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Abstract 0 A series of 2-(c~-hydroxyacetyl)pyridine thiosemicarbazones was 
synthesized as potential antimalarial and antibacterial agents. Their synthesis 
was achieved by the condensation of N4-mono- or N4.N4-disubstituted 
thiosemicarbazides with 2-(c~-hydroxyacetyI)pyridine. The latter was prepared 
by selective bromine oxidation of (2-pyridinyl)-1,2-ethanediol. The new 
compounds show potent inhibitory activity against penicillin-sensitive as well 
as penicillin-resistant Neisseria gonorrhoeae (MIC. 0.5-0.004 pg/mL), 
against Neisseria meningitidis (MIC, 0.5-0.032 pg/mL), and Staphylococcus 
aureus (MIC, 0.5-2 pg/mL). Good in vitro antimalarial effects against 
Plasmodium falciparum (Smith strain; IDSO, 6.7-38 ng/mL) were observed 
in most of these new agents, but only 3 of 12 compounds exhibit moderate in 
vivo activity against Plasmodium berghei. These new agents appear to be less 
toxic to the host and more water soluble than the corresponding 2-acetylpy- 
ridine thiosemicarbazones. 

Keyphrases 0 Thiosemicarbazone derivatives-2-(cu-hydroxyacetyl)pyridine 
thiosemicarbazones, antimalarial and antibacterial activity 0 Antimalarial 
agents-potential, 2-(~-hydroxyacetyl)pyridine thiosemicarbazones 0 An- 
tibacterial agents-potential, 2-(c~-hydroxyacetyl)pyridine thiosemicarba- 
zones 

Members of a series of N4-monor and N4,N4-disubstituted 
2-acetylpyridine thiosemicarbazones ( I )  have been reported 
by us to possess antimalarial (1, 2), antibacterial (3), and 
antiviral (4) properties. Based on these studies, the struc- 
ture-activity relationship of this class of compounds has been 
defined. Thus, N4,N4-disubstitution of the thiosemicarbazone 
moiety appears to be essential for optimal activity against 
Plasmodium berghei in the mouse (2) and several bacterial 
genera (3). Replacement of the sulfur atom with oxygen leads 
to inactive compounds. Furthermore, biological activity is 
limited to those compounds in which the ethylidene group is 
attached to the 2-position, rather than the 3- or 4-position, of 
the pyridine ring. The effects resulting from placement of a 
functional group on the ethylidene function, however, have not 
been studied. N4,N4-Disubstituted 2-acetylpyridine thiose- 
micarbazones, in particular, exhibit potent antimalarial 

properties in uitro as well as in uiuo. Against P. berghei in mice, 
the 4-(2-~yridinyl)piperazine and 3-azabicyclo[3.2.2]nonane 
analogues produced cures of all infected test animals at a 
dosage of 80 and 160 mg/kg, respectively (2). Although potent 
inhibitory activity against Plasmodium falciparum (Smith) 
in uitro (IDSO = 3.6 ng/mL) was observed, 2-acetylpyridine 
4,4-dimethyl-3-thiosemicarbazone shows no significant in uiuo 
activity against P .  berghei in mice due to its high host tox- 
icity. 

As antibacterial agents, 2-acetylpyridine thiosemicarba- 
zones show excellent activity against both penicillin-sensitive 
and -resistant strains of Neisseria gonorrhoeae with MIC 
(minimum inhibitory concentration) values in the range of 
0.002-0.062 pg/mL. These agents were also found to inhibit 
the growth of Neisseria meningitidis as well as Staphylococcus 
aureus, with the MIC in the range of 0.016-0.062 pg/mL and 
0.125-0.5 pg/mL, respectively. 2-Acetylpyridine 4,4-di- 
methyl-3-thiosemicarbazone [I, R2 = N(CH&] is by far the 
most potent compound against N. gonorrhoeae among the 
analogues tested, with an MIC of 0.002-0.008 pg/mL. 
However, the substantial toxicity observed in  mice (2) has 
limited its potential as a clinical agent. 

In the search for agents with lower toxicity, increased 
water-solubility, and improved structure-activity relationship, 
the synthesis of a new series of 2-(a-hydroxyacetyl)pyridine 
thiosemicarbazones (11) was undertaken. These compounds 
were screened for their antimalarial properties as well as their 
antibacterial activity. 
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BACKGROUND 

The preparation of the target compounds involved the synthesis of the u n -  
known key intermediate, 2-(a-hydroxyacetyl)pyridine ( I l l ) ,  followed by its 
condensation with an appropriately substituted thiosemicarbazide. The 
method used to convert 2.6-diacetylpyridine to 2,6-bis(a-hydroxyacetyl)- 
pyridine was applied to 2-acetylpyridine ( I V )  (Scheme I ) .  I n  the procedure 
reported by Moriarty et a/. (5), 2.6-diacetylpyridine was treated with iodo- 
sobenzene diacetate under KOH-MeOH catalysis to give a moderate yield 
of the corresponding dimethyl ketal. The latter was hydrolyzed to 2,6-bis(w 
hydroxyacety1)pyridine by the action of p-toluenesulfonic acid in acetone. 

I n  our case, IV was readily converted to the Corresponding ketal (V); however. 
the recommended technique for hydrolysis to I l l  gave unchanged material. 
The use of acetic, hydrochloric. or hydriodic acids under a variety of conditions 
also gave either starting material or decomposition products. 

An alternate avenue which was investigated involved the oxidation of 2- 
vinylpyridine ( V I )  to (2-pyridinyl)-l,2-ethanediol ( V I I )  by potassium per- 
manganatc according to a procedure of turuyama el a/. (6). Further oxidation 
of VII to I l l  was achieved in  35% yield using Brz NaHCO3 with hexa- 
methylphosphoramide serving as the coreactant. This method had been re- 
ported ( 7 )  to selectively oxidize secondary alcohols to their corresponding 
ketones in the presence of a primary hydroxy group. The product ( I l l ) ,  a 
low-melting solid, was found to be best purified on a silica gel flash 

CbH~llOAcl? column. 
Condensation of I I I with the appropriate thiosemicarbazides gave the de- 

sired thiosemicarbazones (I1a.d-k) in moderate yield (cf Table I ) .  Three of 
the thiosemicarbazides, precursors of I lc ,  f. and k, had not been reported 

nyl-3-thiosemicarbazide [ V I I I  ( X ) ]  is heated under reflux with a secondary 
amine (Scheme 1 1 ) .  This transamination reaction gave better yields of 
N4,N4-disubstituted thiosemicarbazides ( I X )  than the older method involving 
an amine displacement reaction of methyl hydrazinecarbodithioate (9). 

The hydrazone of 1 1 1 ,  i.e., X. reacted with methyl and phenyl isothiocy- 

- 
V previously and were prepared by a new procedure in  which 4-methyl-4-phe- IV 

: f 0- CH-CH? E% H2NNHCN(CH3)C,H5 + R2R3NH - H2NNHCNR2R3 + HN(CH3)C6H5 

VI VII 

Scheme I 
Vl l l  IXe.1.m. 

Schenre I1 

Table I-2-(a-Hydroxyacetyl)pyridine Thiosemicarbazones 

Yield, 
Compound R mp. 'C 70 Formula 

Ila NHz 01-83" A 55 CgHloN4OS 
CsHlzN4OS Ilb NHCH, 165 166d B 30 

Ilc NHC6Hs 140- I41 B 30 C I 4H I 4N4OS 
lid N ( C H h  132- I34f A 90 C IOH I 4N4OS 

Ile 147- I49C C 43 c I ~ H z o N ~ O S  

I l h  

Ili 

I l l  

I l k  

.3 
A 
Nuo 

n 
N NC02C2H5 

185- l8d A 

128- 1298 

163- 165h 

C 

A 

134 1368 A 

122- 124' C 

60 

50 

33 

a Key ( A )  reaction of I l l  with a thiosemicarbazide prepared by [he reaction of methyl hydrazinecarbodith~ote with an amine: (B) reaction of 2-(n-hydroxyaceryl)pyridine hydraione 
'H-KMR (CDCI,): I l a - c .  UZ-H (-14.5 pm) -CHz- (d. -4.6 p m). I l d  k N 2  - t i  (-15.3 ' with an ~sothiocyanate: (C) reaction of I l l  with thiosemicarbazides IXe.  h. k. 

ppm). Cti2 (s. -4.7 ppm), C EtOAc. Dlmethylformamide CHCl, EtOAc-MeOH. /D imethy l formamidc-MeO~ I C'HlCh. * CHCI,-EtJH.' 
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1lb.C 

CH2OH 5 
I 11 + HNR2R' + 1 1  

C- N-WCSCH, 

XI 

Schenic IV 

anates to give the corresponding N4-monosubstituted thiosemicarbazones 
(Ilb,c) (Scheme I l l ) .  

Another route for the preparation of 11 which was considered was the dis- 
placement of the --SCHj function of XI with either primary or secondary 
amines. Although this method ( I ,  2) proved to be useful for the synthesis of 
2-acetylpyridine thiosemicarbazones. in  the case of the tr-hydroxy analogue, 
the yeaction of carbodithioate (XI)  wi th  amines gave little or no product 
(Scheme IV) .  

A determination and comparison of the water solubility a t  37°C of a - h y -  
droxylated 2-acetylpyridine thiosemicarbazones with analogues lacking the 
hydroxy group revealed that appreciable hydrophilic enhancement occurred. 
For example, Ild and f increased water solubility 1.3-fold and 7.5-fold, re- 
spectively, by having the n-tlydroxy group present in the molecule. 

I t  isof interest to note that while the N4,N4-disubstituted 2-acetylpyridine 
thiosemicarbazones exist i n  tkree tautomeric forms in CDCI,, as indicated 
by NMR spectral data ( lo),  only a single tautomer was observed for both 
N4-mono- and N4.N4-disubstituted 2-(n-hydroxyacetyl)pyridine thiosemi- 
carbazones. The C-methyl protons of 2-acetylpyridine N4,N4-dimethyl- 
thiosemicarbazone [ I .  RZ = N(Ct13)2] areseen asan unequal triplet centered 
at d 2.5 ppm (CDCI)) and the thiosemicarbaione NH proton appears as three 
peaks, i .e. ,  at d 15, 14.5, and 8 ppm. These data suggest that the N4, N4-di- 
substituted 2-acetylpyridine thiosemicarbazones form three tautomers in  
CDCI). Houever,the N4-monosubstituted 2-acetylpyridine thiosemicarbd- 
zones exist solely as a single E-isomer, with N2 proton resonance at  6 -8 ppm. 
The methylene protons of the N4,K4-disubstituted 2-(n-hydroxyacetyl)- 
pyridine thiosemicarbazones and those of the unsubstituted ( I la )  and mo- 
nosubstituted (I1b.c) analogues resonate as a singlet and as doublets. re- 
spectively, a t  d -4.7 ppni. The NH proton on N 2  appears in all analogues as 
a singlet a t  6 - I 5  ppm. The S M R  data suggest that the 2-(tr-hydroxy- 
acety1)pyridine thiosemicarbarones exist primarily as the Z-isomer with NH 
forming an internal hydrogen bond with the pyridine ring nitrogen, as shown 
in  XII. Furthermore. the lack ofcoupling between the methylene protons and 

H N ........ H 
'N' 

5 =  C- NR'R" 

XI1 

the hydroxyl on thc N4.iV4-disubstituted thiosemicarbaiones suggests that 
the hydroxyl function formsanother internal hydrogen bond wi th  the N' ni- 
trogen atom of the thiosemicarbazone function. The Pact that a coupling be- 
tween inethylene protons and the hydroxyl exists in Ila c indicates that the 
hydroxyl function of unsubstituted and monosubstituted analogues is'not i n -  
volved in hydrogen bond forqation ns seen in the N4.NJ-disubstituted 
thicxemicarba7ones I Id--k. .A substantial downfield chemical shift of the proton 
on N2 of thiosemicarbazones as a result of internal hydrogen bonding has been 
reported ( I  I - I  3). 

EXPERIMF.NTA1, SECTION' 

(2-Pyridinyl~l.Z-ethanediol (VII)-2-Vinylpyridine (V  I .  75.6 g. 0.72 mol) 
w:ts dissolved in 900 ml. ofacetone. and the solution was cooled in an ice bath 

I Mclting points wcrc taken  on a 'Thomas-Hoovcr capilhry melting point iippitratus 
.ind iirc uncorrected. Microannlyaes were performed by Spang Microanalytical L a b -  
riitory. Englc Harbor. Micii. Analytical rcsulh wcrc f0.3% of rhc c;tlcul,itcd VJ~UCF.  I R  
~pcclr;i of solid samplcs wcrc obtitincd in K D r  disks on a Pcrkin-I3mcr M d c l  283 
qxctrophotoniclcr. I l i -N,WR spcctra were r u n  on a JL:OL-FX')OQapeclronictcr uaiiig 
McdSi ;IF ;in internal btandard. 

to 0- 5°C. A chilled solution of KMn04 (75.9 g. 0.48 mol) and MgSO4 (28.8 
g. 0.24 mol) i n  I .5 I. of 1 1 2 0  was added slowly with agitation2 to the 2-vinyl- 
pyridine solution at such a rate as to maintain the temperature of the mixture 
at -5OC. After addition of all the KMnO4 solution (1.5 h). the mixture was 
stirred at 5°C for I h and then at  ambient temperature overnight. 

A small amount of hydroquinone was added to the resulting thick, dark- 
brown slurry which was then filtered through diatomaceous earth). The filtrate 
was concentrated to -200 ml.. and 750 m L  of 95% EtOtl was added. The 
filter cake was extracted with 500 m l .  of 95% EtOH, and the filtrate and ex- 
tract were combined and stored overnight a t  5°C. The mixture was filtered 
to remove K 2 S 0 4 ,  and the filtrate was then concentrated under reduced 
pressure to a volume of 250 ml.. The crude VII (37. I g. 37% yield) was col- 
lected and recr)stallized from MeOti-CH3CN to give light-brown crystals, 
m p  93-96"C. Further recrystalliration from EtOH-Cti3CN gave colorless 
crystals of (2-pyridinyl)-l.2-ethanediol. mp 94--96"C [lit. (14) mp 97OCj. 

2-(a-Hydroxyacetyl)pyridine (111) -(2-Pyridinyl)- I ,2-ethanediol ( I  0.8 g, 
77.7 mmol) was suspended in  600 m L  of CH2C12. To the suspension was added 
3.8 g of hexamethylphosphoramide and 132 m L  of 16% aqueous NaHCO) 
solution. The mixture was cooled to 0-5°C with an ice bath and tq the mixture 
Br2 (I8 g. I 12.5 mmol) in 60 ml. of CH2C12 was added in a dropwise manner 
with vigorous stirring. The mixture was stirred at  room temperature until the 
Br2 was consumed (8- I2 h). The organic layer was separated, and the aqueous 
laycr was extracted twice with CHzC12. The organic layer and extracts were 
combined, dried over Na2S04, and evaporated to dryness under reduced 
pressure. The oil was purified on a silica gel flash column. usingCH3CN as 
eluant to give 3.8 g (36% yield) of 111. Recrystallization of I l l  from ben- 
zene-cyclohexane gave colorless needles. mp 68 70°C. which gradually turned 
brown on standing. IR (KBr): 3280, 1710. 1585, 1438, 1222, 1005,975,776, 
and 625 cm-I; IH-NMR (CDCI3): 17 3.40 (br s. I ,  OH), 5.09 (s, 2, CH2). 7.45 
and 8.12 (m, 3, ,ArH), and 8.68 ppm (d, I .  Ar l i ) .  

Condensation of 111 with N4,N4-Disubstituted Thiosemicarbazides-2- 
(a-Hydroxyacety1)pyridine ( I l l )  (2.2 g. 16 mmol) and 16 mmol of an N4. 
N4-disubstituted thiosemicarbaride were heated under reflux in 60 mL of 
MeOH, with two drops of glacial HOAc as catalyst, for I .5 h. Thesolvent was 
evaporated to dryness under reduced pressure. and the crude product was 
recrystallized. 

24a-Hydroxyacety1)pyridine Hydrazone (X) -2-(a- ti ydroxyacetyl)pyridine 
(2 g. 14.6 mmol) and 8 5 8  hydrazine hydrate (2  mL, 53.8 mmol) in 30 mL 
of UeOt I were heated under reflux for 3.5 h .  The solvent was evaporated to 
dryness under reduced pressure, and the resulting oil was extracted several 
times with hot ChHh. The C6l l6 extracts were combined, dried over Na2SOd. 
and evaporated to a small volume. The crystals of X which formed were col- 
lected ( I  .2 g. 54% yield) and recrystallized from CbHh to give light-straw 
needles, mp 113- I 15°C; IH-NMR (CDCI,): d 3.60 (br s. I ,  OH) ,  4.57 (s. 
2. Ct l20) .  7.18-7.87 (m, 3, pyridiny1.H). 8.41 (brs .  2. NH2). and 8.65 ppm 
(d. I .  pyridinyl H). 

2-(a-Hydroxyacety1)pyridine 4-Methylthioscmicarbazone (Ilb) - -2-(a-  
tlydroxyacety1)pyridine hydrazone (X)  (1.5 g. 10 mmol) and 0.75 g (10 
mmol) of methyl isothiocyanate were hcated in ClH3CS under reflux for 2 
h. The solvent was evaporated t o  dryness under reduced pressure, and the 
residue was recrystallixd. 2-(cr-Hydroxyncetyl)pyridine 4-phenylthiosemi- 
carbaione (I lc)  wits made in a similar manner using phenyl isothiocya- 
nate. 

3-Aribicyclo(3.2.2Jnonane-3-1hiocarhoxylic Acid Hydrazide (1x0-A 
solution of 5 g (27.6 mmd) of 4-methyl-4-phenylthiosemicarbazide (8) in 10 
ml. of EtOH wttscombincd wi th  3.43 g (27.6 nimol) of 3-ambicyclo[3.2.2]- 
nonane. and the solution was heated under reflux for 5 h. The mixture was 
chilled; the crystals which separated were collected and recrystallized from 
EtOH. This afforded 3.36 g (61% yield) of colorless rods of 3- 
a/abicyclo[3.2.2]nonane-3-thiocarboxylic acid hydraride. mp 164- 165OC 
dec.; IR (KBr): 3244. 2930, 2860, 1604. 151 5 .  1343, I21 6. 1009. and 975 
cm-I. 

I -(2-Pyridinyl)pipcrarine-4-thiocarboxylic acid hydrazide (IXe) was 
prepared by the method described above in 47"h yield. mp 184 - 18S°C (from 
EtOtl). I - < ~ ; t r b c t h o x y p i p e r a i i n e - 4 - t h i ~ ~ i r ~ ~ y l i c  acid hydraride (IXk) was 
prepared by the method described above in  6370 yield, mp 158.- I59OC (from 
EtOti) .  

Methyl 3-1 1 -(Z-pyridinyl~-Z-hydroxyethylidenelhydra~inecarb~dithioate 
(XI)- Compound I l l  (0.25 g. 1.8 mmol) and methyl h~drazinecarbodithioate 
( I ) (0.23 g. I .8 mmol) in 25 mL of MeOtf containing onc drop of IlOAc was 
heatcd on a steam bath for I .5 h .  The solvent was evaporated under reduced 
pressure and the yellow solid obtained was recryst;tlli/ed from C ~ H L  to give 
0.36 g (857~  yield) of XI as ycllow needles. mp 1 2 2  124°C. 

Solubility Determination---/\ saturated solution of the thiosemicarbazone. 

A "Vibro-mixer" wiis found tu be thc 111oa1 cfl'icicnl. 
J CClltC. 
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prepared by suspending an excess quantity of the compound in distillcd H20, 
was shaken in a constant-temperature bath at  37OC for 24 h. and then a 5-mL 
portion of the supernatant was lyophilizcd to constant weight. Solubilities 
were as follows: 2-acetylpyridine 4.4-dimethylthiosemicarbazone, 0.96 
mg/mL; N,N-hexamethylene-2-[I-(2-pyridinyl)ethylidene]hydrazinecar- 
bothioamide. 0.04 mgjml.; Ild, 1.28 mg/mL; Ilh, 0.30 nig/mL. 

Antimalarial Studies-In Vifro-Antimalarial activity of the new com- 
pounds was evaluated in uitro against a chloroquine-resistant P. fakiparum 
(Smith) by assessing the inhibition of uptake of [G-'H] hypxanthine by the 
parasites. A detailed proccdurc was given in  a previous report from this lab- 
oratory ( 1  5). 

In Vim-The compounds described herein were tested4 against a drug- 
sensitive strain of P. berghei (strain KBG 173) in mice. Five mice per dose 
level were infected by the intraperitoneal administration of parasitized 
erythrocytes. Untreated infected animals, which served as controls, died (on 
the average) after 6.2 d. A candidate drug was given 72 h after the mice wcrc 
infected and was judged to be toxic if the infected mice died before day 6, 
inactive if they died between day 6 and day 12, active if the mean survival time 
of 6.2 d was at least doubled, and curative if the mice survived 60 d postin- 
fection. Compounds which were active or curative at  a dose of 40 mg/kg were 
retested at several lower dosc Ievels. but results are not reported unless ex- 
tension of mouse survival time was observed. Details of the test procedure were 
given in  the first paper in  this serics and by Osdene ef al. (16). 

Five clinical isolates of S.  airreus were 
obtained from the Clinical Microbiology Laboratory. Walter Reed Army 
Medical Center. Five N. meningifidis and 25 N. gonorrhoeae isolates were 
obtained from the collections of the Department of Bacterial Diseases, Walter 
Reed Army Institute of Kescarch. and the Centers for Disease Control, At- 
lanta, Georgia. 

Testing Procedure- The standard agar plate dilution method using Mueller 
Hinton agar, as described by Washington and Sutter (17). was utilized to 
determine the MIC values of the test compounds against the S. aureus and 
N. meningitidis isolates tested. The N. gonorrhoeae isolates were similarly 
tested, but with GC agar plus I %  of a modified defined supplement ( 1  8). This 
supplement consisted of 81 mL of aqueous solution A (containing 40.5 g of 
dextrose and 0.002 g of cocarboxylase) which was mixed with 19 ml.  of 

Antibacterial Studies--Organisms 

~~ 

Tests performed at  the Dr Leo Rdnc Laboratory, Lnivercity of Miami, Miami. 
Fla. 

aqueous solution B (83 mgof F e ( N O ~ ) ~ . 9 H 2 0  and I g of ~-glutamine]. I t  was 
then filter-sterilized and kept frozen until used. 

'The S .  aureus inoculum was standardized after a I 2-h incubation in 
Mueller Hinton broth by adjusting the turbidity to that of a 0.5 MacFarland 
standard (17) representing lo7 Ion colony-forming units (CFU)/mL, and 
then further diluted 20-fold in  Muellcr Iiinton broth. The inocula of  the two 
Neisseria species were standardized by suspending agar plate colonies of 
overnight growth in  Mueller Hinton broth for N. meningitidis and GC broth 
plus I %  modified defined supplement for N. gonorrhoeae i n  order to ap- 
proximate the turbidity of an overnight broth culture. The inocula were then 
further diluted 200-fold i n  the appropriate broth. 

Because of the poor water solubility of the test compounds, it was necessary 
to dissolve them initially in dimethyl sulfoxide. The control plates also con- 
tained the highest concentration of Me2SO present in each particular dilution 
series. Further dilutions were done with Muellcr Hinton broth or, in the case 
of N. gonorrhoeae testing, with GC broth plus modified defined supplement 
(19). The concentrations of thc test compounds were twofold dilutions from 
32 to 0.25 pg/mL for S. aureus and from 1 to 0.002 pg/mL for the two 
Neisseria species. 

The standardized bacterial inocula were applied to the thioscmicarba- 
zone-containing agar plates and the controls using a Lidwell apparatus (20). 
Cultures were incubated under appropriate atmospheric conditions for 24 h 
at 37OC and read. The MIC for each compound was the lowest concentration 
of that compound which still inhibitcd all visiblc bacterial growth on the agar 
surface. 

RESULTS AND DISCUSSION 

Antimalarial Activity -The in t i f r o  antimalarial studies (Table 11) of the 
2-(a-hydroxyacetyl)pyridine thiosemicarbazones and the 2-acetylpyridine 
thiosemicarbazones indicated that, except for Ile. f, and j, the latter com- 
pounds had greater inhibitory properties against P. fakiparum. The lower 
toxicity of the 2-(a-hydroxyacetyl)pyridine thiosemicarbazones to mice was 
evident in  the in oioo antimalarial screen (Table 11). Similarly, these com- 
pounds, in  general, were less efficacious as antimalarials than their corre- 
sponding 2-acetylpyridine thiosemicarbazones. Compound 1lj showed low 
levels of activity. whereas the best compound of the series was Ilf, which 
showed two of five cures and no toxicity at a dose of 320 mg/kg. However, 
the corresponding cornpound with identical N4,N4-substitution showed three 
of five mouse cures at a dose of 40 mg/kg. I t  appcars that a-hydroxylation 

Table 11-Antimalarial Activities In Vitro and In Vivo of 2-(a-llydroxyacetyl)pyridine Thiosemicarbazones (11) 

Increase in Mean Survival Time, d h  
IDw. ne/mL 40 no I60 3 20 640 

I Id 6.7 0.0 0.0 T(5/5) 
Ile 13.0 0.2 0.8 0 

23.0 -0.2 0.6 3.8 5.2,T( I / 5 )  0.4,T( 2/5) 
Ilh 8.4 I .o I .6 3.8 4.O,T( I / 5 )  2.0,T(2/5) 
1 k 

0.6.T( 2/ 5) I l i  34.0 0.0 T(I / 5 )  
I I j  4. I 1.6 3.4 
I l k  23.0 0.0 T(3/5) T(3/5) T(  I / 5 )  T(4!5) 

l l f  15.0 I .2 0.6 4.4 C(2/5) ~ 5 )  

I .6.T( I / 5 )  I .6,T( 1 / 5 )  
I .8.T( I / 5 )  I .4.T(2/5) C(1/5).T(3/5) 

a Determined in semiautomated test described in Ref. 15. Test performed in Swiss mice infected with P. berghei. (T) toxic. (C) cure: see Exprrimrnrd Srcrion for details. 

Table Ill-Antibacterial Properties In Vitro of 2-(a-Hydroxyacetyl) (11) and 2-Acetylpyridine Thiosemicarbazones (I)  

N. gonorrhoeae 
MIC, pg/mL 

Commund I 1  I' 

N. meningitidis 
MIC, pg/mL 

II I' 

S .  uureus 

I l a  
Ilb 
I Ic 
I Id 
I le 
I I f  

I 
Ili 
Ilj 
I l k  

> I  
0.125-1 
0.032-0.25 
0.004-0.016 

0.008-0.016 
0.004-0.0 I6 
0.004-0.016 
0.032-0. I25 
0.004-0.0 I6 

0.016 0.062 

0.062 0.5 

0.25-0.5 
0.5 
0.032 0.25 
0.002 0.008 
0.004 0.031 
o 008-0.03 I 
0.008-0.062 
0.016 0.062 

0.016-0.062 
. b  

0.004-0.03 I 

> I  > I  >32 >I6 . .  

> I  
0.5.1 
0.062-0. I25 

0.5- I >j2 > I 6  

0.062 0.125 4 > I 6  
0.25-> I >32 n 

0.125-0.25 0.062 -0.25 2 2- 4 
0 062 0.03 1-0. I25 0.5- I 0.25 
0.062-0. I25 0.016 0.03 I 1-4 0.5 
0.032-0.062 0.03 I -0.123 0.5 I 
0.5 > I  b >32 
0.032 0.062 0.03 1-0.062 0.5- I 0.5 

2h - 

> I  0.062 0.25 8-32 > I6 

a (f Ref. 3.  Not tested in earlier study 
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of the acetyl group had an overall negative effect on the antimalarial potency 
of this series of thiosemicarbazones. 

Antibacterial Activity-In the assessment of the antibacterial activity of 
the 2-(a-hydroxyacetyl)pyridine thiosemicarbazones (Table I l l ) ,  the strong 
inhibitory effect of the 2-acetylpyridine thiosemicarbazones seen against N. 
gonorrhoeae and N. meningiiidis (3) was also observed here. Most of the 
2-(a-hydroxyacetyl)pyridine compounds had MIC values of <O. 1 pg/mL 
against these bacterial species, and in a few instances the degree of inhibition 
Has slightly superior to that observed with the 2-acetylpyridine thiosemicar- 
bazones. 

Against S. aureus, several of the 2-(~-hydroxyacetyl)pyridine thiosemi- 
carbazones, i.e., llf, h, and j, had MIC values of 0.5- I Fg/mL. Again, there 
were several instances in which inhibitory activity superior to the 2-acetyl- 
pyridine thiosemicarbaiones ( i . e . ,  in Ild, e, h, and k) was seen. 

CONCLUSIONS 

The biological data for the newly synthesized 2-(a-hydroxyacetyl)pyridine 
thiosemicarba7ones indicates that N4,N4-disubstitution provides optimal in 
uiuo and in uiiro antimalarial and antibacterial activities. The introduction 
of a hydroxy function into the a-position of 2-acetylpyridine thiosemicarba- 
zones results in compounds with increased solubility, decreased host toxicity. 
and in some instances. improvement ofantimalarial and antibacterial activity 
in oirro. Howcvcr, this is offset by the concomitant decrease in in uiuo anti- 
malarial effects. These results suggest that pharmacological parameters, such 
as tissue distribution and the rate of  metabolism, play an essential role in de- 
termining the in ciuo antimalarial activity. as well as host toxicity, of this series 
of compounds. 
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Abstract 0 The kinetics of hydrolysis of maleimide was carried out within 
the [OH-] range of 2.46 X to 2.0 M at 30’C. The observed pseudo- 
first-order rate constants, kobs. follow the empirical equation: k o b  = 
(A1 lOH-1 + A2[OH-I2)/( I + A,[OH-1). Both ionized and un-ionized forms 
of maleimide have been suggested to be involved in hydrolysis. The nucleophilic 
attacks by hydroxide ion at the carbonyl carbon of both ionized and un-ionized 
maleimide and by water at thc carbonyl carbon of ionized maleimide to form 
tetrahedral intermediates arc considered to be the rate-dctermining steps. The 
observed results obtained at different I ,4-dioxane-water compositions have 
revealed an increase in k o b  with a decrease in  1.4-dioxanecontent which could 
be attributed to the higher polarity of the transition state compared with the 
reactant state. 

Keyphrases 0 Maleimide-kinetics, mechanism of hydrolysis 0 Hydroly- 
sis maleimide, effect of temperature 

Many compounds containing an imide group act as drugs 
( 1  ). N-Ethylmaleimidc is of interest bccausc of its rapid and 

Michael-type reaction with the sulfhydryl group of proteins 
(2, 3). Usually, the alkaline hydrolysis of amides and imides 
have been found to occur by a stepwise mechanism involving 
the tetrahedral intermediate ( I )  (4). Biechler and Taft ( 5 )  were 
the first to propose an additional oxydianionic tetrahedral 
intermediate (11) in the alkalinc hydrolysis of trifluo- 
roacetanilide. Later, I1  was found to exist in many acyl transfer 
reactions where the acyl substrates contained elect ron-w it h- 
drawing substituents and hydrolytic conditions covered a 
reasonable range of [OH-] ( 6 ) .  Recently, we have observed 
I 1  in the alkaline hydrolysis of methyl-o-methoxybenzoate (7). 
In the continuation of our work on mechanistic studies on 
aqueous cleavage of amides (8)  and imides (9) in a highly al- 
kaline medium, we initiated this study to determine if an in- 
termediate (11) exists and to study the nature of the rate-de- 
termining step. 
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