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The reaction of [RuCl2( p-cymene)]2 with benzoxazoleacetonitriles and NH4
þBF4

- in methanol
leads to bidentate N,N0-benzoxazole-methoxyimine-ruthenium(II) complexes 7, corresponding to
the addition of methanol to the ruthenium(II)-activated nitrile triple bond. The X-ray structure of a
complex 7 shows equivalent Ru-N and slightly different CdN bond distances. The catalytic
hydration of benzoxazolacetonitriles with [RuCl2(p-cymene)]2 in methanol/water leads to quantita-
tive formation of corresponding amides under mild conditions.

Introduction

The hydration of nitrile derivatives constitutes a straightfor-
wardway to generate amides, a useful functionality in synthesis,1

that easily leads to their carboxylic acid derivatives. The amide
formation slow step can be accelerated by enzymes,2 and several
metal-containing catalytic systems have recently been shown to
perform this selective transformation under mild conditions.3

The molecular ruthenium catalyst RuH2(PPh3)4 was first
used byMurahashi et al.4 to transform nitriles into amides and
subsequently into ene-lactames in water/DME media. Then,
Lin and Lau showed that the ruthenium hydride precursor
RuH(C9H7)(Ph2PCH2PPh2) (C9H7: indenyl) promoted the
nitrile to amide transformation, and B3LYP calculations5 led
to proposing amechanism based on initial interaction of water
with the (Ru-H) hydride, before its addition to the η1-N-
coordinated nitrile group. Recently, it was demonstrated that

Ru(acac)2(Ph2P-Py)2 allowed the catalytic hydration of nitrile
with high turnover frequency in DME/water media.6

Platinum(II) complexes containing R2P(O)H ligands have
allowed the selective catalytic hydration of nitriles in alcohol/
water media at temperatures as low as 80 �C.7,8 Recently, the
[Rh(μ-OMe)(COD)]/PCy3 catalytic system was used to perform
the hydration of nitriles at room temperature,9 and Cu(OTf )2
allowed the hydration of carbonyl-ene-nitrile compounds into
the reactive corresponding amide group.10 The hydration of
acetonitrile into acetamide in water under basic conditions has
already been performed at 80 �C using [Rh(μ-OMe)(COD)]2/
TPPTS (TPPTS = tris(3-sulfonatophenyl) phosphine sodium
salt.11 Recently, Cadierno andGimeno12 succeeded in perform-
ing the nitrile hydration in water at only 100 �C, using an ionic
ruthenium catalyst, RuCl2(L

þ)(C6Me6), containing a water-
solubilizing cationic tertiary phosphine derivative Lþ, whereas
Kaneda et al. reported that supported silver nanoparticles pro-
mote the hydration of nitriles in water at 140 �C but allow the
recycling of the catalyst.13

Functional oxazoline derivatives have already been shown
as potential bidentate ligands in ruthenium catalysis.14 One
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oxazoline family contains the nitrile functionality: the oxazol-
2-yl and benzoxazol-2-yl acetonitrile derivatives, which are
easy to prepare15,16 and are potential precursors of func-
tional oxazoline by simple modifications of the nitrile group.
We have thus studied the interaction of potentially coordi-
nating benzoxazol-2-yl acetonitriles with arene-ruthenium(II)
derivatives by ruthenium(II) sites as an attempt to better
understand the activation of the nitrile group.
It is noteworthy that the activation of the acetonitrile

ligand by an iridium(III) center has allowed the nucleophilic
addition of water, alcohol, and amine to theM-NCRnitrile
group to generate amido, imino-ether, and amidine com-
plexes.17 By contrast, the activation by copper(II) salts in
alcohol of nitrile groups attached to polydentate ligands has
led to polydentate copper(II) complexes containing the
nitrogen-coordinated imino-ether ligands.18

We now report (i) the (arene)ruthenium(II) activation of
the nitrile group of benzoxazol-2-yl acetonitriles and ana-
logues toward the addition of methanol to generate new
mixed N,N0-bidentate oxazoline-methoxyimine ruthenium(II)
complexes, as models showing the first step of nitrile
methanolysis or hydration, and (ii) the catalytic hydration
of these functional nitriles into amides with the [RuCl2-
( p-cymene)]2 precursor under mild conditions in methanol/
water medium.

Results and Discussion

Preparation of N,N0-Bidentate Ruthenium(II)-Arene Com-

plexes. The arene-ruthenium(II) complex [RuCl2( p-cym-
ene)]2 (1), the ideal precursor of [arene-RuCl]þ and [RuCl2]
moieties,19 reacted with the benzoxazolylacetonitrile 2a,16 in
various solvents (toluene, THF, dichloromethane), but no
stable or defined complex of type RuCl2(L)( p-cymene) was
obtained, illustrating the weak coordinating ability of the
benzoxazole ring nitrogen atom. However, when the same
substrate 2awas reactedwith [RuCl2( p-cymene)]2 (1) but in
the presence of 1 equiv of NH4

þBF4
- per ruthenium atom

in dry methanol, conditions favoring the substitution of
chloride by a noncoordinating BF4

- anion and the coordi-
nation of a four-electron bidentate ligand, a yellow com-
plex formed rapidly. The reaction was completed after
heating at 50 �C for 4 h. The ionic yellow complex 3a was
obtained in good yield (98%) (eq 1). The same reaction per-
formed with benzoxazolylacetonitrile derivatives 2b and 2c

led to the formation of analogous complexes 3b (94%) and
3c (97%).

TheNMRof complexes 3 showed the incorporation of the
bidentate ligand, that the nitrile functionality was no longer
present, but that one molecule of methanol was added, and
the data were consistent with N,N0-bidentate benzoxazole-
methoxyimine-ruthenium complex 3, as shown in eq 1.

The 1H NMR reveals the chirality of the complex 3 by the
nonequivalency of the isopropyl methyl groups and of the four
p-cymene arene CH protons. Especially the bridging methylene
protons of the bidentate ligand are nonequivalent [3a 1HNMR:
δ ppm CH2: 4.18 and 4.69 (AB), 2JHAHB = 19.5 Hz].

The reaction of the sulfur-containing analogous molecule,
the benzothiazolylacetonitrile 4, with the ruthenium precur-
sor 1, in methanol at 50 �C, afforded the yellow complex 5,
which was isolated in 96% yield (eq 2).

The above complexes 3 and 5 did not afford suitable
crystals for X-ray diffraction. Thus in order to reach a more
rigid complex, the benzoxazole 6 was prepared from 2a,
simply on reaction with 3 equiv of methyl iodide with an
excess ofK2CO3 in acetone at reflux. The reaction of ligand 6
with the ruthenium precursor 1 in methanol at 50 �C, but at
least for 16 h to reach transformation completion, led to the
formation of the yellow complex 7, which was isolated in
96% yield (eq 3). Its recrystallization in a dicloromethane/
diethyl ether mixture afforded suitable crystals for X-ray
diffraction study.

The X-ray structure of complex 7 (Figure 1)23 shows that
methanol was added to the coordinated CN bond to afford a
methoxy imino ligand. Thus the ruthenium is bonded to two
different iminonitrogen atoms,with twodifferentRu-N(R)dC
moieties: the oxazoline moiety (Ru1-N1=2.098(9), N1-C7=
1.286(14) Å) and the methoxy imine moiety (Ru1-N2 =
2.071(9), N2-C9=1.316(13) Å). Thus the Ru-NH distance is
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longer than the Ru-N(oxazoline) but associated with a shorter
NdCbonddistance. It is noteworthy that theN-Ru-Nangle is
rather small, 82.6(4)�.

The above results show that the nitriles containing as a
neighbor a coordinating group, the benzoazole nitrogen
atom, are activated by ruthenium(II) centers in an (η2-
CN)Ru fashion, rather than by the Lewis-type interaction
RurNtCR. This lateral coordination favors nucleophilic
addition of methanol to give the methoxyimine function,
leading to isolable complexes 3, 5, and 7. The coordinating
group likely favors bidentate coordination, which prevents
the Lewis-type interaction of the nitrile nitrogen atom. An
analogous side-on activation of a nitrile group attached to a
polypyridine ligand by an iron(II) complex has also been
observed,21 and the activation by Cu(II) salts of nitrile
groups incorporated into nitrogen-containing polydentate
ligands also leads to imino-ether ligands, likely via lateral
coordination of the nitrile group.18

Catalytic Hydratation and Methanolysis of Benzoxazol-2-

ylacetonitrile, 2. The catalytic methanolysis of the functional
nitrile 2a was attempted in dry methanol only with 5 mol %
[RuCl2( p-cymene)]2 (1) and 20 mol % KPF6 at 55 �C for 19
h. Then hydrolysis of the mixture was performed, and
products were extracted. The TLC, mass spectra, and 1H
NMR analysis revealed that 70% of remaining nitrile 2awas
present with 30% of the newly formedmethyl ester 8a (eq 4).
The partial formation of methyl ester suggested that the
stability of the intermediate complex of type 3 prevented
complete transformation.

The catalytic hydration of the functional nitrile 2a was then
attempted directly in water using [RuCl2( p-cymene)]2 (1) as a
catalyst precursor since analogous arene-ruthenium(II) com-
plexes were shown by S€uss-Fink et al.22 to generate new cata-
lysts in water. The derivative 2a was only slightly soluble in
water; thus 1mmol of 2a and 5mol%complex 1were dissolved

in 1 mL of methanol, and 20 mol % NH4
þBF4

-, 2 equiv per
ruthenium atom, were introduced. Then 1.5 mL of distilled
water was added. The mixture was heated at 55 �C for 3 h in
order to get complete transformation of 2a. The white amide 9a
was isolated in 75% yield (eq 4).

The hydration of the benzoxazolylacetonitrile 2c under
similar conditions led to complete transformation and after
chromatography to the isolation of 62% amide 9c.

The positive role of the salt NH4BF4was shown.When the
same transformation of 2a into 9a was performed without
NH4BF4 salt after 3 h of reaction at 55 �C, the conversion of
2a into amide reached only 80%, whereas it reached 100% in
its presence. It is likely that NH4BF4 has the role of solubiliz-
ing the catalyst 1 in the MeOH/H2O medium and dissociat-
ing a Ru-Cl bond in order to coordinate the CN function in
an η2-fashion, which means a ruthenium(II) activation step
of the nitrile toward the addition of water.

Conclusion

The above results show a straightforward access to newN,
N0-bidentate mixed diimine-ruthenium(II) complexes di-
rectly from benzoxazolylacetonitriles on reaction with the
complex [RuCl2( p-cymene)]2 and demonstrate the initial
addition of methanol to the coordinated nitrile group. The
mild catalytic conditions of the hydration of these nitriles
into their amides take place in neutral methanol/water
solution at only 55 �C without addition of base or water-
soluble ligand to the simple, commercially available catalyst
[RuCl2( p-cymene)]2.

Experimental Section

Instrumentation.All reactions were carried out with exclusion
of air using Schlenk tube techniques. Organic solvents were
dried by standard procedures and distilled under argon prior to
use. 1H NMR spectra were recorded at 200 and 300 MHz. 13C
NMR spectra were recorded at 50.3 and 75.5 MHz. The reac-
tions were monitored using a Shimadzu 2014 gas chromato-
graph equipped with an Equity-1 fused silica capillary column.
Pure products were obtained by column chromatography on
silica gel usingmixtures of petroleum ether and diethyl ether or a
mixture of petroleum ether and ethyl acetate as the eluent.
Transmittance FT-IR spectra were recorded using a Bruker
IFS 28 spectrometer. The high-resolution mass spectra (HR-
MS) were recorded using a Varian Mat 311 equipped with a
magnetic field, an electric field (geometry BE), and a room of
collisions. Elemental analysis data were obtained on a micro-
analyzer (Flash EA1112 CHNS/O, Thermo Electron). Products
were further analyzed by GC-MS on a Shimadzu QP2010S
apparatus.

General Procedure for the Preparation of Complexes 3. In a
Schlenk tube equipped with a stirring bar under inert atmo-
sphere (nitrogen) were successively introduced [RuCl2( p-cym-
ene)]2 (1; 100 mg, 0.163 mmol), the benzoxazolacetonitrile 215,16

(56 mg, 0.358 mmol), NH4
þBF4

- (35 mg, 0.326 mmol), and 10
mL of methanol. Themixture was heated at 50 �C under stirring
for 4 h. The solvent was evaporated under vacuum, and the
formed yellow product was then dissolved in 10mL of dichloro-
methane. This solution was filtrated with the help of a canula
equipped with a paper filter, and the solvent was evaporated.

Figure 1. Molecular structure of complex 7 at 50% thermal ellip-
soid probability. H atoms, BF4 anion, and crystallization solvent
(CH2Cl2) are omitted for clarity. Selected bond lengths (Å) and
angles (deg):Ru1-N1=2.098(9),Ru1-N2=2.071(9),Ru1-Cl1=
2.389(3), N1-C7=1.286(14), N2-C9=1.316(13), N2Ru1N1=
82.6(4)�, C7C8C9=112.6(9)�.
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The product was washed twice with 20 mL of diethyl ether and
dried under vacuum. The complex 3 was then obtained as a
yellow powder.
Preparation of Complex 3a. Benzoxazol-2-ylacetonitrile (2a;

61 mg, 0.358 mmol). Complex 3a was isolated as a yellow-green
powder (88 mg, 98%). Anal. Calcd for C20H24BClF4N2O2Ru:
C, 43.86; H, 4.42. Found: C, 43.21; H, 4.47. HRMS: m/z calcd
for [C20H24N2O2ClRu]þ 461.0570; found 461.0584. 1H NMR
(300.132 MHz, CD2Cl2) δ ppm: 1.29 (d, 3H, J = 6.9 Hz,
CH(CH3)2); 1.36 (d, 3H, J = 6.9 Hz, CH(CH3)2); 2.12 (s, 3H,
CH3); 2.90 (sept, 1 H, J = 6.9 Hz, CH(CH3)2); 4.11 (s, 3H,
OCH3); 4.18 (d, 1 H, J = 19.5 Hz, CH2); 4.69 (d, 1H, J= 19.5
Hz, CH2); 5.76 (d, 1H, J=6.0Hz, CH); 5.91 (d, 1H, J=6.0Hz,
CH); 5.95 (d, 1H, 6.0 Hz, CH); 6.04 (d, 1 H, J = 6.0 Hz, CH);
7.60-7.65 (m, 2H, CH), 7.69-7.75 (m, 1H, CH), 7.82 (br s, 1H,
NH), 7.85-7.90 (m, 1H, CH). 13C NMR (75.48 MHz, CD2Cl2)
δ ppm: 18.4 (CH3); 21.7 (CH3); 22.5 (CH3); 31.1 (CH); 32.6
(CH2); 55.7 (OCH3); 82.4 (CH); 82.6 (CH); 83.0 (CH); 84.7
(CH); 100.0 (C); 105.8 (C); 112.0 (CH); 119.6 (CH). IR (cm-1):
1152 (ν P-F), 1550 (ν CdC), 1640 (ν CdN), 1609 (ν CdN).
Preparation of Complex 3b. 5-Methylbenzoxazol-2-ylacetoni-

trile (2b; 62 mg, 0.358 mmol). Complex 3bwas isolated as a light
yellow powder (88 mg, 96%). Anal. Calcd for C21H26BClF4-
N2O2Ru: C, 44.90; H, 4.66. Found: C, 44.87; H, 4.78. HRMS:
m/z calcd for [C21H26N2O2ClRu]þ 475.0726; found 475.0727;
calcd for [C-HCl]þ 439.0959; found 439.0957. 1H NMR:
(300.132 MHz, CD2Cl2) δ ppm: 1.28 (d, 3H, J=6.9 Hz, CH-
(CH3)2); 1.35 (d, 3H, J=6.9 Hz, CH(CH3)2); 2.14 (s, 3H, CH3);
2.58 (s, 3H, CH3); 2.89 (sept, 1H, J= 6.9 Hz, CH(CH3)2); 4.08
(s, 3H, OCH3) 4.12 (d, 1H, J=19.7 Hz, CH2); 4.63 (d, 1H,
J= 19.7 Hz, CH2); 5.75 (d, 1H, J= 6.0 Hz, CH2); 5.88 (d, 1H,
J=6.0Hz,CH); 5.93 (d, 1H, 6.0Hz,CH); 6.01 (d, 1H, J=6.0Hz,
CH) ; 7.42 (d, 1H, J=8.3 Hz, CH); 7.56-7.62 (m, 2H, CH); 7.99
(br s, 1H, NH). 13C NMR (75.48 MHz, CD2Cl2) δ ppm: 18.5
(CH3); 21.5 (CH3) ; 21.7 (CH3); 22.7 (CH3); 31.2 (CH); 32.7 (CH2);
55.7 (OCH3); 82.5 (CH); 82.6 (CH); 83.0 (CH); 84.9 (CH); 100.0
(C); 105.8 (C); 111.4 (CH); 119.1 (CH); 128.4 (CH); 137.0 (C);
139.2 (C); 148.5 (C); 159.8 (CdN); 165.8 (CdN). IR (cm-1): 1156
(ν P-F), 1555 (ν CdC), 1630 (ν CdN), 1619 (ν CdN).
Preparation of Complex 3c. 6-Methylbenzoxazol-2-ylacetoni-

trile (2c; 61 mg, 0.358 mmol). Complex 3c was isolated as a
yellow powder (89 mg, 97%). HRMS: m/z calcd for [C21H26-
N2O2ClRu]þ 475.0726; found 475.0729; calcd for [C-HCl]þ

calcd 439.0959; found 439.0955. 1H NMR (300.132 MHz,
CD2Cl2) δ ppm: 1.27 (d, 3H, J = 6.9 Hz, CH(CH3)2); 1.34 (d,
3H, J = 6.9 Hz, CH(CH3)2); 2.14 (s, 3H, CH3); 2.57 (s, 3H,
CH3); 2.89 (sept, 1 H, J = 6.9 Hz, CH(CH3)2); 4,09 (s, 3H,
OCH3), 4.12 (d, 1H, J = 19.7 Hz, CH2); 4.64 (d, 1H, J = 19.7
Hz,CH2); 5.75 (d, 1H, J=6.0Hz,CH2); 5.88 (d, 1H, J=6.0Hz,
CH); 5.93 (d, 1H, 6.0 Hz, CH); 6.01 (d, 1H, J = 6.0 Hz, CH);
7.42 (d, 1H, J= 8.3 Hz, CH); 7.51 (br s, 1H, CH); 7.71 (d, 1H,
J = 8.3 Hz, CH); 7.95 (br, 1H, NH). 13C NMR (75.48 MHz,
CD2Cl2) δ ppm: 18.5 (CH3); 21.5 (CH3); 21.7 (CH3); 22.6 (CH3);
31.2 (CH); 32.6 (CH2); 55.7 (OCH3); 82.4 (CH); 82.5 (CH); 83.0
(CH); 85.1 (CH); 100.1 (C); 105.6 (C); 111.9 (CH); 118.8 (CH);
127.7 (CH); 136.9 (C); 138.8 (C); 150.4 (C); 159.1 (CdN); 165.9
(CdN). IR (cm-1): 1159 (ν P-F), 1559 (νCdC), 1647 (νCdN),
1619 (ν CdN).
Preparation of Complex 5. Benzothiazol-2-ylacetonitrile (4;

62 mg, 0.358 mmol). Complex 5 was isolated as a yellow-green
powder (90mg, 98%). 1HNMR(300.132MHz,CD2Cl2) δppm:
1.24 (d, 3H, J=6.9 Hz, CH(CH3)2); 1.34 (d, 3H, J=6.9 Hz,
CH(CH3)2); 1.95 (s, 3H, CH3); 2.90 (sept, 1H, J= 6.9 Hz,
CH(CH3)2); 4.07 (s, 3H, OCH3); 4.18 (d, 1H, J= 19.5 Hz,
CH2); 4.69 (d, 1H, J=19.5 Hz, CH2); 5.76 (d, 1H, J = 6.0 Hz,
CH); 5.91 (d, 1H, J = 6.0 Hz, CH); 5.95 (d, 1H, 6.0 Hz, CH);
6.04 (d, 1H, J=6.0Hz, CH); 7.40 (br s, 1H,NH); 7.63-7.66 (m,
1H, CH); 7.72-7.75 (m, 1H, CH); 8.00 (d, 1H, J=8.0Hz, CH);
8.54 (d, 1H, J=8.4Hz, CH). 13CNMR (75.48MHz, CD2Cl2) δ
ppm: 18.4 (CH3); 21.2 (CH3); 23.0 (CH3); 31.2 (CH); 38.2 (CH2);

55.5 (OCH3); 82.9 (CH); 83.2 (CH); 83.3 (CH); 86.5 (CH); 99.9
(C); 105.0 (C); 122.6 (CH); 124.7(CH); 127.4 (CH); 127.7 (CH);
132.3 (C); 151.5 (C); 164.3 (CdN); 166.6 (CdN).

Preparation of Complex 7. In a Schlenk tube equipped with a
stirring bar under inert atmospherewere successively introduced
[RuCl2( p-cymene)]2 (1; 100 mg, 0.163 mmol), the nitrile oxazo-
line 6 (91mg, 0.489mmol), NH4

þBF4
- (35mg, 0.33mmol), and

10 mL of methanol. The mixture was heated at 50 �C under
stirring for 16 h. The solvent was then evaporated under vacu-
um, and the formed product was dissolved in 10mL of dichloro-
methane. This solution was filtrated, and the solvent was
evaporated. The product was dissolved with 5 mL of dichloro-
methane, the solution was filtered, and diethyl ether was added
to the solution to precipitate the complex 7, which was then
obtained as a yellow powder, 92 mg (96% yield). Some part was
recrystallized from dichloromethane and diethyl ether to afford
crystals for X-ray diffraction. 1H NMR (500.13 MHz, CD2Cl2)
δ ppm: 1.22 and 1.33 (each d, J=7.0Hz,CHMe2); 1.81 and 1.89
(s, CMe2); 2.14 (s, Me); 2.90 (sept, J=7.0 Hz, CHMe2); 4.18 (s,
OMe), 5.86 (d, J=6.2 Hz, CH); 5.88 (d, J= 6.2 Hz, CH); 6.06
(d, J=6.0Hz, CH); 6.11 (d, J=6.0Hz, CH); 7.63 (m, 2H); 7.73
(m, 1H); 7.87 (m, 1H); 8.43 (br s, NH). 13C NMR (75,48 MHz,
CD2Cl2)δppm: 18.5 (CH3); 20.9 (CH3) ; 23.1 (CH3); 23.4 (CH3);
27.6 (CH3); 31.3 (CH); 43.4 (C(CH3)2); 55.6 (OCH3); 82.5 (CH);
82.6 (CH); 83.4 (CH); 86.6 (CH); 100.7 (C); 105.7 (C); 112.0
(CH); 120.0 (CH); 126.5 (CH); 127.8 (CH); 139.9 (C); 149.5 (C);
165,7 (CdN); 170.8 (CdN).

Catalytic Hydrolysis of Nitrile Derivatives 2. Preparation of

Amide 9a. In a Schlenk tube under argon were introduced
successively 1 mmol (158 mg) of 2a, [RuCl2( p-cymene)]2 (1; 5
mol%, 30.6mg), 1mLofmethanol, a slight excess of 2 equiv per
Ru atom of NH4

þBF4
- (20 mol %), and 1.5 mL of distilled

water. The mixture was stirred at 55 �C for 3 h. After cooling,
water was added and the mixture was extracted with dichloro-
methane and dried with Na2SO4. The solution was chromato-
graphed on a short pad of silica to eliminate the catalyst residue.
The white product 9a was obtained in 75% yield (132 mg).
HRMS: [MþNa]þ (C9H8N2O2Na)m/z calcd 199.04835; found
199.0483; [M þ K]þ (C9H8N2O2K) m/z calcd 215.02229; found
215.0222. 1H NMR (200 MHz, dmso-d6) δ ppm: 3.98 (s, 2H,
CH2); 6.74-7.06 (m, 3H, CH); 7.80 (d, 1H, J = 7.8 Hz, CH),
9.53 and 9.90 (s, NH). 13C NMR (75,48 MHz, dmso-d6) δ ppm:
26.7(CH2); 115.6, 116.6, 119.3, 122.6 (CHarom), 125.4, 125.8 (C
arom), 148.3 (CdN), 161.5 (CONH2).

Preparation of Amide 9c. The hydration of 2c (186 mg, 1.074
mmol) was performed analogously with [RuCl2( p-cymene)]2
(32.8 mg, 0.0537 mmol, 5 mol %) and NH4BF4 (22.6 mg,
0.2145 mmol) in a mixture of MeOH (0.5 mL)/H2O (1.5 mL)
at 55 �C for 3 h. The mixture was then extracted with dichloro-
methane, washed with distilled water, and finally dried over
Na2SO4. Solvent was evaporated, and the product was purified

Table 1. Crystal Data and Structure Refinement for Compound 7

empirical formula C44.50H57B2Cl3F8N4O4Ru2
fw 1194.05
temp (K) 233(2)
wavelength (Å) 0.71073
cryst syst, space group triclinic, P1
a, b, c (Å) 9.9246(6), 13.6773(8), 21.3290(10)
R, β, γ (deg) 106.784(5), 90.482(5), 110.924(6)
V (Å3) 2568.9(2)
Z 2
density (Mg/m3) 1.544
absorp coeff (mm-1) 0.817
F(000) 1210
cryst size (mm) 0.30 � 0.15 � 0.15
θ range for data collection 2.80 to 27.00
reflns collected/unique 19 880/10 912
goodness-of-fit on F2 0.929
data/restraints/params 10 912/4/594
final R indices [I > 2σ(I )] R1 = 0.0966, wR2 = 0.2678
R indices (all data) R1 = 0.1995, wR2 = 0.2978
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by short column chromatography on silica gel (1.5 cm �5 cm)
using a mixture of petroleum ether/ethyl acetate (7:3) as eluent
to give 120 mg of greenish solid 9c (62% isolated yield). 1H
NMR (300.13 MHz, (CD3)2CO) δ ppm: 2.24 (s, 3H, CH3); 3.96
(s, 2H, CH2); 6.81 (s, 2H, H arom); 7.73 (s, 1H, H arom); 8.65
(s, 1H, NH2); 9.02 (s, 1H, NH2).
Catalytic Methanolysis of Derivative 2a. In a Schlenk tube

under argon were introduced successively 1 mmol (158 mg) of
2a, [RuCl2( p-cymene)]2 (1; 5 mol %, 30.6 mg), 5 mL of dry
methanol, and 2 equiv per Ru atom ofKþPF6

- (20mol%). The
mixture is stirred at 55 �C for 19 h. After cooling, water was
added and the mixture was extracted with dichloromethane and
dried with Na2SO4. The

1H NMR and mass spectra of the
resulting greenish oily mixture revealed that it contains 70% of
starting nitrile 2a and only 30%of the methyl ester 8a. The ratio
is based on the 1H NMR CH2 signal intensity of the derivatives
2a and 8a. 1H NMR (200 MHz, acetone-d6) δ ppm: 3.75 (s, 3H,
OMe); 4.14 (s, 2H, CH2CO); 7.38-7.76 (m, 4H, C6H4).
Experimental Crystallographic Data for Complex 7. The

sample was studied on a CCD Saphire 3 Xcalibur with graphite-
monochromatized Mo KR radiation. The structure was solved

with SIR-97,23 which revealed the non-hydrogen atoms of the
molecule. The whole structure was refined with SHELXL97.24

The level A alert in the checkcif is due to the large thermalmotion
of some atoms. It must be noticed that we have unsuccessfully
investigated the possibility of mononclinic C symmetry (space
group C2).

Full details of the crystal structure analyses in CIF format for
complex 7 including crystal data and structure refinement, atomic
coordinates, bond lengths and angles, hydrogen coordinates, and
thedata forX-raydiffractionanalysis of complex7 canbeobtained
free of charge from the Cambridge Crystallographic Data Centre
via www.ccdc.cam.ac.uk/data_request/cif.
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