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A series of indole-substituted 2,2’-dithiobis(1-methyl-N-phenyl-1H-indole-3-carboxamides) were
prepared and evaluated for their ability to inhibit the tyrosine kinase activity of both the epidermal
growth factor receptor (EGFR) and the nonreceptor pp60'—*™ tyrosine kinase. The compounds
were synthesized by conversion of appropriate 1-methyloxindoles to 1-methyl-2-indolinethiones
with P,S; followed by subsequent reaction with NaH and phenyl isocyanate and oxidative
dimerization of the resulting 2,3-dihydro-N-phenyl-2-thioxo-1H-indole-3-carboxamides. The parent
compound and many of the substituted analogues were moderately potent inhibitors of both
kinase enzymes, but no clear relationships were seen between substitution on the indole ring and
inhibitory activity. While 4-substituted compounds were generally inactive, 5-substituted derivatives
with electron-withdrawing groups showed inhibitory activity. However, none of the substituted
compounds showed significantly better activity than the unsubstituted parent compound. There
was generally a good correlation between activity against the EGFR and pp607-+ kinases, but
several compounds did show some specificity (>20-fold) of inhibition; 5-Cl and 5-Br derivatives
preferentially inhibited pp60¥#'¢, while the 5-CF; compound preferentially inhibited EGFR. Selected
compounds from the series were found to inhibit the growth of Swiss 3T3 fibroblasts with ICxs
in the range 2-25 uM, the most active being 4-substituted derivatives. The compounds inhibited
bFGF-mediated protein tyrosine phosphorylation in intact cells more effectively than EGFR- or

PDGF-mediated phosphorylation.

The recent elucidation!? of many of the steps in the
pathway by which external cellular growth signals are
transmitted to the nucleus provides a new mechanism-
based approach to the development of anticancer drugs.3+4
The primary molecular mechanism of this signal trans-
duction in normal and transformed cells is protein
phosphorylation, by the action of both membrane-
spanning and cytoplasmic protein tyrosine kinase enzymes
which catalyze the transfer of the terminal phosphate from
ATP tothe phenolic hydroxyl group of tyrosinein substrate
proteins. Many of these enzymes are encoded by proto-
oncogenes,®® and their transformation or overexpression
is considered in many cases to be the cause of malignant
transformation. Forexample, human mammary, ovarian,
and squamous cell head and neck carcinomas have been
linked to overproduction of the epidermal growth factor
receptor (EGFR) tyrosine kinase? or the closely homolo-
gous c-erbB2 oncogene.? The nonreceptor v-src family of
oncogene products, membrane-bound kinases lacking
extracellular domains but closely associated with a number
of receptor tyrosine kinases including the EGFR,! are
believed to be involved in a number of human malignant
states and other proliferative disorders.!

A number of compounds of diverse structure, but
particularly polyphenols (e.g., 1), have recently been
reported as inhibitors of protein tyrosine kinases, with
most of the work to date using EGFR protein isolated
from A431 human epidermoid carcinoma cells as a
screening system.#61012 These compounds can be divided
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mechanistically into a number of different classes.?
Despite the high degree of homology known to exist among
the kinase domains of different protein tyrosine ki-
nases,!31¢ some compounds considered to bind to the
substrate site show considerable selectivity between dif-
ferent enzymes.1516 This gives rise to the possibility that
highly specific tyrosine kinase inhibitors can be developed,®
especially when more structural data become available.
Although no three-dimensional structure is yet available
for a protein tyrosine kinase, an X-ray crystal structure
ofthe cyclic AMP enzyme, a serine-threonine kinase which
has a closely homologous kinase domain, shows the ATP-
binding site to be in a deep cleft beneath a 8-sheet, with
the substrate-binding site probably lying close to the
protein surface.413.14

On the basis of this concept, Burke et al.l"18 have
suggested that an important design motif for inhibitors is
extended planarity and have shown that conformationally
constrained bicyclic analogues (3, 4) of the cinnamamide
class (2) show highly specific activity against the cyto-
plasmic p56'k kinases. While the unconstrained analogue
2 has an ICy of 22 uM, the 6,7-dihydroxy compound 3 is
much less active (ICso 1900 uM), while the 7,8-dihydroxy
isomer 4 is very potent (IC; 0.5 uM).1® The difference in
potency with ring positional substitution in this series is
striking.

Wehave previously shown that 2,2-dithiobis(1H-indole-
3-alkanoic acids) and their corresponding esters and amides
(6; Ry = (CH),COOH), which form readily from the
corresponding 2-thiones (5), are potent inhibitors of both
EGFR and pp60¥-= tyrosine kinases!®20 by noncompetitive
inhibition at the tyrosine substrate-binding site.2! Changes
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in the 3-alkyl side chain of the disulfides (6) markedly
affected activity, with the propanoic acids, esters, and
amides being the most effective; the benzyl derivative (6;
R, = (CH,);CONHCH,Ph) has an ICz of 0.85 uM for
inhibition of EGFR kinase activity.? Substitution in the
indole ring of the propanoic acid analogue (6; R; = (CHg).-
COOH) did not lead to marked effects on inhibitory
potency, but this study was extremely limited.1® We have
now found that the 1-methyl-3-(N-phenyl carboxamide)
analogue (10a; R = H) also shows potent tyrosine kinase
inhibitory activity and report here structure-activity
relationships for indole substitution in this series.

Chemistry

The substituted 2,2'-dithiobis(1-methyl-N-phenyl-1H-
indole-3-carboxamides) 10 of Table 1 were synthesized as
shown in Scheme 1. The required substituted N-methyl-
oxindoles (1,3-dihydro-1-methyl-2H-indol-2-ones 7) were
prepared by a variety of methods, the choice of which was
dictated by a number of considerations. Although a
number of general routes are available for the synthesis
of N-unsubstituted oxindoles,?2the preparation of N-alkyl
derivatives is less straightforward. The commonly used
AlCl;-catalyzed ring closure of N-alkyl-a-haloacetanilides
(Stollé synthesis; Scheme 2, method A)»24involves closure
onto the ortho position of an N-alkylaniline derivative, so
that meta-substituted anilines give mixtures of regioiso-
mers that are difficult to separate. In addition, both
dealkylation of alkoxy groups?® and isomerization of alkyl
substituents? can occur under the strongly acidicreaction
conditions. Thus, preparation of 1,7-dimethyloxindole
(7v)?" by this method in the present study was accompanied
by some isomerization of the aromatic methyl group, as
demonstrated by 'H and 3C NMR spectroscopy. How-
ever, in cases where these complications do not occur, the
method was successfully employed for the synthesis of
substituted N-methyloxindoles (Table 5).

Arelated synthetic method via the preparation of isatins
has the advantage that the mixtures of 4- and 6-isomers
obtained from ring closure of meta-substituted isoni-
trosoacetanilides are readily separable.2®6 N-Methylation
of such isatins with Me2S04/K2,CO3 was readily achieved,
but reduction to the corresponding N-methyloxindoles
wasnotgeneral. Hydrogenationled to dimeric byproducts
as a result of coupling at C-3, and reaction via the
3-hydrazones gave much lower yields than those with
N-unsubstituted isatins.?? Reduction with zinc—copper
couple in acetic acid (Scheme 2, method B) was successful
in certain cases but was not general (for example, 4-chloro-
1-methylisatin could be converted cleanly to the analogous
oxindole, but the isomeric 6-chloro compound could not).

N-Unsubstituted oxindoles have been synthesized via
lithiation of N-(tert-butoxycarbonyl)-2-alkylanilines® and
N-methylindoles via lithiation of N-carboxyl derivatives
of N,2-dimethylanilines.3! A combination of these two
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Scheme 1. Synthesis of
1-Methyl-N-phenyl-1H-indole-3-carboxamides and

2,2’-Dithiobis(1-methyl-N-phenyl-1H-indole-3-carboxamides)?
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@ (i) P85/NasCOs; (ii) NaH, then PhNCO, then H*; (iii) air, Hy0,,
or NaBOs; (iv) NaBH,.

Scheme 2. Syntheses of Substituted
1,3-Dihydro-1-methyl-2H-indol-2-ones®
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% (A) AIClg; (B) Zn:Cu/AcOH; (C) i. n-Buli, ii. COq,iii. n-BuLi;
iv. COg,v. H*; (D)i. n-BuLi;ii. CO,,iii. H*; (E) Me;S04/aqueous
NaOH; (F) HNO; or Bry; (G) (i) HBr/AcOH, ii. AcyO/pyridine.

methods was found to be broadly useful for the preparation
of the desired N-methyloxindoles. By using N-carboxyl
protection,3! a variety of N,2-dimethylaniline derivatives
were successfully lithiated on the 2-methyl group and
subsequently converted to the analogous oxindoles after
quenching with CO, and treatment with aqueous acid
(Scheme 2, method C). In one case, protection of the
nitrogen was not necessary, and 2-(methylamino)-3-
methylpyridine was converted directly to 7-azaoxindole
(1,3-dihydro-1-methyl-2H-pyrrolo[2,3-b] pyridin-2-one, 7z)
via a C,N-dianion intermediate? (Scheme 2, method D).
However, lithiation procedures were not compatible with
a few substituent groups, such as m-chloro.32 In these
cases, N-methylation of the corresponding N-unsubsti-
tuted oxindoles with dimethyl sulfate and NaOH under
aqueous conditions (Scheme 2, method E) proceeded
cleanly, with no C-3 alkylation being observed. The
N-unsubstituted oxindoles required were prepared either
by reduction of the appropriately substituted isatin-3-
hydrazones?® or by cyclization of azasulfonium salts via
3-(methylthio)oxindoles (Gassman method)33 (Scheme 3).
In the latter cases, it was necessary to remove the
3-methylthio groups prior to the Me:SOy/ NaOH alkylation
step, since 3-(methylthio)oxindole gave the analogous 1,3-
dimethyl derivative when subjected to this procedure.
Reduction tothe C-3-unsubstituted derivatives was readily
achieved with zinc dust in refluxing acetic acid in less
than 1 h. While the Gassman procedure has been used to
prepare N-methyloxindoles directly,? we found reaction
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Scheme 3. Synthesis of Substituted
1,3-Dihydro-2H-indol-2-ones®
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¢ (i) NH,NHy; (ii) NaOEt/EtOH; (iii) t-BuOCI; (iv) MeSCH2CO3E;
(v) EtsN; (vi) H*; (vii) Zn/AcOH; (viii) MezS0./aqueous NaOH.

Scheme 4. Synthesis of Substituted N-Methylanilines®
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(compound 7)

yields to be lower than those with N-unsubstituted anilines.
As an extreme example, in our hands, 4-(methylamino)-
benzonitrile gave only 3-chloro-4-(methylamino)benzoni-
trile and none of the desired oxindole derivative.

Finally, modification of preexisting 1-methyloxindoles
was also used where appropriate, with both the 5-bromo
and 5-nitro derivatives (7h,0) being prepared by direct
electrophilic substitution of 1-methyloxindole (7a) (Scheme
2, method F). The 4-, 5-, 6-, and 7-acetoxy-1-methylox-
indoles (7e,k,s,x) were obtained from the analogous
methoxy compounds via demethylation and acetylation
(Scheme 2, method G).

The substituted N-methylanilines required as starting
materials for many of these syntheses were normally
prepared by Mannich reaction of the appropriately
substituted anilines with formaldehyde and benzotriazole®
followed by reduction of the resulting N-(1H-benzotriazol-
1-ylmethyl)anilines (15-23) (Table 7) with NaBH,%
(Scheme 4). When this route was unsuccessful, the desired
compounds were prepared by alkylation and hydrogena-
tion of phenyl-substituted benzyl N-phenylcarbamates
(24-29) (Table 8; Scheme 4).

The 1-methyloxindoles were converted in good yields
to the corresponding 1-methyl-2-indolinethiones (1,3-
dihydro-1-methyl-2H-indole-2-thiones 8) of Table 6 with
P2Ss/NapCOsin THF.% Deprotonation of these using NaH
in THF followed by reaction with phenyl isocyanate gave
good yields of the corresponding 2,3-dihydro-N-phenyl-
2-thioxo-1H-indole-3-carboxamides 9 (Scheme 1). How-
ever, owing to their facile air oxidation to the resulting
2,2’-dithiobis(1-methyl-N-phenyl-1H-indole-3-carboxam-
ides) 101937, they were not generally isolated but were
oxidized to the corresponding disulfides by exposure of
dilute methanolic solutions to air or by treatment with
dilute H20; or sodium perborate. The acetoxy disulfides
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(10k,s,x) were hydrolyzed to the corresponding phenol
disulfides (10L,t,y) by prior reduction (NaBH,) to the
thiones, treatment with 3 N KOH, and reoxidation. The
mixed disulfides (13, 14) were prepared by reaction of the
dimer 10a with phenyl or benzyl mercaptan under acid or
base catalysis. Methylation of 9a (Mel/K>COs3) gave the
corresponding S-methyl compound 12.

Results and Discussion

The compounds were tested for their ability to inhibit
the tyrosine kinase activity of both the native EGFR
complex, contained in plasma membrane vesicles shed
from cultured A431 epidermoid carcinoma cells3® as
described previously,!? and the pp60¥-* protein, obtained
from v-sre baculovirus-infected insect cells and coupled
to 0.65-um-diameter latex beads via a monoclonal anti-
body.3?# ICs values are defined as the concentration of
drug necessary to reduced by 50% incorporation of 32P
(from added [y-32P]ATP) into a substrate (a 6:3:1 random
copolymer of glutamate, alanine, and tyrosine for EGFR
and polyglutyry for v-sre). The results are recorded in
Table 1.

Previous work!%% with the 3-alkyl disulfides (6) showed
that these and the corresponding monomeric 3-alkyl
thiones (5) underwent facile redox interconversion but
that the disulfides were the more potent inhibitors and
were likely to be the relevant species. The 3-carboxamides
likewise underwent ready, but less rapid, interconversion.
Thus, whereas the 3-alkylindolinethione (5; R; = (CHz)2-
COOH) had a half-life of only a few minutes in oxygenated
buffer at pH 7, the half-life of 9a was about 5§ h
(unpublished results, this laboratory).

Inthe presentseries, three sets of monomer—dimer pairs
werestudied, and while the monomer was somewhat more
potentin the unsubstituted case (compounds 9a and 10a),
in two other examples (compounds 9g and 10g, and 9z
and 10z), the dimers were substantially more potent. In
addition, the 2-SMe indole derivative 12 and the 3-meth-
yloxindole derivative 11, neither of which can convert to
the disulfide dimer, were both inactive. The two mixed
disulfides 13 and 14 were also inactive, which was somewhat
surprising since both slowly convert to the symmetrical
dimer 10a. Thus, a study of the effects of nuclear
substitutions in this series was conducted using only the
disulfide dimers (compounds 10a-z).

The primary aim was to examine structure—activity
relationships for substitution in the indole ring. A
secondary goal was to determine whether these could be
interpreted according to the tentative model of Burke,
who proposed that extended planar structures are pre-
ferred and showed that 6,7-dihydroxy substitution in
bicyclicisoquinolines of somewhat similar topology to the
indolinethiones was much less effective than corresponding
7,8-dihydroxy substitution (for activity against the non-
receptor src family p56!<k kinase).!”:18

In the previous study!® of 2,2’-dithiobis(LH-indole-3-
alkanoic acids), analogues substituted in the indole ring
by methyl groups retained activity, but no other sub-
stituents were studied; thus, no conclusions could be drawn
about substituent steric, lipophilic, or electronic effects.
In the present work, initial studies focused on -Cl, -Me,
and -OMe substituents at all four available ring positions.
We have discussed previously*! (in another context) the
justification for using these (approximately isosteric)
substituents for preliminary analysis of local electronic
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Table 1
a. Physicochemical and Biological Properties of Substituted 2,2’-Dithiobis(1-methyl-N-phenyl-1H-indole-3-carboxamides)
R CONHPh
CONHPh
5 \ s
[] N‘ \s 74
7 cHs N
CHa

yield® mp ICsoEGF¢ ICgosrcd
no. R (%) ©C) formula anal. M) M)
10a H 33 187-188 Cs2HgN,O2S2 C,H N, S 10 3.2
10b 4-Cl 21 225-228 CaoH24C1oN4O2S, C,H,N,Cl ca.100 >100
10¢ 4-Me 29 237-239 CaH3oN402S, C,H,N, S >100 >100
10d 4-OMe 38 225-228 C3H3oN,0,S2 C,HN,S >100 >100
10e 4-OAc 31 194 CagH3oN406S; HRMSe 20 0.65
10f 5-F 74 205-207 CsoHaFoN,O2S8, C,H,N,8 >100 6.0
10g 5-Cl 27 214-216 C3oH2(ClaN(O:S, C,H,N,S 4.3 >100
10h 5-Br 68 219-221 Cs2HyBroN,OsS, C,H N, S 114 ca. 100
10i 5-Me 34 231-234 C3H3oN40:S; C,H,N,S >100 >100
10j 5-OMe 41 161-164 C3H30N,0,S, C,H,N,S >100 >100
10k 5-OAc 45 147-150 CssH30N(06S2:0.5H20 C,H,N,S 5.3 7
101 5-OH f 185-187 C32H2sN,04S2H,0 C,H,N 40.5 3.9
10m 5-CFs 71 214-216 CaHoFaN(O2S: C,H,N, S >100 5.8
10n 5-CN 47 221-224 C34H24Ng028:0.56H,0 C,H,N, S 54.1 4.5
100 5-NO; 52 236-240 CaH24N02S2:0.5H,0 C,H N 5.0 7.2
10p 6-Cl 61 243-245 C3H2C12N4O2S, C,H,N,S >100 >100
10q 6-Me 33 192-195 C34H3oN,0:2S: C,H,N,S >100 ca. 100
10r 6-OMe 41 197-200 C3H3oN,0,S2 C,H,N,S 3.6 3.6
10s 6-0OAc 53 219-222 CseH3oNS206 C,H,N,S >100 35
10t 6-OH f 182-183 Cs2H21N4O,S4 HRMS 44 5.1
10u 7-Cl 27 232-234 C3aH24C1oN 40282 C,H,N, Cl1 >100 >100
10v 7-Me 31 221-223 Cs¢H30N0:S; C,H,N,S >100 >100
10w 7-OMe 44 205-206 C3H30N,OS2 C,H,N, S 6.5 3.6
10x 7-OAc 52 212-214.5 CagH3oN4S20¢0.5H,0 C,H,N,S 9.9 11.1
10y 7-OH f 207 dec Cs2H26N,O,S: C,H,N,S ca.100 >50
10z T-aza g 162-164 CaoHuNg0282-2H,0 C,H,N, S 22.3 5.2

b. Physicochemical and Biological Properties of Substituted 2,3-Dihydro-1-methyl-N-phenyl-2-thioxo-1H-indole-3-carboxamides and
Related Thioenol Derivatives

R o Ry  CONHPh CONHPh

i N—sr

] N\ N

7 CH, ‘CH;,
A -]

no. form R R) mp (°C) formula anal.? ICsEGF* (uM) ICso8rc? (kM)
9a A H H 149-151 C1sH14N208 C,H,N,S 1.0 9.7
9g A 5-Cl H 312-320 C1sH1sCIN,08 HRMS >100 >100
9z A T-aza H 162-164 C,5H;3N30S.CH;0H C,H,N,S >100 30.7
11 A H CH; 106-109 C17H ¢N2SO C,H,N,S >100 >50
12 B Me 116-118 C17H;sN208S C,H,N,S >100 >50
13 B SPh 131-134 C2H1sN208S; C,H,N,S >100 >100
14 B SCH:Ph 146-148 CasH3oN20S2 C,HN,S >100 >100

4 Yield from the indolinethiones (8) without isolation of the intermediate thiones (9; see text. ® Analyses for all listed elements are within
%0.4%. %9 Drug concentrations (uM) to cause 50% inhibition of tyrosine phosphorylation activities of the EGF receptor and pp60™+™ tyrosine
kinases, respectively; see text. ¢ High-resolution FAB mass spectrum molecular ion. / Prepared by hydrolysis of corresponding acetoxy compound;

see text. £ From dimerization of pure indolinethione 9z.

and lipophilic factors. In addition, the OH (and inter-
mediate OCOMe) compounds were prepared and evaluated
because of the activity associated with ring OH groups in
other series of tyrosine kinase inhibitors (e.g., analogues
of 1).742

The results (Table 1) show that any substitution at the
4-position is not favorable for activity, with three of the
four compounds being inactive at 100 uM in both assays.
Ten 5-substituted disulfides were prepared, using sub-
stituents which spanned a wide range of ¢ and = values.
While no statistically significant correlation was observed,
all of the five analogues with higher activity than the parent
possessed electron-withdrawing groups, while two of the
three inactive compounds had electron-donating ones

(Figure 1). Among the 6- and 7-substituted compounds,
no patterns could be observed. Cland Me groups at both
positions abolished activity, while both OMe analogues
(10r,w) were highly active. The more hydrophilic 7-OAc
and 7-aza compounds (10x,z) were active, but the 7-OH
derivative (10y) was not.

Over the whole series, there was a good correlation
between activity against the EGFR and pp60+¥-* kinases
(Table 1). Exceptions were the 5-Cl and 5-Br compounds
(10g,h) whichshowed some specificity for the EGFR kinase
and the 5-CF; compound (10m) which had the opposite
specificity. Since the Br and CF; groups are practically
identical in size, lipophilicity, and electronic properties,
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Figure 1. Relationship between substituent electronic and
lipophilic properties and EGFR tyrosine kinase inhibition for
5-substituted 2,2’-dithiobis(1-methyl-N-phenyl-1H-indole-3-car-
boxamides: (®)ICs < 10 uM, (©) ICs 10-100 uM, (0) ICs >100
uM

Table 2. Effect of

2,2’-Dithiobis(1-methyl-N-phenyl-1H-indole-3-carboxamides) on
the Proliferation of Swiss 3T3 Mouse Fibroblasts

no. R ICso (uM)©
10a H 12
10c 4-Me 4.0
10i 5-Me 22
10q 6-Me 96
10d 4-OMe 1.9
10j 5-OMe 20
10r 6-OMe 17
10w 7-OMe 24
10g 5-Cl 9.3
10z T-aza 10

2 Concentration of compound necessary to inhibit cell growth by
50%. Values represent the mean of two separate duplicate deter-
minations.

these “global” substituent properties appear to have little
effect on specific activities.

The mechanism of inhibition of 10a,z has been examined
by characterizing the enzyme inhibition in the presence
of varying concentrations of ATP and peptide substrate
and assessing K; values (manuscript in preparation). As
has been previously reported for other compounds in this
series,?! compounds 10a,z are noncompetitively inhibitory
with respect to peptide substrate and are also noncom-
petitive with respect to ATP.#* Thus, although cells
contain much higher concentrations of ATP than those
employed in the enzyme assays, this is not (from a
mechanistic standpoint, at least) an obstacle to them
retaining kinase inhibitory activity in cellular systems.

Indeed, selected compounds showed an ability to inhibit
the growth of Swiss 3T3 mouse fibroblasts with ICs¢s in
the low micromolar range (Table 2). In contrast to the
enzyme inhibition data, methyl or methoxy groups at the
4-position enhance potency (ICss of 24 uM, 5 times lower
than that of the parent 10a) whereas substitution at the
5- or 6-position was detrimental. Table 3 shows the
response of several human tumor lines to the parent
compound 10a and the corresponding monomer 9a; all
the lines showed approximately equal sensitivity to 10a
(ICs08 12-18 uM), with the monomer 9a being much less
effective.
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Table 3. Effect of Compounds 9a and 10a on the Proliferation
of Different Tumor Cell Lines

ICs (uM)°

cell line cell type 9a 10a
Swiss 3T3 mouse fibroblast . 64 12
A431 human epidermoid carcinoma 15 14
K562 chronic myelogenous leukemia 32 18
KG1A acute myelogenous leukemia 38 12

¢ Concentration of compound necessary to inhibit cell growth by
50%. Values represent the mean of two separate duplicate deter-
minations.

Table 4. Effect of 2,2’-Dithiobis(1-methyl-N-phenyl-1H-
indole-3-carboxamides) on Growth Factor-Mediated Tyrosine
Phosphorylation in Swiss 3T3 Fibroblasts®

ICso (uM)®
no. EGF receptor PDGF receptor bFGF-mediated
9a >100 17 3
10a >100 >100 3
10r >100 >100 37
10w >100 >100 25
10z¢ >25 >25 12

4 Cells were treated for 2 h with varying concentrations of
compound and then stimulated for 5 min with either EGF, PDGF,
or bFGF. Procedures for making cell cell extracts and Western
blotting are described in the Experimental Section. ¢ Concentration
of compound necessary to inhibit by 50% either EGF or PDGF
receptor autophosphorylation of bFGF-mediated tyrosine phosphor-
ylation of a 85-kDa protein. ¢ Concentrations of 10z greater than 25
uM could not be evaluated since it independently caused excessive
tyrosine phosphorylation in cells.

Finally, the effects of selected compounds on tyrosine
phosphorylation in cellular systems were examined by
pretreating Swiss 3T3 fibroblasts with varying concentra-
tions of drugs for 2 h, before exposure to different growth
factors (Table 4). Intracellular phosphotyrosine levels
were then assessed by Western blotting with antiphos-
photyrosine antibodies. Typically, when Swiss 3T3 cells
are exposed to bFGF, a protein of approximately 85-kDa
is phosphorylated on tyrosine. All of the evaluated
compounds inhibited phosphorylation of this protein in
a concentration-dependent manner, with ICs values
ranging from 3 to 37 uM (Table 4). Surprisingly, none of
the disulfides inhibited EGF or PDGF receptor auto-
phosphorylation in cells, suggesting that this structural
class of compounds specifically inhibits bFGF-mediated
tyrosine phosphorylation in intact cells.

Conclusions

The above results show the 2,2’-dithiobis(1-methyl-N-
phenyl-1H-indole-3-carboxamide) (10a) is a moderately
potent inhibitor of both isolated EGFR and pp60¥:<
tyrosine kinases. However, no clear relationships were
seen between nuclear substitution on the indole ring of
10a and inhibitory potency. Among the 5-substituted
compounds, where the largest number of examples were
available, electron-withdrawing groups appeared to retain
activity. However, none of the substituted compounds
showed significantly better activity against the isolated
enzymes than did the parent compound. A previous (much
more limited) study'® of 2,2’-dithiobis(1H-indole-3-al-
kanoic acids) also showed that methyl substitution in the
indole ring had no effect on biological activity. Selected
compounds inhibited the growth of Swiss 3T3 cells at the
low micromolar level, but these data did not correlate with
the isolated enzyme results, suggesting that other mecha-
nisms of cytotoxicity apart from EFGR inhibition are
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operative. The compounds were shown to selectively
inhibit bFGF-mediated (rather than EGFR-mediated)
protein tyrosine phosphorylation, suggesting that the
mechanism of cellular growth inhibition may involve the
preferential inhibition of kinases other than EGFR.

Experimental Section

Where analyses are indicated by symbols of the elements,
results were within +0.4% of the theoretical value and were
performed by the Microchemical Laboratory, University of Otago,
Dunedin, NZ. Melting points were determined using an Elec-
trothermal Model 9200 digital melting point apparatus and are
as read. NMR spectra were measured on a Bruker AM-400
spectrometer and referenced to tetramethylsilane. Massspectra
were recorded on a Varian VG 7070 spectrometer at nominal
5000 resolution. FAB mass spectra for the symmetrical disulfides
were obtained from a 3-nitrobenzyl alcohol matrix.

Preparation of N,2,5-Trimethylaniline: Example of the
Benzotriazole Method of Scheme 4.3 A mixture of 2,5-
dimethylaniline (27.4 g, 0.2 mol) and benzotriazole (23.8 g, 0.2
mol) in EtOH (300 mL) was stirred at 20 °C as 37% aqueous
formaldehyde (16.1 g, 0.2 mol) was added gradually. After 30
min, the white solid which precipitated was collected and washed
with EtOH to give N-(1H-benzotriazol-1-ylmethyl)-2,5-dimethy-
laniline (21) (33.9 g, 67%), mp (EtOH) 147-149 °C. 'H NMR
(CDCly): 66.85-8.10 (m, 7 H, ArH), 6.56 (minor isomer) and 6.13
(major isomer) (2m, 2 H, CH;), 5.08 (minor) and 4.70 (major)
(2m, 1 H, NH), 2.24 (s, 3 H, CHjy), 2.12 (s, 3 H, CHs). Anal.
(CI5H16N4) C) H) N.

Similar preparations gave the (benzotriazolylmethyl)anilines
15-28 of Table 7 (see the supplementary material for details of
NMR spectra).

A suspension of 21 (33 g, 0.13 mol) and NaBH, (5 g) in dioxane
(400 mL) was heated under reflux for 5 h, and the solution was
concentrated. After the solution was cooled, water was added
and the resulting mixture was extracted with EtOAc. The organic
layer was washed twice with aqueous K:CO3 and water and dried
(NazS0,). Removal of the solvent gave N,2,5-trimethylaniline#
(17.6 g, 99%) as an oil, which was used directly. 'H NMR
(CDCly): 66.93 (d,J =7.4 Hz, 1 H, H-3), 6.49 (d, J = 7.6 Hz,
1 H, H-4), 6.44 (s, 1 H, H-6), 3.72 (s, 1 H, NH), 2.88 (s, 3 H,
NCHjy), 2.31 (s, 3 H, CHy), 2.09 (s, 3 H, CHj).

Preparation of N2,6-Trimethylaniline: Example of the
Carbamate Method of Scheme 4. A solution of 2,6-dim-
ethylaniline (12.12 g, 0.1 mol) and pyridine (8.7 g, 0.11 mol) in
toluene (100 mL) was treated dropwise with benzyl chloroformate
(16.5 mL of 95%, 0.11 mol) at 0 °C. After stirring at 20 °C for
15 h, volatiles were removed under reduced pressure and the
residue was diluted with water to give benzyl N-(2,6-dimeth-
ylphenyl)carbamate (24) (14.57 g, 57%), mp (aqueous EtOH)
126.5-129 °C. 'H NMR (CDCl;): é 7.36 (m, 5 H, phenyl), 7.08
(m, 3 H, H-3',4',5"), 6.09 (m, 1 H, NH), 5.19 (s, 2 H, CHy), 2.25
(s, 6 H, CH3). Anal. (C;sHi7NO;) C, H, N.

A solution of 24 (11.4 g, 45 mmol) in dry THF (100 mL) was
treated with NaH (1.6 g of 80% dispersion in oil, 54 mmol). When
H; evolution ceased, Mel (7.7 g, 55 mmol) was added and the
mixture was stirred for a further 30 min at 20 °C before the
reaction was quenched with AcOH. Chromatography of the crude
product on alumina, eluting with CH,Cly/hexane, gave benzyl
N-(2,6-dimethylphenyl)-N-methylcarbamate (25) (11.4 g, 95%)
as an oil (mixture of two conformers). 'H NMR (CDCls): §7.45~
7.32 (m, 1 H), 7.21 (m, 2 H), 7.17-7.04 (m, 5 H), 5.23 (s, CH,,
minor conformer), 5.09 (s, CHz, major conformer), 3.15 (s, NCHs,
minor conformer), 3.14 (s, NCHj, major conformer), 2.20 (s, CHs,
minor conformer), 2.14 (s, CH;, major conformer). HREIMS:
found, M* 269.1418. C,7H,eNO; requires M+ 269.1416. Hydro-
genation of 25 in MeOH with Pd/C gave N,2,6-trimethylaniline
as an oil (lit.*® oil), which was used directly. 'H NMR (CDCly):
67.44 d,J =7.4Hz, 2H, H-3,5),6.81 (t,J = 7.4 Hz, 1 H, H-4),
2.78 (s, 3 H, NCHa), 2.63 (br s, 1 H, NH), 2.29 (s, 6 H, 2CH,).

Similar preparations gave the benzyl N-phenylcarbamates and
benzyl N-methyl-N-phenylcarbamates of Table 8 (see the
supplementary material for details of NMR spectra).

4-Chloro-1,3-dihydro-1-methyl-2H-indol-2-ome (7b): Ex-
ample of General Method B of Scheme 2. 4-Chloroisatin®®

Rewcastle et al.

was alkylated with Me;SO/K;CO; in MeOH to give 4-chloro-
1-methylisatin, mp (MeOH) 191.5~193 °C (lit.* mp 192 °C). 'H
NMR ((CD3).S0): 87.64 (t,J =8.1 Hz,1 H, 6-H), 7.12 and 7.10
(2d,J =8.0and 8.2 Hz, 2 H, 5,7-H), 3.14 (s, 3 H, CHg). A solution
of this isatin (4.88 g, 25 mmol) in AcOH (100 mL) was heated
under reflux with Zn/Cu couple (30 g) for 48 h. The cooled
mixture was diluted with EtOAc and filtered to remove inorganic
solids. Afterdilution withwater, the organiclayer wasseparated,
washed twice with water, and worked up and the residue was
chromatographed on Al;O3. Elution with CH;Cl, gave 4-chloro-
1,3-dihydro-1-methyl-2H-indol-2-one (7b) (1.15 g, 25%), mp
(agueous Me,CO) 139.5-142 °C. 'H NMR (CDClg): 6 7.23 (t, J
=8.0Hz,1H,6-H),7.02(d,J =82Hz 1H,5H),6.72(, J =
7.8 Hz, 1 H, 7-H), 3.52 (s, 2 H, CHy,), 3.21 (s, 3 H, CH;). Anal.
(CsHsCINO) C, H, N, CL
1,3-Dihydro-1,6-dimethyl-2H-indol-2-one (7q): Example
of General Method C of Scheme 2. A solution of N,2,6-
trimethylaniline (6.86 g, 5 mmol) in dry THF (100 mL) under an
atmosphere of N2 was cooled to —78 °C and n-butyllithium (21
mL, 2.5 M solution in hexanes) was added dropwise. The mixture
was allowed to warm to 0 °C, and dry CO, gas was bubbled in
for 2-3 min. The excess CO; was removed under vacuum, and
after the addition of further THF to replace that lost by
evaporation, the solution was recooled to—78 °C. n-Butyllithium
(22 mL, 2.5 M solution in hexanes) was again added dropwise,
and the temperature was then allowed to rise slowly to -10 °C,
where a deep red-colored solution was obtained. After a further
30 min at that temperature, the mixture was again recooled to
-78°C and CO,gas was bubbled in until the red color disappeared.
The reaction mixture was allowed to warm to room temperature,
and after removal of the solvent, 0.1 M HCl (50 mL) was added
to initiate both deprotection of the nitrogen and ring closure.
The resulting mixture was extracted with EtOAc, and this was
then washed successively with 0.1 M HCl, water, and dilute
aqueous NayCQs. Afterdrying (NazSO,), thesolvent was removed
under vacuum to leave an oil which was purified by chroma-
tography on Al;O3 to give 1,3-dihydro-1,6-dimethyl-2H-indol-
2-one (7q) (3.37 g, 42%), mp (hexane) 94.5-96.°C. 'H NMR
(CDClg): 67.11 (d, J = 7.5 Hz, 2 H, H-4), 6.85 (d, J = 7.5 Hz,
2 H, H-5), 6.65 (s, 1 H, H-7), 3.47 (s, 2 H, CHy), 3.19 (s, 3 H,
1-CHjy), 2.38 (s, 3 H, 6-CHj). Anal. (C,0HuNO) C, H, N.
Similar preparations gave the other 1,3-dihydro-1-methyl-2H-
indol-2-ones of Table 5 (see the supplementary material for details
of NMR spectra).
1-Methyl-5-(trifluoromethyl)-1,3-dihydro-2H-indol-2-
one (7m): Example of Method E of Scheme 2. A suspension
of B5-(trifluoromethyl)-1,3-dihydro-2H-indol-2-one (5.03 g, 25
mmol) in water (100 mL) containing NaOH (1.5 g) was treated
with Me2SO, (4.7 g, 37 mmol). The mixture was warmed to 100
°C for 10 min and cooled, a further portion of Me;SO, and NaOH
was added, and the solution was warmed again briefly. After
thorough cooling, the solid was collected and chromatographed
on alumina. Elution with CH;Cly/hexane (7:3) gave 1-methyl-
5-(trifluoromethyl)-1,3-dihydro-2H-indol-2-one (7m) (3.5¢,656 %),
mp (hexane) 127.5-129 °C. *H NMR (CDCl): 47.58 (d,J = 8.2
Hz, 1 H, H-6), 7.50 (s, 1 H, H-4), 6.89 (d, J = 8.2 Hz, 1 H, H-7),
3.58 (s, 2 H, CHy), 3.25 (s, 3 H, CH3). Anal. (Ci0HsFsNO) C, H,
N.
Similar methylations gave the other 1,3-dihydro-1-methyl-
2H-indol-2-ones of Table 5 (see the supplementary material for
details of NMR spectra).
6-Chloro-1,3-dihydro-1-methyl-2 H-indol-2-one (7p): Meth-
od of Scheme 3a. A mixture of 6-chloroisatin?® (11 g, 60 mmol)
and hydrazine hydrate (20 mL) in EtOH (500 mL) was heated
under reflux for 30 min to give 6-chloroisatin 3-hydrazone, mp
(EtOH) 249-251 °C (lit.*” mp 247-248 °C). 'H NMR ((CDs)2-
S0): §10.85 (m, 1 H, H-1), 10.58 (d, J = 13.3 Hz, 1 H, NH), 9.75
d,J =13.2Hz,1H,NH), 7.36 (d, J = 8.0 Hz, 1 H, H-4), 7.01
(dd, J = 2.0, 8.2 Hz, 1 H, H-5), 6.88 (d, J = 1.9 Hz, 1 H, H-7).
The powdered hydrazone was added slowly in portions to a
solution of Na (4 g) in EtOH (100 mL), and the mixture was
heated under reflux gently until N; evolution ceased. Thesolution
was concentrated and diluted with water, and the product was
extracted with EtOAc. The residue was chromatographed on
Al;Os, eluting with CH2Cly/EtOAc (4:1), to give 6-chloro-1,3-
dihydro-2H-indol-2-one (4.32 g,43 %), mp (aqueous EtOH) 190.5~
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Table 5. Synthesis and Physicochemical Data for
1,3-Dihydro-1-methyl-2H-indol-2-ones

R 4
5
(o]
8 N
7 CHy
mp anal./

no. R method? °C) CeHgNO lit. mp
7a H° A 87-88 CyHgNO 88
7b 4-Cl B 139.5-142 CyHsCINO C,H,N,Cl
7c  4-Me* C 123.5-125.56 C,oHyNO  119.5-121.5
7d 4-OMe? C 138-139.5 CioH;3NO,  137-138
7e 4-OAc G 109-111 CuHuNOs C, H, N
7f  5-F¢ A 130.5-132 CoHgFNO 128-130
7¢ 5-Cl° A 115-117 CoHgCINO 107-109
7h 5-Br* F 133-1385.5 CoHsBrNO 133.5-135
7i  5-Mé¢ C 102-104.5 CioHuNO  104-105
77 5-OMef C 98-100 CoH;)NO, 98
7k 5-OAc G 104-106 CiuHiNOs C,H,N
7m 5-CFg E 127.5-129 CoHsFsNO C,H,N
7n  5CN E 201-203 CiHsN:O C,H,N
70 5-NOg* F 196 CyHgN203 191-192
7p 6-Cl E 119.5-122 CgHsCINO C,H,N,S
7q 6-Me C 94.5-96 CieHuNO C,H,N
r 6-OMe? C 110-118 CmHuNOz 99-100
78 6-OAc G 119-121 CioHioNO; C,H,N
Tu 7-CVY A 125-126.5 CyHsCINO  120-123
v 7-Meéf C 121.5-124.5 C;0HuNO  119-120
7w 7-OMe? C 102.5-104.5 C;oHuuNO; 101-102
7x 7-0Ac G 95-97 CioH;oNO; C,H,N
7z T-aza D 94-96 CgHgN2O C,HN

2 See Scheme 2 and text.  Reference 23. ¢ Reference 50. ¢ Ref-
erence 25. ¢ Reference 51. f Reference52. ¢ Reference 48. * Reference
53.

193.5 °C (lit.?2 mp 196-198 °C). 'H NMR ((CD;):SO): § 10.49
(s, 1 H, H-1), 7.21 (d, J = 7.8 Hz, 1 H, H-4), 6.97 (dd, J = 2.0,
7.9Hz,1H,H-5),6.81(d,J=1.9Hz,1H,H-7),3.47 (s,2H,CH,).
Methylation of this with Me;SO, in dilute NaOH as above gave
6-chloro-1,3-dihydro-1-methyl-2H-indol-2-one (7p), mp (hexane)
119.5-122°C. 'THNMR (CDCly): 67.156(d,J=7.8 Hz,1H, H-4),
7.01(dd, J = 7.8 and 1.8 Hz, 1 H, H-5),6.82 (d,J = 1.7 Hz,1 H,
H-7), 3.49 (s, 2 H, CHy), 3.19 (s, 3 H, CHy). Anal. (CsHsCINO)
C,H, N.

Preparation of 1,3-Dihydro-1,6-dimethyl-2H-indole-2-
thione (8q): Example of the General Method of Scheme 1.
Powdered Na;CO; (0.70 g, 6.61 minol) was added to a suspension
of PS5 (2.93 g, 6.61 mmol) in THF (40 mL), and the mixture was
stirred vigorously at room temperature until homogeneous and
gas evolution had ceased (15 min). A solution of 1,3-dihydro-
1,6-dimethyl-2H-indol-2-one (7q) (0.80 g, 5.50 mmol) in THF
(10 mL) was added, and stirring was continued for 18 h. After
being poured into brine, the mixture was extracted into EtOAc,
worked up, and chromatographed on silica gel. Elution with
EtOAc/petroleum ether (1:4) gave 1,3-dihydro-1,6-dimethyl-2H-
indole-2-thione (8q) (0.89 g, 91%), mp 141-143.5 °C. 'H NMR
(CDCly): 817.17 (d,J = 7.5 Hz, 1 H, H-4),6.97 (d, J = 7.5 Hz,
1 H, H-5), 6.79 (br, 1 H, H-7), 4.05 (s, 2 H, H-3), 3.61 (s, 3 H,
NCHs), 2.42 (s, 3H, ArCHj3). 13C NMR (CDCly): 6 201.49 (C-2),
146.80, 138.16, 126.15 (3s), 124.92, 123.58, 110.44 (3d), 48.79 (C-
3), 31.22 (NCHy), 21.68 (ArCHj). Anal. (C,0H;NS)C,H, N, S.

Similar reactions with other substituted 1,3-dihydro-1-methyl-
2H-indol-2-ones gave the 1,3-dihydro-1-methyl-2H-indole-2-
thiones of Table 6 (see the supplementary material for details
of NMR spectra).

Preparation of 5-Acetoxy-1,3-dihydro-1-methyl-2H-in-
dole-2-thione (8k): Example of the General Method. A
solution of 1,3-dihydro-5-methoxy-1-methyl-2H-indol-2-one (71)4¢
(1.20g,6.77 mmol) in 48 % HBr/glacial AcOH (40 mL) was heated
under reflux for 6 h and then poured into water. The precipitate
of crude phenol was filtered off, washed well with water, and
dried and then acetylated with Ac;O/pyridine for 1 h at 20 °C.
Solvents were removed under reduced pressure, and the residue
was partitioned between EtOAc and 3 N HCl. Chromatography
of the organic residue on silica gel, eluting with EtOAc/petroleum
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Table 6. Physicochemical Data for
1,3-Dihydro-1-methyl-2H-indole-2-thiones

mp anal./
no. R yield® (°C) formula lit. mp
8a Hb 71 108-109 CoHgNS 109-111
8b 4-Cl 92 147.5-149.5 CgH3CINS C,H,N,S
8¢ 4-Me 81 160-162 CloHuNS C, H, N, S
8d 4-OMet 92 141-144 CioHuNOS C,H,N,S
(144-145)
8¢ 4-OAc 94 156 CnHuNO:S C,H)N,S
8f &F 93 155-157 CyHgFNS C,H,N,S
8g 5-Cld 94  163-165 CoHsCINS C,H,N,S
(153-155)
8h 5-Br 95  137-139 CoHgBINS C,H, N, S
8i 5-Med 86 143-145 C10H1NS 132-133
8§ 5-OMe* 86 148-150 CioHuNOS C,H,N,S
(142-144)
8k 5-OAc 86 134-135.5 CuHuNOzS C, H, N, S
8m 5-CF; 96 126 CiHsFsNS C,H,N, S
8n 5-CN 41 185-187 C10HsN,S C,H,N,S
80 5-NO; 68 >300 CoHgN20:S C,H
8p 6-Cl 87  162-165 CoH3CINS C,H,N,S
8q 6-Me 91 141-143.5 CloHuNS C, H, N, S
8r 6-OMe¢ 87  133-136 CiocHuNOS C,H,N
(135-136)
88 6-OAc 91 131-133 CnuHuNOsS C,H,N, S
8u 7-CV 90 126-128 CoHsCINS C,H,N,S
(125-127)
8v 7-Me 86 138-139 C10H11INS C,H,N,S
8w T7-OMe: 82  124-126 CiocHuNOS C,H,N,S
(114-116)
8x 7-OAc 85 133-135 CuHuNOzS C, H, N, S
8z 7-aza 73 130-133 CgH3N2S C,H,N,S

¢ Yields were not optimized. ® Reference 54. ¢ Reference 55. ¢
erence 56. ¢ References 55 and 56. f Reference 52.

g

ether, gave 5-acetoxy-1,3-dihydro-1-methyl-2H-indol-2-one (7k)
(0.98g,70%), mp (EtOAc/petroleum ether) 104-106 °C. 'THNMR
(CDCl): 417.01 (brs,1 H, H-4), 7.00 (dd, J = 9.1 and 2.4 Hz, 1
H, H-6), 3.53 (s, 2 H, H-3), 3.20 (s, 3 H, NCH3), 2.30 (s, 3 H,
OCOCHjy). 3C NMR: §174.79 (C-2), 169.96 (OCOCHy), 146.08,
142.96, 125.50 (3s), 120.84, 118.54, 108.25 (3d), 35.89 (C-3), 26.30
(NCHS); 21.04 (OCOCHs) Anal. (CuHuNOs) C, H, N. Thiation
with P2Ss/Na;COj3 as above gave 5-acetoxy-1,3-dihydro-1-methyl-
2H-indole-2-thione (8k) (86%), mp 134-135.5 °C. 'H NMR
(CDClg): 57.06 (brs,2 H,H-4,6),6.93 (d,J = 8.6 Hz, 1 H, H-7),
4.08 (s, 2 H, H-3), 3.60 (s, 3 H, NCHj), 2.31 (s, 3 H, OCOCHy).
1BCNMR: §200.86 (C-2),169.62 (OCOCH3), 147.62,144.14,130.10
(3s),120.97, 117.99, 109.62 (3d), 48.79 (C-3), 31.24 (NCH3), 20.94
(OCOCHj). Anal. (C;;HuNO2S)C, H, N, S.

Similar reactions gave the isomeric acetoxy-1-methyl-2H-indol-
2-ones and acetoxy-1-methyl-2H-indole-2-thiones of T'ables 5 and
6 (see the supplementary material for details of NMR spectra).

2,2’-Dithiobis(1-methyl-N-phenyl-1H-indole-3-carboxam-
ide) (10a): Example of the General Method of Scheme 1. A
solution of 1,3-dihydro-1-methyl-2H-indole-2-thione (8a) (5.00
g, 31 mmol) in dry THF (20 mL) was added dropwise under N,
to a stirred suspension of NaH (1.49 g of a 60% dispersion in
mineral oil, 37 mmol) in THF (30 mL). After gas evolution had
ceased, phenylisocyanate (3.44 g, 32 mmol) wasadded and stirring
was continued for 1 h before the reaction was quenched with 3
N HCl (30 mL). Extraction with EtOAc gave an oil which was
adsorbed directly onto silica gel and chromatographed. Elution
with EtOAc/light petroleum (1:1) gave foreruns, while EtOAc/
MeOH (19:1) gave crude 2,3-dihydro-1-methyl-N-phenyl-2-
thioxo-2H-indole-3-carboxamide (9a) as a green oil. This was
dissolved in MeOH (30 mL) and filtered, and the solution was
allowed to stand at 20 °C for several days with free access to
oxygen, during which time yellow crystals of 2,2’-dithiobis(1-
methyl-N-phenyl-1H-indole-3-carboxamide) (10a) (2.7 g, 31%)
were deposited. A sample recrystallized from benzene had mp
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Table 7. Physicochemical Data for
N-(1H-Benzotriazol-1-ylmethyl)anilines

R
SWEy
NCH, N
H

yield mp anal./
no. R (%) ©C) formula lit. mp
15 4F 47 154-1575 CigHuFN, C,H,N
16 2-CIs 84 143.5-144.5 C;sHy;CINg 143

17 4-CP 41 165-166.5 CisHiCIN, 165-167
18 4-CN 88 188.5-187 C14H11Ns C,H,N
19 2,3-Me: 73  156-158 CisH;eN, C,H,N
20 2,4-Me; 81 149-151 CisHieNy C,H,N
21  2,5-Me; 67  147-149 CisHieNy C,H,N
22 2-Me,3-OMe 77 129-132 CisHisNO C,H,N
23 2-Me,4-OMe 79 122-124 CisHisNO C,H,N

% Reference 57. ¢ Reference 34.

187-188 °C. 'H NMR (CDCly): 68.21 (s, 1 H, NH), 8.01 (d, J
=8.1Hz,1H,H-4),7.19(ddd,J = 8.1, 7.1,and 0.9 Hz, 1 H, ArH),
7.13(d,J = 4.3 Hz,4 H, Ph), 7.09 (ddd, J = 8.1, 7.1, and 0.9 Hz,
1H, ArH), 7.05 (d, J = 8.1 Hz, 1 H, ArH), 6.98 (quintet, J = 4.3
Hz, 1 H, Ph), 3.77 (s, 3 H, NCH;). 3C NMR: 5 161.57 (CO),
138.55, 137.94 (2s), 128.64 (d), 127.41, 126.07 (2s), 125.54, 123.58,
122.28, 122.00 (4d), 119.76 (s), 119.27, 110.14 (2s), 30.33 (NCHy).
Anal. (CxHxN(0:S;) C,H, N, S.

A vigorously stirred suspension of the disulfide (10a) (1.00 g,
1.78 mmol) in MeOH (20 mL) was treated with a solution of
NaBH, (0.20 g, 5.33 mmol) in MeOH (20 mL) at 20 °C for 10 min.
The solution was then diluted with water, extracted with EtOAc,
and worked up rapidly to give 2,3-dihydro-1-methyl-N-phenyl-
2-thioxo-2H-indole-3-carboxamide (9a) (1.0 g, 100%), mp (N-
purged CHCly/light petroleum) 149-151 °C. H NMR (CDCly):
$10.36 (s, 1 H, NH), 7.87 (d, J = 7.4 Hz, 1 H, ArH), 7.60 d, J
=79 Hz, 2 H, ArH), 7.41 (t, J = 7.5 Hz, 2 H, ArH), 7.31 (m, 2
H, ArH), 7.11 (t,J = 7.3 Hz,1 H, ArH), 7.03 d, J = 7.8 Hz, 1
H, ArH), 3.73 (s, 3 H, NCH3). Anal. (C,¢H1N:0S) C, H, N, S.

In a similar manner, reaction of appropriate 1,3-dihydro-1-
methyl-2H-indole-2-thiones with phenyl isocyanate followed by
aerial oxidation gave the symmetrical disulfides of Table 1 (see
the supplementary material for details of NMR spectra).

In instances where aerial oxidation was too slow, H;O; or
sodium perborate wasused. For example, reaction of 1,3-dihydro-
1-methyl-2H-pyrrolo{2,3-b]pyridine-2-thione (8z) with phenyl
isocyanate as above gave 1,3-dihydro-1-methyl-N-phenyl-2-
thioxo-2H-pyrrolo{2,3-blpyridine-3-carboxamide (9z), mp 162-
164 °C. TH NMR ((CD;3):S0): §12.46 (s, 1 H, CONH), 8.68 (dd,
J =7.7and 1.0 Hz, 1 H, H-6), 8.02 (dd, J = 6.0 and 1.0 Hz, 1 H,
H-4),7.72 d, J = 8.4 Hz,2 H, H-2/,6"), 7.31 (m, 4 H, H-3,5,3",5"),
7.01 (t, J = 7.3 Hz, 1 H, H-4’), 3.80 (s, 3 H, NCHy). *C NMR:
4166.96 (C-2),129.28 (CONH), 140.77, 139.81 (2s), 129.28, 128.84
(2d), 127.21 (s), 126.84, 122.17, 118.65, 115.92 (4d), 48.57 (C-3),
29.19 (NCHj). Anal. (CisH;sN3;OS-CH;OH) C, H, N, S. This
compound was quite stable to aerial oxidation. Therefore, a
suspension of 9z (0.50 g, 1.76 mmol) in glacial AcOH (50 mL) was
treated with a solution of NaBOQjs (0.50 g, 5 mmmol) in water (25
mL), and the mixture was stirred vigorously for 1 h. The solid
was then filtered off, washed with Et;0, and dried to give a
quantitative yield of 2,2’-dithiobis(1,3-dihydro-1-methyl-N-
phenyl-2H-pyrrolo[2,3-b]pyridine-3-carboxamide) (10z), mp 197-
198 °C. 'H NMR ((CDs).S0): 49.49 (s, 1 H, CONH), 8.36 (dd,
J=4.5and 1.5 Hz, 1 H, H-6), 8.14 (dd, J =7.9and 1.5 Hz, 1 H,
H-4), 7.19 (dd, J = 7.9 and 4.5 Hz, 1 H, H-5), 7.14 (m, 4 H,
H-2/,3/,5',6"), 6.99 (m, 1 H, H-4"), 3.75 (s, 3 H, NCHj;). 13C NMR:
$160.42 (CONH), 147.58 (s), 145.99 (d), 138.29, 129.86 (2s), 128.25,
123.05,119.23 (3d), 118.09 (s), 117.76 (d), 117.57 (s), 28.61 (NCHp).
Anal. (C3H2N¢0:8:2H,0) C, H, N, S.

2,2’-Dithiobis(5-hydroxy-1-methyl-N-phenylindole-3-car-
boxamide) (101). A stirred suspension of the 5-acetoxy disulfide
10k (0.25g,0.37 mmol) in MeOH (15 mL) was treated with NaBH,
(0.05 g, 1.32 mmol) at 20 °C for 10 min. Aqueous 3 N KOH (2
mL) was then added, and after a further 15 min, the solution was
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diluted with water and extracted with CHyCly. The resulting oil
was immediately dissolved in MeOH (3 mL) and mixed with
H;0; (0.10 mL of 35%). The solution was chilled at -30 °C for
48 hand then filtered to yield 2,2’-dithiobis(5-hydroxy-1-methyl-
N-phenylindole-3-carboxamide) (101) (41 mg, 19%), mp 185—
187 °C. 'H NMR ((CDs):S0): 9.50 (s, 1 H, CONH), 9.15 (br,
1H,0H),7.32 (d,J = 7.8 Hz, 2 H, H-2,6"), 7.27 (d, J = 8.9 Hz,
1H,H-7),7.19d, J = 2.3 Hz,1 H, H-4), 7.18 (dd, J = 7.8 and
7.4Hz, 2 H, H-3,5),6.99 (t,J = 7.4 Hz, 1 H, H-4), 6.83 (dd, J
= 89 and 2.3 Hz, 1 H, H-6), 3.51 (s, 3 H, NCH;). Anal
(C32H2sN,0,8-H:0) C, H, N.

Similar reaction of the 6- and 7-acetoxy compounds (10s,x)
gave the corresponding hydroxy compounds (10t,y) (Table 1)
(see the supplementary material for details of NMR spectra).

1,3-Dihydro-1,3-dimethyl-N-phenyl-2-thioxo-2 H-indole-3-
carboxamide (11). Reaction of 1,3-dihydro-1,3-dimethyl-2H-
indole-2-thione with phenyl isocyanate and NaH as above gave
1,3-dihydro-1,3-dimethyl-N-phenyl-2-thioxo-2H-indole-3-car-
boxamide (11) (31% ), mp 106-109°C. 'HNMR (CDClg): 10.02
(br,1H,CONH), 790 (d,J = 7.4 Hz,1H,H-4),7.55(d,J =17.9
Hz, 2 H, CONHPh), 7.40 (t, J = 7.7 Hz, 1 H, CONHPh), 7.34-
7.27 (m, 3 H, H-5,6,7), 7.09 (t, J = 7.7 Hz, 2 H, CONHPh), 3.72
(s, 3 H, NCHjy), 1.88 (s, 3 H, 3-CHy). 3C NMR: § 203.69 (C-2),
165.58 (CONH), 143.39, 137.69 (2q), 134.61 (q), 128.86, 128.70,
126.83,125.11,124.40, 119.62 (6d), 109.61 (C-7), 65.22 (C-3), 31.96
(NCH,), 29.32 (3-CH;). HREIMS: found, M* 296.0982.
C17H6N:SO requires M* 296.0983. Anal. (C17HysN2SO) C H,
N.

1-Methyl-2-(methylthio)-N-phenyl-1H-indole-3-carboxa-
mide (12). A solution of 9a (200 mg) in Me;CO (20 mL) was
treated with K2CO; (0.12 g) and Mel (0.14 g) at 20 °C for 1 hand
then diluted with CH,Cl; (100 mL). Filtration and evaporation
of the filtrate gave a brown oil which was chromatographed on
silica gel. Elution with CH,Cl; gave 1-methyl-2-(methylthio)-
N-phenyl-1H-indole-3-carboxamide (12) (200 mg, 95%), mp
(MeOH/CH.Cl,) 116-118 °C. 'H NMR (CDCly): 59.99 (s, 1 H,
NH), 8.58 (d,J = 8.0 Hz, 1 H, ArH), 7.75 (d, J = 7.6 Hz, 2 H,
ArH), 7.38 (m, 4 H, ArH), 7.29 (quin, J = 4.3 Hz, 1 H, ArH), 7.12
(t,J =7.4Hz, 1 H, ArH), 3.95 (s, 3 H, NCH3), 2.47 (s, 3 H, SCHjy).
13C NMR (CDClg): & 162.59 (s, CONH), 138.80, 137.46, 131.43
(38, Ar), 129.03 (2d, Ar), 127.35 (s, Ar), 124.14, 123.67, 123.02,
122.24 (4d, Ar), 119.86 (2d, Ar), 114.04 (s, Ar), 109.69 (Ar), 30.23
(NCHj), 20.50 (SCHj). Anal. (C;7HysN:0S) C, H, N, S.

1-Methyl-N-phenyl-2-(phenyldithio)-1 H-indole-3-carbox-
amide (13). Thiophenol (0.11 mL, 1.07 mmol) was added to a
suspension of 10a (0.30 g, 0.53 mmol) and EtsN (2 drops) in
CH,Cl; (15 mL). After stirring at 20 °C for 4 days, the solution
was adsorbed onto Florisil. Elution with CH,Cly/light petroleum
mixtures gave foreruns, while elution with CH,Cl, gave 1-methyl-
N-phenyl-2-(phenyldithio)-1H-indole-3-carboxamide (13) (0.27
8, 656%), mp (CH:Cl; at -30 °C) 131-134 °C. 'H NMR (CDCls):
58.70 (brs,1 H,CONHy,), 8.49 (d,JJ = 8.0Hz,1 H, H-4), 7.42-7.12
(m,12H, ArH), 7.05 (t,JJ = 7.2Hz, 1 H,H-4'), 3.79 (s, 3 H, NCHj).
13CNMR: 5161.92 (CONH), 138.21, 138.18 (2s), 134.09 (d), 134.0
(s), 130.33 (d), 129.96 (s), 129.59, 128.65 (2d), 127.09 (s), 124.97,
123.63, 123.34, 122.34, 119.85 (5d), 116.39 (s), 109.93 (d), 30.63
(NCHj). Anal. (CHjeN,S;0) C, H, N, S.

2-(Benzyldithio)-1-methyl-N-phenyl-1H-indole-3-carbox-
amide (14). Benzylmercaptan (0.02mL, 0.178 mmol) was added
to a suspension of 10a (50 mg, 8% mmol) and BFs—etherate (1
drop) in CH,Cl; (1 mL). After stirring at 20 °C for 3 h, the
homogeneous mixture was poured into saturated aqueous
NaHCO;, diluted with CH;Cl;, and worked up, and the residue
was chromatographed on silica gel. Elution with CH,Cly/
petroleum ether (1:1) gave foreruns, while CH,Cl; eluted 2-(ben-
zyldithio)-1-methyl-N-phenyl-1H-indole-3-carboxamide (14) (39
mg, 54 %), mp (CHCl,/petroleum ether) 146-148 °C. 'H NMR
(CDCly): 68.95 (brs,1 H, CONH), 8.47 (dd, J = 7.7 and 1.3 Hz,
1 H, ArH-4), 7.66 (dd, J = 7.5 and 1.2 Hz, 2 H, Ph), 7.40-7.07
(m, 11 H, ArH-5,-6,-7 and Ph), 3.90 (s, 3 H, NMe). 2C NMR:
6162.31 (CONHP), 138.31, 138.04, 135.13, 130.00 (4s), 129.15,
129.06, 128.69, 127.83 (4d), 126.83 (s), 124.79, 123.94, 122.80,
122.36, 119.90, 109.92 (6d), 42.51 (CH,Ph), 30.73 (NCHs). Anal.
(CsHxoN20Sp) C, H, N, S. HRFABMS: found, (M + H)*
404.1013. Ca3sH2oN,08S; requires (M + H)* 404.1017.
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Table 8. Physicochemical Data for Benzyl N-Phenylcarbamates and Benzyl N-Methyl-N-phenylcarbamates

Ry

no. R R yield (%) mp (°C) formula anal./lit. mp
24 2,6-Me; H 57 126.5-129 Ci1eH171NO; C,H,N

25 2,6-Meg Me 95 oil (two conformers) C17H,1sNO; HREIMS
26 2-OMe, 6-Me H 67 132-134 C1gH17N Oy C,H,N

27 2-OMe, 6-Me Me 90 oil (two conformers) C17HsNO, HREIMS
28 5-OMe, 2-Me H 90 105-106 C,16H17NO; C,H,N

29 5-OMe, 2-Me Me 95 oil (two conformers) C17H sNO; HREIMS

Enzyme Assays. Epidermal growth factor receptor was
prepared from human A431 carcinoma cell-shed membrane
vesicles as previously described.!®*® The assays were carried out
in 96-well plates as previously described,!® using as substrate a
random copolymer of glutamate, alanine, and tyrosine in a ratio
of 6:3:1, 250 ng of epidermal growth factor, and appropriate solvent
controls or inhibitors. As previously reported,? selected indo-
linethiones were examined in the absence of Mn?* and found to
retain inhibitory activity (data not shown). Following precipita-
tion of the polypeptide, incorporated label was assessed by
scintillation, counting the filters in an aqueous fluor. Auto-
phosphorylation controls were performed for each experiment.

Protein from v-sre baculovirus-infected insect cells was purified
from lysates as follows. Latex beads of 0.65-um diameter
(Interfacial Dynamics Corporation, Portland, OR) were coupled
to monoclonal antibody (2-17)34 by a carbodiimide linker.
Washed beads were incubated with insect cell lysates containing
pp60¥** at 4 °C for 4 h, washed with lysis buffer (150 mM NaCl,
50 mM Tris, pH 7.5, 1% NP-40, 2 mM EGTA, 1 mM sodium
orthovanadate, 1 mM PMSF, 1 ug/mL leupeptin, 1 pg/mL
aprotinin, 1 ug/mL pepstatin, 10% glycerol, 1 mM dithiothreitol),
and frozen at —90 °C until use. At the time of use, the beads
containing bound v-sr¢ kinase were washed in assay buffer (40
mM Tris, pH 7.5, 5 mM MgCl,) and then assayed ina final volume
of 125 uL containing 25 ug polyglutyr, as substrate, 5 uM ATP
containing 0.2 uCi/well #2P, and DMSO or inhibitors in DMSO
in a 96-well plate with a 0.65-um poly(vinylidine) membrane
bottom. The reaction was begun by the addition of the labeled
ATP and quenched after 10 min at 25 °C by the addition of 125
uL of 30% cold TCA and 0.1 M sodium pyrophosphate. The
precipitates were incubated onice for 15 min, filtered, and washed
by successive aliquots of 15% TCA/pyrophosphate. The pre-
cipitated material was then counted in a liquid scintillation
counter and percent inhibition calculated from the resulting data.

Cell Culture and Growth Inhibition Assays. Swiss 3T'3
mouse fibroblasts, A431 human epidermoid carcinoma, K562
human chronic myelogenous leukemia, and KG-1A human acute
myelogenous leukemia were obtained from the American Type
Culture Collection, Bethesda, MD. All cells were maintained in
dMEM/F12 (50:50) (Gibco, Grand Island NY) supplemented with
10% fetal bovine serum and 50 ug/mL gentimycin. For growth
inhibition assays, dilutions of compounds in 10 uL of DMSO
were placed in 24-well Linbro plates (1.7 X 1.6 cm?, flat bottom)
followed by the addition of cells (2 X 104) in 2 mI, of media. The
plates wereincubated for 72 h at 37 °C in a humidified atmosphere
containing 5% CO; in air. Cell growth was determined by cell
count with a Coulter Model AM electronic cell counter (Coulter
Electronics, Inc., Hialeah, FL).

Cell Extracts and Western Blot Protocols. Cells were
grown to 100% confluency in 6-well plates. After the designated
treatments described in the results section, the medium was
removed and the monolayer scraped into 0.2 mL of boiling
Laemmli buffer (50 mM Tris, pH 7, 2% sodium dodecylsulfate,
30 mM B-mercaptoethanol). The extracts were transferred to a
microfuge tube and heated to 100 °C for 5 min. Thirty-five
microliters of the extract was loaded onto a poly(acrylamide) gel
(4-20%) and electrophoresis carried out by the method of
Laemmli.®® Proteins in the gel were electrophoretically trans-
ferred to nitrocellulose, and the membrane was washed once in
10 mM Tris, pH 7.2, 150 mM NaCl, and 0.01% azide (TNA) and

blocked overnight in TNA containing 5% bovine serum albumin
and 1% ovalbumin. The membrane was blotted for 2 h with
antiphosphotyrosine antibody from UBI, Lake Placid, NY (1
pg/mL in blocking buffer), and then washed two times sequen-
tially in TNA, TNA containing 0.05% Tween-20 and 0.05%
nonidet P-40, and TNA. The membranes were then incubated
for 2 h in blocking buffer containing 0.1 uCi/mL [1%I]protein A
and washed again as above. The dried blots were loaded into a
film cassette and exposed to X-AR X-ray film for 1-7 days. Bands
were quantified by scanning densitometry.

Acknowledgment. The authors wish to thank L.
Ambroso, A. McMichael, C. Moore, J. Nelson, and M.
Spencer for technical support. This work was supported
in part by the Auckland Division of the Cancer Society of
New Zealand.

Supplementary Material Available: 'H and 1*C NMR data
for the compounds of Tables 1 and 5-8 (17 pages). Ordering
information is given on any current masthead page.

References

(1) Fantl, W. J.; Johnson, D. E.; Williams, L. T. Signalling by receptor
tyrosine kinases. Annu. Rev. Biochem. 1998, 62, 453-481.

(2) Buday, L.; Downward, J. Epidermal growth factor regulates p21r
through the formation of a complex of receptor, Grb2 adapter
p;obein, and Sos nucleotide exchange factor. Cell 1998, 73, 611~
620.

(3) Brunton, V.G.; Workman, P. Cell-signaling targets for antitumour
drugdevelopment. Cancer Chemother. Pharmacol. 1998, 32, 1-19.

4) B;xrkes,;‘. R. Protein-tyrosine kinase inhibitors. Drugs Future 1992,
17, 119-131.

(5) Iwashita, S.; Kobayashi, M. Signal transduction system for growth
factor receptors associated with tyrosine kinase activity: epidermal
growth factor receptor signalling and its regulation. Cell Signalling
1992, 4, 123-132.

(6) Levitzki, A. Tyrphostins: tyrosine kinase blockers as novel anti-
proliferative agents and dissectors of signal transduction. FASEB
J. 1992, 6, 3275-3282.

(7) Chang, C.-J.; Geahlen, R. L. Protein-tyrosine kinase inhibition:
mechanism-based discovery of antitumor agents. J. Nat. Prod.
1992, 55, 1529-1560.

(8) Halaban, R. Growth factors and tyrosine protein kinases in normal
a:gmalignant melanocytes. Cancer Metastasis Rev.1991, 10,129~
140.

(9) El-Zayat, A. A. E.; Pingree, T. F.; Mock, P. M.; Clark, G. M.; Otto,
R. A,; Von Hoff, D. D. Epidermal growth factor receptor amplifica-
tion in head and neck cancer. Cancer J. 1991, 4, 375-380.

(10) Jove,R.; Hanafusa, H. Cell transformation by the viral src oncogene.
Annu. Rev. Cell Biol. 1987, 3, 31-56.

(11) Bolen, J. B.; Rosen, N.; Israel, M. A. Increased pp60°+< tyrosyl
kinase activity in human neuroblastomas is associated with amino-
terminal phosphorylation of the src gene product. Proc. Natl. Acad.
Sei. U.S.A. 1985, 82, 7275-7279.

(12) Dobrusin, E. M.; Fry, D. W. Protein tyrosine kinases and cancer.
Annu. Rep. Med. Chem. 1992, 27, 169-178,

(13) Taylor,S.S.; Knighton, D.R.; Zheng, J.; Ten Eyck, L. F.; Sowadski,
J. M. Structural framework for the protein kinase family. Annu.
Rev. Cell Biol. 1992, 8, 429~462.

(14) Knighton, D. R.; Cadena, D. L.; Zheng, J.; Ten Eyck, L. F.; Taylor,
S. S.; Sowadski, J. M.; Gill, G. N. Structural features that specify
tyrosine kinase activity deduced from homology modeling of the
epidermal growth factor receptor. Proc. Natl. Acad. Sci. U.S.A.
1993, 90, 5001-5005.



2042 Journal of Medicinal Chemistry, 1994, Vol. 37, No. 13

(15) Cunningham, B. D. M.; Threadgill, M. D.; Groundwater, P. D.;
Dale,I L.; Hickman, J. A Synthesis and bmloglcal evaluation of
aseries of flavones designed as inhibitors of protein tyrosine kinases.
Anti-Cancer Drug Des. 1992, 7, 365-384.

(16) Ohmichi, M.; Pang, L.; Ribon, V Gazit, A.; Levitzki, A.; Saltiel,
A.R.The tyrosme kinase inhibitor tyrphostm blocks the cellular
actions of nerve growth factor. Biochemistry 1993, 32, 4650—4658.

(17) Burke, T. R.; Ford, H.; Osherov, N.; Levitzki, A.; Stefanova, L;
Horak, I. D.; Marquez, V. E. Aryl amides of hydroxylated
isoquinolines as protein-tyrosine kinase inhibitors. Bioorg. Med.
Chem. Lett. 1992, 2, 1771-1774.

(18) Burke, T. R.; Lim, B.; Marquez, V. E.; Li, Z.-H.; Bolen, J. B,;
Stefanova, L; Horak, I. D. Bicyclic compounds as ring-constrained
inhibitors of protein-tyrosine kinase p56ick. J. Med. Chem. 1993,
36, 425-432.

(19) Thompson, A. M.; Rewcastle, G. W.; Tercel, M.; Dobrusin, E. M.;
Fry, D. W.; Kraker, A. J.; Denny, W. A. Tyrosine kinase inhibitors.
1. Structure-activity relationships for inhibition of epidermal
growth factor receptor tyrosine kinase activi :.Klby 2,3-dihydro-2-
thioxo-1H-indole-3-alkanoic acids and 2,2’-dithiobis(1H-indole-3-
alkanoic acids). J. Med. Chem. 1993, 36 2459-2469.

(20) Thompson, A. M.; Fry,D. W.; Kraker, A. J.; Denny, W. A. Tyrosine
kinase inhibitors. 2. Synthesis of 2,2'-dithiobis(1H-indole-3-
alkanamides) and investigation of their inhibitory activity against
epidermal growth factor receptor and pp60v+ protein tyrosine
kinases. J. Med. Chem. 1994, 37, 598-609.

(21) Kraker, A.J.;Jones,J. A.; Schemmel, M. E.; Moore, C. W. Inhibition
of epidermal growth factor receptor tyrosine kinase by 2-thioindoles,
anew structural class of tyrosine kinase inhibitor. Proc. Am. Assoc.
Cancer Res. 1993, 34, 408.

(22) Quallich, G. J.; Morrissey, P. M. A general oxindole synthesis.
Synthesis 1993, 51-53.

(23) Stolié, R.; Bergdoli, R.; Luther, M.; Auerhahn, A.; Wacker, W.
N-Substituted oxindoles and isatins. J. Prakt. Chem. 1930, 128,
1-43.

(24) Abramovitch, R. A.; Hey, D. H. Internuclear Cyclisation. Part
VIIL Naphth[3 2: l-cd]oxmdoles J. Chem. Soc. 1954,1697-1703.

25) Cook, J. W.; Loudon, J. D.; McCloskey, P. The chenustry of the
mltragyna genus. Part III. Syntheels of a degradation product of

tragynine. J. Chem. Soc. 1952, 3904-3912.

(26) Wahl A.; Livovschi, V. The dunethyloxmdoles Bull. Soc. Chim.
France 1938 5, 653—666

27) Cook,d. W.; Gailey, R. M.; Loudon, J. D. Some methyl derivatives
of B-carboline. J. Chem. Soc. 1954, 568-569.

(28) Sadler, P. W. Separation of isomeric isatins. J. Org. Chem. 1956,
21, 169-170.

(29) Jackson, A. H. Synthesis of oxindoles. Chem. Ind. (London) 1965,
1652-1653.

(30) Clark, R. D.; Muchowski, J. M.; Fisher, L. E.; Flippin, L. A.; Repke,
D. B.; Souchet, M. Preparation of indoles and oxindoles from
N-(tert-butoxycarbonyl)-2-alkylanilines. Synthesis1991,871-878.

(31) Katritzky, A. R.; Fan, W.-Q.; Akutagawa, K.; Wang, J. Carbon
dioxide: a reagent for the sunultaneous protectlon of nucleophilic
centers and the activation of alternative locations to electrophilic
attack. 16. A novel synthetic method for the side-chain func-
tionalization of N-methyl-o-toluidine and for the preparation of
2-substituted N-methylindoles. Heterocycles 1990, 30, 407-414.

(32) Rewcastle, G. W.; Denny, W. A. Lithiation routes to oxindoles and
2-indolinethiones: precursors to 2,2-dithiobisindoles with tyrosine
kinase inhibitory properties. Heterocycles 1994, 37, 701-708.

(33) Gassman,P.G.;vanBergen, T.J.Oxindoles. A new,generalmethod
of synthesis. J. Am. Chem. Soc. 1974, 96, 5508-5512.

(34) Katritzky, A. R.; Rachwal, S.; Rachwal, B. The chemistry of
benzotriazole. Part 3. The aminoalkylation of benzotriazole. J.
Chem. Soc., Perkin Trans. I 1987, 799-804.

(35) Katritzky, A. R.; Rachwal, S.; Rachwal, B. The chemistry of
N-substituted benzotriazoles. Part4. Anovel and versatile method
for the mono-N-alkylation of aromatic and heteroaromatic amines.
J. Chem. Soc., Perkin Trans. I 1987, 805-809.

Rewcastle et al.

(36) Takada, S.; Ishizuka, N.; Sasatani, T.; Makisumi, Y.; Jyoyama, H.;
Hatakeyama,H A.sanuma,F Hu'ose,K Studies on fused mdoles
II. Structural modlficatmns 'and analgesic activity of 4-amino-
methyltetrahydrothiopyrano[2,3-blindoles. Chem. Pharm. Bull.
1984, 32, 877-886.

(37) Hino, T.; Suzuki, T.; Nakagawa, M. 2-Indolinethiones. Tautom-
erism and oxidation to the disulfides. Chem. Pharm. Bull. 1974,
22, 1053-1060.

(38) Cohen, S.; Ushiro, H.; Stoscheck, C.; Chinkers, M. A native 170,000
epidermal growth factor receptor-kinase complex fromshed plasma
membrane vesicles. J. Biol. Chem. 1982, 257, 1523-1581.

(39) Ilum, L.; Jones, P. D. E. Attachment of monoclonal antibodies to
microspheres. Methods Enzymol. 1985, 112, 67-84.

(40) Staros, J. V.; Wright, R. W.; Swingle, D. M. Enhancement by
N-hydroxysulfosuccinimide of water-soluble carbodiimide-medi-
ated coupling reactions. Anal. Biochem. 1986, 156, 220-222.

(41) Rewcastle,G. W.; Atwell, G. J.; Chambers, D.; Baguley, B. C.; Denny,
W. A. Potential Antitumor Agents. 46. Structure-activity rela-
tionships for acridine monosubstituted derivatives of the antitumor
agent N-[2-(dimethylamino)ethyl]-9-aminoacridine-4-carboxam-
ide. J. Med. Chem. 1986, 29, 472~477.

(42) Gazit, A.; Yaish, P.; Gilon, C.; Levitzki, A. Tyrphostins I: Synthesis
and biological activity of protein tyrosine kinase inhibitors. J.
Med. Chem. 1989, 32, 2344-2352.

(43) Fry, D. W,; Kraker, A. J.; Connors, R. C.; Elliott, W. L.; Nelson,
J. M.; Showalter, H. D. H.; Leopold, W. R. Strategies for the
discovery of novel tyrosine kinase inhibitors with anticancer activity.
Anti-Cancer Drug Des., in press.

(44) Kricka, L. J.; Vernon, J. M. Some derivatives of 2,5-xylidine and
their cyclisation to indoles. Can. J. Chem. 1974, 52, 299-302.

(45) Grimshaw, J.; Haslett, R. J.; Trocha-Grimshaw, J. Electrochemical
reactions. Part19. Intermolecular radical substitution during the
reduction of 2-halogeno-N-methylbenzanilides. J. Chem. Soc.,
Perkin Trans. I 1977, 2448-2456.

(46) Mangini, A.; Passerini, R. Heterocyclic compounds. Ultraviolet
absorption spectra and chromophoric properties. II. Isatin. Gazz.
Chim. Ital. 1955, 85, 840-880.

(47) Johnston, R. G.; Kidd, D. Antimicrobials. Part II. Nitrofuran

ogues containing a 2-hydrazonomethyl side-chain. J. Chem.
Soc. 1964, 4734-4737.

(48) Beckett, A. H.; Daisley, R. W.; Walker, J. Substituted oxindoles -
1. The preparatlon and spectral characteristics of some simple
oxindole derivatives. Tetrahedron 1968, 24, 6093-6109.

(49) Laemmli,U. K. Cleavage ofstructuralprobems during the assembly
of the head of bacteriophage T4. Nature 1970, 227, 680-685.

(50) Goehring, R.R.;Sachdeva, Y. P.; Pigipati, J. S.; Sleevi, M. C.; Wolfe,
J. F. Photoinduced cyclisations of mono- and dianions of N-acyl-
o-chloroanilines and N-acyl-o-chlorobenzylamines as general meth-
ods for the synthesis of oxindoles and 1,4-dihydro-3(2H)-isoquin-
olinones. J. Am. Chem. Soc. 1985, 107, 435—443.

(51) Wiseman, E. H.; Chiaini, J.; McManus, J. M. Studies with
antiinflammatory oxindolecarboxanilides. J. Med. Chem. 1973,
16, 131-134.

52) Inoue,S Uematsu, T.; Kato, T.; Ueda, K. New melanin biosynthesis
mhxbltors and their structural similarities. Pestic. Sci. 1988, 16,
589-598.

(53) Augusti, R.; Kascheres, C. Reactions of 3-diazo-1,3-dihydro-2H-
indol-2-onéderivatives withenaminones. A novelsynthesisof1,2,3-
triazoles. J. Org. Chem. 1998, 58, 7079-7083.

(54) Hino, T.; Tsuneoka, K:; Nakagawa, M.; Akaboshi, S. Thiation of
oxindoles. Chem. Pharm. Bull. 1969, 17, 550-558.

(55) Malen, C.; Lacoste, J.-M.; Lambie, M. Novel tricyclic indole
compound US Patent 5,030,646 Chem. Abstr.1991, 114, 23952y.

(56) Baudin, J.-B.; Julia, S. A.; Lorne, R. A new prepa.ratlon of N-aryl-
l-a.lkynesulphenamides and their thermal rearrangements into
indoline-2-thiones. -Bull. Soc. Chim. Fr. 1987, 181-188.

(57) Varma, R. S. Synthesis of substituted 1-arylaminomethyl-1,2,3-
benzotriazoles. Indian J. Chem., Sect. B 1976, 14B, 718-719.



