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AMrwt-Qclization of 2.2dichkmbenzoylaatanilides in sulfuric acid gave indmo[l.2.3-dc]quinolin- 
2*nes. 

As PART of our study’ of the effect of concentrated sulfuric acid on dichlotoaceto- 
acetanilides and on dichlorobenzoylacetanilides 1 we have further examined the 
latter reaction and have now established unequivocally that the products are indeno- 
[1.2.3de]quinolin-2-ones 2. The high-melting, yellow product derived from 2,2,4’- 
trichlorobenzoylacetanilide (la) and concentrated sulfuric acid was sparingly soluble 
in the usual organic solvents but could be recrystallized from dimethylformamide. 
Elemental and mass spectral analysis established a molecular formula C,sH,Cl,NO’ 
whilst the IR spectrum indicated an amide CO group. The compound’s structure as 
l$dichloro-indeno[l23de]quinolin-2(3&one (2a) was elucidated from the follow- 
ing observations: Catalytic hydrogenation in the presence of Raney nickel under 
pressure gave a dehalogenated derivative, &Hi ,NO, which was assigned structure 
3a, i.e. 1,11dihydro-indeno[1.2.3_delquinolin-2(3ZQ-one, on the basis of its NMR 
spectrum (aromatic multiplet at 2.67, seven protons ; quartet at 5.85, one (methine) 
proton ; quartet at 6.85, one (methylene) proton ; triplet at 7.85 7, one (methylene) 
proton). The spectrum was rationalized in terms of an ABX system, the 1 l-(methine) 
proton being designated X, the two (non-equivalent) methylene protons as A and B, 
and J,,,,, J=, Jiix = 15,15 and 67 H z respectively. In support was the spectrum of 
3&lihydro4phenyl-2(lH)-quinolone3 which revealed the methine proton as a 
triplet at 5.7 and the (equivalent) methylene protons as a doublet at 7.25 r. 

Finally, the dihydro indenoquinolone 3a was dehydrogenated with PdC to give 
yellow crystals, C,,H,NO, mp. 276277”, which were identical (mixture m.p. and 
IR spectrum) with those of indeno[l.2.3-de]quinolin-2(3H)-one (2b) prepared from 
1-aminofluorene.* 

In the case of the product (C,,H11C12NO)2 derived from 2,2,4’-trichloro_N- 
ethylbenzoylacetanilide (lb), its indenoquinolone structure 2c was confirmed more 
directly by NMR. The spectrum (aromatic multiplet at 2G-3.25, six protons; quartet 
centered at 5.83, two protons; and triplet centered at 8.67 T, three protons) was in 
keeping with formula 2c. Compound 2c was catalytically hydrogenated to a dihydro 
derivative (C,,H,,NO) assigned structure 3b. The NMR spe&um was of a similar 
type to that of 30 : aromatic multiplet at 223-3.26, seven protons ; quartet at 603, 
three protons ; quartet at 680, one proton : triplet at 7.84, one proton ; triplet at 8.72 7, 
three protons. This was consistent with and supported a structure 3b in terms of an 
ABX system and with the absorptions of the ll<methine) proton and the two (Et) 
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methylene protons superimposed as a quartet centered at 603 t. Reduction of 2e 
with Raney alloy in alcoholic sodium hydroxide afforded two other ~d~~~olone 
derivatives, viz, 2d and 2e, as evidenced by elemental and spectral analysis. The latter 
product 2e, was formed (in slro/, yield) when the dichloroindenoquinolone 2c was 
refluxed in ethanol with sodium ethoxide. 

Various other substituted ~~chloro~oy~~~des (1) on warming with 
concentrated sulfuric acid were likewise converted into the corresponding indeno- 
quinolones (Table 1). 

2.,2-Dichloroacetanilides which arose by hydrolysis of 1 during reaction were on 
occasion isolated as side products. 

Of particular interest was the action of sulfuric acid on 2,2,4’-trichloro-2’,5’- 
dimethylbenxoylacetanilide (1~);’ the product (Ci,H11C12NO) has been assigned 
structure 4a in keeping with the evidence available at present, A similar compound, 
viz 4h was obtained from anilide If.* 

Brominated indenoquinolones resulted on conducting the cyclixation of 1 inas 
mixture of concentrated sulfuric acid and bromine. Thus 2,2,4’-trichlorobenxoyl- 
acetanilide (la) was converted into a bromo derivative, CisHsBrCl,NO, assigned 
structure SP in view of the following : The same product Sa was obtained (i) from reac- 
tion of l&dichloro-indeno[l.2.3_delquinolin-2(3Qone @a) with the acid mixture, 
and also (ii) by cyclixation of r’-bromo-~~-trichlorobeazoylacetani (ld) with 
concentrated sulfuric acid. 

2,2-Dichloro-Nethylboylacetanilide (le) was converted by sulfuric acid and 
bromine into a dibromo indenoquinolone formulated as SC. 2,2,4’-Trichloro-N- 
ethylbenxoylacetanilide (lb) and the indenoquinolone 2e each gave the same product 
viz!%* 

The study was extended to the cyclization of various 2,4’dichloro-2-alkyl-benxoyl- 
acetanilides 6 in concentrated sulfuric acid. When the 2-substituent was ethyl the 
acid solution of the anilide 6h did not develop a green color as was usual in indeno- 
quinolone formation? and the product proved to be ~~ichlor~ph~yl-~1~ 
quinolone (in 5PA yield). Smaller yields (20-25x) of the same quinolone resulted 
from the 2-n-propyl- and the 2-benzyl- substituted anilides (SC and 6d). In the case 
of 2,4’-dichloro-2-mcthylbenxoylacetanilide (6a) an indcnoquinolone derivative 
(CiQH,Cl,NO, by analysis) was obtained and assigned structure 7. The mass spectrum 
of 7 however showed a base peak at m/e 335 whilst the intensities of the chlorine 
isotope peaks were indicative of three Cl atoms in the molecule, i.e. C,,HsCl,NO. 
An (M + 34) peak was exhibited also in the mass spectra of other indenoquinolones 
2 but was relatively much less intense. This is probably due to impurities. 

Various aspects of the synthesis, for example the mode of formation of indeno- 
quinolones 2a and 2e from anilides lg and le, respectively,2 remain to he clarilied. 
However, other observations may be accounted for, tentatively, in terms of an inter- 
mediate entity such as 8 which could originate from the anilide 1 and sulfuric acid 

l ‘lb NMR spectra of these compounds wm recorded in concentrated sulfuric acid and arc not rsadily 
interpreted in terms of structures 4a and 4b. A migration of a methyl group may have occurred during the 
cyclization of anilidcs lc and lf and this reaction is being studied further. 

t It was noted that a dark-nxi rather than green solution nxsukcd from anWe lc and sulfuric acid 
in forming Ir 
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COCCl,CON(R& 

1 

I: R=R,=H;R1=4’-C1 
b: R=H;R,=Et;R,=4’-Cl 
c: R=R, = H; R1 = 2’,S’-diMdCI 
d: R=3”-Br;R,=H;R,=Y-CI 
c: R=R,=H;R,=Et 
f: R = R, = H; R, = 2’-Br-5’-M&‘-Cl 
g: R=R1=Rt=H 

a: R=H;R1=R1=C1 
b: R = R, = R, = H 
c: R=Et;R,=R,=Cl 
1: R=Et;R,=H;R,=Cl 
c: R = Et; RI = OEt; R2 = Cl 

a: R=Me 
b: R=Br 

a: R-H 
b: R=Et 

a: R=H;RI=R1=Cl 
b: R=Et;R,=RI=C’l 
C: R=Et;R,=Q;Rz=Br 



A novel synthesis of imkmo&2.3_drkuiDolin-Z-oncs 

P~C~CC~(R)C~NH -cl- /\a 
- 

6 

8: R-Me 
b: R==Et 
c: R=n-Pr 
d: R=PlK!H, 

il 
8: R=alkyl;R,-H 
b: R-Cl;R,=H 
c: R=Cl;R,=Me 

8 

8- cl&?+cl&_ 
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&_ cl~, -H’ cl~ 

as before.2 Some possible subsequent transformations of 8 are outlined in Scheme 1, 
and may wc4l occur in a concerted manner. 

EXPERIMENTAL* 

Prcpmariop, qf benzoyhce~nilid~ (Table 2). The appropriate arylamh (@l mole) and ethyl bcnzoyl- 
acetate (013 mole) were stirred together at 140-145” for 2 hr. Ahr cool@ somewhat the reacth mixture 
was cxhctcd with wnrm DlM NaOH (200 ml) and the 6ltercd (charcoal) alkalh soln acidified with 
glacial AcON to prhpitate the anilide It should be noted that the anilidcs derived thm N-substitutuI 
arylamincs were isolated by higlwacuum distillation oftbe rcahq mixture io orda to rcmoyt umcaotcd 
&keto ester; the rcapwtive residuea (and also the other products in Tabk 2) wcxc m from 
EtOH or aqueous EtOH. 2-Alkyfbenzoyhcetu?@4fu wcrc pmpared by add@ the appropriate alkyl 
bromide (610 mole) to a rchxhg solo of bemnylaohmilide (010 mqk) in EtOH (150 ml) oontahing Na 
(230 g., QfO g-atom) over a period of 1 hr and heating for a further 3 hr. The maiu buIk of tbs I&OH was 
removed, the residue diluted witb water, and the result@ solid was reqsM&& lhm the appropriate 
solvent. 

The nature of each product was cotied, after puritication, by elemental analysis. New anilidca an 
listed in Table 2 

+M.psareunco~IRs~wcno~for911mwcompoundsaadannnoordsdona 
Rrkin-Elmer Infracord Model 137 spcctrophotometcr (1 mg/300 mg KBr). Mass spectra F+CIC deWmined 
from an AEI Model MS9 spectrometer (70 cv). NMR spcctrn wm nxordcd on a Varian A-60 spmtso- 
meter with TM as internal refenncc. 
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2,24ichkw~ cad 2-chloro-2-~yCbmzoylocrtrmilida (Tabk 3) The appropriate benwykatanilide 
(010 mole) and SO#Zl, (10 mole) were refluxed for 15 min. The excess SO&l, was removed under vacuum, 
tbe residue diluted with water, and tbe product recrystallimd from EtOH or aqueous EtOH. 

Elemental analysk suppkmented on occasion by fR and NMR spectm, served to characterim the 
products. New compounds are listed in Table 3. 

Chlorination of 2-methylbenxoylacetamlide led to a mixture of6a and 2J,4-trichloro-2-methylbenxoyl- 
acctanilide which was separated by chromatography; the NMR spectrum of each product showed an 
intact Me group at x 2.10; the other protons were aromatic. Afkaline hydrolysis gave 4-cbloroaniline and 
2,4dichloroaniline, respectively. Compound lc, (@5 g) (derived from 2’,5’dimethylbenxoylacetanilidc) 
was heated with NaOH (W, 10 ml) on a steam bath for 1 hr. Extraction with benzene followed by re- 
crystalfixation from dil MeOH gave 4-&loro-2,5dimethylaniline, m.p. 91” (lit! m.p. 93”); the acetyl 
derivative was crystallimd from dil MeOH, m.p. 181-183” (lit! m.p. 176O) (Found: C, 6067; H, 697; 
N, 6.67. C,,,H,,ClNO requires: C, 6072; H, 6.12; N, 703%). 

Synthesis qfindeao[1.2.3-de]q~&aolin-2+res (2). Table 1. The appropriate 1 (10 g) and cone H,SO, 
(2 ml) were heated on a steam bath for 15 mm; a green color formed immediately but faded on heating. 
After pouring into water the insoluble yellow product was extracted with hot EtOH and the residue 2 
recrystaRixed from DMF. From the EtOH extracts a quantity of the corresponding 2,2dichloroacetanilidez 
(identified by its fR spectrum) was recovered. The new, yellow 2 are fisted in Table 1 and all the compounds 
had not melted at 330”. 

1,l I-Dihydrofadeuo[ 1.2.3de]@uolin-2(3H)-one (3a). Compound k (060 gh DMF (100 ml), Raney Ni 
(_ 1 g) and Hs (140 lbs/sq in) in an hydrogenator were stirred at 40” overnight. The mixture was filtered and 
the solvent evaporated to afford 3a (@45 g, 9Fk) m.p. 21s216” (from EtOH); IR (KBr) 3.1 (NH), and 590 p 
(amide CO); NMR (DMSOd,) 267 (m, 7, aromatic), 5.85 (q, 1, J, = 15 Hz; J, = 67 Hz, 11-H), 6.85 
(q,1,J,=15Hz;Jax=6*7Hxl-H),and7~85r(t,l,J,= 15 Hz; JrJc = 15 Hz, 1-H) (Found: C, 8164; 
H, 598; N, 626; mol. wt. 221 (mass spectrum). C,sH,,NO requires: C, 81.41; H, 502; N, 6.33%; mol. wt. 
221). 

fdeno[l.2.Me]9uinolin-Y3H~one (2h). Compound % (100 mg) was heated with PdC (lo%, 100 mg) 
at 250” in a stream of CO,. A yellow sublimate of 2l1 was collected (35 mg; m.p. 273-275”) and was re- 
crystallixed from dil AcOH, m.p. 276-277”. A mixture m.p. with authentic 2b prepared by the method of 
Koelsch’ was not depressed; moreover the fR and mass spectra of the two compounds were identical. 
(Found: N, 6.28; mol wt. 219 (mass spectrum). C,,H,NO requires: N, 6.390/,; mol. wt, 219). 

1,6-Dichkr~3-ethyl[l.2.3de]quino~in-2~ue (Ze). The NMR spectrum (DtXl,) of 2c (m.p. 
198-201”) was determined : 20-3.25 (m, 6, aromatic), 5.83 (q, 2, C&) (CH,), and 8.67 r (1. 3, CH, m,). 
NMR (cone H,SO4) 2Q-2.8 (m, 6, aromatic), 525 (broad peak, 2. $&CH,), and 8.35 T (broad peak, 3, 
CH&&). NMR (CFsCOOH) 1.9-2.8 (m, 6, aromatic), 6.17 (q. 2, ~,CHs) and 90 x (t, 3, CH&&). 

1,l l-Dihydro-3-ethyliadeno[l.2.3de]quinolin-2-oue (a). Compound 2c (10 g), EtOH (200 ml), Raney Ni 
(5 gA and H, (140 Ib/sq in) were stirred at 45” overnight. The mixture was f&red and tbe solvent evaporated 
to give a syrup (O-75 g, 95y!, which was purified by chromatography on silica gel using 7% MeOH in 
benxene; NMR (DCCl,) 2.75 (m, 7, aromatic), 643 (q, 3, 11-H and s;1IsCH,), 680 (q. 1, l-H), 784 (t, 1, 
I-H), and 8.72 T (t, 3, CH&&) (Found: C, 82Q H, 6M; N, 5.52 C,,H,,NO requires: 81.89; H, 6%; 
N, 5.62%). 

7-Chloro-3-ethylindeao[1.2.3de]quiuoliu-2-onc (U) und 7-ch&ro-l-ethoxy-3-ethyfindeno[l.2.3de]quiuo- 
b-Zone (2e). Raney alloy (5 g) was added in small portions over a period of 30 mm to a stirred mixture of 
2c (@5 g), EtOH (75 ml), and NaOH (2M, 15 ml). The mixture was filtered and concentrated and the 
residue was chromatographed on silica gd using loo/, MeOH in benxene to give(i) 2d, mp. 178-180” (from 
EtOH, 1%). (Found: C, 72.4; H, 430; N, 4.78; mol wt., 281 (mass spectrum) C,,H,,ClNO requires: 
C, 7244; H, 4.30; N, 4970/,; mol. wt, 281 (Cl = 35), and (ii) 2e, lap. W-149” (from EtOH, 39”/,); NMR 
@CC&) 1.80-3.13 (m, 6. aromatic), 5.37 (q, 2, m&H,), 5.76 (q, 2, N-&H,), 8.52 (t, 3, OCH&&), 
and 8.67 z(t, 3, NCH&&) (Found: C, 70.2; H, 4.83; N.4.35; moL wt 325 (mass spectrum). C19H,,ClN02 
requires : C. 70-02 ; H. 494 ; N, 4*300/, : mol. wt. 325 (Cl = 35)). 

Compound 2e was formed also when 2e (020 g) was refluxed with EtOH (20 ml) containing Na (025 g) 
for 05 hr; the sok was cooled and 2e separated out (017 g 840/, mp. 148-149”). 

Cycfizution ofZ~,Y-rrichloro-2’,5’d~thylbenzoyloceto (lc) Cone H,SO, (5 ml) was added to lc 
(1 g) and heated on a water bath at 95” for 30 min when HCl was evolved ; on addition of the acid a dark-red 
soln was obtained. Tbe soln was cooled and poured into ict-water. but no solid separated out. A water- 
soluble sulphonated product could have been formed but was not investigated However, when the above 
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anihde (1 g) was treated with cone H,SO, (2 ml) at 95” for 5 mm and poured into water a solid was obtained;’ 
yellow crystals of4a (from DMF, 40”/. y’eld, not melted at 330”). NMR (cone HsSO,) 19-2.8 (m, aromatic, 
integral 23), and 75 r (broad doubkt, CH,?, integral 44). (Found: C, 64.16; H, 3.42; N, 4.62; mol. wt. 315 
(mass spectrum). C,,H,,Cl,NO requires: C, 6456; H, 341; N, 444%; mol. wt 315 (Cl = 35)). 

The above 4a was reduced with H, and Raney Ni as described above. The product crystallimd from dil 
AcDH, mp. >300*. (Found: C, 7240; H, 4.29; N, 5a; mol. wt., 281 (mass spectrum). C,,H,&lNO 
requires: C, 7250; H, 4.27; N, 4.98%; mol wt., 281 (Cl = 35)). 

Compound Y (1 s) and cone HzSOI (2 ml) at 95” for 10 mitt likewise furnished 4b (yellow crystals from 
DMF, mp. > 330’) in 18% yield; NMR (am H,SO,) 1.7-27 (m, aromatic, integral 26), and 7.35 r (s, 
CH,?, integral 24). (Found: C, 5Q8; H, 2.21; N, 4Q2; mol. wt., 379 (mass spearurn). C,,H,BrCl,NO 
requires: C, 50-39; H, 2.12; N, 367%; mol. wt. 379 (Br = 79, Cl = 35)). 

P- (or 7-) Bromo-l,~ichloroindeno[l.2.3de]~IuinoIin-2(3H~~ @a). Compound 11 (1 g) was warmed 
(95”) with cone HrSO, (1.5 ml) for 15 mitt and poured into ice-water as for 2; yellow crystals (from DMF. 
30”/, yield), m.p. >330”. (Found: C, 49410; H, 1.51; N, 3.88. C,,H,BtQNO requires: C, 49-06; H, 164; 
N, 381%). 

The same Sa was formed (identified by ekmental analysis eml its IR spectrum) when 1 g of either 2a or 
1~ was reacted with cone HsSO, (5 ml) containing Bra (1 ml) for 5 mitt on the steam bath (95’); the reaction 
mixture was poured into water and Sa recrystallixed from DMF (#“/, yield). 

P- (or 7-) ~o~-1,6-dichtoro-3-ethytindenol1.2.3de]qutno11n-2-orte (Sb). Compound lb (10 g) was stirred 
with a mixture of cone HsSO, (1-5 ml) and Br, (1 ml) for 15 min at 95”; after pouring into ice-water the 
solid was collected and recrystalkud from DMF to give yellow crystaLa, m.p. 228-230” (65% yield). (Found : 
C, 51.67; H, 2.56; N, 3.52 C,,H,$Cl,NO requires: C, 5164; H, 2%; N, 354%). 

The same Sh was formed (identified by mixture m.p, and IR spectrum) from similar treatment of k 
with the acid mixture. Compound Sb was converted into the more solubk (for NMR purposes) lcthoxy 
derivative by refluxing in EtOH containing NaOEt; yellow crystala m.p. 193195” (from glacial AcOH, 
70% yield). NMR (DC&) 1.82-3Q2 (m, 5, aromatic), 5.30 (q, 2, O$&CH,), 5.71 (q, 5 Nm,CH,), 848 
(t, 3, OCH,CH,), and 860 T (f 3, NCH,CH,). (Found: C, 56.59; H, 381; N, 344. C,,H,,BrClNO, 
requires : C, 56.37 ; H, 3.73 ; N, 346%). 

Cycliition of It with H,SO, and Bra as for lb afforded a yellow Se m.p. 263-270” (From DMF, 25% 
yield). (Found: C, 46+08; H, 2.32; N, 3.18; mol. wt, 437 (mass spectrum) C,,H,,BraClNO requires: 
C, 46.43; H, 230; N, 3.19%; mol. wt., 437 (Br = 79, Cl = 35)). 

6,X-Dichloro-l-methylindeM[1.2.3de]qufnolin-2(3H)-one (7) Compound ti (10 g) was warmed (95“) 
with cone H,SO, (2 ml) for 15 mm and the mixture then poured into ice-water. The product was filtered, 
washed with hot EtOH. and recrystallixed from DMF to give yellow 7 (not melted at 330”). in 15% yield ; 
NMR (cone H,SO,) 21-2.8 (m, 5, aromatic) and 73 T (broad peak, 3, CHs). (Found: C, 6369; H, 290; 
N. 4.85; mol wt. 301. The mass spectrum showed peaks at m/e 301 and 335 (base peak), indicative of 7 
and of a trichloro derivative, respectively. (Cr,H,Cl,NO requires: C, 6356; H, 3l?l; N, 463%; mol. wt., 
301 (Cl = 35)). The compound 7 (100 mg) was reduced in DMF with Raney Ni and H, (140 lbs/sq in) as 
described above. The reduction product was recrystallixed from AcOH (40 mg, 57%; m.p. 224-226”). 
(Found: C, 8196; H, 5.65; N, 585; mol. wt. 235 (mass spectrum). C,sH,rNO requires: C 8168; H, 557; 
N, 5.95%; mol. wt. 235). 

From the hot EtOH washings of 7 a compound suspected of being ~hlor~3-hy~ox~ethyl4pb~yl- 
2(lH)-quinolone was recovered (70 mg -79/,x m.p. MO” (from dil EtOH). The IR (RBr) showed a weak 
OH absorption. (Found: C, 66%; H, 4w; N, 4.72 C,,H,rClNO, requires: C, 67.20; H, 4.20; N, 4wk). 

When 6b was similarly reacted with H,SO, the product (colorkss crystals from @acial AcOH, m.p. 
285-286” (lit.* m.p. 288290”), 50% yield) proved to be (mixture m.p. and iR spe&um) 3,6dichloro4 
ph~yl-~l~u~olon~ (Found: C, 62G7; H, 313; N, 475; moL wt. 289 (mass s-m). C,,H,Cl,NO 
requires: C, 62+?; H, 3.14; N, 4.82%; moL wt., 289 (Cl = 35)). 

The same quinolone was isolated also after HsSO, treatment of 6e (2 hr heating, 25% yield) and 6d 
(15 mitt heating, 20% yield). 
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