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Formation of nitriles by a novel metathesis reaction of ruthenium
a-acetylide complexes, (n°-indenyl}Ru(n'-C=CR)(phosphine),,

with nitric oxide
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Abstract

(n3-In)Ru(n*-C=CPh)XPPh,), (In =indenyl) treated with nitric oxide (1 atm) in the presence of NaClQ, gave [(n°-
In)Ru(COXPPh,),]C10, - 0.5CH,Cl, and benzonitrile (PhC=N) in good yields, through a novel metathesis reaction between
a-acetylide and NO. (n%-CqMeg)Ru(n!-C=CPhXPPh;)CI aiso readily underwent the metathesis reaction with NO to afford

benzonitrile.
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Nitric oxide is a well-known atmospheric pollutant
and new ways to convert it into useful chemical com-
pounds have been the subject of considerable atten-
tion. The direct decomposition and reduction of NO,
catalyzed by metallosilicates, have been extensively
studied with respect to the removal of nitrogen oxides
from air [1]. Further, a wide variety of transition metal
complexes containing nitrosyl ligand has been prepared
{2], and the transformations of bound nitrosyl groups
by protonation [3], carbanion reduction [4], and migra-
tory insertion [5] have been reported. During our inves-
tigation of indenyl complexes of isocyanides [6], we
unexpectedly found an efficient formation of nitriles by
a metathesis reaction of the ruthenium o-acetylide
complex, (n°-In)Ru(n'-C=CR)Xphosphine), (In =
indenyl), with NO.

(n°-In)Ru(n!-C=CRXPPh,), (R=Ph (1a), p-Tol
(1b), "Bu (1¢), and Cy (1d)) were prepared by the
method of Oro et al. [7], and (n°-In)Ru(xn!-C=CPhXdi-
phos) (diphos = 1,2-bis(diphenylphosphino)ethane
(dppe) (2a), 1,2-bis(diphenylphosphino)propane (dppp)
(2b), and 1,4-bis(diphenylphosphino)butane (dppb) (2¢))
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were prepared by the reaction of (n3-In)RuCl(diphos)
with phenylacetylene in the presence of alcoholic KOH
[8*]. The IR spectra of 1 and 2 showed a peak corre-
sponding to »(C=C) at 2070-2100 cm™'. In the 'H
NMR spectra, an AX, pattern for five-membered in-
denyl ring protons was observed at & 4.4-5.0 (d, H1, 3)
and 8 5.0-5.4 (t, H2). The structure of 2a was con-
firmed by X-ray crystallography (Fig. 1) [9*], which is
similar to that of (1°-CsHs)Ru(n'-C=CPhXdppe) (3)
[10]. The n°-indenyl group coordinates to the metal
with a slight slippage toward the n>-mode, the bond
distance of ir},denyl carbon-metal ranging from 2.210(7)
to 2.352(8) A. The linear phenylacetylide moiety at-
taches to the ruthenium with Ru(1)-C(11)-C(12) =
174.9(6)° and C(11)-C(12)-C(13) = 175.7(8)°. The
Ru(1)-C(11) and C(11)-C(12) bond distances are
2.033(7) and 1.200(9) A; the former is slightly longer
than that of 3.

When (n°-In)Ru(n!-C=CPh)(PPh;), (la) in
dichloromethane was treated with NO (1 atm) in the
presence of NaClO, at room temperature for 15 min,
benzonitrile (PhC=N) was obtained quantitatively, and
the subsequent work-up gave [(n°-In)Ru(CO)-
(PPh,),]CIO, - 0.5CH,Cl, [7] in 80% yield. Formation
of nitrile proceeded in benzene, tetrahydrofuran, and
dimethylformamide as well as in dichloromethane in
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Fig. 1. A perspective drawing of 2a. Some selected bond lengths (A): Ru(1)-P(1) = 2.232(2), Ru(1)~P(2) = 2.277(2), Ru(1)-C(1) = 2.23%(8),
Ru(1)-C(2) = 2.210(7), Ru(1)-C(3) = 2.265(8), Ru(1)-C(4) = 2.352(8), Ru(1)-C(9) = 2.335(8), Ru(1)-C(11) = 2.033(7), C(11)-C(12) = 1.200(9),
and ((12)-C(13) = 1.42(1), and some selected bond angles (°): P(1)~Ru(1)-P(2) = 83.9%8), P(1)-Ru(1)-C(11) = 81.2(2), P(2)-Ru(1)-C(11) =
83.8(2), Ru(1)-C(11)-C(12) = 174.%(6), and C(11)-C(12)-C(13) = 175.7(8).

TABLE 1. Yields of nitriles derived from the reaction of o-acetylide complexes with NO

Complexes Conditions 2 Yield of RCN (%) ® R
1a NaClO,/CH,Cl, 100 Ph
1a NaClO,/THF 81 Ph
1a NaClO, /benzene 63 Ph
1a NaClO,/DMF 66 Ph
1a CH,Cl, 73 Ph
1a THF 74 Ph
1a benzene 65 Ph
b NaClO,/CH,Cl, 90 p-Td
1c NaClO,/CH,Cl, 98 "Bu
1d NaClO,/CH,Cl, 4 Cy
2a NaClO,/CH,Cl, 97 Ph
2b NaClO,/CH,Cl, 67 Ph
2c NaClO,/CH,Cl, 73 Ph
Cu(C=CPhXPPh,) NaClO,/CH,Cl, trace Ph
trans-Pd(C=CPh)(PPh,), NaCiO,/CH,Cl, trace Ph
trans-Pd(C=CPh),(PPh,), NaClO,/CH,Cl, trace Ph
Rh(C=CPhXCOXPPh;), NaClO,/CH,Cl, trace Ph
RuH(COXC=CPhXPPh ), NaClO,/CH,Cl, trace Ph
(n°-CsHRu(C=CPhXPPh,), NaClO,/CH,Cl, 42 Ph
(n3-CsH ;)Fe(C=CPhXCO), NaClO,/CH,Cl, 31 Ph
(n5-C ¢Meg)Ru(C=CPhXPPh,)Cl NaClO,/CH,Cl, 92 Ph
(n%-CsMeg)Ru(C=CPh)XPPh;)CI CH,Cl, 80 Ph

2 Room temperature, 15 min. ® Based on metal.
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the presence or absence of NaClO, (Table 1). In the
absence of NaClO,, the counter anion for [(n°-
In)Ru(COXPPh,),]* was not determined. Complexes
1b and 1c¢ treated with NO gave corresponding nitriles
in good vyields; however, the yield of cyclohexylnitrile
from 1d was suppressed to 41%, probably due to the
steric bulk of the cyclohexyl group. The present reac-
tion is regarded as a novel metathesis reaction between
acetylide moiety and nitric oxide, and the remarkable
aspect is the extremely mild set of conditions required
for the reaction (the short reaction time, room temper-
ature, and the low, 1 atm, pressure of nitric oxide).
(n*-In)Ru(n'-C=CPhXdiphos) (2a: dppe, 2b: dppp, 2¢c:
dppb) readily underwent metathesis with NO to yield
benzonitrile in good yields, suggesting that the reaction
does not involve dissociation of phosphine ligand.

It was concluded that NO reacts directly with the
acetylide part rather than with the ruthenium centre,
and that the bulky indenyl and phosphine ligands serve
to protect the metal centre against NO. The yields of
benzonitrile were seriously suppressed (10-30%) by
the reaction of 1a with NO in the presence of p-benzo-
quinone as a radical scavenger and that with NOBF,.
Further, the reaction of 1a with NOBF, in the pres-
ence of p-benzoquinone yielded only a trace of ben-
zonitrile. The NO radical is the reactive species of the
present metathesis. A plausible mechanism is depicted
in Scheme 1, in which the metathesis proceeds via a
cyclic intermediate reminiscent of the cycloaddition of
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Scheme 1. [Rul= (5°-In)Ru(PPh,),.

(7%-C4H)Ru(n!-C=CPhXPPh,), with tetracyano-
ethylene [11].

Other transition metal complexes of o-phenyl-
acetylide were examined (Table 1). (1°-CsMe¢)Ru(n!-
C=CPhXPPh,;)Cl (4) [12 *] readily underwent the
metathesis reaction with NO to afford benzonitrile
(80-92%), whereas (n°-CsHs)Ru(n'-C=CPhXPPh,),
and (n°-C;H;)Fe(n'-C=CPhXCO), reacted with NO
to give benzonitrile in lower yields (42 and 31%) than
those of 1a and 4. Further, the o-phenylacetylide com-
plexes without cyclopentadienyl ligand, Cu(n'-
C=CPhXPPh,), trans-Pd(n'-C=CPh),(PPh,),, trans-
Pt(n!-C=CPh),(PPh,),, Rh(n'-C=CPhXCOXPPh,),,
and RuH(COXn'-C=CPhXPPh,), [13], showed almost
no activity. The n°-indenyl and n°-hexamethyl benzene
ligand might play an important role in the present
metathesis reaction.
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