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P art I  .

S y n th e s is  o f  Dib enzcyo loh ep t adi enone.



Summary»

P art I .

An attem pt h a s been  made to  s y n th e s is e  d e r iv a t iv e s  

o f  d ib en zoyo loh ep tad ien e  by ap p rop ria te  tra n sfo rm a tio n  o f  

th e  two c a r b o x y lic  a c id  groups o f  d ip h en ic  a c id  ( I ;  R^CO^H)

COjM

(X) ( I I )  ( I I I )

By an a d a p ta tio n  o f th e  M cPadyen-Stevens p r o c e s s ^ ^  the  

aldehydo a c id  ( I -  R = OHO) has been prepared and hence v ia  

th e  d er ived  a c r y l ic  ( I ;  R = CH = CH.CQ^H) and p rop ion ic  

( I ;  R s QHg.GH2 'CO^H) a c id s  c y c l i s a t io n  to  d ib en ze y c lo -  

heptad ienone ( I I )  has been dem onstrated . The y i e ld s ,  

how ever, are not good and attem pted improvement by desu.1 - 

p h g r is a t io n  o f  th e  p - t o l y l  t h i o l  e s t e r  ( I ;  R 5 CO.S.CgH^.CHg 

(p ))  a fford ed  o n ly  th e  a lc o h o l ( I ;  R = CH^OH).

An a lte r n a t iv e  method, in v o lv in g  the s y n th e s is  o f  

( i l l ;  R - CÔ H) and th e  p r o jec ted  expansion  o f  the ca rb o x y lic  

to  th e  p rop ion ic  a c id  s id e  ch a in , f a i l e d  by reason  o f  th e  

n n re a c tiv e  natu re o f  th e  e s t e r  ( I I I ;  R = GÔ Me) and th e  

f a c i l i t y  w ith  which ( I I I ;  R = CÔ H) y ie ld e d  th e  d ip h en y l-  

met h y lo  l i d  (IY)



OMe.

(IV) (V) (VI)

P art I I .

As a c o n tr ib u t io n  to  knowledge o f  th e  s t e r e o ­

chem ical c o n fig u r a t io n  o f  th e  1 :2 - d ih yd roxy-1 :2 - d ihydro- 

naphthalene and - an th racen e, m e ta b o lite s  o f  th e  r e s p e c t iv e  

arom atic hydrocarbons i s o la t e d  by Y o u n g ^  and by B o y la n d ^  

from ra t and r a b b it  u r in e , th e  c i s - and tr a n s - forms o f  

th e  d io l s  (V) and (VI) have been s y n th e s is e d . In  each  

ca se  th e  c o n f ig u r a t io n  has been  a ss ig n ed  on th e  b a s is  o f  

th e  g en era l o r i t e r i a  e s ta b lis h e d  by C r ieg ee .

In  the case  o f  (V) o p t ic a l  r e s o lu t io n  o f  th e  tr a n s ­

compound in to  i t s  d and 1 - forms shows th a t th e  former i s  

id e n t ic a l  w ith  the d ih yd rid e  ob ta in ed  by Young through  

c a t a ly t i c  hyd rogen ation  o f  the naphthalene m e ta b o lit e .  In  

th e  ca se  o f  (VI) th e  p h y s ic a l p r o p e r tie s  o f  the sy n th e t ic  

d l - tr a n s - compound in d ic a te  i t s  id e n t i t y  w ith  th e  d ih yd r id e  

o f  th e  o p tim a lly  in a c t iv e  anthracene m e ta b o lite  d escr ib ed  by 

B oyland . In  co n ju n ctio n  th e r e fo r e  w ith  the fa c t  th a t the  

9 : 1 0 - d ih yd roxy-9 :1 0 -d ihydrophenanthrene, th e  corresp ond ing  

m e ta b o lite  o f  phenanthr ene from r a t s ,  i s  s a id  to  be o p t ic a l ly



active^® 4̂  and mast a c co r d in g ly  be th e  tra n s  isom er, i t  

appears th a t th e  m eta b o lic  p r o c e ss  o f  h y d r o x y la tio n  le a d s  

to  th e  tr a n s -  and not to  th e  c i s - c o n f ig u r a t io n .



P a rt I »



In tr o d u c t io n .

The w idespread i n t e r e s t  in  c o lc h ic in e ,  the a lk a lo id  

o f  th e  meadow s a f fr o n  (Golchicum  autumnale L .)  d e r iv e s ,  

p r im a r ily , from i t s  b io lo g ic a l  p r o p e r t ie s .  The most pro­

nounced o f th e se  i s  i t s  a n t im ito t ic  a c t io n  which makes i t  

an in v a lu a b le  reagent fo r  producing p o ly p lo id  v a r ie t i e s  

o f  p la n t s .  I t  has a lso  been  found to  in h ib i t  tumour 

growth, a lthough i t s  use in  t h i s  l a t t e r  r e sp e c t  i s  l im ite d  

by i t s  very  h ig h  t o x i c i t y .

The chem ical c o n s t i t u t io n  o f  c o lc h ic in e  i s  s t i l l  

unknown although recen t work in  th e se  la b o r a to r ie s  has 

added c o n sid er a b ly  to  our knowledge in  t h i s  f i e l d .

MeO'

OMe

1̂ 0 

m

% / P

( I ) ( I I ) ( I I I )

The form ula ( I )  fo r  c o lc h ic in e  proposed in  1924 

by Windaus^*^ h as been shown in  recen t years to  be u n s a t is ­

fa c to r y . I t  i s  conceded th a t  c o lc h ic in e  c o n ta in s  a 

t r i c y c l i c  system  and th a t  r in g  A has th e  s tr u c tu r e  a ss ig n ed  

to  i t  by Windaus. The six-membered r in g  s tr u c tu r e s  o f  i3



and C however have been  su b je c t  to  adverse c r i t i c i s m  as 

b e in g  in co m p a tib le  w ith  th e  known chem ical p r o p e r t ie s  o f  

c o lc h ic in e .  In  th e  p r e sen t d is c u s s io n  we w i l l  c o n s id er  

o n ly  th e  n atu re  o f  r in g  B . T his problem h as been p a r t ly  

e lu c id a te d  by a c o n s id e r a t io n  o f  th e  d egrad ation  product 

o f  c o lc h ic in e ,  deam in oco lch in o l m ethyl e th e r , to  which  

Windaus a ss ig n ed  th e  s tr u c tu r e  ( I I ) .

C o lc h ic in e  c o n ta in s  one m ethoxyl group which i s  

r e a d ily  h y d ro ly sed , th e  product o f  h y d r o ly s is  b e in g  c o l - 

c h ic e in e .  Treatment o f  c o lc h ic e in e  w ith  io d in e  in  th e  

presen ce o f  a lk a l i  y ie ld s  U -a c e ty lio d o  c o lc h in o ls -

CEIH23°6H * 1  > + (CH0)

D eh alogen ation  fo llo w e d  by deam ination o f t h i s  product

y ie ld s  d eam in oco lch in o l m ethyl e th er  and th e  iso m er ic

iso -d e a m in o c o lc h in o l m ethyl e th e r . When dem ethyl at ed by

treatm ent w ith  h y d r io d ic  a c id  and then  d i s t i l l e d  w ith  z in c

d u st, d eam in oco lch in o l m ethyl e th er  was con verted  to  9 -

m ethylphenanthrene and on t h i s  b a s is  Windaus assumed i t  . 
a.

w as^ tetram eth oxylated  m ethylphenanthrene. Windaus decided  

i t  was a 9 -m ethyl phenanthr ene ( I I )  ra th er  th an  a 10-m ethyl 

d e r iv a t iv e  on th e  fo llo w in g  e v id en ce . G o lch ic in e  i s  

o x id is e d  by chromic a c id  to  a k eton e , o x y c o lc h ic in e ,  

U22S 23°7^ ^ ^ y l e n e  group im p lied  by t h i s  o x id a tio n

can be provided on ly  in  r in g  B. I f  such a m ethylene group



i s  p resen t i n  r in g  B th en  th e  two s u b s t itu e n ts  p resen t in  

t h i s  r in g , v i z .  -uHg and -BHGOCHg, mast be a tta ch ed  to  

th e  same carbon atom. How o o lc h in o l  m ethyl e th e r  ( I I I )  

was o x id is e d  by chromic aofid to  4 -m ethoxyphthalim ide, 

su g g e s t in g  th a t  th e  n itr o g e n  atom i s  sep a ra ted  from r in g  G 

by a s in g le  carbon atom. I t  fo l lo w s  th e r e fo r e  th a t  the  

-MCOCHg group, and hence a lso  th e  -CHg group, i s  a tta ch ed  

to  th e  9 - p o s it io n  in  r in g  B . Another p ie c e  o f  ev id en ce  

brought forward by Windaus in  favour o f  th e  six-m em bered  

nature o f  r in g  B was th e  o x id a t io n  o f  I -b e n z o y l tr im e th y l - 

o o lc h in ic  a c id . fr im e th y lc o lc h in ic  a c id  i s  formed by 

d e a c e ty la t io n  o f  c o lc h ic e in e ,  and treatm ent o f  i t s  H -benzoyl 

d e r iv a t iv e  w ith  c o ld  a lk a l in e  permanganate le a d s  to  th e  

o x id a tio n  o f  r in g  G w ith  form ation  o f  H -b en zo y lco lch id e  

and I -b e n z o y lc o lc h in ic  a c id  anh yd rid e.

(IT ) (V) (YI) (Y II)

fh e  s tr u c tu r e s  p o s tu la te d  by Windaus fo r  th e se  

o x id a tio n  p rod u cts, (IV) and (V) r e s p e c t iv e ly ,  were con­

s i s t e n t  w ith; (a ) th e  ready deam ination  o f the form er, 

which would be rep resen ted  as (I V )  > (YI) on t h i s



fo rm u la tio n , and (b ) th e  form ation  o f  a la c to n e , su p p osed ly  

p e r i- l ih k e d  as in  (V II ) , by treatm en t o f  th e  anhydride  

w ith  h y d r io d ic  a c id .

Ih a t W indaus's fo rm u la tio n  o f  d eam in oco lch in o l 

m ethyl e th er  and o f  c o lc h in o l  m ethyl e th er  as ( I I )  and ( i l l )  

r e s p e c t iv e ly  was not in  accordance w ith  th e  p r o p e r tie s  o f  

th e se  compounds was f i r s t  p o in ted  out by Gohen, Gook and 

E o e ^  • Thus ( I I I )  i s  a d e r iv a t iv e  o f  9 -a m in o -9 slO -d i-  

hydrophenanthrene which should  r e a d ily  e lim in a te  ammonia 

and p ass in to  th e  w h o lly  arom atic s t a t e .  G o lch in o l m ethyl 

e th er  however d is p la y s  no such r e a d in e ss  to  e lim in a te  

ammonia. M oreover, when c o lc h in o l  m etbyl e th er  i s  con­

v e r ted  to  a c a r b in o l by treatm ent w ith  n itr o u s  a c id , th e  

o a r b in o l ob ta in ed  i s  much more r e s i s t a n t  to  th e  e lim in a t io n  

o f  w ater than would be th e  c a se  w ith  th e  t e r t ia r y  c a r b in o l  

th a t would a r is e  from form ula ( I I I ) .  fh e se  in d ic a t io n s  

th a t th e  form ula ( I I )  was in c o r r e c t  were confirm ed by th e  

s y n th e s is  o f  both  compounds correspond ing to  t h i s  form ula, 

n e ith e r  o f  which was id e n t ic a l  w ith  d eam in oco lch in o l m ethyl 

e t h e r ^ .

An a l t e r n a t iv e  s tr u c tu r e  (V II) fo r  d eam in oco lch in o l 

m ethyl e th er  was proposed by B arton , Cook and L o n d o n ^ .



8 .

U S10

(V II) (V III) (IX)

On th e  b a s i s  o f  t h i s  d ib e n z c y c lo h e p ta tr ie n e

s tr u c tu r e  a l l  th e  f a c t s  ex p la in ed  by Windaus by h is  s ix -  

membered r in g  B s tr u c tu r e  can be e q u a lly  w e l l  e x p la in e d .

Thus th e  form ation  o f  9-m ethylphenanthrene from deamino- 

o o lc h in o l  m ethyl e th er  by d em eth y la tion  fo llo w ed  by z in c  

dust d i s t i l l a t i o n  means th a t the d r a s t ic  c o n d it io n s  have 

brought about a c o n tr a c t io n  o f th e  seven-membered r in g .

That th e  d ib en zc y c lo h e p ta tr ie n e  frameworh does rearrange  

i t s e l f  under th e se  c o n d it io n s  has been proved by th e  ob-
t' 3 * Sse r v a t io n  th a t 3 :4 t5 t 6 -d ib e n z -A  -o y c lo h e p ta tr ie n e  

a ffo r d s  9-m ethyl phenanthrene when h eated  w ith  h yd riod io  

ao id  and then  d i s t i l l e d  w ith  z in c .  The o x id a tio n  o f  c o l ­

c h in o l m ethyl e th er  to  4-m ethoxyphthalim ide and o f  c o l ­

c h ic in e  to  o x y c o lc h ic in e  are s t i l l  understandable i f  r in g  B 

i s  seven-membered and furtherm ore the p resen ce  o f  su c c in ic  

a c id  among th e  o x id a t io n  products o f  c o lc h ic in e  and i t s  

d e r iv a t iv e s ,  which was observed by Windaus, now becomes 

understandable a l s o .  The form ation  o f  N -benzoyl c o lc h id e  amo(,



U -b e n z o y lc o lc h in ic  a c id  anhydride does n ot in v a l id a te  t h i s  

new p ro p o sa l s in c e  the stru.ctu.re o f  th e se  o x id a t io n  pro­

d u cts has not been  r ig o r o u s ly  proved and i t  may be th a t  

th ey  a lso  co n ta in  a seven-membered r in g .  A more p o s i t iv e  

p roo f o f  th e  c o r r e c tn e s s  o f  th e  p o s tu la te d  seven-membered 

r in g  s tr u c tu r e  i s  provided  by th e  fo llo w in g  s e r ie s  o f  re -

D eam inocolch inol m ethyl e th e r  (V II) and th e  iso m eric  i s o ­

deamino c o lc h in o l  m ethyl e th er  (V III) are both r e a d ily  

hydrogenated w ith  p rod u ction  o f  the same dah ydride. She 

e th y le n ic  lin k a g e  th u s d is c lo s e d  in  d eam ih oco lch in o l m ethyl 

e th er  i s  su b je c te d  to  s te p w ise  o x id a t io n , f i r s t  w ith  osmium 

t e tr o x id e  to  a g ly c o l  (Z) then  by c leavage  w ith  le a d  t e t r a ­

a c e ta te  to a d i-a ld eh yd e  (ZI) which c y c l i s e s  to  th e  10- 

phenanthraldehyde ( Z I I ) . fhe s tr u c tu r e  o f  t h i s  aldehyde  

i s  proved by i t s  o x id a t io n  to  the ca rb o x y lic  a c id  and com­

p a r iso n  o f  th e  l a t t e r  w ith  a s y n th e t ic  specim en o f  2 s 3 s 4 j7 - 

tetram eth oxyp h en an th ren e-10-carb oxy lic  a c id . A s im ila r  

s e r ie s  o f  r e a c t io n s  s ta r t in g  from iso -d e a m in o c o lc h in o l  

m ethyl e th er  g iv e s  r i s e  to  the correspond ing 9-phenanthr-

aci (4 )

(Z) (ZI) (Z II)



a ld eh yd e. S in ce  Hofmann d egrad ation  does not g e n e r a lly
(5 )in v o lv e  any change in  th e  carbon s k e le to n  , i t  may be 

assumed th a t  c o lc h in o l  m eth yl e th er  a lso  c o n ta in s  a sev en -  

membered r in g  as shown i n  ( I X ) .

W hile i t  i s  not y e t  c e r ta in  th a t  c o lc h ic in e  i t s e l f  

c o n ta in s  a seven-membered r in g , th e  p resen ce  o f  such a r in g  

in  c e r ta in  o f  i t s  d eg ra d a tio n  p rodu cts makes i t  o b v io u s ly  

d e s ir a b le  to  e v o lv e  a method o f  s y n th e s is in g  s im ila r  d i-  

b e n z e y c lo h e p ta tr ie n e s -  Such a method would need to  be 

a p p lic a b le  to th e  s y n th e s is  o f  d ib e n z c y c lo h e p ta tr ie n e s  

unsym m etrically  s u b s t itu te d  in  th e  arom atic n u c le i .  Most 

o f  th e  sy n th e se s  h ith e r to  ach ieved  f a i l  to  f u l f i l  t h i s  

l a t t e r  c o n d it io n .

The f i r s t  s u c c e s s fu l  s y n th e s is  o f  a d ib en zc y c lo -
f 6 )h ep tad ien e  was due to  Kenner ' who o b ta in ed  th e  ketone  

(X III) from 2 : 2 ’ - d i t o l y l -  w • - d ic a r b o x y lo n i t r i le .

(X III) (XV)

C ontinuing t h i s  work on th e  c y c l i s a t io n  o f  d e r iv a t iv e s  o f
( 7 )  f

2 :2 f - d i t o l y l ,  Kenner ob ta in ed  from ^ -d ib rom o-2s2 f - 

d i t o l y l  by con d en sation  w ith  m alonic e s t e r ,  d ie t h y l - 3 j 5 -
i-.s

dib en z- -c y c lo h e p ta d ie n e -1  : l-d ic a r b o x y la te  which on



h y d r o ly s is  and d eca rb o x y la tio n  y ie ld e d  th e  a c id  ( XI V)

(B = COgH) . The amine (XIV, B s M g) was o b ta in ed  from  

t h i s  a c id  by th e  C u rtin s r e a c t io n  and dry d i s t i l l a t i o n  o f  

i t s  h y d ro ch lo r id e  a fford ed  3 :5 -d ib e n z -A ' 3 3-c y c lo h e p ta tr ie n e

(XV) • A s im ila r  s y n th e s is  o f  a d ib e n z c y c lo h e p ta tr ie n e
( 8 )recorded  by W eitzenbdck i s  th e  c y c l i s a t io n  o f  b ip h en y l-  

e n e -2 :2 ’ -d ia c e ta ld e h y d e  te tr a m e th y la c e ta l to  the aldehyde

(XVI) . Somewhat s im ila r  i s  the form ation  o f  th e  k eton e

(XVII) by h e a t in g  2 -b rom o-5-n itro -acetop h en on e w ith  copper 

where in tr a m o le cu la r  con d en sa tion  o f  th e  in term ed iary  

dip henyl (XVIII) occurs

The con d en sation  o f  d ip h en ic  anhydride w ith  cL - p ic o l in e

and q u in a ld in e  g iv e s  r i s e  to  d ib en zcy c lo h ep ta d ien es  o f  th e  
, , ( 1 0 , 1 1 )typ e  (XIX) . Hone o f  th e se  m ethods, however, gave

prom ise o f  b e in g  a p p lic a b le  to  th e  s y n th e s is  o f  unsym- 

m e tr ic a l ly  s u b s t itu te d  d ib e n z o y c lo h e p ta tr ie n e s , but t h i s  

c o n d it io n  i s  f u l f i l l e d  in  a r e c e n t ly  d escr ib ed  s y n t h e s i s ^ 2  ̂ . 

Here th e  s ta r t in g  m a ter ia l i s  a 9- or 10-m ethyl phenanthrene  

which i s  o x id ise d  w ith  osmium t e t r o x id e .  C leavage o f  the



d io l  so formed w ith  lea d  t e t r a - a c e t a t e  a ffo r d s  an aldehyde  

which c y c l i s e s  to  a d ib e n z c y c lo h e p ta tr ie n e . In  t h i s  way 

9 s l2 i l3 i l4 - t e t r a m e t h o x y -3 s 4 ?5 :6 -d ih e n z c y c lo h e p ta - ls 3 i5 -  

t r ie n e -7 -o n e  (XXI) has been sy n th e s ise d  from 2*3 i4 * 7 -  

tetram ethoxy-9-m ethylphenanthrenQ  (XX) as i l l u s t r a t e d  in  

th e  fo llo w in g  schem es-

(XX) (XXI)

This sy n th e t ic  product has been found to  be id e n t io a l  w ith

an o x id a tio n  product o f  d eam in oco lch in o l m ethyl e th e r . A

s y n th e s is  d escr ib ed  in  a recen t p u b lic a t io n  by Rapoport 
(13)

and W illiam s which may a lso  prove adap tab le  to  th e  

s y n th e s is  o f  un sym m etrically  s u b s t itu te d  d e r iv a t iv e s ,  and 

which in  p art d u p lic a te s  the work to  be d eso r ib ed  in  t h i s  

t h e s i s ,  i s  shown in  o u t l in e  b elow .



(mi)
CM

CMO

CM

(2X7)(mu)

The oyano ao id  (XXII) i s  ob ta in ed  by Beckmann rearran ge­

ment o f  phenanthrenequinonemonoxime and con verted  to  the  

aldehyde ( m i l )  by Rosenmund red u o tio n  o f  i t s  oh lorid Q . 

C ondensation  o f  t h i s  aldehyde w ith  m alonic ao id  a fford ed  

th e  oyano cinnam ic ao id  (XXIV) which was con verted  to  the  

sa tu ra ted  d ib a s ic  a c id  (XXVI) by e ith e r  o f the two r o u tes  

in d ic a te d . The ac id  (XXVI) was c y c l is e d  to  th e  ketone  

(XXX) by two m ethods: a) by p y r o ly s is  o f  th e  thorium  s a l t

and b) by th e  Dieckmann method fo llo w ed  by s a p o n if ic a t io n  

and d eca rb o x y la tio n  o f  th e  in term ed ia te  (3 -k e to  e s t e r ,  

in  a l t e r n a t iv e ,  and more e f f i c i e n t  method fo r  c o n v ertin g



1 4 .

tli© oyano cinnam ic a c id  (XXIY) to  the c y c lo h e p ta d ie n e  i s  

a lso  o u t l in e d . T his in v o lv e s  form ation  o f th e  d i n i t r i l e  

(XXVIII) whioh i s  c y c l i s e d  by th e  Z ie g le r  procedure to  

th e  oyano-im ine (XXIX) . H y d ro ly s is  o f  t h i s  cyano-im ine

a ffo r d s  th e  k eton e  (XXX) in  e x c e l le n t  y i e l d .

In  th e  fo llo w in g  s e c t io n  th e  p r e sen t a u th o r!s  

attem p ts to  f in d  an a l t e r n a t iv e  approach to  th e  d eS ired  

sy n th e s is  are d e sc r ib e d .

r I ■"' ■ o fci: o;v O-f a  0 o r b  o n  a t  cm  ̂■; -■ ■.

■ :V;£ re  l;r!1 4 p  t'h-- .gksog''-.

%hm.n '•> oat-co" -n

n  . i n  f i l i . ; -  :."U3 3 t o

4  n: 1} g t  m  t "-V'
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P i so as s io n .

In  th e  p r e sen t work tfto m ethods o f  approach to  th e  

sy n th e s is  o f  d ib en zo y c lo h ep ta tr ien e  d e r iv a t iv e s  were con­

sid er ed  s-
c—

(B)(A)

A d iphenyl n u cleu s i s  p resen t in  th e  s t a r t in g  m a te r ia l in  

each o a se . In  (A) th e  s ta r t in g  m a ter ia l i s  d ip hen ic  ac id  

or i t s  d e r iv a t iv e s  and an attem pt i s  made to  com plete th e  

r in g  hy th e  in tr o d u c t io n  o f  a carbon atom as sk e tc h e d . In  

(B) an attem pt i s  made to  b r id g e  the two phenyl r e s id u e s  by  

a th ree  carbon atom ch ain  a ttach ed  to one o f  them, i . e . ,  

th e  s ta r t in g  m a ter ia l in  t h i s  c a se  i s  a phenyl hydro cinnam ic 

a c id . A p a r t ic u la r  approach by th e  f i r s t  r o u te  would be  

fo r  example,

co

2he i n i t i a l  problem i s  to  make th e  h a l f  aldehyde and to  

th a t end th e  procedure f i r s t  con sid ered  was an a d ap ta tion



o f  th a t  used f o r  th e  p rep a ra tio n  o f  a ld eh yd es from mono-
( 1 4  j

b a s ic  a c id s  by MoEadyen and S teven s' , v i z : -
l a 2 0 0 3

B.002H -----» R.OO.IH.HH.SOgPB --------^ B.OHO ♦ PhS02Ba ♦
S in ce  in  th e  p r e sen t c a se  t h i s  w ould need to  be a p p lied  to  

o n ly  one o f  the carb oxy l groups o f  d ip h en ic  a c id , i t  had 

f i r s t  to  be a sc e r ta in e d  th a t  the d e s ir e d  m onophenylsulphon- 

hyd razid e  cou ld  b e  made a v a i la b le .  Two methods o f  o b ta in ­

in g  th e  m onophenylsulphonhydrazide o f  d ip h en ic  anhydride  

were s u c c e s s f u l ly  e lab ora ted ;

(a ) by treatm ent o f  th e  anhydride w ith  hyd razine hydrate to  

form th e m onohydrazide, fo llo w ed  by r e a c t io n  w ith  benzene-  

su lp h on yl c h lo r id e , and

(b) d ir e c t ly ,  by t r e a t in g  the anhydride w ith  benzenesulphon- 

h y d ra z id e . The l a t t e r ,  though g iv in g  a product contam inated  

w ith  a sm all amount o f  an iso m eric  compound, had th e  ad­

vantage o f  few er s ta g e s  and b e t t e r  y ie ld  based on th e  an­

h y d rid e . I t  was a lso  a p p lic a b le  to  p h th a lic  anhydride 

w hich, throughout t h i s  s e r ie s  o f  experim ents, was fr e q u e n tly  

used as a gu ide to  the probable behaviour o f  d ip h en ic  an­

h y d rid e .

Attempted decom p osition  o f  th e  phenylsu lphon- 

hydrazide o f  p h th a lic  a c id  f a i l e d  to  produce any a ld eh yd e.

On th e  o th er  hand, i n i t i a l  a ttem p ts in  th e  d ip h en ic  a c id



s e r ie s  showed th a t i n  t h i s  c a se  th e  aldehyde co a id  be ob­

ta in e d . The y ie ld  however was poor and th e  a sa a l sep ara­

t io n  o f  the n e a tr a l  aldehyde prodact from b oth  unchanged 

sodium ca rb o x y la te  and the sodium sulphibnate produced i s  

rendered in a p p lic a b le  by th e  presen ce o f  th e  r e s id u a l  

carb oxyl group in  th e  h a l f  aldehyde (XXXI) .

crto

M o d ific a tio n s  o f  th e  r e a c t io n  c o n d it io n s , w ith  r e sp e c t  to  

both tem perature and du ration  o f  th e  r e a c t io n  f a i l e d  to  

e f f e c t  a s a t i s f a c t o r y  in c r e a se  in  th e  y ie ld  o f  a ldehyde, 

a co n sid er a b le  p ercentage o f  the phenylsulphorihydrazide  

r e s i s t i n g  d ecom p osition . fu r th e r  attem pts were th en  made 

along the l i n e  o f  more e f f i c i e n t  se p a r a tio n  o f  th e  aldehyde  

from th e  unchanged sulphonhydrazide and th e  sodium s u l-  

p h in ate  produced. I t  was con sid ered  th a t  a se p a r a tio n  

cou ld  p o s s ib ly  be e f f e c t e d  by form ing an a c e to x y -la c to n e  

(XXXII) o f  th e  aldehydo a c id  (XXXI) which cou ld  be r e a d i ly  

sep arated  from th e  phenyl su lphonhydrazide and th e  sodium  

su lp h in a te  because o f i t s  a lk a lin e  i n s o lu b i l i t y ,  and from  

which th e  a ld eh yd o-ac id  cou ld  be r e a d ily  reg en era ted . I t



was a sc e r ta in e d  th a t  th e  a ld eh y d o -a c id  d id  indeed  form an 

a lk a lin e  in s o lu b le  a c e to x y - la c to n e , c o n v e n ie n tly  prepared  

by treatm ent o f  th e  a ld eh y d o -a c id  w ith  a c e t ic  anhydride in  

presen ce o f  a l i t t l e  co n cen tra ted  su lp h u r ic  a c id , and th a t  

th e  a ld eh y d o -a c id  was regen erated  by h y d r o ly s is .  T h is , 

th e r e fo r e , would be a s a t i s f a c t o r y  p rocess i f  th e  p h en yl- 

su lphonhydrazide were unchanged by th e  above treatm en t w ith  

a c e t ic  anhydride. U n fo rtu n a te ly  however under th e se  con­

d i t io n s  th e  phenylsulphorihydrazide a lso  y ie ld e d  an a lk a l i  

in s o lu b le  compound o f  em p ir ica l form ula G22% 605% s  a2li 

p o s se ss in g  th e r e fo r e  e i th e r  s tr u c tu r e  (XXXIII) or (XXXTV)

The phenylsu lphonhydrazide was th en  tr e a te d  w ith  a o e t ie  

anhydride in  th e  p resen ce  o f  p y r id in e  in  th e  hope th a t  the  

p y r id in e  would p reserve  th e  carb oxyl group in t a c t  and le a d  

to  th e  form ation  o f  an a lk a l i  so lu b le  p ro d u ct. The com­

pound ob ta in ed  by t h is  method however was again  in s o lu b le  

in  a lk a l i  and was in  f a c t  id e n t ic a l  w ith  th e  p rev io u s com­

pound. The method o f  se p a r a tio n  f i n a l ly  adopted was based  

on th e  o b serv a tio n  th a t th e  phenylsu lphonhydrazide, b u t not

(XXXIII) (XXXIV)



th e  a ld eh y d o -a c id , was p r e o ip ita te d  from a lk a l in e  s o lu t io n  

by su lphur d io x id e . A ccord in g ly  th e  d e s ir e d  se p a r a tio n  was 

e f f e c t e d  by tr e a t in g  th e  a lk a lin e  s o lu t io n  from th e  r e a c t io n  

w ith  su lphur d io x id e  t i l l  a l l  unchanged ph en ylsu lphonhydrazide  

was p r e o ip ita te d  and th en  o b ta in in g  th e  aldehyde f r e e  from  

b y-p rod u cts by a c id i f i c a t io n  w ith  m in era l a c id .  By t h i s  

method a  y ie ld  o f  34$ o f  th e  a ldehyd e, based  on th e  p h en yl- 

su lph onhyd razide, was a t ta in e d .

At t h i s  s ta g e  in  th e  s y n th e s is  b e t t e r  y ie ld s  than  

th e se  r e a l is e d  in  th e  above p ro cess  are im p e ra tiv e . Accord­

in g ly  oth er  methods fo r  th e  co n v ersio n  o f  carb oxy l to

aldehydo groups were c o n sid er ed . The method d escr ib ed  by
(15)

Wolfrom and K arabinos fo r  th e  s y n th e s is  o f  a ldehydes  

from t h i o l  e s t e r s  by d e su lp h u r isa t io n  w ith  Raney n ic k e l  in  

a lc o h o l appeared to  be the most p rom isin g . I t  was n e c essa ry  

to a s c e r ta in  th a t a h a l f  t h i o l  e s t e r  cou ld  be o b ta in ed  from 

d ip h en ic  a c id  and i t  was a lso  d e s ir e d  to  determ ine i f  th e  

method were a p p lic a b le  to  t h i o l s  o th er  than e th y l m ercaptan  

which had been employed by  Wolfrom and K arabinos. In  t h i s  

c a se  the t h i o l  used was th io -jD -creso l o f  which a su pp ly  was 

a v a i la b le .  As b e fo r e , the behaviour o f  p h th a lic  anhydride  

was f i r s t  s tu d ie d .

The d i t h io l  e s t e r s  o f  p h th a lic  a c id  have been  

d escr ib ed  by Chakravarti and 3aha^"^ who ob ta in ed  them by



th e  con d en sation  o f  p h th a lic  anhydride w ith  th e  t h i o l  a t  

140°0 and w ith  phosphorus p en tox id e  as condensing a g en t.

They rep orted  th a t  no con d en sation  cou ld  he e f f e c t e d  by 

em ploying su lp h u r ic  a c id , dry h y d ro ch lo r ic  a c id , anhydrous 

z in c  c h lo r id e  or anhydrous z in c c h lo r id e  and hyd rooh lorio  

a c id  as condensing a g e n ts . The mono t h i o l  e s t e r  o f  p h th a lic  

a c id  which was req u ired  i s  not d escr ib ed  in  th e  l i t e r a t u r e .

The con d en sation  f ^ f f  \  4 . hs-<̂

was f i r s t  attem pted by  a llo w in g  th e  rea g en ts  to  stan d  over­

n ig h t in  dry p y r id in e . Uo con d en sation  tools p la ce  under 

th ese  c o n d it io n s , nor was any su ccess  ach ieved  by h e a tin g  

th e  r ea g e n ts  in  p y r id in e . The con d en sation  was then  

attem pted under Schotten-Baumann c o n d it io n s , but aga in  w ith ­

out s u c c e s s . C lo se ly  analogous to  th e  d e s ir e d  condensa­

t io n  i s  th e  r e a c t io n  between S -n itr o p h th a lic  anhydride and

t h i o l s  to  y ie ld  mono t h i o l  e s t e r s ;  which has been d escr ib ed
( 1 7 )by Wertheim as a s u i ta b le  means fo r  th e  i d e n t i f i c a t io n  

o f  t h i o l s .  The c o n d it io n s  d escr ib ed  by Wertheim were 

ap p lied  to  p h th a lic  anhydride but f a i l e d  to  b r in g  about any 

r e a c t io n . I t  appeared th a t  p h th a lic  anhydride cou ld  not 

be used d ir e c t ly  fo r  th e  p rodu ction  o f  th e  mono t h i o l  e s t e r .  

I t  was th e r e fo r e  decid ed  to  prepare th e  more r e a c t iv e  

c>-carbomethoxy b en zoy l c h lo r id e .



(18).W o r d in g  to  H. Meyer t h i s  a c id  c h lo r id e  i s  

o b ta in ed  as a c o lo u r le s s  o i l  which does n o t s o l i d i f y  on 

c o o lin g  to  -1 8 °0 , by th e  r e a c t io n  o f  monomethyl p h th a la te  

w ith  th io n y l  c h lo r id e . The c h lo r id e  i s  decomposed by  

h e a tin g  on a w ater bath or more s lo w ly  on sta n d in g  a t room 

tem perature accord ing  to  th e  eq u a tio n s-

 »
CO Cl. / o + cri 3 ci.
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The o i l  ob ta in ed  by t r e a t in g  monomethyl p h th a la te  w ith  

th io n y l c h lo r id e  was fr e e d  from th io n y l  c h lo r id e  and tr e a te d  

w ith  th io - jo -c r e s o l and p y r id in e  at 0°G. A c r y s t a l l in e  s o l id  

was ob ta in ed  from th e  r e a c t io n  which was th e  d e s ir e d  jo - to ly l-  

£-carb om eth oxyth io lb en zoate  (XXXVI)  .

I t  had meantime been  found th a t th e  behaviour o f  

dip henic  anhydride towards t h io - £ - c r e s o l  was q u ite  d i f f e r e n t  

from th a t  o f p h th a lic  anhydride. By a llo w in g  th e  rea g en ts  

to stand  overn igh t in  p y r id in e  a 40$ y ie ld  o f  the h a l f  t h i o l  

e s t e r  (XXXV)  was o b ta in ed .

cos
cos CH3

c o 2h.i ^ V c o ^ .

(XXXV) (XXXVI)

The r e a c t io n  in  hot p y r id in e  was then  s tu d ie d  i n  an attem pt 

to  improve on t h i s  y i e l d .  The optimum c o n d it io n s  were found



to  be h e a tin g  at 70°C fo r  n in e ty  m in u tes . Under tb e se  con­

d i t io n s  a y ie ld  o f  70$ o f  th e  h a l f  t h io l  e s t e r  was a t ta in e d .

The d e su lp h u r isa t io n  o f  th e se  t h i o l  e s t e r s  w ith  

Raney n ic k e l  was c a r r ie d  out under th e  c o n d it io n s  d escr ib ed  

by Wolfrom and E arab in os. The product ob ta in ed  from ]>- 

to ly l-o -c a r b o m e th o x y th io lb e n z o a te  (XXXVI) was p h th a lid e  

(XXXVII), i . e . ,  th e  t h i o l  e s t e r  grouping was reduced to  th e  

a lc o h o l and th e  m ethyl e s t e r  h y d ro ly sed . L a c to n isa tio n  

betw een the a lc o h o lic  and carb oxy l groups produced would th en  

g iv e  r i s e  to  p h th a lid e .

c%  £ 1  ah

(XUXLI) (XHXVIII)

The ja - th io to ly l  hydrogen d ip henate (XXXV) tr e a te d  

in  th e  same way gave r i s e  to  th e  a lc o h o l, 2 -hydroxym ethyl- 

d ip h e n y l-2 1-c a r b o x y lic  a c id  (XXXVIII) .  In  t h i s  c a se  

la c t o n is a t io n  d id  not occur during th e  r e a c t io n . In  n e ith e r  

c a se  co u ld  more than 20$  o f  th e  m a te r ia l be accounted fo r  in  

th e  p ro d u cts . S im ilar  r e s u l t s  were ob ta in ed  w ith  £ - t o l y l  

th io lb e n z o a te  (XXXIX), i . e . ,  low y ie ld  o f  th e  a lc o h o l w ith  

no tr a c e  o f  any a ldehyde, and t h i s  method was th e r e fo r e  

ab andoned.



The r © s a l t s  ob ta in ed  her© ar© i n  accordance w ith
(19 )  (20)

th o se  o f  P re lo g  , Prank, Pant a and T a rb e ll  and
( 2 1 )McMillan , a l l  o f  whom have rep orted  th e  form ation  o f  

primary a lc o h o ls  hy Raney n ic k e l  d esu lx )h u r isa tion  o f  t h i o l  

e s t e r s .  The l a s t  named aathor has a ls o  rep o rted  th e  forma­

t i o n  o f  hydrocarbons i n  t h i s  r e a c t io n  by removal o f  th e
( 22 )e n t i r e  t h i o l  e s t e r  group. More r e c e n t ly  ' i t  has been  

rep orted  th a t ,  w h ile  f r e s h l y  prepared Raney n ic k e l  le a d s  to  

th e  form ation  o f  a lc o h o ls ,  a ldehydes can be ob ta in ed  by de­

a c t iv a t in g  th e  o a t a l y s t .

An i n v e s t i g a t io n  o f  another p o s s ib l e  rou te  to  th e

h a l f  aldehyde o f  d iphenic  a c id  was then  undertaken. Phis
(23 )was based on a s y n th e s i s  o f  phtha la ldehyd ic  ac id  but in  

th e  c a se  o f  d iphenic  ac id , r ed u c tio n  o f  diphenimide y ie ld e d  

diphenamic a c id  in s te a d  o f  the d e s ir e d  in te rm e d ia te ,  d ip h em d e ,  

and the method was th e r e fo r e  in a p p l ic a b le .

With th e  h a l f  aldehyde o f  d iphen ic  ac id  ob ta in ed  v ia  

the phenylsulphonhydrazide th e  next s ta g e  i n  th e  s y n t h e s i s  

was attem pted . This in v o lv ed , as a lread y  ex p la in ed , the  

in tr o d u c t io n  o f  a carbon atom to  form a l i n k  between th e  

aldehydo and carboxyl groups- She method adopted to  ach ieve  

t h i s  was a condensation  o f  th e  aldehyde w ith  m alonic a c id .

On paper th ere  are a v a r ie t y  o f  p o s s ib le  products from t h i s  

r e a c t io n ,  e .g .
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111© r e a c t io n  was c a r r ie d  out in  p y r id in e  w ith  th e  

a d d it io n  o f  a few drops o f  p ip e r id in e  and a c r y s t a l l i n e  

compound obta in ed  i n  60$ y i e l d .  A n a ly s is  o f  t h i s  compound 

showed i t  to  be e i t h e r  (2L III) or (XLV); t i t r a t i o n  e x p e r i ­

ments su g g es t in g  i t  had in  f a c t  the  l a t t e r  s tr u c tu r e ,  and 

the compound on c a t a l y t i c  hydrogenation  took  up two atoms 

o f  hydrogen to  y i e l d  the d ib a s ic  a c id  ( X L Y I ) •

I f  d iphenic  anhydride underwent an analogous r e a c t io n  the  

product would, on hydrogenation , y i e l d  th e  ac id  (XLVI) which 

could  thus be obtained w ithout the  n e c e s s i t y  o f  preparing  

the h a l f  aldehyde. The r e a c t io n  between d iphenic  anhydride

P h th a l ic  anhydride on h e a t in g  w ith  a c e t i c  anhydride
(27)and fused  potassium  a c e ta te  y i e l d s  p h th a ly l  a c e t ic  ac id



and a c e t i c  anhydride was th e r e fo r e  i n v e s t ig a t e d  but d id  not

le a d  to any c r y s t a l l i n e  produ ct.

The r in g  c lo s u r e  o f  th e  ac id  (ZLVI) to a d ibenz-

o y c lo h e p ta tr ie n e  was attempted by th r ee  d i f f e r e n t  r o u t e s .
(24)Sublim ation  o f  th e  barium s a l t  and treatm ent o f  the

(25)sodium s a l t  w ith  a c e t ic  anhydride was c a r r ie d  out on

hundred m ill ig ra m  p o r t io n s  o f  the  a c id -  In  each ca se  th e

product was an u n c r y s t a l l i s a b le  gum Y/hich could  however be

converted  to  a c r y s t a l l i n e  2 : 4 - d in i t r o  phenylhydrazone whioh

was found, m elt in g  po in t and mixed m e lt in g  p o in t ,  to be

i d e n t i c a l  w ith  the 2 : 4 - d in itrophenylhydrazone  o f  3 j 4 t5 j6 -

d ib e n z c y c lo h e p ta - 1 i3 : 5 - t r ie n e - 7 - o n e .  The remainder o f  the

a c id ,  280 m ill ig ra m s, was converted  to  i t s  d im ethyl e s t e r

by treatm ent w ith  diazomethane and th e  e s t e r  su b je c te d  to

th e  Dieckmann c o n d e n s a t io n ^ 6 ^. By treatm ent w ith  sodium
( 7 )in  benzene ( o f .  , p . 626) 3 :4 :5 s6 -d ib en zc y c lo h ep ta -3 s  5- 

d ie n e - 2 - o n e - l— ca rb o x y lic  e s t e r  was obta in ed  as an o i l .

This o i l  v/hen r e f lu x e d  w ith  d i l u t e  su lph uric  a c id  d id  n o t  

y i e l d  the  d e s ir e d  ketone and, s in c e  the product was found  

to  g iv e  s t i l l  the f e r r i c  c h lo r id e  c o lo u r a t io n  c h a r a c t e r i s t i c  

o f  the  Dieckmann e s t e r ,  the treatm ent w ith  d i l u t e  su lph uric  

ac id  was renev/ed. The product from t h i s  attempted  

h y d r o ly s is  was  p u r i f i e d  by d i s t i l l a t i o n  and y ie ld e d  a sm all  

amount o f  l iq u i d  d i s t i l l a t e  which cou ld  not be c r y s t a l l i s e d .



Ho c r y s t a l l i n e  ketone  was o b ta in ed  th e r e fo r e  from 

t h i s  s y n t h e s i s  although the  gummy products ob ta in ed  y ie ld e d  

the  2 j4 - d in itrophenylhydrazone o f  th e  d e s ir e d  k e to n e .

With regard  to  method ( B ) , i . e . ,  r in g  c lo s u r e  o f

r in g  i s  l i k e l y ,  c e t e r i s  p ar ib u s, to take p r e fe re n c e  over  

c lo s u r e  to  a seven  membered r in g .

2 ) .  By app rop ria te  s u b s t i t u t io n  in  th e  d ip heny l n u c leu s  

seven-memberdd r in g  form ation might be f a c i l i t a t e d ;  more­

over the  unsym m etrically  s u b s t i tu te d  d ip h en y ls  so req uired  

would have th e  advantage o f  le a d in g  to unsym m etrically  sub­

s t i t u t e d  d ib e n z c y c lo h e p ta tr ie n e s .

g a t io n  o f  t h i s  method o f  approach i n  th e se  la b o r a t o r ie s ,  

the  fo l lo w in g  work b e in g  one p a r t ic u la r  aspect w ith  the  

m a te r ia ls  and rou te  proposed as shown*-

a phenylhydrocinnamic ac id

s e v e r a l  c o n s id e r a t io n s  emerge.

1 ) .  According to  v. B r a u n ^ 8  ̂ r in g  c lo s u r e  to  a five-memibered

(se e  page 1 5  )

fh e se  c o n s id e r a t io n s  have le d  to  a g en era l  i n v e s t i -

/ \

(XLVII) (XLVIII)

(XL IX)



( I l l ) (LI XI)
co—~cnt

(LIV) (LV)

fhe d im e th y ltr ia z e n e  (XLYIII) was obta ined  from m ethyl 

a n th r a n i la te  by d i a z o t i s a t io n  and c o a p lin g  w ith  dim ethyl - 

amine. I t  was condensed w ith  hydroqainone dim ethyl e th er  

to form th e  ansymmetrical d iphenyl (XLIX) by th e  method o f

component w ith  which to condense the  t r ia z e n  was governed  

by the  fo l lo w in g  c o n s id e r a t io n s

1 ) .  I t  e l im in a ted  the p o s s i b i l i t y  o f  isom ers b e in g  formed 

daring th e  condensation  s in c e  a l l  p o s i t i o n s  in  the  hydro­

qainone dim ethyl e th er  at which c o a p lin g  co a id  occar  are  

eqai v a l e n t .

2 ) .  She presence  o f  an ortho methoxy groap might a c t i v a t e  

p o s i t i o n  2 i n  (L III)  and favoar seven-membered r in g  forma­

t i o n  rath er  than the form ation  o f  th e  hydrindone d e r iv a t iv e

E lks and Hey (29)

The ch o ice  o f  hydroqainone dim ethyl e th er  as th e



In  p ra c tice ,  by t b i s  rou te  th e  e s t e r  (XLIZ) was 

ob ta in ed  s a t i s f a c t o r i l y  b a t  i t  was not p o s s ib le  to  o b ta in  

i t s  bydrazide by r e a c t io n  w ith  bydrazine  bydr a t e .  An 

e tb a n o l ic  s o l u t i o n  o f  tbe  e s t e r  wben r e f lu x e d  fo r  a week 

w itb  99$ bydrazine  bydrate  was not converted  to tb e  

b y d ra z id e .  Tbe ac id  was tben tr e a te d  w itb  th io n y l  c h lo r ­

id e  under m ild  c o n d it io n s  in  an e f f o r t  to  o b ta in  tbe  a c id  

o b lo r id e .  Tbe compound obtained  bov/ever was not tb e  a c id  

c h lo r id e ;  i t s  a n a ly s is  corresponds to  tbe  em p ir ica l

formula CL ,&.-()* and i t s  s tr u c tu r e  w i l l  th e r e fo r e  be e i t h e r  14 10 3
(L7I) or (L V II).

CO
CO

'V

(IiYI) °Me (LVII)

Tbe f luoren one s tr u c tu r e  i s  u n l ik e ly  s in c e  tb e  compound 

i s  almost c o lo u r le s s  wben pure and d oes n o t  g iv e  tbe  

c h a r a c t e r i s t i c  r e a c t io n s  o f  p h en o lic  or carbonyl groups.

Tbe compound i s  th e r e fo r e  assumed to  have tbe  la o t o n ic  

s tr u c tu r e  (LVII) and t b i s  i s  borne out by i t s  behaviour  

w itb  a l k a l i .

S ince  n e i th e r  tbe a c id  bydrazide nor tb e  a c id  c h lo r ­

id e  could  be obta ined  from tb e  e s t e r  (XLIZ), t b i s  method 

bad to  be abandoned.



Experimental *

Diphenic a c id  m onophenylsulphonhydrazide.

(1) A c tio n  o f  Hydrazine Hydrate on D iphenic Anhydride.

Diphenic anhydride ( Z  g . )  was t r e a t e d  s lo w ly  w ith  

hydrazine hydrate  {Z c c . t 90$) c o o l in g  b e in g  a p p lie d  to  

c o n tr o l  th e  v igorou s r e a c t io n .  A fter  warming at 100°G fo r  

90 m inutes water was added and the  s o lu t io n  c a u t io u s ly  

a c i d i f i e d .  The r e s u l t in g  s t i c k y  mass s lo w ly  s o l i d i f i e d .

I t  was powdered and c r y s t a l l i s e d  from e th a n o l .  The f i l ­

ter ed  n eed le-sh ap ed  c r y s t a l s  appeared to  be homogeneous, 

s in te r e d  c a  176°C and m elted  at 185°G w ith  gas  e v o lu t io n .  

Y ie ld ,  1 .2  g .  ( 6 2 $ ) .

This appears to  be the  a c id  bydrazide (GQ^H; 

G Q.M .M g) s in ce  i t  d i s s o l v e s  i n  aqueous sodium b ica rb o n ate  

w itb  e ffe r v e sc e n c e  and t b i s  r e s u l t  confirm s tb e  d e s c r ip t io n
/ /zQ \

( v i z . ,  m .p. 183°C) g iv en  to tbe  compound by l a b r i o l a
(21) o

i n  co n tra s t  to  th a t  o f  Kalb and Gross , v i z . ,  m .p. 164WC 

w itb  foam ing.

A ction  o f  benzenesulphonyl c h lo r id e  on above compound.

A su sp en sion  o f  th e  bydrazide ( 1 .3  g . )  i n  p y r id in e  

(4 c c . )  was tr e a te d  in  tb e  co ld  w itb  benzene su lphonyl  

c h lo r id e  (1 0 .9  g . )  washed i n  w itb  p yr id in e  (Z  oc .) . Tbe 

y e llo w  s o lu t io n  a f t e r  stan d ing  overn ight was d i lu t e d  w itb



water and a c i d i f i e d  w itb  d i l a t e  sa lp b a r ic  a c id .  Ih e  r e -  

s a l t i n g  p r e c i p i t a t e  s o l i d i f i e d  and was f i l t e r e d  and washed  

f r e e  o f  a c id .  I t  c r y s t a l l i s e d  from d i l a t e  e th a n o l as a 

r a th er  n o n d escr ip t  b a f f  co lou red  s o l i d ,  # . p .  (w ith  some d e ­

c o m p o sit io n  and p rev io u s  s in te r in g )  2 2 0°C. Y ie ld ,  1 .9  g .

(94$) .

( 2 ) .  A ction  o f  Benzenesalphonhydrazide on Diphenic Anhydride.

D iphenic anhydride (6 .6  g . )  was added s lo w ly ,  w ith  

c o o l in g ,  to  benzenesalphonhydrazide ( 5 .1  g . )  in  p y r id in e  

(30 c c . ) .  A fter  standing  overn igh t i t  was poured in to  

d i l a t e  h y d ro c h lo r ic  a c id .  fhe  o i l  th a t  was p r e c ip i t a t e d  

s lo w ly  s o l i d i f i e d  and was f i l t e r e d  and washed w ith  w ater,  

m.p. 184°C. The m.p. was r a is e d  to  2£0°C by repeated  

c i y s t a l l i s a t i o n  from d i l a t e  e th a n o l .  Y ie ld , 8 .3  g .  ( 7 0 $ ) .

The compound was s o lu b le  in  aqueous sodiam hydroxide  

and sodiam carbonate and was p r e c ip i ta t e d  from th e se  s o lu ­

t io n s  by sulphur d io x id e ,  but not by carbon d io x id e .  This  

i s  th e  oi'. ft d i - a c y l  byd raz ide , R.CO.M.M.SO^Ph.

(Pound: C, 6 0 .3 ;  H, 4 .1 ;  I ,  7 .3 $ .  ^20^16^5^2^ r e q u ir e s

0 , 6 0 .6 ;  H, 4 .0 ;  I ,  7 .1 $ ) .

In  the  p u r i f i c a t i o n  o f  t h i s  compound from th e  crude  

m a te r ia l  th e re  was obta ined  from th e  e th a n o l ic  mother 

l iq u o r s  a very  sm all amount o f  an isom eric  su b stan ce , m .p.



220°C, mixed m.p* w ith  above oompound 215 C.

(Sound: 0 , 6 0 .8 ;  H, 4 .0 ;  IT, 6 .9 $ .  C - J L , 0 . L S  r e q u ir e sa u  i o  o  2
C, 6 0 .6 ;  H, 4 .0 ;  H, 7 .1 $ )  .

I b i s  i s  presumably tb e  d -o i  d i - a o y l  b y d raz id e , E.C0( SOgPbjH.HHg.

She second method i s  thus th e  s im pler  and more 

e f f i c i e n t  i n  t h i s  c a s e .  Only th e  main product was sub­

je c te d  to  M ePadyen-Stevens’ decom position , i n s u f f i c i e n t  o f  

th e  o th er  isom er b e in g  obta in ed  fo r  d e t a i le d  i n v e s t i g a t i o n .

H-benzenesulphonamino p h th a lim id e .

P h th a l ic  anhydride (5 g . )  was s lo w ly  added to  a  

s o lu t io n  o f  benzenesalphonhydrazide (5 .8  g . )  i n  p y r id in e  

(18 c c . ) .  A fter  standing o vern igh t th e  s o lu t io n  was poured  

in to  d i l u t e  h yd roch lor ic  a c id .  The r e s u l t in g  s o l i d  was 

c r y s t a l l i s e d  from g l a c i a l  a c e t ic  ac id  and had m.p. 262°G.

I t  was s o lu b le  in  aqueous sodium hydroxide and sodium c a r ­

bonate and was r e p r e c ip i t a t e d  by sulphur d io x id e ,  but not  

by carbon d io x id e .  Y ie ld ,  6 .6  g .  (6 6 $ ) .
i

(Pound: D, 5 5 .4 ;  H, 3 .2 ;  Iff, 9 .1 $ .  G14Si q ° 4H2 S r e q u ir e s

0 , 5 5 .6 ;  H, 5 .3 ;  B, 9 .3 $ ) .

Attempted McPadyen-Stevens1 Decom position o f  3ff-benzene- 

sulphonamino p h th a lim id e .

B-benzenesulphonamino phthalim ide (4  g . )  i n  e t h y l ­

ene g ly c o l  (50 c c . )  was tr e a te d  w ith  sodium carbonate ( 7 .7  g . )



at 160°G. The a l k a l i  was added i n  th e  coarse  o f  30 seconds  

nnfl the  r e a c t io n  a llow ed  to  proceed fo r  a fa r th e r  240 seconds*  

The r e a c t io n  was term inated  by th e  c a r e f u l  a d d it io n  o f  b o i l ­

in g  water (100 o c . )  and the  coo led  s o l u t i o n  was f i l t e r e d  

through c h a r c o a l .  There was no p r e c i p i t a t e  formed on t r e a t ­

in g  the  f i l t r a t e  w ith  sulphur d io x id e .  A c i d i f i c a t io n  w ith  

d i l u t e  su lp h u r ic  a c id  p r e c ip i t a t e d  p h th a l ic  a c id .  There 

was no t r a c e  o f  any a ldehyd ic  product.

2 1-fo r m y ld ip h e n y l-2 -c a r b o x y l ic  a c id  (X IX I) .

Diphenic a c id  monophenylsulphohhydrazide (2  g . )  i n  

e th y len e  g l y c o l  (20 c c . )  was tr e a te d  w ith  sodiam carbonate  

( £ .5  g . )  at 165°G. The a l k a l i  was added i n  the course  o f  

30 seconds and the  r e a c t io n  a llow ed  to  proceed f o r  a fu r th e r  

240 seconds, when i t  was term inated  by the  c a r e f u l  a d d it io n  

o f  b o i l i n g  water (up to 100 c c . )  . A fter  c o o l in g  and f i l ­

t e r in g  through charcoal to  remove suspended m atter , sulphur  

d io x id e  was passed  in to  the  s o lu t io n  t i l l  th ere  was no 

fu r th e r  p r e c i p i t a t io n .  This p r e o ip ita te d  m a te r ia l  was r e ­

c r y s t a l l i s e d  from d i l u t e  methanol and then  had m .p. 220°G.

I t  did not depress the m e lt in g  p o in t  o f  the  monophenyl- 

suiphonhydrazide o f  diphenic  a c id  and was r e - t r e a t e d  i n  l a t e r  

runs. When the  s o lu t io n  no lo n g er  gave a p r e c ip i t a t e  w ith  

sulphur d io x id e  i t  was a c id i f i e d  w ith  d i l u t e  su lp h u ric  a c id .

A s o l i d  was s lo w ly  p r e c ip i t a t e d ,  o f  which the  m e lt in g  p o in t



a f t e r  c r y s t a l l i s a t i o n  from d i l a t e  methanol was 132°C.

Y ie ld ,  0 .5 1  g .  ( 4 5 $ ) .

(Round: 0, 7 4 .5 ;  H, 4 .4 $ .  Gi4.2 i o 03 rQ<3.l l ir e s  c » 7 4 .4 ;

H, 4 . 4 $ ) .

Other attem pts at t h i s  decom p osit ion  were made w ith  m o d if ied  

c o n d it io n s  i n  r e sp e c t  o f  a) volame o f  s o lv e n t ,  b) tempera­

tu re  o f  r e a c t io n  (155 - 1 8 5 °0 ) ,  and o) d u ra tio n  o f  r e a c t io n  

(165 - 320 se c o n d s ) .

The y i e l d s  were v a r ia b le  45$.

B y-products o b ta in e d :- 

In  one c a se  o n ly  was d iphenic  ac id  o b ta in ed .

There was a lso  obtained during one attem pt an u n id e n t i f ie d  

a c id  which was p r e c ip i t a t e d  by sulphur d io x id e .  I t  was 

r e c r y s t a l l i s e d  from d i lu t e  m ethanol, m.p. 163- 165°C.

(Round: C, 6 7 .3 ;  H, 5 .2 $ ) .

& -a o e to x y  d iphenide (Z2XEI) .

The crude aldehyde w as d i s s o lv e d  i n  th e  minimum 

q u a n t ity  o f  a c e t i c  anhydride and th r ee  drops o f  concen tra ted  

su lp h u r ic  a c id  added. A fter  stan d ing  overn igh t i n  a t i g h t ­

l y  corked f l a s k  the  s o lu t io n  was poured in to  co ld  w ater  

s u f f i c i e n t  to  remove the  a c e t i c  anhydride and was then  e x ­

tr a c te d  w ith  e th e r .  A fter  washing w ith  a l k a l i  the  e th e r  

s o lu t io n  was dr ied  over anhydrous sodium su lp h ate  and con­

c e n tr a te d .  The s o l i d  thus obta in ed  was c r y s t a l l i s e d  from



methanol (m.p# 125°G) and was in s o lu b le  in  a l k a l i .

(Round: 0, 7 1 .6 ;  H, 4 .3 $ .  G16H12°4 G» 7 1 .6 ;

H, 4 . 5 $ ) .

H y d r o ly s is  o f  ^  -a o e to x y  d ip h e n id e .

By d i s s o lv in g  the  compound i n  a c e t i c  a c id ,  adding 

a l i t t l e  d i l u t e  su lp h u ric  ac id  and r e f lu x in g  f o r  90 m inutes  

i t  was converted co m p le te ly  to the a c id -a ld eh y d e , m.p. 132°C, 

mixed m.p. w ith  th e  pure ac id -a ld eh yd e  1 3 2 °C.

A otion  o f  a c e t i c  anhydride on d iphenic  a c id  monophenyl- 

sulphoribydrazide.

The sulphonhydrazide was tr e a te d  e x a c t ly  as in  the  

above experiment and the  compound obtained  c r y s t a l l i s e d  from 

a c e t ic  a c id ,  m .p. 216°0 . I t  was in s o lu b le  in  a l k a l i .

(Round: G, 6 3 .3 ;  H, 3 .9 ;  Iff, 6 .5 $ .  Q0 H O J  S r e q u ir e s22 lo  O 2
0 , 6 2 .9 ;  H, 3 .8 ;  I ,  6 .7 $ ) .

The sulphonhydrazide ( 0 .5  g . )  was d is s o lv e d  in  p y r id in e  

(10 o o .)  and a c e t i c  anhydride ( 2 .5  c c . )  added. A fter  stan d ­

in g  overn igh t the  s o lu t io n  was poured in to  d i l u t e  hydro­

c h lo r ic  a c id  and the  s o l i d  obta in ed  c r y s t a l l i s e d  from a c e t i c  

a c id ,  m .p. 215°0 . This was th e  same compound as th a t  

obtained by th e  p rev iou s treatm ent; mixed m.p. 216°C.



Aotion o f  th io - j r - c r e s o l  on p h th a l ic  anhydride.

1 .  In  p y r id in e .

P h th a l ic  anhydride (1  g . ;  1 mole) was d i s s o lv e d  i n

p y r id in e  (6 c c . )  and t r e a t e d  w ith  t h io - j j - c r e s o l  ( 1 .4  g . ;  

l j  m o le s ) . A fter  standing  ov ern ig h t the  s o lu t io n  was poured  

in to  d i l u t e  h yd ro ch lo r ic  a c id  and e x tr a c te d  w ith  ether*

Erom th e  e th er  s o lu t io n  on drying and c o n c e n tr a t io n  th io-ja-  

c r e s o l  was o b ta in ed . Prom th e  aqueous la y e r  c r y s t a l s  o f  

p h th a l ic  a c id  were s lo w ly  d e p o s i te d .  Ho con d en sa tion  p ro ­

duct was obta in ed  from the r e a c t io n .

The experiment was rep ea ted , h e a t in g  the  p y r id in e  

s o lu t io n  at 70°C fo r  45 m inutes in s te a d  o f  l e a v in g  i t  over­

n ig h t  at room tem perature. The p h th a l ic  anhydride and 

t h io - j s - c r e s o l  were recovered unchanged on pouring th e  

s o lu t io n  in to  d i l u t e  hyd ro ch lo r ic  a c id .

2* Under Schotten-Baumann C o n d it io n s .

Equim olecular p ro p ortio n s  o f  p h th a l ic  anhydride and 

t h i o - £ - o r e s o l  were shaken up w ith  an e x cess  o f  20$ sodium 

hydroxide f o r  90 m in u tes . The s o lu t io n  was th en  f i l t e r e d  

from a l i t t l e  unchanged p h th a l ic  anhydride and the  f i l t r a t e  

a c i d i f i e d  w ith  d i lu t e  h yd roch lor ic  a c id .  The p r e c i p i t a t e  

con ta in ed  o n ly  p h th a l ic  a c id  and t h i o - p - c r e s o l .



( 17)3 .  By fu s in g  th e  r e a c ta n t s  to g e th e r  ( o f .  Wertheim'

One mole ( 0 .5  g . )  o f  p h th a l ic  anhydride was t r e a t e d  

in  a t e s t  tube w ith  l j  m oles ( 0 .6 5  g . )  o f  t h io - j o - c r e s o l .

A fter  h e a t in g  w ith  a fr e e  flame fo r  about a minute the  tube  

was a llow ed to  c o o l .  The m ixture was kept c o o l  w h ile  20 

drops o f  10$ sodium hydroxide were added i n  s e v e r a l  p o r t io n s  

w ith  v ig o ro u s  sh akin g . The s o l i d  which d id  not go in to  

s o lu t io n  during t h i s  treatm ent was found to  be unchanged 

p h th a l ic  anhydride. The f i l t r a t e  was t r e a t e d  w ith  about 

10 drops o f  5$  h yd roch lo r ic  a c id  and tfce p r e c ip i t a t e  ob ta in ed  

was found to  be t h io - j a - c r e s o l .

(18 )
o-carbomethoxy benzoy l c h lo r id e  ( o f .  H. Meyer

Mono m ethylphtfcalate (3 g . )  was heated  at 40°C w ith  

an exoess  o f  th io n y l  c h lo r id e  t i l l  e v o lu t io n  o f  sulphur  

d io x id e  and h y d roch lor ic  a c id  had c ea sed  (45 m inutes) . Care 

was taken not to a llow  the temperature to r i s e  above 40°C 

owing to  the r a p id i t y  w ith  which the product i s  decomposed 

at h igh er  tem p eratures . A fte r  th e  r e a c t io n  had ceased  the  

ex o ess  t h io n y l  c h lo r id e  was removed under reduced p r e s su r e .  

The r e s u l t in g ,  f a i n t l y  y e l lo w  co lou red  o i l ,  was used  

im m ediately  i n  th e  p rep aration  o f  the  t h i o l  e s t e r .



j3-tolyl-Q /-oarbom ethoxyth iorbenzoate  [XKZYI )  .

To th e  ci-carbomethoxy benzoyl c h lo r id e  prepared i n  

th e  above experiment was added 1 mole o f  t h i o - £ - c r e s o l  and 

s u f f i c i e n t  p y r id in e  to d i s s o lv e  the r ea g e n ts  which were 

c o o le d  in  an i c e  bath daring the  a d d it io n .  A fte r  stan d­

ing overn igh t the  s o la t io n  was poared in to  a m ixtare  o f  

d i l a t e  h y d ro c h lo r ic  a c id  and i c e .  The o i l  which separated  

was e x tr a c te d  w ith  e th er ,  the  e th er  e x tr a c t  washed w ith  

a l k a l i ,  dr ied  (sodiam s a lp h a t e j , and co n c en tr a ted . The 

s o l i d  ob ta in ed  was c r y s t a l l i s e d  from methanol, m.p. 58- 

59°G. Y ie ld ,  1 .7  g .  (36$ based on th e  monomethyl p h t h a la t e ) .  

(I’oand: G, 6 7 .3 ;  H, 4 .9 $ .  6S1 4 °3 S r e q u ir e s  C, 6 7 .1 ;

H, 4 .9 $ ) .

£ - t h i o t o l y l  hydrogen diphenate (XTOT) .

One mole o f  d iphenic  anhydride ( 0 .5  g . )  and 1 .2  

m oles t h i o - p - c r e s o l  ( 0 .3 4  g . )  were heated  at 70^0 in  

p y r id in e  (6 c c . )  fo r  90 m in a tes .  On poaring th e  c o o le d  

s o la t io n  in t o  d i l a t e  h yd ro ch lo r ic  acid  an o i l  separated  

which s o l i d i f i e d  on rabbin g . I t  was c r y s t a l l i s e d  from

d i l a t e  m ethanol, m .p . 147°C . Y ie ld , 0 .5 7  g .  ( 7 3 $ ) .

(Foand: C, 7 2 .8 ;  H, 4 .6 $ .  r e q a ir e s  C, 7 2 .4 ;

H, 4 .6 $ ) .

This compoand shoald  th e r e fo r e  be a c a rb o x y lic  a c id  b a t ,  

thoagh i t  i s  a c id ic  to  l i tm a s  and phenol p h th a le in ,  i t  i s



in s o lu b le  i n  c o ld  a l k a l i .  On h e a t in g  w ith  a l k a l i  th e  

e s t e r - a c i d  d i s s o lv e d  and th e re  c r y s t a l l i s e d  on c o o l in g  a  

compound, m .p. 88°0 , which on treatm ent w ith  d i l u t e  a c id  

i n  the  c o ld  was recon v erted  to  the e s t e r - a o id .  The s o l i d  

obta in ed  from th e  a l k a l i  s o lu t io n  must th e r e fo r e  be th e  

sodium s a l t  o f  j a - t h io t o ly l  hydrogen d ip h en ate .

(Jfoundj G, 5 1 .6 ;  H, 5 .5 $ .  ^21^15033.Ua^H^O r e q u ir e s

G, 51 .6 ;  H, 5 .8 $ ) .

Raney M c k e l  h y d ro g e n o ly s is  o f  ^ - to ly l -o -c a r b o m e th o x y th io l - 

b e n z o a te .

The Raney n i c k e l  employed was prepared by the  

method o f  M o z in g o ^ 2 ^.

To th e  t h i o l  e s t e r  ( 1 .5  g . )  was added Raney n i c k e l  

( 7 .5  g . )  in  70$ eth an o l (30 c c . ) .  The m ixture was r e f lu x e d  

f o r  90 m inutes and the  Raney n i c k e l  f i l t e r e d  from th e  c o o le d  

s o l u t i o n .  The e th an o l was removed from the  f i l t r a t e  by 

d i s t i l l a t i o n  and an o i l  separated  from th e  aqueous r e s id u e .  

S u f f i c i e n t  e th er  was added to  d i s s o lv e  t h i s  o i l  and the  

s o lu t io n  was then thorough ly  shaken w ith  a b i s u l p h i t e  

s o l u t i o n .  A fte r  three  hours no b i s u lp h i t e  a d d it io n  compound 

had been d e p o s ite d ,  th e  e th er  s o lu t io n  was t h e r e fo r e  s e p a r a t ­

ed, d r ied  and co n cen tra ted . The r e s id u a l  o i l  c r y s t a l l i s e d  

on standing  and c o o l in g ,  m.p. 71-72°G, mixed m .p. w ith  

p h th a lid e  7 1 -7 2 °0 .  Y ie ld ,  0 .1 2  g .  (17^ }.



Raney N ick e l  H yd rogen o lys is  o f  p - t h i o t o l y l  hydrogen d ip h e n a te .

To the t h i o l  e s t e r  ( 1 .5  g . )  was added Raney n ic k e l  

(7 g . )  in  70$  e th a n o l  (30 c c . ) *  The s o lu t io n  was r e f lu x e d  

fo r  40 m inutes and th e  Raney n ic k e l  f i l t e r e d  from th e  c o o le d  

s o l u t i o n .  'The e th a n o l was removed from th e  f i l t r a t e  by 

d i s t i l l a t i o n  and the  aqueous r e s id u e  e x tr a c te d  v&th e th e r .

The e th e r  e x tr a c t  was d r ied  and con cen tra ted  and the s o l i d  

obta in ed  c r y s t a l l i s e d  from eth er  and petroleum  e th er  (40-  

*'60®) in  the l a t t e r  o f  which i t  was s p a r in g ly  s o l u b l e .  This  

compound had m.p. 145-146°C and when heated  at 110°C fo r  one 

hour was converted  in to  a c r y s t a l l i n e  s o l i d ,  m .p . 132°C
(6 jwhich d id  not dep ress  the m.p. o f  d ip h en id e . (o f . .  Kenner , 

p . 2 1 1 3 ) .

The product i s  th e r e fo r e  2 -hydroxym 6thyld iphenyl-2 f -

Redaotion o f  Diphenimide ( c f .  ) .

The diphenimide was obta in ed  by h e a t in g  d iphenic

Zinc dust ( 1 .0 5  g . )  was s t i r r e d  to  a t h ic k  p a s te  

w ith  a s o lu t io n  o f  copper su lp h ate  ( 0 .1  g . )  i n  w ater  ( 3 .5  c c . )  

and 20fo sodium hydroxide (3 c c . )  added. The m ixture was 

co o led  to  5°G in  an i c e  bath and diphenimide ( 1 .2  g . )  was

Y ie ld ,  0 .2  g .  {& ($)

(23)

anhydride w ith  urea (33)



added s lo w ly  i n  sm a ll  p o r t io n s  so th a t  th e  tem perature d id  

not r i s e  above 8°C, the  m ixture b e in g  shaken during the  

a d d it io n .  The m ixture was d i lu t e d  w ith  water and warmed 

on a steam bath t i l l  e v o lu t io n  o f  ammonia oeased  ( 5 - 6  hours)  

The s o lu t io n  was then  f i l t e r e d ,  the  f i l t r a t e  co n cen tra ted  

to  a sm all volume and tr e a te d  w ith  con cen tra ted  hydro­

c h lo r ic  a c id  t i l l  i t  was a c id  to  Gongo Red. The s o lu t io n  

was h ea ted  to  b o i l i n g  and on c o o l in g  a c o lo u r le s s  s o l i d  was 

d e p o s ite d ,  m.p. 1 8 2 -1 8 4 ° ,  On c r y s t a l l i s a t i o n  from eth an o l  

th e  m .p. r o se  to  192°, mixed m .p. w ith  diphenamic a c id  1 9 2 ° .  

Y ie ld ,  0 .7 2  g .  (60J&) .

(27 )R ea ctio n  o f  diphenic  anhydride w ith  a c e t i c  anhydride ( o f .  ) 

Diphenic anhydride (2.24- g . )  was suspended in  

a c e t i c  anhydride (8 c c . )  and warmed to  a c le a r  s o l u t i o n .

To t h i s  s o lu t io n  th ere  was added i n  one l o t  1 g .  potassium  

a c e ta te  ( f r e s h ly  fu sed , powdered and weighed h o t ) . The 

whole was heated  in  an o i l  bath at 145-155° fo r  15 m in u tes .  

During th e  r e a c t io n  th e  s o lu t io n  became y e llow  and a y e llo w  

s o l i d  was d ep o s ited  on c o o l in g .  This s o l i d  was f i l t e r e d  

and washed w ith  warm water to remove potassium  s a l t s .  On 

c o o l in g  some d iphen ic  ac id  c r y s t a l l i s e d  from the w ash ings.

The s o l i d  was th e r e fo r e  suspended i n  b o i l in g  water fo r  th ree  

hours and f i l t e r e d  h o t .  Rrom th e  f i l t r a t e  th e re  was 

obta ined  1 .7 5  g .  d iphenic  a c id ,  m.p. 226°G. The in s o lu b le



p o rt io n  m elted  a t  132-135°C w ith  p rev io u s  s o f t e n in g  ca  80°C 

I t  d i s s o lv e d  in  warm a l k a l i  and on a c i d i f i c a t i o n  a s o l i d  

was ob ta in ed , m.p. 90 -92°C. I t  was s o lu b le  i n  a lc o h o l ,

e th y l  a c e t a t e ,  a c e t i c  ac id  and benzene, but cou ld  not be  

obta in ed  c r y s t a l l i n e .

Condensation o f  2 1 - fo rm y ld ip h en y l- 2 - c a r b o x y lic  a c id  (X&ZI)» 

w ith  m alonic a c id .

The aldehyde ( 1 .2  g . )  and malonic a c id  (0*55 g . )  

were d is s o lv e d  i n  p yr id in e  (6 c c . ;  and e ig h t  drops o f  

p ip e r id in e  added. The s o lu t io n  was h ea ted  on th e  steam  

bath fo r  one hour then  r e f lu x e d  fo r  15 m in u tes . This 

h e a t in g  was accompanied by e v o lu t io n  o f  a gas and th e  

s o lu t io n  became deep red i n  c o lo u r .  The s o lu t io n  was 

oo o led  and poured in to  d i l u t e  hyd roch lor ic  a c id .  The r e ­

s u l t in g  o i l  s lo w ly  s o l i d i f i e d  and was c r y s t a l l i s e d  from 

d i lu t e  a c e t ic  ac id , m.p. 228°G. Y ie ld ,  0*877 g .  (60 fo) •

(Founds C, 7 2 .1 ;  H, 4 .S}'. G16H1 2 °4  r e q u ir e s  G, 7 1 .6 ;
( "L 3)H, 4.5jc) . o f .  Rapoport and W illiam s record  a m.p. 

o f  230-231°G fo r  j3 - 2 ’ -c a r h o x y -2 -d ip h e n y ly la e r y l ic  a c id .

T i t r a t io n  o f  the  above a c i d .

180 mg. o f  the a c id  were d i s s o lv e d  i n  methanol and 

t i t r a t e d  w ith  0 .1  Iff sodium hydroxide w ith  phenol p h th a le in  

as in d ic a t o r .  The ac id  t i t r a t e d  as a d ib a s ic  a c id .



E q u iva len t w eight = ISO. E q u iva len t w eight c a lc u la t e d  

fo r  fi - 2 1 - c a r b o x y -2 -d ip h e n y ly la c r y l ic  a c id  (XLV) = 134 .

In  a p re v io u s  t i t r a t i o n  c a r r ie d  out on 8 mg. o f  

the  ac id  w ith  0 .0 1  I  sodium hydroxide an en d -p o in t  

corresponding  to  th e  a c id  be in g  monobasic was ob ta in ed  when 

the t i t r a t i o n  was c a r r ie d  out i n  th e  c o ld ,  the  d ib a s ic  end­

p o in t  b e in g  obta in ed  on warming th e  s o l u t i o n .  This r e s u l t ,  

which would favour the  la c t o n ic  s tr u c tu r e  (2L III)  fo r  t h e  

ac id , was not r ep r o d u c ib le .

C a ta ly t ic  hydrogenation  o f  fi - 2 1 -c a r b o x y -2 -d ip h e n y ly l - 

a c r y l ic  a c id  (XLY).
(34)For p reparation  o f  c a t a l y s t  see

84 mg. o f  palladium  b la ck  were shaken in  g l a c i a l  

a c e t i c  ac id  in  an atmosphere o f  h y d r o g e n . t i l l l a d s o r p t io n  

o f  hydrogen cea se d . A s o lu t io n  o f  100 mg. o f  th e  a c id  

(ZLY) in  g l a c i a l  a c e t i c  a c id  was th en  added to th e  c a t a l y s t  

which was again shaken in  an atmosphere o f  hydrogen. There 

was i n i t i a l l y  a f a i r l y  rap id  uptake o f  hydrogen (6 c c . )  

and e v e n tu a l ly  9 c c .  were absorbed. This voluife i s  in  

agreement w ith  the  a d d it io n  o f  two atoms o f  hydrogen to  a 

compound o f  formula Gi 6^ i 2 ^4 ' !̂ ie G a t a l y s t  was removed by  

f i l t r a t i o n  and the f i l t r a t e  evaporated under reduced  

p r e s su r e .  The s o l i d  obta in ed  was c r y s t a l l i s e d  from d i l u t e  

a c e t ic  ac id , m.p. 185°C. ( c f .  Rapoport and W ill ia m s^ * ^



record  a m .p . o f  171-173°0  fo r  ft -2 * -c a r b o x y -2 -d ip h e n y ly l -  
propionic
a c r y l i c  ac id ) .

(Founds 0, 71 .1 ;  E, 4 .8 $ .  Q16S14°4 r0^Qi r0S 0 , 7 1 .1 ;

H, 5 .2 $ ) .

Sublim ation  o f  th e  Barium s a l t  o f  (> - 2 1 - carb oxy-2-diph.en.ylyl- 

prop ion ic  ac id  (ZLYI)■

100 mg. o f  th e  a c id  were t i t r a t e d  w ith  b a ry ta  u s in g  

one drop o f  phenol p h th a le in  as in d ic a t o r .  The s o l u t i o n  was 

evaporated and the barium s a l t  d r ied . This barium s a l t  d id  

not sublim e or show any change on h e a t in g  to  360°G under a 

p ressu re  o f  1 mm. The temperature was r a is e d  above 360°0  

under th e  vacuum o f  a w ater pump whereby a brown o i l  sub­

lim ed . The su b lim ate  could not be c r y s t a l l i s e d  even a f t e r  

d i s t i l l a t i o n  under a p ressu re  o f  0 .2  mm. I t  was t r e a te d  

w ith  2 j4 -d in itr o p h en y lh y d r a z in e  and the  d in itrop h en y lh yd ra-  

zone ob ta in ed  c r y s t a l l i s e d  from g l a c i a l  a c e t i c  a c id ,  micro  

m.p. 218-220°G. The m e lt in g  p o in t  d id  not r i s e  above 220°0  

a f t e r  two fu r th e r  c r y s t a l l i s a t i o n s .  A mixed micro m.p. o f  

t h i s  hydrazone w ith  th e  2 j 4 - d i n i t  rophenylhydr az one o f  

3 : 4 85 j6 -d ib e n z c y c lo h e p ta - l s 3 s 5 - t r ie n e -7 -o n e  (micro m .p. 237°C) 

m elted at 219-220°0 .



Treatment o f  the disodiam s a l t  o f  ft - 2 1 - c a r b o x y -2 -d ip h e n y ly l - 

propion io  a c id  (XLVI) w ith  a c e t ic  anhydride»

100 m ill ig ra m s  o f  th e  a c id  were n e u t r a l i s e d  w ith  th e  

t h e o r e t i c a l  q u a n t i ty  o f  standard sodium h y d r o s id e .  The 

s o lu t io n  was evaporated to  dryness and the dry sodium s a l t  

r e f lu x e d  fo r  one hour w ith  a c e t ic  anhydride (2 c c . ) .  The 

a c e t i c  anhydride was removed under reduced p r e ssu re  and the  

r e s id u e  tr e a te d  w ith  very  d i lu t e  a l k a l i .  The a lk a l in e  

s o lu t io n  was e x tr a c te d  w ith  e th e r .  J?rom th e  aqueous p o r t io n  

on a c i d i f i c a t i o n  8 mgs. o f  the a c id  were rec o v er ed . The 

e th er  e x tr a c t  was d r ied  and co n cen tra ted  and the r e s id u e  

d i s t i l l e d  under a p r e ssu re  o f  O.E mm. The d i s t i l l a t e  could  

not be c r y s t a l l i s e d  but on treatm ent w ith  2 j4 -d in itr o p h e n y l-  

hydrazine y ie ld e d  a c r y s t a l l i n e  phenylh^drazone, micro m.p. 

195-2E0°C. A fter  s e v e r a l  c r y s t a l l i s a t i o n s  from g l a c i a l  

a c e t ic  a c id  th e  m e lt in g  p o in t  rose  to 233-234°G. Mixed 

micro m.p. w ith  the  2 :4 -d in itrop h en y lh yd razon e  o f  3 s 4 :5 j6 -  

d ib e n z c y c lo h e p ta -1 s 3 j5 - tr ie n e -7 -o n e  (micro m.p. E37°G) 

m elted  at 234-235°C .

E s t e r i f i e a t i o n  o f  $  ~ 2 f -ca r b o x y -2 -a ip h e n y ly lp r o p io n ic  a c id  

(XLVI).

To a su sp en sio n  o f  the  acid  (280 mg.) i n  a l i t t l e  

e th e r  was added s lo w ly  an e th e r e a l  s o l u t i o n  o f  diazomethane



(0 .5 4  g . ) .  The a d d it io n  was aooompanied by g a s  e v o lu t io n .  

A fter  stan d in g  overn igh t the e th er  and e x c e ss  diazomethane  

were removed and the  r e s id u a l  o i l  d is s o lv e d  in  benzene and 

f i l t e r e d  from th e  f l o c c u le n t  p r e c i p i t a t e  r e s u l t in g  from the  

a c t io n  o f  diazomethane on th e  g l a s s  s i d e s  o f  the  c o n ta in e r .

5 :4 ;5 :6 " d ib e n z c y c lo h e p ta -5 t5 -d ie n e -2 -o n e - l -o a r b o x y l io  e s t e r .

x y len e  in  th e  usua l manner was covered w ith  dry benzene and 

a s o lu t io n  o f  th e  d i - e s t e r  in  benzene, obtained  as d e sc r ib ed  

above, was then added. The s o lu t io n  was r a is e d  to  i t s  

b o i l i n g  p o in t  and r e f lu x e d  f o r  one hour. By t h i s  tim e most 

o f  th e  sodium had gone in to  s o lu t io n  which was now red d ish  

brown i n  c o lo u r .  The s o lu t io n  was decanted from th e  sodium 

in to  d i l u t e  su lphuric  a c id  and th e  benzene la y e r  sep ara ted ,  

washed, dried  and co n cen tra ted . The r e s id u a l  o i l  gave a 

purple  c o lo u r a t io n  w ith  f e r r i c  c h lo r id e  s o l u t i o n .

H y d ro ly s is  o f  5 :4 t5 ;6 -d ib e n z c y o lo h e p ta -5 :5 -d ie n e -2 -o n e - l -  

c a rb o x y lic  e s t e r .

The e s t e r  obta in ed  in  the above experim ent was r e ­

f lu x e d  with d i l u t e  su lphuric  ac id  (IsE) for th ree  h ou rs .

Sodium powder (0 .0 6  g.J prepared in  th e  p resen ce  o f



The co o le d  s o lu t io n  was e x tr a c te d  w ith  eth er  and th e  e th er  

e x tr a c t  washed w ith  a l k a l i ,  d f ie d  and c o n c e n tr a te d .  The 

o i l  obta in ed  cou ld  not be induced to  c r y s t a l l i s e  and was 

th e r e fo r e  su b jected  to  a vacuum d i s t i l l a t i o n .  The d i s ­

t i l l a t e ,  b .p .  1 5 0 - 1 5 5 ° /0 .2  mm., could not be c r y s t a l l i s e d .

I t  was found th a t  t h i s  m a te r ia l  s t i l l  gave a f e r r i c  c h lo r id e  

c o lo u r a t io n  and th e  su lp h u r ic  ac id  treatm ent was th e r e fo r e  

r ep ea ted . Ether e x tr a c t io n  aga in  y ie ld e d  a gummy m a te r ia l  

which cou ld  not be c r y s t a l l i s e d  but y ie ld e d  a c r y s t a l l i n e  

2 :4 -d in itr o p h en y lh y d r a zo n e .

1 - ( o -ca rb o m eth oxy p h en y l)-3 :3 -d im eth y ltr ia zen  (XLYIII) .

Methyl a n th r a n ila te  (50 g . )  i n  concen tra ted  hydro­

c h lo r ic  a c id  (120 g . )  and water (130 c c . )  was d ia z o t i s e d  

w ith  a co n cen tra ted  s o lu t io n  o f  sodium n i t r i t e  (23 g . )  in  

w a ter . The diazo s o lu t io n  was added from a c o o le d  dropping  

fu n n e l to a coo led  s t i r r e d  m ixture  o f  aqueous dimethylamine  

(30fw; 120 c c . )  and an e x c e s s  o f  3C$ aqueous sodium carbon­

a te  (330 c c . )  over that required  for  th e  n e u t r a l i s a t io n  o f  

the a c id .  S t i r r in g  was continu ed  for  30 m inutes and the  

separated  t r ia z e n  e x tr a c te d  w ith  benzene . The e x tr a c t  was 

d r ied  over c a u s t i c  potash and a f t e r  removal o f  th e  benzene  

the r e s id u a l  t r ia z e n  was d i s t i l l e d  under reduced p ressu re  

and obta in ed  as a p a le  y e llo w  o i l ,  b .p .  1 7 2 -1 7 6 ° / l2  mm. 

Y ie ld ,  50 g . ;  72^.



3 16 - dimethoxy- 2 T - c arb ome thoxyd i phenyl (XLI X)  .

Hydroquinone d im ethyl e th er  was prepared by th e
( 35 )method o f  B ogert and H owells

The t r ia z e n  obta in ed  above (50 g . )  was d is s o lv e d  

in  m olten hydroquinone dim ethyl e th er  (160 g . )  and heated  

on a steam b ath  w ith  slow  a d d it io n  o f  g l a c i a l  a c e t i c  acid  

(60 c c . ) .  H eating  was continu ed  o v e r n ig h t .  The r e s u l t ­

in g  dark co lo u red  l iq u i d  was d i s s o lv e d  i n  chloroform , 

washed w ith  d i l u t e  h y d ro ch lo r ic  a c id ,  w ith  w a ter , w ith  

d i l u t e  sodium hydroxide and again w ith  w a te r .  The c h lo r o ­

form s o lu t io n  was d r ied  over anhydrous sodium su lp h a te  and

c o n c en tr a ted . D i s t i l l a t i o n  then y ie ld e d  135 g .  o f  hydro­

quinone d im ethyl e th er ,  b .p .  110-112°G/2Q mm. The r e s id u e

was d i s t i l l e d  from a sm aller  d i s t i l l i n g  f l a s k  and th e  

follOY/ing f r a c t io n s  were o b ta in e d *-

1 ) .  A sm all amount o f  hydroquinone dim ethyl e th e r ,  b .p .  95- 

1 0 0 ° 0 / l0  ram-

2 ) .  An in term ed ia te  o i l y  f r a c t io n ,  p a le  y e llo w  in  c o lo u r ,  

b .p .  127-132°C/lO mm. Weight ^  3 g .

3 ) .  The main o i l y  f r a c t io n ,  b .p .  1 9 6 - 2 0 4 ° c / l 0  mm. Weight 

~ 7 g ,

4 ) .  A v e ry  v is c o u s  orange co loured  gum, b .p .  205-215°G /l0  mm. 

w ith  much decom p osition . Weight ^  1 g .

f r a c t i o n  2) was h yd ro lysed  by the a d d it io n  o f



potassium  hydroxide ( 1 .5  go. 50$ per g .J  and s u f f i c i e n t  

methanol to g iv e  a c le a r  s o l u t i o n .  This s o l u t i o n  was 

r e f lu x e d  fo r  one hour and the  methanol removed. The c o ld  

s o lu t io n  was e x tr a c te d  w ith  eth er  to remove any unsaponi-  

f i a b l e  m a te r ia l  and the  aqueous p o r t io n  a c i d i f i e d  w ith  

d i l u t e  h y d ro c h lo r ic  a c id .  The p a le  brown s o l i d  ob ta in ed  

was d is s o lv e d  in  methanol and t r e a t e d  Y/ith c h a r c o a l .  A 

c o lo u r l e s s  c r y s t a l l i n e  s o l i d ,  3 :6 -d im eth o x y -2 '-c a rb o x y d i-  

phenyl, was thus o b ta in ed , m.p. 155°G.

(Eound* 0, 6 9 .9 ;  H, 5 .4 $ .  gi 5Hi a ° 4  r e q u ir e s  C, 6 9 .8 ;

H, 5 .4 $ ) .

When f r a c t i o n  3) was rubbed w ith  h a l f  i t s  volume 

o f  methanol and kept for s e v e r a l  days in  a r e f r ig e r a t o r  

c r y s t a l s  were s lo w ly  formed. These were p u r i f ie d  by  

c r y s t a l l i s a t i o n  from m ethanol, m .p. 65°G. This was 3 :6 -  

dim ethoxy-2’ ~carbomethoxy d iphenyl (XLIX) .

(Eound: 0, 70 .6 ;  H, 6 .0 $ .  Gi6 Hl6 ° 4  re(l ULirQS 70 .6 ;

H, 5 .9 $ ) .

This e s t e r  was hyd ro lysed  w ith  aqueous a lc o h o l ic  potassium  

hydroxide and y ie ld e d ,  as exp ected , th e  same a c id  as th a t  

obtained  from fr a c t io n  2) by h y d r o ly s is .  f a r t h e r  amounts, 

o f  t h i s  ac id  were a lso  obta ined  by the h y d r o ly s is  o f  the  

concen tra ted  mother l iq u o r s  from f r a c t i o n s  3) and 4) .

An u n id e n t i f ie d  s o l i d  was obta in ed  from f r a c t i o n  4)



by rubbing w ith  methanol and was c r y s t a l l i s e d  as p a le  y e l lo w  

n e e d le s  from g l a c i a l  a c e t i c  a c id ,  m.p* 291-293°C.

The r e s id u e  l e f t  in  the  d i s t i l l i n g  f l a s k  was d i s ­

so lv e d  i n  chloroform , washed f r e e  o f  decom p osition  pro­

du cts  w ith  d i l u t e  h y d ro c h lo r ic  a c id  and, combined w ith  the  

r e s id u e s  from l a t e r  runs, concen trated  and r e d i s t i l l e d .

In  l a t e r  runs, Y/here the  d i s t i l l a t i o n  was c a r r ie d  

out at lower p r e s su r e s ,  3 -5  mm. no decom position  pro&uot 

corresponding to  th e  s o l i d  obtained  from f r a c t io n  4) above 

was formed.

Y ie ld  o f  e s t e r  10$ based on th e  t r ia z e n .

Treatment o f  3; 6 - dim eth o x y -2*-carbomethoxy d iphenyl (XLIX) 

w ith  hydrazine h y d ra te .

a ) .  The e s t e r  ( 1 .5  g . )  was tr e a te d  w ith hyd razine  

hydrate  ( 4 .5  c c . ,  90$) and s u f f i c i e n t  m ethanol to  make the  

s o lu t io n  homogeneous at i t s  b o i l i n g  p o in t .  The s o l u t i o n  

was r e f lu x e d  on a v/ater bath  fo r  7 hours and most o f  the  

methanol d i s t i l l e d  o f f .  On c o o l in g  an o i l  separated  and 

s o l i d i f i e d  on stan d in g , m.p. 6 4 °0 . I t  d id  not depress the  

m.p. o f  the  e s t e r .

b) . The e s t e r  (1 g . )  was tr e a te d  w ith  hydrazine  

hydrate  ( 2 .5  c c . ,  90$) and e th y len e  g ly c o l  (5  c c . ) .  The 

e s t e r  d id  not go in to  s o lu t io n  com p lete ly  and a f t e r  r e f lu x -  

in g  th e  m ixture fo r  four hours there  was no n o t ic e a b le



change i n  the  amount o f  u n d is so lv ed  e s t e r .  A l i t t l e  dioxan  

was added to  f a c i l i t a t e  s o lu t io n  o f  th e  e s t e r  and th e  

m ixture r e f lu x e d  f o r  a fu r th e r  th ree  h o u rs .  On c o o l in g  an 

o i l  sep arated  and d id  not s o l i d i f y  on s ta n d in g .  By hydro­

l y s i s  w ith  potassium  hydroxide the a c id  was rec o v er ed .

c ) .  The e s t e r  (1 g . )  was d i s s o lv e d  in  e th a n o l and 

tr e a te d  w ith  hydrazine  hydrate  ( 2 .5  c c . ,  9 9 $ ) .  The s o lu t io n  

was r e f lu x e d  fo r  a week. On c o n c en tr a t in g  th e  s o lu t io n  

a f t e r  t h i s  time th e  e s t e r  was recovered  unchanged.

Treatment o f  3 ,6  - dime th o x y -2 1 -carboxy  d iphenyl w ith  t h io n y l  

c h l o r i d e .

The a c id  ( 0 .5  gm.) was d is s o lv e d  in  dry benzene

( ~  5 c c . )  and th io n y l  c h lo r id e  ( 1 .2  c c . )  added. The

s o lu t io n  was l e f t  o v ern igh t  a t room tem perature, th e  f l a s k

b e in g  corked w ith  a ca lc ium  c h lo r id e  guard tube. The

benzene to g e th e r  w ith th e  exoess  th io n y l  c h lo r id e  was removed

by d i s t i l l a t i o n  under reduced p ressu re ;  bath  tem perature

20 - 25°G. A s l i g h t l y  y e l lo w  coloured s o l i d  remained,

m .p. 114°C. When p u r i f i e d  by c r y s t a l l i s a t i o n  from benzene
o

the s o l i d  was almost c o lo u r le s s ,  m.p. 119-120 G. The com­

pound conta ined  no c h lo r in e ,  i t  gave no c o lo u r a t io n  w ith  

f e r r i c  c h lo r id e  s o lu t io n  and no p r e c i p i t a t e  w ith  2 : 4 - d i n i t r o -  

phenylhydrazine r ea g e n t .  The compound i s  in s o lu b le  in  

c o ld  a lk a l i  but d i s s o l v e s  on h e a t in g  and i s  p r e c ip i t a t e d



unchanged on a c i d i f i c a t i o n .

(2ou.ncLt 0 , 7 3 .7 ;  H, 4 . 4 / ;  OMe, 13 .4 ft .  c x4Hi 0 °g r e q u ir e s  

0, 7 4 .3 ;  H, 4 .4 ;  OMs, 1 3 .7 $ ) .

When th e  a c id  i s  r e f lo x e d  w ith  t h io n y l  c h lo r id e  th e  same 

oompound i s  o b ta in ed .
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In tr o d u c t io n .

The  f a t e  o f  p o ly c y c l ic  aromatic hydrocarbons, 

e s p e c i a l l y  th o se  which p osse ss  ca rc in o g en ic  a c t i v i t y ,  has  

r e c e iv e d  c o n s id er a b le  a t t e n t io n  in  recen t y e a r s .

In  gen era l i t  has been found th a t  th e  m etab o lic

products from such hydrocarbons are p h en o ls , excreted

e i t h e r  as conjugated  su lp h ates  or g lu cu ro n id es  or in  the

fr e e  s t a t e ,  or d i o l s .  In  many o a ses  m ercapturie a c id s
( *38)have a lso  been  i s o l a t e d  ' . Such d i o l s  as have been ob­

ta in e d  are r e a d i ly  converted  to  phenols by treatm ent w ith  

d i l u t e  ac id -and , as we s h a l l  see  l a t e r ,  are consid ered  to  

be in te rm e d ia te s  in  th e  m etabolic  p r o c ess  le a d in g  to  the  

p rod u ction  o f  ph en ols , although the mechanism o f  phenol 

form ation  i s  not n e c e s s a r i l y  th e  same in  a l l  o a s e s .  Ho 

e s s e n t i a l  d i f fe r e n c e  i n  th e  m etabolism  o f  c a rc in o g en ic  and 

n on -ca ro in ogen ic  hydrocarbons has been d e te c te d .  J'urther- 

more, i n v e s t i g a t io n  has shown the p h en o lic  m e ta b o l i te s  to  

be e i t h e r  n on -carc in ogen ic  or d i s t i n c t l y  l e s s  a c t iv e  than  

the  parent hydrocarbon. In  the  l i g h t  o f  th e se  f a c t s  th e  

o r ig in a l  su p p o s it io n  th a t  caro in og en ic  a c t i v i t y  i s  dependent 

on th e  form ation o f  an a c t iv e  m eta b o lite  ra th er  than on the  

d ir e c t  a c t io n  o f  th e  hydrocarbon i t s e l f  becomes u n ten a b le .

I t  appears ra th er  th a t  th e  m etab olic  p ro cess  r e p r e se n ts  a



means o f  d e t o x i f i c a t i o n  o f  b i o l o g i c a l l y  a c t iv e  m a te r ia l .

This p ro cess  o f  d e t o x i f i c a t io n ,  i f  indeed i t  may 

be so regarded, in v o lv e s  an a tta ck  on th e  m olecu le  a t  a 

p o s i t i o n  which i s  fr e q u e n t ly  d i f f e r e n t  from th a t  a ttack ed  

by p u re ly  chem ical r e a g e n t s .  fhus Boyland and L e v i ^  

showed th a t  anthracene was a tta ck ed , not a t  th e  r e a c t iv e  

meso p o s i t i o n s ,  but at the  1 :2- p o s i t i o n s  w ith  the production  

o f  1 ; 2 - d ih ydroxy-1 : 2 - dihydroanthracene. 1 ;2-Benzanthracene

and 1 :2 : 5 j 6 - dibenzanthracene are a lso  su b je c t  to  s u b s t i t u t io n  

and o x id a t io n  at one or both o f  the r e a c t iv e  9- and 10-  

p o s i t i o n s  o f  th e  anthracene system . B ioch em ica l o x id a t io n  

o f  th e se  hydrocarbons on the o ther  hand g iv e s  r i s e  to  4 1- 

h y d ro x y -1 :2 -benz anthracene ( I )  and 4 1 s8 ' -d ih y d r o x y - ls2 j5 * 6 -
[ 2  3)

dibenzanthracene (XI) r e s p e c t iv e ly

( I )  ( I I )

Another example o f  t h i s  phenomenon i s  provided by

3 :4 -b en zp yren e . fhe  r e a c t iv e  p o s i t i o n  in  t h i s  m o lecu le ,

as demonstrated i n  a v a r ie ty  o f  s u b s t i t u t io n ,r e a c t io n s ,  i s

p o s i t i o n  5 . When, however, the  hydrocarbon i s  in j e c t e d
(4)in to  r a b b i t s ,  i t  i s  excreted  as 8 - and 1 0 -benzpyren ols



( I l l )  and. ( I T ) .

( I l l )

OK

(IT) (T)

I n  t h i s  r e sp e c t  i t  i s  i n t e r e s t i n g  to  n ote  t h a t ,  whereas
( 5)n i t r a t i o n  o f  benzpyrene ta k e s  p la ce  at p o s i t i o n  5 ,

n i t r a t i o n  o f  5 -a ce tox y -3 :4 -b en zp y ren e  ta k es  p la c e  at p o s i -  
( 6 )

t i o n  10  , one o f  the  c e n tr e s  a ttack ed  in  th e  b ioch em ica l

o x id a t io n  o f  the hydrocarbon.

A mechanism which took in to  c o n s id e r a t io n  a l l  th e s
(7)

f a c t s  was p o s tu la te d  by iTieser . I t  su gg ested  th a t  the  

m etab o lic  process  in v o lved  p r im a r ily  the a d d it io n  o f  th e  

elem ents o f  hydrogen peroxide to th e  hydrocarbon and f r e ­

q u en tly  a subsequent dehydration o f  the  d i o l  so formed.

Such a p r o c ess  i s  i l l u s t r a t e d  below fo r  th e  oase  o f  anthrac

H -H,o

fhe  i s o l a t i o n  o f  the  dihydroxydihydro compound p o s tu la te d  

by I’i e s e r  has been e f f e c t e d  in  three  c a s e s .  As a lrea d y  

s t a t e d ,  1 :2 - dihydroxy-1 : 2 - dihydroanthracene has been  

obta ined  by Boyland and Levi from th e  urine  o f  r a t s  and



r a b b it s  fe d  on a d i e t  co n ta in in g  anthracene. I t  has been
(9)rep orted  i n  a l a t e r  communication by one o f  th e se  authors

th a t  th e  d i o l  ob ta in ed  from both r a t s  and r a b b it s  i s  a

m ixture  o f  o p t i c a l l y  in a c t iv e  and o p t i c a l l y  a c t iv e  m a te r ia l

and th a t  the  la e v o -r o ta to r y  form predom inates i n  the c a se  o f

r a t s ,  th e  d e x tr o -r o ta to r y  in  the case  o f  r a b b i t s .

Young ̂  has i s o l a t e d  1 - 1 :2 -  dihydro x y - 1 :2 -dihydro -

naphthalene from the urine o f  r a t s  dosed w ith  naphthalene

and in  s im i la r  experim ents with r a ts  and r a b b it s  Booth and 
(9)Boyland have obta ined  a d l -1  :£-dihydro d i o l  mixed w ith

la e v o - and d e x tro -r o ta to r y  forms r e s p e c t i v e l y .  In  the

case  o f  phenanthrene a lso  i t  has been rep orted  by Young ( l o c .
( 1 0  j

e i t . j  and Boyland and Wolf th a t  dihydro d i o l s  are ob­

ta in e d .  The l a t t e r  authors form ulate the d i o l  obta in ed  

from r a ts  as 9 : 1 0 -d ih yd roxy-9 :1 0 -dihydrophenanthrene and 

th a t  obtained  from r a b b its  as a m ixture o f  the  above and 

1 : 2 - d ihydroxy-1 : 2 - dihydrophenanthr ene . These d i o l s  are  

a l l  r e a d i ly  dehydrated to  phenols by m ild  treatm ent w ith  

d i l u t e  m inera l a c id .

Ho diftydroxydihydro compounds have been i s o l a t e d  

from experim ents w ith  more complex hydrocarbons but t h i s  

by no means p rec lu d es  th e  p o s s i b i l i t y  th at d i o l s  have been  

formed and dehydrated e i t h e r  in  the organism or during the  

p r o c e ss in g  o f  th e  u r in e .  Weigert and M ottrazn^^ indeed



have deduced, from sp ec tro sco p ic  d a ta , th a t  such a d i o l  may 

be p resen t  in  the  products o f  m etabolism  o f  3 :4 -b e n z p y r en e .

T yp ica l p o ly c y c l i c  hydrocarbons which have been  

in v e s t ig a t e d  in c lu d e  ls£ -b en za n th racen e , 1 : 2 : 5 t 6 -d ib en z-

to th e  p h en o lic  products ( I ) ,  ( I I ) ,  ( I I I )  and (IV) and (7)  

r e s p e c t i v e l y .  The p o s i t io n  a t  which the m olecu le  has been  

attack ed  i s ,  in  a l l  th e se  c a s e s ,  favourable  to  t f i e s e r ' s  

view  th a t  the mechanism o f  phenol form ation in v o lv e s  the  

p re lim in ary  a d d it io n  o f  two hydroxyl groups to  adjacent  

oarbon atoms* I’i e s e r  does not s p e c i f y  how t h i s  ad d it io n  

o f  two hydroxyl groups i s  e f f e c t e d  and an i n s ig h t  in to  t h i s

q u e s t io n  may be gained from th e  recen t  experim ents o f  Cook
( }

and Schoental on the o x id a t io n  o f  p o ly c y c l ic  aromatic  

hydrocarbons w ith  osmium t e t r o x id e .

When phenanthrene i s  t r e a te d  w ith  osmium te tr o x id e  

in  th e  p resen ce  o f  pyrid ine  a c r y s t a l l i n e  complex i s  formed 

and may be hydrolysed to 9 j1 0 - d ihydroxy-9 jlO d ih yd rop h en -  

anthrene ( 7 1 ) .

anthracene, 3j4-benzpyrene and chrysene ( 12 ) which g iv e  r i s e

(71) (711) (V III) ( I X )



This d i o l  i s  dehydrated by treatm ent w ith  d i l u t e  ac id  to  

9 -p h en an th ro l.  This has been found to  be a g en era l  r e ­

a c t io n  fo r  p o ly c y c l ic  hydrocarbons co n ta in in g  a phenanthrene  

system . By use o f  t h i s  reagent chrysene was converted  in to  

1 : 2 - d ihydroxy-Is 2 - dihydrochrysene (VII) which was dehydrated  

to  2 -c h r y se n o l;  pyrene was converted in to  1 .* 2 - di hydroxy - 

l :2 -d ih yd rop y ren a  (V I I I ) ,  dehydrated to 1 -p y ren o l;  and 

1 : 2 - benzanthracene was coverted  into 3 : 4 - d ihydroxy-3 : 4 - d i ­

hydro-1 s2-benzanthracene (IZ ) , dehydrated to  3 -h y d ro x y - l:2 -  

b enzanth racen e. This o x id a t io n , in v o lv in g  the  production  

o f  a phenol from the hydrocarbon through the in term ed ia te  

form ation  o f  a d ih y d ro d io l,  i s  p la in ly  analogous to the  

b ioch em ica l o x id a t io n  o f  the hydrocarbons. The analogy  

i s  h e igh ten ed  by the  f a c t  that in  both ca ses  th e  hydrocarbon  

m olecu le  i s  attacked  at a cen tre  other than th a t  most l i a b l e  

to  a t ta c k  by ordinary chemical r e a g e n ts .  As may be seen  

from th e  examples quoted, however, the  p o s i t i o n  o f  a tta ck  

by osmium te tr o x id e  i s  not the same as th a t  a ttack ed  in  the  

b ioch em ica l o x id a t io n .  Hydrocarbons which do not co n ta in  

a phenanthroid 9 *1 0 - double bond are a lso  a ttack ed  by osmium 

t e t r o x i d e .  T*or example, anthracene i s  o x id is e d  to  ls2 * 3 « 4 -  

t  e t  r  ahydroxy- 1 * 2 *314 - 1 e tr  ahydro ant hr ac ene^ 1 r̂ i  . Here too  

th e  reagent has added to a double bond r a th er  than to the  

r e a c t iv e  m eso -p o s it io n s  but the product i s  not i d e n t i c a l



w ith  the  anthracene m e ta b o l i te .

B iochem ical o x id a t io n  th e r e fo r e  may in v o lv e  the  

form ation  o f  a m e t a l l i c  complex s im ila r  to  th a t  formed i n  

osmium te t r o x id e  o x id a t io n s  but i t  has s t i l l  to  be ex ­

p la in e d  why th e  o x id a t io n  does not take p la c e  at one o f  the  

more r e a c t iv e  c e n tr e s  o f  the m olecu le .
(35)I t  has been su ggested  by Boyland and W eigert  

th a t  i n  the  body th e  hydrocarbons are combined w ith  an

enzyme, or w ith  some other t i s s u e  c o n s t i tu e n t  such as
(36) . (37) _asco rb ic  ac id  or a purine , through the most r e ­

a c t iv e  p o s i t i o n s  which are th e re fo re  p r o tec ted  from a tta ck  

by th e  b iochem ica l o x id is in g  a g e n ts .  Meantime t h i s  remains 

a h y p o th e s is  unconfirmed by p o s i t i v e  experim ental e v id en ce .

Another important d i f fe r e n c e  between osmium 

t e t r o x id e  and b iochem ical o x id a t io n  i s  th a t  the  d i o l s  ob­

ta in e d  by use o f  the former reagent in v a r ia b ly  p o s se s s  th e  

o i s  c o n f ig u r a t io n  whereas those  obta ined  by b iochem ioal  

o x id a t io n  a l l  appear to  be t r a n s .

In  seek ing  to e x p la in  the meohanism o f  o a rc in o -  

g e n e s is  b y  means o f  m etabolic  experim ents i t  should be borne 

i n  mind th a t  in  th e se  experim ents the m etab o lic  products  

i s o l a t e d  rep resen t on ly  a small f r a c t io n  o f  the  amount o f  

hydrocarbon adm in istered . The g r e a te r  part o f  the  hydro­

carbon appears to be broken down in to  sim ple products which



escape  i s o l a t i o n .  Ihe d i o l s  th a t  have heen obta in ed  from 

naphthalene and anthracene can e x i s t  in  fo u r  o p t i c a l l y  

a c t iv e  isom erio  forms, comprising a p a ir  o f  c i s -e n a n t io -  

morphs and a p a ir  o f  tra n s-enantiom orphs. A knowledge o f  

th e  c o n f ig u r a t io n  o f  th ese  m etabolic  products might be o f  

v a lu e  in  e lu c id a t in g  fa r th er  the mechanism by which th ey  

are formed. By c a t a l y t i c  hydrogenation the  naphthalene  

and anthracene m e ta b o l ite s  have been converted  in t o  1 *2 - 

d ih yd roxy-l*2 i3*4-tetrah yd ron ap h th a len e  (X) and - anthracene  

(XI) r e s p e c t i v e l y .

$he present work was undertaken w ith  a view  to  

o b ta in in g  s y n t h e t i c a l ly  specimens o f  the  s i x  isom ers o f  

(X) and (X I) ,  the  c o n f ig u r a t io n  o f  which woald be f i x e d  by  

th e  method o f  s y n t h e s i s .  By comparison w ith  th e se  syn­

t h e t i c  products the hydrogenated m e ta b o l ite  could  then be 

i d e n t i f i e d  s te r e o c h e m ic a l ly •
(!

S ince t h i s  work was undertaken Booth and Boyland  

have in v e s t ig a t e d  the c o n f ig u r a t io n  o f  the naphthalene  

m e ta b o l i t e s  and, by comparison o f  the dihydro compounds 

w ith  s y n t h e t i c a l ly  prepared specimens o f  d l - c i s - and

(X) (XI)



62 .

d l - t r a n s - 1 s 2- d ih yd roxy -l  % 2 * 3 j 4 - 1 et r  ahydronaphthalene, 

have shown they  have the  trans s t r u c tu r e .  fh ese  authors  

su g g es t  th a t  the anthracene d io l  a lso  has th e  tr a n s  con­

f i g u r a t io n  s in c e  i t  does not r ea c t  w ith  G r iagee f s  t r i ­

a c e t y l  osm iate  r ea g en t , in  s p i t e  ox th e  f a c t  th a t  Boyland  

and S h o p p e e ^ ^  had p r e v io u s ly  concluded th a t  th e  d i o l  

had th e  o i s  c o n f ig u r a t io n  owing to  i t s  rap id  r a te  o f  

o x id a t io n  b y  le a d  t e t r a - a o e t a t e .

-  . 0  . . > C ~ -  c . o  . '

'   ' . ’ \ . /;'-X\ i) •' , )



D isc u ss io n .

The s t a r t in g  m a ter ia l employed in  the s y n t h e s i s  o f  

th e  naphthalene d i o l s  was 1 j 2- dihydro naphthalene obta ined  

from a .c . - t e t r a h y d r o -  jh -naphthol by the method o f  Bamberger 

and Lodter^15^.

S evera l methods for  obta in ing  d l - o i s - and d l - tr a n s - 

l j2 -d ih y d r o x y - l:2 j3 :4 -te tr a b y d r o n a p h th a le n e  from 1 :2 - 

dihydronaphthalene were stu d ied .

G r i e g e e ^ ^  has described a method for  s y n th e s is in g  

o i s - d i o l s  from unsaturated hydrocarbons by the  form ation o f  

osmic a c id  e s t e r s  and th e ir  subsequent h y d r o ly s is .

>C 0 O >C— C) 0  X - o t f
I 4- Os -----------> I 05 ---------->

>C O >C ~  >C~OH

The a p p lic a t io n  o f  t h i s  method to  l i 2 - dihydro- 

naphthalene gave a hydroxy compound which was assumed to  be 

d l - o i s - 1: 2 - d ihydroxy-1: 2 : 3 :4-1etrahydronaphthalene . The

same compound was obtained by tr e a t in g  the dihydronaphthalene  

w ith  hydrogen peroxide in  t e r t ia r y  b u ty l a lco h o l  in  the  

presen ce  o f  osmium te tr o x id e  (compare M ilas and Sussman ^) .  

l e i t h e r  o f  th e se  methods however was s u i ta b le  fo r  the  p re­

p a r a t io n  o f  the la rg e  quantity  o f  d io l  required  fo r  the  

u lt im a te  r e s o lu t io n  in to  the two o p t i c a l ly  a c t iv e  forms:



6 4 .

th e  former because o f  the  r e l a t i v e l y  la r g e  amount o f  c o s t l y  

osmium t e t r o x id e  req u ired; the l a t t e r  because o f  the  low  

y i e l d  o b ta in ed . 3?|ie experiments o f  S traus and B o h r b a c h e r ^ ^  

who claim ed to  o b ta in  from 1 : 2- dihydro naphthalene the c i a - 

d i o l  by potassium  permanganate o x id a t io n  and the t r a n s - d i o l  

by s te p w ise  h y d r o ly s is  o f  the dibromo compound, were th e r e ­

fo r e  rep eated  and proved to be s u i ta b le  p rep a ra tiv e  methods. 

The d i o l  obta ined  by potassium  permanganate o x id a t io n  was 

i d e n t i c a l  w ith  th e  c i s - d i o l  a lready obta ined  and th e r e fo r e  

th e  d i f f e r e n t  compound obtained by h y d r o ly s is  o f  the d i -  

bromide was assumed to be t r a n s - d io l .  The l a t t e r  compound 

was a lso  obta ined  by t r e a t in g  dihydronaphthalene w ith  

hydrogen peroxide in  t e r t i a r y  b u ty l  a lc o h o l  i n  the  presence
. (19)o f  se len ium  d io x id e ,  a method claim ed by Segum  to  

y i e l d  th e  tra n s  c o n f ig u r a t io n .

fhe  c o n f ig u r a t io n  ass ign ed  to  th e se  d i o l s  was con­

firmed by a study o f  t h e ir  r a te  o f  o x id a t io n  w ith  le a d  

t e t r a - a c e t a t e ,  s in c e  Criegee^20  ̂ has shown th at lea d  t e t r a ­

a c e ta t e  in v a r ia b ly  o x id is e s  c y c l i c  o i s - l : 2- d i o l s  much more 

r a p id ly  than the  tra n s- iso m e r id e s  by a r e a c t io n  which may 

be sym bolised t h u s : -

-C.-OH ' <̂ °  e
+  >2 0 A c -- - - - - - - - - - - - - - - ^  +■ Z  H +  Z . O A c

- C  - O H  - 0 = 0
i



F I  Cr.



The graph o f  the  r e s a l t s  obtained here (se e  t f i g . l j  i l l u s t r a t  

th e  u s e fu ln e s s  o f  the  method fo r  d i s t in g u is h in g  between c i s - 

and t r a n s - d i o l s  o f  t h i s  ty p e .

determ in ing  the  c o n f ig u r a t io n  o f  d i o l s  i s  potassium  t r i -  

a c e t y l  osm iate  ( 2 ) .  This compound forms d l - e s t e r s  o f  the  

type  (2 1 ) w ith  such d i o l s  as have two s u i ta b le  hydroxyl  

groups, s p a t i a l l y  favourable to the r in g  c lo s u r e ,  a t  t h e ir  

d is p o s a l  and th e r e fo r e  mainly w ith  dC - d i o l s  having a c i s -  

o o n f ig u r a t io n .

r o y a l  b lu e  c o lo u r  and the form ation o f  d i - e s t e r s  i s  

accompanied by a marked co lour change. The t e s t  i s  th e r e ­

f o r e  very  sim ply ca rr ie d  out by a d d it io n  o f  the  d i o l  to  the  

s o l u t i o n  o f  th e  reagent and i s  p a r t ic u la r ly  v a lu a b le  in  

b e in g  capable  o f  a p p l ic a t io n  on a micro s c a l e .

1 s2 .4- tetrahydr©naphthalene to be e x c e p t io n a l  ( l i k e  

tr a n s-o y c lo h ex a n e -1 :2 - d i o l )  i n  forming a  d i - e s t e r  w ith

Another reagent describ ed  by Oriegee

C H j C o . O  0  o c o c h 3 > C - 0 H >C — o 0

CH3C0 O OK >c-ort >c — o

( z ) (XU
A  s o l u t i o n  o f  the  reagent in  a c e t ic  ac id  has a

I t  i s  o f  p a r t ic u la r  in t e r e s t  i n  the  p resen t con­

n e c t io n  th a t  Criegee^21  ̂ has reported t r a n s - 1 :2 - dihydroxy-



potassium  t r i a c e t y l  osm iate . Booth and B o y l a n d ^ i , however, 

w ithou t comment on G riegee ! s f in d in g ,  s t a t e  th a t  the  reagent  

p ro v id es  the  usual d i s t i n c t i o n  between the c i s - and t r a n s ­

form s- R e-exam ination o f  t h i s  p o in t  showed th a t  there  i s  

i n  f a c t  a marked d if fe r e n c e  in  the  behaviour o f  the two 

forms; the  c is - fo r m  g iv in g  an immediate co lou r  change

whereas the  t r a n s -form induces on ly  a slow and l e s s  pronounced
(2 9 )

m o d if ic a t io n  o f  the  c o lo u r .  G riegee , l i k e  Booth and 

Boyland, prepared the t r a n s - d i o l  by lead  t e t r a - a c e t a t e  

o x id a t io n  o f  1 :2 -dihydro naphthalene and i t  may be noted  

th a t  in  th e  anthracene s e r i e s  ( c f .  p .  12. ) t h i s  procedure  

has been found to  a fford  a mixture o f  c i s - and t r a n s - d i o l s ♦ 

P o s s ib ly ,  th e r e f o r e ,  contam ination w ith  the c i s -isom er i n  

p art accounts fo r  G rieg ee f s co n c lu s ion  th a t  the above- 

mentioned t r a n s - d i o l  shows e x c e p t io n a l  behaviour.

Jlot a l l  the methods which have been a p p lie d  to  

th e  r e s o lu t io n  o f  a lc o h o ls  are a p p lica b le  to  d i o l s ,  and not  

many examples o f  the s u c c e s s fu l  r e s o lu t io n  o f  d i o l s  are 

recorded in  th e  l i t e r a t u r e .

f o r  the r e s o lu t io n  o f  the naphthalene d i o l s  a new 

r e s o lv in g  agent, 3,-menthoxy a c e t ic  a c id , introduced by

Read and h i s  a s s o c ia te s  and s u c c e s s f u l ly  employed fo r  the
( 2 2 )

r e s o lu t io n  o f  d l - tr a n s - l : 2 -c y c lo h e x a n e -d io l  was con­

s id e r e d  to  be the  most prom ising. The b a s i s  o f  t h i s



method o f  r e s o lu t io n  i s  the form ation o f  a s o l i d  e s t e r  and 

i t s  subsequent sep a ra t io n  by f r a c t io n a l  c r y s t a l l i s a t i o n  

in t o  th e  two d ia s te r eo iso m e r ic  forms from which the a c t iv e  

d i o l  and r e s o lv in g  agent are recovered by h y d r o ly s i s .  I t  

was n e c essa ry  th e r e fo r e  to a s c e r ta in  th a t  the 1 -menthoxy-

a c e t i c  ac id  would form a s o l id  e s t e r  w ith  the  d i o l .
I 2 2 )W ilson and Head found th a t  in  the  r e a c t io n  

between d l - tr a n s - 1 :2 -c y c lo h e x a n e -d io l  and ].-m enthoxyacetyl  

c h lo r id e  o n ly  the  m ono-ester was formed even when two 

e q u iv a le n ts  o f  the ac id  ch lo r id e  were employed.

When d l - tr a n s - 1 :2 -d ih y d r o x y - l:2 s3 :4 - te tr a h y d r o -  

naphthalene was tr e a te d  in  dry p yr id in e  w ith  e i t h e r  1 or 

1 . 5  e q u iv a le n ts  o f  ac id  c h lo r id e  a s o l i d  e s t e r  was obta ined  

which was ho?/ever contaminated ?dth u n e s t e r i f i e d  d i o l .  An 

attem pt was th e r e fo r e  made to o b ta in  a d i - e s t e r  by t r e a t in g  

the  m ono-ester  obtained above w ith a fu r th e r  1 .5  e q u iv a le n ts  

o f  a c id  c h lo r id e .  Ehe c r y s t a l l i n e  e s t e r  obtained i n  t h i s  

way was shown to be a d i - e s t e r  by an exam ination o f  i t s  

s a p o n i f i c a t io n  v a lu e .  I t  i s  not p o s s ib le  to d i s t in g u i s h  

th e  m ono-ester  from the d i - e s t e r  a n a ly t i c a l ly :  th e  mono-

e s t e r ,  re(lu ir e s  7 3 *3 3 ’* H> &n& the d i ­

e s t e r ,  g 34H5206 , req u ires  G, 73 .38; H, 9 .3 5 $ .

fhe d i - e s t e r  was separated in to  i t s  d ia s te r eo iso m e r io  

forms by long f r a c t io n a l  c r y s t a l l i s a t i o n  from petroleum



e th e r .  Approximately equal amounts o f  the two d ia s te r e o -

iso m e r id e s  were u l t im a te ly  obtained; the  l e s s  s o lu b le  had

m#p. 116-117°G [ U \  -21° (c ,  1 i n  chloroform) and the

more s o lu b le ,  m.p. 101-102°C [oO,' -170° (o , 1 i n

c h lo ro fo rm ). Ihe e s t e r  o f  m.p. 116-117° when h y d ro lysed

w ith  a lc o h o l ic  potassium  hydroxide y ie ld e d  1 - t r a n s - 1 :2 -

d ih ydroxy-1 : 2 j 3 :4 - 1 etrahydronaphthal ene M "  -134°

(o , 1 i n  ch lo ro fo rm ). The e s t e r  o f  m .p. 101-102°C s im i-

l a r l y  y ie ld e d  d - t r a n s - 1 :2 - dihydroxy-1 :2 s3?4-tetrah ydro-  
r onaphthalene 132 (c , 1 in  ch loroform ).

Phe m etabolic  product i s  a dihydro naphthalene

d e r iv a t iv e  and on c a t a l y t i c  hydrogenation with a platinum

c a t a l y s t  y i e ld s  a d ex troro ta to ry  l ; 2 - d ih y d r o x y - l : 2 j 3 ; 4 -

tetrah yd ron ap h th a len e . A specimen o f  t h i s  hydrogenated

m e ta b o l i te ,  k in d ly  su pp lied  by P ro fesso r  Young, was found

to  be i d e n t i c a l  with d -tr a n s - 1 ; 2 - d ihydroxy-1; 2 13,*4-t e t r a -

hydronaphthalene, mixed m eltin g  point and s p e c i f i c  r o ta t io n ,

and mixed m eltin g  p o in t o f  the d ia c e t a t e s .  Phis i s  in
(9)

agreement w ith  the c o n c lu s io n  o f  Booth and Boyland , th a t  

th e  naphthalene m eta b o lite s  have the t r a n s -c o n f ig u r a t io n .

A pre lim inary  in v e s t ig a t io n  o f  the e s t e r i f i c a t i o n  

o f  d l - c i s - l : 2 :d ih y d r o x y -l:2 j3 ;4 -tetrahyd ron aph tha len 0 with

1 -m enthoxyacetyl ch lo r id e  in d ic a ted  th a t  a s o l id  e s t e r  cou ld  

be obtained by tr e a t in g  th e  d io l  w ith  one eq u iv a len t  o f  a c id



c h lo r id e .  When, however, i t  was d isco v ered  th a t  the t r a n s - 

d i o l  could be r e so lv e d  by f r a c t io n a t io n  o f  i t s  d i - e s t e r  i t  

was decided to form a d i - e s t e r  from the c i s - d i o l  a l s o .  

Treatment o f  th e  d i o l  w ith  2 .5  eq u iv a len ts  o f  a c id  c h lo r id e  

gave r i s e  to an o i l y  product which could  not be s o l i d i f i e d .

The o r ig i n a l  experiment y ie ld in g  a s o l i d  e s t e r  by treatm ent  

w ith  one eq u iva len t  o f  acid ch lor id e  could not be repeated  

and a cco rd in g ly  a search was made for  another reagent w ith  

which to e f f e c t  the r e s o lu t io n  o f  th e  c i s - d i o l .

Glark and • R e a d h a v e  rep orted  a s u c c e s s f u l  

r e e o lu t io n  o f  dl~menthol by means o f  a new r e s o lv in g  agent,  

JL-m enthylglycine. E sters  o f  t h i s  ac id  are obta ined  by 

e s t e r i f y i n g  the racemic a lcohol with c h lo r a c e ty l  c h lo r id e  

and t r e a t in g  the  c h lo ro a ce ta te  w ith  1 -ment by lamina

s . OH 010H3000 ,3: ) g . o  CO CHgCl E . 0 .CO CHg.BH C10H19

The r e s u l t in g  d ia s te r eo iso m e r ic  1 -m en th y lg lyc in e  e s t e r s  are 

separated  by c r y s t a l l i s a t i o n  and th e  a c t iv e  a lcoh o l i s  r e ­

covered  from each form by h y d r o ly s is .  ‘The m a jo r ity  o f  

th e s e  e s t e r s  are c r y s t a l l i n e  s o l i d s  and th e y  y i e l d  c r y s t a l ­

l i n e  s a l t s  w ith  ac id s and c r y s t a l l in e  LT-a c y l  d e r iv a t iv e s .

Treatment of the d l - c i s - d i o l  w ith  c h lo r a c e ty l  

c h lo r id e  le d  to  an o i l y  product which was assumed to  be the  

d e s ir e d  d i - e h lo r o a c e ta t e .  Treatment o f  t h i s  o i l  w ith



l.-m enthyl amine e i t h e r  under the  c o n d it io n s  d escr ib ed  by
/ OA }

Head or in  the c o ld  y ie ld e d  on ly  a gummy m a te r ia l .

3Jo r e s o l u t io n  th e r e fo r e  could be achieved by t h i s  means- 

f a i l u r e  to  r e so lv e  the c i s - d i o l  may be due to a 

sterie e f f e c t  which would hinder the form ation o f  a di~ 

e s t e r  w ith th e  r e s o lv in g  agents employed. fhe  required  

s t a r t in g  m a ter ia l  f o r  the preparation  o f  c i s - and t r a n s - 

1 d ihydroxy-I : 2 : 3 :4 - tetrahydroanthracene was l : 2 -d ihydro-

anthracene which i t  was hoped to  o b ta in  from 1 : 2 : 3 :4 - t e t r a ­

hydro - 2 - ant h ro 1 .

2 -a n th r o l  was obtained from anthraquinone-2 -

sodium su lphonate by red uction  w ith z in c  dust and ammonia
(26)

to  a n th ra cen e-2 - sodium sulphonate and fu s io n  w ith
(27)potassium  hydroxide . fhe 2 -a n th r o l  was p u r i f i e d  by 

su b lim a tio n  under reduced pressure and c r y s t a l l i s a t i o n  o f  

the su b lim ate  from benzene.

Chemical red u ction  o f  2 -a n th ro l  le a d s  to  th e  9:10-
(25)dihydro d e r iv a t iv e  but v .  Braun and Bayer have rep orted

th a t  the 1 : 2 : 3 : 4 - tetrahydro d e r iv a t iv e  i s  a lso  formed when

2 -a n th r o l  i s  su b jected  to  high pressu re  hydrogenation in

th e  presence o f  n ic k e l  s a l t s .  She use o f  copper chromite

as a c a t a l y s t  in  the high pressure hydrogenation o f  2 -

naphthol le a d s  to  an 80$ y ie ld  o f  1 :2 :3 : 4 - te tra h y d ro -2 -
(28)

naphthol



2-A nthrol was th e re fo re  hydrogenated under p ressu re  

i n  th e  presen ce  o f  copper chromite andpwas converted i n  

60$ y i e l d  to 1 : 2 : 3 : 4 - te tra h y d ro -2 -a n th ro l  to g e th er  w ith  a 

sm all amount o f  9 : 1 0 - d ih y d ro -2 -a n th ro l.  v .  Braun rep orted  

th a t  the dehydration  o f  1 : 2 : 3 : 4 - te tr a h y d r o -2 -a n th r o l  to  

1 .*2 - dihydroanthracene did not take p lace  r e a d i ly  but could  

be ach ieved  by d i s t i l l a t i o n  o f  i t s  pheny lure  th a n e . This 

method o f  dehydration was examined but found to  be u n s a t i s ­

f a c t o r y .  B e t te r  r e s u l t s  were obtained by h e a t in g  th e  

te trah yd roan th ro 1 w ith  fr e s h ly  fused potassium  hyd rox id e .

The 1 :2- dihydro anthracene was t r e a te d  w ith  osmium

t e t r o x id e  in  an ether s o lu t io n  co n ta in in g  p yrid ine  according
( 2 1 )to C r ie g e e 's  m o d if ica t io n  o f  h i s  e a r l i e r  procedure. 

H y d ro ly s is  o f  the  osmium-pyridine adduct y ie ld e d  d l - c i s -1 :2 -  

d ih y d r o x y - l:2 :3 :4 - te tr a h y d ro  anthracene .

In  order to ob ta in  the  tr a n s - d i o l  the method found 

to  be s u c c e s s f u l  in  the  naphthalene s e r i e s ;  v i z . ,  the  

s te p w ise  h y d r o ly s is  o f  the  dibromide, was app lied  to 1 :2- 

dihydroanthradene. The dibromide was r e a d i ly  obta ined  

and converted  to 1 ( 2 j-bromo-2 ( l ) -h y d r o x y -1 :2 : 3 : 4 - te tra h y d ro - 

anthracene in  s a t i s f a c t o r y  y i e l d .  The h y d r o ly s is  o f  t h i s  

hydroxybromide gave the desired  tr a n s - d i o l  but i n  r a th er  

poor y i e l d .

Treatment o f  unsaturated hydrocarbons with le a d
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t e t r a - a c e t a t e  a f fo r d s ,  g e n e ra lly ,  th e  dl a c e ta te  o f the  t r a n s -

d i o l  hat in  some c a se s  the c i s - d i o l  d ia c e ta te  i s  a lso
(29)

formed . A sm all amoant o f  1 : 2 - dihydro anthracene was 

tr e a te d  w ith  lea d  t e t r a a c e t a t e  and th e  o i l y  product obta in ed  

was hyd ro lysed  w ith  a lc o h o l ic  potassium  hydroxide. d l - t r a n s -  

1 : 2-D ihydroxy-1 :2 iZ :4-tetrahydroanthracene was thereby  

ob ta in ed  in  64$ y i e l d  from the dihydro ant hr ac ene . The 

method was th e r e fo r e  applied  to th e  bulk o f  the dihydro­

anthracene but in  t h i s  case the product a f te r  h y d r o ly s is  

was a m ixture o f  c i s - and t r a n s - d i o l s .  A p a r t i a l  se p a r a t io n  

o f  t h i s  mixture was e f f e c t e d  by f r a c t io n a l  c r y s t a l l i s a t i o n  

from benzene . During the sep a ra t io n  a sm all amount o f  a 

h ig h  m elt in g  compound o f  unknown c o n s t i t u t io n  was i s o l a t e d .

The co rr ec tn e ss  o f  the c o n f ig u r a t io n  ass ign ed  to 

th e se  d io l s  was confirmed by a study o f  th e ir  r a te  o f o x i ­

d a t io n  by le a d  t e t r a - a c e t a t e  and t h e ir  colour change on 

treatm ent w ith  potassium t r i a c e t y l  osm iate reagent^'  ̂ •

I t  was found t h a t ,  as i n  th e  c a se  o f  the naphthal­

ene d i o l s ,  th e  c i s - d i o l  was o x id ise d  much more r a p id ly  than  

th e  t r a n s - d io l  by lea d  t e t r a - a c e t a t e  ( se e  F i g . 2)  .

Boyland and Shoppee^30  ̂ have measured th e  r a te  o f  

o x id a t io n  o f  th e  m etabolic  1 :2 - dihydroxy- 1  .* 2 - dihydro anthra­

cene w ith  lea d  t e t r a - a c e t a t e . In doing so th ey  took in to  

c o n s id e r a t io n  the  r e a c t i v i t y  of the meso p o s i t io n s  o f  the





anthracene system towards t h i s  rea g en t .  fhus Meyer^31  ̂ had 

found t h a t  anthracene was ox id ised  by a s o lu t io n  o f  lea d  

d io x id e  in  a c e t ic  ac id ; the product being anthranyl a c e ta te  

when one m olecu le  o f  lea d  dioxide was employed and meso- 

hyd roxyan th ran y laceta te  when two m olecu les  o f  reagent are  

u sed . L ater  if ie se r^ 32  ̂ showed th a t  le a d  t e t r a - a c e t a t e  in  

a c e t i c  a c id  i s  eq u iv a len t  to the lead  d io x id e -a c e t ic  a c id  

m ixture used by Meyer. Boyland and Shoppee, th e r e fo r e ,  

a n t ic ip a te d  that the dihydroxydihydroanthracene would be 

attach ed  at the $eso  p o s i t io n s  and would req u ire  two mole­

c u le s  o f  le a d  t e t r a - a c e t a t e  for i t s  o x id a t io n , and have 

rep o rted  t h a t ,  in  f a c t ,  t h i s  i s  s o .

N e v e r th e le s s ,  t h e ir  f ig u r e s ,  v i z .  ^ 4 0 0 0  mole of  
M id i o l  req u ire  5 oc . 10  lead  t e t r a - a c e t a t e  (and hence
N/1 mole = 20 l i t r e s  10  = 2 l i t r e s  1 = 1  mole o f  le a d  t e t r a ­

a c e t a t e )  which are in  good agreement w ith  th ose  obtained  

h ere  fo r  the o x id a t io n  o f  c i s - and t r a n s - 1 :2 -d ih y d r o x y - l :2 :3 :4 -  

te trah yd roan th racen e , in d ic a te  th a t  only one m olecule  o f  

le a d  t e t r a - a c e t a t e  i s  required . f h i s  i s  i n  accordance w ith  

th e  experim ents recorded here on th e  treatm ent o f  1 :2 - d i ­

hydro anthracene with lead  t e t r a - a c e t a t e  where th e  meso 

p o s i t i o n s  o f  the hydrocarbon are unattached a f te r  one h ou r 's  

h e a t in g  at 90°G.
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That th e  meso |)O sitions in  th e se  hydrogenated  

anthracene d e r iv a t iv e s  are unattached by lea d  t e t r a - a c e t a t e  

i s  not con tra ry  to t h e o r e t i c a l  e x p e c ta t io n s  s in ce  i t  i s  a 

f a l s e  analogy to compare them with the  meso p o s i t io n s  of  

anthracene i t s e l f .

When the potassium  t r i a c e t y l  osm iate reagen t was 

a p p lie d  to th e  anthracene d i o l s  the previous d eterm in ation  

o f  t h e i r  c o n f ig u r a t io n  was confirmed.

The r e s o lu t io n  o f  the anthracene d i o l s  was attempted  

u s in g  as r e s o lv in g  agent 1 -m enthoxyacetic a c id .  The d l-  

t r a n s - d i o l  on treatm ent with four m olecu les  o f  1 -menthoxy- 

a c e t y l  c h lo r id e  y ie ld e d  a reddish co loured  o i l .  Attempts 

to  induce t h i s  o i l  to s o l i d i f y  by su b lim ation , chromato­

graphy and renev/ed a c y la t io n ,  as w e l l  as by the  usual  

methods, a l l  f a i l e d .  The p u r ity  o f  the d i o l  was checked  

by co n v ertin g  i t  to  a c r y s t a l l in e  d ia c e ta te  v/hich was p u r i ­

f i e d  and hydrolysed  to regenerate  the d io l=  The d i o l  

obta in ed  in  t h i s  way showed no change in  m elting  p o in t  and 

s t i l l  gave an o i l  on treatment with 1 -menthoxy a c e t y l  c h lo r ­

i d e .  The d l - c i s - d i o l  s im i la r ly  f a i l e d  to  y i e l d  a s o l i d  

e s t e r ,  though i t  i s  noteworthy th a t  i n  t h i s  case  there  was 

a much l e s s  marked colour production on a d d it io n  o f  th e  

aoid  c h lo r id e  to the d i o l  so lu t io n  and the o i l  obtained was 

alm ost c o lo u r l e s s .



The dihydride of the  o p t i c a l l y  in a c t iv e  anthracene
( 1 )m e ta b o l i t e  has been described  by Boyland and L e v iv ' and 

i t s  p h y s ic a l  p r o p e r t ie s ,  m elting  poin t and m elt in g  po in t o f  

i t s  d ia c e t a t e ,  are i n  concordance with th o se  o f  d l - t r a n s ­

i t  2- & ihydroxy-l: 2*3:4- tetrabydro anthracene. I t  appears

th e r e fo r e  th a t  th e  anthracene m eta b o lite  a lso  has the  

t r a n s -c o n f ig u r a t io n  although i t  has not been p o s s ib le  to  

o b ta in  a specimen o f  the dihydro m eta b o lite  fo r  d ir e c t  com­

p a r iso n  w ith  th e  sy n th e t ic  d io l*



B xperim ental.

1 ; 2 -D ihydronaphthalene.

1 *2 - Dihydro naphthalene was obta ined  from a . c - t e t r a -  

h y d r o -p -n a p h th o l  as a c o lo u r le s s  o i l ,  b . p .  98 -100°G /l4  mm., 

i n  80$ y i e l d  by th e  method o f  Bamberger and L o d t e r ^ ^ .

d l - o ia - l* 2 - d ih y d r o x y - l  >2*g*4-tetrahydronaphthalene.

A) • O xidation o f  1*2- dihydronaphthalene w ith  osmium t e t r o x id e  

( c f . Q r ieg e e ^16 ^) .

Osmium t e t r o x id e  (2 g . )  was d is s o lv e d  i n  d ry  ether  

(4 0  cc .) and 1 s2 - dihydronaphthalene (1 .0 4  g . )  added. The 

s o lu t io n  darkened im m ediately. A fter  standing fo r  seven  

days th e  e th er  was removed and the b lack  osmic e s t e r  r e ­

f lu x e d  fo r  three hours w ith  a s o lu t io n  of sodium s u lp h i t e  

heptahydrate  (8  g . )  in  7/a te r  (40 c c . )  and ethanol (20 c c . ) .

The s o lu t io n  was f i l t e r e d  hot and the sodium osmium s u lp h it e  

r e f lu x e d  fo r  30 minutes w ith  e th an o l.  The s o lu t io n  was aga in  

f i l t e r e d  and most of th e  a lco h o l removed frcm the combined 

f i l t r a t e s  on th e  water b a th . The s o lu t io n  was th e n  e x tr a c te d  

th r ee  t im es with 50 c c .  chloroform and th e  chloroform  e x tr a c t s  

d r ied  and con cen tra ted . The s o l i d  obtained was purple i n  

c o lo u r , but a f te r  r e f lu x in g  in  benzene w ith  a l i t t l e  charcoal  

i t  was obtained  by c r y s t a l l i s a t i o n  from benzene as c o lo u r l e s s  

la m e l la e ,  m.p.  101°G. Y ie ld , 0.76 g . ( 65$) .



B j . O xidation  o f  Is  2 - dihydronaphthalene w ith  potassium  

permanganate.
(18)

By the method o f  Straus and Rohrbacher th e  d i o l  

was obta ined  in  20$ y i e ld ,  m.p.  100-101°G.

0 ) .  O xidation o f  1 : 2 - dihydronaphthalene w ith hydrogen p er­

ox id e  in  the presence o f  osmium te t r o x id e  ( o f .  M ilas and 

S u s s m a n ^ ^ ) .

The hydrogen peroxide  reagent.

Hydrogen peroxide (5 c c . ,  90$ by w eight) was d i s ­

so lv e d  i n  t e r t i a r y  b u ty l a lcoh o l (50 c c . )  and the s o lu t io n  

d ried  over anhydrous sodium su lp h a te .

1 : 2-Dihydronaphthalene ( l  g . )  was mixed w ith  an

equim olecu lar  q u a n tity  o f the peroxide reagent ( 3 . 2 5  cc . ;
o

0. 26  g . )  and the mixture cooled  to 0 0 in  an i c e  b ath . To 

the  c o o le d  s o lu t io n  was then added the c a t a l y s t ;  a s o lu t io n  

o f  osmium t e tr o x id e  ( 0*1 g*) i n  t e r t i a r y  b u ty l  a lco h o l  

(10 c c . ) .  The mixture was kept at 0°G f o r  e ig h t  days. The 

s o lu t io n  was then evaporated to dryness under reduced  

p r e ssu re  and the  r e s id u a l  dark b lu e  ta r  ex tr a c te d  s e v e r a l  

t im es  w ith  b o i l in g  w ater . The aqueous e x tr a c t  on concen­

t r a t i o n  y ie ld e d  a dark brown o i l  7/hich was d i s s o lv e d  in  

benzene and re f lu x ed  with ch arcoa l. Petroleum e th er  (60-  

80°0) was added to the f i l t e r e d  benzene s o lu t io n  t i l l  a



permanent t u r b id i t y  was produced and the  s o lu t io n  kept  

o v e r n ig h t . The s o l i d  m a ter ia l  which was d ep o s ited  was 

washed f r e e  o f  the  o i l  s t i l l  adhering to  i t  and c r y s t a l l i s e d  

from benzene, m.p. 99-100°C. I t  did not depress th e  m e lt ­

in g  p o in t  o f  pure c i s - d i o l .  Y ield  o f  d io l  4-0 mgs.

d l -c is - l :2 -d ia o e to x y - l :2 :3 :4 - te tr a h y d r o n a p h th a le n Q .

d l - c i s - 1 : 2 - d ihydroxy-1: 2 : 3 : 4 - tetrahydronaphthalene  

was a c e ty la t e d  by treatment w ith  a c e t ic  anhydride i n  p yr id in e  

i n  th e  c o ld .  The d ia c e ta te  was p u r i f ie d  by c r y s t a l l i s a t i o n  

from petroleum  e th er  ( > 12 0 °) ,  m.p. 78°G. S traus and 

Rohrbacher^18  ̂ record  a m.p. 78 .6 -79 .2°C  for  c i s -1 :2 -d ia c e to x y -  

1 : 2 :3 :4 - te tr a h y d r  o naphthalene.

d l - t r a n s - 1 : 2 -  d ihydroxy-1: 2 : 3 :4 -te trah yd ron ap h th a len e .

A) . H y d r o ly s is  o f  l:2 -d ib ro m o -l:2 :3 :4 -te tra h y d ro n a p h th a len e  .

The dibromide was prepared from l:2 -d ih y d ro n a p h th a l-
(15)ene by th e  method o f  Bamberger and Lodter • The d i ­

bromide was f i r s t  p a r t ia l l y  hydrolysed , to y i e l d  1 ( 2 ) -

b ro m o -2 ( l) -h yd roxy -l:2 :3 :4 -te trah yd ro n ap h th a len e  which was

then  hydrolysed  to  d l - tr a n s- 1« 2 -d ihydroxy-1: 2 : 3 ;4 -1 e tr a -

v  ■, n  (IS)hydronaphthalene

B ) . O xidation n f  1 , 2 -dihydr onapbthalene w ith  hydrogen p er-
(19)oxide  i n  nresenoe of selenium d io x id e  ( o f .  Segain  

The hydrogen peroxide reagent was prepared as



d e sc r ib e d  above and concentrated  to the d e s ir e d  s tr e n g th  by 

d i s t i l l a t i o n  under reduced pressure  at room tem perature i n  

an a l l  g la s s  apparatus. 1*2-Dihydronaphthalene (2 g . )  was  

t r e a t e d  w ith  an equim olecular p roportion  o f  hydrogen p e r ­

ox ide ( 0 .5 2  g .  i n  ~  2 c c .  t e r t ia r y  b u ty l  a l c o h o l ) .  To 

t h i s  s o lu t io n ,  co o led  to 0 C, was added a s o lu t io n  o f  

se len iu m  d io x id e  (0 .0 6  g . )  i n  the minimum q u a n tity  o f  t e r ­

t i a r y  b u ty l  a lc o h o l .  The s o lu t io n ,  a f t e r  standing fo r  e ig h t  

days, y ie ld e d  on con cen tra tion  a deep red, o i l y  m a te r ia l .

The s o l i d  obta ined  by tr e a t in g  t h i s  o i l  w ith a l i t t l e  

benzene was  s l i g h t l y  purple in  colour and by rep eated  c r y s t a l ­

l i s a t i o n  from benzene was obtained as c o lo u r le s s  n e e d le s ,  

m .p. 112°C. I t  d id  not depress the  m elt in g  po in t o f  the  

d i o l  ob ta in ed  by method A) above. Y ie ld , 0 .41  g .  (1 6 $ ) .

d l - t r a n s - 1 8 2 - d ia e e t o x y - l : 2 : 3 :4 - te trahydronaphthalene .

d l - tr a n s - 1 t 2- d ihydroxy-1: 2 j 3 j 4 - 1 et rahydr onaphthal ene

was a c e ty la te d  w ith  a c e t ic  anhydride i n  p y r id in e  in  th e

u su a l manner. The d ia c e ta te  was c r y s t a l l i s e d  from petroleum
( 1 8 )

e th er  (6 0 ~ 8 0 °0 ) ,  m.p. 84°G. Straus and Rohrbacher r e ­

cord a m elt in g  point o f  84°0 fo r  tr a n s- 1 : 2 - d i a c e t o x v - l s 2 i 3 i4 -  

tetrah yd ron ap h th a len e .

Rate o f  o x id a t io n  o f  o i s -  and t r a n s -1 : 2 - d ih ydroxy-182 : 3 :4- 

tetrahydronaphthalene w ith lea d  t e t r a - a c e t a t e .

Lead t e tr a -a c e t a te  was prepared by th e  method o f



{33)Dimroth and Sdhweizer . I t  was d r ied  over con cen tra ted  

su.lphu.ric acid  and a s o lu t io n  o f  approxim ately the  d e s ir e d  

s tr e n g th  prepared by weighing th e  dry m a ter ia l  r a p id ly  and 

d i s s o l v in g  i t  in  a c e t i c  acid  d i s t i l l e d  over chromium t r i -  

o x i d e . Sh is s o lu t io n  was standardised  by t i t r a t i o n  w ith  

standard sodium th io su lp h a te .

D eterm in ation  o f  the  ra te  o f  o x id a t io n .

A known weight o f  the d io l  ( ^  0*25 m o les .)  was 

d is s o lv e d  i n  10 c c . o f  a c e t ic  ac id  ( d i s t i l l e d  over chromium 

t r i o x i d e ) . These s o lu t io n s  were m aintained a t  a constan t  

temperature by immersion in  a water b a th . To each o f  th e  

s o l u t i o n s  10 c c . o f  0 .112 If lea d  t e t r a - a c e t a t e  was r a p id ly  

added w ith  s w ir l in g ,  th e  time o f  a d d it io n  b e in g  n o te d . A 

f l a s k  c o n ta in in g  10 c c . a c e t ic  ac id  ( d i s t i l l e d  over chromium 

t r i  ox ide) was tr e a te d  in  the same way in  order to o b ta in  a 

measure o f  the  ra te  o f consumption o f  lead  t e t r a - a c e t a t e  

i n  th e  absence o f  d i o l .  At in t e r v a l s  from the time o f  

m ixing , a l iq u o t s  o f  1 g o . . were v/ithdrawn, run in to  a 

potassium  iodide-sodium  ace ta te  b u ffe r  s o lu t io n  and the  

io d in e  l ib e r a t e d  t i t r a t e d  aga inst standard sodium th io su lp h -  

a t e .  In  t h i s  way a measure o f  the amount o f  le a d  t e t r a ­

a c e ta te  consumed at any stage  o f  the  o x id a t io n  was ob ta in ed .

Thus i t  was found th at at 20-21°0 and w ith  a d io l



c o n c e n tr a t io n  o f  0*0125 gm. m o l e s / l i t r e  the c i s - d i o l  i s  com­

p l e t e l y  o x id is e d  a f t e r  30 m inutes, w hile  the t r a n s - d io l  i s  

o n ly  o x id is e d  to the  ex ten t  o f  95)c a f t e r  90 m in u tes .

S im i la r ly  at 17°0 and a d io l  co n cen tra tion  o f

0 .0 0 3  gm. m o l e s / l i t r e  the c i s - d io l  i s  co m p lete ly  o x id ise d  

a f t e r  40 m inutes, whereas the tr a n s - d i o l  i s  on ly  80j£ 

o x id i s e d  a f t e r  180 m inutes.

These r e s u l t s ,  which are i l l u s t r a t e d  g r a p h ic a l ly
( f5' ^  ( 2 0  i

m  J ? ig . l , j a r e  in  agreement with those o f  C riegee  .

T e s t s  w ith  potassium  t r i a c e t y l  o sm ia te . (See page 103 ) .

M o n o - e s t e r i f i c a t io n  o f  d l - tr a n s -1 :2 -d ih y d r o x y -1 ;2 { 3 : 4 - t e t r a -  

hydronaphthalene w ith  1-menthoxyacetyl c h lo r id e .

d l - tr a n s - d i o l  (1 .99  g . ;  1 mole) was d is so lv e d  in

dry p y r id in e  (40 c c . )  and tre a ted  w ith  f r e s h ly  d i s t i l l e d  

1-m enthoxyaoetyl ch lor id e  (2 .8  g . ;  1 m o le ) .  The s o lu t io n

a f t e r  stan d ing  overnight was poured in to  water and th e  o i l  

which separated  ex tracted  with e th er . The e th er  s o lu t io n  

was thorough ly  washed with d i lu t e  hyd roch lor ic  ac id , d i l u t e  

sodium hydroxide and water; dried over anhydrous sodium 

su lp h a te  and concentrated . A ye llow  v is c o u s  o i l  was obta ined  

which s o l i d i f i e d  on rubbing w ith  petroleum e th er  ( 6 0 - 8 0 ° ) .

An attem pted fr a c t io n a t io n  o j . t h i s  s o l i d  by c r y s t a l l i s a t i o n  

from petroleum  ether showed the  presence o f  unchanged d i o l



which cou ld  not r e a d i ly  he removed com p lete ly  from the  e s t e r .  

A sample o f  the  d i o l  was th e re fo re  t r e a te d  w ith  1 .4  e q u i­

v a le n t s  o f  m enthoxyacetyl c h lo r id e  in  p y r id in e  and th e  

product i s o l a t e d  as above. C r y s t a l l i s a t io n  from petroleum  

e th e r  y ie ld e d  a f r a c t io n  of m.p. 122°C., M j - 68 .1  and

f r a c t i o n s  o f  unchanged d io l .

D i - e s t e r i f i c a t i o n  o f  d l - tra n s- 1 : 2 - d ih yd roxy -1 :2 {3 : 4 - t e t r a -  

hydronaphthalene w ith  1-m enthoxyacetyl c h lo r id e .

d l - tr a n s - 1 :2  ? dihydro xy- 1 :2 :3 s  4 - 1 etrahydronapht h a l-  

ene ( 2 .1  g . )  and m ono-ester (4 g . )  ware d is s o lv e d  in  p yr id ine  

(80 c c . )  and tr e a te d  with f r e s h ly  d i s t i l l e d  1-menthoxy­

a c e t y l  c h lo r id e  (1 1 .7  g . ;  2 .5  moles per mole o f  d i o l  and

1*5 m oles per mole o f  m o n e -es ter ) . A fter  stan d ing  f o r  60 

hours the  s o lu t io n  was worked up i n  the usual way, y i e ld in g  

1 0 .3  g .  o f  s o l i d .  By f r a c t io n a l  c r y s t a l l i s a t i o n  o f  t h i s  

s o l i d  from petroleum ether there  wea® obtained two pure 

compounds:- (A) m.p. 116-117°C I - 22 . 0°  ( c ,  1 i n  c h lo r o ­

form) . IPound: C, 73*6; H, 9 .2 $ .  ^34-^52^6 r e 9.ai r e S

G, 7 3 .4 ;  H, 9*3$. And (B) m.p. 100-101°G -1 7 0 .0 °

( c ,  1 i n  ch loroform ). i?ound: 0, 7 3 .4 ;  H, 9 .3

O H O  r eq u ire s  0 , 73 .4; H, 9 .3 ^ .
34 52 6 *

S a p o n if lo a t io n  va lae  o f  t he e s te r  (A ).

The e s t e r  (A) (0 .9679 g .)  was r e f lu x e d  w ith



0 .4095  3J m©thanolio potassium hydroxide (11 go. )  fo r  th ree  

h o u r s .  The a d d it io n  o f  a few drops o f  water a f t e r  t h i s  

t im e caused no p r e c ip i ta t io n ,  and e s t e r i f i c a t i o n  was t h e r e ­

f o r e  assumed to  be com plete. One drop o f  methyl red Y/as 

added and the  s o lu t io n  t i t r a t e d  w ith  a standard hydro­

c h lo r i c  a c id  s o l u t i o n .  12 .65  c c .  o f  0*0837 U h yd roch lor ic  

a c id  were required  fo r  n e u tr a l is a t io n ,  so th a t  8 .4 1  cc o f

0 .40 95  U potassium  hydroxide were used up in  the h y d r o ly s is  

o f  th e  e s t e r .  This corresponds to 0 .9581 g .  o f  d i - e s t e r  

and th e  compound (A) must th ere fo re  be 98.8^ d i - e s t e r :

1 . e . ,  pure d i - e s t e r  w ith in  the  l im i t s  o f  experim ental erro r .

R e so lu t io n  o f  d l - t r a n s - 1 ? 2 - d ihydroxy-1:2 ; 3 i 4 - te tra h y d ro ­

n ap h th a len e .

M ono-ester (2 0 .5  g . ;  1 mole) was d i s s o lv e d  in  dry

p y r id in e  (100 c c . )  and tre a ted  w ith  f r e s h ly  d i s t i l l e d  

_1-monthoxyacetyl ch lor id e  (2 4 .9  g . ;  1 .8  m o le s ) .  The

s o l u t i o n  was cooled  during the ad d it ion  o f  the  ac id  c h lo r id e  

which was accompanied by the p r e c ip i t a t io n  o f  a s o l i d  and 

th e  production  of a deep orange c o lo u r .  A fter  s tan d in g  at 

room tem perature for  40 hours the s o lu t io n  was worked up in  

th e  usual way* The product (27 .2  g .)  was an o i l y  s o l i d ,  

deep red  i n  co lou r- By r e f lu x in g  t h i s  s o l i d  in  petroleum  

e th er  w ith  animal charcoal and r e c r y s t a l l i s i n g  th e  product



tw ic e  from petroleum  ether 16 .6  g .  o f  almost c o lo u r le s s  s o l i d  

were o b ta in e d .  Repeated c r y s t a l l i s a t i o n  from petroleum  

e th e r  y ie ld e d  a l e s s  so lu b le  f r a c t io n ,  m.p. 116-117°C.

O']* -2 1 °  (G, 1 i n  chloroform) and a more so lu b le  f r a c t io n ,  

m.p# 101-102°G O - 170° (G, 1 in  ch loroform ).

1 - t r a n s - l ; 2 - dihydroxy-1 ;2 : 3 :4 -tetrahyd ron aph tha len e .

The e s t e r  o f  M y  -21° (6 .89  g . )  was r e f lu x e d  f o r  

th r e e  hours w ith  2 .5 $  methanolic potassium hydroxide (76 c c . ) .  

The methanol was removed &y d i s t i l l a t i o n  and th e  re s id u e  

e x tr a c te d  w ith  e th e r .  The ether  e x tr a c t  was washed with  

d i l u t e  a l k a l i ,  dr ied  over anhydrous sodium su lph ate  and 

c o n c en tr a ted , y ie ld in g  1 .61  g . d io l  (8 5 $ ) .  The d i o l  was 

o p t i c a l l y  pure a f t e r  two c r y s t a l l i s a t i o n s  from benzene, 

m.p. 114-115°C -124 .0 °  (0 , 1 i n  chloroform) .

bounds G, 7 3 .4 ;  E, 7 .4 $ .  Gio% 2°2 req u ires  G, 7 3 .2 ;

H, 7 .3 $ .

1 (+) - t r a n s - 1 : 2 - di ac e to x y -1 :2 :3 ;4-1etrahydronaphthalene.

1 - t r a n s - l ; 2 - d ihydroxy-1: 2 :3 j 4 - tetrahydronaphthalene  

(213 mg.) was d is so lv e d  in  dry p yrid ine  (4 c c . )  and a c e t ic  

anhydride (1 c c . )  added with c o o l in g .  A fter  standing  

o vern igh t a t room temperature the s o lu t io n  was poured in to  

a m ixture  o f  d i lu t e  sulphuric acid and i c e .  The o i l  th a t  

separated  r a p id ly  s o l i d i f i e d  and was f i l t e r e d  and d r ie d .



I t  was p u r i f i e d  by two c r y s t a l l i s a t i o n s  from petroleum  e th er  

( > 120 °C ), m.p* 66-67° [o(]? 126° (0 ,  1 in  ch lo ro fo rm ),

i ’ound: G, 67*8; H, 6 .3 $ .  C14H1604 req u ires  C, 6 7 .7 ;

H, 6 .4 $ .

d - tr a n s - l:2 -d ih y d r o x y - l;2 s3 :4 - te tr a h y d r o n a g h th a le 3 ie .

fhe e s t e r  o f  \ p ( \  -170° (6 .3 6  g . )  was r e f lu x e d

f o r  th r e e  hours w ith  2 .5 $  m ethanolic potassium  hydroxide  

(70  c c . ) .  By working up in  the same manner as abotfe there  

was obta in ed  1 .5 5  g .  (83$) d io l ,  which was p u r i f ie d  by two 

c r y s t a l l i s a t i o n s  from benzene, m.p. 114-115°0 132°

(G, 1 in  chloroform) [ ° ( \  64° (G, 0 .5  in  ethanol)

44° (G, 0 .5  i n  e th a n o l.  

j?ound: C, 73 .2 ;  H, 7 .1 $ .  gioH12°2 r e ^ r e s  C, 73 .2 ;

H, 7 .3 $ .

Mixed m .p. o f  d- and 1 -isom ers, 104-108°G. Ihe m elt was

allow ed  to  r e - s o l i d i f y  and i t s  m eltin g  p o in t  redeterm ined.

I t  was then  found to  m elt a t 112°Q, i ^ e . ,  the m e lt in g  p o in t  

o f  th e  d l - d i o l .

d( - )  - t r a n s - 1  ;2- d ia c e t o x y - l  s2 ;3 ;4 -te trah y d ro n ap h th a len e .

d -tr a n s - 1 tS -d ih y d r o sy - l: 2 :3 :4-tetrahydronaphthalene  

(198 mg.) was d is so lv e d  in  dry pyr id in e  (4 c c . )  and tr e a te d  

w ith  a c e t i c  anhydride (1 o o . ) .  On working up as in  the  

above c a se  there was obtained 284 mg. o f  d ia c e ta te  which



8a.

was p u r i f i e d  by two c r y s t a l l i s a t i o n s  from petroleum e th er  

( > 1 2 0 ° C ) ,  m.p. 66-67°C. fcO *-f25° (0 ,  1 in  chloroform ) . 

Mixed m .p. o f  the two d ia o e ta te s  40-42°C.

H, 6 •■4$.

Goffparison o f  the d extroro ta to ry  dihydro m etabolic  nap hth a l­

ene d i o l  w ith  the sy n th e t ic  d io l s  obtained above.

A sample o f  the  dihydrlda o f  the m etabolic  product 

was k in d ly  su p p lied  by P rofessor  Young. A sample o f  the  

d ia c e t a t e  was prepared from i t  by treatment w ith  a c e t ic  

anhydride in  p y r id in e .

fh e  i d e n t i t y  of the di hydro m e ta b o lite  w ith  d - tr a n s ­

i t - d i h y d r o x y - 1  s 2 j3;4-tetrahydronaphthalene i s  shown in  the  

f o l lo w in g  ta b le ;

bounds 0 , 67 .7 ;  H, 6.3^

m.p. °C [*<] (0 , 0 .5  in
 j________ eth an o l)

Dihydro m eta b o lite 114° 62°

d - t r a n s - 1; 2 - dihydroxy • 
1 : 2 *3*4-te tra h yd ro - 
naphthalene j 114-115

I
mined m.p. 114-115°

64°

micro m.p. °c

D ia c e ta te  o f  dihydro m eta b o lite

d( y)  - t r a n s - 1 : £ -d ia c e to x y - l  :2 :3 :4 -  
T et rahyd ro naphth a l  ana

63-65

65-66

mixed micro m.p. 63-65



E s t e r i f i c a t i o n  o f  d l - c i s - l? 2 - a ih y & r o x y - l : 2 ;5 t 4 - t e tr a h y a r o - 

naphthalene w ith  1-m enthoxyacetyl c h lo r id e .

1) . d l - o i s - 1 : 2 - dihydroxy-1 : 2 * 3 : 4 - 1etrahydronaphthalene

( 0 .5  g . ;  1 mole) d is so lv e d  in  dry p yrid ine  (15 o o . )  was

t r e a t e d  w ith  f r e s h ly  d i s t i l l e d  t.m enthoxyacetyl c h lo r id e  

( 0 .7 8  g . ;  1 .1  m o le s ) .  A fter  standing f o r  24 hours the

s o lu t io n  was poured in to  water and the  o i l  which separated  

e x tr a c te d  w ith  e th e r .  ‘The eth er  e x tr a c t  was v/ashed w ith  

d i l u t e  hyd roch lor ic  a c id ,  d i lu t e  sodium hydroxide and w ater,  

d r ie d  and co n cen tra ted . She o i l y  res id u e  s o l i d i f i e d  on 

s t a n d in g . .  Y ie ld ,  0 .765  g .  (7 0 $ ) .  m .p .,  a f t e r  o r y s t a l l i s a -
Q „

t i o n  from petroleum  eth er , 130-132 C.

f h i s  presumed mono-ester was r e tr e a te d  w ith  1-  

menthoxyae e t y l  c h lo r id e  i n  an attempted d i - e s t e r i f i o a t i o n .

2 ) .  a . l - o i3 - l » 2 -d ita yd roxy-li8 tg ^ -te tra h y d r o n a p h th a le n e

(8 g . } 1 mole) d is so lv e d  i n  dry pyrid ine  (100 o o . )  was

t r e a t e d  w ith  f r e s h ly  d i s t i l l e d  1-m enthoxyaeetyl c h lo r id e  

(2 7 .8  g . ;  2 .4  m oles), the s o lu t io n  b e in g  co o le d  daring

the  a d d it io n  o f  the ac id  c h lo r id e ,  which was accompanied by  

the p r e c ip i t a t io n  o f  a s o l i d  and the production  o f  a red d ish  

c o lo u r .  A fter  standing at room temperature fo r  40 hours 

th e  s o lu t io n  was poured in to  a mixture o f  d i l u t e  su lphuric  

a c id  and i c e  and the o i l  which separated e x tr a c te d  w ith



o th e r .  She e th er  e x tr a c t  was washed w ith  d i l a t e  sodium 

hyd rox id e  and w ater, dried over potassium  carbonate and 

c o n c e n tr a te d .  18 gm. o f  a reddish  o i l  was obta in ed  and 

did not s o l i d i f y .  A p o rtion  o f  t h i s  o i l  in  benzene  

s o l u t i o n  was passed through a column o f  a lk a l i  f r e e  alumina 

and th e  c o lo u r le s s  band o f adsorption  e lu ted  w ith  benzene.  

C on cen tra tion  o f  the e lu a te  y ie ld e d  a y e llo w  o i l  which did  

n o t s o l i d i f y  on rubbing with the usual s o lv e n ts  or on 

retrea tm en t w ith  a further  2 moles o f  1-m enthoxyacetyl  

c h l o r i d e .  A fu r th e r  p o rtio n  (1 g .)  o f  the o i l  r e s u l t in g  

from th e  o r ig in a l  treatment with the  ac id  c h lo r id e  was d i s ­

s o lv e d  i n  dry p y r id in e  and warmed with 1-m enthoxyacetyl  

c h lo r id e  ( 1 .8  g . )  fo r  one hour at 90-100°C. fhe  y e l lo w  

s o l u t i o n  did not darken during t h i s  treatm ent and when i t  

was worked up i n  the usual manner a y e llo w  v isc o u s  o i l  was 

o b t a in e d .

A sm all amount o f  the o i l  was then su b je c te d  to  

d i s t i l l a t i o n  under reduced p ressu re . A few drops o f  a 

y e l lo w  co lou red  o i l  d i s t i l l e d  at 140-145°C/3 mm. THe d i s ­

t i l l a t e  became deep red on standing and could not be s o l i d i ­

f i e d .  The resid u e  d id  not d i s t i l  even when heated  q u ite  

s t r o n g ly  i n  an open flame at 2 mm. p ressu re .



G i s - 1 : 2 - d i - c h lo r o a c e to x y - l  :2:3  s 4 - tetrahyd ron ap h th a len e»
(12)C h lo ra cety l  ch lo r id e  was prepared by B oescken’ s  

p r o c ed u r e . B .p .  o f  product 102-104°C. c . f .  l i t e r a t u r e  

b .p .  105°G.

A ). A s o lu t io n  o f  d l - d i s - 1 : 2 - d ih ydroxy-1; 2 : 3 : 4 - t e t r a -

hydronaphthalene (1 .1 3  g . ;  1 mole) and c h lo r a c e ty l  c h lo r id e

( 1 .6  g . ;  1 .0 2  m oles) i n  dry benzene (35 c c . )  was b o i le d

under r e f lu x  in  an apparatus c lo se d  with a calcium  c h lo r id e  

tube u n t i l  hydrogen ch lo r id e  ceased to be evolved  (seven  

hours) . The benzene so lu t io n  was v/ashed w ith  w ater, sodium 

hydroxide and again with water, dr ied  over anhydrous sodium 

su lp h a te  and concen trated . 1 .75  g .  o f  a ye llo w  m obile o i l  

was o b ta in e d .

B) . The d io l  (150 mg.; 1 mole) was d is so lv e d  in  dry 

benzene (3 c c . )  and trea ted  w ith c h lo r a c e ty l  c h lo r id e  

(250 mg.; 1 .2  m o le s ) .  The s o lu t io n  was stoppered w ith  a 

calc ium  c h lo r id e  tube and allowed to stand at room tempera­

tu re  fo r  48 hours* A fter  t h i s  time the benzene s o lu t io n ,  

which had turned ye llow  in  co lou r , was thoroughly  washed 

w ith  w ater, d i lu t e  sodium hydroxide and water, dried  and 

c o n c e n tr a te d .  An orange coloured o i l  (250 mg.) was o b ta in ed .

C ). The d io l  ( 0 .2  g . ;  1 mole) was trea ted  w ith  e h lo r -

a o e ty l  c h lo r id e  (2 .6  g . ; 10 m o le s ) . The s o lu t io n ,  which

beoame y e llo w  in  colour almost imm ediately, was a llow ed to *



stan d  a t  room temperature fo r  48 h ou rs . I t  was then  poured 

in to  a la r g e  e x ce ss  o f  i c e - c o ld  water and s t i r r e d  fo r  twenty  

m inu tes  to  d estro y  the  excess c h lo r a c e ty l  c h lo r id e .  The 

y e l lo w  o i l  which separated during t h i s  treatm ent was ex ­

t r a c te d  w ith  e th er  and the  ether  s o lu t io n  washed with  

d i l u t e  sodium hydroxide, dried and co n cen tra ted . A y e llo w  

m obile  o i l  (400 mg.) was obta in ed .

1-m enthyl amine.

1-m enthol was o x id ised  to 1-menthone^1*  ̂ . Ihe

k eton e  was converted  to i t s  o x im e^ 4'̂  and the l a t t e r  re-
(15)dticed w ith  sodium i n  a lcoh o l . She menthylamine ob­

ta in e d  in  t h i s  way i s  a mixture o f  four isom ers o f  which the  

d e s ir e d  isom er i s  present in  the la r g e s t  amount. I t  i s  

fr e e d  from the o ther  isomers by repeated  c r y s t a l l i s a t i o n  

o f  th e  mixed hydroch lor id es from w ater . fhe pure 1-m enthyl-  

amine hydroch lor ide  has m.p. 294-296°C. - 3 6 .8 °

(0 ,  0 .2 5  i n  water) .

C i s - 1 :2 - dimenthyl amino ac e to x y -1 ; 2 :3 ;4- tetrahyd ron aph tha len e .

1 ) .  A s o lu t io n  o f  1 -menthyl amine was prepared by d i s ­

s o lv in g  1 -menthylamine hydrochloride (9 .4 5  g . ;  3 .6  m oles)

i n  w ater  and t r e a t in g  w ith  the t h e o r e t ic a l  amount o f  

potassium  hydroxide (2*76 g .)«  2h-e aqueous s o lu t io n  o f  the  

amine was ex traoted  with benzene and the  benzene s o lu t io n



d r ied  over  anhydrous sodium su lp h ate . The s o lu t io n  was 

p r o te c te d  by a soda lim e tube throughout t h i s  operation*

To t h i s  s o l u t i o n  was added the  d i - c h lo r o a c e ta te  ob ta in ed  

in  (A)  above, the benzene was removed by d i s t i l l a t i o n  and 

th e  r e s id u e  heated at 140°G fo r  s i x  hours in  an apparatus 

c lo s e d  by a soda lim e tu b e . The m ixture, alm ost b lack  in  

c o lo u r ,  was c o o le d ,  poured in to  an ex ce ss  o f  d i l u t e  s u l ­

phuric  a c id  and ex tra cted  tw ice  w ith  chloroform . The 

chloroform  s o lu t io n  was washed s i x  tim es w ith  w ater to  r e ­

move a l l  r e ta in e d  1-menthylamine su lp h ate , once w ith  

sodium carbonate s o lu t io n  to  ensure th a t  no su lp h u ric  ac id  

remained in  combination w ith  the e s te r  and f i n a l l y  w ith  

w a te r .  From th e  ac id  l iq u o r  and the water washings

1-m enthylam ine was recovered as the  h y d ro ch lo r id e . The 

d r ied  ch loroform  s o lu t io n  on concen tra tion  y ie ld e d  an alm ost  

b la c k  gum from which no s o l i d  could be ob ta in ed .

2 ) .  The d i-c h lo ro  a ce ta te  (250 mg.) obtained by method

(B) above was tr e a te d  with a s o lu t io n  o f  1-menthylamine  

( 1 .1  g . ;  3 m oles) in  dry benzene in  a f l a s k  c lo s e d  with a

soda l im e  tu b e . The so lu t io n  became purple on the  a d d it io n  

o f  th e  1 -menthylamine and a f te r  standing at room tem perature  

fo r  48 hours was worked up as describ ed  above. Again a

very  dark co lou red  gum was o b ta in ed .

An attempt was made to see  whether a su lp h ate  cou ld



be formed from t h i s  gum. A p o rtio n  o f  the  gum d is s o lv e d  in  

chloroform  was shaken w ith  an ex cess  o f  d i l u t e  su lphuric  a c id .  

The r e s id u e  o b ta in ed  by concentrating  the  chloroform  s o lu t io n  

w as  a b la c k  gum. Ho s o l i d  was  obtained from th e  aqueous 

l a y e r  on c o n c en tr a t io n  t o  a small volume.

P u r i f i c a t i o n  o f  2 -a n th r o l .

To a s o lu t io n  o f  crude 2 -an th ro l i n  benzene was 

added a s o l u t i o n  o f  p ic r ic  ac id  in  benzene. lo n g  n e e d le -  

shaped c r y s t a l s ,  deep red in  c o lo u r , separated  on s ta n d in g .  

They were p u r i f ie d  by c r y s t a l l i s a t i o n  from benzene, m.p. 

155-156 °C.

Found: G, 57 .0 ;  it, 3 .1 ;  li, 10.0?t. Q20H13°81!3 rellQirea

0, 5 6 .7 ;  H, 3 .1 ;  if, 9.9J(.

The decom position o f  the p ic r a te  was  e f f e c t e d  w ith  

sodium carbonate  so lu t io n  but the separation  o f  the 2- 

an th ro l from the p i c r i c  ac id  was t e d io u s .  The crude an th ro l  

was sublim ed at 2 0 0 ° 0 / l  mm. and the sublim ate c r y s t a l l i s e d  

from b en zen e . The pure product was l ig h t  green in  c o lo u r .

I t  s o f te n e d  at — 220°G and melted w ith  decom position at

2 4 7 -2 5 0 ° 0 .

1 : 2 ;3 :4 - te tr a h y d r o -2 -a n th r o l

Pare 2 -an th ro l (10 g .)  in  e th y l  a lco h o l (100 c c . )  

was hydrogenated over copper chromite (1 g . )  a t 200°0 under



122 atmospheres fo r  seven hoars . i f  t e r  f i l t r a t i o n  from the  

copper chrom ite the a lco h o l was removed on the  water hath  

and a s l i g h t l y ,  y e l lo w  c r y s t a l l in e  m a ter ia l  ob ta in ed .

Y ie ld ,  11 g • m .p . 125-150°C. This s o l i d  was d i s s o lv e d  in  

e th e r  and thorough ly  washed with SOjt sodium hydroxide  

s o l u t i o n .  She a l k a l i  ex tract was a c id i f i e d  w ith  d i lu t e  

h y d ro c h lo r ic  ac id  and the cloudy s o lu t io n  obta ined  ex ­

t r a c t e d  w ith  e th e r -  There was thus obtained , by concen tra­

t i o n  o f  the r e s p e c t iv e  ether  s o lu t io n s ,  an a lk a l i  in s o lu b le  

and an a l k a l i  s o lu b le  p ortion  o f  the hydrogdnation produot. 

The a l k a l i  s o lu b le  product (0 -8  g . ; 8$) was yellow-brown

in  c o lo u r .  I t  was p u r if ie d  by repeated c r y s t a l l i s a t i o n  

from petroleum  e th er  (80-100°0) but the  f i n a l  product was 

s t i l l  c o lo u r e d .  M.p. 129°G.

ffounai C, 8 5 .3 ;  H, 6 .2 $ .  ° 14H1 £° r e l a ir e s  8 5 *7 ? 6 *

V.Braun^2 5  ̂ records a m.p. o f  129°G fo r  9 ,1 0 - dihydro-2 -

a n t h r o l .

The a lk a l i  in so lu b le  p ortion  (6 .1  g . ;  60$-) was

p u r i f i e d  by three  c r y s t a l l i s a t i o n s  from benzene fo llow ed  by 

two c r y s t a l l i s a t i o n s  from eth an o l. M.p* 140-142 Q.

Sound, 0, 8 5 .1 ;  H, 6 .8 $ .  Cl4 H140 req u ires  0 , 8 4 .8 ;

H, 7 .1 $ .

Y. Braun(25) records a m.p. o f  148°0 fo r  1 . 2 , 3 , 4 -te tr a h y d ro -

2- a n th r o l .



1 : 2 : 3 ; 4 - t e t r a h y d r o - 2 - a c e to x y -a n th r a c e n e .

1 : 2 : 3 :  4 - te tr a h y d r o -2 -a n th r o l  (150 mg.) was t r e a t e d  

w ith  a c e t i c  anhydride ( 0 . 5  c c . )  and th e  m ixture  h e a ted  on a 

steam b’afrh f o r  one h ou r . The s o l u t i o n ,  a f t e r  c o o l in g ,  was 

poured in t o  w ater  and th e  o i l  which se p a r a ted  e x tr a c te d  w ith

e th e r .  The e th e r  s o l u t i o n  was d r ie d  and c o n c en tr a ted ,
o / (25)y i e l d i n g  a s o l i d  r e s id u e ,  m .p . 66-70  0 .  ( c f .  v .  Braun ,

m .p . 75-76°C) .

B ic r a te  o f  1 : 2 : 3 : 4 - t e t r a h y d r o - 2 - a n t h r o l .

1 : 2 : 3 : 4 - te tr a h y d r o -2 -a n th r o l  (100 mg.) was d i s ­

s o lv e d  in  hot benzene and a s o l u t i o n  o f  p i c r i c  a c id  

(120 mg.; 1 mole) i n  h o t  benzene added. The s o l u t i o n  

im m ed ia te ly  darkened and on c o o l in g  d e p o s i te d  n e e d le -sh a p e d  

y e l lo w  c r y s t a l s .  They were p u r i f i e d  by c r y s t a l l i s a t i o n  

from benzene , m .p. 142-143°G . (O f. v .  Braun^2^ ,  m .p. 142°Gj 

Bound: 0, 5 6 .6 ;  H, 3 .9*  B, 1 0 .0 $ .  ^20^17^8%

C, 5 6 .2 ;  H, 4 .0 ;  I ,  9 . 8 $ ) .

1 : 2 : 3 , 4 - t e t r a h y d r o -2 -a n th r o l  phenyl i s o - c y a n a t e .

l : 2 : 3 : 4 - t e t r a h y d r o - 2 - a n t h r o l  ( 0 .6  g . )  was h ea ted  

on a steam  b ath  fo r  one hour w ith  an eq u im olecu lar  p r o ­

p o r t io n  o f  phenyl i s o -cy a n a te  (0 .3 6  g . ) .  On c o o l in g  a 

brov/n gummy s o l i d  was o b t a in e d . I t  c r y s t a l l i s e d  from 

eth a n o l in  g l i s t e n i n g  w h ite  p l a t e s ,  m .p . 145-146°G .

(O f. v .  Braun  ̂ m .p . 1 5 0 ° 0 ) .



Bound: G, 7 8 .5 ;  H, 6 .2 ;  U, 4 .9 $ .  ^21^19^2^

C, 7 8 .8 ;  H, 6 .2 ;  it, 4 .6 $ .

1 :2  - dihydro anthrac ene .

1 ) .  1 : 2 : 3 :  4 - te t r a h y d r o -2 -a n th r o l  phenyl i s o - c y a n a te

(375 m g.) was h ea ted  i n  a sm a ll  d i s t i l l i n g  f l a s k  i n  a m etal  

h a th .  D ecom position  began at 240°G and th e  tem perature  

was m ainta ined  at 260°G fo r  t h i r t y  m in u te s .  D i s t i l l a t i o n  

was very  /s low  and i t  was assumed th a t  d ecom p osit ion  was 

com plete  a f t e r  t h i s  t im e .  The sm a ll  amount o f  d i s t i l l a t e  

th a t  had c o l l e c t e d  to g e th e r  w ith  th e  r e s id u e  i n  the f l a s k  

was t r e a t e d  w ith  5 c c . b o i l i n g  benzene and f i l t e r e d .  The 

w h ite  in s o lu b l e  r e s id u e  m elted  a t  238-241°C and d id  n ot  

d ep ress  the  m e lt in g  p o in t  o f  d ip h en y lu rea . The f i l t r a t e ,  

which was dark brown in  c o lo u r ,  was p assed  through a 

column o f  a l k a l i  f r e e  alumina, e lu te d  w ith  120 cc . o f  b en ­

zene and f i n a l l y  w ith  50 c c . o f  a b en zen e-ch loroform  

m ixture  ( 1 : 1 ) .  The f i r s t  f r a c t i o n  o f  th e  benzene e lu a te  

y ie ld e d  on c o n c e n tr a t io n  a l i g h t  brown s o l i d  (50 m g .) ,  

m .p. 143-145°G which d ep ressed  th e  m .p . o f  1 : 2 : 3 : 4 - t e t r a ­

hydro - 2 -a n th r o l  and was the  d e s ir e d  1 : 2 - d ih yd roan th racen e .  

The l a t e r  f r a c t i o n s  o f  th e  benzene e lu a t e  co n ta in ed  unde- 

composed 1 : 2 :3 :4 - t e t r a h y d r o - 2 - a n t h r o l  phenyl i s o -cy a n a te  

(100 mg.) and th e  b en zen e-ch lo ro fo rm  e lu a t e  y ie ld e d  a t r a c e  

o f  1 : 2 : 3 : 4 - t e t r a h y d r o -2 - a n th r o l .



The y i e l d  o f  crude 1 : 2 - dihydroanthracene was i n ­

c rea sed  to  80$ by b e a t in g  a t  a h ig h e r  tem perature, 280- 

300°G, fo r  one hour.

2 ) .  1 : 2 : 3 ; 4 - t e t r a h y d r o - 2 - a n t h r o l  (4  g . )  was h e a te d  w ith

f r e s h l y  fu sed  potassium  hydroxide (4  g . j  f o r  one hour at  

180-21G°G. The product was e x tr a c te d  w ith  e th e r  and 

weighed 3 .5 5  g .  ( 9 2 $ ) .  I t  was p u r i f i e d  by su b lim a t io n  a t  

100-120°C /2  mm. and c r y s t a l l i s a t i o n  o f  the su b lim ate  from 

e th a n o l .  Y ie ld  o f  pure product 1 .5 3  g .  (4 2 $ ) ,  m .p . 147-  

148°G.

(Found: 0 , 93.4* H, 6 .7 $ .  G14H12 r e q u ir e s  G, 9 3 .3 ;  H, 6 .7 $ )

The dt-hydro anthracene i n  e th a n o l t r e a te d  w ith  a s o lu t io n  o f  

p io r ic  a c id  in  e th an o l y ie ld e d  lo n g  b r ic k  red  n e e d le s  o f  

p i e r a t e .  M.p. 112-115°G .

( v .  Braun^°^ r e p o r ts  a m .p. o f  150°C fo r  1 : 2 - d ih ydro- 

anthracene and 115°G fo r  i t s  p i e r a t e . )

( S I )
d l - c i s - 1 : 2 - d i  h y d roxy -1 :2 : 3 : 4 - tetrahyd ro  anthracene ( c f  .Q riegee  )j 

1 : 2 - dihydro anthracene (1 .4 1 8  g .»  1 m o le .)  i n  dry

e th e r  (10 c c . )  was added to  a s o lu t io n  o f  osmium t e t r o x id e  

(2 g . ;  1 mole) and dry p y r id in e  (1 .3 7  c c . ;  2 .2  m oles) in

dry e th e r  (100 c c . ) .  A brown p r e c i p i t a t e  o f  th e  p y r id in e  

complex o f  th e  osmic e s t e r  was d e p o s ite d  im m ediately  and 

was f i l t e r e d  a f t e r  stan d ing  o v e r n ig h t .



9 7 .

H y d r o ly s is  o f  the  p yr id in e  compound o f  th e  osmic e s t e r .

A s o l u t i o n  o f  the d ihydroanthracene-asm iam -pyrid ine  

addact ( 5 .8  g . )  i n  methylene c h lo r id e  (80 c c . )  was shaken  

fo r  s i x  hoars w ith  a s o l a t i o n  o f  m ann ito l (19 g . )  and
t

pc^tassiam hydroxide ( 1 .9  g . )  i n  w ater (190 c c . ) .  The 

m ethylene c h lo r id e  la y e r  was s t i l l  d e e p ly  c o lo a r e d  a f t e r  

t h i s  trea tm en t, nor was t h i s  c o lo a r  removed by se p a r a t io n  

o f  th e  m ethylene c h lo r id e  la y e r  and fa r th e r  prolonged shak­

in g  w ith  a fr e sh  potassiam  hyd rox id e-m ann ito l aqaeoas s o l a ­

t i o n .  S ince com plete  h y d r o ly s i s  c o a id  not be e f f e c t e d  in  

t h i s  manner, r ec o a rse  was had to  the h y d r o ly t ic  tec h n iq a e  

d e sc r ib ed  by G riegee^10  ̂ i n  an e a r l i e r  paper.

The m ethylene c h lo r id e  la y e r  was sep a ra ted  and 

c o n c e n tr a te d .  The c o n c e n tr a te ,  an o i l y  p a r t ly  c r y s t a l l i n e  

s o l i d ,  was r e f lo x e d  fo r  one hoar w ith  a s o l a t i o n  o f  sodiam  

s a lp h i t e  tep ta h y d ra te  (8 .1  g . )  i n  w ater (4-0 c c . )  and a l ­

c o h o l  (2 0  c c . ) .  The s o l a t i o n  was f i l t e r e d  hot and on 

c o o l in g  a c r y s t a l l i n e  s o l i d  was d e p o s i te d .  Most o f  th e  

a lc o h o l  was removed from th e  f i l t r a t e  on th e  water bath  

and a f a r th e r  crop o f  c r y s t a l s  ob ta in ed  from the aqueoas 

s o l a t i o n .  The d l - c i s - l t  2 -d i  hydroxy-1 *,2 %Z :4- tetrahyd ro  - 

anthracene was p a r i f i e d  by c r y s t a l l i s a t i o n  from benzene .

M.p. 133-135°C.

bounds 0, 7 8 .7 ;  H, 6 .6 $ .  r e l ai r e s  7 8 .5 ;

H, 6 .5 ^ .



d l-  c i s - l i 2 - d i a c  e to x y -1 :2  ; 5 :4 -  tetrahyd ro  anthrac e n e .

The d i o l  (125 mg.) d i s s o lv e d  i n  dry p y r id in e  (2 o c . )  

was t r e a t e d  i n  th e  c o ld  vdth a c e t i c  anhydride (0 - 5  c c . ) .

After~ s ta n d in g  ov ern ig h t  the s o l a t i o n  was poured in t o  i c e  

c o ld  w ater  and the  p r e c i p i t a t e ,  which s o l i d i f i e d  on rabbing  

w ith  a g l a s s  rod, f i l t e r e d .  I t  was c r y s t a l l i s e d  th ree  

t im es  from p etro leam  e th er  (60 -80°G ), m .p. 122°G. 

j?oands G, 72 . J; H, 6 .2 $ .  ^182 18^4 re<l l l i r e s  7 2 .5 ;  E ,6 .0 $ .

1 : 2 - dibromo- 1 : 2 ; 5 14 - 1 e tr  ahydro a n th ra cen e .

1 : 2 - dihydro anthracene ( 0 .5  g . ;  1 mole) d i s s o lv e d

i n  dry carbon d is a lp h id e  (10 c c . )  was t r e a t e d  dropwise w ith  

a s o l a t i o n  o f  bromine (0 .1 4  c c . ;  1 mole) i n  carbon d i ­

sa lp h id e  in  th e  c o ld .  On removal o f  th e  carbon d is a lp h id e  

an o i l y  s o l i d  remained and was c r y s t a l l i s e d  from petroleam  

e th e r  (6 0 -8 0 °C ), m .p . 105-1Q6°C. Y ie ld ,  750 mg. (80$) . 

lo a n d j 0, 4 9 .4 ;  H, 3 .7 ;  Br, 4 7 .3 $ .  c i 4Si 2B*g r e q u ir e s

G, 4 9 .4 ;  H, 3 .5 ;  Br, 4 7 .1 $ .
(25) o( v .  Brann record s  a m .p . o f  102 0 fo r  t h i s  d ib rom id e).

1 (2 )  -b rom o-2 (l)  -hydroxy-1 *2; 3 : 4 - tetrahydro  anthracene .

l :2 -d ib r o m o - l:2 j3 j4 - te tr a h y d r o a n th r a c e n e  (200 mg.)  

was d is s o lv e d  in  aceton e  and as mach w ater added as  would 

not cau se  a permanent t u r b i d i t y .  The s o lu t io n  was main­

ta in e d  at 50-6G°C w h ile  magnesium carbonate (100 mg.) was



added over a p er io d  o f  two and a h a l f  h o u rs .  The s o l u t i o n  

v/as f i l t e r e d  hot and the a ceton e  d i s t i l l e d  from the  f i l ­

t r a t e .  The broY/n o i l  Y/hich separated  from th e  aqueous 

s o l u t i o n  was e x tr a c te d  w ith  e th er  and the e th e r  e x tr a c t  

d f ie d  and c o n c e n tr a te d . The s o l i d  o b ta in ed  (140 mg.,

85$) was c r y s t a l l i s e d  from petroleum  e th er  (60 -8 0°C ),  

m .p. 1 0 2 -1 0 S °0 .

j?oundj 0, 6 0 .6 ;  E, 4 .8 $ .  r e q u ir e s  G, 6 0 .6 ;

E, 4.7$.

d l - t r a n s - 1 :2 - d ih ydroxy-1 a 2: 5 :4 -te tra h y d ro  a n th ra cen e .

The hydroxybromide (0 .4 5 6  g . )  was r e f lu x e d  f o r

fou r  hours w ith  a s o lu t io n  o f  potassium  hydroxide (0 -1 4 5  g . )

i n  water ( 8 .5  c c . ) .  The coo led  s o lu t io n  v/as sa tu ra te d

w ith  sodium su lp h a te ,  a c i d i f i e d  and e x tr a c te d  w ith  e th e r .

The e th er  s o l u t i o n  on c o n c e n tr a t io n  y ie ld e d  a r ed d ish  o i l

which p a r t ly  s o l i d i f i e d  on rubbing w ith  benzene, m .p. 154-

158°G. Y ie ld ,  158 mg. ( 4 5 $ ) .  P u r i f ie d  by  c r y s t a l l i s a t i o n
o

from benzene, m.p. 162-163 G.

R ea ct io n  o f  1; 2- dihydro anthrac ene w ith  le a d  t e t r a - a c e t a t e .

le a d  t e t r a - a c e t a t e  v/as prepared by th e  method o f  

Dimroth and Schw eizer^*^  and c r y s t a l l i s e d  from a c e t ic  a c id ,  

d i s t i l l e d  over chromium t r i o x i d e .  To a m ixture  o f  l e a d  

t e t r a - a o e t a t e  ( 1 .2  g . j  1 mole) i n  a c e t i c  a c id  (20 c c . ,



d i s t i l l e d  over chromium t r i o x i d e )  was added ls2 -& lh yd ro -  

anthracene ( 0 .5  g . ;  1 m o le ) .  The m ixture  was m ain ta ined

at 80-90°G fo r  one hour, by which time a l l  the le a d  t e t r a ­

a c e ta t e  had been  used up ( t e s t e d  w ith  water) . The m ixture  . 

was a llow ed  to  c o o l ,  poured in to  a la r g e  volume o f  w ater  

and e x tr a c te d  w ith  e th e r .  The e th e r  e x tr a c t  was washed 

fo u r  t im e s  w ith  w ater  and once w ith  b ica rb o n a te  s o l u t i o n .

The combined water washings were n e u t r a l i s e d  w ith  sodium 

b ica rb o n a te  and e x tr a c te d  w ith  e th e r .  The combined e th e r  

e x t r a c t s  were d r ied  and c o n c en tr a ted , y i e ld in g  a r ed d ish  

o i l  (0*65 g . ;  7 8 $ ) .  The o i l  v/as r e a d i ly  s o lu b le  in

benzene, chloroform  and carbon t e t r a c h lo r id e  and in s o lu b le  

in  petroleum  e th e r .  I t  did not s o l i d i f y  on rubbing w ith  

any o f  th e s e  s o lv e n t s ,  nor d id  su b lim a t io n  a t  1 mm. p ressu re  

y i e l d  any s o l i d .  The o i l  (560 mg.) was th e r e fo r e  h y d ro ly sed  

by h e a t in g  f o r  15 m inutes on a b o i l i n g  water bath  w ith  0 .7  1  

m eth anolic  potassium  hydroxide ( 3 3 .5  c c . ) .  Most o f  th e  

a lc o h o l  was removed under reduced p ressu re  and a la r g e  

volume o f  water was added to  the r e s id u e ,  which was then  

e x tr a c te d  w ith  e th e r .  The e th er  e x tr a c t  was d r ied  and con ­

c e n tr a te d  and the o i l y  r e s id u e  s o l i d i f i e d  by rubbing w ith

b en zen e . Y ie ld ,  320 mg. ( 8 0 $ ) .  The s o l i d  was c r y s t a l l i s e d
ofrom benzene, m .p. 160-162 G and i t  did not d ep ress  th e  m .p .  

o f  th e  d i o l  obta ined  by h y d r o ly s is  o f  th e  dibrom ide.



Found: 0, 7 8 .4 ;  H, 6 .8 $ .  r e q u ir e s  G, 7 8 .5 ;

H, 6 .5 $ .

A rep ea t  o f  t h i s  experiment on 10 g .  o f  1 : 2 - dihydro anthrac ene 

y ie ld e d ,  a f t e r  h y d r o ly s i s ,  4 .5  g .  o f  a m ixture o f  c i s - and 

t r a n s - d i o l s » By rep eated  c r y s t a l l i s a t i o n  from benzene a 

p a r t i a l  s e p a r a t io n  o f  the c i s - and t r a n s - iso m er s  was e f f e c t e d  

and a th ir d  product i s o l a t e d .  This l a t t e r  compound c r y s t a l ­

l i s e d  from benzene as f in e  y e llo w  n e e d le s ,  m.p. 281-284°G. 

Founds 0, 8 0 .4 ;  H, 4 .0 $ .

d l - t r a n s - 1 : 2 - d i a c e t o x y - l  :2> 3 : 4 - tetrahydro  anthracene .

The d i o l  (118 mg.) d i s s o lv e d  i n  p y r id in e  (2  c c . )  

was t r e a t e d  w ith  a c e t i c  anhydride ( 0 .6  c c . ) .  The s o l u t i o n  

a f t e r  s tan d in g  ov ern igh t v/as poured in to  i c e - c o l d  w ater and 

th e  o i l ,  which d id  not s o l i d i f y  on rubbing, e x tr a c te d  w ith  

e th e r .  The e th er  e x tr a c t  v/as washed w ith  d i l u t e  hydro­

c h lo r ic  a c id ,  d r ied  and c o n c e n tr a te d ,  y i e ld in g  an o i l  from

which a s o l i d ,  m.p. 80-82°G, was obta in ed  on rubbing w ith  

petroleum  e th e r  ( 6 0 - 8 0 ° 0 ) .  The d ia c e t a t e  was p u r i f i e d  by 

c r y s t a l l i s a t i o n  from petroleum  e th e r ,  m.p. 85-87°C .

Found: G, 7 2 .5 ;  E, 6 .2 $ .  G18S18°4 r e ^ULi:res 7 2 .5 ;

H, 6 . 0 $ .

H y d ro ly s is  o f  the  d i a c e t a t e .

The above p u r i f i e d  d ia c e t a t e  (42 mg.) was r e f lu x e d



f o r  th ree  hoars w ith  2 .5 $  m eth an o lic  potassium  hydroxide  

( 0 .9  o e . ) .  The s o lu t io n  was poured in t o  w ater , e x tr a c te d  

w ith  e th er  and the  e th e r  e x tr a c t  washed w ith  d i l u t e  a l ­

k a l i  r d r ied  and c o n c e n tr a te d .  A c o lo u r l e s s  s o l i d  was 

o b ta in ed , m .p. 1 5 9 -1 6 2 ° .  Y ie ld ,  26 mg. ( t h e o r e t i c a l ) .

Rate o f  o x id a t io n  o f  c i s - and t r a n s - l : 2 - d ih y d r o x y - l : 2 > 3 : 4 -  

te trahyd roan thracene  w ith  le a d  t e t r a - a c e t a t e .

The p rep a r a tio n  o f  a standard le a d  t e t r a - a c e t a t e  

s o lu t io n  and th e  d e term in a tio n  o f  th e  r a te  o f  o x id a t io n  

was c a r r ie d  out i n  the same way as th a t  a lread y  d e sc r ib ed  

fo r  th e  ca se  o f  th e  naphthalene d i o l s  ( s e e  page 80 ) .

The lea d  t e t r a - a c e t a t e  s o lu t io n  was 0 .1 1 5  E .

The o x id a t io n  was c a r r ie d  out on 53 mg. o f  th e  d l o l .  Assum­

in g  th a t  one m olecu le  o f  d i o l  r e q u ir e s  one m o lecu le  o f  le a d  

t e t r a - a c e t a t e  f o r  complete o x id a t io n ,  53 mg. o f  d i o l  w i l l  

r e q u ir e  10 9 .7  mg. o f  le a d  t e t r a - a c e t a t e ,  i . e . ,  4 .3  o c .  o f

0 .1 1 5  E l e a d  t e t r a - a c e t a t e .

The r e s u l t s  obta in ed  ( s e e  F i g . 2, page 12 ) are in  

agreement w ith  t h i s  assum ption and a lso  w ith  C r ie g e e f s r u le  

t h a t  c i s - d i o l s  are more r a p id ly  o x id is e d  than t h e i r  tra n s  

i  some r i d e s .

Thus at 18 -19°0  and a d i o l  c o n c e n tr a t io n  o f  0 .01 25  

g . m o l e s / l i t r e  th e  o x id a t io n  o f  c i s - 1 : 2 - d ih y d r o x y -1 :2 :3 :4 -  

te trah yd ro  anthrac ene by le a d  t e t r a - a c e t a t e  i s  com plete in  

15 m in u tes , w h ile  a t  the same tem perature and c o n c e n tr a t io n
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th e  t r a n s - d i o l  r e q u ir e s  40 m inutes fo r  com plete o x id a t io n .

T e sts  w ith  potassium  t r i a c e t y l  o sm ia te .

Potassium  t r i a c e t y l  osm iate  was ob ta in ed  i n  s o lu t io n

by d i s s o lv in g  d ip otassiu m  te tr a m e th y l  osm iate  in  a c e t i c  
T (21 ̂a c id  J . The c o lo u r  o f  the  s o lu t io n  i s  r o y a l  b lu e .  The 

t e s t  was Carried out by adding th e  s o lu t io n  o f  the  reag en t  

i n  a c e t i c  a c id  to  a sm a ll  amount o f  the  d i o l  i n  a c e t i c  a c id .  

The r e s u l t s  ob ta in ed  are shown in  th e  f o l lo w in g  ta b le

Compound Colour change in  f 
potassium  t r i a c e t y l  j 
o sm ia te .  i

Eate o f  Change

d l - c i s - 1 x 2 -dihydroxy-
1 x 2 :3 s4-1 e t r  ahydronaphthal-
ene

i

B lue-green -red-b row n I Immediate

d l - ,  d- and 1 - t r a n s - l x 2 - d i -  = 
h yd roxy-1 ; 2 13 x4 - 1 a tr  ahydro- 
naphthalene

Blue - purple 30 m inutes

d l - c i s - 1 x2-dihydroxy-Ix2x3x4-  
i ¥ t r  akydro anthrac ene

B lue - g reen
]

Immediate

d l - t r a n s - 1 x2 - dihydroxy-  
1 s2x3 :4 -tetra h yd ro an th ra cen e  j

.....................i
Bo change —

The reagen t i t s e l f  on exposure to  a i r  very  s lo w ly  

( > 6 hours] tu rn s  p u rp le .



E s t e r i f i c a t i o n  o f  jD p-trans-1:2-d ihydro  x y - 1 : 2 :3 j4 - te tr a h y d r o -  

anthracene w ith  1 -m en thoxyacety l c h lo r id e .

The d i o l  (135 mg.; 1 mole) was d i s s o lv e d  i n  dry  

p y r id in e  (5 c c . )  and t r e a te d  w ith  f r e s h l y  d i s t i l l e d  1-menthoxy  

a e e t y l  c h lo r id e  (1  g . ;  4 m o l e s ) . The s o lu t io n  turned  purple

and a s o l i d  was p r e c ip i t a t e d  when the a c id  c h lo r id e  was added. 

Heat was generated  during the a d d i t io n ,  the  s o l u t i o n  b e in g  

c o o le d  by immersion i n  c o ld  w a te r .  The s o l u t i o n  was kept  

i n  a stoppered  f l a s k  at room tem perature fo r  40 hours and 

then  poured in to  w ater . i n  o i l  was p r e c ip i t a t e d  and e x ­

t r a c t e d  w ith  e th e r .  The e th e r  e x tr a c t  was washed thorough ly  

w ith  d i l u t e  h y d ro ch lo r ic  a c id ,  d i l u t e  sodium hydroxide and 

w ater; d r ied  and c o n c en tr a ted . The r e s id u e  was a red ,  

ra th er  v i s c o u s  o i l  which was very  s o lu b le  i n  benzene, p e t r o l ­

eum e th e r ,  e th e r ,  chloroform , carbon t e t r a c h l o r i d e ,  e th y l  

a c e t a t e ,  cyclohexane  and d ioxan, somewhat l e s s  s o lu b le  in  

a lc o h o l .  Bo s o l i d  m a te r ia l  was ob ta in ed  by treatm ent w ith  

any o f  th e s e  s o l v e n t s .  n e i t h e r  th e  o i l  nor a petroleum  

e th er  s o lu t io n  o f  th e  o i l  y ie ld e d  any s o l i d  on c o o l in g  in  

an e th a n o l-c a r d ic e  c o o l in g  m ix tu r e .

The o i l ,  d is s o lv e d  in  benzene, was passed  through  

a column o f  a l k a l i  f r e e  alumina and e lu te d  w ith  b enzene .

The r e s id u e  obta in ed  by c o n c e n tr a t in g  the  e lu a te  was s t i l l  

an o i l  from which, however, much o f  the c o lo u r  had been  r e ­

moved.
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This o i l  was r e tr e a te d  w ith  3 m o le s ,  o f  1-menthoxy- 

a e e t y l  c h lo r id e  i n  th e  same manner as b e f o r e .  On a d d it io n  

o f  th e  ac id  c h lo r id e  the  s o l u t i o n  turned green  th e n  r ed .

As b e fo r e ,  h ea t  was g en erated  and a p r e c i p i t a t e  formed.

A fte r  stan d in g  fo r  40 hours th e  s o l u t i o n  was worked up and 

y ie ld e d  a red o i l  from which no s o l i d  m a te r ia l  cou ld  be ob­

ta in e d  .

A f r a c t io n  o f  t h i s  o i l  was subm itted  to su b l im a t io n .  

At 2QQ-210°G/l mm. a y e llo w  o i l  sublimed but cou ld  not be  

s o l i d i f i e d .  A p o r t io n  (800 mg.) o f  th e  o i l  was r e f lu x e d  

f o r  th ree  hours w ith  2 .5 $  m ethanolic  potassium  hydroxide  

(9 QC.; 40£ e x ce ss )  . The methanol was removed by d i s ­

t i l l a t i o n  under reduced p ressu re  and the r e s id u e  e x tr a c te d  

w ith  e t h e r .  The e th er  e x tr a c t  was washed w ith  d i l u t e  

sodium hydroxide, d r ied  and c o n c en tr a ted . The o i l y  r e s id u e  

(250 mg.) sm elt s tr o n g ly  o f  m enthol. By rubbing w ith  ben­

zene a s o l i d  was ob ta in ed , m.p. 161-162°G, which did not  

depress th e  m e lt in g  p o in t  o f  the  t r a n s - d i o l .

E s t e r i f i c a t i o n  o f  d l - o i s - 1 : 2 - d ih y d r o x y - l ;2 : S x 4 - t e t r a h y d r o - 

anthracene w ith  1-m en thoxyacety l c h lo r id e .

The d io l  (150 mg.; 1 mole) was d i s s o lv e d  i n  dry 

p y r id in e  (10 c c . )  and tr e a te d  w ith  f r e s h l y  d i s t i l l e d  1- 

m enthoxyacetyl c h lo r id e  (525 mg.; 2 .9  m o le s ) .  The s o l u t i o n



became s l i g h t l y  v/arm and was c o o le d  i n  c o ld  w a ter . fh ere  

was no c o lo u r  p rod u ction  on a d d it io n  o f  the  a c id  c h lo r id e ,  

a w h ite  s o l i d  b e in g  p r e c i p i t a t e d .  A fte r  s tan d in g  at room 

tem perature fo r  48 hoars the  s o l a t i o n  was worked ap in  th e  

a su a l manner and a s l i g h t l y  y e l lo w  co lo u red  o i l  o b ta in ed .  

This o i l  was s o lu b le  in  a l l  the  usua l organ ic  s o lv e n t s  and 

cou ld  not be induced to  s o l i d i f y .  On c o o l in g  in  a m ixture  

o f  c a r d ic e  and e th a n o l i t  became hard and g la s s y  but d id  

not s o l i d i f y .

Comparison o f  the  d ihydride  o f  th e  o p t i c a l l y  in a o t iv e

m eta b o lic  anthracene d i o l  w ith  th e  s y n t h e t ic  d i o l s  ob ta in ed

ahove.

Compound m .p. °C | m.p. o f  d ia c e t a t e  
OC

O p t ic a l ly  i n a c t iv e  d i ­
hydro m e t a b o l i t e '1 ' 162 j£

84

d l - t r a n s - l j  2 - dihydroxy- \ 
1 : 2 : 3 j4 - te tr a h y d ro - 
anthracene [

162-163  j 85-87

d l - c i s - l i 2 - dihydroxy- j 
1 : 2 : 3 : 4 - te tr a h y d ro -  ' j 
anthrac ene j

. . . . . . . . . . I .

133-135 122
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