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Smmwwy : The ti t,le compounds were obtAined from reaction of variously 
subs t, i tu t,wj 2 ( 1 H ) pyrax i nones with acetylerlic derivatives. Experimental evidence 

pints out to a two step mechanism : a Diela Alder cycloaddition followed by immediate 

decomposition of the adducts int.o t-he title prurlucLs via two competitive retro Diels 

Alder reactions. The product. distribution, which is shown t,o be highly dependent on 

the substitution pattern of the reactants, is accounted for by a simple FM0 model. 

In a previous paper1 we reported briefly I.he Diels-Alder reacLion of somcf 

suhstitutnl 2( lH)-pyraeinones with acetylenj c derivatives. The initial adducts were not 

isolated, bt decomposed inmediately irtto specifically substituted 2( lH)-pyridones and/or 

pyridines (Scheme I). This means Lhat pyrazinones, like 1,2,4-triazines, pyrazines or 1,3- 

oxazin-6-ones, 213 could offer an interesting route towards specifically substituted 

heterocyclic compounds. 

We found irdeed lhat, various 3,5-dichloro-2 ( IH) -pyrazinones la-c are easily 

access ible f rum a-aminoni tri les and oxalyl chloride. 4 Moreover the convertible 3-chlorine 

substituent can lead to a wide variation of the R3-substituent. In order to evaluale the 

synthetic use of pyr’azinones we studied irk more det_ail their reactions with some acetylenic 

derivalives. 

In our experiments, 2( I)!)-pyrazinones 1 (2.5 nun01 1 were heatd in an excess (2.5 ml) 

of neat compounds 2-4 under an argon atmosphere at 14O’C or at reflux (3). Under these -- 

corditions, the intermediate addition compounds of type 5-5 were not observed. 

a) present address : Universi t& de Kinshasa, B.P. 137, Kinshasa XI ) 7ai;re. 

b) present address : Limburgs Universitair Centrum, Universitaire Campus, B-3610 Diepenbeek 

5715 



5716 

1 \ 

R6 R7 

2 C02Me Cope 

3 COZEt H 

A Ph H 

R1 R3 R5 

4 He Cl Cl 

!! Ph Cl Cl 

c prPh Cl Cl 

le 

' Ph 

One Cl 

! one Cl 

pmPh 

' Me 

Otle Cl 

9 CN Cl 

!J Ph CN Cl 

R1 R3 Rs 

L Ph Me H 

1 Ph Cl H 

k _ Oh CH H 

! Ph one TM 

! Ph Cl 10s 

n_ tle UHe NEtZ 

G Ph one NEt2 

17fi: 
R6 R 

1 R6= R7= C02Me 1 R’: R7. COj4c 

2 R6= C02Et,R7=H 19 R6:C02Et,R7. Ii 

y R6 = Ph,R7r" _ IL RtF’h, R7.H 

xR6 = C02Et, R7= H 12 R6= C02Ei,R7= H 

15 R6 x Ph,R 
7 

.H 3 R6= Ph, R7s H 

R3 R5 R1 R3 

a_ Cl Cl a_ He Cl 

Ofle Cl 

' CN 

c Ph Cl 

I Cl c paPh Cl 

r! Otle H fl ne Me 

!? Cl H e Ph one 

! CN H f pnPtl One 

9 Olie TO5 9 ne CN 

!! Cl 10s 1 Ph CM 

!. One NEt2 (PmPh:p-NeOC6H,) 

Scheme I 





5718 
M. Trrr0~DA et al. 

Table I: Product yields and diat.ri.buticm pyridinejpyridune in the reaction of 
pyrazinonfs 1 with setylenes 2, 3_ fhnd Q. 

__-________________-~~~---_-_-___-___-____~_____-___-___-__--_--~_-~~-~~~~~~~ 
__-__--__c-________-~~~--~~-~~~~-~___-___-~~~~~~~~~~~~__~~_~~~--~~-~~~~~~~~~~ 

Entry Ryrazi- Acetyl- Total Yield(a) Pyridine Pyridone 
none ene (%) 

1 3 2 75 97 
94 
84 
78 

78 
64 
64 
44 

44 

7_’ (b) 

75 

51 

44 

15 
2 

30 
30 

2 

96 
91 

3 
6 

16 
22 

22 
36 
36 
56 

56 
23 

100 
25 
100 

49 
100 
56 

85 
98 

70 
70 
100 

100 
100 

100 
98 
100 

100 
100 
100 

100 
4 
9 

100 

100 
100 
100 

100 
100 
100 
100 
100 
100 
100 

2 

3 
4 

5 
6 
7 

8 
9 
10 

11 
12 
13 

14 
15 
16 

17 
18 

19 
20 
21 

22 
23 

24 
25 
26 

27 
26 
29 

30 
31 
32 
33 

34 
35 

36 
37 
38 
39 
40 
41 

42 
43 

83 
92 

(o)49 

(m)46 

(0152 
(m)29 

(o)57 
(m) 12 

(o)91 
(m)8 

(o)60 
(m) 15 
(o)27 

(m)9 
59 

66 

$43 

(m)42 

(o)51 
(m)26 
(o)53 

(m)9 
(o)82 

(m)9 
to)52 

(m) 17 

(o) 18 
(m)7 
79 
90 
6F+) 
R5(“) 

63 
74 

($I0 

(m)42 
(0)47 
(m)24 
(0)41 
(m) 17 

Le 

4 

le 

ti 

(a) yields were not optimized and the reaction time was 20 minutes for compound 

2, 30 minutes for acetylene 3 p 1 hotr for compound Q, unlesj otherwise stat&. 
(o)=R ortho wi th respect to R ; (m) =R meta with resyxzct to R 

(b) not observed 
(c) reaction time was 1 hour 
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Similar adducts were obtained with acetylenic compounds when the reactions were 

performed at relative low temperature for a long time. Indeed reactions of the pyrazinones 

l_d 8Rd le with 2. at 60'C in CM304 afforded Lhe corresponding bicyclic adducts as unique 

products in good yield (see experimental part) + ‘Ihe formation of these products was 

indicated by lH-NMR measurements on reaction mixtures showing the disappearance of the H-6 

signal of the starting pyrazinone rud Lhe appearance of the new bridge-head hydrogen signal 

at upfield shift. Since these canpounds bear a quite reactive imidoyl chloride function, 

they readily underwent hydrolysis leading to the corresponding diones during purification. 

Nevertheless, isolation of small amounts of each adduct was possible using fast colutm 

chromatography. On heating them in a dilute solution in xylene at 14O*C, they decomposed to 

yield the corresponding pyridones War pyridines in the same ratio pyridine/pyridone as 

in the reactions starting from a mixture of the pyrazinone and the acetylenic derivative 2, 

Furthermore this ratio remained the same during the reaction and no pyrazinone could be 

observed. This supports the hypothesis that the decomposition of the cycloadducts into 

pyridones and/or pyridines occurs more readily than the retro Diels-Alder reaction which 

should regenerate the starting pyrazinones and acetylenic compoutxls. It seem also that the 

ratio pyridine/pyridorte is a kinetic determined one and directly proportional to the ratio 

kp yridine/‘pyridone 

The reactivity of the imidoyl chloride in these butynedioate adducts sd,e 

( R6=R7=c02Me ) was further demonst~rated by trapping with diethylamine. This yielded the 3- 

diethylsmino derivatives !&,o (R6=R7=o02Me) which were isolated by calm chromatography and 

characterized by srmtroscopic measurements. These cvmpunds can be considered as the 

intermediate adducts from the resetion of compound 2 with the inaccessible 5-diethylamino- 

2( lH)-pyrazinones ln,o. IIeaLing compound 50 (R6=R7=C02Me) in boiling xylene gave 

exclusively the pyridine derivative li, whose spectral data were nearly idenLica1 with 

those of dimethyl 2-meLhoxy-6-di~LhylFunino-pyridine-3,4-dic:arboxylaLe.8 Surprisingly, the 

same reaction with comp~1K1 sn (RG=R7=CX$Me) f ailed to give retro Diels-Alder products. 

A brief strnly on the effect, of changing solvenl~ polarity indicated that yields of 

py-ridines and/or pyridones and the ratio pyridine/pyridone did not change appreciably when 

either xylene or DUF was used. Even the rate of adduct formation with compound 2. uas not 

changed when toluene was used instead of CH$N , (More details are presented in the tables 

of the experimental section.) This allowed us to exclude an ionic mechanism and to propose 

concerted pthways in the formation ar~I decomposition of the primary cycloadducts. 

As it is well established that the kinetic deLermirred outcome of the Diels-Alder 

reaction can be interpreted succesfully using the frontier molecular orbital (I+?31 method’, 

we tried to rationalize the yields and the rate (of the addition step) as a consequence of 

interactions between the frontier orbitals of the pyrazinone 1 4 those of the acetylenic 

derivatives z-4. As shuwn in figure 1, the dominant. FM%interaction in the addition step 

will LKT between Lhe DC899 of Lhe pyrazinone and the IJJlo of the acet.ylene 2. or between the 
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UMD of the pyrazinone and the XM3 of the acetylene 4. This accounts for the higher 

reactivity -as deduced from yield data- of the pyrazinone ld compared to the pyrazinone u 

in the reaction with 2 (Table I, entries 16 and 18) and for the opposite behaviour in the 

reaction with 4 (Table I, entries 26,26 ar~I 29,301. To some extent it also explains the 

observed regioaelectivity, 1, 10 
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-E 
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I b I In order to simplify the calculation, 

WC used OH instead of OCHj 

Fig. 1. FM) di&ram ta) for 2(1H)pyrazinom la (R3 = Cl), Ld (R3 = CXX3) 

(b) , l~# (R3 = ~34) ad dimethylbr~lymak 2 tb) or pbnyl 

acetylene A. 

Using the same approach we also tried to rationalize the decomposition process of the 

adducts z,c as a consequence of interactions between the frontier orbitals of the pyridine 

or the pyridone a& those of RI-N=C=O or R5-CN, respectively. The latter approach is 

grounded on the principle of microscopic reversibilityll, which allows insight in the 

features of Lhe retro-reaction via a description of the forward reaction. K.N. Houk12 has 

pointed out that "FtX&theory can be quantitative when factors other than frontier 

interactions are constant, or are linearly related to frontier orbital energies". In these 

cases excellent linear correlations between the log k of the reaktion and l/(E--E-I 
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hble II: VdueS Of 1Og ~ridine/kpyrid_ and AE(a) of the syste I 

(pyridine + R’-N=C=O) 8nd the ~yskm II (pyridurte + R5a). 

===“=~==============================~~~=~~~~~~~~~~~~~~~~~~~~-~~~~--~~~~~ --““‘-_____==I==;==_====== 

log k’(b) 
Syst 

Entry 
“rI 

syst * 
pyridine+R -N=C=O ? I1 pyridone t R -CN 

8 
9 

10 
12 
14 

16 
19 
20 
25 

31 
2 
17 

A: &RI, &Cl, 

R3 R6 R7 

CN 
Cl 

fp2M” Fp2Me 

me ” ” 
CN W2Et H 
CN H W2Et 
Cl W2Et H 
Cl H W2Et 

W2Et H 
Qle H W2Et 

B:R*=m, ti=Cl, R6=E’h, R7=H 

R3 
CN 
Cl 

C:R*-SHq, R3=CN, R%l, 

R6 R7 
W2Me 
W2Et L-F+ 
H W2Et 
Ph H 

D:R3=R5=C1, R6=R7=m 

Rl 

PmPll 

1.51 94.4 138.4 89.6 89.4 
1.19 95.9 134.8 90.9 87.0 
0.75 101.6 129.7 94.5 84.3 
0.58 96.5 133.7 92.5 87.6 
0.58 97.0 132.6 91.4 86.4 
0.25 98.0 129.5 93.7 85.2 
0.25 98.7 127.2 92.9 84.2 

-0.31 104.0 123.7 97.4 8205 
-0.31 104.9 122.9 97.3 81.7 

0.52 101.2 126.5 95.3 84.2 
0.50 102.8 122.4 96.7 82.0 

-0.25 109.6 117.4 100.8 79.8 

-0.10 82.7 112.2 89.6 89.4 
-0.37 84.3 109. I 92.5 87.6 
-0*37 84.7 108.3 91.4 86.4 
-1.69 87.9 104.2 95.3 84.2 

1.38 96.3 141.4 
1.19 95.9 134 .a 

-0.75 83.9 109.8 

90.9 
90.9 
90.9 

94.5 
94.5 
94.5 

87.0 
87.0 
87.0 

R’ 
32 1.00 
3 Ph 0.75 
18 Me -1.69 

102.0 135.8 
101.6 129.7 
88.2 106.4 

84.3 
84.3 
84.3 

Calculations on the Parent pyridone show that the energy level of the HmK, and the UlMo 
do not change apprwiaply when RI= Me is substituted by Ph or P-HO-C6H 

? 
. To simplify the 

calculations we used R =Me instead of Ph or pnPh in the calculations or the pyridone 
derivatives 8, l0, l2, _bJ and 16. Furthermore, we tried to simplify the calculations by 
utilizing OH instead of CR. 

(b) leg k’=log kpyridine/kpyridune (deduced frcnn product ratios) 
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values have been observed. 13 Since all adducts !j,g are structural very similnr,the 

conditions mentioned above may be fulfilled for the decomposition reaction. As ue do not 

h8V@ access to V8lUf33 for kI>yridine and kpyridone, we ass- the ratio pyridine/pyridone 

~~a1 b the ratio kpyridine/kpyridone* This asswnption seem3 reasonable taking account of 

our experimental results. Values for the energies of the frontier molecular orbitala of 

the systems involved in the two competitive (retro)Diels-Alder reactions were obtained by 

performina MNDO calculations.14 Inspection of the hISvalues in table II reveals that the 

reaction of the pyridines with Rl-N=C=O (System I) and the pyridones with R5-CN (System II) 

shows the characteristics of a Diels-Alder reaction with inverse and normal electron 

demand, respectively. In system I, the interaction UR)Dpyridine-IK@Disoq,snate will have 

the greater contribution to the interaction energy,whereas in system II the interaction 

-pyridone--cyanate prevails. So, the outcome of the reaction in scheme I will depend 

to a large extent on the influence of the subetituents on the energy levels of the LMlO of 

the pyridine system and the HCM3 of the pyridone system. To subetantiate this hypothesis we 

applied a "ste&se" multiple regression analysis to the log kpyridine/kmidone and ~6 

values of table II. 

Fig.2 

-55.0 -45.0 -35.0 -25.0 AAElm~Y~-1~.O 

: Plot of Iog k' (log k pyridine/k pyridone) VEXTTUI MB (eq.1) 

As shown by figure 2 a good correlation is found between the experimental product 

distribution (log kpyridine/kpyridone ) and AEZ-values of system I and AEI-values of SYStem 

I1 (r2(n=*7) =0.920; r is the correlation coefficient and n is the number of data). To 

obtain this excellent correlation we had to omit the entries 10, I2 and 14 of Table I-II. 
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In this correlation - n~rically represented by equation 1 - the two terms reach 

significance at the 99% level. For all other cmbinations of FM0 interactions studied in 

our regression analysis, the correlations found were less satisfactory (r2 < 0.90) and/or 

did not reach significsnce even at the 90% level. 

log kpyridine/kpyridone = -2.343 t 0.066 AAE 

with A.AE = A%(systefn I) - **fig1 bEl(system II) (eq* JJ 

It is remarkable how this simple model and both interactions (ME in eq. 1) allow to explain 

the generxl features of the product distribution ohservd for pyrazinones 1 with R5=C1. For 

example, introducing electron wi thdrauing (Z- )substi tuents in the pyrazinone and acetylenic 

derivatives leads to a higher amount of pyridjne; this is probably due to an increase of 

the LUMOpyrid ine--isocyanate teI’7II aid a decrease of the ~~pyridone-Ly-te hIllI, 

since the Z-substituent lowers the URIO of the pyridine and the HOED of the pyridone(Table 

II, A, B and C). Also the increase of the amount, of pyridone fom& on substitution of the 

R1-phenyl or RI-p-me thoxypheny 1 group in the pyrazinones by a methyl group, can be 

accounted for by the corresponding FM& interactions (Table 11,D and R). The lower energy 

level of the J-JCM? of methyl istx:yanate ccmpared to the HCPK) of phenyl- or p-methoxy- 

phenylisocyzulate gives rise to a d~:rease of the I~pyridine-J~isw=~nate term, while < 

the JDDpyridone-Uyanate term will be virtually unaffect&. 

Table TIT: CHl~~lat.~f VXL~UMZI of log k~~id,ir~/kpyridon 

t RI-N=C=O) nrxl the system 11 (pyridone t R -CN)for deI m E? 
and SX(sJ of the systm I (pyridine 

with R’=F%; 

JG l(Jg k’ (J’) 

System J 

pyridine+Rl-N=C=O 

AR1 AR2 

System II 

pyridonetR5-CN 

AE1 AR2 

M12 -1 .Ol 113.5 110.2 96.3 77.4 
JJ -0.76 106.2 110.7 93.6 75.4 

Cl -0.76 103.6 116.7 98.5 79.2 
CN -1.70 lot .6 121.7 114.1 76.6 

C02H -2.35 101.6 117.6 118.7 78.5 
No2 -3.67 95.7 126.3 142.0 68.5 

(a) 

(b) 

AE1=l$/ (@em&i leJ 
AE2=103/(tiieneUIM0_ P 

_&iene_) ; AE2=103/ ( ~ieneI,lF~_&enophi le_) ; 
ienoph i 1 e 

tosyl since the PlNDO method14 
JKA’ CN, CO2JJ, No2 mode1 the substituent effect of 

has no appropriate parameters for sulfur if d-orbitala 

are invvlved. 
log k’=log k pyridine/kpyridone; calculated values using equation 1 
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In order to discuss the variation in the product distribution as a consequence of the 

variation of the substituent R5 (Table I, entries l-9 and 33-43), we performeci MJDO 

calculations on a model system (R* = Ph; R3=RG=R7=H1 as described in table III, We have 

tried to use equation 1 to derive tendencies for log kpyridine/kpyridone out of the bE- 

values in table III. The calculated log kRyridine/kRyridone values in Table III indicate 

that substitution of the R5 substituent equal to Cl by an electron withdrawing group, 

should favour the formation of the pyridones . Indeed, inspection of the entries 2,3 and 

33,34 (Table I) reveals a clear preference for the formation of pyridine derivatives with 

R5 equal to Cl, while R5 equal to tosyl yields exclusively the pyridone derivatives. 

According to our model, changing R5 equal to Cl by H or NH2 should give a rather 

comparable result as with R5 = Cl. However, for R5 =' H, pyridone is formed exclusively 

(compare entries 1-9 with 35-43, table I); for R=NEt2, only the pyridine is formed as shown 

by the thennolysis of adduct 50 (R6=R7=CXXNe). It seems therefore that our model cannot be 

generalized. Other factors than FMD-interactions may also be involved as suggested by the 

data from the reaction of Lhe pyrazinones Ib,e,h with phenyl acetylene which do not fit the 

correlation. 

In any event, we can state that the reaction between the pyrasinones 1. and acetylenic 

derivatives is a general one with the regioselectivity and the mode of decomposition bsing 

determined by the substitution pattern of the reaction partners and the intermediate 

ad&&s. From a synthetic starxlpoint. it is important. to note that pyridines can be expected 

when using electron poor acetylenes and when starting from pyraeinones bearing a) aryl 

substituents in position 1, b) electron donating substituents in position 5, c) electron 

withdrawing substituents in position 3. With conlrasting substitution patterns pyridones 

can be obtained, even exclusively. High regioselectivity is to be expected for pyrazinones 

with electron donating (attracting) substituents in posiLion 3, reacting with electron poor 

(rich) acetylenes. 

It appears also that the adduct can be isolated if the two modes of decomposition are 

disfavoured, This has been observed for the thennolysis of 5n. It also accounts for the 

observation of Samnes et al., who studied the reaction between 1,3-dimethyl-Sethoxy-Z(lH)- 

pyrazinone and compound 2. They isolated an adduct which was shown to be thermally stable 

even up to 200'C.*5 A simple FM3 model accounts for most of these observations. However to 

achieve a better understanding, the model needs to be elaborated in mOre detail, especially 

by studying the effecL of some substituents in position 5 and 6 of the pyrazinone. 
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All melting Points are unoorrected. Infrared spectra were recorded on a Perkin Elmer 
257 s~t~~ot~ter. Mass spectra were taken on a A,E.I,-MS12 (ioni~tio~ energy 70 eV) 
amratus. For the NMR spectra (6, ppn) a Varian EM-390 Rnd a Bruker WM-250 spectrometer 
were used. All lH-NMR spectra were recorded at 90 Mkz unless otherwise stated. AnalyticmI 
and preparative thin layer chrom&ograPhy was performed using Merck silica gel 60 PF-224 
and colunn ch~~og~~ly was done usit@ 70-230 mesh silica gel 60 (E,M. Merck) as the 
stationary phase. 

I. SYNBESIS OF Z(lH)-F’YRAZX- 

The pyrazinones l_rrr,b (4) and also lc were synthesized by cyclization of the 
corresponding a-aminonitriles in ortho dichl&obensene with oxalyl chloride at 1OO'C. Thi? 
analytical data of compound c, which was purified by column chrom&ography using 5% 
~3WcHcX3 as eluent are summarized below 

3,5~ichloro-l-parsme~o~~f-Z(lI1)-pyrszit~ & 
Yield : 82%, m.p. UXCZl) : 149'6; TR (KBr) cm- : 1670 (Co); 1660 (C=N); ‘H-WR {CIXJC~~) : 
7.3 (s, lH, H I; 7.15 (m, 4H, ArH); 3.8 (s,3 H, 0X3); m/z : 270 {M+, 100); 242 [ 12.6); 
207 (14.2); ?34 (6.7). 
Found : 

Anal,calcd for CllH8CX2N202 : C(48.73); H (2.97); N(lO.33). 
C (48.50); H(2.92); N(10.23). 

3,5-dichloro-Z{l~i~-pyr~zinone (50 ~mol) dissolved in 50 ml of &solute ~t~~&nol was 
heated with 50 mmol of N&i in 50 ml of methanol. The reaction mixture was stirred at room 
temperature during 10 minutes, neutrerlizd with 1N solution of HCl in methFulo1 and 
evaporated if) vacmu. The residue was dissolved in tlichloromethane and filtered, The 
filtrate was evaporBI.ed yielding the 3-methoxy derivative in quantitative yield, 

5~:hlom-3~t?~r~xy-t-mc?thy1-2(1H)-py~i1:rrrre ltl 
m.1,. (EtOll): 139 C; TR (I(Br) cm" : 1665 (co>; 1605 (C=Nl; 1 H-NMR(CDCl3) : 6.93 (9, lH, 
H6); 4,04 (s, 3H, (XXi3); 3.57 (s, 311, NCH3): m/z : 174 (MS, 100); 159 (13); 131 (45). 
AnaI.oaIcd for C&C1N202 : C (41.28); H (4.04); N (16.04). Found : (X41.37), H (4.14); N 
(15.92) 
5-c:hlo~3-Dethoxy-l-ph~~l-2(ltl)-~~inc~ ie 
mtP, {ELOH) : lt7'C; IR (KRr) cm- : 1670 fC0); 1605 (C=N); lH-~~ (ClXl3) : 7.15 (m, 5H, 
Ar-H); 6.95 fs, III, H6); 4,05 (s, 3H, 0CH3); m/z : 236 (M+, 100); 208 (21); 193 (41.5); 104 
(21.3) 77 (82). Anal.calerl for CllH9C.l.N202 : C (55,83); II (3-83); N(11+84). Found: C 
(55.62); H (3,I)O); N (11.61). 
S~:hlor-o-3-~t~oxy-t-~~thoxyp)e~l-Z{11I)-Iryntai~~~ If 
m.p, (EWH) : 138'C; fR (KBr) cm- 1 : 1670 (CD); 1605 (C=N); lH-NMR (CDT1 ) : 7.15 (m, 4H, 
Artf); 6.95 (R, lH, 116); 4.05 (s, 3H, CXX3); 3.8 (a, 311, Ar-WH3); m/z: 2 6 2 (Fl+, 100); 238 
(9); 223 (25); 134 (6.3). Annl.c~~lod for Cl2HllClN203 : C (54.05); H (4.16); N (10.50). 
Found : C(54.23); H(4.01); N(10.28). 

3. me 5-chlom-3-cysno_2IfH)-pyrae: * lXJUlhZS_ 

A mixture of 3,5-dic~~loro-2~llj~-pyrazinone (0,l mol), cuprous cyanide (0,18 mol) and 
N-methylpyrrolidone (to0 ml) was heated for 6 hours at 15O'C while being stirred. The 
black reaction mixture was evaporated in vacua. TSle residue was triturated with hot CHCl 
and filtered over charcoal. The filtrate wftg evaporateff. Cbromatographic separation 0 P 
the residue through silica gel column eluting with 5% CH3CNICHCl3 gave the title compounds. 

5~~loro-3~~~-1~Lhyl-2(lII)-~ryrasinwre lg 
Yield : 68?L; m.p. (CH Cl /hexane} 
(CrN); 'H-NMR (rxizso-d6 F 8 

: 1lO'C; IR (ICBr) cm-1 : 1670 (Co); 1605 (C=N); 2230 
: ,6 

126 (64). 
(s, lH, H6); 3.5 (s, 3f1, NCH ): m/z 169 (M+, 100); 154 (28); 

Anal.calcd, for C6HqClN30 : C (42.50); H (2.387; N(24.78). Found : C (42.63); 
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H(2,25); N(24.67). 
5-chloro-3~~-1-~~1-2(1H)-~~~i~ lh 
Yield : 72%: m.p+ (CH2C12/hexane) : 16O'C; IR (KBr) cm -1 : 1675 (00); 1610 (C=N); 2230 

-. 

:k;!' 142 ( 45); 77 790;. 
*H-m (lX!O-d 1 * 8.5 (s, lH, H6); 7.5 (a, 5H, Ar-H); m/z : 231 (M+, 100); 203 

Fad 
Anal. calcd for Cll?IgClN30 : C (57.04); H (2.61); N(18.14). 

: C (57.13); H (2.62); N (18.23) 

4. 2/1?fhwmzirnmes dehslctgtmated in posi Lion 5 

a) 3_methoxy-l-phengl-2(1H)-pyruzinone Ii 
A mixture of pyrazinone Le (500 mg) in 25 ml of methFww1 and 280 mg of K2C03 was 

hydrogenated for 1.5 hour in the presence of catal.yst (10% W/C; 100 mg) at 1 atm.. After 
removal of the catalyst by filtration, the filtrate was evaporated in vacua and the residue 
was dissolved in dichloromethane, washed twice with 20 ml of Hater and dried over MgSO4. 
Filtration followed by evaporation gave the title compound in quantitative yield. 

m.p, (EtOH) : 151'C; TR (KBr) an-' : 1660 (TX)); 1605 {C=N); 'H-NMR (ClX13): 7.45 (m, 5H, 
Ar-H); 6.90 (s, 2H, H5 and "16); 4.00 (s, 3H, OCII 1; m/e : 202 (M', 31); 174 (10); 77 (100). 
Anal. c~lal for CllH10N202 : C (65.34); H (4.9&; N(13.85). Found : C(65.23); H(4.91); 
N(13.72), 

b) 3-chlod-1-phenyl-2(1tt)-py~inww lj 
This compound was C_IbfAid from ihe pyrozinontl _I_i and phosphoryl chloride by the 

;'$;;x;r;yT;;;.;;;P 16) P 
cscribed in thr ).iterntrtre for the prepration of 2-chloropyridine from 

. Thus, phosphoryl chloritle (0.9 g; 6 mnnl ) was Fulded dropise to R 
solution of pyrwinune li (0.609 g, 3 nnnol) in TW (5 ml) with sLirring at O'C followed by 
heaLing at 80-C (3 h). Tt was cooled Lo O'C, quench& by adding aatumt~ sodium acetate 
solution Rnci termed on water bath for 30 minutes. After cooling, the mixture was extracted 
with CHCl3 (3 x 10 ml), The organic layer was thoroughly washed with water (3 x 10 ml) and 
dried over MgSO4. The crutle product obtained after removal of the solvent was 
chromatogmph-1 cln silica gel. Elution with 5% CH3CWCHCl3 gave the tiLle compound which 
was further purified by recrystillization. 

Yield : 85%; m.p. (EtCXl) : 225'C; IR (KBr) cm-l : 1665 (0); 1600 (C=N); lH-NMR (CT!C13) : 
7.4 (m, 511, Ar-II); 7.2 (s, 2H, H5 ard tt6); m/z : 206 (Fl+, 100); 178 (21); 151 (53). Anal. 
calcd. for ClOH7ClN2O : C ( 58.13); II (3.41); N (13.56). Found : C(57.96); H(3.44); 

N(13.38). 

c) 3~ynnc~l-yhenyl-2(1tt)-py~inone lk 
This comtx~ruw~ m prepared from lj and cuprous csyrlnide following Ltie typical procedure 

used for the preparation of u and lh. The product. was separated by column chromatrography 
on silica gel eluting with 5% CH3CN/CHC13. 

Yield : 66%; m.p. cm -1 

(GN); b-Nldz 
(CH Cl /hexane) 

B 3 

: 156-C; YR (KBr) : 1665 (Co); 1605 (C=N); 2230 

(DMso-df3 ; .35 (9, 
169 (54); 142 (96). Anal. 

2H, H5 and 116); 7.4 (s, 5H, Ar-H); m/z : 197 (M+, 1001, 

calcd for CllH7N30 : C (67,OO); H(3.58); N(21.31). Found : 
C(67.11); H(3.60); N(21.18). 

Compo~~nd 11 (to be published elsewhere) was obtained by cynloaddition of cyanotosylate 
on le, fol.lowed by the loss of cyanogen chloride. fi,mpound Lrn was obtained from 11 and 

=I3 following the t.ypical pnxxxlure used for the prepration of l_j. The product wa3 

separated by column chromatography on silica gel eluting with 1% CH3CWCHC13. 

Yield : 96%; m.p. : 229’C (Clf2C12/hexane); IR (KBr) cm-1 : 1690 (CO), 1605 IC=N), 'H-NMR 

(cncl3) 
2.4 (s, 

: 8.2 (a, ZH, "6); 7.9 (d, 2H, ortho H toayl); 7.4 (m, 7H, Ar-H and meta H t.osYI); 
3H, CH3); m/z : 360 (M', 27); 296 (27); 268 (31); 261 (26); 77 (100). Anal. cakd 

for Cl7Hl3ClN203 : c (56.59); H (3.63); N (7.76). Found : C (56.53); H(3.64); N(7.60)~ 
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Table IV : Fhduct yields of pyridinea 8nd pyridimes frmpymzimme~~ddimetbyl 
htynedioat.e~(part A), ethyl pmpyrxxde~(~rtB)dph~1 ecetylene& 

(part a. 

Pyrazi- 
nones 

Px-ocrxlure T&31(a) Fyridine(s) Pyridone(s) 
yield(%) I. (mrt A) B(psrt A) 

9,ll (Part B) lo,12 (part B) 
13 (part C) 14,16 (part C) 

A.la 

lb 
IC 
l_d 
le 

A 
A 
A 
A 
A 
3 
B 
A 
A 
B 
B 
A 
A 
A 
A 
A 
A 

66 
83 
79 
82 

$9 
68(C) 

77 
81 
62 
69 

$(c) 

72(d) 
95 
58 
71 
82 

69 

36 
91 
99 

a(O.066g; 10%) 
~(0.515%;78%) 
%(0.503$;76%) 
l$o.o13g; 2%) 
b(O.507g;78%) 
h(O.478g;74%) 
?.$0.490%;76%) 
b(0.534g;82%) 
c(O.l64g;26%) 
c(O. 121g;19%) 
c(O.l40g;22%) 
c(O.464g;73%) 

d - e 

L - 
; - 

!(O I2;g 23%) . 
l 

&O.l37gj26%) 
~(o.l1og;21%) 
c(O.l2Og;23%) 
2(0.395g;75%) 

d - 

s - 

:(O 257 46%)(g) . _- , 
!2 - 

;(o l*nga20%)(gJ 
tJto:o49g; 9%) 

~(o.375g;70%~~g)(i) 

ra(0.363g;56%) 
lD(0.040g; 5%) 
c(O.OZSg; 3%) 
cl(O.512g;80%) 
~(o.l10g;l4%) 
e(O. 104%; 13%) 
e(O. 105g; 13%) 
f(O.069g; 9%) 
g(O*207g;33%) 
g(O*15Og;24%) 
g(O.l69g;27%) 
kl(O.015g; 2%) 
e(0.634g) 
b(0.597g) 
ll(O.49Og) 
e(0.676g) 
b_(O.547%) 

El(0.415g) 
kb(O.2Olg;29%) 
d(0.329g) 
e(0.354g;46%) 
g(O.306gt;59%) 
g(O.246g;48%) 
g(O.252g;49%) 
ll(O.l34g;m%) 
e(0.396) 
b(O.491g) 
ll(0.551g) 

z&(0.379g)(f) 
lI(O.204g;29%) 
cJ(O.368g) 
CJO. 135g) 
e(0*412g;59%) 
e(O.l88g;27%) 
g(O.473g) 
h(O.l98g;29%) 

(a) Yields were not optimized. Reach iona were Carried out wi \,I! neat. compur~s 

(procedure A) for 30 minutes (ptrt,s A,R) or 1 hr (prt. C) or for 3 t.r) 4 hours (pArt B) 
in solvent (procedure R) unless otherwise noted; (b) the by NMR est.inwtecI ratios lo/12 
were between 1: 1 and 2: 1, exception made for ld,e and I_i with rcamtive values 6: 1; 
5:l and 6:l; ratios 14/16 were between 1: 1 and 4: 1, exception made for & (14 : 16 I: 
9:l); (c) reaction perfo~mnml in xylene; (d) reaction perfumed in DNF; (e)T-e*ction 
time was 1 hour; (f) these isomeric compounds were se~rateti and individuaLly 
characterized; (g) high regioselectivi ty was observed; (h) reaction time was 4 hrs; (i) 
product described in the 1 i terature, ref. 5e. 
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~LXCUXDDITION FUQUXIQIJ OF B(lH)-PYlUZImNE3 WITH -IC m. 

1. Fornmtion of pyridines ad 2(1H)-pyri& 

Oeneral pracechrre : Inneatacetyleniccanpmmk (pmced. A) or with solvent (proced. B) 

'Ihe 2(1H)-pyrazinones (2,5 mnol) were heat& with neat acetylenic compounds (2f ml) 
at 14O.c" under argon atmosphere. The evaporatd crude mixtures were examined by H-NMR 
spectroscopy. Product..s (pyridines and 2(1H)-pyridones) were isolated by preparative TW 
wiLh an appropriate solvent system (15% EtOAc/CW13; 15 or 25% EtOAWtoluene). When 
perfoti in solvent the X(lH)-pyrazinones (2,5 -1) and the acetylenic compounds (7,5 
mnol) were heated in 25 ml of solvent at 14O'C under argon atmosphere. After removal of 
solvent, the crude reaction mixtures were treated as indicated above. 
The spectroscopic data and yields of products (recrystallized from CH2C12/hexane) are liven 
below and in table IV. 

Pyridine derivatives 

Dimethyl 2,6-dichlorwpy idine-3,4~icarbo~lat.e 7a 
ln.p. 'i : 63-C; IR (KBr)cm' : 1735-1745 (Co ester);fH-NMH (CTIC13) : 7.8 (s, IH, II ); 4,OO (ES, 

263 (El+, 52); 231 (100). Ana .calcd for B 
C (41.14); H(2.63); N(5.27). 

-chloro-a-met my-pyridim-3,4~i.rrlr~~xyl te 7b 
f*- : 1720-1740 (Co eskr); H-NW (CDcl.3) : 7.35 (a, lH, H ); 4.00 

6H, ~~ and -N=C-OCH, 1; m/z . 259 (M+, 81); 22? (100); 
: C (46.26); H 7 3.88); N(5.39). Found : C (46.25); 

Dimethyl 6~hloro-2-cgarlu-pyridihe-3,4~icarbnxylate Ic 
m.p. 92.5-C; TR (KRr) cm-' : 1735-1745 (m ester); 2225 (C:N); 'H-NMR (cDc13): 7.9 (8, lH, 
1~5); 4.00 (s, 3H, 0XEIl); 3.9 (8, 3H, (XXXl&); m/z : 254 (#, 14); 222 (100). Anal. calcd 
for ClOH7ClN2O4 : C (47.17); H {2.77); N(ll.OO). FourK1 : (47.00); H(2.68); N (10.91). 
ELhyl 2,6-<Lichlo~yyridin~3~r~~~a~ 
m,p, q : 48-C, (49-50-ref Fib); IR (KBr) cm- : 1735 (TX) ester); *H-NMR (CDCl,) : 8.15 (d, 
5~7.5 Hz; IH, H4); 7.3 (d, Jr7.5 Hz; 
m/z : 219 (M+,5); 190 (62); 184(36); 

1H; H5); 4.40 (q, 2H, C&$H3); 1.40 (t: 31~9 CHfi); 
173(100). 

Ethyl 2,6~ichlo~pyridj~-4~~~~late fia 
m-p. : 63'C; IR (XBr) cm-l : 1740 (0 ester); lH-NMR (CDCl3): 7.8 (s, 2H, H and H ); 4.40 
(q, 2H, CH CH3); 1.40 (L, 3H, 

%I 
CH G7); m/z : 219 (M+, 4); 1.90 (53); 184 
P 

( 5); % 17 B (100). 
Anal I cd for CgH7Cl2No2 : C 43.67); H (3.21); N (6.37). Found : C(43,52); H(3.11); 
N(6.45). 
Mixture of Ethyl 6_chlom-2 thoxy-pyridine-3 and 4 cm-lmxylate zb, ub 

IR (neat) "i : 1740 (cx> ester); H-NMR (COCl3) : for the two jsomeric: cmpourwls : superimposed 
quartet at 4.40 ppm (CH CH3) and tziplet at 1.40 palm 

6.95 (d, J=7.8 Hz, 
((Y 3). 

P 
For ~I_I : 8.1 (d, 5~7.8 Hz; 

111, II 
I! 
) ; lH, H5); 4.00 (s, 3H, XII3 . For ub : 7.9 (d, J=l Hz, lH, 

H$) ; .85 ((1, .J=lHz, lo, H ); 3.95 (4, 3H, 0X3). Exact mass : 215.0349; Found : 215.0342. 
;r;;ezL;f,Ethyl 6-chloro-kcyano-pyridi7: ard 4 r=rboxylate SC, 11 c 

2230 (C=N); 1730 (Co eater); H NMR (CDC13) 
superimpsed quartet at 4.5 pp 

: for the two isomeric compounds : 
(SCH 1 and triplet at 1.45 Ppn (CH2cHQ!). 

1 
For B : 8.4 

(d, J=7,5 Hz, H5); 7.7 (d, J=7.5 Hz, H4 I For fit : 8.15 (d, 5~1.5 Hz, H5); 8.05 (d, J=1.5 
Hz, Hg). Fxact, mass : 210,0195; found : 210.0202. 
2,6-dichlom-3-phenyl-pyridime j& 
m.p, : 92'C; IR (KBr) : 110 lactam carbonyl absorption. IH-WR (CTCl,) : 7.32 (d, J=7.8 Hz, 
H5 or H4); 7.43 (m, 5H, ArH); 7.29 (d, J=7.8 Hz, lF1, H4 or H5). m/z : 223 (M+, 100); 188 
(30); 153 (36). Anal, calcd for CllH7C12N : C(58.96); H(3.15); N(6.25). Found : C(59.05); 
H(3.06); N(6.20). 
6-chloro-2-methoxy-3-~knyI-pyri~rte _13b 
m.p. (not recrystallized) : 95'C; IR (KEk) : no lactam cnrbonyl absorption; lH-NMR (ClIC13): 
7.3 (m, 6~, APH a& Hi); 7.9 (d, 5~7.5 Hz, lH, H4); 3.9 (s, 3H, 0): m/z : 219 (M , 
100); 184 (33). Exact mass : 219.0451; found : 219.0443. 
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2(1H)-~ridcme derivatives 

Direethyl 3-&l01~1-l+&hy -2(lFl)-pyridone_4,5_di~r~XYlate 6 

m,p.:203’C; IR (KM) cm- ! : 1665 (co lackam); 1715-1740 (Co ester); lH-NMR (CtX1 ): 8.15 
(s, ltt, H6): 4.00 (s, 3H, aXCH3); 3.9 (s, 3H, cooc)t 1; 3.65 (s, 3H, NCH3); m/z : 

I 
3 59 (M+, 

91); 244 (39) ; 200 (100). Anal. calcd for CIOHIOC W5 : C (46.26); H (3.88); N (5.39). 
Found : C (46.39); H (3.80); N (5.52) 
Dimethyl 3-chlom-l-phenyl- 
m.p. : 175’~; IR (KB~) cm- : 1680 (CX) lackam); 1715-1750 (Co ester) ; ‘H-NM3 

H(IH)-Wridone_4,5~i~r~xylate Bb 
(r;?x=l ) : 8.2 

(s lH, H6); 7.6-7.3 (m, 5lf, Ar-H); 4.00 (s, 3H, corx;*H3); 3.9 (s, 3H, m3); m z : 321 
(d, 72); 286 (30); 258 (52); 

3 
203 (loo). Anal. caltd for C15H12C1N05 : C (56.00); H 

(3.76); N (4.35). Found : C (55.88); tf (3,671; N (4.25). 
~im&.hyl 3-chl01-0-I-pr~-a ~thoxy~~l-2(1H)-mlrfdom?-4,6-dicar~lcylate & 

~.p. (not recrystallized) : 143’C; IR (KBr) cm : 1660 (co la&am); 1720-1735 (Co ester) ; 
H-NMR (c~c13) : 7.1 (m, 4H, Ar-H); 8.9 (3, lH, Hg); 4.00 (s, 3H, m31; 3.9 (91 3H, 

aooc=~,); 3.8 (s, 3H, ocH3); m/z : 351 (M , 89); 316 (100); 292 (714 Exact mass : 351,0509; 
found : 351.0506. 
Dimethyl 3-methoxy-l-rneulyl-2( lH)-pyridom-4 ,5-di.carl~xy1ute &i 
m.p. : 174’~; IR (tar) cm-1 : 1670 (Co lactam); 1720-1740 (TX) ester); ‘tt-NMR (CDC13); 7.8 
(5, lo, A~); 3.95 (s, 6~, 2 x ~ICCH~); 3.85 (a, 311, N=C-OCff3); 3.60 (8, 311, NCtf3); m/z : 
255 (M+, 100); 224 (96); 195 (20); 137 (96); 109 (84). Ana1 l Cf3lCd for C1 lH13m6 : C 
(51.77), II (5,13), N (5.491, F~IJ~M~ : C (51.69); II (5.03); N (5.34) 
Dimethyl 3-mcthoxy-t-phenyl-2( lH)-tryrid~4,5-c1j~r.~)~Ja~e &Z 
m.p. : l1O’C; IR (KRr) cm-* : 1670 (Cr, Iucl~vr~); 1730 (Cu, ester); ‘H-N’MR (CDCl 1; 8-O (sr 
111, II ); 7.4 (m, !%I, AL-H); 3.95 (9, 6H, CYXXH 1; 3.85 (w, 3H, WH3); m/z : 31Y (M+, 86); 
286 ( 2); !I 257 (30); 199 (100). Anal. calcd P or ~16tI15No6 : C(60.57); H(4.76); N(4.41) l 

Found : C (60.30); tl(4.67); N(4.21) 
DjmeUlyJ 3-~Ll1oxy-l-ptra~~~~~~r~erull-Z( lH)-pyridorw-4,5-dicarkxxylate jjf 

m.p, (not recryaklljzed) 
lH-NNR (CD(+) 

: 125’~; IR (K8r) cm-' : 1665 (Co lacti); 1720-1740 (cc) ester); 

: 7.1 (m, 4H, Ar-H); 6.9 (s, lH, H 1; 4.00 (s, 6H, 2 x CXKH3); 3.95 (s, 6H, 
N=CXCH3); m/x : 347 (M+, 64); 332 (5); 316 ( 5); s 229 (100). Exact mass : 347 a 1005; 
found : 347.1000. 
Dimethyl Zkyano-1-methyl-2 lH)-Ilyrick)ne-4,5~~~~~~lat~ Sg 

m,p, : 176-C; IR (KBr) cm- i : 1670 (Co la&am); 1720-1740 (Cx, ester); 2225 (CZ:N); llf-NMFZ 
(cXcl3) : 8.35 (s, llf, 116) : 4.00 (s, 3tf, Txxx=H$; 3.80 (S, 011, f?cf+); 3.68 (S, 3H, 
NCH3) ; m/z : 250 (M+, 89); 235 (47); 191 (100). Anal. C‘R~C~ for CllHlON2O5 z C (52.80); H 
(4.03); N (12.20). Fo\ud : C (52.61); H(4.10); N(11.Z’)~ 
Dimethyl 3~qwu1o-1-phenyl-2 Ill)-~)yridor~~4,Fi~i<~rboxylate @h 

m.p. : 158’C; TR (Kk) cm- \ : 1680 (co lacklm); 1720-1745 (Co ester); 2225 (CZN); ‘H-NMR 
WC13) : 8.4 (s, lH, H6); 7.4 (m, 5H, Ar-H); 4.00 ls, 3H, CXECH3); 3.8 (s, 3H, CXXKH 1; 
m/z : 312 (M+, 96); 281 (52); 253 (100). Anal. calrxl for C16tt12N205 : C (61.54); H (3.8 3 1; 
N (8.97). Found : C(61.70); H(3.72); N(9.03) 
Mixture of et. 
IR (KBr) 1 

yZ 3-chlom-1-mc?thyl-2( lIl)-pyridone 4 arti 6-c~rboxylnt.e lOa and 12 a 
cm' : 1665-1670 (Ix) lackm); 1745 (CO ester), lH-NMR (C%l3) : Tar the two 

istmleric compol~rds superimposed quartet at 4.30 tltnn (C&CH3) and triplet at 1.35 pgn (CH2- 
g&$. For 10 a : 7.3 (d, J=7.5 Hz, lH, t’s); 6.3 (d, J=7.5 Hz, lH, H5); 3.55 (s, 311, NCH3). 
For 128 : c2 (d, J=2Hz, ltt, H6); 8.05 (d, J=2Hz, ltl, H4); 3.65 (s, 3H, NCH3). EbCt 

magS 7 215.0349; for~nd : 215.0346 
Mixkure of ethyl 3_chloro-1-phenyl-2( lIl)-~~yridcme-4-And 6-~rtrbox~lnk 1ob amI ?2b 

IR (Kt3r) cm-’ : 1640 (CO la&am) ; 1735 (Cx, esker) ; ‘H-NW? (CDC.l3) l For the two isomer ic: 

cmplulds : super impsed qufirtet; at. 4.40 ppn (aCtI3) triplet at 1.40 pp ((XI&) and 

multiplet at 7.60 ptm. For ub : 7.35 (d, J=7.5Hz, ltt, t16); 6.5 (d, J=7.5 Hz, ttt, H ). 
For 12b : Exact miss : 8 
fourIT: 

8.25 (d, J=1.5 tlz, 1H, H6); 8.15 (d, J=1,5 Hz, lH, H4L 277.05 5; 
277.0501. 

Mixt.llre of et 
P 

1 3-mthoxy-1-u&hyl-2( lR)-pyridone4- 
IR (KBr) cm- : 1665 (CO lacLnm); 1735 (a0 ester) ; 

p”1 5-emlx,xylEite Jg and gd 
H-NM2 (cm1 3 ) ; for t,he two isomeric 

crnnpoluds : auperimlx,sed quartet at 4.35 ptmn (CH CH3) 
lad : 7.15 (d, 1H, J=7,5Hz, 116); 6.35 (d, lH, J= .5t12, H5); 4.00 Is, 3tt, or=rt,); -Y 

and triplet at 1.45 (Clt2CH 
3 

1. For 

G, 
-55 (5, 

NCH ). 
3 

For 126 : 7.45 (d, 1H, J=l.SHz, tl6;; 6.75 (d, lH, J=1,5Hz, H,); 3.95 (s, 3H, 
OZ,) ; .60 (s, 3H, NCH3). tkact ms : 211.0844; found : 211.0842. 
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Mixture of e 
T 
yl 3-me&xy-1-phenyl-2(1H)-pyridone-4 

Y 
d 5-carhoxylaLe~ arH.lge 

IR (KEb) cm- 
Compound!4 : 

: 1730 ((x, ester); 1645 (Co lactan~); ll-NMR (CDC13) : for the two istmeric 
multiplet at 7.4 ppn (ArH); 

triplet at 1.38 (CH&). For me : 
superimposed quartet at 4.40 m (aCH3) and 

4.00 (5, 3H, ocH3). For Ge 
7.12 (d, J=7 Hz, lH, H6), 6.38 (d, J=7Hz, IH, H5); 

: 7.85 (d, J=t.5 Hz, IH, H6); 7.3 (d, J=1.5 Hz, lH, H4); 4.00 
(s, 3H, OCH3). Exact mass : 273.1001; found : 273.0997. 
Mixture elf ethyl 3-cy~w~-l-1wthyl-2(lH)-pyridone-4 and 5-4~~ 
IR (KEIr) cm- 

TlateB&B 
: 1670 (0 la&am); 1735 (Cc, ester); 2230 (EN); H-M (ClX13) : for the two 

isomeric compounds : 
EH2!z3). For & : 

superimposed quartet at 4.45 pm (W&Xl and triptet at 1.40 ppn 
lH, H 1; 3+55 Is, 3H, 

N(=H3)* For 12g : 
8.3 (d, J=7.5 Hz, lH, H6); 6.75 Id, J=7.d)Hz, 

8.9 (d, J=2Hz, lH, H ); 
Exact mass : 206.0691; found : 206.0688 

8.5 (d, lH, J=2 Hz, lH, H$; 3.5 8 (s, 3H, NC&$. 

Mixture of e 
Py 

1-3~yano-l-pknyl-2(lH)-~ido~~4 and 5 late 1Oh end m 
IR (KEk) cm- : 2225 (EN); 1735 (CO ester); 1660 (0 1 H--NMR-(CDCl ) : for the two 

isomeric ctnn~unds : multiplet at 7.5 ppm (ArH); auperimposti quartet a\; P 
and triplet at 1.45 ppm (CH a). 

.4 ppn (CH CH3) 

lH, H5). For gh : 8.5 (s, 3 
For m : 8.2 (d, 5~7.5 Hz, lH, H6); 6.8 (d, 5~74 Hz, 3 

H, H4 and Hg); exact rrrass : 268.0847; found : 268.0835. 
3-chloro-l-methyl-4-~nyl-2(lH)-pyridone 14a 
m.p. : 101'C; IR (KW) cm-' : 1650 (Co lac&); +WMR (CDC13): 7.44 (s, FiH, ArlI); 7.34 (d, 
5=7.5 Hz, lH, H ); 6.18 (d, J=7.5 Hz, IA, H5); 3.68 (s, 3H, Na); m/z : 219 (M+, 100); 191 
(321; 184 (4); 776 (3). Anal. calcd for Cl2HlOCllW : C(65.61); H(4.59); N(6.38). Found : 
C(65.42); H(4.64); N(6.21). 
3-chloro-l-methyl-5-phenyl-q(lH)-pyridone &S 

. : 192'C; JR (KBr) cm- 
I?'f* 7 40 (9 5H Ar-H)' 

: 1660 (00 lwtam); ‘II-NMR (CEC13) : 7.80 (d, J=2.5 Hz, lH, 
7.05 (d, J=2.5 Hz, 111, H4); 3.69 (s, 3H, KfTf); m/a : 219 (M+, 

180;; i91 (ii); l's4 (5);'176 (4). Ar~t\l. calcvt for C12HloCLNo : C(65.61); H(4.59); N(6.38). 
Fourld : C(65,33); H(4,71); N(6.30). 
Mixture of 3_chlom-1,4 and 1,5~Ji~~rly~-2(1H)-pyridone Mb and xb 
TR (Kl3r) cnr-* : 1655-1660 ((x> lact.am); 1lNNFI (c!lx.l ) : 
multiplet at 7.5 ppm (ArH). For 14-b : d 

for the two iscmeric compounds : 
7.4 (d, J=7. Hz, 6.37 (d, J=7,5 Hz, lH, 

11 ). 
3 

For 16b : 
lH, H6); 

Fxactrrrass : 
2 1.0607; 

7.9 (d, J=2.5 Hz, lH, H6); 6.95 (cl, J=2.5 Hz, lH, Hq). 
fnux : 281.0601. 

Mixture of 3-~thoxy-l-mcthgl.-4-~h~~ and 5-phenyl-2(1I~)-pyridones &i and 16d 
IR (KBr) cm-1 : 1655-1665 (CD lactam); lH-NblR (C'OC13) : for the tw iscnneric ccm~unds : 
multiplet at 7.4 pm (Ar-H). Fur NC : 6.95 (d, J=7 Hz, lH, H6); 6.20 (d, J=7Hz, lH, H5); 
3.85 (s, 311, 0CH3); 3.60 (s, 3H, NCH3). For l& : 

1H, H4); 

7.10 (d, J=2 Hz, lH, H6); 6*85 (d, J=2 
Hz, 3.90 (5, 
215.0944. 

3H, CZH3); 3.62 (s, BH, NCH3). Exact mass : 215.0946; found : 

Mixture of 3-mxAhoxy-I, 4- and 1,5-cJi phenyIl-2( 1N) -pyridone _& and Be 
IR (,Uk) cm-l : 1655-1670 (Co lactam); kNMR (CDCl,) : for the two ieomeric C.XXIQXXU&I : 
multiplet at 7.45 Pam (AI--H). For He : 7.15 (d, J=7.5 Hz, lH, H ); 6.25 (d, J=7.5 Hz, lH, 
H5); 3.85 (s, 3H, 0). For j&e : 7.18 (d, J=2 Hz, IH, H6); 8 
3.90 (s, 311, cm3). Exmt. nnss : 277.1102; founcl : 277.1091. 

.90 (d, 5=2 Hz, MI, H4); 

Mixture of &cm-l+&hyl-4 ~1 S-~~~l-2(1R)-1)yrict~ 14g rwwJ m 
1R (KTk) cm-* : 2225 (EN); 1650-1660 ((X) lactam); ! 

ctmpounds : multiplet at 7.55 (Ar-I~)+ For m : 
H-NMR (CnCl3) : for the two isomeric 

:%?~:, 

7.56 (d, J=7Hz, lH, H6); 6.34 (d, J=7 Hz, 
; 3.62 (s, 3H, N%). For m : 7.76 (d, J=2 Hz, 

311, NCH ) . Exact, Wl.q 
111, H6); 6.82 (d, 5=2 Hz, lH, H4); 

: 210.0793; fWrK1 : 210.0795. 
Hixt.ure of 31qd!o-I,4 NNJ 1,5~ip&wnyl-2( IH)-pyri 
IR (Klk) an-l : 2225 (EN); 1650-1660 (CD lactsm); dT 

sub and sh 
: for the two isomeric 

conlpti : 
II-NMR (CTz13) 

multiplet at 7.4 pp (/WI); For 14h : 7.5 (d, 5~7.5 HZ, 1H, H6); 6.4 (d, 5~715 
Hz, IH, H5); For Eh : 8.15 (d, J=2.5 Hz, 1H>6); 7.8 (d, J=2.5 Hz, 111, H4). Exact mass : 
272.0949; found : 272.0935. 

2. Rkacticms of pyn=ims h-b, Id-e and d_igetJwi htynmticmte : fonmtim i3rd 

thenmlysis pf bicytzlaadciucts 6 

2. a. Cy-clorublitiun 

The pylxzinones (2,5 mnol) ar~I dimethyl butynediuate (7.5 mnol) were stirred in dry 
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Zd. Themolysis of ocmpo~& En,0 

On heating compound 50 (0.415 g; 1 ml) in boiling xylene complete d-position into 
pyridine Ei (0.292 g, 98%) was observed. Its spectral characteristics given blow are 
nearly identic@ with those of reported dimethyl 2-methoxy-6dimethylamino-pyridine-3,4- 
dicarboxylate. However compound 5n was isolated unchanged on heating it under the same 
conditions, 

di.methyl6-diethyl ino-2aethcllqr-pyridi~3i4-dicarboxplateli 
oil; IR (neat) cm- Y. . 1730-1745 (m ester); H-m (CDC13); 6.29 (s, lH, H5); 3.9 (s, 6H, 
Exult ); 3.8 (s, 3H, CCH3); 3.6 (q, 4H, CH2CH3); 1.15 (t, 6H, CH2a); m/z : 296 (PI+, 65); 
281 (Q00); 267 (25); 265 (42) 
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