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The Synthesis of 4,5-Dimethyl-1.2-benzanthracene and
4,5,10-Trimethyl-1,2-benzanthracene'
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A new hypothesis concerning the effect of strnerire on caneer-producing activity of hyvdroearbons in the 1,2-

benzanthicene series is presented.
lined in the chart.

1,2-Benzanthracenc (1) 1 not active as a carcinogenic
hydrocarbon whereas  10-methyl-1,2-benzanthracene
(IT) is quite active.® In seeking an ecxplanation for

900 90¢

1 CH,
1l

these facts it secmed possible that I is nactive because
some reaction takes place at the 10-position® (7-posi-
tion using benzlalanthracene nomenclature) which
renders I iactive.  In II reaction at the 10-position
18 blocked by the methyl group and hence the compound
cannot be deactivated by reaction at the 10-position.
Henee IT remains and becomes mvolved in the se-
quence of reactions leading ta the production of
cancer.* However, anotlicy means of blocking reaction
at the 10-position is conceivable, namely, substitution
of methyl groups at the 4- and S-positions.  These
methyl groups could block reaction at the 10-position
by sterically hindering the deactivating process alluded
to above,

That blocking of the 10-position by groups on the
adjacent per? positions (4- and 5-) may be important
1= supported by the facts that 5 ¢9-dimethyl-1,2-
benzanthracene s more active than  9-methyl-1,2-
benzanthracenc® and 1,25 6-dibenzanthracene is more
active than 1,2-benzanthracene.®®  l'urthermore, -
and H-methyl-1,2-benzanthracene ave quite a bit more
active than [ and 9-methyl-1,2-benzanthracene. This
18 showi in Table 1.

1) Tlds work was sapported by a grant fron, the Nodonal Institores of
lealth, U, 8. Pudblie Health Service.,

(2 JJ. L. Hartwell tarvey of Compannds Wiieh Have Been Tested
for Carcinogenie Aetivity.,” U. S. Pnbli- Healtl: Service I'nblication N,
140 (1451).

{31 The 10-position in 1.2-benzanthracene is acracked preferentially iy a
varety of reagents. See L. 1. Fieser unl J. L. Hartwell. J. in. Chem, Sov.,
60, 2357 (1138, und references therein.

£4) A vapperative prageam ta try o fimd aat weore aboot the factors leal-
ing 1o carciiigeniy petivity of ITis ander way.  This program involves the
sviclesis of the cleven manoflnora-10-methyl-1,2-benzanthracenes in tins
Inboratary and biclogieal testing by Dr. James A. Miller ac The University
of Wiseonsin,  The reasons far this program ure described by M. & Newmaii,
1. MaeDaowell, an] 8. 8waminathan, J. Ocy. Chem., 24, 509 (1959), and by
L. CoMler and J. AL Miller, Cancer Res., 20, 133 (1260).

1) Thut rhe storie effece of a fass] aromuatic ring is similar in magnitede
b tha € of nethy] gronp hius heen painted ont previously in other connec-
i Sowing ML= Newnan and €0 DL MeCleary, J. A Chemn. Soc., 63,
U111 ey M. X Newnan and W AL Pawell, J. vy, Chem., 26, 812
S106T3 cand ved L Packer, D Vanghsw ol FoWime, /. Lo Che Soc., 80,
HOL C1IDAR

a3 G WL Danming amd ML R Claeds, /o Ngdonal Canceey Tust., 28, 387
10602, 1Ly 190 Vonllaang Ohin Seate University Pathology Deparimea
private coweanicatine This wark @s to he pablished in the neje foawe

The syntheses of the nsuned hydroearhons was effected by the steps ont-
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“This darn wiw taken from Table I of ref. 6a.

An example af tlis type of sterie effect is ilustrated
by certain properties of 4,5-dimethylacridine.®»  Thix
compound readily forms a salt with hydrogen chloride
but docs not interact with boron trifluoride®® which often

has stronger acidie properties than hydrogen chloride.
These facts show that the size of the reagent in question
is of great importance.  urthermore, 4,5-dimethylacri-
dine caused no irritation of the eyjes, nose, or skin, whereas
acridine is a very irrttating compound.  These facts show
that certain physiological effects can be blocked by the
type of steric hindrance deseribed above.

[ order to obtain more data about this type of
steric hindrance in the caneer field we decided to pre-
pare the unknown +4,5-dimethyl-1,2-benzanthracene
(VII) (6.8-dimethylbenz{alanthracene) so that its
carcinogenic activity could be tested” In a recent
letter, Huggins has reported the results of testing
4, 0-dimethyl-1,2-benzanthracene (VID), 3 G-di-
methyl-1,2-benzanthracenc® (3 9-dimethyvibens|a Jan-
thracene), and 17,9-dimethyl-1,2-benzanthracene (1,-
12-dimethylbenz [a Janthracene) by a rapid testing
method which will be deseribed independently by D
Hugging. The results were as follows.?  Seven rats

¢7) Dr. . V. Jlugeins, Ben May Laboratory for Cancer Research, Umy
versity of Chicaga, was the first to test V11, Tests are now being cneried
sat by DroJwwes A, Miller, MeAnle Memarial Laboratary, University of
Wisconsin, Dr. W, F. Danning, Caneer Rescarch Laboratory, Universicy of
AMinni, and v, B, VanHaam, The Ohic State University Depurtiaence of i
thalogy.

(81 Tie reasons for syntesis and esring ol vhese hydrocobons ane de
seribosd. Sew das AN Newnan, W 0 saear, and M, V. Gearge, J. cInc
Chem, S, 82, 2376 (10603 sl M. = Newrwaencand M.V, George, . Uryg,
Cheng.. 26, 4206 19615, Nove cef. T in 8.
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were injected intramuscularly, right and left legs,
with the compound dissolved in sesame oil, 5 mg. in
0.5 ml. of oil in each leg. After 142 days, sarcoma
had been detected in 5 of 7 rats injected with VII at
81, 92, 99, 110, and 117 days. No sarcoma was de-
tected in any of the rats (all alive after 142 days)
injected with the other two hydrocarbons.

Although comparable testing data with other methyl-
substituted 1,2-benzanthracenes are not vet available,
the activity of VII is apparent and lends support to
the steric hindrance hypothesis of cancer-producing
activity outlined above. It is hoped that further
testing will be initiated.

The application of this concept to other areas of
physiological activity is to be desired. This point is
illustrated as follows. Let us suppose that a drug
has two sites of activity, X and Y. Assume that in
the body reaction at center X is desirable and that re-
action at position Y is harmful, either because reaction
at Y leads to removal of the drug or to a detrimental
sequence of reactions. By using the steric hindrance
concept described above, it may be possible to decrease
the harmful reaction at Y without materially affecting
the beneficial reaction at X,

In this paper the synthesis of VII and of 4,510-
trimethyl-1,2-benzanthracene (VIII) by the route out-
lined below is described.
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The condensation of 3-methylphthalic anhydride
with 3-methyl-1-naphthylmagnesium bromide afforded
the acids IIT and IV in 53 and 149 yield.!! The mix-
ture of acids I1I and IV was separated by converting
it into the corresponding normal methy! ester mixture
by treating with diazomethane. Dissolution of these
esters in concentrated sulfuric acid followed by dilu-
tion with water afforded III as acid and IV as methyl
ester. A clean separation was thus effected.!? The

(10) 1f any reader of this article has a specific drug in mind which has
both desirable and undesirable effects, I would be happy to discuss coopera-
tion in which I might undertake the synthesis involved if suitable testing of
the resulting drug can be arranged. M. 8. Newman.

(11) Compare with the results obtained with m-xylylmagnesiion bromide
[M. 8. Newman and C. D. McCleary, J. Am. Chem. Soc., 63, 15342 (1941)]
wherein the ratio of comparable ketoacids was about 10:1.

(12) Por an explanation of the mechanisim upon which this separation is
based see ref. 3a.
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remaining steps proceeded without difficulty and de-
tails are described in the Experimental part, The fact
that the anthrone (VI) reacted with methyllithium to
vield as much as 389, of VIII was surprising in view
of the marked hindrance in VI. This reaction did not
proceed appreciably unless a large excess of methyl-

lithium was allowed to react for a relatively long time
(10 hr.).

Experimental ?

1-Bromo-3-methylnaphthalene,—1-Nitro-2-methylnaphtha-
tene'* was reduced to l-amino-2-methylnaphthalene, b.p. 141-
143° (5 mm.), with iron filings in aqueous ferrous sulfate,’ in
00% yield. Bromination of this amine was carried out as
described.'® Crude l-amino-4-bromo-2-methylnapthalene, m.p.
71-75° (30.0 g., 529% yield), was obtained by a Soxhlet extrac-
tion using 500 ml. of petroleum ether, b.p. 35-40°, Skellysolve F,
This amine was deaminated by a procediire involving hypophos-
phorous acid™ to yileld 1-bromo-3-methylnaphthalene, b.p.
141-145° (5 mm. ), in 589 vield.

3-Methylphthalic Anhydride.—A mixture of 140 g. of pure
maleic anhydride, 135 g. of {reshly distilted 2-methylfuran, and
0.2 g. of hydroquinone in 600 nil of dry ether wus heated untit
homogeneous and a mildly exothermic reaction bhegan. After
standing for 1 hr., stirring and cooling were initiated A total
of 205 g. (769;) of adduct, m.p. 83-85° after air drving, was
obtained in two crops. This material was added to 1 1, of con-
centrated sulfurie acid held at —10 to —15° during addition and
for 1 more hr. After coining to 5° during 2 more hr. the solution
was poured an ice. The crude product was collected and washed
with dilute sodiumn carbonate solution. Recrvstallization from
benzene-petroleum ether (b.p. 63-70°) afforded 70 g. (389;) of
3-methylphthalic anhydride,* m.p. 112-114°.

2-(3-Methyl-1-naphthoy!)-6-methylbenzoic Acid (III) and
2-(3-Methyl-1-naphthoyl)-3-methylbenzoic Acid (IV).—The
Grignard reagent prepared from 40 g of 1-bronio-3-methyl-
naphthalene in 100 ml. of ether and 20 ml of benzene was added
rapidly to a hot stirred solution of 33 g. of 3-methylphthalic
anhydride in 150 ml. of benzene. After 6 hr. of stirring at re-
flux the renction mixture was cooled and added ta cold dilute
hydrochloric acid. The entire acid portion (about 43 g.), iso-
lated in the usual way, was esterified with diazoniethane and this
ester nixture added to 500 g. of concentrated sulfuric acid held
at room temperature. After 2 lir. this solution was poured on
ice and separated into acid and nentral fractions in the usual
way. The acid fraction, m.p. 181-183°, amounted ta 29.1 g.
(83%). A pure sample of III, m.p. 182-183°, was obtained by
crystallization from toluene. The isameric acid (IV), nm.p. 215-
216°, was obtained from the neutral fraction as described below.

Anal.?® Caled. for CyxHiOs: C, 78.9; H, 5.3. Found for
II1: C,79.1; H,5.6. Found for IV: C,78.9: H,5.2.

The neutral fraction obtained as described above vielded 8.0
g. (14%) of the methyl ester of IV, m.p. 132.0-133.5°, on erystal-
lization from methanol. Alkaline hydrolysis vielded IV in al-
most quantitative yield.

Anal. Caled. for CyH50;: C, 79.2; H, 5.7.

Found: C,
79.2; H, 5.5.

(13) All melting points are uncorrected. Meliing points below 200° are

accurate to within 0.5°. Tlhe term, "worked up in the usual way,"' means
that an ether-benzene extract of the organic prodacts was washed with
water, dilute acid or base as needed, and saturated sodiom chloride solution,

and dried by filtration through a bed of anhydrous magnesium sulfate. The
solvent was then distilled or evaporated in a rotary evaporator.

(14) H. E. Fierz-Tlavid and E. Mannhart, Helr. Chim. Acfa, 20, 1024
(1937).

(14) This procedure, as applied by H. H. Hodson and D. E. Hathway,
J. Chem. Soc., 538 (1944), was superior to the reduction described in ref. 14.

(18) A. Fischer, W. J. Mitchell, G. 8. Ogilivie, J, Packer, J. E. Packer,
and J. Vaughan, ¢bid., 1426 (1958).

(17) N. Kornblum, Org. Reactions, 2, 294 (1944).

(18) We thank Dr. K. Greenlee for the directions for this preparation
which is comparable to that used in the synthesis of 3,68-dimethylphthalic
anhydride by M. 8. Newimnan and B. T. Lord, J. Awm. Chem. Soc., 66, 733
(1944).

(19) Analyses by Micro-Analysis Lab., Inc., Marshallton, Wilmington &,
Tlel.
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Proof of Structure of III and IV.—The structures of 1II and
IV were proved by decarboxylation and comparison of the re-
sulting ketones with authentic samples.? Because hath 3-
niethyl-1-naphthyl m-tolyl ketone and 3-methyl-1-naphthyt o-
tolyl ketone were liquids, comparison was effected by menns of
the 2,4-dinitrophenythydrazones. The 2,4-DNPH derivative
of the m-tolyl isomer, prepared by reactian of 3-methyl-1-
naphthylinugnesium bromide with m-tolunitrile, melted (alone
and niixed with the 2,4-TPNPH derivative »f the ketone formed
by decarboxylation of TIT) at 234-23G° dec., after recrystalli-
zatinn frnm benzene—isopropyt aleohal. The infrured speetra of
the Gwn gnnpleg were alsn identienl.  Sunibarly the 2 4-DNPH
derivitive of the o-tolylisomer, prepured by reaction of 3-methyl-
t-naphthylmagnesiuin bromide with o-tolunitrile, melted (ulane
and mixed with the ketone formed by decarboxylation of IV)
int 241i-248° dec., after reerystallization from benzene-isopropyl

aleohol. The infrared spectra af the two samples were also
identicul.
Anul, Caled. for C,,HaNyOy: C, H, 4.5; N, 12.7.

Found (for me-isomer): C, 68.1; H,
(foro-isomer): C,68.1; H, 4.5; N, 12.49,

2-(3-Methyl-1-naphthyl)methyl-6 methylbenzoic Acid (V).-
A mixture of 30 g. of zine dust activated with copper sulfate,
29.1 g. of IT1, and 709 ml. of 10%; sodium hydroxide salution wus
refluxed and stirred for 36 hr. The acid fraction, isolated by
the usnal menns, was erystallized from tohiene tin yield 27.4
2. (99%0) of V, mp1. 162-163°.

Anal, Culed. for CaHpO.:
S2.8; H, 6.2,

When « sonilar mixture was hented for 20 hr., 1 3247 yield of
the tartone of 2-(3-methyl-1-naphthyl)hydroxymethyl-6-methyl-
henzoie neld, m.p. 178-179°, was obtained in addition to 374

N, 128 TFouud

C, s2.8: H, 6.2 Found: ¢,

nf V.
Anal. Caled. for CypHO.: C, S3.4; H, 5.6, Found: C,
Si52s H,-).T

4,5-Dimethy!-9,10-dihydro-10-keto-1,2-benzanthracene (VI),
-A salation of 25,0 g. of V in 200 ml. of ;mhydrous hydrogen
fhuoride wagleft to evaporate overnight in « plastic narrow-month
bnttle,  After isolntion i the usual way (which included a

£20; Thedecarhoxylations and the syntheses of ketanes were varried ot
wsolegerihed for sindlar cases by M. 3. Newman nnd 1.
Chon, Sac., T8, 5004 (1956),

G, Rehearer, J. A

G. Vira, L. Mo,
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wishing with 109, sodiuin ecarbonate) there wag obtained 1.7
g {876y of VI, m.p. 103-106°.  Recrystallizatinn from benzene
and methanal afforded a pure snniple, m.p. 107--108%, with little
tass.  The infrared spectrum showed no hydroxyt absorption
and a strong ketonic band at 6.02 x (1660 e~

Anal. Caled. for CoHO: €, 88220 H. 5.4
§3.2; H, 6.0

4.,5- Dlmethyl—l,z-benzanthracene (VIL.--A well-stirred mix-
ture ui 10 g. of zine activated with copper sulfate solution, 3.0 g.
of VI, m.p. 103-106°, 20 ml. nf toluene, and 50 mlb of 10¢
sadium hydrmxide solution was heated at reflux for 36 hr. The
vellow volor of the initial mixture faded towards the end.  After
the nsunt work-np, the erude produet was purified by chronntog-
raphy over alumina using petrolenn ether-benzence s developing
salvent.  Finally, reerystallizaetion from benzene snd ethanel
afforded 2.2 g. (780 of colorless needleg, m.p. 138-139°.

Anel. Caled. tor CoHe: O 9370 H,) 630 Fomd:

Found: €,

.7 /N 1’{ 6.3,

Phe telnitrofluorene derivative,® nnp. 227-228°%, was pre-
pured in benzene and reervstallized from xylene.

Anal. Caled. i CeHxN,O:: C, 694; H, 5.7 N, 7.4

Found: C,60.0: H,3.7; N, 0.7

4,5,10- Tnmethyl-l 2- benzanthracene (VIID),—Methytithinm
prepared from 23 g. uf methyl iodide nnd excess lithiim in 75
ml. of ether wis foreed under nitrogen into a sohition of 3.2 g.
of VI in 75 ml. of pure dry benzene.  After refluxing for 10 hr.
the mixture was poured on dilute hydrochlorie ncid and the nr-
gnnie product was isolated s asual.  After chromatographiy aver
atuminge g for VIT there was wolated a pale yellow il which
afinrded 1.2 20 038000 of VITL on ervstallization from ethannl,
When first obtained i form, nep. 87=8%°, was jsolited.  This
piived to he U low-melting polymorphie for, s o forn of VITL,
nLp. JUS-HIGS, was kater obtained.

Anal. Cabed. for Couthe Coasct; H, 6.7
H. 6.8

The rinitrofinorenone lerivative, aep. 232-204°% wasg nh-
tained inoand reerystallized Trom benzene contiuining aboat 24,
excess VIIL,

Anal. Culed. for CyH,
Fownl: C. 695 H, 580 N,

Fomud: ) 954

)
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Synthesis of N°,N’-Bis(2-chloroethyl)-DL-lysine

G. Vrra, L.

Moy,

axp R, AverLucer

Carlo Erba Therapeutic Resewrch Institute, Mdan, [tuly

Received Sanwary 27, 196

The synthesis of N N®-bis(2-chlomethyl)-pi-lysine, nsing classical procedures, 1s deseribed.
material, 3-(4-hydroxyvbutyl)-3-benzylhydantoin, was eonverted to the d-(4-hromobutyl) derivative.

The starting
By rewc-

tion of this with diethanolainine, hydrolytic ring apening, N*-benzoylation, esterificatian, chlorination, and hy-

drolysis, N8 N8-bis(2-chloroethyl)-pL-lysine was obtained as the hydrochloride.

The free base was obtained from

this. A method has been studied (which could be extended to ather amino acids) for the purification of the

intermediate and final products through their precipitation as reineckates.

The free intermediates and mnino

acids were obtained from their reineckates by 11se of a cation-exchange resin,

As a vesult of the studies by Lartonov'and Bergel? the
investigation of amino acids as precursors of possible
antitumor agents, has attracted the attention of numer-
ous research workers.*™ A number of N-substituted

(1) (a) L. ¥, Larionov, "*Malignant Tumors,” Vol. 1, Part 2, N. N,
Petrov, Ed., Leningrad, 1948, p. 149; (b) L. F. Larionov, A. 8, Khokhlov,
B. N. Shkodinskaia, O. 8, Vasina, V. I. Trusheikina, and A. M. Novikova,
Lanvet, 269, 169 (1935).

(2) F, Bergel and J. A. Stock, J. Chem. Soc., 2409 (1954).

(3) J. L. Everett, J. J. Roberts, and W. C. J. Ross, ibid., 2386 (1933).

(4) A, P. Martinez, W. A, Skinner, W. W, Lee, L. Goodman, and B. R.
Baker, J. Am. Chem. Soc., 82, 6050 (1960).

(" G. E. McCasland, R. Horvat, J. Korntved, and A. Furst,
Chem., 23, 1768 (1958).

J. Org.

bis(2-chloroethyl)amino acids were synthesized and
subjected to biological testing. In particular, the syu-
thesis of N¢Nt-bis(2-chloroethyl)-pr-lysine was sug-
gested,® and a first hint on the preparation of this coni-
pound was given by Ishidate.” From Ishidate's work
it appears that the lysine derivative was isolated as an
impure double salt of picrylsulfonic and hydrochloric
acids. Larionov® then reported on the antitumor

(68) G. E. Lewis, fept. Bvit. Finp. Cancer Campaign, 83, 435 (14114},

(7) M. Ishidate, Y, Sakurai, nud I. Aiko, Chem, Pharm. Bull. (Tokyu), 8
732 (1960).

(8} L. F. Larionovand 1. G. Spueskaia, Vepr, Onkol., T, No. 11,
Chem, Absti., 56, 13,512 (1462).
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