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XWEODUOTIOM

A considerable number of synthetic compounds showing 
antIsmlarial activity contain a substituted amine group at 
the 4-poaltion of 7-ehloroqulnoline• Wiselogle, for

1example, Hats some thirty pages of this type of compound* 
The key intermediate for a great many of these compounds is
4,7-diohloroquinoline (commonly called DCQ), which Is con­
densed with an amine at the 4-position by the splitting out 
of hydrogen chloride* An important case in point Is 
SH 7618, 7-chloro-4-(4-dlethylamino-l-methylbutylaiaino)- 
quinoline*2#® Drake, et al*, give detailed directions for 
this type of synthesis (Scheme A).4

Since 4-hydroxy-7-chloroquinoline Is rather easily 
converted to 4,7-diohloroquinoline, the synthesis of DCQ 
Is very often closely tied to that of the hydroxy compound* 
Invariably, moreover, on© finds the historical basis for 
the preparation of the 4-hydroxy-7-chloro compound lies 
in the preparation of 4-hydroxyquinoline itself* While 
there have been a rather large number of methods offered

%iselogle, "Survey of Antimalarial Drugs 1941-1245,w 
Vol. IX, Ft. 2, J• W * Edwards, Ann Arbor, Mich., 1946, 
pp. 1140-1170.

2Anderssg, Breitner, and Jung, U.S. Patent 2,233,970 
March 4, 1941.

^Surrey and Hammer, J. Am. Chem. Soc., 68. 113 (1946) •
4Drak*, «t al., Ibid., 68, 1214 (1946).
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for the preparation of various 4-hydroxyquinollnesonly 
soma of them are readily applicable to the synthesis of the 
4-hydroxy-7-ehlo?0 derivative. In the resuma/thafc follows, 
an attempt will he made to summarise those methods of 
synthesising 4-hydroxyquinoline which are directly useful 
in the synthesis of the 4-hydroxy-7-chloro compound and to 
show, wherever possible, how these methods were actually 
employed.

Although several investigators have attempted to 
synthesise 0OQ without recourse to the hydroxy compound, 
their experiments did not prove very successful. The work 
Is of historic Interest, however, and la also briefly out­
lined.

%6itsema, Cham. Hev., 43, 43-63 (1948).
6Manake, ibid., 30, 113-144 (1942).
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HISTORICAL

4-Hydroxy- and 4-Hydroxy-7-chloroquinolino by
Methods Obviating a Final Decarboxylation

(a) Methods producing the 4-hydroxy group duringn       tv -       iww.Mir«e<WiJ>iwW"'ii»fri '■Mireŵ afa'ŵ iiii.ii 11 i t w«. « ffwigee

eyclixatlon* The first aeries of syntheses of 4-hydroxy* 
quinolines to be considered here are those that do not 
involve a final decarboxylation# Camps treated o-amino- 
acetophenone with formic acid and cyclised the resulting 
o-formamlnoacetophenone in dilute alkali to obtain
4-hydroxyquinoline (Beheme B, This work was
repeated by Brobranski but he could not obtain as high a 
yield.^ A similar eycliaation using o-formamino-jj-chlor©- 
acetophenone to obtain the 4-hydroxy-7-chloroquinoline Is 
described in the experimental section of this thesis 
(Scheme B, X*C1)•

The method of Conrad and himpach has found very great 
application in the field of quinoline synthesis. In the 
original synthesis, aniline and the /^-ketoester, aeeto- 
acetio ester, were condensed to ethyl^-anillnocrotonate, 
and the condensation product was heated at 250° to produce 
the 2-methyl-4-hydroxyquinoline (Scheme O . ®

7Caapa, Ber., 32, 3288 (1899); Ibid., 34, 2703 (1901); 
Z. Fhyalol. Ch.a., 55, 390 (1900).

^Brobranakl, Ber., 69B, 1113 (1936).
9Conrad and Llmpaeh, ibid., 20, 944 (1887).
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In order to apply this synthesis to 4-hydroxyquinoline * 
it was necessary to oycllse the aniline derivative of 
acrylic ester itself* Von Peehmsn had already condensed 
sodium ethyl formylacetate and aniline to obtain ethyl 
^auiitnoaorylate*^ In a very similar manner, Price, 
Leonard, and Aeltsema condensed aniline with sodium methyl 
formylacetate to obtain methyl^-anillnoacrylate• They 
eye Used the acrylate In Dow therm and secured 4-hydroxy- 
quinoline in 44$ yield (Scheme D, X*H)•^

Applying this method to the synthesis of the desired
4-hydroxy-7-ohloroquinollne, the same authors condensed 
sodium methyl formylacetate with m-chloroaniline and 
cycllzed the resulting methyl^-(m-chloroani lino )acry late 
(Scheme D, X»Cl)• Two Isomers are possible, however, and
they obtained 40$ of the 7-chloro isomer and 10$ of the
5-chloro I a osier*

A somewhat similar line of attach has been reported by 
Clemo and Perkin**2 They cyclised the j£-toluene ulfonyl 
derivative of ethyl anillnoproplonate with phosphorus 
pentoxlde and apparently obtained the 4-hydroxy-1-1osy1- 
1,2-dihydroqulnollne (Scheme &) • This part of the work was

*°Von PtehsfiC, Ber • , 25, 1051 (1692)•
Uprice, Leonard, and Eeltsema, J. Am* Ohem* Boo*, 63, 

1256 (1946).
12Clemo and Perkin. J. Ghem* Soo., 125, 1608 (1924); 

Ibid*, 127, 2297 (1925)*
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confirmed by Backtoerg.*® Elderflaid, however, attempted to 
dehydrogenate the dihydro compound tout a long series of re­
agents proved unfruitful, and he even cast doubt on the. nattre 
of the hydroxy compound.**

(to) Methods producing the 4-hydroxy group toy replace-
■Ai iIiIiUhJ K m iwi i I n' i *ih .i.mlW»  Im liiwPW T^iwwJfa^iiwwwtiillwa^MM i.iiwwaUi^wwwiwwwiwMwiww

ment. Another possible avenue for the synthesis of 4-hydroxy- 
quinolines is through the qulnollne-4-carboxylic acid 
{cinchonic acid). Eenshaw and Friedman*® have given direc­
tions for the conversion of this acid to the 4-aminoqulnoline 
via the amide and the Hoffman rearrangement, while Brydowna*® 
has used the Curt!us reaction to obtain the same compound* 
4-Aminoquinoline has been converted to 4-hydroxyquinoline toy 
Claus and iiowlts who dlasotlsed it In sulfuric acid and 
poured the reaction mixture into water (Scheme P).*7

It is also possible to hydrolyse 4-arylaminoquinolines 
to 4-hydroxyquinolines. Dslewonakl and M o ss e w ha v e 
reported the use of alkali for this purpose, while

*®Backberg, J• Chem. Soc., 1935. 618.
**Elderfield, et «l.f J. Am. Chem. Soc., 68, 1272 (1946).
*®Benshaw and Friedman, Ibid., 61. 3320 (1239).
^Brydowna, Hoosnickl Chem., 12, 89 (1932); Chem. 

Abstracts, 27, 298® (1933).
*7Claus and Howits, «T. Fr. Chem., (2) 50, 232 (1894).
^Dslewonakl and Mossew, Rocsnicki Chem., 13, 530 (1934); 

Chem. Abstracts, 2§, 1897 (1934).
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Von Braun and Heymons reported @ 11% yield of 4-hydroxy- 
quinoline by tha us© of hydrochloric acid at 165°•^

4-Hydroxy- and 4-Hydroxy-7-chloroquino 1 ina by 
Methods necessitating a Final Decarboxylation

(a) Methods involving decarboxylation of the 2-posl- 
tlon* Most of tha Important methods of synthesising
4-hydroxyquinolines involve a decarboxylation of either the
2- or 3-carboxylic acid derivative# Gamps7 reacted amino­
ace tophenone with ethyl oxalate and tha resulting ethoxalyl 
o-amlnoaeetophenon© mas cycllsed with base to give 4-hydroxy- 
qulnoline-2-carboxylie acid* This acid (kynurenlo acid) 
had already been deearboxylated to 4-hydroxyquino1in©
(kynurin) by Schmeidberg and Schultzen (Sohema

It is also possible to effect reduction of a nitre 
group and eyelisatIon almultanaously• lawyer and Drewson 
had prepared o-nitroben*aIpyruvlc acid by condensing o-nitro- 
bensaldehyde with pyruvic acid.^1 Heller reduced the un­
saturated keto acid with ferrous sulfate to obtain 4-hydroxy- 
quinoline-2-oarboxylio acid* Me postulated a hydroxylamine 
as an intermediate (Scheme M)

^Von Braun and Heymons, Ber •, 6SB* 3191 (1930)* 
^Schmeldberg and Schultsen, Ann*, 164* 58 (1872)* 
^^Baeyer and Drewson, Ber., 15* 2862 (1882). 
^Heller, Ibid., 43, 1923 (1910).
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Perkin and Robinson also employed ethyl oxalate by 
condensing it with ©-nltroseetoveratrone to give 6-nitro- 
veratroylpyruvl© aold*^3 *he acid was simultaneously 
reduced and cyelized to 4-hydroxy-©,7-dim©thoxyqulnolin©-2- 
carboxylic acid. On heating the quinolinic acid in glycerol 
they obtained 6,7-dImethoxy~4~hydroxyquinollne (Scheme 1).

An important variation of the Conrad-Limpsch method 
cited previously is the treatment of an amine with an 
oxalacetlo ester to obtain a /3-©srb©thoxy-^3-snllln©scrylate* 
the acrylate is heated to about 850° in an inert solvent 
to give the 2~carbethoxy-4-hydroxyquinoline. After the 
ester Is hydrolyxed, a decarboxylation affords the 4-hydroxy- 
quinolln© (Scheme J, X*ii) ,^*^^,26 pa^enta developed by 
Andersag, Breitner, and Jung indicate application of this 
method to the chloro-hydroxyqulnolin©.^ Surrey and Hammer, 
however, have given a much more detailed description.3 They 
condensed m-ohloroanllin© and oxalacetic ester In glacial 
acetic acid and heated the resulting ̂ -carbethoxy-(m-chloro- 
anilino)acrylate in mineral oil to give a mixture of equal

23P©rkln and Robinson, J. Chem. Soc., 125, 626 (1924).
^Hoffman La Roche, Inc., Oerm. Pat. ©76,534, April 28,

1933.
g®aavalllto and haskail, J, Am. Chem. Soc., ©6, 1166 

(1945).
2®Baker and Dodson, Ibid., 68, 1283 (1846).
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©mounts of 5-chloro and 7-chloro-4-hydroxy-2-carbethoxy- 
quinoline (Scheme J, X*Cl). These esters were separated
by fractional crystallisation from glacial acetic acid, 
the higher melting 7-ehloro compound being less soluble.
Bisk and Stacy made detailed studies of the reaction condi­
tions in order to increase the percentage of on® of the 
isomers over the other, but they were not particularly 
successful*^

(b) Methods Involving decarboxylation at the 3-posl- 
fclon* It is similarly possible to close the heterocyclic 
ring In such « way as to leave an ester group at the
3-posltion for subsequent hydrolysis and decarboxylation.
By treating ethyl o-amlnophenylpropl©late with formic 
acid, Camps prepared ethyl formyl-o-amlnopropiolate which 
he eyeUsed to 4-hydroxyquinoline-3-oarboxylie acid* The

nacid was then decarboxylated to 4-hydroxyqulnoline (Scheme K )*
4 very substantial improvement with respect to freedom 

from isomers in the Conrad-Limpach type of cyclisation was 
due to the work of Price and Roberts • The basic starting 
compound was described by Clalsen who had treated aniline 
with ethoxymethylenemaIonic ester (EMMS) and obtained

^Llsk and Stacy, J* Am* Chem. Soc., 68, 2886 (1946).
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ethyl ̂ (-oarbethQxy-y^-anlllnoacrylafce*28 The eyelisatlon 
had been accomplished by Uould and Jacobs who had heated 
the aerylate In mineral oil to secure 4-hydroxyquinollne-
3-oarb oxethyla te • They easily hydrolysed this ester to
4-hydroxyqulnoline-3-carboxyilc acid which, as shown above, 
had already been deoarboxlated to 4-hydroxyqulnoline• The 
sequence is shown In Scheme L (XWH)*

Trice and Roberta^® now applied this method to 
m-chloroantllne to obtain ethylo(-carbethoxy-/3-(®-ehloro- 
anllino)acrylate* The acrylate was cycllzed in Bowtherm 
to 3~oftrb#thoxy~4*hydroxy-7-*chloroqulnolln* which was 
easily hydrolysed and decarboxylsted to 4-hydroxy-7-chloro­
quino line (Scheme L, X»C1)* Unlike the cycllsation of the 
/^-carbethoxy-y^-tm-chloroanilinoJacrylate (Scheme J,
X*C1), however, the ring closure in the case of the 
of-oarbethoxy compound produced very little, if any, of the
5-carbethoxy-4 «* hydroxy-0-chloroquinoline *

One important drawback to Scheme l*9 on the other hand, 
was the fact that the ethoxym*thylememaIonic eater was 
rather expensive* Consequently, the next attempt* were 
centered around syntheses which would eliminate the use of 
the me Ionic ester but which would retain the favorable

20Claia*n, Her., 36, 2728 (1903); Olalsen and Haas,Ann., 297, 75 (1897).
2®Uould and Jacobs, J. An. Chan. Soc., 61. 2890 (1939).
30jPrlo# and Roberta, Ibid., 68, 1204 (1946).
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cycllsation of the ©thy1 of-carbe thoxyani linoacryla t© • Be Ins
had reported that pfaenyIf ormaraldlne {from heating aniline 
and formanllid or aniline and ethyl ortho-formate) condensed 
with active methylene compounds.^** With cyanoacetlc ester 
he obtained ethyl°<-*cyano-^-anlllnoaorylate (Scheme M,
X*H)• Price, Leonard, and Herbrandson^S, and Synder and 
Jones’5̂  Investigated variations In making this compound.
For Instance, they condensed the ethyl ortho-formate with 
cyanoacetlc ester and then condensed the resulting ethoxy- 
methylenecyanoacetic ester with aniline or a substituted 
aniline to obtain the deaired of-cyano compound. In this way, 
ethyl cf-cyano-^-{m-chloroanlllno)acrylat© was prepared and 
eyeUsed to 3-cysna-4-hydroxy~7-ohloroquinollne. The 
oyanoquinoline was hydrolysed and decarboxylated to 4-hydroxy- 
7-chloroquinoline (Scheme M, XrCl)• The difficulty with 
this cyclisatlon, however, was the high dilution necessary 
to avoid side reactions.

Bains had also reported that phenylformamldin© reacted 
with maIonic ©ater,s* but at the temperature used In his 
experiment, the aniline (formed as a by-product) amlnolysed 
an ester group and consequently the compound obtained was 
ethyl o^-carbanilldo-y^-anillnoacrylate• Price, Leonard,

31Dnlns, Bor., Sfi, 2496 (1902)j Univ. of Kansas Sol.
Bull., 19, 216 (1935).

3^Prlo., Loonsrd, and ii.rbrand.on, J. An. Chen. Boo.,68, 1251 (1948).
®®Snyd.r and Jones, Ibid., 68. 1263 (1946).
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and Herbrandson repeated this work using m-ehloroanilin© as 
the starting material to secure their b is {m-ohloropheny1) 
f o r m a m i d l n © T h e  formamidln© was treated with maIonic 
ester to give ethyl oo-(m~chlQroc©rbanllido)-^~(ia~©hlor0- 
anillno)acrylate. The acrylate was cyoliaed to 5-(m-chloro- 
carbanllido)-4-hydroxy-7~ehloroquinoline, which upon 
hydrolysis and decarboxylation gave the desired 4-hydroxy- 
7-chloroqulnoline (Scheme K).

Price and Roberts discovered, on the other hand, that 
by operating at a lower temperature, the condensation between 
ethyl me Iona te and bis(je-chlorophenyl) formamidine could be 
controlled to yield ethyl of-oarbethoxy-y^-lm-chloroanllino) 
acrylate and m-ohloroaniline (Scheme 0 ) Roberts has 
reviewed the mechanism and favorable operating condition® 
for this type of reaction.^4

4-ChloroquinolInea Without Prior Introduction of
A 4-Kydroxy Group

The major method of synthesising 4-chloroquinolinea 
without prior introduction of the 4-hydroxy group was dis­
covered by M e i a e n h © l m e r H e  oxidised quinoline to 
R-quinoline oxide with perbenaolc acid. When the oxide was 
treated with either phosphorous oxychloride or sulfuryl

54Rob.rt., J. Org. Ch.au, 14, 277 (1249).
3BMelsonholm.r, B«r., 698, 1848 (1923).
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chloride, son© 4~chloroquinolln© was obtained. Brobranskl 
showed that the reaction products actually consisted of 
62$ of the 4-chlor© compound and 38$ of the 2-chloro compound 
(Scheme P)

Although no details are given, the Meisenhelmer re­
action is reported as unsatisfactory for the production of 
DCQ from 7-chloroquinolln©

Although the dlasotization of 4-smlnoquIncline can be 
used to prepare 4-hydroxyquInoline as was shown earlier, It 
can also be used to prepare 4-chloroqulnollne directly.
Wenzel diazotlzed 4-eminoqulnolln© with potassium nitrite 
In hydrochloric acid and obtained the 4-chloro compound 
(Schama F).3S

The last type of reaction In this category was the 
cyollzatlon of K-tosyl-^-anilinoproplonate with phosphorous 
pent©chloride by Glemo and Perkin. Although they believed 
that they had obtained H-tosyl-3-ehlorodihydr©quinoline, 
Baokberg^® showed that they really .had obtained the 1-tosyl- 
4-chlorodihydroqulnoline. Elderfleld and coworkers attempted 
to dehydrogenate this compound but they were not successful 
and decided further Investigation was needed. The reactions 
are analogous to Scheme E •

56Brobranski, B.r., 73., 578 (1938).
37Kleg«l, Aiblaattl, «t al., J. Am. Cham. Soc., 68,

2688 {1946).
3%.n*al, Monatah., 15, 459 (1872).
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Summary

Tables I and XI summarise ten methods that are applicable 
to the syntheala of 4,7-dichloroquinollne by way of a 4-hydroxy- 
7-ehlor©quIn©llne intermediate* In addition, the historical 
section outlines several other methods which have been tried 
but which were wholly unsuccessful, fable I Itself Is com­
posed of those methods of synthesising 4-hydroxyquinollne 
which have actually been extended to the synthesis of 
4-hydroxy-7-ahloroquln©line* Although the synthesis 
accomplished In the present work provides a sixth member for 
fable I, the cycllzafelon step did not occur in high enough 
yield to offer any serious competition to the beat of the 
other methods (Schemes h or 0)* The cycllxatlon of 
2-fonaaminQ-4-chloroquInolIne, however, la the only one of 
the successful syntheses which theoretically precludes the 
possibility of any contamination with the 5-ohloro isomer*
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CYCLIZATIdNS TO 4-HYDROXY-7-CIiLjR0QUINGLII'.L

Compound Cyelized Scheme

B
(XzCl)

Yielda 

19.2%

I s ome Dil.c Ref.

Cl-

0

.J-Hh-CKzO
None
Poss­
ible

67 This
Work

Cl-0
0

CH-C-OCB'xM °
-NH-CH

D
(XrCl)

4 U% 4/1 25 11

Cl-

Cl-

0 ] HC-COOCgBg 
i-Kn-C-C00C2H5

J
(XzC 1)

34% 1/1 6.7 5, 27

cooc2b5
-NH-CHzC-COOCgHg

L or 0 QO% None
Isol­
ated

5.1 30

CI- 0
COOC2H5
C-CN

-NH-CH
M 4U% None 

Iso 1- 
a ted

27 32,33

rr^j, cooc2H5 r^>j 
C1-In J-Nn-CHzC-C-NH- ̂ J - C lM

0

N 58% Rone 
Is 01- 
ated

28 32

a Yield of direct product of cyclization.
Ratio of 4-hydroxy-7-chloro to 4-hydroxy-5-chloro derivative.

Q
Milliliters of solvent per gram of compound cyelized.
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TABI£ II

CYCLIZAl'IOHS HOT TRIED FOR 4-hYDR0XY-7-CHL0R0QUIH0LINE

Compound Cyclized Scheme Yield® Isomer Dll.c Ref.

0

041-c-ch3
-nh-c-cooc2h5

G Not
Given

None
Poss­
ible

27 7

Q
 

---
1

0it-CHzCH-C-COOH
-no2

H Not
Given

None
Poss­
ible

55 22

0 0 
CH30- i^^|-C-CH2-C-C00H
CHgO-

I 46$ None
Poss­
ible

21 23

-C£C-C00C2H5
-NH-CHzO

£ 90$ None
Poss­
ible

120 7

a Yield of direct product of cyclization.
Id Position isomers if benzene ring were further substituted.
c __Milliliters of solvent per gram of compound cyclized.
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The object of the experimental part of this work was 
the continuation of the transfer of the methods of 
synthesising 4-ehloroqulnollne to the synthesis of
4,7-dlchloroqulnoline• Although the logical Intermediate, 
4-hydroxy-7-chloroqulnolin©, has been synthesised by 
cyclisatlon which Involved a condensation at one of the 
carbon atoms of a benzene ring, no synthesis has previously 
been accomplished which involved only substituents attached 
to the ring* While this type of ring closure would In­
volve a benzene derivative containing three substituents 
instead of two, it would remove the possibility of the 
formation of a position Isomer. The method of Gamps 
(Scheme B, where X would be 01) was chosen for Investiga­
tion* Sine© the key intermediate for this method la 
2-8ffllno-4-chloroacetophenon© a study of the synthesis of 
this ketone was also undertaken*

Synthesis of 2-Amino-4-ehloroacetophenone

The first reported attempt to prepare 2-a mi no-4-c hlor o- 
acetophenone involved a Friedel-Crafts type of synthesis. 
Roberts and Turner treated j>-chloroanillne with acetic 
anhydride in the presence of zinc chloride but was not able 
to isolate any of the desired product.®® The recent search

®®Hoberts end Turner, J. Cham* Soc•, 1927, 1834*
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for new antimalarials created interest in 4-hydroxy-7-ehloro- 
cinnolines and these could be conveniently prepared by the 
dlazotiza tion of the appropriate 2-amino-4-ehloro8cetophenone 
derivative# Leonard and Boyd described several methods for 
the synthesis of the parent compound.*^ In the first method, 
m-dlchlorobenzene was acylated under Frieda1-Craft conditions 
to give a 62$ yield of 2,4-dlchloroacetophenone and the 
dichloro compound was ammonolyzed under pressure to give 
an 11$ yield of 2-amino-4-chloroacetophenone along with a 
good deal of the dlamlno compound (Scheme Q).

Several more important methods have been proposed for 
the synthesis of 2-amino-4-chloroacetophenone and all of 
these involve the preparation and reduction of 2-nltro- 
4-chloroacetophenone * Leonard and Boyd proposed a method 
starting with 2-nitro-4-ehlorotoluene #*° This compound was 
oxidized with potassium permanganate to 2-nitro-4-chloro- 
benzolc acid in 62$ yield. The acid was converted into 
the acid chloride, which in turn was treated with a sodium 
ethyl acetoaeetate solution to give the g-nltro-4-chloro- 
benzoyl derivative of acetoacetlc ester. The benzoyl 
compound was cleaved with sulfuric acid and alcohol to 
2-nitro-4-ehlorobenzoylacetic ester. Upon treatment with 
acueous acid, 2-nltro-4-chloroacetophenone was obtained in 
61$ yield from the benzoic acid and 38$ over-all yield from

40Leonard and Boyd, J. Org. Chem., 11, 405 (1946)•
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the toluene derivative. (The amount of pure ketone, however, 
wee probably much less as the melting point was quite low.)
The nitro compound was reduced to 2-aaalno-4-chloroacetophenon© 
in 64.2^ yield with platinum oxide in ethanol (Scheme H).

A very similar process was reported by the English 
workers, Atkinson end Simpson, who obtained a 20*&% yield 
of 2-nitro-4-chloroaoefcophenone from 2-nitro-4-chlorotolu©ne.4  ̂
A variation in producing 2-nitro-4-chlorobensc>Ie acid was 
also tried. Diazotization of 2~nltr©-4-chloroanllin© and 
treatment with alkali cyanide and copper sulfate gave 
2-nitro-4-chlorobwnsonitril©• Hydrolysis of the nifcrils 
gave the benzoic acid in about 4 0$ over-all yield. Those 
authors also described the us© of iron powder and acetic acid 
for the reduction of the nitro compound to 4-chloro-2-aminu­
ses tophe none In 84/1 yield.

Another synthesis of the ketone fsi accomplished by 
Xenneford and 5impson who employed ehlorobensene as the 
starting material.42 A Friedo1-Grafts reaction gave 
£-chloroacetophenone which was nitrated to 3-nltro-4-chloro­
acetophe none • The nitro compound was reduced, acetyls ted, 
and nitrated to give a mixture of 2-nltro-4-chloro-5-acetamlno- 
acetophenon© and the 3-nitro-4-chloro-5-acetamino isomer.
After separation, the removal of the acetyl group, the

4*Atkinson and Simpson, J. Ghem. Soc., 1947, 232 
48Xenneford and Simpson,lbid., 1947. 227.



0 COOCgHg
>c-ch-coch3
-so,

<e

COOCgHg
CH-COCH3

V

Cl-
COC1

/<i-.CH2-C00C2H5
-HOo

0

Cl
-c-ch3

-CH*!
-NO,

Scheme R



33

2-nitro derivative was deaminated by treatment with amyl 
nitrite and sulfuric acid to give 2-nttro-4~chloroacetophenone 
In undisclosed over-all yield (Scheme S).

Still another scheme advanced by Atkinson and Simpson 
made use of j>-chioroanthranllic acid as the starting material.^** 
The acid was treated with phthallc anhydride to give 
2-phth©lIffiido-4-chlorobenzoic acid, which in turn was treated 
with sodium maIona to to give 2-phthallmldo-4-ehlorobensoyl 
maIonic ester. Treatment with hydriodic acid produced 
2-amlno-4-chloroacetophenone in 45*8$ yield from the 
phthalimldo acid. This represented about a 32$ over-all 
yield (Scheme T).

The best methods of Leonard and Boyd and Atkinson and 
Simpson produced yields of 38$ (with rather low melting 
point) and 29.6$ of 2-nitro-4-chloroacetophenone respectively 
and their starting material was the nitro-chlorotoluene•
These methods involved oxidation to the acid*® and then a 
several step method of essentially replacing the hydroxy 
group of the sold with a methyl group. It seemed desirable 
to evolve a method whereby a compound very similar to the 
toluene derivative could be directly converted to the ketone. 
Lines ethylbensene is a readily available starting material, 
and since the synthesis of 2-nitro-4-chloroefehylbenaene

*3&tklnson and Simpson describe the oxidation of 10 g*
of material and state, *This result could not be reproduced 
on a larger scale.**
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Involves essentially the same steps as the synthesis of the 
toluene analogue, an Investigation Into the synthesis of 
2-nltro-4-ehloroethylhensene and Its convers ion Into the 
ketone was undertaken by us* The essential steps were 
dinitratlon of the ethylbensene, selective reduction of the 
jg-nitro group, replacement of the jj-smlno group with chloride, 
and lastly conversion of the ethyl group to the ketone* The 
sequence is shown in Scheme 17.

Since €>-nitro~j>~dlchlorob©n»ena Is also a relatively 
Inexpensive starting material, we attempted to use It In 
the synthesis of 2~nitro-4-chloroacetophen0ne. Although 
the reaction of sodium acetyllde with alkyl halides has been 
well established by a large number of examples, no reaction 
was ever successful with aromatically bound halogon* It was 
felt, however, that perhaps an activated halogen such as in 
jo-nltro-jg-dlehlorobensen© would produce the desired phenyl- 
acetylene* The acetylene, of course, could easily be hydrated 
to the ketone* The reaction was first tried with butyl 
bromide as the condensation was reported to give hexyne-1 
In good yields.** A procedure which afforded hexyne-1 In 
51*5$ yield Is described In the experimental section.

The reaction with sodium acetyllde was repeated with 
jg-nitrobromobensen© and with oi-nitro-jp-dlchlorabenxene,

**Vaughn, Vogt, Hennion, and Kieuwland, J. Org* Chem*, 
2, I (1937).
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the only change being the evaporation of the ether extract* 
and reorysta luxation of the solids fro® a 20% benaene In 
petroleum ether solvent* In both cases the starting materials 
were essentially quantitatively recovered. The temperature 
at which the reaction was conducted was Increased by sub­
stituting dloxane as the solvent, but again only the starting 
material was recovered*

Dlnitration of Ethylbenaene

The dlnitration of ethylbenzene was first accomplished 
by WelaeweHer45 but Borsche was unable to repeat his work*46 
2,4-DinltroethyIbenaexi* was also obtained as a by-product of 
the mononitration of ethylbenzene by Cline and Reid*4^
Ipatieff and Schmerling also mention the product4® but none 
of these workers gives much detail for the reaction and none 
mentions his yield. From the facts available and from some 
preliminary experiments it became obvious that three factors 
are Involved. First, a high temperature is required for the 
dlnitration. Second, adding the reactants In the cold and 
then heating up the mixture results In a great deal of oxida­
tion and the reaction tends to become quite violent. Third,
If the ethylbenzene Is dinitrated rapidly at elevated tempera-

4%eisaweller# Monatsh., 21, 40 (1900).
46Borsche, Ann., 386, 365 (1912).
47Clln. and H.ld, J. Am. Ch.m. Boo., 49, 3150 (1927).
48Ipatieff and Schmerling, Ibid., 59, 1056 (1937).
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ture, the stability of the dinltro product prevents the 
formation of significant quantities of oxidation product.
& convenient method for the production of 2,4-riinltroethyl- 
bensens on a rather large scale was evolved. The method 
affords yields of either 73$ or 91$ depending on the mode of 
isolation of the final product.

Selective Reduction of 2,4-4}laitF0ethyXbensene

The selective reduction of one nitro group of dlnitro- 
bensene homologuea has classically been carried out with 
hydrogen sulfide and ammonia. Schulte**® and Gllne and 
Beld**^ have used this method on 2,4-dlnitroethylbensene•
The latter have shown that only a very small amount of the 
2-amlno compound is formed from either 2,4-dinifcrotoulene 
or 2,4-dlnltroethylbensene and that the amount of 2-amino 
compound formed in the case of the ethylbenaen© derivative 
la so small it could not be directly isolated. Gllne and 
held have also pointed out that the isomer free 2-nitro- 
4-amlnocthylbensene melts at 43° and Its acetyl derivative 
melts at 110°* Since they did not give their yields, how­
ever, their experiment was repeated. The amount of 2-nitro- 
4-aminoethylbenxene hydrochloride Isolated corresponded to 
32.7$ of the calculated quantity.

B— tmmammmmm ...... ....

49Schult*, Ber., 42, 2634 (1909).
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Hodgson end Birtwell reported some experiments In the 
selective reduction of various dlnitro compounds and came 
to the conclusion that methanol was © superior solvent to 
ethanol and that sodium sulfide buffered with sodium bi­
carbonate waa superior to ammonia and hydrogen sulfide.®® 
The application of these ideas to our work on the mono- 
reduction of dlnitroethylbenaene produced a method pro­
viding an increased yield of substenttally pur® product.
Thus 2-nitro-4-amlno©thyIbensene hydrochloride was produced 
in 7&|£ yields the free base melted sharply at 45° and the 
acetyl derivative melted at 110.5-111© In good agreement 
with the constants reported by Clin© and Held for the Isomer 
free compound•

Synthesis of 2-Hltro-4-chloroethylbensene

Replacement of the amino group In 2-nltro-4-amlno- 
ethylbensen© by a chloro group was accomplished by us In 
46% yield by the standard Ssndmeyer conditions* The re­
action was very difficult to handle, however, due to an 
excessive ©mount of foaming during the diasotlsation. Jk 
much smoother reaction and also a higher yield was obtained 
by us® of a procedure adapted from Hodgson and Welker

®®Hodgson end Birtwell, J. Ohem. Hoc.. 1944. 75s 1945. 
665.

51Hodg8on and Walker, Ibid., 1938. 1680.
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The procedure Involved the us© of m glacial acetic acid 
solvent and afforded m diazotlsstIon that could he conducted 
at slightly below 15° with no foaming* The use of this 
method of diesotiaation increased the yield of 2-nltro-4- 
chloroethylbensen© to 63$. The compound Is a pale yellow 
liquid which dl«tilled at lSa-1350/20 aw. Both method. of 
dlaaotiaation are described In the experimental section*

Ketonlsatlon of 2-Hltro-4-chloroethylb©nsene

Two general methods for the conversion of 2-nitra-4- 
ehloroethylbensen© to 2~nltro-4-chloro&c®toph©none were 
investigated* The first method Involved an oxlmation at 
the o('-carbon followed by hydrolysis of the ox line to the 
ketone* The second method Involved the possibility of a 
direct oxidation at the o(-carbon to produce the ketone in 
one step*

Ford-Moore and Rydon have lnvestigsted the oxlmation 
of o- nitroethyIbenxen© and their highest yield of the 
oxlme (48$) was obtained by the use of tertiary butyl 
nitrite as the oxlisiatlng agent*S2 By applying this method 
to 2~nltro-4-chloroethylb©nssen© s yield of 32*4$ of 2-nitro- 
4-chloroacetophenone oxim© was obtained* hydrolysis of 
the oxiiaa, however, afforded the ketone In only 68.8$ 
yield; the over-all yield of ketone was thus about 28$*

upFord-Moor© and Rydon, J* Chess. Soc *, 1948 * 679.
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The oxidation of compounds such as o-nifcrotoluene to 
£-nifcrobenaaIdehy&e by chromium trioxlde In fche presence of 
acetic anhydride and acetic sold®3**®* suggested the second 
avenue of approach* Application of this method to 2-nltro- 
4-chloroethyIbe nsene afforded a 56$ yield of the ketone in 
one step. The ketone and fche oxlme prepared from It did 
not depress the melting points of fche corresponding compounds 
produced via the oxlmatlon reaction.

Reduction of 2-iiltro-4-chloroacetophe none

Catalytic reduction of 2-nltro-4^chloroacefcophenone 
by hydrogen has not produced as high yields of 2-amino-4- 
chloroacetophenone es has the use of metallic reductanta. 
Leonard and Boyd secured the amine In 64.2$ yield by the 
use of hydrogen and a platinum oxide catalyst. In our work, 
the use of an alcoholic solution of stannous chloride 
afforded the amine In 79.6$ yield, k similar high yield of 
amine has also been accomplished by the use of Iron powder 
and acetic aeid.^*

The formylation of 2-amlno-4^chloroaoetophenone was 
easily accomplished by a simple reflux procedure with 90$ 
formic acid.

S&fhlele and Winter, Ann., 311, 353 (1900).
®%latt, "Organic Synthesis," Vol. IX, John Wiley and 

Sons, Mew York City, 1943, p. 441.
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Cycllzation of 2~ForiaaisiIda-4-chloroa ce tophenone

Cycllxation of o-form&mldoa ce tophenon© to 4-hydroxy- 
quinoline in the presence of dilute alkali and a trace of 
alcohol was first accomplished by Camps who obtained 8*5 g. 
(63*5$) of the quinoline from 14 g. of starting material#’7 
Brobranskl repeated the experiment (ostensibly under the 
same conditions) but was only able to secure an amount of 
hydroxyqulnoline corresponding to a yield of as.a*.
Cycllsation of 2-formamido-4-chloroa oetophenone has now also 
been accomplished and the procedure is described In the 
experimental section* Although the quantity of 4-hydroxy- 
7-chloroqulnollne that was Isolated corresponded to a yield 
of 10*2$ of the calculated quantity, a considerable amount of 
2-amino-4-chloroqui»oline was recovered during the steam 
distillation# The yield of 4-hydroxy-7-chloroqulnoline 
based on recovered material was 89#2$. It Is possible that 
the 8#5 g* of 4-hydroxyqulnoline found in the article by 
Camps was a misprint, as 3.8 g* would represent a yield of 
28$ In reasonable agreement with Brobranskl and ourselves*

That the alkali soluble compound formed in the eycliac­
tion of 2-formamldo-4-chloroacetophenone was actually 
4-hydroxy-7-chloroquinoline was shown by the fact that it 
did not depress the melting point of a sample prepared by 
the hydrolysis of an authentic sample of 4,7-dichloroqulnoline• 
The hydrolysis was conducted according to the directions of
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Brobranskl for the hydrolysis of 4-chloroquinoline*® A 
sample of 4,7-dlchloroquinollne prepared from the alkali 
soluble compound by treatment with phosphorous oxyohlorlde 
according to the directions of Surrey and Hammer3 also failed 
to depress the melting point of the authentic sample*

The presence of a small ©mount of alcohol In fche cyolisa- 
fclon of fche 2-forma®!do-4-ohloroaoetophenone seems to be 
necessary for the reaction as fche reaction conducted without 
it (and with or without the presence of enough dloxane to 
solubilise the starting material) failed to produce the 
hydroxyqulnoline *

Camps also Isolated a by-product in his oyellsatlon of 
o-formamldoaeetophenone• The compound, a yellow amine, was 
easily separated from 4 - hydros: yqu I no line because It was In­
soluble In alkali* Me demonstrated that the compound was 
Isoflavsnlline, 2-(2-aainophenyl)-4-mefchylquinollne• It was 
not surprising, therefore, that fche eye1ismtion of 2-form- 
amido-4-ehloroaeetophenone produced a small amount of a 
yellow compound which was insoluble In alkali and not 
volatile with steam* The compound melted at 170-171° and 
contained nitrogen and chlorine. The results of an elementary 
analysis were consistent with a formula of C^H^gClg^g*
By analogy with the compound obtained by Camps, the compound 
Is believed to be 2-(2-amlno-4-chloropbenyl)-4-mefchyl-7-ehloro- 
qulnoline• The formyl and acetyl derivatives of this compound 
were also prepared*



Other alkalne condensing agents were tried In the attempt 
to improve the cyclization of 2-forma0il&o-4-chloroacetophenone 
to 4-hydroxy-7-ohloroquinoline» Sodium hydride suspended In 
benzene was apparently unreactive as a subsequent steam 
distillation afforded only the hydrolysle product* Sodium 
hydride in boiling dioxane or sodium tertiary butoxide in 
boiling tertiary butyl alcohol, however, both produced the 
dichloro-laoflavanillne in yields of 58* 5% and 86.8*. 
respectively* Hone of these reagents gave the desired alkali* 
soluble hydroxyquincline•

In addition to the alkaline condensing agents, various 
acidic reagents were also tried in attempted cyclizatlon*
With refluxlng benzene as the solvent, phosphorous pentoxlde, 
dry hydrogen chloride, and boron trlfluoride failed to 
produce any of the hydroxyqulnollne• Simple fusion or heating 
to 200° in an inert medium also failed to provide the hydroxy 
compound*

The 4-hydroxy-7*chloroquInollne prepared by the eyeliza- 
tlon in dilute sodium hydroxide was easily converted to

4,7-dlchloroquinoline by the use of phosphorous oxychloride.
The conversion was accomplished in 82$ yield. The 4,7-dIehloro- 
quinollne prepared in this manner did not depress the melting 
point of an authentic sample •
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EXFEHIMfcfffAL

Trial preparation of hexyne-I*
A 850 ml* portion of liquid ammonia from a commercial 

cylinder was placed In a dropping funnel which was surrounded 
by a cooling Jacket containing dry la© and collosolve. A 
total of 22*5 g* (0*98 mole) of sodium was added to the 
liquid ammonia in small pieces* A second 250-ml• portion 
of liquid ammonia was placed In a 1-1* three-necked flask 
equipped with a gas Inlet tube and e mechanical stirrer* 
Commercial acetylene was led through water and sulfuric 
acid scrubbers and finally Into the f lask* The solution of 
sodium in liquid ammonia was slowly added to the flask 
during the passage of the acetylene* The addition of the 
©odium solution was completed in an hour but the passage of 
the acetylene was continued a few minutes longer* From 
another dropping funnel, 104 g* (0.70 mole) of redistilled 
butyl bromide was slowly to the flask* A condenser filled 
with dry Ice and cellosolv© was fitted on the flask and 
the cooling bath was remowed from around the flask* The 
liquid ammonia began to boil and the boiling and refluxing 
was allowed to continue for two hours* A condenser contain­
ing liquid ammonia was placed atop the first condenser and 
158 ml* of water was slowly added to the flask* The whole 
reaction mixture was siphoned Into a 2-1* separatory funnel 
and the organic layer was taken up with ether. The ether
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solution was washed several times with water and dried over 
calcium chloride. After the ether was carefully distilled 
off, a 32 g* {51 * ) fraction of hexyn©-l distilling at
70-72° was obtained, the alkyne gave a white mercury 
derivative melting at 96.6° {Vaughn, et al.,44 96.2-96.5°). 
Another portion of the alkyne was converted to methyl butyl 
ketone which was identified through it® 2,4-dlnltrophenyl- 
hydraxone•
Attempted preparation of phenylaeetjlenea In liquid ammonia.

jg-NItrobromobenzen© and o-nitro-j>~d Ichlorobenxene were 
substituted for the butyl bromide In the experiment described 
above, the ether extraction was eliminated, however, and the 
solid products were recrystallized from a benzene-petroleum 
ether solvent. In both cases the starting material was 
essentially quantitatively recovered.

A 123-atl. portion of liquid ammonia was placed in a 
dropping funnel which was surrounded by a cooling jacket 
containing dry ice and cellosolv©• A total of 11.3 g.
(0.49 mole) of sodium metal was added to the ammonia in 
small pieces. A second portion of 12§ ml. of liquid ammonia 
was placed in a 1-1. three-necked flask equipped as in the 
previous experiment. The passage of the acetylene was 
begun and the sodium in ammonia solution was & lowly added to 
the flask. After the passage of the acetylene was completed, 
a dry lce-cellosolve condenser was fixed on the flask and

preparation of pfaanylaeetfflanes In dloxane.
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260 ml. of purified dloxane was slowly added. A heating 
scantle was substituted for the cooling bath and the 
condenser was removed. With the gentle application of heat, 
the ammonia slowly evaporated. Eventually the mixture was 
brought up to room temperature and 77 g. (0.38 mole) of 
j>~nltrobroia0benzene was added. After twelve hours of agita­
tion the mixture was slowly diluted with 100 ml. of water 
and then poured into another flask containing 1600 ml. of 
water. The solid was filtered off and recrystallized from 
a 20$ benzene in petroleum ether solution. The solid, which 
weighed 74 g., did not depress the melting point of the 
starting material and represented a substantially complete 
recovery of starting material. The experiment wag repeated 
with o^nitro-jg-dichlorobenzen© with the same negative result. 
2»4-Dlnltroethylbenzene.

The mixed acid for the nitration was prepared by slowly 
adding 610 ml. of concentrated nitric acid (d. 1.42) to 
1020 ml. of concentrated sulfuric acid (d. 1.84) In © 6-1. 
three-necked flask equipped with s condenser, a nichrome 
hirshberg stirrer, a thermometer, and e dropping funnel.
The stirrer was started and 606 ml. (266 g., 2.6 moles) of 
©thylbenzene was added to the mixed acid. The ©thylbenzene 
was first added at a fairly rapid rate, but when the tempera­
ture of the mix reached 106° the rate of addition was slowed
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down? the rest of the ethylbensene was added at such a rate 
us to maintain the temperature at 11Q± 2°. (A regular house 
fan played on the flask decreased the time of addition from 
about three hours to about one hour. The fan was removed 
after the addition was complete.) The mixture was stirred 
for an additional half-hour, although it was not allowed to 
cool below 78°. When the agitation was finally stopped, 
the organic layer rose to the top* The bilayered mixture 
(still at 78°) was poured into a sturdy separatory funneIs* 
and allowed to cool for a few hours. The lower 3a yer was 
carefully drawn off, poured into a very large amount of 
water and discarded. The crude dinitroethylbenzene in 
the separatory funnel was shaken with about 800 ml. of cold 
water. A liter of ether was added to the mixture and the 
whole was shaken again. After the lower aqueous layer was 
drawn off and discarded, the remaining ether layer was washed 
twice with water, four times with 250-ml* portions of sat­
urated sodium bicarbonate solution, and finally twice with 
water. (The wash water should be neutral at this point»}
After the ethereal layer was dried over anhydrous sodium 
sulfate or anhydrous magnesium sulfate (not calcium chloride), 
the ether was removed on the steam bath under the pressure 
of a water aspirator. The dlnitro compound was distilled

the temperature if allowed to fall much below 75° 
an emulsion is formed when the mixture is poured Into the 
separatory funnel*
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under vacuum from a Glaisen type flask and the fraction dis­
tilling at 122-123°/0.6 mm. was taken. The yield of
2,4-dlnltroethylbenzene by this method was 36© g« (73$) ©f 
a yellow oily material whose refractive index was 1.5662.
Other distillation temperatures are 160-163°/©.§ mm* and 
150-153°/4*5 mm.

It was possible to Increase the yield by allowing the 
reaction mixture to cool thoroughly, pouring it into a large 
amount of ice water, extracting with a large amount of ether 
and then proceeding as before. By this method 443 g. (91$) 
of the dlnltreethyIbenzen© was obtained* The convenience 
of the first method, however, probably compensates for the 
reduced yield.

Ana lysis; Calculated for CgKgHgO^s G, 49.00; H, 4.11;
H, 14.28. Found: C, 49.17, 49.27; H, 4.12, 4.23; H, 14.03,
14.05.
2-H1tro-4-amlnoethyIbengene.

(A) Via reduction with hardronep. sulfide and aasaonla. A, 
solution of 190 g. (0.98 mole) of 2,4-dinltroethylbenzene in 
555 g. of 95$ ethanol and 555 g. of concentrated ammonia 
was treated with gaseous hydrogen sulfide for half an hour 
and then boiled. After the saturating and boiling had been 
repeated three times, the reaction-solution was poured onto 
ice. The resulting precipitate was filtered off and treated 
with 800 ml. of boiling 515 hydrochloric acid. The hot solu­
tion was decanted from the oil, treated with decolorizing
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carbon, filtered* and allowed to cool. The crystalline 
hydrochloride was filtered off, washed with 200 ml. of ice 
3H hydrochloric acid* and dried under vacuum. The yield of 
light tan 2-nltrQ-4-aminoethylbenzene hydrochloride was 
104 g. (62.7$). The free amine was prepared by treating the 
salt with dilute base and Ice. It melted at 45° after 
several recrystallisation from dilute ethanol.

(B) Via reduction with sodium sulfide in methanol. In 
a 5-1. three-necked flask equipped with a reflux condenser, 
an efficient stirrer* and a dropping funnel, 060 g. (1.6 moles) 
of sodium sulfide nonahydrate and 126 g. (1.5 moles) of sodium 
bicarbonate were dissolved in 600 ml. of warm distilled water. 
The stirrer was started and a liter of methanol was rapidly 
added. A white precipitate of inorganic salts formed during 
the addition of the methanol. The mixture was heated to re­
flux* whereupon a solution of 98 g. (0.5 mole) of 2,4-dlnltro- 
ethylbenzene in 500 ml. of methanol was slowly added through 
the dropping funnel over a period of ©bout two hours. During 
the addition, the reaction mixture turned a deep red. After 
the dlnltro compound had all been added, the refiuxlng was 
continued for half an hour. An 800-ml. portion of water 
was then added and the methanol was distilled off. The dark 
mixture remaining in the flask was extracted with four 600-ml. 
portions of benzene. The benzene layers were combined and 
washed three times with 500 ml. of water. The benzene 
solution was then stirred with 10 g. of decolorizing carbon
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and filtered, the pale yellow solution was placed in a 
three*-no eked flask equipped with a glass stirrer and an 
•zeotrope trap. With the aid of the trap, the water was 
removed from the solution. After the solution cooled, dry 
hydrogen chloride was bubbled In until precipitation was 
complete. The mixture was filtered through a sintered glass 
funnel and the precipitate was dried in a vacuum desiccator 
under constant suction. The very pale yellow 2-nltro-4-amino- 
©thylbenzen© hydrochloride weighed 80 g. (79%). The hydro­
chloride crystallised in very light colored plates from hot 
butyl alcohol to which enough 60-80° petroleum ether was 
added to produce cloudiness. That the product was relatively 
free from Isomer was demonstrated by the melting point of 
the free base and the acetyl derivative which were prepared 
from the hydrochloride. The free base was obtained by treat­
ment of the hydrochloride with dilute alkali and ice. The 
yellow-orange amine was filtered off and recrystallized from 
dilute alcohol. The product melted sharply at 48°. (Cline 
and lie Id*^ found that the melting point of the substantially 
isomer free amine was 46°.) The amine was also distilled at 
145-147°/3.S mm. and It crystallized upon standing as large 
yellow-orange plates melting at 45°* The acetyl derivative 
of 2-nltro-4-aminoethylbenzene was prepared from the hydro­
chloride by treatment with acetic anhydride and base.®® It

6%hriner and Fuaon, "The Systematic Identification of 
Organic Compounds11, Second Edition, John Wiley and Sons, Inc., 
Hew Xork, 1940, p. 146.
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melted sharply at 110*5-111° after a single recryatallizatlon 
from dilute alcohol* (Cline and Held found that the melting 
point of the substantially isomer-free acetyl derivative was 
110°.)

Analysis i Calculated for CgH^gtlgOg^HGlLi C, 47*41;
M, 5*471 M, 15.83* Found* G, 47.38, 47.57; B, 5.74, 5.74;
U, 13.87, 13.97. 
g-Mltro-4-ohlorocthylbengene.

lAi VI* dl.gptl.atlon In aqueous a.dlaw. eighty-on.
grams (0.4 mole) of 2-nitro-4-sminoethylbenaene was dissolved 
In « mixture of 335 ml. of hot water and 16 ml* of con­
centrated hydrochloric acid. The solution was stirred and 
cooled rapidly to a temperature slightly below 4°. (The amine 
hydrochloride crystallised out during the cooling.) A solu­
tion of 28.8 g. (0.42 mole) of sodium nitrite in 70 ml. of 
water was added dropwise to the stirred suspension of amine 
hydrochloride at such a rate as to maintain the temperature 
at slightly below 4°. The addition of nitrite was stopped 
when, the red diesonlua salt solution produced © blue color 
when tested on starch iodide paper five minutes after the last 
addition of nitrite. The cold diasonlum salt solution was 
used directly in the next step.

To a solution of 125 g. (0.5 mole) of ouprlc sulfate 
pentahydrate and 40 g. (0.67 mole) of sodium chloride In 400 ml. 
of water at 65° was added 26.6 g .  (.25 mole) of sodium bisulfite 
dissolved In a minimum amount of water• After the mixture 
cooled, the cuprous chloride was filtered off,washed with
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water and suspended In a solution composed of 150 ml* of 
concentrated hydrochloric acid and @00 ml* of water* The 
cold diaxonlum solution was added to the stirred cuprous 
chloride suspension at such a rate ss to maintain the 
temperature at @5-30°* The mixture was then heated on a 
steam hath for 15 minutes. After cooling, the mixture was 
diluted with an equal volume of water and the oil was removed 
by means of a separatory funnel* The aqueous material was 
extracted with 200 ml* of benzene and the extract was combined 
with the oil. The benzene solution was washed with water 
and 10$ sodium bicarbonate solution. After the benzene was 
removed, vacuum distillation of the residue afforded 34 g.
(46$) of 2-nitro-4-chloroetfaylben«ene, a pale yellow liquid 
which distilled at 133-156°/20 mm* and whose refractive Index 
was n8Qj) 1.5515.

(B) Via diazotlzatloii of acetic acid medium* To 6 1* of 
glacial acetic acid contained in a 13-1* three-necked flask 
equipped with a glass paddle stirrer, a reflux condenser, and 
a dropping funnel was added 405 g* (2 moles) of 2-nltr©-4- 
amlnoethylbenzene hydrochloride (or 532 g* of the free base)* 
The acid for diazotlzation was prepared by slowly dissolving 
254 g. (3.7 moles) of sodium nitrite in 1.8 1. of concentrated 
sulfuric acid. (Although this was in excess of nitrite, it 
was not all used*) The mixed acid was slowly added to the 
stirred amine-acetic acid mixture at such a rate as to maintain
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the temperature below 16°* The solid gradually dissolved and 
the mixture turned a deep red* (When the nitrite solution 
clogged the opening in the dropping funnel due to precipita­
tion of sodium sulfate, it was helped through the opening 
with a piece of stiff nichroase wire*) The completeness of 
dlesotisetlon was determined by adding a few drops of the 
mixture to a few drops of water and testing this solution 
with starch iodide paper for an instantaneous blue color*
At least half an hour was allowed between tests with no 
addition of nitrite before the dlsxotlxatlon was considered 
complete* When the diasotlsation was finally complete, the 
flask was surrounded by an ice bath until further use.

To a solution of 750 g. (5 moles) of euprlo sulfate 
and 240 g. (4.1 moles) of sodium chloride in 2*2 1. of water 
at 66° was added a solution of 190 g. (1.6 moles) of sodium 
bisulfite and 108 g. of sodium hydroxide In 1.2 1. of water* 
After the mixture cooled, the cuprous chloride was filtered 
off, washed with water and suspended In 3.75 1. of concentra­
ted hydrochloric acid. The cold dlazonium solution was 
added to the rapidly stirred cuprous chloride solution by 
means of a dropping funnel. After standing over-night, the 
mixture was poured into an equal volume of water and extracted 
with benzene. The dilution and extraction was conveniently 
accomplished by placing 3 1. of water in each of three
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separaiory funnels and adding on© third of the reaction mixture 
to each funnel. The mixture in each funnel was extracted 
twice with 1 1. of benzene and one last liter of benzene was 
passed through all three funnels. The combined benzene 
extract was washed with water, sodium carbonate solution 
and then water ©gain. The solution was filtered, and the 
benzene was removed under the pressure of a water aspirator. 
Vacuum distillation of the residue afforded 232 g. {63$0 
of 2-nltro-4-chloroethylbenzene, a pale yellow liquid which 
distilled at 133-135°/20 mm. and whose refractive index was 
n2QD 1.SS16.

Analysis: Calculated for OgligfiGgCls C, 51*77; H, 4.35;
S, 7.55. Founds C, 51.94, 52.05; H, 4.50, 4.70; H, 7.72,
7.70.
2-U1t r o-4«* ch lor oa c etophenone via oxlmatlon.
umm. .        h i 1*!,1)* i ■ n -w .  ■ i

Tertiary butyl nitrite. A solution of 76 g. of sodium 
nitrite in 300 ml. of water was placed in a 1-1. three-necked 
flask equipped with a glass stirrer, a thermometer, and a 
dropping funnel whose tip reached to the bottom of the flask. 
The solution was cooled below 0° with 1c© and salt• A 
solution of composed 72 g. (0.97 mole) of tertiary butyl 
alcohol, 27.2 ml. of concentrated sulfuric acid, and 20 ml. 
of water was also cooled below 0° and then slowly added to 
the nitrite solution by means of the dropping funnel. The 
reaction mixture was maintained at 0° during the entire 
addition. After the addition was completed, the mixture was 
allowed to stand until two distinct layers were formed. Both
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layers were carefully decanted from the precipitate of sodium
sulfate and placed In a separatory funnel. After the lower
aqueous layer was drawn off and discarded, the remaining
layer was washed with several 10-ml. portions of a solution
composed of 1 g# of sodium bicarbonate, 12*5 g# of sodium
chloride, and 50 ml* of water. The pale yellow liquid was
dried over anhydrous sodium sulfate and distilled to give
76.5 g. (75$) of tertiary butyl nitrite (b*p. 65-66°). fhe
compound was kept in an ice-box and It was used within 24
hour® of Its preparation#

Oxlmatlon of g-nltro-4-chloroethylbengene« Five grama
C0.22 mole) of sodium wire was added to 1-1# of dry tertiary
butyl alcohol which was contained In a 2-1* flask equipped
with a stirrer and a condenser protected by a calcium
chloride tube. After the wire was dissolved with the aid
of heat end stirring, 750 ml# of the sovent was removed by
distillation. When the remaining white paste cooled to
room temperature, 57 g. (0*20 mole) of 2-nitro-4-chloroethyl-
bensene and 22*5 g# of tertiary butyl nitrite were added
to the flask* The reaction mixture was stirred over-night
at room temperature, diluted with 200 ml* of water and
finally subjected to a steam distillation# When ©11 of the
butanol had passed over, the receiver was changed and a
pale oil appeared In the steam distillate• The oil was 
extracted with benzene• Subsequent removal of the benzene
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and distillation of the oil afforded 6.0 g. of starting 
compound*

The res Ida® remaining In the flask after the steam 
distillation consisted of a brown solution and an oil* The 
brown solution was decanted and the oil was leaohed with 
two 10Q~ml» portions of 26% sodium hydroxide solution. The 
alkaline leaehlngs and the original brown solution were 
combined end saturated with carbon dioxide (dry ice). The 
precipitate was filtered off, washed with water and re- 
crystallised from dilute alcohol. By this method 16.5 g. 
of 2-nitro-4-chloroacetophenone was obtained in the form 
of white needles melting at 163.2-163.8°. This quantity 
represented a yield of 69*4% of the calculated amount, or 
a yield of 46% based on recovered starting material. The 
oxlme obtained by this method did not depress the melting 
point of the sample obtained by the oxlmatlon of the ketone 
which was prepared by the oxidation of 2-nitro-4-chloro- 
ethylbenxene.

Hydrolysis of 2-nltro-4-chloroaoetophenone oxlme. A
mixture of 16.6 g. (0.077 mole) of the oxliae prepared in 
the preceedlng paragraph, 20 ml. of water, and 10 ml. of 
concentrated sulfuric acid was stirred for three hours 
under reflux. After cooling, the reaction mixture was 
extracted with several portions of ether. The combined 
ether extracts were washed with water and dried over anhydrous 
magnesium sulfate. Evaporation of the ether and recrystal11na­
tion of the residue from dilute alcohol afforded 10.5 g.
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{6S*5j») of 2-nitro-4-chloroncetophenon© melting at 66.5-56.7°. 
The over-all yield from the ethylbana©n© derivative was about 
20$. The ketone used# by this method, did not depress the 
melting point of the ketone prepared by the oxidation of 
2-nitro-4-chloroethyIbenx© ne•
2-i£Itro-4-chloroacetophenone via direct oxidation.

n n.iM ii w i " 1        *rr r^ w ^ wrtow r^w i.w^t.wii.friak'.ikMtM «i i »••«'».««vd»44..+̂ w . a^Optujr • a ■ n »n w.ni  — *■**■— n— «■»«■»*»— »

In a three-necked flask equipped with a thermometer, 
a glass stirrer, a condenser and a dropping funnel were 
placed 70 g. (0*378 mole) of 2-nifcr0-4-chloroethyrbenz©n©,
590 ml* of glacial acetic acid, and 580 ml* of acetic 
anhydride* After the stirred solution was cooled below 15° 
with an ice oath, 88 ml* of concentrated sulfuric acid was 
slowly added through the dropping funnel. When the addition 
of the acid was complete, the solution was cooled to 5° 
and 194 g. of chromium trioxid© was added in small portions 
over a period of an hour* After twenty additional minutes 
of stirring at 5°, the green solution was slowly warmed to 
55° and stirred at this temperature for fifteen minutes•
At this time a precipitation occurred and stirring was 
stopped. The green mixture was poured onto 2 kg. of lee 
and the dark green residue in the flask was rinsed Into the 
mixture with some cold water. After standing for several 
hours, the mixture was extracted twice with 1 1* of ether- 
benaene solution (Is 1)• The extract was washed with several 
portions of water, then with 2% sodium carbonate solution 
and finally with water again* The solvent was removed and
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the residue was distilled under vacuum. The first fraction 
distilled at 70-©0°/2 mm. and afforded 7.4 g. of starting 
Material. The second fraction distilled at lie-120°/l mm. 
and afforded 37 g* (55%) of 2-nltro~4~chloroacetophenone 
which subsequently crystallised in the receiver, iiecrystalllzs- 
tlon of the ketone from dilute ethanol gave colorless needles, 
which melted at 56*6-56.7°• (Atkinson and Simpson,41 55-56°; 
Leonard and Boyd,**® 44°.) The ketone is soluble in alcohol, 
ether, and benzene; insoluble In petroleum ether.

Analysis ? Calculated for CgH^CIKO^s 0, 40.54; H, 3.03;
K, 7.02. Founds 0, 48.46, 48.24; M, 3.21, 3.20? M, 7.13,7.06. 
2-Bltro-4-chloroaeetophenone 2.4-dfnitrepheny Xhydrs%qne.

One-tenth gram of 2-nltro-4-chloroacetophenone was added 
to 13 ml. of a reagent prepared from 1.0 g. of 2,4-dlnitro- 
phenylhydrazine, 1.6 ml. of concentrated hydrochloric acid, 
and 100 ml. of methanol. After the solution had been warmed 
for a few minute®, 7.5 ml. of 61 hydrochloric acid was added.
The copious yellow precipitate was filtered off and recrystal- 
11zed twice from methanol. The compound crystallised in the 
form of yellow piste© which melted at 193.4-193.6°.

Analysiss Calculated for ^^H^QHgOgCl: C, 44.28? H, 2*66; 
M, 18.46. Found? C, 44.46, 44.47; H, 3.22, 3.04; N, 18.77, 
18.44.
2-B1tro-4-chloroacetophenone oxlme.

A sample of the ketone produced via the oxidation of 
2-nltro-4-chloroethylbenaene was treated with hydroxylamine
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hydrochloride, alkali* and alcohol.®^ Several recrystalliza- 
tiona of the precipitate fro® bensene-petrolsurn ether 
(60-80°) afforded the oxlme In the for® of color lose plates 
which melted at 155.2-163.4°. The oxlme prepared In this 
manner did not depress the melting point of the compound 
prepared by the oxlmatlon of 2-nltro-4-chloroethyIbenzene• 

Analysis* Calculated for CgJî CIBIgO^t C* 44.77, 
ii, 3.29; I, 13.06. Founds C, 44.83, 44.67; H, 3.41, 3.65? 
li 0 13.27, 13.24.
2-A ®lno-4- chlor oa ce tophenone.

A solution of 17.3 g. <0.087 mole) of 2-nltro-4-chloro­
ace tophenone in 97 ml. of 95$ alcohol was heated In a 
500-ml. flask equipped with a glass stirrer, a condenser, 
and a dropping funnel. When refluxlng commenced, a solution 
composed of 62 g • <0.275 mole) of stannous chloride dihydrate, 
60 ml. of concentrated hydrochloric acid and 69 ml. of 96$ 
alcohol was gradually added to the contents of the flask.
After the addition was complete <45 minutes), the refluxlng 
was continued for an hour and a half whereupon the condenser 
was turned down and the alcohol removed. The amino ketone was 
isolated in two ways:

<a) Upon cooling the above solution, 18.8 g. of the 
tin complex precipitated In the form of course white needles.
1.1.1 ..,M— Mill II      .“’"'.I'l

^Reference 52, Procedure 54B.
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the precipitate was filtered off, washed with ice cold 
hydrochloric acid (1:1), and finally stirred for two hours 
with a solution of 11 g. of sodium hydroxide in 11 ml* of 
water* E©crystallisation of the new precipitate gave 9*7 g. 
(66.5$>) of 2-amlno-4-chloroace tophenone. The amino ketone 
oryatelllsed in the form of white needles which melted at 
92-93° (Atkinson and Simpson^# 91-93°)*

lb) The solution from which the alcohol had been removed 
was treated with 50$ sodium hydroxide until a pH of about 12 
was reached and then the mixture was subjected to a steam 
distillation* The amine steam distilled and crystallised 
readily in the distillate* Filtration of the distillate and 
recrystallisation of the precipitate from dilute alcohol 
afforded 11*6 g* (79*5$) of 2-amino-4-chloroacetophenone 
(m.p. 92-93°).
2-Acetamido-4-ohloroftoetophenone«

2-Amlno-4-chloroacetoph®non@ and five times Its weight 
of acetic anhydride were heated under reflux conditions for 
fifteen minutes* The solution was cooled, poured into ice 
water, and allowed to come to room temperature. The precipi­
tate was filtered off, washed thoroughly with water and re­
crystallised from dilute alcohol* The acetyl derivative 
crystallised as white needles which melted at 132-163°
( Leonard and Boyd*^, 152-133°)•
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2-Formsml&o~4-chloroacetophenone *
A mixture of 16.3 g* (G.G825 mole) of 2-azaino-4-chloro- 

acetophenone and 80 g. of 9Q# formic acid was heated under 
reflux for ten minutes* The solution was cooled and poured 
onto 100 ml* of ice water* The white precipitate was 
filtered off and reorystalllaed from dilute alcohol* The 
yield was 17*2 g* (91#) of 2-formmiiIdo-4-chloroacetophenone 
in the form of white needle# which melted at 124.2-124*8°* 

Analysis: Calculated for C^hgCXMOgS C, 64*70, K, 4.0©;
H, 7.02. Found: C, ©4.90, 56.06; M, 4.11, 4.12; B, 7.22,
7.19.
2*4*1)initrophenyihydrazone of 2-amino-4-ehlQroaeet-ophenone 
and Its formyl derivative.

Two-tenths gram of 2-farmamlno-4-chloroacetophenone was 
added to 1© ml. of a reagent prepared from 1.0 g. of
2,4-dinitrophenylhydraslne, 1.6 ml. of concentrated hydrochloric 
acid, and 100 ml. of methanol. After the ketone was dissolved 
by gentle warming, the solution was cooled in an ice hath, 
diluted by the addition of 10 ml. of ©I hydrochloric acid, and 
finally allowed to stand for several hours. The copious 
precipitate which subsequently formed was filtered off and 
washed with 50# methanol. (The precipitate changed from a 
bright yellow to © deep red color during the washing procedure). 
Several recrystalllzatlons of the compound from toluene- 
petroleum ether mixture afforded very fine red crystal# which 
melted at 257-258°. Elementary analysis of the compound
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revealed that the formyl group had bean lost during the re­
action as fch© analysis agreed very well with the calculated 
values for 2-smlno-4-chloroacetophenone 2,4-dlntfcrophenyl- 
hydraxon©.

Analysis: Calculated for ^14^12^^©°4I ® » 48*081 H, 3.46;
H, 20.03. Founds €, 47.8S, 47.96? M, 3.84, 3.69? 1, 20.00,
19.70.

A small sample of the above compound and 20 ml. of 90# 
formic acid were heated under reflux for ten minutes. The 
solution was cooled, poured into an equal volume of ice water 
and allowed to stand for an hour. The precipitate was 
filtered off and washed with ice cold water. Several re- 
crystallisations of the precipitate from m toluene-petroleum 
ether mixture afforded 2-formam1do- 4- ch 1 o r o a c e fc o phe no n©
2,4-dinitrophenylhydra zone in the form of fine orange-red 
crystals which decomposed at 190-191°•

Analysis: Calculated for C^gE^gCIHgOgt C, 47.70; H, 3.23;
5, 18.64. Found: C, 48.07, 48.09; H, 3.42, 3.47; 1, 18.67,
18.76.
4-Mydroxy-7-chloroqulnolln®»

A mixture of 26.7 g. (0.135 mol©} of 2-formamldo-4- 
chloroacetophenone, 1.6 ml. of water, and 150 ml. of ethanol 
was heated In a 2-1. flask equipped with a condenser and a 
stirrer. When the reflux temperature was reached, a solution 
of 9.6 g. of sodium hydroxide In 20 ml. of water was added to
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the flask. The stirring end refluxlng eras continued for three 
hours and then the contents of the flask were subjected to a 
steam distillation. Filtration of the cooled steam distillate 
afforded 16.1 g. (70$) of 2-©mino-4-chloroacetophenone 
(ffl.p. 92-93°).

The material remaining in the distillation flask was 
reduced to a volume of SO ml. and filtered. The precipitate 
was recrystallised from dilute alcohol and afforded 1.8 g.
(8*8$) of lemon yellow cottony fibers (m.p. 170-171°) which 
by analogy with Camp®*^ compound 1® believed to be 2-(2-®Mln©- 
4-chlorophenyl-4-methylqulnollne• The filtrate was treated 
with small drops of concentrated hydrochloric acid until a pH 
of 8 was reached. Filtration and recrystallization of the 
resulting precipitate from 2 1. of water afforded 4.6 g. of 
4-hydroxy-7-ehloroqulnollne In the form of long white fiber® 
which melted at 280-282° (Surrey and Hammer® 277-279°; Trice 
and Roberta®® 270-272°). The yield of hydroxyquino1ine 
corresponded to 19.2$ of the calculated quantity and 89.2$ 
of the quantity of amino ketone consumed. The compound pre­
pared in this manner did not depress the melting point of a 
sample prepared by the hydrolysis of an authentic sample of
4,7-dlchloroquinollne.

Analysis! Calculated for C9i%C 1K0: C, 60.18; H, 3.37;
M, 7.81. Found; C, 60.22, 60.12; H, 3.56, 3.36; I, 7.91, 7.80.
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2- (2-Amino- 4- ehlorogheny I) - 4 -me thy X* 7- chloroqulno 1 lne *
(a) Two grans of sodium wire was added to 260 ml* of 

dry tertiary butyl alcohol which was contained In a 1-1* flask 
©quipped with m stirrer and a condenser which was protected 
by a calcium chloride tube* After the wire was dissolved with 
the aid of heat and stirring, the condenser was turned down 
and 100 ml* of the alcohol was removed. The condenser was 
replaced and a solution of 6*0 g. (0*03 mole) of 2-fanaamldo- 
4-chloro©cetophenone in 300 ml. of dry tertiary butyl alcohol 
was added. The solution was stirred for one hour under reflux 
conditions whereupon the condenser was turned down again and 
an additional 360 ml. of aloohol was removed by distillation. 
When this amount of aloohol was removed a copious yellow 
solid precipitated from the reaction solution. The reaction 
mix was cooled and diluted with an equal volume of water.
When the precipitate was filtered off and recrystellixcd from 
dilute alcohol, 4.0 g. (86.3$) of yellow cottony fibers of
2-( 2-affll»o-4-chlor0phenyl)-4-m©thly-7-ohloroqulnollne was 
obtained. The compound melted at 170-171° and did not 
depress the melting point of the by-product of the 4-hydroxy- 
7-chloroquinollne synthesis•

(b) To a solution of 6.0 g. (0.03 mole) of 2-formamldo- 
4-chloroacetophenone in 250 ml. of dry dloxane, contained in 
a flask equipped with a stirrer and a condenser which was 
protected by a calcium chloride tube, was added 0.9 g.
(0.036 mole) of sodium hydride. The mixture was stirred and
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heated under reflux conditions for one hour* After the 
solution had cooled, 10 ml. of water was very carefully 
added drop*Ise. The dloxan© was removed by steam distilla­
tion and the yellow precipitate was filtered off and re- 
crystallised from dilute aloohol. By this reaction 2.7 g.
(38•5$) of the same yellow lepldlne was obtained. The compound 
did not depress the melting point of the compound produced 
In (a). The steam distillate afforded a small amount of the 
hydrolysed starting material.

Analysis: Calculated for C^gB^gClgKg; C, 63.58$ H, 5*99$
M, 9.28. Found % C, 63.34, 63.30$ H, 4.20, 4.23; N, 9.17,
9.22*
&-( 2-Form&atldo-4-chIorophenyl)-4-me thy 1~7- chloroqulno line.

(g-Amlno-4-chloropheny 1) -4-me thy 1-7- chloroquIno 1 in© 
and five times its weight of 90$ formic acid were heated 
under reflux conditions for fifteen minutes. The solution 
was cooled, poured Into Ice water and allowed to come to room 
temperature. The precipitate was filtered off, washed 
thoroughly with water, and reoryatalllsed from dilute alcohol. 
The formyl derivative crystallised as white cottony fibers 
which melted at 255-254®•

Analysis s Calculated for ci7Hx2C12H2°2 °* 61"64’ H*
B, 8.46. Founds C, 61.69, 61.88$ li, 3.62, 3.78$ H, 8.42,
8.23.
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g-( 2-Ace tamido-4-chlorQphenyl)-4-m# thy l-7~chiorogulnolli*e.
2-( 2»Amino-4«ohlQrophsi}yl)<»4«»aMitby 1-7-eblorQquinollzie

and five t imes Its weight of acetic anhydride were heated under 
reflux conditions for fifteen minutes * The solution was 
cooled, poured into ice water, and allowed to come to room 
temperature. The precipitate was filtered off, washed 
thoroughly with water, and recrystellixed from dilute 
alcohol* The acetyl derivative crystallised as white cottony 
fibers which melted at 244-245°•

Analysis: Calculated for G£8^̂14C*2% ® , c* 62.62s H, 4.12|
K, 8.12. Founds C, 62.67, 62.24; H, 4.16, 4.21; M, 8.11,
8.31.
Hydrolysis of 4,7-dlchloroqulnollne.

A mixture of 3 g* of an authentic sample of 4,7-diohloro- 
quinollne (Winthrop), 12 ml. of distilled water, and 2 drops 
of 25% sulfuric sold was sealed in a glass tube which had 
about three times the volume of the mixture• The tube was 
maintained at a temperature of 150° for six hour® in & metal 
bomb partially filled with water. When the bomb cooled, the 
tube was removed and the contents was dissolved in 20 ml. 
of 38 sodium hydroxide. The very small amount of insoluble 
material was removed by filtration and the filtrate was 
brought to a pH of 8 with 58 hydrochloric acid. The copious 
white precipitate was filtered off and reerystalliseci fro® 
about 1.6 1. of water. The yield was 2.7 g* (98$) of 
4-hydroxy-7-chloroc|ulnoline in the form of long white fibers.

±68572



70

The compound obtained In this wanner melted at 280-202° and 
did not depress the melting point of the 4-hydroxy-7-chloro- 
qulnollne prepared by cyollslng 2-formam ido-4-chlor oacetophenone• 
4 , 7-Dlohloroqulnoline»

A sample of the 4-hydr©xy-7-ehl©r©quln0line prepared by 
oyolislng 2-formamldo-4-cfaloroacetophenone was converted to
4,7-dlchloroquinollne according to the method of Surrey and 
hammer.^ A mixture of 17 g. {0*98 mole) of 4-hydroxy-7-chloro- 
quinollne and 88 ml* of phosphorous oxychloride was heated 
under reflux for two hours* The excess oxychlorlde was 
distilled off under reduced pressure and the residue was 
poured onto loe* The solution was made alkaline with ammonium 
hydroxide and then extracted with methylene chloride* After 
the extract was dried over magnesium sulfate, removal of the 
solvent and vacuum distillation of the residue afforded 15.1 g*
(81$) of 4,7-dichloroqulnoline (b*p« 150-152°/l2 am.)* The 
distillate crystallised in the receiver and a recrystalllaa- 
tion from 80$ ethanol afforded the dichloro compound In the 
form of long white needles which melted at 85*2-85*4° (Surrey 
and hammer*5, 85*8-84.©°). The compound prepared in this 
manner did not depress the melting point of an authentic 
sample (Winthrop) of 4,7-dichloroqulnoline•

Analysis: Calculated for lgK: 0, ©4*58; H, 2*55;
H, 7.07. Found: 0, 54.61, ©4.60| H, 2.62, 2.65| K, 7.00,
7.07.


