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IWNTRODUCTION

A conslderable number of synthetic compounds showling
antimalarial asctlivity contain s substituted amine group at
the 4-position of 7-chloroquinoline. W%iselogle, for
exsmple, lists some thirty pages of this type of compounﬁ.l
The key intermedlate for a great many of these compounds 1is
4,7-dichloroqulinoline (commonly called DCQ), which is con-
densed with an smine at the 4-poaition by the splitting out
of hydrogen chlorlde. An important cese in point is
SN 7618, 7-chloro-4-(4-diethylsmino-l-methylbutylsmino)-
quinoline.2s3 Drake, et 2l., give detalled directions for
this type of saynthesis (Scheme A).2

Since 4~-hydroxy-7-chloroquinoline is rather easily
converted to 4,7-dlichloroquincline, the synthesis of DCQ
is very often clossly tled to that of the hydroxy compound.
Invariably, moreover, one finds the historical bssis for
the preparation of the 4-hydroxy-7-chloro compound lies
in the preparation of 4-hydroxyquinoline itself. ¥hile

there have been a rather large number of methods offered

1WLsaloglo, "Survey of Antimalerial Drugs 1941-1045,"
Vol. II, Pt. 2, J. W. Edwards, Ann Arbor, lMich., 1946,
PPe 1140-1170.

Z2Anderssg, Breitner, end Jung, U.8. Patent 2,233,970
¥erch 4, 1941l.

SSurrey and Hammer, J. Am. Chem. Soc., 68, 113 (1946).
4Drake, et al., ibid., 68, 1214 (1946).
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for the prepsaration of various 4-hydroxyquinolineu,5:6 only
some of them are readlly appllicable to the aynthesis of the
4-hydroxy-7-chloro derivative. In the resume’that follows,
an attempt will be made to summerize those methods of
aynthesizing 4-hydroxyquinoline which are directly useful
in the synthesis of the 4-hydroxy-7-chloro compound &nd to
show, wherever possible, how these methods were actually
employed.,

Although several investigators have attempted to
synthesize DCQ without recourse to the hydroxy compound,
thelr experiments did not prove very successful., The work
is of historic lnterest, however, and is also briefly out-

lined.

Sreitseman, Chem. Rev., 43, 43-68 (1948).
®Manske, 1bid., 30, 113-144 (1942).



HISTORICAL

4-Hydroxy- and 4-Hydroxy-7e-chlorogquinoline by
Methods Obvieting & Flnsl Decarboxylation

(e) Methoda producing the 4-hydroxy group during

cyclization. The first serles of syntheses of 4-hydroxy~

quinolines to be considered here sre those that do not
involve & final decarboxyletion. Camps treated o-smino-
acetophenone with formic scid and cyclized the resulting
o~-formaminoacetophenons in dilute alkall to obtain
4-hydroxyquinoline (Scheme B, XsH)«! This work was
repested by Brobrenski but he could not obtain &s high &
yield.a A simller cyclization using o-formsmino-p-chloroe-
ecetophenone to obtein the 4-hydroxy-7-~chloroquinoline is
described in the experimental section of this thesis
(Scheme B, X=®Cl).

The methed of Conrad end Limpach has found very great
sppliceation in the fleld of gquinoline synthesis, 1In the
originel synthesls, eniline end the/guketoaster, acetom-
acetic estsr, were ocondensed to athyl/ﬂLﬁnilinocrotonate,
and the condensstion product wes heated at 250° to produce

the 2-methyl-4-hydroxyquinoline (Scheme C).°

7Campe, Ber., 32, 3288 (1899); 1bid., 34, 2703 (1901);
. Phyalol. Chem., 33, 390 (1900).

8Brobranski, Ber., 69B, 1113 (1038).
¥Conred and Limpach, 1ibid., 20, 944 (16887).
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In order to apply this synthesls to 4-~hydroxyquinollne,
it was necessary to cyclige the aniline derivative of
acrylic ester itself. Von Pechman had already condensed
sodium ethyl formylacetate end aniline to obtain ethyl
ﬁLnnilinoacrylate.lc In & very simlilar manner, I'rice,
Leonsrd, and Reitsema oondensed aniline with sodium methyl
formylacetate to obtain mathyl/GLanillnoaerylate. They
cyclized the acrylate in Dowtherm and pecured 4-hydroxy-
quinoline in 44% yield (Scheme D, X=H).M!

Applying this method to the synthesls of the desired
4-hydroxy-"7-chloroquinoline, the same suthors condensed
sodlium methyl formylacetete with m-chloroaniline snd
cyclizged the resulting metnyl/a-(m—chloroanilino)aorylato
(Scheme D, X'Gl).ll Two isomers are possible, however, and
they obtained 40% of the 7-chloro isomer and 10% of the
§-chloro lsomer.

A somewhet similar line of attach has been reported by
Clemo and Perkin.l2 They cyclized the p-toluensulfonyl
derivative of ethyl anllinopropionate with phosphorus
pentoxide and apparently obtelned the 4-hydroxy-l-tosyl-
1,2-dihydroquinoline (Scheme k). This part of the work was

1%on rechmen, Ber., 25, 1051 (1892).

llprice, Leonard, and Keitsema, J. Am. Chem. Soc., 68,
1266 (1946).

12C1emo and Perkin, J. Chem. Soc., 125, 1608 (1924);
ibild., 127, 2297 (1925). ==
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confirmed by'Backberg.la Elderfield, however, attempted to
dehydrogenate the dlhydro compound but a long series of re-
agents proved unfruitful, and he even cast doubt on the natwe
of the hydroxy cempound.l4

{b) Methods producing the 4-hydroxy group by replace-

ment. Another possible avenue for the synthesis of 4-lydroxy-
quinolines 1s through the quinoline-4-garboxylic acid

(cinchonic acid). KHenshsw and Friedmanl® have given direc-

tions for the conversion of this acld to the 4-aminoquinoline
via the amide and the Hoffmen rearrengement, while Brydownal®
has used the Curtiua resction to obtaln the same compound.
4-Aminoquinoline has been converted to 4-hydroxyquinocline by
Clsus and Howitg who diazotligzed it in sulfurlc ascid and
poured the reaction mixture into water (Scheme 13')..1'7

It is slso posalble to hydrolyze 4-arylaminoquinolines
to 4-hydroxyquinolines. Dzlewonskl and Hoszewl8 have

reported the uase of alkall for this purpose, while

13pgckberg, J. Chem. Soc., 1933, 618,
l4g1derfield, et al., J. Am. Chem, Soc., 68, 1272 (1946).
15Renshew and Friedman, 1bid., 61, 3320 (1939).

163r€downa, Roeznickl Chem., 12, 89 (1932); Chem.
Abstraots, 27, 2085 (1933).

17c1aus and Howitz, J. Pr. Chem., (2) 50, 232 (1894).

18pziewonski and Moszew, Rooznicki Chem., 13, 530 (1934);
Chem. Abstracta, 28, 1697 (1934).
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Von Braun and Heymons reported & 77% yleld of 4-hydroxy-
quinoline by the use of hydrochloric acid st 165°.1°

4-Hydroxy- and 4-Hydroxy-7«chloroquinoline by
lethods Necessitating & Flnal Decarboxylation

(e) Methods involving decasrboxyletion of the S-posi-

tion. Most of the lmportant methods of syntheslzing
4-hydroxyquinolines involve a decarboxylation of elther the
2- or 3-cerboxylic scld derivative., Camps’ rescted o-amino-
acetophenone with ethyl oxelate and the resulting ethoxalyl
g-aminocscetophenone was cycliged with bage to give 4-hydroxy-
quinoline-2~carboxyliec acid. This acid (kynurenic 2cid)
had slready been decsrboxylated to 4-hydroxyquinoline
(kynurin) by Schmeldberg and Schultzen (Scheme ¢).20

It la also possible to effect reduction of s nitro
group and cyelization simulteneously. Baeyer snd Drewaon
had prepared o-nltrobenzalpyruvlc acld by condensing g=-nltro-
benszaldehyde with pyruvic scid.®l Heller reduced the un-
saturated keto aecid with ferrous sulfate to obtain 4~hydroxy-
quinoline-2-carboxylie acld. le postulated a hydroxylamine

a8 an intermediate (Scheme H).22

19Von Braun and Heymons, Ber., 3B, 3191 (1930).
20schmeidberg and Schultzen, Ann., 164, 58 (1872).
2lpgeyer snd Drewson, Ber., 15, 2862 (1882).
22Heller, ibid., 43, 1923 (1910).
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Perkin and Robinson also employed ethyl oxalaste by
condensing it with 6«nitroscetoveratrone to give S-nitro-
veratroylpyruvic secid.2® The acld was simulteneously
reduced and cyclized to 4~hydroxy«6,7-dlmethoxyquincline~2-
carboxylic scid. On heatling the guinolinie scid Iin glycerol
they obtalned ¢,7-dimethoxy-4-hydroxyquinoline (Scheme I).

An important variation of the Conrad-Llmpsch method
cited previously is the treatment of a&an smine with an
oxaleacetlc ester Lo obtain & /3~aarbathoxyf/3—anilinoacrylste;
the scrylaste is heated to about 2509 in an inert solvent
to give the Z2-carbethoxy-4-hydroxyquinoline. After the
ester ls hydrolyzed, a decarboxylation alfords the 4-hydroxy-
quinoline (Scheme J, KuH).Qé’gﬁ’ga Patents developed by
Andersag, Brelitner, and Jung indicate applicatlion of this
method to the chloro-hydroxyquinoline.2 Surrey snd Hammer,
however, hsve given & much more detailed dascription.s They
condensed m~-chloroaniline and oxalacetlc eater in glaclal
scetic acid and heated the reaulting1/3-carbethoxy-/9—(m»chloro-

anilino)aerylate in mineral o0i1l to give & mixture of equal

o O

23pPerkin and Roblnson, J. Chem. Soc., 125, 626 (1924).

24iorfman Le Roche, Inc., Germ. Pat. 575,534, April 28,
1933,

25javallito and Haskell, J. Am. Chem. Soc., 66, 1166
(1945).

26Baker snd Dodson, ibld., 68, 1283 (1546).
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amounts of S-chloro and 7-chloro-4-hydroxy-2ecarbethoxy-
quinoline {(Scheme J, X=*Cl). These easters were separated
by fractional crystallization from glacisl acetic acid,

the higher melting 7~chloro compound being less soluble.
Lisk and Stacy made detslled studies of the reactlion condle
tione in order to increase the percentage of one of the
isomers over the other, but they were not particulsrly
successful.2?

(b) bMethods involving descarboxylstion st the 3-posi-

tion. It ls similearly possible to close the heteroccycliec

ring in such &8 way 88 to leave an ester group at the
S-position for subsequent hydrolysls and decarboxylation.

By treating ethyl o-sminophenylpropiolate with formie

ecid, Camps prepared ethyl formyl-o~aminopropiolate which

he cycliged to 4~hydroxyquinoline-3.cerboxylic scid. The

acld was then decsrboxylated to 4~hydroxyquinoline (Scheme K).7

A very substantial lmprovement with respect to freedom

from isomers in the Conrad-Limpaeh type of cycligzatlion was

due to the work of Price and Hoberts. The basic starting
compound wes described by Clalasen who had treated aniline

with ethoxymethylenemalonic ester (EMME) and obtained

2716k and Stecy, J. Am. Chem. Soc., 68, 2686 (1046).
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ethyl‘X~aarbethoxy-/g-anilinoacrylato.38 The cycllizatlion
had been accomplished by Jould and Jacobs who hed hested
the ascrylate in mineral o1l to secure 4-hydroxyquinoline-
s-aarbaxethylat&.gg They easily hydrolygzed this ester to
4-hydroxyquinoline~-J-carboxylic acid which, as shown sbove,
had slready been decarboxlated to 4-hydroxyquinoline. The
seguence 1s shown in Scheme L (X®H).

Frice and Roberts®? now applied this method to
m-ghlorosniline to obtain ethyl o(-carbethoxy-/2-(m-chloro=
anilino)ascrylate. 7The scrylate was cyclized in Dowtherm
to J~¢arbethoxy~4-hydroxy-7-~chloroquinoline which was
eanlly hydrolyzed and decarboxylated to 4-hydroxy-7-chlore-
quinoline {(3cheme L, X*»Cl). Unlike the cyclization of the
/ﬁicarbebhoxyj/9-(gpehlcronni11no)ﬁcrylato (Scheme J,
XzCl), however, the ring closure in the case of the
x-carbethoxy compound produced very little, if eny, of the
S=garbethoxy~4-hydroxy~b~chloroquinoline.

One lmportant drawbsck to Scheme L, on the other hand,
was the faet that the ethoxymethylenemslonle eater was
rather expenslve., Conseguently, the next attempts were
centered around syntheses which would eliminate the use of

the malonic ester but which would retain the favorsable

gaslalsan, EBer., 36, 2729 (1903); Cleisen and iisas,
Ann., 207, 75 (1897).

28Gould and Jacobs, J. Am. Chem. Soc., 61, 2890 (1939).
30ppice and Koberts, ibid., 68, 1204 (1946).
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cyclization of the ethylo(~carbethoxyanllinoscrylate. Daina
hed reported thet phenylformamidine (from heating aniline
and formanllid or eniline end ethyl ortho-formate) condensed
with sctive methylene compounds.31 With cyanoacetic ester
he obtalned ethylOc-cyanon/9-an111noacrylate (Scheme M,
X=H). Price, Leonard, and Herbrandson®2, and 3ynder and

Jones®d investigated veriations in making this compound,

For instance, they condenased the ethyl ortho-formate with
cyanoacetic ester and then condensed the resulting ethoxy-
methylenecyanoacetic ester with aniline or s aubstituted
eniline to obtaln the desired of~cysno compound. In this way,
ebhyl4xhcynna-/9~{grchlercanilina)acrylata was prepared and
cyeclized to 3-cyano-4-hydroxy-7-chlorogquinoline. The
cyanoquinoline was hydrolyzed and decarboxylated to 4-hydroxy-
7-chloroquinoline (Scheme M, X=Cl). The difflculty with
thls cyelization, however, was the high dilutlion necesssary
to avold side resoctions.

Peains hed also reported that phenylformemidine reacted
with malonie eater,51 but at the tempersture used in his
experiment, the aniline (formed &s s by-product) aminclyzed
an ester group and consequently the compound obtained was

ethyl 0(-csrbanilid9-/3~anl11noaery1&te. Price, Lecnard,

®lpains, Ber., 35, 2496 (1902); Univ. of Kansaas Sol.
Bull., 19, 216 (1930).

S2price, Leonard, and herbrandson, J. Am. Chem. Soc.,
68, 1251 (1948).

————

353nydcr and Jones, ibid., 68, 1253 (1946).
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and Herbrendson repeated this work using m-chloroceniline as
the starting meterial to secure thelr bis{m-chlorophenyl)
formamidine.%2 The formamidine was treated with malonic
ester to give ethyl -(m-chlorocarbenilido)- /3-(m-chloro-
anilino)acrylate. The acrylate was cyclized to 3-(m-chloro-
carbanilido)-4-hydroxy-7-chloroquinoline, which upon
hydrolysis and decarboxyletion gave the deslired 4-hydroxy-
7-chloroquinoline (Scheme K).

Price and Roberts discovered, on the other hsnd, that
by operating at a lower temperature, the condenaatlon between
ethyl malonate and bls(m-chlorophenyl) formamidine could be
controlled to yield ethylc{-carbethoxyﬁf?-(gnchloreanillno)
scrylate and m-chloroaniline (Scheme 0).39 Roberts has
reviewed the mechanlsm and favorablse operating conditions

for this type of reaction.>%

4-Chloroquinolines Without Prior Introduction of
A 4-Hydroxy Uroup
The major method of synthesizing 4-chloroquinolines
without prior introduction of the 4-hydroxy group was dis-
covered by Meisenheimer.?® He oxldaised quinoline to
Heguinoline oxlds with perbensgole acid. %hen the oxide was

treated with either phosphorous oxychleride or sulfuryl

34Roverts, J. Org. Chem., 14, 877 (1949).
SBMeisenheimer, Ber., B59B, 1848 (1926).



21

H-C(0C,k =
Cl- ~NHgo Cl- \_ ~NH-CH-N- Q- -Cl
gooceﬁ5
IBZ
€00C Hg
= CO0CoHg (7 iﬂ
[}
01-\, ~-FH-CHIC-C-NE- . J -c1
0
on on

X3 -H-NH-[::::] -~ = X\ -CO0H
/
/ -
Cl- N C1-n .-

Scheme N



22

H-C{0C Hg )y
Cl- -NH, “ c1- NH-CH-N- —C1

gooczﬂ5
CHo

COOC Hg

OH
]

Xy -C00C2Hs < COOC g
Cl- Hf/ Cl- -NH-CHZC~CO0Cailg

OH ~ oH
a "X -CO0H N
‘ >

Scheme O



23

chloride, some 4~chloroquinoline wes obtained. DBrobrenskl
showed that the reaction products actually consisted of
62% of the 4-chloro compound and 38% of the 2-chloro compound
(Scheme P).B+36

Although no detalls are glven, the Melsenheimer re-
action is reported s unsatisfactory for the production of
DCQ from 7~chloroquinollno.57

Although the diaszotization of 4-sminoguinoline can be
used to prepare 4-hydroxyqulinoline as was shown earlier, it
can also be used to prepare 4-chloroguinoline directly.
Wenzel dilazotlized 4-aminoquinoline with potsssium nitrite
in hydroehloric acid and obtsined the 4-chloro compound
(Secheme F).38

The last type of reaction in this category wass the
cycllzation of Rutoayl-/3~nn111nopropion&tc with phosphorous
pentachloride by Clemo and Perkin.12 Although they belleved
that they had obtalned H-toayl-3-chlorodihydroquinoline,
Backbergl® showed that they really hsd obtained the N~tosyl-
4-chlorodihydroquinoline. Elderfield and coworkers attempted
to dehydrogenate this compound but they were not successful

and declded further investigation was needed. The reasctions

are analogous to Scheme E.

S8probrenski, Ber., 71, 578 (1938).

57R1egel, Alblsetti, et al,, J. Am. Chem. Soc., 68,
2685 (1946).

58yenzel, Monetsh., 15, 459 (1872).
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Summary

Tebles I and 11 summarize ten methods that ere applicable
to the syntheais of 4,7-diehloroquinoline by way of & 4-hydroxy-
7T«ghloroquinoline intermediate. In addition, the historical
section outlines several other methods which have been tried
but whlch were wholly unsuccessful. Table I itself is com-
posed of those methods of synthesizing 4-hydroxyquinoline
which have actually been extended to the synthesis of
4-hydroxy-"7-chloroquinoline. Although the synthesis
accomplished in the present work provides 2 sixth member for
Table I, the cyclization atep did not occur in high enough
Yield to offer any serious competition to the beat of the
other methods {(Schemes L or 0). The oyclization of
Z2~-formamino-4~gchloroquineline, however, ia the only one of
the successful syntheses which theoretically precludes the

possibility of eny conteminetion with the b~chloro isomer.



TABLE I

2¢
CYCLLZATIUNS TO 4-HYDROXY-7-CLLOROQUINGLILL
Compound Cyclized Scheme | Yield®|Isomer®| D11.% | Ref.
NN ’O‘
27 -C-CHz B 19.2% None 67 This
v Poss- Work
C1-1 -Nii-CiizO (Xz=C1l) ible
— Y D 40% 4/1
( { SH_c__Qcﬁs U% 25 11
C1-AN_ _J -NH-CH (X=C1)
= ] HO-COOC ot J 34% 1/1 6.7 3, 27
C1-13 -Nn-c-coocgns (X=C1)
Za
COOC HHg L or Of 80% None 5.1 30
] -
. =NH-CHzC-C00C oHg 8ol
COOCHs
é-CN M 40% None 27 32,33
- - -{iH=-CH atsed
- ' 0000235 ~ ' N 58% lione 28 32
c1- A nd-cu=c- G- NH- c1 To01-

% Yleld of direct proaduct of c,clization.

b

c

Milliliters of solvent per gram of compound cyclized.

Ratio of 4-hydroxy-7-chloro to 4-hydroxy-5-chloro derivative.
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TABLE IX

CYCLIZATIONS NOY THIED FOR 4-HYDROXY-7-CHLOROQUINOLINE

Compound Cyclized Scheme | Yi1e14%® Isomerb D11.%| Ref.
9
-C-CHg G Not None 27 7
Given| Poss-
-NH-C-C00CoHg ible
) 0
-CH=CH-C-COOH H Not None 53 22
G3iven| Poss-
-NOQ ible
CHzO- -C- CHg-C -COOH I 46% None 21 23
) Poss-
CHz0- -NO, ible
2~ T)-CZC-C00C,Hg K 90% | None 120 7
’ Poss-
N~ =NH-CHzO ible

8 Yield of direct product of cyclization.

b Position isomers if benzene ring were further substituted.

¢ Milliliters of solvent per gram of compound cyclized.
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DISCUSHSION

The object of the experlmental part of this work was
the sontlinustion of the trensfer of the methods of
synthesilging 4-chloroquinoline to the synthesis of
4,7-dichloroquinoline. Although the logical intermediate,
4-hydroxy-7-chloroquinoline, has been synthesized by
cyclization which involved & condensation at one of the
carbon atoms of & benzene ring, no synthesis hes previously
been accomplished which involved only substituents attached
to the ring. W%While this type of ring closure would ine
volve & benzene derivative contalning three substituents
instesd of two, it would remove the possibility of the
formaetion of a position isomer. The method of Ceumps
(Scheme B, where X would be Cl) was chosen for investigza-
tion. Sinece the key intermediate for this method is
2-smino-4~chloroacetophenone a study of the synthesis of

tiils ketone was also undertsaken,
S8ynthesis of 2-Amino-4-chloroacetophencne

The first reported sttempt to prepare 2-amino-4-chloro-
acetophenone involved & Frliedel-Crafts type of synthesis.
Hoberts and Turner treated p-chloroesniline with acetic
anhydride in thne presence of 2inc chloride but was not able

to 1solate any of the desired preduct.59 The recent search

39z0verts snd Turner, J. Chem. Soc., 1927, 16884.
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for new antimaelarials oreated interest in 4~hydroxy-7-chloro-
cinnolines and these could be convenlently prepasred by the
diazotizatlon of the approprlilate Z2-amino-4-chloroacetophenone
derivative. Leonard and Boyd descoribed seversl methods for
the synthesls of the parent compound.%C In the first method,
m-dichlorobenzene was acylated under Friedel-Craft conditions
to give a 62% yleld of 2,4-dichloroacetophenone and the
dichloro compound was ammonolyzed under pressure to give

an 11% yleld of 2-amino-4-chlorcacetophenone aslong with a
good deal of the dlamino compound (Scheme Q).

Seversl more important methods have been proposed for
the synthesls of 2-amino-4-chloroscetophenone and all of
these involve the preparation and reduction of Z-nitro-
4-chloroacetophenone. Leonard and Boyd proposed a method
starting with 2enitro-4-chlorotoluene.49 This compound was
oxidized with potassium permeanganate to Z2-nitro-4-chloro-
benzoic acld in 62% yleld. The acld was converted into
the acid chloride, which in turn was treated with a sodium
ethyl acetoacetate solution to give the 2-nitro-4-chloroe-
benzgoyl derlivative of acetoacetic ester. The benzoyl
compound was cleaved with sulfuric acld and aleohol to
2~nitro-4-chlorobenzoylacetic ester. Upon treastment with
acueous acid, Z2-nitro-4-chloroacetophenone was obtalned in

61% yleld from the benzoic scid and 38% over-all yleld from

405 60nard and Boyd, J. Org. Chem., 11, 405 (1946).
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the toluene derivative. (The amount of pure ketone, however,
was probably much less as the melting point was qulte low.)
The nitro compound was reduced to 2-amlino-4-chloroacetophenocne
in 64.2% yleld with platinum oxide in ethanol (Scheme R).

A veary simller process wus reported by the hnglisi
workers, Atkinson snd Sim;son, who obtained a £2.8% yieird
of 2enitro-d4~chloroacetophenons from ﬁ-nitraué-chlarotaluene.41
A varlatlion in producing 2-nitrg-4-chlorobenzoic acld wes
elso tried. Diazotization of 2-nitro-4-chloroaniline and
treatment with alkell cyanlde and copper sulfate gave
2-nitro-4-chlorobenzonlitrile. Hydrolysis of the nitrils
gave the benzole scid in about 40% over-ail yisld. ‘fhuse
authors alsc described the use of iron powder snd amcetic acld
for the reduction of the nitro compound to 4-chloro-2-amino-
scetophenone in 84% yield.

Another syntheslis of the ketone wv%s accomplished by
Renneford snd Simpson whio employed chlorobengzene sas the
starting materiel.*® A Friedel-Crafts resction gave
p-chloroscetophenone which was nitrated to 3-nitro-4-chloro-
scetophenone. The nitro compound was reduced, ascetylated,
and nitrated to glve & mixture of 2-nltro-4-chloro-5~scetamino-
scetophencne and the Jd«nitroed-chloro-f-acetaminoe isomer.

After seperation, the removal of the scetyl group, the

4l tkinson snd Simpson, J. Chem. Soc., 1947, 232.
42y enneford snd Simpson,ibid., 1947, 227.
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2-nitro derivative was deaminated by treatment with amyl
nitrite and sulfurlc acid to give Z-nitro-4~chloroacetophenone
in undisclosed over-all yield (Scheme S).

Still another scheme sdvanced by Atkinson and Simpson
mede use of p-chloroanthranilic ecid es the starting material,4l
The scld was treated with phthalic snhydride to gilve
Z~-phthelimlido~4-chlorobenzolic acid, which in turn wes treated
with sodium melonate to give B-~phthalimido-4-chlorobenzoyl
melonic ester. Treatment with hydrliodie acid produced
2-amino~-4-chloroecetophencne in 45.8% yield from the
phthalimido acid. This represented about a 32% over-all
yield (Scheme T).

The best methods of Leonard and Boyd snd Atkinson and
Simpson produced ylelds of 38% (with rather low melting
point) and £29.8% of 2-nitro-4-chloroscetophenone respectively
and their sterting msterlial was the nitro-chlorotoluene.
These methods involved oxidation to the scid%® and then e
seversl step method of essentislly replscing the hydroxy
group of the acld with a methyl group. It seemed desirable
to evolve & method whereby a compound very similar to the
toluene derivative could be directly converted to the ketone.
Lince ethylbenzene is a readily available sterting msterial,

and since the synthesls of Z-nitro-4-chloroethylbenzene

43Atkinson and Simpson describe the oxidatlon of 10 g.
of material and state, "Thle result could not be reproduced
on & larger scale.”
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involves essentially the same steps as the syntheals of the
toluene analogue, an invesatigstion into the synthesis of
2-nltro-4-chloroethylbenzene and its conversion into the
ketone was undertaken by us. The essential steps were
dinitration of the ethylbenzene, selective reduction of the
p-nltro group, replacement of the p-smino group with chloride,
and lastly converslon of the ethyl group to the ketone. The
sequence ls ahown in Scheme U.

Since g-nitro-p-dichlorobenzena 1s also a relstively
inexpensive starting material, we attempted to use it in
the synthesis of 2-nltro-4-chloroscetophenone. Although
the reaction of sodium acetylide with slkyl hallides has been
well established by 8 large number of examples, no reaction
was ever successful with eromatically bound halogen. It was
felt, however, that perhaps an activated helogen such as in
9-nltro-p-dichlorobenzene would produce the desired phenyl-
acetylene. The acetylene, of course, could easliy be hydrated
to the ketone. The reactlon was flrst tried with butyl
bromlide 88 the condensetion was reported to give hexyne-l
in good ykslda.‘* A procedure which sfforded hexyne-1l in
51.5% yleld is described in the experimental seoction.

The reaction with sodium ecetyllde was repeated with

p-pitrobromobengene and with o~nitro-p-dichlorobenzene,

4‘Vaughn, Vogt, ilennion, and Kieuwlend, J. Org. Chem.,
2, 1 (1937).
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the only change being the evaporatlion of the ether extracts
and reorystallization of the sollds from & 20% benzene in
petroleun ether solvent. 1In both cases the starting materials
were essentlally quantitatively recovered. The temperature

at whloh the reection was conducted was incressed by sub-
stituting dioxane as the solvent, but sgain only the sbarting

material was recovered.
Dinitration of Ethylbenzene

The dinitration of ethylbenzene was first accomplished
by‘Walaaweller45 but Borache was unable to repeat his work.46
2,4-Dinitroethylbensene was &lso obitained &8s a by-product of
the mononitration of ethylbengene by Cline and Roid.47
Ipatieff and Schmerling slso mention the product$® but none
of these workers gives much detall for the resction and none
mentions hls yleld. ¥From the facts aveilable and from some
preliminary experiments it became obvious that three factors
are involved. First, & high temperature is required for the
dinltretion. 3Second, sdding 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 qulite violent. Thirad,

if the ethylbenzene is dinitrated repidly at elevated tempera-

45ye1saweller, Monatsh., 21, 40 (1900).

46porsche, Ann., 386, 365 (1912).

47:11ine and Reid, J. Am. Chem. Soc., 49, 3150 (1927).
48Ipatieff and Schmerling, ibid., 59, 1056 (1937).
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ture, the stabillity of the dinltro product prevents the
formation of significant gquantities of oxldatlon product.

A convenient method for the production of 2,4-dinltrosthyla=
bengzene on & rather large scale was evolved. The method
affords yieldas of either 73% or 91¥ depending on bLhe mode of

isoglation of the final product.
Gelectlve Reductlion of £2,4~-Dinitrocethylbensene

The selectlve reductlon of one nitro group of dinitro-
benzene homologues has classlcally been carried out with
hydrogen sulfide and ammonia. Schultz,4®? snd Cline and
3«1«4? have used this method on 2,4-dinitroethylbensene.
The latter have shown that only & very smell smount of the
geamino compound is formed from elther 2,4-dinitrotoulene
or 2,4-dinltroethylbenzene and thst the amount of Z-amino
compound formed in the case of the ethylbenszene derivative
is so small 1t could not be directly isoclated. Cline and
Keld have also pointed out that the isomer free Z-nitro-
4-aminoethylbensens melts at 45° and its acetyl derivative
melts at 110°. Since they dld not give their ylelds, how-
ever, thelr experiment was repeated. The amount of 2-nitro-
4-aminocethylbvenzene hydrochloride lsolated corresponded to

52.7% of the calouleted quantity.

495chnu1ts, Ber., 42, 2634 (1909).



Hodgson snd Birtwell reported some experiments in the
gselective reduction of various dinitro compounds and came
to the conclusion thet methanol was & superior solvent to
ethanol and that sodium sulfide buffered with sodium bi-
carbonate was superior to ammonia and nydroganlaulfida.ao
The applicstion of these ldess to our work on the mono-
reduction of dinitroethylbenzene produced & method pro-
viding an 1increassed yield of substantilally pure product.
Thus 2-nitro-4-aminovethylbenzene hydrochloride was produced
in 79% yleld: the free base melted sherply at 45° end the
scetyl derivetive melted at 110.5-111° in good agreement
with the constants reported by Cline and Reid for the lsomer

free compound.
S8ynthesls of gZ-Nitro-4-chloroethylbenzene

Replacement of the amino group in Z2-nitro-d4-amino-
ethylbenzene by & chloro group wes sccompllshed by us in
46% yleld by the standsrd Ssndmeyer conditions. The re-
action was very difficult te handle, however, due to an
excessive amount of fosming during the diazotizstion. A
much smoother reaction end also & higher yleld was obtsined

by use of a procedure adepted from Hodgson &nd ®Walker .51

B
663.

®li0agson and Walker, 1bld., 1933, 1680.

aﬁodgaan end birtwell, J. Chem. Soc., 1044, 756; 1945,

40
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The procedure involved the use of a yglacial acetlc acild
solvent and afforded a diazotlization that could be conducted
et slightly below 15° with no fosming. The use of this
method of diszotlzation incressed the yleld of 2-nitro-4-
chloroethylbenzene to 63%. The compound is s pale yellow
liquid which dlstilled at 133-135°/20 mm. Both methods of

diazotization are described in the experimental section.
Ketonization of 2-Nitro~d4-chloroethylbenzene

Two general methods for the conversion of 2«nitro-d-
chlorvethylbenzene to 2-nitro-4~chloroscetophenone were
investigated. The first method involved an oximatlon st
the (~carbon followed by hydrolysis of the oxime to the
ketone. The second method involved the possibility of a
direct oxidstion at the {«~carbon to produce the ketone in
one step.

Ford-Hoore and hHydon have lnvestigeted the oximatlion
of g-nitroethylbenzene and thelr higheat yield of the
oxime (48%) was obtained by the use of tertiary butyl
nitrite as the oximating agent.®2 By applylng this method
to 2-nltro-4-chloroethylbenzene & yleld of 39.4% of 2-nltro-
4-chloroscetophenone oxime weés obtained. Hydrolysis of
the oxime, however, afforded the ketone 1n only 68.5%

yield; the over-all yleld of ketone wes thus about 28%.

5%gord-Moore snd Kydon, J. Chem. Soc., 1946, 679.
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The oxidation of compounds such &s o-nltrotoluene to
o-nitrobenseldehyde by chromium trioxide in the presence of
acetic anhydride and acetlc ag1gb9,64 suggested the aecond
svenue of approach. Application of this method to Z2-nitro-
4-chloroethylbenzene afforded a 56% yleld of the ketone in
one step. The ketone &and the oxime prepsred from it d4id
not depress the melting points of the corresponding compounds

produced via the oximation reaction.
Heduection of g8-hitro-4-chloroscetophenone

Catelytie reduction of 2-nitro~4-chloroscetophenone
by hydrogen has not produced as high yields of Z-amino-4-
chloroscetophenone as has the use of metalliec reductants.
Leonard and Boyd secured the smine in 64.2% yleld by the
use of hydrogen and & platinum oxide catalyst. In our work,
the use of an slcoholiec solutlon of stannous chloride
afforded the amine in 79.5% yleld. A asimiler high yield of
amine haes 8180 been sccomplished by the use of lron powder
and scetic acid.4?

The formylstion of Z2-amino-4-chloroscetophenone was
ensily sccomplished by & simple reflux procedure with 90%

formiec acld.

53Thiele and Winter, Ann., 311, 353 (1900).

5431att, "Organie Synthesis " yol. II, John Wiley and
Sons, Hew York Gity, 1943, p. 441.



Cyoclization of Z2-Formeamldo-4-chlorcacetophenone

Cyelization of o-formemldoacetophencne to 4«~hydroxy-
quinoline in the presence of dllute elkaell and a trace of
alcohol wae first sccomplished by Camps who obtained 8.5 g.
(68.6%) of the quinoline from 14 g. of sterting material.’
Brobranaski repeated the experliment (ostensibly under the
same condlitions) but was only able to secure sn amount of
hydroxyquinoline corresponding to @ yield of 25.8%.
Cyclization of 2«~formamido~4-chloroscetophenone has now also
been sccomplished &nd the procedure is deacribed in the
experimental sectlon. Although the quantity of 4-hydroxy-
T-chloroquinoline that wes isolated corresponded to a yleld
of 19.2% of the calculated quentity, a conslderable amount of
g2-8nmino-4-chloroguinoline was recovered during the steam
distillation. The yleld of 4«hydroxy-7-chloroquinoline
based on recovered materis)l was 88.2%. It is possible that
the 8.8 g. of 4-~hydroaxyquinoline found in the article by
Camps was & mleprint, ss 3.5 g. would represent a2 yleld of
28% in reasonable agreement with Brobranski and ourselves.

That the alkall soluble compound formed in the cycliza-
tion of Z-formamldo-4~chloroscetophenons was actually
4-hydroxy-T7-chloroquinoline was shown by the fact that it
did not depress the melting polnt of s sample prepared by
the hydrolysis of an suthentic sample of 4,7-dichloroguinoline.
‘The hydrolysis was conducted according to the directions of
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Brobranski for the hydrolysis of 4—chlar9qulnolina.8 A
sample of 4,7-d4ichloroquinoline prepared from the alkall
soluble compound by trestment with phosphorous oxyohloride
according to the directions of Surrey and Hammer® slso falled
to depress the melting polint of the authentiec ssmple.

The presence of & small smount of aleohol in the cycliza-
tion of the &-formsmido~4-~chloroacetophenone seems to be
necessary for the reaction ss the reaction conducted without
it (and with or without the presence of enough dloxane to
solubilige the starting meterisl) fsiled to produce the
hydroxygqulnoline.

Cemps also Lfsolated & by-product in his cyclization of
o~formamidoacetophenone. The compound, & yellow amine, was
easlly separated from 4-hydroxyquinoline becsuse it was in-
soluble in slkali. He demonstrated thaet the compound was
isoflaveniline, 2-(2-aminophenyl)-4-methylgquinoline. It was
not surprising, therefore, that the cyeclization of 2-form-
amido~4~chloroacetophenone produced 8 small smount of a
yellow compound which was insoluble in slksli and not
volatile with steem. <The compound melted st 170-171° and
contalined nitrogen and chlorine. The results of an elementary
analysis were consistent with & formula of 016H12012HQ.

By enaslogy with the compound obtained by Camps, the compound
ls belleved to be 2-(2-amino-4-chlorophenyl)=4-methyl-7-chloro-
guinoline. The formyl and scetyl derivatives of this compound

were slso prepared.
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Uther salkaine condensing agentis were trled in the attempt
to improve the cyclization of Z-formamido-4-chloroacetophencne
to 4-~hydroxy~T7-shloroquinoline. BSodium hydride suspended in
benzene was apparently unreactive &8s a subsequent stesm
distillation afforded only the hydrolysis product. Sodium
hydride in bolling dloxane or sodium tertiary butoxide in
bolling tertiary butyl aleohol, however, both produced the
dichloro-isoflavaniline in yields of 58.5% and 86.5%,
respectively. XNone of these reagents gave the desired alksli-
eoluble hydroxyquinoline.

In sddition to the slkaline condensing agents, various
acidlie reagenta were also tried in attempted cyclization.
With refluxing benzene as the aalvont; phosphorous pentoxide,
dry hydrogen chloride, and boron trifluoride failed to
produce eny of the hydroxyguinoline. Simple fusion or hesting
to 200° in en inert medium also feiled to provide the hydroxy
compound.

The 4-hydroxy-7-chloroquinoline prepared by the eycliza-

tion iIn dllute sodium hydroxide was easily converted to
4,7-dlchloroquinoline by the use of phosphorous oxychloride.
The conversion was accomplished in 81% yleld. The 4,7-dichloro-
quinoline prepared in this masnner did not depress the melting

point of en suthentic sample.
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EXPERIKENTAL

Trial prepsration of hexyna-l.

A 250 ml. portion of liquld emmonlia from & commercial
cylinder was plsced in a dropping funnel which wes surrounded
by & cooling Jacket containing dry lce and cellosolve. A
total of 22.5 g. (0.98 mole) of sodium was added to the
liquid emmonle in smsall pleces. A second 250-ml. portion
of liquid ammonia wea placed in & l«l. three-necked flusk
equipped with s gss inlet tube and a mechanicel stirrer.
Commerciel acetylene was led through water and sulfuric
acid scrubbers and finally into the flask. Thesolution of
sodium in lliquild smmonis was slowly sdded to the flesk
during the passage of the scetylene. The addltion of the
sodlum solution wes completed in an hour but the passasge of
the acetylene waz continued & few minutes longer. From
another dropping funnel, 104 g. (0.76 mole) of redistilled
butyl bromide was slowly to the flask. A condenser filled
with dry ice and cellosolve was fitted on the flazk and
the cooling bath wes removed from around the flask. The
liquid smmonies began to boil and the bolling and refluxing
was allowed to continue for two hours. A condenser contain-
ing ligquid ammonla wes placed atop the flirst condenser &nd
158 ml. of water was slowly asdded to the flask. The whole
resction mixture wes sliphoned into a 2-1, seperatory funnel

and the orgenic layer was taken up with ether. The ether



48

solutlion was weshed several times with water and drled over
calcium chloride. After the ether was carefully dlstilled
off, & 32 g. (51.5%) fraction of hexyne-l dlstlilling st
70-72° was obteined. The slkyne gave a white mercury

derivative melting at 96.5° (Vaughn, et al.,4% 96.2-96.5°).
Another portlion of the slkyne was converted to methyl butyl

ketone which was Ildentlified through its 2,4-dinitrophenyl-
hydra EONe .
Attempted preparstion of phenylacetylenes in liguid ammonla.

Rp-Kitrobromobenzene e&nd o-nitro-p-dichlorobenzene were
substituted for the butyl bromide in the experiment described
above. The ether extraction was eliminated, however, and the
sollid products were recrystallized from & benzene-petroleum
ether solvent. 1In both caeses the starting material was
essentlally gquantitatively recovered.

Attempted prepsration of phenylecetylenes in dioxsne.

A4 128-ml. portion of ligquld ammonls was placed in e
droppling funnel which was esurrounded by & ecooling Jacket
conteining dry ice and cellosolve. & total of 1l.3 g.

(0.49 mole) of sodium metsl was added to the ammonie in
small pleces. A second portion of 125 ml,., of liquid smmonia
wes placed in & l-l. three-necked flesk equipped ea in the
previous experiment. The passage of the scetylene was

pegun and the sodium in ammonia solution was slowly added to
the flask.,. &After the passege of the acetylene was completed,

& dry lce-cellosolve condenser was fixed on the flssk and
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250 ml. of purified dloxene was slowly sdded. A hesting
mantle wesa substltuted for the cooling bath and the
condenser wass removed. ¥With the gentle applicetion of heat,
the ammonia slowly evaporeted. Kventually the mixture was
brought up to room temperature and 77 g. {(0.38 mole) of
p-nitrobromobenzene wes added. After twelve hours of aglts-
lon the mixture was slowly diluted with 100 ml. of weter
and then poured into snother flask conteining 1500 ml. of
water. The so0lid was filtered off and recrystallized from
& 20% bengene in petroleum ether solution. The solid, which
welighed 74 g., d1d not depress the melting point of the
starting materlial end represented & substentielly complete
recovery of starting meteriel. The experiment wae repeated
with ¢-nitro-p-dichlorobenzene with the same negstive result,

2,4-Dinitroethylbenzene.

The mixed acid for the nitration was prepsared by slowly
sdding 510 ml. of concentrated nitric ecid (4. 1.42) to
1020 ml., of concentrated sulfuric acid (4. 1.84) in 8 3-1.
three-necked flesk equipped with # condenser, & nichrome
g#irshberg stirrer, a thermometer, and & dropping funnel,.
The stirrer was started and 306 ml., (265 g., 2.5 moles) of
ethylbenzene weas added to the mlxed acid. The sthylbensene
was first added at & falirly repid rate, but when the tempera-

ture of the mix reached 1089 the rate of sddition was slowed
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down; the rest of the ethylbenzene was sdded &t such & rate
a8 to meintain the temperature at 1101 2°., (A regular house
fean played on the flask decreased the time of addition from
about three hours to sbout one hour. The fan was rewmoved
after the sddition was complete.) The mixture waas stirred
for an additional half-hour, although it wes not sllowed to
cool below 75°. When the sgitation was finelly stopped,

the orgenic lasyer rose to the top. The billsyered mixture
(atill at 75°) was poured into & sturdy separstory funne151
and sllowed to cool for & few hours. The lower layer was
carefully drawn off, poured into a very large amount of
water and diascarded. The crude dinitroethylbenzene in

the separatory funnel was shaken with eabout 500 ml. of cold
water. A liter of ether was sdded to the mixture snd the
whole was shaken again. After the lower agueous layer was
drawn off and dlscarded, the remeining ether layer wes washed
twice with water, four times with 2860-ml. portions of sate
urated sodlum blecarbonate solution, end finally twice with
water. (The wash water ahould be neutral at this point.)
After the etheresl layer was dried over snhydroua sodium
sulfate or enhydrous megneaium sulfate (not calcium chloride),
the ether wss removed on the steam bath under the pressure

of a water ssapirator. The dinitro compound was distilled

Sli¢ the temperature iLf allowed to fall much below 75°
an emulsion ls formed when the mixture is poured into the
separstory funnel.
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under vacuum from @ Claisen type flask and the fraction dlse
tilling st 122-1239/0.6 mm. was taken. The yleld of
2,4-dinitroethylbenzene by thls method was 356 g. (73%) of

& yellow oily materisl whose refractive index was “259 1.5650.
Other distlllation temperstures are 160-163°/6.5 mm. and
150-153°/4.5 mm.

It was possible to incresse the yleld by allowing the
reactlion mixture to cool thoroughly, pouring it into & large
smount of lce weter, extracting with a large amount of ether
and then proceeding s before. Iy this method 443 z. (91F)
of the dinitroethylbenzene was obtained., The convenlence
of the first method, however, probably compensetes for the
reduced yleld.

Anslysis: Calculested for 08385204’ C, 49.00; H, 4.11;
M, 14.28. Found: C, 49.17, 49.27; H, 4.12, 4.23; N, 14.03,
14.05.

2-Hitro~-4~8minoethylbenzene.

(A) Vie redugtion with hydrogen sulflde and swmonim. 4

golution of 180 g. (0.98 mole) of 2,4~dinitroethylbenzens in
555 z. of 95% ethanol and 586 g. of concentrated ammonis

was treated wlith gaseous hydrogen sulfide for half an hour
eanéd then boliled. After the saturating and bolling had been
repeated three times, the resction~solution wes poured onto
fce. The resulting preclplitate was filtered off und treated
wlth 800 ml. of bolling 3K hydrochloric scid. The hot solu-

tion was decanted from the oll, treated with decolorizing
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carbon, filtered, and allowe&‘tc co0ol. The crystalline
hydrochloride was filtered off, washed with 200 ml. of ice
3N hydrochloric acld, and dried under vacuum. The yleld of
light tan 2-nitro-4-amincethylbenzene hydrochlorlide was

104 g. (62.7%). The free amine was prepsred by treating the
salt with dllute base and 1ce. It melted et 46° after
several recrystallization from dilute ethanol.

(B) Via reduction with sodium sulfide in methepol. In

8 b~1l., threes-necked flask equipped with a reflux condenser,

en efficient stirrer, and s dropping funnel, 360 g. (1.5 moles)
of sodium sulfide nonahydrate and 126 g. (1.5 moles) of sodium
bicarbonate were dissolved in 600 ml. of warm distllled water.
The stirrer was started and @ liter of methanol was rapidly
added. A white precipltsate of inorgenic selts formed during
the sddition of the methanol. The mixture was heated to re-
flux, whereupon & solution of 98 g. (0.5 mole) of 2,4~dinitro-
ethylbenzene in 500 ml. of methanol was slowly added turough
the dropping funnel over & period of sbout two hours. During
the addition, the reaction mlixture turned a deep red. After
the dinitro compound had all been asdded, the refluxing was
continued for half en hour. An 800-ml. portion of weater

was then added and the methsnol was distilled off. The derk
mixture remsining in the flask was extracted with four 500-nl.
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



63

and flltered. The pale yellow solution was plaeced 1ln e
three-necked flask equipped with & gless stirrer #nd an
szeotrope trap, ¥ith the ald of the trap, the water was
removed from the solution. After the solution cooled, dry
hydrogen chloride was bubbled in untlil preclipltstion was
complete. The mixture was filltered through a sintered glass
funnel and the precipitate was dried in & vecuum desiccetor
under constant suctlon. The very pale yellow Z2-nitro-4-amino-
ethylbenzene hydrochloride welghed 80 g. (79%). The nydro-
chloride orystallized 1n very light colored pls tes from hot
butyl alcohol to which enough 60-80° petroleum ether was
added to produce cloudiness. Thsat the product was relstively
free from lsomer was demonstreated by the melting point of

the¢ free base and the acetyl derlvative which were prepared
from the hydrochloride. The free base was obtalned by treat-
ment of the hydroe¢hloride with dilute mlkall end i1ice. The
yellow-orange amine was flltered off and recrystallized from
dilute aleohol. The product melted asharply at 48%. (Cline
and he1d4? found that the melting point of the substantially
lsomer free amine was 45°.) The amine wes also distilled at
145-147°/3.5 mm. and it crystallized upon standing ss large
yellow-orange plates melting at 456°. The acetyl derivative
of 2-nitro-4-amincethylbenzene was prepered from the hydro-

chloride by treatment with scetlc anhydride and bese.52 It

523hriner and Fuson, "The Systemetlc Identification of
Uprganiec Compounds™, Second Edition, John ¥iley and Sona, Ine.,
New York, 1940, p. 146.
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melted sharply at 110.5-111° after & single recryatallization
from dilute alcohol. (Cline and Reid found that the melting
point of the substentlially lsomer-free acetyl derlvative wes
1109.)

Analysis: Caloulated for CyHyghglyu«HCls G, 47.41;
H, 5.47; H, 13.83. Found: C, 47.38, 47.57; H, 5.74, 5.74;
N, 13.87, 13.87.

2-Nitro-4~-chlorcethylbenzene.

(A) Vis diezotization in equeous medium. kighty-one

grams (O.4 mole) of 2-nitro-4-smincethylbenzene was dissolved
in & mlixture of 330 ml. of hot water snd 16 ml. of cone
centrated hydrochloric acid. The solutlon wss stirred and
cooled rapidly to a temperature slightly below 49, (The amine
hydrochloride crystallized 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 & rate as to msintaln the temperature
st slightly below 49. The addition of nitrite was stopped
when the red diazZonium salt solution produced a blue color
when tested on starch iodlide paper five minutes after the lsst
addition of nitrite. The cold dlssonium salt solution was
used directly in the next step.

To a solution of 1256 g. (0.5 mole) of cupric szulfate
pentahydrate and 40 g. (0.67 mole) of sodium chloride in 400 ml.
of water st 65° was added 26.5 . (.25 mole) of sodium bisulfite
dissolved In & minimum eamount of water. After the mixture

cooled, the cuprous chloride wss flltered off,washed with
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water and suspended in a solutlon composed of 150 ml. of
concentrated hydrochloric scld and 200 ml., of water. The
¢o0ld dliazonjium solution was added to the stirred cuprous
chloride suspension at such & r8te 83 to maintain the
tempersture at 25-30°. The mixture was then heated on s
steam bath for 15 minutes. After cooling, the mixture was
diluted with &n equal volume of water and the oil was removed
by means of 8 seperatory funnel. The agueous material was
extracted with 200 ml. of bengene and the extract was combined
with the oil. The benzene solution was washed with water

and 10% sodium bicerbonate solution. After the benzene was
removed, veacuum distillation of the residue afforded 34 g.
(46%) of 2-nitro-4-chloroethylbenzene, s pale yellow liquid
which distilled at 133-135°/20 mm. end whose refractive Lndex

wes nBQn 1.55618.
(B) Via diazotization of scetic scid medlum, To 6 l. of

glaclal acetlc acld contained in s 12-1, three-necked flask
equipped with & glsss paddle stirrer, s reflux condenser, and
& dropping funnel was sdded 405 g. (2 moles) of 2-nitro-4-
aminoethylbenzene hydrochloride (or 332 g. of the free base).
The acid for diazotizetion was prepared by slowly dissolving
254 g. (3.7 moles) of sodium nitrite in 1.8 1. of concentrated
sulfuric secid. (Although thles was sn excess of nitrite, it
was not all used.) The mixed acid was slowly added to the

stirred amine-scetlic scid mixture at such & rate &s to malntalin
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the temperature below 15%. The solid graduslly dissolved and
the mixture turned s deep red. (%hen the nitrite solution
clogged the opening in the dropplnz funnel due to preciplitsa-
tion of sodium sulfsate, 1t was helped through the opening
with a plece of stiff nichrome wire.) <{he completeness of
dlazotlization was determined by edding & few drops of the
mixture to a few drops of water and testing this solution
with starch 1odide psper for en instantaneocus blue color.
At lesst half an hour was allowed between tests with no
eddition of nitrite before the dimzotigation was conslidered
complete. When the dlazotizetlon waes finelly complete, the
flesk was surrounded by sn ice bath until further use.

To & solution of 760 g. (3 moles) of cupric sulfsate
and 240 Ze (4.1 moles) of aodlum chloride in 2.2 1. of water
at 68° was sdded a zolution of 190 g. (1.5 molea) of sodium
bisulfite end 108 g. of sodium hydroxide in 1.2 1. of water.
After the mixture cooled, the cuprous chlorlide was filtered
off, washed with water snd suspended 1ln 5.75 1. of concentra-
ted hydrochloric acid. The cold dlazonium sclution wes
added to the rapldly stirred cuproas chlorlde solutlion by
means of & dropping funnel. After stunding over-night, the
mixture wes poured into an equal volume of water and extracted
with benzene. The dilution and extractlion was convenliently

accomplished by placling 3 l. of water in each of three
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separatory funnels snd adding one third of the reaction mixture
to each funnel., The mixture in each funnel was extrscted
twice withh 1 1., of benzene and one last llter of benzene was
pesssed through all three funnels. The combined benzZene
extract was washed with weter, sodium carbonate solution
and then water again. The solutlion was filtered, and the
benzene was removed under the pressure of 8 water aspirator.
Vacuum distillation of the reesidue sfforded 232 g. (63%)
of 2=-nitro-4-chlorcethylbenzene, a pale yellow liquild which
dietlilled at 133-135°/20 mm. and whose refrsctive index was
n20, 1.8516.

Anelysis: Calculsted for 3338N02C1: C, Bl.77; H, 4.38;
K, 7.85. Found: C, 51.94, H2.08; H, 4.50, 4.70; K, 7.72,
770

2-lltro-4-chloroacetophenone vie oximetlon,
Tertisry butyl nitrite. A solutlon of 76 g. of sodlum

nitrite in 300 ml. of water was placed in & l-l. three-necked
flask equipped with & glasas stirrer, &8 thermometer, and a
droppling funnel whoae tip reached to the bottom of the flask.
The solution wes cooled below 0° with lce end sslt. A
solution of composed 72 g. (0.97 mole) of tertlary butyl
&lcohol, 27.2 ml. of concentrated sulfurie acid, and 20 ml.
of water was also cooled below 0° and then slowly added to
the nitrlite solutlon by means of the dropping funnel. The
reaction mixture was maintained at 0° during the entire
addition, After the addlition was completed, the mixture wus

allowed to stand until two distinet layers were formed. Both
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layers were carefully decanted from the precipitete of sodlum
sulfste and placed in a separstory funnel. After the lower
aqueous layer was drewn off snd discarded, the remsining
layer was washed with several 1l0-ml. portions of & solution
coumposed of 1 g. of sodium bilcarbonate, 1.5 g. of sodium
chloride, and 50 ml. of water. The pale yellow lliquid was
dried over anhydrous sodlum sulfate and dlstilled to give
76.5 g. (76%) of tertiary butyl nitrite (b.p. 65-66°). The
compound was kept in &n ice-box and 1t was used within 24
hours of its preparation.

Oximation of 2-nitro-4-chloroethylbenzene. Flve grams

(0.22 mola) of sodium wire was added to l-l. of dry tertiery
butyl alcohol which was contsined in & 2-1, flask equipped
with & stirrer and s condenser protected by s calclum
chloride tube. After the wire was dlssolved with the aid

of heat snd stirring, 750 ml. of the sovent was removed by
distilleation. When the remaining white paste cooled to

room temperature, 37 g. (0.20 mole) of 2-nitro-4-chloroethyl-
benzene and 22.5 g. of tertliary butyl nitrite were added

te the flask. The resctlion mixture was stlrred over-night
at room temperature, dlluted with 200 ml. of water snd
finally subjected to &« stesm dlstlllation. When all of the

butenol had passed over, the recelver was changed and a

pale oil sppeared in the ateam diatlllsate. The oil wes

extracted with bengene. <IJubsequent removal of the benzene
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and dlstillation of the oill afforded 6.0 g« of starting
compound.

The residue remsining in the flaask after the steam
distillstion coneisted of & brown solution snd sn oil. The
brown solution was decented and the oil was lesched with
two 100-ml. portiona of 26% sodium hydroxide solutlon. The
alkaline leschings and the origsinsl brown solutlon were
comblned snd ssturated with cerbon dloxlde (dry ice). The
preciplitate was flltered off, washed with water and re-
crystallized from dilute alcohol. By this method 16.5 g.
of 2~-nitro-4-chloroscetophonone was cobtained in the form
of white needles melting st 153.2-153.8°. Thls quantity
represented & yleld of 39.4% of the calculated amount, or
e yleld of 45% based on recovered starting meterisl. The
oxime obtalned by this method did not depress the melting
point of the sample obtained by the oxlmation of the ketone
which was prepered by the oxidation of g-nitro-4-chloro-
ethylbenzene.

dydrolysis of Z~nitro-4~-chloroacetophenone oxime. A

mixture of 16.5 g. (0.077 wole) of the oxime prepared in

the preceeding psragraph, 20 ml. of water, and 10 ml. of
concentrated sulfurlic acld was stirred for three hours

under reflux. After cooling, the reaction mixture was
extracted with several portions of ether. The combined

ether extrascts were washed with water snd dried over anhydrous
magnesium sulfate. LkLveporation of the ether and recryastalliza-

tion of the resldus from dilute sleohol efforded 10.5 g.



(68.5%) of 2-nitro-d4-chloroscetophenone melting at 55.5-55.7°.
The vver-all yleld from the ethylbenzene derivative wues about
28%. The ketone made by this method did not depress the
melting polint of the ketone prepsred by the oxidstion of
2-nitro-4~chloroethylbenzene.

g~-Kiltro-4-chloroscetophenone via direct oxidation.

In a three-necked flaak equipped with a thermoneter,
a glass stirrer, 8 oondenser and a droppliung funnel were
placed 70 g. (0.378 mole) of Z2-nitro-4~-chloroethylbenzene,
580 ml. of glaclal wvcetlic acid, and 680 ml. of acetla
anhydride. After the stirred aolution wes cooled below 159
with an lce bath, 88 ml. of concentrated sulfurlc acid was
slowly added through the dropping funnel. ¥hen the eddltion
of the scld was complete, the solution was cooled to 5©
snd 104 ge of chromium trioxlde wes sdded in small portions
over & period of an hour. After twenty additionsl minutes
of stirring et 5°, the green solution wss slowly warmed to
38° gnd stirred st this temperature for fifteen minutes.
At thls time a precipitation occurred end stirring wes
stopped. The green mixture wses poursd onto 2 kg. of iloe
and the derk green reslidue in the flask was rinsed into the
mixture with some cold weter. After ztanding for several
hours, the mixture was extracted twice with 1 1. of ether-
venzene solution (1:1). The extract was washed with several
portions of water, then with 8% sodium csrbonate solutlion

end finally with water again. The solvent was removed and



61

the reaslidue was distilled under vacuum. The first fraction
distlllead st 78-80°/2 mm. and afforded 7.4 g. of starting
meteriasl, The second frectlon distilled at 118-120°/1 mm.
and afforded 37 g. (65%) of Z-nitro-4-chloroacetophenone
which subsequently crystallized in the receiver. Hecrystallliza-
tion of the ketone from dilute ethanol gave colorless needles,
which melted at 565.6-55,7%°. (Atkinson and Simpson,%l 55-569;
Leonard and Boyd,4® 44°.) The ketone is soluble in sloohol,
ether, and benzZene; insoluble in petroleum ether.

Analysis: Calculsted for GBEBCIHOS‘ C, 48.54; H, 3.03;
N, 7.02. Found: C, 4B.45, 40.24; H, 3.21, 3.20; N, 7.13,7.06.

2-Nitro~4-chloroacetophenone £,4-dinitrophenylhydrazone.

OUne-tenth gram of Z«nitro-4-chloroscetophenone was added
to 15 ml. of &8 reagent prepared from 1.0 g. of 2,4-dinitro=-
phenylhydrazine, 1.6 él. of concentrated hydrochloric scid,
and 100 ml. of metheanol. After the solution had been warmed
for a few minutes, 7.5 ml. of 6N hydrochlorlic aclid was added.
The coplous jyellow precipltate wsa filtered off snd recrystal-
lized twice frommethanol. The compound crystallized in the
form of yellow plstes which melted st 193.4-193.6°.

Analysis: Calculated for Cjyg4HgHg0gCL: C, 44.28; H, £.66;
N, 18.45. Found: C, 44.46, 44.47; H, 3.22, 3.04; ¥, 18.77,
18.44.

g-liltro~4-chlorcacetophenone oxime.

A sample of the ketone produced via the oxidation of

2-nitro-4-chloroethylbenstene was treated with hydroxylamine
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hydrochloride, alkall, and aleohol.5® Seversl recrystalliza-
tions of the precipltate from benzene~petroleum ether
(60-80°) afforded the oxime in the form of colorlesa plates
which melted at 153.2-153.4°. The oxime prepared in this
manner d4id not depress the melting polint of the compound
prepared by the oximation of Z2-nitro-4-chloroethylbensene,
Analysis: Csleculeted for Caﬁqﬁlﬂgesz C, 44.77,
H, 3.290; N, 13.06., ?¥ound: C, 44.83, 44.67; H, 3.41, 3.86;
N, 13.87, 13.24.

S=Amino=4-.chloroscetophenone.

A solution of 17.3 g. {0.087 mole) of Z-nitro=-4-chloro-
acetophenone in 97 ml. of 95% aleohol was heated in @
500-ml. flask equipped with & glass stirrer, & condenser,
and & dropping funnel. W%hen refluxing commenced, & solutlon
composed of 62 g. (0,275 mole) of stannous chloride dlhydrate,
60 ml. of concentrated hydrochloric scid snd €9 ml. of 95%
alcohol was pradually added to the contents of the [lask.
After the addition was complete (45 minutes), the refluxing
was continued for en hour and & half whereupon the condenser
was turned down snd the alcohol removed. The amino ketone was
isolated in two ways:

(a) Upon cooling the above solutlon, 18.8 g. of the

tin complex precipltated in the form of course white needles.

55Referanee 52, Procedure 34B.
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The precipitate was filtered off, weshed with lce cold
hydroehloric acid (1:1), and finally stirred for two hours
with & solution of 11 g. of sodium hydroxide in 11 ml. of
water. HKecrystallization of the new precipltate gave 9.7 g.
(66.5%) of 2~-amlno-4-chloroacetophenone. The amino ketone
crystallized in the form of white needles which melted at
92-93° (Atkinson and Simpson®l, 91-93°).

(b) The solutlon from which the slcohol had been removed
was treeted with 50% sodlium hydroxide until a pH of about 12
was resched and then the mixture was subjected to s« steam
distillation. The amline stesm dlstilled end erystellized
readily in the distillate. Filltration of the distillate and
recrystallization of the precipltate from dllute alcohol
afforded 11.6 g. (79.5%) of 2-amino-4-chloroacetophenone
(m.p. 92-93°).

2-Acetamido~4~-chloroscetophencne.

Z-amino-4-chloroacetophenone snd five times 1ts welght
of ecetlc anhydride were hesated 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 fliltered off, washed thoroughly with water and re-
erystallized from dilute alcohol. The scetyl derivative
erystallized as white needles which melted st 152-153°
( Leonard and boya40, 152-15639).
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2-Formemido~4-chloroacetophenone.

A mixture of 16.3 g. (0.0825 mole) of 2-amino-4-chloro-
acetophenone and 80 g. of 90f formlic scid was heated under
reflux for ten minutes. The solution wesz cooled and poured
onto 100 ml. of lece water. The white precipitate was
filltered off and reorystallized from dilute slcohol. The
yield was 17.28 g. (91%) of 2-formemido-d4-chloroacetophenone
in the form of white needles which melted st 124.2-124.8°.

Analysis: Cslculated for Cgﬁ801ﬁegz C, 54.70, H, 4.08;
h, 7.08. Found: €, 54.90, 665.06; H, 4.11, 4.12; K, 7.22,
7.19.
2,4-binitrophenylhydrazone of Z2-amino-4-chloroscetophenone

and its formyl derivative.

Iwo=tenths gram c¢f g-formamino-4-chhlorocacetophenone was
added to 186 ml. of 8 reagent prepared from 1.0 g. of
2,4~dinitrophenylhydrazine, 1.5 ml. of concentrated hydrochloriec
scid, sand 100 ml. of methenol. After the ketone was dissolved
by gentle warming, the solution waes cooled in an ice bsth,
diluted by the addition of 10 ml. of 6N hydrochloric acid, and
finally allowed to stand for several hours. The coplous
precipitate which subsequently formed was flltered off and
washed with 50% methanol. (The preclpitate chenged from a
brignt yellow to a deep red color during the washing procedure).
Seversl recrystallizstions of the compound from toluene-
petroleum ether mixture afforded very fine red crystals which

melted at 2567-2689. Eklementery anslysis of the compound

3
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revealed that the formyl group had been lost during the re-
action as the snalyals agreed very well with the calculsted
values for Z2-amino-4-chloroacetophenone 2£,4~dinitrophenyle
hydrazone.

Analysls: Calculated for CygHynClHgO.: C, 48.0835 H, 35.46;
N, 20.03. Found: C, 47.85, 47.96; H, 3.84, 3.69; N, 20.00,
18.70.

A amall ssemple of the sbove compound and 20 ml. of 90%
formic scld were heated under reflux for ten minutes. The
solution was cooled, poured into sn equs) volume of ice water
gnd allowed to stand for an hour. The precipitste was
filtered off and weashed with lce ¢o0ld water. Seversl re-
crystalligstions of the precipitate from s toluene-pstroleum
ether mixture afforded 2-formemido-4-chloroscetophenone
2,4-dinltrophenylhydrazone in the form of fine orsnge-red
erystals which decomposed at 190-191°.

Analysis: Csalculsted for 015H1301H5353 C, 47.70; H, 3.025;
H, 18.54., Found: C, 48.07, 48.,09; H, 3.42, 3.47; K, 18.57,
18.78.
4~-ifiydroxy~7-chlorogquinoline.

A wmixture of 26.7 g. (0.136 mole) of 2-formamlido-4-
chloroscetophenone, 1.6 ml. of weter, end 150 ml. of ethanol
was heated in & 2-~1l. flesk equipped with a condenser and s
stirrer. When the reflux temperature wss reached, & solution

of 8.6 g. of sodium hydroxlide in 20 ml. of water was added to
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the fleaak. The stirring and refluxing wes continued for three
hours and then the contents of the fleask were subjected to s
steam distlillation. Filltration of the cooled steam distlllsate
afforded 16.1 g. (70%) of 2-amino-4-chloroacetophenone

{m.p. 92-93°).

The material remsining in the distilletion flask was
reduced to € volume of 50 ml. and flltered. 7The precipitete
was recrystallized from dlilute alcohol end afforded 1.8 g.
(8.8%) of lemon yellow cottony fibers (m.p. 170-171°) which
by analogy with Qampav compound is belleved to be 2-(Z2-amino-
4~chlorophenyl-4-methylquinoline. The flltrate was treated
with smell drops of concentrated hydrochloric acid until a pH
of & was reached, PFlltration and recrystallization of the
resulting precipitate from 2 l. of water afforded 4.6 g. of
4-hydroxy=-T7-chloroquinoline in the form of long white fibers

which melted at 280-282° (Surrey and Hammer® 277-279°; Price
and Koberts®? 270-272°). The yield of hydroxyquinoline

corresponded to 19.8% of the cslculated gquantity and 80 .2%
of the quantity of amino ketone consumed. The compound pre-
pared 1ln thls manner 4dld not depress the melting point of a
seample prepared by the hydrolysis of en authentic sample of
4,7-dichloroguinoline.

Analysis: Caloulated for CghHgClNO: C, 60.18; H, 3.37;
N, 7.81. Found: C, €0.22, 60.18; H, 3.36, 3.36; H, 7.81, 7.80.



67

2-{2-Amino-4-chlorophenyl)-4~-methyl-7-chloroquinoline.

(a) Two grams of sodium wlre waeas added to 250 ml. of
dry tertiary butyl slcohol which was contajined in a 1l-1, flask
equlipped with a stirrer and & condenser which wes protected
by & calclum chloride tube. After the wilre was dissolved with
the &id of heat and stirring, the condenser was turned down
and 100 ml. of the alechol was removed. 7The condenser was
replaced and & solution of 6.0 g (0.03 mole) of 2«formamido-
4~chloroscetopnencne in 300 ml. of dry tertlary butyl alecohol
was sdded. The solution was stirred for one hour under reflux
conditions whereupon the condenser was turned down again and
an sdditionsl 350 ml. of alcohol wes removed by diatillation.
¥#hen thils amount of slcohol was removed & coplous yellow
80lid preclpitated from the resction solution. The reaction
mlx was cooled and diluted with an equal volume of water.
¥hen the precipltate was flltered off and recrysteallized from
dilute slcohol, 4.0 g. (86.5%) of yellow cottony fibers of
2-{ 2-amino~4-chlorophenyl)-4-methly-7-chloroquinoline was
obteined. The compound melted at 170-171° and did not
depress the melting point of the by-product of the 4-hydroxy-
7-chloroquinoline synthesis.

(b) To a smolution of 6.0 g. (0.05 mole) of 2-formamido-
4-chloroacetophenone in 250 ml. of dry dioxene, contained in
a flask equlpped with 8 stirrer and & condenser which was
protected by a calelium chloride tube, wes added 0.9 g.

{U.036 mole) of sodium hydride. The mixture was stirred and
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heated under reflux conditlons for one hour. After the
solution had cooled, 10 ml. of water was very carefully
added dropwise. The dloxane was removed by steam distilla-
tion and the yellow preclpltate was flltered off and re-
crystallized from dllute sloohol. By this resction 2.7 ge.
(66.5%) of the same yellow lepidine was obtained. The compound
did not depress the melting polnt of the compound produced
in {8). The asteam distillate efforded @& smsll amount of the
hydrolyzed starting material,

Analysis: Calculated for Gleﬁ12013$3: C, 63.38; H, 3.99;
N, 9.25., PFound: C, 83.34, 63.,350; H, 4.20, 4.23; N, 9.17,
9.22,

£-(2-Formemido-4~chlorophenyl)-4-methyl-7-chloroquinoline.

2u( E-hmino-4-chlorophenyl)-4-methyl-7-chloroquinoline
and five times 1ts welght of 90% forwmic acld were heated
under reflux c¢onditions for fifteen minutes. The solution
was cooled, poured into lce water and ellowed to come to room
temperature, The preciplitate was flltered off, washed
thoroughly with water, and recrystallized from dilute aleohol.
The formyl derivetive crystallized as white cottony fibers
which melted at 233-234°.

Analysis: Calculated for 01?512012ﬁ30: C, 6l.64; H, 3.66;
N, B.46. Found: C, 61.69, 61.58; H, 3.62, 3.78; N, 8.42,

8.25.
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g-(g-Acetasmido-4-chlorophenyl)~4-methyl-7-chloroguinoline.

2-(2-Amino~4~chlorophenyl)-d-methyl~7-ehloroquinocline
and five times its welght of acetic snhydride were heated under
reflux conditlions for fifteen minutes. The solution was
cooled, poured into lece water, end &«llowed to come to room
tempersture. The precipltate was flltered off, wsshed
thoroughly with water, and recrystellized from dilute
eloohel. The scetyl derivative crystallized as white cottony
fibers which melted at 244-245°.

Analysis: Calculeted for CygHy,CloNo0: €, 62.683 H, 4.12;
H, 8.12. JPound; C, 62.67, 62.94; H, 4.16, 4.21; N, B.11,
BBl
Hydrolysis of 4,7-dichloroguinoline.

A mixture of 3 g. of an suthentlic semple of 4,7-dichloro-
gquinoline (¥lnthrop), 12 ml. of distilled water, and 2 drops
of 25% sulfurlec acid was sealed in @ glass tube which had
about three times the volume 0f tne mixture. The tube was
maintsined at a tenperature of 160° for six hours 1n a metal
bomb pertially filled with water. W%hen the bomb cooled, the
tube was removed and the contents was dissolved in 20 ml.
of 3N sodium hydroxide. The very small amount of insoluble
meterlial was removed by filltration and the filtrate was
brought to a pH of 8 with 3N hydroohlorlec scld. The coplous
white precipitate was filltered off and reorystallized from
about 1.5 1. of water. The yield wes 2.7 g. (88%) of
4-hydroxy-7-chloroquinoline in the form of long white fibers.

168572
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The compound obtsained in thls menner melted at 280-268° and
did not depress the melting point of the 4-hydroxy-7-chloro-
quinoline prepered by cyclizing 2-formamido-~4-chloroscetophenone.

4,7-Dichloroguinoline.

4 sample of the 4-hydroxy-7-echlorogquinoline prepared by
cyclizing 2«formamido~-4-chloroacetophenone was convertsd to
4,7-dlchloroquinoline according to the method of Surrey and
Hemmer.® A mixture of 17 g. (0.956 mole) of 4-hydroxy-7-chloro-
quinoline and b ml. of phosphorous oxychloride was heated
under reflux for two hours. The excess oxychloride was
distilled off under reduced pressure and the residue was
poured onto lce. 7The solution was made slkaline with ammonium
hydroxide and then extracted with methylene chloride. After
the extract waeg dried over msgnesium sulfate, removel of the
solvent snd vecuum distillatlion of the resldue afforded 15.1 g.
(81%) of 4,7-dichloroquinoline (b.p. 150-182°/12 mm.). The
dlstillste crystallized in the recelver snd s recrystallizs-
tion from 80% ethanol efforded the dichloro compound in the
form of long white needles which melted st 85.2-85.4° (Surrey
and Lammer®, 83.5-84.5%). The compound prepared in this
manner did not depress the melting point of an suthentiec
sample (Winthrop) of 4,7-dichlorogulnoline.

Analysis: Caloculated for CghgClohs C, 54.58; H, 2.85;

K, 7.07. PFound: C, 54.61, 54.80; H, 2.62, 2.65; H, 7.00,
707,



