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Oxazoles, thiazoles, imidazoles, 1,2,4-triazines and 6H- 
1,3-oxazin-6-ones contain a useful 2-azadiene system. They 
are known to undergo cycloaddition and subsequent elim- 
ination reactions offering interesting routes toward spe- 
cifically substituted heterocyclic compounds.' In recent 
 publication^^*^ we studied cycloaddition-elimination pro- 
cesses in the reaction of acetylenic compounds with the 
2-azadiene system of variously substituted 2( 1ll.r- 
pyrazinones 1 and W-1,4-oxazin-2-ones 2. Depending on 
the substitution pattern of both the 2(lH)-pyrazinone and 
the dienophile, the initially-formed cycloadducts gave 
2-pyridones 3 and/or pyridines 4 (Scheme I). These 
products resulted from a retro Diels-Alder reaction of the 
initial cycloadduct with loss of cyanogen chloride and/or 
isocyanate.2 However, cycloadducta of W-1,4-oxazin-2- 
ones exclusively lose carbon dioxide offering an interesting 
method for the generation of pyridines 4.3 

Herein, we report the peculiar ring transformation and 
mechanistic features in the reaction of 5-chloro-3-(di- 
ethylamino)-2( 1ll.r-pyrazinones and the corresponding 
W-1,4-oxazin-2-ones with acetylenic compounds. The 
model 2(lH)-pyrazinones 5a (X = NPh) and 5b (X = 
M e ) ,  easily obtained by the reaction of diethylamine and 
the corresponding 3,5-dichloro-2(1H)-pyrazinones,4 were 
treated with 3 equiv of dimethylacetylene dicarboxylate 
(DMAD). This reaction did not yield the expected pyri- 
dine derivatives resulting from a retro Diels-Alder reaction 
of the primarily-formed cycloadducts. However, the 2- 
cyano-5- (diethylamino)-1,6-dihydro-6-0~0-3,4-pyridinedi- 
carboxylates 7a and 7b were isolated as the sole reaction 
products in yields of 95 and 93%, respectively. Infrared 
spectra of these solid compounds show typical nitrile bands 
at  2220-2230 cm-' and carbonyl absorptions at  1720-1740 
cm-' (ester) and 1665 cm-' (lactam). 'H NMR data are 
in agreement with the presence of both ester and di- 
ethylamino functionalities, and the products are charac- 
terized by correct mass spectral and combustion analytical 
data. A plausible mechanism is proposed in Scheme 11. 
The Diels-Alder adduct Y is assumed to rearrange into 
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intermediate Z by lone pair-assisted cleavage of the C-N 
bond at  the bridgehead. The loss of a proton will lead to 
the formation of the isolated products 7a and 7b. A com- 
parable reaction sequence is suggested for the formation 
of substituted 2,4-bis(dimethylamino)benzonitriles from 
the reaction of 6-chloro-3-cyano-2,4-bis(dimethylamino)- 
pyridines with electrophilic acetylenes.6 

Some further experiments were performed to support 
this mechanism and to get more information about the 
scope of this ring transformation. The proposed mecha- 
nism requires three essential factors to be present in the 
2(1W)-pyrazinone: (1) a hydrogen atom in position 6; (2) 
a good leaving group in position 5 (here Cl); and (3) a 
substituent with high donating capacity in position 3 (here 

The latter requirement is induced by results from pre- 
vious workzb showing that the cycloadducts of 5-chloro- 
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3-methoxy-l-phenyl-2( lH)-pyrazinone in comparable 
conditions do not yield a rearranged product, but simply 
undergo retro Diels-Alder reaction. In any event, cyclo- 
adducts of 5-chloro-3-(diethylamino)-W-l,doxazin-2-ones 
which fulfill the three above-mentioned requirements 
undergo a comparable ring transformation. Indeed, re- 
actions of 2(1H)-ppazinone Sa and W-1,4-oxazin-2-one 
6 with (m)ethyl propynoate and phenylacetylene resulted 
in the regioselective formation of cyano- and diethyl- 
amino-substituted pyridone and pyranone derivatives 7c,d 
(85%, 89%) and 8a,b (75%, 34%) with characteristic IR 
absorptions for nitrile, lactam, or lactone functions (-2225, 
-1665, and -1730 cm-'). Reactions with 2(1H)- 
pyrazinones were carried out at 60 O C  in toluene, whereas 
compound 6 reacted at room temperature in neat acetyl- 
enic compounds to give 8a and 8b after 1 and 40 h, re- 
spectively. As can be expected, the reaction occurs more 
slowly with less electrophilic dienophiles. Structures 7c,d 
and 8a,b were proven by proton coupled '3c NMR spectra 
where the nitrile carbon (6 = 112.5-113.5 ppm) appeared 
as a doublet with a 3J coupling constant of 4 or 5 Hz. The 
formation of only one regioisomer is in agreement with the 
regioselectivity of the Diels-Alder cycloaddition as ob- 
served in previous work for 2(1H)-pyrazinone~~~ and W- 
1,4-oxazin-2-ones6 with electron-donating substituents in 
position 3. 

In addition, some Diels-Alder experiments were carried 
out on 2(lH)-pyrazinones with a substitution pattern that 
does not fulfill the requirements mentioned above. The 
reaction of the 6-methyl derivative 9 with methyl propy- 
noate under the same reaction conditions as for compounds 
Sa and 5b yielded unreacted starting material, tarry 
products and a small amount (15%) of 3-(diethyl- 
amino)-l,2-dihydro-6-methyl-2-oxo-l-phenyl-4-pyridine- 
carboxylate 10. The latter product presumably originates 
from the loss of cyanogen chloride from the Diels-Alder 
adduct. The regiochemistry of 10 was confirmed by its 
proton-coupled 13C NMR spectrum with C-5 absorbing at  
103.4 ppm (dxq) and the methyl group in position 6 at 20.1 
ppm. In the 'H NMR spectrum H-5 appears as a singlet 
at 6.1 ppm. The large amount of tarry products may be 
connected with the mentioned rearrangement because of 
the presence of a 6-methyl substituent instead of a 6-H 
atom in the starting material, proton loss out of an in- 
termediate of type Z cannot occur; this leads to uniden- 
tified side products. 

Reaction at 60 "C of the 2(1H)-pyrazin-2-one 11 (ob- 
tained by reduction2b of the corresponding 5-chloro de- 
rivative) with DMAD yielded after 3 h only one product 
(85%). It was identified as the dimethyl &(diethyl- 
amino)-l,6-dihydro-6-oxo-l-phenyl-3,4-pyridinedi- 
carboxylate (12). It has characteristic IR absorptions at 
1730 (ester) and 1665 (lactam) cm-' and a singlet absorp- 
tion for H-2 at 8.2 ppm. This compound probably results 
from the normal retro Diels-Alder reaction with loss of 
hydrogen cyanide out of the adduct. 

We can conclude that this rearrangement yielding 5- 
(diethylamino)-1,6-dihydro-6-oxo-2-pyridinecarbonitriles 
and 3-(diethylamino)-2-oxo--W-pyran-6-carbonitriles pre- 
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domina- over the normal retro Diels-Alder reaction when 
a specific substitution pattern is present. The behavior 
of related cycloadducts with substituents different from 
dialkylamino groups, e.g., -NH2, -NHR, or 3-indolyl, and 
the influence of aolvent polarity and temperature on the 
competition between both processes are under current 
investigation. 

Experimental Section 
Melting points were taken using a Reichert-Jung Thermovar 

apparatus and are uncorrected. All NMR spectra were recorded 
on a Bruker Crympec FT-w) spectrometer using CDC13 as solvent 
'H and 13C NMR spectra were measured at 250 and 63 MHz, 
respectively, and their shifts are expressed in parte per million 
(ppm) downfield from TMS; the coupling constants are expressed 
as "JCH, where n is the number of bonds between carbon and 
hydrogen, and are in Hz. IR spectra were recorded as thin films 
between NaCl plates or as solids in KBr pellets on a Perkin-Elmer 
297 grating IR-spectrophotometer. Mass spectra were run using 
a Kratce MS 50 instrument and DS 90 data system. Microanalyses 
were performed by Janssen Pharmaceutica on a Carlo Erba el- 
emental analyzer type 1106. Silica gel (Macherey Nagel Type 
60) and chloroform stabilized with amylene were used for chro- 
matographic separations. All solvents and reagents were dried 
and purified according to standard procedures. All cycloaddition 
reactions were performed under nitrogen atmosphere. 

The 3,5-dichloro-2(1H)-pyrazinones and the corresponding 
W-1,4-oxazin-2-ones used for the preparation of compounds 5a, 
5b, and 6 were synthesized according to the procedurea described 
in the 
5-Chloro-3-(diethylamino)-2(l~)-pyrazinones Sa, 5b. 

General procedure: To a solution of 3,5-dichloro-l-phenyl- or 
-l-methyl-2(lH)-pyrazinone (40 "01) in dry 1,4-dioxane (100 
mL) was added freshly dried diethylamine (80 mmol). The re- 
action mixture was stirred for 2 h at 50 "C. After complete 
substitution, the solvent and ex- of diethylamine were removed 
under reduced pressure, and the residue was then dissolved in 
chloroform and washed two times with water (10 mL). Drying 
of the organic layer on MgSO,, evaporation, and chromatography 
(10% ethyl acetate-chloroform) on a silica gel column yielded 
compounds Sa and 5b. They were recrystallized from hexane- 
chloroform. 

5-Chloro-3-( diet hylamho)- 1-phenyl-2 ( la)-pyrazinone 
(5a). This compound was obtained in a yield of 10.4 g (94%): 
mp 63-64 OC; IR (KBr) 1665 (lactam) cm-'; 'H NMR 6 1.3 (t, 6 
H, NCHzCH3), 3.7 (q,4 H, NCHzCH3),6.5 (s,lH,H-6), 7.3 (m, 

C-6, 'Jq = 190),126.0 (e, C-5),126.1,1!28.5,129.3 (m, C-Ar), 139.9 
(dxd, C-ipso), 149.9 (m, C-3), 150.9 (8, C-2); MS (m/z)  277 (M+, 

HRMS calcd for C1,Hl6ClN30 (M+) 277.0982, found 277.0995. 

C, 60.25; H, 5.67; N, 14.93. 
5-Chloro-3-( diethylamino)-l-methyl-2( la)-pyrazinone 

(5b). This compound was obtained in a yield of 8.1 g (95%): mp 
87-88 "C; IR (KBr) 1665 (lactam) cm-'; 'H NMR 6 1.22 (t, 6 H, 

- C2Hs, 88), 172 (100); HRMS calcd for C9Hl4C1N3O (M+) 
215.0825, found 215.0834. Anal. Calcd for C$11,ClN30 C, 50.12; 
H, 6.54; N, 19.48. Found C, 49.87; H, 6.43; N, 19.36. 

5-Chloro-3- (diet hylamino)-ZH- 1,Coxazin-Z-one (6). To a 
solution of 0.64 g of 3,5dichloro-W-1,4-oxazin-2-one (3.95 m o l )  
in CHC13 (50 mL) at reflux was added dropwise 0.83 mL of 
diethylamine (7.7 "01) dissolved in CHC1, (50 mL). Purification 
of the residue after solvent removal by flash chromatography 
(CHC13) gave 0.64 g (81%) of 6 as a dark oil: IR (neat) 1735 
(lactone), 1600 (C-N) cm-l; 'H NMR 6 1.26 (t, 6 H, CH3), 3.72 
(br q, 4 H, CHz), 6.93 (8,  1 H, H-6); 13C NMR 6 13.3 (CH3), 45.0 

- CO, 58), 159 (M+ - CO-Me, 100); HRMS calcd for CJ311ClN@2 
(M+) 202.0509, found 202.0512. 

Reaction of 3-(Diethylamino)-2( la)-pyrazinones Sa-b, 9, 
and 11 with Acetylenic Compounds: Generation of Com- 

5 H, ArH); 13C NMR 6 13.6 (CH,CHJ, 44.8 (CH&H3), 113.6 (d, 

100), 262 (M+ - CH3,52), 248 (M+ - C& 72), 234 (262-C0,86); 

Ad. cdcd for cliH&w30 c, 60.64; H, 5.81; N, 15.13. Found: 

NCHZCH,), 3.4 (8,3 H, NCHS), 3.75 (q,4 H, NCH&HJ, 6.5 (8,  
1 H, H-6); MS ( m / z )  215 (M+, 92), 200 (M+-CH3,76), 186 (M+ 

(CHZ), 126.8 ((2-6, d, 'JCH = 212), 128.2 (C-5, d, 'JCH = 71,145.3 
(C-3),150.6 (C-2, d, aJcH = 4); MS ( m / z )  202 (M+, 441,174 (M+ 
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pounds 7, 10, and 12. General procedure: A solution of 3-(di- 
ethylamino)-2(vl)-pyazinone (1 mmol) in freshly dried toluene 
(10 mL) containing 3 equiv of dienophile was heated at 60 "C until 
all starting material had disappeared. The solvent was evaporated 
under reduced pressure, and the residue was purified by chro- 
matography (ethyl acetate-chloroform) on a silica gel column. 
The product was then recrystallized from hexane-chloroform. 

Dimethyl 2-Cyano-5-( diet hylamho)- 1 ,6-dihydro-6-oxo- 1- 
phenyl-3,4-pyridinedicarboxylate (7a). After reaction for 3 
h followed by chromatography this compound was obtained from 
5a and dimethyl butynedioate in a yield of 363 mg (95%): mp 
118-119 O C ;  IR (KBr) 2230 (CN), 1720 (eater), 1665 (lactam) cm-'; 

(s,6 H, COZCH3), 7.4 (m, 5 H, ArH); MS ( m / z )  383 (M+, 54), 368 

for C&21Ns06 (M+), 383.1481, found 383.1490. Anal. Calcd for 

N, 10.71. 
Dimethyl 2-Cyano-5- (diet hy1amino)- 1,6-dihydro- 1 - 

methyl-6-oxo-3,4-pyridinedicarboxylate (7b). After reaction 
for 3 h this compound was obtained from 5b in a yield of 299 mg 
(93%): mp 87-88 "C; IR (KBr) 2220 (CN), 1740 (ester), 1720 
(ester), 1665 (lactam) cm-'; 'H NMR 6 1.3 (t, 6 H, NCHzCH3), 

NCH3), 46.3 (t, NCHzCH3), 52.6 (q, OCH3), 53.1 (q, OCHJ, 111.8 

(m, C-5, 3J = 3), 159.8 (q, C-6, 3J = 2), 163.0 (q, C=O, 3J = 5 ) ,  
165.6 (q, C 4 ,  3J = 5 ) ;  MS ( m / z )  321 (M+, 301,306 (M+ - CH3, 
loo), 290 (M+ - OCH3, 26), 260 (46), 246 (39); HRMS calcd for 
C15HlsN305 (M+) 321.1325, found 321.1322. Anal. Calcd for 

N, 13.00. 
Ethyl 6-Cyano-3-(diet hylamho)- I,2-dihydro-2-oxo- 1- 

phenyl-4-pyridinecarboxylate (7c). After reaction for 8 h this 
compound was obtained from Sa and ethyl propynoate in a yield 
of 288 mg (85%): mp 84 "C; IR (KBr) 2230 (CN), 1735 (ester), 
1665 (lactam) cm-'; 'H NMR 6 1.25 (t, 6 H, NCHzCCH3), 1.4 (t, 

COZCHzCH3), 7.1 (8,  1 H, H-5), 7.4 (m, 5 H, ArH); 13C NMR 6 

C-5, 'J  = 174), 120.6 (8, C-4), 127.5, 128.3, 129.5 (C-Ar), 137.8 
(C-ipso), 146.3 (m, C-3), 160.1 (C-2), 164.7 (M); MS ( m / z )  339 

HRMS calcd for C~&H,N~O~ (M+) 339.1583, found 339.1586. Anal. 
Calcd for Cl&&03: C, 67.24; H, 6.24; N, 12.38. Found C, 
67.20; H, 6.22; N, 12.40. 

5-(Diethylamino)- 1,6-dihydro-6-oxo- l,4-diphenyl-2- 
pyridinecarbonitrile (7d). After reaction for 12 h this compound 
was obtained from 5a and phenylacetylene in a yield of 305 mg 
(89%): mp 140-141 OC; IR (KBr) 2220 (CN), 1660 (lactam) cm-'; 

(8,  1 H, H-3), 7.6-7.15 (m, 10 H, ArH); 13C NMR 6 13.6 (q, 

129.5, 129.6 (m, CAr), 136.7 (m, C-4), 138.0, 138.3 (2 X C-ipso), 
143.1 (m, C-5), 161.1 (8, (2-6); MS ( m / z )  343 (M', 551,328 (M+ 
- C H ,  59), 314 (M+ - CzH5, 100), 299 (73); HRMS calcd for 
CzzHz1N30 (M+) 343.1685, found 343.1686. Anal. Calcd for 

N, 11.93. 
Methyl 3- (Diet hy1amino)- 1 f-dihydro-6-met hyl-2-oxo- 1- 

phenyl-4-pyridinecarboxylate (10). After reaction of compound 
9 with methyl propynoate for 8 h, this compound was isolated 
in a yield of 47 mg (15%): mp 85-86 "C; IR (KBr) 1740 (ester), 
1665 (lactam) cm-'; 'H NMR 6 1.05 (t, 6 H, NCHzCH3), 1.95 (8,  

1 H, H-5), 7.4 (m, 5 H, ArH); 13C NMR 21.2 (qd, 6-CH3), 103.5 
(dq, C-5, 'J = 168) MS ( m / z )  314 (M+, loo), 299 (M+ - CH3, 971, 
285 (M+ - CzH5,85), 271 (35); HRMS calcd for C1&22NzO3 (M+) 
314.1630, found 314.1627. 

Dimethyl 5-(Diethylamino)-1,6-dihydro-6-oxo-l-phenyl- 
3,4-pyridinedicarboxylate (12). After reaction of 11 with di- 
methyl butynedioate for 3 h, this compound was isolated in a yield 
of 305 mg (85%): mp 89-90 OC; IR (KBr) 1730 (ester), 1665 

'H NMR 6 1.3 (t, 6 H, NCHZCH,), 3.45 (q,4 H, NCHZCH,), 4.0 

(M+ - CH3, 100), 351 (M+ - CH,OH, 65)) 322 (91); HRMS calcd 

CdZlN305: C, 62.66; H, 5.52; N, 10.96. Found: C, 62.28; H, 5.43; 

3.3 (q,4 H, NCHZCH,), 3.8 (8, 3 H, CH3), 3.9 (8 ,  3 H, COZCH,), 
3.95 (8,  3 H, COZCH,); 13C NMR 6 13.7 (9, NCHZCH,), 35.3 (4, 

(s, CN), 116.8 (9, C-2, 3J = 4), 118.3 (8,  C-3), 132.0 (9, C-4), 143.6 

c1&1&305: C, 56.07; H, 5.96; N, 13.08. Found: C, 55.76; H, 5.87; 

3 H, COZCHzCH3), 3.6 (4, 4 H, NCHZCH,), 4.3 (9, 2 H, 

13.5 (NCHZCH,), 14.1 (OCHZCH,), 46.4 (NCHZCH,), 61.4 (OC- 
HZCH,), 109.4 (d, (2-6, 2J = 3), 113.2 (d, CN, 3J = 51, 117.8 (d, 

(M+, 43), 324 (M+ - CH3, 56), 310 (M+ - CzH5, loo), 264 (73); 

'H NMR 6 1.0 (t, 6 H, NCHZCHS), 3.05 (q,4 H, NCHZCHJ, 6.85 

NCHzCH3), 45.9 (t, NCHZCHJ, 112.4 (d, C-2, '5 = 2.6), 113.5 (d, 
CN, 3J = 5) ,  120.3 (d, C-3, 'J  171), 127.7, 127.8, 128.6, 129.3, 

CZH21N30 C, 76.94; H, 6.16; N, 12.24. Found: C, 76.64; H, 6.02; 

3 H, CH3), 3.15 (q,4 H, NCHZCH,), 3.9 (8, 2 H, COZCHJ, 6.1 (8,  

0022-3263/92/ 1957-2937$03.O0/0 

(lactam) cm-'; 'H NMR 6 1.0 (t, 6 H, NCHzCH3), 3.1 (9, 4 H, 
NCHzCH3), 3.75 (8, 3 H,COzCH3), 3.9 (e, 3 H, CO2CH3), 7.4 (m, 
5 H, ArH), 8.2 (8,  1 H, H-2); MS ( m / z )  358 (M', 89), 329 (M+ - 
CZH5,21), 327 (M+ - OCH3, 47), 299 (M+ - C02CH3,lOO); HRMS 
calcd for CJIZNZO5 (M+) 358.1529, found 358.1533. Anal. Calcd 
for C1sHz2N205: C, 63.68; H, 6.19; N, 7.82. Found: C, 63.51; H, 
6.15; N, 7.75. 

Reactions of 5-Chloro-3-(diethylamino)-2H-l,4-oxazin-2- 
one 6 with Acetylenic Compounds: Generation of Com- 
pounds 8. General procedure: A solution of compound 6 (1 
mmol) in neat acetylenic compound (3 mL) was stirred at room 
temperature until compound 6 had disappeared. Workup and 
purification of compounds 8 was done as for compound 7 using 
silica gel plates and chloroform as eluent. 

Methyl 6-Cyano-3-(diethylamino)-2-0~0-2H-pyran-4- 
carboxylate (sa). After reaction for 1 h compound 8a was 
obtained as an oil from 6 and methyl propynoate in a yield of 188 
mg (75%): IR (KBr) 2225 (CN), 1740 (CO) cm-'; 'H NMR 6 1.2 

(OCH3), 112.4 (d, CN, 3J = 4), 116.4 (8,  C-41, 118.3 (d, (3-5, 'J  = 
175), 121.6 (d, C-6, zJ = 4), 141.8 (m, C-3), 158.1 (C-2), 163.6 
(COzCH3); MS ( m / z )  250 (M+, 100); HRMS calcd for Cl2Hl4N2O4 
(M+) 250.0954, found 250.0950. 
3-(Diethylamino)-4-phenyl-2-oxo-2H-pyran-6-carbonitrile 

(8b). After reaction for 40 h compound 8b was obtained from 
compound 6 and phenyl acetylene in a yield of 91 mg (34%): mp 
84 OC; IR (KBr) 2218 (CN), 1724 (CO) cm-'; 'H NMR 6 1.0 (t, 

(m, 5 H, ArH); '3c NMR6 13.4 (q, NCHzCHJ, 46.0 (t, NCHzCH$ 

= 4), 127.5, 128.8 (C-Ar), 135.0 (m, C-4), 136.5 (C-ipso), 137.3 (m, 
C-3), 159.3 (8, (2-2); MS ( m / z )  268 (M+, 100); HRMS calcd for 
C16H1602N2 (M+) 268.1212, found 268.1207. 
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The knowledge that pyrrolizidine alkaloids are highly 
biologically active' has ensured that the synthesis2 of such 
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