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IMT RCDUCTIOU

A study o f  the chem istry o f  cancer w i l l  r e v ea l that 

t h is  malignancy can be caused by a wide v a r ie ty  o f  chemical 

a g en ts . S im ila r ly  the compounds which have shown some 

promise in  in h ib it in g  the growth o f  cancer are a lso  q u ite  

varied  in  structure* Among the compounds which have rece ived  

a tte n t io n , e ith er  as in h ib ito r s  or promoters o f  th is  growth, 

are those derived  from the 1 ,2-d ip h en ylethan e stru ctu re .

The various m odifications o f  th is  nucleus have le d  to com­

pounds which may be c la s s i f i e d  more s p e c i f i c a l ly  a s alpha-., 

a lp h a * -d ia lk y l s t i lb e n e s , l , 2 yd iphenylethylam ines, alpha-. 

dlalkylam lnodesoxybenzolns, and alpha-d lalkylam i nom efehyl- 

desoxybenzolns. Reduction o f  the carbonyl group o f  the  

desoxybenzoins has a lso  le d  to compounds o f  p h y s io lo g ic a l  

I n te r e s t .  D esp ite  the fa c t  that the p u b lica tio n  o f  the  

r e s u lt s  o f  experiments with t e s t  animals has been delayed  

in  the case o f  some o f  th ese  compounds, the preparation  

and eva luation  o f  c lo s e ly  analogous compounds should be 

o f  in t e r e s t ,

A s e r ie s  o f  d e r iv a tiv e s  o f  s t i lb e n e  ( I ,  R -  R* « H)

I
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lias been prepared ( l )  for t e s t in g  as p o s s ib le  carcinogen ic  

a g en ts . The carcinogenic a c t iv i t y  o f  one member o f  the  

s e r ie s  ( I ,  R « e th y l, R* x sec -b u ty l) has been reported ( 2>3) .

A fter  each o f  two groups o f  twenty f iv e  mice had been, 

painted  tw ice weekly w ith a 0 .3 #  so lu tio n  o f  th e compound 

in  benzene, one tumor was developed in  one o f  th e  su rv iv in g  

members o f  each group. Seve n o f  the f i r s t  group survived  

a f t e r  tw elve months* th ir te e n  o f  th e  second group ( a lb in o s)  

survived a f te r  f i f t e e n  months treatm ent. Both tumors- were 

m alignant and when p o r tio n s  o f  that from th e a lb in o  were 

transplanted  to ten  o th er  m ice, f i v e  o f  th e  l a t t e  r  de­

veloped Id en tica l tumors a f te r  a two. months p er io d . One 

explanation  proposed for  th e  carcinogen ic a c t iv i t y  o f  th is  

compound i s  i t s  c lo s e  s im ila r ity  to benzpyrene ( I I )  which 

i s  w ell known to b e  a very a c t iv e  carcinogen .

The stru ctu res o f  some o f  th e  compounds Milch have 

been syn th esized  in  th e  search  fo r  tumor in h ib it in g  agents  

are shown on the next page. Compounds I I I ,  IV, V II, and 

VIII are reported to  show some in h ib it in g  e f f e c t  on the  

growth o f  tumors Although th e  syntheses o f  compounds

V and IX have appeared ( 6, 7) ,  r e s u lt s  o f  t e s t s  with th ese

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



compounds are as yet unpublished. Compounds o f  stru ctu re  

VI are reported to  show no a c t iv i t y  a ga in st tumors (£).»

Ill

' t H
C-C

IV

0 ^ c0 R' O O
• 0
—v ^'O N

\y

e t
O 'N

v yC H »C H lPH

o - o  o - oVII VIII

9  K if t

The hydrocarbon, acenaphthene (X), bears a strong  

stru ctu ra l s im ila r ity  to  1,2-diphenyl© thane in  that both 

ends o f  the a lip h a tic  chain  are su b stitu ted  by an aromatic

X
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nucleus. Because o f  th is  s im ila r ity , th is  hydrocarbon 

might w ell prove to  be an appropriate s ta r t in g  p o in t for  

th e  sy n th e s is  o f  compounds analogous to  those o f  carcino­

g e n ic  in te r e s t  in  the 1 , 2-diphenjCLethane s e r ie s .  However, 

before such a program i s  begun, i t  would be p ertin en t to 

examine the e f f e c t ,  i f  any, which acenaphthene has on the  

Production o f  cancer.

Acenaphthene i t s e l f  apparently i s  Incapable o f  

producing cancer (9 ); In fa c t some experim enters have 

found that i t  in h ib its  s l ig h t ly  the growth o f  tumors (10) 

or produces irreg u la r  r e s u lt s  in  th e ir  growth (11) .  However, 

the acenaphthene nucleus i s  presen t in  sev era l carcinogen ic  

polynuclear hydrocarbons, e .g .  XI, X II, XIII (12, 13) .

The e f fe c t  o f  acenaphthene on p lant l i f e  i s  w ell 

documented (1^ -21) .  I t  induces p olyp lo id lsm , i . e . ,  causes 

the chromosome number to be a multiple of that o f  the  

untreated c e l l .  This a c tio n  i s  described  as being s im ila r  

to  the production o f  cancer in  animals (14) .  Thus i t  might 

be concluded that i f  acenaphthene i t s e l f  i s  non-carcino-
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g en ie , some o f  I t s  d e r iv a tiv e s  may be a c t iv e  carcinogens, 

w hile o th ers may be ab le  to  in h ib it  the growth o f  tumors.

We th erefo re  b e lie v e  that a s e r ie s  o f  compounds o f  the  

stru ctu res XIV-XVII would be o f  in te r e s t  in  the chem istry  

o f  cancer. The p o te n t ia l carcinogens are represented  by

XIV where R may be the same or d if fe r e n t  from Rf s in c e  

there are con trastin g  op in ions (22 ,23) concerning the in ­

flu en ce o f  symmetry on careinogenio a c t iv i t y .  Compounds

XV and XVI are a lso  o f  in te r e s t  in  the chem istry o f  lo c a l  

a n e s th e t ic s .

R  R '

XIV XV

MHCO^Et

XVI XVII
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m m m m u  axd bx so ib sicw

X21 th e  ln troduotion  we have shown that sev era l 

types o f  ooaipew tf derived fr®» acenaphthene. may he o f  

poa&lhle i n t e r e s t  l a  th e  ch em istry  o f  cancer. l a  an, 

attem pt to  o u t l in e  p o s s ib le  m otes o f  preparation  o f  th e se  

compounds, we have f i r s t  eshaiiied  th e  methods th rough  whldh 

th e analogous compounds derived from 1 , g-d ipheayl ethane 

were prepared, from sueh an  examination and from a search  

©f th e 'l l t s m tu r o 'O A  the ch e m is try  o f  acenaphthene, we 

have t r i e d  to  determine th e  a p p l i c a b i l i t y  o f .p re v io u s  

syntheses t© th e  ones w# now p ro p o se .

The p re p a ra t io n  o f  th e  p o te n t i a l  carcinogens, th e  

a lp h a , alpha **~& ialkylatilbenes, was accomplished by the  

s e r ie s  o f  re a c tio n s  shown i n  flow  Sheet I  (1 ) .

I t  may be seen  fro® th e s e  flow  s h e e ts  that i n  o rd e r

flow  Sheet 1

HC OOH

K

The v a r io u s  p o te n t ia l  ® n tl-oaro ln© i#ns''w ere  p r o .  

p ared  a s  o u tl in e d  on flow  Sheet#  X&4V*
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to  conduct an analogous s e r ie s  o f  preparations w ith acenaph­

thene, the in term ediates needed are acenaphthenone, an 

alpha-haloac enaphthenone, and 1-aminoac enaphthene ( I - I I I ) .

How Sheet II  (5 )

o  C l o  Kl u  „  o  N

o ^ - o — o « - o
Plow Sheet I I I  (5)

< f " y  i c y ~ \

Plow Sheet XT (6)

q  Nl OH

<>i^O  O f c-<3
N H C O j.S f ___  NH*.

O tc-

II

I I I  I I I

The chem istry o f  acenaphthene has been reviewed  

through 1936 in  E lse v ie r 1s Encyclopedia o f  Organic c hem istry,
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Volume 13. Chemical A bstracts m s  consu lted  for work 

subsequent to that reviewed in  E lsev ie r .

Each o f  the compounds I - I I I  has been described  

p rev io u sly  in  the l i t e r a tu r e .  Acenaphthenone (I )  has been  

prepared by P ieser and Cason ( 24, 25) a s shown on Plow 

Sheet V. Although 2-chloroacenaphthenone has not been

Plow Sheet V

H O  ' f

C r O

^escribed  in  the l i t e r a tu r e ,  the 2-bromo d e r iv a tiv e  was 

prepared by Graebe ( 2 .0  from equal molar amounts o f  bromine 

and acenaphthenone in  carbon d is u lf id e .  1-Aminoacenaph- 

thene has been prepared (2 7 ) , although in  on ly  moderate 

y ie ld , by reduction  o f  the oxime o f  acenaphthenone. Thus 

we have a v a ila b le  each o f  the Interm ediates necessary  

to  perform the d esired  s e r ie s  o f  r e a c t io n s . These rea ctio n s  

are ou tlin ed  in  the flow  sh eet on the fo llow in g  page.
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10.

The lit e r a tu r e  on the chem istry o f  acenaphthene 

gave l i t t l e  ad d itio n a l in s ig h t  on the p ro b a b ility  o f  the  

proposed courses o f  r e a c tio n . Ho a lk y la t io n  o f  acenaphthe­

none has been recorded. The Grignard rea ctio n  has been  

performed on acenaphthenone ( 2k, 27, 2$) and on 2-phenyl- 

acenaphthenone (prepared by c y c liz a t lo n  p rocedu res)(29 ,30) 

(3 1 ). Each o f  the workers on the Grignard re a c tio n  reported  

a very f a c i le  dehydration to the o le f in .  H elther the 

preparation  o f  the urethane, the rea c tio n  o f  2-bromoaee- 

naphthenone with amines, nor the Mannich r e a c tio n  with  

acenaphthenone have been reported . However, acenaphthenone 

has been reported to condense with formaldehyde tp  g iv e  

2-hydroxymethylac enaphthenone (3 2 ).

Attempted Preparation o f  D lalkylaoenaphthylenes

Our attem pts to a lk y la te  acenaphthenone have met 

with fa i lure  due to the ease with which acenaphthenone 

condenses w ith i t s e l f  in  the presence o f  base to form 

biacenone (2 6 ) .A fter  the fa ilu r e  o f  the a lk y la t io n

Biao enone
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re a c tio n  using sodamlde, we attempted the re a c tio n  using  

the sodium s a lt  o f  t-am yl a lco h o l as the b asic  c o n s t itu ­

en t, This reagent has been used w ith su ccess in  the alky­

la t io n  o f  ketones which condense r e a d ily  (3 3 ) . D esp ite  

our use o f  th is  reagen t, blacenone was is o la te d  as the  

only product o f  th is  r e a c t io n . Therefore we have concluded 

that the ra te  o f  the condensation rea c tio n  i s  much fa s te r  

than that in  which the anion o f  the ketone i s  formed. The 

condensation rea ctio n  goes to com pletion s in ce  a m olecule  

o f  water i s  lo s t  ir r e v e r s ib ly  in  the p ro cess .

o

Iv
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In another approach to the a lk y la t io n  re a c tio n ,  

we have tr ie d  to introduce a carbethoxy group in  the d esired  

p o s it io n  before the in trod u ction  o f  the a lk y l group. In  

one procedure (3^) the e th y l o x a ly l group was Introduced  

f i r s t  by means o f  sodium ethoxlde and d ie th y l oxa la te;  

the e th y l o x a ly l group was then converted to  the carbethoxy  

group, by p y r o ly s is . By th is  method we were a b le  to prepare 

a reddish  o i l  which was not is o la te d , but which on pyroly­

s i s  d id  not y ie ld  the alpha-carbethoxy ketone. An attempt 

by an esta b lish ed  procedure (35) fco a<2-<i carbethoxy  

group d ir e c t ly  y ie ld ed  on ly biacenone. The alm ost in sta n ­

taneous formation o f  biacenone in  t h is  r e a c tio n , which i s  

conducted in  an excess o f  d ie th y l carbonate, i l lu s t r a t e s  

the ease with which acenaphthenone condenses with i t s e l f *

Thai formation o f  the dimer to  some extent could be expected  

s in ce  i t  has been shown that carbeth oxylation  i s  a r e v e r s i­

b le  rea c tio n  in  th e presence o f  sodium ethoxide (36) #•

#  In a work (Duthle and P lan t; J . Chem. Soc. 1952. 1^99) 

which appeared a f te r  the com pletion o f  our experiments in  

th is  d ir e c t io n , the authors reported r e s u lt s  s im ila r  to  

ours* They Iso la te d  the f i r s t  product a f te r  the introducti©  n 

o f  the e th y l o x a ly l group and ch aracterized  i t .  In  a d d itio n  

they found that form ylation was u nsu ccessfu l and le d  only  

to  b iac enone.
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The th ird  approach to  the sy n th es is  o f  the alpha- 

a ik y l acenaphthenonea was the attempted c y c liz a t io n  o f  a 

group o f  a lp h a -( 1-naphthyl)-a lp h a -a lk y la c e t ic  a c id s  (3 ^ ). 

These a c id s  were prepared by a somewhat lon g  procedure 

shown on th e fo llow in g  flow sh ee t.

A
C10H7CH5CGCX! 2H5

CI0H7C H (C OOC 2H5) 

CQCOOCgHg

C10H7CH2CK

CiQH-TCH^OCXJ^Jg

*

C10H7C(R)(OQOH)2 ✓ ....... C10E f  (R) (GOOC^Jg

There have been sev era l c y c liz a t io n s  o f  1-nap hth yl-  

a c e t ic  a c id s  reported in  the l i t e r a tu r e  (37»3^»3^»39)

although the y ie ld s  were on ly  moderately good. A study (i|G) 

o f  the c y c liz a t io n  o f  1-nap hth ylacety l ch lo r id e  in  various  

so lv en ts  w ith aluminum ch lo r id e  reported the h ig h est y ie ld
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to  be MQ% In  benzene or chlorobenzene. The d i f f i c u l t y  in  

t h is  c y c liz a t io n  may be a ttr ib u te d  to the fa c t that the 

a lip h a t ic  bond r e su lt in g  from th is  re a c tio n , i . e .  the  

1,2-bond in  the acenaphthene s tru ctu re , i s  stretch ed  

considerab ly  beyond the normal carbon-carbon bond d ista n ce  

to  a len gth  o f  l . g  Angstrom u n its  (^1 ) .  A very recen t work 

shows that the in trod u ction  o f  a second five-membered r in g  

in  the f iv e - s ix  positioner o f  acenaphthene occurs on ly  when 

the m olecule i s  p a r t ia l ly  hydrogenated. (^ 2 ).

We have attempted the c y c liz a t io n  o f  the 1-m ethyl- 

and the 1 -e th y l- l-n a p h th y la o e tic  a c id s without su ccess .

The procedures we used were those in v o lv in g  aluminum ch lo r id e  

th io n y l ch lo r id e , anhydrous hydrogen f lu o r id e , stann ic  

ch lo r id e -th lo n y l ch lo r id e , and stann ic chloride-phosphorus  

P en tach lorid e. In those ca ses in  which a so lv e n t was used  

benzene was always s e le c te d . From each o f  the rea c tio n s  

only a sm all amount o f  b a se -in so lu b le  m ateria l was I so la te d .  

I t  was u su a lly  obtained as an o i l  although i t  was sometimes 

caused to s o l id i f y .  We were unable to ob ta in  a p o s it iv e  

ketone t e s t  with 2 ,H -dinitrophenylhydrazine, nor were any 

o f  these m ateria ls v o la t i l e  in  steam as i s  acenaphthenone. 

However, in  view  o f  the fa c t  that other c y c liz a t io n s  have 

been recorded, we f e e l  th a t  further work along th is  l in e  

may be p r o f ita b le .
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Attempted Preparation o f  alpha-Amino Acenaphthenones

f e  have met with l i t t l e  su ccess In  our attem pts to  

prepare a s e r le  s o f  alpha-amino ketones from acenaphthenone. 

S u ccessfu l la rg e  sc a le  preparations o f  the in term ed iate ,

2-bromoacenaphthenone, were made, although in  d ie th y l ether  

rather than in  carbon d is u lf id e  which was used in  the f i r s t  

preparation  o f  th is  compound (2 6 ) . Desoxybenzoin has a lso  

been brominated in  ether (^ 3 ).

The rea c tio n  o f  2-bromoacenaphthenone with secondary 

amines, with the p o ss ib le  exception  o f  morpholine, lead s  

alm ost e x c lu s iv e ly  to  the formation o f  b iacenedlone, a 

dimer described  e a r lie r  (26$ as being formed by the a c tio n
e\

o f  a lk a l i  on 2-bromoacenaphthenone or by the p a r t ia l  

o x id a tio n  o f  acenaphthenone* This rea c tio n  occurred in

Biacenedione

toluene or acetone so lu t io n , in  the co ld  or a t r e f lu x  

temperature, or in  the absence o f  so lv en t other than excess  

amine. A s im ila r  rea c tio n  seems not do have been recorded  

w ith d esy l ch lo r id e .

The formation o f th is  dimer in  the rea c tio n  m ixture 

i s  p a r t ic u la r ly  disadvantageous s in ce  i t  not only decreases
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th e amount o f  amino ketone formed, hut a lso  makes more 

d i f f i c u l t  the is o la t io n  o f  that which i s  formed. Because 

two moles o f  amine are required  for complete r e a c tio n  in  

the fo llow in g  scheme, each mole o f  b lacenedione formed 

le a v e s  a s a contaminant two unreacted moles o f  secondary 

amine. The separation  o f  the s a l t s  o f  the amino ketone

and o f  the secondary amine i s  somewhat d i f f i c u l t  s in ce  

they ex h ib it s im ila r  s o l u b i l i t i e s .  A nalysis o f  the product 

o f  the rea c tio n  in  which morpholine was used in d ica ted  

that th is  product was a m ixture o f  the two s a l t s  with that 

o f  the amino ketone predom inating. I t  was not considered  

a d v isa b le  to  attempt an I s o la t io n  o f  the amino ketones  

as free  bases s in ce  th e  ox id ation  o f  alpha-amino ketones 

has been promoted in  the presence o f  base (W-).

The Mannlch R eaction

The Mannlch rea c tio n  has been reviewed by B llck e (^5 ) .  

The e s s e n t ia l  components are a compound con ta in ing  a 

hydrogen o f  marked r e a c t iv it y ,  formaldehyde, and an amine 

u su a lly  as the hydrochloride or hydrobromide. Ketones
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con ta in ing  a hydrogen on an alpha carbon are probably 

the most common source o f  the a c t iv e  hydrogen compound. 

Formaldehyde may be employed e ith er  as an aqueous so lu tio n  

or as paraformaldehyde. Many amines have been used in  th is  

re a c tio n  although there are severa l which are sa id  not 

to  r e a c t . Ethyl a lco h o l i s  the so lven t used most commonly, 

although iso-am yl a lco h o l has been used when a higher  

re a c tio n  temperature was d esired . The rea ctio n  r e s u lt s  

in  the su b s titu tio n  o f  an aminomethyl group for the a c t iv e  

hydrogen atom.

Desoxybenzoin has been shown to rea ct w ith morpho- 

l ln e  hydrobromide, paraformaldehyde, and ethanol to  form 

aipha-phenyl, a lp h a -(N-morpholinylmethyl)-m ethyl phenyl 

ketone.

We have not as y et found the optimum con d ition s  

for the Mannlch rea c tio n  with acenaphthenone. f e  have 

conducted a s e r ie s  o f  experiments in  which we have varied  

the len g th  o f  the re a c tio n , the so lv e n t, th e amines and 

th e ir  s a l t s ,  and the nature o f  the formaldehyde. These 

experiments are summarized in  the experim ental p ortion  

o f  th is  paper.

Often we were ab le  to  i s o la t e  on ly  secondary amine 

s a l t s  a s  the e th er -in so lu b le  products o f  th is  r e a c tio n ,

i . e .  the m ateria ls which should be e ith e r  the Mannlch 

product or unchanged secondary amine s a l t .  In  other cases  

t h i s  e th er -in so lu b le  m ateria l was not the s ta r t in g  m ateria l
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but was an amorphous, resin o u s s o lid  which was h igh -  

m elting and which was very in so lu b le  in  the common s o l­

v en ts . When i t  was p o ss ib le  to  obtain  so lu t io n  in  the  

higher b o ilin g  so lv en ts  such as g la c ia l  a c e t ic  ac id  o t  

dimethylformamide, the m ateria l seemed to decompose w ith  

the form ation o f  in tr a c ta b le  r e s in s .  |h e  one encouraging 

fea tu re  in  t h is  s e r ie s  o f  re a c tio n s  i s  that the m elting  

p o in ts  o f  the crude m ateria ls  d iffe r e d  when d iffe r e n t  

secondary amine s a l t s  were used. Therefore these m ateria ls  

are n e ith er  the hydroxymethyl compound formed by the  

a d d itio n  to formaldehyde on ly , nor are they polymers o f  

the o le f in  formed when Mannlch products are pyrolyzed .

I t  i s  for th ese  reasons that we b e lie v e  that further  

experiments on th is  r e a c t io n  w il l  lea d  to  the preparation  

o f  Mannlch products from acenaphthenone in  a ch a ra cter iza b le  

s ta t  e .

Preparation o f  Ethyl N -(l-A o enaph thenyl)-carbam ate

The preparation o f  the urethane from 1-am lnoace- 

naphthene and eth y l chlorocarbonate occasioned l i t t l e  

d i f f i c u l t y .  The amine was prepared according to  a published  

procedure (27) by reduction  o f  the oxime o f  acenaphthenone. 

Since the free  amine i s  rath er d i f f i c u l t  to ob ta in  pure, 

a so lu t io n  was prepared by n eu tra liz in g  an aqueous so lu tio n  

o f  the amine hydrochloride w ith sodium hydroxide and then
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ex tra c tin g  the «nine with eth er . The eth erea l so lu tio n  

was d ried  over sodium s u lfa te .  A ddition o f  equal molar 

amounts o f  p yrid in e and e th y l chloroearhonate to the co ld  

so lu tio n  caused the p r e c ip ita t io n  o f  p yrid in e hydrochloride. 

A fter f i l t r a t io n  the urethane was is o la te d  hy evaporating  

the solvent*  The urethane was r e c r y s ta l l iz e d  from ethanol.

Other R eactions

An attempt to apply the Voigt rea c tio n  to  the  

unknown 2~hydroxyacenaphthenone le d  us to develop another 

procedure for the preparation  o f  2-acetoxyacenaphthenone, 

a compound which has been described  hy C riegee  and Klonk 

(1^6) who prepared i t  by the a c tio n  o f  lead  te tr a a c e ta te  on 

acenaphthenone. ^he y ie ld  in  th is  rea c tio n  was rather low  

(13# ) .  The a c tio n  o f  lea d  te tr a a c e ta te  on ketones has been 

described  by Waters (^7) a s a rap id , but not very s p e c i f ic ,  

re a c tio n . In an attempt to  Improve the y ie ld  o f  t h is  pro­

d u ct, we applied  the method which Barnes and Tulane (tyg>) 

used on d esy l bromide. They trea ted  the alpha-bromo ketone  

with potassium  a ce ta te  in  g la c ia l  a c e t ic  acid  to  obtain  

benzoin a c e ta te  in  nearly  q u a n tita tiv e  y ie ld .  Although our 

y ie ld  (55#) i s  not so good as that obtained with d esy l  

bromide, i t  n ev erth eless  rep resen ts an improvement over 

the previous method. The c h ie f  fa cto r  which d im in ishes  

th e y ie ld  i s  the formation o f  b iacenedione, formed p rev io u sly
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by the a c tio n  o f  other bases on 2-bromoaeenaphthenone.

The b asic  h y d ro ly sis  o f  2-acetoxyacenaphthenone 

to 2-hydroxyacenaphthenone proved to be more d i f f i c u l t  

than was expected. C riegee and Klonk (i{6) have described  

the formation o f  m olecular complexes o f  one m olecule o f  

an alpha-hy&roxy ketone and one m olecule o f  an alpha- 

diketone when the e s te r  o f  the alpha-hydroxy ketone i s  

hydrolyzed with base, the alpha-hydroxy ketone being  

su sce p tib le  to ox id ation  by m olecular oxygen under a lk a lin e  

co n d itio n s (*&). This re a c tio n  apparently occurs in  the 

h y d ro ly sis  o f  2-acetoxyacenaphthenone s in ce  we were ab le  

to  i s o la t e  the a lp ha-d iketon e, acenaphthenequinone, from 

the rea ctio n  m ixture. H ydrolysis o f  the acetoxy  ketone  

in  a c id ic  media led  to  ta r  form ation.

When the b asic  h y d ro ly sis  was conducted in  the  

presence o f  sodium h y d r o su lfite , a c o lo r le s s ,  c r y s ta l l in e  

p r e c ip ita te  was obtained by r e c r y s ta l l iz a t io n  o f  the 

h y d ro ly sis  product from g la c ia l  a c e t ic  a c id . I t s  a n a ly s is ,  

however, d id  not agree w ith that ca lcu la ted  for 2-hydroxy- 

acenaphthenone but rather gave an em pirical formula o f  

C12H7O. I t s  high m elting p o in t (265®, u n co rr .) suggested  

that the molecular formula might be C2i|Hli|.02» This i s  the  

formula o f  the sodium h y d r o su lfite  redu ction  product o f  

biacenedlone, 2 ,2 '-b ia cen a p h th e n y l-l,1 ‘-d io n e  (^9) which 

has a corrected  m elting p o in t o f  25^° and i s  a ls o  c o lo r le s s  

and may be r e c r y s ta l l iz e d  from g la c ia l  a c e t ic  a c id . Our
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h y d ro ly sis  product was th erefore assigned  the stru ctu re  

as shown below.

' o  d

2, 2 , -B ia c e n a p h th e n y l- l,l , -d ion e

Since we haa not prepared 2-hydroxyacenaphthenone, 

we oould not attempt the Yoigt rea ctio n  under the con d ition s  

described  by Lutz e t .a l .  ( 5 ) .  They have a ls o  used an 

a lte r n a te  method (50) in  which the alpha-hydroxy ketone  

and the primary amine are heated together in  benzene and 

the water formed in  the rea ctio n  i s  removed by azeotrop ic  

d i s t i l l a t i o n ,  f e  have applied  the la t t e r  r e a c tio n  to

2-acetoxyacenaphthenone, u sin g  two moles o f  benzylamine 

so that the e s te r  could be cleaved  in  the same re a c tio n  

and perhaps elim inate the n e c e s s ity  o f  i s o la t in g  the alpha- 

hydroxy ketone. S l ig h t ly  more than the th e o r e t ic a l amount 

o f  water was c o lle c te d  in  th is  experiment, in d ic a t in g  that 

there was a lso  some re a c tio n  a t the ketone function; the  

la t t e r  re a c tio n  has been shown to occur when aromatic 

amines are used. A nalysis o f the product o f  our rea ctio n  

Ind icated  i t  to  be a mixture o f  approxim ately 50$ o f  the 

amlnoketone and 50# o f  benzylamine (as h yd roch lor id es).
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Comparison o f the R eactions o f  Pesoxybenzoln and o f  

Ac enaphthenone

The fo llow in g  summary, compiled from the l i t e r a tu r e  

and from our experience, l i s t s  the s im i la r i t ie s  and the 

d iffe r e n c e s  in  the rea c tio n s  o f  desoxyhenzoin and acenaph- 

thenone and th e ir  d e r iv a tiv e s  in  a group o f  r e a c tio n s  

p ertin en t to th is  research  problem.

A. R eactions whose r e s u lt s  show the s im ila r it ie s  

o f  the two compounds

Bromination. The bromination o f  the  

alpha p o s it io n  o f  both compounds proceeds smoothly in  

ether so lu t io n .

2. Conversion o f  the alpha-bromo ketone  

to  the a lpha-acetoxy ketone. Both ketones may be converted  

to  the a lpha-acetoxy ketone by potassium  a c e ta te  in  g la c ia l  

a c e t ic  acid  so lu tio n  although with acenaphthenone the y ie ld  

i s  lower because o f  the formation o f  b iacenedlone.

3* Dehydration o f  the a lc o h o ls  derived  

through the Grlgnard r e a c t io n . The te r t ia r y  a lc o h o ls  

r e s u lt in g  from a Grlgnard re a c tio n  with desoxyhenzoin  

or with acenaphthenone are e a s ily  dehydrated to o le f in s  

when a hydrogen atom i s  a v a ila b le  on an adjacent carbon 

atom.

k. Preparation o f  a urethane from 1-am ino- 

acenaphthene and from 1 . g-dlphenylethylam lne. Both o f  the

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



amines rea ct smoothly with e th y l chloroform ate to form 

a urethane.

B. R eactions in  which acenaphthenone d i f f e r s  from 

desoxybenzoln.

A lk y la tio n . Although desoxyhenzoin has 

heen a lk y la ted  a f t e  r  the formation o f  a sodium s a l t  with  

sodium amide, the use o f  t h is  and other b a sic  reagen ts  

with acenaphthenone lead s almost e n t ir e ly  to the form ation  

o f  biacenone.

2* Mannich re a c tio n .  A1though desoxyhenzoin  

undergoes the Mannich rea ctio n  with formaldehyde and 

secondary amine s a l t s ,  acenaphthenone under a wide v a r ie ty  

o f  con d ition s e ith er  f a i l s  to rea ct a t  a l l  or e ls e  g iv e s  

very in so lu b le , resin ou s products.

3. Conversion o f  an a loha-halo ketone to 

an alpha-amino ketone. A lpha-chlorodesoxybenzoin has been 

rea cted  with a v a r ie ty  o f  secondary amines to form alpha- 

amino k etones. With alpha-bromoacenaphthenone, however, 

rea ctio n  with amines lead s alm ost e x c lu s iv e ly  to the for­

mation o f  b iacenedlone.

k. H ydrolysis o f  the a lpha-acetoxy ketone. 

The h yd ro lysis  o f  benzoin a c e ta te  i s  sa id  to proceed almost 

q u a n tita t iv e ly . With a lpha-acetoxy  acenaphthenone ox id a tion  

to  acenaphthenequlnone occurs tinder the co n d ition s which 

were su c c e ss fu l w ith benzoin a c e ta te . With a lk a l i  and 

sodium h y d r o su lfite  the reduction  product o f  b iacenedlone
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I
2k,

was I so la te d .

5 * r e a c t io n . She re a c tio n  o f  benzoin

and a primary amine in  the presence o f  phosphorus pent oxide  

to  form an alpha-amino ketone proceeds in  moderate y ie ld .

The rea ctio n  a lso  occurs when a so lu t io n  o f  the rea cta n ts  

i s  a z e o tr o p ic a lly  d i s t i l l e d .  When a v a r ia tio n  o f  the la t t e r  

rea ctio n  was tr ie d  with 2-acetoxyacenaphthenone, the product 

obtained in d ica ted  that the re a c tio n  occurred to a le s s e r  

exten t than with benzoin .
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EXPERIMENTAL

A. Attempted preparation o f  2~dlalkylamlnoacenaphthenone 

hydrochloride

1 . Acenaphthene was secured from the R e il ly  Tar and 

Chemical Company and was used without further p u r if ic a t io n .

2 .  Ac enaphthenol a c e ta te  was prepared according to  

Cason (2 5 ) .

3 . Acenaphthenol was prepared according to  Cason (25)*  

lj.. Ac enaphthenone was prepared according to  F ieser

and Cason ( 2^)*

5* 2~Bromoacenaphthenone (26) was prepared in  the 

fo llow in g  manner:

To a suspension o f  3 3 .6  g . (0 .2  m oles) o f  

enaphthenone in  250 m l. o f  dry ether a t room temperature 

was added in  a slow , steady stream a so lu tio n  o f  3 3 .6  g .

(0 .2 1  moles) o f  bromine in  25 ml. o f  dry eth er . The sus~ 

pension  was s t ir r e d  v igorou sly  throughout the a d d itio n  

and external co o lin g  was sometimes needed to co n tro l the  

v igor  o f  the rea c tio n . The acenaphthenone d isso lv e d  almost 

immediately with the formation o f  a nearly  c o lo r le s s  

so lu tion*  P r e c ip ita tio n  o f  2-bromoaeenaphthenone began a 

few minutes a f te r  the a d d itio n  o f  bromine was com plete, 

th e m ixture was s t ir r e d  for  one hour a t room temperature 

and then one hour at 0Qj.  The product was c o l le c te d  by
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su ctio n  f i l t r a t io n ,  washed with a l i t t l e  co ld , dry eth er, 

and dried in  a ir . This material was used for subsequent 

p rep aration s. The average y ie ld  was 70%, A sample recrys­

t a l l iz e d  from l ig r o in  (b .p . 90a- 120° )  m elted a t 112° .

Prom the mother liq u o rs  could  be recovered about ten  

grams off a l e s s  pure m ateria l which was always converted  

to  2-acetoxyacenaphthenone without p u r if ic a t io n ,

6 . The preparation o f  the 2-dlalkylamlnoacenaph­

thenone hydrochlorides was attempted v ia  the fo llow in g  

procedures:

Procedure A, To a so lu tio n  o f  12*35 g*

( 0 .0 5 0  moles) o f  2-bromoacenaphthenone d isso lv e d  in  150 

m l, o f  dry to luene at room temperature was added 0 ,1 0  

moles o f  amine* The so lu t io n  became dark and p r ec ip ita ted  

a m ixture o f  the secondary amine hydrobromide and b iaeene- 

d ione. The rea ctio n  m ixtures were perm itted to stand for  

two hours and were then d ilu te d  with 50 ml. o f  dry eth er.

The s o lid  products were c o lle c te d  by su ction  f i l t r a t io n .  

A c id if ic a t io n  o f  the f i l t r a t e  with an eth erea l so lu tio n  

o f  hydrogen ch lor id e  p rec ip ita ted  the so lu b le  b a sic  products 

o f  the re a c tio n . These were c o lle c te d  by su ctio n  f i l t r a t io n  

and r e c r y s ta l l iz e d  from a 50# m ixture o f  g la c ia l  a c e t ic  

acid  and iso -p ro p y l eth er . B iacenedlone, which i s  water 

in so lu b le , was is o la te d  from i t s  m ixture w ith amine hydro- 

bromide p re c ip ita ted  from the o r ig in a l rea c tio n  m ixture 

by d is so lv in g  the amine hydrobromide in  hot w ater. The
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resu lts of this series of reactions are summarized in  Table

I .

Procedure B. This procedure i s  patterned  

a f te r  that o f  Lutz e t .  a l .  ( 5 ) .  The r e s u lt s  o f  th is  s e r ie s  

o f  rea c tio n s  are summarized in  Table I I .

To 6 .13 g . (0 .025 m oles) o f  2-bromoacenaphthenone 

contained in  a 50 ml. Erlenmeyer f la sk  were added O.O75 

moles o f  secondary amine a t room temperature except as  

in d ica ted  in  the ta b le . A fter standing from one to three  

hours, the m ixtures were tr itu r a te d  with ether and then  

with w ater. The ether la y e r s  were washed with water a f te r  

f i l t r a t io n  from the b iacenedlone formed in  the re a c tio n .

The ether ex tra c ts  were d ried  over sodium s u lfa te ,  f i l t e r e d ,  

and a c id if ie d  with an eth erea l so lu tio n  o f  hydrogen chlo­

r id e . The s o lid  products were r e c r y s ta l l iz e d  by d is so lv in g  

them in  hot ethanol, c la r ify in g  the so lu tio n  w ith charcoal, 

f i l t e r in g ,  and p r e c ip ita t in g  with dry iso -p ro p y l e th er .

Procedure C.. To a so lu tio n  of 12 .3 5  g .

(0 .0 5 0  moles) o f  2-bromoacenaphthenone in  200 ml* o f  dry, 

b o ilin g  acetone was added dropwise 0 .1 0  m oles o f  secondary 

amine in  25 ml. o f  aceton e. A fter one h a lf  hour the so lu tio n  

was concentrated to 5°  ml* an<i 100  m l. o f  iso -p ro p y l ether  

was added. A fter the so lu tio n  had coo led , the p r ec ip ita ted  

amine hydrobromide and biacenedlone were c o l le c te d  by 

su ction  f i l t r a t io n .  The f i l t r a t e  was trea ted  with dry 

hydrogen ch lo r id e  and the p r e c ip ita te  was c o l le c te d . In
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Table I

2 R R / kiH *- R R  MHBr

R R’NH _  C?)

..structure wt. used ( l) - ( 2 ) weight .P . °C

diethylam ine 7 * n  S* 12.&5 g# 5*65 g . M o  g . 2 3 0 -2

p ip erid in e 8*52 g . 1 0 ,6  ge 2 .3  ge 9 .0  g. 2^1 -2  (k)

morpholine SU71 g* 7*95 g . tra ce 12.55 g* 193-^ w
dimethylamine 5*0 g*(5) 3 .6 5  g . 1 .7 0  g . 2 .1  g. 270 (k)
dioyclohexylam lne i g . l  g . 1 1 .3  g . tra ce 1^*3 6 * 33^ (*)
d i ethanolamine 1 0 .5  g . o i l 6 .5  g . ------ —

( 1 ) weight o f  so lid  p rec ip ita ted  fl*ora rea ctio n  s o lu t io n

( 2 ) weight o f  biacenedlone is o la te d

( 3 ) s o lid s  p rec ip ita ted  from r e a c tio n  so lu tio n  w ith  dry hydrogen c h lo r id e

( 4 ) r e c r y s ta l l iz e d  from g la c ia l  a c e t ic  acid  and iso -p ro p y l ether

( 5 ) 13*7  g* o f  2-bromoac enaphthenone used

rooa
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T a b le  I I

wt. o f  amine wt. b ia cen e- amlnoketone hydrochloride  
amine used d ione found Wt. m.p. °G remarks

p ip er id in e 6 . 3S g . ^ .6 5  g . O.lij- g . 2*&-2^5 (1 )

fflorpholine 6 .5 3  g . g . 0 .5 6  g . 200 d . CD

diethylam ine 5 M  g . 3 *6 g . ---------- 225-227 (1 ,
d i ethanolamlne 7 .9  g . K&5 g . o i l (3)
e th y l ethanolamlne 6 . 6S g. K t y  g . o i l -------- ------- ( 6 )

phenyl ethanolamlne 1 0 .3  g . --------- o i l W
dicyelohexylam ine 1 3 .6  g . ^ .33  g . ±  310 (5)

(1 ) Mixture became very  warm; coo lin g  n ecessary

(2 ) Explosive when con fin ed

( 3 ) Warmed on the steam p la te  for a few m inutes 

(4-) no biacenedlone i s o la t e d

( 5 ) Mixture s o l id i f ie d  and was d i f f i c u l t  to  d is s o lv e

( 6 ) Ethyl ethanolamlne cou rtesy  the Carbide and Carbon Chemicals Company



those oases when the p r e c ip ita te  was o i ly ,  i t  was d ig ested  

w ith 100  ml. o f  dry ethanol to Induce c r y s t a l l iz a t io n .

The mother liq u o rs  were concentrated to ob ta in  a d d itio n a l  

product. The to ta l  s o l id s  obtained a f te r  the hydrogen 

ch lo r id e  treatment were r e c r y s ta l l iz e d  by d is s o lv in g  them 

in  ethanol, c la r ify in g  the hot so lu t io n s  w ith charcoal, 

f i l t e r i n g ,  and adding iso -p ro p y l ether to the f i l t r a t e  

u n t il  p r e c ip ita t io n  began. The r e s u lt s  o f  t h is  s e r ie s  

o f  r e a c tio n s  are summarized in  Table I I I .

Table IV summarizes the a n a ly t ic a l data an the  

products o f  the rea ctio n s  described  above.

B. Mannich rea ctio n s

The fo llow in g  paragraphs d escrib e  the gen eral 

procedures follow ed in  our attem pts to perform th e Mannich 

rea c tio n  w ith  acenaphthenone. Table V should be consu lted  

for  the d e t a i ls  o f  the r e a c t io n s , i .  e . , the re a c ta n ts ,  

th e ir  proportions, the so lv e n t , the time o f  r e a c t io n , and 

the m eltin g  p o in ts  o f  the m ateria ls is o la te d .

Procedure A. A m ixture o f  acenaphthenone, formalde­

hyde, and secondary amine s a lt  was d isso lv e d  in  the so lven t  

and then reflu xed  for the d esired  p eriod . M ineral a c id  was 

addea when paraformaldehyde was used in  order to  a id  in  

the depolym erization o f  th is  reagen t, A gummy p r e c ip ita te  

was o fte n  v i s ib le  in  the r e a c tio n  m ixture. A fter the reac­

t io n  had proceeded for th e d esired  len g th  o f  tim e, the
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Table IV

A n a ly tic a l Data -  P reparation  o f Amino Ketone Hydrochlorides

m*p , amino-. i . p ,  amine _ A nalyses ?<£)
Amine Procedure Ketone hydro- hydroeh lo- C alculated  fo r  ’

____________________   c h lo r id e  (1 ) r id e  ( 2 ) ~7 D  r ‘ Pound

P iperid ine A 2̂ 1-2 C'77.3 9̂*5
H 6.62 9.66 9.96
K 5.30 11,5 11,35

Morpholine A, C 195-6 175 c 72.2 36.9 65.73
H 6,02 6.1 5.90
H 5.26 11.3 ^.72

P icyclohexylam l ne c 33̂ 300-15 G 75.O 66.0 65, 7̂
H 7,61 11.0 11. 2fc
H 3.65 6.̂ 2 6.ia

Dimethylamlne A 270 170-1 0 67.7 29.^ 72.72
H 5,65 9.6 3,66
N 5.65 17,2 &.o

Ethyl ethanolamlne C 2kl-J 170 c 65.6 3*5.3 65.11
H 6,16 9.55
H K JS 11.2 0.0



m ixtures were d ilu te d  with acetone or eth er, washed with  

a sm all amount o f  water to remove unchanged secondary amine 

s a l t s ,  and then r e c r y s ta l l iz a t io n  o f  the gummy products 

was attem pted. These products were nearly  In so lu b le  in  

a lco h o l and the use o f  h ig h e r -b o ilin g  so lv e n ts  such as 

g la c ia l  a c e t ic  acid  or dlmethylformamide le d  to  increased  

gum form ation. M elting p o in ts  o f  the r e s u lt in g  products 

were taken and recorded i f  a d e f in i t e  range was observed. 

Some o f  the m ateria ls exh ib ited  some s o lu b i l i t y  in  chloro­

form, but d ilu t io n  o f  th ese  so lu t io n s  w ith a lc o h o l, acetone, 

or ether fa i le d  to  g iv e  a c r y s ta l l in e  product.

Procedure B. A m ixture o f  0 .050 m oles o f  acenaph- 

thenone, 0 .10  moles o f  paraformaldehyde, and 0 .0 5 0  moles 

o f  secondary amine hydrobromide was reflu xed  with 2ir ml. 

o f  concentrated  hydrobromic acid  in  50 m l. o f  ab so lu te

eth anol. A fter four hours r e f lu x  one gram o f  paraform al-
■ ■ &
dehyde was added and th is  a d d itio n  was repeated a f te r  

e ig h t hours r e f lu x . The m ixtures were reflu xed  for a 

t o ta l  o f  23—̂  hours and then were d ilu te d  with 200 ml. 

o f  hot aceton e. Only th e r e a c t io n  with d icyclohexylam ine  

.. hydrobromide gave an appreciab le amount o f  p r e c ip ita te  

on c o o lin g . This p r e c ip ita te  proved to be unreacted d icy­

clohexylam ine hydrobromide. A fter f i l t r a t io n  from any 

p r e c ip ita te  which had formed on co o lin g , th e so lu t io n s  

were concentrated and d ilu te d  with eth er . This caused the  

p r e c ip ita t io n  o f  o i l s  in  most c a s e s . These o i l s  were
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c r y s ta l l iz e d  by d is so lv in g  them in  g la c ia l  a c e t ic  a c id , 

concentrating these so lu t io n s  u n t i l  the temperature o f  the 

d i s t i l l a t e  was 115°  or h igher, and then d ilu t in g  the  

resid u e  with iso -p ro p y l e th er . A comparison o f  th e ir  

m eltin g  p o in ts  in d ica ted  that th ese  p r e c ip ita te s  were 

la r g e ly  unreacted secondary amine hydrobromides.

C. Attempted preparation  o f  su b stitu ted  acenaphthy1 enes

1 . Attempts to  a lk y la te  acenaphthenone

fh e  fo llow in g  paragraphs d escr ib e  our 

attem pts to  a lk y la te  acenaphthenone. fh e re feren ces  are  

to ty p ic a l procedures a f te r  which our experiments are  

p atterned .

( a ) .  (51) A m ixture o f  3 .3 6  g* (0 .0 2  m oles) 

o f  acenaphthenone and 0 .30  g . (0 .0 2 0 5  moles) o f  sodium 

amide in  25 ml, o f  dry benzene was re flu x ed  u n t i l  the  

evo lu tion  o f  ammonia had nearly  ceased . During t h is  period  

the so lu tio n  turned dark red  in  co lo r  and la t e r  d ep osited  

a redd ish  s o l id ,  fhe re a c tio n  was in terrupted  a f te r  four 

hours, water was added, the s o l id  was c o lle c te d  and 

r e o r y s ta ll lz e d  from to lu en e . I t  c r y s ta ll iz e d  in  yellow  

needles which m elted a t 262°  and was id e n t i f ie d  as b ia ce -  

none ( 26) .

(b ) . (3 3 ) fo  a so lu t io n  o f  3 .3 6  g . ( 0 .0 2  

m oles) o f  acenaphthenone and 1*57  m l. (0 .0 2  m oles) o f  

eth y l bromide in  50 m l. o f  benzene was added 0 .0 2  moles
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Table V (continued)
Mannich Reactions with Acenaphthenone

i - H jlei 1 3 1 i l l .L5l  <61_ ( 7 ) i l l
Dime thylamine m i EtOH 2 1 1 ------------

P ip erid in e n tt 2 1 2 — —

n tt N 2 1 6§ 2k$
tt it If 2 1 k$ — --------

it H H 2 1 2 27S-9
n it tt 2 1 2^ 175-240

235 -2 4 5
tt n BOH 1 1 4 6

H » 1-AmOH 2 1 2 235-265

tt tt tt 2 1 2k 250 -265

» HBr I t  OH 2 1 2 6 2 -263

N -------- HOAc 2 1 3 — ----------

V — - EtOH 2 1 St _ — .—

II — - N 2 1 k& -------------

Dieyblchexylamine HG1 EtOH
i-AmOH

2 1 2*

3*

336
tt H 1-AmOH 2 I 330

at room tamp,

aqueous HCHQ at room temp.
on
*
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Table V (continued)

Mannich R eaction s w ith Ac enaphthenone

(1 ) ( 2 ) (3) Ik) (5) (6) (7) (g)

Morpholine 

Procedure B.

HGAc EtOH 1 1 k o i l

Morpholine HBr EtOH 3 1 /3  l 21  ̂}—220

D icyclohexylam ine H tt 3 1 /3  1 2 M- 325-330

Morpholine « if 3 1 /3  1 2^ 166

P iperid ine N tt 3 1 /3  1 21 2*10- 2^2

® imethylamine n n 3 1 /3  1 2 l|*

D iethylan ine n n 3 1 /3  l 22 157-175



o f  the sodium s a lt  o f  t-am yl a lco h o l in  to lu en e ( 5 2 ) .

The cold  so lu tio n  turned a b r i l l ia n t  red . I t  was reflu xed  

for f iv e  hours and then n eu tra lized  with d ilu te  hydro­

ch lo r ic  a c id . The organic la y er  was separated and dried  

over sodium s u lfa te .  Evaporation o f  th is  so lu tio n  gave 

blacenone. The use o f  e th y l io d id e  in  th is  procedure gave 

the same r e s u lt s .

( c ) .  To a suspension o f  0 .30  g . o f  sodium 

amlde in  dry ether a t 0°  was added, over a period  o f  two 

hours, an eth erea l so lu tio n  o f  3 .3 6  g . (0 .0 2  m oles) o f  

acenaphthenone. Mo co lor  developed during t h is  a d d itio n .

% en the so lu tio n  was warmed to room tem perature, i t  

became deep red  in  c o lo r . Then 3 .1 2  g. (0 .0 2  m oles) o f  

eth y l io d id e  was added and the mixture was s t ir r e d  a t 0°  

for two hours. A fter s t ir r in g  the m ixture from 12 to  14 

hours and a llow ing the temperature to r i s e  to that o f  the  

room, we then reflu xed  i t  for one hour. The m ixture was 

hydrolyzed with d i lu te  hydrochloric a c id  and f i l t e r e d  from 

a yellow  p r e c ip ita te . This s o l id ,  a f te r  r e c r y s ta l l iz a t io n  

from chloroform , m elted a t  262° and was id e n t i f ie d  as  

biacenone.

(d ) . To a to luene so lu tio n  o f  2 .2  g . (0 .0 2 5  

m oles) o f  the sodium s a lt  o f  t-am yl a lco h o l was added

dropw ise,over a two hours p er io d , a so lu tio n  o f  3 .3 6  g,

(0 .0 2  m oles) o f  acenaphthenone in  benzene. A fter the a d d itio n  

o f  6*2^ g. (O.CA m oles) o f  e th y l io d id e , the so lu tio n
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was refltaxed for one hour. A fter the usual a c id if ic a t io n ,  

ex tra c tio n , and drying, biacenene was the only product 

i s o la te d .

( e ) .  The use o f  sodium ethoxlde for the  

b asic  component In the rea c tio n  y ie ld ed  biacenone as the  

on ly  is o la b le  product.

2. Attempts to carbethoxylate ac enaphthenone

(a ) .  (324.) To a so lu tio n  o f  sodium ethoxide  

prepared from 2 .3  g . (0 .1 0  m oles) o f  sodium in  50 ml. o f  

ethanol was 15 g . (0 .1 3  m oles) o f  d ie th y l o x a la te  and

1 6 .g g . (0 .1 0  m oles) o f  acenaphthenone. A yellow  s o lid  

p re c ip ita ted  almost im m ediately. The m ixture was heated to  

r e f lu x  and then the heat was removed. A fter c o o lin g , the  

mixture was hydrolyzed w ith d ilu te  s u lfu r ic  a c id . £  heavy, 

reddish  o i l  was extracted  with ether and the ex tra c ts  

were dried  over sodium s u lfa te .  A fter removal o f  the so lv en t, 

four grams o f  powdered g la s s  were added and the resid u e  

was heated a t  175°  for one hour under a p ressure o f  15 mm. 

o f  mercury. The resid u e was then d i s t i l l e d  under a pressure  

o f  3 mm. with the bath temperature gradually being ra ised  

to  3OO0 . A sm all amount o f  y e llo w ish  s o lid  was c o lle c te d  

and r e c r y s ta l l iz e d  from aqueous eth an ol. I t  m elted a t  

121° and d id  not depress the m elting  p o in t when mixed

with an authentic  sample o f  acenaphthenone.

(b)* (35>36) Dry sodium ethoxide was pre­

pared by d is so lv in g  2»h g . (0 .1 0 5  m oles) o f  sodium in
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40 ml. o f  dry ethanol and then removing the so lv en t under 

reduced pressure. A so lu tio n  o f  1 6 .5  g . (0 .10  m oles) ©f 

aoenaphthenone in  ml. o f  d ie th y l carbonate was added.

The m ixture became very v isco u s and s t ir r in g  was stopped. 

The m ixture was trea ted  with ic e  water and hydrochloric  

a c id . A fter ex tra c tio n  with benzene, drying o f  the ex tra c ts  

over sodium s u lfa te , and removal o f  the so lv e n t, a yellow  

s o lid  remaimed. A fter r e c r y s ta l l iz a t io n  from chloroform  

the s o lid  was id e n t i f ie d  as biacenone, m.p. 262° .

3* Attempted c y e llz a t io n  o f  alk y la ted  1-n aoh th v l-  

a c e t lc  a c id s

The required a c e t ic  a c id s  were prepared by the  

method described  by B llck e  and Feldkamp ( 3^)•

Procedure 1 . This procedure i s  e s s e n t ia l ly  

th a t o f  Baehmann and Sheehan (37)* An a c id  ch lo r id e  was 

prepared by d is so lv in g  10  g . (O.0W 6 mole®) o f  a lpha-  

(1-nap hth yl)-b u ty r ic  a c id  in  30 m l. o f  dry ether and 10  

m l. o f  r e d i s t i l l e d  th io n y l ch lo r id e . F ive drops o f  p yrid in e  

were added and the m ixture was perm itted to  stand a t  room 

temperature for  one h a lf  hour. The so lv en t was removed a t  

reduced pressure, 15  m l. o f  dry benzene were added, and

t h is  was a lso  removed under reduced pressure. The resid u e  

was extracted  with 250 m l. o f  dry benzene and th e  so lu tio n  

was cooled  to 0 ° . F ifte en  grams o f  aluminum ch lo r id e  were 

added and th e mixture was perm itted  to  stand for one hour 

a t room temperature as the so lu tio n  darkened and hydrogen
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chloride was evolved. The suspension was hydrolyzed with 
ice and concentrated hydrochloric acid. The benzene solu­
tion was dried over sodium sulfate after being washed with 
ammonia and water. After removal of the solvent, the 
residual oil did not crystallise.

When this preparation was repeated, the oil was 
induced to crystallize by trituration with petroleum ether. 
After recrystallization from ligroin, it weighed one gram 
and melted at I I 5- I I 60 but failed to give a positive test 
with 2,4-dlnltrophenylhydrazlne.

Two t r ia l s  o f  t h is  procedure with a lp h a -(1-naph- 

tb y l)-p ro p io n ic  acid  did not y ie ld  a c r y s ta l l in e  product. 

When the o i l s  were steam d i s t i l l e d  and nine l i t e r s  o f  

d i s t i l l a t e  were c o l le c te d , con centration  o f  the eth erea l 

ex tra c ts  o f  t h is  d i s t i l l a t e  gave a sm all amount o f  s o lid  

which m elted a t 1^5°. This s o l id  did  not g iv e  a p o s it iv e  

t e s t  with 2 , 4-d ln itrop henylhyd razin e.

Procedure £ . Ten grams (0 .0 5  m oles) o f  

a lp h a -(1-nap hth yl)-p rop ion ic a c id  were d isso lv ed  in  100  g . 

( 5 .0  m oles) o f  anhydrous hydrogen f lu o r id e . A fter the hy­

drogen flu o r id e  had evaporated, the re s id u a l s o l id  was 

extracted  with sodium hydroxide so lu tio n  to  lea v e  on ly  

a very sm all amount o f  a lk a li- in s o lu b le  m ater ia l. Recrys— 

t a l l ! z e d  from benzene and l ig r o in ,  th is  s o l id  m elted at  

137-1320.
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Procedure 3,. To the acid chloride from 
10  grams (0 ,0 5  moles) of alpha-(1-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 50 ml. of benzene. Reaction was 
allowed to occur during 15 minutes at 0 ° . After hydrolysis 
with 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.

When the acid chloride was prepared using phosphorus 
pentachLoride and then treated with stannic chloride (53)» 

the oil obtained after the usual isolation procedure 
could not be crystallized. Most of the starting material 
was obtained from the alkaline extract.

Steam distillation of the combined preparations in 
this procedure gave only a trace of solid material.

D. Preparation o f  eth y l K-(1-acenaphthenyl)-oarbamate

To a dry eth erea l so lu tio n  o f  1-aminoacenaphthene 

is o la te d  from an aqueous so lu t io n  o f  12  g . (0 .0 5 3  moles) 

o f  l-aminoacenaphthene hydrochloride made b a sic  with  

sodium hydroxide were added k*6 g . (0 .0 5 3  m oles) o f  dry 

p yrid in e and 6 .3 1  g . (0 .0 5 3  m oles) o f  r e d i s t i l l e d  e th y l 

chloroform ate. There was an immediate p r e c ip ita t io n  o f
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p yrid in e  hydrochloride, The m ixture was allow ed to stand  

a t room temperature for one hour. The p yrid in e hydrochlo­

r id e  was c o l le c te d  by su ction  f i l t r a t io n ,  washed with  

eth er , and the combined eth erea l so lu tio n s  were evaporated  

to  dryness oh the steam p la te .  The s o lid  from the evapo­

r a t io n  was r e c r y s ta l l iz e d  from ethanol in  the form o f  

c o lo r le s s  need les which m elted a t l 6 l ° .  C oncentration o f  

the mother liq u o rs  y ie ld ed  an a d d itio n a l quantity  o f  

m a ter ia l. The to ta l  y ie ld  was 3#i|. g , ( 31# ) .

A n a ly sis . C alcu lated  for C^Hi^OH: C,7*|..6j H ,6.22;

N,5 .g 0 .

Found: C,74>02; H ,6.19; N, 5.79*

E. Other Preparations
1 . 2-Acetoxyaoenaphthenone (k) was prepared in  a 

manner s im ila r  to  the preparation  o f  benzoin a c e ta te  by 

Barnes and Tulane (* $ ) . A so lu tio n  o f  60 g . (0.2^3 moles) 

° f  2-bromoacenaphthenone in  300 m l. o f  g la c ia l  a c e t ic  acid  

was re flu x ed  with 65 g . (0 .6 6  m oles) o f  fr e sh ly  fused  

potassium  a ce ta te  for th ir ty  m inutes. The so lu tio n  was 

cooled  and poured in to  a la rg e  volume o f  w ater. The mix­

ture was extracted  with benzene. An orange s o lid  which was 

not r e a d ily  so lu b le  in  cold  benzene was separated from the  

water layer  and id e n t i f ie d  a s b lacenedlone, m.p. 295° ( 26 ) .  

The benzene ex tra c ts  were dried  over sodium s u lfa te ,  the  

so lven t was removed, and the resid u e was d i s t i l l e d  under
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vacuum. T ritu ra tion  o f  the heavy, v iscou s d i s t i l l a t e  with  

petroleum eth er, b .p . 3O-600 , induced c r y s ta l l iz a t io n  to  

a nearly c o lo r le s s  s o l id .  R e c r y s ta lliz a t io n  o f  t h is  s o lid  

from methanol gave c o lo r le s s  c r y s ta ls  which m elted at 

91^.95°  The y ie ld  o f  r e c r y s ta l l iz e d  product was 30 g . 

(55$).
In one preparation o f  2-aeetoxyacenaphthenone by 

th is  method, r e c r y s ta l l iz a t io n  o f  the d i s t i l l e d  product 

from l ig r o in  gave as the f i r s t  p r e c ip ita te  a b r i l l ia n t  

**ed compound o f  undetermined stru ctu re . I t  was r e c r y s ta l­

l iz e d  from g la c ia l  a c e t ic  acid  in  the form o f  b r i l l ia n t  

red need les which m elted a t  2k&~2k9°. Hhen trea ted  w ith  

a lc o h o lic  potassium  hydroxide and then n eu tra lized  with  

hydrochloric a c id , an a lc o h o lic  so lu tio n  o f  the red com­

pound gave an orange compound which m elted a t  237-233° 

a f te r  r e c r y s ta l l iz a t io n  from g la c ia l  a c e t ic  acid  and 

water. The red compound d eco lo r ized  d i lu te  permanganate 

and a ls o  d eco lorized  a so lu tio n  o f  bromine in  chloroform .

A nalysis o f  red compound: C ,33.S6j H,ty.37 .

2. The preparation o f  2-hydroxyacenaphthenone was

attem pted by a lk a lin e  h yd ro lysis  o f  2-acetoxyacenaphthe- 

none. To a so lu tio n  o f  5 .6 5  g . (0 .025  moles) o f  2-aeetoxy­

acenaphthenone in  50 ml. o f  methanol was added I .5 0  g . o f

-  -  

C riegee and Klonk (46) reported a m elting  p o in t o f  71-72°
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sodium hydroxide in  1© ml. o f  water. The mixture was 

reflu xed  for one hour and then poured in to  w ater. The 

green ish  s o lid  was c o lle c te d , d r ied , and r e c r y s ta l l iz e d  

from g la c ia l  a c e t ic  a c id , i t  was yellow  in  c o lo r , m elted  

a t 2kl°J, and was id e n t i f ie d  as acenaphthenequinone when 

i t  d id  not depress the m eltin g  p o in t o f  an au th en tic  

sample ( 5^5*

When the h yd ro lysis  was conducted with one gram o f  

sodium h y d r o su lfite  In  a d d itio n  to the sodium hydroxide, 

the s o l id  Iso la te d  was c o lo r le s s ,  and a f t e r  r e c r y s t a l l i ­

za tio n  from eth y l a c e ta te  and then from aqueous a c e t ic  

a c id , i t  m elted a t  26 1̂- 265° .  I t s  a n a ly s is  was that o f  

2 , 2*-b laoenaphthenyl-l, 1 *-dione (^9 ) *

A n a ly sis . C alcu lated  for 2-hydroxyacenaphthenone 

(C12Hg02): C ,7g .3j H,*k35.

C alcu lated  for 2 ,2*-b iacenaphthenyl- 

1 , 1 *—dione (C2ijH2ji,0 2) * C,©6 .2 j  H,ty»19»

fbunds C,©5.g; H,4.43.

3 .  Formation o f  2-benzylamlnoacenaphthenone hydro­

ch lo r id e . To a so lu tio n  o f  11 .3  g . (0 .050  m oles) o f  2- 

acetoxyacenaphthenone in  100  m l. o f  dry benzene (th e  

so lu tio n  was d ried  by azeotrop ic  d i s t i l l a t io n )  was added 

11 ml. (0 .10  m oles) o f  benzylam ine. The m ixture became very  

dark on re flu x in g  and the water formed in  the r e a c tio n  was 

c o lle c te d  in  a Stark and Dean trap . S lig h t ly  l e s s  than
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one ml, o f  water was c o l le c te d . A fter re  flu x in g  for l£  

hours the rea ctio n  had apparently ceased , fh e  so lu tio n  

was f i l t e r e d  and a c id if ie d  with hydrogen ch lo r id e  in  dry 

eth er . The p r e c ip ita te  was c o lle c te d  by f i l t r a t io n  and 

r e c r y s ta l l iz e d  from g la c ia l  a c e t ic  acid  and ether in  the  

form o f  l ig h t  yellow  n eed les which m elted a t 218° a f te r  

sev era l such r e c r y s ta l l iz a t io n s .

Analysis. Calculated for 2-benzylaminoacenaphthe- 
none hydrochloride (C^H^gOECl): 0 , 73. 5; H.5. 16; N.^.51.

Calculated for benzylamlne hydrochloride 
(C7H10KC1): 0 ,5 g . 3 ; K,6.$k; H ,9 ,72 .

Found: 0 , 65. 17? H,6. 03; M,7.if7

Attempted preparation o f  N-( 2-fceto-l-acenaph-  

Sgenyl) - pyrldlnlum io d id e  ♦ A m ixture o f  6.4- g . (0 .050  

moles) o f  acenaphthenone and 1 2 .7  g* (0 .1 0  m oles) o f  io d in e  

were d isso lv e d  in  15  ml. o f  p y r id in e . The m ixture became 

warm on standing and soon s o l id i f i e d .  A fter one hour the  

m ixture was washed with ether to  remove the excess p yrid ine  

and then with water to  d is s o lv e  the pyridinlum io d id e  

formed. Evaporation o f  the aqueous washings gave 11 .0  

grams o f  the monohydrate o f  pyridlnium io d id e  (approxim ately  

th e o r e t ic a l y ie ld ) .  A p ortion  o f  the resid u e from the  

washings was r e c r y s ta l l iz e d  from ethanol and iso -p ro p y l 

ether in  the form o f  brownish n eed les which m elted at  

I 7O-I7I 0 and which apparently decomposed on stand ing .
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A stoppered vial of the recrystallizea material smelled 
strongly of pyridine after three weeks standing. The 
material was not submitted for analysis.
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SUMMARY AM) SUGGESTIONS FOR FURTHER RESEARCH

A. Procedures for the preparation of the following compounds 
have been improved:

1 . 2-Bromoacenaphth enone
2. 2-Ac etoxyac enaphthenone.

B. The preparation of ethyl N-(l-acenaphthenyl)-carbamate 
has been accomplished.
C. Ac enaphthenone has been shown not to yield Mannlch 
reaction products under a wide range of conditions and 
reactants.
D. The reaction of 2-bromoacenaphthenone with secondary 
mines has been shown to yield blacenedione almost to the 
exclusion of the formation of other products.
E. The preparation of 2-alkyl acenaphthenones has been 
attempted by the following methods:

1 . A variety of alkylatlon procedures
2. The introduction of a carbethoxy group in the 

2-position as an intermediate step
3 . Cyclization of naphthylacetlc acids under several 

different conditions.
This study has shown that ac enaphthenone may be 

dimerized to biacenone by reaction with several different 
basic reagents.
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P. The r e s u lt s  obtained in  th is  study suggest the fo llow in g  

as su ita b le  su b jects  for further research:

1 . Further study should bemade on the Mannich reac­

t io n  with acenaphthenone, p a r t ic u la r ly  w ith resp ect to  the  

order o f  ad d ition  o f  the rea g en ts .

2* In view o f  the p rev iou s, although lim ite d , su ccess  

obtained by others in  the c y c liz a t io n  o f  naphthylacetic  

a c id s , further work should be attempted with the higher  

homologues o f  th is  ac id  in  order to d e fin e  more c le a r ly  

the e f f e c t s  o f  stru cture upon th is  c y c liz a t io n .
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ADDENDUM

The r e s u lts  o f  t e s t s  performed a t  the S loan-X et- 

te r in g  I n s t itu te  for Cancer Research are summarized below.

Toxicity Assay

In je c t io n  medium: •§$ Carboxy methyl C e llu lo se  In Iso to n ic  

S a lin e

Volume in je c te d  per 20 gram: 0 .5  a l*

S tra in : Banks male 

Dose: 500 mg. /k g .

Compound M orta lity
weight change 
on th ird  day

Ethyl N-(1-a c  enaphthenyl) -  
carbamate 0 /5 4 1

2-Morphollnoacenaphthenone
hydrochloride (1 ) 0 /5 4 2 .0

( l)  Impaired locomotion followed by sligh t tonic behavior; 

sligh t clonic movement o f limbs, dyspnea

Sarcoma ISO In Vivo In h ib it io n  

(data on fo llow in g  page)
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Sarcoma ISO In Vivo In h ib it io n

In  v ivo  t e s t  ( l )
C ompound

R esult
wt. change, 
grams ( Deaths

2 - Morpholinoacenaphthenone 
hydrochloride ( 2 ) - 1 . O/3 .O 2

Ethyl N -(1-acenaphthenyl) -  
carbamate ( 2 ) 1 .5 /3 -0 1

(1) 500 m g./kg. in je c ted  per mouse per day for seven days

( 2 ) tumors In the treated  anim als have grown as w ell as 

the co n tro ls  or have on the average grown to  3 /^  the  

diam eters o f  the con tro l tumors

( 3 ) The numerator in d ic a te s  the average weight changes 

in  the f iv e  t e s t  anim als, and the denominator in d ic a te s  

the average weight change in  the con tro l group.
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