum environment
is 133.74°; the angles formed by C=C triple bonds and the
corresponding vectors defined by Pt(2) and the midpoints
of the C=C bonds are 91.59 and 90.48°, respectively, and
C=C triple bonds are inclined by 40.87 and 39.39° to the
normal to the coordination plane of Pt(2) (best least-
squares plane defined by C(ipso) atoms of the C.F; groups,
Pt(2), and the midpoints of the C=C triple bonds). Fi-
nally, the distance between Pt(1) and Pt(2) is 3.27 &, ex-
cluding any metal-metal bonding interaction.

IR and NMR Spectra. All complexes show two ab-
sorptions in the 805-775-cm™ region due to the X-sensitive
mode of the C;F; groups, thus indicating that both C¢F;
groups are in cis positions.’®* Complexes 4, 5, 6, and 8
exhibit one weak absorption in the 2017-2053-cm™ region
assignable to »(C=C) of the acetylide groups, in the range
expected for carbon—carbon triple bonds side-on coordi-
nated to a transition-metal center.?®*? Absorptions due
to ¥(C=C) for complexes 1, 2, 3, and 7 were not observed
in their IR spectra.

The 'H and 3P NMR data for complexes 1-8 are in good
agreement with the proposed structures. According to the
proposed formulas the complexes must have a symmetry
plane which makes the two phosphorus atoms (for com-
plexes 1-4, 7, and8) and the two ‘Bu groups (for 2, 4, 6,
and 8 ) equivalent. In keeping with all this, ‘H NMR

(16) (a) Nucciarone, D.; MacLaughlin, S. A.; Taylor, N. J.; Carty, A.
J. Organometallics, 1988, 7, 106. (b) Carriedo, G. A.; Miguel, D.; Riera,
V.; Soléns, X. J. Chem. Soc., Dalton Trans. 1987, 2867. (c) Cherkas, A.
A.; Randall, L. H.; MacLaughlin, S. A,; Mott, G. N.; Taylor, N. J.; Carty,
A. J. Organometallics 1988, 7, 969. (d) Blagg, A.; Robson, R.; Shaw, B.
L.; Thornton-Pett, M. JJ. Chem. Soc., Dalton Trans. 1987, 2171. (e)
Cowie, M.,; Loeb, S. J. Organometallics 1985, 4, 852. (f) Carty, A. J;
Taylor, N. J.; Smith, W. F. J. Chem. Soc., Chem. Commun. 1979, 750.

(17) (a) Churchill, M. R.; DeBoer, B. G. Inorg. Chem. 1975, 14, 2630.
(b) Smith, W. F.; Yule, J.; Taylor, N. J.; Paik, H. N.; Carty, A. J. Inorg.
Chem. 1977, 16, 1593. (c) Davies, G. R.; Mais, R. H. B.; Owston, P. G.
J. Chem. Soc. A 1967, 1750.

(18) (a) Ittel, S. D.; Ibers, J. A. Adv. Organomet. Chem. 1976, 14, 33.
(b) Otsuka, S.; Nakamura, A. Adv. Organomet. Chem. 1976, 14, 245.

(19) (a) Maslowsky, E., Jr. Vibrational Spectra of Organometallic
Compounds; Wiley: New York, 1977; p 437.
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Figure 3. F NMR spectra for the complex [{(PPh,),Pt(C=
CPh)oiPt(CeF5),] (1): (a) at 20 °C; (b) at —55 °C.

spectra of tert-butylacetylide complexes show only one
resonance singlet due to *Bu groups. The signals due to
the phosphorus atoms of PPh; (complexes 1, 2, 7, and 8)
and dppe (complexes 3 and 4) appear as a pseudotriplet
(1:4:1) because of coupling with %Pt (abundance 33.7%).
For the heterometallic complexes 7 and 8, these phos-
phorus signals with platinum satellites indicate that both
phosphines are bonded to the platinum atom.

The °F NMR spectra are more interesting. The spectra
of complexes with R = *Bu (2, 4, 6, and 8) are typical of
static molecules on the NMR time scale. They consist of
five signals of equal intensity, thus indicating that both
C¢F; groups are equivalent but the five fluorine atoms on
each C;F; are inequivalent. This pattern is in keeping with
the structure found for complex 3 (see Figure 1), for which
the bent conformation of the diplatinacycle should give
rise to the inequivalence of the two ortho fluorine and the
two meta fluorine (endo and exo) atoms.

In contrast, at room temperature the °F NMR spectra
of phenylacetylide complexes (1, 3, 5, and 7) only exhibit
three signals (2:1:2). This pattern is typical of an
AA’MXX'’ system in which the two ortho fluorines are
(although magnetically inequivalent) isochronous, and the
same applies to the two meta fluorine atoms (see Figure
3, for complex 1). This spectral pattern can be explained
in terms of the occurrence of a dynamic process involving
a rapid intramolecular exchange of the M(CgF;), unit
which equilibrates the two ortho fluorines (and the two
meta fluorines as well) on each CgF;.

A plausible mechanism via an intermediate or a tran-
sition state with one of the acetylide ligands symmetrically
bridging the two metal atoms is presented in eq 2. It
should be noted that this process can be more favorable
for the pheny!l derivatives, since the positive charge de-
veloped at the §8-position of acetylide can be stabilized by
conjugation with the 7 electrons of the phenyl group.
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When complexes 1 and 3 were cooled, the F ;. and F, ..
signals split into two different absorptions (55 °C for 1
(see Figure 3) and -80 °C for 3). The spectrum of complex
5 at 55 °C shows two signals corresponding to the F .,
atoms, and F,,.,, appears as a broad signal (see Table I);
however, when complex 7 is cooled to -55 °C, the F .,
signals do not split but the F,,, signal is slightly broad-
ened.

On the other hand, we sought to probe the dynamic
behavior of tert-butylacetylide derivatives (2, 4, 6, and 8)
at high temperature. When the temperature was increased
to 50 °C, the resonance due to para fluorine atoms re-
mained unchanged in all complexes but the resonances due
to the ortho and meta fluorine atoms clearly broadened
for complexes 2, 4, and 6 (for complex 6 the signal due to
meta fluorine atoms even appears as a broad signal),
suggesting the beginning of the occurrence of the dynamic
behavior. However, complex 8 shows the same sharp
pattern even when heated to 50 °C.

Synthesis and Characterization of Q,[(C.F;)R'Pt-
(u-C=CR),Pt(C;¥F;),] (R’ = C;F;, C=CR). In contrast
with the above-mentioned reactions (eq 1), the anionic
platinum substrates Q,[cis-Pt(CsF;),(C=CR),] (R = Ph,
Q = PMePh;; R = '‘Bu, @ = NBu,)'% and Q,[Pt(C.Fs)-
(C=CR)3] (R = Ph, Q = PMePhy; R = 'Bu, Q = NBu,)
(see the Experimental Section) react with [cis-M(C¢F;),-
(THF),] (M = Pt, Pd; THF = tetrahydrofuran), yielding
anionic binuclear derivatives (see eq 3) with the double
acetylide bridges adopting the bonding situation III de-
picted in Chart 1.

The reactions yielding 9, 10, 13, and 14 were carried out
at room temperature, while the low stability of the binu-
clear mixed-metal complexes (palladium-platinum) re-
quires the use of lower temperature (-10 °C) and a N,
atmosphere. Analytical results (C, H, and N), molar
conductivities, and relevant IR and !H NMR data for these
complexes are given in the Experimental Section. Their
conductivities in acetone solutions are those expected for
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Qofcis-Pt{CgFs)R(C=CR),] + [cis-M(CgFs)2(THF);] —=

— -
AN
c
e
CoFs CoFs
Q| N7 + 2THF  (9)
S Ne TN
R e Cofs
¢

N _J
9:M = Pt, R’ = CgFs, R = Ph, Q = PMePh,
10: M = Pt, R’ = CgFs, R = 'Bu, @ = NBu,
11: M = Pd, R’ = C¢Fs, R = Ph, Q = PMePh,
12a,b: M = Pd, R’ = C¢Fs, R = ‘Bu, Q = NBuy
13:M=Pt,R'=C,=CR, R = Ph, Q = PhMePh,
14:M=Pt, R’ =C=CR, R =By, Q = NBu,

2:1 electrolytes.?’ The structural characterization of these
complexes has been carried out on the basis of their IR
and NMR spectra. The structure of complex 9 has been
established by a single-crystal X-ray diffraction study and
is described below.

The reaction between (NBuy),[cis-Pt(CgF5)o(C=C'Bu),]
and [cis-Pd(C4F5),(THF),] deserves some comment. If an
equimolar mixture of (NBu,),[cis-Pt(CsF;5)o(C=C'Bu),]
and [cis-Pd(C¢F5)o(THF),] in diethyl ether is stirred at 10
°C for 15 min, the two products 12a and 12b can be ob-
tained (see the Experimental Section). Complex 12a (60%
yield) precipitates as a white solid during the reaction time,
and the evaporation of the filtrate affords the yellow solid
12b (15% yield). However, if the mixture is stirred for 6
h, 12b is the only resulting product (65% yield). Both
complexes are analyzed as (NBu,),[PtPd(C4F;),(C=
C'Bu),], and 12a isomerizes is solution to 12b (see Ex-
perimental Section). Both facts suggest that 12a is an
intermediate in the formation of 12b.

[cis-Pt(CgFs)o(C=CBu),J2- + [cis-M(Cst)g(THF)zl—i>

— —_2~ _— —_2—
R R
¢’ Ne
c///~ \\\c
Cst\P‘/ \\ /CGF5 -1» Cst\ ,a' \M/Cst (4)
P‘
/ N\. 7N\ / N. 2N\
CeFs Ca’ CoFs CoFs Coe’ CeFs
\\C\ \\C\
R R
A 8

M=Pd R="8Bu (anion of 12a) M=Pd R= '‘Bu (anion of 12b)

Bearing in mind the results described in the above
section (eq 3), it seems sensible to assume that complexes
9-14 are formed in two steps: (i) the initial formation of
the bis(alkyne)-type adducts A (12a is probably the only
one of these intermediates stable enough to be isolated)
and (ii) the rearrangement to give the binuclear doubly
bridged acetylide complexes B (in the case of 12 the
transformation of 12a to 12b). This rearrangement is in
fact an alkynylating process of the fragment M(CgF),.
Such a process does not take place when the neutral de-
rivatives cis-L,Pt(C==CR), are reacted with M(CgF5),-
(THF), (eq 1), in keeping with previous observations in
anionic pentafluorophenyl or pentachlorophenyl palladate
or platinate substrates which indicate that the metallic
substrate with the higher negative charge has the higher

(20) Geary, W. J. Coord. Chem. Rev. 1971, 7, 81.
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Figure 4. Structure of the anion [(C¢F;),Pt(u-C=CPh),Pt(C¢F5),]> in complex 9 showing the two orientations of the phenyl groups.

arylating capability.?! On the other hand, the transferral
of one acteylide group from one metal center (eq 4) to the
other yields a complex less polar (eq 4, B) than would have
been expected otherwise (eq 4, A).

Structure of (PMePh,),{(CF;),Pt(u-C=CPh),Pt-
(CeFy)2] (9). The structure of one complex of this family
9 has been established by an X-ray diffraction study.
Suitable crystals were obtained by slow diffusion of n-
hexane through an acetone solution of 9 at room tem-
perature.

An ORTEP drawing of the anion is presented in Figure
4. Selected bond distances and angles are listed in Table
ITI. As can be seen, the anion is an alkynyl-bridged dimer
formed by the mutual interaction of two nearly identical
(CgF5);Pt(C=CPh) units so that in each unit the platinum
atom is ¢-bonded to two CgF; groups (in cis positions) and
to one C=CPh group and x-bonded to the C=C triple
bond of the phenylacetylide ligand of the other unit. The
acetylide ligands adopt the bonding situation III depicted
in Chart I. The central C,Pt, core is not planar, and the
best least-squares planes defined by the atoms Pt(1), Pt(2),
C(1), and C(2) and Pt(1), Pt(2), C(9), C(10) form a dihedral
angle of 135.83°, A similar nonplanar structure has been
found in [(COD)Ir(C=CPh)],* (C) (dihedral angle 129°),
but [Cp,Ti(C=CSiMe,)],* (D) and [(MeCp),Zr(C=CPh)],*
(E) display planar C,M, cores. The bond lengths Pt(1)-
C(1), Pt(1)-C(2) (2.263 (12), 2.267 (12) A) and Pt(2)-C(9),
Pt(2)-C(10) (2.369 (15), 2.304 (15) A) are similar to those
found in 3 and show that the platinum =-linkages are

nearly symmetric. The C=C distances (C(1)-C(2) = 1.230
(19), C(9)-C(10) = 1.219 (17) A) are identical (within ex-
perimental error) with the corresponding distances found
in other similar complexes: C, 1.21 (3) and 1.23 (2) A;* D,
1.253 (15) A E, 1.261 A%

Despite the complexation of the acetylide 7-system to
the second platinum center, the C=C distances found in
9 are similar to the average of C==C distances found in
acetylenes (1.20 A)? and the Pt-C,~C; fragments remain
almost linear (Pt(1)-C(9)-C(10) = 173 2 (1.1), Pt(2)-C-
(1)-C(2) = 170.4 (1.0)°). However, the deviations from
linearity are more pronounced in the fragment containing
the C atoms which bear the phenyl substituent (C(1)~-C-
(2)-C(3) = 152.6 (1.2)°, C(9)~C(10)~-C(11’) = 147.5 (2.0)
or C(9)-C(10)-C(11”) = 160.5 (1.7)°). A similar situation
has been found in the related acetylide dimers C-E, for
which a considerable m-component in bonding has been
proposed.

The distances between the Pt atoms is 3.43 A, indicating
that no metal-metal interaction is present.

Disorder was observed in the phenyl group of one of the
alkynyl ligands. A model in which two orientations of the
arylic group were given equal weight allowed proper re-
finement of the structure. Figure 4 shows these orienta-
tions, along with their numbering scheme (rings C(11")-
C(16’) and C(11)-C(16")).

The disorder of this group accommodates the packing
of the molecules in the crystal in a fashion which can be
seen clearly in a drawing of the extended structure. The

(21) (a) Usén, R.; Forniés, J.; Tomds, M.; Casas, J. M.; Navarro, R. J.
Chem. Soc., Dalton Trans. 1989 169. (b) Uson,R Formés J.; Tomas,
M.; Ara, L; Casas,J M.; Martin, A. J. Chem. Soc., Dalton Trans 1991,
2953.

(22) (a) March, J. Advanced Organic Chemistry, 3rd ed.; Wiley: New
York, 1985; Cahpter 1. (b) Simonetta, M.; Gawezzoti, A. In The Chem-
istry of the C=C Triple Bond; Patai, S., Ed.; Wiley: New York, 1978;
Part 1.
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Table III. Selected Bond Distances (A) and Bond Angles
(deg) for Complex 9

C(1)-P1(1) 2.263 (12)  C(2)-Pt(1) 2.267 (12)
C(17)-Pt(1) 2.049 (12)  C(23)-Pt(1) 2.029 (13)
C(9)-Pt(1) 2023 (13) C(1)-Pt(2) 1.978 (14)
C(9)-Pt(2) 2.369 (15)  C(10)-Pt(2) 2.304 (15)
C(29)-P1(2) 2,057 (14)  C(35)-Pt(2) 2.002 (16)
C(41)-P(1) 1.802 (19)  C(42)-P(1) 1.779 (11)
C(48)-P(1) 1778 (10)  C(54)-P(1) 1.777 (10)
C(60)-P(2) 1.787 (13)  C(66)-P(2) 1.776 (12)
C(72)-P(2) 1.787 (9) C(78)-P(2) 1.816 (14)
C(2)-C(1) 1.230 (19)  C(3)-C(2) 1.458 (14)
C(18)-C(17) 1397 (21)  C(22)-C(17) 1.429 (22)
C(19)-C(18) 1.380 (18)  F(1)-C(18) 1.378 (20)
C(20)-C(19) 1.350 (27)  F(2)-C(19) 1.321 (21)
C(21)-C(20) 1.382 (25)  F(3)-C(20) 1.349 (16)
C(22)-C(21) 1.358 (18)  F(4)-C(21) 1.335 (20)
F(5)-C(22) 1.346 (19)  C(24)-C(23) 1.388 (25)
C(28)-C(23) 1.374 (18)  C(25)-C(24) 1.365 (23)
F(6)-C(24) 1.328 (16)  C(26)-C(25) 1.327 (24)
F(7)-C(25) 1.381 (25)  C(27)-C(26) 1.381 (30)
F(8)-C(26) 1.339 (19)  C(28)-C(27) 1.391 (21)
F(9)-C(27) 1.329 (18)  F(10)-C(28} 1.367 (19)
C(10)-C(9) 1219 (17)  C(11)-C(10)  1.517 (25)
C(11")-C(10)  1.429 (18)  C(30)-C(29) 1.470 (20)
C(34)-C(29) 1.383 (21)  C(31)-C(30) 1.505 (29)
F(11)-C(30) 1.222 (20)  C(32)-C(31) 1.319 (31)
F(12)-C(31) 1.297 (22)  C(33)-C(32) 1.366 (32)
F(13)-C(32) 1.464 (32)  C(34)-C(33) 1.471 (34)
F(14)-C(33) 1.316 (31)  F(15)-C(34) 1.340 (20)
C(36)-C(35) 1.381 (22)  C(40)-C(35) 1.381 (18)
C(87)-C(36) 1.339 (26)  F(16)-C(36) 1.372 (15)
C(38)-C(37) 1.380 (21)  F(17)-C(37) 1.353 (19)
C(39)-C(38) 1.307 (27)  F(18)-C(38) 1.382 (22)
C(40)-C(39) 1.397 (25)  F(19)-C(39) 1.345 (17)
F(20)-C(40) 1.349 (19)
C(2)-Pt(1)-C(1) 315 (6) C17)-Pt(1)-C(1) 109.5 (5)
C(17)-Pt(1)-C(2) 846 (5) C(23)-Pt(1)-C(1) 160.1 (5)
C(23)-Pt(1)-C(2) 167.5 (6) C(23)-Pt(1)-C(17) 88.0 (5)
C(9)-Pt(1)-C(1) 708 (5)  C(9)-Pt(1)-C(2) 96.7 (5)
C(9)-Pt(1)-C(17) 176.5 (5)  C(9)-Pt(1)-C(23) 91.1 (5)
C(9)-Pt(2)-C(1) 69.2 (5) C(10)-Pt(2)-C(1) 96.1 (5)
C(10)-Pt(2)-C(9) 30.2 (4) C(29)-Pt(2)~C(1) 175.2 (6)
C(29)-Pt(2)-C(9) 115.5 (5)  T(29)-Pt(2)-C(10) 88.2 (6)
C(35)-Pt(2)-C(1) 90.0 (5) C(35)-Pt(2)-C(9) 168.6 (5)
C(35)-Pt(2)-C(10)  169.1 (4) C(35)-Pt(2)-C(29) 85.4 (6)
C(42)-P(1)-C(41) 106.8 (7)  C(48)-P(1)-C(41) 110.9 (7)
C(48)-P(1)-C(42) 1104 (6) C(54)-P(1)-C(41) 109.3 (7)
C(54)-P(1)-C(42) 111.1 (5)  C(54)-P(1)-C(48) 108.3 (5)
C(86)-P(2)-C(60) 1104 (5) C(72)-P(2)-C(60) 106.6 (5)
C(72)-P(2)-C(66) 112.3 (5) C(78)-P(2)-C(60) 108.7 (7)
C(78)-P(2)-C(66) 1105 (7)  C(78)-P(2)-C(72) 108.1 (6)
Pt(2)-C(1)-Pt(1) 1078 (6) C(2)-C(1)-Pt(2) 170.4 (10)
C(3)-C(2)-Pt(1) 1325 (9) C(3)-C(2)-C(1) 152.6 (12)
C(43)-C(42)-P(1) 119.6 (9) C(47)-C{42)-P(1) 120.4 (10)
C(49)-C(48)-P(1) 121.6 (9) C(53)-C(48)-P(1) 118.4 (6)
C(55)-C(54)-P(1) 1182 (6) C(59)-C(54)-P(1) 121.8 (7)
Pt(2)-C(9)-Pt(1) 1025 (6) C(10)-C(9)-Pt(1) 173.2 (1)
C(11)-C(10)-Pt(2) 133.7 (14) C(11)-C(10)-C(9)  147.5 (20)
C(11")-C(10)-Pt(2) 121.4 (12) C(11”)~-C(10)-C(9) 160.5 (17)

C(12)-C(11)-C(10) 118.9 (22) C(16)-C(11)-C(10) 118.5 (19)

C(30)-C(29)-Pt(2)  118.8 (10) C(34)-C(29)-Pt(2) 121.0 (10)
C(34)-C(29)-C(30) 120.1 (14) C(31)-C(30)-C(29) 116.1 (14)
F(11)-C(30)-C(29)  122.0 (16) F(11)-C(30)-C(31) 121.9 (15)
C(32)-C(31)-C(30) 116.2 (18) F(12)-C(31)-C(30) 113.6 (17)
F(12)-C(31)-C(32) 130.1 (21) C(33)-C(82)-C(31) 132.6 (26)
F(13)-C(32)-C(31)  112.1 (19) F(13)-C(32)-C(33) 115.0 (21)
C(34)-C(33)-C(32) 111.7 (21) F(14)-C(33)-C(32) 127.1 (26)
F(14)-C(33)-C(34) 121.1 (20) C(33)-C(34)-C(29) 123.2 (15)
F(15)-C(34)-C(29) 123.6 (17) F(15)-C(34)-C(33) 112.8 (16)
C(61)-C(60)-P(2) 120.2 (10) C(85)-C(60)-P(2) 119.8 (8)

C(67)-C(66)-P(2) 119.6 (8) C(71)-C(66)-P(2) 120.4 (8)

C(73)~C(72)-P(2) 119.8 (7)  C(77)-C(72)-P(2) 120.1 (7)

disordered congeneric phenyl group C(11')-C(16), in the
absence of disorder, would make an impossibly short
contact with the same group of a neighboring molecule
related by a crystallographic inversion center.? If the
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neighboring molecule presents the second congener of the
disordered phenyl moiety C(11”)-C(16"), no short contacts
exist between the two molecules. It is thus clear that the
disorder is the result of packing effects and does not rep-
resent features primarily attributable to the conformational
predispositions of the free molecule.

IR and NMR Spectra. The IR spectra of the anionic
complexes 9-14 exhibit in all cases one strong absorption
in the 1931-2041-cm™ region which is assigned to the v-
(C==C) stretching vibration of the Pt(u-C=C),M moiety.
The shift to lower wavenumber with respect to those of
the starting complexes is consistent with the coordination
of the acetylenic group to the adjacent metal atom.5>12hi
On the other hand, the “asymmetric” diplatinum com-
plexes Q[ (CeF)(C=CR)Pt(u-C=CR),Pt(C¢Fs),] (R = Ph,
Q = PMePh, (13); R = '‘Bu, Q@ = NBu, (14), in addition
to the absorptions attributable to the Pt(u-C=CR),Pt
moiety (1956 cm™, 13; 1934 cm™., 14), exhibit another band
at 2109 cm™ assignable to the »(C==C) band of the terminal
acetylide ligand. Furthermore, complexes 10, 12b, and 14
show two IR absorptions in the 800-780-cm™ region due
to the X-sensitive mode of the C;F; group, indicating that
the cis geometry is retained after the reaction.’® Complex
12a exhibits in this region three absorptions with different
intensities. For 9, 11, and 13 the absorptions around 800
c¢m! cannot be unambiguously assigned since the cation
[PMePh,]* shows internal absorptions in this zone.

The F NMR spectra of complexes 9-14 reveal that, as
is usual for other o—w-acetylide complexes,1%2 these
derivatives display a dynamic behavior on the NMR time
scale. For complexes 9 and 10 one should expect to observe
signals due to the presence of two nonequivalent penta-
fluorophenyl groups; in addition, the bent disposition of
the dimers (see X-ray structure of 9) should give rise to
inequivalence of the ortho fluorine atoms (and the meta
fluorine atoms as well), on each C¢F; group. Thus, for a
static behavior of 9 and 10 the °F NMR spectra should
present a complex pattern with four ortho, two para, and
four meta fluorine resonances. However, at room tem-
perature the spectra show only three signals (2:1:2) (see
Table I), indicating an apparent overall Dy, symmetry.
When the temperature is lowered, (-60 °C), the spectrum
of 9 shows inequivalence of the two ortho fluorines and
a broad but unresolved signal can be assigned to the meta
fluorines. However, the ¥F spectrum of 10 at 60 °C shows
the same pattern that is observed at room temperature (see
Table I). All these facts can be satisfactorily explained
by assuming the following: (a) An intramolecular C=CR
migration occurs between the platinum atoms even at low
temperature (very fast transformation of F into G or vice
versa; Scheme I). Such migration could proceed via an
intermediate such as H with symmetrical acetylide bridges.
(b) On the other hand, since at room temperature the C¢F;
ligands give an spectrum with equivalent F ;. atoms and
equivalent F_ ., atoms as well, a second temperature-de-
pendent process must be operating. Since the molecule
hss a bent arrangement, an inversion of the diplatinacycle
is required to produce a time-averaged plane of symmetry.
A plausible mechanism for the inversion process is depicted
in Scheme I.

Finally, the °F NMR spectrum of 9 seems to indicate
that in this case the energy barrier between F and G or

(23) A drawing showing the interactions between two neighboring
molecules is available as supplementary material.

(24) (a) Akita, M.; Terada, M.; Oyama, S.; Moro-oka, Y. Organo-
metallics 1990, 9, 816. (b) Hwang, D.-K,; Chi, Y.; Peng, S.-H.; Lee, G.-H.
Organometallics 1990, 9, 2709. (c) Koridze, A. A.; Kizas, O. A.; Petrovskii,
P. V,; Kolobova, N. E,; Struchkov, Yu. T.; Yanovsky, A. L. J. Organomet.
Chem. 1988, 338, 81.
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F’ and G’ is smaller than that of the inversion process
involving H and H'.

If it is assumed that the mixed-metal complexes 11 and
12b display a structure similar to that of 9, one should
expect a ¥F NMR spectrum corresponding to four in-
equivalent CgF; ligands and five signals for each CiF
group. However, the spectra of 11 and 12b (since 12a
isomerizes to 12b in solution, both complexes have iden-
tical spectra) display only two sets of three signals corre-
sponding to two inequivalent C¢F; rings, the one bonded
to palladium and the other one bonded to platinum. Table
I collects the 19F NMR data. The assignment has been
carried out tentatively on the following bases: (a) signals
due to ortho fluorine atoms of the CsF; groups bonded to
platinum display satellites and (b) the signals due to F
atoms of C;F; groups bonded to platinum generally appear
at higher field than the similar signals corresponding to
C¢Fs groups bonded to palladium, in accordance with
previous results on related pentafluorophenyl mixed-Pd-Pt
complexes.?l# This pattern can easily be understood by
assuming the 11 and 12b exhibit in solution a dynamic
process similar to those described for 9 and 10. Further
indication of the dynamic behavior of the acetylide is ob-
served in the 'H NMR spectrum of 12b, in which only one
singlet corresponding to the tert-butyl groups is observed
at room temperature, while a static structure would have
two signals for the CH; groups of the Bu'.

In the static structures of the “asymmetric” diplatinum
complexes 13 and 14 there are three chemically distinct
C¢F5 groups and three different C=CR ligands as well.
However, it should be noted that, even with rapid inter-
change of acetylide ligands between the two metals, the
C¢F; rings and likewise C==CR groups will not be equiv-
alent. At low field the °F NMR spectra of complexes 13
and 14 display three ortho fluorine resonances, each
probably corresponding to one nonequivalent C¢F; ring,
but overlapping of the signals due to para and meta
fluorine atoms of all CgF; groups is observed in both
complexes (see Table I). The 'H NMR spectrum of com-
plex 14 also exhibits three different tert-butyl single res-
onances corresponding to three nonequivalent C=C'Bu
ligands, in addition to signals due to NBu,*.

Experimental Section
C, N, and H analyses were determined with a Perkin-Elmer

240-B microanalyzer. Infrared spectra (range 4000200 cm™) were
recorded on a Perkin-Elmer 883 spectrometer using Nujol mulls
between polyethylene sheets. Internal absorptions of the CgF;
groups are observed at ca. 1630, 1500, 1060, and 950 cm™! in all
complexes. In addition, complexes with C==C'Bu groups show
bands at ca. 1240 and 1200 cm™ and complexes with C=CPh
groups at ca. 755 and 690 cm™!. For complexes 9, 11, and 13 the
absorptions due to »(CgFs)x.cens cannot be unambiguously assigned
since the cation (PMePh,)* (used for solubility reasons) shows
internal absorptions in this zone. Proton, °F, and P NMR
spectra were recorded on a Varian XL-200 spectrometer operating
at 200.057, 188.220, and 80.984 MHz, respectively; chemical shifts
(ppm) are reported relative to SiMe,, CFCl, and 85% H PO, (as
external references). Molecular weights were determined with
a Knauer osmometer using chloroform solutions. Conductivities
were measured in ca. 5 X 10~ mol dm™ acetone or nitromethane
solutions using a Phillips 9501/01 conductimeter.

The starting materials (PMePh;),[Pt(CsF5):(C=CPh),,!%
(NBu,),[Pt(CgF5)o(C=C'Bu),],** [Pt(C=CPh),(COD)}* [cis-
Pt(C=CPh),(PPhy),],? [cis-M(C¢F;)(THF),] (M = Pt, Pd),® and
[Pty(u-C1)o(CFs)o(tht),]?” were prepared by following literature
methods. [cis-Pt(C=CPh),(dppe)]® was prepared by reacting
[Pt(C=CPh),(COD)] with dppe. Other starting materials were
prepared as described below.

Preparation of [Pt(C=C'Bu),(COD)]. To a suspension of
[PtCl,(COD)] (0.6 g, 1.6035 mmol) in ethanol (10 mL) at 0 °C
and under nitrogen was added a freshly prepared mixture of
tBuC=CH (0.2769 g, 3.36735 mmol) and sodium ethoxide (pre-
pared from 0.15 g of sodium and 10 mL of ethanol) dropwise with
constant stirring. After 2 h of stirring the resulting suspension
was evaporated to dryness and the residue was extracted with
dichlorometane. The solution was evaporated to dryness, and
n-hexane was added to the residue to give [Pt(C=C'Bu),(COD)]
as a white solid. A second amount was collected when the hexane
filtrate was stored overnight in the freezer (78% yield). Anal.
Found (calcd): C, 51.46 (51.59); H, 6.60 (6.49). 'H NMR (CDCl,):
8 1.2 (s, *Bu), 2.48 (s, CH,, COD), 5.43 (t, =CH, COD). Molecular
weight found (caled): 460.3 (465.55).

Preparation of cis-[Pt(C=C'Bu),L,] (L, = 2 PPh,, dppe).
Both complexes were prepared from [Pt(C==C'Bu),(COD)]. Solid
triphenylphosphine (0.1127 g, 0.4296 mmol) or 1,2-bis(di-
phenylphosphino)ethane (0.0856 g, 0.2148 mmol) was added to

(25) Cross, R. J.; Davidson, M. F. J. Chem. Soc., Dalton Trans. 1986,
1987.
(26) Usdn, R.; Forniés, J.; Toméas, M.; Menjoén, B. Organometallics
1985, ¢, 1912,
(27) Usén, R.; Forniés, J.; Espinet, P.; Alfranca, G. Synth. React.
Inorg. Met.-Org. Chem. 1980, 10, 579.
(28) Nast, R.; Voss, J.; Kramolowsky, R. Chem. Ber. 1975, 108, 1511.
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a solution of [Pt(C=C'Bu),(COD)] (0,1 g, 0.2148 mmol) in diethyl
ether (30 mL) for L, = 2 PPh; or acetone (20 mL) for L, = dppe,
and the mixture was stirred for 2 h at room temperature. [cis-
Pt(C=C'Bu),(PPh,),]} precipitated as a white solid, which was
filtered, washed with diethyl ether, and air-dried. The pale yellow
solution obtained for L, = dppe was evaporated to dryness, and
addition of diethyl ether to the residue rendered [Pt(C=
C'Bu).(dppe)] as a white solid, which was isolated by filtration,
washed with diethyl ether, and air-dried.

[cis-Pt(C=C'Bu),(PPh;,),]: vield 96%. Anal. Found (calcd):
C, 65.35 (65.37); H, 5.78 (5.48). IR (cm™): »(C=C) 2123 (w). 'H
NMR (CDCly): 8 0.796 (s, *Bu), 7.42, 7.21, 7.12 (m, Ph). *P{'H}
NMR (CDCly): 6 17.141 (J(**Pt-3'P) = 2302 Hz).

[Pt(C=C'Bu).(dppe)]: yield 96%. Anal. Found (caled): C,
60.22 (60.39); H, 5.74 (5.60). IR (cm™): »(C=C) 2116 w. 'H NMR
(CDCl,): 6 1.08 (s, 'Bu), 7.95, 7.38 (m, Ph), 2.36 (m, CH,CH,).
SIP{'H} NMR (CDCly): $ 40.69 (J(1%Pt-%P) = 2267 Hz).

Preparation of Q,[Pt(C¢F;)(C=CR);] (R = Ph, Q =
PMePh,; R = '‘Bu, Q = NBu,). A solution of LiBu" in hexane
(2.72 mol dm™3, 1.6 cm?, 4.3218 mmol for R = Ph and 1.36 cm?,
3.7044 mmol for R = *Bu) was added dropwise under N, over 5
min to a diethyl ether (20 ¢cm®) solution of RC=CH (0.44 g, 4.3218
mmol for R = Ph and 0.31 g, 3.7044 mmol for R = 'Bu) at 0 °C.
After 20 min of stirring, [Pty(u-C1),(CeF5)s(tht),] (0.3 g, 0.3087
mmol) was added and the mixture was stirred for 0.5 h (R = Ph)
or 1.5 h (R = 'Bu) at room temperature. The resulting white
suspension (R = Ph) or colorless solution (R = *Bu) was evaporated
to dryness, and deoxygenated water (50 mL) was added. The
resulting aqueous solution was filtered and added dropwise to
a solution of PMePhyBr (0.496 g, 1.389 mmol) for R = Ph or
NBu,Br (0.445 g, 1.389 mmol) for R = *Bu in water (10 mL) to
give the complexes (PMePh,),[Pt(C¢F;)(C=CPh);] and
(NBuy),[Pt(C¢F5)(C=C'Bu)s] as white solids, which were filtered
off, washed with water, and air-dried.

(PMePh,),[Pt(CcF;)(C=CPh);]: yield 63%. Anal. Found
(calcd): C, 66.94 (66.94); H, 4.40 (4.21). Ay (in nitromethane
solution): 157 Q! cm? mol™, IR (cm™): »(C=C) 2100 (s), 2076
(vs). F NMR: é -118.0 (F,), ~166.7 (F,, Fp).

(NBu,),[Pt(C¢F) (C=C'Bu);]: yielciJ 88%. Anal. Found
(caled): N, 2.49 (2.52); C, 60.28 (60.67); H, 9.05 (9.18). Ay (in
nitromethane solution): 154 @1 cm? mol™.. IR (em™): »(C=C)
2083 (8), »(CgFs)x.cens 773 (s). 'H NMR: 6 1.0 (s, 2*Bu), 1.21 (s,
tBu of C==C'Bu group trans to C¢F;), 0.94 [t, -CH3(*Bu)], 1.48
[m, -CH,("Bu)], 1.67 {m, -CH,(*Bu)], 3.18 {m, NCH,(*Bu)]. °F
NMR: §-114.4 d, F,, 3J(Pt-F) = 361.7 Hz, *J(F -F) = 27 Hz),
-171.5 (t, Fp, 3J(F,-F,) = 19.7 Hz), -170.8 (m, F,).

[{L,Pt(C=CR),|Pt(C;F;),] (L, = 2 PPhy, R = Ph (1), '‘Bu
(2); L, = dppe, R = Ph (3), ‘Bu (4); L, = COD, R = Ph (5),
tBu (6)). A typical preparation (complex 1) was as follows: to
a suspension of [cis-Pt(C=CPh),(PPh;),] (0.1 g, 0.1085 mmol)
in acetone (10 mL) was added [cis-Pt(CgF5).(THF),) (0.073 g,
0.1085 mmol), and the mixture was stirred for 1 h at room tem-
perature. Evaporation to ~1 mL and slow addition of EtOH gave
white crystals of 1. Complexes 2-6 were obtained similarly. For
2 THF was used as solvent and the reaction was carried out at
reflux temperature (3 h). For 5 CH,Cl, was used as solvent and
the mixture was stirred for 15 min. For 6 the reaction time was
5 min.

[{(PPh,),Pt(C=CPh),JPt(CsF;);] (1): yield 90%. Anal.
Found (caled): C, 52.74 (52.97); H, 2.61 (2.78). Molecular weight
found (caled): 1361 (1451). IR (cm™): »(C=C) not observed,
¥(CeF'5)x.sens 803 (8), 791 (s). 3'P{'H} NMR (CDCly): 6 12.6 (*J-
(195Pt-%1P) = 2645 Hz).

[{(PPh,),Pt(C=C'Bu),jPt(C¢F5),] (2): yield 48%. Anal.
Found (caled): C, 51.10 (51.07); H, 3.58 (3.43). Color: white.
Molecular weight found (caled): 1287 (1412). IR (em™): »(C=C)
not observed, ¥(CgFs)x.sens 800 (s), 788 (s). *'H NMR (CDCl,): §
0.70 (s, ‘Bu), 7.44, 7.29, 7.16, (m, Ph). 3'P{H} NMR (CDCl,): §
11.9 (}J(1*5Pt-%1P) = 2640 Hz).

[{(dppe)Pt(C=CPh),JPt(CF;),] (3): yield 70%. Anal. Found
(caled): C, 49.64 (48.95); H, 3.13 (2.59). Color: white. Molecular
weight: not soluble enough in CHCl;. IR (em™): »(C=C) not
observed, {CgF5)x sens 804 (8), 792 (m). *'P{{H} NMR (CD3COCD,):
b 44.6 (1J(1Pt-S1P) = 2591 Hz).

[{(dppe)Pt(C=C'Bu),jPt(C¢F;s).] (4): yield 75%. Anal.
Found (calcd): C, 46.75 (46.74); H, 3.55 (3.45). Color: white.
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Molecular weight found (caled): 1153 (1285). IR (cm™): »(C=C)
2019 (W), ¥(CgFs)x ens 801 (8), 787 (s). 'H NMR (CDCly): 4 1.02
(s, 'Bu), 2.5 [m, ~CH,CHj}, 7.7, 7.3, (m, Ph). 3'P{H} NMR (CDCl,):
5 40.7 (1J(1%5Pt-*1P) = 2597 Hz).

[{COD)Pt(C=CPh),jPt(C;F;),] (5): vield 50%. Anal. Found
(caled): C, 41.88 (41.79); H, 2.07 (2.34). Color: yellow. Molecular
weight found (caled): 978 (934). IR (cm™): »(C=C) 2027 (w),
v(CgF5)xsens 804 (v8) 795 (vs).

[{(COD)Pt(C=C'Bu),Pt(C¢F5),] (6): vyield 75%. Anal.
Found (caled): C, 38.19 (38.64); H, 3.21 (3.04). Color: white.
Molecular weight found (caled): 936 (994). IR (em™): »(C=C)
2017 (m), »{CgF5)x-sens 802 (8), 792 (s). 'H NMR (CDCly): §1.11
(s, *Bu), 2.65 (s, br, -CH,, COD), 5.78 (t, =CH, COD).

[{(PPh,),Pt(C=CR),|Pd(C,F;),] (R = Ph (7), ‘Bu (8)).
[cis-PA(C4F;),(THF),] (0.0634 g, 0.1085 mmol) was added to a
suspension of the corresponding [cis-Pt(C==CR),(PPh;),] (0.1 g,
0.1085 mmol for R = Ph; 0.0964 g, 0.1085 mmol for R = *Bu) in
acetone (20 mL). The mixture was stirred (30 min for R = Ph,
6 h for R = 'Bu) and then filtered through Kieselguhr. Evapo-
ration of the yellow filtrate to ca. 1 mL and addition of EtOH
(10 mL) gave 7 as yellow crystals or 8 as a white solid. The
complexes were isolated by filtration, washed with cold EtOH,
and air-dried.

[{(PPh;),Pt(C=CPh),|Pd(C;F;),] (7): yield 75%. Anal.
Found (caled): C, 57.08 (56.42); H, 3.05 (2.96). Molecular weight
found (caled): 1491 (1362). IR (cm™): »(C=C) not observed,
(CeF'5)x.sens 788 (8), 776 (s). $'P{!H} NMR (CDCl,): 6 14.1 (J-
(195Pt-31P) = 2606 Hz.

[{(PPhy),Pt(C=C'Bu),/Pd(CF;),] (8): yield 76%. Anal
Found (caled): C, 54.26 (54.49); H, 4.03 (3.66). Molecular weight
found (caled): 1276 (1322). IR (em™): »(C=C) 2053 (m), »-
(CgF5)x.sens 788 (8), 775 (m). 'H NMR (CDCly): 4 0.69 (s, ‘Bu),
7.45, 7.36, 7.17 (m, Ph). 3'P{!H} NMR (CDCl;): & 13.8 (}J-
(195Pt-31P) = 2627 Hz).

(PMePh;).[ (CoF5).Pt(u-C=CPh),Pt(C¢Fs),] (9). [cis-Pt-
(CeF'5)o(THF),] (0.0715 g, 0.1062 mmol) was added to an acetone
solution (10 mL) of (PMePhg),[cis-Pt(CeF;5)o(C=CPh),] (0.13657
g, 0.1062 mmol), and the mixture was stirred at room temperature
for 30 min. The solution was evaporated to ca. 2 mL, and then
diethyl ether was added to give a white solid, which was collected
by filtration and air-dried: yield 87%. Anal. Found (caled): C,
51.14 (51.61); H, 2.45 (2.55). Ay (in acetone solution: 197 &' cm?
mol™. IR (ecm™): »{(C=C) 1956 (s).

(NBu,),[(CsF5) Pt (u-C=C'Bu),Pt(C¢F;s),] (10). [cis-Pt-
(CeF5)o(THF),] (0.0858 g, 0.1275 mmol) was added to a solution
of (NBuy);[cis-Pt(CgF5)o(C=C'Bu),] (0.15 g, 0.1275 mmol) in
diethyl ether (30 mL) to immediately give a white suspension,
which was stirred at room temperaure for 1 h. The solid was
separated by filtration, washed with diethyl ether, and air-dried:
yield 80%. Anal. Found (caled): N, 1.77 (1.64); C, 48.07 (47.88);
H, 5.79 (5.32). Ay (in acetone solution): 235 07! cm? mol™. IR
(em™): »(C=C) 1931 (m), "(CeF5)x-sens 793 (8), 778 (m). 'H NMR
(CDClg): 60.75 (s, *Bu), 0.97 [t, -CH3("Bu)], 1.48 [m, -CH,("Bu)],
1.68 [m, -CH,(*Bu)], 3.34 (m, NCH,("Bu)].

(PMePhy),[ (CoF'5),Pt(u-C==CPh),Pd(C;F;),] (11). [cis-Pd-
(CgF3)o(THF),] (0.0703 g, 0.1202 mmol) was added, under N;, to
a suspension of (PMePh;),[cis-Pt(C¢F;),(C=CPh),] (0.1546 g,
0.1202 mmol) in diethyl ether (30 mL) at ~10 °C. The mixture
was stirred, at room temperature, for 1 h and filtered through
Kieselguhr under N,. The resulting yellow solution was evapo-
rated to dryness, and the slow addition of 2-propanol rendered
a yellow solid, which was filtered off, washed with n-hexane, and
air-dried: yield 75%. Anal. Found (caled): C, 54.15 (54.26); H,
2.88 (2.68). Ay (in acetone solution): 179 @ cm? mol™. IR (em™):
»(C=C) 2037 (m).

(NBu,),[(CcFy),Pt(u-C=C'Bu),Pd(C¢Fy),] (12a,b). [cis-
Pd(C¢Fs)o(THF),] (0.1243 g, 0.2127 mmol) was added, under Ny,
to a solution of (NBuy)s[cis-Pt(C¢F5)o(C=C'Bu),] (0.25 g, 0.2127
mmol) in diethyl ether (15 mL) at -10 °C. Immediately the
solution turned yellow and began to precipitate a white solid. After
15 min of stirring at —10 °C a white solid (12a, 60% yield) and
a yellow filtrate were obtained. Evaporation of the filtrate to small
volume (~2 cm® rendered a yellow solid, 12b (15% yield).
However, if the initial mixture was stirred for 6 h at ~10 °C, the
suspension turned from white to yellow. The yellow solid (12b)
was separated by filtration, washed with diethyl ether, and air-
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Table IV. Crystallographic Data for the Structural Analyses
of Complexes 3 and 9

complex 3 9
formula Pt,P,CsF o Ha,y Pt,P,CrsFooH 6
M, 1324.97 1815.19
color yellow colorless
cryst size, mm 0.27 X 0.32 x 0.51 0.3 xX0.3 x0.76
space group P2,/n P2,/c
a, A 10.741 (3) 13.176 (2)
b, A 25.233 (5) 41.656 (7)
c, A 20.032 (6) 13.447 (2)
8, deg 90.882 (3) 111.27 (1)
V, A8 5428.69 68717.55
T, °C room temp room temp
VA 4
Deye, g/cm® 1.62 1.75
F(000) 2570.00 3519.64
K, cm™! 53.5 43.76
26 range, deg 4<2)<50 420247
no. of unique data 8609 9111
no. of data with I > 2.5¢(I) 6180 6493
R(F) 0.0502 0.0513
Ry, (F) 0.0557 0.0516
P (w = [¢¥(F) + PF?}Y) 0.011523 0.001 064
max D/s 0.014 0.026
scan type learnt profile w

method?! using

w—o

scan range, deg 1.224 + 0.34 tan w
bkgd intens measuring first and last 11.4%
max resid electron 1.05 1.6

intens, e/A°
transmissn factors

max 0.2511 0.2231
min 0.1184 0.1618
no. of params refined 541 430

dried. Concentration of the filtrate afforded a second fraction
of 12b: total yield 65%.

When 12a (0.05 g, 0.0309 mmol) was dissolved in CHCI, (15
mL), the solution turned yellow instantaneously. Evaporation
of the solvent and addition of diethyl ether (~2 mL) to the residue
rendered 12b (85% yield). Analogous results were obtained using
acetone or CH,Cl, as solvents.

(NBu,)s[Pt(C;F;)s(u-C=C'Bu),Pd(C¢F;),] (12a): Anal.
Found (caled): N, 1.73 (1.73); C, 50.08 (50.51); H, 5.56 (5.61). Ay
(in acetone solution): 218 Q! em? mol™%, IR (em™): »(C=C) not
observed, v(CeFs)x.sens 793 (m), 777 (8).

(NBu,),[Pt(CeFy)s(u-C=C'Bu),Pd(C¢F;),] (12b): Anal
Found (caled): N, 1.72 (1.73); C, 50.29 (50.51); H, 5.65 (5.61). Ay
(in acetone solution): 216 & cm? mol™. IR (ecm™): »(C=C) 2041
{m), ¥(C¢F5)x-gens 785 (8), 776 (8). 'H NMR (CD;COCD;): § 0.99
(s, 'Bu) overlap*, 0.97 [t, -CH;("Bu)] overlap*, 1.43 [m, ~-CH,-
("Bu)], 1.83 [m, ~CH,(*Bu)], 3.46 (m, NCH,("Bu)].

Q,[ (C4F;)(C=CR)Pt(u-C=CR),Pt(C¢F;),] (R = Ph, Q =
PMePh, (13); R ='Bu, Q = NBu, (14)). [cis-Pt(CsF5),(THF),)
(0.0828 g, 0.1229 mmol) was added to a suspension of
(PMePhy),[Pt(C¢F5)(C=CPh),] (0.1 g, 0.1229 mmol) in acetone
(20 mL) or a solution of (NBu,),[Pt(C¢F5)(C=C'Bu);] (0.1363 g,
0.1229 mmol) in diethyl ether (20 mL), and the mixture was stirred
for 30 min (R = Ph) or 1 h (R = 'Bu) at room temperature. The
resulting orange (R = Ph) or yellow (R = *Bu) solution was
evaporated to dryness for R = Ph or ~1 mL for R = 'Bu. Addition
of 2-propanol (5 mL) gave 13 as a beige solid. Complex 14 was
obtained as a white solid by addition of 2-propanol (3 mL) and
cooling to 25 °C for 24 h,

(PMePh;),[Pt(C¢F;)(C=CPh)(u-C=CPh),Pt(C,F;),] (13):
yield 61%. Anal. Found (caled): C, 53.91 (53.55); H, 3.07 (2.94).
Ay (in acetone solution): 169 Q7! cm? mol™. IR (em™): »(C=C)
2109 (m), 1956 (br).

(NBu,),[Pt(CF ) (C=C'Bu),Pt(C¢F;),] (14): yield 44%.
Anal. Found (caled): N, 1.62 (1.73); C, 49.89 (50.43); H, 6.15 (6.16).
Ay (in acetone solution): 199 Q7! em? mol™.. IR (ecm™): »(C==C)
2109 (s), 1934 (m), (CeF's)x.sens 790 (8); 777 (8). 'H NMR (CDCl,):
6 1.30 (s, *Bu), 0.99 (s, *Bu), 0.79 (s, 'Bu), 0.94 [t, -CH;(*Bu)], 1.40
[m, -CH,(*Bu)], 1.65 [m, ~-CH,(*Bu)], 3.30 [m, NCH,(*Bu)].

X-ray Crystallography. Accurate cell dimensions and in-
tensity data were obtained with a STOE AED2-Siemens dif-
fractometer using graphite-monochromated Mo Ka X-radiation

Forniés et al.

Table V. Positional Parameters (X10*) for Complex 3

x/a y/b z/c

Pt(1) -894 (1) 5147 (1) 2035 (1)
Pt(2) -1563 (1) 3897 (1) 2269 (1)
P(1) 973 (3) 5558 (1) 1925 (2)
P(2) -1612 (3) 5949 (1) 2389 (2)
C(1) 671 (14) 6277 (5) 1902 (8)
C(2) -247 (12) 6289 (5) 2490 (7)
C(3) 1797 (8) 5385 (4) 1175 (4)
C(4) 2911 5101 1207
C(5) 3496 4949 620
C(6) 2968 5082 2
C(7) 1854 5366 -30
C(8) 1269 5517 557
C(9) 2052 (8) 5455 (3) 2619 (4)
C(10) 1735 5091 3112
C(11) 2534 5007 3657
C(12) 3650 5287 3710
C(13) 3968 5652 3217
C(14) 3169 5736 2672
C(15) -2341 (9) 5973 (3) 3196 (3)
C(16) -2282 5520 3595
can -2773 5529 4236
C(18) -3322 5990 4477
C(19) -3381 6442 4078
C(20) -2891 6434 3438
C(21) -2716 (8) 6272 (3) 1824 (4)
C(22) -2715 6816 1705
C(23) -3614 7039 1280
C(24) -4513 6718 975
C(25) -4514 6173 1095
C(26) -3615 5950 1519
C(2m -2478 (11) 4724 (4) 2052 (6)
C(28) -3322 (11) 4397 (5) 1981 (6)
C(29) -4503 (7) 4141 (4) 1921 (5)
C(30) -5401 4236 2403
C(31) -6550 3979 2362
C(32) -6801 3628 1839
C(33) -5903 3533 1358
C(34) -4754 3789 1399
C(35) -301 (10) 4455 (4) 1694 (6)
C(36) -307 (11) 4035 (5) 1385 (6)
C(37) -17 (8) 3675 (3) 837 (4)
C(38) -856 3285 627
C(39) -598 2978 66
C(40) 497 3062 -285
C(41) 1335 3452 -74
C(42) 1078 3759 486
C(43) -2730 (11) 3624 (5) 2981 (6)
C(44) ~-3488 (11) 3199 (5) 2892 (6)
C(45) -4404 (11) 3055 (5) 3359 (8)
C(46) -4510 (13) 3339 (5) 3930 (7)
C47 ~-3789 (14) 3765 (6) 4022 (7)
C(48) -2880 (12) 3895 (5) 3570 (7)
F(1) -3457 (7) 2897 (3) 2334 (4)
F(2) -5152 (7) 2633 (3) 3235 (5)
F(3) ~-5395 (8) 3203 (3) 4364 (5)
F(4) -3916 (10) 4067 (4) 4578 (4)
F(5) -2157 (9) 4314 (3) 3704 (4)
C(49) ~311 (12) 3340 (5) 2573 (7)
C(50) -226 (14) 2837 (5) 2352 (8)
C(51) 638 (16) 2488 (6) 2611 (11)
C(52) 1412 (14) 2612 (8) 3094 (12)
C(53) 1359 (14) 3107 (7) 3346 (12)
C(54) 523 (13) 3448 (5) 3088 (9)
F(6) -1023 (9) 2653 (3) 1868 (5)
F(7) 623 (11) 1970 (4) 2356 (7)
F(8) 2217 (9) 22538 (5) 3335 (9)
F(9) 2130 (11) 3255 (5) 3854 (8)
F(10) 509 (9) 3956 (4) 3349 (5)

(0.71069 A). Crystallographic details are summarized in Table
IV. For complex 3 an empirical absorption correction was ap-
plied.?? For complex 9 absorption corrections were based on
¢-scan solutions (heavy metal atom) and refinements (full-matrix
least squares based on F) used SHELX76% and SHELXTL PLUS. For

(29) Walker, N.; Stuart, D. Acta Crystallogr., Sect. A. 1983, 39, 158.
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Table VI. Positional Parameters (X10%) for Complex 9

x/a y/b zfc x/a /b z/c

Pt(1) 295 (1) 1501 (1) 1659 (1) C(10) -1093 (11) 848 (3) 864 (11)
Pt(2) -2101 (1) 1159 (1) 1582 (1) C(1v) -1326 (22) 542 (5) 204 (21)
P(1) 7152 (3) 3504 (1) 2504 (3) C(12) -2406 460 -376
P(2) 1115 (3) 977 (1) 5469 (3) c(13) -2660 150 -789
C(1) -1492 (9) 1575 (3) 1367 (9) C(14) -1835 -76 -621
C(2) -1188 (9) 1825 (3) 1072 (10) C(15) -755 7 -41
C@® -1389 (8) 2133 (2) 520 (7) C(16") -501 316 371
C(4) =737 2248 -20 C(117) -1451 (14) 536 (3) 440 (15)
C(5) -1027 2528 -627 C(12”) -1986 516 -663
C(8) -1970 2693 -693 c@13") -2420 224 -1136
C(7) -2622 2579 -1563 C(14”) -2319 -48 -505
C(8) -2332 2299 454 C(@15”) -1785 -29 -599
C@17) 1132 (10) 1917 (3) 2238 (10) C(16”) -1351 263 1071
C(18) 1105 (11) 2067 (3) 3157 (12) C(29) -2853 (11) 745 (3) 1795 (11)
C(19) 1729 (14) 2326 (3) 3667 (13) C(30) -3908 (15) 656 (4) 983 (14)
C(20) 2393 (13) 2460 (3) 3218 (13) C(31) -4437 (17) 359 (5) 1211 (17)
C(21) 2466 (11) 2335 (3) 2295 (12) C(32) -3899 (21) 210 (6) 2114 (21)
C(22) 1866 (11) 2073 (3) 1831 (12) C(33) -2910 (22) 265 (6) 2900 (22)
F(1) 481 (8) 1930 (2) 3675 (7) C(34) -2405 (15) 561 (4) 2707 (14)
F(2) 1661 (10) 2452 (2) 4543 (8) F(11) -4318 (9) 809 (3) 159 (9)
F(3) 3009 (8) 2717 (2) 3671 (8) F(12) -5329 (13) 280 (3) 442 (12)
F(4) 3127 (1) 2467 (2) 1857 (8) F(13) -4435 (15) -89 (4) 2227 (14)
F(5) 1956 (7) 1950 (2) 942 (7) F(14) -2451 (14) 96 (4) 3776 (14)
C(23) 1752 (11) 1278 (3) 2006 (12) F(15) -1414 (11) 614 (3) 3443 (10)
C(24) 2051 (12) 1121 (3) 1245 (13) C(35) -3222 (11) 1389 (3) 1997 (11)
C(25) 3046 (14) 978 (4) 1496 (15) C(36) -3163 (11) 1440 (3) 3031 (12)
C(26) 3803 (13) 977 (4) 2470 (18) C(@37) -3907 (14) 1593 (4) 3319 (12)
c(@2mn 3558 (12) 1131 (3) 3264 (14) C(38) -4808 (13) 1722 (4) 2532 (15)
C(28) 2548 (12) 1278 (3) 3007 (12) C(39) -4896 (12) -1703 (4) 1534 (13)
F(8) 1337 (8) 1095 (2) 254 (7) C(40) -4109 (12) 1540 (4) 1259 (12)
F(7) 3279 (9) 828 (2) 688 (9) F(16) -2314 (8) 1306 (3) 3851 (7)
F(8) 4780 (8) 838 (3) 2711 (10) F(Q17) -37170 (9) 1638 (3) 4357 (7)
F(9) 4283 (8) 1137 (2) 4256 (9) F(18) -5535 (8) 1891 (2) 2857 (8)
F(10) 2378 (8) 1419 (2) 3853 (6) F(19) ~5765 (9) 1828 (3) 754 (8)
C(41) 7092 (14) 3575 (4) 3803 (13) F(20) ~-4271 (8) 1533 (3) 209 (7)
C(42) 6805 (9) 3872 (2) 1788 (9) C(60) 468 (9) 739 (2) 6173 (9)
C(43) 7194 3935 972 C(61) 199 420 5882
C(44) 6902 4219 387 C(62) -295 233 6442
C(45) 6223 . 4440 619 C(83) -520 366 7291
C(46) 5834 4376 1436 C(64) -251 685 7582
C(47) 6125 4092 2020 C(85) 243 872 7023
C(48) 8478 (7) 3379 (2) 2612 (8) C(66) 1669 (8) 728 (8) 4721
C(49) 9399 3463 3488 C(67) 1137 703 3618 (8)
C(50) 10426 3359 3549 C(68) 1582 515 3020
C(51) 10533 3171 2733 C(69) 25568 351 3524
C(52) 9612 3088 1856 C(70) 3089 376 4627
C(53) 8585 3191 1796 C(71) 2645 564 5225
C(54) 6215 (8) 3195 (2) 1852 (8) C(72) 2136 (8) 1209 (2) 6449 (8)
C(55) 6409 2887 2280 C(73) 2738 1073 7436
C(56) 5687 2638 1800 C(74) 3542 1252 8199
C(57) 4771 2699 890 C(75) 3744 1568 7975
C(58) 4577 3008 461 C(76) 3142 1704 6988
C(59) 5299 3256 942 C() 2337 1524 6226
C(9) -509 (10) 1082 (3) 1181 (11) C(78) 118 (12) 1251 (3) 4594 (13)

3 all atoms were anisotropically refined, and for 9 all atoms were
anisotropically refined except the C atoms of the disordered phenyl
ring and the atoms of the C¢F; group containing C(29). Positional
parameters for 3 and 9 are given in Tables V and VI, respectively.
For complex 3 at the end of the refinement, we observed in a
difference Fourier map a large number (ca. 11) of weak peaks lying
in an interstitial region. Two of these peaks were larger than 1
e/A3; however, it was not possible to refine any reasonable com-
bination of these sites (modeled as disordered acetone), either
with or without distance restraints or thermal parameter con-
straints. A packing diagram (available as supplementary material)
shows an interstitial cavity capable of accommodating a molecule
of acetone. We conclude from our observations that there is a
small partial occupation of this cavity by a moiety sufficiently

(30) Sheldrick G. M. SHELX 76, Program for Crystal Structure De-
termination; University of Cambridge: Cambridge, U.K., 1976.
(31) Clegg, W. Acta Crystallogr., Sect. A 1981, 37, 22.

disordered so as to be rendered indeterminate in attempts to refine
it. Quantities related to the stoichiometry of the crystal (Table
IV) have been calculated on the basis of [Pty(CgF5)of(CeHj)oP-
(CH,),P(CgHj)sl{u-Co(CgHs)}o] alone.
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