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INT RCDUCTION

A gtudy of the chemistry of cancer will reveal that
~thig malignancy can be caused by a wide variety of chemical
agents, Similarly the compounds which have shown some
promise in 1nhiblting the growth of cancer are also qulte
varled in structure. Among the compounds which have received
~attention, elther as inhlbitors or promoters of this growth,
fare those derived from the 1,2-diphenylethane structure,
yﬁhe various modifications of this nucleus have led to com-

: péanda which may be classifled mére speclflcally as alph&-,
slpha'-dlalkyl stilbenes, 1,2ydiphenylethylamines, alpha~
dialkylaminodesoxybenzoins, and alpha-dlalkylaminomethyl-

- desoxybenzoins, Reductlion of the carbonyl group of the
‘deséxybenzoins hag also led to compounds of physiologlcal
interest. Despite the fact that the publication of the
results of eXperiments with test animals has been delayed
in the case of some of these compounds, the preparation
and evaluation of closely analogous compounds should be
of interest. |

| A series of derivatives of stilbene (I, R = R' = H)

O
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2.

‘hag been prepared (1) for testing as possible carcinogehic

agentse. The carclinogenlic activity of one member of the

,Series (I, R = ethyl, R* = sec-~butyl) has been reported (2,3),

A
/

/

After each of two groups of twenty five mice had been.:
psinted twice weekly with a 0,.3% solution of the compound

1

in benzene, one tumor was develgped in one of the surviving
members of each group. Seve n of the first group survived
~after twelve months; thirteen of the second group ( albinos)
survived after fifteen months treatment. Both tumors were
malignant and when portions of that from the albino were
transplanted to ten other mice, five of the latte r de-
veloped identical tumors after a two months period, Cne
eéxplanation proposed for the carcinogenlc activity of this
compound is its close simllarity to benzpyrene (II) which
1g well known to be & very active carcinogen, '

The structures of some of the cémpounda which have
’ ‘b‘a@n synthesized in the search for tumor inhibiting agents
‘ara shown on the next page, Compounds III, IV, VII, and
VIII are reported to ghow some inhibiting effect on the
grbwth of tumors (4,$). Although the syntheses of compounds
'V and IX have appesred (6,7), results of tests with these
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compounds are as yet unpublished., Compounds of etructure

P VI are reported to show no activity against tumors (8).

OB Ol ST
R</ Ha <j>c‘!<,_

-/
N /CH.;CH‘. \

IX
The hydrocarbon, acenaphthene (X), bears a strong
S8tructural similarity to 1,2-diphenylethane in that both
ends of the aliphatic chain are substituted by an aromatic
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nucleus. Because of this similarity, this hydrocarbon
might well prove to be an appropriate starting point for

~ the synthesis of compounds analogous to those of carcino-

geni€ interest in the 1, 2-diphenwlethane series. However,
befere such a program 1is begun, 1t would be pertinent to
~examine the effect, if any, which acenaphthene has on the
Production of cancer.,

Acenaphthene itself apparently 1s incepable of
producing cancer (9); in fact some experimenters have
found that it inhibits siightly the growth of tumors (10)
or produces irregular results in their growth (11). However,
~the acenaphthene nucleus l1ls present in several carcinogenic

polynucleaer hydrocarbons, e.g. XI, XII, XIII (12,13).

The effect of acenaphthene on plant 1life is well

~ documented (14-21). It induces polyploidiem, i.e., causes

. the chromosome number to be a multiple of that of the

i untreated cell. Thls action is described as being similar
to the production of cancer in animals (14). Thus it might

be concluded that if acenaphthene itself is non-carclno-
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genic, some of its derivatives may be active carclnogens,
while others may be able to inhibit the growth of tumors.
We therefore believe that a series of compounds of the

structures XIV-XVII would be of interest in the chemistry

of cancer. The potential carcinogens are represented by

XIV where R may be the same or different from R' since

there are contrasting opinions (22,23) concerning the in-
fluence of symmetry on carcinogenlc activity., Compounds

XV and XVI are also of inferest in the chemistry of local

énestheties.

R R

0 | ~ NHCOzEF
2 /\/'\
00 0

XVI XVII
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PROCEDURE AND DISCUSSION

In the introduction we have shown that gseveral
tyyaa of compounds derived from acenaphthene may be of
possible intarsss ‘in the chemistry of cancer. In an

~aftempt to outline possible modes of prap&»&tién of these

~ compounds, we have first examined the methods through which
"‘ﬁha apalogous compounds derived from 1, 2~m.;:inmymemm¢
‘ ﬁara prepared. From such an examinatlon and from a search

~ ®f the literature on the chemistry of acenaphthene, we
 fhmve tried to determine the applicablility of previous
'Lﬁ&ﬁ#haaes to the ones we now propose. |
| The preparation of the potential carcinogens, the
alpha, alpha'«dlalkylgtilbenes, was accomplished by the

series of resctions shown in Flow Sheet I (1).

Flow Sheet I
O I = L8
R R R@R MGX

R a ¢__u<j> HCGCBH o
~C=C -
e /< -G ?O

The various potential anti-carcinogens were pPIréw

pared as outlined on Flow Sheets II.IV,
It may be seen from these flow ghsets that in order

|
/
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| tc conduct an analogous serles of preparations with acenaph-
Vtheng, the intermediates needed are acenaphthenone, an
 alpha-haloacenaphthenone, and l-aminoacenaphthene (I-III),
‘ Flow Sheet II (5) ' '

oCl
e R"N“@ D>

Flow Sheet III (5)
“@1, HBR

QLoD
i R NH*HER

Flow Sheet IV (6)

NHCO. E+

STV I

&> o &

The chemistry of acenaphthene has been reviewed

through 1936 in Elsevier's Encyclopedia of Organic c’hemiatry,
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Volume 13, Chemical Abstracts was consulted for work
“subsequent to that reviewed in Elsevier,

| Each of the compounds I-III has been @escrlbed
“previously in the literature, Acenaphthenone (I) has been
prepared by Fieser and Cason (24,25) as shown on Flow
S8heet V. Although 2-chloroacenaphthenone has not been
| Flow Sheet V

Pb (OAc),

Gegcribed in the literature, the 2-bromo derivative was

Prepared by Graebe (26J from equal molar amounts of bromine

and acenaphthenone in carbon disulfide, l-Amlinoacenaph-
 thene has been prepared (27), although in only moderate

"yield, by reduction of the oxime of acenaphthenone. Thus

we ha#e available each of the intermediates necessary

to perform the desired series of reactions. These reactions

are outlined in the flow sheet on the followlng page.
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The literature on the chemlstry of acenaphthene

gave little additionaiAinsight on the probabllity of the

B proposed courses of reactlon. No alkylation of acenaphthe-
knone has béen recorded, The Grignard reaction has been
performed on acenaphthenone (2%, 27, 28) and on 2-phenyl-
‘acenaphthenone (prepared by cyclizatlon procedures) (29, 30)
(31). Esch of the workers on the Grignard reactlon reported
a very faclile dehydration to the olefin, Neither the
preparation of the urethane, the reactlon of 2-bromoace-

’,naphthenone with amines, nor the Mannich reaction with
acenaphthenone have been reported, However, acenaphthenone
has been reported to condense with formaldehyde tp give
2-hydroxymethylacenaphthenone (32)e

~Attempted Preparation of Dialkylacenaphthylenes

Our attempts to alkylate acenaphthenone have met
With failure due to the ease with which acenaphthenone
‘Condenses with 1tself in the presence of base to form

biacenone (26).After the fallure of the alkylation

ey

Bliacenone
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reaction using sodamlde, we attempted the reaction uslng
the godium salt of t-amyl alcohol as the basic congtitu-

' ent. This reagent has been used with success in the alky-
latlon of ketones which condense readily (33). Despite
our use of this reagent, blacenone was isolated as the
only product of this reaction. Therefore we have concluded
that the rate of the condensation reaction is much faster
_than that in which the anlion of the ketone is formed. The

‘,condensation reaction goes to completion since a molecule

of water 1s lost irreverslbly in the process.
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In another approach to the alkylatlon reaction,
we have tried to introduce a carbethoxy group in the desired
positlon before the introduction of the alkyl group. In
one procedure (34) the ethyl oxalyl group was introduced
first by means of sodium ethoxide and dlethyl oxalate;
the ethyl oxalyl group was then converted to the carbethoxy
 group. by pyrolysis. By this method we were able to prepare
8 reddish olil which was not isolated, but which on pyroly-
gis did not yleld the alpha-carbethoxy ketone. An attempt
by an established procedure (35) to add the carbethoxy
group directly ylelded only blacenone. The almost instan-
taneous formation of blacenone in this reaction, which 1is
conducted in an excess of dlethyl carbonate, i1llustrates
 the ease with which acenaphthenone condenses with itself.
The formatlon of the dimer to some extent could be expected
since it has been shown that carbethoxyiation is a reversi.

ble reaction in the presence of sodium ethoxide (36) d.

~ # In a work (Duthle and Plant; J. Chem. Soc. 1952, 1899)
which appeared after the completion of our experiments in
this direction, the authors reported results similar to

" ours. They lsolated the first product after the introductio n
of the ethyl oxalyl group and characterized 1t, In addition

they found that formylation was unsuccessful and led only

to blacenone.
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The third approach to the synthesls of the alpha.

- alkyl acenaphthenones was the attempted cyclizatlon of a

group of alpha-(l-naphthyl)-alpha-alkylacetic acids (34).
‘These aclds were prepared by a somewhat long procedure

shown on the following flow sheet,

B AVA N |
| \A/ L —
C10H7CHL O oHg S Janns C10H7CHLN
¥

C310H7CH(COCC oHs) -  C10H7CH(COXC gH5) 2
C 0C 00C oHg \y

C10H7C (R) (COOH) ) é"‘""‘ 010H7C (R) (GOOC 2}15) P
N CH(R)COOH
AN

A/

There have been several cycllizations of l-naphthyl-
, '   acetlc acids reported in the literature (37,30, 38,39)

~although the ylelds were only moderately good. A study (40)
of the cyclization of l-naphthylacetyl chloride in various
golvents with aluminum chloride reported the highest yleld
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to be 40% in benzene or chlorobenzene. The difficulty in
$his cyclization may be attributed to the fact that the
'aliphatic bond resulting from this reaction, i.e. the
~1,2-bond in the acenaphthene structure, is stretched
conglderably beyond the normal carbon-carbon bond dlistance
",to a length of 1.8 Angstrom units (41). A very recent work
~-shows that the introduction of a gecond five-membered ring
in the five-gix positions of acenaphthene occurs only when
the molecule is partially hydrogenated. (42).

We have attempted the cyclizatlon of the l-methyl-
and the l-ethyl-l-naphthylacetlic aclids wlthout success.
’The procedures we used were those involving aluminum chlorlde
thionyl chloride, anhydrous hydrogen fluoride, stannic
,chlofide-thlonyl chloride, and stannlic chloride-phosphorus
 Péntach1oride. In those cases in which & solvent was used

~  Benzene was always selected., From each of the reactlons
only a small amount of base-insoluble materlal was lsolated.,
It was usually obtained as an oil although it was sometimes
caused to solidify., We were unable to obtain a posltive
ketone test with 2,4-dinitrophenylhydrazine, nor were any
of these materials volatile in gteam as is acenaphthenone.

However, in view of the fact that other cyclizations have

 been recorded, we feel that further work along this line

may be profitable.
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Attempted Preparation of alpha-Amino Acenaphthenones

We have met with 1little success in our attempts to
~ prepare a serie s of alpha-amino ketones from acenaphthenone.
Buccessful large scale preparations of the intermediate,
2-bromoacenaphthenone, were made, although in diethyl ether
rather than in carbon disulfide which was used in the first
:praparation of this compound (26). Desoxybenzoin has also
been brominated in ether (43),

The reaction of 2-bromoacenaphthenone with secondary
amines, with the possible exception of morpholine, leads
almost exclusively to the formation of biacenedione, a
dimer described earlier (26’ as belng formed by the action
of alkall on a-bromoacenaph;henone or by the partial

oxidation of acenaphthenone, Thlis reaction occwrred 1ln

\§§ V4 Y
Blacenedlione

o l“" toluene or acetone solution, in the cold or at reflux

_:temperature, or in the absence of solvent other than excess

 amlne. A similar reaction seems not to have been recorded
- with desyl chloride.

The formatlion of this dimer in the reaction mixture

1s particularly disadvantageous since it not only decreases
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| the amount of amino ketone formed, but also makes more
d1fficult the isolation of that which is formed. Because
two moles of amline are required for complete reaction in
the following scheme, each mole of blacenedione formed
leaves as a contaminant two unreacted moles of secondary

amine, The separation of the salts of the amino Xetone

Q

and of the gecondary amine is somewhat difficult since
they exhibit similar solubillities. Analysis of the product
of the reaction in which morpholine was used indicated
that this product was a mixture of the two salts with that
‘0of the amino ketone predominating. It was not conéidered
advisable to attempt an isolation of the amino ketones

as free bases since the oxidation of alpha-amino ketones

has been promoted in the presence of base (uli),

The Mannich Reactlon

. S—

The Mannich reaction has been reviewed by Blicke (U5),
- The essential components are a compound contalning a
n hydrogen of marked reactivity, formaldehyde, and an amine

usually as the hydrochloride or hydrobromide. Ketones
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containing a hydrogen on an alpha carbon are probably
- the most common source of the active hydrogen compound,
‘varmaldehyde may be employed either as an agqueous solution
 ér as paraformaldehyde, Many amines have been used in this
. reaction although there are gseveral which are saié@ not
to react. Ethyl alcohol is the solvent used most commonly,
although 1so-amyl alcohol has been used when & higher
 react1on temperature was desired. The reaction results
o 13 the substitution of an amlinomethyl group for the active
j:;hydrogen atom,
Desoxybenzoin has been shown to react with morpho-
| ~ line hydrobromide, paraformaldehyde, and ethanol to form
alpha-phenyl, alpha-(N-morpholinylmethyl)-methyl phenyl
'ketone. |
We have not as yet found the optimum conditions
for the Mannich reaction wlith acenaphthenone. We have
. eonducted a series of experiments ln which we have varied
 the length of the reaction, the solvent, the aminesg and
their salts, and the nature of the formaldehyde. These
experiments are summarized in the experimental portlion
"of this paper,
o Often we were able to 1solate only secondary amine
‘77 ;f?alts as the ether-insoluble products of thls reaction,
. i.e. the materials which should be elther the Mannich
product or unchanged secondary amine salt. In other cases

‘thig ether-insoluble material was not the starting material
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;but was an amorphous, resinous solid which was high-
- melting and which was very insoluble in the common sol-
;vente. When 1t was possible to obtain solution in the
:higher boiling solvents such ag glaclial acetlc acld ok
dimethyl formemide, the material seemed to decompose with
the formation of intractable resins, @he one encouraglng
| - Teature in thils serles of reactions is that the melting
'points of the crude materials differed when different
"secendary amine salts were used. Therefore these materlals
ére neither the hydroxymethyl compound formed by the
addition to formaldehyde only, nor are they polymers of
‘the olefin formed when Mannich products are pyrolyzed.
It 1s for these reasons that we believe that further
experiments on this reaction will lead to the preparation
of Mannich products from acenaphthenone in a characterizaeble

-~ gtate.

Preparation of Ethyl N-(1-Acenaphthenyl)-carbamate

The preparation of the urethane from l-amlnoace-
 naphthene and ethyl chlorocarbonate occasioned little
difficulty. The amine was prepared according to a publlished
procedure (27) by reduction of the oxime of acenaphthenone.
”Siﬁce the free amine is rather difficult to obtaln pure,

& golution was prepared by neutralizing an aqueous solution

‘of the amine hydrochloride with sodium hydroxide and then
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extraeting the smmine with ether. The ethereal solution
- was dried over sodium sulfate, Addition of equal molar
~amounts of pyridine and ethyl chlorocarbonate to the cold
solution caused the precipitation of pyridine hydrochloride.
After flltration the urethane was 1solated by evaporating

the solvent. The urethane was recrystallized from ethanol,

Other Reactiong

An attempt to apply the Voigt reaction to the
unknown 2-hydroxyacenaphthenone led us to develop another
: ﬁrocedure for the preparation of 2-acetoxyacenaphthenone,
a compound which has been described Dy Criegee and Klonk
(46) who prepared it by the action of lead tetraacetate on
_acenaphthenone. The yleld in this reaction was rather low
» (18%); The action of lead tetraacetate on ketones has been
described by Waters (U47) as a rapid, but not very specific,
reaction, In an attempt to improve the yield of this pro-
 auct, we applied the method which Barnes and Tulane (k4g)

‘; ugsed on desyl bromlde, They treated the alpha-bromo ketone
_With potasslum acetate in glacial acetlic acld to obtain
;bénzoin acetate in nearly quantitative yleld. Although our
yield (55%) is not so good as that obtained with desyl
:bromide, 1t nevertheless represents an improvement over
the previous method. The chlef factor which dlmlnishes
the yleld is the formatlon of blacenedlone, formed previously
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by the action of other bases on 2-bromoacenaphthenone.
The baglic hydrolysis of 2-acetoxyacenaphthenone
- to 2-hydroxyacenaphthenone proved to be more difficult
| than was expected., Criegee and Klonk (46) have described
,~the formation of molecular complexes of one molecule of
an alpha-hydroxy ketone and one molecule of an alpha-
diketone when the ester of the alpha-hydroxy ketone is
~ hydrolyzed with base, the alpha-hydroxy ketone belng
‘;éusceptible to oxidation by molecular oxygen under alkallne
  ¢ond1t1ons (44), This reaction apparently occurs in the
!ﬁydrolysis of 2-acetoxyacenaphthenone since we were able
fb isolate the alpha-dlketone, acenaphthenequinone, from
 the reaction mixture. Hydrolysis of the acetoxy ketone
~ in acidic media led to tar formation.
| When the basic hydrolysis was conducted in the
. presence off sodium hydrosulfite, a colorless, crystalline
 prec1pitate was obtained by recrystallization of the
Jhydrolysis product from glacial acetlc acid, Its analysls,
however, 4id not agree with that calculated for 2-hydroxy-
" acenaphthenone but rather gave an empirical formula of
~ C3pH70. Its high melting point (2652, uncorr.) suggested
that the molecular formula might be CoyHi4O2. This is the
~ formula of the sodium hydrosulfite reduction product of
‘bilacenedione, 2,2'-bilacenaphthenyl-1,1'~dione (49) which
has a corrected melting point of 258° and is also colorless

and may be recrystallized from glaclal acetlic aclid. Cwr
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‘hydrolysis product was therefore assigned the structure

as shown below.,
/\H‘ﬁg\
N\ ¥ (3€J-‘§ Y

2, 2t.Biacenaphthenyl-1,1'-dione

o Since we had not prepared 2-hydroxyacenaphthenone,
. We ocould not attempt the Voigt reaction under the conditions
~deseribed by Lutz et.al. (5). They have also used an
alternate method (50) in which the alpha-hydroxy ketone
‘ ~and the primary amine are heated togetheﬁ in benzene and
J 'the water formed in the reaction is removed by azeotrople
kdiatillation. We have applled the latter reaction to
 2~acetoxyacenaphthenone, using two moles of benzylamine
g0 that the ester could be cleaved in the same reaction
and‘perhaps eliminate the necessity of isolating the alpha-
_ hydroxy ketone., Slightly more than the theoretical amount
of water was collected in this experiment, indicating that
' ~there was also some reaction at the ketone function; the
latter reaction has been shown to occur when aromatic
amines are used, Analysis of the product of our reaction
’iﬁaicated it to be a mixture of approximately 50% of the
~aminoketone and 50% of benzylamine (as hydrochlorides)..
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Comparison of the Reactlons of Desoxybenzoln and of

‘Acenaggthenong

The following summary, complled from the literature
and from our experience, 1ists the similarities and the
- differences in the reactions of desoxybenzoin and acenaph-
thenone and their derivatives in a group of reactlons

pertinent to thls research problem.

A. Reactions whose results show the sgimilarities

of the two compounds

1. Bromination. The bromlnation of the

~ia1pha position of hoth compounds proceeds smoothly in
~ ether solution. _
‘ 2. Conversgion of the alpha-bromo kegtone
to the alpha-acetoxy ketone. Both ketones may be converted
ﬁo the alpha-acetoxy ketone by potaeslum acetate in glaclal
~acetic acid solution although with acenaphthenone the yield
1s lower because of the formation of biacenedione.

3., Dehydration of the alcoholg derived

through the Grignard reaction. The tertiary alcohols
‘,'résulting4from a Grignard reaction with desoxybenzoln
L’or with acenaphthenone are eaglly dehydrated to olefins
- when & hydrogen atom is available on an adjacent carbon
aton,

4, Preparation of & urethane from l.amino-

acenaphthene and from 1, 2-diphenylethylemine, Both of the
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‘amines react smoothly with ethyl chloroformate to form

& urethane.

B. Reactions in which acenaphthenéne differs from

 desoxybenzoin.
1. Alkylation. Although desoxybenzoin has

been alkylated afte r the formation of a sodium salt with
~sodium amlde, the use of this and other baslc reagents
~_With acenaphthenone leads almost entirely to the formation

of biacenone,

2. Mannich reaction. Although desoxybenzoin

 f_,uﬁaergoes the Mannlch reaction wlith formaldehyde and
”7 seaondary amine salts, acenaphthenone under a wide variety
af:conditions either falls to react at all or else gives
Yery 1nsoiub1e, resinous products,
3, Conversion of an alpha-halo ketone to
- an alpha-amino ketone. Alpha-chlorodesoxybenzoin has been
‘ greacted with a varlety of secondary amines to form alpha.
amino ketones, With alpha-bromoacenaphthencne, however,
reaction with amines leads almost exclusively to the for-
~ mation of blacenedlione.

4, Hydrolysis of the alpha-acetoxy ketone.

-;kzhe hydrolysis of benzoln acetate is sald to proceed almost
k-7 qnant1tat1ve1y. With alpha-acetoxy acenaphthenone oxidatlon

~ to acenaphthenequinone occurs under the conditions which
were succesaful with benzoin acetate, With alkali and

sodium hydrosulfite the reductlon product of blacenedione
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He VOlgt reaction. The reaction of benzoln

‘and a primary amine in the presence of phosphorus pentoxide

~to form an alphe-amino ketone proceeds in moderate yleld,

‘The reactlion also occurs when & solution of the reactants

is azeotropically distilled., When a variatlon of the latter
‘, react1on was tried with 2-acetoxyacenaphthenone, the product

~ dbta1ned indicated that the reaction occurred to a lesser

éxtentvthan with benzoin,
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EXPERIMENTAL

‘A, Attempted preparation of 2-dialkylaminoacenaphthenons

hydrochloride
| 1. Acenaphthene was secured from the Reilly Tar and

Chemical Company and was used without further purification.
2. Acenaphthenol acetate was prepared according to

Casgon (25). ,
3, Acenaphthenol was prepared according to Cason (25),

4, Acenaphthenone was peepared according to Fieser

and Cagon (2U4),
5. 2=Bromoacenaphthenone (26) was prepared in the
_ followling manner: ,
To & suspension of 33.6 g. (0.2 moles) of
. @cenaphthenone in 250 ml, of dry ether at room temperature
" was added in & slow, steady stream a solution of 33.6 g.
(0.21 moles) of bromine in 25 ml, of dry ether. The sus-
pension was stirred vigorousgly throughout the addition
- :iand external cooling was sometimes needed to control the
~ v1gor of the reaction, The acenaphthenone dlgsolved almost
’immediately with the formation of & nearly colorless
- polution, Precipitation of 2-bromoacenaphthenone began a
few minutes after the addition of bromine wag complete.
the mixture was stirred for one hour at room temperature

and then one hour at 0% The product was collected by
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suctlon flltration, washed with a little cold, dry ether,
~and dried in alr. This material was used for subsequent
 preparations. The average yleld was 70%. & sample recrys-
 tallized from ligroin (b.p. 90%-120°) melted at 112°.
-From the mother liquors could be recovered aboﬁt ten
"grams off & less pure material whlch was always converted

to 2-acetoxyacenaphthenone without purification,

6. The preparation of the 2-dlalkylaminoacenaph-

'thenone hydrochlorides was attempted via the followlng

procedures:
| Procedure A. To a solution of 12.35 g.
(0.050 moles) of 2-bromoacenaphthenone dissolved in 150
ml., of dry toluene at room temperature was added 0,10
moles of amine, The solution became dark and precipitated
.8 mizture of the secondary amine hydrobromide and blacene-
dione, The reaction mixtures were permitted to stand for
two hours and were then diluted with 50 ml, of dry ether.
‘The s01id products were collected by suction filtration,
’Acidification of the filtrate with an ethereal solution
~0f hydrogen chloride precipitated the soluble basic products
 ,0f the reaction, Thesgse were collected by suctlion filtration
_and recrystallized from a 50% mixture of glacial acetlc
'aéid and iso-propyl ether, Biacenedlone, which is water
insoluble, was isolated from its mixture with amine hydro-
bromide precipitated from the origlnal reactlon mlxture

by dissolving the amine hydrobromide in hot water. The
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results of thls serles of reactlons are summarized in Table
I.
Procedure B. This procedure is patterned
- after that of Lutz et. al., (5). The results of this series
of reactlons are summarized in Table II.
To 6.18 g. (0.025 moles) of 2-bromoacenaphthenone
contalned in & 50 ml, Erlenmeyer flask were added 0,075
moles of secondary amine at room temperature except as
inﬂicated in the table. After standing from one to three
. hours, the mixtures were triturated with ether and then
‘with water. The ether layers were washed with water after
filtration from the blacenedione formed in the reaction,
- The ether extracts were dried over sodium sulfate, filtered,
‘aﬁd acidified with an ethereal solution of hydrogen chlo-
~,ride. The sollid products were recrystalllzed by dlssolving
them in hot ethanol, clarifying the solution with charcoal,
filtering, and preclipitating with dry iso-propyl ether.
Procedure C. To a solution of 12.35 g.
(0.050 moles) of 2-bromoacenaphthenone in 200 ml, of dry,
bolling acetone wasg added dropwise 0.10 moles of secondary
amine in 25 ml,., of acetone. After one half hour the solution
 was concentrated to 50 ml., and 100 ml. of iso-propyl ether
 , wag added. After the solution had cooled, the precipltated
;f} émine hydrobromide and blacenedione were collected by
- . suctlon filtration. The filtrate was treated with dry
'AVQZQQ‘hyérogen,chloride and the precipitate was collected, In
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+t2RRINH —> + RRINHBR
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- R _R'NH ()
structure wt;_gged} (1) (2) welght m,p. °C
diethylamine 7+31 E. 12.85 g. 5.65 g. 4,90 g. 23%0-2
piperidine 8.52 g.  10.6 g. 2.3 g. 9.0 g.  241-2 ()
morpholine 8.71 g. 7.95 g. trace 12.55 g. 193-4 (4)
dimethylamine 5.0 g.(5) 8&.65 g. 1.70 g. 2,1 g. 270 (4)
dicyclohexylamine 18,1 g. 11.3 g.’ trace 1.3 g, 334 (W)
diethanolamine 10.5 g. oil 6.5 g. —— —

(1) weight of solid precipitated from reaction solution

(2) weight of blacenedione isolated

(3) golids precipitated from reaction solution with dry hydrogen chloride

(4) recrystallized from glacial acetic acid and 1so-propyl ether

(5) 13.7 g. of 2-bromoacenaphthenone used

n
(61
.



 Table II
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“Wt. of amine wt. blacene aaggéketone/hyaroghlefias ;
amine used dione found W, MeDe remarks

piperidine 6.38 g. 4,65 g. 0.14 g. oh1-245 (1)
morpholine 6.5% g. 4,27 g. 0.56 g. 200 4. (1)
diethylamine 5.48 g. 3.6 g. ——— 225227 (1,2)
d1iethanolamine 7.9 g. 4,85 g. oll L (3)
ethyl ethanolamine 6.68 g. L U5 g. oil s eainae (6)
phenyl ethanolamine 10.3 g. —— oil — (u)
dicyclohexylamine 13.6 g. ————— Lo33 g. F 310 (5)

(1) Mixture becams very warm; cooling necessary

(2) Explosive when confined

(3) Warmed on the steam plate for a few minutes

(4) no biacenedione isolated

(5) Mixture solidified and was dlfficult to dissolve

(6) Ethyl ethanolamine courtesy the Carbide and Carbon Chemicals Company

Ny
0
.
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~those cases when the precipitate was olly, it was digested
‘with 100 ml. of dry ethanol to induce crystallization.
’The mother liquors were concentrated to obtain additlional
product. The total sollids obtained after the hydrogen
chloride treatment were recrystalllized byvdissolving them
 in ethanol, clarifying the hot solutions with charcoal,
ﬁfilterihg, and adding iso-propyl ether to the filtrate
'until precipitation begah. The regults of this series
of reactions are summarized in Table III.
Table IV summarizes the analytical data en the

products of the reactions described above.

B. Mannich reactiggg
The following paragraphs describe the general
procedures followed in our attempts to perform the Mannich
reaction with acenaphthenone. Table V should be consulted
yr_fcr the detalls of the reactlions, 1. e., the reactants,
their proportions, the solvent, the time of reaction, and
the melting points of the materials lsolated.,
Procedure A. A mixture of acenaphthenone, formalde-
‘~fhyﬁe, and secondary amine salt was dissolved in the solvent
‘I€ and then refluxed for the desired perlod, Mineral acld was
~added when paraformaldehyde was used in order to aid in
" %he depolymerization of this reagent. A gummy precipitate
"was often visible in the reactlon mixture. After the reac-

~ tion had proceeded for the desired length of time, the
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Table IV

”f'Anaiytiégi,naea — Preparation of Amino xetéﬁefﬂ3arachleriae§‘
7 M.ps 8MIN0~  H.p. aminev , 1yses (%)
Amine Procedure ketone hydro- hydrochlo- m
chloride (1) ride ( 2) (1) (2 _  Found
Piperidine A gl-2 " “237 @, T 0T77.3 W95 4,94
H 6,82 9.8 9.96
N 5.30 11,5 11.35
Morpholine A, C 195-6. 175 C 72.2 38,9 65.73
H 6,02 8.1 5.90
N 5.26 11.3 4,72
Dicyclohexylamine c 334 300-15 C 75.0 66.0 65,74
H 7.81  11.0 11,24
N 3.65  6.42 6. 41
Dimethylamine A 270 170-1 C 67.7 29.14 72.72
H 5.65 9.8 3,86
N 5.65 17.2 0.0
Ethyl ethanolamine C ol1-3 170 C 65.8 38.3 85.11 .
H 6,16 9.55 4,34 o

N 4,79 11.2 0.0
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 mixturea were diluted with acetone or ether, washed with
  a‘sma11 amount of water to remove unchanged secondary amine
 sa1ts, and then recrystallization of the gummy‘produccs
. was attempted, These products were nearly insoluble in
‘alcohol and the use of higher-bolling solvents such as
glacial acetlic acid or dimethylformamide led to increased
 gum formation., Melting polnts of the resulting products
~were taken and recorded 1f a definite range was observed.
 8ome of the materials exhlbited some solubility in chloro-
form, but dilution of these solutlons with alcohol, acetone,
‘ér“ether falled to give a crystallline product,
Procedure B. A mixture of 0,050 moles of acenaph.
~ thenone, 0.10 moles of paraformaldehyde, and 0.050 moles
"6f'secondary amine hydrobromide was refluxed with 2% ml,
 of concentrated hydrobromic acid in 50 ml. of absolute
Vethanol. After four hours reflux one gram of paraformal-
dehyde was added and this addition was repeated after
:?‘Peightwheurs reflux. The mixtures were refluxed for a

';thta1~¢f 2124 hours and then were diluted with 200 ml.

f“i‘ief hot acetone, Only the reaction with dicyclohexylamine
k~hydrobrom1da gave an appreciable amount of precipltate

n cooling. This precipitate proved to be unreacted dlcy-
“,:;ciohexylamine~hyﬂrobromide. After riltration from any
precipitate which had formed on cooling, the solutions

V‘wére concentrated and diluted with ether. This caused the

precipitation of oils in most cases, These oils were
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crystallized by dissolving them in glacial acetic acid,
~Concentrating these solutions untll the temperature of the
 distillate was 115° or higher, and then diluting the
| residue with iso-propyl ether. A comparison of their
melting points indicated that these precipitates were

‘largely unreacted secondary amine hydrobromides,

C. Attempted preparation of substituted acenaphthylenes
1, Attempts to alkylate acenaphthenone
The following paragraphs describe our
attempts to alkylate acenaphthenone., The references are
té typical procedures after which our experiments are
‘patterned.
" | (a8)e (51) A mixture of 3.36 g. (0.02 moles)
of acenaphthenone and 0.80 g. (0.0205 moles) of sodium
amide in 25 ml, of dry benzene was refluxed until the
~ evolution of ammonia had nearly ceased, During thls perlod
| the solution turned dark red in color and later deposited
8 reddish solld. The reaction was interrupted after four
- hours, water was added, the solid was collected and
‘réérystallized from toluene., It crystallized in yellow
‘needles which melted at 262° and was idéntified as blace-
none (26).
(b). (33) To a solution of 3.36 g. (0.02
‘fmoles) of acenaphthenone and 1,57 ml., (0.02 moles) of
' ethyl bromide in 50 ml. of benzene was added 0,02 moles
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 Table V (continued) |
Mannich Reactions with Acenaphthenone

1) (2) (2) (4) (6) (1 (8)
Dime thylamine HC1  EtOH 2 1 1 e—
Piperidine u " 2 1 2 ————
" " " 2 1 6% 2kg
" " i 2 1 hg at room temp.
f ] ] 2 1 2 278-9
" 0 " 2 1 24 zégg:gﬁg
" " HOH 1 1 hg ——
L] U 1-AmOH - 2 1 2 235..265
" " " 2 1 24 250-265
" HBr EtOH 2 1 2% 262~263
" ———  HOAc 2 1 3 ——
" -—  EtOH 2 1 B e
" — " 2 1 g O aqueous HCHO
Dicyelohexylamine HC1l  EtOH 2 1 % 336 #% room temp.
1-.AmQH , )
" " 1-AmOH 2 I % 330
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Table v (eentinued)

Eannich Reaotiens with Acenaphthenane

(1) (2) (2) (W) (5) ) (6) (7) (8)
Morpholine HOAc EtOH 1 1 L oil

Procedure B.

Morpholine HBr EtCH 321/3 1 4 214220
Dicyelohexylamine 4 " 31/3 1 2k 325330
Morpholine " " 31/3 1 2k 166
Piperidine H " 31/3 1 21 2ho-2l2
Dimethylamine " " 31/3 1 =) N
Diethylamine " " 31/3 1 22  157-175%

‘8¢
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of the sodium salt of t-amyl alcohol in toluene (52).
The cold solution turned a brilliant red. It was refluxed
for five hours and then neutralized with dilute hydro-

- chloric acid. The organic layer was separated and dried
over sodium sulfate, Evaporation of this solution gave
blacenone, The use of ethyl ilodide 1n thls procedure gave
the same results.

(e). To a suspension of 0.80 g. of sodium
8mlde in dry ether at 0° was added, over a period of two

~ hours, an ethereal solution of 3.3%6 g. (0.02 moles) of

,'acenaphthenone. No color developed during this addition.
When the solution was warmed to room temperature, it

became deep red in color. Then 3.12 g. (0.02 moles) of
ethyl iodide was added and the mixture was stirred at 0°
for two hours. After stirring the mixture from 12 to 1k

a hours and allowing fhe temperature to rise to that of the
réom, we then refluxed it for one hour. The mixture was
 fhydre1yzed with dilute hydrochloric acld and filtered from

a yellow precipltate. This solid, after recrystallization

,'from chloroform, melted at 262° and was ldentirfied as
biacenone,

(d). To a toluene solution of 2.2 g. (0.025

" moles) of the sodium salt of t-amyl alcohol was added

'~ drepwise,over a two hours period, & solution of 3.36 g.
(0,02 moles) of acenaphthenone in benzene. After the addition

:,éf 6.24 g. (0.04 moles) of ethyl iodide, the solution

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



 was refluxed for one hour, After the usual acidification,
‘ 1e#tract1on, and drying, blacenene wag the only product
4  1solated. ,

(e). The use of sodium ethoxide for the
basic component in the reactlon yielded blacenone as the
only isolable product,

2. Attempts to carbethoxylate acenaphthenone

(a). (34) To a solution of sodium ethoxide
° prépared from 2.3 g. (0.10 moles) of sodium in 50 ml. of
éthanol wags 15 g. (0.13 moles) of diethyl oxalate and
16,8 g. (0.10 moles) of acenaphthenone. A yellow solid
-precipitated almost immediately. The mixture was heated to
} ref1ux and then the heat was removed. After cooling, the
,~mixture was hydrolyzed with dilute sulfuric acid. 4 heavy,
- reddish oil wés extracted with ether and the extracts
“were dried over sodium sulfate, After removal of the solvemt,
four grams of powdered glass were added and the residue
k .?ag heated at 175° for one hour under & pressure of 15 mm.
}1fof mercury. The residue was'then distilled under a pressure
: of 3 mm. with the bath temperature gradually belng ralsed
to 300°. A small amount of yellowish s0lid was collected

7iand recrystallized from agueous ethanol. It melted at
 ]121° and did not depress the melting point when mixed

with an authentic sample of acenaphthenone.
(b). (35,36) Dry sodium ethoxlde was pre-

| pared by dissolving 2.4 g. (0,105 moles) of sodium in
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,H@fml. of dry ethanol and then removing the solvent under
 ‘réduced pressure. A solution of 16.8 g. (0.10 moles) of
 acenaphthenone in &4 ml. of diethyl carbonate was added.
 The mixture became very viscous and stirring was stopped,
'The mixture was treated with ice water and hydrochloric
acid. After extraction with benzene, drying of the extracts
ovér sodium sulfate, and removal of the solvent, a yellow
80114 rematbned., After recrystallization from chloroform
_ the solid was identified as blacenone, m.p. 262°.
3. Attempted cyclization of alkylated l-naphthyl-
8cetic acids |
, The required acetic aclds were prepared by the
” m0§hod described by Blicke and Feldkemp (34).
o Procedure 1. This procedure is essentially
that of Bachmann and Sheehan (37). An acid chloride was
~ prepared by dissolving 10 g. (0.0466 moles) of alpha-

* (1-naphthyl)-butyric acid in 30 ml. of &ry ether and 10
*  3” m1; of redistilled thionyl chloride. Five drops of pyridine
"f ’were added and the mixture was permltted to stand at room
“--‘temperature for one half hour. The solvent was removed at

V‘ ~reduced pressure, 15 ml. of dry benzene were added, and
";ﬁhis wes also removed under reduced pressure., The resldue
wag extracted with 250 ml, of dry benzene and the solution
was cooled to 00, Fifteen grams of aluminum chloride were
 qdded ani the mixture was permitted to stand for one hour

&t room temperature as the solution darkened and hydrogen
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‘chloride was evolved. The suspension was hydrolyzed with
lce and concentrated hydrochloric acid. The benzene solu~
tion was drled over sodlum sulfate after being washed with
 ammonia and water. After removal of the solvent, the
_residual oil 4id not orystallize.
When this preparation was repeated, the oll was
’induced to crystallize by trituration with petroleum ether,
After recrystaliiiétion from ligroin, it weighed one gram
and melted at 115-116° but falled to give & positive test
with 2,lL-dinitrophenylhydrezine.
| Two trials of this procedure with alpha-(l.naph-
, :ﬁhyl)-propionic acid d4id not yield a crystalline product,
"’ v*ﬁhen the olls were steam distilled and nine liters of
:distillate were collected, concentration of the ethereal
| extracts of this distillate gave a small amount of solid
 which melted at 145°, This solid did not give a positive
‘test with 2,l-dinitrophenylhydrazine.
Procedure 2. Ten grams (0.05 moles) of
alpha-(l-naphthyl)-propionic acid were dlssolved in 100 g.
- (5.0 moles) of anhydrous hydrogen fluoride, After the hy-
drogen fluoride had evaporated, the residual solid was

 extracted with sodium hydroxide solution to leave only
a very small amount of alkali-insoluble material., Recrys-

‘tallized from benzene and ligroin, this solid melted at
- 137-138°,
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| Procedure 3, To the acid chloride from
- 10 grame (0,05 moles) of alpha-(l-naphthyl)-propionic acid,
prepared as before with thionyl chloride, was added 150 ml.
of benzene and then two equivalents (26 g.) of stannic
~chloride dissolved in K0 ml., of benzene, Reactlon was
allowed to occur during 15 minutes at 0°. After hydrolysls
ﬁith ice and hydrochloric acid, the organic layer was
‘washed with water, sodium carbonate solution, with water
_again, and then was dried over sodium sulfate. After eva-
. poration of the solvent, the tarry residue could not be
crystallized,
i When the acld chloride was prepared using phosphorus
pentachloride and then treated with stannic chloride (53),
“the oll obtalned after the usual lsolatlon procedure
could not be crystallized. Most of the starting material
was obtained from the alkaline extract,
S8team distillation of the comblined preparationsg in

_ this procedure gave only a trace of solid material,

D. Preparation of ethyl N-(l-acenaphthenyl)-carbemate

To a dry ethereal solution of l-amlnoacenaphthene

igolated from an agueous solution of 12 g. (0.053 moles)
 of l-aminoacenasphthene hydrochloride made basic with

S8odium hydroxide were added 4,6 g. (0.053 moles) of dry
 pyridine and 6.31 g. (0.053 moles) of redistilled ethyl

ehloroformate, There was an immediate precipltatlon of
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o pyridine hydrochloride. The mixture was allowed to stand
\aﬁ room temperature for one hour. The pyridine hydrochlo-
' ﬁ1de wags collected by suction filtration, washed with

ether, and the combined ethereal solutions were evaporated

%o dryness on the steam plate. The solid from the e#apo—

ration was recrystallized from ethanol in the form of

colorless needles which melted at 161°. Concentration of

,the mother liquors ylelded an additional quantity of

material. The total yleld was .U g, (31%).

‘ Analysis, Calculated for CjgHjgON: c,7h.6; H,6.22;

N,5.80.
Found: C,74.02; H,6.19; N, 5.79.

E, Other Preparations
1. 2-Acetoxyacenaphthenone (1) was prepared in a

- manner similar to the preparation of benzoin acetate by
Barnee and Tulane (48). A solution of 60 g. (0.243 moles)
of 2-bromoacenaphthenone in 300 ml., of glaclal acetic acid
: Wag refluxed with 65 g. (0.66 moles) of freshly fused
’pctassium acetate for thirty minutes. The solutlon was
yvceoled and poured into & large volume of water. The mix-
ture was extracted wlth benzene. An orange go0lid which was
_not readily soluble in cold benzene was separated from the
” ,water layer and identified ae bilacenedione, m.p. 295°(26).
yifTﬁe benzene extracts were dried over sodium sulfate, the

golvent was removed, and the residue was dlstilled under
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-vacuum., Trituratlion of the heavy, viscous distillate with
petroleum ether, b.p. 30-60°, induced crystallization to
fa‘nearly colorless solid, Recrystallizatlon of this solild
~from methanol gave colorless crystals which melted at
94-95° #, The yleld of recrystallized product was 30 g.

- (55%).

: In one preparation of 2-acetoxyacenaphthenone by
:this method, recrystallization of the distilled product
'frem ligroin gave ag the first precipitate a brilliant
red compound of undetermined structure. It wag recrystal-
1ized from glaclal acetic acid in the form of brilliant

. red needles which melted at 243-249°%, When treated with
alcaholic potassium hydroxide and then neutralized with
‘hydrochloric 8cld, an alcoholic solution of the red come
pound gave an orange compound which melted at 237—238°
after recrystallization from glacial acetic acid and

| water. The red compound decolorized dilute permanganste
~and also decolorized a solution of bromine in chloroform.

Analysis of red compound: C,%8,86; H,4.37.

2. The preparation of 2-hydroxyacenaphthenone was
attempted by alkaline hydrolysls of 2-acetoxyacenaphthe-
none. To a solution of 5.65 g. (0.025 moles) of 2-acetoxy-
acenaphthenone in 50 ml, of methanol was added 1.50 g. of

o ——

'f‘# Griegee and Klonk (46) reported a melting point of 71-72°,
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gé&ium hydroxide in 16 ml. of water, The mixture was
,refluxed for one hour and then poured into water. The
’ greenish solid was collected, dried, and recrystallized
' from glaclial acetic acld, It was yellow in color, melted
at ou1®, and was ldentified as acensphthenequinone when
it d4id not depress the melting point of an authentic
~sample (54),
When the hydrolysis was conducted with one grem of
éédium hydrosulfite in addition to the sodlum hydroxide,
- the solld isolated was colorless, and after recrystalli-
zation from ethyl acetate and then from aqueous acetic
acld, it melted at 26U-265°. Its analysis was that of
f2,2'-b1acenaphtheny1-1,1'-dione (49).
’ Analysis, Calculated for 2-hyiroxyacenaphthenone
(O1oHg0p)? C,78.3; H,4.35.
S Calculated for 2,2'-blacenaphthenyl-
1,1'-dione (CopHyn0s): C,86.2; H,U.19.
o | Found: C,85,8; H,h 43,

3, Formation of 2-benzylamlinoacenaphthenone hydro-

‘chloride. To a solution of 11.3 g. (0.050 moles) of 2-
"_aéétoxyacenaphthenone in 100 ml. of dry benzene (the
'~_solution wag dried by azeotropic distillation) was added

11 ml. (0.10 moles) of benzylamine. The mixture became very

dark on refluxing and the water formed in the reaction was

collected in a Stark and Dean trap. Slightly less than
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one ml, of water was collected. After refluxing for 1%

~ hours the reactlon had apparently ceased. The solution

~Wag filltered and acldified with hydrogen chloride in dry
',ether. The precipltate was collected by filtration and
recrystallized from glacial acetic acld and ether ln the
form of light yellow needles which melted at 218° after
several such recrystalllzations,

-Analysig. Calculated for 2-benzylaminoacenaphthe-
none hydrochloride (019H160N01): C,73.5; H,5.16; N,u4.51,
- Calculated for benzylamine hydrochloride
(CoHyoNC1): C,58.3; H,6.9%; N,9.72.

Found: C,65,17; H,6.08; N,7.47

i k., Attempted preparation of N-(2-keto-l-acenaph-
‘thenyl)-pyridinium lodide . A mixture of 8.4 g. (0.050

~ moles) of acenaphthenone and 12.7 g. (0.10 moles) of lodine

were dissolved in 15 ml. of pyridine. The mixture became
warm on standing and soon solidifled, After one hour the
mixture was washed with ether to remove the excess pyridine
and then with water to dissolve the pyridinium lodide
‘térmed. Evaporation of the aqueous washings gave 11.0

grams of the monohydrate of pyridinium lodide (approximately
theoretical yield). A portion of the residue from the

'washings was recrystallized from ethanol and iso-propyl
~ ether in the form of brownish needles which melted at
170-171° and which apparently decomposed on standing.
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A stoppered vial of the recrystallized material smelled
~gtrongly of pyrldine after three weeks standing. The

smaterial wag not submitted for analysis.
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SUMMARY AND SUGGESTIONS FOR FURTHER RESEARCH

A, Procedures for the preparation of the following compounds
have been improved:
1. 2-Bromoacenaphthenone
2. 2-Acetoxyacenaphthenone,
B, The preparation of ethyl N-(l-acenaphthenyl)-carbamate
‘has been accomplished, |
G, Acenaphthenone has been shown not to yield Mannich
reaction products under & wide range of conditions and
‘reactants.
D. The reaction of 2~-bromoac enaphthenone with secondary
@mines has been shown to yleld bilacenedione almost to the
' 6301us1on of the formation of other products,
TE;,The preparation of 2-alkyl acenaphthenories has been
~ attempted by the following methods:
1. A variety of alkylation procedures
2. The ;ntroduction of a carbethoxy group in the
_é»positlon as an intermedlate step
3. Cyclization of naphthylacetlc acids under several
different conditions,
| Thig study has shown that acenaphthenone may be
dimerized to blacenone by reaction with several different

-~ bagic reagents,
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F, The results obtained in thile study suggest the following
‘as guitable sub)ects for further research:

‘ 1. Further study should bemade on the Mannich reac-
tion with acenaphthenone, particularly with respect to the
ordér of addition of the reagents,

2. In view of the previous, although limited, success
obtalned by others in the cyclization of naphthylacetic
acids, further work should be attempted with the higher
 hpmo1ogues of this acld in order to define more clearly

the effects of structure upon this cyclization,
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ADD ENDUM

The results of tests performed at the Sloan-Ket-

tering Institute for Cancer Research are summarized below,

Toxiclty Assay
Injection medium: % Carboxy methyl Cellulose in Isotonlc

 Baline

| Volume injected per 20 gram: 0,5 ml,
Straln: Banks male
Dose: 500 mg./kg.

welght change
Compound Mortality on third day

Ethyl N-(l-acenaphthenyl)-
carbamate 0/5 31

2~-Morpholinoacenaphthenone
hydrochloride (1) 0/5 : 2.0

(1) Impaired locomotion followed by slight tonic behavior;
8light clonic movement of limbs, dyspnea

Sarcoma 180 In Vivo Inhibitlion

(édata on following page)
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Sarcoma 120 In Vivo Inhibition

~ _In vivo test (1)
oF “wt. change,
Gompound Result gramg (3? Deaths

. &= ¥orpholinoacenaphthenone
hydgochloride (2) -1.0/3.0 2

Ethyl N-(l-acenaphthenyl)-
Zarbamate (2) 1.5/3.0 1

(1) 500 mg./kg. injected per mouse per day for seven days
(2) tumors in the treated animals have grown as well as
the controls or have on the average grown to 3/4 the
diameters of the control tumors
- (3) The numerator indicates the average welght changes
 in the five test animals, and the denominator indlicates

the average welght change in the control group.
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