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Abstract: The 16-electron amide complex, Ru[(R,R)-
TsNCHPhCHPhNH](n®-p-cymene) (Ts = p-toluene-
sulfonyl, Ph = C4Hs) readily reacts with formic acid
to give the corresponding formate complex, which
subsequently undergoes decarboxylation leading to
the hydride complex with release of CO,. The
reaction of this hydride complex with CO, under
mild reaction conditions, a pressure of 10 atm and
even at —78°C, proceeds rapidly to give the
corresponding formate complex almost quantitative-
ly. Thus, the reversible decarboxylation and carbox-
ylation takes place with or without the aid of a
metal-NH bifunctional effect of the Ru complexes.
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A well-defined chiral amido ruthenium complex,
Ru[(R,R)-TsNCHPhCHPhNH](n’p-cymene)!'!  (1a,
Ts = p-toluenesulfonyl, Ph=C¢H;), has sufficient
Brgnsted basicity to effectively deprotonate hydrogen
donors such as 2-propanol or HCOOH giving a
chiral hydrido-amine complex, RuH[(R,R)-
TsNCHPhCHPhNH,|(n’-p-cymene) (2a), in a highly
stereoselective manner.[ This chiral hydrido ruthenium
complex 2a readily reacts with ketonic substrates to
provide optically active alcohols with regeneration of
the amide complex 1a. Thus, enantioselective hydrogen
transfer between the hydrogen donors and ketones
takes place catalytically with these two isolable com-
plexes as catalytic intermediates. In particular, in the
reaction with 2-propanol as a hydrogen source, exper-
imental results!'%? as well as computational analysisP!
revealed that hydrogen transfer proceeds reversibly via
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a pericyclic six-membered transition state. In contrast to
the reaction in 2-propanol,l'3] the detailed mechanism
of the hydrogen transfer from HCOOH to carbonyl
compounds has not been clarified, even though asym-
metric ketone reduction with HCOOH is a practical
procedure for the synthesis of optically active alcohols.[*!
We now report on mechanistic aspects of the reaction
of the amide complex 1la with HCOOH leading
to the formato-amine complex, Ru(OCHO)[(R,R)-
TsNCHPhCHPhNH,)](n®-p-cymene) (3a),3¢°! which is
readily decarboxylated to give the hydrido-amine com-
plex 2a and CO,, and the reverse reaction of the hydride
complex 2a with CO,.[% This is the first experimental
demonstration of the NH-assisted formal CO, insertion
into the Ru—H bond.

The 16-electron amide complex 1a has been proven to
react smoothly with one equivalent of HCOOH at a low
temperature (below —30°C) to give the formate com-
plex 3a as a single diastereomer as shown in Scheme 1.
The 'H NMR spectrum of 3a displays two non-equiv-
alent NH protons and a OCHO proton at 0 =6.28,
8.96 ppm, and 8.19 ppm (THF-d;, —40°C), respective-
ly.

Unfortunately, single-crystal X-ray crystallographic
analysis of 3a failed because of thermal instability of 3a.
However, some structural information could be ob-
tained from an analogous acetate complex 4a, which was
prepared from a reaction of the amide complex 1a and
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view of
TsNCHPhCHPhNH,](n’-p-cymene)  (4a).
lengths (A): Ru(1)-O(1), 2.114(7); Ru(1)—-N(1), 2.092(8);

Figure 1. ORTEP Ru(OCOCH;)[(R,R)-

Selected bond

Ru(1)-N(2), 2.150(8); O(1)—C(3), 1.27(1); O(2)—C(3),
1.23(1). Selected bond angles (deg): N(1)-Ru(1)-N(2),
78.6(3); N(1)-Ru(1)-O(1), 88.9(3); N(2)-Ru(1)-O(1),
86.7(3); Ru(1)-N(1)—-C(1), 111.6(6); Ru(1)-N(2)—C(2),
112.5(6). Priority for the assignment of absolute configura-
tion at Ru: p-cymene > OCOCH; > NTs > NH,.

acetic acid in a manner similar to the synthesis of 3a. The
X-ray crystallographic analysis of complex 4a,’l as
illustrated in Figure 1, confirmed that it has a three-
legged piano stool coordination environment with p-
cymene, amino, sulfonamido, and acetato ligands. The
chirality of the (R,R)-diamine ligand determines the §
configuration around the central metal, as observed in
the hydride complex 2a.l'dl Notably, there is a short
H,N --- O=C distance of 2.77 A, which is ascribed to an
intramolecular hydrogen bond.! Morris recently re-
ported that a reaction of Ru amide complex,
RuH(PPh;),(NH,CMe,CMe,NH) (Me=CHj;), with
formic acid gave a similar hydrogen-bonded formate
complex, trans-RuH(OCHO)(PPh;),(NH,CMe,-
CMe,NH,), which was determined by single-crystal X-
ray analysis as well as NMR and IR spectroscopy. The
'H NMR spectrum of 4a shows two non-equivalent NH

protons at 0 =4.48 and 9.59 ppm (CD,Cl,, r.t.) like the
formate complex 3a. The NH signal at the lower field
can be assigned to the proton that interacts with an
oxygen atom of the acetato ligand in 4a possibly through
hydrogen bonding as observed in related complex-
es.[140.¢100 The IR spectrum of 4a shows a characteristic
C=0 stretching frequency at 1567 cm™!, indicating that
4a has a hydrogen-bonded acetato group.

Low temperature NMR studies have suggested that
the addition of the O—H bond of HCOOH or
CH;COOH to the Ru—N bond of the amide complex
la proceeds in a stepwise manner via an ion pair
intermediate (5) (Scheme 2)* leading to the kinetically
favorable carboxylate complex 3a or 4a, as observed in
the reaction of the complex 1a or the analogous amido Ir
complex with acidic compounds.®™<! For example, the
"HNMR spectrum of the reaction of la with one
equivalent of CH;COOD at — 30°C in CD,Cl, showed
two signals due to NH, protons in the deuterated
complex 4a-d; at d =4.83 and 8.92 ppm with a 1:4 ratio
of relative intensity, indicating that the anti-4a-d, was
preferentially formed at the lower temperature, as
shown in Scheme 2.

An increase in the temperature of the formate
complex 3a in THF-dg resulted in formation of 2al'dl
indicating that the hydride complex 2a is formed
through the decarboxylation of the intermediate 3a
even under the conditions of catalytic asymmetric
transfer hydrogenation (Scheme 3). Monitoring of the
'H NMR spectrum of the decarboxylation of 3ain THF-
dg at the temperature range from 258.15 K to 273.15 K
revealed that the rate of this transformation was the
first-order dependence on 3a.''l The activation param-
eters for decarboxylation of 3a,'”l AH*=76.0 kJ mol™',
AS*=-37.7J mol ! K1, AG* (263.15 K) =86.7 kJ mol !,
which are comparable to the values reported in the
literature,['¥ were determined from linear first-order
plots obtained at several different temperatures. Based
on the kinetic data involved with the negative entropy
value, there are three possible pathways for the decar-
boxylation: formato anion dissociation leading to an ion
pair (5),) n®-arene ring slippage to n*-arene, or NH,
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ligand dissociation providing a vacant site, followed by 3
hydrogen elimination, respectively.

Although the precise mechanism of the decarboxyla-
tion has not yet been clarified, further valuable infor-
mation on the relevant reverse reaction, the formal
insertion of CO, into the Ru—H bond in the hydride
complex 2a and the analogous hydride complex,
RuH(TsNCH,CH,NH,)(n®-p-cymene) (2b), can be ob-
tained. The reaction of 2a or 2b with CO, under mild
reaction conditions, a pressure of 10 atm and even at
—78°C, proceeded rapidly to give the corresponding
formate complex 3a or 3b, respectively, as shown in
Scheme 4. It should be noted that the presence of the NH
moiety in the ligands is crucially important for the reaction
with CO, as observed in the effective transfer hydro-
genation of carbonyl compounds to alcohols."! The NH
group in the amine ligand possibly participates in the CO,
activation through the formation of a hydrogen bonding
network (6 in Scheme 4), as reported previously in a rapid
hydrogenation of CO, catalyzed by Ru—P(CHj;); com-
plexes.'*] Jessop recently reported an alcohol-assisted
CO, hydrogenation,/') where a highly acidic alcohol
participates in activation of CO,. The carboxylation of the
analogous hydride complex bearing the N(CHj;), group in
the amine ligand, RuH|[TsNCH,CH,N(CH,),](n°®-p-cym-
ene) provided no corresponding formate complex. Thus,
the hydrido ligand directly migrates to the carbon center
of CO, possibly via the pericyclic six-membered transition
state leading to a formato anion possibly through an ion
pair, as predicted by computational analysis of a similar
Ru complex system.l'*! A reacting CO, is not necessarily
bound directly to the Ru center.[142314]

In summary, the 16-electron amide complex 1lareadily
reacts with HCOOH to give the corresponding formate
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complex 3a, which subsequently undergoes decarbox-
ylation leading to the hydride complex 2a with release of
CO,. Decarboxylation of the formate complex and CO,
insertion into the Ru—H bond giving the formate
complex proceed reversibly possibly through the same
intermediate or transition state with or without the aid
of the metal-NH bifunctional effect. Since this formal
CO, insertion reaction proceeds, the CO, generated in
the asymmetric reduction with formic acid should be
effectively removed from the catalyst system.

Experimental Section

All manipulations were conducted under argon atmosphere.
Deuterated NMR solvents were dehydrated and degassed by
appropriate methods. Amide complexes and hydride com-
plexes were prepared according to the procedure reported in
the literature.l'¥]

Formation of 3a

A THF-dj solution (5.36 x 10-2 M) of formic acid (2.20 x 102
mL, 1.77 x 10~ mol) was added to a solution of Ru[(R,R)-
TsNCHPhCHPhNH](n’-p-cymene) (1a) (1.07 x 1072 g, 1.78 x
10~° mol) containing 1,3,5-trimethoxybenzene or dihexyl ether
as an internal standard in an NMR tube at —78°C. The
solution color turned from purple to yellow. The reaction
product was determined to be Ru(OCHO)[(RR)-
TsNCHPhCHPhNH,|(n-p-cymene) (3a) by a comparison
with NMR data of the analogous acetate complex 4a (describ-
ed below). Although the complex was a crystalline material at
low temperature, X-ray crystal structural analysis and ele-
mental analysis have not yet been successfully performed
because of the thermal instability and moisture sensitivity.
Spectral data for Ru(OCHO)[(R,R)-
TsNCHPhCHPhNH,](n’-p-cymene) (3a): 'HNMR
(300.4 MHz, THF-d;, —40°C): 6=1.33 [d, 3/yy=6.60 Hz,
6H, (CH,),CH in p-cymene], 2.22 (s, 3H, CH; in p-cymene),
2.27 (s, 3H, CH; in Ts), 2.87 [m, 1H, CH(CH,), in p-cymene],
3.42 (m, 1H, HCNH,), 3.72 (d, 3Jy;; = 11.2 Hz, 1H, HCN-Ts),
5.40, 5.59, 5.77, 6.00 (each d, 3Jyy=15.37 Hz, 3/ = 6.09 Hz,
3un=5.37 Hz, 3/ = 6.09 Hz, CH,,,,,, in p-cymene), 6.28(br. d,
3un=732Hz, 1H, HCNHH), 6.66-720 [14H, p-
CH,C¢H,SO,NCH(C¢H5)CH(CsH5)NH,], 819 (s, 1H,
OCHO), 8.96(br. dd, 1H, NHH); BC{'H} NMR (75.6 MHz,

THF-d, -30°C): §=187, 213, 238, 27.1, 309
[CH,CH,CH(CH,),, CH, in Ts], 707, 744
[TsNCH(C4H,)CH(CH,)NH,], 79.5, 81.0, 84.6, 88.3, 92.8,
104.0 (CH,C,H,CH(CH,),), 126.5-144.7 [p-

CH,C,H,SO,NCH(C,H,)CH (CH;)NH,], 173.5(OCHO).

Synthesis of Ru(OCOCH;)[(R,R)-
TsNCHPhCHPhNH,](n%-p-cymene) (4a)

Acetic acid (1.50 x 102 mL, 2.62 x 10~* mol) was added to a
solution of Ru[(R, R)-TsNCHPhCHPhNH](1®-p-cymene) (1a)
(126 x 1071 g,2.10 x 10~* mol) and CH,Cl, (5 mL) in a 20-mL
Schlenk reactor. The solution color changed from purple to
yellow. The reaction mixture was vigorously stirred at room
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temperature for 2 h. Then, the solvent was removed under
reduced pressure. The residue was recrystallized from
a mixed solvent of toluene and hexane to give orange crystals,
Ru(OCOCH;)[(R,R)-TsNCHPhCHPhNH,](n’-p-cymene)

(4a) (4.94x102g, 36% yield). Spectral data for
Ru(OCOMe)[(R,R)-TsNCHPhCHPhNH,](n’-p-cymene)

(4a): '"H NMR (300.4 MHz, CD,Cl,, r.t.): §=1.36 [d, *Jyy=
6.93 Hz, 6H, (CH;),CH in p-cymene], 1.93 (s, 3H, CH; in p-
cymene), 2.23, 2.25 (s, 6H, CH; in Ts, CH;COO), 2.88 [m, 1H,
CH(CH,;), in p-cymene], 3.45 (m, 1H, HCNH,), 3.73 (d, *Jyu =
11.1 Hz, 1H, HCN-Ts), 448 (br. d, *Jyy=7.20Hz, 1H,
HCNHH), 5.28, 5.49, 5.65, 5.82 (each d, *Jyy=5.73 Hz,

Jun=5.85Hz, 3Jyu=5.61Hz, 3Jyuy=585Hz, CH,,,
in  p-cymene), 6.66-7.24 [14H,  p-CH;C¢H,SO,-
NCH(C4H5)CH(C4H;)NH,], 9.59 (br. dd, 1H, NHH);

BC{'H} NMR (75.6 MHz, CD,Cl,, r.t.): 6=18.6, 21.2, 21.8,
23.0, 26.1, 30.9 [CH;C,H,CH(CH,),, CH; in Ts, CH;COO],
69.5,73.6 [TsNCH(C4H;) CH(C4H;5)NH,], 79.6, 81.8, 83.3, 86.4,
935, 1039 [CH;C(H,CH(CH;),], 126.5-1432 [p-
CH;C¢H,SO,NCH(C¢H;5)CH(C,H;)NH,], 183.4 (OCOCH,);
IR(KBr): v=3190 (vy), 3063, 3031 (VH—carom)» 2961 (Vir—catiph)
1567 (veo), 1390, 1330, 1198, 1176, 1154cm™" (vso,n);
elemental anal. calcd. for Cy;H530,N,S;Ru;: C 60.07, H 5.80,
N 4.25, S 4.86; found: C 60.12, H 5.70, N 4.17, S 4.76.

Experimental Procedure for Decarboxylation of 3a
and Ru(OCHO)[(R,R)-
TsNCHPhCHPhNH(CHj;)](n°-p-cymene)

A THF-dy solution of (2.44 x 102M in THF-d;, 0.43 mL)
formic acid (1.40 x 102 mL, 9.51 x 10-° mol) was added to a
solution of Ru[(R, R)-TsNCHPhCHPhNH](n®-p-cymene) (1a)
(5.70 x 1073 g, 9.50 x 10-% mol), dihexyl ether(1 x 10 mL) in
an NMR tube at the dry-ice-methanol temperature. The
disappearance of the peaks due to the formate complex,
Ru(OCHO)[(R,R)-TsNCHPhCHPhNH,](n-p-cymene) (3a),
was monitored by 'H NMR at 263.15 K. The resulting kinetic
data are shown in the supporting information (Figure S1). The
observed rate constant value was determined to be k=
443 x105s7L

In a similar manner, the reaction of Ru[(RR)-
TsNCHPhCHPhN(CHj;)](n-p-cymene) (6.70 x 1073 g, 1.09
x 107 mol) with formic acid(1.60 x 1072 mL, 1.09 x 107°
mol) in THF-d; (0.52mL) gave Ru(OCHO)[(R,R)-
TsNCHPhCHPhNH(CHj,)](n’-p-cymene) traced by 'H NMR
at 263.15 K. The resulting kinetic data are shown in the
supporting information (Figure S2). The observed rate con-
stant value determined was k,,;=9.99 x 1073 s~

The rate constants of the decarboxylation of 3a were
obtained at several different temperatures, 273.15K,
268.15 K, 263.15 K and 258.15 K and the kinetic parameters
was determined as shown in the supporting informa-
tion (Figure S3). An Eyring analysis of the pseudo-first
data gives AH*=76.0kJmol™!, AS*=-37.7] mol™' K,
AG*=86.7 kJ mol .

40 © 2004 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

Reaction of the Hydride Complex, RuH[(R,R)-
TsNCHPhCHPhNH,](1%-p-cymene) (2a) with CO,

CO, gas (16 mL) at 10 atm was introduced into a THF-ds
solution of RuH[(R,R)-TsNCHPhCHPhNH,](n®-p-cymene)
(2a) (8.00 x 1073%g, 1.33 x 1073 mol) containing 1,3,5-
trimethoxybenzene as an internal standard in a pressure-
resistant NMR tube at liquid nitrogen temperature. The
reaction mixture was put in dry-ice-methanol bath at —78°C
for 3 h and then, the reaction was monitored by 'H NMR at
—30°C. The 'HNMR spectrum of the resulting solution
showed that the peaks due to the hydride complex 2a
disappeared and peaks attributed to the formate complex,
Ru(OCHO)[(R,R)-TsNCHPhCHPhNH,](n%-p-cymene) (3a)
appeared at the same chemical shifts as those observed in the
reaction of the amide complex with formic acid. The reaction
was found to proceed quantitatively.

Supporting Information Available

Experimental procedure of formation of formate and acetate
complexes, physical and NMR data of the complexes 3a,
kinetic data of decarboxyaltion of 3a and an X-ray-crystallo-
graphic data of 4a, Ru(OCOCH,)(TsNCH,CH,NH,)(n’p-

cymene), and Ru(OCOCH,)[TsNCH,CH,N(CHs;),](n%p-
cymene).
Acknowledgements

This work was financially supported by a grant-in-aid from the
Ministry of Education, Science, Sports and Culture of Japan
(No. 12305057, 14078209) and partially supported by The 21st
Century COE Program. K. T. gratefully acknowledges financial
support from JSPS Research Fellowship for Young Scientists.

References and Notes

[1] a) S. Hashiguchi, A. Fujii, J. Takehara, T. Ikariya, R.
Noyori, J. Am. Chem. Soc. 1995, 117, 7562-7563; b) A.
Fujii, S. Hashiguchi, N. Uematsu, T. Ikariya, R. Noyori, J.
Am. Chem. Soc. 1996, 118, 2521 -2522; c) N. Uematsu,
A. Fujii, S. Hashiguchi, T. Ikariya, R. Noyori, J. Am.
Chem. Soc. 1996, 118, 4916-4917; d) K.-J. Haack, S.
Hashiguchi, A. Fujii, T. Ikariya, R. Noyori, Angew.
Chem., Int. Ed. Engl. 1997, 36, 285-288; ¢) S. Hashigu-
chi, A. Fujii, K.-J. Haack, K. Matsumura, T. Ikariya, R.
Noyori, Angew. Chem., Int. Ed. Engl. 1997, 36, 288 - 290;
f) R. Noyori, S. Hashiguchi, Acc. Chem. Res. 1997, 30,
97-102.

[2] a) C. P. Casey, S. W. Singer, D. R. Powell, R. K. Hayashi,
M. Kavana, J. Am. Chem. Soc. 2001, 123, 1090-1101;
b) C. P. Casey, J. B. Johnson, J. Org. Chem. 2003, 68
1998 -2001.

[3] a) D. A. Alonso, P. Brandt, S. J. M. Nordin, P. G. Ander-
sson, J. Am. Chem. Soc., 1999, 121, 9580-9588; b) M.
Yamakawa, H. Ito, R. Noyori, J. Am. Chem. Soc. 2000,
122, 1466 -1478; c) K. Abdur-Rashid, S. E. Clapham, A.

asc.wiley-vch.de Adv. Synth. Catal. 2004, 346, 37-41



Mechanistic Aspects of Formation of Chiral Ruthenium Hydride Complexes

COMMUNICATIONS

Hadzovic, J. N. Harvey, A. J. Lough, R. H. Morris, J. Am.
Chem. Soc. 2002, 124, 15104-15118.

[4] a) A. Fujii, S. Hashiguchi, N. Uematsu, T. Ikariya, R.
Noyori, J. Am. Chem. Soc. 1996, 118, 2521-2522; b) K.
Murata, K. Okano, M. Miyagi, H. Iwane, R. Noyori, T.
Ikariya, Org. Lett. 1999, 1, 1119-1121; c¢) T. Koike, K.
Murata, T. Ikariya, Org. Lett. 2000, 2, 3833 -3836; d) K.
Okano, K. Murata, T. Ikariya, Tetrahedron Lett. 2000, 41,
9277-9280; e) J. Cossy, F. Eustache, P. 1. Daiko, Tetrahe-
dron Lett. 2001, 42, 5005-5007; f) M. Watanabe, K.
Murata, T. Ikariya, J. Org. Chem. 2002, 67, 1712-1715;
¢) T. Hamada, T. Torii, K. Izawa, R. Noyori, T. Ikariya,
Org. Lett. 2002, 4, 4373 -4376.

[5] For other stable formato Ru complexes, see:a) S. Ko-
miya, A. Yamamoto, J. Organomet. Chem. 1972, 46, C58-
C60; b) I. S. Kolomnikov, A.I. Gusev, G. G. Aleksan-
drov, T.S. Lobeeva, Y. T. Struchkov, M. E. Vol’pin, J.
Organomet. Chem. 1973, 59, 349 -351; c) S. Komiya, A.
Yamamoto, Bull. Chem. Soc. Jpn. 1976, 49, 784787,
d) J. Emerson, M. J. Clarke, W.-L. Ying, D. R. Sanadi, J.
Am. Chem. Soc. 1993, 115, 11799-11805; ¢) C. S. Yi, N.
Liu, Organometallics 1995, 14,2616-2617; f) C. P. Casey,
S. W. Singer, D. R. Powell, Can. J. Chem. 2001, 79, 1002 —
1011; g) S. Ogo, T. Abura, Y. Watanabe, Organometallics
2002, 21, 2964 —2969.

[6] A. Immirzi, A. Musco, [norganica Chimica Acta 1977, 22,
L35-L36.

[7] An X-ray crystallographic analysis of 4a was performed.
Crystal and structure refinement parameters of 4a:
Cy;H3sN,O4RuS, M, = 659.80, orthorhombic, space group
P2.2.2, (#19), a=14.594(7) A, b=24.126(7) A, c=
8.832(5) A, V=3109.8(2) A3, Z=4, D, =141 glem®,
WMoKa)=6.10cm™!, T=233K, R, (WR,)=0.052
(0.129) for 4010 observed reflections (/> 0.000(1)). All
hydrogen atoms were calculated from ideal geometries.
See Supporting Information.

[8] a) M. D. Fryzuk, P. A. MacNeil, S.J. Rettig, J. Am.
Chem. Soc. 1987, 109, 2803-2812; b) E. Peris, Jr. J. C.
Lee, R. H. Crabtree, J. Chem. Soc. Chem. Commun.
1994, 2573-2574; c) S. Park, R. Ramachandran, A.J.
Lough, R. H. Morris, J. Chem. Soc. Chem. Commun.
1994, 2201 -2202; d) E. Peris, Jr. J. C. Lee, J. R. Rambo,
O. Eisenstein, R. H. Crabtree J. Am. Chem. Soc. 1995,
117, 3485-3491; e) R. H. Crabtree, O. Eisenstein, G.
Sini, E. Peris, J. Organomet. Chem. 1998, 567, 7-11;
f) H. S. Chu, C. P. Lau, K. Y. Wong, W. T. Wong, Organo-
metallics, 1998, 17, 2768 -2777.

[9] a) J. R. Fulton, M. W. Bouwkamp, R. G. Bergman, J. Am.
Chem. Soc. 2000, 122, 8799-8800; b) K. Murata, H.
Konishi, M. Ito, T. Ikariya, Organometallics 2002, 21,

253-255; ¢) M. Watanabe, K. Murata, T. Ikariya, J. Am.
Chem. Soc. 2003, 125, 7508 —7509.

[10] Analogous acetate complexes bearing the
TsNCH,CH,NH, ligand and the TsNCH,CH,N(CHs;),
ligand were synthesized from the reactions of RuCl-
(TsNCH,CH,NH,)(n’-p-cymene) and RuCl[TsNCH,-
CH,N(CHj;),](nS-p-cymene) with CH;COOAg, respec-
tively, and were determined by X-ray crystallographic
analysis (see Supporting Information). The C=O stretch-
ing frequency appears at 1561 cm™! for the acetate
complex with TsNCH,CH,NH, while it shows
at1620 cm™! for the complex with TsNCH,CH,N(CHs;),,
indicating that the former has a similar hydrogen-bonded
acetato group. The chloride, formate and acetate com-
plexes with TsNCHPhCHPhN(CHs;),, RuCl-
[TsNCHPhCHPhN(CH,),](n®-p-cymene), Ru(OCHO)-
[TsNCHPhCHPhN(CH,),](n®-p-cymene) and  Ru-
(OCOCH,)[TsNCHPhCHPhN(CHj;),](n5-p-cymene)
could not be obtained possibly due to thermal instability.

[11] The observed rate constants for decarboxylation of 3a
and Ru(OCHO)[TsNCHPhCHPhNH(CHj;)](n®-p-cym-
ene) were 4.43 x 107° and 9.99 x 1073 s~!, respectively.
The introduction of a methyl substituent on the nitrogen
atom in the diamine ligand caused a slight increase in the
rate of the reaction possibly due to steric reasons.

[12] See Supporting Information.

[13] a) J. H. Merrifield, J. A. Gladysz, Organometallics 1983,
2, 782-784; b) D.J. Darensbourg, P. Wiegreffe, C. G.
Riordan, J. Am. Chem. Soc. 1990, 112, 5759-5762;
¢) D. J. Darensbourg, H. P. Wiegreffe, P. W. Wiegreffe, J.
Am. Chem. Soc. 1990, 112, 9252 -9257.

[14] a) P. G. Jessop, Y. Hsiao, T. Ikariya, R. Noyori, J. Am.
Chem. Soc. 1996, 118, 344-355; b)P.G. Jessop, T.
Ikariya, R. Noyori, Chem. Rev. 1999, 99, 475-493; ¢) T.
Matsubara, Organometallics 2001, 20, 19-24.

[15] Recently, Jessop reported an alcohol-assisted CO, hydro-
genation,!>!4] where a highly acidic alcohol participates
in activation of CO,: P. M. Munshi, A.D. Main, J. C.
Linehan, C.-C. Tai, P. G. Jessop, J. Am. Chem. Soc. 2002,
124, 7963 -7971.

[16] For CO, hydrogenation, see:a) P. G. Jessop, T. Ikariya, R.
Noyori, Nature 1994, 368, 231-233; b) P. G. Jessop, T.
Ikariya, R. Noyori, Chem. Rev. 1995, 95, 259-272; c) W.
Leitner, Angew. Chem., Int. Ed. Engl., 1995, 34, 2207 -
2221; preliminary experimental results showed that the
chloride complex, RuCl(TsNCH,CH,NH,)(n’p-cym-
ene), which was the precursor of amide complexes!!
exhibits catalytic activity for the hydrogenation of super-
critical CO, in the presence of N, N'-dimethylammonium
N,N-dimethylcarbamate as substrate (S/C=1,000) at
50°C for 45 h to give DMF in moderate yield, 69% yield.

Adv. Synth. Catal. 2004, 346, 37-41 asc.wiley-vch.de

© 2004 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim 41



