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A Kinetically Inert Proton on a Metal —Metal Bond
in [{(1]5-C5H3)2(Si|\/|92)2} RU2(CO)4(}I-H)]+ that
Promotes Reactions with Amines

Maxim V. Ovchinnikov and Robert J. Angelici*
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Ames, lowa 50011

Receied March 13, 2000

Unsaturated ligands in transition metal complexes can be
activated to nucleophilic attack by creating a positive charge on
the complexX: Carbon monoxide ligands are activated to attack
by amine nucleophiles when the positive charge on a complex is
sufficiently high to give GO stretching force constantg;o, that
are higher than 16.5 mdyn/A (ar(CO) values higher than
approximately 2000 cnt).?2 These reactions lead to carbamoyl
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the slow rate of deprotonation &H"* thereby allowing nucleo-
philic attack on a CO ligand.

complexes (eq 1), and some reactions give formamides and ureas The reaction of (€Hs)x(SiMe,)2*® with Rug(CO)2 in the

0
4

M—C=0" + 2H,NR —— M—=C_
NHR

+ RNH;" (1)

catalytically? One approach to making a complex more positive
is to add a proton (H) to the metal (eq 2). While numerous metal
carbonyl complexes have been protondtéde CO ligands in

M(L) (CO), + H" — H-M(L),(CO)," (2)

presence of the hydrogen acceptor 1-dodecene furnigpge
CsH3)2(SiMe;) 2} Ru(CO), (1) in 72% vyield, as an air- and
moisture-stable yellow solid (Scheme!1)The hydride-bridged
dinuclear Ru comple® 1H' was formed in quantitative yield
upon addition of 1 equiv of HBFOEt, or CRSO;D to a solution
of complex 1 in CHyCl, at room temperature. The R
resonance in théH NMR spectrum occurs as a singlet @t
—19.92 ppm. The CO stretching frequencies foH* are
approximately 67 cmt higher than those fot and fall within
the range where amine attack on the CO groups is expected to
occur? An X-ray diffraction study oflH*BF,~ reveals an eclipsed

these complexes either do not react with amines because thej°rientation of the terminal CO ligands on the two Ru atoms. The

kco andv(CO) values are insufficiently high or the amine bases
simply deprotonate the metal to give the unreactive neutral
complex M(L)(CO),. This rapid deprotonation occurs for a wide
range of cationic metal hydride complexes-M(L)4(CO),".>4
Neutral H-M(L)«(CO), complexes often undergo deprotonation
much more slowly, but their ko and »(CO) values are not
sufficiently high to promote attack by amines. Di- and polynuclear
metal complexes with MH—M bridging hydrides also undergo
rapid deprotonation with basé$.In this communication we
describe a cationic dinuclear comple€Xif>-CsHz)»(SiMe&),} Rup-
(COu(u-H)]* (AH) whose highv(CO) values promote amine
attack but is only slowly deprotonated by amines. The bridging
dicyclopentadienyl >-CsHs)2(SiMey), ligand® with two SiMe,
groups linking the cyclopentadienyl rings is a key contributor to
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Ru—Ru distance is substantially longer IH*BF,~ (3.1210(5)
A) than in1 (2.8180(3) A)13

CompoundlH* is exceptionally stable with respect to depro-
tonation by strong organic bases such agNEquinuclidine, or
pyridine. Less than 2% of the complex was deprotonated after 1
h in CD3NO, or CD;CN solution in the presence of 10-fold
excesses of these amines. Moreover, the deuterated complex
1D*TfO™ in wet acetone solutiom{10% H0O) did not undergo
measurable HD exchange after 5 days at 28. In contrast to
1H*, the unbridged and monobridged complexgssHs),Ruy-
(CON(u-H)™ H2and{ (7°-CsHa)o(SiMe)} Ruy(CO)(u-H)+ 1P were
deprotonated instantly and quantitatively by bases such as pyridine
or diethylamine. The acidity dfH"BF,~, estimated asaN from
studies of the equilibrium constant for the proton-transfer reaction
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betweenl and HPPE'BF,~ in CD:CN at 25°C %% is 6.5(@-0.2) Scheme 2
in CDsCN. This (KAN value clearly indicates that the above-

noted amine bases will thermodynamically deprotodstéBF,~ ~d - © 4 o
easily. Although it is not obvious why the;CsHs)2(SiMey)2 @/\ﬁ e HNR;R, =
bridging ligand causes the bridging proton to be so slowly /R\U\H/Ru\ ! ’ Ru—p—Ru__ /‘@H&Rz
removed, it may be due to a combination of the bulkiness of the oc éo éo co oc (l;o ¢o g
dimethylsilyl linkers and the rigidity of the molecule. The donor B, A
ability of the ¢7°-CsH3)x(SiMey), ligand to the Ru atom is probably HNR,R,
similar to that of the Cp ligand based on avera¢€O) value&®
for IH*BF,~ (2044 cmt) and CpRW(CO)(u-H)* (2046 cn?).

Reactions oflH* with secondary amines (MNH, EtLNH, HZ%R,R2
morpholine, pyrrolidine), primary amines (MeNH EtNH,, |
BnNH,), or ammonia furnishe(#°-CsHs)2(SiMe,),} Rup(CO)s- ~4 e SSLSIZ
(NHRR) (2) complexes and the corresponding formamides in a =z .0 HNRR, s
1:1 ratio (Scheme 1). Complexes of typlé were isolated in 78 ,Qu Ru HCNR(R, ~ Ru—-Ru__ NRyR,
94% yield as air- and moisture-sensitive dark-red solids. The other ~ oc¢” | [ NHR(R, oc (‘:O éo g

.. . . Ci Cco (e}

Ru-containing product in these reactions was the deprotonated 2 B

complex 1 observed in 520% vyields as a result of direct
deprotonation olH" by amine. The yields of appear to depend

on the steric properties of the amine as less bulky amines (e.g.
NHs) give higher yields ofl. Also, the yields ofl were lower

the reaction. Experiments using the deuterium-lab&@tTfO~
gave formamide products (DEEO)NRR) that are completely
deuterated at the formyl position and no other. WaBiTfO~

= . f rather thenlH"BF,~ was used in the reaction, substantially less
when _the deuteratetD*_TfO complex was used. Using a variety deprotonation tal was observed, as expected for a deuterium
of amines, we determined thal™ reacts when the amine has a isotope effect

pK, value equal to or greater than 8.33 (morphofihehd a cone Rates of the reaction dDTfO~ ([1D*TfO] = 8.34x 10—
angle® that is equal to or less than 12&liethylamine)t® Bulky 11.12 x 10 M) with morpholine ([morpholin.e]= 8.56 x
amines (BaNH, i-PNH, Cy:NH) and weakly nucleophilic 10'to0 10.82x 10" M) in nitromethane solvent to givig®-

amines (aniline) failed to react wittH™. ,  CaHo)a(SiMes)s} Ru(CON{ NH(CH,CH,);:0} were followed by

On the basis of studies described below, the amine reaCt'Onsmonitoring the disappearance of t€0) bands in the IR spectra
are proposed to occur by the mechanism shown in Scheme 2.5, 14 NMR signals of ID*TfO. The reaction was shown to
This involves initial nucleophilic attack by the amine on a {50 the second-order rate law,d[1D* TfOJ/dt = k[ 1D*TfO -
coo_rdinated CO to produce the cation?c inte(m_edk?,twhich is [morpholine], wherek, = (2.3 + 0.5) x 103 M1 s at 20°C.
rapidly deprotonated tdB.22° Reductive elimination of the  Thjs rate law is consistent with the first step in the mechanism
formam|de.frorrB gives an unsaturated dlrgthenlum. intermediate (Scheme 2) being rate-determining. The subsequent deprotonation
that coordinates an amine to gi& No intermediates were  of the nitrogen inA is likely to be fast and the reductive
observed by FT-IR or NMR spectroscopy during the course of g|imination of the formamide fror must be rapid because there

(15) A solution of1 (18.6 mg, 31.9mol) and HPPRBFs (11.2 mg, is no spectroscopic evidence for intermediates in the reaction.
32.0umol) in CD,CN (1 mL) was sealed in an NMR tube under an argon  Such a facile reductive elimination is surprising because removal
atmosphere. After following the reaction for 8 days, theNMR spectrum of the bridging H by bases is so slow. Reductive eliminations

indicated a {]J/[1H*BF, ] ratio of 2.35, and thé'P NMR spectrum established ; ; _ ; ;
a [HPPh'BF; J[PPhy] ratio of 2.47. From these two ratios and tHe.M of involving au-H have only recently been characterized, e.g. in

HPPh* (8.0), the KN of 1HBF,~ was calculated to be 650.2) in the formation of alkanes and arenes frommg«-H)(dppm}*.2*
acetonitrile. In conclusion, we have discovered that protonation of the Ru

964(116) Jolly, W. L.; Avanzino, S. C.; Rietz, R. Rnorg. Chem.1977, 16, Ru bond in1 gives a cationic complele+) in which the

(17) In a typical procedure, gaseous B, was slowly bubbled through ~ Pridging proton is removed only very slowly by bases even though
a suspension of yellowH*BF,~ (50.0 mg, 77.€«mol) in hexanes (25 mL) the proton is thermodynamically acidicKgN = 6.50.2)). The

for 5 min at ambient temperature. The color of the reaction mixture |4\ kinetic acidity of 1H* allows it to react with alkylamines
immediately changed to wine-red. Solvent was removed in a vacuum, and !

the red residue was recrystallized from hexanes (10 mL)2& °C to give which e_ltta_ck a CO ligand that is activated to S_UCh an a_lttaCk by
39 mg (83<;A:) Sof2a a? dark—red,( air)-)and m(oisture-se(nsit)i;le crysg-gis(Aoo the cationic nature of the complex. These amine reactions lead
MHz, CeDe): 6 0.24 (s, 6 H, Si(Els)), 0.38 (s, 6 H, Si(El3)), 1.58 (bs, 2 H, S _ ; ; i
CHoNH;), 1.67 (1.1 = 6.4 Hz, 3 H, GaNH,), 4.52 (d.J = 2.0 Hz, 2 H), 4.77 tﬁ t?e elimination of the:-H \;]Vh".:h becomes mcorporﬁted 'nrfo

(t, J=2.0Hz, 1 H), 5.11 (dJ = 2.4 Hz, 2 H), 5.76 (t) = 2.4 Hz, 1 H).*C the formamide product. Mechanistic studies support the pathway

(100 MHz, GDg): 6 —1.88 (CHs), 5.38 CHs), 41.39 CHsNH,), 79.20, 83.59, shown in Scheme 2. Further studies of reactiondlef with
90.10, 92.98, 94.37, 95.52 (Cp), 209.02Q), 211.98 CO). IR (hexanes): i ;
v(CO) (cnm?) 1973 (vs), 1907 (vs), 1884 (m). Anal. Calcd fogg8:sNOs- nucleophiles are in progress.
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