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monohydrochloride in 100 ml of water was added dropwise a 
warm solution of 1.4 g (0.01 mole) of uracil-5-carboxaldehyde 
in 200 ml of water. The mixture was heated on a steam bath for 
1 hr and stirred for an additional hour a t  room temperature. 
The white solid was collected by filtration and washed with 
ethanol and ether to give 1.4 g (quantitative yield) of the azine 
of uracil-5-carboxaldehyde (IV), mp >360°. An analytical 
sample was obtained by dissolving the product in dilute KOH, 
filtering, and acidifying the filtrate to pH 5 with dilute HC1: 
Xi:,"..' 229 (e 20,200), 274 (e 24,000), and 358 mp (e 3600); A:::' 
280 (e 13,500) and 357 mp (e  38,800). 

Anal. Calcd for ClOHBN804: C, 43.48; H, 2.92; N, 30.43. 
Found: C, 43.68; H ,  2.96; N, 30.15. 

Experiment B.-To a stirred solution of 1.28 g (0.04 mole) of 
97% hydrazine in 50 ml of water and 0.6 g of acetic acid was 
added dropwise a warm solution of 2.8 g (0.02 mole) of uracil-5- 
carboxaldehyde in 180 ml of water. The resulting solution was 
heated with stirring on a steam bath for 1 hr. On cooling, a 
light yellow solid (2.0 g) was separated, which consisted of a 
mixture of azine (IT) and the rearranged product (4-ureido- 
methylene-1H-5-pyrazolone, IIIb). These were separated by 
recrystallizing the crude product from 800 ml of water. The 
azine IS', which was quite insoluble in water, was isolated first 
to yield 1 g (36%), mp >360'. The rearranged product I I Ib  
was obtained from the concentrated filtrate to give 0.8 g (25% 
yield), mp 289-290' dec. Further recrystallization from water 
yielded an analytically pure sample as white needles: mp 290' 
dec; A::,".,' 231 mp (e  13,700); 234 mp (e 12,200). The prod- 
uct gave a yellow coloration with acidified p-dimethylamino- 
benzaldehyde (positive test for R-NHCONHz4q6). 

Anal. Calcd for (>sHeNaO,: C, 38.96; H, 3.92; N, 36.35. 
Found: C, 38.87; H, 3.89; N ,  36.03. 

Experiment C.-To a solution of 1.6 g (0.05 mole) of 9770 
hydrazine in 100 ml of water was added a warm solution of 1.4 g 
(0.01 mole) of uracil-5-carboxaldehyde in 300 ml of water con- 
taining 0.2 g of acetic acid. The resulting mixture was heated on 
a steam bath for 1 hr. On cooling, 0.32 g (20.8% yield) of white 
solid, mp 280-282", was collected (impure IIIb). The filtrate 
was concentrated to 30 ml under reduced pressure and a light 
orange solid separated. This was collected by filtration and 
washed with a small amount of ethanol and ether to give 0.5 g 
(32.4% yield) of the hydrazone of uracil-5-carboxaldehyde (IIb): 
mp 275-276'; Xi:,".,' 230 (e 12,400), 274 mp (e  3400); 234 
(e 9700), 311 m p  ( E  3000). 

Anal. Calcd for CsH6N402: C, 38.96; H, 3.92; N, 36.35. 
Found: C, 38.16; H, 3.49; N, 36.63. 

Attempted further purification of this product from boiling 
water resulted in its conversion to IIIb. 

Uracil-5-carboxaldehyde Formylhydrazone.-To 5.0 g (0.08 
mole) of formylhydrazine in 400 ml of water was added dropwise, 
with stirring, a warm (60-70') solution of 5.7 g (0.04 mole) of 
uracil-5-carboxaldehyde in 1 1. of water and 2 ml of acetic acid. 
The mixture was heated on a steam bath for 1 hr and cooled. 
The resulting white solid was collected by filtration and recrystal- 
lized from dimethylformamide to give 7.2 g (97% yield) of the 
formylhydrazone, which darkened at  350" and decomposed a t  
360': Xi:x' 231 (e 9500) and 268 mp (e 11,800); Xi:," 272 (e 
14,000) and 320 mp (e 19,000). 

Anal. Calcd for C6HeN403: C, 39.56; H ,  3.32; N, 30.76. 
Found: C, 39.51; H ,  3.28; N,  30.55. 

The following derivatives of I were prepared in a similar 
fashion. Uracil-5-carboxaldehyde phenylhydrazone showed mp 
309-310' (lit.3 mp 298-300') and ultraviolet bands were at  A",'."," 
290 ( E  16,300) and 365 mp (e 14,000). Uracil-5-carboxaldehyde 
oxime had mp 290' dec (lit.3 mp 260' dec) and ultraviolet bands 
were a t  Xi:: 238 (e 10,700) and 281 mp (e 9400) and Xi:;' 257 (e 
11,400) and 307 mp ( E  11,200). Uracil-5-carboxaldehyde thio- 
semicarbazone had mp >360' (lit.' mp 320" dec) and ultraviolet 
bands were a t  
283 (e  17,000) and 323 mp (e 31,000). 

270 (c  17,200) and 315 mp (e 22,900) and 
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Recent  publication^^^^ describing l13-diaroylations 
of acetone and dimethyl sulfone with aromatic esters by 
means of sodium hydride prompt us to report the re- 
sults of a study in which acetamide and certain other 
primary amides were found to undergo related twofold 
aroylations in the presence of these reagents. 

Treatment of acetamide with excess sodium hydride 
and 2.5 mol equiv of the appropriate aromatic ester in 
refluxing l12-dimethoxyethane (monoglyme) afforded 
/I-keto imides la-c in yields of 62-100% (eq 1). Simi- 

1.  ArCOOR, NaH 

2. acid 
CH3CONHz + ArCOCHzCONHCOAr (1)  

l a ,Ar  = CeHb 
b, Ar = CsH4OCHs-p 
c, Ar = CsH4Cl-p 

larly, phenylacetamide gave the products 2a-d in yields 
of 27-92%. That the method was general for higher 
primary amides was demonstrated by twofold benzoyla- 
tion of butyramide and hexanamide to produce 3a and 
3b in yields of 68 and 65%, respectively. The results 
of these experiments are summarized in Table I. 

ArCOCHCONHCOAr C8H&OCHCONHCOCeH~ 
I 

R 
1 

CeHs 
3a, R = CzHs Za, Ar = CeHs 

b, Ar = CeH@CHs-p 
c, Ar = CeH4C1-p 
d, Ar = 3-pyridyl 

b , R  = n G H s  

The identity of l a  was established by comparison 
with an authentic sample, which was prepared from 
dipotassio N-acetylbenzamide.' The structural assign- 
ments for lb ,  IC, 2a-d, 3a, and 3b, all of which appear 
to be new compounds, were based on analyses and nmr 
spectra (Table 11). Further confirmation of structures 
2a and 2b was provided by their acid-catalyzed hy- 
drolysis to form, in the case of 2a, benzoic acid and 
deoxybenzoin, and in the case of 2b, anisic acid and 2- 
phenyl-4'-methoxyacetophenone. Acidic hydrolysis of 
3a afforded benzoic acid and butyrophenone, while 
that of 3b gave benzoic acid and caprophenone. P- 

(1) Supported by the Public Health Service, Research Grant No. GM 

(2) M. L. Miles and C. R. Hauser, J .  O w .  Chem., 19, 2329 (1864). 
(3) M. L. Miles, T. M. Harris, and C. R. Hauser, ibid. ,  80, 1007 (1965). 
(4) S. D. Work, D. R. Bryant, and C. R. Hauser, J .  Am. Chem. SOC., 86, 

14340 from the National Institute of General Medical Sciences. 

872 (1964). 
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TABLE I 
TWOFOLD AROYLATIONS OF AMIDES WITH AROMATIC ESTERS BY MEANS OF SODIUM HYDRIDE 

IN REFLUXINQ MONOQLYME 

Starting amide Methyl eater Product period, hr % MP, 'C 

Acetamide Benzoate N,a-Dibenzoylacetamide ( la)  19 100 170-171*+ 
Acetamide Anisate N,a-Dianisoylacetamide ( lb)  20 62 165-166b 

Reaction Yield, 

Acetamide p-Chlorobenzoate N,a-Di(p-chlorobenzoy1)acetamide (IC) 20 70 198.5-199 
Phenylacetamide Benzoate N,a-Dibenzoylphenylacetamide (2a) 18 92 2O8-21Ob 
Phenylacetamide Anisate N,a-Dianisoylphenylacetamide (2b) 9 60 219.5-220. 5b 
Phenylacetamide pChlorobenzoate N,a-Di(p-chlorobenzoy1)phenylacetamide (2c) 9 . 5  68 222-223b 
Phenylacetamide Nicotinate" N,a-Dinicotinoylphenylacetamide (2d) 9 27 191-192d 
Butyramide Benzoate N,a-Dibenzoylbutyramide (3a) 9 68 155.5-156. 5b 
Hex an amid e Benzoate N,a-Dibenzoylhexanamide (3b) 9 65 140.5-141. 5b 

5 Ethyl ester. b Recrystallized from absolute ethanol. c Lit.' mp 168-169'. Recrystallized from 95% ethanol. 

TABLE I1 
NMR5 AND ANALYTICAL DATA FOR NEW @-&TO IMIDES 

Types of hydrogen and chemical shift, 
7- 6 (ppm)b--- -Calcd, %-- --Found, %--- 

Compd Aromatic Methinyl Other Formula C H N C H N 
lbC 7.50" 4.43,'er 3.70/** Ci8Hi7N06 66.05 5.24 4 .28  66.14 .5.40 4.38 
1CC 7.63" 4.60/*0 CisHiiClzNOa' 57.16 3 .30  4 .12  57.00 3.35 3 .94  
2nd 7.22c 6.23, CnHi.rNOa 76.95 4 . 9 9  4 . 0 8  77.09 5.09 3.89 
2bd 7 . 5 9  6.68, 3 . 7 5 ' ~ ~  CzrHziNOs 71.45 5 .25  3.47 71.56 5.27 3 .41  
2CC 7.55. 6 .66/  CzzHiSClzNOam 64.09 3 .67  3 .40  64.03 3.68 3.28 
2dC 8.308 6.90' CzoHisNsOa 69.55 4 .37  12.16 69.60 4 .54  12.10 
3a" 7.86# 5.358 1 .83,"*0 0.96'*i CisH1,NOs 73.20 5.80 4.74 73.43 5 .73  4 .81  
3bd 7.68' 5.10" 0.80"3k C z o H z i N 0 I 74.28 6.54 4 .33  74.41 6 . 6 5  4 .32  

4 Nmr spectra were obtained on a Varian Associates A 4 0  spectrometer. Chemical shifts, relative to tetramethylsilane as external 
standard, are measured to the center of a singlet or multiplet. c Deu- 
teriodimethyl sulfoxide was used as the nmr solvent. e Multiplet. f Singlet. 
0 Methylene. p-OCHI. 1 Triplet. j Methyl. k n-C4H9. Calcd: C1, 21.09. Found: C1, 21.01. Calcd: C1, 17.20. Found: 
C1, 17.32. 

Peak areas were consistent with the assignments given above. 
d Trifluoroacetic acid was used as the nmr solvent. 

Keto imide 2a also underwent cyclization with hy- 
drazine' to form pyrazolone 4 and benzamide (eq 2). 

N-NH 
"PK, C&-(!!,~~=O I + W5CONH2 (2) 

Pa 
I 
C6H6 

4 

The present twofold aroylations of acetamide appear 
to follow the course outlined in Scheme I, in which 

SCHEME I 
NaH 

C H ~ C O N H ~  4 CH~CONH + H* 

ArCOOR, NaH 

ArCOOR 

NaH 
2Hz + ArCOCHCOkCOAr CHaCONCOAr + HZ 

initial ionization of an NH hydrogen of the amide is 
followed by N-aroylation and subsequent loss of the 
imide hydrogen to form the monoanion of the ap- 
propriate N-aroylacetamide. Removal of a methyl 
hydrogen from this monoanion, as the condensation 
with a second ester molecule proceeds, produces the 
monoanion of the final product which is then converted, 
by loss of a methylene hydrogen, to its dianion. This 
sequence was supported by the observation that the 
diaroylations of acetamide were accompanied by evolu- 
tion of 4 mol equiv of hydrogen. In  addition, treat- 
ment of acetamide with 1 mol equiv of methyl benzoate 
in the presence of sodium hydride resulted in liberation 
of 2 mol equiv of hydrogen and formation of N-acetyl- 

benzamide, along with its cleavage product benzamide; 
a-benzoylacetamide, which would have been produced 
by initial C-benzoylation of acetamide, could not be 
detected. Although the twofold aroylations of phenyl- 
acetamide were also accompanied by the evolution of 
4 mol equiv of hydrogen, these reactions appear to 
follow a somewhat different pathway. Thus, treat- 
ment of phenylacetamide with 1 mol equiv of methyl 
benzoate and sodium hydride produced a mixture of 
a-benzoyl- and N-benzoylphenylacetamides. Ap- 
parently both of these compounds are converted, 
through the appropriate sodio salts, to the final diaroyl 
derivative when the reaction is carried out in the pres- 
ence of excess ester. 

The present twofold aroylations provide a convenient 
one-step route to a variety of @-keto imides which would 
ordinarily be available only through less direct syn- 
thetic  procedure^.^ 

Experimental Sections 

Twofold Aroylations of Amides .-In a 500-ml, two-necked 
flask equipped with a pressure-equalizing addition funnel, a 
magnetic stirring bar, and a reflux condenser, connected at its 
upper end through a cold trap (Dry Ice-acetone) to a Precision 
Scientific wet-test meter filled with water, was placed 250 ml of 

(5) Melting points were taken on a Thomas-Hoover "Uni-Melt" appa- 
ratus in open capillary tubes, and are corrected. Analyses were performed 
by Galbraith Laboratories, Knoxville, Tenn., and by Q. H. Tan using an 
F & M Model 185 C, H, and N analyzer. Infrared spectra were taken on a 
Beckman IR-5A infrared spectrophotometer using the potassium bromide 
pellet method. Thin layer chromatograms were carried out with an Eastman 
Chromagram apparatus using Chromagram sheets Type K301R (silica gel) 
with fluorescent indicator and tolueneethanol (3: 1) as the developing 
solvent. Spots were detected with ultraviolet light. 
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monoglyme' and 0.5 mole of sodium hydride.' A solution of the 
appropriate amide (0.05 mole) and ester (0.125 mole)* in 125 
ml of monoglyme was placed in the addition funnel and the 
system was purged nrith dry nitrogen, then closed to the atmo- 
sphere. The monoglyme in the reaction flask was heated to 
reflux and when thermal equilibrium had been established, an 
initial reading was taken on the gas meter. The solution of ester 
and amide was then added over a period of 20 min, and the 
resulting suspension was refluxed until hydrogen evolution had 
ceased9 (Table I). The solvent was removed under reduced 
pressure, and the remaining pasty residue was cooled to 0". 
Addition of ether (125 ml) was followed after several minutes by 
the cautious addition of 30 ml of water. The sodio salts of the 
products, which separated between the layers, were collected, 
and stirred with a mixture of 50 ml of concentrated hydrochloric 
acid and 300 g of crushed ice. The resulting solids were collected 
by filtration, washed with 5% sodium bicarbonate solution,1° 
and recrystallized from appropriate solvents (Table I). 

In  the aroylation of phenylacetamide with ethyl nicotinate 
to form 2d, the sodio salts, which separated between the layers, 
were collected by filtration and dissolved in 500 ml of cold 25% 
hydrochloric acid. The acidic solution was neutralized (pH 8) 
with solid sodium bicarbonate to precipitate 8-keto imide 2d 
which was then recrystallized. 

Yields of p-keto imides prepared in the above manner are 
given in Table I. Analytical data and principal nmr absorptions 
for new products lb ,  IC, 2a-d, 3a, and 3b are given in Table 11. 
All of these compounds had infrared absorption a t  3.10-3.40 
(XH) and 5.80-6.00 p (C=O). 

Hydrolysis of p-Keto Imides 2a, Zb, 3a, and 3b.-A 2.0-g 
sample of 2a was refluxed with 200 ml of 12 N hydrochloric acid 
for 24 hr. The hydrolysis mixture was extracted with ether, 
and the ethereal extracts were washed with 5% sodium bi- 
carbonate solution. The combined bicarbonate extracts were 
acidified with 12 N hydrochloric acid to precipitate 0.69 g (97%) 
of benzoic acid. The ethereal extracts were dried (MgS04) and 
concentrated to afford 0.95 g (83yc) of deoxybenzoin, mp 54-56' 
(lit." mp 5556") .  The infrared spectrum was identical with 
that of an aut hentic isample of deoxybenzoin. 

Similarly, 3a gave nearly quantitative yields of benzoic acid 
and butyrophi:none, and 3b afforded caprophenone and benzoic 
acid. 

A 1.5-g sample of 2b, which was resistant to hydrochloric acid 
hydrolysis, was refluxed with a mixture of 10 ml of concentrated 
sulfuric acid, 10 ml of water, and 30 ml of acetic acid for 18 hr. 
The reaction mixture was processed as described above to yield 
0.20 g (3570) of anisic acid, mp 182-184', and 0.33 g (40%) of 
2-phenyl-4'-methoxyacetophenone, mp 73", (lit.l* mp 76') 
which was identified by comparison of its infrared spectrum 
with that of an authentic sample. 

Cyclization of 2a with Hydrazine to Form Pyrazolone 4.-A 
solution of 2.0 g of 2a and 20 drops of 957c hydrazine in 100 ml 
of 957, ethanol was refluxed for 1.5 hr. The reaction mixture 
was diluted with 100 ml of water and a few drops of 3 N hydro- 
chloric acid were added. The volume was then reduced to 130 ml, 
and the solution was cooled to precipitate 0.50 g (37%) of 3,4. 
diphenylpyrazolone.5 (4), mp 234-236' (lit.I3 mp 234-235'). 
A mixture melting point determination with an authentic sample 
showed no depression. The infrared spectra of the two samples 
were identical. The aqueous solution was further reduced in 
volume to precipitate 0.25 g (35%) of benzamide, mp 125.5- 
127". 

Treatment of Acetamide and Phenylacetamide with 1 Mol 
Equiv of Methyl Benzoate and Sodium Hydride.-To a suspen- 

(6) The monoglyme was distilled from sodium ribbon immediately before 
use. 

(7)  This reagent was used as a 55% dispersion in mineral oil as obtained 
from Metal Hydrides, Inc., Beverly, Mass. 
(8) Although only 2 mol equiv of ester and 4 mol equiv of sodium hydride 

are apparently needed to effect the dicondensation reactions, consistently 
higher yields and purer products were obtained with the above proportions of 
reactants. 

(9) In all cases the total volume of gas, which was corrected for tempera- 
ture, pressure, and water vapor pressure, was consistent with the production 
of 4 mol equiv of hydrogen. 

(10) Acidification of the bicarbonate washings usually produced some of 
the acid corresponding to the ester which was used in the aroylation. 

(11) C. F. H. Allen and W. E. Barker, 07p.  Sun., 12, 16 (1932). 
(12) E. Ney, Ber., 21, 2450 (1888). 
(13) P. Gruenanger and P. V. Finai, Atti Accad. N a d .  Lincei Rend., Classe 

Sci. Fis . ,  Mat. Kat., 81, 128 (1961); Chem. Abstr., 68, 516e (1963). 

sion of 0.105 mole of sodium hydride in 200 ml of refluxing 
monoglyme contained in the apparatus described above, was 
added over a period of 15 min, a solution of 0.05 mole of acetamide 
and 0.05 mole of methyl benzoate. The reaction mixture was 
allowed to reflux for 3 hr, a t  the end of which time 2 mol equiv 
of hydrogen had been evolved. The solvent was removed under 
reduced pressure, and the resulting residue was processed in the 
usual manner except that enough water was added to completely 
dissolve the sodio salts. The aqueous layer was acidified with 
cold dilute hydrochloric acid, and the acidic solution was ex- 
tracted with 500 ml of etherethyl acetate (1  : 1). The extracts 
were dried (Na&)4) and concentrated to afford a thick oil which 
was shown by thin layer chromatography (tlc) to consist of N- 
acetylbenzamide and benzamide. Concentration of the ethereal 
layer afforded benzamide. c~-Benzoylacetarnide~* which was 
shown to be well-resolved from N-acetylbenzamide and bene- 
amide by tlc on a known mixture, could not be detected. 

Phenylacetamide (0.05 mole) was treated with methyl benzoate 
(0.05 mole) and 0.105 mole of sodium hydride in 200 ml of re- 
fluxing monoglyme for 4 hr, at the end of which time 2 mol 
equiv of hydrogen had been liberated. The reaction mixture was 
processed as described above for the reaction with acetamide. 
Acidification of the aqueous layer followed by extraction with 
ether-ethyl acetate (1: 1) and concentration of the extracts 
afforded a light yellow oil. Tlc of this material showed the 
presence of two components which were identified as N-benzoyl- 
phenylacetamidel6 and a-benzoylphenylacetamide16 by compari- 
son of their Rf values with those of authentic samples. 

Registry No.-Sodium hydride, 7646-69-7; la, 15231- 
17-1; lb, 15231-18-2; IC, 15231-10-4; Za, 14072-63-0; Zb, 
15231-12-6; Zc, 15231-13-7; Zd, 15231-14-8; 3a, 15231- 
15-9; 3b, 15231-16-0. 

(14) C. R. Hauser and C. J. Eby, J .  Am.  Chem. Soc., 79, 725 (1957). 
(15) H. L. Wheeler, T .  B. Johnson, and D.  F.  McFarland, i b i d . ,  26, 795 

(16) S. D .  Work, D .  R.  Bryant, and C. R.  Hauser, J .  O w .  Chem., 29, 722 
(1903). 

(1964). 
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The recent paper2 which demonstrated that the 
structure of the compound reported earlier3 as dibenzo- 
[a,e]cyclooctanetrione was actually ll-ketoindeno- 
[1,2-c]isocoumarin (I) suggested a report on our work 
which arrived at the same conclusion. Our structure 
assignment was based on reactions, spectra, and syn- 
thesis. 

Treatment of the isocoumarin I with alkali followed 
by acidification gave an acid which was identical with 
2-(2-carboxypheny1)-1,3-indandione4 (11). This acid 
is oxidized in basic medium by bromine to 2,2'-benzil 
dicarboxylic acid and upon melting or refluxing with 
hydrochloric acid regenerates the isocoumarin I. 

Oxidation of the isocoumarin I with chromic acid 
gave the same lactone that is formed when the iso- 
coumarin is treated with nitric acid? This compound 

(1) Abstracted in part from the Ph.D. Thesis, June 1965, of J. K.  Stowell. 
(2) P. Yates and E. Lewars, Chem. Commun., 622 (1967). 
(3) 8. Wawionek, J .  A m .  Chem. Soc., 62,  745 (1940). 
(4) 8. L. Bhapiro, K. Geiger, and L. Freedman, J .  Org. Chem., 26, 1880 

(5) M. Pailer, H. Worther, and A. Meller, Monafeh., 92, 1037 (1961). 
(1960). 


