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Anal. Caled. for C¢His0;5: C, 74.43; H, 7.02.
C, 74.20; H, 7.34.

Isomerization of 2,3-Dimethylene-A%9_gctalin (II).—A
mixture of 2.0 g. of 2,3-dimethylene-A*(19_gctalin (1I) and
0.5 g. of palladium-on-carbon catalyst was heated under
reflux for 30 hours. After the catalyst had been removed by
filtration, the filtrate was oxidized with an excess of potas-
sium permanganate according to the method of Coulson.??
Ethyl alcohol was added to the hot solution in order to de-
compose the excess potassium perinanganate. The solution
was then acidified and extracted with ether in an exhaustive
ether extractor. Evaporation of the ether produced a solid
residue which was recrystallized from an acetone-benzene
mixture to vield 1.1 g. (349,) of pyromellitic acid (VI), m.p.
260-264° dec. (reported? m.p. 260-264° dec.).

3,6-Dimethyl-1,2-dimethylene-4-cyclohexene (VIII).—At
the rate of 1.5 g. per minute, 105 g. (0.413 mole) of 3,6-
dimethyl-cis-A4-tetrahydrophthalyl diacetate (VII) was
dropped through the vertical Vycor pyrolysis tube heated at
505° as described above. Because of the tendency of this
comnpound to char the pyrolysis was interrupted at the mid-
point and a clean pyrolysis tube was inserted in the appara-
tus. During the pyrolysis and before addition of the ester to
cither pyrolysis tube, a slow stream of oxygen-free nitrogen
was introduced at the top of the apparatus. The pyroly-
sate was dissolved in 100 ml. of ether and the solution was
extracted several times with distilled water. (Titration of an
aliquot of the aqueous extracts indicated that 539, of two
molar equivalents of acetic acid had been eliminated.) After
the ether solution had been dried over anhydrous magnesium
sulfate, the ether was removed by distillation under reduced
pressure. The residue was fractionated through a 6-inch,
helix-packed coluinn to yield 14.3 g. (269) of 3,6-dimethyl-
1,2-dimethylene-4-cyclohexene (VIII), b.p. 49° (15 inm.),
n®p 1.4884; 21.6 g. (279) of 3,6-dimethyl-1-methylene-2-
acetoxymethyl-4-cyclohexene (1X), b.p. 76° (1.5 mnm.),
n%p 1.4762; aud 19 g. (189, recovery) of the starting dies-
ter V11. The yield of the triene VIII, based on unrecovered
VI1and 1X, was 47%.

(22) B. A, Coulsnn, J. Chem. Soc., 1305 (1938).

Found:

DoNALD D. PuiLLIPS AND D. N. CHATTER]EE

Vol. 80

Anal. Caled. for C,H,: C, 89.49; H, 10.51. Found:

C, 89.79; H, 10.22. Caled. for C;sH;350:: C, 74.19; H,
9.34:. Found: C, 74.26; H, 9.31.

5,8-Dimethyl-A%900_hexahydronaphthalene-2,3-dicar-
boxylic Anhydride (X).—A mixture of 1.96 g. (0.02 niole) of
maleic anhydride plus 2.68 g. (0.02 mole) of 3,6-dimethyl-
1,2-diinethylene-4-cyclohexene (VIII) in 50 ml. of ether was
heated under reflux for 21 hours. After about half of the
ether had been removed by evaporation, the concentrated
solution was cooled to form a precipitate. The solid was
removed by filtration and recrystallized from a chloroform-
petroleum ether mixture to yield 1.1 g. (249;) of 5,8-di-
mnethyl-A8%00_hexahydronaphthalene-2,3-dicarboxylic anhy-
dride (X), m.p. 162-163°. Further evaporation of the
ether filtrate gave a yellow oil that could not be crystallized.

Anal. Caled. for C;Hs0;: C, 72.39; H, 6.94. Tound:
C,72.14; H, 6.84.

Isomerization of 3,6-Dimethyl-1,2-dimethylene-4-cyclo-
hexene (VIII) to Prehnitene (XI).—A mixture of 7.6 g.
(0.057 mole) of 3,6-dimethyl-1,2-dimethylene-4-cyclohexene
(VI11)and 0.2 g. of a 109 palladium-on-carbon catalyst was
heated under reflux for 48 hours. The catalyst was re-
moved by filtration and the filtrate was fractionated through
a 6-inch, helix-packed column to yield 2.9 g. of a miixture
(presumably triene VI11 and prehnitene), b.p. 50-68° (20
mm.), #%Dp 1.4938, and 2.6 g. of slightly iinpure prehnitenc
(XI), b.p. 42—45° (0.9 mm.), #%p 1.5020-1.5072 (reported
b.p. 75-75.5° (6.5 mm.)23, n%p 1.518724).

By the procedure of Huntress and Autenrieth,? 1.0 g. of
the impure prehnitene (XI) was converted to 2,3,4,5-tetra-
methylbenzenesulfonamide, m.p. 179-181° (reported® n.p.
183.5-184°), with chlorosulfonic acid.

(23) L. I, Smith with F, H. MacDongall, THis Jourxal, 51, 3005
(1929),

(24) K. v. Auwers, Ber., BB, 26 (1922).

(23) E. H. Huntress and J. S. Antenrieth, 'TH1s Jour~al, 63, 3416
(1941).
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Polynuclear Aromatic Hydrocarbons. IX.! The Synthesis of 3,4-Benzpyrene and
7-Methyl-3,4-benzpyrene

By DonaLp D. PuiLLips? aNDp D. N, CHATTERJER®
RECEIVED FEBRUARY 28, 1958

The syuthesis of 3,4-benzpyrene (X) and 7-nethyl-3,4-benzpyrene (XI) from 5-keto-3,6,6a,7,8,9,10,10a-octahydro-
chrysene (1) is described. The ketone I was converted by the Reformatsky reaction to a mixture of the two unsaturated
acids 111 and 1V which were reduced and cyclized to the corresponding ketones V1I and V11I. When either VII1 or VI1I
was reduced and dehiydrogenated, 3,4-benzpyrene (X) was obtained. Treatment of V11 with methylmagnesium iodide
followed by dehydrogenation afforded 7-methyl-3,4-benzpyrene (X1), one of the two monomethyl-3,4-benzpyrenes whose
synthesis has yet to be described. The attempted preparation of X by the cyclodehydrogenation of X11 and X111 afforded
chrysene by the ejection of an ethyl group.

In a recent communication? we reported the prep- portant 3,4-benzpyrene (X) nucleus.® Moreover,

aration of the ketosctahydrochrysene (I) from
naphthalene and ¢rans-2-hydroxy-cyclohexaneace-
tic acid lactone. It became apparent that this
ketone (I) could serve not only as a useful precursor
to the chrysene ring system but also to the im-

(1) Paper V111, D. D. Phillips and T. B. Hill, TH1s JournaL, 80.
3663 (1958).

(2) To whom inquiries regarding this article should be sent. Shell
Development Co., Modesto, Calif.
(3) Krishnagar College, Krishnagar, West Bengal, Imlia. Fulbright

Scholar, 1956-1158.
(4) D. D. Phillips and 1. N, Chutterjee, TH1s JoUrRNAL, 80, 1360
(1958).

the synthetic scheme whereby we planned to
elaborate X from I also seemed applicable to the
preparation of 7-methyl-3,4-benzpyrene (XI), a
hydrocarbon of considerable interest for biological

(5) These numbering systems are employed throughout this paper:

3.4-benzpyrence

chrysenc
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testing as it is one of the two monomethyl-3,4-
benzpyrenes whose synthesis has yet to be de-
scribed.® In this paper the successful syntheses of
X and its 7-methyl derivative XI are reported.
During the course of our earlier work* there ap-
peared an alternate synthesis of I in which frans-
2-B-naphthylcyclohexaneacetic acid was cyclized
to I in 939, yield by anhydrous hydrogen fluoride.”
In order to compare the properties of I prepared by
the two different methods, we repeated the work of
Buchta and Ziener” and obtained significantly dif-
ferent results. Although the ketone I after crys-
tallization had essentially the same nip. (117-
119°) as reported, we found that it was in fact a
mixture containing no less than 209 of the iso-
ineric ketotctahydro-1,2-benzanthracene (II), m.p.
160-161°, and 80% of I, m.p. 126-127°, readily
separable by chromatography. The structures of
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(1) J. W, Patton and G. H. Daub, THis JourNaL, 79, 700 (1D37).
References to the preparation of ten of the possible twelve mono-
methyl 3.4-benzpyrenes are given in this paper.

(7) E. Buchta and H. Ziener, Ann., 601, 155 (195¢).
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both ketones were established by reduction and
dehydrogenation to 1,2-benzanthracene and chry-
sene, respectively.

When pure ketone I was condensed with ethyl
bromoacetate in the Reformatsky reaction there
was obtained a 709 yield of a mixture of un-
saturated acids from which about 60-659, of the
pure 3,v-unsaturated isomer III could be isolated
by fractional crystallization. Although a pure
specimen of the «,8-unsaturated acid IV could not
be obtained, its presence in the crystallization resi-
dues was inferred from the infrared absorption spec-
trum as well as by hydrogenation studies.®

The hydrogenation of III afforded a mixture of
acids, m.p. 178-180°, from which pure V, m.p.
186-187°, was isolated by fractional crystallization.
The ¢is configuration of the 4a- and 11-hydrogens
(see footnote 5) has been assigned on the basis of an
inspection of molecular models, from which it is
clear that the 12a-hydrogen, by virtue of its prox-
imity to the double bond, provides more steric
hindrance to the attacking hydrogens than does the
4a-hydrogen. Consequently, the entering groups
will approach from the same side as the 4a-hydro-
gen, resulting in the cis configuration. The same
isomer (V) predominated in the hydrogenation of
the mixture rich in IV, a result that may be ration-
alized by the same considerations. This same
hydrogenation also afforded some of the other
isomer (VI) whose structure was deduced by cycli-
zation in anhydrous hydrogen fluoride to a ketone
(VIII) isomeric with that (VII) obtained fromn the
cisisomer V.°

When ketone VII was reduced with lithiun alu-
minum hydride and the resulting alcohol was de-
hydrogenated, 3,4-benzpyrene (IX) was obtained
in poor yield. An unidentified substance, probably
phenolic, also was obtained in the reaction. When
the ketone VII was reduced to the corresponding
hydrocarbon IX, however, and this was subse-
quently dehydrogenated, 3,4-benzpyrene (X) was
obtained in good yield. The same ketone (VII)
condensed smoothly with methylmagnesium iodide
to afford the methylcarbinol which was dehydro-
genated to 7-methyl-3,4-benzpyrene (XI).'* The
hydrocarbon XI possessed the typical ultraviolet
absorption spectrum of a 3,4-benzpyrene deriva-
tive with the expected!! small bathochromic shift
being observed in most of the maxima.

Another route to 3,4-benzpyrene (X), based ou
I as starting material, was investigated but inet

(8) It has been our experience that exocyclic a,8-unsaturated acids
such as IV are hydrogenated much more rapidly than their endocyclic
B.v-counterparts (¢f. 111). Thus II1 required 10 hr. for the uptake of
one mole of hydrogen under conditions where the mixture rich in IV
required less than 0.5 hr. for the uptake of 309% of the theoretical
amount and only 3.5 hr. for the full amount. These results have been
confirmed by studies where both isomers were available in a pure form
and will be the subject of a future communication.

(9) It is obvious that the isomers formed in each of the steps out-
lined in Chart 1 need not be separated if X and/or X1 is the ultimate
goal. In order to work with crystalline compounds, however, we
effected the separations described above and, in general, the yields in
subsequent transformations were higher wheu at least partial separa-
tions were made. We have run through the entire scheme without
extensive purification and have vbtained both X and X1 but in sig-
nificantly lower over-all yield.

(10) The same results were obtained with VIII, further establishing
the isomeric nature of VII and VIII.

(11) R. N. Jones, THIS JOURNAL, 67, 2127 (1D43).
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with little success. The ketone I was condensed
with ethylmagnesium iodide and the resulting
carbinol was dehydrated to a mixture of two hydro-
carbons (XII and XIII). Because pyrenes have
been prepared by the cyclodehydrogenation of

|

7 N

L\/ 7 Xl NN\S X1

similarly constituted 4-alkyl-1,2-dehydrophenan-
threnes,!? it was thought that either or both XII
and XIIT would afford 3,4-benzpyrene (X) under
the same conditions. When heated to 320° in the
presence of 109, palladium-on-charcoal catalyst,
both hydrocarbons suffered the loss of an ethyl
group and chrysene was the only product isolated.
There are a few analogies for this behavior!? al-
though the successful dehydrogenation of a 5(11)-
ethylhexahydrochrysene to the corresponding 5-
cthylchrysene has been described.!*

The carcinogenic activity of 7-methyl-3,4-benz-
pyrene (XI) is being examined and the results will
be recorded elsewhere.

Acknowledgments.—The senior author (D.D.P.)
is grateful to the Alfred P. Sloan Foundation for
their support of this program during the period
1055-1958. D.N.C. wishes to thank the Damon
Runyon Memorial Cancer Fund for a post-doctoral
fellowship.

Experimental®

truns-5-Keto-5,6,6a,7,8,9,10,10a-octahydrochrysene (I).
a. From trans-2-Hydroxycyclohexaneacetic Acid Lactone
and Naphthalene.—This reaction has been described in de-
tail4 and will not be repeated here.

b. From B-Napthylmagnesium Bromide.’—Ethyl cyclo-
liexanone-2-acetate!d was condensed with B-naphthylmag-
nesiuin bromide as described? except for an additional 6-hr.
stirring period at room temperature. This raised the yield
of the lactone from 20 to 309,. The lactone was reduced
to 2-3-naphthylcyclohexaneacetic acid by the Clemmensen
reduction. When this acid was cyclized by hydrogen fluo-
ride, a ketone, m.p. 117-119°, was obtained in 867 yield.
When chromatographed on acid-washed alumina this ke-
tone, assumed to be homogeneous by Buchta and Ziener,?
was separated into two distinct compounds. Hexane-
benzene (3:1) eluted 659, (based on the acid) of pure ketone
I, needles from ethanol, m.p. 126-127°; Amax (log €): 215
mp (4.68), 247 (4.38) and 315 (3.87).

Anal. Caled. for CsHisO: C, 86.40; H, 7.20. Tound:
C, 86.32; H, 7.15.

The 2,4-dinitrophenylhydrazone crystallized from benzene
as red needles, m.p. 245-246°; lit. m.p. 230-232°,4 222~

22507

(12) D, N. Chatterjee, THIS JoUrRNAL, T7, 5131 (1055).

(13) C. K. Bradsher and 1. Rapaport, tbid., 66, 2181 (1944); W, E.
Joues and CG. R. Ramage, J. Chem. Soc., 1853 (1938): W. Cocker,
B. E. Cross and J. McCormick, tbid., 72 (1952), The last reference
lists a briel bibliography on the subject.

(14) M. S. Newman, 7bid.; 62, 870 (1940). The conditions (heating
with sulfur at 230-240°) were much milder than those desctibed in
the Experimental section of this paper and failure to eject the ethyl
group is not entirely unexpected.

(13) Melting points and beiling points are both uncorrected.
WUltrigviolet ubsorption spectra were measured in 959%, ethanol with a
Beckimun uwodel DK automatic recording spectrophotometer. Infra-
red absorption spectra were obtained on a Perkin-Elmer model 21
double beaum spectropliotometer.  The sblids were pressed in potas-
sium bromide. Analyses are by Schwarzkopf Labs,, Woodside 77,
NOYL

(16; C. M. Ma, Ber., 68, 871 (1935).
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Elution with 50:50 benzene~hexane afforded 159, (based
on the acid) of trans-4-keto-1’,2’,3’,4’,1,2,3,4-octahydro-
1,2-benzanthracene (II) as colorlcss plates from benzeue—
methanol, m.p. 160-161°; Amax (log €): 246 mu (4.65), 253
(4.70), 291 (3.94), 303 (3.94) and 344 (3.22).

Anal. Caled. for CsH;sO: C, 86.40: H,
C, 86.24; H, 7.42.

The 2,4-dinitrophenylhydrazone crystallized {from ben-
zene as red needles, m.p. 239-240°.

Anal. Caled. for CoHa2ON: N, 13.02.
13.21,

trans-1,2,3,4,4a,11,12,12a-Octahydrochrysene.—A 1nix-
ture of 0.25 g. (0.001 mole) of pure ketone 1, m.p. 126-127°,
5 ml. of ethylene glycol and 1 ml. of 859, hydrazine hydrate
was heated under reflux (150-160°) for 2 hr. The solution
was cooled slightly, 0.5 g. of potassium hydroxide was added
and the mixture was heated slowly to 220° where it was
maintained for 4 hr. The usual workup afforded 0.1 g
(429,) of the hydrocarbon as colorless needles from 1neth-
anol, mn.p. 115-116°, lit.” m.p. 110-111°; Agax (log e):
229 mu (4.84), 275 (3.60), 284 (3.63), 291 (3.41), 307 (2.84),

312 (2.61) and 321 (2.70).

The structure of this hyvdrocarbon was established by its
quantitative deliydrogenation to afford chrysene, m.p. 250~
251°, undepressed on admixturc with an autheutic speci-
ien.

trans-1’,2",3',4’,1,2,3,4-Octahydro-1,2-benzanthracene.——-
The reduction of 0.25 g. (0.001 1nole) of the ketone I1, m.p.
160°, by the Huang-Minlon method described above gave
0.18 g. (76%%) of solid hydrocarbon which crystallized from
ethanol as colorless needles, mn.p. 77-79°; x (log €):
229 mu (5.01), 274 (3.72), 284 (3.70), 91 (3 41), 307
(2.91), 318 (2.62) and 322 (2.83).

Anal. Caled. for CiHy: C,
C, 91.38; H, 8.58.

The delivdrogenation of 50 mg. of this hydrocarbon with
25 mg. of 109 palladium-on-charcoal at 300-320° for 2 hr.
gave 25 mg. (52%) of 1,2-benzanthracene, m.p. 161-162°,
identified by its clnracturlstlc ultraviolet 4b:.orptmu SpLC-
trum and by comparison with an autheutic specimen.

The Reformatsky Reaction of {rans-5-Keto-5,6,6a,7,8,9,-
10,10a-octahydrochrysene (I) with Ethyl Bromoacetate.--
The ketone (1.25 g., 0.005 mole) was dissolved in a mixture
of 25 1nl. of dry benzene and 25 ml. of dry ether and to this
mixture was added 0.6 g. of 20 mesh zine, 1 ml. of ethyl
bromoacetate and a trace of iodine. The reaction was
heated under reflux with stirring for 8 hr. with the addition
of 0.3 g. of zinc and 0.5 ml. of ethyl bromoacetate after 3
hr.

The reaction mixture was decomposed with dilute hydro-
chloric acid and the aqueous layer was extracted with 50
ml. of ether. The combined organic phases were washed
with water and dried over sodium sulfate. Renoval of the
solvent under reduced pressure left a light yellow viscous
oil which was dehydrated by warming with 5 ml. of formic
acid on the steam-bath for 5 inin. After the formic acid
had been removed under reduced pressure, the residual oil
was dissolved in benzene and passed through a colummn of
aluinina. Evaporation of the solvent left a viscous oil
which was saponified by hicating under reflux for 2 hr. with
methanolic potassium hydroxide. The alcohol was removeil
under reduced pressure and the residue was diluted with
water. Extraction of the alkaline solution with ether gave
0.15 g. of unreacted ketone. Acidification of the alkaline
solution gave 0.95 g. (Y09 based on the ketone consumed)
of a light brown mixture of solid acids. Crystallization of
this material froin benzene afforded 0.55 g. of trans-1,2,3,4,-
4a,12a-hexahydrochrysene-11-acetic acid (III), in.p. 220-
222°,  An additional 0.05 g. of the acid, m.p. 218-220°,
was obtained from the mother liquor raising the total yield
to 0.6 g. for this isonier.

Recrystallization from benzene—inethanol

.20, Found:

Found: N,

91.52; H, 8.48. Fouund:

afforded the

analytical sample as stout cubes, 1n.p. ’2«—2 28° dec.; Awax
(log €): 229 mu (4.73) and 31’(4 01); 5.85 u.
Anal.  Caled. for ColluOy: C, SJ.IH. I 6.80. Found:

C, 82.07; M, 6.81.

The mother liguor, after separativn of the acid, nigq.
220-222°, was concentrated, but 1o crystalline isomeric acid
1V could be isolated. Ivaporation of the solution afforded
0.35 g. of a semisolid residue with an infrared absorption
spectrum (Amax 5.89 ) that indicated the presence of some
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of the conjugated isomer IV. Evidently this acid mixture
consists mainly of ¢rans 1,2,3,4,4a,11,12,12a-octahydro-
chrysenylidene-11-acetic acid (IV), contaminated with a
relatively small amount of the isomer I1I.

Anal. Caled. for CyH200z: C, 82.19; H, 6.80. Found:
C, 81.75; H, 6.54.

1,2,3,4,4a,11,12,12a-Octahydrochrysene-11-acetic Acid
(V).—At atmospheric pressure, 0.55 g. of the acid III,
m.p. 220-222°, dissolved in 20 ml. of ethyl acetate was re-
duced in the presence of 0.1 g. of 109, palladium-on-char-
coal catalyst. After 10 hr. at room temperature, when the
theoretical amount of hydrogen had been absorbed, the
solution was filtered and the solvent removed under reduced
pressure. Crystallization of the solid residue from a ben-
zene-hexane mixture afforded 0.4 g. (729,) of 1,2,3 4 ,4a,11-
12,12a-octahydrochrysene-11-acetic acid (V) as short
needles, m.p. 178-180°. Two further crystallizations from
a benzene—methanol mixture provided an analytical sample
of V as colorless needles, m.p. 186-187°. Its ultraviolet
absorption spectrum (Ama.x (log €): 230 mpu (4.98), 275
(3.77), 285 (3.82), 306 (3.08), 313 (2.82) and 321 (2.83))
was typical of a substituted naphthalene.

Anal. Caled. for CyoHs0,: C, 81.63; H, 7.49. Found:
C, 81.48; H, 4.37.

The semi-solid residue (0.35 g.) consisting of a mixture of
III and IV was reduced catalytically under similar condi-
tions. More than half of the theoretical amount of hydro-
gen was taken up within 0.5 hr. After 3.5 hr. at room tem-
perature, it was worked up in the usual way to give a color-
less solid which crystallized from a benzene-hexane mixture
to afford 0.2 g. (559,) of impure V, m.p. 175-178°, identical
with the impure sample, m.p. 178-180°, obtained above from
111.

The combined mother liquor from both reductions on
evaporation gave 0.3 g. (329,) of semi-solid mass which was
evidently a mixture of the two isomers V and VI.

7-Keto-1',2',3’,4’,3,4,5,6,7,13-decahydro-3,4-benzpyrene
(VII).—The cyclization of 0.58 g. (0.002 mole) of the acid,
V, m.p. 178-180°, was accomplished by allowing it to stand
at 0° for 20 min. in 10 ml. of anhydrous hydrogen fluoride.
The dark red solution then was poured onto 200 g. of crushed
ice. The organic material was extracted with ether,
washed with water and sodium carbonate solution and dried
over sodium sulfate to yield, on evaporation, 0.55 g. (100%,)
of solid ketone which was taken up in benzene and passed
through a column of alumina. Concentration of the ben-
zene eluents afforded 0.48 g. (909 ) of the ketone VII as long
colorless needles, m.p. 165-168°. An analytical sample
obtained by recrystallization from a benzene-methanol mix-
ture showed m.p. 172-173°%; Amax (log €): 218 mu (4.63),
250 (4.37) and 336 (3.68).

Anal. Caled. for CyHO: C, 86.95; H, 7.24. Found:
C, 8.61; H, 7.36.

The 2,4-dinitrophenythydrazone crystallized from pyri-
dine as red needles, m.p. 278-280° dec.

Anal. Caled. for CpHoO4Ny: N, 12.28.
12.35.

The cyclization of 0.3 g. of the semi-solid mixture of V
and VI under identical conditions afforded a pale yellow
semi-solid product in 959, vield. Chromatography of this
sample on alumina followed by elution with hexane gave 0.1
g. of a vellow fluorescent oil. Elution with 309, benzene
in hexane gave 0.2 g. (729%,) of a pale yellow solid which
crystallized from a benzene—methanol mixture as light yellow
needles, m.p. 135-142°. It exhibited an intense green
fluorescence in solution. Fractional crystallization of this
ketone mixture from methanol permitted its separation into
the two isomeric ketones: (a) 30 mg. of colorless needles of
VII, m.p. 172-183°, and (b) 0.1 g. of light yellow needles,
m.p. 142-143°, evidently the other isomer (VII1). Its
ultraviolet absorption spectrum (Amax (l0g €): 217 mp (4.67),
251 (4.37) and 336 (3.70)) was very similar to that of V1I.

Anal. Caled. for CooHanO: C, 86.95; H, 7.24. Found:
C, 87.45; H, 7.32.

The 2 4-dinitrophenylhydrazone crystallized from aqueous
pyridine as orange needles, m.p. 279-280° dec.
Anal. Caled. for CoeHaN,Os: N, 12.28.

12.52.

7-Hydroxy-1’,2",3',4’,3 ,4,5,6,7,13-decahydro-3 ,4-benz-
pyrene.—To a slurry of 0.23 g. of lithium aluminum hy-
dride in 20 ml. of dry ether was added 0.11 g. of the ketone

Found: N,

Found: N,

3,4-BENZPYRENE AND 7-METHYL-3,4-BENZPYRENE
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VII, m.p. 172-173°. The solution was heated under reflux
for 2 hr. and worked up in the usual manner. Crystalliza-
tion from a benzene-methanol mixture afforded 94 mg.
(859%,) of the alcohol as fine needles, m.p. 175-176°. An
analytical sample, obtained by crystallization from the same
solvent, had m.p. 176=177°; Amax (log €): 232 mpu (5.00),
278 (3.72), 287 (3.77), 308 (3.14) and 324 (2.93).

Anaf. Caled. for CyoH2O: C, 86.33; H, 7.91.
C, 85.95; H, 7.74.

1’,2’,3’,4',3,4,5,6,7,13-decahydro-3 ,4-benzpyrene (IX).—
A niixture of 0.11 g. of the ketone VII, m.p. 172-173°, 5
ml. of ethylene glycol and 1 ml. of 85%, hydrazine hydrate
was heated under gentle reflux for 3 hr. The mixture was
cooled, 0.5 g. of solid potassium hydroxide was added and
the mixture slowly distilled until the bath temperature rose
to 220° at which point it was heated under reflux for 4 hr.
A small amount of the hydrocarbon IX codistilled with the
solvent. The usual workup gave 0.1 g. of solid which was
taken up in hexane and chromatographed on alumina.
Elution with 100 ml. of hexane afforded 72 mg. (70%) of
IX as soft silky needles, m.p. 123-124°. The ultraviolet
absorption spectrum of this hydrocarbon (Amax (log €):
232 myu (4.98), 278 (3.67), 287 (3.72), 309 (3.08)), 318 (2.77)
and 324 (3.07)) was typical of a substituted naphthalene
derivative.

Anal. CaICd. for Conzz:
C, 91.48; H, 8.51.

3,4-Benzpyrene (X).—An intimate mixture of 50 mg. of
the decahydrobenzypyrene IX and 20 mg. of 109, palla-
dium-on-charcoal catalyst was heated to 500-320° for 2 hr.
The hydrocarbon that sublimed into the air condenser was
returned to the reaction tube and heated for an additional
hour. After cooling, the hard cake was dissolved in hot ben-
zene and chromatographed on alumina. The material ob-
tained by evaporation of the eluent crystallized from ben-
zene-methanol to yield 35 mg. (73%) of 3,4-benzpyrene (X)
as pale yellow needles, m.p. 175-176°; lit. m.p. 178.5-
179° (cor.),'7 176-176.5° (cor.).18

The ultraviolet abosorption spectrum (Amax: 2235, 255,
267, 272, 283, 298, 330, 348, 363, 384 and 403 1mnu) was in
excellent agreement with that reported.!®

The sym-nitrobenzene complex crystallized from benzene—
methanol as bright red needles, m.p. 226-227°, lit.!” m.p.
226-227°.

The dehydrogenation of 50 mg. of the alcohol (see above)
under similar conditions gave 15 mg. (33%,) of 3,4-benzpy-
rene, m.p. 175-176°. The low yield was presumably due
to the formation of some phenolic product which was re-
tained by the alumina column.

7-Methyl-3,4-benzpyrene (XI).—A Grignard reagent,
prepared from (.12 g. (0.005 g. atom) of magnesium and
1.2 g. (0.008 mole) of methyl iodide in 15 ml. of dry ether,
was added slowly, at 5°, to a well-stirred solution of 0.27
g. (0.001 mole) of the ketone VII, m.p. 168-170°, in 15
ml. of dry benzene. After stirring at room temperature
for 4 hr., the reaction mixture was hydrolyzed with dilute
hydrochloric acid. The organic layer was washed with water
and dried over sodium sulfate. Removal of the solvent left
7-hydroxy-7-methyi-1’,2",3',4',3,4,5,6,7,13-decahydro-3 4-
benzpyrene as a viscous yellow oil.

The crude alcohol was dehydrated and dehydrogenated
by heating for 1 hr. at 300° with 0.1 g. of 109, palladium-on-
charcoal catalyst. After cooling, the hard cake was dis-
solved in boiling benzene and the solution was chromato-
graphed on alumina. Concentration of the benzene eluent
yielded 0.12 g. of 7-methyl-3,4-benzpyrene (XI) as light
vellow needles, m.p. 187-188°. The mother liquors afforded
an additional 0.02 g. of the hydrocarbon, m.p. 185-187°,
raising the total yield to 0.14 g. (549, from VI1). An
analytical sample was obtained from benzene as pale yellow
needles, m.p. 188-189°.

Anal. Caled. for CoHu:
C, 94.22; H, 5.84.

The ultraviolet absorption spectrum of 7-methyl-3,4-
benzpyrene (X1) showed the following Amax (log €): 229

Found:

C, 91.60; H, 8.40. Found:

C, 94.70; H, 5.30. Found:

(17) L. F. Fieser and E. B, Hershberg, THIS JoURNAL, 60. 1658
(1938).

(18) L. F. Fieser and M. Fieser, ¢bid,, 87, 782 (1935).

(19) R. A, Friedel and M. Orchin, "' Ultraviolet Spectra of Aromatic
Compounds,” John Wiley and Soms, Inc., New York, N. Y,, 1931,
chart no, 534,
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mp (4.46), 255 (4.66), 266 (4.74), 274 (4.53), 285 (4.65),
CO8 (4.713), 332 (3.67), 345 (4.05), 364 (4.32), 378 (4.35),
385 (4.38) and 404 (3.48).

The picrate crystallized from benzene methanol as parplh:
needles, m.p. 188-189°.%

Anal. Caled. for CuHpO;N;:
TFound: C, 65.70; H, 3.37.

The sym-trinitrobenzene complex separated from ben-
zene-ethanol as bright red needles, ni.p. 210-211°.

Anul. Caled. for CeHOsN3;: N, 8.76. Tound: N,
8.58.

trans-11-Ethyl-1,2,3,4,4a,12a-hexahydrochrysene (XII)

and trans-11-Ethylidene-1,2,3,4,4a,11,12,12a-octahydro-
chrysene (XIII).—A Grignard solution prepared from 0.24
g. (0.01 g. atom) of magnesium and 1.6 g. of ethy! iodide in
20 ml. of dry ether was added dropwise, at 0°, to a stirred
solution of 0.75 g. (0.003 mole) of the keto chrysene I in 20
ml. of dry benzeue. After stirring at ordinary temperature
fur 2 hir., the solution was heated under gentle reflux for 2
hr. and decomposed with dilute hydrochloric acid. The
ustal workup afforded 0.8 g. of solid material which was de-

65.45; 11, 3.46.

(20) After the submission of this paper we were informed of the
synthesis of 7-immethyl-3,4-benzpyrene and its picrate (Ph.D. disserta-
tion 1f Juseph 1., Comp., University of New Mexico, 1956). The
properties of the hydrocarbon, m.p. 190-191°, and the picrate, purple
neeilles, m.p. 187-187.5°, are in excellent agreement with those re-
purtell liere and the nitraviolet absorption spectrum of the two hydro-
curbolus were essentially identical. We are grateful to Prof. Cnidn Ii.
Dunli for this infurmation prior to its publication.

Doxarn D, PaiLLips AN [J. N, CHATTERJER

Val. 8O

hiydrated by heating for 10 mia. at 100° with 5 ml. of an-
hydrous forniic acid.

Removal of the furnnic acid under reditced pressin
vielded a solid which was dissolved in benzene and chroma-
tographed on alunina. TFlution with 100 ml. of hexam:
gave 0.14 g. of X11 as a colorless viscous 0il, Auay 296 mpy,
hig e 3.87, and 232 mu, lug € 4.74.

Anal. Caled. for CxHs: C,
C,91.26; H, 8.68.

Elution with a second 100-ul. portion of hexane afforded
40 mg. of the ethylidene compound XI11 as ueedles from
methanol, m.p. 116-117°, depressed to 90° on admixture
with  frans-1,2,3,4,4a,11,12,12a-octahydrochrysene, 1u.p.
115-116° (see above). The ultraviolet absorption spec-
trum (Amax (log €): 238 myu (4.86), 315 (4.04), 328 (3.861
and 335 (3.87)) was it aceord with the structure <ssigned to
this hydrocarbon.

Anal. Caled. for CoHom:
C, 92.02; H, 7.84.

Elution of the chromutographic colummn with 50:50 ben-
zeneo—hex:me afforded 0.5 g. of unreacted ketone I, m.p. 123 -
124°.

When both of these hiydrocarbons (NIT and XIIT) were
heated to 300-320° with 10¢¢ palladium-on-charcoal cata-
lyst as described above, there was obtained as the only
isolable product a simall vield »f ehrysence, m.p. and mixed
m.p. 250-251°.

ITrraca, New YORK

91.60; H, 8.40.

Fotnd:

C, 91.60; 1, 8.40.

Found:
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Polynuclear Aromatic Hydrocarbons.

X.! The Synthesis of

6,7-Acebenzo[c|phenanthrene

By Doxarp D. PaiLLips® aNp D, N. CHATTERJEER?
RECEIVED MARCH 7, 1958

The synthesis of 6,7-accbenzo(c]phenanthrene (X1) from ¢rans-2-a-naphthyleyclohexancacetic acid (V) is described.
The acid V was cyclized to the ketone I which then was converted to the acetic acid derivative VII by the Reformatsky

reaction.
IX by WolfI-Kishner reduction.
i X1 conld be obtained,

1t 1s now well established that the introduction of
a dimethylene bridge into a polynuclear aromatic
liydrocarbon that is either a weak carcinogen or is
devold of carcinogenic properties often imparts
considerable activity to the compound. Examples
in the 1,2-benzanthracene series are particularly
striking in this respect and the effect of a similar
structural change in other ring systems is therefore
of considerable interest. In this regard, we have
sclected for study 6,7-acebenzo[c]phenanthrene
(X1) and iu this paper are described the synthesis

(1) Paper IX, D. D. Phillips and D. N. Chatterjee, THIS JOURNAL,
80. 4310 (1958).

(2) To whom inquiries regarding this article should be sent. Shell
Development Co., Modesto, Calif.
(3) Krishnagar College, Krishnagar, West Bengal, India. Fulbright

Scholar, 1956-1938.

(1) The parent hydrocarbon, 1,2-benzanthracene, is very weakly
carcinogenic whereas 5,10-dimethylene-1,2-benzanthracene (cholan-
threne) and 6-methyl-3,10-dimethylene-1,2-benzanthracene (20-meth-
vicholanthrene) are two of the most potent carcinogens known (I.
Berenblum, Cancer Research, 5, 561 (19453%; M. J. Shear, Am. J.
Cancer, 83, 490, 51D, 528 (1938)). The 4,10-dimethylene derivative
is alsyy carcinpgenic (M. J. Shear, ibid., 28, 334 (1936); 38, 499, 516,
S17 (1938); C. E. Dunlap and 8. Warren, Cancer Research, 6, 454
(11413) as are the 3,4’-dimethylene (3. M. Badger, ¢! al., Proc. Roy.
Soc. Loxdpu, B129, 439, 443 (19401) ami 8.,9-dimethylene (M. J.
Shear, Am. J. Cancer, 28, 234 (19361 1, I Rieser, et al., ibid,, 29,
St (LS drrivatives

Cyclization of this acid (VII) afforded the ketone VIII which was couverted to the corresponding hydrocarbon
Aromatization of 1X was extremely difficult but conditions were found whereby a 109
The ultraviolet absorption spectruun of this interesting hydrocarbon is discussed.

and some of the properties of this interesting hydra-
carbon.

The starting inaterial I was originally obtuine!
from the cyclization of V, a minor product of the
Friedel-Crafts reaction between naphthalene and
trans-2-hydroxycyclohexaneacetic acid lactone.”
Although the structure of I seemed to be adequately
established in our earlier paper, the same structure
recently has been assigiied to a ketone with widely
divergent properties.® We therefore felt obligated
to verify our assignment by an independent syn-
thesis, which, at the same time, might also afford I
in higher yields than we had realized previously.?

With this view in mind, a-naphthylmagnesium
bromide was condensed with ethyl cyclohexanone-
2-acetate to afford the lactone II. Our first at-
tempts to reduce this lactone involved catalytic
hydrogenation at 60° but coucomitant reduction of
one of the aromatic rings occurred and the tetralin
acid IIT was obtained. That the unsubstituted
ring had been reduced was verified by cyclization ta
a ketone IV which could be further reduced and de-
hiydrogenated to beunzolc]phenanthrene. The lac-

(3) Id. D, Phillips aud D). N. Chatlerjee, Ti1s JournNaL, 80, 1364
(1958).

(64) Y. Kiibansky aml D, Ginsburg, J. Chem, Soc., 1083 (1957).
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