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Abstract

The allenylidene complex [Cp*Ru=C=C=CPh,(CO)(PMe'Pr,)][BAr,] (1) reacts with benzophenoneimine yielding the azaallenyl
derivative [Cp*Ru{C(N=CPh,)CH=CPh, }(CO)(PMe'Pr,)|[BAr}] (2).The addition of primary or secondary amines to 1 yields vi-
nylaminocarbenes, which are better formulated as azoniabutadienyl complexes [Cp"Ru{C(NRR')CH=CPh,}(CO)
(PMe'Pr,)][BAr,] (R=H, R'=CH,C=CH (3), R=H, R’=Me (4), R=R’=Pr (5)).Tertiary phosphines add to the C, atom of
the allenylidene chain furnishing allenylphosphonio species [Cp*Ru{C(PR;)C=CPh,}(CO)(PMe'Pr,)|[BAr,] (PR;=PMe; (6),
PMePr, (7)). The reaction of 1 with propanethiol afforded the thiocarbene [Cp*Ru{C(S" Pr)CH=CPh,}(CO)(PMe'Pr,)|[BAr}]
(8), which can be treated as a n'-thiabutadienyl.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

The involvement of transition metal allenylidene
complexes in the stoichiometric and catalytic transfor-
mations of alkynes is well established [1-4]. The reactiv-
ity of allenylidene ligands attached to different cationic
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ruthenium fragments such as {[(n’-CoH;)Ru(PPhs),]*}
[5-7], {[(n’-CoH7)Ru(CO)PPhy)]*} [5-7], {[CpRu-
(CO)(P'Pr3)] "} [8-17] or {[(n°-arene)RuCl(PR+)]*} [18-
21] has been studied by several research groups.
Although the reactivity of cationic allenylidene com-
plexes is governed by the electron deficiency of both
the C, and C, atoms of the unsaturated chain, its is
known that regioselective nucleophilic additions at C,
take place when bulky, electron-rich metallic fragments
are used, leading to o-alkynyl complexes [2,5]. The
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substituents of the allenylidene ligand also play an im-
portant role in determining the final product of the nu-
cleophilic addition. Thus, some alkynyl complexes
resulting from the addition to the C, undergo an isom-
erization reaction leading to more stable allenyl deriva-
tives [11,13,16,17]. The addition of electrophiles to the
Cp of the allenylidene chain is less frequent. Following
the report by Werner and co-workers [22] of the prepa-
ration of carbyne complexes of ruthenium by proton-
ation of vinylidene complexes, we have recently
described the dicationic vinylcarbyne derivatives
[Cp*Ru=CCH=—CRR'(dippe)]”?* (R=R’=Ph; R=H,
R’=Ph; dippe=1,2-bis(diisopropylphosphino)ethane)
[23] by protonation of the respective allenylidene com-
plexes [Cp*Ru:C:C:CRR’(dippe)]+. The reactions
of addition of nucleophiles to these complexes were also
studied. In all cases addition to the C, was observed.
The introduction of a strong m-acceptor ligand such as
CO modifies both the electronic and the steric properties
of the metallic fragment, modifying the reactivity of the
allenylidene ligand accordingly. In the context of our
studies in the chemistry of pentamethylcyclo-
pentadienylruthenium complexes, we have recently
reported the preparation and characterization of the
electron-deficient allenylidene complex [Cp*Ru=C=
C=CPh,(CO)(PMe'Pr,)][BAr,] (Ar'=3,5-C4H;(CF;),)
[24]. In this work, we focus on the study of the reactivity
of this complex towards a variety of nucleophiles con-
taining N-, P- or S-donor atoms. In all cases, and at var-
iance with the systems containing two phosphine
ligands, products derived from the regioselective addi-
tion to the C, of the allenylidene ligand have been
isolated and characterized.

2. Experimental
2.1. General consideration

All synthetic operations were performed under a dry
dinitrogen or argon atmosphere, using conventional
Schlenk techniques. Tetrahydrofuran, diethyl ether and
petroleum ether (boiling point range 40-60 °C) were dis-
tilled from the appropriate drying agents. Fluoroben-
zene was purchased from Aldrich (0.01% water
maximum). All solvents were deoxygenated immediately
before use. The complex [Cp"Ru=C=C=CPh,(CO)
(PMe'Pr,)][BAr;] (1) was prepared according to a re-
cently reported procedure [24]. IR spectra were recorder
in Nujol mulls on a Perkin—-Elmer Spectrum 1000 spec-
trophotometer. NMR spectra were taken on a Varian
Unity 400 MHz or a Varian Gemini 300 MHz spectrom-
eter. Chemical shifts are given in ppm from SiMe, (‘H
and >C{'H}), or 85% H;PO, (*'P{'H}). Microanalysis
were performed by the Serveis Cientifico-Técnics, Uni-
versitat de Barcelona.

2.2. Synthesis of [Cp*Ru{C(N=CPh,) CH=CPh,}(CO)
(PMe'Pr;) [ [BA¥,] (2)

A dark purple solution of 1 (500 mg, 0.35 mmol) in 8§
ml of dichloromethane was treated with benzophenonei-
mine (0.1 ml, 0.55 mmol, 80% excess). The mixture was
stirred for 30 min. The solution became orange-brown
and the volume was then reduced to 1 ml. The solution
was layered with petroleum ether, yielding orange crys-
tals which were filtered off, washed with petroleum ether
and dried. Recrystallization from diethyl ether/petro-
leum ether afforded crystals suitable for single-crystal
X-ray diffraction. Yield: 450 mg, 60%. Anal. Calc. for
C,sHgsNBF,,OPRu: C, 57.4; H, 4.02. Found: C, 57.2;
H, 4.10%. IR (Nujol): »(CO) 1948 (s) cm ',
WC=N=C) 1796 cm~'. '"H NMR (400 MHz, CDCl;,
298 K): 6 0.96 and 1.19 (m, 12H, PCH(CH;),), 1.24
(d, 3H, *Jyp=7.1 Hz, PCH3), 2.01 and 2.15 (m, 2H,
PCH(CH3),), 1.85 (d, 15H, *Jyp=1.3 Hz, Cs(CHs)s),
6.75 (s, 1H, CH=), 6.76-7.59 (m, 20H, Ph); *'P{'H}
NMR (161.89 MHz, CDCl;, 298 K): § 42.50 (s);
BC{'H} NMR (75.4 MHz, CDCl;, 298 K) &: 8.10 (d,
'Jep=29.1 Hz, PCH,), 10.44 (s, Cs(CH3)s,), 17.12 (d,
2Jep=3.6 Hz, PCH(CH3),), 18.46 (d, *Jcp=3.6 Hz,
PCH(CH3),), 27.04 (d, 'Jcp=27.4 Hz, PCH(CHj;),),
2824 (d, 'Jep=24.6 Hz, PCH(CH;),), 99.64 (s,
Cs(CH3)s), 127-133 (s, Ph+Cp), 148.67 (s, C=N=
CPh,), 140 (s, C,), 195.35 (d, 2Jep=11.8 Hz, C=N—
CPh,), 204.9 (d, CO, *Jcp=17.6 Hz).

2.3. Synthesis of [Cp"Ru{C(NHCH_.H,C=CH,)CH ,=
CPh,}(CO)(PMé Pr;) | [BAY,] (3)

Propargylamine (0.017 ml, 0.38 mmol) was added to
a solution of the allenylidene compound 1 (500 mg, 0.35
mmol) in 8 ml of dichloromethane. The mixture was stir-
red for 5 h. The volume was reduced to 1 ml. The solu-
tion was layered with petroleum ether, yielding orange
crystals which were recrystallized from dichlorome-
thane/petroleum ether. Yield: 310 mg, 60%. Anal. Calc.
for C68H59NBF24OPRUZ C, 543, H, 3.95. Found: C,
54.4; H, 4.08%. IR (Nujol): v(CO) 1967 (s) cm ',
v(NH) 3304 cm ™!, w(C=C) 3406 cm~'. "H NMR (400
MHz, C,D,Cly, 343 K): 6 0.86 and 1.08 (m, 12H,
PCH(CHs5),), 1.40 (d, 3H, *Jyp=7.9 Hz, PCH3), 1.97
(m, 1H, PCH(CHs;),), 2.11 (m, 1H, PCH (CH3),), 1.64
(br, 15H, Cs(CHs)s), 2.56 (t, *Jupuc=2.6 Hz,
4 Jiona=2.6 Hz, 1H, Hy), 4.20 and 4.25 (dd, *Jyepa = 5.9
Hz, *Jipne=2.6 Hz, *Jyypna=2.6 Hz, 2H, H, and H,),
6.38 (s, 1H, H,), 7.03 (m, 2H, Ph), 7.16 (m, 2H, Ph),
7.38 (m, 6H, Ph), 7.63 (br, 1H, NH ); *'P{'H} NMR
(161.89 MHz, C,D,Cly, 343 K): 6 37.99 (s); C{'H}
NMR (754 MHz, C,D,Cly, 343 K) o: 9.76 (d,
'Jcp=24.1 Hz, PCH;), 9.64 (s, Cs(CH3)s), 18.88 (d,
2Jep=12.6 Hz, PCH(CHj;),), 17.32 (d, *Jcp=12.6 Hz,
PCH(CH3),), 2691 (d, 'Jcp=29.9 Hz, PCH(CHj;),),
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28.55 (d, 'Jep=26.84 Hz, PCH(CH,),), 40.99 (s, HNC
H,), 74.47 (s, C=CH), 76.73 (s, C=CH), 100.0 (s,
Cs(CH3)s), 120-142 (Cy, C, Ph), 205.22 (d, *Jcp=17.7
Hz, CO), 248.5 (d, *Jcp=11.5 Hz, C,).

2.4. Synthesis of [Cp*Ru{C(NRR')CH=CPh,}(CO)
(PMe' Pry) ][BAY,] (R=H, R'=CH; (4); R=R'=CH
(CH3)2 (5))

A procedure similar to that for 3 was followed for the
preparation of these complexes, using 0.35 mmol of me-
thylamine (4) or diisopropylamine (5), respectively.
These compounds were also recrystallized from dichlo-
romethane/petroleum ether.

Compound 4. Yield: 280 mg, 55%. Anal. Calc. for
CesHsoNBF,,OPRu: C, 53.5; H, 4.02. Found: C, 53.4;
H, 4.08%. IR (Nujol): vw(CO) 1958 (s) cm™ !, w(NH)
3387 ecm~'. '"H NMR (400 MHz, C,D,Cly, 343 K): 6
0.95 (m, 12H, PCH(CHs),), 1.45 (d, 3H, *J;;p=8.0 Hz,
PCH;), 2.05 (m, 1H, PCH(CHs),), 2.14 (m, 1H,
PCH(CH3),), 1.72 (br, 15H, Cs(CH3)s), 2.62 (s, 3H,
NHCHs;), 6.12-7.50 (m, 10H, Ph), 8.04 (br, 1H, NH);
S'p{'H} NMR (161.89 MHz, C,D,Cl,, 343 K):
40.36 (s); *C{'H} NMR (75.4 MHz, C,D,Cl,, 343 K)
9 :8.96 (d, 'Jep=23.6 Hz, PCH;), 10.02 (s, Cs(CH3)s),
17.74 (d, *Jep=13.6 Hz, PCH(CH;),), 17.96 (d,
2Jep=14.0 Hz, PCH(CHj;),), 25.96 (d, 'Jcp=28.6 Hz,
PCH(CHs),), 27.39 (d, 'Jep=26.2 Hz, PCH(CH,),),
35.65 (s, HNCH3), 102.1 (s, Cs(CH3)s), 121-146 (Cs,
C,, Ph), 203.75 (d, 2Jep=18.26 Hz, CO), 255.32 (d,
2Jcp=10.7 Hz, C,).

Compound 5. Yield: 320 mg, 60%. Anal. Calc. for
C71H69NBF24OPRUZ C, 549, H, 4.48. Found: C, 547,
H, 4.38%. IR (Nujol): v(CO) 1968 (s) cm™~'. '"H NMR
(400 MHz, C,D,Cl;, 343 K): 6 0.87 (m, 12H,
PCH(CHs),), 1.20 (d, *Jun=3.7 Hz, 12H, NCH(CH5)»),
1.39 (d, 3H, *Jyp=8.0 Hz, PCH), 1.98 (m, 1H,
PCH(CH3),), 2.06 (m, 1H, PCH(CH3),), 1.72 (br, 15H,
Cs(CHs3)s), 3.05 (m, 2H, NCH(CHs3),), 6.20-7.40 (m,
10H, Ph); *'P{'"H} NMR (161.89 MHz, C,D,Cl,, 343
K): 6 39.65 (s); *C{'"H} NMR (75.4 MHz, C,D,Cl,,
343 K) o: 8.74 (d, 'Jep=25.6 Hz, PCH3), 10.15 (s,
Cs(CH3)s), 18.23 (d, *Jep=13.0 Hz, PCH(CHs),),
18.67 (d, *Jep=15.0 Hz, PCH(CH;),), 25.32 (d,
LJep=27.9 Hz, PCH(CH,),), 27.86 (d, 'Jcp=26.0 Hz,
PCH(CH3),), 2894 (s, NCH(CHz),), 47.56 (s,
NCH(CHj3),), 100.36 (s, Cs(CHj)s), 125-148 (Cp, C,,
Ph), 201.59 (d, *Jcp=17.9 Hz, CO), 246.37, (d,
2Jep=11.1 Hz, C,).

2.5. Synthesis of [Cp"Ru{C(PMe;)=C=CPh,}(CO)
(PMe'Pr;) ] [BAY,] (6)

PMe; (0.043 ml, 0.50 mmol) was added to a solution
of the allenylidene complex 1 (500 mg, 0.35 mmol). The

mixture was stirred at 60 °C for 3 h and it was filtered
through celite. The solvent was almost completely re-
moved in vacuo. Addition of petroleum ether gave an
orange crystalline solid which was filtered, washed with
petroleum ether and dried. Yield: 310 mg, 60%. Anal.
Calc. for CgsHg3;BF,4OP>Ru: C, 53.5; H, 4.16. Found:
C, 53.4; H, 4.05%. IR (Nujol): v(CO) 1888 (s) cm ',
W(C=C=C) 1856 cm~!. 'H NMR (400 MHz, CDCl;,
298 K): ¢ 0.84, 0.97 and 1.13 (m, 12H, PCH(CH;),),
1.18 (d, *Jyp=8.5 Hz, 3H, PCH;), 1.84 (m, 2H,
PCH(CHs),), 1.59 (d, *Jup=1.6 Hz, 15H, Cs(CHs)s),
1.73 (d, 2Jgp=12.3 Hz, 9H, P(CH,);), 7.04-7.36 (m,
10H, Ph); *'P{'"H} NMR (161.89 MHz, CDCl;, 298
K): & 22.6 (s, PMes), 43.8 (s, PMe'Pry); “C{'H}
NMR (161.89 MHz, CDCl;, 298 K): 6 10.82 (m,
P(CH3)3), 10.50 (s, Cs(CHj)s), 18.68, 19.11 (m,
PCH(CHj;),), 29.00 (d, 'Jcp=23.6 Hz, PCH(CHs),),
29.94 (d, 'Jep=25.7 Hz, PCH(CH;),), 97.94 (d,
3Jcp=1.6 Hz, Cs(CHs)s), 102.28 (d, 'Jep=23.2 Hz,
C,), 115.50 (d, *Jcp=21.0 Hz, C,), 120-130 (all s, Ph),
209.17 (d, *Jep=6.2 Hz, Cp), 210.39 (dd, *Jcp=17.9
Hz, 3Jcp=8.2 Hz, CO).

2.6. Synthesis of [Cp*Ru{C (P Mé Pr,)=C—=CPh,}(CO)
(PMeiPVZ)][BAr;] (7)

This compound was obtained following a similar pro-
cedure to that for 6. It was also isolated as secondary
product in the nucleophilic addition of propanethiol to
1. Yield: 400 mg, 60%. Anal. Calc. for C;,H7BF,40-
P,Ru: C, 54.6; H, 4.52. Found: C, 54.4; H, 4.55%. IR
(Nujol): w(CO) 1897 (s) cm ™', W(C=C=C) 1850 cm ™.
'"H NMR (400 MHz, CDCl;, 298 K): ¢ 0.71, 1.16 and
1.35 (m, 27H, PCH(CH,),, P’"CH(CHs),, P'CH3), 1.63
(d, *Jup=11.1 Hz, 3H, PCH;), 1.85 (m, 2H,
PCH(CHs),), 1.77 (d, *Jup=1.3 Hz, 15H, Cs(CHs)s),
2.57 (m, 1H, P’"CH(CHs),), 2.79 (m, 1H, P'CH(CHj),),
7.16-7.40 (m, 10H, Ph); *'P{'"H} NMR (161.89 MHz,
CDCl;, 298 K): & 43.76 (s), 41.52 (s); *C{'H} NMR
(75.4 MHz, CDCl;, 298 K) ¢: 4.64 (d, 'Jcp=57.7 Hz,
P'CH;), 10.62 (s, Cs(C Hs)s), 15.82, 16.95, 17.37,
17.74, 18.62 and 19.60 (m, PCH(CH;), and
P'CH(CHs),), 22.68 (d, 'Jcp=42.7 Hz, P'CH(CHj;),),
2359 (d, 'Jep=459 Hz, P'CH(CH;),), 29.77 (d,
LJep=25.7 Hz, PCH(CHs),), 30.26 (d, 'Jcp=24.4 Hz,
PCH(CH3),), 98.02 (d, *Jcp=1.7 Hz, Cs(CHs)s),
101.01 (d, "Jep=23.2 Hz, C,), 11549 (d, *Jcp=21.0
Hz, C,), 120-130 (all s, Ph), 206.96 (d, *Jcp=4.2 Hz,
Cp), 210.99 (dd, *Jcp=19.9 Hz, *Jcp =6.7 Hz, CO).

2.7. Synthesis of [Cp"Ru{C(S"Pr)CH=CPh,}(CO)
(PMé'Pr;) [[BAY,] (8)

A deep purple solution of 1 (500 mg, 0.35 mmol) in
10 ml of dichloromethane was treated with propanethiol
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(0.05 ml, 0.70 mmol) and stirred for 6 h. The solvent was
removed in vacuo. Petroleum ether was added, and the
suspension was filtered off in order to remove the excess
of propanethiol. The solution was concentrated and lay-
ered with petroleum ether. After two days an orange mi-
crocrystalline solid was obtained. It was filtered off,
washed with petroleum ether and dried in vacuo. Re-
crystallization from diethyl ether/petroleum ether affor-
ded crystals suitable for single-crystal X-ray
diffraction. Yield: 240 mg, 45%. Anal. Calc. for
CesHe2BF>4,OPSRu: C, 53.5; H, 4.09. Found: C, 53.4;
H, 4.05%. IR (Nujol): »(CO) 1898 (s) cm™ ', w(C=C)
1590 cm™'. '"H NMR (400 MHz, CDCl;, 298 K): &
0.98 (t, *Juu=7.5 Hz, 3H, SCH,CH,CH3), 1.13 (m,
12H, PCH(CHs5),), 1.54 (d, >Jup=8.7 Hz, 3H, PCH;),
1.70 (m, 2H, SCH,CH,CH3), 1.99 (m, 1H, PCH(CH3),),
2.20 (m, 1H, PCH(CH3),), 1.59 (s, 15H, Cs(CH3)s), 3.11
(m, 2H, SCH,CH,CH3), 6.62 (s, 1H, =CH), 6.92, 7.16
and 7.34 (m, 10H, Ph); *'P{'"H} NMR (161.89 MHz,
CDCl;, 298 K): & 36.37 (s); *C{'H} NMR (75.4
MHz, CDClsy, 298 K) &: 7.56 (d, 'Jep=32.8 Hz,
PCHs), 10.04 (s, Cs(CH3)s), 13.23 (s, SCH,CH,C Hy),
18.11 (d, *Jep=8.7 Hz, PCH(CH;),), 17.68 (d,
2Jep=4.4 Hz, PCH(CHj;),), 20.90 (s, SCH,CH,CH3),
2748 (d, 'Jep=26.3 Hz, PCH(CHi),), 29.34 (d,
'Jcp=24.0 Hz, PCH(CHs),), 47.07 (s, SCH,CH,CH3),
103.41 (s, Cs(CHj3)s), 128.28, 128.51, 128.79 and
130.50 (all s, Ph), 138.08, 139.62, 141.39 (all s, C,, Ph),

142.46 (s, Cp), 203.72 (d, 2Jcp=17.9, Hz, CO), 309.70
(br, RuC,).

2.8. X-ray structure determinations

Crystals of 2, 7 and 8 were obtained by recrystalli-
zation from diethyl ether/petroleum ether, and 3 from
dichloromethane/petroleum ether. Crystal data and ex-
perimental details are given in Table 1. X-ray diffrac-
tion data were collected on a Bruker SMART
APEX 3-circle diffractometer with CCD area detector
at the Servicio Central de Ciencia y Tecnologia de la
Universidad de Cadiz. Hemispheres of the reciprocal
space were measured by omega scan frames with
o(w) 0.30°. Correction for absorption and crystal de-
cay (insignificant) were applied by semi-empirical
method from equivalents using program SADABS [25].
The structures were solved by direct methods, com-
pleted by subsequent difference Fourier synthesis and
refined on F* by full-matrix least-squares procedures
using the program sHELXTL [26]. All non-hydrogen at-
oms were refined with anisotropic displacement coeffi-
cients. CF; groups of the [BArj)]  anion showed
orientation disorder in all these compounds. 6 of 8
of the CF; groups were refined as pairs of CF; with
complementary orientations for compounds 2, 7 and
8. In addition for compound 3, one other CF; was
partially splitted. All the remaining hydrogen atoms

Table 1

Crystal data and details of structure determination for compounds 2, 3, 7 and 8

Compound 2 3 7 8

Formula C78H55BF24NOPRU C68H598F24NOPRU C75H31BF2402P2RU C68H62BF24OPRUS

Formula weight 1631.16 1505.01 1656.23 1526.09

Crystal system Triclinic Triclinic Monoclinic Triclinic

Space group P1 (No. 2) P1 (No. 2) P2,/c (No. 14) P1 (No. 2)

Unit cell dimensions
a (A) 13.5058(8) 13.7633(5) 22.472(2) 12.6098(6)
b (A) 15.6887(9) 15.0298(5) 22.123(2) 13.9079(7)
g (A) 18.784(1) 18.0297(6) 17.030(2) 19.822(1)
o (°) 96.103(1) 79.344(1) 90 90.008(1)
XQ) 102.117(1) 82.689(1) 110.405(2) 91.813(1)
7 (°) 94.997(1) 82.125(1) 90 91.813(1)

V(A% 3844.9(4) 3610.8(2) 7935(1) 3473.7(3)

Z 2 2 4 2

Scare (g/em?) 1.409 1.384 1.386 1.459

u (Mo Ko) (mm™") 0.327 0.341 0.337 0.384

F(000) 1656 1524 3392 1548

4 (Mo Ka) (A) 0.71073 0.71073 0.71073 0.71073

Omin—0max (°) 1.7-25.0 2.0-25.1 24-24.1 1.0-25.0

Total, unique, Riy
Observed (I>2a(1))
Reflections, parameters
R, wR, (I>20(1))

R, wR; (all)
Goodness-of-fit
Residuals (6/1&3)

25451, 13189, 0.023
12065

13189, 1114
0.0679, 0.1500
0.0748, 0.1549

1.08

—0.64, 0.73

33503, 12657, 0.049
9915

12657,1071

0.0699, 0.1534
0.0927, 0.1662

1.08

—0.64, 0.71

62030, 12448, 0.044
11869

12448, 1183

0.0789, 0.1545
0.0841, 0.1575

1.09

—0.91, 0.69

26479, 10700, 0.050
8728

10700, 1055

0.0868, 0.1603
0.1079, 0.1717

1.08

—0.37, 0.69




2780 M. Jiménez-Tenorio et al. | Journal of Organometallic Chemistry 689 (2004) 2776-2785

in both compounds were refined using the SHELX rid-
ing model. The program ORTEP-3 [27] was used for
plotting.

3. Results and discussion

We have previously studied the reactivity of the elec-
tron-rich  allenylidene complex [Cp*Ru:C:C:
CPhs(dippe)]” towards nucleophiles and electrophiles
[23]. In that system, nucleophilic additions take place
at the C, atom of the allenylidene chain, whereas elec-
trophiles such as H" enter in the Cp position. At vari-
ance with this behaviour, the addition of nucleophiles
to the electron-poor allenylidene complex 1 occur at
the C,. Scheme 1 summarizes the nucleophilic addition
reactions studied in the present work.

Thus, the reaction of 1 with benzophenoneimine
yields the azaallenyl derivative [Cp"Ru{C(N=CPh;)
CH=CPh, }(CO)(PMe'Pr,)|[BAr}] (2). Although Cr or
W azaallenyl complexes are known [28], ruthenium de-
rivatives of this kind are rather scarce. The first isolated
and characterized azaallenyl ruthenium complex was
[CpRu{C(N=CPh,)CH=CPh,}(CO)(P'Pr3)|[BF4] [29],
similarly prepared by addition of benzophenoneimine
to the allenylidene complex [CpRu=—C=—C=—CPh,
(CO)(P'Pr3)][BF4]. The X-ray crystal structure of 2 was
determined. An ORTEP view of the cation [Cp*Ru
{C(N=CPh,)CH=CPh,}(CO)(PMe'Pr,)]* is shown in
Fig. 1, together with a listing of selected bond lengths
and angles.

The complex has a three-legged piano stool structure.
The Rul-C12 separation of 2.057(4) A is consistent with
a single bond, whereas the C12-N1 and N1-Cl14 bond
lengths, 1.272(5) and 1.262(6) A indicate double C—=N

Ph  HN=
2
I
“‘Ru
f \\
PriMeP"
]+ oc
PR3 1
|
Ru PR3
Pri M P\\\‘l ~o”
roiviel W
C
oc i
~Ph
pr’

PR; = PMe; 6, PMe'Pr, 7

Fig. 1. ORTEP diagram of the cation [Cp*Ru{C(N:Cth)—
CH=CPh,}(CO)(PMe'Pr,)]" in compound 2. Selected bond distances
(A) and angles (°): Rul-2.338(1); Rul-Cl1 1.850(5); Rul-Cl12
2.057(4); C12-C13 1.467(6); C13-C27 1.345(6); C12-N1 1.272(5);
C14-N1 1.262(6); C11-O1 1.1.47(5); Rul-C12-N1 122.8(3); N1-C14-
CI5 120.7(5); NI1-Cl14-C21 1117.4(5); NI1-Cl2-Rul 122.8(3);
NI1-C12-C13 118.8(4); C14-N1-Cl12 168.7(5); C12-Rul-P1 89.9(1);
Cl11-Rul-P1 87.0(1); Rul-C12-C13 118.4(3).

bonds. The angle C12-N1-Cl14 has a value of
168.7(5)°, which indicates an essentially linear C=N—C
C assembly. In the related complex [CpRu{C(N=—=CPh,)
CH=—CPh,}(CO)(P'Pr3)]" [29], this angle has a value of
149.9(6)°, being therefore more deviated from linearity.
The IR spectrum of 2 displays one strong band at
1796 cm ™" ascribed to the C—N=—C group. The reso-
nance for the ruthenium-bound C, atom of the azaalle-
nyl ligand appears as one doublet at 195.35 ppm in the
13C{IH} NMR spectrum.

'
Pri,MeP™
oC Hcx Ph

§
HNRR' Ph

R=CH,CCH;R'=H 3
R=Me;R'=H 4
=R'="Pr 5

R=R
Ph wf \Q, T+
®
le ™ o

~n
Pr‘gMeP“““ Ru ‘Cé Pr

[
oC HexPN
1
8 Ph

Scheme 1. Summary of nucleophilic addition reactions to the allenylidene complex 1.
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Primary and secondary amines such as HC=
CCH,NH,, MeNH, or ‘Pr,NH also react with the alleny-
lidene complex 1 adding to the C,—Cg bond furnishing
the corresponding derivatives [Cp"Ru{C(NRR')CH=
CPh, }(CO)(PMe'Pr,)][BAr,] (R=H, R’=CH,C=CH
3; R=H, R’=Me 4; R=R'=Pr 5). In general, the
addition of amines to the C,—Cg of allenylidenes yields
vinylaminocarbenes, for which the following main
resonance structures must be considered [11]:

R R R
\ \e \
N—R N—R' N—R'
> <’ - 5
[Ru] Ph [Ru] Ph [Ru] \ "
—_— — ®
Ph Ph Ph
A B C

Structure A corresponds to a vinylaminocarbene,
whereas B corresponds to an 1'-azoniabutadienyl com-
plex. The X-ray crystal structure of compound 3 was
determined. An ORTEP view of the cation [Cp*Ru-
{C(NHCH,C=CH)CH=CPh,}(CO)(PMe'Pr,)]* is
shown in Fig. 2, together with a listing of selected bond
lengths and angles.

The Rul-Cl11 bond length of 2.020(4) A s longer
than the value expected for a Ru=—C bond, i.e. 1.86(2)
A in the alkoxycarbene [TpRu=—C(OMe)CH,CO-

Fig. 2. ORTEP diagram of the cation [Cp*Ru{C(NHCHZCECH)-
CH=CPh,}(CO)(PMe'Pr,)]" in compound 3. Selected bond distances
(A) and angles (°): Rul-P1 2.346(1); Rul-C29 1.853(5); Rul-Cl1
2.020(4); C11-C12 1.472(6); C12-C13 1.345(6); N1-C11 1.329(5); N1-
C26 1.469(6); C13-Cl14 1.481(7); C13-C20 1.484(6); Rul-C11-N1
120.1(3); N1-C11-CI12 112.5(4); C11-C12-C13 132.9(4); Rul-Cl11-
Cl12 127.3(3); C12-C13-Cl14 122.9(4); C12-C13-C20 199.5(4); C11—
NI1-C26 127.5(4); C11-Rul-P1 97.7(1).

COOMe(dippe)]” (Tp= hidrozris(pyrazolyl)borate) [30],
but very similar to the value of 2.063(6) A reported
for the azoniabutadienyl complex [CpRu{C(NEt,)
CH=CPh,}(CO)(P'Pr3)]* [11]. The CI11-N1 separation
of 1.329(5) A is intermediate between a single and a dou-
ble carbon-nitrogen bond. These data suggest that for
compound 3 there is a contribution of the azoniabuta-
dienyl resonance structure B which seems more impor-
tant than the vinylaminocarbene structure A. The Ru—
C, (2.063(6) A) and C,~N (1.306(7) A) bond distances
in [CpRu{C(NEt,)CH=CPh,}(CO)(P'Pr;)]" indicate
that for this compound the contribution of the azoniab-
utadienyl resonance structure is even more important
than for 3. One possible explanation for this comes from
the fact that Cp>X< is a better m-donor than Cp, and hence
the metal centre results more electron-rich in Cp* com-
plexes when compared to their Cp counterparts. As a
result, the resonance structure with one negative charge
at the ruthenium is more favoured in the complex con-
taining Cp than in the Cp™ case. Thus, complexes 3-5
are more properly referred to as azoniabutadienyl deriv-
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Fig. 3. VT *'P{'"H} NMR spectra of compound 3 in CD,Cl,
(temperature range 193-293 K) and in C,D,Cl (temperature range
303-333 K).
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atives than vinylaminocarbenes. The *'P{'H} NMR
spectra of these compounds display broad resonances
at 25 °C (Fig. 3).

As the temperature is lowered, the broad resonances
decoalesce to two peaks, which get progressively sharp-
er. If the temperature is raised, the original spectra are
restored, and at higher temperatures the broad features
give rise to one single resonance. A similar behaviour
is observed in the "H NMR spectra of these com-
pounds (Fig. 4), which clearly indicate the occurrence
of an equilibrium between two rapidly interconverting
species.

We have interpreted this behaviour in terms of the re-
stricted rotation around the C-N bond which originates
two possible diastereoisomers for complexes 3 and 4.

T+ I+
| H

l ?
_Ru N —
\\‘\ \Cé \R ~r— céN H

Pr;MeP l PriMeP' l
oc
S/Ph oc I\’/Ph

Ph Ph

;u_

This also holds in case of 5, since the two Pr groups
attached to the nitrogen atom are not equivalent and un-
dergo rapid exchange in the NMR timescale. By integra-
tion of the '"H NMR resonances corresponding to the
protons of each of the species in equilibrium at each

T(K)

333 J‘
323 i
303 L
293
273N
JL
) )

AN M e
- VNV jL_L»
i S
193
—_— T~ )\ J\L -

Il||ll|’|||l|| 'lIII||||I|||I||Illl|lll||||l|]| TTTTTT T T I T T IT 1T

66 64 62 48 46 44 42 40 38 36 3.0 28 26 24

Fig. 4. VT '"H NMR spectra of compound 3 in CD,Cl, (temperature
range 193-293 K) and in C,D,Cl, (temperature range 303-333 K).

temperature it was possible to determine the values of
the equilibrium constant for compound 3. Fig. 5 shows
a plot of InK.q versus 1/T for this equilibrium.

The difference in energy AH° between the two iso-
mers, calculated from the slope of the least-square best
fit line to these data, is of the order of only 1£0.1 kcal
mol~!, whereas the activation energy barrier AG” has
been estimated to be ca. 13 kcal mol~". The latter value
was derived from the separation dv of the exchanging
resonances in the slow-exchanging NMR spectrum,
and the observed coalescence temperature 7, for each
set of resonances, using the following approximate
equation [31]:

AG” = RT.[22.96 + In(T./(2.26v))].

Complex 1 reacts with tertiary phosphines such as
PMe; or PMe'Pr yielding allenylphosphonio deriva-
tives [Cp"Ru{C(PR3)=C=CPh,}(CO)(PMe'Pr,)|[BATr}]
(PR;=PMe; (6), PMe'Pr, (7)). These compounds result
apparently from the attack of the phosphine at the C,
atom of the allenylidene group [7,13]. However, its has
been observed that the reaction of 1 with one equivalent
of PMe; at room temperature affords one mixture con-
taining the allenylphosphonio derivative 6 plus another
species, identified as the alkynylphosphonio complex
[Cp"Ru(C=CC(PMej;)Ph,)(CO)(PMe'Pr,)][BAr,] [32].
The latter results from the addition of the PMej at the
C, of the allenylidene, as we have previously observed
in the complex [Cp Ru(C CC(PEt;)Me,)(PEts),]-
[BPh4] [33]. However, when the mixture is heated up
to 60 °C for 6 h, the alkynylphosphonio disappears,
and only the allenylphosphonio 6 remains. This suggests
that the product resulting from the attack of the phos-
phine at C, is kinetic, and that the thermodynamically
stable final product is always the allenylphosphonio de-
rivative. Furthermore, it has been reported that the
complex  [(n°-Indenyl)Ru{C=CC(PMe;)Ph,}(dppm)]
[PF¢] (dppm = 1,1-bis(diphenylphosphino)methane) un-
dergoes an isomerization process to yield the thermody-
namically more stable allenylphosphonio complex
[(n°-Indenyl)Ru{C(PMe;)—C—CPh,}(dppm)][PF4] [34].

O L) T T 1
0.0035 0.004  0.0045 0.005  0.0055

1T

Fig. 5. Plot of InK.q vs. 1/T (K™") for the equilibrium in solution
between the two isomers of compound 3.
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As it has been previously observed for the alkynyl-
phosphonio complex [Cp*Ru(CECC(PEt3)Mez)(PEt3)]-
[BPhy4] [33], complex 7 is also formed as by-product in
many reactions involving the allenylidene complex 1,
as a degradation product. The *'P{'H} NMR spectra
of 6 and 7 display two singlet resonances, one for the
PMe'Pr; attached to ruthenium and another one for
the phosphine at the C,. The fact that no resolved cou-
pling *Jpp is observed for these compounds is consistent
with the NMR spectral properties reported for related
compounds such as [CpRu{C(PR3;)—C—CPh,}(CO)-
(P'Pr3)][BF4] (PR;=PHPh,, PMePh,, PPh;) [13]. The
resonances for the C, atoms appear as doublets in the
BC{'TH}NMR spectra of these complexes at 102.28
and 101.01 ppm for 6 and 7, respectively, whereas the
resonances of the Cg and C, atoms of the allenyl chain
appear at lower fields. The crystal structure of com-
pound 7 was determined. An ORTEP view of the cation
[Cp*Ru{C(PMe'Pr,)CH=CPh,}(CO)(PMe'Pry)]" s
shown in Fig. 6, together with a listing of selected bond
lengths and angles.
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Fig. 6. ORTEP diagram of the cation [Cp*Ru{C(P-

Me'Pr,)—C—CPh,}(CO)(PMe'Pr,)]* in compound 7. Selected bond
distances (A) and angles (°): Rul-P2 2.227(1); Rul-C11 1.844(6);
Rul-Cl12 2.168(5); C12-C13 1.306(7); C13-Cl14 1.333(7); CI12-P1
1.803(5); Rul-C12-P1 118.8(2); C12-Rul-P2 89.7(1); C12-C13-C14
176.9(5); Rul-C12-C13 128.5(4); C11-Rul-C12 97.7(2); C11-Rul-P2
91.9(2).

The structure is comparable to that of the allenyl-
phosphonio derivative [CpRu{C(PHPh,)CH=—CPh,}-
(CO)PPr3)]" [13]. The Rul-Cl2 separation of
2.168(5) A suggests a single Ru—C bond, as expected,
whereas the C12-C13-C14 angle of 176.9(5)° indicates
the linearity of the allenyl moiety.

The addition of propanethiol to the C,—Cg bond
of the allenylidene ligand in 7 yields formally the thio-
carbene complex [Cp*Ru{C(S" Pr)CH=CPh,}(CO)
(PMe'Pr,)][BAr}] (8). This compound was structurally
characterized by single-crystal X-ray diffraction. An
ORTEP view of the cation [Cp*Ru{C(S”Pr) CH=—
CPh,}(CO)(PMe'Pr,)]" is shown in Fig. 7, together with
a listing of selected bond lengths and angles.

The Rul-C11 bond length has a value of 2.065(7) A,
much longer than the separations of 1.829(3) and
1.837(4) A found, respectively, for [Ru=—CHSPhCI,
(PCys),] [a] and [Ru=CHSPhCI(P'Pr3),] [b], but of
the same order than the Ru-C bond distances found
in the azaallenyl and azoniabutadienyl complexes 2-5
reported in this work. The Rul-S1 bond length of
1.657(6) A is shorter than the analogous separation in
[Ru=CHSPhCI,(P'Pr3),] (1.706(4) A) [b], and in general
shorter than a standard C-S single bond (1.75-1.79 A).
As it happens with the vinylaminocarbenes, we can con-
sider the following main resonance structures for a
vinylthiocarbene:

Fig. 7. ORTEP diagram of cation [Cp*Ru{C(SCHZCHzCHg)-
CH=CPh,}(CO)(PMe'Pr,)]" in compound 8. Selected bond distances
(A) and angles (°): Rul-P1 2.336(2); Rul-C29 1.794(8); Rul-Cl1
2.065(7); C11-S1 1.657(6); C11-C12 1.444(8); C12-C13 1.332(8); Rul—
C11-C12 126.1(4); Rul-C11-S1 120.5(4); C11-C12-C13 129.1(6);
C12-C11-S1 113.4(5); C11-Rul-P1 90.4(2); C11-S1-C26 112.2(3).



2784 M. Jiménez-Tenorio et al. | Journal of Organometallic Chemistry 689 (2004) 2776-2785

The observed sequence of bond lengths suggests
that the contribution of the structure B is more im-
portant, and hence complex 8 can be better considered
as a 1'-thiabutadienyl rather than a thiocarbene. The
resonance for the C, atom appears as one broad sig-
nal at 309.70 ppm in the "“C{'H}NMR spectrum,
shifted to lower fields with respect to the position of
the resonances for the C, atoms in the azoniabuta-
dienyl complexes 2-5, which appear in the range
246-255 ppm.

4. Conclusion

The allenylidene complex [Cp"Ru=C=C=CPh,
(CO)(PMe'Pr,)][BAr,] undergoes nucleophilic addition
reactions which take place at the C, atom of the al-
lenylidene chain, at variance with other systems previ-
ously studied for which such reactions occur at the C,
position. The reaction with benzophenoneimine yields
the azaallenyl derivative [Cp"Ru{C(N=CPh,)CH=
CPh,(CO)(PMe'Pr,)|[BAr}], whereas addition of pri-
mary or secondary amines yield aminocarbenes which
are better formulated as azoniabutadienyl derivati-
ves [Cp"Ru{C(NRR')CH=CPh,(CO)(PMe'Pr,)|[BAr].
There is restricted rotation at the C,—N bond of these
complexes. The activation energy barrier has been es-
timated to be ca. 13 kcal mol™! in the case R=H,
R’=CH,C=CH, the difference in energy between the
stereoisomers being only 1 kcal mol™'. The addition
of tertiary phosphines leads to allenylphosphonio
derivatives  [Cp"Ru{C(PR;)C=CPh,(CO)(PMe'Pr,)]
[BAr)], whereas the reaction with propanethiol yields
the  thiocarbene  [Cp"Ru{C(S" Pr)CH=CPh,(CO)
(PMe'Pr,)][BAr),] which is better considered as a
thiabutadienyl complex as inferred from its X-ray
crystal structure analysis. In summary, despite of the
well-known differences between systems bearing Cp
or Cp* ligands, in this particular case the reactivity
of the complex [Cp"Ru=C=C=CPh,(CO)
(PMe'Pr,)]" towards nucleophiles parallels in general
terms that of the related CpRu system [CpRu—
C=C=CPh,(CO)(P'Pr3)]" [8-17,29].
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