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Abatzaet-A series of oxindole derivatives substituted in the aromatic ring and their N-Me homologues has 

ken prepared. The effects of position and nature of substituents on the IR, NMR and UV spectra have been 
investigated. Evidence is presented which indicates the presence of an intermolecular hydrogen bond in 
solutions of oxindole and certain N-unsubstituted derivatives. A relationship between Hammett’s u 
constant of substituents and the carbonyl frequencies of these oxindoles is reported. 

A SJZRIES of simple oxindole derivatives of types I and II have been prepared, and 
the IR, NMR and UV spectra examined for correlations which might provide 
useful corroborative evidence for structural assignments to oxindole alkaloids 
currently being investigated. l* z These derivatives were also required for pharmaco- 
logical” and metabolic4 studies. 

(4 H” (i) 7-OCH, 
(b) 4-OH 
(c) S-OH 
(d) &OH 

(e) 7-OH 
i, & 

(I) 4-OCH., 

RQ---O : K”, 

7 
(s) 5-OCH, A 
(h) 6-OCH, 

Preparation of the compounds 

Oxindole (Ia) was prepared in 80% yield by the partial hydrogenation of isatin.’ 
Routes to the remaining compounds, outlined in schemes A and B, are in most 
instances based on published methods, modified in some cases with improved yields. 
Noelting’s procedure6 for the preparation of IIIa and IVa has been modified as 
described in the experimental section to give yields of 900/, or more. Replacement of 
2-methoxy-6-nitrobenzyl chloride by the bromide VII and potassium cyanide by 
the sodium salt in the route used by Cook’ for the preparation of VIII increased the 
overall yield of the latter when prepared from IIIa, resulting in an ultimate improve- 
ment of the yield of If from 3% to loO/, overall. The most difficult stage of the routes 
outlined in scheme A was the condensation of the nitrotoluenes (1Va-d) with diethyl 
oxalate and the use of a twofold excess of this and potassium etboxide as described 
by Stoll et aZ.* for the synthesis of bufotenin and related compounds resulted in 
higher yields of purer products than have been previously reported.g*lo Although 

+ Present address: School of Pharmacy. College of Technology, Brighton, Sussex. 
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2-benzyloxy-6nitrophenylacetic acid (We) was prepared in only 7% yield, previous 
workers*, ii have reported failure in attempts to prepare the compound by the same 
route. The preparation of Ghydroxy oxindole (Id) by the cyclization of N-chloro- 
acetyl-m-anisidine (IXc scheme B) has not previously been reported. Cyclization 
of N-methyl-N-chloroacetyl-o-anisidine (XIVb scheme B) gave a mixture of the 

a=2-; b=3-; c=4-; d=5-OH 
I 

IPa 
NBS/Ccl+ 

Yla HIW/C Ibq,cl, 

lZI a-d Y If-i 
If 

l- -I 
Y a-o 

not isolated 

C HzCOOH 

CHzCN 

mlf 

DZ-PI a-e 
a=2-; b=3-; c=4-; d=5-OMe 
e =2-OBt 

SCHEME A 

4- and 7-hydroxy-N-methyloxindoles (IIb and e) which were more readily separable 
after conversion to the methoxy derivatives (IIf and i), the 7-methoxy isomer (III) 
being more soluble in ether than the Cmethoxy compound (IIQ Subsequent de- 
methylation of these compounds yielded IIb and e.‘*i2 Similarly, cyclization of 
compounds XIVa, c, d (scheme B) furnished IIa, c, d and methylation of IIc and d 
gave IIg and h. Of the remaining compounds, Ij, k, m and IIk, 1 have been prepared 
by methods reported in the literature. &Amino-oxindole (Im) and its N-methyl 
homologue (Urn) were prepared in almost quantitative yield by catalytic hydrogena- 
tion of the corresponding nitro derivatives, instead of by the previously reported 
methods using tin and hydrochloric acid.37,41 
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AICI, A 
1 cP 

NHCOCl+Cl 

lXc,d 
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Xcd 
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IX a-d 
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Xl a-d 
XII a-d 

lIb*lIa 

ho 
Xp a-d 
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ClCH&OCl 

IIf *III 
separatad 

(“Ot saparatti’~ !h$b R~NcocH2cI 

J 
II a&d 

II b,a (CHJ,SMGd 
Lla 

ma-d 

IX -XIV. a-d 

(a) f 
(b) ,o CH,O 

?CHIo 
2 CHsO 

SCHEME B 

NMR spectra 
Comparison of the NMR spectra of the methoxy-substituted oxindoles (I and IIf-i) 

with those of rotundifoline, isorotundifolinel”~b and javaphylline2b showed certain 
similarities in the aromatic proton signals (Table 1). 4-Methoxy-N-methyloxindole 
(IIl) showed two apparent triplets (t 2.72, J = 8a c/s, one proton; z 3.43, J = 7.7 c/s, 
two protons). The signals due to the two protons at Cs and C, have been shifted 
upfield through shielding by the orrho 0 and N atoms. The third proton Hs is split 
almost equivalently (i.e. J H5 l H, = J H,H,) producing the downfield triplet. At 
100 mc the higher triplet is resolved into two doublets (r 342, J = 8 c/s; r 3.55, 
J = 78 c/s) whereas the lower triplet remains vkhlally unaltered. CMethoxy- 
oxindole (It) showed certain similarities, with a triplet (r 2.75, J = 89 c/s) and two 
doublets (7 3.30, J = 60 c/s ; 7 345, J = 5.8 c/s) each integrating for one proton. 
Since Av H,H, is still large compared with J H,H, the H, pattern appeared as a 
triplet,13 but the upfield triplet was resolved into two doublets, Hs and H, not being 
exactly equivalent in this case. The upfield doublet is probably due to Hs, the shielding 
at H, having been reduced by the absence of the N-Me group. The aromatic proton 
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substitutal oxindoies- I 

Ofthe three possible structures (Ia, XVIII, XIX), it has been conch&~ that oxindole 
and its derivatives exist in the amide form (Ia}.2z The spectra of all the compounds 

ia XIX 

examined showed intense absorption in the 1690-1752 m-r region assigns to 
the carboni stretching frequency (w -) this being the most interesting feature. 
Compounds Ia, f, i, k, m showed three carbonyl bands in chloroform solution (Table 2). 
In previous reports of the IR spectra of 1,3 unsubstituted oxindoles, only two ear- 
bony1 bands have been reported. 21*22 Comlkmds Ig, h, j exhibited two bands in 
this region but Ic and Id which were very spkingly soluble in chloroform showed only 
one band, Of the N-Me homologues examined under comparable conditions, all 
showed only one carbonyl band Fable 2). 4- and 7-Hy~o~o~dole (Ib, e) and their 
N-Me homologues (IIb, e) were too insoluble in chloroform for spa%a to be deter- 
mined in this solvent‘ The absence of the additional carbonyl bands in solutions of the 
N-substituted homologues suggested the formation of hydrogen bonded molecules 
as an explanation of the presence of at least one of the three carbonyl bands in the 
N-substituted ~rn~unds. 

*-.**.*- O+OW625 M O-2 cm cell 
- 604 H 0064 cm cell 

Cm” 
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A dilution study of oxindole (Ia) in carbon tetrachloride solution over the con- 
centration range OU&-0000625M showed that the carbonyl bands were con- 
centration dependent. The 1710 cm- ’ carbonyl absorption, together with the 3094 
and 3194 cm- ’ hydrogen bond absorptions gradually diminished in intensity on 
dilution, with a simultaneous increase in the intensity of the 1736 and 1754 cm-’ 

I --_ 00025 M 1 cm cell 

. - 004 M 01 cm cell 

Cm” 

RG. 2 Concentration dependence of infrared NH absorption bands of oxindole. 

(carbonyl) and the 3444 cm- ’ (free NH) absorption peaks (Figs. 1,2). Therefore the 
presence of intermolecular hydrogen bonding is indicated, as suggested by Kellie 
et ~1.~~ from an examination of the IR spectra of some similar oxindole derivatives. 

Structures XX and XXI probably represent portions of adjacent molecules contribut- 
ing to the dimeric hybrid. Some association exists even at high dilution (Om25M) 
as indicated by the continued presence of the peak at 1710 cm- ’ (Fig 1). 

The inductive effect (+ I) of the Me group in the N-Me homologues, by reinforcing 
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the contribution of the polar form of the amide (XXIV) and thus reducing the double- 
bond character of the C-O bond can account for the shih of the single carbonyl 
band of these compounds towards the lower portion of its frequency range.23 

Split carbonyl bands have been reported for cyclopentanone,24* 25 certain A’- 
cyclopentenones,26 substituted-2-indanones” and ethylene carbonatesz3 and possible 
reasons for their existence discussed. 23*25-27 In the present instance certain explana- 
tions for the presence of the two carbonyl bands at 1736 and 1754 cm- ’ can be 
ruled out. Conformational isomerism is impossible and enolisation is unlikely, 
since except in the case of 5-nitro-oxindole (II) in which a weak band was observed 
at 3608 cm-‘, no absorption attributable to -OH could be detected. The presence 
of moisture and other impurities was considered, but careful purification and drying 
of the compounds did not affect the spectra. 

In the examples previously reported, 21-27 Fermi resonance has been postulated 
as a more likely cause of the carbonyl frequency splitting than a “hot” transition, a 
conclusion supported in some cases by the spectral changes observed after deuteration. 
With the present compounds also, Fermi resonance would appear to be the most 
likely explanation for the presence of the two carbonyl bands, this implying the 
presence of an overtone of suitable frequency. Since the vibration giving rise to the 
overtone may be subject to influence by a 3C or aromatic ring substituent this would 
account for Fermi resonance and the resultant split band not occurring in every 
case among the examples studied. Also, 3,3 dichloro-oxindole for example has been 
shown to exhibit only two carbonyl absorption bands (1722 and 1761 cm- ‘) in 
chloroform solution.22 

Kellie et al.” have shown the existence ofa linear relationship between the carbonyl 
frequency and the Hammett ap value for certain 5-substituted oxindoles (5NO,, 
--Cl, -Br, --CH& 4- and 6substituted derivatives not being available to them. 
It was decided to extend the examination of this relationship to include various 
oxindoles substituted in positions 4.5 and 6. The frequency of the carbon!1 absorption 
(taking the peak of stronger intensity in those examples where two apparent “free” 
carbonyl bands were present) was plotted against the Hammett Q constant for the 
given substituent group, using m for substituents in the 4- and 6-position and up 
for those in the 5 position, XXV(R=H), the points being found to lie on a curve 
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of the type shown (Fig, 3). This non linear re~~ons~~ may be explained by the 
~~p~o~ that tbe electronic efkcts of the s~~titu~~ in the aromatic ring of 
oxindole are transmitted to the carbonyl group via both&e amide nitrogen and 
the 3-methylene group, For example, with Slnitro-oxindole (II) the -1 and -M 
effect of the nitro group will presumably favour structure XXII (R=H) with a rise 

R-H or Cy 

in veto and in the w of 5-me~oxyo~dol~ (Ig) the electron donating (+ M) 
effect of the ~substitu~t will favour a tendency to structure XXIII (R=H) increasing 
the, polarity of the C-0 bond aud decreasing vW The opposing 4 effkct of the 
group however apparently predominates, resUrting in a ~~~0~ in the polarity 
of the C-0 bond with an increase in v,, Hammettk d value takes into account 
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these effects. Examin ation of NMR spectra indicates that the 3-methylene position 
is one of appreciably lowered electron density,29 suggesting that the transmission 
of the electronic effects to the carbonyl group occurs in part via this pa& accounting 
for the non-linear relationship between V~ and the Hammett CY values. The N-Me 
homologues showed a similar relationship between om or ap and v- for low u 
values. At higher c values the steady rise in V~ did not substantially diminish 
as with the N-unsubstituted series, but continued to rise, producing the smooth curve 
shown in Fig 4. 

6QH 0 

FIO. 4 Carbcinyl thquency vs. u for N-methyl oxiudolcs. 

The linear relationship between Hammett’s Q value and v- described7bl Kellie 
for a series of 5-substituted oxindoles does not appear to have a wider applicability. 
Table 3 shows the principal IR absorption bands of compounds I and IIb+ de 
&mined from Nujol mulls, owing to the insolubility of the compounds in suitable. 
solvents. These spectra have recently been used& to identify S-hydroxyoxindoIe 
(Ic) as the principal metabolite of Ia, IIa and 3-methyloxindole in the rat, guinea 
pig and rabbit. 
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TABLE 3. IR SPECTRA OF HYDROXYOXINLXXES AND HYDROXY-N-METH~~XINIXLES IN NUJOL 

Wavenumber cm-’ 

la Ib Ic Id Ie IIa IIb IIC IId IIe 

675 722 
707 772 

745 842 
800 1050 

850 1170 
912 1210 

943 1232 
1018 1290 
1088 1340 
1140 1380 
1168 1610 
1195 1632 
1235 1672 
1270 3180 
1300 3240 
1330 
1384 
1618 
1688 
3180 

675 
708 

758 
817 

854 
905 

940 
1140 
1210 
1260 
1280 
1340 
1380 
1660 
3150 

690 
725 

795 
818 

855 
898 
960 
972 

1110 
1150 
1180 

1203 
1305 
1350 
1380 
1610 
1630 
1672 
3180 

725 
763 

874 
940 

958 
1018 
1152 
1205 
1300 
1350 
1380 
1593 
1650 
1670 
1680 
3200 

660 720 672 720 
719 770 690 768 

730 832 760 824 
760 872 798 860 

866 835 850 960 
910 990 910 1060 
957 1050 940 1094 

1012 1098 1068 1176 
1080 1130 1098 1200 
1096 1214 1135 1298 
1126 1265 1200 1375 
1194 1310 1222 1592 
1210 1332 1240 1604 
1264 1373 1278 1678 
1318 1398 1332 
1350 1599 1380 

1380 1630 1418 

1500 1672 1494 
1618 1597 
1700 1666 

670 
708 

772 
830 

898 
950 

1033 
1054 
1094 
1160 
lm3 
1227 
1280 
1312 
1330 
1376 

1510 
1608 
1670 

UV absorption spectra (Table 4) 
All compounds showed two main absorption bands, a primary band circa 2% 

260 rnp (s, 4000-lO,OOO), and a secondary bond varying between 277 and 303 rnp 
(s, 1300-3650X both bands in some instances possessing secondary peaks or inflections, 
the N-Me isomers showing a slight bathochromic shift of the primary band due to 
the participation of the lone pair nitrogen electrons being enhanced by the electron 
release of the N-CH, group. 

The 4, 6 and 7 aromatic substituted oxindoles (I and IIb, d, e) exhibited similar 
spectral patterns. The primary band of the 6-isomers occurred at a longer wavelength 
but lower intensity than that of the Cisomers, and both the 4- and 6-isomer showed 
split secondary absorption, the 6-isomer again absorbing at longer wavelengths, 
but with greater intensity in this instance. The 5-isomers all showed greatly increased 
intensity of the primary band, and a bathochromic shift of the secondary band 
(7-15 rnp) with lowered intensity. The primary band of the 7-isomers (Ie, i, IIe, i) 
occurred at a lower wavelength than in the c;ise of the 4,5 or 6-isomers with intensity 
higher than that of either the 4- or 6-isomer and lower than that of the Sisomers. 
With the exception of Ie which showed a split secondary band, all the 7-isomers gave 
a shoulder (circa 260 mp). 

The marked difference of the 5-isomers can be attributed to the reinforcing effect 
of a hydroxyl or methoxyl para to the nitrogen, a similar pattern occurring with the 
methoxy acetanilides.” 

A comparison of these spectral patterns with the UV spectral data quoted for certain 
oxindole alkaloids currently being investigated in these laboratories1”d*2”*b offers 
additional evidence in support of the structures assigned. 
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Absorption maxima or inflections* 
Compound R R’ 

I E L E 1 E 

la H H 249 9400 271. 18C@ 
b H 60H 249 4950 283 1800 288 1750 
: H H 6-OH S-OH 257.5 257 9am 4303 288 2800 303 294.5. 2300 1500 

e H 7-OH 248 62m 249 3650 
257. 4200 

If H 4-OCH, 252 4650 283 1550 289 1500 
g H 5-OCH, 257 10,800 303 1300 
h H 6-OCH, 257.5 4300 284. 2600 293.5’ 2200 
i H 7-OCH, 249 7ooo 292 2450 

257.5 4950 

Ha CH, H 252.5 88CKl 279’ 1300 
b CH, 4-OH 253 5550 2g2.5 2000 289.5 1950 
zl CH, 

CHs 

6-OH 5-OH 260 259 4400 9100 288 3400 294.5* 302 2800 1m 

e CH, 7-OH 2495 6ooo 285.5 2450 290.5 2540 

IIf CH, 4-OCH, 254 48fMl 282 1700 288.5 1600 
:: CH, 5-OCH, 

CH, COCH, 
258 258 3850 8950 286 2800 293.5’ 302 2250 1600 

i CH, %OCH, 253 5750 291 1650 
261.5, 4250 

EXPERIMENTAL 

NMR specrm. All valuea quoted were recorded on a Perkin-Elmer R10 Spectrometer in 2pA soln in 
CDCl, or deuterodimethylsulphoxide (99.5% Ciba) with TMS (1%) as internal standard. The accuracy 
of measurement was estimated as kO.2 c.‘s. 

IR specrra All soln spectra were recorded on a Unicam SPIOO Spectrophotometer and the Nujol 
spectra on a Unicam SP200 Speetrophotometer. 

LrY spectra All spectra were recorded on a Beckmann DK2 recording Speetrophotometer. 
Micro analyses are by Mr. Crouch, School of Pharmacy, University of London and Drs. Weiler and 

Strauss of Oxford. 
O&dole Ia. Finely powdered isatin (m4 g) suspended in EtOH (500 ml) was hydrogenated at room 

temp and press in the presence of 10% W-C (2 g) and cone HCl(l5 ml) until the calculated volume of 
H, had ban absorbed. The product was adjusted to pH 7 by the addition of AcONa, the catalyst and 
inorganic salts removed by filtration and the filtrate evaporated to dryness (reduced press). The resulting 
reddish brown solid, purified by vacuum distillation gave oxindok 21.8 g 82o/m b.p. 178-179” @3 mm, 
m.p. 12>126”; Lit3**s’ nap. 120” and 126”. 

2-Hydroxy-6-nitrorol (HIa). A soln of 2-amine-6-nitrotoluene6 (150 g) in cone H,SO, (550 g) 
was slowly added to crushed ia (5 kg) and to this was added dropwise a soln of NaNO, (75 g) in water 
(100 ml) with stirring and continued cooling (O-5”). When the addition was complete, stirring was continued 

196 
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for a further 2 hr and 10% w/v. H,SO, (2 I.) containing @l% w/v. of &SO, added to the mixture, which 
was then heated lo 7s80” until evolution of N, ceased (12 hr approx). Traces of a red oily impurity were 
removed by liltration and yellow needles of 2-hydroxy-6-nitrotoluene crystallized on cooling, I35 g. 
90%. m.p. 140-143” (raised to 145146” on recrystallization from aqueous EtOH); Lit.6 m.p. 145”. 

2-Methoxy-6-n1frotoluene (IVa). A soln of llla (15.3 g) in MeOH (75 ml) was added to a soln prepared 
by dissolving Na (4.6 g) in MeOH (50 ml). Me,SO, (25.2 g) was added dropwise with vigorous stirring 
and the mixture boiled under reflux for 1 hr. Most of the MeOH was removed by evaporation, the soln 
diluted with water (100 ml) and extracted with ether (3 x 50 ml). The ether soln was washed successively 
with 5% w/v NaOHaq (50 ml) and water (2 x 50 ml), dried, filtered and evaporated to dryness (water 
pump). Vacuum distillation of the residue yielded 2-methoxy-bnitrotoluene as a pale yellow solid, 15.2 g, 
910/ b.p. 94-96”/0.5 mm, m.p. 52”; Lit.” m.p. 51”. 

3-Methoxy-6-nitroroluene (IVb). m-Cresol (108 g) was first converted to lllb (via 3-hydroxy-6-nitro- 
sotoluene as described by Koelsch”), which was then methylated by the procedure described for the 
preparation of IVa to yield 3-methoxy+nitrotoluene as a pale yellow solid 55 g, 33% (from m-cresol), 
b.p. 125-135’pUS mm, m.p. 57”; Lit.” m.p. 55”. 

2-Methoxy-6-nitrobenzylbromide (VII). A mixture of IVa (3.24 g), N-bromosuccinimide (3.4 g) and 
benzoyl peroxide (007 g) in Ccl, (20 ml) was stirred and irradiated from a 250 watt tungsten filament 
bulb for 12 hr. at 60-70”. The product was then filtered and the filtrate evaporated to dryness under re- 
duced press. The residual pale yellow oil slowly crystallized, and recrystallization from EtOH/water gave 
slender almost colourless needles of 2-methoxy-6-nitrobenzyl bromide 4.2 g, 85 %. m.p. 74”. (Found: 
C. 39.45 : H. 3.6 : N, 5.9. C,,H,NO,Br requires: C, 39.05 ; H, 3.3 ; N, 5.7 %). 

2-Methoxy-6-nirrobenzy1 cymide (VIII). Compound VII (40 g) was dissolved m EtOH (6.5 ml) and 
heated under reflux for 4 hr with a soln of NaCN (1.6 g) in water (2 ml). The product was then cooled, 
diluted with water (10 ml) and extracted with ether (3 x 50 ml). The ether layer was washed with water 
(2 x 10 ml), dried and evaporatal to dryness. Crystallization of the residue from aqueous EtOH yielded 
pale yellow prisms of 2-methoxy-Gnitrobenzyyl cyanide 2.7 g, 7O%, m.p. 77-78” ; Lit.’ m.p. 78-79”. 

2-Methoxy-6-nitrophyl~eric acid (Via). Compound VIII (2.7 g) was heated under reflux with cone 
HCl (50 ml) and cone HISO, (5 ml) for 3 hr. On cooling, pale yellow crystals appeared which when re- 
crystallized from water gave almost colourless needles of 2-methoxy-6-nitrophenylacetic acid 1.4 g, 
43”/ m.p. 172-173”; Lit.’ m.p. 171-172”. yield 20%. 

Methoxy44trophenylocetic ucids (Vlad). These were prepared via the phenylpyruvates according lo 
the methods described by Stall’ et al. from the appropriate methoxy-6-nitrotoluennes (167 g). 

Position of 
Compound Me0 

substituent 

Recrystallisation 
solvent 

Yield % m.p. Lit. m.p. 
& yield 

Vla 
Vlb 
Vlc 
Vld 

2 water 15.5 74 170-172” 172”‘4 
3 1 :l H,O/CH,COOH 17.6 83 175-177’ 176”‘* 
4 1: 1 H,O/CH,COOH 15.1 73 160-161” (d) 157-158”(d)= 
5 water 18.0 85 138-139” 137-138”34 

2-Benzyloxy-6-nitrophenylacefic acid (Vie). To a suspension of KOEt (prepared from K (l-07 g) and 
abs EtOH (1.2 ml) in dry ether (25 ml), a soln of 2-benzyloxyd-nitrotoluene (6.5 g) and diethyl oxalate 
(4 g) in dry ether (30 ml) was added dropwise. The resulting dark red soln was allowed to stand at room 
temp for 16 hr, and finally boiled under reflux for a further 2 hr. The subsequent procedure was that used 
for the preparation of the methoxy-6-nitrophenylacetic acids’ and the crude produd recrystallized from 
aqueous EtOH yielded 2-benzyloxy-&ritroph.enyl acetic acid as small yellow needles 0.52 g, 70/, m.p. 
141-142”. (Found: C, 624: H, 44; N, 4.95. C,,H,30,N requires: C. 62.7; H, 4.55; N, 4.9%). 

4-HJdro\)o.\irltlolr (lb). (a) Compound Vie (0.5 g) in glacial AcOH (60 ml) was hydrogenated at room 
temp and press in the presence of lou/, Pd-C (0.05 g). The product was filtered,and the filtrate when evaporated 
to dryness under reduced press gave a residue which after two recrystallizations from water furnished 
white needles of Chydroxyoxindole 018 g, 72%, m.p. 264-265”; Lit.9 m.p. 267”. 
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(b) 4-Methoxyoxindole (OS g) was demethylated with anhydrous AlCl, as described by Wieland, 
yield 025 g, S30/, m.p. 265”. 

N-Chlorweetylonisidi (Xc, d). Chloroacctyl chloride (01 mole) in dry benzene (40 ml) was added 
dropwise to a stirred and cooled soln of the anisdioe (01 mole) in dry benzene (100 ml) and anhydrous 
pyridine (@I mole). The mixture was allowed to stand overnight at room temp and then heated on a 
boiling water bath for 30 min. When cool the product was treated with water (80 ml) to dissolve precipitated 
salts, the benzene layer separated and extracted with 1.5% HCl(20 ml) followed by successive portions of 
water (30 ml) until the aqueous layer was neutral. The benzene layer was dried (&SO,), filtered and 
evaporated under reduced press to yield the crude chloroacetyl derivative which was used without further 
purification. 

Methoxyoxindoles (If-i). The appropriate methoxy&nitrophenylacetic acid (2.11 g) was dissolved in 
glacial AcOH (50 ml) and hydrogenated at room temp and press in the presence of loo/, W-C (01 g). 
Filtration and subsequent evaporation of the solvent under reduced press yielded the crude methoxyoxin- 
dole. (N.B. During the isolation of 5-methoxyoxindole it was noticed that excessive heating caused con- 
siderable discoloration of the product). 

Compound Recrystallization solvent 
Yield Yield 

8 % 
m.p. Lit. m.p. 

If 4-Me0 Ethanol/water 1.1 66 I97 196-197”7 
Ig 5-Me0 Ethanol 1.5 92 153-154 152-154” ” 
Ih 6-Me0 Toluene 1.18 72 161-162 15809 
Ii 7-Me0 Toluene 1.22 75 148-149” 14e9 

N-Methylaniline (XIIIa) and N-methylunisidines (XIII&I). N-Acetylaniline or the appropriate N- 
acetylanisidine (O-2 mole) prepared by standard methods was slowly added to a suspension of NaH (10 g 
of soO/. dispersion in oil) in boiling xylene (400 ml). The thick white suspension resulting was boiled under 
rdlux and stirred vigorously for 1 hr. Me,SO, (280 g, 022 mole) was then added dropwise to the boiling 
mixture and boiling continued for 1 hr. after which time the soln was filtered free of inorganic salts and 
the xylene removed under reduced press. The residue was boiled under reflux for 6 hr, with soo/, w/v 
H,SOI (250 ml) and the acid soln when neutralized with 20% w/v NaOHaq yielded the crude base which 
was extracted with ether (3 x 100 ml). The ethereal soln was dried (MgSO,), filtered evaporated under 
reduced press and the residue distilled under vacuum. 

N-methyl-o-anisidine 17-7 g, 650/, b.p. 92-94”pl mm ; Lit.’ b.p. 228/230”/760 mm. N-methyl-m-anisidine 
18.3 g, 67%, b.p. 108”/@35 mm; Lit.36 b.p. 131”/17 mm. N-methyl-panisidine 164 g, 60”/ b.p. 120”/10 mm; 
Lit.” b.p. 12&l 22’/14 mm, 

N-Chloroacelyl-N-methyloniline and clnisidines (XlVa-d). These were prepared from the appropriate 
secondary amine (@l mole) by a method similar to that described for the preparation of N-chloroacetyl- 
anisidines and were isolated and used without further purification. 

6 Md 7-Methoxy-N-methyloxindoles (HP and Hi). N-Methyl-N-chloroacetyl-o-anisidine XIVb (12 g) 
was cyclized according to the method of Cook’ to give a mixture of crude 4- and 7-hydroxy-N-methyl- 
oxindoles (8.2 g). This mixture of isomers was dissolved in MeOH (12 ml) and added to a soln of Na (23 g) 
in MeOH (25 ml). Me,SO, (12.6 g) was added dropwise with vigorous stirring and the product boiled 
under reflux for 1 hr. The resulting soln was reduced to small bulk by evaporation of most of the MeOH, 
diluted with water (100 ml) and extracted with EtOAc (4 x 50 ml). The bulked EtOAc was washed with 
5% NaOHaq (20 ml), water, (2 x 20 ml) and dried (MgSO,), filtered, and evaporated under reduced press 
to yield a semi-solid residue which was distilled under higb vacuum; 6.3 g, b.p. 132:134”fl8 mm; Lit.’ 
b.p. 118-123”p25 mm. This when treated according to the method of Cook et uf.’ gave III as pale yellow 
prisms from ether, 3.5 g_ m.p. 101”. and IIf as long white needles from water, 2.5 g, m.p. 136137”; Lit.’ 
m.ps 102” and 137” respectively. 

6-Hydroxy-N-merhyloxindok @Id). An intimate mixture of XIVc (6 g) and powdered anhyd AICI, 
(10 g) was warmed at 50” for 10 miu and subsequently at 200” for I hr. When cuol the black solid was 
decomposed with ice (50 g). the crude product removed by filtration and recrystallized twice from water 
to yield 6-hydroxy-N-methyloxindole 4 g. 87%. m.p. 210-21 I” (d); Lit3* m.p. 2op-210”. 
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hfethoxy-N-methyloxindde (IIh). Compound Ild (I gl was dissolval in 7% NaOH aq (4 ml). MelSO, 
(07 ml) was added drop- with shakiq and cooling between the additions When addition was complete, 
themixturewasheatedonasteambathfor30min,adding7.%NaOHaqasoece%ary. tomaintain 
alkalimty. The product was cooled, extracted with ether (3 x 20 ml) and the ether extract dried (h&SO,), 
6ltered and evaporated to dryness under reduced press. The residue recrystal&d from pet ether (8Q-loo”) 
yielded large pak yellow prisms of 6-methox~N-merhylo~ti4 076 g, 700/, tup. 99-100”. (Found: 
C, 67.7; I-I, 69; N, 80. C,,H,,02N requires: C, 67-8; II, 6-3; N, 79%) 

5-t(mino-oxindole (Ix@. 5-Nitro-oxindok Il (l-78 g) in dry EtOH (50 ml) was hydrogenated at room 
tempandpfeasintheprwence of lo!!!! Pd-C (100 mg) Filtration, evaporation of the EtOH umkr red& 
press and cry&&ration of the residue from benxene yielded white needlea of 5-am.ino-oxindok 1*2g 
79% mp. 212-214”; Lit*’ mp. 213-214”. 

EAminc+N-methyloxide (IIm). Catalytic hydrogenation of IIl(1.92 g) as described for the preparation 
of Im gave 5-amine-N-methyloxindok after recrystallixation from pet ether (60-80”), I.36 g, 84”/, m.p. 
117-118”; Lit_” mp. 112-115”. 

The remaining compounds, tabulated below, were synthesixecl by methods reported in the literature. 

Compound 
Method of Crystallization Yield 

B.p. or m.p. 
Lit. b.p. or 

prepn Ref. solvent % *P* 

CMethoxydNitrotoluene 
IVC 

3-Methoxy-2-Nitrotoluene 
IVd 

2Benxyloxy~ 
Nitrotoluene IVe 

5-Hydroxyoxindole Ic 

GHydroxyoxindole Id 

7-Hydroxyoxindole let 
4-Chloro-oxindole Ij 
5-Bromo-oxindole Ik 
5-Nitro-oxindolt 11 

N-Methyloxindole Ila 

CHydroxy-N- 
methyloxindole Ilb 

SHydroxy-N- 
methyloxindole Ilc 

‘I-Hydroxy-N- 
methyloxindole Ile 

5-Methoxy-N- 
methyloxindole IIg 

5-Bromo-N- 
methyloxindok II k 

SNitro-N- 
methyloxindole II 1 

33 

sample+ 
from IIIa 

11 

(from Xd) 
35 

(from Xc) 
35 

42 
43 
40 

39 

12 

37 

(from Hi) 
12 
37 

41 

41 

ethanol/water 
(after vat. 
distn) 

water 

water 

ethanol/water 
ethanol 
Acetic acid/ 

water 
Pet. ether 

(80-100’) 
water 

water 

water 

Pet. ether 
80-100” 

ethanol/water 

ethanol/water 

94 

75 

b.p. 150”/18 mm 150”/‘20 mm= 

m-p. 551” 54”U 

b.p. 161”~l mm m.p. 62” 
tnp. 6263” 

48 nzp. 26>266” (d) 265 (d)” 

3Q m.p. 244-246”(d) 24309 

31 
35 
76 

84 

80 

80 

58 

55 

77 

64 

m.p. 251” 251”*s 
m.p. 217-218” 216-218”42 
m.p. 219-220” 220-221” 43 

m-p. 239-241’ 24U-241”” 

b.p. 106”/ 
oolmm 

m.p. 230-23 lo 

m.p. 187-188 

rnp. 274-276” 

m.p. 98” 

m.p. 130-132” 

m-p. 198” 

w39 

230-232” I2 

1865” 37 

275-276” ii 

92” 3’ 

132-133”41 

194-195pr’ 

l Supplied by Koch-Light Laboratories Ltd, Colnbrook, Bucks, England 
t Kindly supplied by Prof. R. T. Williams, St. Mary’s Hospital Medical School, London. 
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