Notes

A similar reaction employing a reaction period of 10 days as re-
ported earlier for reduction of other keto acids to acids? afforded es-
sentially the same yield of 3 (74%).

Dibenz[ a,c]anthracene (1). (1) Dehydrogenation of 3. Reaction
of 3 (4.73 g, 17 mmol) with o-chloranil (4.6 g, 19 mmol) was carried
out in refluxing freshly distilled benzene (100 mL) for 20 h. The re-
action mixture was cooled and chromatographed on a short column
of neutral alumina eluted with benzene. The product was recrystal-
lized from benzene to afford 1 as fine white needles (4.65 g, 98%): mp
205-206 °C (lit.8 mp 200-201.5 °C); NMR (CDCl;) 6 7.38-7.78 (m, 6,
H2‘3,6‘7y11’12), 7.86-8.20 (m, 2, H10,13)s 8.33-8.87 (m, 4, H1’4ys‘g), and 9.05
(s, 2, H9,14)~

(2) Reduction of 2 with P/HI. Reaction of 2 (1.3 g, 4 mmol) with
red phosphorus (0.37 g, 12 mmol) and 50% HI (10 mL) was carried out
in refluxing glacial acetic acid (80 mL) for 24 h and worked up ac-
cording to the procedure employed for 3. There was obtained essen-
tially pure 1 (1.03 g, 93%) identical by NMR and TLC with an au-
thentic sample.

(3) Reduction of 2 with HI. Repetition of the previous reaction
with omission of P gave 1 (1.03 g, 94%). The latter was dissolved in the
minimum volume of benzene and purified by passage through a short
column of Florisil and recrystallized from ethanol to furnish pure 1
(932 mg, 86%) as pale yellow silky needles, mp 205-206 °C.

Dibenz[a,c]anthracene-9,14-dione (6). To a solution of 2 (474
mg, 1.5 mmol) and boric acid (494 mg, 8 mmol) in water (0.4 mL) was
added concentrated sulfuric acid (1.5 mL). The resulting solution was
heated at 80 °C for 7 h, cooled to room temperature, and sufficient
20% HsS04 added to make the concentration of HoSO4 50%. Water
(100 mL) was added and the precipitate filtered, washed with water,
boiled with 2% caustic soda (10 mL), filtered, and washed with water
again. There was obtained 6 (363 mg, 78%) as a yellow solid: mp
181-182 °C (lit.? mp 181--183 °C); NMR (CDCl3) 6 7.62-7.93 (m, 6,
H2,3y6,7,] 1_12), 8.0-8.3 (m, 2, H10'13), 8.52-8.82 (m, 2, H4‘5), and 9.2-9.5
(m, 2, H; g); IR (KBr) 1670 cm™1 (C==0).

In a separate experiment 2 failed to cyclize to 6 in liquid HF at room
temperature for 18 h.

Reduction of Dibenz[a,c]anthracene-9,14-dione (6). (1) Re-
duction of 6 with HI. A solution of 6 (185 mg) in 1.5 mL of 50% HI
and 10 mL of acetic acid was heated at reflux for 24 h, Workup fol-
lowing the same general procedure employed in other reactions gave
pure 1 (148 mg, 89%), mp 206-207 °C.

(2) Reduction of 6 with P/HI. Reaction of 6 (285 mg) with P and
HI under the conditions employed for reductive cyclization of 2 af-
forded a product (125 mg) shown by NMR and TLC analysis to consist
of 1 and 3 in the ratio 2:1.

Wolff-Kishner Reaction of 2. The keto acid 2 (2.0 g, 6.1 mmol)
was initially converted to its methyl ester in methanol (20 mL) satu-
rated with HC] and maintained at reflux for 1.5 h. Conventional
workup afforded methyl 2-(9’-phenanthroyl)benzoate: 1.72 g (83%);
mp 58-60 °C; NMR (CDCls) 6 3.35 (s, 3, CH3) -and 7.48-7.80, and
8.49-9.10 (m, 12, aromatic).

A solution of the methyl ester of 2 (1.53 g, 4.5 mmol) in n-butyl al-
cohol (20 mL) was added to a solution of hydrazine hydrate (5.7 mL)
in the same solvent (20 mL) and the resulting solution was heated at
reflux for 18 h. Reaction was quenched with ice water and neutralized
with HCL. Conventional workup gave 7 as a white crystalline solid
(1.25 g, 86%): mp 260-262 °C; NMR (Me2SO-dg) 67.16 (dd, 1, J56 =
7 Hz, Js7 = 3 Hz, Hs), 7.4-8.1 (m, 8, aromatic), 7.95 (s, 1, Hyy), 8.33
(dd, 1,/78 = THz,Js s = 3 Hz, Hg), 8.95 (m, 2, Hy 5), and 11.35 (s, 1,
NH); the NH peak underwent exchange with D20.

Anal. Caled for CooH14N2O: C, 81.97; H, 4.38; N, 8.69. Found: C,
81.95; H, 4.41; N, 8.68.

Acetylation of 7 (250 mg, 0.77 mmol) with pyridine (3 mL) and
acetic anhydride (30 mL) at room temperature overnight furnished
the N-acetate of 7 (262 mg, 89%) as a white solid: mp 224-226 °C;
NMR (CDCl3) 6 2.78 (s, 3, 0Ac), 7.19(dd, 1, J56 = 7 Hz, J57 = 3 He,
Hs), 7.4-8.0 (m, 8, aromatic), 7.87 (s, 1, Hig), 8.42-9.05 (m, 3, Hg 4 5);
IR (CHCl3) 1690 (C=0) and 1770 cm~! (CH3C=0).

Atternpted conversion of 7 to 4 by heating a solution of the former
and KOH in refluxing diethylene glycol for 3 days according to the
general procedure described by Fieser and Fieser? furnished only
recovered 7.
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Polynuclear aromatic hydrocarbons are metabolically
converted into derivatives of oxiranes which are implicated
as the ultimate carcinogens in chemical carcinogenesis.! The
in vitro and in vivo conversions of the ubiquitous benzo[a]-
pyrene (1) to the derivatives of isomeric 7,8-dihydroxy-
9,10-epoxy-7,8,9,10-tetrahydrobenzo[a]pyrenes, commonly
known as BP diolepoxides (BPDE, such as 2), have been
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shown to be an important event in the mechanism of chemical
carcinogenesis in benzo[a]pyrene.? Isomeric BPDEs are
chemically reactive compounds via their oxiranyl function to
cellular macromolecules3 and are highly biologically active in
a variety of testing systems including Ames’ bacteria and cell
cultures.!* Simple aryloxiranes which contain both the aro-
matic 7 system as well as the reactive oxiranyl group of these
activated carcinogens are a group of interesting compounds.
A few of these compounds have been found to possess both
carcinogenic and mutagenic activities.® Since BPDEs and
related compounds are usually prepared by multistep syn-
thesis and the metabolically activated forms of many other
polynuclear aromatic hydrocarbons are not yet established,
in order to carry out a structure-activity relationship study
in chemical mutagenesis and carcinogenesis, aryloxiranes may
serve well as model substances for metabolically activated
forms of polynuclear aromatic hydrocarbons. This note deals
with the synthesis of a group of aryloxiranes by three different
methods.

We first attempted and failed to synthesize 9-anthryloxi-
rane by the epoxidation of 9-vinylanthracene with m-chlo-
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Table I
registry yield,@
compd no. method % physical constant [lit. value]

1-pyrenyloxirane 61695-74-7 A 69 mp 66-68 °C (ethanol) [cil]®

B 82 mp 67-68 °C (ethanol)
9-anthryloxirane 61695-73-6 A 94 mp 68-69 °C (ethanol) [mp 76.5-78.0 °C (CCly)]®

B 65 mp 68-69°
1-naphthyloxirane 62222-40-6 A 82 bp 80-82 °C (0.075 mm) [bp 90-96 °C (0.10-0.13 mm)j¢
2-naphthyloxirane 20861-99-8 A 94 mp 57-58 °C (methanol) [mp 55.5-56.5 °C, 58-59 °C] .4
7-benzanthryloxirane 61695-72-5 A 81 mp 116-118 °C (ethanol) {mp 116-118 °C]?
6-chrysenyloxirare 66842-41-9 B 85 mp 155-156 °C (acetone—petroleum ether)
10-methyl-9-anthryloxirane 66842-42-0 B 90 mp 100-101 °C (ethanol)
9-phenanthryloxirane 33424-05-4 B 90 mp 65-67 °C (ethanol)
9,10-bis(oxiranylanthracene) 66842-43-1 B 92 mp 200-201 °C (acetone)
9,10-dimethyl-2-anthryloxirane 66842-44-2 C 82¢  mp 134-135 °C (aqueous ethanol)

@ All yields given are for isolated products. All compounds exhibit the typical ABX pattern for oxirane in their NMR spectra, proper
UV and IR spectra, and correct elemental analysis. ® R. G. Harvey, J. Pataki, R. N. Wilke, J. W. Flesher, and S. Soedigdo, Cancer
Lett., 1,339 (1976). ¢ S. L. Shapiro, H. Soloway, and L. Freedman, JJ. Am. Chem. Soc., 80, 6060 (1958). ¢ R. Howe, A. F. Crowther,
dJ. S. Stephenson, B. S. Rao, and L. H. Smith, J. Med. Chem., 11, 1000 (1968). ¢ The yield is for the conversion of «-bromo-9,10-di-

methyl-2-acetylanthracene to the oxirane.

roperbenzoic acid (reaction 1). At elevated temperatures,
anthraquinone was isolated as the major product, and no ox-
irane was detected in the reaction mixture. Since the vinyl
derivatives of many polynuclear aromatic hydrocarbons were
unknown or not readily available at that time,5 this approach
was abandoned. In a preliminary communication, Harvey and
his co-workers reported the synthesis of a few aryloxiranes by
the reaction of aromatic aldehydes and Corey’s dimethylsul-
fonium methylide reagent® generated from the sulfonium
iodide and n-butyllithium.5 The products were isolated by
chromatography and no yields were reported. Independently,
we also applied this method for the synthesis but used sodium
hydride as the base; the products were formed in high purity
and were isolated in good yields directly by recrystallization
(method A, reaction 2). Subsequently, we found that these
oxiranes may be prepared conveniently in comparable yields
by the application of phase transfer catalysis technique to the
Corey’s reaction without the use of the moisture and air sen-
sitive reagents (method B).” In the synthesis of 9,10-di-
methyl-2-anthryloxirane, the starting material of the Corey
reaction, 9,10-dimethylanthracene-2-carboxaldehyde, is not
known and our attempt to prepare this compound via the
Vilsmeier reaction was not successful.® Therefore, an alter-
native synthesis from 2-acetyl-9,10-dimethylanthracene via
the a-bromo derivative was developed (method C, reaction
). The results are tabulated in Table I.

“ 2:>~CO H o, no epoxidation
(D

ArCHO + (CH),8'T™ 2% Ar—CH—CH, 2)

abo™

Preliminary investigation on the mutagenicity of these ar-
yloxiranes by Miller, Miller, and Drinkwater with the Ames’
systems, Salmonella typhimurium TA-98 and T'A-100, indi-
cated that these oxiranes are highly active mutagens.® Par-
ticularly, 1-pyrenyloxirane (3) exhibits mutagenicity at a level
comparable to 78,8a-dihydroxy-9«,10a-epoxy-7,8,9,10-te-
trahydrobenzo{a]pyrene (2), the common isomer of BPDE.

1. CuBr2

2 NaBH,

Therefore, these aryloxiranes not only exhibit interesting
biological properties but also may serve as model compounds
for the activated forms of polynuclear hydrocarbons.

Experimental Section

All ultraviolet spectra were obtained with a Cary-14 spectropho-
tometer, infrared spectra with a Perkin-Elmer 737 spectrophotometer,
and NMR spectra with a Bruker HX-270 (270 MHz) spectrometer
with tetramethylsilane (Me4Si) as the internal standard. Melting
points were determined on a Fisher—Jones melting point apparatus
and were uncorrected.

The following compounds were purchased from the Aldrich
Chemical Co. and purified by recrystallization from the solvent in-
dicated: trimethylsulfonium iodide (ethanol, mp 215 °C), anthra-
cene-9-carboxaldehyde (ethanol, mp 103 °C), 2-naphthaldehyde
(methanol, mp 60 °C), and 9,10-dimethylanthracene (ethanol, mp
182 °C). The following compounds were purchased from the respec-
tive suppliers and used without further purification: sodium hydride
(50% oil dispersion, Ventron), sodium borohydride (Ventron), cupric
bromide (Mallinckrodt), acetyl chloride (Baker and Adamson), tet-
rabutylammonium iodide (Aldrich), phenanthrene-9-carboxaldehyde
(Aldrich), and 10-methylanthracene-9-carboxaldehyde (Aldrich).
1-Naphthaldehyde (Aldrich) was purified by chromatography over
neutral alumina. Dimethyl sulfoxide was purified by vacuum distil-
lation over calcium hydride, bp 35-36 °C (0.15 mm). Benzene and
tetrahydrofuran were purified by distillation over lithium aluminum
hydride.

Pyrene-1-carboxaldehyde was prepared by the method of Tanikawa
and co-workers, mp 125-127 °C((ethanol);'® benzanthracene-7-car-
boxaldehyde was prepared by the method of Fieser and Hartwell, mp
146-148 °C (ethanol);8 chrysene-6-carboxaldehyde was prepared by
the method of Buu-Hoi and co-workers, mp 166-168 °C (benzene);!!
anthracene-9,10-dicarboxaldehyde was prepared from 9,10-bis-
(chloromethylanthracene) by the method of Klanderman, mp 241-244
°C dec (dichloromethane);1213 9,10-dimethyl-2-acetylanthracene was
prepared by the method of Van Hove, mp 164-165 °C (ethanol).!4

Method A. 1-Pyrenyloxirane. All operations before the addition
of water were carried out under an atmosphere of dry nitrogen. So-
dium hydride in 50% oil dispersion (1.055 g, 22 mmol) was placed in
a 250-mL round-bottomed flask with a magnetic stirrer and was
washed with 40 mL of petroleum ether (bp 30-60 °C). The mixture
was stirred, the hydride was allowed to settle, the solvent was de-
canted, and the hydride was dried under reduced pressure. A 1:1 (v/v)
mixture of prepurified MesSO and tetrahydrofuran (20 mL) was
added to the hydride, and the whole system was cooled in a salt—ice
bath (bath temperature, —5 °C). With magnetic stirring, a solution
of 4.59 g (22.5 mmol) of recrystallized trimethylsulfonium iodide in
15 mL of purified MesSO was added dropwise to the mixture. Some
gas evolution was noted. A solution of 3.83 g (16.6 mmol) of pyrene-
1-carboxaldehyde in 10 mL of purified tetrahydrofuran was added
dropwise next. Stirring was continued with cooling for 10 more min
after the addition and then for another 60 min after the bath was re-
moved.

The reaction mixture was then decomposed with 180 mL of water,
extracted with 150 mL of ethyl ether, washed with water, and dried
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over magnesium sulfate. Removal of the solvent under reduced
pressure gave a yellow oily residue which solidified upon trituation
with methanol. Crystallization of the residue from methanol afforded
2.83 g (69% yield) of pale yellow crystals, 1-pyrenyloxirane: mp 66-68
°C; IR (KBr) 3050 (m), 1220 (m), 1180 (m), 1030 (m), 880 (s), 840 (s),
820 (s), 735 (s), and 715 em ™1 (s); UV max (methanol) 342 (48 900), 325
(31 300), 312 (12 600), 275 (52 800), 264 (26 400), 254 (11 400), 241
(80 700), and 232 nm (43 600); NMR 6pe,s: (CDCl3) 2.88 (dd, 1 H, J
=6and 3 Hz),3.37(dd, 1 H,J = 6 and 4 Hz), 4.70 (broad t,1 H, J =
3 and 4 Hz), 7.88-8.13 (m, 8 H),and 8.27 (d, 1 H, J = 9 Hz).

Anal. Caled for CigH120: C, 88.50; H, 4.95. Found: C, 88.35; H,
4.84,

Method B. 1-Pyrenyloxirane. In a 500-mL round-bottomed flask
were placed 5.915 g (25.7 mmol) of pyrene-1-carboxaldehyde and 0.676
g (1.83 mmol) of tetrabutylammonium iodide in 100 mL of dichloro-
methane. A layer (100 mL) of 50% (w/w) aqueous sodium hydroxide
was introduced underneath this solution. Trimethylsulfonium iodide
(6.067 g, 29.7 mmol) was then added and the whole mixture was
warmed up to 60 °C with vigorous stirring under nitrogen atmosphere
for 72 h until the originally undissolved sulfonium salt entered the
solution.

The reaction mixture was next poured into 200 mL of an ice-water
mixture, and the organic phase was separated, washed with water, and
dried over magnesium sulfate. Dichloromethane was removed under
reduced pressure to give an oily yellow residue. Crystallization of the
oily residue from ethanol gave 5.15 g (82% yield) of pale yellow prisms
of 1-pyrenyloxirane, mp 67-68 °C.

a-Bromo-2-acetyl-9,10-dimethylanthracene. Finely ground
cupric bromide (1.165 g, 5.22 mmol) and 8 mL of ethyl acatate were
placed in a 50-mL round-bottomed flask fitted with a reflux condenser
and a magnetic stirrer, The solution was brought to reflux in an oil
bath. 2-Acetyl-9,10-dimethylanthracene (0.619 g, 2.50 mmol) was
dissolved in 8 mL of hot chloroform and introduced into the flask. The
resulting reaction mixture was refluxed for 5 h with vigorous stirring
to ensure complete exposure of the cupric bromide to the reaction
medium. The completion of the reaction could be judged from the
color change of the solution from green to amber, disappearance of
all black solid, and cessation of hydrogen bromide evolution. After
removal of cuprous bromide by filtration, the solution was treated
with Norite A. Concentration of the filtrate under reduced pressure
gave a greenish brown solid. Recrystallization from benzene afforded
0.521 g (64% yield) of a yellow compound, a-bromo-2-acetyl-9,10-
dimethylanthracene: mp 176-178 °C dec; IR (KBr) 1665 (s), 1615 (m),
1290 (m), 1260 (s), 1020 (m), and 750 cm™~! (8); UV ey (methanol) 426
(3800), 375 (3690), 355 (3400), 338 (2480), 270 (36 700), and 245 nm
(29 600); NMR dme,s: (CDCl3) 3.09 (s, 3 H), 3.18 (s, 3 H), 4.61 (s, 2 H),
7.60 (m, 2 H),7.98 (d,1 H, J = 9 Hz), 8.36 (m, 3 H), and 9.07 (s, 1
H).

Anal. Caled for C1gH150Br: C, 66.07; H, 4.62; Br, 24.42. Found: C,
66.11; H, 4.70; Br, 24.36.

Method C. 9,10-Dimethyl-2-anthryloxirane. A solution of 0.186
g (0.569 mmol) of «-bromo-2-acetyl-9,10-dimethylanthracene in 10
mL of ethanol was placed in a 25-mL round-bottomed flask with a
magnetic stirrer and heated on an oil bath. Into the hot alcoholic so-
lution was added dropwise a solution of 0.0245 g (0.648 mmol) of so-
dium borohydride in 1 mL of water. The resulting solution was al-
lowed to reflux for 3-5 min and then filtered while still hot. When the
volume of the solution was reduced by a gentle stream of nitrogen,
light yellow crystals began to appear. The light yellow platelets were
collected by filtration to give 0.116 g (82% yield) of 9,10-dimethyl-
2-anthryloxirane: mp 134--135 °C; IR (KBr) 1380 (s), 1390 (s), 1250
(m), 870 (s), 815 (s), 800 (s}, and 750 cm~? (s); UV ey (methanol) 397
(7500), 376 (8200), 357 (5210), and 262 (191 000); NMR épme,si (CDCl3)
2.98(dd, 1 H,J = 6 and 3 Hz), 3.08 (s, 3 H), 3.10 (s, 3 H), 3.26 (t, 1 H,
J =6and 4 Hz),4.11 (t,1 H,J = 3and 4 Hz),7.32 (d, 1 H,J = 8 HZ(=
7/5((dd, 2 H, J = 8 and 4 Hz), and 8.28-8.32 ppm (broad d, 4 H).

Anal. Caled for CigH¢0: C, 87.06; H, 6.49. Found: C, 86.63; H.
6.51.
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1-Methyl-2-(methylamino)-4(1 H)-quinazolinones via
an Intermediate Dimroth Rearrangement!
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We have previously reported the synthesis of substituted
3,4-dihydro- and 1,4-dihydro-5H-1,3,4-benzotriazepin-5-ones?
from o-aminobenzoyl hydrazides® and the discovery of a new
alkoxide-induced ring contraction of the former compounds
to 3-(methylamino)-4(8H)-quinazolinones.* We now wish to
report a unique, base-catalyzed, ring contraction of the 1,4-
dihydro-5H-1,3,4-benzotriazepin-5-ones in which the rear-
rangement takes place through a Dimroth-like intermediate
(Scheme I).

The reaction is believed to proceed via abstraction of the
C, proton by the ethoxide to yield the highly stable 2-
cyanamidobenzamide anion (4). This anion then cyclizes by
intramolecular attack of the amide nitrogen on the cyano
carbon to give the 1,3-dimethyl-2-imino-4(3H)-quinazolinones
(2) (Scheme II). These quinazolinones can be isolated from
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