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Summary

Addition of halogen (Cl,, Br, or I,) to ruthenium or osmium acetylide complexes
has afforded cationic halovinylidene derivatives; in one case, halogenation of the
phenyl group of a phenylacetylide ligand also occurred. The structure of
[Ru(C=CIPh)(PPh,),(n-C;H;)][1,] has been determined; crystals are monoclinic,
space group P2, /¢, with a 18.693(5), b 15.460(5), ¢ 15.679(5) A, 101.49(2)° and Z
4; 5180 data with I>20(I) were refined to R 0.045, R, 0.051. Significant
distances are Ru—C 1.839(7), C=C 1.31(1) A; angle Ru-C=C is 171.0(7)°.

Introduction

The addition of electrophilic reagents to the B-carbon of transition metal o-
acetylide complexes has now been achieved with a wide range of reagents, including
HBF, or HPF, [1,2], [Me,O]" or [Et;0]" [3], alkyl halides [4], arenediazonium
cations [5] and tropylium cation [5]. The products are vinylidene complexes [6], and
the reactions accord with theoretical expectations [7]. In the course of our studies of
the reactivity of o-acetylide complexes such as Ru(C, Ph)(PPh,),(n-Cs;H,), we have
found that addition of halogens occurs rapidly and quantitatively to form novel
halovinylidene complexes. Some of this work has been communicated briefly [8].
Binuclear halovinylidene complexes Co,(u-C=CR!R?){ p-CCR*=CR*C(0)O}(CO),

* For Part VI, see ref. 23.

0022-328X /87/%03.50 © 1987 Elsevier Sequoia S.A.



2R

have been obtained trom the corresponding p-butenolido complexes in reactions
with a-haloalkynes [9]. Their formation involves a 1.2-shift of the substituent of the
haloalkvne and contrasts with previously reported isomerisations of alkvnes 1o
vinylidenes which proceed via a 1.2-shift of a hydrogen atem 6L

Results and discussion

Addition of iodine to a tetrahydrofuran (thf) solution of Ru(C, Py PPh,),(n-
C5Hy) resulted in an immediate change in colour from bright vellow to dark green.
From the resuiting solution deep green microcrystals of the novel odovinviidene
complex [Ru{C=CIPh }{PPh },(n-C.H I, ] (1) were readily obtamed. Tentative
identification by elemental microanalysis and IR (#(CCy at 638 om ') was
followed by complete characterisation by a single-crystal Xe-rav study {see below):
the compound was not soluble enough for a ¢ NMR spectrum o he obtained. but
a similar derivative (2) prepared from Ru(C,Me)PPh ), (n-C H ) exhibied the
low-field triplet at & 3239 ppm characteristic
vinvliidene ligand. lodine was also found to react similariy  with RuC.-
CFo)PPh, ) {n-CoHy) and Os(C.PhYPPh ) (n-CoH oy 1o give the complexes 3 and
4. respectively: all were obtained as the triiodide salts.

of the metal-bonded curbon of a

Reactions of bromine with selected acetylides have given hromovinvlidene com-
plexes. With Ru(C, Ph){PPh ). (n-C H ). the phenyl group onginally present on the
phenylacetylide ligand is also brominated. to give the complex [Rui C=CBr(C, H ,Br-
4)}(PPh),(n-C H ) Bry] (31 The identity of rhis complex waxy confirmed by a
single-crystal X-ray study. which also revealed the presence of the tribromide anion.
A deficiency of bromine »till results in the formaton of the 4-bromophenyi
complex, so that the ring substitution either precedes, or is concurrent with, the

(6)
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addition of bromine to the B-carbon of the acetylide ligand. In contrast, bromina-
tion of Ru(C,Ph)(dppe)(n-C;H;) afforded the bromo(phenyl)vinylidene complex
[Ru(C=CBrPh)(dppe)(n-C;H)IBr (6).

Chlorine reacts with Ru(C,Ph)PPh;),(n-C;H;) to give the chloro(4-chloro-
phenyl)vinylidene complex 7, which was isolated as the hexafiuorophosphate salt. A
similar chloro(phenyl)vinylidene compound was first isolated, but not recognised as
such, from the decomposition products of the unstable adduct of [MeCO][SbCl,]
and Ru(C,Ph)(PPh,),(n-CsH,). Subsequently a fast-atom bombardment (FAB)
mass spectrum confirmed the identities of these two complexes.

The surprising feature of all these reactions is the resistance to cleavage of the
Ru-C bond in the parent acetylide; halogenation of M—C(sp®) bonds results in
rapid formation of M-X and C-X bonds, and similar observations have been
reported for M—C(sp?) bonds, e.g. in Fe(CMe=CHMe)(CO)(PPh,)(n-CsH) [10].
However, we have previously noted the addition of HCI across the C=C triple bond
in  trans-Py(C,CF,),(PEt;), [11], and a similar reaction between trans-
Pt(C,H),(PMe,Ph), and HCI afforded the oa-chlorovinyl complex trans-
Pt(CCI=CH,),(PMe,Ph), [12]. In this case, ready hydrolysis of the a-C-Cl bond
was related to the unusual length of this bond and to the stability of the resulting
vinylidene-platinum (metal-stabilised carbonium ion) system.

The recent structural determinations of the Ru-C bond length in
Ru(C=CPh)(PPh,),(n-C;H;) and related complexes [13,14] was interpreted as
showing that the degree of back-bonding into the phenylacetylide ligand was
minimal, since the observed value (2.016 A) is close to that calculated by addition of
normal covalent radii for Ru (1.33 A) and C( sp) (0.66 A). However, we feel that this
observation, coupled with theoretical studies, indicates that while the bond order of
the Ru—C bond is close to one, the HOMO of the Ru—C=C system, which is centred
on the B-carbon, nevertheless encompasses the metal as well, providing the observed
resistance to cleavage by electrophilic agents. Certainly, the Ru-C bond order of the
resulting halovinylidenes is considerably increased, as shown by the structural
determinations carried out on complexes 1 and 5.

Crystal structures of [Ru{C=C(1)Ph}(PPh,),(v-C;H)][1,] (1) and [Ru-
{C=C(Br)(C,H,Br-4)}(PPh },(n-CsH)] [Br,] (5)

Although a brief report describing the structure of the cation in 5 has been
presented [8], it is convenient to compare the structures of the two cations in detail
here. These are shown in Figs. 1 and 2, together with the numbering schemes used;
Table 1 summarises pertinent bond parameters determined for each complex.

The cations in 1 and 5 contain the now-familiar ruthenium(Il) atoms coordinated
by the C,H, group and two PPh, ligands; the nearly octahedral geometry is
achieved by the halovinylidene ligand in the sixth position. The Ru~C(cp) distances
lie within the ranges 2.250(5)-2.284(5) and 2.226(11)-2.306(11) A (parameters given
for 1 and 5, respectively), with the longest Ru-C separation being approximately
trans to the vinylidene ligand. The two Ru-P distances (2.337(2) and 2.356(2), and
2.366(5) A, respectively) are normal for this type of complex.

The Ru—C(vinylidene) separations are 1.83%(7) and 1.85(1) A. providing evidence
for considerable multiple bond-order and hence back-bonding into the unsaturated
ligand (cf. Ru-CO 1.869(2) A in [Ru(CO)(PPh, ), (n-CsH,)[BPh,] [12]). The
C(1)-C(2) bonds have lengths of 1.31(1) and 1.31(2) A, both of which are short for
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Fig. 1. Computer drawing of cation in [Ru{ C=C(DPh}(PPh 1) - (n-CsH O[T ] (1), showing atom number-
ing scheme.

C=C double bonds. The Ru-C=C moiety is slightly bent at the a-carbon (angles
Ru-C(1)-C(2) 171.0(7) and 169.4(14)°), while angles about the S-carbon i 1
(C(LH-C2)-1() 115.7(6), C(1)-C(2H)—C(3) 129.4(7), I(1)- C(2)- C(3) 114.6(53° 1 show
bending of the C-1 bond caused by the steric bulk of the Ph group. The C(2)-I(1)
bond (2.124(7) A) is similar to that in CH ,=CHI (2.092(5) A) [15].

The geometry of the triiodide anion differs somewhat from those that have been
found previously, with 1--1 separations of 2.896(1) (d'). 2.923(1) A (d°). and angle

Fig. 2. Computer drawing of cation in [Ru{C=CBr(C H,Br-4)}(PPh 35 (2-CoHOBr.} (51 showing

atom numbering scheme.



TABLE 1

SELECTED BOND DISTANCES (A) AND ANGLES (°) FOR COMPLEXES 1 AND 5

Ru—cC'==c¢c?

221

Php'” | N CgH, Y- 4
PhyP?

1 5

X=1 X =Br

Y-H Y = Br
Ru—C(1) 1.839(7) 1.85(1)
C(1)-C(2) 1.31(1) 131(2)
C2)-X 2.124(7) 1.93(2)
C(2)-C(Ar) 1.49(1) 1.49(2)
Ru-P(1) 2.337(2) 2.366(5)
Ru-P(2) 2.356(2) 2.366(5)
Ru-C{cp) (av) 2.26 2.26
P(1)-Ru-P(2) 97.0(1) 103.3(2)
P(1)-Ru—C(1) 89.6(2) $8.2(5)
P(2)-Ru-C(1) 97.4(2) 93.6(5)
Ru-C(1)-C(2) 171.0(7) 169.4(14)
C(1)-C2)-X 115.7(6) 116.8(13)
C(1)-C2)-CoH,Y 129.4(7) 126 8(15)

I(3)-1(2)-1(4) 174.7(1)°. A recent survey [16] quotes ranges of 2.794-2.850 (d') and
3.005-3.123 A (d?), with angles of 176.3-179.9°; in the present case, the smaller
difference between d! and d? is no doubt the result of little or no interaction
between the anion and the complex cation.

FAB mass spectra

The fast atom bombardment (FAB) technique of obtaining mass spectra is well
suited to the study of ionic and high molecular weight compounds which cannot be
volatilised in a conventional electron impact source. We have measured the FAB
mass spectra of three typical halovinylidene complexes, 2, 6 and 7.

As tound with other vinylidene complexes studied recently [17], the strong
molecular cation readily loses the added electrophile (here X*) to give an ion which
corresponds to the molecular ion of the parent acetylide. In all spectra the major
decomposition route of [M "] is loss of C,Ph and PPh;; in 7, loss of C;H, was
found. The base peaks are either [Ru(PPh,)}C,H;)]" or [Ru(dppe)CsH;)]", de-
pending on whether the tertiary phosphine ligand is monodentate or bidentate;
further fragmentation involves loss of either Ph (from the former) or PPh, and
C,H, (from dppe), in both cases giving [Ru(PPh,)(C H;)]". Unusually, the o-
bonded acetylide fragment is preserved while Ph is lost from coordinated PPh,, as
shown by the formation of [Ru(C,R)(PPh,)}C;H)}* (R = Me or Ph). Comparison
with the EI mass spectra of Ru(C,R)(PPh;),(n-C;H;) (R =Me, Ph) shows the
formation of similar ions, except that the strong ion at m/z 429 ([Ru-
(PPh,)(CsH)) ") in the spectra of the vinylidene complexes is replaced by one at
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m/z 427, probably formed by linking of C;H, and C, H,PPh. units as found in
Ru(C F,N=NC, F;){PPh,(C,H -n-C;H,)} [18].

Comparison of the FAB MS of complex 9 with that of the hexachloroantimonate
salt showed the same molecular ions to be present in both complexes. The presence
of carbonyl-containing ions in several spectra can be attributed to the formation of
small amounts of the corresponding carbony! cation by oxidation of the vinvlidene
ligand as previously observed [6].

Reactions of [Ru{C=C(BritC H Br-4)}(PPh ).(n-C;H)J[PF,/

Attempted replacement of the vinylidene bromine by H or OMe resulted in
formal displacement of Br™ and formation of Ru{C,C H,Br-H{PPh,).(y-C.H,)
(8). readily characterised by elemental microanalysis, and from its IR, NMR and
mass spectra (see Experimental). These reactions are not altogether surprising, since
the formation of the halovinvlidene complexes occurs by formal addition of the
electrophile X to the B-carbon of the acetylide. In this behaviour. these complexes
resemble the cycloheptatrienvivinylidene complexes {191,

Conclusion

Addition of halogens (Cl,, Br,, I,) to substituted acetylide complexes of
ruthenium or osmium results in the formation of cationic halovinyhdene complexes.
These are often isolated as polyhalide (Br, . 1, ) salis. and (ully charactensed by
X-ray structures of examples of the bromo- and iodo-vinviidene complexes.
Nucleophiles such as H or OMe  displace X to give the related acetviide
complex.

Experimental

General conditions. Reactions were run under nitrogen and no special precau-
tions were taken to exclude air during work-up, since most complexes proved to be
stable in air as solids, and for short times in solution. Solvents were extensivelv
dried and distilled (dme and thf from sodium /benzophenone) before use.

Instruments.  Perkin-Elmer 683 double-beam spectrometer. NaCl optics (IR):
Bruker WP80 spectrometer (*H NMR at 8¢ MHz. "¢ NMR at 20.1 MHz):
GEC-Kratos MS3074 mass spectrometer (mass spectra at 74 ¢V ionising encrgv. 4
kV accelerating potential).

FAB mass spectra were obtained on a VG ZAB 2HF instrument equipped with a
FAB source. Argon was used as the exciting gas, with source pressures typically
10 ® mbar: the FAB gun voltage was 7.5 kV, current 1 mA. with ion accelerating
potential 8 kV. Samples were dissolved in dichloromethane {ca. (.5 M) and a drop
of this solution was added to a drop of matrix (3-nitrobenzyt alcohol or di-
thioerythritol /dithiothreitol (1 76)), the volatile solvent evaporated and the resulting
solution applied to the FAB probe tip.

Starting materials.  The literature method was used to prepare ruthenium and
osmium acetylide complexes [20].

Preparation of halovinylidenes
A. Reaction of iodine with v’ -acetviides

(a) With Ru(C,Ph)(PPh . ).(v-C;H.). Addition of iodine (160 mg. {.709 mmol)
o a stirred solution of Ru(C,Ph)(PPh.),(n-CH.) (200 mg. (.253 mmol} in thi (20
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ml) resulted in an immediate colour change to dark green. After stirring for 20 min
and removal of solvent, the residue was extracted with CH,Cl, (2 ml) and the
extract filtered into stirred diethyl ether (excess) to give green microcrystals of
[Ru{C=C(I)Ph}(PPh,),(n-CsH)][15] (1) (281 mg, 85%). An analytical sample was
recrystallised (CH,Cl,/EtOH) m.p. 134-135°C (dec.) (Found: C, 44.85; H, 3.11; I,
36.56; C,oH ,I,P,Ru cale: C, 45.29; H, 3.10; I, 39.06%). Infrared (Nujol): »(C=C)
1638s; other bands at 1590w, 1518w, 1480(sh), 1438m, 1435m, 1412w, 1310w,
1187w, 1160w, 1092s, 1075w, 1040w, 1018w, 998w, 845s, 823m, 770w, 745s, 722w,
705w, 695vs, 613w cm™'. 'H NMR: § [(CD,),CO] 5.46 (s, SH, C;Hy), 7.57 (m,
35H, Ph).

(b) With Ru(C,Me)(PPh,),(n-CsHs).  As in (a) above, iodine (200 mg, 0.788
mmol) and Ru(C,Me)PPh,),(7-CsH,) (200 mg, 0.274 mmol) afforded
[Ru{C=C(I)Me}(PPh;),(n-CsH)|[1;] (2) as dark olive-green crystals (293 mg, 86%)
m.p. 140-142°C (dec.) (Found: C, 42.55; H, 3.10; I, 40.03; C,;H,,1,P,Ru cale: C,
42.68; H, 3.15; I, 41.00%). Infrared: »(C=C) 1690m; other bands at 1482m, 1438s,
1370w, 1185w, 1080m, 1035w, 1000m, 836w, 823w, 750m, 742m, 699s, 665w cm ',
'H NMR: § (CDCl,) 2.22 (s, 3H, CH;), 5.26 (s, 5H, C;Hy), 7.03-7.39 (m, 30H,
Ph). 3C NMR: § (CDCl,) 18.57 (s, CH,), 95.05 (s, C;Hj), 128.7-133.9 (m, Ph),
325.91 (t, J(CP) 15 Hz, Ru=C).

(c) With Ru(C,C,F;)(PPh,),(n-CsH;). As in (a) above, iodine (150 mg, 0.59
mmol) and Ru(C,C/F)(PPh;)(n-CsH) (200 mg, 0.227 mmol) gave
[Ru{C=C(I)C(F; }(PPh,),(n-CsH))I;] (3) as dark green microcrystals (118 mg,
38%), m.p. 124-125°C (Found: C, 41.40; H, 2.55; I, 34.52. C,,H, F,I,P,Ru calc:
C, 42.36; H, 2.54; 1, 36.53%). Infrared (Nuyjol): »(C=C) 1652m, 1649m, 1630m;
other bands at 1588w, 1519s, 1497vs, 1482m, 1439s, 1310w, 1188w, 1159w, 1131w,
1100m, 1091m, 1012w, 1000w, 934s, 857w, 835w, 828w, 752s, 745s, 739w, 705(sh),
697vs, 660m cm !, 'H NMR: 8§ (CDCl,) 5.40 (s, 5H, CsHjy), 7.27-7.36 (m, 30H,
Ph).

(d) With Os(C,Ph)(PPh,),(n-CsH,). As in (a) above, iodine (73 mg, 0.288
mmol) and Os(C,Ph)PPh,),(n-CsH;) (80 mg, 0.091 mmol) afforded
[Os{C=C(1)Ph}(PPh,),(n-CsH,)][1;] (4) as dark green crystals (63 mg, 50%), m.p.
198-199°C (Found: C, 41.97; H, 2.93; 1, 35.46; C,,H,,1,0sP, calc: C, 42.38; H,
2.9; 1, 36.56%). Infrared: »(C=C) 1640m, other bands at 1360w, 1260m, 1100m,
1090s, 1000w, 842m, 825m, 742s, 722m, 696s, 660m cm~'. '"H NMR: 8§ (CDCl,)
5.44 (s, 5SH, C;Hy), 6.9-7.4 (m, 35H, C,Hy).

B. Reactions of bromine

(a) With Ru(C,Ph)(PPh,),(n-C;H,). Neat bromine (1 ml, excess) was added
dropwise to a stirred solution of Ru(C,Ph)(PPh,),(»-CsH;) (1000 mg, 1.26 mmol)
in tetrahydrofuran (20 ml) to give immediately a dark green solution. After 15 min,
evaporation to dryness, extraction of the residue with CH,Cl, and filtration into
excess Et,O afforded green microcrystals of [Ru{C=CBr(C,H,Br-4)}(PPh;),(n-
C,H/)][Br;]- Et,0 (5) (1401 mg, 88%) (Found: C, 47.01; H, 3.38; Br, 30.25;
C,oHygBrsP,Ru- C,H,,O calc: C, 46.54; H, 3.11; Br, 31.60%). IR (KBr disc):
p(C=C) 1638s; other bands at 3060w, 2930w, 2860w, 1482s, 1435s, 1412w, 1392w,
1315w, 1272w, 1178w, 1160w, 1092s, 1072m, 1029w, 1009w, 1000m, 848m, 825m,
752(sh), 740s, 730m, 695vs, 685(sh), 660w, 538s, 523vs, 514w, 498m, 490m, 465w,
441w, 426w cm~ . 'H NMR: § (CDCl;) 1.21 (t, J(HH) 7 Hz, 6H, Me), 3.48 (q,
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J(HH)Y 7 Hz. 4H. CH,), 335 («. SH. C(H ). 6.6 7.5 ¢m. 34H, Pho~ O H 3 UC
NMR: 6 (CDCl)y 9723 (s, © H\).IZ&( 1350 ¢m. Pho = C,H,).

Meltathesis of the tribromide counterion was achieved by nm.ng_ a solution of the
vinylidene with a twolold excess nf NH,PF,. (Found: €. 52000 B 377 Br. 15,06

CoHoBr, B P Ru caler CO83720 Ho 3590 Br, 14.59%,

(hy With Ru(( /’de/u, 14 H_\,/. To a stirred solution of Ra(C, Phydppe) »-
C.H (200 mg. 0.30 mmoly e thi (15 mby was added 20 mi of 5 bromane in CCT
solution (ca. 6 mg/mby resulong i formation of o green provpitate of
[Ru{C=C(BnPhitdppein-C HONBr - 08FEGO 16y (251 mye. 109y Diark. green
crystads, mup. 798000 {decr were nbmim’d from addiaon of diethyl ether (0 a
concentrated CH,LCL, 7HIOH sotution of 6 (Found: €0 35870 Mo 2.60: B 1873
Cy o H o Bry PLRu - G.58:,0 caler €0 37.090 HL 4560 Br, TSRSy Infravod ( Nujob
p(C=Cy 16405 other bastis at T4R8(shy, 144550 1439ve, 14109m, 1358w 142w HO0s,
071w, 1045w, 1600w, 880w, B3, 831m. 798w, 73&m. 75(“*:1}, 7aZm. TiRs TOos
690s. 618m cm . 'H O NMR: & (CDCH Y 1.20 (0 I H

7oUH CH O,
25238 (m 6HL PCH. = (CH CH),0). 563 (50 SH. $om 2SHOCH

1

Cad ye

C. Reaction between chivrine and RurC [’/H( PP/" O
A stirred solution of Ru(C.PhyPPh ), JHo 200 me. 223 mmely o thf (20
ml) was treated with 6 ml of a solution m hiolmt e diethyl ether (907 mg/mb)

immediately giving a green solution. After 20 min the selution was filltered and
o aned NH  PE
(300 mg, 1.8 mmol) was added to the soluton, After 10 ann addition of F1OH and

FRRFRY

evaporated to drvness, The residue was extracted with CH .t

reduction o volume  resulted i separations of emerald zreen needles of
[Ru{C=C(CHPhj(PPh.), (7;( HOIPE,] (7) (70 mg. 28%) mp. 139 14170 (dew)
(Found: €. 56950 H, 4.07; (L 893 O H  Cily P,Ru caler o .*c%#“ ST VI
7.04%;. Infrared (Nujoly: zri,( =y 16505, #(PF)Y 840vstbric other bands ar 1483
1430s, 1416m, 1312m. 127Gm. 1220w, 1160m. 1092s. 1075he 1030w, 1020w
1000m. 880m. 860vs. 790m. 745(sh). 739s, 697vs, 640(sh) 635w, 620w em ' T H
NMR: 8§ (CDCL) 5653 (s SHOC H, 710772 (m) 34HL P

Preparution of [Ru{ C=C(CljPh ; (PPh - C H i ]SHCL

A suspension of [MeC ()j[‘sh(l (879 mg) in diethyl ether (10 mi) was added to
Ru(C, Ph)PPh, ), (n-CH,) (200 mg. 0.253 mmol) in the same solvent (10 mip An
immediate change fmm yellmh suspension to red solution oceurred. Evaporation
afforded a red-orange solid which slowly changed o dark green overmight. The
product was isolated by preparative TLC (sifica gel. 171 acctone, light perrofeuny
from the largest of three green bands: crvstallisauon (henzene,ethanob
green powder identified as [Ru]C=C(CHPh(PPh ). (5-C HOJISHCE ] me.
41%), m.p. 163 -164°C (dec.y (Found: C, 50.69; H. 2.28; C, H, CLP. RuSb cale: C
50.66; H. 3.47%). Infrared (KBr disc): #(C=Cy 1655m: #(ShCY 3d6s: other bands at
3060w, 2922w, 2850w, 1481 my. 14345, 1418w, 1382w, 1361w, 131 J\\ H‘mw HeTw.
1089s, 1071w, 1025w, 999w, 832w, 821w, 781w, 7405, 6935, 614w, w, 53050 520s.
512s, 300m. 461w, 422w cm © PH NMR: 8 (CDOT, ) 228 (s *H { NH:, 26 (.
35H. Phy

2dve i
121

Reactions of halovinvilidene complexes

A Reactions of [Rul C=CBr(C, H,Br-4)}(PPh ). (n-C.H /] PE}
(i With KfBHICHMeE ] (K-Selectrider. Treatment of a green solution of 8
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(200 mg, 0.182 mmol) thf (10 ml) with K-Selectride (0.4 ml of 0.5 M solution in thf)
gave a yellow solution. Addition of MeOH (10 ml) and reduction in volume gave a
yellow precipitate of Ru(C,C H,Br-4)(PPh,),(1-C;H;) (9) (101 mg, 64%) m.p.
192-197°C (dec) (Found: C, 67.40; H, 4.82; Br, 9.01%, M (mass spectrometry) 872;
CoH;4BrP,Ru cale: C, 67.59; H, 4.51; Br, 9.18%. M 872). Infrared (Nujol): »(C=C)
2076vs; other bands at 1587w, 1482s, 1436s, 1210w, 1185w, 1160w, 1095m, 1090m,
1068m, 1005m, 828m, 822w, 810w, 800w, 759m, 747m, 739m, 699vs cm~!. 'H
NMR: § (CDCl,) 4.32 (s, 5H, C;H,), 7.14 (m, 34H, Ph).

(ii) With sodium methoxide. A solution of 8 (200 mg, 0.182 mmol) in CH,Cl,
(20 ml) was treated with NaOMe (0.5 ml of ca. 1 M solution in MeOH). After
filtering, addition of MeOH and concentration of the solution a yellow powder of 9
was obtained (84 mg, 53%). The melting point infrared, NMR and mass spectra
were identical with those obtained for the product from the reaction with K-
Selectride.

FAB mass spectra

The following spectra were obtained (m/z, based on **Cl, ”Br and !'“*Ru,
assignment and relative intensity).

Peaks marked * are centres of overlapping multiplets consisting of the designated
ion and ions related to it by loss of one or two H atoms.

(i) [Ru(C=CIMe)(PPh ,),(1-CsH)][PF,] (2). 857, [M]", 57: 730*, [M —1]*,
37; 691, [Ru(PPh,),(C,H)]", 23; 468*, [M — I — PPh,]*, 27; 429*,
[Ru(PPh;}(C,H Y, 100; 391*, [Ru(C,Me)(PPh,XC,H)]*, 36; 350*,
[Ru(PPh, }(C;H,) — 2H] ", 29.

(ii) [RuC=CBrPh)(dppe)(n-C:H,)][Br,] (6). 761, (M + O]*, 5; 745, [M]", 56;
681, —, 5; 666*, [M — Br]*, 49; 591, [Ru(CO)dppe)C,H,)]*, 32; 565,
[Ru(dppe)C H )", 100; 380", [Ru(C,H,PPh,}C,H,)]", 18; 352* [Ru-
(PPh,XC,H,]™, 30.

(iii) [Ru(C=CCIPh)(PPh,),(n-C;H)][PF,] (7). 843* M+ O]*, 1; 827, [M]",
53; 792*, [M — Cl]*, 6; 719, [Ru(CO)PPh,),(C;H )", 4; 691, [Ru-
(PPh,),(CsHJ)) ™, 13; 624*, —, 2; 612*, [Ru(PPh, }(PPh,)}(C;H()]™, 2; 565*, [M ~
PPh,]*, 3; 530, [M — Cl-PPh,]*, 33; 465*, [Ru(C,Ph)(PPh,)]*. 70; 453,
[Ru(C,Ph)(PPh,)(CsH,)]", 30; 429*, [Ru(PPh,)}C;H;)]", 100; 352*
[Ru(PPh, (C,H)]*, 27; 287*, (Ru(PPh,)]*, 21; 244*, [RuPh(C H/)]", 18.

(iv) [Ru{C=C(C)Ph}(PPh,),(n-C;H)][SbCI ]. (Relative intensities not re-
corded). 827, [M])*; 792, [Ru(C,Ph)(PPh,),(CsH)]*: 719, [Ru(CO)-
(PPh,;),(CsH)™; 691, [Ru(PPh;),(CsH,)] ™5 530, [Ru(C,Ph)YPPh }(C H;)] ™5 429,
[Ru(PPh,)(CsH)) ",

Crystallography

Suitable dark-green crystals of 1 were obtained from CH,Cl, /EtOH. Preliminary
precession photography indicated a monoclinic unit cell. A crytal was mounted on a
Nicolet XRD P3 four-circle diffractometer using monochromated Mo-K, X-radia-
tion for all measurements.

Crystal data. C,H ,,1,P,Ru, M =1299.5, monoclinic, space group P2, /c, a
18.693(5), b 15.460(5), ¢ 15.679(5) A, B 101.49(2)°, U 4440(2) A’ (from 25 high
angle reflections), A(Mo-K,) 0.7107 A. D, 1.94gcm 3, D, 192 g cm™? for Z = 4,
p(Mo-K,) 32.64 cm !, T 183 K.
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TABLE 2
FINAL POSITIONAL PARAMETERS FOR [Ru{C=C(I¥Ph) 1 (PPh ), (O T

Atom N ¥ bt Atom y

Ru(l) (0.2203¢1) 0.5771¢1) 325611 C{36) 01378 1h3534¢2) k
Il {(3.4545¢1) 0.6270(1) 0239701 Cidl; 0. ww RA} 1140450 4 0 3986
Py 02711 043931 1283601 142y 2y 032303 «’543%:(11
P2y 016781 G586 (L3R06() Crd3y ) JUANCE 3

Ly (13092(4) 0.6233(4; 3304103 (44, (1.3494(3

2y (.3714(4) O.6656(5) 3226405 Cid5) ~!~if~:f(\(3)

2y (.3935¢4) [ERRIGS] { { (1463 GAsRI

Cidy 0.4537(4) (: (48795 (51 OB (39343
e 1.4750(5) TLATRY(G) sy ‘(“)"(v"m (49103
Ci6) 0432205 0. hwa(m 13319406 (33 HAHR4 Y
{7y (.3689(4y (186916 (3.438346) Ceidy [HIRE S IRY!
L&y {1.353004) GROTOS) A4 C(55) GONVTRH R
Cetly 011620 A6 DEAIR(d Ci56y

{12y 01228 0.6490(% i} PIEY [T

(13 0.1876(2) 068243, in 13694y C(6) :

[XQE 0.221642) (0.6150(3} RS NAIPS] (63 A2 64T E
1Sy 017682y 0.338% 33 111484 Ciady (30040 ) (RSN I RN IR
C2h 035272 042233 .2 ,«\4(}} C(65y 024002 05336y

2 0.3485¢( ) G436y AR ES R Cihty 0200602y AR T

Ce23) 0.4093¢2;5 GAa203 3 (IR R BATRY (.09

(24 0.4741(2) 13.390603 IBYPRIRY SEIRED

(25 0.4782(2 LATH&Y) R ETRY] eH)},H By

{26 041752 (.39260 3 (1290203 (022602

C3y 0.2130¢2) (35082 RRERIRS 004622

Cay (1.2444(2) 0.2784¢2) RIS TR 01033

Can 0.2005¢2) 0.2003¢2) [SRTRRYR 0 “er 8]

(34 0.1252(0) 020242 AnT ) ¥

{35 (.0939(2) (192203

ORI

A total of 6040 unique reflections was collected in the range 3 < 26 -
0-20 scan. These were corrected for Lorentz and

polarisation effecis

and

using a
for

absorption based on a series of azimuthal scans (maximum and minimum transmis-
Fo2a(l)

sion factors were 0.95 and 6.66 respectively). 1
were used in all subsequent caleutations.

“he 5180 reflections with

The structure was solved by a combination of direct methods and Parterson maps

to reveal the Ru and [ atoms:

all other non-hydrogen atoms were routinel

in subsequent difference maps. In

refinement the Ru.

phenyl rings of the triphenyviphosphine ligands were
1.42 and 1.395 A
positions (d(C-H)y 0.98 A). Convergence gave
0.00075F 7

(d(C-C)

CRENE

programs [22

Coordinates for
material which includes thermal

] LA
£210

non-hvdrogen

the final

cveles of full-matrix
and P atoms were assigned anisotropic temperature factors
while all other atoms were treated isotropically.

The cvclopentadienyt and

mcluded as

rigid

located

feast ~squares

the
groups

respectively) with all hvdrogen atoms in caleulated

atoms

listed in Table 2
parameters for non-hvdrogen atoms. atomic coordi-

are

R=0.045 R _= 0051,
tinal difference map gave
eA . adjacent to the terminal jodine atoms of the anion. Neutral
factors were taken from re

three

kuk\ gredter

where

1o

than

1

atont scattering
while principal compuating emploved the SHELX

Supplementary
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nates and thermal parameters for hydrogen atoms, complete bond lengths and bond
angles, and structure factors, may be obtained from the authors.
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