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INTRODUCTION

Probably no field of chemotherapy has received more attention
than that pertaining to the treatment of malaria. There has been
an unprecedented and coordinated effort along this line during the
past ten years. Although much progress has been made in exploring
over 14,000 chemical compoundsl no completely satisfactory drug
was disclosed. Any attempt, therefore, to provide a logical exposi-
tion of potential antimalarial compounds is assuming too much
liberty. Unfortunately there is no known means of pre-determining
which compound will be a cure. The compounds chosen for study
in the past were selected either because of alleged antimalarial
activity, because of known chemotherapeutic effect in other dis-
eases, or because they were chemical analogues of drugs with
known antimalarial effect in man or animals. The latter reason
is the basis for the work presented in this thesis.

Chemotherapeutic agents in general use in malaria exhibit a
highly selective action. Drugs capable of eradicating trophozoites
of the erythrocytic cycle are incapable of a like action on
preerythrocytic forms.2 Conversely, drugs potent against
preerythrocytic parasites are largely without effect on erythrocytic

forms.> Quinine, atebrin and chloroquine, as far as practical

1
Wiselogle, Survey of Antimalarial Drugs 1941-1945 (Ann
Arbor, Michigan: J. W. Edwards, 1946).

2Sapero, Am. J. Trop. Med., 27, 271 (1947).

3Ibid.




benefit against asexual forms is concerned, are active only on
erythrocytic forms.l Plasmochin acts exclusively on exoerythrocytic
forms.* The newer approach demands that therapy be directed toward
the prevention of the exoerythrocytic type of relapse as well
as toward the erythrocytic type. Either a single drug must be
discovered which has the dual capacity of acting against the
parasites of both exoerythrocytic and erythrocytic phases, or a
combination of two drugs which will accomplish the same result
must be used. The ideal malaria drug must act as a prophylactiec,
cure both acute and latent infections, have only minor toxic
cualities, and be effective against all species of the human
parasite.

Nl-(p-Chlorophenyl)-ﬁﬁ-isoprcpyl diguanide, paludrine, I,
appears unicue, since it represents the firast discovery of a drug

which has appreciable dual activity against both erythrocytic and

exoerythrocytic forma.s
I T
. Ho0e
el N\ f-doy-doy-&T
_ Nel,

&Roehl, Naturwissenschaften, 14, 1156 (1926).
5

Curd, Davey and Rose, Ann. Trop. Med. Parasit., 39, 208 (1945).

-



Some success has been achieved by the simultaneous use of
combining quinine with either one of the following two drugs:
g-( 5~isopropylaminoamylamino)-S~-methoxycuincline (pentaquine)ﬁ,6
IT, and 8-(4-iscpropylamino-l-methylbutylamino)-6-methoxy-

ocuinoline (isopentacquine), [1l.

X »0 ﬁjw@ii )

c; C— g{ @ 3
H 2_ \OH [Hq' :1 @ CHa
JI ll[

Both show a high percentage of cures without too serious
accompanying toxic reactions. In combination with guinine they
provide an attack on forms of both cycles.

Paludrinz has not been found to exeri greater offect on the
relapse raile of vivax malaria after treatment of a clinical
attack than has atebrin. In this resnect it falls short of the
criteria for the ideal antimalarial drug. However, its suppresive
activity in low dosage, its wide range between effective and toxic
dosage, and its cheapness of manulacturing costs make it compare
favorably with all other antimalarial drugs. It is highly probable
that paludrine is not the ultimate drug of choice in the
diguanide series, and the ease with which this group ol compounds

can be manipulated offers marny possibilities for further study.

6

loeb, J. Am. Med. Assoc., 132, 321 (1946).



It is interesting to follow the line of reasoning that first
prompted Curd and Rose to test the antimalarial activity of
molecules containing the diguanide group.7

In their development of new antimalarial drugs containing
the pyrimidine ring system activity was first encountered in the

p-chloranilino type represented by the compound 2666, IV.

H
c~-IN”
s H [HL]L\GZ-H\‘

n ”n
Schonhofer had attempted to correlate antimalarial activity

in the synthetic gquinoline series with the tautomeric possibilities
of the molecule.8 It was evident that in compound 2666 and later
in other related active compounds a number of tautomeric forms

was possible. The postulate was then advanced that the possibility
of tautomerism and of conjugation occurring through a chain of
alternate carbon and nitrogen atoms may be a determining feature for
antimalarial activity in this type of molecule. This conjugation
may be further extended to include the aryl nucleus so that
substituents in the benzene ring play a significant part. On the
basis of this working hypothesis, attention was directed toward
placing a guanidino group between the aryl group and the pyrimidine

nucleus and the even more active compound 3349, V, was synthesized.

H

N
Cl@ N—C-N

7Curd and Rose, J. Chem. Soc., 729, (1946).

<]

" 17"
8Schonhofer, Z. Physiol. Chem. 274, 1 (1942).




A stepwise simplification of structures IV and V was then
attempted with the idea of simplifying the drug molecule and
clearing it of unnecessary detail, leaving only those groupings
which were essential for antimalarial activity. Both structures
were strong bases, and it was tentatively assumed that this
property had to be retained in subsequent compounds. The L-methyl
group in the pyrimidine ring was not originally thought to have
any special significance, having been introduced incidentally as
the result of the method of synthesis, and it was proposed that
it should be omitted. Further, if the function of the pyrimidine
ring was merely to act as a convenient frame in which to arrange
the conjugated carbon and nitrogen atoms, then the entire unit
(positions 4 and 5) of the pyrimidine nucleus might also be
considered inessential, and it was suggested that while a pyrimidine
ring provided a convenient means for the synthesis of structures
centaining the salient features, that any heteroenoid system of
that type might be expected to function in the same manner and
the cyclic system could be dispensed with in this portion of the
drug molecule. There then remained in case of structures IV and V
respectively the following skeletal configurations which were

thought necessary for activity:

N— N-
H \N=0\N - clL . }[}l c ]fj C\N-:O/
Vil H Vi H

VI appeared as a derivative of diguanide and VII as a derivative
of an extended diguanide. From this point on further variation of

molecular detail of R group in structure VI to that of the



isopropyl group culminated in paludrine, I, the compound with the
highest activity in its class.

Considerable modification of the basic diguanide structure VIII
was made lmmediately after the discovery of paludrine activity, with

the idea of synthesizing an even more desirable antimalarial drug.
! |
N , N

H
O
VL

The replacement of the isopropyl group at NS

in paludrine by a
hydrogen atom, another alkyl group,7 a dialkyl group,9 or an aryl
group,lo greatly reduced the antimalarial effect as did the intro-
duction of 2 methyl or a ethyl sroup at Nl in place of the hydrogan.
atom.ll Fuller studying the antibacterial action of aryl diguanideﬁ
noted that when Nl is alkylated, there is no pronounced change in
bacteriostatic properties but if the terminal ﬁs is alkylated there
is a distinet enhancement of bacteriostatic properties.lz Gage
looked in vain for a difference in ultraviolet absorption spectra

to explain the difference in antimalarisl activity of various

alkyl groups in the ES position.lB The para fluoro, iodo, nitro,

I3pinks, Ann. Trop. Med. Parasit., 42, 190 (1948).

loBami, Natarajan, Ramaswamy, et al., Current Science (India),
1, 50-2 (1949).

llﬂing and Tonkin, Je. Chiene S52ce., 1063 (1946).

leuller, Biochem. J., 41, 403 (1947).

3Gage, J. Chem. Soc., 221 (1949).



1
erano and thio groups replacing the R in figure VIII ', and the
dioxymethylene, methyl, ethrl, aecstrl, methexy and ethoxy groups
in the ortho, para, and mete positicns** did not displace the chlorine

in the paludrine nucleus ag the mosi effsctive of the varlants ex-
1 S

amined. An assay of ¥ -pubremophenyl-ﬁ“—inapropyl dipguanide has

discloged that it possesses scmewhat higher antimzlarisl activity

5 Ni-B,5~ﬂichlorophenylwﬁ;-isapropyl diguanide 18

16

than paludrine.l
more active than paludrine but much more toxie.
‘ 2 L5 ? 5
A series of homolopous K~, X” alkyl and M*, ¥ alkyl derivatives
were prepared and when alkyl pgroups were attached to either Nz or ﬁ“
on the originally highly active paludrine & dystherapsutic effect on

. 17,18
antimalsarisl activity resulted.

, " G
g’ Hh, 8’ d@rivaﬁivexalj

S5imdlar results were found
with N
2

Deamination of paludeine at K to give the Fep—chlorophenyl-
oL .
¥ ~isopropylpuanyl ures decreaged the moleculse antimnlarisl action

20

profoundly.”  Benziminazcles formed by less of a hydrogen atom from
2
N and the ortho peosition in the benzene ring of paludrine are entirely

without action on malaria parasitaa.al

laﬁurd, ilendry, nenny, Murray and Rose, J. Chem. Sog., 1630 (19483).

15 | . .. ) .
“ainley, Curd and Rose, ibid., 9% (1949).

I ,
l“ﬂurﬁ, Davay, Hendry and Hose, J. Phapm. Chemotnere., 3, No. 3 (1950).

lvﬂrawther, Curd, Richardson and Aose, J. Chem. Soc., 1636 {1948).

s l
Birtwell, Curd, Hendry und Hoses, ibid., 1645 (1948).

19 pshworth, Crowther, Curd, Hendry, Richardson and Rose, ibid.,
475 (1949).

2U¢urd, Davey and Richardson, ibid., 1732 (1949).

ZlAchaeon, King and Spensley, Nature, 160, 53 (1947).



. S . : .
Considerable variation in the N poslition has Leen reported
wherein the p-chlorophenyl group in paludrine iz replaced wiih other

- - ios - s P : 1!'-
aryl rucleil. The xylyl, phenacyl , dipbonylyl, G-iromo-d-naphithyl,

sy

benzyl, cumenyl, pchlorchenzyl, p«sblmruph@aylsulfmmyl.gz 3 end ¢
phenanthryl apd 3-chlovo-~b-phenantheyl gf&up&zg nave ceen tested without
displaying nclakle activity.

Of real thooretical interest is Lhe vombinatiocn of the highly
active auincline nucisuz snd the diguanide slde chaine. Spinks haes
shown that paludrire exhihits abscrption and distritution character—

2

istics cualitsatively sialiar Lo those oi alebrin and cuinine. un the

aspumption that the baslc side chaln of the older antimalarial compounds

is primzrily resgponsible for these prapartios <5, 22

ha sugrested that
the isopropyl diguanide residue of paludrine, besidea belng concerned
with the intrinsic antimslarial activity, also simulated the alkyl-
aminoalicvlamine group {figures 1I and II1I) in its effect on absorption.
Accordingly in place of the para-chlorophenvl group in paludrine the 8-
auinolyl,?’ 6»mz:1noly1 A~chloro-b-cuinolyl, ¥ 8-chloro-5-quinolyl,2®
&~h?4raxy~3~ﬂuinelyl 7 and b=nathoxy-S-cuinolyl diguanidea,s have

been synthesizsed. The S-ghlore-S5-cuinolyl, 8-cuinolyl, and A-hydroxy-

Ezﬁun&@ and Yorwmann, 3ull. Soc. Chim. France, 10&2-% (1947) .
Hay, Je Orge Chem., 12, 437, &43 (2947).
Spinks, Ann. Irop. Hed. Parasit., 41, 30 (1947).

’%&giﬁa@n ot al., Areh, Pharme, 274, 74 (1934},

23,
QA

M

zﬁﬂagidaon and Grigorowsky, Ber., 69, 396 (1936).

2T3upta, Iyer and Guha, Current Science, (India), 17, 53 (1948).
@

2¢anta and Guha, ibid., 17, 185-6 (194%).

A?Albert and tlagrath, Biochem. d., 41, 529-33 (1947).

ay and Mosettig, J. Org. Chem., 12, 869 (1947).



5-cuinolyl diguanides were prepared without the terminal NS isopropyl
group. In these cases aryl or hydrogen groups were found in this posi-
tion. At the present time nothing has been reported in the literature
suggesting that these compounds have outstanding antimalarial action.
These clinical evaluations often take considerable time.

Wiselogle reports that over two and half times as much 6-methoxy-
8-quinolyl diguanide as quinine is recuired to effect a significant
reduction in parasite count in avian malaria.l

About the same amount of Nl—(3—(6—methoxy-8-quinolylamino)propyl)
diguanide as quinine is required.l’Bl

As a logical continuation of the research on combining the most
potent characteristics of the 8-aminoguinoline drugs and those of the
diguanide series there 1is described in this thesis the synthesis of a
group of Nl-(6-methaxy-s-quinolylamino alkyl)-NS—isopropyl diguanides
wherein the potent N5 isopropyl diguanide moiety is substituted in
place of the terminal amine group in pentaquine and isopentaquine
(figures II and III). The alkyl group at Nl is varied to include the
ethyl, propyl and butyl constituents as well as the amyl and l-methyl-
butyl.

Much work has been done on the introduction of the diguanide
group into various types of molecules by a number of different reactions,
and mention will be made of those which influenced the course of this
research either from a standpoint of the type of compound prepared or

the method used.

31The preparation of this compound coculd not be found in the
literature.



10

The synthesis of the simple alkyl and aryl derivatives of
diguanide has been fairly extensively studied by other workers.
The most convenient starting material has been cyanoguanidine.
This substance by interaction with ammonium chloride yielded diguanide

32,33 Smolka and Friedreich have extended this re-

hydrochloride.
action to aryl and alkyl amines. The use of ammoniacal copper sulfate
seemed to catalyze the reaction with ammonia and allowed the diguanide

34, 35, 36. Slotta

to be isolated as its sparingly soluble copper chelate.
and Tschesche, showed that cyanoguanidine could be made to react with
two molecules of an alkylamine hydrochloride to give a Nl, N5 dialkyl
diguanide.37 They found the reaction took place best by fusion of the
two dry solids at 1250. The reaction however soon became exothermic and
the temperature rose to 1750, even though the source of heat was with-
drawn. Bobeck prepared :«-phenylethyldiguanide hydrochloride by fusion
of ‘-phenylethylamine hydrochloride and cyanoguanidine.38 At 150O he
got a 17¢ yield; at 160°, 21%; at 170°, 36.5%; at 180°, 51.5%; and at

1900, a optimum yield of 59%. Sugino and Idzumi prepared methyl

328&mberger and Dieckmann, Ber., 25, 545 (1892).

333molka and Friedreich, Montash., 9, 228 (1888).
3hpathke, Ber., 12, 780 (1879).

3 Herth, ibid., 13, 1358 (1820).

3 ackmann, Ann., 376, 170 (1910).

3731otta and Tschesche, Ber., 62, 1394 (1929).

3
3 Bobeck, Ann., 487, 294 (1931).
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diguanidine hydrochloride by heating methylamine hydrochloride and
cyanoguanidine at 128-1300 for 50-60 minutes.39

Tendick and Burckhalter by fusion of p-chlerophenyl cyanoguanidine
and benzylamine hydrochloride at 190o for a minute prepared Nl-benﬁyl—
N5~p—chlorophenyl diguanide monohydrochloride in S4% yield.ho

Jacobs and Jolles prepared aryl diguanides by heating aryl amines
with cyanoguanidine in a medium consisting of a tertiary amine hydro-

chloride and tertiary amine.hl

m-Nitroaniline, cyanoguanidine and
dimethyl aniline hydrochloride heated at 135° for 3.5 hours in dimethyl
aniline solvent gave Nl-(m-nitrophenyl) diguanide hydrochloride.
Aniline, cyanoguanidine and pyridine hydrochloride with pyridine solvent
at 135° gave Nl-phenyl diguanide hydrochloride.

King and Tonkin reacted aniline hydrochlorides and cyanoguanidine
in refluxing alcohol for 6 hours to prepare good yields of the corres-
ponding aryl diguanidea.ll

Nl-p-Chlorophenyl diguanide was prepared by Curd and Rose, by re-
acting p-chloroaniline hydrochloride and cyanoguanidine in boiling
water feor 1 hour.

Nl—p—isopropyl benzyl diguanide was prepared by Funke and Kornmann
by heating 5 g. p-isopropyl benzyl amine, 1 g. cyanoguanidine, 1 g.

copper sulfate, and 10 ml. of water in a sealed tube at 120° for 12

jgsugino and Idzumi, J. Chem. Soc. Japan, 65, 265 (1944); C. A.,
41, 3762 (1947).

Mrendick and Burckhalter, J. Am. Chem. Soc., 72, 1862 (1950).

A1Imperial Chemicals Ind. Ltd., Jacobs and Jolles, British Patent,
587, 907 (May 8, 1947); C. A. 42, 214 (1948).

420urd and Rose, J. Chem. Soc., 362 (1945).



hours.22 They also prepared 6-methoxy-3-quinolyl diguanide by reacting
21.5 g. of 6-methoxy-8-aminoquinoline hydrochloride and 8 g. of cyano-
guanidine in 40 ml. of boiling water for 1 hour.

Theoretically it seemed possible that diguanides should be
capable of synthesis from other starting materials than amine salts
34

and cyanoguanidines and this is supported by the work of Rathke™ who

condensed cyanamide with guanidine and the salis of guanidine to gilve
diguanides, although only in mimite yields, and of Schotte, Prieve and

b3 who showed that diethylcyanamide will condense with guanidine

Roescheisen
and guanidine hydrobromide on long standing in alcoholic solution in
the cold to give Nl, Nl—diethyldiguanide. Cramer found that N-phenyl-
Nl— ethylthiourea reacted with guanidine in the presence of mercuric
L,

oxide to yield Nl—phenyl-Nz—othyl diguanide. Mercuric oxide acted
as a desulfurizing agent.

Almost immediately after the discovery of the chemotherapeutic
activity of paludrine a great interest in the synthesis of Nl aryl Ns
alkyl diguanides took place. p-Chlorophenyldiguanide was first prepared
by Strukov, Sychra and Smirnov and was made by the reaction of p-chloro-
aniline hydrochloride with cy&nmguan:i.d:i.ma.l+5 Curd and Rose obtained
p-chlorophenylcyanoguanidine by coupling cyanogusnidine with

p~chlorophenyl diazonium hydrodhloride in aguecus sodium carbonate

kBSchotte, Prieve and Roescheisen, %Z. physiol. Chem., 174, 119 (1923).

Uicramer, Ber., 34, 2602 (1901).

l"sst'mkov, S‘JChr& and &nimov, ‘t']_'c Chem. _I_rli‘_._o (UOSQSOR‘), _];8_,
22 (1941).
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to form the triazene, which was decomposed with the elimination of

nitrogen by addition to a mixture of concentrated hydrochloric acid

and a water-mlscible solvent, such as acetic acid or acetone.7
Curd and Rose converted the aryl cyanoguanidines into diguanides

by interaction with either the amine lyydrochloride or the amine in

the presence of copper sulfate. The first method, used mainly with

the aromatic amines, was in many cases rapidly completed by using

boiling aqueous dioxane or “-ethoxyethanol as a solvent. Aliphatic

amines, they found, reacted much more slowly under these conditions,

and it was more convenient for them to employ the second method with

excess of free amine dissolved in aqueous ethanol, with the addition

of one equivalent of copper sulfaie for each ecuivalent of cyano-

guanidine used. The diguanide was then obtained as a copper complex

which in many cases remained in the hot reaction mixture. The rate

of conversion into diguanide could be followed by the formation of the

colored copper complex. It was found extremely rapid with certain amines,

noctably secondary amines, but with primary amines a reaction period

of from 4 to 24 hours was necessary. In their earliest experiments,

the copper chelate was precipitated by the addition of water to the

cooled reaction mixture. It was dissolved in dilute hydrochloric

acid, the copper precipitated with hydrogen sulfide, and the acid

filtrate made alkaline with sodium hydroxide. The use of ammonia

instead of sodium hydroxide failed to precipitate many of the strongly

basic diguanides. 1In some cases the sparingly soluble monohydro-

chlorides were precipitated if the sodium hydroxide was added

very slowly. UWhenever it was desired to isclate the free base of the



diguanide, the acid filtrate was slowly added with stirring to an
excess of sodium hydroxide solution. Jurd and Rose also noted that
after precipitation of the diguanide copper chelate from the initial
reaction mixture, a considerable amount of product remained in the
aqueous ethanol filtrate, and the procedure was medified in that
either before or after addition of water the excess of ethanol was
distilled off, and the resultant suspension was made acid and then
worked up without isolation of the copper complex. In one of their
experiments copper bronze powder was used in place of copper sulfate.
The copper complex was formed as usual as an intermediate and the
vield of product was substantially the same.

The synthetic method for dipuanides utilizing diazonium
salts had too many limitations for a comprehensive exploration of
the relationship between antimalarial activity and the many chemical
modifications of which diguanides are capable. For example, not
all primary aromatic amines could be diazotized and coupied with
cyanoguanidine successfully, and the resulting triazenes converted
into aryl cyanoguandines in good yleld, and furthermore for the
purposes of this research on synthesizing a group of Ml-(é—methoxy~
8-qu1nolylaminoalkyl)—Ns-isoprOPyl diguanides the method was not
suitable since diazonium salts of alkyl amines are virtually unknown
and universally unstable.

15,17,18,19 after a rather complete

Curd, Rose and co-workers
investigation of the eyanoguanidine methods of synthesis of diguanides
explored all the alternate routes that had been suggested in the past,

and developed some new ones of their own. These explorations did



not develop anything of marked synthetic value that would displace
the use of cyanoguanidines but it did give a freedom of choice as
to what techniques to utilize in any future synthesis of more than
ordinary difficultye.

Crowther, et a1.17 reacted S-methyl isothlourea sulfate with
isopropyl amine in water to split off methyl mercaptan and yield
the isopropyl guanidine salt which was reacted with p-chlorophenyl
isothiccyanate to yield N—p—chlorophenyl~fl-1sopropy1guanylthiourea.
This compound was easily desulfurized in the presence of mercuric
oxide and methanolic ammnonia to yleld paludrine. Conversely
Birtwell, et al.18 reacted p-chlorophenylguanidine with isopropyl
isothiocyanate to yield M-p—chlorephenylguanyl—ﬁl-isopropylthiourea
which was converted with alcoholic ammonia in the presence of lead
monoxide to paludrine.

Bami, Iyer and Guha reported the preparation of paludrine by
heating p-chlorophenylguanidine nitrate with isopropyl eyanamide.hé

Ainley, et al. also investigated the condensation of alkyl-
cyanamides with arylguvanidines and of arylcyanamides with alkyl
guanidinea.l5 For instance, isopropylcyanamides condensed with
Nl, Nl-diphenylguanidine and diphenylcyanamide with isopropylguanidine
to give Nl, Nl-diphenyl-Ns-isspropyl digvanide. Condensation of
p~bromophenylcyanamide with methylguanidine gave Nl-p~bromophenyl~
NS—methyldiguanide. The most suitable conditions were found to be

the interaction of the two substances in boiling butanol; pentanol

or toluene solution.

6
b Bami, Iyer and G’Uha, io __In_g_o Inst. Scignce, _22A_, 1 (19‘&7)0
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The succesaful use of the lower moncalkyleyanamides was
surprising on account of their well known tendency to polymerize at
slevated temperatures. This polymerization, they found, to be of
ainor importance, since the yilelds of diguanide obtained from rsactions
in which they were used were of the same order as those from the
corresponding reactions usin; the statle dlalkylcyanamides. Another
contributory factor seemed to me the greater rate of reaction of the
monoalkylcyanamides compared with the dialkyleyanamides, maximum
diguanide formation being obtained in 15-30 minutes with the mone
and only after 2 or 3 hours with the dialkyl compounds. The authors
conveniently followed the rate of diguanide formation by taking
aliouot samples during the course c¢f the reaction, shaking with
standard amounts of ammoniacal copper sulfate and benzene, and con~-
paring the color intensities of the Lenzene layers; a method developed
by Gage and Rose.h7

Funke and E{ornmann22 prepared Rl-benzyl-Nswpropyl diguanide
nitrate by heating an intimate mixture of 0.5 g. of propylguanidine
nitrate and 0.5 g. benzyl cyanamide in a metal bath for 2 hours at
1300. The reverse synthesis with isopropylcyanamide and p-isopropyl
benzylguanidine nitrate worked eocually well.

Ashworth, et al.19 denonstrated that Nl~aryl~N5~a1kyldiguanidea
can be made, although in small yields, by condensing an a'rylguanidine

with an alkylthiourea or by interaction of an arylthiourea with an

alkylguanidine. For instance, when p-methoxyphenylguanidine was

&;Gage and Rose, Ann. Irop. Ned. Parasit., 40, 333 (1946)
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condensed with isopropylthiourea in aleoholic sclution, in the
presence of mercuric oxide, a small yield of Nl—p-methoxyphenyl-
Nﬁ—isoprOpyldiguanide was isolated as its hydrocchloride., Similarly,
the condensation of p-chlorophenylthicurea with Nl, Nl—dimethylguanidine
rave Nl-p-chlorophenyl—ﬁs, Ng-dimethyldiguanide in about &% yield.
Birtwell, Curd and Rose, while investigating the Grignard
reaction, found that guanidino-magnesium halides reacted with alkyl
cyanamides in boiling ether to give complexes which gave digusnides
upon hytir-v:::lye;:ia.z‘8 The guanidinomagnesium halides were prepared
from the substituted guanidine with ethylmagnesium halide giving a
metalation reaction with evolution of ethane. For example, 1
mole of isopropylecyanamide and 2 moles of p-~chlorophenylguanidino
magnesium iodide gave a 55% yield of paludrine. 1 Mole of Nl-
cyano—NB-p-chlcrophenylguanidine and 2 moles of isopropylamino

ragnesium iodide gave approximately a 1% yield of paludrine.

thirtwall, Curd and Rose, Je. Chem. Soc., 25556 (1949).
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DISCUSSION

Curd, et a.l.{.:u‘t investigated the preparation of alkylcyano-

fuanidines and their reaction with arylamines as a method of synthesizing
1

K" aryl NS alkyl diguanides. Prior to this investigation no monoalkyl-
cyanoguanidines had been recorded in the literature. Wheeler and Jamieson
prepared a»arylcyanoguanidine by condensing phenyl isothiocyanate with
sodium cyanamide to give l-cyano-3-phenyl-2-godio pseuds thiourea, which
on successive methylation and desulfurization with ammonia gave 1-
cyano-3-phenyl-2-methyl pseudo thiourea and l-cyano-3-phenyl guanidine
respectively.hg

The condensation of sodlum cyanemide with isothiocyanates was
firet described by wﬁhderlich, however the correct structure of the
products was not given.so Hecht studying these reactions was also in
error in this reap@ct.sl Schaidt and Striewsky studled the stabllity
of a series of l-cyano~2-alkyl-2-alkyl pseudo thioureas they had
synthesized.52 Curd, et al. treated these compounds with ammonia,
for example in alcohol at 1200, to eliminate an aligylthlol, and in

this way prepared the methyl, ethyl, n-propyl and isopropyl, and n-

butyl and isobutyl-cyanmguanidinea.lk May prepared, but did not

b9 pceler and Jamieson, J. Am. Chem. Soc.. 25. 719 (1503).

SOY L e . ; oo,
“underlick, Zer., 19, 4423 (1386).

“hiecht, ibid., 23, 1553 (1390).

52 .
© Schmidt and Striewsky, ibdd., 74, 1235 (1941).
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isolate or characterize 1—cyano-341sopropylguanidine.23 Concurrently
and independently we have prepared and characterized l-cyano-3-isopropyl-
guanidine by this general synthesis from thioureas and have included

this preparation in the experimenial section.

In this researcn cyanamide was first converted into scdium
cyanamide in sodium ethoxide solution. The preparation of cyanamide
from calcium cyanamide proved to ue very difficult and gave only low
yields. Carbon dloxide was bubbled thirough an aqueous suspension of
calcium cyanamide and the calcium carlonate filtered o{f. The cyanamide
was c¢otained oy concentrating the solution under reduced pressure. If
the solution was heated above 350 or the pid varied outside the limits of
4 to 5 the cyanamide polymeriged rapidly io cyanoguanidine.SB An
experimnental sample assaying 05f sodium cyanamide (impurities sodium
hydroxide and sodium cartonate) supplied by American Cyanamid Company,
was used on one coccasion as an alternative to isolating the free
cyanamide. When this sample of scdiuwm cyanamide was reacted with
isopropyl isothiocyanate in the presence of methyl iodide in alecohol,
instead of 1solating l-~cyano-3-isopropyl-2-methyl-2-thiopseudourea
from the reaction mixture, desulfurization of this product took
place in the aleoholic solution. This desulfurization reaction was
probably due to the alkaline nature of the impurities in the scdium
cyananlide and it resulted in a gocd yield of a previously unreported
compound, l-cyano-3-isopropyl-2-ethiyl-Z~-pseudourea. This preparation

can ve found in the experimental section.

573
’“private communication, American Cyanamid Company.
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Curd, et al. discovered a new preparation of alkylcyano-
guanidines which was a great improvement over the previously discussed
methods.lh Slotta and Tschesche had reacted sodium dicyanamide with
two molecular proportions of alkylamine hydrochlorides to obtain sym-
metrical Nl, N5—dialkyldiguanides.37 They did not record the inter-
mediate production of alkylcyanoguanidines. Curd, et al. found that
by use of one molecular proportion of an alkylamine hydrochloride,
alkylcyanoguanidines could be prepared, and they stated that the ylelds
were high, although they did not record the specific yields for each
compound. They effected the reaction in several ways. Thus sodium
dicyanamide and isopropylamine hydrochloride were condensed by heating
them either in a solvent such as butanol or in an agueous solution of
such a concentration that a temperature of 116-120° was achieved.
Alternatively they prepared the isopropylamine salt of dicyanamide
by double decomposition in water of isopropyl amine and 2zinc di-
cyanamide and filtration of the zinc hydroxide produced. Evaporation
of the filtrate to dryness and fusion of the resultant hydroscopic
salt at 85° gave them l-cyano-3~isopropylguanidine. In our work
this compound was prepared in 86% yield from sodium dicyanamide and
isopropyl amine hydrochloride in boiling butanol with the modification
that the unreacted sodium dicyanamide was recovered for future use.
Prepared also by this same general method were two new Nl-(é-methoxy-
8—quinolylaminoalkyl)-NB-cyanoguanidines. They were prepared as
possible intermediates in the synthesis of the Nl—(énmethoxy~8-

quinolylaminoalkyl)-Ns—isopropyl diguanides. Possibly they could
1l
be of chemotherapeutic interest in themselves since the N -(6-
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methoxy-3-quinolyaminocalkyl)-guanidines are reported to be only about
one gixteenth as toxic as plasmochin.sh
Sodium dicyanamide has been made in a number of ways in the past.
Madelung and Kern describved its preparation from cyancgen bromide and
disodium cyanamide, the reaction taking place in aquecus solution and
the sodium dicyanamide precipitating out upon evaporation.55 Biechler
reacted sodamide and cyanogen bromide in a ball mill for 40 hours to

1
56 Curd, et al. N found that adding cyanogen

prepare sodium dicyanamide.
bromide to or passing gaseous cyanogen chloride intc a sclution of
comnercial calcium cyanamide, making the mixture slightly acid, heating
to destroy cyan:: produced from a side reaction, and then using the
total liquor in subsequent condensations was a successful alternative.
Due to the danger and difficulty of the above preparations an experi-
mental sample of sodium dicyanamide was procured from the American
Cyanamid Co. and this sample was successfully used in carrying on the
research reported in the experimental section of this thesis.

The scdium dicyanamide method of synthesis has also been applied
by Curd, et al.lA to the preparation of arylcyanoguanidines. This
galt reacted more easlly with aryl amines than with alkylamines.

Thus with p-chlorocaniline hydrochloride in water, the reaction

was approximately 80% complete after 24 hours at room temperature, or

ShDraka and Garman, J. Am. Chem. Soc., 71, 2425 (1949).

SSMadelung and Kern, Ann., 427, 1 (1922).

56Biechler, Chem. Zentr. 106, II, 1163 (1935).




afber 7 hours at 50«60°9, In addition they condensed the aryvieymnow
bhk alkylanine hydrochlorideg by o new mothod, Thedr

rrevicus sxuperience wag Shat refluxing the components topebher in
agusous solution mmve in pgeneral, poor yilelds of dpgunides, sspecially
when allkyloyane apidinos were condensed with arylamine salbs which
were sparingly weter soluble. They found that when water wag rew
plased by an organic solvent such as B ~sthoxyethanol, which permits
the resctlon to be =ffected at s hgher tuopemture, good yislds of
dipmanides were oblalned,

Gf the more likely mebiods of synbhosls of Hiw(Germthoxy=Be
cqudnolylaninea iyl )=iif=igopropyl digusnides, two seemed upon oire
cumapection to be the most procdaing. The He{bmwethoxywdegquinolyl-
amdnealiyl)-guanidine dindtrates had deen aynthesized by Drake and
Garman % and cowdd very likely be condenged with isepropyloysnesdde
agcording to procedures previously septioned, te give the desired

diguanddea., The work of sinley, Curd and lose,’? Munke and Xornmann,
and Damd, Iyer and Cuha,%® nowever only gave ineamplete details
sopserning what ylelds could be expegted from thig type of reschion.
In addition the H~{iw ebhoxy-B-gquinelylasinoalkyl)-guanidine dinitrutes
hed been prepared in only 18 So 35 yield from the 8~{anincallylomine)s
Sepebboxyquinolines. “hdle these ylelds might be subjeot bo some
inproverent 1t wasg felt that this proposed synthetle method would
not eaaily yleld 20 to 40 gran sanples of $he diguwrnide roduets foy
wedical testing.

The second promiglng ebhod Lo the gynbheals of the desired
digvanides involved the preparation and use of l~oyinoe3ealiylawsnddines.
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If the oyancgwenidines of the Ue{aninoalkylsaine)ebmwisthoxyguinolines
eould be prepared they could be expested to condense with iscrropyl
aming hydreohlordde to glve the requdred digvanides. In two siperi-
zental briels reacting sodium dioyanardde with Se(aincsllrlaming j=im
mebhowyquinoline monohyirechicrides in boiling bubanpl, Kb 5 { G
ﬁggtm!&ﬁhmggﬁw@va@@wut%waﬁﬁﬁmmggwﬁ@ and St (2m{Senothosyw
Bwouinolyiasdne jeethyl)=i weyanoguanidine were sovibssized in 53¢ and
327 ylelds regpectively. Besglidez the fuet that these yields wera
lou, this webhod dnvolved one core gynbhetis step wibth the expenaive
Se{anineallylasdino)»beebhorygainoline nmiclous than would be the case
if we were able o condengo Be{andnenliylanine)=temothoxyuinolines
direotly with legyanoe3-lsopropylounidine to give owr desired product.
Thds Shought domlmated the greater muxd of $his research problenm apd
it wme decided to lnvectimte thoreughly under what conditione the
Ge(amdinoulkylamine jebmnsthoxyquinelines esould be induced %o rasch
with lesyanced~loowropylguanidine to give high ylelds of dilguanides.
gne of tha most stable and avallable forme of the S-{aaincalkyls
auinojefespthonyquinolines wore thelr ddhydreshlorides. Ib was
logieal therefore %o find oub what reaction, if any, they pave with
eyancguanidines, Afber refluxing in aquecus alechol (aclubllity
sonsiderntions irdicated addition of water) Je{l-a.ducethylacino)e
et oty quinoline dihydroehloride and lmgyano=3=isoproprlgmnidine,
the enly rescgnizebdle mmbterdsl rocovered Iron the reactlor mixbure
wad He{ Zeaminoct hylaning ) «oeset hogyquineline vonohydrosiloride,.
ihis compound bad been previcusly prepared by rake and Gsrman by

& different rethod.”® Jlsed melting points of $wo ssaplos sropared



by the Jilferent methods gave an undeppegsed nelbing podnt und the
surbon and hydrogen anaiysis were on the borderline of awccerdsbllity
o this compounde

from the rvesulis of {his experiment it zﬁq,r,wsl that perbaps

lecyanosJelsopropylguwnidine was insstivated in some manner,
ither by the prssence of the Lydrogen chloride Trom the guincline
gompound, or by the need for a hizher reaction tenperature, or bobh.
Congultation of the literabure reveuled that gyanoguanidive roucted
with hydrogen chleride to foarm s hydroshloride salt.’! Concerning
the reactlon teuperatuwre, 1% was Inown that srcmbiilc asine salbs and

5 alechol,

cyanoguanildines gave good ylelds of diguwanides in ref]
frumerons experimsents reported in the ldterature indleated that
aliyl diguwnides required a sonewhal higher fenperature thon re-
fluxing aleohel would afferd, for thelr preparation.

In any case it was declided pext to investimbe the vesotion
of the free gquinoline bage with eyapommnidines. In ohe experinent
Bu{Reainosthylamine J=tmnethoxyquincline and legynno=3eisopropyle
cuanidine heated between 126=1329 in e bubyl cellosolve solvent
for 16 howrs and then acidifisd, was worked up %o give a 200d ro=
covery of Se(leaminoetiiylasing)-Geoethonyouineline in the fora of
its dibydrochloride sall, undepressed when melting with a koown
sanple, In thie experiwent nothing but sterting mterial could be
isolated and chapaoterized. To explaln thegs resulis one could

apgumo that the facile resciion of a eysvozunnidine wilth an axins

zumiaan Cyanandd Company, Jibtrogen Chenicals Dipests The
U R k415 W RS0 KK P ;g‘g & {1‘}4;‘5;3 :ﬁﬂ Honkefeller ?*321@%;

fﬁw T‘EWR -
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requdred the latisr to be present as an lon, since most workers in
the past employed andne salis with gyanoguanidines teo yield digmanides.

The Ldes then sugpested itseld, that the monchydroshloride
sasurated from tho £iret erporisent (vhen dlhydrochlovide ws used
az a reactant), alzht reset wish oysoopumpidines ot a higher teuperw
asture o zive a ddgwanide produst. Upon farbher cpariasniabtion
3his roved $o be tru,

Gw{Rewdinoet by lanine Jebene thoxyguineline nonelypdrochioride
o properad by the method of Drake and Carman.* It was heboed
at 1i5=153% with legyanoeld-lsopropylousnidine in butyl cellogolve
golvent for 3 howrs. The resotion sdxbure ez thern d1luled wiih &
saturaizd copper suwlfate solubtlion to precipliats o purple eopper
somplex which wae not charactorised, Iy dlesolving the cocuplex
compound in hot hydrochlorle acid, meubrallaing with sedlum sullide,

art Cillerlng off $he copper guliide, an agueous solution of the

sepohydresiioride,. Purther consonbration of the £iltrete froum $his
enupound cave 2 preclpdiade which wporn exuplnstion proved o bs
unresated Se{Z-aninorthylanine)«~beoot hogyorineline monohyiroshloride,
This suggested shed the asdnoethylasdne groun in the Ue(2wandnow
ethylanino~bemothoxyagdneline resctant alse forned a complex
consound with sopper sulfate ag A4 She ddguanide, Although the
sopprr comoiex forming tendsnaies of digmnldes had been used

ippunorstble bimes Iin the pagh by norkers to lcolate dgpanides In

& 3

P TN - o [P At ST O A % g PR S S Y S pe bl e
a e Jorem Dron reactlon mlihorws, i appoared that In Bl
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partioular gynthesis the sethod was not promising., 4 contwel
experizent whereln an agueocus golubion of Sw(Zearninosthylusdno)edHw
whhougyguinoiine sonohydreciloride waas poured inbto a suburated
corner sulinte solution gave a preeipltate of green coprer counlex
scopound. This complex compound mas worked up $o preeiviiate the
copper 48 copper sulfide, as explained before, and Se{2eacdnoobiyle
amine Jebenet hoxyquinoline dihydroshlorids was recoversd in the
£iltrate, urtiwrnore when the free bage, (SeQessdinoetbylaaine)e
bt hoxyanineline ) , leayano=i~isorrepylmmnidine, snd scoppor
sulfate were heated at 145-155° in bubyl eellosclve solvernt, amwm
te the mrocedwre fov free axdney developed by Cued and ?v—f.wa,f? and
the ecopper complex filtered off and worked up, an alnost qumrdi-
tative recovery of the Se=(2-aminootbylanine J=tenethoxyquinoline

ag its Uhrdreochleride took place,

% was to be axpected $hnt these Ai0Moulties would slso apply
in the syrdhosis of the analorous rronvl and bubyl disuanides which
were corberplated slince the adnonrenylasine and ardnobutylasdine
croupe should Sheoretioally alzo form copper comnlexssg.

From the above siperinents 1% was learned thet the desired
AMrmandde eomsound me formed fron Se{2eardnosthylanine jedmw
st hoxyouineling nonohydreshlorids and Ileoyano=I-iscopropylomnidine
in the viclnity of 145-158°, The wse of the butyl esllesclve
golvent, or of any selvent, did not soown necessary in the lighd of
the sork of Efzc?}mk,:m Susine and Idgund 39 Tenddek and iﬁ%zmmzzalmr,‘w

ey . ;
and obbers® who honted the dry reactants tocethor. This procedure



was oore common when allyl acdpe hydrochlorides were reached with
oyarouanidines, but rurely sesned nesesgary when employin. the
saslly reschbing aryl asdne hrdrcohleridess

Upon further sxperisentaiion it wig fomd that the fusion of
legyano=3-lsopropylovanidine, (2.pe 101~10R%}, with Se{2-anmino-
ethylamine)=benethoxyquinoline monchydrochloride at 170058 41q
not gdwve an eagily stirrable yeaoticn: sdubure, Ffrosz a theoretioal
visepoint cood nixing seomed empeniial for & good yield of rroduct,
Ralsing the feuperature resulted in evolution of ammonisa from the
reachion sdxbuwre with respuliant deconpositlon.

How Cuxrd, et 2l.2% had shown that legyano=3eisopropylruanidine
procipibating fron dlomns; orystallized with o half oole of diomane
for every mole of cyancmumnidine, This solvated l=oyanow3eiscoropyle
guanidine hed a melting point of 109«111%, Upen fusion of this
mberial with Be{Zearinosthylanine y=tmmethoxyouinoline monohydros
cilordde an sasily stirvable weli ws formed aw 170%. It was found
timt stiveing the two cosponents wnder nitrogen atmoschore for less
than an how et 1702 resulted in the resction mass solldifying so
that Torther stirving eas impogsible, Assaninge St the resstion
was complebed at dhis poink, resrystellization of She welt fyom
alochol gave the expected dismuwspide sroduct, bubl with 2 seliing
poins about 10 degress lower than the amalytieal saupls Lirst isclated
ubdiiizmivy the copper commlex awbthod. Rotlermore, zs to be expected,

tide low melting mberisl did nob glve a satisfnetory apalyeds,

wﬁi‘&mg}mﬁswm of all these fusicn reactions reported fronm this
peint on refer o oll babh tsaperstures wilelh were In all casss aboub
10 degreos higher $lnn the internal temperatures of the roagtion



dany recrysballisuiions fron numerous solvends ond solvent palrs

only raised the melting polint

3 or 4 dogrees. In one sage olter

glght recrystallizstlions, stiended with considerable losg of mterial,
the compound sbill selbed & dugrecrs low, Use of decolorising charcoal
did net ilmsrove the wooens, The anlanewn fapuriby wes mogt likely
very alallar in physdoal propertles, especially with respeet to
solupiliity, be the dipuanide., I wes inosn that 4o cleomctography
the dstrindion coelfficient is frequently very sensitive te slighh
differeroes in chenloal struweture. The pessibility of elromtegraphio
gurifisation strongly suggested liself and at leust zeenmed warth a
trdnl,.

Albhough the list of solvent and adserbont pairs thed could
hawve been tried in ohwomatography appeared endless, o satlsfactory
vurification gocurrsd luckily in the first trial using anm alcohols
hengene solvent and an alusdnuw oxide adsorbent, It wma found in
subsequent experdwents thot the benszens was wmecessary and absolute
aleohol ag the solvent worked equally well,

The orosedure wag developed whereln the resciion mizture upon
solidificetlion waa dissolved An absolube alochol to ferm o dark red
solubion. This solublorn was allowed to flow Ly gravity through s
golww of aluwsipun exide, sweviously saburated with aloohel, wnbil
the top of the colun wes covered with enly aboub s ul., of solubion,
Dludion wilh eloobwl was ther started to dovelop Lhe chirommiogran.
The digpuwanide compound colered the erdire coluwm pale yellow al
the beginning of ths elubion and passed very easlly doun the length

Gi She eolww %o give o yellow alooholic solubion when it ewerged.
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dizuanide monolydrochloride {ollowed the same zepercl nreooedure
cublined for the ethyl derivative. In cuch case the appropriate
Gwi{n dnoalkylasine =bmmothoxymuineline monohydroehloride we haabed
ard gbirred ln an inert atmosphers in the presence of an eoudoolar
cguaEntity of leoymnoe3d=isopropylmenidine at a tempearature betweon
1501709 until the reaetion uixture solidified and could no longer
o stirred. Upon clromtographde purification She yislds waried
geperally between 60 and 700.

The preparation of the several Se{aninoaliyylaming)wtmsthoxye
quinolines’? which were isolated Iirst as their dihydrochlorides, and
here as thelr sonchydroshloridss followed prosedures previcusly
described,

Conaldsrable sodification of experiuental teclinliques and
iaprovenent of ylelds rezulted in preparing Se-(f~ainoeleretiylie
%mﬁymmma}mfwmt;!muxy@mam@ so tat the work invelved in premring
the l-asinowi-brosopentane side chain and the resuliing condensalion
with GeoethoxywS=aainoquineline has been incluled in the experdmental
section of this thesis,

5%‘3» sddwing de W‘ .3 5}?% (1‘;“’9)'
*%r, e m’ : % FPRIN I o » B» 2188 (1939) tﬁ&; M (35%{3}.
Flsaingsr, Yon and Carmacky, Jo Ane GhODe 808., 28, 1563 (1946).
voshor, 1hide, 58, 1565 (1946).
and Fobinson, . gw #00ey 555 (1943)¢
Liﬁrfif%m, &% *“l, g,t sxddw Qmﬁ Ma; ‘?g; lm ii‘;}iyﬁ}.

‘e 4

60 1a0rriedd, et Gley de ABe GOBRe S08er 68, 1579 (1946).
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In prepering the aide chaln, Xeaoetobubyrolactane was Lirst
prepared fron ethylene oxide ond aceboscstic ester by the sethod of
Ahvanyents, Chelinbzev and Usebrova."t Due to the large quantities
of X=acetobubyrolacione readed for bhe synthesis of the alde ohain,
bds ohesleal was Inter prooursd from lerok and Co.p Inc. This lsotone
was then refluxed in strong hydrechlorie scid solubier bo yield

lmohloromi=pentanone by the wthod of Farnn. % The lechlorowl=

neptancpe wig then re
to leeainoeiwcentanol by the methods of Dlderfield, of %1’@3

eed o lschloromi~ponbancl which was audnated

The redustion of leohlorowispeptancme to lechlorowi=rentancl
with alusdrue fsorvopccide was & heat sepsitive reaction since with
excessive heat and poor touperature control and coolding, the I-chloroe
bLepaptunel easlily aplid oub hydrogen ehloride asnd oyelized to (=
aethyl tebraiydrofuran, The largest scale thnt this redunticn had
erevicualy been perforzed in with setisluctory ylelde was a X4
aelar run. Thore is recordsd in thls theels a 3.4 melar reduetion
under gonowhat codifled conddbiona, that dcok slace im equal yield,
The awination of l~ghlorow/-nentancl was recorded in ths literbure
in 325 @ﬁam, bub by inoreasing the ratic of ammonia o chilerchydrin
the yield was lncrcased during the cowrse of this researsh %o 38,

The brouwination with $hienyl brenide of leaninos-{=-pentancl to yileld

Amgrdno=lebronopsptane hydrebrondde wa Clrst perfarmed by Dlderiisldd,

Ammpunte, Chelintzev and Usetrows, Cgmnt. Tede &
(ud w«»mﬁ.c) (no a.éap;, iy 312 {jﬁ;ﬁ&}g k,n ﬁ“ﬂg _ﬁ, 4382 i}.‘?gﬂ;).
éam; e mm@mi Chend f’ﬁ" .uwmﬁxi’ Te 8o Mabent M,B»}?,mb

{tar. 20, 1945)3 Lo Ses 4l &3‘*’3& xlﬁiw}t



ot ai&.f,é’ﬁ but without reporting fmportant experinental
The experimental work 4n the bromination is inoluded in thiz thesds

in the irberest of future warkers in thia field.

Of the seriss of fe(amincalkylanine)~Semethoxyquinoline
sonohydrochlorides prepared in this research only the 8«(2-aninoetl
aming j=bmaothoxyquinoline monchydroehloride hss been previously
reparted,™ These salts and their preparation from the knows
shloride salts 1z desardbed ir the experimental seotion.
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To 500 wnle of an alscholds solution of sodiun sthoxdde equivae
lant 60 12 s, (052 wols) of godivm was added 2745 ge (0.6% mole)
of eyamssdde with eflieclent sblrring and cooling in an fse-buth.
Freshly distilled isopropyl isothicoyanale, 50 g. {(D.48 mele) wae
added and thv solution was stirrved ab room Sesporature foar two
bours, then G8.5 ge (0u48 mele) of osthyl fodide was added and
the solubtion was stirred eovernicht, % was then concenireted under
rodused presoure wntil all of Lhe solvent was removed, The vhite
cryetalline rogidue was recrystalliizsed from 3 =mixtuve of 100 nl,
of alochol end 200 nl, of waber to yield &8 g, of white needles

that selted nt 113«115°, (399 cverall from the lsopropyl isobhioe

cyapnie) .

IneCyano=I=igoprony lmdenot by lsd=t hio pseudouren, 58 g. {(0.43
myle) was Jdesulfurdsed with 680 nl. of 158 'a:zmmm samonds ad
100° wnder 150 1ba./in.? pressure, for 7.5 hours in a bouwb. ihe
boul contents were decanted Into a {lask and were cancentrated
on the stoam bath until an oil remwined., This oll wmas diluled
wibh 400 ule of diomane and heabed on the stean bath wntil the
lesano~3-isopropylomnidine bagan $o orysiallize around the edzos
of the flask. The dxbtuwre wa dilubed $o s volame of 500 nl, with
dicxane, heated to 85, and the sohdicr filtersd, The filtrate was

seoled to 17 whereupon the mroduet presipitated,
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It was Dilsered off and reoorystallized twice more from dicmne
%o which a G.1 g. of decolorizing charcoal lmd beern added., The
yield was 50 ge (G88) of white ervetals that bad & selbing poink
of 108.5=103.5%, when dried in s vecuunm desicoabor over paraffin.

Deoh aolke of leeyanoelwigsopropyloguanidine erystallizes with a half

uple of dicmane.,

then dyrfed at 78% in a veeuuwn oven the wlbing point was 10le
102°,  apade Galotde Tor Cgliygh s O, AVe603 1, Vo993 3, 44415
Vound:s Gy 470933 Yy Tehy iy 4ba00a

Isopropyl asdne hydroohlordde, OB.7 g. (0.7 wole) and
6443 o (072 20le) of sodlun dicyansadde® in 185 wml, of refluwdng,
anhydrous bubunol weres stirred for 3 hours. The cooled sclutlon was
filtered and the presipitste wos wasbed uwith two portions of bubancl.
The preciplitate welghed 51 z. and wos exiracted with a liter of
abaoluto alechol in o Joxhled exbrastor to reclaln 8.5 g. (0.095
sule) of wnreacted seddun dlevananide for future use. The butanol
filtrate and wohings were cencoprirated under redused pressure wdil

& oByTap resmined. Thls syvup 7vher tritwaied with wars ddowmunc

s1edad 105,8 g. (BG3) of leayano~3-lscprepylgmnidine, that zelted

lsopropyl lsohhiocsyamate, 139 g. (1.37 selss) and 137 .

&3 Supplisd by jnerdesn Cyanardd Vonpany.



of 657 eodiun oyananide® ip 600 2l, of aboolube aloohol wore
sbirred ab leesbubh teuperatuve for 4 howrs, Gethyl lodide, 2065 .
425 nwles) wap %,tz@m sdded with contimued ecoling and stirring.
The reaoticn :z:?,mw@a wag stivred {ilfeen hows alt yoom Leuperature,
Shen filbered, arnd tle peclipilabe wushed oneeo with absclube alochol.
The filtrate und waahines hed a sowerful meresapian like odor and wape
allowed o ooncentra%e in & beoker uwnder a hoold for ihree days, The
sroducd began to prosipitate al thids tiwe, me the sclublon vwes dilubed
with wvaber and shilled ir an ise-bath do yleld 127 z. (599} of wiite
neadlas thnt wclted at 7709, Uhen reerystallized fron agueous
ethanol the melting podnt was 70-719, & gualitative analynie showed
the absence of mulfwr. apgl. Caletd. fors G, 540173 Ty Seddy Uy

2’?4.0’3’; Founds {), %wmﬁ % ??3 3£’ g‘:‘-.w{;, $a63§ :zg ;\'Z?n{}ffg ::\:3.% 7w

Bthylene oxlde, 100 z. (£,26 aoles) dissolved dn o 1315 nd.
of ehilled sbaclute alochol was slowly added with stirring to o
sodublon of the soddun sald of acolcusetic cster (prepared from
305 me (2400 woles) of sater, 5 g. (£.26 woles) of sodium, and
300 ul. of absolute sthancl) while ccoling in an loe-buth, The
aixbure was stirred for 9 hours during whiech tims the renchlon
henperature roae to 200 zs the ice melied, The aleohol wae reuoved
from the reactlior nizbure undsr reduced sressurs and the solid

residue was decomposed with diivie acedis acid until the solutlion

supplied by the American Cyapsudd Company. The sausple
assayed 68 sodius cyunardde. The lmpuritiess wers sediun deﬁﬁe
and sodiws carbonste.
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wag peubral o litouwa. The aquecus sclution wos sxbracted twice
with other and the ¢ther layer was washed wibth & sstwated sodium
ashloride sclution. Af%er the ebher layer had besn dried over aniyrirous
sodlus sullate, the sther, aloobwl, and wweacsted acetoscetio ester
Bere resoved {from the drisd midiwre undsr reduced pressure and the
= maoobobutyrolsctone was fractionated, The produst welghed 134 o.
apd bolled at 68«709/0.5 sm., (515 oversll froz aceboscetic cster).

A solubion of 118 ul. concentrabed hydrechlorie acid, 130 al,
of distilled water, and 134 ge of o ~gostobulyroloctone wia hwabed
under refluw in & flask provided with a trap for conbinucus recoval
of $he product, The reflux was contlinued wntil ne further lechloyow
L=popbanone wag evolved, The lechloro-i~pentanone was soparated
from the water layor, dried over anhydrous sedium sulfate, and
distilled te yield 56 gz. of rrodust bolling at (2«63%/14 m., (597

Lrom o wasctobutyrolactone ).

I-Chloro=i=porbancne, 410 g. (34 scles) sas added over o

seriod of & howr $o 2500 ul, of 10 welar alunimue isopropoxide

from whleh the isopropyl alechol and acebone were belnpg distilled
at such o rate w8 30 keen the velume aprroximately sconstant, The
digbillstion was contlimued for 10 aipubes longer while dry isomropyl
aleohol mug added Lo keep the volume congbant. The reasetion dxbure
wag then conoentrabed under reduped repsure o renove ag moch lsos
mropyl aleechel ag posaible in 20 ninutes., The residue wos slowly
poured with vigorous sbircing fste & liter of concentrated hydro.

ehlords seid and 1400 ge. of eorushed ice which was gubuerged in an
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loe-batlh. The addlitlicn wae rogulated so that the tenmpersiure did
nob rise above 50°, ’;.‘::as; whabuare wae shep centrifluged for o howr
to complebe the sedisentation of the polatinous alumlmaz hydrexide,
The alesar supermaitspt liguid was carcfully decanted f{rom the escbrifuge
tubes and we oxtracted with five 400 mi. portions of eotber., The
combined elber exbracts were washed with five 300 nle. portions of
szburated magnesiun sulfate ﬁw&uﬁm. The evbher solublun was dried
over ariydrous mgnesium sulfate and the «ther and iscpropyl a&aelﬁl
were resoved wder redueced pregswre within s 2 “hour reried without
the temperature exeseding 50%. The residuc was dissclved in an equal
volume of anhydrous ethor, the solution was dried over anhydrous
sagnesiun gulfate, and the solvent removed as belare, The l-chloro-
sepentarol was Irscticoeted and the produst weighed 257 g (715)
and dlsbllled abt AO-479/0,7 mui. luring the dlstillaticn the Lemporas
ture of the 41l pot was not allowed to exmeed 85%., The freshly
dishilled leghlorowi~-erbonel wae shored in the relrigerabor and

vsed in She npext synbleble step wilitidn 4 dayse

IeGhloroebeenbancl, 250 g. (<04 sels) ws placed in & bomb

bhat was coocled in o dry Jfce-chlovoform alxbure., aspproxisuiely

ZE00 al. (112 moles) of 1iquid ssmonis was lrdrodused into the boul
which wes sealed and allowed to staml sl reow temperature for five
daya. The bomu was bhen venbed to allow the ammonia to escape

from the reschlion -duiure, The reooctlon sixture was decanted into

a dilute lydrocialoris acid sclubiopn. 1he ueid solution was exbtracted
twdee with sther to rewove lschlovowi=-enbtancl. The seid scluticn



weg bheo covled in ap ioe-bath and votsssinn hydroxide wes added

with vigorous stirring wntil saturcted, The aqueous suspension of
rotagsive ehloride wg exbracted wlth ether five times and ihe come
bined etler swbracts were drled over potassiun hydroxide., The ebher

wng dletilled off and the vesldual amine slechol was Jdried and disbilled
fyon barian oxdde, The produet weighed 50 g. (36%) and Aistilled

To 105 ge (1402 mole) of leaminowl=pentancl in 1800 nl. of
dry bensene was added dropwise 212 g. (1,02 mols) of freshly Aistilled *
thionyl bromide while the ndxbure wae stirred and coclad In an icow
salt bath, The thionyl Wromide wap added st such a rate that the
tomperature of the reschlon mnixbture was meintained below 10°, alter
all tbe thionyl brozide bad been added, the reswstion dxbures wag
sbirred at a tesperature below 10° fer 3 wore hours. The reaction
sixbare was then etiryved for 5 nmore hours &b room teupernture. The
l=aninowiwbronepentan. lydrobroside wes found as an oll Lensadh the
bengens layer and wes separeked from the benwens laysr, The benzone
wag ewarcorated off under reduced progsure to yield additional le~aminew
Lebronopentans hydrobromide wideh s oonbined with the first
bateh separated, The oilly I-aminoei-brouopentans hydrobronide
wag driturated under s liter of absolute sther undil it had orystalliszed.
The lightetan crystals welied below voom teupersture and were very
hydrosoopie, They were filtered off mepidly from the abucluie etber
solubicn whioh was cooled $o ~5%, and stored in a dyy ‘rlenusyer
fisak in the refrigerator until wsed for the nexd aypihetle slep.



3%
Tffortie o recrystallidze the roduet fros varicus solvents and thereby
raise 1%s oslding polnt failed. Tho pwoduet welghed 137 ge and 4 we

assuned 46 0 Lo pure it would repruasent 54%F of tho theoretisal yield.

IsCyano=d=isopropriouanidine, S48 e {0008 acla) and 7.3 e

{0025 melo) of Sw{l-andnoetiylaning j=Owaethoxyoguincline dilydroe
ahloride were atirred in 82 wl. of refluxing 107 aquecun sbhanol
Yop 22 hwurs. The solubtion wus then cooled and the scolvent wig
removed wnder redused prsssure lesving & brom rrecipibate In the
flask, Upon recrystallimticn soveral times from ethanol a corciamd
moltdng soimt ringe of 205«208% wos ashieved. The pale-brown
orystals wers then submitbted for amalysls. Aggd. Foumnds Oy 50,59,
56353 Hy Ga55y 5ab0

G { Zed mrinoet hy lamlno Jelemt hosyquinoline monchydrochleride s
the following theorctieal amalysis. Cale'd for Cyallyelis0 « JCls
G, 55,785 Hy 6435;

(2]

fe{ 2epainoethylanine J=denot hosyquinoline,, 3.8 ge (9,017 wole)and
Za2 e {04017 ale) of lecyanos3=lsopropylguanidine, in 5 al. of
nikyl callosolve wore stirred and heated between 125132° under
aitrogen atuosphere for 17 hours. The ccoled resction dxbure wop
seldifled with 2iluts hydroshlorde weld and cuncantrafed wnder redused
mressare uutil nest of the solvent was rowoved. Tho raglde wes

A1lused and Sriturated with acebone to giwe a yellow arystalline



produet. hen reeryetallized once frow o watereasctone dxbure,
Zedh e ol yellow oryshals that pelted at 252«254° were rooovered.

When a sduxed welting colnd with o paucle of inoun He(2easdinoethyle

taken, ne depresalon s noted.

The wenohydroechloride was proparcd from the corresponding

dihydrochloride by dissolving the latter iz 2 smll asouwnt of

water, adding scdium sscebdate trilydrate until $he vrangesrod colored

sdabure turned pale yellow ab piH,7 and then warndng on s shean

Bati until 2 golubion resulied, The hot soludion wus filbered and
$he Lilirate weo cooled in an lse~baih to precipliste the sonohydroe
ehloride, Toe sopunydroohloride was rsoryghullised twice {fron
absolute alechol and eluor Lo rouwwve the Impurdtise of sodivm
ahlaride and sodiun asebabe. ik 3ads say 2044 ge (D005 uols)
of dihydroohloride gave «ieb ge (o) of aonchydrosidoride. The
yellow oryetals mcibed ob 70-97V. g8 Calc'd for Cypl iy » Bl

Ci, 110983 bounds ©l, 1l.80, 12.01;

R ]
b vyt rond 1

The monolgydroenleride was prepared slumilar to the vorresponding
amyl coupoupd desoribed above. The dilydrechloride, U340 ge (Ueld mole)
s

AVE 554 Ze (055 of grocnisheyellov crystals melbing af 0=00°,

sipte valetd lor O, i, « (Lls O, 1£,58; Founds C1, 2.7,
Sy &S F

12452,

G { Jeis i nooropy insine jeteusbhogy quinoline dihydrochloridey 0.8 ge

(0086 mole) and 13.¢ ge (U095 0de) of sedius aceiads trinydeate and



severul drops of woler were irituratod umSil the whols oaass had
iigueiiod, IS was Lhen heated on the sbean etk fer o few udnubes,
300 ade of nloched was bthen added and the solution heabe! $o bhelling
and Dlltersds The (ildrate mas coclsd in an ice-bath. The resulting
srocipliade was reoryzialilsed twlise froo an adsclule slischoleeblhar
sdzbure to yleld 17.0 ge (7470} of paloetan colorped oxyatals eliing

Galetd fow O, 0, .00, « HOl: Gh, 13.51;
¥ 1373 v 23513

Founds Gl, 1Je52, L3eiie

U {Zmindnoes iy lamino Jwbmnethoxyquineline dilpdroeiloride, 36.3 g.
{0.03 mole) mve 23.0 ge of sonohydrooiloride, weliing ot Z07=2009,

The lighte-tun crystals represented 755 of the theoretical yield.

4 well stirrved mdxture of 137 g. (2.555 mele) of Ilmauinowis

brovopentare hydrobrouide, 193 g. (1.1 moles) of Oeusthoxyete
sadneguineline and 350 nl, of weler was heated contimuocusly for

& hours at 50°, for 1 hour at 60%, for 1 hour at 709, and finslly
for § howes at 90«89, The aixbure was diluted with 338 ul, of
hot water and then made strongly acid with hydrochloric ascdd.

The aold solublion was slicwed to ool overnight in an loe-batbe.

The preelplisted salt of Geuethoxy=teasinoguinoline was [lliered
and washed twice with lce waler, The filirate was bulfered with
sodinm acetate until neutral to litous and was tihen cxbracted twlee
with ether %0 couplete the removal of the Seuwbhoxy~H-anincguincline,
ihe aguecus solubion from the ebher sxlysction was ade sirvongly

allaline with sodiws hy@roxide and heated and stlirred for 5 hours
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1149 ge (Ueld mole) and 345 ge (Ul nole) of scdiun dioymnenide were
shirred In 40 al. of boiling, anhydrous bubanel for 3 hours. The
cooled soluticn was filtered to resove the sodium ehloride and the
Lileraie was concentrated under reduwsod mressure wtil o preaipidate
rvesulted, dhen filiered off these yellow crystals weighed 9.3 ge
They were dissclved in 200 nl. of a4 alxture of alechol and bensene
(50840) and poured through an aluainua owide solumn, The chrombogran
wan eluted with 40 nl, of absolude alechel. The solubion was then
sonsentrated under reduced pregsure until all the bensene we ré-
noved fros the aleoholie sclution. It wes necesgary to add some
algohol to the soluticn durdny the concenbration to reucve the
lest traces of benzene, The £inal volume was 100 zl. This alocholie
sclition wes diluted to turbidity with cold water and $hen cooled
in an lfee~bath o yield 5.9 g (23:) of palewyellow crystals weliing
at 131~132%, 4pal. Cole'd for OyqippClgt O, GR4555 H,y 5.79§

hy 25,75, founds%5 0, 62,88, G2484; 1, G482, G843 U, 2542,

G (Qmp rdnoet hy laming j~tmnsthoryguinoline monok; irochloride,
Gef e (U023 mola) and 340 ge (0033 mole) of sedium dlayanondde
digsolved in &0 ml,. of bolling, enhydrous bubanol were heated apd
stirred for J houwrs, The coolsd sclubion was filtsred to renove
the sollum chloride apd the butancl in the filtrate wos removed
wnder reduged presgure, The residue was dissolved in absolube

chlanol and waler wue added bo the solubion until Lurlddiby

o5
The corbon amalyels on theso oryanompnidine coroonds vowlly
was 4l due o unknown retsonsg. :



&4,
resulted, Upan ceoling o dark colorsd oil serarated which arvsiallised
upon soverel cays standing., Thess srystale were £il%ered off and redlse
eolved in 150 ul. of dry ethmnsl ard passed tirronch ar alominem oxide

eclizvz.,  The ehromatcogran was eluted with 10 =1, of sbsoluhs aloshel,
The alochollie soluticr was corsentradted under vodused mresomve Lo

50 nley d33luied Yo Luwbldity eith cold water, and cooled i or icow
bath S yield 3 . (327) of mle-yellow erysbtals, selting 3t g-161,
te pe 162-163%, igal. Cale'd for Copligeligs Cp 594135 1, 5605

e s g o : oY A i< ; 3 ‘ 4 " xe ST
Hy 2550, Feunds 5 Cy 5238y 594475 U, 500, 040535 11, RU.H0y E9ebde

Ge(2eimincet yylanine ) =Senethoxyquineline monohydroshlerids,

Lo54 e (0018 mole) and 3.05 ge (00018 mole) of leoyano=3=isopropyle
guanddine wers healted and stlrred in 15 ols of bubyl cellosolve for
mtely 50 ni, of &

2 howrs ab tenperatures batween 145-155°, app:
saturatsd sopper oulfate solubion was then edded to the reactien
sdaxture with stirring and Shen the solutlon was La,ﬁ@ﬁ to £50 wl,
vith wber asd cooled in an ice-bath. The copper coxplex of the
diguerdde produst preciplitated as pale-puwrple erystals, These

epyotals weres Diltered off and vashed twice with unter. The copper
sonnlen wns then ddssolved in & ket zolutlon of 12 nl. of concone
trated hydrochloric nedd and dilubed with 250 o, of water. ‘owdered
sodinm guifide crystals were then added to the solution whils stirring
until the sclution becane basie te lltmus, A few drops of lydroehloris

soid were thon addsd to adjush the pil betuwesn 6 and 7. The

o, .
el R



regulblng covper sulfide prweipdbote was ther fillered off and weshed
with water., The aguecus i’il%zr&%ﬁ%ﬁ} wae consentrated under redused
pregoure to 200 =d, whereupon 3.4 g of pade-green crystals were
filterad off wideh nelted at 197=-1968%. These crysbals were recrype-
tallized apsin frow o sodiuw cidoride solutdor bo yileld 3,3 g. (488)
of pale-yellow oryatals, no. 197128%, Angl. Calst¥d, for Uil -

Hode Oy 534453 M, Ge893 l, 25,815 Cl, $.333 Found: C, 53,50,

534773 H, ’:ﬁn?{*; Teddy Hy 25,99, 254953 UL, Taild, De33.

Pm{2wiminoathylanine J=»bmnothoxyquineline aonchydrochloride,

3.0 Ze (D012 mole) and 20 ge (Uell2 mole) of leoyunoesleiaopropyle
suanidine were heated and stirred under nitrogen atmcaphere at
168=1699 (oil=bath tempurature) for approximately L hour at which
sin bhe reseblon sixbure golidified and prevented Durbhoer siirri
The yewotion wixlure mag digsolved in W0 nle. of absclute alochol
and passed throush an alusdron oxidde colum. The chrommbtopran was
eluted with 1% wi. of absclute alochels. The alochel wag Alstilled
from the seluticon while adding bensene al such a rate as to keep the
volume approximately constant, then the solutlion beoame turbid
the Alsbillation sae discontimied ard $he sclutlion was cocled Lo
reoon tespersture allewing the rosction cwoduet to erystellise in

sale=yellow nlatleba, The produet welghed 2,8 ge (627) and uclted

5’%*211.@ filirats whon Durther concentrated ylelded » sueld
axgrmd of ﬁn{&%&m&@t Flaning J=beset hoxygquineline vonohydrocidloride,
et Lm0 o




&t 137=198°9, Theso orystzls mave an undepressed welting poind

wilth an zmalytissl sanple srepared by webhod A,

Ue tia 1817, LD e éi%@gl#eﬁ v 120 ule of wmter was rendered
etrongly basie with sodlun hydrendde (pi, 1Z2). The strongly busls
solubicn was hoated on the stesn Dath for 5 wloubes and then saburnted
wlth podium ohlordde and cooled, Tan colorsd erystals welzhing L3 Ze
serarabed out that melbed at 1881897, This rocryutalliszation process
wag repoated Stwo acre times without ohange In the eliing polub. This
sasple 4id not give a comnldslely satlsfuostory anslyeis for the free
bage, Ghe degree ol nydratlon was inconsistent. Perimps a carbonalte,

bisarborate, or a alf carbonste wes lorned on stopding, but this wus

nob rvoven by the observed amalytieal data,

The free base of Ul de 1917 prepoered by the uebhod above waa
digsclvad in o methyl aloohol selution previously sabuwratod wikh
wydrosen chloride. Upon addition of ubesolube ebther a coempound
presiniiated conslsting of ormnge-yellow ﬁﬁ?@ﬁ&lﬁ whlch deconpossd
bebweer 116-120%, Tepekition of Lthds process sroduced erysials
molhing between 1181209, buy Curtbher purifiectlon abbsopte did
wgm

not chonge dhe ueliing poink. It wag degided thnd a deborw
of the mumber of mwles of hydregen ohlerdde atbuched to one mole
of 1ha{Za{bmnot boxy=-Tmquinelylsino Jesthyl =i =iscpropyl dlguandde
sight deterndne the numbor of basie poaiiions in this druge &
sotentionetrio titratien using o reference olootrwie, silverwsilver

ehleride with saturated sodium sulfate bwidge; Indicator slestrode,



&7

netalliec silver, was decldsd upon. Due to the deepecrunge solor of
an agquecus selution of Uldds 1910 a velumetric debesradpation weould
have a A48Tioulty cocertained end peodrb. & mrevietric deterairation
aculd be very btine consundlng.

A 03686 ¢, sansle (0.7396 ::sim:aﬁlw)w wae dissolved in 100 ul,
of dietilled water and titrated sgainst a stonderd gilver nitraite
solution (1 m.e. T 10,08 ul.). The buretbe resding st the besinping
of the tibration wis 7,50 m=l, and at the end of the titration 27,35 nl,
The uretite corvection waz ~0.04 nml. This gave & corvested volumo
of silver nitrate addad 2% the end point of 29,31 =1, which was

eqnivalent of 2,957 nillieqmivalent of silver rnitrates The »dlli-

sguivalents of hydroegen ehloride per al
229577047306 or 3.998. Therefore, with an asgurscy of ome purt in a
thousand we sssumed 4 =olos of Wydrogern ohloride sttached to 1 mole

. - . Y . . . PO -4 .
of %gl-—(o%a-(z:mm}w&mqﬁmwm:ﬁma}»ﬁtzsg}.)m Jwloo ropyl dlosanidc.

There secned to be 4 siropgly basic positions ln the solesgule,

e Sminaincamylanine }-beebhonyquinoling monhydresilordde,
150 7w (0051 mole) and S48 ge (0051 molo) of lwcyanped=iacpropyls
guanidine wora heuted and sbirred under nitrogen almosphore al 150

164° (oilebath temperadure) far 1) hewrs, 4t this polnd the resction

5 .

igruming the dihydrate tetyalhydrociloride, (molecular
welghh ® 525.05) was formed. Jor sicdlar sulls ol digusnides sue
referoncs 27,
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0.700
0.675|.
0.650

0'625
0.600
0.575
0.5000 1"

0.550

0.525



forbbor stivring., The reaction :mss

sixbure selldifed and preve
was bhon dissclvel in 250 ml. of absclube alochol and passed through
an aludnus oxide eolwwms The clmomierran wag then eluted with 50
ale ©f absolube alochol., The alooholie solution was concentrated
under reduced pressure to 100 od., ddubed fo Lurblidisy wikth absolute
ebhsr aml ccoled in an dee-both to yield 15,9 o {(44)) of mle~
vellow oryetels which sintersd st 1819 spd melted ot 183-183.5%,

T

shinde Galo'd, for CyuHaqOl, © 101 oy 56,925 1, Ty Ty 23423,

Founds G, 57,05, 57,115 iy Te27, TeBAp Uy 20,01, 234324

Ge{dmininobuby lasine Jelemet hoogyrguine line sonobydronhloride,

132 o (UW0A5E 20de) snd Te95 pe (000408 mols) of legyunoe3eisopropyle

42\'

(oil-bath tenperabture} for 27 lwurs at waich time the reaction :dxiure
godddliiod Ths reaction misbure was muprifisd = i»n the previous
synbbosls o yileld 1340 g (74) of palewyellew crysials, meliing at

g=171%, aepe 172-173%. dupde. Caleld for &1{93’%2{3&3%? « 0y Oy 234933

P!

mianidine were hosted and stirred under niirogen atuosphere at 150=160°

M’ *{pzyl; 25, &*@,133; Founds ﬁ' ﬁ-}.gﬁ} .;;UQ}.:EP; »:’ ?o::?%’ "g':}'lﬁ;; 3"’ Jﬁid’\..ﬁa@,

Ea ek
e‘{«j;}v *end

nanopropy laine j=Genot oy gudnoline nonchydroehloride,

15e3 He (G057 mole) and 9.7 ge (0a057 mole) of lwcyano-Il-isopropyls

" o P-4
andar alire VP 5

ceanidine were booled ai 1709 (oilebulh  tex

a® £ L * B WP SN SR NS 2 o o T S BT S
with officient wochasdenl sbirving. o6 the ond of | Lowr
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the reaction mmss hod s0lidifled and prevented further stirring. The
resction wdxture was purified like ths corresponding butyl and amyl
diguanides described before, to yield L0 g. (68%) of lighte=yallow
orystuls, welting ot 8~211°%, m.pe 215-216°, apal. Cals'd, far Cyglanliiy
HCLs Oy 544875 1, Teldy 5, 244893 Founds ©, 55.18, 55.005 Ly 728,

Tediy W,y 2Py 2487

B { Lot i noelonob iy lbutyls mine J=f=nat hoxyouinoline monohydrochloride,
11,2 ze (0.0 mole) and 6,0 2, (0404 mole) of leeyano=3-isopropylswanidine
were hosted and shirred under nitrogen abtucephuore ab LH0=160° (oll-bath
Seapmpmbture) Jor 3 hourse 4% thds point bthe reactlen adxture golidified,.
The roaction sixbure wae dissolved ip 300 wle of absolube alochold and
passed through ap alusdnme oxide eolwin. The shrosalogran was elubed
with 30 i, abseolube glechol., The wlocholie selublon wae concentrated
under reduged pregours o 100 mle, diluted So Luwrbidity «i%h abaclute
sbiaer and cocled in an foe~bath to yicld 9.0 ge (53%) of yelloulshewhito
sryeialos, vhich welted at e=1700, m.p. 177178°% {gal. Coldebd fop
Copllgglily » HCLs G, 5564925 i1, TeBhs I, <O.20e founds Gy 57,15,

f’}x?ﬁ‘@ﬁ} ;;’ ?'Lr:}, 7’&;3; ;‘&’ ;;;‘5,‘?;:;’ :«f},’.ﬁﬁ;’:g'



ABSTEACT

layeond J. Gray, Phe Dey 1951 (B, m Villanowa College)

Title of thesist The Synbhosis of Hle(belethoxy=Sw
quinelylaminoalkyl)eii“=Isopropyl Dlouanides and Intermediates.
ihosis dirested by Ir. Hatban L. Dralke

tajers Urganie Chewxistry

norss Physieal and Inorganle Chendebry

fages in thoais, 50, Vords in sbetrauct, 150,

This paper desoribes the prepurstion and propertiss of seven
***** rotonbial antimalarial druge. These uay be divided inbo two glasses:

(1) Gelanincallkylamine) q
apd {£) d-{adinoalkylamine) quinoline derivatives of isopropyl

line dorivatives of oyanopuanidive,

ddmanide, The Ciret elass of compounds wis prepersd by condensation
of sodins ddoyanaside with the approprinte Se{asdncaliylasnine)
guineline monchydroehleride in bubanel solveni, 7The scvcond class
of gomppunds was prepared by honting the appropriate Se(andinoaligyle
audne) suincline soncohydrochloride with Ils=syance3-iscopropyizmenidine
without sclvent, The preparstior of & mmber of linterwedlate compounds
and salis whish are also new is Jesoribed as are bhe syntheses of
aseries of known coapounds which have besn prepared by pew or fsproved
sebhoda e

The following new compoundls have been prepared: Nie{Re{iw
fw%mm&w@maw}mim)%w&;ﬁﬁmymw@mmuim, w‘w{ S { izl [ORy
Becpinolylanine jessyl)eic=oyanommanidine, Hle(2=(bmnsthoy~dmquinolyle
a.dno)=othy )=l =isopropyl diguanide monohyiveehlevide, lite(3«{tw
0% hoxy »Omguinolyla sine j=propyl el twisorronyl dlguardde wonohylroe

nlovide, Hle{i=(Genethory-Owguinolyle dno)=sutbyl )= =isopropyl



diguanide menohydrochloride, Ho= {5 {(t=nethoxy«-fequinolylanine Jmanyl)
wHJmisopropyl digusnide wmonohydroabloride, Hiw(iw(OenetioKyete
e;minﬁﬁymsz&mw)wlnﬁwt%xyihu%yl)-»i%5—%@;@&@3{1 diguanide copohydrechloride
and Jegyano-3=lsopropyleZesiiyl-Lepsoudourea .

Insidental Lo the preparation of the above coupounde a number
of new zalis of the Ge{aninosliylaming)-G(eusthoxygquinolines have
beur described, nasely: Se{(3-asinopropylanine)=bemsthoxyquincline
monohydroshloride, Se({=aminobutylasing)=oeasbiogyquinoline wono-
hWydroonloride, Se(S-aninoanylardne)=Osumethccyquinoling nonolydrom
ehloride, and Be{(j~sxino=leuethylbutylanine)-b=nethoxyquineline
nonohydrooshloride,

Inprovesents in ylelds or in exporiszental beohnlques in the
wregparation of the following internedintcs have beon made: l-chlorge
depentanone, lechlovowi=pentanol, 1*&2’%0*4;'@@%21‘&%#1, Loz iinGe -
bromepentane hydrobronide, le-gyanosli-lsopropylpuanidive, amd 1=
grang=3-lsooronyleiencthy ledwihilopaoudoured .

i dipoussion is also ineluded on the preparaticn, isclation,
purifisaticn and salt formatics of the Hhe{fmusthomymlmgiinolyle

avdnoalicyl Je ga—imsmgyl diguanides.
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