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Abduct Condensauon of subsbtuted o-phenylene NUMBS and tnnbydnns gave the utle compounds The 
subsmuent ortentauon tn tbe produas was deternun& by lH NMR analysts of tbe ebemxal sbtfts brought about by 
NS-ox~datton Reduction of tbe 8-rum, to 8-ammo canpound w= aefueved both wnb and wttbout reductton of tbe 
carbonyl group Ntttatton of tbe 8-earboxyl1c actd occurred a~ the 2-postt~on 

INTRODUCTION 

A number of polycychc mtrogen heterocycles, for example, elbpttcme (1) and batracylm (2) are of 

mterest as anttcancer compounds The title system IS structurally strmlar to the latter and the parent compound 1s 

easdy obtamed by condensatton of o-phenylenedtamme (3a) and mnhydrm (4a) 1 Some other dlammes have 

been mvesttgated2 but there IS only one report3 of a subsututed o-phenylenedtamme (the 3-methyl) bemg used to 

prepare a methyl subsntuted denvattve 

With a vtew to obtatmng substmtted analogs which mrght be further denvattzed for anttcancer testmg, we 

report here an mvesttgatton of the condensatton of other subshtuted o-phenylenedtammes and mnhydrms When 

etther the damme or mnhydnn IS unsymmetrtcally substituted, two tsomers are possible Assrgnment of the 

product strucmres was a key reqmrement of the work, and a method to achieve this was devtsed 

RESULTS AND DISCUSSION 

Ammo and carboxyltc actd groups were the subshtuents of particular mterest for further work Three 

relevant substttuted phenylenedtammes 3b-d were available (Aldrich) and were each condensed wtth mnhydrm 

to give 5b, d, e The complex aromahc stgnals m the 300 MHz 1H NMR spectra could mostly be asstgned and 

9823 



9824 L W DEADY~~~~ 

3 

X 

a H 

b 3-CH3 

c 4-C&H 

d 4-N@ 

4 

Y 

a H 

b 5-CH3 

X Y X Y 

a H H f g-NH2 H 

b 6-CH3 H g H 3-CH3 

C 6-C@H H h H 3-C&H 

d 8-C@H H i 8-C@H 2-NO2 

e 8-N@ H j H 2-N@ 

m each case the spectrum was consstent ~nth there bemg essentliluy one isomer produced Assignments were 

made by reference to the spectrum of 9-fluorenone,4 wrth H4 shtited to lower field by the mlluence of N5 as seen 

m related compounds 5 

N-h&non was the key to asslgmng the lsomenc structu~.~ This reachon had been reported for the 

parent compound 5al wth the product presumed to be the NS-oxldel and there 1s some hterature support for dus 

onentahon.6 In our present work, NMR changes proved thts onentauon, N-oxldatton produced a downfield shift 

of c 0 5 ppm for two one proton doublets, while the other signals were only shghtly affected NS-Oxrdatton 

alone could account for dus. the shtfts bemg those for H4 and H6 N-Oxldatton m qumohne. for example, results 

m a downfiild tift of 0.7 ppm for the pen proton, H8 7 

It 1s therefore reasonable to assume that NS-oxtdation also occurs m the subsmuted tetracycles and so an 

analysis of the 1H NMR shifts produced m the N-oxides allowed the comer structure to be assigned For 

example, m the spectra of 5d and its NS-ox&, the key Merence was the downfield shtfts of two doublets by c 

0 4 ppm 111 the N-ox& These were the signals for H4 and H6 and, for H6 to be a doublet, the carboxyl must be 

attached to C8 The aromatx proton pattern m the lH NMR spectrum of the mtro compound 5e was almost 

ldentlcal to that of Sd and It was therefore concluded that this too was the I-subsututed compound 

These onentanons may be explamed by a general mechamsm where the first step 1s attack of the most 

nucleoptic ammo group (m the two cases discussed above, the one meta to the electron wlthdrawmg 

subsbtuents) on the central (hydrated) carbonyl of the nmhydrm Cychzahon then mvolves reaction of the other 

ammo group wtth the more reachve ‘outer’ carbonyl of the mnhydnn moiety (both eqmvalent m unsubstrtuted 

mnhydrm) Thus the 8carboxyl and 8-mtro compounds are the result. 

Our structure for the methyl compound Sb 1s tiferent from that reported m the literature It was 

suggested 3 that the absence of a lanthamde stuft effect on the 1H NMR spectrum was due to stenc hmdrance to 

complexmg of the carbonyl oxygen by an adjacent g-methyl group However, this methyl group would also exert 

a stenc effect on the adJace.nt ammo group m the startmg 3b and the other ammo group would be the better 

nucleopMe Then, the general mechamsm leads to the C-methyl product 5b The 1H NMR data on N-oxldatron 

supports this assignment, where a downfield sift of 0 4 ppm was observed for only one doublet This would be 

the signal for H4 which 1s only compatible with the methyl group bemg m the 6-positron 
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Many methods have been developed to synthesme mnhydnn* but adaptahons to substrtuted compounds 

are m&step and not parttcularly attractwe for preparmg the denvattves of mterest m thrs work We therefore 

hmlted thts general approach to one compound, 5-methywydrm 4b Thts was produced from 4- 

methylphthahc anhydrrde, converted through the &ethyl ester by way of a Chusen condensanon~ to the mdane- 

19-dtone, wmch subsequently gave the nmhydrm by the method reported for 5-methoxymnhydrm.10 m low 

overall yield Reachon of 4b with o-phenylenedramme gave the one example of an rsomenc product mrxture, 

wrth the 2- and 3-methyl compounds bemg formed m a ratto of c 12 This result 1s exphcable m terms of the 

general mechamsm The ‘outer’ carbonyls m the mtermedtate ate mera and paru to the methyl subshtuent The 

mere carbonyl would be mote electrophmc, leadmg to the preferred 3-methyl product. The dtffemnce m effect of 

paru and meta methyl groups 1s not sufficient, however, to prevent formahon of a stgmiicant amount of tbe 

isomenc 2-methyl product 

N-Oxldatton was agam most helpful The H6 stgnal for each N-oxide was equally shifted downfield to 

appear as a multrplet but, sunllarly shrfted and dtsnngmshable were a singlet (major product, H4 of 3-methyl) and 

a doublet (minor product, H4 of 2-methyl) Recrystalltzatton readily gave the pure 3-methyl tsomer 5g 

For a mtro substttuent m thts rmg. tt was demded to mtrate a preformed tetracycle rather than prepare a 

mtromnhydrm Prehmmary expenments on 5a mdtcated that both benzenotd rmgs were of sumlar reacttvrty and a 

mixture of products resulted The I-carboxy compound 5d, however, Qd undergo mtrahon exclusively m the 

other Mg and a good yield of the 2-mtrocompound Si was obtamed (the 2- or 3-onentanon was evident from 1H 

NMR and the 2-product was assigned by analogy wtth mtratron of 9-fluomnone”) Then, thermal 

decarboxylatron of Si was achieved by way of the srlver salt, though 5j was obtamed only m low yteld 

The methyl subsntuted compounds were prepared as entry pomts to carboxyhc acids Vanous oxldattons 

were investigated and a chrommm acetate method*2 was successful and used wtthout modrficatton to prepare 5c 

(62%) and 5h (81%) 

Nttro groups can be reduced m the presence of ketomc funcnons, as discussed for the 

mtroacetophenones t3 Thrs proved to be dtfficult with the present compounds, probably because the first formed 

product was stgmflcantly mote soluble than the reactant m all condmons, wluch auled further reductton to an 

ammoalcohol Thus, catalyuc hydrogenauon of 5e over Adams’ catalyst gave a good conversron to 6 

6 

An altemahve hydrogenanon using 10% palladmm/charcoal as catalyst m refluxmg ethanol wrth 

cyclohexene as the hydrogen source produced an mterestmg result, and ultunate success A drawback of the 

method 1s the large amount of catalyst ~ttally mqmred but tt was stated that the same catalyst could be reused a 

number of tunes With 5e, tt was found that reactton for 2h with fresh catalyst agam produced 6 but subsequent 

runs musmg the same catalyst then gave the desued 5f 111 good yteld Some beneficml polsomng of the catalyst 

evidently occurs m the first use and the acuvny 1s reduced so that carbonyl reductton 1s stgmiicantly slowed 

mlattve to that of the mtro group Since prehmmary armcancer scmenmg of 5f15 showed very low acnvtty, no 

reducnon studies were camed out on 5j 
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EXPERIMENTAL 

lH NMR spectra were recorded at 300 MHz, m (CD3)zSO unless otherwrse stated 

J-Methylninhydrin (4b). Pyndme (3 3 g) was added to a soluuon of 5-methylmdan-1.3~drone9 (2 2 g) m 

&oxan (80 ml) at <lYC and then bromme (4 8 g) was slowly added whtlst ma.mtammg the temperature at <lYC 

The mixture was then stured at room temperature. for 2h and poured onto ice to gave 2,2-&bromo-5-methyhndan- 

1,3-dtone (3 3 g, 75%), m p. 170°C 

Dtmethyl sulfoxrde (24 ml) was added to a solution of dns compound (2.8 g) m toluene (20 ml) at 100°C 

and the solutton was kept at 100°C for 3h Water was added to the cooled solutton which was then extracted wtth 

hght petroleum (b p 40-7O’C) (2 x 20 ml) The aqueous materml was extracted wrth ethyl acetate (3 x 20 ml) and 

the combmed extracts were washed with a httle water, dned and the solvent removed to grve the nmhydnn as an 

off-wlnte sohd (1 1 g. 65%) m p 170-172’C (turns red at 120-14O’C) *H NMR (90 MHz, CDC13) 6 2 58, s, 

CH3.7 8, d, J 8 Hz, H-6,7 86, s, H 4, 8 0, d, H-7 

ll&indeno[l,2-blquinoxrdin-U-one (5s). Prepared according to the hteraturet m 85% yield as green 

needles, m p 217-219’C (lit t m p 218-219’C) tH NMR 6 7 80, t, /7 5 Hz, H-2.7 90-8 04, m, H-1,3,7,8, 

8.15-8 28, d+d+d, H-4,6,9 

llH-11-Oxoindeno[l,2-b]quinoxaline&carboxylic acid (5d) 3,4-Dtammobenzolc acid (0 85 g) and 

mnhydrm (10 g), each dissolved m warm acenc acid/water (4 1,5 ml), were mrxed, and the solutton was heated 

and stured for 5 mm., then cooled and the sohd which formed was filtered off and tecrystalhzed from ethanol to 

give the product as yellow needles (1 3 g. 84%). m p >320°C tH NMR 6 7 76, t, J 7.1 Hz, H-2,7 88-7 93, 

m. H-1.3, 8 13, d, J 7 2 Hz, H-4, 8 22, d, J 8 6 Hz, H-6, 8 35, dd, J 8 6,l 8 Hz, H-7, 8 64, d, J 1 8 Hz, H-9 

Found C, 69 3, H, 3 2, N, 10 3% Calcd for C1&3N203 C, 69 5, H, 2 9, N, 10 2% 

llH-6-Methylindeno[1,2-blquinoxalin-U-one (5b) This was prepared m 75% yield from 2,3- 

&ammotoluene and nmhydrm, as for 5d, but with ethanol as the teachon solvent, and had m.p 222-224’C (from 

acetone) (ht.3 -assigned as the g-methyl Isomer-m p 224-224 5°C) 1H NMR 6 2 86, s, CH3,7 68-7 80, m. 

3H, 7 85-7 90, m, 2H, 7 99+8 08, d+d, J 8 1 Hz, H-4,9 

llZf-3-Methylindeno[l,2-blquinoxalin-11-one (5g) This was prepared from o-phenylenedmmme and 

5-methyhunhydrm, as for 5d, but urlth ethanol as the reactton solvent. The crude product (81%) was a mixture 

of 2- and 3-methyl isomers Recrystalllzatton from acetone gave the 3-methyl compound, m p 260-262’C lH 

NMR 6 2 54, s, CH3, 7 63, d, J 7 5 Hz, H-2, 7 89, d, .I 7 5 Hz, H-l, 7 92-8 05, m, H-7.8, 8 04, s, H-4, 

8 23+8 28, d+d, 57 8 Hz, H-6.9 Found C. 77 7, H, 4 2, N, 11 3% Calcd for Ct&IgN203 C, 78 0, H, 4 1, 

N, 114% 

llH-&Nitroindeno[1,2-blquinoxalin-11-one (5e) This was prepared m 61% yield from 4-mtro-o- 

phenylenedmmme and nmhydrm as red needles, m p 220-221’C (from ethane-1,Zdtol) tH NMR 6 7 80, t, J 

7 5 Hz, H-2, 7 91-8 00, m, H-1.3, 8 19, d, J 8 1 Hz, H-4, 8 34, d, J 8 8 Hz, H-6, 8 60, dd, J 8 8,2 0 Hz, H- 

7,8 96, d, J 2 0 Hz, H-9 Found C, 65 0, H, 2 7, N, 15.7% Calcd for CtsH7N303 C, 65 0, H, 2 6, N, 

15 2% 

llH-11-Oxoindeno[l,2-b]quinoxaline-6-carboxylic acid (5~) Concentrated sulfunc acid (3 ml) was 

added, dropwlsc and with sttmng, to a mrxtum of compound 5b (0 13 g). acettc anhydnde (3 ml) and acettc acrd 
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(10 ml) Chronuum moxk (10 g) was added and the mtxturc was stured at room temperature for 0 5h and then 

poured onto Ice The sohd which formed was filtered off, recrystalhzed from ethane- 1.2-dial and washed with 

ether to pve the acid (0 1 g, 69%) as yellow needles, m p_ >3OO“C. 1H NMR 6 7.74, t, 37 3 Hz, H-2,7 85 

7 95, m, H-1.3.8, 8 09, d, J7.9 Hz, H-4(9), 8 16, d. 58 0 Hz, H-9(4), 8 28. d, J 8 3 Hz. H-7 Found C, 

69 6, H, 3.0, N, 10 2% Calcd for Ct6HgN2O3 C, 69 5. H, 2 9, N, 10 1% 

llH-11-Oxoindeno[l,2-blquinoxaline-3-carboxytic acid (5b) Thrs was prepared m 75% yield by 

oxldatton of Sg as for 5c and obtamed as yellow needles, m p >3OOT (from ethanol/water) *H NMR 6 7 95- 

8 13, m, 3H, 8 25-8 38, m, 3H, 8.59, s, H-4 Found C, 65 8, H, 3 8, N, 9 4% Calcd for Ct6HgN& Hz0 

C, 65 3, H, 3 4, N, 9 5% 

11H-2-Nitro-ll-oxoindeno[l,2-b]quinoxaline-8-carboxylic acid (5i) Compound 5d (0 2 g) was 

carefuIIy added, with sturmg, to a cooled mtxmre of coucentratcd mmc (1 ml) and sulfunc (2 ml) acrds and the 

whole was heated at 50°C for 12h, then poured onto Ice The solid which formed was filtered off, washed with 

water, dned and recrystalhzed from toluene to give the product (0 08 g, 34%) as yellow needles, m p 

>3OO”C(dec) *H NMR 6 8 28-8 43, m. 3H, 8 53, d, J 18 Hz, H-l, 8 65-8 72, m, H-3,9 Found C, 60 1, H, 

2 2, N, 13 1% Calcd for Ct&7N305 C, 59 8, H, 2 2, N, 13 1% 

Reduction of llH-S-Nitroindeno[l,2-b]qtnnoxalin-11-one (5e) A mrxture of 5e (0 25 g), 

pahadmm on carbon (0 5 g, lo%), cyclohexene (0 4 g) and ethanol (20 ml) was refluxed vigorously for 2h, 

filtered wtile hot and the solvent removed from the fitrate under vacuum to give the crude product as a yellow 

fluorescent sohd (0 17 g, 76%) This was recrystalhzed from ethanol to give needles of 1lJMLamino 

indeno[l,2-b]qumoxalin-1191 (6). m p 265-266T. 1H NMR 6 5 63, d, J 8.3 Hz, CHOH, 6 15, s, 

NH2, 6 30, d, J8 3 Hz, CHOH, 7 12, d, 52 1 Hz, H-9, 7 30. dd, J8 3,2 1 Hz, H-7, 7 58-7 63, m, H-1,2, 

7 82, m, H-3,7 88, d, .I 8 3 Hz, H-6, 8 02, m, H-4 IR (KBr) complex 3500-3000 cm-l, no C=O Found C, 

67 3, H, 4 8, N, 15 7% Calcd for Ct5HttN30 Hz0 C, 67 4, H, 4 9, N, 15 7% 

The procedure was repeated vvlth four further batches of 5e, reusmg the same catalyst each tune, to pve a 

total of 0 71g (80 8) of llH-S-aminoindeno[l,2-b] qninoxalin-11-one (SC) as a red-brown sohd, m p 

264-266T (from toluene) Sahsfactory mlcroanalysls figures were not obtamed 1H NMR 6 6 37, s, NH2,7 12, 

d, J 2 5 Hz, H-9, 7 37, dd, J 8 9,2 5 Hz, H-7, 7 65, t, J7 4 Hz, H-2, 7 84-7 91, m, H-1,3,6, 7 97, d, 57 9 

Hz, H-4 IR (KFtr) 1725 (C=O) cm-t 

llH-2-Nitrorndeno[l,2-b]qumoxalin-11-one (5j) The mtroacld 5i (1 3 g) was dtssolved m warm 

aqueous ammorua (15 ml 30% ammoma and 30 ml water) and to this was added a soluhon of stlver nitrate (14 

g) m water (30 ml) The srlver sah which preclpuated out was filtered off, washed wtth water and dned at 170°C 

‘lks salt (1 6 g) was stu-red and refluxed with dlphenyl ether (15 ml) for 36 h, cooled, dduted with hght 

petroleum, and the sohd which separated was filtered off This was extracted (Sohxlet) with ethanol and the 

ethanol evaporated to gve 0 2 g of crude product Column chromatography [sdlca, ethyl acetatekght petroleum 

(b p 60-8O“C) (1 3)] gave the yellow product (0 11 g, lo%), Rf = 0 4, m p 266-268°C (from ethyl acetate) tH 

NMR 6 7 83-7 95, m, H-7.8, 8 20, dd, J 8 5.1 3 Hz, H-6(9), 8 28-8 34, m, H-4,9(6), 8 64, dd, 38 2,2 2 Hz, 

H-3, 8 72, d, J 2 0 Hz, H-l Found C, 64 8, H, 2 4, N, 14 9% Calcd for CtsH7N303 C, 65 0, H, 2 6, N, 

15 2% 

Preparation of NS-oxides. A suspension of the heterocycle (0.1 g) m acetic acid (5 ml) and 30% hydrogen 

peroxide (15 ml) was heated and stirred under the condltlons hsted below The solid present m the cooled 

mixture was fitered off and washed with water Further punficatlon was not undertaken and the 1H NMR 




