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Preparation of Indole-2-Carboxamides by Palladium-catalysed Carbonylation
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Abstract: Palladium-mediated carbonylation of a 2-iodoindole in the presence of an amine
provides an efficient method for the preparation of indole-2-carboxamides. The process is
clean and rapid, and appears to be general where the amine component is sufficiently non-
volatile. © 1998 Elsevier Science Ltd. All rights reserved.
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usable if an electrophilic or acidic group is present in the molecule, as in the CCK-A antagonist, Lintitript (SR27897,
1).2 The present work resulted from the need to develop an approach suitable for application to !!C-labelling of 1, the
labelled carbon being inserted as late as possible in the sequence, in the presence of the carboxylic acid functionality or
a derivative (Scheme 1). We chose to investigate a palladium-mediated process for introduction of the carbonyl group
at C-2.3 The formation of amides by carbonylation of amines in the presence of a carbon electrophile is well
precedented,* and palladium-catalysed carbonylation has been applied recently by Andersson and Langstrom? to the
introduction of an ''C-labelled carbonyl group into ketones. However, carbonylation of a 2-haloindole appears to be
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Scheme 1. Conceptual Approach to 1.
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Table 1. Formation of 1 and 2 by Palladium-catalysed Carbonylation

R Catalyst (5%) Solvent  Yield, % R Catalyst (5%) Solvent Yield, %

+-Bu  Pd(PPh3)4+ 10%PPh;  DMSO 27.6 H Pd(PPhy) + 20%PPh3 DMSO 6.0

-Bu  PdCI(PPhs), DMSO 244 H Pd(PPh3), DMA 41

-Bu  PdCl(PPh3), DMA 16 H PdCl,(PPhs); - Cul, BusN  DMA 31

t-Bu  PdCL,(PPh;); +BusN  DMA 33 " |H PdCIy(PPh3), DMA 76

H Pd(PPhs), DMF 86 H  PdCly(PPhy), +Bu;N DMA 85

The precursors for the carbonyi-"tim reaction, 2-iodoindole- 1-acetic acid and its zert-butyl ester,” were obtained

readily by alkylation of the sodium sait of 2-1odoindole8 with ethyi or tert-butyl bromoacetate in DMSO foliowed, in

the former case, by base hydrolysis. Carbonyiation of either of these iodoindoles in the presence of 4-(2-
chlorophenyl)thiazole and a suitable palladium catalyst was rapid; using the optimised conditions outlined below,
carbonylation was normally complete within 5 minutes and in no case was it advantageous to continue the introduction
of carbon monoxide for more than 10 minutes.

The efficiency of carbonylation was dependent not only upon the catalyst used, but also upon the reaction

solvent: the best combination tested was bis(triphenylphosphine)palladium(II) chloride in N,N-dimethylacetamide

reaction. A 1:2 ratio of palladium to triphenylphosphine appears to be adequate: yields dropped when more than this
quantity of phosphine was used. No attempt was made {o carry out the reaction in the absence of triphenyiphosphine.
In all cases, the reaction proceeded to give a single product: where the yield was poor, the balance was found to consist
of starting materials. Thus, the method provided a rapid and effective preparation of 1. In addition, the zerr-butyl ester
2, was cleaved by trifluoroacetic acid in dichloromethane to give 1 in 80% yield.

Having optimised the carbonylation procedure for the preparation of 1, it was of interest to examine its
applicability to a range of amine substrates, the results of which are summarised in Table 2. The yields obtained for the

formation of amides 3-6 are essentially as would be expected; it is likely that the poor yield of 8 merely reflects the

lesser reactivity of the amine. The meodest yield of 8 is disappointing, given the tolerance of acidic functionality
At el o ooal s L Y sl il a nncanle A sl octeenatantn aklencnatan AL Sliinian Th
aiready demonsiraied in the preparation of 1, and i$ presumably a resuli of ine zwitierionic character of giycine. The

failure of the known compound 11% to be formed is likely to be a result of physical factors: N,O-

dimethylhydroxylamine, generated in siru from its salt, is likely to evaporate rapidly under the reaction conditions,
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being therefore unavailable to react. An attempt to couple 2-iodoindole with frans-4-aminocyclohexanol afforded,
P g § P D o Loi ol A2 4 o a o [EP) MSPATS RPN PO ey P PN PP IS P Y W O Y
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prepared independently for comparison).

In summary, we have demonstrated the efficiency of palladium-catalysed carbonylation of a 2-iodoindole in
the presence of an amine as a means to introduce an amide sidechain at C-2 of an indole. As long as it is carried out at
atmospheric pressure, the process is limited principally by the boiling point of the amine, accomodating primary and

secondary aliphatic and aromatic amines, and tolerating acidic functionality elsewhere in the molecule.

RNHR', BuzN PN
l\/L PdCIy(PPha)y U\ \>—C0NRR'
g DMA, ca. 115°C %\I{
3.7

Table 2. Formation of Indoles 3-7 by Palladium-catalysed Carbonylation

RNHR' Product Yield RNHR' Product  Yield
/ \ /3§ 3 829%* N\ - 0
A Hom( )T
' NH,
cl

BuNH, 4 82% p-H;NCeH,COCH3 8 33%
H;NCH,COOH 5 51% PhNHMe 9 97%
BnNHMe 6 90.5% BnONH, 10 84%
PhNH, 7 76% MeONHMe 11 0

*11% without BuzN
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e procedure is
mmol), 4-(2-chlorophenyl)thiazol-2-amine? (64 mg, 0.3 mmol) and bls(dxphenylphosphmo)palladmm dlchlonde (10

NNt AT AT

mg, 0.015 mmol) in anhydrous N, N-dimethylaceiamide (2.5 mi), under a bianket of nitrogen, was heated in an oil bath
at 112-113%C. Carbon monoxide gas was introduced in a slow stream, during 10 minutes, through a fine needle placed
below the surface of the solution The mixture was cooled and partitioned between ethyl acetate and aqueous sodium
hydrogencarbonate. The aqueous phase (containing unreacted 2-iodoindole- 1-acetic acid and a little product) was re-
extracted with ethyl acetate and the combined organic phases were washed twice with IN aqueous sodium hydroxide.
These extracts (containing slightly impure product) were combined (pH >14) and acidified to approximately pH 1-3
with IN hydrochloric acid, and extracted with ethyl acctate. The latter extracts were washed once with aqueous sodium
hydrogencarbonate, dried (MgSO4), and concentrated under reduced pressure to give 1 (105 mg, 85%) which was

ive white crystals, m.p. 250-252°C (dec.). 8y (CD;SOCD;) 5.58 (s, 2H), 7.15 (ddd.
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H), 7.29 (d, 1H), 7.34 (ddd, 1H), 7.38 (ddd, 1H), 7.44 (ddd, IH), 7.55, (ddd, 1H), 7.59 (ddd, 1H), 7.63 (dd, 1H), 7.71

(dd, 1H), 7.84 (ddd, 1H). m/z 411,413 (3:1, M*), 393, 395 (3:1), 237, 239 (3:1), 210, 212 (3:1).
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Previously unreported indole-2-carboxamides prepared were:

3. '7al 2Vl PRt A 7o QLI £72Q /¢ HDITN 717 7111 1T 7 1£

n /A 11y 7 18 7 &N
Ll Ull UH \\,Ubl3} 1.45 A8, 1), J.£7 \§, 211, 1.3 (QAq, in), /.10Q, 1 Y

H), 7.15-
1H); m/z (CI-NH3) 468.1154 (MH™; calc. for C4H,3CIN405S 468.1149), 202 (100%).
3: white solid, m.p. 248°C. Found: C, 61.3; H, 3.6; N, 11.7; S, 9.9%. CgH;>CIN3OS requires C, 61.1; H, 3.4; N, 11.9;
S, 10.0%. 33(CD3SOCD3) 7.08 (ddd, 1H), 7.26 (ddd, 1H), 7.38 (ddd, 1H), 7.45 (ddd, 1H), 7.48 (dd, 1H), 7.57 (dd, 1H),
7.67 (s, 1H), 7.69 (m, 2H), 7.91 (dd, 1H). m/z 353.0388, 355 (3:1, M*, calc. for C,gH|2CIN;OS 353.0390), 144
(100%).
8: white solid, m.p. 242-244°C. Found: C, 71.2; H, 54; N, 94 %. C;H4N,0,.1/2H,0 requires C, 71.1; H, 5.3; N,
9.7%. 8y (CDySOCD3) 2.56 (s, 3H), 7.08 (dd, 1H), 7.24 (dd, 1H), 7.45 (d, 1H), 7.49 (s, 1H), 7.70 (d, 1H), 8.0 (4H),
10.51 (s, 1H). m/z 278 (M*-, 100%).

olid, m.
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Oy (CD3S0OCD;3) 3.23 (br s, 3H), 4.80 (br s, 2H), 6.80 (1H, br s), 7.03 (dd, 1H), 7.18 (dd, iH), 7.25-7.5 (m, 7H), 7.57
(d, 1H). m/z 264 (M*-), 120 (100%).

10: white solid, m.p. 148-149°C. Found: C, 72.3; H, 5.4; N, 10.2%. C;¢H4N,0, requires C, 72.2; H, 5.3; N, 10.5%.
8y (CD3SOCD3) 4.97 (s, 2H), 7.00 (s, 1H), 7.04 (d, 1H), 7.19 (d, 1H), 7.3-7.55 (8H), 7.61 (d, 1H). m/z (CI-NHs) 284
(MNH,1), 267 (MH*, 100%).
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By comparison, treatment of indole-1-acetic acid with butyllithium followed by tert-butyllithium resulted in
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deprotonation o~ to the acid. Attempts to form ortho esters of indole-1-acetic acid were unsuccessful.
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1. Data for these intermediates are as follows.
2-lodoindole-1-acctic Acid: white solid, m.p. 131-136°C. 8y (CD30D) 2.96 (s, 2H), 6.78 (d, 1H), 7.02 (ddd,
1H), 7.10 (ddd, 1H), 7.30 (dd, 1H), 7.47 (ddd, 1H). m/z (APCI-) 300 ([M-H]", 100%).
tert-Butyl 2-Iodoindole-1-acetate: foam. &y (CDCI3) 1.45 (s, 9H), 4.81 (s, 2H), 6.83 (d, 1H), 7.05-7.35 (m,
3H), 7.53 (dd, 1H). m/z (CI*) 358.0301 (100%; [MH]*; calc. for C;4,H7INO; 358.0304), 301, 256, 232, 130.
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