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I .  1STKCDUCTIGH 

The f i r s t  a l ip h a t ic  d lag o  compound was o b ta in e d  by s o h if f  

mid Meissen ( l )  in  1331, who prepared  diagooamphor from  cam p h o ris id e . 

However, th e  p r im e ip a l w orker In  t h is  f i e l d  was C u rtin s  (2 } who, s h o r t ly  

t h e r e a f t e r ,  in  1363, o b ta in ed  e t h y l  diagoaeeta.be (o fte n  c e l le d  d ia g o -  

a o e tio  e s t e r )  as a y e llo w  o i l  by th e  a c t io n  o f  n i t r o n s  ac id  cm g ly c in e  

e t h y l  e a te r  h y d ro c h lo r id e *  T h is  method is  s t i l l  th e  b e s t f o r  th e  

p re p a ra tio n  o f  e th y l  d ia z o a o e ta te  and, when a p p lic a b le ,  is  th e  p re fe r re d  

method fo r  th e  p re p a ra tio n  o f a l ip h a t ie  d ie  so compounds in  g e n e ra l*

C u rtiu s  ( 3 ) ,  in  1334, was th e  f i r s t  t o  in v e s t ig a te  th e  re a c t io n  

o f e th y l  d ia g o a o e ta te  w ith  arom atic  hydrocarbons and reached th e  f a ls e  

co n c lu s io n  th a t  no re a c t io n  to o k  p lace  between them , th e  hydrocarbon  

s e rv in g  o n ly  as an in e r t  medium in  which p y ro ly s is  o f  th e  d iage compound 

y ie ld e d  e th y l  fum arate  w ith  th e  e v o lu t io n  o f  n it ro g e n *  T h is  v iew  was 

r e t ra c te d  th e  n e x t y e a r when, w ork in g  w ith  Buchner (4 ) *  i t  was found t h a t  

e th y l  d ia g o a o e t& te , on p e r s is te n t  h e a tin g , re a c te d  w ith  bengene, to lu e n e ,  

and xy len e  w ith  th e  e v o lu t io n  o f  n itro g e n *  O ily  e s te rs  were o b ta in e d ,  

th e  s tru c tu re s  o f  which were n o t c le a r ,  and which on s a p o n if ic a t io n  

y ie ld e d  ac id s  which co u ld  n o t be c r y s t a l l i z e d *

On com pletio n  o f  t h is  w ork, C u rt iu s *  in te r e s t  in  th e  re a c tio n  

o f  e th y l  d ia g o a c e ta te  w ith  arom atic  hydrocarbons a p p a re n tly  waned* 

Buchner, however, w ith  h ie  s tu d e n ts , e x h a u s t iv e ly  in v e s t ig a te d  t h is  

re a c t io n  d u rin g  the  fo llo w in g  tw e n ty - f iv e  y e a rs *

In  1388, Buchner (5 )  suggested th a t  th e  re a c t io n  o f  e th y l  

dim goacet& te w ith  benzene was analogous t o  i t s  re a c tio n  w ith  an e th y le n io  

dou b le  bond, th e  d iago  compound adding across a double  bond in  th e



ben sen® n u c le a r  to  .for® a n itro g e n  d e r iv a t iv e  w hich s p l i t  cu t n itro g e n  

t c  y ie ld  th e  s o -c a ile d  pseudepheaylace t i e  e s te r -  On t h is  b a s is *  he 

suggested* end in  subsequent papers proved* th a t  th e  s tru c tu re  o f  pscedo- 

p h e n y l& ce tie  e s te r  was a t i c y e l i e  eye te n , a eyc ieh exad icn e  r in g  fused  

th ro u g h  two c a rto n s  to  & cyc lopropane r in g *  th e  o a r ta th o x y  group b e in g  

on th e  f re e  cyclopropane c a r to n . Sometime la t e r *  Luehner (6 ) on 

in v e s t ig a t in g  f u r th e r  th e  p ro p e rt ie s  o f  ps eudophonylac e l ic  e s te r *  showed 

th a t  t h is  s tru c tu re  was p ro b ab le  simoe i t  supported  th e  fo llo w in g  f in d in g s *  

1 - Fe©udopheny la c c t io  e s te r  tends to  r o v e r t  to  an arom atic

s tru c tu re  s in c e  an p y ro ly s is  i t  y ie ld s  g -x y le n e *  

p . F s « u d o to ly l* 0 e t io  c a te r  forms a te tra b rc i& ld e  (th e  phenyl

e s te r  a ls o  farms a te tr& b ro m id e  b u t t h is  was n o t is o la te d  

a t  t h is  t im e } *

3 *  O x id a tio n  w ith  a c id  or a lk a l in e  perm anganate o r n i t r i o  

ac id  gave s m a ll y ie ld s  o f  te re p h th a lic  a c id *

4 * Such a s tru c tu re  would r e s u l t  from  a re a c t io n  s im ila r  to

th a t  o f  e t h y l  d ia s o a c e ta te  on u n s a tu ra le d  f a t t y  ac id s *  

nam ely fo rm a tio n  o f  a p y ra s o lin e  o a rb o xy li©  e s te r  w ith  

subsequent e l im in a t io n  o f  n it ro g e n *  th e  n itr o g e n  c o n ta in in g  

a d d it io n  produot in  th e  ease o f  arom atic  hydrocarbons has 

n o t W e n  is o la te d *

Am in d ic a t io n  o f th e  l a b i l i t y  o f th e  pseudophenylaoctio  e s te r  r in g  system  

was a ls o  o b ta in e d  a t  t h is  t im e *  Ammonolysis o f  th e  e s te r  y ie ld e d  a  

c r y s t a l l in e  amid# which* l i k e  th e  sodium s a l t  and e s te r *  gave th e  

c h a r a c t e r is t ic  te s t  w ith  ooneentraced s u l f u r ic  ac id  and was im m ed ia te ly  

o x id is e d  by perm anganate* However* h y d ro ly s is  o f  th e  amide w ith  d i lu t e  

a l k a l i  y ie ld e d  a  c r y s t a l l in e  u n s a tu ra te d  a c id  which gave a y e llo w  c o lo r



w ith  s u l fu r ic  ac id  and was s ta b le  in  a i r .  T h is  le d  t o  an e x h a u s tiv e  

in v e s t ig a t io n  by Buchner and h is  c©workers (7* d , 9 , 10, 11, 1?, 13) 

and e th e rs  (l& > o f  th e  rearrangem ents undergone by t h is  system . I t  m s  

found t h a t ,  depending, on e x p e rim e n ta l c o n d it io n s , th e  psaudophenylaaetio  

ac id  r in g  system , in  th e  presence o f  a l k a l i ,  co u ld  he made t o  undergo  

rearrangem ent in to  any one o f  fo u r  iso m eric  e y e lo h e p ta tr le n e  c a rb o x y li©  

a c id s . That th ese  rearrangem ent products w ere , in  f a c t ,  e y e lo h e p ta tr ie n e  

o a rb o x y li©  ac id s  was e a s i ly  con firm ed s in c e  th e y  form ed a d ihydrobrom ide  

w ith  hydrogen brom ide, a te trab ro m id ©  w ith  brom ine in  g la c ia l  a c e t ic  a c id ,  

and on com plete re d u c tio n  form ed th e  w e l l  known eyelohept&»®o©rboxy 1 ic  

a c id .  The r e l a t i v e  p o s it io n s  o f th e  double bonds in  th e  fo u r  isom cri©  

eyelohepfc a t r  ien e © a rb o x y lie  ac ids w ere , however, n o t so e a s i ly  e s ta b lis h e d ,  

and, a lth ough  th e  isom ers were is o la te d  and c h a ra c te r is e d , th e  s tru c tu re s  

w ere assigned by d ed u ctio n  r a th e r  th an  by p ro o f .

In  1900, B raren and Buchner ( 1 5 ) ,  from  analogy to  von Bayer* s 

(1 6 , I? )  s t r u c tu r e  o f  oarone suggested th a t  compound® o f  th e  pseudo- 

phenyl mo e t  i© a c id  ty p e , th a t  i s ,  those which c o n ta in  a th re e  sae sabered 

carbon ring: fu s e d  to  a s ix  member carbon r in g ,  fo rm ing  a seven carbon  

P e r ip h e r ie ,  be named as d e r iv a t iv e s  o f  a p a re n t hydrocarbon, n o rc a ra n e . 

Thus, pseudopheny lacetic  bee am© / —X  -n o re a ra d ie n © -7 -© a rb o x y lie  a c id .

In  s p it®  o f  von B a yer's  ( id )  suggestion  o f  a more r a t io n a l  system o f  

nom enolatur® , the  t r i v i a l  nom enclature has p e rs is te d  and sine©  th e  l a t t e r  

was used e x c lu s iv e ly  by Buchner, th e  p resen t au thor w i l l  c e n tin u e  to  use 

i t .

The f i n a l  paper o f  Buchner (1 9 )  on n o r© arad len e© arb o xy lie  a c id ,  

c u lm in a tin g  s ix te e n  yea rs  o f in te r m it t e n t  rese arch  on t h is  conpound and 

i t s  d e r iv a t iv e s ,  appeared in  1 9 0 1 . Bn t h is  pap er, h© proved th e  s t r u c tu r e



o f  n o ro a ra d ie n eo arb o xy 1 1 © a©id beyond reasonab le  doubt and p resen ted  

mush o f  i t s  c h e m is try * ihe  ao id is  m o d era te ly  s ta b le  I w ith  s u lfu r  io  

&eid i t  g ives  th o  ebar«.ot e r  i  s t ie  red  c o lo r  I on s ta n d in g , th e  c o lo r  

changes f i r s t  t©  v i o l e t ,  th en  t o  b lu e ,  and f i n a l l y ,  in  s e v e ra l days, 

t o  g o ld , Cn lb rest in  a t  io n , th e  a c id  y ie ld s  f i r s t  a d ib ro m id e  which s t i l l  

g ives  th e  c o lo r  t e s t  w ith  s u l f u r ic  a c id  and im m ed ia te ly  reduces a lk a l in e  

perm anganate. On fu r th e r  fer oat in  a t  io n , i t  y ie ld s  a te tra b ro rs id ©  which  

g ives  no c o lo r  t e s t  and is  s ta b le  t o  perm anganate. Both bromides cm 

tre a tm e n t w ith  s loe in  a c e t ic  ac id  a re  con verted  in to  th e  o r ig in a l  

a c id .  Thus, th e re  a re  two cub ie bonds in  th e  m o le c u le . O x id a tio n  

w ith  c o ld , a c id  permanganate g ives  t r a s s  1 • ? ,  3 -o y c lo p ro p « n © tric a rb o x y 1 io  

a c id ,  ben so le  ac id  and s m a lle r  amounts o f  te r e p b th a l ic  and g h th a iic  

a c id s , A c a r e fu l  exam in a tio n  o f  th e  s o re  p robab le  s tru c tu re s  fo r  th e

r e a c t io n  produet showed th a t  o n ly  the s t r u c tu r e  -m o ro arad ien © *? -

©a rb o x y lie  a c id  ( I )

f i t t e d  a l l  th e  f a c t s .  F u rth erm o re , s in ce  tram s 1 ,© ,^ -© yelopropan© - 

t r ic a r b o x y l ic  ac id  was o b ta in ed  cm o x id a t io n *  th e  o r ig in a l  r e a c t io n  

product must be th e  tra n s  isom er, t b i t  i s ,  on th e  cyc lopropane r in g  

th e  ©arboxy1 group must b e a r a t ra n s  r e la t io n  to  th e  phenyl group .

above, Buchner showed t h a t  th e  nore&r&diom® system  was c a p ab le  o f  

undergoing some in te r e s t in g  rearran g em en ts , Thus, th e  am ide, on 

tre a tm e n t w ith  © onoentrated  s u l fu r ic  a c id ,  rearrang ed  to  p h e n y l*  

© eetam ide, whereas cm h ea tin^ . w ith  sodium hy c ro x id e  s o lu t io n ,  i t

re a rra n g e d  t o  o y e lo h e p ta tr ie n e o & rb o x y lie  a c id  (a lp h a -is o p h e m y l

( I )

CMC COB

In  a d d it io n  to  -..he b ro m in a tio n  and o x id a t io n  s tu d ie s  m entioned



a e e tio  a c id ) *  The e th y l  e s te r  on h e a tin g  to  1,5 0 °  in  an e v a cu a ted  tube

y ie ld e d  e y © lo h e p ta tr ie n e  c a rb o x y lic  e th y l e s te r  (b e ta -is© p h e& y 1

a o e tic  e s t e r ) *  That t h is  re a c t io n  began a t a low er te m p era tu re  th a n

tam in e ted  w ith  th e  b e ta  e s te r *  The f r e e  ac id  a ls o  rearran g ed  t o  th©  

b e ta  a c id  on h e a tin g  w ith  w a te r a t  1 5 0 - 1 6 0 ° •

H aving c lin c h e d  th© s tru c tu re  o f  th e  product from  th©  r e a c t io n  

o f  benzene w ith  ethy l, d i& s o a o e t» te * Buchner (? € ) n e x t proved th© s t ru c tu re  

o f  th e  p ro d u cts  fro ®  th© re a c t  ion  o f  to lu e n e  w ith  © th y l d ia s o a c e t a te * a 

r e a c t io n  which he end h is  c©workers (4 * 6 )  had s tu d ie d  p re v io u s ly *  Two

e s te rs  were formed In  f a i r  y ie ld *  3 -m e th y l-  m o rc a ra& ie n ecarb o xy lie

e t h y l  e s te r  (X X )* and 4 - ® e th y l -  y o lo h e p ta tr ie n e c ^ rb o x y ii©  e th y l

They were sep ara ted  by tre a tm e n t w ith  ammonia# whereupon th e  form er* 

w ith  th e  ©arboethoxy group on a secondary carbon* was co n verted  to  an 

am iae. whereas th© l a t t e r *  w ith  th© ©arboethoxy group on a t e r t i a r y  

carbon* was u n a ffe c te d *  Th© b ic y o l ic  amide gave th e  c h a r a c t e r is t ic  

c o lo r  re a c t io n  w ith  c o n c e n tra te d  s u l f u r ic  a c id  and tu rn e d  y e llo w  s lo w ly  

in  a i r *  The p o s it io n  o f  th e  m eth y l group in  (1 1 ) fo llo w e d  from  h y d ro ly s is  

w ith  3 0  p e rce n t s u l f u r ic  ac id  which y ie ld e d  o n ly  met© and p ara  t o ly la o e t lc  

acid® * T h is  f ix e s  th e  m ethy l group in  th e  th re e  p o s it io n *

th e  r e s u l t s  o f  a s tudy o f  th e  refection  o f  n ap h th a len e  w ith  e th y l  d ia io -  

an e tr*te * The o n ly  re a c t io n  p rodu ct* b en s n © re a re d ie n e e a rb o x y lie  e th y l

1 5 C° was shown by th© fa c t  th a t  th e  re a c t io n  jvroduot was always con

es t e r  ( I I I ) . coo

( I I ) (XIX)

A t th e  tim e  o f  the  to lu e n e  s tu d y* Buohner (? 1 ) a ls o  p u b lish ed



e s te r  { IV }  was c h a ra c te r is e d  by i t s  r e la t i v e  s t a b i l i t y  sad s m a ll
H

-CHCGOCfcH*
■E

( IV )

tenden cy t o  re a rra n g e * The p rodu ct was u a s a tu r^ te d  and formed a

s a tu ra te d  d ib ro m id e* I t  gave o n ly  a s l ig h t  c o lo r  w ith  s u l f u r ic  a c id *

The s t r u c tu r e  o f  th e  a d d it io n  produ ct was proven by o x id a t io n  w ith

perm anganate t o  i~ { ?  •e a rb o x y p h e n y l)tra n s -o # 3-*oy© lo p ro p a n e d lo a rb o x y lie

a c id *  The l a t t e r  was th en  degraded to  l,:P ,3 « tra & e '”o y e lo p ro p a n e tr l~

c a rb o x y lic  s o ld  by n i t r a t io n *  re d u c tio n  o f th e  n l t r o  compound t o  th e

amine* and o x i d a t i o n  o f th e  amine*

B uchner (? ? ) n e x t  s t u d i e d  t h e  r e a c t i o n  o f  m *xyiene w ith  © th y l

d ia s o s e e t& te . From th© f a c t  t h s t  o n ly  one b io y c l ie  a d d it io n  product

was form ed from to lu e n e *  n am ely  t h e  one  i n  w h ich  t h e  c y c lo p r o p a n e  r i n g

was in  th e  most rem ote p o s it io n  from  th e  m eth y l group* o n ly  one o f  th e

th re e  p o s s ib le  isom eric  b ieye  l i e  a d d it io n  p rodu cts  w ith  a«»xylene was

e n t ie ip a te d *  Th is  proved to  be th e  ess© when th© o n ly  products is o la te d

were / —1* - 3 *5 ~ d im e th y la c rc & ra d ie n e -7 *c a rb o x y 1 ic  e th y l  a s te r  (V ) and
y \ > '5.7

.its  rearrangem ent p rodu ct X  - 3 *5 *d im ethy lcy©  io h e p ta t r ie n e -  

c a rb o x y lic  e t h y l  © sto r (v x ) •  A lthough th e  b io y c l ie  a d d it io n  proo.uat

CHCOOC*Hb

CHg
cH,

(V ) ( V I )

from  to lu e n e  formed an amide oaa tre a tm e n t w ith  ammonia* th e  one from  

a -x y le n e *  s tra n g e ly  enough, d id  n o t .  The amide® o f bo th  (V ) and (V I )



■mmm f i a & l i y  p rep ared  tey s « ft*fts ly s i#  a f  th #  a * t h y l  e s te r s  s b ts ia s d

t h r o a t  »$# o f  m ethyl d is s s a s e t »t«* ?fc* b te y e l l#  estld# rsdwssd

feat* oddly enough., |mr# n& eolor with ssaftssaitretsd s&ifmrle

«e id# I t  «**• hydro iy*,«4 ea iy  * low ly with th ir ty  p srssa t sa lfa r I#  wold

to i t s  rssrrsafsaswt prods*! 2 * d -dimethyl ph«ay 1 «s«t lo no id* Oft trsmt-
y s |# 4 * T

smftt w ith  f i r #  psros iit ssdis® h yd ro x id e  I t  was ssao srtsd  t *  / —l  • 1 ,5 *

dtXttttyJ*y*lc&*g&«tri#ii***rb*xyllo «*ld wft*r«*s on refXsxl*£ fire to
y s j . 4 .?

Six hoars with six psroenh sodium hydroxide* / - a  • 5»d lost hyley© Is *

h*ytmhrl«o*o*rlH»;Kylle sold was ©bimimed* As osaml* th# *y*laik#ytotrl*»w 

dorlvotlwo* rsdsssd potsiaA&sBttto o&d &»*» sm iato&s* yellow ooior with

SttlfMrio aoid*

The a s x t s ro a a ti©  hydro*#rfeen to  b# s tu d ie d  by l« *h *s *r  (?$}

was p-xyleia#* As wee ox?*ot#4 .from th* toluene and *-xyi#&# studies*
A ? *^

o n ly  b teyuA io  addition* prods©t was o b ta in ed * / —-X -*>*5  d im e t h y l*  

x s rs s rsd iism sftrh sxsrlls  e s te r  ( V I I >* T m  ro « rr*J i£o a*& t p ro d s *!*  were

ca *

a ; CMCOO€3 Bj,V a
C m )

a l s o  I s o l a t e d *  n a m ely *  i&  t h o  o r d s r  o f  y i e l d s *  /  \  5 ~ d i i * e t b y l -  

sysXehsp& stJ'isfts-^^ssjrbsxyiis e s te r  ( t i l l )  sad p ^ s s th y lh y irs s U m s s ls  so ld  

Cl A}* I t  wee fosmd th a t  th #  reorram^ sw eat yr©duets sea Id  h# awelded i f

ooc ,y / C8«CTS*CG0C-B;

( v i i i )  £ %  a x )



th #  re a c t io n  «ere  n o t a llow ed  to  go to o  lo n g . Th# b ieyc  l i e  amid# showed 

th e  c h a r a c te r is t ic  e o lo r  w ith  s u lfu r  io  ao id  and reduced perm anganate.

The b ie y e l ie  system showed th e  u su a l l a b i l i t y ,  , 5 ^ 1 ^ h h y l ~

©y© lo h e p t a t r  3 erne*?"■carboxylic sold be in g  formed by h e a tin g  th e  b icy© l i e  

e s te r  f i f t e e n  t o  t h i r t y  hours w ith  f i f t e e n  p ercen t s u l fu r ie  a o id , h e a tin g

w ith  w a te r a t  160-17© °. By h e a tin g  th e  b io y c l ie  amide m. th® w a te r  bath

w ith  f i v e  p ercen t sodium h y d ro x id e , , 5  ~d io© thy1©yo 1 © h e p ta tr1 ene-

7 -o e r to x y i ie  ao id  fa® form ed. A ls o , hy h y d ro ly s is  o f  th e  b ie y e  l i e

js ,5 *d im etjay lp h #n y l a c e t ic  ac id  was form ed. S im ple p y ro ly s is  o f  th e  

h i#  ye 1 1# e s te r  y ie ld e d  p-m ethyIhydrooixm am io a o id *

Buchner (2 4 ) •  ^ inoe p rev io u s  work had shown t h a t  e th y l  d ia s o a e e t& te  

n e v e r added to  an arom atie  hydrocarbon in  such a way t h a t  a t e r t i a r y  

carbon was form ed, th e  re a c t io n  w ith  m e s ity le n e  was o f  e s p e c ia l in te r e s t  I 

i f  th e  u su a l b ic y o li©  e s te r  w ere to  be form ed, a t e r t i a r y  carbon would  

be n e c e s s a ry . I t  was found t h a t ,  in  agreem ent w ith  th e  t e r t i a r y  carbon  

r u le ,  no b ie y c  l i e  a d d it io n  p rodu ct was o b ta in e d , a o y e lo h e p ta tr le n c *  

o a rb o x y lio  e s te r  end i t s  rearrangem ent p ro d u c t, is e s ity l e th y l  a c e ta te  

b ein g  th e  o n ly  products is o la te d .  Buohner b e lie v e d  th a t  th e  b ie y o i ic  

e a te r  formed f i r s t  b u t because o f  th e  t e r t i a r y  carbon, was u n s ta b le  

and rea rran g ed  im m ed ia te ly  in to  th e  seven o&rbcn r in g .  The e y o lo -  

h e p ta tr ie n e c  .rb o x y lic  a o id  oould be co n verted  t©  m e s lty l a c e t ic  ac id  

by h e a t ,  ao id  o r a l k a l i .

The re lu c ta n c e  o f  e th y l d la s o a e e ta te  to  add to  an a r ©static 

hydrocarbon in  such a way as to  form  a  t e r t i a r y  c rbon was demonstrated.

in  vacuo a t  1 6 0 - 1 7 0  f o r  te n  h o u rs , or by h e a tin g  th© amide in  vacuo

amid© or e s te r  o r th© ao id  w ith  f i f t y  p e rc e n t s u lfu r  io  ae id .

lie s ity le a ©  was th e  la s t  arom atic  hydrocarbon to  be s tu d ie d  by
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eonae time later by Smith (?5) h©» he studied the reaction of ethyl-

diaseaeot&te with dureo© and obtained as the only produet ?,iu5~b*i- 

aethylhydreel&aanie aoid* There was however Indication of an uns&turated 

e on t am in net of the main produot since before ooaplete purification the 

product reduced permaugiEaate and gave an orange-red oolor with sulfuric 

acid* changing to blue in a few minutes*



1 0.

II. bisct?&s icif

The add i t  ion  o f  e th y l d iaso a ee ta t©  t©  th e  mononuelepr m i  

b in u e le a r  a ro m atic  hydrocarbons h av in g  been aeoom piished w ith  c o n s id e r -  

ab le  success* i t  became o f  in te r e s t  to  determ in e  i f  th e  re s e t io n  cou ld  

be extended t o  t r l& u e le a r  arom atic  hydrocarbons. Th© purpose o f  th e  

p rese n t work was t o  in v e s t ig a te  th e  re a c t io n *  i f  any* between e t h y l  

d ia io a c e ts te  and phext e n th ro n e . Because o f  th e  pronounced e th y le n io  

c h a ra c te r  o f th e  9 * 1 0  bond o f  phenanthrene a more s tra ig h tfo rw a rd  

re a c t io n  w ith  t h is  hydrocarbon cou ld  reaso n ab ly  be expected then  w ith  

th e  isom eric  a n th ra c e n e ; hence* th e  ch o ice  o f  th e  hydrocarbon .

Buchner and h is  ©©workers u s u a lly  c a r r ie d  out th e  re a c t io n  © f 

e th y l  d ia s o a c e t» te  w ith  aro m atic  hydrocarbons by em ploying a  w eight 

r a t io  o f  hydrocarbon to  e s te r  o f  e ig h t  or te a  to  one and r e f  lu x  la g  

th e  m ix tu re  fo r  s e v e ra l h o u rs . In  th e  case o f  n a p h th a le n e * Buchner

(5>1) found th a t  v e ry  low  y ie ld s  o f  th e  d e s ire d  p roduct was o b ta in ed

by t h is  te c h n iq u e . Th© c h ie f  re a c t io n  was ae If-eom dens a t io n  o f  th e  

e s te r *  a re a c t io n , th a t  Buchner (2 6 )  had observed in  e a r l i e r  work and 

one* in c id e n t a l ly ,  th a t  Loose (27) found co u ld  be c a ta ly s e d  by copper 

powder. I f  th e  e s te r  w ere dropped s lo w ly  in to  & c o n s id e ra b le  excess o f  

h o t n a p h th a le n e , however, f a i r  y ie ld s  o f  th e  d e s ire d  product was 

o b ta in e d . T h is  tech n iq u e  a ls o  proved t©  be s a t is fa c to r y  in  th e  case o f

durene (^ 5 )  and was, th e r e fo r e ,  adopted fo r  th e  re a c t io n  w ith  phenaxithi ene•

By us® o f  th®  drop  method o n ly  a ve ry  s m a ll q u a n t ity  o f  th© e s te r  is  

exposed t©  th® t o t a l  amount o f  hydrocarbon a t  any tim e . and* th e r e fo r e ,  

a s m a lle r  excess o f  hydrocarbon is  needed . For t h is  reason i t  was 

p o s s ib le  io  employ s a t i s f a c t o r i l y  a m olar r a t i©  o f  o n ly  f i v e  o f  hydro

carbon t©  can© o f  e s te r .
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Th# io a  o f e th y l  d ie t  ©so s ta te  ^itfa. pheuamthrmn©

o ccurred  sm oothly a t 145-15£ '°* The course o f the r e a c t  io® wet fo llo w e d  

by m easuring th e  n itro g e n  © volvad* th e  r e a c t io n  s ta r te d  w ith in  a few  

u ku tto fi a f te r  th o  a d d it io n  o f  the  f i r s t  o f  th e  e s te r  end was comple t #  

in  about f i f t e e n  m inutes a f t e r  th e  a d d it io n  o f  th e  le s t  o f  the e s te r *

I f  a  o on a t taut r a te  o f a d u it iw a  o f th e  e s te r  was m ain ta ined# n itro g en , 

was evo lved  a t  a consbant r a te *  T h is  o b s e rv a tio n  is  o f  in te r e s t  because 

in  th e  a d d it io n  o f  e t h y l  d iscos#  © tu t#  t o  n ap h th a le n e  ( f  i ) ,  th e  n itro g e n  

was a ls o  evo lve d  in  a s tead y  stream , w hereas, in  th e  a d d it io n  o f  th e  

e s te r  to  durene vS?5) th e re  was an induct icaa p e rio d  o f  about t h i r t y  

m inutes d u r in g  which no n itro g e n  was evo lved  end a f t e r  which © v o lu tio n  

s ta r te d  s lo w ly , re a c h in g  a maximum a t th e  f i f t h  h o u r* There  is  no 

ap p aren t reason f o r  t h is  d if fe r e n c e  and no e x p la n a tio n  can be o f fe re d  

by th e  p re s e n t a u th o r*  The r e g u la r i t y  o f  th e  n itro g e n  e v o lu t io n  in  

t y p ic a l  runs is  shorn in  r ip e .  1 a rd  J? la  th e  e x p e rim e n ta l s e c tio n  o f  

th e  th e s is *  i t  should  be p o in te d  out th a t  th e  volume o f  n itro g e n  evo lve d  

is  n o t n e c e s s a r i ly  & measure o f  th e  progress o f  th e  r e a c t io n , b u t r a th e r  

a measure o f  th e  d isappearance o f  th e  e th y l  d ia s o a c e tu te  from  th e  

re a c t io n  m ix tu re  through a^ewer&l re a c t io n s , na /ae ly , th e  d e s ire d  o o » -  

den s& ticn  o f  th© e s te r  w ith  th #  hydrocarbon , se lf"o o au eto s& tiaa  o f  th e  

e s te r  to  y ie ld  © to y ! f  maturate and 1 * r» ,? .-o y© io p ro p aae irio arfeo xy lie  

e th y l  e s te r ,  and decom positions o f  unknown m ature*

A survey o f m o rearad ien e e& rb o xy lio  e th y l  e s te r  and i t s  hoaiologs 

shows th a t  th e y  are o i l y ,  h ig h -b o i l in g  l iq u id s ,  d i f f i c u l t  t o  o b ta in  

pur# sad p ro b a b ly  th e  le a s t  in te r e s t in g  o f  th e  v a r io u s  d e r iv a t iv e s .  I t  

was f o r  th e s e  reasons th a t  th© product from  th#  r e a c t io n  o f  e th y l  

d ia s o a c s ta te  w ith  ph#nenthrone was is o la te d  from  th e  re a c t io n  m ix tu re



a s  th e  f re e  a o id  r e th e r  th an  as th e  e s te r *  Th is  was done b y  s a p o n ify in g  

th© whole re a c t io n  m ix tu re  w ith  a lc o h o lic  sodium h y d ro x id e , renew ing  

th e  a lc o h o l under reduced p re s s u re , and e x tr a c t in g  th e  sodium s a lt  o f  

th e  so ld  from  th e  re s id u e  w ith  h o t w a te r*  A c id i f ic a t io n  o f th e  e x t r a c t  

y ie ld e d  th e  crude ao id * A lt h o u g h  f u l l y  aware o f th e  ready r e a r r a n g e m e n t  

o f  n o re a ra d ie n e  d e r iv a t iv e s ,  e s p e o i& ily  w ith  h ea t and in  the presence  

o f  a l k a l i ,  we f e l t  from  a c o n s id e ra tio n  o f  th e  p ro p e rt ie s  o f b e n tn o re e ra *  

d ie n e o & rb o x y lie  e t h y l  e s te r  and p a r t ic u la r ly  fro ®  the  f a c t  th a t  i t  shows 

no tendency to  re a rra n g e , th a t  th© presence o f  two benzene n u c le i  would  

make th o  m olecu le  eves aor« s ta b le *  (Buchner a t t r ib u t e d  th© g re a t  

s t a b i l i t y  o f  bensaorearad ie n e c a rto x y 1 io e th y l e s te r  to  th© presence  

o f  th© bensene n u c l e u s } *  That t h is  reaso n in g  was c o rre c t  was shown 

s u b s e q u e n t l y  when th e  re a c t io n  product aoid. proved to  be a n o re & ra d ie u *  

d e r iv a t iv e *  I t  m ight be argued th a t  r e a r r a n g e m e n t  s ig h t  have occurred  

in  th e  re v e rs e  m eaner, th a t  i s ,  a e y e le h e p ta tr le s s © c a rb o x y lic  e th y l  e s te r  

d e r iv a t iv e  o r p h e n a a t -h r e n e  e th y l  e e e t e t e  was formed f i r s t  and than  

rearran g ed  in to  a n e re a re d le n e  d e r iv a t iv e  upon s a p o n if ic a t io n .  Th?; t  

t h is  cou ld  n o t I©  th e  case is  e a s i ly  seen by a c o n s id e ra tio n , o f  th e  

aaecbamissi o f  th e  r e a c t io n *  The d ia s c  e s te r  adds to  a double bond in  a 

1 ,3  i ® £ e r *  to  fo r®  © p y ra s o lis e  o a rb o x y iie  e s te r  which a t th e  tem p era tu re  

o f  th e  re a c t io n  lo ses  n itro g e n  spentaneously t o  fo r®  a d e r iv a t iv e  o f  

e y c lo p ro p e n e o a rb o x y lie  e s t e r .  Thus a cyclopropane d e r iv a t iv e  Is  formed  

f i r s t  and th e  e y e lo h e p ta tr ie n e  or o th e r  d e r iv a t iv e s  found in  th e  re a c t io n  

m ix tu re  must n e c e s s a r i l y  b© r e a r  ran ge&ent products o f  th e  o r ig in a l  eye 1 ®~ 

p ro p aaee& rb o xy lie  e s te r *  The p r o b a b i l i t y  o f th e  eyelopropan© a d d it io n  

produst h av in g  re a rra n g e d  in to  a e y e lo h e p ta tr lo n e  or o th e r  isom er d u rin g  

th e  eondefis&ticsa re a c tio n  and then  undergoing a re v e rs e  rearrangem ent



w ith  th e  re e s ta b lis h m e n t o f a cyclopropane r in g  1 © e x tre m e ly  s m a ll*

Ho such e a s e s  a r e  Jm om  among t h e  n o r o a r a d i e n e  d e r i v a t i v e s  and t h e  

a u t h o r  knows o.f non© o c c u r r i n g  e lss ra -h e re .  Sine® a  n o ro  a r  ad ion o 

c & rh o x y iio  a c id  was o b ta in e d  on u a p o n i f i o a t ion o f  t h e  e s t e r ,  t h e  l a t t e r ,  

beyond  r e a s o n a b l e  2oub t,  must h av e  been  a a c r e a r a d isneo arboxyXio e s t e r *

The c ru d e  a o id  i s o l a t e d  from th e  r e a c t i o n  m ix tu re  as d e s c r i b e d  

above was e<m tam inated w i th  a d a rk  brown, g u say, a c id ic  m a t e r i a l ,  t h e  

comp oil on i s  o f  w hich  were n o t  i d e n t i f i e d *  T h i s  r e s i d u e ,  -which is  

a h u r a c t e r i s t i o  o f  a l l  s i m i l a r  r e a c t i o n s  i n v o l v i n g  e t h y l  d ia s o & o e ts h e ,  

c o n s i s t s  o f  axi&sueai&lo a o id  (2 ^ ,?9 } »  fu m a r ic  a c i d ,  p y r a s o l in e - 3 * 4 * 5 "  

t r i o a r b o x y l i o  ao id  and o y o lo f r o p s n e - l .T ,3 **b r io a rb o x y lio  a o id  (^6 , 3 ^ , 3 1 , 

3 2 , 3 3 , 3 4 ) a l l  o f  w hich  are  fo rm ed  by  s e l f - o o m d e n s a t ion  o f  t h e  e s t e r *

u io cn sn o rear adtenecarhoxy 1 io  a o id , th e  o n ly  homogeneous p rodu ct 

o b ta in ed  from  th e  rea*u  ion  o f  e th y l  diet©a c e ta te  w ith  phen an th ro n e  is  a 

w h ite ,  c r y s ta l  l in e  s o l id ,  m e lt in g  w ith  dec ©capos i t i o n  a t  25?»5~2>>0 * I t  

is  in s o lu b le  in  w a te r , s l ig h t l y  s o lu b le  in  p e tro leu m  e th e r  and e a rb o n -  

t  © t ran h i  or id © , s lo w ly  s o lu b le  in  h o t c h lo ro fo rm , m o d era te ly  s o lu b le  in  

c o ld  and r e a d i ly  s o lu b le  in  h o t a lc o h o l, a c e t ic  a c id , and d io xan e , and 

e a s i ly  s o lu b le  in  a ce to n e , benzene, and e th e r *

Th© ac id  d is s o lv e s  in. c o ld  concent ra te d  s u l f u r in  a c id  w ith  th e  

fo rm a tio n  o f  a. green c o lo r  which tu rn s  to  a l ig h t  b lu e  in  a few  m inute© , 

t o  «t more in te n s e  b lu e  in  about an h o u r, and f i n a l l y  in  about tw e n ty -  

fo u r  hours to  a  p u rp le . On d i lu t io n  w ith  s e v e ra l volumes o f w a te r a 

c le a r  c o lo r le s s  s o lu t io n  r e s u lts  which reduces perm anganate in s ta n ta n e o u s ly *  

T h is  c o lo r  re a c t io n  is  o f  in t e r e s t  because i t  is  c h a r a c te r is t ic  o f  many 

© f th e  noro sir adieu© d e r iv a t iv e s * *  fu ch n e r f i r s t  used i t  w ith  n o ro a ra -  

c lie n e c a rb o x y lie  e th y l  e s te r  and i t s  d e r iv a t iv e s ,  and, from  a c o n s id e r© -



t  ion o f th© work o f Bayer ( 3 5 ) who ob ta in ed  a b lu e  o o lo r  w ith  d ih y d ro -  

te n  tone end s u l f u r ic  a c id , went i o  f a r  as t o  suggest th a t  t h is  o o lo r  

re  n e tio n  was no mere c o in c id e n c e , t u t  in t im a te ly  connected w ith  th e  

dihydrobenxezie s tru c tu re  o f  th e  n o ro a r ad. i  one m olecu le* Subsequent work 

w ith  v a r io u s  nor© © radlone d e r iv a t iv e ©  showed th a t  th e  t e s t  was mot 

i n f a l l i b l e  a lth o u g h  qatue dependable fo r  th e  miia p le r  n o re& rad ien e  

d e r iv a t iv e s • T a b le  1 g ives a com parison o f  th e  c o lo rs  o b ta in ed  w ith  

v a rio u s  n o rca ra d ie & a  d e r iv a t iv e ©  w ith  c o n c e n tra to r  s u l fu r ic  a o id *  

jxam in ah io n  o f  the ta b le  snows th a t  i t  is  d i f f i c u l t  t o  draw g e n e ra lis a 

t io n s *  Thus* th e  sim ple nor© © radten© earboxylio  a o id  g iv e s  th e  oha.ra.aher- 

i s t io  red ©hanging to  b lue# condensation  o f  on© b e u m e  n u c leu s  w ith  

th is  s t r u c tu r e ,  nam ely b en atn o ro arad ian eo arto xy lio  a c id , g ives  on ly  a  

l ig h t  y e llo w  w h ile  ©and ©as a t  ion  o f  two benzene n u c le i  w ith  th e  m o lecu le , 

nam ely d iben  znorc ar ad i  eneo u rboxy 1 ic  a c id , im p arts  n o t th e  c h a ra c te r  1s t  io  

ro d , b u t a groom in s te a d  which changes to  th e  ©her c e te r is  t i e  'blue on 

s h o rt s ta n d in g * From t h is  one m ight draw th e  in c o n s e q u e n tia l c o n c lu s io n  

th a t  th e  m&ximun v is ib le  tra n s m itta n c e  o f  th© n or© ar& d ieneo & rboxy lie  

acids w ith  s u l f u r ic  ao id  s h i f t s  tow ard th e  s h o rte r  end o f th© sp& etrua  

■with increased  e aniens a t ion  o f hensen© n u c le i *  Again, th e  a d d it io n  

o f ©a© m ethy l group to  n o ro a ra d ie n e o a rto x y 1 i© aoid  amide or e th y l a s te r  

doe# n o t change th© c o lo r  produosd w ith  s u l f u r ic  a o id , n o r do two m ethyl 

groups in  th e  2 * 5  p o s it io n s . However, i f  the  two m ethyl groups a re  in  

th© 2 , 4  p o s it io n ,  the compound g ives  no o o lo r w ith  s u l f u r ic  e e id .

Va r th e ra o z e , w ith  a l l  the  n o ro a re d ic n e -ty p ©  compounds s tu d ied  up th rough  

d i &enzn orc**rad ien ecsrbcxy 1 i© a o id , th e  s im p le r d e r iv a t iv e s  o f  any on© 

norc& radien©  ©.old g iv e  e s s e n t ia l ly  th e  s&m® o o lo r ,  th u s , n o re & ra d le n e -  

earbosry l i e  a c id , e s te r ,  and stride a l l  g ive  th e  c h a ra c te r  1s t ic  re d ,
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T a b le  X

C o lo r o f  Tr«ri© ns Worse, rad lest© D e r iv a t iv e s  w ith  S u lfu r!©  ?e id

Compound

N o ro a rad icn co & rb o xy lie  © th y 1 e a te r

l lo r o a r a d i« * r i© o a r b o x y l ie  a c i d

M ero arad ieaee& rb o xy ii©  ao id  
dibrom id e

*?orearad ieri©e > r b c ry 1 ie  a© id t e t r a -  
bromide

ft ore ar ad ione© a rb o x y l ie  ao id  a n i l ia ©

Benznoro arad ieneo  a rb o x y lie  ©thy 1
e s te r

&©n * iaere a r a d  leas© a r b o x y  1 i e  a© id

3  ♦Met hy Bn ore arad ierec>f rboxy l i e  
e th y l  e s te r

3  -M e th y  i n o r c  a r a d i  e n e e  a r t  o x y  i  io
a o id  amide

■% I}-*!) i  as t  hy la  or© a r  ad ieneo arboxy l i e  
e t h y l  e s te r

c ,  % HD i  m ethyin  ore a r  ad ieraee arb  oxy l io  
amid®

*>, 5 -Dim©thy In  ore a rad io n e e rb o x y  l i o  
e th y l  e s te r

2 * 5  “B lu e t hy Xnor© ar&dieme© a rb o x y lie  
a s id e

D ibeasnoro© radienee a rb o x y lle  a© id

Sodium d ib e n ta o ro a ra d le n e o a rb o x y la te

D tbeasaor© « r *d ieaee a r t  oxy 1 io  a© id  
amide

^ ibert snore a r ad ienec a rb o x y lie  me id  
p -a i t r o b e n r y l  © « t« r

T)ib©a snore arad ienee erboxy 1 ie  a© id
p -p h e n y lp h e n e © y l  e s t e r

H y d r o g e n a t io n  p r o d u c t  o f  d ib ea a * © -  
e a r a d ie r x e o a r b o x y  1 i© a o i d

C o lo r

C h erry  red  v i o l e t -► b lu e -> rreen  
-> gold

C h erry  r e d - ^ v io le t  -► b lu e -> gold

C h erry  r e d - t  v i o l e t - *  b lu e  green  
—> go ld

Wo c o lo r

s © d -b r o w n -*  v i o l e t - *  im p u r e  b l u e  

d l i g h t  y e l l o w

S lig h t  y e llo w  

bed

Fed

S l i g h t  y e l lo w ,  soon t u r n s  dark:

Ho e o le r

Less c h a r a s t e r 1 s t io  y e llo w is h  red  

C h a r a c te r is t ic  red  c o lo r

G r e e n - * b lu e - *  p u r p le

Wery f a i n t  p u rp le  

S lig h t  g reen ish  y e llo w

F a i n t  p i n k i s h  v i o l e t

Dark y e llo w is h  green

F a i n t  y e l l o w
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w h e rea s  t h e  ? ,  4 - d im e th y I n o r c & r a d ieneo «rb c x y  11© e s t e r  and amide g iv e  no  

c o l o r .  T h is  r e la t io n s h ip  a p p a r e n t l y  does mot h o ld  .for th e  d i b e n s n o r -  

o a ra d 1eneca r b o x y 1ie  ao id  d e r iv a t iv e s  as seen from  th e  t a b le .

In  v ie w  o f  th e  ch e m is try  o f  a l l  o f  th e  o th e r n o r© arad ieu ® -  

© arb oxy li©  ac ids  and t h e i r  d e r iv a t iv e * ,  w ith  th e  e x c e p tio n  o f  bens* 

m orearadleaeoa.rboxyJ.lo a c id ,  p ro b ab ly  th e  most oats  tend  lu g  and 

c h a ra c te r  1 s t i© p ro p e rty  o f  d lb  ®»sa © rear ad lene© a rb o x y li©  a e id  ie  i t s  

s t a b i l i t y  to  rearran g em en t. K ith  th© e x c e p tio n  o f  th e  compound noted  

above, w hich show® l i t t l e  tendency to  re a rra n g e , th©  n o ro a ra d ie n e  

compounds, e s p e c ia l ly  in  th e  presence o f  h e a t o r a l k a l i  and depending  

upon t h e i r  p re c u rs o rs , re a rra n g e  to  d e r iv a t iv e ®  o f  o y e le h e p ta tr le & e *  

e a rb o x y lie  a c id , pho ny l& oetio  ae id  a n d /o r hydro®inn ami© a c id .  Thus 

d it© asn o re  arad ie n e o a rb o x y li©  e th y l  e s te r ,  excep t fo r  th e  s a p o n if ic a t io n  

was unchanged by r e f lu x in g  w ith  a lc o h o lic  sodium h yd ro x id e  whereas th e  

same tre a tm e n t con verted  n © ro a ra d ie n e c a rb o x y lie  e th y l  e s te r  in to  a  

o y c lo h e p ta tr ie n e c a rb o x y lio  a c id ,  © ,4 im e th y ln o re ® ra d ie n e c a rb o x y lie  

e t h y l  e s te r  in to  a d im eth y icyc  lo h ep t a t r  ieneo -.r boxy l i e  a e id ,  i *

methy la o re a re d ie n e e  arboxy l i e  e t h y l  e s te r  in to  a d im ethyl©  ye le h e p ta t r  ten© - 

c a rb o x y lic  a e id ,  end m e a ity l &cetamide in to  3 , 5 'd i^ t h y lh y d r o c  innamic 

a© id .  D iben  snore a r &d ien  ©o arbo xy 1 io  ao id  is  s ta b le  even under severe  

c o n d it io n s . Thus th© a e id  was heated w ith  sodium h yd ro x id e  in  e th y le n e  

g ly c o l  a t  1 ?0 °  fo r  s ix  h o u rs , under w hich c o n d it io n s  rearran g em en t, 

d e c a rb o x y la t io n , o r both  m ight reaso n ab ly  be expected* However, th e  

o r ig in a l  a c id  was recovered  unchanged, fu r th e rm o re , th© amid© o f  

d ib e n s n o rja ra d ie n © c a rb o x y lic  a e id  is  s ta b le  when re f lu x e d  w ith  t h i r t y  

p erce n t s u l f u r ic  a e id  whereas t h is  same reag en t co n v e rte d  th© amide o f  

3 -m e th y ln a ro arad  i  enec arboxy l i o  a o id  in to  p - t o l y l  a c e t ic  a c id  and th e  

amide o f  J», 4  ~d im et hy In  or© arad  leneo arboxy 1 io ac id  in to  ? ,4 <-d im e th y l-



p h e a y la e e tio  a e id *  F in a l ly *  th e r e  m e  good evidence th a t  d lb e n tn o r -  

e a r ad ie n eo &r b oxy1 io  a o id  v&e s ta b le  even to  d i s t i l l a t i o n  la  vacuo.

Ahen th e  evaporated  m other l iq u o r  from  which th© a c id  was o r ig in a l l y  

o b ta in e d  was d i s t i l l e d  in  vacuo an ao id  was o b ta in ed  In  th e  d i s t i l l a t e  

w hich a lth ough  impure as determ ined  by i t s  m e lt in g  range* s lo w ly  reduced  

a lk a l in e  perm anganate* gave a b lu e  o o lo r  w ith  s u l f u r ic  a c id *  and gave 

an a n a ly s is  c lo s e  to  th e  t h e o r e t ic a l  fo r  d ib en sn o ro arad 1 e n e c a r to x y lie  

&c Id  •

1  ibensn ore& rad ienee& rfeoxy lic  ac id  shows th e  u s u a l re a c t io n s  

o f  th e  c a rb o x y l group* I t  d is s o lv e s  in  sodium and ammonium hyd ro xid es  

end forms c r y s t a l l in e  sodium* ammonium and s i lv e r  s a l t s *  I t  form s th e  

u su a l c r y s t a l l in e  e s te rs  w ith  p -n itro b e n s y l brom ide and p -phenylphenacy1 

brom ide and a c r y s t a l l in e  amide w ith  ammonia*

In  an a ttem p t to  ©pen th e  cyc lopropane r in g  o f  difeem snoreara* 

d ie n e e a rb o x y lis  ac id  fey h y d ro g e n a tio n , a w h ite  c r y s t a l l in e  ao id  was 

o b ta in ed  which m elted  at 11*!;*5 - 1 4 5 ° *  I t  gave o n ly  a f a in t  y e llo w  c o lo r  

w ith  c o n cen tra te d  s u l fu r io  a e id *  At room te m p e ra tu re  i t  reduced a lk a l in e  

perm anganate alm ost in s ta n ta n e o u s ly  bu t o n ly  s lo w ly  d e c o lo r is e d  brom ine  

in  c h lo ro fo rm  s o lu t io n .  A lthough th e  e x a c t a tru o tu re  o f  t h is  compound 

was n o t proven* th e  a n a ly s is  in d ic a te d  an o et& h ydropheaan th reneaeetio  

a c id *  b^oaas© o f  th e  extrem e ease w ith  w hich a cyc lopropane r in g  is  

©leaved by h y d ro g e n a tio n , i t  seems ^ u ite  p ro b ab le  th a t  th e  cyc lopropane  

r in g  In  difeea snore &rad ieneo a rb o x y lie  ae id  would a ls o  be c leaved  v e ry  

e a s i ly *  Furtherm ore* from  a c o n s id e ra tio n  o f  th e  h yd ro g en atio n  o f  

phenan throne i t s e l f *  th e  most p ro b ab le  o f  th© p o s s ib le  is o m eric  © e ta -  

hydrephenanthrene d e r iv a t iv e s  t h a t  cou ld  be formed from  th e  h yd ro g en atio n  

o f  d ifeensm oroarad ien eearboxylie  ac id  is  1 * ? *3 * 4 #5 *& *? *& -o c ta h y d r© -
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phen s n th r  e n e a c e t io  a o id *  H ow ever, t h i s  compound * w ith  i t s  t r u l y  

a ro m a tic  m id d le  r in g #  w ould n o t  b© e x p e c te d  t o  r e a c t  w i th  perm anganate  

and bro m in e  in  th e  m anner p o in te d  out ab o ve , and is *  t h e r e f o r e » 

e l im in a te d  as a p o s s i b i l i t y *  The s lo w  up take  o f  b ro m in e  in d ic a te s  a  

d o u b le  bond (o r  bonds} t h a t  is  somewhat b lo c k e d . T h is  b lo c k in g  e f f e c t  

how ever* w o u ld  n o t  n e c e s s a r i ly  h in d e r  perm anganate o x id a t io n .  Such a  

bond in  t h is  case  would be th e  1 1 -1 ?  bend a n d /o r  th e  13-14 bond .

c a r b o x y l ic  a c id *  does n e t  d e c o lo r is e  a c h lo ro fo rm  s o lu t io n  o f  b ro m in e *  

Even when t h i s  s o lu t io n  was h e a te d  fo r  tw o h o u rs * no r e a c t io n  o c c u rre d  

and th e  o r i g i n a l  a c id  was re c o v e re d  unchanged as shorn  by a m ixed  

m e lt in g  p o in t .  T h is  f e e t  is  an Im p o rta n t p ie c e  o f  e v id e n c e  in  th e  p ro o f  

o f  th e  s t r u c t u r e  o f  d ib e n m o r c e r a d ie n e c a r b o x y lio  a o id  as w i l l  be p o in te d  

o u t l a t e r .  I f  th e  r e a c t io n  is  pushed* how ever* a r e a c t io n  does o c c u r*  

-hen  th e  a c id  was r e f lu x e d  w i th  brom ine in  g l a c i a l  a c e t ic  

a c id  f o r  two h o u rs * c o n s id e ra b le  hydrogen  brom ide  was e v o lv e d  and th e  

c o lo r  © f th e  r e a c t io n  m ix tu re  ©hanged s lo w ly  from  th e  c o lo r  o f  th e  

b ro m in e  t o  a g reen  and f i n a l l y  to  a deep b lu e .  Prom t h i s  s o lu t io n  was 

is o la t e d  an a lm o s t o d o r le s s  a c id  t h a t  c o n ta in e d  b ro M in e  end reduced  

a lk a l in e  perm anganate  im m e d ia te ly  to  a g re e n * manganese d io x id e  b e in g  

p r e c ip i t a t e d  som etim e l a t e r *  The r e a c t io n  p o s s ib ly  in v o lv e s  c le a v a g e  

© f th e  c y c lo p ro p a n e  r in g  w ith  su b seq u en t e l im in a t io n  o f  hyd ro g en  brom ide  

in  one o f  tw o ways* n a m e ly * from  th e  a id ©  c h a in  o r  fro m  th e  r in g *  th u s

D ib e n s n o rc a ra d ie n c c a rb o x y lic  a e id *  u n l ik e  ben snore a r  ad i  ene -
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Th© a n a ly s is  o f th e  p roduct agree® c lo s e ly  w ith  th a t  c a lc u la te d  f o r  

such isom ers . The f i r s t  mechanism is  supported hy th e  fa c t  th a t  i t  

r e s u lts  in  th e  c o n ju g a tio n  o f  a. c a rb o n y l group and a carbon t©  carbon  

double bond w ith  an arom atio  r in g -  The second mechanism is  supported  

by th e  fa c t  th a t  i t  r e s u lts  in  th© re e s ta b lis h m e n t o f  th e  c o m p le te ly  

a ro m a tic  pheaanthrene n u c le u s . The tendency t o  re fo rm  th e  a ro m atic  

system  is  p ro b a b ly  s tro n g e r  th an  th e  tendency to  form  th© con jugated  

system , hence* i t  seems p o s s ib le  th a t  th e  product is  a lp h a -b ro m o -9 *  

gh en an th ry1a©©t i e  a e id .  Th is could n o t e a s i ly  be co n firm ed  s in ce  th #  

compound is  n o t in  th e  l i t e r a t u r e .  The b r ©at in  a t  lorn p roduct is  o n ly  

s lo w ly  s o lu b le  in  e o n c e n tra te d  s u l fu r ie  a e id  w ith  th e  fo rm at ion  o f a  

l ig h t  green  s o lu t io n  which s lo w ly  tu rn s  t©  a v e ry  in te n s e  d ark  g re e n . 

fin in te re s t in g ' o b s e rv a tio n  w hich may be m entioned is  th a t  th© product 

m elts  to  a b lu e  l iq u id  and th® l a t t e r  on c o o lin g  s e ts  to  a b lu e  s o l id .

The deep b lu e  c o lo r  formed on brom ln&t io n , w h ile  o b v io u s ly  

due to  a b y -p ro d u c t, suggested th© fo rm a tio n  o f  an a s u le re .  T h is  was 

supported by th e  f a c t  -that asu lene producing  compounds in  a c e t ic  ac id  

g iv e  a b lu e  c o lo r  cm tre a tm e n t w ith  brom ine. Th© brom inat ion re  motion  

f i x t u r e  was poured in to  w a te r  end p a r t  o f  th© m ix tu re  e x tra c te d  w ith  

e th e r ,  th e  a b s o rp tio n  cu rve  f o r  t h is  s o lu t io n  is  shown in  ^ 'ig . 3* T h is  

e th e r  s o lu t io n  faded t o  a f a in t  g reen ish  y e llo w  or s tan d in g  o v # m ig h t*

On. e x t r a c t io n  o f  an o th er p o r t io n  ©f th e  o r ig in a l  aqueous re a c t io n  

m ix tu re  t h a t  had a lso  stood o v e rn ig h t, th e  o r ig in a l  b lu e  c o lo r  was 

o b ta in e d . T h is  suggests easy o x id a t io n  o f th© b lu e  substance s in c e  

th e  e th e r  mis known to  o o n tr in  c o n s id e ra b le  amounts o f  p e ro x id e . &a®y 

o x id a t io n  was a ls o  supported by th e  fa c t  t h a t  a f t e r  th e  o r ig in a l  

aqueous re a c t io n  m ix tu re  had stood in  th e  a i r  a  few  d ays , no b lu e



m a te r ia l  eou ld  be e x t r a c te d .  The main broaim fitiom  p ro d u c t, when b roug ht 

to  9 0 °  in  an o i l  h a th , m elted  to  a g re e n is h  t in e  l iq u id  and s e t t©  a 

g re e n is h  t in e  s o lid  cm c o o lin g . T h is  s o l id  m a te r ia l  was ta k e n  tip In  

benzene and th e  a b s o rp tio n  e u m  o f t h is  s o lu t io n  is  shown in  F ig . h • 

These a b s o rp tio n  curves a re  in c o n c lu s iv e  in s o fa r  as th e y  dem onstrate  

th e  presence o f  am azu len© .

a lk a l in e  p© rsum gam at© s o lu t io n  alm ost in s ta n ta n e o u s ly  a t  room tem pera

t u r e ,  d ibem znor© *r & d ien eo ^ rb o xy lie  ao id  is  a tta c k e d  o n ly  a f t e r  p ro longed

cyclopropane d ie  s>r boxy l i e  ao id  (X ) is  o b ta in e d  in  cxtres>#ly  poor y ie ld s .

I t  is  from  th e  f a c t  th a t  t h is  ac id  is  o b ta in ed  f ro a  th©  ox id  a t ion o f  th e  

a d d it io n  product o f  phensaithrene w ith  e t h y l  d ia s o a o e ta te  th « t  th e  

s t r u c tu r e  o f  th e  l a t t e r  ©an be deduced. Th® reason in g  behind t h is  

s ta tem en t w i l l  be advanced s u b seq u e n tly . gt tem pts to  im prove th e  y ie ld  

were e s s e n t ia l ly  u n s u c c e s s fu l. In  e v e ry  a ttem p t th e  re a c tio n  would 

e i t h e r  mot go f a r  enough, in  which ease most of* th© o r ig in a l  m a te r ia l  

was reco v ered  unchanged, o r ,  i f  pushed somewhat, would go to o  f a r ,  and 

n o th in g  cou ld  b© o b ta in e d  from  th e  re a c t io n  m ix tu re . The best y ie ld s ,  

s t i l l  e x tre m e ly  poo r, were o b ta in ed  by o x id a t io n  w ith  chrom ic anhyoride  

In  g l a c i a l  a c e tic  a c id .  However, In s o fa r  as th e  p ro o f o f  th e  s tru c tu re  

goes, th e  y ie ld s  a re  in eo m seq u en tia l * th© im p o rtan t p o in t  Is  th a t  X m e  

is o la te d  f r o a  th e  o x id a t io n  r e a c t io n .  T h is  s&i&e a c id ,  X, is  o b ta in ed  

in  good, y ie ld s  from  a permanganate o x id a t io n  o f  bon*n o ro a ra d ie n e -

U n lik e  benznore er ad ienecHvr boxy l i e  ©eid w hich d e c o lo r iz e s

s ta n d in g . However, i f  th e  o x id a t io n  is  fo rc e d , 1 -oarboxypheny l

\  /
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© a rb o x y lie  « o id *

Frets a © om eideration  o f  th o  re a c t io n  o f  e th y l diaso&oetato 

w ith  o th e r  arom atic  hydrocarbons, i t  eeeaed p robab le  th a t  th e  re a c t io n  

w ith  pbananthreno, i f  i t  occurred  at a i l ,  would do so in  th e  u su a l way 

and th e  a d d it io n  product %©uld c o n s is t o f  a cyc lopropane r in g  fused w ith  

m e  o f  th© ben sen© n u c le i  o f  th© phenanthreao m o lecu le . T h is  s o r t  o f  

a d d it io n ,  or i t s  e q u iv a le n t*  was supported by th #  a n a ly s e s . Furtherm ore*  

because o f  th e  pronounced r e a c t i v i t y  end e th y le a ie  c h a ra c te r  o f  th©

9 * 1 0  bond o f  phenenthrone* i t  n ig h t  be a n t ic ip a te d  th a t  condensation  

would ta k e  p la c e  through th ese  p o s it io n s  and th e  a d d it io n  product would 

have th© s t r u c tu r e  I I .

Less l i v e l y  s t r u c tu r e s , a lth ough  by no »#•&& im probable* are  th e  iso m eric  

compounus which would r e s u lt  i f  concernsaticn occurred  in  a te rm in a l r in g .

The number o f  p o s s ib le  iso m eric  a d d it io n  produ cts  in creases  trem endously  

as th e  number o f ben sen e n u c le i  in  th e  hydrocarbon in c re a s e s , i f  phenan-

A l l *  A l i i  or JU¥
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th re n e  t e  w r i t  tea,
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great w ith  condensation  across th e  9 *1 0  bond, to  form a cyc lop ro pane  r in g *  

a c o n s id e ra b le  number o f  isom ers are  p o s s ib le *  a lth o u g h  h ig h ly  im probable*
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( X X I I )  ( X X I I I )

An ana log  cm s s e t  o f  s tru c tu re s  cou ld  be d r awe fo r  each o f  th e  th re e  

isom eric  a d d it io n  product p o s s ib i l i t ie s  in  w hich th e  cyc lopropane r in g  

is  fused t o  & te r m in a l  r in g .

O ther e x tre m e ly  rem ote p o s s ib le  modes o f  a d d it io n  o f  th e  

group ^CHCCiQCgHg to  th e  phenenthrone nuc leus a re  ( l )  fo rm a tio n  o f  a 

doubly bonded carbon atom to  th e  r in g ,  (o ) fo rm a tio n  o f  a n e ts  carbon  

b r id g e  across the  r in g ,  end ( 3 ) fo rm a tio n  o f  a p ara  carbon b r id g e , th u s ,  

p o s s ib le  isomers o f  th e  f i r s t  ty p e  o f  a d d it io n  in c lu d e
H c& com

CHCOOH

<X XIV )

HOOC^OT*

COCK

H
H

(■XXVII) <X X V I I I )



7k <

as w e l l  as o th e rs  in  which th e  doubly bonded carbon is  in  one r in g  and 

th e  m ethylene group is  in  th e  o th e r  te r m in a l r in g .  Is  ©me r  s o f  th e

seeend ty p e  in c lu d e , fo r  example
H H

M € O0B
H J ^ I X

HOOC
EOOC

t iax) (xxx i )

Isomers o f  th e  t h i r d  typ e  in c lu d e

(XXJttX)

HCOC —  CK

/ v
1

J yk>
( x x x v t )

HCOC -H^CE

(XXX?)

^  coos

a

(X.K.XX11)

rTlXCOOS

(X X X ?I)

COOH

CH COOR

(XXXVtl)  <X X X V II I)

I f ,  th e  a d d it io n  product re a rra n g e d  in to  a seven membered 

r in g ,  as happens w ith  a l l  b a t one o f  th e  n o ro a ra d ie n e  d e r iv a t iv e s  e a r l i e r



75*

s tu d ie d , th e  number o f  p o s s ib le  isom erie  a d d it io n  p rodu cts  would b@ 

even g r e a te r  s in c e  in  a d d it io n  to  a t e t r a c y c l ic  product th e r e  would be 

formed a t r i c y c l i c  p rodu ct o f  th e  ty p e

(3UXXX)

o f  which m m y  p o s s ib le  iso m eric  forms co u ld  be w r i t t e n .

Fro® th e  b rom inat loan and perm anganate o x id a t io n  s tu d ie s  

p re v io u s ly  d iscussed , i t  is  apparent t h a t  condensat ion o f  e th y l  d i& s o -  

a o e ta te  w ith  phenenthrone d id  n o t ta k e  p la c e  in  a manner such th a t  

th e r e  would be formed an is o la te d  e th y le n lo  lin k a g e  In  th e  m o lecu le*

I f  i t  be assumed t h a t  th e  e a te r  re a c te d  w ith  one o f  th e  double bonds 

in  th e  phen enthrone mo Ic o n ic  t o  form  a  oyo lopropane d e r iv a t iv e  in  th e  

u su a l m anner, i t  must be concluded th a t  i t  d id  so w ith  th e  9 , 1 0  double  

bond s in c e  condensation  a t  any o th e r p o s it io n  would r e s u l t  In  a product 

c o n ta in in g  a re a c t  iv e  e th y l  an ie  lin k a g e  as was th e  ease in  th e  condensa

t io n  o f e t h y l  d ia s o a o e t& te  w ith  n ap h th a le n e  to  form  ben snore a ra d ie n e -  

o e rb o x y lic  a c id *  T h is  s t a b i l i t y  t©  th e  u n s d u r a t io n  t e s t  reagents  a ls o  

in d i r e c t ly  e lim in a te s  a l l  o f  th e  o th e r  p o s s ib le  isom er1® produ cts  s in ce  

th e  con densation  o f  th e  group >CHC00C9 Hs w ith  th e  phenanthrene nucleus  

t o  fo r®  an e th y le n e  d e r iv a t iv e ,  a cye lo b u ta n e  d e r iv a t iv e ,  a eyolopem tane  

d e r iv a t iv e ,  o r  a cyc lo h ep tan e  d e r iv a t iv e  would n e c e s s a r i ly  r e s u l t  in  an 

un s a t ur a t  ed c omp ound •

F u r th e r  ev iden ce fo r  th e  s tru c tu re  o f the a d d it io n  proouet was 

sought by a tte m p tin g  to  c o n v e rt i t  t o  a phenanthrem em eetio a c id . I f  th e



a d d it io n  product v»« d ib e n e n o ro a ra d ie re c a rb o x y iic  a c id  as expected ,

them by s u ita b le  re a c t io n s , i t  could be con verted  in to  9 -phenenthreaae-

a e e tlo  ac id  and the  l a t t e r  eo u ld  then  be ecmpared to  a cample spm thesised

In  ano ther way, The a d d it io n  product wee f i r s t  hydrogenated w ith  the

end in  view o f © leaving the eye iopro pane r in g , the degree o f hydrogenation

©f th e  rem ainder o f  th e  m olecule h e is t  im m a te r ia l,  'This s tep  was

discussed p re v io u s ly  in  th e  d iscu s s io n  o f th e  hydro gen a t lem o f d lb a n s -

noroaradlo&oocurboxylle so ld * Treatm ent o f  th e  p a r t i a l l y  hydrogoxtatod

a d d it io n  product w ith  diasomethane y ie ld e d  as o i l y  e a t e r .  The l a t t e r
o

ors dohydrogonatlon w ith  Haney n ic k e l  a t 3 0 0  fo llo w ed  by s a p o n lf lo a t !cut 

y ie ld e d  a v e ry  s n a il  amount o f  an impure product th a t  m elted  about 

to o  low fo r  9 *p h«n«n th renoeootie  s o ld . T h is  l in e  o f  in q u iry  was sus

pended when o x id a t io n  s tu d ie s  th a t  were being  oendueted a t  about th e  

s&iko tim e in d ic a te d  th a t  p ro o f o f th e  s tru o tu te  should be sought in  

t h a t  d ir e c t io n .  For t h is  reason, the  method chosen fo r  th e  s y n th e s is  

o f  9  -  ghea an in r  an © a© ©t io  a c id , and e s p e c ia l ly  th e  f i n a l  o x id a tio n  s te p  

In  th e  s y n th e s is , was n o t s tu d ie d  In  d e t a i l  and hence i t s  g r a n t ic a b i l i t y  

i s  u n c e r ta in ,

f  hen enthrone ,  on t  ru m in a tio n , y ie ld e d  9 • lO -d ih y d ro - 9  ,10- 
dib /onoghenantnrene which on h e a tin g  lo s t  hydrogen bromide t o  form  

9 -breaephensnth.rdne, The l a t t e r ,  a f t e r  tre a tm e n t w ith  aagpeslun In  dry  

e th e r ,  fo llo w e d  by cbnyleae o x id e , y ie ld e d , on h y d ro ly s is , b e ta - 9 -  

phensnbhreneetnanoi wnieh was converted  to  9 -phen e n th ro n e a e e tie  ac id  by 

o x id a tio n  w ith  permanganate a t  room tem peratu re  in  acetone s o lu t io n . T h is  

o x id a tio n  re a c t io n  appear* to  be th e  d i f f i c u l t  s te p ! i t  is  n e t c le a n  cu t  

and is  d i f f i c u l t  to  c o n t r o l .  The id e n t i t y  o f  th e  product was not co n firm ed , 

a lth ough  th e  m e lt in g  p o in t o f  the Impure m a te r ia l  in d ic a te d  9 -p h en a n th re ae -  

a o e tio  a c id .



C o n clu s ive  evidence f o r  th e  s tru c tu re  o f th e  comdens &t icea 

product o f  e th y l d ia£© aeet& te  w it h  phenantfcren© was o b ta in e d  from  th e  

o x id a t io n  s tu d ie s  p r v lo u s ly  d e s c rib e d . The fa c t  th a t  l - ( ? / - e a r b o x y  

p h e n y l} -T # 3 -e y e lo p ropened le a rb o x y  1 lo a©id. Is  o b ta in e d  from  th e  o x id a t io n  

proves e o a c lu s iv e Z y  t h a t  th e  a d d it io n  product is  d iben  snore ar a d ie n e -  

e & rb o x y lie  e s te r  end has th e  s tr u c tu r e  shown in  fo rm u la  X I s in ce  a l l  

o th e r  structures ere  in c o m p a tib le  w ith  t h is  ev id en ce*

Thus, from  th e  fa c t  t h a t  the o x id a t io n  product co n ta in e d  a 

cyc lop ro pane ring, i t  may be concluded th a t  tfee o r ig in a l  a d d it io n  product 

co n ta in ed  a cyelopropane ring.* If th e  original had eentalned a c y c le -  

batru e#  ® oy© iopeatane# ©r a eyei©V©plane ring# such a r in ^  m ight 

reaso n ab ly  be expected- to  appear in  th e  o x id a t io n  p ro d u c t, b u t no such 

p ro d u ct h.s.s been found* T h is  evidence co n firm s the  con c lu s io n s  drawn 

from  t h e  u n s e to ra t io n  s tu d ie s  p re v io u s ly  p resen ted*

The most p ro b ab le  o f th e  cyclopropane d e r iv a t iv e  isom ers, 

o th e r  th an  XI, nam ely, X I I ,  XIII and XJT are a ls o  e lim in a te d  by th e  

o x id a t io n  o f  th e  a d d it io n  p ro d u o t t o  1 -  (? 4 -o  ?*rb ©xy phony 1 ) ~T# 3 -oye l o -  

p ro p a n e d lo a rb o x y lle  a c id . Thus# i f  th e  p o s s ib i l i t y  o f  th e  d eg ra d a tio n  

o f  XT? t o  X b® considered# I t  is  n ecessary  th a t  ourban t o .  © become a 

c a rb o x y l a lo n g  w ith  e i th e r  carbon Ho. 1 or carbon No. 5 *  I f  carbon  

Mo. 1 becomes a carbo xyl#  carbon atoms Ko* 5* &©• -6# Mo. 7* and No* 3 

would have to  be o x id is e d  away, hydrogens b e in g  added a t  carbon. H o. 13 

and carbon Mo. 14* I f  carbon Ho. 5 beoomes a carb o xy l#  o rbon atoms 

No. 6 ,  1© . 7# and No. d would have  to  be removed in  a d d it io n  to  carbon  

No. 1 , hydrogens be ing  added a t carbon Ho. 11 and carbon Ho. 13*

Form ula X I I I  may be e lim in a te d  s ince  i t  does meet th e  p rim a ry  

req u irem en t t h a t  th e  cyc lopropane r in g  be Jo ined  d i r e c t ly  to  a phenyl



group*

la  o rd e r t h a t  X I I  he Iran *o rm o d  to  X* ourban atoms Wo* 3 aa4 

Mo* 4 would have to  become c a rb o x y ls  w h ile  e&rbon atoms Mo* 5* &•

Mo. 7 ,  and Me. 8 w ould have  to  be rem oved* hydrogens b e in g  added a t  

c arb o n  l o *  13 d id  carb o n  Mo. 14*

The o x id a t io n  o f X I t o  X is  s t r a ig h t fo r w a r d *  th e  o n ly  r e q u i r e -  

laent bein g  t h a t  e&rbon, Ho. I I  and carbon  Mo. 1? be c o n v e rte d  t o  c a rb o x y l 

g ro u p s•

P ro o f th a t  th e  o x id a t io n  product was in  f a c t  l-C s * -c & rb o x y -  

p h e n y l i- 5>,3 -e y e lo p ro p a n e d ic a rb o x y li©  aoid was o b ta in ed  by com paring i t  

w ith  a sam ple syn th es ised  by an independent method* B tL y l d i& s o a e s ta te  

was a llo w e d  to  re  e t  w ith  n ap h th a len e  ( ? I )  and the e s te r  a d d it io n  

product s a p o n if ie d  to  y ie ld  b e n s n o re a ra d ie n e o a rb o x y lie  a c id *  The l a t t e r  

on o x id a t io n  w ith  a lk a l in e  permanganate was co n verted  to  X in  good y ie ld *  

That th e  o x id a t io n  product o f b en snoro& r*d ienecarboxy1 ic  a© id is  id e n t ic a l  

w ith  th e  o x id a t io n  p rodu ct o f  &ib en sn o ro arad len eo urb o ay1 ic  a c id  was 

shown by a com parison o f  th e  an a lyses* m e lt in g  p o in ts  and mixed m e lt in g  

p o in ts  o f th e  tw o o x id a t io n  p rodu cts  as w e l l  as o f  t h e i r  t .r i  an H id e s  

and t  r  i-p -p h e a y Ip h e n a o y  1 e s te rs *  These d a ta  a re  shown in  T a b le  I I *

The f a c t  t h a t  th e  a© id  1  was c o n v e rte d  by B uchner ( p i )  t o  

t r s a s -o y o lo p r o p a a e t r ie & r b o x y li©  a c id  sheds l i g h t  on th e  s te re o c h e m is try  

o f  d ib e n s n o re a ra d ie n e e a rb o x y lie  a c id *  T h e re  a re  tw o  p o s s ib le  g e o m e tr ic  

iso m ers  o f  th e  l a t t e r ,  one in  w h ich  th e  c a rb o x y l g roup  is  on th e  same 

s id e  o f  th e  c y c lo p ro p a n e  r in g  as th e  p h en an th ro n e  n u c le u s *  and one in  

w h ich  i t  is  on th e  o p p o s ite  s id e ,  th u s



Table I I

Comparison of Oxidation Froduote of IV m i  XI and Tboir yarivativas

Mixed Carbon $ Hydrogen %
M. P. C au p» oalo*d# fon&d oalo^d. found

Oxidation product of IV 281*2
with deeomp# ho

Oxidation produet of XI ?3l-?
with deeoiap.

Tr i  ~p**phea> 1 f  hetiuoy I  
ester of oxidation 
product of IV

Tri-p-ph©aylphonaoy1 
aster of oxidation 
produet of XI

175*6

175-6

TrianilIda of oxidation deeoap.
product of IV 1 2 8 - 3 0

(block)

Trian iiide of oxidation ieeemp.
product of XI 328-30

(blook)

ohangc

no
change

57*60 57.??, 57*7? 4*03 4*20, 4*0?

57*60 57.68, 57-56 4.03 4.15. 4*04

77.87
no

©hang®

77.98 4.84 4.95

77.8? ?7.84 4.84 4*83

75.7? 75.77 5.30 5*19

75.77 75*65 5*30 5*33

nitrogen % 
oalo’ d* found

8.84 8.71. 8.78

8.84 3.3?, 3.31
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An Isomer la which the two heads that Join the pheaaathrene nucleus to 

the cyclopropane ring ere ea opposite sides of the r in g  would involve 

Impossible strains and is* therefore* incapable of existing* Hence* 

these tee beads must necessarily bear a els relation to each other* The 

o&rboryl group* therefore* mast bear a trans relation to  the phenanthrene 

re s id u e #



I l l *  LXPHFIi’ErfAL 

I *  p re p a ra t io n  o f  M a te r ia ls  

l ie th y ie n c a m in c a e & to n ltr i le  was p rep ared  by th e  method o f  

Adams and iam glcy  { 3 6  ) •

G ly e ic e  e t h y l  e s te r  h y a ro c h lo r id s  was prepared  by th e  method 

o f M arke t (3 7 ) .

E th y l d1 a s o a e s ta te  was prepared  by th e  method o f  C u rt iu s  (3 3 )  

as described  by G attsrm ar and E e l lan d  (3 3 ).

f u r I f ie a t io n  of phenenthrfene* Crude, ?0;*> pkenaathrene was
©

convert© d tc  th e  pure c r y s t a l l in e  p ro d u c t, m*p* 37*33  (2*0 ) ,  by the

method o f  Bachman ( 4 1 )*

7m A o tio n  o f  E th y l Dias©aeets*t® on Phenanthrene

Fs& oticm * th e  r© a e tio a  was c a r r ie d  ou t in  a 5 ^0 -m l*  t h r e e *

necked f la s k ,  equipped w ith  a s ieohanical s t i r r e r ,  a sm a ll d ro p p in g  fu n n e l,

and a r e f lu x  condenser* In th e  to p  o f  th e  condenser was f i t t e d  a T ~ tu b e ,

on® o u t le t  o f which was connected by ru b b er tu b in g  to  th e  to p  o f  th e

dropp ing  fu n n e l to  a c t  as a p re s s u re  e q u a l is e r ,  w h ile  th e  o th e r  was

connected to  a l ia r io t t e  f la s k  f o r  c o l le c t in g  n itro g e n *  The w a te r was

allo w ed  to  f lo w  from  the  M a r io t te  f la s k  th ro u g h  a le v e l in g  b u lb  in to  a

g radu ated  c y l in d e r *  The r e a c t io n  falsie was immersed in  an o i l  b a th *

h t y p ic a l  experiment is  as fo llo w s *  fhenen th ron e (1 m ol, 1?3

£ • /  was p laced  in  th e  re a c t io n  f la s k  end th e  o u ts id e  te m p e ra tu re  b rought 
o

to  145“ 150 * A f te r  th e  phemanthrene had m e lte d , th e  m echan ica l s t i r r e r ,  

geared  down to  3 0 -1 0 0  r .p .m * , was s ta r te d *  ‘E th y l d la s o a e s ta te  (0 *?  m ol,

25 *S g * ) -was then added dropw lse from  th e  dropp ing  fu n n e l over a p e rio d  

o f  n in e  to  te n  hours* .ciroluti<m  o f n itro g e n  s ta r te d  w ith in  a few  m inutes  

a f t e r  the a d d it io n  o f th e  f  i r s t  drops o f © s ta r , and a t  th e  end ©f th e  f i r s t



h a l f  hour 150 * ! •  had been c o l le c te d .  I f  a co n stan t r a t e  o f  a d d it io n  

was m a in ta in e d * n itro g e n  was evo lved  a t  a c o n s ta n t r a t e .  The r e g u la r i t y  

o f  th e  n itro g e n  © v o lu tio n  in  t h is  p a r t ic u la r  experim ent is  shown la  

F ig u re  1 and T ab le  I I I .  The r a te  fo r  ano ther experim ent is  shown in  

F ig u re  P and T ab le  IT *  The e v o lu t io n  dropped s h a rp ly  a f t e r  th e  a d d it io n  

o f  th e  l a s t  o f  th e  e s t e r .  The r e a c t io n *  as Judged by th e  e v o lu t io n  o f  

n itro g e n *  was p r a c t ic a l ly  com plete f i f t e e n  m inutes a f t e r  th© a d d it io n  

o f  th©  la s t  o f  th© e s t e r .  A t o t a l  o f 4600 m l. o f  n it ro g e n  was c o l le c te d .

The r e a c t io n  m ix tu re  was d is s o lv e d  in  a lc o h o l and s u f f ic ie n t  a lc o h o lic  

sodium h yd ro x id e  was added t o  sap o n ify  th e  e s t e r .  Th© m ix tu re  was r e *  

f lu x e d  f o r  tw o hours on a steam b a th  and th e  a lc o h o l was th en  removed fey 

vacuum d i s t i l l a t i o n .  The re s id u e  was th e n  e x tra c te d  s e v e ra l t im e s  w ith  

h o t w a te r , th e  l ig h t  brown aqueous s o lu t io n  coo led  and f i l t e r e d ,  and washed 

w ith  e th e r .  On a c id i f i c a t io n  w ith  h y d ro c h lo r ic  a c id  a w h ite ,  curdy  

p r e c ip i ta te  was form ed, le a v in g  th e  form er brown s o lu t io n  alm ost w a te r -  

c le a r .  The p r e c ip i ta te d  a c id  was v e ry  s t ic k y  a t  t h is  p o in t ,  re ta in e d  a 

la rg e  amount o f  w a te r , and was very  d i f f i c u l t  to  f i l t e r .  I t  was a llo w ed  

to  s tan d  o v e rn ig h t fey w hich tim e  i t  had tu rn e d  g ra n u la r  and was r e a d i ly  

f i l t e r e d *  The y ie ld  o f  d r ie d ,  crude d ih en s n o ro arad ien e earfe o xy lie  a c id  

was T 7 * l  &• (5 7 *4 ^ ) •  The crude m a te r ia l  was t r i t u r a t e d  q u ic k ly  w ith  co ld  

dioxan  and f i l t e r e d .  Most o f  th e  brown im p u r ity  and some o f  th e  product 

d is s o lv e d  im m ed ia te ly  in  th© dioxan© , and was f i l t e r e d  o f f *  Th© product 

a f t e r  d e c o lo r i t a t io n  w ith  M o r lt  in  dioxan© s o lu t io n  was c r y s t a l l i z e d  

from  th e  same s o lv e n t}  c o lo r le s s  n e e d le s , m .p . ? 57«5-? 5£° w ith  decom position , 

were o b ta in e d *

A n a l. C a lo #d f o r  Cl # Ht a 0# * C, 3 1 .T 3 *  B , 5 *15  

Found* C, 61.193, 3 1 .?6 i E , $ .< £ , 5 . IS .
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34.

Fi$« !• Ourv« showing tli* roto of evoltstios. of aitrO|«ft during tho 

reaction of phenanthrene with othjrl diasoaoet&to*
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Table IV

Babe o f  Nitrogen t volution D u rin g  ? emotion

T in e
( * M » t e * )

N itro g e n  evo lved
... _................... (ml . ) ...... T.

Time
(m in u te s )

N itro g e n  evo lve d
................. I * i . i ..........

0 0 *>1C 725

15 30 225 770

3C 130 240 815

45 205 255 855

60 260 270 900

75 310 285 945

90 36c 3 0 0 990

105 410 315 1035

120 460 330 1090

135 510 345 1135

150 555 36o 1185

165 595 375 1200

ISO 640 390 1200

195 630



Fig* Gurro showing ***• ***** *f otrolutioci of nitrogen daring *ho 

reaction of pMnoitkrt&e vith  etfcyi diaooaootato*
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E x p e r im e n ta l  c o n d it io n s  t h a t  le a d  t o  good y ie ld s  i n  t h i s  

r e a c t io n  a re  n o t  a p p a re n t . r. p t i e  V show© th ©  y ie ld s  o b ta in e d  u s i n g  

v a r io u s  r a t i o ®  o f  hydro© arbon to  e s t e r ,  v a r io u s  tim e s  o f  a d d it io n , o f  

e s t e r  t o  h y d ro c a rb o n « and v a r io u s  te m p e re -tu ros • Kona o f  th e s e  fa c to r s  

a p p e a r t o  be c r i t i c a l .  About a l l  t h a t  ©an be s a id  is  t h a t  i t  i® p ro b a b ly  

b e s t  t o  add t h e  e s t e r  s lo w ly  t o  th e  hydro©-.-rlxaa in  o r d e r  t h a t  s e l f -*  

c o n d e n s a tio n  o f  th e  e s t e r  ■ w ill be a iin iH iiE e d .

R eco v ery  o f  g h e n e n th r o n e . The r e s i d u a l  p -h e n a n th re n e .  a f t e r  

e x t r a c t i o n  o f  th e  sc-d iua  d ib e f is n o re a ra d ie u e c c r b o x y l a t e  from  th e  s a p o n l -  

f l o a t  io n  r e a c t  io n ,  h a s  a  c o l o r  t h a t  v a r i e s  from  a  11,- h t  t o  a  d a rk  brow n*

I t  w a s  d r i e d  e n d  a n y  l a r g e  a m a p ©  b ro k e n  u p . I t  was t h e n  d i s s o l v e d  in  

an. e x c e s s  ©f h o t  5^*70°  p e t r o le u m  e t h e r  and t h e  s o l u t i o n  t r e a t e d  w i t h  

d e c o l o r i z i n g  c a rb o n  and f i l t e r e d .  The f i l t r a t e ,  w hich was s t i l l  worn©** 

what y e llo w *  'was th en  sh ak e n  l o r  s e v e r a l  m in u te s  w ith  pow dered  a lu m in a  

and f i l t e r e d *  i'h© f i l t r a t e  t h e n  was c o l o r l e s s  and upon  e v a p o r a t i o n  o f  

th© s o l v e n t ,  p u re  c o l o r l e s s  p h e n e n th r e n e  c r y s t a l l i z e d .

I n v e s t  abatis® , o f  t h e  m o th e r  l i q u o r .  * The m o th e r  l i q u o r  from  

w hich  t h e  d ib e n z n o re © ra d ia n © c a rb o x y l!©  a c id  had been  c r y s t a l l i z e d  was 

v e r y  d a r k  brown and v i s c o u s .  Jfo f u r t . e r  c r y a t a l l i g e t i o n  c o u ld  be in d u c e d  

by s e e d i n g  and s c r e e c h i n g .  The l i q u o r ,  in  d io x a n e ,  was t r e a t e d  w i th  

d e c o l o r i z i n g  c a r b o n  and f i l t e r e d .  The f i l t r a t e  was f r e e d  o f  t h e  s o l v e n t  

and t a k e n  up- i n  d i l u t e  sodium  h y d r o x id e .  T h is  s o l u t i o n  was e x t r a c t e d  

w i th  e t h e r  and th e  e x t r a c t  e v a p o r a t e d *  A s m a l l  b a t c h  o f  o ra n g e -y e  H o w  

c r y s t a l s  rem a in ed  w hich  were i n s o l u b l e  in  h o t  a l c o h o l  and m e l te d  above 

- 5 t ° .

a f t e r  th e  e x t r a c t i o n  w i th  e t h e r ,  t h e  r e s i d u a l  aqu eo u s  a l k a l i n e  

s o l u t i o n  v,r a® a c i d i f i e d  * i th .  hydro© is l o r  io  a c io  w hereupon a gu.«.®y p r e c i p i t a t e
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Tafcle V

Comparison of Yields of Btbensnorearadlenee&rhoxylie 
Aeid under Various Experimental Conditions

Fhenenthrone Ethyl di&soaoetate Temperature Tima in Yield (crude)
used used hours

ester heat
tto l ® o l* ________ ____£ » • ,,.... 0 ° addn* .........%

0*33 S f .4 0*05 5 .5 I 4 5 - I 5 0 5 *7 5 6 40

0*33 5 9 *  4 0 .0 5 3 6 .0 1 4 5 -1 5 0 6 6 . 3 5 3 *5

1 /4 4 4 *5 1 /1 6 7 .1 145 -1 50 4 *7 5 5 31

1/3 5 9 *4 i /1 3 6 *3 1 4 5 -1 5 0 * • 7 5 3 4£*3

1 ITS 0 *2 22 •& 145 -IS O 9 *7 5 10 5 7 .4

0 .S 4 1 5 0 0 * 11 1^*5 175 4 *5 5 3 6 .7
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form ed* T h is  m ix tu re  was e x tra c te d  w ith  e th e r  end th e  e th e r  evapora ted*

The re s id u a l syrup was d i s t i l l e d  is  vacuo* The d i s t i l l a t e *  on t r i t u r a t i n g

w ith  petro leum  e th e r#  y ie ld e d  c r y s ta ls  which were taken  up 1b benzene*

A f te r  d e c o lo r ix & tio n  w ith  carbon a l ig h t  y e llo w  s o lu t io n  w&s o b ta in ed

w h ich  gave w h ite  c r y s ta ls  on e v a p o ra tio n * These so fte n e d  a t 107° and
ohad n o t y e t co m p le te ly  m elted  a t  216 • A f te r  r e c r y s tu t i l is a t io n  from

d i lu t e  dioxan© th e  substance had th e  fo llo w in g  p r o p e r t ie s t ( l>  s o lu b le

In  a l k a l i *  (? ) gave & b lu e  c o lo r  w ith  co n cen tra ted  s u l f u r ic  a c id *  and

( 3 ) reduced a lk a l in e  permanganate s lo w ly  in  th e  c o ld *

I n a l .  C a lo ’ d fo r  Ci e Hi a Oa * C. 6 1 *3 3 ;  H* 5 *1?

Founds C* 80.32* 8 0 . 2 6 ; H# 5*19. 5.25*

3* D ibensnorcarad ieaeo  .rh o x y Ilo  Acid

The ac id  is  a  w h ite *  c r y s t a l l in e  s o lid *  m e lt in g  w ith  
o

decom position a t  ?5 7 * 5 ~?5 $ • ^t is  in s o lu b le  in  w a te r but e a s i ly  

s o lu b le  in  d i lu t e  a l k a l i *  I t  is  s l ig h t l y  s o lu b le  in  petro leum  © ther and 

carbon te t r a c h lo r id e *  s lo w ly  so lu b le  in  h o t ch loroform # m o d era te ly  

s o lu b le  in  c o ld  and r e a d i ly  s o lu b le  in  hot a lc o h o l*  a c e t ic  acid# and 

d lo x a n e * end e a s i ly  s o lu b le  in  a ce to n e • benzene and e th e r *

The a c id  d isso lves  in  c o ld  con cen tra ted  s u l fu r ic  ac id  w ith  

th e  fo rm a tio n  o f  a green c o lo r  which tu rn s  to  a l ig h t  b lue  In  a few  

m inutes* to  a more in te n s e  b lu e  in  about an hour* and f i n a l l y  in  about 

tw e n ty - fo u r  hours to  a p u rp le *  On d i lu t io n  w ith  s e v e ra l volum s o f  

w a te r  a c le a r  c o lo r le s s  s o lu t io n  r e s u lts  which reduces permanganate 

In s t  an tan c o u s ly •

S a l t s * The ae id  was d is s o lv e d  in  th e  minimum amount o f  h o t  

te n  p e rc e n t sodium h yd ro x id e* Cn c o o lin g *  sodium d ib en g n o rearad ien e *  

d ic a rb o x y l at© c r y s ta l l is e d *  T h is  s a l t  was s ta b le  up t©  3 0 0 ° .

The a©id was d is s o lv e d  in  an excess o f  h o t c o n cen tra te d



ammonium h y d ro x id e . Ob e v a p o ra tio n  o f th e  s o lu t io n  ammonium d ib e ij*n o r -  

car ad 1 enoe a r t  cxy 1 at e c r y s ta l  Used in  b e a u t i f u l  s i lk y  n e e d le s .

Th® ammonium s a l t  was f i l t e r e d  o f f  and an excess o f  s i lv e r  

n i t r a t e  s o lu t io n  added to  th e  f i l t r a t e .  Upon c a r e fu l  n e u t r a l is a t io n  w ith  

d i lu t e  n i t r i c  ac id  s i l v e r  d ib e n x n o ro a ra d ie n e e a rb c x y la te  was p r e c ip i ta te d .  

T h is  s a l t *  as expected* is  somewhat p h o to s e n s it iv e *

S t a b i l i t y * In  o rd e r to  t e s t  th e  s t a b i l i t y  o f  th e  a c id  t o  h e a t  

and a l k a l i *  th e  fo llo w in g  exp erim en t was p erfo rm ed . To a s o lu t io n  o f  1 

£.,raja o f  potass ium  h yd ro x id e  d is s o lv e d  in  th e  le a s t  amount o f  w a te r was 

added 0 * 5  £• o f  th e  ac id  and th e  s o lu t io n  added to  3 0  m l. o f  e th y le n e  

g ly c o l .  Th® r e s u l t in g  s o lu t io n  was heated  f o r  s ix  hours a t  17© °. The 

v o lu t io n  was th e n  coo led* d i lu te d  w ith  f iv e  volumes o f  w a te r*  and 

a c id i f i e d  w ith  h y d ro c h lo r ic  sc id .  The p r e c ip i ta te d  ac id  was f i l t e r e d  o f f  

and r e o r y s t a i l is e d  from  d io x a n e . A mixed -me I t  in g  p o in t  showed t h a t  no 

change in  th©  o r ig in a l  ac id  had te e n  © f le e te d  by t h is  t re a tm e n t.

Amide. To 0 .5  g> o f th® a®id was added r>.5 m l. o f  th io n y l  

c h lo r id e  and th e  m ix tu re  r® flu x e d  fo r  h a l f  an h o u r. W ithout is o la t in g  

th e  ac id  c h lo r id e *  th e  re a c t io n  m ix tu re  was poured w ith  s t i r r i n g  in to  

c o ld  ammonium h y d ro x id e . The amorphous amide was c r y s t a l l i s e d  from  

a lc o h o l s e v e ra l t im e s * c o lo r le s s  n e e d le s *  » .p .  3 3 4 * 3 3 5 °  w ith  deo om position , 

w© re  obt ©in# d .

A n a l. Calc * d f o r  Cld HtS ©H: C* S 1 .& 7* H, 5 * 5 7 i  N* 5 -3 5

Found« c* o i .6 4 *  S 1 .6 c i  H* 5 *5 9 *  5 *5 4 * 5 *9o* 5 *3 6 .

In  o rd e r to  t e s t  th© re s is ta n c e  o f  th e  amide to  rearrangem ent 

in  th e  presence o f  s u l f u r ic  a c id *  a sample o f  th® amide was suspended in  

t h i r t y  p e rc e n t s u l f u r ic  ac id  and th e  m ix tu re  re f lu x e d  fo r  cm© h o u r. Th© 

amide was reco vered  unchanged from  t h is  tre a tm e n t as shorn  by & mixed 

m e ltin g  p o in t .
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Kydroe;enatlorn. P ure , c r y s t a l l in e ,  sodium d ib e n z » o ro a r ad ien® -

e a rh o x y la te  was d is s o lv e d  in  d i la t e  sodium h yd ro x id e  and th e  s o lu t io n

hydrog©nated fo r  two hours a t 3 0 °  and 1700*1300 pound® p re s s u re , us ing

a 5:„ney n ic k e l  c a t a ly s t • The c a ta ly s t  was f i l t e r e d  from th e  re a c t io n

m ix tu re  and th e  f i l t r a t e  a c id i f ie d  w ith  h y d ro c h lo r ic  a c id .  A gummy w h ite

s o l id  was o b ta in e d  which was e x tra c te d  fro ®  th e  aqueous medium w ith

ben zene. Th© benzene was evap o ra ted  and th e  re s id u e  d e s ic c a te d  o ver

p a r a f f in  wax. The y ie ld  © f orude p ro d u c t, assuming th e  r e a c t io n  product

to  be an ootahydrophenunthrone a c e tic  a c id , warn 77 p e rc e n t. S e v e ra l
o

c r y s t a l l i z a t io n ®  from 90*1 00  petro leum  e th e r  y ie ld e d  c o lo r le s s  c r y s t a ls ,
o

m elting; p o in t  11 .5 *1 4 5  *

A n a l. C a lc *d . fo r  Ct # HaoOa * C, 7 3 .6 5 *  H, 8 .2 5  

Pound« C, 7 9 .0 1 , ? 3 .4 4 i H . 3 .5 3 ,  3 .3 3 .

Th© hydrogen a t io n  produet was in s o lu b le  in  w a te r  b u t e a s i ly  

s o lu b le  in  d i lu t e  a l k a l i .  An a lk a l in e  s o lu t io n  o f  th e  p rodu ct im m e d ia te ly  

reduced perm anganate. The p roduct s lo w ly  d e c o lo r iz e d  a s o lu t io n  o f  

brom ine in  c h lo ro fo rm .

The h yd ro g en atio n  product was o x id iz e d  as fo l lo w s .  To 0 . 3  g . 

o f  th© h yd ro g en atio n  product d is s o lv e d  in  5*5 m l* o f  a o e ti©  a c id ,  was 

added 0 . 2  g . o f  chrom ic an h yd rid e  d is s o lv e d  in  about 5  » 1 . o f  w a te r and 

th® s o lu t io n  h ea ted  f o r  h a l f  an hour on the  steam b a th . The re a c t io n  

m ix tu re  was them poured in to  POO m l. o f w a te r and th e  m ix tu re  e x tra c te d  

w ith  e th e r .  The e th e r  was evaporated  and the  r e s id u a l  a c e t ic  ac id  

s o lu t io n  d i lu te d  w ith  w a te r , h e a te d , and t r e a te d  w ith  d e c o lo r iz in g  carb o n . 

An o i l  formed on c o o lin g !  c r y s t a l l i z a t io n  was induced by v ig o ro u s  

s c ra tc h in g *  The m a te r ia l  was r e c r y s t a l l iz e d  from  d i lu t e  a lc o h o l.  The 

m e ltin g  p o in t  was no t sharps th© substance s o fte n e d  a t  1 ?5 °  and had n o t
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c o m p le te ly  m e lte d  a t  153®* The su b stan ce  d is s o lv e d  in  sodium h y d ro x id e  

w ith  th e  f o r  ir a t io n  o f  a "blue c o lo r *

Fa r  apheny lphen s.cy 1 e a t o r * To 0 *6  g .  o f  c r y s t a l l i n e  sodium  

d ih  on sen ore a r  ad i  an ec a r t  oxy 1 a t  e d is s o lv e d  in  th e  le a s t  amount o f  w a te r  

(10-15 m l * ) w«s added an eq.ua! volume o f  a lc o h o l and 0 *6  g . o f  p -p h e n y l-  

p h e n a e y l b ro m id e . The s o lu t io n  was r e f lu x e d  f o r  one h o u r . Soon a f t e r  

s t a r t in g  th ©  r e .f lu x in g  c r y s t a ls  s e p a ra te d  fro m  th e  re a c tic m  m ix tu r e ,  k 

t o t a l  o f about 100  m l. o f  a lc o h o l in  s m a ll p o r t io n s  was added from  tim e  

t o  t im e  d u r in g  th e  r e f  lu x in g  in  o rd e r  t o  keep th e  e s t e r  in  s o lu t io n .

H ow ever, much o f  th e  m a t e r ia l  rem ained u n d is s o lv e d . The r e a c t io n  m ix tu re  

was c o o le d  and th e  s e p a ra te d  c r y s t a ls  f i l t e r e d .  The e s t e r  was r e 

c ry  s t  a l i i  red  from  a lc o h o l !  c o lo r le s s  n e e d le s , m e lt in g  p o in t  1 6 9 .5 * 1 7 0 .5 ° t 

w ere o b ta in e d .

A n a l.  C&lo* d . f o r  0 , ^ , 0 ,  t C, 3 ? .7 0  i H , 5 *1 3 *

Founds C. 8 3 .2 5 ,  3 3 .9 0 ;  H , 5 - IS ,  5 *2 7 *

F a r a n lt r o b e n s y l  e s t e r . To G .<  g . o f c r y s t a l l i n e  sodium d i -  

b e n s n o ro a ra d ie n e c a rb o x y la te  d is s o lv e d  in  th e  le a s t  amount o f  w a te r  (1 0 -1 5  

m l . )  was added an e q u a l volume o f  a lc o h c l  and 0 .  5 £ • o f  p ^ i i t r  © benzyl 

b ro m id e . The s o lu t io n  was r e f lu x e d  f o r  one h o u r, s u f f i c i e n t  a lc o h o l b e in g  

added f rom  t im e  to  tim e  t o  keep  a l l  th e  m a t e r ia l  in  s o lu t io n .  On o o o lln g  

th e  e s t e r  c r y s t a l l i z e d  and was f i l t e r e d  o f f .  The e s t e r  was r e e r y s t & i l is e d  

fro m  a lc o h o l ,  m e lt in g  p o in t  1 3 6 -1 3 6 .5 ° *

A n a l. C a le *d  fo r  Ca t Kt T G4 F * C, 74 *3 8 * H, 4 *62  5 M, 3*77

Found i c , 7 4 *1 2 , 7 4 * 2 l i  H , 4 * 6 6 , 4 .6 4 i  H, 3 . 8 3 , 3 .3 1 ,

B ro m in a t io n . A fe w  m il l ig r a m s  o f  th e  an id  was d is s o lv e d  in  

a s m a ll amount o f  c h lo ro fo rm , and a d ro p  o f  a s o lu t io n  © f brom ine in, c h lo r o 

form  was added . Ho d e c o lo n iz a t io n  was observed  when compared t o  an e q u a l
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volume o f  pure chloro form  to  which a drop o f  th e  brom ine s o lu t io n  feed 

been added*

In  o rd e r to  see i f  th e  re a c tio n  would go i f  pushed somewhat* 

the fo llo w in g  experim ent was perform ed* To 1 g* o f th e  a c id  d is s o lv e d  

in  c h lo ro fo rm  was added 1 g • o f  brom ine* The s o lu t io n  was h e ld  ju s t  

below  th© b o i l in g  p o in t  o f th© ch lo ro fo rm  f o r  about tw o hours end th©  

s o lu t io n  was then  a llo w ed  to  e v a p o ra te *  Th© re s id u a l c r y s ta ls ,  a f t e r  

tre a tm e n t w ith  d e c o lo r is in g  carbon and r e o r y s ta i l i z & t io n  from, d ioxane, 

proved t o  fee th© o r ig in a l  ac id  by a mixed m e ltin g  p o in t*

Under fo rc in g  c o n d it io n s , th e  acid  does re a c t  w ith  brom ine*

To a s o lu t io n  o f  I  g* o f  th e  ac id  in  30 m l* o f g la c ia l  a o e tlo  a c id  was 

added 0 * 3  m l* o f  brom ine (th© t h e o r e t ic a l  q u a n t ity  o f  brom ine i s  0 *63  g*»

&.?p m l . ) .  The s o lu t io n  was re f lu x e d  f o r  two hours by which tim e  th e  

s o lu t io n  had tu rn ed  to  a dark- b lu e *  Hydrogen brom ide was evo lved  d u rin g  

th e  re a c t io n *  The re a c t io n  m ix tu re  was poured in to  s e v e ra l volumes o f 

w a te r whereupon a w hit©  s o l id  was p r e c ip ita te d *  T h is  suspension was 

ext,racted  w ith  e th e r *  Th© e th e r  e x t r a c t  had a deep b lu e  c o lo r *  A v e ry  

sm all amount o f  a brown, e th e r  in s o lu b le , w ate r in s o lu b le  m a te r ia l  was 

a ls o  p re s e n t*  Cm eva p o ra tio n  o f  th e  e th e r  e x t r a c t ,  a res id u e  o f  green  

and l ig h t  y e llo w is h  brown c r y s ta ls  rem ained* These were taken  up in  

hot benzene and gave a green s o lu t io n *  The s o lu t io n  was t r e a te d  w ith  

d e c o lo r iz in g  c a rto n  w ith  no change in  c o lo r *  On adding an o^ual volume 

o f  hexane and c o o lin g  th e  s o lu t io n ,  a mass o f  s l ig h t l y  y e llo w  c ry s ta ls -  

was o b ta in ed * These were r e o r y s ta l l i z e d  from beaten© y ie ld in g  alm ost 

c o lo r le s s  c r y s ta ls ,  m e ltin g  p o in t I8 p * 5 - l3 4 ° «  These c r y s ta ls  m elted  to  

a b lu e  l iq u id ,  w h ich , on c o o lin g , s e t  to  a b lu e  s o l id *

Th© product is  a bromine c o n ta in in g  a c id , in s o lu b le  in  w ate r  

but s o lu b le  in  d i lu t e  sodium h yd ro x id e * The a lk a l in e  s o lu t io n  im m ed ia te ly
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reduces permanganate to  & green. and s lo w ly  to  manganese d io x id e *  I t  is  

on ly  s lo w ly  s o lu b le  in  cono© atra ted  s u l fu r ic  a c id  a t room te m p era tu re  w ith  

th© fo rm a tio n  o f a p a le  green s o lu t io n  which s lo w ly  tu rn s  to  an in te n s e  

d a rk  green on s ta n d in g * The a n a ly s is  is  c a lc u l& te d  fo r  a lp h a -tro m o -9 -  

p h e n a n th ry la o e tio  so ld *

A n a l. C a le 'd  f o r  C1 9 H1 1 0 aB r* C, 60 .97?  H , 3*52? B r, 25*36  

Found* C, 6 1 .1 0 ,  6 1 .0 3 1 H, 3 .4 6 ,  3 .54?  B r, ?6 .? 6 , ? 6 .0 7 *

The a b s o rp tio n  curve o f  th e  b lu e  e th e r  e x t r a c t  o f  th e  b r  o b i  in  a t  ion  

re a c t io n  m ix tu re  (p ig .  3 ) was ob ta ined  in  a Coleman ^ ode l 11 H a iv e rs & l  

Spectrophotom eter u s in g  19 m il l im e te r  c e l l s ,  end pure e th e r  f o r  th e  b la n k .  

The concent r a t  ion  o f  th e  b lu e  m a te r ia l  was unknown. On s tan d in g  o v e rn ig h t  

th e  b lu e  c o lo r  in  th e  e th e r  s o lu t io n  faded  to  a f a in t  g re e n is h  y e llo w .  

However, i f  th e  b lu e  m a te r ia l  was n o t e x tra c te d  from  th e  re a c t  ion m ix tu re  

w ith  e th e r ,  i t  was much more s ta b le ,  th e  c o lo r  fa d in g  o n ly  a f t e r  s tan d in g  

a few  days. T h is  suggested th a t  th e  b lu e  m a te r ia l  was e a s i ly  o x id iz e d  

s ince  th e  e th e r  was known to  c o n ta in  p e ro x id e s .

The b ro m in e  c o n t a in in g  a© id  o b ta in e d  as th e  m ain b ro m in a t io n  

p ro d u c t was c r y s t a l l i s e d  fro m  benzene and h e ld  a t  1 9 0 ° in  an o i l  b a th  

f o r  f i v e  m in u te s . Th© m a t e r ia l  m e lte d  w ith  th e  fo rm a t io n  © f a g reen ish  

b lu e  s u b s ta n c e . The l a t t e r  was ta k e n  up in  benzene and th e  a b s o rp t io n  

c u rv e  o b ta in e d  as o u t l in e d  above u s in g  p u re  benzene as th e  b la n k .  T h is  

c u rv e  is  shown in  F ig .  4 *

O x id a t io n . To a s o lu t io n  o f  1 g . o f  a c id  in  d i l u t e  sodium  

h y d ro x id e  was added & s o lu t io n  o f 7 *5  &• p o ta s s iu m  p erm an g an a te . The  

r e a c t io n  m ix tu re  was a llo w e d  to  s ta n d  a t  room te m p e ra tu re  f o r  tw e n ty - fo u r  

hours and was th e n  h eated  f o r  two h o u rs  on th e  steam  b a th .  Th© r e a c t io n  

m ix tu re  was th e n  made d i s t i n c t l y  a c id  w ith  s u l f u r ic  and h e a te d  f o r  a n o th e r



Spectral absorption ourre of the ether «xlr«ot of the 

breninatloa reset lea mixture*
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4 *  S p e o t r a l  s t e o r p t io a a  c u r v e  o f  a  b e n z e n e  s o l u t i o n  o f  t h o  m a l t e d  

b r  ora i n  a t  i o n  p r o d u e t  •
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hour on th e  steam b a th  w ith  o c c a s io n a l shaking a f t e r  which i t  was 

a llo w ed  t©  stand a t room temp© r& tu re  f o r  tw e n ty -fo u r  h o u rs . By t h is  tim e  

th e  perm anganate c o lo r  had c o m p le te ly  d is a p p e a re d . The s o lu t io n  was

f i l t e r e d  and th e  f i l t r a t e  e x tra c te d  s e v e ra l tim es  w ith  e t h e r .  The e th e r

was evap o ra ted  and th e  r e s id u a l t r io a rb o x y  l i e  ac id  r e o r y s ta l l is e d  s e v e ra l
o

tim es  from  w a te r  I th e  substance m elted  a t  2$ 1 -^ 82  .  The y ie ld  was ve ry  

p oo r, about 0 .1  g . ,  and o n ly  a s m a ll amount o f  product oou ld  be is o la te d  

re g a rd le s s  o f  th e  amount o f  s t a r t in g  m a te r ia l .

V a rio u s  c o n d it io n s  were t r i e d  in  o rd e r to  improve th e  y ie l d ,  

but w ith o u t success. Thus, 1 g . * o f  ac id  in  d i lu t e  sodium h yd ro xid e  

s o lu t io n  end k  &• o f  potassium  permanganate were re f lu x e d  one and one- 

i m l f  h o u rs . In  ano ther e x p e rim e n t, £ .8  g . o f  th e  acid  and ?C.$ g . ( th e  

c a lc u la te d  q u a n t i ty )  o f  potassium  permanganate were r e f lu x e d  an hour and 

o n e -q u a rte r  and th en  a llo w ed  to  stand t h i r t y - s i x  h o u rs . In  s t i l l  an o th er  

e x p e rim e n t, a h o t s o lu t io n  o f  th e  ac id  in  d i lu t e  sodium h yd ro x id e  was 

t i t r a t e d  w ith  a s o lu t io n  o f  potassium  perm anganate, t im e  b e in g  g iven  fo r  

th e  perm anganate c o lo r  to  d isap p ear a f t e r  add i t  ion  o f  each drop b e fo re  

an o th e r was added.

Somewhat b e t te r  y ie ld s ,  a lth o u g h  s t i l l  p o o r, were o b ta in ed  by  

u s in g  ©hr©ado anhydride as th e  o x id is in g  a g e n t. The a c id  was d is s o lv e d  

in  th e  le a s t  amount o f  ho t g la c ia l  a c e t ic  a c id , and an excess (6 x 1 ) o f  

a s o lu t io n  o f  chrom ic anh ydrid e  (mad# by d is s o lv in g  chrom ic anhydride in  

th e  le a s t  amount o f  w a te r and adding g la e ia l  ac t i c  a c id )  added. The 

s o lu t io n  was re f lu x e d  fo r  two hours a f t e r  w hich most o f  th e  a o e tie  a© id  

was removed by continuous d i s t i l l a t i o n  w ith  w a te r . The c a lc u la te d  

q u a n t ity  o f s u l fu r ic  ac id  was added and th e  r e s t  o f  th e  a c e t ic  as id  d is 

t i l l e d  o f f  in  l ik e  manner. The s o lu t io n  was e x tra c te d  s e v e ra l tim es  w ith



e t h e r .  the e th e r  • s t r e e t  eva p o ra ted , and th e  re s id u e  r e e r y e t * A l i * * d  from  

w ater a f t e r  d e o o le r le o t lo n  w ith  M e r i t .

Assol. C e2**d . f o r  Ct 8 Hl $ G8 i C, 5 7 -6 C 1 n ,  6 - 0 3  

f o w o t  C, $ 7 -6 6 , 5 7 * 5 6 1 H. 4 -1 $ .  4 *0 4 -  

l e n t r a l ig a t io n  e q u iv a le n t  *

;>*j»ple T i t r e
(g n .)  (m l. 0 .C19? !» *» 0 H ) B . I

1 .  0 .0 0 6 1 6  3 -§ 6  i ^ . 5 4

? . 0 .0 0 4 0 9  3 -7 5  6 3 .5 ?

A verag e  - • - • • • • •  3 3 - ?5

M ol© outer w eight from  n « n t r * i l * e t l e n  e ^ u i*  * le & t  *

C o le -  f o r  Ct1|S t a C€ * ?5C.C

Found* 3 (6  3 • ?5 ) *  ? 4 9 *6

4 -  l ( ? '  -C erfeoxyyh eny 1 )  3 -e y e  Xoj>r opened ie  or b o x y l ie

,40Id  frc m  & lb « tts A o re *r« d ie e i*e ftr fe o *y lie  l e l d .  

f r e p a r a t i o n * The 00 id  wme p re p a re d  fey th e  e x I d * t l e a  o f  

d ife ttt tx a o re e re d le tte e e rfe e x y lt*  ©old ©* d e e e r lb e d  afeeve-

Trl-antilde* ifeoet 0-? g. of the told «*• r# f iu x # d  fo r  tie* 

hcura w ith  «sn exeea* o f  t b le n y l  e h le r ld e .  .tfo r e la t io n  oeeurrod utndor 

th e *#  © e a d lt io n * § th e  ®el4 re& e laed  u& dtseo lvsd  end w%* r ^ o ^ f r e d  u a -  

e h « » £ *d .

Afeeufe O .P  g . o f  th e  0014 w ot h e a te d  w i t h  «*t exoeee  o f  

phoophorou* p e n t e# h ie  r id e  n o t11 *  « l * « r  g e lattea r e s u l t # 4 - without 

1 * e la t i n g  th o  mold c h lo r id e ,  t h i s  r e n e t te a  s i  art e re  w «* p eered  in t o  m 

s o lu t io n  o f  p e l .  o f  a i J t l c #  in  3C m l- o f  feeagen*,  w hereupon a heavy  

p r e e i p t t e t e  form ed w hioh wee in s o lu b le  in  b o th  h o t and e o id  t s a m t *

Tho o o i id  m a te r ie l  mm» f i l t e r e d  o f f  end waehed (fey t r i t u r a t i o n  and 

f i l t r a t i o n )  » m e *© a e iv e ly  w i t h  w a te r , d i l u t e  h y d ro © h ie r io  © o ld , d i l u t e



sodium  h y d ro x id e  and w a te r#  The m a t e r ia l  was th e a  d is s o lv e d  by  r © f lu x in g  

w ith  g l a c i a l  a© © t ie  a c id *  About 500  m l* o f  a o e t lo  a© id  was n e c e s s a ry  

s in c e  in  t h i s  s o lv e n t  th e  a n i l id ®  is  d i f f i c u l t l y  s o lu b le *  On e v a p o ra t io n  

o f  ab o u t h a l f  o f  th e  s o lv e n t ,  th e  a n i l Id ©  c r y s t a l l i s e d  fro m  th e  s o lu t io n .  

A f t e r  s e v e r a l  r e e r y s t & l l is & t io n s  fro m  g l a c i a l  a c e t ic  a© id  th e  s u b stan ce  

m e lte d  a t  32^ * 330°  in  th e  b lo c k *

A n a l.  C a lc 'd .  f o r  C#0Ha # Gs N* * C, 7 5 -7 7 5  H* 5 -3 0 5  » * d .d ii  

Found* C, 7 5 -^ 5 »  h , 5 -3 3 J  M, 3 * 3 2 .  d . d l *

T r l -p -p h e n y lp h e n a e y l  e s t e r * Th© a© id ,  0*15  &• * 'wa® d is s o lv e d  

in  d i l u t e  sodium  h y d ro x id e *  D i lu t e  h y d r o c h lo r ic  a c id  was added t o  t h i s  

s o lu t io n  u n t i l  i t  was J u s t a© id  t o  l i tm u s *  A s o lu t io n  o f  G*d g* o f  p -  

p h e n y lp h e a a c y l b ro m id e  in  a lc o h o l was added* About 5^ m l- o f  a lc o h o l  

more was added and th e  r e a c t io n  m ix tu re  was th e n  r e f lu x e d  f o r  fo u r  h o u rs  

d u r in g  w h ich  t im e  th® e s t e r  p r e c ip i t a t e d  o u t o f  s o lu t io n *  Bo a tte m p t  

was made t o  r e d is s o lv e  th© e s t e r  d u r in g  th e  ©ours© o f  th© r e a c t io n *  The 

r e a c t io n  m ix tu re  was c o o le d  and th©  p r e c ip i t a t e d  e s t e r  f i l t e r e d  o f f *

A f t e r  s e v e r a l  r e c r y s t a l l i g a t i o n s  from  ace to n e  th e  su b stan ce  m e lte d  a t

174-5-175°.

A n a l* C& lc*d • fo r  CS4fi4 0 G8 * C, 7 7 -8 7 i h , 4 *$4  

Found* C, 77*34> H , i|*d d*

5 -  l - ( 2  -C a rb o x y  p h e n y l) - 2 , 3 -'ey© lo p ro p a a e a  ic a r b o x y 1 ic

A c id  fro m  B e n s n o re © ra d lo n e © o a rb o x y lie  A c id *

Beag&oro&rad ien eo  a rb o xy  1 ic  a o id  was p re p a re d  by th© method o f  

Buchner and H e d ig e r  ( 2 1 ) *

1 ( 2 '  ~ o a rb o x y p fa a n y l)-2 , 3 -o yc  lo p r  opened ic  a rb o xy  l i o  a o id * T h is  

was p re p a re d  b y  th® o x id a t io n  o f  b e z iz n o ro a ra d ie n e c & rb o x y lio  a o id  a c c o rd in g  

t o  th ©  method o f B uchner and K ed i& o r ( ? ! } *



5o.

The m e lt in g  p o in t  o f  t h e  p ro d u ct o b ta in e d  by t h i s  method*

was s l i g h t l y  h ig h e r  than th© m e lt in g  p o in t  o f  th #  compound

© *o b ta in e d  fey th e  abo^e w o rk e rs *  ? 73~ 275  • T h is  d is c re p a n e y  *$&y p o s s ib ly

b e a c c o u n te d  f o r  by a d i f f e r e n c e  in  th e  m ethods u sed  in  d e te r m in in g  th #

m e lt in g  p o in t  * o r  in  th® r e l a t i v e  p u r i t y  ©f th e  tw o  p ro d u c ts *  Th#

above w o rk e rs  s ta te  t h a t  t h e i r  compound was y e l lo w is h - w h ite  and d id  n o t

m e lt  s h a r p ly *  w hereas th e  compound p re p a re d  by th e  a u th o r  was pure  w h ite

and m e lte d  s h a r p ly .

A n a l .  C a lo ’ d . f o r  Ci a H10 Cd * C. 5 7 *6 0 1  H, 4 .0 3

Found * C* 57*7P* 57*72!  H, 4*20, 4*07*

T r i - a n i l l d e .  T h is  p ro d u c t was p re p a re d  in  a manner s im i la r

to  t h a t  d e s c r ib e d  f o r  th e  t r i - a r t H i d e  o f  ! - ( ? '  •c a r b o x y p h e n y l} -T * 3 *

e y e lo p ro p a m e d lo a rb o x y lie  a c id  o b ta in e d  from  th e  o x id a t io n  o f  d lb c n s n e r *

o©mrad io n ©earb o xy l i e  a c id .  The substance decomposed a t  7 2 3 -3 3 0  in  th e  

b lo c k .

A n a l. C a lc*d  f o r  C10Ha s £y*s * C, 7 5*7 7 1  H# 5 * 3®!  IT, 3 .5 4  

Found* C. 7 5 *7 7 i H. 5 *1 5 1  !?• 5 . 7 1 . 3 . 7 6 .

T r i-P -p h e n y Ip h e a a c y  1 e s t e r .  T h is  p ro d u e t was p re p a re d  in  a  

m anner s im i la r  to  t h a t  d e s c r ib e d  f o r  th e  t  r  i  -p«*pheny Ip h s n a o y l e s t e r  o f  

1 - (2 / -c a rb o x y p h e n y l) -? * 3 -e y e lo p r o p e n e d io a r b o x y lie  a c id  o b ta in e d  fro m  th e  

o x id a t io n  o f d ib e n w a o ro e ra d ie n e c e rb o x y li©  a c id .  The s u b s tan c e  m e lte d

at 174.5-175°.

A n a l. C a lo ’ d f ° r  * C# 7 7 *3 7 1  H . 4 .3 4

Found* C, 7 7 .5 3 1  S . 4 *5 5 *

6 .  C o n v e rs io n  o f  fe ih e n s n o ro a ra d le n e c a rb e x y llo  A oid  

in t o  5 -P heaaantfereneacetic  A c id .  

g y d ro fte n a tio n  o f  d ib e n g n o ro a ra d ls n e c a rb o x y lie  a c id .  T h is  was 

o u t as p r e v io u s iy  d e s c r ib e d  in  p a r t  I I I .



51.

&1 a s t h a n e * This was pr©pared by the  method o f  A rndt (4 ? ) •  

M e th y l e s te r  o f  hydrogen»tod cllhengaorearadie&eo&rteQ xylle a o id *

To an e t h e r e a l  s o lu t io n  o f th e  h y d ro g e n a ted  a©id ess added an emcees o f  

on e t h e r e a l  s c i a t i c a  o f  dl&ftomstha&e sad  th #  r e s u lt in g .  s o l u t i o n  a llo w e d  

to  ©wap©* a te *  The r e s id u a l  m e th y l e s t e r  woe ah o i l  and c o u ld  n o t  he  

c r y s t a l l i s e d *

E ehydrofcsaat1 c& o f  m e th y l ^ s t e r * The e s t e r  from  1 *1  g* o f  th e  

h ydro  p e lle te d  a o id  was da by d r© £© n»t ©d a t  3&©a u s in g  a Raney n le lc e i  c a t a ly s t  • 

The a yp eracu s  was aw ape o u t w ith  carb o n  d io x id e  and th© hyd ro g en  e o l le e t e d  

o v e r potassium hydro xiae solution* roughly £50 *!• of hydrogen -were 

o b ta in e d *  turn p ro d u e t was e x t r a c te d  frost th e  r e a c t io n  m ix tu re  w ith  

te a  sen# and in©  bensemo e v a p o ra te d *  On s a p o n if ic a t io n  o f  the re s id u e  

w ith  sodium  p ro p y l a te *  a  d a rk  brown o i l y  s o l id  s e p a ra te d  and was resowed  

from  th e  r e a c t io n  m ix tu r e .  The r e a c t io n  m ix tu re  was th e n  diluted w ith  

w a te r  sms th e  p ro p y l a lc o h o l restored by d i s t i l  l e t  io n *  The aqueous s o lu t io n  

van filtered mm.d a c i d i f i e d  w hereupon a  v e ry  s m a ll amount o f  a c id  was 

p r e e ip lb a te d *  The p r e c ip i t a t e d  a o id  was e x t r a c te d  w i t h  e t h e r *  t®  e v a p o ra 

t i o n  o f  th e  o th e r *  c r y s t a ls  w ere  o b ta in e d  w h ich  a e l t e d  about 1 0 5 "1 5 O0 *

Pure 9*phenantbjreiMienetie ao id  molts a t  £ £ l-£ £ £ ° *

7* S y n th e s is  o f  9 -fh e tta& tftren eao © tio  Aoid  

9 -h r  Oi'&ephenan th ro n e  * To 09 &• o f  phe&aathrene (0 *5  m o l*)  d le -  

so iv#d  in  carbon te t r a c h lo r id e  and coo led in  an ic e  b a th *  was added s lo w ly  

w ith  s t i r r i n g  0 6  g . o f  brom ine (0 *5  m o l.)  d is s o lv e d  in  carbon te tr a o R lo r id e *  

The re a c t io n  m ix tu re  was a llo w ed  to  stand  f o r  th re e  hours* whereupon the  

© ry s t& is  o f  9* lC -difcydr©-$*lC -dlferom opfcenanthren© s e p ara ted * These were  

f i l t e r e d  o f f *  t r a n s fe r r e d  to  a beaker and m elted  on th© steam b a th . The 

product was h e ld  a t  th is  tem p era tu re  u n t i l  the e v o lu t io n  o f hydrogen



bromide ceased* On stand ing overnight, 9 ~t romophenantfer en© crystal Used 

as an oily mass. The proauct was roorystgs.il 1 z©d from eighty percent 

alcohol*

i>eta-y~phsnant hr ameeth&noI* A three-necked flack

was equipped with a m ercury scaled stirrer, a reflux ooadenser and a 

dropping funnei. To the flask was added 4*3 &• of magnesium turnings and 

about 50 ml. of* dry ether* Ahen a few ml* of a solution of 35*9 S* of 

3-bromaphenenthrone in ether was allowed to drop In from th© dropping 

funnel* D ifficulty was experienced in starting the reaction* Success 

was fina lly  obtained by gentle heating alter the further addition of $0 

©1* of onisole end a few ml* of ethyl bromide* Th© remainder of the 

aryl halide was added slowly with stirring* After th© addition was 

complete, the reaction mixture was gently refluxed tor half an hour without 

interruption of the stirring* The flask was then surrounded by an loe and 

©alt bath and 15 &• (an excess) of ethylene oxide wafi allowed to drop in 

through a dry ice condenser from a small vial of liquid ethylene oxide 

from which the latter was vaporised by warming in a water bath* About 

one hour was required for th is addition* After a ll the ethylene oxide 

had been added* the reaction mixture was refiaxed for an hour, stirring  

being continuous taroughout the addition and refluxing* Solid material 

began to separate soon after th© addition of the oxide was started and 

by th© time the addition was complete, a considerable quantity of a lumpy 

solid was present. Th© reaction mixture was decomposed with ice end 

concentrated hydrochloric acid, and the resulting mixture extracted with 

ether* The ether extract was dried over anhydrous sodium sulfate and 

evaporated under reduced pressure. The residue was an o il ,  insoluble in 

petroleum ether* This o il  was triturated several times with petroleum



e th e r  end th e  l a t t e r  d ecan ted  f ro ®  th e  o i l  l a  o rd e r  to  T re e  i t  f ro ®

a n ls o le *  On f u r t h e r  t r i t u r a t i o n  o f  th e  o i l  w ith  5 0 -? 0 °  p e tro le u m  e th e r *

p a r t i a l  c r y s t a l l i s a t i o n  o c c u rre d  and* on a d d i t io n  o f  s m a ll  amounts o f

a c e to n e * th e  o i l  d is s o lv e d  w i t h  th e  fo rm a t io n  o f  & f a i r l y  t h i n  s o lu t io n

w h ich  l e f t  th e  c r y s t a ls  t h a t  had p r e v io u s ly  s e p a ra te d  f r e e  t o  f i l t e r *

These c r y s t a ls  m e lte d  a t  t 5 1 *T 5 ^ °»  On c o o lin g  th e  m o th er l iq u o r  in  th e

r e f r i g e r a t o r *  a second b a tc h  o f  c r y s t a ls  was o b ta in e d  and was com bined

w it h  th e  f i r s t  b a tc h *  On e v a p o ra t io n  o f  th e  m other l i q u o r ,  an o i l  was

o b ta in e d .  T h is  was d i s t i l l e d  in  vac u o , le a v in g  a b la c k  t a r r y  re s id u e *

The d i s t i l l a t e  was th e n  f r a c t i o n a l l y  d i s t i l l e d  u n d er red u ced  p re s s u re *

The f i r s t  f r a c t io n *  up t o  2&0o a t  13 m s** s o l i d i f i e d  on c o o l in g  and was

r e e r y s t a l l i s e d  fro m  d i l u t e  m e th a n o l*  T h is  p ro ved  to  be p h en an th ren ©  by

a m ixed  m e lt in g  p o in t *  The n e x t  f r a c t i o n ,  w h ich  had a  f a i r l y  n a rro w

ra n g e *  2 4 0 -2 4 5 ° *  rem ained  as an o i l ,  even  on c o o l in g ,  b u t  s o l i d i f i e d  on

©t r i t u r a t i o n  w i t h  3 0 -6 0  p e tro le u m  e th e r *  T h is  m a t e r ia l  w&e d is s o lv e d  in  

h o t  benzene and 30- 60°  p e tro le u m  e th e r  added d ro p w is e  to  th e  h o t  s o lu t io n  

u n t i l  th ©  p r e c i p i t a t e  f i r s t  form ed J u s t d is s o lv e d .  On c o o lin g  th e  s o lu 

t i o n  and s c r a tc h in g  th e  b e a k e r  b e ta -9 -p h e n a n th re n e e th s in o l c r y s t a l l i s e d *  

The y i e l d  o f  c ru d e  m a t e r ia l ,  m e lt in g  p o in t  6 5 -9 0 °  was 6 * 2  &• The c ru d e  

p ro d u c t was ta k e n  up in  a s m a ll excess  o f  benzen e* t r e a t e d  w i th  d e c o lo r 

is in g  c a rb o n , e v a p o ra te d  t o  a  s m a ll vo lum e, and c r y s t a l l i s e d  by th e  

a d d i t io n  o f  p e tro le u m  e t h e r  as d e s c r ib e d  above* The p u re  m a t e r ia l  m e lte d  

* t  95>°.

O x id a t io n  o f  b e ta - 9 -p h e n a n th re n e e th a n o l.  To 0*r>6 g * o f  b e t a -  

3 -p h e n a n t hrene©  th  an o 1 d is s o lv e d  in  a c e to n e  t h a t  had been p r e v io u s ly  d is 

t i l l e d  o v e r  p o ta s s iu m  p e rm an g an a te , n t  added a s o lu t io n  o f  0 *2 3  g* o f  

p o ta s s iu m  perm anganate  in  a c e to n e * The s o lu t io n  was a llo w e d  t o  s ta n d  f o r



f © r t y - e i * ,h t  h o u rs  a t  room te m p e ra tu re , b y  w h ich  t im e  th e  p u rp le

p erm anganate  c o lo r  had d ie  a p p ea re d .  On e v a p o ra t io n  o f  t h e  acetone  a

s m a ll q u a n t i ty  o f  y e l lo w  o i l  was seen in  th e  manganese d io x id e *  The

r e s id u a l  manganese d io x id e  was e x t r a c te d  w i t h  h o t  d i l u t e  sodium  h y d ro x id e ,

th e  e x t r a c t  f i l t e r e d ,  and th e  f i l t r a t e  a c i d i f i e d  w i t h  d i l u t e  h y d ro e h lo r i©

m e ld , w hereupon a  p r e c i p i t a t e  fo rm ed * A f t e r  c o a g u la t io n ,  th e  p r e c ip i t a t e d

a o id  w&e f i l t e r e d  and d r ie d *  The y i e l d  o f  t h i s  a c id  was v e r y  p o o r , ab o u t

PO mg* T h is  was r e c r y s t& l l is r e d  fro m  d i l u t e  a c e t ic  a c id  b u t s t i l l  r e t a in e d

o
a c o n s id e r a b le  b ro w n ish  y e l l o w  c o lo r *  I t  decomposed a t  ?03~$>13 • P ure

9 -p h e n e n th ro n e a c e t ic  a c id  m e lts  a t  P P l~ P P P °«

The r e s id u a l  manganese d io x id e  fro m  th e  a lk a l in e  e x t r a c t io n ,  wan

e x t r a c te d  w ith  h o t  b e n zen e , and th e  e x t r a c t  e v a p o ra te d *  A d i r t y  y e l lo w

s o l id  re m a in e d , w h ich  m s  ta k e n  up in  h o t  a lo o h o l and t r e a t e d  w i th

d e c o lo r iz in g  c a rb o n s * C r y s t a l l i z a t i o n  was in d u ced  b y  d i l u t i n g  w i th  w a te r

and th e  m & te r i& l was r e o r y s t a l i i z e d  fro m  d i l u t e  a lo o h o l,  m e lt in g  p o in t

9 0 - 9 3 ° *  The s u b s ta n c e , ©a f u r t h e r  r e c r y s t a i l i z a t i o n  fro m  b e n z e n e -p e tro lc u m
o

e t h e r  m e lte d  a t  9 2  and p ro ved  t o  be b e tft -9 -p h e n a n th re n e e th a m o l by  a  m ixed  

m e lt in g  p o in t *



I m tm m r

1 . I t  has teen shcnn t h a t  e t h y l  d las© a c e ta te  r e a c ts  w ith  

p h e n a n th re n e  t o  y ie ld  th e  e t h y l  e s t e r  o f  d ite n s n o r e a r a d ie n e o a r to x y l ie  

&e id *

? • Th* structure of dibensnorearadieneoartoxy 1 ie  aoid has 

been proven by its o x id a t io n  to l - ( 2 '  -earbQ xyph en yl)-? ,3-cyolop r© pam © ~  

dio arboxy 1 io aoid •

3*. That the oxidation product ©f dibensnorearadieoeearboxyli© 

aoid was, in fact l-(?' -© ar b oxy phenyl) ~? , 3 -® y<* 1 opr opan e d io &r b © xy 1 ie aoid 

was proven by comparison of th© oxidation product with a sample synthesised 

in the following way. i fchyl diasoaoetate was condonsed with naphthalene 

to yield the ethyl ester of bensnoresradieneoarboxylie acid which on 

sapoaifScation and oxidation was converted into l-(̂ /-earboxypheayI)-?,3- 

© yelopropanedie arboxy1ie as id•

4 *  Some o f  th e  c h e m is try  o f  d i t®nx n o re a ra d 1en©ea rb o x y 1ie acid 

has b«?#n d e s c r ib e d  maeely, s t a b i l i t y  to  r**rreng*a*st» s a l t  fo rm a t io n ,  

o x id a t io n ,  b ro m in s t io n , h y d ro g e n a t io n , e s t e r i f i o a t i o n ,  and amide fo r m a t io n .  

S e v e r a l derivatives of th #  a c id  w ere  p re p a re d , nam ely  th e  ©odium, ammonium 

and s i l v e r  s a l t s ,  th e  a m id e , the p *-» itro fc e n s y l and p«ph#ayIjphen& oyl e s t e r s ,  

th e  o x id a t io n  p ro d u c t, l - ( ? / -o & rb o x y p h e n y l) -^ ,3 -e y o lo p r o p a a e d ic a r b o x y lie  

a o id ,  th ©  b nom inal ion  p ro d u c t, a lp b a -b ro ® o ~ 3  -p h e n a n th ry la c  e t  ie  a c id  (? ) *  

and th e  h y d ro g e n a tio n , p ro d u e t .

5 * Two d e r iv a t iv e s  o f  l - ( ? / -© a rb o x y p h © n y l)-? ,3 ~ © y © lo p J ro p a » e -  

d io a r b o x y l ie  a c id  w ere  c h a r a c te r is e d ,  n a m e ly , th e  t r i a n l l i d e  and th e  t r i »  

p -p h a n y lp h e n a e y l e s t e r *
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