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Experimental Section9 

Synthesis of Compounds 3-11.—-Paraformaldehyde (0.01 mol) 
and a secondary amine (0.01 mol) were refluxed in EtOH solution 
for 2 hr. The intermediate 2 (R = IT) (0.01 mol) was then added 
to the reaction mixture and refluxing was continued for 6-S hr. 
The solvent was evaporated and the residue, if solid, was re-
crystallized. Bases which did not crystallize were converted into 
the dihydrochloride salts by treatment in Et-.O with dry ITC1. 
for physical data, see Table 1. 
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(9! All mel t ing points were t a k e n with t he T h o m a s - d f o o v e r capi l lary 
mel t ing poin t a p p a r a t u s . Mic roana lyses were performed at t he Micro-
ana ly t i ca l Labora to r i e s of A b b o t t Labora tor ies , N o r t h Chicago III. Ir 
spec t ra were recorded on a P e e k m a n IR-8 infrared spec! r opho t om e t e r . 
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The antimalarial activity of some pantothenic acid 
antagonists (lb,c,d) is well documented.2 '3 However, 
at the time the antimalarial activity of l b was dis
covered, it was observed tha t the only analogs that 
acted as pantothenic acid antagonists were those which 
retained unchanged the pantoic acid portion (i.e., 
HOCH 2 C(CH 3 ) 2 CHOHCOOH) of the pantothenic acid 
( la ) . Since then this has been found to be incorrect. 
co-Mcthylpantotheuic acid (2a) is in fact the most 
inhibiting analog of pantothenic acid. Similarly co-
methylpantoyltaurine (2b) is more inhibitory than 
pantoyltaurine.4 It was therefore considered of interest 

CH;» 

CliVC -CHCOXH(TT,CH;R 

OH OFLOH i)-( + ) 

la, R = OOOH lc, R = SO,NHCBH5 
b, R = COC«Hs d, R = SC«H6, 

SOC6H6, 

CTL 

CH3CH-C—CHCON»CH2CTI,H. 

OH CHsOH 
2a, R = OOOH 
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(1) Th is inves t iga t ion was s u p p o r t e d by the U .S . A r m y Medica l Resea rch 
and Deve lopmen t C o m m a n d C o n t r a c t No . DA-49-193-MD-2879 . Th is 
pape r is C o n t r i b u t i o n N o . 722 from the A r m y Research P r o g r a m on Mala r i a 
and was ttie subject of a pre l iminary repor t at t he First N o r t h e a s t Regiona l 
Mee t ing of the Amer ican Chemica l Society. Boston, Mass . , Oct 1968. 

(2) (a) P. Y. Wiselogle, "A Survey of Ant ima la r i a l D r u g s , 1941-1945 , " 
Vol. I. .1. YV. Edwards , Ann Arbor. Mich. , 1946, p . 250; fb) ref 2a. I) 174; 
see also pp 138-140. 

(3) For leading references and biological ra t iona le see E. F. Elslager. 
M. P. H u l l , anil L. M. Werbel, J . Me.l. V.I,em., 11 , 1071 (1968). 

(4) (a) \V. Drell and M . S. D u n n . ./. Arner. Chem. Sor., 68, 1868 11946); 
(b) ibid.. 70, 2058 (1U48); ie) ibi.l., 76, 2804 (1954). 

to test variously substituted amides of pantoyltaurine ' 
(10) and oj-methylpantoyltauriiie (9) as potential 
antimalarials. The compounds were synthesized ac
cording to Scheme I. 

The variously substi tuted sulfamoylethylphthal-
imides (5. Table 1) and the corresponding 2-amino-
ethanesulfonamides (6, Table II) were conveniently 
synthesized by following the previously described 
procedure for such compounds.5 Although most of the 
amides of pantoyltaurine (10, Table IV) were obtained 
by the direct condensation of 6 with i>-(— )-pantolactone 
(8) without solvent.''' the same procedure failed in the 
synthesis of 9 (Table I I I ) . They were successfully 
obtained, however, by heating a mixture of the K salt 
of the sulfonamides 6 with the lactone 7 in a. melt at 
11.") 120°. A similar method was used in the prepara
tion of 10 (f. g. h) . The fund compounds 9 and 10 
were obtained as crystals only after great, difficulty, 
usually following chromatography and then standing 
for days. Similar to the experience of Winterbottom. 
el «/..•"' we have found these compounds to have a 
pronounced tendency to form supersaturated solutions 
or to separate as oils even when seeded and cooled 
slowly. 

Biological Results.- The compounds were screened 
for potential antimalarial activity in mice" infected 
with Plasmodium berghei and chicks7 with P. gallinaceum 
by subcutaneous administration in a single d o e . They 
were also evaluated against blood induced P. gal
linaceum infections in mosquitoes* (Aedes aegypti). 

None of the compounds submitted were considered 
active at the (540 mg/kg dose level. Even the lead 
compound from the World War II program, i.e.. 10, 
H = p-OeHiCI, is inactive in the present chick screen.'-' 
In our opinion the nonreproducibility of its activity lies 
in the present test procedure as ihe drug-diet method'" 
was used before. 

A few of the compounds were also tested by Dr. 
Trager in his in vitro system with P. voatneyi in monkey 
erythrocyte suspension, in a medium containing calcium 
pantothenate.1 1 Compound 9b was found to be as 
active as 10 (R = /)-Cf,H.i(T) and lOf much more active 
than the hitter. 

Experimental Section12 

.Melting points were obtained in capillaries and are uncorrected. 
Klemental analyses were performed by Spang MicroanalyUcal 
Laboratories and Galbraith Laboratories, Inc. The nv, ir, and 
nmr spectra were as expected for the assigned structures, 

2-Phthalimidoethanesulfonyl chloride (4) was prepared ac
cording to the procedure of Winterbottom, el at'1 mp 100 •l(i'2°. 

15) R. W i n t e r b o t t o m , J. W. C lapp , W. H. .Miller, .1. P, English, and R. O. 
Robl in , ,/. Arner. Chem. Hoc, 69, 1393 (1947). 

(B) T. S. Osdene, P. P.. Russell , and L. Hane, ./. J / f J , Chem.. 10, 431 
(1967). 

(7) Chicks (9-12 days old) were infected ( in t ravenous ly) with a s t a n d a r d 
inoculum to produce a disease fatal to 100% of un t r ea t ed controls wi thin 
3-4 days . C a n d i d a t e c o m p o u n d s were dissolved or suspended in p e a n u t oil 
and admin i s t e red ei ther subeu taneous ly or per os immedia t e ly after infec
t ion. A 100% increase in survival t ime was considered to be the m i n i m u m 
effective response to the an t ima la r i a l ac t iv i ty of the d rug . Chicks surv iv ing 
30 days are recorded as cures, 

(8) E. ,1. Gerberg . [., T. Richards , and J. P.. Poole. Ui»qiii.to Xeic*. 26, 
359 (1966). 

(9) Pe r sona l c o m m u n i c a t i o n from Drs . S t r t ibe and H. Poon of W R A I R . 
(10) Reference 2, p -till: test p rocedure 0-1 . 
i l l ) W. Trage r , T r a n s , .V. V. Acnrl. of Sri., 28, 1094 (1966). 
(12) Where analyses a re indicated only by symbols of t he e l emen t s , 

ana ly t ica l resul ts ob ta ined for those e lements were within .-1:0.4%, of t he 
theoret ical values . 
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SCHEME I 

N(CH2)2S03K 
PC1S 

N o . 
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P 

N(CH2)2S02C1 

X) 

RNH2 

N(CH2)2S02NHR ™ ^ H2N(CH2)2S02NHR 

CH3 CH3 

CH3—CH—C—CHOHCONH(CH2),S02NHR HOCH— C—CHOHCONH(CH2)2S02NHR 

OH CH3 CH3 

9 10, D-(+) 

C6H5 

C6H4Cl-p 
C6H4F-p 
CeHtMe-p 
C6H4OMe-p 
C6H2-4-Cl-2,5-(OMe)2 

C6H2-5-Cl-2,4-(OMe)2 

C6H3-2,5-F2 

C6H3-2,4-F2 

OCH, 

TABLE I 

SUBSTITUTED SULFAMOYLETHYLPHTHALIMIDIOS (5) 

0 u 

f JT^;N(CH2)2SO2NHR 

\ 
0 

Yield, 
Mp, "C % 

141-143" 
151-153c 

161-163 51 
168-170' 
148-149" 
194-196 50 
188-192 57 
157-159 53 
162-163 49 

Purifn 
solvent" 

A 
B 
A 
A 
B 
C 
B 
A 
A 

1-Adamantyl 

208-209 

205-207" 

178-180 

150-152 

190-191 

83 

35 

59 

B 

B 

B 

A 

A 

Formula 

C16H14N2O4S 

C16H13C1N204S 
C16Hi3FN204S 
C17H16N204S 
CnH16N205S 
C18H„C1N206S 
C18H17C1N206S 
C16H12F2N204S 
C16HI2F2N204S 

CaoHivNgOoS 

C14H12N404S 

C16HI4N405S 

C16H15N3O0S 

C20H24N2O4S 

Analyses" 

C, H , N 

C, H, N 
C, H, N 
C, H, N 
C, H, N 

C, H, N 

C, H, N 

C, H, N 
; A, E t O H ; B , AcOH; C, MejCO-HjO. » S e e r e f l 2 . ' See ref 5. 

Substituted Sulfamoylethylphthalimides (5, Table I).—All the 
compounds except 5m were prepared by adding slowly 0.1 mol 
of finely powdered 2-phthalimidoethanesulfonyl chloride (4) 
to a stirred and ice-cooled mixture of 0.1 mol of the amine in 80 
ml of dry pyridine. After the reaction mixture had been stirred 
for 1 hr at room temperature, it was poured into excess 15% 
HCl with stirring and the precipitate was filtered and washed 
(H 20) . After drying the solid was crystallized from an appro
priate solvent. Compound 5m was prepared by heating a mix
ture of 19.8 g (0.16 mol) of 5-amino-2-methoxypyridine and 22.8 
g (0.08 mol) of finely powdered 2-phthalimidoethanesulfonyl 
chloride (4) in 64 ml of refluxing PhH for 1 hr. The precipitate 

that had formed during the reaction was filtered off, stirred with 
600 ml of 10% N a H C 0 3 solution, filtered, and washed (H,0) . 
After drying the solid was crystallized from EtOH. 

2-Aminoethanesulfonamides (6, Table II).—A mixture of 0.04 
mol of the appropriate sulfamoylethylphthalimide (5) in 25-100 
ml of EtOH and 2.4 g (0.04 mol) of 85% hydrazine hydrate was 
heated at reflux for 3 hr. The solvent was removed under vacuum 
and the residue was suspended in warm H 2 0 and acidified to 
congo red with the minimum amount of 10% HCl. The mixture 
was stirred, cooled in an ice bath, and filtered. The filtrate was 
concentrated to dryness to give the hydrochloride. The salt was 
added to boiling EtOH and neutralized with 1 equiv of a freshly 
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N'D. 

(ia 
b 
C 

d 
c 
f 

s 
h 
i 

li 

CdE 
(\lhC\-p 
CJhV-p 
C6H4Me-p 
C6H,()Me-jo 
C8H2-4-Cl-2,5-(0Me 
06H2-VCl-2,4-(OMe 
C6H;,-2,5-F2 

CJV2.4-F-. 

CHO 

n 1-AdamantyI 

A, EtOH; B, water: C, EtOAc. See ref 

T A B U : 11 

2 - A M I . N O F . T 1 I . A N 1 : S L ' U ' ' O N AMIDKS 

H2X(CH.)2S02XIIi: 
Yield. 

M p , ' ( ' 

12:)- 12.V 
1(50-Hi I' 
12.") 128 OS 
120 -13b 
177-178' 
I5S-160 4:! 
104-107 41 
J 70-171 •'!() 
1 OS- 170 55 

107-199 40 

220-222' 
dec 

215-217 :)s 
dec 

140-142 40 

1.i(l-l(5<) 
12. ' See ref 5. 

(6) 

I 'uriln 
snlvent" 

A 
B 
A 
A 
H 
A 
A 
A 
A 

A 

B 

B 

A 

(' 

l u r m u l a 

cn,2x2o..s 
(\H|,C1X2(>2S 
(MI„FX,(),S 
C,M,iN,().,S 
C,H,4X2();;S 
('1(,H,,C1X,()4S 
C1(,H,:,C1X,04S 
(AHJ0F2X2O2S 
(\H,oF,N..(),S 

('c'llL-.X.-iOllS 

(.V,FII„N.,(>,S 

C7I[l2X40;,S 

CsH,:,X;,(>:,S 

C12H22X2()2S 

Analyses ' ' 

('. II. X 

C, H, X 
C, 11, X 
C, II, X 
(I, II. X 

C. II, X 

(', H. N 

C, IT, X 

('. II, X 

No. 

9a 
b 
c 
d 
e 
f 

K 
h 
i 

J 

k' 

H 

C6H;, 
C6H4Cl-p 
CH 4 F-p 
C6H4AIe-j» 
C,H4O.Me-/) 
C6?F»-4-Cl-2,.i-(O.Me>. 
C6H,-5-Cl-2,4-(0.AIeV 
C6H3-2,5-F2 

C6H r2,4-F2 

('H(i4"A 

C-" 

TABLK III 

AM1I1KS OF W - A I K T H Y I . P A N T O Y L T . U ' K I N K ( 9 l 

CIUTTOH — C—CHOHCOXH((TT,)2S<)2XIIR 

CH, 

M p , °C 

110-112 
142-144 
117-110 
11(5-118 
92-94 

123-124 
128-130 
11.'!-11.1 
97-102 

95-97 

148-!.">() 

10 
24 
17 

14 

29 

EtOAc 

d o 

d o 

d . r 

d o ' 

C I 

i n I n 
vent 

-Ef2()' ' 

-EC()' ' 

Formula" 

C,,-,H24XOO,S 

C15H23ClXoO;,S 
C,,H2SFX2(),S 
C16H26X,0,S 
C16H26X,06S 
C,-H..,ClN..O,!S 
C,TH2-C1X20;S 
C:,.-,H..2F.JN..O:,S 
Ci;,H22F2X20;.S ICl:r 

FtOAc-El2()'-

.MeOII EtOAc 

CK.MKXSOKS 

C,;,H22X4();,S 

" All compounds were analyzed for C, H, X.'2 ' 'Crystallized after purification by chromatography on silicic acid (100 mesh) and 
elided with EtOAc. ' Eluted with 50:50 EtOAe-CJI 6 . ' 'Elated with 3:1 EtOAc-MeOH. ' T h e 2-amino-.Y-(2-pyrimidyl)ethane-
sulfonamide used in the preparation of 9k was prepared according to ref 13. 

prepared KOEt solution. The solution was filtered hot. Cooling 
the filtrate gave the solid which was crystallized from the in
dicated solvents. 

tt-Hydroxy-p,/3-dimethyl-7-valerolactone (7) was prepared ac
cording to the method of Drell and Dunn,41' mp 58-60°. 

Amides of w-Methylpantoyltaurines (9, Table III).—To a mix
ture of 0.02 mol of the requisite 2-aminoethanesulfonamide (6) in 
EtOH, an EtOH solution containing 1 equiv of freshly prepared 
KOEt was added. After refluxing for 0.5-1 hr, the solution was 
cooled and EtOH was removed under vacuum. The K salt thus 
obtained was further dried overnight in vacuo. The solid was 
powdered and heated with 0.021-0.03 mol of a-hydroxy-/3,/3-di-
methyl-y-valerolactone (7) at 110-120° for 4-5 hr with occasional 
stirring. The residue was dissolved in the minimum quantity of 
H 2 0 and neutralized with dilute HC1. It was extracted with 
EtOAc, dried, and evaporated to leave a gum which was chro-
matographed through a column of silicic acid (100 mesh) with 
the indicated solvent system and followed by tic. The later 
fraction which showed only one spot on tic, was concentrated 

in vacuo to leave a gum which was crystallized from the indicated 
solvents. 

Amides of Pantoyltaurine (10, Table IV).—Compounds 10a e 
were prepared by heating a mixture of 0.01 mill of the appropriate 
2-aminoethanesulfonamide (6) and 1.4 g (0.108 mol) of n-( — )-
pantolactone (8) in a melt at 115-120° for 2-4 hr with occasional 
stirring. The resulting clear viscous liquid was chromatographed 
and crystallized as described above. 

Compound lOi was prepared by adding 0.01 mol of freshly 
prepared KOEt solution in EtOH to a mixture of 2.44 g (0.01 
mol) of 2-ammo-Ar-(l-adamantyl)-ethanesulfonamide in EtOH. 
After refluxing for 0.5 hr, 2 g (0.0154 mol) of 8 was added. After 
the solution had refluxed for 4 hr the solvent was removed under 
vacuum and the residue was dissolved in H»0. The solution was 
neutralized and then was extracted with EtOAc. The combined 
extracts were washed (H>0), dried, and evaporated to leave a solid 

(13) J. F. Mead . 11 . 11 . R a p p o r t , A. E. 
Koepfli, ,/. Biol. Chem.. 163, 405 (1H4B). 

Snear , J, T. M a y n a r d , and , 

file:///lhC/-p
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No. 

10a 
b 
c 
d 
e 

R 

CeHiF-p 
C6H>-4-Cl-2,5-(OMe>, 
C6H2-5-Cl-2,4-(OMe)2 

C6H3-2,5-F2 

C6H3-2,4-F2 

,-OCH; 

TABLE IV 

AMIDES OF PANTOYLTAURINE (10) 

CH3 

I 
OHCH2—C—CHOHCON H (CH2)2S02NHR 

I 
CH3 

Mp, °C 

104-105 
95-97 

139-140 
125 

79-80 

117-118 

field, 

% 

49 
35 
40 
46 
52 

46 

26 

Purifn 
solvent 

Et0Ac-Et,O 
do"* 
doe 

doc 

do"4 

CH,C12-Et20" 

EtOH-Et20' 

[a]D" deg 

+ 37.2 
+ 30.5 
+ 25.0 
+ 34.6 
+ 30.6 

+ 30.9 

+ 16.9 

Formula'' 

C14H21FN20,S 
C16H25C1N2()7S 
CI6H25C1N20,S 
C H H M F J N J O S S 

C14H20F2N2O5S 

C18HMN3(VS 

C ^ H M N A S 

25 g + 38.8 

162-165 

i 1-Adamantyl 150-151 38 CHC13-Et20 

" C = 1-2%, temp, 22-25°, 9 5 % EtOH. b All compounds were analyzed for C, H, N.12 c Crystallized after purification by chro
matography on silicic acid (100 mesh) and eluted with EtOAc. d Eluted with 50:50 EtOAc-C6H6. ' Eluted with 95:5 EtOAc-5.IeOH. 
f Eluted with 3:1 CHCl3-MeOH; « Eluted with 9:1 EtOAc-MeOH; the gum failed to crystallize. 

C13H23N406S 

C18H32N205S 

' I t showed zero rotation. 

which was triturated with E t 2 0 . The solid was filtered and re-
crystallized. 

Compounds lOf-h were prepared following the conditions used 
for the preparation of amides of w-methylpantoyltaurines. 
However, in the case of lOg the K salt was heated with the lactone 
8 for 24 hr and after neutralization with dilute HCl the solution 
was evaporated to dryness and the residue extracted with EtOH. 
The extract was evaporated to a brown gum. Trituration with 
EtOH gave a beige solid which was removed by filtration. The 
filtrate was concentrated and chromatographed in the usual way. 
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The synthesis and microbiological properties of 
several reduction products of o-nitrophenylalanine 
have been previously described to afford some rather in
teresting structure-activity relationships. Forexample, 
o-aminophenylalamne specifically and competitively 
antagonizes the utilization of phenylalanine for the 
growth of Escherichia coli, whereas its corresponding 
lactam, 3-amino-3,4-dihydrocarbostyril, also causes 
growth inhibitions to E. coli and Leuconostoc dex-
tranicum that are reversed by phenylalanine but in a 
noncompetitive manner.3 Another reductive cycliza-

(1) The support of this work by a research grant from the Robert A. 
Welch Foundation of Houston. Texas, is gratefully acknowledged. 

(2) Taken in part from the M. S. Thesis of J. W. Hughes, Abilene Christian 
College, Abilene, Texas, May, 1969. 

(3) A. L. Davis, R. Lloyd, J. Fletcher, and T. J. McCord, Arch. Biochem. 
Biovhyx., 102, 48 (1963). 

tion product, 3-amino-3,4-dihydro-l-hydroxycarbo-
styril, was demonstrated to exert potent inhibitory 
activity against the growth of E. coli, L. dextraiicum, 
and L. mesenteroides, and its toxicity is not appreciably 
affected by natural extracts or protein hydrolysates.4 

Our studies on tyrosine analogs demonstrated that 
2-aminotyrosine VI is a specific and competitive 
antagonist of tyrosine for E. coli and L. dextrav.icum, 
while 2-amino-4-methoxyphenylalanine V is an effective 
growth inhibitor of L. dexiranicum but not of E. coli.5 

As an extension of this work, the l-hydroxy-7-
methoxy-III, 1,7-dihydroxy-IV, 7-methoxy-VII, and 
7-hydroxy-VIII substituted derivatives of 3-amino-3,4-
dihydrocarbostyril were prepared and examined for 
microbiological growth-inhibitory properties in E. coli, 
and L. dexiranicum as subsequently described. 

The catalytic hydrogenation of 4-methoxy-2-nitro-
phenylalanine (I) and 2-nitrotyrosine (II) under rather 
exacting conditions of acidity gave the reduction 
cyclization products, 3-amino-3,4-dihydro-l-hydroxy-7-
methoxycarbostyril (III) and 3-amino-3,4-dihydro-l,7-
dihydrocarbostyril (IV), respectively. Alternatively, 
2-amino-4-methoxyphenylalanine (V) and 2-amino
tyrosine (VI),5 were cyclized intramolecularly by treat
ment with acid to form their corresponding lactams, 

NH, 

COOH 

I,R = OCH;i;X = NO, 
I I . R - O H i X - N O , 
V.R=OCH5 ;X = NH, 

VI R = OH;X = NH, 

JOGC 
III, R = 0CH3 ;Y = 0H 
IV, R = OH; Y = OH 

VII, R = OCB,;Y = H 
VIII, R - O H ; Y = H 

3-amino-3,4-dihydro-7-methoxycarbostyru (VII) and 
3-amino-3,4-dihydro-7-hydroxycarbostyril (VIII), re-

(4) A. L. Davis, O. H. P. Choun, D. E. Cook, and T. J. McCord, J. Med. 
Chem., 7, 632 (1964). 

(5) A. L. Davis, J. W. Zaun, P. C. Reeves, R. L. Hance, and T. J. McCord, 
ibid., 9, 828 (1966). 


