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Abstract 

The reaction of the ruthenium hydrides [Ru(CO)H(R’CN)z(PPh,)JA (A = CIO, or PF,) (R’ = Me or CH,Ph) or the alkenyl 
derivatives [Ru(COXCH=CHR’XR’CN),XPPh,),~F, (R’ = CMe,, Ph; R, = Me or CHzPh) with pyrazole or 3,5_dimethylpyra- 
zole gives the ruthenium(H) pyrazolylamidine complexes [Ru(CO)H(NH=C(R’Xhet)~PPh3)2lA or [Ru(COXCH=CHCR*)(NH?c- 
(R*Xhet)XPPh,)JA, respectively (bet = pz or Mezpz). The stereochemistry of the resulting complexes has been determined by 
NOEDIFF experiments and by the X-ray structure determination of [Ru(COXCH4JHCMe,)@IH~MeXMezpz)~PPh3)z]PF6. 

1. Introduction 

We have reported in a preliminary communication 
the formation of the amidine complex [Ru(CO)H{N- 
H=C(MeXMe,pz)}(PPh,),]C10, in the reaction of 
[Ru(CO)H(MeCN),(PPh,),]ClO, with l-hydroxy- 
methyl-3,5-dimethylpyrazole [l]. A related complex was 
obtained in the reaction between [(Ru($-C,H,>- 
Cl,},] and K[HB(Me,pz),] in acetonitrile [2]. Only 
three other examples of formation of this type of 
amidine derivative in transition metal complexes with 
coordinated nitriles have been reported [3-51. These 
reactions are related to the well known nucleophilic 
attack of amines on coordinated nitrile ligands to give 
amidLme complexes [6-81 (eqn. (1)). Similar processes 
are probably involved in the synthetically useful ruthe- 
nium-catalyzed amidation of nitriles, which proceeds 
under neutral conditions [9]. In this paper we report a 
more extensive study of the synthesis of aniidine hy- 
dride and alkenyhuthenium(I1) complexes by reaction 
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of pyrazole and 3,5dimethylpyrazole with the corre- 
sponding ruthenium(R) nitrile complexes. 
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2. Results and discussion 

Cationic hydride complexes 1 [lo], 2 [ 111 and 3 react 
with pyrazole or 3,5dimethylpyrazole in methanol or 
ethanol under reflex to yield white amidine complexes 
4-9 with structures I or II 1). The reaction is 
most probably initiated 
nitrile by the pyrazole, 

nitrile 
The arnidine hydride complexes 
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PAI3 

1 : R’=Mq A=CIO4 

2 : R’=Me, A=PF6 

3 : 1~’ = Cll2l’h , A = PF6 

4: R1=Me,R2=H,A=C104 

5: R’=Me,R2=H,A=PF6 1 (I)+ (11) 
6: R’=CI12Ph,R2= II ,A=l’F6 

1: RI= R2=Me,A=C104 

8: R’=R2=Me,A=PF6 1 (11) 
9: R’=Cl12Ph,R2=Me,A=PF6 

Scheme 1. 

IO : R1 = CMe3 , R2 = Me I c 
II : R’= CMe3 , R2 = CH2l’l’ 

12 : R1 = Ph , R2 = Me 

o C,,,, p$?-2 +pF6- 
Rl/pN,+R2 

Pril3 I.1 

(III) 

13 : I~‘= CMc3, R* = MC, Y3 = II] (III) + (IV 

14 : R1= CMe3, R2 =R3 = Me 

15 : R’= CMe3. R 2 = CI121’h. R3 = II] 
(Ill) 

16 : RI= CMe3, R* = CII2Ph, R3 = Me 

17:R’= Ph,R2=R3=Me l 

Scheme 2. 
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corresponding to v(N-H) and low-field solvent-depen- 
dent NH signals between 12 and 8 ppm in the ‘H 
nuclear magnetic resonance (NMR) spectra. The 
stereochemistry around the ruthenium centre is proba- 
bly dictated by steric effects since the bulkier 3,5-d& 
methylpyrazole gives derivatives II exclusively whereas 
the reactions of hydrides l-3 with pyrazole afford 
mixtures of amidine complexes I and II. Their stereo- 
chemistries were assigned by comparison of their spec- 
troscopic data with those of 7, whose structure has 
been determined by X-ray diffraction [ll. Furthermore, 
a NOEDIFF experiment on 8 fully supports the as- 
signed structure. 

Similarly, cationic alkenyl complexes lo-12 yielded 
amidine complexes 13-17 with structures III and IV as 
yellow crystalline products (Scheme 2). The structure 
of amidine complex 14 was assigned by spectroscopic 
methods, including NOEDIFF experiments, and by 
X-ray diffraction. The stereochemistries of the remain- 
ing derivatives were assigned by analogy with that of 
14. 

Amidine complex 17 was also prepared by treatment 
of the acetonitrile pyridine ruthenium complex 18 [12] 
with 3,5-dimethylpyrazole. This reaction proceeds by 
selective displacement of the pyridine ligand trans to 
the alkenyl ligand (eqn. (2)). 

Fig. 1. ORTEP drawing of the structure of the cationic species 
[Ru(COMCH=CHCMe,)(NMe~MeXMe,pz)~PPh3)2]+ (atom num- 
bering as in Tables 1 and 3). Numbering of the carbon atoms of the 
phenyl rings and the hydrogen atoms of the phenyl, methyl and 
pyraz~lyl groups omitted for clarity. 

I oc,, ,\PY 
11, \\\ 

4 “\ NCMc 

PI1 PPllf 

( 17 ) (2) 

On the other hand, [Ru(COXPhC=CHPhXMeCN>,- 
(PPh,),]PF, (19) [13] reacts with 3,5dimethylpyrazole 
in ethanol under reflux to give amidine hydride 8 and 
trans-stilbene (eqn. (3)). This result can be explained by 
the known lability of alkenyl complex 19 under the 
reaction conditions, yielding hydride 2 and stilbene by 
reaction with ethanol [13]. Further reaction of hydride 
2 with the heterocycle gives the hydride amidine com- 
plex 8. 

OG,,, 1 ,,\WMe 
c 

NCMe 

(19) 

(8) (31 

Amidine hydride ruthenium complexes 4-9 were 
unreactive towards 1-alkynes under a variety of reac- 
tion conditions. This lack of reactivity shows that the 
pyrazolylamidine ligand is strongly coordinated, simi- 
larly to bipy or phen, whose hydride complexes 
[Ru(CO)H(L,XPPh,)JA (L, = bipy or phen) are unre- 
active in the hydroruthenation reaction with alkynes. 

2.1. Structure for [Ru(CO)(CH=CHCiUe,){NH= 
C(Me)bUe,pz)} (PPh,),lPF, * CH,Cl, (14) 

The X-ray structure of amidine complex 14 revealed 
the [Ru(COXCH=CHCMe,){NH=C(MeXMe,pz)}- 
(PPhJ&l+. cations (Fig. 1) and the PF; anions, held 
together only by electrostatic interactions. The crystal 
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TABLE 1. Selected bond lengths &I and angles (“1 for compound 
14a 

Bond lengths 
Ru-Pl 
Ru-P2 
Ru-Cl 
Ru-C2 
Ru-Nl 
Ru-N3 
Cl-01 
N3-C8 
C8-C80 
NZ-C8 
Nl-N2 

Bond angles 
Pl-Ru-Nl 
Pl-Ru-N3 
Pl-Ru-P2 
Pl-Ru-C2 
Pl-Ru-Cl 
Nl-Ru-N3 
Nl-Ru-P2 
Nl-Ru-Cl 
N3-Ru-P2 
N3-Ru-C2 
N3-Ru-Cl 
PZ-Ru-C2 
PZ-Ru-Cl 
CZ-Ru-Cl 
Ru-Cl-01 
Ru-Nl-C5 
Ru-Nl-N2 
Nl-NZ-CS 
NZ-C7-C6 
NZ-C&N3 

2.408(Z) Nl-C5 
2.398(2) c5-C.50 
1.850(g) CSC6 
2.067(8) C&C7 
2.180(7) c7-c70 
2.113(6) NZ-C7 
1.12(l) CZ-C3 
1.240) c3-c4 
1.51(l) c4-C41 
1.39(l) C4-C42 
1*40(l) c4-c43 

91.7(2) 

90.4(2) 
177.62(S) 
89.8(2) 
85.0(Z) 
72.8(3) 
90.6(Z) 

104.19(3) 
89.6(Z) 
92.5(3) 

174.8(3) 
87.9(3) 
95.1(Z) 

90.0(4) 
175.9(7) 
141.8(7) 
112.8(5) 
115.1(7) 
197(l) 
116.4(8) 

N3-CXLCXO 
N2-C&C80 
NZ-Nl-C5 
Nl-NZ-C7 
Nl-C5-C% 
Nl-C5-C50 
C5-C6-C7 
C6-C5-C50 
C6-C7-C70 
NZ-C7-C70 
C7-NZ-C8 
Ru-C2-C3 
CZ-C3-C4 
C3-C&c41 
C3-C4-C42 
c3-c4-c43 
C41-C4-C42 
C42-C4-C43 
c43-C4-c41 

1.32(l) 
1.49(Z) 
1.41(Z) 
1.33(Z) 
1.49(2) 
1.360) 
1.32(l) 
1.510) 
1.57(Z) 
1.50(Z) 

14x2) 

124(l) 

120(l) 
105.2(7) 
110.4(8) 

1100) 
120.2(9) 

1080) 
1300) 
127(l) 

1260) 
133.7(9) 
132X’(7) 
129.2(9) 
110.6(9) 
111(l) 
111(l) 
107(l) 
111(l) 
108(l) 

’ Mean bond distances: P-C in PPh, ligands = 1.832(8) I%; C-C in 
Ph rings = 1.39(Z) A; P3-F in PF; = 1.55(Z)_& Mean bond angles: 
C-P-C in PPh, ligands = 103.1(4p; C-C-C in Ph rings = 12OLX9P; 
Ru-P-C = 115.3(3)“, F-P3-F in PF; = 90(l)“. 

also contains a CH,CI, molecule. Selected bond dis- 
tances and angles are given in Table 1. The Ru atom 
displays distorted octahedral coordination with Cl, C2, 
Nl, and N3 in the equatorial plane and the two triphe- 
nylphosphines in approximately axial positions. The 
complex has structure I (Scheme 1) with the carbonyl 
ligand tram to the iminic N3 atom of the pyrazolylami- 
dine chelating ligand. The C2-C3 bond distance of 
1.30(4) A is within the range observed for a-alkenyl 
ruthenium(B) complexes [14]. The GN bond distance 
(N3-C8) of 1.240) %i is similar to that found for 7 [ll. 

3. Experimental details 

IR spectra were recorded with a Pye Unicam SP-3- 
300s spectrophotometer using KBr disks. Only the 
most significant frequencies are given. NMR spectra 
were recorded on Varian XL 300 (‘H NMR, 300 

MHz), Bruker AM 200 (‘3C{‘H] NMR, 50 MHz), and 
Bruker WP-80 (i3P{‘H} NMR, 32 MHz) at 30°C in the 
reported solvents. Elemental analyses were performed 
at the Instituto de Quimica Orginica (CSIC). 

[Ru(CO)H(MeCN),(PPh,>,]ClO, (1) [lo], [Ru(CO)- 
H(MeCNl,(PPh,),]PF, (21, [Ru(COXCH=CHCMe,)- 
(MeCN),(PPh,),lPF, (lo), [Ru(COXCH=CHPhXMe- 
CN),(PPh,),]PF, (12) [ll], and [Ru(COXCH=CHPh)- 
(MeCNXpyXPPh,),]PF (18) 1121 were prepared as de- 
scribed previously. 

3.1. [Ru(CO)H(PhCH,CN),(PPh,),lPF, (3) 
A mixture of benzyl cyanide (4.0 ml, 34.6 mm00 and 

Ru(CO)ClH(PPh,), [15] (243 mg, 0.26 mmol) in EtOH 
(20 ml, was heated under reflux for 30 min. The 
mixture was partially evaporated and then treated with 
NH,PF, (65 mg, 0.40 mmol). The white solid was 
filtered off and washed with EtOH, Et,0 and hexane 
to yield 3 (230 mg, 87%). IR (cm-‘>: v(C = N) 229Ovw, 
225Ovw, v(Ru-H) 2OlOw, Y(C = 0) 194.0~. ‘H NMR 
(CDCl,): S 7.60-7.08 (m, 36H, Ph), 6.76 (d, J= 7.3 Hz, 
2H, Ph), 6.42 (d, J = 7.3 Hz, 2H, Ph), 3.59 (s, 2H, 
CH,), 3.30 (s, 2H, CH,), - 12.82 (t, J= 17.6 Hz, 1H). 
Anal. Found: C, 61.34; H, 4.43; N, 2.60. 
C,,H,F,N,OP,Ru talc.: C, 61.57; H, 4.39; N, 2.71%. 

3.2. fRu(CO)H{NH=C(Me)(pz)}(PPh,),lClO~ (4) 
A mixture of hydride 1 (84 mg, 0.1 mm011 and 

pyrazole (7 mg, 0.1 mm011 in EtOH (5 ml) was heated 
under reflux for 30 min. After cooling to room temper- 
ature, the white solid was filtered off and washed with 
EtOH and Et,0 to give 4 (62 mg, 73%) as a 35 : 65 
mixture of isomers I and II. Recrystallization 
(CH,Cl,-hexane) gave partially purified isomers. 

4-I. IR (cm-‘): u(NH) 3290m, v(CO) 195Ovs, 
v(amidine C=N) 1640m, vcpyrazole CN) 1520w. ‘H 
NMR (CDCl,): S 9.06 (s, lH, NH), 7.56 (m, lH, pz), 
7.50-7.20 (m, 3OH, Ph), 6.92 (m, lH, pz), 6.26 (m, lH, 
pz), 1.58 (s, 3H, Me), - 11.47 (t, J = 19.0 Hz, 1H). 

4-11. IR (cm-‘): v(NH) 3275m, v(CO) 1935s, 
v(amidine C=N) 1648m, vcpyrazole CN) 1520w. ‘H 
NMR (CDCl,): S 10.81 (s, lH, NH), 7.53 (m, lH, pz), 
7.50-7.20 (m, 30H, Ph), 6.47 (m, lH, pz), 6.02 (m, lH, 
pz), 1.26 (s, 3H, Me), - 10.95 (t, J = 19.0 Hz, 1H). 

Anal. Found (mixture of 4-I and 4-H): C, 58.86; H, 
4.57; N, 4.80. C,,H,,ClN,O,P,Ru talc.: C, 58.43; H, 
4.44; N, 4.87%. 

3.3. [Ru(CO)H{NH=C(Me)(pz))(PPh,),lPF, (5) 
A mixture of hydride 2 WKl mg, 0.1 mm00 and 

pyrazole (7 mg, 0.1 mm00 in EtOH (5 ml) was heated 
under reflw for 30 min. After cooling to room temper- 
ature, the white solid was filtered off and washed with 
EtOH and Et,0 to give 5 (87 mg, 84%) as a 20:80 
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heated under reflux for 30 min. After cooling to room 
temperature, the yellow crystals were filtered off and 
washed with Et,0 and hexane to give 15 (48 mg, 89%) 
(structure III). IR (cm-‘): v0VI-I)3318m, v(C0) 1925vs, 
v(amidine C=N) 163Om, v(pyrazole CN) 1525~. ‘H 
NMR (CDCI,): 6 8.11 (s, lH, NH), 8.04 (d, J = 3.2 Hz, 
IH, pz), 7.34-7.30 (m, 12H, Ph), 7.29-7.24 (m, 21H, 
Ph), 6.64 (br s, lH, pz), 6.43 (d, J = 2H, Ph), 6.43 (dt, 
J= 16.3, 3.2 Hz, lH, =CH), 6.01 (m, lH, pz), 5.10 (br d, 
J= 16.3 Hz, lH, =CH), 3.82 (s, 2H, CH,), 0.63 (s, 9H, 
CMe,). Anal. Found: C, 60.67; H, 4.83; N, 4.05. 
C,,H,2F,N,0P,Ru talc.: C, 60.79; H, 4.91; N, 3.94%. 

3.12. [Ru(CO)(CH=CHCMe,){NH=C(CH,Ph)- 
(Me,pz))(PPh,),IPF6 (16) 

A mixture of alkenyl complex 11 (167 mg, 0.15 
mmol) and 3,5-dimethylpyrazole (10 mg, 0.15 mmol) in 
EtOH (15 ml) was heated under reflux for 1 h. After 
cooling to - 15”C, the yellow crystals were filtered off, 
washed with Et,0 and hexane, and recrystallized (1: 1 
CH,Cl,-Et,O) to give 16 (125 mg, 76%) (structure 
III). IR (cm-‘): v(NH) 3320m, v(C0) 193Ovs, vcamidine 
C=N) 1630m, v(pyrazole CN) 1570 m. ‘H NMR 
(CDCI,): S 7.49 (s, lH, NH), 7.48-7.35 (m, 6H, Ph), 
7.34-7.25 (m, 14H, Ph), 7.13-7.06 (m, 13H, Ph), 6.62 
(d, J= 7.7 Hz, 2H, Ph), 6.27 (dt, J= 16.2, 3.2 Hz, lH, 
=CH), 5.95 (s, lH, pz), 5.01 (dt, J= 16.2, 1.9 Hz, lH, 
=CH), 3.88 (s, 2H, CH,), 2.48 (s, 3H, Me), 1.48 (s, 3H, 
Me), 0.38 (s, 9H, CMe,). ‘H NMR (DMSO-d,): S 9.70 
(s, lH, NH), 7.50-7.24 (m, 20H, Ph), 7.23-7.11 (m, 
13H, Ph), 6.77 (dt, J= 16.2, 2.4 Hz, lH, =CH), 6.58 (d, 
J = 7.4 Hz, 2H, Ph), 5.98 (s, lH, pz), 4.92 (dt, J = 16.2, 
1.2 Hz, lH, =CH), 4.18 (s, 2H, CH,), 2.22 (s, 3H, Me), 
1.49 (s, 3H, Me), 0.50 (s, 9H, CMe,). Anal. Found: C, 
61.15; H, 5.07; N, 3.83. C,,H5,F,N,0P,Ru talc.: C, 
61.42; H, 5.15; N, 3.84%. 

3.13. [Ru(CO)(CH=CHPh){NH=C(Me)(Me,pz))- 
(PPh,),IPF, (17) 

A mixture of alkenyl complex 12 (59 mg, 0.6 mmol) 
and 3,5-dimethylpyrazole (15 mg, 0.15 mmol) in EtOH 
(10 ml) was heated under reflux for 1 h. After cooling 
to room temperature, the solvent was evaporated. The 
residue was triturated with Et,0 and washed with 
Et,0 and hexane to give 17 (46 mg, 77%) (structure 
III). IR (cm-‘): v(NH) 3320m, u(C0) 1932vs, vcamidine 
C=N) 1628m, v(pyrazole CN) 1570w. ‘H NMR(CDC1,): 
S 8.71 (s, lH, NH), 8.11 (dt, J= 16.6, 3.4 Hz, lH, 
=CH), 7.34-7.15 (m, 30H, Ph), 7.06 (t, J= 7.5 Hz, 2H, 
Ph), 6.92-6.85 (m, lH, Ph), 6.71 (d, J= 7.1 Hz, ‘Z-I, 
Ph), 6.00 (s, lH, pz), 5.89 (br d, J = 16.6 Hz, lH, =CH), 
2.27 (s, 3H, Me), 2.21 (s, 3H, Me), 1.74 (s, 3H, Me). 31P 

NMR (CDCl,): 6 25.8 (s), - 148.8 (hept., J = 713 Hz). 
13C NMR (CDCI,): S 206.89 (t, J = 14.5 Hz), 162.47 (t, 
J = 2.8 Hz), 156.54, 147.35 (t, J = 13.4), 145.38, 140.70, 
139.53 (t, J = 4.2 Hz), 133.34 (t, J = 5.2 Hz), 130.78 (t, 
J = 21.5 Hz), 130.26, 128.56 (t, J = 4.6 Hz), 127.82, 
124.39, 124.31, 114.66,21.32, 15.16, 14.61. Anal. Found: 
C, 60.33; H, 4.60; N, 4.05. C,2H,sF,N30P3Ru talc.: C, 
60.12; H, 4.66; N, 4.04%. 

3.14. X-ray diffraction data for compound 14 
Table 2 gives the crystal structure analysis parame- 

ters of compound 14. Table 3 gives the final atomic 
coordinates and thermal parameters for all non-hydro- 
gen atoms of this compound. Lists of structure factors 
and thermal parameters are available from the authors. 
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