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The cleavage of a carberoxygen bond promoted by transition

metal complexes has become an important process in organic

synthesis:?> The majority of these reactions reported thus far
involve the cleavage of an alkylO bond (alkyl fission) in esters

(Scheme 1). A typical example is the Pd-catalyzed reactions of

allyl acetates with nucleophiles, in which altlyD bonds are
cleaved The catalytic cleavage of benzyD or vinyl-O bonds

is also well-knowrt. In contrast, the cleavage of an aeyd bond
(acyl fission) in esters, catalyzed by transition metal complexes,
is very rare, and only a few stoichiometric reactions have been
reported to date. Yamamoto reported on the stoichiometric
reaction of phenyl acetate with Ni(ced)n the presence of
bipyridine. In this reaction, a methylnickel phenoxide complex
is formed via the oxidative addition of the acetyd bond of
phenyl acetate to the nickel complex followed by decarbonyla-
tion.* Other complexes, such as Ma{ddppe},® HRh(PPR)4,°

and Ru(COYPPh);,” have also been found to promote the
cleavage of acytO bonds of esters, with the ester carbonyl group
being ultimately converted to a CO ligand, which is attached to
the metal. It is noteworthy in this respect that a related acyl
complex was isolated from the reaction of aryl acetate with a
Rh(I) complex by GrotjahfiRecently, Yamamoto and co-workers
reported that electronicallyl activated esters, such as aryl trifluo-
roacetates, oxidatively add to Pd(0) under mild conditions to give
the corresponding (aryloxo)(trifluoroacetyl)palladium complekes.

More recently, they also reported on the Pd-catalyzed reaction

of aryl trifluoroacetates with arylboronic acids, leading to aryl
trifluoromethyl ketoned? To our knowledge, this represents the
first example of a catalytic reaction, which involves the cleavage
of an acy-O bond of an ester by transition met&ld2As a result

of recent studies in this laboratot¥,'®> we have discussed a new
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Scheme 1.Two Modes of the Cleavage of-@0 Bonds of
Esters by Transition Metal Complexes
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catalytic transformation of esters, which involves the cleavage
of an acyl C-O bond in esters, and we report herein on thg-Ru
(CO)-catalyzed reductive decarboxylation of esters. Ammonium
formate was used as the reducing reagent.

Our strategy is based on the methodology that heteroatom-
directing groups promote the site-selective cleavage of unreactive
bonds, as shown in Scheme 2. We have previously reported on
catalytic reactions which involve the site-selective cleavage of
C—H,8 C—C* and C-F* bonds by taking advantage of the
coordination of the directing group to transition metals. These
observations prompted us to examine the possibility that this
approach might be used in the cleavage ef@bonds in esters.
The coordination of the pyridine nitrogen in esteo ruthenium
renders the metal more nucleophilic. The cleavage of®®ond
takes place via a tetrahedral intermedidlte to give an acyl
ruthenium compleXV, which reacts with pronucleophiles to give
a product and 2-pyridinemethanol, along with the regenerated
ruthenium. 2-Pyridylmethyl 2-naphthalenecarboxylaig \Was
chosen as the test substrate ang(RQ),; as the catalyst. Among

the wide variety of pronucleophiles examined, we found that

ammonium formate, HCOONJfIcan be used as a nucleophile,
resulting in a clean reduction reaction, but the expected aldehydes
were not obtained. The reaction b{0.2 mmol) and HCOONH

(0.6 mmol) in the presence of RCO),, (0.01 mmol) in toluene
(0.6 mL) at 160°C for 40 h gave naphthalen@)(in 55% GC
yield, along with 17% of unreactetl The corresponding benzyl
ester did not react with HCOONHindicating that the presence
of the nitrogen in the substrate is essential for the reaction to
proceed. ThéH NMR spectrum indicated that 2-pyridinemethanol
is formed in a yield comparable to that &f Of the solvent
examined, dioxane is the solvent of choice, although the type of
solvent had no significant effect on the yieldd{dioxane 95%,
PrCN 71%, CHCONMe, 84%, toluene 55%). The use of other

(12) For recent papers on catalytic reaction involving the cleavage of
C(O)—S bonds of esters, see: Liebeskind, L. S.; Srog), Am. Chem. Soc
200Q 122 11260. Shimizu, T.; Seki, MTetrahedron Lett2001, 42, 429.

(13) Chatani, N.; Fukuyama, T.; Tatamidani, H.; Kakiuchi, F.; Murai, S.
J. Org. Chem200Q 65, 4039 and reference cited therein.

(14) Chatani, N.; le, Y.; Kakiuchi, F.; Murai, S. Am. Chem. S0d999
121, 8645.

(15) Ishii, Y.; Chatani, N.; Yorimitsu, S.; Murai, £&hem. Lett1998 157.

© 2001 American Chemical Society

Published on Web 04/26/2001



4850 J. Am. Chem. Soc., Vol. 123, No. 20, 2001 Communications to the Editor

hydrogenation reagents, such as HCOONOH, and HSiMg Table 1. The Ry(CO)-Catalyzed Reaction of Esters with
Ph, was not effective. HCOONH?
entry ester product b
it Rug(CO)1 5
CLY Y ot < o~ > o =
dioxane
OO g 160 °C, 40 h N . - OR F@e
1 2 95% €
7 56%
A variety of functional groups can be tolerated in the reaction 6 ’
as shown in eq 2. Both electron-donating and -withdrawing groups Q
did not appreciably affect the reaction. However, the reaction of 5e WOR \
a 4-nitro ester, such a4, resulted in the reduction of the nitro N N
group to give 2-pyridylmethyl 4-aminobenzoate in 27% yield with H  70%
no nitrobenzene being obtained. Although an ester group (COOMe) 8 5
at the 4-position on the phenyl ring was tolerated, the use of a oR
cyano-substituted ester, such 4s resulted in a low yield of 3 @A
benzonitrile5k.16 Steric bulkiness around the carbonyl group, as 10
in 4b, led to a low conversion. 11 76%
OR
o Ruz(CO)12 4 S 1 78%
z o N HCOONH, Z
| F ) e 1 @ 12
S N_ dioxane /\
R 160°c,20n R
a:R=2,5Me, (100%)  b:R=2,4,6-Meg (4%) N N
¢: R = 4-OMe (90%) d: R = 3,4,5-(OMe); (88%) 5° 0 =N
e R = 4-NMe, (95%) f: R = 4-NO, (0%) =N \
9: R = 2-Cl-4-F (71%) h: R = 4-SO,Me (79%) \ Y 7
i: R =3,5-(CF3), (83%)  j: R = 4-COOMe (78%)
k: R = 4-CN (23%) 13 14 81%
It was anticipated that aldehydes, which are formed via 6c Q\”/OEt Q
reduction of esters by HCOONHwould be produced initially ) L
and then undergo decarbonylation to give arenes under the | /N | /N

reaction conditions used here. To examine this possibility, some
controlled experiments were performed. The reaction of 2-naph-
thalenecarbaldehyd@)(under the reaction conditions identical Ok 0

to those in eq 2 gave naphthalene in 23% GC yield, along with @N ©/§N3<
a 7% yield of 2-naphthalenemethanol (GC yield was determined

as silyl ether) and a 61% yield of 2-methylnaphthalene, with the

latter two products being obtained by reductior8ddy HCOONH,. 17
Treatment of a mixture of3 and 2-pyridylmethyl 3,4,5-tri- - - ———

methoxybenzoatetfl) with HCOONH, under identical conditions R%(E%")f:'?g_ocf ﬁmggsaigigﬂe(%%mmrt?létqggﬁ‘grﬁ)z'g m”,‘;’ﬁ'
gave a 91% recovered yield @ and 2-naphthalenemethanol 5 _pyridinyimethyl.> GC yield.© Toluene was used as a solvent.
(45% GC yield). The expected 1,2,3-trimethoxybenzé&ni (vas

obtained in trace amounts, and naphthalene and 2-methylnaph-

The present reaction demonstrates a new and rare example of
thalene were not detected by GC. These results show that the, . 4 1vtic reaction that involves the cleavage of acyl@bonds
present reductive decarboxylation does not involve an aldehyde

intermediate in esters. As it impacts organic synthesis, the present reaction
- . .. represen new fr iv rboxylation in which r
The reaction is not limited to a benzene ring system, but it is epresents a new type of reductive decarboxylatio ch esters

: ) . - can be converted to hydrocarbdfssimilar to decarbonylation
apphcable to heteroaromatlc as well as aliphatic systems, as showrbf aldehydes, a reaction which is frequently employed in organic
Ifgr;l(—)?:zlﬁell 1—] hSGG;ea%'lgna?Jnferr(.)tif]e;;;ag?oi(]};g‘;c?ﬁegri\r’e synthesig? In addition, a wide variety of functional groups can
. Th Dtl' 080 yld ,th gwi d.‘;. u th édd y ibed be tolerated in the reaction. Further investigation of the catalytic
; ). The reac lon oS under I same conditions as those Aescribed ., arsion of esters into carbonyl compounds using pronucleo-
in eq 2 gave indole9) in 23% yield. However, changing solvent philes is currently under way
to toluene increased the product yield to 70% (entry 2). It was '
found that aliphatic estedd and12 give ethylbenzene efficiently, . .
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2-pyridylmethyl group is attached as the directing group at the
alcohol moiety in the substrates (entriesA. These results show Supporting Information Available: Experimental details (PDF). This
the apparent potential utility of this transformation in terms of material is available free of charge via the Internet at http:/pubs.acs.org.
its applications to organic synthesis.

We propose that the reaction proceeds via a mechanism whichJA0103501
is similar to that shown in Scheme 1. The reason why the (17) When the reaction was carried out even at 1 atm of CO, no reaction
decarbonylation step fronV is unexpectedly fast is unclear at  ooj place. ’

16 100%

18 97%

present’ (18) Crich, D. InComprehensie Organic Synthesigrost, B. M., Fleming,
I., Eds.; Pergamon: Oxford, 1991; Vol. 7, pp 72IR21.
(16) The reaction of a cyano group by HCOONMould have taken place (19) Colquhoun, H. M.; Thompson, D. J.; Twigg, M. Zarbonylation:

through the reaction. In fact, we found that the reaction of 2-naphthalenecarb- Direct Synthesis of Carbonyl Compound®enum Press: New York and
nitrile under identical reaction conditions gives 2-methylnaphthalene in 27% London, 1991. For a recent paper, see: Beck, C. M.; Rathmill, S. E.; Park,
yield and unidentified products. Y. J.; Chen, J.; Crabtree, R. l@rganometallics1999 18, 5311.



