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Preliminary Communication

Concomitant coordination of vinylidene and carbene ligands made
possible at ruthenium(II) '
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Abstract

Removal of one chloride ligand from the aminocarbene fae-[ (PNP)RuClL(C{N(H)Ph}{CH,Ph}) | in THF followed by treatment with
phenylacetylene yields the ruthenium(I1) complex mer-| ( PNP)RUCH{C=C(H)Ph}(C{N(H)Ph) {CH.Ph}) | PF, (4). Complex 4 represents
the first example of a transition metal complex with the simultancous coordination of vinylidene and carbene ligands. © 1998 Elsevier

Science S.A. All rights reserved.
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Transition-metal vinylidene complexes { 1] (I) and het-
aroatom-stabilized Fischer carbene complexes | 2] (I1) are
versatile reagents that exhibit a rich chemistry in both stoi-
chiometric | 1-3) and catalytic processes | 3.4, particularly
those involving C-C bond formation. An important reaction
of this type is the benzannulation reaction of Fischer carbenes
with alkynes to produce phenols 15, thiols | 6] or. in the
case of aminocarbenes, N-substituted benzonnulated prod-
ucts | 7]. Carbene=vinylidene species, although not detected.
may also be anticipated to play a key role in the carbene-
alkyne coupling | 8]. However, no mononuclear transition-
metal complex simultaneously containing vinylidene and
carbene ligands (III) has been isolated. On the other
hand, complexes with two unsaturated M=C moieties are
extremely rare, being limited to the octahedral bis-alkenyl-
allenylidene ruthenium derivative | (dppm),Ru{C=C=C-
(OMe)CH=CPh,},}(BF,), [9]. where two allenylidene
ligands are trans (o0 each other.
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We have recently reported the synthesis of the Ru(Il)-
vinylidene complexes fuc- and mer-[{ (PNP)RuCl,-
{C=C(H)R}]  [|PNP=CH,CH,CH,N(CH,CH,PPh,).
R = Ph, p-tolyl] | 10]. The M=C=C moiety in thesc com-
plexes is susceptible to attack by water and amines (ammo-
nia, primary and secondary amines) to give C-C bond
cleavage via hydrolysis and aminolysis reactions, respec-
tively [11.12]. The aminolysis reactions can be stopped
at the stage of amine addition to give aminocarbenes of
the formula  fuc-| (PNP)RuCl(C{N(H)R}{CH,Ph)) |
(R=alkyl, aryl) [ 12].

Herein, we report that the aminocarbene complexes are
excellent precursors to the isolation of unprecedented mixed
vinylidene-aminocarbene complexes. This reaction is here
exemplified for the synthesis of mer-| (PNP)RuCl{C=C-
(H)Ph}(C{N(H)Ph}{CH.Ph}) |PF, (4) (Scheme 1).

Addition of aniline 10 a dichloromethane solution of the
vinylidene complex 1 at room temperature under a protective
dinitrogen atmosphere gives yellow crystals of the amino-
carbene fac-| (PNP)RuCl,(C{N(H)Ph}{CH.Ph})]* (2)

* Synthesis and characterization of’ 2: a three-fold excess of freshly dis-
tilled aniline was added at room temperature to a stirred solution of complex
1 (0.40 g. 0.53 mmol) in 30 ml of dichloromethane. The reaction mixture
was stirred in the dark overnight during which tites all the starting vinylidene
complex dissolved to give a canary yellow solution which wus evaporated
to ~5 ml. Addition of light petroleum cther (b.p, 40-60°C) gave canary
yellow microcrystals of 2 which were recrystallized from CH,Cl, and light
petroleum ether. Yield 929% . Anal. Cale. for CysHuwN,CloP;Ru: C, 63.53. H.
5.69; N, 3.29. Found: C. 63.44; H. 5.56: N, 3.21%. IR: #»(NH) 3466 (br.
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Schenwe 1,

in very good yield. Reaction of 2 with one equiv. of TIPF,, in
unhydrous THF affords a yellowish solution of the THF
adduct fuc-| (PNP)RUCHTHF)(C{N(H)Ph}{CH,Ph}) |-
PF, * (3). This complex reacts smoothly with phenylucety-
lene al room temperature to give off-white crystals of 4,
The 'H NMR spectrum contains the typical resonances of
both aminocarbene ( By, 11,78, br s) and vinylidene (8¢,
3,80, t, *yp 2.4 Hz) protons. In keeping with this structural
assignment, the ''C{'H} NMR spectrum contains two well-

wiem YPIH) NMR (22°C,€DC)L 121,42 MH2): 3131 G0 'HNMR
(22°C, €D 9.9 MHz ) By 12,33 ¢x THD, Biqem 388 (v, 2,
VCI'H) NMR (20°C, €D, 7342 MH2): 8.0 2049 (1 Yo 11,7 Hed,
B 100 9.8 13),

' Synthesiy and churacterization of & one equiv. of TIPE, 1350 my.
1.00 mmol ) was udded with vigorous stieeing to o THEF ¢ 15 mib) solution of
2 1850wy, 1.00 mmol ) under nitrogen. Atter 30 min, “"PU'H)} NMR unal-
ysin of the volution revealed the complere transtormation of 2 into 3. This
sodution can be wied, after Hltering through a cotton plug to remove TIC),
for further preparative purposes. holution of 3 ax a beige powder can be
obtaitied by whiition of n-bexane and sow evuporation under niteogen. Yield
T8%. Anal, Cale. for CoHWNCIF0OPRU: C, $6.96: H, S47: N, 271,
Found: €, 36,32 H, 5.3 N, 2495 1R; »(NH) 3279 (br. w): 1(PF) M
the, v em ', YPUHE NMR (22°C, CDCLy. 8101 MH2): 65.04 (3): 'H
NMR (22°C, CD;C‘;, X043 MUz aNu 1005 (s 1D, \Sq":w. 44 ¢,
M),

* Synthesin and characterization of 4@ a solution of 3. prepared a
deseribed in footnote 3, was teated with an excess of phenylacetytene
100wl 9,10 ol ). The soluvion was Migred for 3 h and then n-hexam
(20 mi) was added. Slow evaporutivn of the solvent gave off=white mivro-
crystuls of 4. Yield 83%. Anaf, Cale. for Co H N-F.CIPRu: C, 5987 M.
SA2N, 264, Found: €, 39.79: H, 8.04: N, 2. 77% . IR: #¢NH) notobserved:
PIPFI 846 (hroy) em b VPLUH) NMR (22°C.CDCLLL 8101 MH2): 35,70
[ETH ‘“ NMR { 2’.”(‘. CD(‘I.\ 2(1).!3 &"‘lt)! 65‘" 1078 [N .“)‘ (S(“:m"b?
5 2H). & on 380 (4 Yy 24 He, IH). V'CH) NMR (22°C, €DAL,.
SAL}: MHZ): Bu. covmmines 3962 10 “hop 13T HEL. Sua v smnes 2534
P B R Sy ¢ ¢ JORT (1 Y 23 HED. 8 gy 0 60,6 (),
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resolved triplets at 8 356.2 (C,, vinylidene. *Jp 13.7 Hz)
and 253.4 (carbene C atom, *J-» 8.9 Hz). The *'P{'H} NMR
spectrum consists of a singlet at 35.70 ppm as expected for a
meridional arangement of the aminodiphosphine ligand
110]. Finally, the IR spectrum of 4 shows the characteristic
r(C=C) absorption of the vinylidene ligand at 1624 cm ™"
Formation of 4 most likely occurs following the displacement
of the weakly coordinated THF ligand by phenylacetylene
through L-alkyne to vinylidene tautomerization, a reaction
which is well documented for d* ruthenium complexes
{1.10].

Complex 4 is endowed with a rich reactivity which is
currently under scrutiny. Preliminary reactivity tests
(Scheme 1) indicate that the vinylidene ligund is more labile
and more acidic than the aminocarbene ligand. Indeed, viny-
lidene to acetylene retrotautomerization takes place when
4 is refluxed with CO in THF to give the carbonyl com-
plex | (PNP)RuCH(CO)(C[N(H)Ph}{CH.Ph}) IPF, (5)°,
while mild bases bring about the reversible, selective depro-
tonation of 4 to give the alkynyl-aminocarbene complex
| (PNP)RuCH{C =CPh}(C{N(H)Ph}{CH,Ph})| (6) "

The isolation of 4 (and similar derivatives) 7 shows that
mixed vinylidene~aminocarbene complexes can exist as sta-
ble species and could be relevant to modelling mechanistic
steps in several important processes such as benzannulation
reactions | 3b], Fischer-Tropsch synthesis | 13], and alkene
mctathesis | 14,
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¥ Syathesis and churueterization of & 0.200 myg of 4 (0,19 mmmol) were
dissolved in THE (10 mly under a €O atmosphere. The solution was slowly
broughi to reflux and heating was miaintuined for 30 miin. Cooling to room
temperature und addition of n-hexane 120 ml) gave pale yetlow microerys-
tals of 8, Yield 8067 . Alternatively. 8 can be prepared in almost quantitative
vield from 2 after emoval of one chloride ligand with TIPE, under a CO
stream, Anal, Cale, for C, HLWNCIEOP Ru; C, 88860 H, -4.90: N, 2.83.
Found:; C, §8.73: H, 4901 N, 2.04% . IR: »(NH) 3294 (br, vw). »(CO)
2000 (vs), e(PF) 842 (hro ) em ', YPUHE NMR 22°C, CDCIL
RLOU MH2): ABxystem 8, 30,50, 8, 27.70. C 4 26.5 He) 'HNMR (22°C,
CDCL, 00,03 MH2): Gy 1102 (s, TH). &y AB system, 8, 6.18. 8,
609, Jyam 15.2H2), VCPHE NMR (22°C CDCL. $0.32 MH2):
Bhu ¢ rommens 258100 Do 0 HAL S 1993 (L W, 9730 Y
1.1 Hey, Squv“,(‘ﬂ." (n).

® Synthesis and charucterization of 6: neat tert-butylumine €100 pl,
095 mmol ) was syringed into u stirred solution of 4 (0,200 mg., 0.19 numol
in THE (10w, After ~ 20 min the solution was diluted with n-hexane
€20 mb) and concentrated under nitrogen to give 6 (yellow powder). Yield
RO% . Anal. Cale, fir C HGNLCIP,Ru: C, 69.41: HL 5.83: N, 3.06, Found:
€. 09.22: H. 5.87: N, 2.85% IR: »(NH) 340 thr, vw), ptC=C) 2081
ovsrem 'O UPUHY NMR Q22C, acetone-d, 8101 MH2): 843,22 (002 'H
NMR (22°C. acetone<d,., 200,13 MHz): 84y, 11.29 (n0 THDL Sgyg o 390 the
s 2H).

* Preliminary tests continn that the formation of vinylidene-aminocar-
henes similar to 4 is 2 general reaction for the aminvcarbene complexes
LPNPYRWCLICIN(H R CHLPh) ) | | 12] with V-alkynes.
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