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Abstract-Irradiation of 6-chloro-2-pyridone in methanol gave 

two geometrical isomers (@ and trans) of methyl 4-cyano-3- 

butenoate and trans isomer of methyl 4-cyano-2-butenoate: this 

and the related reactions provide the first example for the 

photochemical electrocyclic ring opening of 2-pyridone ring. 

Photochemical behavior of 2-pyridones and 2-pyrones is guite similar in many re- 

spects. They gave photo-pyridones and -pyrones through intramolecular cycli- 

 ati ion,^'^ and added intermolecularly to olefins to afford 2+2 add~cts*'~ includ- 
ing the photodimers.6 By low temperature photolyses, it was revealed that ketene 

(2) formation from 2-pyrones was a dominant process in the intramolecular 

reactions, which had not been observed in most room temperature photolyses due to 

facile reversion to 1 from $through thermally allowed electrocyclic ring closure. 3 

Though the same ring opening reactions are commonly observed in the photolyses of 

their carbocyclic analogues: =-blocked cyclohexadienones.' such ketene forma- 

tion has not been reported for 2-pyridones. Taking into consideration of facile 

thermal electrocyclic ring closure of diene-ketene containing a non-carbon atom at 

the other end of the diene system3" to the fully conjugated heterocyclic com- 

pounds, we believe that the lack of ketene formation process in the photochemistry 

of 2-pyridones might be due to the presence of an extraordinary rapid electro- 

cyclic ring closure of the ketenes to the original pyridones. 



Here, we r e p o r t  conf i rmat ion of t h e  above idea  by t h e  pho to lyses  of 6-halo-2- 

pyr idones  and provide  t h e  f i r s t  example f o r  t h e  photochemical r i n g  opening of t h e  

pyridone system. 
9 

I r r a d i a t i o n  of z. 8 mM s o l u t i o n  of 6-chloropyridin-2(1Hl w n e  (3) i n  methanol gave 

61.9% y i e l d  of t h e  open c h a i n  product  a s  a mixture  of two geometr ica l  i s a n e r s  

(&- and --*I of methyl 4-cyano-3-htenoate and trans methyl 4-cyano-2- 

h t e n o a t e  (--%I i n  an  approximate r a t i o  of 5:5:4. The corresponding e t h y l  

e s t e r s  (&- and --4b, and --kb in an approximate r a t i o  of 5:5:4) were 

a l s o  obta ined i n  45.9% y i e l d  by t h e  p l m t o l y s i s  i n  e thano l .  Though t h e s e  p roduc t s  

could n o t  be separa ted  by chromatographic means, t h e i r  s t r u c t u r e s  and r a t i o s  a r e  

e a s i l y  cfetermined from nmr spec t ra  le.q., o l e f i n i c  proton of C4 of methyl 4-cyano- 

3 - h t e n o a t e s  appeared a t  6 5.42 & and 5.40 (trans-%) and t h a t  o f  C 2  of 

trans-5a a t  6.10, whose v i c i n a l  coupl ing c o n s t a n t s  wi th  t h e  C3-proton being E. 11 -- 
f o r  &-isomer and z. 16 Hz f o r  t r ans - i somer l .  I r r a d i a t i o n  of z. 8 mM s o l u t i o n  

o f 3  i n  a c e t o n i t r i l e  con ta in ing  1.7% volume of water a l s o  gave t h r e e  monocarbox- 

y l i c  a c i d s  (*-LC, trans-?, and trans-% i n  z. 1 :  r a t i o  i n  t h e  y i e l d  o f  

77.5%. R e c r y s t a l l i z a t i o n  of t h e  mixture  from CHC13 a f fo rded  trans 4-cyano-2-buten- . 

o i c  a c i d  [trans-%: mp 104-108'. ~ ( c D c ~ ~ ) :  3.32 dd (ZH, J=4.8,  1.6 Hz, CF12), 6.16 

d t  ( l H ,  J=15.6, 1 .6  Hz, C 2 - H ) .  6.87 d t  ( l H ,  J=15.6, 4.8 Hz, C3-H), v::: cm-l: 2260, 

1700, 16401. While a l l  e s t e r s  a r e  s t a b l e  and n o t  isomerized each o t h e r ,  t h e  a c i d s  

(e- and trans-$) i sane r i zed  slowly t o  trans-% upon s t and ing  ( t h e  i somer iza t ion  

completed wi th in  one week pe r iod  a t  room temperature) .  I t  should be noted t h a t  

methyla t ion of =-kc with CH2N2 i n  e t h e r  a f fo rded  a mixture  of e-5, trans-%, 

and trans-% i n  E. 3: 4 :  5 rat io. ' '  A l l  of t h e  open cha in  p roduc t s  de r ived  from 2 

under t h e s e  c o n d i t i o n s  gave trans g l u t a c o n i c  a c i d  (6: mp 133-135O) by r e f l u x i n g  i n  

20% aq. hydrochlor ic  a c i d .  

The format ion of t h e  p roduc t s  (2 and 5)  can be r a t i o n a l i z e d  by assuminq t h e  ke tene  

(7) a s  a primary pho toTroduc t .  By e l imina t ion  of HCl f r c m l ,  t h e  cyano-ketene [a- 
8)  would be formed. Since  t h e  cyano-ketene can n o t  c y c l i z e  t o  t h e  sixmembered - 
r i n g ,  it e q u i l i b r a t e s  photochemically t o  trans-8. The pho to -equ i l ib ra t ion  s t e p  may 

compete wi th  a d d i t i o n  ( e i t h e r  i n  1.2- o r  1 .4manner)  of an a l coho l  o r  water t o  t h e  

conjugated ene-ketene f u n c t i o n  of c 2 -  o r  trans-& t o  g i v e  t h e  p r o d u c t s  (4 and 31 

I t  is noteworthy t h a t  t h e  a d d i t i o n  of t r i e t h y l a m i n e  i n  t h e  i r r a d i a t i o n  s o l v e n t  

caused a remarkable i n c r e a s e  f o r  t h e  r a t e  o f  formation of t h e  e s t e r s .  Thus, i r r a d i -  

a t i o n  o f  i n  methanol con ta in ing  0.33% volume of t r i e t h y l a m i n e  a f fo rded  t h e  t h r e e  
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esters (cis- and trans-%, and trans-% in z. 5:5:5 ratio) in 53.2% yield1' and 

the irradiation period for the complete consumption o f 3  was shortened to about 

one-tenth of that in methanol. This fact tells clearly that the step from2 to 

cis-8 is accelerated by base and also, in the irradiation in an neutral medium - - 
an elimination of HC1 from the carbamoyl chloride function i n 1  occurs competitive- 

ly with the cyclization of 1 to the original pyridone (?). 
12 

The same photochemical ring opening reaction was also observed even when 6-chloro- 

1-methyl-2-pyridone (2) was irradiated in methanol to give 33.7% of trans dimethyl 
glutaconate (10). 
The present results provide not only the first example of photochemical electro- 

cyclic ring opening of 2-pyridone ring system, but also chemical means for the 

preparation of 4-cyanobutenoic acid derivatives frm 6-halo-2-pyridones. 13 

Experimental 

Melting points were determined using a Kofler heating stage and are uncorrected. 

IR spectra were determined with a Shimadzu IR-420 spectrophotometer, and NMR 

spectra with a JEOL JNM-C-60 spectrometer with tetramethylsilane as an internal 

standard. Mass spectra were recorded on a Hitachi M-80 double-focus spectrometer. 

Photolyses were carried out in a Pyrex immersion apparatus equipped with a Toshiba 

400P high-pressure mercury lamp (this corresponds to irradiation at 2300 nm) cool- 

ed internally with running water. All irradiations were carried out under argon or 

nitrogen with stirring. Column chromatography was performed on silica gel (100-200 

mesh) purchased from Kanto Chemical Co., Inc. 

General Procedure for Photolyses of 6-Chloropyridin-211H)-one 13) +ypically 

the pyridone (2, 300 mg) was irradiated in 300 ml of solvent at room temperature 



u n t i l  a lmos t  a l l  of t h e  s t a r t i n g  m a t e r i a l  was consumed ( t h e  r e a c t i o n  c a n  be  moni- 

t o r e d  e i t h e r  W spec t ro scop ica l l y14  o r  by  t.1.c.). The r e s i d u e  o b t a i n e d  a f t e r  

evapo ra t i on  o f  t h e  s o l v e n t  was s epa ra t ed  by column chromatography on s i l i c a  g e l  

(z. 20 g l .  E l u t i o n  w i t h  CH2C12-hexane 1 1  I gave  a t  f i r s t  t h e  esters (%,& 
and s.2) and t h e n  t h e  s t a r t i n g  pyr idone  (A)). E l u t i o n  w i t h  CH C1 a f f o r d e d  t h e  2  2  
c a r b o x y l i c  a c i d s  (s and % I .  

(a1 I r r a d i a t i o n  i n  methanol: I r r a d i a t i o n  o f  2 f o r  1 0  h r  i n  methanol  a f f o r d e d  a f t e r  

chromatographic s e p a r a t i o n  61.9% of methyl  esters (&-&a, trans-%, and trans-%- 
i n  =. 5:5:4 r a t i o ) .  I R  v:: cm-': 1735 w i t h  a  shou lde r  peak a t  1700. Mass m/e:  

+ 
125 ( M  1 .  NMR 6 (CDC13): G-&; 3.43 dd I Z H ,  J=7 .0 ,  1 .6  Hz, CH2), 5.42 d t  ( 1 H .  J= 

11.2,  1 .6  H z ,  C4-H), 6.59 d t  ( l H ,  J=11.2,  7.0 Hz, C3-HI, trans-%; 3.22 dd ( Z H ,  J= 

7.2, 1.6 H z ) ,  5.40 d t  ( l H ,  J=16.5, 1 .6  Hz, C4-HI, 6.68 d t  11H.  J=16.5 ,  7.2 Hz, C  - 3  
H I ,  and =-La; 3.24 dd (2H. J=4.8,  1 .6  Hz, CH21r 6.10 d t  ( 1 H .  J=16.0,  1 .6  Hz, 

C2-H), 6.72 d t  ( 1 ~ .  ~ ~ 1 6 . 0 ,  4.8 Hz, C3-H). 

IF) I r r a d i a t i o n  i n  e thano l :  I r r a d i a t i o n  o f L u n d e r  t h e  same c o n d i t i o n  a s  (a) ex- 

c e p t  f o r  u s e  of e t h a n o l  i n s t e a d  of methanol  a f f o r d e d  a f t e r  comparable i r r a d i a t i o n  

p e r i o d  (10 h r )  45.9% o f  t h e  co r r e spond ing  e t h y l  esters (&-42. w-s, and 
trans-% i n  E. 5:5:4 r a t i o ) .  Mass m/e: 139  ( M + ) .  NMR 6 (CDCl31: c&-s; 3.41 dd 

(2H, J=6.8,  1 . 6  Hz, C e 2 ) ,  5.43 d t  ( l H ,  J=11.0,  1.6 Hz, C4-HI, 6.59 d t  ( l H ,  J=11.0,  

6.8 Hz, C3-HI, trans-$&; 3.20 dd (2H, J = 7 . 0 ,  1 . 6  H Z ,  CH2),  5.41 d t  ( l H ,  J=16 .0 ,  

1 . 6  Hz, C4-H) , 6.71 at ( 1 H .  J-16.0,  7 . 0  Hz, C3-H) , and trans-2; 3.25 dd (2H. J= 

5.2, 1 . 6  H z ,  C g 2 ) ,  6.10 d t  ( l H ,  J=16.0 ,  1 .6  Hz, C2-H), 6.72 d t  ( l H ,  J=16.0 ,  5.2 

Hz, C3-H). 

(2) I r r a d i a t i o n  i n  methanol  i n  t h e  p r e sence  of t r i e t h y l a m i n e :  I r r a d i a t i o n  o f  3- 

under t h e  same c o n d i t i o n  a s  (5) excep t  f o r  u s e  of 300 m l  of methanol  c o n t a i n i n q  

1 .0  m l  of Et3N a f f o r d e d  a f t e r  1 h r  i r r a d i a t i o n  53.2% o f  t h e  me thy l  esters ( c z - 3 ,  

t t r ans -4a ,  and trans-2 i n  =. 5:5:4 r a t i o ) .  I t s  NMR spectrum was i d e n t i c a l  w i t h  -- 
t h a t  of t h e  e s t e r  f r a c t i o n  o b t a i n e d  i n  (a) .  
1:) I r r a d i a t i o n  i n  a c e t o n i t r i l e  c o n t a i n i n g  water:  I r r a d i a t i o n  o f  & u n d e r  t h e  same 
c o n d i t i o n  a s  (a) excep t  f o r  u s e  of CH3CN (300 m l )  c o n t a i n i n g  5  m l  of water  a f f o r d -  

ed 77.5% of t h e  c a r b o x y l i c  a c i d s  (&-%, --%, and trans-& i n  a  r a t i o  of =. 
1:l:l) a s  semi-so l id .  N M R ~  1CDCl3-CD30D: 5:1 v /v) :  G-s; 3.50  dd 12H, J=7.0 ,  
1 .6  Hz, CH2),  5.49 d t  ( 1 H .  J=11.2,  1 .6  Hz, C4-H), 6.65 d t  ( l H ,  J=11.2,  7.0 Hz, C3- 

H I ,  trans-%; 3.30 dd 12H, J=7.0, 1 .6  H Z ,  CIi2), 5.47 d t  ( 1 H .  J=16.0,  1.6 Hz, C4- 

H ) ,  6.77 d t  ( l H ,  J=16.0,  7.0 Hz, C3-HI, and trans-%; 3.32 dd ( Z H ,  J=4 .8 ,  1 .6  Hz, 

CK2), 6.16 d t  ( 1 H .  J=15.6,  1 .6  Hz, C2-H), 6.87 d t  ( 1 H .  J=15.6,  4.8 Hz, CJ-H) . 
R e c r y s t a l l i z a t i o n  of t h e  semi-so l id  from CHC13 gave  p u r e  trans 4-cyano-2-butenoic 

a c i d  (--%I, mp 104-108'. Its NMR spectrum is i d e n t i c a l  w i t h  that o f  trans-% 
a s  shown above. IRV::: c m - l :  2260, 1700, 1640. MS m/e:  111 (M+). A n a l .  Calcd .  f o r  

C5H5N02: C, 54.05; H ,  4.54; N ,  12.61.  Found: C, 53.96; H ,  4.61; N ,  12.48. A f t e r  1 

week p e r i o d  a t  room t empera tu re ,  t h e  mother f r a c t i o n  o b t a i n e d  a s  above chanqed t o  

t r ans -5c  i n  a  q u a n t i t a t i v e  y i e l d .  -- 
I r r a d i a t i o n  o f  6-Bromopyridin-2(1Hl -one 111) - (el I r r a d i a t i o n  i n  methanol:  

The pyr idone  (2: 304 mg) i n  300 m l  of methanol  was i r r a d i a t e d  f o r  8  h r .  Evapora- 
t i o n  fo l lowed by column chromatography o v e r  s i l i c a  g e l  w i th  CH2C12-hexane (1:l v/vl 

a s  e l u e n t  a f fo rded  13.4 mg (4 .6%)  of a  m i x t u r e  o f  t h e  esters I - ,  t r a n s - 4 a .  and - 
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trans-*) w b s e  r e l a t i v e  r a t i o  was t h e  same wi th  that ob ta ined  i n  (a) a s  judged 

from NMR spect roscopy and 27.5 mg 1 9 . 0 % ) o f  t h e  s t a r t i n g  m a t e r i a l .  I n  t h i s  c a s e ,  

t a r s  which were absorbed s t r o n g l y  i n  s i l i c a  g e l  were t h e  main component of t h e  

product .  

( f )  I r r a d i a t i o n  in methanol in t h e  presence  of t r i e thy lamine :  I r r a d i a t i o n  of 11 
1300 mg) under t h e  same c o n d i t i o n  a s  (e) excep t  f o r  u s e  of 300 m l  of methanol 

c o n t a i n i n g  1 .0  m l  of Et3N f o r  25 min a f f o r d e d  67.5% of t h e  methyl esters i d e n t i c a l  

w i th  that  ob ta ined  i n  (5). 
t r a n s  Dimethyl q l u t a c o n a t e  (10) - A s o l u t i o n  of 6-chloro-lmethylpyridin-2- 

(1H)-one ( 302 mg) in 300 m l  of methanol was i r r a d i a t e d  f o r  1 0  hr. A f t e r  column 

chromatography over  s i l i c a  g e l  w i th  CH2C12-hexane 1 1  v v  a s  a n  e l u e n t ,  86.0 mg 

(33.7% based on t h e  consumed2)  of trans dimethyl  g l u t a c o n a t e  (2) was ob ta ined  

added t o  70.0 mg of t h e  recovered  2. Mass m/e:  158 (M'). NMR (CDC13): 3.67 and 

3 .69  s ( each  3H, Cli3 X 2 ) ,  3.20 dd ( Z H ,  J=7.0,  1 .6  Hz, C g 2 ) ,  5.83 d t  ( l H ,  J=15.2,  

1.6 Hz) ,  6.91 d t  ( 1 H .  J=15.2, 7.0 Hz). The NMR spectrum of 10 was i d e n t i c a l  w i th  

tha t  of t h e  d i m e t h y l e s t e r  ob ta ined  from g l u t a c o n i c  a c i d  by t h e  u s u a l  

me thy la t ion  (CH2N2/ether). 

Methyla t ion  of t r a n s  4-Cyano-2-butenoic Acid ( t r ans -5c )  w i th  CH2E2- TO a 

s o l u t i o n  of trans-% 1101.4 mg) i n  7 m l  of e t h e r  was added a n  e x c e s s  o f  CH2N2 i n  

e t h e r .  A f t e r  5 m i n ,  t h e  s o l v e n t  was removed i n  vacuo, and t h e  r e s i d u e  was passed  

through a s h o r t  column of s i l i c a  g e l  wi th  CH2C12-hexane 1 v v  to g i v e  119.0 mg 

(96.6%) of methyl e s t e r s  (@-La, t r ans -42 ,  and trans-% i n  a r a t i o  of z. 3:4:5 

a s  judged f r a n  NMR spec t roscopy) .  

I somer i za t ion  of t r a n s  4-Cyano-2-butenoic Acid ( t r ans -5c )  t o  c i s  and t r a n s  4- 

Cyano-3-butenoic Acids  (4c )  in Methanol Conta in ing Tr ie thylamine  - To a s o l u t i o n  

of trans-% (10.0 mg) i n  2.0 m l  of methanol was added 0.1 m l  of Et3N. A f t e r  1 h r ,  

t h e  mix tu re  was concen t r a t ed  i n  vacuo. The NMR spectrum of t h e  r e s i d u e  i n  CDCl.,- 

CD30D ( 5 : l  v/v) showed t h a t  it was a mixture  o f  e- and trans-$ i n  z. 1:l r a t i o  

wi th  a t r a c e  amount of t h e  s t a r t i n g  m a t e r i a l  (trans-%). 
t r a n s  Glu tacon ic  Acid (A) - A s o l u t i o n  o f  27.5 mg of t h e  esters ob ta ined  i n  

1%) i n  3.0 m l  of 20% aq. H C 1  was r e f l u x e d  f o r  5 hr. A f t e r  evapora t ion  of t h e  

so lven t ,  t h e  r e s i d u e  was taken-up i n t o  CH2C12-methanol (95:5 v / v ) .  R e c r y s t a l l i -  

z a t i o n  of t h e  p roduc t  ob ta ined  a f t e r  evapora t ion  of t h e  s o l v e n t  from CHC13 gave 

t r a n s  g l u t a c o n i c  a c i d  (mp. 130-133'). I d e n t i t y  of t h e  p roduc t  w i th  a n  a u t h e n t i c  

sample was a s s u r e d  by t h e  mixed me l t ing  p o i n t  de t e rmina t ion  and from comparison o f  

t h e i r  NMR s p e c t r a  [ d  (CDC13-CD30D; 5 : l  V/V) : 3.21 dd ( Z H ,  J=7.0 ,  1 .6  Hz, C g 5 ) ,  

5.80 d t  ( l H ,  J=15.6, 1 .6  Hz) ,  6.93 d t  ( 1 H .  J=15.6, 7.0 Hz) I .  
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t rans-% was s t a b l e  i n  a c r y s t a l l i n e  s t a t e  o r  i n  CDC13,  t h e  i somer iza t ion  was 

deduced t o  occur v> t h e  ca rboxy la te  ion  de r ived  from & as an in t e rmed ia te .  

S ince  methyla t ion by diazomethane a l s o  invo lves  a ca rboxy la te  i o n  a s  an i n t e r -  

mediate,  format ions  of - c i s -  and trans-5 may be expla ined by assuming t h a t  

methyla t ion of trans-& v> t h e  ca rboxy la te  i o n  occurs  compe t i t ive ly  w i t h  t h e  

i somer iza t ion .  

11. While 6-bromo-2-pyridone (2) a f fo rded  most ly  i n t r a c t a b l e  t a r s  upon i r r a d i -  

a t i o n  i n  methanol, thel.same e s t e r s  (cis- and --a, and --a i n  E. 
5:5:4 r a t i o )  were obta ined i n  67.5% y i e l d  by i r r a d i a t i o n  i n  methanol conta in-  

ing  0.33% volume of Et,N. - 
12. Though it i s  obvious t h a t  t r i e thy lamine -ca ta lyzed  e l i m i n a t i o n  of H C 1  f r o m 1  is 

thermal i n  n a t u r e ,  it i s  no t  c l e a r  whether t h e  e l i m i n a t i o n  o f  H C 1  from Jt 
occurs  the rma l ly  o r  photochemically i n  t h e  photolyses  o f ?  i n  a n e u t r a l  

medium. 

13.  The p resen t  photochemical r e a c t i o n s  of 6-halo-2-pyridones (e .2. .  3) cor res -  

pond t o  t h e  r e v e r s a l  o f  thermal p r e p a r a t i o n  of 6-chloro-2-pyridones from 4- 

cyano-3-butenoic a c i d  ch lo r ide :  V. S. Simchen and G. Entenmann, Angew. Chem., 

1973, 85, 155. 

14. The pyridone (3 shows s t r o n g  maxima i n  i t s  UV spectrum: z:y nm ( l o g  & ) :  

220 (3 .78) ,  278 (3 .69) ,  305 s h  (3 .13) .  
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