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Abstract

A reinvestigation of the reaction between C,(CO,Me), and RuH(PPh;),(n-
CsH;) and some related complexes is reported. Imtial cis addition is followed by
conversion into the trans isomer. In the case of the bis-(PPh,) complex, isomerisa-
tion is followed by chelation of the ester CO group with concomitant displacement
of one PPh, ligand. The resulting chelate complex reacts with CO or CNBu' to give
the (Z)-RuC(CO,Me)=CH(CO,Me) complexes; the (E)-isomer of the carbonyl
complex is obtained by addition of C,(CO,Me), to RuH(CO)PPh; ) n-C;Hs). The
'H and *C NMR spectra are not a reliable guide to assignment of the stereochem-
istry of the vinyl group. Other products isolated from the initial reaction are the
bis-insertion  product  Ru{C(CO,Me)=C(CO,Me)C(CO,Me)=CH(CO,Me)}-
(PPh;)(n-C,H,) and the 1/2 PPh,/C,(CO,Me), adduct. The molecular structures
of Ru{(Z)-C(CO,Me)=CH(CO,Me)}(CO)PPh;)(n-C;Hs) - 0.5EtOH, Ru{(E)-
C(CO,Mey=CH(CO,Me) }(dppe)(n-CsHs) and Ru{C(COzMe}—C(COZMe)C(COZ
Me)—CH(COzMe)}(PPh3)(n -C;Hy) have been determined. The cis isomer is mono-
clinic, space group P2,, with a 9.328(8), b 17.385(10), ¢ 10.356(7) A, B 101.78(3)°

* For Part XXVII, see ref. 17.
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and Z . 2107 data with 7 = 2.50( 1) were refined to R = §.076, K = 0.U85, The
trans isomer is triclinic, space group P1. with @ 10.404(7). » 11.221(6), ¢ 13.230(9) A.
a 92.67(5), B 110.56(5), vy 106.21(5)° and Z = 2: 2520 data with 7 = 2. 3a(71) were
refined to R=0.055 R_ =10 (368 The butadienyl complex is monochinie, space
group P2,/ a. mlh a ]9655 C P 8.674(4), ¢ 21.060(5) AL A 1T620%° and 7 - 4
2724 data with [ = 2.50(7y were refined to B = 0042, R = {1047

Introduction

Reactions between RuH(PPh,).(n-C;H.) and alkynes have given a number of
interesting products. including vinvl hutddmm and cumulenyl complexes [1]. The
reaction with hexafluorobut-Z-vne, for example, afforded the adduct (E)-
Ru{C(CF, =CH(CF)}(PPh, ) (n-C.H,) m dnd ﬂm butadienyl dervative Ru{C-
(CF, =C(CF)C(CF, =CH(CF, )} 4!’Ph )(n( ) {23 The geometry of T ways read-
ily assigned on the basis of H and NF ‘\IMR .sludluu Two compleses were also
obtained from dimethyl acetvlenedicarboxvlate: the 171 adduct Ruj ¢ £)-C{CO--
Mey=CH(CO,Me) }(PPh ) (5-C Ho b (3y and the chelate complex Rui< 1 (5 ‘\hr"
CHF(())()Me (PPh ) (p-C.H O (). For 3 the wssignment ol geomelry was 0ot as
clear-cut as for 1. but on the basis of 2 small value for J{HPy o 07 Hey found for
the vinyl proton. and the ready conversion o 4 the sany configuration was
preferred *. However, it was recognised that the wsolated c‘ump!cx wis not neces-
sarily the initial product. since a facile somertsation might have oceorred. In this
regard it 1s relevant to recall that the first-formed v adduct of T Me) . with
ReH(n-C;Hq), isomerises on hc;uino in benzene (Pt catulysty [ 217 This paper reports
a more detailed investigation of the reactions between L {)M\iu and selected
ruthenium hydrido complexes. including ¢ NMR and X ray uryvsiallographic
studies which allow confident determunations of configurauon. I additon, we have
now isolated and characterised the butadienyl complex Ru! CCOMey-C(COMe)-
(:(r-‘(?(i)r:l\fé‘);(fH(’COZMe)}(P}’h1}( 7-C Hoy (8) analogous to complex 2 mentioned
above. and also to the major product 6 isolated from reactons betwoen RuMe-
(PPh).(n-CH.) and C,(CO. Mey, [3]

Results and discussion

The onginal preparation of Ru{C(CO,Me)y=CH(CO, Me)}(PPh:):( 7-CH) (3)
was carried out in diethyl ether for 5 h and gave over 90% isolated vields [1]: in
contrast, reaction in refluxing benzene for 40 min afforded four products: complex
3 (51‘r) the cvelic vinyl complex 4 (6%). vellow R“uw((( () \lt,‘*«( ‘(,(,_A),,\h, (7(( Q.-
Mc}—(‘H((,()lML)}(PPu)(r-L JH (5) (20%). and the PPh, O (COL Mey, adduct
(7y (12%). Complex § was identified by elemental m‘uum,diyx; angd lmm Hs
characteristic '"H NMR spectrum. which contains three sharp singlet resonances
between 8 3.13-3.80 ppm with relative intensities 376,73, assigned to the QA
groups. together with a vinyl proton resonance at § 2.22 ppm. which s coupled to 4
single “'P nucleus. The FAB mass spectrum contains a parent moleculur jon at m =

714, Full stereochemical characterisation was achieved by a single-crvsial Xerav

* In this paper. c¢is and trans refer to the configuration of the two COLMe groups



61

CFa
PPhs FaC

H
%—‘ CF; ™ CFB
Ru Ru .._..\
/'
Ph3P T Ph3P/

(1) (2)

H
) oM COzMe
@ (‘ COQMQ @ ,/O\ € @ R 2
M M
—
Ph,P N} Phap™

Ruk\

Ph4P
3 I COsMe ~ / T~Co,Me
PPh, CO,Me MeO,C
COsMe
(3) M=Ru (4) M=Ru (5) R=H
(8) M=0s (9) M=0s (6) R=Me

structure determination (see below). Compound 7 was identified as the yellow 1/2
adduct of PPh; with C,(CO,Me), by comparison with an authentic sample pre-
pared as described by Johnson and Tebby {4]; presumably it is formed by combina-
tion of PPh, displaced in the formation of 4 or 5 with unreacted C,(CO,Me),.
The osmium analogues of complexes 3 and 4 have also been obtained during this
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work: vellow Os{C(CO,Mep=CH(CO,Me) H(PPh ) (n-CHs) (8) was obtained in
71% yield from OsH(PPh;).(5-C;Hy) and an excess of C.(CO-Mey. m 1.2-di-
methoxyethane (dme) at 1207 C for 16 h. It was nccnm; sanied by o small amount of
deep red Os{c((‘o,Mc):(‘zii (OYOMe }(PPh)(4-C Ho 1 (9). the pmpumunuﬁ which
could be increased by carrving out the reaction at 150° I" for 16 h Conversion of 8
into 9 was achieved by heating i roluene at 1507C for 7 h &Jcntéﬁc;:mm of these
complexes was from elemenial microanalyses and the general simitlanty of ther IR
NMR and mass spectra with those of complexes 3 and 4. However in contrast with

3. the mass spectrum of 8 showed a parent 1on centred on a2 Y210 which
fragmented by loss of OMe, CO and PPhy groups. The two rutheniuny complexes
give identical mass spectra. presumably as a result of the thermal conversion of 3 (o
4 occurring in the ion source.

Similar reactions between RuH(L-Lyn-C Hoy (L L= dppm (CH ¢ PPh.
dppe (Ph, PCH-CH.PPh.}; afforded yellow Ru{ C(CO Mep=CHCO Moy (L qw
CHoy (L-L = dppm (10). dppe (1), the former us o bemi-ethanol sobvate. Com-
plex 10 decomposes during seime hours inair, slthough complex 11 ke 3018 guite
stable in air. Both complexes are very soluble in benzene. fess sofuble i chlonmated
solvents, and only sparingiv soluble i diethvi ether. ethanal or acetone: they are
both msoeluble in light petroleum. The new compiexes were charactensed on the
hasis of elemental microanalvses and their TR. NMR und muass spectra, Infrared
absorptions were found for p(C=0) (1705 and 1725 cm *an 100 1685 o 1),
p{C=C) (1529 and 1537 em ' (cx‘pccti\'cl\f yand »(Co Oy (1192 and 1140 ‘
1146 con ' (11)). The salient features of the NMR specira are ’h‘uu\\\.u “-dﬂ\m In
their mass spectra, molecular ions centred on a2 694 (10) o 708 (31 decompose
by loss of the vinvl and C H. groups.

Conversion of 3 into the chelate complex 4 occurs on heating, with concomitani
foss of PPh,. An attempt o umprove the vield by addition of sulphur gave the
expected SPPh.. but only us one component of o complex. mtractable black

product. However, addition of 1odomethane to a soluuon of 3 in refluxing toluene
rapidly gave a white precipitate of [PMePh {1 the red solution gave 450 309 vield
after chromatography.

Reactions between 4 and small ligands, such as €O or ONBu'. result in
opening of the chelate ring to give complexes Ru{C(CO.Me=CHCO . Mej (L)
(PPh }(n-C Ho) (L = CO (312). ONBu' (13)), Thus. carbonviation of 4 under mild
conditions in tetrahvdrofuran (tht) solution afforded o vellow product 12a, which
proved to be different from the complex 12b obuained by addivon of € CO-Me),
to RuH(CO)PPh ) n-CsH o Elemental microanalyses showed the two complexes
1o be somers: the most marked difference in thewr IR x;m Clra was in zm pmltmn of
p(CO} for the metal-bonded €O group (1954 cm P 12a, 1940 o U in 12b). The
NMR spectra are discussed below. Carbonvlation of 3 o methanal “dichloro-
methane mixture gave complex 12b {(65% ).

The reaction between 4 and Bu'NC i refluxing 1.2-dimethoxvethane gave pale
yellow 13 in high vield. In the IR spectrum. v{{'N} bands were found st 2085 and
2065 ¢m ', and the ester #{CE) was at 1703 em 7 In the mass spectrum. the parent
1on (m/z 634) fragments by loss of UNBu. PPh., OMe and €10 pronps.

Stereochemistry of the MC(CO-Mej=CH(CO,Me) group
The 'H and "€ NMR spectra of the several complexes described above are
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summarised in Tables 1 and 2. These can be interpreted readily in conjunction with
the X-ray structural determinations which we have carried out on complexes 11 and
12a.

Molecular structure of Ru{(E)-C(CO,Me)=CH(CO,Me) }(dppe)(n-CsH;) (11)

A molecule of 11 is shown in Fig. 1, from which it is clear that the vinyl ligand
carries the two CO,Me groups in a mutually cis configuration. The ruthenium atom
coordination is distorted octahedral (angles P(1)-Ru-P(2) 85.1(1), P(1)-Ru— C(32)
93.3(4), P(2)~-Ru-C(32) 92.2(5)°). The Ru~C(sp*) distance (Ru-C 2.07(1) A) is
within experimental error the same as that found in the trans complex 12a (see
below). The ruthenium is also bonded to the two phosphorus atoms of the chelating
dppe ligand (Ru-P 2.271(4), 2.249(4) A) and the 7- C;H; group (Ru-C(cp)
2.21-2.28(1), av. 2.25 A) The two longest Ru—C(cp) vectors are approximately trans
to the shorter of the two Ru-P vectors.

Molecular structure of Ru{(Z)-C(CO,Me)=CH(CO,Me) }{(CO)(PPh;)(n-CsH;) (12a)

A molecule of 12a is shown in Fig. 2. In this case, the vinyl group has mutually
trans CO,Me groups, as expected from the mode of preparatlon Coordination of
the ruthenlum atom to the vinyl group (Ru-C 2.080(8) A), a CO ligand (Ru-C
1.847(7) A), the PPh, ligand (Ru-P 2.310(2) A) and the n-C;Hy group (Ru—C(cp)
2.250-2.264(7), av. 2.258 ;\) is unexceptional; as found in similar complexes, the
ruthenium coordination is distorted octahedral (P(1)-Ru-C(24) 85.0(2),
P(1)-Ru-C(25) 94.7(2), C(24)~Ru-C(25) 93.1(3)°). Compared with 11 above, the
C ring is more symmetrically bonded to the metal atom.

In both complexes, the C(CO,Me)=CH(CO,Me) groups show no significant

(Continued on p. 66)

Table 1
TH NMR spectra (CDCl;) of some MLL'{C(CO,Me)=CH(CO,Me)}(1-CsHs) complexes

MLL’ Configu-  Chemical shifts (ppm) ¢
raton CO,Me CH= C,H, PPh Other
Ru(PPh,), (3) cis 32753965 4555  415s  7.22m
Os(PPh3), (8) cis 32553955 4751  430s  7.20m
(1.0)
Ru(dppm) (10) cis 31553255 500s 4.80s  7.35m  PCH, 3.80m
=)
Ru(dppe) (11) cis 319s3.52s 4295 444s  729m  PCH, 2.73m
-) EtOH 1.18t.3.64q
Ru(COYPPh,) (12a) trans 28853665 6604 498  7.25m
(2.0)
Ru(CO)PPh,) (12b) cis 3.55s,3.57s 5.33d 4.98s 7.37m
1.0
Ru(CNBu')PPh,) (13) cis 3.55s,3.58s 5.60d 4.80s 7.43m
(2.0)
Ru(PPh,) (4) trans 3.215,3.49s 6.20d 4.41s 7.36m
(chelate) (2.5)
Os(PPh3;) (9) trans 3.30s,3.45s 5.90d 4.65s 7.35m
(chelate) (1.0)

¢ J(HP) (Hz) in parentheses.
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o) C{10)

C(37)
C(36)

Fig. 1. A molecule of Ru{( £)-C(CO,Me}=CH(CO, Me) Hdppe)(n-CsHs) (11), showing atom numbering
scheme.
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Ph3P MEOZC
H

(16) (17)
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Fig. 2. A molecule of Ru{{ Z)-CrCO.MepCH(CO, Me) HCONPPh K -CoHs) (12a) showing atom
numbering scheme.

differences from those found in related molecules such as Pd{(£}-C(CO,Me)=CH-

(CO,Me)W(C,Ph)(PEL, )~ (14} [5). PUC,H,PPh,){( £)-C(CO,Me)=CH(COMe)}-
(PPh ) (15) [6]. RuCl{(Z)-CiCOMe)=CCHCOMe [ (COY(PPh ), (16} 7] rrans-

Table 3
Stereochemistry of some M{C(CO, Mey=CX(CO, Me); groups

MeO,C’ ‘co,Me  MeO,C, X
2 ) 2// > N :/
Cm===C c==C_
/ AN / N4
M X M Co,Me
(A)cis (B) trans
Complex T TE 15 16 122 17 T
M Ru Pd P o Ru Ru w“l;i o 7?‘;7 o
X H H H 1 H 8] 1
Configuration A A A A B B 1]
Bond lengths (4}
M-C(1) 2.07(1; 205 2.026(8) 2.1602) 2.40800%} 2.086(12) 1972y
C(1)-C(2) 1.43(2) 1.38(2y 1.337(12) LAW3) 1.373(1h 13702 LANWD
C(H-C(3) 1.47(2) 1.48(2) 1.508(13) 1.49¢3) 1.494(9; 1.50¢2; 1.56(3)
C2)-Ctdy 1.53(2) 1483 F4R0(13) 1.49(%) 14620140 P9l PAUD
Bond angles (deg)
M-C(1)-C(2) 126.1410) 9455y 126.7(7) 129.5(14)  133.2(5) 129.9¢5) 1299(11)
M-C(1)-C(3) 113.7(10) 91.7(4y  122.8(6) 147015y 114.7(6) 795 112.6(%)
CO)-CiH-C2)y 12001(11) 1232 120.5(8) 114.5¢18) 11157 PT11.8(8) 7.4
CH-C-C4)y 124313 121D 126.4(9 122.1¢14)  124.6(7y 124 8¢8) l ’J EN Y
C(H-C(23-X - . 122.4(16) 125810
C-C(2-X - 154017 9 \(\!
Reference This work  [§] [6] {71 This work 191

“ Average of two values.
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PtH{( Z)-C(CO,Me)=CH(CO,Me) }(PBu"Bu',), (17) [8] or [N(PPh,),|[Pt{(E)-C-
(CO,Et)=CCI(CO,Pr')}Cl,(CO)] (18) [9] (Table 3).

The structure determinations unequivocally establish the configurations of the
vinyl ligands in complexes 11, 12a and 12b. Furthermore, since both carbonylation
of 3 and the reaction between RuH(CO)PPh,)(n-C;H5) and C,(CO,Me), afforded
12b, it is likely that cis addition of the metal hydride to the alkyne occurs, as has
been found previously. The 'H NMR spectra are entirely consistent with these
structures. In the cis isomer, the vinyl CH resonance would be expected at higher
field than in the trans isomer because of the shielding effect of metal electron
density: the observed values are 5.33 and 6.60, respectively. The magnitude of the
J(HP) coupling is also helpful, having values of 2 and 1 Hz in 12a and 12b,
respectively; the trans coupling in other compounds containing the PC=CH moiety
is usually twice the cis coupling [10].

We find that chemical shifts of the OMe resonances differ by only ca. 0.02 ppm
in the c¢is isomer, compared with ca. 0.8 ppm in the trans isomer; this is consistent
with the CO,Me groups being in more similar environments in the former. There is
also observed a separation of the OMe resonances of ca. 0.3 ppm in the chelate
complex 4.

The *C NMR spectra of the isomeric complexes also show differences in the
CO,Me resonances which can be related to the observed geometrical isomerism. In
the cis isomer 12b, both groups are accidentally equivalent, with the OMe and CO
resonances at 50.5 and 179.6 ppm, respectively, whereas in the trans isomer 12a, two
sets of resonances are found, at 49.9 and 50.2, and 178.25 and 1784 ppm,
respectively. Other resonances are readily assigned to C;H; (88.0 and 87.5 ppm,
respectively), CH (162.3 and 168.7), Ru-C (176.6 and 172.7) and Ru-CO carbons
(204.7 and 205.0). The metal-bonded carbons show 11-13 (Ru-C) or 21 Hz
(Ru-CO) coupling to phosphorus.

It is evident that the effects of differing geometry of the vinyl ligand on the NMR
spectra are subtle, and of limited use in assigning the stereochemistry unless both
isomers are available for study. However, on the basis of the above results we have
been able to assign the structures of the various complexes encountered in this work
with some confidence.

The isomerisation reaction

We have previously suggested that the initial cis adduct might transform into the
trans isomer by virtue of a partial withdrawal of electron density from the C=C
double bond on to the B-ester carbonyl group (Scheme 1, route A) [1]. The reduction
in C=C bond order would allow rotation of the CH(CO,Me) group about this bond,
a possible driving force being the extra stability derived from chelation of the ester
carbonyl group.

The isomerisation proceeds slowly on heating, but the reaction is accelerated by
addition of iodomethane to the solution of complex 3. In this way, the displaced
PPh, ligand is removed as [PMePh,]I, which separates from the solution. The
primary role of the iodomethane, however, is to alkylate the 8-carbon, generating a
carbene intermediate (Scheme 1, route B). Carbenes containing electron-withdraw-
ing substituents are relatively unstable, and we would expect that rotation and
displacement of the PPh; would be accompanied by rapid transfer of the methyl
group from the B-carbon to the PPh, ligand.
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Scheme 1. One PPh, and CH< ligands omitted for clarity.

Formation and molecular siructure of the butadienyl complex 3

First observed in the reaction between RuH(PPh.),(7-CsH. ) and C.(CFy). [11L
and subsequently in the addition of C,(CO,Mej, to RuMe(PPh i, (n-C Ho) [3].
was the formal insertion of two alkvne molecules into the Ru- H or Ru- C bonds of
the precursor complexes, generating the butadienvl complexes 2 or 6. Complex 5
was not observed in inibal studies of the reaction between the hydride and
C,(CO,Me),, although. as we have now shown. it can be isolated us a stable vellow
crystalline solid if the reaction conditions are modified. We have shown previously
[1] that vinyl complex 3 reacts with C,(CF;), to give the mixed insertion product 19.
where the entering alkyne has apparently inserted into the vinviic C-H hond of 3. a
result which has been rationalised on the basis of a dipolar imtermedinte similar to
route A in Scheme 1.

The spectroscopic evidence did not distinguish between the butadienvl formula-
tion and an ester-CO chelate structure such as Sa. so a single crystal Xerav study
was carried out. As mentioned above, this confirmed the 1.3 4-n"-butadienyl struc-
ture, a diagram of which is given in Fig. 3. The ruthenium atom is coordinated by
the C;H group (Ru-C(cpy 2.207(6)-2.247(7) A, av. 2.228 A). the PPh, ligand
(Ru-P 2.346(2) A). and the butadieny! group, which is attached by the o-bonded
carbon (Ru-C(6) 2.060(6) A; and the outer U=C double bond of the butadiene
{Ru-C(8) 2.189(6). Ru-C{9) 2.194(6) A). These distances mav bhe compared with
those found in Ru{C(CF, }=C(CF;)C(CF, y=CH{CF, )} PPh )in-C Hoy (2 [11] and
Ru{C(CO,Me=C(CO, Me)C(CF, =CH(CF ) HPPh ) (p-C-H. ) (193 {121 (Table 4):
no significant differences are found.

Other reactions of Ru{C(CO. Mej=CHICO,Me) )(PPh i (n-C H.)

The Ru-C bond in compiex 3 was easily cleaved by reagents such as HClor H .
Thus, when a suspension of 3 in agueous methanolic hvdrochloric acid was heated.
an orange precipitate of RuClHPPh ). (n-C.H.} formed.
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©or H

Cl — Pt «—CO /RUA-—\
Cozpri Ph3P — CF3
Et0,C” N MeO2C
Cl COZMe
(18) (19)
l: NV
Ru——H
PhsP \H
(20)

Hydrogenation of 3 in tetrahydrofuran solution under mild conditions afforded a
moderate yield of a white complex identified as RuH;(PPh;)(n-CsHs) (20) by
comparison of its IR and '"H NMR spectra with those previously reported 13].

Fig. 3. A molecule of Ru{C(CO,Me)=C(CO,Me)C(CO, Me)=CH(CO, Me)}(PPh;3)(n-CsHjs) (5), showing
atom numbering scheme.
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Table 4
Some structural parameters for y'-butadienviruthenium complexes
R
5 _
C{) ’
- N R
Ru NS
\_\ (;(2)
i
AN
C(3)
H—— C (4} R
\
AN
N oo
R(
Z‘I)xhplcx 5 2
R! €O, Me <,
R 03 My CF,
Bond distances (4
Ru~C(1) 2.060(6) 208 2O
Ru--C(3) 2 i8Wwe; 216 RN
Ru-({4) 21046 219 21TUO
C(H-C 13559y 1.32 [IREIIOS
C(H-C3y 131508y 1.51 TAGY(H)
C3-Cdy Ld21(9) 142 RS
Bond angles (deg)
Ru-C(1)-C(2) 100.4(4) ! 499.4(4)
C-C2)-Ce3) 104.7(53 ! FOS S(b
C2)-C3)-Cd) 117.7{6) ‘ 1172045
Reference Phis work {11 i

¥ Not available.

Interestingly. this trihydride was not obtained by similar hvdrogenation of the
chelate complex 4, suggesting that replacement of PPh, by 2H occurs before
cleavage of the Ru-C bond. We have previously noted that higand exchange in
RuH(PPh ), (%-C Hy) is slow [14]. The trihydnide was obtained previously from the
reaction between RuClWPPh .1, (n-CHs) and LiAlH, in tetrahvdrofuran [13]

Conclusions

The results described allow the following conclusions to be drawn:
(1) Initial ¢is addition occurs in the reaction between RuH(1),(n-C.H.) (L = PPh,.
L, = (CO)PPh;). dppm, dppe) and C-(CO, Me),.
iy On heating of 3, isomerisation to the rrans complex occurs, followed by
chelation of the ester carbonyi group with displacement of a PPh; ligand.
(i1i) Subsequent addition of ligands to the chelate complex 4 atfords the rrans vinyl
complex.
{iv) The bis-insertion product. butadienyl complex 5, is also formed in the reaction
between C,(CO,Me), and RuH(PPh;),(n-C H). presumably by attack of a di-
polar intermediate, such as in route A (Scheme 13, on a second molecule of the
alkyne.
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Experimental

General conditions. All reactions were carried out under nitrogen except those
involving CO or H,; no special precautions 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. Pressure reactions were carried out in a small stainless steel
laboratory autoclave (Carl Roth, Karlsruhe) of internal volume 100 ml, equipped
with an internal glass liner.

Instruments. Perkin—Elmer 683 double-beam spectrometer, NaCl optics (IR);
Bruker WP80 spectrometer (‘H NMR at 80 MHz, 'C NMR at 20.1 MHz);
GEC-Kratos MS3074 mass spectrometer (mass spectra at 70 eV ionising energy, 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
107° mbar; the FAB gun voltage was 7.5 kV, current 1 mA. The ion accelerating
potential was 8 kV. The matrix was 3-nitrobenzyl alcohol. The complexes were
made up as ca. 0.5 M solutions in acetone or dichloromethane; a drop was added to
a drop of matrix and the mixture was applied to the FAB probe tip.

Starting materials. The literature method was used to prepare RuH(L),(5n-CsHy)
(L = PPh,, L, = (CO)PPh,), dppm, dppe) and OsH(PPh,),(1-CsH;) [14]. Solvents
were extensively dried and distilled (dme and thf from sodium/benzophenone)
before use.

Chromatography. For column chromatography, the packing was Florisil or
silica. Preparative TLC was on 20 X 20 cm plates coated with Kieselgel 60 GF,s,
(Merck, Darmstadt).

Reaction between RuH(PPh,;},(1-CsH;) and C,(CO,Me),

A solution of RuH(PPh,),(n-CsHs) (502 mg, 0.73 mmol) and C,(CO,Me),
(0.25 ml, 2.03 mmol) in benzene (50 ml) was heated (oil bath at 82-86° C) for 45
min. Evaporation of the cooled solution gave a red oil, which was chromatographed
(Florisil). After washing out of the excess of alkyne with light petroleum, elution
with 1/10 acetone/light petroleum gave an orange band containing RT{C(COY
Me)y=CHC(O)OMe}(PPh,)(1-CsHs) (4) (26 mg, 6%) (from diethyl ether /light pet-
roleum; identified by melting point and IR spectrum). Further elution with 1/4
acetone/light petroleum gave a yellow fraction containing Ru{C(CO,Me)=CH-
(CO,Me)}(PPh,),(1n-CsH;) (3) (308 mg, 51%) (from diethyl ether/light petroleum;
identified by melting point and IR spectrum). A second yellow band was eluted
with 1/3 acetone/light petroleum, and crystallisation from diethyl ether /pentane
gave Ru{C(CO,Me)=C(CO,Me)C(CO,Me)=CH(CO,Me) }(PPh;),(n-CsHs) (5) (106
mg, 20%), m.p. 180-181°C (Found: C, 58.81; H, 4.64; M (mass spectrometry) 714;
CysH;,04PRu caled.: C, 58.90; H, 4.66%, M 714). IR (Nujol): »(CO) 1716vs,
1699s; »(C=C) 1585w; other bands at 1310m, 1250(sh), 1212s, 1192m, 1150m,
1140m, 1093m, 1012w, 895w, 785w, 758w, 745w, 697m cm'. '"H NMR: 8 (CDCl;)
2.22 (d, J(HP) 16 Hz, 1H, =CH), 3.13 (s, 3H, OMe), 3.60 (s, 6H, 2 X OMe), 3.80 (s,
3H, OMe); 4.89 (s, SH, C;H,); 7.2-7.4 (m, 15H, Ph). FAB mass spectrum: 714,
[M]*, 29; 682, [M — MeOH]", 12; 655, [M — CO,Me]*, 15; 429,
[Ru(PPh;}C.Hs)] ", 100; 262, [PPh,]*, 31; 167, [Ru(CsHs)]™, 18. Continued elu-
tion with the same solvent afforded a yellow fraction, further purified by TLC (silica




gel; 1/1 acetone/light petroleum) to give 7 (60 mg. 12%) (R, 0.36: {rom
CH,Cl, /light petroleum), m.p. 248--249° C (lit. {4] 248--250" Cy (Found: M (mass
spectrometry) 546: C,H.,0,P caled. M 546).

Pwpamll()n of 1,2-bis(carbomethoxy jethenyl complexes

(i) Ru [C(CO-Mej=( ILI((())()M(N(PP/ze)(n CyH,) (4} Refluxing a mixture of
Ru{C(C Oko)~C H(CO.-Me)PPh: ), (n-CsHy) ) (400 nig. 0.48 mmol)y and Mel (2280
mg. 16.1 mmol) in toluene (25 mi) for 45 min resulted in the precipitation of a white
powder. 1dentified (m.p. and NMR) as [PMePh JI (198 mg. 88%). and a red
solution. This was evaporated and the resulting red oil chromatographed on a
column of silica. Elution with cther produced a red-orange band which was
collected and evaporated to dryness. Extraction of the residue with ether. addition
of light petroleum, concentration and refrigeration at -3

=309 resulted in the
formation of orange microcrystals. Concentration of the mother quuox and refriger-
ation gave a further crop of Rtj_{(‘((‘*ﬁﬁ’\/ﬁ; W?Aﬁaﬂ())()\k {(PPh Mn-C.HO (4
(total yield 219 mg. 80%) m.p. 125-126°C (Lit. [1] 1261277y Enimx:d {Nujol):
#{CO free) 1710s, »(CO coordy 1570s, »(CCy 15379 em ' (Lit 1] v CO freey 1699m,
p(CO coord) 1586 cm 'y

(i) Os{E)-C(COMej=CH{CO,Me) }(PPh j>(n-C. H:i (8. A muxture  of
OsH(PPh .}, (5-CsHy ) (500 mg, 0.64 mmol) and C,{(CO,Mej- (200 mg. 1.41 mmoly
in dme (50 ml) was heated under nitrogen in a small autoclave (120°C. 16 h:
working pressure 35 atm). After cooling, cvaporation gave a red oil which was
chromatographed on Florisii. A red fraction, eluted with benzene. was reervstallised
(EL,0) to give deep red crystals of Os{C(CO,Me)=CHC(OH)OMeH(PPh. j(n-C. H )
(6) (40 mg, 7%). Elution with benzene /dicthyl ether (26,711 gave Emt‘h' vellow
crystals (from dme) of Os{{ £ -C(CO,Me)=CH(CO, Me {PPh 3. 0-C L) (8) (290
mg, 71%), m.p. 205°C. Found: C. 60.63; H, 4.63. M (mass spectrometryy 922:
CyyH, 0,08P, caled.: € 61160 H. 4.24%: M 922 IR (Nuoln »(C=0) 7035,
1685(sh); »(C=C) 1516m: r(C ) 1196s, 1138 other bands at 131201 1178(sh)
1090m. 1009m, 869m. 836w, 813w. 754(sh), 746w. 705w, 697m cm '

(iif) ()s;(IVC() Mel=CHCIO)0OMe MPPh j(m-CoHsr (9. A mixture of
OsH(PPh ), (n-CsHy) (1410 mg. 1.81 mmol) and C( L();Mc)l {520 mg. 3.64 mmol)
i dme (50 ml) was heated under nitrogen in a small autoclave (1507C. 16 h).
Separation of the products by preparative TLC (Ei,0) afforded PPh, (R, 0.91).
deep red Os{C(CO,Me)=CHCOYOMe[(PPh,{n-CsHy (9 (R, (157 (640 mg,
54%) and yellow Os{C{CO, Me)y=CH(CO,Me)}(PPh .}, (:] C.HOH(® 0.32y (210
mg. 12%). Complex 9 was recrvstallised (Et,0) 1o give dup rui Lz*.smls. m.p.
171-173°C. Found: . 52.86; H. 4.24; M (mass spectrometry) 660: (o H,,0,0sP
caled.: €. 52.73: H, 4.09%: M 660. IR (Nujoly: »(C=0) 1710s. ’{S*)»/Jm 1574w
p(C=C) 1675s; v(C-0) 12925, 12425 other bands at 1198%m. 1177m. 1156w, 111im.
1078m, 1019w, 793w. 759w, 721w. 718w. 671m. 667m cm . !m baselhine was
extracted with dme 1o give white needles of €, (CO.Me), tfrom Ei.O) (340 mg,
65%, m.p. 186--187° C. identified by comparison with an authentic sample (1R, MS).

The chelate complex ¢ was also obtained by heating a  solution  of
Os{C{CO,Me)y=CH(CO,Mcej {PPh1).(n-C.Hs) (8) (500 meg. 0.54 mmoly in toluene
(50 ml) (150°C, 7 h: autoclave). After cooling, cmpnmtinn and chromatography
(Florisily afforded complex 9 (from benzene) (320 mg. 89%). eluted with toluene “di-
ethvl ether (1,71).
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(iv) Ru{(E)-C(CO,Me)=CH(CO,Me)}(dppm)(n-CsH;s) (10). A mixture of
RuH(dppm)(n-CsHs) (240 mg, 0.35 mmol) and excess C,(CO,Me), (120 mg, 0.84
mmol) was heated in refluxing diethyl ether (60 ml) for 48 h. Cooling afforded
yellow crystals of Ru{C(CO,Me)}=CH(CO,Me)}{(dppm)(n-CsHs) (10) (113 mg,
32%), m.p. 86-90° C (dec.) (Found: C, 59.79; H, 4.86; M (mass spectrometry) 694;
C,H,3,0,P,Ru caled.: C, 62.25; H, 4.90%, M 694). IR (Nujol): »(C=0) 1725m,
1705s; »(C=C) 1529m; »(C-0O) 1146s; other bands at 1318w, 1244w, 1201m,
1120(sh), 1100m, 1071(sh), 1027w, 999w, 832w, 786w, 737w, 723s, 699s cm .

(v) Ru{(E)-C(CO,Me)=CH(CO,Me) }(dppe)(n-CsHs) (11). This complex was
prepared from RuH(dppe)(n-CsH;) (300 mg, 0.53 mmol) and C,(CO,Me), (150
mg, 1.06 mmol) in refluxing diethyl ether (60 ml) for 15 h. The yellow crystals which
separated on cooling were recrystallised (CHCl,/EtOH) to give the hemi-ethanol
solvate (223 mg, 69%), m.p. 170-174° C (dec.) (Found: C, 61.73; H, 5.36, M (mass
spectrometry) 708; C;,H,O,P,Ru-0.5C,H O caled.: C, 62.38; H, 5.34%, M 708).
IR (Nujol): »(C=0) 1695s(br), »(C=C) 1531s, »(C-0O) 1192s, 1142s; other bands at
3060m, 1585w, 1573w, 1482m, 1432s, 1321s, 1160(sh), 1107(sh), 1095m, 1072w,
1029m, 1000m, 958w, 935w, 915w, 868w, 857m, 831m, 802m, 782m, 744s, 709(sh),
697s, 665s, 658(sh), 641m, 628m, 617m cm™".

(vi) Ru{(Z)-C(CO,Me)=CH(CO,Me)}(CO)(PPh;)(n-CsHs) (12a). A red solu-
tion of Ru{C(CO,Me)=CHC(O)OMe}(PPh;)(91-CsHs) (4) (254 mg, 0.44 mmol) in
thf (20 ml) was carbonylated in a small autoclave (12.5 atm, 100°C, 2 h). The
resulting yellow solution was evaporated to dryness and separation on preparative
TLC plates (silica, 1/1 light petroleum /ether) revealed a mixture of six bands. The
major yellow band (R, 0.52) was isolated and crystallisation from ether/light
petroleum afforded light yellow crystals of Ru{(Z)-C(CO,Me)=CH(CO,Me)}-
(CO)(PPh,)(7-CsH,) (12a) (173 mg, 66%), m.p. 128-130°C. (Found: C, 60.17; H,
4.65; C4,H,;0,PRu caled.: C, 60.00; H, 4.50%). IR (Nujol): »(RuCO) 1954vs(br),
»(CO) 1718s, 1700s, »(CC) 15565 cm™'; other bands at 1540w, 1482w, 1440w,
1396(sh), 1355w, 1322m, 1208s, 1188s, 1162vs, 1096s, 1092s, 1020m, 1014s, 1000m,
995(sh), 862w, 845m, 835w, 825w, 814m, 798w, 762m, 752m, 724w, 703m, 694m,
668w cm .

(vii) Ru{(E)-C(CO,Me)=CH(CO,Me) }(CO)(PPh,j(n-CsHs) (12b). (a) A solu-
tion of Ru{C(CO,Me)y=CH(CO,Me)}(PPh;),(n-CsHj;) (3) (300 mg, 0.36 mmol) in
a mixture of MeOH and CH,Cl, (1/5, 60 ml) was carbonylated in an autoclave (40
atm, 110°C, 21 h) giving a pale yellow solution which was evaporated to dryness.
Separation by preparative TLC (silica, 1/1 light petroleum /acetone) revealed a
complex mixture of seven bands of which only the major yellow band (R, 0.6) was
isolated. Crystallisation (ether/light petroleum) gave yellow microcrystals of
Ru{( E)-C(CO,Me)=CH(CO,Me)}(CO)(PPh;)(n-CsHs) (12b) (140 mg, 65%), m.p.
165-168°C. IR (Nujol): »(RuCO) 1940vs(br), »(CO) 1708s, 1690s; »(CC) 1557s
cm™'; other bands at 1482(sh), 1441(sh), 1438s, 1325s, 1212s, 1191m, 1167(sh),
1154vs, 1100(sh), 1095m, 1074w, 1023m, 1009m, 1000(sh), 960w, 870w, 855(sh),
849m, 841m, 832w, 810w, 750m, 725w, 710(sh), 700w, 661w cm .

(b) Dropwise addition of C,(CO,Me), (330 mg, 2.3 mmol) to a stirred solution
of RuH(CO)(PPh;)(n-CsHs) (450 mg, 0.75 mmol) in dme (30 ml) caused an instant
colour change from bright yellow to red. After heating a reflux point for 3 h,
evaporation, purification of the resultant oil by preparative TLC (diethyl ether /light
petroleum 9,/1) and crystallisation of the yellow product (diethyl ether,/n-hexanc)
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afforded bright vellow crystals of Ru{( £)-C(CO,Me)=CH(CO, Me)(COXPPh )(7-
C.H) (110 mg, 30%). This complex was identified by comparison with a sample
made previously [1].

{viil) Ru{(E)-C(COMe)y=CH(CO, Me) (CNBW )(PPh J(n-C. Hop (13 A mixture
of Ru{C(CO,Me)=CHC(O)OMe }[(PPh ) -CHyy (4) (200 mg, 0.31 mmoel) and
Bu'NC (120 mg. 0.72 mmoly was heated 1n refluxing dme (20 miy for 2, during
which time the colour of the solution changed {rom red 1o vellow. EBvaporation.
purification by preparative TLC {diethy] ether 7light petroleum 9713 and crystalhisa-
tion of the yellow band (K, 0.77) afforded vellow orystals of Rui{£)-
C(COMe)=CH(CO, Me) HONBu' W PPh ) (-CoHo (10 1160 mg. 1% mup.
165-166° C. Found: C. 61.57. H, 5.64: N, 2.19. O H NGO, PRu caled.: . 62.97;
H. 5.40; N. 210%. IR (Nujoh: »(CN) 20938, 2065(shy: wC=0y 1703s, v (=)
1560s, v(C-0) 1200s, 11425 other bands at 1312m. 1158w 1095k, 1090m, 1008w,
839w, 801m. 756m. 719w, 6897m, 656w e

Other reactions of Ru{tE)-CiCO Mej=CH(ICO-Me) {PPh ) -iq-CiHop 13

() With HCIL  Reftuxing of g mixture of Ru{{ £)-CiCOMe)CHICO,Me) -
(PPh ), (n-CsHo) (500 mg. 9.60 mmoly and HCH (4 ml of 1 M soluuen) in MeOH
(25 ml) for 23 h afforded an ocrange precipitate which was collected. washed

Table 5

Crystal data and refinement details for 11, 12a and §

L} - 12a o ':;

Formula
Motwt.
Crvstal system

C .0, P-Ru

97

rronachinic

¢ H L O PRy
9.6

trichine

Space group 71 i N
(CHNe i M Ty

. A 1040773

bHoA PRSIy L2216

A 10535607y 132309 MRS

a. deg 93 G675 Uil

B. deg P01 T8(3) 110.56(5) 1

v. deg 4 106 2115} g

Val, A° 137 EN

7 2 3

D gcm 1.452 !

F 000y 838!

poem”! .20

# limits, deg

No.of data collected
N, of unique data

No. of unique data used

with /22 25007 210 2320 27
R [SRRE! 00355 (ods
k £ Re THA (i
g 000612 0.0003 {1
R, (.05 {1168 A

: it

e A’

Pringes«
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(methanol), dried and identified (IR, NMR) as RuCl(PPh,),(%n-CsHs) (330 mg,
76%).

(ii) With dihydrogen. A solution of Ru{(E)-C(COzMe)=CH(C02Me)}—
(PPh;),(n-CsHs) (300 mg, 0.36 mmol) in thf (20 ml) was hydrogenated in an

Table 6

Non-hydrogen atom coordinates for Ru{C(CO,Mey=CH(CO,Me)}(dppe)(n-CsH;)-0.5EtOH (11) (Ru
x10°, others X 104)

Atom X y z
Ru(l 10824(10) 25000(-) 8502(9)
P(l() ) 3119(4) 3115(3) 506(4)
P(2) 2225(4) 1421(2) 414(3)
C(2) 3822(8) 3936(5) 2894(8)
C(3) 4681(8) 4442(5) 3774(8)
C4) 6034(8) 4684(S) 3550(8)
C(5) 6530(8) 4421(5) 2445(8)
C(6) 5671(8) 3916(5) 1565(8)
C) 4318(8) 3673(5) 1789(8)
C(®) 2527(%) 3650(5) - iéélg;
(€¢) 2227(9) 4214(5) —
Cglg)) 2206(9) 4988(5) —2744(8)
C(11) 2484(9) 5198(5) —1416(8)
C(12) 2784(9) 4635(5) —439(8)
(€Q)] 2805(9) 3861(5) —789(8)
C(14) 1691(9) = 171(5) 3196(8)
C(15) 2727(9) —736(5) 3075(8)
C(16) 3618(9) - 645(5) gg:gg;
cQ17 3492(9) 12(5)
CE]S; 2465(9) 576(5) 1495(8)
Cc(13) 1565(9) 485(5) 2406(8)
C(20) 1606(9) 1246(5) —2337(8)
C21) 852(9) 942(5) —3531(8)
C(22) —190(9) 366(5) - ;gzgg;
C(23 —477(9) 94(5) -
CEZ4; 277(9) 397(5) - 1154(8)
C(19) 1319(9) 973(5) —1149(8)
C(25) 4124(15) 1620(10) 184(14)
C(26) 4320(12) ;:Zgg)l) - ;ggg)Z)
C(27 —1285(9)
C§28§ —919(9) 3233(5) 938(8)
C(29) —493(9) 3390(5) —275(8)
C(30) —595(9) 2695(5) —1008(8)
C@31) —1084(9) 2108(5) —248(8)
C(32) 1885(14) 2393(12) 2859(11)
C(33) 3289(17) 2091(11) 3474(14)
C(34) 3898(18) 2097(12) 4957(16)
C(35) 889(17) 2694(10) 3673(14)
C(36) —981(21) 2551(18) 4735(19)
C(37) 5861(21) 1801(17) 6642(21)
o) —44(13) 2133(11) 3919(11)
886(15 3357(9) 3977(11)
o) ) 5226(11)
0o(3) 5162(12) 1837(10) (

0(4) 3171(15) 2279(11) 5751(13)
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autoclave (14 atm, 100°C. % hy. Addition of methanol and concentration afforded a
white precipitate of RuH (PPh )}{(yn-C.H) (62 mg. 40%) (19). IR {Nujoly #(Ru-H)
2040 and 2000 cm ! (Lit {131 2040 and 1995 ¢cm '3 "HENMR: S (C Dy - 10,00 d
JOHP) 19 Hz, 3H, RuH: 489 s SH, C.H.; 7077 m i8R
JOHP)Y 18 Hz: 4.8, 0 74 -7 m. respectively ).

Crystallography

Intensity data for 5. 11 {as ity cthanol solvate) and 12a were measured at room
temperature on an Enraf- Nonius CAD4F diffractometer fitted with Mo-K | {(gra-
phite monochromatized) radiation A 071073 AL with the wse of the ! 2F scan

Table 7

Non-hydrogen atom coordinates
%107, others < 107

Rud C(CO- MeyCHICO-Mey HCOUPPh i g

Atom X \

Ru(1) 30683(5)

Peh 40591y

(i HET4(S)

2y 29T

3y S9R4(5 AT6R( 3
C(dy SIRR(S) S005(3
(G GTOMS
Ci6) SOREY 1,
7y 36454 H
C(&) RIERIVES SRRT(
[ 2229¢4y SO
C(HD) 19R5(4 SH2H
(1 I8T70(4) 423805
(RS 3040 5
C(131 2ROGERY
Cl4)

1Sy TRI3(2y

16y 1898(2)

17y 229700

C(18) 3671003

Ce19y 3499012

20y 4323412 L6
2y 3344012 BTG
C2 1916(12) -

C23) 20111

C24 14847

C(25) 39377y

C(26) S5

27y THOR(KS

C(28) IIRHT

Ci29) TR48(R)

C(30) IRCTES

Ol

O(2) ]

(T3] 609244 AR
Oid) R65¢6) :

O(3)

JEATRY




77

technique. No significant decomposition of any of the crystals occurred during their
respective data collections. Routine corrections were made for Lorentz and polariza-
tion effects [15] and for absorption. Relevant crystal data are summarized in Table
5.

Table 8

Non-hydrogen atom coordinates for Ru{C(CO,Me)=C(CO,Me)C(CO,Me)=CH(CO,Me)}(PPh;)(7-
CsHs) (5) (Rux 10°, others X 10%)

Atom x y z

Ru 47059(3) 8679(5) 20579(2)
P 5993(1) 188(2) 2638(1)
Oo(1) 4560(3) 234(6) 3774(2)
02) 5622(2) 1669(5) 4201(2)
0(3) 4076(4) 5752(6) 2786(3)
04) 4414(3) 4245(6) 3733(3)
O(5) 3056(3) 3491(7) 1423(3)
O(6) 3741(2) 5120(5) 1122(2)
Oo(7) 4440(3) 3127(6) 568(3)
0O(8) 5709(3) 3392(6) 1177(3)
C1) 3733(4) 408(9) 1025(4)
C(2) 3497(4) 155(8) 1568(4)
C3) 3928(4) —1092(8) 1987(4)
C4) 4420(4) —1570(8) 1714(4)
C(5) 4308(4) —672(9) 1106(4)
C(6) 4805(3) 1843(7) 2987(3)
C(7) 4551(3) 3288(7) 2761(3)
C(8) 4419(4) 3319(7) 1996(3)
C(9) 5059(3) 314%(7) 1858(3)
C(10) 4959(4) 1171(8) 3685(3)
c(n 5832(5) 1027(10) 4899(3)
C(12) 4342(4) 4526(9) 3090(4)
Cc(13) 4121(7) 5454(13) 4016(6)
C(14) 3659(4) 3945(7) 1488(3)
C(15) 3046(4) 5779(%) 598(4)
C(16) 5001(4) 3220(7) 1122(4)
Cc(Q17) 5770(5) 3332(11) 519(5)
C(18) 6711(2) 1716(4) 2921(2)
C(19) 6679(2) 2842(4) 3380(2)
C(20) 7210(2) 4033(4) 3608(2)
C(21) 7774(2) 4097(4) 3376(2)
C(22) 7807(2) 2971(4) 2918(2)
C(23) 7275(2) 1780(4) 2690(2)
C(24) 5783(2) —1967(5) 3528(2)
C(25) 6015(2) —2885(5) 4132(2)
C(26) 6761(2) —2804(5) 4657(2)
C(@27 T7275(2) ~1805(5) 4579(2)
C(28) 7043(2) —887(5) 3975(2)
C(29) 6297(2) ~968(5) 3450(2)
C(30) 6578(3) —2515(5) 2290(2)
C(31) 6757(3) —3410(5) 1835(2)
C(32) 6623(3) —2841(5) 1170(2)
C(33) 6309(3) —1377(5) 961(2)
C(34) 6131(3) —482(5) 1417(2)

C(35) 6265(3) —1051(5) 2082(2)
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Table 9

Selected bond distances and angles

Bond distances (A) Bond angles (deg)
(a) Ru{( £)-C(CO; Mey=CH(CO, Me) {dppeX n-C<H) (11)
Ru(1)--C{27) 2.24(1 Piiy-Ru(1y-P(2) 351
Ru(1)--C(28) 2.28(1 Pey- Ru()--C(32) 93 3y
Ru(1)--C(29) 228 P2y Ru(1y--C{32) ERRIA
Ru(1)-C(30) 2.24¢1)
Ru(1)-C(3h) 220¢1 Ru(11-Ph-Cly 12283
Ru(1)-Cicp) (av.y 2.25 Ru(1)-P(1)- 7y PIS 50
Ru(13-P1y-C26; ISR
Ru(1)-P(1) 22714y Ru(1)-P2)--C(18) 123403
Ru(1)-P(2) 22494 Ru(1)-P(2)-C(19) VIZ 4
Ru(1)-P(2)-7(2%) RS
Ru(1)-C{32) 20700
Ruf 1—C(32)-C(33 12601
P(1)-C(1) 1.83(1y Ru(1)-C(32y- (35 IRETRY
P(1H)-C(7) 1ES(1
P(1-((26) 1.84{1} C33)-C32)y-C(35 12001
P(2)-C(18) 1.83(1; CAD-C33)--C( 24 1240
P(2)-C(19) 18441
P(2)-C(2%) LET
C{32)-C(33) 1432
C(32)-C(35) 1472
C(33)-C(34) 153

(b Ru{(Z)-C(CO,Me)y=CH(CO, Me1 (CONPPh  X(1-C<Hs ) (12a)

Ru(1)-C(19) 2.256(5 P(1)-Ru(1)-C(24) B3.0(0
Ru(1)--C20) : P(1y-Ru(1)-C(25) 44,7
Ru(13--C(21) CO2H-Ruf 11-C(253 93 1N
Ru(1)-C(22)
Ru(1)-C(23) Ru(1)--P(D)--C(6) 11982y
Ru(1y-Ciep) (av.) Ru(1)--P(1y-C(12) T139(0
Ru(H-PH-Cr1&) TIASH
Ru(1)-C(24) 1.847(7)
Ru(1--P(1) 2.3 Ru(1y-C24)--O 1y 174.6(7)
Ru(1)-C(25) 2.080(&) Ru(1)--C(253-C(26) 1147
Ru(1)-C(25)-C(2&) 13325
P(1H)-—-C(6)
P(H-C(12) C{26)-C(25)-C28) P15
P(D)--C(18) C{25)--C28)-Ci 29 124607
O(1)-C24)y 11SUE)
C(25)-C(26) 1.49(1)
C(25)-C(28) 1371
C28y-C(29) L4601
{¢) Ru{C(CO, Me)=C(CO, Me)CHCO-Me)l=CH(CO, Me) } (PPh ) 5-Cs Ho ) (5
Ru{1H-C(1) 2.207(6) P(1H- Rug1)--C(6) 88.9(2)
Ru(1)-C(2y P(1—-Ru(1)-C(&) VT
Ru(1-C(3) P(H--Ru(1)-C(% RE Dy
Ru(1)-C(4) CL{6)y-Ru{ - (&) 64 6(7)
Ru(1}-C(5) 2.243 Ceey-Ru(13-C(9) 24740
Ru(1)-Ccp) (av.) 2228
Ru(D)-P(1}-C(18) LI8.001y
Ru(1-P(1y 2.346{2) Ru(H-P(1)-C(29) P17 041y

Ru(1)--Pi1)-C(35) PHE Sy
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Table 9 (continued)

Bond distances (;\) Bond angles (deg)

Ru(1)-C(6) 2.060(6)

Ru(1)-C(7) 2.663(6) Ru(1)-C(6)-C(7) 100.4(4)

Ru(1)-C(8) 2.189(6) Ru(1)-C(6)-C(10) 132.2(5)

Ru(1)-C(9) 2.194(6) C(6)-C(T)~-C(8) 104.7(5)
C(6)-C(T)-C(12) 131.6(6)

P(1)-C(18) 1.833(4) C(H-C(®)~-C(9) 117.7(6)

P(1)-C(29) 1.839(4) C(T)-C(8)-C(14) 114.4(6)

P(1)-C(35) 1.835(4) C(8)-C(9)-C(16) 122.3(6)

C(6)-C(T) 1.36(1)

C(6)-C(10) 1.48(1)

C(NH-C(8) 1.52(1)

C(T)-C(12) 1.43(1)

C®)-C(9) 1.42(1)

C(8)-C(14) 1.50(1)

C(9)-C(16) 1.50(1)

The structures were solved by normal heavy-atom methods and each refined by a
full-matrix least-squares procedure based on F [15]. Phenyl atoms were refined as
hexagonal rigid groups with individual isotropic thermal parameters in all three
structures, in 11 and 12a the cp rings were refined as pentagonal rigid groups, and
the remaining non-hydrogen atoms were refined anisotropically. Hydrogen atoms
were included in the models at their calculated positions. A weighting scheme,
w=k/[6*(F) + gF?], was included for each model and the refinements continued
until convergence. Final refinement details are listed in Table 5.

The absolute configuration of 11 could not be determined as there were no
significant differences in the Friedel pairs included in the data set.

Scattering factors for neutral Ru (corrected for f* and f’) were from ref. 16 and
values for the remaining atoms were those incorporated in SHELX [15].

Fractional atomic coordinates for non-hydrogen atoms are listed in Tables 68
and the numbering schemes used are shown in Fig. 1-3. Selected interatomic bond
distances and angles are given in Table 9. Full lists of thermal parameters, hydrogen
atom parameters, bond lengths and angles, and of the observed and calculated
structure factors are available on request from the authors.
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