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Nethylation of this coumarin yielded the same trimethyl 
ether as above. K p .  and mixed m.p. 178". 

Demethylation of the dimethoxycoumarin (0.5 g.) with 
hydriodic acid (5  ml.; 1.7 d.) by refluxing for 2 hr. in acetic 
anhydride solution (5 ml.) gave 4,7,8-trihydroxycoumarin. 
M.p. and mixed m.p. x i th  the product described above was 
258' (dec.). 

S,S'-Xethylene bis-(.$-hydroxy-7,8-dimethoxycoumarin). 
White needles from cyclohexanone, m.p. 288" (dec.). 

Anal. Calcd. for C23Hzo01a: C, 60.5; EI, 4.4. Found: C, 60.8; 

Elbs persulfate oxidation of 4,7,8-trimethoxycoumarin. 
4,7,8-Trimethoxycoumarin (1 g.) \Tas dissolved in sodium 
hydroxide (lOYc; 20 cnl.) by heating on a steam bath. The 
solution mas then cooied and potassium persulfat,e (1.5 g. 
in 30 ml. water) was added gradually during 3 hr. The solu- 
tion was mechanically stirred and the temperature was not 
alloxed to  rise ahove 10". The reaction mixture was left 
overnight and next d:ay it Yas jnst acidified with hydro- 
chloric acid and est'racted with ether. The ether on evapora- 
tion gave negligible product. To the aqueous layer more 
concentrated hydrochloric acid (30 ml.) was added and the 
solution heated on a steam bath for 4 hr. It was then ex- 
tracted r i t h  benzene in the cold. The product obtained on 
removal of benzene crystallized from wat,er in pale yelloFv 
prisms, m.p. 119'. Mixed meltil?g point with an authentic 
specimen of 2,5-dihydroxy-3,4-diniethoxya~etophenone~~ was 
not depressed. 

Elbs persuuaite oxidation of C,7-dimethoxy coumarin. 4,7- 
marin1 on similar oxidation gave a product 
xed m.p. n-ith an authentic specimen of 2,s- 

dihydro~y-4-methoxyacetophenone~~ was not lowered. 
g-Nydroxy-~-methoxybenzoylacetic acid. 4,7-Dimethoxy- 

coumari!? (0.5 g. )  mas heated xi th  sodium hydroxide solu- 
tion (10%; 20 ml.) on a steam bath for 30 min. The resulting 
solution was then cooled and acidified with dilute ice cold 
hydrochloric acid. The precipitated solid (0.35 g.) melted 
at 126-128" (effervescence). It dissolved in sodium bicarbon- 
ate sohition with effervescence. T t  gave a reddish brown color 
with alcoholic ferric chloride. 

Anal. Cdcd.  for CiuHicOs: C, 57.1; 11, 4.8. Found: C, 57.5; 
H, 4.9. 

(11) Eargellini and Aurrli, AIti. accad. Lincei, 20 (zi), 118 
(1911). 

13, 4.4. 

(a) The above acid (0.3 g.)  was heated for 15 min. on a 
water bath with hydrochloric acid (1 : 1) and the product 
obtained crystallized from dilute alcohol in needles, m.p. 
2SG'. Mixed m.p. with 4-hydroxy-7-methoxycoumarin~ was 
not lowered. (b) The above acid (0.3 g.) was heated with 
n t e r  (20 ml.) on a steam bath for 2 hrs. The reaction mix- 
ture was cooled and extracted with ether (40 ml.). The ethor 
extract was washed with sodium bicarbonate solution (5%; 
20 ml. 1. The sodium bicarbonate solution on acidification 
gave 4-hydroxy-7-methoxycoumarin. The ether on evapora- 
tion gave 2-hydroxy-4-methoxyacetophenone as seen by 
direct comparison. 

~-H~droxy-S,~-dimethoxybenzoylacetic acid. Obtained from 
4,7,8-trimethoxycoumarin by the action of alkali as above, 
m.p. 123". It dissolved in sodiiim bicarbonate solution wit,h 
effervescence. It gave a rcddish broim color with alcoholic 
ferric chloride. 

Anal. Calcd. for CllH12Oe: C, 55.0; H, 5.0. Found: C, 54.9; 

On heating r i t l i  hydrochloric acid (1 : 1) it gave I-hydroxy- 
7,8-dimethoxycoumarin and on heating with water on a 
steam bath for 2 hr. it  gave two products: 4-hydroxy-7,8- 
dimethoxycoumarin and 2-hydroxy-3,4-dimethoxyaceto- 
phenone.'O 

Action of hydrochloric acid on various 4-rnethoxycoumaiin 
derivatiues. (a )  A mixture of 4,7-dimethoxycoumarin (0.3 g.) 
and hydrochloric acid (1:l; 10 ml.) was heated on a steam 
bath for 0.5 hr. The product obtained on cooling crystallized 
from dilute alcohol in needles, m.p. 256'. Mixed m.p. with 
4-hydroxy-7-rnet~hoxycoumarin~ was not depressed. 

(b)  4,7,8-Trimethoxycoumarin (0.3 g.) on similar treat- 
ment with hydrochloric acid (.1: 1; 10 ml.) gave 4-hydroxy- 
7,8-dimethoxycouma~rin as seen by direct comparison with 
the product described above. 

(e )  4,6-Dimethoxycoumarin8 (0.3 g.) on similar treatment 
with hydrochloric acid (1 : 1; 10 ml.) gave 4-hydroxy-G- 
methoxycoumaring as seen by direct comparison. 

11, 4.7. 
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The preparation of the folloi5 ing compounds, together with necessary intermediate?, is described: 3-, 4-, arid 5-f~thyl- 
1,10-phenaiitlirolincs; 3,8-; 4,6-; 4,7-; and 5,G-diethyl-l, 10-phenanthrolines. 

I n  view of the results of recent analytical tests 
on methyl- I ,  I Q-phennrithrolines2 it was considered 
of interest to prepare some of the homologous ethyl 
derivatives. 

The use of l-chloropenta~one--3, ClCHZCHZ- 
COC2H5, in the synthesis of a quinoline was first 

(1) This work was supported by a grant from the Com- 
mittee on Research and Publications of Temple University. 

(1949'1. 

_I__- 

(2) IT. IT-. Br3lltlt at1(l G. I: Smith, A ~ t a l .  Chent., 21, 1313 

reported by Blaise and Maire,3 who prepared 4- 
ethylquinoline from aniline and aniline hydro- 
chloride in ethanol solution using this reagent. 
We have found that i t  may be used satisfactorily 
as component B in a modified Skraup reaction 
(Yale4 method) for the preparation of 4-ethyl- 

(3) E. E. Blaise and K. Maire, Bull. SOC. chim. France, 
[4] 3,662,667 (1908). 

(4) H.  L. Yale and J. Bernstein, J .  Am. Chem. SOC., 70, 
284 (1948). 
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quinolines and 4-ethyl-1,lO-phenanthrolines. 
The synthesis of 3-ethylquinoline by the action 

of a-ethylacrolein on aniline in a Skraup reaction 
has been reported by Uterm~hlen .~  We have found 
that this reagent may be used advantageously 
under the conditions of a modified Skraup reaction 
to prepare certain substituted 3-ethylquinolines 
and phenanthrolines. 

For the synthesis of 5-eth~l-1,lO-phenanthroline 
(V), 4-ethyl-2-nitroacetanilide (11) was treated 
with glycerol in a Skraup reaction, yielding 6- 
ethyl-8-nitroquinoline (111). Reduction to the 
amine, followed by a second Skraup reaction yielded 
(V), Treatment of (11) with 1-chloropentanone-3 
in a modified Skraup reaction yielded 4,6-diethyl-8- 
nitroquinoline (I). Reduction to the amine, fol- 
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( 5 )  W. P. Utermohlen, J .  Org. Chem., 8,544 (1943). 

lowed by the usual type of Skraup reaction yielded, 
4,6-diethyl-l,lO-phenanthroline (IV). 

By the action of o-nitroaniline with l-chloro- 
pentanone-3 in a modified Skraup reaction me ob- 
tained 4-ethyl-8-nitroquinoline (VI). Reduction 
to the amine followed by a Skraup reaction involv- 
ing glycerol yielded 4-ethyl-1,lO-phenanthroline 
(VII). Treatment of the above amine with l-chloro- 
pentanone-3 produced 4,7-diethyl-l,lO-phenanthro- 
line (VIII). 

A modified Skraup reaction involving o-nitro- 
aniline and a-ethylacrolein afforded 3-ethyl-8- 
nitroquinoline (IX), which was reduced to the 
amine. A Skraup reaction using glycerol yielded 
3-ethyl-1,lO-phenanthroline (XI). From a modified 
Skraup reaction with a-ethylacrolein, 3,8-diethyl- 
1,lO-phenanthroline (X) resulted. 

For the preparation of 5,6-diethyl-l,lO-phenan- 
Ihroline, pure o-diethylbenzene was prepared from 
o-bromoethylbenzene and ethyl magnesium bro- 
mide.6 Nitration according to  the method of 
Lambooy' yielded 1,2-diethyl-4-nitrobenzene (XII) 
from which 3,4-diethylacetanilide7 (XIII) was ob- 
tained. Kitration of (XIII) yielded 4,5-diethyl-2- 
nitroacetanilide (XIV). The free amine obtained on 
hydrolysis of XIV was identical with a product of 
proven structure obtained by Lambooy from the 
hydrolysis of the nitration product of 3,4-diethyl- 
carbethoxyanilide. Treatment of (XIV) with glyc- 
erol in a Skraup reaction yielded 5,6-diethyl-8- 
nitroquinoline (XV), which, after reduction to the 
amine, was converted by a second Skraup reaction 
into 5,6-diethyl-l,lO-phenanthroline (XVI) . 

EXPERIMENTAL 

a-Ethylacrolein. This was prepared by the method of 
hfarvel et aZ.* 

I-Chloropentanone-3. The procedure was the same BS that 
of Utermohlen6 except that chloroform was substituted for 
nitrobenzene. 

(6) J. V. Karabinos, K. T. Serijan, and L. C. Gibbons, J .  

(7)  J. P. Lambooy, J .  Am. Chem. Sac., 71, 3756 (1949). 
(8) C. S. Marvel, R. L. Myers, and J. 13. Saunders, J. Am. 

Am. Chem. Soc., 68,2107 (1946). 

Chem. Soe., 70,1694 (1948). 
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TABLE I 
8-NITROQUINOLINES 

____I___-- 

- Analyses, 7, 
I 

- Hydrogen Carbon _____ 1st Component 2nd Com- M.P., Yield, 
Substituent Method -aniline ponent "C. % Calcd. Found Calcd. Found ___ 

3-ethyl' Hap04 2-nitro- EA 89-90 23 65 33 65 61 4 98 4 74 
4-ethylb 2-nitro- C P  96-7 55 65 33 65 45 4 98 4 97 
6-ethylc Has04 4-ethyl-2-nitro- G 82-3 55 d 

4,6-diethylb H3POa 4-eth>~l-~ CP 8 6 5  46 67 81 67 60 6 13 6 19 

5,6-diethyl H&OI 4,5-diethyl-2-nitro- G 95-6 63 67 81 67 72 6 13 6 16 

e Acetyl derivative used. 

2-nitro- I 

Crystallized from a methanol; benzene-petroleum ether; ethanol-water; 

In  Tables I and 11, G = glycerol; EA = a-ethylacrolein; CP = 1-chloropentanone-3. 

Anal. Calcd : I\, 13 85. Found: K, 13.45 
petroleum ether. 

Subst,ituent 

3-ethyl 
4-ethyl 
5-ethyl 
3,8-diethyl 
4,6-diethyl 
4,7-diethyl 
5,6-diethyl 

TABLE I1 
~,~~-PWENANTHROLIR'ES 

1 st Component Analyses, yo 
Hydrogen 

____.____ 
8-Amino- 2nd Coin- M.P., Yield, Carbon 
quinoline ponent O C. % Calcd. Found Calcd. Found 

3-ethyl G 144-5 47 80 74 81 10 5 81 5 81 
4-ethyl G 108-9 18 80 74 80 82 5 81 5 80 

3-ethyl E A 112-13 16 81 32 81 43 6 83 6 80 
4,6-diethyl G 130-1 19 81 32 81 39 6 83 6 73 
4-ethyl CP 116-17 27 81 32 81 22 6 83 6 79 
5,6-diethyl G 161-2 44 81 32 81 27 6 83 6 90 

6-ethyl G 80-1 14 80 74 80 69 5 81 5 99 

TABLE I11 
8 - h I I N O Q U I N O L I N E S  ___-_ 

Analyses, % 
M.P. or B.P., Carbon Hydrogen 

Substituent "C. Calcd. Found Calcd. Found 

3-ethyl b.p. 151-4(2 mm.) 76 71 76.19 7.02 6.74 
4-ethyl m.p. 60-61' 76.71 76.85 7 02 7.08 
&ethyl b.p. 161-2 (6 mm.) b 

' Crystallized from ethanol-water. Anal. Calcd.: N, 16.27. Found: N, 16.69. 

i-ElhyZ-l-nilroacetanilide. The following method mas 
found superior to that recorded in the l i t e r a t ~ r e . ~  p-Ethyl- 
acetanilide (33.7 g. or 0.2 mole) was added, with stirring, 
in I- to  2-g. portions to 122 g. of nitric acid (sp. g. 1.45). 
\17hen the temperature had risen to 40' the material was 
cooled in an ice bath and the rest of the anilide was added at 
such a rate that  the temperature remained a t  35-40'. After 
all the p-ethylacetanilide had been added, the mixture T m s  
allowed to stand for about 15 min. and mas then poured 
upon crushed ice The oily organic layer was dissolved in 
about 100 ml. of benzene and separated from the aqueous 
layer, which \vas then extracted with two 50-ml. portions 
of benzene. The combined extracts were dried over anhy- 
drous sodium sulfate and the benzene was distilled off. 
Crystallization of the crude oil from low-boiling petroleum 
ether gave 32.3 g. (747,) of 4-ethyl-2-nitroacetanilide, 1n.p. 
45-47" (lit., 45-47'9. 

o-Bromoethylbenzene. I n  the absence of suitable directions 
in the literature the following procedure was used. Freshly 
distilled o-ethylaniline (b.p. 82.0°/7 mm.) (153.0 g. or 1.25 
moles) v-as added slowly with stirring to  1215 g. (6.0 moles) 
of 407, hydrobromic acid over a period of 1 hr. a t  20-30". 
The thick slurry TTas cooled to 5' and 121.0 g. (1.7 moles) 

(9) H. Paucltsch, Bel.., 17, 767 (1884). 

of sodium nitrite (977,) added with stirring in 5- to 10-g. 
portions over a period of 1 hr. a t  5-10'. Copper powder (5.0 
g.) was added and the mixture was heated to 30" to start 
the decomposition of the diazonium salt. After decomposi- 
tion started the temperature mas maintained at 15" for 1 hr. 
and then raised to 90-95" for 30 min. After adding 1 1. of 
water the mixture was steam distilled. The distillate Iyas 
made basic xvith 5 to 10 g. of solid sodium hydroxide and 
extracted with 500 ml. of benzene, mashed twice with 500-ml. 
portions of 10 7, sodium hydroxide, thiice with 500-ml. por- 
tions of mater and dried over anhydrous sodium sulfate. 
The benzene was removed by distillation a t  reduced pressure 
yielding 140.0 g. of crude product. Distillation through a 
15-inch packed column gave 111.0 g. of slightly yellow oil 
which boiled at  64" (8.0 mm.); ng 1.5487 (reporteda 1.5492). 
The yield was 48Y0 of theory. 

Anal. Calcd. for C8HoBr: Br, 43.3. Found: Br, 42.6. 
On acidification of the alkaline washings, 20 g. of o-ethyl- 

phenol, b.p. 88-90" (13 mm.) was obtained. 
o-Dzethylbenzene. Since no detailed directions for this 

method could be found in the literature, the folloTTing pro- 
cedure was used. I n  a 1-1. three-neck flask fitted with 
stirrer, thermometer, dropping funnel, and condenser, was 
placed 12.4 g. (0.508 mole) of magnesium. The system was 
then flushed with nitrogen. A solution of 77.8 g. (0.420 mole) 
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of 0-bromoethylbenzene in 200 nil. of dry ether was then 
added slowly. Reaction started a t  once. The temperature 
was moderated by cooling so that a mild reflux was main- 
tained. After the addition was complete (1 hr.) the mixture 
 as refluxed for 2 hr. Freshly distilled diethylsulfate (126 g.,  
or 0.820 mole) in 200 ml. of dry ether was then added with 
cooling a t  such a rate that a mild reflux was maintained. 
.lfter further refluxing for 2 hr. the mixture was poured into 
200 ml. of ice cold 10% sulfuric acid. The ether layer was 
washed with 200 ml. of 10y0 sulfuric acid, five times with 
500-ml. portions of water, and dried over anhydrous so- 
dium sulfate. Removal of ether and fractional distillation 
yielded 32.5 g. (57.87610) of an oil boiling a t  70-73" (IT 
mm.); n g  1.5033 ( l k 6  1.5034). 

General procedure f o r  the synthesis of 8-nitroquinolines and 
1,iO-phenanthrolines. 

A .  Use of sulfuric acid. A stirred mixture of one molar 
proportion of the appropriate aromatic amine, 1 mole of 
arsenic acid hemihydrate, 4 moles of sulfuric acid in 96.8% 
solution (10 moles in the preparation of 3-ethylphenanthro- 
line) and a volume of water equal to one third of the volume 
of sulfuric acid used was heated to  100" and treated with 
3.5 moles of glycerol or 2 moles of 1-chloropentanone-3 a t  
such a rate that the temperature did not exceed 140". Heat- 
ing was continued a t  this temperature for 2 hr. (25 min. in the 
preparation of 5,6-diethylphenanthroline). The mixture was 
then poured into water, made alkaline, and the precipitate 
removed by filtration. Both filtrate and precipitate were ex- 
tracted with hot benzene. After removal of the solvent the 
8-nitroquinolines prepared by this method were crystallized 
from the solvents indicated in Table I. The phenanthrolines 

were all crystallized from benzene-petroleum ether except 
5,6-diethyl-l,lO-phenanthroline for which petroleum ether 
alone was used. 

B. Use of phosphoric acid. A stirred mixture of one molar 
proportion of aromatic amine, 2 moles of arsenic acid hemi- 
hydrate and 85% phosphoric acid (100 ml. per 0.1 mole of 
amine) was heated to 100" and 1-chloropentanone-3 (1.3 
moles) or a-ethylacrolein (2  moles) added dropwise a t  such 
a rate that the temperature did not rxceed 105". This tem- 
perature was maintained for an additional 0.5 hr. The reac- 
tion mixture was then poured on ice and neutralized with 
concentrated ammonium hydroxide. The resulting precipi- 
tate and filtrate were extracted with hot benzene, and the 
combined extracts evaporated to dryness. The 8-nitro- 
quinolines prepared by this method were crystallized from 
the solvents indicated in Table I. 3,8-Diethylphenanthro- 
line was crystallized from benzene-petroleum ether. 

8-Anzinoquinolines. These were all prepared by the cata- 
lytic reduction (Adams' catalyst) of the corresponding 8- 
nitroquinolines except 4,6-diethyl-8-aminoquinoline for 
which stannous chloride in ethanol was used as the reducing 
agent. 4,6-Diethyl- and 5,6-diethyl-8-aminoquinolines were 
oils which were used directly for the preparation of the phe- 
nanthrolines, nithout further purification. 

Acknowledgment. The authors are grateful t o  the 
Monsanto Chemical Co. for a generous gift of o- 
ethylaniline. 
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Khile polyphosphoric acid cyclization followed by dehydrogenation of 7-( 2-naphthy1)butyraldehyde (Ia j yields ex- 
cliisively phenanthrene, the corresponding substituted ketones Ib, IC and Id  lead predominantly to linear cyclization prod- 
ucts of the anthracene series. These results are ascribed to steric interference of the 4 and 5 substituents in the phenanthrene 
series and are not operative in the next lower homolog as demonstrated by the cyclization of 5-(2'-naphthyl)pentan-a-one 
(VIc j t o  1-ethyl-3H-benz [elindene (1711) .  

It has been reported recently2 that the poly- 
phosphoric acid cyclization of 6-(2'-naphthyl)-3- 
hexanone (IC) followed by dehydrogenation yielded 
the linear product 1-ethylanthracene (IIc) rather 
than 4-ethylphenanthrene (IIIc). This unexpected 
result was ascribed t o  the well known steric inter- 
ference between the substituents in the 4 and 5 
positions of the phenanthrene system. In  order 
to confirm this supposition and to eliminate the pos- 
sibility that the cyclization agent played a role, 
it was decided to examine the scope of this steric 
effect by altering the size of the ketonic side chain. 

(1) Monsanto Predoctorate Research Fellow 1954-1956. 
Present address, Norwich Pharmacal Company, Norwich, 
N. Y. 

(2) H. Bendas and C. Djerassi, J. Am. Chem. SOC., 78, 
2474 (1956). 

(3)  Cf. M. S. Newman, J .  Am. Chew. SOC., 62, 2295 
(1940) and later papers. 

Cyclization of 2-P-(2'-naphthyl)-ethylcyclohexa- 
none (Id)4 followed by dehydrogenation furnished 
the linear product, benz[a]anthracene (IV) and no 
benzo[c]phenanthrene (V) could be detected by 
ultraviolet examination of the mother liquors. 
On the other hand, similar treatment of 5-(2-  
naphthyl)pentan-2-one (Ib), prepared from y- 
(2-naphthy1)butyryl chloride and dimethyl cad- 
mium, yielded a mixture of 1-methylanthracene 
(IIb) and 4-methylphenanthrene (IIIb). The 
former could be isolated directly in crystalline form 
while the presence of 4-methylphenanthrene was 
demonstrated by oxidation of the crude reaction 
mixture and isolation of G-methyldiphenic acid. 

(4) This ketone was prepared by the Stork reaction [G. 
Stork, R. Terrell, and J. Szmuszkovicz, J .  Am. Chem. Soc., 
76, 2029 ( 1954)] using cyclohexanone pyrrolidine enamine 
or by alkylation of 2-ethoxycarbonylcyclohexanone. 


