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Abstract 0 A series of substituted 2-pyridyl-a-toluenesulfonates 
was synthesized for antimalarial testing. They were prepared by 
treating various 2-pyridinols with a-toluenesulfonyl chlorides in 
the presence of an alkali. In tests against Plasmodium berghei in 
mice a t  640 mg/kg, only 3,5-dichloro-2-pyridyl-a-toluenesulfonate 
was considered active, i.e., doubled the mean survival time. 
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Some time ago, a series of alkanesulfonate esters of 
variously substituted 2-pyridinols was prepared in 
these laboratories (1). In connection with this earlier 
study, some a-toluenesulfonates also were prepared. 
One of these, 3,5-dichloro-2-pyridyl-a-toluenesulfo- 
nate (I), was found to be active against Plasmodium 
berghei in mice. The mean survival time (MST) for 
mice treated with I at  640 mg/kg was 15.8 days; for 
controls, it was 6.1 days. Consequently, a series of 
substituted 2-pyridyl-c~-toluenesulfonates was pre- 
pared for antimalarial testing1. 

DISCUSSION 

These compounds were prepared mainly by treatment of a 2- 
pyridino12 with an a-toluenesulfonyl chloride in toluene at 25O in 
the presence of a small excess of triethylamine (Scheme I). The 
yields were generally in the range of 30-90%. In two instances, the 
insolubility of the pyridinol in the toluene and triethylamine mix- 
ture necessitated the use of 1% KOH or 1% NaOH in the Schotten- 
Baumann procedure (Table I, XXV and XXIX). 

Sulfonylation of the 2-pyridinols occurred a t  the oxygen in all 
but one case. The single exception was the product from the reac- 
tion of 5-carbethoxy-3-chloro-2-pyridinol with a-toluenesulfonyl 
chloride. The insolubility of this pyridinol also required the use of 
1% KOH. In this case, only the N-substituted product was isolat- 
ed, as evidenced by its IR and UV spectra (see Experimental). 

Previous work from these laboratories showed that the products 
from the reaction of various 2-pyridinols with alkanesulfonyl chlo- 
rides gave exclusively sulfonate esters (1). When various arenesul- 
fonyl chlorides were used with a specific 2-pyridino1, 3,5-dichloro- 
2-pyridino1, both 0- and N-sulfonated products resulted (2) in 
each case. 

Four of the 2-pyridinols employed have not previously been re- 
ported (Table 11). The product resulting from the chlorination of 
3-methoxy-2-pyridinol at 25’ in 10% hydrochloric acid (Table 11, 
XXXII) proved to be the 6-chloro isomer, as evidenced by its 

NMR spectrum. Chlorination of 4-methyl-2-pyridinol [from diazo- 
tization and hydrolysis (3) of 2-amino-4-picoline] gave the pre- 
viously unreported 3,5-dichloro-4-methyl-2-pyridinol (Table 11, 
XXXIII). The intermediate 5-carbethoxy-3-chloro-2-pyridinol 
(Table 11, XXXIV) was synthesized uia chlorination of the re- 
ported (4) 5-carbethoxy-2-pyridinol. Attempts a t  chlorinating the 
acid (6-hydroxynicotinic acid) prior to esterification were unsuc- 
cessful. 

The reported 5-chloro-3-methyl-2-pyridinol (5) was obtained by 
chlorination of 3-methyl-2-pyridinol. However, when 5-methyl-2- 
pyridinol was chlorinated under the same conditions in an attempt 
to prepare the 3-chloro derivative, a semisolid was obtained which 
could not be purified by distillation or recrystallization without 
decomposition. This material gave a positive test for an active 
halogen with alcoholic silver nitrate, and treatment with dilute so- 
dium hydroxide at  25O gave an intensely dark-violet solution with- 
in 5 min. 

The known 3,5-dichloro-6-methyl-2-pyridinol (5) was prepared 
from 3-methyl-2-pyridinol. Chlorination (5) or bromination (6) of 
2-pyridinol a t  room temperature in dilute mineral acid gave the 
3,5-dihalo product in good yield; the 3,5-dinitro intermediate was 
obtained on treatment of 2-pyridinol with fuming nitric and sulfu- 
ric acids a t  80° ( 7 ) .  Similarly prepared were the 3 5 -  and 5,3-chlo- 
ronitro-2-pyridinols (8). 

The a-toluenesulfonyl chlorides were prepared by treatment of 
the appropriate chloromethylbenzene with sodium sulfite in re- 
fluxing 50% aqueous ethanol, and the sodium a-toluenesulfonates 
thus obtained were treated with refluxing phosphorus oxychloride 
(Table 111). This method worked fairly well with those chlorometh- 
ylbenzenes that contained electronegative halogen groups. How- 
ever, in the two cases where electron-donating methyl groups were 
present (Table 111, XLI and XLII), the sodium salts were convert- 
ed back to the original benzyl chlorides, instead of the expected 
sulfonyl chlorides, on treatment with refluxing phosphorus oxy- 
chloride. Presumably the sulfonyl chlorides formed and, activated 
by the 3- or 4-methyl. were displaced by a chloride ion. When the 
reactions were carried out with phosphorus oxychloride a t  a re- 
duced temperature (60°), the desired 3- and 4-methyl-0-toluene- 
sulfonyl chlorides were obtained. The unreported a-toluenesulfo- 
nyl chlorides prepared are listed in Table 111. The known a-tolu- 
enesulfonyl chlorides utilized include: 2- and 4-chloro (9); 2,4- and 
3,4-dichloro (9); 2-bromo, 3-chloro, and 2- and 3-fluoro (10); and 
2,4,5-trichloro (11).  

Contract with the Walter Reed Army Institute of Research. 
Although the conventional name “2-pyridinol” is used throughout, spec- 

troscopic evidence substantiates that  the materials exist as the 2-pyridone 
(E. Spinner and J. C. B. White, J .  Chem. SOC. B. 1966,991). 
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Table I-2-Pyridyl-~~-toluenesulfonates 

Re- 
crys- 

talliza- 
tion Analysis, % 
Sol- Yield, Molecular __ 

Compound R R, Melting Point venta % Formula Calc. Found 

I 

I1 

I11 

IV 

V 

VI 

VII 

VIII 

IX 

X 

XI 

XI1 

XI11 

XIV 

xv 

XVI 

XVII 

XVIII 

XIX 

xx 

XXI 

XXII 

XXIII 

XXIV 

3,543, b 

3,5-C1, 

3,5-Cl, 

3,5-C12 

3,5-C1, 

3,5-C1, 

3,5-CI, 

3,5-CI, 

3,5-C1, 

3,5-C1, 

3,5-C1, 

3,5-C1, 

3,5421, 

3,541, 

3,5-C12 

3,5-C1, 

3,5-C12 

3,5-C1, 

3,5-C12 

3,5-C1, 

3-Br, 5-CI 

5-Br, 3-Cld 

3,5 -Br, 

5-C1, 3-CH3 

H 

2-c1 

3421 

4-C1 

2-Br 

3-Br 

4-Br 

2-F 

3-F 

4 -F 

2-CF3 

3 -CF , 

4-CF3 

2,4-C1, 

2,6-C1, 

3,443, 

2,4,5-C1, 

2,3,4,5,6-F , 

3-CH, 

4-CH3 

H 

H 

H 

H 

118-119" 

86.5-88" 

111.5-11 3.5" 

69.5-71" 

103-104.5" 

106.5-107.5" 

8 3.5 -8 4.5" 

8 2-8 3.5" 

120.5-121" 

80-88°C 

65-66.5" 

84-86" 

97-105°C 

102-103" 

126-127" 

137-138" 

129.5-131" 

117-118" 

69-7 1" 

80-80.5" 

117-118" 

121 -122" 

126-126.5" 

135.5-1 3 6" 

A 61 

B 32 

B 68 

C 51  

B 71 

B 92 

B 24 

A 56 

B 56 

A 15  

A 52 

B 62 

A 60 

B 57 

B 36 

B 61 

A 38 

B 66 

A 62 

A 45 

B 48 

A 66 

A 34 

D 72 

~ ~ 

C , 2H9 CI,NO , S 

C,,H,CI,NO,S 

C, ,H,CI,NO,S 

C,,H,Cl,NO,S 

C,,H, BrCl,NO,S 

C, *H8 BrC1,NO ,S 

C, ,H,BrCl,NO,S 

C, ,H,CI,FNO,S 

C,,H,CI,FNO,S 

C, ,H,Cl,FNO,S 

C, ,H,CI,F,NO,S 

C,,H,CI, F,NO,S 

C, ,H,Cl,F,NO,S 

C, ,H,CI,NO,S 

C, ,H,Cl,NO,S 

C, ,H,CI,NO,S 

C, ,H,CI,NO,S 

C, ,H,Cl,F,NO,S 

C 1 3 H 1 1 C 1 ~ N 0 3 S  

cl 3H1 I c l Z  

C, ,H,BrClNO,S 

C, ,H,BrClNO,S 

C,,H,Br, NO,S 

C, ,H, ,CINO,S 

~ ~~ 

C 45.30 45.28 
H 2.85 3.05 
N 4.40 4.31 
C 40.87 40.65 
H 2.29 2.32 
N 3.97 3.80 
C 40.87 40.65 
H 2.29 2.28 
N 3.97 3.80 
C 40.87 40.55 
H 2.29 2.39 
N 3.97 3.85 
C 36.30 36.43 
H 2.03 2.15 
N 3.53 3.33 
C 36.30 36.03 
H 2.03 2.19 
N 3.53 3.30 
C 36.30 36.07 
H 2.03 1.87 
N 3.53 3.36 
C 42.87 43.03 
H 2.40 2.69 
N 4.17 4.12 
C 42.87 42.90 
H 2.40 2.61 
N 4.17 4.01 
C 42.87 42.70 
H 2.40 2.47 
N 4.17 4.14 
C 40.43 40.19 
H 2.09 2.36 
N 3.63 3.47 -. . 

C 40.43 40.61 
H 2.09 2.06 
N 3.63 3.61 
C 40.43 40.27 
H 2.09 2.08 
N 3.63 3.58 
C 37.24 37.09 
H 1.82 1.87 
N 3.62 3.56 
C 37.24 37.08 
H 1.82 1.82 
N 3.62 3.50 
C 37.24 37.14 
H 1.82 1.82 
N 3.62 3.53 
C 34.19 34.30 
H 1.44 1.67 
N 3.32 3.35 
C 35.30 35.16 
H 0.99 1.23 
N 3.43 3.49 
C 47.00 47.10 
H 3.34 3.35 
N 4.22 4.11 
C 47.00 47.10 
H 3.34 3.38 
N 4.22 4.19 
C 39.75 39.91 
H 2.50 2.48 
N 3.86 3.84 
C 39.75 39.70 
H 2.50 2.55 
N 3.86 3.67 
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Table I- Continued 

Re- 
crys- 

talliza- 
tion Analysis, % 
Sol- Yield, Molecular 

Compound R R ,  Melting Point vent0 '70 Formula Calc. Found 

XXV 6C1, 3-OCH3 e H 

XXVI 3-C1, 5-NO, H 

XXVII 5-C1, 3-NO, H 

XXVIII 3,5-C1,, 4-CH,f H 

XXIX 3,5-C1,, 6-CH,g H 

XXX 3,5,6-C1, H 

131.5-132.5" D 1 7  C,,H,,CINO,S C 49.77 49.69 
H 3.86 3.95 
N 4.47 4.58 

102.5-103" A 24  C,,H,ClN,O,S C 43.85 43.96 
H 2.76 2.89 
N 8.52 8.59 

103-104" A 7 1  C,,H,CIN,O,S C 43.85 43.90 
H 2.76 2.88 
N 8.52 8.46 

134-1 35" A 61 C,,H,,Cl,NO,S C 47.00 47.34 
H 3.34 3.28 
N 4.22 4.31 

H 3.34 3.43 
110.5-111.5" --h 1 7  C,,H,,CI,NO,S C 47.00 46.92 

a A  = isopropanol, B = cyclohexene, C = cyclohexane, and D = ethyl  acetate. b NMR (CDCl,): 6 4.93 ( s ,  2H, CH,), 7.47 ( m ,  5H, phenyl), 
7.85 (d ,  l H ,  pyridyl, JAB = 2.5 Hzj, and 8.52 (d ,  l H ,  pyridyl,.TAB = 2.5 Hzj ppm,  CSingle spot  on TLC (silica gcl, hexane) .  d N M R  (CDCI,): 
6 4.91 (s, 2H, CH,), 7 . 4 3  ( m ,  5H,  phenyl), 7.95 (d ,  l H ,  pyridyl,]AB = 2.5 Hz) ,  and 8 .52  (d ,  l H ,  pyridyl,]AB = 2.5 Hzj  ppm. eprepdred us- 
ing 1% NaOH as the base: NMR (CDCI, + CD,SOCD,): 6 3.86 ( s ,  3H, OCH,), 4.90 ( s ,  2H, CH,), 7 .45  (m.  5H phenyl) ,  7 .45 (d. I H ,  pyridyl. 
JAB = 2.5 Hz) ,  and 7 .90  (d,  l H ,  p y r i d y l , j A B  = 2.5 Hz) p p m . f N M R  (CDC1,): 6 2 .51 (s ,  3H, CH,), 4.91 (s, 2H, CH,), 7 .47 ( i n ,  5H,  phenyl). 
and 8.24 (s ,  l H ,  pyridylj ppm.gPre  ared using 1% KOH as the base; NMR (CDCl,): 6 2.62 ( s ,  3H, CH,), 4 .93  ( s ,  2H, CH,), 7 .44  ( m ,  5H, phen 
yl), and 7.80 ( s ,  l H ,  pyridyl). hPuri8ed on  silica gel column, eluting with benzene-hexane ( 1 : l ) .  

R 

Table 11-Unreported 2-Pyridinols @OH 

Re- 
crys- 

talliza- 
t ion Analysis, 7% 
Sol- Yield, Molecular 

Compound R Melting Point venta % Formula Calc. Found 

XXXI 5-Br, 3-C1 199-201" A 7 3  C,H,BrClNO C 28.81 28.81 
H 1.45 1.62 
N 6.72 6.69 

H 3.79 3.76 
N 8 .78  8 .83  

40.70 XXXIII 3,5-C1,, 4-CH3c 192-193.5" Bd 53 C,H,CI,NO C 40.48 
H 2.83 2.66 
N 7.87 7.91 

XXXIV 5 -CO, C, H,, 3-Cle 178-178.5" C 39 C,H,ClNO, C 47.66 47.89 
H 4.00 4.15 
N 6.95 6.92 

XXXII 6-C1, 3-OCH3 b 196-197" B 4 8  C,H,CINO, C 45.16 44.97 

a A  = isopropanol, B = ethdnol, and C = butanone.  b N M R  (CDC1, + CD,SOCD,): 6 3.8 ( s ,  3H, CH,), 6.7 ( d ,  l H ,  pyridyl), 7 .0  [d ,  1H. pyrt 
dyl) ,  and 13.2 (diffuse, 0.6H, N-H) p m C NMR (CDCl,): 6 2.48 (s,  3H. CH,), 7.47 (s ,  l H ,  pyridyl), and -12.5 (diffuse, l H ,  N-H) ppm. 

Analytical sample was recrystallized f!om 95% ethanol; previously from ethyl acetate. e NMR (CDCI,): 6 1.37 ( t ,  3H,  CH,), 4.32 (4. 2 H .  
CH,), 8 .11 ( d ,  l H ,  pyridyl), and 8.15 (d ,  l H ,  pyridylj pptn. 

EXPERIMENTAL 

Activity-This series of compounds was tested" for blood schi- 
zonticidal antimalarial activity according to a literature method 
(12). 

Only one compound, 3,5-dichloro-2-pyridyl-a-toluenesulfonate 
(I), was considered active, i.e., gave an increase in mean survival 
time of at  least 100% (+6.1 days) in mice infected with P. berghei. 
It gave an increase in mean survival time of 9.7 days a t  640 mg/kg. 
Two other compounds, 3,5-dichloro-2-pyridyl-4-chloro-a-tolu- 
enesulfonate (Table I, IV) and 3,5-dichloro-4-methyl-2-pyridyl-n- 
toluenesulfonate (Table I, XXVIII), caused significant prolonga- 
tion of life with infected mice, but the increases were not sufficient 
for them to be considered active. They increased the mean survival 

time by 5.6 (92%) and 4.9 (80%) days, respectively, at  640 mglkg. 
Chemistry-A single detailed example is given for the prepara- 

tion of each of the two types of intermediates and also of an n- 
toluenesulfonate ester and an N-sulfonated product. In cases 
where the experimental procedure differed markedly from the ex- 
amples given, the details are given in the table footnotes. 

3-Bromo-a-toluenesulfonyl Chloride-To a boiling solution of 
3-bromobenzyl bromide4 (20.0 g, 0.08 mole) in 50 ml of 95% etha- 
nol was added a solution of sodium sulfite, 10.1 g (0.08 mole), in 50 
ml of water, dropwise with stirring over about 0.5 hr. The mixture 
was heated a t  reflux for 64 hr and cooled. The crystals were re- 
moved by filtration, washed with benzene, and dried under vacu- 
um over phosphorus pentoxide, giving 13.7 g (63%) of dried sodium 
salt. All of this material (0.05 mole) was treated with 40 ml of 

Rane Laboratory, University of Miami. 4 In most of the cases, the benzyl chloride was used. 
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Table 111-Unreported (Y -Toluenesulfonyl Chlorides 

Recrys- Analysis, % 
Melting tallization Yield, Molecular 

Compound R Poin t  SolventQ % F o r m  u 1 a Calc. Found  

xxxv 
XXXVI 

XXXVII 

XXXVIII 

XXXIX 

XL 

XLI  

XLII 

XLIII 

XLIV 

3-Br 

4-Br 

4 -F  

2-CF3 

3-CF, 

4-CF3 

3-CH3 

4-CH, 

2 ,641 ,  

2,3,4,5,6-F, 

88.5-89.5" 

108-109" 

2 5 -3 0" b 

37-39" 

98-100" 

57-58" 

5 0" 

3 3" 

47-50' 

103"  (3.5)d 

A 

A 
- 

A 
- 

A 

B 

B 

A 

- 

6 2  

4 9  

1 4  

4 3  

6 2  

59 

7 OC 

33c 

4 3  

16 

C,H,BrClO,S 

C,H,BrClO,S 

C,H,ClFO,S 

C,H,CIF,O,S 

C,H,CIF,O,S 

C,H,CIF,O,S 

C,H,ClO,S 

C,H,CIO,S 

C,H, CI,O,S 

C,H,CIF,O,S 

C 31 .20  
H 2.24 
C 31 .20  
H 2.24 
C 40 .29  
H 2.90 
C 37 .14  
H 2.34 
C 37 .14  
H 2.34 
C 37.14 
H 2 .34  
C 46 .91  
H 4 . 4 3  
C 46 .91  
H 4 . 4 3  
C 32 .40  
H 1 .94  
C 29 .96  
I4 0.72 

31.38 
2 .28  

31.11 
2.58 

39 .89  
2 .83  

36 .75  
2.15 

36.79 
2.37 

36 .83  
2.44 

46 .90  
4.50 

46 .93  
4.44 

32.49 
1.90 

30 .09  
0.63 

Q A  = isopropanol,  and B = cyclohexane. bDistilled a t  120" (2 .5  tnm) .  CTrcatrnent uf  the  sodium a- to luene  sulfonate with phosphorus  o s y ~  
chloridc was carried o u t  a t  60" instcad of the  usual 105". dKoiling point (mm). 

phosphorus oxychloride by heating at reflux for 18 hr. 
The excess phosphorus oxychloride was removed under vacuum, 

and the residue was t.reated with ice and then extracted with ether. 
The ether extract was washed with water and then with sodium bi- 
carbonate solution and dried over magnesium sulfate. The  ether 
was removed by evaporation, and the residue was recrystallized 
from 2-propano1, giving 8.5 g (62%) of white solids, mp 88.5-89.5'. 

5-Rromo-3-chloro-Z-pyridinol-Into a solution of 5-bromo-2- 
pyridinol (20.8 g, 0.12 mole) in 70 rnl of 12% hydrochloric acid was 
bubbled chlorine (8.5 g, 0.12 mole) over 30 min. Water was added 
to keep the mixture stirrable as solids precipitated. After the addi- 
tion, the mixture was stirred another hour, and the solids were fil- 
tered, washed with water, and dried in uacuo to give 18.2 g (73%) 
of white solids, mp 195-200'. 

Two recrystallizations from isopropanol raised the melting point 
to 199-201.5'. 

3,.5-Dichloro-2-pyridy~- a-toluenesulfonatc-n-Toluenesulfonyl 
chloride (31.5 g, 0.165 mole) in 200 ml of toluene was added to  a so- 
lution of 3,5-dichloro-2-pyridinol (27.0 g, 0.165 mole) in 100 ml of 
toluene and triethylamine (20.0 g, 0.20 mole) a t  25O with cooling in 
15 min. The mixture was stirred a t  25' for 1 hr and filtered to re- 
move triethylamine hydrochloride, which was washed with fresh 
toluene (150 ml). The washings were collected with the filtrate. 

Excess triethylamine was removed by distilling about 375 ml, 
and this volume of fresh toluene was added back before washing, 
first with 4% sodium hydroxide and then with 1% acetic acid. The  
toluene was removed under vacuum, and the residue was stirred 
with 100 ml of cyclohexane after crystallization commenced. The  
mixture was filtered, and the solids were dried and purified by re- 
crystallization from ethanol, giving 32.2 g (61%) of white crystals, 
mp 117-118'. The analytical sample was purified by another re- 
crystallization from ethanol, mp 118-118.5'. 

5-Carbpthoxy-3-chloro- I -  ( ( ~ - t 0 l u e n e ~ u I f o n o ) - 2 - ~ y r i d o n ~ - [ r -  
Toluenesulfonyl chloride (3.4 g, 0.02 mole) in 80 ml of toluene was 
added to a solution of 5-carbethoxy-3-chloro-2-pyridinol (3.6 g. 
0.02 mole) in 1% potassium hydroxide solution over 10 min a t  22'. 
The mixture was then stirred for an additional 0.5 hr, while suffi- 
cient 5% potassium hydroxide solution was added to maintain the 
pH at 9-10. The reaction mixture was then filtered to remnve un- 
reacted 2-pyridinol (0.5 g, 14%). The aqueous layer was separated 
and acidified, yielding an additional 1.0 g (28%) of starting materi- 
al. 

The toluene layer was washed once with dilute sodium hydrox- 
ide and then with cold water until neutral and evaporated under 
vacuum. The crude solids left on evaporation were purified on a 
silica gel column by eluting first with hexane-benzene (3:l) to re- 
move unreacted a-toluenesulfonyl chloride, then with mixtures of 

these solvents progressively richer in benzene, and finally with 
benzene alone to yield 0.7 g (11%) of white solids, mp 130-13lo; 
NMR (deuterochloroform): 6 1.32 (t,  3H, CH:r), 4.29 (q, 2H, CH?),  
5.13 (s, 2H, CHz), 7.35 (s, 5H, phenyl), 8.04 (d, lH ,  pyridone, J.4fl 

= 2.5 Hz), and 8.27 (d, l H ,  pyridone, JAB = 2.5 Hz, J A , ~  = 14 Hz) 
ppm; IR (potassium bromide): A,,, 5.8, 5.9, 7.1, 7.35, 7.85, 8.6, 
11.2, and 13.2 Wm; UV (methanol): X 265 ( 6  12.3 X 10') and 300 ( c  

5.9 x lo3) nm. 
Anal.-Calc. for C1SH14ClNOSS: C, 50.64; H, 3.97; N, 3.94. 

Found: C, 51.07; H, 4.09; N, 3.88. 
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