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this pharmacology will be presented soon in an ap- 
propriate journal. 

The experimental details given below serve to 
exemplify the general methodsemployed throughout 
the reaction scheme. 

EXPERIMENTAL* 

2-Methyl-4-hydroxyd-(~,~diethoxy)ethylpyrimidine. Acet- 
amidine hydrochloride (0.05 mole; 4.7 9.) waa added to  a 75- 
ml. solution of 0.1 mole sodium ethoxide. After 0.5 hr. of 
stirring a t  room temperature, the resultant sodium chloride 
waa removed by filtration. The filtrate was added to ethyl 
a-cyano-y,y-diethoxybutyrate (0.05 mole; 11.5 9.) and the 
reaction solution waa refluxed for 5 hr. Three fourths of the 
solvent was driven off in a dish over steam and the remaining 
slurry was dissolved in 80 ml. of ice water. The desired pyrim- 
idine was precipitated at pH 7.0 in a pure state by the 
addition of acetic acid. After chilling overnight, filtering, 
and vacuum desiccating (Drierite), 10.8 g. of the white prod- 
uct waa obtained representing an 89% yield. The pyrimi- 
dine decomposed a t  253-260' to a dark oil. 

2-Methyl-4-hydroxypyrrolo[S,3-d]pyrimidine. The above 
pyrimidine (4.5 g.; 0.187 mole) was added to a solution of 2 
ml. of concd. sulfuric acid in 110 ml. of 95y0 ethanol and r e  
fluxed for 2 hr. Upon addition of an equal volume of water 
and by chilling overnight, 2.1 g. of the white amorphous 
product was obtained. The pyrrolopyrimidine neither melted 
nor decomposed (below 300') and was sufficiently pure for 
analysis. 

2-MethylJ-chZoropywolo[,%',3-d]pyrimidine. A suspension 
of 25 g. (0.168 mole) of the above hydroxypyrrolopyrimidine 
in 175 ml. of phosphorus oxychloride waa refluxed for 45 min. 
after solution was attained. The excess phosphorus oxy- 
chloride was removed under reduced pressure using a 55-60' 
water bath. The residual viscous oil was dropped slowly into 
1 1. of ice water mixture with vigorous stirring. The resultant 
chloro compound waa extracted from the suspension using 
three 275-ml. portions of ether. The combined ethereal ex- 
tracts were dried over anhydrous sodium sulfate. When 
taken to dryness, 23.2 g. (83% yield) of slightly yellow prod- 
uct remained which was sufficiently pure to be used rn an 
intermediate. 

2,7-Dimethyl-~-chloropyrrolo [2,3-d] pyrimidine. Five grams 

(8) All melting points uncorrected on a Kofler hot plate. 

(0.03 mole) of 2-methyl-4-chloropyrrolopyrimidine waa 
added to 1.9 g. of sodium methoxide (0.035 mole) in 50 ml. 
of absolute ethanol a t  5-10'. To this waa added 0.0388 mole 
(2.4 ml.) of methyl iodide and the reaction was allowed to 
proceed in a sealed flask for 2 days with occasional shaking, in 
a 40-45" bath. The solvent was allowed to evaporate in a 
dish at room temperature. The remaining solid was triturated 
with 30 ml. of cold water, filtered off and vacuum-desiccated, 
yielding 4.0 g. (70% yield) of the desired product. This chloro 
oompound may be used in this state as an intermediate (crude 
m.p. 119-120'). 

Reactions of amines with 4-chloropyrro1opyrimidinimidines. 
Method A .  2-Phenyl-4-benzylaminopyrrolo[~,3-d]pyrimidine. 
One gram of 2-phenyl-4-chloropyrrolo[2,3-d] pyrimidine 
(0.0043 mole) was added to 35 ml. of water containing 0.9 g. 
(0.0065 mole) of potassium carbonate and 1.0 g. (0.0093 
mole) of benzylamine. The mixture was refluxed rapidly for 
3 hr. After cooling overnight., 1.2 g. of the crude 2-phenyl-4- 
bensylamino derivative was obtained (92% yield). The prod- 
uct recrystallized from bensene-heptane melted a t  162- 
164'. 

Method B .  $-Methyl+( S'-methoxy )anilinopyrrolo [SJ3d1 
pyrimidine. Into 17 ml. of dimethylformamide was added 
2.06 g. (0.123 mole) of 2-methyl-4-chloropyrolopyrimidine 
and 6.04 g. (0.049 mole) of o-anisidine. The reaction mixture 
was refluxed for 1.5 hr. An equal volume of water was added 
and the mix%ure was chilled overnight. After filtration and 
vacuum dessication, 3.1 g. (99% yield) of tan product waa 
obtained. Upon recrystallization from benzene-heptane, the 
colorlws Droduct melted at 255-256' with evidence of de- 
composition. 

Anal. Calcd. for C1&,N40: C, 66.1; H, 5.5. Found: C, 
66.3; H, 5.7. 

Reaction with ammonia. 2-MethyC4-aminopyrrolo[2,3-d] 
pyrimidine. Two grams (0.0123 mole) of 2-methyl-4-chloro- 
pyrrolopyrimidine was suspended in 40 ml. of concd. aqueous 
ammonia and heated in a bomb at 145' for 4.5 hr. After 
driving off the excess ammonia on the steam bath the pure 
Famino compound was filtered off yielding 1.3 g. of product 
which decomposed a t  305-307". 

Anal. Calcd. for C7HsN4: N, 37.8. Found: N, 37.6. 
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11H-Indeno [ 1,241 quinolin-ll-one (111) adds organometallic reagents in a 1,a-fashion to produce tertiary carbinols. Hy- 
drogenation of I11 by the Meerwein-Ponndorf method produced only the secondary alcohol while catalytic hydrogenation 
gave some hydrogen addition to  the heterocyclic ring. llH-Indeno[ 1,241 quinoline (11) reacted with N-bromosuccinimide 
to  produce the ll-bromo derivative which was in turn converted to ll-substituted amino derivatives. The Nsxide of I1 
waa prepared, which was converted with phosphorus oxychloride to the 10-chloro derivative. These compounds have been 
synthesized for biological study by others. 

As a logical extension of current investigations of 
some new chemistry of polycyclic nitrogen hetero- 
cyclic compounds, we have now extended our 

(1) U. S. Public Health fellow, 1958-1960, National In- 

studies to include derivatives of the 11H-indeno- 
[1,2-b]quinolines (C) which are related structurally 
to the benz[c]acridines (A)2 and benz[b]acridines 

(2)(a) V. L. Bell and N. H. Cromwell, J .  Org. Chem., 23, 
789 (1958); (b) N. H. Cromwell and V. L. Bell, J .  Org. Chem., 
24, 1077 (1959). stitute of Allergy and Infectious Diseases. 
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(B)* previously investigated. It seemed of interest 
to make available for general biological testing and 
as carcinogenic and antitumor agents certain of the 
indenoquinoline derivatives which would have 
structures analogous to some of the benzacridines 
previously synthesized in this laboratory.2J Of 
special interest was a study of the reactions of the 
known ketone, 1 la-indeno [ l,Zb]quinolin-1 1-one 
(111) with organometallic and hydrogenation 
reagents as bad been done previously3 with the 
analogous 6,6-dimethyl-ll-keto-6,1 l-dihydrobenx- 
[blacridine (D). This latter ketone was reported 
to add methylmagnesium bromide3a in the normal 
1,Bmanner to give a tertiary carbinol, but to react 
with phenylmagnesium bromide and catalytic 
hydrogen to produce keto dihydrobenz [blacri- 
dansab in which the addenda turn up on the nitro- 
gen heterocyclic ring. 

Previously Fuson and Miller4 had described the 
conjugate addition of phenylmagnesium bromide 
to 3-benzoylquinoline (E) which may be looked 
upon as an open model of our ketones (I11 and D). 
They offered spectral evidence to show the struc- 
ture of the high-melting, yellow colored crystalline 
addition product to be 3-benzoyl-Pphenyl-1~4-di- 
hydroquinoline. 

The 1 lH-indeno [ 1,2-b]quinolin-l l-one (111) for 
the work reported here was prepared either by the 
decarboxylation of 10-carboxy-l1H-indeno [ 1,241 
quinolin-ll-ones or from the condensation of o- 
aminobenzaldehyde with l13-indandione using 
either basic or acid conditions. 

Ketone I11 gave an 85% yield of the tertiary 
carbinol I V  on reaction with methylmagnesium 
bromide. The ultraviolet spectrum of I V  was very 
similar to that of the parent 1lH-indeno [1,2-b] 
quinoline (11). The absence of a carbonyl stretching 
band and absorption in the hydroxyl stretching 
region of the infrared spectrum a t  3580 em.-’ by a 
chloroform solution of the tertiary carbinol I V  

(3)(a) N. H. Cromwell and J. C. David, J .  Am. Chem. 
SOC., 82, 1138 (1960); (b) J .  Am. Chem. SOC., 82, 2046 
(1960). 
(4) R. C. Fuson and J. J. Miller, J .  Am. Chem. Soc., 79, 

3477 ( 1957). 
( 5 )  E. Noelting and A. Herzbaum, Ber., 44, 2585 (1911). 

confirmed its structure. Heating I V  with chloranil 
under the conditions previously used to aromatize 
the keto acridansab produced no change. 
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Both phenylmagnesium bromide and phenyi- 
lithium reacted with the ketone I11 to produce the 
same colorless addition product. The chloroform 
solution of the addition product V showed a free 
hydroxyl infrared band a t  3600 cm.-l and no car- 
bonyl absorption in the “normal” region of the 
spectrum. The ultraviolet spectrum of V was very 
similar to that of the parent indenoquinoline 11, 
having the same shaped band-envelope and type of 
fine structure. This spectral evidence clearly indi- 
cates the structure of V to be a tertiary carbinol 
rather than a ketodihydroquinoline. 

Even with an organometallic reagent with in- 
creased steric requirements-e.g., mesitylithium- 
only the normal l12-addition to produce the tertiary 
carbinol VI was observed as indicated by a study 
of the absorption spectra of the addition product. 
Thus there appears to be no tendency for organo- 
metallic reagents to add to the heterocyclic ring or 
undergo a 1,Pconjugate addition with ketone 111. 
This may be a consequence of some resistance to the 
introduction of an additional double bond into the 
five-membered ring. 

Using the Meerwein-Ponndorf reduction condi- 
tions, ketone 111 was reduced smoothly to the color- 
less secondary alcohol VI1 which showed ultra- 
violet and infrared absorption spectra as expected 
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for an 11-hydroxy derivative of the parent indeno- 
quinoline 11. 

Catalytic hydrogenation of the ketone I11 gen- 
erally produced mixed products and tenacious 
absorption of some of them as well as the starting 
material on the catalyst was bothersome. With 
larger ratios of catalyst to ketone, 10% palladium 
on charcoal and hydrogen a t  three atmospheres 
pressure caused two molar equivalents of hydrogen 
to add and the structure of the product, 4a,5,10,10a- 
tetrahydro-1 1H-indeno [1,2-b]quinolin-ll-one (IX) , 
has been assigned on the basis of its ultraviolet and 
infrared absorption spectra. Thus IX shows a car- 
bonyl stretching band a t  1707 em.-', in the region 
of the infrared spectrum expected for a l-indanone,6 
and an N-H absorption a t  3430 cm.-l Moreover, 
the ultraviolet spectrum of IX was nearly super- 
imposable with that of l-indanone.6 

With a lower ratio of the palladium on charcoal 
catalyst to ketone or with platinum oxide catalyst, a 
mixture resulted which was made up of the colorless 
secondary alcohol VI1 along with a deep burgundy 
colored crystalline product which absorption spec- 
tral and chemical studies indicates is 5,lO-dihydro- 
11H-indeno [1,2-b]quinolin-ll-one (VIII) and/or 
its tautomeric enol (VIIIa or VIIIb). When the 

OH 
VIIIb 

burgundy colored product VIII/VIIIa/VIIIb was 
heated in benzene solution or irradiated with ultra- 
violet light, i t  readily gave up hydrogen to produce 
the starting ketone 111. This burgundy colored 
product showed spectral characteristics quite for- 
eign to those of the parent compounds, the indeno- 
quinoline I1 and the keto indenoquinoline 111 (see 
Figs. 1 and 2 ) .  

In  neutral methanol solution (Fig. 3) the absorp- 
tion of visible range light by VI11 a t  488 mp is 
ascribed to the electronic transition, F - G, ex- 

1, w 

Fig. 1. In methanol 

Fig, 2. 0.1N NaOCH3 in 
methanol 
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Fig. 3. In neutral methanol 
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Fig. 4. 0.1N NaOCH3 in 
methanol 
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Fig. 5.  0.1N methanolic HC1 H @ H  

5) exhibited a slight bathochromic shift with some 
loss in intensity which may be ascribed to an un- 
related electronic transition, H - J, for the cation 

\ *-e H H  H H  

F 
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G e  0 

H 
pected for p-amino-a,p-unsaturated ket0nes.3~ The 
ultraviolet spectrum of the burgundy colored com- 

(6) A. Hassner and N. H. Cromwell, J. Am. Chem. SOC., OH 
3 

pound in 0.1N methanolic hydrogen chloride (Fig. 
OH 

H J 80, 893 (1958). 
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of the hydrochloride salt of the enol VIIIa of VI11 
in which no separation of charge or loss of aroma- 
ticity is involved.3'~ The basic solution spectrum of 
VI11 is interesting, in that it strongly suggests that 
a slow dehydrogenation to the parent ketone I11 
occurs in this medium (see Fig. 4). 

The solid state infrared spectrum of VI11 shows 
a band a t  3240 cm.-l in the intermolecular N-H 
hydrogen-bonded area. It also shows a band a t  3400 
cm.-l in the free N-H area and considerable 
absorption in the 1496-1700 cm.-' region with 
bands at 1700, 1660, 1620, 1600, 1579, 1542, and 
1496 cm.-l, with the most intense band a t  1542 
cm. -I Assignment of bands under these circum- 
stances would be extremely difficult ; however, 
the carbonyl stretching frequencies may be assigned 
to the bands a t  1700 and 1660 cm.-' On the basis of 
these preliminary studies it is suggested that the 
burgundy colored material exists as a tautomeric 
mixture of VI11 e VIIIa and/or VIIIb. 

To compare the reactivity of the methylene group 
in the ll-position of the indenoquinoline I1 with 
that in the benzlblacridine (B), compound I1 was 
treated with N-bromosuccinimide and found to 
give a good yield of the desired product, ll-bromo- 
11H-indeno [l12-b]quinoline (X). The bromo com- 
pound X was readily converted to the morpholine 
(XI) and piperidine (XII) derivatives desired for 
biological testing. The structures of X, X1, and XI1 
are clearly indicated by a comparison of their ultra- 
violet absorption spectra with that of the parent 
indenoquinoline 11. 

The N-oxide XI11 of I1 was readily obtained by 
employing hydrogen peroxide in glacial acetic acid. 
The identity of this useful amine oxide was es- 
tablished by an infrared absorption spectrum locat- 
tion of the N+-0- stretching frequency' at 1337 
cm.-' A chemical test for N-oxides, reported by 
Coats and Katritzky,* indicated the function to be 
present in XIII. 

The availability of the N-oxide XI11 will allow 
for the development of a series of reactions which 
are typical for such substances.' I n  the present in- 
vestigation the N-oxide XI11 was found to react 
with phosphorus oxychloride to remove the N-oxide 
function and chlorinate the 10-position to produce 
the chloro product XIV in a manner analogous to 
the behavior of quinoline oxides which are chlori- 
nated in the y-position when the &-position is 
b lo~ked .~~~O The ultraviolet spectra of I1 and XIV 
were quite similar. 

(7) A. R. Katrizky, Quart. Rev., 10, 395 (1956), reports 
the N-oxide stretching mode occurs a t  1300-1200 cm.-'; 
however, alkyl substituents in the 3- position of pyridine 
cause a shift toward higher frequencies. 

(8) N. A. Coats and A. R. Katritzky, J .  Org. Chem., 24, 
1836 (1960). 
(9) H. Gilman et al., J .  Am. Chem. Soc., 66, 621 (1944); 

68, 979, 2017 (1946). 
(10) G. B. Bachman and D. E. Cooper, J .  Org. Chem., 9, 

302 (1944). 

6 - Chloro - 11H - indeno[l,2 - blquinolin - 10 - 
carboxylic acid (XV) was synthesized by the Pfit- 
zinger-Borsche reaction of 7-chloroisatin with 1- 
indanone to  make it available for comparison of its 
biological activity with the known drug 8-chloro- 
isot,etraphan. l1 The ultraviolet spectra of the car- 
boxylic acids I and XV as measured in a solution of 
150 mg. of potassium hydroxide in 100 ml. of 
metha,nol were quite similar. 

EXPERIWENTAL~~ 

11 H-Indeno [1,2-b J quinolin-1 O-carboxylic acid (I). This 
compound was obtained in 81.5% yield by the procedure 
of Noelting and Herzbaum6 as a colorless solid, m.p. 330" 
dec.; xmS, (methanol and potassium hydroxide) 215, 227 
(sho.), 258 (sho.), 265, 314, 328, 343 mp (E X lo-* 28.1, 
23.9,30.0,38.6, 12.8, 16.9,21.4). 

1lH-Indeno [1 ,bb]quinoline (11). (a) Decarboxylation of I .  
A mixture of 5.0 g. of I and a small amount of copper 
powder was heated in diethylene glycol at reflux for 2.5 hr. 
A 43.8% return of the acid I was realiied along with a 14% 
yield of 11, after charcoal treatment and recrystallization 
from ethanol; m.p. 168-170°5; XmSx 211, 223 (sho.), 263, 
300, 307, 313, 320, 328, 335, 343 mp (E X 47.7, 28.3, 
50.4, 7.3,8.3, 11.6, 13.6,22.0, 17.6,32.0). 

(b) From o-aminobenzaldehyde and 1-indanone, I1 was 
obtained by the method of Ruhemann and Levyla in a 55% 
yield, m.p. 167-169'. 

11 H-Indeno[ I,f?-b]quinolin-il - m e  (III).6 The ketone was 
prepared by the thermal decarboxylation of 10-carboxy- 
1 la-indeno [ 1,2-b] quinolin-1 l-one6 on heating to  300-320" 
for 1 hr. Recrystallization from ethanol and sublimation a t  
180'/2 mm. gave a 75% yield of pure product, m.p. 175- 
176'; Amax 215, 220, 226, 240 (sho.), 250 (sho.), 286 mp 
(E X 10-3 23.3, 24.0, 24.0, 17.7, 18.0, 57.4); yc-o 1723/94, 
YC-N 1632/91, measured in carbon tetrachloride solution. 

Ketone I11 was obtained in a 16% yield when equal molar 
amounts of o-aminobenzaldehyde and IJ3-indandione were 
warmed gently with 5% ethanolic potassium hydroxide. 
Boiling these two reactants in 2N hydrochloric acid pre- 
cipitated the hydrochloride salt of I11 which was converted 
to a 60% yield of I11 on treatment with 4 N  sodium hy- 
droxide solution. 

1 l-Hydroxy-1l-methyl-11H-indeno [1,2-b] quinoline (IV). A 
2.31-g. (0.01 mole) sample of the ketone I11 was stirred for 
30 min. with 6.5 ml. (0.02 mole) of commercial 3 M  methyl- 
magnesium bromide and the reaction mixture decomposed 
with cold ammonium chloride solution to produce 2.10 
g. (85% yield) of IV; m.p. 202-203', recrystallized from 
a dioxane-water solution; X,,, 210, 216 (sho.), 226, 261, 
310, 317, 324, 331, 339, 347 mp (E X 37.0, 31.7, 27.0, 
33.0, 7.0, 7.2, 9.0, 18.0, 12.7, 23.0); infrared bands (potas- 
sium bromide pellet), Ybonded OH 3180/85, YC-N 1628/73, 
(methylene chloride solution), YOH 3560/22, Ybonded OH 
3300/14 (broad), YC-N 1630/40. 

Anal. Calcd. for C1~H13NO: C, 82.57; H, 5.29; N, 5.67. 
Found: C, 82.52; H, 5.15; N, 5.72. 

(11) J. Braun et al., Ann., 451, 1 (1926). 
(12) Melting points were read with a calibrated ther- 

mometer. Ultraviolet absorption spectra were determined 
with a Cary Model 11-MS recording spectrophotometer 
using reagent grade methanol solutions. Infrared spectra 
were measured with a Perkin-Elmer Model 21 double beam 
recording instrument employing sodium chloride optics 
and matched sodium chloride cells with indicated solvents 
unless otherwise stated. 
(13) S. Ruhemann and S. I. Levy, J .  Chem. SOC., 103,551 

(1913). 
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When 0.247 g. of IV w&q heated at reflux with 0.246 g. 
of chloranil in 50 ml. of benzene for 12 hr., 88% of the start- 
ing carbinol was recovered unchanged. 

ll-Hydroxy-ll-phenyZ-llH-i~zdeno[l,bb]qr~inoline (V). (a) 
From phenylmagnesium bromide. A 1.16 - g. (0.005 mole) 
sample of ketone I11 was refluxed for 1.5 hr. with an ether 
solution containing about 0.012 mole of phenylmagnesium 
bromide and worked up to produce 0.56 g. (36.4% yield) 
of carbinol V, m.p. 261-262", recrystallized from benzene 
petroleum ether; hmax 210, 220 (sho.), 258, 311, 319, 327, 
334, 342, 350 mp (e X 10-8 42.7, 36.7, 35.0, 6.0, 8.0, 8.3, 
16.3, 24.3) ; infrared bands (potassium bromide pellet) 
Ybonded OH 3140/54, YC-X 1625151, (saturated chloroform 
solution, 1.0 mm. cell), ?OH 3600/25, YC-N 1632/22. 

Anal. Calcd. for C22HlaNO: C, 85.44; 13, 4.88; N, 3.53. 
Found: C, 85.33; H, 5.03; N, 4.66. 

(b) From phmyllith.ium. Treatment of 1.16 g. (0.005 mole) 
of ketone I11 with an ether solution containing 0.012 mole 
of phenyllithium by reflux over 1.5 - hr. period prodiiced 
1.16 g. (75% yield) of the carbinol V, m.p. 260-2662', as 
colorless needles from benzene and petroleum ether. 

11-Hydroxy-1 I-mesityl-1 1 H-indeno [ 1,241 quinoline (VI). 
The ketone 111, 1.74 g. (0.0075 mol..), in 150 ml. of 50% 
ether-benzene was stirred for 7 hr. with mesitgllithium 
(0.022 mole) to give 1.37 g. (52% yield) of carhinol VI, m.p. 
248-249.5', recrystallized from benzene; A,,, 212, 260. 
314 (sho.), 320, 328 (sho.), 335, 343, 361 in@ (e x 10-3 
54.4, 26.0, 7.7, 9.0, 9.0, 16.3, 11.0, 23.3); Infrared bands 
(12 mg./nd. of methylene chloride in 1.0 mm. cell), ?OH 

Anal. Calcd. for C2sH2,NO: C, 85.44; H, 6.02; N, 3.90. 
Found: C, 85.30; H, 6.01; N, 4.03. 

11H-lndeno [I ,241 quinolin-11-01 (VII). The ketone 111 
was reduced to tJhe secondary alcohol b y  means of the general 
Meerwein-Ponndorf reduction, as outlined by Truett and 
Moulton,l4 with one modification. Hydrochloric acid15 was 
used to hydrolyze the complex. A mixture of I .0 g. (0.0043 
mole) of 1lH-indeno[ 1,241 quinolin-11-one (III), 4.4 g. 
(0.0215 mole) of aluminum isopropoxide and 75 ml. of 
isopropyl alcohol was heated a t  reflux for 5 hr. The reaction 
mixture was t.hen evaporated to a volume of 8 ml., hydro- 
lyzed with 35 ml. of concd. hydrochloric acid in 175 ml. of 
water, and allowed to  stand for 8 hr. The pale yellow colored 
hydrochloride salt was fikered and treated with 57" sodium 
bicarbonate to  produce the colorless carbinol VII; wt. 0.91 
g. (91.0% yield), m.p. 226-228', recrystallized from ethanol 
after charcoal treatment; A,,, 216, 227 (sho.), 262, 316, 
323, 330, 338, 345 mp (e X 10-8 33.3, 27.0, 36.0, 10.6, 11.0 
19.0, 14.3, 27.6) ; infrared bands (potassium bromide pellet), 
?bonded OH 3200/87, ycCx 1625/84, (saturated chloroform 
solution in 1.0 mm. cell), YOH 3.560/12, Ybonded OH 3360- 

Anal. Calcd. for ClsHllNO: C, 82.38; H, 4.75; N, 6.01. 
Found: C, 82.40; H, 4.84; N, 5.88. 

Cutalytic hydrogenation of 1lH-indeno [1,2-blquinolin-l1- 
m e  (111). (a) Palladium on charcoal (1.0 g.11.16 g. of III). 
A suspension of 1.16 g. (0.005 mole) of ketone I11 and 1.0 g. 
of IO'% palladium on charcoal in 110 nil. of benzene was 
shaken in the Parr hydrogenation apparatiis iinder 45 
p.s.i. of hydrogen for 3.5 hr. Removal of the catalyst, 
charcoal treatment, and evaporation of the benzene filtrate 
left a brown colored oil. Treatment with methanol gave 0.22 
g. (19.0% yield) of straw colored cryst~als, m.p. 140-143°. 
A recrystallization from methanol gave colorless plates of 
4a,5,10,10a-tetrahydro-llH- indeno[l,2 - blquinolin - 11 -one 
(IX); h,,, 241, 283 nip (e X 10-8 20.3, 4.0); infrared bands 
(hexachlorobutadiene mull), YNA 3430/50, yc-o 1707/71, 

Anal. Calcd. for Cle&NO: C, 81.68; H, 5.57; N, 5.05. 

3560/28, ?bonded OR 3250/30 (broad), YC-N 1625162. 

3000/17, ~ C - N  1635/32. 

Y A ~ C - C  1612/46. 

Found: C, 81.59; H, 5.66; N, 5.81. 
- 

(14) IT. L. Truett and It7. N. Moulton, J .  Am. Ch<em. 

(15) A. L. Wilds, Org.  Reactions, 2, 178 (1944). 
Soc., 73, 5913 (1951). 

Extraction of the palladium on charcoal catalyst with 
ethanol gave 0.20 g. (17.2% recovery) of the ketone 111. 
Further extractions with hot ethanol, acidic methanol, and 
chloroform afforded only intractable brown residues. 

(b) Palladium on charcoal (0.4 gJl.16 g. of 111). A suspen- 
sion of 0.4 g. of 10% palladium on charcoal in a solution of 
1.16 g. (0.005 mole) of I11 in 90 ml. of benzene wm shaken 
under 45 p.s.i. of hydrogen for 3 hr. Filtration of the reaction 
mixture resulted in a yellow benzene filtrate which waa re- 
duced in volume and cooled to give 0.32 g. of a tan solid. 
Recrystallizations from benzene, methanol-water, and iso- 
propanol-water resulted in a colorless solid, 1lH-indeno- 
[1,2-b]quinolin-ll-o1 (VII), wt. 0.30 g. (26% yield), m.p. 
220-223 '. A mixed melting point experiment with authentic 
VI1 showed no depression. Complete evaporation of the 
benzene filtrate gave a yellow colored solid which uaa for 
the most part unchanged ketone 111. 

A deep buigundy colored solution was obtained by ex- 
traction of the palladium on charcoal catalyst with 95% 
ethanol. Reduction in volume and cooling gave 0.21 g. 
(18.1% yield) of deep burgundy colored needles (VIII), 
m.p. 215-221' (instantaneous m.p. 228-229.5'; the red 
colored melt turns yellow at 240-250'); XmX 226, 263, 286, 
310 (sho.), 330, 345 (sho.), 488 mp (E X 22.7, 20.8, 
14.6, 8.8, 6.4, 5.8, 4.5); infrared bands (potassium bromide 
pellet) 3400/34, 3240143, yc-0 1700/25, 1660/37, 
-yunesa,ansd lti20/51, 1600/59, 1579/51, 1542167, 1496/62. 

Anal. Calcd. for C1GHIINO: C, 82.38; H, 4.75; N, 6.01. 
Found: C, 82.22; €I, 4.82, N, 5 77. 

When a small sample of the burgundy colored solid was 
dissolved in benzene and irradiated with ultraviolet light 
or heated at  reflux for a short period of time, the deep red 
solution turned yellow in color. Evaporation of the yellow 
colored filtrate and recrystallization of the residue from 
aqueous methanol gives straw colored needles, m.p. 175- 
176'. A mked melting point experiment with authentic 
ketone I11 s h o ~  ed no depression. 

(c) Platinum oxtde. To a solution of 1.09 g. (0.005 mole) of 
I11 in 125 ml. of benzene was added 0.1 g. of platinum oxide. 
The resulting slurry was shaken for 5 hr. under 45 p.s.i. 
of hydrogen. At the end of this time, the walls of the re- 
action vessel were coated with a burgundy colored solid. 
Filtration of the catalyst followed by extraction with 
95% ethanol gave a deep burgundy colored solution which 
yielded 0.12 g. (17.4% yield) of VIII, m.p. 218-223', on 
evaporation of the solvent. The benzene reaction medium 
was also evaporsted to dryness and the residue recrystal- 
lized several times from bennene, from which 0.35 g. (32.1yQ 
yield) of carbinol VI1 was obtained, m.p. 221-224'. 
1l-Bronto-l1H-indeno[l,%b]quznoline (X). A mixture of 

7.23 g. (0.033 mole) of the iqdenoquinoline 11, 50 mg. of 
benzoyl peroxide and 12.3 g. (0.033 mole) of N-bromosuc- 
einimide in 150 mi. of carbon tetrachloride waa heated at  
reflux for 4 hr., after which the heavy N-bromosuccinirnide 
had changed completely to  the light succinimide. The mix- 
ture was cooled and filtered, and evaporated to  an oily resi- 
due. The crude pr0duc.t was dissolved in acetone at room 
temperature and treated with charcoal overnight. Dilution 
with water gave X; wt. 7.21 g. (73.3% yield), m.p. 139- 
140°, recrystallized from aqueous acetone; Amax 215, 265, 
316, 323, 331, 338, 347 ms  (e X 10-a 31.6, 35.7, 83, 8.0, 
11.0,9.3, 14.3). 

Anal. Calcd. for ClsHloNBr: C, 64.88; 11, 3.40; Br, 26.99 
Found: C, 65.58; €I,3 63; Br, 26.60. 

11-Morpholino-11 H-indeno[l,bb]quinoline (XI). (a) In 
cai.bon telrachlonde solvent. To the carbon tetrachloride solu- 
tion of the bromide X, prepared from 1.9 g. (0.00875 mole) 
of 11, 1.56 g. (0.00875 mole) of N-bromosuccinimide and 
a trace of benzoyl peroxide was added 3 ml. of morpholine. 
The mixture was refluxed for 2 hr., after which the mor- 
pholine hydrobromide was removed and the filtrate washed 
with water. The red oil a*hich resulted from evaporation 
was dissolved in ethanol, treated with charcoal and diluted 
with water. A recrystallization from aqueous .ethanol gave 
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1.0 g. (38% yield) of XI, m.p. 154-156'; Amax 215,225 (sho.), 
264, 316, 323 (sho.), 330, 338, 346 mw (C x 10-8 37.0, 28.3, 
41.4, 10.0, 11.0, 16.0, 12.7,20.0). 

(b) In excess morpholine. A solution of 0.74 g. (0.0025 mole) 
of X in 15 mi. of morpholine was heated at reflux for 23 
hr., and poured into 300 ml. of water. A recrystallization 
of the crude product from benzene-petroleum ether, with 
charcoal treatment, gave 0.48 g. (64% yield) of X I  as 
colorless needles, m.p. 155-156'. 

Anal. Calcd. for CzoHIRNzO: C, 79.47; H, 5.96; N, 9.27. 
Found: C, 79.25; H, 6.09; N, 9.13. 

1 Z-Piperidino-11H-in~eno[~,d-b]quinoline (XII). Fifteen 
milliliters of redistilled piperidine and 0.74 g. (0.0025 mole) 
of the bromide X were refluxed for 23 hr., after which the 
mixture was poured into 500 ml. of water to give 0.56 g. 
(80.0% yield) of a colorless solid, m.p. 139-140' (colorless 
needles from petroleum ether); A,,, 215, 225 (sho.), 264, 
316, 323 (sho.), 330, 338, 346 mM (e X lo-* 37.0, 28.3; 
41.4, 10.0, 11.0, 16.0, 12.7, 20.0). 

Anal. Calcd. for C2,HZON2: C, 83.96; H, 6.71; N, 9.33. 
Found: C, 83.89; H, 6.67; N, 9.66. 
11H-Indeno[l,d-b]quinolin 1-oxide (XIII). A solution of 

1.09 g. (0.005 mole) of the indenoquinoline I1 and 0.7 ml. of 
30% hydrogen peroxide in 15 ml. of glacial acetic acid TKLS 

heated a t  89-70" for 3 hr., after which an additional 0.3 
ml. of 30% hydrogen peroxide was added. After 17 hr. a t  
69', a gold colored solid, XIII, a%. 0.99 g. (85.0% yield), 
was obtained by evaporation of the reaction medium under 
vacuum. A 0.200-g. sample of XIIT was triturated with 10% 
sodium hydroxide, extracted with chloroforni, dried and 
evaporated. Recrystallization of the residue from henaene 
gave 1G0 mg. of XI11 as yeI1o.v phtas, m.p. 216-219' 
dec.; Xmas 226, 270, 278, 306, 322, 339. 355 mw (e X lo-' 
29.7, 15.0, 15.2, 4.2, 3.7, 4.4, 4.0); infrared bands (saturated 
chloroform solution, 1.0 mm. cell), YC-N 1625/32, YA,C-C 

Anal. Calcd. for Cl6FIIlN0: c, 82.38; H, 4.75; N, 6.01. 
Found: C, 82.36; H, 4.68; N, 6.04. 

Compound XIII  gives a deep blue coloration,8 as a posi- 
tive N-oxide test, upm boiling a sample with diniet(hy1- 
aniline and hydrochloric acid, followed by ethanol addition 
to the cooled solution. 

lG10/29, yx-o 1337/55. 

lO-Chloro-11H-indeno[l ,b-blquinoline (XIV). 1lH-Indeno- 
[ 1,2-b]quinolin l-oxide (XIII) was chlorinated, presumably 
in the para position, via the procedure of Bachman and 
Cooper.'o To 3 ml. of phosphorus oxychloride, chilled in ice, 
was added in portions, 0.5 g. (0.00215 mole) of the N-oxide 
XIII. After the addition was complete, the mixture was 
\?-armed gently under a condenser until refluxing began 
and continued for 45 min., a t  the end of which time solu- 
tion was complete. The dark colored mixture, after cooling, 
11-as patired, with stirring, onto 15 g. of crushed ice. The oil 
which appearrd initially, slowly solidified with stirring and 
scratching. The hydrochloride salt, vias collected and dried. 
Dissolving this product in a minimum amount of methanol 
arid nerrtralizing to pH 8 with dilute ammonium hydroxide 
afforded pale tan colored needlcs of XIY. Recrystallization 
from aq!ieoiis acetone at room temperature gave 0.24 g. 
(-14.5YG yield) of an almost colorless so!id, m.p. 152-153.5'; 
A,,, 215, 265, 314, 321, 329, 336, 344 n3.p ( E  X loda 37.6, 
40.2, 11.5, 10.6, 17.1, 11.5, 23.6). 

Anal. Calcd. for Cl6HloXCl: C, 76.34; H, 4.00; N, 5.57. 
Found: C, 76.07; H, 3.98; N, 5.69. 

d-Ch,loro-ll H-inderto 11 ,%b] quinoline1 O-carboxylic acid. 
(SV) .  The Pfitainger-Bors,che reaction -,?-as employed, wing 
0.66 g. (0.005 mole) of l-iiidaaoile and 1.09 g. (0.006 mole) 
of 7-chloroisatin in a solution of 1.5 g. of sodium hydroxide 
in  20 ml. of n-atcr. il treatnient of the sodiunl salt, with hot 
25% acetic, acid gave 0.85 g. (57.6% yield) of XV, as a tan 
powder; n1.p. 284.-287' dec. (recrystallized from acetone); 
A,,,,, (mcth:tnol 2nd potassium hydroxide) 215, 260 (sho.), 
269, 318 (sho.), 330, 3-15 mp (e X 1 0 - 3  36.4, 34.7, 51.5, 
11.9, 16.5, 18.8); irifrared i?antls (potassium hromide pellet) 

dn(il. !litlcd. for Cl;!l:&O2Cl: C, Cj .O ; 13, 3.11; C1, 
yoiI 3400/59, Y ~ : Q O H  1722i73, +,c-N 1622/67. 

11.99. Found: C, (39.10; H, 3A7; e l ,  12.21. 
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GH-Indeno( 2,1-b)quiiiolin-6-one (11) adds Grignard reagents and is catalytically reduced in a 1,Washion to  produce car- 
binols. 6H-Indeno(2,l-b)quinolinc (I) reacted with N-bronlosuccinirnide to produce the 6.G-dibromo derivative which was 
hydrolyzed to  11. Attempts to  prepare the A'-oxide of 1 also produced 11. The indenoquiiioline I reacta with dimethyl sulfate 
to give a Bmethosulfate derivative which in turn reacts with aqueous b:tse to produce the pseudo-azulenc or n.nhydronium 
base, 5-methyl-5H-indeno( 2,l-b)quinoline. 

As a part of a program to develop the chemistry 
of the iudeiioquinolinesl& in a sfarch for new typcs 
of polycyclic heterocycIic coiupouiids of biological 
interest, e reactions of the little studied 6H-indeno- 
(2,l-b)quinoline analogous to those studied for 
1 lH-iiiden0(1,2-b)quinoline~~ (A) have been iii- 
vestigated. 

(l)(a) For paper I in this series see N. H. Cromwell and 
R. A. Mitsch, J .  Org. Chenz., 26, 3812 (1961). (b) U. S. 
Public Henlth Fellow, 1958-1960, National Institute of 
Allergy and Infectious Diseases. 

GfJ-Iiidmo(2, 1-O)quiiioliiie (I) was oht:iined in 
adequate amounts by the co~~cleiisntion of o- 
aininobeiizaldehyde and 2-indanone folio~ving the 
procedure reported by Clemo and lhlt011.3 Several 

(2) For new derivatives iu the benz(c)acridine series, see 
(a)  V. L. Bell and N. E Cromwell. J .  Org. Chem., 23, 789 
(1958) and (b) N. €I. Cromwell and V. L. Bell, J. Org. Chem., 
24,1077 (1959); for benz(b)acridines, see (e) N. H. Cromwell 
and J. C. David, J. Am. Chem. Soc., 82,1138 (1960) and (d) 
J .  Am. Chenz. Sac., 82, 2046 (1960). 

(3) G. R. Clemo and D. ( 3 .  Felton, J .  C h m .  SOC., 1658 
(1952). 


