
with mp 190-193~ (from methanol), in 40% yield. Found: C 68.7; H 5.1; C1 5.7%. C35H30C1N305. Ca~Icu!ated: 
C 69.1; H 5.0; C1 5.8%. IR spectrum: 1100, 1575, 1605, 1630, 1735 cm -i .  

1- (5-Tetrazolyl)-2,4,6-triphenylpyridinium Ylid (XI). A suspension of perchlorate X was refluxed briefly 
in water, after which it was worked up to give betaine XI, with mp 274-275~ (from ethanol), in 88% yield. 
Found: C 76.7; H 4.9; N 18.7%, C24HITN~. Calculated: C 76.8; H 4.6; N 18.7%. IR spectrum: 1560, 1620 cm -i .  

1- (2-Benzimidazolyl)-2,4,6-triphenylpyridinium Ylid (XII). A mixture of perchlorate VIIIg and an equiv- 
alent amount of methanol}c KOH was refluxed for 30 rain, after which it was cooled, and the KC104 was re -  
moved by filtration. The fi!trate was evaporated, and the dry residue was recrystal l ized successively from 
aqueous methanol and benzene to give the orange-red betaine, with mp 149-150~ in 96% yield. Found: C 82.1; 
H 5.7%. C30H21N3. H20. Calculated: C 81.6; H 5.3%. IR spectrum: 1563, 1605, 1630 cm -1. 
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R E A C T I O N  OF P E N T A C H L O R O P Y R I D I N E  W I T H  

S O D I O A C E T O A C E T I C  E S T E R  

S. D. M o s h c h i t s k i i ,  A. F .  P a v l e n k o ,  
a n d  G. A. Z a l e s s k i i  

UDC 547.822.5 

Ethyl te t rachloro-4-pyridylacetoacetates  and tetrachloro-2-pyridylacetoacetates were syn- 
thesized by reaction of pentachloropyridine with sodioacetoacetic es ter .  Hydrolysis of ethyl 
te trachloro-2-pyridylacetoacetate  gives 3,4,5,6-tetrachloro-2-pyridylacetic acid rather  than 
the corresponding acetone derivative, 

Continuing our study of the reactions of pentach!0ropyridine with carbanions [1, 6], we investigated the 
reaction of pentachloropyridine with sodioacetoacetic ester .  In ethanol this reaction leads to the formation of 
ethyl 2,3,5,6-tetrachloro-4-pyridyiacetoacetate (I) (60%) and 4-ethoxy-2,3,5,6-tetrachloropyridine 00%). Ac- 
cording to the results of gas- l iquid  chromatography (GLC), ethyl 3,4,5,6-tetrachloro-2-pyridylacetoacetate (II) 
(65%) is pr imari ly obtained in dioxane, along with es te r  I (20%). 

The observed differences are explained by increased dissociation of the sodioacetoacetic es te r  in alco- 
hol, owing to which the carbanion attacks the 4 position, which is most sensitive to nucleophiles. Alcohol 
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a s s i s t s  de tachment  of a chlor ide  ion because  of specif ic  solvation of this ion. Sodioacetoacet ic  e s t e r  is less  
d i ssoc ia ted  in dioxane, by v i r tue  of which pentachloropyr idine  is coordinated with sodioace toace t ic  e s t e r  at the 
n i t rogen a tom.  The complex,  in which the sodioacetoacet ic  e s t e r  is in d i r ec t  p rox imi ty  to the chlor ine a tom in 
t h e 2  posi t ion,  undergoes  decompos i t ion  to give e s t e r  H. 

O 

OC2H 5 GH3CCHCOOC~H s CH2COOH CH~ 

Cl I CI CI CI (~1 I 

Cl/~"N/ '~GI  Cl" ~-~1 / ~CI CI / "~-~/'~OH CI ~ "~N / ~OH 

X~ / I \ Vi i .  Vl 

I CI GI 
I 

C l / ~ . ' ~ / \ C  H C00C2 !1~, CI/X"~/~'Ctl.~CO0 tl 

0 =CCII 3 
IX Xi II 

Two bands with succes s ive ly  increas ing  intensity at 1610 and 1566 cm - i  (C=C and C = O  s t re tching v i -  
bra t ions)  a re  obse rved  in the IR s p e c t r a  of e s t e r s  I and 11. The IR s p e c t r u m  of e s t e r  H contains a b road  dif- 
fuse band at 2800-3000 cm - i ,  which does not vanish  when the solution is diluted; this const i tu tes  evidence for  
an i n t r amolecu la r  hydrogen bond (IHB). A b road  singlet  at 13.4 ppm, which is r e la ted  to an ,enol, '  proton in- 
eluded in a chelate  r ing,  is obse rved  in the PMR spec t r a  of e s t e r s  I and If. I t  is apparen t  f r o m  these  data that 
both e s t e r s  ex is t  inboth ketone and enol f o rm s ,  although the introduction of a t e t r ach lo ropyr idy l  group p ro -  
motes  a shift in the equi l ibr ium to favor  the enol fo rm.  Quanti tat ive de te rmina t ion  [3] by a b r o m o m e t r i c  meth-  
od shows that e s t e r  I contains 20% enol andthat  e s t e r  II contains 67% of the enol form.  The inc reased  p e r -  
centage of the enol f o r m  in e s t e r  II can be explained by the c loseness  of the hydroxyl  group of the enol to the 
ni t rogen he te roa tom and the p o s s ~ i l i t y  of the fo rma t ion  of a s i x - m e m b e r e d  complex  due to an IHB between 

them.  

The act ion of 80% sulfur ic  acid on e s t e r  I gave 4 -ace tony l -2 ,3 ,5 ,6 - t e t r ach lo ropyr id ine  (IID, which was 
conver ted  to 2 ,3 ,5 ,6- te t rach loro ison ico t in ic  acid (IV) by oxidation with po ta s s ium permangana te .  When HI is 
heated with sodium ethoxide, not only is the acetyl  group detached, but the chlor ine a tom undergoes  nucleo-  
philie subst i tut ion by an ethoxy group to give 2 - e thoxy -4 -me thy l -3 , 5 , 6 - t r i eh lo ropy r id ine  (V), which was ob- 
tained [1] by reac t ion  of 4 -me thy l -2 ,3 ,5 ,6 - t e t r ach lo ropy r id ine  with sodium ethoxide. The ethoxy group in V is 
readi ly  saponified by 80% sul fur ic  acid to a hydroxy group to give 2 - h y d r o x y - 4 - m e t h y l - 3 , 5 , 6 - t r i c h l o r o p y r i d i n e  

(VI). 

In addition to spl i t t ing out of an acetyl  group,  r e p l a c e m e n t  of the chlor ine a tom in the 2 posit ion by a hy- 
droxy group to give 2 - h y d r o x y - 3 , 5 , 6 - t r i c h l o r o - 4 - p y r i d y l a c e t i c  acid (VII) was obse rved  in the reac t ion  of e s t e r  
I with 25% p o t a s s i u m  hydroxide.  This  was  p roved  by decarboxyla t ion  to VI. T ranses t e r i f i c a t i on  of e s t e r  I to 
the cor responding  2 ,3 ,5 ,6 - t e t r ach lo ro -4 -py r idy l ace toace t i c  e s t e r s  (VIIIa, b) occu r s  in the reac t ion  of e s t e r  I 
with concent ra ted  hydrochlor ic  acid in n-butyl  o r  n-heptyl  alcohol.  

The hydro lys i s  of e s t e r  II  p roceeds  anomalous ly  in both sulfur ic  acid and aqueous alkali .  Thus  heating 
e s t e r  II  in 80% sulfur ic  acid does n o t g i v e  the expected  acetonyl  der iva t ive  but r a t h e r  3 ,4 ,5 ,6 - t e t r ach lo ro -2 -  
pyr idy lace t i c  acid (IX) in quanti tat ive yield; acid IX is a lso  obtained by the act ion of 2% aqueous sodium hydrox-  
ide on e s t e r  II at r oom t e m p e r a t u r e .  The anomalous  behav io r  of e s t e r  II on reac t ion  with sulfur ic  acid can be 
explained by the c lo senes s  Of the carbonyl  group of e s t e r  TT to the ni t rogen he t e roa tom of the pyr idine r ing.  
Owing to this ,  the incorpora t ion  of a w a t e r  molecule  between the e lec t rophi l ic  ca rbon  a tom of the carbonyl  
group and the ni t rogen a tom is poss ib le  during hydro lys i s ,  as  a r e su l t  of which an in te rmedia te  s i x - m e m b e r e d  

complex  is fo rmed .  
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We isola ted an in te rmedia te  hydro lys i s  p r o d u c t - e t h y l  3 ,4 ,5 ,6 - t e t r ach lo ro -2 -py r idy l aee t a t e  (X), which is 
f o r m e d  by the action of 80% sulfur ic  acid on e s t e r  II at room t e m p e r a t u r e .  Subsequent acid hydro lys i s  of e s t e r  
X to acid IX occur s  at 115~ i.e.,  under the s ame  conditions as in the hydro lys i s  of e s t e r  II. The somewhat  
i nc reased  pK a value of 3.54 for  acid IX as compared  with 2 ,3 ,5 ,6 - t e t r ach lo ro -4 -py r idy l ace t i c  acid (pK a 3.23; 
~* 2.31) [1] is evidently explained by the fo rmat ion  of an IHB (IR spec t rum 2700-3200 cm -1) between the n i t ro -  
gen he t e roa tom and the hydrogen a tom of the hydroxyl  group. The ~* inductive p a r a m e t e r  of the 3,4,5,6- 
t e t r ach lo ropyr idy l  r es idue  calcula ted f r o m  the Taft  equation [4] is 1.82. With r e s p e c t  to the s t rength  of the 
- I  ef fect  and its abil i ty to shift  the keto-enol  equi l ibr ium to favor  the enol, the t e t r ach lo ropyr idy l  group is 
comparab le  to t r i f luoromethy l ,  carbomethoxy,  and 2 ,4-dini t rophenyl  groups  [5, 6]. 

Acid IX undergoes  decarboxyla t ion  at  170~ to give 2 -me thy l -3 ,4 ,5 ,6 - t e t r ach lo ropyr id ine  (X'I), which was 
oxidized to 3 ,4 ,5 ,6 - te t rach lorop ico l in ic  acid (XII) with po ta s s ium permangana te .  The fo rmat ion  of the de- 
sc r ibed  acids IV and XII [2, 7] p roves  the si te of subst i tut ion of chlor ine  by an ace toace t ic  e s t e r  res idue.  

E X P E R I M E N T A L  

The PMR s p e c t r a  of the compounds were  r eco rded  with a Tes la  BS-487B s p e c t r o m e t e r  at r o o m  t e m -  
p e r a t u r e  wi thhexamethyld is i loxane  as the ex te rna l  s tandard.  The IR s p e c t r a  of CC14 solutions of the com-  
pounds were  r e c o r d e d  with a UR-20 s p e c t r o m e t e r .  Analysis  by GLC was c a r r i e d  out with a Tsvet -3  chomato-  
graph with SE-30 si loxane p o l y m e r  applied to Chromoso rb  W-HMDS. 

Ethyl 2 , 3 , 5 , 6 - t e t r a ch l o ro -4 -py r i dy l ace t o ace t a t e  (I). A 32.5-g (0.25 mole) sample  of ace toace t ic  e s t e r  
was added dropwise  to 0.46 g (0.2 g - a t o m ) o f  sodium in 200 ml  of ethanol, 25 g (0.1 mole) of pen tach loropyr i -  
dine was added, and the mixture  was ref luxed with s t i r r ing  for  6 h. The alcohol was then r emoved  by vacuum 
dist i l la t ion,  and the res idue  was t r e a t ed  with 1% NaOH. The undissolved oil was separa ted ,  the solution was 
acidif ied with concent ra ted  HC1, and the prec ip i ta ted  e s t e r  I was  r emoved  by f i l t ra t ion.  

The oil, which was insoluble in aqueous alkali ,  was vacuum dist i l led to give 4.8 g (20%) of 4-e thoxy-  
2 ,3 ,5 ,6 - t e t r ach lo ropyr id ine  with bp 140-141~ (5 mm) and mp 57-58~ (from ethanol) (mp 58-59~ [1]. 

Ethyl 3 , 4 , 5 , 6 - T e t r a c h l o r o - 2 - p y r i d y l a c e t o a c e t a t e  (I'D. A 0.46-g (0.2 g-a tom)  sample  of sodium was 
added in por t ions  to a solution of 32.5 g (0.25 mole) of ace toace t ic  e s t e r  in 150 ml of dioxane, a f te r  which a 
solution of 25 g (0. ! mole) of pentachloropyr id ine  in 100 ml of dioxane was added, and the mix ture  was r e -  
fluxed with s t i r r ing  for  5 h. The dioxane was r emoved  by vacuum dist i l lat ion,  and the res idue  was t r ea t ed  with 
wa te r  acidif ied with HC1 and ex t rac ted  with e ther .  The e ther  solution was dr ied with Na2SO4, the e ther  was r e -  
moved  by dist i l lat ion,  and the res idue  was vacuum dist i l led to give 18.1 g (55%) of e s t e r  II at 111-114~ (0.04 
mm) and 5.2 g (15%) of e s t e r I  at 120-125~ (0.04 ram). 

4 -Ace tony l -2 ,3 ,5 ,6 - t e t r ach lo ropyr id ine  (liD. A mix tu re  of 3.45 g (0.01 mole) of e s t e r  I in 20 ml of 80% 
H2SO 4 was heated at 160~ fo r  1 h, a f t e r  which it was  cooled and poured ove r  ice. 

2 ,3 ,5 ,6 -Te t rach lo ro i son ico t in ic  Acid (IV). A 3-g  (0.02 mole) sample  of po tass ium pe rmangana te  was 
added with s t i r r i ng  at 80~ in the course  of 4 h to a mix ture  of 1.4 g (5 mmole)  of III in 30 ml of glacia l  ace t ic  
acid and 8 ml of 25% H~SO4, a f t e r  which the excess  po ta s s ium pe rmangana te  was decomposed  by the addition of 
5 ml  of methanol .  The hot solution was f i l te red,  and the f i l t r a te  was vacuum evaporated.  The res idue  a f t e r  
acidif icat ion with hydrochlor ic  acid. The yie ld  of product  with mp 220-222~ (from wa te r  (mp 224-225~ [7]) 
was 0.26 g ~0%). 

2 - E t h o x y - 4 - m e t h y l - 3 , 5 , 6 - t r i c h l o r o p y r i d i n e  (V). A 1.4-g (0.005 mole) of III  was added to a solution of 
0.23 g (0.01 g -a tom)  of sodium in 25 ml  of absolute ethanol,  and the mixture  was ref luxed for  6 h. The alcohol 
was r emoved  by vacuum dist i l lat ion,  and the res idue  was diluted with wa te r  and worked up to give 1.1 g (95%) 
of a product  with mp 50-52~ (from aqueous ethanol) (mp 48-50~ [1]). 

2 - H y d r o x y - 4 - m e t h y l - 3 , 5 , 6 - t r i c h l o r o p y r i d i n e  (VI). A) A solution of 2.4 g (0.01 mole) of V in 10 ml  of 80% 
H2S Q was heated at 150~ fo r  20 min,  a f t e r  which it was poured ove r  ice. 

B) A 2 .5-g  (0.01 mole) sample  of VII was heated on an oil bath at 240~ The yield was 1.9 g (90%). 
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TABLE 1. Charac te r i s t i c s  of the Synthesized Compounds 

Vourld,~ 
Corn- mp, ~ Empirical 
pound c~ ] N formula 

[ 

IIl 
VI 

VII 
VIIIa 
VlIlb 

IX 

X 

XI 

93--95 

76--77 
bp 111-- 

114 (0,04mrr} 
101--103 
214--215 
227--22~ 
58--60 
bp 1 2 2 - -  

123(0,03mr~ 
160--t63 
(dec.) 
61--62 

92--93 

tl,114,0 CuI-tgCI4NOa 

tl.014,01 CI,HgCI4NOa 

51,8 5,01 CsHsCI4NO 
19,816.71 C6H4CI3NO 
tl,815,61 CTH4CIsNOa 
:8j 13,6 / CI3HI~CI4NOs 
34,613,61 CI6H,gCI4NO3 

51,715,0 / CTH~Ct4NO2 

17,3/4,5 / CgHTCI4NO2 

61.316,21 C6H3CI4N 

Calc.,% 

41,2 4,1 

41,214,1 

52,015A 
50,116,6 
41,515,4 
38,113,7 
34.213,4 

51,615.1 

46,9/4,( 

I 61,4~6,1 

. ~ ,  PMR spectrum, 5, ppm (in 
CCh) 

1,52 (t, CH3 ethyL, 2,1 (s, CHs 

1,6 (t, CH3 ethyl), 4,2 (s, CH2 
methylene), 4,47 (q, CH2 
ethyl) 

d 

60 

55 

86 
90 
80 
78 
75 

90 

70 

95 

* Compound VII was c rys ta l l i zed  f rom water ,  and the remaining 
compounds were  c rys ta l l i zed  f rom aqueous ethanol. 

2 -Hydroxy-3 ,5 ,6 - t r i ch lo ro -4 -pyr idy lace t i c  acid (VII). A 3.4 g (0.01 mole) sample of e s t e r  I was re f luxed  
fo r  4 h in 50 ml of 25% KOH, af te rwhich  the mixture  was cooled, diluted with water ,  and acidified with HC1. 

n-Butyl  2 ,3 ,5 ,6 -Te t rach lo ro -4 -pyr idy lace toace ta t e  (VKIa). Concentrated HC1 ~5 ml) was added to a solu- 
tion of 1.7 g (0.005 mole) of e s t e r  I in  25 ml of n-butyl alcohol, and the mixture  was ref luxed for  10 h. The al-  
cohol was removed  by vacuum disti l lation, and the residue was diluted with water .  

n-Heptyl  2 ,3 ,5 ,6 -Te t rach lo ro -4 -pyr idy lace toace ta t e  (V1]ib). This compound was s imi la r ly  obtained f rom 
e s t e r  I and n-heptyl  alcohol. 

3 ,4 ,5 ,6 -Te t r ach lo ro -2 -pyr idy lace t i c  Acid {IX). A) A 3.4-g (0.01 mole) sample of e s t e r  II was heated in 
20 ml of 80% H2SO 4 at 115~ for  2 h, a f te r  which the mixture  was poured over  ice. 

B) A mix ture  of 3.4 g (0.01 mole) of e s t e r  II in 100 ml of 2% NaOH was maintained at 20~ for  48 h, a f te r  
which it was acidified with concentra ted HC1 and worked up to give 2.7 g (100%) of a product  with mp 160-162~ 

C) A 3-g  (0.01 mole) sample of e s t e r  X was heated in 20 ml of 80% H2SO 4 at 115~ for  2 h, a f te r  which it 
was poured over  ice and worked up to give 2.3 g (85%) of a product  with mp 161-162~ 

Ethyl 3 ,4 ,5 ,6 -Te t r ach lo ro -2 -pyr idy lace ta t e  (X). A mixture  of 3.4 g (0.01 mole) of e s t e r  II in 20 ml of 80% 
H2SO 4 was maintained at 20~ for  24 h, a f te r  which it was diluted with water .  The resul t ing oil c rys ta l l i zed  
complete ly  on cooling. 

2 -Methyl -3 ,4 ,5 ,6 - te t rach loropyr id ine  (XI). A 2.7-g (0.01 mole) sample of acid IX was heated at 170~ 
fo r  1 h. 

3 ,4 ,5 ,6-Tet rachloropicol in ic  Acid (XII). A 4.8-g sample of H2SO 4 (sp. gr .  1.84) and 5 ml of water  was 
added to a solution of 1.1 g (0.005 mole) of XI in 30 ml of acet ic  acid, and a solution of 7.2 g of potass ium pe r -  
manganate in 60 ml of acet ic  acid was added dropwise with s t i r r ing  at 85 ~ in the course  of 3 h. Acid XII was 
isolated by the p rocedure  used to isolate IV. The yie ld  of product  with mp 170-1720C (from aqueous ethanol) 
(mp 171-172~ [2]) was 0.5 g (38%). 

1. 

2. 
3. 
4. 
5.  
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S Y N T H E S I S  OF 6 - N I T R O - 8 - C H L O R O - 2 , 3 - D I H Y D R O - 4 ( 1 H ) - Q U I N O L O N E  

A. F .  B e k h l i ,  L .  A. B o l o t i n a ,  UDC 547.831.3.6.07 
a n d  B .  V .  L o p a t i n  

6 -Ni t ro -  8- ch lo ro-2 ,3 -d ihydro-4  (1H)-quinolone and its dehydrogenation product  - 6- n i t ro-  8- 
ch lo ro -4 -hyd roxyqu ino l ine -  were  isolated in the cyclizat ion of N- (2-ch loro-4-n i t rophenyl -  
fl-alanine in polyphosphoric  acid. 

In a continuat ionof our  s ea rch  fo r  ant iparas i t ic  prepara t ions  in the dihydro-4-quinolone s e r i e s  [1, 2] we 
have synthesized the previously  unknown 6 -n i t ro -8 -ch lo ro -2 ,3 -d ihydro -4  (1H)-quinolone (V) via the following 
scheme: 

CN CNCtI~'CIt2 NO2\ CH~CHCON H~ N O 2 " ~  
l , ,  y "NIl2 " ~ /  " H -  

I H C| CI El 

II ~ '~'4~ "O I '~/~ '~O ~ ~\~ III 

J "  O OH 
N O2,,~/~ ppA NO2 ~ I ~ I1=NCtl2C1"12CO2 tl NO 2 N~ y o.. § 

"W'~ W" ".~ " , . 
CI Cl .El El 

IV  V Vl  

Cyanoethylation and carbamoyle thyla t ion  of 2 -ch loro-4-n i t roan i l ine  (I) gave the ni tr i le  (II) and amide {III) 
of N- r  which were  saponified to N- (2-chloro-4-ni t rophenyl)-f l -alanine (IV). 
The la t te r  was also obtained by reac t ion  of 3 ,4-dichloroni t robenzene with ~-alanine.  The cycl izat ion of alanine 
IV in polyphosphoric  acid (PPa) gives,  in addition to 2 ,3-d ihydro-4-quinolone  (V), 4 -hydroxy-6 -n i t ro -  8-chloro-  
quinoline (VI), the amount of which inc reases  when heating is prolonged. Similar  a romat iza t ion  was also ob- 
se rved  in the case  of the cycl izat ion of N- (o-nitrophenyl)-f l-alanine [3], which led to the format ion of 8 -n i t ro -  
2,3-dihydro-4(1H)-quinolone and 8-chloro-4-quinolone.  This p ro ce s s  involves reduct ion of the nitro group, 
since the p re sence  of a p r i m a r y  amino group was establ ished in crude V by a qualitative t es t  (diazotization and 
coupling with fl-naphthol). This is conf i rmed by the format ion of aminoquinolines in the dehydrogenation of 
te t rahydroquinol ines  [4]. 

Bands at 1673 (C~O), 3328 (NH), and 1330 cm - i  (NO2) a re  observed  in the IR spec t rum of solid quinolone 
V. The band at 1350 cm -1 (NC h) is re ta ined in the spec t rum of hydroxyquinoline VI, and a broad intense band 
at 3450 cm -1, which should be assigned to the OH group, appears .  This shows that the tau tomer ic  equi l ibr ium 
for  VI in the c rys ta l l ine  s ta te  is shifted to favor  the enol fo rm.  Compound VI evidently has a ketone fo rm in 
solutions, including solutions in acet ic  acid, since V and VI fo rm 2,4-dini t rophenylhydrazones .  The UV spec-  
t r a  of alcohol solutions of quinolones V andVI contain th ree  maxima that a re  close to the maxima of the i r  
ch lo r ine - f r ee  analogs [5]. 

The PMR spec t rum of V contains signals of methylene groups,  and signals of protons attached to a con- 
jugated double bond a re  observed  in the spec t rum of VL 
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