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Ahstrati--The alkylation of oxindole with o-nitrobenzyl chloride produces three products, SP, 6, and 10. The 
N-hydroxyindoloquinolone 50 probably arises by rearrangement of an initial alkylation product as shown in Scheme 
I. The indoloquinolone 6 is formed by base-catalyzed elimination of o-nitrobenzaldehyde from the dialkylation 
product IO and also apparently by a thermal process most simply considered as a l,Ssigmatropic rearrangement of 
lO+ 12. 

The reaction of oxindole with o-nitrobenzyl chloride in 
ethanolic sodium ethoxide at room temperature was 
reported* to yield, after sublimation of the crude product, 
an “extremely stable compound,” C15HION20, which did 
not melt below 350”. This compound was proved not to 
be 1 or 2 by comparison with authentic specimens.’ 
Structure 3 was also excluded because Cmethyloxindole 
and o nitrobenzyl chloride gave a product similar to that 
from oxindole. The structure, 4, finally proposed to 
account for the properties of this compound has the 
defect of requiring the anti-thermodynamic coexistence 
of the basic amide ion and the acidic imonium ion within 
the same molecule. There is yet another structure 6 for the 
product which has not been considered, and whose 
formation under the reaction conditions could be readily 
explained by the sequence in Scheme I. Such a sequence, 
as far as compound 5, has precedent in the general 
synthesis of N-hydroxyindoles from o-nitroaromatic 
compounds.’ On re-examining this reaction, we find that it 
is more complex than originally thought.’ 
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The major product of the reaction before sublimation is 
a compound, m.p. 24%250”, isolated by crystallisation. In 
the mother liquors was a small amount of the reported 
compound CI,HloN20. but an amount too small to account 

for the yield after sublimation of the crude product. The 
250” compound was found by analysis, mass spectros- 
copy, and integration of the ‘HMR spectrum to have the 
molecular formula CZ2H15N,04 and, therefore, to be a 
product of dialkylation. A notable feature of the ‘HMR 
spectrum of this product was the two proton singlet at 
6 DMS(M6 5.79. When this 250” compound was sublimed at 
2fKt-250”, it was cleanly cleaved into o nitrobenzaldehyde 
and the previously reported “extremely stable com- 
pound,” CIHloN,O. 

Evidence for the quinolone moiety in this latter 
compound was provided by its conversion with 
PC&POCI, into a chloroindoloquinoline t3a which was 
then reduced by P-HI to the known indoloquinoline 8b. 
The final proof that the CI,HI~N?O compound was indeed 
the indoloquinolone 6 was provided by direct comparison 
with a sample synthesized by irradiation of indole-3- 
carboxanilide 7.’ 

The o-nitrobenzyloxy group lost from the 250” com- 
pound at 2CO-250” must have been attached to one of the 
two nitrogen atoms to account for the single NH peak in 
the ‘HMR spectrum. From its probable origin by 
alkylation of the nitrone or hydroxylamine oxygen at 
some stage in Scheme 1, the o-nitrobenzyloxy group 
should have been attached to the indole nitrogen of 6. In 
confirmation, the quinolone NH-C=0 group was shown to 
be present in the 250” compound 10 by reaction with 
PCh-POCh which produced the chloroquinoline deriva- 
tive 11 lacking a carbonyl group. 

Hydrogenation of 10 in methanol-THF with Pd/C 
produced o-toluidine 9a and the N-hydroxy- 
indoloquinolone Sa, both of which were characterized 
as their acetyl derivatives 9h and Sb. The 250” com- 
pound 10 was reconstituted by alkylation of the sodium 
salt of !Ia with o-nitrobenzyl chloride. Since 10 may 
well have been formed in this way via Sa in the reac- 
tion with oxindole, a further examination of the crude 
oxindole reaction product for the presence of 5a was 
made. TLC comparison and integration of the ‘HMR 
spectrum of acetylated crude product revealed it to 
consist of -50% 10, -40% Sb. and - 10% 6, and therefore 
5s was present in the crude product in an amount 
comparable to that of 10. The very low field ‘HMR 
absorption at SDMSOd6 5.79 due to the benzylic metbylene in 
10 is associated with an extra deshielding effect of the 
indoloquinolone portion since the methylene absorption for 
the model compound I-o-nitrobenzyloxy-2-phenylindole. 
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13, at PM- 5.20, although itself at quite low field, is 
upfield from that of 10. 

The clean thermal cleavage of 10 is presumably a 
suprafacial(7 electrons) IJ-sigmatropic hydrogen shift to 
12 followed by imine G= enamine tautomerism. Although 
this cleavage occurs readily in the range of 200-250“, the 
indoloquinolone 6 present in the crude alkylation product 
before sublimation has not been formed in this way since 
10 is stable in ethanol solution at reflux. Instead 6 
apparently arises by base-catalyzed decomposition of 10. 
Reaction of 10 in ethanolic sodium ethoxide at room 
temperature produced 6 and o-nitrobenzaldehyde. The 
elimination is therefore initiated by benzylic proton 
removal with the indoloquinolone anion as leaving group 
and not by removal of the NH proton of 10 with loss of 
o-nitrobenzyloxide.* In agreement, the N-hydroxy- 
indoloquinolone Sa was inert to ethanolic ethoxide 
at room temperature.t Therefore, Scheme 1 is valid up to 
structure Se, but 5a is actually transformed into 6 via the 
o-nitrobenzyloxy derivative 10 by both a base-catalyzed 
reaction and thermal reaction.* 

The compound C16H12N20 obtained* from 4- 
methyloxindole and o -nitrobenzyl chloride presumably 
has the structure 6 with a methyl group at the position 
predicted by Scheme 1. 

ExPmImNrAL. 

The following instruments were used. IR, Beckman IR-SA and 
IR-2OA (for spectra in KBr, absorption above I85Ocm-’ is not 
reported); UV, Cary 14; ‘HMR, Varian TbO and HA-100 
(s = singlet, d = doublet, m = multiplet, and b = broad); MS, 
Varian M-66. 

Mps (corrected) were determined either on a Reichert-Kofler 
microscope hot stage or else in a sealed capillary. In the series of 
compounds below, m.ps appreciably above 200” were not easily 
reproduced due to decomposition and/or sublimation, spectra and 
TLC were much better criteria of purity and identity. Silica gel 
GF,. (Merck, Germany) was used for thin and thick layer 
chromatography. 

Reaction of oxindole with o-nitrobenryl chloride. The literature 
procedure’ was followed except for the work up. To a solution of 
Na (450mg, 19mga) in abs EtOH (IOml) was added a soln of 
oxindole (Aldrich. I.33 g, IO mmol) in abs EtOH (I5 ml). This pale 
yellow soln was added at room temp with stirring to a soln of 
o-nitrobenzyl chloride (Aldrich, l+Og, 9.35 mmol) in abs EtOH 
(IS ml) over a period of 0.5 hr. The soln turned brown and within 
- I2 hr solid had precipitated. After 2 days the reaction mixture 
was acidified with 10% aq HCI, and the EtOH was removed at 
reduced pressure. The residual yellow-brown solid was triturated 
thoroughly with water, filtered and dried. The brown solid was 
triturated with 30 ml of 95% EtOH, filtered and dried to give a tan 
solid (707 mg). TLC in CHCI,: MeOH (95 : 5) gave three spots R, 
0.63 10, 0.50 6, and 0.45 Sa. Acetylation of a portion of the tan 
solid at room temperature, and integration of its ‘HMR signals at 6 
2.84 (CH,C=O of Sb) and 5.79 (OCH*Ar of 10) in conjunction 
with TLC intensities gave the proportion of lO:Sa:6 in the crude 
product as -50:40: 10. Reversal of the order of addition 
(o-nitrobenzyl chloride added lo oxindole + EtO-) only changed 
the ratio of products lO:Sa:6 to -40:40:20. 

(a) Dialkylation product 10. A portion (40 mg) of the tan solid 
was recrystallised three times from pyridine after which the 
colourless crystals were washed with pet ether (b.p. 30-W) and 
dried to yield off-white needles of IO (22 mg). m.p. 26250” with 

*It is not excluded that the thermal reaction of 10 above 200” is 
also just a base-catalyzed elimination with another molecule of 10 
or even the o-nitro group of the same molecule acting as the base. 

tWhen 5r was sublimed al 260” (0.05 torr) it was partly 
converted into another compound, slightly less polar on TLC than 
51, which was not investigated fljrther. 

rapid heating, IR (KBr) Y, 1660 (amide C=O), 1530 and 
1340 cm-’ (NO& W(MeOH) A, 225 (UgoO), 250 (47,400), 295 
(lO,OOO), 312 (IIJOO), 325 (14,Mo), and 342nm (15,800); ‘HMR 
(DMSO-d) 6 5.79 (2H. s. -0-CH,-Ar). 6.91-8.42 (IZH. m. 
irH), anil 1.89 ppm (lH,.b, exchanges with DIO, NH);‘MS m/e 
385 (M’) (Found C, 68.37, 68.63; H, 3.90, 4.01; N, 11+X), 10.74. 
C,H,,N,O. (385.4) requires: C, 68.57; H. 3922; N. 10.90%). If 
the heat was raised slowly on the microscope hot stage, the 
compound often did not melt but instead was slowly transformed 
into the indoloquinolone 6. 

(b) Isolation of indoloquinolone 6. The crude alkylation 
product (SO mg) was sublimed first at 210” (0.0s torr) for 2 hr to 
remove more volatile material, and then the residual solid was 
further sublimed at 240” (0.0s torr) to give reddish brown crude 6 
(25 mg). The crude product was partially decolourized by soln in 
boiling MeOH, treatment with carbon, and evaporation of the 
filtrate. The residual solid was then recrystallised twice from 
HOAc. rinsed with ether, and dried to give colourless granules of 
5,l Idihydn%H-indolo-[3,2c]aquinolone 6 (I2 mg) which par- 
tially sublimed and decomposed but did not melt below 350” either 
on the hot stage or in a sealed capillary; IR (KBr) Y, 1640 
and 1615cm- (amide C=O); _ UV- (MeOH) A, 225 
(42.900). 248 (50.700). 294 (10.7OOl: 306 (I 1.700): 322 (17.500). and 
j38nm’i22,4&$ ‘H’iR (bhiSO&) 6 j.iO-7:jO (6& m, krH), 
8.18 (IH, m, ArH). 8.26 (IH, m, ArH), II.41 (IH, bs exchanges 
with D,O, NH); and 12.55 ppm (IH, bs exchanges with D,O, NH): 
MS m/e 234 (M’) (Found: C, 76.69; H.4.30; N, 12.22. C,,H,,N,O 
(234.3) requires: C, 76.91; H, 4.30; N. II.%%). The compound 
was identical in all respects with an authentic specimen prepared 
as described below. 

Indole-3-carboxanilide 7. A soln of indole-3-carboxylic acid 
(% mg),’ aniline (72 mg) and dicyclohexylcarbodiimide (I 38 mg) in 
CHXI, (70 ml) was refluxed for 2 hr. After concentration lo 25 ml, _ _. 
the precipitated dicyclohexylurea was filtered off. the filtrate was 
evaporated, and the residue chromatographed on two thick layer 
plates (20 g SiO, per 20 x 20 cm plate) with benzene :ether (I : I). 
The UVquenching band at R, 0.32 gave a colourless solid (73 mg). 
One recrystallisation from MeOH-pet. ether (b.p. 60-80”) and one 
from CHCI,-pet ether (b.p. w gave colourless plates of 7 
(57mg), m.p. 173-175” (reported: 178.5-179.5”). IR (KBr) Y,.. 
16l7&’ iconjugated a&de C=O); UV (MeOH) A,.. 235 
(14.100). 258 (17.700). and 290nm (17.7001: MS m/e 236 CM’). 
’ Pholocyclohehydr;;genalion of ‘7 ‘fo 6. The .proced;re ‘of 
Altmann and Winterfeldt’ was modified.’ A soln of anilide 7 
(57 mg) in benzene (4 ml) and abs EtOH (I ml) was irradiated in a 
Pyrex tube with a 450 W medium pressure Hannovia lamp for 3 
days. The soln was concentrated to leave a pale yellow solid which 
was recrystallised from HOAc. After ether washing and drying, 
the spectroscopic properties (IR. UV, ‘HMR, MS) of the off-white 
crystals of indoloquinolone 6 (I5 mg) were identical with those of 
the compound from alkylation of oxindole and with those 
reported.’ 

Chloroindoloquinoline 80. A soln of indoloquinolone 6 (20 mg), 
PCI, (40 mg), and POCI, (I ml) was refluxed for 5 hr. The POCI, 
was then distilled at reduced pressure, and ice was added IO the 
residue which was basified with 10% aq NaOH. Extraction with 
ether and then with CHCI, gave a colourless solid (16mg). 
Recrystallisation from MeOH-pet ether (b.p. 6Mu)“) gave 
colourless needles of 8a (I2 mg), m.p. 280” with sublimation; IR 
(KBr) no amide C=O; UV (MeOH) A, 235 (33,500), 272 
(49.800). 290 (18.3OOl. and 325nm (50801: MS m/e 252 CM’). 
(Found:.C, 71:241 H,‘j.SZ. C,,HpN,dl (2556) requires: C. il.3i; 
H, 3.59%). 

Indole[3.2-clquinoline gb. A mixture of chloroindoloquinoline 
& @On&, red P (40 mg). 48% HI (I ml), and HOAc (1 ml) was 
heated in a sealed glass tube at lS5” for 1 I hr. The reaction mixture 
was basified with 10% aq. NaOH and the precipitated colourless 
solid centrifuged. The solid was washed successively by 
decantation with water, aq. Na&O,. water. and then dried. Two 
recrystallisations from MeOH-pet. ether (b.p. 60-80”) gave 
colourless granules of 8b (6mg). The analytical sample was 
sublimed at 220” (0.05 torr), m.p. -310” with sublimation and 
decomposition in a sealed capillary (lit.’ m.p. above 320” with 
sublimation), on the hot stage Sb sublimes at 270”; IR (KBr) no 
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amide C==O; UV (MeGH) A,.. 235 (33,900). 273 (48,400), and 
290nm (16,900); MS m/e 218 (M’). (Found: C. 82.38; H, 4.73. 
C,,H,,N, (218.3) requires: C, 82.55: H, 4.62%). 

Pyrolysis of pure diolkylation product 10. A sample of 10 
(95 mg, 0.25 mmol) was pyrolyzed in a gIass tube at 260” (0.1 torr). 
Within 20 min a-nitrobenzaldehvde (20 ma. 53%). m.o. 39-41” was 

I , I. II . 

collected, identical (IR, ‘HMR, TLC, m.p. and mmp) with an 
authentic specimen. Continuation of the pyrolysis for another 
13 hr gave a yellowish brown sublimate of 6 (57mg, 97%). 
Treatment of a boiling MeOH soln of the sublimate with carbon 
gave, after filtration and evaporation, an off-white solid which was 
recrystallised twice from HOAc. The colourless solid (48 mg) was 
identical in all respects with authentic 6. 

When a mixture of 10 (2 mg) in abs EtOH (1 ml) was stimed and 
refluxed for 45 min, evaporation of solvent left an off-white solid 
whose TLC showed a single spot corresponding to 10 and no spot 
corresponding to the more polar 6. 

Hydrogenation of 10. A mixture of 5% Pd/C (40 mg) and MeOH 
(8 ml) was saturated with HZ for 15 min before addition of a soln of 
10 (60 mg) in dry THF (40 ml). The hydrogenation at room temp 
and atmospheric pressure was stopped after 45 min, and the 
catalyst removed by filtration. Concentration of the filtrate at 35 
(45 tot-r) left a colourless oily solid which was triturated with ether. 
The ether soluble material was chromatographed on a thick layer 
plate (10 II SiO* oer 10 x 20 cm mate) in CHCI,: MeOH (95: 5). The 
UV-quenching- ‘band at R, ‘096 yielded- almost ‘colourless 
o-toluidine (16 mgj. Acetylation with AC&Py gave crystalline N- 
acetyl-o-toluidine, m.p. 105-107” (lit.’ 11 I”), identical with an 
authentic specimen. 

The ether insoluble material from the hydrogenation was 
recrystallised twice from MeDH to give colourless granules of 
N-hydroxyindoloquinolone 50 (21 mg), m.p. 318” (dec); IR (KBr) 
Y,, 1635 and 1605cm-’ (amide C-0); UV (MeOH) A\,.. 230 
(40800),252(55,000),256(inf53J40),282(13~00),294(10,800),310 
(13,300), 324 (18,300), and 338 nm (22,500); ‘HMR (DMSO-&) 6 
7.15-7.75 (6H, m, ArH), 8.26 (IH. d (J =4). ArH), 868 (IH. d 
(J = 4.5), ArH), Il.45 (IH, bs, exchanges with D,O. OH or NH), 
and 12.11 ppm (IH, b, exchanges with D1O, NH or OH). MS m/e 
250 (M’) (Found: C, 7190; H, 4.14. C,,H,,N,O, (250.3) requires: 
C. 7199; H, 4.03%). 

A soln of Se (25 mg), Py (2 ml), and Ac,O (1 ml) was allowed to 
react at room temp for 3 hr and was then evaporated to dryness at 
room temp (0.1 torr). The residual solid was recrystallised four 
times from CHCI,-MeOH to give colourless needles of N- 
acetoxyindoloquinolone sb (11 mg), m.p. 227-235” (dec): IR (KBr) 
Y,. 1790 (N-G-C=O)+ and 164Ocm- (amide C=O); UV 
(MeOH) A,. 225 (38,900), 248 (SS,lOO), 295 (12,100), 310 (12,100), 
325 (16,200), and 34Omm (17,OllO); ‘HMR (DMSOC) S 2.84 (3H, s, 
CHX=G),7~308.00 (6H, m, ArH), 8.37 (IH, d (J = 4), ArH), 8.61 
(IH. d (J = 3). ArH). and Il.75 nom (IH. bs. exchanaes with D,O, 
NH); MS m’;e 292(M’) (Found: C, 69.87; H, 4.15; 0, 16.51. 
C,,H,,N,O, (292.3) requires: C, 6986; H, 4.14; 0, 16.42%). 

Chforoquinoline 11 from 10. A soln of 10 (25 mg), PCI, (50 mg), 
and PGCI, (I.5 ml) was refluxed for 5 hr. After distillation of the 
POCI, at reduced’pressure, ice was added to the residue which 
was then basified with 10% aq NaOH. Extraction with CHCI, 
gave, after washing with water, drying and evaporation, a 
colourless solid (20 mg). Two recrystallisations from CHCI,-pet 
ether (b.p. 60-84)~ gave colourless needles of 11 (17mg). mp. 
200-202”; IR (Nujol) NH and amide C=O absent; UV (MeOH) 
A 238 (40,300). 270 (59,500). 290 (21,100), and 325 nm (7670); 
’ fiR (DMSO-&) 6 547 (2H, s, GCHIAr). 7.50-9.OOppm (12H. 
m, ArH) (Found: C, 65.47; H, 344; 0.10.45. C21H,.N,0,CI (403.7) 
requires: C, 65.51; H, 3.47: 0, 11~91%). 

Treatment of 11 with P and HI at 155” followed by sublimation 
of the crude product gave 8b from reductive cleavage of both the 
chlorine and the o-nitrobenzyloxy groups. 

Reconstitution of 10 from Sa. A mixture of 5s (8 mg), Py 
(0.5 ml), and NaH (2 mg) was stirred at room temp for 1 hr. To this 
Na salt of 51 was added a soln of o-nitrobenzyl chloride (5 mg) in 

‘Such a high frequency is apparently characteristic of the 
acetate carbonyl stretching frequency in the group N-O-AC.” 

benzene (0.3 ml). After 13 hr at room temp with stirring, the 
liquids were removed by evaporation at room temp (0.1 torr) to 
leave a brownish solid. TLC (CHCI, : MeGH, 95 : 5) showed spots 
corresponding to 10 (major) and 6 (minor). Two recrystallisations 
from Py gave 10 as an off-white solid (5 mg) identical in all 
respects with the product of reaction of oxindole and o- 
pitrobenzyl chloride. 

Reaction of 10 with NaOEt-EtOH. To a soln of Na (28 mg) in 
abs EtOH (2.3 ml) was added 10 (23 mg), and the mixture stirred at 
room temp for 24 hr (all solid in soln after 12 hr). EtOH was 
evaporated in a stream of nitrogen. Extraction with ether Rave. 
after washing with water and drying, an oily solid whose?LC 
(CHCI, : MeOH. 95:5) showed the absence of 10 and the nresence 
of two new spots corresponding to 6 and o-nitrobenza‘ldehyde. 
Two recrystallisations from MeOH gave colourless granules of 
the indoloquinolone 6 (7 mg) identical with the authentic sample. 
The mother liquors were chromatographed on a thick plate (10 g 
SiOl per 10 x 20cm plate) in benzene:ether (90: 10). The 
UVquenching band at R, 0.74 yielded long needles of o- 
nitrobenzaldehyde (2.5 mg), m.p. 39-41”, identical with an 
authentic specimen. 

When the N-hydroxy compound Sa (5 mg) was stirred with a 
soln of Na (5 mg) in abs EtOH (0.8 ml) at room temp for 14 hr, 51 
(4.5 mg) was recovered unchanged after acidification and extrac- 
tion. 

I-o-Nitrobenzyloxy-tphenylindofe 13. The literature proce- 
dure” was followed. A mixture of I-hydroxy-2-phenylindole” 
(25 mg), Py (1 ml), and NaH (IO mg) was stirred at room temp for 
1 hr. A soln of o-nitrobenzyl chloride (25 mg) in benzene (0.5 ml) 
was added, and the reaction mixture was stirred at room temp for 
14 hr. The solvents were removed at room temp and reduced 
pressure. The residue was partitioned between ether and water, 
and the material in the ether was chromatographed on a thick plate 
(10 g Si02 per IO x 20 cm plate) in benzene : pet ether (b.p. 60-80”), 
75 : 25. The yellow band at R, 0.76 yielded a pale yellow oil (17 mg). 
Two recrystallisations from ether-pet ether (b.p. M-60”) gave 
yellow needles of 13 (13 mg), m.p. 99-101”; ‘HMR (DMSO-&) 8 
5.20 (2H. s, GCH,Ar), 6.60 (IH, s, indole 3-H). and 680-8.10 ppm 
(14H, m, ArH); MS m/e 344 (M’). 

N-Acetoxy-2-phenylindole. N-Hydroxy-2-phenylindole (25 mg) 
was acetylated at room temn with Ac20 (0.3 ml) and Pv (0.5 ml) 
for 3 hr.-Work up and chromatography .on a thick Si& plate 
developed in benzene yielded an oil (16mg) which was 
recrystallised twice from ether-pet ether (b.p. 30-60”) to give 
off-white crystals, m.p. 76-78” (lit.” m.p. 79-80”); IR (KBr) Y, 
18OOcm- (N-0-C=O);+ ‘HMR (CDCI,) 6 2.13ppm (3H. s, 
CH,C=O); MS m/e 251 (M*). 

Acknowledgments-We would like to thank Dr. R. J. Highet, 
National Institutes of Health, Bethesda, Maryland, for having the 
mass spectrum of compound 10 taken, and the National Research 
Council of Canada for financial support. 

REFERENCES 

‘Organic Nitrogen Chemistry-l 1. For Paper 10 see V. Dave, J. 
B.Stothers, and E. W. Warnhoff, Can. 1. Chem. X,2932 (1974). 

*R. Kikumoto and T. Kobavashi. Tetrahedron 22. 3337 (1966). 
‘P. N. Preston and G. Tennant, bhem. Rec. 72,&R (1972). 
‘H. J. Altmann and E. Winterfeldt, Angew. Chem. Int. Ed. 7.466 
(19fa. 

‘F. P. Doyle, W. Ferrier, D. 0. Holland, M. D. Mehta and J. H. C. 
Nayler, 1. Chem. Sot. 2853 (1956). 

‘E. P. Papadopoulos and S. B. Bedrosian, 1. Org. Chem. 33.4551 
(1968). 

‘Y. Kanaoka and K. Itoh, Synthesis 36 (1972). 
“G. R. Clemo and W. H. Perkin, Jr., J. Chem. Sot. 1608 (1924). 
‘A. Kaufmann, Ber. 42, 3480 (1909). 

‘OR. K. Norris and S. Sternhell, Aust. J. Chem. 24. 1449 (1971). 
“G. De Stevens, A. B. Brown, D. Rose, H. 1. Chemov and A. I. 

Plummer. .r Med. Chem. 10. 211 (1%7X 
“E. Fischer and H. Hiltz, Be; 28, ‘585 (1895). 
“N. Sugiyama, M. Akutagawa, T. Gasha, Y. Saiga and H. 

Yamamoto, Bull. Chem. Sot. lap. 40, 347 (1%7). 


