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INTRODUCTION

Therapeutic treatment of maluris up to 1942 involved in almo=zt all cases
the use of guinine or atebrinl or the two in conjunction, sotivity had dbeen
found in other tyres of compounds, und particularly in gquinolines basically
substituted in the 8~-position, out the active compounds carried so much toxi-
city as well that the compounds were imprsctical as drugs. Relautively re-

5

cently, sulfadiazine was reported az effective in man,”

wonsequently, the early part of the synthetic prograr of the Committee
on edical Research of the (ffice of .cientific Hesearch and Development was
devoted largely to the preparation of derivstives of gulfanilamide with the
view of finding a causal prophylactic. The animal tests, however, were in
almost all cases disappointing, urd this line of approach was discontinued.

2 number of guinoclines bearing diaikylaminoalkylamino groups in the 4~
position Lad been prepared by the Sermans-s? and by the Russians~+8 and after
preliminary testing in the United .tates, an extensive synthetic program in-
volving this tyre of compounds was initisted. This program resulted in the
discovery of & number of compounde with significant activity as suppressives;

several of these compounde are now used clinically in place of atebrin.’

H. vauss snd ¥, vietzsch, German ratent 553,072 (1932).
2L. T. Coggeshail, et al., J. am. Ned. .ssoec., 117, 1077 (1941},

3y, sndersag, -« Breitner and H. Jung, Germun fatent 683,692 {(1%939);
Ce Ae 38, 4973 (1942).

4y, Andersa s +e Breitner and H. Jung, Ue. &. Fatent 2,233,570 (1941);
Ge e g‘g’ 3771 (%941)‘

%1, F. Hal'perin, :ed. Parisitol. iurssitic Iiseases (U. . 2.}, 3,
44 (1940); C. .. 36, 1674 (1942).

60, J. vagidson and ¥. V. 3ubstov, Je Gen. Chems (UeieuoRe), 1, 1896

v, Y. «iselogle, .. Curvey of . ntimalarial Orugs 1941-194%5 {Ann .rbor,
#3chigan: J. o Edwards, 1%30), Vol. I, pp. 378~406.



However, it soon became apparent that these 4-aminogquinolines gualita~-
tively resembled atebrin in that they were not a parmanent cure for vivax
malaris, although satisfactory as ﬁuppf&&ﬁiVﬂB.g In the consesuent search
for a cure for relapsing vivax, attention turned to the derivatives of 8-
amincoquinoline previocusly mertioned, shich had been reprorted to have this
proverty, although plasrochin (pamaquine),g the best of this tyrpe of com=
pound available at that time, is tooc toxie to be used safely as a clinical
curs, esprcially in the non-Caucasian races. . survey of several hundred
new derivatives of E~aminoquinoline, however, led to the discovery of a
nusber ¢f compounds possessing u more favorable ratio between activity and

toxicity than that of plasmochin. -t the present time, it is considered

thut two of the best of these are 8«(S~isopropylamincamylamino)}-6-~methoxy-
quinoline {pentaquine) {I), aund E~{4=~isopropylamino=l-methylbutylamino -

6-methoxyquinoline (I1I), although the c¢linical evaluation 1s a time-

CHzC

NH(CHg ) (NHCH{CH3) ¢

(1) (11)
consuming proeedure, znd one of the compounds elosely related to them may
prove to be more useful &8s & cure wren the testing is finally completes.
Joncurrently sith thie work in ihe Unlited itates, an independent
attack of the problem in Ureant Britain led to discovery of sectivity in a

new iype of compound. 7This work culminated in the synthesis and evaluation

®Ibid., Vol. 1, p. 106.

?.chuleman, Schonhofer and “ingler, U. 5. Fatent 1,747,531 (1830).



of the drug known as paludrine, l=(p-chlorophenyl}=4~isopropylbizuanide

Gl

NHENECNHCH(CIg ) g
KH MNH

(I11)

(III). This drug has now been tested in the United _tutes, and is con-

sidered at the present time to0 huve considerable value as a suppressive

drug, but nct as a curative drug in vivax malaria .0

The synthetic program in the United States, as integraisd under the
Commitiee on Ledical AResearch, followed twe paths: (1) the search for
optimum activity in s known seriss of drugs, guided by the observed rela-
tion between structure of the compounds and activity in animel and humsn
testing ae found Ly the biologiesl and pharmacologicsl divisions of the pro-
gram, and (2) the search for significant asetivity in compounds fundamentalily
different in structure from known active compounds, while possessing formal
resemblance in structure. 7This thesis deseribes synthetic work on members
of botk classes of compounds; compounds of the first type synthesized in-
clude repressntatives of the 4-aminoguinoline and 8B-aminoquincline groups.
Testing deta on the compounds in this thesis will be found else¢where, or
will bs listed in Table ¥V where testing dsta hus become available since
rublication of ‘igelogle's Survey.7

in the 4=aminoquinoline group, the synthetic progrum was initiszlly
¢uided by the wctivity of twe compounds. 7They are T-chloro=4-{4-diethyl-

amino=lemethylbutylaming)=-3-methylquinoline (IV), a drug used by the

10p, v, +“iselogle, op. cit., Vol. I, p. 252,



Germans, and 7-=chloro~4={4-diethylamino~l-methylbutylamino)}quinoline (chlcro-

quine) (V), one of the drugs ir clinicul uss today.

,H"Js(V1 23kl izisig CH, ukiatz)ghiﬁaﬁﬁ)z

T
(iv) v)

#1th attention centering on chloroquine, synthesie was directed to
two types of compounds: (1) compounds in which the busic side chuin was
modified, and (2) compounds in which substitution in the guinoline nucleus
was modified. Osubsequent testing showed thot compounds of the first type
in general rossess much greater activity.

synthesis of the 4~aminoquinolines was acecomplished without exoception
»y &n amination resction invelving the proper 4=chloroguinocline and sube-
stituted primeary amines. This 1s possible even vher other hulogens sre
present in the benzenoid ring, since halogens Ol=- and ¥ = to the nitrogen
ator in a heterocyclic arormatic ring sre etrongly asctivated. In genersl,
at least a two-fold ec.cers of tke amlkylarine wae used to take ur ithe hy-
drogen chloride formed in the resction. The resction by which chleroquine

ie prepared, for exewple, is as followse:

R
+ 2 uH3Ch(aP2)3n(qu5)2 —_ ,.3un(6h2)3ﬁ(czk )2o361
P ’&Hz ’vﬁz
N/ - “ P¥ay
;Hsgg(uﬂz)s&(czhs)z-ﬂgl

e \\/' "
.+.-
Gl
\\//

The compounds of this clase described in this theels are listed in

Cl\\\



Table 1. The intermediates were obtained elsewhere. The reaction was in
generzl ecarried out by heating the reactants sithout solvent slowly until
an eéxothermic reaction could be noted by s positive temrerature differen-
tial between the reaction mixture =nd the heating bath, and continuing
heating at that approximate temperature until an appropriste test showed
that no more of the originai 4-chloroquincline remuined in the rsaction
mixture. Aifter suitable isoluation of the basiec product, it was distilled

in vacuo and crystallized either &8 the free basze or as a suitable salt.

In some cases, und especially w#here the heterogcyelic ring of the guino=~
line nuecleus was heavily substituted, it wus found necessary to add equi-
meleculiar guantities of phenol té the reaction mixture before « resction
would lake place. In these ceves, the reaction usuully proceeded more
difficulitly snd only at higher teryperatures.

The compound in whichk the terminal amino grour of the bseic side chain
is yprisary, 4-{3-amincrropylamino)~-T-chlorogquinoline, w#as synthesized ss a
resuit of metabolic studies din whick 1t wae shown that dealkylztion of the
terminui amino group in the basic side chaln of the ¢orresvonding tertisry
arine took pisce in the human %ody.il

in the reaction of 2,4=dichleroquineline witn lediethylamino-4=aminc~
rentane,+* 4 complicating factor of two activated halogen atome led tc a
mixture of ithe two poasibls products. The bases could not be crystallized
or separated satisfactorily by distillation; hence, testing was done on a
mixture of the phosrphates of the two compounds,

in the reaction of 4,7~dichloro«3~phenylquinoline witk Noval diamine

lr, v, .iselogle, op. cit., Vol. I, p. 104.

lzﬁareinafter called MNoval diumine.



in the presence of phenol as a catalyst, evidence was obsgerved of = pre-
lirinary resction, presumably betseen the phenol and the activated halogen
of the quincline, and a crystalline compound was isolated in small amount
from the reaction mixture which is believed to be this intermediate com-
pound. This may be taken as evidence of the mecde of action of the phenol
catelyst,.

Ireparation of crystalline salts of the tri-acid buses often rerre-

sented the most difficult part of the synthesis. Irobably due to individusl
solubility characteristics, it was often imposeible 1o predict how many of
the baslic groups would participate in saltl formation. Fhesphates were in
most cases orystelline, but showed & marked tendency to form solvates. The
most convenlient method for salt preparation where applicabdle was thatl de-
vised for the preparation of T-chloro~4={4=-disthylamino=-l-methylbutylamino}=-
3~phenylquinoline dihydriodide. In this procedure, a solution of a scluble
salt of ithe base in a suitable medium was prepared, and a soluble neutral
salt (here potassium iodide) of an acid forming =& salt with the organie

base insoluble in the medium used, &aa added, ylelding a precipitate of

the desired oroducte.

#lso in secordange with the first yart of the syntihetic program, that
is, the search for optimum sctivity in & known series of drugs, & typleal
representative of the 8-aminoquinoline group, 8«{5-segc.-butylamincamylamino -
6-methoxyquinoeline, was synthesized. In this case, the objeect of the wearch
was for a curative drug for vivax malaria; the synthesis is very similar
to that of pentaquine.l3

in connection with the second part of the synthetic program, the search

13y, prake, et al., J. Am. Chem. Soc. 68, 1529 (1946).



for significant activity in compounds fundamentally different in struc-
ture, heterccyclic, aromatic nitrogen-containing compounds other than
quinolines were logical subjects for testing. Therefore, basically sub-

stituted derivatives of isoquinoline (VI) und phthalazine (VII) were

A

l

AN
{v1) (vIX}

AN

prepared for screening tests. The l-positions in the two nuclei were
the most logical placesz to attach trhe Noval diamine side~-chain with a
vies both toward formal etructural resemblarce to the 4-aminoquinoline
group and toward sase of synthesis from z chemical viewpoint., These
compounds were also made from the nucleus containing a halogen in the
position desired for attachment of the NWoval side-chain, and these o(~
halogens proved to rossess, as vredicted, activity similar toc the o~
and J~halogen atoms placed on the sjuinoline nucleus, «nd sufficient

1o reactl with hoval dlamine under comparable conditions. In the cesge

cf the l=chklorophthalazines, the halogen ie even more strongly activated
than that in the 4~chloreoquinclines. The preparation of the lsoquinoline
drugs closely paraileled that of the 4=suminoguinoline group; in the

case of the phthalazine drugs, however, s complication was the fact that
attempte to dlisgtil the products, even under high vaocuum, led toc decom-
position before distillation would take place. This necessitated direct
preparation of the salt without isolation of the pure bause. The inter-

&5

mediate substituted l~ch10roi$eqainclin&ﬁ14 and l-ohlerththalasinesld

145upplie& by Dr. Re Le Shriner, University of Indiana.

15., R. Vaughan end .. L. Beird, J. im. Chem. boc. 68, 1314 (1946).



were obtained elsewhsre. Tables II wnd III list respectively the l-{4-
diethylamino=l=methylbutylamineisoquinolines snd l-={4~diethylamino~i~
methylbutylemino )phthalazines ytrepared.

2ls0o part of the search for aetivity in compounds net containing
thie quinolince nucleus was the synthesis of some H-isopropylaminocalkyl=
and h-isopropylaminoalkenol~ p=chlorocanilines. The basis for the hope
for activity in this type of compound luy in three lines of reascning:
{1} that such compounds contain the same aromatie nucleus (p-chloroaniline)
as paludrin&,lg {2) that an essential requirement for antimmlarial ac-
tivity seems to be the presence of one strongly basic aminc grour and
one weakly basic {(aromatic)} amino group, serarated by zn aliphatie chain
snd attacked 1o sn aromatic nucleus, and (3) significant activity, al-
though coupled with high toaicity, was 1¢ be found in meny aminoulco~

thols 016

The compounds synthesized are to be found in Table IV. The
alkylaminoalkylaminochlorcbenzenss sere nade by essentially the same
procedure se the S8-aminoquinocline groury that is, the appropriate alkyl-

aminoalkyl halide sus ccurled witn the arometic amine in asqueous solu-

tion. 3ults can also be prepared by a similer convenient method; that
is, the distilled bese wus dissolved in aqueocus acetic acid und the
hydrohalogen acid salt wee precipiiated with ihe desired sodium halide.
irepuration of similsar compounds containing & hydroxyl im the
gide=chain offered difficulties in preparation of the required amino-
hydroxyalkyl halide and in coupling with pechloroaniline, particularly
the latter. In the case of 1l-(pechlorosnilinoc)~3-isopropylamino=2=-

propancli a syntheeis useful only for &« three=carbon side-chuin vwas used,

16y, y. ~iselogle, op. eit., vol. 1I, pp. 274=353,

w———re



the reaction of p-chleroaniline, isopropylamine, and epiechlorobydrine.
Thie gave the desired product inm 6% yield together witn seversl by~
products which could be isolated, srnd a large asmournt of polymer. The
by-products were an o0il and a low-melting hygroscopic solid; the oil
has been tentutively identified as 1l,3~diisopropylaminoe=2~propancle.

% probable empirical forzula of L HyaRC has been found for tre solidj
its structure hus not been rroved.

Freparation of S-{p~ghloreanilino)~l-ieopropylamino=2=pentancl
offered difficultiee in the coupling of the side-chain with p-ehloro~
aniline. The corresponding keto side~chain, S5-bromo-l-iscpropylamino-
g=pentanone hydrobromide, was sude available by synthesis, but attempts
te couple this with p-chloroaniline led only to highk-melting inscluble
material due 10 the complicating rresence of ihe ketone group. Only
one method of reduction 1o the aleohol, the ¥Yeerwein-Foundort method,
sesmed feasitle, arnd this eoffered the vosaibllity of rins fermtion.

It was found possivie to carry out this reduction and couple directiy
#ith p=chlereaniline, but the yield was nuite low. However, the com=
pound was isoluted asnd ldentified.

sttempts to make tves side~chain necessary for the isomeric 3-pent-
anol led uniformly to fallure. It is not poseible ito make the Grignard
reagent of Z=alkoxyethyl bromides, which could iesad toc an intermediate
xetone.l? In another approach, both the Therpela and éieglerlg reac~

tiong were found 40 be of no use in the cuse of,B-mathcxyprogionitrils.

17&. C. Tallman, J. 4m. Chem, oc., 56, 126 {(1934).

185, ¥. Thorpe, J. Chem. 5oc., 95, 1801 {1909).

19, iiegler, i. iberle, and H. Chlinger, .mn., 504, 94 (1933),
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The sodium sthoxide used ae catalyst in the former had no ametion st all
on tke nitrile, and the lithium derivatives of secondary amines used in
the latter led to a polymer and recovered starting material. In still
another approach, the fexaibiliiy of the Heformateky reaction using an
wnldehyde and O(=bromoacetonitrile was investiputed. It was found using
benzaldehyde that the reaction proeseded in low yleld but led to the un~
saturated nitrile (cinnumic nitrile) rather then to the desired substi~-
tuted xg-hydraxynitrils.

Lack of time prevenited investigation of several other arproaches to
the necessary intermediute side~chain. Ferhaps the wmost promising ap-
proseh would be the reaction of &llyl megnesium bromide «ith /9-meth0xy-
propionitrile to give allyl Z-methoxyethyl ketone. Oxidation to the
giyecel and reduetion of the ketone by & Veerwein-lonndorf reaction
followed by a periodic acid oxidation should lead to 3-hydroxy~-S-
methoxyrentanale. If this compound could be cbtained, a reductive
isoproyvylamination should give a compound exactly snzlogous to the 1-
isopropylamino-S-methoxy~i-pentancl used as un intermediate in the
preparation of 5-{p-c¢hloreosniline}-l=iscpropylaminc-2-pentancl (see
Lxperimentsl).

Another possible method would start sith investigstion of &« method
for & catalytie transformation of /5-methexyprepionic acid or one of itls
salts 1o 1l,5~dimethoxy=-3=pentanone. .Lfter cleavage with one wmolecular
equivalent of hydrobromic acid, it should be possible to lsolute l-bromo-
Semethoxy=3-pentanone, which, by an aminstior reaction #ith isopropyl-~
amine, should give l-isopropylamino-S-methoxy-3-pentancl.

5t111l snother possibility of msking the same intermedintes lay in

the reactions of divinyl ketone. If one molecule of isopropylamipe and



il

one molecule of methanol could be added stepwise, l~iscopropylamino-5-
methoxy~3-pentanone could be prepared. Otherwise, addition of two mole~
cules of methanol would lead to 1l,5~dimethoxy~3-pentanone, after which

the synthesis would be carrisd forward as described above.



CEAFERIMENT AL

6=Chloro=é~{4=diethylamino=l-methylbutyleminojguinecline - kethod I. -

4 mixture of 19.8 go of 4,&—dichlaroquinolin@20 and 34.8 g. of KNoval
dismine wus stirred and beated st 155-160° for five hours and at 180=-
170° for two and one=-hulf hours. The reaction mixture was taken up in
aqueous acetlie acid sud the solution filiered to remove unreacted quino-
line nucleus. The filtrate was made strongly alkaline with sodium hy-
droxide and extraucted with ether. The product was obtained from the

dried ether solution by distiilation., The yield was Z4.4 g.3} the boil-

ing point was 180-18%° (0.1 mm.}. The base was crystallized from benzene-
Skellysolve 7; the yield was 15.1 g. (48.87), of erystal which melted =t
71-73%.  smal. Caled. for UjpligeNaClt G, 67.555 il, 8.1¢. Vound: ©,
66.163 H, T.T3.

g~Chloro=4~{4~diethylanino-l~nethylbutylamirojquinoline “iphosphate

Dihydrate. = To a solution of 12.8 ge. of base in 9.2 g. of 85  phosphoric
acid and 50 ml. of water were added 25 ml, of methanol and 14C ml, of
Z=propanols sfter t:e mixture had stocd in the refrigerator for three
days, the crystals were removed by filitraticn and wsashed wiil. Z-propancl
and ether. The yield of salt wus 17.5 g. {79.5%)3 the melting point was
52.4-1%4,0%, anal. Caled. for ClgHpghiaCl-2h3iCge2ligls F, 11.213
moisture, 6.52. Yound: F, 11.4%2; moisture, 6.:6 {at 1C0°, nc vacuum).

4-&4*03othqu@ino-l-methylbutylﬁmino17“-phenylguinolinezl - wethod

II. A mixture of 49 g. of 4-chlora~2-ph&nylquinolineﬁa and 63 ge of

20 = s - - P o~ s
*¥D, 5. Tarbell, J. am. Chem. coc., 68, 1277 {1343,

2ly. F. Busu und P. K. Dag=Gupta, J. Inds Chem. Soc., 16, 301 {193%9);
G. sey %, 1021 (1%4’0)‘

22&0 Ce E.sld@rfiald' g_‘g ﬂo. de sm. Chem, :Z:‘Qc., ‘6__5-’ 1292 (1946}0



Froduct

6=Chloro=4~{4~diethylamino-l-methyl-
butylamino jquinoline

4~{4~Diethylamino~lemethylbutylamino )~

d~phenylguinoline

7=Chloro=4~{4-diethylamino=-l-methyl=~
butylamino J=3~phenylquinoline

2,2'~[3=(7=Chloro~4= auinolylamino )=
propyliming] diethanol

4={ 3=:sminopropylamino j~7-chloro-
guinoline

7=Chloro=4=(S5-diethylamino=-l=-methyl~
amylamino ) quinoline

2=Chloro=4={4=disthylamino=~lemethyl~
butylamino ) quinoline plus isomer

8=-Chloro=4~{4=diethylaninc=-1i-methyl-
butylanmirio}quinoline

7=Chloro~4-{4~diethylamino~lemethyi~
butylamino }=2=phenylquinoline

4-{ 4=Diethylamino=l1l-methylbutylaming =

7-methoxyquinoline

4=(4=-Diethylamino=~l=methylbutylamino )~

8-methoxyquinoline

4={4-Giethylumino=l-methylbutylarino )=

F~methoxy~Z-phenylgquinoline

&These survey lumbers identify the

SK2

11,046

10,552

10,555

10,562

11,438

10,961

10,963

11,407

10,556

11,421

10,661

10,549

drugs in

TABLE I

4~iminoguinolines

Reascstion

Temye, °c.b Time, hr.

155«170 7%
165-185 14
155-187 L
$5=1C5 6%
120-145 24
170-180 6
150 6
158-173 4%
165-175 15
160-180 3
165-1754 2
161-166 12

chmgor&tures given are those of the reaction mixture.

€Yield of erude product.

dThe temperature rose bdriefly to 215°% due to heat of reaction.

¥ethod

I

71X

i1

II

II

I3

i1

II

I1x

180-185 O.l

225=250 0.5

225=231 C.1

not distillied

195-200 Ce3

235-238 0o

200-210 0ed

not distilled

235=245 0.001

230=240 Ced

220 0.5

238-242 0.2

o Yo fiselogle, .. Survey of .ntimalerial irugs, op.

Fe Pey OSo

T1-73

0il

oil

110.5-111.4

87 .8-89,8

B0.5-82.0

oil

122,9-123.5

oil

101 o= 101 07

13843-139.7

oil

cit.

emmct——

13

Yield,

49
85

44

72
52
36
80
77
35

53
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Noval diamine was stirred and heated at 170~130° for fourteem hours.
stirong wlkali wua added after ccoling, and the mixture was extracted
with ether. The dried exiracts were concentrated and the residue was
distilled in vacuo. The yield wus 62.7 g. {B857); the boiling point

was 225-250° (0.5 mm.}s The bause did not crystallize; it was converted
to tte salt for analysis,

4=({4=Diethylamino-l-methylbutylaminoj=2-phenylguineline Triphog~

phate. - To a soluticn of 20.1 g. of the base in 7€ ml. of water and
17.0 g. of 857 phosphoric acid were added 40 ml. of methanol and sufe-
ficient Z-proranol to cause turbidity. The turbid solution was sceded
snd cocled overnight in a refrigerator. The salt was removed by fil-
tration wnd washed with Ze~propanol und ether; it weighed 23.4 g. and
melted at 168-171°. .:fter recrystallization from water-methanol-2-
propencl, the product weighed 18,5 g. (56%); the melting point was
174=-176%. .pal. Caled. for Uy Hy Nge3H,FO,1 F, 14.2. Found: F,
14.4, 14.5.

W-Shl°r°"4'{&'ﬁiethylaﬂﬁﬂo’l‘%ﬁthylbUtyéémino}*3~ghanquuinolinﬁ314
23

~ kethod IIJ. -~ 4 mixture of 25 g. of 4,7-dichloro~3-vhenylquinocline,
8.6 go of phenol and 31.8B g. of loval diamine was stirred and heated st
155° for one hour and at 1859 for four and one-hulf nours. ..queous
acetic acld was added and the solution waus decanted from non-basic

impurities.24 The supernatant liquid was extracted witl ether and

233, C. Elderfield and J. B. right, ibid., 68, 1276 (1946).

‘4During the period of heating at 1535°, an exothermic reaction
took pluce; however, after this reaetion was over, the reaction mixture
wug insoluble im 5 nitriec acid, indicating that the desired reaction
hed not taken pluce. This evidence is sugpported by the isolation of a
new compound, rresumably the 4-phenoxyquinoline, by concentrating the
ether solution of the non-basic muterial, washing with warm water to
r emove phenol, and recrystallizing the product from methanol. This

rrocedure gave 2.7 g. of white crystals which melted at 141.5-143.59,
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the extractis wsere z2désd to the originsl insoluble materiai. The agueous
rhase was ther made strongly basic and again exiracted aitk ether. The
product was obtuined from the ether sclution by distillation. The frac-
tion collected boiled at 225-230° (0.1 mm.) and weighed 15.% g. (44.17).
The base could not be reerystallized succesafully; it was converted to
the salt for analysls.

F=ihioro~4~{4=-diothyvlapino=-l-methyvibutiylaminoj=3-vhenylqguincline

Jihydriodide. = To & solution of 15.65 g of base in a mixture of 50

mle of water, 50 ml. of ethanol, and %.11 g. of 83 phosphoric acid

#a68 added a solution of 13,1 g. of potassiur lodide in 150 mi. of
#ater. The yellow Jflihydriodide which formed sus removed by filtirstiong
it welghed 23 ge . composite from several experimsnts (29 g.) was
recrysts. lized froxr methanol and then stirred for five hours with

wurs water (50°) and agsin ssparated by filtratien a¢nd dried. The
yieli was 21 g.; the melting roint was 263-273% d. _nal. Caled. for
vogHyghgllegnIe O, 44.23 H, 4,95, Found: C, 44.11; H, 4.78.

212'-[E-(7-ﬁhloro~4-quinolyl&mino}-prcpylimino]di@thanal. The

preparation of this compound from 9.% ge of 4,7=-dichloroquinocline and

25 was carried out by Method

17.9 g. of l=diethanolanmino=3=aminopropane
T« However, the oil which separated after the mcetic mcii solution

was mede alkeline wus washed witlh water uniil it crystsllized, After
recrystailizetion, first from alecholewater, and them from alcohol-
ether, the yield of white crystals was 10.1 g. {637 overall); the melt-
ing point was 110.3-111.4%.

2,2%= [3=(T7=Chloro=4=guinolylamino j~propylimino) diethanol Diphos-

phate. = T¢ a solution of 6.48 g. of base in 4,62 g. of 857 phosphoric

25 upplied by or. . Ce slderfield, Columbia University.
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acid and 20 ml. of water were added 12 ml. of methanol =nd % rl. of 2=
propanol. The erystalline salt was removed by filtration and dried;
the yield was 10.2 g. (98%1); the melting roint was 199.4-201.2°. .nal.
‘:&13(&0 for Clsﬁzﬁaﬂzc};‘gﬁskaQ: P", 11192. Found: P, 11.860

i-icetamino-3~aminopropsne. -~ & mixture of 28 g. of 1l,3~diamino~-

propane and 33.3 g. of ethyl acetate was heated in a sealed tube at 100°
for twelve hours.zé Oietillation yielded 16 g. (36/) of product which
boiled at 130-140° (2.5 mm.).

4-(3-.minopropylaminej=T-chloroquinoline. - The condensation of

16.0 go of l-acetamino~3d~aminopropane and 1l2.4 g. of 4,7-dickloroquino-
line was carried out by rethod I, and the solid oblained on additioen
of mlkali wes then bolled seven hours with 20i hydrochloric aeid to re-
move the acetyl groupe. The product erystallized on neutralization of
the solution snd .ae recerystallized from benzene~_.kellysoclve ¥. The
crude rroduct was dietilled in vaguo; the boiling point was 195-200°
{Oe3 mms,;« 7The compound was again recrystallized to give 6.53 go (443}
of a product which melted at 87.8-8¢.8°. .mal. Calcde for gy, N501s
Gy 614203 Hy 5.973 N, 17.83. Found: C, 60.91, 60.73; H, 6.03, 5.503
Ky 17.74, 17.37.

4={ 3~ minopropylamino }=T=chlorcquinoline “iphosphate. Two molecu-

lar equivalents of 85/ phosphoric acid were added dropwise with stirring
to a refluxing solution of 6.33 g. of base in 150 ml. of ethunol. .fter
one hour'e stirring, the mixture was cooled und filtered, yielding 12.65
ge of a white rowder (99;: based on a diphosrhute monoethanolate) which

melted at 205.9-208.6%. :nal. Caled. for CyHygNyCle2Hgi04eC Hg0k:

265, R. aspinall, J. Am. Chem. 50c., 62, 2160 (1$40).
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'y 12.98., Tound: ¥, 13.02, 12.$3. Tor some urknown reason it was
imyossible to obtain consistent slkoxyl analyses,

FJ=Chloro~4={S=diethviunino-l-methylamylumino)quincline, - The con-

densation of 28.4 g. of 4,7=dichloroguinoline and l-diethylamino-5-

27

zsminohezane was carried out by vethed II. Vacuum distillution gave

38 z. of & product w#hich erystallized in the receiver after boiling at
235-238° {C.5 mme)s Teo recrystuilizetions fruw bDenzene~iLkellysclve 8
gave 31.2 g. of erystals {72.37 overall;; the meliing point was 80.5-
82.0° snal. Caled. for CjygligplgCls C, 68.3; H, 8.45. Founds C,
6766, 68,05 1, Bed2, B.1%,

7=ihloro=-4-{5-diethylemiro-l-methylamylamino)guinoline Jirhoschate.

- To & sclution ¢f 12.1 ge of base in u mixture of B.36 g. of 85" phos-
phoric scid and 48 ml. of water were sdded 24 ml. of methanol &nd 150 ml.
of Z-rropanol. <Orystullization was allowed to proceed in u refrigerater
for three days, whereupon the salt sus removed by fllirstion and washed
«ith Zepropanol and ether. The ylel! weighed 15 g. (781}; the melting
roint was 186.8~190.8%. anal. Caled. for UpgHpgNsCleRHyFO4: I, 11,7,

Foundt F, 1Z.3.

2=Chloro=4=-({4=dietiiylamino=l-methvibutylaminoe)quinoline uwnd 4=Chloro=-

2-{4~diethylamino~l-methylbutylaminojguincline, = The condensation of 30

ge of 2,%~&iahlmraquinolinazﬁ and 58 g. of Hoval diamine was carried cut
by “etiod I. Vacuur distillation gave 25 ge. (51.6.) of an oil whiech
beiled at 2¢0=-210° {Ce5 mme}s The iscnsrs could not be erystullized

or satisfactorily fraetionated.

2=Chloro=4=~(4=-diethylamino=lerethylbuiylaminojquinoline und 4=-Chloro-

27

« Fo inderscn, Je Vo Crawford, =nd L. L. -kerrill, ibid., 88,
1294 (1946,
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£={4-diethylamino-lemethylbutylemino)}quinoline iphosphate Trihydrates. -

To 19.8 g. of buse were udded 14 g, of B85 phosphoric acid and 45 ml. of
water. (loxanse was added to turbidity (100 ml.}, and the mixture was
seeded und allowed to stand for several hours, whereupon an additional
100 ml. of dioxaene was added. fter stundinz overnight the sall was re-
moved by filtration, washed with 80/ aquecus dioxane and redissolved in
a small amount of water. This aqueous scluticn was added slowly to 250
mle of Z~propanol while the mixture was seeded., “The product was re-
moved by filtration aund washed with Z-propasnol. The yield of salt was
487 of the caleulated amount; the melting point was 45-99°, anale
Caled. for Clgﬁgéﬁ361'233f04°3ﬁng Fy 10.87¢ Tound: F, 10.83,

8= hloro-4=(4-diethylemino~l-methylbutylamine)}guinoline. - The

condensation of 9.9 g. of 4,8-dichloroquiﬂeline2° and 17.5 g. of Noval
diamine was carried out by Letrod II. However, ithe product crystal-
lized from the first two 30-ml. ether extracts of the alkaline mixture,
It was removed by filtration and wushed first sith a third 30-ml. ex-~
tract and then #ith 15 ml. of fresh ether. The yield of nearly white
crystals wue 5.7 ge (35.6) )3 the melting point wae 123.0-123.7%, fe=-
crystallization from benzene-ikellysolve ¥ gave a 37 recovery of
crystals which melted at 122.9-123.5°, amale Caled. for Elsmzﬁﬁaﬂls
vy 67463 H, 8.1%. Founds C, 68.58; i, T.96.

8-Chloro=4~(4¢~djethylamino~lemethylbutylamino)quinoline :iphos-

rhate Trikydraute. - To & solution of 7.25 g. of base in 5.24 g. of B
phosyhoric acii and 2% ml. of water were added 15 »l. of methanol and
57 mle. of Zepropancl. After the mixture hed stood in & refrigerator
for twc days, tre solid was removed by filtration and washed with 2«

rropancl snd ethsr. & second crop of crystule was obtained by
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concentration of the filtrate. The yield of sult was 1l.1 g. (865); it
melted at 119.5-120.8° «ith previous sinterins at 116°. 7This material
was heated under reflux in boiliny ethanol for eight hoursj the mixture
#as cooled and the solid remov:d by filirstion. 1t weighed 10.7 g.,
and melted at 18l.4~122.1° ipal. Calcd. for 018H26ﬁ351'2H3§04'3ﬁ2u:
Fy 10.87; moisture, 9.48. Found: I, 10.83; moisture 10.0 {at 100°,

noe vacuum).

7=Chloro=4~i4=diethylamino-lemethylbutylamine)=Z=phenylquinoline.

~ Trhe condensatior between 33 g. of Woval dlamine and 26 g. of 4,7-
dichler0-2~phenquuineline22 was carried ocut by Method 1l, Vacuum
distillation gave 30 g. 180;) of a viscous o0il which boiled at 235=-
245°% (1 micron).

T-thloro=4~{4-diethyluminc=-l-methylbutylamino)-2=-phenylguinoline

Siphosphate. - & solutlon of 25.6 g. of base in 70 ml. of water con-
taining 14.92 ge. of 85, phoephoric acid was warmsd with Darco znd fii-
tercds ofter the sddition of 35 ml. of meithancl to the filtrate, 2~
propanol wae added until the solution was turbid., The salt was allowed
1o crystallize overnight is o refrigerator, and was then removed by
filtration snd recrystallized from warm water and 2-promancl se before.
The yield was 18,9 g. (46.5%); the melting point was 248-2529, .ngal.

Caled. for ‘1}24}‘130}\:3(31‘?&3}(14: p’ 10.5,. Founds F’ 10.9, 11e0a

condensation of 52 g. of %wchloro«7—methoxyquincline28 and $3.5 ge. of
Loval diamine was carried out by ifethod li. Vacuum distillation gave

65 g. (771) of an oil which boiled at 230-240° (0.5 mm.}. This material

28, u, Leuer, et al., ibid., 68, 1268 (1948},
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was crystallized twiee from :-kellysolve © #ith uue of Korit and seven
more times without use of carbon. 7The yield was 28 g. {33.2. oversll)
of white crystals melting st 101.0-101.7°. :inul, Culed. for CygHagh &
vy T2.35; H, 9.265 methoxyl, 9.85., Tounds €, 71.70, 72,053 H, 8.71,
8.£3; methoxyl, 9$.61, 9.50C,.

%-QQﬁaiethylamine*i~mathylbutylamine1r7-@$thoxyquinolias Jivhos-

ghate. - 70 a soluticn of 6.6E g« of base in 4.88 g. of B5. phosphorie
acid and 27 wl. of water were udded 14 nl. of methanol and %0 pl. of
Zepropanol. after the mixture had stood overnight in a refrigerator,
10.0 go 0f Balt was obtained by filtratiorn and drying, which mslited,
after sintering at 17G°, at 198-200°. 7his substance wes neated under
reflux in boiling ethancl for six hours and ailowed to stand overnight.
The salt was then filtered from the solutlion and driedy the yield was
Yed go (864TL); the melting point was 167.9-199.1% .nal., Calcd. for
C1oHaglighs@hi FO4e Iy 12l ‘ound: ¥, 11.9,

4~{4=iethylamino=l-methylbutyvlamino)=8-methoxyquincline. - The

condensation of 4%.5 g. of 4-chlora-ﬁ-m@thoxyquinoline28 snd 89 g. of
Noval diasmine was carried out by tethod V"I. However, the product
cryetallized from the ether extracts of the basic solution; = yleld
of 42 go (53,) was cbiained. Lince crystallizution failed to give a
sarple of amalytical purity, the base was distilled, boiling at 220°
(Cad mma), and sgain recrystallized (Y67 recovery) to give crystals
melting vt 13843-139.7% sanal. GCaleds for i H N0 G, 72355 0,
9.285 methoxyl, ¢.85, Found:s C, Tl.67; H, 8,773 methoxyl, %.35.

phate Trihydrate. = 7o 10.2 g. of base in 7.47 g. of 85. phosvhoric

aecid andi 40 wl. of water vwere added 20 ml. of methanol and 83 ml. of
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2=propanol. .fter the mixture had been cooled in a refrigerator over-
nizht, the salt was removed by filiraticn und washsd sith Z-propanol
and ether. ¥or purification the crude ualt sae heated under reflux in
voiling snlcokol for eight hours, cooled, and filtered. The yleld was

14.7 g. (80%); the melting point was 127 .5-128,4°%  nal. saled. for

0ygHagHa0 ElgFC, "3H, 03 P, 10.95; moisture, 9.55. Found: F, 10.90;
moisture, 9.80 (at 100%, no vacuum).

4-(d-ietiyviumino=l-methylbutylemine j=7=methoxy~2=rvhenvlguincline.
2

= The condensation of 8.0 g. of 4~chlcrc-7~methoxynz-ﬁhenylquinolineg
and 12 g. of Novel dismine in the presence of 2.2 g. of phenol was
earried cut by ksthed 11I. However, the reaction mixture wes taken
up directly in base without acetic acid treatnment. Vacuum distillation
gave 6455 g. (53,.) of ar oil boiling ut 238-242° (0.2 mm.).

4={4=Dietnyviamino-l=-methylibutylanminoe j=T=methoxy=2=vhenylauinoline

Iriphosphate. - The base (5.25 g.) was stirred thoroughly «ith & mix-

ture of 4.54 g. of 85 rhosvhoric acid and 20 wl. of water. The solu-
tion was decanted from undissclved material, and to it were added 11
wle of methanol and 52 ml. of 2=-propznoly ithe mixture wxs then cooled
for three hours. Filtration vielded 6.34 g. of salt which melted at
194.5-197,5% Recrystallisation from water-methanol-2-propesncl pro-
duced 5.65 g. {627) of nearly white crystals which melted at 195.C-

1537.50. f‘%nalo {:&lcd- for 625333}‘;3{)‘3}%3;104' ?, 13.580 ?Qundl P.

S-sec.~Butylamino-l-pentanol. - 4 mixture of 1l0.%5 ml., of concen=-

trated hydrochloric acid and 126 ml. of distilled water was cooled to
43, the cooling bath was removed, and 42 g. of dihydropyrane was added

«ith stirring. Gtirring sas continued for ten minutee after the mixture
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became homogenecus, and then 74.3 ml. of seg.~butylamine was added while
the temperature was held at 20°. The mixture was hydrogenated in a low=
pressure arparatus in the presence of platinum. The filtered reduction
rixture was mede basic and extracted with Jkellysolve U. The extracts
were concentrated and the residue distilled in wvacuo te give 5% g.

{7T4.37) of a low-melting s0lid which boiled at 107-109° (3.5 mma).la

To a stirred solu~

tion of 39 g. of tre aminomlcohol in 370 ml. of :kellysolve © was sdded
49 g. of thionyl chloride in one portion. The suspension was stirred
and refluxed for two hours, 10C ml. of solvent was distilled, und the
product wue removed by filtration and washed with ether. The yield
«a8 TH.5 g. {(957)3 the melting point was 146.0-148.3°. . sample puri-
fied for analysis by recrystallization from alcochol~ether melted at
145.5-147.0% anal. Caled. for CglpoClueHCl: G, 50.5C; H, $.89.
Founds G, 50.28, 504543 H, 9.82, 9.82,

8-{5=gece~Butlylaminoamylaminoj=6-methoxyquincline. ~ + mixture

of 13C.E g. of crude li~{S=chloroamyl)sec.~butylamine hydrochloride,

213 g. of Beamino-6-methoxyyuinoline, nnd 150 ml. of wsater wae heated
with stirring at 80° for twenty hours and st 103° for four hours. The
melt was poured into water, und alkall and sodium acetate were andded
until the ri, followed by & Peckmarn pi meter, rose to S.0. The mixture
was heated to 65-85% and extracted with toluene.2® 1he hot suspension
was cooled to 20° sitn stirring and the solid hydrochloride was re-

meved by filtration., It was treated witi aquecus alkali and extracted

““The smull amount of orystalline ueterisl that separat-d from
the ccoled toluene extrascis was returned to the aqueous mixture, as
sas & L0-ml. aquecus extract of the combined toluene extracts. .fter
concentration and distiliution in yscuo, 100 g. of H-amino~o-methoxy-
quinoline was recovered from the toluens extracis.
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with ether. The product was obtained from the dried, concentrated sther
solution by dietillation in vacuo. The yield of oil bolling at 155-165°
{3 microns; was 108 g., the refractive index was n§5 21,5708, tHedistile

lation of the forerun gave an additional 22 ge.; the total yield was 130

g£. (67.8%),

8={S5=se¢.~Butylaminoamylaming}-6-methoxyguinoline ¥onohydrobromide.
- 4 solution of 75 ge of the base in 50 ml. of ethanol wes dissolved in
a mixture of 1.5 1. of water and 28.6 g. of =zcecetic acid, and 103 g. of
sodium bromide dissolved in a small amount of water was added. The
crystallized product was removed by filiration, wushed with watsr, and
dried. The yield was 93 g. ($87); the melting point was 164-165°., This
wag recrystallized from ethancl to give 81 g. of crystals which melted
at 164.3-165.19 .mal. Caled. for UjgHogNg0°HBri O, 57.50; F, 7.63.
Pound: €, 5787, 57.503 iy, T«62, TeLb6a

The monohydrochloride, which melted at 150,0-151.5% and the mono-
hydriocdide, whose melting point wss 151.5-153.C% were also prepured.

4-Chloro=l-(4=diethylamino-l-methylbutyluninecjisoguincline. ~ The

condensation of ZR.i g. of l,4~ﬁichlovaiﬁoquiﬁnlin614 and 3%.0 g. of
koval dismine was carried out by kethod I {p. 12}« However, the acetic
acid solution vus extracted to remove unresct-d isoquinoline nucleus.
Vacuum distillation gave 21.5 g. (617) of an oil boiling at 157-168°
(Ce? mm,}e Conversion to salts gave nc compounds of definite composis
tion; therefcore the mixture of phosphates was reconverted to free base
and the oil wus snalysed after redistillation. snal. Calcd. for
618H26ﬁ3015 Gy 67463 Hy BelBs Founds O, 656.8, 66.93 l, 7.80, 8.33.

5-Chloro=1={4~diethylamino~l-methylbutylamino)isoquinecline. -

The condensation of 19.8 g. of l,S-dichloroiaoquinolinel4 and 34.5 g




TABLE

II

l-{4-Diethylamino~l-methylbutylaminoe }isoquinolines

Iroduect

4=Chloro~l«{4~diethylamino=l=methyl=
butylamino jisequinoline

S=Chloro~l={4~diethylamino=i-methyl=
butylamine jisoquinoline

8~Chloro-l={4~diethylamino-l-methyl-
butylamino }isoquinocline

an®

14,038

11,447

13,806

Reaction

T‘emp. » OCO
160-165
1:.5~180

160~170

24

Be Pay Yield, ;
Time, hre. °C.  Mm. Base &Salt GSalt Frepared ¥. p., °C.
14 167-169 0.2 61 - Kone
5% 200-218 0.4 65 49 Uiphosphate  107-115
1 162-167 0.2 69 82 Triphosphate  154.0-155.9

@These Survey Numbers identify the drugs in F. Y. <iselogle, . Survey of antimalerial Orugs, op. cit.

bTemperaturos given are thogse of the reaction mixture.

TABLE

111

l={4~Diethylamino~l-methylbutylamino)phthalazines

Froduct

6=Chloro~1={4=~diethylamino=l-methyle-
butylamino Jphthalazine

7=-Chloro=1=-{4=diethylamino=l-methyl~
butylemiue jphthalaszine

l=(4-Diethylamino=lemethylbuiyl=
amino )phthalazine

Y L

11,614

11,615

11,069

Heac
Tempc 9 oCob

87=100
5=100

100

tion
Time, hr.

3%

S5alt Frepared He Poy OCa
Jiphosphate 235 d.
Jihydriodide 164.6~165.8

Triphosphate “onohydrate 170-190

&These Survey Nunbers identify the drugs in F. Y, uiselogle, . Survey of .ntimalarial Drugs, ep. cit.

bTemperaturea glven are those of the reaction mixture.

Yield,
*

39

16
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of ¥ovsl dlamine wes carried out by ¥ethod Il. Vacuum distillation
gave 20.8 g. (657) of an oil boiling &t 200-218° (0.4 mm.).

t=Chloro=l=(4~diethylamino~l-methylbutylaminoj}isoquinoline Jiphos-

phate. - The salt was precipitated from a scolution of 12.72 g. of base

in & mixture of 9.2 g. of 857 phosphoric acid and 25 ml. of water by
the addition of 50 ml. of 2-propancl and preolonged coocling; the yield
of a ten powder sms 16.5 g 7The salt wue reconvert:sd to base and the
latter was taken up in benzene and waehed with water whereupon the sole
vent was removed in vacuc. The residual oil was dissolved in ethanol
and stirred while the appropriste amount of 85" phosphoric ucid was
added. The resulting suspension wae etirred for several days at room
temperature before filtration; the yield was 10.1 g. (497} of s light
tan salt dried to constsnt weight; ihe melting point was 107-115°,
snale Caled. for CypHoghaCle2H3F04s F, 12.0l. Founds P, 12.35,
12.37,

8=Chloro=~l={ 4-diethylamino~l-methylbutylaminglisoquinoline. =

The condensation of 12,8 g. of J.,8--51:?.::?11.&3:1:&ﬁwquii,rml5.1-19]"‘i snd 34.9 ge
of Novsl dizmine was carried out by iethod I. Vacuum distillation
gave 22 g. (697) of sn oil boiling at 162-167° (0.3 mme)e

8=Chloro=l={4~diethylamino-l=-methylbutylaminojisoguinoline iri-

phosrhate. = The triphosphate was precipitated twice from a stirred
golution ¢f the base in ethurcl; the dapure calt first obteined was
reconverted 1¢ tase, extracted «+ith ether, washed, aund freed from
ether in yscuo. The product was converted tc pure triphosphate in

the same way. The crude salt (38 g., 217, from 21.7 g. of base) melted
at 153~155°, ‘The purified salt (17.3 g., 90" frow 10.2 g. of base)

al

melted at 154.0-155,9% anwl. Caled. for GygHloghiatledligPUss  Cy
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£.225 8, 5.753 ¥, 1£.15. Fcounds C, 35.4%, 25.71; ¥, 5.60, 5.83; F,
15,08, 19.04,

G=ihiloru=i~{4~diethylanino-l-pethylbutylaminc phttuluzine. - =

mixture of 27,8 g. of l,6—diehlorophthalazinelﬁ cnd 87 go ¢f howval
diemine wae stirred and heated at €7~100° for three and one-half hours.
The reaction was suffieiintly excthermicec sc thst un eapprecistle tempera-
ture differential wus estublished between the cil=bath und the mixture
of reactanis. -hen ihe internsl temperaiure dropped below the baih
temperature, the reaction was sssumsd to be cormplete. The mixture was
cooled and 200 ml. of ether and 50 wl. of 20¢/ sodium hydroxide were
added. The luyers were separated and the ethereal sclution wae ex-
naustively exiracted with water 1o remove cxcess side-chain. The ether
#as removed Ly distiilztion in vaeuwo, wnd the oily residue was slurried
successively #iih two 100~ml. portions of ikellymolve ¥, which were
decanted. The remsining oil, after heating under reduced pressurs to
regmove peiroleus ether, weighed =27 ge attempts to purify the compound
were unsuccesaful; 1t was therefore converted to the diphosphzte which
was eusier to purify.

6~Chloro=l={4-diethylumino=~l-methylbutylenino phthalazine iphos-

phate. - To 25.2 g. of the erude base were added X6.0 ge of 85« phos~
phori¢ ucid and 160 ml. of water. 7The suspension was centrifuged to
remove 2 small amount of insoluble amorphous msterial, and the super-
patunt Liquid was filtered and diluted to 130 ml., with sater. 7o the
sclution was added 20C ml. of R=propuncl, and ecrystallizution was
allowed to proceed for two days in & refrigerator. The salt, after
removal by filtraticn (27 gz.), ¥3s redissolved in water and reprecipi-

tated by L-propanocl. The yield was &3 g. (397 overall}; the melting
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& o . Y Ad - x ¥l 5
point was 235 d. .nal. Calecd. for Cl7ﬁ25k4ul 2HiFC e F, 12,00,
Found: P, 12.il.

T=hloro~i=-{4~diethylamino~l=methylbutylemino )phthalazine. - The

condensgation of 24.75 g. of l,7~dichlorophtha1azinalﬁ and 87 g. of Nowval
diamine was carried out by the method given for l,6~dichlorophthalazine.
towever, after the ether solution was washed exhaustively with water,
the ether was replaced by bengene und the solution wie dried azeotropi~
cally before removal of solvent in vseuo and washing with Jkellysoclve.
The residue weighed 23.4 g. (58.5%}.

T=Chloro=l={ 4=diethvlamino=lemethylbutylamino)}phthalazine ihydri-

odlide. = To 2143 g. of base were ndded 29.8 g. of freshly disiilled 5%

hydricdic aeid and 30 ml, of water. The suspension waus stirred and
filtered, an! the insoluble material wes washed with a little water.
From tne cooled filtrate 14.6 g. of salt wae obtained; un additional
1.4 g» was obtalined by concentration. The crude materiul was recrys-
tailized in succession fror alechol-ether, water, and ethunols the
yield of yellow erystale melting st 164.6-165.8° was 10.4 g. {16 over=~
all from l,7=dichlororhthalazine). usmale Caled. for 017H25N4Cl*2h1:
Cy 35.43 Hy 4.71. Found: i, 35.1E, 5,063 i, 4.88, 4.6%9.

i=-{4=Diethylumino=~lerethylbutylamino)phthalszine. = "he condensa-

tion of 5445 ge of l=chlororhthalazinel® and 116 g. of lioval diammine
was carrisd out by the method! deseribed for 1,7=-dichlorophthalazine.
The solvent~free oil weighed 33.5 g.

l={4=0dethylamino=l-methylbutylesiro)rhthaluzine Triphosphate

Yonohvdrate. = To the base were udded 23.4 g. of 85" phoaphoric ucid

and 100 ml. of water. after filtrstion from insoluble materiul, the

volume of the solution was brought to 15C ml. with water and 200 ml.
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of Z~=propanol wes added. Cooling overnight caused the crystailization
of 18 g. of salt, which was reerystallized from water and Zepropunol;
the yield was 13.4 g. (8] overall from l-chlorophthalazine); the melt~
ing point was 170-190%, inal. Caled. for CpqHgghg*3H PO, H 0t F,y
15.543 moisturs, J.0. ¥ound: F, 14.8%, 15.03; moisture, 2,87,

4=-lgsopropylamino=Z~butancl. ~ & mixture of 37 g. of freshly dis~

tilled aldol, 24.8 g. of isopropylamine and 120 ml. of ethanol was
hydrogenated in & low-pregsure apparatus in the presence of platinumg
the hydrogen urtake was about 25. in excess of the ealoulated. The
filtered reduction mixture was concentrated and distilled in vacuo;

everything boiling up to $0° (16 mm.) was collected. The distillate
erystallized and, after decantation of a small amount of supernatant
liguid, the residue was redistilled to give 27 g. (49,.) boiling at
83-86° (12 mm.). The calculated neutral equivalent for Cgliy o M0 s
131,2. vound: 137.6.

3=Chlorc=h-isopropylbutylamine Fydrochloride. 7To a vigorously

stirred solution of 28 g. of tre crude awinoalechel in 450 ml. of
<kellysolve { was added 58 g. of thionyl chloride. The suspe#sien
was refluxed for one hour and 150 2l. of solvent was dietilled. The
product was rsemoved by filtraticn; the yield was 80 g. (87+); the
melting point was 125-133°, A sample purified for analysis melted
et 147.6-148.5° anal. Caled. for UghyqClgRs ©, 45.15; K, 9,20,
Found: €, 45.51, 45.403 H, 9.50, 9.32,

M3~(p-$hloro§henyl)-%l-isopropyl-l.B-butgnediaminc. - 4 mixture

of 80 z. of 3-=chloro-N-isorropylbutylamine hydrochloride, 128 g. of

p-chloroaniline, and 54 ml. of water was stirred and heated at 70°

for one hour, 80° for nineteen hours, and 103° for four hours. The



Froduct

Nz‘(p-Chlorophonyl)-Hl-isoprapyl-
1,3~butunediamine

ES-(p-Chlorophonyl)-N1~1ﬁoprcpy1—
1,5~pentanediamine

1={p=Chloroanilino )=3~isopropyl-
aming=2-propanol

S~( p=Chloroaniline j~1=isopropyl=
amino=2=-pantanol

8Yield of esalt

Psublimation temperature

HeSubstituted 4-Chloroanilines

¥e pey %Ce
oil
oil

104 .8-105.6

91-92

TABLE IV

oc. b P km.
103-111  0.03
120-128  0.05
115 0.03

soP 0.0005

Yield,
*

50

318

Salt PFrepared

onohydrobromide

Konohydrochloride

Yonohydrochloride

Konohydroshloride

Fe poy °c.
138,6~139.8
153-154

152.4-154.2

149.5-150.5

29
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mixture was diluted with 750 al. of an squeocus sclution containing 0.9
mole of sodium acelate, und extractsd sith a 2-l. portion of ether.
in aqueocus extrasct of the resulting eilher soclution was returned to the
two=phase aquecus mixiture, which was then further extraeted with ether.
The mixture wsas made alkaline snd filtered through an asbestos mat,
after which it was extracted with ether. 7The dried ether sclution
was concentrated and distilled in vacuo to give 52 g. (50/) of & very
light yellow oll bolling =t 103-111° (35 microna); the refractive

25

index was nf S 1.5327.

ﬁa—(gnGhloroghenxlZ-E1-1&0gro§y1—l,3-but§§edia&ine sopnohydrobro-

mide. - To a solution of 52 g, of the base in s mixture of 26 g. of

acetic acid and 200 ml. of watler was udded & solution of 50 ge of
sodium bromide in 100 ml. of water. 'The product smeparated e an oil
w#hich crystallized on eeeding and stirring, and weighed 65 g. (987)
after removael by filtration and dryinge. This was recrystmlliszed first
from ethanol~ether and second from water to give 3¢ go of white crys-
tals melting at 138.6-139.8°, .nale. Cmlecd. for CpgHgb Gl HBre c,
48.60; H, 64903 Br, 24.85. Tound: C, 48.60, 48,593 F, 7.13, 7.19;
Br, 24.90, 24.92., :in inhomogenelty determination showed that the
inhomogeneity is 3, * 2,30

%5f1g-chlcrop§anyl}~ﬁ1-isaprayig—l,5-pant§nediamino Lonohydro-

chleoride., = 4 mixture of 50 g. of B-Ghlorn—u?iaOpropy1amy1amine hydro=-
chloridel®, 60 g. of pechloroaniline and 65 ml. of water was stirred
und heated at 80° for twenty hours and at 1l03° for four hours. The

rH of ithe ceooled reaction mixture was drought $¢ 4,75 by the asddition

3°Det@rminad oy the counter-current extraction prosess. See (raig,
J. Biol. Chem., 155, 519 (1944); Craig, et al.,ibid., 161, 321 (1945).
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of 70 g of sodium acetate trikydrate in 300 ml. of water, and pre-chloro-
aniline was extracted wiih ether. The hydrochleride of the coupled
product separated slowly from the aguecus solution on econiinued cooling.
This was remcved zy filtraticn and washed with dilute sodium chloride
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solution. After two recrystallizaticns fropn alcckoleether, the yisld

was 23 ge (317); the melting point was 153-154°. .nul. Caled. for
Gléhgsﬂzul‘“blﬂ i’}, 57.&0; ﬁ, 8.31’ Founas ‘3, sgalg, &7-%8; H, 8.19,
Beld.

l={p~Cnloroanilino}=3=-isopropylaming=2=propancl. - . mixture of
128 g. of pwchloroaniline and 250 ml. of wuter wss held below 10° while
23 ge of epichlorohydrin was added droywise. ifter stirring for one
hour at room temperature and for one=half hLour at 50° y the mixture was
cooled and 39 ge of isopropylamine was added. The mixture was atirred
until the heat of reaction subsided, und stiirred with heating at 80°
for eighteer znd cone~half hours snd st 103° ror three hours. The
glightly aclid scluilon was exirscied with ether snd the extracts dis-
curded. 7The solution wus made ulkeline snd extracted with ether, the
dried ether extracts were concentruted, und the residue distilled in
vacuo to give twe fractions. The first consisted of sverything dis-
tilling up to 120° (30 microns, and the sgoond Traction waz ithe

rroduct; it boiled at 120-13C° {3C microns), ~ith the o0il bath heated

3lthe “4ltrate wac found tc contain the salt correspending to
about 7 g. of & bese boiling at 160° (10 microns}. «hen the base was
dissolved in ar equeous solution contairning hulf its weight of acetis
acid snd saturated with sodium chloride, a hydrochloride precipitated
which wae recrystallized from water-zcetone and from sthanol-acetone
to give crystals melting at 186.0-Lh7.0° The analysis corresponded
tec K -(g~ch10ropbenyl)-h5~isoprcnyl~n ~(5-130propylaminoamy1}~l Do
pentanediamine dihydrochloride. imal. Ualcd. for CggHgnhigCleRHCls
Gy 58,153 M, $.2%, ioniec C1l, 15.60. Found:s O, 58.27, 58,103 H, 9.49,
9.55; 0l, 15,23, 15.22.
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to 210°. The forerun was redistilled to give a mixture of two compounds;
the first, lower~boiling fraction, crystallized to give a hygroscopic
solid, "i", The second, slightly hisher-boiling compound wus san oil,
"B"s These compounds will be discussed below. The residue from the
redistillation of these two compounds was combined with the original
fraction which boiled at 120-130° (30 mierons) and radiati;led. i
fraction shich boiled at 115-120° (30 microns) and whick later wsolidi-
fied was accerted as yroduct., This was recrystailized from skellysolve
S to give 15 ga (6.2%5) of a white erystalline solid whose melting point
was 104.8-105.6° with softening at 101%, .arml. Calcd. For J1-HygN,0C1:
C, 59.40; H, 7.88. Found: €, 59.51, 59.45; H, 8.09, 8.19,

le{r=Chloroanilino j«3-igopropylamine=2-proparel ionohydrochloride. -

o a solution of 2.43 g. of ithe cerysialline base in an mgueous solution
containing 1,20 g. of acetic amcid was added £ g. of sodiur ehloride.

The desired sait crystallized and wam removed by filtration and washed
#ith cold water. It was recrystallized from absoclute ethanol=anhydrous
ether to give 2.1 g« of white crystals shich melted at 152.4-154,2°,
pale Caled. for {3pHygClEgC*HCl: lonic Cl, 12.72. Found: Cl, 12.91,
12.95.

sompounde "4™ and “B"., - Both these compounds were slso prepured

by the resction between iscpropylsmine aund epichlorohydrin (Here too
the yileld was low; 5 g. of A" and 10 g. of "B" were obitained from a
l=-mole run.), and were shown to be identical #1ith theose originally
isolated on the baslis of beiling points, and on the basis of refruce
tive indexes snd neutral equivaicrnt for "E" and on the basis of melting
point and mixed melting voint for "i™., The boiling roint of "2V is

%1-950 (5.5 mm.); recrystallization from emall emcunts of petroleum
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ether and sublimation in vacuo gave crystals which melted at 57.3-58,89,
snal. Caled. for O HyqNCs G, 62.6; My 11.33 by 12.17. Found: &, 63.07,
63.34; Hy 11.53, 11.74; K, 11.87, 11l.68. Cn the basie of boiling point,
these amnalyses, and method of synthesis, a suggested structure is 3~
hydroxy-l=-isopropyitrimethyleneimine. 7The scmewhat higher-boiling oil,
compound “i", boiled at 103-104% (5.3 mm.}s and the crude oil gave a
neutral equivalent of E¥.5 {the ealculated value is 87.1); the refrac-
tive index was ﬂﬁﬁ = 1.44%. The o0il was dlespolved in ether and alcoe
holic hydrogen chloride was added; it gave u hydrochloride melting ut
266-26%° after recrystallization from methancl~acetone. .nal. Caled,
for UQBBENEG'Zﬂﬁls Cy 43.73 Hy 9.79. Founds T, 43.90, 44.00; kK,

Y486y G466+ On the basls of boiling point, unalyses, and method of
preparation, the compound 4is conslidered identified as 1l,3-diisoproryl-
amino=Z~propunocl.

tethyvl 4=-Ventenyl Sther.sz - The preparation ¢of 4-pentencl-l re-

pertzsd in the literature was carried through as deseribed from 582 g.
of testrabydrofurfuryl chloride and 217 ge ©F vowdered sodium,’? Tnetead
of decomposing the «lkoxide «ith +4ater ail the end of the two-bour
stirring veriod, rowsver, 830 g. of dimethyl sulfate wae added slowly
itk stirring, while a very prasty rrecipitate separated, .fter stirring
for fifteen minutes after the addition of ithe dimethyl sulfaute, suffi-
cient water was added to change the thick rrecipitate to & granular

gsalt fromn which most of the ether solution could be decanted. The

80l1id residue was then dissolveiin water and the solution wus extracted

323, raul, .nn. chim., 18, 303 (1232).

330rg. syn. 25, 84 (1945).
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#ith ether. The combined ether solutions were dried and the whole
distilled rapidly to sepurate the croduct from non~volatile mzmtter.
The distillate was then fractionated to give 400 g. (83%) of methyl
4-pentenyl ether which boiled at 96=97%; the refractive index was
n%° I 1.3967.

l-Tesopropylamino=S=methoxy=2-pentanol. = To s well~stirred solu-

tion of 150 g. (194 ml.) of methoxypentene in 750 ml. of purified
dioxane was added slowly 2300 ml. of hypocrnlorous acid solution, yre-
pared =8 reported in the litersture.?? The temperature was kept below
15% durirngz the reaction. :fter sddition w#zs complete, the mixture was
stirred for one hour, 70 g. of sodium bilsulfite and 450 g. of sodium
chloride .ere amdded and the mixture was extractisd #ith three 600-ml,
rortions of sther. The dried exiracts were concentrated to remove ether,
and dioxane was reémoved under the vacuum of an aopiratnr.ss

Two=thirda of the concentrate was dissolved in 375 ml. of anhydrous
ether =znd 130 g. of isopropylemine wss added. The mixture w#us shaken in
a8 hydrogenation bemb at 110° for iwenty-four hours. .fter removing from
the bomb, ithe mixture ws«aus extracted with dilute hydrochloric ucid. The
acid solution wze made strongly basic snd exiract:d with ether. The
baglec ether extracis were dried and concentrated und the resldus was
distilled in yaguo. In the first distiilatiorn, about 5 g. of forerun
was removed wnd then everything distilling up teo 100° (50 microns) wus

ccilected. ‘hen the distillate wae redistilled, 62,5 g. of & light

340rg. syne wolle Yole 7, p. 158,

SYIf the wroduct of this reaction, l-chloro~5-methoxy~2-pentanal,32
is isolated at this point, w 1}01@ of 55.5) is obteined; the boiling
point is 105-111° {16 mm. ), nR> = 1.4506. It was found that better
yields were obtained by the overall process without isoclation,
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yellow o0il which boiled st 90-100° (1.2 mm.) (35.67 overall from methoxy-
rentene) was collected.

l-Isopropylumino~bemethory=2-pentanol Hydrochloride. = Ory hydrogen

chloride wus pasased over o solution of 62.5 ge of buse in 1 L. of anhy-
drous ether «ith swirling. The equivelence point cir be detected by the
appearance of sn orunge colore.e The yield of corystalline hydrochloride
was removed by filtration ard weighed 63 go Secrystallization from
alcohol-ether pave 64 g. (85.57) of u crude product {mep. %1~§5°}, which
was satisfactory for use in the next step. Hecrystallization to constant
meliing point guve ar analyticsl sumple which melted st 104-1C05%, _.nal.
Caled. for UghoKOg<iCls  ©y Dlel83 ¥, 10.47. Tound: C, 5C.77, 50.763

1-IsoQgggyl&mino-5~methoxy-Z—Eentanone Liydrochloride. = To a stirred
mixture of 31.8 g. of crude l=isopropylamino=Semethoxy~Z28-rentancl hydro=-
chloride, 75 g+ of potassiun dichromate, =znd 15 ml. of water was added
a mixture of 16 ml. of sulfuric acid and 7.5 ml. of water.>® The mixture
was kept belos 26° during the addition, which took several hours. The
stirred mixture was kepl betlueen 202 and 26° for nineteen hours, then
dissclved in wsater, and yroured into a lurge excess of alkali. 7The
organic material #zs extracted with ether, snd the product wus precipi-
tated from the dried exiraets with aleoholic hydrogen ehloride. The
crude material weighed 2445 ge und was recrystallized from ancetone to
vive 14.2 g. {45]) of white crystals melting at 134-13%. Oy concentra-

tion and dilution witrn ether, & second lo:--melting crop, which weighed

361ye procedure is that described in (rg. syn. Joll. vol. I, 211,
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Beb goy was obtaiued.37 4 sample of the firet erop was recrystaliliszed
to obtain an analytiexl samplej the melting poinmt wus 144-145%, anal.
Caled. for CgHygiCa*HClr G, 51.60; H, 9.64. Found: ¢, 51.87, 51.83;
Hy, 9453, 9.74.

S=Bromo=l-isopropylamino=d=pentancne Hydrobromide. -~ Fifteen and

elght-tenths grams of l=iscoproprylamino=iemethoxy~z=rentanone hydrochloride
was treated with agqueous alkali and extracted with ether. The sclution
was dried and Lthe ether removed.s The base was dissolved in 175 ml. of
constant-boiling hydrebromlic acid, snd the solution was heated at 90=-459
for one bhour and at 100°% for one-half hour. T“xcess hydrobromic acid was
removed in vacuo, and the residue was heated up to 100° under the vecuum
of an aspirator. 7The solid residue was recrystallized from acetone;
16.3 go {71)) of erystals which meited at 162.86-164.6° were abt&ineﬁ.gg
« poertion was recrystallized to comstant melting point to obtain an
analyticul samrle; the melting peint wes 164=165% .nal. Caled. for
g1 gBrhCelBry €, 31.7; H, 5.65. Found: C, 31.73, 32,01; i, 5.6C,
2.69,

S5e{ p~Chlorcanilinc)~l~isoprorylamino=zZ=pentuncls. - Tv a refluxing

goluticn of 3 g o aluminuw isopropoxide in 50 wml. of anhydrous 2-pro-
renrol wud added 7 go of S-vromo-l-lsopropylesmino~Z-pentuncone hydrobroxide.

The solution was distiiled through an efflciesnt fracticnating column

377nis meterial is & mixiure of product and starting material; on
reoxidation by the same procedure a similar vield of pure preduct is
-optained.

38, simpler procedure in shich the hydrochloride waus dissolved in
ths hydrobrosic acid gave wn 84.57 yisld of meliing point 162.8-164.8°,
However, this produci wus shosn through analysis to contain eome hydro-

chloride of the product asz un impurity.



37

for thirty minutes and coeled.39 To it wae added 8 g. of p-chlorcaniline
and, after two Lours &t room temperature, the flusk containing the mixe
ture was placed in an 0il bath which was heated at 50° for twe hours, at
70° for two hours, at 8G° for two hours, and at 10C° (reflux) for thirty
lours. The mixture was poursd intc excess azlkali and extracted with ethers
The ether solution wus extracted wiih suffiecient dilute hydrochloric acid
10 remwove compounds containing siliphatic aming groups. The uguesus zolu=
tion was neutralized and extracted with ether, und the ether sclution

was dried snd concentrated. The residue wus molecularly distilled at

10 microns, giving & small forerun of & basic oil znd & sudlimate which
was recrystallized twiee from ikellysolve 5 to give 0«44 go [77) of
nearly white crystals melting =t %0-%$2°., This compound could not be
conpletely wurified by recrystuilizution, and gave un analyeis low in
carbon. Therefore the hydrochloride of a small esample of this materisl
was yreyured by precipitution from ether golution +ith alcoholic hydrogen
chloride, Reerystallirzstion from aceticne removed a smell amount of in-
soluble mxterisnl and guve & product w#hich after wnother recrystalliza-~
tion melted at 14%.0-15045°. The carbon content of this compound was
8tiil slightly low, so the salt was dissolved in wuter and the free

buse was wecipitated »ith dilute sodium nydroxide. The base was fil-
tered, washed well with water, and dried. It wus recrystallized from
skellysolve B and sublimed to give cryatals which melted at $1-920,

aoal. Czled. for CjgkigaCliNgos O, 62.1; H, 8B.56. Found: €, 81.92,

62.14; Fi, 8061, B8.87.

3%In a similer experiment distilled for only ten minutes and worked
up at this point by pouring on ice and alkeli, extracting with ether, and
sdding dry hydrogen bromide, & mixture of salts was obtaimed from which
& small amount of starting material could be isolated,
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XC-Valerylvaleronitrile. = To an ethereal solution of pheanyllithium

prepared from le.% g. of lithium and 20 g. of bromobenzene* was added
€.2 go of diethylamine und then l8.7 g. of valercnitrile and the mixture
was refluxed for one-nalf hour. The mixture was decomposed by shaking

#ith 2 K hydrochlorice acid, and then exiraeted w»ith dilute alkali .39

The busic sclution sas made wmeidic and extractsd with ether. The product
was obtained from the dried ether solution by comcentration and distills-
tion in veeuo. The yieid sas 10 g. (54%) of au colorless oil wshich boiled
at 95-98° {2 mm.}s & simultanecus run using ff-mathoxypropicnitrile in
an attempt 1o preprsre the corresponding cysncketone and from it 1,5-
dimethoxypentanone gave only starting materisal und & small armount of a
solid polymer. bhone of the products was soluble in z=ilksali.

Cinnamic iitrile. - ~ sclution of Z1 g. of benzaldehyde und 21 g,

of Ol=bromoacetonitrile4l in 80 ml. of dry benzene wus added to 18 e
of granulated zince over a periocd of 4two hours, durimg which time the
mixture was refluxed und stirred, After the nmixture was refluxed an
additionul twe rours, it was decowrosed »ith ice=-cold 10 sulfurie acid
and washed successively with 5. sulfurie scid, 5' potassium curbonate,
and with saturated sodium chloride solution until the washings were
neutral. 7The benzere solution was concentrated and the residue was
distilled in vamoug. after a considerable forerun, an oil welighing

5.1 ge (207%) distilled amt 115-125° (40 micromsj. The distillate was

40K, 34lmun, J. sm. Chem. 506., 54, 1857 (1932).

4l steinkoypf, Ber. 38, 2694 (1905). The yileld of the precursor,
X ~bromoacetumide wae raised to 71 by preparinzg it from bromoagetyl
bromide and ammonis gas in anhydrous ether below ~14%. The yield of
L ~promoacetonitrile from purified amide was raised to 80. by distilling
from phosphorus pentoxide in & bath heated to 150° &t a pressure of
25 nme
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redistilled molecularly and & middle out ~as analyzed., inal. Caled. for
GgHghOs  C, 73.435 H, 6.16« Caled. for CgHeNs C, 83,7y H, 5.47. “ound:s
Cy B2.573 Hy 6449, The dletillate was hydrolyzed in doiling 10, sodium
Ihiydroxide. Ammonia was evolved during the hydrolysis, and s solid
precipitate formed whern the basic solution wae acidified. This pre-
cipitate was recorystallized and identified as cinnamic acid by its
melting point {133°) and by check neutral equivalentsof 146.0 (ealc.

148.1;.
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TABLE ¥V
Testing Data®

Compound Test Evaluation
8~(5~8e0.~Sutylaninosuylanine )~6=- Om=4 Q 200
methoxygquinoline G=5 4 80
- x 9713

iika pentaquine

ﬁ3¢(p-ChlorOphanyl)-Mlﬂ1aapropyl-l,3-
butanediamine G=5 % De24

i~-{p=Chloroanilino j=3-isopropylamino~
Z=~propanol G=8 W 0.2

%These data are for tests on sompounds garried out since publica-
tion of ¥. Y. #iselogle, op. cit. Dlescription of the tests and meaning
of the evaluation is described therein.



