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Hypervalent iodine in synthesis 68: palladium-
catalysed double carbonylation of diaryliodonium
salts to give a-keto-amides’

Tao Zhou and Zhen-Chu Chen*
Department of Chemistry, Zhejiang University(Xi-Xi Campus), Hangzhou 310028, PR. China

In the presence of a palladium catalyst and the cocatalyst Cul, several diaryliodonium salts have been converted into
a-keto amides on treatment with secondary amines and carbon monoxide in good yield and selectivity under mild
reaction conditions.
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In spite of extensive investigation of the palladium-catalysed In the presence of Pd{iPPh), and Cul, the reaction pro-
carbonylation of diaryliodonium salts for the synthesis of ceeded smoothly and was completed within 1.5-2h in good
acids! ester$ and carbonyl compoundsgdouble carbonyl- yield and high selectivity with the formation @fketo-amide.
ation is not known. As a part of our researches on the pallaih the absence of Cul, the yield was lower even with a longer
dium-catalysed reactions of hypervalent iodonium salts, wegeaction time (entry 2). Hence so the addition of Cul as a cocat-
found that in the presence of secondary amines the palladiun@lyst is essential. Several diaryliodonium salts with various
catalysed double carbonylation of diaryliodonium salts cansubstituents (such as methyl, chloro and methoxy) and sec-
occur easily to provide a convenient route for the synthesis ophdary amines were tested. The reaction is general for these
a-keto-amides. In fact, simply stirring a mixture of §ubstrates. The selectivities farketo-amide format|o[1 was
diaryliodonium salt, secondary amine, P4€Ph), and Cul influenced by reactants. In our test, no trace of amides were
in DMF under one atmosphere pressure of carbon monoxidéund except in entry 4 when N, N-diethyl 4- chloro-benza-
at room temperature gave, after work up and isolationythe Mide as a by product was formed in 12% yield and in entry 8
keto-amide in good yield (Scheme 1). The results are sumENtY when 4-benzoyl morpholine was formed in 15% yield.

marised in Table 1. All products gave satisfactory IRtbr The proposed mechanism to account for the palladium-
NMR spectra. catalysed di- and mono-carbonylation of diaryliodonium salts

in the presence of secondary amines is illustrated in Scheme 2.
When the arylpalladium intermediateindergoes CO inser-

PACL(PPh),/Cul tion to give the aroylpalladium specisan a-keto amide is
Ar,I"BF,” + HNR|R, + CO——— > ArCOCONRR, formed. On the other hand, coordination of CGtfollowed
1 2 DMF, rt, 1.5-2h 3 by reaction with amine affords the simple amide. Hence the
selectivity fora-keto amide formation is predominantly deter-
Scheme 1 mined by the reactivity of amine ¥ The faster the rate of the

Table 1 Double carbonylation of diaryliodonium salts to give a-keto amides

Entry Ar,I*BF HNR;,R, Products Yield/%
1 Ph,I*BF,1a HNEt, 2a PhCOCONEt, 3a 88
23 1a 2a 3a 33
3 (Tol), I"BF,"1b 2a TolICOCONEt, 3b 82
4 (p-CICgH,),I*BF,1¢ 2a p-CIC;H,COCONEt, 3¢ 72
5 (p-CH;0C.H,),I*BF "1d 2a p-CH,0C,H,COCONEt, 3d 68
CH,
6 1a CH;NHCH,Ph 2b PhCOCON \ 3e 77
CH,Ph
7 1a HN ) 2¢ PhCOCON > 3f 85
/~ N\ /N
8 1a HN 0O 2d PhCOCON O 3¢9 73
n_/ 7/
9 1a HNMe, 2e PhCOCONMe, 3h 84
10 1b 2e ToICOCONMe, 3i 74
11 1d 2e p-CH,0C,H,COCONMe, 3j 72

aCul is not added, the reaction time is 10h.
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R,NH
co ArCOPd(BF)L, ———> ArCOCONR,
Pd(O)L, / 5 co
ArI'"BF; —— > ArPd4(Bl:4)L2 co
R,NH
ArPd(CO)(BF)L, ——>  ArCONR,
Scheme 2
reaction of amine t8 is, the better the selectivity for-keto- N, N-diethyl-4-methy&-oxo-benzeneacetamidd: m.p. 46-48C

amide formation is. Possibly because its nucleophilicity is(liit"* mp was not reported), GC purity 98.8384,0.9-1.5 (m, 6H), 2.3

: 3H), 2.9-3.6 (m, 4H), 7.05-7.4 (m, 2H), 7.6-7.9 (m, 2H).
weaker than those of other selected secondary amines becad§ex(mrl) 1640, 1680, M$1/2239 (M. 1.76), 119 (100), 100 (56 53).

of the strong electronegativity of oxygen, morpholine reaCtSVmﬁ, N-diethyl-4-chloroa-oxo-benzeneacetami: m.p. 66—67C
with 5 with a little more difficulty than the other amines, so (jit4 m.p. was not reported), GC purity 97.5386, 0.9-1.4 (m, 6H),
more amide is formed. Primary amines are usually not suitable.15 (q, 2H), 3.45 (g, 2H), 7.3-7.6 (m, 2H), 7.75-8.0 (m, 2H).
for this reaction. We examined the reaction of diphenyliodo-Vmﬁg(C’\r:le_) 134'021168% M%/ZZS?)(M*, 1.06), %39 %élLSzl)’(I:'Lt(‘J‘g) (égo)-

i i i _ N, N-diethyl-4-methoxg-oxo-benzeneacetami@e: oil (lit?),
e s buty 5211 03 141 1, 58595 (04,373 & 51)

2 6.7—7.0 (M, 2H), 7.53-7.9 (m, 2H),__ (cnT?) 1650, 1685. MSn/z
Cul at room temperature for three hours. Only monocarbonylyzs (v, 0.54), 135 (100), 100 (12.08).
ation product N- benzyl benzamide was obtained in 56% yield N-benzyl, N-methyt-oxo-benzeneacetamidge oil (lit4), GC
(confirmed by m.p., IR antH NMR). purity 99.52%93 ,2.66 (s) and 2.78 (s) (total 3H), 4.2 (s) and 4.53 (s)

The diaryliodonium salt also has an effect on the selectivity(total 2H), 7.05-7.53 (m, 8H), 7.7-8.0 (m, 2N}, (cnT™) 1650,
for a-keto amide formation. The presence of electron-1690: MSm/z253 (M', 1.14), 148 (10.09), 105 (81.77), 91 (100).

. . . . o 1-(a-Oxophenylacetyl)piperidine3f: m.p. 105-107C (lit
W|thdraw_|ng substituent ywll enha_nce the eletrophilicity qf 107-108C), 5 ,, 1.4-1.9 (m, 6H), 3.2 (m, 2H, NC}f 3.6 (m, 2H,
CO-oordinated arylpalladium species. Therefore the result is §cH,’), 7.25-7.65 (m, 3H), 7.75-8.05 (m, 2M),_ (cnT) 1640, 1685.
decrease in the selectivity for-keto formation, such as in 4-(a-Oxophenylacetyl)morpholingg: m.p. 69-71C (lit1%@ m.p.
entry 4. The result is similar to that of the palladium catalysedvas not reported), GC purity 98.55%,, 3.15-3.8 (m, 8H), 7.2-7.6
double carbonylation of arylhalide. (m, 3H), 7.75-8.0 (m, 2H) , (cnT?) 1645, 1675. MS$n/z219 (M,

° : . - 11.24), 114 (5.40), 105 (100):
The a-keto amides have potential applications for the syn N, N-dimethyle-oxo-benzeneacetamiaé: oil (lit” oil), GC purity

thesis of a variety of useful products includm@mino acids, 99 150,5, 2.9 (s, 3H, CH), 3.1(s, 3H, CH), 7.2-7.6 (m, 3H),
a-hydroxy acids, and heterocyclic compouR@everal proce-  7.7-8.0 (mH, 2H), . (cnr?) 1645, 1685.

dures leading toi-keto amides are available in literature. For ~ N,N-dimethyl-4-methyd-oxo-benzeneacetamidei: m.p. 44—
example, from ethyl alkylidenecyanoacetafeom the reac- ~ 46°C (it mp 45-46C),5,,2.33 (s, 3H), 2.8 (s, 3H, Chi 3.0 (s, 3H,
tion of aryllithium and tetramethyloxamideand froma-oxo ~ CHa). 7.0-7.3(m, 2H), 7.55-8.0 (m, 2H),,(cnT™) 1645, 1685.

. . . . - N,N-dimethyl-4-methoxg-oxo-benzeneacetamide 3j:  m.p.
acid g:_hlondes and_ aminésnd from the reaction of dimethyl- 75-77C (it” m.p. 74-76C), 3,, 2.8(s, 3H, CH), 2.95 (s, 3H, CH),
oxanilides and Grignard reageff§hese methods have some 375 (s, 3H), 6.7-7.0 (M, 2H), 7.6-7.9 (M, 21, (cnT™) 1650, 1685.
disadvantages, such as harsh reaction conditions, long proce-
dures and low yields. Although the double carbonylation ofReceived 13 November 2000; accepted 9 January 2001
aryl halides in the presence of a palladium catbigirovides ~ Paper 00/616
a more convenient synthesis fmketo amides in contrast to
the earlier methods, it requires a high pressure of carboReference
monoxide and high reaction temperature, otherwise the selecq . xja and z.-C. Chen. Chem. Res., (3999, 328.
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