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Abstract:

The development of a new, practical synthesis to tenidap is
described. N,O-Dialkoxy(aryloxy)carbonylation of 5-chloro-2-
oxo-2,3-dihydroindole, followed by removal of theO-alkoxy-
(aryloxy)carbonyl group gave 1-[alkoxy(aryloxy)carbonyl]-5-
chloro-2-ox0-2,3-dihydroindoles in good yields. The latter
compounds were thenoylated in the 3-position. The role of
DMAP in the acylation reaction is discussed. The structures of
the thenoylated products and their enolate salts were investi-
gated both in solution and solid phases. Ammonolysis of
5-chloro-3-[1-hydroxy-1-(2-thienyl)methylene]-2-oxo-1-phenoxy-
carbonyl-2,3-dihydroindole afforded the corresponding 1-car-
bamoy! derivative (tenidap) in high yield. The corresponding
1-ethoxy- and 1-methoxycarbonyl derivatives could not be
similarly transformed to tenidap; loss of the alkoxycarbonyl
moiety occurred instead of carbamoylation.

Introduction

The methods previously described for the synthesis of
tenidap are shown in Scheme 1. Two routes (a and b) were
elaborated starting from 5-chloro-2-oxindo®¥* just dif-
fering in the sequence of the introduction of the substituents.
According to method a, thenoylation &fwith thiophen-2-
carbonyl chloride t@* is followed byN-carbamoylation, with
chlorosulfonylisocyanate and subsequent hydrofy#s-
cording to route b, 1-carbamoyl derivatidewas prepared
in the first step by the reaction @with chlorosulfonyliso-
cyanaté and subsequent hydrolysis. Thenoylation of com-
pound 4 afforded tenidapl.>® Intermediate4 was also
obtained by cyclisation of urea in very low yield (route
¢).8 Considering the published yields of the above procedures,
route b seems to represent the only practical approach to
tenidapl.

We were interested in a new patentable manufacturing
synthesis of tenidaft, avoiding the use of the inconvenient
chlorosulfonylisocyanate in the course of the procedure. Here

Oxindoles constitute a new class of drugs for the treatmentwe report a new synthesis of teniddp satisfying these
of rheumatoid arthritis and osteoarthritis exhibiting cyclooxy- criteria’
genase inhibiting activity and cytokine modulating properties.
An outstanding example of these antirheumatic oxindoles
tenidap 1 ((2)-5-chloro-3-[1-hydroxy-1-(2-thienyl)methyl-
ene]-2-oxo-2,3-dihydroindole-1-carboxamide) was discov-  Qur strategy for the new synthesis was to use the
ered and developed by Pfizer, and regulatory approval WasappropriateN-carboxylate as the precursor of tNecarbam-

granted for its sodium salt in several countriéDespite oyl functionality, that is to introduce tHg-carbamoyl moiety
the very high market expectations, finally it was not launched

" Results and Discussion

because of serious side effects.
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via alkoxy(aryloxy)carbonylation of the oxindole nitrogen
followed by treatment with ammonia. Compouriand4
could also not be used for patent reasons. Therefore the
N-carbamoyl group of tenidapwould have to be introduced

in the last step of synthesis by ammonolysis of a key
N-carboxylate intermediate¢ (Scheme 2) prepared by
thenoylation of6.

(3) Junge, H. (BASF AG)Ger Offen. 21 58955, May 30, 197@hem. Abstr.
1973,79, 66169z.
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First we addressed the task of preparihgalkoxy-
(aryloxy)carbonyloxindole§.2 Reaction of 2-oxindole with

(8) During the compilation of our manuscript the protection of the amide
nitrogen of indol-2-ones with Boc and benzyloxycarbonyl group was
reported using (Bog) and benzyl chloroformate, respectively, in THF in
the presence of N&O; or NaHCQ at room temperature: Rajeswaran, W.
G.; Cohen, L. A.Tetrahedron1998,54, 11375.

Scheme 3
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an equivalent of ethyl chloroformate in the presence of
triethylamine in THF is reported to give the corresponding
1-ethoxycarbonyl derivative after chromatographic separa-
tion.? The low yield (20%) can be attributed to simultaneous
formation ofN,O-diethoxycarbonylated product as indicated
by our experimentsN,O-Diethoxycarbonylation of some
3-substituted 2-oxindoles with excess of ethyl chloroformate
was reported® Consequently we decided to carry out the
synthesis of compound§ in a new two-step sequence
starting from readily available 5-chloro-2-oxindole £2).

In the first step, oxindol@ was treated with 2.2 equiv of
ethyl chloroformate in the presence of triethylamine in THF
to afford8ain excellent yield (Scheme 3). The corresponding
methyl and phenyl ester8l§ and8c) were obtained similarly.

In the second step, selecti@dealkyl(aryl)oxycarbonylation
of compounds8 was accomplished with 1 equiv of am-
monium carbonate in DMF under mild conditions to furnish
6 in good yield.

When applying more vigorous reaction conditions, dif-
ferent byproducts were formed, depending on the structure
of the carbamate moiety. Thus, longer treatmerafvith
ammonium carbonate at ambient temperature resulted in the
formation of a ring-opened byprodu®t(10% after 24 h),
indicating attack of ammonia at the oxindole carbonyl group
of initially formed 6a (an ill omen regarding the introduction
of theN-carbamoy! group via ethoxycarbonyl intermediate!).
Heating8a with 2 equiv of ammonium carbonate at-890
°C in DMF for 5 h,9 was obtained as the single product
(79%). Similar result was obtained with ammonium acetate
at 0—5°C for 5 h. Although formation of byproduet was
observed after prolonged reaction & with ammonium
carbonate in DMF at ambient temperature, elevated temper-
atures led to the formation of compoun@snd4, demon-
strating that in this case the carbamate carbonyl groz of
is attacked by ammonia more readily than the oxindole
carbonyl.

Thenoylation of compound8 with thiophen-2-carbonyl
chloride in the presence of 2.2 equiv of 4-(dimethylamino)-

(9) Caramella, P.; Coda Corsico, A.; Corsaro, A.; Del Monte, D.; Marinone
Albini, F. Tetrahedron1982,38, 173.

(10) (a) Beccalli, E. M.; Marchesini, ASynthesisl992, 265. (b) Beccalli, E.
M.; Marchesini, A.; Pilati T.Synthesis1992, 891. (c) Beccalli, E. M.;
Marchesini, A.; Pilati, T-Tetrahedron1992,48, 5359. (d) Beccalli, E. M.;
Marchesini, A.; Pilati, T.Tetrahedronl993,49, 4741. (e) Beccalli, E. M;
Marchesini, A.Synthetic Comm.1993, 23, 2945. (f) Beccalli, E. M.;
Marchesini, A.; Pilati TTetrahedronl994,50, 12697. (g) Beccalli, E. M.;
Marchesini, A.; Pilati T.J. Chem. Soc., Perkin Trans.1994, 579. (h)
Beccalli, E. M.; Marchesini, AOrg. Prep. Proced. Int1995,27, 113. (i)
Beccalli, E. M.; Marchesini, A.; Pilati, TTetrahedron1996,52, 3029.
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Figure 1. ORTEP drawing of 12a. Thermal ellipsoids have | Etl mel Ph 1

been drawn at the 50% probability level. © lHCI
pyridine (DMAP) in DMF followed by an acidic workup

provided compound$2 in good yield, which are the enolic 7 s
forms of the required key intermediatés The Z enol — oH

structure was assigned to compoud@dased ortH NMR
studies where significant NOE between oxindole C4 and
thiophene C3 hydrogens was detected. The X-ray structure N
analysis has shown that compouh2a exhibits theZ enol
structure also in the crystalline form (Figure 1).

It is suggested in the patent literattifehat this thenoy-
fr:{r:(i)r?egiinn :; di?i?):l(tag I(D)lt\jlt A?Dls?oIrne;r;emggS?r?z;iy?;;iizzuS ?s driyen by enolisation to the right as demonstrated by the
N-methylmorpholineN—methy]piperidine et,c In our hands’ isolation of eno_latealaand llc,.vx_/mch. were converted to
thenoylation of compound8 in the pres,ence' of 2.2 equiv theﬁcgrr;fgg&ingfff ; ﬁ:yma\l/c;gglc;té%nb sinale-crvstal
of triethylamine did not give the required 3-thenoyl deriva- g y sing y

: ) . ; X-ray analysis andH NMR studies in detail. The X-ray
tives12in good yield, that is, DMAP cannot be replaced by . ' .
triethylamine. However, freatment @& with thiophen-2- structure analysis revealed tdtaadopts ark configuration

carbonyl chloride in the presence of 1.1 equiv of triethyl- in the crystalline state (Figure 2). The protonated DMAP

. o . (HDMAP) cation is linked with hydrogen bonds to the
- 0,
22:T|]r;er:;f;rg§d)_t:]hle riogl qerg@:/lfl:sctg‘? a/ ?%znvgrz(l)emthgnent oxygens of the ring and the carbamate carbonyls (i.e., it is
gave a mixtlureV\(l)lf thé staqutjilr\:g compoudand t;1e requi[r)e d not connected with the oxygen of the thenoyl carbonyl).
3-thenoyl derivativel2c (Scheme 4). The rearrangement of However, theE isomer which is stable in the crystalline

L ; ; state interconverts to theisomer in solution, as suggested
O-thenoyl der|vat|V(_§L0c_|n the presence .Of 1.1 equiv DMAP by thelH NMR spectra. The temperature dependence of the
gave C-thenoyl derivativel2cin good yield.

Th result t that formation of enbf b chemical shifts of oxindole C4 and thiophene C3 hydrogens
ese results suggest Inat formation ot € y and the NOE observed between them indicates the presence
thenoylation of oxindole$ involves a multistep reaction

-O-th lation t 450 foll d b of the Z isomer in solution that is, practically free rotation
sequence.L-thenoylation 1o compounds Toflowed by about the bond between oxindole C3 and the carbon attached
rearrangement, affording 3-thenoyl derivativégthe keto

. . . to the ring. Thek isomer is expected to be the more stable
I)OL::nt())c]:ttr?ei:n?r::m?gg;?é O(;:?ﬁg?g I?;';?nzalgg Cgmi(lj?" one due to the unfavourable interaction (electrostatic repul-
however, the rear?an ement takes yIace smoothly onl ’inSion) between the oxygens in tieisomer:*
the res,ence of DM%]AP Because pof tieketo a?/ni dey Attempts to convert ethylcarbamafea to tenidapl,

P ) under different conditions, failed. The reactionldfa with
structure of compound, the rearrangemeiO to 7 should
bg reversible in the presence of basg, in principle. Pe§p|te(11) sun, L: Tran, N.: Tang, F.: App. H.: Hirth, P.: McMahon, G.: TangJC.
this fact the reaction can be accomplished; the equilibrium = Med. Chem1998,41, 2588.
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Figure 2. ORTEP drawing of 11a. Thermal ellipsoids have

been drawn at the 50% probability level.

ammonium carbonate in DMF at room temperature for 2 h

resulted in the formation of ammonium sdlBa. After Structure Determination of 11la and 12a by X-ray

treatment ofl2awith ammonium carbonate in DMF at 80  Crystallography. The X-ray measurements were carried out

°C for 6 h, the starting material was recovered after acidic by Professor A. Kalman and Mr. Gy. Argay (Institute of

work-up. The application of other ammonia sources and more Chemistry, Chemical Research Center of the Hungarian

vigorous reaction conditions resulted in the formation of Academy of Sciences). Intensity data were collected on an

substantial amounts of deethoxycarbonylated pro@pend Enraf Nonius CAD4 diffractometer. The structures were

experiments with methylcarbamat&b gave similar results ~ Solved by direct methods.

(Scheme 5). 1la: GaH2CIN3OS; M, = 471.95, crystallized from
However, phenylcarbamati2c could be converted to ~ acetonitrile as orange crystals. The monoclinic cell param-

tenidapl under straightforward conditions. Thus, treatment eters and calculated cell volume are= 10.949(1) Ab =

of 12cwith 2 equiv of ammonium carbonate in DMF at75 ~ 11.013(2) A ¢ = 19.142(2) A, = 100.56(1)°,V =

80 °C for 5 h, followed by an acidic work-up gave tenidap 2269.1(5) R. Space group:P12/n 1. Refinement orf?

1in excellent yield. The reaction may also be accomplished Vvalues for all non-hydrogen atoms yielded R1.0506 and

at a lower temperature by stirring at 28 for 24 h. An ~~ WR2 = 0.1756 for 3867 [I> 20(l)] observations.

important requirement for a smooth reaction is an adequate  12a: GeH12CINO,S; M, = 349.78, crystallized from

solubility of the rather unsoluble initially formed ammonium aqueous ethanol as yellow crystals. The monoclinic cell

salt13c Therefore, the use of DMF in the reaction is crucial. parameters and calculated cell volume are 6.972(1) A,

The ammonium salt crystallises out in less polar solvents b = 17.572(2) A,c = 12.809(1) A, = 96.93(2)°,V =

and does not react further. For instance treatmemh®ofvith 1558.1(3) &. Space group:Pc. Refinement orF? values
ammonium carbonate in refluxing dichlormethane gaSe for all non-hydrogen atoms yielded R4 0.0382 and wR2
in high yield. = 0.0803 for 3635 [I> 20(I)] observations?

It is interesting to note that oxindold and 12¢ show 5-Chloro-1-ethoxycarbonyl-2-oxo-2,3-dihydroindole (6a).

different reactivity of theN-phenyloxycarbonyl group when ~ To a solution o8a(31.2 g, 0.1 mol) in DMF (200 mL) was

treated with ammonium carbonate in DMF at elevated added finely powdered ammonium carbonate (7.80 g NH

temperatures; whereas removal of phenyloxycarbonyl groupcontent 22%, 0.1 mol) at-65 °C. The mixture was stirred

(formation of 2) was observed with the former, the latter for 6 h at room temperature. It was poured into ice—water

gave a clean carbamoylation reaction to the corresponding(400 g). The crude product (21.3 g, 89%) was filtered,

N-carboxamide. washed with ethanol, and recrystallized from ethyl acetate
The studies described above allowed the development ofto give 6a (17.3 g, 72%) as colorless crystals: mp 101

a patent-free simple one-pot process for the preparation 0f102°C.*H NMR (CDCls;, 400 MHz)¢ 7.81 (1H,d,J=8.8

tenidap (1) starting frorN,O-diphenoxycarbonyl derivative  Hz), 7.31 (1H, ddJ = 8.8 Hz,J = 2.2 Hz), 7.26 (1H, dJ

8c by successive treatments with ammonium carbonate, = 2.2 Hz), 4.48 (2H, q) = 7.4 Hz), 3.67 (2H, s), 1.49 (3H,

thiophen-2-carbonyl chloride in the presence of DMAP and t, J= 7.4 Hz);3C NMR (CDCk, 101 MHz)6 171.7 150.5,

ammonium carbonate, in an optimized overall yield of 75%. 139.1, 129.7, 128.0, 124.9, 124.3, 116.2, 63.4, 36.1, 14.1;

IR (KBr, cm™%) 3111, 2947, 1786, 1730. Anal. Calcd for

Experimental Section CuiH1CINOs: C, 55.13; H, 4.21; CI, 14.79; N, 5.84.
Melting points are uncorrected. Infrared spectra were Found: C, 55.52; H, 4.20; Cl, 14.68; N, 5.82.

recorded as KBr pelletdH NMR spectra were recorded at

200 or 400 MHz and®C NMR spectra at 50.3 or 101 MHz (12) The authors have deposited atomic coordinated farand 12a with the

as indicated. All unspecified reagents were from commercial Cambridge Crystallographic Data Centre. The coordinates can be obtained,

on request, from the Director, Cambridge Crystallographic Data Centre, 12
resources. Union Road, Cambridge, CB2 1EZ, UK.
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5-Chloro-1-methoxycarbonyl-2-ox0-2,3-dihydroin- 5-Chloro-1-phenoxycarbonyl-2-(phenoxycarbonyloxy)-
dole (6b). This compound was prepared analogouslgao indole (8c). This compound was prepared analogously to
starting from8b (28.4 g, 0.1 mol). The resulting crystalline  8ausing phenyl chloroformate (27.6 mL, 34.4 g, 0.22 mol)
product (19.7 g, 88%) was recrystallized from ethyl acetate instead of ethyl chloroformate. The crude crystalline product
to give 6b (15.8 g, 70%) as white crystals: mp 129—130 (40.0 g, 98%) was recrystallized from a mixture of ethyl

°C. 'H NMR (CDCl;, 400 MHz) 6 7.81 (1H, d,J = 8.7
Hz), 7.27 (1H, dd,J = 8.7 Hz,J = 2.2 Hz), 7.24 (1H, d)
= 2.2 Hz), 4.01 (3H, s), 3.67 (2H, s)*C NMR (CDCE,
101 MHz)6 171.6,151.1, 138.9, 129.8, 128.0, 124.8, 124.2,
116.1, 53.9, 36.0; IR (KBr, cnt) 1782, 1767. Anal. Calcd
for C;0HsCINOs: C, 53.23; H, 3.57; Cl, 15.72; N, 6.21.
Found: C, 53.01; H, 3.59; CI, 15.64; N, 6.24.
5-Chloro-2-oxo-1-phenoxycarbonyl-2,3-dihydroin-
dole (6¢). This compound was prepared analogousiao
starting from8c (40.8 g, 0.10 mol). The resulting crystalline
product (27.1 g, 94%) was recrystallized from ethanol to give
6c(25.2 g, 85%) as colorless crystals: mp ¥256°C. *H
NMR (CDCl;, 400 MHz)6 7.90 (1H, d,J = 8.6 Hz), 7.45
(2H, m), 7.30 (5H, m), 3.75 (2H, s}*C NMR (CDCk, 101
MHz) 6 171.5,149.9, 149.3, 138.8, 130.4, 129.6, 128.4,
126.5,124.9,124.6, 121.4, 116.6, 36.2; IR (KBr, én8455,
1785, 1740. Anal. Calcd for 8H:1CINOs: C, 62.62; H, 3.50;
Cl, 12.32; N, 4.87. Found: C, 62.79; H, 3.57; ClI, 12.35; N,
4.79.
5-Chloro-1-ethoxycarbonyl-2-(ethoxycarbonyloxy)in-
dole (8a). To a solution of 5-chloro-2-oxinddl&2 (16.8 g,
0.10 mol) and triethylamine (30.7 mL, 22.3 g, 0.22 mol) in
THF (360 mL) was added ethyl chloroformate (21.0 mL,
23.9 g, 0.22 mol) dropwise, maintaining the temperature
below 30°C. After the mixture stirred for 30 min at room

temperature, the solvent was evaporated. The residue wa

diluted with cold water (100 mL) and stirredrf@ h at 0-5
°C. The crude crystalline product (29.2 g, 94%) was filtered
and recrystallized from hexane to giga (24.3 g, 78%) as
colorless crystals: mp 7677 °C. 'H NMR (CDCls, 400
MHz) 6 8.0 (1H, d,J = 8.8 Hz), 7.47 (1H, dJ = 2.1 Hz),
7.25 (1H, dd,J = 8.8 Hz,J = 2.1 Hz), 6.26 (1H, s), 4.86
(2H, q,J=6.9 Hz), 4.37 (2H, gJ = 7.1 Hz), 1.43 (6H, m);
13C NMR (CDCk, 101 MHz) 6 152.2, 149.8, 142.3, 130.9,
129.0, 127.6, 124.6, 120.3, 116.6, 96.6, 65.9, 63.7, IR (KB,
cm™1) 2987, 1780, 1738. Anal. Calcd for 4H14CINOs: C,
53.94; H, 4.53; Cl, 11.37; N, 4.49. Found: C, 53.72; H, 4.54;
Cl, 11.12; N, 4.38.
5-Chloro-1-methoxycarbonyl-2-(methoxycarbonyloxy)-

acetate and hexane to gi8e (34.3 g, 84%) as colorless
crystals: mp 130—132C. *H NMR (CDCls, 400 MHz) o
8.10 (1H, d,J = 8.9 Hz), 7.55 (1H, dJ = 2.1 Hz), 7.38-
7.25 (9H, m), 7.10 (2H, m), 6.46 (1H, SYC NMR (CDCB,
101 MHz)6 150.7,149.7, 141.9,131.1, 129.8, 129.6, 127.8,
126.9, 126.7, 125.2, 121.5, 120.7, 116.8, 97.9; IR (KBr,
cm1) 1788, 1753. Anal. Calcd for £H14CINOs: C, 64.79;
H, 3.46; Cl, 8.68; N, 3.43. Found: C, 65.08; H, 3.47; ClI,
8.53; N, 3.49.

5-Chloro-2-(ethoxycarbonylamino)phenylacetamide (9).

Method A To a solution oBa(3.11 g, 0.01 mglin DMF
(20 mL) was added finely powdered ammonium acetate (1.54
g, 0.02 mol) at 6-5 °C. The mixture was stirred fb h at
room temperature. It was poured into+tesater (40 g). The
crude product (2.37 g, 92%) was filtered, washed with water
and recrystallized from ethanol to gi8(0.8 g, 32%) as
colorless crystals: mp 182—18€. 'H NMR (CDCls, 400
MHz) 6 8.43 (1H, s, exchangeable), 7.78 (1H, m), 7.26 (1H,
m), 7.15 (1H, dJ = 2.6 Hz), 5.78 (1H, s, exchangeable),
5.4 (1H, s, exchangeable), 4.22 (2H,Jg= 7.1 Hz), 3.51
(2H, s), 1.18 (3H, tJ = 7.1 Hz), IR (KBr, cnml) 3392,
3186, 1713, 1680. Anal. Calcd for £1,3CIN.Os: C, 51.47;
H, 5.10; ClI, 13.81; N, 10.92. Found: C, 51.83; H, 5.22; Cl,
13.78; N, 10.89.

Method B:To a solution oBa(3.11 g, 0.01 moljn DMF

S520 mL) was added finely powdered ammonium carbonate

1.56 g, NH content 22%, 0.02 mol) at room temperature.
The mixture was stirred fo6 h at 86-90 °C. It was poured
into ice—water (40 g). The crude product (2.04 g, 79%) was

filtered, washed with water and recrystallized from ethyl

acetate to give® (1.53 g, 59.6%) as colorless crystals: mp
184—-186°C, having identical IR andH NMR spectrum

with the sample obtained iMethod A.

5-Chloro-1-phenoxycarbonyl-2-(thenoyloxy)indole (10c).
To a suspension dfc (1.44 g, 0.005 mol) and triethylamine
(0.76 mL, 0.55 g, 0.055 mol) in DMF (10 mL) was added a

solution of thiophen-2-carbonyl chloride (0.6 mL, 0.81 g,

0.0055 mol) in DMF (2.8 mL) at 48 °C over a period of
30 min. The mixture was stirred at this temperature for

further 30 min. A mixture of water (20 mL) and concentrated

indole (8b). This compound was prepared analogously to Hcj (0.85 mL) was added and it was stirred for an additional
8ausing methyl chloroformate (18.2 mL, 20.8 g, 0.22 mole) 2 h at 5°C. The solid precipitate was filtered, the crude
instead of ethyl chloroformate. The crude crystalline product product (1.87 g, 94%) was recrystallized from ethanol to give
(24.7 g, 87%) was recrystallized from a mixture of ethyl 10c¢ (1.06 g, 53%) as yellow crystals: mp 16810°C. *H
acetate and hexane to gi@b (20.0 g, 71%) as colorless NMR (CDCls;, 200 MHz) 6 8.10 (1H, d,J = 8.8 Hz), 8.00
crystals: mp 9798 °C. 'H NMR (CDCl;, 400 MHz)¢ 7.97 (1H, dd,J= 1.1 Hz,J= 3.7 Hz), 7.65 (1H, dd) = 1.1 Hz,
(1H,d,J=8.9Hz), 7.48 (1H,dJ = 2.1 Hz), 7.26 (1H,dd,  J=5.1 Hz), 7.54 (1H, dJ = 1.8 Hz), 7.46-7.15 (7H, m),

J =89 Hz,J =21 Hz), 6.28 (1H, s), 4.03 (3H, s), 3.98 7.12 (1H, dd,J = 3.7 Hz,J = 5.1 Hz), 6.46 (1H, s); IR
(3H, s);*°3C NMR (CDCk, 101 MHz)6 152.9 150.4, 142.3, (KBr, cm™%) 3102, 1754, 1610. Anal. Calcd for ;-
130.7, 129.2, 127.7, 124.7, 120.4, 116.6, 96.8, 56.4, 54.2;CINO,S: C 60.38; H, 3.04; Cl, 8.91; N, 3.52; S, 8.06.
IR (KBr, cm™1) 1788, 1751. Anal. Calcd for &H1¢CINOs: Found: C, 59.97; H, 3.08; CIl, 8.79; N, 3.43; S, 7.77.

C, 50.80; H, 3.55; Cl, 12.50; N, 4.94. Found: C, 50.47; H, 4-Dimethylaminopyridinium Salt of 5-Chloro-1-ethoxy-
3.52; Cl, 12.31; N, 4.89. carbonyl-3-[1-hydroxy-1-(2-thienyl)methylene]-2-oxo-2,3-

14 e Vol 4, No. 1, 2000 / Organic Process Research & Development



dihydroindole (11a). To a suspension dda (2.40 g, 0.01

mol) and 4-(dimethylamino)pyridine (2.69 g, 0.022 mole)
in DMF (20 mL) was added a solution of thiophen-2-
carbonyl chloride (1.17 mL, 1.61 g, 0.011 mol) in DMF (5
mL) at 4—8°C over a period of 30 min. The mixture was
stirred at this temperature for further 30 min. Water (40 mL)

116.0, 99.6, 63.8, 14.2; IR (KBr, cm) 3433, 3092, 1743,
1669. Anal. Calcd for @H1.CINO,S: C, 54.94; H, 3.46;
Cl, 10.14; N, 4.00; S, 9.17. Found: C, 55.13; H, 3.33; Cl,
10.02; N, 3.90; S, 9.07.
5-Chloro-3-[1-hydroxy-1-(2-thienyl)methylene]-1-meth-
oxycarbonyl-2-ox0-2,3-dihydroindole (12b). This com-

was added, and the mixture was stirred for an additional 2 pound was prepared analogouslyli®a, starting froméh
h at 5 °C. The solid precipitate was filtered, and the crude (22.5 g, 0.10 mol). The resulting crystalline product (32.9

product (4.37 g, 93%) was recrystallized from acetonitrile
to give 11a(2.86 g, 60%) as orange crystals: mp 18384
°C.H NMR (CDCl;, 400 MHz) 6 8.12 (1H, dd,J = 3.3
Hz,J= 1.3 Hz), 8.00 (2H, dJ = 7.4 Hz), 7.93 (1H, d) =
2.0Hz), 7.72 (1H, d) = 8.8 Hz) 7.51 (1H, ddJ = 4.8 Hz,
J= 1.3 Hz), 7.11 (1H, dd) = 3.7 Hz,J = 5.1 Hz), 6.99
(1H, dd,J = 2.2 Hz,J = 8.8 Hz), 6.5 (2H, dJ = 7.3 Hz),
4.45 (2H, qJ = 7.1 Hz), 3.01 (6H, s), 1.45 (3H,3,= 7.1
Hz); IR (KBr, cmY) 2929, 1735, 1635. Anal. Calcd for
C23H22C|N304S: C, 58.53; H, 4.70; C|, 7.51; N, 8.90; S,
6.79. Found: C, 58.30; H, 4.58; ClI, 7.37; N, 8.76; S, 6.69.
4-Dimethylaminopyridinium Salt of 5-Chloro-3-[1-
hydroxy-1-(2-thienyl)methylene]-2-oxo-1-phenoxycarbo-
nyl-2,3-dihydroindole (11c). This compound was prepared
analogously td 1 starting froméc (2.88 g, 0.01 mol). The
resulting crystalline product (5.10 g, 98%) was recrystallized
from acetonitrile to givellc (3.06 g, 58.8%) as yellow
crystals: mp 195—195.5C. *H NMR (CDCls, 400 MHz)6
8.06 (3H, m), 7.86 (1H, dJ = 8.6 Hz), 7.82 (1H, bs), 7.58
(1H, bd,J = 4.8 Hz), 7.42 (2H, m), 7.30 (3H, m), 7.18 (1H,
m), 7.06 (1H, bdJ = 8.6 Hz), 6.60 (2H, dJ = 7.3 Hz),
3.16 (6 H, s):*H NMR (DMSO-ds, 200 MHz) 6 8.62 (1H,
dd,J= 3.6 Hz,J = 1.1 Hz), 8.22 (1H, dJ = 2.5 Hz), 8.20
(2H, d,J = 7.7 Hz), 7.65 (1H, dJ = 8.6 Hz), 7.58 (1H, dd,
J=1.1 Hz,J = 5.0 Hz), 7.48 (2H, m), 7.32 (3H, m), 7.07
(1H, dd,J = 3.6 Hz,J = 5.0 Hz), 6.97 (2H, d) = 7.7 Hz),
6.84 (1H, dd,J = 2.4 Hz,J = 8.6 Hz), 3.17 (6H, s); IR
(KBr, cm™1) 3219, 3062, 2930, 1754, 1715, 1688, 1645.
Anal. Calcd for G/H2,CIN3O,S: C, 62.36; H, 4.26; Cl, 6.82;
N, 8.08; S, 6.17. Found: C, 62.01; H, 4.23; Cl, 6.67; N,
8.17; S, 5.92.
5-Chloro-1-ethoxycarbonyl-3-[1-hydroxy-1-(2-thienyl)-
methylene]-2-oxo0-2,3-dihydroindole (12a)To a suspension
of 6a(24.0 g, 0.1 mol) and 4-(dimethylamino)pyridine (26.9
g, 0.22 mole) in DMF (200 mL) was added a solution of
thiophen-2-carbonyl chloride (11.7 mL, 16.1 g, 0.11 mol)
in DMF (50 mL) at 4-8 °C over a period of 30 min. The
mixture was stirred at this temperature for further 30 min.
A mixture of water (400 mL) and concentrated HCI (17 mL)

g, 98%) was recrystallized from acetonitrile to git2b (24.0
g, 72%) as white crystals: mp 15858 °C. 'H NMR
(CDCls, 200 MHz) 6 7.95 (1H, d,J = 8.8 Hz), 7.88 (1H,
dd,J=1.1Hz,J=3.7Hz),7.75 (1H, dd) = 1.1 Hz,J =
4.8 Hz), 7.61 (1H, dJ = 2.2 Hz), 7.27 (1H, dd) = 4.8 Hz,
J = 3.7 Hz), 7.21 (1H, dd) = 2.2 Hz,J = 8.8 Hz), 4.08
(3H, s);13C NMR (CDCh, 50.3 MHz)6 171.2, 167.3, 150.9,
135.1, 133.0,132.4, 131.7, 129.8, 127.9, 126.3, 123.4, 119.0,
116.2, 99.8, 54.3; IR (KBr, cnt) 3429, 1767, 1612. Anal.
Calcd for GsH1oCINO,S: C, 53.66; H, 3.00; Cl, 10.56; N,
4.17; S, 9.55. Found: C, 53.80; H, 2.97; Cl, 10.45; N, 4.10;
S, 9.64.

5-Chloro-3-[1-hydroxy-1-(2-thienyl)methylene]-2-oxo-
1-phenoxycarbonyl-2,3-dihydroindole (12c).Method A.
This compound was prepared analogoushyl®a, starting
from 6¢ (28.8 g, 0.1 mol). The resulting crystalline product
(39.7 g, 99.8%) was recrystallized from acetonitrile to give
12¢(33.0 g, 83%) as yellow crystals: mp 14042°C.H
NMR (CDCl;, 200 MHz)¢6 7.95 (1H, d,J = 8.8 Hz), 7.87
(1H, dd,J = 3.8 Hz,J = 1.0 Hz), 7.78 (1H, ddJ = 5.0 Hz,
J=1.0 Hz), 7.63 (1H, dJ = 2.1 Hz), 7.45 (2H, m), 7.33
(3H, m), 7.28 (1H, ddJ = 5.0 Hz,J = 3.8 Hz), 7.18 (1H,
dd,J = 8.8 Hz,J = 2.1 Hz);'3C NMR (CDCk, 50.3 MHz)
0 171.1, 167.4, 150.0, 149.0, 135.0, 132.9, 132.5, 131.8,
130.1, 129.7,127.9, 126.6, 126.5, 123.7, 121.4, 119.1, 116.4,
99.8; IR (KBr, cml) 3097, 1750, 1691, 1634. Anal. Calcd
for C,0H12CINO,S: C, 60.38; H, 3.04; CI, 8.91; N, 3.52; S,
8.06. Found: C, 60.59; H, 3.10; CI, 8.81; N, 3.50; S, 7.85.

Method B.A mixture of 10c (1.0 g, 0.0025 mol) and
DMAP (0.33 g, 0.00275 mol) was disolved in DMF (5 mL)
at 0°C. After 1—2 min stirring a yellow precipitate formed.
A mixture of water (12.5 mL) and concentrated HCI (0.7
mL) was added, and the mixture was stirred for an additional
30 min at 5°C. The solid precipitate was filtered, and the
crude product (1.0 g, 100%) was recrystallized from aceto-
nitrile to give12¢(0.62 g, 62%) as yellow crystals: mp 136
137 °C, having IR and'H NMR spectra identical to those
of the sample obtained iklethod A.

Ammonium Salt of 5-Chloro-1-ethoxycarbonyl-3-[1-

was added, and the mixture was stirred for an additional 2 hydroxy-1-(2-thienyl)methylene]-2-oxo-2,3-dihydroin-
h at 5 °C. The solid precipitate was filtered, and the crude dole (13a).To a solution ofLl2a (0.7 g, 0.002 mol) in DMF
product (33.1 g, 95%) was recrystallized from aqueous (4 mL) was added ammonium carbonate (0.16 gz bibhtent

ethanol to givel?a (31.4 g, 90%) as yellow crystals: mp
118—120°C. 'H NMR (CDCl;, 400 MHz)6 7.95 (1H, d,J

= 8.6 Hz), 7.88 (1H, dd) = 3.8 Hz,J = 1.2 Hz), 7.75 (1H,
dd,J=1.2 Hz,J =5.0 Hz), 7.62 (1H, d) = 2.2 Hz), 7.27
(1H, dd,J=5.0 Hz,J = 3.8 Hz), 7.22 (1H, dd) = 8.6 Hz,
J=22Hz),454 (2H,q)=7.4Hz),1.49 BH,t)=7.4
Hz); 3C NMR (CDCk, 101 MHz) 6 171.1, 167.0, 150.2,

22%, 0.002 mol), and the mixture was stirred foh at 25
°C. Water (10 mL) was added. The solid precipitate was
filtered to give13a (0.61 g, 83%) as yellow crystals: mp
193—197°C. *H NMR (DMSO-a;, 200 MHz) 6 8.61 (1H,
bd,J = 3.5 Hz), 8.18 (1H, dJ = 2.1 Hz), 7.58 (1H, dJ =

8.5 Hz), 7.55 (1H, m), 7.1 (5H, m), 6.78 (1H, dii= 8.4
Hz,J= 2.2 Hz), 4.35 (2H, qJ = 7.1 Hz), 1.32 (3H, tJ) =

135.1,132.9, 132.3, 131.6, 129.5, 127.8, 126.1, 123.2, 118.8,7.1 Hz); IR (KBr, cn?) 2982, 1737, 1621. Anal. Calcd for
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CieH1sCIN2OsS: C, 52.39; H, 4.12; Cl, 9.67; N, 7.64; S,
8.74. Found: C, 52.63; H, 4.18; Cl, 9.65; N, 7.49; S, 8.34.
Ammonium Salt of 5-Chloro-3-[1-hydroxy-1-(2-thie-

nyl)methylene]-1-methoxycarbonyl-2-oxo-2,3-dihydroin-
dole (13b).To a suspension df2b (1.67 g, 0.005 mol) in
DMF (12.5 mL) was added ammonium carbonate (0.78 g,
NH3 content 22%, 0.01 mol). The solution resulted was
stirred for 2 h at room temperature. Water (25 mL) was
added. The solid precipitate was filtered to gil/&b (1.20
g, 68%) as yellow crystals: mp 19190.5°C. *H NMR
(DMSO-0;, 400 MHz) 6 8.60 (1H, bd,J = 3.9 Hz), 8.17
(1H, d,J=2.2 Hz), 7.60 (1H, d) = 8.4 Hz), 7.55 (1H, bd,
J= 4.4 Hz), 7.08 (4H, bs), 7.04 (1H, dd,= 4.5 Hz,J =
3.9 Hz), 6.79 (1H, dd) = 2.2 Hz,J = 8.4 Hz), 3.84 (3H,s);
IR (KBr, cm™) 2958, 1721. Anal. Calcd for fgHis
CIN,O,S: C, 51.07; H, 3.71; ClI, 10.05; N, 7.94; S, 9.09.
Found: C, 50.60; H, 3.65; Cl, 9.88; N, 8.12; S, 9.01.
Ammonium Salt of 5-Chloro-3-[1-hydroxy-1-(2-thie-
nyl)methylene]-2-oxo-1-phenoxycarbonyl-2,3-dihydroin-
dole (13c).To a solution ofl2c (1.00 g, 0.0025 mol) in

3395, 3233, 1744, 1661, 1620, 1589. Anal. Calcd foHg
CIN,OsS: C, 52.42; H, 2.83; CI, 11.05; N, 8.73; S, 10.00.
Found: C, 52.80; H, 2.90; CI, 10.99; N, 8.59; S, 9.90.

Method B.To a solution of13c(1.04 g, 0.0025 mol) in
DMF (6.25 mL) was added finely powdered ammonium
carbonate (0.20 g, NHcontent 22%, 0.0025 mol). The
reaction was completed by stirring at-#80 °C for 5 h. The
solution was poured with stirring into a mixture of iee
water (12.5 g) and concentrated HCI (0.62 mL). After the
mixture stirred, for an additioma2 h at 0-5 °C, the
crystalline product was filtered to give the crude tenidap (
0.80 g,~100%) as yellow crystals: mp 22224 °C. The
crude product was purified as described in method A,
resulting in the title compound (0.64 g, 80%): mp 229
230°C.

Method C.To a solution of8c (40.7 g, 0.1 mol) in DMF
(200 mL) was added finely powdered ammonium carbonate
(7.8 g, NH; content 22%, 0.1 mol) at-685 °C. The mixture
was stirred for 5 h at room temperature. After addition of
4-(dimethylamino)pyridine (26.9 g, 0.22 mol) the reaction

dichloromethane (7 mL) was added ammonium carbonate mixture was cooled to48 °C, and a solution of thiophen-

(0.39 g, NH content 22%, 0.005 mol). A crystalline mass
formed instantaneously. It was refluxed for 4 h. After the
mixture cooled, the suspension was filtered off to give 0.94
g (91%)13cas yellow crystals: mp 188190°C. *H NMR
(DMSO-a;, 400 MHz)6 8.61 (1H, ddJ = 3.8 Hz,J = 0.9
Hz), 8.2 (1H, dJ = 2.2 Hz), 7.66 (1H, dJ = 8.2 Hz), 7.58
(1H, dd,J = 5.1 Hz,J = 0.9 Hz), 7.48 (2H, m), 7.3 (3H,
m), 7.14 (4H, s), 7.06 (1H, dd] = 3.8 Hz,J = 5.1 Hz),
6.84 (1H, dd,J = 8.2 Hz,J = 2.2 Hz); IR (KBr, cn1?)
3005, 1747. Anal. Calcd for £gH15CIN2O,S: C, 57.90; H,
3.64; Cl, 8.55; N, 6.75; S, 7.73. Found: C, 57.73; H, 3.52;
Cl, 8.61; N, 6.69; S, 7.97.
5-Chloro-3-[1-hydroxy-1-(2-thienyl)methylene]-2-oxo-
2,3-dihydroindole-1-carboxamide (1, tenidap)Method A.
To a solution ofl2¢ (39.8 g, 0.10 mol) in DMF (250 mL)

2-carbonyl chloride (11.7 mL, 16.1 g, 0.11 mole) in DMF
(50 mL) was added during 30 min. The mixture was stirred
at this temperature for further 30 min, and ammonium
carbonate (15.6 g, Ndtontent 22%, 0.20 mol) was added.
The mixture was stirred fob h at 75-80 °C. The solution
was poured with stirring into a mixture of ieavater (500
g) and concentrated HCI (25 mL). After the mixture stirred
for an additiona2 h at 0-5 °C, the crystalline product was
filtered to give crude tenidapl( 25.4 g, 79%) as yellow
crystals: mp 212221 °C. The crude product was purified
as described in method A, resulting in the title compound
(19.2 g, 75%): mp 229—23¢€C.

Method D.To a suspension dc (28.7 g, 0.1 mol) and
4-(dimethylamino)pyridine (26.9 g, 0.22 mol) in DMF (200
mL) was added a solution of thiophen-2-carbonyl chloride

was added finely powdered ammonium carbonate (15.60 g,(11.7 mL, 16.1 g, 0.11 mole) in DMF (50 mL) at-8 °C
NH; content 22%, 0.20 mol). The reaction was completed during 30 min. The mixture was stirred at this temperature

by stirring at 75-80 °C for 5 h. The solution was poured
with stirring into a mixture of icewater (500 g) and
concentrated HCI (25 mL). After the mixture stirred for an
additiona 2 h at 0-5 °C, the crystalline product was filtered
to give the crude tenidap (1, 32.3 ¢100%) as yellow
crystals: mp 221224°C. The crude product (32.3 g) was
purified as follows: it was dissolved in a refluxing mixture
of methanol (635 mL) and 2-amino-ethanol (6.3 mL, 6.4 g,
0.11 mol), treated with charcoal. After filtration concentrated
HCI (18.8 mL) was added dropwise at 485 °C. The
suspension obtained was stirred ®h at 26-30 °C and
filtered to give the title compound (25.8 g, 81%) as yellow
crystals: mp 229230°C. [lit56232-234°C; Iit6 229-231.5
°C]. *H NMR (CDCls, 400 MHz)6 8.48 (1H, bs), 8.32 (1H,
d,J=8.8Hz), 7.92 (1H, dd) = 1.1 Hz,J= 3.8 Hz), 7.78
(1H, dd,J = 1.1 Hz,J = 5.0 Hz), 7.64 (1H, dJ = 2.2 Hz),
7.28 (1H, ddJ = 3.8 Hz,J = 5.0 Hz), 7.23 (1H, ddJ =
2.2 Hz,J = 8.8 Hz), 5.35 (1H, bs)}*C NMR (CDCk, 50.3
MHz) 6 169.0, 165.5, 152.4, 135.4, 134.1, 132.1, 131.6,
127.9, 127.4, 125.0, 120.3, 116.1, 101.1; IR (KBr, &m
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for further 30 min, and ammonium carbonate (15.6 g,sNH
content 22%, 0.20 mol) was added. The reaction was
completed by stirring at 7580 °C for 5 h. The solution was
poured with stirring into a mixture of icewater (500 g) and
concentrated HCI (25 mL). After the mixture stirred for an
additiond 2 h at 0-5 °C, the crystalline product was filtered
to give the crude tenidap (1, 31.0 g, 97%) as yellow
crystals: mp 215220°C. The crude product was purified
as described in method A, resulting in the title compound
(24.3 g, 79%): mp 229—23¢€C.

Supporting Information Available

H NMR, 3C NMR, and IR spectra for compounds
6a—c, 8a—c, 12a—c, 'H NMR and IR spectra for compounds
9, 10c, 11a, 11c, 13a—c respectively. This material is
available free of charge via the Internet at http://pubs.acs.org.
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