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rcported until the ivork is complete and bioassay results 
are available. 

Experimental Section15 

Conversion of Arylaldehydes to Aryl- 
oxiranes.l6-1nto a round-bott'om flask was introduced 50% 
XaH-oil dispersion in a molar amount' four times that of the alde- 
hyde to be used. Dry N, was passed through the flask during 
this and all subsequent operations. The oil was removed from 
the NaH by washing three times with pentane, the pentane 
being removed by pipet after each wash. Residual pentane was 
removed by evacuating the flask and refilling it with K2. DMSO) 
about 19 times the weight of NaH-oil used, was added and the 
mixture was stirred a t  io-75' until H, evolution ceased (cu. 
0.5-0.73 hr). The solution of DAIS0 anion was stirred and chilled 
i n  an ice-salt bath, after adding a volume of T H F  equal to that of 
the 1)lIYO. AIe3S+.I- (molar amount equal to that of the 
SaH)  in DAISO (1 g of salt/4-3 ml of DAISO) was added over 
ca. 3 min. The resulting solution of i\IesS=CHs was then treated 
over 1-2 min with a THF solution of the aldehyde. The cooling 
bath vias removed and, after stirring for 0.5-1 hr, HIO was added 
and the oxirane was isolated by extraction (EtaO). At this point 
the Et10  could be removed carefully to  leave the oxiraiie ill 

virtually quantitative yield. Usually, however, di-n-heptyl- 
amine (3 equiv/equiv of aldehyde) was added to the Et20 ex- 
tracts before boiling off the solvent, and the residue was taken 
directly to the next step of the sequence. I n  no instance was the 
oxiraiie characterized. 

Amino Alcohols from Aryloxiranes--A 
mixture of the oxirane and 3 molar equiv of diheptylamine was 
heated in an oil bath under ?rTz a t  145-15.5' until tlc (silica gel F) 
indicated essentially complete disappearance of the oxirane ( 1-4 
hr). The excess diheptl-lamine was removed from the reaction 
mixture in a sublimation apparatus a t  iO-150° (1-8 mm) while 
being stirred to prevent splattering. Where t'lc indicated sub- 
stantially one component, the residue of product, in Et20 or 
absolute EtOH solution, was treated with 1 or 2 equiv (depending 
on the number of basic nitrogens in the molecule) of 1870 HC1 in 
EtOH. Slow dilution wit,h additional Et20 caused precipitation 
of the amino alcohol salts in pure condition. When tlc indicated 
that significant by-products were present, preliminary purifica- 
tion was effected by chromatography over alumina, using 30-60' 
petroleum ether-Et20 for elution. 

Heterocyclic Aldehydes.-Because heterocyclic aldehydes 
1)-H were prepared as part of a larger synthetic effort, only an 
outline of their syntheses is given here. Preparative details and 
analytical data will be published later as part of the complete 
report. 

Skraup reactions on 3-amino-1-naphthoic acid, 3-amino-2- 
naphthoic acid, and 4-amino-1-naphthonitrile provided benzo- 
[j] qui1ioliiie-6-carboxylic acid, l' benzo [f]  quinoline-5-carboxylic 
acid,'* and benzo [h] quinoline-6-carboxylic acid, respectively. 
Esters of these acids w-ere reduced with LiAlH4 and the resulting 
carbinols were oxidized to aldehydes D, E, and F, respectively. 
I>lISO-S03 reagent,12 served as the oxidant that provided Il and 
ceric 

Aldehydes G and H were prepared from the corresponding 
esters by reduction to carbinols and subsequent, oxidation of the 
alcohols with Pb(OAc)a14 and DhISO-SO3, respectively.12 The 
ester precursor to G,  methyl benzo[h] quinoline-5-carboxylate, 
was obtaiited by photochemical ring closure of the methyl ester 
of @-pheliyl-a-3-pyridylacrylic acid. The ester precursor to H, 
methyl heiiz [h]  i.oquitioliiie-.i-carbox?.late, was obtained by a 
similar photoreaction employing methyl fl-phenyl-a-4-pyridyl- 
ac.rylate.20 The photolytic ring closures are analogous t'o a series 
reported by Loader and Timmons.21 

General Procedure. 

General Procedure. 

was used to provide E and F. 

(15) Melting points were obtained with a Mel-Temp appratus and  are 
corrected. Microanalyses were performed by Miss Betty NIcCarthy of the  
Stanford Research Insti tute analytical laboratory. Nmr spectra were ob- 
taiqed on a Varian A60A instrument. 

(16) This procedure i8 essentially tha t  of Core?, and Chaykovsky.g 
(17) \V. A. Jacoljs and R .  G.  Gould, .I. B id .  Chem., 120, 141 (1937). 
(18) E.  R. Barnum and C. S. Hamilton, J .  Arne? .  Chem. Soe., 64, 540 

(1942). 
(19) .I. R. Katritakq- and .L 11. hlonro. .I.  Chem. Soc., 150 (1'358). 
(200) D. R.  Braan and 17. G. \\~iI,herly, ibiri . ,  5074 (1961). 
(21) C .  E. Loader and C. J. Tirnmona, ibid. ,  C, 1078 (1964). 
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The purpose of this work was to prepare analogs of 
the potent antimalarials 1-111,2 two of which were ob- 
served to cause the development of sensitivity to light 
and other toxic symptoms that interfered seriously with 
their clinical use. The ne\\- compounds (Table I) in- 
clude those in ivhich chlorine n as replaced by fluorine3 
and those in which the nitrogen-coritaining side chain 

I 

61 
I11 

I1 

n-as derived from amines not studied previously. The 
pharmacology reported below indicates that, while some 
of these structural analogs continue to possess consider- 
able antimalarial activity, the phototoxic side effect 
has riot been overcome. Similar observations have 
been reported recently from other 

It is now apparent that, if the phototoxic character 
is to be eliminated from the 2-phenyl-4-quinoline- 
methanol class, nithout at  the same time decreasing 
the antimalarial potency, structural modifications of 
considerably greater sophistication must be examined; 
such studies are currently in progress in this arid other 
laboratories participating in the Army Research Pro- 
gram on AIalaria. Although some structure-activity 
data derived from phototoxicity studies have been re- 
ported' there exists a need for more fundamental data 
concerriing the mechanism of development of photo- 
toxic symptoms in laboratory animals and in man. 

Chemistry.-The sj-rithesis route to the compounds 
listed in Table I was quite similar to that described 
previously for the preparation of 2-phenj.l-4-quinoline- 

( 1 )  This vork  was performed under Contract D.4-49-193-LID-2901 with 
the U. S. Army Medical Research and Development Command, Office of the  
Surgeon General. Contribution No. 398 of the  Army Research Program on 
Malaria. 

(2)  F. I-. Wiselogle, "A Survey of Bntirnalarial Drugs, 1941-1945," Yol. 
I ,  J. W. Edwards, Ann Arbor. hIich., 1946, pp  347, 357-358, 369. 

(3) The  pliarmacological virtues of fluorine-containing drugs have been 
mentioned by A .  J. Sangiomo, K. Kato,  and  T. Kaisa.  J .  .Wed. Chem., 11, 
277 (1968). 

(4 )  R. .\I. Pinder and -4. Burger. i b i d . ,  11, 267 (1968). 
( 5 )  D, W. Boykin, Jr . ,  A. R. Patel. and R. E .  Lutz, ibid. ,  11, 273 (1868). 
(6) J. S. Gillespie, Jr . ,  R .  .J. Roxle t t ,  Jr.. and R. E. Davis, ib id . ,  11, 425 

(1968). 
(7) \V. E;. Rotlie and 1). P. Jacollua, ibid.. 11, 36ti (1968). 
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for the eleme-iits indicated were within 0.4"; (J? theoretiml. ( 
caald, 68.93: foiiiid, 60.44. S :  ralcd, 10.97: foiiiid, 10.4:. C' 

niethariols."y \ y e  chose t(J prep:tre th r  quinoline- 
methanol drugs by the reuction of the  four quiIiol\.l- 
ethj-lene oxide precursors \r-ith a varietJ- of amines 
rather than by using the broniohydriri-amine reaction, 
where separation of the a,mine hydrobromide is riecessar!' 
during isolation of t.he desired product. 

The oxides were in t'urri prepared by reduction of 
bromomet,hyl ketories, follon.ec1 by :rn alkaline \rork-up. 
The traditional aluminum isopropoxide reduction tvas 
used at first', but \ve riow routinel!. use reduction \vit,h 
XaBHd, a rapid process rvhich gives alinost quztntitativc 
j k l d s  of oxide. 

&Is indicated above, the aniiiics used \\.ere chosen for 
novelty in this series. I-Xmirioaditniantarie \\-as chosen 
because of its man!. \\-ell-krion.ri recent applications in 
medicinal chemistry. The unconvent,iorial piperazine 
derivative I V  \ w s  prepared by the reaction of piperazine 
\vith 2 molitr eciuiv of oxide in n single-step reaction. 

n 
HOCH-CHI--S N-CHL-HCOH 

I u I 

I \ '  

\\'e hoped t o  prepare c(~iiip(~ulids iri the 6,s-difluoro 
series but we were unable to prepare 6,8-difluoro-2- 
phen~lcincho~ii~iic acid b>- the Doebner--Miller syn- 

from %,3-difluoroanilirie. The only substance 
d \v:w the  tJ-pical "pyrrolidiriediorie a d "  by- 

product, :t class of compounds I I O W  l ino \vn  to possess ail 

isomeric structure."' T h r  alterrintive l'fitziriger syii- 
Lii tz ,  ut d.$ J .  . l m v r .  Chem. Sac., 68, 181:j (194fj) .  

nslein, v t  n l . ,  %bid., 68, 1831 i lg46) .  
ill)) \ \ .  I,. 1Ieyt.r and \\., R .  Vaiiehan, .I. O r [ ] .  C'tiem.. 22,  U8. 13.51, IJNi 

I 11157). 

the-ii failed \\ heti \\ e \\ere uiiablc t o   con^ crt ?,~-(II- 
cetaiiilidell t o  .i,i-tlifluoroisatitl 
.-Phototoxicit\- data prcviouqlv r(&- 

ported' for 3, 8,  15. 17, and 18 in Table 1 she\\ that, thc. 
qtructural variation? involved in thew compounds have 
failed to bring about a ignificarlt reduction in photo- 
toxicit?. .I mor? recent qtudy of 10 by the same author. 
lis. foulid :L ininirnum effective phototosic doie of .io 
ing Lg, : t i id  itill other fluoro compouiids in thii scriei 
:lie knonii  t o  tw phototoxic. It iq unlilielj that photci- 
tosicit\ .tidie. \\ill be carried out ni th  the rmiainiiig 
compourid. in Table I 

.Iritini:ilari:il activity data (Tuble 11) for 10 5ul)porti 
the  coIic1uiioii of other:,? that appropriate fluoro analogs 
:ire potent aritima1ari:ili; available data for 5- 9 huggeit 
that the iiaturcb of the amine 4 l e  chairi i- importarit. 
Thc iiriglc ' (hi \"  ccinipound studied (11) \rab inactivc 
cveii :it thc highfit doses. Iri the 6,s-dichloro .erie.i 
onl> 15 shon rtl  interesting activity. The expected? 
significant iiioreaie in antinidaria1 nctivit) thitt oc- 
cu~rc t l  I\ hcri :L third chloriric atom \\ :iy iritroc 
- h i ) \ \  11 for 17, 18, :tiid 20, arid :t comparison of thc 
c i ~ n i p o u i i d ~  I\ it  h arialogous conipound:, contain 
t \\ o chlorine atom' ihon:, that the t j  pe ( ~ f  ring s u b  
ititutioii 15 :I more importaiit factor than the. t) { )e  of 
:\mine d e  chxiti present 
-1 itutl? c ~ f  our cl:it:i alcirig \\it11 those reported h ~ n i  

other k~hOr:I~OI.l('i might 1e:d to uqeful conclusioll. roll- 
uct ure for high antima1:iri:tl p( It et im 
uirio1inemPth:~riol series, but all pub- 

I i i h c d  t1:iia iticlicntc. that phototoxicit;\ nil1 ino*t lill(>l\ 
cviiitiriue to tw :I qrious uritlesirable side effect. 

)oriiids 2, 9, 12, and 13 produced 110 :,igriific:wr 
I 111 nicwi .urvival time of chiclib infected \\it11 
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T.ABI,E I1 
ANTIM.4LARIAL ACTIVITY~ - Increase in mean survival time, days, or no. of cures (C) - 

Compd in 7 Dosage, mg/kg - 
Table Ib 20 40 80 160 320 640 

1 3.1 3.3 3.5 3.9 4.5 4.7 
2 0.2 0.2 4.2 4.8 11.8 active 
3 0.2 0 . 2  1.2 
6 0.2 0.4 2.0 
7 0.2 0.4 0.8 2.0 
8 0 . 2  0.4 0.4 0.8 2.4 7.4 active 

0 .6  active 9 0 .4 0.8 3.0 3.6 6.0 
10 6.2 active i. 2 active 8.5 active 1C 1c 1c 
12 0.4 0.6 1.2 1.8 3.6 1c 
13 0.3 0.3 0 . 5  0.7 3.1 6.3 active 
14 2.1 2.7 3.9 4 . 5  6.3 active 8.5 active 
1 -5 0.1 2.0 4.7 6.7 active 8.7 active 3C 
16 0 . tj 0 . .i 0.9 4.1 5.9 Toxic 
17 3 . 0 2C 3 c  4c 3 C 5C 
18 1.1 l C  3C 4c 3 C 5C 
19 0.4 0.4 0.6 1.0 2.6 
20 4.0 3C 2C, toxic 

a Tests were carried out in five mice infected with Plasmsdium berghei [T. S. Osdene, P. B. Itussell, and L. Ratie, J .  .Wed. Chem., 10, 
.4n increase in msan survival 

If the mean survival time is greater than twice the mean survival time (6.1 or 7.0 f 0.5 days) of 
b Com- 

431 (196i)I and results were supplied by the Walter Reed Army Institute of Research, Washington, D. C. 
time indicates antinlalarial activity. 
the control group, the compound is said to be "active." 
pounds not listed here had no significant activity. 

It is said to  be "curative" (C) when an animal survives to 60 days. 

Plasiuocliuin gallinaceuin12 at doses up to 120 mg/kg, 
but 10 at 120 mg/kg produced an increase in mean 
survival time of 13.2 days arid n-as rated active. 

I n  the mosquito primary screening testI3 at  concen- 
trations of O . l % ,  5 produced a t  25% sporozoite sup- 
pression and 11 a 7 5 7 ,  sporozoite suppression; the 
remaining compounds nere inactive (3 and 6 were not 
tested). 

S o n e  of the intermediates involved in our n-ork 
possessed significant antimalarial activity. 

Experimental Section 

Melting points were obtained in capillaries and are uncorrected. 
Elemental analyses were performed by Galbraith Laboratories, 
Inc., and by Dr.  S. AI. Nagy (1I.I.T.). Satisfactory uv and ir 
spectra were recorded for all compounds listed in Table I. 

4',7-Difluoro-2-phenyleinchoninie Acid.-m-Fluoroaniline, p -  
fluorobenzaldehyde, and pyruvic acid reacted under conditions 
similar t o  those used for the synthesis of the analogous dichloro 
compound8 to  give 40-505 yields, mp 237' (AIeOH). Anal. 
( C I ~ H O F ~ N O ~ )  C, H, N, F. 

4',7-Difluoro-2-phenyIcinchoninoyl Chloride.-Satisfactory 
yields in large-scale runs were not obtained until the cinchoninic 
acid was first converted to its hydrochloride salt, mp 258-260", 
before the reaction with SOClu. The salt was prepared by the 
addition of concentrated HC1 to a hot solution of the cinchoninic 
acid in dimethoxyethane. Runs involving up to 120 g of the 
hydrochloride gavr 60-7052 yields of the acid chloride, mp 154- 
136' (CsHs), in a coiiventional process. dnal.  (Cl&F&1?;0) 
C, H,  F, C1, N. 

Bromomethyl 4',7-Difluoro-2-phenyI-4-quinolyl Ketone.--The 
procedure described for the analogous dichloro compound8 was 
used in runs involving up to 40 g of the acid chloride. The 
intermediate diazomethyl ketone was not characterized, and the 
hromomethyl ketone was isolated in 80-907c yield, either as its 
crude hydrobromide salt, mp 184-190", or as the free base, mp 

(12) This test was conducted by  Dr.  I,. Rane, University of Miami. 
Chicks (9-12 days old) were infected with a uniform disease fatal  to  100% 
of untreated controls within 3-4 days. Compounds under test were dissolved 
or suspended in peanut oil and administered subcutaneously or  per os imme- 
diately after infection of the  chicks. An increase of 10070 in survival time 
was considered to be the minimum effective reponse to  the  antinlalarial 
activity of a drug. Chicks tha t  survived for 30 days were recorded as cured. 

(13) E. .J. Oerllere. L. T. Richard. and  J. B. Poole, Mosquito S e w s ,  26, 
359 (1966). 

118-121" (HOAc-H20). rlnal. (CliHloBrFuNO) C, H, N .  In 
some runs the diazomethyl ketone in ether suspension failed to 
react completely with 48% HBr, as shown by the fact that the 
product showed strong diazomethyl ketone absorption at 21 10 
and 3080 cm-l. When the reaction was carried out in AcOH sus- 
pension the product was difficult to purify. Experience with 
another relatively stable diazomethyl ketone, to be described in 
a later publication, indicated that the product contained sig- 
nificant amounts of the debrominated substance, methyl 4',7- 
difluoro-2-phenyl-4-quitiolyl ketone. When bromomethyl ketone 
containing this contaminant was subsequently reduced to the 
oxide (see below) the contaminant was converted t,o the carbinol, 
4',7-difluoro-2-phenyI-4-quinolinemethanol, mp 148-150", iso- 
lated during the purification of the oxide. Anal. (Cl;Hl,F2SO) 
C, H, F, N. X o  difficulties of this sort were encountered when 
the diazomethyl ketone reacted with 48'3 HBr in C6H6 suspen- 
sion a t  room temperature; in our opinion the use of AcOH as 
a solvent during the reactions of diazomethyl ketones with HBr 
should be avoided. 

Substituted 2-Phenyl-4-quinolylethylene Oxides.-The follon- 
ing procedure for the preparation of 4',7-diehloro-2-phenyl-4- 
quinolylethylene oxide is typical of that  routinely used by us in 
more recent work. In  our early work we used Al(i-OPr)a reduc- 
tion of the bromomethyl ketone followed by an alkaline work-up8 
of the intermediate bromohydrin, but NaBH, reduction was 
much more rapid and gave comparably high yields. 

Bromomethyl 4',7-dichloro-2-pheiiyl-4-qi1inolyl ketone hydro- 
bromide8 (7.1 g, 0.015 mole) (or an equivalent quantity of free 
base) was suspended in 45 ml of EtOH, and 0.75 g (0.19 mole) of 
NaBH4 was stirred in during 10 min, while maintaining the mix- 
ture a t  20-25". The suspension w-as stirred for 1.5 min longer and 
then a solution of 3 g of KaOH in 7 . 5  ml of HIO was added. A 
white precipitate formed, and the suspension was stirred for 30 
min. The product was washed on the filter (H20). The yield 
of dried material was usually greater than 95yc. I n  the specific 
case described the product was recrystallized (11e2CO), mp 146- 
147", lit.8 mp 143-144". RleOH and 2-methoxyethanol were also 
used as solvents for the reaction; dioxane and THF were less 
acceptable. The reaction was carried out successfully at ten 
times the scale described. 
4',7-Difluoro-2-phenyl-4-quinolylethylene oxide was prepared 

by both Al(i-OPr)8 (91-95% yield) and SaBH4 reductions, mp 
124-126'. Anal. (CnH11F2NO) H, F, N ;  C: calcd, 72.08; 
found, 7 1.56. 
6,8-Diehloro-2-phenyI-4-quinolylethylene oxide was prepared 

only by Al(0-i-Pr)s reductions in 97'3 yield, mp 184-186". 
A sample for analysis had mp 190-192' (DRIF). Anal. (CIS- 
H11C1,NO) II, C1, N ;  C:  calcd, 64.56; found, 63.67. 




