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Abstract 

Thecomplex[(HB(pz),)RuC1(PPh,)~]reacIswithoneequivalentofdippeintoluenetoyield[(HB(pz)~)RuCl(dippe)].~s 
reacts with NaBH., in MeOH furnishing the monohydride [ (HR(p~)~)RuH(dippe)]. whereas [ {HB(~~),)R~IH(PP~~)~] was 
reaction of [RuHCI(P 
sponding dihyd 
time (T, ) and ’ 
which does no 
(dppe)l Whl has 
molecules, yielding the corresponding complexes [ (HB(pz),)Ru(L)(dippe)] [BPhJ (L-CO, CNBu’, Me&C, thf, NZ). Then is also 
supporting evidence for the formation of a pammagnetic Ru”’ methoxide complex, namely [ (HB(pz)3)Ru(O~Me)(dippc)][B~]. All 
compounds were characterized by IR. NMR and microanalysis. 

Keywor&: Crystal stmctun~; Ruthenium complexes; Hyddde complexes; Dihydrogca compkxes; Dininqn complexes 

1. Introduction 

The use of the hydrotris( pyraxolyl)borate( 1 - ) anion and 
its substituted derivatives as ligands in metal complexes was 
initially described by Trofimenko [ 11, who pointed out the 
analogies existing among these species and the $-cyclo- 
pentadienyl (Cp) or $-pentamethylcyclopentadienyl (Cp*) 
ligands [ 21. All these are anionic, formally tridentate. six- 
electron donors which tiunish complexes with analoguestoi- 
chiometries and strncturally related [ 31. However, there are 
also notable differences which condition the chemical prop- 
erties of their respective complexes. In general. complexes 
ofthetype [(HB(pz)#fL.] aremorestablethantheirana- 
loques containing Cp or Cp*, derivatives existing with the 
hydrotris(pyrazolyl)borate ligand which have no known 
counterpart with Cp or Cp* [ 2,3]. In this sense. tbe extensive 
chemistry developed for half-sandwich rntheniumcomplexes 

* Cotresponding author. 

0020-1693/97/$17.00 0 1997 Eisevier S&ace S.A. AU rights mxaved 
PflSOO20-1693(97)05440-6 

of the type [ CpRuClPJ ( Pz = two monodentate phospbines 
or one bidentate phosphine) [4] contrasts sharply with the 
scarcity of similar complexes containing hydrotris- 
(pyraxolyl)borate. In fact, the chemistry of N&enilml corn- 

plexes with poly(pyrazolyl)borate ligands is rather under- 
develope&andonlyrecentlyhasitstartedto~increafing 
attention [5-g]. Complexes such as [ (HB(pz),)RuCl- 
(Pph,),l 161 aad [(HB(Pz)~}R~X(PW,)(CQ)J (X=H, 
Cl) [ 81, formal homoiogues of [CpRuCl(PPh3)z] and 
[CpRuX(Pph,)(CO)] (X=H,Cl),respectively [4].have 
been prepared by reaction of [RuC12(PPiQ31 or 
[RuHCl(CO)(PPh3),l with K[HB(pz),l. We have 
recently prepared the complexes [CpRuCl(dippe)] and 
[Cp*RuCl(dippe)] (dippe= 1.2-bis(diisopropylphos- 

phino)ethane) [9], and studied their abilities to bind and 
activate a range of small molecules which include dihydro- 
gen, dinitrogen and alkynes. among others [IOJl]. We 
wanted to prepare related complexes having hydro- 
tris(pyrazolyl)borateinsteadofCporCp*,inordertoestab 
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lish the effects on the chemical reactivity of the metal site 
towards small molecules, especially towards dihydrogen and 
dinitrogen. Here we present some of the results of our 
research on the chemistry of these hydrotris(pyrazolyl)- 
borate ruthenium derivatives, which parallels the studies 
made on the Cp and Cp* systems. 

2. Experimental 

All synthetic operations were performed under a dry di- 
nitrogen or argon atmosphere following conventional 
Schlenk techniques. Tetrahydrofuran, diethyl ether andpetro- 
leum ether (boiling point range4Cl-60°C) were distilled from 
the appropriate drying agents. All solvents were deoxygen- 
ated immediately before use. 1,2-Bis( diisopropylphos- 
phino)ethane [12], K[HB(pz)s] [ 131, [(HB(pz),)RuCl- 
(PPhs),] [6] and [RuHCl(PPhs)s] [ 141 were prepared 

s; ‘sC(‘H] 18.4, 19.2, 19.7. 19.8 (s, P(CH(CH,ja)); 21.6 
(tJ(C,P) -18.0X-k WI-I& 25.7 (t,J(CQ) =8.5 Hz,P(CH- 
(CH,),)); 26.2 (t. J(C,P) = 10.5 Hz, P(CI-I(CH,),)); 
104.8,105.0,134.4.136.4,144.5,146.4 (s,HB(C,H,N,),). 

2.2. I( HlYp& MWippeN f-9) 

A slurry of 1 (0.3 g, -0.5 mmol) in MeOH ( 15 ml) was 
treated with an excess of solid NaBI& The mixture was 

heated smoothly using a water bath, until effervescence 
ceased and a pale yellow solution was obtained. This solution 
was taken to dryness, and the residue extracted with petro- 
leum ether and centrifuged. Removal of the solvent afforded 
a pale yellow-green microcystalline product, which was 
recrystallized from petroleum ether. Yield: 0.25 g, 86%.AnaI. 
Found: C, 47.5; H, 7.36; N, 14.5. Calc. for C2sI&NSBPZRu: 
C, 47.8; H, 7.45; N, 14.6. IR: v(BH) 2463, v(RuH) 1946 
cm-‘. NMR (&De): ‘H 8 - 15.840 (t, J(H,P) =28.4 Hz, 
RuH); 5.930 (t, 2H), 6.040 (t, lH), 7.401 (d, lH), 7.590 
(d, 2H), 7.704 (d, lH), 7.882 (d, 2H); 31P(‘H) 98.0 s; 
‘3C(‘H) 18.9, 19.0, lg.?, 21.8 (s, P(CH(CH,),)); 23.4 (t. 
J(C,P) =Hz, PC&); 26.6 (m, P(CH(CH,),)); 27.6 (m, 
P(CH(CH,),)); 104.2,104.4,134.4,134.6,144.5,145.8 (s, 
HWCJ-W,),). 

2.3. I( HBfpz),l lRuWPPh,),l(3) 

To a suspension of [ RuHCl( PPh,),] (0.52 g, 0.56 mmol) 
inMeOH (20ml),solidK[HB(pz),] (0.14g,O.56mmol) 
was added. The mixture w,as stirred for 30 min at 40-50°C 
(warm water bath). During this time, the initial purple color 
of the mixture changed to yellow. The yellow precipitate was 
filtered off, washed with ethanol and dried in vacua. Yield: 
essentially quantitative. Anal. Found: C, 64.1; H, 5.02; N, 
9.6. Calc. for C,sH,,N,BP,Ru: C, 64.4; H, 4.89; N, 10.0%. 
IR: v(BH) 2473, v(RuH) 1936cm-‘. NMR (CaDs): ‘H 8 
-13.613 (t,J(H,P)=27.2Hz,RuH);5.159 (t,2H),5.646 
(t. 18),6.806 (d. 2H), 6.857 (d, lH), 7.095 (d, 2H), 7.488 
(d, 1H); 6.594, 7.198 (m, P(C&),); 3’P(1H) 68.6 s; 
“C(‘H) 104.5, 105.0, 128.4, 134.9, 142.5. 146.9 (s, 
HB(C3H3N2)3); 127.5, 128.4, 139.6 (s, P(C,H,)). 

2.4. I(HBtpz~~JRu(H~)(dippe)lBPh,lf4) 

TO a solution of 2 (0.2 g, m 0.35 mmol) in diethyl ether 
at -80°C. an excess of HBF,.OEt, was added. A white 
precipitate was formed almost immediately, which became 
sticky and oily when the mixture was warmed at room tem- 
perature. Then, the solvent was removed using reduced pres- 
sure, and the residue was dissolved in MeOH at -80°C. 
Addition of an excess of solid NaBPh, to the mixture afforded 
a white precipitate. The suspension was warmed to room 
temperature with continuous stirring. Then the product was 
filtered off, washed with ethanol and petroleum ether and 
dried in vacua. It was recrystallized from an Ha-saturated 
mixture CH&!lJEtOH. The isotopomer [ (HB( PZ)~)- 
Ru( HD) (dippe) ] [ BPh.J was obtained in a similar fashion, 
using HBF,.OEtJD,O. Yield: 0.28 g, 88Q.Anul. Found: C, 
62.9; H, 7.22; N, 9.4. Calc. for C,,H,N,BP,Ru: C, 62.9; H, 
7.14; N. 9.37%. IR: u(BH) 2506 cm-‘. NMR (CDaCla, 223 
K): ‘H S - 10.250 (s br, T,(223 K) = 14 ms, Ru(Ha)); 
6.240 (t, 2H). 6.340 (t. 18),7.481 (d, lH).7.742 (d, 2H), 
7.770 (d, 2H), 7.861 (d. 2H); “P{ ‘H) 82.2 s; “C( ‘H) 18.0. 
18.6, 19.8, 21.3 (s, P(CH(CH,),)); 23.3 (t. J(C,P)= 
IO.5 Hz. PC&); 26.2 (m, P(CH(CH,),)); 26.3 (m, 
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P(CH(CH,J,)); 1~6.7,107.1.136.7.137.7.145.8.146.3 (s. 
WWWJ,),). 

2.5. iIHR~pz)~)RufHzJfPPh~J~l~BF~lfS) 

This compound was obtained and characterized In solution 
by protonation of the monohydride 3 in acetone-&orCDaCl, 
at - 80°C using a slight excess of HBFd*OEt,. The isoto- 
pomer [(HB(pz)3}Ru(HD)(PPh3)2][BF4] wss obtained 
in a similar fashion, using HBF,.OEt,/DzO. Yield: quanti- 
tativc. NMR (acetone-&,. 223 K): ‘H 8 - 8.38 (s. br, 
Ru(H,).T,(4OOMHz,223K): 19ms);5.526(t,lH),5.729 
(t, 2H), 5.935 (d. lH), 6.286 (d, 2H), 7.630 (d, 2H). 7.763 
(d, 1H); “P( ‘H) 45.0 s. 

2.6. C{ HBfpzJ~~Ru(CoJfdippeJl[BPh41 (6) 

CO was bubbled through a solution of 5 in dichloro- 
methane. to yield an orange solution. Addition of EtOH, 
concentration and cooling to - 20°C afforded mauve micro- 
CIJ~&, which were filtered off, washed with petroleum 
ether, and dried in vacua. Yield: quantitative. Anal. Found: 
C. 62.3; H, 6.84; N, 9.0. Calc. for C,&aN~BOPaRu: C. 62.3; 
H. 6.76; N. 9.1%. IR: u(BH) 2507. u(C=O) 1973. 
1929(sh) cm-‘. NMR (CDCI,): ‘H 86.235 (t, 2H), 6.349 
(t. lH).7.343 (d, lH), 7.683 (d.2H), 7.748 (d, 28),7.792 
(d, 1H); “P(‘H) 73.1 s; 13C( ‘H} 18.0. 18.3. 19.3, 19.9 (s. 
P(CH(CH,),)); 21.4 (m. PCHa); 26.4 (m. P(CH- 
(CH,),)); 28.8 (m, P(CH(CH,),)); 106.7. 136.5. 137.4, 
145.4145.2 (s,HB(C,H,N,),);203.1 (t,J(C,P) = 14.5Hz. 
co). 

2.7. [{HBfpzJa)Ruf CNBu*J(dippeJl[BPh,I (7) 

To a dichloromethane solution of 5, an excess of CNBu’ 
was added, yielding an orange-brown solution. Addition of 
EtOH, concentration and cooling to -20°C afforded pale 
pink microcrystals. with were filteredoff, washed withpetro- 
leum ether, and dried. Yield: quantitative. Anal. Found: C, 
63.4; H, 7.30; N, 10.0. Calc. for Cs,H,,N,BPaRu: C. 63.7; 
H.7.3l;N. 10.0%. IR: u(BH) 2465; u(C=N) 2126cm-‘. 
NMR(CDC1,):‘H81.362(s.CNC(CH3),);6.203(t,2H). 
6.249 (t, lH).7.320 (d, lH), 7.677 (d, 28).7.723 (d.2H). 
7.764 (d. IH); “P{‘HJ 77.6 s; t3C{‘H) 18.1, 18.6. 19.5. 
20.0 (s. P(CH(CH,),)); 21.5 (m, PCHa); 26.3 (m. 
P(CH(CH,)a)); 28.9 (m, P(CH(CH,),)); 106.1, 125.5, 
135.9. 137.0. 144.3, 144.9 (s. HB(C,H,N,),); 30.8 (s. 
CNC(cH,),); 58.0 (s. CNC(CH3),); CNC(CH313) not 
observed. 

2.8. I( HB(pzJ~~Ru(Me~CoNdippe)llBPh,l (s) 

An acetone solution of 1 (0.1 g. - 0.16 mmol) under Ar. 
was treated with the stoichiometric amount of AgBF,. The 
mixture was stirred for 10 min at room temperature. Then it 
was centrifuged and the solvent removed in vacua. The res- 

idue was extracted with EtOH. and an excess of solid NaBph, 
was then added to the solution. A reddish precipitate was 
obtained, which was filtered, washed ~4th EtOH and petro- 
leum ether, and dried in vacua. YieM: 0.1 g. 66%. A&. 
Found: C. 62.8; H, 7.06; N. 8.5. Calc. for C&-I@&OP,Ru: 
C. 63.0; H, 7.14; N, 8.8%. IR: Y(BH) 2498, v(C=O) 1650 
cm-’ . NMR (CD3COCD3): ‘H 6 6.269 (t, lH), 6363 (t, 
2H), 7.228 (d, 1H). 7.352 (d. 2H), 7.842 (d, 1H). 7.891 
(d, 2H); signals for coordinated (CH3)aC0 not observed, 
“P{ ‘H) 78.5 s. 

2.9. I( HBipzj3 ) RufthfldippeJlBph,j (9) 

This compound was fonned when compound 4 was dis- 
solved in thf under argon, yielding an orange solution. It 
appears mixed in a 1: 1 ratio with the dihydrogen complex at 
room temperature, but it can be converted quantitatively by 
refluxing under Ar. This material was characterized only in 
solution. NMR (thf-da): *H 86.043 (t, 1H). 6.328 (t, W). 
7.105 (d, lH).7.795 (d, lH),7.885 (d,2H),7.948 (d,W); 
signals for coordinated thf not observed, 31P{ ‘H}: 80.9 s. 

2.10. I( HBfpzJ3}RufOMeJfdippeJlLBPh41 (ZOJ 

A solution of 4 (0.1 g. 0.11 mmol) in tbf was reguxed 
under argon for some minutes. Then the solvent was removed 
in vacua and the residue treated with MeOH. A deep red 
solid, together with a red solution, was obtained. The mixture 
was heated until all the solid was dissolved. Slow cooling at 
room temperature afforded nice ted crystals. Yiikk 0.97 g, 
69%. And. FounJ: C, 62.2; H, 7.15; N, 9.1. Calc. for 
C&I&B20P2Ru: C. 62.2; H, 7.02; N. 9.1%. IR: v(BH) 
2499 cm - ‘. h = 2.1 pa (CHaCla solution at 298 K, Evans’ 
method) ; ,~r = 1.7 pa (solid at 298 K, Faraday balance). 

2.11. I( HB(pzJ~)Ru( (III 

A solution of 1 (0.1 g, - 0.16 mmol) in thf under dinitro- 
gen was treated with AgBF, ( - 0.16 mmoi) . A color change 
from yellow to red, and then to orange was observed, together 
with the concomitant formation of a precipitate of AgCl. The 
mixture was stirred for 10 min. Then it was centrifuged and 
the solvent removed in vacua. The residue was dissolved in 
EtOH. and a red solution was obtained. Addition of an excess 
of solid NaBph, yielded a red precipitate, which was filtered 
off, washed with EtOH and petroleum ether, and dried in 
vacua. Yield 0.1 g, 68%. An&. Fou& C, 60.9; H, 6.69; N, 
11.3.Calc.forC.,,~NaBaPaRu:C,61.1;H,6.~,N,12.1 
m: v(BH) 2507, u(N=N) 2165cm-‘.NMR (CD&la): ‘H 
6 6.269 (t, 1H). 6.363 (t, W), 7.228 (d, 1H). 7.352 (cl 
2H). 7.842 (d, lH), 7.891 (d,2H); “P( ‘H) 74.0s; =C( ‘H) 
18.4, 19.3, 19.8, 19.9 (s, P(CH(cM,),)); 21.7 (t, 
J(C.P) = 18.8 HT, PCHa); 26.16 (m, P(CH(CH,),)); 27.6 
(m. P(CH(CH,),)); 105.1, 122.1, 126.0, 136.5. 144.8. 
147.0 (s, HB(C3Hs32)3>. 
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A summary of crystallographic data for compound 4 is 
given in Table 1. X-ray measurements were made on a col- 
orless crystal of dimensions 0.24 X 0.14 X 0.35 mm, which 
was mounted onto a glass fiber, and transferred to an AFC6S- 
Rigaku automatic diffractometer, using MO KAY graphite- 
monochromated radiation. Cell parameters were determined 
from the settings of 75 Yigh-angle reflections. Data were 
collected by the o scan ;tlethod. Lorentz, polarization, and 
absorption (+-scan method) corrections were applied. The 
transmission factors ranged from 0.80 to 1 JO. Three standard 
refkctions were intensity controlled, in order to establish a 
decay correction, which was found to be negligible. 7464 
reflections were collected, 7120 being unique (Rim,= 0.092). 
4055 reflections having Z>2a(Z) were used for structure 
resolution. All calculations for data reduction, structure solu- 
tion and refinement were carried out on a VAX 3520 com- 
puter at the Servicio Central de Ciencia y Tecnologia de la 
Universidad de CAdiz, using the TEXSAN [ 161 software 
system and ORTE? [ 171 for plotting. The structure was 
solved by the Patterson method, and anisotropically refined 
by full-matrix least-squares methods for all non-hydrogen 

Table 1 
summaly of dam for the crystal structure analysis of 4 

Compound 
Formula 
Formula weight 
Crystal size (mm) 
Crystal system 

spa= gm”P 
Cell parameters 

a (A, 
b(A) 
c(A) 
P (3 

Volume (A’, 
z 

pak (8 cm-“) 
T(K) 
A (A, 
Ic (cm-‘) 
Ahsorpticn correction 
Tmnsmision factors 

F(m) 
Sean speed (0)  (“min-‘) 
28 Interval (“1 
Collected reftections 
Unique reflections 
Ohserved reflections (/>2a(l)) 
No. parameters 
Reflection/parameter ratio 
R’ 
R w (w=o~-~) b 
Maximum Alu in final cycle 
GOF 

4 

CJWLB,PZRU 
897.70 
0.24 X0.14X 0.35 
monoclinic 
P&/c (No. 14)  

10.592(6) 
27.323(S) 
16.238(4) 
97.72( 3)  
4657(S) 

1.280 
290 
0.71069 (MO Ku) 
4.34 (MO Ka) 
@method 
0.80-I .OG 
1888 
8 
5<28<50 
7464 
7120 (R,,=0.092) 
4055 
523 
7.75 
0.057 
0.067 
Q.28 
1 .I4 

atoms. The hydrogen atoms H( 1) and H(2) of the dihydro- 
gen ligand were localized in a successive difference Fourier 
map using low-angle reflections (upper limit 20= 28”, 1213 
reflections with I> 2a(Z)). The peak heights were 0.87 and 
0.53 e AM3. Their positions were allowed to refine with fixed 
isotropic thermal parameters except in the last cycle. The 
boron-attached hydrogen atom H( 3) was located in aregular 
difference Fourier map and not refined. All other hydrogen 
atoms were included at idealized positions and not refined. 
Maximum and minimum peaks in the final differenceFourier 
maps were + 1.06 and -0.61 e ke3. Atomic coordinates 
and Bog values, and selected bond lengths and angles are listed 
in Tables 2 and 3, respectively. 

Table 2 
Atamic fractional coordinates aad Bee values for [ (HB(pz),)Ru(H,)- 

(d&WI WNI 

Atom x c 
RutI) 
RI) 
P(2) 
N(I1) 
N( 12)  

N(21) 
NW) 
N(31) 
~(32) 
C(1) 
C(2) 
C(3) 
C(4) 
C(5) 
C(6) 
C(7) 
‘38) 
C(9) 
cc 10)  
C(11) 
C( 12) 
C( 13)  
C(l4) 
cc 15)  
C( 16) 
C(17) 
C(W 
cc 19)  
ww 
WI) 
cm) 
CCW 
~(24) 
w.w 
c(27) 
C(28) 
C(29) 
C(30) 
C(31) 
C(32) 
C(33) 
C(M) 

0.65461(6) 0.8283G( 3)  
0.6702(Z) 0.89%2(9) 
0.7986(2) 0.86560(9) 
0.4980(7) 0.7436( 3)  
0.6213(7) 0.7598(2) 
0.4093(6) 0.7791(3) 
0.5214(6) 0.7954(3) 
0.3946( 6)  0.8259( 3)  
0.4938(6) 0.8546( 3)  
0.5198(S) 0.9349( 3)  
0.528( 1)  0.9904(4) 
0.428( 1)  0.9158(S) 
0.7172(L) 0.8948(4) 
0.830(I) 0.8629(5) 
0.741(l) 0.9444(5) 
0.793(l) 0.9382(4) 
0.8100(8) 9.9305(3) 
0.7.JS( 1)  0.8707(4) 
Q.696( 1)  0.8262(4) 
0.498( 1)  0.6983(4) 
0.621( 1)  0.6831;(4) 
0.6942(9) 0.7230(4) 
O.RSS( I) 0.8931(4) 
0.9664(S) 0.8455(3) 
0.9848(g) 0.7934(4) 
1.0328(S) 0.8520(4) 
0.0615(S) 08571(3)  
0.1349(S) 0.8316(3) 
0.085(I) 0.7913(3) 
0.344( 1)  0.7574(4) 
0.412(l) 0 7613(4)  
0.523( 1)  0.7862(4) 

-0.039( 1)  0.7793(3) 
-0.1157(9) O.SQ44(4) 
-0.0655(9) 0.8434(3) 

0.1326(S) 0.8823(3) 
0.189( 1)  0.9116(4) 
0.208( 1)  0.8970(S) 
0.175(l) 0.8506(4 )  
0.30%(9) 0.8478(J) 
0.757( 1)  0.8921(4) 
0.4727(S) 0.8949(3) 
0.120(I) 0.8204(4) 

0.76563(4) 2.65(3) 
0.8438( 1)  3.4(I) 
0.6900( 1)  3.2( 1)  
0.6773(4) 3.8(4) 
0.6964(4) 3.4(3) 
0.7982(4) 3.5(3) 
0.8377(4) 3.6(4) 
0.6657(4) 3.4(3) 
0.6843(4) 3.2(3) 
0.8333(6) 4.0(4) 
0.837( 1)  8.6(S) 
0.8887(S) 7.8(7) 
0.9576(6) 5.2(5) 
0.9831(6) 6.4(6) 
1.0003(S) 9.5(S) 
0.8098(7) 5.7(6) 
0.7201(6) 4.2(S) 
0.5764(6) 4.8(5) 
0.5328(6) 5.5(5) 
0.6490(6) 4.5(5) 
0.6473(6) 5.1(5) 
0.6761(6) 4.2(S) 
0.5309(6) 5.9(6) 
0.7059(6) 3.9(4) 
0.6768(7) 6.1(6) 
0.7919(7) 5.4(S) 
0.3366(5) 3.0(4) 
0.3987(S) 3.6(4) 
0.4387(5) 4.1(S) 
0.8548(7) 5.1(5) 
0.9303(6) 5.2(S) 
0.9184(6) 4.6(S) 
0.4207(6) 4.2(5) 
0.3610(6) 4.4(S) 
0.3195(S) 3.8(4) 
0.1900(5) 3.1(4) 
0.1348(6) 5.2(5) 
0.0562(7) 6.2(6) 
0.0297(6) 4.9(5) 
0.6086(6) 4.8(S) 
0.5888(6) 4.6(S) 
0.6377(6) 3.6(4) 
0.0807(6) 5.1(5) 

(1 :ontinued) 
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C(35) 0.0987(8) 
C(36) 0.2621(8) 

C(37) 0.286( I )  
WO 0.409( 1)  
C(39) 0.511(1) 

C(40) 0.492( 1)  

C(41) 0.368( 1)  

c(42) 0.0171(8) 
C(43) -0.022( I )  
C(4) -0.110(l) 
C(45) -0.161( 1)  
C(46) -0.124(l) 

C(47) -0.0388(9) 
B(1) 0.3R8( 1)  

9W 0.119(l) 
H(1) 0.7717 
H(2) 0.7447 
H(3) 0.2842 
H(4) 0.4801 
H(5) 0.5876 
H(6) 0.5567 
H(7) 0.4473 
w3) 0.3455 
H(9) 0.4553 
W 10) 0.4248 
H(11) 0.6474 
W 12) 0.8166 
H(13) 0.8415 
H( 14)  0.9039 
WN 0.8153 
ww 0.7524 
H(17) 0.6699 
WI81 0.8714 
W 1% 0.7707 
HV.0 0.7457 
W1) 0.8914 
W2) 0.6888 
W23) 0.6580 
~(24) 0.6320 
HW) 0.7592 
W26) 0.4243 
~(27) 0.6497 
W8) 0.7845 
W’W 0.9234 
HCW 0.8939 
H(31) 0.8220 
H(32) 1.0097 
H(33) 0.9418 
H(W) 0.9509 
H(35) 1.0731 
N(W 1.1213 
H(37) 0.9987 
H(38) 1.0211 

0.8361(3) 0.1588(5) 3.9(4) 
0.9173(4) 0.3269(5) 3.9(4) 
0.95%( 3)  0.3372( 6)  4.2(5) 
0.9727(4) 0.4070(7) 6.8(7) 
0.9460(5) 0.3938(8) 7.4( 8)  
0.9042(6) 0.3436( 8)  7.4( 8)  
0.8919(4) 0.3130(7) 5.8(6) 
0.9469(3) 0.2810(6) 3.4(4) 
0.9642( 3)  0.3546(6) 4.8(5) 
1.0015(4) 0.3557(8) 5.7(6) 
1.0241(4) 0.2829(g) 5.7(6) 
1.0085(4) 0.2115(7) 5.2(6) 
0.9700(3) 0.2111(6) 4.1(5) 
0.7742(4) 0.7032( 7)  3.6(5) 
0.9012(4) 0.2844(6) 3.1(4) 
0.8189 0.7946 3.2 
0.8075 0.8275 3.2 
0.7684 0.6966 4.3 
0.9279 0.7787 4.9 
1.0013 0.8010 10.3 
I .0008 0.8917 10.3 
1 a043 0.8182 10.3 
0.9287 0.871 I 9.5 
0.9253 0.9444 9.5 
0.8810 0.8854 9.5 
0.8803 0.9797 6.2 
0.8318 0.9572 7.6 
0.8589 1.0417 7.6 
0.8776 0.9664 7.6 
0.9587 0.9839 11.4 
0.9399 I .0588 11.4 
0.9651 0.9847 11.4 
0.9312 0.8434 6.9 
0.9714 0.8172 6.9 
0.9483 0.6863 5.0 
0.9425 0.7117 5.0 
0.8943 0.5701 5.7 
0.8350 0.4783 6.6 
0.8135 0.5628 6.6 
0.8021 0.5292 6.6 
0.6792 0.6320 5.4 
0.6525 0.6302 6.1 
0.7240 0.6810 5.1 
0.86% 0.5269 7.2 
0.9209 0.5609 7.2 
0.9029 0.4767 7.2 
0.8661 0.6717 4.6 
0.78% 0.6219 7.4 
0.7711 0.7128 7.4 
0.7872 0.677 I 7.4 
0.8458 0.7927 6.5 
0.8298 0.8281 6.5 
0.8846 0.8098 6.5 

3. ResulQanddiscussion 

The complex [ {HR(pz),)RuCl(dippe)] (1) has been 
obtained by thermal displacement of PPh, by dippe in tolu- 
ene, a synthetic procedure which has been widely used for 
the preparation of half-sandwich ruthenium derivatives of the 
type [CpRuCl(diphos)] starting from [CpRuCl(PPh&J 

ImvmoWx distances 
Ru( 1 )-P( I )  2.320( 3)  
Ru( 1)-P(2) 2.319(2) 
Ru( I)-N( 12)  2.187(7) 
Ru( I)-N(22) 2.147(7) 
Ru(lbN(32) 2.098(7) 

lntmmo!ecular bond angles 
P( I)-Ru( 1)-P(2) 85.26(g) 
P( I)-Ru( I)-N( 12)  174.2(2) 
P( 1 )-Ru( I )-NW) 93.3(2) 
P(l)-Ru(lbN(32) 92.8(2) 
P( I)-Ru( I)-H( 1)  88.47 
P( I)-Ru( 1)-H(2) 87.53 

Ru(l)-H(1) 
Ru( 1)-H(2) 
Hl1H-W) 

P(2)-Ru( I)-N( 12)  
P(Z)-Ruf t)-N(22) 
P(2)-Ru( 1 )-N(32) 
P(2)-Ru(I)-H(I) 
P(2)-Ru( 1)-H(2) 

lOOJ(2) 
178.5(2) 
91.912) 
67.22 
97.16 

E.s.d.s in the least significant figure am given in 
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‘%I{ ‘H) NMR spectmm of 1 shows seven resonances for the 
carbon atoms of the dippe ligand, a pattern identical to that 
shown by half-sandwich complexes containing dippe such as 
[CpMCl(dippe)] or [Cp*MCl(dippe)] (M=Fe 1191, Ru 
[ 9 ] ), plus six signals in the range 104.0-147.0 ppm corre- 
sponding to the carbon atoms of the pyrazol rings. The con- 
nectivity between these and their corresponding proton 
resonances was determined by a ZD-HETCOR NMR exper- 
iment. The spectra! features of the HB(pz), and the dippe 
ligands in 1 are common to most compounds described in 
this work, and these will not be discussed in detail again. 

1 reacts’with NaBH, in MeOH furnishing the neutral 
monohydride complex [ (HB(pz),}RuH(dippe)] (2) as a 
pale yellow, air-sensitive material, soluble in non-polar sol- 
vents, which reacts slowly with chlorinated solvents to yield 
1. The !R spectrum of 2 displays one broad band at 1946 
cm-’ assigned to Y ( RuH), whereas the hydride resonance 
appears in the ‘H NMR spectmm as a high field triplet at 
- 15.84 ppm, due to coupling to two equivalent phosphorus 

atoms. These data, together with 31P( ‘H) and t3C( ‘H) NMR 
spectroscopy, are in support of an octahedral structure, anal- 
ogous to that proposed for compound 1, in which the chloride 
ligand has been replaced by one hydride. We have also pre- 
pared the related monohydride complex [ { HB(~z)~)- 
RuH(PPh,),] (3) by direct reaction of [RuHCl(PPh,),] 
with K[ !-!!3 ( pz) 3] in MeOH, a procedure equivalent to that 
Used for the preparation of the hydride [ (HB(pz),}AuH- 
(CO) (PPh,) ] [ 81. The spectral properties of 3 are very 
similar to those of 2, including the presence of a broad 
v( RuH) band in the IR spectrum, and of one high-field triplet 
signal in the ‘H NMR spectrum, corresponding to the hydride. 
Again, an octahedral structure is assumed for this derivative. 

Protonation of neutral hydrides of the type [ CpRuHPJ or 
[Cp*RuHPJ has proven to be an effective procedure for the 
preparation of cationic Ru” dihydrogen complexes, as well 
as for Rut” dihydrides [ 20,211. In analogous fashion, the 
monohydrides 3 and 4 are protonated by HBF.,*OEt, at 
-80°C to yield the cationic dihydrogen complexes 
[I~(pz)s]RU(Hz)(dippe)l’ and t(HB(pz)s]RU(H,)- 
(PPh3)J +, respectively. The dippe complex was isolated as 
the tetraphenylborate salt [(HB(p~)~)Ru(HZ)(dippe)]- 
]B!%J (4). This compound can be deprotonated using a 
strong base such as KOBu’, to yield the monohydride 3 
in essentially quantitative yields. [ (HB(pz),)Ru(H,)- 
(Pph,),] [BFJ (5) was only obtained and characterized in 
solution at low temperature. The formulation of 4 and 5 as 
‘non-classical’ hydrides was established based upon longi- 
tudinal relaxation time CT,) measurements for the 
dihydrogen resonance in the ‘H NMR spectra, and by the 
values of the ‘J(H.D) coupling constants in the isotopomers 
t~HB(pz)3)Ru(HD)(dippe)l+ and t {HB(~z)~)Ru(HD)- 
(i’fis),] +. T!tus, both 4 and 5 exhibit one broad high-field 
resonance attributable to the coordinated dihydrogen mole- 
cule. these having short Tt values, 14 ms for 4 at - 50°C. and 
19 ms for 5 at - 40°C (CD& 400 MHz), typical for di- 
hydrogen complexes according to the literature [ 22,231. The 

‘J(H,D) coupling constants are close to 30 Hz for both iso- 
topomers of 4 and 5, being also in the range expected for 
molecular hydrogen complexes. 

It has been possible to determine the X-ray crystal structure 
of compound 4. A view of the cation [ (HB(pz)s)Ru(H,)- 
(dippe) ] + is shown in Fig. 1. Fractional atomic coordinates 
and &,, and selected bond lengths and angles are listed in 
Tables 2 and 3, respectively. The coordination around the Ru 
atom is distorted octahedral, very similar to that found in 
[ (HB(pZ)s)RUCl(PPhj)z] [6]. The pyrazolyl rings arepla- 
nar, with mean deviations of 0.007 A, but the dihedral angles 
between these planes are irregular, having the values 98.2, 
125.5 and 136.0”, respectively, instead of the ideal 120”. The 
dihydrogen ligand was lccated in a low-angle sucessive dif- 
ference Fourier map. It appears attached to the metal in the 
side-on manner. as expected, although the dimensions 
obtained for this ligand may be subject to considerable inac- 
curacy and, therefore, they must be regarded with caution, 
given the uncertainty in the position of hydrogen atoms deter- 
mined by X-ray crystallography. Bearing this in mind, the 
H( 1) and H(2) atoms appear at 1.29 and 1.41 I$ respec- 
tively, from the Ru atom, and 0.71 A apart. Whereas the Ru- 
H( 2) bond distance is reasonable, and similar to that found 
by X-ray crystallography in the ntthenium-dihydrogen com- 
plex[Ru(H,)(C=CPh)(dippe)J[BPb] (l.SA) [24l,the 
Ru-H( 1) and H( 1)-H(2) separations are rather short. In 
fact, the H( 1)-H(2) bond length is essentially identical to 
that in the free Hz molecule (0.74 A). and consistent with 
the NMR data which point to a dihydrogen rather than a 
dihydride complex. Very short H-H distances have been also 
found for other dihydrogen complexes by X-ray crystallog- 
raphy, i.e. 0.75( 16) A in the complex [W(Hz)(CO)s- 
(P’Pr,)z] [ 251, although this separation has shown to be 
larger (0.84 A) by more accurate neutron diffraction studies 

Fig. 1. ORTEPdrawingof thecetion [(HB(pz),)R~(H~)(dippe)l+ with 
50% probability thenml ellipsoids. Hydrogen atoms. except hydrides, ete 
omitted. 
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obtain crystals of this compound suitable for X-ray 
structure analysis have been so far unsuccessful. 

crystal 

A Conclusions 

The system [ [HB(pz)s)RuC1(dippe)] exhibits a chemi- 
cal reactivity towards small molecules which is similar in 
many aspects CO that of the related complexes [Cp- 
RuCl(dippe) ] and [ Cp*RuCl( dippe) 1. However, signifi- 
cant differences have also been found, i.e. the fact that 
compounds involving seven-coordinate Ru”, such as the 
dihydride [ (HEt(pz)~)RuH2(dippe)] +, are not favored. 
Our results suggest that the tris(pyrazolyl)ruthenium 
bis( phosphine) system may be as effective as their counter- 
parts having Cp or Cp* for the binding and activation of 
small molecules. 

5. Supplementary material 

Tables of X-ray crystallographic data, including atomic 
coordinates and anisotropic thermal parameters, interatomic 
distances and angles, and listings of observed and calculated 
structure factors (55 pages) are available from the authors 
on request. 
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