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This report is primarily concerned with the application of the Chapman rearrangement (imido esters to sub- 
stituted amides) to the synthesis of 1,2-disubstituted 4-quinazolinones. Additionally, the structure of the 
unusual acylation product of 2-methyl-1-phenyl-4-quinazoline (XIV) is elucidated. The spectral char- 
acteristics of these compounds are discussed. 

In  previous studies in our laboratories, the unique 
thermally induced ring closure of imidoyl isothiocya- 
nates to 4(3H)-quinazolinethione~~~~ (eq. 1) was found 
to be an eminently practical means of preparation of 
this class of heterocyclic compounds. Also, in con- 
nection with another project, it was shown that benzoyl 

R2 

isothiocyanate readily interacted with S-(1-cyclo- 
hexeny1)aniline to afford 1,2-dipheny1-5,6,7,8-tetra- 
hydro-4-quina~olinethione~ (eq. 2 ) .  

Accordingly, these findings have prompted us to 
complete the synthetic cycle in this series by pre- 
paring 1,2-disubstituted 4-quinazolinethiones and their 
40x0 derivatives with special emphasis on compounds 
with aryl groups at  the 1-position and either aryl or 
alkyl substituents a t  C-2. A survey of the literature 
surprisingly revealed that compounds of this type 
have received little attention. Huang-Hsinman and 
Mann4 reported that 2-hydroxy-3-oximino-1,2-di- 
phenylindoline (I), obtained from 3-amino-l,2-di- 
phenylindole through atmospheric oxidation, was 

OH 

I1 I 1 
0 

C6H5 
IIIa 

(1) H.  M.  Blatter and H. Lukaszewski, Tetrahedron Letters, 855 (1964). 
(2) H. M. Blatter and H. Lukaszewski, ibid., 1087 (1964). 
(3) R.  W, J. Carney, J. Wojtkunski, and G. destevens, J. Ore. Chem., 19, 

2887 (1964). This substance and related compounds have also been pre- 
pared by the reaction of suitable enamines with imidoyl isothiocyanates 
(unpublished results of H. M. Blatter to  be discussed in detail in a forth-' 
coming publication). 

(4) Huang-Hsinman and F. G. Mann, J .  Chem. Soc., 2903 (1949). 

converted by means of ethanolic hydrogen chloride, 
aqueous sodium hydroxide, or heat alone to a color- 
less, crystalline substance, m.p. 280-281' , whose 
molecular formula, CzoH14Nz0, corresponded to that 
of the quinazolinone IIIa. These authors acknowl- 
edged the tenuity of their structural assignments, 
and suggested t'he oxime I1 as an alternative structure 
for I. The problem remained at' this impasse a t  the 
time we began our studies in this series.6 

Preliminary work6 indicated that such apparently 
feasible approaches as \dehydrogenation of 1,2-di- 
phenyl-5,6,7,8-tetrahydro-4-quina~olinone~ and conden- 
sation of S-phenylanthranilic acid with ben~onitrile~ 
or ethyl iminobenzoate7J! yielded, respectively, only 
intract'able tars and starting materials. Thus we 
decided to prepare substituted anthranilamides such 
as Va by the application of the Chapman rearrange- 
mentg to imido esters such as IV (Scheme I), which 
itself could be prepared by the reaction of Y-phenyl- 
bensimidoyl chloride with salicylamide in the pres- 
ence of sodium alkoxide, and then to effect ring 
closure by heating. lo This procedure would be 
similar to that used by Jamison and Turner" in their 
applicat'ion of the Chapman rearrangement to the 
synt'hesis of X-acylat'ed anthranilic acids and esters. 

(5) Recently, a new synthesis of 4-quinazolinones applicable to the prep- 
aration of 1-aryl derivatives was reported by M. R. Uskokovii., J. Jacobelli. 
and W. Wenner (Abstracts of Papers, 147th National Meeting of the Ameri- 
can Chemical Society, Philadelphia, Pa. ,  April 1964. p. 7M). In their 
case, 4,1-benzoxazepine-2,5(lH,3H)-diones ( i )  were found to  react with 
ammonia to yield the 4-quinazolinones iii. This reaction undoubtedly 

i 

proceeds through the anthranilamide derivative ii with subsequent ring 
closure, and thus represents an  approach to  the synthesis of substituted 
anthranilamides of this type different from those we have successfully 
employed in this investigation. In  addition, their method is apparently 
limited to the preparation of compounds having an  a-hydroxy function 
on the C-2 substituent. 

(6) Unpublished results of Dr. R.  W. J. Carney of our laboratories. 
(7) 11'. Ried and W. Stephan, Chem. Ber., 96, 3042 (1962). 
(8) W. Ried and W. Stephan, ibid.. 96, 1218 (1963). 
(9) "The Merck Index," P. G. Stecher, Ed., 7th Ed., Merck and Co.. 

(10) W. L. F. Armarego, Aduan. Heterocyclic Chem., 1, 292 (1963). 
(11) M .  M. Jamison and E. E. Turner, J. Chem. Soc., 1954 (1937). 

Inc., Rahway, N. J . ,  1960, p. 1413. 
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SCHEME I 

- 
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Va 

The possible formulation of IV as the isomeric phenol 
VIIa was ruled out because of the reported12 lower 
melting range (by 30") and bright yellow color of 
compound VIIa. In  addition, the product IV lacks 
the phenolic OH stretching band in the infrared spec- 
trum (Nujol) which is so prominently displayed by 
VIIb at  3483 cm.-' as a sharp band of medium in- 
tensity (vide in f ra) .  

,C6H5 

&H-d$$R 0 

- \ 

R R 
0-H 

VIIa, R = H  
b, R=OCHs 

VI-IIa, R = H 
b, R = OCHi 

Heating the imido ester IV alone at  oil-bath tem- 
peratures of 270-275' to effect its rearrangement to 
Va as depicted in Scheme I invariably resulted in 
the formation of a mixture of difficultly separable 
products. Benzanilide could be readily identified as 
one of these. It undoubtedly arises from the reaction 
of IV with either atmospheric water or water generated 
along the lines shown in Scheme I. Refluxing a solu- 
tion of the imido ester IV in diphenyl ether for 2, 
12, or 24 hr. gave, respectively, a 10, 9, and 9% yield 
of a white, crystalline solid whose molecular formula, 
CZ0Hl4nT20, corresponded to that of 1 ,2-diphenyl-k 
quinazolinone (IIIa) and not to the expected rearrange- 
ment product Va. The presence of a characteristicla 
intense carbonyl absorption in t'he infrared (Nujol) 
a t  1644 cm.-' coupled with the absence of absorption 
in the OH and KH stretching region was consistent 
with IIIa. Additionally, the proton n.m.r. spectrum14 
of its analog, l-(p-methoxypheny1)-2-phenyl-4-quin- 
azolinone (IIIb), was also consistent with the 4- 
quinazolinone designation. A proton ratio of 1 : 12 : 3 
was obtained in ascending field strength. The doublet 
signal (12 C.P.S. approximate width) a t  lowest field 
centered at  about 495 C.P.S. with each signal split into 
an unsymmetrical quartet was assigned to the C-5 
proton, peri to the carbonyl group, based on the chemi- 
cal shifts and splitting patterns of similarly situated 

(12) A. W. Titherley, J .  Chem. sot, 01, 200 (1910). 
(13) G. destevens, B. Smolinsky, and L. Dorfman, J .  010. Chem., 08,  1115 

(1964). 
(14) The n.m.r. spectrum was determined on a Varian A-60 spectrometer 

in dimethyl-ds sulfoxide. Values are given in cycles per second relative to 
tetramethylsilane as internal standard. 

protons in other 4-q~inazolinones.'~ The twelve 
remaining aromatic proton signals were seen as a broad 
multiplet (73 C.P.S. approximate width) cenbered at  
about 441 c.P.s., while the -0CHs singlet signal was 
at  227 C.P.S. Confirmatory chemical evidence for the 
structural assignment was obtained through the syn- 
thesis of 1,2-dipheny1-4-quisazolinone (IIIa) by two 
different routes (vide infra).  Since the anthranil- 
amide derivative Va and its analogs have indeed been 
found to ring close readily to 4-quinazolinones, the 
direct isolation of 1,2-dipheny1-4-quinazolinone (IIIa) 
under these conditions was not surprising. While an 
improvement in the yield to  22% could be obtained by 
the utilization of anhydrous sodium sulfate to absorb 
the liberated. water (see Scheme I), the generality of 
this synthetic route was soon found to be wanting 
because of the preponderant formation of by-products. 
For an example, the reaction of salicylamide with 
N-phenyl-3,4,5-trimethoxybenzimidoyl chloride in an 
alkaline medium yielded predominantly the phenolic 
isomer VIIb, previously alluded to, as well as a small 
amount of 2-(3,4,5-trimethoxyphenyl)-l,3-benzoxazin- 
4-one (VIIIb). Both of these structural designations 
are in accord with the spectral data and elemental 
analyses. Unfortunately, none of the desired imido 
ester analogous to IV was isolated. Ring closures of 
compounds such as VIIb to compounds such as VIIIb 
have previously been observed.12 The likelihood of 
a mobile equilibrium involving, among others, com- 
pounds such as IV, VIIa, aniline, and VIIIa would 
seem to limit severely the utility of Scheme I. In or- 
der to avoid these pitfalls, methyl salicylate was sub- 
stituted for salicylamide in Scheme I (see Scheme 11), 
and the requisite N-acylated anthranilic acids 
(XIa-d) were prepared by the method of Jamison and 
Turner." 

The acid chlorides prepared by the action of 
phosphorus oxychloride on the anthranilic acid 
derivatives (XIa-d) readily reacted with ammonia in 
methylene chloride or benzene solution with cooling to 
give a mixture in good yield of the anthranilamide 
derivatives (Va-d) and the 4-quinazolinones (IIIa-d). 
It was possible to convert completely these mixtures 
to the 4-quinazolinones in good yield by simply heating 
them at  about 300' for a few minutes. In certain 
instances the mixtures could be readily resolved into 
their components. The infrared and ultraviolet spec- 
tra of just such an isolated anthranilamide derivative 
(Vc) were, as expected, essentially identical with 
those of Va prepared by the benzoylation of o-anilino- 
benzamide (see later Discussion). 1,2-Diphenyl-4- 
quinazolinone (IIIa) prepared by Scheme I1 was 
identical with the compound isolated via Scheme I 
which was previously identified as such. The proced- 
ures depicted in Scheme I1 thus represent an excellent 
pathway to 4-quinazolinones, Each step is high 
yielding, and the formation of by-products is held to a 
minimum. 4-Quinazolinones substituted a t  C-5, -6, -7, 
or -8 can also be prepared by this method. These 

(15) S. C. Pakrashi, J .  Bhattacharyya, L. F. Johnson, and H. Budzikie- 
wicz, Tetrahedron, 10, 1011 (1983). 

(16) The close correspondence between the melting ranges of 1 ,2-di- 
phenyl-4-quinazolinone (IIIa) and its methiodide as prepared by us and 
the melting ranges reported by Huang-Hsinman and Mann' leave little 
doubt aa to the authenticity of their preferred tentative structural assign- 
ments (at least for 1114. 
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IXa, R = H Xa, R =  H 
b, R = OCHi b, R = 0CHa 
c , R = F  
d, R=CI 

c , R = F  
d, R=CI 
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X I a , R = H  

b, R = OCHs 
c , R = F  
d,R=C1 
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b, R = OCHs 
C, R = F  
d, R=CI 

b, R = OCHs 
c , R = F  
d,R=CI J PBlO 

S 

CeHs 

d R 

XIIa, R = H 
C, R =  F 

compounds (IIIa-d) have been converted to the 
4-quinazolinethiones (XIIa and c) by the standard 
method, ie., the action of phosphorus pentasulfide 
(P&) in xylene. 

Another approach to the synthesis of 1,Zdisubsti- 
tuted 4-quinazolinones that was investigatJed involved 
direct acylation of o-anilinobenzamide. o-Anilino- 
benzamide reacted with benzoyl chloride in pyridine 
solution to give Val7 (Scheme III), but in poor yield.'* 

As mentioned previously, the infrared and ultra- 
violet spectra of Va were essentially identical with 

0 / 

0 0  

N-H\  I 

N-H 
I 

C& 

0 
XI11 

C6H5 

Va 

those of N-(o-carbamoylpheny1)-N-(p-fluoropheny1)- 
benzamide (Vc) which was prepared via Scheme 11. 
While the chemical and spectral evidence does not 
conclusively preclude the possibility that Va , may 
actually be the isomeric imide XI11 or the ring tauto- 
merle VI (Scheme I) or even a mixture in solution, 
this does not seem too likely based on the structural 
assignments of previous investigators's and the syn- 
thetic pathways employed. Additionally, the appear- 
ance and position of the broad absorption in the NH 
stretching region in the infrared (Nujol) , punctuated 
by peaks of weak to medium intensity a t  3350, 3425, 
and 3480 cm.-', would appear to be more indicative of 
a mixture of free and hydrogen-bonded absorptions of 
a primary amide. Ring closure of Va a t  about 300" 
proceeded readily and in good yield to l12-diphenyl- 
4-quinazolinone (IIIa) . 

o-Anilinobenzamide reacted with acetic anhydride 
under reflux to give a mixture of products of which 
two could be readily isolated and characterized (Scheme 
IV). When a 1 :  1 molar ratio of reactants was used, 
the main product that was isolated was 2-methyl-l- 
phenyl-4-quinazolinone (XIV) , albeit in poor yield. 
However, when the quantity of acetic anhydride was 
doubled, the primary product that was isolated, again 
in poor yield , was 2-ace tonylidine- 1-phenyl-4 (3H) - 
quinazolinone (XV) , which apparently arises from 
further acylation of XIV. 2-Ace tonylidine-1 -phenyl- 
4(3H)-quinazolinone (XV) could indeed be isolated in 
fair yield from the reaction of XIV with 1 mole of 
acetic anhydride. Both structural designations are 
in accord with the elemental analyses and the spectral 
data (vide infra) .  (See Scheme IV.) 

The presence of a strong carbonyl absorption a t  
1649 cm.-l in the infrared spectrum (Nujol) of XIV 
coupled with the absence of absorption in the NH and 
OH stretching regjon was in accord with that found for 
the l12-diaryl-4-quinazolinones (IIIa-d) . Indeed, even 
its ultraviolet long-wave absorption, both as to position 
and intensity, was virtually identical with that of the 

(17) The fact that the melting point of Va is very sensitive to both the 
rate of heating and the initial bath temperature negates a comparison be- 
tween it and the recorded value for compound I (see ref. 4 and text). How- 
ever, on the basis of their chemical properties and especially their ready 
conversion to IIIa on melting, we believe them to  be identical. 
(18) G .  B. Jackman. V. Petrow, and 0. Stephenson [ J .  Pharm. Phorma- 

col. ,  13, 529' (ISSO)] have reported that anthranilamide under similar reac- 
tion conditions undergoes dehydration as well as aroylation to the o-amino- 
benzonitrile derivative. 
(19) P .  R. Jones Chem. Rev.. 63, 461 (1963). 
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1,2-diaryl-4-quinazolinones and even to that of 1- 
niethyl-2-phenyl-4-quinazolinone~ and 1-methyl-4-quin- 
azolinone. z O  Since 1,2-dipheny1-5,6,7,8-tetrahydro-4- 
quinazolinone absorbs at  considerably shorter wave 
 length^,^ and since the nature of the substituent a t  C-1 
and C-2 (alkyl or aryl) does not apparently influence 
the long-wave absorption of l,2-disubstituted 4-quin- 
azolinones, it would seem that this absorption in such 
compounds is principally a consequence of ring reso- 
nance alone as symbolized by the arrows in the formula 
in Table I. A similar comparison of the ultraviolet 
long-wave absorptions of 1,2-dipheny1-4-quinazoline- 
thione (XIIa), l-methyl-2-phenyl-4-quina~olinethione,~ 
l-methyl-4-quina~olinethione,~~ and 1,2-diphenyl-5,6- 
7,8-tetrahydro-4-quina~olinethione~ leads one to an 
identical conclusion for the 1,2-disubstituted 4-quin- 
azolinethiones. The ultraviolet long-wave absorp- 
tions are listed in Table I. 

Compound XV, C17H14N202, an acylation product of 
XIV, was determined to be monomeric by osmometry. 
The N-acylation product (XVI) could be immediately 
ruled out due to the presence of only one vinyl proton 
in the proton n.m.r. spectrum, vide infraz2 Compound 
XV showed a broad, weak absorption ranging from 
about 2250-2850 cm.-l in the infrared (Sujol and 
CHzClZ) at  which point it merged with the CH stretch- 
ing bands. There was virtually no change in band 
position and relative intensity throughout the entire 

(20) J. M. Hearn, R. A.  Morton, and J .  C. E. Simpson, J .  Chem. Sot., 

(21) D. J. Fry,  J. D. Kendall, and A.  J. Morgan, ibid., 5062 (1960). 
(22) The ring-opened isomers of XVI ,  Le. ,  X V I I  and  XVIII ,  have been 

excluded on the basis of the physical evidence and on such chemical evi- 
dence as the stability of X V  to  acid a t  room temperature. 

3318 (1951). * 

&.Ha 
XVIII 

spectrum in going in turn from Nujol to methylene 
chloride solution to dilute methylene chloride solution. 
These findings are very suggestive of that type of 
strong intramolecular hydrogen bonding (0-H or N-H) 
which has been attributed to such resonance effects as 
“conjugate chelation .’ -25 The proton n.m. r. spec- 
truniZ6 was also in accord with structure XV. A 
proton ratio of 1 : 1 : 7 : 1 : 1 : 3 (ascending field strength) 
was observed. The broad absorption (20 C.P.S. ap- 
proximate width) a t  about 850 c.p.s. (1 proton) was 
due to the “chelated” proton.27 Its signal rapidly 
disappeared on the addition of deuterium oxide. The 
C-5 and C-8 protons were centered at  about 493 (15 
C.P.S. approximate width) and 383 C.P.S. (15 c.p.s. 
approximate width), respectively. Their splitting pat- 
terns were quite similar to those of their counterparts 
in compound XIV (vide infra). The overlapping sig- 
nals for the seven remaining aroniatic hydrogens were a 
multiplet centered at approximately 449 c.p.s. (53 c.p.s. 
approximate width), while the two singlet signals a t  
260 (1 proton) and 117 C.P.S. (3 protons) were due, 
respectively, to the “vinyl” protonz8 at  C-9 and the 
three equivalent protons on C-ll.29 

(23) Since “resonating hydrogen bonds” in chelate structures such as 
XV have previously been considered to  be improbable, then XV might be 
best represented by XVa or XVb alone or as a tautomeric equilibrium of 
the  two. Strong intramolecular hydrogen bonding would be present in 
both XVa and XVb. 

0 0 

(24) L. J. Bellamy, “The Infrared Spectra of Complex Molecules.” 2nd 
Ed., John Wiley and Sons, Inc., New York, N. Y., 1958, pp. 142-145, 

(25) If X I X  were the structure of the acylation product, it might be ex- 
pected t o  show only weak intermolecular hydrogen bonding a t  consider- 
ably higher wave lengths than the strong intramolecular hydrogen bonding 
which was actually found. If the intermolecular hydrogen bonding was 

254-255. 

0 n 

XIX XX 

sufficiently strong to  remain largely intact in dilute solution, then this 
would be inconsistent with the monomeric molecular weight exhibited by 
the acylation product (XV) in dilute solution. The  ring-opened isomers of 
X I X  or XV (via ring-chain tautomerism) as well as the tautomer X X  can be 
excluded on both physical and chemical grounds. 

(26) The n.m.r. spectrum was determined on a Varian A-60 spectrometer 
in deuteriochloroform. Values are given in cycles per second relative to  
tetramethylsilane as internal standard.  

(27) W. von Philipsborn, H. Stierlin, and W. Traber [Helu .  Chim. Acta, 46, 
2592 (1963) ] have reported absorptions a t  low-field strength for “chelated” 
protons in somewhat similar environments. 

(28) Certain simple enamines such as N-(1-cyclohexeny1)morpholine 
show atypical “vinyl” proton absorption a t  281 C.P.S. [C. F. Huebner. L. 
Dorfman, M. M. Robison. E. Donoghue. W .  G. Pierson, and P. Strachan, 
J .  Org. Chem., 38, 3134 (1963)l. 

(29) The  significance of the absence of coupling between the C-9 “vinyl’! 
proton and the C-11 protons is difficult to assess owing to  a lack of knowledge 
about their intimate chemical environments. At best only a small J value 
would be anticipated for the H-C=C-CHs system. 

I 1  
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Compd. 

I I Ia  

I I Ib  

IIIC 

IIId 

XIV 

b 

C 

5,6,7,8-Tetrahydro' IIIa 
XIIa 
XIIC 

b 
f 

5,6,7,8-Tetrahydrod XIIa 
Methanol solution. Ref. 1. 

X R1 R2 h?2OH, mp 

0 C6H5 C6H5 306 
316 sh 

0 p-CH3O-Ce.Hi C6H5 306 
317 sh 

0 p-F-CsH4 C6H5 305 
311-315 plateau 

0 p-Cl-CsH4 C6H5 305" 
314 sh 

0 C& CH3 303 
314 

0 C& CsH6 306 
312-316 plateau 

0 CH, H 306.5 
317 

0 C6H5 CsH5 250 
S CsH6 CsHs 387 
S P-F-C~HI CsHr 388 
S CH3 C6H5 388 
S CHI H 380 
S C6H6 C6H5 342-345 

Ref. 20. Ref. 3. e Kindly supplied by Dr. R. W. J. Carney of our laboratories. 

Ex~erimental3~ 
0-( N-Phenylbenzimidoy1oxy)benzamide (IV) .-To an ice-bath 

cooled solution of 1.35 g. (0.025 mole) of sodium methoxide in 
25 ml. of absolute ethanol, there was added in rapid succession 
a solution of 4.1 g. (0.030 mole) of salicylamide in 25 ml. of 
absolute ethanol followed by a solution of 4.3 g. (0.020 mole) of 
K-phenylbenzimidoyl chloride3' in 25 ml. of anhydrous ether. 
After standing a t  room temperature for 1.5 hr., the cloudy mix- 
ture was evaporated in vacuo, and water was then added to the 
residue. The yellow, oily residue was separated, wetted with a 
small amount of absolute ethanol, and cooled with scratching un- 
til it solidified. The crude solid in ether solution was dried over 
anhydrous sodium sulfate. I t  crystallized from ether-n-pentane 
to give 2.0 g. (32% yield based on N-phenylbenzimidoyl chloride) 
of product as a white solid, m.p. 133-137'. Recrystallization 
from acetone-hexane gave IF': m.p. 136138'; infrared (Nujol) 
3133 w, 3338 w, 3431 w, 3463 w (free and bonded -NH2 of pri- 
mary amide), and 1681 cm.-l s (carbonyl); ultraviolet Amax 233 
mp sh ( e  24,100), 276 mp sh ( e  5720). 

Anal. Calcd. for C10H16N10Z: C, 75.93; H,  5.10; N,  8.86. 
Found: 

Chapman Rearrangement of 0-( N-Phenylbenzimidoy1oxy)benz- 
amide (IV). A.-0-( N-Phenylbenximidoy1oxy)benzamide (IV), 
0.5 g. in an open flask, was placed in an oil bath that was pre- 
heated to 27&275O. I t  instantly formed a melt which pro- 
gressively darkened during the 15-min. heating period. On cool- 
ing to room temperature, the melt was extracted with boiling 
cyclohexane in which it was mostly soluble. The solution was 
partially decolorized with Norit, and was then concentrated to 
dryness in vacuo. The yellow, oily residue lacked the charac- 
teristic long-wave ultraviolet absorption patterns, vide infra, 
of 1,2-dipheny1-4-quinazolinone ( I I Ia) ,  and could not be readily 
purified. 

When the heating period was shortened to 1 min., there was 
obtained from the cooled cyclohexane extract a few milligrams of 
a white solid, m.p. 16&170", whose mixture melting point with 
benzanilide was not depressed. 

B.-A solution of 1 g. (0.0032 mole) of compound IV in 10 ml. 
of diphenyl ether was refluxed for 2 hr. The solution was con- 
centrated to dryness in uacuo, and then an excess of diethyl ether 

C, 76.00; H,  5.09; N,8.89. 

(30) The melting points are uncorrected. The ultraviolet spectra were 
determined in ethanol unless otherwise indicated. The abbreviations 
w,  tu, s. sh. snd plat. refer, respectively, to weak, medium, and strong relative 
absorptions, and to shoulder and plateau. 

(31) J. von Braun and W. Pinkernelle, Ber., 67, 1218 (1934). 

€ 

10,810 
9,690 

11,120 
10,070 
10,550 
9,420 

10,970 
9,820 

10,040 
8,380 
9,820 
8,770 
6,920 
6,170 

17,570" 
21,430 
21,900 
17,720 
16,980 
27, looE 

f Ref. 21. 

was added to the residue. A 10% yield of 1,2-diphenyl-4-quin- 
azolinone (IIIa), vide infra, m.p. 265-273', 0.090 g., was ob- 
tained. When the reflux period was increased to 12 and 24 hr., 
the yield remained at  the same level, i.e., 9%. 

C.-A solution of 2 g. (0.0064 mole) of compound IV in 200 
ml. of diphenyl ether was refluxed for 2 hr. The condensate 
was continuously passed through anhydrous sodium sulfate con- 
tained in the thimble of a Soxhlet extractor. Due to the high 
boiling point of diphenyl ether, the efficiency of this operation, 
in terms of rate of solvent passing through the thimble, was 
minimal. The solution was concentrated to dryness in uacuo, 
and then an excess of diethyl ether was added to the residue. 
The product, 1,2-dipheny1-4-quinazolinone (IIIa), m.p. 265- 
273", 0.410 g., was obtained in 227, yield. 

D.-A mixture of 0.50 g. (0.0016 mole) of compound I\' and 
0.328 g. (0.0016 mole) of dicyclohexylcarbodiimine was added all 
a t  once to boiling diphenyl ether. The solution was refluxed for 
35 min., and was then allowed to stand at  room temperature 
overnight. 

Reaction of Salicylamide with N-Phenyl-3,4,5-trimethoxy- 
benzimidoyl Chloride.-To an ice-bath cooled solution of 0.67 g .  
(0.012 mole) of sodium methoxide in 10 ml. of absolute ethanol, 
there was added in rapid succession a solution of 2.05 g. (0.015 
mole) of salicylamide in 15 ml. of absolute ethanol followed by a 
solution of 3.05 g. (0.010 mole) of N-phenyl-3,4,5-trimethoxyben- 
zimidoyl chloride3z in 50 ml. of anhydrous ether. After standing 
at  room temperature for 1.5 hr., the mixture was evaporated in 
vacuo, and water was then added to the residue. On the addition 
of ethanol, the residue solidified. The crude solid was recrystal- 
lized from acetone-hexane to give 0.30 g. of 2-(3,4,5-trimethoxy- 
phenyl)-l,3-benzoxazin-4-one (VIIIb) ( 107c yield based on the 
complete conversion of N-phenyl-3,4,5-trimethoxybenzimidoyl 
chloride to  VIIIb) as a white solid, m.p. 19G194". Recrystal- 
lization from acetone alone gave VIIIb as white crystals: m.p. 
191-193'; infrared (Nujol) 1681 c m . 3  s (carbonyl); ultraviolet 
Amax 220 mu sh ( e  33,030), 298 (16,910), 317 (16,910), A,,, 263 

A 15y0 yield of IIIa was obtained. 

mp ( e  5210), 305 (16,490). 
Anal. Calcd. for CUHI~NOS: C, 65.17; H, 4.82; N ,  4.47. 

Found: C, 65.46; H,4.91; N,4.31. 
On standing a t  room temperature for several hours, the mother 

liquors yielded about 1 g. of N-(0-hydroxybensoy1)-"-phenyl- 
3,4,5-trimethoxybenzamidine (VIIb) (25y0 yield based on the 
complete conversion of N-phenyl-3,4,5-trimethoxybenzimidoyl 
chloride to F'IIb) as a white solid, m.p. 115-120'. Recrystalliza- 

(32) A.  Sann and E. Muller, ibid., 69, 1927 (1919) 
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tion from ether gave VIIb: m.p. 116-118"; infrared (Nujol) 
3144 m, 3277 w, 3348 w (bonded -NH stretching modes), 3483 
m (phenolic -OH stretching mode), 1671 cm.-l s (carbonyl); 
ultraviolet A,., 220 mp sh ( e  43,700), 274 (12,510), A,,, 249 mp 
( e  8610). 

A duplicate experiment run on twice the scale gave about the 
same yield of VIIIb; however, a considerably larger amount 
(46y0 yield) of VIIb was obtained. 

General Method" for the Preparation of Salicylic Acid Esters 
(IXa-d) .-Methyl o-( N-phenylbenzimidoy1oxy)benzoate (IXa) 
was isolated as white crystals from ethanol, m.p. 109-112' 
(previously reported" m.p, 110-1 11 "). 

Methyl o-( N-p-methoxyphenylbenzimidoy1oxy)benzoate (IXb) 
was prepared from methyl salicylate and N-(p-methoxypheny1)- 
benzimidoyl chloride33 in 65% yield (based on imidoyl chloride) 
by the method of Jamison and Turner." Crystallization from 
ethanol gave IXb as yellow crystals: m.p. 115-117"; infrared 
(Nujol) 1710 s (ester carbonyl), 1666 cm? s (>C=N-); 
ultraviolet A,,, 230 mp ( e  27,710), 288 (6420), 328 sh (3720), 
A,,, 220 mp ( e  26,320), 266 (5290). 

Anal. Calcd. for CzzH19N04: C, 73.11; H, 5.30; N, 3.88. 
Found: C, 73.01; H, 5.36; N,  3.96. 

Methyl o-(N-p-fluorophenylbenzimidoy1oxy)benzoate (IXc) 
was prepared from methyl salicylate and N-(p-fluoropheny1)- 
benzimidoyl chloridea4 in 81y0 yield (based on imidoyl chloride) 
by the mebhod of Jamison and Turner.ll Crystallization from 
ethanol gave IXc as white crystals; m.p. 130-132'; infrared 
(Nujol) 1710 s (ester carbonyl), 1665 cm.-l s (>C=N-); 
ultraviolet Amax 230 mp sh ( e  24,410), 278 (5550), Amin 264 mp 
(4930). 

Anal. Calcd. for C21HleFNOa: C, 72.20; H ,  4.62; N, 4.01. 
Found: C, 72.26; H, 4.65; N, 4.17. 

Methyl o-(N-p-chlorophenylbenzimidoy1oxy)benzoate (IXd) 
was isolated as white crystals from ethanol, m.p. 130-132" (lit." 
m p. 130-131"). 

General Methodll for the Preparation of Anthranilic Esters 
(Xa-d) and Acids (XIa-d).-N-(0-Methoxycarbonylpheny1)-N- 
phenylbenzamide (Xa) was isolated as white crystals from 
ethanol, m.p. 127-131" (previously reported" m.p. 132-133'). 

N-( o-Methoxycarbonylphenyl)-N-(p-methoxyphenyl)benz- 
amide (Xb) was prepared by heating 22 g. of compound IXb a t  
27C-275" in an oil bath for 10 min. The rrude product was 
recrystallized from acetone-hexane with Norit decolorization 
to give 16.5 g. (73% yield) of Xb as a white solid, m.p. 148- 
152". Further recrystallization of Xb from acetone-hexane gave 
pure material: m.p. 151-153"; infrared (Nujol) 1722 s (ester 
carbonyl), 1659 cm.-' s (amide carbonyl); ultraviolet Amar 230 
mp sh ( e  21,310), 250 sh (13,520), 276-285 plat. (7460). 

Anal. Calcd. for C22H~N04: C, 73.11; H, 5.30; N,  3.88. 
Found: C, 72.94; H, 5.47; N, 3.79. 

N-( p-Fluoropheny1)-N-( o-methoxycarbonylpheny1)benzamide 
(Xc) was prepared by heating 90 g. of compound IXc a t  275' in 
an oil bath for 10 min. It 
was recrystallized once from methanol and then once from ether 
to give 70 g. (78y0 yield) of Xc as a white solid, m.p. 113-117'. 
One additional recrystallization from ether yielded Xc: m.p. 
114-116'; infrared (Nujol) 1724 s (ester carbonyl), 1659cm.-l s 
(amide carbonyl); ultraviolet Amax 230 mp sh area ( e  19,740), 
278 sh area (6830). 

Anal. Calcd. for C Z ~ H ~ ~ F N O ~ :  C, 72.20; H ,  4.62; N, 4.01. 
Found: C, 72.08; H,4 .76 ;  N,4 .17 .  

N-( p-Chloropheny1)-N-( o-methoxycarbonylpheny1)benzamide 
(Xd) was isolated as white crystals from ether, m.p. 139-141' 
(lit." m.p. 139-140'). 
N-(o-Carboxypheny1)-N-phenylbenzamide (XIa) was prepared 

as previously reported by Jamison and Turner ,I1 

N-( o-Carboxypheny1)-N-( pmethoxypheny1)benzamide (XIb) 
was obtained in 7370 yield from the hydrolysis of compound Xb. 
The analytical sample was obtained as white crystals after several 
recrystallizations from acetone-hexane, m.p. 184-187". 

Anal. Calcd. for CzIH17N04: C,  72.61; H ,  4.93; N, 4.03. 
Found: C, 73.03; H,5.23;  N, 3.70. 

N-( o-Carboxylpheny1)-N-( p-fluoropheny1)benzamide (XIc).- 
To a mixture of 28 g. (0.080 mole) of Xc, 160 ml. of ethanol, 
and 88.5 ml. of water, there was added 88.5 ml. of a stock solu- 
tion which consisted of 5.4 g. of sodium methoxide, 100 ml. of 

The crude melt solidified in ether. 

(33) I. Ugi, F. Beck, and U. Fetaer, Ber., 95, 126 (1962). 
(34) F. Benington, E.  V. Shoop, and R.  H. Poirier, J .  Ow. Chem., 18, 

1506 (1853). 

ethanol, and 20 ml. of water. The mixture was refluxed for 1 
hr. It was then concentrated in vacuo, and the residue was 
acidified with concentrated hydrochloric acid. The crude precip- 
itate was extracted with methylene chloride, and the methylene 
chloride extract was dried over anhydrous sodium sulfate. The 
crude solid from the methylene chloride solution was treated 
with aqueous sodium bicarbonate a t  the boil, and the basic 
extract, on cooling, was acidified with concentrated hydrochloric 
acid. The precipitated solid was recrystallized once from 
methylene chloride-hexane to give 16 g. (60% yield) of XIc as a 
white solid, m.p. 175179'. Further recrystallization from 
ether gave XIc aa white crystals: m.p. 176-178'; ultraviolet 
A m m  227 mp sh area ( e  18,880), 278 sh area (6720). 

Anal. Calcd. for CZoHl4FNO3: C, 71.64; H, 4.21; N, 4.18. 
Found: C, 71.95; H ,  4.42; N, 4.13. 

N-( o-Carboxypheny1)-N-( p-ch1orophenyl)benzamide ( XId) 
was isolated as white crystals from acetone-hexane, m.p. 189- 
192" (1 i t . I '  m.p. 191-192"). 

General Method for the Ring Closure of Anthranilic Acids 
(XIa-d) to 1,2-Disubstituted 4-Quinazolinones (IIIa-d). 1,2-Di- 
phenyl4-quinazolinone (IIIa) .-N-( o-Carboxypheny1)-N-phenyl- 
benzamide (XIa), 13 g. (0.041 mole), was dissolved in about 100 
ml. of hot phosphorus oxychl~r ide .~~ The solution was refluxed 
for approximately 19 hr., and the excess phosphorus oxychloride 
(Pocl,) was then removed by distillation i n  vacuo. Ammonia 
gas was slowly bubbled through a methylene chloride solution of 
the oily residue over a period of about 15 min. The mixture of 
precipitated solid plus solution was allowed to stand at  room 
temperature for € hr. After being washed with water, the 
methylene chloride solution was dried over anhydrous sodium 
sulfate and was decolorized with Norit. The addition of hexane 
to the concentrated methylene chloride solution resulted in the 
precipitation of a mixture of IIIa and Va, m.p. 22C-275". The 
mixture was heated a t  about 300' in an oil bath for a few minutes, 
and the crude product was crystallized from ethanol with Norit 
decolorization to give a total of 7.3 g. (60y0 yield) of IIIa as a 
white solid, m.p. 273-2763'. Further recrystallization from 
ethanol gave IIIa  as white crystals: m.p. 273-275'; infrared, 
see text; ultraviolet A,,, 236 mp ( e  25,340) (see Table I ) ,  Amin 

224 mp ( e  23,130), 287 (6860). 
Anal. Calcd. for C20H14NZO: C, 80.51; H, 4.73; N, 9.39. 

Found: C, 80.86; H ,  4.88; N, 9.39. 
The methiodide derivative of IIIa was prepared by refluxing a 

mixture of 200 mg. of I I Ia  and 10 ml. of methyl iodide for 0.5 hr. 
On cooling, the cloudy solution deposited a pale yellow solid. 
Recrystallization from methanol afforded the crystalline, yellow 
methiodide, m.p. 258-266', which retained 1 mole of methanoP; 
infrared (Nujol) 3429 w (0-H stretching frequency), 1726 
cm.+ s (carbonyl); ultraviolet A,,, 220 mp ( e  50,710), 285 sh 
(87901, 294-298 (90801, 306 ah (7530), 348 sh area (480), Amin 
208 mp ( C  40,320), 264 (6270). 

Anal. Calcd. for Cz1H171Nz0.CH30H: C, 55.94; H, 4.70; 
N, 5.93. Found: C, 55.73; H, 4.47; N, 5.72. 

The methiodide derivative was designated aa 3-methyl-40x0- 
1,2-diphenylquinazolinium iodide in accordance with the physical 
data and the 

l-(p-Methoxyphenyl)-2-phenyl-4-quinazolinone (IIIb) .-N-(0- 
Carboxypheny1)-N-(p-methoxypheny1)benzamide (XIb), 3.0 g. 
(0.0086 mole), was treated with 50 ml. of phosphorus oxychloride 
and then with ammonia as previously described for XIa. A 
mixture of I I Ib  and Vb, 1.8 g., m.p. 200-240", was obtained 
by an identical work-up. The mixture was heated at  about 300' 
in an oil bath for a few minutes, and the crude product was 
crystallized from ethanol with Norit decolorization to give 1.25 
g. (44% yield) of I I Ib  as an off-white solid, m.p. 235239'. 
Further recrystallization from ethanol gave IIIb as white crys- 
tals: m.p.. 241-243"; infrared (Nujol) 1647 cm.-l s (carbonyl); 
ultraviolet Amax 236 mp ( e  34,060), 278-290 plat. (8410) (see Table 
I ) ,  Amin  222 mu ( e  25,300), 273 (8270). 

Anal. Calcd. for Cz1H16N2O2: C, 76.81; H, 4.91; N, 8.53. 
Found: C,76.64; H, 5.09; N,8.55.  

l-(p-Fluorophenyl)-2-phenyl4-quinazolinone (IIIc).-N-(0- 
Carboxypheny1)-N-(pfluoropheny1)benzamide ( X  IC), 20 g. 
(0.060 mole), was treated with 100 ml. of phosphorus oxychloride 
and then with ammonia in essentially the manner previously 
described. The only variation was the increased time, to 1 hr., 
allotted for the bubbling of ammonia through the methylene 

(35) The quantity of phosphorus oxychloride used, within a wide range, 
did not significantly affect the outcome of the procedure. 
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chloride solution. In  contrast to the previous examples, a 
total of 13.1 g. (69% yield) of IIIc, m.p. 287-290°, was obtained 
directly without recourse to further heating. Recrystallization 
from acetone-hexane for analysis gave IIIc as white crystals: 
m.p. 289-290"; infrared (Nujol) 1649 cm.-1 s (carbonyl); ult,ra- 
violet Am,, 234 mp ( e  24,620), 265 sh area (8770) (see Table I ) ,  
Amin 223 mp ( e  22,650), 286 (6870). 

Anal. Calcd. for C20H13FNZO: C, 75.93; H ,  4.14; N, 8.86. 
Found: 

When the reaction was carried out in the same manner, except 
for the substitution of benzene for methylene chloride, there wm 
obtained from 8.5 g. of XIc a total of 2 g. of IIIc, m.p. 288-290°, 
and 2.1 g. of N-(0-carbamoylpheny1)-N-(p-fluoropheny1)benz- 
amide (Vc), m.p. -210' (very sensitive to both the rate of 
heating and the initial bath temperature). The fact that Vc 
was very much more soluble in acetone than IIIc led to their 
ready separation. Recrystallization of Vc from acetone-hexane 
gave white crystals: m.p. -210"; infrared (Nujol) 3352 w, 
3424 m, 3484 w (free and bonded -NH2 of primary amide), 1679 
s (amide carbonyl), 1646 s, 1636 cm.-ls (either value could be 
an amide carbonyl or an -SH2 deformation absorption of a 
primary amide); ultraviolet Am,, 276 mp sh ( e  6900). 

Anal. Calcd. for C20H16FN202: C, 71.85; H ,  4.52; N, 8.38. 
Found: C, 72.35; H,4.79; N,8.15. 

On heating 1.95 g. (0.0058 mole) of Vc at: 315" for a few min- 
utes, a total of 1.4 g. (76T0 yield) of IIIc was obtained after 
recrystallization from acetone with Norit decolorization, m.p. 

1-( p-Chlorophenyl)-2-phenyl4-quinazolinone (IIId) .-N-( o- 
Carboxypheny1)-N-(p-chloropheny1)benzamide (XId), 8.0 g. 
(0.023 mole), was treated with phosphorus oxychloride and then 
with ammonia as previously described for XIa and XIb. A 
mixture of IIId and Vd, 5.5 g., m.p. 200-230°, was obtained by 
an identical work-up. The mixture was heated a t  about 300' 
in an oil bath for a few minutes, and the crude product was 
crystallized from methanol to give 4.0 g. (53% yield) of IIId as 
a white solid, m.p. 243-245'. One additional recrystallization 
from methanol gave IIId as white crystals: m.p. 243-245"; 
infrared (Nujol) 1649 cm.-l s (carbonyl); ultraviolet 233 
m,u ( e  29,010), 281 (7520) (see Table I), A%:oH 221 mp ( e  27,090), 
276 (7350), 287(7130). 

Anal. Calcd. for C20H13CIN20: C, 72.18; H,  3.94; N ,  8.42. 
Found: C,  71.89; H,3.99; N,8.23. 

General Method for the Preparation of 1,2-Disubstituted 4- 
Quinazolinethiones (XIIa and c) . 1,2-Diphenyl-4-quinazoline- 
thione (XIIa).-A mixture of 3.5 g. (0.012 mole) of IIIa, 3.13 g. 
of phosphorus pentasulfide, and 35 ml. of xylene was refluxed for 
2 hr. with stirring. An excess of 10% aqueous sodium hydroxide 
solution was then added dropwise with stirring and ice-bath 
cooling. The mixture was stirred for an additional 15 min. and 
was then filtered. The collected solid, 2.5 g., was washed with 
boiling ethanol and was then recrystallized from hot dimethyl- 
formamide (DMF) to give 2.1 g. of XIIa (57% yield) as an orange 
solid, m.p. >300°. One additional recrystallization from DMF 
gave XIIa as orange crystals: m.p. 30j-307'; infrared (Nujol) 
no absorption in the N-H, 0-H stretching region and between 
1610-1700 cm.-'; ultraviolet Amax 216-222 mp plat. ( e  36,870), 
241 sh (17,710), 266 sh (12,910) (see Table I ) ,  A m i n  327 mp (e 
2800). 

Anal. Calcd. for CZOH14N2S: C, 76.40; H, 4.49; N, 8.91. 
Found: C, 76.22; H,4.53; N,8.98. 

1-( p-Fluorophenyl)-2-phenyl4-quinazolinethione (XIIc) .-1 - 
(p-Fluorophenyl)-2-phenyl-4-quinazolinone, 10.5 g .  (0.033 mole), 
was treated with 8.9 g. of phosphorus pentasulfide in 150 ml. of 
xylene as previously described. The crude solid obtained by a 
work-up identical with that for XIIa (60 ml. of a 10% aqueous 
sodium hydroxide solution had been added) was washed with a 
minimum amount of boiling ethanol. I t  was then recrystallized 
from acetone with Norit decolorization to afford 5.7 g. (52% 
yield) of XIIc as an orange solid, m.p. 293-296". One addi- 
tional recrystallization from acetone gave XIIc as orange crystals: 
m.p. 294-296'; infrared (Nujol) no absorption in the N-H, 
0-H stretching region and between 1610-1700 cm.-l; ultra- 
violet A,,, 214-221 m,u plat. ( e  35,740), 257-267 plat. (12,660) 
(see Table I ) ,  Ami,  325-328 mp (E 2850). 

Anal. Calcd. for C20H13FN2S: C, 72.27; H,  3.95; N, 8.43. 
Found: 

Both XIIa and XIIc slowly turned tan on standing a t  room tem- 
perature. Since they appear to be stable when wrapped in 

C, 75.99; H,4.14; N, 8.80. 

288-290". 

C ,  71.98; H,4.00; N ,  8.15. 

aluminum foil or kept in a brown bottle, this would seem to be a 
light effect. 

o-Anilin0benzamide.-To a suspension of 17.4 g. (0.082 mole) 
of N-phenylanthranilic acid in 250 ml. of dry pentane, there was 
added 16.8 g. (0.081 mole) of phosphorus pentachloride in small 
portions. A great deal of hydrogen chloride was evolved, and 
most of the starting solids were observed to dissolve. After the 
addition was completed, the mixture was allowed to stand a t  
room temperature for about 1 hr. I t  was then filtered, and the 
filtrate was decolorized with Norit. The solid that precipitated 
from the concentrated solution at  Dry Ice-acetone temperatures, 
o-anilinobenzoyl chloride,3e was quickly collected and added to 
about 250 ml. of ice-cold concentrated ammonium hydroxide 
(28-30% ammonia by weight). After about 3 hr. a t  room tem- 
perature, the crude product was dried on filter paper and was 
then recrystallized once from ether. A total of 10.5 g. (61% 
yield) of o-anilinobenzamide was obtained as a pale yellow solid, 
m.p. 128-131 '. Recrystallization from ether gave pale yellow 
crystals: m.p. 129-131" (lit.37 m.p. 127.5-129'); ultraviolet 
Am,, 220 m,u sh (e 20,520), 288 (15,890), 345 (6450), A,,, 255 mp 
( e  3220), 317 (3960). 

Anal. Calcd. for C13H12N20: C, 73.56; H,  5.70; N ,  13.20. 
Found: C, 73.83; H ,  5.72; N, 13.07. 

N-( o-Carbamoylpheny1)-N-phenylbenzamide (Va) .-To a 
solution of 212 mg. (0.001 mole) of o-anilinobenzamide in 2 ml. of 
pyridine, there was added 140 mg. (0.001 mole) of benzoyl chlo- 
ride. After standing a t  room temperature for 15 min., theyellow 
solution was poured into water. The mixture was extracted 
with methylene chloride, and the methylene chloride extract 
was dried over anhydrous sodium sulfate. On the addition of 
excess ether to the concentrated methylene chloride solution, a 
small quantity, approximately 50 mg., of a white solid precipi- 
tated. Two recrystallizations from ethanol gave Va as white 
crystals: m.p. 235-237" (the capillary was placed in the oil 
bath at  230"; the melting point is very sensitive to both the rate 
of heating and the initial bath temperature); infrared (Nujol), 
see text, 1681 s (amide carbonyl), 1648 s, 1642 cm.? s (either 
value could be an amide carbonyl or an -NH2 deformation ab- 
sorption of a primary amide); ultraviolet A,,, 244 mp sh area 
( e  12,100), 276 sh area (7260). 

Anal. Calcd. for CzoH1~N202: C, 75.93; H ,  5.10; N, 8.86. 
Found: 

On heating to about 300°, Va rapidly ring closed to 1,2-di- 
phenyl-4-quinazolinone (IIIa)  in good yield. 

Reaction of o-Anilinobenzamide with Acetic Anhydride. A,- 
A mixture of 10.6 g. (0.05 mole) of o-anilinobenzamide and 5.1 g. 
(0.05 mole) of acetic anhydride was refluxed for about 17 h r .  
After the acetic anhydride was removed zn uacuo, the residue was 
dissolved in a small volume of acetone. On seeding with an 
authentic sample of XIV obtained from an initial run, a total 
of 2.8 g. (24% yield) of 2-methyl-1-phenyl-4-quinazolinone (XIV) 
was obtained as pale yellow crystals, m.p. 225-230'. Several 
recrystallizations from acetone gave XIV as pale yellow crystals: 
m.p. 231-233'; infrared, see text; ultraviolet Amax 229 mp (e. 
21,500), 234 sh (19,580), 265 (5290), 274 (5560) (see Table I ) ;  
Am,n 219 mp ( e  18,910), 256 (4450), 268 (5120), 281 (4310), 310 
(8310). 

Anal. Calcd. for Cl5H12N20: C, 76.25; H, 5.12; N,  11.86. 
Found: C, 76.46; H,  5.17; N, 12.14. 

The pale yellow coloration of XIV is probably due to traces of 
an impurity, since the color is present in solution. 

The proton n .m.r. spectrum14 revealed a proton ratio of 1 : 7 : 1 : 3 
in ascending field strength. The doublet signal (15 c.p.5. ap- 
proximate width) a t  lowest field centered a t  about 489 c.p.5. 
with each signal split into an unsymmetrical quartet was assigned 
to the C-5 proton, per i  to the carbonyl group, based on the 
chemical shifts and splitting patterns found for similarly situated 
protons both in this investigation and elsewhere.'s A very 
similarly patterned doublet signal (1 proton) centered a t  395 
c.p.5. (15 c.p.5. approximate width) was assigned to the C-8 
proton. The overlapping signals for the remaining aromatic 
protons were a multiplet centered a t  about 453 c.p.5. (46 c.p.5. 
approximate width), while the 2-methyl singlet signal was at  
121) c.p.5. Small quantities of o-anilinobenzamide were obtained 
from the mother liquors. 

C, 75.84; H ,  5.29; X, 8.83. 

(36) A. M. Grigorovskli, Chem. Ab&., 44, 2953d (1950). 
(37) Prepared by M. Goodman. N.  Arbiter, and G .  Powell [ J .  Am. Chem. 

Soc.. 66, 4294 (193311 in poor yield by treating ethyl o-anilinobenzoate with 
ammonia in a sealed tube. 
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B.-A mixture of 6.36 g. (0.030 mole) of o-anilinobeneamide 
and 6.12 g. (0.060 mole) of acetic anhydride was refluxed 
for about 20 hr. After the acetic anhydride was removed 
in vacuo, excess ether was added to the residue. The crude 
solid, m.p. 180-22O0, that was obtained was recrystallized 
from a small amount of hot methanol to give 0.75 g. (9yo yield) 
of 2-acetonylidine-l-phenyl-4( jH)-quinazolinone (XV) as a 
white solid, m .p. 240-243’. One additional recrystallization 
from ether gave XV as white crystals; m.p. 241-243”; infrared 
(CH&12) 1699 s (amide carbonyl), 1615 8, and 1568 c m . 3  s 
(either could be the “NH” deformation band or the “ketone” 
carbonyl absorption of the conjugated system); ultraviolet 
Acnaon 

,,,sx 220 mp sh ( e  18,600), 268 (5120), 318 (35,090); 
258 mp ( c 4620), 282-283 (4420); A,,, (0.1 N KOH-CH30H) 280 
mp sh ( e  5780), 317 (33,150); Amin  (0.1 N KOH-CHaOH) 2 6 C  
264 mp ( E  5060); Amr, (0.1 N HCl-CHaOH) 220 mp sh area ( e  
17,590), 268 sh area (6370), 276 (6810), 318 (29,160); Amin 
(0.1 N HC1-CH30H) 257 mp ( e  5170), 282-285 (6540); h g i h  
216 mp ( e  20,360), 223 sh (19,640), 278 (7790), 312 (31,270); 

211 mp ( e  19,970), 254 (4210), 282 (7440). 
Anal.  Calcd. for  C17H14N2O2: C, 73.36; H ,  5.07; N ,  

10.07; mol. wt., 278.30. Found: C, 73.09; H ,  4.94; N ,  

X2yme 

10.05; mol. wt., 264.5. (by osmometry3* in chloroform solu- 
tion). 

Small quantities of compound XIV were obtained from the 
mother liquors. 

2-Acetonylidine-1 -phenyl4( jH)-quinazolinone (XV) .-A mix- 
ture of 0.495 g. (0.0021 mole) of 2-methyl-1-phenyl-4-quinazoli- 
none (XIV) and 0.224 g. (0.0022 mole) of acetic anhydride was 
refluxed for about 19 hr. A methanol solution of the,residue waa 
partially decolorized with Norit and was then cooled in a Dry 
Ice-acetone bath. A total of 0.24 g. (41% yield) of XV, m.p. 
230-240”, was obtained. One recrystallization from a small 
volume of methanol with Norit treatment gave 0.14 g. of XV as 
an off -white solid, m .p . 240-243 ’. 
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1,l-Difluoro olefins can be prepared in good yield by heating a solution of an aldehyde, triphenylphosphine, 
The synthesis appears quite generally applicable to aromatic, aliphatic, 

The yield of the 1,l-difluoro olefin VI from p-nitrobenzaldehyde, however, is 
and sodium chlorodifluoroacetate. 
and heteroaromatic aldehydes. 
poor, the major product being p-nitro-&&p-trifluoroethylbenzene (VII). 

1,l-Difluoro olefins can be prepared in good yield by 
heating a solution of an aldehyde, triphenylphosphine, 
and sodium chlorodifluoroacetate.2 

Presumably the reaction proceeds with the in situ 
formation from sodium chlorodifluoroacetate of a car- 
bene (difluoroniethylene) which is trapped by tri- 
phenylphosphine to form an ylid which undergoes a 
Wittig reaction with an aldehyde to form the 1,l- 
difluoro ~ l e f i n . ~  Formation of difluorocarbene by de- 
composition of sodium chlorodifluoroacetate in solu- 
tion has been r e p ~ r t e d . ~ , ~  Seyferth demonstrated 

(CsHdaP 
ClCF&OONa + CFZ + NaCl + COz - 

RCHO 
(CsH5)3P=CFz __f RCH=CFz + (CsHs)sPO 

I, R = CsH5 
11, R = p-F-CsHc 

111, R = p-MeO-CsH4 
IV. R n-CaHir 
V; R = 2-fuiyi- 

VI, R = p-NOz-CBHd 

(1) Deceased. 
(2) Preliminary communication: S. A. Fuqua, W. G. Duncan, and R. 

M. Silverstein, Tetrahedron Letters, No. PS, 1461 (1964). Note that V wa.8 
erroneously reported as the tetrahydrofuryl compound (p. 1462, last line). 

(3) Two other plausible mechanisms were suggested by a referee (a and b). 

that chlorocarbene, generated from methylene chloride 
and butyllithium, reacted with triphenylphosphine to 
form the ylid.6 Similar trapping with triphenylphos- 
phine of dichlor~carbene,’~~ of chlor~carbene,~ and of 
methylene,’Osl’ and the use, in a Wittig reaction, of the 
ylids formed have been reported. Speziales was un- 
successful in attempts to trap difluorocarbene, gener- 
ated from chlorodifluoromethane, with triphenylphos- 
phine, nor could he substantiate Franzen’sll claims 
that difluorocarbene generated from dibromodifluoro- 
methane could be trapped with triphenylphosphine. 

The synthesis appears quite generally applicable to 
aromatic, aliphatic, and heteroaroniatic aldehydes. 
Good yields (yields of isolated product in  parentheses) 
were obtained from benzaldehyde (74%), p-fluoro- 
benzaldehyde (6ZOjo), anisaldehyde (60a/0) , heptalde- 
hyde (52%), and furfural (69%). 

No other simple, general route to 1,l-difluoro olefins 
has been reported. The recorded preparation12 of 
P,P-difluorostyrene, for example, consists of seven 
steps from sodium difluoroacetate, the last step in- 
volving pyrolysis a t  600” ; the over-all yield was 50j0. 

(4) J. M. Birchall, G .  E. Cross, and R.  N. Haszeldine. Proc. Chem. Soc.,  
81 (1960). 
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Chemistry, Estes Park, Colo., July 1962, p. 277: L. H. Knox, E .  Velarde, 
S. Berger, D. Cuadriello, P. W. Landis, and A .  D .  Cross, J .  A m .  C h e h  Soc., 
86, 1851 (1963). 
(6) D. Seyferth, 9. 0. Grim, and T .  0. Read, i b i d . ,  82, 1510 (1960): 8S, 
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