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ABSTRACT

R estric ted  R otation About 

The C arbon-C arbon  Single Bond

by

C onstan tine  Koukotas 

Adviser: Leonard H. Schw artz

To d a te ,  no s te reo iso m ers  re su ltin g  from re s tr ic te d  ro ta tio n  abou t 

a sp3- s p 3 ca rb o n -ca rb o n  bond have been  ob ta ined . E xceptions to  th is  

involve c a s e s  w here the  atom s of the  sin g le  bond in  q u estio n  are  further 

connec ted  to  e a c h  o ther by a  b rid g e , the  p roperties of the  bridge being  

re sp o n s ib le  for the  a trop isom erism .

In th is  d is s e r ta t io n  the  9 , 9 ' -b itr ip ty cy l system  is  proposed  to  

study  re s tr ic te d  ro ta tio n  abou t a sp 3- s p 3 carbon -carbon  sin g le  bond. A 

su itab ly  su b s titu te d  9 ,9 '-b itr ip ty c y l su ch  a s  2 , 2 '-d ic a rb o x y -9 , 9 '-  

b itrip ty cy l re sem b les  a 1 ,2 -d is u b s ti tu te d  e thane  such  a s  n -b u tan e  in  

term s of the  number of conform ers and the s te reochem ica l re la tio n sh ip s  

among them . It is  e s tim a ted  th a t the  barrie r to  ro ta tio n  in  9 ,9 1 -b itr ip ty c y l 

w ould be high enough so  th a t su b s titu te d  9 ,9 '-b i t r ip ty c y ls  w ould be 

conform ationally  s ta b le  a t  am bient tem p era tu res . Various ap p ro ach es to  

dem onstra te  th is  conform ational s ta b ili ty  are d is c u s s e d . The approach  

ch o sen  for in v e s tig a tio n  c o n s is ts  of the  add ition  of benzyne to  an o p tic a lly

vi



ac tiv e  2 / 2 '- d is u b s t i tu te d -9 / 9 '-b ia n th ry l .  If  the  re su ltin g  2 , 2 '-  

d is u b s t i tu te d -9 ,9 '-b itr ip ty c y l w ere  found to  be o p tica lly  a c t iv e , con ­

form ational s ta b ili ty  w ould be e s ta b l is h e d .

Various 2 ,2 ' - d is u b s t i tu te d -9 , 9 ' -b ia n th ry ls  have been  sy n th e s iz e d . 

2 , 2 '-D ic a rb o x y -9 , 9 ' -b ian th ry l h as  been  re so lv e d  in to  i ts  o p tica l 

enan tiom ers . In the p ro c e ss  of determ ining  the  a c tiv a tio n  param eters o f 

the  racem iza tio n  of 2 , 2 '-d ic a rb o m e th o x y -9 ,9 '-b ia n th ry l ,  i t  w as d isco v ered  

th a t oxygen c a ta ly s e s  th is  rac em iza tio n . Various 2 ,2 '-d is u b s t i tu te d -  

9 ,9 '-b i t r ip ty c y ls  have been  sy n th e s iz e d  by the  add ition  of benzyne to  

2 , 2 '- d is u b s t i tu te d -9 ,9 '-b ia n th ry ls .  The corresponding 2 -s u b s titu te d  

trip ty cen es  have a ls o  been  sy n th e s iz e d . In frared , m ass sp ec tra  and 

u ltrav io le t d a ta  of 9 , 9 ' -b itr ip ty c y ls  and  tr ip ty ce n e s  are p resen ted ; m ass 

sp ec tra  are d is c u s s e d . The ad d itio n  of benzyne to  o p tic a lly  a c tiv e  

2 , 2 '-d ic a rb o m e th o x y -9 ,9 '-b ia n th ry l y ie ld ed  2 ,2 '-d ica rb o m e th o x y - 

9 , 9 '-b itr ip ty c y l. After h y d ro ly s is , the re su ltin g  2 , 2 ' -d ic a rb o x y -9 ,9 '-  

b itrip tycy l w as found to  be o p tic a lly  in a c tiv e . P o ssib le  rea so n s  for th is  

la c k  of o p tica l a c tiv ity  are  d is c u s s e d .
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2

S tereoisom erism  due to  re s tr ic te d  ro ta tio n  abou t s in g le  bonds

(atropisom erism ) has been  recogn ized  for some tim e. The su c c e s s fu l

re so lu tio n  of 6 #6 '-d in itro d ip h e n ic  ac id  provided the  f ir s t  su c h  c a s e .*

Since th e n , num erous su b s titu te d  b ipheny ls and b inaph thy ls have  been

2ob ta ined  in  o p tic a lly  a c tiv e  form.

The m ajor fac to r re sp o n sib le  for re s tr ic te d  ro ta tio n  in  b ia ry ls  is  

b e liev ed  to be s te r ic  in  o rig in , a lthough  o ther e ffe c ts  have a ls o  been  

rec o g n ize d . T hus, in  b iphenyl a trop isom erism , i t  i s  the  "b u lk in e ss"  of 

th e  ortho su b s titu e n ts  w hich  m ainly determ ines the energy  b a rrie r  to  

ro ta tio n . This is  supported  by the fac t th a t the  order of in te rfe re n ce  

of ortho su b s titu en ts  as determ ined by racem iza tio n  s tu d ie s ,

Br »  CH3 > C l > NOz > C 0 2H »  OCH3 > F , roughly  p a ra lle ls  th e ir
3

van  der W aals ra d ii .

The th e o re tic a l b a s is  for the  s te r ic  na tu re  of a trop isom erism  in

[1 ]  G .H , C h ris tie  and J. Kenner, J,. C hem . S oc . ,  12JL, 614 (1922).

[2 ]  (a) J. G rundy, "S te reo ch em istry ,"  Butterw orths and C o . L td . ,  

W ash in g to n , D .C . ,  1964,c h a p .8; (b) E .L . E lie l, "S te reochem istry  of 

C arbon C om pounds," M cG raw -H ill Book C o . I n c . , 1962^c h a p .6; (c) 

M .M . H arris , in  W . Klyne andPJBLD. de la  M a re ,e d .,  "P ro g ress  in  

S te reo ch em istry ,"  v o l .2 , 1958, c h a p .5; (d) R. Adams and H .C . Y uan, 

C hem . R ev. 12 , 261 (1933).

[3 ]  See re f . 2 (b ), p 161.



4
b ipheny ls w as provided by W estheim er and co w orkers . They c a l -

3
c u la te d , w ith  good agreem ent w ith  experim en tal v a lu e s , the  

en th a lp ie s  of a c tiv a tio n  for the racem iza tio n  of 2 , 2 ' -d ib rom o- 

5 ,5 '-d ic a rb o x y b ip h e n y l, 2 ,2 '-d iio d o -5 ,5 '-d ic a rb o x y b ip h e n y l and 

2 , 2 ' ,  3,3' — te tra io d o -5 ,5 '-d ic a rb o x y b ip h e n y l. These c a lc u la tio n s  w ere 

b a se d  on van  der W aals rad ii and the  s tre tc h in g -  and b en d in g -fo rce  c o n ^  

s ta n ts  of th e  bonds involved  in  a p lan ar tra n s it io n  s t a t e .

The energy of racem iza tion  (E ) i s  the  d iffe rence  be tw een  the
T q C

tra n s it io n  s ta te  energy (E^) and the ground s ta te  energy  (EgS)»

^rac  = Etr "  Egs

For b ia ry ls , the  tra n s itio n  s ta te  energy w ill be a  com posite  of two

opposing  fac to rs: (a) a n e t non-bonded  re p u ls iv e  in te ra c tio n  (s te ric )

betw een  ortho su b s titu e n ts  and (b) th e  ga in  in  re so n an c e  energy  (Er e s )

in  going from a n o n -p lan a r ground s ta te  to  a  p lan ar tra n s itio n  s ta te .

5H arris and Chua have ex p re ssed  th e  energy of racem iza tio n  a s  a

function  of th ree  param eters:

E = E * - E  - E ra c  s te r  . r e s  g s

The v a lid ity  of any racem iza tio n  energy  c a lc u la tio n  w ill depend

[4 ]  F .H . W estheim er and J .E . M ayer, J[. C hem . P h y s . ,  1 4 , 733 (1946);

F .H . W esthe im er, ib id . .  15, 252 (1947); M . R ieger and F .H . W esth e im er,

Am. C hem . S o c . ,  72^ 19 (1950); F .H . W esth e im er, in  M .S . New m an, 

e d . , "S te ric  E ffects in  O rganic C h em istry ,"  John W iley  and S ons, I n c . , 

New York, 1956, chap . 12.

[ 5 ]  C .K .L . Chua and M .M . H arris , C hem . S o c . 1825 (1964).



on the  accu racy  of estim ating  th e se  p a ram ete rs . H ow le tt, u sing  6 .9 5  

kcal m ole-1 for the  reso n an ce  s ta b iliz a tio n  term  and  a re v ise d  

van  der W aa ls  p o ten tia l fu n c tio n , ob ta ined  good ag reem en t for
g

2 ,2 '-d ib ro m o - and 2 , 2 ' -d iiodob ipheny l w ith  th e  experim en ta l v a lu e s .

M islow  and cow orkers u sed  a va lue of 4 k c a l m o le"1 for Ereg in

7
2 ,2 ' -b rid g ed  b ip h e n y ls .

The ground s ta te  energy fa c to r , w h ich  i s  g e n e ra lly  ignored  for 

b ipheny ls s in c e  they  are re la tiv e ly  s tra in le s s  in  th e  ground s ta te ,  may 

assum e im portance in  s tra in ed  m o lecu les . The minimum energy p lanar 

racem iza tio n  tra n s itio n  s ta te s  for compounds I and II invo lve  the  sam e 

in te ra c tio n s . In a d d itio n , the reso n an ce  s ta b il iz a tio n  fac to r is  

ex p ec ted  to  be approxim ately  the sam e for b o th . I t  w ould therefo re  be

COOH COOH
HOOC

HOOC

I II

[6 ]  K.E. H ow le tt, C hem . S oc . 1055 (1962).

[7 ]  K. M islow , S. Hyden and H. S chaefer, J .  Am. C hem . S o c . , 84 , 

1449 (1962).
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ex p ec ted  th a t both com pounds would have very  s im ila r racem iza tio n  

e n e rg ie s . E xperim entally , i t  i s  found th a t I does no t racem ize  in  bo iling
g

N -m ethylform am ide a t  175° or in  bo iling  te tra l in  for 2 h r. In  c o n tra s t ,

9
II h as a h a lf - l ife  of 5 1 .5  m inutes a t 50° in  N , N -dfm ethylform am ide.

H arris and  cow orkers have a ttrib u ted  the  e a s e  of racem iza tio n  of II to

i t s  higher ground s ta te  energy , due to  the  peri in te ra c tio n s  betw een  the

9,10
8-and 8 '-carboxy l groups and the  a d ja c e n t naph tha lene  n u c le i.

That fac to rs  o ther than  s te r ic  are  a ls o  o pera tive  and  con tribu te  to  

the  energy  b arrie r of ro ta tio n  can  be se en  from th e  o p tica l s ta b i l i t ie s  of 

III, IV and V .* 1 . On s te r ic  grounds a lo n e , the  p red ic ted  order of o p tica l

CH

HOOC

HOO CH

IV

OOH

sta b ili ty  w ould be III > IV «  V (se e  p 2 ). H ow ever, the  order of o p tica l 

s ta b ili ty  w as found to  be V > IV> III.

[ 8 ]  D .M . H all and E .E . Turner, J. C hem . Soc. , 1242 (1955).

[9  ] A .S . Cooke and M .M . H arris , jr. C hem . S oc . , 2365 (1963).

[10 ] Y. Badar, A .S . Cooke and M .M . H arris , I . C hem . S o c . , 1412 (1965).

[1 1 ] R. Adams and G .C . F inger, I . Am. C hem . S o c . , 6J^ 2828 (1939).
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Baddely has proposed th a t i f  o u t-o f-p la n e  bending abou t th e

121,1*-bond  could  take  p la c e , i t  w ould fa c il i ta te  rac em iza tio n . This 

bending  w ould depend on the a v a ila b ility  of e le c tro n s  to  s ta b iliz e  

s tru c tu re s  su ch  a s  VI. The ben t s tru c tu re  w ould req u ire  more sp3- l ik e

,COOH

VI

c h arac te r for Cj and thus w ould be favored by a h igh  e le c tro n  d e n s ity .

I t may be no ted  th a t the e lec tro n  d e n s itie s  in  the  upper rin g s  of

compounds III , IV and V p a ra lle l the  ra te s  of rac em iza tio n . Crawford

and Smyth su g g ested  th a t in  the  racem iza tio n  of b iqu ino ly ls  and

b i- is o q u in o ly ls , hydrogen ions a ttac k  the  p iv o ta l carbon and change the

13hyb rid iza tion  from sp2 to  sp 3. N either of th e se  p roposa ls  rece iv ed  

w ide acc ep tan c e  in  the p a s t .  R ecen tly , H arris h a s  rev iv ed  th e se  id e a s  

by su g g estin g  th a t the  tran s itio n  s ta te  to  racem iza tio n  of b ipheny ls may 

no t be p lanar a s  p rev iously  a ssu m ed , but th a t the  1 ,1 '-bond i s

[1 2 ] G . B addeley , N a tu re . ,15£, 694 (1946).

[1 3 ] M . Crawford and I .F .  B. Smyth, C hem . and In d . , 346, (1946); 

C hem . S o c . 3464 (1954).
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5 9 10 14b e n t. ' '  '  According to  th is  p ro p o sa l, racem iza tio n  w ould occur

by tw o co n secu tiv e  o rtho -o rtho  in te rac tio n s  ra th e r th an  by tw o sim u l­

tan eo u s in te ra c tio n s .

S u b s titu e n ts , o th er th an  a t  ortho p o sitio n s  a ls o  e ffe c t th e  b a rrie r

to  ro ta tio n . In g e n e ra l, m eta su b s titu e n ts  in c re a se  th e  b a rrie r to  

15ro ta tio n . This is  a ttr ib u te d  to  the  "b u ttre ss in g  e f f e c t ."  In th e

tra n s itio n  s ta te ,  m eta su b s titu e n ts  im pede th e  backw ard m otion of the

ortho s u b s ti tu e n ts , forcing them  forw ard. This se rv es  to  in c re a s e  th e

e ffec tiv e  in te rfe ren ce  s iz e  of the  ortho groups.

Para su b s titu e n ts  make a sm all con tribu tion  to  th e  ro ta tio n a l

b arrie r in  com parison  w ith  m eta s u b s ti tu e n ts . The e ffe c t seem s to  be

e le c tro n ic  in  nature  and p a ra lle ls  th e ir  e ffe c t on e le c tro p h ilic  arom atic  

5 10su b s titu tio n . '  That i s ,  e lec tro n  donating  groups d e c re a se  th e  barrie r

to  ro ta tio n  w hile  the  opposite  i s  true for e lec tro n  w ithdraw ing g ro u p s .

A ro ta tio n a l b a rrie r i s  a s so c ia te d  w ith  a l l  s in g le  b o n d s. E thane

16h as a b a rrie r of abou t 3 k c a l/m o le  and a lthough , to  d a te ,  no c o n - 

form ationally  s ta b le  e th an e  h as been  rep o rte d , th is  only re f le c ts  th e

[1 4 ] M .M . H arris a n d L .K . C heung , C hem . and I n d . ,  1378 (1962).

[1 5 ]  (a) P .B .D . de la  M are, in  W . K ly n e ,ed ., "P ro g ress  in  S te reo ­

ch em is try ,"  v o l . l ,  B u tterw orths, London, 1954; (b) Ref 2 (b ), p 163.

[1 6 ] K. P itz e r , D is c . Faraday S o c . , l̂O,, 66 (1951) g iv es a v a lu e  of 

2 .8 7 5  ± 0 .125  k ca l m ole-1 .
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low  energy  b a rrie r to  ro ta tio n .

The c au se  of th e  ro ta tio n a l barrie r in  e th an e  i s  no t com plete ly  under­

s to o d . Eyring and cow orkers have c a lc u la te d  th a t th e  con tribu tion  of the

s te r ic  fac to r to  th e  ro ta tio n a l barrie r in  e thane  shou ld  am ount to  only

170 .3 6  k ca l m ole” 1. W ilson  concluded  th a t n e ith e r  van  der W aa ls

in te ra c tio n s  b e tw een  the  hydrogen atom s nor e le c tro s ta t ic  in te ra c tio n s

18
betw een  the  CH bonds could  acco u n t for the  p o ten tia l b a rr ie r. Re­

c e n tly , D ale h as p roposed  a q u a lita tiv e  model b a se d  on tw o fa c to r s ,  the  

re p u ls io n  be tw een  the  four su b s titu e n ts  or lone p a irs  of e le c tro n s  of a

te trah e d ra l a tom , and th e  p o la riza b ility  of the s in g le  C -C  bond a long  the  

19bond d ire c tio n . H ow ever, by h is  own ad m iss io n , the  m odel p roposed

"m ay no t fu rn ish  the  fin a l theory  of re s tr ic te d  ro ta tio n  in  s in g le  b o n d s ."

In re c e n t y ea^ s , N .M .R . sp ec tro sco p y  h as been  very  v a lu ab le  in

d e te c tin g  re s tr ic te d  ro ta tio n  and in  th e  m easurem ent of ro ta tio n a l b a r r ie r s .

For exam p le , 1 ,2 -d in eo p e n ty l- te tram e th y lb en z en e  show s an AB p a tte rn  a t

room tem p era tu re , a ss ig n e d  to  the  m ethylene p ro to n s , w hich  c o a le s c e s

20in to  a s in g le t above room tem pera tu re . The observed  a c tiv a tio n  energy

[1 7 ] H. Eyring, G .H . S tew art and  R. P . Sm ith, P roc. N a tl . A cad. S c i . 

U .S .A .,  259 (1958).

[1 8 ] E .B . W ilso n , i b i d . ,  4 3 , 816 (1957); Adv. C hem . P h y s . ( In te rsc ie n c e ) , 

2,, 367 (1959).

[1 9 ] J . D a le , T e trahed ron . 2 2 , 3373 (1966).

[2 0 ] D .T . D ix , G . F raen k e l, H.A. Karnes and M .S . Newm an,

T etrahedron  L e t te r s , 517 (1966),
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21of 11 .5  + 0 .6  kcal i s  too  sm all to  e ffe c t conform ational s ta b il i ty  a t  

room tem pera tu re . The a c tiv a tio n  energy  m ust s t i l l  be  sm alle r for the

1 ,4 -  and 1 ,3 -d in eo p en ty l d e riv a tiv e s  for th e s e  iso m ers do no t show 

such  b e h av io r .

An e th a n e - l ik e  m olecule w hich  ap p ea rs  to  have an ap p rec iab le

ro ta tio n a l barrie r i s  VII. C oupling  is  observed  be tw een  F' and the

22hydrogens of two of th e  m ethyl g ro u p s. At room tem perature  a

F

F

F

VII

doublet (6H) is  observed  a t 8 .6  r  (J (F '-H ) 2 .9  cps) and a s in g le t (3H) 

a t 8 .8  T . T hese s ig n a ls  beg in  to  c o lla p se  a t  120°. At 180° a doublet 

(9H) a t  8 .42  r  (J (F '-H ) ~  2 .1  cps) b eg in s to  form. W hen the sam ple i s

[211  The term  "conform ational s ta b ility "  i s  u sed  here  and e lsew here  

to  denote ste reo iso m erism  due to  re s tr ic te d  ro ta tio n . T hus, ortho 

su b s titu ted  b ipheny ls ob ta ined  in  an o p tic a lly  a c tiv e  form are conform - 

a tio n a lly  s ta b le . n-B utane (se e  su b seq u en t d is c u s s io n , p 10) w ould be 

conform ationally  s ta b le  i f  more th an  one isom er (due to  re s tr ic te d  ro ta tion) 

w ere is o la b le .

[ 2 2 ]  J .P .N . Brew er, H. H eaney and B.A. M arp lu s , C hem . C om m ., 27 (1967).
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coo led  to  room tem p era tu re , the  o rig in a l spectrum  is  again  observed .

L et us b riefly  co n sid er th e  s te reo c h em ic a l c o n seq u en ces  of 

re s tr ic te d  ro ta tio n  in  a su b s titu te d  e th an e  su ch  a s  n -b u ta n e . n-B utane 

e x is ts  a s  an equ ilib rium  m ixture of th ree  minimum energy  conform ations 

(VIII, IX and X).

CHCH

CHCH

CH3

VIII IX X

a n ti-p a ra lle l syn-skew

If the  b arrie r to  ro ta tio n  w ere  h igh  enough , th en  n -b u tan e  would 

e x is t  a s  tw o d is t in c t  d ia s te re o m e rs . A ccordingly , the  p h y sica l pro­

p e rtie s  (bo iling  p o in ts , d ipo le  m om ents, s p e c tra , o p tic a l a c t iv i t y ,e t c . )

w ould d iffe r. The fa c t th a t only one n -b u tan e  i s  known re f le c ts  th e  low

23in te rco n v ersio n  energy  barrie r of th e s e  con fo rm ers. This

[2 3 ] The conform ational s ta b il i ty  of an  e th an e  depends no t only on the

energy  barrier bu t a ls o  on the A rrhenius p re -e x p o n en tia l fa c to r , "A"
15a(re la ted  to  en tropy). For b ipheny ls "A" i s  of th e  order of 10" s e c ” 

w hile  for b inaph thy ls i t  is  of the  order of 1012. Some bridged b ipheny ls 

and b inaph thy ls have h igher "A" values x (D .M . H all and M .M . H arris ,

L  C hem . S o c . , 490 (1 9 6 0 )). A ssum ing an  A fac to r of 1012 and an  energy 

b arrie r of 25 k ca l m ole-1 th e  h a lf - l ife  of rac em iza tio n  w ould be approx i­

m ately  1 .5  hr a t  5 0 ° .
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24 ib arrie r has been  estim ated  to  be approx im ate ly  2 .9  -  3 .5  k ca l m ole"

for th e  conversion  of VIII to  IX and 3 .6  -  5 .2  k ca l m ole-1 for the  in te r ­

conversion  of IX and X by w ay of th e  e c lip s e d  conform ation involv ing  

a m ethyl-m ethyl in te ra c tio n .

Somewhat higher b a rrie rs  to  ro ta tio n  are  found w ith  th e  h a lo g en a ted  

20 25e th a n e s . '  Apparently th e  s te r ic  fac to r com es in to  p la y , ra is in g  the  

b a rrie r to  ro ta tio n . In p rin c ip le , th e  ro ta tio n a l barrie r may be in c re a se d  

by in c re as in g  the  s te r ic  s iz e  of the g roups a tta c h e d  to  th e  carbon a tom s. 

H ow ever, b e ca u se  of the  te tra h e d ra l n a tu re  of the  carbon a tom , th e  sub­

s t i tu e n ts  on m ost e th an es  are d ire c te d  aw ay from e ach  o ther (XI).

XI

Furtherm ore, in c re a s in g  th e  s iz e  o f the  su b s titu e n ts  in tro d u ces  n o t only 

v ic in a l in te rac tio n s  but a lso  gem inal in te ra c tio n s . T hus, no t only the 

tra n s it io n  s ta te  energy  i s  ra is e d  bu t a ls o  the ground s ta te  en erg y . Aside

[2 4 ] Ref 2 (a ), p 54; 2(b), p 125.

[2 5 ]  R. A. Newmark and C .H . Sederholm , J_. C hem . P h y s . ,  43_,

602 (1965).



from energy c o n s id e ra tio n s , sy n th e tic  problem s of in c re a s in g  d iff ic u ltie s  

are  c e r ta in  to  be encoun tered  a s  the groups becom e la rg e r .

To m axim ize ro ta tio n a l barrie rs and  m inim ize sy n th e tic  d iff ic u ltie s  

the  in te rfe ring  groups should  be d irec ted  tow ards e a c h  o ther a long  the  

ro ta tio n a l bond a x i s . A su b s titu ted  b ibarre lene  (XII) w ould provide such  

an id e a l c a s e .

R R R

R R R

XII

U nlike w ith  m ost o ther su b s titu te d  e th a n e s , here  th e  su b s titu e n ts  (R) 

are  d ire c te d  tow ard e ach  o th er.

9 , 9 ' -B itrip tycy l (XIII) should  a ls o  p o s s e s s  su c h  d irec tio n a l in te r -
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ference  along the  ro ta tio n a l a x i s .

W e have sy n th e s iz e d  9 , 9 ' -b itr ip ty cy l by th e  ad d itio n  of benzyne to

269 , 9 '-b ian th ry l (se e  p 9 4 ) .  S ubstitu ted  b itr ip ty cy ls  can  be sy n th e s iz e d

OIOIQ

DIOIQ
+ ->  XIII

usin g  su b s titu te d  9 , 9 ' -b ian th ry ls  or su b s titu te d  b e n z y n e s . The confor­

m ational problem  in a su b s titu te d  9 , 9 ' -b itr ip ty cy l su ch  a s  2 , 2 ' -d im e th y l-  

9 , 9 '-b itr ip ty c y l i s  com parable to  n -b u ta n e . T hus, we have th ree  stag g ered

conform ers, an  a n tip a ra lle l (XIV) and two enan tiom eric  sy n -sk ew  (XV, XVI).

X

XIV XV XVI

I I 1 = side view of benzene ring

[2 6 ]  C . K oukotas, S .P . M ehlman and L .H . S chw artz , ]_. O rq . C h e m ., 

31 , 1970 (1966).
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Although m olecu lar m odels in d ic a te  a h igh  degree of in te rfe ren ce  

of the  benzo  groups in  the  tra n s itio n  s ta te  to  ro ta tio n , the  m agnitude of 

su ch  in te ra c tio n s  canno t be e s tim a ted  w ith  any degree of accu racy . In 

p r in c ip le , th e  b a rrie r to  ro ta tio n  could  be e s tim a ted  if  the  m agnitude of 

th e  b en zo -b en zo  in te ra c tio n  and the  ground s ta te  energy w ere known. 

U nfortunate ly , n e ith e r  is  known .. U sing  th e  l , l '- b in a p h th y l  system  

a s  a  m odel, a  crude e s tim a te  of the  b en zo -b en zo  in te rac tio n  in  

9 ,9 '-b i t r ip ty c y l  can  be m ade. D ifferences due to  d ifferen t cen tra l

ca rb on -carbon  bond len g th s  are  assum ed  to  be of minor im portance . I t is  

n e c e ssa ry  to  m ake th is  a ssu m p tio n , and i t  may very  w ell be ju s tif ia b le  

to  a d eg ree . Due to  d iffe ren ces  in  h y b rid iza tio n , the cen tra l ca rbon - 

carbon bond in  9 ,9 '-b i t r ip ty c y l  i s  probably  som ew hat longer th an  the 

cen tra l bond in  9 , 9 ' -b ia n th ry l. H ow ever, ang le  /3 in  9 ,9 '-b i t r ip ty c y l  is  

sm aller th an  an g le  a  in  9 , 9 ' -b ia n th ry l . This sm aller angle in  

9 , 9 ' -b itr ip ty c y l w ill c au se  the  benzo  groups on opposite  ha lves of the  

m olecule to be  c lo se r, com pensating  in  part for the  d ifference  in  cen tra l 

carb o n -carb o n  bond d is ta n c e s .

9 ,9 -b ian th ry l 9 ,9 '-b itr ip ty c y l
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The energy  of racem iza tio n  of l , l '- b in a p h th y l  is  2 2 .5  kcal
g

m ole"1. The tra n s it io n  s ta te  i s  c e rta in ly  XVII, w hich  does not 

invo lve  a  b e n zo -b en zo  in te ra c tio n  and no t (XVIII) w hich  d o e s .

d o

do
DIQ
DIG

XVII XVIII

27This i s  supported  by th e  fa c t th a t 1 ,1 '-  b ian th ry l has a h a lf- life  of 

approxim ately  1 hr in  bo ilin g  chloroform , in d ica tin g  a tra n s itio n  s ta te  

(XIX) invo lv ing  th e  sam e in te ra c tio n s  a s  in  1 , V -b inaph thy l ra ther 

th an  XX.

OIOIQ
GOD

OIOIQ

OIOIQ
XIX XX

[2 7 ] F. Bell and D .H . W a r in g ,I .  C hem . S o c . , 1579 (1949),
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It may therefore  be concluded  th a t  a b en zo -b en zo  in te ra c tio n  plus

th e  hydrogen-hydrogen in te ra c tio n  o f  th e  2 , 2 '-p o s it io n s  i s  g rea te r than

2 2 .5  kcal m ole"1. S ub tracting  o n e -h a lf  the c a lc u la te d  racem iza tio n

28energy of b iphenyl (4 k ca l m o le"1) th e  minimum value  for th e  b en zo -

i 29benzo  in te rac tio n  is  e s tim a te d  to  be  2 0 .5  kcal m ole” . In th is

a n a ly s is  ground s ta te  d iffe ren c e s  have  been  assum ed  to  be  o f minor

im portance , and a p lanar tra n s it io n  s ta te  has been  a ssu m e d .

The bridged 1 ,1 ' -b in ap h th y l XXI h as  b een  ob ta ined  in  an 

30o p tica lly  a c tiv e  form. This m o le cu le , w h ich  may a ls o  be looked

XXI XXII

upon as a conform ationally  s ta b le  e th a n e , has an energy  b arrie r of

31racem iza tio n  of 3 0 .8  k ca l m o le"1. This b a rrie r can  be assum ed  to

[2 8 ] K.E. H ow lett, 1_. C hem . S oc . , 1055 (1960).

[2 9 ]  F .J . A d rian ,_£. C hem . P h y s . 606 (1958), g iv e s  a  valine of 

0 .5  kcal m ole"1 for the rac em iza tio n  energy of b ipheny l. U sing th is  

v a lu e  the  minimum b en zo -b en zo  in te ra c tio n  w ould be 22 .3  kcal m ole"1.

[3 0 ]  D .M . H all a n d E .E . Turner,.X . C hem . S o c . , 1242 (1955),

[3 1 ]  D .M . H all and M .M . H a rr is , h  C hem . S oc . . 490 (1960).
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be the  sum of two fac to rs: the  b en zo -b en zo  In te ra c tio n  and th e  co n tri­

bu tion  of th e  b ridge . H ow lett c a lc u la te d  the  energy  o f racem iza tio n  of

32
9 ,10 -d ihyd rophenan th rene  (XXII) to  be 1 .4  k ca l m ole"1, M islow  and 

33Hopps determ ined the  energy  of rac em iza tio n  of XXIII to  be  23 kcal 

m ole"1. From the energy barrie r (31 k ca l m ole"1) o f XXIV and the

XXIII XXIV

c a lc u la te d  con tribu tion  of the bridging (10 k ca l m ole” 1) ,  21 k ca l m o le"1 

w as a ss ig n e d  to  a m ethyl-m ethyl in te ra c tio n . Assum ing th is  to  be the  

v a lu e  of th e  m ethyl-m ethyl in te ra c tio n  in  XXIII, th is  le a v e s  about 

2 kcal m ole"1 for the  con tribu tion  of th e  bridge to  the  racem iza tio n  

energy  of XXIII.

T herefore , the  barrier in  th e  bridged  1 ,1 '-b in ap h th y l (XXI) is  

a lm o st en tire ly  due to  the  b e n zo -b en zo  in te ra c tio n . Subtracting  the  

con tribu tion  of the  bridge (2 k ca l m ole"1) from the to ta l energy  of

[3 2 ]  K .E. H ow lett, J . C hem . S o c . . 1249 (1955).

[3 3 ]  K. M islow  and H .B . H opps, X* Am* C hem . S o c . , 84 , 3018 (1962).



18

racem iza tio n  (31 k ca l m ole"1) ,  a va lue  of 29 k ca l m ole"1 i s  ob ta ined  

for the  b e n zo -b en zo  in te ra c tio n . This va lue  is  p robab ly  on the  low 

s id e  com pared to  the  corresponding unbridged com pounds w hich  

probably have low er ground s ta te  e n e rg ie s . In th is  a n a ly s is  the  r e s o ­

nance  energy  fac to r has been  ignored; If th is  fac to r  w ere co n sid ered , 

a h igher e s tim a ted  value  w ould be o b ta in ed .

9 ,9 '-B itr ip ty cy l would involve th ree  b e n zo -b en z o  in te ra c tio n s  in  

the  tra n s it io n  s ta te  to  ro ta tio n . A tra n s itio n  s ta te  invo lv ing  l e s s  than  

th ree  b e n zo -b en z o  in tra c tio n s  can  a lso  be im aginftd  (XXV). H ow ever, 

i t  w ould be accom panied  by co n sid erab le  ang le  deform ation .

XXV

The re so n an c e  energy fac to r can  be ig n o red . Of p o ss ib le  

im p o rtan ce , how ever, i s  the  ground s ta te  en erg y . 9 , 9 ' -B itrip tycy l 

ap p ea rs  from m olecular m odels to  be co n sid erab ly  s tra in e d  in  the  

s tag g ered  conform ation (ground s ta te ) .  H ow ever, b e c a u se  of th e  th ree  

b en zo -b en zo  in te ra c tio n s  in  the tra n s itio n  s ta te ,  th e  ground s ta te  energy  

w ould have to  be enorm ous to  perm it in te rco n v e rs io n  of the  ro ta tio n a l
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Isom ers a t room tem peratu re . Three b e n zo -b en z o  in te ra c tio n s  would 

am ount to  3(29) = 87 kcal m ole"1. The v a lue  of 29 k ca l m ole”1 is  tak en  

from a sy stem  w ith  co n sid erab le  ground s ta te  e n e rg y . To e ffe c t in te r ­

conversion  of the  ro ta tio n a l isom ers a t am bien t tem pera tu res a v a lu e  of 

more th an  50 k ca l m ole-1 w ould have to  be a s s ig n e d  to  the  ground s ta te  

s tra in  energy . I t may therefore  be concluded  th a t a  su b s titu te d  

9 ,9* -b itr ip ty c y l w ill be conform ationally  s ta b le  a t  am bient tem p era tu re s . 

W hether ro ta tio n  about the  sin g le  bond, and  th u s in te rco n v e rs io n  of the  

iso m e rs , can  be e ffec ted  a t  higher tem pera tu res or not is  d iff ic u lt to  

p red ic t. A ro ta tio n a l barrier of 50 k ca l m ole-1 or g rea te r  w ould preven t 

in te rco n v e rs io n  of the  isom ers in  normal h igh  bo iling  so lv e n ts  

(200 - 2 5 0 ° ) .34

There a re  a num ber of ro u tes  a v a ila b le  for dem onstra ting  confor­

m ational s ta b ili ty  in  the 9 ,9 '-b itr ip ty cy l sy s te m . T hese ro u tes  are  

b a se d  on the  s te reo ch em ica l re la tio n sh ip s  among th e  p o ss ib le  co n - 

form ers of a su b s titu te d  b itr ip ty cy l. The f i r s t  tw o d is c u s s e d  below ,

(1) and (2 ), a re  b a se d  on the d ias te reo m eric  re la tio n sh ip  betw een  

conform ers XIV and XV or XVI, and the o th e r , (3), on th e  enan tiom eric  

re la tio n sh ip  betw een  XV and XVI.

[3 4 ] For the  in te rconversion  of two iso m ers A-*B or B-*A w hich  have the  

sam e ground s ta te  en erg y , the  ra te  c o n s tan t for th e  p ro cess  i s  g iven  by 

th e  Arrhenius equation  k = A e ~ ^ ^ .  The h a lf  l ife  ( t\jz) of e ith e r  A or B 

w ill be t ijz = ” j ~  . For a ro ta tio n a l b a rrie r of 50 k c a l m ole-1 and an "A" 

value  of 1013 (p o ss ib ly  a la rg e  v a lu e , se e  re f  (2 3 )) , a t  250° 

t ijZ 2* 2 X 104 hr.
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X X X

X

XIV XV XVI

(1) A d ifference  in  p h y sica l p ro p erties  should  e x is t  be tw een  the 

di a ste reom eric  conform ers. S ep ara tio n , b a se d  upon d iffe ren ces  in  

p ro p erties  such  a s  so lu b ility , th in  la y e r  chrom atographic  b eh av io r, 

e t c . , may be p o s s ib le . Such a sep a ra tio n  w ould dem onstra te  confor­

m ational s ta b il i ty  and re s tr ic te d  ro ta tio n .

H ow ever, b e c a u se  th e  su b s titu e n ts  c o n s titu te  a  very  sm all 

portion  of the  m olecule and are  w ell s e p a ra te d , the  d iffe ren c e s  in  pro­

p e rtie s  m ight be too sm all to  be u se fu l.

If  the sep a ra tio n  w ere acco m p lish ed , therm al in te rco n v e rs io n  of 

the  conform ers to  an equilibrium  m ixture w ould y ie ld  the  a c tiv a tio n  

p a ram ete rs . This a ssu m es th a t the b a rrie r to  ro ta tio n  i s  low  enough to  

e ffe c t therm al eq u ilib ra tio n .

(2) If the  form ation of the  su b s titu te d  b itrip ty cy l w ere  k in e tic a lly  

co n tro lled , the  therm al equ ilib ra tion  to  the  therm odynam ic equilibrium  

m ixture of d ias te reo m eric  conform ers, w hich  hopefu lly  w ould be 

accom plished  by some observab le  change in  p h y s ic a l p roperties of the
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m ixture, w ould prove conform ational s ta b il i ty . For exam ple i f  the  

sp e c tra l p ro p erties  o f the  mixture w ere exam ined befo re  and  a fte r  su ch  

an  e q u ilib ra tio n , d iffe ren ces  might be o b se rv ed . The underly ing 

a ssu m p tio n s in  th is  approach  are: (a) The free e n e rg ie s  of 

a c tiv a tio n  for th e  form ation of the  tw o d ia  s te reo m eric  conform ers a re  

su ff ic ie n tly  d iffe ren t to  c au se  a d e te c ta b ly  d iffe ren t k in e tic a lly  con ­

tro lled  product com position  from th a t  of the  equ ilib rium  m ix tu re .

(b) The barrie r to  ro ta tio n  is  sm all enough to  a llow  therm al e q u ilib ra tio n .

(3) R eso lu tion  of the  m ixture of conform ers w ould  prove conform ational 

s ta b i l i ty .  H ow ever, fa ilu re  to  re so lv e  th e  m ixture w ould be in c o n c lu s iv e , 

s in c e  w e might no t be  using  th e  co rrec t re so lv in g  a g e n t, the  ac tiv e  

m ateria l might n o t have a d e te c ta b le  ro ta t io n , or a l e s s  l ik e ly  p o s s i­

b i l i ty ,  only  conform er XIV might be p re se n t.

Another app roach  would be to  s ta r t  w ith  an  o p tic a lly  a c tiv e  

9 , 9 '-b ian th ry l su c h  a s  2 ,2 '-d ic a rb o m e th o x y -9 ,9 '-b ia n th ry l. If  add ition  

of benzyne y ie ld ed  an  o p tic a lly  ac tiv e  b itr ip ty c y l, conform ational 

s ta b il i ty  would be e s ta b l is h e d . An in a c tiv e  p roduct w ould  ag a in  be 

in c o n c lu s iv e .

That an o p tic a lly  a c tiv e  product is  to  be e x p ec te d  can  be se e n  

from the  follow ing a n a ly s is .  We w ill make the  re a so n a b le  a ssum ption  

th a t benzyne w ill add  to  an  o p tic a lly  a c tiv e  9 , 9 ' -b ia n th ry l (XXVI) one 

m olecu le  a t a tim e . The f irs t  product formed w ould be a  9 -a n th ra c y l-  

9 '- tr ip ty ce n e  (m ono-adduct) d e riv a tiv e .
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XXVI 2 ,2 '-d i-x -9 ,9 ,-B ian th ry l 

One Enantiom er

Addition of benzyne to  e ith e r  ring  of XXVI w ould produce e ith e r  

XXVII, XXVIII or XXIX depending  on th e  d irec tio n  of app roach  of th e  

b en zy n e . C onsider add ition  to  the  le f t  an th racy l u n it. A ttack from 

e ith e r  th e  front or th e  back  of the  p lan e  of th e  le f t  an th racy l u n it and 

from above the  p lane of the  r ig h t an th racy l un it w ould produce co n - 

form er XXVII* Attack from below  the p lane  of the rig h t un it bu t from the 

front of th e  le f t  unit w ould produce conform er XXVIII. A ttack from the 

back  of p lane  of the  le f t  u n it and below  th e  p lane  of the  r ig h t un it 

w ould g ive conform er XXIX. Sim ilar co n s id e ra tio n s  for the  ad d itio n  of 

benzyne to  the rig h t an th racy l u n it le a d  to  th e  form ation of th e  sam e 

th ree  s p e c ie s .  The s ta t i s t ic a l  ra tio  of conform ers XXVII, XXVIII and 

XXIX w ould therefore  be 2 :1 :1 .
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A. A ttack of benzyne from the front and d o w nw ards.

□
□

XXVII

B. A ttack of benzyne from the back  and dow nw ards w ill  g ive the  sam e 

p roduct, XXVII.

C . A ttack of benzyne from the front and upw ards

□
□

XXVIII
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D. A ttack of benzyne from the back  and upw ards

X

XXIX

H ow ever, the  four p o ss ib le  m odes of ad d itio n  a re  not n e c e s ­

sa r ily  eq u ally  p ro b ab le . The conform ation (d ihed ra l angle) of the  

d isu b s titu te d  b ian thry l could have an  e ffe c t on the  d irec tio n  of 

a d d itio n , a s  could a ls o  the  su b s titu e n t "X ". The m agnitude and 

d irec tio n  of th e se  e ffe c ts  cannot re a d ily  be a s s e s s e d ,  e . g . , w hether 

"X" prim arily  a ttra c ts  the  incom ing benzyne  or re p e ls  i t  canno t be 

e s ta b lis h e d  a t the  p re sen t tim e. The im portan t co n c lu sio n  to  be 

derived  a t th is  s ta g e  is  th a t no m atter w hat th e  re la tiv e  popu lation  of 

the  re su ltin g  a d d u c ts , a ll would be o p tic a lly  a c tiv e  provided th a t 

ro ta tio n  about the 9 , 9 ' -s in g le  bond did no t o c cu r. W hether 

racem iza tio n  of th e s e  conform ers occu rs or not depends on the  barrie r 

to  ro ta tio n . The tra n s itio n  s ta te  to  rac em iza tio n  req u ire s  only one 

b en zo -b en zo  in te ra c tio n . If racem iza tio n  o c c u rs , upon the ad d itio n  of 

a second  m olecule of benzyne the  re s u ltin g  b itr ip ty cy l w ould be
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o p tic a lly  In a c tiv e . I f , how ever, there  Is  no ln te rco n v e rs lo n  of the  

m ono-adducts (XXVII, XXVIII, XXIX) or If th e  ln te rco n v e rs lo n  Is  slow  

com pared to  the  ad d itio n  of the  second  benzyne m o lecu le , the  re su ltin g  

b itrip ty cy l w ould be o p tica lly  a c tiv e . The o p tic a l purity  w ould depend 

on th e  re la tiv e  am ounts of conform ers XIV, XV and XVI p roduced , w hich 

in  turn w ould depend on the  d irec tio n  of benzyne a d d itio n  to ,  and the 

re la tiv e  am ounts o f, XXVII, XXVIII and XXIX,

X

XIV XV XVI

L et u s  re p re se n t the  m ono-adduct XXVII a s  fo llow s:

X

XXVII
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There are  five  d ire c tio n s  (numbered 1 - 5 )  from w hich  a seco n d  

benzyne m olecule could  approach  th e  m ono-adduct to  g iv e  a b itr ip ty c y l. 

The approach  of benzyne  from d irec tio n  (5) i s  e n e rg e tic a lly  favored  over 

th e  o th e rs , b e c a u se  i t  in v o lv es th e  le a s t  s te r ic  h in d ran c e , and of 

p o s s ib le  g rea te r  im portance , th e  tra n s itio n  s ta te  to  ad d itio n  re sem b les  

th e  stag g ered  conform ation .

The follow ing conform ations w ould be ob ta in ed  if  b enzyne  added 

to  XXVII from d ire c tio n s  (1), (2), (3), (4) and (5).

(from  1) (from  2) (fro m  3)

XXX XXXI XXXII

X

J— X

X

(from  4) (from  5)

XXXIII XV

XXXII = XXXIII
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C onform ations XXX, XXXI, XXXII and XXXIII, b e c a u se  of sev e re  ang le  

deform ations and s te r ic  h ind rance.a re  l e s s  s ta b le  th an  XV. In order to  

assu m e th e ir  norm al bond ang les  a ro ta tio n  of b en zo  groups p a s t e ac h  

o ther w ould be n e c e s s a ry . The follow ing conform ers w ould be produced.

X

fro m  XXX, XXXII and XXXIII 

XV

X

fro m  XXXI 

XIV

C o n sid e r now the  add ition  of benzyne to  m ono-adduct XXVIII.

X

XXVIII
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The follow ing conform ations w ould be ob ta ined  by benzyne a tta c k  from 

d ire c tio n s  (1)# (2 ), (3 ), (4 ) , and (5 ).

(from  1) 

XXXIV

(from  2) 

XXXV

(from  3) 

XXXVI

(from  4) (from  5)

XXXVII XV

XXXIV 3 XXXV

Here ag a in  the form ation of conformer XV would be favored over the  

o th e rs . R e lease  of ang le  deform ation w ould y ie ld  the follow ing co n - 

form ers from XXXIV, XXXV, XXXVI and XXXVII.
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X

fro m  XXXIV, XXXV and XXXVII fro m  XXXVI

XV XVI

F in a lly , l e t  us c o n s id e r the  add ition  of benzyne to  m ono-adduct

XXIX.

XXIX

Addition of benzyne from d irec tio n s  (1 ), (2 ), (3 ), (4) and (5) le a d s  to  

the  follow ing conform ations.
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X X

(from  1) (from  2) (from  3)

x x x v iii  xxxix xl

(from  5)(from  4)

XLI XIV

XXXVIII s  XXXIX

Upon re le a s e  of an g le  defo rm ation , the  fo llow ing conform ers would be 

o b ta in e d .
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X

X

fro m  XXXVII, XXXIX and XLI fro m  XL

XIV XV

Table I . C onform ers O btained  From the Addition of
Benzyne to  XXVI

Addition D irec tio n
(pp 2 2 -2 4 )  • XIV XV XVI

A 1 4

B 1 4

C 4 1

D 4 1 ___

Total 6 13 1

Assum ing e q u a l p ro b ab ility  for e a c h  d irec tio n  of benzyne add ition  

there  w ould be 70% sy n -sk e w  (XV and XVI), and 30% a n ti-p a ra lle l  confor­

mers . The o p tic a l pu rity  of th e  sy n -sk e w  conform er w ould be 86%. If 

benzyne added  only from th e  favored d irec tio n  (5 ), th en  from XXVII and 

XXVIII only XV w ould  be form ed, w h ile  from XXIX the  sym m etrical conform er 

XIV w ould be o b ta in e d . H ere , th e  p e rcen t sy n -sk ew  conform er w ould be 

75%; i t  w ould be o p tic a lly  pu re .
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Experim ental

M ic ro an a ly ses w ere  perform ed by Schw artzkopf M icroanaly tica l 

L aboratory, W oodside 77 , New York. M elting p o in ts , u n le s s  o therw ise  

in d ic a te d , w ere determ ined  on a T hom as-H oover ap p ara tu s and are  

co rrec ted ; bo iling  p o in ts  are u n co rrec ted .

Infrared sp e c tra  w ere  determ ined  on a Perkin-E lm er Infracord  137 

spectropho tom eter, u ltra v io le t sp e c tra  on a Cary 14 Spectrophotom eter 

and nuc lear m agnetic  re so n an c e  sp e c tra  on a Varian A-60 spectrom eter. 

M ass sp e c tra  w ere  determ ined  on H itach i RMU-6 M ass Spectrom eter 

by M organ-Schaeffer C orp ., M ontreal, C anada.

B ecause of w a te r absorption,- bands above 3200 cm-1 are not 

reported  for in frared  sp e c tra  tak en  in KBr.

O p tica l ro ta tio n s , u n le s s  o th erw ise  in d ic a te d , w ere m easured 

w ith  a Rudolph 80 P o larim eter.
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(A) P repara tion  of 9 . 9 '-B ian thry l D eriva tives

(1) P repara tion  of 3 ,3 ' -D im e th y l-9 ,9* -b ian th ry l

(a) P repara tion  of 3 -M eth y lan th ro n e . R eduction  of

352 -  Me thy lan th raqu inone

To a so lu tio n  of 100 g (0 .4 5  mole) of 2 -m ethy lan th raqu inone  in  

900 ml of co n cen tra ted  su lfu ric  a c id  (d = 1 .8 4 ) ,  20 ml of w a te r w as added . 

The tem pera tu re  ro se  to  3 0 - 3 5 ° .  Aluminum pow der (1 8 .0  g , 0 .6 7  g-atom ) 

w as slow ly  a d d ed , w ith  s tirr in g , over a period of 4 hr. The ad d itio n  of 

alum inum  w as su ff ic ie n tly  exotherm ic to  m ain tain  the  re a c tio n  tem pera­

ture a t  3 0 - 4 0 ° .  S tirring w as con tinued  for an add ition  6 h r. As p re - 

35v io u s ly  no ted  , w hen the red u c tio n  w as com pleted , foam ing occu rred .

The re a c tio n  m ixture w as poured onto i c e ,  and a yellow  so lid  

p re c ip ita te d . The so lid  w as re c ry s ta ll iz e d  (15 - 2 0  tim es) to  c o n stan t 

mp, from m ethano l, to  y ie ld  7 .8 1  g (8.3% ) of th e  yellow  s o lid , 

3 -m ethy lan throne: mp 9 9 .2 - 1 0 1 .2 °  ( lit  101°, 1 0 2 °); IR (KBr):

3030 (w , arom atic  C -H ), 2900 (w , a lip h a tic  C -H ) , 1670 ( s ,  carbony l), 

1620 ( s ) ,  1490 (m) (arom atic  n u c le u s ) , 1335 (m ), 1310 (s) (arom atic  

k e to n e , due to  -C -(C O )-C -b e n d in g  and s tre tc h in g ) , 842 (m,

[3 5 ]  E. De B arnett and N .F . G oodw ay, C hem . S o c . , 1754 (1929).

[36 ] F . Bell and D .H . W aring , J_. C hem . S o c . , 2689 (1949).
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1 , 2 , 4 - tr is u b s ti tu te d  a rom atic ), 730 ( s ,  1 ,2 r-d isubstitu ted  a rom atic ). 

The bands a t  865 and 815 p resen t in  2 -m ethylanthrone (p 41) are  

n o tab ly  a b se n t even  in  th e  crude reduced  2 -m ethy lan th raqu inone.
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(b) P repara tion  of 3 ,3 ' -D im e th y l-9 , 9* -a n th ra p in a c o l. B im olecular

37R eduction  o f  3 -M ethy lan th rone

In a 250-m l f la s k , equ ipped  w ith  tw o re flu x  condensers and a 

m echan ica l s t i r re r ,  w ere p laced  7 .7 9  g (0 .0 3 7 5  mole) of 3 -m ethy l­

anthrone (p 33), 40 ml o f dry benzene  and  56 ml of ab so lu te  e th a n o l.

To th e  reflux ing  so lu tio n , 3 .4 2  g (0 .1 2 7  g-atom ) of aluminum 

foil (fresh ly  sc ra tc h e d , cu t in to  £ in c h  sq u a re s , and ground w ith  

approxim ately  £ g of m ercuric ch loride) w as a d d ed , w ith  s tirr in g , over 

a period  of 1 % h r. To the  re su ltin g  green  v isc o u s  m ixture, 35 ml of 

ab so lu te  a lco h o l w as ad d ed , and reflux ing  w as con tinued  for an 

ad d itio n a l 3 hr.

The re a c tio n  f la sk  w as coo led  in  an  ic e  b a th , and  100 ml of 1:3 

hydroch lo ric  a c id  w as slow ly  ad d ed . The re a c tio n  so lu tion  w as 

e x tra c ted  w ith  300 ml of b en zen e . The benzene  e x tra c t w as evaporated  

to  g ive a lig h t ye llow  so lid . This so lid  w as e x tra c ted  w ith  200 ml of 

m ethanol. E vaporation  o f the  m ethanol so lu tio n  y ie lded  4. 75 g of a 

lig h t ye llow  so lid  w hich  w as free of 2 -m e th y lan th racen e , a s  ev idenced  

by com parison  of i t s  in frared  spectrum  w ith  th a t of an au th e n tic  sam ple . 

IR (KBr): 3030 (m , arom atic  C -H ), 2910 (m, a lip h a tic  C -H ), 1620 (m), 

1490 (s) (arom atic  n u c le u s) , 1030 ( s ,  b road , c h a ra c te r is tic  of a ll  the

[3 7 ] P a tte rned  a fte r M .S . Newm an, J_. Am. C hem . S o c . , 6 2 ,

1683 (1940).
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9 ,9 '-a n th ra p in a c o ls  p repared ), 826 (m ), 795 (w) ( 1 ,2 ,4 - tr is u b s t i tu te d  ^  

a rom atic ), 740 ( s ,  1 ,2 -d is u b s ti tu te d  a rom atic ).

This so lid  w as dehydra ted  to  y ie ld  3 , 3 '-d im e th y l-9 ,9 '-b ian th ry l 

(p 37) w ithout further p u rif ica tio n .
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(o) P repara tion  of 3 , 31 -D lm e th y l-9 , 9* -b ia n th ry l .

D ehydration of 3,3* -D im ethy l- 9 ,  9* -an th ra p in a co l

In a 250-m l f la s k , equipped  w ith  a reflux  c o n d en se r , w ere 

p laced  4 . 75 g of 3 ,3*-d im e th y l-9 ,9*-an th ra p in a co l (p 35) , 100 ml of 

70% (v /v ) su lfu ric  ac id  and 115 ml of g la c ia l a c e tic  a c id . The re a c tio n  

so lu tio n  w as h ea ted  w ith  s tirring  a t  9 8 -  100° for 5 j  h r.

The re a c tio n  m ixture w as d ilu ted  w ith  w a te r , f i l te re d , and the 

c o llec ted  so lid  w ashed  w ith  w a te r. R ec ry s ta lliz a tio n  from 

b e n z e n e /h e p ta n e  y ie ld ed  2 .2 5  g (31%, b a sed  on 3-m ethy lan throne) of
Q R

the  yellow  s o l id , 3 ,3* -d im e th y l-9 ,9 '-b ian th y l: mp 261 - 2 6 3 °  ( lit 

268°); IR (KBr): 3030 (w , arom atic  C -H ), 2915 (w , a lip h a tic  C -H ),

1640 (m ), 1520 (w ), 1480 (w ), 1450 (m), 1010 (m ), 947 (w ), 918 (w ), 

893 ( s ) ,  855 (w ), 838 (m ), 810 ( s ) ,  776 (w ), 740 (s ) .
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(2) P repara tion  of 2 ,2 ' -D im e th y l-9 ,9* -b ian th ry l

(a) Bv the  D ehydration  of 2 . 2 ' -D im e th y l-9 . 9 ' -an th rap in aco l

(a1) P repara tion  of o-( p -T o luov l)benzo ic  Acid. F ried e l-C ra fts
38Re notion  of Toluene w ith  P h tha lic  Anhydride.

Into a 1 - l i te r  th re e -n e c k e d  f la s k , equipped  w ith  a  m echan ica l 

s tirre r  and a  re flu x  condenser (connected  to  a trap  con ta in ing  10% 

aqueous NaOH) w ere p laced  5 0 .0  g (0 .3 4 0  mole) of p h th a lic  anhydride 

and 231 ml (4 .5 5  m oles) o f to lu e n e . The flask  w as cooled  in  an  ice  ba th  

and 100 g (0 .7 5  mole) of anhydrous A1C13 w as rap id ly  added . S tirring w as 

s ta r te d  im m ed ia te ly , and th e  ice  b a th  w as rem oved. The rea c tio n  m ixture 

becam e warm and p in k -red  in  co lo r. W hen the  evo lu tion  of HC1 su b s id ed  

(1 0 -1 5  m in), the  re a c tio n  f la sk  w as h ea ted  in  a w a te r ba th  a t  8 9 - 9 1 °  

for 2 .5  hr.

The re a c tio n  m ixture w as cooled  w ith  an ice  b a th , and crushed  

ic e  w as slow ly  ad d ed , w ith  s tir r in g , un til the  dark  m ass w as decom posed . 

C oncen tra ted  hydrochloric  ac id  (75 ml) w as added to  p rec ip ita te  the  crude 

p roduct. The e x c e ss  to luene  w as rem oved by steam  d is t i l la t io n . The 

f la sk  w as coo led  and the dark  red  so lid  w as sep a ra ted  by f iltra tio n . Hot 

10% N aC 03 so lu tio n  (500 ml) w as added  to  the so lid , and steam  w as 

p a sse d  through the  m ixture u n til so lu tio n  occurred .

The so lu tio n  w as filte red  w hile  h o t, leav ing  a sm all amount of 

ta r  on the f i lte r  p ap er. The f iltra te  w as ac id ifie d  w ith  35 ml of con­

c en tra ted  hydroch lo ric  a c id . The organ ic  ac id  p rec ip ita ted  a s  a v isc o u s
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oil w hich  soom c ry s ta lliz e d  to  a  w h ite  so lid . The so lid  w as c o llec ted  by 

su c tio n  f iltra tio n  and a ir-d r ie d  to  y ie ld  8 0 .3  g of o -(p -to lu o y l)  b enzo ic  

acid : mp 134 -  139° ( l i t 38 mp 138 -  1 3 9 ° ) .

38o -(p -T o luoy l) b en zo ic  a c id  forms a h y d ra te . The m elting poin t 

varied  acco rd ing  to  the  degree  of d ry n e s s . A sam ple w as d isso lv e d  in  

a c e to n e , and d ried  over M gS04. After f i l t ra t io n , the  ace to n e  w as 

evapo ra ted  to  y ie ld  a w hite  so lid : mp 1 3 7 .0 -  1 3 9 .0 ° ;  IR (KBr): 

3 1 0 0 -2 5 0 0  (m , ca rb o x y lic  a c id ) , 1690 (d o u b le t, m, carbony l),

1615 ( s ) ,  1580 (m ), 1495 (w) (a ro m atic ), 1450 , 1420 (m, m ethyl, 

m ethy lene), 1380 (w , m ethy l), 769 ( s ) ,  741 ( s ) ,  712 ( s ) ,  (arom atic  

C -H , out of p lane  bend ing).

[3 8 ]  L .F . F ie se r , "O rganic  S y n th e se s ,"  C o ll. V o l.I , A .H . B la tt, e d . , 

Jo h n W ile y  and S ons, I n c . , New York, N .Y .1 9 5 5 ,.p  181.
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(b1) Preparation  of o - lP -M e th v lb e n zv P b en z o lc  A d d . R eduction
39of o -(p -T oluovH benzo ic  Acid

In a 2 - l i te r  f la s k , equ ipped  w ith  a re flu x  c o n d en se r , w ere p laced

8 0 .0  g (0 .3 5 4  mole) of o -(p -to lu o y l)b e n z o ic  ac id  (p 38), 220 g (3 .3 6  g -  

atom s) of z in c  d u s t , 800 ml of co n cen tra ted  ammonia (d = 0 .8 9 9 ) and

8 ml of sa tu ra ted  cupric  su lfa te  so lu tio n . The m ixture w as re  fluxed  for 

2 .5  h r. Aqueous sodium  carbonate  so lu tio n  (260*ml, 10%) w as ad d ed , 

and reflux ing  w as continued for an  a d d itio n a l 36 hr.

The rea c tio n  m ixture w as f ilte re d  w hile  h o t, and the  c o lo r le s s  

f i ltra te  w as ac id ified  w ith  co n cen tra ted  hydroch loric  a c id  to  y ie ld  a 

w hite  so lid . Two re c ry s ta ll iz a tio n s  from b e n z e n e /h e x a n e  y ie ld ed

5 8 .1  g (73%) of o -(p -m eth y lb en zy l)b en zo ic  acid : mp 1 3 3 .0 -  1 3 3 .7 °  

( l i t 39 1 3 3 .5 - 1 3 4 .0 ° ) ;  IR (KBr): 3 1 0 0 -2 5 0 0  (ca rb o x y lic  a c id ) ,

1680 ( s ,  arom atic  carbony l), 1580 (w ), 1520 (w ), 1490 (w) (arom atic  

n u c le u s ) , 920 (w , b road , carboxy lic  a c id ) , 830 (w ), 805 (w ), 772 (w ), 

752 (w ), 744 (m).

[3 9 ]  E .D . Bergmann and E. L oew en thal, B u ll. Soc. C him . F ra n c e , 

61 (1952).
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(c‘) P reparation  of 2 -M e th v lan th ro n e . In tram olecu lar

39A cvlation of o -(p -M eth v lb en zy l) b enzo ic  Afod

o -(p -M ethy lbenzy l) b en zo ic  a c id  (18 .1  g , 0 .0794  mole) (p 4 0 ) 

w as cooled in  a d ry -ic e  ace tone  b a th  to  approxim ately  -3 0 ° . C oncen­

tra ted  su lfu ric  ac id  (55 m l, d 1 .84 ) w as coo led  to  abou t -1 5 °  and added 

to the  o -(p -m e th y lb en zy l)  b en zo ic  a c id . The m ixture w as a llow ed  to  warm 

to room tem perature overnight . The re su ltin g  dark so lu tio n  w as poured 

onto crushed  ic e . A yellow  so lid  p rec ip ita te d  w hich  w as c o llec ted  by 

su c tio n  filtra tio n . After w ash ing  th is  so lid  w ith  w a te r , i t  w as 

re c ry s ta lliz e d  from m ethanol to  c o n s ta n t mp to  y ie ld  8 .2 0  g (50%) of the 

yellow  s o lid , 2 -m ethylanthrone: mp 99 .5  -  1 0 1 .5 °  ( l i t3 9 ,3 5 ,4 0  

mp 9 9 .5  -  100°, 103°, 100°; IR (KBr): 3030 (w, arom atic  C -H ),

2900 (w , a lip h a tic  C -H ) , 1670 ( s ,  carbony l), 1620 ( s ) ,  1490 (m) 

(arom atic  n u c le u s ) , 1320, 1295 ( s ,  a rom atic  k e to n e , due to  -C -(C O )-C - 

bending and s tre tc h in g ) , 865, 815 (m, 1 ,2 ,4 - tr is u b s titu te d  a ro m a tic ) ,

731 ( s ,  1 ,2 -d isu b s titu te d  arom atic ).

[4 0 ] H. L im pricht, Ann. , 314 , 237 (1901).
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(d1) Preparation  of 2 .2 ' -D im e th v l-9 . 9» -a n th ra p in a c o l.
0 7

Bim olecular R eduction .of 2 -M e th v la n th ro n e .J

In a 500-m l th ree -n eck ed  f la s k , equ ip p ed  w ith  tw o re flu x  con­

d e n se rs  and a m echanical s t ir re r , w ere p lac ed  1 4 .8  g (0 .0712  mole) of 

2 -m ethy lan th rone (p 4 1 ) ,  134 ml of dry b en zen e  and 187 ml of a b so lu te  

e th a n o l .

To the  refluxing  reac tio n  so lu tio n , 7 .2 4  g (0 .2 6 8  g-atom ) of 

alum inum  foil (fresh ly  sc ra tc h e d , cu t in to  £ in c h  sq u a res  and ground 

w ith  1 .5  g m ercuric chloride) w as added  over a  period  of 1 1/4 h r. The 

re a c tio n  so lu tio n  becam e green  and v is c o u s . A bsolute e th an o l (20 ml) 

w as added and reflux ing  w as con tinued  for a n  a d d itio n a l 3 h r.

The rea c tio n  fla sk  w as cooled  in  an  ic e  b a th , and 70 ml of 1:3 

hydroch lo ric  ac id  w as added . Benzene (100 ml) w as a d d ed , and the 

o rgan ic  lay e r w as se p a ra ted . The aqueous la y e r  w as e x tra c ted  w ith  

b e n z e n e . The e x tra c ts  were combined w ith  th e  o rgan ic  lay e r  and d ried  

over M gS04. After f iltra tio n , the so lv e n t w as ev ap o ra ted  to  y ie ld  1 3 .8  g 

of a  lig h t yellow  so lid .

This yellow  so lid  w as chrom atographed on 500 g of s i l ic a  gel 

(1 0 0 -2 0 0  mesh) a s  describ ed  below .

FRACTION SOLVENT VOLUME (ml) WEIGHT(g) DESCRIPTION

1 Benzene 1 ,000  3 ,1 9  w hite  so lid .

2 Benzene 1 ,110  0 .2 5  ye llow  se m i-so lid

3 Acetone 300 9 .3 3  lig h t ye llow  so lid .
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Fraction  1 w as id en tified  a s  2 -m ethy lan th racene  by com parison  

of i ts  in frared  spectrum  w ith  an  au th en tic  sam p le . F raction  2 w as not 

id e n tif ie d . F raction 3 appeared  to  be 2 ,2 '-d im e th y l-9 ,9 '-a n th ra p in a  col 

con tam inated  w ith  a l i t t le  2 -m ethy lan thraquinone (probably  from the 

o x id a tio n  of 2 -m eth y lan th ro n e). IR (KBr): 3050 (w , a rom atic  C -H )#

2930 (m , a lip h a tic  C -H ), 1610, 1500, 1480(m) (arom atic  n u c le u s ) ,

1030 (m , b road , c h a ra c te r is tic  of a ll  9 ,9 '-a n th ra p in a c o ls  p rep a red ),

740 ( s ) .

Fraction  3 w as d eh y d ra ted , w ithou t further p u rif ic a tio n ,to  y ie ld  

2 ,2 '-d im e th y l-9 ,9 '-b la n th ry l  (p 4 4 ) .
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(e *) P repara tion  of 2 .2 * -D lm e th y l-9 . 91 -b ia n th ry l.

41D ehydration  of 2.2* -D lm e th y l-9 .9 ' -an th rap ln aco l

In a 500-m l f la s k , equ ipped  w ith  a re flu x  c o n d en se r, and  c o n ta in ­

ing  a m agnetic  s t i r re r ,  w ere  p lac ed  9 .3 2  g (0 ,022  mole) of 2 , 2 ' -d im e th y l-  

9 , 9 '-an th rap in aco l (p 4 2 ), 140 ml of g la c ia l a c e tic  ac id  and 110 ml of 

70% (v /v ) su lfu ric  a c id . The so lu tio n  w as heated  a t  98 - 9 9 °  for 6^ h r. 

W ith in  20 m in u tes , a yellow  so lid  began  to  p re c ip ita te .

The re a c tio n  m ixture w as d ilu te d  w ith  w a te r , and the  yellow  p re­

c ip ita te  w as c o lle c te d  by su c tio n  f iltra tio n  and w ashed  w ith  w a te r and 

m ethano l. Three re c ry s ta l l iz a tio n s  from b e n ze n e /h ex a n e  y ie ld ed  5 .8 2  g 

(43% , b a se d  on 2-m ethy lan th rone) of the yellow  so lid , 2 , 2 '-d im e th y l-  

9 , 9 '-b ia n th ry l: mp 2 7 3 .8 - 2 7 5 .0 ° ;  IR (KBr) (p 123): 3030 (m , arom atic  

C -H ), 2910 (m ), 2850 (w) (a lip h a tic  C -H ), 1640 ( s ) ,  1590 (w ),

1520 (w ), 1490 (w ), 1450 (m ), 1400 (w ), 1380 (w , m ethy l), 1020 (m ), 

952 (w ), 913 (m ), 885 ( s ) ,  854 (w ), 840 (w ), 790 (m ), 770 (m ),

740 ( s ) .

A nal. C a lcd  for C3o H 22: C , 84 .20 ; H , 5 .8 0 .

Found: C , 9 3 .9 5 ;  H , 5 .7 0 .

[4 1 ] P a tte rned  a fte r F. Bell and  D .H . W aring , J.. C hem . S o c . , 2689 

(1949).
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(b) By the  D irec t B im olecular R eduction of 2 -M ethv lan th rone

(a 1) B im olecular R eduction of 2 -M eth v lan th ro n e . Impure 

2 . 2 ' -D im e th v l-9 .9 ' -b ian th rv l

In a  250-m i th re e -n e c k e d  f la s k , equ ipped  w ith  a m echanical 

s t ir re r , re flu x  co n d en se r and an  ad d itio n  . fu n n el, were p laced  1 0 .0  g 

(0 .0481  mole) of 2 -m ethy lan th rone (p 4 1 ) ,  160 ml of g la c ia l a c e tic  ac id  

and 2 0 .0  g (0 ,3 0 6  g-atom ) of z in c  d u s t.

To the  reflux ing  so lu tio n , 40 ml of concen tra ted  hydrochloric  ac id  

(sp  gr 1 .19 ) w as added  over a period  of 40 m in u te s . A yellow  so lid  p re ­

c ip ita te d  a f te r  7 -  8 ml of hydroch lo ric  a c id  had been  added . Refluxing 

w as con tinued  for an  ad d itio n a l 45 m in u tes .

The coo led  re a c tio n  m ixture w as d ilu ted  w ith  100 ml of w a ter.

The p rec ip ita te d  yellow  so lid  w as c o lle c te d  by f iltra tio n . This so lid  w as 

d isso lv e d  in  b e n z e n e , and the  benzene  so lu tio n  w as w ashed  w ith  10% 

aqueous p o tass iu m  hydroxide so lu tio n , w a te r , and dried  over Na2S 04.

Evaporation of the  so lv en t y ie ld ed  9 .9 2  g o f impure 

2 , 2 '-d im e th y l-9 ,9 '-b ia n th ry l w hich  w as further purified  by trea tm en t 

w ith  m aleic  anhydride to  rem ove 2 -m ethy lan th racene  (p 46 ) .

[ 4 2 ] P atte rned  a fte r  (a) E. De B arnett, C hem . B e r . , 65 .1563(1932).

(b) E. De B arnett and M .A . M atth ew s, C hem . S o c . , 2549 (1923).
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(b‘) T reatm ent of Impure 2 .2* -D im e th y l-9 . 9 ' -b ian th rv l w ith  

M ale ic  Anhydride

A so lu tio n  of 9 .9 1  g of im pure 2 , 2 ' -d im e th y l-9 , 9 ' -b ian th ry l (p 45) 

and 1 5 .0  g of m ale ic  anhydride in  80 ml of xylene (bp 1 3 7 -  140°) w as 

refluxed  for 40 m inu tes.

The xy lene  w as rem oved w ith  a ro tary  evaporato r to  y ie ld  a 

y e llo w -re d  ta r  to  w h ich  100 ml of 15% aqueous po tassium  hydroxide w as 

added . The m ixture w as h e a te d , w ith  s tir r in g , a t  80° for £ h r. The 

coo led  su sp e n s io n  w as e x tra c te d  w ith  250 ml of b e n ze n e . The benzene 

so lu tio n  w as w ash ed  sev e ra l tim es w ith  10% aqueous po tassium  hy­

droxide so lu tio n , w a te r , and d ried  over M gS04. After f iltra tio n , the  

b enzene  w as ev apo ra ted  to  y ie ld  7 .5 6  g of a ye llow  so lid  contam inated  

w ith  some dark m a te ria l. This so lid  w as chrom atographed on 170 g of 

W oelm alum ina (a c id ic , a c tiv ity  g rade  I) u sin g  benzene as th e  e lu ting  

so lv e n t. The f ir s t  f lu o re sc en t yellow  frac tio n  gave a fte r evaporation  of 

the e lu e n t 7 .4 7  g of a ye llow  so lid . Six re c ry s ta ll iz a tio n s  from 

b e n z e n e /h e p ta n e  y ie ld ed  1 .26  g (15% , b a sed  on 2-m ethylanthrone) of 

the  yellow  s o lid , 2 ,2 '- d im e th y l-9 ,9 '-b ia n th ry l: mp 273 .5  -  2 7 4 .6 ° .

The IR spectrum  is  id e n tic a l to  2 , 2 ' -d im e th y l-9 ,9 '-b ia n th ry l prepared 

by th e  dehydra tion  of 2 ,2 '-d im e th y la n th ra p in a c o l (p 44). The mother 

liquo rs w ere com bined and ev ap o ra ted  to  y ie ld  a yellow  so lid  w hich 

upon two re c ry s ta l l iz a tio n s  from b e n z e n e /h e p ta n e  y ie lded  an  add itional
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0 .3 0  g of 2 ,2 '-d im e th y l-9 ,9 '-b ian th ry l: mp 2 7 2 .0 - 2 7 3 .0 ° .  The 

mother liquors of th is  so lid  w hen c o n ce n tra te d , p rec ip ita te d  two types 

of so lid s  (yellow  and w hite) # a s  observed  in  the  p repara tion  of 

2 ,2 '-d ic h lo ro -9 ,9 '-b ia n th ry l  by the sam e m ethod (p 5 3 ) .  The w hite 

so lid  w as not id en tified .
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(3) Preparation  of 2,2* -D ic h lo ro -9 ,9* -b ian th ry l

(a) Bv the D ehydration of 2 . 2 ' -D ic h lo ro -9 .9 '-a n th ra p in a c o l

(a ')  P reparation  of o - fp -C h lo ro b e n z y l) b en zo ic  Acid. Reduction
43of o—(p -C h lo ro b en z o v l) benzoic_A cid

In a 2 - l i te r  f la s k , equ ipped  w ith  a  reflux  c o n d en se r, w ere p laced  

105 g (0 .4 0 2  mole) of o - (p -c h lo ro b e n z o y l) b en zo ic  ac id  (Aldrich Chem . 

C o . , M ilw aukee, W isc o n s in ) , 279 g (4 .2 7  g -a tom s) o f z in c  d u s t ,

1 ,0 4 0  ml of concen tra ted  ammonia (d = 0 .899) and 10 ml of sa tu ra ted  

cupric  su lfa te  so lu tio n . The m ixture w as refluxed  (o il bath) for 2 hr and 

325 ml of 10% aqueous sod iun  carbonate  so lu tio n  w as ad d ed . Refluxing 

w as con tinued  for an  ad d itio n a l 23 hr. During the  f irs t  few h o u rs , the  

o il ba th  had to  be rem oved o c c a s io n a lly  to  avoid  e x c e s s iv e  foam ing.

The rea c tio n  m ixture w as f ilte red  w hile  h o t, and the  c o lo rle ss  

f iltra te  w as a c id ified  w ith  co n cen tra ted  hydrochloric  a c id . The w hite 

p rec ip ita te  ob tained  w as c o lle c te d  by su c tio n  f iltra tio n . Two 

re c ry s ta lliz a tio n s  from e th an o l y ie ld ed  8 3 .9  g (80%) of o -(p -C h lo ro -
_ 43  44  _

b e n z y l) benzo ic  ac id : mp 130 .6  -  132 .3  ( l it  # 1 3 0 -1 3 2 ° ,  132°);

IR (KBr): 3 1 0 0 -2 5 0 0  (m, carboxy lic  a c id ) , 1680 ( s ,  a rom atic  carbony l), 

1600 (w), 1580 (m) (arom atic n u c le u s ) , 920 broad (m, carboxy lic  a c id ) , 

834 (m), 809 (w), 800 (w), 773 (m ), 737 ( s ) ,  718 (w).

[ 4 3 ] W . Bradley and L .J . W a tk in s , JN C hem . S o c . , 319 (1956).

[44 ]E . De Barnett and J .L . W il ts h ire , J[. C hem . S o c . , 1822 (1926).
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(b1) Preparation  of 2 -C h lo ro an th ro n e . In tram olecu lar,
44A cvlation of o -( p -C h lo ro b en z v l) b en zo ic  Acid

o -(p -C h lo ro b en zy l) b en zo ic  a c id  (7 4 .7  g ,  0 .302  mole) (p 4 8 ) 

w as cooled  in  a d ry - ic e  ace tone  b a th  to  approx im ate ly  -3 0 ° . C on­

cen tra ted  su lfu ric  ac id  (225 ml d 1 .84 ) w as precoo led  to  about -1 5 °  and 

added  to  the  o -( P -ch lo robenzy l )b en z o ic  a c id . The m ixture w as a llow ed 

to  warm to  room tem perature overnight;.

The re su ltin g  dark so lu tio n  w as poured onto crushed  ic e .  A 

yellow  so lid  p rec ip ita ted  w hich  w as c o lle c te d  by su c tio n  f iltra tio n .

After w ash ing  the so lid  w ith w a te r , i t  w as re c ry s ta lliz e d  tw ice  from

denatu red  e thano l (5% m ethanol) to  y ie ld  5 2 .3  g (75.5% ) of the  pale

44 43
yellow  so l id ,2-ch loroanthrone: mp 153 .6  -  1 5 4 .8 °  ( lit  '  mp 155°, 

1 5 4 -  155°); IR (KBr): 3060 (w , arom atic  C -H ), 2900 (w , a lip h a tic  C -H ), 

1670 ( s , c a rb o n y l), 1610, 1480 (m , a rom atic  n u c le u s ) , 1318 (m),

1295 (s) (arom atic  ke to n e , due to  -C -(C O )-C -  bending and s tre tc h in g ) , 

853, 818 (m , 1 , 2 ,4 - tr is u b s ti tu te d  a ro m a tic ) , 720 ( s ,  1 ,2 -  

d isu b s titu te d  arom atic).
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(c 1) P reparation  of 2 .2 '-D lc h lo ro -9 ,9 , - an th ra p in a co l.
37

B im olecular Reduction of 2-C hloroan throne.

In a 1 - l i te r  th re e -n e c k e d  f la s k , equ ipped  w ith  tw o re flu x  c o n - 

d e n se rs  and a m echan ica l s t ir re r , w ere p laced  4 7 .4  g (0 .2 0 7  mole) of

2 - chloroan throne (p 4 9 ) ,  240 ml of ab so lu te  a lco h o l and 160 ml of dry 

b e n ze n e . To the  reflux ing  rea c tio n  so lu tio n , 2 0 .7  g (0 .7 7 0  g-atom ) of 

alum inum  fo il (fresh ly  sc ra tc h e d , cu t in to  £ in ch  sq u a res  and ground 

w ith  approxim ately  5 g of m ercuric chloride) w as added  over a period  of 

3 hr. After 1 .5  h r , 100 ml of ab so lu te  e thano l w as ad d ed . An ad d itio n a l 

1 0 0  ml w as added  w hen the  add ition  of aluminum fo il w as com pleted .

The re su ltin g  g ree n , v isc o u s , rea c tio n  mixture w as re flu x ed  for an 

ad d itio n a l 3£ hr.

The re a c tio n  f la sk  w as coo led  in  an  ice  b a th , and 450 ml of 1:1 

hydrochloric  a c id  w as slow ly  added w ith  s tirr in g .

The o rgan ic  lay e r w as se p a ra te d , and th e  aqueous lay e r w as 

e x tra c te d  w ith  2 l i te rs  of b en zen e . The com bined ye llow  organ ic  lay e r 

w as d ried  over M gS0 4  and  evapora ted  to  y ie ld  a ye llow  so lid . This 

so lid  w as d isso lv e d  in  2 l i te r s  o f hot m ethanol. Upon co o lin g , a 

y e llo w -ta n  so lid  p re c ip ita te d . After filtra tio n  to  rem ove th is  s o l id , the 

f iltra te  w as co n cen tra ted  to  800 ml. More of the  sam e so lid  w as 

o b ta in ed , w hich  had a strong band in  the  IR reg ion  a t 892 cm - 1  

(probably  2 -c h lo ro a n th ra c e n e ). F iltra tion  and ev ap o ra tio n  of the



51

filtra te  gave a  ye llow  so lid . R e c ry s ta lliz a tio n  from m ethanol y ie ld ed  

1 5 .7  g of the  w hite  s o lid , 2 ,2 '-d ic h lo ro -9 ,9 '- a n th ra p in a c o l  w h ich  did  

not have an IR band a t  892 cm-1 . IR (KBr): 3040 (w , a rom atic  C -H ), 

2900 (w , a lip h a tic  C -H ), 1600 (m), 1480 (s) (arom atic  n u c le u s ) ,

1035 ( s ,  b ro ad , c h a ra c te r is t ic  o f a ll  the  9 , 9 ' -an th ra p in a c o ls  p rep a red ), 

740 (s); IR (N ujol mull): 3500 (m, OH).
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(d1) P repara tion  of 2 .2 ' -D ic h lo ro -9 . 9* -b la n th rv l. D ehydration
37of 2  . 2 ' -D ic h lo ro -9 .9*-an th ra p in a c o l.

In  a  500-m l f la s k , equ ipped  w ith  a m agnetic  s tirre r  and a  reflux  

c o n d en se r, w ere p laced  1 5 .7  g (0 .0 3 4 2  mole) o f 2 ,2 '-d ic h lo ro -  

9 , 9 '-an th ra p in a c o l (p 5 0 ) ,  175 ml of a c e tic  ac id  and 160 ml of 70% 

(v /v) su lfu ric  a c id . The re a c tio n  f la sk  w as hea ted  a t 9 8 - 9 9 °  for 5 hr.

A yellow  p re c ip ita te  formed a fte r  i  h r.

After co o lin g , the  rea c tio n  m ixture w as d ilu ted  w ith  w ater. The 

yellow  p re c ip ita te  w as c o llec ted  by su c tio n  filtra tio n  and w ashed  w ith  

w a te r. Re c ry s ta l liz a tio n  from b e n z e n e /e th a n o l y ie lded  6 . 8 8  g (16% 

b ased  on 2 -ch lo roan th rone) o f th e  yellow  so lid , 2 , 2 '-d ic h lo ro -  

9 ,9 ’-b ian th ry l: mp 2 9 0 .6  -  2 9 2 .3 ° . The in frared  spectrum  of th is  

product i s  id e n tic a l to  2 ,2 '-d ic h lo ro -9 , 9 ' -b ia n th ry l, ob tained  by the 

d irec t b im o lecu lar red u c tio n  of 2 -ch lo roan th rone  (p 5 3 ) .
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(b) Bv the  D ire a t  B im olecular R eduction of 2 -C hloroanthrone

(a ')  B im olecular R eduction of 2 -C h lo roan th rone. Impure,
42

2 .2 1 -D ic h lo ro -9 , 9 1 -b ian th ry l

Into a 1 2 - lite r  th re e -n e c k e d  f la s k , equipped  w ith  a reflux  con­

d e n se r , a m echan ica l s tirre r  and an  add ition  fu nnel, w ere p laced  

252 g (0 .5 9 6  mole) of 2 -ch lo ro an th ro n e  (p 4 9 ) ,  4 ,8 7 5  ml of g lac ia l 

a c e tic  ac id  and 4 9 1 .5  g (7 .52  g -a tom s) of z in c  d u s t. The mixture w as 

h eated  to  re flu x . W hile  s tir r in g , 1 , 1 0 0  ml of concen tra ted  hydrochloric  

acid  (d 1 .19) w as added  over a  period of 4 3/ 4  h r. A yellow  so lid  began  

to  p rec ip ita te  a fte r  approx im ate ly  V3 of the  hydrochloric  ac id  had been 

added . The m ixture w as re flu x e d , w ith  s tir r in g , for an  add itional 3 hr 

and w as le f t  to  cool o v e rn ig h t.

The p re c ip ita te d  yellow  so lid  w as co llec ted  by f iltra tio n , 

w ashed  w ith  w a te r and  m ethano l, and dried  to  y ie ld  132 g of impure 

2 ,2 '- d ic h lo ro -9 ,9 '-b ia n th ry l: mp 1 8 9 -2 3 4 ° . This so lid  w as trea te d  

w ith  m ale ic  anhydride (p 54) to  rem ove 2 -ch lo ro an th racen e  .
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(b ') Treatm ent of Impure 2 .2 ' -D ic h lo ro -9 ,9* -b ian th ry l w ith  

M aleic  Anhydride

Into a 2 - l i te r  f la s k , equ ip p ed  w ith  a reflux  c o n d e n se r , w ere p laced  

265 g of impure 2 ,2 '-d ic h lo r o - 9 ,9 ' -b ian th ry l (p  53), 370 g of m aleic  

anhydride and 1 ,260  ml of 1 , 2 - b i s - ( 2 -m ethoxyethoxy)ethane  (trig lym e).

The so lu tion  w as h e a te d  a t  re flu x  for 2 .0  hr. A dark so lu tio n  w as 

ob tained  w hich w as coo led  to  1 0 0 ° , and 400 ml of e th an o l and  1 ,400  ml 

of 10% aqueous NaOH w ere a d d e d . The so lu tio n  w as s tirred  for 45 m inutes 

w hile being cooled to  room tem p era tu re . A yellow  so lid  p rec ip ita te d  w hich 

w as c o llec ted  by suc tion  f i l t ra t io n , w ash ed  w ith  w a te r and w ith  e thano l to  

y ie ld  140 g of a yellow  so lid : mp 261 - 2 7 5 ° .  Re c ry s ta lliz a tio n  from 

chloroform /cyclohexane y ie ld e d  a ye llow  so lid : mp 2 8 5 -2 8 9 ° .  The 

mother liquor w as co n cen tra ted  by bo ilin g  u n til p re c ip ita tio n  w as o b se rv ed . 

Upon coo ling , more of th e  sam e so lid  w as obtained: mp 2 8 4 -2 8 9 ° .

The two crops w ere com bined  and re c ry s ta l l iz e d  from chloroform / 

cyclohexane to  y ie ld  5 3 .7  g of th e  ye llow  so lid , 2 ,2 '- d ic h lo ro -  

9 ,9 '-b ian th ry l: mp 2 9 0 .0  - 2 9 2 .  0 °  ( l i t 4 2 a ' 4 5  mp 2 8 8 ° , 2 8 9 ° ) . The 

mother liquor w as co n cen tra ted  a s  a b o v e . Upon coo ling  two ty p es of 

so lid s  w ere d e p o site d , f i r s t  a ye llo w  s o lid , fo llow ed by a w hite  so lid .

[4 5 ] E .D . Bergmann and H. H irsc h fe ld , T etrahedron L e t te r s , 4129 

(1965).
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The w hite  so lid  w as e a s i ly  se p a ra ted  by sw irling  the  f la sk  and d ecan tin g  

the  m other liquo r w ith  the  su spended  w h ite  so lid . After f iltra tio n  to  

rem ove the  w hite  s o lid , th is  m other liq u o r w as co n cen tra ted  a g a in  in , 

the  sam e m anner. Upon co o lin g , aga in  yellow  so lid  p rec ip ita te d  f i r s t ,  

fo llow ed by w hite  so lid . The w hite  m ate ria l w as ag a in  rem oved in  the  

sam e m anner.

The yellow  so lid s  so  ob ta ined  from the  m other liquo rs  w ere 

com bined w ith  the  mother liquo r o f th e  re c ry s ta ll iz e d  m ateria l m elting a t 

2 9 0 .0 - 2 9 2 .2 °  and co n cen tra ted  by b o ilin g . Upon co o lin g , a yellow  

so lid  w as ob tained  (no w h ite  so lid ) w h ich  m elted  a t  275 -  2 8 9 ° . This 

so lid  w as re c ry s ta ll iz e d  to  c o n s tan t mp (four tim es) from chloroform / 

cyclohexane  to  y ie ld  2 1 .3  g o f  the  ye llow  s o lid , 2 ,2 '-d ic h lo ro -  

9 , 9 ' -b ian th ry l: mp 2 8 9 .6 ° - 2 9 2 .0 ° .  The IR sp e c tra  of bo th  m a te r ia ls , 

m elting a t  2 9 0 .0 - 2 9 2 .0 °  and a t  2 8 9 .6  - 2 9 2 .0 ° ,  w ere id e n tic a l and 

show ed no ev id en ce  of e ith e r  2 -ch lo ro an th racen e  or the  w hite  so lid .

IR (KBr): 3050 (w , arom atic  C -H ), 1635 ( s ) ,  1560 (m), 1525 (w ),

1475 (w ), 1445 ( s ) ,  1413 (m), 1085 ( s ) ,  1075 ( s ) ,  1015 (w ), 952 (s ) ,

913 ( s ) ,  8 8 8  ( s ) ,  872 (m), 860 (w ), 854 (w ), 843 (w ), 800 (w ),

780 ( s ) ,  740 (s ) .
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(4) P repara tion  of 2 . 2 '-D lb ro m o -9 ,9 '-b ia n th ry l

(a) P repara tion  of o-fp-Brom obenzovD benzo ic  A cid. F rie d e l-

46
C rafts  Rea c tio n  of p-Byom obenzene w ith  Phth a l ic  Anhydride

In a 1 - l i te r  th ree -n ec k ed  f la s k , equ ipped  w ith  a  c o n d en se r, an  

e ff ic ie n t m echan ica l s tir re r  and a  therm om eter, w ere p lac ed  500 g of 

brom obenzene and 200 g (1 .3 5  m oles) of p h th a lic  an h y d rid e . The 

re a c tio n  f la sk  w as h ea ted  in  an oil ba th  un til the  p h th a lic  anhydride 

d is so lv e d . After cooling  to  room tem pera tu re , 400 g (3 .0 0  m oles) of 

aluminum ch lo ride  w as added a t such  a ra te  a s  to  m ain tain  the  tem pera­

ture of the  re a c tio n  a t 5 0 ° . The reac tio n  so lu tio n  f i r s t  tu rned  o range , 

and then  becam e red  and v is c o u s . W hen the evo lu tio n  of hydrogen 

chloride  su b s id ed  (approxim ately  £ hr), the  re a c tio n  f la s k  w as hea ted  to  

85°. The re a c tio n  m ixture becam e extrem ely  v isc o u s  and 100 g of 

brom obenzene w as added to  fa c ili ta te  s tirr in g . After 2 hr an  ad d itio n a l 

1 0 0  g of brom obenzene w as added in  o rder to  keep  the  stirrO r tu rn ing . 

The re a c tio n  m ixture w as heated  a t 85° for a to ta l of 7 .0  h r .

After coo ling  to  room tem pera tu re , c rushed  ic e  w as a d d e d , and 

the  re a c tio n  m ixture w as s te a m -d is ti l le d  to  rem ove th e  e x c e s s  

b rom obenzene.

The re s id u a l so lid  w as e x tra c ted  se v e ra l tim es w ith  hot 10% 

aqueous sodium  c a rb o n a te . The a lk a lin e  e x tra c ts  w ere com bined and 

ac id ifie d  w ith  concen tra ted  hydrochloric  a c id . The p rec ip ita te d  w hite

[4 6 ]  F. U llm an and M . Sonne, A n n ., 380, 336 (1911).
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so lid  w as c o lle c te d  by su c tio n  f iltra tio n  and w ashed  w ith  w a te r.

Two re c ry s ta ll iz a tio n s  from e th a n o l/w a te r  and th ree  re c ry s ta l­

liz a tio n s  from benzene y ie ld ed  275 g (67%) of the w hite  so lid , 

o -(p -b ro m o b en zo y l) b en zo ic  acid : mp 172.2  -  1 7 3 .0 °  ( l i t ^ 6 ' ^  173°,. 

1 7 0 -1 7 2 ° ) ;  IR (KBr): 3 1 0 0 -2 5 0 0  (w , carboxy lic  a c id ) , 1680 ( s ,  

carbony l), 1600 (m), 1580 (m), 1480 (w) (arom atic  nuc leus) 772 (m), 

742 (m), 703 (w) (arom atic  C -H , out o f p lane bend ing ).
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39(b) P repara tion  of 3 -(p-B rom opheny l)ph thalide .

C lem m ensen R eduction of o -(p-B rom obenzoy l)benzo ic  Acid

In a 1 - l i t e r  th re e -n e c k e d  f la sk  w ere p laced  1 1 1  g (1 .7 1  m oles) of 

m ossy z in c , 75 ml of w a te r and 8 .0  g (0 .0 3  mole) of m ercuric  c h lo rid e .

The f la sk  w as sh ak en  o c c a s io n a lly  over a period  of £ h r. The w ater w as 

d e c a n te d , and  the  am algam ated  z in c  w as w ash ed  w ith  1 0 0  ml of w a te r.

The f la sk  w as equ ipped  w ith  a m echan ica l s tir re r  and a co n d en se r, 

and the  follow ing re a g e n ts  w ere p lac ed  in  the  f la sk  in  the  g iven  order:

80 ml of w a te r , 230 ml o f co n cen tra ted  hydroch lo ric  a c id , 120 ml of 

to luene  and 8 0 .0  g (0 .2 6 2  mole) of o -(p -b rom obenzoy l)benzo ic  ac id  (p 56). 

The rea c tio n  m ixture w as h e a ted  to  re flu x  and  v igo rously  s tirred  for 26 hr.

The coo led  re a c tio n  m ixture w as f ilte re d  to  rem ove e x c e s s  z in c .

W ater w as added  to  th e  f i ltra te  and the  to lu en e  w as rem oved u sin g  a 

ro tary  ev ap o ra to r. A w hite  so lid  w as ob ta in ed  w hich  w as c o lle c te d  by 

su c tio n  f i ltra tio n . This so lid  w as d is so lv e d  in  benzene  and th e  benzene 

so lu tio n  w as e x tra c te d  w ith  1 0 % aqueous Na2 C 0 3  un til the  a lk a lin e  e x tra c ts , 

w hen ac id ifie d  w ith  c o n ce n tra te d  hydroch lo ric  a c id , d id  no t g ive  a 

p re c ip ita te . The w h ite  p re c ip ita te s  ob ta ined  w ere com bined and r e ­

c ry s ta lliz e d  to  c o n s ta n t mp from b e n z e n e /h e p ta n e  to  y ie ld  11 .9  g (16%) 

o f the  w hite  so lid , o -(p -b rom obenzy l)benzo ic  acid: mp 1 3 5 .0 -  1 3 7 .0 ° ;

IR: id e n tic a l to  o -(p -b rom obenzy l) b en zo ic  ac id  (p 60).
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The benzene  so lu tio n  w as d ried  over Na2SO*, f ilte re d  and evapoi- 

ra te d  to  d ry n e s s . The w hite  so lid  ob tained  w as re c ry s ta l l lz e d  to  c o n s tan t

mp from b e n ze n e /h ep ta n e  to  y ie ld  4 1 .5  g (55%) of th e  w h ite  s o lid ,

39
3-(p -b rom opheny l)ph thalide : mp 1 3 6 .0 -  1 3 7 .5 °  ( l it  1 3 9 -1 4 0 ° ) ;

IR (KBr): 3040 (w , arom atic  C -H ), 2930 (w , a lip h a tic  C -H ), 1765 ( s ,  

ph thalide  carbony l), 1620 (w ), 1600 (w), 1490 (m), 1465 (m ), (arom atic  

n u c le u s ) , 1210, 1065 ( s , asym m etric  and sym m etric s tre tc h in g  of = C -0 -C ) , 

818, 803 (m , 1 ,4 - d isu b s titu te d  a ro m a tic ), 743 ( s ,  1 ,2 -d is u b s ti tu te d  

a ro m atic ).
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(o) P repara tion  of o -(p-B rom obenzyl)benzolc  Acid.

39R eduction of 3-(p-B rom ophenvl)phthalide 

In a 250-m l flask ,, equ ipped  w ith  a m agnetic  s tirre r  and  re flu x  c o n -
i

denser#  w ere  p laced  4 2 .0  g (0 .1 4 5  mole) of 3 -(p -b rom opheny l)ph thalide  

(p 56 )# 1 1 .1  g (0 .0 4 4  mole) of iodine# 3 .5  g (0 .1 1 3  g-atom ) of red  

phosphorus# 100 ml of g la c ia l  a c e tic  ac id  and 3 .5  ml of w a te r . The 

re a c tio n  m ixture w as refluxed  w ith  s tirrin g  for 27 h r.

After cooling  to  room tem p era tu re , 450 ml of 5% aqueous NaHSC>3 

w as added# and the re a c tio n  m ixture w as s tirred  for 30 m in u tes . The 

p rec ip ita te d  l ig h t brown so lid  w as c o lle c te d  by su c tio n  f iltra tio n  and 

w ashed  w ith  w a te r. The so lid  w as ex trac ted  w ith  10% aqueous Na2CQ 3 

sev e ra l t im e s . The a lk a lin e  e x tra c ts  w ere com bined and a c id if ie d  w ith  

co n cen tra ted  nydrochloric  a c id . A w hite  p rec ip ita te  w as ob ta ined  w hich  

w as c o lle c te d  by su c tio n  f iltra tio n . C ry s ta lliz a tio n  from b e n z e n e /h e p ta n e  

y ie ld ed  1 5 .6  g (37%) of th e  w h ite  s o l id , o -(p -b rom obenzy l)benzo ic  acid : 

mp 1 3 6 .5 ° - 1 3 7 .5 °  ( l i t 39137°); IR (KBr): 3 2 0 0 -2 5 0 0  (m , carboxy lic  a c id ) , 

1680 ( s ,  ca rbony l), 1600 (w ), 1580 (m ), 1490 (m), (arom atic  n u c le u s ) ,

920 broad (m# carboxy lic  a c id ) , 832 (m), 808 (w ), 798 (w ), 770 (m ),

737 ( s ) ,  712 (w).
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(d) P reparation  of 2 -B rom oanthrone. In tram olecu lar A cylatlon
39

of o -(p -B rom obenzv llbenzo ic  Acid

To 6 .8 5  g (0 .0235  mole) o f o -(p -b rom obenzy l)benzo ic  ac id  (p 6 0 ) , 

p recooled  to  approxim ately  -3 0 °  in  a d ry - ic e  ace to n e  b a th , 2 0 .5  of 

concen tra ted  su lfu ric  a c id  (d 1 .8 4 ) ,  p recoo led  to  - 1 5 ° ,  w as ad d ed . The 

mixture w as allow ed to  warm to  room  tem p era tu re , The re su ltin g  brown 

so lu tion  w as kept a t  room tem pera tu re  for 7 h r.

The brown so lu tio n  w a s  poured  onto c ru sh ed  ic e .  A yellow  so lid  

p rec ip ita ted  w hich w as c o lle c te d  by su c tio n  filtra tio n  and w ash ed  

thoroughly w ith  w a te r . Two re c ry s ta l l iz a tio n s  from e thano l (denatu red

w ith  5% methanol) y ie ld ed  4 .9 0  g (76%) o f th e  l ig h t ye llow  so lid ,

39
2-brom oanthrone: mp 1 6 0 .0 - 1 6 2 .0 °  ( l i t  mp 1 6 0 .5 °); IR (KBr): 3040 

(w , arom atic  C -H ), 2900 (w , a lip h a tic  C -H ), 1670 ( s ,  carbony l), 1615, 

1490 (m, arom atic  n u c le u s ) , 1310 , 1295 ( s ,  a rom atic  k e to n e , due to  

-C -(C O )-G - bending and s tre tc h in g ) , 848 , 814 (m , 1 ,2 ,4 - t r is u b s t i tu te d  

a rom atic ), 719 ( s ,  1 ,2 -d is u b s t i tu te d  a rom atic ).
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(e) P repara tion  of 2 . 2l -D lb ro m o -9 .9*-a n th ra p in a c o l.
37B im olecular R eduction of 2 -Brom oanthrone

In a  500-m l th re e -n e c k e d  f la s k ,  equipped w ith  an  e ff ic ie n t s tir re r  

and tw o re flu x  c o n d e n se rs , w ere p lac ed  1 5 .2  g (0 .0 5 5 7  mole) of 

2 -brom oanthrone (p 61 ) ,  90 ml of a b so lu te  e thano l and 80 ml o f dry 

b e n z e n e . The so lu tio n  w as h ea ted  to  re flu x . Aluminum fo il (6 .8 4  g ,

0 .2 5  g -a to m ), fre sh ly  s c ra tc h e d , c u t in to  £ in ch  s q u a re s ,  and ground 

w ith  approx im ate ly  1 .5  g HgCl2 w as added to  the re a c tio n  so lu tio n  over 

a  period  of 1 .5  h r. The ad d itio n  of a  portion of alum inum  am algam  c a u se d  

th e  re a c tio n  to  becom e very  v ig o ro u s , and p e rio d ica lly  th e  h ea tin g  b a th  

had  to  be rem oved in  order to  avoid  e x c e s s iv e  foam ing. The re a c tio n  

m ixture becam e g reen  and ex trem ely  v is c o u s . After the a d d itio n  of the  

alum inum  am algam , 40 ml of a b so lu te  e thano l w as added and the  re a c tio n  

m ix ture  w as re fluxed  for an  a d d itio n a l 3 hr.

The re a c tio n  f la s k  w as p laced  in  an ic e  b a th , and 250 ml of 1:3 

h y d ro ch lo ric  ac id  w as slow ly  added w ith  s tirr in g . The green  co lor 

d is a p p e a re d , and the  re a c tio n  so lu tio n  se p a ra ted  in to  tw o la y e r s .  The 

o rg an ic  la y e r  w as se p a ra te d  and the w a te r lay e r w as e x tra c ted  w ith  

b en zen b  (800 ml) and  e th e r  (200 ml).

All th e  o rgan ic  so lu tio n s  w ere com bined and d ried  over Na2S 04.

After f i l t r a t io n , th e  so lv e n t w as evapo ra ted  to  y ie ld  1 4 .6  g of a  s lig h tly  

y e llo w  so l id . This so lid  w as chrom atographed on 400 g of s i l ic a  gel
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(1 0 0 -2 0 0  m esh) a s  d e sc r ib e d  be low .

FRACTION SOLVENT VOLUME (ml) WEIGHT (a) DESCRIPTION

1 B enzene 475 3 .0 8 W hite so lid

2 B enzene 70 0 .9 1 W hite so lid

3 B enzene 130 0 ,9 5 S lightly  yellow  
so lid

4 B enzene 195 2 .4 1  \ Pale y e llo w ,

5 B enzene 345 3 .6 3  t a lm ost w hite

6 30% A ce to n e /b en zen e 320 2 .2 6  J so lid s

,7 30% A ce to n e /b en zen e 200 0 .1 1 Brown oil

F rac tions 1 ,2  and 3 w ere  no t id e n tif ie d . FVom th e ir  in frared  sp e c tra , 

they  probably  c o n ta in  m ainly  2 -b ro m o an th racen e . F rac tions 4 , 5 , and 6 

w ere 2 , 2 ' -d ib ro m o -9 ,9 '-a n th ra p in a c o l:  IR (KBr): 3040 (w , arom atic  

C -H ), 2900 (w , a lip h a tic  C -H ), 1610 (m, a rom atic  n e c le u s ) , 1040 

( s ,  b ro ad , c h a ra c te r is t ic  of a l l  9 ,9 '- a n th ra p in a c o ls  p rep a red ), 742 ( s ,  

a rom atic  out of p lan e  b e n d in g ). This p rep a ra tio n  w as dehydrated  to  

produce 2 ,2 '-d ib ro m o -9 ,9 '-b ia n th ry l  (p 64 ) w ith o u t fu rther p u rifica tio n .
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(f) P reparation  of 2 .2 ' -D ib rom o-9 , 9* -b ia n th ry l .
41D ehydration  of 2 .2 l -D ib ro m o -9 .9 l -a n th ra p in a c o l

In a 250-m l th re e -n e c k e d  f la s k , equ ipped  w ith  a  m agnetic  s tirre r  

and  re flu x  c o n d en se r, w ere p laced  7 .71  g (0 .0141  mole) o f 2 ,2 '-d ib ro m o -  

9 , 9 ' -a n th ra p in a co l (p 6 2 ), 100 ml of g la c ia l  a c e t ic  a c id  and 85 ml of 

70% (v /v ) su lfu ric  a c id .

The re a c tio n  f la sk  w as heated  a t  98 - 9 9 °  for 5 h r. W ith in  \  h r , 

th e  re a c tio n  so lu tio n  becam e yellow  and  v is c o u s .

Upon d ilu tion  w ith  w a te r , a ye llow  so lid  p rec ip ita te d  w hich  w as 

c o lle c te d  by suc tion  f iltra tio n . This so lid  w as chrom atographed on 250 g 

of s i l ic a  g e l (1 0 0 -2 0 0  m esh ), u sing  benzene  a s  th e  e lu e n t. Two yellow  

b ands w ere  o b ta in ed , th e  second  being  much more in te n s e  in  co lor th an  

th e  f i r s t .

The f ir s t  e lu ted  band gave a yellow  so lid  w h ich  upon re c ry s ta l­

l iz a tio n  from b e n z e n e /e th a n o l y ie ld ed  5 .1 2  g (71%) of th e  yellow  so lid  

2 ,2 '-d ib ro m o -9 ,9 '-b ia n th ry l: mp 3 10 .1  -  3 1 1 .0 °  ( l i t ^ 3 1 0 -  312°);

IR (KBr): 3050 (w , arom atic  C -H ), 1 6 2 0 (s), 1570 (m ), 1515 (w ),

1470 (w ), 1443 ( s ) ,  1412 (w ), 1012 (w ), 940 (m ), 910 ( s ) ,  885 ( s ) ,

870 (m ), 850 (w ), 840 (w), 798 (w ), 778 ( s ) ,  740 (s ) ,
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(5) P repara tion  of 2 . 2* -D ic v a n o -9 .9 ' -b la n th rv l.

47 48(a) R eaction  of 2 .2* -D ich lo ro -9  .9*-b lan th rv l w ith  CuCN '

In  a  3 - l i te r  f la s k ,  equ ipped  w ith  a reflux  c o n d en se r, w ere  p laced

8 0 .0  g (0 .1 8 9  mole) of 2 , 2 ' -d ic h lo ro -9 ,9 '-b ian th ry l (p 5 4 ) ,  1 8 9 .5  g

(1 .8 9  m oles) of CuCN and 1 ,6 0 0  ml of 1 - m ethyl- 2 -p y rro lid in o n e . The

re s u ltin g  yellow  so lu tio n , w hich  con ta ined  some dark p re c ip ita te
4 7

(probably  copper m etal ), w as refluxed  for 9 6 .5  h r. After coo ling  to  

room tem p era tu re , 1 ,5 0 0  ml of w a ter w as added . A yellow  so lid  p re ­

c ip ita te d  (a com plex of the  o rgan ic  n itr ite  w ith  Cu+) w hich  w as c o lle c te d  

by su c tio n  f i ltra tio n . The com plex w as decom posed by s tirrin g  i t  in  a 

so lu tio n  of 995 g of fe rric  ch loride and 250 ml of co n cen tra ted  hydro­

ch lo ric  ac id  in  1 ,3 5 0  ml w a te r for 2 . 0 hr a t 80 -  83°. The re su ltin g  

su sp e n s io n  w as e x tra c te d  w ith  chloroform  and the  chloroform  evapo ra ted  

to  y ie ld  a  y e llo w -g re en  s o lid . This so lid  w as added  to  400 ml of 

ch loroform , f ilte re d  to  rem ove a sm all am ount o f dark in so lu b le  m ateria l 

and chrom atographed on 407 g of W oelm alum ina (a c id ic , a c tiv ity  grade I), 

The colum n w as e lu ted  w ith  chloroform  un til no further e lu tio n  of 

m ateria l o ccu rred .

FRACTION VOLUME (ml) WEIGHT (g) DESCRIPTION

1 75 2 .1 0  Yellow so lid

2 205 2 5 .3 1  Yellow so lid

3 400 8 .62  Dark brown so lid



66

F raction  1 d id  no t have  an  in fra red  band a t  1080 cm” 1 w hich  is  

p re sen t in  th e  spectrum  of 2 - c h lo r o - 2 '- c y a n o -9 ,9 '-b ia n th ry l  (se e  p 69).

The above th ree  frac tio n s  w ere  com bined and re  chrom atographed 

on 270 g of W oelm  alum ina (a c id ic , a c tiv ity  grade I ) ,  u sing  50% 

ch lo ro fo rm /benzene a s  th e  e lu tin g  so lv e n t.

FRACTION WEIGHT (g) DESCRIPTION

1 3 5 .57  Yellow so lid

2 0 .4 3  B lack so lid

The so lid  o b ta in ed  in  frac tio n  1 w as re c ry s ta l l iz e d  tw ice  from 

ch lo ro fo rm /benzene to  y ie ld  th e  yellow  so l id , 2 ,2 '- d i c y a n o - 9 ,9 '-  

b ianthryl: mp 3 3 7 .0 - 3 3 8 .5 ° .  The m other liq u o rs  w ere  evapora ted  to  

d r y n e ^ ,  y ie ld in g  a  ye llo w  so lid  w hich  w as re c ry s ta l l iz e d  th ree  tim es 

to  g ive more of the  sam e m ateria l: mp 3 3 7 .0 - 3 3 8 .4 ° .

The com bined y ie ld  of 2 , 2 ' - d ic y a n o - 9 ,9 '-b ia n th ry l w as 3 3 .4  g 

(43 ,8% ). IR (KBr) (p 124): 3070 (w , arom atic  C -H ) , 2250 ( s ,  n itr i le ) ,

1640 (m ), 1530 (w ), 1483 (w ), 1458 (w ), 1435 (m ), 1410 (m ), 1015 (w ),

978 (w ), 955 (w ), 913 (m ), 890 ( s ) ,  864 (w ), 856 (w ), 852 (w ),

779 (m ), 740 ( s ) .

Anal. C a lcd  for C30HM N2: C , 8 9 .0 8 ; H , 3 .9 9 ; N , 6 .9 3 .

Found: C , 8 9 .3 8 ; H , 3 .9 4 ; N , 7 .0 4

[47] P atterned  a fte r  L .F riedm an  and H. S ch ech te r, I .O rq .C h e m . .26^2522(1961).

[48]T he u se  of 1-m e th y l- 2 -py rro lid inone  h as b een  recom m ended for the  

conversion  of a rom atic  ch lo rid es  to  the  co rrespond ing  n itr i le s  by 

M .S . Newman and H . B oden. I .  O rg. C hem . , 2 6 , 2525 (1961).
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47
(b) R eaction  of 2 . 2l -D ib ro m o -9 ,9*-b ian th ry l w ith  CuCN

In a 100-m l f la s k , equ ipped  w ith  a m agnetic  s tir re r  and a reflux  

c o n d en se r , w ere p laced  5 .5 9  g (1 0 .9  m oles) of 2 , 2 ' -d ib ro m o -9 ,9 '-  

b ian th ry l (p 6 4 ) ,  2 .3 9  g (2 6 .4  m m oles) of cuprous cyan ide  and 50 ml 

of N , N -dim ethylform am ide. The yellow  so lu tio n  w as refluxed  for 6£ h r. 

W ith in  m inutes of re flu x in g , a sm all am ount o f dark  p rec ip ita te  w as 

formed w hich  is  b e liev ed  to  be copper m e ta l .

The re a c tio n  m ixture w as coo led  and d ilu ted  w ith  w a te r . A yellow  

so lid  p rec ip ita te d  w hich  w as c o lle c te d  by su c tio n  f i ltra tio n . This so lid  

w as tre a te d  w ith  a so lu tio n  of 40 g fe rric  ch lo ride  and 10 ml of co n ­

c en tra ted  hydrochloric  ac id  in  60 ml of w a te r a t  6 0 -  70° for %  h r. The 

re su ltin g  su sp en s io n  w as e x tra c te d  w ith  b e n z e n e . The yellow  benzene 

so lu tio n , w hich flu o resced  s tro n g ly , w as w ash ed  tw o tim es w ith  25 ml 

portions of d ilu te  hydroch loric  a c id  (1 :1 ), tw o tim es w ith  25 ml portions 

of 10% aqueous sodium  hydrox id e , and  d ried  over Na2S 04. After f i ltra tio n , 

the  b en zen e  w as evapora ted  to  y ie ld  a ye llow  s o lid . R e c ry s ta lliza tio n  

from e thano l y ie ld ed  4 .8 6  g of a  ye llow  s o l id ,  m elting a t  316 - 3 2 0 ° ,  

w hich  could  not be purified  to  a c o n s ta n t mp by fu rther re c ry s ta l l iz a tio n .

A portion  of th is  so lid  (0 .8 7 6  g) w as chrom atographed on 250 g of 

W oelm alum ina (a c id ic , a c tiv ity  g rade  I ) ,  u sin g  50% chloroform  /b en zen e  

a s  th e  e lu e n t. The p rog ress of chrom atography w as follow ed by the  

change of color a s  d e sc rib ed  below .
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FRACTION VOLUME (ml) WEIGHT (g) DESCRIPTION

1 610 0 .033  G reen

2 260 0 .015  L ight g reen

3 100 0 .016  Yellow w ith  blue f lu o rescen ce

4 100 0 .055

5 350 0 .765

All so lid s  ob tained  were y e llo w . F rac tio n s 1 and 2 w ere no t 

id e n tif ie d . They were probably 2 -b ro m o -2 '-c y a n o -9 , 9 ' -b ia n th ry l. 

F rac tion  5 w as 2 / 2 '-d ic y a n o -9 , 9 '-b ian th ry l a s  ev id en ced  by com parison  

of i t s  th in  lay e r  chrom atographic behav io r and i ts  in fra red  spectrum  w ith  

th a t of an  a u th en tic  sam pe (p 65).
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(6) P rep ara tio n  of 2 -C h lo ro -2 '- c y a n o -9 . 9 '-b ia n th ry l.

49
R eaction  of 2 , 2 '"D ic h lo ro -9 ,9*-b ian th ry l w ith  CuCN

In a 500-m l f la s k , equ ipped  w ith  a reflux  co n d en se r, w ere  p laced  

2 4 .3  g (0 .0 5 7 8  mole) of 2 ,2 '- d ic h lo r o - 9 ,9 '-b ia n th ry l (p 54), 1 6 .5  g
j

(0 .1 8 3  mole) o f CuCN and 250 ml of 1-m e th y l-2 -p y rro lid in o n e . The r e ­

su ltin g  yellow  so lu tio n , w hich  co n ta in ed  some dark p re c ip ita te , w as 

re flu x ed  for 26 h r. After cooling  to  room tem perature and d ilu tin g  w ith  

w a te r , a  ye llow  so lid  p re c ip ita te d  (a com plex of the  o rgan ic  n itr i le  w ith  

Cu+) w h ich  w as c o lle c te d  by su c tio n  f iltra tio n . The com plex w as 

decom posed  by s tirrin g  i t  w ith  a so lu tio n  of 300 g FeC l3 and 75 ml of 

c o n ce n tra te d  hydroch lo ric  ac id  in  450 ml of w a ter for l£  hr a t  65 -  7 0 ° .

The re su ltin g  su sp e n s io n  w as e x tra c te d  w ith  2 .5  l i te rs  of b e n z e n e . The 

ye llow  b en zen e  so lu tio n  w as w ash ed  w ith  hydroch loric  a c id  (1 :1 ) , 10% 

aq u eo u s N aOH, d ried  over Na2S 04, and a fte r f iltra tio n , ev ap o ra ted  to  

y ie ld  a  ye llow  s o lid . This so lid  w as re c ry s ta lliz e d  tw ice  from benzene  

to  y ie ld  18 .5  g of a ye llow  so lid  m elting a t  309 -  316° w hich  cou ld  not be
A

pu rified  to  a c o n s ta n t m elting po in t by further re c ry s ta ll iz a tio n .

Part of th is  so lid  (1 6 .3  g) w as d isso lv e d  in  chloroform  and 

chrom atographed on 98 g of W oelm alum ina (a c id ic , a c tiv ity  g rade  I) . Two 

ye llow  bands w ere o b ta in ed . One band w as e lu ted  w ith  chloroform  w hile  

th e  o ther rem ained  a t  the  o rig in .

[ 4 9 ]  P a tte rned  a fte r the  p rocedures g iven  in  re fe ren c es  (47 , 4 8 ), p 66.
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The e lu te d  band c o n s is te d  of 15 .6  g of a yellow  so lid  m elting a t  

309 -  3 1 8 ° . Part of th is  so lid  (4 .0 0  g) w as d isso lv e d  in  chloroform  and 

rechrom atographed  on 480 g of W oelm alum ina (a c id ic , a c tiv ity  grade I ,  

packed  w ith  b en ze n e ). The colum n w as e lu ted  w ith  1:1 chloroform: 

b en zen e  so lu tio n . The chrom atography w as fo llow ed by th e  change of 

co lo r of th e  e lu en t and  th e  m elting po in t of the so lid s  ob ta ined  a fte r  ev ap o ­

ra tio n  of the  e lu e n t a s  d e sc rib e d  below . All so lid s  ob tained  w ere y e llo w .

F raction  Volume (ml) W eigh t (g) C olor of e lu e n t mp of so lid

1 450") g reen  3 0 6 -3 1 8 °

2 500 J 0 ,9 6  " 3 0 9 -3 1 6 °

3 350 0 .1 5  lig h t g reen  3 1 0 -  313°

4 475')  yellow  w ith  in te n se  316 -  323°

5 400 J 0 .3 6  b lue flu o rescen ce  3 3 3 - 3 3 6 .5 °

6 283 ^  " " 3 3 7 -  339°

7 200 V 2 .4 8  " " 3 3 7 .6 -3 3 9 .2 °

8 4 0 0 J  " " 3 3 6 .5 -3 3 8 .2 °

F rac tions 1 and 2 w ere com bined and re c ry s ta ll iz e d  from b en zen e  to  

y ie ld  th e  yellow  so lid , 2 - c h lo ro -2 '- c y a n o -9 , 9 ' -b ian th ry l: mp 3 1 3 .5 -3 1 4 ,6 ° ;  

IR (KBr) (p 125): 3040 (w , arom atic  C -H ) , 2220 (m , n itr i le ) , 1625 (m ),

1580 (w ), 1520 (w ), 1478 (w ), 1445 (m ), 1080 ( s ) ,  1015 (w )r  953 (m ),

913 ( s ) ,  890 ( s ) ,  785 ( s ) ,  746 ( s ) .

Anal. C a lcd  for C2S H16 C1N: C , 84 .15 ; H , 3 .9 0 ; C l, 8 .5 7 ;

N , 3 .3 8 . Found: C , 8 4 .1 2 ; H, 3 .7 9 ; C l ,  8 .98 ; N , 3 .5 2 .

F rac tio n s 6 , 7 and 8 c o n s is te d  of 2 ,2 '- d ic y a n o - 9 / 9 '-b ia n th ry l as 

ev id en ced  by a com parison  of m elting p o in ts , th in  lay e r chrom atographic 

behav io r and in frared  sp e c tra  w ith  th o se  of an  au th e n tic  sam ple .
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(7) Preparation  of 2 r 2 ' -D lc a rb p x v -9 . 9 '-b ian tty rv l. H ydrolysis of 

2 . 21 -D ic v a n o -9 . 9* -b ian th rv l

In a 5 - l i te r  f la s k ,  equ ipped  w ith  a  re flu x  co n d en se r, w ere p laced  

3 3 .4 0 g  (0 .0826  mole) o f 2 ,2 '-d ic y a n o -9 ,9 '.-p ia n th ry l  (p 65)# and  3 ,350  ml 

of 28% m ethanolic  p o tass iu m  hydroxide. After re  fluxing for 4 hr a c lea r 

yellow  so lu tio n  w as o b ta in ed  w hich  w as re fluxed  for an  add ition  24 hr.

An eq u al volume of w a te r w as added# and the  re su ltin g  so lu tio n  w as 

ac id ified  w ith  c o n ce n tra te d  hydroch loric  a c id . A yellow  flo ccu len t p re c ip i­

ta te  w as ob tained  w h ich  w as c o lle c te d  by f iltra tio n  and w ashed  w ith  w a te r. 

C ry s ta lliz a tio n  from g la c ia l  a c e tic  a c id  y ie ld ed  2 6 .4 g of ye llow  so lid . 

C oncen tra tion  of the m other liquo r to  o n e -s ix th  of the o rig inal volume 

p rec ip ita ted  2 .8 1  g o f the  sam e yellow  so lid  (80% com bined y ie ld ) : 

mp 4 1 9 .5 -4 2 0 .5 °  dec; IR (KBr) (P126)1 3300-2500 (carboxy lic  a c id ) ,

1700 ( s ,  carbony l), 1630 (m), 1525 (w ), 1485 (w ), 1460 (w ), 1430 (w), 

1410 (m), 1015 (w), 913 (m ), 886 (m ), 770 (m , b ro ad ), 740 (s ) .

Anal. C a lc d  for C3oHle0 4 : C , 8 1 .4 5 ; H, 4 ,1 0 .  Found: C , 

81 .32 ; H, 4 .5 3 .
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(8) R esolu tion  of 2 ^ '-D ic a rb o x v -Q  .9* -b ian th rv l

Q uinidine w as o b ta in ed  by tre a tin g  qu in id ine  su lfa te  w ith  ammonia 

and  ex trac ting  the  re su ltin g  su s p e n s io n  w ith  e th e r . The e th e r so lu tion  w as 

dried  over M gS04, f i lte re d , and  e v ap o ra te d .

A su sp en s io n  of 9 .5 2 g  (0 .0 2 1 5  mole) of 2 ,2 '- d ic a r b o x y -9 ,9 '-  

b ian th ry l (p 71 ) in  750 ml o f hot ace to n e  w as slow ly  added to  a boiling 

so lu tio n  of 1 6 .4 g (0 .0444  m o le , b a se d  on C 20H24N20 2 • 2£ h 20) of quinidine 

in  1 ,100  ml of a c e to n e . A pproxim ately 75 ml of the  so lv e n t w as evaporated  

by boiling  w hen yellow  c ry s ta ls  began  to  p re c ip ita te . The so lu tio n  w as 

a llow ed to  cool overn igh t. The p re c ip ita te d  yellow  so lid  w as co llec ted  by 

su c tio n  f iltra tio n , and d ried  under vacuum  a t  9 5 -1 0 0 °  to  y ie ld  1 2 .Og of 

quin id ine sa lt:  mp 2 3 6 .2 -2 3 7 .1 ° ;  + 3 5 °  ( c  0 .5 8 , ace to n e ). The

ro ta tio n  of th is  s a l t  did  no t change upon fu rther re c ry s ta lliz a tio n  from a c e to n e .

The m other liquor w a s  co n cen tra ted  to  150 ml. Upon cooling a 

se m i-so lid  w as d e p o s ite d . The m ixture w as f ilte re d , and the  filtra te  w as 

evapora ted  to  d ryness to  y ie ld  1 0 .3  g o f a ye llow  so lid . This so lid  w as 

d isso lv e d  in  65 ml of d en a tu red  e th an o l (5% m ethanol). The so lu tion  w as 

coo led  in  an  ice  b a th , and 50 ml of co n cen tra ted  hydroch loric  ac id  w as 

added  over a period of 30 min w ith  s tir r in g . A yellow  so lid  p rec ip ita te d .

The m ixture w as s tirred  for an  ad d itio n a l 30 m inu tes. W ater (70 ml) w as 

ad d ed , and the p rec ip ita te d  ye llow  so lid  w as c o lle c te d  by suc tion  f iltra tio n . 

The w ash ing  p ro cess  w as re p e a te d  by su spend ing  the  yellow  so lid  in 25 ml 

of denatured  e thano l (5% m ethanol) and trea tin g  i t  w ith  20 ml of concen tra ted
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hydrochloric a c id . The yellow  so lid  so  ob ta in ed  w as thoroughly  w ashed

w ith  w ater and dried  under vacuum  a t  95 -  100° to  y ie ld  3 .7 1  g of

(+ ) -2 ,2 '-d ic a rb o x y -9 ,9 '-b ian tb ry l: mp > 3 6 0 ° ; [ a ]  * + 101°
D

(c  0 .6 4 , acetone); IR (KBrJ! e s s e n t ia l ly  id e n tic a l  to  th a t  of racem ic  

2 ,2 ' -d ic a rb o x y -9 ,9 ' -b ia n th ry l.

The dex tro ro ta to ry  q u in id in e  s a l t  (p rec ip ita te d  from the ace to n e  

solution) w as s im ila rly  decom posed  e x ce p t th a t i t  w as no t com pletely  

so lub le  in  100 ml of d ena tu red  a lco h o l (5% m ethano l). To the coo led  

(ice  bath) su sp e n s io n , 50 ml o f co n cen tra ted  hydroch lo ric  ac id  w as 

slow ly added w ith  s tir r in g . W hen approx im ate ly  5 ml o f the  hydrochloric  

ac id  had been ad d ed , a c le a r  y e llo w  so lu tio n  w as o b ta in ed . The add ition  

of the r e s t  of the  hydroch lo ric  a c id  p rec ip ita te d  a ye llow  so lid . The mix­

ture w as stirred  for an  a d d itio n a l 30 m in, 100 ml of w a te r w as added  and 

the yellow  p rec ip ita ted  so lid  w a s  c o lle c te d  by su c tio n  f iltra tio n . This 

w ashing  p ro cess  w ith  HC1 w as re p e a te d . The yellow  so lid  ob tained  w as

w ashed  thoroughly w ith  w a te r an d  d ried  under vacuum  a t  95 -  100° to  y ie ld

22
4 .5 4  g of ( - ) - 2 ,2 '-d ic a rb o x y -9 /9 '-b ian th ry l: mp > 360°; [ a ]  ^  -  114°;

IR (KBr): (p 127) e s s e n t ia l ly  id e n tic a l  to  th a t of racem ic  2 ,2 '-d ic a rb o x y -  

9 ,9 '-b ian th ry l.

In sim ilar experim en ts i t  w a s  found th a t re c ry s ta l l iz a tio n  of 

( - ) - 2 ,2 '-d ic a rb o x y -9 ,9 '-b ia n th ry l from a c e tic  ac id  in c re a se d  the  sp e c if ic  

ro ta tio n  by only 1 ° , and th is  w a s  accom panied  by a la rg e  lo s s  of m ate ria l. 

The enantiom ers w ere therefo re  n o t further r e c ry s ta l l iz e d  a t  th is  p o in t.
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(9) P reparation  of 2.2* -D lca rb o m eth o x y -9 , 91 -b ia n th ry l . E ste rlf ica tio n

of 2 ^ '-D ic a rb o x v -O  .9*-b ian th rv l w ith  D lazpm ethane

Ethanol (95%, 25 ml) .was added  to  a  so lu tio n  of po tassium  hydroxide 

(5 .2  g) in  8 .0  ml of w ater in  a 100-m l f la sk  f itte d  w ith  a C la ise n  head  to  

w hich  a p ressu re  eq u aliz in g  funnel and a w ater co n d en se r s e t  downward for 

d is t i l la t io n  w ere co n n ec ted . The co n d en se r w as co nnec ted  to  two rece iv in g  

f la sk s  in  s e r ie s ,  the  second  of w hich  co n ta in ed  50 ml of e th e r . The in le t 

tube of the second  rec e iv e r  d ipped  below  the su rface  o f the  e th e r . Both 

re c e iv e rs  w ere cooled  in  an  i c e - s a l t  b a th .

The fla sk  con tain ing  the p o tass iu m  hydroxide so lu tio n  w as h ea ted  

in  an  o il ba th  a t  6 5 -6 6 ° , and a so lu tio n  of 2 1 .6  g (0 .1  mole) of "D iaza ld" 

(N -M eth y l-N -n itro so -p -to lu en esu lfo n am id e ) (Aldrich Chem C o . ,  M ilw aukee, 

W isconsin ) in  132 ml of e th e r w as added  over a period  of 2 .0  h r. The ra te  

of add ition  w as approxim ately  eq u al to  th e  ra te  of d is t i l la t io n . Another 

20 ml of e th e r  w as slow ly  added through the  add ition  fu n n e l, and d is t i l la t io n  

w as con tinued  un til the d is t i l la te .w a s  c o lo r le s s .

The cold  d iazom ethane so lu tio n  from both  re c e iv e rs  w as added  to  a 

yellow  so lu tio n  of 6 .5 0 g  (1 4 .7  m moles) of 2 , 2 ' -d ic a rb o x y -9 ,9 '-b ian th ry l 

(p 71) d isso lv e d  in  1 ,100  ml of d io x an e . W hen a ll  o f the  d iazom ethane 

so lu tio n  w as added the re su ltin g  so lu tio n  becam e deep  y e llo w . A so lu tio n  

of 50% HOAc in  e th e r  w as added  u n til the  deep  yellow  co lor changed  to  pale  

y e llo w . This so lu tio n  w as com bined w ith  ano ther so lu tio n  prepared
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sim ila rly  from 1 .5 9 g  (3 .6 0  mmoles) of 2 , 2 '-d ic a rb o x y -9 #9 '-b ia n th ry l.

The com bined so lu tio n s  w ere  ev ap o ra ted  to  200 m l, and an  equal 

volume of w ater w as added . A ye llow  so lid  p rec ip ita te d  w hich  w as 

c o lle c te d  by su c tio n  f i ltra t io n , w ash ed  w ith  w a te r and 1:1 w a te r-m e th an o l, 

to  y ie ld  8 .5 9 g  of a yellow  so lid : mp 2 7 1 -2 7 6 ° .

This so lid  w as chrom atographed on 200 g of s i l ic a  g e l (100-200 

m esh). The column w as e lu ted  w ith  50% C H C ls/B enzene. A yellow  band , 

moving w ith  the so lv en t fron t, w as c o lle c te d , w hile  a red  band rem ained a t 

the  o rig in .

The re su ltin g  so lid  w as re  c ry s ta lliz e d  from ch loroform /m ethanol to  

y ie ld  5 .6 0 g  (87%) of the  yellow  s o l id ,  2 ,2 '-d ic a rb o m e th o x y -9 ,9 '-b ia n th ry l:  

mp 2 8 1 .5 -2 8 2 .3 ° ;  IR (KBr) (p 128): 3040 (w , arom atic  C -H ), 2950 (w , 

a lip h a tic  C -H ), 1725 ( s ,  ca rb o n y l), 1630 (m ), 1520 (w ), 1490 (w),

1455 (w ), 1435 ( s ) ,  1405 (w ), (1310 , 1272, 1233) ( s , a rom atic  e s te r ) , 

1010 (w ), 911 (m), 888 (m), .784 (m ), 760 (m ), 743 (s ) .

• Anal. C alcd  for C32H220 4 : C , 8 1 .6 8 ; H , 4 .7 1 .

Found: C , 8 1 .4 8 ; H , 4 .6 9 .
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(*0) P reparation  of (-H and (-1 -2 . 2* -D ica rb o p ie th o x v -9 .9* -b ia n th rv l .

E s te rif ic a tio n  of the  .C orresponding Acids w ith  D iazom ethane

D iazom ethane w as g en era ted  by th e  procedure  on p 74 , u sing  

2 9 .7 g (0 .1 4  mole) of ''D lazald" d is so lv e d  in  180 ml o f e th e r  and  a so lu tio n  

of 7 .0 6  g o f p o tassium  hydroxide in  35 ml of 95% e th an o l and 11m l of w a te r. 

The to ta l  volume of d iazom ethane so lu tio n  ob ta in ed  w as 230 m l.

A 105 ml portion of th is  d iazom ethane  so lu tio n  w as added  to  a 

so lu tio n  of 3 .7 1 g  ( 8 .3 9  mmoles) of (+ ) - 2 ,2 '-d ic a rb o x y -9 , 9 ' -b ian th ry l 

(p 72) in  one l i te r  o f d ioxane; the  rem ainder (125  ml) w as added  to  a 

so lu tio n  of 4 .5 5 g  (10 .3  mmoles) of ( - ) - 2 , 2 '-d ic a rb o x y -9 , 9 ' -b ian th ry l 

(p 72) in  1 ,3 0 0 ml of d io x an e . The e x c e s s  d iazom ethane  w as d estro y ed  by 

th e  ad d itio n  of 2 ml of a c e tic  ac id  to  e a c h  so lu tio n . Upon stan d in g  for 

45 h r , the  yellow  so lu tio n s acqu ired  a red  c o lo r. E ach of the  so lu tio n s  

w as ev ap o ra ted  to  a sm all volume (approx im ately  5 m l), and w a te r w as 

added  to  p re c ip ita te  the e s te r s .  The so lid  e s te r s  w ere c o lle c te d  by 

su c tio n  f iltra tio n  and d ried  under vacuum  a t  9 5 -1 0 0 °  for 3 hr.

(+ ) - 2 ,2 '-D ic a rb o x y -9 ,9 '-b ian th ry l gave  (+ )-2 ,2 '-d ic a rb o m e th o x y -  

9 , 9 ' -b ian th ry l: + 102° ( c 0 .5 3 ,  a c e to n e ) . ( - ) -2 ,2 '-D ic a rb o x y -

9 , 9 ' -b ian th ry l gave ( - ) -2 ,2 '-d ic a rb o m e th o x y -9 ,9 '-b ia n th ry l:  [ « ] ^ 6 -1 3 0 °

(c 0 .5 7 ,  a ce to n e ). Two re c ry s ta lliz a tio n s  o f e a c h  e s te r  from chloroform -

b en zen e  y ie ld ed  2 .7 3 g  (69%) of (+ )-2 ,2 '-d ic a rb o m e th o x y -9 #9^-

22
b ian th ry l: mp 2 2 9 .5 -2 3 1 .5 ° ;  + 114 (c  0 .5 8 ,  ace tone) and 3 .01  g

(66%) of ( - ) - 2 , 2 '-d ica rb o m e th o x y -9 ,9 '-b ian th ry l: mp 2 3 2 .7 -2 3 3 .5 ° ;
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[<*]D -  133° (c 0 .5 7 , a c e to n e ) . The in frared  sp e c tra  of th e  e n a n tio ­

m eric 2 ,2 '-d ic a rb o m e th o x y -9 ,9 '-b ia n th ry ls  are e s s e n t ia l ly  id e n tic a l 

to  th a t of the racem ic  form (p 129).

In sim ila r ex p erim e n ts , the  sp e c if ic  ro ta tio n s  o f the  e n an tio ­

m eric e s te r s  w ere not en h an ced  to  any  s ig n if ic a n t e x te n t by further 

re c ry s ta l l iz a tio n .
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(JL1) Attempted Preparation o f 3 . 3* -D ic a rb o x v -9 . 9* -b ia n th rv l . O xidation  

of 3 .3 '-D lm e th v l-9 .9 1 -b ian th rv l w ith  Chrom ic Acid 36

In a 50-m l flas k, equ ipped  w ith  a re flu x  co n d en se r and a m agnetic
/

s t ir re r ,  w ere p laced  0 .61  g (1 .5  m m oles) of 3 , 3 ' -d im e th y l-9 ,9 '-b ia n th ry l 

(p 37) and 20m l of g lac ia l a c e tic  a c id .

To th is  so lu tio n , 1 .1 0 g  (1 1 .0  mmoles) of chrom ic a c id  w as 

g radually  added and the m ixture w as s t ir re d  overn igh t a t  room tem pera tu re . 

It w as th en  refluxed  for an a d d itio n a l 4 h r. The so lu tio n  becam e dark red .

The so lu tion  w as poured in to  100 ml of w a te r . Upon f i ltra tio n , a 

dark  ta r w as ob tained  w hich w as e x tra c te d  w ith  tw o 50-m l portions of 

10% aqueous sodium  carbonate  so lu tio n .

The com bined a lk a lin e  e x tra c ts  w ere f ilte re d  and a c id if ie d  to  

y ie ld  0 .051  g of a dark am orphous s o l id .  This so lid  w as e x tra c te d  w ith  

30m l of b en zen e . The benzene w as e v ap o ra te d  to  y ie ld  a  dark  so lid  

( ^  1 m g), the in frared  spectrum  of w h ich  in d ic a te d  th a t i t  could  be 

3 ,3 ' -d ic a rb o x y -9 ,9 ' -b ia n th ry l.

Attempts to  c ry s ta lliz e  the  rem ain ing  am orphous so lid  from a c e tic  

a c id  fa ile d .
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(12) Attem pted Preparation  of 2 . 2 '-D ic a rb o x y -9 ,9*-b ia n th ry l .
50

(a) O xidation of 2 . 3 ' -D lm ethvl-9^9L -bianthry i_w ith  Chrom ic Acid

To a so lu tio n  of 0 .6 0 g  (1 .5  mmoles) of 2 , 2 ' -d im eth y l -  

9 , 9 '-b ian th ry l (p 44 ) in  20 ml of g la c ia l  a c e tic  a c id ,  1 .0 7  g (1 0 .7  mmoles) 

of chrom ic ac id  w as g radually  ad d ed , w ith  s t ir r in g , over a  period  of 1  h r. 

The m ixture w as refluxed  for 5 hr.

The re su ltin g  deep  red so lu tion  w as coo led  and poured in to  w a te r.

A b lack  ta r  p rec ip ita ted  w hich w as c o llec ted  by f iltra tio n . This ta r  w as 

e x tra c ted  w ith  1 0 % aqueous Na2 CQ3 # and the a lk a lin e  e x tra c ts  w ere 

f ilte red  and a c id ified  w ith  concen tra ted  hydroch lo ric  a c id  to  y ie ld  

approxim ately  15 mg of a b lac k -red  am orphous so lid  w h ich  could  no t be 

further p u rified .

The b a se - in so lu b le  m ateria l con ta ined  2 -m eth y lan th raq u in o n e , 

a s  ev idenced  by i ts  in frared  spectrum .

[5 0 ]  P a tte rned  a fte r th e  procedure on p 78 ( r e f  36).
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(b) O xidation  of 2 .2 ' -D lm eth v l-9 .,9 1 -b ian th rv l w ith  Sodium 
51D ichrom ate

A 200 ml s te e l  a u to c la v e , h e a te d  by an e le c tr ic a l heating  ja c k e t ,  

w as charged  w ith  0 .5 1  g (1 .3  mmoles) of 2 , 2 ' - d im e th y l-9 ,9 '-b ia n th ry l 

(p 4 4 ) , 0 .9 6 g  (3 .2  mmoles) o f sodium  dichrom ate d ihydrate and 107m l of 

w a te r . The au to c lav e  w as s e a le d  and  h ea ted  a t  208° for 19 hr.

W hen the  au to c lav e  w as o p en ed , the  w a ter so lu tion  w as found to  

be a c id ic . The o rgan ic  so lid  w as c o lle c te d  by filtra tio n  and e x tra c te d  

w ith  10% aqueous NaOH. Upon a c id if ic a tio n  of the  a lk a lin e  e x tra c ts  

w ith  co n cen tra ted  hydroch lo ric  a c id ,  1 0 mg of an  am orphous brown so lid  

w as o b ta in ed . This so lid  w as show n to  be m ostly  2 -carboxyan th raqu inone 

by com parison  of i ts  in frared  spectrum  w ith  an  au th e n tic  sam ple . The 

b a se - in so lu b le  re s id u e  w as show n to  b e ,  the s ta rtin g  m a te ria l,

2 ,2 ' -d im e th y l-9 ,9 ' -b ia n th ry l .

Sim ilar re s u l ts  w ere o b ta in ed  w ith  re a c tio n s  a t  220° and 2 3 0 ° .

At 250° the  b a se - in so lu b le  m ateria l w as n e ith e r s ta rtin g  m ateria l nor 

2 -m eth y lan th raq u in o n e . I t  w as not id e n tif ie d .

[5 1 ] P a tte rned  a fte r  L. F riedm an, P h .D . T h e s is , Ohio S tate  U n iv e rs ity , 

1959.
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.(B) P repara tion  of T rip tycene and 9 .9 * -B ltrlp tv cy l D e riv a tiv e s .

52G enera l P rocedure U sing  A nthran ilic  Acid a s  the  Benzvne Source

U n less  o therw ise  s ta te d ,  a th re e -n e c k e d  f la sk  equipped  w ith  

th ree  re flu x  co n d en se rs  and  a m agnetic  s tirre r  w as u se d . On tw o of the  

c o n d e n se rs , p re ssu re  e q u a liz in g  a d d itio n  funnels w ere m ounted. The 

o ther condenser w as co n n ec ted  to  a c a p illa ry  tube  im m ersed in  m ineral 

o il.

The 9 , 9 ' -b ia n th ry l or an th racen e  d e riv a tiv e  w as d isso lv e d  in  2 -  

butanone (dried  over C aS 0 4) and p lac ed  in  the  re a c tio n  f la s k . The 

an th ran ilic  a c id  and  n -b u ty l n itr ite  w ere  e a c h  d isso lv e d  in  2 -bu tanone  

and p laced  in  se p a ra te  a d d itio n  fu n n e ls . A p o s itiv e  p ressu re  of n itrogen  

w as app lied  on the  funnel co n ta in in g  the  a n th ra n ilic  a c id . The 9 ,9 '-  

b ian th ry l or an th racen e  so lu tio n  w as h ea ted  to  re flu x  and a few drops of 

the n -b u ty l n itr ite  so lu tio n  w as a d d ed . W hile  s tirr in g  the  re a c tio n  

m ixture, the a n th ra n ilic  a c id  and n -b u ty l n itr ite  so lu tio n s  w ere 

s im u ltaneously  ad d ed , d ro p w ise , over the  sp ec ified  period  of tim e.

The a n th ra n ilic  a c id  (M etro  S c ie n tif ic , I n c . , Long Is la n d , N .Y .) 

u sed  w as re c ry s ta ll iz e d  once from w a te r , tw ice  from denatu red  e thano l 

(5% m ethanol), and f in a lly  thoroughly  w ash ed  w ith  a b so lu te  e th a n o l.

[5 2 ]  P atterned  a fte r  th e  procedure  of L. Friedm an and F .M . L ogu llo ,

L  Am. C hem . S o c . , 8 5 , 1549 (1963).
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The re su ltin g  c ry s ta llin e  w hite  so lid  w as d ried  a t  60° under vacuum  to  

c o n s ta n t w eight: mp 144 .5  -  1 4 6 ,0 °  ( l i t ^  146. 1 °),

54
The n -b u ty l n itr ite  w as p repared  by th e  procedure of W .A . N oyce.

It w as s to red  over C aS 04 in  a re fr ig e ra to r  a t  4 ° .

[5 3 ] C .L . L azell and J. Jo h n sto n , J_. P h y s . C hem . , 3 2 . 1331 (1928).

[5 4 ]  W .A . N oyes, "O rgan ic  S y n th e s e s ,"  C o ll, Vol. I I , A .H . B la tt, 

e d . ,  John W iley  and S o n s , I n c , , New York, N .Y , 1943, p 108.
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( C ) P repara tion  of T rip tvcene D erivatives

(1) P reparation  of 2 -M e th y ltr ip tv cen e . Addition o f 4 -M eth y lb en zy n e  

to  Anthracene

The procedure g iven  on p 81 w as u se d . 5 -M e th y la n th ra n ilic  a c id  

(K and K L a b o ra to rie s , I n c . , P la inv iew , New York) w as re c ry s ta l l iz e d  

tw ice  from ab so lu te  a lco h o l and d ried  under vacuum  a t  95° to  y ie ld  a 

ye llow  so l id , mp 174. 0 -1 7 5 .1  ( l i t 55 1 7 3 .8 -1 7 4 .8 ° ) .

In the  re a c tio n  f la sk  w ere p laced  0 .9 6 5 g (5 .4 2  mmoles) of 

an th racene  and 60 ml o f 2 -b u tan o n e . 5 -M e th y lan th ran ilic  ac id  ( 3 .5 6 g , 

2 3 .6  mmoles) and n -b u ty l n itrite  ( 2 .6 8 g ,  2 6 .0  mmoles) w ere e ac h  

d isso lv e d  in  45 ml of 2 -b u tanone  and added  to  the  re flu x in g  re a c tio n , w ith  

s tir r in g , over a period  of 2 \  h r. The re su ltin g  dark re a c tio n  so lu tio n  w as 

refluxed  for an  ad d itio n a l 2 hr. The so lv en t and e x c e s s  n -b u ty l n itr ite  w ere 

evapo ra ted  to  y ie ld  a dark  ta r .  Xylene (bp 137-140°) (30m l) and m aleic  

anhydride (1 .1 9 g  12 .1  mmoles) w ere added  to  the  dark  t a r ,  and the r e s u l t ­

ing dark so lu tio n  w as refluxed  for 40 min.

The xy lene  w a s  evaporated  and 20 ml of 10% aq u eo u s p o tassiu m  

hydroxide so lu tio n  w a s  added . The re su ltin g  m ixture w as s tir re d  for 15 min 

a t 80°. After co o lin g , 100 ml of w ater w as ad d ed , and  the  m ixture w as 

ex tra c ted  w ith  250 ml o f m ethylene ch lo ride . The dark  m ethylene ch loride 

so lu tio n  w as w ashed  s ix  tim es w ith  50-m l portions o f 5% aq u eo u s p o tassiu m  

hydrox ide, and  dried over M gS04. After f iltra tio n , th e  m ethylene ch loride  

w as ev apo ra ted  to  y ie ld  a dark  ta r  w hich  w as chrom atographed on 150 g of
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s i l ic a  g e l (1 0 0 -2 0 0  m esh ), u s in g  b en zen e  a s  the  e lu e n t, The f i r s t  l ig h t

ye llow  band  w as c o lle c te d  g iv ing  a lig h t ye llow  so lid  p lus spm e sw ee t

sm elling  o i l .  Re c ry s ta lliz a tio n  from ch lo ro fo rm /ethano l y ie ld ed  0 .4 9 6  g

56
(34%) of th e  w h ite  s o l id ,  2 -m eth y ltrip ty cen e : mp 1 6 3 ,3 -  1 6 4 .0 °  ( l i t

1 7 3 .5 -  174°); IR (KBr) (p 130): 3010 (w , arom atic  C -H ), 2970 (w ,

a lip h a tic  C -H ), 1615 (w ), 1602 (w ), 1492 (w ), 1460 ( s ) ,  790 (w ),

CHC1
779 (w ), 748 ( s ) ,  739 (s); UV: X 3 283 mfi (log € 3 .6 3 ) ,  280 (3 .6 4 ) ,max

273 (3 .5 6 ) ,  266 (sh) (3 .2 8 ); M ass  spectrum : se e  p 142,

Anal. C alcd  for C2i Hjb : C , 9 3 .9 9 ; H , 6 .0 1 .

Found: C , 9 4 .4 3 ; H , 5 .8 8 .

[55] N .S . D okunikhin and  L .A . G a ev a , Z hur. O bshchei Khim. , 2j3, 

606 (1953); CA 52: 7018 f

[5 6 ] L . Friedm an and F .M . L ogu llo , J[. Am. Chem . S oc . ,  85^

1549 (1963).
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(2) P repara tion  of 2 -C h lo ro trip ty cen e . Addition of 4 -C h lo robenzyne  

to  A nthracene

The procedure g iven  on p 81 w as u se d . In the  re a c tio n  f la s k  w ere 

p laced  2 .0 4 6  g (1 1 .5  mmoles) of an th racene  and 100 ml of 2 -b u ta n o n e . 

5 -C h lo ro an th ran ilic  a c id  (8 .1 2  g , 4 7 .3  mmoles) and n -b u ty l n itr ite  

(5 .4 4  g , 5 2 .8  mmoles) w ere e ac h  d isso lv e d  in  90 ml of 2 -b u tan o n e  and 

added  to  the  re flux ing  re a c tio n  so lu tio n , w ith  s tirr in g , over a period  of 

4 .0  h r. The re su ltin g  dark re a c tio n  so lu tio n  w hich  co n ta in ed  some 

p re c ip ita te  w as re flu x ed  for an ad d itio n a l l |  h r . After co o lin g , th e  

re a c tio n  so lu tio n  w as filte re d  to  rem ove the  yellow  p re c ip ita te . This 

so lid  w as w ash ed  w ith  ace tone  and the ace to n e  w ash ings w ere  com bined 

w ith  the  f iltra te  and ev apo ra ted  to  g ive a dark ta r .  This ta r  w as d i s ­

so lved  in  35 ml of x y le n e , 2 .3 2  g (2 3 .7  mmoles) of m aleic  anhydride w as 

ad d ed , and th e  m ixture w as h ea ted  a t  reflux  for 45. m in. The xy lene  w as 

ev ap o ra ted  to  give a dark  ta r  w hich  w as chrom atographed on 246 g of 

W oelm  alum ina (a c id ic ,  a c tiv ity  grade I) u sing  benzene a s  th e  e lu e n t.

The f i r s t  e lu te d  frac tio n  c o n s is te d  of a w hite  so lid  p lu s a l i t t le  

sw ee t sm elling  o i l . R e c ry s ta lliz a tio n  from ch lo ro fo rm /ethano l y ie ld ed  

1 .2 0  g (36%) of the  w hite  so lid , 2 -ch lo ro trip ty cen e : mp 1 6 6 .3 -  1 6 7 .1 ° ;  

IR (KBr) (p 131); 3050 (w , arom atic  C -H ), 2980 (w , a lip h a tic  C -H ),

1620 (w ), 1605 (w ), 1460 ( s ) ,  1415 (w ), 802 (w ), 780 (w ), 743 ( s ,  broad)
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v CHC13
713 (w ); UV: * max 285 m#* ( l o g c 3 .5 0 ) ,  278 (3 .6 1 ) , 271 (3 .49 );

M ass spectrum : se e  p 144.

A nal. C a lcd  for C 20H13C1: C , 8 3 .1 8 ; H , 4 .5 4 ; C l, 1 2 .2 8 . 

Found: C , 82 .96 ; H , 4 .5 1 ; C l ,  1 2 .4 4 .
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(3) P repara tion  of 2 -C arbom ethoxv trlp tvcene

(a) P repara tion  of 2 -C arbom ethoxvan th racene . E s te rif ic a tio n  of 

2-A nthroic  Acid w ith  D iazom ethane

2-A nthroic  a c id  (A ldrich C hem . C o . , M ilw au k ee , W isconsin ) 

w as re c ry s ta l l iz e d  from a c e tic  a c id  to  c o n s ta n t m elting point: 

mp 2 8 0 .5 - 1 8 1 .8 °  ( l i t57 , 58 2 7 7 - 2 7 8 ° ,  280°); IR (KBr): 3 2 0 0 -2 5 0 0  

(m , carboxy lic  a c id ) , 1695 ( s ,  ca rb o n y l), 1640 (m ), 1580 (w ), 1540 (w ), 

1485 (w ), 1460 (w ), 1410 (m ), 880 ( s ) ,  775 (w , b ro ad ), 760 (w ),

730 (s ) .

D iazom ethane w as g en era ted  u sin g  the  procedure on p 74 , from 

6 .7 0  g (0 .0 3  mole) of "D iaza ld "  d is so lv e d  in  41 ml of e th e r  and a 

so lu tio n  of 1 .7  g o f p o tassiu m  hydroxide in  8 ml of 95% e thano l and 

2 .5  ml of w a te r .

The d iazom ethane  so lu tio n  w as added to  a so lu tio n  of 2 .0 7  g 

(9 .3 2  mmoles) o f 2 -a n th ro ic  ac id  in  350 ml of d io x an e . The re su ltin g  

d eep  yellow  so lu tio n  w as le f t  s tan d in g  for 2 h r . A cetic  ac id  (approxi­

m ately  1 .5  ml) w as added  u n til the  in te n s ity  o f the  yellow  color
) £

d e c re a se d  sh arp ly  to  pale  y e llo w . This so lu tio n  w as co n cen tra ted  to  

4 - 5  m l, and 20 ml of w a ter w as ad d ed . A yellow  so lid  p rec ip ita te d  

w hich  w as c o lle c te d  by su c tio n  f iltra tio n  and d ried  under vacuum  a t

[ 5 7 ]  A. Sonoda, F , Ogura and M . N akagaw a, B u ll. C hem . S o c . Japan , 

35., 853 (1962).

[58 ] E. B ornstein , Chem. B er.. 16, 26.09 (1883).
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95 -  100°. Three re c ry s ta l l iz a tio n s  from ch lo ro fo rm /benzene  y ie ld ed  

1 .8 0  g (82%) of the  ye llow  so lid , 2 -carbom ethoxyan th racene: 

mp 187 .2  -  1 8 9 ,0 °  ( l i t59 128° dec); IR (KBr): 3050 (w , arom atic  C -H ), 

2980 (w , a lip h a tic  C -H ), 1725 ( s ,  carbony l), 1640 (w ), 1485 (w ),

1460 (w ), 1445 (m ), 1410 (w ), (1317 , 1280, 1240) ( s ,  a rom atic  e s te r ) ,  

860 ( s ) ,  802 (w ), 745 ( s ) ,  735 (s); M ass spectrum : se e  p 140,

A nal. C a lcd  for C i6 Hiz 0 2: C , 8 1 .3 3 ; H , 5 .1 2 .

Found: C , 8 0 .9 3 ;  H , 4 .9 0 .

[ 5 9 ]  K. L auer, C hem . B e r . , 70B, 1288 (1937),
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(b) P repara tion  of 2 -C arbom eth o x v trlP tv cen e . Addition of Benzvne to

2-C arbom ethoxyanthracene

The procedure g iven  on p 81 w as u se d . In  the  re a c tio n  f la sk  w ere 

p laced  0 .751  g (3 .1 8  mmoles) o f 2 -carbom ethoxyan th racene  (p 87) and 

65 ml of 2 -b u tan o n e . A nthranilic  ac id  (3 .4 7  g , 2 5 .4  mmoles) and n -b u ty l 

n itr ite  (3 .1 7  g ,  3 0 .8  mmoles) w ere e a c h  d isso lv e d  in  44 ml of 2 -bu tanone  

and added  to  the refluxing  rea c tio n  so lu tio n , w ith  s tir r in g , over a period 

of 4 i  h r. The re su ltin g  dark  rea c tio n  so lu tio n  w as refluxed  for an a d ­

d itio n a l 50 m in. The 2 -bu tanone  w as evapo ra ted  using  a ro tary  ev ap o ra to r, 

and  150 ml of m ethylene ch loride  w as added  to  the re s id u e . The re su ltin g  

dark  so lu tio n  w as w ashed  s ix  tim es w ith  60 ml portions of 2% aqueous 

po tassium  hydrox ide, w ashed  w ith  w a te r , and th en  d ried  over M gS04.

After f i ltra tio n , the  so lv en t w as evapo ra ted  y ie ld ing  a dark  ta r .  M ethanol 

(10 ml) w as ad d ed , and th e  m ixture w as thoroughly  mixed and  p laced  in  a 

re frig e ra to r overn igh t. Upon su c tio n  f iltra tio n , 0 .626  g of a tan  so lid  

w as o b ta in ed .

This so lid  w as d isso lv e d  in  20 ml of xy lene  (bp 137 -  140°), and 

0 .792  g (8 .0 9  mmoles) of m ale ic  anhydride w as added . The re su ltin g  dark 

red  so lu tio n  w as refluxed  for 45 m in. The xy lene  w as evapora ted  to  give a 

dark  ta r  w hich  w as chrom atographed on 40 g of s i l ic a  ge l (1 0 0 -2 0 0  m esh), 

u sin g  benzene a s  the  e lu e n t. The f ir s t  c o lo rle ss  frac tion  w as c o llec ted  

giv ing  0 .6 3 7  g of a w hite so lid  and a c o lo rle ss  sw ee t sm elling  o il . Re-
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c ry s ta lliz a tio n  from ch loroform /m ethanol y ie ld ed  0 .4 4 5  g (45%) of the  w hite

s o l id ,  2 -carbom ethoxy trip tycene: mp 2 1 3 .5 - 2 1 5 .0 ° ;  IR (KBr) (p l3 2 ):

3040 (w , a rom atic  C -H ), 2980 (w , a lip h a tic  C -H ), 1730 (ca rbony l),

1620 (w ), 1580 (w ), 1460 ( s ) ,  1435 ( s ) ,  798 (m ), 790 (m ), 740 ( s ,

CHC1
broad); UV: X 3 293 rtfi ( lo g f  3 .4 6 ) ,  283 (3 .5 2 ) ,  265 (3 .8 6 );max

M ass spectrum : s e e  p 146.

Anal. C a lcd  for C22Hl6 Oz: C , 84 .59 ; H , 5 .1 6 . 

Found: C , 84 .46 ; H, 4 .7 8 .
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(4) P repara tion  of 2 -C a rb o x y tr ip ty c en e . H ydrolysis of 2 -C arbom ethoxy- 

trip tv cen e

In a 25-m l f la s k ,  equ ipped  w ith  a reflux  co n d en se r and a  m agnetic  

s tirre r /w e re  p lac ed  0 .4 3 9  g (1 .3 8  mmoles) of 2 -carbom ethoxy trip tycene  

(p 89 ) and a so lu tio n  of 1 .26  g of p o tassiu m  hydroxide in  15 ml d ie thy lene  

g lyco l and 2 ml of w a te r . The m ixture w as h ea ted  a t 120° for 1% h r. The 

re su ltin g  orange so lu tio n  w as d ilu te d  w ith  40 ml of w a te r , f i l te re d , and 

a c id if ie d  w ith  co n cen tra ted  hydroch lo ric  a c id .  A w hite  so lid  p rec ip ita te d  

w hich  w as c o llec ted  by f i ltra tio n , d is so lv e d  in  ace to n e  and the  ace to n e  

so lu tio n  dried  over N a2S 0 4. After f i l t ra t io n , the ace to n e  w as evapora ted  

to  y ie ld  a w hite  so lid , mp 2 7 0 .4 - 2 7 4 .0 °  w ith  d e c . Re c ry s ta lliz a tio n  

from d io x an e /h e x an e  y ie ld ed  0 .3 2 3  g (78%) of the w h ite  s o lid , 

2 -ca rb o x y trip ty cen e : mp 2 7 3 .5  - 2 7 5 .0 °  w ith  dec; IR (KBr) (p 133):

3200 -2 5 0 0  (m, carboxy lic  a c id ) , 1685 ( s ,  ca rbony l), 1623 (w ),

1580 (w ), 1490 (w ), 1460 (m ), 1430 (m ), 783 (m ), 740 ( s ,  b road);

UV: X m ax anS 291 (log C 3 *42>' 275 (sh) (3 .6 3 ) , 263 (3 .8 6 );

M ass spectrum : see  p 148.

Anal. C a lcd  for C 2XH140 2 : C , 84 .55 ; H, 4 .7 3 .

Found: C , 84 .48 ; H , 4 .6 7 .
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(5) P repara tion  of 2 .3 -B en zo trip tv cen e . Addition of N aphthvne to  

A nthracene

The procedure g iven  on p 81 w as u se d . In  th e  re a c tio n  f la sk  

w ere p laced  3 .6 6 7  g (2 0 .6  mmoles) of an th racen e  and 100 ml of 

2 -b u tan o n e . 3-A m ino-2 -naph tho ic  a c id  (1 .0 1 2  g ,  5 .4 1  mmoles) and 

n -b u ty l n itr ite  (0 .8 5 5  g ,  8 .3 0  mmoles) w ere e a c h  d is so lv e d  in  90 ml of 

2 -bu tanone  and added  to  the  reflux ing  re a c tio n  so lu tio n , w ith  s t ir r in g , 

over a period  of 3 hr and 40 m in.

The 2 -bu tanone  w as rem oved u sin g  a ro tary  evapora to r to  g ive a 
/

red  am orphous so lid . To th is  s o l id , 5 .0 4  g (5 1 .4  mmoles) of m ale ic  

anhydride and 35 ml of xy lene  w ere ad d ed , and the  m ixture w as h ea ted  a t 

re flu x  for 45 m in. The re su ltin g  dark  so lu tio n  w as ev apo ra ted  u sin g  a  

ro ta ry  evapo ra to r to  give a dark  red  am orphous s o lid . A so lu tio n  of 10% 

aqueous p o tassiu m  hydroxide (30 ml) w as ad d ed , and  the  m ixture w as 

h e a ted  a t  8 0 ° , w ith  s tir r in g , for 20 m in.

To the coo led  m ix tu re , 150 ml of chloroform  w as a d d ed , and  a fte r 

s tirrin g  the  m ix ture, the  chloroform  la y e r  w as se p a ra te d  and w ashed  

se v e ra l tim es w ith  10% aqueous po tassium  hydroxide so lu tio n  u n til the  red  

a lk a lin e  w ash in g s becam e p a le  y e llo w . The lig h t red  chloroform  so lu tio n  

w as d ried  over MgSO*, f i lte re d , and evapo ra ted  to  d ry n ess  to  y ie ld  a red  

am orphous so lid . T h is so lid  w as chrom atographed on 150 g of s i l ic a  gel 

(1 0 0 -2 0 0  mesh) u sing  benzene a s  th e  e lu e n t. The f irs t  frac tio n  w as 

c o lle c te d  g iv ing  0 .851  g of a  w hite  s o lid . Two re c ry s ta l l iz a tio n s  from
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ch lo ro fo rm /e thano l y ie ld ed  0 .7 4 0  g (45%) of the  w hite  s o l id ,  2 ,3 -  

b en zo trip ty cen e  : mp 2 5 7 .5 - 2 5 8 .2 °  ( l i t60 2 5 7 - 2 5 8 ° ) ;  1R (KBr):

3030 (w , arom atic  C -H )f 2940 (w , a lip h a tic  C -H ), 1620 (w ), 1500 (w ), 

1480 (w ), 1460 ( s ) ,  889 ( s ) ,  879 (m ), 787 (w ), 767 ( s ) ,  749 ( s ) ,

738 ( s ,  broad); UV: X ™ ® 1* 323 mf* (log C 3 .2 0 ) ,  309 (3 ,0 9 ) ,

302 (2 .8 0 ) ,  289 (3 .6 6 ) ,  277 (4 .1 0 ) , 268 (4 .1 7 ) .

A nal. C a lcd  for C 24 Hls : C , 9 4 .7 1 ; H , 5 ,3 0 .

Found: C , 9 4 .8 9 ; H , 5 .1 9 .

[6 0 ] G . W ittig , H. H arle , E. Knauss and K. N ietham m er, C hem . B e r . , 

9 3 , 951 (1960).
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( D) P repara tion  of 9 .9 '-B itr iP tv c y l and  D eriv a tiv es

(1) P repara tion  of 9 .9 '-B itr ip ty c y l. Addition of Benzyne to  

9 .9 ' -B ianthrv l

(a) Benzvne G enera ted  from A nthran llic  Acid

In a  100-m l th re e -n e c k e d  re s in  f la s k , equ ipped  w ith  a m agnetic

s tirre r  and th ree  re flu x  c o n d e n se rs , w ere  p laced  0 .515  g (1 .4 6  mmoles) of 
61

9 , 9 -b ian th ry l and 30 ml of a c e to n e . Two p re ssu re  eq u a liz in g  ad d itio n  

funnels w ere m ounted on the c o n d e n se rs . A nthranilic  ac id  (1 .9 1  g ,

13 .9  mmoles) and n -b u ty l n itr ite  1 .521  g (1 4 .8  mmoles) w ere e a c h  

d isso lv e d  in  25 ml of ace to n e  and p lac ed  in  se p a ra te  ad d itio n  fu n n e ls . 

Under a n itrogen  a tm o sp h ere , the  a n th ra n ilic  a c id  and n -b u ty l n itr ite  

so lu tio n s  w ere s im u ltan eo u sly  added  over a  period  of h r. The 

n -b u ty l n itr ite  so lu tio n  w as a lw ays in  s lig h t e x c e s s  over the  a n th ra n ilic  

acid  so lu tio n . W ith in  15 m inutes a so lid  began  to  p re c ip ita te . The 

re su ltin g  red  so lu tio n  w as refluxed  for an ad d itio n a l 1 h r, and w as le f t  

s tand ing  over n igh t to  ensu re  com plete  p rec ip ita tio n  of the  p roduct.

The p rec ip ita te d  so lid  w as c o lle c te d  by su c tio n  f iltra tio n  and w as 

thoroughly w ashed  w ith  ace to n e  to  y ie ld  9 6 .5  mg (15%) of an  a lm ost 

c o lo rle ss  so lid .

Sam ples from sim ila r p rep ara tio n s w ere com bined and re c ry s ta l­

liz e d  tw ice from n itrobenzene  to  y ie ld  the w h ite  so lid ,9 ,9 '-b i tr ip ty c y l:  

mp®^ 575 + 5° w ith  dec; IR (Nujol) (p 134): 1284 (w ), 1151 (m),
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1133 (w )# 1036 (m), 915 (m ), 808 (m ), 771 (m), 753 ( 111) ,  745 ( s ) ,

738 (s); th is  com pares favorab ly  w ith  the  p u b lish ed  spectrum  of

63B artle tt and G reen for " compound x" ob ta in ed  in  th e  therm al

decom position  o f d itrip to y l p e ro x id e . IR (KBr) (p 135): 3050 (w ,

a rom atic  C -H ) , 2960 (w , a lip h a tic  C -H ) , 1464 ( s ) ,  1319 (w ),

1284 (w ), 1153 (m), 1131 (w ), 1036 (m ), 914 (m), 808 (m ), 772 (m),

740 (s); UV: xdioxane (10-cm  ce ll)  280 mjU(log € 3 .6 9 ) , 272 (3 .6 3 ) ,  max

266 (sh) (3 .3 8 ) . For com parison , tr ip ty cen e  has X ^ f* 9110 279 mfimax

(log € 3 .6 7 ) , 271 (3 .5 5 ) and  265 (sh) 3 .3 2 . M ass spectrum : 

se e  p 150.

Anal. C a lcd  for C4oH28: C , 9 4 .8 3 ; H , 5 .1 7 .

Found: C , 9 4 .9 6 ; H, 5 .1 5 .

[6 1 ] F. Bell and D .H . W aring , C hem . S o c . , 1579 (1949).

[6 2 ] M elting  po in t de term ined  in  a s e a le d  tu b e , under n itro g en , u sin g  a 

z in c  ch lo ride  b a th  and  a 100 -  620° p a rtia l- im m ers io n  therm om eter.

[6 3 ] P .D . B artle tt and  F . D . G re en e , T.Am. C hem . S o c . , 76 , 1088 (1954).
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(b) Benzvne G en era ted  from o-B rom ofluorobenzene and M agnesium

In a th re e -n e c k e d  re s in  f la s k , equ ipped  w ith  a m echan ica l s t ir re r ,

a co n d en se r and a p ressu re  e q u a liz in g  add ition  fu n n e l, w ere p laced

61
0 .741  g (2 .0 9  mmoles) of 9 ,9 * -b ian th ry l , 3 .5 8  g (0 .1 4 7  g-atom ) of 

m agnesium  tu rn ings (G rignard G rade) and 50 ml o f dry te trahydro fu ran  

(d is t i l le d  from lith ium  alum inum  hydride). N itrogen w as slow ly  p a sse d  

through  the  sy s te m . To the  reflux ing  so lu tio n  1 6 .6  g (9 4 .9  mmoles) of 

o-brom ofluorobenzene w as ad d ed , w ith  s tirr in g , over a period  of 2£ h r. 

After 70 min an ad d itio n a l 0 .7 6  g (0 .0 3 2  g -a tom s) of m agnesium  tu rn ings 

w as added .

A dark so lu tio n  w as ob ta in ed  w h ich  con ta ined  u n reac ted  m agnesium  

and in so lu b le  s a l t s .  The re a c tio n  m ixture w as le f t  s tand ing  overn igh t.

The in so lu b le  m ateria l w as c o lle c te d  by cen trifu g a tio n , tre a te d  w ith  3 M 

hydrochloric  a c id , and w ash ed  w ith  w a te r and a c e to n e . The rem aining  

w hite  so lid  (0 .1 1  g ,  11%) w as show n to  be 9 ,9 '- b i t r ip ty c y l ,  con­

tam ina ted  w ith  some u n id en tified  s id e  product from o -b rom ofluo robenzene . 

This s id e  product w as ob ta ined  in  a contro l experim en t under id e n tic a l 

c o n d itio n s , e x ce p t th a t 9 , 9 ' -b ian th ry l w as om itted  from the  re a c tio n .

[6 4 ]  P atterned  a fte r (a) G . W ittig  and E. K nauss, C hem . B e r . , 9 1 ,

895 (1958); (b) G . W ittig  and L. Pohm er, i b i d . , 89 , 1335 (1956).
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(c) Benzvne G en era ted  from 1 , 1 -D lo x o - l , 2 , 3 -b en zo th iad iazo le

(a ') P repara tion  of o -N itro su lf in ic  Acid from o-A m lnon ltrobenzene^

2 -N itro an ilin e  (20. 7 g , 0 .1 5 0  mole) w as d is so lv e d  in  a  hot m ixture 

of 103 ml o f co n cen tra ted  su lfu ric  a c id  (d=  1 .8 4 ) , 150 ml of 85% phosphoric  

ac id  and 75 ml of w a te r. The re su ltin g  so lu tio n  w as coo led  and  d iaz o tiz ed  

a t 1 0 -  15° by the d ropw ise ad d itio n  of a so lu tio n  of 1 2 .4  g (0 .1 8 0  mole) 

of sodium  n itr ite  in  38 ml of w a te r. The e x c e s s  n itr ite  w as d estro y ed  by 

the  ad d itio n  of u rea .

The rea c tio n  m ixture w as coo led  in  an  ic e  b a th , and  S 0 2 w as 

bubbled through u n til the  w eigh t of the re a c tio n  so lu tio n  w as in c re a se d  by 

27 g (0 .4 2  m ole). I t w as th en  poured in to  a  m ixture o f 83 g of 

F eS04 • 7H20  and 1 .5  g of copper pow der. The tem perature  of the 

rea c tio n  ro se  to  2 2 ° . After 45 m in u te s , ev o lu tio n  of n itrogen  had 

e s s e n t ia l ly  c e a se d . The re su ltin g  m ixture w as f i lte re d , and the  f iltra te  

w as e x tra c ted  w ith  300 ml o f 1:1 e th e r/m e th y len e  ch lo rid e . The so lv en t 

w as ev apo ra ted  a t  0 -  15° to  give a yellow  s o lid . This so lid  w as 

d isso lv e d  in  d ilu te  aqueous ammonia and re p re c ip ita te d  w ith  co n cen tra ted  

hydrochloric  ac id  to  y ie ld  18 .5  g (66%) of the  yellow  s o lid , 

o -n itro su lf in ic  acid : mp 122 -  123° ( l i t 65 125°).

[65] G . W ittig  and R .W . Hoffman, Chem . Ber. 95 , 2723 (1962).
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(t>*) P repara tion  of Sodium o -A m ln o su lfln a te . H ydrogenation

o -N itro su lf in ic  a c id  (5 .2 7  g ,  3 0 .0  m moles) (p 9 7 ) w as su sp en d ed  

in  20 ml of w a te r , and 1 M aqueous sodium  hydroxide so lu tio n  w as added 

u n til a c le a r  so lu tio n  w as ob tain  (pH 9). To th is  so lu tio n , 2 .0  g o f 10% 

pallad ium  on charcoa l su spended  in ,30 ml of w a te r w as a d d e d , and the 

m ixture w as hydrogenated  a t  a tm ospheric  p re s su re . The volum e of 

hydrogen tak en  up w as 98% of the  th e o re tic a l am ount.

After f iltra tio n  to  rem ove the  c a ta ly s t ,  the  w ater so lu tio n  w as 

evapo ra ted  a t  25° to  y ie ld  4 .0 6  (81%) of the  c o lo r le s s  so l id , sodium  

o -a m in o su lf in a te , w hich  w as d ried  over P2Ob in  a d e s ic c a to r .

This s a l t  w as d ia z o tiz e d  to  form l , l - d io x o - l ,2 ,3 - b e n z o th ia d ia z o le  

(p 99 ) w ithou t fu rther p u rif ic a tio n .
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(c ') P reparation  of 1 .1  -D io x o -1 . 2 .3 -b e n z o th la d ia z o le .
65D lazo tlza tio n  of Sodium o-A m lnosu lflna te

Sodium o -am inosu lfina te  (2 .5 2  g , 14 .1  mmoles) (p 9 8 ) and 

0 .9 7 0  g (1 4 .1  mmoles) of N aN 02 w ere d isso lv e d  in  a  minimum am ount o f 

w a te r . The re su ltin g  so lu tio n  w as ad d ed , dropw ise  w ith  s tirrin g  a t  - 1 5 ° ,  

to  a m ixture of 22 ml o f 2 N su lfu ric  ac id  and 39 ml of g ly ce ro l. S tirring 

w as con tinued  for an  ad d itio n a l tw o h r. M ethylene ch lo ride  (25 m l), 

p recoo led  to  - 1 5 ° ,  w as ad d ed , and  the  m ixture w as further s t ir re d . The 

organ ic  lay e r  w as se p a ra ted  w ithou t a llow ing  the  tem pera tu re  to  r is e  

above - 6 ° .

The ex tra c tio n  p ro c e ss  w as rep ea ted  sev en  tim e s . The yellow  

m ethylene ch loride  e x tra c tio n s  w ere com bined , and d ried  a t  - 1 5 ° ,  f irs t  

over C aC l2 and fin a lly  over P20 B. The drying a g en ts  w ere rem oved by 

filtra tio n  through a funnel con ta in ing  a dry ic e -a c e to n e  coo led  ja c k e t . 

Evaporation of the  so lv e n t a t  0° y ie ld ed  1 .6 8  g (70%) of the  yellow  s o l id ,  

l , l - d io x o - l ,2 ,3 - b e n z o th ia d ia z o le ,  con tam inated  w ith  a l i t t le  dark 

m a te r ia l.
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(d ') P repara tion  of 9 .9 '-B itr lP ty c y l from 9 ,9 * -B ian thry l 

and 1 , 1 -D io x o -1 . 2 , 3 -b en z o th la d iaz o le

9 , 9 '-B ian thry l (0 .4 5 0  g , 1 .2 8  m m oles), d is so lv e d  in  30 ml of 

m ethylene ch lo rid e , w as added  to  1 .6 8  g (10 mmoles) o f fre sh ly  p re ­

pared  1 ,1 -d io x o - l  , 2 ,3 -b e n z o th ia d ia z o le  (p 99) p recoo led  to  -1 5 °  C .

The tem perature  of the  re a c tio n  so lu tio n  w as ra is e d  slo w ly . At approx i­

m ately  1 4 ° C evo lu tion  of a g as w as n o tic e d . The re a c tio n  w as le f t  

s tand ing  overnight a t room tem peratu re  and w as th en  refluxed  for 1% h r. 

A w h ite  so lid  w hich had p rec ip ia ted  w as c o lle c te d  by su c tio n  filtra tio n  

and w ash ed  rep e a te d ly  w ith  a c e to n e . The m ethylene ch lo ride  f iltra te  

w as e v ap o ra te d , and  30 ml of a ce to n e  w as added  to  the  re s id u e . More 

of th e  sam e w hite  s o l id , 9 ,9 '- b i t r ip ty c y l ,  rem ained  u n d isso lv e d  to  g ive 

a  com bined y ie ld  of 41 mg (6%).
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(2) P reparation  of 2 , 2 1 -D im e th y l-9 . 91 -b l tr lp tv c v l . Addition of Benzyne

to  2 .2 '-D im e th y l-9 .9 '-b ia n th ry l

a .  Benzvne G enera ted  from A nthranilic  Acid.

The procedure g iven  orj p 81 w as u se d . In th e  re a c tio n  f la sk  w ere 

p laced  1 .185  g (3 .0 9  mmoles) of 2 , 2 ' -d im e th y l-9 , 9 ' -b ian th ry l (p 44 ) and 

50 ml of 2 -b u tan o n e . A nthranilic  ac id  (6 .3 9 7  g , 4 6 .7  mmoles) and 

n -b u ty l n itr ite  (5 .2 6 7  g , 5 1 .1  mmoles) w ere e a c h  d isso lv e d  in  100 ml of 

2 -bu tanone  and  added to  the  reflux ing  re a c tio n  so lu tio n , w ith  s tir r in g , 

over a period  of 4y4 hr. The re su ltin g  dark  re a c tio n  so lu tio n  w as refluxed  

for an  ad d itio n a l £ hr.

The so lv e n t w as rem oved , u sing  a ro tary  e v ap o ra to r, to  y ie ld  a 

dark ta r .  This ta r  w as d isso lv e d  in  chloroform  and chrom atographed on 

170 g of W oelm  alum ina (a c id ic , a c tiv ity  grade I) u sing  benzene  a s  the  

e lu e n t. The f irs t  e lu ted  band gave 2 .0 4  g o f a p a le  ye llow  so lid  p lu s a 

sw ee t sm elling  o il. To th is  m ixture 35 ml of a 70% a c e to n e /b e n z e n e  

m ixture w as a d d e d . After s t i r r in g ,a  w hite  pow der rem ained u n d isso lv e d . 

The m ixture w as le f t stand ing  for two days to  en su re  com plete  p re c ip i­

ta tio n  of the w hite  pow der. This pow der w as c o lle c te d  by c en trifu g a tio n , 

w ashed  thoroughly w ith  ace to n e  and d ried  under vacuum  to  y ie ld  0 .1 4 8  g 

(12%) of the  a lm ost w hite so lid , 2 ,2 '- d im e th y l- 9 ,9 '-b i tr ip ty c y l . Two 

re c ry s ta ll iz a tio n  from ch lo ro fo rm /acetone  y ie ld ed  the  w hite 

so lid , 2 , 2 '-d im e th y l-9 ,9 '-b ian th ry l: mp 4 9 0 - 4 9 2 .5 °  w ith  dec; IR (KBr)

(p 136): 3030 (w , arom atic  C -H ), 2940 (w , a lip h a tic  C -H ), 1620 (w ),
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1460 ( s ) ,  1278 (w ), 1205 (w ), 1142 (m), 1035 (w ), 918 (w ), 908 (w),

823 (m ), 802 (w ), 793 (w ), 741 ( s ) ,  734 (s); UV: A CHC13 284 mfJLrndx

(log C 3 .5 7 ) , 280 (3 .6 5 ) , 273 (3 .6 2 ) , 266 (sh) (3 .3 9 ); M ass 

spectrum : se e  p 153.

Anal. C a lcd  for C 4 2H30: C , 94.35? H, 5 .6 6 .

Found: C , 9 4 .0 3 ; H , 5 .6 8 .
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(b) Benzyne G enera ted  from o-D iphenyliodonium  C arboxylate

(a ') P repara tion  of D iphenyliodonium  2-C arb o x y la te  

M onohvdrate66

o -Io d o b en zo ic  a c id  (1 0 .0  g , 4 0 .5  m m oles), and po tassium  

pe roxyd isu lfa te  (1 3 .1  g , 5 0 .4  mmoles) w ere mixed and cooled  in  an ic e -  

b a th . To the  m ix tu re , 40 ml of p recoo led  co n cen tra ted  su lfu ric  acid  

(d = 1 .8 4 )  w as ad d ed , and the m ixture w as shaken  in  an  ice  bath  for 

5 m inu tes. The re a c tio n  m ixture foam ed a l i t t l e ,  and changed color from 

yellow  to  g reen  to  b lac k . The b lack  rea c tio n  so lu tio n  w as le f t  stand ing  

a t room tem perature  for 20 m inu tes. It w as again  cooled  in  an ice  bath  

and 10 .5  ml o f p recoo led  benzene  w as ad d ed . The re a c tio n  flask  w as 

shaken  in  the  ice  b a th  un til the  benzene fro ze . It w as then  shaken  a t 

room tem perature for £ hr.

The re a c tio n  so lu tio n  w as coo led  in  an  ice  b a th , and 95 ml of p re ­

coo led  d is t i l le d  w a te r w as slow ly  added . A so lid  p re c ip ita te d . M ethylene 

chloride  (200 ml) w as ad d ed , and 115 ml of p recoo led  concen tra ted  

ammonia (29%) w as added d ropw ise . The m ethylene chloride  lay e r w as 

s e p a ra te d , and the  aqueous la y e r  w as ex trac ted  w ith  two 50 ml portions 

of m ethylene ch lo rid e . The y e llo w -red  m ethylene chloride so lu tions were 

com bined, and dried  over Na2S 0 4. After f i ltra tio n , the  so lv en t w as 

evapora ted  to  y ie ld  1 2 .7  g of a tan  so lid . Two re c ry s ta lliz a tio n  from 

d is t i l le d  w a te r , w ith  N orit, y ie ld ed  10 .9  g (79%) (dried  under vacuum a t 

80°) of the  w hite  c ry s ta llin e  so lid , d ipheny liodon ium -2-carboxy la te



m onohydrate: mp 217 -2 2 0 °  w ith  d e c  ( l i t 6 *5 219 -  2 2 0 ° ) .

[66] L. F . F ie se r , " O rganic E xperim en ts,"  D .C . H eath  and 

B oston , 1964, p 311.
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(b1) P repara tion  of 2,2* -D im e th y l-9 . 9* -b ltr ip tv c v l from

2.2*-D im e th y l-9 .9*-b ian th ry l and  D ipheny llodon ium -2- 

carboxy la te  M onohydrate

In a  50-m l f la s k ,  equ ipped  w ith  an  a ir  co n d en se r and a m agnetic  

s t ir re r , w ere  p laced  0 .406  g (1 .0 6  mmoles) of 2 , 2 ' -d im e th y l-9 ,9 '-  

b ian th ry l (p 44 ), 1 .5 0  g (4 .6 1  mmoles) of d ipheny liodon ium - 

2 -ca rb o x y la te  m onohydrate (p 103) and 25 ml of 1 ,2 -b is (2 -m e th o x y e th o x y )-  

e th an e  (trig lym e). The re s u ltin g  yellow  so lu tio n  w as h ea ted  a t  220° for 

3 hr and  re flu x ed  for an  ad d itio n a l i  h r. The re a c tio n  so lu tio n  w as le f t  

s tand ing  for 30 hr a t room tem p era tu re . No p re c ip ita te  w as o b se rv ed . 

Addition o f 20 ml of e th an o l gave no p re c ip ita te . W ater w as added  d rop - 

w is e .  A yellow  so lid  p re c ip ita te d  (p robably  s ta r tin g  m ateria l) w h ich  w as 

so lu b le  in  a c e to n e . The rem ain ing  so lu tio n  w as le f t  s ta n d in g . After s ix  

m o n th s , a w hite  so lid  had p re c ip ita te d  w h ich  w as c o lle c te d  by c e n tr i­

fugation  and w ashed  w ith  a c e to n e . I ts  in fra red  spectrum  w as id e n tic a l  

to  th a t  of 2 , 2 ' -d im e th y l-9 ,9 '-b itr ip ty c y l p repared  by th e  ad d itio n  of 

b en zy n e , g en era ted  from a n th ra n ilic  a c id , to  2  , 2 ' -d im e th y l-9 , 9 ' -  

b ian th ry l (p 1 0 1 ).

l
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(3) P repara tion  of 2 .2 1 -D ic h lo ro -9 . 91 -b i tr lp tv c v l . Addition of Benzyne

to  2 , 2 '-D ic h lo ro -9 .9 '-b ian th ry l

The procedure  g iven  on p 81 w as u se d . In the  re a c tio n  f la sk  w ere 

p laced  3 .0 2 8  g (7 .1 8  mmoles) o f 2 , 2 ' -d ic h lo ro -9 , 9 ' -b ian th ry l (p 54 ) and 

150 ml of 2 -b u tan o n e . A nthranilic  a c id  (1 4 .8 0  g ,  108 mmoles) and 

n -b u ty l n itr ite  (1 2 .9 0  g , 125 mmoles) w ere e a c h  d isso lv e d  in  200 ml of

2 -b u tan o n e  and added  to  the  reflux ing  rea c tio n  so lu tio n , w ith  s tir r in g , 

over a period  of 5 h r. The re su ltin g  dark re a c tio n  so lu tio n  w as refluxed  

for ano ther l i  hr.

The so lv en t w as rem oved , u s in g  a ro tary  ev ap o ra to r, to  g ive a 

dark ta r .  M ethanol (80 ml) w as ad d ed , and the  mixture w as shaken  and 

le f t s tan d in g  in  a re frig e ra to r for one d ay . An orange so lid  w hich  did not 

d isso lv e  w as c o llec ted  by su c tio n  f iltra tio n . Acetone w as added  to  the 

so lid  and the  m ixture w as thoroughly  mixed; w hite  and red  so lid s  

rem ained  u n d isso lv e d . This m ixture w as rep e a te d ly  w ashed  w ith  ace tone  

un til the  ace to n e  w ash ings w ere c o lo r le s s . It w as then  w ashed  w ith  a 3% 

p o tassium  hydroxide in  a 1 : 1  w a te r /a c e to n e  so lu tio n  un til the  so lid  

becam e w h ite . Further w ash ing  w ith  w a te r and ace to n e  follow ed by 

vacuum  drying a t  80° y ie ld ed  0 .425  g of a lm ost pure 2 , 2 ' -d ic h lo ro -  

9 ,9 '-b i t r ip ty c y l .

The ace to n e  w ash ings w ere com bined w ith  the m ethanol so lu tio n  

and ev apo ra ted  to  y ie ld  a dark  ta r .  This ta r  w as d isso lv e d  in  chloroform
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and chrom atographed on a colum n of 2 .6 6  g of W oelm  alum ina (n eu tra l, 

a c tiv ity  grade I) p repared  in  b e n z e n e . The colum n w as e lu ted  w ith  

b e n ze n e . The f ir s t  e lu ted  frac tio n , w hich  flu o resced  s tro n g ly , y ie ld ed  a 

m ixture of a ye llow  so lid  p lus a sw ee t sm elling  o il . This m ixture w as 

w ash ed  w ith  10 ml o f cold  m ethanol to  y ie ld  3 .0 1 3  g of a  ye llow  so lid  

w hich  w as m ainly th e  s ta r tin g  m a te ria l, 2 , 2 ' -d ic h lo ro -9 ,9 '-b ia n th ry l, a s  

ev id en ced  by the  com parison  of i ts  in frared  spectrum  w ith  th a t of an 

a u th e n tic  sam p le . To th is  so lid  60 ml o f 1:1 a c e to n e /b e n z e n e  w as 

ad d ed . The yellow  so lid  d is s o lv e d , w h ile  a w hite  powder rem ained  

u n d isso lv e d . This m ixture w as le f t  s tand ing  overn igh t in  a re frig e ra to r. 

The w hite  pow der w as c o lle c te d  by cen trifu g a tio n  and w ash ed  w ith  ace to n e  

to  y ie ld  0 .125  g (12% com bined y ield ) of m a te ria l. Re c ry s ta lliz a tio n  from 

n itrobenzene  gave pure 2 , 2 ' - d ic h lo r o - 9 ,9 '-b itr ip ty cy l: mp 5 1 4 -5 1 7 °  w ith  

dec? IR(KBr) (p 137): 3030 (w , arom atic  C -H ), 2970 (w , a lip h a tic  C -H ),

1600 (w ), 1540 (w ), 1460 ( s ) ,  1400 (w ), 1265 (w ), 1155 (w ), 1098 (m ), 

1035 (w ), 917 (m ), 905 (w ), 885 (w ), 862 (w ), 819 (m), 788 (w ),

743 ( s ) ,  717 (w ), 708 (w); UV: x d l° Xane 287 m#i (log C 3 .4 5 ) ,
HlclX

280 (3 .6 3 ) , 272 (3 .5 5 ); M ass spectrum : se e  p 156.

Anal. C alcd  for C 4 0 H2 4 CI2 : C , 83 .49 ; H , 4 .1 0 ; C l , 1 2 .3 1 . 

Found: C , 83 .15 ; H , 4 .1 5 ; C l, 1 2 .6 5 .
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(4) P repara tion of 2 ,2 ' -D ic a rbom ethoxy -9 ,9* -b i tr ip t ic y l .

Addition of Benzyne to  2 ^ '-D ic a rb o m e th o x y -g ,9* -b ian th ry l

I
!

The procedure given on p 81 w as fo llow ed. In the  re a c tio n  fla sk

w ere p laced  0 .370  g (0 .8 4 8  mmole) of 2 ,2 '-d ic a rb o m e th o x y -

9 , 9 '-b ian th ry l (p 74 ) and 35 ml of 2 -b u tan o n e . A nthranilic  ac id

(1 .9 2  g ,  14 .1  mmoles) and n -b u ty l n itr ite  (1 .7 0  g , 16 .6  mmoles) w ere

e ac h  d is so lv e d  in  25 ml of 2 -bu tanone  and added to  the  reflux ing  rea c tio n

so lu tio n , w ith  s tirr in g , over a period  of 2 j  h r. The re su ltin g  dark  rea c tio n

so lu tio n  w as h ea ted  a t reflux  for an ad d itio n a l £ h r.

The so lv e n t w as evapo ra ted  to  y ie ld  a dark ta r .  M ethanol (30 ml)

w as ad d ed , and th e  mixture w as le f t  overn igh t. C en trifuga tion  y ie ld ed  an

orange so lid  w hich  w as rep e a te d ly  w ashed  w ith  ace to n e  un til th e  ace tone

w ash in g s becam e c o lo r le s s , to  y ie ld  8 .0  mg of w h ite  so lid . The ace tone

w ash in g s w ere  com bined w ith  th e  m ethanol so lu tio n . After 3 d a y s , 3 .5  mg

of the  sam e w hite  so lid  p rec ip ita te d  (2.2%  com bined y ie ld ) .

S everal such  p repara tions w ere com bined and re c ry s ta ll iz e d  from

n itrobenzene  to  y ie ld  the w h ite  s o lid , 2 ,2 '-d ic a rb o m e th o x y -

9 ,9 '-b itr ip ty c y l:  mp 4 8 4 -4 8 7 °  ; IR (KBr) (p 138): 3030 (w , arom atic

C -H ), 2970 (w , a lip h a tic  C -H ) , 1730 ( s ,  ca rbony l), 1620 (w ), 1445 (m),

1435 (m), 1295 (m ), 1262 ( s ) , 1152 (w ), 1127 (w ), 1108 (m ), 779 (w ),
CHCM

772 (w ), 744 (s); UV: 292 mfi (log e 3 .4 6 ) , ca 280 (sh ) ,
IYlclX

264 (4 .1 4 ); M ass spectrum : se e  p 159 .
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(5) P repara tion  of 2 , 2 ' -D ic a rb o x y -9 , 9 ' -b ltr lp ty c y l

2 ,2 '-D ic a rb o m e th o x y -9 ,9 '-b itr ip ty c y l (2 7 .5  mg) (p 108) w as added  

to  a so lu tio n  o f 1 .9  g o f p o tass iu m  hydroxide In 1 1 .5  ml of d ie th y len e  

g lyco l and 2 ml of w a te r . The m ixture w as h ea ted  a t  137 -  1 4 0 ° , w ith  

s tir r in g , for 3? h r.

The re su ltin g  yellow  so lu tio n  w as d ilu te d  w ith  30 ml o f w a te r ,

f ilte re d  and a c id if ie d  w ith  co n cen tra ted  hydroch lo ric  a c id . An a lm ost

c o lo r le s s  so lid  p rec ip ita te d  w h ich  w as c o lle c te d  by  c en tr ifu g a tio n , w ash ed

w ith  two 7-m l portions of w a te r and tw o 2 j-m l po rtions of a c e to n e , and

dried  under vacuum  a t 120° to  y ie ld  an  a lm o st c o lo r le s s  s o lid . This crude

product w as con tam inated  w ith  s i l i c a te s ,  a s  ev id en ced  by i t s  in frared

spectrum . R e c ry s ta lliz a tio n  from q u in o lin e , w ith  ho t f iltra tio n  in  order to

rem ove th e  s i l i c a t e s , y ie ld ed  a w hite  so lid  w h ich  w as w ash ed  th ree  tim es

w ith  5-m l po rtions o f ch loroform , th ree  tim es w ith  3£-m l po rtions of

a c e to n e , and  d ried  under vacuum  a t  185 -  188° to  y ie ld  2 1 ,5  mg of the

w hite  s o l id ,  2 , 2 ' -d ic a rb o x y -9 , 9 ' -b itr ip ty c y l: m p532 -5 3 6 ° ;  IR (KBr)

(p 139): 3 2 0 0 -2 5 0 0  (w , ca rb o x y lic  a c id ) ,  1680 ( s ,  c a rb o n y l), 1620 (w ),

1450 (m ), 1418 (m ), 1378 (w ), 1295 (w ), 1262 ( s ) ,  1210 (w ), 1 1 5 8 (w ),

1123 (w ), 1108 (w ), 1016 (w ), 928 (w ), 908 (w ), 893 (w ), 803 (w ),

779 (w ), 748 ( s ,  broad); UV:Xdioxan® 290 n*i (log c 3 .4 7 ) ,  278 (sh)max

(3 .7 8 ) ,  263 (4 .1 3 ); M ass spectrum : m /e  596 (M +2), 595 (M + l) ,

594 (b a se  p e a k , m olecu lar io n ) , 550 (M -C O z) ,  549 (M -C O O H ).
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B ecause of the  ex trem ely  low  v o la tili ty  of the  com pound, th e  r e s t  of 

the  spectrum  could  no t be de te rm ined .

Anal. C a lcd  for C4 2  H2 fl0 4 : C , 8 4 .3 3 ; H , 4 .4 1 .

Found: C , 8 4 .6 6 ;  H , 4 .3 6 .
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(6) P repara tion  of 2 . 3 .2 ' . 3 '-D ib e n z o -9 ,9*-b ltr lp tv c l and

9 - (2 . S -B en zo trip tv cv ll-^ 1 -a n th ra c e n e . Addition of

2 ,3 -N a p h th v n e  to  9^ 9 '-B ianthryl

The procedure  d e sc rib e d  on p 81 w a s  u s e d . In  th e  re a c tio n  f la sk  

w ere p laced  0 .8 9 0  (2 .5 2  mmoles) o f 9 , 9 ' -b ian th ry l and 50 ml of 2 -b u tan o n e .

3 -A m ino-2 -naph tho ic  a c id  (7 .6 3  g , 3 7 .6  m moles) and n -b u ty l n itr ite  

(4 .5 6  g , 4 4 .2  mmoles) w ere  each  d is so lv e d  in  450 ml of 2 -b u ta n o n e , and 

added  to  th e  re flux ing  so lu tio n  over a  period  of 4£ h r. The re su ltin g  dark 

red  so lu tio n  w as h ea ted  a t  reflux  for an  a d d itio n a l j  h r.

The so lv e n t w as rem oved u sin g  a ro ta ry  evapo ra to r to  g ive  a dark 

red  ta r .  This ta r  w as d is so lv e d  in  chloroform  and chrom atographed on 

248 g of W oelm  alum ina (a c id ic , a c tiv ity  grade I) u s in g  b en zen e  a s  the  

e lu e n t u n til no further e lu tio n  occu rred . Four f rac tio n s  w ere a rb itra rily  

ta k e n . Each of th e  frac tio n s  gave a  ye llow  so lid  upon evap o ra tio n  of the  

e lu e n t.

F raction  W eigh t (g) Volume (ml)

1 0 .375  215

2 0 .5 2 0  50

3 0 .365  150

4 0 .112  350

Each frac tio n  w as d isso lv e d  in  a c e to n e . Slow ad d itio n  of e ith e r  

benzene  or m ethanol p rec ip ita te d  a y e llo w , low m elting (2 5 0 -3 0 0 ° )  so lid
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(Impure 9 , 9 ' -b ia n th ry l) .

In order to  in c re a se  the  co n cen tra tio n  of the  correspond ing  9 , 9 ' -  

b itrip ty cy l in  the  crude p ro d u ct, i t  w as d ec id ed  to  a ttem p t the  ad d itio n  

of naphthyne to  th e  chrom atographed m a te r ia l.

The sam e procedure  w as fo llo w ed , u sin g  1 .114  g of the  com bined 

frac tio n s  from th e  chrom atography , 6 .7 0  g (3 5 .8  m moles) of 3 -a m in o -2 - 

naph tho ic  a c id  and 4 .2 0  (4 0 .8  m m oles) of n -b u ty l n i tr i te .

The dark  ta r  ob ta in ed  a fte r  evap o ra tio n  of the so lv e n t w as ch ro ­

m atographed on 242 g of W oelm  alum ina ( a c id ic ,  a c tiv ity  grade I ) ,  u sin g  

benzene  a s  th e  e lu e n t. The frac tio n  e lu ted  w ith  b en zen e  w as c o lle c te d  

and ev ap o ra ted  to  d ry n ess  to  y ie ld  a ye llow  so lid .

N aphthyne add ition  to  th is  ye llow  so lid  w as re p e a te d , u sin g  6 .8 5  g 

(3 8 .7  mmoles) o f 3 -a m in o -2 -n ap h th o ic  a c id , and 4 .8 6  g (4 7 .1  m moles) of 

n -b u ty l n i tr i te .

The re s u ltin g  dark  re a c tio n  so lu tio n  w as e v ap o ra ted  to  g ive a dark 

ta r  w h ich  w as chrom atographed on 245 g of W oelm  alum ina (a c id ic , 

a c tiv ity  grade I) u sing  benzene  a s  th e  e lu e n t u n til no fu rther e lu tio n  

o ccu rred . Three a rb itra ry  frac tio n s  w ere c o lle c te d .

F raction W eigh t (g) Volume (ml)

1 0 .9 9 4 250

2 0 .283 150

3 0 .171 420
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All frac tio n s gave yellow  so lid s  upon evap o ra tio n  of the e lu e n t. To

frac tio n  1, 35 ml of 1:1 a c e to n e /b e n z e n e  w as ad d ed . A ye llow  so lu tio n

w as o b ta in ed  w hich  upon stand ing  slow ly  p re c ip ita te d  a w hite  s o lid . This

so lid  w as w ash ed  3 tim es w ith  4 - ml portions of ace to n e  to  g ive 50 mg of a

so lid  w h ich  m elted a t 3 0 0 -  360° (som e so lid  s t i l l  p re se n t) .

Two re c ry s ta ll iz a tio n s  from ch lo ro fo rm /e thano l gave the w hite  s o lid ,

2 , 3 , 2 ' ,  3' -d ib e n z o -9 , 9 '-b ia n th ry l , con tam inated  w ith  a l i t t le  tr i-n ap h th y n e

adduct a s  ev id en ced  by i ts  m ass spectrum : mp > 360°; IR (KBr): 3060 (m),

2980 (w ), 1620 (w ), 1500 (w ), 1480 (w ), 1457 (m ), 894 (m), 870 (w ),

773 (m), 740 (s); UV: \ ^ oxane 3 2 5 , 3 1 2  (naph tha lene  n u c le u s ) , 294 ,max

276, 270 , 253. M ass spectrum  (a low  in te n s ity  ion (tri-n ap h th y n e  adduct) 

appears a t  m /e  732): m /e  608 (14%, M +2), 607 (53%, M + l), 606 (b ase  

p eak , m olecu lar io n ) , 303 (56%, p lu s M+^ ) .
a

A nal. C alcd  for C4bH30: C , 9 5 .0 1 ; H, 4 .9 9 .  Found: C , 9 5 .3 8 ;

H , 4 .8 7 .

The second  frac tion  w as w ashed  w ith  10 ml of 1:1 a c e to n e /b e n z e n e

and w ith  4 ml of a c e to n e . Three re c ry s ta l l iz a tio n s  from ch lo ro fo rm /ace tone

gave th e  w hite  so lid , 9 - ( 2 , 3 -b e n z o tr ip ty c y l) -9 '-a n th ra c e n e , con tam inated

w ith  som e 2 , 3 , 2 ' , 3 ' -d ib e n z o -9 , 9 ' -b itr ip ty c y l a s  ev id en ced  by i ts  m ass

spectrum  (a low in te n s ity  ion  appears a t  m /e  606): mp 320°; IR (KBr) (p 139):

3060 (w ), 2980 (w ), 1630 (w ), 1500 (w ), 1440 (w ), 880 (m), 840 (w ),

805 (w ), 783 (w ), 740 ( s ,  broad); UV: XdiOXane 388, 367, 348, 328 ,
it iq x

313, 280 , 255; M ass spectrum : m /e  482 (9 .5%  M +2), 481 (46%, M + l),
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480 (b a se  p e a k , m olecular io n ) , 303 (14%/ 2 ,3 -b e n z o tr ip ty p y l io n ) , 

240 (19% , M+2 ).
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(E) Addition of Benzvne G en era ted  from A nthranilic Acid to  

O p tica lly  Active 2 .2 ' -D ica rb o m eth o x v -9 ,9 ' -b ian th ry l

(1) Benzyne G en era ted  in  Boiling 2-B utanone

(a )  P repara tion  of 2 .2*-D ica rb o m eth o x v -9 . 9 ' -b itr ip tv cv l

The procedure d e sc rib e d  on p 81 w as u se d . In  the  re a c tio n  fla sk  

w ere p laced  1 .4 8 g (3 .1 3  mmoles) of ( - ) - 2 ,2 '-d ic a rb o m e th o x y -9 ,9 '-  

b ian th ry l (p 76 ) ,  - 1 3 9 °  (c  0 .7 6 ,  a c e to n e ), and 100 ml of 2 -b u tan o n e .

A nthranilic  a c id  (6 .0 0  g , 4 3 .8  mmoles) and n -b u ty l n itr ite  (6 .1 3  g ,

5 9 .6  mmoles) w ere e ac h  d is so lv e d  in  95 ml of 2 -bu tanone  and added  to  the 

reflux ing  re a c tio n  so lu tio n , w ith  s t i r r in g , over a period  of 5 hr and 10 m in. 

The re su ltin g  dark re a c tio n  so lu tio n  w as h ea ted  under reflux  for an add itiona l 

20 min.

The so lv e n t w as rem oved a t 4 1 ° , u sing  a ro tary  ev ap o ra to r, to  y ie ld  a 

dark ta r . M ethanol (22 ml) w as ad d ed , and the  m ixture le f t  overn igh t.. An 

in so lu b le  orange so lid  w as c o lle c te d  by cen trifu g a tio n .

This so lid  w as com bined w ith  th e  corresponding product of a  second  

sim ila r experim ent from 1 .52  (3 .4 3  mmoles) of ( - ) -2 ,2 '-d ic a rb o m e th o x y -  

9 , 9 ' -b ia n th ry l . The com bined so lid s  w ere rep ea ted ly  w ash ed  w ith  ace tone  

u n til c o lo r le s s .

Two re c ry s ta ll iz a tio n s  from ch lo ro fo rm /acetone  y ie ld ed  8 4 .7  mg 

(2.1% ) of 2 ,2 ' -d ica rb o m e th o x y -9 , 9 ' -b i tr ip ty c y l . IR (KBr): id e n tic a l to 

2 ,2 '-d ic a rb o m e th o x y -9 ,9 l -b itr ip ty c y l ob tained  from racem ic  

2 ,2 ' -d ica rb o m e th o x y -9 ,9 ' -b ia n th ry l .
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(b) P repara tion  of 2 , 21 -D ic a rb o x y -9 , 91 -b ltr ip ty c y l

To a so lu tio n  of 6 .0 9  g o f p o tass iu m  hydroxide in  40 ml of 

d ie th y len e  g lyco l and 7 .0  ml of w a te r , 7 7 .2  mg of 2 ,2 '-d ic a rb o m e th o x y -  

9 ,9 '-b i t r ip ty c y l  (p 114) w as ad d ed . The m ixture w as h ea ted  a t  1 3 0 -  

135°, w ith  s tir r in g , for hr.

The re su ltin g  orange so lu tio n  w as d ilu ted  w ith  100 ml of w a te r , 

f ilte red  and  ac id ifie d  w ith  co n cen tra ted  hydrochloric  a c id . A w hite  

f lo ccu len t p re c ip ita te  w as ob ta ined  w h ich  w as c o lle c te d  by c e n tr i­

fuga tion . This so lid  w as added  to  approx im ate ly  1 ,500  ml of ace tone ; 

the  m ixture w as s tir re d , and f ilte re d  to  rem ove s i l ic a te s .  The f iltra te  

w as e v a p o ra te d , to  y ie ld  a ta n  so lid  w hich  w as w ash ed  4 tim es w ith  

3^-m l portions of chloroform , tw o tim es w ith  2 j - m l  po rtions of a c e to n e , 

and d ried  under vacuum  to  y ie ld  6 9 .5  mg (94%) of 2 ,2 '-d ic a rb o x y -  

9 ,9 ' -b itr ip ty  c y l .

The o p tic a l ro ta tio n  of th is  so lid  w as determ ined  w ith  a P erk in - 

Elmer M odel 141 po larim eter having  a p re c is io n  of 0 .0 0 2 ° . The 

so lv en t u sed  w as 5.5%  tetram ethylam m onium  hydroxide in  48% DM SO/ 

w a te r. A 1.1%  so lu tio n  in  a 10 cm c e ll  show ed no ro ta tio n  a t  589 , 579 , 

546 and  436 m /i.
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(2) Benzvne G en era ted  in  B oiling M ethv lene  C hloride

(a) P repara tion  of 2.2* -D ica rb o m eth o x v -9 . 91 -b ltr lp ty c v l

A m odification  of the  procedure  d e sc r ib e d  on p 81 w as u se d . In 

the  re a c tio n  f la sk  w ere p lac ed  0 .4 8 9  g (1 .0 4  mmoles) of 

(+ )-2 ,2 * -d ic a rb o m e th o x y -9 ,9 '-b ia n th ry l (p 76 ) ,  [ a l j j  + 1 1 4 °  (C 0 .5 5 , 

a c e to n e ) , 0 .891  g (8 .6 5  mmoles) of n -b u ty l n itr ite  and 75 ml of 

m ethylene c h lo rid e . A nthranilic  ac id  (0 .9 8 3  g , 7 .2 4  mmoles) w as 

d isso lv e d  in  31 ml o f ace to n e  and added  to  the  reflux ing  re a c tio n  

so lu tio n , w ith  s tir r in g , over a period  of 3£ h r. The re su ltin g  dark 

re a c tio n  so lu tio n  w as ev ap o ra ted  a t  3 4 ° , u s in g  a ro ta ry  ev ap o ra to r , to  

y ie ld  a dark  ta r .  M ethanol (10 ml) w as a d d e d , and th e  m ixture w as le f t  

overn igh t in  a re fr ig e ra to r . An in so lu b le  yellow  so lid  w as c o lle c te d  by 

cen trifu g a tio n . This so lid  w as w ash ed  w ith  a c e to re  and a so lu tio n  of one 

drop of 10% aqueous p o tassiu m  hydroxide in  3 ml of a c e to n e , to  y ie ld  

10 .1  mg (1,6% ) of 2 ,2 ' -d ica rb o m e th o x y -9 ,9 ' -b i tr ip ty c y l . Four su ch  p re ­

p a ra tio n s  w ere  com bined and re c ry s ta l l iz e d  tw ice  from ch lo ro fo rm /ace to n e .
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(b) P repara tion  of 2 ,2 1 -D ic a rb o x y -9 , 9 '-b itr ip ty c v l

In a 100-m l f la sk  equ ipped  w ith  a  re flu x  condenser and a m agnetic  

s tir re r  w ere p laced  3 2 .2  mg (0 .0519  mmoles) of 2 ,2 '-d ic a rb o m e th o x y -  

9 #9 '-b itr ip ty c y l (p 116), and  a so lu tio n  of 1 0 .0  g of p o tassiu m  

hydroxide in  40 ml of d ie th y len e  g lyco l and 5 ml of w a te r . The m ixture 

w as heated  a t  70°, w ith  s tir r in g , under a n itrogen  a tm o sp h e re , un til 

com plete so lu tio n  o ccu rred . After 43 h r , a l ig h t r e d ,  very  s lig h tly  

turb id  so lu tio n  w as ob ta ined  w hich w as d ilu te d  w ith  40 ml of w a te r and 

f ilte re d . A cid ifica tion  w ith  co n cen tra ted  hydrochloric  a c id  gave a 

f lo ccu len t ta n  so lid  w hich  w as c o lle c te d  by c en trifu g a tio n . This so lid  

w as w ashed  th ree  tim es w ith  3-m l po rtions o f ace to n e  to  give a  w hite  

so lid  w hich  w as added  to  approxim ately  one l i te r  o f a c e to n e , m ixed , and  

f ilte re d  to  rem ove s i l ic a te s  formed during th e  h yd ro ly sis  s te p . The 

ace to n e  w as rem oved a t  30° u sin g  a  ro ta ry  ev apo ra to r to  y ie ld  2 4 .3  mg 

(79%) of 2 , 2 ' -d ic a rb o x y -9 ,9 '-b itr ip ty c y l.

A 1.2%  so lu tion  of th is  so lid  gave no ro ta tio n  (using  a P erk in- 

Elmer M odel 141 po larim eter see  p 116) a t  589 , 578 , 546 , 436 and 

365 mj2 u sing  a 10 cm c e l l .
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(F) R acem lzation  of O p tica lly  Active 2 .2 l -D icarbom ethoxy - 

9,9* -"bianthryl6 ,7

(1) R acem lzation  of ( - ) -2 .2 * -D ic a rb o m e th o x y -9 ,9 '-  

b ian th ry l in  D im ethyl P h th a la te

N itrogen w as p a s s e d  through a so lu tio n  of ( - ) -2 ,2 '-d ic a rb o m e th o x y  

9 , 9 '-b ian th ry l (a j)=  -0 .5 9 6  ± 0 .0 0 2 °) ( s e e  p 76) in  d im ethyl p h th a la te , 

in  an  am pou le , in  order to  rem ove d is so lv e d  oxygen . The am poule w as 

se a le d  and p lac ed  in  a  c o n s ta n t tem pera tu re  b a th  a t  2 2 0 .2  ± 0 .1 ° .

After 6 .0 0  hr th e  am poule w as rem oved from th e  b a th . The o p tica l 

ro ta tio n  of th is  so lu tio n  w as found to  be -0 .5 9 3  ± 0 .0 0 2 ° . Thus no 

racem iza tio n  had o ccu rred .

The experim ent w as re p e a te d  w ith  a  so lu tio n  of = -0 .5 1 1  ± 

0 .0 0 2 ° , e x ce p t th a t oxygen w as p a s se d  through the so lu tio n  in s te a d  of 

n itro g en . After 2 .0 0  hr o f heating  th e  so lu tio n  had  becom e very  s lig h tly  

red  and had a  ro ta tio n  of arp = -0 .4 4 9  ± 0 .0 1  (12% rac e m iz a tio n ).

In th e s e  and th e  follow ing racem iza tio n  experim en ts no sp e c ia l 

p recau tions w ere  tak e n  to  exclude  l ig h t .  H ow ever, the  am ount o f l ig h t 

reach in g  the sam ple w ould have to  be very  sm all s in c e  th e  s id e s  of the  

b a th  ex cep t for the top  w ere  thoroughly  covered  w ith  a s b e s to s  paper and 

co tto n . The ba th  w as p laced  in  a hood w ithou t in te rn a l l ig h ts .

[6 7 ]  A Perkin-E lm er M odel 141 po larim eter w as u sed  to  m easure 

o p tica l ro ta tio n s  u sin g  a 10-cm  c e l l .



120

(2) Rflgfimigfltt,9EL9f (-)-3 iV  
OjO’-rblanthryl In  Tflolyme

A so lu tio n  of 0 .1 0 1  g of ( - ) - 2 , 2 ' -d ica rb o m e th o x y -9 , 9 ' -b ian th ry l 

(p 76 ) w as d isso lv e d  in  approxim ately  14 ml o f l ,2 -b is - (2 -m e th o x y -  

e thoxy)e thane  (trig ly m e), fresh ly  d is t i l le d  from lith ium  alum inum  h yd ride . 

N itrogen w as bubbled  through th e  so lu tio n  for 2 0 - 2 5  min in  order to  

rem ove d isso lv e d  oxygen . The ro ta tio n  of the  so lu tio n  w as m easu red , 

a?D = -0 .7 6 2 ° ,  and the so lu tio n  w as d iv ided  betw een  two am pou les .

N itrogen w as bubb les through one of the  so lu tio n s  for 10 min w h ile  

oxygen w as bubbled  through th e  o ther for 20 m in. The am poules w ere 

se a le d  and p laced  in  a c o n s ta n t tem perature  b a th  (See p .119) a t 2 2 0 .2  ± 0 .1 ° .

The am poules w ere  rem oved from th e  b a th  a fte r 1 .5 0  h r , and 

im m ediately  im m ersed in  co ld  w a te r . The o p tic a l ro ta tio n  of th e  so lu tio n  

through w hich  n itrogen  had been  bub b led  w as o p  = -0 ,7 3 2  ± 0 .0 0 2 °

(3.9%  racem iza tion ) w hile  the  ro ta tio n  of the  so lu tio n  through  w hich  

oxygen had been  bubbled  w as a D = -0 .2 1 6  ± 0 ,0 0 2 °  (72% rac em iza tio n ).

Each so lu tio n  w as d is t i l le d  a t  0 .3  mm and 70° in  o rder to  rem ove 

the  so lv e n t. The r e s id u e s ,  c o n s is tin g  of a ye llow  so lid  and a l i t t le  

so lv e n t, w ere  w ash ed  w ith  pen tane  and d ried  under vacuum . The 

pen tane  w ash in g s w ere ev ap o ra ted  under vacuum  to  y ie ld  p a le  ye llow  

liq u id s  w hich  w ere  showr* by nmr to  c o n s is t  of the  s o lv e n t, trig ly m e, 

con tam inated  only by sm all am ounts of 2 ,2 '-d ic a rb o m e th o x y -
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9 ,9* -b ia n th ry l. The nmr and  ir  sp e c tra  of th e  so lid  re s id u e s  w ere 

id e n tic a l w ith  au th e n tic  2 , 2* -d ica rb o m e th o x y -9 , 91 -b ia n th ry l.
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S p e c tr a *

w
Infrared sp e c tra  w ere c a lib ra ted  w ith  th e  1449 cm-1 (6 .6 9  n )  lin e  

of p o ly s ty re n e .
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The M ass Spectrum  of 2-O arbom ethoxyanthracene

m /e % of base m /e % of b a se m /e % of base
peak peak peak

15 2 .1 8 8 i 16 .7 152 3 .3

29 0 .9 89 3 .5 153 0 .6

31 0 .6 98 2 .7 163 2 .1

39 1 .7 99 2 .6 164 2 . 0

43 0 .5 100 1.5 165 2 .3

50 3 .4 101 1 .3 173 0 .5

51 2 . 7 102 1.2 174 5 . 4

59 0 .5 1 0 2 | 8 .2 175 8 .4

62 2 .2 103 ' 1 .7 176 4 5 .3

63 3 .5 110 1 .0 177 8 0 .8

64 0 .5 110£ 0 .4 178 16.6

74 4 .1 111 1 .4 179 2 . 3

7 4 | 0 .4 113 0 .8 189 0 .6

75 9 .2 118 2 .8 190 0 . 7

7 5 i 1 .4 1 1 8 | 0 .5 191 1 .9

76 2 .8 122 1 .0 192 0 .7

77 2 .3 123 0 .8 204 0 .8

8 l l 0 .3 124 0 .6 205 5 1 .0

82 0 .3 125 1 .5 206 8 .5

8 2 i 0 .3 126 3 .3 207 0 .9

83 1.1 127 3 .2 220 0 .5

85 0 .9 137 0 .8 235 1.2

86 2 . 0 139 0 .9 236 100

87 5 . 0 149 2 .8 237 1 8 .0

8 7 l 2 .8 150 12.6 238 2 . 0

88 2 6 .9 151 18 .0
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The M ass Spectrum  of Triptycene®®

m /e % of ba se m /e % of base m /e % of b a se
peak peak peak

31 1.1 111 0.6 127i 1 .3

63 1.2 l l l £ 0 .8 128 0 .5

75 1.2 112 4 .5 150 1 .8

83 0.2 1 1 2 | 2 .2 151 2 .1

83% 0.5 113 13 152 2 .1

83% 0.2 1 1 3 | 2 .9 176 4 .1

84 0.5 114 3 .0 177 1.9

87 1.3 U 4 £ 0.5 178 4 .1

61% 0.2 115 0.6 179 0 .9

88 1.2 117£ 0.2 200 1 .4

8 8 i 0.2 118 0 .4 213 1.2

89 1.1 116% 1.2 224 3 .0

93% 0 .4 119 1.2 225 2 .1

94 0.2 1 1 9 | 7.9 226 4 .2

9 4 | 0 .3 120 1.8 227 1.3

99 0 .8 123 0 .5 239 5 .0

99^ 0.6 1 2 3 | 0.2 240 1.1

100 2 .7 124 2 .2 248 2 .1

ioo£ 0 .7 124i 1 .8  . 249 2 .1

101 2 .4 125 9 .7 250 15

1 0 1 | 0.6 1 2 5 | 4 .1 251 7.3

1 0 5 | 0 .3 126 29 252 49

106 0.2 126% 11 253 100

1 0 6 | 0 .8 127 6 .9 254 93

255 18

256 2 .1

[68] Singly charged ions  of l e s s  than 1% of b a se  peak  in te n s i ty  have 

been  omit ted.
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The M ass Spectrum  of 2 -M eth y ltrip ty cen e

m/e % of ba se  
peak

m /e % of b a se  
peak

m /e % of b a se  
peak

39 1.2 101 1 .3 120* 1 .0

51 1 .0 101* 0 .4 121 0 .8

63 1.5 102 0 .4 124 1.2

69 0 .4 105 0.2 124* 1 .4

69* 0.3 105* 0 .8 125 8 .5

75 1 .0 106 0.7 125* 4 .3

792/3 0.2 106* 2 .5 126 32

81 0.3 107 0 .8 126* 19

H00 0 .4 107* 0 .9 127 3 .7

82 0.2 108 0 .4 127* 0 .5

82* 0.3 111 0.5 128 0 .3

87 1 .0 n i l 0 .5 130 0 .5

87V3 0.2 112 2 .2 130* 2 .1

872/3 0 .5 112* 1.4 131 2 .5

88 1.0 113 10 131* 9 . 0

88x/3 0 .4 113* 2 .3 132 5 .2

882/3 0 .4 114 1.0 132* G.l

89 0 .8 114* 0.2 133 9 .0

93 0.2 115 0 .6 133* 3 .3

93* 0 .9 117 0.2 134 6 o 0

94 0 .5 117* 0 .8 134* 1.5

94* 1.2 118 1.1 135 0 .4

95 0.5 118* 3 .7 150 1.2

99* 0 .3 119 3 .0 151 1.3

100 1 .4 119s 7 .4 152 1*5

loo* 1.3 12 0 1 .0 163 1 .3



m/e

165

176

178

187

189

190

191

192

200

213

224

225

226

227

237

238

239

240

248

249

250

251

252

253

254

255

261

143

% of b a se
peak

1 .9  

2 . 2

1 .7

1 .4

3 .9  

1 . 6

2 .9

1 .3  

1 . 1

1 .5

1 .7  

1 . 2

3 .4  

1 . 0

2 . 4

1 .7

5 .6

1 . 8  

1 . 0

1 .4  

8 . 8

5 . 0  

49

100

20

2 . 0

1 . 6

m /e

262

263

264

265

266

267

268

269

270

% of b a se  
peak

1. 2

8 .9

3 .3

10

7 .2

30

65

15

1.6
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The M ass Spectrum  of 2 -G h lo ro trip ty cen e6®

m /e % of b a se

39

peak

1.1

50 1.1
51 ■ 1.1

63 1.5

74 1.3

75 1.7

83 0 .7

831/, 1 .0

83% 0.6

84 0.9

84Va 0 .4

87 1.5

8 7 l 0.3

88 1.1

99 1.7

9 9 i 0 .8

100

C
O•

CSJ

100l

C
O•

o

101 1 .3

1 0 l i 0 .5

102 0.5

105 0 .4

1051 Q,.5

106 0.5

1061 0.6

m /e  % of base

111

peak

1 .5

m i 1 .6

112 7 .1

1121 3 .4

113 15

1131 3 .4

114 0 .6

117 0 .3

1171 0 .4

118 0 .9

118* 1.2

119 0 .8

1 1 9 | 0 .5

122 0 .4

123 0 .9

1231 1 .0

124 5 . 0

1241 4 .3

125 19

1251 9 .7

126 36

1 2 6 f 25

127 3 .9

1271 0 .5

128 0 .3

m /e  % of base

130

peak

0 .9

1301 0 . 4

131 0 . 8

1311 0 .4

132 0 . 4

1361 0 .9

137 0 .6

1371 0 .5

138 0 .5

139 0 .5

143 1 .4

1431 0 ,5

144 2 . 4

1441 0 .7

145 1 .0

1451 0 .3

150 2 .1

151 2 .6

152 1 .3

174 1 .4

175 1 .6

176 5 .6

177 2 . 4

178 1 .7

200 1 .5

[69]  Singly charged ions  of l e s s  than  0.5% of base  peak in tens i ty  have 

been  omitted.



m /e % of b a se
peak

212 2 .1

213 1 .2

22270 1 .2

223 1 .4

224 3 .4

225 2 .2

226 3 .1

248 2 .2

249 (S
3

• CO

250 18

251 8 .5

252 55

253 100

254 22

255 2 . 5

286 3 .4

287 5 .6

288 36

289 9 .3

290 12

291 3 .7

[70]  M etas tab le  ion
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The M ass Spectrum  of 2 -C arbom ethoxytrip tycene

m/e % of b a se  
peak

m /e % of b a se  
peak

m/e % of ba se  
peak

15 3 .5 113 10 .7 163 0 .6

17 0 .5 113i 2 .6 174 0 .9

18 1.8 114 0 . 4 175 1.1

28 1.6 118 0 .3 176 4 .3

39 0 .7 1 1 8 | 0 .77 177 3 .9

50 0 .7 119 1.2 178 3.1

51 0 .7 119 i 0 .71 179 0 .5

59 1.6 120 0 .5 187 0 .6

63 0 .84 124 2 .3 198 0 .5

74 0 .84 124i 2 .1 199. 0 .5

75 1 .7 125 11 .0 200 1 .5

76 0 .7 125i 4 .9 201 0 .6

77 0 .4 126 18 .4 202 0 .8

86 0 .3 126 i 6 .13 20570 1.2

87 1 .0 127 1.2 211 0 .6

88 1.5 133 1 .7 213 0 .8
00C

O 0 .4 133 i 0 .4 214 0 .3

89 0 .7 134 0 .3 215 0 .2

98 0 .4 139 0 .5 222 0 .5

99 0 .6 139i 1.2 223 0 .6

100 1 .8 140 6 .8 4 224 2 .9

1 00 | 0 .5 140i 6 .55 225 2 .1

101 0 .95 141 1 .5 226 3 .9

H I 0 .6 149 0 .5 227 0 , 8

m i 0.6 150 1 .7 237 1 .0

112 3 .6 151 2 .2 238 0 .5

112i 1.9 152 1.2 239 1.2



m/ e % of b a se
peak

240 0 .6

248 2 .6

249 3 .0

250 15.9

251 11.2

252 50 .5

253 100

254 2 0 .4

255 2 .4

265 0 .3

266 0 .5

267 1.1

268 0 .5

279 3 .0

280 1 .4

281 5 .9

282 1 .7

296. •1.3

297 4 .7

298 1.1

310 0 .7

311 3 ,3

312 4 4 .4

313 4 .76

314 1 .4
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The M ass Spectrum  of 2 -C arboxytrip tycene°®

m /e  % of b a se  m /e

39

peak

3 .1 88

41 3 .0 8 8 |

42 1 .3 89

43 1 .9 93

44 1.1 9 3 l

45 6 .7 94

46 1 .0 9 4 |

50 2 . 7 98

51 2 .2 99

55 1 .0 9 9 |

56 1 .1 100

57 1 .1

oo

58 1 .0 101

62 1.1 i o i l

63 3 .6 102

73 1; 1 102i

74 2 .6 105

75 3 .6 1051

76 1 .6 106

77 1 .6 106i

83 0 .4 107

83% 0 .3 1071

83% 0 .3 110

84 0 .3 111

86 0 .5 i i i l

87 1 .7 112

8 7 l 2 .8 1121

of b ase  
peak

m /e % of b a se  
peak

2 .6 113 17.5

0 .7 1131 4 .1

1.2 114 2 . 0

0 .4 1141 0 .5

0 .5 115 1.1

0 .7 117 0 .4

0 .5 1171 0 .5

1.2 118 0 .6

2 .4 1181 1 .5

0 .7 119 1.7

4 .0 1191 3 .8

0 .8 120 i . 4

2 .7 122 0 .8

0 .6 123 1.1

1.1 1231 0 .7

0 .5 124 4 .2

0 .4 1241 3.2

0 .7 125 8 .5

0 .6 1251 7.9

1.3 126 23 .6

0 .7 1261 7 .9

0 .4 127 4 .1

1 .0 1271 0 .8

1.6 128 0.9

1.2 133 0 .9

6 .6 1331 0 .3

C
O

* J—
1 1391 1.6
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m /e % of b a s e m/e % of ba se
peak peak

139^ i . 2 21570 1 .7

140 2 .7 222 2 .5

140i 1.2 223 2 .6

149 2 .5 224 1 0 .0

149i 0 .4 225 5 .5

150 5 .8 226 8 .7

151 6 .6 227 2 .6

152 3.5 236 2 .3

163 3 .0 237 3 .2

164 1 .3 238 1 .4

165 2 .6 239 5 .0

174 3.2 240 1 .8

175 3 .5 247 1.1

176 14.1 248 6 .8

177 11.1 249 6 .5

178 7.2 250 . 4 1 .3

179 1 .3 251 2 4 .0

187 2 .3 252 100

189 1.1 253 5 5 .4

198 1.6 254 5 2 .6

199 U 6 255 6 .4

200 4 .1 279 2 . 7

201 2 .0 280 0 .9

202 2 .1 281 1 .7

205 1.6 283 0 .8

211 2 .0 296 2 .6

212 1 .0 297 7 .8

213 4.2 298 80.2

214 1.5 299 2 0 .4

300 2 . 8
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The M ass Spectrum  of 9 ,9 ' -B itrip tycy l

m/e % of b ase m /e  % of b a s e m /e % of b a se
peak peak peak

31 1 .3 78 1.2 199 2 .2

32 1.2 79 1.1 199f 1 .4

36 2 .3 81 1.1 200 3 .2

37 0 .7 82 1.6 2 OOf 1.1

38 1.1 83 1.6 201 0 .9

39 • CO 84 1.2 204f 0 .7

41 4 .6 85 1.9 205 1.6

42 1.2 91 1 .4 205f 5 .1

43

CO• 92 0 .7 206 CO • -
j

45 2 .1 93 1.3 206f 3.1

51 1.9 97 1.7 207 1.9

53 1.1 98 1.1 211 3 .5

55 3.1 99 1 .3 2 1 l£ 2 .0

56 2 .3 103 0 .8 212 9 .2

57 5 .1 113 1 .3 212f 5 .2

58 0 .7 126 1 .3 213 8 .4

59 0 .7 165 2 .9 213f 4 .4

60 0 .9 175 2 .4 214 4 .8  .

67 1.2 175£ 1.2 2 1 4 | 1 .1

68 1.6 176 1.2 215 1.1

69 2 .4 177 0 .7 217f 0 .8

70 1.2 178 2 .0 218 0 .5

71 2 .5 179 2 .0 218f 0 .8

72 0 .7 187 1 .1 219 0 .5

73 1.1 193f 1 .8 223 o c 00

77 1 .7 194 0 .9 223f 0 .8
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m /e % of ba se  
peak

m/e % of b a se  
peak

m /e % o f  b a se  
peak

224 2 ,9 2 4 5 i 1 .7 303 0 .9

2 2 4 i 0 .9 246 0 .8 311 0 .8

225 2 .2 248 1.3 312 2 .1

2 2 5 | 0 .8 249 2 .9 313 1.6

226 1.2 2 4 9 | 1.9 314 0 .6

228 — 0 .8 250 11.1 315 0.6

2 2 9 j 1.3 250£ 3.2 326 3 .4

230 1.1 251 6 .6 327 3 .4

230^ 4 .7 2511 4 .3 328 2 .6

231 2 .8 252 4 5 .7 329 0 .7

231|- 2 .7 2521 6 .8 337 1.9

232 1.5 253 78 .7 338 0 .8

236 2 .6 2531 11 .4 339 5,6

236^ 2 .5 254 23 .6 340 2 .1

237 5 .0 255 5 .3 341 2 .1

2 3 7 i 3 .7 256 0 .7 342 0 .8

238 3 .7 263 1.9 350 3.2

2 3 8 | 1 .7 264 0.6 351 2 .3

239 4 .7 265 7.2 352 2.1

240 1 .7 266 2 .1 353 0 .8

241 1.1 274 0 .7 387 1.2

242 1.3 276 0 .7 388 0 .8

2 4 2 | 3.2 277 0 .7 389 0.6

243 2 .9 278 0.7 398 1 .4

243^ "4.2 289 1 .4 399 0.6

244 3 .7 290 0.6 400 1.6

244? 3.2 300 0.8 401 1.1

245 2 .9 302 0.9 402 0.6
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m /e % of base  
peak

m /e % of b a se  
peak

409 1.1 485 1 .3

411 4 .9 486 1 .3

412 3.1 487 3 .1

413 9 .3 488 2 .1

414 4 .5 489 3 .7

415 3 .2 490 2 . 4

416 0 .9 491 2 .3

424 4 .2 492 1 .4

425 3 .2 498 1.9

426 4 .6 499 1.9

427 7 .4 500 2 .0

428 5 .3 501 2 .3

429 7 .2 502 2 .1

430 2 .9 503 2 .8

450 1.1 504 3 .2

451 0 .8 505 7.5

461 1 .3 506 100

462 1.2 507 4 4 .2

463 2 .9 508 10.5

464 1 .9

465 2 . 0

466. 1 .1
474 2 .1

475 2 .1

476 2 .9

477 2 ,9

478 2 .3

479 1 .4



71
The M ass Spectrum  of 2 , 2*-D im e th y l-9 ,9*-B itrip tycy l

m /e % of b a se  
peak

m /e % of base  
peak

m /e % of b a se  
peak

43 2 .2 206 3 .5  ' 2 2 4 i 1.2

83 1 .4 2061 2 .0 225 1 .4

1261 0 .3 207 1.2 225^ 0 .7

16 l£ 0 .7 2071 0 .6 226? ° 1.1

1621 0 .6 211 1.5 2 2 6 | 0 .3

165 1 .3 2111 1 .4 228 1.2

175 1.5 212 6 .8 2281 0 .6

1751 0 .6 2121 4 .5 2291 1.2

178 2 .2 213 7.6 230 1 .3

179 2 .3 2131 3 .9 2301 3.2

180£ 0 .5 214 1.5 231 2 .8

18l£ 0 .4 2 1 4 i 0 .6 2 3 l ! 2 . 0

1 8 2 | 0 .6 216 1.1 232 1.1

1871 0 .5 2 1 7 i 1.5 2321 0 .8

192i 0 .6 218 1 .4 236 2 .7

193 1.2 218^ 1.8 2361 2 .7

1931 1 .4 219 1.9 237 6 .0

1941 0 .3 2 1 9 | 1 .4 2371 4 .3

199 1.5 220 2 .3 238 3 .8

1991 1 .0 2 2 0 i 2 . 0 2381 2 .3

200 2 .3 221 1 .8 239 3 .3

2 0 0 | 1.1 2 2 l i 0 .8 240 1.3

2041 0 .6 223^ 0 .5 2411 0.6

2051 4 .6 224 2 .3 242 1.2

[71] Peaks  a t  in tegra l  m /e  va lues  of in te n s i ty  l e s s  than  1% of the  base  

peak  have been  omit ted.
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m /e % of b ase  
peak

2 4 2 j 5 .0

243 6 .1

243£ 6 .8

244 6 .9

2 4 4 | 5 .0

245 C
O 00

2 4 5 | 1.5

248 1.2

2 4 8 | 1.1

249 5 .2

2 4 9 | 4 .1

250 7.9

250£ 5.1

251 7 .3

2 5 l£ 5 .9

252 30

2 5 2 | 3 .8

253 24

254 6 ,0

255 2 .9

2551 1.6

256 1 .7

2561 1.4

257 1.6

2571 1.3

258 1 .7

2581 2 .0

259 4 .7

2591 15

m /e  % of b a se

260

peak

6 . 2

2 60 ! 1 .4

263 3 .8

264 1 . 8

265 8 . 2

266 19

267 47

2671 9 .2

268 17

269 3 .4

276 1.3

277 1.3

278 1.2

279 5.2

280 1.5

303 1.1

326 2 .8

327 2.1

337 1.5

339 4.2

340 C
O

• ^
3

341 1.8

342 1.5

350 2 .3

351 2 .0

352 1.6

353 3.5

354 1.7

355 1.6

m /e % of b a se  
peak

366 1 .4

367 1 .3

400
j

1 .0

401 0 .9

411 1.5

413 2 .1

414 1.2

424 2 .9

425 3 .3

426 3.6

427 5 .2

428 2 .5

429 1.2

437 1,2

438 1.2

439 1.5

440 2 .2

441 4 .2

442 3 .1

443 2 .9

444 1 .0

455 1,1

456 1.1

457 2 .1

463 1 .0

474 1.1

475 1.3

476 1.2

477 1,5
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m/e % of b a se  
peak

478 1.1
479 1.0

487 1.4

488 1.2

489 1.6

490 1.2

491 1.4

498 1 .0

499 1.2

500 1.6

501 2 .3

502 2 .0

503 2 .9

504 2 .6

505 1.6

515 1.0

516 1.1

517 2 .3

518 2 .3

519 6.5

520 2 .8

532 1.2

533 4 .4

534 100

535 47

536 10

537 1.8
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72 73
The M ass Spectrum  of 2 / 2, -D ic h lo ro -9 ,9 '-b itr ip ty c y l *

m/e % of base m/e % of b a se m /e  % of b a se
peak peak peak

36 1 .4 1931 0 .5 2171 0 .5

38 0 .5 198 0 .4 218 0 .4

39 0 .5 1981 0 .4 2 1 8 1 0 .4

41 1 . 2 199 1 . 8 223 0 . 8

43 1 .4 1991 0 .5 2231 0 . 6

44 0 . 8 2 0 0 1 . 1 224 1 . 8

47 0 . 8 2 0 0 ! .0 .4 2241 0. 7

48 0 .5 2 0 1 0.5 225 0 .9

55 0 .9 2041 0 .4 2251 0 .3

57 0 .9 205 0 .4 226 0 .7

69 0 .5 2051 3 .0 229 0 .5

71 0 .5 206 1 .7 2291 1 . 2

149 0 .5 2 0 6 1 0 , 8 230 1 .3

161 %, 0 . 2 2 1 1 1 . 8 2301 2 . 6

162 0 .4 2 1 l ! 1 . 1 231 1 .7

I 6 2 V2, 0 .3 2 1 2 5 .5 2311 0 .9

166 1 . 1 2 1 2 ! 2 .9 232 0 .5

175 i .O 213 4 .2 235 0 .9

1751 0 .3 2131 1.5 2351 0 .9

178 0 .7 214 0 .5 236 3 .1

187 0 .3 2141 0 . 2 2361 2 .3

1871 0 . 2 216 0 . 2 237 4 .1

1921 0 .3 2 1 6 1 0 . 2 2371 2 .3

193 0 .3 217 0 . 2 238 1 . 8

[72] M a s s e s  of in tegral value  of le s s  than  0 . 5% of b a se  peak  in ten s i ty

have been  omit ted.

[73] Triply charged ions of low in tens i ty  (< 0 . 2 %) appear  a t  m /e 150-160
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m /e % of b a se  
peak

m/e % of b a se  
peak

m /e % of b a se  
peak

2381 0 .7 264 0 .5 337 1 .5

239 2 .1 265 0 .8 339 1 .0

240 0 .8 267 0 .3 340 1 .4

2 4 l l 0 .8 2 6 7 | 0 .2 348 0 .8

242 0 . 8 268 0 .3 350 1 .4

2421 4 .5 2681 0 .3 351 0 .8

243 4 .5 269 1.1 352 0 .5

2431 4 . 0 2691 10.9 360 0 .5

244 3 .7 270 5 .2  _ 362 0 .7

2441 3 .6 2701 4 .6 363 0 .5

245 0 .7 271 1.9 373 1 .4

248 1.9 2 7 l ! 0 .4 374 0 .9

2481 1 .2 275 0 .6 375 1 .0

249 5 .2 276 0 .6 376 0 .8

250 1 0 .0 286 7.2 377 0 .5

2 5 0 | 3 .6 287 7 .6 384 0 .5

251 6 .3 2871 0 .8 385 0 .6

2 5 l l 4 .3 288 6 .6 386 0 .7

252 3 0 .4 2881 0 .8 387

C
O•*

o

2521 3 .0 289 3 .7 398 0 .6

253 18.1 290 1.2 400 0 .6

254 2 .4 299 2 . 4 411 1 .3

260 0.2 300 0 .9 412 0 .8

2601 0.2 301 1 .0 413 1 .2

261 0 .5 324 0 .9 414 0 .5

2 6 l | 0 .3 325 0 .5 422 1 .3

262 0 .5 326 2 .3 423 0 .9

2621 0.2 327 1 .4 424 4 .3

263 1.3 335 0 .5 425 3 .7
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m /e % of ba se  
peak

m /e % of base  
peak

426 3 .9 502 3 .4

427 3 .1 503 7.2

428 1.3 504 10 .0

447 1 .0 505 3 .9

448 0 .7 506 1.1

449 0 .7 507 0.5

458 0.6 508 0 .5

459 0 .6 510 0.5

460 1.2 523 0 .7

461 2 .3 524 0.5

462 1 .8 537 1.3

463 1.5 538 2 .5

464 0 .8 539 5.6

472 0 .6 540 3 .7

474 0 .9 541 2 .1

475 1 .0 542 0 .9

476 0 .8 572 0.5

485 0 .7 573 1.9

487 1.5 574 100.0

488 1 .0 575 4 2 .7

489 0 .8 576 64 .2

495 0 .5 577 2 3 .8

496 1 .0 578 13 .0

497 1.3 579 4 .1

498 2 .3 580 0 .8

499 2 .3

500 2 .8

501 2 .8
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71The M a ss  Spectrum of 2 ,2 '  -D ica rb om eth ox y -9 ,9 '  -Bitr iptycyl

m /e % of ba se  
peak

m /e % of b a se  
peak

m /e % of b a se  
peak

12 1.8 56 5 .5 91 3 .8

14 2 .4 57 7.6 92 2 . 4

15 7.7 58 4 .6 93 3 .2

16 7.6 59 9 .4 94 1 .4

26 8 .0 60 3.5 95 1 .6

27 36.1 63 1.5 96 1.6

29 15.8 64 47 .9 97 1 .8

30 4 .0 65 3.2 98 2 .2

31 5.2 66 23 .6 100 1 .7

3 3 i 0.1 67 3.9 103 1 .4

34 3 .0 68 13.6 104 1 .3

35 2 .5 69 26 .8 105 1 .7

36 19.3 70 3 .4 107 1.2

37 1.5 71 2 .8 111 1.2

38 7.6 72 2.2 112 1.2

39 8.5 73 1.6 113 1.2

40 3.2 74 1.4 115 1.2

41 19.6 76 1.6 119 5 .1

42 12.0 77 4 .6 123 1 .3

43 31.5 78 3.5 12 Si- < 0 , 5

48 1.6 79 3.2 124 1 .4

50 3 .0 80 1.9 1 2 4 | < 0 . 5

51 5 .4 81 3 .8 125 1 .8

52 3.2 82 2 .4 125i 0 .6

53 2 .4 83 2 .8 126 2 . 0

54 2 .8 84 1.3 126i < 0 . 5

55 12.0 85 1.4 129 1.2
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m /e % of ba se  
peak

m /e % of ba se  
peak

m /e % of b a se  
peak

131 5 .7 187 1.1 224 3 .0

141 3 .5 1921 0 .8 2241 1.2

150 6 .4 193 1 .8 225 1 .4

151% < 0 .3 1931 0 .8 2251 0 .5

153% < 0 .3 198 1 .0 226 2 .5

153% < 0 .3 1981 0 .7 2261 0 .8

155 1 .4 199 2 .5 227 1.6

156% < 0 . 3 1 9 9 | 0 .9 2271 0 .7

157% < 0 .3 200 2 . 0 2281 0 .6

157% < 0 . 3 2041 1 .3 2291 2 .4

161 1.2 205 2 . 0 230 2 .2

161% < 0 .3 2051 5 .7 2301 5 .7

1612/3 0 .6 206 3 .5 231 3 .9

162 1 .4 2061 1.2 2311 1 .4

162% 0.5 207 1 .0 234 - i-,3

162% 0.5 2101 < 0 . 3 2341 0 .7

164% < 0 .3 211 3 .2 235 i - 7
164% < 0 .3 2111 2 .2 2351 0 .8

165 2 .4 212 11.7 236 6 .7

165% 0.5 2121 14.8 2361 4 .7

165% < 0 .3 213 5 .3 237 8 .7

166 1.2 2131 1 .7 ' 2371 4 .7

166% < 0 .3 2171 0 .9 238 3 .3

166% < 0 . 3 218 1 .0 2381 1.2

167 1.2 2181 0 .7 239 2 .8

1681 < 0 .3 219 1 .4 240 1 .4

169 3.2 2191 < 0 . 3 2401 0 .7

178 1.3 223 1 .4 2411 2 . 4

181 3 .8 2231 < 0 .3 242 2 .2



161

m /e % of  base  
peak

2 4 2 i 12.6

243 12.6

2431 11 .4

244 7.6

2441 2 .4

245 1 .7

2451 0 .6

2461 < 0 .5

2471 < 0 .5

248 4 .4

2481 2 .8

249 11.0

2491 7 .0

250 2 0 .5

25 0 l 6 .9

251 16.8

2511 4 .1

252 41 .6

2521. 0 .8

253 25 .1

254 5 .1

255 1.6

2551 0 .8

256 1.5

2561 0 .8

2571 0 .9

2581 < 0 .5

263 2 .4

2631 < 0 .3

m/e % of b a se  
peak

264 2 . 0

2641 0 .8

265 4 . 4

2651 1 .8

266 2 .2

2661 < 0 . 3

267 3 .5

273 1.2

2731 < 0 . 5

279 2 0 .5

2791 2 .8

280 16 .0

2801 3 .2

281 4 .2

2811 < 0 .5

2861 < 0 . 5

295 5 .6

2951 3 .8

296 2 .8

297 2 .2

299 1 .3

300 1.2

310 11 .0

311 8 .9

312 7 .2

313 2 . 4

323 2 . 0

324 1 .8

325 1 .4

m/e % of base  
peak

326 4 .5

327 2 .6

337 3 .2

338 1 .7

339 5 . 7

340 2 .2

350 2 .8

351 1 ,8

376 1.3

377 1.6

387 1.6

397 1.6

398 1 .8

399 1.1

400 1.6

411 2 .3

413 2 .6

414 1.5

422 2 .5

423 2 .2

424 11.9

425 12.8

426 13.8

427 9 .7

428 3 .4

436 1 , 0

437 1 .0

448 1 .3

450 1.2
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m /e % of ba se  
peak

m /e % of b a se  
peak

m /e % of b a se  
peak

453 1 ,7 502 15.8 590 6 .5

454 1.2 503 19.8 591 12 .8

455 1 .3 504 15.1 592 6 . 0

459 1.2 505 5 .4 593 2 . 0

461 2 .8 506 1.1 607 1 ,3

462 2 .6 513 1.6 621 1 .4

463 2 .2 514 1.1 622 100

464 1.2 529 2 ,6 623 4 8 .0

470 • CO 530 5 .4 624 12.3

471 2 . 0 531 8 .8 625 2 .4

472 2 .4 532 5 .4

473 1.8 533 1.5

474 4 .7 534 1,2

475 4 .7 535 1.1

476 3.2 545 1.7

477 1.8 546 1.6

484 2 .5 547 4 .2

485 7.9 548 2 .8

486 4 .7 549 1.2

487 5 .0 558 1.6

488 5 .9 559 1.3

489 3.2 560 1.3

490 1 .3 561 5 .1

496 1.6 562 16.4

497 1.3 563 12.1

498 6 .1 564 4 .7  4

499 7.1 565 1 .4

500 1 0 .4 575 1 .4

501 15.2 589 3 .0



D isc u ss io n
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S yn theses of 9 ,9 1-B lan th rv ls

Of th e  a v a ila b le  rou tes to  in v e s tig a te  re s tr ic te d  ro ta tio n  in  the  

b itrip tycy l sy s tem , th e  add ition  o f benzyne to  an o p tic a lly  a c tiv e  9 ,9 ' -  

b ian th ry l w as c h o sen  for in v e s tig a tio n ,

Prior to  th is  in v e s tig a tio n  th e re  w as only one p rev iously  known
q o

o p tic a lly  a c tiv e  9 , 9 ' -b ia n th ry l, 3 , 3 ' -d ic a rb o x y -9 ,9 1 -b ia n th ry l. This

compound had  been  ob ta in ed  by chrom ic ac id  ox idation  of 3 ,3 ' -d im e th y l-

9 ,9 1 -b ia n th ry l. In our h a n d s , a ttem p ts to  rep e a t th is  ox idation  fa ile d .

Sim ilarly , th e  ox idation  of th e  p rev io u sly  unknown 2 , 2 '-d im e th y l-9 ,9 '-

b ian th ry l w ith  chrom ic ac id  fa iled  to  g ive  th$  correspond ing  d ica rboxy lic

a c id . In s te a d , 2 -m ethy lan th raqu inone w as o b ta in ed . The o x ida tion  of th e

m ethy lnaph thalenes and 2 -m eth y lan th racen e  w ith  p o tassiu m  dichrom ate

under au togen ic  p re s su re s  a t h igh  tem pera tu res to  th e  corresponding

51carboxy lic  a c id s  h as  been  repo rted . Our a ttem pts to  ox id ize  2 ,2 '-d im e th y l-

9 ,9 ' -b ian th ry l under th e s e  cond itions did not g ive  th e  d e s ire d  2 , 2 '-d ica rb o x y -
%

9 , 9 '-b ia n th ry l, but gave  in s te a d  recovered  s ta rtin g  m ateria l to g e th e r w ith  a 

sm all am ount of 2 -ca rboxyan th raqu inone .

S ince th e  o x ida tion  of 3 , 3 ' -d im e th y l-  and 2 , 2 '-d im e th y l-9 ,9 ' -  

b ian th ry l d id  not y ie ld  th e  d e s ire d  correspond ing  a c id s , w e a ttem pted  to  

sy n th e s iz e  2 ,2 '-d ic a rb o x y -9 ,9 '-b ia n th ry l  through th e  co rresponding  

h a logen  su b s titu te d  9 , 9 ' -b ian th ry ls . Both 2 ,2 ' -d ib ro m o -9 ,9 ' -b ian th ry l and 

2 ,2 '-d ic h lo ro -9 ,9 ' -b ian th ry l w ere converted  w ith  cuprous cy an ide  to  

2 ,2 '-d ic y a n o -9 , 9 ' -b ia n th ry l. U sing a  m olar ra tio  of CuCN to  2 ,2 '-  

d ic h lo ro -9 ,9 '-b ia n th ry l of 2 : 1  and a sho rt reac tio n  tim e, both
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2 ,2 ’-d ic y a n o -9 ,9 1-b ian th ry l and  2 -c h lo ro -2 '- c y a n o -9 ,9 '-b ian th ry l w ere 

o b ta in ed . T hese w ere se p a ra te d  by colum n chrom atography.

The sy n th e s is  of 2 -c h lo ro -2 '- c y a n o -9 ,9' -b ian th ry l p rov ides the  

f ir s t  reported  c a se  of an unsym m etrica lly  su b s titu te d  9 , 9 ' -b ia n th ry l. A 

m odification  of the  m ethod, e fg . , a  low er ra tio  of CuCN to  sym m etrically  

su b s titu te d  dibrom o- or d ic h lo ro -9 , 9 ' -b ia n th ry l cou ld  provide a g en era l 

sy n th e tic  m ethod for the  p repara tion  of unsym m etrica lly  su b s titu ted  

9,9* -b ian th ry l s .

The m ost e ff ic ie n t pa th  to  the  sy n th e s is  of 2 ,2 '-d ic y a n o -  

9 ,9 '-b ia n th ry l tu rned  out to  be through th e  ch lo rine  d e riv a tiv e s  (see  

schem e I on p 166) s in c e  o -(p -ch lo ro b en zo y l)b en zo ic  a c id  w as com ­

m ercia lly  a v a ila b le  and the  red u c tio n  to  p -(p -ch lo ro b en zy l)b en zo ic  a c id  

p roceeded  in  one s te p  w ith  good y ie ld . The corresponding 

o -(p -b rom obenzoy l)benzo ic  a c id  w as no t com m ercially  a v a ila b le , and

the red u c tio n  to  o -(p -b rom obenzy l)benzo lc  a c id  req u ire s  two s te p s  and

74le a d s  to  a com paratively  poor o vera ll y ie ld .

H ydro lysis of 2 , 2 ' -d ic y a n o -9 , 9 ' -b ian th ry l gave 2 ,2 '-d ic a rb o x y -  

9 ,9 '-b ia n th ry l .  R eso lu tion  w ith  qu in id ine  gave (+) and ( - ) - 2 , 2 '-d ic a rb o x y -  

9 ,9 '-b ia n th ry l .  (+) and ( - ) - 2 , 2 '-D ica rb o m e th o x y -9 ,9 '-b ian th ry l w ere 

ob ta ined  by e s te r if ic a tio n  of th e  co rrespond ing  d iac id s  w ith  d iazo m e th an e .

[7 4 ]  I t h as  been  repo rted  (ref 39) th a t the  red u c tio n  of o-(p-brom obenzoyl) 

ben zo ic  ac id  w ith  z in c  in  NH4 OH is  accom panied  by debrom ination .
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Scheme I. Syntheses o£ 2 ,2,-D isu b s titu ted -9 -9 '-b ian th ry ls

X = CH3, Br

+

l a , c

A1C13

Zn, NH4OH

COOH

la X = CHi

b X = B r

c X = Cl

K H

X .Pt
COOH

2 a X = CH;

b X = B r

c X = Cl

l b  Zn, HC1 h, P

Br
>  2 b
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2 a ,b » c
H2 S04

3a

b

c

X = CH3  

X = B r 

X = Cl

3 a ,b ,c

A1 (Hg)

OH

4a X = CH3

b X = B r

c X = Cl

3 a, c

4 a, b, c

. Zn. HC1

X = CH35a

b X = B r

c X = Cl



ZNZ HO

-HO

<?H

<— FEW”
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R acem ization  of 2 ,2 '-D ic a rb o m e th o x y -9 ,9 '-b ia n th ry l

If one a ssu m es a p lan ar tra n s it io n  s ta te ,  th e  racem iza tio n  of a

9 , 9 '-b ian th ry l w ould invo lve  tw o b en zo -b en zo  in te ra c tio n s . One may
1

a ls o  e n v isag e  a n o n -p lan a r tra n s it io n  s ta te  in  w hich  th e  9 , 9 ' -bond  is  b e n t,

i . e . , a  reh y b rid iza tio n  of th e  9 -ca rb o n  atom  h as occurred  (se e  p 6 ) . This

w ould requ ire  only one b e n zo -b en z o  in te ra c tio n  for ra c e m iz a tio n . Such a

no n -p lan a r tra n s itio n  s ta te  w ould probably  le a d  to  a reduced  s te r ic  in te r -  

75a c tio n . H ow ever, a b en t tra n s itio n  s ta te  im p lies l e s s  con jugation

a c ro ss  the 9 , 9 ' -b o n d . This w ould re s u l t  in  in c re a s in g  the energy  of th e

tra n s itio n  s ta te .  In a d d itio n , a b en t tra n s itio n  s ta te  req u ire s  a  change

of h yb rid iza tion  of the  p ivo ta l carbon atom  from sp 2  tow ards sp 3. This

w ould reduce  the  it overlap  in  the o rig ina l an th racy l r in g . H ence a lo s s

of re so n an ce  energy  and an in c re a se  of tra n s itio n  s ta te  energy .

W hatever the  e x a c t na tu re  of th e  tra n s it io n  s ta te  may b e , the

ground s ta te  s tra in  energy  of a  9 ,9 '-b ia n th ry l  m ust be co n sid erab ly  low er

th an  th a t  of the  b ridged  1 , l '-b in a p h th y l  (XXV) (p 16). One can  therefo re

p red ic t a b a rrie r of a t l e a s t  29 kcal m ole - 1  b ased  upon one b en zo -b en zo

in te rac tio n  (se e  pp 16 -18 ).

In our h a n d s , o p tic a lly  ac tiv e  2 , 2 ' -d ic a rb o x y -9 ,9 '-b ia n th ry l  w as

s ta b le  to  racem iza tio n  upon re c ry s ta l l iz a tio n  from g la c ia l a c e tic  a c id . In

ad d itio n , i t  is  c la im ed  th a t  3 , 3 '-d ic a rb o x y -9 ,9 '-b ia n th ry l  does not

36rac e  mi ze in  bo iling  to lu en e  for 2  h r.

[75 ] An exam ination  of D reiding m odels re v e a ls  th a t  the  b en zo -b en zo  in te r 

a c tio n s  in  the  p lan ar and b en t tra n s itio n  s ta te s  are  no t th e  sam e.



170

W e attem pted  to  m easure the  racem iza tio n  energy  of o p tic a lly

a c tiv e  2 ,2 , -d ic a rb o m e th o x y -9 ,9 '-b ia n th ry l. N itrogen w as bubbled

through a so lu tio n  of ( - ) -2 ,2 '-d ic a rb o m e th o x y -9 ,9 '-b ia n th ry l  in

dim ethyl p h th a la te , in  an  am poule, in  o rder to  exclude  d isso lv e d  oxygen.

The am poule w as th en  s e a le d  and  h ea ted  a t  2 2 0 ° .  No racem iza tio n  w as

76o bserved  a fte r 6  h r . Assum ing a p reex p o n en tia l Arrhenius fac to r "A"

77of 101 2  and an  error in  polarim etry  of 1%, E „ _  is  e s tim a ted  to  be a t
i a C

l e a s t  42 k ca l m ole-1 .

W hen oxygen in s te a d  of n itrogen  w as p a sse d  through the  so lu tio n , 

prior to  se a lin g , 12% racem iza tio n  w as observed  a fte r heating  for 2 h r. The 

e ffe c t of oxygen w as more d ram atic  w hen the  so lv en t w as changed  to 

trig lym e. W ith  prelim inary  n itrogen  p a s s a g e , 4% racem iza tio n  occurred  

a fte r  hea ting  for 1 .5  h r. In the p resen ce  of oxygen, 72% racem iza tio n  w as 

observed  a fte r h ea tin g  for th e  sam e period  of t im e . In a ll c a s e s , the  nmr 

and ir  sp e c tra  w ere  id e n tic a l before  and a fte r h e a tin g .

It th u s ap p ea rs  th a t oxygen c a ta ly z e s  the racem iza tio n  of 2 , 2 '-  

d ica rb o m e th o x y -9 ,9 '-b ia n th ry l. Such an  e ffe c t of oxygen in  the  racem iza ­

tion  of b ipheny ls and b inaph thy ls h as no t been  p rev iously  rep o rted .

The 9 , 9 ' -b ian th ry l sy s tem  d iffers  from other su ch  b iary l sy s tem s 

in  th a t the  9 ,1 0 -p o s it io n s  are  much more re a c tiv e . Oxygen could

[7 6 ]  See p 10, re f  23 , for ty p ic a l "A" v a lu e s  commonly encoun tered  in  the 

racem iza tio n  of b ipheny ls and b in ap h th y ls .

[7 7 ] See p 119 for erro rs invo lved  in  po larim etry .
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in te ra c t rev e rs ib ly  w ith  the  9 ,1 0 -p o s it io n s  of a  9 , 9 ' -b ian th ry l changing 

the hyb rid iza tion  of th e  p ivo ta l carbon and therefo re  reducing  the  barrie r 

to  rac em iza tio n .

Form ation of a  9 ,10 -endoperox ide  in te rm ed iate  su ch  a s  XLII cou ld  

accoun t for th e  racem iza tio n  of 2 ,2 '-d ic a rb o m e th o x y -9 ,9 '-b ia n th ry l. 

This in te rm ed ia te  re sem b les  th e  m ono-adduct (XXVTII) (p 23) formed

,0 O o
£ 5

X = COOCH

XLII

from th e  add ition  of benzyne to  a 2 ,2 , - d is u b s t i tu te d -9 ,9 l -b ia n th ry l.

The tran san n u la r peroxide (XLII), like  the  benzyne m ono-adduct (XXVIII), 

w ould have only one b e n zo -b en z o  in te ra c tio n  in  the  tra n s itio n  s ta te  to  

ro ta tio n .

Using the e s tim a ted  va lue  for a b en zo -b en zo  in te rac tio n  of 29 kcal

m ole ” 1 (pp 17 ,18) and a p re -ex p o n en tia l Arrhenius fac to r "A" of 1011-  

76101 3 the  in te rm e d ia te , XLII, w ould be ex p ec ted  to  racem ize  a t  220° 

w ith  a  h a lf - l ife  of racem iza tio n  of a t m ost 35 s e c .

Endoperoxides of su b s titu te d  a n th racen es  are  know n. H ow ever,
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78 79 80th e se  are produced pho tochem ically . ' ' R ecen tly , su ch  en d o -

81
perox ides w ere ob ta ined  by the  ad d itio n  of e x te rn a lly  (chem ically  or 

82e le c tr ic a lly  ) produced s in g le t oxygen m o lecu le s . H ence , i t  has been

su g g e s te d  th a t even  in  pho tochem ical o x ida tions the rea c tin g  in te r -

83m ediate  i s  s in g le t oxygen. Photochem ical s tu d ie s  a ls o  in d ic a te  th a t 

a n th ra ce n es  ac tin g  a s  s e n s it iz e rs  e x c ite  oxygen to  the  s in g le t s ta te  

w h ich  th en  r e a c ts  w ith  ground s ta te  an th racene  to  form the en d o p ero x id e . 

In  c o n tra s t , the b ian th ry l system  appears  to  be r e s is ta n t  to  photo­

o x id a tio n . T hus, no endoperoxide of 9 ,9 '-b ia n th ry l and  1 0 , 1 0 ' -

85
d ip h e n y l-9 ,9 '-b ia n th ry l w as ob tained  under illum ina tion  w ith  su n lig h t.

[7 8 ]  W . Bergmann and M .J . M cL ean, Chem . R ev. , 2 8 , 367 (1941).

[7 9 ]  K. G o lln ick  and G .O . Schenck in  "O rganic  R e a c tio n s ,"  V o l.8 ,

J. Hammer, e d . , Academ ic P re s s , New York, N .Y ., 1967, 

ch ap ter 1 0 .

[8 0 ] E .J . Bowen in  "A dvances in  Photochem istry" V o l . l ,  W .A . N oyes, 

G .S . Hammond and J .N . P i t t s , J r . , e d . , In te rsc ie n c e  P u b lish e rs , 

I n c . ,  New York, N .Y ., 1963, p 23.

[8 1 ] C .S . Foote and S. W exler J\, Am. C hem . S o c . ,  8 6 ,̂ 3879 (1964).

[8 2 ] E .J . C orey and W .C . T aylor, i b id . ,  8 6 , 3881 (1964).

[8 3 ] C .S . Foote and S. W ex ler, ib id . . 8 6 ^ 3880 (1964).

[ 8 4 ]  T. W ilso n , i b i d . ,  8 8 , 2898 (1966).

[ 8 5 ]  C . D u fra is se , L . V ellus and L. V ellu s , B u ll. S oc . C him . F ra n c e , 

5., 600 (1938).
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W ith  e x c lu s io n  of l ig h t ,  no oxygen add ition  to  an th racen e  or

869 , 10 -d ipheny lan th racene  w as observed  for 6  y r s ,  a lthough  Corey

and Taylor rep o rted  form ation of a trac e  am ount of an  endoperoxide by

82the add ition  of oxygen to  an th racen e  in  the  dark .

If  indeed  tra c e s  of th e  endoperox ide , XLII, had  form ed, in  order 

to  acco u n t for the  e x ten s iv e  racem iza tio n  in  triglym e (72%), th e  for­

m ation of su ch  an in te rm ed ia te  w ould have to  be r e v e r s ib le . Endo- 

p erox ides of a n th ra c e n e s , in  varying d e g re e s , l ib e ra te  oxygen upon 

hea ting  to  reg e n e ra te  the p a ren t a n th ra c e n e . The e x te n t of oxygen 

evo lu tion  g en era lly  depends on th e  num ber and type of 9 ,1 0 - s u b -

s t i tu e n ts ,  a ry l su b s titu e n ts  being  more e ffe c tiv e  th an  a lky l 

78 79s u b s ti tu e n ts . ‘ In th e  c a s e s  w here oxygen evo lu tio n  w ith

reg en era tio n  of the  paren t hydrocarbons is  d im in ish ed , o ther

com petitive  ra d ic a l r e a c t io n s , in it ia te d  by O -  O bond c le a v a g e , and

87lead in g  to  a  v a rie ty  of p ro d u c ts , a re  o b se rv ed .

A lterna te ly , add ition  of ground s ta te  tr ip le t  oxygen to  2 , 2 '-  

d ica rb o m e th o x y -9 ,9 '-b ian th ry l could g ive  th e  d irad ica l XLIIIa ( t r ip le t ,  

due to  sp in  c o n se rv a tio n ). The unpaired  e le c tro n  on th e  b e n zy lic  

carbon atom  w ould be s ta b iliz e d  through d e lo c a liz a tio n  by the two

[ 8 6 ] C , D u fra is se , J .L . Bras and A. A lla is , C om pt. R end. , 388 

(1943).

[ 8 7 ]  P .F . Southern and W . A. W a te rs , J. C hem . S o c . ,  4340 (1960).



X = COOCHg

XLIIIa

a d ja c e n t phenyl r in g s . H ence , th a t portion of th e  m olecule w ould tend  

tow ards p la n a rity . The m olecule m ight, how ever, d is to r t  to  e ffe c t 

rac em iza tio n . A n o n -p lan a r conform ation such  a s  XLIVb w ould have 

som ew hat d im in ish ed 're so n an ce  energy bu t a ls o  only one b en zo -b en zo  

in te ra c tio n  in  the  tra n s itio n  s ta te  to  ro ta tio n . Therefore lik e  XLII 

(p 171) i t  w ould be ex p ec ted  to  racem ize  a t  2 2 0 ° .

X

X = c o o c h 3

XLIIIb
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In a s im ila r fash io n  the  ad d itio n  of tr ip le t  oxygen a t  the  10-carbon 

w ould g ive XLIV. This in te rm edfate  w ould a lso  be ex p ec ted  to  racem ize  

a t  2 2 0 ° . p>*< *
o

X
X = c o o c h 3

XLIV

An in te rm ed ia te  such  as XLV, s im ila r to  XLIII, bu t in  the  s in g le t 

s ta te ,  h as  been  proposed a s  an  a lte rn a tiv e  to  the  s in g le t oxygen 

m echanism  for the  pho toox idation  of p o ly acen es ( e . g . , an th racen e).

XLV

It w as proposed  to  a r is e  from the tr ip le t s ta te  of a  po lyacene  and ground

s ta te  oxygen . H ow ever, there  is  no d ire c t ev idence  for th e  e x is te n c e

84of su ch  an  in te rm ed ia te . Furtherm ore, contrary  to  w hat one might
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e x p e c t , the k in e tic s  of pho toox ida tion  requ ire  th a t  ano ther po lyacene

m olecule re a c t  w ith  XLV to  form the  en d o p ero x id e , ra th e r  th an  have i t

88ring  c lo se  d ire c tly .

In order to  form XLII from XLIII, a t r ip le t - s in g le t  sp in  co n v ersio n  

would be req u ire d . In  view  of th e  known in s ta b i l i ty  of su ch  tran san n u la r  

perox ides a t  h igh  tem pera tu res and in  p a rtic u la r  the  fa c t th a t 9 , 9 '-  

b ian th ry l and 1 0 ,1 0 '-d ip h e n y l-9 , 9 ' -b ian th ry l do not form perox ides a t 

l e a s t  under th e  repo rted  c o n d itio n s , th e  form ation of th e  9 ,1 0 -  

en d o p ero x id e , XLII i s  a t  p re se n t only co n je c tu re .

S yn theses and  P roperties  of 9 .9 '-B itr ip ty c y ls  and T rip tvcenes

6  3B artle tt and G re e n e , in  the co u rse  of styd ing  the  therm al d e ­

com position  of d itrip to y l p e ro x id e , is o la te d  a sm all am ount of a  h ig h - 

m elting h igh ly  in so lu b le  so lid , "com pound X ," w hich  th ey  su g g ested  

might be b itr ip ty c y l. We have sy n th e s iz e d  9 ,9 '-b i t r ip ty c y l  by the

ad d itio n  of benzyne  to  9 , 9 ' -b ia n th ry l. Benzyne w as g en e ra ted  from

56
th ree  d iffe ren t so u rces : ( 1 ) d ia z o tiz a tio n  of a n th ra n ilic  ac id

(2 ) deh a lo g en a tio n  of o -brom ofluorobenzene w ith  m agnesium 6 4 9 and

65(3) decom position  of 1 , 1 —d io x o - 1 , 2 , 3 -b e n z o th ia d ia z o le .

9 ,9 -B itrip tycy l w as ob ta ined  m ost co n v en ien tly  and in  b e s t  y ie ld s  by 

using  the  a n th ra n ilic  ac id  m ethod.

The proof of stru c tu re  of b itrip ty cy l is  b a se d  on th e  follow ing 

f a c ts .  C arbon and hydrogen a n a ly s is  is  c o n s is te n t w ith  the  form ula

[ 8 8 ] For a c r it ic a l  d is c u s s io n  se e  re f  83.
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CUoHze . The m ass spectrum  show s a b a se  peak  a t  m /e  506 (m olecu lar 

io n ) , a  strong  peak  a t  m /e  253 and a m etas tab le  ion  a t  approxim ately  

m /e  127 in d ica tin g  a  c leav ag e  of the  9 , 9 ' -bond  of th e  m olecular ion  to  

g ive form ally a trip ty cy l io n . The p resen ce  of 2 5 3 i peak in d ic a te s  th a t 

the  253 peak i s  a ls o  due in  p a rt to  the  doubly  charged  m olecular io n .

The in frared  spectrum  is  re la tiv e ly  sim ple and  ag re es  w ith  the  p ub lished  

spectrum  of B artle tt and G reene for "com pound X ." The u ltra v io le t 

spectrum  com pares favorab ly  w ith  the  u ltra v io le t spectrum  of tr ip ty c e n e .

Each of th e  2 ,2 ' -d is u b s t i tu te d -9 ,9 ' -b itr ip ty c y ls  w as sy n th e s ize d  

by the ad d itio n  of b en zy n e , g en era ted  from an th ra n ilic  a c id , to  th e  cor­

respond ing  2 , 2 ' -d is u b s t i tu te d -9 , 9 ' -b ian th ry l (se e  schem e II ) , e x ce p t for 

the  c a s e  of 2 , 2 ' -d ic a rb o x y -9 ,9 '-b itr ip ty c y l w hich  w as ob ta ined  from the  

h yd ro ly sis  o f the  correspond ing  m ethyl e s te r .

Scheme II. S yn theses of 9 ,9 '-B itr ip ty c y ls

OIOIQ

OIOIQ
X =  H, M e, C l, COOMe

□
□ □
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Although the  p roducts w ere ob ta ined  In low  y ie ld s , th e ir  iso la tio n  

w as g rea tly  fa c ili ta te d  by th e ir  extrem e in so lu b il i tie s  in  the  common 

organ ic  so lv e n ts . The s tru c tu re  proof of the  su b s titu te d  9 , 9 ' -b itr ip ty c y ls  

is  b a sed  on s im ila r d a ta  and argum ents p resen ted  for the  stru c tu re  proof 

of the  p aren t hydrocarbon , 9 , 9 ' -b itr ip ty c y l. E lem ental a n a ly se s  ag ree  

w ith  th e ir  re sp e c tiv e  m olecu lar fo rm ulas. The m ass sp e c tra  e s ta b l is h  

th e  m olecular w eigh ts  and th e  fragm entation  p a tte rn s  are  c o n s is te n t w ith  

su ch  s tru c tu re s  (se e  p 181 for d isc u ss io n  of m ass sp e c tra ). In tense  

p eak s of m /e  P-X and P - 2 X, w here P is  the  parent; ion (m olecular ion) 

and X is  th e  s u b s ti tu e n t, id en tify  the  su b s titu e n ts  p re se n t. The in frared  

sp ec tra  are  c o n s is te n t w ith  the  p o s tu la te d  s tru c tu re s  and serve  a ls o  to  

id en tify  the  s u b s ti tu e n ts . The u ltra v io le t da ta  for 9 , 9 ' -b itr ip ty c y l,

2 , 2 ' - d is u b s t i tu te d -9 ,9 '-b i tr ip ty c y ls  and the corresponding tr ip ty cen es  

are  p resen ted  for com parison in  Table II. As w ould be a n tic ip a te d , there  

is  g en era lly  a very  c lo se  correspondence  in  p o s itio n  of ab so rp tion  

betw een  th e  b itr ip ty cy ls  and  the  corresponding  tr ip ty c e n e s . U nexpect­

e d ly , a number of the  correspond ing  abso rp tion  bands of the b itrip ty cy ls  

and  corresponding tr ip ty c e n e s  show very s im ila r ab so rp tio n  c o e ff ic ie n ts . 

A p rio ri, the  ab so rp tion  c o e ff ic ien ts  of b itr ip ty cy ls  would be ex p ec ted  

to  be tw ice  those  of the  corresponding  tr ip ty c e n e s .
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Table II . U ltrav io le t D ata  for 9 ,9 ’ -B itrip ty cy ls  and
" QQ

the C orresponding T rip tycenes

Triptycene 
X max(mji)

279
271
265 (sh)

log  c

3 .6 7
3 .5 5
3 .32

2 -  M ethy ltrip ty  cene 
X max (mfx) log  €

283
280
273
266 (sh)

3 .6 3
3 .6 4  
3 .5 6  
3 .2 8

2 -  C h lo ro trip tycene  
X max (mix ) log e

285
278
271

3 .5 0
3 .6 1
3 .49

9 , 9 '-B itrip tycy l 
Xma?<mIX) log  c

280
272
266 (sh)

3 .6 9
3 .6 3
3 ,3 8

2 ,2 ' -D im e th y l-9 ,9 ' -b itr ip ty cy l 
X m ax (mix) log  c

284
280
273
266 (sh)

3 .5 7
3 .6 5
3 .62
3 ,3 9

2 ,2 ' -D ic h lo ro -9 ,9 ' -b itr ip ty cy l 
X m ax(m jl) lo g  c

287
280
272

3 .4 5
3 .6 3
3 .5 5

2 -  C arbom ethoxytrip tycene 
X max (m (X) log c

293
283 (sh) 
265

3 .46

3 .86

2 ,2 ' -D ica rb o m eth o x y -9 ,9 ' -b itr ip ty c y l 
X max (m/x) log  €

292 3 .4 6
280 (sh)
264 4 .1 4

2 -  C arboxy trip tycene  
X max (mix) log c

291
275 (sh) 
263

3 .4 3
3 .6 3
3 .86

2 ,2 ' -D ic a rb o x y -9 ,9 ' -b itr ip ty c y l 
X max (mix ) log  e

290
278 (sh) 
263

3 .4 7
3 .7 8
4 .1 3

[8 9 ] The u ltra v io le t sp e c tra  of tr ip ty c e n e , 9 , 9 ' -b itr ip ty c y l and th e ir  

carboxy d e riv a tiv e s  w ere tak en  in  d io x a n e . All o thers w ere tak en  in  

C hloroform .
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T rip tycene d e riv a tiv e s  co rresponding  to  the  9 , 9 ' -b itr ip ty c y l 

d e riv a tiv e s  w ere sy n th e s iz e d  in  order to  com pare p h y s ic a l d a ta .  The 

sy n th e tic  ro u te s  are  ou tlined  in  schem e III.

Scheme III. Syntheses o£ T rip tycenes

+

1  a 

b

X

X = CH3  

X = Cl
2 a  X = CH3

b X = Cl

c X = COOCH3

d X = COOH

X = COOCH3

h 2o
-z ->  2 d

OH'
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Addition of 2 , 3 -naphthyne (from 2 -am in o -3 -n ap h th o ic  ac id  and 

n -b u ty l n itrite ) to  9 ,9 '-r b ian th ry l y ie ld ed  not only the  d i-a d d u c t, 

2 ,3 ,2 ' , 3 ' -d ib e n z o -9 , 9 ' -b itr ip ty c y l (XLV), bu t a ls o  th e  m ono-adduct, 

9 -( 9 -a n th ra cy l)-2 ,3 -b en z o tr ip ty ce n e  (XLVI).

OIQ Q
+

XLV

XLVI

In add ition  to  conform ation XLVI, the  m ono-adduct can  e x is t  in 

ano ther conform ation , XLVII. The in it ia l  a tta c k  of naphthyne on 

9 ,9 '-b ian th ry l should  produce only XLVI (or i ts  enan tiom er).
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XLVTI

If the  second  m olecule of naphthyne adds before ro ta tio n  can  o ccu r, 

i . e . , th e  in te rco n v ers io n  of isom ers XLVI and XLVII, then  only one 

d ib e n z o -9 ,9 '-b itr ip ty c y l (sy n -sk ew ) w ould be o b ta in ed . The assum ption  

here is  th a t th e  second  naphthyne m olecule adds from the m ost favored 

d irec tio n  (se e  p 26 ), i . e . , in  the  d irec tio n  w hich  b is e c ts  the  ang le  

formed by the  naphtho and benzo  g ro u p s .

W hether isom er XLVII i s  ob ta ined  or no t depends on the  b a rrie r to  

ro ta tio n  in  XLVI. This barrie r is  due to  one b en zo -b en zo  in te ra c tio n .

The re a c tiv ity  of XLVII tow ards a na th thyne m olecule should  be 

sim ilar to  th a t of the  benzyne m ono-adduct XXVIII (P 23) as fa r as th e  le a s t  

h indered  d irec tio n  of a tta c k  i s  concerned . H ow ever, XLVI w ould probably 

be le s s  re a c tiv e  s in ce  the  favored d irec tio n  of add ition  w ould be more 

crow ded b e ca u se  a benzo  group is  rep la ce d  by the  bu lk ie r naphtho  group. 

T hus, the  fa c t th a t a m ixture of the  m ono-adduct and d i-a d d u c t i s  ob tained  

when naphthyne i s  added to  9 , 9 ' -b ia n th ry l, but only th e  d i-a d d u c t,
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9 ,9 * -b itr ip ty c y l , Is  ob tained  w hen benzyne is  added  to  9 , 9 ' -b ia n th ry l, 

m ight be a ttr ib u ted  to  th e  d iffe rence  in  re a c t iv i t ie s  o f the  m ono- 

ad d u cts  XLVI (p 181) and XXVIII (X=H) (p 23).

Addition of benzyne g en era ted  from an th ra n ilic  a c id , in  bo iling  

2 -b u ta n o n e , to  o p tic a lly  ac tiv e  ( - ) - 2 ,2 ' -d ica rb o m e th o x y -9 ,9 ' -b ian th ry l 

y ie ld ed  2 ,2 ' -d ica rb o m e th o x y -9 ,9 ' -b i tr ip ty c y l. The product w as 

ex trem ely  in so lu b le  in  the common o rgan ic  s o lv e n ts . I t  w as thus 

im p o ssib le  to  m easure i ts  o p tic a l ro ta tio n . It w as therefo re  hyd ro lyzed , 

a t 1 3 0 -1 3 5 ° ,  to  the corresponding  d ia c id , 2 , 2 ' -d ic a rb o x y -9 ,9 '-b it r ip ty c y l . 

A 1% so lu tio n  of th is  a c id  in  b a s ic  so lu tion  show ed no o p tic a l a c tiv ity .

Benzyne w as a ls o  added  to  (+ ) -2 ,2 '-d ic a rb o m e th o x y -9 ,9 '-b ia n th ry l 

in  bo iling  m ethylene c h lo r id e , a  so lv en t o f low er bo iling  po in t th an  

2 -b u ta n o n e , a b o v e . The product 2 ,2 ' -d ica rb o m e th o x y -9 ,9 ' -b itr ip ty cy l 

w as hydrolyzed a t  70° (low er tem perature th an  above) to  2 , 2 ' -d ica rb o x y - 

9 ,9 '-b i t r ip ty c y l .  A 1.2%  so lu tio n  of the re su ltin g  d iac id  show ed no 

o p tic a l a c tiv i ty .

It rem ains now to  sp e c u la te  on th is  la c k  of o p tica l a c tiv i ty . The 

f ir s t  and obvious p o ss ib ility  is  th a t ro ta tio n  is  no t ap p rec iab ly  h indered  

in  the  9 , 9 ' -b itr ip ty c y l system  and thus e a s y  in te rco n v e rs io n  of 

enan tiom ers can  o ccu r. The barrie r to  ro ta tio n  w ill be equal to  the 

d ifference  in  energy betw een  the tra n s itio n  s ta te  and the ground s ta te  

(se e  p 3). S ince the tra n s itio n  s ta te  in  the  9 ,9 '-b itr ip ty c y l sy stem  

w ould involve th ree  b en zo -b en zo  in te ra c t io n s , w hich  we b e liev e  w ould
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e n ta il  some 87 k c a l m ole " 1 (th ree  b e n zo -b en zo  in te ra c tio n s , s e e  p 19), 

the  la c k  of o p tic a l a c tiv ity  canno t be due to  a la c k  of h indrance in  the 

tra n s itio n  s ta te .  For the  lack  of o p tic a l a c tiv ity  to  be due to  in c re a se d  

s te r ic  com pression  in  th e  ground s ta te  a ls o  seem s u n lik e ly . For exam ple 

an ad d itio n a l 67 k ca l m ole " 1 of ground s ta te  com pression  w ould be n e c e s ­

sary  to  give a ro ta tio n a l b a rrie r of 20 k ca l m ole"1. Such a s itu a tio n  w ould

26not be c o n s is te n t w ith  the  high therm al s ta b il i ty  of 9 , 9 ' -b itr ip ty c y l.

Such a b a rr ie r, assum ing  a normal ’’A" fac to r w ould le a d  to  e a sy  ra c e m iz a t­

ion  during the  hyd ro ly sis  re a c tio n  of the  d ie s te r  to  the  d la c id .

A se c o n d , more p la u s ib le , p o ss ib ili ty  for the  la c k  of o p tic a l a c tiv ity  

is  th a t racem iza tio n  (ro tation) occurs in  the  m ono-adduct. As p rev iously  

d is c u s se d  (pp 24 , 25), the ro ta tio n a l barrie r w ould involve only a sing le  

b e n zo -b en zo  in te ra c tio n . In a d d itio n , b e c a u se  of the  sp 3 - s p 2  s itu a tio n  

a t th e  cen tra l carbon -carbon  bond , the  ground s ta te  of the  m ono-adduct 

should  be of som ew hat higher energy  (due to  s te r ic  com pression) th a n , 

for exam p le , the  s ta rtin g  9 , 9 ' -b ia n th ry l. In an a ttem pt to  in v e s tig a te  

th is  p o s s ib i l i ty , the  add ition  of benzyne to  (+ )- 2 , 2 '-d ica rb o m eth o x y - 

9 ,9 '-b ia n th ry l w as carried  out in  CH 2 C12 (bp 41°) ra th e r  th an  the u su a l 

so lv e n t, 2 -bu tanone  (bp 80°). H ow ever, here too  no o p tica l a c tiv ity  

w as d e te c te d .

A th ird  p o ss ib ili ty  is  th a t the o p tica l ro ta tio n  of the  s a l t  of sy n -  

skew  2 ,2 '-d ic a rb o x y -9 ,9 '-b i tr ip ty c y l  is  very  sm a ll. Exam ples of 

d issym m etric  m olecu les w hich  show no ro ta tio n  are know n. T hus,
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(S )-2 , 2 ' -d im e th y l- 6 , 6 ' -b is(trid eu te rio m eth y l)b ip h en y l show s no o p tica l

90
a c tiv ity  a t a ll  w aveleng ths from the v is ib le  to  250 mfi .  S im ila rly , both

enantiom ers o f the asym m etric  hydrocarbon bu ty le thy lhexy lp ropy lm ethane

91
show ed no o p tica l a c tiv ity  a t 2 8 0 -  580 mfi .

Further work i s  n e c e ssa ry  before any d e fin ite  co n c lu sio n s  can  be 

made concerning the degree of h indrance to  ro ta tio n  in  9 ,9 ' -b i tr ip ty c y ls .

D isc u ss io n  o f the  M ass Spectra of T rip tycenes and 9 ,9 '-B itr ip ty cy ls

The s in g ly  charged  ions of trip ty cen e  a re  found m ainly a t  P -nH .

In te re s tin g ly , the b a se  peak  is  due to  the P -H  io n . The high re so lu tio n

92m ass spectrum  of trip ty cen e  has been  rep o rted . A b ridgehead  carbonium  

ion  XLVIII w as proposed a s  the s tru c tu re  of the  P-H  io n , in  analogy  w ith  

the  fac t th a t tripheny l m ethane show s a large  P -H  ion  w hich i s  p o s tu la ted  

to  be the tripheny l carbonium  io n .

XLVIII

OIOIQ
Q
XL IX

[9 0 ] K. M islow , R. G raev e , A .J. Gordon and G .H . W a h l ,J r . ,  J .  Am. 

Chem. S o c . , 8 6 , 1733 (1964).

[9 1 ] H. W ynberg, G .L . H eckkert, J .P .M . H oubiers and H .W . B orsch, 

J. Am. C hem . S o c . , 87 , 2635 (1965).

[9 2 ] M .I . B ruce, C hem . Comm. 593 (1967).
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In lig h t of th e  known in s ta b il ity  of b ridgehead  carbonium  io n s , in  

c o n tra s t to  th e  reso n an ce  s ta b iliz e d  tripheny lm ethy l carbonium  io n , th is  

analogy  is  perhaps not a good o n e . In th e  a b se n c e  of fu rth er e v id e n ce , 

s tru c tu re  XLVIII m ust be co n sid e red  a s  h igh ly  sp e c u la tiv e . Perhaps th e  

lo s s  of a b ridgehead  hydrogen atom from th e  m olecu lar ion  is  accom panied  

by ca rb o n -ca rb o n  bond c le av a g e  to  g ive  a s tru c tu re  such  a s  XLIX. A lter­

n a te ly , an  open ch a in  s tru c tu re  may be p o s tu la te d .

It h a s  been  ob se rv ed  th a t  benzene  and i ts  o p e n -c h a in  isom er, 1 ,3 - 

h e x a d ie n e -5 -y n e , show  very  s im ila r m ass sp e c tra . This h a s  led  to  th e

su g g e s tio n  th a t th e  b en zen e  ion  iso m erize s  to  th e  ion of l ,3 -h e x a d ie n e -5 -

+ +yne prio r to  decom position , and th a t th e  C6 HB and CeH* ions derived  from

93 +benzene  are l in e a r . It h a s  sim ila rly  been  su g g e s te d  th a t  th e  Ce HB ion

o b se rv ed  in  th e  decom position  of to lu e n e , e th y lb en zen e , 2 -c h lo ro e th y l-

94
benzene  and p -x y len e  i s  b e s t  rep re se n te d  a s  an o p e n -c h a in  io n . For th e

c a s e  at hand one might p o s tu la te  th e  o p e n -c h a in  isom er L. The re s t  of

th e  s in g ly  charged  ions appear to  be due to  P -2H -n(C H ).

[9 3 ] J, M omigny, L. Brakier and L, d ‘O r, Bull. C la s s , S c i. A cad. B elq .f 

48 . 1002 (1962) ; GA 59: 7065 g ,

[9 4 ] H . B udikiew icz, C» D je ra ss i and D .H . W illiam s, "M a ss  Spectro ­

scopy  of O rganic C om pounds," H o lden -D ay , In c ., San F ran c isco , 

C a lif ., 1967, pp 7 4 -7 6 .



The 2 -su b s titu te d  tr ip ty ce n e s  show p eak s for s ing ly  charged  io n s due 

to  P-X, P-X -nH  and P-X -H -n(C H ) w here X is  th e  su b s titu e n t. The b a se  peak
i

of th e  2 -su b s titu te d  tr ip ty c e n e s  is  found a t P-X ex cep t for 2 -ca rb o x y -

tr ip ty cen e  w hich has a b a se  peak  due to  th e  P-X -H  io n . A nalogously su b -

95
s titu te d  b en zen es  a lso  lo se  th e ir  su b s titu e n ts  rea d ily . Thus to lu en e  ,

96 97 98 99 97ch lo robenzene ,  m ethyl ben zo a te  '  1 and b en zo ic  ac id  show  P-X

95p e a k s . 2 -M eth y ltr ip ty cen e , a s  does to lu en e  ,  show s a re la tiv e ly  in te n se  

peak  a t P-H  probably due e ith e r  to  the  s ta b le  su b s titu te d  benzy l o r th e  

su b s titu te d  tropylium  io n . 2 -C arbom ethoxy trip tycene  a lso  ex h ib its  ions due 

to  P -C H 3 and P-O C H 3. 2 -C arboxy trip tycene  show s ions due to  P-OH and 

P-C O 2 1  th e  la t te r  c lea rly  due to  a rearrangem en t.

[9 5 ] H .M . Grubb and S. M eyerson in  "M ass  Spectrom etry of O rganic Io n s ,"  

F.W . M cLafferty, e d ., Academ ic P re s s , New York, N .Y .,1963, C hap. 10.

[9 6 ] F.W . M cLafferty, Anal. Chem .. 34. 16 (1962).

[9 7 ]  F.W . M cLafferty and R.S. G ohlke, Anal. Chem.. 31, 2076 (1959).

[9 8 ] E.M . Emery, Anal. Chem .. 32^ 1495 (1960).

[9 9 ]  T. Aczel and H.E. Lumkin, Anal. Chem .. 34. 33 (1962).
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A retrograde benzyne add ition  appears  to  o ccu r. Thus th e  ion  of

m ass 178 (an th racene) i s  p re sen t in  a ll  the  sp e c tra  s tu d ied .

An abundance of doubly charged  ions i s  found, m ostly  due to  th e

corresponding  s in g ly  charged  io n s . Triply charged  ions are a lso  o b se rv ed
Q 9

due to  M -X -nH, th e  m ost prom inent being a t 83%  (83.3599) and 83%

92(83.6948) for tr ip ty c e n e # 2 -ch lo ro trip ty cen e  and 2 -ca rb o x y trip ty cen e ,

and a t 87 1/ 3 , 87% , 8 8 % and 8 8 %  for 2 -m eth y ltrip ty cen e .

The predom inant ions of 2,'2 ‘ -d is u b s t i tu te d -9 ,9 ' -b itr ip ty c y ls  are

found a t P-X, P-X-nH,> P - 2 X and P-2X -nH . The m ass spectriim  of 9 , 9 '-

b itrip tycy l show s an  in te n se  peak  a t o n e -h a lf  th e  paren t ion due to  both

|-P+ and P+ 2  io n s . 2 ,2 '-D im e th y l- , 2 ^ 2 '-d ic h lo ro -  and 2 , 2 '-d ic a rb o -

m eth o x y -9 ,9 ' -b itr ip ty c y l exh ib it th e  correspond ing  p eak , but th e  con tribu tion

of th e  P+?- ion is  sm a lle r for th e  f ir s t  two com pounds and zero  for 2 ,2 '-

d ica rb o m eth o x y -9 ,9 1 -b itr ip ty c y l.

An abundance of doubly charged  ions i s  found. T hese ions are m ainly

due to  P-X, P-X -nH , P-2X and P-2X -nH , The la t te r  tw o ions if  th ey  appear

P-2X P-2Xat in teg ra l m ass num bers canno t be d iffe ren tia te d  from —-— and ~ — -nH

sing ly  charged io n s .

An in te re s tin g  ion appears a t £P+1, in d ica tin g  a rearrangem ent of

hydrogen from one tr ip ty cy l unit to  th e  o th er. This ion  is  m ost apparen t in

th e  spectrum  of 2 ,2 ' -d ica rb o m e th o x y -9 ,9 1 -b itr ip ty c y l. The 9 , 9 ' -b itr ip ty c y ls  

p
a lso  show a — - 1  io n .

P-2X -nHTriply charged  ions are  a lso  p re se n t. T hese ions are  found a t —  ------- ,
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In sp e c tio n  of the abundant m a sse s  h igher th an  i  (P-2X) re v e a ls  

th a t the  m ajor io n s  formed from th e  9 ,9 '-b i t r ip ty c y ls  co rrespond  to  

lo s s  of X, su b s titu te d  b e n zy n e , C H , and a com bination  of th e s e  

fragm en ts . The re su ltin g  io n s  a re  a ls o  accom pan ied  by io n s  re su ltin g  

from lo s s  o f an  ad d itio n a l two or four hydrogen a to m s. T hus, th e  ion  

a t  m /e  350 , p re se n t in  a ll the  s p e c tra , co rresponds to  th e  lo s s  of tw o 

b enzynes from 9 ,9 ' -b itr ip ty c y l or two su b s titu te d  ben zy n es from th e  

su b s titu te d  9 , 9 ' -b itr ip ty c y ls ; e a c h  p ro c e ss  being  accom panied  by a 

lo s s  of four h y d ro g en s . This ion  could  have a  s ta b le  s tru c tu re  su ch  

a s  LI.

non
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