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The palladium-catalyzed reaction of aryl iodides with acetic anhydride provides a straightforward and experimentally simple carbon monoxide-
free route to acetophenones. The reaction tolerates a wide range of functionalized aryl iodides. Acetophenones are isolated in excellent yield
with a variety of neutral, slightly electron-rich, and slightly electron-poor aryl iodides, whereas moderate yields are obtained with aryl iodides
containing strongly electron-withdrawing substituents.

The reaction of aryl- and vinylpalladium complexes with During our studies directed toward finding new methods
carbon—heteroatom multiple bonds is emerging as a stimu-for the palladium-catalyzed formation of€C bonds, we
lating new frontier in palladium catalysis. In fact, recent have discovered that subjecting-iodoanisole to acetic
reports have shown that aryl- and vinylpalladium complexes anhydride in the presence of 1.25 mol %;@tha) and 2
can undergo intramolecular reactions with aldehygle, equiv of EtN in DMF at 80 °C gives the corresponding
ketone? and nitrile! functionalities to afford indenone and ~acetophenone product in 54% yield (the corresponding biaryl
indanone derivatives and other cyclic alcohols and ketones.Was obtained in 43% yield).

The success of these reactions appears to be strongly (1) Larock, R.C.; Doty, M. J.; Cacchi, S. Org. Chem1993 58, 4579.

dependent on their intramolecular character. 40(%4)0%'8V0f9yan- V.; Quan, L. G.; Yamamoto, Vetrahedron Lett1999
We now report that the reaction of arylpalladium com- (3) () Quan, L. G.; Gevorgyan, V.; Yamamoto, ¥.Am. Chem. Soc.
plexes with carbonyl compounds can also ocdnter- 1999 121, 3545. (b) Quan, L. G.; Lamrani, M.; Yamamoto, ¥.Am. Chem.

. . . S0c.2000,122, 4827.
molecularly. In particular, the palladium-catalyzed reaction  (4) (a) Larock, R. C; Tian, Q.; Pletnev, A. Am. Chem. Sod.999,
of aryl iodides with acetic anhydride provides a straightfor- 121, 3238 and references therein. (b) Pletnev, A.; Larock, Rigirahedron

. v si | h Lett. 2002,43, 2133.
ward and experimentally simple new route to acetophenones " (s5) For recent references, see for example: (a) Nayak, P. K.: Lenka, S.;

(Scheme 1), common structural units of a variety of Nayak, P. L.J. Appl. Polym. Sci1991,43, 2329. (b) Cotgreave, I. A;

. . . . . Moldeus, P.; Brattsand, R.; Hallberg, A.; Andersson, C. M.; Engman, L.
biologically a}ctlve C‘?mPQU”dS and useful .mtermed'ates for Biochem. Pharmacol 992,43, 793. (c) Espinal, J.; Leesnitzer, T.; Hassman,
the preparation of significant pharmaceuticals. A.; Beggs, M.; Cobb, JDrug Dev. Res1995,35, 130. (d) Herencia, F.;

Ferrandiz, M. L.; Ubeda, A.; Dominguez, J. N.; Charris, J. E.; Lobo, Gricela

M.; Alcaraz, M. J.Bioorg. Med. Chem. Letf.998,8, 1169. (e) Favier, L.;

_ Tonn, C.; Guerreiro, E.; Rotelli, A.; Pelzer, L. Planta M&898,64, 657.
(f) Hsieh, H.-K.; Lee, T.-H.; Wang, J.-P.; Wang, J.-J.; Lin, C.ftharm.

Scheme 1 Res.1998,15, 39. (g) Arabaci, G.; Guo, X.-C.; Beebe, K. D.; Coggeshall,
o o o K. M.; Pei, D.J. Am. Chem. So&999 121, 5085. (h) Muller, A. A.; Reiter,
Al + )J\ )J\ Pd(0) A % S. A, Heider, K. G.; Wagner, HPlanta Med. 1999, 65, 590. (i)
Me” 07 “Me r Me Piyachaturawat, P.; Chai-ngam, N.; Chuncharunee, A.; Komaratat, P.;
Suksamrarn, AEur. J. Pharmacol200Q 387, 221. (j) Sala, A.; del Carmen
1 2 3 Recio, M.; Giner, R. M.; Manez, S.; Rios, J.-I.. Nat. Prod.2001, 64,

1360.
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To the best of our knowledge, the behavior of acetic ||| NG

anhydride as an acetyl donor in a palladium-catalyzed Table 1. Palladium-Catalyzed Synthesis of Acetophenones

reaction of this type has never been reported. from Aryl lodides and Acetic Anhydride

This result prompted us to search for optimal reaction T Substrate e product Sield
conditions for this substrate. A survey of reactions with a (h) %"
variety of bases (EtNBr DABCO, pyridine, KCQs) and
solvents (DMA, DMSO, THF, toluene) showed that the best 1 p-MeO-CeH,-I la 7 p-MeO-CeH,-COMe  3a 70°

results can be obtained by using 1.25 mol %(Blda) and
a 0.427 M solution op-iodoanisole with a 1:5:2 molar ratio
of p-iodoanisole:acetic anhydride:EtNAn DMF at 100°C 3 m-MeO-Cely-l  1b 24 m-MeO-CoH,-COMe  3b 67
for 15 h. Under these conditionp;methoxyacetophenone

was isolated in 70% yield and only trace amounts of the 4 0-MeO-C,H,-1 le 7 0-MeO-CH,-COMe 3¢ 25°
biaryl byproduct were observed. Interestingly, though a lower

39

P-MeO-CeHy T 1a 110 p-MeO-CH-COMe  3a51%¢

reaction rate was observed, the reaction can be successfully 3 p-Me-CsHel 1d 4.5 p-Me-CeH-COMe  3d 88
: ; on 20 .
gﬁg:ﬁga?l#rg]brgi,p;i?reyng)e_ of 2.5 mol % 5% palladium on 6 o-Me-CeHy-1 le 24 0-Me-CiH-COMe — 3e 77
Using the same conditions, we found that etip/ 7 3,5-Mep-CgHy-T 1f 30 3,5-Me,-C¢Hy-COMe 3f 70
iodobenzoate, a model electron-poor aryl iodide, gave the
biaryl derivative as the main reaction product: acetophenone ACO ! ACO COMe
and biaryl products were isolated in 34 and 57% yields, /\©/ /\©/
respectively. Utilization of phosphine ligands [RPR (- 8 lg 3 e 77
tol)s, P(2-furyl), tris(p-chlorophenyl)phosphine, tris(2,4,6-
trimethoxyphenyl)phosphine] did not have any beneficial 9 PhI 1h 85 PhCOMe 3h 74
effect on the reaction course. On the contrary, their employ-
ment tends to lower the yields of ethgdacetylbenzoate by I COMe
favoring the formation of the biaryl byproduct. The amount 6 ] - ]
of biaryl was found to decrease by adding LiCl and diluting 10 O Q i 6 7\ 3i 80
the reaction mixture. Indeed, in the presence of 5 equiv of =
LiCl and with a 0.142 M solution of ethyp-iodobenzoate,
acetophenone and biphenyl products were isolated in 70 and 11 p.F-C(H,-1 1j 6 p-F-CgH,-COMe 3j 90
10% vyields, respectively. It was observed that LiCl is more
effective tharfBu,;NCl and"Bu,NBr in limiting the formation 12 0-F-CgHs-l 1k 8.5 o0-F-C¢H-COMe 3k 74
of biaryls.
After observing the beneficial effect of LiCl and dilution 13- m-CE-Celle L 5 m-CheCell-COMe 3194
in limiting the formation of biaryls with ethyp-iodobenzoate, 14 p-Cl-CH,-I Im 8 p-Cl-CHiCOMe  3n 80

LiCl and 0.142 M solutions of aryl iodides were employed
in all the experiments we carried out, independent of the 15 p-EtOOC-CeH,-I  1n 1.45p-EtOOC-C¢H,~COMe 3n 70
nature of the aryl iodide. In practice, the conditions we used .
when the procedure was extended to include other aryl 16 p-MeCO-CiHel 1o 4 p-MeCO-Ctl-COMe 30 igg
iodides are as follows: aryl iodide (1 equiv, 0.142 M)Pd @7
(dba (0.0125 equiv), EtNPy (2 equiv), acetic anhydride 17 p-NOp#CeHl Ip 6 p-NO,CH-COMe 3p 50°
(5 equiv), LIiCl (5 equiv) in DMF at 100C.
it ; 2Unless otherwise stated, reactions were run in DMF at®@By using

Under these C_Ondltlons the reaction proceeds Very,smOOthlyO.MZ M solutions ofl. with the following molar ratios:1:2:EtNP,:LIiCl:
and, as shown in Table 1, appears to tolerate a wide rangepdydbay = 1:5:2:5:0.0125° All products gave appropriattH and 13C
of functionalized aryl iodides, including those containing NMR and IR spectra and elemental analytical datadoanisole 0.427 M.

h K d ni Th o In the absence of LiCH In the presence 0.025 equiv of 5% PdfComplex
ether, ketone, ester, and nitro groups. e presenod reaction mixture was obtained, containing about 20&hd other unidenti-

substituents does not seem to hamper the reaction (Table 1fied products! Corresponding biaryl was isolated in 20% yiefdL.:2:

entry 6). Acetophenones were isolated in excellent yield with mgj/f';igl'af’,?égf’raei;o}]g:nzgt;%?ﬁi'vgso{;gfaﬁ’tzgdi'r’:@’zggi’/'i;"l’gf isolated

a variety of neutral, slightly electron-rich, and slightly

electron-poor aryl iodides, whereas moderate yields were

obtained with aryl iodides containing strongly electron- the intermediacy of a five-membered ring, oxygen-containing

withdrawing substituents. With the latter substrates, biaryl palladacycle, as suggested by Dyker in the palladium-

byproducts were isolated in significant yield, even in the catalyzed C—H activation at methoxy groupsnd its

presence of LiCl (Table 1, entries 16 and 17). conversion into a phenoxymethylpalladium complex that
Only o-iodoanisole, among the substrates that we have subsequently reacts with acetic anhydride according to the

investigated, produced a complex reaction mixture containing present procedure.

the desired acetophenone derivative, phenoxyacetpaed The extension of the procedure to other anhydrides has

other compounds we have not further investigated (Schemebeen briefly explored. The reaction pfiodoanisole with

2). The formation ot is interesting. Presumably, it involves  propionic acid anhydride and hexanoic acid anhydride (24
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s Another possible mechanism, related to that proposed by

Scheme 2 Larock for the formation of indenones frontiodobenzal-
| dehyde and internal alkynésnvolves an oxidative insertion
0. of the arylpalladium complex into the anhydride €0 bond
©/ ® 4 (MeCO),0 to form the palladium(1V) intermedia’@t_hat C(_)ul_d ggnerate
# e the acetophenone product via reductive elimination. Inter-
D100 °CJ Pdz(dba)y mediate5 could also form via oxidative addition of acetic
Me. O ENPr, Licl anhydride to Pd(®)followed by the oxidative insertion of
Q the resultant acetylpalladium complex into the aryli®ond.
o. o N
Me | ©/ Me
0
3¢ (25%) 4(20%)
O _Me
Me/Z(Pd/ e
Ar” 1l O

h) afforded the corresponding aromatic ketone products in s

38 and 37% yields, respectively (the biaryl byproduct was |, conclusion, we have demonstrated the first examples
isolated in 7 and 9% yields, respectively). No benzophenone ut the palladium-catalyzed intermolecular reaction between
derivative was observed with benzoic acid anhydride. aryl iodides and carbonyl compounds. The reaction tolerates
A possible reaction mecha_mlsm accounting for_ the ob- important functional groups and could open up new and
served unprecedented palladium-catalyzed formation of ac-gyciting synthetic pathways. It compares well with most
etophenones from aryl iodides and acetic anhydride is ascommon palladium-based procedures for the preparation of
follows (Scheme 3): (a) oxidative addition of aryl iodide to acetophenones from aryl iodides (relying on the palladium-
catalyzed reaction of aryl iodides with tetramethylstanfiane
or methyl zind® in the presence of carbon monoxide, with

Scheme 3 vinyl ether/i1* and with zinc salts of enol ether aniohand
_~~NRy, HI, MeCOOH is particularly applicable to small-scale reactions where direct
use of carbon monoxide is impractical as in the synthesis of
EtNR, pd(0) Arl compound librarie? o . .
\&1 Research on the scope and limitations of this chemistry
Q are actively underway in our laboratory.
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N o } Supporting Information Available: Complete descrip-
Pd(0), (b) addition of the resultant arylpalladium intermediate (o, of experimental details and product characterization. This
to the carbonyl group of the anhydride to give an alkoxy- material is available free of charge via the Internet at
palladium intermediate, (c) formation of the acetophenone http://pubs.acs.org.
product byg-elimination of an acetoxypalladium species,
and (d) regeneration of the Pd(0) catalyst by reduction. OL027243B

Presumably, the reduction step is effected by the tertiary OF s of oxidative addiion of carboxvic amdrid

. 7 P H H H H or some examples ol oxidative addition ol carboxylic annyarides
amine: A similar mechanism, involving the |.ntramole(_:ular to Pd(0) species, see: (a) Nagayama, K.: Kawataka, F.. Sakamoto, M.:
addition of a C-Pd bond of aryl- and vinylpalladium  Shimizu, I.; Yamamoto, AChem. Lett.1995 367. (b) Stephan, M. S.;

i i =0 Teunissen, A. J. J. M.; Verzijll, G. K. M.; de Vries, J. &ngew. Chem.,
intermediates across th bond of aldehyde and kerone Int. Ed. 1998,37, 662. (c) Nagayama, K.; Kawataka, F.; Sakamoto, M.;
groups, has been proposed by Yamamoto for the palladium-gpimizy, 1.: Yamamoto, ABull. Chem. Soc. Jpn1999, 72, 573. (d)
catalyzed synthesis of indendi&indanols3® and other cyclic Yamamoto, A.; Kayaki, Y.; Nagayama, K.; Shimizu Synlett2000, 925.
alcohols3® (e) Googen, L. J.; Ghosh, KAngew. Chem., Int. E®001,40, 3458. (f)

: Jutand, A.; Négri, S.; de Vries, J. Gur. J. Inorg. Chem2002, 1711. (g)
Goopen, L. J.; Paetzold, J.; Winkel, Bynlett2002, 1721. (h) Gqegen, L.
(6) (a) Dyker, GAngew. Chem., Int. Ed. Endl992 31, 1023. (b) Dyker, J.; Paetzold, JAngew. Chem., Int. EQ002,41, 1237.

G. J. Org. Chem1993,58, 6426. (9) (a) Tanaka, MTetrahedron Lett1979 2601. (b) Stille, J. KAngew.
(7) For some examples of reduction of Pd(ll) species by tertiary amines, Chem., Int. Ed. Engl1986, 25, 508.
see: (a) Murahashi, S.-I.; Hirano, T.; Yano, J.Am. Chem. Sod.978, (10) Tamaru, Y.; Ochiai, H.; Yamada, Y.; Yoshida, ZTetrahedron
100, 348. (b) Murahashi, S.-1.; Watanabe JTAm. Chem. S04979,101, Lett. 1983,24, 3869.
7429. (c) Cacchi, S.; Arcadi, AJ. Org. Chem.1983, 48, 4236. (d) (11) (a) Andersson, C.-M.; Hallberg, A.; Daves, G. D. Ji0rg. Chem.
McCrindle, R.; Ferguson, G.; Arsenault, G. J.; McAlees, AJJChem. 1987,52, 3529. (b) Andersson, C.-M.; Hallberg, A. Org. Chem1988,
Soc., Chem. Commuh983, 571. (e) Amorese, A.; Arcadi, A.; Bernocchi, 53, 235. (c) Hallberg, A.; Daves, G. D., Zhem. Re. 1989,89, 1433. (d)
E.; Cacchi, S.; Cerrini, S.; Fedeli, W.; Ortar, Getrahedron1989, 45, Cabri, W.; Candiani, |.; Bedeschi, A.; Penco,5.0rg. Chem1992,57,
813. (f) Stokker, G. ETetrahedron Lett1987,28, 3179. (g) Sa&, J. M,; 1481. (e) Cabri, W.; Candiani, |.; Bedeschi, A.Org. Chem1992,57,
Dopico, M.; Martorell, G.; Garcia-Raso, A. Org. Chem1990,55, 991. 3558. (f) Xu, L.; Chen, W.; Ross, J.; Xiao, Qrg. Lett.2001,3, 295.
(h) Cabri, W.; Candiani. I.; Bedeschi, A.; Santi, R.Org. Chem1992, (12) See, for example: (a) Lew, A.; Krutzik, P. O.; Hart, M. E;
57, 3558. (i) Friestad, G. K.; Branchaud, B.Tetrahedron Lett1995,36, Chamberlin. A. RJ. Comb. Chen2002,4, 95. (b) Larhed, M.; Hallberg,
7047. (j) Cacchi, S.; Fabrizi, F.; Gasparrini, F.; Pace, P.; VillanSyhlett A. Drug Discovery Today001,6, 406. (c) Strauss, C. R.; Trainor, R. W.
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