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Since replication of viruses occurs only within host cells, 
and host cell metabolism and viral replication are closely 
integrated, the development of compounds which selec­
tively interfere with virus-specific processes is one of the 
more intriguing remaining problems in antimicrobial 
chemotherapy. 

One possible approach involves selective interference 
with the synthesis or functioning of specific enzymes, either 
introduced into or induced in the host cell by the virus.1""0 

The absence of detailed information concerning the amino 
acid sequence and conformation of these enzymes does, 
however, make it difficult to design rationally compounds 
that will bind to them selectively. The approach that we 
have taken involves total synthesis of analogues of a 
naturally occurring oxazolinone antibiotic, indolmycin. 
Although there was little a priori reason for believing that 
indolmycin analogues would bind selectively to a viral 
enzyme, it seemed that, by modification of a fairly complex 
structure possessing features consistent with noncovalent 
bonding to nucleic acids or proteins, and for which a 
precise stereochemical requirement for biological activity 
had been demonstrated,6 the probability of obtaining a 
compound which bound preferentially to a single mac-
romolecule would be substantially increased. 
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H 
indolmycin 

The present paper describes the synthesis of a series of 
thiazolinone and thiazolidinone analogues of indolmycin 
and structural requirements for antiviral and antibacterial 
activity. 

Chemistry. 2-Aminothiazolinones 5-11 and 20-25 and 
2-iminothiazolidinones 12-15 and 26 were prepared by 
nucleophilic displacement of 2-mesyloxy or chloro groups 
from methyl 3-(indol-3-yl)propionates 3 and 4 and butyrate 
19 with N-substituted thioureas.7 

The 2-alkylaminothiazolinones 6 and 8 and the isomeric 
2-imino-3-alkylthiazolidinones 12 and 14, respectively, were 
both isolated from reactions in which iV-monoalkylthio-
ureas were used. Because of the possibilities for 
tautomerization8 and both intra- and intermolecular hy­
drogen bonding,9 it is not possible to assign thiazolinone 
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a Although compounds 17-30, 39, 41 , 43, and 44 are 
racemic mixtures, in order to simplify the presentation 
and to clarify the stereochemical course of each reaction, 
the reaction sequence is in each case shown for one 
enantiomer only. 

or thiazolidinone structures unequivocally from NMR and 
IR spectral data. However, we have recently described7 

the facile methoxide-catalyzed rearrangement of the 2-
imino compound 12 to the 2-methylaminothiazolinone 6 
in refluxing methanol; this is consistent with conditions 
reported previously10 for a thiazolidinone - * thiazolinone 
rearrangement. Furthermore, there are five other com­
pounds in the series for which structural assignment is 
unequivocal. The structure of the (-)-2-methylamino-
thiazolinone 46 has been determined by x-ray crystal 
analysis,11 and of the two iV,iV-dimethyl isomeric pairs 7 
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and 13, and 22 and 26, 7 and 22 can only exist as thia-
zolinones and 13 and 26 can only exist as thiazolidinones. 
In all cases the thiazolidinones have lower melting points 
and higher solubility in organic solvents than do their 
thiazolinone isomers. Additionally, upon thin-layer 
chromatography on silica gel using ethyl acetate as the 
eluting solvent, the 2-alkyl- and dialkylaminothiazolinones 
6-8, 11, 21-23, 46, and 47 have much lower mobility {R( 
0.10-0.17) than do the 3-alkylthiazolidinones 12-14 and 
26 (Rf 0.42-0.60). 

The above route was applicable to the synthesis of 
C-demethyl analogues (Scheme I) and to thiazolinone and 
thiazolidinone diastereoisomers (Scheme II) derived from 
(±)-a-methyl indolmycenate (17), which has (2i?,3S)-
(2S,3i?) stereochemistry,12 but under the conditions re­
quired for displacement of the mesyloxy grouping from 
(±)-/3-methyl 2-mesyloxy-3-(indol-3-yl)butyrate (28), which 
has (2i?,3i?)(2S,3S) stereochemistry, only the rearranged 
halo esters 29 and 30 were obtained (Scheme III).7 

The relative reactivities of the mesyloxy esters 3,18, and 
28 and the chloro ester 19, rearrangements, and the ste­
reochemistry of the products obtained have been 
explained7 by a reaction mechanism involving neighboring 
group participation by the indole C-3 carbon, resulting in 
the intermediacy of spiro-substituted cyclopropylium ions 
(31). 
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Although the indole-iV-methyl analogue 11 of the C-

demethyl 2-methylaminothiazolinone 6 was readily ob­
tained by this route (Scheme I), a t tempts to prepare 
a-thiazolinone analogues with methyl groups on the indole 
C-2 carbon, or with an ethyl group instead of methyl on 
the C-3 substituent, were unsuccessful. The 2-hydroxy 
esters 39 and 41 were readily accessible (Scheme IV), but 
in each case the predominant product from mesylation was 
the rearranged chloro ester 43 or 44, respectively (Scheme 
V). 

The structures of the rearranged chloro esters 29,7 43, 
and 44 were assigned unequivocally from NMR and mass 
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Table I. Biological Activity0 

Compd 

5 
6 
20 
21 
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23 
24 
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dMsoindolmycin 
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Ribavirin^ 
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> 2 0 0 

200 
20 
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200 
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S.a. 
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2 
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ND 
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200 
2 

ND 
ND 
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ND 
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spectral data. The most abundant fragment was in each 
case the ion 45 resulting from cleavage /? to the aromatic 
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system. For the chloro ester 19 this has m/e 144 (a) and 
for the rearranged chloro esters 29, 43, and 44, m/e 188, 
202, and 188 (b), respectively. 

This increased propensity for rearrangement with al-
kyl-substituted a-diastereoisomers may be a consequence 

of increased stabilization of the cyclopropylium ion with 
the charge on the alkyl bearing carbon, as a result of 
introduction of more highly electron-donatory alkyl 
substituents. For stabilization by the indole C-2 methyl 
substituent, retention of at least partial bonding between 
the indole C-3 and the charge-bearing carbon would also 
seem to be required, supporting the proposed mechanism. 

Since (±)-a-2-methylamino-5-[l-(indol-3-yl)ethyl]-A2-
thiazolin-4-one (21), the sulfur isostere of dMndolmycin, 
was the most biologically active racemic compound pre­
pared, a-indolmycenic acid was resolved7 and the enan-
tiomers each converted to the 2-methylaminothiazolinone 
enantiomers 46 and 47,7 using the reaction sequence de-

MeNH N 0 

. X . 

J J ̂  "' H I 

< V N ^ H M e 

H ^ C ^ i 

46, (-) isomer 47, ( +) isomer 

scribed for the racemate 21. 
Structure-Act iv i ty Relationships. In this series of 

thiazolinones and thiazolidinones there are highly specific 
structural requirements for both antiviral and antibacterial 
activity in vitro (Table I). The only racemic compounds 
with significant antiviral activity are the 2-monoalkyl-
aminothiazolinones 6, 21, 23, and 24. These compounds 
inhibit the replication of influenza and coxsackie, both 
RNA viruses, but do not inhibit replication of Herpes 
simplex, a DNA virus. 2-Dimethylaminothiazolinones 7 
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and 22, 2-iminothiazolidinones 12-15 and 26, and the 
2-thione 16 are not antiviral. Alkylation of the indole 
nitrogen, as in 11, also reduces activity. 

Each of the four antiviral thiazolinones 6, 21, 23, and 
24 has antibacterial activity, and their relative levels of 
antibacterial activity parallel the antiviral activity. 
However, although the spectrum of antibacterial activity 
is in each case similar to that of dZ-indolmycin, neither 
dMndolmycin nor its diastereoisomer, dZ-isoindolmycin, 
possesses antiviral activity. 

The enantiomers 46 and 47 of the 2-methylamino-
thiazolinone 21 were evaluated separately and only the 
levorotatory isomer 46 has antiviral and antibacterial 
activity. The absolute stereochemistry of this thiazolinone 
is identical with that of natural /-indolmycin.7,11 

Thus the structural and stereochemical requirements for 
antiviral activity are similar to those for antibacterial 
activity, except that the thiazolinone ring and a 2-
monoalkylamino substituent are essential additional re­
quirements. If indolmycin exerts its antibacterial activity 
through binding to a bacterial receptor such as an en­
zyme,13 it is possible that the thiazolinone 46 can also bind 
to the same receptor and additionally to an enzyme or 
enzyme substrate involved in the intracellular replication 
of RNA viruses. 

The spectrum of antimicrobial activity exhibited by 
(5S)-5-[(lfl)-l-(indol-3-yl)ethyl]-2-methylamino-A2-thia-
zolin-4-one (46) is of considerable interest for the treatment 
of respiratory infections, and this compound is currently 
undergoing further evaluation in animal models. 

Experimental Section 
Melting points were determined using a Reichert hot-stage 

apparatus. IR spectra were recorded with a Perkin-Elmer 157 
spectrometer. XH NMR spectra were determined for solutions 
in deuterated solvents at 60 MHz with a Varian EM360 spec­
trometer (tetramethylsilane as internal standard). The calcu­
lations described by Pople et al .u were used for interpretation 
of ABX systems. Mass spectra were obtained with an A.E.I. Model 
MS9 instrument operating at 70 eV. Elemental analyses were 
performed by the microanalytical laboratory of Beecham 
Pharmaceuticals. For chromatographic separations, silica gel refers 
to Kieselgel H, type 60 (E. Merck, Darmstadt). Analytical TLC 
was carried out on Eastman Chromagram sheets of silica gel with 
fluorescent indicator; the sheets were eluted with ethyl acetate 
and spots were visualized under UV light (254 nm). All evap­
orations were carried out under reduced pressure with a rotary 
evaporator. 

(±)-Methyl2-Hydroxy-3-(l-methylindol-3-yl)propionate 
(2). A solution of (±)-methyl 2-hydroxy-3-(indol-3-yl)propionate 
(l)7 (2.19 g, 0.01 mol) in anhydrous ether (50 mL) was added 
dropwise to a stirred solution of sodium (0.25 g, 0.11 mol) in liquid 
ammonia (50 mL) containing a few crystals of ferric nitrate 
nonahydrate. After 10 min a solution of methyl iodide (2.84 g, 
0.02 mol) in anhydrous ether (20 mL) was added. The ammonia 
was allowed to evaporate, water (30 mL) added, and the product 
extracted into ether (3 X 60 mL). The combined extracts were 
dried (MgS04) and evaporated, yielding an oil. The iV-methyl 
propionate 2 was purified by distillation (0.80 g, 34%): bp 146-148 
°C (0.5 mm); vmax (film) 3430 (OH) and 1735 cm"1 (C=0); XH 
NMR (CDC13) 8 2.95 (d, 1, J = 6 Hz, D20 exchangeable OH), 
3.15-3.40 (m, 2, CH2), 3.75 (s, 6, OCH3 and NCH3), 4.56 (m, 1, 
CtfOH), 7.0-8.0 (m, 5, aromatic). Anal. (C13H16N03) C, H, N. 

(±)-Methyl2-Mesyloxy-3-(l-methylindol-3-yl)propionate 
(4). To a solution of the 2-hydroxypropionate 2 (0.63 g, 0.003 
mol) in dry pyridine (20 mL) at 0 °C, methanesulfonyl chloride 
(0.63 g, 0.006 mol) was slowly added. The mixture was maintained 
at 5 °C for 2 days and then poured into iced 2 N hydrochloric 
acid (200 mL). The aqueous mixture was extracted with chlo­
roform (3 X 60 mL); the chloroform solutions were dried (MgS04) 
and evaporated. The oil obtained was dissolved in ether and after 
cooling to 0 °C, white crystals of the mesyl ester 4 were obtained 
(0.84 g, 31%): mp 71 °C; i w (Nujol) 1755 cm"1 (C=0); lH NMR 

(CDCI3) 5 2.76 (s, 3, 0S02CH3), 3.33 (d, 2, J = 6 Hz, CH2), 3.67 
(s, 6, NCH3 and COOCH3), 5.27 (t, 1, J = 6 Hz, CHO), 7.0-7.8 
(m, 5 aromatic); m/e 311 (M+, 36%), 252 (22), 215 (38), 185 (15), 
144 (100), 141 (42), 102 (60). Anal. (C14H17N06S) C, H, N. 

(±)-Thiazolinones and (±)-Thiazolidinones. General 
Reaction Conditions. Unless otherwise stated, a solution of 
either the mesyloxy ester 3,7 4, or the a-2-chloro ester 197 (0.005 
mol) and the appropriate N-substituted thiourea (0.005 mol) in 
ethanol (50 mL) was maintained at 20 °C for 4 days. The ethanol 
was then evaporated, water (50 mL) added, and the solution 
adjusted to pH 7.0 with 1 M sodium carbonate. The oil or solid 
which precipitated was collected and dissolved in ethyl acetate, 
and the solution was dried (MgS04). 

Isolation Procedures. (±)-2-Dimethylamino-5-[(indol-
3-yl)methyl]-A2-thiazolin-4-one (7). Evaporation of the solvent 
gave a solid which was recrystallized from methanol to yield 53% 
(0.72 g) of the crystalline thiazolinone 7: mp 209-211 °C; TLC 
R,0.U; w (Nujol) 3250 (NH), 1681 (C=0), 1580 cm"1 (C=N); 
XH NMR (Me2SO-d6) 5 3.10 (s, 3) and 3.25 (s, 3) [N(CH3)2], 3.48 
and 3.55 (2 q, 2, AB protons of ABX system, AI/AB = 20.5 Hz, JAB 
= 15 Hz, CH2), 4.81 (q, 1, X proton of ABX system, J^ = 12 Hz, 
JBx = -6 Hz, CHS), 7.0-7.8 (m, 5, aromatic), 11.13 (s, br, 1, indole 
NH). Anal. (C14H15N3OS) C, H, N, S. 

(±)-2-Ethylamino-5-[(indol-3-yl)methyl]-A2-thiazolin-4-one 
(8) and (±)-3-Ethyl-2-imino-5-[(indol-3-yl)methyl]thiazo-
lidin-4-one (14). On partial evaporation of the solvent and cooling 
to 0 °C, the crystalline thiazolinone 8 was obtained in 39% (0.53 
g) yield: mp 173-175 °C; TLC fyO.13; « w (Nujol) 3380 (NH), 
1692 (C=0), 1610 cm"1 (C=N); {H NMR (Me2SO-d6) S1.12 (t, 
3, J = 6.8 Hz, CH3), 3.38 and 3.46 (2 q, 2, AB protons of ABX 
system, AvAB = 21.5 Hz, JAB = 12 Hz, Ctf2CH), 3.44 (q, 2, 
Ctf2CH3), 4.69 (q, 1, X proton of ABX system, JAX = 11.5 Hz, 
JBX = -4.5 Hz, CHS), 7.0-7.8 (m, 5, aromatic), 9.23 (s, br, 1, 
NHC2H6), 11.08 (s, 1, indole NH). Anal. (C14H15N3OS) C, H, N, 
S. 

On concentration of the filtrate and chromatography on silica 
gel eluted with ethyl acetate, the thiazolidinone 14 was obtained 
in 9% (0.12 g) yield: mp 156-158 °C; TLC Rf 0.60; s>mai (Nujol) 
3400, 3360 (NH), 1698 (C=0), 1610 cm"1 (C=N); JH NMR 
(CD3OD) 5 0.98 (t, 3, J = 7.1 Hz, CH3), 3.45 and 3.49 (2 q, 2, AB 
protons of ABX system, Av/& = 20 Hz, JAB = 12 Hz, Ctf2CH), 
3.71 (q, 2, Ctf2CH3), 4.68 (q, 1, X proton of ABX system, JAX = 
8 Hz, JBx = -5 Hz, CHS), 7.0-7.9 (m, 5, aromatic). Anal. 
(C14H16N3OS) C, H, N, S. 

(±)-2-(2-Hydroxyethylamino)-5-[(indol-3-yl)methyl]-A2-
thiazolin-4-one (9). For the preparation of the 2-hydroxy-
ethylaminothiazolinone 9, Ar-(2-trimethylsilyloxyethyl)thiourea, 
prepared by reaction of IV-(2-hydroxyethyl)thiourea with excess 
hexamethyldisilazane in pyridine at 20 °C, was used. After 
reaction, evaporation of the solvent gave an oil which crystallized 
from 10% acetonitrile in ethyl acetate to yield 20% (0.29 g) of 
the thiazolinone 9: mp 185-186 °C; TLC Rf 0.00; Vma (Nujol) 1670 
(C=0), 1590 cm"1 (C=N); •H NMR (Me2SO-d6) 5 2.9-3.8 (m, 2, 
AB protons of ABX system, Ctf2CH), 3.48 (s, 4, CH2Ctf2OH), 4.6 
(q, 1, X proton of ABX system, CHS), 4.8 (s, br, 1, D20 ex­
changeable, OH), 6.8-7.94 (m, 5, aromatic), 9.25 (s, br, 1, D20 
exchangeable, NHCH2), 11.0 (s, 1, D20 exchangeable, indole NH); 
m/e 289 (M+, 12%), 130(100). Anal. (C14H15N302S) C, H, N, 
S. 

(±)-2-Benzylamino-5-[(indol-3-yl)methyl]-A2-thiazolin-
4-one (10). Evaporation of the solvent gave an oil which, after 
chromatography on silica gel eluted with 10% methanol in ethyl 
acetate, yielded a solid which was recrystallized from methanol 
to yield 7% (0.15 g) of the crystalline thiazolinone 10: mp 189-190 
°C; TLC fy0.27; !>mal (Nujol) 3300 (NH), 1677 (C=0), 1610 cm"1 

(C==N); XH NMR (Me2SO-d6) 8 3.20 and 3.28 (2 q, 2, AB protons 
of ABX system, AvAB = 27.5 Hz, JAB = 12 Hz, C/Y2CH), 4.54 (s, 
2, NCH2), 4.58 (q, 1, X proton of ABX system, JAX = 11.5 Hz, 
JBx = -5.5 Hz, CHS), 6.9-7.7 (m, 10, aromatic), 9.55 (s, br, 1, D20 
exchangeable, NffCH2), 11.04 (s, br, 1, indole NH); m/e 335 (M+, 
18%), 206 (53), 130 (100), 117 (53), 107 (43), 106 (53). Anal. 
(C19H17N3OS) C, H, N. 

(±)-2-Methylamino-5-[(l-methylindol-3-yl)methyl]-A2-
thiazolin-4-one (11). Evaporation of the solvent gave an oil, 
which was dissolved in methanol (200 mL) containing 2 N sodium 
hydroxide (0.5 mL), and the solution was boiled under reflux for 
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3 h. The oil obtained after evaporation of the solvent was dissolved 
in ethyl acetate (40 mL), and the solution was filtered and cooled 
to 0 °C, yielding 28% (0.38 g) of the crystalline thiazolinone 11: 
mp 183-184 °C; TLC Rf 0.10; <w (Nujol) 1680 (C=0), 1620 cm"1 

(C=N); JH NMR (Me2SO-d6) 5 2.76 and 2.87 (2 s, 3, NHCtf3), 
2.6-3.8 (m, 2, AB protons of ABX system, Cff2CH), 3.67 (s, 3, 
NCH3), 4.53 (q, 1, X proton of ABX system, CHS), 7.0-7.8 (m, 
5, aromatic), 9.16 (s, br, 1, NH); m/e 273 (M+, 12%), 144 (100). 
Anal. (C14H15N3OS) C, H, N. 

(±)-2-Methylimino-3-methyl-5-[(indol-3-yl)methyl]thia-
zolidin-4-one (13). Evaporation of the solvent gave a solid which 
was recrystallized from toluene to yield 76% (1.04 g) of the 
crystalline thiazolidinone 13: mp 139-140 °C; TLC Rf 0.50; i w 
(Nujol) 3195 (NH), 1718 (C=0), 1635 cm"1 (C=N); JH NMR 
(CDC13) 5 3.13 (s, 3, =NCH3), 3.20 (s, 3, NCH3), 3.17 and 3.86 
(2 q, 2, AB protons of ABX system, AJ>AB = 38.5 Hz, J ^ = 15 Hz, 
Ctf2CH), 4.52 (q, 1, X proton of ABX system, J& = 10.5 Hz, JBx 
= -4.5 Hz, CHS), 7.10-7.90 (m, 5, aromatic), 8.48 (s, br, 1, indole 
NH). Anal. (CuH16N3OS) C, H, N, S. 

(±)-2-Phenylimino-5-[(indol-3-yl)methyl]thiazolidin-4-one 
(15). The preparation of thiazolidinone 15 was carried out using 
dimethylformamide as solvent. After reaction, evaporation of the 
ethyl acetate gave an oil which, after chromatography on silica 
gel eluted with ether-cyclohexane (1:1), gave a solid which was 
recrystallized from ethyl acetate to yield 36% (0.58 g) of the 
crystalline thiazolidinone 15: mp 210-212 °C; TLC fy0.27; i/mal 
(Nujol) 3385, 3230, and 3180 (NH), 1685 (C=0), 1635 cm"1 

(C=N); *H NMR (Me2SO-d6) 5 3.38 and 3.43 (2 q, 2, AB protons 
of ABX system, A«AB = 21 Hz, J& = 16 Hz, Ctf2CH), 4.84 (q, 
1, X proton of ABX system, J^ = 11.5 Hz, JBX = -6-5 Hz, CHS), 
6.9-8.1 (m, 10, aromatic), 11.5 (s, 1, indole NH), 11.66 (s, br, 1, 
CONH); m/e 321 (M+, 15%), 192 (5), 130 (100). Anal. (C18-
H15N3OS) C, H, N. 

5-[(Indol-3-yl)methyl]-2-thiothiazolidin-4-one (16). For the 
preparation of the 2-thiothiazolidinone 16, ammonium dithio-
carbamate was allowed to react with the mesylate 3. After re­
action, evaporation of the solvent gave a gummy residue, which 
was chromatographed on silica gel eluted with cyclohexane-ethyl 
acetate (2:1), yielding a solid. Recrystallization from chloroform 
afforded 27% (0.35 g) of the thiazolidinone 16: mp 134-136 CC; 
TLC fyO.51; i w (KBr) 3400 (NH), 1720 cnT1 (C=0); XH NMR 
(CDCI3) 5 3.56 and 3.60 (2 q, 2, AB protons of ABX system, AI-AB 
= 18.8 Hz, JAB = 14 Hz, CH^, 4.75 (q, 1, X proton of ABX system, 
JAX = 11.8 Hz, JBX = -6.8 Hz, CH), 6.9-7.9 (m, 5, aromatic), 8.22 
(s, br, 2, D20 exchangeable, both NH); m/e 262 (M+, 16%), 130 
(100). Anal. (C12H10N2OS2) C, H, N. 

(±)-a-2-Dimethylamino-5-[l-(indol-3-yl)ethyl]-A2-thia-
zolin-4-one (22). Evaporation of the solvent gave an oil which 
was crystallized from ethanol to yield 57% (0.83 g) of the 
crystalline thiazolinone 22: mp 238-240 °C; TLC Rf 0.15; * w 
(Nujol) 3230 (br, NH), 1680 (C=0), 1565 cnr1 (C=N); !H NMR 
(Me2SO-d6) 5 1.26 (d, 3, J = 7 Hz, CHCff3), 3.14 (s, 3) and 3.26 
(s, 3) [N(CH3)2], 3.97 (m, 1, CtfCH3), 4.95 (d, 1, J = 3.9 Hz, CHS), 
7.0-7.9 (m, 5, aromatic), 10.90 (s, br, 1, indole NH); m/e 287 (M+, 
53%), 144 (100). Anal. (C15H17N3OS) C, H, N. 

(±)-a-2-Ethylamino-5-[l-(indol-3-yl)ethyl]-A2-thiazolin-
4-one (23). Evaporation of the solvent gave an oil which, after 
chromatography on silica gel eluted with ethyl acetate, yielded 
a solid which was recrystallized from ethyl acetate to yield 14% 
(0.20 g) of the crystalline thiazolinone 23: mp 195-197 °C; TLC 
Rf 0.11; w (Nujol) 3260 (br, NH), 1678 (C=0), 1585 cm"1 (C=N); 
'H NMR (Me2SO-de) 5 1.11 (t, 3, J = 8.5 Hz, CH2Ctf3), 1.20 (d, 
3, J = 7.0 Hz, CHCtf3), 3.0-4.0 (m, 3, C#CH3 and CH2), 4.83 (d, 
1, J = 3.2 Hz, CHS), 7.0-7.8 (m, 5, aromatic), 9.33 (s, 1, D20 
exchangeable, N/fC2H5), 11.12 (s, 1, D20 exchangeable, indole 
NH). Anal. (C16H17N3OS) C, H, N. 

(±)-a-2-(2-Hydroxyethylamino)-5-[l-(indol-3-yl)ethyl]-
A2-thiazolin-4-one (24). Evaporation of the solvent gave an oil 
which, after chromatography on silica gel eluted with 10% 
methanol in ethyl acetate and trituration with hot chloroform, 
yielded 13% of the crystalline thiazolinone 24: mp 195-197 °C; 
TLC RfOm; i w (KBr) 1670 (C=0), 1580 cm"1 (C=N); *H NMR 
(Me2SO-d6) S 1.20 (d, 3, J = 7 Hz, CHCff3), 3.1-3.7 (m, 4, 
CH2CH2), 3.85 (m, 1, C#CH3), 4.75 (d, 1, J = 3 Hz, CHS), 4.80 
(s, 1, D20 exchangeable, OH), 6.8-7.7 (m, 5, aromatic), 9.27 (s, 
br, 1, D20 exchangeable, NHCH2), 10.86 (s, 1, D20 exchangeable, 

indole NH); m/e 303 (M+, 15%), 144(100). Anal. (C16H17N302S) 
C, H, N. 

(±)-a-2-(2-JV,JV-Dimethylaminoethylamino)-5-[l-(indol-
3-yl)ethyl]-A2-thiazolin-4-one Hydrochloride (25). The white 
solid which separated from the original reaction mixture was 
collected and recrystallized from ethanol to yield 22% (0.40 g) 
of crystalline thiazolinone hydrochloride 25: mp 208-209 °C; TLC 
iJ/0.11; w (KBr) 3400, (br, NH), 1700 (C=0), 1620 cm"1 (C=N); 
*H NMR (Me2SO-d6) 5 1.27 (d, 3, J = 7.0 Hz, CHCff3), 2.75 [s, 
6, N(CH3)2], 3.23 (m, 2, NHCtfs), 3.97 (m, 3, CH2N

+ and CtfCH3), 
4.92 (d, 1, J = 4.0 Hz, CH-S), 6.8-7.7 (m, 5, aromatic), 9.5 (s, br, 
1, D20 exchangeable, NtfCH2), 11.05 (s, 1, D20 exchangeable, 
indole NH). Anal. (C17H23C1N40S) C, H, CI, N, S. 

(±)-a-2-Methylimino-3-methyl-5-[l-(indol-3-yl)ethyl]-
thiazolidin-4-one (26). Evaporation of the solvent gave an oil 
which was recrystallized from ether-cyclohexane (3:1) to yield 
48% (0.67 g) of the crystalline thiazolidinone 26: mp 123-125 
°C; TLC Rf 0.53; *mal (Nujol) 3210 (br, NH), 1722 (C=0), 1638 
cm'1 (C=N); lH NMR (CDC13) 5 1.37 (d, 3, J = 7.0 Hz, CHCtf3), 
3.17 (s, 3, =NCH3), 3.25 (s, 3, NCH3), 4.23 (m, 1, CHCH3), 4.77 
(d, 1, J = 3.6 Hz, CHS), 7.0-8.0 (m, 5, aromatic), 8.51 (s, br, 1, 
indole NH); m/e 287 (M+, 11%), 144(100). Anal. (C15H17N3OS) 
C, H, N. 

The preparation of the 2-aminothiazolinones 5 and 20, the 
2-methylaminothiazolinones 6, 21, 46, and 47, and the 3-
methylthiazolidinone 12 has been described previously.7 

(±)-2-Carboxy-2-hydroxy-3-(2-methylindol-3-yl)butyric 
Acid (34) and (±)-2-Carboxy-2-hydroxy-3-(indol-3-yl)valeric 
Acid (35). The appropriate Mannich base 3215 or 3316 (0.28 mol), 
diethyl acetoxymalonate (76.0 g, 0.35 mol), and sodium (0.51 g) 
in dry xylene (350 mL) under nitrogen were boiled under reflux 
until no further isopropylamine was evolved (ca. 20 h). The 
reaction mixture was cooled to room temperature, ethanol (6 mL) 
was added, and the solvents were evaporated. The oil obtained 
was stirred with a solution of sodium hydroxide (72 g) in water 
(80 mL) and ethanol (320 mL), and a solid was obtained. The 
mixture was stored at 5 °C for 18 h, the solid was then separated, 
washed with ether (3 X 80 mL), and dissolved in water (600 mL), 
and the solution was acidified to pH 1 with concentrated hy­
drochloric acid (ca. 60 mL). The solution was then extracted with 
ethyl acetate (3 X 300 mL), and the extracts were dried (Na2S04) 
and evaporated, yielding an oil. Trituration of this oil with 
dichloromethane gave the crude diacid 34 or 35 as a white solid, 
which was then recrystallized. 

The 2-methylindole diacid 34 was obtained in 45% yield (34.9 
g): mp 132-134 °C (from dichloroethane-ethyl acetate). Anal. 
(CuH15N06) C, H, N. The 2-carboxy-2-hydroxyvaleric acid 35 
was obtained in 67.6% yield (52.0 g): mp 112-114 °C (from ethyl 
acetate-petroleum ether). Anal. (C14H15N05) C, H, N. 

Infrared and *H NMR data for both compounds were consistent 
with the proposed structures. 

2-Hydroxy-3-(2-methylindol-3-yl)butyric Acid (36) and 
2-Hydroxy-3-(indol-3-yl)valeric Acids (37, 38). The hydroxy 
diacid 34 or 35 (45 g) was dissolved in /3-picoline (1.2 L) and the 
solution boiled under reflux for 1 h. The /3-picoline was evaporated 
and the residue dissolved in saturated sodium bicarbonate (500 
mL). The solution was then washed with chloroform (3 X 300 
mL), acidified to pH 1 with 5 N hydrochloric acid, and extracted 
with chloroform (3 X 400 mL). The extracts were dried (MgS04) 
and evaporated, yielding the crude hydroxy acids (36, 36 g, 95%, 
37 and 38, 31 g, 82%) as mixtures of two racemic diastereoisomers. 

The 2-hydroxyvaleric acid was recrystallized from chloroform 
to yield (±)-a-2-hydroxy-3-(indol-3-yl)valeric acid (37) (13.3 g, 
43%): mp 144-146 °C; vmax (Nujol) 3380 (NH, OH), 1725 cm"1 

(C=0); 'H NMR (Me2SO-de) <5 0.74 (t, 3, J = 7 Hz, CH3), 1.75 
(m, 2, CH2), 3.13 (m, 1, CH2CH), 4.11 (d, 1, J = 6 Hz, CHOH), 
6.8-7.6 (m, 5, aromatic), 10.75 (s, 1, D20 exchangeable, indole NH). 
Anal. (C13Hi5N03) C, H, N. 

The filtrate was evaporated and the residue was recrystallized 
from ethyl acetate-petroleum ether to yield (±)-/3-2-hydroxy-
3-(indol-3-yl)valeric acid (38) (6.0 g, 20%): mp 149-151 °C; emal 
(Nujol) 3450 (OH), 3380 (NH), 1710 cm'1 (C=0); »H NMR 
(Me2SO-d6) 5 0.82 (t, 3, J = 7 Hz, CH3), 1.77 (m, 2, CH2), 3.20 
(m, 1, CH2CH), 4.28 (d, 1, J = 4 Hz, CtfOH), 6.8-7.7 (m, 5, 
aromatic), 10.70 (s, 1, D20 exchangeable, indole NH). Anal. 
(C13H15N03) C, H, N. 
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(±)-a-Methyl2-Hydroxy-3-(2-methylindol-3-yl)butyrate 
(39) and (±)-/5-Methyl 2-Hydroxy-3-(2-methylindol-3-yl)-
butyrate (40). A solution of the mixture of 2-methylindole 
hydroxy acids 36 (34 g, 0.15 mol) and p-toluenesulfonic acid (27.5 
g, 0.16 mol) in methanol (700 mL) was boiled under reflux for 
18 h. The methanol was evaporated, and the residue dissolved 
in ethyl acetate (800 mL). The solution was washed with 5% 
sodium carbonate (3 X 200 mL) and water (2 X 400 mL), dried 
(Na2S04), and evaporated, yielding an oil. The oil was crystallized 
from chloroform (250 mL), yielding 12.4 g (35%) of (±)-a-methyl 
2-hydroxy-3-(2-methylindol-3-yl)butyrate (39): mp 132-134 °C; 
Vma (Nujol) 3450 (OH), 3260 (NH), 1720 cm"1 (C=0); XH NMR 
(CDCls) 8 1.48 (d, 3, J = 7.0 Hz, Cff3CH), 2.37 (s, 3, CH3), 2.73 
(d, 1, J = 6.0 Hz, D20 exchangeable, OH), 3.46 (m, 1, CH3Ctf), 
3.61 (s, 3, C02CH3), 4.40 (pair of d, 1, JCH = 5.0 Hz, JOH = 6.0 
Hz, CHOH), 6.95-7.70 (m, 4, aromatic), 7.77 (s, br, 1, D20 ex­
changeable, indole NH). Anal. (C14H17N03) C, H, N. 

The filtrate was evaporated and the residue crystallized from 
benzene-cyclohexane (100:100 mL), yielding 10.3 g (29%) of 
(±)-/S-methyl 2-hydroxy-3-(2-methylindol-3-yl)butyrate (40): mp 
79-82 °C; Vau (Nujol) 3450 (OH), 3250 (NH), 1720 cm"1 (C=0); 
XH NMR (CDCI3) 8 1.58 (d, 3, J = 8.0 Hz, CH3CH), 2.31 (s, 3, CH3), 
2.59 (d, 1, J = 7.0 Hz, D20 exchangeable, OH), 3.49 (m, 1, CH3CH), 
3.61 (s, 3, C02CH3), 4.44 (pair of d, 1, JCH = 5.0 Hz, «/0H = 7-0 
Hz, CHOH), 6.95-7.75 (m, 4, aromatic), 7.81 (s, br, 1, D20 ex­
changeable, indole NH). Anal. (CuH17N03) C, H, N. 

(±)-a-Methyl 2-Hydroxy-3-(indol-3-yl)valerate (41) and 
(±)-/S-Methyl 2-Hydroxy-3-(indol-3-yl)valerate (42). A so­
lution of the (±)-2-hydroxyvaleric acid diastereoisomer 37 or 38 
(4.0 g, 0.017 mol) and p-toluenesulfonic acid (3.6 g, 0.021 mol) 
in methanol (100 mL) was boiled under reflux for 18 h. The 
methanol was evaporated and the residue dissolved in ethyl acetate 
(100 mL). The solution was washed with 5% sodium carbonate 
(3 X 40 mL) and water (2 X 40 mL), dried (Na2S04), and 
evaporated, yielding an oil which was crystallized from benz­
ene-cyclohexane (1:1). The (±)-a-ester 41 was obtained in 70% 
yield (3.0 g): mp 96-97 °C; vma (Nujol) 3520 (OH), 3330 (NH), 
1730 cm"1 (C=0); *H NMR (Me2SO-d6) 8 0.80 (t, 3, J = 7.2 Hz, 
CH2Ctf3), 1.89 (m, 2, CH2), 3.30 (m, 1, CH2Ctf), 3.52 (s, 3, 
C02CH3), 4.30 (pair of d, 1, JCH = 6.0 Hz, J 0 H = 6.0 Hz, CifOH), 
5.70 (d, l,J = 6.0 Hz, D20 exchangeable, OH), 6.9-8.1 (m, 5, 
aromatic), 11.04 (s, 1, D20 exchangeable, indole NH). Anal. 
(CuH17N03) C, H, N. The (±)-0-ester 42 was obtained in 57% 
yield (2.2 g): mp 93-95 °C; vma (Nujol) 3580 (OH), 3350 (NH), 
1745 cm-1 (C=0); lH NMR (Me2SO-d6) & 0.84 (t, 3, J = 7.2 Hz, 
CH2CH3), 1.80 (m, 2, CH2), 3.28 (m, 1, CH2Ctf), 3.28 (m, 1, 
CH2Cff), 3.50 (s, 3, C02CH3), 4.45 (pair of d, 1, JCH = 5.0 Hz, «70H 
= 6.0 Hz CHOH), 5.24 (d, 1, J = 6.0 Hz, D20 exchangeable, OH), 
6.9-7.8 (m, 5, aromatic), 11.0 (s, 1, D20 exchangeable, indole NH). 
Anal. (C14H17N03) C, H, N. 

(±)-o-Methyl 3-Chloro-2-(2-methylindol-3-yl)butyrate (43) 
and (±)-a-Methyl 3-Chloro-2-(indol-3-yl)valerate (44). To 
a solution of either the 2-hydroxy(2-methylindol-3-yl)butyrate 
39 (2.50 g, 0.01 mol) or the 2-hydroxy(indol-3-yl)valerate 41 (2.50 
g, 0.01 mol) in dry pyridine (25 mL) at 0 °C, methanesulfonyl 
chloride (1.60 mL, 0.02 mol) was added. The mixture was stored 
at 5 °C for 3 days, then poured into iced water (150 mL), and 
extracted with chloroform (4 X 100 mL). The combined extracts 
were washed with 5 N hydrochloric acid (3 X 100 mL) and water 
(2 X 100 mL), dried (Na2S04), and evaporated, yielding an oil. 
After chromatography on silica gel, the 3-chloro esters 43 and 44 
were obtained as clear pale brown oils, homogeneous on TLC. The 
(2-methylindol-3-yl)butyrate 43 was obtained in 56% yield (1.50 
g): j/m„ (film) 3350 (NH), 1730 cm"1 (C=0); lH NMR (CDC13) 
6 1.30 (d, 3, J = 6.5 Hz, CHCH3), 2.42 (s, 3, CH3), 3.64 (s, 3, 
C02CH3), 4.0 (d, 1, J = 11 Hz, CHCOa), 4.99 (m, 1, CffCl), 7.0-7.85 
(m, 4, aromatic), 8.01 (s, br, 1, D20 exchangeable, indole NH); 
m/e 265 (M+, 30%), 202 (100), 170 (30), 144 (20). Anal. (C14-
H18C1N02) C, H, N. 

The 3-chlorovalerate 44 was obtained in 61% yield (1.62 g): 
>W (film) 3400 (NH), 1730 cm"1 (C=0); *H NMR (CDC13) 8 1.00 
(t, 3, J = 7.0 Hz, CH2CH3), 1.65 (m, 2, Ctf2CH3), 3.78 (s, 3, 

C02CH3), 4.25 (d, 1, J = 11 Hz, CHC02), 4.65 (m, 1, CHCl), 7.1-8.1 
(m, 5, aromatic), 8.70 (s, br, 1, D20 exchangeable , indole NH); 
m/e 265 (M+, 80%), 206 (51), 189 (78), 188 (100), 170 (33), 160 
(54), 156 (49), 144 (34), 130 (56). 

Biological Evaluation (Table I). Antiviral. Compounds 
were initially evaluated in simple diffusion assays. For this type 
of test, 100 mg/mL solutions of the compounds in dimethyl 
sulfoxide were diluted to a concentration of 1 mg/mL with Eagle's 
minimum essential medium and 0.02 mL introduced into wells 
6 mm in diameter cut into an agar layer above virus-infected cell 
monolayers. Influenza A/NWS (H0N1) virus was grown in BHK 
21 cells and Coxsackie B virus in HeLa cells, and in each case 
an infection level giving an even distribution of subconfluent 
plaques was used. The diameters of zones around the wells free 
from virus-induced plaques (inhibition zones) are reported. 

More accurate quantitation of antiviral activity was achieved 
by incorporation of varying concentrations of the test compound 
into the agar overlay above the virus-infected cell monolayers. 
The lowest concentration of each compound causing a >50% 
reduction in the number of plaques in comparison with untreated 
controls (PDD^) is given. 

All of the thiazolinones and thiazolidinones reported in this 
paper were also screened for activity against Herpes simplex type 
1 virus in chick embryo fibroblast cell monolayers, using a plaque 
reduction assay, but none was active. 

The reported mininum cytotoxic concentration (MCC) is the 
lowest concentration of compound causing morphological ab­
normalities in cell monolayers stained either with carbol fuchsin 
or neutral red. 

Antibacterial. Compounds were tested at 2, 20, and 200 
Mg/mL in diagnostic sensitivity test agar (Oxoid CM 261) + 5% 
horse blood, against the organisms shown. Bacterial inocula of 
approximately 104-10e colony forming units/mL were used. 
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