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Methylchloropindol  (Klopidol) (I), f i r s t  p roposed  as a Coyden-25 p r e m i x  by Dow Chemical  Co. in 1963- 
1965 to reduce  the substant ia l  l o s ses  f r o m  coccid ios is  in industr ia l  poul t ry  ra i s ing  [1], was  p roved  to be a 
highly effect ive coccidios ta t ic  agent, inhibiting seven  spec ies  of coccidi  in chickens and guinea fowl, and 
p o s s e s s i n g  low toxici ty and an absence  of cumulat ions.  The p repa ra t ion  is approved fo r  dis t r ibut ion in the 
USA. It was r e syn thes i zed  and tes ted  in the USSR [2], the ChSSR, and, under  the name of " r igecocc in ,"  in 
the Hungar ian P e o p l e ' s  Republic. According to the l i t e ra tu re  [1, 3, 4], without any exper imen ta l  bas i s ,  the 
ass igned  s t ruc tu re  of I is  3 ,5 -d i ch le ro -2 ,6 -d ime thy t -4 -hydroxypyr id ine .  Incidentally,  such a concept of the 
chemica l  s t ruc ture ,  which is re f lec ted  in i ts  name with an "o1" ending, is i l logical.  The es tab l i shed  regu-  
l a r i t i e s  concerning the s t ruc tu re  of hydroxypryidines ,  in pa r t i cu l a r  2 ,6 -d imethy l -4 -hydroxypyr id ine  and 
3 ,5 -d ich lo ro -4 -hydroxypyr id ine  [5, 6], suggested a p r e f e r r e d  pyr idone s t ruc tu re  of I. 

An a t t empt  was made to use  a b iochemica l  method in o rde r  to de te rmine  which of the m a j o r  poss ib le  
t au tomer i c  f o r m s  of I -  pyridone or hydroxypyridine - is respons ib le  fo r  i ts  coccidios ta t ic  aci t ivi ty.  With 
this  object  in mind, we synthes ized  its N-methy l  der iva t ive ,  3 , 5 - d i c h l o r o - l , 2 , 6 - t r i m e t h y l - 4 - p y r i d o n e  (II), 
and i ts  O-methy lde r iva t ive ,  3, 5 -d ich loro-  2, 6 -d imethy l -4 -methoxypyr id ine  (HI). Both methyla ted  f o r m s  
were  tes ted  fo r  coccidios ta t ic  act ivi ty  in pa r a l l e l  with p r epa ra t i on  I. The tes t ing  was conducted under  
s t r i c t l y  control led  l abo ra to ry  conditions, infecting the chicks with a s t r a in  of E ime t i a  tenella, in a dose of 
50,000 oocysts .  Compounds I, II, and III  were  introduced with the feed in a dose of 0.0125%. A detai led 
desc r ip t ion  of the tes t ing method is g iven in [7]. 

Ant icoccidios is  index I was equal to 174-214; for  II, 142-165; and for  HI, 135-157. The su rv iva l  p e r -  
centage fo r  I was  100; fo r  It, 74-80; fo r  III, 80; and for  the contro l  group, infected with coccidia and not 
given the p repara t ion ,  0-40. Thus,  both methyla ted  f o r m s  II and III  p o s s e s s  s i m i l a r  coccidios ta t ic  activity; 
however ,  it is l e s s  than I. This  unexpected and in teres t ing  resu l t  (close biological  effect  of two i somer i c  
compounds) can be explained by assuming  that in vivo N- and O-demethyla t ion  of H and III  occurs ,  r e s p e c -  
t ively.  The poss ib i l i ty  of such enzymat ic  p r o c e s s e s  was r epor t ed  in [8]. It  is not prec luded that pa r t  of II 
or  HI, d i s s imi l a t ed  by  chicks,  cannot succeed  in being t r a n s f o r m e d  into act ive I, as  a r e su l t  of demethy la -  
tion. As a resul t ,  II and III exer ted  a s m a l l e r  coccidios ta t ic  effect  than I. 

The resu l t ing  data, though interest ing,  fai led to answer  the question about the act ive  t an tomer ic  f o r m  
ofl. 

Because of this, we made further studies of the structure of I by spectral methods. At this point we 
assumed that if a strong shift of tautomeric equilibrium toward one of the isomers is discovered, this iso- 
mer is the carrier of coccidiostatic activity. We recorded the IR spectra of I in vaseline oil and in fluorinated 

oil, and spectra of II and III for comparison were also recorded. The resulting data on absorption frequen- 
cies of I-IIl and their interpretation are given in Table I. Correlation of absorption bands to some groups 
was based on [9-12]. 

Since the dissolution of a substance frequently gives rise to additional opportunity for the formation 
of tautomers, the UV spectra of I, II, and III were recorded in a methanol solution, which causes a maximum 
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TABLE 1. IR Absorpt ion Bands of Methylchloropindol (I), I ts  N- and 
O-Methyl  Der iva t ives  0I and HI), and I ts  Sodium and Si lver  Salts 
(V and VI) in Vasel ine Oil 

~C=C 

Compound 
c m  - I  

I 

II 

III 

V 

VI 

1560 
Is ) 
1535 
(s)  

1560 
(,s) 
1570 
(s)  

1620 
(s) 
1610 
(s) 
1560 

~ )  
1620 
(m) 

1400 
(m) 
1440 
(m) 
1440 
(m) 
1450 
(m) 
1490 
(m) 

3200 
(m) 

760 
(s) 

760 
(s) 

760 
(s) 

76o 
(s) 

1338 
(s)  

* The band was  r eco rded  in f luoro-o i l .  
Designations:  s = s t rong  band; m =medium band. 
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Fig. 1. UV spec t r a  of me thy l -  
chloropindol (I) and i ts  de r iva -  
tives: I, II, and III in methanol;  
V in 0.1 N methanol  solution of 
sodium hydroxide; VI in 8.3 N 
methanol  solution of ammonia .  

d i sp lacement  of t au tomer ic  equi l ibr ium toward the hydroxypyridine 
f o r m  [13-15] (Fig. 1). A compar i son  of absorp t ion  spec t r a  of I, II, 
and III in the UV region sugges ts  a conclusion concerning the pyridone 
s t ruc tu re  of I not only in a solid s tate  but a l so  in solution (with an 
a c c u r a c y  up to 0.1% e r r o r  as  shown by the UV spec t ropho tomet ry  
method) [16]. 

Having obtained a wel l -def ined proof  of the exis tence of I, ex-  
c lus ive ly  in the f o r m  of 3 ,5-dichloro:2 ,  6 -d imethy l -4 -pyr idone ,  it can 
be cons idered  that this s t ruc tu re ,  being the only one, is coec id ios ta t i -  
cal ly  act ive.  

The d e t e m i n a t i o n  of the t rue  s t ruc tu re  of I is not only in te r -  
es t ing f r o m  a pure ly  chemica l  standpoint.  The pyr idone p r epa ra t i on  
s t ruc tu re  r e s e m b l e s  the s t ruc tu re  of nucleic ba se s  of cytosine,  uraci l ,  
and thiamine,  which en te r  the composi t ion of DNA and RNA. This  analogy 
may  become  useful  in invest igat ing the m e c h a n i s m  of the act ivi ty of 
the p repa ra t ion  on a m o l e c u l a r  level .  

The s t ruc tu ra l  c lo seness  of molecule  I and nucleic b a s e s  sug- 
ges t s  that the m e c h a n i s m  of the act ivi ty  of the p repa ra t ion  cons is t s  
in the compet i t ive  subst i tut ion of these bases .  Such an assumpt ion  
is just i f ied by the d i sappea rance  of coccidios ta t ic  act ivi ty in the syn- 
thes ized  thioanalog of methylchloropindol  (V) (anticoccidiosis  index, 
63-13; su rv iva l  13%). The subst i tut ion of a sulfur  a tom for  an oxygen 

a tom dis rupts  the s t ruc tu ra l  r e s e m b l a n c e  between the p repa ra t ion  molecule  and the nucleic base  molecule .  
As a resul t ,  the m e c h a n i s m  of compet i t ive  d i sp lacement  is not real ized.  

Apar t  f r o m  the determinat ion of the s t ruc tu re  of I by means  of IR and UV spec t ra ,  a detai led study 
was made  of the e lec t ronic  s t ruc tu re  of i t s  anion. With this object  in mind, a r e co rd  was made of the UV 
s p e c t r a  of I in a methanol  solution containing 0.1 g - e q / l i t e r  of sodium hydroxide and a s i l ve r  sa l t  solution 
of methylcMoropindol  (VI) in 8.3 N solution of ammon ia  in methanol  (see Fig. 1). F i r s t ,  it was  n e c e s s a r y  
to a s c e r t a i n  the absence  of hydro lys i s  of the sodium salt  of methylchloropindol  (V) in a med ium of 0.05 N 
sodium hydroxide solution. The s pec t rum  of the anion of I is f a i r l y  c lose  to the spec t r a  of I and II, and at  
the same t ime it substant ia l ly  d i f fers  f r o m  the s p e c t r u m  of III. This  indicates p re fe ren t i a l ly  the pyr idone 
anion s t ruc tu re . .  Such a conclusion was ve r i f i ed  also by the Ill spec t r a  of V and VI. The f requencies  of 
s t re tching v ibra t ions  in V and VI (see Table  1) indicate that, with r e spec t  to the double bonds of the C = O 
group in the methylchloropindol  (V, VI) anion, p r epa ra t ions  I and II d i f fer  l i t t le f r o m  one another.  

The es tab l i shment  of anion pyridine s t ruc tu re  of I is of definite in te res t  owing to the fact  that for  
the unsubst i tuted 4 -pyr idone  anion, s i m i l a r  to i ts  2 -pyr idone  i somer ,  the pyr idinolate  s t ruc tu re  was ve r i f i ed  
[17, 181. 
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New syntheses  yielding subs tances  fo r  coccidios ta t ic  evaluat ion and spec t r a l  m e a s u r e m e n t s  were  
c a r r i e d  out accord ing  to the scheme  

O 
0 II 0 0 

RH ~ c~ c1 ol~e~o c l ~ . . : l  CH: 

EsC'',R'"CH3 X~ 6 ~a 3 

Cl.~cl ~ Ill ~ OCH, 
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]~I kg DMFA = dimethylformamide ]]I 

E X P E R I M E  NTA L 

3,5-Dichloro-2,6-diraethyl-4-pyridone (Methylehloropindol) (I). The synthesis was carried out accord- 
ing to [19-2i] .  

3 , 5 - D i e h l o r o - i , 2 , 6 - t r h n e t h y l - 4 - p y r i d o n e  (II). a) F ive  g of VIII was  d isso lved  in i50 m l  of 3.5% hydro-  
eb lor ic  acid solution, then diluted with 700 m l  of Water, and chlor inated fo r  3 h. The prec ip i ta te  was f i l t e red  
off. Yield, 3.2 g of II (42.8%); 320-322 ~ (from ethanol). Found, go" C 46.76; H 4.33; C1 34.23; N 7.06. 
CsHgC12NO. Calculated,  go: C 46.6; H 4.36; C1 34.5; N 6.80. km2.x 270 nm {log 8 4.006). b) P r e p a r a t i o n  I 
(i.92 g) was  d isso lved  in 25 m l  of 2% sodium hydroxide solution, 0.75 ml  of d imethylsulfa te  added dropwise,  
and the mix tu re  was  heated fo r  i h on a boiling wa te r  bath; a f t e r  cooling, the product  was f i l t e red  off to 
y ie ld  0.8 g of II  (38.6go), mp and data on e l emen ta ry  ana lys i s  a r e  s i m i l a r  to those given fo r  method a. A 
mix tu re  of s amp le s  obtained by methods  a and b gave no depress ion  in rap. c) A mix tu re  of 2 g of V and 
4 m l  of methy l  iodide in 25 ml  of d ime thy l fo rmamide  was boiled fo r  2 h and then cooled. The product  was 
f i l t e red  off to yie ld  0.8 g of tI (57%); mp and data on e l e m e n t a r y  ana lys i s  a r e  s i m i l a r  to those given fo r  
method a. A mix tu r e  of s amples  obtained by methods a, b, and c gave no dep re s s ion  in rap. d) A mix tu re  
of 2 g of V and 4 m l  of methy l  iodide in 50 ml  of absolute methanol  was boiled fo r  4 h and then cooled. F i l -  
te r ing  off yielded 0.4 g of II (2igo); mp  and data on e l e m e n t a r y  ana lys i s  were  s i m i l a r  to those given for  
method a. A mix tu re  of s amples  obtained according to methods  a, b, c, and d gave no dep res s ion  in rap. 
The m o t h e r  l iquor obtained a f t e r  separa t ing  1I was t r ea t ed  (see below) to get III. 

3 ,5 -Dich lo ro -2 ,6 -d ime thy l -4 -me thoxypyr id ine  (RI). Five g of I in 250 ml  of d ime thy l fo rmamide  was  
t r ea ted  fo r  5 h with 5 g of d iazomethane d isso lved  in i00 ml  of e ther  at 20 ~ The solvent  was r emoved  in 
vacuo by using a wa t e r  a sp i r a to r .  Yield, 3 g of III (95go), mp 70 ~ (from methanol).  Found, go: C 47.30; 
H 4.47; Ct 34.02; N 6.94. CsHgC12NO. Calculated,  %: C 46.60; H 4.36; C1 34.5; N 6.80 2~ma x 275 nm {log 
3.367). Mother  l iquor a f t e r  separa t ing  II in the synthesis  accord ing  to method d (see above) was evaporated,  
the dry  res idue t r ea t ed  with e ther ,  and the ex t rac t  evaporated.  Yield, 0.5 g of III (26%); mp and data on e l e -  
m e n t a r y  ana lys i s  a re  s i m i l a r  to those given for  method a. A mix tu re  of s amp le s  obtained accord ing  to 
methods  a and b gave no depress ion  in rap. 

3 ,5 -Dich lo ro -2 ,6 -d imethy l -4 - th iopyr idone  (IV). P r e p a r a t i o n  I (7.7 g) was boiled for  3 h in 75 ml  of 
absolute  pyr idine with 16 g of phosphorus  pentasulfide,  and ac t iva ted  carbon was added to the hot solution 
and f i l tered.  Yield, 5 g of IV (60%); mp 230-232 ~ (from pyridine) .  Found, go: C 36.74; H 3.32; C1 34.51; 
N 6.67; S i4.42.  C~HTC12NS. Calculated,  go: C 40.38; H 3.36; C1 34.i3; N 6.73; S 15.38. Area x 260 nm (log 
3.944); 2~ma x 340 nm (fog a 4. i34).  

Sodium Salt of 3 ,5 -Dich lo ro -2 ,6 -d ime thy l -4 -py r idone  (V). P r e p a r a t i o n  I (i0 g) was t r ea ted  with 50 m l  
of 40% sodium hydroxide solution, the p rec ip i ta te  f i l t e red  off, washed with 20 ml  of methanol,  and r e c r y s t a l -  
l ized f r o m  50 m l  of methanol .  Yield, 5.6 g of V (50.9%). The product  is soluble in wa te r  (upon standing a 
p rec ip i ta te  of I was  fo rm ed  due to hydrolys is) ,  and the solution gives an alkaline react ion.  Molecu la r  weight 
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200 (potentiometric).  CTH6C12NNaO. Calculated 214. kmax nm (log e 3.866). Attempts  to c a r r y  out an 
e l ementa ry  analysis  failed because  of incomplete combustion. 

Si lver  Salt of 3 ,5-Dich loro-2 ,6-d imethyl -4-pyr idone  WI). P repa ra t ion  I (4 g) was dissolved with heat-  
ing in 500 ml  of 25% aqueous ammonia,  and to the mixture  was added 30 g of s i lve r  ni t ra te  in 50 ml of 25% 
aqueous ammonia.  The mixture  was boiled for  40 rain, cooled, the precipi ta te  f i l te red  off, washed with 
water ,  methanol, and ether .  Yield, 6 g of VI (96%). Found, %: C 25.64; H 2.43; Ag 30.04; C122.40; N 4.88; 
C~HsAgC12NO. Calculated, %: C 28.10; H 2.05; Ag 35.85; C123.70; N 4.68. ~'max 250 nm (log e 3.866). 
Upon standing, the product  darkens.  

Dehydracet ic  Acid (VII). The synthesis  was c a r r i e d  out according to the procedure  in [20]. 

1 ,2 ,6 -Tr imethyl -4-pyr idone  (VIII). P repara t ion  VII (10 g) was heated for  5 h with 50 ml  of 25% aque- 
ous methylamine in an autoclave on a b0}ling water  bath and then cooled. Eight g of VIII (97.5%) was fi l-  
t e red  off; mp 240-242 ~ (from ethanol) which cor responds  to l i t e ra ture  data for  this substance obtained f rom 
2, 6 -d imethyl -4-pyrone  [22]. 

Ill spec t ra  of I-III, V, and VI were  r eco rded  in vasel ine  oil and in f l u ro r -o i l  on an IKS-22 spec t rom-  
e ter .  UV spec t ra  of solutions of I-III, V, and VI in methanol were  recorded  on an SF-4a  spectrophotom- 
e t e r  by using a l ayer  of 10 ram thickness in solution concentra t ions  of 1-2.3 m o l e / l i t e r .  Molecular  weight 
of V was de termined by potent iometr ic  t i t ra t ion on LPM-60 M instrument.  
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