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2-ETHOXY AND 2-ETHYLTHIOINDOLES. AUTOXIDATION 
AND NUCLEOPHILIC SUBSTITUTIONS’ 
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Faculty of Pharmaceutical scku~, University of Chiba, Yayoicho, Chiba-ahi, Japan 

(Received ia Japan 29 January 1970; Received in rhe UKfor publication 3 June 1970) 

Ahabmet-2-Ethoxy4methylCI) aud Zcthoxy-1,3dimethyl-(ll) arxf 2-ethoxy-1,3,3-trimethyl-3&ulole 
(14) hydrolluoroboratar have been prepared by a reaction of the correapondiag oxiudolea with M&rweiu 
teagem_ 2-Ethoxy-3-methylindok obtained upon baaitication of its fluororic acid salt (17) is unstable artd 
autoxidixee to 2-ethoxy-3-methyl-3-hydroxy-3~-iudok (9) 2-Ethylthioindok aud Z-ethylthio-3-methyl- 
iudok (18) have beeo prepared; 18 is stable euough to be isolated, but undergoes similar autoxidation in 
hcxaue or cyclohexam to atford quantitatively the hydroxy derivatives 19 and the sulfoxide #) iu 1:l do. 

The acid catalyzed hydrolysis of Zcthoxy and 241ylthioiodolea and nucleophilic diaplacemeot reactions 

of the. compounds with amiuea have beeu studied. 

Previous work’ has shown that 3-methyl-2-piperidino-3H-indole hydrobromide (2) 
prepared by the catalytic hydrogenation of (3-methyl-2-indolyl)pyridinium bromide 
(1) autoxidized to 4 upon basification and the free base of 3 could not be isolated in the 
usual manner. In the present investigation a similar type of autoxidation was found 
in 2ethoxy and 2ethylthio-3-methylindoles. 

ZEthoxyindole(5) has been prepared from oxindole and triethyloxonium fluoborate 
(Meenvein reagent)‘. 4 and the indole-indolenine tautomerism was observed in its 
chloroform solution. When 3-methyloxindole was treated with Meenvein reagent 
under similar conditiong a compound 9, m.p. 112-l 13.5”, was obtained. The structure 
of the compound was assigned as 2ethoxy-3-hydroxy-3-methyl-3H-indole (9) instead 
of the expected 8 by means of spectroscopic studies as well as elemental analysis The 
W qmtrum (c 262 mp (F, 5268)) shows an indolenine chromophore and the IB 
spectrum in chlorofotm solution exhibits the presence of an OH group (3580, 3400 
cm-‘) and a conjugated C=N double bond (1590 cm-‘). The NMB spectrum in 
deuterochloroform shows a singlet for 3-Me at 1.58 ppm, a triplet and a multiplet for 
OEt group at l-41 and 438 ppm. The mass spectrum shows an intense molecular ion 
peak at m/e 191 and main fragmentations are shown in Chart 2 

The structum of 9 was further confirmed by its hydrolysis to a known dioxindole 
29. The intermediate, fluoboric acid salt 7, was isolated from the reaction mixture as 
colorless crystals, lap. 130-131“, and its IR and NMB spectra (ExperimentaI) show 
the presence of an H ti 3-position and no OH group. The conversion of 7 to the 
hydroxylated compound 9 occurred during neutralization with 5N I&CO, and 
extraction with a solvent. The NMB spectrum taken immediately after addition of a 
base exhibits the presence of the free base as an equilibrium mixture of & and 8b. 

1,3-Dimethyloxindole 10 was treated with the Meenvein reagent to give the BF4 
salt 11 mp. 116-l V, which, upon basification, however, gave a stable free base 12, 
b.p 124125”/2 mm. 1,3,3-Trimethyloxindole also gave the corresponding 2ethoxy- 
indolenine 14 on treatment with Meenvein reagent. On the other hand Z-ethoxyindole 
(5) has been reported to be autoxidixed to indirubin upon long exposure to air5 
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These results indicate that the presence of an NH and an alkyl substituent such as 
a Me group at 3-position of indole axe essential for the rapid autoxidation of 2- 
ethoxyindoles to the corresponding 3-hydroxyindolenines 

Next the 2ethylthioindoles, in which the 0 atom is replaced by S, were prepared. 
2-Indolinethione6 (15) gave Zethylthioindole (16) quantitatively by the reaction with 
ethyl iodide and potassium carbonate. 2-Ethylthio-3-methylindole (18) mp. 33-33-5” 
was obtained under similar conditions An alternate synthesis of 18 was via the 
reaction of skatole with eth~es~enyl chloride.’ 

In contrast with Z-ethoxyindole, spectroscopic studies (NMR, UV) show that 16 
and 18 are present in the indolic form in solvents such as chloroform and ethanol. 
2-E~ylt~oindole (16) was fairly stable towards autoxidatioa 2-E~ylt~~3-me~yl- 
indole(l8) could be purified by column chromatography over silica gel or recrystalhzed 
from light petroleum Repeated crystalfixations from light petroleum or hexane raised 
the m.p. to 71-72“, whose NMR spectrum shows two new Me peaks in addition to 
that of 18 and other complicated signals Moreover, it shows two spots more polar 
than that of 18. 

A hexane solution of purified 18 was stirred in an open vessel for 3 days and the 
resultant colorless crystalline precipitates, were shown to consist of two components 
(TLC and NMR spectrum). Separation of the crystals on a silica gel column afforded 
nearly equal amounts of 19, m.p. 1161170 and 2@,* lap. 136137”. The analytical 
data of 19 and 29, and their molecular ion peaks at m/e 207 corresponded to the 
formula Cr rHIJNOS with one 0 atom more than the starting material 18, therefore, 
suggesting that 19 and 20 are the oxidation products, presumably formed by reaction 
with molecular oxygen. Their NMR spectra were compatible with the structures of 
19 and 29, respectively. The NMR spectrum of the first compound 19 eluted in 
CDCl, shows a singlet at 154 ppm for 3-Me, a triplet centered at 142 ppm for the Me 
in the ethylthio group, a singlet at 2.69 for an OH and a quartet at 3.23 for the methylene 
in the ethylthio group. In addition, the OH absorption band at 3300 cm-’ in the IR 
spectrum provided further,confirmation The NMR spectrum of the second com- 
pound eluted in CM=& exhibited a triplet at l-15 ppm for the Me in the Et group, a 
singlet at 2.47 ppm for the 3-Me, a multiplet at 3.29 for the methylene adjacent to the 
S-oxide, and a broad singlet at 1 l-01 for the H-bonded NH. Furthermore, the strong 
S-O stretching absorption of 20 appeared at 1005 cm-‘. The main fragmentations 
of the mass spectra of 19 and 20 are shown in Charts 2 and 4. 

These results reveal that the S atom at the bposition of skatole facilitates the 
hydroxylation at the 3-position such as oxygen and nitrogen, but the rate of oxidation 
is much slower than that of 2ethoxy and 2-amino derivatives. The fact that compound 
16 is fairly stable and that no sulfoxide was obtained under similar conditions indi- 
cates that direct autoxidation of thioether of 16 by molecular oxygen did not take 
pIaCe. 

Therefore, it is necessary for Zethylthioindoles as well as 2ethoxyindoles to have 
an alkyl substituent such as a Me group at 3-position to be autoxidized to the corres- 
ponding Ihydroxy compounds It is possible that the alkyl group at 3-position and 
2-heteroatoms direct as well as facilitate the course of autoxidation. 

*After our communication had been published, the compound 20 was prepared by Wieland et oi.’ from 
18 by oxidation with hydrogen peroxide. 
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The general features of the oxidation of 2JdialkyLsubstituted indole derivatives 
has been investigatedg-‘2* The initial product in many cases was the 3-hydroperoxy- 
indolenine, which could often be isolated. The corresponding ketoamides were pro- 
duced from hydroperoxides, indicating that oxidative cleavage of the 2-3 bond of 
indole had occurred In some cases hydroperoxides rearranged to Zacylindoles. 
However, 3-hydroxyindolenine derivatives are usually not obtained as the direct air 
oxidation product, but can be obtained by a catalytic or sodium borohydride reduc- 
tion of the 3-hydroperoxyindolenine. 

The autoxidation reaction observed in 2-heteroatom substituted indoles is most 
likely a free radical chain process, and may proceed via the hydroperoxide 23 as 
outlined in Chart 5. A study of the reaction mechanism is in progress 

The striking catalytic effect of 2-heteroatoms such as N, 0 and S may be attributed 
to their ability to induce intramolecular homolytic fission of the hydroperoxide to 
produce the corresponding Ihydroxylated compounds 

l The chcmilumineecencc ol indole derivativea is aho related to autoxidation’6 
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FIG. 1 

On the other hand, 3-aminoindolesi3 and an azepinoindole derivative14 are known 
to give 2-hydroxylated derivatives, respectively, under similar conditions In some 
ibogaine type alkaloids,” direct 3-hydroxylated products have heen isolated 

It has been shown that hydroperoxides oxidize allylsulfides to the corresponding 
sulfoxides. “* ’ * Another possible oxidation product of 18,3-hydroxy-2ethylsulfoxy- 
3-methyl-3H-indole (30) which could be formed by the intramolecular oxidation of 
UC has not been isolated. 

Further treatment of 19 and 20 in hexane has been attempted, but in each case only 
the starting material was recovered. The sulfoxide group at 2-position may prevent 
the further oxidation by forming a strong H-bond with the indole NH, so that the 
abstraction of hydrogen can not initiate the reaction. 

The autoxidation of this type of indole will provide an interesting subject in the 
biochemical field ’ 9 

Characteristic features in the NMR spectra of these compounds, show that signals 
for the methylene adjacent to oxygen of 9 appear as a multiplet at 4-38 ppm, but a 
simple quartet is seen at 3.23 for the methylene adjacent to sulfur in 19. This may be 
due to the nonequivalent methylene in 9 by the restricted rotation between C-O 
bond caused by two substituents at 3-position. The steric interaction of substituents 
at 3-position to C-S bond in 19 diminished, due to the bulky S atom and the methylene 
in 19 became equivalent protons. The methylene adjacent to sulfoxide in 20 shows 
multiplet signals because of the asymmetric center, while the methylene in 18 shows a 
simple quartet. These features are shown in Fig 1. 
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The general conditions most useful for the preparation of 3-hydroxy-2aminoindoles 
from 2ethoxyindole derivative 9 consist in refluxing a mixture of 9 and excess am&s 
without solvent for several hours under a stream of nitrogen. The reaction of 9 +th 
piperidine gave 4 which was identical with the specimen obtained by the previous 
method.’ The reaction of 9 with other amines such as diethyl amine, buthyl~n~ and 
aniline provided the corresponding 2-amino derivatives, respectively. Remarkable 
differences between 0 and S was observed in the reaction of 19 with piperidine. The 
compound 19did not give the piperidino derivative under similar conditions. Similarly 
2-ethoxyindole 5 or its BF4 salt 5c furnished the corresponding 2-aminoindoles 26, 
isolated as the hydrobromide, when retluxed with excess piperidine, while 2ethyl- 
thioindole 16 did not react. Under an atmosphere of nitrogen 7 was converted into 4 
on refluxing with piperidine. However, N-methylated derivative 11 did not react with 
piperidine, but gave the free base 12 and 12 was also recovered unchanged after 
refluxing with n-butyl~ine. Neither of the compounds 18 and 20 reacted with 
piperidine. 

This means that the reaction of 2-heteroatom substituted indoles 21 with amines is 
likely to occur in compounds which form indole-indole~ne structures under the 
reaction conditions However, a compound like 19 having the indolenine structure is 
an exception, indicating that there are other factors to influence the reaction beside 
an indole-indole~ne tautomerism. 

The compound 4 having an amidine moiety, was stable towards nucleoohilic 
reagents such as ethoxide or ethyl mercaptide, but very susceptible to base catalyzed 
hydrolysis When 2~thoxy-3-methyl-3-hydrox~ndole~ne (9) having an iminoether 
moiety was treated with excess ethyhnercaptan, only an acid catalyzed hydrolysis 
product, 3-methyldioxindole (29), was formed and 2-ethyl thioindole derivative 19 
was not produced Refluxing 11 with excess EtSH also did not give the corresponding 
2ethylthio-1,3dimethylindole. 

Acid hydrolysis of these compounds have also been examined, The hydroxy- 
indolenine 9 and 19 were easily hydrolyzed to the 3-methyldioxindole 29 by treatment 
with ethanolic hydrochloric acid, while the compound 4 resisted acid hydrolysis even 
on refluxing with cone hydrochloric acid 3-Methyl-2~thoxy-3H-indole (s) was very 
susceptible towards acid and base catalyzed hydrolysis Refluxing 18 and 29 with 
ethanolic hydrochloric acid furnished the hydrolyzed product 6. Further extension of 
these studies is under investigation. 

EXPERIMENTAL 

Mps and bps are uncorrected IR spectra were recorded on JASCO-DS301 model and JASCO-KS-11 
model spectrophotometers W spectra were recorded in 95 % EtOH sok unkss otherwise specified, on a 
Gary Model 14 or Perk&Elmer 202 spectrometers NMR spectra were determined in CDCir with a 
Varian HR-100 spectrometer with TM.9 as internal standard The chemical shiAs wete expresmd by the 
&-value in ppm. Gas c~o~to~aphy was performed with a Hitachi F6D instrmnem, using XE60 cohmm. 

Asoln of2.5g(0.017 mok) 3-methyIoxindokand 2~8g(5Ol7mole)~etbyloxo~~fluo~ra~(M~~ein 
reager#q in 15 ml of CH$l, was refluxed for 24 hr. Evaporation of CHsCl, gave a solid, to which 10 ml 
dry benzene was added and left for 20 hr. The benzene layer was decanted to leave 2.9 g(65 “4 pak yellowish 
solid, mp 9S-loo”, I g of which was recrystallized 3 times from CH,CI,-benxene to give 700 mg colorless 
needles m.p. 126428’. Further recrystallizations from this solvent gave m-p. 13&131”; UV i_ mp (e) 276 

(53oOA 228 (19,240), &,, 2M (3590); IR ?Aid cm-’ 1640 (C=N) 1080, loo0 (BF;, C-- O--C): NMR. 1.59 
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(5 CHs in Et), 1.63 (d, CH& 4.19 (q, CH at 3-position), 484 (q, CHs in Et), loo0 (s, NH) (Found: C, 49.97; 
H, 532; N, 5.63. CiiH,NOBF. requires: C 5022; H, 5.36; N, E33’h When neutral&d with a base, 7 
was converted into 9. 

A mixtm d 74 g (tN35 mole) 3-methyloxindok and 8.2 g (095 mole) trkthyloxonium guoborate in 
150 ml anhyd cH,Cl, was refluxed for 15 hr and the solvent was evaporated to dryness to leave a residue, 
to which benzene was added and kft overnight Decantation ofbenaene gave a solid, which was neutralized 
with 5N K,COs at 0” and extracted with CHsCI, washed. and dried The crystalline solid (5.85 g 66.8%) 
obtained on evaporation of the solvent, was recrystallimd from hexane-benzene to give colorless needka, 
mp 112-l 13.5’. W & mp (e) 262 (5300) 275 (3700) 295 (2100), IR v, (CHCls) cm-i 358Q 34OO(OH), 
1590 (C=N); NMR, 141 (t, CH, in Et) 1.58 (s, CH, at 3-position), 4-38 (m, OCHJ; mass, 191 M+, see 
Chart 2 (Found: C, 69.20; H, 655; N, 754. CiiH,,NOs requires: C, 69-09; H, 685; N. 7.33%). The above 
benzene. layer was evaporated to dryness to kave 3.32 g residue which was dissolved in 50 ml dry CH,cI, 
and rethued for another 15 hr. The mixture was diluted with CH,Cls and neutral&d with NaHCO,aq 
at 0”. TM extracts were washed, dried, and evaporated to give 2.17 g residue, which was column chromato- 
graphed on 25 g silica gel prepared in hexane-benrem. (1: 1) The elution with benzem furnished 144 g 
solid, whickoncrystallization fromEtOHgavepakyeUowneedksof6,mp 115118”. ItsIR, W,andNMR 
spectral data were identical with those of an authentic specimen The elution with CH,Cl,-CHsCO,Et 
gave 445 mg solid, which was recry&lized from acetone to give colorless needks of 29, mp 156158” 
(lit” mp 1615-162.59. It was shown to be identical on TLC and by comparison of its W, IR, NMR, and 
mass spectm with the product prepared by the reaction of isatin with MeMgI. 

2-Ethoxy-l,3_dimetkyE3H_indole HBF, scrlt (11) 
A soln of 2 g(OU2 mole) l&dimethyloxindok and 2.2 g(O4B3 mole) Et$BF: in 10 ml anhyd CHsCIs 

was reguxed for 15 hr. The oily residue, after evaporation of CH,Cl, was covered with dry benmrk and 
left for 48 hr at 4-5”. The crystak were colkcted, 3.5 g mp 100-102”. Further recrystaUizations from 
CHsCl,-benzene gave an analytical sampk as colorless pillars m.p 116117; W1, mp (e) 292*(6460), 

283 (7250) 228 (30.000); J_,,(. 250 (2650); IR Pdd cm- ’ 1630 (C=N), 100&l 100 (BF;, C-CC); NMR. 
164(t, CH, in Et), 168 (d, CH, at 3-position), 3.61 (s, CH,N), 4-66 (d, CH at 3-position), 5Ql(q OCH3, 
7.26741 (aromatic protons) (Found: C 51.82; H, 5.77; N, 5.04. CisH,,NOBF, requires: C, 52.01; H, 
5.82; N, S&i’%) On treatment with an alkali, 11 readily decomposes to 12 

1,3-Dimethyl-2-ethoxyindole (12) 
A soln of 644 g (OXi4 mole) l$dimethyloxindok and 7.3 g (0044 mole) Meenvein reagent in 10 ml 

anhyd CHsCls was relluxed for 15 hr. The mixture was diluted with CH,Cl, and neutral&d with 5N 
K&O,. Tk organic layer was washed, dried, and evaporated to leave 66 g residw which was shown to 
consist of l$dimethyl-2-ethoxyindok and unreacted 10 in 1: 1 ratio by gas chromatography. The residue 
66 g was chromatographed on 40 g silica gel prepamd in hexane-benxerk (I : 1) Tk elution with hexane- 
benzene ( 1: 1) provided 3.3 g oil which on distillation gave 3 g of 12 as a colorkss liquid, b.p 124125”/2 mm ; 
W &_ m)l (eh 292 (7200), 284 (8120), 228 (34,000); LI. 251 (2570); NMR, 1.30 (t, CH, in Et), 2.16 (s, 
CHs at 3-position), 34 (s, NMe) 405 (q. OCHJ, 7.05-742 (aromatic proton); masg m/e (relative abun- 
dance) 189 (75, M+X 174 (35, M-CH3, 161 (90, M-CH,=CHJ, 160 (100, M-Et). (Found: C 75.88; 
H, 766; N, 7.20. C,,H,,NO: requires: C, 7615; H, 799; N, 74O”b TM elution with CH,Cl, gave 2.53 g 
unrea&d 10 which was identifkd with its IR and W spectra as well as gas chromatography and TLC. 

2-Et~xy-1.3.3-trimethyl-3H-indole HBF, salt 14 
A sok of l-8 g(O-01 mole) 1,3,3-trimethyloxindok and 1.7 g(O-01 mole) Et,aBFTin 10 ml anhyd CH,Cl, 

was refluxed for 20 hr. Tbc solvent was evaporated to leave a red oily substang to which dry benzene was 
added to obtain a crystalline solid, 2% g (700/,), m.p. 8&909 Recrystallizations from CH,Cl,-benzene 

gave m.p. 133-134” (dec); IR PA* cm- ’ 1625, 1610, 1600 (C=&) llOGlOC0 (BF;, C--Q-C); NMR, 
l-67 (t, CH, in Et), 1.79 (s, CH3, 370 (s, CH,N) 5.17 (q, OCH& (Found: C, 5322; H, 606; N, 4-93. 
CisHisNOBF, requires: C 5364; H, 623; N. 48l”h When treated with Hz0 or an alkali, 14 readily 
decomposes to 13. Its W spectrum in EtOH gaw? only oxindolk absorption. 

l IR spectrum taken in KBr tabkt showed a strong carbonyl absorption due to decomposition 
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2-Elhylthioindole (16) 
To a mixture of 1 g(Ooo67 mole) 2-indolinethione and 2.5 g (tIO18 mole) anhyd K,CO, in 20 ml anhyd 

acetone was added with stirring 3.15 g (0.02 mole) Etl at room temp. The mixture was stirred for.4 hr at 
room temp and then filtered The filtrate was evaporated to dryness to lean 1.3 g residue, which was 
chromatographed on 20 g silica gel prepared in benzene-hexane (1: 1) to give 1.2 g (co 100 “A pale pllowish 
oil, wliich solidilied upon standing Recrystallizations from light petroleum gave nip 3637.5”; W L 
mp(e) 298(6740), 290(82!JO), 282(803Q), 218(20&Q; &,,,, 285(7890), 253(2040); IR Pscm-’ 34OO(Nm 
750 (odisubstituted benzene); NMR, 1.26 (t, CH, in Et), 2.83 (q, CH, in Et), 664 (s, &m 7.03760 (m, 
aromatic protons), 7.99 (NH); rnw m/e (relatiw abundance) 177 (100, M*), 149 (90, M-C2H& 148 (95. 
M-C,H,), 116 (15, M-C,HsS). (Found: C, 6794; H, 651; N, 8.04; S, 17.82 C,OH,,NS requirea: C, 
67.78; y 626; N, 7.91; S, 18.06”%). 

2-Ethylthi~3-methylindole (18) 
(1) To a mixture of 407 mg (00025 mole) 3-methyl-2-indolinethione and 690 mg anhyd K,COs in 10 ml 

anhyd acetone was added 780 mg@OO5 mole) Eti with stirring at room temp and the stirring was continued 
for 4 hr under a stream of N,. The mixture was titered Tbe filtrate was evaporated to dryness and chromato- 
graphed on 8 g silica gel prepared in hexantbenxene (4: 1) to give 473 mg (quantitative yield) of 18 as a 
sok product, a slightly colored oil, which crystallized upon standing Careful xechromatography on silica 
gel prepared in light petroleum twice and crystallization from light petroleum gave analytically pure 
colorkss needle mp 33-33.5”; W 1, mp (E) 300 (10,250), 292 (12,230), 285 (11,080), 225 (27.370); 
Lt. 258 (2890); IR v$$““la 3420 (NH), 750 (disubstituted benzene); NMR, 1.21 (t, CH, in Et), 2.38 (s, 
CH3 at 3-position), 2.73 (q, CH, in Et), 7.00-7-55 (m, aromatic proton& 7-87 (s, broad, NH); mass, m/e 
(relative aboundance), 191 (96 M’), 176 (35, M<H,), 162 (10, M-Et), 130 (60, M--SEt). (Found: C, 
69.06; H, 6.50; N, 7.25. C,,H,,NS requires: C, 6!%06; H, 685; N, 7.32’%). 

(2)To asoln of 54g(O412 mok)skatok in4OOml absether was addeddropwise41 g(0412 mole) freshly 
prepared C2H,SC12’ in 200 ml dry CH2C12 at below Oq and the mixture was stirred for 2 hr at o”, then 
stirred for 15 hr at room temp under a stream of N,. T’he mixture was diluted with CH,Cl,, neutralized 
with NaHCO, aq, washed, and dried The residuq after evaporation of the solvent, was chromatograpbed 
on 230 g silica gel prepared in benzene to gi= 767 g (ca 100 “A of lg whose IR, W, and NMR spectra were 
identical with those of the specimen prepared by the previous method (1). GLC and TLC analysis also 
conlirmed its identity. 

Autoxidation of 18: Formation of 19 and 20 

A soln of 500 mg (o-0025 mole) of 18 in hexane was stirred for 72 hr in an open air at room temp. The 
colorless ppts (360 m& were collected. The mother liquor was stirred for another 24 hr and was evaporated 
to dryness to give 137 mg residue The ppta and the residue were wlumn chromatograpbed on 15 g silica 
gel prepared in CH,Cl,. Elution with this solvent furnished 230 mg crystalline solid, mp. 85-87” (19), 
which was recrystallized from benzene-light petroleum to give colorl& modles, mp 1165-l 17.5”; W 
&_ mp (e) 305 (85301294 (8680), 284 (79901228 (16,240); &. 247 (3450), 287 (7800), 298 (8200); IR vz 
cm-’ 3400 (OH); p; cm-’ 3300 (OHJ 1614 1500 (phenyl), 1190, 1120, loS5, 1065, 755 (odisubstituted 
benzene); NMR, 1.42 (4 CH, in Et), 1.54 (s, CH, at 3-position1269 (9 broad, OH)-this peak disappeared 
on treatment with D,O, 3.23 (q, SCH3; mass, Chart 2 (Found: C, 6369; H, 6.28; N, 658. CIIH,sNO 
requires: C, 63.75; H, 632; N, 676%). 

The elution with 5 % MeOH in CH,Cl, yielded 243 mg of 20, which on recrystallization from benxe~lt 
light petroleum gave mp. 136-1370; total yield, 473 mg 91%; W & mp (e) 284 (14,7601 228 (25,580); 
& 253 (2790); 1R PA cm-’ 3100 (NH), 1005 (SO), 750 (odisubstituted benzene); NMR, 1.15 (t, CH, in 
Et) 2.47 (s, CH, at 3-position), 3.29 (m, SOCHJ, 11.01 (s, broad, H-bonded NH); mass, Chart 4. (Found: 
C 63.99; H, 632; N, 680. CIIH13N0 requires: C, 63.75; H, 632; N, 68O’h. 

Preparation of 2-amine?-hydroxyindoles from 9 
(1) 3-Hydroxy-3-methyl-2-piperidino-3H-indole (4). A soln of 215 mg (0011 mole) d 9 in 5 ml piperidine 

was refluxed for 4 hr and the excess piperidine was evaporate.d to leave a reaidllc which was crystallii 
from acetone to give 260 mg mp 204-205” (quantitative yield) of4, which was shown to be identical by 
comparison d its NMR, IR, W spectra with the product prepared by previous method2 

(2) 2-n-Eutylamino-3-hydroxy-3-methyl-3H-indole (2%) A soln of 525 mg (@03 mole) of 9 in 5 ml n- 
butylamine was refluxed for 3 hr. Removal of excess amine kft a crystalline residue, 610 mg (93 “4 mp. 
145-155”. 
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Recrystallizations from Batone gave colorless needles, mp. 165-166”; UV L ~(8) 308 (3450x 283 eh 
(9070x 274 (10,640~ 217 (19,440); & 295 (3140). 243 (lV90); IR vz cm-’ 3650,3395 (OH, Nfi 1580 
(C=N), 1050 (C-O); NMR, 093 (t, CH3,147(q broad, CH, at 3-position and -CHsCH,-), 2-55-344 
(m, CH2 next to NH), 4-42 (9 broad, NH, OH)-this peak disappeanzd on treatment with D20, 6.82-7.27 
(m, aromatic H); masg m/e(relative abundance1 218 (100, M+), 203(30, M-CH& 200(70, M-HzO~ 175 
(70, M-C,H,), 146 (60, M-C.H,NH) (Found: C, 71.75; H, 846; N. 12.80. C,,H,sN1O requires: C, 
71.52; H, 8.31; N, 12-84’%). 

(3) 2-DietkylmniM-3-hydroxy-3-methyl-3H-indo (Us). A soln of 525 mg (O-03 mole) of9 in 5 ml diethyl- 
amine was refluxed for 46 hr. The excess amine was distillad and the residue was crystallized from aatone 
to give 275 mg (42 ok mp 1 IO-124”. Recrystallizationa from acetone gave mp. 137-138.5” ; UV d_ rnp (8) 
320 (2100X 290 (5800), 278 (6560), 267 (57001215 (25,680); ,l,,,,l. 245 (3300); lR vz cm-’ 3590,3380(OH), 
1590, 156O(C=N), 1100, 1057, 1025(C-0); NMR, 1.19(t, CHJ 160(& CH, at 3-positionh342,3.52,3.59 
(m, SH, OH and CH5 in EtJU), 675-7.27 (m, aromatic proton); mass, m/e (relative abundance), 218 (100, 
M+), 203 (20, M-CHs), 201 (25, M-HIO), 189 (79 M-C,H,), 146 (70, M-C,H,,N). (Found: C, 
71.54; H, 8.18; N, 12.52 C,,H1sN,O requires: C, 71.52; H, 8.31; N, 12.84’A. 

(4) 2-Anifino-3-hydroxy-3-me~hyl-3H-indole (2%). A soln of 5 15 mg (OQ3 mole) of 9 in 5 ml anhyd aniline 
was heated at 120” for 7 hr under a stream of N, and a mixture of benzene-hex- was added to obtain 
260 mg (364’h mp. 202-204-5”. of crystalline solid Recrystallizations from acetone gave an analysis 
sample, mp 205.5-2065” colorless prisms; UV &., ml (E) 315 (12,lOO), 293 (12,840), 283 (13,170); 
L WH-HCJ rnp (e) 298 (8.630), 274 (8280), 218 (17,500); I,,,,. 287 (7460), 250 (5070), 205 (15,ooO); IR $$d cm-’ 
3304 3050 (OH, NH), 1675 (C=N), 1618, 1595 (phenyl), 1197, 1142 1102 (C-O); NMR, 168 (s, CH, at 
3-positionh 4-28 (s broad, OH or NH), 697-7.36 (m, aromatic proton); mass, m/e (relative abundance) 238 
(100, M+), 223 (30, M-CH& 135 (80, M-C,HsNrC), 146 (34 M-C,H,NH). (Found: C; 75.59; H, 
631; N, 1lG. C,,H,,N,O requires: C, 75-60; H, 5.92; N, 11.76’%l. Compound 12 was refluxed in n-butyl- 
amine for 28 hr and recovered unchanged; 19 and I8 did not react with piperidine at refluxing temp. 

Reaction of 7 with pip&dine 
Formation of 4. A mixture of 500 mg (0.002 mole) of 7 and 5 ml anhyd piperidine was heated at 100-l lo” 

for 2 hr. The residue obtained on evaporation of excess piperidinc was kR overnight and then ether was 
added The ethereal layer was concentrated to obtain 86 mg of 4, mp. 204-205”. The mother liquor was 
evaporated to dryness to give 240 mg oil which was crystalliz& from a&o= to give 150 mg colorless 
naqdles, mp 205-206°, mmp 205-W with an authentic specimen IR and UV spectra were identical with 
those of the specimen. 

1,3-Dimethyloxindok 10 was obtained when the salt 11 was refluxed in piperidine and the corresponding 
2-piperidino derivative was not obtained 

2-Piperidino-3H-indole hydrobrmide (26) 
(I) A soln of 1 g (-2 mole) Zcthoxyindok in 5 ml piperidine was refluxed for 30 hr under a stream 

of N,. The residue, after evaporation of piperidine, was dissolved in EtOH and saturated with HBr gas 
Addition of ether to this soln afforded 14 g (80’4 needles, mp 260-263’. Recrystallizations from EtOH 
gave colorless needks, m.p. 269-270”; UV .L, mp (8) 272 (13,400). 212 (16,500); &,,. 235 (2300); IR v”& 

cm-’ 1670 (C=I+, 775 (odisubstituted benzene); 3410, 1105, 1015 due to crystalline EtOH; NMR, 1.25 
(t, 3H, CH, due to crystalline EtOH), 1.77 (s, broad, 6H, by-methylenea in piperidine), 4-07,4-19 (q 4H, 
or-methylene in piperidine), 7-00-764 (m, aromatic protons), 9.75 (NH); ~BSB, m/e (relative abundance) 200 
(100, M+), 199 (70, M-I), 172 (Sq M-CH,=CH& 116 (40, M-C,H,,N). (Found: c. 55.31; H, 688; 
N, 8.67. CI,H,,N,C2H,0HVHBr requires: C, 55-05; H, 7.08; N, 8.56’A. 

(2)A mixture of 500 mg (O-002 mole) of Se and 5 ml piperidine was reiluxed for I5 hr. Tbe residue obtained 
on evaporation of piperidim was dissolved in CH,t& and washed with water, and dried. Removal of CH,Cl, 
left a residue which WBS dissolved in EtOH-ether and saturated with HBr gas to give 430 mg crystals, mp. 
220-2W. Recrystallization from EtOH gave 300 mg colorless needlcq mp 262-264’. whose IR, UV. and 
NMR spectra were identical with those of the sample made by the previous method (1) and a mmp gave 
no depression 

In contrast with 5.16 was recovered unchanged after 20 hr rdluxing in piperidine. 

Acid hydrolysis of 9 to 29 
A soln of 350 mg (a002 mole) of 9 in 5 ml EtOH containing 05 ml IO “/, HCl was stirred for I hr. The 
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reaction was followed by its W spectral chang to oxindolc and the disappearance of9 by gas chromate 
graphy. The residuq after removal of EtOH, was dissolved in CH,Cl, washed, dried. Evaporation of the 
solvant left 270 mg (83 “4 crystalline solid, mp. 14S-150”. Recrystallixation from acetont gave (29), rap 
M-1 SY. Mmp. and a comparison of the IR, W, NMR spectra with an authentic specimen confirmed its 
identity. 

Acid hydrolysis qf 12 to 10 
A soln of 379 mg (O-02 mole) of 12 in a mixtnre of 5 ml EtOH containing OS ml 10% HCI was stirred 

for 4 hr at room temp until the spot d 12 had disappeared on TLC and in the W specbum. The solvent was 
removed and the residue was dissolved in CHsCls and neutralixed with NaHCOsaq. washed, and dried. 
Tk evaporation of CHsCl, left 310 mg(96Oh crysmhk residue, mp 25-29”. Retion from light 
petroleum gave mp 4S-47”, whose IR and W, Nh4R spectra, and its R, value were identical with those of 
an authentic sample. 

Acid hydrolysis of 5 to oxindole 
A soln of 170 mg (0001 mole) S in OS ml loo/, HCI and 95 ml EtOH was refluxed for 8 hr until the UV 

spectrum continned tlw presence of an oxindole. 
The residue obtained on evaporation of EtOH was taken up in CHsCl, and mutralixed with NaHCOs. 

washed, and dried. Removal of CH#Zl, left 120 mg(90 “4 crystalline residue, which was q from 
bewne-hexane to give colorless needles, mp. 123-124-S”. A mmp. with an authentic sample gave no 
depression. The IR, UV spectra and ist R, value were identical with those of an authentic specimen. 

Acid hydrolysis of 16 to oxindole 
A soln of 200 mg (O-001 mole) of 16 in OS ml 10% HCI and 4-5 ml EtOH was refluxed for 1 I hr until its 

W spectrum showed the presence of oxindole. On working uR a crystalline residw 130 mg (89 ‘%), mp 
8M3”, was obtained Recrysmkations from hexane-benmne gave mp 123-125” with no depression 
with an authentic specimen. 

Acid hydrolysis oj 18 ro 6 
Toasolnof500mg(~002mole)18and~5mlEtOH~~5mllO~HCIwas~uxtdfor30hruntilthe 

W spectrum showed the presence of oxindole The solvent was removed and the residue was taken up 
with CHxCl,, neutraliid, washed, and dried The evaporation of the solvent gave 380 mg (99 “A crystalline 
residue, which was shown to he identical to 3methyioxindole by comparison of IR, W, NMR spcctnx and 
R, value on alumina TLC and gas chromatography. 

Acid hydrolysis of 19 to W 

Asolnd~mgof19in3mlHCI-EtOH(l:9)10~HCI:EtOH)was~uxedfor10mintocompktc 
hydrolysis. On working up, a crystalline residue (20 mg) was obtained, which was shown to he identical to 
W by comparison of fR, UV, NMR spectra and R, value on TLC 

Acid hydrolysis of 20 to 6 
Asolnof50mgofMin5mlHCI-EtOH((1:9)10~HCI:EtOH)wasrefluxcdfor8hrtogivc3-methyl- 

oxindole after working up in usual manner. 

Reaction of 9 with EtSH 
Form&on of 3-methyldioxindole (W). A soln of SO0 mg (90025 mole) of 9 in tkahly diatikd EtSH was 

refluxed for 6 hr while colorless crystals were precipitated- 102 mg, mp. 1 St&1 52”. These wwre identified 
as W by IR, TLC, and a mmp with an authentic sample. The mother liquor was evaporated to dryness to 
give 450 mg of a mixture of starting material aml W by TLC and NMR spectrmn 

Reaction of 11 with EtSH 
A mixture of 120 mg (943 mole) of 11 and 5 ml EtSH was heated at regux for SO hr and excess EtSH was 

removed. The residue dissolved in CH,Cls was treated with SN K&O,, washed with H,O, dried, and 
evaporated to give 58 mg (&to& of I,3dimethyloxindole. The pmsence d 1,3dimethyl-2&ykhioindole 
could not be detected by TLC analysis and NMR spectnm~ When a soln d9 in anhyd MeOH was saturated 
with dry H2S at room temp and then at boiling temp, W was obtained and Ihydroxy&nethyl-2-indoline- 
thione was not formed 9 was not produced after relhxing a soln of 4 in EtOH-EtONa for 72 hr. 
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