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I, INIRODUCTION

In this nution the application of synthetic orgunic compounds to the
treatment of melaris has greatly increased in the last three years, The
interest in synthetic antimalarials has asoelerated since the war in the
Pecifiec has virtually sliminated the supply of quinine end msny Americen
troops are stationed in sress whers malaria is e very serious problem,
The threat of malaris will continue after the war since the infected
service men will carry the disease to the veriocus sections of the United
vsﬁtes that have previously been unaffected by mslaria, The snopheline
mosquitoes are plentiful in the Tnited States, but most of the mosquitoes
ere not infected with the malarial parssite since the cases of human
malerie, sspecielly in the northern states, have been so scsttered,

The three most important maelarial drugs at the present time ere
guinine, plasmoguin, and atebrin, all of these drugs sre quinoline
derivetives and, although they represent only en spproach to thg "ideal
antimelarial®, these sgents are very useful in the treatment of melaris,
The object ’of this investigation has been the synthesis of compounds
‘ rather closely related to the known entimalarials, in the hope of
| developing a similar compound which might be more desirsble as en egent
sgaingt malaria, The introduction of sulfur or fluorine atoms into
quinoline derivatives haes been the general approach in the modificetion
of these known quinoline antimslarials,
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11, HISTORICAL

1. Genoral

For over three himdred years quinine (I) hes been used im the
treatment of malaris. At firet the einchons bark, which contains

GHp— 08— CR CH<CHy

CHg
CHg
H
B¢— CH— N —— CHg
N
(1)

guinine and other alkaloids, was used in the form of & powder, The first
resl advance in the treaitment of melaria occurred in 1820 when gquinine
was extracted from the bark and used in the pure state. In 1908, Rabe
proposed ‘the strueture of quinine which is accepted today, and in 1931 he
synthesized dihydroquinine.l Recently his work was verified by Woodward
and Doering,” who eompleted the total synthesis of quinine. This
synthesis is probably of no commereial value at the present time since
only & very smell smount of material has been prodused by the laboratory
method which inwolves many steps.

1. Rabe and co-workers, Ber., 64B, 2487 {1931).
2. Woodward and Doering, J. Am. Chem. Soo., 67, 860 (1945).

o ¥



o G

In 1891, Guttman and Ehrlich® demonstrated that methyleme blue
exhibited some antimslarisl aotivity, and later other compounds rather
closely related to methylene blue were chown to be of therepeutic wvelue
in the treatment of malaria, After yesrs of research, terminated by an
oxtensive systematic program of I, G. Farbenindustrie, plasmoquin (1I)
was developed in 1924,% Plesmoquin is one oi‘ ii;o rost effective sgents

(11)
known in the treatment of svian melaria, Although this compound is very

effective in combating avian meleris, its use in the trestment of human
malaria is very limited as the therapeutic dose often approsches the
toxie dose. .

In 1930° atebrin (ITI) was introduced ds en antimalarial drug which
later proved to be very effective ix: the treatment of human meleris, and
a:h the present time thls compound is the most importent mynthetio enti-
malarisl. In the ourrent war stebrin has been used simost exclusively.

3. Outtman and Ehrlich, Berlin, klin, Wochschr., 28, 593 (18981)
@mc Zentr., I, 221 . ‘

4. Schulemsn et al., Ger, Patent 486,079 (1924) /T. 4., 24, 1937 (19%0)7

6. {(a) Mietgsoh and Mauss, Klin, Wochschr., 12, 1276 (1833); (b) U. 8
Petent 2,077,248 (1957) /G. A., 31, €060 {1957)/ )

\d
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3ince the introdustion of plasmoquin and atebrin, the iunterest in
synthetio antimalarials in this country has increased considerebly., Ia
recent years thousands of compounds have been tested under the auspices
of the United States govermment in the hope of finding en entimelarisl
agent more offective then atebrin or guinine., This investigation
represents a part of the govermment program.

The struotures of these three most important druge are rather
closely related., All compounds are G-methoxyquinoline deriwvatives and
each conteins & basioc side~chein, In atebrin a2 chlorobenrzo group is
fused to the G-methoxyquinoline nucleus. Atebrin might alse be
considered as a T-chloroguinoline derivetive and this nucleus haz shown
antimalarial properties comparable to that of 6-methoxyquinoline mucleus,
Plasmoquin snd atebrin contain the ssme side-chsins, but the dislkylamino~
slkylamino group is atteched to the quinoline mucleus in different
positions, The bieyslic basic side-ochain in quinine is ‘zomm in a
position compereble to that ocoupled by the side-chain of mtebring hew-
ever, the former ocontains e secondary carbinol group.

In the search for the ideal drug, the prophylectioc as well as the
therspeutic properties are of extreme importance, One of the serious
1imitations of both quinine and atebrin as agents sgainst melaria is the
abgence of prophylactio action. These drugs now used in the Ma'man% of
malaria only suppress the sotion of the malarial paresite; neither
complete ocure nor preventive setion agsinst infection is acoomplished by
these compounds, |



2, Aminosulfides

Methylene blued and very closely relsted derivatives were some of
the firet compounds found te heve antimmlariel activity, but no other
phenothiazine derivatives heve demonstreted any signi ficant aotivi,ty.s
Other heteroecyclic sulfur compounds conteining the sulfur stom es &
sulfide heve not shown much promise ss sntimeleriels, but this stetement
is based on the testing of only & relatively few derivaltives. Further
testing of heterocyeclic sulfide compounde may prove more fruitful.

~ %he pharmecological tssts of geversl compounde contsining sulfur
with a valence of six have been rather encouraging, For exampls,
sulfanilemide and meny of ite derivetives’ heve shown definite activity,
but these compounde have not shown ontstending antimaleriel properties,
Some sulfones have been reported as active, especinlly diphenyl sulfone
darimtiws.?

This investigation hes to do primerily with aliphatic side~cheins
sontaining a tertiery amino group and & sulfide linkege., AL the time
this investigstion was begun in this leboratory, enly two importent
compounds of this type had been prepared as antimslarials, The first
compound was 8+ B =( B '~disthylaminosthylmercapto)~ethylening / ~6-methoxy~-
Qninelma (Iv), snd the second compound wes the corresponding 5,6-di-

methoxy &erivatiwg. Unfortunately the physiclogical teste on these

B, &niriey, D. A., Doctoral Dissertation, Iows State College (1943).

7. Marshall, J, Pharmacol., 78, 89 (1942).

8. (&) Brit. Patent 286,087 (1926) /C. 4., 23, 241 (1928Y7 : (b) Ger.
Patent 486,079; 486,771; 4B88,890; 488,89%2; 488,945 ( 34) Co Ae, 24,
2242 (1930) ; (o) Brit. Patent 267.169 (192?); (d) U. S. Patent
1,747,531 xssa}

9. (a) Ger. Patent a:ss,me (19%0) @. A 28 3. 67 imsa s (b) Brit.
Petent 354,352 stm) Te A, 12 o) T. 5. Patet

1,938,047 (1933
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| (xv)
compounds are not availesble, 1In this leboretery, Gilmen snd Mﬁm
first prepared 8-/r (S ~diethylsmincethylmeraapto )epropylamine/ -

6emethoxyquinoline (V) and other derivatives in which the terminal

aﬁae\\l/

NN

FNCH R 5CHp SOHZ0HzN (Gl ) 2

)
diethylemino group was replaced by the piperidino, morphelino, end
thiomorpholine groups. Preliminsry tests on these sulfide derivatives
were very encouragings therefore, several oclosely releted types were

prepared for physiologiesl testing,.

3. Irifluoremethyl Derivatives

Certain aromatic halogen atoms eppear to contribute to antimslerisl
activity as demonstrated by the 6-chloroacridine and 7-chloroguinoline
derivatives. In these two groups of compounds the alin@naﬁion of the
chlorine atom from the nucleus, either greatly reduces or completely
destroys the sotivity.

When this investigetion was started only a few physiologiesl tests
on triflucromethyl compounds were svailable. Some simple trifluvoromethyl

10. Oilmen and Woods, J. Am, Chem. Soc., 67, 000 (1945),
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groups: arsine derivatives and miscellanecus amines,

Arsine Derivatives

Arsenioc oompounds have been used extensively in the treatment of
protozoen disesses such as syphilis; therefore, some antimalarial sotivity

from these oo

mpounds would be axpaa'ﬁéd. The arsenis compounds used in
the trestment of these diseases are g&mrally arseno mmmés, sraonic
acids, and arsine oxides. ﬁw well known salvarsen or "606" prepered and
tested by Ehrlich wes an arseno derivative. Thess compounds are all
relatively toxio, but they are administered in quantities which can be
tolerated and yet are effective in combating disesse, In general, the
arsenicals used in tredting syphilis also have some therapeutic value in
malsaria,

| The compounds prepsred in this investigation were all darﬁvativu ‘of‘
arsine, Prior to this investigation, no report on the aentimalarisl

activity of arsine compounds wes available,

Misoellsneous Amines

In plaxming the preparation of possible antimalariel agents there
are really two objecotives, The first is the preparation of a compound to
be used in combating maleris, end the second is the preparation of a
oompound whioh might aid in the correlation of chemical consiitution and
physiclogieal activity, %The vest mumber of compounds tested for |
therepeutic aotivity in melarie has led to the formulation of meny gen-
emli:a‘bien# and predictions concerning chemical structure and ectivity.
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hes prepared e rather cemprehensive review of chemiosl consti-
tution end antimeleriel ection,

In general the exact relationships thet exist between antimalarisl
activity and chemical structure are too complex to be solved at the
present timg; therefore, & somewhet random pmﬁmmtim of possible drugs
h#s s definite v&‘me in sntimelerisl research, These ;#rapar#tims ziemi
not be emi:imly undirected, as there are aer%aiﬁ ver#‘ broad generslisa-
tions which sppear to be valid, For example, en aliphatic besic side-
chein grestly enhances the aectivity of some mmés, but this group is
not nem#sary to produce activity, Different bﬂsia gide~chains heve
varying effects on ‘Ehe sotivity of the compound. Ome mterasting basio
group which has shown promise is the 2,6-dimethyl-l-pyrryl group.
Changes in the terminal basic group of the eliphatic side-~chain changes
the aotivity, btut the diethylamino group eppears to be one of the most
effective terminal groups.

Several aromatic nuclel are represented in the group of sotive anti-
malarial fmmde. The guinoline ring undoubtedly has shown more
promise than any other mucleus, but all quinoline compounds do not hsve
antimalerial eotivity while many other active compounds do not contain
the guinoline mucleus, Certein groups such as methoxy, chloro, hydroxy
and others sttached to any one aromstic ring often enhanoces the
physiologisal action, but these groups uewally are not necessery for
antimalarial activity.

These very broed generalirations have initisted the preperation of
the misoellsneous emines prepared in this investigation,

13. Spatz, §. M., Doctoral Dissertation, Tows State College (1941).
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of orude P =disthylamincethyl chloride hydrochloride end 300 ml, of
ether in a 1 1. Brlemmeyer flask was slowly sdded 250 ml. of ice~cold
36 per eent godium hydroxide with swirling. The ether wes separsted and
the agueocus layer was extracted with two 200 ml. portions of ether. Thse
sther extraols were ocombined and dried over anhydrous sodium sulfate,
The ether was removed by distilletion on s steam bath and the residus
i& distilled at reduced pressure. The yleld wes 180 g. (76%) of color-
less liquid boiling at 52-55°/21 mm, This material can be stored in am
ice~box for at least three or four days. .

(3 -biethylaminoethyl Y ~Hydroxypropyl Sulfide. To 300 ml, of
sbsolute ethanel containing 235 g. (1,0 g. atowm) of sodium wae added

22 g. (1.0 mole) of ¥ ~hydroxypropyl gua@ang@ To this solution
136 g, (1.0 mole) of B-diethylaminoethyl shloridel® was edded dropwise
et the reflux temperature. After the addition the mixture was refluxed
one~half hour, and then most of the ethanol wes removed at reduced
pressure. The residne was dissolved in & mixture of ether and water,
and the ether layer was separated. This ether extrect was dried ower
anhydrous sodium sulfate, and then distilled to give 143 g. (76%) of
produet boiling ,w.n 106-106°/0,1 mm, Previously Gilmen and Woodsl® had
prepared this sulfide from [ ~diethylaminoethyl merecapten end
§ =chloropropsnol. These workers also converted the sarbinol to the
asorresponding chloride as described below.

B -piethyleminoethyl Y -Ghlorepropyl Sulfide. One-hundred snd ten
grams (0.58 mole) of (3 ~diethylaminoethyl ¥ =hydroxypropyl sulfide in
100 ml, of ehloroform was mdded dropwise to & solution of 137 g. (1.15

moles) of purified thionyl chloride in 200 ml. of chloroform. This
addition was carried out at 0°, and the time required was one hour,
After the addition was oomplete, the soluticn was refluxed for one hour,
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and then the solvent was removed by distillaetion st reduced pressure from
a steem bath., The residue was treated with ethenol twiece to remove the
oxosss thionyl chloride. Afber removing the volatile meterial, the
residue was coaled in ice and neubralized with a dilute sodium hydroxide
solution. The olly product was extracted with ether and dried over
anhydrous sodium sulfate, The ether séltrtim was Filtered to remove
some suspended black maberial and the drying sgent, The product wes
distilled et reduced pressure to give 87 g. (72%) of & solorless ligquid
boiling at 92-93%/0.1 mm,

¥ -Diethyleminepropyl V-Hydroxypropyl Sulfide. By the method used

to prepare f-diethyleminoethyl ¥F=hydroxypropyl smlfide (p. 11), this
sulfide was propered from B8 g, (0.63 mole) of JYehydroxypropyl
meroaptan, 14.5 g. (0.63 g, atom) of sodium enéd 94 g. (0.63 mole) of
¥ ~diethyleminopropyl chloride™® 4in 300 ml. of ethemol. The yield was
89 g. (69%) of colorless msterisl boiling et 126-129%/0.1 mm.

2nal, Calod. for cmnzsaﬁs: ¥, 7.18, Pound: Y, 6.90.

¥ =Biethylsminepropyl ¥ ~Chlorepropyl Sulfide. By the method
deseribed for the preparetion of f ~diethylsmincethyl &wchloropropyl
sulfide (p. 11), 89 g. (0.43 mole) of ¥ ~diethylaminopropyl ¥ ~hydroxy-
propyi sulfide wes converted to the chloride with 102 g. {0.86 mole)
of thionyl chloride. The yleld was 70 g. (74%) of o colorless ofl
boiling et 96=97°/0.1 mm., nZ0 1.4890, 20 0.9980, M. R, calod. 64.87;
found 64.45.

Anal, Caled. for OypHgp HC18: N, 6.28. Found: ¥, 6.00.

¥ ~Diethyleminopropyl [-liydroxyethyl Sulfide. From 86 g. (0.57
mole) of U -diethylaminopropyl chloride, 44.5 g. (0.57 mole) of

18, @iliman end Eh:{r}.ey, ‘g_t &‘ Chem, S00., % 888 (1“‘):
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oil boiling at 215-220%/0.1 sm., Redistilletion geve 13 g. of produst
boiling at 215-220%/0,1 mm,
Apsl,  Csled, for Cp M ON.S: W, 11.63. FPound; W, 11.60.
8-/7=( V*-Diethyleminopropyluereapto)-prapylemine /-G-methoxy~
gquinoline Dihydrochloride. The dihydroohloride wes prepsred in en
sbsolute ethanol-ether solution of hydrogen chloride. This orange

compound was recrystellized from absolute ethenol to s eonstant melting
peint of 128-130°, | .

inel, Caled, for Tp,HiglzClg8: N, 9.70. Found: N, 9,74,

8=/ ~( ¥-Disthylaminopropylmervapto)-ethylemino 7-t~methoxy~
quinolins, A mixture of 16 g. (0.066 mole) of § -diethylaminepropyl
Pechloroethyl sulfide hydrochloride, 8.7 g. (0,05 mole) of G-methoxy-
8«sminoquinoline and 6 ml, of absolute ethenol was slowly hested in an
ofl bath to 110% The bath tempersturse was held at 110° for six hours,
and then st 130~115° for five hours longer. The temperature control is
very important as higher temperstures gave much lower yields, The
reaction product was dissolved in water and the solution wes made
strongly basic with awam*bram&-mmia solution, The oil was extracted
with ether, dried over anhydrous sodium sulfabe, and distilled to give
9 g. of material boiling st 50-150°/0.1 mm., end 7 g. (41%) of product
boiling at 205-210°/0.1 mm,

Anal, Caled, for 613329633& H, 12,10, Found: &, 12.08.

8+/B =( I ~Dietiylamt nopropylnersapto)-ethyl amino 7-E-methoxy=
quinoline Dihydroohloride. The dihydrochloride wes prepared in m

ethereel hydrogen chloride solution. This compound wes recrystallized
from sbsolute ethanol to & constaut melting point .f 164-168°%.
MQ ﬁﬂleﬁ. for Glsﬂalﬁﬁaﬁla$t ﬁ’ 10.00. m&; ’gg 3.?&.
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A ~Diethylaminoethy)l Mercsptan.l®s 17s 18 pudropen sulfide was
bubbled through 340 g. (1.4 moles) of melted sodium sulfide nonchydrete

until the solution was thoroughly ssturated, To thiz solution, 90 gz.
(0.67 mols) of freshly distilled A -diethylaminosthyl chloride (p. 11)
was added, With vigoreus stirring, this mixture wes refluxed for one
hour, After oooling, ﬁxp solution wes extracted with ether and the
ethereal solution was dried over enhydrous sodium sulfate. The product
was distilled at reduced pressure to give 51 g. (57%) of materisl
boiling at 62-65°/21 mu., n20 1.468, ¢20 0.8751. The yields and purity
of this meresptan varied considersbly (p. 5¢).

/ga—g.&om;f amineethyl Mereaptan Hydre uhlar;éu.m Etheanolic hydregen
ohloride wes edded tc an absolnte ethanolie solution of the free base,
The hydrochloride presipitated on cooling, and this material was re-
erystallized from absolute ﬁthandi#ﬁhﬁ acetete to & constant melting
point of 170-172°,

Anal, Celed. for CoH,gNC18: N, 7.65, Found:s N, 7.78.

# -Diethylemincethyl 2,4-Dinitrophenyl Sulfide Hydrochloride.l? the
mercaptan was added dropwiase to 1 g. of 2,4~dinitrochlorcbenzene until no
further resotion wae observed, The solid product wes recrystelliged from
96% ethanol to s constent melt&ng point of 187-1889,

Anel, Calod., for Gy Hyq0,NgC18: N, 12.51. Pound: ¥, 12.78,

¥ ~Diethyleminopropyl Mersaptsn,l? This mercapten has been prepered

by the method desoribed above for the correspending ethyl derivative,
Tre yield, of material boiling st 76-80%/26 mm,, was 48%., The constants
obtained were: n§9 1,4450 end éﬁﬁ 0.8021 (p. 64),

17. Gilmen, ?iunksﬁt, z‘alm, Pullhart, and Breadbsnt, J. Am, Chem, Soe,,
&7, 000 (1945).

18. Albertson and Clintom, J. fm. Chem, Soo., 67, 1222 (1945).
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9=/ =( B Disthyleminoethyinerespto) -3 w.%: adno [ :
methoxyseridine, A solution of 11 g. (0.057 mole) of (-fiethylemino-
ethyl [ -aminopropyl sulfide snd 13.9 g. (0.5 mole) of 6,9-d ichlorom~2-
methoxyseridine in 60 g. of phenol wes hested in a boiling water bath

for two hours. The reaction mixture was poured into o dilute sodium
hydroxide solution, snf the oil was extraeted with ether. The ether
extreet wes washed onte with s dilute sodimm hydroxide solutioan. The
ether was removed by distillation, and the residue steam distilled %o
remove eny unreacted [ -diethyleminoethyl /~aminopropyl sulfide. The
non~volatile meterial was extrected with ether, end the upper layer was
separated., After distilling the ether, a 20lid crystailine mess renained.
A small emownt of this material was recrystallized from petroleum ether
{bep., 80-110°)-benzene to give a produet melting et 62-64°,

Aasl. Celed, for Co,H, ON.C1S: N, 9,75, Fowmd: N, 9.85,

The main portiom of the produst was dissolved in ebsolute ethanol
and precipiteted from solution as the mwgﬁagnm% with ethereal
hydrogen chloride. This materisl weighed 20 g. {80%) end melted at
2472499, One recrystallization of this produet from 95% ethanol gave
13,5 g of material %@ﬁm at 252.284°,

ingl, Caled. for GogflaPN;CL:S: N, 8,35, Tomd: N, 8.25,
wlh- ¢'={ ' Diethylaminopropylmereapto .

-

thylbenzene, A rdxture of 7.9 g. (0.05 mole) of Betrifluoromsthyl-

aniline {p. 23) and 11.3 g. {0.05 mole) of Yediethyleminopropyl & -
ehloropropyl sulfide wae heated slowly in em oil bath to 110%. The
temperature remained at 110-126° for eight hours, amé then it was held
at 120° for g@;ﬁ@ﬁ. houwrs. mﬁmﬁﬂaﬁm was dissolved in weter emd
mede stroangly bepie with concentrsted smmonium hydroxide. The profuet
was extrscted with ether, dried over smbydrous sodiwm sulfate, end



B

distilled to give 7 g. (40%) of materisl boiling st 173-175%/0.1 mn.
Anal, Calod, for leﬁa,’;ﬂgﬁ‘a& N, 8.,09. Pound: N, 8.22.

' The dihydrochloride was prepared in an ethereal solution of
hydrogen chloride, The product wes recrystallized from ether-absolute
ethanol to & constant melting poirt of 123~124°, ,

Anal, Calod. for CyqHpgHoCloFyS: 01, 16,90, Founds £1, 17.00,

{3 -Diethylemincethyl ¥=~(2,6~Dimethyl-1-pyrryl)-propyl Sulfide.
4 solution of 9.0 g. (0.047 mole) B=-diethylemimoethyl ¢=sminepropyl
sulfide, 5.7 g. (0.05 mole) of acetonylacetone, 1 ml. of acetic acid,

end 30 ml. of sbsolute etheamol was refluxed gently for three hours. The
solution was diluted with webter and distilled at reduced pressure to
rencove most of the ethancl., The produst was extracted with ether, dried
over enhydrous sodium sulfete, and digtilled et reduced pressure to give
5.5 g (41%) of product boiling et 143-145°/0.1 mm. 4 solid hydrochloride
sould not be prepared.
 mel, Calod. for CygHpglS: W, 10.43. Founds W, 10.42.

f -Bydroxyethyl {-Chleropropyl Sulfide. To & solutfion of 23 g.
(1.0 g. atom) of sodium in 300 ml. of absolute ethanol, 78 g. (1.0 mole)
of Mehydrexyethyl merseptan in 100 ml. of sbsolute ethanol was slowly
sdded, With vigorous stirring st 20%, 173 g. (1.1 moles) of ¥ ~chloro-

propyl bromide in 50 ml. of absolute sthemol was edded over a pericd of
one hour, The etheanol was removed by distilletion, snd the residue was
dissolved in ether. This solution was filtered, and the filtrate
distilled to give 130 g. {85%) of material boiling at 93-96°/0.1 mm.,
220 1.5140, 4Z° 1.1766, M.R. calod. 40.29; found 59,75, A

Anal, Caled, for csauasws Cl, 22.97. Found: {1, 22.%:
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B -hostoxyethyl ¢ -Chleropropyl Sulfide. A mixture of 30.8 g.
{0.20 mole) of [ ~hydroxyethyl & -ahleropropyl /mlfiﬁs end 22.4 g.
{0.22 mole) of mcetic amhydride was refluxed gently for one hour. The
reaction was vigorous at first. The acetic acid was removed by
distillation, and the residue was distilled et reduced pressure to give
37 g. (94%) of meterisl beiling at 85-96°/0.1 mm., Redistilletion gave
36 g. boiling at 86-87%/0.1 mm., n3° 1.4879, 4f° 1.1631, .R.  ealed.
48,963 found 49.28, '

Ansl, Caled. for G H 0,018: §, 16.28. Found: 8, 16,03 ‘

Oxidstion of O -Aestoxyethyl J ~Chloropropyl Sulfide. To 0.6 g.
(0.2 mole) of B=hydroxyethyl I wchlorepropyl sulfide, 30 ml, of acetie
acid, and 40 g, of acetic anhydride, wes slowly added 68 g, (0.6 mole)
of 30% hydrogen peroxide, After warming on the steam bath, the resctioen
proseeded vigorously, The solution was heated for three hours on the
steam bath, and then the low bolling masterial was removed by distillstion
from a hot water bath at reduced pressure, The residue was & light
yellow visoous oil which weighed 36 g. (95%). 4n attempt to distill
this product at 0.1 mm, pressure gave ouly dscomposition products,
Grystallizetion by cooling and soratohing in various orgenic solvents
feiled, An attempt to distill the ssme product prepared in s similar
experiment feiled when the distillation was carried out st 0,010,001 mm,
During this distillation only low boiling decomposition produsts wers
oollected, The product obteined before distillation wes never pure

enocugh to give & correct analysis,

The oxidation of the £ -hydroxyethyl 7/ =chloropropyl sulfide with
hydrogen perexide, by & method similar to that dssoribed for the
oxidetion of the corresponding acetylated compound, failed to give
product which could be purified,
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Attempted Preparstion of ((~Chleromethyl # -Diethylemincethyl
Sulfide, & mixture of 16.9 g. (0.1 mole) of S-diethyleminosthyl mer~
saptan hydroohloride (p. 15) and 3,0 g. (0.11 mole) of paraformaldehyde
wes suspended in 80 ml, of anhydrous ether. At 0°, & rapid streem of
arhydrous hydrogen chloride was bubbled through the suspension for ten

minutes, At the end of this period, the suspended material wes rather
fluid, end the flesk was tightly stoppered end plsced in the ice-box. for
three hours, The ether was decanted, and the oily product wes washed
twice with 26 ml. portions of sther. in attempt to free the base and
distill the product feiled to give a pure compound,

In snother experiment, the product wes treated with 37 g. (0.5
mole) of diethylamine, while coeling in en iee bath, after all of the
smine was added, the mixture wes refluxed gently for ene hour., The
solution was poured into water end mewtralized with ssmonium hydroxide,
The oil wae extrected with two 76-ml. portions of ether. The product
was dried over anhydrous sodium sulfete, end this materiel wes distilled
to give 8 g. of colorless oil boiling et 60=909/20 mm. and 7 g. boiling
at 90«140°/0.3 ma, The higher boiling fraction wes redistilled te give
3 g. of material beiling at S0-96°/0.35 mm, A solid hydrochloride could
not be prepared, end none of the products wes identified,
| J ~Disthyleminoethyl Mercsptan end Epichlorchydrin. In secordence
with the prosedure deseribed by Gilman and Woods,l® epichlorohydrin was

treatsd with sodium diethyleminoethyl mercaptide., To 500 ml, of toluene
end 19 g. (0.85 mole) of sodium, 110 g. of J-diethylamincethyl mereaptsn
was edded dropwlse, After the addition, the hot solution wes decanted
from 2 smell smount of sodium. The sodium mercaptide precipitated from
the solution on cooling, and this thick sludge of merceptide was added
slowly to 66 g. (0.9 mole) of epichlorchydrin in 200 ml, of toluens.



-ZYw

This sddition wes cerried out with cooling by sn ice bath and vigorous
mechanicel stirring, After the addition wes complete, stirring was |
sontinued for one~half hour. The toluene was removed by distillation
from a steam bath at reduced pressure with stirring., The residue was
pwm into ioe water and extracted with two portions of ether, fthis
product was dried over anhydrous sodium sulfate, and then distilled
at reduced pressure to give 78 g. (64%) of material boiling at 72-82°/0.1
ma., nd0 1.4989,

1-( ﬁ-matggzmnee+hy1memapw}~&§~ spene snd Diethylemine,
A solution of 34 g. (0.179 mole) of the freshly distilled epoxy compound

aud 22 g. (0.5 mole) of diethylamine woe refluxed for seven hours. This
mixture wes dietilled to give 18 g. of diethylemine anéd 33 g. of meterial
boiling st 82-85%/0.1 mm, Before the resction, the sterting epoxypropane
distilled at 9’9-83”/@.1 mm. The bolling points indicete thet qto;rti‘ﬁg
meterial wes recovered almost quentitatively, |

A similar experiment was tried in which etheresl hydrogen chloride
wes sdded to the solubion of the resctents wntil e smsll smount of
precipitate remained susponded in the solution. This mixture was gently
refluxed for seventesn hours, Distillation of the solution geve 20 g.
of diethylemine and 3¢ g., & quantitetive resovery, of the l~(4 ~diethyl-
aminoethylmeroapto)-2, S~epoxypropanse.

1-{ f-Disthyleminoethylmercapto)=2, 3~epoxypropsne and S«-(N-Lithio)=
amino-6-methoxyquinoline, In a 250 ml. three~necked flask equipped with

a mechenieal stirrer end a condenser, wes placed B.7 g. (0.05 mole) of
G~methoxy-8-aminoquinoline in 75 ml. of emhydrous ether. At 0%, 0.05
mole of methyllithium in 36 ml. of anhydrous ether was eddsd dropwise
under an stmosphere of nitrogen, The addition required ten minutes, and
epproximately the theorstical emount of gas was given off by the
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reactien, A yellowlshegreen precipitate formed during the addition of
the methyllithium, Aftser the addition wes complete, the mixture wes
stirred for ten mimutes, and color tests 221 and I?Bg were negative, To
this suspension 9.5 g. (0.05 mole) of 1-{ F-diethylamincethylmercepto)-
2,3~spoxypropane in 50 ml, of snhydrous ether wes added dropwise at 0%,
During the addition, the precipitate disseclved, snd the color of the
sclution changed to & dark green, Stirring was continued for one-half
hour after the addition was complete, sand then the produot was hydrolysed
by the addition of water to the solution., Htheresl hydrogen chloride was
added to ths» ether layer after drying over anhydruué sodium sulfate, The
hydrochloride that precipitated was identified (mixed m, p.) as G=methoxy~
§waminoquinoline dihydrochloride, and BB% of this starting materiel was
recovered,

S-jming-7-trifluoromethylquinoline and 4 ~Diethylaminopropyl 4=
Chlorepropyl Sulfide, A mixturs of .25 g. (0.025 mole) of G~amino-7~
triflveromethylquinoline (p. 26) and 5.6 g. (0,025 mole) of  ~diethyl-
aminopropyl g -~ghloropropyl sulfide wns heatsd slowly to 1109, fhe
temperature remained at 110-115° for fifteen hours, The meterisl fram
the reaction was isolated and identified (mixed m. p.} as the starting
quinoline compound. Considerable decomposition oeocurred during the
heating period, and only 604 of the starting quinolim sompound was
resovered, ' |

In a second experiment the reactants were heated at 110~120° for
thirty-six hours, Only starting materiel and decomposition products
were obtained,

21, OGilmsn and Schulze, J. Am. Chem. Soc., 47, 2002 (1925).
22, ®ilman end Woods, J. Am. Chem. Soc., 65, 4356 (1943),
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Irifiuoromethylbenzens. This trifluoromethyl derivative was pre-

pered from benzotrichloride and mntimony trifluoride in accordance with
the directions deseribed by Martin. 3  The yield of meterial boiling =t
103~105° was 69%, end 7% of less pure material boiling at 106-110° wes
obtained,

Trifluoromethylbenzens was nitrated

product was reduced directly with iren and sulfurie acid, The yields
were comparable to those described by HMartin,

ine, 1l The Skraup synthesis with metrie

fluoromethyleniline gave & 35% yield of the T-isomer., JSixty~five grams
(0.4 mols) of m~triflucrcmethylaniline, 57 g. (0.4 mole) arsenic soid,
105 g. (1.3 moles) of glycerol, end 110 g, of ooneertrated sulfuric

acid gave 27 g. (38%) of the product boiling et 125-128°/25 mm, This
produet soclidified snd erystallized from petrolevm ether (b, p., 80-1109)
to give material melting st 66~68°., The S~trifluoromethylquinocline was
not isoleted.

7~Frifluoromethylcuinoline Pierate, This derivative was prepared

ir the usual mamner and reorystellized from ethanocl to a eonstant
melting point of 220-221°, &
Anal, Caled. for CygHgOpNaFgz: N, 13.14, Pound:s N, 13.10.
m-Triflucromethylacetenilide, One hundred ml. of acetic anhydride

wes added very slowly to 100 g. (0.62 mole) of trifluocromethylaniline,
ard the mixture wog warmed on a steam bath for Pive minutes. This

sclution was poured into 500 ml, of ifce water, end the solid was filtered

23, Unpublished studies by G. A. Martin, Jr,
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to give 100 g. (79%) of product, One reerystellization from benzene-
petroleum ether (b, p.,80~110°) gave material melting at 103-104°,

Hitration of m-Trifluoromethylacetenilide in Sulfuric fcid, In
accerdence with the directions deseribed by Rouche,?® 60 g, of nitrie
acid (sp. gre 1.50) in 100 ml. of ooncentrated sulfuric scid was added
slowly to 100 g, (0.49 mole) of m~trifluoromethylecetandlide in 500 ml.
of soncentrated sulfuric acid at -5°, After completing the eddition,
the mixture was stirred for three hours longer, and then the clear socld
solution wes poured into 2 1. of orushed ice., Standing for twelve hours
resulted 4n a solid yelleow mesz which wes colleoctsd by filtratiom. This
product wes hydrolyzed by refluxing four hours in 1500 ml. of 8% sodium
hydroxide solution. On cooling, the orude product solidified and this
material was filtered and dried to give 90 g. (89%) of the erude solid,
Thie material was dissolved in & minimum of BO% ethanol, and after
cooling, the material orystellized to give 60 g. (89%) of a solid melting
at 124~126°, Thirty grems (29%) of material melting at 80~PO° was
recovered from the filtrate, Pure material was cbtained from the higher
melting product by one extraction of hot petroleum ether (b, p., 80-110°9)
followed by a orystallisation from benzenes. The pure material melting
at 126-127° was 3-trifluoromethyl-4=nitroeniline, end the yield was
44 g. (43%). The lower melting isomers were not separated from the less
pure material end the mother liguors,

Ritration of meTrifluorgmethylacetenilide With Acstyl Hitrate,?4
One hundred and twenty grems (0.75 mole) of trifluorcmethylacetanilide
wes nitrated in portioms of 15 g. each to avoid handling large quantities
of acetyl nitrate., Fourteen grams of ice-oold nitrie acid (ep. gr. 1.50)

24, Rouche, Bull. soi. scad. roy. Belg., 13, 346 (1927).
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wes edded very slowly to 20 g. of acetic amhydride st 0%, With continued
c¢ooling, 15 g. of the solid me~trifluoromethylmcetanilide was sdded
slowly, and as the solid dissolved, & slight soloring of the solution
oceurred, Fifteen minutes after the lest of the soetanilide was sdded,
the solution was poured upon orushed ice. The resulting red paste was
filtered, and wost »f the water was removed. This erude product was
dissolved in hot ethanol, and on ocooling the solution, 48 g. (264} of a
solorless materisl precipiteted. One recrystallization from benzene-
petroleun sther {b. p., 80-110°) gave 38 g. (21X) of material melting et
168-163%, This compound, 3-triflucremethyl-Z-nitroscetenilide, was ‘
hydrolysed by refluxing for ome howr in 500 ml. of 10% sodium hydroxide,
Filtration, subseguent to ccoling, geve 30 g. (20%) of the free amine
melting at 61-629,

The ethansolic filtrate from the first erystallizetion was distilled
to remove most of the solvent, snd the product was hydrolyszed by boiling
in a 10% sodium hydroxide solution. Most of the basic solution wes
decanted from the dark red oll, end this residue was stesm distilled,

Ten greams of materiel was volatile with stean, and 25 g. remained in the
distillation vessel, The latter materiel waes recrystallized from dilute
ethanol to give S~trifluoromethyl-6~nitroaniline which melted at 100-101°,
The more volatile material was largely 3-irifluoromethyl-Z-nitrouniline,

I-Trifivoromethyl-S-nitroquinoline, In & 500 ml, three-necked
flask equipped with a stirrer and & condenser was placed 41 g, (0.2 mole)
of 3-trifineromethyl-denitroaniline, 27 g. (0.2 mole) of arsenio aocid,
end B3 g. (0.865 mole) of glycerol, While stirring this mixture, 56 g.
of concentrated sulfuric acid was added slowly. This addition warmed
the solution, but more heat was supplied using a metal bath until the
solution begen to reflux., Gentle refluxing was continued for two hours,
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snd then the reaction product was poured into ice, The so0lid was
collected by filtration and sir~dried to give B0 g. of material melting
at 151-156°, This precipitate wes dissolved in 6 ¥ hydrochlorie seid
solution and the solution wes filtered to remove o smell emount of
insoluble materiel., The free emine was precipitsted by the addition of
consentrated ammoniwm hydrexide. %This product was filtered, and efter
two crystallizations from ethamol 27 g. (B66%) of msterial meliing at
164~165° was obteined.

Ansl, Celed. for G H O N Fet N, 11.57, Founds N, 11.76,

7-Irifluoromethyl~G-sminoquineline, Sixty greme of stennous
chloride (mg.zﬁza} in 50 ml. of concentrated hydrochloric mcid was

added osutiously to 10 g. (0.04¢ mole) of 7-triflucromethylefeniiro=
quinoline in 50 ml. of concentrated hydrochloric acid. A wersr vigorous
reaction resulted, and efter the sddition was complete, the solution wes
very hot, Some orystalline product precipitated from the hot solution,
and on cooling in &n fce bath a volumincus moss sepersted., After
filtering the solid and pressing most of the solution out of the pre-
oipitete, the product was suspended in BO ml. of water snd this mixture
was made strongly besic by the eddition of a concentrated sodium
hydroxide solution. The yellow ecid suspensien shanged to grey on
neutrelizetion, The besic mixture wag filtered, wached well with water,
end ajir-dried, This solid msterisl was refluxed with etharcl for & few
mirutes 4in order to extraet the emine from small amounts of inorgenic
meterial, The hot ethenol was filtered aud diluted with wster; cooling
gove 8 g. (91%) of materisl melting st 152-153% Thiz product was
reerysteallised from bengene-petroleum ether (b, Pe,80-110°%) to @ constent
melting point of 154~-155°,

Anal, Celed. for CyollplgFas N, 13.21.. Pounds N, 13.48.
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emine and 15 g. (0.1% mole) of acetonylacetone / wes distilled under
reduced pressure to give 10 g. (46%) of yellow oil boiling st 135-138%/
1.0 rm, This oil erystallized after stending & short time, and the
product wos recrystalliszed from agueous ethamol to give a colorless
product melting ot 86-87°,

Aoel, Calod, for GgH, K.Pe: ¥, 9.66, Found: ¥, 9.50.

T-Irifiueromethyl-6-(2,5~dimethyl~1-pyrryl J~auinoline Plorste.
This picrate wes prepared in an ethanclic solution, and one crystallizee

tion from ethenol gave on orange compound melting st 263-288%,

7=Irifivoromethyl=6-( { ~diethyl sminopropylamine )guinoline Fiorate.
4 mizture of 8.5 g. (0.04 mole) of 7-triflucromethyl-6=eminoguineline

and 10 go (0.054 mole) of { ~diethyleminopropyl ohloride hydrochloride
wes heated in sn oil bath for forty-eight hours at 110-115%, and them
the teuperature of the bath was reised to 150-155% for twenty-four
hours longer, For sacther tweunty=four hour period, the bath tempersture
was held at 175~180°, This rather severe hoating wes tried only after
the same msterials remained unreected at milder conditions. The melt
from this reasction was dissolved in water, and the free base was
precipitated with esmmonium hydroxide, The oily product was extracted
from the agueous mixture with three portions of ethier, The extraocts
were dried over snhydrous sodium sulfate, snd after removing the ether,
the product was distilled at rednoced pressure to give 2.5 g, (15%) of a
dark yellow oil boiling at 160-170°/0.1 mm. This oil d4id not give the
correct nitrogen snalysis for the expected preduct,

This crude gsm&mt»did give & plorate which wes purified by re-
orystallication from ethanol. This derivetive was reather insoluble in
ethenol end the purified compound melted at 236-238°%,
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amine wasz not goluble in the acid sclution, but the disszonium salt was
completely dissolveds This cold diazonium solution wes added slowly
with stirring to a cold solution containing 1100 g. (10.4 moles) of
sodium carbonate, 520 g. (4.0 moles) of sodium ersenite, 40 ml. of
saturated copper sulfate solution, and 8 1, of water, During the
addition, orushed ice was added ococasionally in order to keep the
temperature below 10°, end ether was added pericdically to reduce the
foaming., The addition required forty-~five mimmtes, end the solution wes
stirred two hours after all of the diarzonium solution hed been edded,
This mixture was sllowed to settle for several hours, end then the
solution was filtered. After evaporating the filtrate to & volume of
3 1., the arsonic acid wes precipitated by neutrslization with conecentrated
hydrochloric aoid., The voluminous solid was filtered and washed with
water., This erude acld was dissolved in dilute sodium hydroxide emd
reprecipitated with dilute hydrochlorie soid., After washing well with
water end drying the solid st 110°, the yield wes 780 g, (91%).
p-Bromophenyldichlorearsine. This dichloroarsine has been prepared

from p-bromophenylersonic acid, hydrogen lodide, and sulfur éinxidﬁ,zs
but this preperation was sarried out by the modificetion of a superior

method desoribed by &va!dw.z?

Seven hundred end eighty ml, of
phosphorous trichloride was edded very slowly to 780 g. (2.8 moles) of
pebromophenylarsonic scid in 2 1, of refluxing glacisl acetie acid, The
reaction was very vigorous and the addition was controlled so that a
gentle reflux was maintained, This addition required one and cre-half

hours, and the mixture was refluxed with stirring for two hours longer.

26, Hunt and Turner, J. Chem. Soc,, 2670 (1925),
27. TUnpublished studies by S. Avakian,
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After cooling, the cold solution was poured slowly into 1.5 1. of eold
goncentreted hydrochloriec scid with stirring. The oil, that precipitated
end settled to the botiom, was separsied Tfrom the agueous seid solution.
An attempt to obbain sdditional produet from the aeid sclution by ether
axtractions was very wmsatisfuetory, as the ether was to & larpe extent
miseible with the acetie acid-hydrochlorie acid solubtion., The ether
extracts were conbined with the crude produet and dried over smhydrous
sodium sulfate. This product ie a vesicant snd care must be taken to
avoid contaet with the skin., %The ether was removed by distillation end
the residue was distilled et reduced pressure to give 500 g. (61%) of
materiel boiling st 105.110°/0.2 mm,

peBroppphenyidimethviarsine, This compound was first prepared from
P-bromophenylmegnesiun bromide and dimethyliodoersine,” but this
preparation wes earried out by a slight modifiention of the method
desoribed by Avakian.?? A eolution of 378 @. {1.25 moles) of pebromoe
rhenyldichloroareine in 2 1. of petroleum ether (b. p., 28-35%) was sdded
dropwise to 2.8 1. of two xolar methylmsgnesium iodide prepored from §
mles of methyl iodide and 5 g. stoms of magnesium, This resction wes
carried out with vigorous stirring snd cooling with en iee bath, The
beat of resction was sufficlent to meintalin a vigorous refluxing while
Immersed In the cooling bath. Stirring was eontinued for ten minutes
after all of the dichlomarsine had been edded, end 500 ml. of water
was carefully sdded, Enough dllute hydrochlorie meid wss added to
dissolve all of the imsoluble megnesium salte, end the ether layer was
separated, washed well with water, ond then dried over snhpirous sodium
sulfate. Thiz produvet wes diatilled at redused pressure to glve 378 z.
(88%) of = colorless liguid boiling et 105.110°/0,2 mm,

28, Jomes end eo-workers, J. Ghem. Soo., 2287 (1932),
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pelithiophenyldimethylarsine, Under an etmosphere of dry nitrogen,
26,1 {0.1 mole) of p=bromophenyldimethylersine in 80 ml, of anhydrous

ether was added dropwise to 3.0 g. (0.4 g. atom) of lithium in 100 ml,
of absclute ether, This reection did not stert immedistely, but after
stirring a few minutes with a portion of the bromide, reflux begen., The
yield based on an acid titration wes 88%,

Dimethylep~(1,2-dihydro-2=quinolylphenyl )-arsine, With vigorous
stirring under an atmosphere of nitrogen, 0.088 mole of p-lithiophenyl~
dimethylersine wes sdded dropwise at room tempersture to 11.4 g. (0.088
mole) of quinoline in 50 mi, of snhydrous ether, The eddition of the
orgenametallic compound immediately formed a preoipitate, This suspension
was stirred et room tempersture for two end one~helf hours after ths
addition of the lithium compound wes complete. The mixture wes
hydrolyzed by the addition of water to the remction flask vhile stirring
rapidly with a mechenical stirrer. Most of the solid dissolved after
the hydrolysis, snd the upper layer was separsted and dried over
anhydrous sodfum sulfete., The product wes distilled at reduced pressure
to give 11 g. (42%) of a light yellow oil beiling at 186-1909/0.55 mm,

Anal, Caled. for Gwﬂmﬁas: N, 4.50. Found: N, 4.35,

Dimethyl~p-(2~quinolylphenyl)-arsine., The 1,2-dihydroquinoline
compound prepared above was warmed with an equal volumes of nitrobenzene
on s steam bath for one hour, This solution was dissolved in ether, and
snhydrous hydrogen chloride was bubbled through the cther, The oil that
precipitated was sepsrated from the ether solution and thie meterisal wes
peutralized with smmonium hydroxide to give a colorless solid, One
erystallization of this meterial from dilute ethanol gave the pure
product melting at 85-66°.

Anal, Caled. for cnammu N, 4.55, Pound: N, 4.48,
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Dimethyl~p-({2-quinolylphenyl J-ersine Picrate, The plerates prepared
by the usual method from the dihydroguincline product and the oxidized
product, were identioal, This derivative melted st 172-173°,

Ansl. Caled, for CggHyoOyNes: ¥, 10,39, Found: W, 10.38.

Dimethy)-p-(8-methyl-2-guir
to that described sbove, one tenth of one mole of p-lithiophenyldimethyl~

In & manner similar

arsine was added dropwise to 14.3 g. (0.1 mole) of B-methylguinoline in
snhydrous ether., This addition resulted in & color change, but no
precipitate formed, 7The solution was stirred one-half hour after the
addition was complete., This solution wes hydrolyzed, snd 20 ml, of
nitrobenzene was added to the ether extract., After drying the ethereal
solution over enhydrous sodiuwm sulfate, the product was distilled to
give 6 g. (19%) of produst boiling et 129-130°/0.1 mm. Decomposition
wag evident during the distillation.

Anal, Caled. for CygHiygNAs: N, 4.36. PFound: N, 4.45.

Dimethylwp=(8-methyl-2~guinolylphenyl }-arsine Pierate, A piorate
wae prepared by the conventional method and after recrystallisstion from

ethanol this derivetive melted at 125-130°,

Ansl, Caled, for CpglijgO7Ngass N, 10.14. Pound: N, 10.08.
Dimethyl-p~(7-methyl-2~guinolylphenyl }-arsine, By the method
desoribed above for the preparstion of relsited compounds, 0.58 mole of

p~lithiophenyldimethylersine was added to 7.2 g. (0.05 mole) of 7-
mthyl@imiim. This reaction gave no presivitate during the addition
of the organometallio compound to the quineline compound., The solution
was hydrolyszed with water, and the upper layer was separated and drled
over enhydrous sodium sulfate, During the drying periocd 20 ml. of
nitrobenzene was sdded to the etheresl solution, The ether and nitro~
benzene were removed by distillestion, and the residue was distilled at
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reduced pressure to give ¢ g. (25%) of materiel boiling at 140-146°/0.15
mm, There was oconsidersble decomposition during the distilletion,
Decomposition was often observed in distillations of this type of
compound, and the yields were alwsys lower when the product wes
distilled,
Anal, Celod. for G, H WNAs: ¥, 4.35. Found: ¥, 4.60,
Dimethylep=(7~methyl-2-quinolylphenyl J=arsine Picrate, This piorate

wes prepared in the usuel memmer. Repeated recrystallizations from

ethenol geve a derivative melting et 177-177.5%,

4nsl, Celod. for C,.H, O,N As: N, 10.43, Founds ¥, 10,40,

Dimethyl=p=(6-chloro-2-quinolylphenyl )-arsine, In sccordence with
the procedure desoribed above, 0.58 mole of p-lithiophenyldimethylarsine
was added to 8.1 g. (0,06 mole) of 6~chloroquinoline to give & voluminous
precipitate, The mixture was stirred for ten minutes, snd then water
wes added slowly to hydrolysze the mixture, The product was isolated by
the method used for related compounds, and after the distillestion of
nitrobenzene at reéueeci pfesmre, the residue in the distilletion flesk
solidified. This erude undistilled product weighed 13 g, (74%), snd
after one raeryetalliza‘kioa from ethanol, 8 g. (45%) of material melting
at 120~121° was obtained. A small amount of this product wes recrystal-
lized to & constant melting point of 123,5~124°,

Ansl, Caled, for 61?315381.&6: N, 4,08, Found: ¥, 4.3,

Dimethyl-p-(€-chlore-2-quinolylphenyl )-arsine Picrate, A picrate
prepared in the conventionsl manner melted at 149-150°%,

Anal, Calad. for CpsH,g0,N,ClAs: X, 9,77, Found: X, 10.05.

Dimethylep-(6,6-bonzo-2=quinolylphenyl }-arsine, Ten grams (0,08
mole) of 5,6-bensoquinoline and an equsl molar emount of p-lithiophenyl-

dimethylarsine were reacted in a manmmer similer to that desoribed above,
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The additlon of the orgenometellic compound resulted in an orsnge
precipitate, The product was isclated as a solid in a memner similer to
that used for the 6~chloroquinoline derivative. The orude solid was
rearystainwd from ethenol te give 10 g. (B55%) of material melting at
266~268°, Dioxene was also used successfally as & solvent for
erystalliszation,
Anal, Cmloed. for CyyHypRAss N, 3.87, PFound; N, 3.68,
Diwethyl~p-{§, 6-benso-2~quinolylphenyl J~arsine Picrste. The picrste
prepared in ethenol gave 8 light yellow compound melting at 176-178°,
Ansl, Calod, for CpyHpOsNeAs: XN, 9.49. Found: ¥, 9,68,
Dimethyl-p~(2-pyridylphenyl)-srsine. Under an atmosphere of dry
nitrogen, 0.09 mole of p~lithiophenyldimethylsrsine was added dropwise

to 10 g. (0.125 mole) of anhydrous pyridine in absolute ether, A
precipitate formed during the addition. A slow stream of eir, previously
passed through a drying eolumm, wes introduced sbove the mixture. The
air m passed over this suspension for sixteen hours while the mixture
was stirred, At the beginning of the oxidation, the solid precipitate
became dark, but as the oxidation proceeded, the color of the solid
shanged to light yellow. This suspension was hydrolyzed, end the ethe-
real layer was separated and dried over snhydrous sodium sulfate., After
the removsl of the ether emd the excess pyridine, the product wes
distilled at reduced pressure to give 8 g, (35%) of a light yallw
1iquid boiling et 156-159°/0.1 mm.

Anal, Oalod. for 613314&&3: N, 5.40., Pound: K, 5.44.

Dimethylep-(2~pyridylphenyl )-arsine Pierate, This derivative pre-
pared and recrystallised from ethsnol geve a yellow orystalline solid
melting at 160-151°,

Anal, Caled, for 01931?57@‘&&: N, 11,47, Pound: XN, 11.60,
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p-Dimethyl aminophenyl~p~dimethylereinophenyloarbinol, Iwenty-six
grams (0.1 mole) of p-bromophenyldimethylarsine in 100 ml. of anhydreus

ether was added to & suspension of 2.4 g. (0.1 g. atom) of megnesium,
This mixture was refluxed for two end one~half hours, snd the magnesium
very slowly disappesred, After all of the magnesium hed rescted, 13,5 g.
{0.09 mole) of p-dimethylamincbenszaldehyde in s minimum of ether wes
sdded dropwise to the Grignard reagent, The reaction mixture was stirred
for fifteen minutes after completing the addition of the aldehyde,
Hydrolysis of the produect was accomplished by the addition of a dilute
ammonium chloride solution, The ether layer was separated, end the
removel of the solvent left e yellow waxy solid weighing 20 g. (70%).
Reorystallization from sbsolute ethanol~petroleum ether (b, p., 80-110°)
gave an snalytical semple melting at 89-50°,

Anal, Celod. for Cy,H,.ONAs: N, 4.23. Found; N, 4.28,

p-Dimethyl henyl 3-Quinolyl Ketone, p-Dimethylaminophenyl~
1ithium was prepered from 3 g. (0.43 mole) of lithium and 30 g. (0.15

mole) of p-dimethylaminobromcbenzene. The yleld of the lithium compound
was 959 as calouleted from an scid titretion, The solution of this
orgenolithium compound was sdded dropwise to 20 g. (0.14 mole) of 3=
oyanoquinoline in ether solution. A red precipitate formed as the
lithium compound rescted with the guinoline compound. The suspension
wes stirred for five minutes after the addition was ocomplete, The
mixture wes hydrolyzed by the careful esddition of water to the ether
susponsion with vigorous stirring, The ether sxtract wus separated and
stoam distilled to remove all volatile material, The residue wes
dissolved in 20% hydrochloric socid end heated on the steam bath for
twelve hours, After cooling the acid solution, the base wes precipitated ‘
with ammonium hydroxide, The produoct, a sticky semi-solid at room
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Spatz was & modification of that reported by Claus and Collischon, 30
A slight excess of 487 hydrobromic acid was added to 200 g. (1.56 moles)
of quinoline, and the solution was evaporated to dryneses under reduced
pressure with heating on e boiling water bath, Two hundred and forty-
nine grems (1.56 moles) of bromine in 200 ml. of ohloroform was added
slowly to the quinoline hydrobromide disselved in 350 ml, of warm
chloroform. During the addition, s red oil preolpitated, and on cooling
the mixbure, 2 hard red orystalline solid formed, This solid was
filtered and washed well with chloroform, Two hundred grams of this
air-dried red solid was placed in a 600 ml, besker and heated with s
graphite bath to 180-200° for e cne-half hour period. During this
periocd, the melt was stirred by hend and toward the end of the heating
period orystallizetion of the 3-bromoquinoline hydrobromide began., The
heeting was discontinued when the melt completely solidified, This
erystalline mass was suspended in water, and the free base libersted by
the sddition of dilute sodium hydroxide solution, The oily product was
extracted with petroleum ether (b, p., 60-68°), The solvent was removed
by distilletion from a steam bath, and the residue wms distilled at
reduced pressure to give 120 g. (38%) of material beiling et 110-111°/1.0
™.

The 3~bromoquinoline hydrobromide cen be recrystallized from scetio
acid, Several preparations of 3-bromoguinoline were made, end the
yields veried from 859-45%, with as much as 400 g. of 3-bromogquinoline

prepared in one experiment,

30, (a) Claus and Collischon, Ber., 19, 2763 (1886). (b) Edinger, Ber.,
298, 2459 (1896).
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S=Cyenoquineline, Gilmen and Spatuaz prepared 3-ovanoquinoline
frem & modified method described by Jeusen and Wibsut,3? The method
developed by the former was wsed in this expsrimemt, TIn & 200 ml,
Claisen flask etteched to an air condenser, was placed 121 g, (0,58 mole)
of 3~bromoquinoline and Bl g. of cuprous cyanide, The flask was heated
with & free fleme until fusion of the mixture begen, and st that time
the system was evacuated to epproximstely 1 mm., The distilletion was
earried out as rapidly as possible with heating by & direct fleme, The
orude 3eoyanoquinoline solidified reedily in the sondenser and receiving
vessel, This product weighed 89 g, and one reerystallization from
ebsolute mthanol-petroleum ether (b, p., 60-68°) gave 74 g. (83%) of
meterial melting st 105~106°,

S-Quinolinecerboxylic Acide In accordance with the procedure

desoribed by Gilman end Spatxn, the' J=oyunoquinoline wes hydrolyred with
70% sulfuric scid, §ixty grems (0,30 mole) of the 3-oyenoguineline end
120 ml, of 707 sulfuric acid was refluxed four hours to give a
quentitetive yield (70 g.} of orude 3-quinolinecarboxylic ecid. This
acid was used in the erude form for the preparation of the ester,

Ethyl 3-Cuinclinecarboxylate, The esterification of the 3=-quinoline=

oarboxylic aclid with sulfuric acid end absolute ethenol was desoribed by
¢41lmen and Spatz,3l but the ylelds were very low (35%). 1In en effort to
improve the yield of this ester, the method of hydrogen chloride~absolute
ethanol wee used in this preparation, Dry hydrogen chloride was bubbled
through = @spaﬁs.ion of 54 g. (0.3 mole) of the aeid in 540 ml, of
absolute etheanol until the mixture was saturated, With stirring and the
continuons introdustion of hydrogen c!;laﬁde » the mixture was refluxed

81, Gilmen and Spats, J. Am, Chem. Soe., 63, 1853 (1%41).
32, Jansen and Wibeut, Rec, trev. chim., 58, 709 (1937).
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for ten hmn. Most of the solvent wes removed by distillation at
reduced pressure from a steem bath, and the residue was dissolved in
water, This solution wes poured very slowly into en excess of ice-oold
sodium carbonate solution. The precipitate was filtered and washed well
with water to give 42 g, (68%) of product melting at 67-68°,

Methyl 3-guinolineimidoecarboxylste, Anhydrous hydrogen chloride
wes passed into & solution of 4 g. (0,026 mole) of 3-cyanogquinoline in

200 ml, of absolute methanol, When the methenol solution was saturated,
this solution was allowed to stand at room temperature overnmight, Nost
of the solvent was removed to give 4 g, (70%) of material melting et
253-266°, Two grams of this product was dissolved in weter, and the
free base was precipitated by the addition of cold dilute sodium
hydroxtde, This solid melted at 194-196°, and erystsllization from
methenol=petroleum ether (b, p., 60~68%) gave the pure compound melting
at 19&-}9&“‘ ‘ ‘

Apel, Oaled. for Gy HynONps N, 15,05, Found: N, 15.29,

Methyl S-Guinolineimidoocarbeoxylate snd Ammonia, An excess of
13quid smmonis was added to 16 g. (0,086 mole} of the imido ester and

100 ml, of sbsolute methanel, After standing for a few hours, & solid
separated which melted at 1956-197% The solid was identified es starting
ester (mixed m, p.), 7This materiel was then treated with more ligquid
ammonis, but agein only starting ester was obteined,

Ethyl 3-Quinolinecarbonyl Acetate, Nendi3® first prepared this
ester by a similar method, but the ﬂ =~keto ester was not isoleted and

purified, This worker ettempted to distill the ester, but the material
decemposed on ettempted purifiostion,

33, Nendi, Proc. Indisn Acad, Soi., 124, 1 (1940) /C.A., 34, 7918
(1840)7
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Twenty greams (0.29 mole) of snhydrous, #lcoholefree, sodium
ethoxide, 26 g. (0.29 mole) of freshly distilled ethyl acetete and 40 g.
{0.20 mole} of ethyl 3~guinslinecarboxylate in 40 ml. of snhydrous
benzene was refluxed for fourteen hours., After cooling, the resction
mixture was poured inte 90 ml. of cold 10% sodium hydroxide solution.
The yellow solid wes filtered, and after air-drying, the materiel was
dissolved in 150 ml. of hot gleoiaml acetic acid, After filtration from
small emounts of tarry materisl, the filtrate wes diluted with 400 ml,
of cold weter to give & yellow solid. The yield of the solid wee 38 g,
{(78%)., An snelytiocnl semple, purified by repeated crystsllizations from
absolute sthanol-petroleum ether (b, p., 60-68°), melted at 85-879,

Ansl, OCaled, for CpgHysOgN: ¥, 5.81. Found: N, 6,97,

Methyl 3-Quinolyl Ketone, The crude [J«keto ester from the
experiment above was heated with 200 ml, of 25% sulfuric acid wntil the
evolution of ges cessed. The free ketone was obteined by the neutraliza-
tion of the ecid solution, The product wes filtered, dried, and
recrystellised from petroleum ether (b. p., 60-68%) to give 25 g, (95%)
of material melting at 100-101%, Fands®® prepared this ketone by the
geme mothod to give a product melting st 96°. The yield based on the
ethyl 3-quinolinecsrboxylate was 35%,

Bromomethyl 3-Quinelyl Ketone. In scoordance with the method
desoribed by Nendi, > 8 g. (0.04 mole) of methyl S-quinolyl ketone in
35 ml. of 484 hydrcbromic aocid was brominsted with 7.2 g. {0.04 mole) of
bromine vapors. The bromine wes passed into the solution at 70-75% with
& slow stream of warm air, After all of the bromine had diseppesrsd, the
solution was cooled to give 14 g. (93%) of bromomethyl 3~guinolyl ketone
hydrobramide melting at 214-216°,
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E-Hethoxy~8-quinolylaminomethyl 3~-Quinolyl Ketone. Ten grems
{0.03 mole) of bromomethyl 3-quinolyl ketone hydrobromide snd 1€ g,

{0.,09 mole) of S-methoxy-S8~eminoguinoline in 100 ml. of benzene was
refluxed for four hours., The mixture was filtered hot, end on cooling
5 g. (20%) of product precipitsted from the bengene solution. Two
reorystallisations from benzene-petroleum ether (b. p., 60-68°) gave =
produst melting at 268-269°,
Anal, Caled. for CpyHyqO.Wg: N, 12.26, Found: N, 12.40.
Sodemlide and 3-Bromoguinoline, Thirty grams (0.15 mole) of 3~bromo-

quinoline was added very slowly to 0.2 mole of sodemide freshly prepered
in 400 ml, of liguid exmmonis using 0.3 g, of Terrie nitrate as a
ecatalyst, There was a color change from yellow to derk red during the
course of the reaction, The ammonis solution was stirred for fifteen
mus after the addition of the bromide was complete, The exoess
sodsnmide waz desbroyed by the addition of solid ammeonium chloride, The
m«mia eveporated, and the residue was treated with dilute basmie
solution and extracted with ether, After drying, the meterial was
distilled to give almost a quantitative recovery of starting 3-bromo-
gquinoline,

3-fminoquinoline, 1In a 600 ml. besker, was pleced 100 g, (0.48
mole) of 3-bramoquinoline, 250 ml, of concentrated smmenium hydroxide,
and 10 g. of copper sulfate, This beeker was placed in a steel bomb and
heated at 190% for eighteen hours, The material was cooled and extracted
with ether, The product wes dried and distilled to remove the solvent,
The residue orystallized to a solid which gave, after one reorystalliza-
tion from toluene, 35 g. (25%) of 3-aminoquinoline melting at 82-83°,

SeAminoguinoline has been desoribed by Jansen and Wibauwt,32
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Y =Diethyleminopropyl Phenyl Ether. In accordance with a method

desoribed by Marvel and co~workers,>* 485 g. (2.26 moles) of J ~bromo-
propyl phenyl ether waes added slowly over & period of two hours to 350 g.
(4,8 moles) of diethylamine, The reaction was cerried out at the reflux
tempersture with vigorous stirring. The mixture was refluxed fourteen
honrs after the addition wes eomplete. This suspension was extracted
with ether, and the solid diethylemine hydrochloride wes washed with
500 ml, of ether, The ether solutions were combined, and the solvent
was removed, The residue was distilled at reduced pressure to give
416 g (89%) of materiel boiling at 104-106%/1.0 mm,
{=Diethylaminepropyl Bromide Hydrobromide, In a three-necked 2 1,
flask fitted with & distillation head and a dropping funnel, was placed

416 g. (2.1 moles) of ) -diethylaminopropyl phenyl ether snd 550 ml. of
40% hydrobromic acid, The solution wes hested fifteen hours with sn oil
bath 8t = temperature sufficlent to maintein & slow distillation, During
that period 1260 ml, of 40% hydrobromic ecid was added dropwise, 4
mixture of phenol and hydrobromic fcid was distilled from the resction
doring the heating period. Toward the end of the period of addition,
phenol no longer distilled with the hydrobromic mcid, The residue wes
dissolved in 700 ml, of weter, snd this solution wes trested with Rorite
and filtered. The clear solution wee distilled at reduced preseure from
8 steam bath to remove all of the water, This residue was recrystellized
from n~butenol and sbsolute ether to give & compound melting et 88-91°,
The yield of the product was 345 g, (61%). Marvel and co-workers®®
deseribed this method, snd they obteined sn 80% yield of erude produet,
3=(I" -Diethyleminopropylemino J»quinoline, A mixture of 6 g. (0.0¢

mole) of S-aminoquinoline end 10 g. (0.053 mole) of /[ -diethylaminopropyl

34, Marvel and co-workers, J, Am. Chem. Soc., 49, 2301 (1927).
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ohloride hydrochloride wes heated in en oil bath at 125-135° for one end
one-half hours, The maﬁimz mixture was digsolved in dilute hydro-
chloriec asid end filtered, The base was precipitated from the filtrate
with emmonium hydroxide, end this product wes extracted with ether.,
After }iry.tng the ethereal solution with anhydrous sodium sulfate, the
product was distilled to give 2 g. (20%) of materisl boiling et 160-195°/
Cub mm,

Anal, Caled. for Gy HoqNy: N, 16.34. Found: N, 16.29,

5=( ¥ -Diethyleminopropylamine)-8-methylquinoline, Five grems (0,032

mole) of S-amino-8-methylquinoline end 10 g. (0.05 mole) of 4 ~diethyl-
aminopropyl bromide hydrobromide wes placed in a B0 ml, Erlenmeysr flask,
This mixture, under an atmosphere of dry nitrogen, wes heeted in an oil
bath et 140-150° for two and one-half hours. The melt was dissolved in
water and filtered, The free base was precipitated from the clear
4salutian by the addition of emmonium hydroxide seolution, end the materisal
thet separated wae largely the sterting quineline compound, After
isolating this material, 5 g. (0,026 mole) of J =diethylaminepropyl
bromide hydrobromide was added, and this mixture was heated in the oil
bath et 140-160° for eight hours, The resction melt wes not readily
soluble in water, and e few drops of concentrated hydrochloric meid were
added, The eoid solution was filtered, snd then the product was
precipiteted with concentrated smmonium hydroxide. The olly material was
extracted with severel portions of ether, and this solution wes dried
over anhydrous sodium sulfate, The solvent was removed by distillstion
from a steanm bath, The crude product wes distilled at reduced pressure
to give 2.5 g, (30%) of meterial boiling et 175-196°/1,0 mm.

JAnael, Caled. for CqsHglg: ¥, 16,66, Found: N, 15,26,
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The S-smino=-8-methylquinoline used in this experiment wes supplied
by 8. H. Spatn.as He obtained this compound by nitreting 8-methylquineline
and then reducing it to the corresponding amino compound,

B=( V~piethylaminopropylemino)e6~methylguinoline. The 5-amino-6=
methylquinoline used in this experiment was prepared by Spatsgg in &
menner similer to the preperation of its isomer as deseribed sbove,

Bight grems (0,05 mole) of S-amino~Gemethylquinoline and 15 g,

(0,08 mole) of { ~diethyleminopropyl chloride hydrochloride wes heated
in an oil beth at 110° for four hours. The bath temperature was raised
to 140° for three hours. The resction product was completely disselved
in water, Ammonium hydroxide -wa: added to the agueous solution to
precipitate the smine, This product was distilled, subsequent te
extraction and drying, to give 2.9.g, (22%) of & light yellow oil boiling
at 160~170°/1.0 mm,

Ansl, Oeled, for CygpHacNgs N, 15.56. Found: N, 16.66,

3~( " =Diethylaminopropylemine J=gmsthylcoibazole,. Bight grams (0,04
mols) of 3-amino-9-ethylourbasole end 15 g, (0.08 mole) of J~diethyl~

eminapropyl ohloride wes hested four snd ane-helf hours in an oil beth.
Over this heating period the temperature was slowly increased from 1209
to 150° The reection mixture wes diseolved in dilute hydrochloric acid
to give a olear red solution, After cooling, the mlnti@ was
neutralized with emmonium hydroxide, The free beiee was extracted with
seversl portions of ether, and the ethereal solution was weshed with
wstor, After drying over snhydrous sodium sulfate, the solvent and e
small portion of low-boiling materiel wes removed at reduced pressure.
The product was distilled to give 8,5 g, (66%) of a transparent light
brown liquid boiling et 260-265%/1.0 mm,

Anal, Caled. for Gﬂ%ﬁsz ¥, 13,00, Pound: X, 13,12,
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1=Anilino~2,6~dimethylpyrrole, This pyrrole has been described
briefly by Knorr,%® Nobis prepared this compound by condensing
scetonylacetone and phenylhydrasine without selvent to give a % yield
of the pm&uet.w

In at;eardanea with the general procedure desoribed by Knorr, to
60 ml, of glacial acetic moid was added 10,8 g. (0.1 mole) of phenyl~
hydresine sand 11,4 g. (0,1 mole) of acetonylecetone. Thie solution was
heated on & steam beth for one end one~half hours, After eooling, the
reastion mixture was neutralized with sodium csrbonate and steem
distilled., This distilletion was rather slow, so the orgenic meterial
was extracted with grbhsr end dried, This orude product wes distilled at
1,0 mm, pressure to give 4,5 g. (2¢4%) of materiel boilling et 132-140°,
This solid wes reerystallized from 50% methsnol to give material melting
at 92-939,

p-Chlorophenylhydrazine, This compound wes prepared in sccordance
with the method desoribed by Willgerodt and Bohm,>’ One hundred end
thﬁ.itymfive grams (1,05 moles) of pechlorosniline wes diazotirzed at 0°
using 2000 ml, of 28% hydrochloric acid at 85 g. (1.2 moles) of scdium
nitrite in 500 ml, of wmtier, Foui‘ hundred snd seventy-five grams of
stennous chloride (SnClg.2Hz0) in 560 ml. of cbnoentrated hydrochlorie
acid was added very slowly te this diezonium solution at 0° with
vigorous stirring. 'ﬁ;& bulky precipitate which separated was filtered
and weshed with dilute hydrochlorie acid., fThis zolid wes suspended in
water, and with efficient stirring, sodium hydroxide solution was sdded
wntil the mixture was basie. The first solid meterisl dissolved, and

550 KJIG?!’. w“— ‘2“?‘; 1?9 (1889).

368, Unpublished sindies by J. F. Nobis, ,
37. Willgerodt and Hohm, J. prakt. Chem., 43, 482 (1881).
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another precipitete separated as the base was added. The s0lid was

filtered and dried to give 66 g, (44%) of crude product, Reerystal-
lizetion from petroleum ether (b, p., 80-110°) gave materisl melting
at 83-85%

A second preparation, using similer conditions, gave the same yield
of & product melting st 86-87°, 1In this experiment, the saddition of the
base to the complex tin salt was much slower and the stirring during
this addition was more efficient, _

1=(p=~Chlorosnilino)-2,5-dimethylpyrrole, Seven grams (0,05 mole) of

p-chlorophenylhydresine end 5,7 g. (0.06 mole) of scetonylacetone
dissolved in 50 ml, of glacial acetio scid was refluxed for three hours,
This solution was poured into ice water and neutralized with sodium
ecarbonete, The crude product was extracted with ether and dried over
enhydrous sodium sulfate, This material was distilled at reduced
pressure to give 5 g, (46%) of colorless oil boiling &t 145~156°/1.0 mm,
This oil rapidly beceme colored and later solidified, Crystallization
from aqueous methanol gave light red erystels melting at 88-89°, 4
mixed melting point with the starting materiasl was depressed,

Anal, Caled, for &laﬁlsﬁzﬁls ", 12,78, Found: X, 13,00,

¢ -Piethylaminopropyl Chloride Hydrochloride and Cerbarole. Ten

grams (0,054 mole) of JF=diethylaminopropyl chloride hydrochloride and
7.5 g. (0.044 mole) of carbazole wes sealed in a tube, The tube was
heated in an oven at 200° for three hours. After opening the tube, an
ettempt to dissolve the reaction mixbt;ra in hot dilute hydrochloric acid
failed. Extraction of the melt with hot ethanol left a solid which wes
identified as unreacted ocarbagole,

The HS=cerbaszyllithium wes prepared by the addition of 40 g. (0.24 mele)
of carbezole to a solution containing 0.24 mole of methyllithium, The
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IV. DISCUSSION

1. Testing of Antimalariel Compounds

The physiological tests on possible sntimalarisl compounds are
ecerried out by first giving & sereening test on all drugs. These pre-
liminery tests are carried out on birds infected with avian malaria,

The birds used in these biologieal tests are generslly cenariss, young
ochicks, or ducklings. If the preliminary tests indicate outstending
scbivity, the drug is tested on other snimsls, and later oliniesl tests
are made, The results obtained on further testing often prove that the
preliminery tests have not been sn scourate messure of the value of a
given drug ae an sntimelarial agent. Two reasons why this discrepancy
ocours are: first, the varietions and ineccuracies of biological testing;
end second, the fact that the activity of a given compound agsinst avian
malarie is not the ssme sgainst humen malaria, This letter fector is e
fundamental weakness in the testing procedure, but testing for avian
malaria is ;t:he best single criterion known for the eveluation of pharms-
cologioal action without actually testing on man,

The physiologicel assay is designed to test both the prophylectic
and the therapeutic velue of the drugs. The prophylectic tests are
ecarried cut by feeding the drug and later infecting the bird with the
malarial paresite. With the therapeutic tests, the birds ere infected
before the drug is administered., For the most part, the tested drugs
have been shown to have therepeutie rather than prophylectiec value,

The compounds prepered in this Investigation were all mede either
as antimalerial compounds or intermedietes in the synthesis of possible
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entimalerial agents, YThe compounds that were tested have been sent to
Parke~Davis Company of Detroit, Michigan, who have relayed them to
cooperating laboratories for pharmeacologieal testing under the ausplces
of the United States Government. These cooperative research groups

heve asided this investigation by sending the results of the physiologicel
tests back to our lsborstories., This information is sent in order to
assist in the development of better antimalarisl compounds, end the
United Stetes Government has restricted the publication of specific
resulte sbout these pharmacologiocal tests, Therefore, the information
cani not be included in this disoussion.

2. Synthesis of Antimalarial Compounds

Sulfur Derivetives

The typical basic side~chain found in most effective synthetio
entimealarisls is the dialkyleminoalkyleminoe group (VII)., The diethyl-

H
ol ( CHg )N~
(viI)

emino group has been observed to be one of the best terminel groups
used in these basic side-chains, In this investigetion, veriations in
this typicel side-chain were effected by the interruption of the earbon
chain between the two nitrogen stoms by a sulfide group. This type can
be 1llustrated by & general group ealled (dislkylemincalkylmercapto)-
alkylemine (VIIX).

‘ H
R (CHp ) S{CHg )yl
(viIz)
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The chlore compounds that were prepared to give this type of side-
chain eve as follows: (1) J-diethylaminopropyl J=chloropropyl sulfide
{n=3 ns3), (2) f-diethylaninoethyl ~chloropropyl suwlfide (n = 3;
mz= 3), snd {3) O -diethyleminopropyl P-chloroethyl sulifide (n = 3,

m = 2). These chlorosulfides were prepared by the general resctions
1llvatrated below,

(Oofis) (CBy) 01 +  BaS(OHplPE —, (Cofig) i(CHy)oS(CHg) P8

(C5Fg )N (0GR, ), S(0H, ), 08 202, (0gHy) (CH,), S(GH,), 01

Two of the aliphetie ehlom compownde were condensed with 6-methoxye
gesminoquinoline {plasmoquin base),>" whieh has been established as en
exceptionally good aromatic nucleus fazx- entimalarial compownds. The two
quinoline compounds prepared were S/ £ ~{ ~diethylaminopropylmereapto)-
ethyleming /-6-methoxyquinoline (IX) and 8/ 1 ={ ) tediethyleminopropyl-
mereepto ) ~propyleming /wbemethoxyquinoline (X).

f.%}ggi%}ﬁfﬁgﬂsfg
{1x)

B0, 9( OB, ) (G )
x

. 16 ; Beaminoguinoline end the 6,9-dichloro-2-methoxys
acridine mm m; supplied by Parke~Davis mmy of Detroit,
Michigen.
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These compounds can be compered with plasmoguin which hes been
tested sufficiently to definitely establish its emtimalariel activity.
A comparison of this type can give rise to general conclusions about
the change in setivity by the variation in the basic side-chain,

Since the variation in the length of e carbon chain has often
changed the sotivity to & censiderable degree, the =chloromethyl
f-diethylaminoethyl sulfide and 6=-methoxy-8-aminoquinoline would reast
to give an interesting member of this series, The sttempt to prepare
this O(~chloromethyl derivative failed, but the only method tried was
the attempted preparation of (~chloromethyl [-diethyleminoethyl
sulfide, Another interesting compound that could be prepared in this
series is the product obteined from the condensation of O -chlorobutyl
B-diethylaminoethyl sulfide and 6-methoxy-8-sminoguinoline, The
& =chlorobutyl [(ediethylemincethyl sulfide could be prepared in a
manner similar to the lower homolog, J-Diethylaminobutyl chloride
could be prepared from tetrsmethylene chlorohydrin, end diethylamine by
the followlng resctionss

(Cgllg )oNE
ci(cHy) on 7272y (CH.),N(CH,) OR
(e,m ) N(em, ) o 0%z (o) w(em,),q
g N ) O —— = (Cpltg ) NICH, )y

In order to observe the effesct of these sulfur-conteining basie
slde-cheins stteched to a muoleus that has no partiouler sntimelarial
ectivity, m-trifluoromethylaniline wes ocondensed with J-diethylamino-
propyl Yechleropropyl sulfide to give 3=/ 4"=( I *=diethylamincpropyl-
merocapto J=propylamine/~triflucremethylbenzene (XI).
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H N{CHy)58(CHg) ¥ (Colig) 2

c¥y
| (x1)

The best availeble method for the introduction of the tfpiual side-
chein into the Se-position of eoridine is the condensstion of en eliphetio
amine with the 9-chloromoridine derivative, The Pediethylaminocethyl
¥ eeminopropyl sulfide (XII) wes prepared frem sodiwa {0 ~diethylaminoethyl
mercaptide and § ~bromepropylphthalimide by the Gebriel synthesis. This

(c,Hg ) W(CH, ),8(0H, )ghH,

(xxx) |
emino side~chain was condensed with 6,9~di ahlare-z-mthaxyaer.idimm teo
give 9~/ 0 -( p~diethyleminoethylmercapto)=propyleming/=6=chloro=2-~
methoxyseridine (XIII),

BN(CHp)uS(CHz ) N (Ol )2

{xr11)

The reaction of J ~diethylamincethyl ¢ -eminopropyl sulfide with
nostonylacetone gave § =(2,5~dimethyl=l-pyrryl)=propyl f=diethylemino=
ethyl éxﬁfiéa (X1V), vhich ie & very interesting compound since it

aus
(G ofig) 9 CHp) 28 (CHR) I
3

taw)

conteins the 2,b-dimethyl-l-pyrryl group. This group has shown some



antimalarial velue,

The synthesis of some of the materisls used above requirsd
5~diethy1amineaihyl mercaptan, Prior te this investigatioen, the
mereapten was not readily availeble, Gilmsn and Woodsi® desoribe the
preparation of this mercaptan from ethyleme sulfide and lithium
diethylamide, but these starting materisls ere not essily obteined., The
preparation of the mersaptsn from f-diethylaminoethyl chloride end
sodium hyﬁmmlﬂéaw is & more practical method of preparation, since
the starting meterials are essily availeble, Since the completion of
this investigation, Albertson and Clintenl® have descrived the synthesis
of F=diethylaminoethyl mercaptan from S-diethylaminoethyl chloride
hydrochloride and thiecurea in an excellent yield. The latter method is
wndoubtedly the best procedure for the prepsration of this mercsptan at
the present time, Gilmsn and WoodsiO report the resction of [f-diethyl-
aminosthyl chloride and thiourea, The low yleld obtained by these
workers probably ean be explained by the use of the free base of the
chloride rether than the hydrochloride,

The secondary carbinol group has been shown to be sn effective
functional group in enhancing antimalarial activity., The introduction of
a osrbinol group into some of these typiocal sulfur-containing side~
cheins was spprosched by rescting epichlorohydrin and sodium J-diethyl-
sminoethyl mercaptide to give l~diethylamincethylmercepto=2,3-epoxy=
propane (XV), This epoxy compound was treated with diethylemine in an

(CgHg) N (CH, ), SOR, CHCH,
0
(xv)
effort to open the cyolic ether group to give e secondary carbinol,

S8ince ithe secondary amine failed to resct with the epoxy group, this
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compound was treeted with 8-(Nelithio)-emino-6emethoxyquinoline, but
only unchanged starting meterial wee recoversd, Beoause the cleavage of
the ether feiled with both disthylamine snd the lithiwm emide, the
structure of the compound was questioned. Fractionation from & medified
Claisen flask seversl timss geave the same produst, Gilmen end Woods10
first prepared end analyzed the compound for nitrogen. This compound
reacts with hydroshloric acid to give a mixture of higher buiiing
products; thus indicating the presence of the epoxy group, The boiling
point is lower then thet expected for any possible product obteinsble
from epichlorohydrin and the sodium diethylaminoethyl merceptide., From
811 of these factors, this compound was assumed to be the lediethylw
sminoethylnereapto-2, 3=epoxypropane, The resetion of this compound with
8 secondary amine might be started or oatelyzed with a smell emount of
water or some other meterisl that attecks the ether linkege, All of the
possibilities were not explored in this investigation,

Most of the sulfur compounds prepared were mulfiides, but en effort
was made to prepare some of the corresponding sulfones, By oxidizing
the sulfide before the introduction of an amino group, less diffioulty
was expected. The general synthesis proposed can be illustreted as

follows:

Hy0,
HO(CHp),SNa +  Br(CHp)zCl——— HO(CHj)o8(CH,) 402
(C Hg) W
[ HO(CHp ) ;805 (CH, )5l (CaHg ) 5 ¢———— HO(CHp)»80, (CHp )51

8001 2

> el(cag}zscz{cﬁg)sﬁ(cgns)z.

B=Bydrexyethyl d¢=chloropropyl sulfide wes prepared in good yield from
the readily availeble sodium ﬂ-hyﬁromthyl mercaptide and J -chlorepropyl
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bromide, The oxidation of this sulfide and of the corresponding acetoxy
derivative failed to give & produot which could be purified, Other
methods of preparing these sulfones were not attempted. In comnection
with this partiouler work, & publicetion appeared recently by Clinten

20 4n which P-diethylemincsthyl J “chloropropyl sulfide
was oxidiszed to the sulfone in 42% yield, This oxidetion was oarried

snd co~workers

out with 30% hydrogen peroxide, These workers oould not purify their
product, but e picrate was prepared and anslyszed,

Irifluoraemethyl Derivatives

m-Trifluoromethyl acetenilide was nitrated by twe methuds to give
the three isomers, The nitration wes carried out by the methods
desoribed by Rouche,2? The first method, nitration in sulfuriec scid,
gave 43% of 3~trifluoromethyle4enitroaniline (XVI) end a mixture of
other isomers., The second nitration with soetyl nitrate gave 20% of the

HO
CFg
, {Xv1)
3-trifluoromethyl-2-nitroeniline (XVII) and 17% of 3-trifluoromethyl-6-
nitroaniline (XVIII).

N0 2
CF, HHg - CF g
| 2
(xviI) | (XVIII)
These nitrated m-trifluoremethyleniline derivatives were each

rescted with glycerol and arsenic soid in the Skreup synthesis. The 3«
trifluoremethyl~4-nitroaniline (AVI) geve & good yield of s
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Thege Slreup resctions were tried only once, and these fellures
were probably the result of temperature controel,

The T-trifluoromethyl-6-nitroquinoline was reduced with steanncus
ehloride in good yield to the corresponding emine, fThis amine wes con-
densed with acetonylaceteone to give 7-trifluoromethyle6-(2,5-dimethyl-l-
pyrryl J=quinoline (XXI1II), ~Diethyleminopropyl chloride hydrochloride

(XXTII)

and the 7-trifluoremethylquinoline failed to give 2 §ra¢u¢t until the
mixture was heated for forty-eight hours st a relatively high temperss
ture, 7The product cbtained using these severe conditions could not be
purified to give a correct nitrogen analysis. A pierate prepsred from
this impure product was purified and this derivative analyzed correctly
for nitrogen, An attempt to condense this seme emine with Y -diethyle
aminopropyl Y-chloropropyl sulfide gave only starting materisl efter
long periods of heating, This ?wmﬁwmmluﬁwmmgmmnne wae
unusuelly resistent to eenéematién with sliphatic chlore Wﬂ,
even though the reaction with we’keﬁyl&eatam proceeded normslly,

Arsine -mriﬁtivuk

The arsine derivetives prepared in this investigation were all
synthesized from p-bromophenyldimethylersine, which wes prepsred by the
following series of reactionss
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& AsO.H, ascl,
HNO,
- ey O
Cus ' ’ T
Br % Br Br
CBs )z
& CHgligX

The conversion of p-bromoaniline to the correeponding ersonie acid by
the Bart reesction was carried out in lerge quantities by a modified
method of Blioke snd Webster.2® The conversion of the arsemic acid to
the dichlorosrsine was carried out by the use of phosphorus trichloride
in scetic acid, This reaction proceeded very well, and this method
appeared to be better than the method using hydrogen iodide end sulfur
dioxide,

p~Bromophenyldimethylarsine hes previously been prepared by the
resction of pebromophenylmagnesium bromide and dimethyliodoarsine. The
resction of methylmegnesium fodide and p~bromophenyldichlorearsine geve
2 good yield of the dimethyl derivative. This latter procedure is the
better method since the starting materials ere more esccessible,

p-Bromophenyldimethylarsine reacts readily with lithimm metal to
give p~lithiophenyldimethylarsine. This bromide doss not react so
readily with magnesium, but the Grignerd resgent will form by refluxing
the mixture of magnesium in the ether solution of the bromide.

A series of quinoline derivatives was treated with p~lithiophenyl-
dimethylarsine to give the corresponding dimethyl-p-(2-quinolylphenyl)-
ersine compounds es illustrated below by the remetion with guinoline:



—EQ
y faﬁ@mmis———ﬂ
"

X &i%la |

(o)
In the preparation of these Z-phenylquinoline derivetives, tle 1,2~di-

hydroquinoline was first formed, and the oxidation of this form with
nitrobengene wes necessary, The dimethylep~(1,2-dihydro-2-quinolyl=
phenyl)~arsine was isoleted and distilled,

The compounds prepared by the anil addition resotion with pe-lithio=-
phenyldimethylersins were; dimethyl-p~(2=quinolylphenyl)=srsine (XXIV),
dimethyl~p=(7-methyl=2~quinolylphenyl)~srsine (XxXV), dimethylep=(Se
methyl=2-quinolylphenyl)~arsine (XXVI), dimethylwp=(S,6~benzo=2-quinolyl-
phenyl }=arsine (XXVII), dimethylep~{6~chloro-z-guinolylphenyl)-arsine
(XXVIII), and dimethyl=p=(2-pyridylphenyl)~arsine (XXIX).

CHy ks (CHz) o

(xxv)
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The reaction of p-dimethylaminobensaldehyde with p-dimethylarsino-
phenylmagnesiwm bromide gave p-dimethylaminophenylwptedimethylemino-
arsinocarbinel (XXX). In e similar preparation, p-lithiocphenyldimethyl-

oH ,
wir{ ) e
(XXX}

arsine was added te 3~cyanoquineline, but no pure produst could be
isolated from this reastion, p-Dimethyleminophenyllithium and 3S-ocyano~
guinoline gave the expected product (p-dimethyleminophenyl 3-quinolyl
ketone) (XXXI) in 26% yield.

9
O_. & —Qﬁi%)‘g
N

- {xxx3)

¥iscellaneous Amines

Spats? developed the preparstion of 3-bromoquinoline so thet this
material could bo obtained in rether large quantities, From the 3-
bromoquinoline, & number of 3J-substituted quinoline compounds was
prepared, Broamomethyl 3-quinolyl ketone was prepered by the following

e O e
B =

reactionss



The yield of ethyl 3~quinolinecerboxzylate from the secid wes improved
considersbly by the use of dry hydrogen chloride end absolute ethenol,
Previocusly the esterification wae carried out by mun&nmw who used
sulfuric acid and absolute ethanol, Attempts to prepare this ester
directly from the ?@pﬁnﬁwﬂayw&a using sbsoclute ethanol emd dry
hydrogen chleride gave the imido ether,

¥andi3® desoribed the preparation of bromomethyl 3-quinmolyl ketone
by the method used in this investigetion. The S-keto ester wes not
purified and described by Nendi, and the yield of the methyl ketone,
based on the starting ethyl Z-guinslinesarboxylate was only 36%, In
this investigetion, the method used by Nandi was modified to give a
yield of 73%. The bramination of the methyl 3-quinelyl ketons in
hydrobromic acid gives an excellent yleld of the bromomethyl derivative,

Bromomethyl S-quinolyl ketone hydrobromide was reacted with 6«
methoxy-3-aminoquinoline to give a low yield of 6-methoxy-8~-quinolyl-
sminomethyl 3-quinolyl ketone (XXXIIX),
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Hi{CHp) N (Cpl5 ) o
4
CHs
(0XIV)
B {CHp )N (Colig ) 2
i
4
{xxv)

Closely related to these compounds, the 3-({ -diethylaminopropylemine)-
9=ethylearbazole was prepered by a similar condensation (XXXVI),

An attempt to condense J ~diethylaminopropyl chloride hydrochloride with
ecarbazole falled to give a resction, In an sttempt to obtein thie
compound by enother method, 9-ocerbaszyllithium wes treated with d -diethyl-
aminepropyl chloride, Both of these reactions failed to give the

product, The product sould probably be prepared by & more indirect
method. One method which might be used to prepare the §-( ~diethyl-
sminopropyl )~carbasole is the reaction of ¢ -chloropropyl prtoluene~
sulfonate with either carbaszole or H-carbasyllithium to give 9={ §-chloro~
propyl Jecarbazele, This chloro derivative would react with diethylemine
to give the desired product. In connection with the studies of compounds
containing the 2,6~dimethyl-l-pyrryl group, acetonylscetone was ocondensed
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V. SOMMARY

1, Some of the theorstical aspects of synthetic sntimalaerials
have been discussed.

2, Series of each of the following types of compounds have been
prepared for antimalarisl testing: srometic compounds with sulfur-
containing basic side-chains, trifluoremethyl derivestives, arsine
derivetives, miscellaneous quinocline compounds conteiping basic side=
chains, and some 2,5=dimethylelepyrryl derivatives,

3, The results of the pharmacologloal tests, which were carried
out under the suspices of the United States Govermment, are restricted.
Acoordingly, publicetion of such results must wait on future relesse,



	1945
	Fluorine and sulfur quinoline derivatives as antimalarial agents
	Leo Loveland Tolman
	Recommended Citation


	 

