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336, 326, 320, 292, 276, 170, 154, 126, 110, 44; proton nmr,
multiplet at 198 cps; fluorine nmr, multiplets assigned to di-
oxazine XVI at 3495 (2-CFyCl), 4129 (2-CF;), and 4517 cps
(6-CFy’s), multiplets assigned to dioxazine XVII at 3774 (6-
CF,Cl), 4274 (2-CF,’s), and 4398 cps (6-CF;). (The relative
arcas of each set of multiplets indicated the composition of 1:2
dioxazine XVI to dioxazine XVII.)

Anal. Calcd fOI‘ CsHaClFuNOaZ Cl, 874, N, 3.45.
Cl, 8.64; N, 3.64.

From Ketone Mixture.—Reaction of hexafluoroacetone (15 g,
0.09 mole), chloropentafluoroacetone (17 g, 0.09 mole), methyl

Found:
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isocyanate (10 g, 0.175 mole), and cesium fluoride (1 g) at 100°
for 8 hr gave 28 g of product. Analysis by glpe indicated the
following composition: I, 18.29%,; II, 17.2%; X, 39.8%,; XI,
2.99%,; XII, trace; XIII, trace; XVI and XVII, 21.49,.

Registry No.—I, 13619-24-4; II, 13619-25-5; III,
13619-26-6; IV, 13639-87-7; V, 13619-27-7; VI, 13639-
88-8; VII, 13618-60-5; X, 13618-61-6; XI, 13618-62-7;
XII, 13618-63-8; XIII, 13618-64-9; XIV, 13618-65-0;
XV, 13639-89-9; X VI, 13618-66-1; XVII, 13618-67-2.
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A number of ortho-mono- and -diacylated benzils have been reported in the literature,!~® but pare-mono- and

-diacylated benzils are unknown.

We have previously shown that 4,5-diphenyl-2-imidazolone® and 4,5-diphenyl-

oxazoles” undergo electrophilic substitution in the para position of the phenyl group(s), and are smoothly oxidized

by bromine in acetic acid to benzils.

The acylation of these heterocycles has now been investigated in order to

provide a convenient pathway to the para-acylated benzils.

Attempted acylation of either 2-methyl-4,5-diphe-
nyl-, 2,4,5-triphenyl, 4,5-diphenyl-, or 2,5-diphenylox-
azole and 2-methyl-4,5-diphenyl- or 4,5-diphenyl-
imidazole under different conditions (eq 1, X = O or

R,C—N R,C=N R,C=N
' NeoH «— | o=0m ~— | jJooH ®
R, (X R.C—X R

NH) furnished only starting materials. The presence
of an oxygen atom at C, would increase the electron
density of C. (Cs;) and should facilitate acylation.

it with various aromatic acids in polyphosphoric acid
at 140-150°. The products were frequently difficult
to purify and were then oxidized directly to the benzils
in poor yield (see Tables I and II).

High yields of monoacylated oxazolones were ob-
tained when 4,5-diphenyl-2-oxazolone (I) was heated
with an aromatic acid in the presence of polyphosphoric
acid. The monoacylated oxazolones were oxidized to
their corresponding benzils in excellent yield (see Tables
I and II).

The oxidation of the oxazolone (I) by bromine in
acetic acid in the presence and absence of anhydrous

TaBLE I
ACYLATION OF 4,5-DIPHENYL-2-IMIDAZOLONE (A) AND 4,5-DIPHENYL-2-0XAZOLONE (B)
To THE CORRESPONDING 4(5)-BENZOYLATED PrRODUCTS

Starting Acylating Yield, Mp, Recrystn Registry ——Caled, %— ——Found, %—
material acid % °C solvent Formula no. C H N (o} H N
A Benzoic 68 145-147 DIl EtOH  CyHieN:O, 13342-52-4 77.7 4.7 8.2 77.5 4.5 8.1
B Benzoic 97 239-240 EtOH CpeH:NO;s 13342-53-5 77.5 4.4 4.1 77.5 4.4 4.1
A p-Bromobenzoice 240-260 13342-54-6
B p-Bromobenzoic? 90 260-263 Dil AcOH  C,HBrNO;  13342-35-7 62.9 3.3 3.3 62.7 3.2 3.3
B p~Chlorobenzoic 95 252-255 AcOH CyH1,CINO; 13342-56-8 70.3 3.7 3.7 69.9 3.6 3.8
A p-Nitrobenzoic? 61 291294 Dil EtOH 13342-57-9
B p-Nitrobenzoic® 215-230 13342-58-0
A 3,4-Dichlorobenzoic
B 3,4-Dichlorobenzoic 81  266-268 Dil DMFA CpHiCLNO; 13342-60-4 64.4 3.2 3.4 64.1 3.1 3.3

e Product could not be purified and was oxidized directly to the benzil.
HCI (1:1) for 1 hr, the solution evaporated, and the solid washed with sodium bicarbonate solution.

to the benzil.

When 4,5-diphenv]-2-imidazolone was treated with
benzoyl chloride in nitrobenzene in the presence of an-
hydrous aluminium chloride or in nitromethane with
silver perchlorate,? only starting material was recovered.
However, the imidazolone was monoacylated by heating

(1) K. Brand and H. Ludwig, Ber., §3, 808 (1920).

(2) K. Brand and F. W, Hoffman, tb:d., 83, 815 (1920).

(3) D. Ivanov and D. L. Dalev, Ann. Univ. Sofia, Livre 2, 38, 305 (1937);
Chem. Abstr., 82, 33718 (1038).

(4) C.F. Koelsch and C. D. Le Claire, J. Am. Chem. Soc., 65, 754 (1943).

(5) C. F. H. Allen and J. A. Van Allen, ibid., 70, 2069 (1948).

(6) H. Greenberg, T. van Es, and O. G, Backeberg, J. Org. Chem., 81, 3851
(1966).

(7) T. van Es and O. G. Backeberg, J. Chem. Soc., 1371 (1963).

(8) H. Burton and P. ¥. G, Praill, J. Chem. Soc., 522, 529 (1951).

® The crude product was refluxed with EtOH-concentrated
The product was oxidized directly

sodium acetate buffer was investigated to establish
optimum conditions for benzil formation. The maxi-
mum yield of benzil was obtained when the oxidation
was carried out under reflux in the presence of aqueous
acetic acid. These conditions were then used for the
oxidation of the acylated oxazolones.

The structure of the acylated benzils was determined
by cleavage of the benzil with cyanide ion? to give the
corresponding p-benzoylbenzoic acids and benzalde-
hyde. The unknown p-(4 chlorobenzoyl)benzoic acid
was reduced with Raney alloy in alkaline solution to
give p-diphenylmethanecarboxylic acid. Hence the
acylated oxazolone was designated 5(4)-p-aroylphenyl-
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% oy ¥ RS 4(5)-phenyl-2-oxazolone. The reaction proceeded ac-
fg’& Mo oo cording to eq 2 where R = CH;CO, p-CICH,CO, p-
- N
,.g- . ®oM~®a BI‘CsH4CO, 3,4: ClgCﬁHgCO, and P 1\0205H4CO
3§ - J-C V=t
oo 9 C6H5?=(|:CGH5 ROH-PPA RCGH‘?_—(ECGHS Br,~HAc
< % - —
2QZZ3% O~ NH w0 OL_NH —
EZ4Q%0 €0 co
LEEEEs 1
oRRSRENS]
RCH,COCOCH, (2)
. 231332 [= 2 32
£ I008D I " @ ) )
B E X 33 § Q gz N %o Gompper? has described the preparation of a number
X OBRBRER - E of substituted 2-oxazolones. Some of his methods gave
o g o - poor results in our hands. We have now found that by
8. g g g g [ B heating the appropriate benzoin and urethane in the
@ 28 o SZZEZ z © ao = presence of polyphosphoric acid, & number of subst_i-
% 2eQzz=xmx S ¥ G 8 tuted 4,5-diphenyl-2-oxazolones could be prepared in
z RAGAA sz 2 nel high yield (see Table ITII). This method failed, how-
« el . . .
T L oRL28 3 ceA ever, when acid-labile substituents such as methoxy or
5 =] 0 . . .
2 gE TTTTT O % ee E acetamino were present in the benzoin.
] EE A WO m w daa
§ &°dzZmgciE £
B [ = - - g gg < Experimental Section
Z ~ 5 % 2% &
g % R B o e g § Q% g Melting points were determined in an electrically heated copper
= I3 'g = - :- o o 2 g E E E = block and are uncorrected. Known compounds were identified by
@ Z v g O OO0 g mixture melting points.
<o o NS * 2 4 . Acylations of 4,5-Diphenyl-2-imidazolone.—4,5-Diphenyl-2-
28 L ] P ‘i‘g’ HemQQ 2 imidazolone (2.0 g), the appropriate benzoic acid (4.0 g), and
Z g o g% Q ) QER g polyphosphoric acid (20 g) were stirred at 140-150° for 2 hr and
o2 [ z < A ®TE SSEZR S then poured into water. The solid which separated was stirred
=~ s @ S = g with a saturated solution of sodium bicarbonate and the crystal-
~ B g §_m o= e B e & § 5 §§ g lized from the solvent given in Table I. The product was
~ Z5x B MMt = DS éé. bk 3 oxidized by refluxing with glacial acetic acid (75 ml), 2 M
234 2 rmaw o g SINSKR bromine in acetic acid (15 ml), water (7.5 ml), and anhydrous
22 [o dNod  E A = sodium acetate (10 g) for 1.5 br. The reaction mixture was
= E a CEE® HgER3IZIog z poured into water and the solid erystallized from the appropriate
g z - B solvent.
< S o o = . .
N,; & 2 23 2« ; B woo 2 Fission of p-Benzoylbenzil.—The benzil (0.314 g, 0.001 mole)
=2 E RRZ Og Sr gz oo § was refluxed with methanol (20 ml) and potassium cyanide (0.03
g z E )l > fén g & Tada g g). Sodium hydroxide (10 ml, 0.1 N) was slowly added during
£0O S53S 28 83233 < 30 min. The reaction mixture was concentrated under reduced
& g & eI pressure, diluted with water, and filtered. The filtrate was
W B a jan N i ou) ﬁ‘ % g acidified to give p-benzoylbenzoic acid (0.18 g), mp 197-198°
w2 fgé e 22 g = (from water) (lit. mp 194-195°). Benzaldehyde was isolated
8 5= A g AR N from the solution as its 2,4-dinitrophenylhydrazone.
g S & 5~' 3 _:3‘ 5 . 23 ot The Oxidation of 4,5-Diphenyl-2-oxazolone (I).—The oxazolone
B e g7 % > 2 (I) (2.37 g, 0.01 mole) in glacial acetic acid (25 ml) was refluxed
3 w2225 2 §8 j‘ -§ - for 2 hr with 2 M bromine in acetic acid (10 ml, 0.02 mole) and
& SO PP 3 £ ’§. =3 g water (0.20 ml) to give a quantitative yield of benzil.
: =N 23IREF $ s EEEE B Acylation of 4,5-Diphenyl-2-oxazolone (I).—The oxazolone (I)
g === 8 23 _‘E ‘§ § E (2.0 g), the appropriate benzoic acid (3.0 g), and polyphosphoric
g fé_ 2882 7 acid (20 g) were heated with stirring at 160° for 3 hr, then poured
£ A T AAXAEZ into water. The solid which separated was stirred with saturated
% RERBIEELS 12 A% 8 . . ; .
o) N B &S sodium bicarbonate solution and crystallized from the solvent
3 R g given in Table I. The acylated oxazolones (0.01 mole) were
) g ® N ° oxidized as described above to give the acylated benzils (see Table
[£° & &= %3 ID)
-3 g X . .
{ £ 58 22 Fission of p-(4-Chlorobenzoyl)benzil.—The benzil was cleave
R @ o0 p R —g g_ with potassium cyanide as described for p-benzoylbenzil to give
2 ozgs 3 & E R p-(4-chlorobenzoyl)benzoic acid, mp 275°.
pEagaag Exx3% 0 Anal. Caled for CWH,ClOs: C, 64.5; H, 3.5. Found: C,
g 22D - 64.7; H,3.7
EEEE § The above acid (0.270 g, 0.001 mole) was dissolved in hot
- & sodium hydroxide (2 N, 40 ml) and Raney alloy (1.0 g) was
= @ added in small portions to the stirred solution at 80-90°. The
=00 ] ﬁ reaction mixture was filtered and the filtrate acidified to give p-
3 > g - diphenylmethanecarboxylic acid (0.14 g), mp 157-158° (from
. £E£8°% dilute alcohol) (lit.!* mp 155-156°).
2T g2 c g =D
5§ 3822 “
g5 58S @
2 B E 2£3 o (9) R. Gompper, Ber., 89, 1748 (1956).
- m C') Zl <+ A (10) 8. Goldschmidt, A, Sadler, E. Gelber, H, Schussler, and A. Vogt,
PRICISEY) 3 ibid., 61, 835 (1928).
SRR Y N (11) C. Liebermann, ibid., 48, 1207 (1912).
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Preparation of 2-Oxazolones.—The appropriate benzoin (2.0 g),
urethan (3.0 g), and polyphosphoric acid (10 g) were heated
with stirring at 160° for 2 hr and then poured into water. The
solid was crystallized from a suitable solvent (see Table
I11).
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The Synthesis of the Pyrido[2,1-alisoindole System by an
Intramolecular Photochemical Cyclization'?
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Aqueous solutions of 2-bromo-N-benzylpyridinium salts (IV), on irradiation with ultraviolet light, cyclize

intramolecularly to afford pyrido{2,1-a]isoindolium salts (II).

present on the benzyl ring of the salt (IV).

The cyclization failed only if a nitro group was

Pyrido[2,1-a]isoindolium bromide may be obtained in lower yield by
irradiating N-(2’-bromobenzyl)pyridinium bromide (V).

Treatment of pyrido{2,1-a}isoindolium salts (II) with

carbonate ion led to the unstable and light-sensitive pyrido[2,1-a}isoindoles (III) of interest as examples of a

pseudo-aromatic system.

Although at the time this work was undertaken sev-
eral samples of the related pyrido[1,2-aJindolium salts
(I) were known,? the literature afforded no examples of
pyrido[2,1-g Jisoindolium salts (IT).# This system (II)
was of interest since it was expected to behave as a
“super fluorene,” the methylene protons being more
acidie (owing to the adjacent, positively charged nitro-
gen atom) than those of fluorene. On basification of
the salt, it would be expected that the corresponding
pyrido[2,1-gJinsoindole (III) would be obtained. Ir-
radiation of certain halogenated aromatic molecules

R 1 10
0 “Oor
N 3 N 8
+ 4+ t 6 7
.y - R,

X
I I
R N Ry Rl\@( X R,
R, Br~ R,
I v

with ultraviolet light brings about homolytic cleavage
of the carbon-halogen bond and cyclization. An ex-
ample is the formation of phenanthrene derivatives
from iodostilbenes.® A similar ¢yclization, though not
photochemical, is the synthesis of dibenzothiophene
from the reaction of phenyl o-bromophenyl sulfide,
methyl magnesium iodide, and colbaltous chloride.?

It was decided to attempt the synthesis of pyrido-
[2,1-glisoindolium salts by irradiation of appropriate
N-benzyl-2-bromopyridinium salts (IV, X = Br).
When an aqueous solution of N-benzyl-2-bromopyridin-
ium bromide (IV, R; = R = R; = H; X = Br)” was

(1) This work was described in a preliminary communication: A. Fozard
and C. K. Bradsher, Tetrahedron Letters, 3341 (1966).

(2) This research was supported by a grant (CA-05509) from the Na-
tional Cancer Institute of the National Institutes of Health.

(3) R. Robinson and J. E. Saxton, J. Chem. Soc., 976 (1952).

(4) Subsequent to completion of this work, but prior to its publication,
the synthesis of 7,9-dinitropyrido[2,1-alisoindole and some derivatives was
described by W. Augstein, Doctoral Dissertation, Giessen, 1866, p 28.

(5) 8. M. Kupchan and H. C. Wormer, J. Org. Chem., 80, 3792 (1965).

(6) M. Tecco, Chem. Commun., 555 (1965).
(7) B. R. Baker and ¥. J. McEvoy, J. Org. Chem., 20, 118 (1955).

irradiated with an ultraviolet source, a change in the
ultraviolet spectrum of the salt IV, R; = R, = R; =
H; X = Br) occurred and a spectrum of the type ex-
pected® for an azoniafluorene derivative was observed.
After irradiation had continued for 5 hr, the reaction
mixture afforded a salt (609, yield) which had all the
characteristics of the expected pyrido[2,1-a Jisoindolium
bromide (I, Ry = R; = R; = H; X = Br). The
structure was confirmed by elemental analysis and nmr
spectrum. The ease with which the cyclization oc-
curred was surprising in view of the participation of the
nonbonding electrons of the bromine atom in the con-
jugated system of the pyridinium ring.? No evidence
was found to suggest that any dimerization had oc-
curred as did in the case of N-substituted pyridones!®
and aminopyridines.!!

When the pyridoisoindolium salt (II, R; = R, =
R; = H) was treated with aqueous sodium carbonate,
a vivid yellow-green solid precipitated. The structure
of this product, which was obtained in quantitative
yield, was proven to be pyrido[2,1-alisoindole (III,
R; = R; = R; = H) by elemental analysis and by its
nmr spectrum which shows the presence of aromatic
protons only, in the range ¢ (ppm) 8.97-7.27. This
molecule (III, R; = R, = R; = H) is interesting in that
it has a peripheral conjugated ring system. Further,
if the cross-links are regarded as producing relatively
small perturbations so that the Hiickel 4n + 2 = elec-
tron rule!? may be applied,’® the molecule (III, R, =
R, = R = H) has 14 7 electrons (including the pair
from the nitrogen) and should have some aromatic
character. It can thus be considered somewhat
analogous to 14-annulene. The nmr spectrum of the
molecule (III, R; = R, = R; = H) does, in fact, by the

(8) The new spectrum showed a marked similarity to that of fluorene.
See R. A. Friedel and M. Orchin, “Ultraviolet Spectra of Aromatic Com-
pounds,” John Wiley and Sons, Ine., New York, N. Y., 1951, No. 311,

(9) A long wavelength band of the ultraviolet spectrum of the quaternary
salt (IV, R1 = R: = Rs = H; X = Br) is shifted 20 mp to longer wave-
lengths compared with that of N-benzylpyridinium bromide. This would
suggest some participation of nonbonding electrons from the bromine atom
in resonance of the pyridinium system with consequent strengthening of the
C-Br bond.

(10) L. A. Paquette and E. Stomp, J. Am. Chem. Soc., 85, 765 (1963).

(11) E. C. Taylor and R. O. Kan, ibid., 88, 776 (19863).

(12) E. Huckel, Z. Physik., 70, 204 (1931); 76, 628 (1932).

(13) A. Streitwieser, Jr., ‘“Molecular Orbital Theory for Organic Chem-
ists,”” John Wiley and Sons, Inc., New York, N. Y., 1961, p 288.



