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Deatment of ($3P)4RuH2 with 1,4-ClzSi4~s, 
under specific reaction conditions, affords [(I$~P)~- 
RIAHCI]~, Hz and 1,8-C12SiB~16, whereas slightly 
different conditions (varying the amount of NEt3 
present in the system) affords a solution which is 
stable towards Hz evolution. 31P and ‘H NMR data 
have been obtained on the latter solution and are 
interpreted to indicate the presence of (&P)$RuH’, 
and [($3P)&uHCl]2. A possible reaction sequence 
is discussed which is consistent with the necessity 
for the presence of NEt3 in the reaction system, 
and also explains the formation and subsequent 
decomposition of several reaction intermediates. 

htrodudi0n 

We have previously reported the preparation and 
reactivity of the dimeric complex, [($J~P)~RuHCI] 2, 
(I), by treatment of (~#J~P)~RuH~, (II), with 1,4di- 
chlorooctaphenyltetrasilane, ClzSi4&,, (III), in the 
presence of triethylamine [l] . This reaction is accom- 
panied by rapid evolution of one half of the hydrido 
hydrogen, originally present as (@3P)4R~HZ, and 
formation of 1,8dichlorohexadecaphenyloctasilane, 

c~Zsi8hS~ in high yield [2] . Under slightly different 
reaction conditions (decreased NEt,,/Ru) we have 
found possible to prevent initial H2 evolution and 
thereby have been able to investigatt the nature of 
ruthenium species in solution by ‘H and 31P NMR 
spectroscopy. 

Results and Discussion 

Treatment of a benzene solution of (@,P),RuH2, 
(II), with a benzene solution of ClZSi4@s, (III), in 
the presence of NEt3 (NEt3/Ru - 2.5) affords a 
clear red solution without H2 evolution. Freeze 
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drying of this solution at 0 “C results in quantitative 
recovery of NEt3. When the resulting reaction residue 
is dissolved in either benzene of THF, 100% of the 
hydrido hydrogen originally associated with (II) is 
evolved as Hz. This result is in contrast to the behav- 
ior of the reaction residue when toluene is employed 
as the solvent. In the latter case 50% of the original 
hydrido hydrogen is evolved as H2 and (I) is recover- 
ed in near quantitative yield. It has previously been 
demonstrated that in solution (I) will evolve 100% 
of its hydrido hydrogen as H2 and that (I) is stable 
(insoluble) in the presence of toluene [I] . These 
results indicated the species responsible for H2 
evolution in toluene is not (I), therefore NMR 
spectroscopic data was obtained on the original reac- 
tion solution in the presence of NEt,, i.e., the condi- 
tion under which no H2 is evolved. 

‘H NMR Spectroscopy 
The ‘H NMR spectrum on the initial clear red 

reaction solution is reproduced in Fig. 1 and consists 
of two high field absorptions, a broad singlet at 17.9 
7 and a quartet centered at 27 7, JpH 26 Hz, in the 
ratio 3:l respectively. (In addition low field signals, 
due to @ and NEt,, are observed). The absence, in 
solution, of unreacted (II) is assured based on the fact 
that (II) has been demonstrated to exhibit a quartet 
centered at 19.7 7 [3], JPH 40 Hz, also, it is unlikely 
that NEt, has entered into the coordination sphere 
of Ru. For example, the ‘H NMR spectrum of 
Py(P@3P)3RuH2 has been shown to exhibit two high 
field multiplets centered at 8.7 and 16.8 7 [3]. The 
absence of similar multiplets in the ‘H NMR spectrum 
under discussion is therefore consistent with the 
absence of a stable NEt3-ruthenium complex. The 
presence of [(G3 P),RuHCl] 2, (I), in solution is indi- 
cated by the quartet centered at 27 7 [l] as well as 
the 31P NMR data to be subsequently discussed. 

Concerning the assignment of the broad singlet 
at 17.9 7, this species must contain three times as 
many hydrido hydrogen as (I), or be the result of 
more than one species with coincidental chemical 
shifts. The simplicity of the 31P NMR spectrum is 
consistent with the presence of a single ruthenium 
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Fig. 1. ‘H NMR spectrum of [(P&)sRuHCl]2 and (Po~)JRuHJ in the presence ofP@s, ClSL@~and P93. 
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Fig. 2. 31P{1H} NMR spectrum of P$3, [(P@3)3RuHQ] 2 and (P&)4RuHi. 

complex with three hydrido ligands. With regard to 
the nature of this latter species, multi hydrido 
complexes such as (@3P)3 RuH4, 17.1 r [4] , and 
(@3P)3RuH3SiEtMea [S--7], 19.4 r, exhibit unresolv- 
ed broad ‘H absorptions at the indicated chemical 
shifts. Furthermore, Wilkinson has described the 
preparation of what he believes to be (P@3)3R~HG, 
and observed its decomposition in covalent solvents 
affording Hz [8]. However, no NMR data were 
reported for this cation most likely because of rapid 
H2 evolution. 

31P NMR Spectroscopy 
The 31P{ ‘H} NMR spectrum of the initial reaction 

solution is reproduced in Fig. 2. The high field 
absorption at -6.3 ppm is assigned to free PG3 while 
the absorption at 56.3 ppm is assigned to [(@J~P)~- 
RuHCl] a [l] . The AzXz pattern centered at 48.2 and 
40.1 ppm, Jpp = 13 Hz, is similar to that observed for 
(@3P)4RuHz, (II), at 48.8 and 40.5 ppm, Jpp = 15 
Hz [3]. However, the absence of (II) is assured based 
on the absence of the ‘H quartet associated with 
(II) centered at -9.7 r, Jpn = 40 Hz [4]. The observ- 
ed 31P AzX2 pattern is consistent with the presence 

of two magnetically equivalent pairs of P@3 ligands 
while the integrated rH NMR data indicate three 
hydrido ligands, i.e., consistent with the suggested 
stoichiometry [(P$I~)~ RuH3] +. This trihydrido cation 
differs from that reported by Wilkinson in that the 
latter involves three P~#J~ ligands, a 16 electron com- 
plex, while (P@3)4 RuHS is an 18 electron species. 

Suggested Mechanism for the Reaction of (P43)4- 
RuH2 with C12Si4& 

Treatment of (P@3)4R~HZ with ClpSi4@s results 
in either 50% hydrido Hz evolution (NEts/Ru - 12, 
system A) or no H2 evolution (NEt,/Ru - 2.5, sys- 
tem B). With regard to system A, [(P@3)3RuHC1]2 
may be recovered in near quantitative yield and sub- 
sequent solution in $H or THF affords the other 50% 
hydrido hydrogen as Hz [l] . With regard to system 
B, treatment with toluene, ([@#J~)~RuHCI] 2 is 
insoluble in toluene) results in the evolution of 50% 
of the hydrido hydrogen as HZ, while solution in 
benzene or THF afford 100% yield of hydrido Hz 
and isolation of P&, ClZSis@16, and [(P@3)3RuC1],. 
These chemical facts are consistent with the chemical 
reactions represented by eqns. 1-S. 



(P&),+RuG Cation 

benzene 
(PW4RuHz + NEt3 - 

(P@a)aRuHz.**NEta + P& 

P(&& RuH2* l *NEta t CIZ Si4 $s - 

(P$$aRuHCl***NEta t HSid@aC1 

(P&)aRuHCl* l .NEt a - 

X [P$J,RuHCI] 2 + NEta 

(P$J& RuH2 + HSi&aCl - 

@‘$&RuH&&&l- 

Si&$l- t C12Si4@s - 

Cl- + CIZ SisQre 

NEtJ 
(P@& RuH; + Cl- - 

P@a + Hz + (P$,),RuHCl***NEt, 

(Pr#~a)eHCl**.NEta - 

Yz [(P$&RuHCl] 2 t NEta 

[@‘W~RUHC~I~ - 

KWd&W, + Hz 

(1) 

Specific reactions associated with the suggested 
mechanism are now under investigation and the 
results will be reported in the near future. 

Experimental 

(2) The procedures followed and the preparations 
of starting materials have been previously outlined 

PI * 

(3) Reaction of (P#3)4RuH2 with Cl,SL,&, 

(4) 

(5) 

(6) 

(7) 

A typical reaction consists of treating a stirred 
suspension of 2.47 g of (PhaP)4RuH2 (2.14 mmol), 
in 100 mL benzene, and 5.2 mm01 EtaN (manometri- 
tally measured),. with a solution of 1.83 g of ClZSi4- 
Phs (2.29 mmol) in 60 mL of benzene. The reac- 
tion takes ca. 2h to complete as evidenced by the 
total solution of the reactants to give a clear deep red 
solution. After 36 h of stirring at 25 “C the clear 
solution was filtered to leave only a trace of hetero- 
geneous white and black solid on the first (0.025 g). 
All reported NMR data were obtained on solutions 
prepared in this manner. For this described reaction 
mixture, NEta was subsequently recovered quanti- 
tatively by freeze drying, and treating the volatile 
materials, benzene and NEta, with HCl to afford 
Et,NH+Cl-, 0.7 1 g (5.2 mmol). 

(8) 

The above reaction residue was demonstrated to 
be ‘homogenious’ with regard to providing sub- 
sequent solid aliquots for investigation, by analytical 
analysis. Calcd.,based on quantities of initial reagents, 
and found ( ): C, 73.78 (73.66); H, 5.24 (5.23); 
Cl, 3.78 (3.79); P, 6.17 (6.34); Si, 5.99 (6.03); Ru 
by difference, 5.03 (4.95). 

Equation 1 represents the amine assisted P& 
dissociation followed by eqn. 2 which involves 
RuH**.ClSi exchange perhaps facilitated by increased 
hydrido character as the results of a weak N-Ru 
interaction; there is no NMR evidence for a stable 
Ru-N complex. The hydrido silane product, eqn. 2, is 
invisioned to ‘protonate’ (P$&RuHa, eqn. 4, 
affording a trihydro complex, i.e. similar to that 
suggested by Wilkinson, to produce (P&)aRuHJ 
[8], while eqn. 3, represents dimerization of @‘&)a- 
RuHCl in the presence of NEta***conditions similar 
to those reported for the formation of the dimer, 
[(P@&RuC12]2 [9]. The formation of C12Sis$r6 is 
suggested to involve anionic nucleophilic attack on 
CIZSirl& with Cl- displacement, eqn. 5, and sub- 
sequent decomposition of the bulky cation, (p@.&,- 
RuHi, as the result of loss of the large stabilizing 
anion, ClSi&i, eqn. 6. This latter decomposition 
affords P&, Hz and is accompanied by dimerization 
of (P&)aRuHCl, eqn. 7, or decomposition affording 
additional Hz, eqn. 8, - the reaction observed, with 
regard to these latter two paths, depends on the sol- 
vent employed. 
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Decomposition of (P@,)&& and [(P@3)&uHCl] 
In benzene - A 0.3 g [0.15 mmol initial [(P$3)4- 

RuHJ sample of the reaction mixture prepared 
above was dissolved in benzene to afford 0.15 mmol 
Hz at 25 “C over a period of several days. After a 
period of several weeks no additional H2 was obtain- 
ed. In toluene - A 0.58 g [0.29 mmol initial (P@&- 
RuHz] sample of the reaction mixture was treated 
with 35 mL toluene at 27 “C for 12 hrs to afford 
0.14 mmol HZ and [(P$J,),RuHC~],, 0.258 g (0.28 
mmol monomer), 96% yield. An extended contact 
time of 48 hr produced no additional Hz. 
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