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I

I ,  A TEMPERATURE DEPENDENT NMR STUDY 
OP 6 , 6-DICARBETHOXY-5, 5-DIDEUTERODI- 
BENZO- (a ,c ] -  [l , 3]  -CYCLOHEPTADIENE.

I I .  THE SYNTHESIS OP POUR DEUTERATED 
ANALOGS OP 6, 6 DICARBETHOXYDIBENZO-

[a,c] - [ 1 .3 ) -CYCLOHEPTADIENE.

P a tr ic k  P. Jo n as , M.A,

W estern M ichigan U n iv e rs ity , 1984

The k in e t ic s  o f confo rm ational in te rch an g e  of 6 , 6-d ic a rb e th o x y d i-  

benzo- a ,c  -  1, 3 -cy c lo h ep tad ien e  and o f i t s  5 »5-d id e u te ra te d  analog  

were s tu d ie d  u s in g  v a r ia b le  tem peratu re NMR te c h n iq u e s . The f re e  energy 

o f a c t iv a t io n  fo r  conform ational in te rch an g e  o f th e  p a re n t compound was 

found to  be 9*02 k c a l mol and th a t  o f th e  5»5-d id e u te ra te d  analog  to  

be 9*42 k c a l mol . V alues o f th e  en tropy  o f a c t iv a t io n  were found to  

be -19*91 e* u . and -18 .12  e . u . r e s p e c t iv e ly .  The s p e c tra  were re c o r­

ded on a  N ico le t NMC-36O wide bore spec trom ete r and th e  d a ta  c o l le c te d  

t r e a te d  as  an AB sp in  system .

The 4 ,8 -d id e u te ro , 4 »5»5r8 - te tra d e u te ro  and 5 » 5 »7»7-te tradeu tero  

analogs o f th e  p a re n t compound were a lso  sy n th es iz ed . Involved in  th e  

s y n th e tic  p rocedures i s  a  method fo r  a  g r e a t ly  improved y ie ld  in  th e  

sy n th e s is  o f  d iphenide over what has been p re v io u s ly  re p o r te d  in  the  

l i t e r a t u r e .
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ditroduction

O ften a  new d isco v ery  w il l  r e s u l t  from erroneous o b se rv a tio n s  

and subsequent s tu d y . P r io r  to  1907 i t  was b e lie v e d  th a t  th e  benzene 

r in g s  in  a  b ipheny l m olecule were e s s e n t i a l ly  co p la n a r. I t  was known

th a t  4»41-diam inobiphenyl would r e a d i ly  condense w ith  carbon d i s u l -
1 2  3 f id e ,  phosgene, o r  p h th a lic  anhydride to  which th e  d isco v erin g

chem ists a ss ig n ed  th e  c y c l ic  s t r u c tu re s  ( i ) ,  ( i l )  and ( i l l )  re sp ec ­

t i v e ly .

HN

C = S C =  0

H N -----

( I )  ( I I )  ( I I I )
1

S trakosch  recognized  th a t  th e se  compounds might r e a l l y  e x i s t  

as  a  d is u b s t i tu te d  system bu t was unable to  prove th i s  due to  th e  in ­

s o lu b i l i ty  o f th e se  compounds f o r  m olecu lar w eight d e te rm in a tio n s . 

But i t  was in  th a t  y ea r o f  1907 th a t  K aufler^  determ ined th e  molecu­

l a r  w eight o f th e  p h th a lic  anhydride p roduct and dem onstrated  i t  to  

be a  m o n o su b stitu ted , n o n -cy c lic  compound. In  th e  course of th ese  

s tu d ie s  he n o tic e d  th a t  4 »4’-d iam inobiphenyl re a c te d  as r e a d i ly  a s ,

1
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and in  some cases even much more r e a d i ly  th an  th e  d isu b s titu te d .a m in e  

2 , 2 *-d iam inobiphenyl and concluded th a t  th e  amino groups o f th e  form­

e r  compound must be c lo s e r  to g e th e r  than  had o r ig in a l ly  thought to

b e . He th e re fo re  proposed th e  c lam -lik e  s t ru c tu re  (IV) fo r  b iphenyl^
6 1 8th a t  was r e a d i ly  accep ted  and rece iv ed  experim en tal su p p o rt. * *

b b
(IY) (V) (Y l)

I f  t h i s  were th e  a c tu a l  c a se , however, th en  th e  c lam -lik e  

s tru c tu re  should  g ive  b o th  c is  (V) and t r a n s  (V i) isom ers w ith  appro­

p r ia t e  o rth o  (an d /o r m eta) s u b s t i tu e n ts .  In  1922 C h r is t ie  and Kenner^ 

s u c e s s fu lly  re so lv e d  th e  a c t iv e  isom ers o f 6 , 6 '- d in i t ro d ip h e n ic  a c id  

which a t  f i r s t  gave f u r th e r  support to  K a u f le r 's  th e o ry . Because o f

c o n f l ic t in g  evidence in  th e  l i t e r a t u r e  t h i s  d isco v ery  would l a t e r  r e -
10buke th e  th e o ry . Turner and Le Fevre dem onstrated in  1926 th a t  

th e se  isom ers were n o t r e a l ly  c i s - t r a n s  isom ers b u t w ere, in  f a c t ,  

s t r u c tu r a l  isom ers and th a t  r in g  c lo su re  o f  th e  amino groups o f 4 »4 ' -  

diam inobiphenyl could no t be accom plished. Thus, a  new type o f o p t i ­

c a l a c t i v i t y  was d isco v e re d - one th a t  depended n o t upon th e  presence 

o f a  c h i r a l  atom bu t r a th e r  upon th e  s t r u c tu r a l  a sp e c ts  o f the  mole­

cule i t s e l f .

L a te r w o rk ^ ’ ^ ’^ ’ ^ ’ ^  ra p id ly  fo llow ed dem onstra ting  th a t  

th e  compounds ( i ) ,  ( i l )  and ( i l l )  were a c tu a l ly  m onosubstitu ted  p ro d -
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u c ts  r a th e r  th an  th e  o r ig in a l ly  proposed c y c l ic  s t r u c tu r e s .  This was 

accom plished m ainly by th e  dem onstration  o f  a  f re e  amino group in  th e  

m olecu les.

From th i s  p o in t th e  s te reo c h em is try  o f b iphenyl compounds was 

more a g g re s s iv e ly  s tu d ie d . Numerous s u b s t i tu te d  b ip h e n y ls , .d i f f e r - ' 

in g  in  bo th  th e  degree and th e  type o f s u b s t i tu t io n ,  were sy n th esized  

and s tu d ie d . A tte n tio n  u lt im a te ly  tu rn ed  to  th e  sy n th e s is  o f o p t ic a l ­

ly  a c t iv e  b ipheny ls  whose o p t ic a l  a c t i v i t y  depended s o le ly  upon a
17 *18 19 202 ,2 '- th r e e  atom b r id g e . Numerous a ttem p ts  were made * * * bu t

were n o t su c e s s fu l.

21In  1956 I f f la n d  and S ieg e l re p o r te d  th e  sy n th e s is  o f the  f i r s t

o p t ic a l ly  a c t iv e  b rid g ed  b ip h e n y l. I t s  o p t ic a l  a c t i v i t y  r e s te d  s o le ly

upon th e  p resence o f a  2 , 2 ' - th r e e  carbon b r id g e . L a te r , th e se  w orkers

determ ined th a t  t h i s  compound, 6 , 6-d ica rb e th o x y d ib en zo -[a ,

cyclohep tad iene (V I l) ,  had a  h a l f  time f o r  racem iza tio n  o f 80 m inutes

a t  32 .5° C e ls iu s  in  cyclohexane. This would correspond to  a  f re e

energy o f a c t iv a t io n  o f  approx im ately  23.3 k c a l mol which should
25allow  f o r  th e  re s o lu t io n  o f th e  in d iv id u a l a n tip o d e s .

The compound (V Il)  i s  capable o f c o n f ig u ra tio n a l in v e rs io n  by in ­

tram o lec u la r r o ta t io n  about th e  bond between th e  benzene r in g s .

X=C(C00C2H5 )2

*b
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4

The d ia s te re o to p ic  b en zy lic  p ro tons Ha , and form a

d o ub le t o f  d o u b le ts  cen te red  a t  approx im ate ly  3S in  a  NMR spectrum  

taken  a t  low tem pera tu res (below approx im ately  0° C e ls iu s ) .

As th e  tem peratu re i s  in c re ased  th e  l in e  w idths o f the  doublet 

o f  d o u b le ts  broaden w ith  th e  o u te r  two s ig n a ls  broadening f a s t e r  than  

th e  in n e r two. The o u te r  two s ig n a ls  e v e n tu a lly  d isap p ea r and the 

in n e r  two s ig n a ls  coa lesce  in to  a  broad s in g le t  (around room tempera­

t u r e ) .

These changes may be c o r re la te d  to  th e  r a t e  o f in tra m o le c u la r  

in v e rs io n  o f th e  b ipheny l m olecule . At low tem pera tu res th e  mole­

cu le  e x h ib i ts  a  slow in v e rs io n  r a te  such th a t  th e  d ia s te re o to p ic  

b en zy lic  p ro to n s  a re  q u ite  d is t in g u is h a b le  from each o th e r a s  a  p a i r  

o f  d o u b le ts . As th e  tem peratu re i s  in c re a sed  th e  r a te  o f in v e rs io n  

in c re a se s  such th a t  th e se  p ro tons become le s s  d is tin g u is h a b le  from 

each o th e r  and a  s in g le  doub le t o f  broad l in e s  a n is e s .  F in a l ly ,  a t  

h ig h e r tem p era tu re s , the  b en zy lic  p ro tons a re  exchanging ra p id ly  

enough th a t  th ey  g ive r i s e  to  an averaged s t a t e -  th e  doub le t g rad u a l­

ly  narrow s to  a  s in g le t .

The r e s t  o f th e  NMR spectrum  i s  what would be norm ally expec­

te d :  a  t r i p l e t  a t  approxim ately  1. 2 S due to  th e  methyl groups o f th e  

e s t e r s ;  a  q u a r te t  a t  approx im ately  4 .1 8  due to  th e  methylene groups 

o f th e  e s t e r s ;  and a  s in g le t  a t  approxim ately  7»3S due to  th e  p ro tons 

on th e  arom atic  r in g s .

S u therland  and Ram sey^ were th e  f i r s t  to  study  th e  r a te  o f  con­

fo rm atio n a l in te rch an g e  o f th i s  compound (V Il)  by NMR methods t r e a t in g  

i t  a s  an AB sp in  system and found a  f re e  energy fo r  i t  o f 13.7 k ca l
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—1 —1mol . This value is grossly different from that of 23.3 kcal mol

and, even more disturbing, is that a compound with a free energy for 

inversion of 13*7 kcal mol should not have sufficient optical sta­

bility to allow for conventional isolation. A molecule of this na­

ture with demonstrated optical activity should have a barrier to ro-
—1 2*5tation of approximately 20 kcal mol or greater to be resolvable.

A barrier to rotation of at least 16 kcal mol may lead to first

order asymmetric transformations.*^

The compound (VIl) was again studied in 1975 by Quarfoot,*^ who

arrived at comparable energy of inversion values and concluded that

treatment of the spin system as an AB type system was not the correct

choice for NMR analysis.
28Garter, Dahlqvist and Berntsson made a study of the compound

in 1977* They prepared the optically active compound essentially us-
22ing the procedure of Iffland and Siegel but purified the material

in the cold by TLC and column chromatography. They reported:

"We have attempted unsucessfully to repeat the polar- 
imetric work [of Iffland and Siegel] and have been able to 
show by means of thin layer chromatography in the cold, 
mass spectral analysis and polarimetry that an optically 
active impurity (as yet unidentified) is the most probable 
cause of the discrepancy."

29In their NMR study they modified Heidberg's density matrix 

bandshape equations to a coupled AB spin system by superimposing two 

AB quartets upon it. In this way they treated the spin system as a 

modified AB spin system. They obtained a free energy for inversion 

value of 11.3 ± 0*2 kcal mol . Treatment of the spin system by 

these workers as an AA'BB’ A^ system at higher temperatures, using
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27DOT©3 bandshape a n a ly s is ,  gave e s s e n t i a l ly  th e  same r e s u l t s .

Because th e  v a lu es  ob ta in ed  among v a rio u s  workers fo r  each 

method a re  so c lo se ly  a lig n e d  w ith  each o th e r  i t  i s  d i f f i c u l t  to  be­

l ie v e  th a t  th e  d iscrepancy  l i e s  w ith in  th e  techn iques  o f th e  work- •• 

e rs  b u t r a th e r  i t  i s  more p la u s ib le  to  b e lie v e  th a t  th e  d iscrepancy  

l i e s  w ith in :

1 . The use o f p o la rim e try  as  a  r e l i a b le  to o l  to d e te r ­
mine the  r a t e  o f race m iza tio n ,

2 . The th eo ry  th a t  a  b rid g ed  b ipheny l must have an en­
ergy  o f in v e rs io n  o f approxim ately  20 kcal/m ol in  
o rd er to  be i s o la te d ,

3 . The method o f sy n th e s is  o f th e  o p t ic a l ly  pure sam­
p le  , or

4 . The th e o re t ic a l  trea tm e n t of th e  sp in  system u s in g  
NMR sp ectro scopy .

Because o f th e  s im p l ic i ty  and th e  g re a t  r e l ia n c e  p laced  upon

p o la rim e try  i t  seems do u b tfu l th a t  th e  use o f t h i s  to o l  could be h e ld
22 27acc o u n tab le . I f f la n d  and S ie g e l, and l a t e r  Q uarfoot, took g re a t

care  in  th e  f in a l  deam ination s te p  in  o rd e r to  minimize any racem iza­

t io n  o f  th e  f i n a l  compound. In  th e  case o f I f f la n d  and S ieg e l elemen­

t a l  a n a ly s is  o f th e  compound was very  c lo se  to  th e  th e o re t ic a l  p re d ic -  
28t io n .  C a r te r 's  re p o r t  th a t  th e  p resence o f an im p u rity  a s  th e  prob­

ab le  cause o f e r ro r  must be taken  l i g h t l y .  He was no t su c e ss fu l in  

id e n t ify in g  the  im p u rity , nor i s  i t  reaso n ab le  to  b e lie v e  th a t  an im­

p u r i ty  o f 0. 05% would have such a  dram atic  e f f e c t  upon th e  r e s u l t s .

The im purity  would n e c e s s a r i ly  have to  have a  r e l a t i v e ly  f a s t  r a t e  of 

racem iza tio n  and a  very  la rg e  s p e c if ic  r o ta t io n .

I t  was thus decided th a t  some in v e s t ig a t io n  in to  th e  NMR method 

may re so lv e  th i s  d isc rep an cy . The choice o f  q u a n t i ta t iv e  trea tm e n t o f
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th e  sp in  system i s  n o t a  c le a r  one in  th a t  th e  system appears to  go 

through an AB -  AA'BB' -  t r a n s i t io n  as th e  tem peratu re  i s  in c re a se d . 

I f  th e  system  i s  t r u ly  an AA'BB1 sp in  system  then  th e  observed s p e c tra  

may show more l in e  broadening th rough  incom plete r e s o lu t io n  than  i f  the  

.sp in  system  was t r u ly  an AB ty p e . This l i n e  b road ing  a t  h ig h e r temper­

a tu re s  would be in te r p r e te d ,  in  an a n a ly s is  a s  an AB sp in  system , as  an 

in c re a se  o f th e  r a t e  o f confo rm ational change.

The s e le c t iv e  q u ie t in g  o f one o f th e  p a i r s  o f b en zy lic  p ro to n s  by 

d e u te ra tio n  may prov ide v a lu a b le  in fo rm ation  i f  th e  system i s  then  

t r e a te d  as  an AB sp in  system . I t  i s  a lso  conce ivab le  th a t  an unex­

pec ted  l in e  broadening due to  a  more com plicated  sp in  system in v o lv in g  

long  range coup ling  w ith  3 >3 ' p ro to n s  i s  p o s s ib le  bu t p robab ly  le s s  

them th a t  due to  an erroneous trea tm en t o f an AA'BB' sp in  system as  an 

AB sp in  system . Thus, d e u te ra tio n  o f the  3»31 p o s it io n s  may a lso  be 

h e lp fu l .

A l i t e r a t u r e  search  showed th a t  no compounds o f t h i s  n a tu re  had 

been sy n th es ized  nor s tu d ie d . Thus, the  p ro je c t  s o l id i f i e d  in to  th e  

sy n th e s is  and NMR study  o f  compounds (V Il) th ru  (X l) .
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V II R = R» = R" = H
V III R = D, R' = R" = H
IX R = R* = H, R" = D
X • R = H, R» s R" = D
XI R = R* = D, R" = H
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EXPERIMENTAL

A ll m e ltin g  and b o i l in g  p o in ts  a re  g iven  in  degrees C e ls iu s  and 

a re  c o r re c te d . M elting  p o in ts  were determ ined by th e  c a p i l la r y  me­

thod .

N uclear M agnetic Resonance sp e c tra  used in  th e  s y n th e tic  work 

were reco rded  on e i th e r  a  V arian A60 o r a  Je o l PMX60 sp ec tro m ete r.

The s p e c tra  used in  th e  tem peratu re dependent s tu d ie s  were reco rded  

on a  N ico le t NMC36O wide bore spec trom eter o p e ra tin g  a t  a  s tan d in g  

frequency  o f 36I.O 65865 MHz. Data were sim u ltaneously  c o l le c te d  and 

l a t e r  analyzed  u s in g  th e  NMCCAP curve a n a ly s is /d e c o n v o lu tio n  program. 

The tem peratu re in  th e  tem peratu re dependent' s tu d ie s  was reco rded  as 

+ 0 . 1 ° ,  In  a l l  NMR s p e c tra  TMS was used an in te r n a l  s tan d ard  and the  

samples were approx im ately  a 10 % so lu tio n  in  th e  so lv en t g iven . 

Chloroform-d^ was th e  so lv en t used in  th e  tem peratu re dependent s tu d ­

i e s .  A ll s h i f t  p o s i t io n s  a re  g iven  in  term s o f & u n i t s .

9
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SCHEME 1 .

Synthesis: of (+)-6,6-dicarbethoxydibenzo-
[a,c] ~[i -cycloheptadiene (VIl)

XII X III

- /  \ v / /
xrv xv

XVI

XVIII

XVII
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R = C O O C 2H5

V II
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SCHEME 2 .

Synthesis of (+)-6,6-dicarbethoxy-5,5-dideutero-
dibenzo-(a,c] - 1,3 -cycloheptadiene (VIIl)

h o d 2c  c h 2o h

// \\

xx

XXI R =  COOCoH2 '  ' 5

V III
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SCHEME 3 .

Synthesis of (+)-6,6-dicarbethoxy-4,8-dideutero-
dibenzo-ja,<0 -£1,3^-cycloheptadiene (IX)

c h 3

“ t j T '

XXII XXIII

CH, CH

XXVII

CH, CH

XXVI

R =  COOC,H
IX

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



SCHEME 4 .

Synthesis of (+)-6,6-dicarbethoxy-4»5 * 5»8-tetra-
deuterodibenzo- [a,c] - £1,3] -cycloheptadiene (x)

Ac Ac 
QH2 CH,

XXVIII

OH
i

OH
l

XXIX

XXX XXXI

XXXII XXXIII
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OH OH
CD, CH CD, CH

XXXV

X
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' - SCHEME 5.

Synthesis of (+)-6,6-dicarbethoxy-5»5»7»7“tetra-
deuterodibenzo- a,c -1,3 -cycloheptadiene (XI)

XII

OH OH
CD, CD

-XXXVI

CD, CD

XXXVII

XI.
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SYNTHESIS OP (+ ) - 6 , 6-DICARBETHOXYDIBENZO- 
[a , c] -  [1, 3I-CYCLOHEPTADIENE (V II)

S yn thesis  o f d iphen ic  anhydride (X I I l ) ^

D iphenic a c id  (X Il)  was p u r if ie d  by d is s o lv in g  i t  in  a  sodium 

hydroxide s o lu tio n  a t  pH 14, c la r i f y in g  th e  s o lu tio n  w ith  N orite  and 

p r e c ip i ta t io n  o f th e  a c id  by th e  a d d i t io n , w ith  co o lin g , o f concen­

t r a t e d  h y d ro ch lo ric  a c id .  This p rocess was rep ea ted  a  second tim e to  

produce a  p roduct th a t  was w hite and had a  m e ltin g  p o in t range of 

228-230° .  [ l i t . :  mp 230- 232. 5° ] . 5°

In to  a  round bottom f la s k  c o n ta in in g  150 ml o f a c e t ic  anhydride 

was added 100.3 g ( 0.41 raol )  o f  th e  p u r i f ie d  a c id  (X I l) .  The m ixture 

was then  m ag n e tica lly  s t i r r e d  and re f lu x e d  fo r  a  p e rio d  o f 1 .5  h o u rs . 

The a c id  g ra d u a lly  d isso lv ed  upon h e a tin g  and a f t e r  approxim ately  0.5  

hour o f r e f lu x in g  f in e  n eed les  began to  ap p ea r. A fte r  re f lu x in g  fo r  

an a d d i t io n a l  1 .0  hour th e  h e a t source was removed and th e  re a c tio n  

m ixture was allow ed to  coo l to  room tem peratu re  whereupon i t  com­

p le te ly  s o l id i f i e d  in to  a  mass o f lo n g , f in e  n e e d le s . The n eed les  

were c o l le c te d  on a Buchner fu n n e l, washed w ith  a  sm all amount of 

co ld  a c e t ic  anhydride and allow ed to  a i r  dry in  a  fume hood over's 

n ig h t .  R e c ry s ta l l iz a t io n  from g la c ia l  a c e t ic  a c id  gave 89.5 g (0 .40  

mol) o f th e  d e s ire d  anhydride ( X I I l ) .  Y ie ld : 98%. mp 2 1 5 .5 -2 1 6 .5 ° .

In to  a  round bottom f la s k  c o n ta in in g  250 ml o f ab so lu te  m ethan-

S yn thesis  o f monomethyl d iphenate  (XIV)^
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o l was added 68.43 8  (0.31 mol) o f d iphen ic  anhydride (X I I l ) .  The 

m ixture was then  re f lu x e d  on a  steam b a th  fo r  6 hours a f t e r  which 

most o f th e  m ethanol was removed by sim ple d i s t i l l a t i o n  a t  atm ospher­

ic  p re s s u re .  The r e s u l t in g  mass was t r a n s f e r r e d  to  a  c r y s ta l l i z in g  

d ish  and vacuum d rie d  overn ig h t in  a  d e s ic c a to r .  A beaker o f concen­

t r a t e d  s u l f u r ic  a c id  was a lso  p laced  in  th e  d e s ic c a to r  to  absorb  and 

to  r e a c t  w ith  any vapo rized  m ethanol. The fo llo w in g  day th e  h a rd , 

w hite c r y s ta l l in e  mass was ground in to  a  f in e  powder and d r ie d  as be­

fo re  fo r  an a d d i t io n a l  24 h o u rs . There was ob ta in ed  75*41 g (0 .2 9  mol) 

o f  th e  d e s ire d  compound (XIV). T his compound was used  in  subsequent 

r e a c t io n s  w ithou t f u r th e r  p u r i f i c a t io n .  Y ie ld : 97 %• mp 110-111°

[ l i t . :  mp 106- 1 0 8 ° ] .31

1H-NMR (CDClj) 3.56 ( s ,  COOCH )̂ ,  7 .38  ( 6H, m, ArH), 8.02 (2H, m, 3 ,3 ’ 

ArH), 11.48 ( s ,  C00H)

32 33Attem pted sy n th e s is  of Hiphenide (XV) u s in g  sodium borohvdride *

In to  a  round bottom  f la s k  was p laced  6.14 8  (0 .02  mol) o f mono­

m ethyl d iphenate  (XIV) and 150 ml of d ry  e th e r .  A fte r  d is so lv in g  th e  

a c id - e s te r  th e re  was added 30 ml ( 0 ,4  mol) o f th io n y l ch lo rid e  and

2 .5  ml (0 .03  mol) of p y r id in e . The r e s u l t in g  s o lu tio n  was re f lu x e d  

fo r  3 hours and then  allow ed to  cool to  room tem p era tu re . I t  was then  

f i l t e r e d  through a  Buchner fun n e l and th e  e th e r  evapora ted  under r e ­

duced p re ssu re  to  g ive a  golden brown o i l .  The in te rm e d ia te  e s t e r -  

a c id  c h lo rid e  was no t p u r if ie d  bu t used d i r e c t ly  in  th e  subsequent 

r e a c t io n .

The o i l  was d is so lv e d  in  50 ml o f p-d ioxane and 1 .49 8  (0 .04
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mol) o f s o l id  sodium borohydride added c a u tio u s ly  and in  sm all por­

t i o n s .  The r e s u l t in g  s o lu tio n  was then  h ea ted  on a  steam b a th  fo r  

0 .2  h o u r. The so lv en t was removed under reduced p re ssu re  and th e  

re s id u e  was d is so lv e d  in  250 ml o f a  7 % po tassium  hydroxide so lu ­

t io n  in  e th a n o l. A fte r  r e f lu x in g  fo r  1' hour th e  s o lu tio n  was concen­

t r a t e d  to  a  volume of approx im ate ly  50 ml and e x tra c te d  w ith  th re e  25 

ml p o r tio n s  o f d ie th y l e th e r .  The combined e th e r  e x t r a c ts  were washed 

w ith  th re e  25 ml p o r tio n s  o f w ater and d r ie d  w ith  anhydrous magnesium 

s u l f a t e .  E vaporation  o f th e  f i l t e r e d  e th e r  s o lu tio n  under reduced

p re ssu re  gave 0 .04 g o f a  w hite s o l id ,  mp 102-108°. T his corresponded
30 1to  th e  m e ltin g  p o in t o f 2 , 2 '-b is (h y d ro x y m e th y l)-1 ,1 '-b ip h e n y l .  H- 

NMR showed th e  compound to  be th e  d io l .  Y ie ld : 0 .9  %,ov 0 .2  mmol.

The e th e r  e x tra c te d  a lk a l in e  s o lu tio n  was made a c id ic  w ith  con­

c e n tra te d  h y d ro ch lo ric  a c id  to  a  pH o f approx im ate ly  2 and h ea ted  on 

a  steam b a th  fo r  0 .2  hour. A fte r  c o o lin g  to  room tem peratu re  i t  was 

e x tra c te d  w ith  th re e  25 ml p o r tio n s  o f e th e r  and th e  combined e th e r  

e x t r a c ts  f i r s t  washed w ith  th re e  10 ml p o r tio n s  o f w ater and then  ;

d r ie d  w ith  anhydrous magnesium s u l f a t e .  Upon removing th e  e th e r  j
_ *1

th e re  was ob ta in ed  5*38 S o f  a  w hite  s o l id ,  mp 220-229 • H-NMR 

showed th e  sample to  be composed o f 97 % d iphen ic  a c id  and 3 % of 

monomethyl d iphenate  by w eigh t. On a  m olar b a s is ,  93 % o f th e  s t a r t ­

in g  m a te r ia l  was recovered  as one o f th e se  th re e  compounds.

The sy n th e tic  procedure was re p e a te d  tw ice u s in g  p u r i f ie d  th io -  

n y l c h lo r id e , so lv en ts  d r ie d  over 4A m olecu lar s ie v e s ,  sodium boro­

hyd ride  from a  f re s h  b o t t l e  and v a rio u s  r e a c t io n  tim e s . In  a l l  th re e  

cases  th e  r e s u l t s  o b ta ined  were e s s e n t i a l ly  th e  same excep t fo r  the

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



20

r e l a t iv e  amounts o f  th e  p ro d u c ts  o b ta in ed . No d iphen ide  could  be de­

te c te d  in  any o f th e  p ro d u c ts .

A ttem pted sy n th e s is  o f  d iphenide (XV) u s in g  d ib o ra n e ^

Diborane was g en era ted  under a  flow o f d r ie d  n itro g e n  by the  

dropwise a d d i tio n  o f 3*6 g (0.1 mol) of sodium bo rohydride , d isso lv ed  

in  100 ml o f diglym e, to  a  s o lu tio n  o f 25 ml (0 .2  mol) o f boron t r i ­

f lu o r id e  e th e ra te  d is so lv e d  in  25 ml of diglym e. As th e  diborane 

formed i t  was passed  from th e  d iborane g e n e ra tin g  f la s k  in to  a  hydro - 

b o ra tio n  f la s k  cooled in  an ic e  b a th . The hyd ro b o ra tio n  f la s k  con­

ta in e d  32.80 g (0 .13  mol) o f monomethyl d iphenate  (XIV) d is so lv e d  in  

200 ml o f  te tra b y d ro fu ra n . R e la tiv e  s to ic h io m e tr ic  amounts were em­

ployed such th a t  a m olar excess o f th e  m onoester was used in  o rd er to  

l im i t  re d u c tio n  to  th e  ca rb o x y lic  a c id  and n o t to  th e  e s t e r .

A fte r  a l l  o f th e  sodium borohydride had been added, the  d iborane 

g e n e ra tin g  f la s k  was h ea ted  on a  w ater b a th  fo r  one hour a t  a  temper­

a tu re  o f approx im ate ly  75°. The flow  o f n itro g e n  was m ain tained  dur­

in g  t h i s  tim e in  o rd er to  in su re  com plete t r a n s f e r  o f th e  d iborane to  

th e  hyd ro b o ra tio n  f la s k .

The d iborane g e n e ra tin g  f la s k  was then  allow ed to  cool to  room 

tem peratu re  and f i n a l ly  d isconnec ted  from th e  system . The hydrobor­

a t io n  f la s k  was then  slow ly warmed to  approx im ately  25° and k ep t a t  

t h i s  tem peratu re  w ith  s t i r r i n g  fo r  1 hour.

Twenty m i l l i l i t e r s  o f w ater was then  added dropwise to  th e  hydro­

b o ra tio n  f la s k  .r e s u l t in g  in  -the p roduction  o f a  la rg e  amount o f gas • 

and h e a t .  - As a  r e s u l t  th e  f la s k  had to  be cooled  in  an ic e  b a th  'from
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time to  tim e . T h ir ty  m i l l i l i t e r s  o f 3. N sodium h y d ro x id e ; 1Weis,''t'h,e'h added 

dropwise fo llow edrhy th e  dropwise a d d itio n  o f 30 ml o f 30 % hydrogen 

peroxide in  o rd er to  Oxidize., th e  organoborane.

The r e s u l t in g  s o lu tio n  was then  s t i r r e d  fo r  1 hour and subse­

q u en tly  a c id i f ie d  to  pH 2 w ith  co n cen tra ted  h y d ro ch lo ric  a c id .  A fte r  

co o lin g  in  an ic e  b a th  th e  s o lu tio n  was e x tra c te d  w ith  fo u r 100 ml 

p o r tio n s  o f e th e r .  The combined e th e r  e x tra c ts  were d r ie d  w ith  anhy­

drous magnesium s u lf a te  and f i l t e r e d .  Removal o f th e  e th e r  under r e -
1

duced p re s su re  gave 30.12 g o f a  w hite s o l id .  H-HMR showed th e  s o lid  

to  be composed o f 67 % d iphen ic  a c id  and 33 % monomethyl d ip h en a te .

This re p re s e n ts  a  recovery  o f 95 % o f the  s t a r t i n g  m a te r ia l .  F u rth e r 

e x tra c tio n  o f th e  a c id i f ie d  aqueous la y e r  produced an a d d it io n a l  0.01 

g  of m a te r ia l .

R e p e tit io n  o f t h i s  procedure w ith  10.26 g (0.040 mol) o f mono­

methyl d iphenate  produced e s s e n t i a l ly  th e  same r e s u l t s .

Attem pted sy n th e s is  o f d iphenide (XV) u s in g  li th iu m  b o ro h y d rid e ^

Under a  n itro g e n  atm osphere 2.11 g ( 8 .2  mmol) o f monomethyl d i­

phenate (XIV) was d is so lv e d  in  40 ml o f te tra h y d ro fu ra n . The r e s u l ­

t in g  s o lu tio n  was cooled in  an ic e  b a th  and 0.15 g (0.01 mol) o f

li th iu m  b o rohydride , d is so lv e d  in  15 ml o f te tra h y d ro fu ra n , added 

dropw ise. A fte r  a d d itio n  was complete the  r e a c t io n  was re f lu x e d  on a 

steam b a th  fo r  4 ho u rs .

I t  was then  cooled in  an ic e  b a th  and 30 ml o f w ater was added

follow ed by th e  a d d itio n  o f 30 ml o f 2N h y d ro ch lo ric  a c id .  The a c id —
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i f i e d  s o lu tio n  was then  re f lu x e d  fo r  0 .5  hour, cooled  and e x tra c te d  

w ith  th re e  50 ml p o r tio n s  o f e th e r .  The combined e th e r  e x t ra c ts  were 

washed tw ice w ith  15 ml o f a  2 % sodium b ica rb o n a te  s o lu t io n .  A fte r 

washing th e  e th e r  s o lu tio n  w ith  15 ml o f w ater i t  was d r ie d  w ith  anhy­

drous magnesium s u l f a t e .  The s o lu tio n  was then  f i l t e r e d  and the  e th e r
o 1removed to  g ive 1.99 g of a  w hite s o l id ,  mp 109-111 . H-NMR showed 

th e  m a te r ia l to  be e s s e n t i a l ly  a l l  un reac ted  s t a r t i n g  m a te r ia l .

A ll aqueous la y e rs  were combined and e x tra c te d  th re e  tim es w ith  

75 ml o f e th e r .  The combined e th e r  la y e rs  were d r ie d  w ith  anhydrous 

magnesium s u l f a t e ,  f i l t e r e d  and th e  e th e r  evapora ted  to  g ive 0.07 S 

o f a  w hite s o l id ,  mp 109-112°. A t o t a l  o f 97 % o f  th e  s t a r t i n g  m ater­

i a l  was th u s  reco v e red .

The r e a c t io n  was rep ea ted  u s in g  a  f iv e - f o ld  excess o f l i th iu m
1

borohydride and r e f lu x in g  fo r  24 ho u rs . H-NMR showed th a t  no reduc­

t io n  had taken  p la c e .

S yn thesis  o f d inhenide (XV) u s in g  li th iu m  tr ie th y lb o ro h y d r id e ^

Under a  n itro g e n  atmosphere 2.56 g (0 .10  mol) o f monomethyl d i­

phenate was d is so lv e d  in  15 ml o f dry  te tra h y d ro fu ra n . The s o lu tio n  

was cooled  in  an ic e  b a th  and 40.0 ml of a 0 .8 4  M s o lu t io n 'o f  l i th iu m  

tr ie th y lb o ro h y d r id e  (o.028 mol) was added dropwise w ith  s t i r r i n g .  The 

ic e  b a th  was removed and th e  r e a c t io n  was re f lu x e d  on a steam bath  

fo r  1 h ou r. Most o f th e  te tra h y d ro fu ra n  was removed by sim ple d is ­

t i l l a t i o n  and to  th e  r e s u l t in g  mushy m a te r ia l was added 20 ml o f wa­

t e r .

A fte r  s t i r r i n g  fo r  0 .2  hour 10 ml o f 5° % hydrogen peroxide was
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added dropw ise. The re a c t io n  was th en  heated  to  approx im ately  45° and 

k ep t a t  t h i s  tem peratu re  fo r  0 .5  hou r. Twenty m i l l i l i t e r s  o f a  6 N 

h y d ro ch lo ric  a c id  s o lu tio n  was then  added and the  re a c tio n  re flu x e d  

fo r  an a d d it io n a l  0 .5  ho u r. A fte r  co o lin g  50 ml o f  e th e r  was added to  

d is so lv e  any s o lid  m a te r ia l  and the  la y e rs  were se p e ra te d . The aqueous 

la y e r  was e x tra c te d  tw ice w ith  50 ml p o r tio n s  o f  e th e r  and the  combined 

e th e r  la y e rs  washed once w ith  50 ml o f a 2?o sodium b ica rb o n a te  s o lu tio n

A fte r  washing once w ith  50 ml of w ater the  e th e r  s o lu tio n  was d rie d

w ith  anhydrous magnesium s u l f a t e .  Removal o f th e  e th e r  gave 2 .04 g of 

w hite c r y s ta l s .  R e c ry s ta l l iz a t io n  from e th e r  gave 2 .00 g (0 .010 mol) 

o f d ip h en id e . The y ie ld  was alm ost q u a n t i ta t iv e ,  mp 151-152°.

[ l i t . :  152-153° 52, 136-156.5° 57 and 152° 58] .  1H-NMR (CDCl^) 5.95 

( s ,  ArCH2 ) ,  7.64 (m, ArH)

S yn thesis  of 2 .2 t-b is (h y d ro x v m eth y l)-1 .1 ♦-biphenyl (XVT)

To a  cooled s o lu tio n  o f 9.01 g (0 .2 4  mol) l i th iu m  aluminum hy­

d rid e  in  200 ml o f d ry  e th e r  was added dropwise and under a  n itro g e n

atmosphere 20.12 g (0 .10  mol) o f d iphen ide (XV) d isso lv ed  in  100 ml

o f dry  e th e r .  The r e a c tio n  was allow ed to  s t i r  1 hour befo re  the  ex­

cess  hydride was d estroyed  by th e  a d d itio n  o f 50 ml o f w a te r. T h ir ty  

m i l l i l i t e r s  o f 2 N h y d ro ch lo ric  a c id  was then  added and, a f t e r  v igorous 

s t i r r i n g  fo r  0 .5  hour th e  la y e rs  were se p a ra te d . The aqueous la y e r  

was e x tra c te d  tv/ice w ith 50 ml of e th e r  and th e  combined e th e r  la y e rs  

d r ie d  w ith  anhydrous magnesium s u l f a te .  A fte r  f i l t r a t i o n  th e  e th e r  

was evapora ted  to  g ive a w hite s o l id .  R e c ry s ta l l iz t io n  from p e t ro -
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added dropw ise. The r e a c t io n  was th en  h ea ted  to  approxim ately  45° 

and k ep t a t  t h i s  tem peratu re  fo r  0 .5  hou r. Twenty ml o f a  6N hydro­

c h lo r ic  a c id  s o lu tio n  was then  added and th e  r e a c t io n  re f lu x e d  fo r  an 

a d d it io n a l  0 .5  ho u r. A fte r  co o lin g  50 ml o f  e th e r  was added to  d is ­

so lve  any s o l id  m a te r ia l  and th e  la y e rs  s e p e ra te d . The aqueous la y e r  

was e x tra c te d  tw ice w ith  50 ml o f e th e r  and the  combined e th e r  la y e rs  

washed once w ith  50 ml o f a  2 % sodium b ic a rb o n a te  s o lu tio n .  A fte r  

washing once w ith  50 ml o f w ater th e  e th e r  was d r ie d  w ith  anhydrous 

magnesium s u l f a t e .  Removal o f th e  e th e r  gave 2 .04  G o f w hite c ry s­

t a l s .  R e c ry s ta l l iz a t io n  from e th e r  gave 2 .00  g (0 .010 mol) o f pure

d ip h en id e . The y ie ld  was alm ost q u a n t i ta t iv e ,  mp 151-132°. } jL it.: 

132-133° 52, 136-136.5° 57 and 132° 58J .

1H-NMR (ODClj) 3.95 ( s ,  ArCH2 ) ,  7 .64 (m, ArH)

S y n th esis  o f 2 .2 ’-b is (h y d ro x y m eth y l)-1 .1 '-b ip h e n y l (XVT)

To a  cooled s o lu tio n  of 9»01 g (0 .24  mol) l i th iu m  aluminum hy­

d rid e  in  200 ml o f d ry  e th e r  was added dropw ise and under a  n itro g e n  

atm osphere 20,12 g (0 .1 0  mol) o f d iphenide (XV) d is so lv e d  in  100 ml 

o f dry  e th e r .  The re a c t io n  was allow ed to  s t i r  fo r  1 hour b e fo re  th e  

excess hydride was destro y ed  by the  a d d itio n  o f 30 ml o f w a te r.

T h ir ty  ml o f 2N h y d ro ch lo ric  a c id  was then  added and , a f t e r  v igo rous 

s t i r r i n g  f o r  0 .5  hou r, th e  la y e rs  were se p e ra te d . The aqueous la y e r  

was e x tra c te d  tw ice w ith  50 ml o f e th e r  and the  combined e th e r  la y e rs  

d r ie d  w ith  anhydrous magnesium s u l f a t e .  A fte r  f i l t r a t i o n  th e  e th e r  

was evapora ted  to  g ive a  w hite s o l id .  R e c ry s ta l l iz a t io n  from p e tro ­
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leum e th e r  gave 19.88 g  (0 .090  mol) o f th e  d io l  (XVI) a s  w hite nee­

d le s .  Y ie ld : 90% . mp 109-110°. [ l i t . :  mp 11 1 -1 1 2 °].59 1H-NMR 

(ODOlj) 5 .50 ( s ,  OH), 4 .28  ( s ,  ArCH2 ) ,  7 .27 (m, ArH).

S yn thesis  o f 5 .7 -d ih y d ro d ib e n z -rc .e l-o x e p in  (XVIl)

I f  in  th e  procedure f o r  th e  sy n th e s is  o f 2 ,2 '-b is(h y d ro x y m eth - 

y l ) - 1 ,1 '-b ip h e n y l (XVI) above th e  a d d itio n  i s  rev e rsed  and th e  l i t h ­

ium aluminum h y dride  s o lu tio n  i s  added to  a  s o lu tio n  o f d iphenide (XV) 

the  dehydrated  d io l  i s  formed. In  th i s  way 12.06 g (0 .057 mol) o f d i ­

phenide (XV) was converted  to  10.78 g (0.055 mol) of th e  oxepin (X V Il). 

Y ie ld : 96 %. mp 71-72°. [ l i t . :  mp 7 1 .5 -7 2 ° ] .40 1H-NMR (CDCl^) 4 .34  

( s ,  ArCH2 ) ,  7.33 (m, ArH).

S yn thesis  o f 2 .2*-b is(b rom om ethy l)-1 .1 '-b ip h e n y l (XVTIl)44

Route A: Ibrom 2 ,2 '-b is (h y d ro x y m e th y l)-1 , 1 '-b ip h e n y l (XVT).

To 100 ml o f 48 % hydrobromic a c id  cooled in  an ic e  b a th  was added 8 

ml o f co n ce n tra te d  s u l f u r ic  a c id .  The r e s u l t in g  s o lu tio n  was cooled 

to  approx im ate ly  2° and 9.21 g (O.O43 mol) o f th e  d io l  (XVl) was ad­

ded. The r e s u l t in g  s o lu tio n  was then  re f lu x e d  fo r  3 hours and, a f t e r  

co o lin g , poured in to  250 ml o f w a te r. The p r e c ip i ta te  which formed 

was c o l le c te d ,  washed w ith  w ater and d r ie d  in  a  vacuum d e s ic c a to r  

o v e rn ig h t. I t  was then  d isso lv ed  in  benzene and d eco lo rized  w ith  Nor­

i t e .  The volume o f benzene was reduced and, a f t e r  co o lin g  o vern igh t 

in  a  r e f r i g e r a to r ,  th e  c r y s ta l s  which formed were c o l le c te d  and vacuum 

d r ie d .  Subsequent f u r th e r  re d u c tio n  in  th e  volume o f benzene pro­
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duced more c r y s ta l s .  The combined c o l le c t io n  o f  c r y s ta l s  was r e c r y s -  

ta l i z e d  from carbon te t r a c h lo r id e  to  g ive 12.92 g  (0 .038 mol) o f th e  

p u r i f ie d  dibrom ide (X V IIl). Y ie ld : 8 8 ^ ,  mp 88-89°. [ l i t . :  mp 92- 

95° 39 and 82r-83° 41J ,  1H-NMR (CDCl^) 4 .24  (q , CHgBr), 7 .42 (m, ArH)

Route B: Prom 5>7 -d ib y d ro d ib en zo -[c , e] -o xep in  (XVIl)

Follow ing th e  above procedure 9.82 g (0 .50  mol) o f th e  oxepin was 

converted  to  14.68 g ( 0.04 mol) o f th e  d e s ire d  compound. Y ie ld : 80 %, 

mp 88-89°. The ^H-MR s p e c tra  corresponded w ell to  th a t  o f th e  p re ­

v io u s ly  p repared  compound and th e  m e ltin g  p o in t o f  a  m ixture o f the  

two compounds rem ained unchanged.

S yn thesis  o f (~ ) -6 . 6-d icarbethoxydibenzo— fa . c] — f l .3~I-cycloheptadiene 
( Y U ) 22 *39

To f iv e  ml o f ab so lu te  e th an o l th e re  was added 0 .34  S  (0.01 g . 

a t .  w t.)  o f  f r e s h ly  c u t sodium m e ta l. A fte r  a l l  o f th e  sodium had r e ­

a c te d  2 .25  ml (1 4 .8  mmol) o f d ie th y l  m alonate d is so lv e d  in  11 ml of 

e th e r  was added a l l  a t  once. The re a c tio n  m ix ture was s t i r r e d  fo r  

0,25 hour d u rin g  which tim e i t  became cloudy. The r e s u l t in g  s o lu tio n  

was then  added w ith  s t i r r i n g  to  2 .26 g (6 .64  mmol) o f 2 ,2 , -b is(b ro m o - 

m e th y l)-1 , 1 1-b ip h en y l (X V IIl) d is so lv e d  in  15 ml o f dry  e th e r .  The 

r e a c tio n  was then  re f lu x e d  fo r  3 hours a f t e r  which i t  was f i l t e r e d  and 

th e  so lv e n ts  removed under reduced p re s s u re .

The r e s u l t in g  s o l id  was r e c r y s ta l l i z e d  tw ice from ab so lu te  

e th an o l and vacuum d rie d  o v ern ig h t to  g ive 1.44 S (4 .25  mmol) o f th e  

d e s ire d  com pound,(VIl) as  w hite c r y s ta l s .  Y ie ld : 64 %, mp 63- 64. 5° .
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[ [ l i t . :  rap 64- 66*0

1H-MR (CC14 ) 1 .20  ( t ,  CH5 ) ,  3.01 (broad  s ,  ArCHg), 4 .14  (q , COOCHg),

7.25 (m, ArH). Mass S p ectra  M+ a t  338 m /e. TLC: System A s in g le  spo t 

a t  Rf =0.64; System B s in g le  sp o t a t  R^=0.11
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SYNTHESIS OP (+)-6,6-DICARBETHOXY-5,5-DIDEUTERO- 
DIBENZO-[a,cI] - [ 1 ,3 ] -CYCLOHEPTADIENE (V II l)

S yn thesis  o f  2-(hydroxy-Pf.o(.-dideuterom ethyl ) - 2 1 -hydroxym ethyl-1 .1 1 -  
b iphenyl (XIX)

Follow ing th e  procedure f o r  th e  sy n th e s is  o f th e  n o n -d eu te ra ted  

compound (XVI) 5 .28  g (0 .02  mol) o f d iphenide (XV) was reduced w ith  

0.59 S  (0.01 mol) o f 99.98 %-d^ li th iu m  aluminum d e u te r id e . IJpon 

c lean  up th e re  was ob ta in ed  5*17 S  (0 .02  mol) o f  th e  d e s ire d  compound.
-  A

The y ie ld  was e s s e n t i a l ly  q u a n t i ta t iv e ,  mp 109-110 . H-NMR (CDCl^) 

3 .49 ( s ,  OH), 4 .28  ( s ,  ArCH2 ) ,  7 .26 (m, ArH)

S yn thesis  o f 5 .5 -d id eu te ro -7 .7 -d ih y d ro d ib en z-lT c .e3 -o x ep in  (XX)

The procedure fo r  th e  sy n th e s is  o f th e  n o n -d eu te ra ted  analog

(XVIl) was fo llow ed  red u c in g  6 .48  g (0 ,03  mol) o f d iphenide (XV) w ith  

0*72 g (0 .02  mol) o f 99.98 d^ li th iu m  aluminum d e u te r id e .  There 

was ob ta in ed  5.96 g (0 .03  mol) o f th e  d e s ire d  compound (XX). The 

y ie ld  was e s s e n t i a l ly  q u a n t i ta t iv e ,  mp 71-72°. ^H-NMR (CDCl^) 4.33 

( s ,  ArCH2 ) ,  7.32 (m, ArH)

S yn thesis  o f 2~(brom o-(y.od-dideuterom ethyl)-2l -brom om ethyl-1.1 ' -  
b ipheny l (XXl)

Route A; Prom 2-(hydroxy-o(,oC -dideuterom ethyl)-2l -hydroxym ethyl- 

1 ,1 '-b ip h e n y l.(X IX ).

Follow ing th e  procedure fo r  th e  sy n th e s is  o f th e  n o n -d eu te ra ted  

compound (X V IIl) 4 .82 g (0 .02  mol) o f the  s t a r t i n g  m a te r ia l (XIX)
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gave 6 .80  g (0 .02  mol) o f th e  d e s ire d  compound (XXl). The y ie ld  was 

e s s e n t i a l ly  q u a n t i ta t iv e ,  rap 8 8 .5 -8 9 .5 ° . ^H-NMR (CDCl^) 4 .24 (q , 

CH2B r) , 7 .40  (m, ArH)

Route B: From 5»5 -d id e u te ro -7 »7 -d ih y d ro d ib en z -[c ,e ]-o x ep in  (XX). 

Follow ing th e  procedure fo r  the  sy n th e s is  o f th e  n o n -d eu te ra ted  com­

pound (X V IIl) from the  oxepin (X V Il), 5.45 g (0 .03  mol) o f (XX) gave 

7.85 g (0 .02  mol) o f th e  d e s ire d  dibrom ide (XXl). Y ie ld : 67 %• mp 

8 8 .5 -8 9 .5 ° . The ^H-NMR was very  s im ila r  to  th a t  o f th e  p roduct u s in g  

ro u te  A. A mixed m e ltin g  p o in t produced no change in  th e  m e ltin g  

p o in t .

Synthesis of (—)-6.6-dicarbethoxy-5.5-dideuterodibenzo-ra.c3-El .51- 
cycloheptadiene (V II l)

Follow ing th e  procedure fo r  the  s y n th e s is  o f th e  n o n -d eu te ra ted

analog  (V I l) ,  2 .00  g ( 5.85 mmol) o f (XXl) gave 1.32 g (3 .87  mmol) o f

the  d e s ire d  compound (V I I l ) .  Y ie ld : 66 %, mp 64- 65. 5° . 1H-NMR

(CC14 ) 1.20 ( t ,  CHj), 3 .00  (broad s ,  ArCH2 ) ,  4 .11 (q , COOOHg), 7.28

(m, ArH). Mass s p e c tra  M+ a t  340 m /  e . TLC: System A s in g le  spo t

a t  R^rsO.64; System B s in g le  spo t a t  R^.=0.10.
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SYNTHESIS OP (+ ) - 6 , 6-DICAKBETHOXY-4, 8-DIDEUTERO- 
DIBENZO-£a,c] -  [l , f j  -CYCLOHEPTADIENE (IX)

S yn thesis  o f  2 -ch lo ro -6 -io d o to lu e n e  (XXIII)*^

To a  s o lu tio n  o f 700 ml o f co n cen tra ted  h y d ro ch lo ric  a c id  and 

700 ml o f w ater coo led  in  an ic e  b a th  was added 250.1 g (1 .8  mol) 

3 -c h lo ro -2 - methylanilina(XXIl). The tem peratu re  o f th e  s o lu tio n  was 

kep t between 0 and 4° w hile 146.8 g (2.1 mol) o f s o l id  sodium n i t r i t e  

was added in  p o r tio n s  w ith  v igorous s t i r r i n g .  A ddition  o f th e  sodium 

n i t r i t e  re q u ire d  approxim ately  0.75 hour and s t i r r i n g  was subsequent­

ly  con tinued  fo r  an a d d i t io n a l  0 .5  hour.

To th e  co ld  s o lu tio n  was then  added 25 .4  g (0 .4  mol) o f u rea  in  

o rd er to  d e s tro y  any u n reac ted  n i t ro u s  a c id .  A fte r  s t i r r i n g  th e  mix­

tu re  fo r  0.25 hour 296.5 g  (1 .8  mol) o f potassium  io d id e , d isso lv ed  

in  a  minimal amount o f w a te r, was added dropw ise. The r e a c t io n  was 

allow ed to  slow ly  warm to  room tem peratu re and th en  steam was a p p lie d  

in  o rd e r to  r a i s e  th e  tem peratu re to  approx im ately  35°. By th i s  time 

th e  r e a c t io n  had p a r t i t io n e d  in to  an upper reddish-brow n aqueous 

phase and a  low er b lack  o rgan ic  phase . The a d d it io n  o f approx im ately  

10 g o f  s o l id  sodium b i s u l f i t e  caused th e  upper la y e r  to  l ig h te n  in  

c o lo r .  The la y e rs  were sep a ra ted  anc* ^he aqueous phase was e x tra c te d  

th re e  tim es w ith  100 ml p o r tio n s  o f benzene. The combined organ ic  

la y e rs  were then  f i r s t  washed tw ice w ith  150 ml o f an aqueous 5 % 

sodium b ic a rb o n a te  s o lu tio n  and then  w ith  two 150 ml p o r tio n s  of 

w a te r. A fte r  removing most o f the  benzene by sim ple d i s t i l l a t i o n  a t
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atm ospheric p re ssu re  th e  rem aining m a te r ia l  was f r a c t io n a l ly  d i s t i l l e d  

to  g ive th e  fo llo w in g  f r a c t io n s :

f r a c t io n bn ran&e p ressu re weiffht

1 82- 96° 3 mm 1.42 g
2 96-99 .5° 2 mm 2.56 g
3 99.5-100° 2 mm 43.56 g
4 100- 101° 2 mm 68.98 g
5 101° 2 mm 74.42 g
6 101° 2 mm 33.00 g
7 101° 2 mm 12.68 g

■\
H-NMR showed th a t  f r a c t io n s  3 th rough 7 were th e  d e s ire d  prod­

u c t and , upon combining th e se  f r a c t io n s ,  th e re  was ob ta ined  232.64 g 

(0 ,92  mol) o f th e  d e s ire d  compound (X X IIl). Y ie ld  52 %• ' [ l i t . :  bp a t  

132- 133° and 25mm45; 99-100° and 5mm443 .  1H-NMR (CDClj) 2.52 ( s ,  CH ) ,

6.87 (m, ArH).

S yn th esis  o f  3 .3 1-d ic h lo ro -2 .2 1-d im e th y l-1 .1 1-b ip h en y l (XXIV

In  a  round bottom f la s k  co n ta in in g  226.5 g (0 .9  mol) o f 2 -c h lo ro -  

6- io d o to lu en e  (X X IIl) was added 113.0 g (1 .8  mol) o f e l e c t r o ly t i c  

grade copper d u s t and 28 g o f a c id  washed ig n i te d  sand. A m echanical 

s t i r r e r  w ith  a  s ta in le s s  s te e l  b lade was used to  s t i r  the  m ixture 

w hile an a i r  cooled condenser was used to  condense any v o la t i l e  m ater­

i a l .  The r e a c tio n  was h ea ted  in  a h igh  tem peratu re  s i l ic o n e  o i l  b a th  

to  approxim ately  235° and. m ain tained  a t  t h i s  tem peratu re fo r  72 h o u rs .

A fte r  co o lin g  th e  re a c tio n  was f i l t e r e d  th rough a  p lug  o f g la s s  

wool and the  s o l id  m a te r ia l  washed once w ith  50 ml o f benzene. The 

combined o rgan ic  m a te r ia l  was d eco lo rized  w ith  N o rite  and subsequently  

f i l t e r e d  through diatom aceous e a r th .  The benzene was removed by sim ple
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d i s t i l l a t i o n  a t  a tm ospheric p re ssu re  and f i n a l ly  under reduced p re s ­

su re . The rem ain ing  m a te r ia l was then  f r a c t io n a l ly  d i s t i l l e d  to  g ive 

th e  fo llo w in g  f r a c t io n s :

f r a c t io n  bp range p re ssu re  w eight

1 68- 72°  5  mm 2 . 8 6  g

2 72-76° 5 mm 0.42 g
3 129-131° 1.7mm 0.99 g
4 131-135° 1.5 mm 42.46 g
5 135-138° 1.5 mm 50.64 S

The condenser used in  th e  d i s t i l l a t i o n  had to  be h ea ted  from 

tim e to  time in  o rd e r to  m elt any s o l id  which had c o l le c te d  in  i t  

d u ring  th e  d i s t i l l a t i o n  o f f r a c t io n s  4 and 5» Upon co o lin g  th e se  

two f r a c t io n s  s o l id i f i e d  and were subsequen tly  r e c r y s ta l l i z e d  tw ice 

from e th an o l and d r ie d  in  a  vacuum d e s s ic a to r  o v e rn ig h t. There was 

th u s  ob ta in ed  89.64 g (0 .36 mol) o f th e  d e s ire d  compound (XXIV).

Y ie ld : 40 %, mp 76-77°. [ l i t . :  bp 133-139° a t  2 mm and mp 7 5 -7 6 ° ] .42 

1H-NMR (CDClj) 2 .10  ( s ,  CH^)t 7.19 (m, ArH)

S y n th esis  o f 3 .5 f-d i io d o -2 .2 t -d im e th y l-1 .1 '-b ip h e n y l (XXV)2^

T etrahyd ro fu ran  (750 ml) was d r ie d  by r e f lu x in g  i t  overn igh t 

w ith  approx im ately  10 g o f l i th iu m  aluminum h y d rid e . I t  was then  

d i s t i l l e d  under an atm osphere o f d r ie d  n itro g e n  c o l le c t in g  th e  m ater­

i a l  d i s t i l l i n g  a t  6 5 .5 -6 6 .5 ° 'and subsequen tly  s to r in g  i t  over calcium  

h y d rid e . In  t h i s  way approxim ately  650 ml o f te tra h y d ro fu ra n  was 

p u r i f i e d .

Under an atm osphere o f n itro g e n  was p laced  6 .1 4 g (0 .25  mol) of 

magnesium tu rn in g s  and a  sm all c r y s ta l  o f io d in e . Heat was then  

m om entarily a p p lie d  to  th e  f l a s k .  A fte r  co o lin g  to  room tem peratu re
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200 ml o f  th e  p u r i f i e d  e th e r  was added and th e  m ixture was h ea ted  to  

r e f lu x .  A s o lu tio n  o f 29.85 S  (0 .12  mol) o f 3 »5 '-d ic h lo r o - 2 ,2 1- d i ­

methyl-1 ,1 '-b ip h e n y l (XXTV) in  100 ml o f te trah y d o fu ran  was then  add­

ed dropwise a t  such a  r a t e  as to  keep th e  r e a c t io n  a t  r e f lu x .  The 

r e a c tio n  was re f lu x e d  fo r  2 hours and then  0 .24  S (1 .2  mmol) o f alum­

inum isopropoxide was added. A fte r  r e f lu x in g  24 hours an a d d it io n a l  

0 .24  S  o f aluminum isopropoxide was added. The r e a c t io n  was then  r e ­

flu x ed  fo r  an a d d i t io n a l  3 days.

The s o lu tio n  was added dropwise through g la s s  tu b in g  to  a  so lu ­

t io n  o f 65.24 g ( 0.26 mol) o f io d in e  d is so lv e d  in  75 ml o f t e t r a ­

h yd ro fu ran . I t  was s t i r r e d  fo r  3 hours and then  100 ml o f w ater f o l ­

lowed by 18.42 g (0 .1 0  mol) of sodium b i s u l f i t e  were added. A fte r 

th e  volume had been reduced to  100 ml th e  r e s u l t in g  s o lu tio n  was ex­

t r a c te d  w ith  th re e  100 ml p o r tio n s  o f benzene. The combined benzene 

e x t ra c ts  were washed w ith  two 50 ml p o r tio n s  o f w ater and d r ie d  w ith  

anhydrous sodium s u l f a t e .  The s o lu tio n  was c l a r i f i e d  w ith  N o rite , 

f i l t e r e d  through diatom aceous e a r th  and th e  benzene was evapo ra ted .

The r e s u l t in g  mushy c r y s ta l s  were r e c r y s ta l l i z e d  from benzene/ 

m ethanol (1 :1 )  to  g ive  16.05 g (0.04 mol) o f th e  d e s ire d  compound

(XXV). Y ie ld : 3 3 %  mp 1 1 8 . 5 - 1 2 3 .0 ° .  [ l i t . :  mp 1 1 3 -1 1 8 ° J .42

R e p e tit io n  o f  t h i s  experim en tal procedure w ith  45.22 g (0 .18

mol) o f th e  s t a r t i n g  m a te r ia l  (XXIV) gave upon workup 29.31 E (0 .07  

mol) o f th e  d e s ire d  compound. Y ield  39 %  mp 118-123°.

S yn thesis  o f 3 .3 '-d id e u te ro -2 .2 1-d im e th y l-1 .1 1-b ip h en y l (XXVI)

In to  a  250 ml th re e  necked f la s k  f i t t e d  w ith  a  condenser and an
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a d d itio n  funnel was p laced  0.53 S  (0 .02  mol) o f magnesium m e ta l. The 

appara tu s  was s e t  up as  to  allow  i t  to  be swept w ith  d r ie d  n itro g e n  

(a ls o  removed o f carbon d iox ide  w ith  A sc a r ite )  o r to  be evacuated by 

a  vacuum pump. N itrogen  was passed  through th e  system as  i t  was s i ­

m ultaneously  h ea ted  to  vap o rize  any w ate r. The n itro g e n  flow  was 

stopped and th e  system evacuated  w ith  th e  vacuum pump. This p rocess 

was re p e a te d  th re e  tim es in  o rd er to  p rov ide a  system e s s e n t i a l ly  

f re e  o f w ater and carbon d io x id e .

Under n itro g e n  20 ml o f d ie th y l  e th e r  (d r ie d  over sodium m e ta l) 

was in tro d u ced  v ia  a  sy rin g e  fo llow ed by th e  dropwise a d d itio n  of 

5.68 g (0.01 mol) o f 3 ,3 '- d i io d o - 2 ,2 '-d im e th y l-1 ,1 '-b ip h e n y l (XXV) 

d is so lv e d  in  50 ml o f d ie th y l  e th e r .  The r e a c t io n  s ta r t e d  alm ost 

im m ediately .and , a f t e r  a l l  o f th e  s o lu tio n  o f (XXV) had been added, 

th e  r e a c tio n  was allow ed to  s t i r  f o r  3 h o u rs . The d ie th y l e th e r  was 

then  removed under reduced p re ssu re  and th e  ap p ara tu s  cooled in  an 

ic e  b a th . F ive ml (0 .3  mol) o f  99*996 % d^ w ater d isso lv ed  in  10 ml 

o f dry  te tra h y d ro fu ra n  was added dropwise v ia  a sy r in g e . (The t e t r a ­

hydrofuran  was p repared  by th e  a d d itio n  o f 0 .2  ml o f th e  d e u te ra te d
o

w ater to  75 ml o f te tra h y d ro fu ra n  and subsequent d ry in g  over 4A. 

m olecular s ie v e s .  T his p rocess was rep ea ted  tw ic e .)  The re a c tio n  

was s t i r r e d  fo r  1 hour a t  room tem peratu re and then  the  so lv e n ts  were 

removed under reduced p re s su re .

The r e s u l t in g  s o l id  was r e c r y s ta l l i z e d  from e thano l to  g ive 

2.06 g (0.01 mol) o f th e  d e s ire d  compound (XXVl). The e th an o l so lu ­

t io n ,  upon being  reduced in  volume, gave an a d d it io n a l  0.26 g (1 .4
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mmol) o f  th e  d e s ire d  compound (XXVl). The t o t a l  amount o b ta ined  was 

2.32 g (0.01 m ol). The y ie ld  was e s s e n t i a l ly  q u a n t i ta t iv e ,  mp 1 7 .5 - 

1 8 .5 ° . 1H-NMR (CDClj) 2.45 ( s ,  ArCH^) ,  6 .77 (m, ArH)

S yn thesis  o f 2 .2 , -b is (b ro m o m eth y l)-3 .3 t -d id e u te ro -1 .1 t -b ip h en y l (XXVIl)

To a  s o lu tio n  of 3*58 8  (0 .02  mol) o f 3,3*-d id e u te ro -2 ,2 ’- d i -  

m eth y l-1 ,1 *-b ip h en y l (XXVl) d is so lv e d  in  40 ml o f carbon te tr a c h lo r id e  

was added 4.91 8 (0 .03 mol) o f N-bromosuccinimide. The re a c tio n  was 

h ea ted  to  r e f lu x  whereupon 0.26 g (1 .1  mmol) o f d ibenzoyl peroxide 

was added. The r e f lu x in g  con tinued  fo r  12 hours whereupon an o th er 

0.26 g (1 .1  mmol) o f d ibenzoyl perox ide was added. A fte r re f lu x in g  

an a d d i t io n a l  12 hours th e  r e a c t io n  was cooled to  room tem p era tu re , 

f i l t e r e d  and washed once w ith  25 ml o f  a 5 % sodium b i s u l f i t e  so lu ­

t i o n .  The organ ic  la y e r  was d rie d  w ith  anhydrous magnesium s u lf a te  

and evapora ted  to  dryness on a  ro to v ap . R e c ry s ta l l iz a t io n  from c a r­

bon te t r a c h lo r id e  gave a  f i r s t  crop o f 3*96 g (0.01 mol) o f th e  de­

s ir e d  compound (XXVTl). C oncen tra tion  o f th e  mother l iq u o r  gave, 

upon co o lin g , a  second crop o f 0.21 g (0 .6  mmol) fo r  a  t o t a l  o f 

4*17 8  (0 .01 mol) o f th e  d e s ire d  compound (XXVIl). Y ield  50 %, 

mp 8 9 .5 -9 1 .5 ° . 1H-MR (CDC1 ) 4.29 (q , C ^ B r) ,  7.42 (m, ArH)

S yn thesis  o f (—)-6 .6 -d ica rb e th o x y -4 .8 -d id eu te ro d ib en zo -ra .c~ ]-C l .3 1 -  

cyc lohep tad iene  (IX)

The procedure fo r  th e  sy n th e s is  o f th e  n o n -d eu te ra ted  compound 

(V Il)  was fo llow ed except th a t  1.71 g (5*0 mmol) o f  2 ,2 '-b is (b ro m o - 

m e t h y l ^ ^ '- d i d e u t e r o - l  ,1 '-b ip h e n y l (XXVl) y ie ld e d  1.06 g (3.1 mmol)
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of th e  d e s ire d  compound (IX ). Y ield  62 %. mp 65- 67° .  "*H-NMR (CDCl^) 

1.21 ( t ,  CHj), 3.02 (q , ArCH2 ) ,  4 .16 (q , C00CH2 ) ,  7 .27 (mf ArH)

TLC; System A s in g le  spo t a t  R^=0.65; System B s in g le  spo t a t  R^=0.10.
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SYNTHESIS OF (+ ) - 6 , 6-DICARBETHOXY-4, 5 ,5 , 8-TETRA- 
DEUTERODIBENZO-|[a, c ] - ^ 1 ,3]-CYCLOHEPTADIENE (x)

S yn th esis  o f  2 .2 ’-b is fa c e to x y m e th y l) -3 .3 1-d id e u te ro -1 .1 ♦-biphenyl 
(XXVTIl)

In to  30 ml o f dry  ace tone was d is so lv e d  13.82 g (0 .0 4  mol) of 

2 ,2 , -b is (b ro m o m eth y l)-3 ,3 l -d id e u te ro -1 ,1 ♦-biphenyl (XXVIl). This so­

lu t io n  was then  added dropw ise to  a  s o lu tio n  o f 8.33 8  (0 .085 mol) o f 

anhydrous potassium  a c e ta te  h ea ted  to  approx im ately  85°. A fte r  ad d i­

t io n  was com plete th e  r e a c t io n  was h ea ted  on a  steam  b a th  o v e rn ig h t. 

I t  was th en  cooled  to  room tem p era tu re , f i l t e r e d  and th e  a c e t ic  ac id  

which formed removed under h igh  vacuum. The re s id u e  was shaken w ith  

a  m ixture o f w ater and e th e r  ( 20 ml and 50 ml re s p e c t iv e ly )  and the  

aqueous la y e r  e x tra c te d  tw ice w ith  50 ml p o r tio n s  o f e th e r .  The com­

bined  e th e r  la y e rs  were washed tw ice w ith  w ater (25 m l) and d rie d  

over anhydrous magnesium s u l f a t e .  A fte r  f i l t e r i n g  o f the  so lu tio n  

th e  e th e r  was removed on a  ro tovap  to  leav e  an o i l  which was f r a c ­

t io n a l ly  d i s t i l l e d  to  g ive  th e  fo llo w in g  f r a c t io n s :

f r a c t io n  bp range p re ssu re  w eight
1 208-212° 15.6 mm 0.47 8
2 212-214° 15.4 mm 2.33 8
3 214-215 15.4 mm 2.93 8
4 215° 15.4 mm 5.64 8

F ra c tio n s  2 th rough 4 were combined to  g ive  11.37 8 (0 .038 mol) 

o f th e  d e s ire d  compound (XXVIIl). Y ield  95 %• "*H-NMR (CDGl^) 2.42 

( s ,  CH^), 5.01 (q,CH2 ) ,  7 .44  (m,ArH)
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S yn thesis  o f 2 .2 , -b is (h y d ro x y m e th y l)-3 .3 t -d id e u te ro -1 .1 ♦-biphenyl

■QslbO.
To a  s o lu tio n  o f 75 ml o f 50 % aqueous potassium  hydroxide was 

added 75 ml o f e th an o l and 5*23 8  ( 0,017 mol) o f 2 ,2 l -b is (a c e to x y -  

m e th y l)-1 ,1 1-b ip h en y l (XXVIIl). Water and e th an o l were added a l t e r ­

n a te ly  in  o rd e r to  s o lu b i l iz e  a l l  o f th e  m a te r ia l .;  .The m ixture was 

then re f lu x e d  on a  steam b a th  fo r  6 h o u rs , cooled in  an ic e  b a th  and 

n e u tra l iz e d  w ith  0.1 N h y d ro ch lo ric  a c id .  The volume o f th e  r e a c tio n  

m ixture was reduced to  approx im ately  40 ml and shaken w ith  a  m ixture 

o f  w ater and e th e r  (50 ml o f  ea c h ). The aqueous la y e r  was e x tra c te d  

tw ice w ith  50 ml p o r tio n s  o f e th e r  and th e  e th e r  la y e rs  washed f i r s t  

w ith  two p o r tio n s  o f a  5 % sodium b ica rb o n a te  s o lu tio n  (25 ml) and 

then  tw ice w ith  w ater (25 m l).

The e th e r  s o lu tio n  was then  d r ie d  w ith  anhydrous magnesium s u l­

f a t e ,  f i l t e r e d  and th e  e th e r  removed on a  ro to v a p . The r e s u l t in g  

c r y s ta l s  were r e c r y s ta l l i z e d  from hexanes to  g ive 3*56 g (16 .5  mmol) 

o f th e  d e s ire d  compound (XXIX). mp 110-111°. Y ield  95 %• "*H-MR 

(CDC13 ) 3.54 ( s ,  CH20H), 4 .26 (s,ArCH2 ) , 7 .27  (m,ArH)

S yn thesis  o f 5 .5 l -d id e u te ro d ip h e n ic  a c id  (XXX)

Under an atm osphere o f n itro g e n  5 ml o f dry  dimethylformamide

was cooled  to  0° and th e re  was added 1.90 g ( 5.05 mmol) o f pyrid in ium

dichrom ate and 0.43 8  0 . 9 8  mmol) o f 2 ,2 l-b is (h y d ro x y m e th y l)-3 ,3 '“
o

d id e u te ro -1 ,1 '-b ip h en y l. (XXIX). The m ixture was s t i r r e d  a t  0 for- 

6 hours and then  poured in to  50 ml o f  w a te r. The s o lu tio n  was made 

a c id ic  w ith  co n ce n tra te d  h y d ro ch lo ric  a c id  and th e  p r e c ip i ta te  c o l le c -
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ted. on a  Buchner fu n n e l. The aqueous la y e r  was e x tra c te d  fo u r tim es 

w ith  50 ml p o r tio n s  of e th e r  and th e  combined e th e r  la y e rs  were passed  

through a  1 cm p lug  o f anhydrous magnesium s u l f a t e .  The e th e r  was r e ­

moved on a  ro tovap  and th e  r e s u l t in g  s o l id  was p u r i f ie d  by d is s o lv in g  

i t  in  2N sodium hydrox ide , trea tm e n t w ith  N orite  and f i l t e r i n g  through 

diatom aceous e a r th .  The p roduct was p r e c ip i ta te d  upon th e  a d d itio n  o f 

co n ce n tra te d  h y d ro ch lo ric  a c id ,  c o l le c te d  and washed w ith  w a te r. A fte r 

d ry in g  in  a  vacuum d e s ic a to r  overn ig h t th e re  was ob ta in ed  0.35 S (1•44 

mmol) o f th e  d e s ire d  compound (XXX). mp 2 2 8 .5 -2 3 0 .5 ° . Y ie ld  72 %•

1H-NMR (CDC1 ) 7 .30  (m, ArH), 11.41 ( s ,  COOH)

R e p e tit io n  o f the  above procedure w ith  2 .89 g (13•3 mmol) o f the  

s t a r t i n g  m a te r ia l (XXIX) gave 2.44 S  (9*98 mmol) o f th e  d e s ire d  com­

pound (XXX). mp 2 2 8 .5 -2 3 0 .5 ° . Y ie ld : 75 %• The ^H-NMR was id e n t ic a l  

to  th e  one o f th e  above p repared  compound and a  mixed m e ltin g  p o in t 

showed no change.

S y n th esis  o f 5 .5 l -d id e u te ro d io h e n ic  anhydride (XXXl)

The p rocedure fo r  th e  sy n th e s is  o f th e  n o n -d eu te ra ted  analog

(X IIl)  was fo llo w ed . In  t h i s  manner 2 .68  g (1 1 .0  mmol) o f 3»3f-d id e u -  

te ro d ip h e n ic  a c id  (XXX) gave upon r e c r y s ta l l i z a t i o n  from g la c ia l  ace­

t i c  a c id  2 .40  g (10 .6  mmol) o f the  d e s ire d  anhydride (XXXl). Y ie ld :

97 %  mp 218-218 .5°. 1H-NMR (CDCl^) 7 .54 (m, ArH).

S y n th esis  o f monomethyl 3 » 3 '-d id eu te ro d ip h en a te  (XXXIl)

The procedure fo r  th e  sy n th e s is  o f th e  n o n -d eu te ra ted  analog

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



(XIV) was fo llow ed . Using th i s  procedure 2 .27  g  (10 .02  mmol) o f  th e  

anhydride (XXXl) gave 2 .54  g (9 .64  mmol) o f th e  d e s ire d  compound

(XXXII). Y ield  98 %, mp 11 2 .5 -1 1 3 .5 °. 1H-MR (CDOl^) 5 .60 ( s ,

OCH )̂ ,  7 .28 (m, ArH), 11.56 ( s ,  COOH).

S y n thesis  o f  5 .5 1-d id eu te ro d ip h e n id e  (XXXIIl)

The procedure f o r  th e  sy n th e s is  o f th e  n o n -d eu te ra ted  analog

(XV) was fo llow ed u s in g  li th iu m  tr ie th y lb o ro h y d r id e . Follow ing th i s  

procedure 2 .54 g (9 .84  mmol) of th e  s t a r t i n g  m a te r ia l  (XXXII) gave 

1.89 g (8 .9 0  mmol) o f  th e  d e s ire d  compound (XXXIIl). Y ie ld : 97

mp 151-131.5°. 1H-MR (CDC1 ) 5.92 ( s ,  ArCH^) ,  7,62  (m, ArH).

S y n thesis  o f 2-(hydroxy-fl.cX -dideuterom ethyl)-2 l -hydroxym ethv l-5 .5 t -  
d id e u te ro -1 .1 '-b ip h e n y l (XXXIV)

The procedure fo r  th e  sy n th e s is  o f th e  n o n -d eu te ra ted  analog

(XVI) was fo llow ed . Using th i s  procedure 1.75 g (8 .2 4  mmol) of

(XXXIII) gave upon re d u c tio n  w ith  0 .20  g ( 4 .8  mmol) o f li th iu m  alum­

inum d e u te r id e  and subsequent p u r i f i c a t io n  1.75 g (8 .0 0  mmol) o f the  

d e s ire d  compound (XXXIV). Y ield  97 %• mp 110-111°. 1H-NMR (GTXil ) 

5.47 ( s ,  OH), 4 .24  ( s ,  CH2 ) ,  7.25 (m, ArH).

S y n thesis  o f 2-(bromo-o(,0̂ -d ideu terom ethv l)-2 '-b rom om ethy l 5 .5 >-d id e u -  

t e r o - 1 .1 ^ b ip h e n y l (XXXV)

Follow ing th e  procedure fo r  th e  sy n th e s is  o f the  a ro m a tic a lly

n o n -d eu te ra ted  compound (X V IIl), 1 ,70 g (8 .0 0  mmol) o f th e  s t a r t in g

m a te r ia l (XXXIV) gave 1.46 g (4 .25  mmol) o f th e  d e s ire d  compound
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(XXXV). Y ie ld : 53 %  mp 8 9 .5 -9 1 .5 ° . 1H-NMR (CDOlj) 4 .28  (q , CHgBr), 

7 .40  (m, A ril).

S y n th esis  o f (—) - 6 . 6 -d ica rb e th o x v -4 . 5 .5 . 8 - te tra d e u te ro d ib e n z o -fa . ell -

1.5  -cy c lo h ep tad ien e  (x)

Follow ing th e  procedure fo r  th e  sy n th e s is  o f th e  n o n -d eu te ra ted

compound (V II) , 1 .39 S (4 .05  mmol) o f th e  dibromo compound (XXXV) gave

0.86 g (2 .52  mmol) o f th e  d e s ire d  compound (x ) .  Y ield  62 %, mp 64.5 —

66°. TLC: System A one sp o t a t  R^=0.61; System B one spo t a t  R^=0,08.

1H-MR (CC14 ) 1 .18  ( t ,  CHj), 3.01 (broad  s ,  ArCH^) ,  4.11 (q , COOCHg),

7 .25 (m, ArH).
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SYNTHESIS OF (+ ) - 6 , 6-DICARBETH0XY-5, 5 ,7 , 7-TETRA- 

DEUTERODIBENZO- [a , c) -  1 ,3  -CYCLOHEPTADIENE (X l)

S yn thesis  o f 2 .2*-b is(h y d ro x y -4 ,M -d id eu te ro m e th y l)-1 .1 ’-b ip h en y l (XXX
(xxxvi)

To 0.14 g (3*2 mmol) o f l i th iu m  aluminum d e u te r id e  d isso lv ed  in  

25 ml o f e th e r  th e re  was added dropwise a  s o lu tio n  o f 0,65 g (2 .69  

mmol) o f d iphen ic  a c id  (X Il)  d isso lv ed  in  25 ml o f e th e r .  A fte r  ad d i­

t io n  was com plete th e  r e a c t io n  was re f lu x e d  fo r  0 .5  h o u r. The re a c ­

tio n  v/as then  cooled  in  an ic e  b a th  and 20 ml o f a 1N aqueous hydro­

c h lo r ic  a c id  s o lu tio n  was added dropw ise. The r e a c tio n  v/as e x tra c te d  

th re e  tim es w ith  25 ml o f e th e r  and the  combined e th e r  e x t ra c ts  d r ie d  

w ith  anhydrous magnesium s u l f a t e .  A fte r  f i l t e r i n g  the  e th e r  was r e ­

moved on a  ro to v ap . The r e s u l t in g  c r y s ta l s  were r e c r y s ta l l i z e d  from 

benzene to  g ive 0.56 g (2 .64  mmol) o f  the  d e s ire d  compound (XXXVl). 

Y ie ld : 98 %. mp 111-112°. 1H-NMR (CDCl^) 3 .48 ( s ,  OH), 7.24 (m, ArH).

S yn thesis  o f 2 .2 l -b is(brom o-rt.< x-d ideu terom ethy l)-1 .1 *-biphenyl 
(XXXVII)

The procedure fo r  th e  sy n th e s is  o f th e  n o n -d eu te ra ted  analog

(X V IIl) was fo llow ed . Using th i s  procedure O.56 g (2 .59  mmol) of

(XXXVl) gave 0.51 g (1 .48  mmol) of th e  d e s ire d  compound (XXXVIl).

Y ie ld : 55 %  mp 89-90°. 1H-HMR (CDCl^) 7 .36 (m, ArH).
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Synthesis of (—)-6.6-dicarbethoxy-l5.5.7.7-tetradeutero-ra.clI- 1.3 -
cvclohetitadiene (Xl)

Follow ing th e  procedure fo r  the  s y n th e s is  o f th e  n o n -d eu te ra ted  

analog  (V I l) ,  0 .49 g (1 .42  mmol) o f (XXXVII) gave 0.31 g (0 .90  mmol) 

o f th e  d e s ire d  compound (X l) . Y ie ld : 63 mp 66- 67.5 ° .  ^H-NMR 

(CC14 ) 1.21 ( t ,  CHj), 4 .10  (q , C00CH2 ) , 7 .24  (m, ArH).
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DISCUSSION

R e su lts  o f S yn thesis  P rocedures

The in d iv id u a l sy n th e tic  ro u te s  employed to  th e  s e le c t iv e ly  

d e u te ra te d /n o n -d e u te ra te d  compounds were e s s e n t i a l ly  analogous to  

each o th e r and s tra ig h tfo rw a rd . The la r g e s t  problem appeared in  the  

s e le c t iv e  re d u c tio n  o f monomethyl d ip h en a te . S ince a  wide range of 

red u c in g  re a g e n ts  a re  a v a i la b le  w ith  d i f f e r in g  re d u c tiv e  c a p a b i l i t ie s  

i s  was lo g ic a l  to  have pursued th e  sy n th e tic  ro u te s  th a t  were chosen.

A study  o f th e  l i t e r a t u r e  showed th a t  compound (XV), d iphen ide , 

had p re v io u s ly  been p repared  by one o f th re e  methods:

1. The in tra m o le c u la r  C annizzaro r e a c t io n  o f 2 ,2 1-d ip h e n y l-  
d ia ld e h y d e ^  »33»38

2. The re d u c tio n  o f d iphen ic  a c id  w ith  li th iu m  aluminum
37hydride

3 . The re d u c tio n  w ith  sodium borohydride o f th e  e s te r - a c id
32ch lo rid e  o r d ia c id  c h lo rid e  o f d iphen ic  a c id .

Method 1 was no t used s in ce  th e  d ia ldehyde was no t a v a i la b le  

com m ercially and s in ce  i t s  sy n th e s is  would invo lve  the  use o f ozone 

fo r  th e  o zono lysis  o f phenan threne. At th a t  tim e i t  was f e l t  th a t  

th e  use  o f ozone would p re se n t a  s a fe ty  hazard  th a t  could  be avoided 

by th e  use o f an a l te r n a te  ro u te .

Method 2 was r e je c te d  s in ce  th e  r e a c tio n  a t  b e s t  would involve 

a  degree o f s t a t i s t i c s  and could p o ss ib ly  invo lve  th e  u lt im a te  sep - 

e ra t io n  o f th re e  d i f f e r e n t  p ro d u c ts .

As re p o rte d  in  th e  experim en tal s e c tio n  method 3 d id  no t p ro -

44
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duce th e  d e s ire d  r e s u l t s .  Scrupulously  p u r i f ie d  m a te r ia ls  and reduc­

t io n  tim es o f 0 .2  hour, 2 hours and 24 hours were a l l  employed w ith ­

out su ccess .

The use o f li th iu m  borohydride (o r  d ibo rane ) to  s e le c t iv e ly  r e ­

duce an e s te r  in  th e  p resence o f a  ca rb o x y lic  a c id  (o r  a  ca rb o x y lic  

a c id  in  th e  p resence o f an e s te r  in  th e  case o f d ibo rane) has been 

employed in  th e  sy n th e s is  o f (r ) and (s )-m ev a lan o lac to n e .^ ^ ’^  Sur­

p r is in g ly ,  a p p l ic a t io n  o f th e se  procedures in  t h i s  problem d id  n o t,  

however, g ive th e  d e s ire d  r e s u l t s .  Wo a ttem p t was made to  study  f u r ­

th e r  th e se  a ttem pted  red u c tio n s  beyond what i s  re p o rte d  h e re .

The use o f li th iu m  tr ie th y lb o ro h y d r id e  p rov ided  a  c lean  and 

f a s t  ro u te  to  th e  d e s ire d  diphenide and may w ell be th e  method of 

choice fo r  th e  s e le c t iv e  re d u c tio n  o f a c id - e s te r s .  The re d u c tio n  r e ­

a c t io n  and subsequent p u r i f ic a t io n  s te p s  took from 6 to  S hours and 

produced diphenide in  a  y ie ld  o f 97 % and h igh  p u r i ty .  Lithium  t r i ­

e thy lbo rohydride  i s  so ld  under th e  name Super-Hydride by A ld rich  

Chemical Company.

Subsequent s te p s  le a d in g  to  th e  a p p ro p ria te  b ridged  b ipheny ls  

were s tra ig h tfo rw a rd  and r e a d i ly  accom plished by means a lre a d y  pub-
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MR R esu lts

The use o f MR as  a  to o l  in  th e  study o f confo rm ational changes 

o f m olecules has enjoyed much su ccess . By i t s  usage coupled w ith  l in e  

shape a n a ly s is  r a te  c o n s ta n ts  fo r  many conform ational changes may be 

de te rm in ed .45 *46,47,48,49

The la rg e  d i f f i c u l ty  in  u s in g  th i s  p rocedu re , however, i s  the

choice o f th e  n a tu re  o f the  sp in  system and the  subsequent mathemat­

i c a l  trea tm e n t o f the  experim en tal d a ta .  Since th e  th e o re t ic a l  quan­

tum -m echanical trea tm en t o f A lex an d e r 's '’^* '^  work in v o lv in g  an AB sp in

system i s  beyond the  p re se n t a b i l i t y  o f th i s  a u th o r i t  was used w ith -
27ou t q u es tio n  as  i s .  This method was employed by Q uarfoot in  h is  

study o f th e  same n o n -d eu te ra ted  b ridged  b ipheny l system . This method 

r e l a t e s  th e  average re s id en c e  tim e ’f  of the  system to  the  experim ental 

v a lu es  o f th e  coup ling  co n s tan t J^g , th e  chem ical s h i f t  d if fe re n c e  

and th e  l in e  w id ths a t  h a l f -h e ig h t  a ) . The value  o f th e  l in e  w idth a t  

h a l f  h e ig h t Cl) i s  ob ta ined  a t  a  tem peratu re where exchange i s  essen ­

t i a l l y  n o n -e x is ta n t.

Using A lexander’ s fo rm u la tio n , a t  low tem pera tu res  where exchange 

i s  slow the  average re s id en c e  tim e can be found by a p p lic a t io n  o f th e  

equation

^  = W i b / ^ S b * J L
7f (bJ-OJo )

As th e  tem peratu re  i s  in c re a sed  th e  exchanging becomes more ra p id
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and, a t  th e  p o in t where a  broad s in g le t  i s  form ed, 'T^can be found by 

use o f th e  equation

t o  = , ^  (2 )
^  V S ab + ĵab

This e q u a tio n , however, i s  v a l id  only i f  th e  l i n e  w idth  a t  h a l f ­

h e ig h t in  th e  absence o f exchange i s  n e g l ig ib le  compared to  th e  l in e
52 55w idth  a t  co a lescen ce . ’ Use o f t h i s  eq u a tio n  in v o lv es  a  sy stem atic

54e r ro r  due to  approxim ations used in  i t s  d e r iv a t io n .

Above th e  tem peratu re o f  coa lescence th e  va lue  o f T1 may be c a l -

53 55c u la te d  u s in g  equ a tio n  3»

2(0J-64 )
i  =   o - 2 -  ( 3 )

"rf & AB

A v a lu e  o f  "T* may then  be e a s i ly  transfo rm ed  in to  a  va lu e  o f  th e
27r a te  c o n s ta n t fo r  in v e rs io n  by use o f th e  sim ple ex p ressio n

kINV = 1 /Y  (4)

Since th e  r a t e  co n s tan t f o r  th e  in v e rs io n  may be r e la te d  to  th e

f re e  energy o f a c t iv a t io n  by use o f th e  A bsolute R eaction  Rate Theory
56 57 58th e  fo llo w in g  r e la t io n s h ip  should  ho ld  tru e  ’

K  kBT , AG*s
k =  e x p (-  -jjrjTV (5 ;

Since AG* = AH*- TAS* (6)

/< kBT / A II*\ , A S * nk = -----£—  ex p (- + exp(—^ ; (1)

In  eq u a tio n s  5» 6 and 7 th e  fo llow ing  ex p ress io n s  a re  used : K  i s  

th e  tra n sm iss io n  c o e f f ic ie n t ;  i s  B oltzm ann's c o n s ta n t; T i s  th e  ab­
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±
s o lu te  tem p era tu re ; h i s  P la n c k 's  c o n s ta n t; AH i s  th e  en th a lp y  o f 

a c t iv a t io n ;  R i s  th e  gas c o n s ta n t;  A i s  th e  en tro p y  of a c t iv a t io n .  

S u b s ti tu t in g  known v a lu es  in to  eq uation  7 g ives  r i s e  to  a  new equation

*l o s io^y<¥^ = 10*519 “  ( 5 ^ 4 .5 7 4 )  + ^4.574^

I f  th e  tran sm iss io n  c o e f f ic ie n t  has a  value  o f  u n ity  then  a  p lo t
+

o f lo g ^ 0(k /T ) v ersu s  1/T w i l l  have as  i t s  slope  -A H  /4 .5 7 4  and i t s  y -
+

in te r c e p t  10.319 + AS / 4 . 574-

The v a lu es  ex p erim en ta lly  o b ta in ed  in  th e  tem peratu re  dependent

NMR s tu d ie s  o f compounds (V Il)  and (V II l)  a re  l i s t e d  in  T ables I  and

I I .  F ig u res  I  and I I  a re  graph ings o f th e se  v a lu es  u s in g  equation  8.
99The l e a s t  squares re g re s s io n  a n a ly s is  program ACTENG was used . A ll 

e r ro r s  in  v a lu es  were ob ta ined  by assuming th e  l a r g e s t  p o ss ib le  e r ro rs  

o f th e  in stru m en t used .

As would be expected  th e  i n t e n s i t i e s  o f the  s ig n a ls  fo r  th e  fo u r 

b en zy lic  p ro to n s o f the  n o n -d eu te ra ted  compound (V Il)  a re  e s s e n t i a l ly  

tw ice th e  i n t e n s i t i e s  of th e  s ig n a ls  fo r  th e  two b en zy lic  p ro to n s  o f 

th e  d e u te ra te d  compound ( V I I l ) .  Both compounds showed very  s im ila r  

s p e c tr a l  p a t te rn s  a t  co rrespond ing  tem pera tu res w ith  re g a rd  to  each 

o f th e  o th e r  s ig n a ls .  However, some in te r e s t in g  a sp e c ts  o f th e  sp e c tra  

were n o ted .

Q uarfoot, in  h is  s tu d ie s  of the  n o n -d eu te ra ted  compound (V I l) ,  

observed th a t  th e  r e l a t iv e  in n e r /o u te r  r a t i o  o f peak i n t e n s i t i e s  of 

th e  b en zy lic  p ro to n  s ig n a ls  were q u ite  d i f f e r e n t  between the  e x p e ri­

m ental and th e  c a lc u la te d  v a lu e s . In a  chloroform  s o lu tio n  he found 

th e  e x p e rim e n ta l/c a lc u la te d  r a t i o  to  be 1 .58 and r e f e r r e d  to  s im ila r
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TABLE 1

NMR L ata o f Compound. (V Il)  
(B enzylic P ro tons)

Tem perature Line F requencies (Hz) <u(Hz) (*> o(Hz)
„ k

-3 0 .1 ° 1028.85
1042.19
1170.05
1183.37

5.63 4.24 2.92

-1 5 .1 ° 1032.37
1045.72
1166.72 
1180.07

5.97 3.30 3.15

-4 .9 ° 1031.47
1044.76
1165.88
1179.18

7.75 3.15 9.58

+0 . 1° 1031.47
1044.76
1165.65
1178.87

9.14 3.30 12.50

+24.9° 1049.60
1163.89

45.84 2.14 91.04

+40.3° 1095.13 74.91 1.34 153.27

A  = 9*02 k ca l mol"*  ̂ S td . dev. = 1 .14 k c a l raol“ ^
A S* = -19.91 e .u .  S td . dev. = 3.05 e .  u .
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TABLE 2 .  .

MR Data o f Compound (V IIl)  
(B enzylic P ro tons)

Tem perature Line F requencies (Hz) OJ(Hz) 6Jq(Hz) __ k..,„

I o . o 1029.00
1042.34
1170.17
1183.51

5.85 4.83 2.13

-1 5 .1 ° 1031.66
1045.01
1170.17
1183.51

6.15 3.45 5.63

+ 0.1° 1031.36
1044.74
1166.49
1179.86

9.01 2.11 14.29

+24.0° 1049.94
1160.04

58.13 1.80 117.65

o
•o•*3-+ 1101.97 78.02 1.20 161.29

A H ^y. = 9*42 k c a l mol  ̂ S td . dev. = 0*79 k c a l mol  ̂

= -18i12  e i u . S td . 'd e v .‘= 1 .80 e .  u .
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Figure 1. 

iJMR K in e tic  Data o f Compound VII
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F igure 2 .

NMR K in e tic  Data o f Compound V III
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c o r re la t io n s  in  th e  l i t e r a t u r e .  In  th e  p re se n t s tu d y , however, i t  was 

observed th a t  th e  experim en tal in n e r /o u te r  peak in te n s i ty  r a t i o  had a 

c o n s is ta n t  va lue  o f approx im ately  1.22 and th a t  t h i s  value  co rrespon­

ded w ell v/ith th e  c a lc u la te d  value  o f 1 .23 .

This value of 1.23 a ls o  corresponds w ell to  th a t  expected from an 

AB sp in  system . As an exam ple, fo r  compound (V Il)  a t  -15»1°» th e  r a t i o  

o f th e  i n t e n s i t i e s  o f th e  s tro n g e r  in n e r peaks to  th e  i n t e n s i t i e s  o f 

th e  weaker o u te r  peaks has a  value  o f 2 .8 1 /2 .31  = 1 .2 2 . The value  of 

th e  r a t i o  o f th e  se p e ra tio n  o f th e  in n e r  peaks to  the  s e p e ra tio n  o f the  

o u te r  peaks i s  121.00 Hz /  147*70 Hz = 0.82 which i s  c o n s is te n t  v/ith  an 

AB sp in  system . The s p e c tra  th e n , a t  l e a s t  a t  low te m p era tu re s , in d i­

c a te  an AB sp in  system i s  invo lved .

V/ith re g a rd s  to  th e  arom atic  p o r tio n  o f th e  s p e c tra  th e re  i s  an 

observab le  in c re a se  in  th e  com plexity  o f th e  s ig n a l v/ith  in c re a s in g  

te m p era tu re . These s ig n a ls  fo r  compound (V II l)  a re  shown in  F igure I I I  

fo r  tem pera tu res shown. The in c re a s in g  r a t e  o f r o ta t io n  about th e  

p iv o t bond would understandab ly  g ive r i s e  to  th e  observed r i s e  in  spec­

t r a l  com plex ity .

27One d i s t i n c t  d if fe re n c e  from th a t  o f th e  s tudy  o f Q uarfoot in ­

vo lves  th e  tem peratu re  a t  which coalescence  o f th e  b en zy lic  p ro ton  s ig ­

n a ls  o ccu r. Q uarfoot f i r s t  observed th e  appearance o f a  doub le t from a 

q u a r te t  a t  a  tem peratu re o f 0 .0 ° .  In  th i s  study  th e  compound s t i l l  ex­

h ib i te d  a  q u a r te t  a t  0 .1 ° .  At a tem peratu re  o f 15 .6° Q uarfoot observed 

th a t  a  s in g le t  had formed w hile in  t h i s  study  a t  24 .9 ° the  doub le t v/as 

s t i l l  observed . In  h is  s tu d ie s  Q uarfoot a c c u ra te ly  determ ined th e  tem­

p e ra tu re  o f coalescence by rep ea ted  experim ents a t  d i f f e r e n t  tem p era-n
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tu r e s . ,  This was. n o t done in  t h i s  study  and th e re fo re  v a lu es  ob ta in ed  us­

in g  eq u a tio n s  .(2 ) and (3 ) were n o t use.d in  t h i s  s tu d y .

No evidence was seen th a t  would dem onstrate long  range coup ling  

between th e  4 and 5 o r th e  7 and 8 p ro to n s . The tem peratu re dependent 

s tudy  o f th e  o th e r  compounds (IX), (x) and (Xl) v/as n o t p o ss ib le  due to  

l im i ta t io n s  o f tim e and fu n d s . In  F ig u res  I and II th e  v a lu es  c a lc u la ­

te d  u s in g  eq u a tio n  ( 2 ) a re  enclosed  in  a  square w hile those  v a lu es  c a l ­

c u la te d  u s in g  equation  ( 3 ) a re  enclosed  in  a  c i r c l e .

I t  i t  obvious from th e se  f ig u re s ,  th e n , th a t  a  d is c o n tin u ity  

e x i s t s  v/hen th e  d i f f e r e n t  eq u a tio n s  ( l ) ,  ( 2 ) o r (3 ) a re  used to  ca lcu ­

l a t e  ' f t  As m entioned e a r l i e r  assum ptions made d u rin g  th e i r  d e r iv a tio n s

54a re  th e  p robab le  cause o f th e se  d is c re p e n c ie s . S c a t te r in g  o f th e  d a ta

about th e  in d iv id u a l l in e s  may be due n o t only  to  in s tru m e n ta l e r ro r

b u t a lso  due to  f a c to r s  such as  change in  th e  v is c o s i ty  o f th e  s o lu tio n s
27or th e  degree o f s o lv a tio n  an d /o r p re ssu re  w ith in  th e  NMR tu b e . Since 

a  m olecule w ith  an in v e rs io n  energy o f l e s s  than  20 k c a l mol would 

n o t be expected  to  be o p t ic a l ly  s ta b le  enough to  be is o la te d  in  one o f 

i t s  a n tip o d e s , th e  use o f NMR in  th i s  techn ique i s  s e r io u s ly  q u es tio n ­

a b le ,  S ince th e  m olecule appears to  e x h ib it  an AB AA'BB* Â  t r a n s ­

fo rm ation  in  th e  sp in  system observed th e  cho ice o f trea tm en t s o le ly  as
28an AB sp in  system  cannot be a  c o r re c t  one. C a rte r  has shorn th a t  the  

system cannot be t r e a te d  as  an AA'BB’ system  e i th e r .  I t  i s  reasonab le  

th en  th a t  th e  system  must be t r e a te d  as a  complex changing system .

Such a  system  could  no t be found in  th e  l i t e r a t u r e  and i s  beyond th e  

p re se n t a b i l i t y  o f th i s  a u th o r to  develop .

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



TABLE 5

Compound (V II) : 

Q u a rfo o t^

Carter^® 

This study

Compound (V I I l ) :  

T his study

Values o f  ^H* and A S* fo r  
Compounds (V Il)  and (V II l)

AH* = 9.66 k c a l mol” 4 
A S* = - 18.56 e .u .

± *1 
AH = 11.3 k c a l mol”
AS* = 15.3 e .u .

AH* = 9,02 k c a l mol” 4 
AS* = - 19.91 e .u .

AH* = 9*42 k c a l mol” 4 
A S* = -1 8 .1 2  e .u .
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FIGURE 5.

MMR S p ectra  o f  th e  Aromatic P ro tons o f Compound (V II l)  
I n t e n s i t i e s  a re  n o t r e l a t e d .

-30 .1

-15 .1
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SUMMARY

The kinetics of conformational inversion of (+)-6,6-dicarbethoxy-

dibenzo- -cycloheptadiene and of its 5»5“dideuterated analog

were s tu d ie d  u s in g  v a r ia b le  tem peratu re NMR te ch n iq u es . R ecording the  

sp e c tra  on a  N ico le t NIC-360 wide bore sp ec trom ete r th e  r e s u l t in g  d a ta  

were t r e a te d  as  an AB sp in  system . Values o b ta ined  fo r  th e  f re e  energy 

o f a c t iv a t io n  fo r  in v e rs io n  were 9,02  k ca l mol fo r  th e  p a ren t compound 

and 9.42 k c a l mol fo r  th e  5 » 5 -d id eu te ra ted  an a lo g . Values ob ta ined  

fo r  th e  en tropy  o f a c t iv a t io n  were - 19.91 u . and -18 ,12  e .u .  r e ­

s p e c tiv e ly .

The s p e c tra  dem onstrated a  d e f in i te  AB sp in  system a t  lower tem­

p e ra tu re s  by means o f a  study  o f th e  in n e r /o u te r  peak h e ig h ts .  I t  was 

concluded th a t  s in ce  th e  sp e c tra  over a l l  tem pera tu res s tu d ie d  demon­

s t r a t e  a  more complex sp in  system than  th a t  o f a sim ple AB sp in  system 

th a t  th e  use o f NMR in  t h i s  study  i s  no t a  c o r re c t  one a t  p re s e n t.

The 4»8-*dideutero, 4 > 5 > 5 > 8 - te tra d e u te ro  and 5»5»7»7 - te tra d e u te ro  

analogs o f th e  p a re n t compound were a lso  sy n th e s iz e d . The s y n th e tic  • 

ro u te s  chosen invo lved  th e  sy n th e s is  o f 19 p re v io u s ly  un rep o rted  com­

pounds and th e  sy n th e s is  o f d iphenide in  a  g r e a t ly  improved y ie ld  i s  

a lso  d e sc rib e d .

. 57
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APPENDIX

NMR S p ec tra  o f  th e  b en zy lic  p ro to n s o f Compound V III 
Amplitudes a re  n o t r e l a t i v e .

3 . 2 3 . 0

-15 .1

1 ' | i i i |— i— i— i— |— r

3 . 2  , 3 . 0  2 . 8

+0 .1

1 3 . 0 2  A

i — i— |— i— i— i— |— i— i— i— p—

3 . 2  3 . 0  2 .  E
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HMR S p ec tra  o f  th e  b en zy lic  p ro to n s  o f  Compound VII 
A mplitudes a re  n o t r e l a t i v e .

-30 .1 -15.1

rl— i— r

4 3 . 2  3 . 0  2 . ( 4  3 . 2  3 . 0
i

-4 .9
+0.1

2 . 3 . 2 3 . 03 . 0

+24.9°

3 . 2  3 . 0  2. 1  3 , 2  3 . 0  2 , 8
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