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Abstract - Homolytic alkoxycarbonylatlon reactions wlth cyano- 

pyridines la. 2a, 3, alkyl pyridinecarboxylates IJ, Zb, 2, & 

and ethyl 4-pyridazinecarboxylate in presence of dichloro- 

methane were studied. It is demonstrated that under these condi- 

tions multiple subst~tution in general is suppressed markedly. 

Thus, this experimentally simple procedure represents an effici- 

ent and versatile method for single-step preparations of slkyl 

cyanopyridinecarboxylates a, &, e, =. Furtherrnore.it provi- 
des convenient a c c e s s  to so far not available mired esters s, 
G, a, z, 13, derived from 2,3-pyridine-, 2.4-pyridine-, 3.4-  

pyridine- and 4.5-pyridazinedicarbaxylic acid. 

Whereas the substitution of protonated "-deficient N-heteroaromatic bases by nu- 

cleophilic carbon centered radicals3 is now a well established method for the in- 

troduction of a wlde variety of carbon side chains into positions of heteroaromatic 

systems whlch are not susceptible for electraphillc attack, homolytic alkoxycarbon- 

ylation until recently was considered a relatively unimportant branch of Minisci- 

type  reaction^.^ This lack of Interest mainly w a s  due to the fact that the acriva- 

tion of the heteroarene caused by the first alkoxycarbonyl group introduced in 

general favours the formation of polysubstitutian products if the heteroaromatic 

substrate has more rhan one ring-carbon atom attackable by a nucleophilic radical. 

Since it was thought that multiple substitution can be suppressed only with ac- 

ceptance of low conversion ratess5 the preparative value of 'Minlsci-type reactions 

with regard to the introduction of a single carboxylic acid ester function appeared 



to be rather llmited. Our recent success in high-yield single-step preparations of 

alkyl 5-alky1-4-pyridazine~arboxylates,~ of ethyl 2-pyrazinecarboxylate,1 and of 

ethyl 4-methyl-2-pyr~dinecarbooylate~ achieved by performing radicalic alkoxy- 

carbonylation in a two-phase system, now stimulated investigations aimed at the 

development of facile syntheses of n-def~cient N-heteroaromatics bearing two dif- 

ferent carbonylic functional groups (e.g. COOR and CN or COOR and COOR').' Only 

a feu compounds of this type. which are anticipated to be versatile synthetic 

building blocks so far were accessible ( s e e  below). 

RESULTS AND DISCUSSION 

A representative series of functional derivatives of N-heteroarornat~c monocarbox- 

yllc acids [i.e. cyanopyridines la, &, 2, alkyl pyridinecarboxylates G,  z, 2, 
3 c  and ethyl 4-pyr~dazinecarbox~late (91 was selected for the present study. These - 
compounds were reacted with ethoxycarbonyl or methoxycarbonyl radicals. Generation 

of radicals was accornpllshed by redox decomposition of oxyhydroperoxides of alkyl 

pyruvates, according to a reported p r ~ c e d u r e . ~  

The results obta~ned under different reaction conditions [varying (a) base:per- 

o n ~ d e  ratios and (b) amounts of dichloromethane added to the reaction mixture] are 

collected in Tables I - D l .  Preliminary experiments, carried out in the presence 

of diethyl ether, toluene or dichloromethane, indicated the latter to be most suit- 

able to protect the in~tlally formed monosubs&itution products from further radl- 

calic attack. Unless otherwise noted, the yields given in Tables I - DT were de- 

termined by glc-analyses: for yields of isolated target compounds, obtained in ana- 

lytically pure form by medium-pressure llquid chromatography, see experimental sec- 

tion. Structure proof of the novel functional derivatives of pyridine and pyridaz- 

inedicarboxylic aclds rests on ir and '~-nmr data as well as on elemental analyses 

and ms molecular weight determinations. 
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Syntheses of Alkyl Cyano~yridinemonocarboxylates. Among the procedures so far pro- 

posed for the synthesis of ethyl c y a n o p y r i d i n e c a r b o x y l ~ t e s , ~  there i s  no method of 

general applicability permitting single-step preparations starting with comrnercial- 

ly available materials. Most of these syntheses additionally suffer from low 

yields. On the other hand, the results obtained in attempts to introduce a single 

carboxylic acid ester function into cyanopyridines a, under conditions usually 

applied in Minisci-type reactions (i.e. ID the absence of an organic layer) expect- 

edly turned out to be rather disappointing (compare Table 1). However, by perform- 

ing the reactions of 3-cyanopyridine (&) and 4-cyanopyridine (&) in the presence 

of dichloromethane we succeeded in a significant suppression of multiple substitu- 

tion, e v e n  if an e x c e s s  of radicals, sufficient for high conversions, was applied. 

Thus. by chooslng appropriate base:peroxide ratios and amounts of dichloramethane 

added, thls simple method p e r m t s  conven~ent access  to ethyl cyanopyridinecarboxyl- 

ates h, &, 9a. *. 
Ethyl 4-cyano-2-pyridinecarboxylate can be prepared in >80% yield by reacting 

3a with a tenfold amount of ethoxycarbonyl radicals in the presence of 150ml of di- - 
chloromethane.' Due to three different carbon atoms of low electron density being 

present in compound &, in this case a mixture of three cyanopyridinemonacarboxylic 

acid esters i s  obtained, the y-ethoxycarbonyl substituted compound (&) being pre- 



dominant. Nevertheless, the homolytic alkoxycarbonyletion of in the presence of 

30.1 of dichloromethane, employing a base:peroxlde ratlo of 1:3, appears to be su- 

perior to methods previously used for preparing compoc~nds db and 9aacsd and to be 

useful for the synthesis of the new compound *, since these isomers can be sepa- 
rated easily by means of medium-pressure liquid chromatography. 

In contrast to the findings with & and a, multiple substitution of 2-cyanopyr- 
idine takes place only to a minor degree, even under standard conditions of 

Minlscl-type alkoxycarbonylations (compare Table 1). The moderate yields of cyano- 

pyridinecarboxylic acid esters & and 6 in this case are caused by a low conversion 

r a t e  (64%). Although it turned out that the conversion rate can not be increased 

either by raising the amount of radicals or by performing the reaction in the pre- 

sence of an organic layer, homolytic etho~ycarbon~lation of seems to be advan- 

tageous to the procedure formerly used for the preparation of ethyl 2-cyano-4-pyr- 

idinecarboxylate (2). 8a 

TABLE I: Product Distribution in Etho~~carbonylation React~ons of Cyanopyridines 

iact 1 mole ratio % 
mversion 
rate 

- 
64 

52 

33 

0 

98 

99 

90 

98 
- 

19 

76 

94 

51 

100 

Products ( %  yield)= 

monosubstitution I polysnbstit~tion unidentified 

oroducts ~roducts products I 

a) Based an starting heteroaromatic substrate, determined by glc analisis; b) compare ref. 88: 

c) compare ref. 7 ;  d) compare ref. 8b; e)  compare refs. 8c.d; f) also compare ref. 5; g) since we 

did not succeed in complete separation of the compounds by means of glc, individual yields could 
1 not be determined; h) yields determined by means of H-nmr spectroscopy. 

- 7 3 4  - 
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To o u r  k n o w l e d g e ,  t h e  cyanoPYridinedicarboxy1ates a l s o  o b t a i n e d  i n  t h e s e  re-  

a c t i o n s  h a v e  n o t  b e e n  d e s c r i b e d  y e t .  L i k e  w i t h  t h e  new e t h y l  c y a n o p y r i d i n e m o n o -  

c a r b o x y l a t e s  6, &, fi, a l s o  i n  t h e  c a s e  o f  c o m p o u n d s  2. l l b ,  l l d ,  I l e ,  l l f  

'a-nrnr s p e c t r o s c o p i c  d a t a  p e r m i t  o n e  t o  d e t e r m i n e  u n e q u i v o c a l l y  t h e  r i n g  p o s i t i o n s  

w h i c h  are o c c u p i e d  by t h e  e t h o x y c a r b o n y l  s u b s t i t u e n t s .  

COOEt 

COOEt 

COOEt 1: 
R2 - 
CN 

CN 

CN 

COOEt 

H 

H 

R3 

COOEt 

H  

CcQEt 

CN 

CN 

CN 

COOEt -T: CWEt H  

COOEt 

I n  c a s e  of t h e  d i e t h y l  cyanopyridinedicarbonylare, mp 1 0 7 -  1 0 8 ' C ,  o b t a i n e d  i n  o p  t o  

3 0 %  y i e l d  f r o m  3, i t  i s  n o t  p o s s i b l e  t o  d i s t i n g u i s h  b e t w e e n  t h e  isomeric s t r u c -  

t u r e s  t o  b e  t a k e n  i n t o  c o n s i d e r a t i o n  by means o f  l ~ - n m r  s p e c t r o s c o p y .  H o w e v e r ,  

s t r u c t u r e  p r o o f  o f  c o m p o u n d  & e a s i l y  c o u l d  b e  a c c o m p l i s h e d  by e t h o x y c a r b o n y l a t i o n  

e x p e r i m e n t s  s t a r t i n g  w i t h  t h e  mono- 

e t h o x y c a r b a n y l a t e d  c y a n o p y r i d i n e s  

2, - 8a a n d  f o l l o w e d  by c o m p a r ~ s o n  

of t h e  g l c  r e t e n t i o n  b e h a v l o u r  o f  t h e  

p r o d u c t s  f o r m e d  w l t h  t h e  r e t e n t i o n  

b e h a v i o u r  o f  t h e  l s o l a t e d  c o m p o u n d s  

m e n t i o n e d  a b o v e  ( c o m p a r e  Scheme 1 ) .  

T h e s e  e x p e r i m e n t s  p r o v i d e  f u r t h e r  
I l b  - - 11a - l l c  

evidence f o r  t h e  s t r u c t u r e s  a s s i g n e d  

SCHEME I t o  c o m p o u n d s  & a n d  c. 

S y n t h e s e s  o f  M i x e d  E s t e r s  D e r i v e d  f r o m  P y r l d i n e -  and P v r i d a z i n e d i c a r b o n v l i c  A c i d s .  

T h e s e  e n c o u r a g i n g  r e s u l t s  o b t a i n e d  i n  t w o - p h a s e  s y s t e m  e t h o x y c a r b o n y l a t i o n s  o f  c y -  

a n o p y r i d i n e s  p r o m p t e d  u s  t o  a p p l y  t h i s  m e t h o d  a l s o  in r e a c t i o n s  w i t h  a l k y l  p y r i d -  

i n e m o n o c a r b o x y l a t e s  b, 2, & ( c o m p a r e  T a b l e  U ) , i n  t h e  h o p e  o f  f i n d i n g  c o n v e n i -  

e n t  a c c e s s  t o  s o  f a r  n o t  k n o w n  m i x e d  e s t e r s  d e r i v e d  f r o m  p y r i d i n e d l c a r h o x y l i c  

a c i d s .  I n d e e d ,  t h i s  experimentally s i m p l e  p r o c e d u r e  a f f o r d s  m e t h o x y c a r b o n y l - e t h o x Y -  

c a r b o n y l p y r i d i n e s  2, a, e, s, aas t h e  m a i n  p r o d u c t s ,  c h r o m a t o g r a p h i c a l l y  easi- 



ly Separable from polysubstitution products formed only to a minor degree. 

Mired esters derived from pyridine-2.4-dicarboxylic acids are best prepared by re- 

acrlng an slkyl 4-pyridlnecarboxylate with an e x c e s s  of alkoxycarbonyl radicals in 

the presence of a large amount of dichloromethane. Again, the yields in this case 

=re particularly hlgh (86% 2, starting with &: 81% E, starting with 2). Homo- 

lyric alkoxycarbonylation of an alkyl 2-pyrldinecarboxylate is much less suitable 

for preparing compounds of type 2 or a, since, due to one o and one y position 

being free, more complex product mixtures are formed. Additionally, as shown from 

expermenis employing 2 (compare table lI),the c o n v e r s ~ o n  rates of alkyl 2-pyrid- 

inecaiboxylates in general are disappointing. 9 

TABLE ]I: Product Distributions in Alkoxycarbonylation Reactions 

of Alkyl Pyridinecarbaxylates 

mole ratio 1 % I Products ( %  yield)' 
8ase:peroxide conversmn monosubstitution polysnbstitution 

a$12 ( rat@ I products I products 
added) 

a) Based on startmg heteroaromatic substrate, determined by glc analysis. 

 he 6 carbon atoms in a 4-pyridinecarboxylic acid ester expectedly are attacked by 

alkoxycarbonyl radicals only to a minor degree (compare reactions of 2 with COOEt 

radicals, Table II).Houever, mixed esters derived from 3.4-pyridinedicarboxylic 
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a c i d s  e a s i l y  c a n  b e  o b t a i n e d  f r o m  a 3 - p y r i d i n e c a r b o x y l i c  a c i d  e s t e r .  T h u s ,  e x p e r = -  

m e n t s  s t a r t i n g  w i t h  r e s u l t e d  i n  u p  t o  38% y i e l d  o f  e. By means o f  m e d i u m - p r e s -  

s u r e  l i q u i d  c h r o m a t o g r a p h y  a l s o  t h e  m i x e d  e s t e r  d e r i v e d  f r o m  2 , 3 - p y r i d i n e d i c e r b -  

o x y l i c  a c i d  c o u l d  b e  i s o l a t e d  f rom t h e  r e a c t i o n  m i x t u r e  i n  a n a l y t i c a l l y  p u r e  f o r m .  

A t t e m p t s  t o  o b t a i n  t h e  t h i r d  i s o m e r  u n c o n t a m i n a t e d  by 2, f a i l e d .  

R 4 ~ : :  0 gE COOEt 

R' . COOEt 

H H 

COOEt H 

H H 

T h e  s u b s t i t u t i o n  p a t t e r n s  i n  t h e  n o v e l  p y r i d i n e d ~ c a r b o x y l i c  a c i d  e s t e r s  a, z, a, 
9 b ,  as  w e l l  as i n  t h e  p y r i d i n e t r i c a r b o x y l i c  a c i d  e s t e r s  12a-e l ~ n a m b i g o u s l y  - 
c o u l d  b e  d e t e r m i n e d  o n  b a s i s  o f  ' ~ - n m r  c h e m i c a l  s h i f t s ,  s l g n a l  m u l t i p l i c i t i e s  a n d  

c o u p l i n g  c o n s t a n t s ,  d e s p i t e  t h e  f a c t  t h a t  o n l y  two o f  t h e  t r i s u b s t i t u t e d  c o m p o u n d s ,  

n a m e l y  a n d  a, w e r e  i s o l a t e d  i n  p u r e  f o r m .  S i n c e  t h e r e  is  no o v e r l a p p i n g  o f  

t h e  p y r i d i n e  p r o t o n  s i g n a l s  i n  t h e  s p e c t r u m  o f  a m i x t u r e  o f  a n d  z, t h e  s t r u c -  

t u r e  o f  c o m p o u n d  u n e q u i v o c a l l y  can  b e  d e d u c e d .  T h e  c h e m i c a l  s h i f t s  o f  t h e  p r o -  

t o n s  a t  C-3 a n d  C-6 i n  c o m p o u n d  126 c o m p l e t e l y  c o r r e s p o n d  w i t h  t h e  6 - v a l u e s  o b -  

s e r v e d  w i t h  t h e  t w o  s i n g l e t s  of a r o m a t i c  p r o t o n s  a p p e a r i n g  i n  t h e  s p e c t r u m  o f  

c o m p o u n d  2, t h u s  p e r m i t t i n g  s t r u c t u r e  a s s i g n m e n t  a l s o  o f  t h e  l a t t e r  c o m p o u n d .  

F r o m  t h e  r e s u l t s ,  d i s p l a y e d  in T a b l e  EI i t  b e c o m e s  e v i d e n t ,  h o m o l y t i c  a l k o x y c a r b o n -  

y l a t i o n  r e a c t i o n s  p e r f o r m e d  i n  a t w o - p h a s e  s y s t e m  t o  b e  o f  h i g h  u t i l i t y  a l s o  i n  t h e  

s y n t h e s i s  of p y r i d s z i n e s  b e a r i n g  t w o  d i f f e r e n t  a l k o r y c a r b o n y l  g r o u p s  a t  C-4 a n d  

C-5. S t a r t i n g  w i t h  e t h y l  4 - p y r i d a z i n e c a r b o x y l a t e  ( A ) ,  h o m o l y t i c  m e t h o x y c a r b o n y l a t 1 -  

a n  p e r m i t s  t h e  s i n g l e - s t e p  p r e p a r a t i o n  of t h e  mixed e s t e r  2 i n  h i g h  y i e l d .  I t  

s h o u l d  oe m e n t i o n e d  t h a t  t h e  o r i e n t a t i o n  

COOEt o f  r a d i c a l ~ c  a t t a c k  a t  p y r i d a z i n e a n d  d e -  

MeOOC 6 r i v a t i v e s  t h e r e o f  i n  M i n i s c i - t y p e  r e a c t i -  

o n s  s i g n i f i c a n t l y  d i f f e r s  f r o m  t h a t  a b -  

s e r v e d  w i t h  o t h e r  n - d e f i c i e n t  N - h e t e r o -  
13 

e r o m a t i c  s y s t e m s .  
10 



TABLE III: Product Distributions in Methoxycarbonylation Reactions 

of Ethyl 4-Pyridazinecarboxylate 

Educt I mole ratio 1 X 1 Products ( %  yield)a 
base:perox~de conversion 

(lho') (ml C H ~ C ~ ~  rate - 13 unidentified 
products 

added) 

I 

a) Based on starting 4, determmed by glc analysis. 

CONCLUSIONS 

We have demonstrated that multiple substitution being the main reason for restrlc- 

ted synthetic utility of Minlsci-type alkoxycarbonylatlons s ~ m p l y  can be avoided 

even  in those c a s e s ,  where a large e x c e s s  of radlcals is required in order to ob- , 

tain high conversion rates, by performing these reactions in the presence of di- 

chloromethane. The regioselective introduction of a single alkoxycarbonyl group 

into pyridine- and pyridarinemonocarboxylic acid esters, thus achieved, represents 

an experimentally simple procedure for the synthesis of mixed esters derived from 

2.3-pyridine-, 2.4-pyridine-, 3.4-pyridine- and 4,5-pyridazinedicarboxylic acid. 

Since the alkyl group in the starting heteroaromatlc carboxylic acid ester as  well 

as i n  the pyruvlc acid ester (which is source for alkoxycarbonyl radicals) i s  vari- 

able w i t h ~ n  a wide range, this convenient method can be anticipated to provide ac- 

c e s s  to bisalkoxycarbonyl substituted N-heteroaromstics characterized by ester 

functions of markedly different reactivity. One might expect compounds of this type 

to be useful synthetic tools. Furthermore, again starting with commercially avail- 

able materials, this method ~ e r m i t s  facile syntheses of alkyl 2-cyano-4-pyridine-, 

alkyl 3-cyano-2-pyridine-, alkyl 3-cyano-4-pyridine-, alkyl 5-cyano-2-pyrldine- and 

alkyl 4-cyano-2-pyr~dinecarboxylates, thus being highly advantageous to so far 

existlng cumbersome multi-step procedures. 
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EXPERIMENTAL 

Melting points were determined with a Kofler apparatus and are uncorrected. Infra- 

Ir red spectra were recorded with a Jasco IRA-1 spectrometer (XBr disks, v in cm-I). 

'~-nrn~ spectra were recorded with a Varian EM 390 (90MHz), using CDCl a s  solvent; 3 
chemical shlfts ( 3  in Hz) are reported in ppm downfield from internal TMS. Mass 

spectra, obtained on a Varian MAT CH-7, were carried out by Dr. Nikliorov at the 

"Institut fur Organische Chemle", University of Vienna. Microanalyses w e r e  perfor- 

med by Dr. Zak, "Institut fiir Physikalische Chem~e". Glc analyses were carried out 

vith an Erba Fractovap 2351 AC, using a 25m x 0.22mm OV 17 WCOT-FS (for reaction 

mixtures obtained from la, 2. A) and a 25m x 0.22mm SE 30 WCOT-FS (for reaction 

mixtures obtained from Q, G, 2, &, 5 ) .  respectively: N2, FID. Medium-pressure 

liquid chromatography (mplc) was carried out in Lobare glass columns, filled with 

silica gel LiChroprepo Si 60, 40-63um (Merck), flow rate 4-6mlIrnin. Preparative 

thin-layer chromatography (prep. tlc) was carried out on sillca gel 60 F254 (Merck). 

4 was prepared according to a reported pro~edure.'~ All other materials were com- - 
marcial products and were reacted without further purification. 

All reactions were carried out following the general procedure. Base:peronide ratl- 

0 s  and amounts of CH2C12 to be added for optimal syntheses of the target compounds 

can be taken from tables I - m .  

General Procedure for the Reactions of Cyanapyridines, Alkyl Pyridinecarbonylates 

and Ethyl 4-Pyridazinecarboxylate with Alkonycarbanyl Radicals 

[Base:peronide ratio = 1:3 (or l:10)] 

3.4gof (30mmo1)30% H 0 [or 11.3g (lOOmmol)] was added with stirring to 45rnmol (or 
2 2 

150mmol)ofalkylpyruvate at-10 -OeC. Thls solution was then added with stirring 

and cooling ( - 5 -  0°C) to a mixture of the heteroarene (10mmol). 3g of c0nc.H SO 
2 4' 

8g of H20. 8.38 (30rnrnol) [or 28.08 (lOOmmol)] of FeS0,.7H20 and CH2C12. After further 

stirring for 15min,the resultzng mixture was poured into ice water and the aqueous 

phase was exhaustively extracted vith CH2C12. After drylng the combined organic 

layers over anhydrous Na2S04, the solvent and e x c e s s  alkyl pyruvate were lemoved 

in vacuo. 

Ethyl Cyanopyridinemonocarboxylates andDialkylPyrldine-and Pyridazinedicarboxylates: 

Ethyl 2 - C y a n o - 4 - p y r ~ d i n e c a r b ~ x y l ~  Separation by mplc (dichloromethanei 

ethyl acetate 18/1), analytic sample by recrystallisation from dlethyl ether, 

yleld:528mg (30%) of colourless crystals, mp 44 - 45OC (ref.8a: 44 - 45-C). 



Ir 2250 (vCEN), 1730 ( v ~ = ~ ) ;  nmr 9.03 (d, 5.5, 1H, H-6), 8.38 (d, J=2, lH, H-3). 

8.23 (dd, 5=5, J=2, lH, H-5), 4.54 (q, J=7, 2H, CH2), 1.47 (t, 5-7, 3H, CH3). 

Ethyl 6-Cyano-2-pyridinecarboxylate (6). Separation by mplc (dichloromethane/ethyl 

acetate 18/1), analytic sample by recrystall~satlon from diethyl ether, yield: 

193mg (11%) of colourless crystals.mpc3O0C. Ms M+ at m / z  176, major peaks at 131, 

104 (loo%), 103, 76, 51, 50: ir 2255 (vCEN), 1732 (vCxO): nmr 8.59-7.70 (m, 3H, 

H-3, 8-4, H-5), 4.45 ( q ,  J=7, ZH, CH2),1.41 (t, J=7, 3H, CH3); Anal. calcd. for 

C9H8N202: C, 61.36: H, 4.58; N, 15.90. Found: C, 61.33: H, 4.65: N, 16.01. 

Ethyl 3-Cyano-2-pyridinecarboxylate (A). Separation and analytic sample by mplc 

(dichloromethane/ethyl acetate 5/1), yield: 366mg (21%) of pale yellow crystals, 

mp 85 - 89°C. Ms M' at m / r  176, major peaks at 131, 104 (LOOX), 103, 77, 76: 

7 ir 2240 ( v ~ _ ~ ) ,  1733 (vC,O). For nmr data cf. ref. . 
Ethyl 3-Cyano-4-pyridinecarboxylate (&).8b Separation and analytic sample by mplc 

(dichloromethane/ethyl acetate 5/1), yield: 580mg (33%) of colourless crystals, 

mp 64'C (ref.8a mp 64-12), Nmr 9.12 ( s ,  lH, H-2). 9.03 (d, 5=6, lH, H-6), 8.03 (d, 

5=6, 1H, H-5), 4.51 (q, 5=7, 2H, CH2), 1.48 (t, 5-7, 3H, CH3). 

Ethyl 5-Cyano-2-pyridinecarboxylate Separation and analytic sample by mplc 

(dichloromethane/ethyl acetate 5/1), yield: 394mg (22%) of colourless crystals, 

mp 70 - 73°C (ref.8c mp 73 - 74'C). 

Ethyl 4-Cyano-2-pyrldinec~rboxylate (m).7 Spontaneously crystallizing colourless 

needles, yield: 1400mg (81%). 

2 - E t h o x y c a r b o n y l - 4 - m e t h ~ x y ~ a r b ~ n y l p y r i d i n e  (5b). [From reactions starting with E: 
Separation by prep. tlc (dichloromethane/acetone 10/1)]. From reaction starting 

wlth k: Spontaneously crystallleing colourless crystals, yield: 1730mg (83%), 

mp 48 - 54°C. Ms M+ at m/z 209, major peak at 137 (100%): ir 1738 ( v ~ = ~ ) ;  nmr 

9.00 (d, J=6, IH, H-6), 8.72 (d, Js2, 1H, H-3), 8.09 (dd, J=6, J=2, lH, H-5). 4.55 

( q ,  J=7, 2H, CH2-CH3), 4.03 ( s ,  3H, CH3), 1.47 (t, J=7, 3H, CH2-Z3): Enact mass 

calcd. for C10H11N04: 209.068(81). Found: 209.067(5) +0.001. 

3 - E t h o x y c a r b o n y l - 2 - m e t h o x y c a r h ~ n y l ~ ~ r i d i  (B). Separation by mplc (dichloro- 

methane/ethyl acetate 5/1), analytic sample by subsequent mplc [diethyl ether/light 

petroleum (bp 50-7O0C)10/1], yield: 522mg (25%) of a pale yellow oil. Ms M' at m/z 

209. major peaks at 150, 107, 106, 79 (loo%), 78; ir 1725, 1743 ( v ~ = ~ ) :  m r  8.90- 

8.77 ( m ,  lH, H-6), 8.36-8.19 ( m ,  lH, H-4). 7.68-7.43 (m, lH, H-5), 4.42 (q, J=7, 
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ZH, CH2-CH3), 4.04 ( s .  3H, CH3), 1.40 (t, 5-7, 3H. CH2-CH3); Exact mass ~alcd. 

for C10H11N04: 209.068(81). Found: 209.067(3) +0.001, 

3 - E t h o x y c a r b o n y l - 4 - m e t h ~ ~ y ~ a a b o n y l p y r ~ d i n e  (&). [ ~ r o m  reactions starting wlth x: 
Separation by prep. tlc (dichloromethanelethyl acetate 10/1)]. From reaction start- 

ing with 2: Separation and analytic sample by mplc (dichloromethanelethyl acetate 

5 1  yield: 627mg (30%) of a pale yellow oil. Ms M+ at m/z 209, major peaks at 

165, 164 (100%). 150, 137, 78; Ir 1738 (vC=O): nmr 9.13 ( s ,  lH, H-2). 8.88 (d, J=6, 

lH, H-61, 7.52 (d, J=6, lH, H-51, 4.41 (q, J=7, ZH, Z2-CH3), 3.88 ( s ,  3H, CH3), , 

1.41 (t. J=7, 3Hs CH2-CJ3): Exact mass calcd. for C10H11N04: 209.068(81). Found: 

209.067(7) +0.001. 

5-Ethoxycarbonyl-2-methoxycarbonylpyridi (e). Separation by mplc (dichloro- 

methanelethyl acetate 511). yxeld: 208mg of a 3:2 mixture of ?b and 2. Nmr (be- 

sides slgnals of D) 9.31 (d, J=3, lH, H-6), 8.53-8.38 ( m ,  lH, H-4), 8.34-8.10 (m, 

lH, H-3, overlapping with H-4 of z ) ,  4.60-4.23 ( m .  ZH, CH2-CH3. overlapping with 

CH2-CH3 of z ) ,  4.02 ( s ,  3H. CH3), 1.53-1.24 ( m ,  3H, CH2-m3, overlapping with - 

CH2-CH3 of 2). 

4 - E t h o x y c a r b o n y l - 2 - m e t h o x y c ~ r b o n y l p y r i d i  (m). Separation by mplc (dichloro- 
methanelethyl acetate ill), analytic sample by recrystallisation from d ~ethyl 

ether, yield: 1580mg (76%) of colourless crystals, mp 39 - 43-C. Ms Mt at mlz 

209, major peaks at 151 (loo%), 123: ir 1725, 1735 ( v ~ = ~ ) ;  n m r  9.00 (d, J=6, lH, 

H-61, 8.71 (d, J=2, lH, H-3), 8.11 (dd, J=6, J=2, lH, H-5), 4.48 (q, 2H, J=7, 

m2-CH3), 4.08 ( s ,  3H, CH3), 1.44 (t, J=7, 3H, CH2-CH3); Anal. calcd. for C H NO . 10 11 4' 

C, 57.41: H, 5.29; N, 6.69. Found: C, 57.33; H, 5.32: N, 6.51. 

4 - E t h ~ x y c a r b o n ~ l - 5 - m e t h o x y c a r b ~ n y l p y r i d a i  (13). Separation and analytic sample 

by mplc (dichloromethanelethyl acetate 5/1), yield: 1550mg (74%) of a pale yellow 

oil. M s  M+ at mlz 210 (loo%), major peaks at 165, 151, 138, 59, 51, 50; ir 1725, 

1740 nmr 9.57 ( s ,  2H, H-3, H-6), 4.47 (q. J=7, 2H. m2-CH3), 4.00 ( s ,  3H. 

CH3), 1.41 (t, 5.7, 3H, CH2-U3); Exact mass cslcd.for C9H10N204: 210.064(06); 

Found: 210.064(3) +0.001. 

Diethyl C y a n o p y r ~ d i n e d i c a r b o x y l a t e s  and Trialkyl P y r ~ d i n e t r i c a r b o n y l a t e s :  

Diethyl 3-Cyano-2,4-pyridined1carboxylate (la). Separation and analytic sample by 

mplc (dichloromethanelethyl acetate 5/1), yield: 322mg (13%) of colourless crystals, 

mp 46 - 47'C. Ms M+ at mlz 248, major peaks at 203, 176 (loo%), 148, 105, 103, 76; 



ir 1743 (Y~.~); n m r  9.02 (d, J=5, lH, H-6), 8.07 (d, J=5, lH, H-5), 4.73-4.39 (m, 

4H, 2x CH2-CH3), 1.61-1.33 (m, 6H,ZxCH -CH ) ;  Anal. calcd. for C12H12N204: C. 
2 -3 

58.06; H, 4.87; N, 11.28; Found: C, 58.12; H, 4.88; N, 11.15. 

Diethyl 3-Cyano-Z,6-~yr1dinedicarbaxylate (m). Separat~on and analytic sample by 
mplc (dichloromethane/ethyl acetate 5/11, yield: 99mg (4%) of colourless crystals, 

mp 113 - 115'C. Ms M+ at m/z 248, major peaks at 204, 176 (100%). 148, 130, 104, 

102, 76; ir 2250 (vCzN), 1743, 1723 (v~,~); nmr 8.41-8.27 (m, ZH! H-4, H-5), 4.74- 

4.39 ( m ,  4H, 2n E2-CH3), 1.64-1.31 (m, 6H, 2x CH2-E3); Anal. calcd. for 

C12H12N204: C, 58.06; H ,  4.87;,N, 11.28. Found: C, 58.00; H, 4.92; N, 11.16. 

Dlethyl 5-Cyano-2,4-pyridinedicarboxylate (a). Separation by mplc (dlchloro- 

methanelethyl acetate 5/1), analytlc sample by recrystalllsation from diisopropyl 

ether, yield: 669mg (27%) of colourless crystals, mp 107 - 108'C.M~ M' at m/z  

248, maJor peaks at 176 (loo%), 148, 103; ir 2245 (vCEN), 1737 (v~,~); nmr 9.21 

s ,  lH, H-6), 8.76 ( s ,  lH, H-31, 4.73-4.40 ( m ,  4H, 2x CH2-CH3), 1.63-1.32 ( m ,  6H, 

2x CH2-CH3); Anal. calcd.for C12H12N204: C, 58.06; H, 4.87; N, 11.28. Found: C, 

58.13; H, 4.90; N, 11.37. 

Diethyl 4-Cyano-2,3-pyridlnedicarboxyl~te (G). Separation and analytic sample by 

mplc (dichloromethane/ethyl acetate Ell), yield: 95mg (4%) of a yellow ail. Ms M' 

at m l r  248, major peaks at 175, 131, 104 (100%). 103; ir 2245 (vCEN), 1735, 1728 

(vC=,); nmr 8.99 (d, J=5, lH, H-6), 7.80 (d, J=5, lH, H-5). 4.70-4.36 (m, 4H, 2x 

CH2-CH3), 1.59-1.30 ( m ,  6H, 2x CH2-m3); Exact mass calcd. for C12H12N204: - 

248.079(7). Found: 248.078(9) +0.0012. 

Diethyl 4-Cyano-2,s-pyridinedicarboxylate (u). Separation by mplc (dichloro- 

methane/ethyl acetate 8/1), recrystallisation from diisopropyl ether yields 513mg 

of a 9:l mixture of and ilf a s  colourless needles. Ir 1718, 1708 (vC=O); nmr 

(besides signals of if) 9.50 ( s ,  1H. H-6), 8.49 (s, lH, H-3). 4.73-4.40 ( m ,  4H, 

2 x  G2-CH3), 1.64-1.33 ( m ,  6H, 2n CH -CH ). Anal. calcd. for C12H12N204: C, 58.06; 2 -3 

H, 4.87; N, 11.28. Found: C, 58.01; H, 4.87; N ,  11.37. 

Diethy1 4-Cyan0-2,6-~~ridinedicarboxylate (Ilf). Separation by mplc (dichloro- 

methanelethyl acetate 811), analytic s y p l e  by recrystallisatlon from diethyl 

ether, yield: 124% (5%) of colourless needles, mp64-C (sinters). Ms M+ at 

m/z 248, major peaks at 176 (loo%), 148, 130; I r  1705 (vCX0); nmr 8.50 ( s ,  2H, H-3, 

H-5), 4.52 ( q ,  5.7, 4H, 2x m2-CH3), 1.47 (t, J=7, 6H, 2x CH -CH ) Anal. calcd. 
2 -3 

for C12H12N204: C, 58.06; H, 4.87; N ,  11.28. F O U ~ ~ :  C, 57.99; H, 4.77; N, 11.42. 
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3-Ethyl 2.4-Dimethyl 2.3.4-Pyr~dinetricarboxylate (=). Separation by mplc (di- 

chloromethane/ethyl acetate 5/1), yield: 103mg of a 3:7 mixture of and as 

a yellow oil. Nrnr (besides signals of 3) 8.90 (d, J=6, IH, H-6, overlapping wlth 

H-6 of &), 8.00 (d, J=6, 1H, H-5), 4.41 (q, J=7, 2H, CH2-CH3, overlapping with 

CH2-CH3 of a), 4.01 ( s ,  3H, CH3). 3.90 ( s .  3H, CH3, overlapping with CH3 of &), - 

1.41 (t, 5.7, 3H, CH2-m3, overlapping with CH2-g3 of a). 
5-E t h o x y c a r b o n y l - 2 , 4 - d i ~ e t h h h y ~ ~ r b 0 n y l p y r i d i n e  (e). Separation by mplc (di- 

chloromethane/ethyl acetate 5/1), yield: 480rng (18%) of a pale yellow oil. Ms M' 

at m/z 267, major peaks at 222, 209 (100%). 151; I r  1740, 1730 ( v ~ = ~ ) :  n m r  9.16 

( s ,  lH, H-6), 8.37 ( s ,  1H, H-31, 4.44 (q, J=7, 2H, m2-CH3), 4.06 ( s ,  3H, CH3), 

3.98 ( s ,  3H, CH3), 1.40 (t, 5.7, 3H, CH2-m3). 

2 , 3 - D i e t h o n y c a r b o n y l - 4 - m e t h o x y c a r h o n y l p y i d  (12~). Separatlon by prep. tlc 

(dichloromethanelacetone 10/1), yield: 126mg of a 1:3 mixture of & and a as a 
pale yellow oil. Nrnr (besides signals of 5b) 8.90 (d. J=6, lH, H-6, overlapping 

with H-6 of 3). 8.00 (d, J.6, lH, H-5, overlapping with H-5 of 5 b ) ,  4.70-4.38 

( m ,  4H, 2x E2-CH3, overlapping with CH2-CH3 of E), 3.98 ( s ,  3H, CH3), 1.56-1.31 

( m ,  6H, 2x CH2-m3, overlapping with CH2-m3 of Z). 

2 , 5 - D i e t h o ~ y c a r b o n ~ l - 4 - m e t h ~ x y ~ a ~ b o n y l p y r i d i n e  (126). Separation by prep. tlc 

(d~chloromethane/acetone 1011). yield: 98mg of a 2:1 mixture of 126 and & a s  8 

pale yellow oil. Nrnr (besides signals of &) 9.19 ( s ,  lH, H-6). 8.34 ( s ,  lH, H-3), 

4.52 (q, J=7, 4H, Z x  m2-CH3, overlapping with CH2-CH3 of B), 3.96 ( s ,  3H, CH3), 

1.45 (t, J=7, 6H, 2x CH2-CH3, overlapping w ~ t h  CH2-CH3 of &). 

2 , 6 - D i e t h o x y c a r b o n y l - 4 - m e t h o x y ~ ~ r b o n y l p y d i e  (=I .  Separation by prep. tlc 

(dichloromethanelacetone loll), yield: 140mg (5%) of colourless crystals, 

mp 48'C (sinters). Ms M+ at mlz 281, major peaks at 237, 209 (loo%), 163; ir 1738 

u ) ;  nmr 8.79 ( s ,  2H, H-3, H-5), 4.52 (q, J=7, 4H, 2x C&-CH-,), 4.03 (s, 3H, 

CH3), 1.48 (t, J=7, 6H, 2x CH2-a3). 
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