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PART It

The Syﬁthesis of Potential Antimalarials.
Some 2-Substituted &-(d-Diethylaminooropylamino)-cquinolines.

(This HKesearch has been published in the J. Am. Chem. Soc.
68, 1555(1946))

1 This work was done under contract, recommended by the
Committee on ledical Research, between the Office of
Scientific Research and Development and the Calif'ornie

Institute of Technology.



INTRODUGTION

From the time of the elucidsation of the structure of
the cinchona alkaloids (by Rabe in 1908) until the First
World War, the major effort of chemlsts in their search
for improved quinoline-type antimalarials was directed
towards modifying some features of the quinine molecule
while keeping the general structure intact. The inebility
of Germany during 1914-1918 to import the naturally-occur-
ring alkaloids instigated intensive investigations with
the object of finding a synthetic substitute. The cul-
mination of these researches was the synthesls, in 1926,
of pamaquine (or plasmochin) by chemists of the I.Ge. Far-
benindustrie.

During the Second World War, this country found itself
in a position similar to that of Germany in the First World
War. The supply of naturally occurring cinchona alkaloids
had been cut off, and the toxicity of pamaquine prevented
its large-scale distribution as a drug. For that rcason a
program was begun under the Committee for Medical Research
in the hope of finding a drug with the desirable antima-
larial properties of pamaguine but without its high toxi-
clty.

In & recent investigation (1), an in vitro degradation

product of quinine (.DP) was isolated which was less toxiec,



although also less active, than quinine itself. Later
evidence (2) indicated that QDf was 2!'-hydroxy-6'-methoxy-
B-Vinylruban-g-ol, e carbostyril derivative. It seemed of
interest, therefore, to prepare some pamaquine analogues
having the carbostyril or 2-alkoxyquinoline nucleus, and
in this way obtain less toxic pamaquine-type antimalarials.

The preparation of certain 2-hydroxy-4-methyl-8-(dial=-
kylaminoalkylamino)-quinolines &as potential antimalarials
had previously been'reported (3). Since these compounds
had a lepidine nucleus they differed radically from the
pamaquine-type of structure. The compounds prepared in
This Laboratory had, except in.the case of Z2-methoxy-8=-
(diethylaminopropylamino)~quinoline, a hydroxyl or meth-
oxyl group in the 6-~position, in view oi the fact that
quinine, as well as pamaguine, owes. its activity in part
to the presence of the methoxyl group in the 6-position.

It had originally been intended in this work to attach
to the &t-aminoquinoline nucleus the side-chain of pamaquine,
but recent evidence (4) indicates that the use of this side-
chain may give rise to highly toxic isomersf Hence the 5-
diethylaminopropyl side-chain was chosen for this purpose,
since no isomerization 1s known to occur during its prepar-

ation.



The compounds which are described here are therefore
of the plasmocide, rather than the pamaquine, type. Al-
though this meant a departure from the original purpose
of synthesising pamaguine derivatives,.it permitted the
comparison of the toxicity of various plasmoclde deriva-
tives without the danger of complications from an isomer-
ized noval side-chain. |

The compounds which were prepared in this serles are
the following.

Rg f
/Rl

NHCH,CHoCHoN (CoHg ) o

1. 2-Methoxy-8-(3-diethylaminopropylamino)-guinoline
Ry - OCH3 Ro - H

II. 2,6-Dimethoxy-8=-(3-diethylaminopropylamino)-guinoline

I1I. 8- (3-Diethylaminopropylamino)-2,6-quinolinediol

Ry - OH R, - OH

IV. 6-Methoxy-8-(3~-diethylaminopropylamino)-carbostyril

Ry - CH R, ~ OCHgz
Their preparation is indicated in the accompanying

general scheme, where R represents -H or -OCHS.
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I B-Methdxy-B-(3-diethylaminopropylamino)—quinoline

g8-Nitroquinoline was prepared in 62 per cent yield
from o-nitroaniline by the Knlippel modif'ication of the
Skraup synthesis (6). Arsenic oxide was used instead of
arsenlc acia, but that procedure did not improve thé yield.
The N-methyl iodide derivative (7), prepared in 84 per
cent yield, was then oxidized in 68 per cent yiéld'to
l-methyl-8-nitro-g-quinoline (8); This oxidation proceeded
more smoothly wnen 30% hydrogen peroxide, instead of potas-
siun ferricyanidé, was used. This method has been used
by Ing(9) in the preparation of a different 2-quinolone.

l-kiethyl=8=-nitro-2-quinolone was converted into 2-
chloro-8-nitroquinoline in 85 per cent yleld by heating
the gquinolone with phosphorus pentachloride (8) according
to the method of Fischer (10). Suﬁsequent hydrolﬁsis in
20% hydrochloric acid gave 8-nitrocarbostyril (8, 11) in
88 per cent yileld. lethylation of the carbostyril with
methyl sulfate (7, 12) gave a 79 per cent yield of 2-
methoxy=-8-nitroquinoline, This compound was first prepared
by Decker.(lz)'who believed it to be l-methyl-8-nitro-2-
guinolone, although in a later publication (7) he recognized
its true nature. Since no details are mentioned on 1its
preparation, it seems advisable to give them in this work.
An attempt to prepare it by reacting 2-chloro-8-nitroquin-

oline with sodium methoxide was unsuccessful.



Reduction of 2-methoxy-8-nitroquinoline with hydrogen
in the presence of platinum oxide gave a 90 per cent yieldb
of Z2-methoxy-8-aminoquinoline, and by condensing this com-
pound with l-diethylamino-3-chloropropane hydrochloride,
2-methoxy=-8-(3-diethylaminopropylamino)-quinoline wés
obtained in 78 per cent yield. The base is very unstable
to air and was submitted for testing as the dihydriodide,
which, unlike the dihydrochloride, is not hygroscopic.

Experimental Partl

8-Nitroquinoline (6). 880 g. of glycerol, 400 g. of o-

nitroaniline (E.k. practical), 254 g. of arsenic oxide
and 800 g. of sulfuric acid were refluxed for 3 hours and
the desired product was isolated from the reaction mixture
following the procedure described by Kn&ppel (6)e The
yield was 316 g. (62%). It was found necessary ﬁo purify
the compound by extracting the crude product with boiling

benzene (13).

8-Nitroguinoline liethiodide (7). The procedure used by
Decker et al. (7) was found to give excellent yields. A
mixture of 109 g. of 8-nitroquinoline and 119 ml. of methyl
sulfate was heated on the steam bath for 33 hours. The

gsolution was diluted with 157 ml. of water and chilled to

+ 411 melting points are corrected; microanalyses by
Dr. G. Oppenheimer and G. A. Swinehart.



15°. 210 g. of potassium iodide was then added while the
solution was stirred vigorously, and the orange-red methi-
odide precipitated. The yield was 166 g. (84%).

1-Methyl=-8-nitro-2-quinoléne (8). 195 g. of 8-nitroquino-

line methiodide was suspended in 1 1t. of 96% ethanol and
450 ml. of 20 wt.% potassium hydroxide was added. When
all of the base had been added, the methiodide diséolved
to give a deep red solution which, on standing_fof a Tew
minutes, set to a crystalline paste, probably due to pre-
cipitation of the N-methyl hydroxide. While the paste
was stirred vigorously end kept below 45° in en iée bath,
740 ml. of 30% hydrogen peroxide (Dupont "Albone") was
added in 50 ml. portions. The reaction was not vefy vig=-
orous. When all of the peroxide had beén added, the sus-
pension was allowed to stand overnight, filtered éndvthe
residue washed with 2 1t. of water. 85 g. (68%) of lemon
yellow crystals were obtained, which melted at 132-133°
(reported (8) 133-134°).

2-Chloro-8-nitroquinoline (8). This compound was prepared

by heating a mixture orf 72 g. of l—methyl-anitro-2-quino-
lone and 72 g. of phosphorus pentachloride for 15 min. at
150+5° until effervescence had ceased and refluxing the
resulting liquid for 1 hour. From the reaction mixture,

63 g. (85%) of light tan product was isolated, which melted

at 151-152° (reported variously at 152° (8) and 149° (11)).
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B-Nitrocarbostyril (8, 11). 63 g. of 2-chloro-8-nitro-

quinoline was refluxed for 2 hours in 500 ml. of 20%
hydrochloric acid. The solution was neutralized with
40 wt.% sodium hydroxide, made just acid with 10% hydro-
chloric acid and cooled. The resulting suspensibh was
filtered and the residue dried to give 50.5 g. (88%) of
light yellow crystals of 8-nitro¢arboétyril. -

2-liethoxy-8-nitroguinoline (7, 12). 40 g. of 8-nitro-

carbostyril was dissolved in 900 ml. of hot 10% sodium
hydroxide. While the solution was kept hot on the steam
bath, 610 ml. of methyl sulfate was added in 100 ml.
portions. Between each addition the suspension was stir-
red vigorously and made alkaline with solid sodium hydrox-
ide. Finally the alkaline solution was cooled; filtered
and the residue washed‘with water,until the washingsiwere
colorless. The product was recrystallized from ethanol

to give 33.8 g. (79%) of colorless crystals, m.p. 122-123°
(reported (7, 12) 124-125°). |

2-Methoxy-8-aminoquinoline. 24.9 g. of 2-methoxy-8-nitro-

quinoline waé suspended in 500 ml. of absolute ethanol

and shaken with hydrogen at 1 atm. and room tempe rature

in the presence of 0.25 g. of platinum oxide., After

1 hour, 9.2 1lt. of hydrogen had been taken up, and the rate

of hydrogen uptake had decreased to 1 ml./min. Theory
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required 9.2 1lt. The solution was filtered from the cat-
alyst, the solvent removed and the residual oil distilled
in vacuo. The amine came over at 125-129°/0.2 mm. and
crystallized readily to give 19.0 g. (90%) of colorless
needles, which were recrystallized from ethanol and mel-
ted at 75-76°.
Anal, Calcd. for CloﬁloONg (L74.2): C, 68.95; H, 5.79;
_ N, 16.08.
Found: C, 68.89; H, 5.79; N, 1606.

l-Dichylamino-5—chloropropane hydrochloride. The bulk

of this material was supplied by Columbia Univérsity.v‘
Fart of it was also prepared by reacting 271 g. (1 mole)
of C.P. phosphorus tribromide with 189 g. (2 moles) of
trimethylene chlorohydrin to give 178 g. (56%) of tri-
methylene chlorobromide (14). 100 g. (0.63 moles) of this
compound was ;eacted with 129.86 ml. (1.77 moles) of di-
ethylamine to give 34.5 g. (37%) of l-diethylamino=3-
chloropropane {15). The hydrochloride was obtained by
passing dry hydrogen chloride through an ethereal solu-
tion of the base and removing the solvent (16). The hydro=-
chloride 1is extremely hygroscopic and has to be kept over
sulfuric acid.

2=-Methoxy-8-(3-diethylaminopropylamino)-guinoline, The

modified (17) procedure of liagidson et al. (18, 19) was

followed in this condensation. A4 solution of 7.0 g



(0.04 mole) of 2-metnoxy-8-aminoquinoline, 16.4 g.
(0.2 mole) of sodium acetate and 7.4 ge. (0.04 mole) of
l-diethylamino-3-chloropropane hydrochloride in 150 ml.
of 66% ethanol was refluxed on the steambath for 5 days,
with an additional 7.4 g. of l-diethylamino-S-chloré-
propane hydrochloride added each day. At the end of that
time the 1ight brown solution was diluted to SOC ml. with
water,‘made alxaline with 180 ml. of 2bj sodium hydroxide,
saturated with potassium carbonate and extracted three
times with 50 ml. portions of ether. The ether extracts
were dried over potassium carbongte, the solvent removed
and the residue distilled in vacuo under nitrogen. After
the unreacted l-diethylamino-3~-chloropropane had distil-
led at 60-80°/0.5-1.5 mm., the desired base came over as
a viscous, yellow oil, b.p. 190-192°/0.15 mm. The yield
was 9.0 g. (78%) based on Z2-methoxy-8~-aminoquinoline.

The base, which is unstable in air, was dissolved in
36 ml., of ethanol and a solution of 8.5 ml. of hydriodic
acid (sp. Z. 1.7) in 38 ml. of ethanol was added. The
solution was diluted with ether until slightly turbid
and allowed to stand at 5° overnight. The colorless,
crystalline dihydriodide which had come out of solution
was filtered, recrystallized from ethanol end dried. It

melted at 140-142° (dec.). The yield was 9.6 g. (56.5%)
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from the base or an overall yield of 44% based on 2-
methoxy=-g-aminoquinoline.
Anal. Calcd. for Cl7H27UN312 (543.2): C, 37.58; H, 5.,01;
N, 7.74.

Found: C, 37.84; H, 5.15; N, 7.57.
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II. 2,6-Dimethoxy-8-(3-diethylaminopropylamino)-quinoline

and

8-{3-Diethylaminopropylamino)-2,6-quinolinediol

The preparation of 2,6-dimethoxy-8-(3-diethylamino~
propylamino)-quinoline was analogous to that of 2-méthoxy—
8- (3-diethylaminoprooylamino)=-quinoline. The overall yield
of the 2,6-dimethoxy base was 17 per cent as coﬁpafed to
25,6 per cent of the 2-methoxy analogue, based on 6-
methoxy-8-nitroquinoline and 8-nitrogquinoline respectively.
As a whole, the 2-position of this series of compounds
was found to be considerably stabilized by the substitution
of methoxyl in the 6-position, and more strenuous conditions
were required for the preparation of the intermediates.

2,6-Dimethoiy-8-(3—diethylaminopropylamino)-quinoline
is even more unstable in air than the 2-methoxy analogue,
and it was submitted for testing as the dihydriodide.

This derivative was chosen because, unlike the dihydro-
chloride, it is a non-hygroscopic salt.

8- (3=Diethylaminopropylamino)-£,6-aguinolinediol wrs
obtained in 26 per cent yield by hydrolysis of the 2,6-
dimethoxy analogue in 20% hydrochloric acid. The base
was a high melting solid and was stable in air, in contrast

to the Z2-methoxy and 2,6-dimethoxy analogues.



Experimental Partl

6=liethoxy-8-nitroquinoline Methiodide. A mixture of

408 g. (2 mole) of 6-methoxy-8-nitroquinoline (Winthrop
Tech.) and 380 ml. (4 mole) of methyl sulfate was heated
on the steam bath for 4 hours. The hot oil was dilﬁted
with 500 ml. of water end the solution cooled and ex=-
tracted twice with 500 ml. portions of ether. The
aqueous layer was heated on the steam bath to_expel most
of the dissolved ether and cooled to room temperature.
600 g. of sodium iodide was added to the solution while
stirring vigorously and cooling in an ice bath, and after
the addition was completed, the suspension was stirred
for some time, filtered and the residue dried to give
662 g. (96%) of red needles. It was found unnecessary to
recrystallize the bulk of the material for the nekt step.
A éample was recrystallized from butanol, and melted at
149° (dec. ).
Anal. Calcd. for Cj1Hj;0zNoI (346.1): C, 38,17; H, 3.20;
N, 8.10.
Found: C, 38.26; H, 5.06; N, 8.5l.

6-Nethoxy=-l-methyl-8-nitro-2-quinolone. 242 g. of crude

6-methoxy-8-nitroquinoline methiodide was suspended in

1150 ml. of 96% ethanol in a 4 1t. beaker and 460 ml. of

1 a11 melting points are corrected; microanalyses by
Dr. G. Oppenheimer and G. A. Swinehart.
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20 wt.% potassium hydroxide was added. When all of the
base had been added, the mefhiodﬂedissolved momentarily
to form a deep red ‘solution, which almost immediately
set to an orange, crystalline slurry. While the mixture
was stirred vigorously and kept at 30-50° in an ice bath,
920 ml. of 30% hydrogen peroxide (Dupont "Albone') was
added in 50 ml. portions. The reaction was vioient'and
very exothermic, and it was necessary to wait about 5
minutes between each addition. When all of the peroxide
had been added, the suspension was allowed to stand over-
night, filtered and the residue washed with 1f 1t. of
water. The residue was recrystallized from methanol to
give 95 g. (58%) of long, lemon-yellow needles, m.p.
166-187°.
angl. Caled. for CyqH; 0N, (254.2): G, 56.40; H, 4.30;
N, 11.96.
Found: C, &6.76; H, 4.21; N, 1l2.21.

2-Cnloro-6-methoxy-8-~nitroquinoline, A mixture of 169 g.

of 6-methoxy-l-methyl-8-nitro-2~quinolione, 169 g. of phos-
phorus pentachloride and 3 ml. of phosvhorus oxychlorilde
was heated under reflux on an oil bath at 180t5° for 5%
hours. A calcium chloride seal was found to be sufficient
protection from molsture. During the heating process, the
reaction mixture remained solid. The resulting cake was

hydrolyzed by the addition of 1 1lt. of water, the suspension
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made alkaline with ammonium hydroxiae and filtered. The
residue was dried, pulverized (10 mesh) and suspended in
1 1t., of celiosolve, 'The suspension was boiled for 1 min-
ute, chilled to 20° and filtered. The residue was washed
with ethanol and dried to yileld 133 g. (77%) of colorless
crystals, m.p. 225~226°, recrystallized from methyl cel-
losolve. |

Anal. Calcd. for C10H703N201 (238.6): G, 50.32; H, 2.96;

‘ N, 11.74.

Found: C, 50.30; H, 3.00; H, 11.74.

6-liethoxy-8=-nitrocarbostyril. A suspension of 125 g. of
2=-chloro-6~-methoxy-8-nitroquinoline in 1200 ml. of 20%
hiydrocnloric acia was refluxed for 24 hours. Since con-
siderable foaming took place, & ml., of capryl alconol was
used as a depressant. The suspension was neutralized'with
40 wt.% sodium hydroxide end made just acid with 10%
hydrochloric acid. It was cooled, filtered and the resi-
due suspended in 1 1lt. of bolling water. 40 wt.% sodium
hydroxide was added until the solld had dissolved. The
not solution was filtered through Celite, acidifiled with
1C% hydrochloric acid and chilled. The yellow precipitate
was filtered and recrystallized from methyl cellosolve to
give 96 g. (83%) of golden platelets, m.p. 210-211°.

Anal, Calcd. for ClOH804N2 (220.2): C, 54.54; H, 3.66;

N, 12.73.

Found: C, 54.33; H, 3.50; N, 12.87.
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2, 6=Dimethoxy-5-nitroguinoline. Thils compound was prepared

by the same method as 2-methoxy-8-nitroguinoline., 95.4 g.
of 6-methoxy-8-nitrocarbostyndil in £ 1t. of hot 10 wt,%
sodium hydroxlde and 800 ml., of methyl sulfate gave 76.8 g.
(76%) of lignht yellow crystals. The product was recfystal-
lized from ethanol and melted at 149-150°,
anal. Caled. for Cy,H;,0,N, (234.2): C, 56.40; H, 4.30;
N, 11.96.
Found: C, 56.29; H, 4.30; N, 12.03.

2, 6-Dimethoxy-&-aminoquinoline. A suspension of 70 g. of

2,6=-dimethoxy~-8~-nitroquinoline and 0.4 g. of platinum oxide
In 1 1t. of absolute ethanol was shaken with hydrogen at
1 atm. and room temperature. After 1 hour 21.0 1lt. of hy-
drogen had been taken up, and the rate oi hydrogen uptake
had decreased to 1 ml./min. Theory required 22.4:lt. The
solution was'filtered from the catalyst, concentrated to
100 ml., diluted to 1 1lt. with water and filtered. <he
residue was recrystallized tfrom ethanol to give 45.8 g.
(72%) ot silvery crystals, m.p. 135-136°.
Anal. Calecd. for CyqHy,0,Ny (204.2): C, 64.71; H, 5.93;
N, 13.72.
Found: C, 64.62; H, 5.88; N, 15.95.

2,6-Dimethoxy-8-(3-diethylaminopropylamino)-quinoline., A4

solution of 8.2 g. (0.04 mole) of 2,6-dimethoxy=-8-amino-

quinoline, 16.4 g. (0.2 mole) of sodium acetate and 7.4 g.
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(0.04 mole) of l-diethylamino-3~chloropropane hydrochloride
in 150 ml. of 66% ethanol was refluxed on the steam bath
for 5 days with an additional 7.4, g. of l-diethylamino-3-
chloropropane hydrochloride added each day. At the end of
that time the solution was diluted to 300 ml. with ﬁater,
made alkaline with 150 ml. of 25 wt.% sodium hydroxide,
saturated with potassium carbonate and extracted three
times with 50 ml. portions of ether. The ether extracts
were dried over potassium carbonate, the solvent removed
and the residue distilled in vacuo under nitrogen. After
the unreacted l-diethylamino-3-chloropropane had distilled
at 60-80°/0.5-1.5 mm., the desired base came over as a
viscous, yellow oil, b.p. 216-218°/0.15 mm. The yield was
11.0 g., 86% of the theory based on 2,6-dimethoxy-8-amino-
guinoline. |

The base was immediately dissolved in 43 ml. of ethanol.
To this solution was added a solution of 9.4 ml. of hydriodic
acid (sp.g. 1.7) in 43 ml. of ethanol. The red solution
was warmed at 80-70° for a few minutes and chilled at 5°
overnight. 1he dihydriodide which had precipitated over-
night was filtered and washed with ethanol to yleld 15.%2 g.
(76%) of colorless needles, recrystallizeda from ethanol,
m.p. 139-140° (dec.).

Anal. Calcd. for GygHpgOgNzI, (57%.3): C, 37.70; H, 5.10;

N, 7433,

Found: G, 37.91; H, 4.98; N, 7.28.
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8- (3-Diethylaminopropylamino)-2,6~-guinolinediol, 36.5 g.

of 2,6-dimethoxy-8-(3-diethylaminopropylamino)=-quinoline
was dissolved in 182 ml. of 20% hydrochloric acid and the
solution refluxed for 4% hours. The red solution was
.cooled, neutralized with smmonium hydroxide, and the-green
gum which precipitated was collected by centrigugation.
By stirring and scratching this gum with & few ml. of boil-
ing ethanol, it was possible to convert it intq a greenish
yellow solid. The solid was recrystallized from methyl
cellosolve to give 8.5 g. (26%) of lemon yellow prisms,
m.p. 208-210° (dec.)

Anal. Calcd. for 016H2302N5 (289.4): C, 66.40; H, 8.01;

N, 14.52.

Found: C, 66.14; H, 8.24; N, 14.60.
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I1I. 6-Methoxy-8-(3-diethylaminopropylamino)-carbostyril

Considerable difficulty was encountered in finding a
workable synthesis of this compound. The first method of

attack was based on the series of reactlons:

However it was found that 6-methoxy-8-aminocarbostyril,
obtained in a 91 per cent yleld by the catalytic reduction
of 6—methoxy-8-nitrocarboStyril, was an extremely high
melting compound which was only slightly soluble in most
organic solvents. The condensation with l-diethylamino-
3=-chloropropane hydrochloride therefore had to be attempted
under heterogeneous conditions, and the starting matecials
were recovered quantitstively.

The second attempt was based on the assumption that
the Z-methoxy group in 2,6—dimethoxy-8—(S-diefhylamino-
propylamino}-gquinoline was more labile than the &-methoxy
group, and that the former could be hydrolyzed preferen-
tially to the latter. However this assumption proved to
‘be tallascious, since even during very short (1 hour) periods
of refluxing in 20% hydrochloric acid the 6-methoxy group

was hydrolyzed, resulting, in every attempt made, in the



formation of 8- (3-diethylaminopropylamino)-2,6-quino-
linediocl. It was also anticipated that, even if a pro-
cedure of hydrolysis could eventually be worked out
resulting in at least partial formation of the 2-hydroxy-
6-methoxy deriVative, the separatlon of the 2,6—dihjdroxy-
end the 2-hydroxy-6-methoxy- derivatives would involve
a rather complicated procedure, based on the relative
solubilities of the compounds in sodium hydroxide; and
probably resulting in a very low yield of the desired
product. Therefore this line of attack was abandoned.
The problem was finally solved by making use of the
well known hydrogenolysis of benzyloxy compounds to the

corresponding aleohols, using palladium catalysts (20,21).

QGH20R+ 2(H) — QCH5+ HOR -

This méthod, though finding considerable application in
sugar chemistry (22,23), had never been applied to pyri-
dine or quinoline benzyloxy derivatives, but it proved
to be excellent when it was applied to the present ser-
ies of compounds.

6~-Methoxy-8-nitrocarbostyril was benzylated in alka-
line solution with benzyl chloride, giving a 68 per cent
yield of the 2-benzyloxy derivative. The latter was

reduced with iron and a 0.2% solution of hydrochloric

22
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acid in ethanol to give a 64 per cent yield of Z2-benzyl-
oxy~6-methoxy-8-aminoquinoline. The primary amine was
then condensed with l-diethylamino-3-chloropropane hydro-
chloride in the usual fashion to give an 81 per cent |
_ yield of 2—benzyloxy-6-méthoxy—8-(S—diethylaminopfopjl-
amino)=-quinoline, a compound which was unstable in air,
though to a much lesser extent than the correspohding 2=
methoxy ansalogue.

Attempts were subsequently made to reduce the benzyl-
oxy base as the dihydriodide derivative, but all proved
unsuccessful. The catalysts used were palladium black (24),
palladium on charcoal (25) and palladium oxide. In each
case 1 g.. of the dihydriodide in 100 ml. of absolute
ethanol was shaken with an equivalent of 100 mg;,of pal-
ladium (e.g. 115 mg. of palladium oxide) under hydrogen
at 1 atm. and room temperature for 1 hour. In order to
determine the amount of hydrogen required by the catalyst
itself, the same amount of catalyst suspended in 100 ml.
of absolute ethanol was then shaken under the same condl-
tions. Finally 166 mg. of bengzyl alcohol, an amount which
theoretically would absorb the same volume of hydrogen as
1 g. of the dihydriodide, was shaken with the same amount
of catalyst in 100 ml. of absolﬁte ethanol under the same
conditions.

It was found that each catalyst reduced benzyl alcohol
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guantitatively: palladium on charcoal in 35 minutes, pal-
ladium black in 60 minutes and palladium oxide in 11 min-
utes after a 5 minute lag. When the dihydfiodide was used,
the hydrogen uptake decreased to 0.25 ml./min. after}thev
~smount of hydrogeh had been absorbed which was reguifed
-_by.the catalyst itself.

It may be noted that ﬁaney nickel was also ﬁsed, but
no hydrogen was taken up at all. Platinum catalyétsywere
not used since the posgsibility existed of reducing the
benzene ring in the benzyloxy side-chain, thus preventing
hjdrogenolysis (20).

It was concluded that the lodide ion was responsible
for these failures, and the free base was therefore employed
in the following attempts at hydrogenolyéis. Palladium
oxide, since its rate of reducing benzyl alﬁohol wes the
highest, was used as a catalyst. It was found that, when
absolute ethanol was the mediﬁm, the hydrogen uptake vir-
tually stopped after the amount required by the free cat-
alyst had been absorbed. However when a 4% solution of
glacial acetic acid in absolute ethanol was used, COmpleté
reduction topk place in 80 minutes.

It did not seem feasible to isolate the free base as
such from the reaction mixture, which contéined an equiQa-
lent aﬁount of toluene, and the compound was therefore

isolated as the hydriodide. The dihydriodide'could not
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be preparea, probably because the quinoline nitrogen and

the 2-hydroxyl group tautomerize as laotam—ladtim, thus

destroying tne capacity of the nitrogen to accept protons.
1t remained to be shown whether benzyl chloride had

~ benzylated the oxygen or the nitrogen of the carbostyril

nucleus, that is, whether the benzylated intermediates

were of one or the other isomeric forms I ana I1:

7 OCH2© 0

: CEO

(1) (I1) .

where Y is -NOp, NH, and _NH'CHZCHZCHZ'N(CZHB)Z'

isomer would be expected to he capsble of reduction by

Either

palladium oxide and hydrogen, the reaction

@CHQRRQ +2(H) —s @CHS + HNRo
being as general (21) as

N . '
C/Cl‘lg()ﬁ + 2(H) — @GH5+ HOR

By com:aring the absorption spectra of 6-methoxy-l-
methyl-8-nltro-2-cuinolone, 2,6-dimethoxy-8-nitroguinoline
and the "unknown" benzylated compound where Y was -NOg,

the isomeric form I was indicated.



Experimental Partl

6-bethoxy-8-aminocarbostyril. A suspension of 67.5 g.

of 6-methoxy=-8-nitrocarbostyril and 1.0 g. of platinum
-oxide in 500 ml. of absolute ethanol was shaken with
"hydrggen,at 1 atm. and room tempergture. After 4 hdurs
- 21 1t. of hydrogen had been taken up, and the rate of
hydrogen uptake had decreased to 1 ml./min. Théory
required 25.0 1t. The suspension was diluted with 400 ml.
of water and filtered. The residue was dissolved in 1 1%t.
of hot 20% hydroéhloric acid, the suspension filtered hot
and the filtrate brought to pH 8 with concentrated ammonium
hydroxide. The precipitate was filtered and dried to give
53.0 g. (91%) of 6-methoxy-8-aminocarbostyril. The com~
pound was a greyish brown amorphous powder, Which could
be recrystallized only with difficulty from butanbl or
methyl cellosolve to give brown crystals, melting above
300°.
Anal. Galcd.kfor C10H1002N, (190.2): C,.65.14; H, 5.30;
N, 14.73,
Found: C, 65.06; H, 5.72; N, 14.73.

2-Benzyloxy=-6-methoxy-8-nitroguinoline. 83.7 g. of 6-

methoxy-8-nitrocarbostyril was dissolved in 1670 ml,., of

All melting points are corrected; microanalyses by
Dr. G. Oppenheimer and G. A. Swinehart. '
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10 wt.% sodium hydroxide, and 480 ml. of benzyl chloride
was added to the hot solution. The mixture was stirred
vigorously on the stéam bath for 8 hours, cooled and
allowed to stand overnight. Two iayers had formed. ;The‘
~ lower, light yellow agueous layer was syphoned off, énd
the organic layer, which had set to a black semisolid,
was boiled up with 1% 1t. of ethanol. The ethaﬁolic
solution was chilled,'filtéred and the residue recrystal-
lized from ethanol to give 80 g. (68%) of faintly yellow
crystals, m.p. 139-140°,
Anal. Calcd. for G17H1404N2 (310.3): C, 65.80; H, 4.55;
N, 9.03.
Found: C, 65.89; H, 4.73; N, 8.88.
The results of the absorption spectra which Wefe taken
to indicate the structure of this compound are summarized
in the following Table(I); The solvent used was ethanol,
and the concentration of the different compounds in that
medium was
6-methoxy-l-methyl-8-nitro-2-quinolone: 0,216 millimole/lt.

2,6=-dimethoxy-8-nitroquinoline

‘ee

0.216

2-benzyloxy-6-methoxy-8-nitroquinolines 0.187
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Table (I)

Compound Max iymum Minimum

)‘("/“) Emolal’ )‘(m,ﬂ Emola].

6-methoxy—1-methyl—S-nitro-2-quinolone 373 4860 307 1430

2,6-dimethoxy—8-nitfoquinoline 349 5530 297 1310

2-benzyloxy-6-methoxy-8-nitroquinoline | 351 | 4110 | 297| 1000

All measurements were made on a Beckman spectrophotometer.

2-Benzyloxy-6-methoxy~-8-aminoquinoline. 61.0 g. Qf 2-
benzyloxy-6-methoxy-8-nitroquinoline and 225 g. of irdn

by hydrogen were suspended in a solution.of 6.7 ml, of

20% hydrochloric acid in 670 ml. of 96% ethanol. The
suspension was refluxed with constant mechancial stirring
for 6 hours. At the end of that period the suspeﬁsion was
filtered and the residue washed with 350 ml. of 96% ethanol.
The filtrate and Washings were combined and the solvent
stripped off in vacuo at 100°. The residual -0il was dark
brown and solidified on cooling to yield 45.3 g. (82%) of
crude product. It was purified by distilling it in vacué
under nitrogen. The pure product came over at 210-212%/p.2
mm, as a light yellow oil which solidified readily to yield
35.2 g. (64%) of faintly yellow crystals. One recrystal-
1izatibn from 70% ethanol gave colorless needles which

were analytically pure and melted at 86-87°.
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N, 9.99.
Found: C, 72.95; H, 5.90; N, 10.58.

2-Benzyloxy-6-methoxy-8-(3-diethylaminopropylemino)-quinoline.

‘A solution of‘55}2 g. (0.125 mole) of 2-benzyloxy;6-ﬁethoxy~

8—aminoquinoline, 51.6 g. (0.63 mole) of sodium acetate

and 23.3 g. (0.125 mole) of l-diethylamino-&-chléropro-

pane hydrochloride in 470 ml. of 66% ethanol was réfluxed

on the steam bath for 5 days, with an additional 23.3 g.

of l-diethylamino?3-chloropropane hydrochloride‘added each

day. At the end of that time the solution was concentrated

to 300 ml. and diluted to 1 1lt. with water. It was made

alkaline with 150 ml. of 25 wt.% sodium hydroxide, satur-

ated with potassium carbonate and exbracted thrée times

with 75 ml. portions of ether. The ether extractslwere

dried over potassium carbohate, the solvent removed and

the residual oil distilled in vacuo under nitrogen. 40.2 g.

(81%) of condensation product came over at 244-246°/0.06 mm.
The base was dissolved in 124 ml. of ethanol and a

solution of 28.5 ml. of hydriodic acid (sp.g. 1.7) in 124

ml. of ethanol was added. The solution warmed up and became

red, wnhile crystals appeared almost at once. The suspension

was chilled at 59 for 2 hours and filtered. The residue

was reérystallized from ethanol to give 45.% g. (68.5%)

of colorless needles, m.p. 124-125°(dea.).
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dnal. Calcd. for CpuHyz0oNoI, (649.4): G, 44.39; H, 5.12;
N, 6.47.
Found: C, 44.46; H, 5.41; N, 6.65.

6~lethoxy-8- (3-diethylaminopropylamino)-carbostyril. 1ll.5 g.

of 2-benzyloxy-6-methoxy-8~-(3-diethylaminopropylamino)-

quinolinel

was dissolved in 200 ml. of absolute ethanol.
To the solution was added 8 ml. of glacial acetié acid
and 1.2 g. of palladium oxide®. The suspension was shaken
under hydrogen st 1 atm. and room temperature. After 80
minutes, 0.95 lt. of hydrogen nad Leeil wusdrbed, =nd the
rate of hydrogen uptake had decreased to 1 ml./min. It
may be noted as characteristic of this catalyst that there
was a 4 minute lag initially, and that in the following
7 migutes 0.4 1t. of hydrogen were absorved. Theory re-
guired 0.4 1lt. of hydrogen for the catalyst and 0;75 1¢t.
for the base, a total of 1.15 1t.

The solution was [iltered from the catalyst and 15.5
ml. o1 hydriodic acid (sp.g. 1.7) in 510_ml. of sbsolute
ethanol was saded. The solutlion was allowed to stand atb
59 for 24 hours. At the end of that time the yellow crys-

tels viere filtered and recrystallized from ethanol to yileld

1 pnis experiment was performed 8 hours after the base
had been distilled from the condensation mixture.

2 Prepared by Dr. M. Rapport of these laboratories.
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11.5 g. (91%) of faintly yellow crystals, m.p. 234~235°
(dec.), of 6-methoxy-8-(3-diethylaminopropylamino)-car-
bostyril hydriodide.‘
Anal. Calecd. for CynHpeOoNZ1 (431.4): C, 47.53; H, 6.07;
' N, 9.74. ;
Found: C, 47.19; H, 5.99; N, 9.91.
On shaking the hydriodide with 6N sodium hyarokide,
a colorless oil was obtained which redissolved in N sodium

hydroxide. The free base was not investigated further.
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SUMMARY

Four compounds related to pamaguine have been
- synthesized in order to determine the effect of a
e-substituent in the quinoline ring on the anti-

malarial activity and toxicity of this type of drug.
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INTRODUCTION

The specificity of physilologically active substan-
ces has long been recognized in such fields as immuno-
logy, enzymatic.catalysis and chemotherapeutic action.

- In immﬁnolcgy particularly, the systematic investigations
of K. Landsteiner and others (1) have gradually given
rise to the concept that the size and shape of such sub-
stances 1is of fundamehtal importance. Under the insti;
gation of L. Pauling, stress has now been laid updn the
Importance of intérmolecular forces in biological re-
actlons, and an important parameter of this aspect of

the problem is the éize and shape of the reacting mole-
cule or the biological agent (2).

Granting that biological agents are hignly specific
towards differences in size and shaperof a moleculé |
with which they react, the next questions which arise
are: can a biological agent differentiate between mole-
cules of the same size and shape, regardless of their
chemical‘nature ? and how much can the shape of a mole-
cule be varied before the biological agent is able to
" notice the difference " ? In answering these questiﬁns,
it must be remembered that the specificitj is confined
only to‘that part of a molecule which is involved in a

biological reaction. The answer to the first question is

°6



then: a biological agent generally is incapable of such
diffefentiation, provided the‘binding forces between the
biological agent and the molecules is of the same nature
(i.e. mainly van der Waals attraction, or coulombic at-
traction, etc.). The second question cannot be answéred
definitelj, since the specificity varies from system to
system, but in general small variations in the shape of
a molecule éhange its activity considerably. Thus in the
investigations of Landsteiner, which were later supplemen-
ted by quantitative studies in These Laboratorieé (3),
it was shown that the substitution of a methylthr a
hydrogen in a hapten may lower a hapten inhibition cons-
tant to one tenth of the original value (4). The activi-
ties of the vitamin nicotinamide and of the analeptic
agent Coramin are destroyed by the introduction'of
2-methyl groups into their pyridine nuclei (5,6). On the

other hand, 2-methylnaphthoquinone (7) and 2-méthylthio-

~ naphthoquinone (2) both have vitamin K activity.‘Here the
absence of the phytyl group present in the vitamin itself

- shows that this part of the molecule is not involved in
the biological reaction; yet the substitution of a thio~
phene ring for a benzene ring did not destroy the actlvi-
ty. Indeed the replaceability of the benéene ring by the
thiophene ring, and the pyridine ring by the thiazole ring,

in various biological systems has been demonstrated 1n
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numerous cases (2, 8-12).

In this connection it is iInteresting to note that
camphor and pinacol, despite their different chemical
nature, have approximately similar odors, because they
have in comuon a quasi-globular shape (13). |

Thisrdependénce.of biological activity on shape, its
variation with change in shape, and the fact that substan-
.ées with similar shape react similarly with bioclogical
agents (vide supra) (all regardless of chemicai structure
provided we restrict our discussion to non-polar parts
of a molecule) suggest . that the criterion of isomorohism
(see below) may be applied to such substances. In other
words, substances which replace each other in one another's
crystal lattice (forming solid solutions) because of si-
milarity in external shape should be expected to act si-
milafly as biological agents, by the same criterion.~The
idea has been the subject of some investigatibn,,princi-
pally by Erlenmeyer and Lettré.

However the guestions which must first be answéred
are : is solid solution formatiﬁn observed, prbvided the
components have similsr size and shape, regérdless of the
chemical nature of the components? and: how much can a
molecule be varied before solid solution formation is no

1onger'attained?l These questions were purposely phrased

This question composes the study of morphotropy, so~-called
by Groth in 1870 (18). :
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in terms analogous to those on page 36.

In the discussion of these problems, we shall have

to use the term isomorphous, which in the past has been
used with perhaps mofe oonnotaticns and interpretations
then any other. For our purposes, we shall define it as
follows: Two substances which, because of certaih métri—

cally and energeticélly similar lattice planes and plane
1

’

spacings, form solid solutions™ are called isomérphousz.
The definition is almost cyclical, since we are cbnsider-
ing a priori only those pairs where analogy is expected
from consideration of the molecular size and form. How-
ever it is only these palrs which are of real interest

to us, and we shall avoid artificial classifications (17)
and terms like snomalous isomorphism (14, 17-19). Such
pairs would by implication have similarly siied molecules
and polarization properties.

For a study of morphofropy,'organic compounds are best
suited, since non-polar constituents can be gradually
varied to assume various sizes and shapes.

One of the first of such studies was performed by
Cismician (22, 25), who concluded that organic ring sys-
tems with the same number of rings form isomorphous pairs,

1
Other criteria which we could have chosen are overgrowth

and psrallel growth.

2 i
Neuhaus (14) called this "partielle Isomorphie", Kofler (1E)
"yiassenisomorphie", Weygand (20, 21) "Goprespondenz”.
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i.e. the peairs benzene-thiophene and fluorene-phenan-
threne. His experimental results are not to be trusted,
however ( Jaeger (38); This Thesis).

Grimm (24, 25) proposed in his "Hydridverschiebungs-
satz" that isomorphously replaceable groups ("pseudoatoms')
could be arrahged periodlically as the hydrides of non-
metallic elements; thus Nt and CH: ; O=,NH- and CHy=, etc.,
.are isamorphously‘equivalent. This theory, while”being
supported by an asbundance of experimentsl evidence, is
conjecturel and has many exceptions; nevertheless itFWas
the basis for the arguments used by Erlenmeyef (8-11) in
his attempts to correlaté structure and physiologieai
activity.

Other workers (26-52) have shown that the valence angle
of pseudoatoms is of importance in considerations of iso-
morphism ( thus diphenylmethane énd diphenyl‘éther ére
hot isomorphous whereas fluorene and diphenylene oxide are).

Lettré (33), in a study of the isomorphous replace-
ability of different groups in substitﬁted benzoic sacids,
found that -H is not isomorphous with -Cl, -Bf, -1, -CHg,

1

-0H, -0CHz, or =-NOg;~ that -CHz is isomorphous with -Cl

and ~-Br but not with -~I; that ~Cl, -Br and -I are iso=-
morphous; and that -NOg, -OH and -OCHz are not isomorphous

with any groupz. This 1somorphous replaceability is res-

1
but benzoic acid is isomorphous with p-fluorobenzoic

acid (34).

2
exceptions:the pairs o-nitrobenzoic acid vs. o-toluie,

~chlorobenzoic and o-bromobenzoic acids form solid so-
) iu%lons .



tricted to the tenzoic acids, and in another type of
compound these groups may or may not be isomorphous.
The abnormal behavior of the -NO,, -O0CHjz andb-OH groups
(cf. also footnote 2, p.40) may be attributed to inter-
mélecular hydrqgen bonding . |
 Finally it may be mentioned that stereoisomers of the
same compound usually are not isomorphous (16a, 35).
‘ The questions concerning morphotropy which we have
asked gbove may now be answered. Solid solution formation
is generally observed, provided the com?onents ha#e ap-
proximately similar lattice planes and spacings, and re-
gardless of their chemical nature. The extent of morpho-
tropy is definitely a functions of the type of molecule
in guestion, but, in general, small variations may pre-
clude the formation of solid solutions.
Thus slmost complete analogy is attained betweén the
two problems which we are attempting to correiate: iso=-

morphism end serological specificity.

Evidence for such a correlation is abundanf. To mention

a few examples: thiophene and bengene are isombrphous and
can generally replace gach other in biological systems
(9, 12). 8-hydroxyquinoline (I) and 4-hydroxybenzothi-
azole (IL) are isomorphous (39) and thiazole and pyridine

X
\ S
2
N N

og ° OH

(1) (11)

41
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can generally replace each other in biological sys-
tems (10)1. Globular moleculeskof the camphor type are
isomorphous and have similar odors (13). Pyramidone (I)

and isopropyl antipyrine (II) are isomorphous and both

CHé(\) =‘C\N(CH5)2 01‘159—1 ('IGH(CHS)g
CHzN C=0 CHzN C=0
N (1) Ny (11)
\C6H5 \06H5

powerful antipyretics (36). Phosphoric and arsenic acid
salts are isomorphous and antigens with arsonic and phos-
phonic acid haptens crossreact (3). Finally, the sub-
stituted benzoic acids which are isomorphous (33) cross=-
react to about the same extent(4).2

It must be kept in mind that: a) in biological re-
actions only part of the molecule may be involved (and
specific) whereas in the crystal the same molecule is
completely surrounded by others. It is therefore iso—
morphism which is the more delicate criterion.. b) In
vivo , the molecule is in solution, and thus may have
a different effective form than in the crystal. The hy-
1 ,
The phase relationship of the pair thiazole-pyridine is
not known. While nicotinic acid and 5-thiazolecarboxylic
acid form solid solutions (This Thesis), the following
pairs are not isomorphous: nicotinamide vs. S-thiazole-
carboxamide (40); 2,2'-dithiazolyl vs. 2,2'-dipyridyl (41);
4,4'-dithiazolyl vs. 2,2'-dipyridyl (41); 2,2'-dithiazo-
1yl vs. 4,4'-dithiazolyl(4l).
. :

exceptionsithe o-nitrobenzoic acid systems (footnote 2,
p.40) ’ '
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drogen bonding and charge of a molecule (especially an
acidic molecule) may cause the criterion of isomorphism
to break down when applied to biological speCificity.

It is therefore not surprising that many substances
which crossresct biologicallyl are not isomorphous; and
that the absenée of isomorphism does not mean the ab-
sence of orossreactivity. Wie may however state the hy-
pothesis: Two substances which are isomorphous will
genérally crossreact‘(and its corollary: the sbsence of
biological crossreactivity generally means the absence
of isomorphism). |

As stated, the hypothesis is too gualitative to be
more than a working rule. It would be of interest to
corrélate semi-quantitatively the mutual solubility (in
.the solid state) of two substances, and their hapten in-
hibition constants. Since, however, such a prOgram woﬁld
involve the preparation of many antisera, andfsince,
furthermore, morphotropy usually causes a changevfrom_
complete solubility to insolubility2 it was decided that
the working rule (vide supra) should first be investigated
more systematically.

For this purpose we chose the group of simple aromatic
heterocyclic systems, such as furan, thiazole etc. The
1 _
the term being used in its broadest sense, l.e. sub-.
stances which have similar biological act1v1ty (inhi-~

bition to that activity included).

2
For a fairly complete list of phase relationships, cf. (37).



Jefforts of Erlenmeyer and others (8-12) to correlate iso-
morphism and biologicallactiviﬁy were restricted mainly
to the systems benzene~thiophene and pyridineéthiazole.
Landsteiner and Scheer (42) showed that 2-thiophenecarbox-
ylic acid inhibited benzoic acid extremely well; thatbni-
‘cotinic acid, furoic_acid, plcoliniec acid and Z2-pyrrole-
carboxylic acid all inhibited benzoic acid to an. inter-
mediate extent.

The substances chosen for this research were carbox-
ylic acids. Not only are these substances soluble at se-
rologicel pH, but their melting points lie in a range
(L00-300°) convenient for the ready determination of
phase relationships.

Specifically, it was our intention that this research
should investigate the following problems, which are of
interest to the study of morphotropy as well as imﬁunq;
logy:

a)’Are the carboxy derivatives of the heterocyclic
ring systems benzene, furan, thiophene, pyrrolé, pyridine,
pyrazine and thiazole isomorphous ?

Of the Simple rings, only the pairs benzene-thiophene
(solid solution (43)) and benzene-pyridine (normal (45))
have been investigated. Of the derivatives of these ring
systems (not counting condensed ring systems), the inves-
tigations have been restricted to the derivatives of py-

ridine and thiazole, mentioned on p. 42 (footnote 1) and
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to a number of systems containing the pyrrole, the furan
and the thiophene ring (22, 25)1. This latter investiga-
tion is highly unreliable (38).

b) What is the effect of changing the position of the
cafboxyl group on the ring, i.e. are the changed,and!ori-
ginal molecules isomorphous %

Voerman (46) reported that 2- and 3-thiophenecarbox-
:ylic aclds formed partial solid solutions. It would be
interesting to investigate the isomorphism of 2;, 5= and
4-pyridinecarboxylic acids. The results of this investi-
gation are part of This Thesis,

¢c) If the sulfur atom in thiophene is sterically and
electronically analogous to a vinyl group (e.g. thio-
phene vs. benzene), then it would be of special interest
to test the phase relationship of the pairs p-toluic
acid vs. S5-methyl-2-thiophenecarboxylim acid, m-foluic
acid vs. 4-methyl-2-thiophenecarboxylic acid and o-to-
luic’acid vs. d=-methyl-2-thiophenecarboxylic acid. Hs-
peclally crucial would be the second of these pairs,
along with the pair p-toluic acid vs. 4-methyl-2-thio-
phenecarboxylic acid:

COOH QOCH COOH
s® | O

This last experiment was unfortunately made imposcsible

1 | . ‘
cf. also (20) concerning chalcones, thiophene~chal-
cones and furan-chalcones,



for the time being, since the small yield of 4-methyl-
2-thiophenecarboxylic acid could not be obtained in
sufficient purity to warrant the determination of phase
equilibria. |

| d) Keeping the heterocyclic ring constant, will
substituéntS'whichﬁare usually isomorphous retain that
property 7 This was tested on the -Br and -CHS-deriva-
“tives of 2-thiopheénecarboxylic acid.

e) If these heterocyclic acids were to be used as
haptens in inhiﬁition experiments against anti—Xp,
anti-X eand anti-X,, would there be a dependence of the
inhibition constant on the results of a)-d), thus giv-
ing added weight to the hypothesis that substances which
are isomorphous will crossreact ¢

The hépten inhibition experiments which are necessary
were rendered partly superfluous by the general absénce
- of isomorphism in pairs containing benzoiec aéid as one
of the components (cf. Discussion of Results). Other
hapten inhibition experiments which were coﬁtemplated
have been held up for reasons beyond the contfoi‘of the

author.

46
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1. Techniques and apparatus for the determination of
phase diagrams

The three principal methods of determining temp-
erature-composition diagrams are 1) the cooling curve
method, 2) the capillary method, and 3) the hot stage
method._An adequate review of the scope of thesé méthods
has been publiéhed”(47),

The relative.advantages of the three methods have
been compared by Grimm et al. (24) in a fairly exhaus-
tive study of fq;yty-five pairs of subsbtances. His find-
ings show that method 1) gives extremely uncertain re-
sults at the s-phase boundary. This fact, coupled with
the fact that thermal aﬁalysis requires relatively large
amounts of material (of the order of one gram) and heﬁce
is useless as a micromethod, leaves for conéi&eration‘only
the‘other two methods. In the present investigatién,,a
combination of both was ﬁsed: the capillary rested 6n a
hotstage. This has the following advantages of both methods:
(a) Decomposition and sublimation can be satisfactorily
observed, and at the same time a fairly accurate deter-
mination of the thawing point can be made despite initial
sublimation. (b) No temperature correction is necded fbr
a properly constructed setup.(c¢) The initial heating
mey be véry rapid, and may be controlled with great ease.
(d) The use of a microscope permits detailed observation
of the melting proeess. A polarizing ettachment faéili-

- tates observing the change from anisotropy to isotropy.
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The microtechnique developed by Kofler (48-52),
while more elegant than the hotstage-capillary method,
requires photographic attachments and considerable prac-
tice. Ve therefore thought it more expedient to use the
more conventional method for this research.

A. Apparatus.

The apparatus consists essentially of a melting-point
block mounted on a pqlarizing microscope. The block was
patterned after the one described by Vold and Doscher (53)
I wish at this point to express my indebtedness ﬁo Dr.
Doscher for valuable advice personally given me on the
construction of the block and modifications thereof.

The block is machined from "S&i-O-Cel C-22" Celite-
Magnesia bricks (Marine Eng. and Supply Co., Los Angeles);
details of its construction may be found in reference (53).
Minor modifications include a) the use of a’recténgular
(l"x9/16"xl/2“) copper strip, instead of the circu1ar
strip described in the paper (53), in order to heat the
capillary more uniformly; b) the outside of the block
was painted with 40 Be. sodium silicate solution‘and‘
dried inbthe oven at 130° for two hours. This prevents
cracking or chipping of the otherwise fairly brittle
S§1-0-Cel.

Heating was accomplished electrically by means of a
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n6.26 Nichrome wire, looped through the block and em-
bedded in asbestos fiber. Heating was controlled by
means of a variac, in series with & 20 ohm heating ele-
ment.

The samples rested mnext to the junction of a<no.30
B&S gage iron—conspaptan thermocouple, on top of a small
glass plate. The e.m.f. (0.05 mv./ ©°C) was measured by
‘means of a Leeds ahd Northrup student potentiometer and
a box-type galvanometer with a sensitivity of'0.0ﬁ/Aa/mm.,
permitting readings of the accuracy of 0.2°C. |

The thermometer was looped twice within the air-space,
in order to avoid temperature corrections.

The temperature was computed from standard calibration
tables. The apparatus 1s usable from room temperature to
2959C (corresponding to 16 mv.), the cold junction being
at 0°C.1 |

The 32 mm. (4X) objective, in conjunction with ‘
an 8Xeyepiece, was found to give ample magnification.
Observation of the melting process was:faciiitated by
the use of a selenite compensator. |

| Tn order to permit a controlled temperature rise at
any given temperature, a series of temperature-time
curves were plotted for a number of variac voltages.
1

At higher temperatures, the capillary was immersed in

an oil bath, and the melting point observed by the
conventional method.



B. Preparation of the mixtures

(a) Preparation of the purebcomponents

The following reagents (EKC white label) were Te-
crystallized from water to constant melting point.

p-Toluic acid, m.p. 177-178°

m-Toluic aeid, m.p. 110-111°

o-Toluic @cid, m.p. 104-105°

p-Bromobenzole acid,m.p. 252-253°

Nicotinic acid, m.p. 233°

Benzoic acid, m.p. 121-122°

Pyrazinecarboxylic scid, m.p. 224-226° (dec.)"

Picolinic acid, m.p. 136-137°

Furoic acid, m.pe. 132-133°

The following acids were prepared by different series

of reactions.

" Isonicotinic acid was prepared by passing‘hydrogén
sulfide through a suspension of its copper salt (kindly
supplied by Dr. D. R. Howton). m.p. 312-314%lee(sealed
tube). Reported: 317° (55); 315° (56). |

5-Thiazolecarboxylic acid was prepared as follows.

Ethyl formete was condensed with ethyl chlorocacetate in
the presence of potassium ethoxide (57) to gilve a 39%

yield of formyl-chloroacetic acid ethyl ester (58). The
condensation product was reacted with thioformamide'(59)

to give a 25% yield of 5«-carbethoxythiazole (60).

50
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Hydrolysis of the ester in ethanolic potassium hydrox-
ide ylelded the desired 5-thiazolecarboxylic acid (80),
m.p. 218-220° (dec.) (reported 218° (61)).

2-Thiophenecarboxylic acid was prepared by ilodinat-

ing thiophene (Socony-Vacuum) in the presence of mercus
ric oxide (62) and converting the resulting 2-lodothio-
phene into the desired acid by the Grignard synthesis (63),
the overall yield being‘l5%. Successive recrystallizat-
ions from water and ligroin-benzene gave colorless

necdles, m.p. 127-128°,

3-Thiophenecarboxylic acid was prepared by the fol-

lowing series of reactions. Ethyl crotonate (64) was
prepared by the esterification of crotonic acid (EKC
practical) with ethanol in the presence of sulfuric
acid, in a 56% yield. Treatment of the ester with po-
tassium cyanide and barium hydroxidé resulted in a 70%‘
yield of methylsuccinic acid (65). The sodium sélt of
Vthis acid was heated with phosphorus trisulfide to’
give a 25% yield of 3-methylthiophene (66). The pro-
cedure for the ring closuee was based on the prepafa-
tion of thibphene by Phillips (67) and comments by
Steinkopf (68). Oxidation of 3-methylthiophene with
alksline potassium permanganate (69, 70) gave a 3.7%

yield of 3-thiophenecarboxylic acid. Successive re-=



crystallizations from water, ligroin-benzene and
subsequent sublimation gave colorless platelets, m.pe.
137-138°,

3-Methyl-2-thiophenecarboxylic acid (71) was pre-

pared by iodinating 3-methylthiophene (cf. p. 51), pre-
paring theAGrignardﬂreagent of the resulting 2-iodo-3-
methylthiophene, forming the carbon dioxide adduct,and
hydrolyzing} to give the desired acid (m.p. 146-147°
efter three recrystallizations from Water). fhe yield
on the basis of 3-methylthiophene was 44%. |

5-Bromo-2-thiophenecarboxylic acid , m.pPe. 140-

141° was prepared in a 34% yield by the direct bromi-
nation of 2-thiophenecarboxylic acid in glacial acetic
acld (72)0

S5-llethyl-2-thiophenecarboxylic acid was prepared

"as follows. Levulinic acid was heéted'with phosphorus
trisulfide to give a 8.5% yield of 2-methylthiophene
(75), the procedure of Phillips (67) being employed.
Todination (cf. (62)) of that compound gave é 80%
yieldvof 5—iodo-2-methy1thiophehe (74). This cbmpound
gave a 55% yield of 5-methyl-2-thiophenecarboxylic
acid (74), m.p. 138-139°%, by the Grignard synthesis.

4-liethyl-2-thiophenecarboxylic acid could not be

purified sufficiently to warrant its use as a component.
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It was prepared as follows. Ethyl 2-bromoproplonate (75)

wa.s
nic
The

the

prepared in a 77% yield by refluxing 2-bromopropio-

acid andbethanol in the presence of sulfuric acid.

condensation of this ester with acetoacetic ester in

presence of sodium ethoxide resulted in a 66% yield

of ethyl 2-aceto-3-methylsuccinate (75). The hydrolysis

of the condensation~product by 3N hydrochloric acid

gave a 75% yield of« -methyllevulinic acid (75)'which,

on heating with phosphorus trisulphide in the usual fashiom,

gave a 18.5% yield of 2,4-dimethylthiophene (71, 76).

Oxidation of this compound with alkaline potassium per-

manganate (71, 76) gave a 4.7% yield (0.45 g.) of crude

4=-methyl-2-thiophenecarboxylic acid, m.p. 95-108°. Re-

crystallization from benzene, sublimation and four re-

crystallizations from ligroin raised its melting point

to 110-119° (reported (76) 118-119°). Since only 0.1 g.

of material was left, further attempts at purification

were abandoned,

Z-Pyrfolecarboxylic acid was prepared as follows.

Pyrrole was prepared in a 31% yield by the pyrolysis of

ammonium mucate (77). 2=-Pyrrolecarboxylis acid (78, 79)

was obtained in a 24% yield by treating pyrrole with

methyl magnesium iodide, forming the carbon dioxide ad-

duct and hydrolyzing (a procedure desctibed in detail

by Fischer (80)). The acid melted at 190° (dec.).
v



(b) Preparation of samples of the mixtures

Weighed amounts of the two domponents are loosely
mixed in 2 ml. pyrex beakers, and then thoroughly ground
up with the flattened end of a small stirring rod.l The
avérage mixtupe‘weighs 10 mge

In the case of the acids investigated (many of which
sublime and decompose), this method of preparing samples
Es superior to the melting-solidifying-crushing tech-
nique (for a criticél analysis of preparation of samples

.cf. (24))0

Two melting point tubes are then filled with the mix-

ture and sealed about 15 mm. from the end. The two samples

give a check on the homogeneity of the mixture.

C. Observetional procedure

(a) Beginning of melting (thawing point)

In this, as in the other cases, the heating rate was.

241°/min. The thawing point caused much difficulty in

the beginning, because transmitted light was used, and the

amount of liquid (especially in mixtures of composition
close to one of the pure components) was too small to be

detected., The technique which finally gave reproducible

into the beaker, so that the resulting mixtures will be
fairly evenly distributed over the composition range.
On the average, 9 to 10 such mixtures are prepared per
diagram, except when one of the components 1is available
in only very small quantities. '

Care must be taken in weighing the individual components
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résults consisted in observing the beginning of melting
'» by bright reflected light. By observing the tip of the
capillary, the thawing point can be very accurately no-
ted., Sometimes, as in the case of partisl solid solu-
tion formetion, the first droplets resolidify; this phe-
nOmenon’can,>with someﬂpractice, be recognized unequivo-

cally.

(b) End of melting (melting point)

This point is readiiy determined ab the disappear-
ance of the last crystal. The polarizing microscope
facilitates this observation, transmitted light being
used,

(c) Decomposition

In many cases, decarboxylation, demonstrated by the
evolution of bubbles, is observed before all of the ma-
terial has melted. This has the effeet of lowering the -
liquidus, but it has no effect on the position’bf the

g-phase boundary (cf. Discussion of Results).

D, Reliability of reésults
The accuracy of the method, as judged by the repro-
ducibility of the results, is#* 2° for the thawing and

melting points and+ 4° for the decomposition points (be-

ginning of decomposition). In order to compare the results

of the method with reported results, two typical phase
diagrams were plotted, both of which had been reported

by Lettrd et al. (54). These authers used both the ca-

pillary method and the hot stage method, their results
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Eeing the average of several determinations. In the pre-
paration of their samples they used the melting-resoli-
difying~-crushing technique. The results of the compari-
son are reported graphically in figs. I and II. The check

is satisfactory.

p-CHLOROBENZOIC ACID vs. p-TOLUIC ACID

— —(O— LETTRE et al. (1936)

--_CD._-_ THIS THESIS

230"

210

% p-CHLOROBENZOIC ACID

Fige 1
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p-CHLOROBENZOIC ACID vs. p-HYDROXYBENZOIC AGID

~—(O— LETTRE et ol (1936)

— ---{(]-- THIS THESIS

23

210

190

% p-CHLOROBENZOIC ACID

Fig. II

L. HExample of a typical determination

The results of all the determinations will be repor-
ted in terms of the temperature-wt.% composition coor-
dinates of the points only. The following, in tabular
form, are the data leading to the final results. The
example chosen is the pair Benzoic acid (4) vs. PFuroic
acid (B). Table I gives the results of the weighing of
the mixtures; table II gives the results of the deter-
mination of the various melting ranges correspbnding to

the different mixtures.
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‘Table I
Weighings
Bea-| Wit Wt. plus|Wte. plus |[Net wtlNet wt,| Total Wt.%
ker | empty(g.)& (g.) B (g) A (mg)|B (mg) | wt. A | A
no. | plus B
1 |1.4969 | 1.5059 | 1.5073 | 9.0 1.4 10.4 |[86.5
2 11.4542 1.4628 | 1.4653 | 8.6 2.5 |11.1 |77.5
3 1.3680 1.3751 | 1.3786 | 7.1 3.5 10.6 | 66.9
4 1.3519 1.3585 | 1.3635 | 6.6 5.0 11.6 |57.0
5 1.5100 1.5153 |1.5209 | 5.3 5.6 10.9 |48.6
6 1.5730 1.5777 |1.5842 | 4.7 | 6.5 11.2 ° [42.0
7 1.4797 1.4834 11,4925 | 3.7 9.1 12.8 [28.9
8 1.4832 1.4862 |1.4970 | 3.0 |L0.8 13.8 |21.7
9 1.3942 1.3954 |1.4088 l1.2 |10.4 11.6 |10.4



Table IT

Melting reanges

Bead Tube THAWING POINT MELTING POINT
k .
ol e W. | Aver.| ©°C | MV. | Aver.| ©°C
1 1.48 5,80
1 4,48 85.1 5.87 110.8
1 4.42 , 5.60
2 - 4,48 85.1 . 5.08 105.5
2 4,53 : 5.56
1 4,44 5.00
3 4,47 85.0 5.06 96.0
2 4,49 5.12 .
1 4.45 5.00
4 4,47 85.0 5.02 9b.2
2 4,48 5.05
1 4,52 5.89
2 4,48 5.67 '
1 4,47 6,05 -
6 : 4,49 85.3 ' 1 6.08 114,5
: 2 4450 6.10
1 4.46 6450
7 | 447 85.0 6.46 121.5
2 4,47 6442
1 4445 6460 '
1 4,47 6.81
9 4,52 35.8 6.76 127.2
2 4,55 6.70
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Il. Phase relationships of pairs of different carboxylic
acids.

The data given on the following pages are plotted as
pPhase diagrams, the coordinates being temperature and

wt.% composition. The symbols for the points are
point on phase boundary.

beginning of decomposition.

condition (such as melting point after
decomposition has set in).

-0
--(I}—- ooint not representing an equilibrium
=
-

initial melting with subsequent reso-
lidification.

kxcepting a few cases, no line has been drawn through
solnts not representing an equilibrium condition.

The diameter of the circles and the height of the tri-
angles indicates the precision of the measureménts.

In the tabulations which éccompany each phase diagram,
the percentage compositions refer to the'compdnent indica-
ted on the diagram. The abbreviaﬁionsvdesignate; réspec-'
tively:

The.p. - Thawing point
Mepe = bMelting point

Dec.p.-Decomposition point

60
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130

no*

-0—00—O0—-C0—0 oo@d

90°—

| | | | | | I { I
20 40 60 80

% BENZOIC ACID

Benzoic acid (A) vs. 2~Thiophenscarboxylic acild

% A 0 8.4 17.1 20.7 30.8 38.3 4l.5 44.5
Thepe 127 94.6 94.8 094.8 95.4 94,8 95.8 95.2

MeDe 128 123.8 120.4 118.6 115.2 112.0 110.2 109.2

% A 55.5 71.0 76,7 83.5 86.0 90.3 100
Th.p. 95.4 94.4 94.8 95.6 95.6 97.6 121

M.p, 104.8 109.2 111.6 116.2 117.0 120.6 122
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BENZOIC ACID vs. 2-PYRROLECARBOXYLIC ACID

_2od"—
D—
80— O©
. )
L % o o
160° o
— ©
| A A %
140’ A A A .
20 -
00|
| | | | | | | 1
20 40 60 80

% BENZOIC AGID

’Beﬂzoic acid (A) vs. 2-Pyrrolecarboxylic ac'id

% A

0 10.3 20.6 28,7 38.3 49.0 6l.1 70.7
190 116.8 115.6 113.2 115.6 116.4 115.0 116.8
190 158.4 150.6 142.4 140.6 132.4 136.0 129.6
190 180.4 178.4 176.2 172.8 171.2 165.0 158.2

8l.4 91.0 100
115.4 115.6 121
133.8 127.0

153.2 127.6 122
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BENZOIC AC. vs. FUROIC ACID

120°

100°

80°H—

20 40 60 80
% BENZOIC ACID

Benzoic acid (A) vs. Furoic acid

% A 0 10.4 21.7 28.9 42.0 48.6 57.0
Thep. 132 85.6 85.1 85.0 85.5 B8E.5 85.0

Mepe 153 127.2 124,00 121.5 114.5 109.2 ©95.2

4 A  66.9 77.5 86.5 100
Th.p. 85.0 85.1 85.1 121

Mepe 96.0 105.5 110.8 122



140°

120°

BENZOIC ACID vs. 3-THIOPHENECARBOXYLIC AGID

64

20 40 60 80
% BENZOIC ACID

Benzoic acid (A) vse. S-Thiophehecarboxylic acid

% A
Thepos

M.p{

% A
Thepe

K{-pn

% A
Thaepe

I'H‘p .

0 9.5 15.9 25.0 37.8 4l1.4 42.8
137 102.9 103.2 103.5 103.3 102.6 104.0

138 132.6 131l.2 122.6 107.8 105.4 106.0:

47.7 52,0 57.8 61l.5 66.2 T0.2 76,1
101.0 103.6 101.0 10046 105.0 103.2 105.0

104.2 107.2 107.0 108.0 108.8 108.0 115.4

79.4 80.0 87.5 90.0 95.0 100
104.1 103.6 104.4 104.2 110.6 121

117.2 116.0 118.2 119.0 120.0 122
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‘ BENZOIC ACID vs. 5-THIAZOLECARBOXYLIC ACID

-
210°
sof- b ]
170°— A
150°—
130°—
o = ~O0— O O —O

] | ] | | ] ] ] ]

20 40 60 80
% BENZOIC ACID '

Benzoic acid (A) vs. S—Thiazoleéarboxylid acid

%A 0 7.6 22.0 32.7 50.0 69.0 78.5 93.3 100
Th.p. 218 111.4 109.6 111.0 111.2 110.6 111.0 111.6 121
Dec.p. 218 192.8 183.6 178.6 169.6 167.8

KeDo 220 203.5 199.4 195.4 185.0 172.4 152.0 120.0 122



130°

1no°

900

BENZOIC ACID vs. PICOLINIC ACID

66

1 | | R | 1 L 1 [

20 40 60 80
% BENZOIC ACID

Benzoic acid (A) vs. Picolinic acid

% A 0 1l.6 18.6 30.3 38.3 46.5 58.8
The.pe 136 88.4 87.6 86.4 87.0 87.2 87.4

Mepe 137 134.2 131.0 123.8 116.0 107.4 102.4

% A 67.2 75,5 86.6 100
Th.p. 87.0 87.6 87.6 121
M.pe. 107.4 111l.4 116.2 122




220°

200

8O°®

160°

140°

120°

BENZOIC ACID vs. NIGOTINIC ACID

20 40 60 80
% BENZOIC ACID

Benzoic acid (A) vs. Nicotinie acid

%A
Thepe

M.po.

=

Th.po

MeDoe

0 9.0 20.0 28.6 4b.4 059.5 66.6
253 115.,0 115.4 115.4 114.2.115.0 114.6

233 227.6.217.6 211.2 195.8 184.0 169.8

79.8 89.0 96.8 100

114.0 113.6 114.0 121

142.2 117.8 120.4 122
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BENZOIG ACID vs. ISONICOTINIC AGID

O
I|8,T'l

lllll]IllI]IlIlIlIlIlI

I | ] l | l | I

20 40 60 80
% BENZOIC ACID

Benzoic acid (4) vs. Isonicotinic acid

hepe
HeDe

# dec.

0 B.1 6.8 53.9 6l1l.8 '868.4 8l.8
512 118.6 115.4 115.0 118.0 115.0 114.8

514 3043 282.8 205.4 264.2 205.4 225.2

8%.4 96.1 100
115.4 115.4 121

199.4 158.8 122



BENZOIC ACID vs. PYRAZINECARBOXYLIC ACID

210°}—
o
190°—
| A A A A A O )
170°%— A
i by
. 150%—
130°—
T o o o — ©
| | I I I | | I
20 40 60 80

% BENZOIC ACID

Benzoic acid (A) vs. Pyrazinecarboxylic acid

% A
Thepe
Dec.p.

FeDe

% A
TheDe
Dec.p .

MeDos

0 9.1 18.8 25.8 55.8 4158 56.6
224 111.8 114.0 115.0 113.0 114.6 115.6
224 189.8 189.0 188.6 179.8 176.0.17056
226 205,0 204.2 203.2 198.4 194.2 186.2

62.6 75.0 87.2 95.8 100
114.4 114.6 114.4 114.,0 121
l67.2 164.2

184.0 173.4 159.4 127.8 122
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2-PYRROLECARBOXYLIC ACID vs. 2-THIOPHENECARBOXYLIC ACID

170° —

130

5 B

0)

|

s = ©

@/
QA) A?é, .05

40 60 8
9%, 2-PYRROLECARBOXYLIC ACID

2-Pyrrolecarboxylic ‘acid (A) vs. 2-Thiophenecarboxylic
acid

% A 0 9.7 19.4 29.0 38.7 48.2 59.4
Thepe 127 121.8 121.8 125.0 126.4 126.0 125.2
Dec.p. 129.4 130.0 131.2 130.6 129.8 130.0

Kepe 128 129.4 140,56 154.6 158.4 164.0

% A 75.5 82.6 100
Thepe 134.2% 141.6% 190
Dec.p. 134.2 141.6 190
Vepo . - 190

% Tnitially melted at 126.4 , the resolidified.
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2-THIOPHENECARBOXYLIC AC. vs. FUROIC AGID

-

130

io°

90°—

1 1

- —

i A

heo.

T
+~
die il e

20 40

80

% 2-THIOPHENECARBOXYLIC ACID

zeid (A) vse. Purolc acid

132 120.5 112.0 102.2 100.9 100.0 98.8

185 131.0 127.2 118.0 115.2 107.6 106.8

7Le5 78,0 8B.2 9

(@]

m

101.2 101,1 106.1 1086.7

[$N
N

11

[AN

~

.O 115.2 1»3:3.’5 l;'—‘(?o""

100

'n1s
bt

128



210°

190°

(7Ce

5Ce

2-THIOPHENECARBOXYLIC ACID vs. 5-THIAZOLECARBOXYLIC AGID

i

_.A @
- )
- A @
A )
-
- Q O—
—O O O~ O O
| | I 1 | | 1
20 40 60 8
% 2-THIOPHENECARBOXYLIC ACID
2-Thiophenecarboxylic acid (A) vs. 5-Thisazole-
carboxylic acid
Thepe 218 118,2 115.0 114.8 115.4 114.2 114.2 116.0 12
Dec.P. 218 200.4 152.6 174.8 165.8 165.4
IeDe 220 209.4 201.8 1l92.2 18%.6 176.2 159.6 124.6 12



2-PYRROLECARBOXYLIC ACID vs. FUROIC AGID

170° |—

150° — CD

- <I> ZX

T

T8d 4404 bbo

% 2- PYRROLEGCARBOXYLIC ACID

Z=Pyr-oolecerboxyile ccle (A) ve. Furoic acid

o e

S A 0 Le7 1&H.6 0.5 SHR.E 0 43,0 TE.B
hete 132 1ib.2 18,2 Liie.0 14,0 1ol.s 1.0
JECeD 1u7 1e7 1z7 127 17 127

LeDe 1o 18,2 1oi.4 144,56 149.8

A - ~ P
;’d A 700{:’ {)Oob Q'U‘O lOO

Dec.n. 127 0 127 0 143.6 190

biee 18668 190



NICOTINIC ACID vs. 5-THIAZOLECARBOXYLIC AGID

-3

2407
230 |—

220

210° — @,
2 &
200‘,'—@ ------ -:\;‘(_’_’_.@- -7

190°—

| J l I I | |

o

20 40 60 8
% NIGOTINIC ACID

o o —

Kicotinic acid (4) vs. E=Thiazolecarboxylic acld

% 4 O 5.9 10.0 54.8 46.3 62.3 7.8 93.%
Theo. " 218 100.0 200.8 201.4 205.0 210.8 217.4 227.0
LeDe 220 200.8 20B8.0 206.6 208.8 217.0 225.0 252 4

K3

"

identical with dec.p. {except for 1007 coordinate)

W



PICCLINIC AaCiD

vs. NICOTINIC ACIU
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310°

290

ISONICOTINIC ACID vs. PYRAZINECARBOXYLIC ACD

80

27—

230 ()

210°

A

20 40 60 80
% ISONICOTINIC ACID

Isonicotinic acid (A) vs. Pyrazinecarboxylic acid

% A 0 10.3 20.2 30.0 38.5 49.0 59.5

Th.p..‘ 224 20648 207.4 208.2 207.0 206.8 209.4
M.p. 226 214.2 230.8 2562.2

% A 72.8 86.8 100

Thepe* 207.6 206.8 312

Mepa 308 314

*identical with dec.p.
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5-METHYL-2- THOPHENECARBOXYLIC ACID vs. 5-BROMO-2-THIOPHENECARBOXYLIC ACID

20 40 60 80
% 5-METHYL -2-THIOPHENECARBOXYLIC ACID

5-Methyl-2-thiophenecarboxylic acid (A) vs. 5=-Bromo-
2-thiophenecarboxylic acid

% A 0 11.8 19.7 25.2 28,8 37.9 50.0 52.3
Th.p. 140 135.0 128.6 127.4 119.0 118.2 1i7.2 117.2

M.pe 141 140,.2 139.0 137.8 135.4 133.0 129.0 124.8

% A 60.2 64,0 72.8 175.9 84.8 88.8 100
Th.p. 117.2 117.4 117.2 117.0 124.8 1l28.6 138

M.pe 125.2 127.6 128.,8 131.4 133.6 136.0 139
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180°
160°

140°

82

20 40 60 80
% p- BROMOBENZOIC ACID

p=-Bromobenzoic aci& (L) vs, S-Bromo-z-ﬁhiophene-
-carboxylic acid

% A 0 5.0 18.4 25.7 39.3. 43.4 58.8
Thep. 140 139.0 137.6 137.6 137.8 137.6 137.4

Mope 141 143.8 181.6 187.6 206.6 21044 228.4

% A  70.2 80.6 84.6 100
Th.pe 137.8 137.8 137.8% 252
M.p. 237.8 245.6 249.0 253

4# resolidifies



o-TOLUIC ACID vs. 3-METHYL-2-THIOPHENEC ARBOXYLIC ACID

83

130°}—

no°

90°

| l | | l l I |

20 40 60 80
% o- TOLUIC ACID

o-Toluic acid (&) vs. 3-lMethyl-2-thiophenecarb-
oxylic acid

% A 0 9.0 18.8 27.1 35.1 48.1 53.5
Theps 146 133.2 121.0 113.6 105.6 89.2 88.2

Mepe 147 142.0 135.6 133.4 127.8 124.8 119.6

% A 65.2 8l.86 91.5 100
Th.p. 88.4 87.6 88.4 104

Mepe 105.6 99.0 102.2 105



P-TOLUIG AC. vs. 5-METHYL-2-THIOPHENECARBOXYLIC ACID

84

160° [~
r
140°
120° |~
| | | l I | l
20 40 60 80

% p-TOLUIC ACID

p-Tolulc acid (A) vs. 5-liethyl-2-thiophenecarb-
~oxylic acid

% A 0 9.4 19.2 27.9 45.0 50.0 60.0

Th.pe. 138 116.6 117.0°'116.2 115.6 116.2 116.4

M.p. 139 135.2 130.4 127.4 144.4 147.0 151.8

% A 70.3 79.5 90.0 100
Th.pe. 116.,2 116.8 154.2 177

Mepe 159.0 165.4 173.4 178



T . - - - o

p-TOLUIC ACID vs. 5-BROMO-2-THIOPHENECARBOXYLIC ACID

85

70

150°

130°

% p- TOLUIC AGID

v-Toluic acid (A) vs. 5-Bromo-2-thiophenecarb?
oxylic acid

% A 0O 6.6 19.0 28.5 39.8 49.1 58.0
Thepe 140 134,2 1342 133.6 135.8 155.2 135.4

Mepo 141 139.6 138.2 146.2 150.6 157.0 168.0

% A 69.6 86.9 100
Thepe 134.6 154.2 177

M.p. 168.8 175.8 178



B. Interpretation of data

Benzoic acid (A) vs. 2-thiophenecarboxylic acid.
A eutectic at 63% A and 95°, There is an indication of

solubility at ca. 90% A.

Benzoic acid (A) vs, 2-pyrrolecarboxylic acid.

A;éutectic at 95%’& and 115°, Decomposition in the region
0-90% A at 211500 makes the ligquidus indeterminate. No indi-
cation of solid solution formation.

Benzoic acid (A) vs. furoic acid.

A eutectic at 60% A and 85°. No indication of solid so-
lution formation.

Benzoic acid (A) vs. 3=-thiophenecarboxylic acid.

A eutectic exists at 40% A and 1050, and there is an in-
dication of solubility at ca. 90% A. The region 40-80% A
‘does not lend itself to ready interpretation. Howe#er there
might>be another eutectic at ca. 64% A.and 103°, and an ad-
ditionrcompound at ca. 53% A (m.p. 1090). A l:1l. compound
would be at 49% A.

Benzoic acid (A) vs. 5-thiazolecarboxylic acid.

A eutectic at 95% A and 111°. Decomposition in the region
0-70% & at 2170° makes the liquidus indeterminate. No indi-
cation of solid solution formation.

Benzoic acid (A) vs. Picolinic acid.

A eutectic at 53% A and 1159, yo indication of solid so-

lution formation.
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Benzoic acid (A) vse. nicotinic acid.

A eutectic at 90% A and 115°, No indication of solid
solution formation. | |

Benzoic acid (A) vs. isonicotinic acid.

A eutectic at ca. 99% A and 115°, No indication of
s0lid solution formation.

Benzolce acid (A) vs. pyrazinecarboxylic acid.

A eutectic at ca. 98% A and 114°, Deoompositién in the
reglon 0-80% é.at%-lGSO makes the liquidus indeterminate.

No indication of solid solution formation.

2-?yrrolecarbokylic acid (A) vs. 2-thiophenecarboxylic
acid. ‘

A eutectic at ca. 5% A and 124°. Decomposition at the
solidus makes the phase boundaries indeterminate. Solid
solution formation begins at 60-70% A.

2—Thiopheneéarboxylic acid (A) vs. furoic acide..

Type III solid solution formation (44) with a minimum
at 54% A and 100°, The diagram might also be iﬁterpfeted
ss bype V solid solution formetion with a eutectlc at 54%
4 and 100° and & solubility gap at 38-77% A.

o-Thiophenecarboxylic acid (A) vs. E-thiazolecarb-
oxylic acid.

4 eutectic at 89% A and 116°. Decomposition in the region
0-70% é.at2=l65° makes the liguidus indeterminate. No indi-
cation of solid solution formation.

o-Pyrrolecarboxylic acid (A) vs. furoic scid.

A eutectic at 15% A and 124°. Decomposition at the
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solidus makes the phase boundaries indeterminate. No indi-
cetion of solid solution formation.

Nicotinic acid-(A) VS, 5-thiazolecarboxylic‘écid.

Type V solid solution formation with a eutectic at 26% .
A and 200°, and e solubility gap at 0-35% A. Decomposition
at the solidus makes the phase boundaries indeterminate.

Picolinic acid (A) vs. nicotinic acid.

:A eutectic at 87% A and 1229, Decomposition in the re-
gion 0~60% § atz.165O ﬁakes the liguidus indeterminste.
There is an indication that solid solution takes place at
concentgrations of ¢ 10% A.

Isonicotinic scid (4) vs. picolinic acid.

A eutectic at ca. 2% A and 132°. Decomposition at 3165°
makes the liquidus indeterminate. No indication of solid

solution formation.

Picolinie acid (A) vs. pyrazinecarboxylic acid.

A eutectic at 95% A and 130°. Decomposition"in the re-
gion 0-85% A at > 160° makes the liguidus indetermiﬁate.
Solié solution formetion at less then QOﬁ:é.

(A v
Isonicotinic acidavs. nicotinic acid.

A eutectic at 18% A and 215°, Decomposition in the re-
gion 70-100% A at 2 292° makes the liquidus indeterminate.
No indication of solid solution formation.

Nicotinic acid (A) vs. pyrazinecarboxylic acid.

Type V solid solution formation with a eutectic atb
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55% A and 2020, and a gep at 50-82% A. Decomposition at
the solidus makes the phase boﬁndaries indeterminate.

Isonicotinic acid (4) vs. pyrazinecarboxylic acid.

A eutectic at 12% A and 207°. Decomposition at the so-
lidus makes the phase boundaries indeterminate. No iﬁdi—

‘cation of solid solution formation.

Y]
5= Methyl -2- thlophenecdrboxyllc acid,vs. 5-bromo-2-
thiophenecarboxylic acid.

Type V solid solution formation with a eutectic et
56% A and 117°, and a gap at 3L-77% A.

p-Bromobenzoic acid (A) vs. S5-bromo-g2- thloohenecarb-
oxylic ecid.

A eutectic at 3% A and 138°, Above 80% A, solid solution
formation seems to take place, but the large range makes
the determination of resolidification and remelting high-

1y uncertain.

o-Toluic acid (A) vs. 3-methyl-2 thlonhenecarboxyllc
aclid. .

Type V solid solution formation with a eutectic at
75% A and 88°, and a gap at 48-100% A.

p-Toluic acid (A) vs. S-methyl-2-thiophenecarboxylic
acid.

A eutectic at 25% A and 1160, with solid solution ta=-
king place at concentrations 2 80% A.

p-Toluié acid (A) vs. 5-bromo-2-thiophenecarboxylic
acid,.

A eutectic at 14% 4 and 1340, with solild solution ta=-

king place at concentrations 2 75% A.
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DISCUSSION OF RESULTS

The following conclusions can be reached from a study
of the phase relationships investigated in this research.
'a) Benzoic acid is not isomorphous with any of the he;
Vterocyclic.acids. In the case of 2~ and 5—thiophehecérb-
- oxylic acids, thére does exist an indication of solubili-
ty at about 90% benzoic acid, due, probably, to fhe>re-
markable physical similarity of benzene and thiophéne (9,
12). This insolubility of benzoic acid with heterocyclic
acids, as well as the absence of solid solubility amongst
most of the heterocyclic acids, would suggest that the spe-
cificity of hydrogen bonding (nature, strength) is signi-
ficant amongst these acidsl. It also follows that séro~
10gical studies using the various heterocyclic acids as
haptens against anti-benzolic acid sera cannot be cénrelated
satisfactorily with these solufility studies., In agree-
ment with our results, however, are the results of Land-
steiner and Scheer (cfe. p. 44) concerning the inhibition
of benzolic acid by some heterocyclic acids.

b) While 2-thiophenecarboxylic acid is only ca. 10%
soluble in benzoic acid, the 5-substituted (Br, CH5) o-
thiophenecarboxylic acids are about 20% soluble in the
corresponding para-substituted benzoic acids. In the case
1

¢cf. in this connection the remarks on p. 41 cbncerning
Lettrét!'s work.



of an ortho-substituent, the solubility becomes greater:
o-toluic acid is about 50% éoluble in 3-methyl-2-thio-
phenecarboxylic acid. This increase in'solubility; which
is sigﬁificant, is another menifestation of the "ortho-
¢ffect" (81; This Thesis p.40, footnote 2). |

¢) The isomorphogeny of Br and CHz is maintained:
S-bromo-2-thiophenecarboxylic acid 1is 18% solublelin’pf
toluic acid. Furthermore, 5-methyl-2-thiophenecarboxylic
acid and 5-bromo-2-thiophenecarboxylic scid are soluble
in each other.

d) fhe pyridinecarboiylic and pyrazinecarboxylicbacids
show an interesting relationship: while isonicotinic acid
does not form solid solutions with any of the other écids,
picolinic acid forms 10% solid solutions with nicotinic
acld and 20% solid solutions with pyrazihecarboxylié acid;
in addition, nicotinic acid forms solid solutions with
pyrazinecarboxylic acid having but a relatively small so-
lubility gap(50-80% nicotinic acid).

As a first step toward an explanation of these results,
let us list some pertinent properties of the acids in

auestion (Table I):
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Table I
Picolinic|Nicotinic|Isonicotinie P&razinecarb.

acid acid acid acid
Mepo 136° 253° 312° 223°
Dec‘temp.% ca. 170° -- ca. 300° Cae l?QQ
Log K(82,83) =5.30 -4.,87 -4,97 ’ .
 Sol;HéO ' ﬁ.s. s.h. Sehe
Sol.EtOH VeSe s.h. sl.s.h.
Sol.Et20 Vesles. VeSlese Vesl.se

The behavior of the acid dissociation constant (which,

we propose, is actually related to the base constent of

a zwitterion type molecule) cannot be explained unless we

assume a positive charge on the nitrogen. This at onee sug-

gests a type of intermolecular bonding remlniscent of that

of the simple amino acids (84, 85), l.e. partly coulombic,

partly hydrogen bonding. To Jjudge from the melting point,

deéomposition point and solubility data, this intermolecu-

lar bonding probably takes place to a much larger extent

in isonicotinic acid than in its isomers.'Again, the same

data suggest that picolinic acid exists as a low order poly-

mer, perhaps as a dimer (intramolecular chelation has been

suggested (86, 87) to account for its low decomposition

temperature. This is not a necessary assumption).

3%

The

See (g) for a discussion of decarboxylation.
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‘relétive positions of the ring nitrogen and the éarboxyl
may account for the difference in internal arrangemenf of
the crystals. We can thus explain the low solﬁbility of the
pyridine carboxylic acids in each other.

The fact that pyrazinecarboxylic acid is much moré;sol-
‘uble in nicotinic acid than in picolinic acid suggests that
 its intermolecular bonding resembles more closely that of
nicotinic acid than that of picolinic acid. Strength is lent
to this argument by the fact that the melting points of
pyrazinecarboxylic zcid and nicotinic acid are very close.

(e) While 5—thiazélecarboxylic acid does not form solid
solutions with 2-thiophenecarboxylic acid, it is soluble‘
in nicotinic acid (40-100% nicotinic acid). This result
clearly indicates that interchanging a =CH- and a -3~ in
a molecule already highly specifically bonded (such as ni-
 cotinic acid) has 1little effect on the'intermoiécuiar,array,
wheﬁhs it may be sufficient otherwise (as in behzoic acid)
to preﬁent isomorphism. It also shows that the interchange
of a =CH- énd an =N~ under those circumstanceslwill pre=-
vent lisomorphism. The results strongly suggest thaﬁ,
whereas the hetero-N is involved in intermolecular bon-
ding, the hetero-5 is not.

In connection with the isomorphism of thiazole and py-
ridine (cf. p.42) it 1s of interest to note that many
pairs (cf. pe42, fodtnote 1) do not form solid solutions.

An explanation of that fact is not obvious. It 1is also

25
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noteworthy that 5-thiazolecarboxylic acid decarboxylates
quite readily, although it is formally analogous ﬁo nico-
tinic acid.

(f) The interpretation of the phase diagrams which ih-
volve as components the S-membered ring acids (?yrrble—,
furan- and thiophenecarboxylic acids) is not straightfor-
ward. 2-Pyrrolecarboxylic acid appears not to Be isomorphous
with the other two acids although slight solubility is in=-
dicated with 2-thiophenecarboxylic acid. However‘z-ﬁhio-
phenecarboxylic acid forms solid solutions With furoic acid.
This result is unexpected (especially in view of.the in-
solubility of 2~thiophenecarboxylic acld and benzoic acid)
and not readily interpretable. |

(g) The decarboxylation of many of the acids offers
some interesting results. |

The acids for which decompositionvis observed are pi-
colinic scid, pyrazinecarboxylic acid, 2-pyrrolecarboxyl-
ic acid, 5-thiazolecarboxylic acid and isonicotihic ecid,
The following are the conclusions drawn from the,decampo-
sition behavior of these acids.

(1) Decarboxylation, as judged by the.evolution of
gas, takes place only when a liquid phase has been estab-
lished. While it is not out of the question that a surface
effect is involved, it seems more llikely that the acids

simply decarboxylate most readily when they are in the



liquid state or in solution.
(2) At small concentrations of the decarboxyiating

component, the decomposition begins ab a fairiy definite

temperature, the decarboxylation temperature. As the con-
centration of the decarboxylatiné component increaseg, the
‘decarboxyiafion temperature begins to rise alsp, correspon-
ding to the fact that enough liguid has to be présent to
start decarbéxylation,

The decarboxylation temperature is independent of
the other component and may be above or below the melting
point of the decarboxylating component. For tbelacids in

question, we may construct the following Table I.

Table I
Carboxylic acid m.p.l decarboxylation
temperature
2-Pyridine- 135° ca. 170°
Pyrazine- 225° ca. 170°
2-Pyrrole- 190° ca. 130°
5-Thiazole- 220° ca. 170°
4-Pyridine - 315° ca. 300°

-1
rounded off

The two conclusions elaborated above explain complete-

ly the phase diagrams whit involve decomposition.
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SUMMARY

a) In connection with a study on the relation between
serological specificity and solid solubility, twentyefivé
- binary phase relationships have been investigated, the com-
‘pohents being afomatic éarboxylic acids.

b) In agreement with the strong inhibition Qf benzoic
acid by 2-thiophenecarboxylic acid, the thiopheneéarbox-
ylic acids form very limited solid solutions with beﬁzoic
acid, which is not isomorphous with any of the pther hete-
rocyclic acids investigated. Isomorphism is noted withvsome
methyl and bromo substituted benzoic and thiophenecarbox-
ylic acids.

¢) The phase behavior of pairs involving picolinic,vni-
cotinic, isonicotinic and pyrazinecsarboxylic acidé=may be
explained on the basis of a difference in hydrogen bonding
in crystals of these acids.

d) The isomorphism of thiazole and pyridine has been
substantiated.

é) The study of the decarboxylation behavior of" some of
the acids investilgated leads to some fundamental conclu-
sions, involving the existence of a decarboxylation tem-

perature.
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1

" PART III

A Study on the Hammick Reaction

l .
Part of this work was done in collaboration with Dr.
C. licCloskey.



INTRODUCTION

The Hammick reaction (1, 2) proceeds formally according

to the sascheme

2.
»where,Py—.standsvfor the X -pyridyl radical. Of & large num-

PyCOOHi-Rl-GO—RZ —_ PyC(OH)Rlei-CO

'ber‘of decarboxylating agents tried (2), Ashworth et al.
found that only picolinic, quinaldinic and isoquinaidinic
acids underwent the reaction. Their results, i.e. fhat the
carboxyl must be X to the ring nitrogen, which i1tself must
be tertiary, led them to the conclusion that the reaction
was of the nature of a cyanohydrin addition reaction, i.e.

the first step

) G- +co
S - COOH  —> -+ C
N | *ﬁ 2
yielding a carbanion formally resembling the cyanide ion.

Their sparse experimental evidence has since been amply
enlarged by thorough.experiments done in this laboratdry
by Drs, Buchman, Golding and Sargent (3). The following
Table I summarizes their main results. Often much ketone,
instead of carbinel, was isolated. The third column indi-
cates the ratio of carbinol (C) to ketone (K). The symbol
C, for example, by itself means that only carbinol was |
isolated. The yileld is the total yield (C+ K) based on

picolinic acid.
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Table I

Aldehyde RCHO

R= Yield C:K
Phenyl 34% C
Q-Chiorophenyl | 31 C
3,4=Dichlorophenyl 22 413
2, 6-Dichlorophenyl 24 511
2,4=Dichlorophenyl 20 K
1-Naphthyl 23 312
4~Chloro-l-naphthyl ca. 2 K
4-Methoxyphenyl 22 8:3
3,4-Methylenedioxyphenyl cae. 8 2:5
4-Hydroxy-3-methoxyphenyl ca. O
4-Hydroxyphenyl ca. O
2-Hydroxyphenyl ca. O
2-Furyl 21 4:1
5-liitrophenyl 29 K
4-Dimethyleminophenyl ca. 1 K

From these data we may draw the conclusion that the Hammick

reaction is simply an electrophilic reaction of the carbonyl

carbons

. |
RTH-8 + @:_ > ReHOHRy.
H
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and that, as more electrons are contributed to the ring by
, various substituents, the positiﬁe charge on the carbonyl
carbon decreases, causing the aldehyde molecule:to'be less
reactive with a concurrent decrease in yield. It 1is inter-
esting to note that, as the yield decreases, the ratio-
CiK decreases also, in general. This can be undersﬁoodfif
ﬁe make the justifiable assumption (4) that, as the+ E ef-
fect of the substituents increases, the reduction potential
- of the resulting pyridyl-arylketones increases. Evidence
exists (1, 2) that the yield of carbinol is increased if
the reaction takes place under nitrogenl.

The Hammick reaction, then, is a new type of carbonyl
addition reaction. The effect of ring substituents on the
yields of carbinol seems to bear little relation to the

stability of the corresponding mandelonitrile (Table II):

Table IT
Aldehyde RCHO Dissociation constant Yield by
of substituted mande- Hammick
R ‘ lonitrile (5) ; ‘reaction (3)

K x10% (@)
Phenyl- | 0.47 | ' 34
3-Nitrophenyl- 0.27 . 29
2-Hydroxyphenyl=- 1.67 . 0
4=-Chlorophenyl- 1.81 ‘ 3l
4-Methoxyphenyl- 5.12 - 22
4-Hydroxyphenyl- 7.66 0
4-Diethylaminophenyl- 59.00 0

[

ot

We may hence infer that air is the oxydizing agent.
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| We.therefo#e see no virtue in the formalism employed by
Ashworth et al. (2). | |
Ve propbse thé following mechanisme
I.Decarboxylation
RCOOH + B~ — RCOO + BH

RCOO —» R + COg

Then, in the absence of competing electron acceptors

II. Formation of carbinols
R+ RjR500 — RRyRoCO™
RR1RoC0™ + BH — RR1RoCOH + B~
The ilonization of the acid as a primary step secms impor=-
tant, to judge from the effect of amine catalysis ih many
cases of decarboxylation (6). Contrary to Ashworth et al.,
we do not believe that intramolecular chelation is neces-
sary for this purpose. Rather, it is ?referable to say that
inductive and eléctromeric effects are at an optimum in
picolinic scid (probably a zwitterion) to cause iﬁé decarb-
oxylation. It is furthermore sgperfluous and perhaps mis-
leading to emphasize the analogy between pyridyl and cyanilde
ion. In support of our thesis we have shown experimentally
that isonicotinic acid can also be made to undergo the Hammick
reaction.
To summarize, our modified theory differs in two impor-

tant aspects from the theory proposed by Ashworth et al. (2):
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1) The relative positions of the carboxyl and the basic
center do not have to be adjacent as in o -imino acids, and

are related only in as far as they affect the Stability and

reactivity of the carbanion.

2) The formalism of the cyanohydrin analogy isrtotélly
unnecessafy; and the reaction 1s treated as an event per se,
related to carbonyl additions as a whole, but not to the
cyanohydrin addition particularly.

In addition to the experiment in which isonicotinic¢ acid
was subjected to the Hammick reaction, other, unrelated, ex-
periments were performedl in an effort to elucidate the struc-
ture of some by-products obtained in the Hammick reactione. ﬁ
We had felt for some time that these by-products mignht be
benzoins, in view of the fact that the carbinols were, ac=-
cording to Ashworth et al. (2), mandelonitrile analogues,

‘and that these might react further with aldehyde to‘ give,
finally, the corresponding benzoins (7). We wefé encouraged

in thié’hypothesis by the isolation of the pyridine analogue
of the hypothetical benzoin cyanohydrin, but this compound did
not yield benzoin on heating, but rather dissociﬁtéd into
benzaldehydé and pyridylphenylcarbinol. While one of the
otherby~-products might be a benzoin, the evidence is not

conclusive.,

1
Done 1n collaboration with Dr. C. licCloskey.



A. 1,2-Diphenyl=1- (2-pyr1dyl) ethylene glycol.

This compound was obtalnedl as a by-product of the benzal-
dehyde - picolinic acid condensation. Its structure was sug-
gested by enalysis and lead tetraacetate oxidation, and con-
firmed by synthesis. The glycol was unstable at high fem-
peratures,bdiSSOCiating into pyridylohenylcarbinol and ben-

zaldehyde, end it was found that an equilibrium existed be-

tween these compounds and the glycol at elevated temperatures,

Although a quantitative study was not contemplated, it was evi-

dent that the dissociation of the glycol was nearly complete
at temperatures above 200°, The amounts of glycoi formed in
the Hammick reaction very néarly equaled that of the equi-
librium mixture at the same temperature. This dissocilation

of the glycol is similar to that of benzpinacol, which is re-
ported to dissocilate into beﬁ@ydrol and benzophenoné?%The
formation of benzpinacol by a feverée reaction (by heat

alone®) has not been shown.

Ty . 1 el ) 5
Bxoerimental Fart

pod

Isolation of the glycol from the Hammick reaction mixbture.

A mixture of 2560 g. of dry picolinic acid and 2 kge. of re-
distilled benzaldehyde was heated at 160- 170° for seventeen

hours. The resulting solution was diluted with an equal

1 _
First noted by Dr. H. Sargent

2

The formation of triphenylglycol, hydrobenzoin end benzpi-
nacol by the illumination of a mixture of benzyl alcohol
end benzoohenone has been reporteda (10) :

3 lielting points corrected; analyses by Dr. Oppenheimer and
staff
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volume of ether snd extracted twice with 4 E_hy&rochloric
acide. The extracts were basifiéd with agqueous ammonia, and
an oily éfecipitate formed. One liter of isopropyl ether was
added and the crystals which formed at the inberface were
filtered off, to give ca. 5 g. of product. On recrysﬁalli-
‘zation from»toluene it formed white needles, m.p. 191-192°
(dec., immersion temperature 1750)1. The compound is soluble
in 2 N hydrochloric acid, sparingly soluble in hot toluene
and insoluble in common organic solvents_and water.

Anal. Caled. for G, HynOoN (291.3): C, 78.34; H, 5.88; N, 4.81.

19
Found : C, 78.25; H, 5.79; N, 4.60.
The glycol forms a hydrobrdmide hemlhydrate which crystalli-
zes from acetone in the form of prisms, m.p. 194-1957&30.)
Anal. Calcd. for ClngvogN.HBr.%Hgo (38L.2):
C, 59.87; H, 5.02; N, 3.68.
Found: C, 59.85; H, 4.93; N, 5.74.
The vtase, on quantitetive titration with lead tétraaéetate
in glacial acetic acid (11), was found to use up one equi-
valent of this reagent. |
From the isopropyl ether solution there was dbtéined 108 g.
of 2—pyridjlphenylcarbinol as previously described (3). An
exhaustive investigation of the remaining syrups gave no
indication of the presence of benzoin.
1

The melting point varies with the¢ immersion temperature and
the rate of heating.



Synthesis of 1,2-diphenyl-1l-(2-pyridyl)ethylene glyool.l

To the Grignard reagent prepared from 32 g. (0.2 mole)
of 2-bromopyridine and 10 g. of fine magnesium turnings was
added a hot solution of 15.8 g. (0.075 mole) of benzoin dis-
solved in 100 ml. of dry thiophene-free benzene. TheLreaction
aixture was refluxed snd stirred mechanically for thirty mi-
nutes and then poured onto 50 ml. of saturated ammonium chlo-
ride solution containing some iee. lThe reaction flask-was
washed out with 150 ml. of chloroform and the ﬁashings added
to the ice mixture. The resulting mixture was stirred well
and the solid filtered off, washed with a littlé alcohol and
dried. |
The crude material was dissolvecd in 250 ml. of boiling
pyridine and filtered from the unreacted magnesium. The re-
sidue was washed with 50 ml. of hot pyridine and’the filt=-
rates combined. The pyridine solution was heated to béiling,
water added until the glycol was just in solution and on
cooling the l,2-diphenyl-l-(2—pyridyl)ethylene glycol crys-
tallized out. The crystals were filtered'off, washed with
a little alcohol and dried. Theré was obtained 8.64 2
(39.6%) , m;p. 200—2OlO(Papid heating). A mized melting point
with the compound obtained [rom the Hammick reaction gave no
depression.
Ansl. Calcd. for C,QH17OZK: c, 78.54; H, 5.88; N, 4.8l.
Found ¢ C, 78.16; H, 5.91; N, 4.82,

1
Performed by Dr. C. licCloskey.
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- Bgquilibrium between 2-pyridylphenylcarbinol (A), benz-
aldehyde (B) and 1,2-diphenyl-1-(2-pyridyl)ethylene glycol(C).

a) Reaction of (4) and (B)

A solution-of 18.5 g. (0.1 mole) of highly'purified (A) and
53 g. (0.5 mole) of redistilled (B) was heated for nineteen
hours at 165-1700. The solution was diluted with'SO;ml. of
ether and then extracted four times with 25 ml. of 2.5 N
hydrochloric acid. The extract was basified with agueous po-
tassium hydfoxide, 50 ml. of isopropyl ether was added and
the mixture shaken. The solid material was filtered off and
washed with isopropyl ether. There was obtained 330 mg. of
(C), m.p. 188° on recrystallization from methyl cellosolve.
from the ethereal layer of the filtrate was recovered 8.2 g.
of (&). |

A second run at 165-170°,using the same quantities of
(A) and (B),gave 430 mg. of (C). |

Repeating the run at 190-195° (in a sealed tube) with
6.48 g. of (A) and 17.7 ml. of (B), 1 mg. of (C) waé obtained.

At 150-155°, using 6.48 g. of (A) and 17.7 ml. of (B), ‘
140 mg. of (C) was obtained. |

A reaction of benzoin and picblinic acid at 185° yielded

none of the addition compound (C).

b) Dissociation of ()

l. A solution of 1.0 g. of (C) in 175 ml. of toluene was
refluxed for one hour. There was recovered 0.9 g. of unchanged
glycol (C).

2« The glycol (0.25 g.) was heated at 220o for one hour,
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The odor of (B) was marked. A little toluene was added and‘
the, solution extracted with 3 E-hydrochloric acid. The ex;
tract was basified and fhe precipitated oil diésolvéd in a
mlxture of ligroin (60- 70 ) and isopropyl ether. On seeding,
crjotals of (4), m.p. 74 75°, formed.

3. A mixture of 3.96 g. of (C) and 4 ml. of (B)‘waS'heated
ét 165° for elghteen hours. The reaction mixture was cooled
to room temperature, an equal volume of ether added and the
solution extracted with two 20 ml. portions of 10% hydro-
chloric acid. The combined extracts were basified with
aqueous amuonia, 30 ml, of isopropyl ether added and the
mnixture shaken. The crystalé which formed were_ filtered to
give 35 mg. of starting material (C). The isopropyl ether
layer was evaporated to a syrup and dissolved in ligroin
(60-70°) contaihing 15% of isopropyl ether. After standing,
‘crystals were deposited which were Separated frdm the mother-
liquor to give 0.65 g. of (&), m.p. 72-73°, The‘crystals aia
not depress the melting point of an authentic sample of (4).
The combined filtrates were distilled in vacuo fo give 1.3 ge
of an oil, b.p. 110-120°/2 mm. , and 0.22 g. of high boiling
residue. The oil was reduced by the method of lieerwein and
Ponndorf to give 1.14 g. of (A). The total yield of (4) was

1.79 ge(79%).



B. A by-product from the Hammick reaction employing
2,4-dichlorobenzaldehyde.

When 2,4-dichlorobenzaldehyde was condensed with pi-
colinic acid in the usual fashicn, there was obtained (3)
from the neutral fraction, after extraction with base and
acid, a small amount of material which was recrystaliized
from benzene in large,‘well-formed prisms, m.p. 156-1570.
Tests indicated the absence of nitrogen in this compoﬁnd,
and it was tentatively formulated as 2,4,2',4'-tetrachloro-
benzoin on the basis of its elementary analysis.

snal. Caled. for 0p,HgCl,0,: C, 48.04; H, 2.30.

Found : C, 48.61; H, 1.92.
48.48 1.76

In an attempt to prepare this compound by the benzoin con-
densation, 2,4-dichloromandelonitrile was obtained (3). We
succeeded in isolating & compound from the benzoin conden-
sation which proved identical with ﬁhe product from the 
Hearmick reaction. This compound analyzed for oné activé
hydrogen per molecule and formed a dihydroquinoxaline with
o-phenylenediamine, but 1t did not reduce Fehling's solution
end was recovered unchanged after boiling with cohcentrated
nitric acid.‘These facts do not allow for a definite assign-

ment of structure. A more concentrated attack on the problen

has wfortunately been delayed so far, other research programs

taking priority.

113



114

Experimental Partl

Preparation of 2,4,2',4'-tetrachlorobenzoin(?) by the
benzoin condensation., '

An attempt to prepare this compound by conventional
methods (12) failed. The following method was finally
_employed.‘ | ‘

To & suspension of 27.3 g. of freshly distilled 2,4-di-
chlorobenzaldehyde in 42 ml. of ethanol was added a»sqlution
of 5.5 g. of potassium cyanide in 8 ml. of water, The,solu-
tion was refluxed forty-five minutes and poured into a solution
of 10 g. of sodiuﬁ‘bicarbonate in 200 ml. of water. The so-
lutibn was shaken for thirty minutes and thén extracted
three times with 50 ml. portions of ether. The ether extracts
were eveporated, the residue redissolved in benzene énd the
solution shaken one hour with a saturated solutidn of sodium

_bisulfite. The benzene layer was separated from the aqueous
phase and the bisulfite addition compound, dried and fractio-
nated under nitrogen. The first fraction, b.p. 82—850/0.15 T,
consisted of still unreacted aldehyde. The second fraction
consisted of a yellow, viscous oil, b.p. 177—1780/0.15 mm,

The yield of this crude 2,4,2",4'-tetrachlorobenzoin(?) was

6.0 g. (22%). The oil slowly solidified, and after four re-
crystallizations from ethanol gabe very pale yellow . crystals,
m.p. 156-157°, 4 sample of this compound did not depress

the melting point of a sample obtained from the Hammick reaction.

liielting points are corrected; microanalyses by Dr. Oppenhelmer
and staff.
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Anal, Calcd. for Benzoin. G .04; H, 2.30.
c | or enqun,bcl4H801402 C, 48.04; E{ 2430,
Calcd. for Benzil, C14HgCL,052 C, 48.32; H, 1.72.

Found: C, 48.15; H, 1.92.

Anal.(Zerewitinoff)
Ca‘lCd. fOI‘ BenZOin’ 014H801402: M.W. 548
| Found: M. W. 325

2,5—Bis—(2,é—dichlorophenyl)-l,é-dihydroquinoxaliné(?).

A solution of 0.108 g. of o—phenylenediaminé was diséolved
in 2 ml. of glacial acetic acid, and this solution added to

a hot solution of 0.348 g. of 2,4,2',4'-tetrachldrobenzoin(?).
After standing overnignt,‘the precipitated dihydroxyquinox-
2line(?) was centrifuged off and recrystallized from ethanol
to give large colorless hexagonal prisus, m.p;'léé-léﬁo.
With‘céncentrated sulfuric acid, the compound_givés a blood-
red color, purportedly (13) a tesﬁ for quinoxalines. It is

not out off the question that the compound is 2,3-bis-
(2,4—dichlorophenyl)-quinoxaline, formed on qondensing
2y4,2V,4'=tetrachlorobenzil(?) with orthophenylenediamine.

oot ob st
C, 56.90; H, 2.87; H, 6.64.

Anal, Calcd. for Dihydroquinoxsline, C_.H,_ N.Cl

Calcd. for GQuinoxaline, CQOHlON2014=
C, &7.17; H, 2.40; N, 6.67.

Found: ¢, 57.22; H, 2.67; N, 6.51.
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C. The main product from the Hammick reaction employ-
ing cinchoninaldehyde. '

In this Hammick reaction, the ratio of main product
to ketone obtained (no carbinol wés‘obtained) was EO:l (3).
The elementary (C,H,N) analysis of the main product;at
first indicated it to be 4,4'-quinoloin?, and it formed
a hydrochloride Whibh analyzed for 4,4'-quinoloih di-
hydrochloride dihydrate. However, when its dilutg acidie
solutlon wsas made juSt basic with dilute sodium hydroxide
solution, a solid precipitated which, by its analysis and
melting point pfoved to be the reported (15) l,2-bis-
(4=quinolyl)-ethylene. Further investigation of the main

product has not so far been attempted.

1
Experiments performed by Dr. C. licCloskey and Dr. E.
Buchman et al. (3).

2rs . - s . ;
Cinchoninaldehyde undergoes the benzoin condensation

with the (unusual) fopmation of 4,4'-hydroquineldoin (14).
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D, The Hammiokkreaction employing decarboxylating
acids other than « -imino acids.

The theory of Ashwofth, Daffern and Hammick, by
which their reaction is restricted to& -imino acids, is
based on their conclusions that "... the mere presence.of
a basic centre in the molecule was insufficientj tﬁe de=
carboxylation of pyridine and quinoline acids othef than
- those containing the carboxyl group & to the nitrbgen
atom yielded no products of interaction with»aldéhydes
and ketones. Furthermore the nitrogen atom must be ter-

tiarye.."

(2). While giving no experimental evidence,
those workers list in a footnote the acids which did not
undergo the reaction. It includes, amongst a total of
twenty-six acids, 2-methylquinoline-4-carboxylic écid and
cinchophen. To test our more general theory of decarbox-
ylation - carbonyl addition, we decarboxylated iéonico-
tinic acid in the presence of excess benzophenone. The
acid has its decarboxylation temperature (cf. vart II,
this thesis) at ca. 5000, and boiling benzophenone (308°)
should therefore be applicable as solvent - carbonyl com-
ponent. We obtained from the reaction a 3.5% yield of di-
phenyl-4-pyridylcarbinol, which analyzed correctly and
had the reported melting point (16).

In sddition we decarboxylated Z2-pyrrolecarboxylic acid
(decarboxglation temperature ca. 130°) in benzaldehyde,
but only a trace (ca. 5 mg.) of a crystalline product was
obtained, along with a large guantity of red amorphous

product, which was not investigated further. The crystals



did not analyse for phenyl-2-pyrrylcarbinol or dipyrryl-

phenylmethane, and were not investigated further.

Experimental Partl

'Diphenyl—4-pyridylcarbinol.

A mixture 0f l9.8 ge. (0.16 mole) of recrystallized iso-
nicotinic acid and 250 g. (1L.37 mole) of benzophénone was
refluxed for 94 hours, an air condenser being employed. A
sealed-in plunger arfangement helped to scrape sublimed
crystals of isonicotinic acid back into the reaction mix-
ture. After 5 hours, ca. 3600 ml. of carbon dioxide had
been evolved (90% of the theory). In the subsequent 4%
hours, only 50 ml. more of carbon dioxide was evolved.

The dark brown solution was allowed to cool to room
temperature and then diluted with 500 ml. of benzene. This
solution was extracted with 2.5 N hydrochloric acid, since
maére concentrated acid precipitates a tar, which redissolves
on dilution with water. The acid extracts were basified
and extracted three times with 25 ml. of benzene. About
1l g. of a brown solid (4) separated at the interface. The
solid was removed by centrifugation and tﬁe benzene iayer
evaporated to dryness. The residue, on cooling, jielded
a suspension of crystals in oil, which wés ailuteda with
acetone and centrifuged. The centrifugate consisted of

crystals (B). The motherliguors, on standing overnignt at

lMelting points corrected; microanalyses by Dr. Oppenheiner
and staff.
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59; did not yield any further crystals and were not worked
up further. | -
Crystals (B) were washed free of_motherliqﬁor with
acetone, in which they are insoluble. There was obtaiﬁed~
O.é5 ge. of tan microscopic prisms, m.p. 192-2520.—Foﬁr re=
erystallizations from benzene-pyridine raised its melting
‘point to 257—2580. The pure material consists of color-
less microscopic prisms.
Anal. Calcd. for CléﬂlsoN (261.3):
C, 82.73; H, 5.79; N, 5.36.
Found: ©C, 82.94; H, 5.79; N, 5.,09.
The compound is reported to melt at 235° (16).
Solid (A) was dried and recrystallized from benzene-
pyridine to yield 0.6 g. of the crude carbinol, m.p.
205°-232°, Thus the total yield of the reaction was l.45 g,

(3.8%) »

A mixture of 1.5 g. (0.011 mole) of pure 2-pyrrolecarb-
oxylic acid end 10.0 g. (0.086 mole) of benzaldehyde was
heated for three hours at 150#5°. At the end of this tiume,
290 ml. of carbon dioxide had been evolved (8l% of the
theory). The pyrrole and 5.2 ml. of benzaidehyde were dis-
tilled off, and the remaining red, gummy substance allowed
to stand under ethanol overnight. By thenthengum’had soli-
dified to a red, amorphous solid, soluble in efhanol. The

solution was norited until it was translucent, the.ethanol
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stfipped off end the residue heated with benzene. From
the resulting solution there precipitated out, on cool-
ing, ca. 5 mg. of a crystalline substance, which was ex-
tremely soluble in ethanol and insoluble in benzene. He-'
crﬁstallization'of the solid from benzene-ethanol gaﬁe
7colorless platelets,“m.p. 192—1950, with a transformation
‘point at 172-173°.

Anal. Caled. for CyyHyqNg0,(?): C, 56.15; H, 4.72; N, 11.8l.

Found : C, 55.02; H, 4.76; N, 12.11.
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SUMMARY

A modified theory-of the Hammick reaétion has been
proposed, and partly substentiated byvthe successful
reaction of isﬁniootinic acid with benzophenone.

 Some byprodﬁéts obtained in the Hammick reaction
haVe been investigated. The structure of one such Byf
product has been elucidated, and that of two othef

byproducts partly, though not conclusively, clarified.
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PROPOSITIONS

1. The Hammick reaction (this Th&ﬁs) has hithertofore been
applied to aldehydes and ketones only. I propose attempts to
apply it to esters and nitriles, as & new alcohol and ketone
synthesis respectively.

2. (a) It has been shown (this Thesis) that the scope - of the
Hammick reaction can be extended somewhat. It would be of inter-
est’ to generalize it to a greater extent by applying it to
‘other negatively substituted acids which do not contain the
vpyrlalne ring.

(b) A study of the temperature dependence of the rate con-
stant of decarboxylation of various substituted plcollnic
acids would be of tneoretlcal interest.

3. (a) The commonly accepted acid strengths of the pyridine
carboxylic acids (Ostwald, Z.phys.Chem., 3, 385(1889)) can-
not be explzined in view of their decarboxylation behavior.
1 propose that _they actualWy refer to the acid dissoclatian
constant PyﬂGOO-»PyuOU+H.

(b) The conclusions drawn by Erlenmeyer et al. (Helv 20,
310(1937)) concerning the effect of the ring on the acid
strengths of various heterocycllc ring acias are invalida-
ted by the nature of his comparison.

(c) It would be of interest to determine the crystal
structures of the three pyridinecarboxylic acids and of
pyrazinoic acid.

4. (a) The conclusions drawn by Ciamician (A.ohy:.bhem. 18,

' 51(1895)) concerning the isomorphism of some heterocyclic
acids with benzoic acid are in conflict with our results (this
Thesis). I propose that complete phase diagrems are neces-
sary in order to draw such conclusions.

(b) The argument offered by Erlenmeyer and Berger (Bio-
chem.Z. 252, 22(1932)), that a basis for the crossreactivity
of diphenyl ether and diphenyl methame may be found in the
fact that the two compounds form solid solutions, is in-
valid, since evidently these two compounds form a simple
eutectic (LUttringhaus, Ann. 528, 223 (193%7)) .

5. (a) The synthesis of 2,4,5-trichloro-3- nltrothlouhene,
MeDa 86° (Rosenberg, Ber. 19, 651(1886)) and of 3,4,5-tri-
chloro-2- -nitrothiophene, m.n. 75= 769 (Steinkopf et al., Ann.
512, 151(1934)) could not be repeated (Steinkopf et al., Ann.
552, 250(1937)), a product m.p. 700 being obtained in both
cases, and neither product depressing the melting point of
the other. I propose that this materlal be oubmltted to
chromatographic anslysis, since 1t may well be the minimum
of a series of solid solutions.

(b) Many isomeric halo-derivatives of thiophene are iso-
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morphous and have the same melting point (Steinkopf, "Die
Chemie des Thiophens", p. 15ff.). I propose that the lumi-
nescence analysis presently employed to arrive at the iden-
tity of such compounds be replaced by the criterion of
chromatographic behavior.

(¢) Much difficulty is encountered in finding a substance
the derivatives of which lend themselves to a successful
study of morphotropy (this Thesis). I propose the homolo-
gous series of 2,3,5-trichloro-4-alkylthiophenes as & pro-
mising subject for such a study. This, supplemented by an
“appropriate immunological study, would lead to interesting
semi-quantitative results.

6« (a) An electron diffraction study on 1, 4—d1thlene would
be of considerable interest; however the preparation of this
compound has met with dlfILCUltleS so far (lleyer, "Die Thio~
phengruppe", v, 274). The following alternate syntheses are
proposed: ' ‘

S
|

,=-Step8  C1CHLCHO - HSCHoCHO —= T
~ s -~

CHZCH(0Et) o . -
© SUEPS  S(CHpCH(OEt)g)g —» S(CHpCHO),

(b) Only 2,5~derivatives of 1l,4-dithiene are known. A
synthesis for 2,6-derivatives 1s proposed (c¢f. Baker et ale
J.Am.Chem.So0c. 58, 262(19%6)).

7. (a) The extreme sensitivity of Pelletierine to oxidation,
heat and pH have rendered its synthesis 1moosc1ble't)date
(Spielmann et al., J.Org.Chem. 6, 780(1941)) propose the
" foliowing synthesis: ,

@CHZCHZCH(OET,)Q 2 _steps QCHQCHZCHO — Pelletierine

H CHgPh

(b) It has been proposed (Spielmann, lo. 01t., Beets, Rec.
trav. 62, 553(1943)) that Pelletierine exists largely in the
bicyclic carbinolamine configuration. This claim could be
readily verified by a measurement of its absorption spectrum.

8. I propose a study of the photolysis of W-diazoketones in
the presence of water, in order to elucidate somewhat the
function of the catalyst in the Wolff rearrangement, and in
order to find conditions for a variation of the Arndt-Eistert
synthesis, in which the rearrangement may teke place in the
absence of thermal excitation and of catalysts.
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9. 1 propose that the measurement of the heat of formation
of fluorosilane would constitute a contribution towards
our concept of single bond energies (Pauling, "The Nature
of the Chemical Bond").

10. The experimental results of Herz (Z. anorg. allgem. Chem.
187, 379(1930)) concerning the ratio of the temperature coef-
ficient of fluidity to the coefficient of thermal expansion
of a liquid can be explained on the basis of Batschinski's
theory of viscosity (Z.phys.Chem. 84, 643(1913)).

11, Lest visiting lecturers garner a mistaken impression
of the soundness of mind of Gates-and-Crellinites, I pro-
- pose they be forewarned of the 1diosyncrasies of The Sisters.



