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The chemical properties of 2-chloro-3-(t3-chlor oethyl)-4, 6-dihydroxy- 
pyridine (I) have been studied, it has been shown that this compound. 
which is relatively stable in acids and in neutral and, particularly, 
in alkaline media, readily splits off hydrogen chloride under mild 
conditions and is converted into derivatives of 2, 3-dihydro-5-aza- 
benzofuran. The dehalogenation of I in an acid medium yielded 
3-(~-chloroethyl)-4, 6-dihydroxypyridine, which was converted into 
4, 6-dichloro-3-(/5-chloroethyl)pyridine and into 6-chloro-4-meth- 
oxy-S-vinylpyridine. 

In one of the preceding communications [i] it was 
shown that 2-chloro-3-(8 -chloroethyl)-4,6-dihydroxy- 
pyridine (I), which is readily formed by the reaction 
of malonyl chloride with T-chlorobutyronitrile [2], 
possesses a high capacity for splitting off a molecule 
of hydrogen chloride. The dehydrohalogenation of I 
takes  p lace  quant i ta t ive ly  when it is t r ea t ed  with 20% 
ethanolic  ammon ia ,  even at room t e m p e r a t u r e .  A 
more  profound s tudy of the product  fo rmed  in this  r e a c -  
t ion by the NMR* method has shown that  i t  does not have 
the s t r u c t u r e  of 2 - c h l o r o - 4 , 6 - d i h y d r o x y - 3 - v i n y l p y r -  
idine (II) but is the i s o m e r i c  compound 4 - c h l o r o - 6 -  
oxo-2,  3 - d i h y d r o - 5 - a z a b e n z o f u r a n  (III). In the NMR* 

spec t rum of this  compound (Fig. 1) the re  a re  two 
t r ip l e t s  at 2.91 and 4.50 ppm with a s p i n - s p i n  

sp l i t t ing  of ~8 Hz due to the---CH2---CH2--O grouping,  
and also the s ing le t  of a proton in pos i t ion  7 at 6.30 
ppm. There  is no sys t em of s igna ls  c h a r a c t e r -  
i s t ic  for a v iny l  group attached to a pyr id ine  nuc leus .  
The IR s p e c t r u m  of this  compound has the s t rong  
absorp t ion  band at 1678 cm - i  c h a r a c t e r i s t i c  for  a 
l ac t am ca rbony l ,  which shows that III ex is t s  in the 
oxo form.  

A fu r t he r  study of the p r o p e r t i e s  of 2 - c h l o r o - 3 -  
(8 - c h l o r o e t h y l ) - 4 , 6 - d i h y d r o p y r i d i n e  (I) showed that  
the sp l i t t ing  off of hydrogen chlor ide  f rom this  c o m -  
pound with c lo su re  of the d ihydrofuran  r i ng  takes  
place with except ional  ease .  Th i s  p r o c e s s  takes  place 

*The NMR spec t r a  were  taken on an N-6013 i n s t r u -  
men t  in the fo rm of solut ions  in CC14 and CHC13 with 
TMS as i n t e r n a l  s tandard .  The IR spec t r a  were  taken 
on a UR-10 r e c o r d i n g  spec t ropho tomete r  in the f o r m  
of mu l l s  in paraf f in  oi l ,  and the UV s p e c t r a  on a 
SF-4  spec t ropho tomete r  in the form of a solut ion in 
ethanol.  

We cons ide r  it  our  p l easan t  duty to e x p r e s s  our  
thanks to Yu. N. Sheinker ,  E. M. P e r e s l e n i ,  P.  V. 
Pe t rovsk i i ,  and Yu. I. P o m e r a n t s e v  for  a s s i s t a n c e  
in the p e r f o r m a n c e  of the spec t roscop ic  inves t iga t ion .  

even when the subs tance  is  s to red  at r oom t e m p e r -  
a tu re ,  while bo i l ing  I in an acetone solut ion conve r t s  
it  into HI quant i ta t ive ly .  Hydrogen ch lor ide  is  spl i t  
off equal ly  r ead i ly  when I is  hea ted  in a cap i l l a ry  to 
d e t e r m i n e  i ts  me l t i ng  point .  Consequent ly ,  the mp of 
257 ~ C r epo r t ed  p rev ious ly  in the l i t e r a t u r e  for  I is  
ac tua l ly  the c o r r e spond i ng  cons tant  of the d ihydro-  
fu ran  de r iva t ive  III. In addit ion to th i s ,  the c l o s u r e  
of the d ihydrofuran  r i n g  is  a r e v e r s i b l e  p r o c e s s ,  and 
when III is  heated with concen t ra t ed  hydroch lo r i c  
acid,  I is r e - f o r m e d .  As was to be expected,  the s p l i t -  

t ing out of a molecu le  of HC1 f r o m  I is fac i l i ta ted  in 
an a lka l ine  med ium.  Thus ,  for  example ,  in the a lky-  
la t ion of I with methy l  iodide and ethyl iodide in the 
p r e s e n c e  of po t a s s ium ca rbona te ,  5 - m e t h y l - a n d  5- 
e t h y l - 4 - c h l o r o - 6 - o x o - 2 , 3 -  dihydr o- 5- azabenzofur  ans  
(Via and b) were  obtained,  r e spec t ive ly .  The s ame  
compounds  are  fo rmed  by the a lkylat ion of III. The 
dehalogenat ion of VIb in the p r e s e n c e  of a pa l lad ium 
ca ta lys t  y ie lded  5 - e t h y l - 6 - o x o - 2 , 3 - d i h y d r o - 5 - a z a -  
benzofuran  (VIII). The pos i t ion  of the alkyl  groups  
in Via ,  VIb, and VIII on the n i t rogen  atom and not  
on the oxygen atom was con f i rmed  by the i r  IR s p e c t r a  
{1682,1678, and 1776 cm-1),  and the posi t ion  of the 
d ihydro fu ran  r i n g  by the i r  NMR s p e c t r a  (Fig.  1). In 
all  c a s e s ,  the r eac t i on  of I,  IH, Via,  and VIb with 
phosphorus  oxychlor ide led to the same  product ,  2, 
4 , 6 - t r i c h l o r o - 3 - ( 8  - ch lo roe thy l )py r id ine  (ViI) [ 1]. 

In the r e a c t i ons  of I with va r i ous  r e a g e n t s  in an 
acid m e d i u m ,  no sp l i t t ing  off of hydrogen chlor ide  
with c l o su r e  of the d ihydrofuran  r i n g  takes  place .  
Thus ,  for example ,  the acetyla t ion of I with acet ic  
anhydr ide  enabled  4 , 6 - d i a c e t o x y - 2 - c h l o r o - 3 - ( f i  - 
ch loroe thy l )pyr id ine  (IV) to be obtained.  The posi t ion 
of the acetyl  groups  on the oxygen a toms and not on 
the n i t rogen  in this  compound was con f i rmed  by the 
IR spectrum (1783 cm-*, --OOCCII3). 

The dehalogenation of I in an alcoholic solution of 
hydrogen chloride in the presence of a palladium 
catalyst enabled us to obtain 3-(8-chloroethyl)-4,6- 
dihydroxypyridine (V), a compound more stable than 
I. The reaction of V with phosphorus oxychloride 
gave 4,6-dichloro-3-(fl -chloroethyl)pyridine (IX). 
In this compound, the mobilities of the chlorine atoms 
proved  to be v e r y  different .  While  when IX was t r ea t ed  
with an e thanol ic  a lkal i  under  mi ld  condi t ions  at room 
t e m p e r a t u r e  only dehydrohalogonat ion took p lace  and 
both ch lo r ine  a toms in the pyr id ine  r i n g  r e m a i n e d ,  
when IX was boi led with alcoholic a lkal i  it  was not 
4 , 6 - d i c h l o r o - 3 - v i n y l p y r i d i n e  but 6 - c h l o r o - 4 - e t h o x y -  
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Fig .  1. NMR spect ra  of 4 - e b l o r o - 6 -  
oxo-2,3-dihydro-  5- azabenzofur an 
(III) and 4-ch loro-5-methy l -6-oxo-  
2 ,3-d ihydro-5-  azabenzofuran (Via). 
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Fig. 2. NMR spectra  
of 4-ethoxy-3-ethyl-  
pyridine (XII) and 6- 
ethoxy-3-ethylpyrid-  
ine (taken in a TsLA- 
55-35 instrument at 

40 MHz). 
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3 -v iny lpyr id ine  (XI) that  was fo rmed .  T h u s ,  the 

ch lo r ine  atom in posi t ion 6 of IX proved to be m o r e  

s t ab l e  to the at tack of nucleophi l ic  agen ts .  The s t r u c -  

tu re  of compound XI was shown unambiguous ly  by 

i ts  r educ t ion  in the p r e s e n c e  of a pa l lad ium ca t a ly s t  

to 4 - e t h o x y - 3 - e t h y l p y r i d i n e  (XII). The XII f o r m e d  in 

th i s  way proved to be ident ical  with the 4 - e t h o x y - 3 -  

e thylpyr id ine  [3] obtained by independent  s y n t h e s i s  

f rom/3  -co l l id ine  v ia  3 -e thy l i son i co t in i e  acid and 4 -  

b r o m o - 3 - e t h y l p y r i d i n e .  The 6 - e t h o x y - 3 - e t h y l p y r i d i n e  

[3] i s o m e r i c  with it d i f fered  f r o m  XII in i t s  p h y s i c o -  

c h e m i c a l  c o n s t a n t s  and a lso  in i t s  IR and NMR s p e c t r a  

( F i g .  2) .  
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EXPERIMENTAL 

4-Chlo to-6-oxo-2 ,  3-dihydzo-5-azaber~oft~an (HI). 
a) Five milli l i ters of 20% ethanolic ammonia  solution was added 

to 0.5 g (0.0025 mole) of 2-chloro-3-(B-chloroethyl)-4,  6-dihydroxy- 
pyridine (I), and the  reaction mixture was kept at room temperature 
for 7 in and was then evaporated in vacuum.  The residue was washed 
with 4 ml  of distilled water and reerystallized from ethanol. This 
gave 0.3 g (75%) of III in the  form of colorless crystals, mp 255* C 
(decomp). The substance is sparingly soluble in cold water and the 
usual organic solvents and soluble in water and ethanol on heat-  

ing. 
IR spectrum: 1678 cm -1 (CON). Found, 070: C 48.94; H 3.54; 

C1 20.86; N 8.47. Calculated for CTH6CINOz, %: C 48.98; H 3.50; 
C1 20.70; N 8.10. 

On Volhasd titration in an aqueous solution after the  separation 
of the III, 0.085 g of CI' was found (theoretically 0.085 g). 

b) One gram (0.005 mole) of 2-chloro-3-(B-chloroethyl)-4,  6- 
dihydroxypyridine (I) was boiled with acetone for 10 minutes three 
times, using 5 ml  of acetone each t ime.  After cooling, the acetonie 
solutions were decanted from the residue and combined,  The residue 
(0.7 g) was identified with III by a mixed reeking point, in the  
acetonic solution, Volhard titration found 0.17 g of CI" (theoretically 
0.17 g). 

4, 6-Diae~oxy-2-ehloro-3-(S-chloroe~hyl)Pyridine (IV). One 
gram (0.005 mole) of 2-chlero-3-(B-chloroethyl)-4,  6-dihydroxy- 
pyridine (1) was boiled with 10 ,nl of acetic anhydride for 3 hr. The 
reaction mixture was evaporated in vacuum. The residue was dis- 
solved in benzene, and the benzene solution was washed with sat- 
urated sodium carbonate solution (3 x 5 ml) and dried with magne-  
sium sulfate. The benzene was driven off in vacuum to give 1 g 
(71.5%) of IV. Colorless oily substance, readily soluble in the usual 
organic solvents, sparingly soluble in water, bp 178 ~ C (4 ram), 
n~  1.5270. IR spectrum: ,1783 em -i  (--OOCCH3). Found, %: C45 44; 
H 3.86; CI 24.76; N 5.10. Calculated for CIlHIICIzNO4, %: C 45.20; 
H 3.77; Cl 24.32; N 4.7. 

4 -Ghloro -5 -methy l -6 -oxo-2 ,  8 -d /hy~o-5-azabenzofuran  (Via). 
To a solution of I g (0.005 mole) of 2-chloro-3-5-chloroethyl-4, 
6-dihydroxypyridine (1) in i0 ml of anhydrous ethanol were added 
2 g (0.015 mole) of freshly calcined potassium carbonate and then, 
in drops, I g (0.007 mole) of methyl iodide in 5 ml of anhydrous 
ethanol. The reaction mixture was boiled with stirring for 7 in and 
the ethanol was distilled off in vacuum. The residue was treated 
with I0 ml of water and extracted with chloroform. The chloroform 
extract was dried with potassium carbonate and evaporated to give 
0.6 g (68%) of Via. Colorless crystals, mp 185" C (from petroleum 
ether). The substance is readily soluble in chloroform, less readily 
in ethanol, benzene, and acetone, and sparingly soluble in ether 
and water. IR spectrum: 1682 cm -i (--CO--N). UV spectrum: 216 am 
(log 8 4.22); 296 nm (log 8 3.72). Found, 07o: C 51.49; H 4.26; C1 
19.37; N 7.81. Calculated for CsHsCINO 2, 070: C 51.75; H 4.31; C1 
19.14; N 7.55. 

4-Chloto-5-ethyl-6-oxo-2, 8-dihydto-5-azabeazof~an (VIb). To 
a solution of 3 g (0.015 mole) of I in 20 ml of anhydrous ethanolwere 
added 6 g (0.045 mole) of freshly calcined potassium carbonate and 
then, in drops, 6 g (0.04 mole) of ethyl iodide in I0 ml of anhydrous 
ethanol. The reaction mixture was boiled for 12 in and evaporated 
to dryness. The residue was treated with 20 ml of water and the IVb 
was extracted with benzene. The benzene extract was dried with 
potassium carbonate and evaporated in vacuum. The residue was 
distilled at 145~ * C (2 ram). Yield 1.5 g (53%). The distillate 
crystallized. Colorless crystals, mp 90~ ~ C (from petroleum 
ether). The substance is soluble in benzene, chloroform, ethanol, 
and acetone, and sparingly soluble in water, ether, and petroleum 
ether. IR spectrum: 1678 cm -i (--CO--N). Found, %: C 53.77; H 
4.87; C1 17.77; N 7.40. Calculated for CsHt0CINOz, 070: C 54.13; H 
5.01; Cl 17.79; N 7.02. 

5-Ethyl-6-oxo-2, 8-dihydto-5-a~.abenzoftttan (VIII). A solution 
of 2 g (0.01 mole) of VIb in 50 ml of ethanol was hydrogenated in 
the presence of a palladium catalyst (from 2 g of palladium chloride) 
at room temperature and a pressure of 20-30 cm of water. The cat- 
alyst was filtered off, the filtrate was evaporated to dryness, and 
the residue (1.8 g) was treated with a saturated ethanolic solution of 
picric acid. The pierate of VIII that deposited was filtered off and 
washed with ethanol. Yield 1.2 g (40.5%). Light yellow crystals, mp 
169"-170" C (from ethanol). The substance is sparingly soluble in 
ether, ethanol, acetone, and water, and readily soluble in hot eth- 
anol. IR spectrum: 1676 em -t (--CO--N). Found, %: C 45.65; H 

3.81; N 14.01. Calculated for CgHtINO 2 �9 C6H3Or, 070: C 45.68; 
H 3.55; N 14.21. 

The base was isolated from the picrate by chromatography on a 
column of alumina with elution by acetone. From 0.4 g of the picrate 
of VIII, 0.2 g (100%) of the base was obtained. Colorless crystals, mp 
129~ ~ C (from acetone). The substance is readily soluble in 
alcohols and sparingly soluble in ether, benzene, acetone, chloroform, 
and water. Found, %: C 65,37; H 6.89; N 8.63. Calculated for 
CgHIINO2 ' z/< C 65.45; H 6.67; N 8.48. 

2, 4, 6-Trichloro-8-(t]-chleroethyl)pytidine (VII). A mixture of 
i g (0.006 mole) of 4-chloro-5-methyl-6-oxo-2, 3-dihydro-5- 
azabenzofuran (Vla) and 5 ml (0.05 mole) of phosphorus oxychloride 
was boiled under reflux for 5 hr. The reaction mixture was poured 
onto ice and the VII was extracted with benzene. The yield was 0.9 g 
(68%). Colorless crystals, mp 55 ~ C (from petroleum ether). The 

substance gave a depression of the melting point in admixture with 
a sample of VII obtained from 2-chloro-3-(/3-chloroethyl)-4, 6- 
dihydroxypyridine (I) [i]. 

Similarly, 0.88 g (0.004 mole) of 4-chloro-5-ethyl-6-oxo-2, 3- 
dihydro-5-azabenzofuran (Vlb) and 5 ml (0.02 mole) of phosphorus 
oxychloride gave VII with a yield of 0.75 g (61~ 

6-(6-Chloroethyl)-4, 6-dihydtoxypyridine (V). Fifteen grams 
(0.072 mole) of 2-chloro-3-(f l-chloroethyl)-4,  6-dihydroxypyridine 
was hydrogenated in 250 ml  of methanol  in the presence of a pa l -  
ladium catalyst (from 5 g of palladium chloride) at room temper-  
ature and a pressure of 20-30 cm of water. The catalyst was il l-  
tered off and the filtrate was evaporated in vacuum.  The yield of 
V was 12.37 g (99%). Colorless crystals, mp 154"-155" C (from 
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water). The substance is readily soluble in alcohols, sparinsly soluble 
in benzene, acetone, and water, and insoluble in ether, ethyl acetate,  
chloroform, and petroleum ether. Found, %: C 48.72; H 4.78; C1 
20.29; N 8.19. Calculated for CTH-~C1NOz, %: C 48.41; H 4.61; C1 
20.46; N 8.07. 

4, 6-Diehlm'o-8-(~-chloroethyl)pyriflLrle (IX). A mixture of 2.37 g 
(0.0137 mole) of V and 20 ml (0.218 mole) of phosphorus oxychln- 
ride was heated in a sealed tube at 180" C for 5 hr. The excess of 
phosphorus oxychloride was distilled off in vacuum. The residue was 
made  alkaline with a saturated solution of sodium carbonate and was 
extracted with benzene. The benzene extract was dried with potassium 
carbonate and evaporated in vacuum. The residue was distilled. A 
fraction boiling at 123"-125" C (1.5 mm) was colleeted. The yield 
of IX was 1.85 g (64.5%). Colorless oily substance, readily soluble 
in the usual organic solvents, insoluble in water, n ~  1.5647. Found, 
%: C 39.80; H 2.77; C1 50.48; N 6.84. Calculated for CaH6C13N, %: 
C 39.90; H 2.85; C1 50.59; N 6.65. 

4, 6-Dichloro-8-vinylpyridine (X). A solution of 0.5 g (0.0024 
mole) of IX and 0.14 g (0.0035 mole) of sodium hydroxide in 12 ml  
of anhydrous ethanol was left at room temperature for 24 hr. The 
precipitate of sodium chluride that deposited was filtered off. The 
filtrate was evaporated in vacuum and the residue was distilled. A 
fraction with bp 88"-91" C (2 ram) was collected. The substance 
was re.crystallized with strong cooling, The yield of X was 0,88 g 
(82.5%); colorless crystals, mp 15.5" C. The substance is readily 
soluble in the usual organic solvents and insoluble in water. Found, 
%: C 47.98; H 2.87; C1 40.78; N 8.30. Calculated for C~HsClzN,%: 
c 48.28; H 2,87; C1 40.80; N 8.05. 

6-Chloro-4-efl loxy-3-vinylpyridine (Xl). A solution of 2.63 g 
(0.0125 mole) of IX and 0.96 g (0.025 mole) of sodium hydroxide in 
25 ml  of anhydrous ethanol was boiled for 6 hr. The ethanol was 
distilled off. the residue was treated with 20 ml  of water, and the 
XI was extracted with benzene, The benzene extract was dried with 
potassium carbonate and evaporated in vacuum. The residue was 
distilled at 125"-126" C (5 ram). The yield of XI was 1.25 g (66.3%). 
Colorless crystals, mp 70.5"-71.5" C (from petroleum ether). The 

substance is readily soluble in acetone, chloroform, benzene, and 
ethyl acetate,  sparingly soluble in ether, petroleum ether, and al-  
cohols, and insoluble in water. Found, %: C 59.05; H 5.55; C1 19.63; 
N 7.98. Calculated for C�H10C1NO, %: C 58.86; H 5.45; C1 19.35; N 
7,62. 

4-]gthexy-8-ethylpyrldlne (XII). In the presence of a palladium 
catalyst (from 1 g of palladium chloride), 1.16 g (0.0063 mole) of 
XI in 50 ml of ethanol was reduced at room temperature and a pres- 
sure of 20-30 em of water. This gave 1.04 g (83.3~ of 4-ethoxy- 
8-ethylpyridine hydrochloride with mp 141"-141.5" C (from ethyl 
acetate).  The substance gave no depression of the  melt ing point in 
admixture with a sample of the  hydrochloride of XII prepared from 
t3-col2idine by a method described previonsly [3]. The IR spectra 
of the  two samples were identical. A mixture with a sample of the  
hydrochloride of 6-ethoxy-3-ethylpyridine prepared by the previous 
method [8] gave a depression of the melt ing point. The IR and NMR 
spectra of the substances were different. Found, %:C 57.20; H 7.49; 
C1 18.98; N 7.45. Calculated for C�H13NO �9 HC1, %: C 57.60; H 
7 .47:C1 18.93: N 7.47. 
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