
S O M E  R E A C T I O N S  OF D I E T H Y L  2 , 3 , 5 , 6 - T E T R A C H L O R O P Y R I D I N -  

4 - Y L M A L O N A T E  

S.  D .  M o s h c h i t s k i i ,  G.  A.  Z a l e s s k i i ,  UDC547.461.3 '822.5 
A.  F .  P a v l e n k o ,  a n d  Y a .  N .  I v a s h c h e n k o  

The acid and alkal ine hydro lys i s  of diethyl 2 ,3 ,5 ,6 - t e t r ach lo ropyr id in -4 -y lma lona te  
has  been studied. A method has  been developed for  obtaining diethyl (2 ,3 ,5 ,6- te t ra -  
ch loropyr id in-4-y l )  a lky lmalona tes .  

Continuing inves t igat ions  begunprev ious ly  [1] on the c h e m i s t r y  of pentachloropyr id ine  (1), we have 
studied some r eac t ions  of diethyl 2 ,3 ,5 ,6 - t e t r ach lo ropyr id in -4 -y lma lona te  (13) [2] (see scheme) .  
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The r eac t i o n  of I with the sodium der iva t ive  of diethyl  e thylmalonate  in absolute ethanol gave an 84% 
yield of 2 ,3 ,5 ,6 - t e t r ach lo ro -4 -e thoxypyr id ine  (VII), a lso synthes ized  d i rec t ly  f r o m  I and sodium ethoxide in 
absolute  ethanol.  This d i rec t ion  of the r eac t i on  is p robab ly  explained by the fac t  that  because  of s t e r i c  
h indrance  I r e a c t s  m o r e  r ead i ly  with sodium ethoxide than with sodiomalonic  e s t e r .  To p rove  i ts  s t r u c t u r e ,  
VII was  saponif ied with 80% sul fur ic  acid to give the kalown [3] 2 ,3 ,5 ,6 - t e t r ach lo ropyr id in -4 -o l  (VIII). 

The hydro lys i s  of the e s t e r  1-I with 80% sul fur ic  acid f o r m e d  2 ,3 ,5 ,6 - t e t r ach lo ropyr id in -4 -y l ace t i c  
acid (IX). Its pK a value was found by  the po ten t iomet r ic  t i t ra t ion  of a 0.001 M aqueous solution at  25~ 
pK a = 3.23. The induction p a r a m e t e r  of the t e t r ach lo ropyr id iny l  r e s idue  calculated f r o m  Taf t ' s  equation 
is 2.31. 

When II  was  subjected to alkal ine hydro lys i s ,  in addition the saponif icat ion of the e thoxycarbonyl  
group,  the chlor ine  a tom in posi t ion 2 was r ep l aced  by  a hydroxy group with the f o r m a t i o n  of 3 , 5 , 6 - t r i ch lo ro -  
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2-hydroxypyr id in -4-y lace t i c  acid (XI~, the es te r i f ica t ion  of which in methanol or  ethanol in the p resence  
of sulfuric  acid gave the cor responding  e s t e r s ,  while its decarboxylat ion led to 3 ,5 ,6 - t r i ch lo ro -2 -hydroxy-  
4-methylpyr id ine  (XII1). On being heated with POC18 in a sealed tube at 190~ the la t ter  was conver ted 
into the 4 -methy l te t rach lo ropyr id ine  X. The action of sodium ethoxide on X in ethanol fo rmed  3 ,5 ,6 - t r i -  
ch lo ro-2-e thoxy-4-methy lpyr id ine  (XIV), the saponification of which 80% sulfuric  acid gave XIII. 

EXPERIMENTAL 

Potass ium Der iva t ive  of D iethyl 2 ,3 ,5 ,6 -Te t raeh!oropyr id in -4-y lmalona te  (IV). With heating, 3.7 g 
(0.01 mole) of II was dissolved in 100 ml of water  containing 0.6 g of potassium hydroxide.  After the 
complete  dissolut ion of II, the wate r  was dist i l led off in vacuum to dryness ,  and the res idue was dissolved 
in e ther  and was prec ip i ta ted  with pet~olemm ether .  Yield 95%, mp 310-312~ Found, %: C1 34,18; 
N 9.33. C12H10C14KNO 4. Calculated, %: C1 33,89; N 9.30. 

Diethyl Chloro(2 ,3 ,5 ,6- te t rachloropyr id in-4-yl )malonate  (]3I). A sodium of 3,7 g (0.01 mole) of II in 
50 ml of ch loroform was t r ea t ed  with 1.6 ml of sulfuryl  chlor ide,  and the mixture  was boiled for  5 h. After 
cooling, it was t r ea t ed  with a cold aqueous solution of s odium bicarbonate  and was then washed with water .  
The ch loroform solution was separa ted  off, dr ied,  f i l t e red ,  and evaporated.  Yield 4 g (97%), mp 134-135~ 
(from ethanol).  Found, %: C1 42.85; N 3.39. C12It~0C15NO 4. Calculated, %: C1 43.34; N 3.41. 

Diethyl (2 ,3 ,5 ,6-Tet rachloropyr id in-4-y l )e thylmalonate  (VI). A. 15 g of anhydrous potass ium c a r -  
bonate and 20.8 g (0.11 mole) of diethyl e thylmalonate  w e re  added to 25 g (0.1 mole) of I in 100 ml  of d ry  
d imethyl formamide  and the mix ture  was heated at 140-150~ with continuous s t i r r ing  for  3 h, a f te r  which 
it was poured into cold wate r  and the product  was ex t rac ted  with e ther .  Acidification of the aqueous solu- 
tion gave 2 ,3 ,5 ,6 - te t rach loropyr id in -4-o l  (VI~ .  Yield 25%, mp 229-230~ (from aqueous methanol).  Ac- 
cording to the l i t e ra tu re  [3], mp 232-233~ Found, %: C1 60.63. Calculated f o r  CsHC14NO , %: C1 60.94. 
The e therea l  solution was dr ied  with sodium sulfate,  and the VI was isolated by vacuum disti l lation. Yield 
10 g (24%), bp 140~ (0.06 mm),  mp 126-128~ (from aqueous ethanol). Found, %: C1 34.96; N 3.26. 
CIdHI~C14NO 4. Calculated,  %: C1 35.23; N 3.40. 

B__= A solution of 4.1 g (0.01 mole) of IV in 100 ml of d ry  t e t rahydrofuran  was t r ea t ed  with 3.1 g (0.02 
mole) of ethyl  iodide. The mixture  was boiled for  7 h, the solvent  was dist i l led off, the res idue was di- 
luted with wate r ,  and the VI was f i l t e red  off. Yield 3.2 g (80%), mp 127-128~ identified by a mixed melt ing 
point. 

Diethyl (2 ,3 ,5 ,6-Tet rachloropyr td in-4-y l )methylmalonate  (V). This was obtained in a s imi la r  manner  
to VI by method B. Yield 50%, mp 134-136~ (from aqueous methanol).  Found, %: C1 36,28; N 3.55. 
C13H~3CIdNO 4. Calculated, %: C1 36.50; N 3.60. 

2 ,3 ,5 ,6 -Te t rach lo r0-5-e thoxypyr id ine  (VI~. A. Five grams (0.02 }hole) of I was added to an ethanolic 
solution of sodium ethoxide (0.5 g of sodium in 40 ml of ethanol) and the mixture  was boiled for  1 h; then the 
ethanol was dis t i l led off invacuum,  wate r  was added to the res idue ,  and, af ter  cooling, the c rys t a l s  that 
deposi ted were  f i l t e red  off. Yield 3.3 g (60%), mp 58-59~ (from ethanol). Found, %~ C1 54,32; N 5.21. 
C?H6C14NO. Calculated,  %: C1 54.40; N 5.36. 

B, Dtethyl ethylmalonate was slowly added to a solution of 2.3 g (0.1 g-atom) of sodium in 150 ml 
of absolute ethanol, and then 25 g (0.1 mole) of I was added and the mixture  was boiled with s t i r r ing  for  2 h. 
The ethanol was dis t i l led off and the res idue  was t r ea t ed  with wa te r  and with e ther .  The e therea l  l ayer  was 
separa ted  off and dr ied ,  the e ther  was evapora ted  off, and the res idue  was dist i l led in vacuum. Yield 2.2 g 
(85%),bp 140~ (6 mm)i  mp 58-59~ Found, %: C1 54.27; N 5.18. C~HsC14NO. Calculated, %: C1 54.40; 
N 5.36. 

2 ,3 ,5 ,6 -Te t rach lo ropyr id in -4 -o l  (VI~ .  A mixture  of 2.6 g (0.01 mole) of VII and l0 ml  of 80% sul 
fur ic  acid was heated at 155~ for  4-5 h and was then poured onto ice ,  and the precipi ta te  was f i l te red  
off. Yield 2.3 g (100%), mp 229-230~ (from aqueous methanol).  Found, %: C1 60.53; N 5.96. C~HC14NO. 
Calculated, %: C1 60.94; N 6.01. 

2 ,3 ,5 ,6 -Te t raeh lo ropyr id in -4 -y lace t i c  Acid (IX). With continuous s t i r r ing ,  3.7 g (0.01 mole) of II in 
20 ml of 80% sulfur ic  acid was heated at 140-150~ for  30 min. The reac t ion  mixture  was poured onto ice 
and the resul t ing  c rys ta l s  were  f i l t e red  off and dissolved in aqueous sodium carbonate solution and sep-  
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ara ted  f rom the s tar t ing mate r i a l  by f i l t ra t ion.  Acidification of the f i l t ra te  with dilute hydrochlor ic  acid 
prec ip i ta ted  the IX. Yield 2.4 g (90%), mp 183-184~ (from water) .  According to the l i t e r a tu re  [5], mp 
170-180~ Found, %: C1 51.80; N 5.26. CTtt3C14NO 2. Calculated, %: CI 51.63; N 5.09. 

Ethyl 2 ,3 ,5 ,6 -Te t rach lo ropyr id in -4 -y lace ta t e  (XV). A few drops of sulfur ic  acid (d 1.84) was added 
to a solution of 2.7 g (0.01 mole) of IX in 50 ml  of ethanol,  the mix tu re  was boiled for  2 h, the ethanol was 
e l iminated in vacuum, and the res idue  was t r ea t ed  with e ther  and with 2% aqueous bicarbonate  solution. 
The e thereal  l aye r  was separa ted  off, dr ied with calcium chlor ide ,  and evaporated.  Yield 2.7 g (90%), mp 
68~ (from aqueous ethanol). Found, ~0:C1 46.78; N 4.61. CgI-I~C14NO 2. Calculated, %: C1 46.86; N 4.62. 

3 ,5 ,6 -Tr i ch lo ro -2 -hydroxypyr id in -4 -y l ace t i c  Acid (X]3). 7.5 g (0.02 mole) of II was dissolved in 300 
ml of water ,  containing 4 g (0.1 mole) of NaOH. As the II dissolved with heating,  the solution acquired a 
l ight yellow color .  The mix tu re  was boiled for  6-7 h until it had become decolor ized .  After cooling, the 
XII was prec ip i ta ted  by acidif icat ion with hydrochlor ic  acid. Yield 4.7 g (92%), mp 227-228~ (from water) .  
Found, %: CI 41.55; N 5.66. CTH4CI3NO 3. Calculated, %: CI 41.51; N 5.44. 

Methyl 3 ,5 ,6 -Tr i ch lo ro -2 -hydroxypyr id in -4 -y lace ta t e  (XVI). A solution of 2.5 g (0.01 mole) of XII 
in 50 ml of methanol with a few drops of sulfuric  acid (d 1.84) was heated for  1-2 h, the methanol was d is-  
t i l led off in vacuum, the mix ture  was diluted with water ,  and the e s t e r  XVI was f i l t e red  off. Yield 2.6 g 
(95%), mp 190-191~ (benzene + pe t ro leum ether) .  Found, %: C1 39.64; N 5.16. CsH~CI3NO 3. Calculated, 
%: C1 39.37; N 5.17. 

Ethyl 3 ,5 ,6 -Tr i ch lo ro -2 -hydroxypyr id in -4 -y l ace t a t e  (XVIt). This was obtained in a s imi la r  manner  
to XVI. Yield 95%, mp 154-156~ (from heptane). Found, %: C1 37.38; N 5.31. CgHsC13NO 3. Calculated, %: 
C1 37.43; N 4.92. 

3 ,5 ,6 -Tr i ch lo ro -2 -hyd roxy-4 -me thy lpy r id ine  (XI~ .  Am. With constant  s t i r r ing ,  2.5 g (0.01 mole) of 
XII was heated in an oil bath with the t empe ra tu r e  being r a i s ed  gradual ly  to 240~ over  20 min.  Yield 
1.9 g ( 9 0 ~ ,  mp 214-215~ (from aqueous ethanol). Found, %: C1 49.76; N 6.57. CGH4C13NO. Calculated, %: 
C1 50.11; N 6.58. 

B. A solution of 2.4 g (0.01 mole) of XIV in 5-7 ml of 80% sulfur ic  acid was heated at 140-150~ for  
20 rain. The reac t ion  mix ture  was poured into ice wa te r ,  and the c rys t a l s  that deposited were  f i l t e red  off. 
Yield 1.9 g (90~o). Identification by mixed melting point. 

2 ,3 ,5 ,6- Te t rach lo ro -4 -me thy lpyr id ine  (X). A. 2.75 g (0.01 mole) of IX was heated in an oil bath at 
200~ for 1 h. Yield 2.2 g (95%), mp 89-90~ (from aqueous ethanol).  Found, %: C1 61.29; N 6.42. C6H3CltN. 
Calculated, %: C1 61.47; N 6.06. 

B. A mixture  of 2.1 g (0.01 mole) of X]I[ and 15 rnl of phosphorus oxychlor ide was heated in a tube 
at  180-190~ for  4 h. Then the contents of the tube were  t r a n s f e r r e d  to a f lask containing crushed  ice.  
The c rys ta l s  that  deposited were  f i l t e red  off. Yield 2.3 g (100~o), mp 90~ (from aqueous ethanol). Identi-  
f icat ion by mixed melt ing point. 

2 ,3 ,5 ,6-Tet rachloro isonico t in ic  Acid (XI). Over 3 h, with s t i r r ing ,  1.5 g of potass ium permanganate  
was added to 1.15 g (0.005 mole) of X in 30 ml of wa te r  at 80-90~ The excess  of potassium permanganate  
was des t royed  by the addition of 5 ml of methanol.  The hot solution was f i l te red  f rom the manganese di-  
oxide and evapora ted  to 1/3 of i ts original  volume. The concentra ted  solution was acidified with dilute 
(1:1) hydrochlor ic  acid, giving.a prec ip i ta te  of 0.2 g (15%) of XI, mp 220-222~ (from water) .  According 
to the l i t e r a tu re  [6], mp 224-225~ Found, %: C1 54.36; N 5.38. C~HC14NO 2. Calculated, %: C1 54.40; 
N 5.36. 

3 ,5 ,6 -Tr i ch lo ro -2 -e thoxy-4 -me thy lpyr id ine  (XIV). To a solution 0.23 g (0.01 g-atom) of sodium in 50 
ml of absolute ethanol was added 2.3 g (0.01 mole) of X, and the mix ture  was boiled for  20-30 rain. The 
ethanol was dist i l led off in vacuum, and the res idue  was diluted with water .  The oil that separa ted  out c r y s -  
ta l l ized on cooling. Yield 2.4 g (100%), mp 48-50~ (from aqueous ethanol). Found, %: C1 43.93; N 5.83. 
C5~-I8C13NO. Calculated, %: C1 44.28; N 5.82. 
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