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Reactions of isatin with chiral a-aminothiols have been studied. With L-cysteine, only de-
composition products were formed under various reaction conditions, whereas p- and
L-penicillamine afforded mixtures of diastereomeric 4'-carboxy-5',5'-dimethylspiro[indoline-
3,2'-thiazolidin]-2-ones (4a and 4b or 5a and 5b) in the ratio 1 : 1. The reaction of isatin
with methyl L- and p-cysteinates under mild reaction conditions (methanol-benzene, room
temperature) proceeded diastereoselectively with the formation of (-)- and (+)-4'-(methoxy-
carbonyl)spiro[indoline-3,2'-thiazolidin]-2-one (6a and 8) in 38 and 30% yields, respectively.
Optically inactive 4'-(methoxycarbonyl)spiro[indoline-3,2'-([2',5']dihydrothiazol)]-2-one (7)
was isolated as a side product in 7 and 3% vyield, respectively. Structure of the obtained
products was determined by spectral methods, including NOE difference measurements and
by X-ray crystallography.

Key words: Phytoalexins; Indoles; Thiazolidines; Diastereoselective spirocyclization;
Cysteine; Penicillamine.

In the framework of our continuing interest in the synthesis of indole
phytoalexins and congeneric indoles?, we have also decided to prepare de-
rivatives of spiro[indoline-3,2'-thiazolidin]-2-one (1) as a compounds, re-
lated to indole phytoalexin spirobrassinin (2; ref.?). Compound 1 has been
previously prepared as hydrochloride by treatment of isatin with
cysteamine hydrochloride in propan-2-o132 or ethanol®. Of derivatives of 1,
a large number of spiro[indoline-3,2'-thiazolidin]-2,4'-diones (3) were synthe-
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sized by the reactions of 3-(arylimino)indoline-2-ones with sulfanylacetic
acid* (R? = H), 2-sulfanylpropanoic acid® (R? = CHj), sulfanylsuccinic acid®
(R? = CH,COOH) and some other a-sulfanyl acids’ in refluxing benzene, to-
luene, or dioxane in 20-80% vyields. Another approach to these derivatives
is the reaction of spiro[indoline-3,2'-[1,3]oxathiolane]- 2,5'-dione (prepared
from isatin and sulfanylacetic acid) with amines®. All these compounds
were prepared by non-stereoselective reactions and, consequently, the ob-
tained spirooxindoles are racemates. Compounds of type 3 are much inves-
tigated, because of their antibacterial#49-44k70 antifungal*-4"7°, insectic-
idal”® and antileukemic’@ activities.
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The aim of the present study was to investigate the reactions of isatin
with chiral a-aminothiols (L- and D-cysteine, D- and L-penicillamine,
methyl L- and D-cysteinate) and to assess a possibility of diastereoselective
synthesis of spiro[indoline-3,2'-thiazolidin]-2-one derivatives (1). We were
interested in whether the specific structure features of isatin as a cyclic
1,2-dicarbonyl compound could support asymmetric induction in its reac-
tions with chiral a-aminothiols. To our knowledge, except for the reaction
with cysteamine3, no reaction of isatin with a-aminothiols has been de-
scribed to date.

Reactions of L-cysteine in ethanol-water or its methyl ester in methanol-
benzene, or D-penicillamine in ethanol-water with aldehydes and ketones
were previously described to proceed with the formation of a 1 : 1 mixture
of diastereomeric thiazolidines, containing the original amino acid chirality
(e.g., R for L-cysteine) at C-4 of the thiazolidine ring and R or S chirality on
a new stereogenic center at C-2, the C-atom of the former carbonyl group®.

Although there appeared a paper, describing the diastereoselective forma-
tion of 3-acetyl-2-(4-tolyl)thiazolidine-4-carboxylic acid from L-cysteine
and 4-methylbenzaldehydel®, it was later shown that in this case and in the
case of some analogous derivatives, the original product was a mixture of
diastereomers, which epimerized during subsequent acetylation to a single
diastereomer!!. We have started our study by the reaction of isatin with
L-cysteine hydrochloride monohydrate in a mixture of ethanol-water®. At
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various temperatures (from room temperature to 90 °C), only highly polar
decomposition products, less chromatographically mobile, were formed
and no isolable product was observed by monitoring the reaction by TLC.
The same results were obtained under nitrogen atmosphere. A similar situa-
tion occurred with D-penicillamine. We have found that the reaction of
D-penicillamine with isatin can be successfully performed in a mixture of
ethanol-water, in the presence of sodium acetate and hydrochloric acid at
room temperature, whereas with L-cysteine, only decomposition products
were formed. These reaction conditions were previously used for the prepa-
ration of 4-carboxy-5,5-dimethyl-2-(2-pyridyl)thiazolidine from D-penicill-
amine and pyridine-2-carbaldehyde®. However, under these conditions,
with D-penicillamine we have obtained an inseparable mixture of dia-
stereomers (4a and 4b) in the 1 : 1 ratio (Scheme 1).
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In the reaction of isatin with L-penicillamine under the same conditions,
again an inseparable mixture of diastereomers (5a and 5b) in the 1 : 1 ratio
was obtained. The products resulting from D- or L-penicillamine exhibited
identical spectral data and melting points. In 'TH NMR spectra the signals
of methyl protons at 1.49 and 1.54, as well as those at 1.78 and 1.83 ppm
(1:1:1:1 ratio) and the signals of CH protons at 4.32 and 4.71 ppm (1 : 1)
evidence the presence of two diastereomers of 4 and 5. Analogously, the
signals of all carbon atoms in 13C NMR spectra are doubled. To avoid possi-
ble epimerization in the reaction mixture, we turned our attention to the
reaction of isatin with methyl L- and D-cysteinates, enabling the use of mild
reaction conditions. Using the methyl cysteinate hydrochloride and a mix-
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ture of benzene— methanol as a solvent, the free ester was liberated by addi-
tion of triethylamine to the reaction mixture according to the previously
described procedure for the reactions of aldehydes with methyl L-cysteinate
hydrochloride®. The reaction of methyl L-cysteinate afforded under these
conditions two products (6a, 30% and 7, 7%; Scheme 2) separable by col-
umn chromatography. We have found that if an equimolar quantity of re-
agents is wused, some amount of isatin remains unreacted and
chromatographic separation of products is complicated, because isatin ap-
pears as impurity eluting from the column together with products. Subse-
quent purification by crystallization resulted in low yields of pure products.
The best yields of pure 6a and 7 were obtained if only 0.79 equivalents of
isatin was used. Compounds 6a and 7 were accompanied by highly polar
decomposition products, strongly adsorbed on silica gel. The major product
6a showed optical activity ([a] 25 -53.0 (¢ 0.19, methanol)), whereas the mi-
nor (7) appeared to be optically inactive.
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Both products exhibited in 3C NMR spectra quaternary atoms signals at
75.38 (6a) and 89.18 (7) confirming the presence of spiro atoms. The struc-
ture of compound 6a was determined by NOE difference measurements, us-
ing the signal of CH proton at 4.73 ppm, two signals of diastereotopic CH,
protons at 3.41 and 3.93 ppm and the signal of aromatic proton H-4 at 7.47
ppm. The signals of aromatic protons have been assigned by analogy with
spirobrassinin (2; ref.?) and confirmed by decoupling experiments. Irradia-
tion of H, at 4.73 ppm resulted in enhancement of the intensity of H, at
3.93 ppm by 11%, and thus the signal at 3.41 ppm has been assigned to H,
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(enhanced by irradiation of Hy by 31%). Irradiation of H, resulted in en-
hancement of aromatic proton H-4 at 7.47 ppm by 3%. With respect to the
known absolute configuration (R), at C-4' originating from methyl
L-cysteinate we have assigned to 6a the structure of (3S,4'R)-4'-(methoxy-
carbonyl)spiro[indoline-3,2'-thiazolidin]-2-one. In the mass spectrum of 6a,
the presence of molecular ion at m/z 264 (13%) corresponds to the expected
molecular weight. The minor reaction product (7) was expected to be the
other diastereomer (6b). However the mass spectrum revealed that its mo-
lecular weight is by two mass units lower than that corresponding to 6b, in-
dicating that two hydrogen atoms are missing in 7 compared with 6b.
Therefore the structure of spirothiazoline 7 was proposed for this com-
pound. The structure of 7 was confirmed by the presence of a singlet of CH,
protons at 4.64 ppm in *H NMR spectrum, whereas the signals of CH and
NH protons are missing.

The way of the formation of 7 is unclear and will be further studied in
our laboratory, preferably by using 1-substituted isatin derivatives. To check
the stereospecificity of diastereoselective spirocyclization of isatin with
methyl L-cysteinate we performed the same reaction with methyl
D-cysteinate. As a result, we have isolated two products (Scheme 2). The op-
tically inactive compound (7; 3%), identical with a minor product obtained
from methyl L-cysteinate and (3R,4'S)-4'-(methoxycarbonyl)spiro[indoline-
3,2'-thiazolidin]-2-one (8; [a] ZDS +55.8 (c 0.19, methanol)), the enantiomer
of 6a, thus confirming the stereospecificity of the studied spirocyclization.
Compound 8 exhibited spectral data identical with those for 6a. Because in
the case of 6a, the NOE difference measurements showed only 3% NOE be-
tween H_ and H-4, structure of 8 was also studied by 2D NMR spectroscopy.
IH NMR NOESY spectrum of 8 exhibited all the expected NOEs, except for

Fic. 1
ORTP diagram of 8 showing the crystallographic atom numbering scheme
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the NOE between H. and H-4. Therefore, it was decided to prove the struc-
ture of 8 by X-ray crystallography. We have succeeded in growing suitable
crystals by slow diffusion of hexane into a saturated dichloromethane solu-
tion, and the structure of 8 was unambiguously proved by X-ray analysis

(Fig. 1).

Antifungal activity of compounds 6a and 8 was examined, using the fun-
gus Bipolaris leersiae and compared with phytoalexin brassinin, which com-
pletely inhibited the conidial germination of the fungus at concentration
0.1 mmol I (ref.2P). None of the studied isomers showed any significant
antifungal activity.

EXPERIMENTAL

Infrared absorption spectra were recorded on an IR 75 spectrometer (Zeiss, Jena) in chloro-
form, the wavenumbers are given in cm™. 'H and *3C NMR spectra were measured on
Bruker AMX-200 (200 MHz), AMX 400 (400 MHz), Bruker Avance DRX-500 (500 MHz) and
Varian Gemini 2000 (300 MHz) spectrometers in hexadeuterioacetone (compounds 4 and 5)
and deuteriochloroform (compounds 6-8). Chemical shifts (6) are reported in ppm downfield
from tetramethylsilane, coupling constants (J) in Hz. Microanalyses were performed with a
Perkin-Elmer, Model 2400 analyzer. The mass spectra were recorded on a JMS-100D spec-
trometer (Jeol) using the electron impact method at ionization energy 70 eV. The optical ro-
tation was determined on digital polarimeter POLAR L-mP (IBZ Messtechnik). Specific
rotations are given in 107! deg cm? g‘l. The reaction course was monitored by thin layer
chromatography, using Silufol plates (Kavalier). Preparative column chromatography was
performed on Kieselgel Merck, Typ 9383, 230-400 mesh. Antifungal activity was examined
by the previously reported procedurelb. Isatin (Fluka), L-cysteine hydrochloride mono-
hydrate (Fluka), p-cysteine hydrochloride monohydrate (Aldrich), p- and L-penicillamine
(Aldrich) were used as obtained without further purification. Methyl L- and p-cysteinate hy-
drochlorides were prepared by literature procedurelz.

Reaction of Isatin with p- and L-Penicillamine

To a solution of b- or L-penicillamine (149 mg, 1 mmol), sodium acetate trihydrate (136 mg,
1 mmol) and concentrated hydrochloric acid (0.1 ml, 1.2 mmol) in water (2 ml), a solution
of isatin (147 mg, 1 mmol) in ethanol (14 ml) was added and the reaction mixture was
stirred for 48 h at room temperature. After evaporation of ethanol, the crystalline precipitate
was filtered with suction and dried. Analytical samples were obtained by crystallization from
acetone-hexane.

(3S,4'S)- (4a) and (3R,4'S)-4'-Carboxy-5',5'-dimethylspiro[indoline-3,2'-thiazolidin]-2-one (4b)
(1 : 1 mixture). Yield 220 mg (79%), m.p. 146-148 °C. For C,3H,,N,0,S (278.3) calculated:
56.10% C, 5.07% H, 10.07% N; found: 55.89% C, 5.22% H, 9.91% N. IR: 3 459 (N-H);
2 400-3 400 (COOH): 1 613, 1 727 (C=0). IH NMR: 1.49's, 1.54'5,1.78'5,1.83s (1 : 1 : 1 : 1),
6 H (2xCHy); 431s,471s(1:1),1H (H-4); 6.91-6.95m, 1 H (H-7); 7.03-7.11 m, 1 H (H-6);
7.20-7.33 m, 1 H (H-5); 7.55-7.60 m, 1 H (H-4); 9.41 s, 9.62 s (1 : 1), 1 H (NH). 3C NMR:
26.76, 27.03, 28.48, 29.45 (CH,); 61.79, 62.09 (C-5'); 73.26, 76.01 (C-4'); 74.47, 75.44

Collect. Czech. Chem. Commun. (Vol. 65) (2000)



Spirocyclization of Isatin 431

(C-spiro); 110.91, 111.22, 123.47, 123.87, 125.84, 126.26, 129.12 (q), 130.16, 131.30, 135.47 (q),
141.33 (q), 142.97 (q) (-CgH,-); 170.37, 170.84, 178.83, 179.05 (C=0). MS, m/z (%): 278 (M*, 10),
250 (85), 205 (20), 191 (16), 158 (25), 150 (100), 118 (22), 44 (80).

(3R,4'R)- (5a) and (3S,4'R)-4'-Carboxy-5',5'-dimethylspiro[indoline-3,2'-thiazolidin]-2-one (5b)
(1 : 1 mixture). Yield 220 mg (79%), m.p. 146-148 °C. For C,3H,,N,0,S (278.3) calculated:
56.10% C, 5.07% H, 10.07% N; found: 55.81% C, 5.24% H, 9.93% N. All spectral data are
identical with those for the mixture of 4a and 4b.

Reaction of Isatin with Methyl L- and p-cysteinate Hydrochloride

To a solution of methyl L- or p-cysteinate hydrochloride (0.5 g, 2.9 mmol) in a mixture of
methanol (1.2 ml) and benzene (2.4 ml), triethylamine (293 mg, 0.4 ml, 2.9 mmol) and
isatin (338 mg, 2.3 mmol) were added. The reaction mixture was stirred at room tempera-
ture for 30 h, the solvent evaporated and the residue chromatographed on 100 g of silica gel
(eluent cyclohexane-acetone 5 : 1). After evaporation and two crystallizations from di-
chloromethane-hexane, pure products 6a and 7, or 8 and 7, were obtained.

(-)-(3S,4'R)-4'-(Methoxycarbonyl)spiro[indoline-3,2'-thiazolidin]-2-one (6a). Yield 231 mg
(38%), m.p. 162-164 °C; [q] 205 -53.0 (c 0.19, methanol), -57.7 (c 0.19, dichloromethane). For
C,,H,5N,04S (264.3) calculated: 54.53% C, 4.58% H, 10.60% N; found: 54.66% C, 4.51% H,
10.48% N. IR: 3 443, 3 323 (N-H); 1 737, 1 617 (C=0). *H NMR: 3.21 d, 1 H, J = 9.10 (NH);
3.41dd, 1 H,J=10.71, 6.15 (H.); 3.48 s, 3 H (CH;); 3.93 dd, 1 H, J = 10.71, 7.50 (Hy); 4.73 ddd,
1H,J=6.16, 7.50, 9.10 (H,); 6.87 d, 1 H, J = 7.50 (H-7); 7.11 ddd, 1 H, J = 1.07, 7.50, 7.50
(H-5); 7.30 ddd, 1 H, J = 1.34, 7.74, 7.74 (H-6); 7.47 d, ] = 7.50 (H-4); 7.90 s, 1 H (NH). 13C NMR:
37.94 (CH,); 51.90 (OCHy,); 63.55 (CH); 75.38 (C-spiro); 109.61, 121.70, 123.60, 126.66 (q),
129.58, 141.26 (q) (-C4H,-); 171.35, 177.58 (C=0). MS, m/z (%): 264 (M*, 13), 236 (77), 177
(100), 118 (10).

4'-(Methoxycarbonyl)spiro[indoline-3,2'-([2',5']dihydrothiazol)]-2-one (7). Yield 42 mg (7%)
from L-, 18 mg (3%) from b-methyl cysteinate hydrochloride, m.p. 148-150 °C. For
C,,H oN,04S (262.3) calculated: 54.95% C, 3.84% H, 10.68% N; found: 55.02% C, 3.71% H,
10.88% N. IR: 3 433 (N-H); 1 732, 1 617 (C=0); 1 640 (C=N). *H NMR: 3.94 s, 3 H (OCH,);
4.64's, 2 H (CH,); 6.90 d, 1 H, J = 7.69 (H-7); 7.09 ddd, 1 H, J = 7.69, 7.65, 1.10 (H-5);
7.27-7.34 m, 2 H (H-4, H-6). *C NMR: 45.36 (CH,); 53.63 (OCH,); 89.18 (C-spiro); 110.78,
123.67, 126.31, 129.00 (q), 130.98, 140.68 (q) (-CgH,-); 161.57, 167.10, 175.44 (C=N, 2 x C=0).
MS, m/z (%): 262 (M*, 66), 230 (47), 162 (100).

(+)-(3R,4'S)-4'-(Methoxycarbonyl)spiro[indoline-3,2'-thiazolidin]-2-one (8). Yield 182 mg (30%),
m.p. 159-161 °C; [(1]2; +55.8 (¢ 0.19, methanol), +60.4 (¢ 0.19, dichloromethane). For
C,,H,5N,04S (264.3) calculated: 54.53% C, 4.58% H, 10.60% N; found: 54.71% C, 4.39% H,
10.75% N. All spectral data for compound 8 are identical with those for 6a.

X-Ray Crystal Structure Analysis of Compound 8

Formula C;,H;,N,0;S, M = 264.30, orthorhombic, space group P2,2,2,, a = 5.867(1) A, b =
8.305(1) A, ¢ = 23.952(2) A, V = 1 167.1(3) A, F(000) = 552, Z = 4, D, = 1.504 mg m™3, p =
0.279 mm™. A colourless cube of the dimensions 0.50 x 0.50 x 0.50 mm (from dichloro-
methane-hexane) was measured at 150(2) K (MoKa radiation, A = 0.71073 A). From total of
7 924 reflections collected with a KUMA KM-4 kappa four-circle diffractometer, 6 range from
2.98 to 27.49°, h = -12 to 7, k = =10 to 10, | = -18 to 30; 2 573 reflections were independent
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(Rt = 0.0223). The structure was solved by direct methods using SHELXS86 (ref.2®) and re-
fined on F? for all reflections using SHELXL93 (ref.}4). The hydrogen atoms were placed in
calculated positions (those of methyl group were allowed freely to rotate) and their thermal
parameters were tied with the thermal parameter of the parent atoms, all other atoms were re-
fined anisotropically. Final R indices were: R1 = 0.0258, wR2 = 0.0625 for observed [l > 20(l)]
and R1 = 0.0268, wR2 = 0.0639 for all data, goodness-of-fit on F2 = 1.138. The absolute
structure was considered during refinement, the final orientation yielded a Flack parameter
-0.04(6). The final difference map was featureless, the extreme values of the hole and peak
were -0.180 and 0.223 e A3, respectively. Crystallographic data for the structure 8 reported
in this paper have been deposited with the Cambridge Crystallographic Data Centre as sup-
plementary publication number CCDC-139283. Copies of the data can be obtained free of
charge on application to CCDC, e-mail: deposit@ccdc.cam.ac.uk.
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