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It is shown that the benzene ring is opened (via the scheme of the Beckmann rear rangement )  
during the ni t rosat ion of 6-hydroxyquinoline and subsequent react ion with acylating agents; 
the products  are fl - (3-cyano-2-pyridyl)  acryl ic  acids. 

The compara t ive  instabil i ty of one of the r ings of a two-r ing sys tem is somet imes  used for  the synthe-  
sis of some compounds which are difficult to obtain. Thus the benzene ring of quinoline or  isoquinoline is 
oxidized to obtain pyridinecarboxyl ic  acids [2]. 2-Carboxy-3-pyr idylg lyoxyl ic  acid can be obtained by the 
selective oxidation of 8-hydroxyquinoline [3], while 6-hydroxyquinoline can s imi la r ly  be converted to fi-  
(3 -carboxy-2-pyr idy l )g lycer ic  acid [4]. In more  complex cases ,  the oxidative destruct ion proceeds ambigu-  
ously and is therefore  unsuitable.  

1-Ni t roso-2-naphthol  and its substituted derivat ives are converted to o-cyanocinnamic  acids (see [1], 
for example) by the action of acylating agents via the scheme of a Beckmann r ea r r angemen t  of the second 
type with opening of the benzene ring. This reac t ion  has not been investigated until recent ly  as applied to 
he terocycl ic  s t ruc tu res .  Recently two of us [5] were able to show that 5-ni t roso-6-hydroxyquinol ine  (I) 
forms f i - (3 -cyano-2-pyr idy l )ac ry l i c  acid (II) under the conditions of the Beckmann rea r rangement .  This 
p rocess  is the subject of this investigation. 

6-Hydroxyquinoline is readi ly converted to ni troso compound I by the action of nitrous acid. It is ap- 
parent  f rom a compar i son  of the UV spect ra  (Fig. 1) of the s tar t ing mater ia l  and the ni troso compounds 
that the absorption maximum at 232 nm has become indistinct,  while the absorption region has been ex-  
tended to the visible portion of the spec t rum.  The maximum at 292 nm undergoes a bathochromic shift to 
304 nm, while an intense absorption, as a consequence of the formation of an orthoquinoid chelated s t ruc -  
ture,  appears  at 420 nm. Protonat ion of 6-hydroxy-quinoline induces a considerable bathochromic shift of 
both absorption maxima,  especial ly  the shor t -wave one, while in the ni t roso compound an acidic mediumhas  
prac t ica l ly  no effect on the cha rac t e r  of the absorption.  In alkaline media the spect rum of 6-hydroxyquinol-  
ine i tself  is cha rac te r i zed  by a sharp  bathochromic shift of both maxima (~ max 292 and 362 nm) due to the 
quinoid cha rac t e r  of the s t ruc ture .  This is seen to an even g rea t e r  extent in the spect rum of ni t roso c o m -  
pound I, in which both or tho-  and para-quinoid forms can be real ized.  

* See [1] for communicat ion I.  
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Fig.  1. UV spec t ra  (in 80% ethanol): 1) I; 2) I (0.01 N HC1 in 80% ethanol); 3) I (0.01 N KOH 
in 80~ ethanol); 4) 6-hydroxyquinoline;  5) 6-hydroxyquinoline (0.01 N HC1 in 80% ethanol); 6) 
6-hydroxyquinoline (0.01 N KOH in 80% ethanol). 

Fig. 2. UV spec t ra  (in water):  1) c i s - I I  (0.01 N KOH); 2) c i s - I ] ;  3) c i s - I I  (0.01 N HC1); 4) 
t r ans - I I  (0.01 N KOH); 5) t r ans - I I ;  6) t r ans - I I  (0.01 N HC1); 7) III.  

Depending on the conditions,  the cis or t rans i somer  of acid II is formed by the action of benzene-  
sulfonyl chloride on ni t roso  compound I in aqueous acetone in the presence  of alkali. If the p rocess  is c a r -  
r ied out v igorously  by the rapid addition of alkali to a mixture of the reagents ,  the major  product is cis  
acid II  with mp 190-191 ~ If, however,  the alkali is introduced slowly, the major  product is t rans  II with 
mp 217-218 ~ 

The cis configurat ion of the acid with mp 190-191 ~ was determined on the basis  of the PMR spectrum, 
in which a quartet  of peaks (6.77, 6.96, 7.43, and 7.62 ppm) with spin-spin interact ion constant J = 13 Hz is 
observed.  The i somer ic  acid with mp 217-218 ~ also has a quartet of peaks with chemical  shifts of 7.08, 
7.35, 7.87, and 8.12 ppm but with J = 16 Hz. 

Acid c i s -H  has a lower  mobil i ty than t r a n s - I I  during chromatography on both aluminum oxide and on 
paper .  This makes  it possible to detect t r aces  of the i somers  and separate  them. Their  react ivi t ies  also 
differ substantial ly.  The c is  i somer  requi res  an exposure of severa l  minutes during development of the 
ch roma tog ram with iodine vapors ,  while t r ans - I I  gives a brightly colored spot af ter  15-30 sec.  

Both the cis and t rans  acids form the same t rans  methyl  es te r  (iII) on methylat ion (methanol in acid); 
the PMR spect rum of ITT contains,  in addition to a singlet f rom the CH 3 group (3.95 ppm) and a multiplet 
f rom the protons of the pyridine ring (8.1-8.4 and 8.8-9.2 ppm), a quartet (7.10, 7.40, 7.85, and 8.15 ppm) 
w i t h J  = 1 6 H z .  

A small  amount of the cis  e s t e r  is chromatographica l ly  detected in the case of the cis acid. Heating 
the cis acid (1.5 h at 150 ~ with an equimolar  amount of pyridine converts  it completely to the t rans  i somer ,  
just  as in the c i s - t r a n s  i somer iza t ion  of cinnamic acids [1]. 

The s t ruc ture  of e s t e r  III is conf i rmed by the mass  spec t rum which has an intense peak with m / e  188 
which cor responds  to the molecu la r  ion. Molecular  ion M + disintegrates  with cleavage of a CH 3 group (peak 
with m / e  173) or  a CH30 group (peak with m / e  157). The la t te r  p rocess  is confirmed by the metastable ion 
with m* 132.8. The subsequent loss of a CO group (metastable ion with m* 106.2) resul ts  in an ion with 
m / e  129 which splits out HCN (ion with m / e  102 and metastable  ion with m* 80.8) or  CN (ion with m / e  103 
and metastable  ion with m / e  82). 

The absorption maxima in the UV spect ra  of the c i s -  and t rans - I I  in water  (see Fig. 2) are close (262 
and 264 nm, respect ively) ,  but the t rans  form has a somewhat l a rge r  extinction. A slight maximum is also 
observed for the eis form in acid at 294 nm. Methylation resul ts  in a bathochromic shift of 2 nm and a 
fur ther  increase  in the extinction. 

Thus the r ea r r angemen t  of 5-ni t roso-6-hydroxyquinol ine  (I) apparently proceeds in the same way as 
in the naphthol se r i es ,  i .e. ,  through a step involving the monooxime of the corresponding o-quinone. The 
normal  react ion product  is the cis  acid (cis-II), but it is i somer ized  to the thermodynamical ly  more  stable 
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t r ans - I I  by the action of pyridine or  in the presence  of compounds of the pyridine se r i e s .  A s imi la r  effect 
is induced by protonation of the pyridine ni trogen atom. 
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Experiments  with s imi la r  opening of the r ings of 7-hydroxyquinoline were less  successful .  The 
ma jo r  product in the Skraup synthesis  f rom m-aminophenol  is 7-hydroxyquinoline, but it also contains 5- 
hydroxyquinoline.  Chromatography on aluminum oxide did not make it possible to detect this contaminant,  
but it was readi ly  manifested after  ni t rosat ion (appearance of two spots on the chromatogram) .  After 
nitrosation,  purified 7-hydroxyquinoline fo rms  an infusible, amorphous,  chromatographica l ly  homogeneous 
powder which on attempts to c a r r y  out the Beckmann r ea r r angemen t  by the action of benzenesulfonyl ch lo r -  
ide in alkali gave only t r aces  of a substance which, f rom its chromatographic  behavior on aluminum oxide 
and on paper ,  cor responds  to f i - (2 -cyano-3-pyr idy l )ac ry l i c  acid. 

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

The UV spec t ra  (10 -4 m o l e / l i t e r )  were obtained with an SF-4A spect rophotometer .  The PMR spect ra  
in t r i f luoroacet ic  acid (with hexamethyldisi loxane as the internal standard) were obtained with an RS-60 
spec t rome te r  with an operat ing frequency of 60 MHz. Pape r  chromatography was ca r r i ed  out by the ascend-  
ing method using Leningrad "B" paper and applying 20-407 of the substances.  The hydroxyquinolines and 
thei r  n i t roso derivat ives  were chromatographed with an ethanol-25% ammonium h y d r o x i d e - w a t e r  (20 : 1 :4)  
sys tem with development by UV i r radia t ion  (6-hydroxyquinoline gave a yellowish f luorescence,  while 7- 
hydroxyquinoline gave a blue f luorescence) .  Isopropyl  a lcohol-25% ammonium h y d r o x i d e - w a t e r  ( 8 : 1 : 1 )  
was used for the acids with development with a 0.05% solution of Bromphenol Blue or  (at higher concent ra -  
tions) UV light. Chromatography  in a thin layer  of aluminum oxide (activity II) was ca r r i ed  out with a benz-  
ene - abso lu t e  ethanol (9 : 1) sys tem for the hydroxyquinolines and with an ethanol-25% ammonium hydroxide 
- w a t e r  (20 : 1 : 4) sys tem for  the ni t roso derivat ives  and acids with development in UV light or  with iodine 
vapors .  

6-Hydroxyquinoline.  Boric acid [25 g (0.40 mole)] was dissolved by heating in 150 g (1.63 mole) of 
g lycerol  (sp. g r .  1.26) and added to a mixture of 44.7 g (0.41 mole) of p-aminophenol,  14 g of crysta l l ine  
fe r rous  sulfate, and 29.5 g (0.24 mole) of ni trobenzene.  A total of 69.8 mt of concentrated sulfuric acid 
(sp. g r .  1.83-1.84) was added slowly with s t i r r ing ,  and the mixture was brought to the boiling point. Heat-  
ing was discontinued for 10-15 rain since the mixture boiled spontaneously.  Refluxing was continued for 10 
h, and the boiling point of the mixture  was about 135-140 ~ . The flask contents were then cooled, diluted 
with 100 ml of water ,  and 300 ml of 50% sodium hydroxide was added with cooling until the mixture gave a 
s t rongly alkaline reac t ion  (universal indicator,  pH 10). The volatile substances were s team distil led f rom 
the mixture until the distil late became c lear .  The residual  hot mixture was fi l tered,  acidified to pH 2 
(universal indicator),  and again f i l tered.  A 20% solution of sodium carbonate was added to the fi l trate until 
it gave an alkaline react ion (universal indicator,  pH 8). The precipitate was fil tered, washed with water,  
and dried to give 33-38 g (55-64%) of a product with mp 192-193 ~ (from dilute ethanol) [6]. The brown-gray  
crys ta l l ine  powder was quite soluble in alkalies and acids, soluble in ethanol, and slightly soluble in ch loro-  
form, e ther ,  and benzene.  Rf 0.77 (paper), 0.43 (A1203). 

5-Nit roso-6-hydroxyquinol ine  if). A solution of 9.7 g {0.14 mole) of sodium nitr i te in 30 ml of water  
was added with s t i r r ing  in the course  of 1 h to a solution of 20.8 g (0.14 mole) of 6-hydroxyquinoline in 12 
ml (0.14 mole) of concentra ted hydrochlor ic  acid (sp. gr .  1.18) and 50 ml of disti l led water  cooled to 2 ~ 
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Stirr ing was continued for another 2 h. The result ing precipitate was fil tered, washed on the fi l ter  with 
water ,  and dried to give 21-23 g (86-94%) of product with mp 198-200 ~ (decomp., f rom ethanol). The golden- 
yellow crysta l l ine  powder was soluble in hot ethanol and hot concentrated acetic acid and slightly soluble in 
e ther .  Rf 0.64 (paper, 0.60 (A1203). Found %: N 16.10, 16.08. CgH6N202. Calculated %: N 16.09. 

t r ans - f i - (3 -Cyano-2 -pyr idy l ) ac ry l i c  Acid (trans-II) .  A mixture of 8.70 g (0.05 mole) of I, 7.70 ml 
(0.06 mole) of benzenesulfonyl chloride, and 200 ml of acetone was heated to the boiling point with s t i r r ing .  
Heating was discontinued, and a solution of 6.8 g of sodium hydroxide in 68 ml of water  was added careful ly 
in the course  of 3-4 rain. The mixture began to boil spontaneously after  the addition of each dose of alkali, 
and I gradual ly dissolved.  After the addition of all of the alkali, heating was continued and the mixture was 
held at the boiling point for another 10 min. The react ion mixture was cooled to room tempera ture ,  
neutra l ized with 12% hydrochlor ic  acid (pH 7, universal  indicator),  and the acetone was removed by heating 
on a water  bath. The solution was fi l tered,  the fi l trate was acidified with 12% hydrochlor ic  acid to pH 4, and 
6 g of sodium bicarbonate  and 40 ml of water  were added to the f i l tered precipi tate.  The solution was de-  
color ized by boiling with activated charcoal ,  fi l tered, and again precipi tated by the addition of 12% hydro-  
chlor ic  acid to pH 4 to give 4.4-5 g (50-57%) of a product with mp 210-211 ~ (decomp.). Two r e c r y s t a l l i z a -  
tions f rom water  gave a product with mp 217-218 ~ (decomp.). Chromatography indicated that it did not con-  
tain the cis  i s o m e r .  The co lo r less ,  bril l iant crys ta l l ine  substance was quite soluble in hot ethanol and hot 
water  and slightly soluble in benzene and cold water .  R f  0.54 (paper), 0.54 (A1203). Found ~ :  N 16.11, 
16.15. C9H6N202. Calcula ted%: N 16.09. 

c i s - f i - (3 -Cyano-2 -pyr idy l ) ac ry l i c  Acid (cis-II).  Compound I [8.70 g (0.05 mole)] was s imi lar ly  
t rea ted  with 7.70 ml (0.06 mole) of benzene - su l fony l  chloride,  200 ml of acetone, and 6.8 g of sodium 
hydroxide in 68 ml  of water .  The only difference was that the sodium hydroxide solution was added rapidly 
(in 0.5-1 min) in such a way as to maintain a react ion that was not too violent. After addition of the alkali ,  
the mixture was refluxed for  15-20 rain. Reprecipitat ion (as for the t rans  isomer)  yielded 3.5-4.0 g (40- 
46%) of c i s - I I  with mp 177-178 ~ (decomp.). Repeated recrys ta l l i za t ion  from absolute ethanol made it pos -  
sible to obtain a sample which did not contain the t rans  i somer  and had mp 190-191 ~ (decomp.). The white, 
bri l l iant ,  fibrous substance was quite soluble in hot water  and hot toluene, soluble in hot ethanol, and s l ight-  
ly soluble in benzene.  Rf 0.45 (paper), 0.46 (A1203). Found%: N 16.19, 16.18. CgH6N202. Calcula ted%: 
N 16.09. 

Methyl t r ans - f l - (3 -Cyano-2 -pyr idy l ) ac ry l a t e  (III). A. A mixture of 1.74 g (0.01 mole) of t rans- I I ,  10 
ml (0.3 mole) of absolute methanol,  and 1 ml of concentrated sulfuric acid was refluxed without access  to 
mois ture  for 3 h. The hot mixture was t r ans f e r r ed  to a conical flask, cooled, 20 ml of water  was added, 
and 10% sodium carbonate  was added to pH 8 (universal indicator).  The precipitate was fi l tered,  washed 
with water ,  and dried to give 1.4-1.5 g (76-80%) of a product  with mp 116-117 ~ (from water).  

B. Dry hydrogen chloride was passed  into a solution of 1.74 g (0.01 mole) of t r ans - I I  and 20 ml (0.6 
mole) of absolute methanol cooled to room tempera tu re  until it was completely saturated (~1.5 h). The 
solution was evaporated to dryness  on a water  bath. The dry  residue was dissolved in water ,  and 10% 
sodium carbonate  was added to pH 8 (universal indicator).  The precipi tate  was fi l tered,  washed with water ,  
and dried to give 1.0-1.2 g (53-64%) of e s t e r  with mp 116-117 ~ (from water) .  The co lo r less ,  bri l l iant  sub-  
stance was quite soluble in ether ,  acetone, and ethyl acetate,  soluble in hot ethanol and carbon te t rachlor ide ,  
and slightly soluble in cold water .  Rf  0.33 [benzene-heptane  (4 : 1), A1203]. Found %: N 15.00, 15.10. 
C10HsN202. Calculated %: N 14.89. 

Methyl e s t e r  III was obtained in 15-20% yield from c i s - I I  under the conditions of experiment  A. It 
was also obtained in 42-53% yield under the conditions of exper iment  B and had mp 116-117 ~ (from water) .  
The e lementary  analysis  and the chromatographic  spect ra l  data cor respond  to s t ruc ture  III. 

Convers ion o f  c i s - I I  to t r ans - I I .  A mixture of 0.87 g (0.005 mole) of c i s - I I  and 0.4 ml (0.005 mole) of 
dry  pyridine was heated on a metal  bath at 150 ~ for 1.5 h. It was then cooled, diluted with 5 ml of water ,  
and acidified to pH 4 with 2.1 ml of 12% hydrochlor ic  acid. The resul t ing precipi tate  was fil tered, washed 
with water ,  and dried to give 0.70-0.71 g (80-82%) of t r ans - I I  with mp 215-216 ~ (decomp.). Rec rys t a l l i za -  
tion f rom water  gave a product  with mp 216-217 ~ (decomp.) .  The e lementa ry  analysis and chromatographic  
data cor responded  to the t r ans - I I  s t ruc ture .  

7-Hydroxyquinoline.  This was obtained like 6-hydroxyquinoline f rom 44.7 g (0.41 mole) of m - a m i n o -  
phenol, 14 g of crys ta l l ine  fe r rous  sulfate, 29.5 g (0.24 mole) of nitrobenzene,  and 25 g of boric acid d i s -  

472 



solved in 150 g (1.63 mole) of g lycero l  and 69.8 ml of concentra ted  sulfuric  acid. After  s team dist i l lat ion 
of the volat i le  substances ,  the f i l t e red  alkaline solution was acidified s t rongly with concentra ted  hydro -  
chlor ic  acid (pH 1, un iversa l  indicator) to give 30-36 g (50-60%) of product .  Recrys ta l l iza t ion  f rom ch loro-  
benzene gave 25-30% of a product  with mp 237-238 ~ (compare with [7]). R f  0.74 (paper), 0.48 (A1203). The 
p icra te  had mp 242-243 ~ (from ethanol).  

A total of 5-6 g (20-24%) of a dark-brown,  amorphous,  powdery ni t roso compound was obtained f rom 
20.8 g (0.14 mole) of 7-hydroxyquinoline,  12 ml (0.14 mole) of hydrochlor ic  acid (sp. g r .  1.18), and 9.7 g 
(0.14 mole) of sodium ni t r i te  in 30 ml of wate r  (as in the synthesis  of I) af ter  dissolving the precipi ta te  in 
70 ml of acetic acid, f i l t rat ion,  and neutra l iza t ion to pH 7 with ammonium hydroxide .  

An at tempt to c a r r y  out the Beckmann r ea r r angemen t  with such an impure  substance gave t r aces  of 
a compound with Rf 0.70 (paper), 0.62 (A1203). 
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