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Experimental Section®*

Synthesis of Compounds 3-11.—-Paraformaldehyde (0.01 mol)
and a secondary amiue (0.01 mol) were refluxed in EtOH solution
for 2 hr. The intermediate 2(R = ) (0.01 mol) was then added
1 the reaction mixture and refluxing was coutinned for 6-S hr,
The solvent was evaporated and the residue, if solid, was re-
cryvstallized. Bases which did not crystallize were couverted into
the dihydrachloride salts by treatinent in Et.O with dry HCL
Ir physical data, <e¢ Table I.
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19y All waeleine poings were taken widh (e Thomas-Hoover capillary
melting point apparatns.  Microapalyses were perlorined at tlie Micro-

analyvtical Laloratories ol Albott Lalwracories, Neorlo Clhicage, 1110 1r
speetrg were recorded on a Beckian 1R-8 inlrared speciraphotomaecer,
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The antimalarial activity of some pantothenic acid
antagonists (1b,e,d) is well documented.>® However,
at the time the antimalarial activity of 1b was dis-
covered, 1t was observed that the only analogs that
acted as pantothenic acid antagonixts were those which
retained unchanged the pantoic acid portion (e,
HOCH,((CH,),CHOHCOOH) of the pantothenic acid
(1a). Since then thisz hax been found to be incorreet.
w-Methylpantothenic acid (2a) ix i fact the most
inhibiting analog of pantothenic acid. Similarly w-
methylpantoyvitaurine (2b) ix morve inhibitory than
pantoyltaurine.* It wax therefore considered of interest
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paper is Contribution No. 722 from the Army Research Program on Malaria
and was 1he salyject of a preliminary report at the First Northeast Regional
Meeting of the American Chemical Society. Boston, Mass,, Qct 1968.

2y fa)l F. Y. Wiselogle, "*A Snrvey of Antimalarial Drugs, 1941-1945,"
Vol 1. J. W, Edwards, Ann Arbor. Micl, 1946, p, 250; (h) ref 2a, p 174;
see slse pp 138-140,

i3) For leading references and hiological rationale see 15, 17
M. V. Hute, and L. M. Werbel, J. Med. (Chene., 11, 1071 (1968).

1) (@) W. Drell and M. 8. Dunn, J. dmer. Chem. Sor., 68, 1868 (19464
(1) ibid.. 70, 2058 (1048): (¢} ibid., T6, 2804 /1974].
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to test variously substituted amides of pantayltaarine’
(10) and  w-mcthylpantoyitaurine 9y as potential
antimalarials.  The compounds were syuthesized ac-
cording to Scheme 1.

The variously substituted  sulfamoylethylphtiial-
imides (5, Table [) and the corresponding 2-nmino-
ethanesulfonamides (6, Table IT) were conveniently
svirthesized by following the previously  described
procedure for sueh compounds=.®  Although most of the
amides of pantoyvltaurine (10. Tuble V) were obtained
hy the direet condensation of 6 with n-( — J-pantolactone
(8) without ~olvent.® the same procedure failed i the
syvithesis of 9 (Table HI),  They were suecessfully
obtained. however, by heating o mixture of the X salt
of the sulfonmmides 6 with the lnctone 7 i a inelt at
115 120° A =imilar nicthod was used i the prepara-
tion of 10 (f. g. h). The finzl compounds 9 and 10
were obtained as crvstals only after great difficulty,
usually following cliromatography and then standing
for days=,  Similar to the experience of Winterbottom.
el al. we have found these compounds to have a
pronounced tendeney to form supersaturated sohitions
o to xeparate ax oils even when seeded and cocled
slowly.,

Biological Results.---The compounds were screcned
for potentinl antimalarial activity i mice® infeeted
with Plasnwodium berghei and chieks™ with 2. gallinaceum
by subeutancous administration in a single dose. They
were alko evaluated against blood mduced . gal-
linaccwn ifection= i1 mosquitoes™ (Aedes aegyply).

None of the compounds submitted were considered
active at the 640 mg/kg dose level.  Iiven the lead
compound from the World War 1I program. /... 10.
R = p-CHCL is inaetive in the present chick sereen”
In our opinion the nonreproditeibility of it activity lies
1 the present test procedure ax the drug-diet method!
wax used before,

A few of the compounds were also tested by Dr.
Trager in hix i edlro system with P, coatney( in monkey
cryvthrocyte suspension, in a medium containing calenim
pantothenate.r  Compound 9b wasx found to be s
active ax 10 (R = p-C.:H.C'D and 10f much more active
than the latter.

Experimental Section'*

Melting points were obtained in capillaries and are unecarrected.
Illemetital analysex were performed by Spang Microanalytical
Laboratoties and Galbraith Laboratcries, Ine. The nv, ir, and
nmr spectra were as expected for the assigned structires,

2-Phthalimidoethanesulfonyl chloride (4) was prepared ac-
cording to the procedure of Winterbottem, et al.® mp 160-162°.

(9 R. Winterbottom, J. W, Clapp. W. H. Miller, J. F. Luglisli, and R. (1
Roblin, J. Amer. Chem. Soc., 69, 1393 (1947,

{6) T. 8. Osdene. 1'. 1%, Russell. and L. Rane. /. Ued, Clhem., 10, 431
{(1967).

(7) Chicks (4-12 days old) were infecied (intravenously) with a standard
inverdam to produce a disease fatal (o 1009, of «ntreated concrols within
3—1 days. Candidate compoiwnds were dissolved or suspended in peanat oil
and administered either sulrcuraneously or per ox immediately after infee-
tion, A 1009 increase in survival timne was considered to Le the minirnum
effective response (v the ancimalarial acrivity of the drug. Cldcks snrviving
30 days are recorded as cures,

(8) E. J. Gerlerg, 1.. 1. Richards, and J. 1t Poole, MNosgaito Newn, 26,
359 (1866).

(8) Personal connnunicalion from Drs. Strule and H. Foon of WRAIR.

{10) Reference 2, 1y +01: test¢ procedure 0-1.

111}y W. Trager, T'rans, N. Y. Aead. of Sed., 28, 1004 (1466).

{12} \Wiere analyses are indicated only Ly symbols of the elements,
analvtical resnles olitained for those elements were within £0.4% of tle
thepretical valnoes,
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ScuemE I
0 O
PCl RNH;
@N(CHZ)QSOJK — <ji{<N(CHZ)QSOZCl —
0 (6]
3 4
0
H.NNH,
N(CH,),;SO,NHR ——— *> H.N(CH,),SO.NHR
6
0] CH._0._-0 0.0
CH; oH CH, OH
7 8
CH;} CHLI
CH;—CH—C—CHOHCONH(CH,).SO,NHR HOCH,—C—CHOHCONH(CH.).SO,NHR
OH CH3 CH:I
10, D-(*)
TapLe I
SUBSTITUTED SULFAMOYLETHY LPHTHALIMIDLES (5)
0
N(CH,),SO,NHR
0
Yield, Purifn
No. R Mp, °C % solvent? Formala Analvses?
5a CeH5 141-143¢ A C16H14N204S
b CeH.Cl-p 151-153¢ B Ci6H,3CIN:0S
e CsHF-p 161-163 51 A CisH,;FN,0.8 C,H N
d CeH Me-p 168-170¢ A Ci:HsN,0.8
e CeH,OMe-p 148-149¢ B CiiHieN:O;S
f CeHy-4-Cl-2,5-(0Me): 194-196 30 C CisHzCIN:O6S C, H N
g Ce¢H,-5-Cl-2,4-(0OMe)- 188-192 37 B CisH-CIN,04S C, H,N
h CeH;-2,5-F 157-159 33 A Ci6H 2 F2N,O, S C, H,N
i CeHs2,4-F, 162-163 49 A C1sHuFoN:0S C, H N
- OCH,
j < 208-209 83 B CapH 17 N;0;58 C,H N
N
N
k <_ e 205-207° B Ci:HeNOSS
1 cao—@— 178180 35 B CsH,N.0:8 C, H, N
N
m cn,,o—<:\> 150-152 59 A CieHN{O:8 C,H,N
n 1-Adamantyl 190-191 CoyH4N.OS8 C, H, N
« A, EtOH; B, AcOH; C, Me;CO-H.O, P See ref 12. - See ref 3.

Substituted Sulfamoylethylphthalimides (5, Table I),—All the
compolinds 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 159,
HCI with stirring and the precipitate was filtered and washed
(H20). 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 3-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 109, NaHCO; 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 859 hydrazine hydrate was
heated at reflux for 3 hr. The solvent was removed under vacuum
and the residue was suspended in warm H,O and acidified to
congo red with the minimum amount of 109, HCI. 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 neautralized with 1 equiv of a freshly
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Tansne 11
Do AMINOETUANESULFGNAMIDES (67
ILN{CHL LSOLNTTR

N R Mp, “C
tha Call. [0 20
I CsHLCl-p 160161
- CeH,F-p 127128
d CiHMe-p 1201510
“ CilH, 0N e-p 177-17%
f CiH-4-C1-2,5-(OMe i 158160
g Cs1-3-C1-2 4-(ON e ). 164- 167
h Cyly-2,5-F, 170171
i CoHy-2 4-F 168-171)
OCH
i @ 197199
N

220222

dee
] {‘H()——(/_\—— D15-217
N=X\
dee
N 4
m o—d N 1400142
n 1- Adamantyl 1540160

« A, RtOH; B, water: C, EtOAc. " See ref 12. -~ See ref 5.

Yieid. Turita
. sulvem™ Tornaila Analvses®
A ColTa N0
13 CHL CINLOS
tiN A COLENON o1, N
A CLHENLOLS
13 CulTNLOR
B A ClTLCINLOS ¢, 0N
41 A ClalTCINLO S ¢, H, N
R0 A CLHLFaN O C, 1L, N
39 A CyH @l N8 G 1N
4t A Chal 1Nt C 10N
13 Cal TN Ou=
a8 I3 Cil N 0N COHCN
4t A COHuN O C, 1N
& CraHaNO08 LN

Tansre 1FL
AMIDES OF w-METHYLPANTOYLTAURING (91

1
CHACTTOH —C-—CHOHCONH(CH.S0.N I

Cl,
CH,
Na. R Mp, °C
Oa CyHL t10-112
h CHCl-p 142144
“ (:5H4F-[) i 17”1 19
d CsHoMe-p FHO-T18
e CsHOMe-p 02--04
f CsH-4-Cl1-2,5-(ONe). 123124
'y CsHa-3-Cl1-2,4-(OMe 128150
h (:61'151'2,")'1?! |BREIED)
i CoH2,4-F. 07102
N
j rH()—«<:j> 05-07
N
ke C — 148150
=N\

« All componnds were analyzed for C, H, N,
elnted with EtOAc. ¢ Eluted with 30:50 EtOA¢-CsHa.

Yield. T'uriin

L solvent Formnla
It) lﬂl()A('--I'?T:()I' C],‘.HuN:(’)a-’\‘
24 da (‘(.H_-dClN'_-()..\'
17 de. CuHoFN.O=
2 iv el 1N O
Il dar C(HH:GI\':()SS
17 e (fle:';ClN-_-()',-’\.
14 dev C
17 der CiHwF
29 CHCL-12t.00 Cral

4 IO Ae-Lit.Or CoHaNjOpS
54 MeOT-FtOA Y CallaNON

" Crystallized after pirification by chramatography i silicie acid {100 mesh) and
¢ linted with 3:1 FtOAc-MeOH.

¢ The 2-amino-N-(2-pyrimidvljethate-

sulfouamide used in the preparation of 9k wax prepared according to vef 13.

prepared KOEt =aluticn.  The solnticn was filtered het. Cocling
the filtrate gave the =clid which was crystallized from the in-
dicated =olvents.

«a-Hydroxy-3,3-dimethyl-~-valerolactone (7) was prepared ac-
cording to the method of Drell and Dun,# mp 58-60°.

Amides of w-Methylpantoyltaurines (9, Table III).—Ta a mix-
ture of 0.02 mol of the requisite 2-aminoethauesnlfanamide (6) in
EtOH, an EtOH =olution coutaining 1 equiv of freshly prepared
KOEt was added. After refluxing for 0.5-1 hr, the solution was
cooled aud EtOH was removed under vacimm. The K salt thus
obtaiued was further dried overnight ¢n vacuo. The solid was
powdered and heated with 0.021-0.03 mol of a-hydroxy-3,8-di-
methyl-y-valerolactone (7) at 110-120° for 4-5 hr with occasional
stirring. The residue was digsolved in the minimum quantity of
H,0 aund nentralized with dilute HCl. It was extracted with
EtOAc, dried, and evaporated to leave a gum which was chre-
matographed throngh a column of silicic acid (100 mesh) with
the indicated solvent system and followed by tle. The later
fraction which showed only one spot on tle, was concentrated

in racio to leave agnm which was erystallized fram the indieated
sclvents,

Amides of Pantovltaurine (10, Table IV ).—-Compcunds 10a-e
were prepared by heating a mixture of 0.01 mol of the appropriatc
2-aminoethanesilfonamide (6) and 1.4 g (0.108 mol) of v-( —)-
pantolactoue (8) in a melt at 115-120° fcr 2-4 hr with gecasionat
stirring.  The resulting clear viscons liquid was chrematographed
and crystallized ax described above.

Compound 101 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-amino-V-(l-adamantyl)-ethanesulfouamide in FtOH.
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 alid the residue was dissolved in HyO. The solution was
nentralized and then was extracted with EtOAc. The combined
extracts were washed 1H.0), dried, and evaporated to leave a solid

(13) J. F. Mead. M. M. Rapport, A. E. fnear, J, T. Mayvnard, and J. 13.
Koepfli, J. Bicl. Chem.. 168, 485 (1046).
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TasrLe IV
AMipks oF PANTOYLYAURINE (10)

|
OHCH,—C—CHOHCONH (CH,):80,.NHR

Notis
CH,
|
CH;
No. R Mp. °C
10a CeH.F-p 104-105
b CsHi-4-C1-2,53-(0Me), 95-97
¢ CeH2-5-Cl1-2,4-(0Me)s 139-140
d CeH-2,5-F: 125
e CeH3-2,4—F2 79-80
OCH;
£ “ 117-118
N
(/-:}— 162-165
g N
h CH 0——(/_\)——
N=N
i 1-Adamantyl 150-151

«(C = 1-29, temp, 22-25°, 959, EtOH.
matography on silicic acid (100 mesh) and eluted with EtOAc.

which was triturated with Et.0. The solid was filtered and re-
crystallized.

Compotinds 10f-h were prepared following the conditions used
for the preparation of amides of w-methylpantoyltaurines.
However, in the case of 10g the K salt was heated with the lactone
8 for 24 hr and after neutralization with dilute HCI the solution
was evaporated to dryness and the residue extracted with EtOH.
The extract was evaporated to a brown gnm. Trituration with
EtOH gave a beige solid which was removed by filtration. The
filtrate was concentrated and chromatographed in the usnal 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-aminophenylalanine 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 £. coli and Leuconostoc dex-
tranicum that are reversed by phenylalanine but in a
noncompetitive manner.? Another reductive cyecliza-

(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. Llovd, J. Fletcher, and T. J. MeCord, Arch. Biochem.
Biophys., 102, 48 (1983).

b All compotinds were analyzed for C, H, N,12
@ Eluted with 50:50 EtOAc—CsHs.
/ Eluted with 3:1 CHCl,-MeOH; ¢ Eluted with 9:1 EtOAc-MeOH; the gum failed to erystallize.

Yield, Purifn
e solvent [elD” deg Formula®
49 E'(OA(‘,—E'(:OF + 37.2 CHHglFNfO;S
35 do¢ +30.5 CieHa:CINLO:8
40 doe® +250 CwH:aClNz(HS
46 doc +34.6 Ci:HaFaoN,O:8
52 dOd +30 . 6 CquoFgNgOaS
46 CH,Cl-Et.04 +30.9 CisHa:N;3068
26 EtOH-Et,0/ +16.9 Ci2HN,0:8
25 g +38.8 CisHosN,OgSS
38 CHCIl-Et,0 h C1sHaN.0,8

¢ Crystallized after purification by chro-
¢ Elnted with 95:5 EtQAc-)1eOH.
kIt showed zero rotation.

tion product, 3-amino-3,4-dihydro-1-hydroxycarbo-
styril, was demonstrated to exert potent inhibitory
activity against the growth of E. coli, L. dextraricum,
and L. mesenleroides, and its toxicity is not appreciably
affected by natural extracts or protein hydrolysates.?
Our studies on tyrosine analogs demonstrated that
2-aminotyrosine VI is a specific and compctitive
antagonist of tyrosine for £. coli and L. dextranicum,
while 2-amino-4-methoxyphenylalanine V is an effective
growth inhibitor of L. dextranicum but not of E. coli.?

As an extension of this work, the 1-hydroxy-7-
methoxy-11I, 1,7-dihvdroxy-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 £'. col,
and L. dextranicum as subsequently described.

The catalytic hydrogenation of 4-methoxy-2-nitro-
phenylalanine (I) and 2-nitrotyvrosine (II) under rather
exacting conditions of acidity gave the reduction
eyclization produets, 3-amino-3,4-dihydro-1-hydroxy-7-
methoxycarbostyril (III) and 3-amino-3,4-dihydro-1,7-
dihydrocarbostyril (IV), respectively. Alternatively,
2-amino-4-methoxyphenylalanine (V) and 2-amino-
tyrosine (VI),? were cyclized intramolecularly by treat-
ment with acid to form their corresponding lactams,

R X COOH R N” 0

|

Y
L.LR=O0CH,: X =NO, III. R=0CH;; Y =OH
II,R=0H:X=NO.

[V, R=0H: Y=0H
V.R=0CH;: X=NH, VIL R=0CH,; Y=H
VI,R=0H:X=XH, VIII, R=0H: Y=H

3-amino-3,4-dihydro-7-methoxycarbostyril (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. Zaan, P. C. Reeves, R. L. Hance, and T. J. McCord,
ibid., 9, 828 (1966).



