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The react ion of 5-ethoxyoxazo!e with f l - ace ty lac ry l i c  acid and its ethyl es te r  is examined, and the most  
probable mechan i sm for the heterodiene synthes is  with oxazoles is suggested on the bas i s  of the 
exper imenta l  r e su l t s  and on the calculat ion of the r - e l e c t r o n  dens i t ies  for these molecules .  

The discovery,  ten yea r s  ago, of the abili ty of oxazoles to function as d ienes  in the Die ls -Alder  react ion [1] has 
subsequently found wide application in the synthesis  of var ious  pyr idine bases .  

The format ion of the pyr idine r ing in the heterodiene condensat ion of 5-alkoxyoxazoles proceeds in at leas t  two 
separa te  stages: the actual diene synthesis ,  i . e . ,  the react ion of the oxazole with the dienophile to give unstable 
adducts and the i somer iza t ion  of these adducts according to the scheme (1). The final reac t ion  
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products  are always substi tuted 3-hydroxypyridineso 

This paper  cons iders  theoret ical ly  and exper imenta l ly  the most  essen t ia l  fea tures  of the mechan i sm of each of 
these stages.  

Since the azadiene sys tem of oxazoles is s trongly polarized,  the heterodiene synthesis  will proceed most  quickly 
by a two-stage mechan i sm involving charge separat ion in the t rans i t ion  state. If this hypothesis is correct ,  then the 
or ientat ion of unsymmet r i ca l  dienophiles in their  reac t ion  with 5-alkoxyoxazoles must  be de termined completely by 
the d is t r ibut ion  of e lec t ron  dens i t ies  on the carbon atoms par t ic ipat ing in bond formation, and should be independent of 
the d is t r ibut ion  of free valency indices.  
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Fig. 1. Diagram of 7r-electron charge dis t r ibut ion,  ~r-bond orders  
and free valency indices for the molecules  of 4 -me thy l -5 -  

ethoxyoxazole (A) and ethyl f l -ace ty lacry la te  (B). 

In order  to tes t  this theory exper imenta l ly ,  the dienophile chosen was f l -ace ty lac ry l i c  acid (I). It will  be seen 
from Fig. 1 that the v -e l ec t ron  dens i t ies  on the C-2 and C-3 a toms differ substantial ly,  while the free valency indices  
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a re  the same  (the ca lcula t ions  were  c a r r i e d  out by the mo lecu l a r  o rb i t a l  method using Hiickel ' s  approximat ion,  
including al lowance for the effect of hyperconjugat ion  of the methyl  groups)�9 

Compar i son  of the indices  of the e l ec t ron ic  s t r u c t u r e s  I and 4 -me thy l -5 -e thoxyoxazo le  (II) shows that the main  
r eac t ion  product  should be 2 - m e t h y l - 3 - h y d r o x y - 4 - a c e t y l - 5 - e t h o x y c a r b o n y l p y r i d i n e  (III). In fact, r eac t ion  of I with II 
gave only one product .  Th in - l aye r  ch romatography  of the r eac t i on  product  demons t r a t ed  the absence  of o ther  pyr id ine  
compounds in app rec i ab l e  amounts.  

The NMR spec t rum showed one pro ton  in the pyr id ine  ring, the pos i t ion  of which (8.41 ppm) is c h a r a c t e r i s t i c  for 
an a - h y d r o g e n  atom. The s ignals  of the two methyls  (2.51 and 2.47 ppm) and one ethyl group (CH 2 quar te t  at 4.30 ppm 
and a CH3 t r i p l e t  at 1.34 ppm) a r e  found at f ie lds  co r respond ing  to alkyl  subs t i tuents  l inked to unsa tura ted ,  e l ec t ron -  
wi thdrawing groups.  The IR s p e c t r u m  shows C = O  valency s t re tch ing  bands at 1728 and 1660 cm -1. The f i r s t  of these  
is  due to the e s t e r  grouping not pa r t i c ipa t ing  in hydrogen bonding, and the second is  c h a r a c t e r i s t i c  for a ketone.  The 
shift  of 30 cm -~ toward  lower  f requenc ies  indica tes  the p r e s e n c e  of hydrogen bonding of medium strength,  which is 
pos s ib l e  only if the acetyl  group occupies  the 4 -pos i t ion  in the pyr id ine  r ing.  
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Fig.  2. NMR Spec t ra  (hydroch lo r ides  in D20): A) 2 - m e t h y l -  
3 -hydr  oxy-4 -  oe-hydroxyethyl -5-hydr  oxymethylpyr  idine (IV); 
B) 2-  me thy l -  3- hyd roxy-4 -  hydroxymethyI -  5-  ce- 

hydroxye thy lpyr id ine  (V); C) Pyr idoxine.  

In o r d e r  to prove conc lus ive ly  the s t ruc tu r e  of this  compound,  i t  was r educed  with l i thium a luminum hydr ide .  
If the s t ruc tu re  is in fact  III, then the reduc t ion  produc t  mus t  be 2 - m e t h y l - 3 - h y d r o x y - 5 - h y d r o x y m e t h y l - 4 - a , - h y d r o x y -  
e thy lpyr id ine  (IV). It has p r ev ious ly  been  shown [2] that  the NMR spec t rum of pyr idoxine  af te r  se lec t ive  deutera t ion  
g ives  a s ignal  due to the 4 -hyd roxyme thy l  group at  4.99 ppm, and the 5 -hydroxymethy l  group at  4.76 ppm.  Fig .  2 shows 
the NMR s p e c t r a  of the reduct ion  produc t  III, pyr idox ine ,  and the i s o m e r i c  2 - m e t h y l - 3 - h y d r o x y - 4 - h y d r o x y m e t h y l - 5 -  
a -hyd roxye thy lpy r id ine  (V), obta ined by route  2. The posi t ion of the s ignal  due to the methylene group in V c o r r e s p o n d s  
exac t ly  with that  of the 4 -hyd roxyme thy l  group in pyr idoxine ,  while the CH 2 s ignal  in the reduct ion  product  l ies  a t  4.76 
ppm.  It may,  t he re fo re ,  be r e g a r d e d  as  proved  the compound in question has the s t ruc tu re  IIL 
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In just  the same way, reac t ion  of II with cyclopentene-3-one  affords, in agreement  with the e lec t ron  densi ty 

dis t r ibut ion,  5 -me thy l -4 -hydroxy-6 -azahydr indene -3 -one ,  the s t ruc ture  of which was confirmed by its IR and NMR 
spectra.  The IR spect rum of this compound showed a strong absorpt ion band at 1736 cm -1 at tr ibuted to valency 
s t re tching of the carbonyl  group of the cyclic ketone. The NMR spect rum showed a signal due to the 5-CH 3 group (a 
singlet  at 2.62 ppm), two methylene groups (mult iplets  at 2.62 and 2.86 ppm), and the a=hydrogen of the pyridine r ing  
(8.27 ppm). The la t te r  was split (J = 1.8 Hz) as a resu l t  of dis tant  sp in-sp in  coupling with the methylene group. Such 
coupling is possible  only for compounds with a CH z group in the 1-posit ion,  thus confirming our proposed s t ructure .  

As has a l ready been pointed out, the reac t ion  of 5-ethoxyisoxazoles  with dienophiles leads to the formation of an 
unstable  in te rmedia te  adduct, 4-e thoxy-7-oxa-2-azabicyclo[1 ,  2, 2]hept-2-ene,  which a romat izes  readi ly  in acid media  
(scheme 3). The format ion of 

X X 

the adduct has been proved r igorous ly  in [3, 4]. 

In our opinion, the i somer iza t ion  of the adduct involves initial  breaking of the 1-C--O bond. This conclusion is 
based on the following cons idera t ions .  

1. It is p rec i se ly  the 1-C--O bond which is  most  weakened by cr-~r-conjugation with the 3-C---~N bond. In 
anhydrous media  (anhydrous HC1 in ethanol), the ni t rogen atom of the adduct is protonated, resu l t ing  in sti l l  g rea te r  
ease of he te ro lys i s  of the 1-C--O bond. 

2. Rupture of the 4-C--O bond followed by hydrolysis  is improbable  because both the diene synthesis  and the 
i somer iza t ion  often occur in anhydrous media. The co r r ec tnes s  of this argument  is supported by a considerat ion of 
the diene synthes is  with 4-methyl -5-e thoxythiazole  [5], the products  from which are  always 3-alkoxypyridines,  despite 
the fact that the i somer iza t ion  conditions (heating in conc HC1) favor hydrolysis .  

3. Final ly,  if rupture  of the 4-C--O bond did occur,  it would be difficult to explain the exclusive formation of 
3-hydroxypyr id ines  on reac t ion  of dienophiles with 5-cyano-oxazoles  [6]. 

After f iss ion of the 1-C--O bond, s tabi l izat ion of the t r ans i t ion  state occurs  by loss  of a proton from the 6-C 
atom and e l iminat ion  of the ethoxide anion from the 4-posi t ion of the adduct. 

This mechan i sm offers an explanation of the fact, recorded in the l i t e ra tu re  [7, 8], that 5-unsubst i tu ted oxazoles 
reac t  with dienophiles in a s imi l a r  way in the presence  of oxidizing agents. 

In this case,  a romat iza t ion  is brought about by e l iminat ion  of a hydride ion from the 4-posi t ion of the adduct, 
which is energe t ica l ly  disfavored. The react ion will  of course  be great ly facili tated by the p resence  of hydride ion 
acceptors  such as hydrogen peroxide or n i t robenzene.  

In order  to conf i rm exper imenta l ly  the suggested mechanism,  we examined the condensat ion of 4 -me thy l -5 -  
ethoxyoxazole (II) with f l -ace ty lacry l ic  acid. It follows from the 7r-electron densi ty  d is t r ibut ion  (Fig. 3) in the adduct 
that the carboxyl  group must  be at the 5-posi t ion,  and the acetyI group at the 6-posit ion.  If this  mechan i sm is the 
cor rec t  one, then aromat iza t ion  of the adduct must  be accompanied by decarboxylat ion because there will then occur 
the more  energe t ica l ly - favored  loss of a proton from the enol (scheme 4). I r respec t ive  of the reac t ion  conditions 
(heating at 80 ~ C, or at room tempera ture) ,  only one react ion product was obtained. 
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Examinat ion of the tR spect ra  showed the absence of carboxyl groups. The posit ion of the C=O valency-s t re tching  band 
(1698 cm -1) was charac te r i s t i c  for nonhydrogen-b0nded keto-groups,  and this was confirmed by the absence of vO-- H 
hydroxyl bands par t ic ipat ing in chelate hydrogen bonds at 3300-3200 cm -1 (vOH for phenol is at 2650 em-1). These 
r e su l t s  pe rmi t  the e l iminat ion  of the poss ibi l i ty  that the phenolic hydroxyl and the acetyl group are vicinal.  The 
deformation s t re tching f requencies  for the methyl groups are shifted towards the lower wave-number  region (1440 and 
1374 cm -1) which is  charac te r i s t i c  of alkyl subst i tuents  attached to e l ec t ron-a t t r ac t ing  unsaturated groups. 
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Fig. 3. Diagram of r - e l e c t r o n  densi ty dis t r ibut ion,  
7r-bond o rde r s  and free valency indices in the 
molecules  of the 4-methyl-5-e thoxyoxazole  cation 

(A) and the f l -ace ty lacry la te  anion (B). 

The grea tes t  amount of information on the s t ruc ture  of the compound was obtained from its NMR spectrum. The 
signals  due to the two methyl groups occurred  at 2.86 and 2.89 ppm, indicating thas these subst i tuents  are  attached to 
e lec t ron-a t t rac t ing ,  unsatura ted groups (the pyridine nucleus and the carbonyl  group), and the proton signal at t h e  
lowest fields (8.81 ppm) agrees  with the a - p r o t o n  of the pyr idine r ing.  The posit ion of the signal due to the second 
proton (8.57 ppm) suggests that it is in the ~/-position. More p rec i se  information on the re la t ive  posi t ions of the two 
protons  is obtained from the sp in-sp in  coupling constant  J, which is equal to 2.2 Hz. It is known from the l i t e ra tu re  
[9l that J for or tho-protons  l ies  between 6 and 10 Hz, for recta-  between 1 and 4 Hz, and for pa ra -  between 0 and 1 Hz. 

The re su l t s  obtained agree well with the proposed heterodiene synthesis  react ion scheme and allow s t ruc ture  
VII to be assigned to the compound under  considerat ion,  with a high degree of probabil i ty.  

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

The compounds obtained were chromatographed on s i l ica-coated  plates,  using the method descr ibed previously 
[10]. Two sys tems  were  used: A) ethyl ace t a t e -ace tone -25% ammonia  (20: 10: 1.5); B) butanol-25% a m m o n i a - w a t e r  
(40:9  : 1). UV spec t ra  were recorded in l aye r s  of thickness  1 mm and in concentra t ions  of 10 -4 m o l e s / / ,  using an 
SF-4 ins t rument  (Optica Milano). The IR spec t ra  were taken on a UR-10 ins t rument  for sol ids (KBr discs).  The NMR 
spect ra  were taken on a JEOL JNM-4H-100 (100 MHz) ins t rument .  

2 -Methy l -3 -hydroxy-4-ace ty l -5 -e thoxycarbonylpyr id iae  (III). To a solution of 17.9 g (0.14 mole) of ethyl fl- 
acetylacryla te  [11] in 20 ml of anhydrous ethanol was added 8.87 g (0.07 mole) of 4-methyl:-5-ethoxyoxazole [12], 1 ml  
of glacial  acetic acid and 200 mg of hydroquinone. The resul t ing  solution was kept in the dark for one week at room 
tempera tu re .  The c rys ta l s  which separated were fi l tered off and washed with ether,  giving 8 g (51%), mp 151-152 ~ C 
(from heptane). Found, %: C 59.09; H 6.00. Calculated for CllH~3NO4, %: C 59.18; H 5.87. UV spect rum kma x, nm(e ) ,  
in 0.1 N KOH: 250 (5800); 826 (6500). NMR spectrum,  5, ppm, in CDCI~: 6-H 8.41; 2-CH 3 2.47; COCH 3 2.51; 
(:X:)OC2H 5 quarte t  4.30 and t r ip le t  1.34. Rf in sys tem A, 0.107 in system B, 0.745. 
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2-Methy l -3 -hydroxy-5-ace ty lpyr id ine  (VII). A solution of 2.5 g (20 mM) of 4-methyl-5-ethoxyoxazole  and 3.42 g 
(30 mm) of f l -ace ty lacry l ic  acid [11] in 40 ml of absolute ether were kept with a ca lc ium chloride guard tube for five 
days. The precipi ta te  which separated was f i l tered off and washed with dry acetone to give 0.64 g (21%) of VII, mp 
253-254 ~ C (decomp., f rom methanol).  Found, %: C 63.58; H 5.98. Calculated for CsHgNO 2, %: C 63.56; H 6.01. 

UV spectrum, kma x, nm (e), in 0.1 N KOH: 265 (5000) and 345 (5500). NMR spectrum,  6, ppm, in CF3COOH: 
6-H 8.81; 4-H 8.57; 2-CH 3 2.86; COCH 3 2.89. Rf in sys tem A, 0.47; and in sys tem B, 0.77. 

2 -Methy l -3 -hydroxy-4-a -hydroxye thy l -5 -hydroxymethy lpyr id ine  (IV). To a suspension of 1.14 g (30 mM) of 

l i th ium a luminum hydride in 50 ml of dry te t rahydrofuran  was added dropwise with s t i r r ing  and cooling a solution of 
2.1 g (10 mM) of 2 -methy l -3 -hydroxy-4-ace ty l -5 -e thoxycarbony lpyr id ine  (III) in 50 ml of dry te t rahydrofuran.  The 
mix ture  was boiled gently for 6 hr and kept overnight  at room tempera ture .  To the s t i r red ,  cooled mixture  was added 
100 ml of water,  and the mixture  was sa turated with carbon dioxide. The precipi ta te  was fi l tered off, mixed with 100 
ml of a mixture  of water  and ethanol (1 :1) ,  and again saturated with carbon dioxide. After f i l t rat ion,  the solid was 
washed with 2 x 50 ml of hot ethanol, and the combined f i l t ra tes  evaporated in vacuo to d ryness  at 45-50  ~ C. The 
res idue  was extracted with hot ethanol (5 x 20 ml). The combined alcoholic ext rac ts  were concentrated to a smal l  
volume and t rea ted with 2 ml of a 25% solution of anhydrous hydrogen chloride in absolute ethanol, followed by 
anhydrous ether  unti l  c rys ta l l iza t ion  began. The mixture  was kept overnight  in the re f r ige ra to r ,  f i l tered, and the 
c rys ta l s  of IV hydrochlor ide washed with ether.  Yield 1.74 g (79%), mp 172-173 ~ C (from a lcohol -e ther ) .  Rf in system 
A, 0.107; in sys tem B, 0.67. Found, %: C 48.85; H 6.53. Calculated for CgH14C1NO3, %: C 49.20; H 6.42. 

2 -Methy l -3 -hydroxy-4-hydroxymethy l -5 -a -hydroxye thy lpyr id ine  (V). To a solution of the Grignard reagent  
(prepared from 0.5 g of magnes ium and 2.92 g of methyl iodide in 20 ml of ether) was added slowly with s t i r r i ng  and 
cooling a solution of 4 g (0.0193 mole) of 4 ,  3-O-isopropyl ideneisopyr idoxal  [13] in 20 ml of dry ether.  When the 
addition was complete, the mixture  was boiled for 2 hr,  cooled, and decomposed by adding 10 g of ice. The ether layer  
was separated and the aqueous layer  extracted with 3 • 10 ml of ether.  The combined ether ext rac ts  were  dr ied and 
evaporated to dryness .  The res idue  was dissolved in 100 ml of 10% HC1, and the solution boiled for 30 rnin, then 
evaporated to d ryness  in vacuo. The res idue  was thoroughly t r i tu ra ted  with dry acetone, and filtered. The yield of V 
hydrochloride was 2.3 g (54%), mp 159-160 ~ C (from a lcohol -e ther ) .  Lit. mp [13], 160 ~ C. 

5 -Methy l -4 -hydroxy-6-azahydr indene-3-one .  A mixture  of 0.8 g (0.098 mole) of cyclopentene-3-one [14], 0.63 g 
(0.005 mole) of 4-methyl-5-e thoxyoxazole  and 0.1 g of pyrogallol  was heated for 2 hr  at 110 ~ C. The mixture  wascooled 
and t reated with 1 ml of 25% anhydrous hydrogen chloride in ethanol, followed by the careful  addition of 70 ml of dry 
ether,  and kept overnight  in the r e f r ige ra to r .  The c rys ta l s  which separated were  f i l tered off and washed with ether,  
giving 0.22 g (20%) of product. The compound decomposed without mel t ing at t empera tu re s  above 170 ~ C (from a lcohol -  
ether).  Found, %: C 54.51; H 5.20. Calculated for C~HI~CINO2, %: C 54.16; H 5.05. 

REFERENCES 

1964. 

i. G. Ya. Kondrat'eva, Khim. nauka i prom., 2, 666, 1957. 
2. W. Korytnyk and B. Paul, J. Heterocycl. Chem., 2, 481, 1965. 
3. F. Hoffmann-LaRoche and Co., A.-G., Neth. Appl. 6506703, 1965; C. A., 64, 15851, 1966. 
4. T. Naito and T. Yoshikawa, Chem. Pharm. Bull., 14, 918, 1966. 
5. Takeda Chemical Industries, Ltd., French patent no. 1400843, 1965; C. A., 63, 9922, 1965. 
6. F. Hoffmann-La Roche and Co., A.-G. French patent no. 1384099, 1965; C. A., 63, 4263, 1965. 
7. T. Yoshikawa, F. Ishikawa, Y. Omura, and T. Naito, Chem. Pharm. Bull., 13, 873, 1965. 
8. J. M. Osbond and F. Hoffman-La Roche and Co., A.-G, French patent no. 1343270, 1963; C. A., 60, 11991, 

9. H. J. Berns te in  and W. G~ Schneider,  J. Chem. Phys., 24, 469, 1956. 
10. E. N. Dement 'eva,  N. A. Drobinskaya,  L. V. Ionova, M. Ya. Karpeiski i ,  and V. L. F loreut 'ev ,  

Biokhimiya, 33, 350, 1968. 
11. W. G. Overend, L. M. Mutton, and L. F. Wiggins, J. Chem. Soc., 3500, 1950. 
12. Merck and Co. Inc., Belgian patent no. 617499, 1964. 
13. W. Korytnyk, B. Paul, and A. Bloch, J. Med. Chem., 10, 345, 1967. 
14. C. H. De Puy and K. L. E i le rs ,  J. Org. Chem., 24, 1380, 1959. 

37 



2 April 1968 

Institute of Molecular Biology AS USSR, Moscow 

Second Moscow Order of Lenin Institute of Medicine 

38 


