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The Bynthesis of Potential Antimalarisls #

# This work was done under a contract, recommended by the
Committee on Medical Research, between the O0ffice of
Beientific Research snd Development and the Californis

- Institute of Technology.



This section is concerned with the preparation of two
geries of potentisl entimalarial drugs.

The importence of the malaria problem has long been
ap@ré@iak@d, and the search for new chemotherapeutic agents
‘has, aacmtdimgﬁy, occupied uhe‘attanﬁien of many investiga-
tors. The war gave new impetus to the search ﬁeaéuaﬂ-@r
extengive military operations 1n‘ﬁrm§1aal regiana, and a
large program under ﬁha‘auapiaas of the Ea%i@nal Research
Council was initiated to survey u&w, potentially active
anbimalarial drugs.

Initially, efforts were &1re&te& to finding a substi-
tute for qainima'nhiah i&«uaerﬁl in both suppressive ther-
apy'amﬁ in treating the acute attémk of malaria. Clarifi-
cation of the pharmacology of quinacrine (Atebrine) estab~
ylisheﬁ this érug aa @qual, and in some respects superior,
to quimina in afrectivanass’ There followed a shift in
emphasis to the fallﬁwing two objectlvess first, a ﬁrﬁg
which will sc¢t ss a esusal prophylactie, i.e., one which
prevents sporozoite imfeetiwn, and second, one which will
cure relapsing vivax, thﬁ most impordant chronic form of
humaﬁ maiaria. -

:ﬁ@%@rmiﬂimg’th@ wn%imalariaifaﬁtivity of new Qﬁﬁﬁ@@nﬁﬁ
presents a 1arg@ number of prahl@ma. Becauge 1t is not

practical to test new drugs directly on malarial inf&atian



in maﬁ, they are first screened on avian malarias, usually

gceun in chicks. These saraenimg %%&%3 are of little valme,
however, in determining the effect of a drug on the human
m&ldriaa because of the biological ﬁmmplax encountered in
host specificity and species and strain susceptibilities.
Moreover, the course of malaria in humans and in birds may
differ n@nsiaarabiy. In the ayale of P.

 chick malaria, an exoerythroecytic stage {@isava fmrm) has |
| been positively identified; in hnmaa infections, no such
&taga has been detectable, although ﬁh@ existence of such
forms is postulated in one aﬁ%am@$~%@»¢mﬁlaiﬁ relapsing
after cure. |

‘The results of the screening tests in birds determine
%hethar'a compound is to be dismissed from further investi-
- gation or subjected to more intensive gtudy, but the final
evaluation must rest upon the outcome of clinical trial in
humans. This ﬁifriamlty in determining sctivity is, at
the ﬁf&aéﬁ% time, the slow step in the search for new chem~

| otherapeutic agents.



Carbinolamines Related to Quinine



The first successful synthesis of a simple compound
ga&@a&a&&‘an the quinine molecule and showing antiplas-
modial activity in avian malaria was reported by Ainley
and King (1) in 1938. The compound was (6-methoxyquine
0lyl-4)~ ot=piperidylearbinol. Kela&y; Geiling, Oldhan,
and Dearborn (2) in 1943 isolated a product obtained by
the in v@ggg’&atimm of rabblit liver on gquinine, and Mead
and xnapfii (8) presented evidence in 1844 that this meta-
ﬁilie derivative was &'wh&ﬁw@myhﬁ'mm@ﬁhgxymﬁmvinylrﬁ»wa»
9-0l., This structure differed from quinine only in the
substitution of an OH group for H in the 2-position of the
guinoline nucleus, and this position was therefore indi-
cated as the aita of primary attack in the degradation of
~ the quinine molecule. The marked dependence of the thera-
peutic activity upon the rate of degradation with this type
of &rwg,gms-amghaﬁiaaﬁ by the observation that einah@ﬁin&J
- was much more active than quinine on a basis of blood lev@i’
but somewhat less active at & given oral dosage (4), and
- that this phenomenon was due prﬁaumﬁhly to the greater rate
at whiah\émnéhaniﬁ@ was broken down. \ |

aaaarﬁimgly, it was thmmgnu that an incresse in ﬁha
‘antiplasmodial action of quinine-like drugs could be ef-
fected by blocking this R-position, and the work to be de-
seribed here, which was begun in April of 1844, is con-



cerned with compounds having the ssme pattern as that ree
ported by Ainley and King but containing a phenyl group
in the B-positlion of the quinoline nucleus. A wimilarly
substituted dihydrocinchonine ig alsc described.
| This modification was uncommonly successful snd re-
gulted in greatly iﬁer&&@aﬁyaat&vﬁ%y in the guinolylpiper-
idylearbinols. As an example, the very first compound of
this type to be aymth&siamﬁ* (2~phenylquinolyle4)- d-piper«
idylearbinol was 48 %im@$ as effective as the 2-unsubsti-
tuted snalog and 8 times as active ss quinine against P.
hurae in ducks. |

The method of gynthesis employed was that described

by Ainley end Eing (1) with the improvements effected by
ﬁargﬁm@ and Buchmen (B). It is outlined on the following
pages. | | |

| ih this synthesls, the ethyl ester of an appropriste
einchoninic acid (A) is condensed with ethyl € -benzamido-
caproate (B) to give & quinolyl-4 o-carbethoxy~ € ~bengam=
ldoamyl ketone (C). This ester is then hydrolyzed and the
resulting acid decarboxylated to give a ﬁnin@lyiwé € =beng~
amidoamyl ketone (D) which upon further hydrolysis is con-
verted to a quinolyl-4 <s~aminm&my1‘k@tenm (B). Bromination
gives & quinolyl-4 X-bromo- € -aminoamyl ketone (F), The
ring 1s then closed with asqueous sodium carbonate, and the



resulting quinolyl-4 OC-piperidyl ketone (G) is catalytic-
ally reduced to the quinolyl-4-o-piperidylearbinol (H).

The intermediates Q; D, and G are nmﬁ isolated, while
E maf be isolated when the cirgﬁmahaﬂaéﬁ meke it advisable.
Generally, the @nly int@rmﬂaiate atage at which isolation
and purification are effected is F, the bromoketone. In
the ﬁﬁﬁh&ﬂ?l series, the intermediates a?ﬁ@ared to be more
stable than those in the original Ainley and King a&nth@sia,
and it @aﬁ not necessary to employ meny of the precautions
suggested by them and by Bargent and Buchman.

The £-phenyleinchoninie acids reguired for this syn-
ﬁhwais &ré most readily obtained by two methods. In the
Pfitzinger procedure (6) an apgrép&iatﬂly;ﬁubéﬁiﬁﬁﬁ@& isa-
tin is condensed with &aé%a@h&mmﬁ& in alecholie potassium
hydroxide. In the Doebner method (7) pyruviec acid is conw |
densed with bengzaldehyde and a substituted aniline in eth-
anol. Both methods were employed; although the Doebner
‘method 1s simpler and more direct, it 1s less genersl than .
| the Pfitzinger reaction.’ |
| The other starting meterial, ethyl eub@nﬁamiﬁmaapraate,
was obtained from Dr. C. C. Price of the University of I1-
linois. | |

| The compounds which were prepared in this series are

listed on the following page.
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Q-C00CoHy + NH-(CHp)g~COOCoH, NalHg
—

Bz
A B

Q..kam(,eaa)ﬁ;m 2 _HGL or HyS0,

Y

where @ 1s

and Bz is CgHgCO0 (benzoyl)
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2-Phenyleinchoninic scid was prepared from 1$a%inlamﬁ
acetophenone in guantitative yleld sccording to the direc-
tions of Pfitzinger (6). The acld wes then esterified in
77 per cent yleld by the procedure employed by Ainley and
Eing (1) to esterify cinchonliic acid, |

Ethyl 2«phenyleinchoninste wes then condensed with
k € -benzanidocaproate in benzene using ﬁm&amiéa as the con-
densing agent, and the product was hydrolyzed with 6§ hy-
drochloric acid. . o

It wag unnecesgsary ta>i$mlaﬁé-ﬁha ketone, slthough the
latter was readlly obtalnable ag ﬁh@ ¢ryﬂ®a111n@ hydrobrom-
ide. The hydrobromiec ascld extract Qi the ketone was brom~
insted using a solution of bxémine in hydrobromic scld, and
the crystalline hrmw&k@t@na’ﬁihyﬂr@hromiém was obtalned in
52 per cent yield baged upon the gquentitles of esters which
were condensed. | | - |

The piperidine ring wes closed in squeous ethanol with
- sodium carbonate, and the feﬁultimgbgipariﬁyl Ketone was im-
mediately reduced with platinum oxide and hydrogen to glve
a 70 per cent yleld of the quinmlyipiy&riﬁy&carbim@i 1&@1&@*

ed as the diﬁydrmahimri&ﬁ.

2-Phenyleinchoninie acid (8). From 60 g. of isatin, 90 g.

1 Melting points are corrected.
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of ac@tqphem@me, 480 ml, of absolute ethanol, and 240 ml.
of 33 wt;% potassium hydroxide, 10%.5 g. of crude einahaw
phen‘were Qbﬁ&iﬂ&ﬁ following the procedure of Pritgzinger.
The first precipitation of the acid gave & reasonably pure
product, and it was unnecegsary to employ ﬁha elaborate pu~
rification he described., The yiela was gquantitative, and
the dry crude product was eﬁtarifiéd directly.

Ekhyl Be-vhe ddnchouinate (6). To a suspanaien of 102 g.
(0. 4 mmle) of cineﬁapk@n in 500 ml. of absolute ethanol,

50 ml. of cone. sulfuric acid were added. The mixture was

refluxed for 7 hrs., a clesr solution being obtained in 45
min. The ethanol was removed under reduced pressure, and
the rﬁaidual 0il was poured into a mixture of 1 kg. of ice
- end 500 ml. of water. The mixture was brought té pH @kWith
conc. ammonia solution (130 ml.), aﬁﬁ the ester was extracte
ed with 400, £50, and 150 ml. portions of ether. After dry-

ing over a@dium sulfate, the ether was removed, and the re-
sidual oil was distilled, b.p. 186-191°/1.5 mm., to give
87 g. (77%). |

sodium according to the directions of Sargent and Buchman (5).
To the powdered sodamide in a 3-necked, 5 1. flask e-

quipped with a Hirshberg stirrer anﬁ,a condenser protected
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_with a soda-lime tube, & solution of 60 g. (1.30 mmla}
af‘ethyi>@w§hemylainéhamin&t@% and 345 g. (1.51 mole) of
ethyl € ~benzamidoceproate in 675 ml, of dry benzene was
added., An oil bath was placed under the flagk and éﬁirw\
ring was begun with & powerful motor. The bath was kept
at 90° for ﬁﬁ'hra,, m%irrin@ being continued throughout
‘this period. The bath was then removed. |
wh&.fﬁaatimn mixture was cooled in an ice water bath
 while a solution of 1200 ml, of conc. hydrochloric acid and
1000 nl. of water was added., The stirrer was then replaced
with aksti&lhead, and the bengzene was steam distilled until
the temperature of the vapors reached 108°. After substi-
tuting a aamdansar for the stillhead, rafluxing was conbtin-
ved for 40 hrs. The solution was then cooled and made al-
kaline (pH 10-12) with 50 wt.% sodium hydroxide solution
(920 ml.). The ketone was extracted with 1500 ml. of chlor-
afar&.iﬁ geveral p@f&i&msn k&ﬁt@rfﬁrying over sodium sulfate
the‘ehlarafmra layer was extracted with 750 g. of 40% hydro~
bromic acid. The chloroform wes removed from the hydrobrom-
ie acid layer by heating it in a hot water bath and stirring
for 30 min. The increase 1u’waighz of the solution was then
found to be 304 g. |

Upon chilling, &fystalﬁ of (R~phenylquinolyle4) € «ame
inaamyl'k@ﬁsme dihydrobromide ﬁagarah@d out. A small sam~

2 obtained from Dr. R. C. Elderfield of Columbia University.
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ple of this ketone salt was 1smlat®d; yﬁftar‘twm recrystal-
;liaatians/frﬁm.aéﬁ ethanol, it was obtained as yellow clus-
ters of needles, m,g; 2952879 (decomp.) at 0.8%°/min. from
2099, o | |
%_la%e%.mr Cale. € 52.5 H 5.0 W 5.8

(480.3) Found € 52.8 H 5.1 N 5.7

The hydrobromic acid suspension of the ketone was heat-
ed to 859, and, with m@&hﬁﬂi@&llstirring, a golution of 138 g.
of bromine (90% of the theory required by the imer@gsa in “
waighﬁ} in 278 m1#~éfﬂ&ﬁﬁ nydrobromic seid was added over &
éafmim. period. ‘%hevtempﬁraﬁnré was kept at 85-909; the
product began to mryﬁhﬂlliza‘aﬂ%'hefar@*ﬁll the bromine was
added. 'The &1xture wag heated to the boiling p@iﬂ% and 250
ml. of 40% hyérwbrwmia acld were added, but the product did
not dissolve. The reaction mixture was chilled, and the
product crystallized as a solid mass. It was collected on
a sintered glass fﬁnmal,'waéhﬁd by suspension in iw@rmpanal
to remove hydrobromic acid, then with zcetone until the file
trate was colorless, and finally with ether. After drying
over sodium hydroxide, 334.8 g.‘mf a light ymll@% powder
were ahtéina&, BePs 210,5-812° (decomp.) at 19/min. from
180°. An sdditional crop of 41 g., m.p. 210-8119, was ob-
tained by concentration of the mother liguors to half the
volume. The total yleld was 375 g. (528) .
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A sample recrystallized for an&lysig from methanol-
i-propyl ether was obtained es yellow prisms, m.p. 187~
198° (decomp.) at 1%/min. from 180°. | |

»ﬂﬁlﬁﬁxﬁﬂgﬁr“ﬁﬁﬂr . Cele. C 45.1 H 4.2 ¥ B5.0
(589.8) .~ Pound € 45.1 E 4.4 N 4.9

By acidifying the aqu&mus,ph&ae fr0mvﬁh@ cﬁl@rﬁfarm :
ﬁxtr&atiwﬁ-of the ketone and washing the precipitate ﬁith .
ethanol to remove bengole acid, 96 g;\ef anu&e3cinﬁhayheﬁ
- were recovered. |
{8-Phenylauinolyl~d)-X-piperidvliecarbinol dihydrochloride.
To a ﬁuapam&ia@‘ar 140 g. (0.88 m@ia)'mffbrmwﬁkatamafaﬁmﬁ
in 2200 ml. of absolute ethenol in a 4 1., bottle, 735 ml.
of lﬁtmt.ﬁ sodium carbonate solution were added., After
displacing the alr with nitrogen, the bottle was stoppered.
and shakan_machania&lly for 80 min, 8.0 g. of ymatin@m OX=
ide were then added, and the bottle was filled with‘nyﬁrmé
gen. ﬁh@ re@ueﬁian, at room temperature under atmospheric
pressure of hydrwg@n, was allowed to proceed for 4 hrs., at
which time the rate of hyér@gam,ahaary@i&n.haﬁ ra1lam from
100 ml./min. initially to 1 ml./min. The total uptake was
6.7 liters; theory required 7.1 liters. | |

The catalyst and precipitated salts were filtered off,
and the a%h&mml was rémavaﬂ under reduced pressure. After

&acanting the squeous phase, the regidual oil was rinsed
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with water and dissolved in 1000 ml. of absolute ethanol.
This solution was filtered snd 50 ml. of cone. hydrochlor=
i¢ acid were added. The precipitate was filtered, washed
with acetone, end dried to give 71 g. of & light pink pow-
 der, m.p. 226-228° (decomp.). BRecrystallization was ef-
fected as follows. 25 g. of crude product were dissolved
in 190 ml. of boiling water containing 3 ml. of cone. hy-
' drochlorie aci@w“llﬁﬁ»mli of acetone were added, and the
s@lu@ian,waa‘ghiiiﬁd overnight to giva 18.2 g. of pure,
almost colorless prisms of dihydrochloride hemihydrate,
My Ds 2BO-230,5° {decomp.) at ﬁ;a?!mina from £10°.
CpHogONo. 2HC1,3H,0 Cale. © 65.0 H 6.3 N 7.0
(400.4) Fouond ¢ 62.8 H 6.8 N 6.9

% etha
colorless prismsg of the man@hyﬁr@@hlwwid@ m@mahyﬁraﬁ$, BePs
‘ﬁalaﬁﬁﬁ@ (decomp.} at 0.5% min, from £10°.
CoyHiggONy-HCL.B0 Cale. C 67.6 H 6.8 § 7.5

 (372.8) Found € 87.7 H 6.4 K 7.3

The free %aaefwg$ ab¢ain$&:by*namkra&ixingjan aleohol~
ie ansp@maibm\@f the dihydrochloride with § N sodium hydrox-

nol the compound erystsllized as stout,

From 86

ide, rempving the solvent, and erystallizing the dry residue

from i-propyl ether. The crystals were elther colorless
needles or flat prisms, m.p. 141.5-143° at 0.7%/min, from
120°.
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ﬁgiﬂggﬂﬁﬁ Cale. € 79,2 H 7.0 ¥ 8.8
(B1B.4)  Pound C 79.4 H 7.2 ¥ 8.9
From methanol the compound aryst&lliz@d beautifully
asg ﬁ@lar&gam‘lang prisms containing one molecule of sol-
vent and melting with effervescence at 91-24% at 19/min.
from 75°. ; | .
;ﬁglﬁg@®mﬂyaﬁ@$ﬁ Cale. C 7B.4 H 7.5 W %,Q

E%ﬁhﬁmquainimia'aﬁiﬁ wag prepared from &aa%wghaﬁ@na
and S-methoxylsatin by the Pfitzinger reaction. It had

been previously prepasred by Doebmer (7) in about half the
yleld (from p-anisidine) obtained by the method used here.
* The acid was converted to the ester in 73 per cent yleld
with a%hamal and sulfuric seid.
| ‘Bthyl 2-phenylquininate was condensed with a%hyl beng-

spidocaproate in benzene using aaéami&a ag the e@nﬁamaimg
agent, and the product wss hydrolyzed with 6 N hydrochlor-
ie aecid. ,

The hy&rwbramig acid extract of the aminoketone was
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treated with a solution of bromine in hydrobromic acid to
glve a 23 per cent yield of crystalline bromosminoketone
dinhydrobromide. | | |
&hé‘pipariéine ring was closed in aqueous ethanol with
sodium a@rbwm&ta, end the reduction to th@\quinelylpipariw
dylearbinol was then carried out with platinum oxide and

hydrogen to give a 68 per cent yield isolated ag the dihy-
drochloride. |

aeatani&iaaﬁ 42 g. (46%) of %wmathmxyimatim were obtained |
according to the directions of Golding {@}.

5«m&th@xyia&&in, 75 ml. of 33 wt. % potassium hydroxide,
1850 ml. of absolute ethanol, and 28 g. (0.234 mole) of
ae&ﬁaphanﬁn&, 4.2 g.‘éﬁaﬁ) of crude 2-phenylquininic ac-
id, m.p. 256-239° at 1.8%/min., were obtained following
the procedure described for the prepﬁraﬁian of 2~phenylein-

¢honinic acid,

From %&gﬁ g (ﬂ»lﬁﬁ mml&) of
crude &wphenyx@uininia acid, 175 ml. of absolute ethanol,
and 18 ml. of conc., sulfurie acid, 27.8 g. (78%) of ethyl

ﬁ~ghenylgﬁiniﬁaka were obtained following the procedure de-

1 Melting p@inzs are corrected.
2 prepared by Er; J. F. Mead.
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scrib@é,fﬁr %he preparation of ethyl &~ph@nyleinehaminau@.
Instead of distilling the residue left by removal of the |
ethﬁr, reerys%allimmtiam was effected fr@m»lzﬁ ml, of abe
solute ﬂt&an@l,»giving large, brownish yellow prisms, m.p.
108-107° at 1%/min. from 70°.

{@-Methoxy-Rephenvliguinolyl-4) (~bromo- € ~2minosmy

i f e SRS N T,

\>igﬁﬂi;§#f€ﬁﬁ§§n Sodamide was prepared from 26 g. (1.13 mole)
of sodium according to the directions of Bargent and Buchman.
To the p@ﬁ&&re&,ﬁﬁdami&a'iu‘g,awnaaked, 3 1,'f1aak o~
quipped with a Hirshberg stirrer and a condenser prmtaﬁﬁeé
with a soda-lime tube, & solution of 276 g. (0.90 mole) of
éthyl ﬁ@@h@ﬂﬁl@ﬁiﬂiﬁ&%ﬁg and 287 g. (0.90 mole) of a%hyi
€ ~benzamidocaproate in 500 ml. of dry bengzene was added.
- With can#imu@ua stirring the mixture was heated in a bath
‘,&t 0% for 25 hrs. The bath was then removed. | |
- The r@&é&i@aﬁmimﬁuxﬁzwaa»aaﬁlad in an ice water bath
while a solution of 700.ml, of conc. hydrochloric acid and
15@& ml, of water was added. The $tirreé was replaced with =
‘& stillhead, and the bengene wes stéam,ﬁiatii&aﬁ until the
temperature of the vn@@ré reached 108°. '&fﬁwr»suhaﬁi®uttng
& condenser for the still head, refluxing was continued for
40 hrg. The solution was then cooled, diluted with an e~
guai volume of water, and made alkaline (pH 7.5) with 50
wt.$ sodium hydroxide. The ketone was extracted with 2000

3 Obtained from Dr. R. C. Elderfield of Columbia University .
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ml. of chloroform and the solution was suction filtered to
‘remove insoluble yhanylguiminie acid. After drying over
godlium sulfate, the ehlaraférm solution was concentrated
under reduced pressure %o 750 ml. and extracted with 760 g.
of 40% hydrobromic acild. ﬂh&ﬁt@farm>was removed from the
agueous phase by warming and stirring, and the increase in
welght was then found to be 160 g. - |
To this solution of the ketone 64.5 g. of bromine (88§
of the theory required by the incresse in weight) in 130 ml.
of 40% hyﬁrmbramia‘aaiﬁ-waxe.aéaaa~rapidly st 80-85° with
mechanical stirring. The resction mixture was stirred 10
min., heated to the bolling point, repldly filtered through
& sintered glass funnel %o remove sonme f@@a‘aaidk(ﬁ% g.),
and ¢hilled in the cold room overnight. The product was
emixagﬁeﬁ on & sintered gless funnel, waghed with i-propan~
ol, acetone, and ether, and then dried to give 101 g, of a
1ight yellow powder, m.p. 170-171° (decomp.) at 1°/min. from
154%. By concentration of the mother liquors & second crop
of 27 g.3ﬁ$eam§msiﬁg 8% lower was obtained. The total yleld
was 188 g. (23%). f |
A sample recrystallized twice from methanol-i-propyl
ether was obtained as light yellow clusters of needles, m.p.
174-178° (decomp.) at 1%/min. from 160°.
CpgHogOpNoBr 2HBr.2H,0 Cale. € 42,5 B 4,7 N 4.5
(625.2) Found C 42.5 H 4.7 N 4.4
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By aeidiﬁying the agueous phas& from the ahlarmf@rm
extraation of the ketone, washing the pra&igitata with
athaﬂal to remove bengoic aaiﬁ, and combining tha r&siﬁum |
with the other fractions whiah had b@@n filtered off, 128

g+ of eruﬁe ﬁw@haﬁylguininiﬁ auié were r@cmvereé.

bramakmt@nm salﬁ in 1760 ml, of absaluﬁe ethanol in a 4 1.
bottle, 490 ml. of 1B w@.ﬁ_a&d&umvaaxbamaﬁa were added.
After displacing %b@\air,wiﬁh nitrogen, the bottle was ,
stoppered and shaken @eﬁhaniaagxy.fér 50 min. 2.5 g. of
platinum oxide were then ad&aﬁ, and the bottle was filled
with hydrogen. Reduction, at room @&masﬁ%ﬁura under ate
 mospheric pressure of hydrogen, was allowed to proceed
for 3 hrs., st which time the rete of hydrogen ebsorption
had fallen from 180 ml./min. initially to 0.5 ml./min. The
total upteke was 4.45 liters; theory required 4.85 liters.

‘The catalyst and precipitated salts were filtered off,
and the ethanol was removed under reduced pressure, A sol-
14 separsted which was washed with weter end digsolved in
ethanol. The sddition of excess ethemolic hydrochleric ace
1d precipitated the yellow dihydrochloride which was washed
with ethanol and acetone and dried to give 48.8 g., m.p.
240° (decomp.) at 0.6%min. from 225°.

Purification could be effected only over the free base
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which wasymbtainaﬁ by neutralizing an aleoholic suspension
of ths‘&ihyﬁraehl@ri&a wiﬁﬁ 54ﬁ,ﬁﬁﬁiﬂﬁ hydroxide, removing
the solvent, ané raaryataixizing the residue framvméthamal.
The cﬁys@ala were stout rods or fiat'prisms aankaiﬁiug one
mai@éula of solvent and softening fram 88~95°, @artialiy
fuging from %&wlﬁﬁﬁ %han raaali&ifying and wﬁiﬁing at i?ﬁ B
177.8° at 0. 5%/uin, |
CopflpgOpip-CBg0H Cale. C 72.6 H 7.4 7.4
(580.5) Found C 728.8 H 7.7 N 7.6
From i-propancl the free base crystallized unsolvated
as clusters of aalari@as, feathery needles, m.p. 175.5-176,5°
.t 1%/min. from 160°, |
CoglipgOgly  Calc. C 75.8 E 6.8 N 8.0
(348.4) Found C 75.5 H 7.2 N 8.2
The menahyérabromiﬁe ar?amailiﬁeé from 96§ ethanol as
ﬂ@l@?&@%# clusters of needles, m.@. ﬁ&@.&wﬁlﬁ” (d@camp»)
at 0.6°/min. from 195°, |
CppfipgOglp BEr  Cale. C 6L.5 H 5.9 N 6.5
(429.4) ‘Pound C 6L.8 H 6.4 N 6,4
The dihydrochloride, precipitated from ethanol as smﬁll .
clugteré of yellow needles, melted at 240.5-241° (decomp.)
at 0.6%/min. from 285°, and snalygzed for & hemihydrated.
(Cpoflp OplpBHCL.H0 Cele. C 6l.4 H 6.8 N 6.5
(430.4) Found C 61.4 E 6.4 N 6.8

4 Phe analytical sample was prepared by Dr. J. F. Mead.



25w

- 8-Methoxy-2~phenyleinchoninic acid was prepared from

o~anisidine, pyruvic acid, and benzaldehyde acgcording to
the directions of Doebner (7), a slightly improved yield
(&?%) being obtained by the addition of & small guantity
of conc. sulfuric acid (10). The acid was esterified in
8l per cent yield with ethanol and sulfurie acid.

Ethyl &mmwﬁhaxy«%wphanylciﬁ@hmﬁimaﬁa was condensed
with ethyl es*b@nmamidénapraaté in bengene using sodamide
as the condensing agent, and the product was hydrolyzed
with 6 N hydrochloric acid to give 44 per cent of crude
(ﬁwmﬁﬁnmxyw%wyh@nquuiﬁ®lylw%) € ~aminoamyl ketone isola-
-ted as th@~dihydraﬁr@miﬁa‘ The reaction of this product
with bromine in hydrobromic aeid gaﬁﬁ the hrmm@kﬂtmna in 70
per cent yiél&m ,

- The piperidine rimgyw&a then closed in aqueous ethanol
 with sodium carbonate, and the r@wﬂxﬁiﬁg piperidyl ketone V
was reduced immediately with platinum oxide and hydrogen to
give an 80 per cent yleld of the methoxyquinolylpiperidyl-
carbinol isolsted as the free base. | |

The awmaﬁhnmy,group was hydrolyzed by refluxing with
48 per‘a&nﬁ hydrobromic acid for 24 hours. The hydroxygquin-



-24-

olypiperidylcarbinol was isolated as the sodium salt in
90 per cent yield, from which it was converted to the free

base with an equivalent of hydrochloric acid.

g-Methoxy-2~phenylcinchoninic acid (7). A solution of 540
g. (3.07 m@l@s} of 50% agueous pyruvic acid, 320 g. (3.02
mml&s)\af benzaldehyde, and 370 g. (3.&& moles) of o-anisi-
dine in ﬁlﬂ‘l. of 96% ethanol containing % ml. of conc. sul-

furic acid was refluxed for 5 hrs. 4.0 1. of ethanol was
diatille& off at atmospheric pressure (8 nrs.) and the prod-
uct was sllowed to crystallize. Filtering, washing with eth-
anol, and drying in the oven at 1009 gave 204 g. of yellow
prisms, m.p. 211-218° at 19/min., By concentrating the moth-
er liquors %o 3 volume (1000 ml.) and rearygtalliging,the\
deposited crystals from ethanol, a second crop of 24 g., m.p,
209-212°, was obtained to give a total yield of 228 g. (27%).
Ethyl Bemethoxy«2-pl leinchoninate. To a &nap&naian of
226 g. (0.81 m@&e) of 3~math@mymincnmphen in 1150 ml. of abe
solube éthanol, 115 ml. of conc. sulfuric scid were a&da@;

| The mixture was refluxed for 12 hrs., & clear solution being
obtained in 10 min. Most of the ethanol (200 ml.) was then
removed at ordinary @reséur@-ﬁvar a 12 hr. period. ‘Thavrasiﬁ%'
ual syrup was poured over £ l. of ice and water, and the re-

action mixture was made basic (pH ©) in the cold with 5O wt.%

1 Melting points are corrected.
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- sodium hyﬁrmxide, The ester wasg then extracted with 700,
300, and 200 ml. portions of chloroform. The chloroform
solution was ﬁri@d over smdium sulfate and then evapor-
‘ated to ﬁryﬁeas’umd@r reduced pressure. The crystalline
residue was recrystallized from 600 ml, of absolute ethan-
ol, filtered, washed with ethanol, and dried in the vacuum
oven at 70° and then over ph@aﬁnérﬁm:pﬁnt@xiﬁe to give 201
g. (81%) of large, pale yellow prisms, m.p. 106-108° st
1%/min, from 95°. 4n anslytical sample recrystallized from
ethanol melted at 106.5-107.5°.
| CigH 0N Cale. C 745 B 5.6 K 4.6

(307a$) - Found C ”&;% H B.6 K 4.8

By aciaificatian of the aqu&mus phage from the chlor~

'@fmrm\extracﬁi@a, 26 g. of free scid were recovered.
S-Methoxy«2~pheny] winolyled) ¢ ;

bromide. Sodamide was prapar@& from B3.5 g. (l 46 mﬁl@} @f
s@ﬁium'according tav%he,dirwatiamw of Sargent &nd Buchman (8).
ﬁﬁ the powdered sodamide in a g-necked, 5 1. flask e~
guipped w;th a Hirshberg stirrer and a condenser yrq&&nteﬂ'
with a soda-lime tube, a warm (70°) solution of 291 g. (0.95
‘mole) Qf ethyl %~maﬁhoxywﬁwyﬁ@nylaiﬁchaninaﬁe and 258 g
(0.95 mole) of ethyl € -benzamidocaproate in 580 ml. of dry
benzene was added. Stirring was begun with a powerful m@%or,»
and the flask was heated in an oil bath at 100-110° for 28
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hrs. The mixture ba@ama very thick after 20 min.; sﬁirring
was stopped and then starteé again after 8 hrs. |

_ The reaction mixture was cooled in an lce water bath
while a solution of 725 ml., of conc. hydrochloric acid end
500 ml. of water was &d&@d» The stirrer was then replaced
with a stillhead, and the benzene was steam distilled until
the t@mperatwre of the vayars reached 108°. After &ubsti~_
tuting a condenser for the stillhead and replacing the 225
ml. of aqueous distillate with an.@qﬁai volume of 6 ¥ hydro-
ahlaria acld, refluxing was conkinued for 29 nrs. The solu~

tion was then cooled, dilute

@ with 500 ml. of water, made
alkaline (pH %) with 50 wh.% ﬁ@diﬁm‘hyﬁrexié$g and the ketone
was axtrae@@& with 1000, 250, and 100 ml. portions of chloro-
form. The chl@réfarm extract was washed twice with equal
volunmes of dilute s@diﬁm hy&raxiﬁe aalutian tm f@mav@ &-meth~
: axyeinah&ph&u, small quantities mf 50% sa&imm‘hyﬁraxiﬁﬁ being
added to the aqueous phase until it retained a permanent deep
yellow color aftar‘éhaking with the chloroform. After drying
over 3adium'aulfa%a; the ahiorafmrmxlay@f was evaporated to
dryﬁ@gﬁ under reduced pressure %mvgiéé 23& g. of a dark brown
0il. Upon addition of 150 wl. of 48% hydrobromic acid to the
oil, a large @uanﬁ@ﬁy of chloroform boiled off. &500‘ml. of

g
i 1%

acetone were a&deﬁ, and %he s@lﬁtian obtained by warming was

evaporated almost to dryness under reduced pressure. Upon
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standing, the residusl oil slowly crystallized. The solid
was collected on sintered glass, washe& with acetone, i-pro-
panol, and acetone again, and dried over calcium chloride
and sodium hydroxide in vacuo to give 177 g. of a deep yel-
low powder, m.p. 108-108° at 1.5%min, from 86° with sinter-
ing from 95-101°. From tha.méther liquors and washings, by
similar treatment, 2 aeannd'ﬁrap of 42 g.,‘mgp. 102-106° un=
der the above conditiong, was mbﬁaiﬁ@d to give a zoﬁa&'yiald
of 219 g. (448). S
4 sample of 0.101 g. of this ketone salt required 19.40
ml. of 0.,0R00 K silver nitrate to emm?lataiy precipitate the
bromine. The product was therefore the di~hydrobromide,
0.101 g+ of which would reguire 19.60 ml. of silver nitrate.
Reerystalllization from 10% hydrwbramie acid by sddition
of acetone gave yellow e&uatawa‘wf prisms, m.Pe 103-111°.
The compound was not submitted for analysis.
’Ey‘a@iﬁifyiag the agqueous phese from the chloroform
axtractio& &nd raery&talliﬁiﬁg the prﬁeiyitaﬁe from 1000 ml.

of ethanol, 84 g. of B-methoxycinchophen were recovered.

ketone salt in 200 ml. of 48f hydrobromic aeid et 100°, 63.5
g+ (0.40 mole) of bromine in 100 ml. of 48% hydrobromic acid

were added dropwise with mechanicel stirring over a 15 min.
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period, The reaction mixture was then heated to bmiling
and allowed to cool overnight. The large clusters of yel-
low prisms which separated were collected on a sintered
glass funm@i, washed once with water, then abundantly with
acatame,.anﬂ‘finally with ether., After drying over calcium
chloride and sodium hydroxide at 30 mm., 194 g. (708) mfva
deep yellow powder were obtained, m.g,,x41.5*14@” (decomp.)
at 0.9%/min. from 180°. After three reeryatallizﬁtimns
from 10% hydrobromic acid, a sample was obtained as clusters
of long, yellow prisms, m.p. 146.5-147° (decomp.) at 0.6%/m.
from 180°. The analysis showed it to be & tetrshydrate.
CoollonOoloBr. 2HBr . 4H,0 Cale. € 40.0 H 5.0
(681.3) | Found C 40.2 H 5.1
The loss of water by further drying caused the aemﬁaunﬁ to
become orange in color and ﬁh@ decomposition point to be
depressed £°. Thé analysis then showed that only two mblm
ecules of water of crystallization remsined, |
CopflogOgliphe ZHBr 200 Cale. C 4.3 H 4.7 Ionic Br 36.3
(626.2) Found € 41.9 H 5.8 Ionic Br 38.1
(B-Methoxy~@-phenylguinolyl=4)~0/epiperidylcarbinol. To a.
solution of 110 g. (@Ql@? mole) of bromoketone salt in 1800
ml, of absolute ethanol, 490 ﬁlqvmf 15 wt.% sodium cgrﬁﬁnw

ate were added. Aftar‘diayl&aing the alr with nitrogen,
the bottle was stoppered and shaken mechanically for 1 hr. .
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1.0 g. of platinum oxide was then added, and the betﬁle
was filled with hyarogén. The reduction at room tempera-
ture under atmospheric pressure of hydrdgan, was #llﬂw%ﬁ
to proceed for 4% hrs., at which ﬁima the rate of hydrogen
abgorption had fallen from 360 ml./min. initially to 0.3
ml./min. The total uptake was 5.8 1.3 t&aary required 4.6
The catalyst and precipitated salts were filtered off,
and th@’athanml was removed under raﬁuﬁ@ﬁ'présaur@. The
gollid which separated was filtered and washed with ethanol,
water, ethanol, and ether., After drying, it weighed 40.3
8., Mep. 105-198° at 1,5% min, from 180°. A second crop
of 6.2 g. was obtained frwm,ﬁha mother liguors to give a
‘total yleld of 46.5 g. (80%). Recrystallization from 96%
ethanol gave colorless mw@@%ﬁ&, mep. 126-200° at 1°/min.
from 180°. Further recrystallizations from several dif-
ferent ammvén@a gave c¢rystals of Vgriabl@'malﬁing point
in the renge of 198-208%°, depending upon the particular
sample of compound a%‘hahdm Analyticsl samples were ob-
tained melting at 194-196° and 197-202° at 1°/min.
”ggﬂ@@ﬁgﬂg‘ - Cale. ¢ 75.8 H ‘6~9 N 8.0 |
(848.4)  Found € 75.9 H 7.1 N 8.0 (194-6°)
76.1 7.2 8.2 (187-202°)
The monohydrobromide crystellized from 96% ethanol
as colorless clugters of needles, m.p. El5w217” (decomp. )
at 1°/min. from 190°%,
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Cﬂzgﬁg&ggﬁﬁo%r C&l@. c 31%5 B B.9 N 8.5
(429.3)  TPound C 61.5 H 6.2 N 6.8

g« (0.068 mole) of the B-methoxycarbinol were refluxed with
120 ml. afiéaﬁ,hydrmﬁrmmia‘&eid for 24 hrs. The reaction
mixture was cooled, and the crystals which sepsrated were
collected, washed with water and escetone, and dried to give
27.0 g« of the dilhydrobromide salt of the B~hydroxycarbinol.
This materiel was suspended in 1850 ml. of hot 96% ethanol,
10 ml. of 50 wt.% ﬁ@ﬁium;hy@rﬁxiﬁ&fweré adﬁ@d,_aﬂﬁ the re-
sulting solution was filtered and concentrated st atmos-
pheric pressure to 700 ml. On chilling pvernight, resatt&a
of yellow needles of the sodium salt separated which were
filtered off, washed with ethanol and ether, and dried in
the vacuum oven at 70° to give 17.6 g+, meDe ab@va>$ﬁaﬁ
\(ﬁ@c@my*), -&mﬁﬂamﬁraﬁia& of the mother liquors gava‘an
aé&itiona1.4.$ g. of product, the total yleld being 22.8 g.
(ca.20%). Analysis gave ineonsistent results.

17.6 g. of the sodium salt were suspended in 400 ml.
of 96% ethanol, and, st the boiling point, 53 mi. of 0.92
¥ hydrochloric acid were esdded., On boiling for 1 min.,
crystals begen to separate from the clear solution, After
chilling overnight, the pale yellow needles were mell@ated,
‘washed with ethanol, and dried to give 11.4 g., m.p. 200-
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202° at 1%/min. from 180°. After recrystallization from
ethanol, a sampla melted at 201-208°. A dark green color
reaction was obbained with ferric chloride,

CoyFlgOqly  Cale. C 75.4 B 6.8 N 8.4

(334.4) Pound ¢ 75.5 H 6.8 ¥ 8.3

 $he monohydrochloride crystallized from 388 ethanol
. 88 clusters of long prisms, m,p. 2R7.5-226° (daaam& ) at
1. &Wm from 220°,

(37::3{.9} Fﬁ%& C €80 H a,;, Tonic CL 9.8

6,7mhich1ara«ﬁwphanylsimﬁh&niﬁiw zeld could not be

prepared by the Dosbmer resction (11), and attention was
'%ha?af@r@ directed to the gynthesis of 5,ﬁaﬁiah1@r¢isét1n;
The preparation of this compound by the following series
of reactions was reported (1£):

crO gHO GH(OH ) OHoCOOH,

HNOg H0g acetone \HOgp
¢l ~ ¢l RaOH c1

& | é1

63 gl £0
192 ) 0




_32-

The yields were not given, and investigation of the synthesls
showed that step two, the condensation of the aldehyde with
acetone, gave ylelds of less than 10 per cent. This method
was therefore not praétiaablm for large scale preparations,
The &ynthasiﬁ of 5,@mdieh1@r@im&tin was also reported by
Bandmeyer (13), who @h‘bamefi 1t as one of the producte in
the ring closure of 3,4-dichlorolisonitrosoacetanilide.
Hmwavérg ua‘yialﬁ\waﬁ reported here éithar, and it was found
upon investigation (11) that ﬁh@kpr@d@mimanﬁ‘yrmﬁubt of this
reaction was ﬁ*ﬁéaiamiarmiaaﬁiﬁ and that the isomers were
exceedingly difficult to separate. |

ﬁina@ ahimrin&tian an& br@minatian af isatin in aquaovs
aalutimn givm almost quantiﬁative yial&a of the S~heloisatin,
anﬂ since & simple method af yr@pmring ﬁ»ah&axaiwaﬁi& from
m»ahlﬁrmanilin@ wam availabl& (14), it waa considered likely
that the required substituted isatin could be made by direct
eﬁiexiﬂatimﬁ of chhlérmiﬂaﬁin' This meﬁhéa proved to be
auacaasful and gave cruda 8,6-dichloroigatin in 50 @a 60 per
cent yiald‘ The struc%mr& was confirmed by oxidation of a
aample with slkaline hydrogen peroxide to 4,5-dichloroanthran~
ilie acid asccording ﬁa\ﬁna‘methﬁd ﬁ&a@rib&a by Sumpter and |
Jones (15). | ; |

“The chlorination reaction appeered to be surface cata-

lyzed. Runs of more than 40 g. gave appreciably decreased
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yields, e.g. with 130 g. the yield was 29 per cent; with
60 g., 43 per cent. The best yleld (60%) was obtained by
the addition of powdered glass to the reaction mixture. '
The r&&étimn\waa &1&@ exothermic, and slight impravém&ntﬁ
wers effected by keeping the temperature below 20°.

ﬁ,7«&1ahlarswﬁw?hany&aimeh@mini& acid was then pre~
pared by employing the Pfitzinger &mnéenéa@iﬂn with aceto~
phenone. The usual 100 per cent excegs of the latter re-
actant led to the formation of & considerable quantity . of
a &éep red-colored by-product. 'Réﬁu@img this excess %o
only £0 per cemt gave much improved yields (86%), and it
is probable that still fﬂfﬁhﬁ? reduction might effect e~
ven greater improvement.

The red~-colored compound aenalyszed very closely for
| Coglly 70sNCL,, indicating a condensation of two molecules
of acetophenone and one of the dichloroisatin with the re-
" moval of one molecule of water. The substance was alkall
amluble,‘buﬁ its insolubility in both agueous bicarbonate |
and smmonia permitted it to be essily separated from the
dichlorecinchophen,

The 6,7-dichlorocinchophen was esterified with ethane
ol and sulfuric secid in 80 per cent yleld,

gthyl @,?«ﬁiahlora»ﬁw@h@myleinchﬁninaae‘wa& condensed
with ethyl E~benzamidocaproate in benzene using sodamide
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as the condensing agent, and the product was subjected to
hydrolysis with 30 vol. per cent sulfuric acid. In working
up the reaction mixture, there was encountered a large a«
mount of by-product which pravamt&ﬂ\ﬁhe ketone from being
extracted with chloroform. 1t was found then that a fair-
ly effective separation could be made 1mm&diatély éfﬁ&r
hyéxalyﬁia by exhaustive exﬁraatiﬁm of the residue with
bolling 10 vol. per cent sulfuric scid. Isolation of the
aminoketone from the emmbim®a extraat1@na'as %ha_aryﬁﬁaim
lire monohydrobromide gave a yleld of B0 per cent.

‘The reaction of this pr@&ﬁeﬁ with bromine in hydro~
bromic acld gave %bé bromoketone in'ﬁﬂ‘y@r,aﬁn% vield.
The extreme insolubility of the product mede this step
difficult to perform. The bromoketone salt, until thor-
oughly dry,'waﬁ faunﬁ‘ﬁ%‘sepawaﬁa as a gel from a2ll sole
ventg ezcept 48 per aemx'hyﬁrabrﬁmia scid; it was also |
soluble in scetone as long as any @xeésé nyérobromic acid
wag present. For these reasons, the iamia@iem and purie
fication of this pra&uet‘r@quir&& considersble csre,

A note may be m&ﬁ@ here cmna@ﬁming the by-product
nentioned shove. dnalysis &id not &uggwﬁﬁ any r&agan&bl&
structure, but from the fact that experiments designed o
isolate the benzole acid formed during hydrolysis never

gave more than 58 per cent of the ﬁhearetiﬁal guantity,
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1t 1s believed that this by-product involved condensation
of the bengamido group to form a product not hydrolyzed
under the conditions employed.

Piperidine ring closure and rﬁaﬁcﬁian %ofthﬁ'darbinaly
in the ususl menner gave very poor ylelds (12%), an apprec-
1iable Quanﬁ$ty of hy*p&@&aaﬁ, which 18 st%ill uﬁ@h&rﬁctarw
ized, precipitating during the hy&rdgéaaﬁimn. Isoletion
of the ?iyaridyl k@%qne prior to reduction resulted in only
a slight lmprovement, and aﬁly when small (5 g.) quantities
of bromoketone were employed were greater yields (25%8) obe
teined. |

8,6-Dichloroisetin (12, 18). 4 suspension of 30.0 g. (0.165
mole) of powdered (80 mesh) 6-chloroisatin® in 400 ml. of
glaaigl scetic acid in a round bottom, 3-necked, 1 liﬁﬁr
flask fitted with s mechanical glass stirrer, a gas inlet
tube that dipped below the surface of the liquid, and an
outlet tube, wag cooled in a water bath at 18-20°. wh$n;

with vigorous stirring, chlorine was passed in for & hrs.
while keeping the bath st the ahm#e temperature. The chlor-
inetion was stopped, and air wa# g&&sw& through the reacw
tion mixture for 30 min. to remove some of the excess chlor-
ine. 200 ml. of glacisl acetic acid were then added, snd

1 gelting points are corrected.
2 Prepared by A. E. Senear.
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the solid was dissolved by refluxing. On cooling, thé
product erystallized in large orsnge red prisms. After
filtéring, washing with acetic scld and ilgroin (ﬁﬁmﬁﬂ},
and drying in the vacuum @V@n'aﬁ 709, 19.2 g. (54%) were
obtained, m.p. 266-2720 (decomp.) at 19/min. from 250°.
After another crystallization from acetic acid, the melt~
ing point was 274-277° under the above conditions. The
literature (1) giv&s the melting point as 273-278°.

 To 0.150 g. of the above compound, 2.8 ml. of 10%
sodium hydroxide were added} the smépénsiam of yellow
solid obbtained by warming was oxidized by ﬁléwly adding
2.8 ml. of $$'hyﬁrmgan‘pﬁraxi&@ solution. The clear,‘pala
ysllﬁw golubtion was allowed to stand for 1 hr., and the
acid wes then precipltated with 6 E;hyﬁraahlarié acid,
washed three times with water, and recrystallized twice

from dilute acetic acid to give colorless needles, m.p.

213.5-214.8%. The literature (18) gives the melting point
of 4,5-dichloroanthranilic acid as Eiﬁwﬁléag wheress the
8,4-1gomer melts at Eﬁ?~2$3§

Sa=bichlore chenyleinchoninic scid. To & auapﬁaaiaﬂ
of 75,1 g+ (0.35 mel&} of 5,6-dichloroisatin in 415 ml.
of absolute ethanol, BO g, (0.482 m@l@) of ﬁa@%aphanan@
‘were added followed by 208 ml. of 33 wt.% @at&s@iﬁm hy=-

droxide. The deep purple reaction mixzbture was refluxed
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f&r 8 hrs. in a water bath at 95°. The solvents were then
removed by evaporating overmight in & large digh on a hot
water bath. ‘Qhé solid cake was almost aam@l&ﬁeiy dissolved
in 2 1. of hot water, and, after eﬁaliﬂg to %ﬁﬁ, the m&xw‘ |
ture Waﬁ'ax@raﬁtwﬁ with 1850 ml. mfliwpr@pyl ether in two
portions. ﬁftér rémdva& uf th@;@i@ﬂwiva& g%hér by w&rmimg
in a water bath, the solution was strongly scidified with
cone¢. hydrochlorie acid®. The deep ﬁrang@~ﬁal@re@ pr@ﬁiyﬂ
itete was filtered, washed withwatar,nsua@wn&@d,in 2 1. of

water, and dissolved by adding conc. smmonis solution. The
| solution was stirred until almost clear snd thwm_auatimn
 filtered from an insoluble, deep red by=product. The il
tﬁ&te[wag acidified with conc. hydrochloric ami%s, end the
product was then &@llﬁﬂt&ﬁﬁ&mﬁ waﬁhaﬁ by éﬂgpensian in one
liter of weter. Drying un!uiay end then at &ﬁﬁa‘una@r'ra»
duced pressure gave 95 g. (e6%), m.p, 275-276° (decomp.)
gt 1,5%min. from 240°. For anslysis, a sample was ra@ﬁy&w
- tallized from ethenol to give almost colorless clusters of
prisms, m.p. 277-278° (decomp.) at 0.9%/min. from 250°.

CpgHgOgNCl,  Cale. € 60,4 E 2.8 N 4.4

(318.8) Found C 60.1 H 3.0 N 4.5
The by-product, after three recrystaliizations from

@thanal, was obteined as flat, red prisms, m.p. 258°

Xt wWES aubaaqaan%ly found that when the acid was precipw

itated from the hot aqueous solution, the preeipita@e
wasd much lesg gelatinous in nature.
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(decomp.) at 0.5%°/min. from £220°.
Coglly05CL, requires C 65.7 H 3.7 K 3.4
\ Found C €5.8 H 3.9 ¥ 3.2
Ethyl €,7~dichlorge-2~phenvicinchoninate. To a suspension
of 54 g. (0.17 mole) of 6,7-dlchlorocinchophen in 270 ml.
of absolute ethanol, 27 ml. of cone. sulfuric ascid were

added, The mixture was refluxed for £1 hrs., a clear so-
lution being obtained in 90 min. After evsporating the
solution to 1/3 volume at ordinary pressure, 500 ml, of

ice water were added, and the mixture was made basic (pH 9)
in the cold with 15 wt.$ potassium hydroxide. The ester
was then extracted with 600 and 150 ml. portions of chloro-
form. The chloroform solution was dried over sodium sul-
fate and then evaporated to dryness under reduced pressure,
The crystalline residue was recrystallized fﬁ@m 1500 ml. of
26% ethanol, filtered, washed with ethanol and ligroin (50~
60), and dried in the vacuum oven a2t 70° to give 58.9 g, of
 colorless needles, m.p. 115+118° at 0.8%°/min. from 100°. A
gsecond crop of 7.4 gy, MWDo 11%*117”, was obtalned by cons

centration of the mother liquors, gi#ing a total yleld of
46,3 g. (79%). The welting point remained unchanged through
four recrystallizations from éthanﬂl, An anu}yﬁieal sample,
prepareé\by recrystallization from ligroin (86-100) and then
e#hanal,Amelﬁeﬁ at 118° at 1°/min. from 110°,
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Cygli0pNCl, Cale. € 62,4 E 3.8 N 4.1
(346.8) Found € 62.2 H 4.1 § 4.1
(C,l=Dichloro-B-phenylauinolyl-4) € ~aminoamyl ketone hydro-

Sodamide was prepared from 9.2 g. (6.4@ mole) of

sodium according to the directions of Bargent and Buchman (5).
To the powdered sodsmide in a B-necked, 500 ml. flaﬁk

equipped with a Hirshberg stirrer and a amn@mmser:yratectﬁﬁ
with a soda-lime tube, a warm (45°) solution of 70.1 g. (0,20
mole) af ethyl &,7mdiahlarméﬁaghaﬁy;aimahmmimata and B7.3 g. |
{0+22 mole) of ethyl ¢-benzamidocaproate in 125 ml. of dry
bengzene was added. 'Wi%h4awntinm@u$ stirring the mixture was
heated in a bath at 100-110° for 22 hrs.

~ To the cold reaction mixture, a warm {@&@) solution of

- 180 ml. of cone. sulfuric scid and 300 ml. of waﬁ@r was added.
~ The stirrer was replaced with a stillhead, and the benzene
- was steam distilled. After substituing a condenser for the
stillhead and replacing the 40 ml. of agueous ﬁiatillaﬁe~wiﬁh
an equal volume of water, refluxing was continued for &9 hrs.
The resction mixture was then diluted with 1280 ml, of water
and heated to the boiling point, giving an insoluble dark oil
and a yellow brown golution. The oll was removed by suction
filtering through a steam-jacketed funnel, snd the filtrate
wag chilled and made aikaline with ﬁw‘wt,ﬁ gsodiuvm hydroxide
keeping the temperature below 40° by cooling in an ice bath.
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The ketone was extracted with 800, 200, and 100 ml. portions
of chloroform; and the organic layer was then washed with
50O ml, of water, ﬁrimd over sodium &ulf&%a, and %vaparatad
to dryness under reduced pressure %@ giv& 15.9 go of & d&rk
brown oll. To this oil 15 ml. of 40 wt.% hydrobromle acid
‘and 50 ml. of scetone were sdded. A clear solution was ob-
tained by gently warming fé#,lﬁ min., and the golvents were
then completely removed ﬂﬁﬁer reduced pré&%ﬂrg-}‘?hﬁ residue
was mry%t&llizﬁé from 50 ml. of 96§ ethanol. Filtering,
wa&himg wi%h ethanol, then scetone and ﬁthar, and drying in
the vacuum oven at 70° geve 10,9 g. of yellow needles.

- The residue from the @ﬁlfuria acid extraction, which
hardened on cooling, wes reextracted with eight 500 ml., por-
tions of 10 vol.# sulfurie scid and worked up in the manner
: é@é@rih@& 0 glve an additional R0.2 g. of yellow needles,
the total yleld being 31.1 g. | |

The melting points of the various batches varied from
lﬁﬂ«$@5°Af@r the first crop to 1681749 for later crops.
Tris material was brominated without further purificstion.

A gample of the compound, r@ewyé@alliaﬁﬁ from @6% eth~
anol to constent melting point, was obtained as faintly col-
ored needles, m.p. 168-161° ot 1%/min. from 1809, Recrys-
tallization from acetonitrile or aaétic z2cid did naﬁ improve

the m@l&iﬁg point. The analyais'waé aﬁﬁraximaﬁaly correct
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for a monohydrobromide monohydrate.
(éaﬁﬁﬂ) Found € 5g.4 H 5.1

2tone dihydrobromide. To 150 ml. of 4&% hyﬂrabrmmie acid,
18.0 g. (0.037 mole) of ketone salt were added. The mix-

ture was heated to the boiling point and a solution of 5.9
 g. (0,037 mole) of bromine in 12 ml. of 48% hydrobromic
acld was added dprui&a»@vwr a 20 min. peried with constant
atirring‘ The mixture became so thick due to crystallizae
tion of the product that 45 ml. of 48%F hydrobromic acid
were added during the addition. When all the bromine had
been added, the reaction mixture was heated at the boiling
point for 10 min. After chllling overnight, the product

- was fi&imraé; pressed as dry as possible, and %hgn washed
ak&ﬁéaﬁtlﬁ with acetone. After &ryin@‘;@,:

geug over phos-
_pharﬁé pentoxide, 21.4 g. (90%) of yﬁilww‘prisms were Obe
tained, m.p. 227-226° (decomp.) at 1°/min. from 170°. Re-
crystallization of & sample from glecial amcetic scid did
" not alter the melting point.
CgpHygONgCl Br .2HBr Calc. C 40,2 'H 3.4

(828.1) Found € 40.1 H &.B

a gmspansian of 18.5 g. (0.029 mole) of bromoketone selt in
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. 870 ml. of water and 740 ml. of ether in a £ 1. bottle,
£20 ml. of 15 wt.§ sodium carbonate were added. After
displacing the air with nitrogen, the bottle was stoppered
and ghgk§n~maehanically £¢r 50 min., giving an orange ether
layer énd a colorless agueous layer. Considerable pressure
had developed. The ether layer was arima over sodium sul-
fate and evaporated to dryness &t re$uaeﬂ pressure under
‘nitrogen, and the 10.5 g. of residue were taken up in 200
al.»mf‘ab@alnté @ﬁh&n@l'an&'reﬁuaeﬁ in the usual manner
with 0.7 g of p&a%imum oxide. After 2} hrs. the hydrogen .
uptake was 765 ml., the rate having fallen to 0.5 ml./min.
from the 70 ml./min, initially. Theory required 925 ml.
The ethanol &a&u@i@a was filtered and concentrated under
reduced pressure to 80 ml. & ml. of 6 X ethanolic hydro-
chloric acid were then added, and, after standing overnight,
the light pink precipitate whi@hv&aﬁarats& was filtered,
washed with ethanol, acetone, and ether, and dried to give
2.86 g. (17%) of the dinydrochloride, m,p. 287° (decomp.)
at 1°/min. from 210°, | |
‘This material was suspended in 100 ml, of 96% ethanol,
and, at the b@iliﬁg'péinﬁ, 0.6 ml. of 50 wt.$ sodium hy-
ﬁraxiﬁe'ﬁas added. The solution was filtered with Norite
and chillad,QVernigh%.v The crystals which separated were
collected, washed with ethanol, and dried to give 1,5 g. of
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from 185° after effervescence end resolidification. A sam-
ple, recrystallized for analysis from 96§ éﬁhanal, was ob-
tained as colorless @tiﬁms, BeDe 2042060 uﬁdar the condi-
tions recorded above. |
CopBpgOMgCly-Cofly0R Cale. C 68.7 H 6.1 N 6.5
 (4%$*4) Found € 64.0 H 6.4 N 8,8
Drying at 100° ;g“ggggg removed the aﬁhanal @i cryst-
sllization. |
CppfiggOMglly  Cale. C 65.1 B 5.2 ¥ 7.2
- (887.3) Found C. 64.% B B.B ﬂ 7.0
The maamhyﬂrechlari&a eryst&lliﬁed as p&&a gremniahw
&a&l@w m&mﬁl&s from an ethanolic solution %o which one or
two equivalents of ethanolic hydrochloric acid had been
added, m.p. 285.5-837° (decomp.) at ﬁ;#“lmin, from 200°,
cﬁlﬂgﬂ Qﬁgﬂig.ﬁﬁlaéﬁgﬂ Cales, € 58,3 H B.1 H 6.5
(422.8) FPound € 56,7 H 5.1 N 6.1
| ?hﬁ dihydraahlmriﬁa was obtained as light yellow microe
‘erystalline needles, m.p., 229-280° (decomp.) at 1°/min, from
208°, whﬁn,a’larée excess of hydrochloric acld was added to
an ethanolie solution of the base. | -
ﬂﬁlﬁggﬂﬁ Clgcﬁﬁﬁl Galc. C 54.8 H 4.8 ITonic Cl 15,4
(460.8) "Found C 55.2 H 5.0 Tonic C1 15.2
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Phenyllithium was added to dihydrocinchonine prepared
from cinchonine in 93 per cent yield by catalytic reduction
“with palladium, according to the directions of 8kita and
Pranck (17). Upon treating ﬁh@’aﬁéition pr@ﬁmat wihh‘wat@r,'
the lithium rest was hydrolyzed and hyaragen wag split out
‘ ta glve the required subﬁtitut&a rubmn in 20 per cent yisld.
The position of the phanyl &mbatituamt was confirmed by

‘ ahramim acid oxidation of a aamplﬁ, according to the method
of John (18), %o %*phauylainwhmninia aciﬁ.

,ﬁ?.s g. (9&&) of iihydracineheninﬁ were pra@ar&ﬁ fallawing ﬁhe’ ‘
directions of Skita and Franck. _whe compound was obtained as
¢olorless needles, m.p. %Vmgﬁw%?5a (ﬁemémp,) at 4°/min. from
, 2&0“, after recrystallization from 650 ml. of benzene using a
~ Soxhlet extractor.

' A solution of 0,020 mole of
phanyllitnium in 30 wls of eﬁh@r, prepared according to the
directions of Gilmen, zwallmar, and Selby (19), was added to

a suspension of 5.8 g. (0.020 mole) of dihydrocinchonine in
40 ml. of dry ether in an ice water bath at 0-5%, The reac-
. tion mixture was mechanically stirred. After 5 min., the

1 Melting points are corrected.
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bath was removed; stirring was contined for 30 min., during
which time the mizture %ﬁfn@d dark yellow-green and most of
the solid dissolved., The reaction mixture was th@m.Qaur@&
into B00 ml. of ice water, and the ether was removed Ey WaTm~-
ing on the steam bath. The ingoluble solid was collected,
washed with water, dried, and extracted with 500 ul. of ether.
The ether was removed on the steam bath, and the residue was
then recrystallized from 96% ethancl. Two erops, obtained
by concentration of ﬁh& salmtigu‘an& the mother liquors,
weighed a total of 2.7 g., m.p. 254-257% (decomp.). Recrys-
tallization from 96§ ethanol gave colorless needles, m.p.
280~261° (d@mamp.)iaﬁ £9/min. from 245°, In subsequent runs,
the product showed a much grea%@f~a@lﬁ%iliﬁy'iﬁ ethanol when
crude then after initisl purification, msking it necessary
to concentrate tha'firgﬁ ethanol solution to a very smsll
volume in order to obtain the @radunt; The average yield
from 6 rung wes 20%. |

CoglloglNy  Cale. C 80.6 H 7.6 N 7.5

(B7£.5) Found € 80,8 H 7.7 ¥ 7.7

Bpec. Rot. E)C]i%@ = +1.30

#* (1 mole of bage + 4 moles of HCL in water, ¢ = 1%)
To a solution of 1.00 g. of the sbove compound in 20 ml.
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of weter containing 1.88 ml, of cone¢, sulfuriec acid and 0.2 g.
of powdered manganese dioxide, s solution of 2.0 g. of chromic
anhydride in 2 nml. of water was added dropwise, at ﬁﬁ@-b@iliag
point and with sheking, over a 25 min. period. The mixﬁuﬁa R
was then boiled for % min., diluted with 120 ml. of boiling
water, and made alkaline with conc. ammonis solution (10 ml.).
After 1 hr. of digestion on the steam bath, it was filtered
with Cellite;kan& the precipitate was washed well with 70 ml.
of bailing,waﬁar containing 10 ml. of mmﬁa. ammonia. The
filtrate and washings were concentrsted to 30 ml., filtered,
and acidified (pH 3) with hydrochloric and acetic acids. The
precipitate which separated on chilling overnight was cole
lected, washed, and dried to give 0.310 g. (46%) of colorless
needles, m.p. 212-216° at 19/min. from 195°. After recrystal-
lization from ethanol, the *@l%}ing point was 214~215°, The
mixed melting point with a sample @f,ﬁﬁyhﬂnymﬁimanonimme acid
(m.p. 214-216°) was 214-216°. | |
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Great interest was shbwm in sulfonamides as anti
malarials following the observation by Coggeshall (la)
that & single oral dose of ﬂulf&ni%amiﬁa-&mm@let@ly and

permanently curéﬁ the highly fatal P. Roowlesl infection

in rhesus monkeys. Oﬁkew’gplfanami&@a} such as sulfa-
diasgine, have ﬁefinit@»therap@utia action in human malare
ias (lb,c,d). For a period of time, it was thought that
this type @f'érug might be the a&swer to the iong @&ﬁfﬂh
f for & true csusal prophylactic, but further imﬁagtigatimns
revealed that these compounds did not have such an sction.
Thisg aiﬁappmiﬂ%ing result, coupled with}eth@r objection~
able features of the sulfonamides, led to their being dis-
carded in favor of more promising types of compounds.

The bacteriostatic action of the sulfanilamides is
reversed by p-sminobengoic acid, It is im%aréatiﬁg to
note that thig action of the 3',5'-dibromo &ariva@iva&,
which i& two to four times as great as sulfadiazine against
pneunococcus and Priedlander's bacillus in ¥iiro, is not
 inhibited by p~aminobenzelc acid. This result indicates
that they are involved in a mechenism w&ie& differs from

that of the usual sulfa type drugs.

The three mampmun&a prepared in this series and the

~ steps in their synthesis are outlined below.
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111
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This compound has already been prepered (2), but since
no details were given, it seems advlisable %o deécrihe the
m@thmﬁ of prepsration employed here.

Acetylsulfanilyl ahlmriﬁ& was eaupled with &,5-dibrome-
aniline in pyridine solution following the method used by
Long and Burger (3) %o prepare a& similar ﬂam@@uﬂﬁ, The .
acetyl group was then removed by refluxing with an ethanol-
hydrochloric acid mixture according to the procedure of the
above authors (3).

The final compound was found to melt §0 higher then
@rﬁviaualy rﬁp@rt@d (3) 4 | ‘

- Bubsequent to the camyl@ti@ﬁ of this work, the prep-
aration of this compound was sgain reported (@);. The

melting point recorded this time was identical with that

found here.

enegulfonsnilide (2). To
a solution of 36.1 g. (0.144 male) of 3,5-dibromoaniline®
in 110 ml. of éry pyridine, §0.6 g. (0.216 mwle) of acetyl~
sulfanilyl chloride were added in lé portions over a 15 min.
period. After standing at room temperature for one hour,

the reaction nixture was heated on a water bstn for 17

% Melting points are corrected.

Pregaraﬁ by Dre Je Fe M@aﬂ
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hours, and then added dropwise, with stirring, to s mix-
ture of 400 g. of ice, 1000 ml. of water, and 180 ml. of,
cone. hydrochloric acid. After chilling for one hour, the
solld was filtered, washed with water, and dried in the
oven at 90°. It was then dissolved in 2 N sodium carbonate
solution (350 ml.), filtered, and precipitated with 4 X hy-
| ﬁf@n&&@?ic acid (%5@ ml.). After washing with water and
‘drying, 60.2 g. (93%) of product, m.p. 242-244° was obtain-
ed. The ra@brtea melting point is 244°.

Amin 5'=dibromobenzenesulfonanilide (2). 4 solution
of 60.2 g. (G 184 mole) of the aﬂetyl compound, 1000 ml. of
964 ethanol and 300 ml. of conc. hydrochloric acid was re=-

fluxed for 1§ hrs. When cool, the solution was poured into
1600 wl. of water. The solution was brought to about pH 8
with conc. ammonia golution, and mrystalliaatiam occurred.
After filtering, washing with water, and drying, 4% g. (79%)
of product, m.p. 148.5-152° was obtained. Recrystallization
from 96% ethanol gave almost colorless, f@aﬁmary ﬁlﬂ&t@f& of
needles melting at 154-1559, |
lﬂﬁlﬂﬁgﬁaﬁrgﬁ (406.1) Cele, € 35.5 ﬂ 2.5 N 6.9
Found € 35,8 H 2.4 ﬁ 849
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19-4'~dimethylamino~3", 5'«dibromobenzenesulfonanilide (II)
The 4~dimethylamino-2,b-dibromonitrovenzene required
for the synthesis of this‘e@m@@und could not he prepared by |
geveral commonly @mployea,praﬂeﬁures (5,6). The bromination
of pwnitra~ﬂ,ﬁwdimetﬁylanilinﬁ-aau@@ﬁ one methyl group to be
removed and gave 4-nitro-2,6-dibromo~N-methylaniline (7).
‘&t%ﬁmgtwﬁ methylation of 4»nitrm»%}6wﬁi%ramanilinﬁ with both
methyl sulfete and formaldehyde were also unsuccessful (7,8).

The reaction of p-chloronitrobenzene with methylamine
in & sealed tube to give p-nitro-N-methylaniline has been
reported by Blanksma (9) and was successfully carried out in
this lab@rﬁ%@ry'wiﬂh dimethylamine to give pmmitramﬂ,ﬁ~
dimethylaniline (7). Accordingly, the reaction of 4-iodo-
3,5-dibromonitrobenzene with dimethylamine was tried in a
sealed tube at 120-130°. This method was entirely sueeeaaw
ful and gave ﬁhé required compound in 85 per cent yield.

The catalytic reduction of 4-dimethylsmino-3,5-dibromo-
nitrobenzene using Raney nickel at 60° under 3 atm. pressure
of hydrogen according to the method useﬁ-by‘ﬁrake (10) to
reduce similar halogenated nitrobenzenes gave guantitative
yields of 4-dimethylamino~3,5-dibromaniline. The free
amine appeared to be wnﬁﬂqﬁlé and was therefore immediately
coupled with acetylsulfanilyl chloride in pyridine, follow-
ing the method used by Long and Burger (8) to prepare a
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gimilar compound. %The scebtyl group was then removed by re-

fluxing with an ethanol-hydrochlorie acid mixture according

to the procedure of the above authors.

’ ] 22, 0-dl bromonitrobengen A mixture of
40.7 g, {0,100 mole) of %~i@é@*5,%wdibx@mmmitrmhamzameza
80 ml. of butanol, and 15 ml. of dimebhylamine was heated
in a sealed tube at 120-130° for 7 hours. At this temper-
‘ature a homogeneous solution was obtained. Upon eﬁaling,
the product crystallized out in the tube. The tube was
opened (no excess pressure), and ﬁhﬁ~c¢ntanﬁs collected
by filtration and wasghed with ﬁ@ﬁh&n@l» Recrystallization
fram.aﬁﬁ\a%hamol yielded %ﬁeﬁ.g; of product as golden or-
ange pletes, m.p. 108.5-104°. A second crop weighing 2.2 g.
wag obtained by m@ﬁeantrﬁtiam of the wother liquars* The
total yleld was 27.5 g. (856).

Coll0g¥pBr, (824.0) Cale. C 29.7 H 2.5 N 8.6

Found C &9.8 H 2.6 N 8.5

: sthyvlamd _ bromaniline. 4 &ﬂﬁﬁ&n&iﬁﬁ of 15¢ﬁ £
(ﬁ @46 mmla) of &méimatmykamin@ws ﬁ*&ibrmmanitrabﬁnzﬁna in
120 ml. of absolute ethanol was hyﬁragan&ﬁ&d at about 60°
under 40 1&5' pressure of hydrogen in the Eurge&am?arr

ap@&rat&é, using as catalyst en ethanolic suspension of

1 Helting pointg sre corrected.
2 Prepared by J. T. Maynard.
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2 g+ of Raney nickel previously satﬁraﬁ@ﬁ with hydrogen
for ﬁﬂ‘mina at 60°, The reduction was complete in a few
minutes, but shaking was continued for 15 min., The cat-
alyst was removed by filtration, and the filtrate was
then evaporated to dryness under reduced pressure in a
vath at 40° to give & quantitative yield of a pale yelw
low oil which rapidly colored to & reddish violet. It

was therefore employed immediately for the next reaction.

(@.@46 mole) of 4-dimethylamino«3, 5~ﬁiﬁr@mmuitreﬂanﬁ%ﬁ®
was dissolved in 25 ml. of dry pyridine and coupled with
12.0 g. (0.051 mole) of acetylsulfanilyl chloride in ten

portions, allowing the reaction mixture to warm up. The
solution wag then heated at 60-70° for &0 min. and poured
over 200 g. of ice-water slush, The solid was filtered, |
washed with & large quentity of W&%@r,‘ﬁiaamlvaﬁ,inlaiﬁ B
sodium hydroxide solution (280 ml.), fiitereﬁ, and precip-
itated with conc. hydrochloric acid. The precipitate was
then collected, washed with water, and dried in the oven
at 90° to give 21.7 g. (@%%) of almost colerless product
melting at 248.5-250.5°. mhis materisl was sufficiently
- pure for théJaubséqusnt hydrolysis. For analysis, s sam-

ple was crystallized from ethanol-water in colorless
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‘needles, m.p. 252-253° (decomp.) with darkening from 240°,
CygHy 0N BreS (491.2) Calc. C 29.1 H 3.5 N 8.6
Found C 29.B H 5.7 N 8.8

4-Anino-4'~dimethylaning-=3",51- mobenzenesulfonanilide
A solution of 21.5 g. (0.044 mole) of the acetyl compound
in a mixture of 360 ml. of 26% &th&ﬂ@l«&nﬁ,iﬁﬁ ml. of conec,
hydrochloric acld was raflax@a for ome hour. It was then
@5urad into 1100 ml. of water. When the solution wes
brought to pH & wiﬁﬁ‘aangw amm@nia solution, wrystalligamf
tion occurred. The precipitate was collected, washad, and
dried in the oven at 90° to give 18.4 g. of crude préﬁmeﬁ,
m.ps 187-190°. Upon recrystallization from 500 ml. of 64%
ethanol, 15.5 g. (79%) of almost colorless platelets were
obtained, myp. 195-~104.5° st 19/min.
Cy By OpligBro8 (449.2) Cale. C 87.4 B 3.4 LR
Found € 87.3 H 3.3 § 9.4

An attempt was made to prepare 4-cyano-3',5'-dibromo-
henzenesulfonanilide from I following the procedure used

by Miller, gt al. (11) to pxeyara‘p~cy&n&h&ﬁﬁen@aulfon&mide
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from sulfanilamide. The method failed because of the ine
solubllity of both I and its diazonium salt, ;
‘ ?he_tequiraﬁ compound was obtained by coupling p=cy=

anobengenesulfonyl chloride with 3,Pwdibromaniline in
pyridine., The product of this r&aﬁﬁiéﬁ‘was %henlcatalyt#
lcally reduced using platinum oxide in ethanolic hydro=
chlorie acid, a method described by the above authors (11)
to reduce p-cysnobengenesulfonamide, Attempts to use pale
ladium as the catalyst apparently resulied in reduction of
the halogens. B | | |

p-Cysnobenzenesulfonyl chloride was prepared by weans
of & remerksble reaction described by Remsen, g% al. (12):
p-carboxybenzenesulfonamide, when heﬁ%@ﬁ with phosphorus
pentachloride, undergoes ahlmfiﬁﬁtiaa followed by rear-
rangement Yo the r&q&ireﬁ ahmﬁaumﬁ. ‘

ﬁubswguent to the camgl&tian af this work, the prep~
aration @fvtnﬁ,éﬁﬁminwmathyl ﬁ@rivativa wag reported ﬁy
| Eﬁﬁlan and Leubner (4). The method they used was differ-
ent, however, end thelr paper indicetes that the compound
was ob@a&n&d by coupling y«acetamimamﬁﬁhylh@nﬁemaaalfanym
v@ﬂl@ﬁiﬁa with 5,5mﬁibrwmaniiin@, followed by aaié hydroly«
sis of the acetyl gf@up. wha:malting ybimt reported was

1° higher than that found here.
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Experimental Part’

p~Toluenesulfonamide was ox-~
jdiged with dichromate accarding to the meth@d deseribed
by Remsen (13) The yield was 64% fmr a run mf 0.5 mole.
The product meltaﬁ et 264.5-266° at 0.7%/min. from 9390
instead of decompoging at %Qﬂﬁ without melting, as was Te-
ported.

Cyanobenzenesulfonyl chlori This compound was pre-
pared following the procedure of Remsen, et al. (12). The
’prm@uet, after ﬁiaﬁili&tion, was éa@rystalliaéﬁ from 60-70° |
ligroin using & Soxhlet extrasctor. The yleld was BE8% for

& 0.3 mole run, m.p. 108-111°,

yano-38' ,6'-dibromobengenesul fonanilid To & solution
of 24.0 g. {0.086 mmle) of 3, 5~&ihramami¢in@ in 48 ml. of

dry pyridine, 19.6 g. (0,087 wal&) of y~cyan¢banmen&aulf@~.
nyl ehloride were added in 18 portions. The aé@itiam Yook
20 min. snd the temperature did not rise above 55°. The
reaction mixture was lefﬁ at room tamperature for 45 mim.,
hested on & steam beth fsr three hﬁurs, and then poured
over a mixture of 240 g. of ice, 650 ml. @f water, and 96
ml. of conc. hydrochloric acid. After stirring for two
hours, the product waﬁ‘fiit@réﬁ, washed with a large gquan-
tity of watér, and recrystalligzed by dissolving in 500 ml.

+ ¥elting points are corrected.
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of boiling 96% ethanol and adding hot water to inciplent
erystallization (500 ml.).  After chilling, the product
- was collected, washed with‘watar, end dried over phosphors
us pentoxide to give 36.9 g. (98%) of colorless plates and
flat prisms, m.p. 194,5-195.5° at 0,6%/min. from 180°, The
product was snalytically pure. '
CpgHeOoBrS (416.1) Cale. C B7.5 H 1.8 N 6.7
: ' ‘ Found € &7.2 H &,0 N 6.7

ide. A suspension of 37.5 g. (0.090 mole) of 4~cyano~3!,5'«
dibromobenzenesulfonsnilide in 920 ml. of absolute ethanol

. amntaimimg'@.ilﬂ‘mﬁla of hydrochloric acid was ahakeﬁiwiuh
3.0 g. of platinum @xi&e‘un&ar‘atmw@ph&riﬁ pressure of hye
drogen., The theoretical qn&ntity mf hydrogen was absorbe

ed in five hours, and the praﬁuét was completely dissolved.
After filtering off the catalyst, the solvent was ram@vaﬁ
under reduced pressure, and the residue was extracted with
1200 ml. of bailing water. The solution was filtered from
some insoluble solid and oil, and on cooling, deposited |
large, colorless, flat prisms. These were collected, wagh-
ed with a large gquantity qf‘#at@r, and dried over sodium
ﬁydrmxid& to give @$*% Evy WaPo ﬁ?iwﬂ?ﬁ“ {(decomp., with ef-
fervescence) at Q;ﬁﬁfmin‘_frwm 240°, By concentration of

the mother liquors, a second crég welghing £.7 g. was obw
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taiﬁaﬁ,'té aiﬁe a total yield of 33.1 g. (768). & sample
reerystallized from water for analysis melted at 2?5«%?&“
under the amnﬁiti@na recorded above.
$15 18 0 ﬁgﬁr g . ﬁﬁl .‘ﬂgﬂ (%?% 8)
Cale. C 58.9 H 3«2 N 5.9
 Pound C 32.8 H 3.4 K 5,9
‘The free base (%) was obtained by neutralizing & hot
solution of the hydrochloride with saturated gmtas&iﬁm bi~
carbonate &ilﬂhibﬁ. Rmeryﬂtalliaaﬁian from sbsolute eth-
anol gave colorless, small, flat ﬁriama, mePe 814,5-815,5°
at 0.5%min. from ﬁ@ﬁ”
Gmﬁm%%mﬁﬁ (wml) c:am. ¢ .2 E ﬁ 2 N 6.7

?aund C 87,0 H 81 N 6.6
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The Resolution of B~Fluoro-dl-tyrosine,
and the Determination of the Toxicity of
the Optically Active Isomers
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‘There have been numerous investigations on the pos~
sible relatiwnéhiﬁ of fluorine to thyroid aativity,-hu%
there is little agreement as. to how the gland 1g affected.
The synthesis of 3-fluoro-dl-tyrosine by Schiemann and
Winkelmtiller (1) in 1932 led to some interesting, though
complicating, observations. '

In 1936, Kraft (8) reported that this compound antag-
onized the effect of thyroxine on tadpoles, thereby slow-
ing ﬁawﬁ the incressed rate of m@tamawphaﬁis. Litzka
(8) then claimed thet Z-fluorotyrosine acted antagonis-
ticslly to thyroid secretions. Kraft and May (4), Litzka
(8), and Mey (B) have all reported favorable results from
the use of &~flu@rﬁkyr&ain@fin treating hyperthyroidism.
Hore raeamﬁiy, Boyer, Evang, and ?hillips (8) in this
country have ﬂtuﬁieﬁrthe @hysialngia effectd of this and
other fluorinated amino acids prepared by Dr. Carl Niemann,
and have redetermined its toxicity. The results are not
in agreement, for the latter wmrker@ found that %«flvér@~
tyrosine was without effect on the basal m@ﬁ&bélia rate
of the white rat, and that the highly toxle nature of the
drug contra-indicated its use ss a therapeutic agent. 4
further interesting ph@nam&neﬂ'was obgerved; namely, that
S-fluoro-~tyrosine had an antagonistic asction to inorganic

fluoride deposition in the bones.



-65-

The latter effect of the émmﬁaunﬁ and i%ts highly
toxie nature evoke considerable interest in its mode of
action., This study was undertaken in order to determine
whether this action is a result of the incorporation of
the aming &aié into some physiologicsally active polypep~
tide arramgamwn% by the enay&e& of the body. The latent
period of six to twelve hours pré@&ﬁing the observable
effects of the drug aids such speculation, snd if the
Lﬁamti@gée;were'tm exhibit a grester toxiclity than the
D-antipode, such & mechanism might, indeed, be indicated,
in view of the stercoisomeric specificity of proteolytic
enzymes. | !

| S-Fluore-dl-tyrosine w&@’raﬁﬁivaﬁ by employing wnk
$5ymm®®ric enzynatic synthesis of the L-anilide from ﬁha
bengzoyl derivative. This method of emino scid resolution
was first described by Max Bergmenn and hig coworkers (7,8) .
and was used to prepare ﬁwgluﬁamig acid and D~ andim»\
phenylalanine. The @nxyma%ié method of resolution is a
gplendid a@plicatimn of the earlier &em@naﬁrati@nﬁ by
this group that papain, as well as other proteinases,
can perform the synthesis of ~-CO-NH~ linkages (9). Since
it was further shown that only the L-form of the amino '
acid partiaip&%&a‘im the synthesls, the method 1ls espe-

cially useful in this instance, since it simultaneously
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establishes the emnfigmratianal relationghips of the
optically active isomers.

The optimum pH for enzymatic synthesis with papainw
cysteine has been shown to be close to 4.8 {9). This
@raaanﬁa& a yrabiam; for it was found that below pH 5.8,
bengoyl ﬁwfluarawﬁlw%yraainﬁ‘pr@ei@i%ate& from solution.
At thig pH, the efficiency of the ensyme is very greatly
reduced, and a relatively long period was required for
the mynﬁhas&a."ﬁwmzwyl B3«-fluoro~dl~tyrosine was treated
wi&h'aniiine in the presence of papain~cysteine at gﬂ BeBe
After two weeks of incubation at 409, the precipitated
L~anjilide was filtered offj and the filtrate was then
seldified and extracted with efhyl acetate to obtain the
unreacted Deacid. The bengoyl 3-fluoro-Detyrosine and
benzoyl 3-fluore-L-tyrosine anilide were then hydrolyzed
with hydrochloric acid under conditions ﬁhiah were found
by E. Fischer (10) to result in no racemization of
L~tyrosine. In this way, the required én&nti@m@r@ﬁs were
obtained. |

Toxicity studies were made employing the procedure
described by Boyer, Bvans, and Pnillips (8). 8ingle sub-
cutaneous injections of solutions of 3-fluorotyrosine
hydrochloride were glven to rsts weighing between 150

and 800 grams. The mhservable-ﬁymﬁtﬁma of toxicity were
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identical with those reported: altarmat&\ﬁeriwﬁs of de-
pression and hyperirritability followed by cﬁnvulaive
seizﬁraa, end 1a‘$@me‘a&$@a, by death., Host of the |
daathﬁ occurred during the first twenty-four hours, but
in several instances the y@ri@é«mxﬁamﬁﬁd to forty~eight
nours.,

 The minimum lethal dose (MLDgpg) wes considered to
be that dose wihich resulted in the death af‘fifty per
cent of the animals to which it was given. '&@ﬁ@ﬁmin«
ations of this minimum 1@%&&1 dose on meture white rats
gave rﬁﬁu&ﬁﬁ~iﬁ good &gr%&ﬁﬁﬂt»with those obtained by
previous workers: 7.5 x 10*5 moles/ks.  {$5 mg./kg*} 88
againgt 6.3 x 10~9 mmiea/kgg (12.5 mg./kg.) found by both
| ?hiliiﬁa (8) and Litzka (8). The ﬁw,’L», and dl~-forms
all exhibited the same MLDgq- Unfortunately, this obe

servation does not favor any particular speculation with

regard to the mechanism of actlion of the drug.

| 4 solution of benzoyl B~fluoro=-dl-tyrosinel was pre-
pared by dissolving 8.75 g. in & warm mixture of B35 ml.

1 prepsred by Dr. P. L. Nichols, Jr.
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of N sodium hydroxide solution and 44 ml. of %”E,a@dium
acetate and filtering to remove a small gquantity of insol-
uble material. To this was sdded 88 ml. of 0.1 } eitrate
buffer, 0.650 g. of cysteine hydrochloride, 5.25 ml. of
aniline, and 88 ml. of & papain solution prepared by
dlssolving 0.90 g. of purified payaim@ in 100 mi;.af

0.05 ¥ citrate buffer and filtering. The mixture Wag
then diluted with 170 ml. of water. The pH of this sol-
ut;@u weg 6»@. Adjustment to pH 5.8 was pede by adding
‘l.wﬁm1*~@f 50 per cent acetic scid. The reactlion mixture
was placed in an oven at 409 for seven days, the pH being
lowered on the second and third ﬁ&yﬁfbflﬁh& addition of
1.0 ml. of 50 per ﬁ@ﬂt'a&@t&@wmﬁiﬁﬁ*?mh&‘praai@iﬁaﬁa was
‘then filtered off and washed with cold water and 50 per
cent ethanol. The weight of dried anilide W%QL%.%& Ery
. P. 194-196.5° (é@é@mp«}. The fiitrgna was sdjusted to
pH 5.5 and kept at 40% for another week. An additional
crop of 1,70 g. melting at 198-195.5° (decomp.) was ob-
tained. @hé welght of bengoyl %mfluaramﬁ*tyr@aiﬁm anilide
(4.95 g.) corresponded to 91 per cent of theory. Attempts
to purify the material were not very successful. The
approximate specific rotation of the crude aniliﬁe was
+12.4° (¢=2 per cent in pyridine) at 30°,

?r@p. by Dre P. L. Nichols, Jr. according to the method
of Bergmann and Fraenkel-Conrat (9).
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The filtrate éwntaining the benzoyl 3-{luvoro-Detyro«
sine was acldified Yo Congo red with concentrated hydro-
ahlaric acid, and extracted five times wi%h\a total volume -
of one liter of ethyl acetate. After drying over sodium
sulfate, the ethyl acetate was removed under reduced
~ pressure. The rmaglt&ng br@wn‘aiz partially aryatalii&@a

on prolenged evaporation.

A &uﬁ@emﬁiaﬁ of 4,95 g. of bgﬁm&yi B-fluoro=-Letyro~
sine anilide in 200 ml. of 10 per cent hyﬂréehlmria acid
‘wes heated at 1009 for 18 hours. The reaction mixture
wag cooled, aﬁﬁ'ﬁha precipitated benzoic acid was filﬁarﬂﬁ
off. The remaining bengoic acid was removed from the
solution by two extractions with ether. The squeous phase
wag %h@nqemneﬁﬁﬁraﬁﬁa under reduced pressure kg'a volume
of 50 ml. and brought to neutrelity by the addition of
solid sodium scetate. Upon the addition of wthar t@ |
ﬁissmlve}ﬁha ﬁﬁﬁar&t@d eniline, the product crystallized.
The @th@r‘waa-dae@nﬁ@ﬁ and the product filtered and washed
well with water. After two recrystallizations from water,
the specific rotation was -5,79, m.p. B78-90 (decomp.) at
ﬁﬁ/min.»fp@m 265°,  The yield was 1.2 g.
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Anal. CgHygO0zMF (199.8) Cale. C 54,8 H 5.1 N 7.0
Found C 54.5 H 5.2 N 6.9
6o

| 2
gpec. Rot. oqﬂ _ — =5.7° (in 4% HCL)

The b#n%@yl 5~f$n@r®»ﬂ~tyrasime~waa trested in the same
manner. The brown oll wasvhaataﬁ at 100° with 200 ml.

éf 10 per cent hydrochloric acid for 18 hours. After
eooling, the benzolie acld was extracted with ether and

the aqueous phase concentrated under reduced yragsur&Q
Upon meatrali@img with sodium acetate, removing the sep~
erated aniline with ether, filtering, and drying, £.2 g.’
of materiasl with & specific ymt&ﬁi@ﬁ of +2.9° was mﬁtaina&.
This was dissolved in the minimum quantity of boiling
water, cooled, and the precipitate filtered off. The spe-
eifie rotation of the precipitate was +1.4° showing that
the dl-form ls considerably less soluble than the gmanﬁiﬂ#
morph. The mother liquors were evaporated to dryness and
the residual solid recrystallized from water to givé 0.9 g.
with a specific rotation of +5.7°, m.p. 279-280° (decomp.)
at 5%/min. from 265°. |

anal. CgHygOgNF (199.2) Cale. € B54.3 B 5.1 N 7.0
| | | Found C 54,3 H 5.1 N 6.9
Spec. Rot. Eng6i=

A ',_},==4-5q7@ (im 4% BC1)

Helting points are corrected.
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Preliminary experiments with younger rats (%Q to 1&@
gr&wa),.f@r which tha‘hexici%y wﬁs found to be more acute
than with mature rats (6), indicsted that the minimum
lethal dose for B~fluoro-L-tyrosine was ﬁme‘%ama as that

for the racemic form (Table 1).

Table 1
Téxiazky of B-fluoro-L-tyresine
| for immature rats
Doge Number Nunber

moles/kg. mg./kg. of rats  died
% 10

8.0 6.0
3.5 7.0
4.0 8.0
4.8 9.0
5.0 10.0
‘@q@ 12.5
7.5 15.0

e o o o
B O OO O O

#& B P

Further preliminary experiments were made to compare

i
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the effects of the D, L-, and dl~forms. Rats welghing
between 90 and 160 grams were used (Table 2).

| Table 2
Comparison of the effect of D=, L~-, and dl-forms
of B-~-fluorotyrosine mm‘iﬁmatare rats
Bubstance ~ Dose Bumber Humber

mmlsﬁékgy of rats  dled
x 16%

v%#flﬁ@f@*ﬁ*%??@ﬁinw | 6.3 | 6 | 2
g-{luoro~L-tyrosine 648 8 3
ﬁwfiﬂorawaletyr@sinw 648 6

A final cmmparismﬁ of activity of the enantiomorphs
and the‘faeamaﬁa was made at two levelst 6.3 and 7.5
x 105 moles/kg. These experiments were done with
meture white rats(weighing between 150 and 200 grams) |
| and were run simultsneously. The results (Table 8) do
not indicate any difference in toxicity of the three

forms.
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Table & |
Comperison of the toxielty of
S=~fluoro=D=, L~, and ﬁ&étﬁrasim@
for mature rat&b
Bubstance | Dose Number Number

mmlaaékﬁ. of rats died
x 10°

Z-fluoro-D=tyrosine 6.@ 8 | 0
7.5 8 4

S-fluoro«L~tyrosine 8.3 g
Teb 8 4

3-fluoro-dl-tyrosine 6.3
7.8 8 &

53]

I wish to express ny gratiﬁaﬁ@ to Mary L. Seage for

her valuable assistence in these toxlcity determinations.
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The Synthesis of p-~idrsono-dl~phenylslanine
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P~Arsono-dl-phenylalinine was to be employed in order
to gain some furﬁhervinsight into the problem of the extent
to which asmino aclds may be modified without disturbing
their ability to serve as substrates for proteolytic
enzymes. | '

The proposed synthesls was as fallawsz

Hehcetylphenylalanine

|

p-Nitro-B-acetylphenylalanine

pwﬁminmeﬁmaa@ﬁylph&ﬁyl&ianina _

!

p-Arsono~fi-acetylphenylalanine

I

pArgsonophenylalanine

‘ﬁwﬁﬁeﬁylph@nylﬂianinag pr@par@ﬁ-fram aceturic acid
and benzaldehyde according to the directions of Herbst
and Shemin (1), was nitrsted at 0° in sulfuric acid fol-
lowing the method employed by Erlenmeyer anﬁLkipp,(&} to
nitrate phenylalenine. The yleld (%ﬁ%)kwégvfmuné to be
reduced st room tﬁm@araﬁurﬁ, while the use of acetic an-
hydride as the solvent gav@(ﬁxtrémeiy poor results. To
confirm the pare position for the substiﬁuti@m, é ﬁamplé_
was akidim&a with permangsnate to p-nitrobengoic aecid.

A lerge quantity of byproduct obtained in the nitration
was found to melt at 136-188° after recrystallization from
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water. This compound was not characterized further, but it
is believed to be the ortho isomer. |
The nitrophenylalanine wag catalytlically reduced in
ethanol using platinum mxi&@; The erysballine amine wasg
1isolable only when the nitro ammgaaﬁé was axmey%iénﬁmly
pure. In other cases, the preﬁﬁet wes obtained as & red
oll, | | ) | e
ittempts to introduce the arsonic acid group by means
of the Bart resction {(8) or its ﬁé?@f&l modifications were
not very satisfactory, end the w&téﬁ solubility of the prod~
uct maée igolation difficult. It must be noted, however,
that in view of thé isolation ﬁiffi@ﬁlﬁiw&, most of the éx~
‘yariman%a were done with quantities xmxvffiex@mﬁly 1axga'
(1,5-3.,5 g.) to mske the results unequivocal. |
ﬁ?dr@lysis @f’ﬁ small guantity of the ﬁ*aaﬁﬁyl derive
ative with gahyﬁré@hlaria acld gave a compound which ana-
lyzed aspproximately for the monohydrate of the disodium ;
salt of pearscnophenylalesnine after precipitation from
agueous sﬁl&%ﬁﬁ@ at neutral pH with gﬁh&n@&, Purther work
was discontinued pending the return %o ggac@time pursuits.
It seems certain that & considerable improvement in
the above syntheslis could be effected by starting with
nippuric acid and penitrobenzaldehyde, thereby evolding
the poor yield obbtained in the nitration and decreasing
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the water solubility of the intermedistes. The use of
9waminobaﬁaa;é@hyde might also be considered in view of

a recent @es@fiptian of itg preparstion from p-nitrotoluene
in 76 per cent yield (4).

N-Acetylphenylalanine (1) A total of 122 g. of thia coms

pound was pr@para& according t@ the directions given in

Organic ﬁymtheﬁea*_

To a solution of 25.0 g.

(G.lﬁl mole) of K*acaﬁyl@h@nylalaaina in 62 ml. of eone.
sulfuric acid, 6.0 ml. of conc. nitric acid (sp.g. 1.5)
was added dropwise over a 20 min. perlod, keeping the tem-
perature at -10 to +5°. The solution was allowed to stand
at 0° for three hours and placed in the cold room overnight.
It was-%hﬁn'p@urﬁé over 600 g. of cracked ice. The product,
which crystallized on stending in the cold room, was fiitar~v
ed, wﬁah@ﬁ well with waﬁer, and recrystallized from 500 ml.
of water to give 13.4 g. (44%), m.p. 194-196°. After re-
erystallization from athylfaaetatewathanal (6:1) the melt-
ing ymiﬁt was 198.5-200.5°. An analytical semple melted
at 200.5-201.5°.

Gllﬂlﬁaﬁﬁﬁ (252. 2} Csle. C 52.4 H 4.8 N 11.1

Found € B2.83 H 4.5 B 11.0

1 Melting points are corrected.
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A sample of 0.5 g. of the above compound was refluxed
for three hours with 40 ml. of 5% potassium permanganate
containing 0.5 g. of sodium hydroxide. The acid was iso-
lated In the usual manner and recrystallized from water to
give colorless needles, m¢py'&4ﬁrﬁﬁﬁﬁﬁ“. The literature
gives the ﬁalﬁimg point of p-nitrobenzoic acid as 2429,
whereas the ortho and meta substituted acids melt at 1469
‘and 140° respectively. | |
p-fmino-N-ace ol lalanine. A solution of 10.5 g.

(0 04% mmla) of pwniﬁrowﬂwaaetyl@hanylaianima in 200 nl.

of @ﬁ% ethanol was shaken in @he»ﬁurgaaﬁw?&rr apparatus
with 0.4 g. of pi&ﬁinamﬁamiae under ﬁhréa atm. prasaura \
of hydrogen. Hydrogenation was complete in 20 min. The
g&t@lyst wasg filﬁ@reﬁ\wff and the solvent removed at re-
duced pressure under nitrogen. The product was r&cry#@alm
lized from 200 ml. of 96% ethanol, filtered, and dried
over aalfuwie'aﬁid to givéjﬁ~ﬁ - (?0%)'a£ alwost color-
~ less needles, m.p. 176. 5-179.8%
€118y 408, (e2e.2) Cale. C© 59.5 H 6.4 1%: 1£.6
Found € 89.5 H 6.6 N 12,3
The N-bengoyl derivative, prepared in the usaal manner
witﬁ bengoyl chloride in alksline solution, melted at 241,5~
248° after two recrystallizations from water.
&1aﬁlﬂp¢ﬁﬁ (826.3) Calc. C 66.3 H 5.6 H @*ﬁ
Pound € €6.5 H 5.6 N 8.4
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Argé acetviphenylalanin To 2 solution of 13.3 g.
(ﬂ.@ﬁﬁ mula) of the above amine and 12.2 ml. of conc. hy-

drochloric acid in 40 ml. of ice water, a solution of 4.6 g
of sodium nitrite in 10 ml. of water was ear&fuil& added
{to a gﬁarah»paﬁ&awiumliadide eﬁ@myataQ);, The temperature
was kept at 5-8° by regulating the rate of addition of the
nitrite solution snd occasionally adding pwwﬁmfeﬁ dry ice.
The solution was allowed to stend at 0-5° for 30 min. and
was then poured rapidly and with vigorous mechanical stir-
ring into a solution (at 0°) containing 9.58 g. (0.074 mole)
of sodium arsenite (20% excess), 1.0 ml. of & ¥ copper sul-
fate, and 0.3 g. of cuprous chloride. ,ﬁimﬁlk#naaaaly,

30 ml. of B X aaﬁinm_hy&w@xida,ﬁﬁ.lﬁﬁ mole) was added drop~
wise. The foaming was moderate; the pH was 7-8 (Universal
paper); the temperature rose ﬁ@ 18° but wes caused to drop
by the addition of Eowﬂare&‘éry'iaaﬁv The reaction mixture
was stirred st 5-10° for 30 min. and then for 1§ hrs. while
allowing it to come to room temperature. &fter gstanding

in the cold room overnight, it was warmed to 60° until ni-
trogen evolution ceased, allowed to cool, and suction fil-
tered. The slightly alkalime‘gélﬂtiam was then neutralized
| with acetlc acid and concentreted st atmospherie pressure
to 75 ml. It was treated with 1 g. of norite, filtered
with suction, and the carbon residue was washed with hot
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‘water. The combined filtrste and washings (100 ml.) were
carefully acidified to Congo red by dropwise addition of

10 ml. of cone. hydrochloric acid., A blackebrown oil pre-
‘cipitated which crystallized after standing in the cold
room several days., It was partially purified by dissolving
in potassium bicsrbonate end precipltating with acid, and
by washing with @tmyi acetate Lo remove 2 smell quantity

of contaminating oil. The yleld was 7.6 g. (38f) of a
light brown powder. This material, which did not m@lﬁ be-
low 3000, contsined some arsenic trioxide.

& small quantity of pure pr@ﬁmﬁ% wWas @htaimﬁﬁ in poor
yiwlﬂ by the Ruddy, Starkey, and Hartung (8) ‘modification
of the Bart reaction. Purification was effected by precip~
itation from 90% aqueous ai@xénar%? &ﬂﬁi%imm of ethyl ace~
tate. ?hia method of purification could not be repeated
with materisl obtained from other runs. The product was a
emlarla$ﬁ ﬁmwﬂar,”soiuble in water, &&ﬁ-ﬁe&aﬁyesiag w&thaut
mal%ing at 280-200°. It left mo residue when ashed and gave
2 negative ninhydrin test. | |

ellﬁlégﬁﬁ As  (381.4) Cale. C ﬁ@ 9 H 4.3 ﬁ 4.2
Found € 40.82 B 4.8 H émﬂ
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& Preliminary Study of the Proteins in Some
Invertebrate Body Fluids

This rmparﬁ contains a résumé\mf the results
of research performed in connection with &

minor in the department éf Immunocliemistry.
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The most recent literature on invertebrate bloods
reports that hemocyanin is the only protein present in
Crustacean serum (1, 2)., In a2 review of the literature
on this protein, Webb (B) also states %ha%'h@m@ey&nim
is th@ aala protein of most ﬁ@lluéaan blaads¢ However,
the ﬁechniquea &mglayeﬁ by nhese and previous inve&tigaw
tors are not &uffiaiently rafim@d to prove the absence
@f small quantities of nanwham@ay&nin proteins. There
is a widegpread occurrence of natural h@ﬁ@fﬂ&@glﬁtininﬁ
in invertebrate bloods, suggesting the presence of other
prate&na as well as offering & method for @ifferentiatiﬂg
the fractions @bt&iﬂ@d in any att@mpﬁ@ﬁ &@parati@n‘ |

The first investigation of the relation of these
h@%@rﬂ&ggiﬂtiﬁiﬂg to blood prm%éiﬁﬁ was made with the
blood of the spiny lobster (Panulirus Interruptus) by
Scheer and Tyler (4). In that study, the non-hemocyanin
yra%&iﬁs were s@para%aﬁ‘frﬁm h@m@éyanin by‘ﬁialysia of
the plasma or serum sgainst scetete buffer. These pro-
teins were again fractionated by means of ammonium sulf-
ate into fibrinogen and another fraction. In this waey
three eaéily separable protein fractions were obtained:
‘hemocyanin, fibrinogen, and a non-fibrinogen fraction.

The heterozgglutinin sctivity was found to be aszsociated
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approximately equally with the two non~hemocyanin fractions,
while the hemocysnin ghowed nm»suah property.

In this research, the above investigation of spiny
lobster blood was &mplifi@& wit& an electrophoretic study
of the three protein fractions; the ﬁtuﬁy of invertebrstes
was extended to another Crustacean, the crab (Cancer
Anthonyl), and to the phyla Echinodermata (the seas cucum-
ber, ﬁtiehagua Californicus) and %@l&uana (the green ab-
&1nng, Heliotis Pulgens).

The ﬁa&hniqu&é employed f@ﬁ amliﬁating\aﬂﬁ,fraati&nw
ating the blood, end for ﬁitra@iﬁg the h@ﬁéraugg&utinin |
were tha geme as those described by SBcheer and ?yler (4).

Aﬂ electrophoretic study was made of lobster plasma (I}g
serum {II), a solution of the non~hemocyanin proteins (IXI},
a solution of thg,fraﬁtimn of the latter precipitated by
i/ﬁ saturated

ammonium sulfate (IV), and e solution of the
remaining fraction soluble in 2/5 saturated %mméninm gulfate.
| %ha-prép@n&@r&naa;af hemoeyanin in hoth plasma and ser-
um is sufficlent o mask the existence of small quantities
of other components. Hemocyanin ig the most mobile protein
present. The pattern of solution III was the most signif-
ié&nﬁ, and 1t revealed two distinct proteins: one with a
mobility only slightly less than that of hemocysnin, and
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another, 1grg&r component whose mmbiii%&*cmfr@spanéad,@ﬁ
that of the second component in the plasma pattern (I).
This l&ttﬁr protein is the fibrinogen. ZThe patterns of
solutions IV and V showed the fractionation of the com-
ponents of III, plus aﬁathwx'very small component whiech
may have been an srtifect. These results caﬁfirﬁad the
@xiah@ﬁce of at least three yrmt&im.cwm&tiﬁﬂaﬁta in |
lobater blood.

The hetercagglutinin activity wae found to be almost
completely associated with the fibrinogen fraction (1v),
in contrast to previous mbsérvatianﬁ (4). @ha fact that
fyaﬁﬁiaﬁ ¥ was collected st 2/5 ammonium sulfate satur-
ation whereas Scheer aﬁd Tyler made their separation at

only 1/4 saturation may explain this difference.

The chemical fﬁanti@aazimm of akah\hlmgd, carried out
in the same mammer as for lobster blood, showed some dif=
ferences from the latter. 8eparation of the non«hemocyanin
pratain& frmm'h@m@ay&nim~wa$ not as clean cut, inasmuch as
the precipitation of all proteins éﬂfiﬁg dialysis against
acetate buffer was much more rapid. A

Crab hlé@ﬁ‘hﬁﬁermaggluﬁiniﬁg were found to be active

agalnst sperm susp@nﬁimnﬁ from Lytechinug which was there-
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fore used as the test antigen.

 Ammonium sulfate precipitated the heteroagglutinin
activity completely at 2/5 saturation. This result is
noteworthy when @mesr@d with the similar observation in
the lobster bl@@& fractionation. There this level of
ammonium sulfate saturation precipiteted the fibrinogen
with which the agglutiﬁin activity is intimately assoc~
iated. However, fibrinogen is not present in crab plasme,
and it ié interesting to a@e&ﬁla%@-mm~whmthﬁr the lobster
agglutinin amtivﬁty is really a function of the fibrinogen,
~ or whether the very small &@mp@namﬁ obgervable in the |
electrophoresis psttern of the flbrinogen fraction (which
was previously dismissed as & possible artifact) is of
significance in this r@g&r&,‘_ﬁhmvﬁ £/5 saturation with
ammonium sulfate, more protein, fotally inactive, was pre-
cipitated. |

This fractionation showed that there are at least two,

and possibly three, protein constituents in crab serum,.

The blood of the sea cucumber 1s much simpler consti-
tutionally than those of elther the crabd or the lobster,
for there is no respiratory protein present. However,

hetercagglutinin aativity against Urechls sperm is marked.
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The concentration of protein in the blood was so small
(ca. 0.082 per cent) %&&t precipitation could be effected
only at ammonium sulfate concentrations aimsa~%@ saturation.
When the fluid was prQVibumly\c@nﬁantr&t@ﬁ to 1/3 vwlﬁm&,
80 per cent of the protein present was precipitated by
saturated smmonium sulfete. This precipitate was found %o
contain all the agglutinin activity. It seems reasonable
to suppose, then, that the sea eu@gmber body fluid containg

only one protein aeﬁa%ituﬁmt.

Avalone blood wag found to have agglutinins with
marked activity against both Lytechinus and 8. Purpuratus
sperm suspensions, | - |

A preliminery fractionation by dielysis sgainst tap
water indicated thet the sgglutinin activity was not asso-
»ai&t@ﬁ with the hemocyanin, but with =2 graywcwlpreﬁ, gelat
inous material which was @k@@ipitﬁﬁé&i Inasmuch as the
h@ﬁ@?magg1ﬂtinins afa probably protein in na%ure,'iﬁ_wawlﬁ‘_
seen safe to conclude that abalone blood contains more
than one proteln constituent, and that the hatar@agglmtiﬁin

activity 1s a property of the non~hemocyanin fraction.

I am indebted to Dr. B. T, Echeer, Dr. Den H. Campbell,
and Dr. 8. M. Swingle for considerable assistance with this
study.
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Sumpmary

I The sﬁnthaaaﬁ of two series of coumpounds, benzenesulfon-
anilides and carbinolamines related to quinine, are
described. ?haaa'asmpeunﬁs were preéara& as potential
antimalarials. |

II ‘The enzymatic resolution of N-benzoyl 3-fluoro-dl-tyro-
sine'anﬂ tha.@r&paraﬁimn of B«fluoro-D- aﬁ&‘hw%yraaine
are described. A study of the acute toxleity of the op-
tical isomers iz also reported. :

III The synthesis of p-arsono-N-acetylphenylalanine is de-
seribed. | | |

IV The chemical fractionation of the protein constituents
of Panulirus Interruptus (spiny lobster) blood was re-
peated, and an electrophoretic study of the fractions,

- confirming the presence of at least three separate proteins,
is described. Preliminary fractionations of the body
fluids of Cencer Anthonyl (crab), Stichopus Californi-
cus (sea @neﬁmbar), and ﬁéli@tiﬁ,?ﬁlgans{gream abalana)

are also reported.
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Propositions

The bywpraﬁueﬁ obtained in the reaction of B§,6-dichloro~
isatin with excess acetophenone under Pfitzinger condi-
ziamm {thesis, p.33) probably has the following struc-
turet '

Methylsmine is e potentially useful sgent for cleaving
N-alkylphthalimides and has several advantages over

present resgents.

,3; @«~ﬂaaﬁ;“?rivaté communication
Ristenparts Ber., 29, 2650 (1896)

The contention of Karrer snd Epprecht that Ackermann's
method of preparing benzenesulfonyl guanidine leads in-
stead to guanidinium benzenesulfonate is not wholly

Gillespie indicates that both compounds are formed, al-
beit the salt is in greater yield. According to these
reports, Hess and Bullivan's preparations of bis~(S~«
naphthalenesulfonyl)~guanidine and A-naphthalenesulfo~
nyl-N-methylguenidine are in error. |

Karrer and Epprecht: Helv., 24, 510 (1941)
Ackermann: Zeit. physiol. Chem., 47, 366 ,lﬁaﬁg
Hess and Sulliven: J.4.C.S., 57, 2381 (1038)

Sulfonylguanidines can be prepared by heating the so-~
dium salt of a sulfonic acid with guanidine hydrochlor-
ide. This method may be generally applicsble to the
preparation of sulfonamides.

The melting points of organic compounds, as commonly
determined, are dependent on both the rate of heating
and the temperature at which heating is begun, and

this dependence is even more marked where decomposition
simulteneously occurs. Such decomposition points should
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be reported with at least this additional information
concerning heating procedure if they are to be ugeful
as identification criterisa.

In order to explain the fact that in the ethylation of
benzene with ethylene and aluminum chloride all the

‘diethylbenzene formed is 1,4 and all the triethylben~

zene formed is 1,3,5, siai&a _proposes the fallmwing

steps in the alkylation:
ethylbengene——1,3-diethylbenzene—1,3,5-tri
ethylbenzene, followed by rearrangement of the
1,3- to the % ,4-d1lethylbenzene.

" There sre several reasons for considering the fallﬁww

7

ing mwahaﬁiam superior:
ethylbenzene —~1, 4~diethylbenzene—1,8,4-trd
ethylbengene, foilwwa& by resarrangement of the
1,2,4~ to the 1,5,8-triethylbenzene.

$isido:r J. Boe. Chem. Imﬂ, Japan, 44, 8u %
: binﬁ&ﬁ 104 (1@4&) Chem. E@mﬁr. 1@@3),
I, 111@. See C.A. 38, 3624 (1944)
Baddeley and Kenner: J. Chem. Boc., (1938)p. 308
- Price and Ciskowski: J.A.C.B., 80, *edoo (1988)

The preparation of histiﬂyl peptides by the Bergmann
method 13 limited by the extremely poor yields obtained

. in carbobengoxylating histidine. Thiz yield may be in-

8.

B

b

nr@asa& considerably by aay&a@iﬁg the ester of histidine.
 Bergmann and Zerves: Ber., 68, 1192 {1988)

The following methods of synthesis of l s S~dihydroxy-
2~-amino-n-butyric acid (A) are ﬁwey@a&ﬁz

OH_CHO C1CHgC00EY C %ﬁﬁ CH-CHCONH,, |
CH_CI ‘mez H-CHCOOES ~CH
0 *? X o o |

R .»ﬁ R ﬂ&ﬂ

& gteps
Cﬁ CHCH CQQE-—e~GH CHCH,C00H —— CH Gﬁﬁﬁﬁ@ﬂﬁ-———————f
2 2 2 2 £
0 0 "0 0 "0 Br
ﬁ H Ac Ac ‘ H H

where R is CgHcCH, and Ac iskegaﬂa
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The heteroagglutinin activity of invertebrate bloods
cannot be attributed to hemocyanin; therefore, the ex~
istence of such activity in Molluscan bloods inaicatﬁs
the presence of at least two pratein congtituents.

It has been stated by Maluf that calcium is unnecessary
for fibrin formation in erthropod bloods. This state-
ment is contradicted by experiment, and the necessity
of calcium ion for fibrin fmrmati@n reveals a close
gimilarity in this phase of the blood-clotting proces~
ses of both arthropods and vertebrates.
Maluf: Quat. Rev. Biol., 14, 152 (19%9)
”&h@ Blood of &rﬁhrnpmﬁa"

A course in advana&d prepasrations and technique ahauid
be a prerequisgite to the undertaking of research by

graduate students in organic chemlstry. =Such & course
should be flexlible, and its duration should be depen~
dent upon the yrevimua training as wall as the progress

/~,af the individual student.



