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QUINOLINES FROi AHYLOKYKETONES AND ISATIN
‘CHAPTER I -
TEE PFITZINGER REACTION

The preparéfion- of qui;‘l'réxq‘l‘ix;z‘e derivatives _frsm is.‘atin; 'a'.ncd“ "
S5-methylisatin may'be‘attfibutad to Pfitzinger, who prepared"G-methyl;
4~-quinaldinecarboxylic acid'by the condensation of 5—methy1isatin
with acetone.ls? _ _ _

The Pfitzinger Feaction fas i>“éeh-'i‘sj‘;;ﬁ”e*zi&-’éd by workers in tnis
labofatory to?inqigdq the_condéﬁpatibn of grylg;yketones and aryl-
thioketones with isatin.3,4,5 | |

The chlef product of the reactlon of isatins w1ﬁh unsymetrlcal

ketones will normally ‘have the larger group in the 3-p031t10n.5,7

lpfitzinger, J. prakt. Ghem., 33, 100 (1886)

'ZPfitzinger, J. prakt. Chem., 38, 584 (1888)

3Calaway and Henze, J. Am. Chem. Soc., 61, 1355 (1939) .

4gnight, Porter, and”Calaway, J. An. Chem. Soc., 66, 1893 (1944)
SNewell and Calaway, J. fm. Chem. Soc., 6§, 116 (1947)
6pritzinger, J. prekt, Chem., 56, 283 (1897)

7Von Breun, Gmelin, and Schulthesis, Ber., 56, 1344 (1923)
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THE PURPOSE OF THIS INVESTIGATION
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THE PURPCSE CF THIS INVESTIGATION

o

The availability of aryloxyfgfones from chloroacetone and.
substituted phenols suggested their condensation with isgtins since
* Newell and Calaway® have ﬁtiliied the tolylthiopropanones in this
mannere. The use of tolyloiyﬁrdpandnes was therefore of interest.

Experiments have proven that the quiﬁoline group in gquinine
possesses marked anti-maiarial properties, - PIQSmochin, cinchophen,
and,atéquinol»are substitﬁﬁa&‘qﬁinolines whose effectiveness has
been proven.

The compounds reported igithis thesis are all substituted
¢inchoninic rcids. and are therefore related in struqtgre to these

chemotherapeutic agenf§:'5°”
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7 GHAPTER 11T
 EXPERIMENTAL

_ The Preparation of 1-{8=Naphthoxy)-2=propanone (I)

~0=CHp=C0=CHs

1-(#-Naphthoxy )-2-propenone (I} was prepared from chloroscetone

and 4 -naphthol by the method of Hurd and Perlitz.®

Fifty grams (0.54 mol.) of chloroacetone and 50 grams of acetons -

(previously dried over anhydrous calcium chloride) were mixed in a
126 ml. sepa.ra.tory..':é;nnél and 3 grams of potassium iodide was added.
The mixture waé shaken and allowed to stand oﬁernight.

In a three necked, one liter flask ‘equippedl with a mechanical
stirrer, a reflux condenser, and a drying tube was i),lgced & solution
of 59 grams (0.41 mol.) ofﬁ-’na.phthoiﬁ in 150 ml. of dry acetone. The
gtirrer was started and 57 grams (0.41 mol.) of anh}drous pofaésium

carbonate was added. The chlorcecetone mixture was added slowly over

—— —— r——r i —— ———




& period of one hour and the reaction mixturé was refluxed with .

i

stirring on a hot water bath 'for six hours affer which stirring was
continued at room temperatufgﬂfor twenty hours.

The resulting mixture was filtered, ‘the precipitate washed
well with acetone, and the filtrate and washings combined. Upon the
addition of water, the cfude ketone p?ecipitated. This was filtered
end air dried ove,rnigh’c to remove the acetone. Purification was
accomplished by dissolving”ﬁhe crude prodcct in a beoiling sclution
of 800 ml. of méthyl-alcohof'and 2001&1. pf:water, cooling to room
temperature, filtering the precipitate, anc drying in air. A pale
yvellow, waxy product was obtained.

The melting p01nt of the 1-Qé—naphthoxy)-2-pr0pancne (1) was
73 degrees c. (corrected). The yield was B0 grams, or 97 pér cent
of the theoretical. The oxime was a white solid melting at 123

degrees C. (ccrrccted).



The Preparétion of lv(pJToiyloiy)@Zepropaﬁone (11)

/0= CH = £0=CHs

1-(p~Tolyloxy }-2-propanone (1I) wes prépared by the method
of Hurd and Perlitz.® |

Fifty grams (0.54 mol.) of chlofo&cetone, 3 grams of powdered
potassium icdide, and 50 ml. of dry acetone were mixed in & 125 ml.
separatory funnel and allowed to stand overﬁight. The resuiting
solution was slowly added to.a mixturerof 44.% grems (0.41 moil.) of
p-cresol, 57 grems (0.41 moi;j of anhyﬂfoug potassium carbonate, and
150 ml. of dry acetone,  in jﬁ"thfee necked flask fitted with a mechan=-

ical stirrer and a reflux condenser. A4s in the preparation of l-

 Qﬁ-naphthoxy)—2-propanon95(I),‘the reaction mixture was refluxed with

stirring for six hours, and sbirring was continued for tﬁ;ﬁfy hours
at room tempéra%ure. |

after the reaction was c;méleted, tha'pofgsgium chloride was
£iltered off and washed with dry acetﬁne.s ‘The - filtrate and“wnéhinggﬁ
were combine&-and‘concentrated pY'eyaﬁcfaﬁion.on & hot water bath
at 80 degrees C. and under & pressure of 35 mm. to remove the excess
acetone. The residue was qistilled under a preassure of.6 mme A

small fraction of chloroacetone distilled over from 40 to 65 degrees C.

1=(p=Tolyloxy)-2~propanone (II), a pale yellow liquid, distilled over




from 108 to 112 degrees C. . Distillation wes discontinued when the
distillate became dark in color:'and the column head temperature rosé
suddenly. Thirty-nine grams of product (&8 per cent yield) was -

‘obtdined,




y)~2-bropanone {IIIl"

»-Y'I.‘his compeund wa.s prepared "try‘the u!ethod outlmed ﬁer 1=
(Batolyloxy)ﬁa-propanone (II) . but wag . obtained in higher yield
{71 per cent ‘of the thaore;ical] as a yellow 01l boiling at 106
degrees ('5,1(:'11;15!)& ?ha 2,4+dinitr0pherw}hydraz0ng_ of this ketone

was a light orange solid melting at 1563 degreeas.

-




The Preparation of 1-(m-Tolyloxy)-2-propanone {IV)

G5

By the same general procedu;eml-(E}tolyloxy)Qz-propaﬁone (1Iv)
was prepared in 57 per cent yield as a dark amber liquid boiling at
111 degrees (5 mm.). Redistillation gave a pale y'elloﬁ liquid that
turned dark upon cooling. The 2,4-dinitrophenylhydrazone was an

orange 50lid melting at 132 degrees.




The Preparation of 5-Methylisatin9 (V)

Winety grems (0¢§4-mol.) of tho%al hjdrate was dissolved
in 1200 ml. of water in a five liter round ‘bottom flask;'and 1500
grams of crys‘ballj.ne sodium pulfate was asdded. A solution of 5l4
grams (0.5 mol.) of Eftd;uidine in 300 ml, of water and 43 ml.
{0.52 mol.) of concentrated hydrochleric acid was added to the
chloral hydrate solution, and?thﬁs was followed by 110 grams
'(1.58 mol.) of hydroxylemine hydrochloride in 500 ml. of water.
The flask was then heated at such a rate as to produce boiling in

forty-five to fifty minutes. The liquid was allowed to boil for

two mimutes, cooled, filtered, and the p-methyl-isonitroscacetanilide

air dried for twenty-four hours.

Six hund*ed grams (328 ml.,) of doncegtrﬁtea sﬁlfuric aéid
was warmed to 50 degrees in a one 1iter three necked flask fitted
With & mechanical stirrer, and the p-methylsisonitrosoacetanilide
was added with stirring at suéh‘a rate as to keep the*temperature

between 50 and 60 degrees C. After the addition of the isomitroso

9Gilmen, Organic Synthesis-Collective Volume I, p. 321
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compound wﬁs complete, the solution wa s héétéd to 80 degrees for a

period of ten mimutes, cooled under running water, poured over five

‘liters of cracked ice, and allowed to stand until the ice melted.

The crude S-methylisatin (V) which separated out was filtered
and washed free of sulfuric acid with cold water. The yield of the
crude product was 74 grams (82 perhcent'of“the theoretical)s

The product was purified by two different methods during the

course of this invéstigation. The first method consisted of dissolving

the crude product in three times its walght of boillng glaclal acetic
acid, filterlng, and cooling the filtrate in an ice bath. The 5=
methylisatin (V) precipitated as dark red'needlas. Yield from this
method of purification was approximntely 30 to 35 per cent. |

In the second method of pur1f10at1on S=methylisatin (V) was
sugpended in 400 ml. of hot water and enough‘SO per cent sodium hydrox-
ide added‘¢é$put the crude substance into solution. Dilﬁte hy&ro-
chloric acid (1:3) was added until a aiight’precipitate appeared.
The solution was immediately‘filteréd, ﬁhg precipitate rejedted, and
the filtraté made acid to congo red‘papep>withfdilute hydrochloric
acid. The solution was cooled in an ice'bath; the 5-methylisatin (V)
was £iltersd off and dried in sir. The yield from this purification

. Al g
process was 80 to 90 per cent.




wr

| 4

*

The Preparation.gg'6—M§thy1;3uQ?-naﬁﬁtﬁoxy)hé-quinal@iﬁe; .

carboxylic acid (VI)

Eighteen and aefen—téptﬁs grams_(oiilslmoi.) of S;méihylisatin
tv) was dissolved in 200 ml. of 33 per ceiit potassium h&dfo%fde and
placed in & three necked flask fitted w;thfa mechenical stirrer.
Twenty-three and two-tenths grams of 1—@??nafhthoxy)-2-pr0pﬁnoﬁe (1)

was added and the mixture was refluxed with stirring on & steam bath

for eight hours. At the end of this time & dark colored liquid layer

separated on the top of the‘potaSSium h&drdkide solution. Upon cooling, .

this liquid solidified t¢ form & cake. The iiquid wﬁéldrawn off and

| acidified with dilute (131) acetic acid. No preéipitate3fbfmed,'even

F ~ upon standing, and the solution was discarded.

The solid cake was broken up and ﬁiﬁs’olvéd in 300 ml. of boiling

water. All of the precipitate digsolved, forming a dark amber solution.
From this.behaviﬁr it was decided that the cake consisted of the
potassium salt of é;methyITS—ﬁ?wnaphthox&)-4-quinaidine¢arbq;ylié acid
(VI} that had been salted out of,séiutidn by the high concentration i
of potaésium hydroxide. This was verified ?y the additinn of 33 per
cent potassium hydroxide to a small portion of the hot solution. The

. solution was boiled with Nuchar for five miﬁutes, filtersd hot, allowed.
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to cool and then made acid to 1itmas w1th 120 mle of Ls 1 acetlc‘
acid. &fter standing for several hours, the solutlon We.S flltered
the solid susPended in. 5.75 llters of hot weter, and enough 33 per
cent potassium hydroxlde added to put all of the material into
solution.'.ﬁfﬁer-treating‘with,Nuchar again, the solution was made
aoid to litmus with 131 acetic acid. 4n olive grey precipitate
separated. This wes Piltered off, washed With cold water, and
suspended in 1200 ml. of weter to wash free of potassium aeetefer
and acetic acid. The product was then filfered and'airfd?ied.-
The yield waswlé.s grams, orf 46.8 peflcent oflthe theoretical.

The compound was soluble in hot methancl, ethanol, ethylene
glycol, and.glacial acetic acid. It eas almost cemplefelx-ineoiuble
in wafer, but the addition of a little.ecetic acid to the water
greatly increases the solubility; 411 ettempts‘te recrystallize the
compound from these solvents and mixtures of these solvents were
failures. : ) | _

The compound darkened &t :]?8: d.egrees and melted with decom-
position at 233 degrees C. The darkening at 178 degrees is evidently
a decerboxylatlon, since carbon dloxide was evolved at this temperature.
It was found that the melting poiht varied with the rate of heating.

' A’quantitative nitrogen determination gave a vglﬁe of 3.59 per
cent, ae compared with the theoretieai value of 3.70 per cont {for the
dihydrate). It is probable that the acid. retained two molecules of
water of hydration as e;milar results have eeeﬁlobeained in ‘earlier

work in this laboratory.5 This water was lost by drying over phos-
) ;

_phorus pentoxide. The neutral equivelent ef‘the dehydrated acid was




" found to i:;e 341.5, whereas the the\

retical ?S 343.4.

13
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The Preparation of 3?(manlyléxy)i4€§uinaldine-

carboxylic acid (VII)

i ' o
Sevent%nd thirtyhfi“' hundred ths grams (0.05 mol.) of isdtin

was diSSOlVeJIln 125 ml. of 33 per cent potass1um hydroxide and placed .

in“a three nefcked flask fitted with a mechanical stirrer and a reflux
condenser. Hight and two tenths grams (O;OS-mol.) of'l—(@rtolyléxijrr
2-propanone'(IV) was added, and the mi;ﬁure was refluxed with stirring
on & steam bath for six hours.

" The reaction mixture was allowed G cool, and the solid cake
separated from the liquid by decantation‘ siﬁ;é 1iqdid yielded‘no

precipitate upon acidification with dilute acetic acid. The solid

material was broken into small pieces and dissolved in 500 mli of hot- -

water, boiled with Huchar, filtefpd, and the crude S-QEétolyléﬁy)-

4-quinaldinecarboxylic acid (VII) precipitated by‘the addition of 1sl

‘acetic acid to the cold solution. - The solid was filtered off,

suspended in 500 mle of hot water, and enough 33 per cent potassium

_hydroxide added to put the material into solution. A4s in the case of

G-methyl-s-?g-naphthoxy)-4—quinaldinecarboxylie acid (VII),'the .
potassium salt was salted out by the high concentratzon of pota851um

-hydroxlde. ‘The solutlon wa.s treated'w1th Nughar again, flltered and
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the acid precipitated by thie additien bfndiluté'hce%ic acid. .The'
précipitate wes filtered, washed twice with 100 ml. portions -of cold
water, and placed in a one Iiter beaker wifh 400 ml. of-water. The
suspeﬁsion was boiled for forty-five minutes‘andffiltered hot. A
small amount of acid went into solution but was recovered by‘cooling
the filtrate. The purified acid was a‘light biege color.

The yield was 9.78 grams, or 66.7 per cént of'the‘theoretical.

The scid melted with decomposition at 224 degrees, but began to
darken at 185 degrees. l

A nitrogen analysis gave a valué;of'4.24 per cent, as compared

with a theoretical value of 4.25 per cent on the basis of the dihydrafe.
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The Preparetion ¢f 5={0=Tolyloxy)~4=quinaldine-

carboxylic acid (Vii1)

This compound was prep&fédfbi’ﬁhe'methodfouﬂlined for the
Erisomer, but was ‘obtained in siight1y lower yield (64.8 per cent
of the theprétical) &8 & pale"yelid#isolid.
The;5-(g—tolyioxy)-4-quinaldinédarboxylic_acia"(VTII) darkened
at 197 degrees C. and melted with decomposition at 229 degrées C.
&nalysis of & sample previously:ﬁrie& over-phosphorugnbengoxide
gave a nitrogen content of‘4;?5 per cent., The calculated vélue is

4,77 per cent nitrogen.




The Preparation ngsq(pdeiyloxy)é4;quiﬁalﬁiieé

carboxylic acid (IX)

3—(27Tblyloxy5;4—quinéldinécarboxylic acid (IX) was prepared
by 'the same ggne_ral procedure as‘ the meta-isomer. The yield was - 58
per cent of the theoretical.

The compound is & pale yellow solid melfing with décomposifion
at 206 degrees after darkening at 176 degfeesj

A quantitative nitrogen analysis of a sample-ggeviously dried
over phosphbrua pentoxide gave a result of 4.91 per cent. The

theoretical is 4.77 per cent.

17
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. CHAPTER IV
DISCUSSION OF RESULTS

The Pfitz1nger reactlon has been extended to include the
B condensatlon of 5-methylisatin with 1-Qﬁ-n&ph+hoxy)w2-pr0panone (I)
in the usual manner.

The tol&loxypropanones:hafe been utilize& injnné,sénthesis of
three new substituted cinchon;nic.acids from isatin.

ihe highest yield (66.7'n§r cent) was obtained in the nrepnfation
of 3-(m=tolyloxy)-4-quinaldinecarboxylic acid (VII), and théxiowest
(4648 per cent) in the preparafion of G-methyl-ﬁ—p94napntho$§)-
4-quinaldinecarboxylic acid (vi). )

The potassium salts of all of the quinaldinecsrboxylic acids
prepared possess soap like prbpertiés. They tend to foam.én water
soiution, and are salted out by-hign’conqentnations of pétassinm
hydroxide.

Decarboxylation of the compounds ocgured ar;und 176 gegregg.
The melting point was not taken to be chnractefiétic of'thé;compnund
because it was found to be dependent to a. large extent upon | the rate
of heating and the extent of darkening of the com;ound.‘;

4All of the quinollne acids showed a tendency to hold water of

crystallzzation. This water;was ronoved by dry1ng in & vacium

desiccator over phosphorus pentoxide.
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CHAPTER V

SUMMARY

The following com;;;::unds have ﬁ?en prepared and some study made
of their __profe}tipgz o |
1. Ketoné:s 7
1-(s-Haphthoxy )-2-propancne (I) 3 1-( B_-torlp;yloxy )=
2-propanone (Il); 1- (E_-toly‘lpxy)-z-propanoﬁe (111);
and l-({m-tolyloxy )e2epropanone (IV).

2, Ketone Derivatives

“The 2,4-dinitrophenylhydrazone of l-{ gétol'yloxy-)- _
2-'prop§;10ne; the 2,4-dinitrophenylhydrazone of
. 1=(m=tolyloxy)=-2-propencne; and the oxime of

1- /(ﬁ' ~-naphthoxy j-2-pr opanone.

R ialio

3. Substituted Guinoline Acids

S A

BhMethyi-S- {F’-naphthoxy )-‘4.- quinaid inecarboxylic acid : 2 ‘

e

T

(VI); 3=(m-tolyloxy)-4-quinaldinecarboxylic acid (|

iy
-

3-(o=tolyloxy)-4-quinaldinecarboxylic acid (VIII) , an

sl 3

3= (B-folylo:iy)¥4QQii'inéleinecarboleic acid (IX).

Mo e S0,
Mogpaansid

o
ez -y -




FIGURE I

The Preparatlon of 1-(,6 -Naphthoxy) -2-propanone ( I )
and 1= ( p=To 1yloxy) »2=propanona ( I )

CleCHy~C=CH3

(1)

(11)
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FIGURE II

The . Preparation of 1-(awTolyloxy)-2—propanone (III)

and 1-(mrTolyloxy)-Q-prepanone (IV)




FIGURE III

' Tne Preparation of 5-Methylisatin (v)

“Mip + NHzOH + GGl-CH(OH)p; — >

=NH-COCH NOH + HOl + Ho0

I o | .
o CHz> k?:‘@

= /k /e-o

| H (V)

22
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FIGURE IV

The Preparation of 6-Methyl-3-(5-naphthoxy)e

4-qu1naldine_carbexy11_q acta (vI)




FIGURE V

The Preparstion of 3~‘(r_nf$36'.i»y31'oxy)--4‘.-'E1u_rna:1diiie-

earvoxylic aeld (VII)

24




FIGURE VI

The Preparation of 3= (o-Tolyloxy)-4-qu1naldine-

carboxylic acld (VIII)

a5




 FIGURE VII

‘The‘quPanatign“ggy3?ﬁp#tglﬁlg$yf-4‘quinaEd&hei

cérboxylic acid (IX)

- €00H

26
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