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INTRODUCTION

Th© o b js c t iv o  o f  th© p re s e n t  in v e s t ig a t io n  was th e  sy n th es is  o f  

ÇplO -dim ethyl-l ,2 -b e n z -3 ,^ a n th ra q u ln o n e . Of th e  tw en ty -fiv e  quinones 

p o s s ib le  in  th e  9 » 10 -d in io thy l-1 , 2-benzanthracene system th e  compound 

m entioned above was chosen because th e  3 ,4 -  bond reg io n  seems to  be 

a s so c ia te d  w ith  ca rc in o g e n ity  in  th e  1 ,2-bonzanthracene system.^ The 

th e o r ie s  o f  hydrocarbon ca rc in o g en es is  a re  as y e t  in ad eq u a te ;^  so i t

(1 ) J .A . M ille r  and B.C. M ille r , Cancer R es ., 2  ̂ (2 ) ( P t .  1), 
229 ( 1963) .

( 2) N.H. Cromwell, Am. S c ie n t i s t ,  213 (1965).

ïjould be u n r e a l i s t i c  to  d isc u ss  th e  p o s s ib le  ro le  o f  9 » 10 -d im eth y l-1 ,2 -  

bena-3 ,4 -an th raqu inone  in  c a rc in o g e n e s is . For th e  in te r e s te d  read e r 

se v e ra l books^*^'^»^ have been w ritte n  re c e n tly  which ruview  the

(3)  D.B. Clayson, "Chemical C arc inogenesis ,"  L i t t l e ,  Brown and 
Company, Boston (19©2).

(4 ) G.M. Badger, '"Hie Chemical B asis o f  C arcinogenic A ctiv­
i t y , "  C. Hioraas, ^ r i n g f i e l d ,  I l l i n o i s  (1962).

(5) I .  H ieger, ^C arcinogenesis,"  Academic P re s s ,  London, New 
York ( 1961).

(6 ) G.E.VÎ. Wolstenholme and Maeve O’Connor, "C arcinogenesis 
Mechanisms o f A c tio n s ,"  A. Ciba Foundation Symposium, L i t t l e ,  Brown 
and Company, Boston ( I 96I ) .



numerous th e o r ie s  and hypotheses. îh e re  i s ,  however, th e  p o s s ib i l i ty  

th a t  9 ,1 O -dim ethyl-1, 2-benzanthracene i s  m etabo lised  to  a quinone o r 

hydroquinone \diich could  then  a c t  as an in h ib i to r  o r  a promoting 

agen t. The v a l id i t y  o f  t h i s  p a r t i c u la r  hypo thesis  would be e s ta b lish e d  

ty  b io lo g ic a l te s t in g .  Tne t i t l e  compound has been subm itted  fo r  

te s t in g  to  th re e ^  re se a rc h  groups.

(7 ) J .  K i l l e r ,  McArdale L abora to ry , Madison, W isconsin;
C. Huggins, Ban May Cancer L aborato ry , Chicago, I l l i n o i s ;  E, Boyland, 
C hester B eatty  Research I n s t i t u t e ,  London, England.

In  any case th e  in fo rm ation  derived  from b io lo g ic a l  te s t in g  

TOUld in c re a se  in  va lu e  as more o f  th e se  tw en ty -fiv e  quinones were 

sy n th es ized . The o r ig in a l  o b je c tiv e  was to  sy n th es iz e  as  many o f th e se  

quinones as p o s s ib le .  However, th e  d i f f i c u l t y  encountered in  th e  

sy n th es is  o f th e  t i t l e  compound c u r ta i le d  th e se  e f f o r t s .



RESULTS AND DISCUSSION

I .  P re p a ra tio n  and re a c t io n s  o f  3- 
!Tiethox7-9,1 0 -d ia o th y l-1 , 2- 
benaanthracene, VI

A g en e ra lize d  p rocedure  fo r  th e  p re p a ra tio n  o f a quinone s t a r t s  

•with a  phenol o r  p h en o lic  e th e r .  The phenol o r  i t s  e th e r  may be 

ox id ized  d i r e c t ly  "to a  quinone. A lte rn a tiv e ly , 'the phenol may be 

converted , through th e  azo d e r iv a tiv e  (c o ip l in g ) ,  in to  th e  correspond­

ing  amino d e r iv a t iv e ,  and th i s  in te rm e d ia te  o x id ized  in  a c id  so lu tio n .

The m ethyl e th e r ,  VI, was p re p a re d -in  hopes th a t  one o f  th e se  

genera l methods m ight be su c c e ss fu l. The p re p a ra tio n  o f  VI was 

b a s ic a lly  th e  one described^ and i s  o u tl in e d  in  F igure 1.

(1 ) V7.M. Smith, J r . ,  S .F . P r a t t  and H .J . Creech, J .  Am. Chem. 
Soc., 22. 319 (1951).

The sy n th e s is  o f  quinones by o x id a tio n  o f  p h en o lic  e th e rs  was 

dem onstrated by R uzicka." Phenanthraquinone and 1 ,7-dim ethyl-phen- 

anthraquinone ;fere p rep ared  by chromic ac id  o x id a tio n  o f  th e i r

(2 ) L. Ruzicka and H. Woldmann, Helv. Chim. A c ta ., 1_̂ , 90?
(1932).

re sp e c tiv e  9-m ethyl e th e r s .^  These two examples were a lso  encourag­

in g  due to  th e  s im ila r  n a tu re  o f  th e  3 ,4wbenzanthracene and the

3
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9 ,1 0-phenanthrene bonds. However, chromic a c id  o x id a tio n  o f  VI 

f a i l e d  to  y ie ld  any id e n t i f i a b le  p ro d u c ts . The m u l t ip l ic i ty  o f 

p ro d u c ts  and th e i r  s im ila r  chrom atographic m o b i l i t ie s  p reven ted  

is o la t io n  and c h a ra c te r iz a t io n .  S im ila r r e s u l t s ,  i . e .  decomposi­

tio n  and /or complex r e a c t io n  m ix tu res , were o b ta in ed  w ith  a c id ic  

permanganate, a lk a l in e  p e ro x id e , p e ra c e tic  a c id , t r i f lu o r o p e r a c e t ic  

ac id  and selenium  d io x id e .

The m ethyl e th e r ,  VI, was e v id e n tly  more s e n s i t iv e  to  vigorous 

o x id a tio n  than  th e  phenanthrene e th e r s .  In  o rd e r to  use more 

s e le c t iv e  and more g e n tle  o x id a n ts , s e v e ra l a ttem p ts  were made to  

prepare  VII by c leavage o f  th e  m ethyl e th e r ,  VI. There was one 

reported^ cleavage o f  VI which was accom plished vdth  hydrobromic 

ac id  in  d ioxane. The supposed pheno l, V II, was n o t i s o la te d  in  t h i s  

case bu t was converted  to  th e  corresponding an ine by a  Bucherer 

re a c tio n .^  S everal a ttem p ts  were made to  p rep a re  th e  pheno l, VII, 

w ith a  number o f  o th e r  cleavage agen ts  ( Table 1) in  a d d itio n  to  the  

one describ ed .^  These a ttem p ts  were u n su ccessfu l; o n ly  green o i l s  

ware o b ta in ed  vjhich could  n o t be p u r i f i e d  by c r y s ta l l i z a t i o n ,  

chromatography o r su b lim a tio n . The a ttem p ts  to  i s o l a t e  an e s te r  

d e r iv a tiv e  o f th e  "phenol, VII" were a lso  u n su ccess fu l. W ith s tan d ­

ard  techn iques o f  a c é ty la t io n  o r b en zoy la tion  th e re  r e s u l te d  complex 

re a c tio n  m ix tu res . Once again  th e  s im ila r  chrom atographic m o b i l i t ie s  

of th e  components p rev en ted  i s o la t io n  and c h a ra c te r iz a tio n .

Even though a phenol could  n o t be is o la te d ,  s e v e ra l a ttenq jts  

were made to  o x id iz e  th e  crude r e a c tio n  m ix tu res . The prim ary



o jâ d a n t, s tu d ie d  was F re z y 's  s a l t ,  potassium  n itro s o d is u lfo n a te .  This 

s ta b le  f r e e  r a d ic a l  had been used by Teuber^*^'^»^ to  convert a wide

(3 ) H .J . Teuber and G. J e l l in e k ,  H er., 3^, 95 (1952).

(4 ) H .J . Teuber and W. Rau, I b id . ,  86, IO36 (1953).

(5 ) H .J . Teuber and N. Gotz, I b id . ,  8%, 1239 (1954).

(6 ) H .J . Teuber and H. Liradner, I b i d . ,  92, 932 (1959).

range o f  phenols in to  quinones. In  t h i s  case  Frem y's s a l t  d id  n o t 

o x id ize  th e  stçjposed pheno l, V II, to  th e  t i t l e  compound. The crude 

re a c tio n  m ix tu res  as  evidenced by th in  la y e r  chromatography ( t . l . c . )  

co n ta in ed  fo u r components and showed only  a  very  weak carbonyl ab­

so rp tio n  a t  1660 cm"^.

S ince EVemy’s s a l t  was n o t an e f f e c t iv e  o:d.dant, sev e ra l 

a ttem p ts  were madeto o x id ize  th e  crude cleavage p roduct o f  VI w ith  

chromic a c id , t r i f lu o r o p e r a c e t ic  a c id  o r  chromium tr io x id e -p y r id in e .  

Workup o f th e se  re a c tio n s  a ffo rd ed  only  a sm all recovery  o f  pheno lic  

m a te r ia l and a  m ajor amount o f  t a r .

As s ta te d  e a r l i e r  a  quinone may be p rep ared  by d i r e c t  ox ida­

t io n  o r by o x id a tio n  o f  th e  corresponding am ino-phenol. S ince th e  

d i r e c t  o x id a tio n  o f VI o r o f  th e  reported^ VII had f a i l e d ,  an atteaç>t 

was made to  p rep a re  and o x id ize  th e  4 . amino d e r iv a tiv e  o f  "V II."  The 

3 ,4  quinone o f 1 ,2-benzanthracene w;as f i r s t  p repared^  in  t h i s  manner,

( 7 ) L .F . F ie se r  and E. D ie tz , J .  Am. Chem. S o c ., 3141
( 1930) .



i . e .  by o x id a tio n  o f  the  4 -amino d e r iv a tiv e  o f  3-hydroxy-1, 2-benz- 

an thracene vri.th chromic a c id .

The crude cleavage p ro d u c t from VI y ie ld e d  a red  d y e s tu ff  

mien coupled w ith p -n itrophenyld iazon ium  s u lf a te  in  a c e t ic  a c id ,^  

b u t th i s  v a t was a m ix tu re  o f  coupled p ro d u c ts  as evidenced by t . l . c .  

Since th e  coiTiponents could n o t be sep ara ted  th e  m ix tu re  was reduced 

w ith stannous c h lo rid e  in  d ioxane. The r e s u l t in g  m ix tu re  o f amino- 

phenol hydro ch lo rid e s  was t r e a te d  'td.th: chromic a c id ; potassium

perm anganate-acetic  ac id ; p e ra c e t ic  ac id  o r  f e r r i c  c h lo r id e . Each 

o f  th e se  o x id an ts  e f fe c te d  severe decom position in to  dark  re s in o u s  

o i l s .

I I .  S ynthesis and r e a c t io n s  o f  3 ,4 -  
dim ethoxy-9,1O -dim ethyl-1 ,2 -  
benzanthracene, XIV

The unpromising r e s u l t s  d e sc rib ed  in  th e  p reced in g  se c tio n  

n e c e ss ita te d  a  d i f f e r e n t  approach. I t  seemed more f e a s ib le  to  

syn thesize  a  benzanthracene d e r iv a tiv e  which con ta ined  oxygen func­

tio n s  a t  p o s itio n s  3 and 4 r a th e r  than  a ttem p tin g  to  o x id iz e  ( d i r e c t ly  

o r in d i r e c t ly ) , VI. The oxygen fu n c tio n s  must xd.thstand th e  c o n d itio n s  

o f  a m u ltis te p  sy n th e s is  and be u lt im a te ly  co n v ertab le  in to  a  1,2 -  

d iketone (q u inone). Thus th e  d ie th e r ,  XIV, was sy n th es ized  as o u t­

l in e d  in  F igure 2. The m ethyl e th e rs  were accep tab le  p ro te c tiv e  

groups bu t could  n o t be c leaved  su c c e s s fu lly . Thus th e  sy n th e s is  

o f th e  t i t l e  compound was n o t ach ieved .
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N ev erth e less , th e  sy n th e s is  o f  XIV i s  xcorthy o f  ndz, p a r t ic u ­

l a r l y  in  th e  f i r s t  s te p .  This re a c tio n  i s  th e  f i r s t  re p o r te d  F ried e l-  

G ra f t 's  condensation o f  o -ace tobenzo ic  ac id , IX, and i s  a lso  th e  

f i r s t  such condensation  e f fe c te d  \d.th no th an o su lfo n ic  ac id .

This re a c tio n  ifas modeled a f t e r  analagous condensations o f 

ph tha ldehyd ic  a c id  which has been re a c te d  w ith p h en o ls , p heno lic  

ethers^»^»^^ and a lk y la te d  benzenes^^ in  s u lfu r ic  a c id  to  form sub­

s t i t u t e d  p h th a lid e s ,

(8 ) A, B is trz y c k i and G .J . O eh le rt, H er., 2632 (1894).

(9 ) A. B is trz y c k i and D.W. Y ssel de Schepper, B e r., 31, 2790
( 1898) .

( 10) M.M. Brobaker and R. Adams, J .  M . Chem. S oc ., 2279
( 1927) .

(11) V.W. F lo u tz , J .  Org. Chem., 64] ( 196O).

The in f ra re d  spectrum^^ o f  p h tha ldehyd ic  a c id  in d ic a te s  th a t  

i t  e x is ts  p r im a r ily  in  th e  hydroxy-lac tone form which could be

( 12) D.D. '.‘Jh ee le r, B.C. Young and D.S. E rle y , J .  Org. Chan.,
22, 347 ( 1937) .

converted  d i r e c t ly  in to  a  c y c l ic  carbonium ion  in  s tro n g  a c id  by 

p ro to n a tio n  and e lim in a tio n  o f  w a te r. There i s  good reason  to  

expect such a  mechanism s in ce  2 -b e n z o y l-1 -n ^ h th o ic  a c id  forms a



10

c y c lic  carbonium io n  in  co n cen tra ted  s u lfu r ic  a c id .^3 I f  t h i s  mech­

anism i s  o p e ra tiv e  th e re  would be good reason  to  expect o -ace to ­

benzoic a c id , IX, to  undergo analogous condensations s in ce  i t  a lso  

e x is ts  in  th e  hydroxy-lac tone f o r m . ^ ^ '^ 3  Whether o r n o t t h i s  mechanism

(13) M.S. Newman, J ,  Am, Chem. S o c ., 2324 (1942).

(14) J .F .  Grove and H.A. W i l l i s ,  J .  Chem. S oc ., 877 (1951).

(15) D.S. E rley  e t  a l . « Chem. and In d . (London, 1915 (19^4).

was o p e ra tiv e  was n o t e s ta b l is h e d . However, IX d id  condense w ith  1 ,2 -  

dim ethoxynaphthalene, V III, in  90^ m ethanesu lfon ic  a c id  to  y ie ld  a 

p h th a lid e  i n  50^ y ie ld .

There was s tro n g  b u t n o t unequivocal evidence th a t  t h i s  

p h th a lid e  had th e  s t ru c tu re  in d ic a te d  by X. The p h th a lid e  n a tu re  

o f X was ev id en t from th e  in f r a r e d  and n .m .r .  s p e c tra .  However, th e  

p o in t  o f attaclim ent o f  th e  p h th a lid e  group was in f e r r e d  from p reced en t 

and from th e  s tru c tu re  o f  XIV. Since th e  s tru c tu re  o f th e  d ie th e r ,

XIV, was e s ta b lis h e d  by an unequivocal sy n th e s is  \diich i s  p re sen te d  in  

th e  next s e c tio n , the com plete evidence and arguments f o r  th e  s tru c ­

tu re s  o f  X, XI, X II, X III and XIV w ill  be p re sen te d  a t  th a t  tim e.

For th e  sake o f  convenience, we w il l  co nsider th e se  s tru c tu re s  as 

e s ta b lis h e d .

As m entioned e a r l i e r , m ethanesu lfon ic  a c id  has  n o t been 

rep o rte d  in  th e  sy n th e s is  o f  p h th a lid e s  by F r ie d e l-C ra f t ' s
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condensation . In  th e  sy n th e s is  o f  XIV and in  the sy n th e s is  o f  3- 

e thoxy-9»10-d iiae thy l-1 ,2 -benzan thracene”*  ̂ th i s  ac id  was f a r  su p erio r

( 16) H. Venkateswaran, P o s t-d o c to ra l fe llo w . The Ohio S ta te  
U n iv e rs ity , 1964-1965,

to  s u l f u r ic .  The problem s o f  su lfo n a tio n  and o x id a tio n  T^ich occur 

w ith  s u lfu r ic  were e lim in a ted  and dém éthylation was m arkedly r e ­

duced. O -acetobenzoic a c id , IX, d id  condense vdth V III in  80^ s u lf u r ic  

ac id  a t  room tem peratu re to  g ive X, b u t only in  tr a c e  anounts.

The re a c tio n  sequence le ad in g  from X to  XIV was analogous to

th e  sequence used in  p re p a ra tio n  o f  3-methoxy-9,1 O -dim ethyl-1 ,2 -
1 17benzanthracene, VI, Reduction o f  X w ith  z inc-fo rm ic  ac id  ' a ffo rd ed

( 17) R.L. L e ts in g e r , J .D , Jamison and A,S. Hussey, J ,  Org,
Chem., 26, 97 ( 1961) ,

a q u a n t i ta t iv e  y ie ld  o f a c id , XI, This ac id  was cy c lize d  I'ri.th anhydrous 

h y d ro flu o ric  a c id  to  th e  benzanthrane, X II, wtiich was re a c te d  w ith 

méthylmagnésium brom ide. The r e s u l t in g  a lco h o l, X III , was dehydrated  

to  th e  d ie th e r ,  XIV. The o v e ra l l  y ie ld  o f 3 ,4-dim ethoxy-9,1 0-d im ethy l-

1,2 -benzan th racene , XIV, from XI was 55^.

The d ie th e r ,  XIV, was n o t a s u ita b le  in te rm ed ia te  fo r  the  

sy n th e s is  o f  9 »10 -d im ethy l-1 , 2 -benz-3 ,4 -an thraqu inone as i t  could  n o t 

be converted  in to  th e  n ecessary  hydroquinone. Several c leav in g  agen ts
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(Table 2) were t r i e d  w ithou t su ccess . In  each case complex r e a c tio n  

m ix tu res r e s u l te d  which could n o t be sep a ra ted  o r o x id ized  to  th e  

d e s ire d  quinone.

I I I .  S yn thesis  o f 9 « 10 -d im eth y l-1 , 2-benz-
3 ,4-anthraquinone« XVII, and o th e r  
re a c tio n s  o f  3, ̂ d ih y d ro x y -3 , 
dihydro-9  >10 -d im eth y l-1 ,2 -  
banzanthracene, XVI

Since th e  d ie th e r ,  XIV, was shovn n o t to  be a  s u i ta b le  i n t e r ­

m ediate fo r  th e  sy n th e s is  of quinone, XVII, a d i f f e r e n t  s ta r t in g  

m a te r ia l ’[■ra.s re q u ire d . A su c c e ss fu l sy n th e s is  o f  XVII was th u s  worked 

o u t by o x id a tio n  o f  th e  d ih y d ro d io l, XVI, as  d esc rib e d  below.

(18) J.W. Cook and R. S choen ta l, J .  Chem. S oc ., 170 ( 1 9 ^ ) .

There was good p reced en t f o r  t h i s  o x id a tio n  s in ce  c i s - 3 , ^  

d ih y d ro x y -3 ,^d ih y d ro -1 ,2 -b en zan th racen e  had been ox id ized  to th e  

corresponding quinone w ith chromic a c id .^ ^  I t  was d i f f i c u l t ,  however, 

to  f in d  an ap p ro p ria te  o x id a n t. There wore even two p rev io u s  r e -  

p o rts^ ^ '^ ^  o f  u n su ccessfu l a ttem p ts  to  o x id ize  XVI to  th e  quinone.

(19) G .J. C o llin s , J .G . B urr, J r . ,  and D.N. Hass, J .  Am, Chem. 
S oc ., 21, 51 ?6 (1951).

(20) H .I . H adler and A.C. K ryger, J ,  Org. Chem., 2^, 1896
(I9 6 0 ).

(21) E. Boyland and P . Sims, Biochan. J . ,  21» ?80 (1963).
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XVII. S ince chromic a c id  was n o t  an e f f e c t iv e  oxidant^*^ sev e ra l 

o th e r o x id a n ts  were te s t e d  xd.th eq u a lly  unprom ising r e s u l t s .  Those 

o x id iz in g  agen ts  s tu d ie d  were ; chromium tr io x id e -p y r id in e ;  chromium 

t r io x id e - t - b u ta n o l ; u nbu ffered  potassium  perm anganate -t-bu tano l- 

w ater; cyclohexanane-aluminum iso p ro p o x id e ; manganese d iox ide  in  

chloroform ; s i lv e r  ox ide  in  e th e r ;  s i lv e r  benzoate in  benzene and 

ruthenum te tro x id e ^ ^  in  carbon te t r a c h lo r id e .  In  each case except

(22) At th e  su g g es tio n  o f  P ro fe s so r  D.H. H orton, The Ohio 
S ta te  U n iv e rs ity , I 966.

th a t  o f manganese d io x id e , some o x id a tio n  occurred  b u t no id e n t i f i a b le  

p roducts  could  be i s o la te d  from th e r re a c tio n  m ix tu res .

The o x id a tio n  o f  XVI to  XVII was f in a l ly  achieved  td.th dim ethyl 

su lfo x id e  (DMSO)-acetic a n h y d r i d e ^ 3  i n  y ie ld .  This method was 

t r i e d  a t  th e  suggestion  o f a  fe llo w  s tu d e n t ^  xdio no ted  th a t  th i s

( 23) J .D . A lb rig h t and L . Goldman, J .  Am. Chem. S oc., 87,
4214 ( 1965) .

(24) Mr. J .B . Hughes, M .Sc., The Ohio S ta te  U n iv e rs ity , 1966,

p a r t ic u la r  o x id iz in g  system was very e f f e c t iv e  f o r  converting  secondary 

a lcoho ls  in to  k e to n e s .^3 i^ e  o x id a tio n  proceeds v ia  sulfoxoniura s a l t  

in te rm ed ia te s  as i l l u s t r a t e d  below  f o r  a  genera l case .
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RgCHOH
- H A c

R ^ Ç -O -S C C H ^ ),

+ -C H 3)2S
— HAc 

RgC =  0

C H 2 =  S - C H 3

RpCHOH
- H ®

R2CHOCH2 -  S — CH3 

P ath  BP ath  A

I t  should be no ted  th a t  th e  i n i t i a l  sulfoxonium in te ra e d ia t©  may a lso  

r e a c t  -with a secondary a lcoho l by Path  B to  give m ethylth iom ethyl 

e th e r s .  This s id e  r e a c tio n  and p a r t i a l  o x id a tio n  p robab ly  accounts 

fo r  th e  low y ie ld  o f  XVII,

The qninone, XVII, formed th e  qu inoxaline  d e r iv a tiv e , XVIII, 

and th e  d ia c e ta te ,  XIV. The qu inoxa line  d e r iv a tiv e , XVIII, i s  q u ite  

re le v a n t to  th e  s t r u c tu re  p ro o f o f  XVII which w il l  be considered  

s h o r t ly .  This i s  th e  f i r s t  re p o rte d  case o f  a 1 ,2 -d iketone sy n th e s is  

by means o f  a DXSO type  o x id a tio n , and i t  i s  a lso  th e  f i r s t  case  o f a 

quinone sy n th e s is  by means o f  t h i s  type o f  o x id a tio n .

n a tu re  o f  th e  sy n th e s is , th e  s tru c tu re  o f  th e  quinone, XVTI, 

would be determ ined by th e  s t ru c tu re  o f  XVI. Since osmium te tro x id e  

r e a c ts  w ith  e th y le n ic  double bonds to  produce on ly  c i s - 1 ,2-glycols? '^»^^

( 25) R. C riegee, Ann,, j2 2 , 75 (1936),

( 26) R. C riegee, B, Marchand and H. Wannowiss, Ann., 550. 99
(1942)
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th e  p roduct derived  from the  re a c tio n  o f  XV w ith osmium te tro x id e  

must be a  c i s -v ic in a l  g ly c o l, lh a t  th i s  g lyco l has th e  s tru c tu re ,  

XVI, i s  in d ic a te d  by tx^o s e ts  o f  r e a c tio n s .

In  one s e t  o f  re a c tio n s  th e  aforem entioned ^ y c o l  was de­

hydrated  to  a phenol and th i s  phenol was converted  to  th e  correspond­

ing m ethyl e th e r  by re a c tio n  x-ith diraethy s u lf a te  and b ase .^^  This 

e th e r  was shoxai to  be VI in  txro ways. The e th e r , VI, produced by 

dehydration and m éthy lation  had th e  same in f ra re d  s p e c tra  as th a t  

o f VI p repared  by th e  sequence o u tl in e d  in  RLgure 1 .  ̂ The m elting  

p o in t o f th e  e th e r  produced by dehydration  and m éthy la tion  was un­

depressed xhen mixed x^nth an a u th e n tic  sarmple o f  VI.^ The s tru c tu re  

o f  th e  e th e r , VI, produced by th e  r in g  b u ild in g  sequence (P ig . 1 ) , 

i s  unequivocal s ince  th e  s tru c tu re  o f th e  in te rm ed ia te  k e to -a c id . I ,  

was w ell e s ta b l is h e d .7 For a v ic in a l  g lyco l o f  9 ,1 O -dim ethyl-1,2 -  

benzanthracene, XV, to  be converted  to  VI by th e  two s tep  sequence 

o f  dehydration  and m é thy la tion , one o f th e  hydroxyls in  th e  g ly co l 

must have been a t  p o s it io n  3* The p o s s ib i l i ty  o f  th e  o th e r  hydroxyl 

being a t  p o s i t io n  2 i s  q u ite  rem ote s in ce  osm im  te tro x id e  re a c ts  a t  

the 9»1 0 -p o sitio n  in  phenanthrene to  produce c i s - 9 ,10-dihydroxy-

9 ,1 0-dihydrophenanthrene. ̂ 5

In  th e  second case , the g ly co l produced by th e  r e a c tio n  o f  

osmium te tro x id e  w ith XV was c leaved  to  a d ia ldehyde, X X I . The 

n .m .r . sp e c tra  o f t h i s  cleavage p roduct c le a r ly  in d ic a te d  a d i­

aldehyde by th e  p resence o f  txro sharp  one p ro ton  s in g le ts  a t  0 .2



18

and -0 .1  'y' r e s p e c t i v e l y .^  This f a c t  d e f in i te ly  e lim in a te s  a 2 ,3 -  

d ih y d ro d io l s in c e  i t s  c leavage p roduct would be a k e to -a ldehyde .

(27) N .S . Bhacca and D.H. W illiam s, "A pp lica tions  o f HMH 
Spectroscopy in  Organic C hem istry," Holden Day, I n c . ,  San F rancisco , 
1964, p .  76.

The conç)lexity o f  th e  arom atic  reg io n  in  th e  n .m .r ,  s p e c tra  o f the  

d ia ldehyde, XXI, p rev en ted  a  com plete s t r u c tu ra l  p ro o f by t h i s  method 

a lo n e . However, th e  d ia ldehyde was converted  by an unambiguous se­

q u en ce ^  ( re d u c tio n  to  a  d ia lc o h o l; conversion to  th e  corresponding 

dibrom ide and r in g  c lo su re  w ith  phenyl li th iu m ) to  a d ihyd ro -9 ,1 0 - 

d im o thy l-1 ,2 -b en zan th racen e . The u l t r a v io l e t  spectrum o f  th i s  d i­

hydro compound had  th e  same curve shape as th a t  o f  6 ,7 -d ihydro -20- 

m e th y lch o lan th ren e ^  and showed a  s l i g h t  b lue  s h i f t  o f  6 mu (average)

(28) L .F . F ie se r  and E.B . H ershberg, J .  Am. Chem. S oc,, 60̂ , 
940 (1933).

r e l a t iv e  to  th e  dihydro ch o lan th ren e . The s l ig h t  hyp so chromic s h i f t  

would bo expected  from lo s s  o f  an a lk y l s u b s t i tu te .  23 For th e  d i ­

hydro benzanthracene and th e  d ihydrocholan threne to  show such very  

s im ila r  s p e c tra  th e y  m ust p o sse ss  th e  same chromophoric group, i . e .  

2 -pheny lnaphthalene. The u l t r a v io l e t  spectrum o f  2-phenylnsphthalena 

does show a curve which i s  q u ite  s im ila r  to  6 ,7-d ihydro-20-m ethyl- 

cholanthrene23 and consequen tly  to  3* 4 -d ih y d ro -9 ,1 0 -d im eth y l-1 ,2 -  

benzanthracene. 20 id e n t i f i c a t i o n  o f  th e  chromophore which i s
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a lso  th e  same in  th e  d ih y d ro d io l, X V I , a n d  th e  sequence o f  r e a c t io n s  

le a d in g  to  th e  ^,4wdihydro compound can be exp la ined  only  on th e  

b a s is  o f  3 ,4^dihydroxy-3 ,4^dihydro-9 ,10 -d im eth y l-1 , 2 -benzan thracene , 

XVI.

S ince th e  s tru c tu re  o f  XVI i s  w ell supported  by th e  d a ta  and 

arguments given above, th e  quinone, XVII (d ik e to n ^ , must have th e  

in d ic a te d  s t r u c tu re .  The o rth o  n a tu re  o f  th e  k e to n ic  groupings in  

XVII was d e f in i te ly  shown by th e  form ation  o f th e  q u in o x a lin e  d e riv a ­

t i v e ,  XVIII.

Thus, th e  quinone XVII vias a  s u ita b le  in te rm e d ia te  fo r  an in ­

dependent and unequivocal sy n th e s is  o f  XIV. A re d u c tiv e  m éth y la tio n  

o f  XVII w ith  a lk a lin e  s in e  and dim ethyl s u l f a te  a ffo rd e d  XIV in  14^ 

y ie ld .  Comparison o f  th e  p h y s ic a l co n s tan ts  o f  th e  d ie th e r  d eriv e d  

by re d u c tiv e  m éth y la tio n  w ith  th a t  d eriv ed  bj'' th e  r in g  b u ild in g  

sequence showed than  to  be id e n t i c a l .  They had th e  same n .m .r . ,  

u l t r a v io l e t  and in f ra re d  sp e c tra , possessed  th e  same chrom agraphic 

m o b ility  and formed id e n t ic a l  2 ,4 ,5 ,7 - te tra n it ro f lu o re n o n e  (TSNF)^ 

d e r iv a t iv e s .  The s p e c tra l  d a ta  were c o n s is te n t  w ith  th e  s t r u c tu r a l  

assignm ent.

(29) M.S. Newman and B. L u tz, J ,  An. Chem, S o c ., 78, 2469
(1956).

Although th e  re d u c tiv e  m éthy la tion  o f  XVII e s ta b l is h e s  th e  

s t ru c tu re  o f  th e  d ie th e r ,  XIV, i t  does n o t e s ta b l is h  th e  s tr u c tu re
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o f  th e  in te rm e d ia te s  (X, XI, X II, X H I) . This fo llow s from th e  ob­

se rv a tio n  th a t  th e  d ie th e r ,  XIV, could be d e riv ed  from a 2-naphty l 

p h th a lid e  as  w ell as from th e  in d ic a te d  p h th a lid e , X, by th e  re a c tio n  

sequence. However, th e  fo rm ation  o f  a 2-naphthyl p h th a lid e  i s  very  

unlilcely  s in ce  th e  re p o r te d  condensations^^» 31 o f  1 ,2-dim ethozy 

naph thalene , V III , have occurred  a t  th e  fou r p o s i t io n .

(30) S . R ajagopala r, J .  In d . Chem. S oc., 5^7 (1940).

(31) T. B isanz, R oczniki Chem., jO , 111 (1936).

The s a tu ra te d  d ie th e r ,  XXa, and th e  s a tu ra te d  d ia c e ta te ,  XXb, 

(F ig . 4) were p rep a red  as p o s s ib le  in te rm e d ia te s  f o r  th e  sy n th e s is  of

3 ,4 -d ihyd roxy-9 ,1 0 -d im eth y l-1 ,2 -b en zan th racen e . I f  e i th e r  XVIa o r 

XVIb could  be arom atized  a  g e n tle  cleavage o r  h y d ro ly s is  would a ffo rd  

th e  hydroquinone. S ince th e  quinone XVII was p rep ared  by an a l te r n a te  

ro u te , t h i s  p rocedure  was n o t developed . The d ie th e r  XXa and th e  d i­

a c e ta te  XXb̂ ® were p rep a red  by s tan d ard  techn iques in  84 and 64)6 

re s p e c tiv e  y ie ld s .

The dim ethyl e s t e r ,  XXV, was syn th esized  to  see t-diether XVII 

could be p rep a red  by a  r in g  c lo su re  w ith  sodium. This method^Z has 

been used  s u c c e s s fu lly  in  th e  p re p a ra tio n  o f s u b s t i tu te d  phenan th ra- 

quinones.33 The d ie s t e r ,  XXV, was re a c te d  lâ th  d isp e rse d  sodium

( 32) G. W ittig  and H. Zimmerman, B er., 86, 629 (1933).

(33) H.A. Karnes, Ph.D. D isserta tio n , The Ohio State Univer­
s i t y ,  1963 , p . 43 .
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a t  se v e ra l d i f f e r e n t  tem peratu res (T able 3 ). In  no case was XXV 

converted  to  XVII.

The d ie s t e r ,  XXV, was p rep a red  by th e  sequence i l l u s t r a t e d  in  

F igure 4 . Lead te t r a a c e ta te  cleavage o f  XVI a ffo rd ed  th e  d ia ldehyde, 

XXI, in  y ie ld .  This cleavage i s  o f  i t s e l f  q u ite  in te r e s t in g  

s ince  th e  c i s - 3,4^d ihyd rod io l o f  benzanthracene i t s e l f  i s  n o t c leaved  

by le a d  t e t r a a c e t a t e . ^9 The th re e  compounds, XXII, XXIII and XXIV, 

were p rep a red  as  d e s c r ib e d ^  in  86 , 75 and 8?^ re s p e c tiv e  y ie ld s .

The d ie s t e r ,  XXV, was p repared  in  o v e ra l l  y ie ld  by trea tm e n t o f  

XXIV w ith  n i t r o u s  a c id  and then  e s té r i f i c a t io n  o f th e  r e s u l t in g  ac id  

with diazom ethane. A p rev io u s attempt^*^ to  hydrolyze th e  acid-am ide, 

XXIV , id-th po lyphospheric  a c id  was u n su ccessfu l. In  t h i s  case th e re  

was o b ta in ed  a  n e u tra l  substance vhich appeared to  be 1 , 4wdimethyl-

2 , 3-benz-9-fluorenano.^®

The s tru c tu re  o f XXV i s  e s ta b lis h e d  by th e  method o f s y n th e s is .  

This fo llow s from th e  es tab lish m en t o f  th e  s t ru c tu re  o f  th e  d ihydro - 

d io l ,  XVI, which was d iscussed  e a r l i e r .



EXPERH'IENTAL

I ,  G e n e ra liza tio n s

1 . A ll m e ltin g  p o in ts  were u n co rrec ted . Those m e ltin g  p o in ts  

follow ed by Cm) I'lere ta k en  on a  F ish er-Jo h n s M elting  P o in t A pparatus. 

The rem aining m e ltin g  p o in ts  were ob ta in ed  •with c a p i l la ry  tu b es  in  a 

Thomas-Hoover Mel'ting P o in t A pparatus.

2. Micro ana ly ses  were perform ed by G a lb ra ith  L abora 'to ries, 

I n c . ,  K n oxv ille , Tennessee.

3. In f ra re d  s p e c tra  were o b ta in ed  ■j-iith a Perk in-S lm er In f r a ­

cord ^ ec tro p h o 'to m ete r and u l t r a v io l e t  sp e c tra  i^ere o b ta in ed  w ith a 

B and L % »ectronic 505 Spectrophotom eter.

4 . N uclear m agnetic resonance sp e c tra  ( n .m .r . )  sp e c tra  were 

ob ta ined  vâth  a V arian Model A-60 spectrom eter a t  60 Me w ith  te -tra - 

m e th y ls ilan e  as an in te r n a l  re fe re n c e . In  re p o r tin g  n .m .r . sp e c tra , 

peaks a re  d e sc rib e d  by ( a ,  b, 0) where a r e f e r s  to  th e  number o f 

p ro tons re p re se n te d  by th e  pealc; b r e f e r s  to  th e  peak m u l t ip l ic i ty  

( s  = s in g le t ,  d = d o u b le t, t  = t r i p l e t ,  q = q u a r te t ,  and m = m u lti­

p l e t ) ;  and c g ives th e  peak assignm ent.

5. Micro th in  la y e r  ch ro m a to g r^ h ic  analy ses ( t . l . c . )  wore 

run  on m icroscope s l id e s  sprayed w ith  S i l i c a  Gel Q and a c tiv a te d  by 

baking one hour a t  110° .

22
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6 . Alcoa F-20 grade chrom atographic alumina and Davidson 923 

grade s i l i c a  g e l were used fo r  column chromatography u n le ss  o therv jise  

s ta te d .

7 . The phraso  " tr e a te d  in  th e  usual manner" means th a t  the  

o rgan ic  so lv e n t la y e r  was I'lashod su ccess iv e ly  w ith w ater, s a tu ra te d  

sodium c h lo rid e  so lu tio n , f i l t e r e d  through anhydrous magnesium s u lf a te  

and th e  so lv e n t d i s t i l l e d  under reduced p re s su re .

I I . 3-Methoxy-9, 1O -dim ethyl-1 ,2 - 
benzanthracene, VI

2 , - ( W lethoxy-1 -n ao h th o y l)benzoic a c id , I . — In  a 2 1 .  f la s k  

equipped w ith  a  h igh  to rque  s t i r r e r ,  s o lid  a d d itio n  funnel and gas 

o u t l e t  tube  were p la ced  100.0 g. (O.63  mole) o f  1 -m ethoaynapthalene,

100.0 g, (0 .6 8  mole) o f  p h th a lic  anhydride and 525 m l. o f  p u r i f ie d  

te tra c h lo i'o e th a n e . The r e s u l t in g  s lu r ry  was cooled to  10° w ith i c e -  

w ater and I90 g , (1 .4 2  mole) o f anhydrous aluminum c h lo rid e  was added 

during  one-hour so th a t  th e  tem perature was m ain tained  below 20°.

The r e s u l t in g  m ix ture was s t i r r e d  a t  room tem perature fo r  12 hours 

and then allow ed to  s tan d  12 hours ivithout s t i r r i n g .  The dark a d d itio n  

p roduct was then  decomposed w ith ic e  and hy d ro ch lo ric  a c id  and th e  

so lv en t removed by steam d i s t i l l a t i o n .  A fter coo ling  th e  l iq u id  was 

decanted from th e  g ran u la r grey re s id u e  which was d isso lv ed  in  th e  

r e q u is i te  amount o f  h o t sodium carbonate s o lu tio n . The r e s u l t in g  

so lu tio n  was steam d i s t i l l e d  a  second time and f i l t e r e d  h o t through



24

Hyflo S u p e r-c e l ,”* coo led , and n e u tra l iz e d  i-n .ihdilute hydroch lo ric  

ac id . The r e s u l t in g 'w h i te  f lo c u le n t  s o l id  was c o l le c te d , washed w ell 

w ith w ater and d r ie d  a t  100° to  y ie ld  1 ? 5 o  g. (90 .5?) o f  I ,  m.p. 

198.0-199° (m) ( l i t .  m .p. 193 -194°).^

(1) Hyflo S u p er-ce l i s  an i n e r t  c e l lu lo s e  f i l t e r i n g  a c id .

(2) R. S ch o ll, G. Seer and A. Zinke, M onatsh., 598 (1920),

3-Meth.vl- 3-( 4-methoxy-1 -n ao h th y l) -p h th a l id e , I I . — In  a 2 1 .  

f la s k  equipped vd th  s t i r r e r ,  d ry in g  tube , ad d itio n  funnel and r e f lu x  

condenser were p la ced  60.0  g, (0 ,2 0  mole) o f  I ,  400 ml. o f  dry benzene 

and 1 .2  1 .  o f  dry e th e r .  To the  cooled suspension was added 170 m l. 

o f  2 .5  M méthylmagnésium bromide du ring  one hour. The coo ling  ba th  

was then  removed and th e  m ixture re f lu x e d  vjith s t i r r i n g  fo r  24 h o u rs . 

During t h i s  p e r io d  th e  r e a c t io n  m ixture became homogenous and changed 

from an i n i t i a l  l i g h t  ye llow  to  deep brown. The complex then  decom­

posed w ith co ld  d i lu te  h y d ro ch lo ric  a c id , th e  la y e r s  sep a ra ted  and 

th e  aqueous la y e r  e x tra c te d  re p e a te d ly  w ith  1 :1 e ther-b en zen e . The 

combined non-aqueous la y e r s  were washed vrell ïfith  d i lu te  sodium 

carbonate so lu tio n  and th e n  tr e a te d  in  th e  usual manner to  y ie ld

47.9 g. (80.3',^) o f  crude I I  as a p a le  yellow  o i l .  C ry s ta l l iz a t io n  

from ab so lu te  e th a n o l-S k e lly so lv e  B affo rd ed  20.7 g. (3^ .6^) o f l i g h t  

yellow  c r y s ta l l in e  I I ,  m .p . 139.0-140° ( l i t .  m .p. 139.8-140.5°)

( 3) W.Mo Smith, J r . ,  E.T. P r a t t  and H .J . Creech, J .  Am. Chem. 
Soo., 73. 319 (1931).
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The rem aining 45 .7? was recovered  from th e  mother l iq u o r  as a p a le  

yellow  o i l  i-.tiich showed an in f r a re d  spectrum id e n t ic a l  to  th a t  o f  

c r y s ta l l in e  I .  This n o n -c ry s ta l l in e  m a te r ia l was used as such in  

th e  n ex t s te p .

2 -(pii--4-nethox?;~-1-naphthylethyl)benzoic a c id . I I I . — A m ix ture 

o f  10.00 g. (0 .033  mole) o f  c r y s ta l l in e  I I ,  150 m l. o f  $0$ form ic 

ac id , 20.00 g . o f z in c  d u s t and 20 m l. o f  w ater was re f lu x e d  10 hours 

w itli v igorous s t i r r i n g .  A fte r d i lu t io n  w ith 1 1 .  o f  w ater th e  s o l id s  

were c o l le c te d  and e x tra c te d  -td.th approxim ately 1 1 .  o f  6 N sodium 

hydroxide s o lu tio n . A fte r f i l t r a t i o n  th e  c o lo r le s s  so lu tio n  was 

a c id if ie d  viith d i l u te  h y d ro ch lo ric  a c id  to  y ie ld  9 .8 7  g. (9 3 .4 ? ) o f

w hite I I I  ( l i t .  y ie ld  9 8 ^ ),3  m .p. 196-198° (m) ( l i t .  m .p. 197.3-

198. 1) .^  The crude p h th a lid e , I I ,  was reduced in  th e  same manner.

From 67.8 g. o f  crude I I  th e re  was o b ta ined  59.7 g. (88 ,0^) o f  I I I ,  

m .p. I96- I 98 (m ).

3-M ethoxv-9»methyl-10 -k e to -9 .1 0 -d ih y d ro - l, 2-benzanthracene, IV. 

— Compound IV was p rep a red  as describ ed ^  by c y c l is a t io n  o f  I I I  w ith  

anhydrous h y d ro f lu o ric  a c id . From 57.6 g. (0 .19  mole) o f I I I  th e re

was ob ta in ed  52 .4  g . (96.7)5) o f  crude IV, Since p rev io u s  a ttem p ts^

to  r e c r y s ta l l i a e  IV were u n su ccessfu l, crude IV was used in  th e  n ex t 

s te p .

3-Methoxv-9.1O -dim ethyl-1. 2 -bsnzan th racene, VI. — A so lu tio n  

of 224 g. ( 0 .78 mole) o f  crude IV in  600 ml. o f  d ry  to lu en e  and
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600 m l. o f dry  dioxane was added during  one hour to  a s t i r r e d  so lu tio n  

o f  2 moles o f  méthylmagnésium bromide in  1 1 . o f  e th e r .  The co lo r 

changed from a l i g h t  brox-m to  a  deep broim a f te r  a  12 hour r e f lu x .

The complex was then  decomposed w ith  co ld  d i lu te  s u lfu r ic  ac id , the  

la y e r s  sep a ra ted  and th e  aqueous la y e r  e x tra c te d  re p e a te d ly  w ith 1 :1 

e ther-benzene . The combined non-aqueous la y e rs  were t r e a te d  in  th e  

usual manner and th e  r e s u l t in g  brown o i l  taken  up in  2 .5  1 . o f  xy len e . 

A tra c e  o f  s u l fu r ic  ac id  was added to  the  so lu tio n  which was then 

re flu x e d  fo r  7 hours in  a  system equipped vâ th  a w ater s e p a ra to r .

The cooled  re a c tio n  m ix ture was reduced to  1 /3  o f  i t s  o r ig in a l  volume 

in  vacuo and t r e a te d  td-th a h o t  a lc o h o lic  so lu tio n  o f  250 g. o f  p ic r i c  

a c id . The r e s u l t in g  b lack  c r y s ta l l in e  complex was r e c r y s ta l l i z e d  

tw ice from e th an o l and decomposed ivith an aqueous so lu tio n  o f  d i-  

ethanolajnine to  y ie ld  153»^ g. (6 9 .1 ^  from IV) o f  p a le  yellow  TO, 

m .p. 128-129° (m) ( l i t .  m .p. 129 .9-130.9° ) . ^

The methyl e th e r ,  TO, was a lso  p repared  as d escribed^  ty  de­

h y d ra tio n  o f  XTO and m éth y la tio n  \d .th  base and dim ethyl s u l f a te .

(4) J.W. Cook and R. S choenta l, J .  Chem. S oc ., 170 ( 1 9 ^ ) .

The e th e r ,  TO, p rep ared  by t h i s  method had th e  same in f r a re d  spectrum 

as th a t  o f  TO p rep ared  as described."* The m e ltin g  p o in t  o f  TO p ro ­

duced by dehydration  and m éth y la tio n  was undepressed when mixed %d_th 

TO p rep ared  by th e  sequence described,'*
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Cleavages of 3-.methoxy-9.10-d im ethyl-1 ,2-bB nzanthracens„ ''/I. — 

On trea tm en t o f VI -with hydrobromio ac id  in  dioxane^ a t  r e f lu x  a  green 

o i l  co n ta in ing  fo u r components ( t . l . c . )  in  a d d itio n  to  some un- 

re a c te d  VI was o b ta in ed . The o th e r  c leav ing  agen ts l i s t e d  in  Table 1 

gave s im ila r  r e s u l t s .  As s ta te d  in  th e  d iscu ss io n  th e  supposed 

phenol, V II, could n o t be is o la te d ,  converted  to  an e s te r  o r  ox id ized  

to  any id e n t i f i a b le  p ro d u c ts .

TABLE 1

ATÏEI-ÎPBSD DE>ETHYLA’nO N S OF 3-I'ETH0XY-9,1 0-DIMETHYL-1, 2 -  
BSNZANTHRACENE

Acid Solvent C ond itions

HBr (47)^) A cetic ac id Reflux under n itro g e n  
1-2 hours

HBr (anhydrous) A cetic ac id Same

HI (472) A cetic a c id Same

BSr^^ M eti^lene ch lo rid e S t i r  12 h o u rs ; i n i t i a l  
tem pera tu re : - 78° ;  f i n a l  
tem p era tu re : 27°

5 j ,F ,  W. McOmie an 'dH .L. W atts, Chem. and In d . (London), I 658
( 1963) .
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I I I . 3, ̂ -Dimethoxy-9,1 0 -d irae thy l-
1 ,2 -benzan tlïracene, XIV

o-A cetobenzolc a c id , IX.^ —. A m ixture o f  52? g. (3 .5 ^  mole) o f

c r y s ta l l in e  p h th a lic  anhydride , 440 g. o f m alonic ac id  and 350 m l. o f

(6) E s s e n t ia l ly  th e  method o f H.L, Y ale, J .  Am. Chem. S o c ., 
§9, 1547 ( 1947) .

m alonic ac id  and 350 m]., o f re a g e n t grade p y r id in e  was h ea ted  on a  

steam bath  f o r  5 h o u rs . Carbon d io x id e  was evolved during  the  e n t i r e  

hea tin g  p e r io d . The cleai* yellow  so lu tio n  was then  added, to  3 1» o f 

w ater and f i l t e r e d  f r e e  o f  u n reac ted  p h th a lic  anhydride . The r e ­

s u ltin g  so lu tio n  was t r e a te d  vâth  350 m l. o f  co n cen tra ted  hyd ro ch lo ric  

a c id , con tinuously  e x tra c te d  tz ith  e th e r  fo r  10 hours, and tn th  benzene 

fo r  8 hou rs. The combined e x t r a c ts  were t r e a te d  in  th e  u su a l manner 

and the  r e s u l t in g  w hite s o l id  r e c r y s ta l l i z e d  from benzene to  y ie ld  

254 g. (4 3 .6 ') j)_ ( l i t .  y ie ld  4 8 .5 /0 °  o f w hite c r y s ta l l in e  IX, m .p. 120- 

1210 (m) ( l i t .  m .p. 114^115°).^

1 .2-DiriiethoxynaT)hthalene. V I I I ,

1-Amino-2-nanhthol h y d ro ch lo rid e . — This in te rm ed ia te  was 

p repared  as described? on a 3 m olar s c a le  and th e  m oist p roduct was 

c a r r ie d  in to  the n ex t r e a c t io n .

( 7 ) L .F . F ie s e r , "Organic Syntheses," John Wiley and Sons, 
I n c . ,  New York, 1943, C o ll. Vol. I I ,  p .  35.
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1. 2-NaphthoquinQne. — This intermediate was prepared by oxida­

tion o f 1-ajnino-2~naphthol hydrochloride as described® with a s ix ­

fold  scale  increase.

(8 ) I b id . ,  p .  430.

1 .2-N aD hthalenediol. — Tae m oist 1,2-naphthoquinone from above 

was d isp e rse d  in  2 .5  1 .  o f w ater a t  40° and t r e a te d  w ith 91? g. o f  

reag en t sodium h y d ro s u lf i te .  The suspension became q u ite  f lu i d  and

-th e  re d  co lo r ra p id ly  faded to  a p a le  ye llow . The yellow  suspension 

was hea ted  ju s t  to  th e  b o ilin g  p o in t during  45 m inutes and then  cooled 

to 10°, The r e s u l t in g  s o lid  was c o l le c te d  and d r ie d  under reduced 

p re ssu re  to  y ie ld  377 g. (7 8 .3 ^  from 2-naphthol) o f  crude 1 ,2 -  

n ap h th a len ed io l.

This p re p a ra tio n  was c a r r ie d  o u t se v e ra l tim es >ath  y ie ld s  

ranging from UO to  o v e ra l l .  S ince t h i s  d io l  causes severe  sk in  

burns both  in  s o lu tio n  and in  the s o l id  form, no a ttem p t was made a t  

p u r i f ic a t io n .

1 . 2-DimethoxynaDhthalene. V I I I . — In  a 5 1- f la s k  equipped 

w ith  s t i r r e r ,  ta k e -o f f  condenser, a d d itio n  funnel and n itro g e n  i n l e t  

tube was p laced  2 .5  1 . o f  abso lu te  e th an o l. A so lu tio n  o f  5 .2  mole 

o f sodium ethox ide was p repared  by th e  p o rtio n -w ise  a d d itio n  o f  120 g , 

o f f re s h ly  cu t sodium. A so lu tio n  o f  377 g. o f crude 1,2 -n ap h th a len e - 

d io l in  700 m l, o f  ab so lu te  ethanol was added to  th e  warm so lu tio n
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during 15 m inu tes. A fter 30 m inutes 631 g. (5 .^  mole) o f  dim ethyl 

s u lf a te  was added during  4-5 m inu tes. 'Ihe re a c tio n  m ixture was then 

s t i r r e d  a t  g en tle  re f lu x  under n itro g e n  fo r  18 h o u rs , A w hite 

voluminous s o l id  began p r e c ip i ta t in g  from th e  so lu tio n  a f t e r  2 hours 

and continued d u ring  th e  e n t i r e  r e f lu x  p e r io d : approxim ately  2 1 .

o f  ethano l was th en  d i s t i l l e d  and rep la ced  w ith  w a te r. The r e s u l t in g  

m ixture was e x tra c te d  rep ea ted ly  w ith  1:1 ether-benzene and th e  com­

bined e x tra c ts  t r e a te d  in  th e  u su a l manner. The r e s u l t in g  bro;vn o i l  . 

was vacuum d i s t i l l e d  to  y ie ld  255 g* (57.5^) o f  l i g h t  yellow  V III, 

b .p . 150- 165° a t  4 mm. ( l i t .  b .p . 278- 280° ) .9  This crude m a te r ia l

( 9 ) A. Bezdzik and P . F ried laen d e r, K onatsh ., 283 (1909).

contained twX) components in  a d d itio n  to  V III as  evidenced by micro 

t . l . c .  These tvro components were removed by p ass in g  a hexane so lu tio n  

of th e  crude m a te r ia l through 1000 g . o f  alum ina. C oncentration  o f 

the  e lu an t y ie ld e d  220 g. (50 .7^) o f  pure c o lo r le s s  l iq u id  V II. The 

p ic ra te  wiiich was formed in  and r e c r y s ta l l i z e d  from ethano l had a 

m elting p o in t o f  95 . 5-96. 5°  ( l i t .  m .p . 9 7 ° ) .^

3-M ethyl-3-( 3 .^'■-dir.iethoxy-1-naohthyl) p h th a lid e , — In  a

50 ml. f la s k  were p laced  40 m l. o f commercial 90'); m e thane-su lfon ic

( 10) Procedure analogous to  t h a t  o f V.W. ELoutz, J .  Org. Chem.,
643 (i960).
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ac id  and 10.40 g, (O.063 mole) o f  o~acetobenzoic a c id , IX. The r e ­

s u ltin g  m ix tu re  was warmed on a steam bath  u n t i l  a l l  the  a c id , IX, 

had d is so lv e d , cooled to  room tem perature and t r e a te d  w ith 11.70 g. 

( 0.063 mole) o f  V III . A fte r s t i r r i n g  fo r  12 hours in  a c lo sed  con­

ta in e r  th e  m ixture was d i lu te d  ;d.th 800 m l. o f w ate r. The r e s u l t in g  

m ixture was e x tra c te d  re p ea ted ly  \iri-th sm all p o rtio n s  o f  1:1 e th e r-  

to luene  and th e  combined non-aqueous la y e rs  washed w ell w ith  water 

and then  w ith  10^ sodium hydroxide s o l u t i o n . T h e  o rg an ic  phase

( 11) The a c id ic  components thus removed were n o t id e n t i f i e d .

which now con ta ined  only  th e  n e u tra l  m a te r ia l was t r e a te d  in  the  u su a l

manner to  a ffo rd  14.10 g. ( 66. 7^) o f  crude X. The crude p roduct was

r e c r y s ta l l i z e d  from to luene-petro leum  e th e r  ( 65-110° )  and then  from

ether-p e tro leu ra  e th e r  ( 30- 60°) to  y ie ld  10.34 g. (49 .7^) o f  white

c r y s ta l l in e  X, m.p. 127 .5-128 .0°.

A nal. G alcd. fo r  CgiiHigO^: C, 75 .4 ; H, 5 .4

Found: C, 75 .4 ; H, 5 .3

In fra re d  spectrum : (KBr) 5.71 u, 1751 cm-1

U ltr a v io le t  spectrum ; mu ( lo g  , .E)
max

218.1 (4 .5 2 5 ); 234.1 ( 4 . 760) ; 287.3 ( 3. 869) ;  297.3 (3 .8 3 3 );

329.3 (3 .480) and 336.3 (3 .4 6 8 ).

N .m .r. spectrum  ('7^ u n i t s ) :

7 .8  (3 s , AT2-C ^-% ) ; 6 .2  (3 s , CH^-O-Ar); 6.0 (3 s , CH^-0_Ar), 

and 2.1 (9m, A r).
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2-( ix - 3 ,4-Dimethox}/-1 -n a p h th y le th y l)  benzoic acid„ XI» — A 

m ixture o f 6 .00 g. (0 .018 mole) o f X, 90 m l. o f  90^ form ic ac id ,

12.00 g . o f  z inc  d u s t and 12 m l. o f w ater was re f lu x e d  12 hours 

w ith s t i r r i n g .  A fte r  d i lu t io n  i/iith 1 1 . of w ater th e  s o lid s  were 

c o lle c te d  and e x tra c te d  m th  1 1 . o f 2;S potassium  hydroxide so lu tio n . 

A fter f i l t r a t i o n ,  a c id i f ic a t io n  w ith d i l u te  h y d ro ch lo ric  ac id  a ffo rd ed  

a q u a n t i ta t iv e  y ie ld  o f  c o lo r le s s  XI, m .p . 15^-156° (m ). R ecry s ta l­

l i z a t i o n  from to lu e n e -p e tro l  eum e th e r  ( 65- 110° )  gave a  m e ltin g  p o in t  

o f  152. 0- 15^ .0° .

Anal. Galcd. fo r  G21H20O4 : C, 75 .0 ; H, 6 .0 ; 0 , 19.0

Found; C, ?4 .9 ; H, 6 .0 ; 0 , 19.7

In fra re d  spectrum ; (KBr) 5.89 u , l689 cm“ ^

U ltra v io le t  spectrum : A mu ( lo g  -iaE)
max

217.5 (4 .5 5 5 ); 235.5 (4 .7 7 7 ); 289.7 (3 .9 0 4 ); 298.7 (3 .8 7 7 );

331.7 (3 .548) and 337.7 ( 3 .542 ).

N .m .r. spectrum (9^  u n i t s ) ;

8 .3  (4m, Ar2-CHGH^); 6 .0  (6 s , CH^OAr); 2 .7  (6m, Ar) and

1.9  (2m, A r).

3-. 4 -D im ethoxy-9-m ethyl-10-keto-9 ,1 0 -d ih y d ro -1 . 2 -benzan thracene, 

X II. — To 6.38 g . ( 0.019 mole) o f a c id , XI, m .p. 154-158°  (m) in  a 

500 ml. p o ly e th y len e  b o t t l e  was added 100 ml. o f  anhydrous hydrogen 

f lu o r id e .  The re d  so lu tio n  was allowed to  s tan d  20 m inutes w ith

o ccasio n a l sw ir lin g  and then  c a u tio u s ly  added to  a  la rg e  q u a n tity  o f

f in e ly  chopped i c e .  The r e s u l t in g  brown sand was c o l le c te d  and
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d isso lv ed  in  e th e r .  This so lu tio n  was washed w ell w ith lOJo potassium  

hydroxide s o l u t i o n a n d  then  t r e a te d  in  the  u su a l manner to  a ffo rd  

XII as a brown o i l .  This o i l  was used as such in  th e  n ex t r e a c tio n .

3 ,4-Dimethbx?/--9,10 -d im eth y l-1 , 2 -benzsn thracene, IJN. — A 

so lu tio n  o f  crude an th rone , X II, from above in  12^ m l. o f  d ry  to luene  

was added droptd.se during  10 m inutes to  a s t i r r e d  so lu tio n  o f  0.046 

mole o f  méthylmagnésium bromide in  100 ml. o f  d ry  e th e r .  .After 

s t i r r i n g  a t  room tem peratu re  fo r  12 hours th e  complex was decomposed 

with co ld  d i lu te  h y d ro ch lo ric  a c id . The la y e rs  were sep a ra ted  and th e  

aqueous la y e r  e x tra c te d  sev e ra l tim es td th  1 :1 e thor-benaene. The 

combined non-aqueous la y e r s  vxere washed w ith 10/S potassium  hydroxide 

so lu tio n ^ ”* and th en  t r e a te d  in  th e  u su a l manner to  y ie ld  b enzy lic  

a lco h o l, X III , as a yellow  o i l .

This o i l  was d isso lv ed  in  100 m l. o f to luene  co n ta in in g  a 

tra c e  o f  p - to lu e n e su lfo n ic  ac id  and re flu x e d  f o r  1 .5  hours in  a  system 

equipped w ith a w ater s e p a ra to r . The so lu tio n  was cooled and th e  

so lv en t removed ^  vacuo to  a ffo rd  a yellow  o i l  which was d isso lv ed  

in  4:1 petro leum  e th e r- to lu e n e  and p laced  on a s i l i c a  g e l column.

A fter washing th e  column w ith  petroleura e th e r- to lu e n e  and to lu en e  a 

l i g h t  ye llow  o i l  vras e lu te d  w ith 10^ m ethanol-to luene in  87 .85s y ie ld  

(from a c id  X I). This yellow  o i l  was r e c r y s ta l l i z e d  tw ice  from 

hexane-to luene (100:1) a t  -80® to  y ie ld  3*30 g. (53*0^ from a c id  XI) 

o f yellow  c r y s ta l l in e  XIV, m .p. 5 1 .8 -5 2 .5 ° .
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The 2 ,4 ,5 ,7 - te tra n it .ro f lu o re n o n e  (TBNF)12 was formed in  and 

r e c r y s ta l l i z e d  from e th a n o l- to lu e n e , m .p. 190.0-190.5°»

( 12) M.S. Ke-wman and B. L u tz , J .  Am. Cham. Soc., 78, 2469
( 1956) .

Anal. Galcd. f o r  ^2'^zd^2' ^3*5; H, 6 .4 ; 0 , 10.1

Found: G. 8 3 .7 ; H, 6 .4 ; 0 , 9 .8

U ltr a v io le t  spectrum ; J\ mu ( lo g  iqE)max 'u

218.7 ( 4 . 512) ;  228 .3  (4 .5 3 3 ); 249.2 (4 .2 1 9 ); 271.1 ( 4 . 589); 

283.3 (4 .5 2 1 ); 294.7 ( 4 . 705) and 306.I  (4 .7 3 1 ) .

N .m .r. spectrum (7^  u n i t s )  :

6 .8  (6 s , Ar-GH^) ; 6 .2  ( 3s, CH;;_0-Ar) ; 5.9 (3 s , GH^-O-Ar);

2 .4  (4m, Ar) and 1 .7  (4m, A r).

A wide v a r ie ty  o f  a c id ic  and a lk a lin e  deraethylating  agents 

were re a c te d  viith XIV as shotm in  Table 2. In  each o f  the  eleven

cases l i s t e d ,  th e  r e s u l t s  were approxim ately  the  same, i . e .  th e  d i­

e th e r , XIV, i-aas decomposed in to  dark re s in o u s  o i l s  from viiich no 

id e n t i f i a b le  p ro d u c ts  could  be i s o la te d .

When th e se  o i l s  were o x id ized  nd-th s i lv e r  oxide-magnesiura 

s u lf a te  in  e th e r , le a d  dioxide-magnesium s u lf a te - e th e r  o r c h lo ra n il 

in  benzene, on ly  b lack  t a r s  w r e  o b ta in ed .
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TABLE 2

ATÏEI-IPTED CLEAVAGES OF 3,^-DIMETcI0XY-9,10-DIMETIiYL- 
1 .S-BSKZANTHRACEME

Cleavage Agent C onditions

■Pyridine liydroch loride Heat a 10:1 weight m ixture o f p y rid in e  
hydrochloride:XXIV a t  220° fo r  12 
m inu tes.

Hydriodio a c id H eat a t  r e f lu x  fo r  k hours under
a c e tic  a c id n itro g e n .

Hydrobromic a d d  (47;^)-
a c e tic  a c id Same c o n d itio n s .

Phosphorus o:<ychloride-
p y rid in e R eflux 10 h o w s under n itro g e n .

Phosphoniuin io d id e -
a c e tic  ac id Reflux 10 hours under n itro g e n .

Aluiainura c h lo r id e -
to luene R eflux 1 .5  hours under n itro g e n .

Aluminum ch lo rid e -x y len e R efine 10 hours under n itro g e n .

Zin c -c h lo r id e -c h lo ro -
benzene R eflux 1 1 /3  hours under n itro g e n .

BBr^-mathylene chloride-5 Closed system -?8° to room tem perature 
over 12 hours.

Sodium hydroxide Fusion.

Potassium-p-cymene^3 R eflux 3 hours under n itro g e n .

(13) P , S chorig in , B e r., j 6 ,  176 (1923).
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IV. 3, 4--D ihydro:xy-3,4-dihydro-9,10- 
d im ethy l-1 , 2-benzan thracene ,
XVI

0-1 -N aohthoylbenzoic a c id . — In  a 2 1 . f la s k  equipped w ith a 

high to rque s t i r r e r ,  s o l id  ad d itio n  funnel arid gas o u t l e t  tube were 

p laced  129.0 g. ( 1.05 mole) o f  naph thalene, 1 1̂9.0 g. ( 1 .05  mole) 

of p h th a lic  anhydride and 600 ml. o f  reag en t grade o-d ich lo robenzene. 

Ihe r e s u l t in g  s lu r ry  was cooled to  0° and 350 g. (3 .6  mole) o f an­

hydrous aluminum c h lo rid e  was added during  one hour so th a t  the  

tem perature was m a in ta ined  below 10°. The m ixture was then  allowed 

to  a t t a in  room tem peratu re  w ith s t i r r i n g  during  12 h o u rs . Hie dark 

a d d itio n  p roduct was decomposed w ith  ic e  and h y d ro ch lo ric  ac id  and 

th e  so lv en t removed by steam d i s t i l l a t i o n .  A fte r coo lin g , th e  l iq u id  

was decanted from the  g ran u la r grey s o lid  -which was d isso lv ed  in  the  

r e q u is i te  amount o f  ho t po tassium  carbonate so lu tio n . The r e s u lt in g  

so lu tio n  was steam d i s t i l l e d  a  second tim e, f i l t e r e d  h o t through 

Hyflo Super-cel,"* cooled and n e u tra liz e d  id-th d i lu te  hyd roch lo ric  

a c id . The r e s u l t in g  w hite f lo c u le n t  s o lid  was c o lle c te d , washed w ell 

with w ater and d r ie d  a t  100° to  y ie ld  263 g . (94J3^) o f  0-I-n ap h th o y l- 

benzoic a c id , m .p. 165- 168° (m) ( l i t .  m.p. 170- 172° ;  l i t .  y ie ld

97. 5̂ )

(14) P.H . Groggins and P . Newton, In d . Eng. Chem., 22, 157
( 1930) .
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1 ,2 -3en2-9 .1Q -anthraauinone. — This compound was p rep ared  as 

d esc rib ed ”* 5 by c y c liz a tio n  o f  o-1 -naphthoylbenzoic a c id  %d.th benzoyl 

ch lo rid e  in  87-5^ y ie ld  ( l i t .  y ie ld ,

(15) G.M. Badger and J.W. Cook, J .  Gheia. Soc., 802 (1939)«

9-H ethyl~10-iodom ethvl-1, 2-benzanthracene. — In  a  1 1 . f la s k  

equipped w ith m agnetic s t i r r e r  and dry ic e  condenser were p laced  10.00 

g. ( 0.058 mole) o f  benzanthraquinone, 5*0 g. (0.21 mole) o f magnesium, 

25 ml. o f  m ethyl io d id e , 50 m l. o f  dry benzene and 50 m l. o f d ry  

e t h e r . T h e  i n i t i a l  vigorous re a c tio n  subsided a f te r  20 m inutes and

( 16) E s s e n t ia l ly  th e  method o f G.M. Badger and R .S . P ea rce , 
J .  Chem. Soc., 2311 (1950).

th e  so lu tio n  became deep brovm. A fter one hour of s t i r r i n g  a t  room 

tem peratu re th e  brown so lu tio n  was cooled to  0® and added c a re fu l ly  

to  a cooled  so lu tio n  o f  40 ml. o f 48‘jS h y d rio d ic  ac id  i n  100 m l. o f 

anhydrous m ethanol, A l i g h t  yellow  s o lid  began to  p r e c ip i ta te  when 

approxim ately th re e -q u a r te rs  o f  G rignard complex had been added.

This m ix ture was then  t r e a te d  id th  250 ml. o f  g la c ia l  a c e t ic  a c id  

and allow ed to  s tan d  45 m inutes a t  5°« The r e s u lt in g  ye llow  orange 

s o lid  was c o lle c te d  and a i r  d r ie d  in  th e  dark to  y ie ld  10.00 g. ( 70^) 

o f  9-m ethyl-10-iodom ethyl-1 ,2-benzanthracene ( l i t .  y ie ld ,  70^^ .

( 17) R.B. Sandin and L .F . F ie se r , J ,  Am. Chem. S oc ., 62, 3098
(1940).
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This compound has no m elting  p o in t .  IVhen hea ted  i t  beg ins to  decom­

pose a t  96° Cm) ( re p o r te d  decom position a t  9 9 ° ) .

9 ,1 0-D iraethyl-1 , 2-benzanthrn.cene, XV. — A s lu r ry  o f  1 3.95 g. 

(O.03S mole) o f  9-m ethy l-10-iodom ethy l-1 , 2-benaanthracene in  3OO ml. 

o f dioxane co n ta in in g  30 m l. o f  con cen tra ted  h y d ro ch lo ric  a c id  was 

added to  a  warm s t i r r e d  so lu tio n  o f  90.0 g , o f  stannous ch lo rid e  

d ih y d ra te  in  500 m l. dioxane and 250 m l. o f  co ncen tra ted  h y d roch lo ric  

ac id . The s t i r r e d  s o lu tio n  was brought to  r e f lu x  over a 40 m inute 

p e rio d  and re f lu x e d  10 m inutes; th e  cooled p a le  ye llow  so lu tio n  was 

added to  3 1« o f  w ater and allow ed to  coagu la te  o v e rn ig h t. The 

f a in t ly  co lo red  s o lid  was c o l le c te d  and r e c r y s ta l l i z e d  from e th an o l- 

benzene to  y ie ld  7 .47  g . (76.2fo) o f l i g h t  yellow  XV, m .p. 125.5-

126.00 (m) ( l i t .  m .p. 122-123°).^^  The y ie ld  re p o rte d  in  the  l i t e r ­

a tu re ’' 7 fo r  crude m a te r ia l  was 99/^. This crude y ie ld  was reproduced 

but in  no case was t h a t  o f r e c r y s ta l l i z e d  m a te r ia l above 7^ .2^ .

3. 4-Pihy(i."oxy- 3 .4 -d ih y d ro -9 .10 -d im eth y l-1 . 2 -benzan thracene. 

XVI. — The dihydro d io l ,  XVI, was p rep ared  as d e sc rib ed ’'® by hydro: 

a tio n  o f  XV w ith  osmiura te tro x id e  on a O.066 mole s c a le .  A 72.4'^

( 18) H .I .  S ad le r and A.C. K iyger, J .  Org. Chem., 2 ,̂ I 896
(i960).

y ie ld  o f XVI, m .p. 172.5-173»5° was o b ta in ed . The re p o rte d  y ie ld  and 

m elting  point^® were 7Sfo and 172.5-173.5° re s p e c t iv e ly .
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3 P i e thoxy-3, ̂ t^dihydro-9 , 10-d im e th y l-1 . 2- benzanthracene.

X]<a. — To a s t i r r e d  so lu tio n  o f  0 .5  g. (0.021 mole) o f  sodium hydride

in  50 m l. o f d ry  te tra h y d ro fu ra n  under n itro g e n  was added a so lu tio n

o f  0.50 g. ( 0.0017 mole) o f XVI in  50 m l. o f  d ry  te tra h y d ro fu ra n .

Af'ter s t i r r i n g  fo r  40 m inutes, 15 m l. o f  e th y l bromide was added to

■the broim s o lu tio n . The m ixture was s t i r r e d  in  a  c lo sed  f la s k  fo r  2

days at idiich time the color was a deep yellow . After d ilu tion  t'â.th

200 ml. o f w ater th e  s o l id  was c o l le c te d , d is so lv e d  in  1:1 e th e r -

bensene and t r e a te d  in  th e  u su a l manner. The r e s u l t in g  y e llo w  s o l id

was r e c r y s ta l l i s e d  once from to luene-petro leu ra  e th e r  (65-110®) and

sublimed to  y ie ld  O.5O g. (83 .?^) o f XXa, m.p. 1 2 2 .8 -1 2 5 .0 ° .

Anal. Galcd. fo r  ®3.2; H, 7*8

Found: C, 8 3 .4 ; H, 7.8

U ltra v io le t  spectrum : mu ( lo g  mS)
 ̂' max

213.1 ( 4 . 545) ; 220.5 ( 4 . 590); 252.7 ( 4. 498) ;  260.5 (4 .6 4 3 );

269.4 (4 .664) and 299.3 (4 .1 4 7 ) .

N .m .r. spectrum ( T 'u n i t s ) :

9.1 ( 3q, 8 .6  (3 t .  7 .2  (3s, GH;)_Ar);

7.1 ( 3s ,  GH3-A t); 6.3  (4m, -GHg-); 5 .5  ( i d  4 ops, Ar-GH);

5.1 ( id  4 cps, Ar-CH) ; 2.8 (6m, Ar) ; 2 .0  (2m, A r).

3 ,4-D iacetoxy- 3 .4 -d ih y d ro -9 .10 -d im eth y l-1 . 2 -benzan th racene .

!-7Zb. — To a s t i r r e d  cooled so lu tio n  o f  O .5O g. (0 .0017 mole) o f  XVI 

in  10 m l. o f d ry  p y rid in e  was added 8 m l. o f a c e t ic  anhydride . The 

re a c tio n  m ixture was s t i r r e d  a t  room tem peratu re f o r  12 hou rs  and
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then  added to  200 m l. o f  w a te r. The r e s u l t in g  s o l id  was c o lle c te d ,

r e c r y s ta l l i z e d  from e th an o l and sublim ed to  y ie ld  0.41 g. (63.8)2)

o f w hite Xro, m.p. 148 .0-149.0  ( l i t .  m .p, 153 -153 .5°).^

Anal. Galcd. fo r  C, 77. 0 ; H, 5.9

Found; G, 77 .0 ; H, 6.1

In fra re d  spectrum : (KBr) 5.^9 u , 1757 cm"1 and

5 .76  u , 1736 cm-^

U ltr a v io le t  spectrum : d mu (lo g  inS)
 ̂ max '

213.5 ( 4-.597); 223.7 (4.626); 251.1 ( 4 . 588); 259.1 (4 . 754);

269.1 ( 4 .876) ;  294.1 (4 .158) and 305.1 (4 .2 0 1 ) .

K .ra.r. spectrum ( 'K u n i t s ) ;

8 .2  (3 s , CIÎ3-C-O); 7 .8  (3 s , CH3-C-O): 7 .3  6s, Ar-CH3);

3.8 ( Id ,  J =" 4 cps, Ar-CH) ; 3 .2  ( id ,  Jz"  4 cps, Ar-CH);

2 .5  (6m, Ar) and 1 .8  (2ra, A r).

V. 9 ,1 O -D im ethyl-1 ,2-benz-3»4-anthra- 
quinone, X’/ I I ,  and i t s  d e r iv a tiv e s

To a  s t i r r e d  s o lu tio n  o f 10.00 g . (0 .034  mole) o f  XVI i n  250 ml,

o f  dim ethyl su lfo x id e  a t  room tem perature was added 100 m l. o f  a c e tic

anhydride. The s o lu tio n  became p a le  yellow  a f te r  one hour, l i g h t

red  a f te r  3 hours and deepened to  a  dark red  a f te r  46 hours. At th i s

tim e the  so lu tio n  was d i lu te d  ;d.th 500 iuL. o f  w ater and rep ea ted ly

e x tra c te d  w ith  200 m l. p o r tio n s  o f  4:1 hexane-benzene. The o rgan ic

la y e rs  were combined, washed w ell vjith water and th en  tr e a te d  i n  the

usual manner. The r e s u l t in g  re d  o i l  was c r y s ta l l iz e d  tw ice from
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acetone to  y ie ld  4 .34  g. (46.9'^) o f  c r y s ta l l in e  ZVII, m .p. 152.0-153.0°.

Anal. Galcd. fo r  C2QH24G2 : G, 83 .9 ; H, 4 .9 ; 0 , 11.2

Found: C, 83 .9 ; H, 4 .9 ; 0 , 11.0

In fra re d  spectrum : (CH2CI2) 5 .94 u, 1684 cm"  ̂ ; 6 .2? u , 1595 cra“ ''

U ltra v io le t  spectrum : JA mu ( lo g  iqE) 216.1 (4 .5 5 6 );
max

249.4 (4 .5 0 8 ); 270.1 (4 .5 8 ? ); 280.5 (4 .629) and 304.1 (4 .2 1 6 ). 

N .m .r. s p e c tru iL d ^  u n i t s ) :

7 .2  (3 s , Ar-CH^); 7.1 (3 s , Ar-CH^); 2 .4  (6m, A r); 1.9 (2m, A r) . 

The qu inoxaline  d e r iv a tiv e , X’AEII, was formed by warming a 

so lu tio n  o f  0.08 g , (O.OOO3 mole) o f  XVII, and O.03 g . o f  o -phenylene- 

diamine in  5 m l. o f  g la c ia l  a c e tic  a c id . The r e s u l t in g  yellow  s o l id  

was r e c r y s ta l l i z e d  th re e  tim es from to luone-petro leum  e th e r  (65-110°) 

to  y ie ld  0.04 g . (40.V,y) o f  XVIII, m .p. 1 ?0 .5 -1 7 2 .5 °.

Anal. Galcd. fo r  Cg^H^gNg: G, 87.1 ; H, 5 .1 ; N, 7 .8

Found: C, 87.1 ; H, 5 .2 ; N, 7 .8

U ltra v io le t  spectrum : j \  mu ( lo g  iqS)

272.7 (4 .4 0 4 ); 281.8 ( 4 . 657) ; 290.9 ( 4 . 692) and 347.6 (4 .0 2 8 ) .

3>4-Dia.ceto:<y-9JO-dimethyl-1 ,2 -benzan th racene , XIX. — A 

m ixture o f  O.3O g . (O.OOI mole) o f  XVII, O.3O g . o f  z inc  d u s t,  O.3O g. 

o f  f re s h ly  fused  sodium a c e ta te  and 10 m l. o f  a c e t ic  anhydride was 

re flu x e d  10 m inu tes, t r e a te d  v ith  10 m l. o f g la c ia l  a c e t ic  a c id  and 

then re flu x e d  fo r  one hour. The cooled so lu tio n  was decanted  in to  

200 ml, o f  w ater and the  r e s u l t in g  yellow  s o lid  c o l le c te d  by f i l t r a ­

tio n .  The yellow  s o lid  was c ry s ta l l iz e d  tw ice from e thano l to  y ie ld  

0 .24 g. ( 61. 5^) o f yellow  c r y s ta l l in e  XIX, m .p. 196 .0 -197 .3°.
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Anal. Galcd. f o r  H, $A; 0 , 1?.2

Found: G. 7 7 .3 ; H. 5 .4 ; 0 , 17.3

In f ra re d  ^ e c tru iu : (KBr) 5.63 u , I 76I cm"’* and

6 .12  u , 1634 cm"’*

U ltr a v io le t  spectrum ; /  mu (lo g
max 'U

216.5 (4 .4 4 4 ); 224.5 (4 .4 7 3 ); 237.5 (5 .3 3 6 ): 269.5 (4 .539);

230.5 ( 4 .6 1 2 ); 290.3  ( 4.821) and 301.7 (4 .8 3 9 ) .

N .m .r. spectrum (7 ^  u n i t s ) :
0 0

7 .6  (3 s , GH3-C-O); 7 .5  (3 s , GHc-G-O); 6 .9  (3 s , Ar-GH.);

6 .7  (3 s , Ar-GH^); 2 .5  (6m, Ar) and 1.8 (2m, A r).

3 ,4..Dlmethoxy-9,10 -d im eth y l-1 , 2-benaan thracene, XIV. — In  a 

50 m l. f la s k  equipped w ith m agnetic s t i r r e r ,  a d d itio n  fu n n e l, r e f lu x  

condenser and n itro g e n  i n l e t  tube were p laced  0.20 g. (O.OO7 mole) 

o f X’/ I I ,  0.20 g . o f  z inc  d u s t and 50 m l. o f  95^ e th a n o l. A fter th e  

system had been f lu sh ed  ■sn.th n itro g e n , 10 m l. o f 20^ potassium  

hydroxide s o lu tio n  was added. The m ixture im m ediately became dark

brotm. A fte r  15 m inutes re f lu x  th e  m ixture was cooled to  0° and 

t r e a te d  su ccess iv e ly  w ith 10 ml. o f dim ethyl s u l f a te  and 20 ml. o f  

20^ potassium  hydroxide s o lu tio n . The coo ling  bath  was then  removed 

and th e  m ix ture h ea ted  to  a g en tle  r e f lu x .  At t h i s  tim e th e  so lu tio n  

was a p a le  ye llow . A fte r 15 m inutes th e  m ixture was again  cooled to  

0°  and t r e a te d  su ccess iv e ly  with 10 ml. o f dim ethyl s u l f a te  and 

20 m l. o f 20>o potassium  hydroxide s o lu tio n . The coo ling  bath  was 

again  removed and th e  m ix ture  heated  to  r e f lu x .  A fte r 25 m inutes
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th e  m ixture was added to  1 1 . o f  w ater and e x tra c te d  th re e  tim es with 

100 ml. p o r tio n s  o f 1:1 benzene-hexane. The combined o rgan ic  la y e rs  

were washed once w ith d i lu te  h y d ro ch lo ric  ac id  and then  t r e a te d  in  

th e  u sua l manner to  a ffo rd  0 .22 g. o f  a l i g h t  yellow  o i l  which shoi-rad 

7 components on micro t . l . c .  One component had th e  same m o b ility  as 

th a t  of th e  d ie th e r ,  XIV, from th e  sequence i l l u s t r a t e d  in  F igure  2. 

Tnis component was is o la te d  by p re p a ra tiv e  t . l . c .  on s i l i c a  gel w ith 

1 :1 benzene-hexane (volume) as th e  e lu a n t in  1 3.8'Î'j y ie ld .  As men­

tio n ed  p re v io u s ly , th i s  compound was id e n t i f i e d  as XIV by a comparison 

o f  th e  s p e c tr a l  p ro p e r t ie s  and by th e  form ation  o f  a  ïïïNF'' 2 d e r iv a tiv e .

VI. 3 -(o-C arboxyphenyl)-1 ,4-d im ethyl-
2-naphthoic ac id , d im ethyl 
e s te r ,  XXV

3-(o-F orm ylphenyl)-1 ,^-d im ethy l-2-naphthaldehyde, XXI. — To a 

so lu tio n  o f  17.63 g« ( 0 . 061) o f  XVI in  500 m l. o f benzene was added

27.0 g. ( 0.61 mole) o f  le a d  te t r a a c e ta te ^ 9 in  sm all p o r tio n s  during

( 19) F resh ly  p rep ared  and supp lied  by G. F red ric  Smith and 
C o., Columbus, Ohio.

10 m inu tes. A fte r s t i r r i n g  fo r  75 m inutes a t  room tem peratu re  th e  

m ixture was f i l t e r e d  th r o u ^  Hyflo S uper-cel.^  The r e s u l t in g  so lu tio n  

was washed su ccess iv e ly  w ith  w ater and d i lu te  sodium b icarb o n a te  

so lu tio n  and then t r e a te d  in  th e  u su a l manner to  a f fo rd  crude XXI 

as  a p a le  yellow  s o l id .  The crude XXI was r e c r y s ta l l i z e d  from
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to lu en e -S k e lly so lv e  F to  y ie ld  14.1 g. (80.8^i) o f c r y s ta l l in e  XXI,

m.p. 133. 0- 134.^ 3. Repeated r e c r y s ta l l i z a t io n  o f a  sm all sample

ra is e d  th e  m e ltin g  p o in t  to  1 37.0-1 37.3° ( l i t .  m .p. 1 36.3-138.0°)

The reported^®  crude y ie ld  o f  XXI was q u a n t i ta t iv e .  As c i te d  e a r l i e r ,
1 ftXXI was f i r s t  p rep a red  by sodium m etaperiodate  c leavage .

N .m .r. spectrum ( u n i t s ) :

7 .7  (3 s , CH3-A r); 7 .0  (3 s , GH^-Ar); 2 .3  (8m, A r);

0 .2  (1 s , -GHO) and -0 .1  (1 s , -GHO).

3-(o-Foi'm ylphenyl)- 1 ,4 -d i’uethy l-2 -naphthaldehyde dioxim e,

XXII. — The dioxim e, XXII, was p rep ared  by r e a c tio n  o f  XXI id .th  

hydro^ylamine as described^®  in  7^.9/^ y ie ld  ( l i t .  y ie ld ,  92p).^^

3 -(o- Gyanoehenyl) - 1 ,4 -d im ethy l-2-cyanonaohthalene, XXIII. — 

The d i n i t r i l e ,  XXIII, was p rep a red  as described'*® by dehydration  o f 

XXII in  74. 9^  y ie ld  ( l i t .  y ie ld ,  92^).^^

3-(o-A m idophenyl)-1 ,4 -d im ethy l-2-naah tho ic a c id . XXIV. — The 

acid-am ide was p rep a red  by b a s ic  h y d ro ly s is  o f  XXIII as described'*® 

in  83.3;i> y ie ld .  The re p o r te d  yield"*® was q u a n t i ta t iv e  fo r  crude XXIV.

3-(o-Cai"bo:<yohenyl)-1 .4 -d im ethy l-2 -naoh tho ic  ac id , XXV. — A 

so lu tio n  o f  5.40 g . (0 .017  mole) o f  XXIV, m .p. 220-223° in  I 30 ml. 

o f  dioxane co n ta in in g  4 m l. o f  concen tra ted  s u lfu r ic  a c id  was cooled 

to  0° w ith  s t i r r i n g  and t r e a te d  w ith  7 m l. o f isoam yl n i t r i t e .  The 

m ixture was s t i r r e d  a t  0° fo r  45 m inu tes, t r e a te d  w ith  3 ml. o f  w ater 

and then  warmed on a  w ater ba th  u n t i l  gas ev o lu tio n  had ceased.
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The re s u l t in g  dark brovm so lu tio n  was co n cen tra ted  to  25 ml. a t  room, 

tem perature under reduced p re s su re , and th i s  so lu tio n  added to  250 m l. 

o f  w a te r. The r e s u l t in g  s o lu tio n  was e x tra c te d  se v e ra l tim es tfri.th 

1 ;1 ether-benzene and the  combined o rgan ic  la y e rs  t r e a te d  in  th e  u su a l 

manner to  y ie ld  a  brown o i l  vjhich con ta ined  a s ig n if ic a n t  amount o f  

un reac ted  XXIV, as in d ic a te d  by th e  in f ra re d  spectrum .

This broim o i l  was d isso lv ed  in  200 ml. o f  f a c i a l  a c e tic  ac id  

con ta in in g  4 m l. o f  concen tra ted  s u lfu r ic  ac id . The so lu tio n  was 

cooled to  20° and 4 .0  g. o f  sodium n i t r i t e  was added during  15 

m inu tes. A fte r s t i r r i n g  an a d d itio n a l 45 m inutes th e  m ixture was 

t r e a te d  w ith 10 ml o f  w ater and then  warmed on a  w ater bath  u n t i l  

gas evo lu tio n  had ceased . A fte r coo ling , th e  m ixture was d i lu te d  

td th  2 1 . o f w ater and e x tra c te d  sev e ra l tim es w ith  1:1 e th e r - to lu e n e . 

The combined e x tra c ts  were washed once w ith  lOJo potassium  b icarbonate  

so lu tio n  and t r e a te d  in  th e  u sual manner to  a f fo rd  a heavy brown o i l  

which was d isso lv e d  in  200 m l. o f e th e r  and t r e a te d  w ith  0.07 mole 

o f  diazom ethane. A fte r stand ing  a t  room tem perature fo r  2 hours

(20) J .A . Moore and D.E. Reed, "Organic S y n th es is ,"  John 
W iley and Sons, I n c . ,  New York, 1961, Vol. 4 l , p . 16 .

th e  e th e r  was d i s t i l l e d  under reduced p re ssu re  to  a f fo rd  5-^  g. o f  a 

broim o i l .  The co lo red  im p u ritie s  were removed by p ass in g  an e th y l 

a c e ta te  so lu tio n  o f  th e  crude m a te ria l through 100 g . o f alum ina.

The r e s u l t in g  p a le  yellow  o i l  was c ry s ta l l iz e d  th re e  tim es from



46

ether-hexane to  y ie ld  2 ,84 g , (48 .2^  from XXIV) o f  c o lo r le s s  c r y s ta l ­

l i n e  XXV, m .p. 110 .0-110 .5°.

Anal. Calcd. fo r  C22H20O4 : C, 75 .8 ; H, 5.8

_  Found; G, 75 .8 ; H, 5.6

In f ra re d  spectrum : (KBr) 5.79 u , 1727 cra” ^

U ltr a v io le t  spectrum : y| mu (lo g  igE)

232.7 (4 .8 4 1 ); 289.9 (3 .8 0 5 ); 302.9 (3 .678) and 

327.9 (3 .1 4 6 ) .

N .m .r. spectrum ( 'Y u n i t s ) :

7 .6  (3 s , CH^Ar) ; 7 .3  (3 s . CH;)_Ar) ; 6 .6  (3 s , CH3-O -?-);

6 .4  (3 s ,  GH^-0-&.) ; 2 .5  ( 6m, Ar) and 1.9 (2m, A r).

S everal a ttem p ts  were made (Table 3) to  p rep a re  XVII by a r in g  

c lo su re  o f XXV w ith  sodium. A so lu tio n  o f  th e  d ie s t e r ,  XXV, in  care­

f u l ly  d r ie d  so lv en t was added to  excess o f  sodium which had been d is ­

p ersed  in  th e  same so lv e n t. IVhen th e  in d ic a te d  le n g th  o f tim e had 

e lapsed , th e  cooled re a c tio n  m ixture was t r e a te d  w ith a s l ig h t  excess 

o f methanol and then  w ater. The non-aqueous la y e r  was sep ara ted , 

washed vnth 10)i potassium  hydroxide so lu tion^   ̂ and t r e a te d  in  th e  

u su a l manner to  a f fo rd  a yellow  o i l .  In  each of th e  s ix  cases 

enumerated, t h i s  o i l  con ta ined  fo u r  components. These fou r components 

were is o la te d  by p re p a ra t iv e  t . l . c .  on s i l i c a  g e l w ith benzene as the  

e lu a n t .  The in f ra re d  sp e c tra  o f  th e se  components showed no quinone 

abso rp tion  and s in ce  none o f  th e  components could be c r y s ta l l iz e d ,  

th e  method was n o t s tu d ie d  f u r th e r .
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TABLE 3

ATTEWÏED RING CLOSUFE OF 3-(o-CARB0XYLPHENIL)-1,4-DIIFETHYL-
2-NAPHTHOIC ACID, DIMETHYL ESTER

Solvent Reaction C onditions

Toluene 3 i hours a t  80°

Toluene-benzene 30 m inutes a t  102°

Toluene 15 m inutes a t  r e f lu x  (110°)

Xylene 10 m inutes a t  r e f lu x  ( 137°)

Xylene 55 m inutes a t  r e f lu x  ( 137°)

p-Cymene 15 m inutes a t  r e f lu x  (176°)


