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(Conrad-Limpach reaction3). The intermediate en- 
amino esters have seldom been isolated and character- 
ized since in the majority of cases these were viscous 
oils more amenable to direct thermal cyclization and 
analysis as quinolone-2- (or 3-) carb~xyla tes .~  

Xeither the intermediate adducts nor the 4(1H)- 
quinolonecarboxylates were evaluated in the antimalar- 
ial screening program during World War 11. Several 
4( 1H)-yuinolones,5 however, did display modest activ- 
ity against Plasmorlium cathemeriuirz in avian spe- 
cies.6 

We wish to report an extension of our previous efforts 
in quinoline' and quinol0ne8~~ synthesis which has 
produced several structurally defined enamino esters 
(3) and methyl 4( lH)-quinolone-2-carboxylates (4) 
which have been screened against Plasmodium berghei 
in mice. We have utilized the Nichael condensation of 
substituted anilines (1) and dimethyl acetylenedicar- 
boxylate (2) to make available dimethyl anilinofuma- 
rates (3). These adducts can be synthesized in high 
yield, as easily purified compounds possessing an iso- 
meric homogeneity. Sumerous workers have estab- 
lished that primary amine  in a solvent possessing high 
proton mobility (such as NeOH) react with acetylene- 
dicarboxylate to  produce adducts in which the two ester 
moieties are transoid.lO,ll This geometry is that re- 
quired for the thermal Conrad-Limpach closure to 4- 
(1H)-quinolones, and invariably excellent yields of the 
cyclized products result. The best evidence for the 
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existence of a single geometric enamine isomer and for 
the absence of any ani1 tautomer in equilibrium is that 
the nmr spectra of the adducts show only one vinyl pro- 
ton resonance. It has been shown that when fuma- 
rate and maleate isomers are present in such systems, 

(3)  R. C. Elderfield in "Heterocyclic Compounds," Vol. 4,  R .  C. Elder- 
field, Ed . ,  John Wiles and  Sons, Inc. ,  New P o r k ,  W .  Y., p p  33-35. 

(4) Definition of a n  exact structure to  the  Conrad-Limpach intermediates 
is complicated by t h e  expectation tha t  these suhstances should exist in an  
anil-enamine equilibrium, each member of which could possess two geometric 
isomers. Both tautomeric possibilities have been diagramed in puhlica- 
tions in this field; see for  example ref 3,  and A. R.  Surrey and H. F. Hammer, 
.I. Amer .  Chem. Soc.,  68, 113 (1946). 

( 5 )  I n  the earlier literature these are described as  4-hydroxyquinolines. 
Current experimental evidence supports the  lactam structure as the  pre- 
dominant tautomer: A. R. Katri tzky and J. AI. Lagomski, Aduan.  Hetero- 
cyr l ic  Chem.,  1, 339 (1963). 

(6) F. Y. Wiselogle, Ed.,  ".% Survey of Antimalarial Drugs, 1941-1945,'' 
d .  \V. Edwards, Ann Arbor, Mich., 1946, pp 1047-1053. 

( i )  E .  C. Taylor and N. D. Heindel. J .  Org. Chem.,  32 ,  1666 (1967). 
(8) N. D. Heindel, I. S. Bechara, T .  F. Lemke, and  V. B. Fish, i b i d . ,  32, 

(9) E .  C. Taylor and N. D. Heindel. ibid., 32, 3339 (1967). 
(10) J. B. Henrickson, R .  Rees, and J. F.  Templeton, .I. Amer .  Chrm. Soc.. 

4155 (1967). 

86, 107 (1964). 
( 1 1 )  E IVinterfeldt, Anurar. ChPm. I n t r r n .  Ed .  RngI., 6 ,  423 (1967). 

two different vinyl absorptions appear.12s13 All of the 
adducts prepared in this work (see Table I) displayed a 
singlet in the vinyl resonance region at 6 *5.49 f 0.13 
ppm integrating for one proton. 

Although, as we have reported previously,8 special 
conditions are necessary to ring close the adducts of 2 
with o-nitroanilines, all other enamines (3) could be 
cyclized in the traditional medium, diphenyl ether. As 
would be expected the enamines derived from unsym- 
metrical anilines, vis., 3b, 3f, 3h, and 3i, gave mixtures 
of isomeric quinolones. In the case of 3b the isomeric 
quinolone carboxylates could be separated into their 
respective pure forms, i.e., 4b and C, on the baqis of a 
differential solubility in -4cOH (see Table I1 for 
yields and physical properties). Similarly, 3f mas ring 
closed to 4g and h which were fractionally crystallized 
from MeOH. The cyclization of 3h in diphenyl ether 
produced only a single isomer, 41. On the other hand, 
the two isomers formed on ring closure of 3i could not be 
separated by fractional crystallization and the data re- 
ported in Table I1 for 4j represent the unseparated com- 
bined isomers. S m r  analysis of the quinolones re- 
vealed that the mixture consisted of 777,  methyl G- 
methoxy-7-fluoro- and 237, methyl Xuoro-&me- 
thoxy-4( lH)-quinolone-2-carbox~lates. 

Biological Activity.-The dimethyl anilinofumarates 
(3) and several of the 4(1H)-quinolone-2-carboxylates 
(4a, d,  f-h, j, 1) were screened for antimalarial activity 
against P. berghei in mice.14 None of the compounds 
showed any significant increase in the mean survival 
time (normally 7.0 + 0.5 days) of the infected rodents 
even at the highest dose level of 630 mg/kg. The ani- 
linofumarate (3f) displayed the highest increase (1.2 
days at 640 m g k g )  in mean survival time of all the 
compounds tested. The only toxic deaths recorded, 
i .e. ,  for rodents which survived less than the 7.0 f 0.5 
days observed with untreated control animals, resulted 
from administration of 3g. With this compound at 
doses as low as 80 m g k g  all mice expired in less than 4 
days. 

Experimental Section15 

Preparation of the Dimethyl Anilinofumarates (3).-All of the 
anilines required for preparation of the Michael adducts were 
commercially available materials with the exception of 2- 
benz amido-5-met hoxyaniline, l6 of 3-fluoro-4-methoxyaniline, li 
arid of 3-trifli~oromethyl-4-methoxyaniline which was prepared 
in 9 i %  yield by hydrogenation over PtO, of 0.23 mole of 2-me- 
thoxy-5-nitrobenzotrifliioride18 in 200 ml of MeOH; mp 5i-58', 
lit.'$ 38-59'. Equimolar amoiiits (0.02 mol) of t,he aniline and 
of dimethyl acetyleriedicarboxylate were mixed in 100 ml of an- 

(12) J .  E. Dolfini, J .  Org. Chem.,  30, 1298 (1965). 
(13) R. Huispen, K. Herhip, A .  Seal ,  and H. Huber, Chem. Ber. ,  99, 2826 

(1966). 
(14) Testing x a s  carried oiit a t  the  University of Miami under the  spon- 

sorship of the  TTalter Reed Army Insti tute of Research according to  the  
standard screen descrihed h y  T. S,  Osdene, P. D. Russell, and L. Rane, J .  
M e d .  Chem., 10, 431 (1967). 

(15) Nmr analyses were carried out on a Varian A60 nmr spectrometer and 
are calibrated against TMS.  Comhustion analyses were provided through 
the  courtesy of Dr.  Velmer B. Fish of these laboratories. Melting points 
were obtained on a Fisher-Johns block and are uncorrected. X-here analyses 
are indicated only b y  symhols of the  elements, analytical results obtained for 
those elements are within 1 0 . 4 %  of the theoretical values. 

(16) V. A .  Iamail'skii and A. AI. Simonor, J .  G e n .  Chem. L.SSR, 10, 1580 
(1940);  Chem. A h s t r . ,  35, 2870 (1941) .  

(17) J. English, J. F. XIead, and C. Niemann, J .  Amer. Chrm. Soc., 62, 
350 (1940). 

(18) Purchased from Pierce Chemical Co., Rockford, Ill. 
(19) I. G. Farhenind, French Patent 745,293 (1933); Chem. 4 h s t r . ,  27, 

4414 (1933). 



$=? COOCH 

H K 
K 

it 1 

C1 

('1 
11 
I1 
I1 
PhCOSTI 
IT 
IT 

i r  

Rl 

Cl 
I1 
11 
c'1 
TI 
FI 
IT 
11 
Ph CON IT 
I1 
I1 
I {  

RI 
TI 
Ti 
[ I  

I I  
F 
OCIT, 
OCII? 
I1 
OCHI 
SCH, 
OCH, 

11 

'L Yields repreyelit the purified +e  c1iii;iolo:ie isomer.;. Tot ield the c.ornbiiied f i i r n i *  i- higher than SiiniG 0 1  separated ( , I ) I I I -  

lizatioti of 3g i l l  p~11ypho;phoric :ic,id by the niethocl desc,tit,rcl i i i  

The pareiit addrlct of this cluiiiolotie f i . c . ,  3, I C a  = K I T 8 )  w:is :I viAc.otis oil whicsli 
Yield repi,emited in thi. t : ~ h l ~  i- h:i*etl o i i  the p:weiit :tniiiie. .4-:iniiiiot hioaiii*olc. 

potieiits diie t,o los.ie5 i I frac:iio:id 
ref 8. 
c:iiild not be distilled without indiicing ring closiire. 

llizatioii. Prepared I)y 
Yield represents the combiued isomers. 

hydroiis LleOH. The mixtiire was reflrixed with stirriiig for 12 
hr. The solittioil was then cotic.entrated by evaporation of the 
1IeOII iiiider rediiced pressrve aiid allowed t o  roo1 to  precipitate 
the prodiict . Crystalline materials were purified lo  analyticd 
ptirit y by recrystallization from MeOH. The liquid addiictq, 
3b :tiid 3e, were purified by distillatioil a t  reduced pressiires. 
Yields aiid physical properties are reported ill Table I. 

Methyl 4( lH)-Quinolone-2-carboxylates (4).-The dried ntl- 
cliicts (3) were added in small portions with vigorous stirring tci 
10-20 times their own weight of Ph,O, which was maintained 
at, %40-25~1". In most cases the het,erocyclic products began 
t o  precipitate almost immediately, but heating was continued 
for  10-1.7 niiri t o  ensure complete reaction. The  reaction medium 
was diliit,ed with petroleum ether (bp  60-110°): the quinolones 
were removed by filtration, washed well on the filter with petro- 
leiini ether, and recrystallized from 11eOH. iinalytical samplea 
were pi,epared by stihlimatiori a t  0.03 Inm. Specific exceptions 
tjo thih general procedure are &scribed below. 

Separation of Isomeric Quinolonecarboxylates.-The cycliza- 
lion of 100 g of  3f according to the above procedure prodiiced 
:I rnixt,iire of quinolones which nmr anal s revealed to he a 4: I 
ratio of 4g:4h. When the critde isome mixture was refliiseti 
with sis siicressive 1-1. portions of lIeOF1, the more eolitble 4h 
isomer was extracted. By concentratiuii of the alcohol 21.8 K 
( 2 5 7 , )  of 4h, nip %30-234", was isolated. The  analytical sample 
prepared h y  a sublimation and R second recrystallization frnm 

11eOII melted at 24G248". 
melted at  281-283". 

T h e  iti~oliible isomer, 5:j.O g I 60 
Ai1 aiialyt i cd  sample wad prepared t)y 

tallizatioti f rom :L large voliirne of IIeOH atid vactiiini h i i I ) -  

tion, mp 2'J7-2!J'Jo. The ~ i m r  ,-pectriirii it1 triflrioroacel ic 
acid of 4h revealed the C-7 : i i i t l  C-8 pri)t(iils ~h :t A I 3  qiiartet 
i J  = 9 cpsj :it 6 i .95  aiid 7 . 5 5 .  111 the spwtriim of 4g the C-.i 
:itid c'-S puotot i ; :  : i l ~ p e : i t ~ l  : ~ b  \ki:ir,p >itigieth at 6 7.47 : ~ t d  7.!IL' 
pp m . 

The riiig c loh i i r e  of 3h produced a ,itlgle quiiioloiie isomel, i t 1  

63'; yield. The ni,ornatic. portinii of the tinir spec.triirn of lhi- 
isomer revealed IW(J noricoitpled sitiglets at s S.14 arid 8.64 ppnt. 
This spectral pattei.ti is cmsisteiit only wit,h the 6-niethoxy-7-tri- 
fluoromethyl isonirr ailti escllldeh the  .i-trifliioromethyl-6-me- 
thosy isomer which wvoiild be expected to  display the C-7-C-S 
protoiis as aii o,dho-cwpled AB qiiartet. 

By cyclizatioti of 3i :i c~riitiolo~ie mixtilre 4j wa? o1)t:titied whic.li 
consisted of 77' met hy1 6-methoxy-7-flut)r(~- aiid 2;3',si methyl 
5-fliioru-6-methox~-4~ 1 13 )-qiii1iolotie-2-c~arb~1x~la~ es. 1ntegr:i- 
tiori of the iimr sigiials for the two slightly differetlt ester I ~ P -  
thoxyls a t  6 3.33 a i d  4.1,; ppm iti the 6,7 aiid 3 ,8  isomers. re- 
spectively, coiild he iiiilized to qiiaiititatively assay i he mixt,iu.cs. 
The two qii i i ioli~n~~s coiild iiot he >eparatetl hy frnc.tkirin1 CI  

1 iza t ion. 

of 3b was digested i l l  foitr timcs it,* weight of glacial AcOll  :titti 
allowed I O  roo1 to  room temperature. The 'i-chloro-4( ] I T ) -  

The criide qiiiidoiie inistiire ohtailled 1)y I 
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quinolone-2-carboxylate (4b) separated from the solvent phase 
(48qc) and was purified by  recrystallization from pyridine, mp 
292-293". The  5-chloro isomer (4c) was obtained in 15% yield 
by  diluting the AcOH with H?O. An analytical sample, mp 
2,5.5-2d7", was prepared by recrystallization from AIeOH (char- 
coal). 

Acknowledgment.-J. AI. acknowledges predoctoral 
fellowship support from the Lehigh University In- 
stitute of Research and the Xational Defense Educa- 
tion Act Fellowship program. 
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The arylamino alcohols (1) were one of the groups of 
antimalarial drugs most intensively studied during the 
World War I1 program.2 Quinine, in which the aryl 
group is 4-quinolyl and the amino group is incorporated 
into a quinuclidine ring system, provided the inspira- 
tion for this series. This group is of special interest in 

I 
OH OH 

Ar&HCHN< ArCHCH2NR2 

1 2 

the current research program on new antimalarial 
agents' because quinine has proven to be the only 
curative agent for some strains of drug-resistant Plas- 
ntocliunz f a l c i p a r ~ i n . ~  The massive amount of work 
devoted to this area revealed that significant anti- 
malarial activity could be associated with a variety of 
aryl groups in addition to  quinoline (e.y., phenyl, 
naphthyl, phenanthryl).2 It mas also found that the 
simpler a-hydroxy-p-dialkylaminoethyl side chain (cy., 
2) n-as a satisfactory substitute for the complex side 
chain of quinine. As part of the Army Research Pro- 
gram on Malaria, we have been examining compounds 
of type 2 that contain novel heterocyclic aryl groups, 
and we had need of an efficient method for constructing 
the side chain on the aromatic nucleus. This note re- 
ports a new and general method for accomplishing this. 

The established routes to compounds of type 2 are 
summarized in Scheme I. They typically proceed 
from an aromatic acid (3) or methyl ketone (4) through 
various intermediates to a halomethyl ketone (6). 
This ketone is then transformed into the final product 
(2) either via an amino ketone 74 or via a halohydrin 

I 

(1) This work was supported by t h e  U. S. Army Medical Research and  
Development Command under Contract No. Dh-49-193-MD-2750. This is 
Contribution N o .  416 from the Army Research Program on Malaria. 

(2) (a) G. R. Coatney, W. C. Cooper, N. B. Eddy,  and  J. Greenberg. 
"Surrey of Antimalarial Agents." Public Health Monograph No. 9,  Wash- 
ington, D.  C., 19-53; (b)  F. Wiselogle. "A Survey of Antimalarial Drugs, 
1941-1945," Vol. I, J. 'vT. Edwards, Ann Arbor. hlich., 1946. 

(3) E.g.,  T. h. S e v a ,  S e w  E n d .  J. .Wed., 277, 1241 (1967), and  references 
cited therein. 

(4) E.Q., E. L. May and E. Rlosettiy, J .  O w .  Chem., 11, 1 (1946), and  
following papers. 

SCHEME I 
ArCOOH 
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ArCOCl 
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ArCHOHCH,-ha1 /" 8 

1 Ar€OCH-KR2 
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\ [ArCH- CHJ 
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\ /  
AITHOHCH~NR, 
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8.5 In  the latter case, an oxirane (epoxide) inter- 
mediate (9) is sometimes isolated.jP6 The instability 
of amino ketones of type 7,' especially when Ar is a 
nitrogen heterocycle, has generally made the halohydrin 
route somewhat preferable. In  a few instances, neither 
route has been successfuLa This was the case also when 
we attempted to apply these methods to a substrate 
where the aryl group n-as 6-benzo [h Iquinolyl; therefore 
another method had to be sought. 

Our attention was drawn to the ~ e l l - d o c u m e n t e d ~ ~ ~  
and facile transformation of intermediate oxirane 9 to  
the final product because of a recent report by Corey 
and C h a y k o ~ s k y . ~  These authors found that such 
oxiranes are obtained in high yield upon treatment of 
aromatic aldehydes with dimethylsulfonium methylide 
(ie,, 10 -t 9). When this reaction was applied to three 

Me?S=CHz /'\ 
ArCHO -- ArCH-CH2 + Ne2S 

commercially available model aldehydes (A, B, and C 
of Table I) and the intermediate oxiranes were treated 
with diheptylamine without purification, good yields 
of the amino alcohols were obtained (Table I). The 
procedure was subsequently applied to a series of benzo- 
quinoline and benzisoquinoline aldehydes with very 
similar results (D-H of Table I). 

We have found it advantageous to employ a two- 
to sixfold excess of the ylide to ensure complete conver- 
sion of the aldehyde to the oxirane. This avoids the 
necessity of dealing with rigorously anhydrous solvents 

10 9 

( 5 )  E.g..  (a) S. Kinstein,  T. L. Jacobs, R. B. Henderson, J. H. Robson, 
and B. F. Day, ibid. ,  11, 160 (1946); (b) R. E. Lutz, et ai., J. Amer. Chem. 
Soc., 68, 1813 (1946); ( c )  R. C. Elderfield, M. Israel, J. H .  Ross, and  J. A. 
Waters, J .  Ora. Chem., 26, 2827 (1961). 

(6) S. Winstein, T. L. Jacobs, R. B. Henderson, J .  H. Robson, and B. F. 
Dag, ibid., 11, 157 (1946). 

(7) (a) T. L. Jacohs, S. Winstein, J. Ralls, J. H. Robson, R. B. Henderson, 
R. Akawie, W. Florsheim, D.  Seymour, and C. Seil, ibid., 11, 21 (1946); (b) 
K. N. Campbell and  J. F. Kerwin, J. Amer. Chem. Soc.. 68, 1837 (1946); ( c )  
D .  R. V.  Golding and IT. H. RlcNeely, ib id . ,  68, 1847 (1946). 

(8) E.Q., (a) T. L. Jacobs, S. Winstein, R. B. Henderson, and E. C. Spaeth,  
ibid., 68, 1310 (1946); (b) K. N. Campbell, C. H. Helbing, and J. K .  Kerwin, 
ibid., 68, 1840 (1946). 

(9) E. J. Corey and M. Chaykovsky, ibid., 87, 1353 (1985). 


