
J. Org. Chem. 1981,46,3949-3953 3949 

action of 8 mmol of 2 with 2.2 g (12 mmol) of n-butyl iodide for 
2.5 h gave a semisolid crude product which was chromatographed. 
Elution with dichloromethane-hexane (91,700 mL) gave 0.32 
g (10%) of 3h.l0 Further elution with the same solvent mixture 
1.2 L) gave 0.6 g (22%) of 3g. 
7-Chloro-3-(diphenylhydroxymethyl) - 1 -methy 1-5-phen y l- 

If-dihydro-2~-1,4-bzodiazepin-2-one (4a). To 4 mmol of 
anion 2 was added 0.73 g (4 "01) of benzophenone in 5 mL of 
THF. The reaction was stirred for 2 h, decomposed with dilute 
HCl (PH of aqueous layer was 6-7), and extracted with ether. The 
oil obtained after evaporation of the dried extract was passed 
through a column of silica gel. 

3-Acetyl-7-chloro- 1-methyl-5-phenyl- 1,3-dihydro-%H- 1,4- 
bnzodiazepin-2-one (6a). To 4 mmol of 2 was added 0.35 g 
(4 "01) of ethyl acetate in 5 mL of THF, and the mixture was 
stirred for 1 h. The solution was treated with dilute HCl to pH 
6-7. The reaction mixture was extracted with ether (500 mL). 
The oil, obtained after evaporation of the dried ethereal extract, 
was chromatographed. Elution with hexane-ethyl acetate (41, 

(19) A referee has suggested that dibutyl derivative 3h could have the 
1,bdihydro structure i. This alternative structure is ruled out by the 
obeervationa that 3h the characteristic IR bands at 1680,1610, 
and 1410 cm-' for 1,3-d1hydro-1,4-benzodiazepinones while i would be 
expected to have strong absorption below 1650 ~ m - ' . ~  

C H x  

n-C,Hp 

i 

(20) Ogata, M.; Matsumoto, H.; Hirose, K. J.  Med. Chem. 1977,20, 
776. 

200 mL) gave traces of an oil (unidentified). Further elution with 
the same solvent mixture (150 mL) gave a thick oil, which was 
crystallized from pentane to give 0.15 g (12%) of 6a. 

Reactions of Benzyl Chloride with LDA. To 4 mmol of 
LDA in THF was added 0.48 g (4 mmol) of benzyl chloride as 
a solution in 5 mL of THF. After 15 min at 25 OC the reaction 
was processed in the usual fashion to yield l-chloro-l,%-di- 
phenylethane (7) as a light yellow oil (homogeneous by TLC): 'H 
NMR (CDCl,) 6 7.61-7.15 (m, 10 H, aromatic), 4.96 (t, 1 H, CHI, 

In a similar experiment employing 4 mmol of benzyl chloride 
and 8 mmol of LDA, trans-stilbene (8, mp 123-124 OC) was 
isolated as the major product. A mixture melting point with an 
authentic sample was not depressed. The 'H NMR spectrum was 
identical with that of an authentic sample of 8. 
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Treatment of Bformyl-l,3-dimethyluracil(l) with a-substituted acetone derivatives ( C C C  type nucleophiles) 
such as acetylacetone, acetoacetamide, ethyl acetoacetate, and phenylacetone in basic media affords the cor- 
responding 4-hydroxybenzoates (4). On the other hand, treatment of 1 with cyanoacetamide, a C-C-N type 
nucleophile, gives the nicotinate 8. A mechanism for this cycloaromatization waa proposed on the basis of reaction 
of 5-formyl-l,3-dimethyluracil-dl (6) with acetylacetone. 

Uracil derivatives constituted of a urea part (N1-C2-NS) 
and a three-carbon fragment (C&-C,) can be used as 
a source of formyl acetate." In fact, when uracils are 
allowed to react with the  reagents containing two nucleo- 
philic sites, various heterocyclic compounds are obtained." 

For example, uracils are converted into the corresponding 
pyrazolones and isoxazolones by treatment with hydrazine 
and hydroxylamine, respectively? Watanabe et al. and we4 
have also found that the reaction of 1,3-disubstituted 
uracils with 1,3-bifunctional nucleophiles such as guanidine 

(1) For part 38, EW M. Yogo, K. Hirota, and S. Senda, J. Heterocycl. 
Chem., in presa. 

(2) (a) E. G. Lovett and D. Lipkin, J. Og. Chem., 43,3073 (1978); (b) 
ibid., 42, 2674 (1977). 

(3) F. Lingens and H. Schneider-BernlBhr, Justus. Liebigs Ann. 
Chem., 686,134 (1966); D. H. Hayes and F. Hayes-Baron, J. Chem. SOC. 
C, 1528 (1967). 

(4) K. Hirota, K. A. Watanabe, and J. J. Fox, J. Heterocycl. Chem., 
14,537 (1977); J. Org. Chem., 43,1193 (1978); K Hirota, Y. Kitade, S. 
Senda, M. J. Halat, K. A. Watanabe, and J. J. Fox, J.  Am. Chem. SOC., 
101,4423 (1979); K. Hirota, Y. Kitade, and S. Senda, Heterocycles, 14, 
407 (1980); K. Hirota, Y. Kitade, S. Senda, M. J. Halat, K. A. Watanabe, 
and J. J. Fox, J. Org. Chem., 46,846 (1981). 
(6) K. Y. Zee-Cheng and C. C. Cheng, J. Org. Chem., 33,892 (1968). 
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Table I. 'H NMR Chemical S h i h  of Substituted 4-Hydroxybenzoates 4 and 7" 
chemical shiftsC 6 

compd 2-H 6-H 5-H OH other 
4a 8.48 (d, J z , 6  = 2.0) 8.13 (dd, J,,, = 2.0, 6.99 (d, J,, = 9.0) 12.64 

J,,6 = 9.0) 

4b 8.48 (d, J z , 6  = 2.0) 8.17 (dd, J,,6 = 2.0, 7.00 (d, J,,, = 9.0) 12.65 

4cb 8.54 (d, J,,6 = 2.0) 7.96 (dd,Jz,6 = 2.0, 6.99 (d, J,,6 = 8.6) 13.66 
J, 6 = 9.0) 

J,,& = 8.6) 

4d 8.56 (d,J,,6 = 2.0) 8.13 (dd, J2,, = 2.0, 7.00 (d, J ,96  = 9.0) 11.29 
J,,, = 9.0) 

4e 8.32 (d,J,,, = 2.0) 7.90 (dd, J,,6 = 2.0, 7.00 (d, J,,, = 9.0) 11.12 
J,,, = 9.0) 

4f 

4g 

7 

8.70 (s, 2-H and 6 -  

8.09-7.85 (m, 2-H 

8.13 (d, J,,, = 9.0) 6.98 (d,J,,6 = 9.0) 12.60 

12.23 
H) 

and 6-H) 
6.99 (d, J,, = 9.5) 

Solvent CDCl,. Solvent Me,SOd,. J values given in hertz. 

Scheme I 

H 2 N \ C - X  
HN 5 /-' X=NH ,SH,OH XAhkbR2 

0 

I 

C H  3 

CONH2,C6H5 R 

(N-C-N type) and a-substituted acetamides (C-C-N type) 
gives pyrimidines and pyridines, respectively (see Scheme 
I). 
5-Formyl-1,3-dimethyluracil(l) is an interesting synthon 

providing a three-carbon fragment with three electrophilic 
sites (C4, C5 CHO, and C6). According to their combina- 
tion, recyclization of type A, B, or C with a bifunctional 
nucleophile would take place as shown in the drawing 2. 

H-N 

1 2 3 

Cheng et al. reported5 that the reaction of 5formyluracil 
with hydrazine gave a B-type ring-transformation product, 
4-(ureidomethyhlene)-lH-5-pyrazolone via intermediate 
3. 

However, treatment of 1 with a-substituted acetone 
derivatives containing two nucleophilic sites (C-C-C-type 
nucleophile) in a basic medium afforded C-type ring- 
transformation products, 4-hydroxybenzoates. This pro- 
cess is a novel method for synthesizing benzenes by the 

4.39 ( 2  H, q, J = 7.0, OCH,CH,), 
2.72 (3 H, s, COCH,), 1.41 ( 3  
H, t ,  J =  7.0, OCH,CH,) 

3.92 ( 3  H, s, OCH,), 2.70 (3, H, s, 
COCH,) 

8.62 (1 H, br), 8.04 (1 H, br), 
4.32 ( 2  H, q, J =  7.4,0CH,CH3), 
1.33 (3  H, t, J =  7.4, CH,CH,) 

4.45 ( 2  H, q, J =  7.0, OCH,CH,), 
4.37 ( 2  H, q, J = 7.0, OCH,CH,), 
1.46 ( 3  H, t, J = 7.0, CH,CH,), 
1.40 ( 3  H, t, J =  7.0, CH,CH,) 

4.44 ( 2  H, q, J = 7.0, OCH,CH,), 
3.01 (3 H, d, J = 5.0, NHCH,), 
1.43 (3 H, t, J =  7.0, CH,CH,) 

3.99 (6  H, 6,  20CH,), 3.93 (3 H, 

4.33 ( 2  H, q, J = 7.O,OCH,CH3), 
1.37 (3 H, t, J =  7.0, CH,CH,) 

4.38 ( 2  H, q, J =  7.0, OCH,CH,), 
2.68 (3, H, s, COCH,), 1.39 (3  
H, t ,  Js,6 = 7.0, OCH,CH,) 

s, OCH,) 

condensation of two three-carbon units-one with two 
electrophilic sites and the other with two nucleophilic ones. 
A preliminary pap#  on this subject has appeared; we now 
report this cycloaromatization reaction in detail. 

Results and Discussion 
Refluxing of 1 with acetylacetone in ethanolic sodium 

ethoxide followed by neutralization of the reaction mixture 
gave ethyl 3-acetyl-4-hydroxybenzoate (4aY in 55% yield 
and l,&dimethylurea (Scheme 11). The use of sodium 
methoxide instead of sodium ethoxide resulted in the 
formation of the methyl benzoate (4bY in 40% yield. 
Further evidence for the structure of 4a was provided by 
conversion of 5-(2,2-diacetylvinyl)-1,3-dimethyluracil (sa) 
into the cycloaromatization product 4a by treatment with 
ethanolic sodium ethoxide. Compound 5a was synthesized 
by condensation of 1 and acetylacetone in the presence of 
piperidine-acetic acid with removal of the water formed 
as an azeotrope with benzene. Under the same cyclo- 
aromatization conditions, 1 and malononitrile, which lacks 
an active methyl group, gave the 5-vinyluracil derivatives 
5b in good yield. 

Formation of the benzoate 4a can be explained by two 
different reaction paths as shown in Scheme III. The ring 
transformation of uracil into 4-hydroxybenzoatea probably 
takes place by an initial attack of a carbanion either at the 
C&HO position (path a) or at position C6 (path b). Path 
a appears more likely on the basis of the isolation of 5b 
described above. 

In order to clarify which of these two routes is involved, 
we investigated reaction of a deuterium labeled compound 
(6) with acetylacetone. Thus, 5-formyl-l,3-dimethyl- 
uracil-dl (6) was synthesized by reaction of 1,3-di- 
methyluracil and N,N-dimethylformamide-d7 in the 
presence of phosphorus oxychloride. When 6 was treated 
with acetylacetone in ethanolic sodium ethoxide only the 
2-deuteriobenzoate (7) was formed (Scheme 111). The 
product (7) was characterized by NMR spectroscopy and 
mass spectrometry. The aromatic protons of 7 appeared 

(6) K. Hirota, Y. Kitade, and S. Senda, J. Heterocycl. Chem., 17,413 

(7) D. N. Shah and N. M. Shah, J. Zndiun Chem. Soc., 26,235 (1949). 
(8) C. Rohmann and H. D. Wilm, Arch. Pharm., 280, 76 (1942). 

(1980). 
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(I 1)13 was not obtained in ethanolic sodium ethoxide, but 
in the presence of piperidine-acetic acid the quinazoline 
derivative 12 was formed in 46% yield (Scheme V). 

Experimental Section 
All melting points were determined on a Yanagimoto melting 

point apparatus and are uncorrected. Elemental analyses were 
carried out at the Microanalytical Laboratory of our college. 
Proton magnetic resonance spectra (60 MHz) were recorded on 
a Hitachi Perkin-Elmer R-20B spectrometer, with tetramethyl- 
silane (Me4Si) as an internal reference. Chemical shifts are re- 
ported in parts per million (a), the J values are given in hertz, 
and signals are quoted as s (singlet), d (doublet), dd (double 
doublet), t (triplet), q (quartet), m (multiplet), or br (broad); J 
values are first order. Infrared spectra were taken on a Hitachi 
215 instrument as KBr pellets. Mass spectra were obtained in 
a JEOL JMS-D300 machine operating at 70 eV. Ultraviolet 
spectra were obtained from ethanol on a Hitachi 323 spectro- 
photometer. Column chromatography was carried out on silica 
gel (Wakogel C-200). 

Ethyl 3-Acetyl-4-hydroxybenzoate (4a) and 1,3-Di- 
methylurea. (a) A mixture of 1 (0.504 g, 0.003 mol) and ace- 
tylacetone (1.20 g, 0.12 mol) in ethanolic sodium ethoxide [pre- 
pared by dissolving Na (0.230 g, 0.010 mol) in 40 mL of absolute 
EtOH] was heated at reflux for 2 h. The solvent was removed 
in vacuo, and the residue was dissolved in cold water (20 mL). 
Upon acidification of the solution with concentrated HC1, the 
product precipitated and was collected by filtration: 0.345 g 
(55%);16 mp 61-63 OC. Recrystallization from petroleum ether 
gave analytically pure 4a: mp 63-64 "C (lit.' mp 71 O C )  mass 
spectrum, m / e  208 (M+); UV X, 322,256,234 (e 3100,11600, 
35800). Anal. Calcd. for Cl1HI201: C, 63.46; H, 5.81. Found C, 
63.43; H, 5.83. 

Isolation of 1,3-dimethylurea: the aqueous filtrate obtained 
above was extracted with chloroform to remove the excess ace- 
tylacetone, and the aqueous layer was evaporated to dryneas. The 
residue was dissolved in chloroform, and the chloroform solution 
was dried over MgS04 and was evaporated to dryness to give 0.120 
g of l,&dimethylurea. 

(b) A solution of Sa (0.500 g, 0.002 mol) in ethanolic sodium 
ethoxide [prepared by dissolving Na (0.230 g, 0.01 mol) in 40 mL 
of absolute EtOH] was heated at reflux for 30 min. The mixture 
was evaporated to dryness, and the residue was dissolved in cold 
water (20 mL). The solution was acidified with concentrated HC1 
to give k 0.295 g (71%); mp 61-63 OC. The NMR and IR spectra 
were identical with those of the compound prepared above. 

Methyl 3-Acetyl-4-hydroxybenzoate (4b). A mixture of 1 
(0.504 g, 0.003 mol) and acetylacetone (1.20 g, 0.12 mol) in 
methanolic sodium methoxide [prepared by dissolving Na (0.138 
g, 0.006 mol) in 40 mL of absolute MeOH] was heated at reflux 
for 3 h. The reaction mixture was treated as described above to 
give crude product 4b: 0.230 g (40%);16 mp 91-93 OC. Recrys- 
tallization from petroleum ether gave analytically pure 4 b  mp 
93-94 OC (lit! mp 98 "C); masa spectrum, m/e 194 (M+); UV A- 
322,256,233 (t 2900, ll 100,33600). Anal. Calcd for Cl&Ilo04: 
C, 61.85; H, 5.19. Found: C, 62.20; H, 5.28. 

Ethyl 3-Carbamoyl-4-hydroxybenzoate (4c). A mixture of 
1 (0.850 g, 0.005 mol) and acetoacetamide (0.650 g, 0.005 mol) in 
ethanolic sodium ethoxide [prepared by dissolving Na (0.700 g, 
0.030 mol) in 50 mL of absolute EtOH] was heated at reflux for 
2 h. The reaction mixture was treated as described above to give 
crude product: 0.640 g (61%);'6 mp 210-214 "C. Recrystallization 
from ethanol gave analytically pure 4c: mp 216-217 OC (lit? mp 
225-226 "C); mass spectrum, m / e  209 (M+); UV A, 302,258, 
219 (e 3200,13 100,29 100). Anal. Calcd for Cl&I1104N C, 57.41; 
H, 5.30; N, 6.70. Found: C, 57.48; H, 5.17; N, 6.81. 

Ethyl 3-(Ethoxycarbonyl)-4-hydroxybenzoate (4d) and 
3-(Ethoxycarbonyl)-4-hydroxy-N-methylbenzamide (4e). A 

Scheme I1 
cox 

OH 

4 

X R1 /X CH=C,X 
a ;  O C 2 H s  COCH3 
b ;  O C H 3  COCH3 

CH c ;  O C 2 H s  CONH2 
d ;  O C 2 H 5  C O 2 C 2 H S  

5 e ;  NHCH3 C O 2 C 2 H S  
a ; X= COCH 
b ; X = C N  

f ;  OCH3 C 0 2 C H 3  

g; O C 2 H s  C 6 H S  

R2 

H 
H 
H 
H 
H 
C 0 2 C H 3  
H 

as two doublets (Jse = 9.0 Hz) at 6 6.98 and 8.13 (see Table 
I). The molecular ion of 7 was m/e 209 with the base peak 
at m/e 164. The fragmentation pattern of 7 was similar 
to that of 4a. 

On the basis of the above reaction in which 7 was 
formed, we concluded that the reaction proceeded by path 
a as shown in Scheme 111. 

Compound 1 was readily converted into ethyl 3-carba- 
moyl-4-hydroxybenzoate ( 4 ~ ) ~  by treatment with aceto- 
acetamide in ethanolic sodium ethoxide. When ethyl 
acetoacetate was used as a 1,3-bifunctional nucleophile 
under the same conditions, the cycloaromatization did not 
occur cleanly. However, the reaction in the presence of 
potassium hydroxide proceeded smoothly to give two 
aromatic compounds 4d1° and 4e in 37% and 12% yields, 
respectively. Formation of the benzoate (48) suggests that 
the nitrogen-carbon bond breakage must occur between 
position C2 and N3 in the uracil ring. Also, treatment of 
1 with dimethyl acetonedicarboxylate in methanolic so- 
dium me thoxide produced 2,4,6- tris (methoxycarbon yl) - 
phenol (40." Then, the use of phenylacetone and di- 
benzyl ketone as three-carbon fragments containing two 
nucleophilic sites was studied. Thus, 1 was treated with 
phenylacetone in the same way as above to afford the 
biphenyl compound 4g.12 On the contrary, reaction of 1 
with dibenzyl ketone did not proceed. 

When cyanoacetamide, a C-C-N-type nucleophile, was 
employed as a compound with two nucleophilic sites in the 
cycloaromatization reaction, ethyl 5-cyano-6-hydroxy- 
nicotinate (8) was obtained in 46% yield (Scheme IV). 
Compound 8 was also prepared in 77% yield by treating 
the Knoevenagel product (9) with ethanolic sodium eth- 
oxide. Thus, 9 was prepared from 1 and cyanoacetamide 
in a similar manner for the preparation of 5a. Treatment 
of 1 with malonamide, however, did not give the corre- 
sponding nicotinate. 

Subsequently, we have investigated the reactivity of 
5-formyl-1,3,6-trimethyluracil (10) toward a C-C-C-type 
nucleophile such as acetylacetone. The expected benzoate 

~ _ _ _ _ _ _ _  

(9) J. M. Z. Gladych, A. S. Lindsey, and E. P. Taylor, J.  Chem. SOC., 

(10) S .  E. Hunt, J. I. Jones, and A. S. Lindsey, Chem. Ind. (London), 

(11) 0. B. Maximov and V. E. Shapovalov, J. Chromatogr., 66, 29 

(12) K. H. Slotta and A. E. Nold, Chem. Ber., 68, 2226 (1935). 

4834 (1957). 

417 (1955). 

(1972). 

(13) In this reaction, cycloaddition similar to that previouely reported1' 
proceeded to give quinazoline derivative. It will be described later in 
detail. 
(14) S. Senda, T. Amo, 1. Sugiyama, and K. Hirota, Tetrahedron Lett., 

531 (1980). 
(15) The NMR spectrum of this compound showed it to be in a high 

state of purity. 
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Scheme I11 
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O A N H ~  o 
CH3 C O C H 3  

Scheme IV 
NC.CH,CONH, 

mixture of 1 (0.504 g, 0.003 mol), ethyl acetoacetate (0.390 g, 0.003 
mol), and KOH (0.336 g, 0.006 mol) in 40 mL of ethanol was 
heated at reflux for 2 h. The reaction mixture was treated as 
described above to give a mixture of 4d and 4e (0.370 9). The 
mixture was dissolved in hot ether, and insoluble matter was 
fitered. The filtrate gave analytically pure 4d [0.264 g (37%); 
mp 53-54 "C (lit.'O mp 54-55 "C)], while the insoluble matter was 
recrystallized from ligroin to give analytically pure 4e: 0.83 g 
(12%); mp 191-192 "C. 

4d: mass spectrum, mle 238 (M'); UV A, 306,256,223 (e 
3OOO,11400,35600). Anal. Calcd for C12H14O6: C, 60.50, H, 5.92. 
Found C, 60.71; H, 6.01. 
48: mass spectrum, mle 223 (M+): W A- 308,243 (sh), 220 

(e 2900,10900,37 200). Anal. Calcd for Cl1Hl3O4N: C, 59.18; 
H, 5.87; N, 6.28. Found C, 59.03; H, 5.90; N, 6.06. 
2,4,6-Tris(methoxycabonyl)phenol (4f). A mixture of 1 

(0.504 g, 0.003 mol) and dimethyl acetonedicarboxylate (2.09 g, 
0.12 mol) in methanolic d u m  methoxide [prepared by dissolving 
Na (0.230 g, 0,010 mol) in 40 mL of absolute MeOH] was heated 
at  reflux for 30 min. The precipitate was filtered and dissolved 
in cold water (20 mL). The solution was acidified with concen- 
trated HC1 to give 4f: 0.475 g (59%); mp 134-136 "C. Recrys- 
tallization from ethanol gave analytidy pure 4f: 0.285 g (35%); 
mp 138-139 "C; mam spectrum, mle 268 (M+). Anal. Calcd for 

Ethyl 4-Hydroxy-3-phenylbenzoate (4g). A mixture of 1 
(0.504 g, 0.003 mol) and phenylacetone (0.800 g, 0.006 mol) in 
ethanolic sodium ethoxide [prepared by dissolving Na (0.136 g, 
0.006 mol) in 40 mL of absolute EtOH] was heated at  reflux for 
3 h. The solvent was removed in vacuo and the residue was 
dissolved in cold water. The solution was acidified with con- 

C12HlaO7: C, 53.73; H, 4.51. Found C, 53.53; H, 4.51. 

centrated HCl and extracted with CHC13, and the extract was 
dried over MgS04 and evaporated to dryness. The residue was 
subjected to column chromatography. Elution with chloroform 
and benzene (1:5) gave analytically pure 4g: 0.130 g (18%); mp 
111-112 "C (lit.12 mp 112-114 "C; mass spectrum, m / e  242 (M+); 
W A- 262 (ah), 242 (e 15300,31500). Anal. Calcd for c1&1403: 
C, 74.36; H, 5.83. Found C, 74.31; H, 5.85. 

5- (22-Diacetylviny1)- 1 ,3-dimet h y 1 uracil (6a). A mixture 
of 1 (1.68 g, 0.01 mol), acetylacetone (1.20 g, 0.012 mol), piperidine 
(1 drop), and acetic acid (1 drop) in 80 mL of benzene was refluxed 
with separation of water as benzene azeotrope for 4 h. The 
reaction mixture was evaporated to dryness. The residue was 
triturated with ether, and the resulting precipitate was collected 
by fitration and recryetallized from ethanol to give 1.84 g (74%) 
of 5a: mp 162-164 "C; NMR (CDClJ 6 2.34 (3 H, 8, CHs) 2.44 

s, CHeC), 7.90 (1 H, 8, C&); mass spectrum, m/e 250 (M9; UV 
A, 320,286 (sh) (e 19300,7000). Anal. Calcd for C~~HUO&: 
C, 57.59; H, 5.64, N, 11.20. Found C, 57.61; H, 5.61; N, 11.16. 

6- (24-Dicyanoviny 1) - l,3-dimet hy luracil (5b). A mixture 
of 1 (0.504 g, 0.003 mol) and malononitrile (0.792 g, 0.012 mol) 
in ethanolic sodium ethoxide [prepared by dissolving Na (0.460 
g, 0.02 mol) in 40 mL of absolute EtOH] was heated at  reflux for 
30 min. The reaction mixture was evaporated to dryness, and 
the residue was diesolved in cold water (20 mL). The solution 
was acidified with concentrated HC1 to give crystals: 0.545 g 
(84%);15 mp 170-171 "C. Recystalliition from ethanol gave 
analytidy pure Sb mp 179.6180.5 "C; NMR (MQO-dS) S 3.22 

a, C&); mass spectrum, mle 216 (M+); UV A- 355,267,240 (e 
19 800,6400,5500). Anal. Calcd for C1,-,H802N4: C, 55.55; H, 3.73; 
N, 25.92. Found: C, 55.27; H, 3.72; N, 25.63. 

Ethyl 3-Acetyl-2-deuterio-4-hydroxybenzoate (7). 1,3- 
Dimethyluracil (1.68 g, 0.012 mol) was dissolved in a mixture of 
Nfl-dimethylformamide-d7 (1 mL) and phosphorus oxychloride 
(1.84 g, 0.012 mol). The reaction mixture was heated at  80 "C 
for 1 h. The reaction mixture was evaporated in vacuo, and the 
residue was dissolved in cold water (20 mL). The aolution was 
extracted with chloroform. The extract was dried over MgSO, 
and evaporated to dryness to give a mixture (1.36 g) of 6 and 
1,3-dimethyluracil (ratio, 31): mp 125-126 "C. NMR (CDClS) 

This was used in the following step without purification. Thus, 
the mixture (0.40 g) and acetylacetone (0.50 g, 0.005 mol) were 

(3 H, 8, CH3), 3.38 (3 H, 8, CHS), 3.47 (3 H, 8, CHS), 7.45 (1 H, 

(3 H, 8, CH3), 3.44 (3 H, S, CH3), 7.92 (1 H, 8, C H 4 )  8.65 (1 H, 

of 6 3.37 (3 H, 8, CHS), 3.53 (3 H, 8, CHs), 8.11 (1 H, 8, C&). 

Scheme V 
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dissolved in ethanolic sodium ethoxide [prepared by dissolving 
Na (0.06 g) in 30 mL of absolute EtOH]. The mixture was heated 
at reflux for 3 h. The solvent was removed by evaporation in 
vacuo, and the residue was dissolved in cold water. The reaulting 
precipitate was collected by filtration to give 0.115 g of 7:6 mp 
68-60 "C. Recrystallization from petroleum ether gave pure 7 
mp 65-67 "C; maw spectrum, m / e  209 (M+); W A,- 322,256, 
234 (e 3000,11300,34900). 

Ethyl 5-Cyano-6-hydroxynicotinate (8). (a) A mixture of 
1 (0.504 g, 0.003 mol) and cyanoacetamide (0.84 g, 0.01 mol) in 
ethanolic sodium ethoxide [prepared by dissolving Na (0.23 g, 
0.01 mol) in 40 mL of absolute EtOH] was heated at  reflux for 
1 h. The solvent was removed in vacuo, and the residue was 
dissolved in cold water (20 mL). Upon acidification with con- 
centrated HCl, the crystalline product precipitated and was 
collected by fitration: 0.233 g (46%);16 mp 218-221 "C. Re- 
crystallization f" water gave analytically pure 8: mp 223-225 
OC; NMR (MeaO-da) 6 1.30 (3 H, t, J = 7, CH,), 4.24 (2 H, q, 

13.08 (1 H, br, OH); maas spectrum, m / e  192 (M'); W A- 332, 
261,218 (sh), (e 7200,15 100,14000). Anal. Calcd for C&0$J2: 
C, 56.26; H, 4.20; N, 14.58. Found: C, 56.26; H, 4.16; N, 14.79. 

(b) A solution of 9 (0.702 g, 0.003 mol) in ethanolic sodium 
ethoxide [prepared by dissolving Na (0.138 g, 0.006 mol) in 40 
mL of absolute W H ]  was heated at reflux for 3.5 h The reaction 
solution was evaporated to dryness, and the residue was dissolved 
in cold water (20 mL). The solution was acidified with concen- 
trated HC1 to give 8: 0.445 g (77%); mp 220-222 "C. The IR 
spectrum was identical with that of the compound prepared above. 
5-(2-Carbamoyl-2-cyanovinyl)-1,3-dimethyluracil(9). A 

mixture of 1 (1.68 g, 0.01 mol), cyanoacetamide (1.01 g, 0.012 mol), 
piperidine (1 drop), and acetic acid (1 drop) was refluxed in 80 

J = 7, CH.J,8.29 (1 H, d, J 2, C&), 8.42 (1 H, d, J = 2, C4 H), 

mL of benzene with separation of water as a benzene azeotrope 
for 2 h. The reaction mixture was evaporated to dryness. The 
residue was triturated with ether, and the resulting precipitate 
was collected by fitration to give 2.19 g (94%) of 9, mp 244-246 
"C. Recrystallization from water gave analytically pure 9: 1.26 
g (54%); mp 256257 "C; NMR (MeaO-dd 3.23 (3 H, 8, CH,), 

spectrum, m / e  234 (M'); UV X, 344,265,234 (e 16 700,7500, 
5800). Anal. Calcd for C&loO,N1: C, 51.28; H, 4.30; N, 23.92. 
Found C, 50.98; H, 4.18; N, 23.71. 
6-Acetyl-l,3,7-trimethylquinamline-2,4( lH$a)-dione (12). 

A mixture of 10 (0.546 g, 0.003 mol), acetylacetone (0.360 g, 0.0036 
mol), piperidine (1 drop), and acetic acid (1 drop) in 80 mL of 
benzene was refluxed with separating water aa a benzene azeotrope 
for 12 h. The reaction mixture waa evaporated to dryness. The 
residue was triturated with ether, and the resulting precipitate 
was collected by fiitration and recrystaked from ethanol to give 
0.340 g (46%) of 1 2  mp 210-211 "C; NMR (CDClB) 6 2.67 (3 H, 

8, NCHB), 7.04 (1 H, s, C&), 8.62 (1 H, 8, C&); W X, 284,241 
(e 15 200,42 300); mass spectrum, m / e  246 (M+), 231 (M+ - 15). 
Anal. Calcd for Cl9HI4O3N2: C, 63.40; H, 5.73; N, 11.38. Found 
C, 63.28; H, 5.80, N, 11.13. 

3.44 (3 H, 8, CHJ, 8.05 (1 H, 8, CH=C), 8.63 (1 H, 8, C&); 

8, COCHB), 2.70 (3 H, 8, CTCH,), 3.49 (3 H, 8, NCH,), 3.62 (3 H, 
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Amidoxime8 prepared from a-cyanoacetanilides and (phenylsulfony1)acetnitrile were converted to the cor- 
responding 0-tceyl derivatiwa. Upon treatment with base, theae amidoximeOsulfonatea af€orded 2-amino-l-azirines 
instead of the expected 3-amino-2-pyrazolin-5-ones. This transformation can be viewed as a new variant of the 
Neber rearrangement. Azirinea bearing unaubstituted amino groups have not been reported previously; structure 
proof and reactions of these compounds are discussed. 

Introduction to l-azirines are a~ailable,~ however, and in recent years 
syntheses of 2-(N,N-dialkylamino)-l-azirines have been 

demonstrated that compounds of the type are remark- 
ably useful for the synthesis of a large array 

The Neber re"gement Of ketoxime-Odfonates to 
clmic form in eq 1, proceeds repo&d.4,6 by 

Ghosez6 and by Heimgbner7 and their co-workers, has 
A considerable body of work, amino ketones, shown in 

via l-azirine intermediates but has not been a generally 
useful preparation method for l-azirines.l3 Other routes 

of heterocyclic compounds. 
- 

NOS02C7H7 
NO, I I  

1, R, = H or alkyl or aryl; R, = alkyl or aryl; R, = alkyl 

(2) Haeener, A.; Fowler, F. J.  Am. Chem. SOC. 1968,90, 2869. 
(3) F. Fowler In "Advances in Heterocyclic Chemistry"; Academic 

(4) Rem, M.; Ghosez, L. Tetrahedron Lett. 1970, 3765. 
(5) de Voghel, G.; Eggerichs, T.; Clamot, B.; Viehe, H. Chimia 1976, 

(6) Demoulii, A.; Goriasen, H.; Heabain-Frieque, A. M.; Ghosez, L. J. 

(7) For leading references, see Heimgartner, H. ChimM 1979,33,111. 

(1) Press: New York, 1971; Vol. 13, p 45. 

30, 191. 

Am. Chem. SOC. 1975,97,4409. 
(1) O'Brien, C. Chem. Rev. 1964,64,81. 
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