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A b stract

The a b s o lu te  c o n f ig u r a t io n  o f  g e n t i s i c  a c id  nona- 

m ethylene e th e r  ( I I I )  i s  e s t a b l i s h e d  by c o r r e l a t i o n  w ith  th e  

a b so lu te  c o n f ig u ra t io n  o f  c i s - 3 -h y d ro x y cy c lo h ex an eca rb o x y lic  

a c id  (XVI). One o f  th e  e n an tio m ers  o f  I I I ,  on c a t a l y t i c  h y d ro ­

g e n a tio n  g iv e s  c i s - 2 , 5 - ( 1 , 9 -nonam ethy lened ioxy  )cy c lo h ex an eca rb o - 

x y l ic  ac id  (X ). T rea tm en t o f  th e  m eth y l e s t e r  o f  X w ith  

po tassium  t^-butoxide in  DMSO, c a u se s  e l im in a t io n  and h y d ro ly s is  

to  g iv e  5 -  (9 -hydroxynonam ethyleneoxy  )c y c lo h ex e n e ca rb o x y lic  

a c id  (X II ) 1 H ydro g en atio n  o f  X II g iv e s  3" (9 -hydroxynonam ethy l­

eneoxy )c y c lo h ex a n e ca rb o x y lic  a c id  ( X I I I ) .  T rea tm en t o f  X III  

w ith  30$ NaOH g iv e s  an e q u i l ib r iu m  m ix tu re  (XIV) c o n s is t in g  

m ain ly  o f  th e  th e rm o d y n am ica lly  more s t a b l e  c i s  iso m e r. The 

e q u ilib r iu m  m ix tu re  (XIV) i s  c o n v e r te d  to  i t s  m ethy l e s t e r  (XV), 

th e  r e la y  compound.

O p t ic a l ly  a c t i v e  c i s -3 -h y d ro x y cy c lo h e x an e c a rb o x y lic  

a c id  (XVI) i s  condensed  w ith  2 - (9 “b ro m o n o n am eth y len eo x y )te tra - 

hydropyran  (X V III) in  p re s e n c e  o f  NaH in  DMF) The c o n d e n sa tio n  

p ro d u c t (XIX) i s  h y d ro ly se d  to  hydroxy a c id ,  XXI, w hich i s  

e q u i l ib r a te d  to  XIV w ith  JOfi NaOH. The l a t t e r  w ith  d iazom ethane 

i s  co n v erted  to  m eth y l e s t e r  (XV), th e  r e l a y  compound.

Thus (+ ) g e n t i s i c  a c id  nonam ethylene e th e r  ( I I I )  i s  

c o r r e la te d  w ith  (+ ) -  ( I S , 5R )-c i s - 3 -h y d ro x y cy c lo h ex an eca rb o x y lic  

a c id  (XVI) .  The c o n f ig u r a t io n  o f  (+ ) g e n t i s i c  a c id  nonam ethylene 

e th e r  i s  th e r e f o r e  R.
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INTRODUCTION



Ansa compounds (from  th e  L a t in  f o r  h a n d le )  a re  

a ro m a tic  s p e c ie s  w hich have one o r  m ore b r id g e s  a tta c h e d  to  

an a ro m a tic  r in g  in  p o s i t io n s  o th e r  th an  o r th o  o r  p e r i .

Examples o f  an sa  compounds in c lu d e  g e n t i s ic  a c id  

p o ly m eth y len e  e th e r s  ( I ) .  The r e s o lu t io n  o f  an ansa  compound

HOOC

I

was f i r s t  d e s c r ib e d  by L u t tr in g h a u s  and G r a lh e e r .1 L u ttr in g h a u s  

and h is  co w o rk ers1" 3 w ere a b le  to  r e s o lv e  g e n t i s i c  a c id  o c ta -  

m eth y len e  e th e r  ( I I )  and g e n t i s i c  a c id  nonam ethylene e th e r  

( I I I ) .  However, th e y  w ere n o t a b le  to  r e s o lv e  g e n t i s ic  a c id  

d ecam eth y len e  e th e r  (IV ) .

(1 )  A. L u t t r in g  aus and H. G ra lh e e r ,  J u s tu s  L ie b ig s  

Ann. Chem. , 55O, 67  (1 9 ^ 2 ).

(2 )  A. L u t tr in g h a u s  and H. G ra lh e e r , i b i d . ,  557^ 112

(1 9 ^ 5 ).

(3 )  A. L u t tr in g h a u s  and G. E y rin g , i b i d . ,  60k , 111

(1 9 5 7 ).



HOOC

IV

HOOCHOOC
(CH2 )

I I

The p a racy c lo p h an es  can  a ls o  be  in c lu d e d  in  th e  

g e n e ra l c la s s  o f  an sa  compounds. Cram and A l l in g e r 4 re s o lv e d  

[ 2 , 2 ]p a ra cy c lo p h a n e ca rb o x y lic  a c id  (V ). F a lk  and S ch ltJg l5 

a ss ig n e d  th e  c o n f ig u ra t io n  to  (+)-V  b ased  on th e  S im ila r  

to p o lo g ie s  o f  V and m ethyl f e r ro c e n e - a - c a rb o x y l ic  a c id  (V I) .

The c o n f ig u ra t io n a l  c o r r e l a t i o n  o f  V w ith  VI was ach iev ed  by 

k in e t i c  r e s o lu t io n  o f  th e  an h y d rid e s  o f  th e  racem ic  a c i d s . 

T reatm ent o f  th e s e  an h y d rid es  w ith  a  l im i te d  q u a n t i ty  o f  

( -  )-Q '-phenethylam ine in  p y r id in e  r e s u l t e d  in  p r e f e r e n t i a l  

r e a c t io n  w ith  ( - )-en an tio m er o f  th e  a c i d .  The l i b e r a t e d  a c id s  

w ere th u s  d e x t r o r o ta to r y .  Assuming t h a t  th e  s im i la r  

to p o lo g ie s  o f  th e  r e a c t io n  s i t e s  in  V and VI shou ld  d e te rm in e

(k)  D. J .  Cram and N. L . A l l in g e r ,  J .  Amer. Chem.

s o c . ,  77, 6289 (1 9 5 5 ).

(5 ) H. F a lk  and K. S c h lo g l, Angew. Chem. I n t e r n . E d ., 

E n g l.,  7 , 383 (1 9 6 8 ).

3



th e  c o u rse  o f  k in e t i c  r e s o lu t io n ,  i t  was concluded  t h a t  th e  

a rran g em en ts  COOH/CH2 and COOH/CH3 in  (+)-V  and (+ )-V I 

r e s p e c t iv e ly ,  shou ld  have th e  same c h i r a l i t i e s .  Thus e n a n tio -  

m ers o f  V and VI w ith  th e  same s ig n  o f  r o t a t i o n  p o s s e s s  th e  

same c o n f ig u r a t io n .  The a b s o lu te  c o n f ig u r a t io n  o f  (+ )-V I had

been  e s ta b l is h e d  as IS  by chem ical c o r r e l a t i o n  w ith  ( I S ) - ( + ) -
6

fe rro cen o -(3 -£ > -h y d ro x y )-cy c lo h ex an e  (V ia ) .

COOH

CH

CH

COOH HO

Fe Fe

V VI V ia

B lom quist and Smith re s o lv e d  [ l0 ]p a ra c y c lo p h a n e -1 2 -

(6 ) K. S c h lo g l, " S te re o c h e m is try  o f  M e ta l lo c e n e s ," in  

T opics in  S te re o c h e m is try . V ol. 1 , N. L . A 1 lin g e r and E. L . 

E l i e l ,  E d s ., I n te r s c ie n c e  P u b l i s h e r s ,  New Y ork, N .Y ., 1 9 6 7 .

In  t h i s  rev iew , S ch lo g l d is c u s s e s  th e  d i f f e r e n t  ap p ro ach es  to  

th e  d e te rm in a tio n  o f  a b s o lu te  c o n f ig u r a t io n  o f  c e n t r a l l y  c h i r a l  

m e ta l lo c e n e s .

(7 )  A. T. B lom quist and B. M. Smith J .  Amer. Chem. 

S o c ., 8 2 , 2073 ( I9 6 0 ) .

If



c a rb o x y lic  a c id  (V I I ) .  From th e  r e s u l t s  o f  th e  k in e t i c

r e s o lu t io n  o f  th e  an h y d rid e  o f  V II w ith  ( - )-a -p h e n e th y la m in e ,
.. 7a , .

E b e rh a rd t and S ch lo g l a ss ig n e d  to  ( - ) - V I I  th e  £3 c o n f ig u ra

t i o n .  In  a d d i t io n ,  [ l0 ]p a ra c y c lo p h a n e -1 2 -c a rb o x y lic  a c id

( - ) - V I I  was c o n v e r ted  to  h y d ro x y -[lO ]-p a ra c y c lo p h a n e  ( - ) - V I I I

w hich was h y d ro g en a ted  to  g iv e  th e  co rre ssp o n d in g  a lc o h o l ,

( - ) - V I I I a .  The a b s o lu te  c o n f ig u ra t io n  o f  th e  c a r b in o l  ( - ) - V I I I a

was e s ta b l i s h e d  as £5 by  k in e t i c  r e s o lu t io n  w ith  p h e n y lb u ty r ic
, 7b

an h y d rid e  (H oreau m ethod) .

HOOC

(CH2 )i0

V II V III V il la

(7 a )  H. E b e rh a rd t and K. S c h lo g l, J u s tu s  L ie b ig s  Ann. , 

Chem. .  76 0 , 157 (1972)

(7b ) A. H oreau and H. B. Kagan, T e tra h e d ro n . 20 , 2431

(1 9 6 4 ).
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8
G e rla ch  and Huber re s o lv e d  [ 9 ] ( 2 ,5  )py rid inophane 

(IX ) in to  i t s  e n a n tio m e rs .

a b s o lu te  c o n f ig u r a t io n  o f  a g e n t i s i c  a c id  po lym ethy lene e th e r ,  

s p e c i f i c a l l y  g e n t i s i c  a c id  nonam ethylene e th e r  ( I I I ) .  The 

c r u c i a l  s te p  in v o lv e s  a t r a n s f e r  o f  asymmetry to  a  compound 

o f  known a b s o lu te  c o n f ig u r a t io n  by  a m e c h a n is t ic a l ly  u nderstood  

r e a c t io n  p a t h . The asym m etric  t r a n s f e r  in  th e  p re s e n t  c a se  i s  

in c o rp o ra te d  i n  th e  tr a n s fo rm a tio n  I I I  to  X (Scheme I ,  p T )•

One o f  th e  e n an tio m ers  o f  I I I  was c o n v e rted  by c a t a l y t i c  h y d ro ­

g e n a tio n  in to  a  compound c o n ta in in g  th r e e  asym m etric carbon  

atoms (X ). The l a t t e r ,  u s in g  a s e r i e s  o f  s te re o c h e m ic a lly  

u n d e rs to o d  s t e p s ,  was c o r r e l a t e d  w ith  c i s - 5 -hydroxycyclohexane- 

c a rb o x y lic  a c id  (XVI) whose a b s o lu te  c o n f ig u ra t io n  had been

(8 ) H. G erlach  and E. H uber, H e lv . Chim. A c ta . . 51, 

2027 (1 9 6 8 ) .

IX

T h is  th e s i s  d e s c r ib e s  an  a tte m p t to  e s t a b l i s h  th e

6



Scheme I  -  C o rre la tio n  fo r  E sta b lish in g  th e  A bsolute C onfiguration

o f  G e n tis ic  Acid Nonamethylene Ether

CH:

HOOC (CH2 )7
h 2

0 / ch 2

-CH
HOOC

H '" '

0-CH, X
I I I

J c h 2n £

HOOC

X II

Base

0-CH,
CH3OOC

XI

H;

HOOC
H Base

H 0-(CH2 )9 -0H

HOOC

X III
XIV (e q u il ib r iu m  m ix tu re , m ain ly

c i s )
CHsNs

CH3OOC

IT

H’ ^0-(C H 2 )9 -0H 

XV (m ain ly  c i s )
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d e term in ed  by Noyce and Denney .9

The c a t a l y t i c  h y d ro g e n a tio n  o f  o p t i c a l l y  a c t i v e  I I I  i n t r o ­

duced th re e  asym m etric c e n te r s  o f  known r e l a t i v e  c o n f ig u r a t io n  in to  

th e  p ro d u c t X. T reatm en t o f  th e  m ethy l e s t e r  o f  X (X I) w ith  b a se  

caused  th e  e l im in a t io n  o f  an c ra lk o x y  group to  g iv e  X II .  Hydrogena­

t io n  o f  X II gave X II I  (p ro b ab ly  a m ix tu re  o f  c i s  and t r a n s  is o m e rs ) . 

T rea tm en t o f  X II I  w ith  b a se  gave  an e q u il ib r iu m  m ix tu re  XIV, w hich 

c o n s is te d  m ain ly  o f  th e  therm odynam ically  more s t a b l e  c i s  iso m e r.

The m ethy l e s t e r  (XV) o f  t h i s  e q u il ib r iu m  m ix tu re  (XIV) i s  th e  

r e l a y  compound.

The r e la y  compound (XV) was s y n th e s iz e d  from c i s -3 -h y d ro x y - 

c y c lo h e x a n ec a rb o x y lic  a c id  (XVI) (Scheme I I ,  p 9) whose a b s o lu te  

c o n f ig u ra t io n  i s  known. 9 O p t ic a l ly  a c t i v e  XVI was condensed w ith  

2 - (9~ brom ononam ethy leneoxy)te trahydropyran  (X V III) .  The c o n d e n sa tio n  

p ro d u c t (XIX) was h y d ro ly se d  to  th e  f r e e  a lc o h o l (XXI) .  The l a t t e r  

was e q u i l ib r a te d  to  XIV and th e  m ethy l e s t e r  (XV) o f  th e  e q u il ib r iu m  

m ix tu re  (XIV) p re p a re d .

Comparison o f  th e  s ig n  o f  r o t a t i o n  o f  th e  r e l a y  compound 

(XV) o b ta in e d  from th e  h y d ro g e n a tio n  o f  g e n t i s i c  a c id  nonam ethylene 

e th e r  ( I I I )  w ith  th e  s ig n  o f  th e  r o t a t i o n  o f  th e  r e la y  compound (XV) 

s y n th e s iz e d  from c i s - 3 -h y d ro x y cy c lo h e x an e c a rb o x y lic  a c id  (XVI) e s t a b l i ­

shed th e  a b s o lu te  c o n f ig u r a t io n  o f  g e n t i s i c  a c id  nonam ethylene e th e r .

(9) D. C. Noyce and D. B. Denney, J. Amer. Chem. Soc., 76,

768 (195*0.
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Scheme I I  -  S y n th e s is  o f  th e  R elay Compound, M ethyl 5 - (9-H ydroxy- 

nonam ethyleneoxy )c y c lo h ex a n e ca rb o x y la te  (XV)

B r- (CH2 )g-OH XVII
HOOC

OHH

XVIII Base

HOOC

XX

HOOC

XIX

- O

^Base

HOOC

XXI H' ^ 0 - ( C H 2 )g -0 H

HOOC

H ' 0 - (C H 2 )g -0 HXIV

(e q u ilib r iu m  m ix tu r e ,  m a in ly  c i s ) 

CH2N2

CH3OOC

h '  o - ( c h 2 ) 9 - oh

XV (m ain ly  c i s )



RESULTS AND DISCUSSION



The major d e c is io n  concerning th e  p a r t ic u la r  g e n t is ic

a c id  p o ly m eth y len e  e th e r  to  be u sed  had  to  be  made a t  th e  o u ts e t
1 -3

o f  th e  r e s e a r c h .  L U ttr in g h a u s  had  re p o r te d  th e  s y n th e s is  o f  

th r e e  p o ly m eth y len e  g e n t i s i c  a c id s  (IX , I I I ,  and IV ) w ith  c h a in s  

c o n ta in in g  e ig h t ,  n in e ,  and te n  p o ly m eth y len e  groups r e s p e c t iv e ly .

G e n t is ic  a c id  o c tam e th y le n e  e th e r  ( I I )  can  be re so lv e d  

in to  i t s  d e x t r o r o ta to r y  and le v o r o ta to r y  forms u s in g  c in ch o n in e  

and b ru c in e ,  r e s p e c t i v e l y .  The m ethy l e s t e r  o f  th e  d e x tr o r o ta to r y  

iso m er i s  n o t  d e te c ta b ly  racem ized  by  h e a t in g  a t  200°  fo r  2 

h o u r s .

G e n t is ic  a c id  nonam ethy lene  e th e r  ( I I I )  can  be  re so lv e d  

in to  i t s  d e x t r o r o ta to r y  and le v o r o ta to r y  forms u s in g  s try c h n in e  

and q u in in e ,  r e s p e c t i v e l y .  The m eth y l e s t e r  o f  th e  d e x tr o r o ta to r y  

isom er can  b e  racem ized  a t  e le v a te d  te m p e ra tu re s ; i t s  h a l f  l i f e  

a t  9 5 «5° i s  444 m in and a t  8 2 .5°  i s  1835 m in , w ith  an  a c t i v a t io n  

en erg y  o f  2 8 .4  k c a l/m o l ( i n  x y le n e ) .

G e n t is ic  a c id  decam eth y len e  e th e r  (IV ) can n o t be  

r e s o lv e d .  A lthough  L u t tr in g h a u s  o b ta in e d  c r y s t a l l i n e  s a l t s  w ith  

c in c h o n id in e , b ru c in e ,  and s t r y c h n in e ,  which he  r e c r y s t a l l i s e d  

to  c o n s ta n t  r o t a t i o n ,  l i b e r a t i o n  o f  th e  f r e e  a c id  w ith  co ld  d i l u t e  

s u l f u r i c  a c id  y ie ld e d  o n ly  racem ic  m a t e r i a l .

B ecause o f  i t s  o p t i c a l  s t a b i l i t y ,  g e n t i s i c  ac id  o c ta ­

m eth y len e  e th e r  ( I I )  would be  m ost s u i t a b l e  f o r  ou r p u rp o se s .

11



3 > lO
However, i t s  p re p a ra t io n  p ro ceed s  i n  p o o r y i e l d .  G e n tis ic

a c id  nonam ethylene e th e r  ( I I I )  o f f e r e d  th e  b e s t  compromise betw een  

o p t i c a l  s t a b i l i t y  and y i e l d .  I t s  m ethy l e s t e r  h a s  a  h a l f  l i f e  o f

a p p re c ia b ly  on h y d ro g en a tio n  a t  room te m p e ra tu re .

The f i r s t  s te p  in  th e  c o n v e rs io n  o f  g e n t i s i c  a c id  nona­

m eth y len e  e th e r  ( I I I )  to  th e  r e l a y  compound (XV) in v o lv e s  th e  

c o n v e rs io n  o f  I I I  in to  a compound c o n ta in in g  th r e e  asym m etric 

ca rb o n  atoms (X ). In  o rd e r  to  r e l a t e  th e  c o n f ig u r a t io n  o f  I I I  

and X, i t  i s  n e c e ssa ry  to  know th e  d i r e c t i o n  o f  a d d i t io n  o f 

hydrogen  to  th e  arom atic  r i n g .  In  th e  fo llo w in g  i t  w i l l  be  shown 

t h a t  th e r e  i s  ample ev id en ce  f o r  c i s  a d d i t io n  d u r in g  c a t a l y t i c  

h y d ro g e n a tio n  o f  an a ro m atic  r i n g ,  and t h a t  hydrogen  adds to  th e  

s id e  o f  th e  r in g  th a t  i s  adsorbed  on th e  c a t a l y s t ,  i . e . ,  th e  fa c e  

o f  th e  a ro m a tic  r in g  th a t  i s  n o t  b lo ck ed  by  th e  p o lym ethy lene  

c h a in .  Thus th e  fo llo w in g  p a th  i s  su g g e s te d  (eq  1 ) :

(1 0 ) L . H. S chw artz , P h .D . T h e s is ,  New York U n iv e r s i ty ,  

New Y ork, N .Y ., 1961.

2 0 .2  y e a r s  a t  2 5 ° . Compound I I  would n o t  be  e x p ec ted  to  racem ize

(CHa )9

COOH

I I I X

12



H ydrogenation  o f  m onocyclic  a ro m a tic s  has been  e x te n -
11 12 

s iv e l y  covered  i n  rev iew s by Sm ith , S ie g e l and D unkel, and
13

Amano and P a rra v a n o . T here a re  a ls o  e x c e l le n t  rev iew s o f
14

o l e f i n i c  h y d ro g e n a tio n  ( in c lu d in g  a ro m a tic s )  by B u rw ell, Bond 
15 16

and W ells , and S ie g e l .  The fo llo w in g  c o n c lu s io n s  can  be drawn 

from  th e  above rev iew s and th e  numerous l i t e r a t u r e  r e fe re n c e s  

t h e r e i n .

Hydrogen i s  added to  o le f in s  and a ro m a tic s  by  a  mechanism 

w hich  i s  p re d o m in e n tly , i f  n o t  e x c lu s iv e ly  c i s  a d d i t io n .  The 

fo rm a tio n  o f  t r a n s  a d d i t io n  p ro d u c ts  seems to  in v o lv e  o l e f in  

in te rm e d ia te s  t h a t  h ave  d eso rb ed  and tu rn e d  o v e r on th e  c a t a l y s t .  

T here  i s  v e ry  l i t t l e  e v id en ce  f o r  d i r e c t  t r a n s  h y d ro g e n a tio n .

The benzene r in g  i s  assumed to  be  adsorbed  w ith  i t s  fa c e  p a r a l l e l  

to  th e  s u r f a c e  from  w hich hydrogen  i s  a b s t r a c te d .  In  th o se  

in s ta n c e s  i n  w hich d i f f e r e n t  s te re o is o m e rs  may form i f  hydrogen  

adds from th e  a l t e r n a t e  s id e s  o f  th e  m o le c u le , th e  main p ro d u c t

(11) H. A. Sm ith , C a ta ly s i s .  £ ,  175 (1 9 5 7 ).

(12) S . S ie g e l and M. D unkel, Advan. C a ta l . .  £ ,  15 (1 9 5 7 ). 

(15 ) A. Amano and G. P a rrav an o , Advan. C a t a l , ,  £ ,  716 

(1 9 5 7 ) .

(14 ) R. L . B urw ell J r . ,  Chem. R ev ., 895 (1 9 5 7 ).

(15) C. G. Bond and P . W ells , Advan. C a t a l . ,  ^ 5 , 91 (1 9 6 4 ).

(16 ) S . S ie g e l ,  Advan. C a t a l ^ , 1 6 , 125 (1 9 6 6 ).
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i s  th e  one c o rre ssp o n d in g  to  th e  a d d i t io n  from  th e  l e a s t  h in d e re d  

s id e  o f  th e  m o le c u le .
17

Farfcas and F a rk as  p ro p o sed  t h a t  h y d ro g e n a tio n  in v o lv e s  

th e  s im u lta n eo u s  a d d i t io n  o f  two atoms o f  hydrogen  to  a  d o u b le  

b on d . The e v id en ce  f o r  t h i s  p o in t  o f  v iew  i s  t h a t  compounds o f  

ty p e  XXII a re  h y d ro g en a ted  to  th e  meso compounds X XIII (eq  2 ) .

R1 R2

XXII XXIII

18
However, G reenhalgh  and P o la n y i showed 

th a t  s te p w ise  a d d i t io n  o f  two hydrogen  atoms, in  w hich th e  c o n f i ­

g u r a t io n  a t  each  ca rb o n  i s  r e ta in e d  a t  each  s ta g e  o f  th e  r e a c t io n ,  

can  a ls o  a cc o u n t f o r  c i s  a d d i t io n .  T h is  mechanism in v o lv e s  an 

ar,(3-d iadsorbed  s p e c ie s  w hich r e a c t s  s te p w ise  w ith  adso rbed  hydrogen 

atoms a t  th e  f a c e  i n  c o n ta c t  w ith  th e  c a t a l y s t .  The c o n f ig u ra t io n  

o f  th e  h a l f  h y d ro g en a ted  s t a t e  i s  n o t  d e s tro y e d  by  f r e e  r o t a t i o n

(1 7 ) A. F ark as  and L . F a rk a s , T ra n s . F arad ay  S o c ., 35 . 

837 (1 9 3 7 ) .

(1 8 ) R. K . G reenhalgh  and M. P o la n y i,  i b i d . .  520

(1 9 3 9 ) .



around th e  C-C a x is  . I f  th e  assum ption  i s  made t h a t  th e  b re a k in g  

o f  th e  c a t a l y s t  bond (-K ) and s u b s t i t u t i o n  by atom (+H) o ccu rs  

by  th e  same s t e r i c  mechanism f o r  b o th  Hi and H2, th e  f i n a l  p ro d u c t 

i s  a  meso compound (eq  3 )*

S
r 2

:CC

X X II

X X I I I

+K

-K

+H2

-K
+ H i

R Rl
\  l S \

R2,

K
H

O )

19
Noyce and Dolby reduced  s e v e ra l  3 “h y d ro x y -4 - a l k y l - 

b e n zo ic  a c id s  (XXIV) w ith  h ig h  s t e r e o s p e c i f i c i t y  to  th e  c i s  iso m er 

(XXXV) o v e r 5$ rhodium  on a lum ina in  a c e t i c  a c id  (eq  4 ) .

(1 9 ) D. S . Noyce and L . J .  D olby, J .  O rg . Chem. , 26. 

1732 (1961) .
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COOH COOH

H2
R h/A l203 >

( k . )

XXIV XXV

R =  - c h 3 , - c 2 h 5 ,  - c h ( c h 3 ) 2 ,  - c ( c h 3 ) 3

2.0
E l i e l  and B r e t t  o b ta in e d  9 0 .3  i° c i s  (XXVII) and 9*7 $  

t r a n s - 2 -m ethoxycyclohexanol (XXVIII) from th e  h y d ro g e n a tio n  o f  

g u a ia c o l (XXVI) o v e r rhodium  on a lum ina (eq 5 )•

OH OH OH

OCH
H;

Rh/A l203

OCH OCH.
(5 )

XXVI XXVII XXVIII

(20) E . L . E l i e l  and T . J .  B r e t t ,  i b i d . ,  2 8 . 1923 (1963).
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21
F r e i f e ld e r  and S tone  o b ta in e d  a  h ig h  y ie ld  o f  c i s - c i s -

1 -d e c a d o l (XXX) from th e  h y d ro g e n a tio n  o f  1 -n a p h th o l (XXIX) o v e r 

5$ rhodium  on carbon  in  e th a n o l (eq 6 ) .

OH

Hs

Rh/C (6 )

XXIX XXX

22
B u rg s ta h le r  and B ith o s  o b ta in e d  c i s - c i s - l ,2 ,5 ~ c y c lo -  

h e x a n e t r io l  (XXXII) from th e  h y d ro g e n a tio n  o f  p y r o g a l lo l  (XXXI) 

o v e r rhodium  on alum ina (eq  7 ) .  These w orkers  a ls o  o b ta in e d  

c i s -h e x a h y d ro g a llic  a c id  (XXXIV) from th e  h y d ro g e n a tio n  o f  g a l l i c  

a c id  (XXXIII) (eq 8 ) .

(2 1 ) M. F r e i f e ld e r  and G. R. S to n e , J .  Pharm . S c i . ,

5 2 , 1134 (1964) .

(2 2 ) A. W. B u rg s ta h le r  and Z . J .  B ith o s , J .  Amer. Chem. 

S o c . ,  8 2 , 5466 ( I9 6 0 ) .
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OH

OHHO

XXXI

COOH

HO OH

OH

XXXIII

Hr

Rh/AloO2 ^ 3

Hr

Rh/AlgOs

XXXII 

COOH

HO OH

OH

XXXIV

(T)

(8 )

Many o th e r  exam ples can  b e  c i t e d  w here c i s  a d d i t io n

ta k e s  p la c e  d u r in g  c a t a l y t i c  h y d ro g e n a tio n  o f  a ro m a tic  compounds.
23*24

S ie g e l and h i s  cow orkers c o n s id e re d  th e  p o s s i b i l i t y

t h a t  th e  h y d ro g e n a tio n  o f  benzene i s  a s te p w ise  p ro c e ss  whereby 

hydrogen  atoms a re  added two a t  a tim e . These w orkers s tu d ie d

(2 3 ) S . S ie g e l ,  V. Ku, and W. H a lp ern , J .  C a t a ly s i s , 

348 (1 9 6 3 ).

(2 4 ) S . S ie g e l and V. Ku, P r o c . 3 rd  I n t e r n . Cong. 

C a t a l y s i s . Amsterdam. 1964 . C o n tr ib . No. 1 -8 0 , N orth H olland 

P u b l . ,  Amsterdam, 1 9 6 5 .
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th e  s te r e o c h e m is t ry  o f  h y d ro g e n a tio n  o f  s e v e ra l  x y le n e s  and t h e i r  

te t r a h y d ro  d e r i v a t i v e s .  They e s ta b l is h e d  th a t  c y c lo a lk e n e s  w hich 

would r e s u l t  from  c i s  a d d i t io n  o f  fo u r  atoms o f  hydrogen  to  th e  

x y le n e  m o lecu le  a r e  r e le a s e d  from th e  s u r f a c e  b e fo re  r e a d s o r p t io n
25

and r e d u c t io n .  Van Bekkum has re p o r te d  t h a t  h y d ro g e n a tio n  o f

2 - te r t - b u ty lb e n z o ic  a c id  (XXXV) o v e r rhodium  c a t a l y s t  y i e ld s  c i s -

2 - te r t - b u ty lc y c lo h e x a n e c a rb o x y lic  a c id  (XXXVI) and 2 -c a rb o x y -3 -  

te r t -b u ty lc y c lo h e x e n e  (XXXVII) (which a t t a i n s  a  c o n c e n tr a t io n  o f  

22 m ole $ ) ,  and o n ly  in  th e  f i n a l  s ta g e s  a f t e r  m ost o f  th e  

a ro m a tic  compound h a s  d isa p p e a re d  i s  th e  t r a n s - 2 - t e r t - b u t y l c y c l o - 

h e x a n e c a rb o x y lic  a c id  (XXXVIII) form ed, o b v io u s ly  v i a  th e  h y d ro ­

g e n a tio n  o f  th e  te t r a h y d ro  d e r iv a t iv e  (XXXVII) (eq  9 )*

COOH
■COOH

XXXVI

(9 )XXXVI

XXXV

4 M U k  v JU JUa
 COOH $

C(CH3 )3
COOH

XXXVIII

(2 5 ) H. Van Bekkum, P ro c . 3 rd  I n t e r n . Cong. C a t a l y s i s . 

Amsterdam. 196k . D isc u s s io n  o f  C o n tr ib . No. 1 -8 0 , N orth  H olland  

P u b l . ,  Amsterdam, 1 9 6 5 .



26
Pecque and M aurel have  s tu d ie d  th e  h y d ro g e n a tio n  o f  

2 ,3 - d im e th y lb ic y c lo [ 2 .2 .2 ] o c t - 2 - e n e  (XXXIX) and J-metYiyl-cL- 

m e th y le n e b ic y c lo [2 .2 i2 ]o c ta n e  (XL) o v e r n ic k e l ,  p a lla d iu m , and 

p la tin u m  c a t a l y s t s .  They o b serv ed  th a t  o v e r p la tin u m  th e  hydrog­

e n a t io n  o f  th e  t e t r a s u b s t i t u t e d  o l e f i n  (XXXIX) gave more t r a n s  

p ro d u c t (XLl) th a n  th e  h y d ro g e n a tio n  o f  th e  m e th y le n ic  isom er 

(XL) (eq  1 0 ) .  T his s te r e o c h e m is t ry  canno t be  e x p la in e d  w ith o u t 

d i r e c t  c o n v e rs io n  o f  th e  t e t r a s u b s t i t u t e d  o l e f in  (XXXIX) in to  i t s  

t r a n s  s a tu r a te d  p ro d u c t (X L I). From t h i s  r e s u l t ,  th e y  have 

co ncluded  t h a t ,  a t  l e a s t  on p la tin u m , d i r e c t  t r a n s  h y d ro g en a tio n  

o c c u r s .

CHCH

CH.CH.

XLIXXXIX

CH;

CH;CH

XL X L II

(26 ) M. Pecque and R. M aurel, J .  C a t a ly s i s , 1 9 , 360 (1 9 7 0 ).
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A lthough th e  m ass o f  ev id en ce  in d ic a te s  t h a t  two hydrogen 

atoms w hich add to  a dou b le  bond do so i n  th e  c i s  s e n s e , th e  

d i r e c t i o n  o f  approach  to  th e  hydrogen  a c c e p to r  h as  b een  deduced 

from  i n d i r e c t  a rg u m en ts . S te r i c  f a c to r s  p la y  an im p o r ta n t r o le  

in  b r in g in g  abou t p r e f e r e n t i a l  a d s o rp tio n  o f  a  s u b s t r a t e  on 

c a t a l y t i c  s u r f a c e .  In  th o se  in s ta n c e s  i n  w hich  d i f f e r e n t  s t e r e o ­

iso m ers  may form i f  hydrogen adds from  th e  a l t e r n a t e  s id e s  o f  th e  

m o le c u le , th e  m ain p ro d u c t i s  th e  one c o rre sp o n d in g  to  a d d i t io n  

from  th e  l e a s t  h in d e re d  s id e .

From e x te n s iv e  stereoch em ica l s tu d ie s  on hydrogenation  

o f  octahydrophenanthrene d e r iv a t iv e s  (X L II l) , L in stead  and h is
27

cow orkers have concluded  t h a t  ( l )  s t e r i c  h in d ra n c e  betw een  th e  

c a t a l y s t  and th e  s u b s t r a t e  p la y s  a c o n s id e ra b le  p a r t  i n  hyd roge­

n a t io n ,  (2 ) th e  benzene r in g  i s  adso rbed  w ith  i t s  fa c e  p a r a l l e l  

to  th e  c a t a l y s t  s u r f a c e ,  and (3 ) hydrogen  i s  added from  th e  s id e  

o f  th e  c a t a l y s t . Thus d e r iv a t iv e s  o f  c i s - a s -o c ta h y d ro p h e n an th ren e  

(X L IIl)  y ie ld e d  a lm ost e x c lu s iv e ly  c i s - syn- c i s -p e rh y d ro p h en an th ren es  

(XVIV) (eq 1 1 ) .  They e x p la in e d  th e s e  r e s u l t s  on th e  b a s i s  o f  th e  

mode o f  a d so rp tio n  o f th e  s u b s t r a t e  on  th e  c a t a l y s t  s u r f a c e .  I f  

th e  a ro m a tic  r in g ,  ly in g  w ith  i t s  f a c e  p a r a l l e l  to  th e  s u r f a c e ,  

anchors  i t s e l f  to  th e  c a t a l y s t ,  two a rran g em en ts  a r e  p o s s ib le .

(27 ) R. P . L in s te a d ,  W. E. D o e rin g , S . B . D av is , P . L ev in e , 

and R. R. W hetstone, J .  Amer. Chem. S o c . .  6 h , 1985 (19^-2 ) i
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9 10

14 11
V 12 j

7 13 3H2
14 11

13 ,12
(11)

X L IIl XL IV

In  one a rra n g em en t, r in g  A i s  in c l in e d  away from th e  s u r f a c e ,  

w h ile  i n  th e  o th e r ,  r in g  A i s  d i r e c te d  tow ards th e  s u r fa c e  o f  th e  

c a t a l y s t .  When r in g  A i s  in c l in e d  away from th e  s u r fa c e  (eq 1 2 ) , 

th e  h y d ro g en  atom a t  C-13 i s  d i r e c t e d  tow ards th e  s u r f a c e .  Now, 

i f  h y d ro g en  adds from  th e  u n d e rs id e  o f  th e  m o lecu le , th e  hydrogen 

w hich becom es a t ta c h e d  to  C-12 i s  on th e  same s id e  as  t h a t  a t  

C-13,, and th e r e f o r e  a  syn a rran g em en t o f  th e  r in g s  i s  o b ta in e d . 

The o p p o s i te  h o ld s  i f  th e  m o lecu le  i s  adsorbed  so th a t  r in g  A i s  

d i r e c t e d  tow ards th e  s u r fa c e  (eq  1 3 ) .  The a d d i t io n  o f  hydrogen 

a t  C-12 w ould y ie ld  th e  a n t i  a rran g em en t w ith  r e s p e c t  to  C -13. 

T hat th e  f i r s t  m anner o f  a d s o rp t io n  i s  p r e f e r r e d  o v e r th e  second 

i s  u n d e rs ta n d a b le  i n  terras o f  s t e r i c  e f f e c t s ,  c o n se q u e n tly  th e  

p ro d u c t o f  c i s  h y d ro g e n a tio n  p re d o m in a te s .
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7 7 7 7 7 T v r7 7 T 7 ~ 7 7 _7 7 7 ’

c a t a l y s t  s u r fa c e

(1 2 )

XL IV

S / S / S S S S S S S s ' S S S S  /

c a t a l y s t  s u r fa c e

xx

XLV

(15)

P ure  c i s  a d d i t io n  r e s u l t s  i f  b o th  hydrogen  atoms add to  

th e  p la n e  o f  th e  o l e f i n  m o lecu le  from  th e  s id e  fa c in g  th e  c a t a l y s t  

o r  from th e  s id e  fa c in g  away from  th e  c a t a l y s t .  M ost w orkers  seem 

i m p l i c i t l y  to  a c c e p t th e  f i r s t  p o s s i b i l i t y .  For m o lecu les  w hich
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have one s id e  o f  th e  d o u b le  bond b lo c k e d , such a s  X L IIl, th e re  a re  

two ways i n  w hich th e  r e s u l t s  can  be u n d e rs to o d . The m o lecu le  i s  

ad so rb ed  on th e  c a t a l y s t  on i t s  l e s s  h in d e re d  s id e  and hydrogen 

adds from  th e  s id e  a d so rb e d . A l te r n a te ly  th e  m o lecu le  i s  adsorbed  

on i t s  more h in d e re d  s id e  and th e  a d d i t io n  o f  hydrogen ta k e s  p la c e  

from  th e  s id e  away from  th e  c a t a l y s t .  E i th e r  way th e  observed  

r e s u l t s  can  be  e x p la in e d . A ll t h a t  i s  r e q u ire d  i s  t h a t  hydrogen 

add to  th e  a ro m a tic  n u c leu s  from  th e  l e s s  h in d e re d  s id e  o f  th e  

r i n g .  F o r th e  p u rp o se  o f  t h i s  t h e s i s ,  e i t h e r  e x p la n a tio n  i s  

s a t i s f a c t o r y  a lth o u g h  th e  f i r s t  one seems more r e a s o n a b le .

From t h e i r  work on th e  exchange o f  hydrogen w ith
28

d eu te r iu m  in  c y c lo a lk e n e s , Rooney and Webb have concluded  th a t  

re p la ce m e n t o f  hydrogen  ( lo s s  o f  hydrogen  as w e ll  as th e  r e v e r s e  

s t e p )  u t i l i z e s  s u r f a c e  adso rbed  hydrogen o r  d e u te r iu m .

A dsorbed atoms o f  hydrogen  a r e  in v o lv ed  i n  c a t a l y t i c

h y d ro g e n a tio n  o f  d o u b le  b o n d s, and d u rin g  th e  h y d ro g en -d eu te riu m
29

exchange i n  h y d ro carb o n s in  th e  p re s e n c e  o f  m e ta l c a t a l y s t s .

I f  ad so rb ed  hydrogen  atoms a re  in v o lv e d  i n  th e  c a t a l y t i c  h y d ro -

(2 8 ) J .  J .  Rooney and 6 . Webb, J .  C a t a ly s i s , 488

(1 9 6 4 ).

(2 9 ) C. W agner, "A dsorbed Atomic S p ec ies  as I n t e r ­

m e d ia te s  i n  H eterogenous C a t a ly s i s , "  in  Advan. C a t a l . ,  21. 323 

(1 9 7 0 ).
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g e n a tio n  o f  a ro m atic  h y d ro c a rb o n s , th e n  th e  o n ly  way th e  ob serv ed  

r e s u l t s  w ith  a ro m a tic s  can  be e x p la in e d  i s  by assum ing th a t  th e  

a d s o rp tio n  o f  th e  m o lecu le  ta k e s  p la c e  on i t s  l e s s  h in d e re d  s id e ,  

and hydrogen adds from th e  s id e  o f  th e  m o lecu le  ad so rb ed  on th e  

c a t a l y s t .
30

From h i s  " M u l t ip le t  T h eo ry " , B a lan d in  h a s  concluded  

t h a t  s t e r i c  h in d ra n c e  betw een  th e  c a t a l y s t  and s u b s t r a t e  p la y s  an 

im p o rta n t r o le  in  h y d ro g e n a tio n , and t h a t  hydrogen i s  added from 

th e  s id e  o f  th e  c a t a l y s t .  A ccord ing  to  t h i s  th e o ry , th e r e  a r e  

e le v a t io n s  on th e  s u r fa c e  o f  th e  c r y s t a l  l a t t i c e  o f  th e  c a t a l y s t  

c o rre sp o n d in g  to  th e  atoms (X ). T h ere  a l s o  e x i s t  v a l l e y s  (V, V ',  

e t c . )  betw een th e  a tom s. The d i s ta n c e s  betw een th e  v a l le y s  (d )  

eq u a l th o se  betw een th e  e le v a t io n s  ( d 1 ) .  The r e a c t in g  atoms (A) 

f a l l  in to  th e  v a l le y s  betw een  th e  s u r f a c e  o f  th e  group o f  atoms

(30) A. A. B a la n d in , "Modern S t a t e  o f  th e  M u l t ip le t  

Theory o f  H eterogenous C a t a ly s i s , "  i n  A dvan. C a t a l . ,  1 9 , 1

(1 9 6 9 ).
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o f  th e  c a t a l y s t  ( m u l t ip le t )  and an  in te rm e d ia te  m u l t i p l e t  com plex

i s  fo rm ed . The in t e r a c t io n s  o f  th e  c a t a l y s t  w ith  th e  s u b s t r a t e

p ro c e ed  u n d er th e  in f lu e n c e  o f  chem ical v a le n c e  f o r c e s ;  th e  bonds 
s u b s t r a te

in s id e  theflm olecu le  a r e  w eakened. The weakened v a le n c e  bonds o f  

th e  m u l t i p l e t  com plex re a r ra n g e  and in  th e  c o u rse  o f  t h i s  r e a r r a n g e ­

m en t, p ro d u c ts  o f  th e  r e a c t io n  a re  form ed. C a ta ly t i c  r e a c t io n s  

o f  o rg a n ic  c h e m is try  a re  c o n s id e re d  as d o u b le t ,  t r i p l e t ,  o r  s e x t e t  

r e a c t i o n s .  In  a  d o u b le t  r e a c t io n  (eq 1 4 ) ,  two bonds o f  r e a c ta n t s

A  •
$ - * “ D A------- D

/  I
*>! L> • •

B C — *C B -------- C
1  I - (1*0

• v  •

(a )  (m) (b )

a re  b ro k en  ( a )  and two new ones a re  formed in  th e  p ro d u c ts  (b ) ;  

th e  t r a n s i t i o n  from iba. to  l4 b  i s  accom plished  th ro u g h  th e  

m u l t i p l e t  com plex (m ). H ere A, B, C, and D d en o te  r e a c t in g  atom s; 

th e y  may have s u b s t i t u e n t s  w hich a re  n o t  shown. The atom ic 

c e n te r s  o f  th e  c a t a l y s t  a re  shown as d o t s .  In  a  t r i p l e t  r e a c t io n ,  

th r e e  bonds a r e  b ro k en  and th r e e  new ones a r e  fo rm ed . A s e x te t  

in v o lv e s  b re a k in g  and re fo rm a tio n  o f  s ix  b o n d s . S in ce  th e  atoms 

o f  th e  c a t a l y s t  a r e  in v o lv e d  in  th e  fo rm a tio n  o f  th e  m u l t i p l e t  

com plex, i t  fo llo w s  th a t  o n ly  c e r t a i n  c a t a ly s t s  w ith  c e r t a i n  i n t e r ­

atom ic  d is ta n c e s  and c r y s t a l  l a t t i c e s  can  fu n c t io n  as c a t a l y s t s
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f o r  a  p a r t i c u l a r  r e a c t io n .  I t  can  be e a s i l y  seen  t h a t  B a la n d in 's  

m u l t i p l e t  th e o ry  i s  i n  f u l l  c o n fo rm ity  w ith  L in s te a d 's  r e s u l t s ,  

t h a t  th e  l e s s  h in d e re d  s id e  o f  a  r e a c t in g  m o lecu le  w i l l  be adsorbed  

on th e  c a t a l y s t  s u r f a c e ,  and t h a t  hydrogen i s  added from  th e  s id e  

t h a t  i s  ad so rb ed  on th e  c a t a l y s t .

t r a n s - C yclononene (XLVI) e x i s t s  in  o n ly  one  r e l a t i v e l y  

u n s t r a in e d  c o n fo rm a tio n . The fo u r  c a rb o n  atoms (marked 9 ,  1 ,  2 , 

and 3 ) m ust l i e  in  a  p la n e ,  th e  two e x t e r i o r  carbon  atoms (9 and 3 ) 

a r e  jo in e d  by  a  -(CH2 )5- c h a in ,  w hich p a sse s  e i t h e r  beh ind  o r  in  

f r o n t  o f  th e  p la n e ,  th u s  c o m p le te ly  b lo c k in g  one s id e  o f  th e  

d o u b le  bond to  a t t a c k  from  any e x te r n a l  r e a g e n t .  I t  has been  

o b serv ed  th a t  b o th  t r a n s  (XLVI) and c i s -cyc lononene  (XLVII) 

h y d ro g e n a te  r e a d i ly  u n d e r m ild  c o n d i t io n s .  S ince  e i t h e r  th e  o l e f in
31

o r  th e  hydrogen  m ust b e  ad so rb ed  on th e  c a t a l y s t ,  B lom quist has

CH

CH

XLVI XLVII

(3 1 ) A. T i B lo m q u is t, L . H. L in , and J .  C . B ohrer, J .  

Amerl Chem. S o c . ,  j& , 36^3 (1 9 5 2 ) .
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concluded  th a t  hydrogen m ust add from th e  d i r e c t i o n  o f  th e  s u r f a c e  

o f  th e  c a t a l y s t .

o f  s e v e r a l  a -p in e n e  d e r i v a t i v e s . They found t h a t  low te m p e ra tu re , 

low p r e s s u r e  h y d ro g en a tio n  o f  a -p in e n e  d e r iv a t iv e s  i n  a c e t i c  a c id  

o r  e th a n o l over Adams p la tin u m  c a t a l y s t  p ro c e e d s  in  a  s t e r e o s p e c i f i c  

m anner, and th a t  th e  p ro d u c ts  a l l  p o s se s s  th e  c i s  c o n f ig u r a t io n ,  

hydrogen  b e in g  added from th e  m e th y len e  s id e  o f  th e  m o le c u le . Thus 

m y rte n ic  a c id  (X LV IIl) y ie ld s  c is -d ih y d ro m y r te n ic  a c id  (XLIX)

32
Eigenmann and A rnold have s tu d ie d  th e  h y d ro g e n a tio n

COOH

XLVIIl

ch3

(1 5 )

XLIX

c a t a l y s t  s u r fa c e

XLVIIl

!00H

-Xr*

COOH

(1 6 )

WVVTOV CU *AV 1'vU’K.V V UA

c a t a l y s t  s u r fa c e

(32) Gi W. Eigenmann and R. T . A rn o ld , i b i d . ,  8l ,  jhbO

(1 9 5 9 ) .



(eq  1 5 ) .  The a d s o rp tio n  o f  an a -p in e n e  d e r iv a t iv e  on th e  c a t a l y s t  

s u r f a c e  ap p ea rs  to  be  d e te rm in ed  l a r g e ly  by th e  s t e r i c  re q u ire m e n ts  

o f  th e  m eth y len e  and is o p ro p y lid e n e  b r id g e s . The mode o f  a d so rp ­

t i o n  in v o lv in g  th e  m eth y len e  b r id g e  fa c in g  th e  c a t a l y s t  i s  th u s  

p re fe r re d ^  and r e d u c t io n  u n d e r m ild  c o n d it io n s  le a d s  to  c i s  

a d d i t io n  o f  hydrogen  atoms from th e  m ethy lene  b r id g e  s id e  o f  th e  

m o le c u le . Such a d d i t io n  o c cu rs  i n  s p i t e  o f  th e  f a c t  t h a t  i t  le a d s  

to  th e  fo rm a tio n  o f  th e  therm odynam ically  l e s s  s t a b l e  iso m e r.

For th e  c a t a l y t i c  h y d ro g e n a tio n  o f  g e n t i s i c  a c id  nona- 

m eth y len e  e th e r  ( I I I ) ,  th e  fo llo w in g  p o in ts  have to  b e  k e p t  in  

v iew :

Hydrogen i s  added to  o l e f in s  and a ro m a tic s  

by  a  m echanism , w hich in v o lv e s  p re d o m in a n tly , 

i f  n o t  e x c lu s iv e ly ,  c i s  a d d i t io n .

The benzene r in g  i s  assumed to  be  ad so rb ed  

w ith  i t s  fa c e  p a r a l l e l  to  th e  s u r f a c e  o f  th e  

c a t a l y s t .

The shape o f  th e  g iv e n  m o lecu le  d e te rm in e s  

on w hich fa c e  a d s o rp t io n  i s  m ore l i k e l y .  S t e r i c  

f a c to r s  d e te rm in e  th e  m anner i n  w hich th e  

m o lecu le  i s  ad so rb ed  on th e  c a t a l y s t  s u r f a c e .

Hydrogen i s  added from th e  s id e  o f  th e  

c a t a l y s t .

G e n t is ic  a c id  nonam ethylene e th e r  ( I I I )  h a s  one fa c e

29



o f  th e  a ro m a tic  r in g  b lo ck ed  by  th e  p o lym ethy lene  r i n g .  H ence, 

th e  o th e r  f a c e  w hich i s  n o t b lo ck ed  by th e  p o lym ethy lene  r in g  

would b e  ad so rb ed  on th e  c a t a l y s t  s u r f a c e .  S in ce  hydrogen  i s  

added to  th e  s id e  ad so rb ed  on th e  c a t a l y s t ,  th e  c o n f ig u r a t io n  o f  

th e  s a tu r a te d  p ro d u c t (X) w i l l  be  as shown below , (eq 1 ) .

COOH
;ooh

'7777777777777777T/7777
c a t a l y s t  s u r f a c e

X
I I I

M ethoxyl and o th e r  e th e r e a l  lin k a g e s  a r e  known to  b e  

s u s c e p t ib le  to  h y d ro g e n o ly s is  i n  th e  c o u rse  o f  c a t a l y t i c  h y d ro ­

g e n a tio n  o f  a ro m a tic  e t h e r s . 33
33

Sm ith and Thomson have c a r r ie d  o u t a  s tu d y  o f  th e  

h y d ro g e n a tio n  and h y d ro g e n o ly s is  o f  a ro m a tic  e t h e r s . T h e ir  r e s u l t s  

w hich a r e  p e r t i n e n t  to  th e  p r e s e n t  s tu d y  may b e  summarized as 

fo l lo w s :

The e x te n t  o f  c le a v a g e  i s  found to  be

(3 3 ) H. A. Sm ith and R. G. Thomson, P r o c . I n t e r n .  Cong. 

C a t a l y s i s . P h i l a d e lp h ia . P en n . . 1 9 5 6 , C o n tr ib . No. 'JJ>} Academic 

P re s s  I n c .  P u b l . ,  New Y ork, N .Y ., 1957 .
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dep en d en t upon th e  c a t a l y s t ,  th e  compound,

and th e  r e a c t io n  c o n d i t io n s .  Rhodium on

alum ina r e s u l t s  i n  much l e s s  h y d ro g e n o ly s is
10

th a n  p la tin u m  c a t a l y s t .  Schw artz  h as  

con firm ed  th e  same c o n c lu s io n s .  The amount 

o f  c le a v a g e  in c re a s e d  l i n e a r l y  w ith  tem p.

H y d ro g en o ly s is  o f  a  m ethoxyl group 

does n o t o c c u r  p r i o r  to  th e  h y d ro g e n a tio n  

o f  th e  a ro m a tic  r i n g .

H y d ro g en o ly s is  o f  a  m ethoxyl group 

does n o t  o c c u r  su b se q u e n t to  th e  co m ple te  

s a tu r a t i o n  o f  th e  a ro m a tic  r i n g .

The d i r e c t i o n  o f  c le a v a g e  i s  p redom i­

n a n t ly  be tw een  th e  a ro m a tic  c a rb o n  and th e  

oxygen a tom .

W ith th e s e  f a c t s  i n  han d , i t  was d e c id e d  to  u s e  5$ rhodium 

on a lum ina f o r  th e  h y d ro g e n a tio n  o f g e n t i s i c  a c id  nonam ethylene 

e t h e r .
34

N ish im ura  and Y oshino have shown t h a t  th e  n a tu r e  o f  

th e  s o lv e n t  u sed  h a s  a  p ro fo u n d  e f f e c t  on th e  e x te n t  o f  hydrogeno­

l y s i s .  The r a t e  o f  h y d ro g e n o ly s is  in c r e a s e s  w ith  in c re a s in g

(3&) S . N ish im ura  and H. Y osh ino , B u l l . Chem. S o c . J a p . .

i j | ,  k99 (1969) .
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p o l a r i t y  o f  th e  s o lv e n t .

R e s u lts  o f  o u r p re l im in a ry  ex p erim en ts  in d ic a te d  th a t

th e r e  was le s s  h y d ro g e n o ly s is  w ith  95$ e th a n o l as  s o lv e n t  th a n  w ith

a c e t i c  a c id .  I t  was a ls o  found th a t  compared w ith  h y d ro g e n a tio n

a t  a tm o sp h e ric  p r e s s u r e ,  h y d ro g e n a tio n  a t  t h r e e  a tm o sp h eres  (P a r r

low p r e s s u r e  h y d ro g e n a tio n  a p p a ra tu s )  r e s u l t e d  i n  l e s s

h y d ro g e n o ly s is .

S in ce  we w anted to  m in im ize h y d ro g e n o ly s is  o f  th e

e th e r e a l  l in k a g e s  d u rin g  c o n v e rs io n  o f  I I I  to  X, i t  was d ec id ed

to  u s e  95$  e th a n o l as s o lv e n t  and to  c a r r y  o u t  th e  h y d ro g e n a tio n

in  a  P a r r  low p re s s u re  h y d ro g e n a tio n  a p p a r a tu s .

W hile th e  w r i t in g  o f  t h i s  th e s i s  was i n  p r o g r e s s ,  a

r e p o r t  on th e  h y d ro g e n a tio n  and h y d ro g e n o ly s is  o f  a ro m a tic  e th e r s
35

was p u b l is h e d . N ish im ura and h i s  cow orkers s tu d ie d  th e  h y d ro ­

g e n a tio n  o f  e th y l  p - t o l y l  e th e r  (L I) o v e r p la tin u m  m e ta l c a t a l y s t s  

in  e th a n o l  s o lv e n t .  The r e s u l t s  o f  t h i s  s tu d y  w hich  a r e  p e r t i n e n t  

to  th e  p r e s e n t  work a re  summarized as fo llo w s :

The e x te n t  o f  h y d ro g e n o ly s is  depends 

on th e  n a tu re  o f  th e  c a t a l y s t  and in c r e a s e s  

in  th e  o rd e r  Pd<Ru<Rh<Ir<Pt.

H ydrogenation  pathw ays w ith  d i f f e r e n t

(5 5 ) S . N ish im ura , M. Uramoto, and T . W atanane, i b i d . ,  

kg, 216 (1 9 7 2 ) .
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c a t a l y s t s  have  b een  p o s tu la t e d .  T e trahydro  

d e r iv a t iv e s  such  as  en o l e th e r  ( L I I ) ,  a l l y l  

e th e r  ( L I I I ) ,  and h o m o a lly l e th e r  (LIV) a re  

concluded  to  be  th e  in te rm e d ia te s  in  th e  

h y d ro g e n a tio n  o f  L I .

The n a tu r e  and th e  am oun t.o f t e t r a ­

hydro  d e r iv a t iv e s  t h a t  may b e  desorbed  

depends on th e  c a t a l y s t  u s e d .

Depending on th e  c a t a l y s t  u sed , th e  

te t r a h y d ro  d e r iv a t iv e  may undergo hydroge­

n a t io n  o r  h y d ro g e n o ly s is  o r  b o th .

The p o s tu la te d  h y d ro g e n a tio n  pathways 

o v e r rhodium  c a t a l y s t  assum es th a t  th e  th r e e  

te t r a h y d ro  d e r iv a t iv e s  a re  formed e q u a l ly . 

The en o l e th e r  ( L I l )  i s  hyd rogeno lysed  to  

o n ly  a  s l i g h t  e x te n t ,  th e  a l l y l  e th e r  

( L I I l )  i s  h y d ro g en o ly sed  c o m p le te ly , w h ile  

th e  h o m o ally l e th e r  (LIV) i s  hydrogenolysed  

to  th e  e x te n t  o f  o n ly  24$ . I t  i s  a lso  to  

be  n o te d  t h a t  L I I ,  LV, and LVI a r e  s c a rc e ly  

h y d ro g en a ted  d u r in g  th e  h y d ro g e n a tio n  o f  L I; 

when th e  amount o f  L I approaches a lm ost z e ro , 

h y d ro g e n a tio n  o f  L I I ,  LV, and LVI seems to  

b e g in .  The c i s / t r a n s  r a t i o  o f  s a tu r a te d

53



e th e r  L V III i s  v e ry  h ig h  in  th e  i n i t i a l  

s t a g e s ,  b u t  d e c re a s e s  to  abou t 10  tow ards 

th e  end o f  h y d ro g e n a tio n  (eq I T ) .

CH,

C a H s

CH

LV

CH.

r>

CH
L II

LVI

LIV :

CH

L I I I

OC2H5

LIX

CH3

0
0C2H5

L V III

CH3

0

LVII



35
The r e s u l t s  o b ta in e d  by N ish im ura  and h i s  cow orkers

23 j 24
a re  s im i la r  to  th o se  o b ta in e d  by S ie g e l  and h i s  cow orkers

25
and by  Van Bekkum. A ll th e s e  w orkers  c o n c lu d e  t h a t  te t ra h y d ro  

d e r iv a t iv e s  (c y c lo a lk e n e s ) which w ould r e s u l t  from  c i s  a d d i t io n  

o f  fo u r  atoms o f  hydrogen to  th e  a ro m a tic  n u c le u s  a r e  indeed  

r e le a s e d  from th e  s u r fa c e  b e fo re  r e a d s o r p t io n  and r e d u c t io n .  The 

fo rm a tio n  o f  t r a n s  a d d i t io n  p ro d u c ts  in v o lv e s  th e s e  o l e f i n  i n t e r ­

m e d ia te s  t h a t  have deso rb ed  and tu rn e d  o v e r on th e  c a t a l y s t .

From th e  r e s u l t s  o b ta in e d  by  N ish im ura  and h i s  co -
. 35

w o rk e rs , i t  can be  seen  t h a t  ou r c h o ic e  o f  rhodium  c a t a l y s t  was 

q u i te  good . Use o f rhodium  r e s u l t s  i n  c o m p a ra tiv e ly  l e s s

h y d ro g e n o ly s is .  I n  s p i t e  o f  th e  d e s o r p t io n  o f  th e  te t r a h y d ro  

d e r iv a t iv e s ,  th e  f u l l y  s a tu r a te d  p ro d u c t i s  s t i l l  p re d o m in a n tly  

a  c i s  a d d i t io n  p ro d u c t .

K eeping i n  mind t h a t  hydrogen  w i l l  b e  added to  th e  

a ro m a tic  r in g  o f  g e n t i s i c  a c id  nonam ethy lene e th e r  ( I I I )  from  th e  

s id e  t h a t  i s  n o t  b lo ck ed  by th e  p o ly m eth y len e  c h a in ,  and t h a t  

d u rin g  h y d ro g e n o ly s is  th e  c leav ag e  i s  p re d o m in a n tly  betw een 

a ro m a tic  ca rb o n  atoms and th e  e th e r  oxygen a tom s, one can e n v isa g e  

th e  fo llo w in g  p ro d u c ts  from th e  h y d ro g e n a tio n  and h y d ro g e n o ly s is  

o f  g e n t i s i c  a c id  nonam ethylene e th e r  ( I I I )  (eq  1 8 , p 3 6 ).

G e n tis ic  a c id  nonam ethylene e th e r  ( I I I )  was h y d ro g en a ted  

in  a  P a r r  low p re s s u re  h y d ro g e n a tio n  a p p a ra tu s  w i th  5$  rhodium  

on a lum ina  i n  95$ e th a n o l .  The r e a c t io n  m ix tu re  was s e p a ra te d
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HO-(CH2 )g-OH L X III
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i n to  a c id  and n e u t r a l  f r a c t i o n s  w ith  sodium  h y d ro x id e . The 

n e u t r a l  f r a c t i o n  was i d e n t i f i e d  as  1 ,9 -n o n a n e d io l  (L X IIl)  by 

com parison  o f  i t s  nmr spec trum  w ith  t h a t  o f  an a u th e n t ic  sam ple.

Column chrom atography  o f  th e  c ru d e  a c id  f r a c t i o n  y ie ld e d  

fo u r  a c id s .  The f i r s t  to  be e lu te d  was compound LX II, i d e n t i f i e d  

as c y c lo h e x a n e c a rb o x y lic  a c id  b y  com parison  o f  i t s  nmr spectrum  

w ith  t h a t  o f  an a u th e n t ic  sam ple . The n e x t to  be  e lu te d  was 

compound X, w hich was fo llo w ed  by LX and LXI r e s p e c t iv e ly .  The 

a c id s  X, LX, and LXI had v a lu e s  o f  0.75> 0 & 5 } and. 0 .6 0  

r e s p e c t iv e ly ,  on t i c  (p 7 0 ) .

Compound LXI was t e n t a t i v e l y  a ss ig n e d  th e  s t r u c tu r e  

c i s -3 -(9 -h y d ro x y n o n am e th y len eo x y )cy c lo h ex an eca rb o x y lic  a c id .  I t s  

nmr and i r  s p e c t r a  and t i c  p r o p e r t i e s  w ere  i d e n t i c a l  to  th o se  o f 

c i s -3 -  (9 -h y d ro x y n o n am eth y len eo x y )cy c lb h ex an eca rb o x y lic  a c id  (XXI.) 

s y n th e s iz e d  from  . c i s -3 -h y d ro x y cy c lo h e x an e c a rb o x y lic  a c id  (XVI). 

Compound LXI was e q u i l ib r a te d  to  XIV, and th e  l a t t e r  was co n v e rted  

to  i t s  m eth y l e s t e r  XV. E lem en ta l a n a ly s i s  and a com parison o f  

th e  nmr and i r  s p e c t r a  and th e  ms o f  XV, o b ta in e d  from LXI w ith  

th o s e  o f  th e  s y n th e t i c  r e l a y  compound, XV, o b ta in e d  from  c i s -3 -  

h y d ro x y c y c lo h ex a n e ca rb o x y lic  a c id  (X V I), confirm ed  th e  s t r u c tu r e  

a ss ig n e d  to  LXI as c i s -3 -(9 -h y d ro x y n o n am eth y len eo x y )cy c lo h ex an e- 

c a rb o x y lic  a c id .

Compound X was t e n t a t i v e l y  a ss ig n e d  th e  s t r u c tu r e  c i s -  

2 ,5 " ( l,9 ~ n o n a m e th y le n e d io x y )c y c lo h e x a n e c a rb o x y lic  a c id .  I t  was
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e lu te d  Im m ediate ly  a f t e r  c y c lo h e x a n e c a rb o x y lic  a c id ,  and had an 

R j v a lu e  o f  0 .7 5  on t i c .  Compound X was c o n v e r te d  to  i t s  m ethy l 

e s t e r  X I. On tre a tm e n t w ith  p o ta s s iu m  J :-b u to x id e  i n  d im e th y l-  

s u l f o x id e ,  th e  m ethy l e s t e r  (X I) was c o n v e r te d  to  £ * ,0 -u n sa tu ra te d  

a c id  X I I .  The l a t t e r  on c a t a l y t i c  h y d ro g e n a tio n  y ie ld e d  X I I I .

On e q u i l i b r a t i o n  w ith  501° sodium  h y d ro x id e  s o lu t io n ,  X II I  gave 

th e  e q u ilib r iu m  m ix tu re  XIV. The l a t t e r  was c o n v e rted  to  i t s  

m ethy l e s t e r ,  XV. A com parison  o f  th e  nmr and i r  s p e c t r a ,  and 

th e  ms o f  t h i s  XV (from  X) w ith  th o s e  o f  XV o b ta in e d  from  LXI and 

t h a t  s y n th e s iz e d  from c i s - 5-h y d ro x y c y c lo h e x a n e c a rb o x y lic  a c id  

(XVI) , confirm ed  th e  s t r u c tu r e  o f  X a s  c i s - 2 , 5~ ( 1 .9 -n o n am eth y len e- 

d io x y )c y c lo h ex a n e ca rb o x y lic  a c i d .

On. th e  b a s i s  o f  i t s  c h ro m a to g ra p h ic  p r o p e r t i e s ,  and i t s  

nmr sp ec tru m , LX was t e n t a t i v e l y  a ss ig n e d  th e  s t r u c tu r e  2 - (9 -h y d ro ­

xynonam ethyleneoxy )c y c lo h e x a n e c a rb o x y lic  a c i d .

The n e x t s te p  in  th e  c o r e l a t i o n  seq uence  (Scheme I ,  p 7 ) 

i s  th e  e l im in a t io n  r e a c t io n ,  i . e . ,  X to  X II (eq  1 9 ) .

HOOC
HOOC

(19)

x X II
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The model compound s e le c te d  fo r  stu d yin g  t h is  type o f

e l im in a t io n  was c i s -2 -m eth o x y cy c lo h ex an eca rb o x y lic  a c id  (LXIV). 

The l a t t e r  was p re p a re d  by c a t a l y t i c  h y d ro g e n a tio n  o f  2-m ethoxy- 

b e n z o ic  a c id .  A b ase  c o u ld  remove an ar-p ro ton  w ith  s im u lta n eo u s  

o r  su b seq u en t lo s s  o f  th e  3-m ethoxyl group to  form  th e  d o u b le  

bon d . E i th e r  th e  a c id  (LXIV) o r  i t s  m ethy l e s t e r  (LXV) co u ld  

be  u sed  as th e  s t a r t i n g  m a te r ia l  (eq  2 0 ) .

The a c id  (LXIV) and th e  e s t e r  (LXV) w ere  s e p a r a te ly  

h e a te d  w ith  sodium m eth o x id e  in  m e th a n o l. W ith th e  a c id  th e r e  

was no e l im in a t io n ,  and th e  s t a r t i n g  m a te r ia l  was re c o v e re d , 

q u a n t i t a t i v e l y .  W ith th e  e s t e r ,  th e r e  was some e l im in a t io n ,  

some c o n v e rs io n  to  th e  t r a n s -m ethoxy iso m e r, and p o s s ib ly  some 

c o n d e n sa tio n .

The b e s t  system  f o r  c a r ry in g  o u t th e  r e q u ire d  

e l im in a t io n  r e a c t io n  was found to  be  p o ta ss iu m  J :-b u to x id e  in  

d im e th y ls u lfo x id e .  W ith t h i s  sy stem , i t  was o b serv ed  t h a t  th e  

e l im in a t io n  from  th e  f r e e  a c id  (LXIV) was c o m p a ra tiv e ly  po o r

C00H C00CH,C00H

(2 0 )

LXIV LXVI LXV
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( l e s s  th a n  2 0 $ ) . However, th e  e l im in a t io n  from th e  m eth y l e s t e r  

(LXV) i s  much b e t t e r  (85 to  9 0 $ )-  The b e s t  r a t i o  o f e s t e r  to  

p o ta ss iu m  J > b u to x id e  i s  1 : 2 .5 .  D uring th e  p ro ced u re , th e  m ethy l 

e s t e r  i s  h y d ro ly s e d , and th e  f r e e  a c id  (LXVI) i s  o b ta in e d .

S in c e  th e  e l im in a t io n  from  th e  f r e e  a c id  (LXIV) tak es  p la c e  in  

v e ry  p o o r y i e l d ,  i t  can b e  concluded t h a t  f i r s t  e l im in a tio n  

ta k e s  p la c e  from th e  e s t e r  (LXIV) form ing m ethy l cyclohexene- 

c a rb o x y la te  (LXVIl) w hich i s  th e n  h y d ro ly sed  (p ro b ab ly  d u rin g  

w o rk -up ) to  f r e e  c y c lo h e x e n e c a rb o x y lic  ac id  (LXVI) (eq  2 1 ) .

A c o n tr o l  ex p erim en t was ru n ,  and i t  was found  th a t  

m eth y l c y c lo h e x e n e c a rb o x y la te  (LXVIl) as w e ll as m ethy l b e n z o a te  

(L X V IIl) w ere in d eed  h y d ro ly se d  to  c y c lo h ex en eca rb o x y lic  a c id  

(LXVI) (eq 22) and b e n zo ic  a c id  (eq 23)> r e s p e c t iv e ly ,  under 

th e  w ork-up c o n d i t io n s .

C00CH,
C00CH, C00H

LXV LXVIl LXVI

COOCH, COOH
Potassium
t-b u to x id e (2 2 )

DMSO
LXVIl LXVI



ooch3
P otassium
t^ -b u to x id e

m so

COOH

(25)

LXVIlI LXXIX

The nmr sp ec tru m  o f  c i s - 2 ,5 - ( 1 ,9 -n o n am eth y len ed io x y ) 

cy c lo h ex an eca rb o x y lic  a c id  (X) had a  b ro ad  s i n g l e t  a t  6 9 .h i 

(COOH). Acid X was t r e a t e d  w ith  d iazom ethane in  e th e r  to  y ie ld  

m ethyl e s t e r  XI (eq 2 ^ ) .  The nmr sp ec tru m  o f  th e  m ethy l e s te r

H\ > 0^  * > 0^
I CH300C ]

(C H g)g  CHsNs (CH2 )c
(2^ )

H'

X XI

(XI) showed th e  ab sen ce  o f  COOH and a  sh arp  s i n g l e t  was p re s e n t

a t  6 5 .7 0  (COOCH3 ) .  The i r  sp ec tru m  o f  th e  m eth y l e s t e r  (XI)

showed an a b s o rp tio n  b an d  a t  17^-0 cm ^  ( e s t e r ) ;  th e  re g io n  

“I33OO-36OO cm showed th e  ab sen ce  o f  OH.

M ethyl e s t e r  X I on t r e a tm e n t  w ith  p o ta ss iu m  t -b u to x id e  

in  d im e th y ls u lfo x id e  y ie ld e d  -u n s a tu r a te d  a c id  X II (eq  2 5 ) .

XI

P o ta ss iu m  H O O C ^ ^^^  
t - b u to x id e  1

DMSO

*  Vh A (

(25)

in

o- ( ch2 )9- oh 

X II



The nmr spectrum  o f  compound X II showed a  s i n g l e t  a t  6 7 .1 2  

( v in y l -H) and a  s i n g l e t  a t  6 7 .5 5  (a v e ra g e  f o r  OH and COOH) 

w hich d isa p p e a re d  on tre a tm e n t w ith  D20 . The i r  spectrum  o f  

X II showed a b s o rp tio n  bands f o r  a , B -u n sa tu ra te d  a c id  (1690  cm ) 

and f o r  o l e f i n  (165O cm ^ ) .

On c a t a l y t i c  h y d ro g e n a tio n , u n s a tu r a te d  a c id  X II was 

c o n v e rted  to  th e  s a tu r a te d  a c id ,  X I I I  ( s te r e o c h e m is try  n o t 

e s ta b l i s h e d )  (eq  2 6 ) .  The nmr and i r  s p e c t r a  showed th e  absence

HOOC

XII

HOOC

H
^  (26 )

yi*' ▼n.»' ^-(CH sJs-O H  

X III

o f  any u n s a tu r a t io n ;  th e  s i n g l e t  a t  6 7 .1 2  was a b s e n t ,  as was 

a ls o  th e  a b s o rp tio n  band a t  1650  cm ■*".

The n e x t s te p  in  th e  c o r r e l a t i o n  sequence  (Scheme I ,  

p 7 ) was th e  e p im e r iz a tio n  o f  th e  a c id  X III to  g iv e  an e q u i l i b ­

rium  m ix tu re  XIV (eq 27)^ w hich would be  e x p ec te d  to  b e  composed 

o f  m a in ly  th e  c i s  iso m er.

HOOC, HOOC

*

X III

(2 7 )

(m ain ly  c i s )

k-2



The compound s e le c te d  f o r  s tu d y in g  t h i s  ty p e  o f  

e q u il ib r iu m  r e a c t io n  was 3 -m ethoxycyclohexanecarboxy1i c  a c id .

The aim was to  o b ta in  th e  e q u il ib r iu m  m ix tu re  s t a r t i n g  w ith  

e i t h e r  th e  c i s  (LXX) o r  th e  t r a n s  (LXXI) iso m er o f  3 - niethoxy- 

c y c lo h e x a n ec a rb o x y lic  a c id .  The a c id s  as w e l l  a s  t h e i r  m ethy l 

e s t e r s  w ere in v e s t ig a te d .  Sodium m ethox ide  i n  m e th an o l, 

p o ta ss iu m  .t-b u to x id e  i n  j : -b u ta n o l ,  and p o ta ss iu m  h y d ro x id e  in  

_ t-b u tan o l w ere t r i e d  w ith  v a ry in g  amounts o f  s u c c e s s .  Some 

e p im e r iz a tio n  d id  ta k e  p la c e ,  b u t  th e  e q u i l ib r iu m  c o m p o sitio n  

was n o t  re a c h e d . The b e s t  system  f o r  c a r ry in g  o u t  th e  r e q u ire d  

e q u i l i b r a t i o n  was found to  b e  30$ sodium  h y d ro x id e . When th e  

c i s  o r  th e  t r a n s -3 -m eth o x y cy c lo h ex an eca rb o x y lic  a c id  (LXX o r  

LXXI) was h e a te d  under r e f lu x  w ith  3 0$  sodium h y d ro x id e  f o r  

65  h o u rs , th e  same m ix tu re  o f  c i s  and t r a n s  iso m ers  was o b ta in e d  

in  67$  and 77$  y ie ld  r e s p e c t iv e ly  (eq 2 8 ) .

OCH

COOH

OCH.

H COOH

(2 8 )

LXX LXXI I
(e q u ilib r iu m  m ix tu re )  

(m ain ly  c i s )

LXXI

The a c id  X II I  was h e a te d  w ith  30$ sodium  h y d ro x id e  

to  g iv e  th e  e q u il ib r iu m  m ix tu re  XIV (eq  2 7 ) .  The e q u il ib r iu m



H00C v / V  HOOC
„ > T  I 30$ NaOH 7 * ^

k J  ----------------------• *  r ' l l  (2 7 )

H # 0-(CH2 )9-OH H ' '  *  o- ( ch2 )9- oh

X III  XIV (e q u il ib r iu m  m ix tu re )
(m ain ly  c i s )

m ix tu re  (XIV) o b ta in e d  from c i s - 2 ,5 - ( 1 ,9 -n o n am eth y len ed io x y )-  

c y c lo h e x a n e c a rb o x y lic  a c id  (X) had th e  same t i c  b eh av io u r as XIV 

o b ta in e d  from  LXI and XIV s y n th e s iz e d  from c i s -5 -h y d ro x y cy c lo - 

h e x a n e c a rb o x y lic  a c id  (XVI) .

The e q u il ib r iu m  m ix tu re  (XIV) o b ta in e d  from X was 

t r e a t e d  w ith  an e th e r e a l  s o lu t io n  o f  d iazom ethane to  form th e  

m eth y l e s t e r  (XV) (eq 2 9 ) .  M ethyl e s t e r  XV was d i s t i l l e d  u n d er

HOOC

H > n   CH2N2 H ( 2 9 )

CH300C

H o- ( ch2 )9- oh h o- ( ch2 )9- oh

XIV XV (m ain ly  c i s )

red u ced  p r e s s u r e  in  a  s h o r t  p a th  d i s t i l l a t i o n  a p p a ra tu s .  The 

m eth y l e s t e r  (XV) showed a  sh arp  s i n g l e t  a t  6 $ .66  (COOCH3 ), 

and an a b s o rp t io n  band a t  1770  cm ^ ( e s t e r ) .

No a tte m p t was made to  p u r i f y  th e  p ro d u c t o f  e l im in a ­

t i o n  (X -* X I I ) .  However, b e f o r e  a tte m p tin g  th e  e p im e r iz a tio n  

r e a c t io n ,  th e  hydroxy  a c id  X I I I  was p u r i f i e d  by column chrom ato­

g ra p h y . A lso , th e  r e l a y  compound XV was d i s t i l l e d  to  ach iev e  

p u r i f i c a t i o n .

kb



The r e la y  compound XV, w hich c o n s i s t s  m ain ly  o f  th e  

c i s  iso m er, i s  a  v is c o u s  o i l  and hence  q u i t e  d i f f i c u l t  to  work 

w ith .  I t  was e x p ec ted  to  b e  o b ta in e d  in  sm a ll q u a n t i t i e s .  I t s  

r o t a t i o n  was to  be  com pared w ith  t h a t  o f  th e  r e la y  compound (XV) 

o b ta in e d  s y n th e t i c a l l y  from o p t i c a l l y  a c t i v e  c i s - 5 -h y d ro x v cy c lo - 

h e x an e c a rb o x y lic  a c id  (X V I). I t  was th u s  n e c e s s a ry  to  e n su re  

t h a t  th e  r a t i o  o f  c i s - t r a n s  isom ers in  th e  r e l a y  compound from 

th e  two d i f f e r e n t  so u rc e s  be  th e  same. In  o rd e r  to  accom plish  

t h i s ,  i d e n t i c a l  w ork-up p ro c e d u re s  w ere n e c e s s a ry ,  b e fo re  

com paring t h e i r  r o t a t i o n s .  The r e l a y  compound XV was sy n th e s iz e d  

from c i s -5 -h y d ro x y cy c lo h e x an e c a rb o x y lic  a c id  (x V l) . B efo re  

e p im e r iz a t io n , XX]̂  o b ta in e d  from  XVI, was p u r i f i e d  by column 

chrom atography , th e  e q u i l i b r a t i o n  b e in g  c a r r i e d  o u t under 

c o n d it io n s  i d e n t i c a l  to  th o s e  u sed  w ith  XIV o b ta in e d  from th e  

an sa  compound I I I .  F in a l ly  th e  m ethy l e s t e r  XV was d i s t i l l e d  

in  a s h o r t  p a th  d i s t i l l a t i o n  a p p a ra tu s  u n d e r c o n d it io n s  i d e n t i c a l  

to  th o se  used  w ith  XV from  th e  an sa  compound I I I .  S im ila r  y ie ld s  

w ere o b ta in e d  f o r  c o n v e rs io n  o f  th e  e q u i l ib r a te d  hydroxy a c id  XIV 

from th r e e  d i f f e r e n t  so u rc e s  (X, LXI, and XVI) to  th e  c o rre sp o n d in g  

d i s t i l l e d  m ethy l e s t e r  XV, th e  r e l a y  compound.

The f i r s t  s te p  i n  th e  s y n th e s is  o f  th e  r e l a y  compound 

(XV) was th e  p r e p a r a t io n  o f  c i s -3 -h y d ro x y cy c lo h e x an e c a rb o x y lic  

a c id  (XVI). 3"H ydroxybenzoic  a c id  (LX XIII) was h y d ro g en a ted



over 5#  rhodium on carbon in  9 5 $ e th a n o l. The crude hydrogenation  

m ixture contained both c i s  and tran s isom ers o f  3 - b yd roxycyclo-  

hexanecarb oxylic  a c id  to g e th er  w ith  some cy c lo h exan ecarb oxy lic  

a c id  (LXXV). From t h i s ,  c i s - 5-hydroxycyc1ohexanecarboxy1i c  acid
36

was sep arated  by repeated  c r y s t a l l i z a t io n  from e th y l a c e t a t e .

T his method o f  prep aration  was tim e consuming, and th e  y ie ld

was p oo r , because o f  the amount l o s t  during th e repeated

c r y s t a l l i z a t i o n s . We f i n a l l y  turned to  a d if f e r e n t  method o f

sep a ra tin g  th e crude r e a c t io n  product ob ta ined  from hydrogenation
37

o f  3 “hydroxybenzoic a c id . The crude m ixture o f  c i s  and tran s -

3 -h ydroxycyclohexanecarboxylic  a c id s  obta ined  from th e  c a t a ly t ic  

hydrogenation  o f  3~hydroxybenzoic a c id  was h e a te d . The c i s  

isom er formed the la c to n e  (LXXVl). The l a t t e r  was sep arated  

from th e  tra n s- 5-hydroxycyc lo h exan ecarb oxy lic  ac id  by fr a c t io n a l  

d i s t i l l a t i o n  under reduced p r e ssu r e . H yd rolysis  o f  th e  la c to n e  

(LXXVl) y ie ld e d  c i s -5 -h yd roxycycloh exan ecarb oxy lic  a c id  (XVI) 

(Scheme I I I ,  p 4 7 ) .

The n ext step  in  th e s y n th e t ic  sequence (Scheme I I ,  

p 8 ) was th e  condensation  o f  c i s - 3 -h ydroxycyclohexanecarb oxylic  

ac id  (XVI) and 9"bromononanol (XVII) (eq 30., P W ) .

(3 6 ) D. S . Noyce and D. B . Denney, J .  Amer. Chem. S o c . .  

5912 (1 9 5 2 ).

(3 7 )  E. J .  Boorman and R. P. L in stea d , i b i d . ,  57 , 258

(1 9 3 5 ).



Scheme I I I  -  P rep aration  o f  c i s -5-H ydroxycyclohexanecarboxylic

Acid (XVI).

COOH

OH

L X X I I I

COOH

LXXV

COOH

OH.

Oft.

CO COOH

OH

fr a c t io n a l
d i s t i l l a t i o n

A

L X X V l

.COOH

OH

a lk a lin e
h y d ro ly s is

L X X IX

XVI

H N COOH 
s
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H COOH H COOH

OH +  Br-(CH2 )9 -OH -♦ o- ( ch2 )9- oh

H
(30)

XVI XVII XXI

9-Bromononanol was prepared by the method o f  Butenandt
3 8

and h i s  coworkers from 1 ,9 -n o n a n ed io l (LXXVIl) and hydrobromic 

acid  (eq J l ) .

ca rb o x y lic  a c id  (XVI) and 9 "bromononano 1 (XVII) was to  be 

c a rr ie d  out under b a s ic  c o n d it io n s , th e  hydroxyl group o f  

9 -bromononano 1 had to  be s u ita b ly  p r o te c te d . This was achieved  

by r e a c tio n  w ith  2 ,3 -d ihydropyran  (LXXVIIl) (eq 5 2 ) .

C ondensation  o f  c i s - 5 -hydroxycyc lohexanecarb oxylic  

acid  (XVI) and 2 - ( 9 “bromononam ethyleneoxy)tetrahydropyran (XVIII)

(3 8 ) A. Butenandt, E. Hecker, M. Hopp, and W. Kuch, 

Ju stu s L ie b ig s  Ann. Chem. . 65 8 , 39 (1 9 6 2 ).

HO-(CH2 )9-OH + HBr -♦ Br-(CH2 )9-OH (31)

LXXVIl XVII

S in c e  th e  condensation  o f  c i s - 3-hydroxycyclohexane-

48



y ie ld e d  XIX ( eq 3 3 ) •

t O  B r - ( C H 2 ) 9 - < j OB r- (CH2  )9 -0H + — » Br-(CH2 )9 - 0 ^ oXl (32 )

XVII LXXVIII XVIII

H COOH H . .  COOH

OH + Br-(CH2 )9 0-(CH2 )9- ^
03)

XVI XVIII XIX

Sodium m ethox ide  i n  m ethano l was n o t  c o n s id e re d  a  good 

c h o ic e  f o r  t h i s  c o n d e n s a tio n . T here  was a s tro n g  p o s s ib i ­

l i t y  t h a t  th e  m ethox ide  io n  m ig h t i t s e l f  r e a c t  w ith  X V III, 

form ing th e  m ethy l e t h e r .  T here  was s t i l l  a n o th e r  p o s s i b i l i t y  

t h a t  th e  m ethox ide  io n  m ig h t remove a  p ro to n  from th e  carb o n  

atom a  to  th e  COOH group th e re b y  c a u s in g  c o n d en sa tio n  a t  t h a t  

c a rb o n . Hence i t  was n e c e s s a ry  to  u s e  a  b a se  w hich was a  poor 

n u c le o p h i le .  To c o n se rv e  X V III, n - o c ty l  brom ide (LXXIX) was 

used  as a  model compound. C o n d en sa tio n  was a ttem p ted  w ith  b o th

3 -h y d ro x y cy c lo h e x an e c a rb o x y lic  a c id  (XVI) (eq 3^-) and i t s  m ethyl



e s t e r  (LXXX).

H COOH

kOH + Br-(CH2 )7-CH3 -♦

COOH

0-(CH2 )7 -CH3 (3*0

XVI LXX IX LXXXI

S e v e ra l a tte m p ts  w ere made to  e f f e c t  t h i s  c o n d e n sa tio n

w ith o u t s u c c e s s .  Among th e  condensing  a g e n ts  u sed  w ere s i l v e r  

o x id e  in  te t r a h y d ro fu r a n ,  s i l v e r  o x id e  in  d im e th y ls u lfo x id e ,  and 

l i th iu m  h y d r id e  in  d im e th y ls u lfo x id e .

c y c lo h e x a n e c a rb o x y lic  a c id  (XVI) was s u c c e s s f u l ly  condensed  w ith  

n - o c ty l  brom ide (LXXIX) to  y ie ld  th e  co rre sp o n d in g  e th e r  (LXXXI).

c y c lo h e x a n e c a rb o x y lic  a c id  (XVI) and 2 - (9-brom ononam ethyleneoxy)- 

te tra h y d ro p y ra n  (X V III) w ere condensed to g e th e r  to  y ie ld  th e  

c o rre sp o n d in g  e th e r  (XIX) (eq 3 3 ) ,  w hich was re c o v e re d  by  

a c i d i f i c a t i o n  o f  th e  b a s ic  s o lu t io n ,  hence i t  was an a c id .  The 

nmr spectrum  o f  XIX showed a  s i n g l e t  a t  6 4 .5 7  ( f o r  OCHO), 

w hich was a lso  p re s e n t  in  th e  nmr spectrum  o f  X V III a t  6 4 .53*  

T h is was f u r th e r  in d ic a t io n  th a t  XVIII had condensed  w ith  XVI.

A s i n g l e t  was a ls o  p re s e n t  a t  6 9 -5 7 . The ch em ica l s h i f t  o f

39
U sing sodium h y d rid e  in  d im ethy lfo rm am ide, 3 - hydroxy-

Using sodium h y d rid e  in  d im ethy lfo rm am ide, c i s -3 -h y d ro x y -

(3 9 ) We thank  R. V. F lo r  f o r  h i s  s u g g e s tio n

50



t h i s  ex ch an g ab le  p ro to n  in d ic a te d  th e  p re se n c e  o f  o n ly  COOH 

and th e  ab sen ce  o f  a lc o h o l ic  OH ( i f  COOH and OH b o th  w ere 

p r e s e n t ,  th e  combined a v e rag e  s ig n a l  would have appeared  

around 6 7  .0 ) .

When h e a te d  w ith  a c e t i c  a c id ,  compound XIX was 

c o n v e r te d  to  th e  c o rre sp o n d in g  a c e ta t e  XX (eq 35)* The nmr

sp ec tru m  o f  XX showed th e  ab sen ce  o f  OCHO ( th e  s i n g l e t  a t  6 4 .5 7  

was m is s in g ) .  I n s te a d ,  i t  showed th e  p re se n c e  o f  ~CH2GH2OC0CH3r 

( t r i p l e t  a t  6 4 .0 3  f o r  CH20C0 and a  sh arp  s i n g l e t  a t  6 2 .0  f o r  

OCOCH3 ) .  T h is  in d ic a te d  th a t  th e  te tra h y d ro p y ra n y lo x y  group

The a lk a l in e  h y d ro ly s is  o f  XX gave th e  hydroxy a c id  

XXI (eq  3 6 ) .  The nmr spec trum  o f  XXI showed a  s i n g l e t  a t  6 7*70

COOHCOOH

( ^ . o - ( o h 2 )8 - o O  Q fX X  N
H H

XIX

I -(CH2 )9-0C0CH3
(35)

XX

o f  XIX was re p la c e d  by th e  a ce to x y  g ro u p .

H COOH H COOH

0-(CH2 )9 -OCOCH3

XX XXI
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(average fo r  COOH and OH) which d isappeared on treatm ent w ith  

D20 . I t  a lso  showed th e  absence o f  -CH2CH2OCOCH3 ( t r ip l e t  a t  

6 ll-.OJ and sharp s in g le t  a t  6 2 .0  were m is s in g ) . This in d ica ted  

th a t the acetoxy  group o f  XX had been rep laced  by OH.

From t h is  p o in t  onwards, hydroxy acid  XXI, sy n th esized  

from c i s -5 -h yd roxycycloh exan ecarb oxy lic  a c id  (XVI) and the 

hydroxy a c id  X III , ob ta in ed  from th e ansa compound I I I ,  were 

trea ted  under id e n t ic a l  c o n d it io n s . I t  was found n ecessary  to  

p u r ify  th e hydroxy a c id s  XXI and X III by column chromatography 

on s i l i c a  g e l .  The p u r if ie d  m a te r ia ls  had the same t i c  behaviour. 

The remainder o f  our c o r r e la t io n  sequence c o n s is te d  o f  ep im eriza- 

t io n  to  form eq u ilib r iu m  m ixture XIV fo llow ed  by conversion  to  

the corresponding m ethyl e s t e r s ,  th e  r e la y  compound XV, as 

alread y d escr ib ed  on pages k-3-b5 •

Elem ental a n a ly s is ,  and a comparison o f  the nmr and 

i r  sp ectra  and th e  ms o f  th e  r e la y  compound, XV, sy n th esized  

from c i s -3 -h yd roxycycloh exan ecarb oxy lic  a c id  (XVI), w ith  those  

o f  th e r e la y  compound, XV, ob ta in ed  from g e n t i s ic  ac id  nona- 

m ethylene e th er  ( I I I )  e s ta b lis h e d  th e  s tr u c tu r e  o f  the re la y  

compound XV0 -  A. com parison o f  th e ir  r o ta tio n s  e s ta b lish e d  the  

a b so lu te  c o n fig u r a t io n  o f  g e n t i s i c  ac id  nonamethylene ether ( I I I ) .

Hydrogenation o f  g e n t i s ic  ac id  nonamethylene ether  

( I I I )  (p 6 9 ) i s  a lso  accompanied by the h yd rogen o lysis  o f  the  

e th e r ea l l in k a g e . From th e p ro d u cts, 3 “ (9-hydroxynonam ethylene-
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o x y )c y c lo h ex an eca rb o x y lic  a c id  (LXI) was i s o l a t e d  (C h a rt I ,  

p 55)* ^t s  b e h av io u r was same a s  t h a t  o f  X I I I  o b ta in e d

from X (C hart I ,  p 5 5 ) and t h a t  o f  XXI s y n th e s iz e d  from  XVI 

(C h art I I I ,  p 5 7 ) .  Compound LXI was e q u i l i b r a t e d  to  XIV, th e  

e q u ilib r iu m  m ix tu re  (XIV) was c o n v e r te d  to  th e  m ethy l e s t e r  

(XV) which was d i s t i l l e d  ( p l0 6 ) .  The r e a c t io n  c o n d it io n s  f o r  

t h i s  sequence (LXI -+ XV) w ere i d e n t i c a l  to  th o s e  u sed  f o r  th e  

r e la y  compound XV o b ta in e d  from  X and t h a t  s y n th e s iz e d  from 

XVI. Comparison o f  th e  r o t a t i o n  o f  th e  r e l a y  compound XV 

o b ta in e d  from LXI and t h a t  from X, i n d i c a t e s  t h a t  no a p p re c ia b le  

ra c e m iz a tio n  had ta k en  p la c e  d u r in g  h y d ro g e n o ly s is .

c h a r t s  I ,  I I ,  and I I I  (pages 55“5 7 ) .  ( - ) - G e n t i s i c  a c id  nona- 

m ethy lene  e th e r  [ ( - ) - I I I ]  y ie ld e d  (-)-X V . ( I S ,3 R ) - ( + ) - c i s - 3 - 

H ydroxycyclohexanecarboxy lic  a c id  [(+ )-X V I] y ie ld e d  (+)-XV.

The r e s u lt s  o f  our experim ents are summarized in

COOH
COOCH.

( - ) - I I I
( - ) -xv

HOOC CH3OOC



Thus, ( + ) - g e n t i s i c  a c id  nonam ethylene e th e r  [ ( + ) - I I I ]  

c o r r e l a t e s  w ith  (1 S .5 R W + )" c i s -5 h y d ro x y cy c lo h ex an eca rb o x y lic

acid  [(+ )-X V I], The co n fig u ra tio n  o f  ( + ) -g e n t is ic  a c id  nona-
40 .

m ethylene e th er  [ ( + ) - I I I ]  i s  th ere fo re  R.

HOOC

0  CH2

(40) R. S . Cahn, C. In g o ld , and V. P re lo g , Angew. Chem. 

I n t e r n . Ed . E n g l. .  585 (1 9 8 6 ).
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41
EXPERIMENTAL SECTION

( 4 l )  M ic ro a n a ly se s  w ere perform ed  by G a lb ra i th  

L a b o ra to r ie s  I n c . ,  K n o x v ille , T e n n ., 37921. M eltin g  p o in ts  

w ere d e te rm in ed  u s in g  a  Thomas-Hoover a p p a ra tu s ,  i n  open 

c a p i l l a r y  tu b e s ,  and a re  c o r r e c te d ;  b o i l in g  p o in ts  a re  

u n c o r r e c te d .  Mass s p e c t r a  w ere  d e te rm in ed  u s in g  a  V arian  CH5 

Mass S p e c tro m e te r a t  JO eV u n d e r d i r e c t  sam ple i n l e t  c o n d it io n s  

and l i n e a r  mass s c a n .  I n f r a r e d  s p e c t r a  w ere d e te rm in ed  u s in g  

a P e rk in -E lm er 137 S p e c tro p h o to m e te r . A b so rp tio n  maxima a re  

e x p re ssed  in  w avenum bers. P ro to n  m agnetic  re so n an ce  s p e c t r a  

w ere  d e te rm in ed  a t  60 MHz u s in g  a  V arian  A-60 sp e c tro m e te r . 

Chem ical s h i f t s  a r e  e x p re ssed  in  6 (ppm) d o w n fie ld  from 

i n t e r n a l  t e t r a m e th y ls i l a n e  (6 = 0 ).
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(A) P rep aration , R e so lu tio n , and H ydrogenation o f  G e n tis ic  Acid

N onam ethylene E th e r  ( I I I ) ,

3,10
( l )  P r e p a ra t io n  o f  4 - ( 9 “B rom ononam ethyleneoxy)phenol (LXXXIl).

H ydroquinone (100 g , 0 .9 1  m o l) , 1 ,9 -d ib rom ononane  

(550 g* 1 .9 2  m o l) , and e th a n o l (95$* 50° m l) w ere p la c e d  in  a 

5“ l i t e r  3 -necked  f l a s k  equ ipped  w ith  a  m ech an ica l s t i r r e r ,  a 

p r e s s u re  e q u a l iz in g  a d d i t io n  fu n n e l ,  and a  r e f lu x  c o n d e n se r .

The m ix tu re  was h e a te d  to  b o i l i n g .  P o tassiu m  h y d ro x id e  s o lu t io n  

(1 .6  M, 285 m l) was added d ro p w ise  o v e r  a  p e r io d  o f  1 h o u r to  

th e  r e f lu x in g  r e a c t io n  m ix tu r e .  A f te r  th e  a d d i t io n  was 

com p le ted , th e  r e a c t io n  m ix tu re  was h e a te d  f o r  an a d d i t io n a l  

one h o u r .

The r e a c t io n  m ix tu re  was e x t r a c te d  w ith  warm w a te r  

( c a .  7 0 ° , 1500 m l) .  The o rg a n ic  l a y e r  was d is s o lv e d  in  a  

m ix tu re  o f  hexane (2000 m l) and e th e r  (300 m l) .  The r e s u l t i n g  

s o lu t io n  was e x t r a c te d  w ith  th r e e  1000  ml p o r t io n s  o f  w a te r .

The o rg a n ic  la y e r  was d r ie d  o v e r anhydrous MgS04 , f i l t e r e d ,  

and th e  s o lv e n t  e v a p o ra te d  ( r o t a r y  e v a p o r a to r )  to  a  brown l iq u id  

r e s id u e .  The unused  1 ,9 -d ib ro m o n o n an e  was re c o v e re d  by 

d i s t i l l i n g  th e  brown l i q u id  r e s id u e  u n d er reduced  p r e s s u r e  [bp 

(0 .2  mm), 85 -86° ] .  The r e s id u e  from  th e  d i s t i l l a t i o n  was 

d i s t i l l e d  in  a  s h o r t  p a th  d i s t i l l a t i o n  a p p a r a tu s .  The d i s t i l l a t e  

(0 .1  mm, p o t  l l |0 ° )  was b~ (9 “brom ononam ethyleneoxy)phenol (6 6 .b g



4 5$ b ased  on KOH u s e d ) .  Nmr (CDC13 ): 8 1 .0 - 2 .2  (com plex, l 4  H,

s id e  c h a in  CH2 ); 8 3 .3 7  ( t r i p l e t ,  J= 6 .5  Hz, 2 H, BrCH2 ); 6 3 .8 7  

( t r i p l e t ,  J= 6 .5  Hz, 2 H, OCH2 )j 6 6 .8 0  ( s i n g l e t ,  ij- H, a ro m a tic  

H ).
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3,10
(2 ) P reparation  o f  Hydroquinone Nonamethylene Ether (LXXXIIl).

The h ig h  d i l u t i o n  a p p a ra tu s  u sed  in  th e  fo llo w in g
42

ex p erim en t was e s s e n t i a l l y  t h a t  d e s c r ib e d  by Leonard and S en tz  

excep t f o r  th e  u se  o f  a  M orton f l a s k .

Isoam yl a lc o h o l (4  1 . )  and p o ta ss iu m  c a rb o n a te  (90 g , 

O.65 m o l) w ere p la c e d  i n  a  12 - l i t e r  5 -Iiecked M orton f la s k  

equipped w ith  a  f a s t  s t i r r e r  and a  h ig h  d i l u t i o n  assem b ly . A 

s o lu t io n  o f  4 - (9 ”brom ononam ethyleneoxy)phenol (LXXXIl) (p 59)

(lj-5 g , O .llj-3 m o l) in  iso am y l a lc o h o l (2 .5  1 . )  was added d ropw ise  

over a  p e r io d  o f  11 days to  th e  v ig o ro u s ly  s t i r r e d ,  r e f lu x in g  

r e a c t io n  m ix tu re  in  th e  f l a s k .  A f te r  th e  a d d i t io n  was co m p le ted , 

th e  r e a c t io n  m ix tu re  was h e a te d  f o r  a d d i t io n a l  6 ho u r p e r io d .

The co o led  r e a c t i o n  m ix tu re  was f i l t e r e d ,  and th e  

s o lv e n t  was e v a p o ra te d  ( r o t a r y  e v a p o r a to r )  to  an o ra n g e -re d , 

v isc o u s  l i q u id  r e s id u e .  The l a t t e r  was th o ro u g h ly  mixed w ith  

1 :3  b en zen e :h ex an e  (1 .5  1 . )  and f i l t e r e d .  The f i l t r a t e  was 

e x tr a c te d  fo u r  tim es w ith  200 ml p o r t io n s  o f  C la i s e n 's  a l k a l i  

(352 g KOH d is s o lv e d  i n  25O ml o f  w a te r ,  and th e  r e s u l t in g  

s o lu t io n  d i lu t e d  to  1000  ml w ith  m e th a n o l) , and t h e r e a f t e r  

tw ice  w ith  w a te r .  The o rg a n ic  l a y e r  was d r ie d  o v e r  anhydrous

(^ 2 )  N. J .  L eonard  and R. C. S e n tz , J .  Amer. Chem. 

S o c ., 7 4 , 1704 (1 9 5 2 ) .
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MgS04 , f i l t e r e d ,  and th e  s o lv e n t  was e v a p o ra te d  ( r o ta r y  

e v a p o ra to r )  to  an o range  s o l i d - l i q u i d  r e s id u e .  From two such 

ex p erim en ts  43 g o f  c ru d e  hy d ro q u in o n e  nonam ethy lene e th e r  was 

o b ta in e d .

The crude  r e a c t io n  p ro d u c t (4 2 .5  g )  was chrom atographed 

on a lum ina  (500 g ) .  H ydroquinone nonam ethy lene e th e r  (LXXXIIl)

(21 g )  was e lu te d  w ith  benzene and 5$ 1 ,4 -d io x a n e /b e n z e n e  as a
O 3 q

w h ite  s o l id ,  mp 55~5^ ( l i t  mp 56 ) } y i e ld  [from  4 - ( 9 “t>romo- 

nonam ethy leneoxy)pheno l] 1 5 .8 $ .  Nmr (CDC13 ): 6 0 .5 - 2 .0  (com plex,

l4  H, CH2 ); 6 4 .1 7  ( t r i p l e t ,  J= 5 .0  Hz, 4 H, 0CH2 ); 6 6 .9 8  

( s i n g l e t ,  4 H, a ro m atic  H ).
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3,10
(3 )  P rep aration  o f  G e n tis ic  Acid Nonamethylene Ether ( I I I ) .

A s o lu t io n  o f  p h eny l l i th iu m  i n  e th e r  was p rep a red  

as fo l lo w s :  A s o lu t io n  o f  brom obenzene (2 0 .0  g , 0 .1 2 7  m ol) in

e th e r  (an h y d ro u s , 35 m l) was added d ro p w ise  o v er a  2 hour p e r io d  

to  a s t i r r e d  m ix tu re  o f  sm all p ie c e s  o f  l i th iu m  w ire  (2 .2  g , 

0 .3 1 4  m o l) and e th e r  (an h y d ro u s , 25 m l) under a n i t r o g e n  atm os­

p h e re .  The r e a c t io n  m ix tu re  was h e a te d  to  m a in ta in  a  g e n t le  

r e f l u x .  A f te r  5 h o u rs , a lm o st a l l  th e  l i th iu m  had d is s o lv e d .

The above r e a c t io n  m ix tu re  was f i l t e r e d  th rough  g la s s  wool 

(c lo se d  sy stem ) in to  a s o lu t io n  o f  hyd roqu inone  nonam ethylene 

e th e r  (LXXXIIl) (p 6l )  (1 5 .2  g , O.O65 m ol) in  e th e r  (anhydrous, 

35 m l) .  The r e s u l t i n g  m ix tu re  was k e p t  in  a d e s ic c a to r  fo r  

n in e  d a y s .

The fo llo w in g  was done in  a  d ry  box . Dry ic e  was 

b ro k en  in to  sm all lumps and washed w ith  e th e r  c o n ta in in g  sm all 

lumps o f  sodium  m e ta l . The r e a c t io n  m ix tu re  was poured  over 

th e  d ry  i c e  lumps w ith  good s t i r r i n g  and l e f t  in  th e  d ry  box 

fo r  an a d d i t io n a l  0 .5  h o u r . The r e s u l t i n g  s lu r r y  was e x tra c te d  

w ith  sodium  h y d ro x id e  s o lu t io n  (5 $ , th r e e  t im e s ) .  The aqueous 

la y e r  was a c i d i f i e d  to  pH 1 w ith  h y d ro c h lo r ic  a c id  and e x tr a c te d  

w ith  e t h e r .  The e th e r  l a y e r  was d r ie d  o v e r anhydrous MgS04 , 

f i l t e r e d ,  and th e  s o lv e n t  e v ap o ra te d  ( r o ta r y  e v a p o ra to r )  to  

y ie ld  1 7 .5  g o f  a  p a le  brown l i q u id  r e s id u e .  The l a t t e r  was
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d is s o lv e d  i n  e th e r  and t r e a te d  w ith  an ex ce ss  o f  a  c o ld  s o lu t io n
43

o f  d iazom ethane in  e t h e r .  T h is  was l e f t  o v e rn ig h t  in  th e  hood 

to  warm up to  th e  room te m p e ra tu re  and f o r  th e  unused  d ia z o ­

m ethane to  decom pose. The e th e r  s o lu t io n  was d r ie d  o v e r anhydrous 

MgS04 , f i l t e r e d ,  and th e  s o lv e n t  e v a p o ra te d  ( r o t a r y  e v a p o ra to r )  

to  y ie ld  1 6 .7 5  g o f  a  y e llo w  l i q u id  r e s id u e .  The l a t t e r  was

(k3)  An e th e r e a l  s o lu t io n  o f  d iazo m eth an e  was p re p a re d  

as fo llo w s : A s o lu t io n  o f  p o ta ss iu m  h y d ro x id e  (5*0 g )  in  w a te r

(8 m l) and e th a n o l (95$> 25 m l)  was p la c e d  in  a  100  ml f l a s k  

equ ipped  w ith  a  C la is e n  h ead , w ith  a  p r e s s u r e  e q u a l iz in g  a d d i t io n  

fu n n e l and an e f f i c i e n t  co n d en se r d e l iv e r in g  i n to  two r e c e iv in g  

f la s k s  in  s e r i e s . The second r e c e iv e r  c o n ta in e d  ab o u t JO ml o f  

e th e r  and i t s  i n l e t  tu b e  was below  th e  s u r f a c e  o f  th e  l i q u i d .

Both r e c e iv in g  f la s k s  w ere k e p t  i n  an i c e - s a l t  b a th .  The 

r e a c t io n  f l a s k  was immersed i n  an o i l  b a th  a t  70°> and th e  

te m p e ra tu re  o f  th e  b a th  was m a in ta in e d  a t  6 7 _70°  d u r in g  th e  

e x p e r im e n t. A s o lu t io n  o f  21 g (0 .1  m o l) o f  D ia za ld  (N -m ethyl- 

N -n itro s o -p - to lu e n e s u lfo n a m id e , A ld r ic h  C hem ical C o .)  was added 

d ropw ise  o v e r  a m inu te  p e r io d .  The r a t e  o f  a d d i t io n  was 

m a in ta in ed  a lm o st eq u a l to  th e  r a t e  o f  d i s t i l l a t i o n .  A f te r  

com plete  a d d i t io n ,  JO ml o f  e th e r  was added and th e  d i s t i l l a t i o n  

co n tin u ed  u n t i l l  th e  d i s t i l l a t e  was c o l o r l e s s .  The d i s t i l l a t e  

was an e th e r e a l  s o lu t io n  o f  d iazo m eth an e .
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d i s t i l l e d  (l49-151°>  0 .3  mm) to  g iv e  l 4 . 8 l  g o f  a  c l e a r ,  p a le  

y e llo w , v is c o u s  o i l ,  m ethy l g e n t i s a t e  nonam ethylene e t h e r .  Nmr 

(CDC13 ): 6 0 .5 - 2 .0  (com plex, l 4  H, CH2 ); 6 3 .8 7  ( s i n g l e t ,  3 H,

COOCH3 ); 6 4 .1 9  ( t r i p l e t ,  J= 5 .0  Hz, 4 H, 0CH2 ); 6 7 .0 - 7 .2  

(com plex, 2 H, a ro m atic  H ), 6 7 .3 5 “7»65 (com plex, 1 H, a ro m a tic  

H ).

M ethyl g e n t i s a t e  nonam ethylene e th e r  ( l 4 .8  g )  was 

h e a te d  w ith  e th a n o l ic  sodium h y d ro x id e  s o lu t io n  (2  M, 150 m l) 

f o r  fo u r  h o u r s .  The co o led  r e a c t io n  m ix tu re  was e x t r a c te d  

w ith  e t h e r .  The e th e r  la y e r  was e x tr a c te d  w ith  5$ sodium 

h y d ro x id e  s o lu t io n .  The aqueous la y e r s  w ere combined and 

a c i d i f i e d  to  pH 1 w ith  h y d ro c h lo r ic  a c id  and e x t r a c te d  w ith  

e t h e r .  The e th e r  l a y e r  was d r ie d  o v e r anhydrous MgS04 , f i l t e r e d ,  

and th e  s o lv e n t  ev ap o ra ted  ( r o t a r y  e v a p o ra to r )  to  y ie ld  l 4 . 0  g 

(7 7 *5$  b ased  on hydroqu inone nonam ethylene e th e r )  o f  a  c l e a r
Q

p a le  y e llo w  s o l i d ,  mp 63°  ( l i t  mp 6 3 ° ) .  Nmr (CDC13 ): 6 0 .4 -

2 .0  (com plex , l 4  H, CH2 ); 6 4 .2 2  ( t r i p l e t ,  J=5«0 Hz, 2 H, 0CH2 );

6 4 .4 5  ( t r i p l e t ,  J= 5 .0  Hz, 2 H, 0CH2 ); 6 7 .1 - 7 .5  (com plex, 2 H, 

a ro m a tic  H)* 6 7*65-7 .85  (com plex, 1 H, a ro m a tic  H); 6 1 1 .2  

( s i n g l e t ,  1 H, COOH).
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3 10(4) R eso lu tio n  o f  G e n tis ic  Acid Nonamethylene Ether ( I I I ) .

G e n t is ic  a c id  nonam ethy lene  e th e r  ( I I I )  (p 6 3 ) ( l4 .0  g , 

0 .0 5  m ol) and s t r y c h n in e  (C ity  C hem ical C o rp ., New Y ork) (1 5 .5  8> 

0 .4 6 4  m ol, [ a ] 25 = -  l4 l .O  ±  2 .0 ° ,  c = 1 .0 1 ,  CHCI3 ) w ere
589

d is s o lv e d  i n  e th a n o l (95$> 200 m l) .  The s l i g h t l y  tu r b id  s o lu t io n

was f i l t e r e d .  The f i l t r a t e  was c o n c e n tra te d  to  150 m l, and l e f t

o v e rn ig h t to  c r y s t a l l i z e .  The r e s u l t i n g  w h ite  c r y s t a l s  (CR I )

w eighed 1 1 .3  8* The m other l i q u o r  (MLI) was c o n c e n tra te d  to

50 ml and l e f t  o v e rn ig h t  to  c r y s t a l l i z e .  The f i l t r a t i o n  y ie ld e d

w h ite  c r y s t a l s  (CR I I )  (5 .0  g ) .  The f i l t r a t e  and w ash ings w ere

combined to  ML I I .  CRI and CRII w ere combined and r e c r y s t a l l i z e d

from aqueous e th a n o l  (5®$* 150  ) to  y ie ld  w h ite  c r y s t a l s

(CR I I I )  (1 3 .2  g )  and m o th er l iq u o r  (ML I I I ) .  CR I I I  was

r e c r y s t a l l i z e d  from  aqueous e th a n o l  ( 50$ , 150  m l) to  y ie ld  w h ite

c r y s t a l s  (CR IV) (1 1 .0  g ) ,  and m other l iq u o r  (ML IV ) . CR IV was

r e c r y s t a l l i z e d  from  aqueous e th a n o l  (50  $>, 125 ml )  to  y ie ld
9*7 0

w h ite  c r y s t a l s  (CR V) (9«0 8 * [ad = +  2 .0  ± 0 . 1  ; c = 3*96,
589

CHCI3 ), and m o th er l iq u o r  (MLV). CR V was r e c r y s t a l l i z e d  from

aqueous e th a n o l (50$ j 100 m l) to  y ie ld  c r y s t a l s  (CR V I) (8 .4  g ,
9*7 0

[ad = +  7 .5  ±  ° . 2  ; c = 4 .0 6 ,  CHC13 ) , and m other l iq u o r
589

(ML V I) .  CR VI was r e c r y s t a l l i z e d  from aqueous e th a n o l (50$ ,

100 m l) to  y ie ld  w h ite  c r y s t a l s  (CR V I I ) (7 .8  8 > [ a ]  = +  1 4 .5
589

± 0 .1 ° ;  c = 5 .1 5 , CHCI3 ), and m o th er l iq u o r  (ML V I I ) .  CR V II
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was r e c r y s t a l l i z e d  from aqueous e th a n o l (50$* 80 m l) to  y i e ld
9*5  0

w h ite  c r y s t a l s  (7 .4 5  £> [ a ]  = + 1 2 .3  ± 0 -1  ; c = 4 . l 8 ,  CHC13 )
589

3 20 0
( l i t  [ a ]  = +  1 0 .6  ; c = 4 .0 ,  CHC13 ) , and m other l iq u o r

589

(ML V I I I ) .

ML I I ,  ML I I I ,  and ML IV w ere com bined, th e  s o lv e n t  

e v a p o ra te d , and th e  p a le  y e llo w  r e s id u e  r e c r y s t a l l i z e d  from 

aqueous e th a n o l (50$) to  y ie ld  w h ite  c r y s t a l s  (CR IX ) (5*5 Sj
5 * °  0

[o'] = -  6 2 .0  ±  1 .0  ; c = b',3) CHC13 ) , and m other l i q u o r .  On
589

e v a p o ra t io n , t h i s  m other l iq u o r  y ie ld e d  a y e llo w ish  v is c o u s
5 *4

l iq u id  r e s id u e  (ML IX) (1 2 .6  g , [ a ]  = - 3 9 .7  ±  0 .5 ;  c = 4 .0 5 ,
589

CHC13 ) .  ML V, ML V I, and ML V II w ere com bined, e v a p o ra te d , and 

th e  y e llo w is h  r e s id u e  r e c r y s t a l l i z e d  from aqueous e th a n o l  ( 50$ )  

to  y ie ld  w h ite  c r y s t a l s  (CR X ), and m other l iq u o r  (ML X ).

ML V III  and ML X w ere com bined, ev ap o ra ted  and th e  y e l lo w is h  

r e s id u e  r e c r y s t a l l i z e d  from  aqueous e th a n o l (50$ ) to  g iv e  w h i te  

c r y s t a l s  (CR X I) ,  and a  m other l iq u o r  which on e v a p o ra tio n  o f  

th e  s o lv e n t  gave a  y e llo w is h  v isc o u s  l iq u id  r e s id u e  (ML X I)

(1 .2  g ) .  CR X and CR XI w ere combined to  CR X II .

CR V I I I  (7 .4 5  g ) was d is s o lv e d  in  c h lo ro fo rm . The 

ch lo ro fo rm  s o lu t io n  was e x tr a c te d  th r e e  tim es w ith  30 $ aqueous 

a c e t i c  a c id ,  t h r e e  tim es w ith  20$ aqueous s u l f u r i c  a c id ,  and 

f i n a l l y  fo u r  tim e s  w ith  w a te r .  The ch lo ro fo rm  la y e r  was d r i e d  

o v e r anhydrous MgS04 , f i l t e r e d ,  and th e  s o lv e n t  was e v a p o ra te d  

( r o ta r y  e v a p o r a to r ) .  The l a s t  t r a c e s  o f  th e  s o lv e n t  w ere removed
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under reduced  p r e s s u r e  (vacuum pum p). The p a le  y e llo w , s o l id  

r e s id u e  was o p t i c a l l y  a c t i v e  g e n t i s i c  a c id  nonam ethy lene e th e r
7 »o 24

( I I I ) ,  [<*] = + 2 1 .6  ±  0 .2  , c = 4 .0 6 , CHC13 ; [a ]  = + 1 7 .0
589 3 20 589

± 0 .2 ° ,  c = 3 .8 0 ,  CHC13 ; ( l i t  [or] = 1 6 .6 8 ° , c = 4 .0 ,  CHC13 );
589

CR IX , CR X I I ,  ML IX , and ML XI w ere a ls o  h y d ro ly sed  

u s in g  th e  same p ro c e d u re .  ML IX y ie ld e d  1 2 .6  g o f  a c t i v e
25 0

g e n t i s i c  a c id  nonam ethy lene  e t h e r ,  [or] = - 4 .5  ± 0 . 2
589

(c = 3 .5 6 ,  CHC13 ) .  CR IX gave 2 .8  g o f  a c t iv e  g e n t i s i c  a c id  nona-
25 0

m eth y len e  e th e r ,  [o'] = ~ 9 .0  ±  0 .1  (c  = 5 .39* CHC13 ) .  CR X II
589

25
gave 1 .8  g o f  a c t i v e  g e n t i s i c  a c id  nonam ethylene e th e r ,  [o'] =

589

+ 0 .9  ± 0 .1 °  (c = 5 .8 9 ,  CHC13 ) .  ML XI gave 0 .6 1  g o f  a c t i v e  

g e n t i s i c  a c id  nonam ethy lene  e t h e r .

68



10
(5a ) Hydrogenation o f  G e n tis ic  Acid Nonamethylene Ether ( I I I ) .

G e n tis ic  a c id  nonam ethy lene  e th e r  ( I I I )  (p 6 6 )
25 o(0 .4 4 3  g , 1 .6  mmol; [ a ]  = -  4 .5  ±  0 .2  ) was d is s o lv e d  in
589

50 ml o f  a c e t i c  a c id ,  rhodium  on a lu m in a  (5$ j 0 .9 5  g )  was 

added , and th e  m ix tu re  was h y d ro g en a ted  i n  a  P a r r  low p re s s u re  

h y d ro g e n a tio n  a p p a ra tu s  f o r  16 h o u r s .  The c a t a l y s t  was f i l t e r e d ,  

and th e  s o lv e n t  was ev ap o ra ted  ( r o ta r y  e v a p o r a to r )  to  y ie ld  a 

p a le  y e llo w  l i q u id  r e s id u e .  The l a t t e r  was h e a te d  w ith  $0 ml 

o f  10$ e th a n o l ic  p o ta ss iu m  h y d ro x id e  f o r  12 h o u r s . The co o led  

r e a c t io n  m ix tu re  was e x tr a c te d  w ith  e th e r  and th e  r e s u l t i n g  

e th e r  s o lu t io n  was e x tr a c te d  w ith  w a te r .  The e th e r  la y e r  was 

d r ie d  o v e r anhydrous MgS04 ,  f i l t e r e d  and th e  s o lv e n t  was 

ev ap o ra ted  ( r o ta r y  e v a p o ra to r )  to  y ie ld  O.O5O g o f  a  w h ite  

s o l i d ,  1 , 9 -n o n a n e d io l (nmr sp ec tru m  was i d e n t i c a l  w ith  t h a t  o f  

an a u th e n t ic  sam p le ). The aqueous la y e r  was a c i d i f i e d  to  pH 1 

w ith  HCl and e x tr a c te d  w ith  e th e r  . The e th e r  l a y e r  was d r ie d  

o v er anhydrous MgS04, f i l t e r e d ,  and th e  s o lv e n t  was e v ap o ra te d  

( r o ta r y  e v a p o ra to r )  to  y i e l d  0 .3 8 4  g o f  a  p a le  y e llo w  l iq u id  

r e s id u e .

The above ex p erim en t was re p e a te d  fo u r  t im e s . Thus,

0 .2 2 2  g (0 .8  mmol) o f  a c t i v e  g e n t i s i c  a c id  nonam ethy lene  e th e r
25 0

( [ a ]  = +  0 .9  ±  O il ) and 0 .1 2 0  g o f  5$ rhodium  on a lum ina
589

in  35  nil ° f  a c e t ic  a c id  w ere  h y d ro g en a ted  f o r  l 6 h o u rs  in  a
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P a r r  low p r e s s u r e  h y d ro g e n a tio n  a p p a ra tu s  to  y ie ld  5 mg o f  

1 ,9 -n o n a n e d io l  and 0 .2 2 2  g o f  a  p a le  y e llo w  l iq u id  p ro d u c t .
25

G e n t is ic  a c id  nonam ethylene e th e r  (0 .195  g , O.65 mmol, [or]
589

= -  J+.5  ±  0 . 2° )  w ith  0 .105  g o f  th e  c a t a l y s t  and 50 nil o f  

a c e t i c  a c id  on h y d ro g e n a tio n  f o r  2 h o u rs  gave O.165  g o f  th e  

p r o d u c t .  G e n t is ic  a c id  nonam ethy lene  e th e r  [0 .2 1 5  g , 0*77 mmol, 

( - ) - i s o m e r  o f  u n c e r ta in  o p t i c a l  a c t i v i t y ]  w ith  110 mg o f  th e  

c a t a l y s t  and 50 ml o f  95$ e th a n o l  s o lv e n t  on h y d ro g e n a tio n  f o r  

15  h o u rs  y ie ld e d  0 .2 1 0  g o f  th e  p ro d u c t;  and 0 .3^9 g (1 .2  mmol) 

o f  g e n t i s i c  a c id  nonam ethylene e th e r  [ ( - ) - i s o m e r  o f  u n c e r ta in  

o p t i c a l  a c t i v i t y ]  w ith  200 mg o f  th e  c a t a l y s t  in  50 ml ° f  a c e t ic  

a c id  s o lv e n t  on h y d ro g e n a tio n  f o r  2 h o u rs  y ie ld e d  0 .3 5 2  g o f  th e  

p r o d u c t .

The c ru d e  h y d ro g e n a tio n  p ro d u c ts  from th e  above f iv e  

ru n s  w ere  combined], Thin l a y e r  chrom atography on s i l i c a  g e l ,  

u s in g  th e  s o lv e n t  system  20$ d io x an e /b en zen e  w ith  1$ a c e t i c  a c id  

showed th r e e  sp o ts  w ith  v a lu e s  o f  0 .7 5 , 0 *65* 0 .6 0 .

The c ru d e  h y d ro g e n a tio n  p ro d u c t (1 .5 2  g )  was chrom ato­

g rap h ed  on 300 g o f  s i l i c a  g e l  (D avidson , g ra d e  923, mesh 100-
, xo

2 0 0 ) (colum n le n g th  25" ,  w id th  0 .75" ,  e lu e n t  10$ e th e r /b e n z e n e ) .

C uts a p p ro x im a te ly  15 ml i n  volum e w ere c o l l e c te d ,  each  in

a b o u t 20-25  m in u te s  u s in g  an  a u to m a tic  f r a c t i o n  c o l l e c t o r .  The

r e s u l t s  w ere  m o n ito red  by  t l c i  C uts showing th e  same R^ v a lu e

w ere  com bined, d r ie d  ov er anhydrous MgS04 , f i l t e r e d  and th e
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s o lv e n t  was ev ap o ra ted  ( r o ta r y  e v a p o r a to r ) .

C uts 171-294 (R^ O .7 5 ) y ie ld e d  O .6O5 g (4-2.5$) o f  a
25 Q

w h ite  s o l i d ,  [ a ]  = -  2 .9  ±  0 .1  (c  = 6 .0 ,  CHC13 ) .  Nmr (CDC13 ):
589

6 0 .7 -2 .9  (com plex, 21 H, CH and CH2 ); 6 5 .2 - 4 .2  (com plex, 6 H, 

OCH and 0CH2 ); 6 9 . 4 l  (b ro ad  s i n g l e t ,  1 H, COOH). T h is  w h ite  

s o l id  h a s  been  a ss ig n e d  th e  s t r u c t u r e  c i s - 2 , 5 - ( l . 9 -nonam ethy lene- 

d io x y )c y c lo h e x a n e c a rb o x y lic  a c id  (X) (p 5 7 ) .

C uts 429-458 (R^ O.6 5 ) y ie ld e d  0 .2 1 8  g (15*3$) o f  a  

p a le  y e llo w , v is c o u s  l i q u i d .  Nmr (CDCl3 ): 6 0 .8 - 2 .9  (com plex,

25 H, COCH, r in g  and s id e  c h a in  CH2 ); 6 5 .2 - 4 .2  (com plex, 5 

OCH and 0CH2 ); 6 6 .6 5  (b road  s i n g l e t ,  2 H, OH and COOH). T h is  

p a le  y e llo w  v is c o u s  l i q u id  h a s  b een  a s s ig n e d  th e  s t r u c t u r e

2 -(9 -h y d ro x y n o n am eth y len eo x y )cy c lo h ex an eca rb o x y lic  a c id  (LX)

(P 3 8 ) .

C uts 533-580 (R^ 0 .6 0 )  y ie ld e d  O .58O g (2 6 .7 $ )  o f  a
25 Q

p a le  y e llo w , v is c o u s  l i q u i d ,  [ a ]  = -  1 .7  ±  0 .2  (c = 5 .6 ,
589

CHCI3 ) . Nmr (CDCI3 ): 6 0 .8 - 2 .9  (com plex , 25 H, COCH, r in g

and s id e  c h a in  CH2 ); 6 2 .9 - 4 .0  (com plex, 5 °CH and 0CH2 );

5 7 .3 3  (b road  s i n g l e t ,  2 H, OH and COOH). T h is  p a le  y e llo w , 

v is c o u s  l iq u id  h as  been  a ss ig n e d  th e  s t r u c t u r e  c i s - 5 - ( 9 -hydroxy- 

n o n am ath y len eo x y )cy c lo h ex an eca rb o x y lic  a c id  (LXI) ( p 5 7 ) .
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io
(5b ) H ydrogenation o f  G e n tis ic  Acid Nonamethylene Ether ( I I I ) .

G e n t is ic  a c id  nonam ethy lene e th e r  ( I I I )  (2 .7 5  g;
25 0

9 .8 9  mmol, [o'] = -  4 . 5 ± 0 . 2  ; c = 3 .56 , CHC13 ) was d is s o lv e d
589

i n  e th a n o l (95$» 120 m l) ,  rhodium  on alum ina (5$; 2 .8  g )  was

added , and th e  m ix tu re  was h y d ro g en a ted  in  a  P a r r  low p r e s s u r e

h y d ro g e n a tio n  a p p a ra tu s  f o r  20 h o u r s . The c a t a l y s t  was

f i l t e r e d ,  and th e  s o lv e n t  was ev ap o ra te d  ( r o ta r y  e v a p o ra to r )

to  a w h ite  r e s id u e .  The l a t t e r  was h e a te d  w ith  200 ml o f  5$

e th a n o l ic  sodium h y d ro x id e  f o r  3 h o u rs .  The coo led  r e a c t io n

m ix tu re  was e x t r a c te d  w ith  e th e r  and th e  r e s u l t i n g  e th e r  s o lu t io n

was e x t r a c te d  w ith  w a te r .  The e th e r  la y e r  was d r ie d  o v e r

anhydrous MgS04 , f i l t e r e d ,  and th e  s o lv e n t  was ev ap o ra ted

( r o ta r y  e v a p o r a to r )  to  y ie ld  0 .1 1 0  g o f  a w h ite  s o l id  r e s id u e ,

i d e n t i f i e d  as 1 ,9 -n o n a n e d io l (nmr spectrum  was i d e n t i c a l  to  t h a t

o f  a u th e n t ic  s a m p le ) . The aqueous la y e r  was a c id i f i e d  to  pH 1

w ith  HC1 and e x t r a c te d  w ith  e t h e r .  The e th e r  la y e r  was d r ie d

o v e r anhydrous MgS04 , f i l t e r e d ,  and th e  s o lv e n t  was ev ap o ra te d
25

( r o ta r y  e v a p o r a to r )  to  y ie ld  2 .7  g o f  w h ite  s o l i d ,  [ a ]  =
589

-  4 .2  ± 0 .1 °  (c = 4 .1 1 , CHCI3 ) .

T h is w h ite  s o l id  showed th r e e  sp o ts  on t i c  p la c e  

( s i l i c a  g e l )  w ith  v a lu e s  0 .7 5 ; 0 *6 5 ; and 0 .6 0  (20$  d io x a n e / 

benzene w ith  1$  a c e t i c  a c i d ) .  I t  ( 2 . 6  g ) was chrom atographed 

on s i l i c a  g e l  (D avidson , g rad e  923; mesh 100-200) (5OO g , column 

le n g th  3 8 " ;  w id th  1" , e lu e n t  10$ e th e r /b e n z e n e ) .  F r a c t io n s  each
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ap p ro x im a te ly  15 ml in  volum e w ere c o l l e c te d  , each in  ab o u t 

15-25 m inu tes u s in g  an a u to m a tic  f r a c t i o n  c o l l e c t o r .  The 

r e s u l t s  w ere m o n ito red  by t i c .

Cuts 301-720 (R v a lu e  0 .7 5 )  w ere  com bined, d r ie d  

over anhydrous MgS04 , f i l t e r e d ,  and th e  s o lv e n t  was e v ap o ra te d  

( r o ta r y  e v a p o ra to r )  to  y i e l d  O .89  g (3 2 .0$ based  on g e n t i s i c
25

a c id  nonam ethylene e th e r  u s e d )  o f  w h ite  s o l i d ,  [o ’] -  -  h . 5
5 8 9

± 0 .2 °  (c = 2 .8 1 , CHCI3 ) . Nmr (CDC13 ): 6 0 .7 - 2 .9  (com plex,

21 H, CH and CH2 ); 6 3 . 2 - k . 2  (com plex , 6  H, OCH and 0CH2 );

6 9*3 (broad s i n g l e t ,  1 H ,  C O O H ) .  T his w h ite  s o l id  was a s s ig n e d  

(p 3 7 ) th e  s t r u c tu r e  c i s - 2 , 5 - ( 1 , 9 -n o n am e th y le n ed io x y )cy c lo - 

h ex an eca rb o x y lic  a c id  (X); i t s  nmr sp ec tru m  was i d e n t i c a l  to  

th a t  o f  X o b ta in e d  p r e v io u s ly  (p 7 1 ) .
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(B) E lim in ation  S tu d ie s .

( l )  P rep aration  o f  c i  s - 2-M ethoxyeyelohexanecarboxylic Acid (LXIV).

2-M ethoxybenzoic a c id  (1 5 .2  g , 0 .1  m ol) was d is s o lv e d  

i n  130 ml o f  a c e t i c  a c id ,  rhodium  on alum ina (5$, 5*0 8 )  was 

ad d ed , and th e  m ix tu re  was h y d ro g en a ted  in  a  P a rr  low p re s s u re  

h y d ro g e n a tio n  a p p a r a tu s . In  th e  f i r s t  h o u r , th e  hydrogen u p ta k e  

was 2 7 .7  p s ig .  The c a lc u la te d  u p tak e  (volume o f system  4 .5  1 . )  

was 2 4 .5  p s ig .  T here was no f u r th e r  u p tak e  o f  hydrogen in  th e  

n e x t  h o u r .  The c a t a l y s t  was f i l t e r e d  and th e  so lv e n t was 

e v a p o ra te d  ( r o ta r y  e v a p o ra to r )  to  y ie ld  1 5 .3  g o f a c l e a r ,  p a le  

b lu e ,  v is c o u s  l i q u i d .

Column chrom atography on s i l i c a  g e l  (D avison, g rad e  

9 2 3 ; mesh 100 - 2 0 0 ) ( e lu e n t  b en zen e ) r e s u l t e d  in  p a r t i a l  s e p a r a t io n .  

S e v e ra l  f r a c t i o n s  w ere ta k e n . The f i r s t  f r a c t i o n  was cy c lo h ex an e- 

c a r b o x y l ic  a c id .  The n e x t few f r a c t io n s  w ere m ix tu re s  o f  c i s - 2 -  

m e th o x y cy c lo h ex an eca rb o x y lic  a c id  (LXIV) w ith  d e c re a s in g  amounts 

o f  c y c lo h e x a n e c a rb o x y lic  a c i d . A f te r  t h a t  c i s -2 -m ethoxycyclo - 

h e x a n e c a rb o x y lic  a c id  (8 .1  g ,  5 1 -31°) was o b ta in e d  as a  c l e a r ,  

c o l o r l e s s ,  v is c o u s  l i q u i d .  Nmr (CDCl3 ): 6 0 .9 - 2 .8 (com plex,

9 H, r in g  CH and CH2 ); 6 3 -3 3  ( s i n g l e t ,  3 H, 0CH3 ); 6 3 - 7 - 4 .0

(com plex , 1 H, OCH); 6 1 1 .8  ( s i n g l e t ,  1 H, C00H). Nmr spectrum



was id e n t ic a l  to  a l i t e r a t u r e  spectru m .44

(44) A . Munoz, J .  P azan , J .  P a s c u a l ,  and J .  C a s t e l l s ,

An. Real S o c . E sp a n . F i s .  Quim. .  S e r . B, 6 3 , ( 4 )  455 (1 9 6 7 ).

(45) E . L . E l i e l ,  " S te re o c h e m is try  o f  Carbon Compounds," 

M cGraw-Hill Book Co. I n c . ,  New York, N .Y ., 1962 , p 2 1 3 .
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(2 )  P rep aration  o f  Methyl c i s -2-M ethoxycyclohexanecarboxylate

(LXV).

43
A c o ld  s o lu t io n  o f  d iazom ethane in  e th e r  (p 6 ^ )  was 

s lo w ly  and c a r e f u l l y  added to  a  s o lu t io n  o f  c i s -2 -m ethoxycyclo - 

h e x a n e c a rb o x y lic  a c id  (LXIV) (p 7 ^ ) (2.k  g , 15 mmol) in  e th e r  

u n t i l l  th e  y e llo w  c o lo r  p e r s i s t e d .  This was l e f t  o v e rn ig h t in  

th e  hood to  warm up to  room te m p e ra tu re  and f o r  th e  unused 

d iazom ethane to  decom pose. The e th e r  s o lu t io n  was d r ie d  o v e r 

anhydrous MgS04 , f i l t e r e d ,  and th e  s o lv e n t  was ev ap o ra ted  

( r o ta r y  e v a p o ra to r )  to  y ie ld  a  c l e a r ,  c o lo r le s s  l i q u id  (2 .5 8  g ) .  

The y ie ld  o f  c ru d e  e s t e r  was 90.8%.  Nmr (CDC13 ): 6 1 .0 - 2 .7

(com plex, 9 H, r in g  CH2 and COCH); 6 5*28 (sharp  s i n g l e t ,  5H, 

0CH3 ); 6 3 . 6 4 , 0  (com plex, w ith  a  sharp  s in g l e t  a t  6 3*67 .> ^  H,

C00CH3 and OCH).
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(5 )  Conversion o f  M ethyl c i s -2-M ethoxycyclohexanecarboxylate

(LXV) to  1 -C y c lo h ex e n e ca rb o x y lic  Acid (LXVl).

A 100-m l f l a s k  was equ ipped  w ith  a  m ag n etic  s t i r r e r ,  

a  p re s s u re  e q u a l iz in g  a d d i t io n  fu n n e l ,  and a  r e f lu x  co n d en ser 

f i t t e d  w ith  a  d ry in g  tu b e .  M ethyl c i s -2 -m ethoxycyclohexane- 

c a rb o x y la te  (LXV) (p 76)  (0 .4 4 2  g , 2 .5 7  mmol) and p o ta ss iu m  

j:-b u to x id e  (0 .4 9 7  7 .1  mmol) w ere p la c e d  in  th e  f l a s k ,  and

50 ml o f  d im e th y l s u l fo x id e  ( d r ie d  o v e r a c t iv a te d  m o le c u la r  

s ie v e ,  L inde ty p e  4 a , 80-100  m esh) w ere added from  th e  a d d i t io n  

fu n n e l .  The r e a c t io n  m ix tu re  was s t i r r e d  f o r  48 h o u rs  a t  room 

te m p e ra tu re .

The r e a c t io n  m ix tu re  was poured  o v e r  i c e  and e x tr a c te d  

w ith  e t h e r .  The e th e r  l a y e r  was e x t r a c te d  w ith  w a te r .  The 

aqueous la y e r s  w ere com bined, a c i d i f i e d  to  pH 1 w ith  HC1, and 

e x tr a c te d  w ith  e t h e r .  T h is e th e r  e x t r a c t  was d r ie d  o v e r anhydrous 

MgS04 , f i l t e r e d ,  and th e  s o lv e n t  e v a p o ra te d  ( r o t a r y  e v a p o ra to r )  

to  y ie ld  0 .2 7 2  g (84$) o f  a  c l e a r ,  c o lo r l e s s  l i q u i d ,  1 -c y c lo -  

h e x en e c a rb o x y lic  a c id  (LX Vl). The nmr sp ec tru m  was id e n t i c a l  

w ith  t h a t  o f  a u th e n t ic  m a te r ia l  (F r in to n  L a b o ra to r ie s ,  So. V in e lan d , 

N . J . ) .
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(C) E q u ilib r a tio n  S tu d ie s .

( l )  H ydrogenation  o f  3"M ethoxybenzoic A cid!

3 -M ethoxybenzoic a c id  (1 5 .2  g , 0 .1  m ol) was d is s o lv e d  

i n  e th a n o l (95$* 200 m l) , rhodium  on carbon  (5 $ , lf .0  g )  was 

added , and th e  m ix tu re  was hyd ro g en a ted  in  a  P a r r  low p r e s s u r e  

h y d ro g e n a tio n  a p p a r a tu s .  In  th e  f i r s t  2 h o u rs , th e  u p ta k e  o f  

hydrogen  was 28 p s i g .  The c a lc u la te d  u p ta k e  o f  hydrogen  was 

2 4 .5  p s ig '.  There was no f u r t h e r  u p ta k e  o f  hydrogen  i n  th e  n e x t 

3 h o u r s . The c a t a l y s t  was f i l t e r e d  and th e  s o lv e n t  was 

e v a p o ra te d  to  a  c l e a r ,  c o l o r l e s s ,  l i q u id  r e s id u e .  The l a t t e r  

was e x t r a c te d  w ith  e t h e r .  The e th e r  s o lu t io n  was d r ie d  o v e r 

anhydrous MgS04 , f i l t e r e d ,  and th e  s o lv e n t  was e v ap o ra te d  

( r o t a r y  e v a p o ra to r )  to  y ie ld  1 5 .1  g o f  a  c l e a r ,  c o l o r l e s s ,  

l i q u i d  r e s id u e .

Column chrom atography  on s i l i c a  g e l  (D av ison , g rad e  

923* mesh 100 -200) r e s u l t e d  in  p a r t i a l  s e p a r a t io n .  S e v e ra l 

f r a c t i o n s  w ere ta k e n . The f i r s t  few f r a c t io n s  ( e lu e n t  b en zen e ) 

c o n ta in e d  o n ly  c y c lo h e x a n e c a rb o x y lic  a c id .  The n e x t  few 

f r a c t i o n s  c o n s is te d  o f  tra n s -2 -m e th o x y c y c lo h e x a n e c a rb o x y lic
46

a c id  (LXXI) w ith  a  l i t t l e  o f  th e  c i s - iso m e r (LXX). Nmr

(4 6 ) We b e l ie v e  LXXX to  be  th e  c i s  and LXXI to  b e  th e
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(CDC13 ): 6 0 .9 - 2 .8  (com plex, 9 H, CH2 and COCH); 6 2 .9 “3 .8

(com plex w ith  sh arp  s i n g l e t s  a t  8 3 .2 8  and 6 3 *3 5 , ^  °CH and 

OCH3 ); 6 1 0 .5 5  ( s i n g l e t ,  1 H, COOH). In  th e  n e x t  few f r a c t io n s ,  

th e  r a t i o  o f  th e  c i s  isom er in c re a s e d  u n t i l  o n ly  th e  c i s  isom er 

(LXX) was o b ta in e d .  Nmr (CDC13 ): 6 0 .9 - 2 .6  (com plex, 9 H,

CH2 and COCH); 8 2 .9 " 3 .5  (com plex w ith  a  sh arp  s i n g l e t  a t  6 

3 .3 5 ,  ^  H, OCH and 0CH3 ); 6 1 0 .9  ( s i n g l e t ,  1 H, COOH).

t r a n s  iso m er o f  3 "m eth o x y cy c lo h ex an ecarb o x y lic  a c id  becau se  o f  

th e  fo llo w in g :

( a )  C a ta ly t i c  h y d ro g e n a tio n  o f  a ro m a tic  system s under 

n o t  too  h ig h  p r e s s u r e s ,  i s  known to  g iv e  p re d o m in a n tly  th e  c i s  

p ro d u c t .  The nmr sp ec tru m  o f  th e  c ru d e  h y d ro g e n a tio n  p ro d u c t 

showed two sh arp  s i n g l e t s  due to  th e  m ethoxyl hydrogens a t  6 

3 .2 8  and 3 .3 5 . The peak  a t  6 3*35  was much l a r g e r ,  hence i t  

m ust be  f o r  th e  c i s  0CH3 .

(b ) On e q u i l i b r a t i o n  w ith  30$ NaOH, b o th  LXX and LXXI 

gave th e  same e q u i l ib r iu m  m ix tu re , LXXII (pages 8 0 - 8 l ) .  T his

e q u il ib r iu m  m ix tu re  i s  e x p ec ted  to  c o n s i s t  o f  m a in ly  th e  more
45

s t a b l e  c i s  is o m e r . The nmr sp ec tru m  o f  th e  e q u il ib r iu m  

m ix tu re  LXXII showed th e  peak  a t  6 3*35 to  he  much l a r g e r  th an  

th e  peak  a t  6 3*28 . Hence th e  peak  a t  6 3*35 m ust be  due to  

th e  c i s  0CH3 and th e  p eak  a t  6 3*28 due to  th e  t r a n s  0CH3 .
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(2 )  E q u ilib ra tio n  o f  c i s -3-M ethoxycyclohexanecarboxylic Acid

(LXX).

3 -M ethoxycyclohexanecarboxy lic  a c id ,  m a in ly  th e  c i s  

isom er (LXX) (p 78 ) (1^08 g , 6 .8  mmol) and aqueous sodium 

h y d ro x id e  s o lu t io n  (30$* 25 tn l ) w ere h e a te d  u n d e r r e f lu x  (b a th  

te m p e ra tu re  125“1 3 ° ° )  f o r  65 h o u rs .  The r e a c t io n  m ix tu re  was 

c o o le d , d i lu t e d  w ith  w a te r , and e x tr a c te d  w ith  e t h e r .  The 

e th e r  l a y e r  was r e j e c t e d .  The aqueous la y e r  was a c i d i f i e d  to  

pH 1 w ith  HC1 and e x tr a c te d  w ith  e t h e r .  The e th e r  l a y e r  was 

d r ie d  o v e r anhydrous MgS04 , f i l t e r e d ,  and th e  s o lv e n t  e v a p o ra te d  

( r o ta r y  e v a p o ra to r )  to  a  c l e a r ,  c o lo r l e s s ,  l i q u id  r e s id u e
,  47

(0 .7 2 4  g , 67T>), th e  e q u ilib r iu m  m ix tu re  (LX X II), Nmr (CDC13 ): 

6 0 .8 - 2 .8  (com plex CH and CH2 ); 6 2 .9 - 3 .8  (com plex w ith  two

sh arp  s i n g l e t s  a t  6 3 .2 8  and 3-35> OCH and 0CH3 ); 6 9 -5 2

( s i n g l e t ,  COOH).

(4 7 ) The r a t i o  o f  peak  h e ig h ts  a t  6 3*55 and 6 3*28 

was ab o u t 1 .5  to  1 .  However, th e  peak  a t  6 3*35 was s i g n i f i c a n t l y  

w id e r th a n  th e  one a t  6 3*28 . The a c tu a l  m o la r r a t i o  i s  th u s  

g r e a t e r  th an  1^5 to  1'. The c i s - t r a n s  r a t i o  in  th e  e q u i l ib r iu m

m ix tu re  o f  3 _n ie th o x y cyclohexanecarboxy la te  s a l t s  can  a ls o  be
48

c a lc u la te d  u s in g  th e  av erage  "A v a lu e s " . The c a lc u la te d  

v a lu e  i s  2 .3 .

(4 8 ) E. L . E l i e l ,  "S te re o c h e m is try  o f  Carbon Com pounds," 

M cGraw-Hill Book Co. I n c . ,  New York, 1962, p 2 3 6 .
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(3 )  E q u ilib r a tio n  o f  tr a n s -5-M ethoxycyclohexanecarboxylic  Acid

(LXXI).

3 “M eth o x y cy c lo h ex an eca rb o x y lic  a c id ,  m ain ly  th e  t r a n s  

isom er (LXXI) (p 7 8 ) (O .67  g , mmol) and aqueous sodium

h y d ro x id e  s o lu t io n  (30$> 25 m l) w ere h e a te d  under r e f lu x  (b a th  

te m p e ra tu re  1 2 5 -1 3 0 °) f o r  65 h o u r s .  The r e a c t io n  m ix tu re  was 

c o o le d , d i l u t e d  w ith  w a te r ,  and e x t r a c te d  w ith  e th e r .  The 

e th e r  l a y e r  was r e j e c t e d .  The aqueous la y e r  was a c i d i f i e d  to  

pH 1 w ith  HC1 and e x t r a c te d  w ith  e t h e r .  The e th e r  l a y e r  was 

d r ie d  o v e r  anhydrous MgS04 , f i l t e r e d ,  and th e  s o lv e n t  ev ap o ra ted  

( r o ta r y  e v a p o ra to r )  to  a  c l e a r ,  c o l o r l e s s ,  l i q u id  r e s id u e ,  th e  

e q u i l ib r iu m  m ix tu re  (LXXII) (0 .5 1 5  7 7 $ ) . Nmr (CDC13 ):

6 0 .8 - 2 .8  (com plex, CH and CH2 ); 6 2 .9 " 3 .8  (complex w ith  two

sh a rp  s i n g l e t s  a t  6 3 .2 8  and 3 .35* OCH and 0CH3 ); 6 9 .7

( s i n g l e t ,  COOH). The nmr sp ec tru m  was i d e n t i c a l  to  t h a t  o f 

LXXII o b ta in e d  from LXXI (p 8 0 ) .  The r a t i o  o f  peak  h e ig h ts  

a t  6 3*35 and 3 .2 8  was a l s o  sam e.
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(D) Conversion o f  c i s - 2 . 5 - (l,9-N onam ethylened ioxy )cycloh exan e-

c a rb o x y lic  Acid (X) from th e  H yd ro g en atio n  o f  G e n t is ic  Acid 

Nonam ethylene E th er ( I I I )  to  th e  M ethyl E s te r  o f  e q u i l ib r a te d  

3 - (9-H ydroxynonam ethyleneoxy )c y c lo h e x a n e c a rb o x y lic  A cid (XV).

( l )  P r e p a ra t io n  o f  M ethyl c i s - 2 , 5 - ( l . 9 -Nonamethy 1 e n e d io x y )c y c lo -  

h e x an e c a rb o x y la te  (X I) .

43
A co ld  e th e r e a l  s o lu t io n  o f  d iazom ethane  (p 6 4 ) was 

s lo w ly  and c a r e f u l ly  added to  a  s o lu t io n  o f  c i s - 2 , 5 - (1 ,9 -n o n a -  

m ethy l ened ioxy  )c y c lo h ex an eca rb o x y lic  a c id  (X) (p 7 1 )  (O.6O5 g ,
25 Q

2 .1 3  nunol; [ a ]  = - 2 .9  ± 0 . 1  ; c = 6 .0 ,  CHC13 ) i n  50 ml o f
589

e t h e r .  An excess o f  d iazom ethane was u s e d . The r e a c t i o n  m ix tu re  

was l e f t  o v e rn ig h t in  th e  hood to  warm up to  room te m p e ra tu re  and 

f o r  th e  unused d iazom ethane to  decom pose. The e th e r  s o lu t io n  was 

d r ie d  o v e r  anhydrous MgS04 , f i l t e r e d ,  and th e  s o lv e n t  was 

e v ap o ra te d  ( r o ta r y  e v a p o ra to r )  to  y ie ld  0 .3 2 4  g ( th e  low y ie ld

i s  due to  an a c c id e n ta l  s p i l l a g e )  o f  a  c l e a r ,  c o lo r l e s s  l iq u id
25 0

r e s id u e ,  [of] = -  2 .9  ± 0 .2  (c = 3 .2 4 , CHC13 ) . Ifcnr (CDC13 ):
589

6 0 '.7 -3 .0  (com plex, 21 H, COCH and CH2 ); 6 3 .1 - 4 .3  (com plex,

w ith  a sh a rp  s in g l e t  a t  6 3*70, 9 H, OCH, 0CH2 , and C00CH3 ); 

i r  (n e a t l i q u i d ) :  1740 cm ^ ( e s t e r ) ,  1090 cm ^ ( d ia lk y l  e t h e r ) .
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A s im i l a r  experim en t s t a r t i n g  w ith  0 .890 g (3 .1 3  mmol)

o f  c i s - 2 , 5 -  (1 .9  -n o  name th y  1 ened io x y  ) eye lo hexanec  a rb o x y l i c  a c id
25 o

(X) (p 7 3 )  ( M  = - if-.5 ± 0 .2  ; c = 6 .0 ,  CHCI3 ) y ie ld e d
589

0 .9^2  g o f  m e th y l c i s - 2 ,5 " ( 1 ,9 -n o n am eth y len ed io x y )cy c lo h ex an e -
25 Q

c a rb o x y la te  (X I) ,  [a ]  ~ - k . 9 ± 0 .2  (c = 3*38, CHC13 ) .
589
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(2 ) C onversion  o f  M ethyl c i s - 2 . 5 - (l.9 -N o n am eth y len ed io x y ^cy c lo  

h e x a n e c a rb o x y la te  (X I) to  5 “ (9“H ydroxynonam ethyleneoxy)-  

c y c lo h e x e n ec a rb o x y lic  Acid (X I I ) .

A 100-m l f l a s k  was equ ipped  w ith  a  m ag n e tic  s t i r r e r ,  

a p re s s u re  e q u a liz in g  a d d i t io n  fu n n e l ,  and a  r e f l u x  co n d en se r 

f i t t e d  w ith  a  d ry in g  tu b e .  Me th y 1 c i s - 2 , 5 - ( l . 9 -noname th y 1ene-

d io x y )c y c lo h e x a n e c a rb o x y la te  (X I) (p 8 2 ) (0 .3 1 5  g , 1 .0 9  mmol,
25 o[a ]  = -  2 .9  ± 0 . 2  ; c = 3 .2 4 ,  CHC13 ) and p o ta ss iu m  t -b u to x id e
589

(0 .3 3 0  g> 2 .9  mmol) w ere p la c e d  in  th e  f l a s k ,  and 30  ml o f  d im eth y l 

s u lfo x id e  (d r ie d  o v e r a c t i v a te d  m o le c u la r  s ie v e ,  L in d e  ty p e  4A, 

80-100 m esh) w ere added from th e  a d d i t io n  f u n n e l .  The r e a c t io n  

m ix tu re  was s t i r r e d  f o r  48 h o u rs  a t  room te m p e ra tu re .

The unused p o ta ss iu m  t^-butoxide was decomposed by 

a d d i t io n  o f  c ru sh ed  ic e  to  th e  co o led  r e a c t io n  m ix tu r e .  The 

l a t t e r  was e x tr a c te d  w ith  e t h e r .  The e th e r  l a y e r  was r e j e c t e d .

The aqueous la y e r  was a c i d i f i e d  to  pH 1 w ith  HC1 and e x tr a c te d  

w ith  e t h e r .  The e th e r  la y e r  was d r ie d  o v e r anhydrous MgS04 , 

f i l t e r e d ,  and th e  s o lv e n t  was ev ap o ra te d  ( r o ta r y  e v a p o ra to r )
25

to  y ie ld  0^257 (8 5 .7$ ) o f  a p a le  brown l i q u id  r e s id u e ,  [o'] =
589

- 3 .4  ± 0 .2 °  (c = 2 .5 ,  CHCI3 ) . Nmr (CDC13 ): 6 0 .7 -3 - 0  (com plex,

20 H, CH2 ); 6 3 .1 - 4 .1  (com plex, 5 H, OCH and 0CH2 ); 6 6 .9 -7 .5  

(two o v e rla p p in g  s i n g l e t s  a t  6 7 .1 2  and 7 .3 0  i n  th e  r a t i o  c a .
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1 :2 ,  3 H, v in y l  H, OH, and COOH); i r  (n e a t l i q u i d ) :  3350 cm

(h y d ro x y l) , 1690  cm ^ (o ',p -u n s a tu ra te d  a c id ) ,  165O cm”'*' ( o l e f i n ) ,  

1070  cm ■*" ( d ia lk y l  e t h e r ) .

A s im i la r  ex p erim en t s t a r t i n g  w ith  0 .9 ^ 0  g (3 .1 5  mmol)

o f  m eth y l c i s - 2 , 5 - ( 1 , g -nonam eth y len ed io x y  )cy c lo h ex a n e ca rb o x y la te
25 o

(X I) (p 8 3 ) ( M  « -  4 .9  ± 0 .2  ; c = 3 *8 8 , CHCI3 ) and .
589

p o ta ss iu m  J :-b u to x id e  (0.981t- g , 8 .7 7  mmol) y ie ld e d  O .76O g (8^ . 6^ )  

o f  5 “ (9 “h y d ro x y n o n am eth y len eo x y )cy c lo h ex en eca rb o x y lic  a c id  (X I I ), 

[ a ] 25 = -  5 -3  ± 0 .2 °  (c = 1 .7 6 ,  CHCI3 ) .
589
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(3 )  Hydrogenation o f  5_ (9“H ydroxynonam ethyleneoxy)cyclohexene-

c a rb o x y lic  Acid (X I I ) .

5- (9_H ydroxynonam ethy leneoxy)cyclohexenecarboxy lic
25 0

a c id  (X II )  (p 8 4 ) (0 .2 4 0  g 0 .8 4 5  mmol; [a ]  = -  3 .4  ±  0 .2  ;
589

c = 2 ‘.5 ,  CHCI3 ) was d is s o lv e d  i n  e th a n o l (95$; 50 m l) , rhodium  

on ca rb o n  (5$ , 0 .2 1  g )  was added , and th e  m ix tu re  was h y d ro - 

g e n a te d  f o r  2 h o u rs  i n  a  P a r r  low p re s s u re  h y d ro g e n a tio n  

a p p a r a tu s .  The c a t a l y s t  was f i l t e r e d  and th e  s o lv e n t  was 

e v a p o ra te d  ( r o ta r y  e v a p o ra to r )  to  y ie ld  0 .235  g o f  a  p a le  brow n, 

l i q u id  r e s id u e .  The c rude  h y d ro g e n a tio n  p ro d u c t (0 .2 3 5  s )  was 

ch rom atographed  on 30 g o f  s i l i c a  g e l  (D avison , g ra d e  923* mesh 

1 0 0 -2 0 0 ) (column le n g th  8 " , w id th  0 .7 5 " ) .  3 “ (9- H ydroxynona-

m e th y len eo x y )cy c lo h ex an eca rb o x y lic  a c id  ( X I I I ) (0 .1 7 2  g ,
2 5 o

[ a ]  = - 1 . 9 ± 0 . 2 ; c  = 1 .7 .  CHC13 ) was e lu te d  w ith  40$
589

e th e r /b e n z e n e .  Nmr (CDC13 ): 6 0 .7 - 2 .8  (com plex, 23 H, COCH,

r in g  and s id e  c h a in  CH2 ); 6 2 . 9 -3 .9  (com plex, 5 H, OCH and 0CH2 ); 

6 7 .3 2  ( s i n g l e t ,  2 H, OH and COOH); i r  (n e a t  l i q u i d ) :  5300 cm 

(c a rb o x y lic  a c id ) ,  1080 cm ( d ia lk y l  e t h e r ) .

A s im i la r  experim en t s t a r t i n g  w ith  0 .7 6  g (2 .6 8  mmol) 

o f  5“ (9“hydroxynonam eth y len eo x y )cy c lo h ex en ecarb o x y lic  a c id  (X II)
25 n

(P 8 5 ) ( [ a ]  = -  5 -3  ± 0 .2  ; c = I . 76 ,  CHC13 ) y ie ld e d  0'.520 g
589

(low  y ie ld  i s  due to  an a c c id e n ta l  s p i l l a g e )  o f  c ru d e  h y d ro g e ­

n a t io n  p ro d u c t .  The l a t t e r  was chrom atographed to  g iv e  O .385 g
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o f  3 “ (9 -h y d ro x y n o n am eth y len eo x y )cy c lo h ex an ecarb o x y lic  a c id



(4 )  E q u ilib ra tio n  o f  3" (9“Hydroxynonamethyleneoxy )cyclohexane-

c a rb o x y lic  Acid ( X I I I ) .

3 - (9 “H ydroxynonam ethyleneoxy)cyclohexanecarboxylic
25 o

a c id  (X I I I )  (p 8 6 ) (0 .2 9 0  g 1 .0  mmol; [or] » -  2 .1  ±  0 .2  ;
589

c = 2.95> CHC13 ) and aqueous sodium h y drox ide  s o lu t io n  (30$,

30  m l) w ere h e a te d  under r e f lu x  (b a th  te m p e ra tu re  125° )  fo r  75 

h o u r s .  W ater (150 m l) was added to  th e  cooled  r e a c t io n  m ix tu re . 

The l a t t e r  was a c id i f i e d  to  pH 1 w ith  HC1 and e x t r a c te d  w ith  

e t h e r .  The e th e r  l a y e r  was d r ie d  over anhydrous MgS04 , f i l t e r e d ,  

and th e  s o lv e n t  ev ap o ra te d  ( r o ta r y  e v a p o ra to r )  to  y ie ld  O .258 g
, 2 5

(89$ )  o f  a v is c o u s ,  y e llo w , l iq u id  r e s id u e  (XIV), [a ]  = - 2 .1
589

±  0 .2 °  (c = 2 I58 , CHCI3 ) . Nmr (CDC13 ): 6 O.7 - 2 .8  (com plex, 23

H, COCH and CH2 ); 6 2 .9 - 3 .9  (com plex, 5 H, OCH and 0CH2 ); 6

7 .4 0  ( s i n g l e t ,  2 H, OH and COOH); i r  (n e a t l i q u i d ) :  33^0 cm ^

(h y d ro x y l) , 1700  cm ^ (c a rb o x y lic  a c id ) ,  IO85 cm ^ ( d ia lk y l  

e t h e r ) .

A s im i la r  ex perim en t s t a r t i n g  w ith  0 .1 7 0  g ( 0 .6  mmol) 

o f  3 ~ (9 “hydroxynonam ethy leneoxy)cyc lohexanecarboxy lic  a c id  ( X I I I )
2 5 o

(P 8 6 ) ( [ a ]  = -  1 .9  ± 0 .2  ; c = 1 .7 ,  CHCI3 ) and 50 m l o f
589

aqueous sodium h y d ro x id e  s o lu t io n  y ie ld e d  0 .1^5 g (8 5 .3$ )  ° f
25 o

e q u il ib r iu m  m ix tu re  (XIV) , [o'] = - 1 .8  ± 0 .4  (c = 1 .4 5 ,
589

CHCI3 ) .
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(5 )  P reparation  o f  Methyl E ster o f  e q u il ib r a te d  3 “ (9-Hydroxy-

n o n am eth y len eo x y )cy c lo h ex an eca rb o x y lic  A cid (XV) .

43
A c o ld  e th e r e a l  s o lu t io n  o f  d iazo m eth an e  (p 6 4 )  . 

was s lo w ly  and c a r e f u l ly  added to  a  s o lu t io n  o f  e q u i l ib r a te d  

3~ (9-hydroxynonam ethyleneoxy )c y c lo h e x a n e c a rb o x y lic  a c id  (XIV)
25 n

(p 8 8 ) (0 .2 4 8  g , 0 .86T mmol; [ a ]  = -  2 .1  ±  0 .2  ; c = 2 .5 8 ,
589

CHCI3 ) i n  50 ml o f  e th e r .  An e x c e s s  o f  d iazo m eth an e  was u s e d . 

The r e a c t io n  m ix tu re  was l e f t  o v e rn ig h t  i n  th e  hood to  w arn up 

to  room te m p e ra tu re  and f o r  unused  d iazo m eth an e  to  decom pose. 

The e th e r  s o lu t io n  was d r ie d  o v e r  anhydrous MgS04 , f i l t e r e d ,  

and th e  s o lv e n t  was ev ap o ra ted  ( r o t a r y  e v a p o r a to r )  to  y ie ld  

0 .280  g (8 9 .1 $ )  o f  a p a le  y e llo w , liq u id , r e s id u e .  The l a t t e r  

was d i s t i l l e d  under reduced  p r e s s u r e  in  a  s h o r t  p a th  d i s t i l l a ­

t io n  a p p a r a tu s .  The p a le  y e llo w  d i s t i l l a t e  ( 0 .1 - 0 .5  mm, b a th  

te m p e ra tu re  180- 195° )  was m ethy l e s t e r  o f  e q u i l ib r a te d  3 “ (9 ” 

h y d ro x y n o n am eth y len eo x y )cy c lo h ex an ecarb o x y lic  a c id  [ 0 .1 7 1  g , 

6 5 .8$ b ased  on 3 “ (9“hydroxynonam ethy leneoxy  )cy c lohexane-
25 _

c a rb o x y lic  a c id  u sed ] (XV), [ a ]  = -  2 .0  ± 0 . 3  (c = 1 .7 1 ,
589

CHCI3 ) .  Nmr (CDCI3 ): 6 0 .7 - 2 .8  (com plex , 24 H, C0CH and CH2,

and OH; th e  peak  a t  6 2 .5 0  d is a p p e a re d  on t r e a tm e n t w ith  D20 );  

6 2 .9 -3 .9  (complex w ith  a  sharp  s i n g l e t  a t  6 3 .6 6 , 8 H, 0CH, 

0CH2, and C00CH3 ); i r  (n e a t  l i q u i d ) :  3400 cm ^ (h y d ro x y l) ,



1770 cm ( e s t e r ) ,  1100  cm ^ (d ia lk y l  e th e r ) ;  ms, m ajo r peaks 

a t  m /e 300 , 282 , 269 , 267 , 2 4 l ,  and 2 2 6 .

A s im i la r  ex p erim en t s t a r t i n g  w ith  0 .1 4 5  g (0 .483

mmol) o f  e q u i l ib r a te d  3 “ (9 "hydroxynonam ethy leneoxy)cyclohexane-
25 o

c a rb o x y lic  a c id  (XIV) (p 8 8 ) ( [ a ]  = - 1 . 8 ± 0 . 4 ; c  = 1.45>
589

CHCI3 ) y ie ld e d  0 ,1 5 0  g (9 8 .6$ )  o f  c ru d e  m ethy l e s t e r ,  which

gave 0 .7 ^  g (4 8 .6 $  b a sed  on XIV u sed ) o f  d i s t i l l a t e  ( 0 .1 - 0 .5  mm,
25

b a th  te m p e ra tu re  1 8 0 -1 9 0 ), th e  r e l a y  compound (XV), [a ]  =
589

- 1 .8  ±  0 .4 °  (c = 0 .7 4 ,  CHCI3 ) .
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(E) Conversion o f  3- (9-H ydroxynonam ethyleneoxy)cyclohexane-

c a rb o x y lic  Acid (LXI) from H y d rogenation  o f  G e n tis ic  Acid 

Nonamethylene E th e r  ( I I I )  to  th e  M ethyl E s te r  o f  E q u i l ib ­

ra te d  J-(9 -H y d ro x y n o n am e th y len eo x y )cy c lo h ex an ecarb o x y lic  

Acid (XV).

( l )  E q u i l ib r a t io n  o f  3 “ (9 -H ydroxynonam ethy leneoxy)cyclohexane- 

c a rb o x y lic  Acid (L X I).

3 - (9 -H yd ro x y n o n am eth y len eo x y )cy c lo h ex an ecarb o x y lic
25 o

a c id  (LXI) (p 71 ) (O.38O g , 1 .3 3  mmol; [<*] = -  1 .7  ±  0 .2  ;
589

c = 3 -8 , CHC13 ) , o b ta in e d  d i r e c t l y  from th e  h y d ro g e n a tio n  o f  

g e n t i s i c  a c id  nonam ethylene e th e r  ( I I I ) ,  and aqueous sodium 

h y d ro x id e  s o lu t io n  (30$ , 45 m l) w ere h e a te d  u n d e r r e f lu x  (b a th  

te m p e ra tu re  1 2 5 -1 3 0 °) f o r  85 h o u r s .  The r e a c t io n  m ix tu re  was 

a c id i f i e d  to  pH 1 w ith  HC1 and e x t r a c te d  w ith  e t h e r .  The e th e r  

l a y e r  was d r ie d  o v e r anhydrous MgS04 , f i l t e r e d ,  and th e  s o lv e n t  

was ev ap o ra ted  ( r o ta r y  e v a p o r a to r )  to  y ie ld  0 .3 2 0  g (8 4 .2 $ )  o f
25 0

a  v is c o u s ,  y e llo w , l i q u id  r e s id u e  (XIV), [ a ]  = -  1 .9  ± 0 .2
589

(c = 3 .1 5 , CHCI3 ) .  Nmr (CDCI3 ): 6 0 .8 - 2 .9  (com plex, C0CH and

CH2 ); 6 2 .9 “3 .9 (com plex, 0CH and 0CH2 ); 6 7*37 ( s i n g l e t ,  OH

and C00H); i r  (n e a t  l i q u i d ) :  3300 cm ^ (h y d ro x y l) , 1700 cm ^

(c a rb o x y lic  a c id ) ,  IO85 cm ^ ( d ia lk y l  e t h e r ) .

91



(2 )  P rep aration  o f  M ethyl E ster  o f  E q u ilib ra ted  5 " (9“Hydroxy

n o n am eth y len eo x y )cy c lo h ex an eca rb o x y lic  Acid (XV) .

43
A c o ld  e th e r e a l  s o lu t io n  o f  d iazom ethane (p 6 4 ) 

was s lo w ly  and c a r e f u l ly  added to  a  s o lu t io n  o f  e q u i l ib r a te d

3 - (9 -h y d ro x y n o n am eth y len eo x y )cy c lo h ex an ecarb o x y lic  a c id  (XIV)
25 o

(p 9 1 ) (0 .5 2 0  g , 1 .1 2  mmol; [ a ]  = -  1 .9  ±  0 .2  ; c = 5 .15 ,
589

CHC13 ) in  50 ml o f  e t h e r .  An ex cess  o f  d iazom ethane was u sed . 

The r e a c t io n  m ix tu re  was l e f t  o v e rn ig h t  in  th e  hood. The e th e r  

s o lu t io n  was d r ie d  o v e r anhydrous MgS04 , f i l t e r e d ,  and th e  

s o lv e n t  was e v ap o ra te d  ( r o ta r y  e v a p o ra to r )  to  y ie ld  o .560  g o f  

a  p a le  y e llo w , l i q u id  r e s id u e .  The l a t t e r  was d i s t i l l e d  in  a 

s h o r t  p a th  d i s t i l l a t i o n  a p p a r a tu s .  The p a le  y e llo w  d i s t i l l a t e  

(O .5 -O .5 mm, b a th  te m p e ra tu re  180 - 185° )  was th e  r e l a y  compound,

m ethy l e s t e r  o f  e q u i l ib r a t e d  5 “ (9 "hydroxynonam ethyleneoxy)cyclo~
25 o

h e x a n e c a rb o x y lic  a c id  (XV), [ a ]  = -  1 .7  ±  0 .5  (c = 1 .9 1 ,
589

CHCI3 ) .  The y ie ld  o f  d i s t i l l e d  m ethy l e s t e r  XV was 0 .1 9 1  g 

(57$ b ased  on th e  a c id  XIV u s e d ) ,  t o r  (CDC13 ): 6 0 .8 - 2 .9

(com plex, 24 H, COCH, CH2 and OH); 6 2 .9 "5»9  (Complex w ith  a 

sh arp  s i n g l e t  a t  6 5*66, 8 H, OCH, 0CH2 and C00CH3 ); i r  (n e a t 

l i q u i d ) :  5400 cm ^ (h y d ro x y l) , 1665 m ^ ( e s t e r ) ,  1100 cm ^

( d ia lk y l  e t h e r ) .

A n a l. C alcd  f o r  C17H3204 : C, 6 7 .9 6 ; H, 1 0 .7 4 ;
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Found: C, 6 7 .8 8 ; H, 1 0 .5 5 .
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(F) S y n th esis  o f  Methyl E ster  o f  E q u ilib ra ted  3 " (9“Hydroxynona-

m e th y len eo x y )cy c lo h ex an eca rb o x y lic  a c id  (XV) from  c i s - 3 - 

H ydro x y cy clo h ex an ecarb o x y lic  Acid (XVI) .

( l )  P r e p a ra t io n  o f  c i s -  and t r a n s -3 -H y d ro x y cy c lo h ex an ecarb o x y lic

37
A cid (XVI and LXXIV).

3-H ydroxybenzoic a c id  (2 7 .6  g , 0 .2  m ol) was d is s o lv e d  

in  e th a n o l (95$> 175 ml)> rhodium  on carbon  (5$ , 3 -0  g )  was 

added; and th e  m ix tu re  was h y d ro g en a ted  in  a  P a r r  low p re s s u re  

h y d ro g e n a tio n  a p p a r a tu s .  D uring  th e  f i r s t  9 h o u rs  th e  u p tak e  

o f  hydrogen  was 55*5 p s ig .  The c a lc u la te d  u p ta k e  o f  hydrogen 

was b9.0  p s ig .  There was no f u r t h e r  u p tak e  o f  hydrogen  in  th e  

n e x t  11 h o u r s .  The c a t a l y s t  was f i l t e r e d ;  and th e  s o lv e n t  was 

e v a p o ra te d  ( r o ta r y  e v a p o ra to r )  to  a  p a le  y e llo w ; v is c o u s  l i q u id  

c o n ta in in g  some s o l i d .

The above p ro d u c t was h e a te d  to  170° f o r  one h o u r, 

c o o le d ; and th e  d i s t i l l e d  u n d er reduced  p r e s s u r e ,  u s in g  a 

V ig reux  colum n. A f i r s t  f r a c t i o n  (1 1 .1  g )  was c o l le c te d  betw een  

1 0^-120° (7 mm). I t  was a  c l e a r ,  c o lo r le s s  l i q u i d ,  p a r t  o f  

w hich s o l i d i f i e d  on c o o lin g  to  room te m p e ra tu re . A second 

f r a c t i o n  (2 .8  g )  was c o l le c te d  betw een 110-135° (1 mm). The 

V ig reu x  column was re p la c e d  by a  C la is e n  h e a d . The th i r d  

f r a c t i o n  (5 .1  g )  d i s t i l l e d  betw een  150-153° (1 ram). I t  was a



c l e a r ,  c o lo r le s s  l i q u i d ,  w hich  s o l i d i f i e d  on c o o lin g  to  room 

te m p e ra tu re  (mp 6 0 -1 0 0 ° ) .

The f i r s t  f r a c t i o n  was d is s o lv e d  in  sodium h y d ro x id e  

s o lu t io n  (aqueous, 2 M, $0 m l) and h e a te d  to  9 0 “95°  f ° r  one 

h o u r .  The r e a c t io n  m ix tu re  was a c i d i f i e d  to  pH 1 w ith  HC1 and 

e x tr a c te d  w ith  e t h e r .  The e th e r  e x t r a c t  was d r ie d  o v e r  anhydrous 

MgS04 , f i l t e r e d ,  and th e  s o lv e n t  was ev ap o ra te d  ( r o ta r y  evapo­

r a t o r )  to  a  w h ite  s o l i d .  The l a t t e r  was washed w ith  hexane and 

r e c r y s t a l l i z e d  from e th y l  a c e t a t e  to  g iv e  2 .8 5  g o f  w h ite
3T

c r y s t a l s ,  m e ltin g  a t  151-152° ( l i t  mp 1 5 1 .5 -1 3 2 ° ) . T his was

c i s -5 -h y d ro x y cy c lo h e x an e c a rb o x y lic  a c id  (XVI) .  The in f r a r e d
49

spectrum  was id e n t i c a l  to  a  l i t e r a t u r e  sp ec tru m .

The t h i r d  f r a c t i o n  was r e c r y s t a l l i z e d  from e th y l  

a c e ta t e  to  g iv e  5*32 g o f  w h ite  c r y s t a l s  (mp 1 1 5 -1 2 0 ° ) . Washing
o 37 0

w ith  hexane r a i s e d  th e  mp to  119-120  ( l i t  mp 120 ) .  T h is 

was t r a n s -5 -h y d ro x y c y c lo h e x a n e c a rb o x y lic  a c id  (LXXIV). The i r
50

spectrum  was i d e n t i c a l  to  a  l i t e r a t u r e  sp ec tru m .

(49) I n f r a r e d  sp ec tru m  n o . 21669, S a d t le r  S tan d a rd  

S p e c tra , S a d t le r  R esearch  L a b o r a to r ie s ,  P h i la d e lp h ia ,  Penn.

(50 ) I n f r a r e d  sp ec tru m  no 21668, i b i d .

95



36
(2 )  R eso lu tion  o f  c i s -5-H ydroxycyclohexanecarboxylic Acid (XVI).

c i s - 3 - H ydroxycyclohexanecarboxy1ic  a c id  (XVI) (p 9 k ) 

(17.3k  g , 0 .1 2  m ol) was d is s o lv e d  in  m ethanol (40 m l) .  This 

s o lu t io n  was added to  a  s o lu t io n  o f  q u in in e  ( J .  T. B aker Chem ical 

C o ., P h i l l ip s b u r g ,  N .J . )  (k6 g , 0 .1 2  m o l) in  m ethanol ( 1 0 0 m l ) .

The m ix tu re  was k e p t in  a  warm w a te r  b a th  (5 0 °) and a llow ed  to  

c o o l s lo w ly . A f te r  two days in  a  r e f r i g e r a t o r ,  th e  m ix tu re  was 

f i l t e r e d  to  g iv e  g o f  w h ite  c r y s t a l s .  Two f u r th e r  r e c r y s ­

t a l l i z a t i o n s  from  m ethanol gave 15 g o f  q u in in e  s a l t .

The q u in in e  s a l t  (15 g )  was added to  a  s o lu t io n  o f  2 g 

(0 .0 5  m ol) o f  sodium h y d ro x id e  in  75 ml ° f  w a te r .  The m ix tu re  

was s t i r r e d  and warmed on a  steam  b a th  f o r  one h o u r and s t i r r e d  

a t  room temp f o r  4 h o u r s .  The r e a c t io n  m ix tu re  was f i l t e r e d .

The residue was dissolved in 75 chloroform. The chloro­
form solution was extracted with 5 0  nil of 1 0 $ aqueous sodium 
hydroxide solution. The combined basic extracts were acidified 

to pH 1 with cold l8  N sulfuric acid solution, and the acidified 

solution continuously extracted with ether. The ether extract

was dried over anhydrous MgS04, filtered, and the solvent
25 o

was ev ap o ra te d  to  a  w h ite  s o l i d ,  [ q?] = + 9 .3  ±  0 .1  (c = ^-.0 ,
589

36 23 6 _
CHCI3 ) (lit [a] = + 9.75),

589

96



38
(3 )  P reparation  o f  9"B*°m ononanol.

1 ,9 -N o n a n ed io l (25 g , O .156 m o l) and HBr (48$, 125 m l, 

0 .7 5  m o l) w ere p la c e d  in  th e  e x t r a c t io n  chamber o f  a  co n tin u o u s  

e x t r a c t io n  a p p a r a tu s .  H eptane ( e x t r a c t in g  s o lv e n t )  was h e a te d  

to  m a in ta in  a  v ig o ro u s  flow  o f  s o lv e n t  th ro u g h  th e  r e a c t io n  

m ix tu re  in  th e  e x t r a c t i o n  cham ber. T h is was a ls o  s u f f i c i e n t  

to  m a in ta in  th e  e x t r a c t i o n  chamber a t  55“8 0 ° . The r e a c t io n  

m ix tu re  was s t i r r e d  (m agnetic  s t i r r e r )  f o r  16 h o u rs .  E th e r 

was added to  th e  co o led  h e p ta n e  l a y e r .  The e th e r  s o lu t io n  was 

e x t r a c te d  tw ic e  w ith  5$ aqueous sodium b ic a r b o n a te  s o lu t io n  

and th r e e  tim es  w ith  w a te r .  The e th e r  l a y e r  was d r ie d  o v e r 

anhydrous MgS04 , f i l t e r e d ,  and th e  s o lv e n t  was ev ap o ra ted  

( r o ta r y  e v a p o ra to r )  to  y i e ld  31*5 g (9°  .4 $ )  ° f  a  c l e a r ,  p a le  

y e llo w , l i q u id  r e s id u e  w hich on s ta n d in g  s o l i d i f i e d  to  a  w h ite  

s o l i d .

From fo u r  ru n s ,  125 g o f  c ru d e  9 “brom ononanol was 

o b ta in e d .  D i s t i l l a t i o n  u n d e r reduced  p r e s s u r e  (6 mm, 1 4 4 -1 4 6 °) 

gave 9 “brom ononanol (X V II) (108 g , o v e r a l l  y i e ld  77$) as  a  c l e a r ,  

c o lo r l e s s  l i q u id  w hich on c o o lin g  to  room te m p e ra tu re  s o l i d i f i e d
o 38 0

to  a w h ite  s o l i d ,  mp 32-34  ( l i t  mp 3 1 .5 -3 5  )• Nmr (CDC13 ):

6 0 .8 - 2 .3  (com plex, l 4  H, CH2 ); 6 3 .1 “3 .8  (two o v e rla p p in g  

t r i p l e t s ,  4 H; 6 3 .3 9 ,  J  = 6 .5  Hz, BrCH2; 6 3 -5 5 , J  = 6 .5  Hz, 

OCH2 ); 6 4 .0  ( s i n g l e t ,  1 H, OH, d is a p p e a rs  on tre a tm e n t w ith  

D20 ) .
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(4) P rep aration  o f  2 - ( 9 “Brom ononam ethyleneoxy)tetrahydropyran

38
(X V III) .

9-Brom ononanol (X V II) (p 9 7 ) (85 g O .38I  m o l) and 

2 ,3 -d ih y d ro p y ra n  (92 g , 1 .095  m ol) w ere p la c e d  in  a  f l a s k  equ ipped  

w ith  a  m ag n etic  s t i r r e r  . About 1 ml o f  c o n e . HC1 was added , and 

th e  r e a c t io n  m ix tu re  s t i r r e d  f o r  12 h o u rs  a t  room te m p e ra tu re . 

E th e r  (400 m l) was added, and th e  r e a c t io n  m ix tu re  was e x t r a c te d  

w ith  5$ aqueous sodium b ic a rb o n a te  s o lu t io n  tw ic e  and w ith  w a te r  

th r e e  tim es . The e th e r  la y e r  was d r ie d  o v e r anhydrous MgS04 , 

f i l t e r e d ,  and th e  s o lv e n t  was ev ap o ra ted  ( r o ta r y  e v a p o r a to r )  to  

a  c l e a r ,  y e llo w , l iq u id  r e s id u e .  The l a t t e r  was d i s t i l l e d  

( l  mm, 1 ^ 3 -1 ^ 5 ° ) o v e r anhydrous p o ta ss iu m  c a rb o n a te  (2 g )  to  

g iv e  2 - (9 “b rom ononam eth y len eo x y )te trah y d ro p y ran  (X V III) (98 g , 

8 3 .8 $ ) .  l&nr (CDCI3 ): 6 1 .0 - 2 .2  (com plex, 20 H, r in g  and s id e

c h a in  CH2 ); 6 3»05"^»15 (com plex, 6 H, 0CH2 , and BrCH2 );

6 4 .5 3  ( s i n g l e t ,  1 H, 0CH0).
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(5 )  P reparation  o f  c i s -3-T 9 - ( 2-Tetrahydropyranyloxy)nona-

m eth y len eoxyjcycloh exan ecarb oxy lic  Acid (XIX).

c i s -3 -H y d ro x y cy c lo h ex an eca rb o x y lic  a c id  (XVI) (p 95 ) 

(1 .6l  g , 1 1 .1  mmol) and sodium h y d r id e  ( 57$ o i l  em u ls io n , 2 .8  g , 

6 6 .5  mmol) w ere p la c e d  in  a  3 -necked  f l a s k  equ ipped  w ith  a 

m agnetic  s t i r r e r ,  two p r e s s u r e  e q u a l iz in g  a d d i t io n  fu n n e ls ,  and 

a  r e f lu x  c o n d en se r f i t t e d  w ith  a  d ry in g  tu b e .  N ,N -D im ethyl- 

formamide (25 m l)  was added and th e  m ix tu re  was s t i r r e d  f o r  5 

m in u te s . A s o lu t io n  o f  2 - (9**brom ononam ethyleneoxy)tetrahydro- 

p y ran  (X V III) (p 9 8 )  (15*05 %> 4 8 .9  mmol) in  N ,N -dim ethylform - 

amide (20 m l)  was added d ro p w ise  o v e r a  p e r io d  o f  20 m inu tes 

and th e  r e a c t io n  m ix tu re  was h e a te d  f o r  2^5 h o u rs  a t  75“80° .

The unused NaH was decomposed by  a d d i t io n  o f  ic e  to  th e  r e a c t io n  

m ix tu re . The l a t t e r  was e x t r a c te d  w ith  e th e r  and th e  e th e r  

la y e r  was r e j e c t e d .  The aqueous la y e r  was a c i d i f i e d  to  pH 1 

w ith  HC1 and e x t r a c te d  w ith  e t h e r .  The e th e r  e x t r a c t  was 

d r ie d  o v e r anhydrous MgS04 , f i l t e r e d ,  and th e  s o lv e n t  was 

ev ap o ra ted  ( r o ta r y  e v a p o r a to r )  to  y ie ld  1 .4 2  g ( 4 i :5 $ )  o f  a 

v is c o u s ,  y e llo w , l i q u i d  r e s id u e .  T h is was c ru d e  c i s - 5 - r 9 - t e t r a -  

h y d ro p y ran y lo x y )n o n am e th y len eo x y ]cy c lo h ex an ecarb o x y lic  a c id

(XIX): Nmr (CDC13 ): 6 0 . 8 - 2 .8  (com plex, 29 H, COCH and CH2 );

6 2 .8 -4 .3  (com plex, 7  H, OCH and 0CH2 ); 6 4 .5 7  ( s i n g l e t ,  1 H,

0CH0); 6 9 .5 7  ( s i n g l e t ,  1 H, C00H); i r  (n e a t  l i q u i d ) :  36OO
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"1 -1cm (h y d ro x y l) , 1730 cm (c a rb o x y lic  a c id ) .

A s im i la r  ex p erim en t s t a r t i n g  w ith  2 .0  g ( l4  mmol) 

o f  o p t i c a l l y  a c t i v e  c i s -5 -h y d ro x y c y c lo h e x a n e c a rb o x y lic  a c id

(XVI) (p 9 6 ) ( [ a ] 25 = + 9 .3  ±  0 .2 ° ;  c = b .0 ,  CHC13 ) , 3 .5  8 o f
589

sodium h y d r id e  (57$ o i l  em u ls io n , 83  mmol), and 2 0 .0  g (65 mmol) 

o f  2 - (9~brom ononam ethyleneoxy ) te tra h y d ro p y ra n  (X V III) y ie ld e d  

1^56 g (3 0 .3 $ )  ° f  c ru d e  o p t i c a l l y  a c t i v e  c i s - 5 - T 9 - ( 2 - t e t r a -  

h y d ro p y ran y lo x y )n o n am e th y len eo x y ]cy c lo h ex an eca rb o x y lic  a c id



(6 )  Conversion o f  cis-3-[9~(2-T etrahydropyranyloxy)nonam ethy-

len eo x y jcy c lo h ex a n eca rb o x y lic  Acid (XIX) to c i s - 3 -(9 -A c e t-

51
oxynonam ethyleneoxy)cyclohexanecarboxylic Acid (XX).

c i s - 3 - [ 9 - (2 -T e trah y d ro p y ran y lo x y )n o n am eth y len eo x y ]- 

c y c lo h e x a n e c a rb o x y lic  a c id  (c ru d e , 1 .4  g , c a .  3*8 mmol) (XIX)

(p 9 9 ) and a c e t i c  a c id  (35 n i l ) w ere h e a te d  under r e f lu x  (b a th  

te m p e ra tu re  1 2 5 -1 3 0 °) f o r  l 8  h o u r s .  The co o led  r e a c t io n  m ix tu re  

was e x t r a c te d  w ith  e th e r  and th e  e th e r  e x t r a c t  was washed w ith  

w a te r .  The aqueous la y e r  was r e j e c t e d .  The e th e r  la y e r  was 

d r ie d  o v e r anhydrous MgS04 , f i l t e r e d ,  and th e  s o lv e n t was 

e v a p o ra te d  ( r o ta r y  e v a p o ra to r )  to  y ie ld  1 .0 1 2  g ( 8 l .5 $ )  o f  a 

p a le  brow n, l i q u id  r e s id u e ,  c ru d e  c i s -3 -(9 -ace to x y n o n am e th y len e - 

o x y )c y c lo h e x a n e c a rb o x y lic  a c id  (XX). Nmr (CDC13 ): 6 0 .7 - 2 .8

(com plex w ith  a  sh arp  s i n g l e t  a t  6 2 .0 ,  CH2 , COCH, and 0C0CH3 );

6 2 .9 - 3 .8  (com plex, OCH and 0CH2 ); 6 4 .03  ( t r i p l e t ,  J  = 5 .5  Hz, 

C00CH2 ); 6 1 0 :.35 (b road  s i n g l e t ,  C00H).

A s im i la r  ex p erim en t s t a r t i n g  w ith  1 .5 4  g (c ru d e , c a .  

4 .7  mmol) o f  o p t i c a l l y  a c t i v e  c i s - 3 - T9-(2 - te tra h y d ro p y ra n y lo x y )-
25

n o n a m eth y len eo x y lcy c lo h ex an eca rb o x y lic  a c id  (XIX) (p 1 0 0 ) ([or]
589

(5 1 ) P a t te rn e d  a f t e r  W.G. Dauben and H. L . B radlow , 

J .  Amer. Chan. S o c . .  7 4 . 559 (1 9 5 2 ).
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= + 1 J .4  ±  0 .2 ° ;  c = 3 .1 ,  CHC13 ) and a c e t i c  a c id  (60 m l) y ie ld e d  

1 .2 3  g (9 0 .1$ )  o f  a  p a le  brow n, l i q u id  r e s id u e ,  c ru d e  o p t i c a l l y

a c t iv e  c is - 3 "  (9_acetoxynonam ethy leneoxy  )c y c lo h ex a n e ca rb o x y lic
25 0

a c id  (XX), [ a ] = +  1 2 .5  ± 0 .2  (c = 3 .9 9 , CHC13 ) .
589
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(7 )  H ydrolysis o f  c i s -3-(9-A cetoxyn onam ethylen eoxy)cycloh exane-

c a rb o x y lic  Acid (XX).

c i s -3 -  (9“A cetoxy n o n am eth y len eo x y )cy c lo h ex an ecarb o x y lic  

a c id  (XX) (p 10 1 ) (c ru d e , 1 .0 1  g , c a .  3 .1  mmol) and e th a n o l ic  

p o ta ss iu m  h y d ro x id e  s o lu t io n  (1 .5  M, 50 m l) w ere  h e a te d  u n d er 

r e f lu x  (b a th  te m p e ra tu re  1 1 0 °) f o r  3 h o u r s .  W ater (50 m l) was 

added to  th e  co o led  r e a c t io n  m ix tu re , and th e  l a t t e r  was 

e x tr a c te d  w ith  e t h e r .  The e th e r  l a y e r  was r e j e c t e d .  The 

aqueous la y e r  was a c id i f i e d  to  pH 1 w ith  HC1, and e x t r a c te d  

w ith  e t h e r .  The e th e r  la y e r  was d r ie d  o v e r anhydrous MgS04 , 

f i l t e r e d ,  and th e  s o lv e n t  was ev ap o ra te d  ( r o ta r y  e v a p r a to r ) 

to  y ie ld  0 .7 8 ^  g (7 7 .6 $ )  o f  a  p a le  brow n, l i q u i d  r e s id u e .  The 

c ru d e  p ro d u c t was chrom atographed on 130 g o f  s i l i c a  g e l 

(D avison , g rad e  923> mesh 100 -200) ( le n g th  o f  column 1 8 " , w id th  

0 .7 5 " ) •  c i s - 3 - ( 9 _H ydroxynonam ethy leneoxy)cyc lohexanecarboxy lic  

a c id  (XXI) (0^58 g )  was e lu te d  w ith  10$  e th e r /b e n z e n e  as  a  p a le  

brow n, v is c o u s  l i q u i d .  Nmr (CDC13 ): 6 0 .8 - 2 .9  (com plex, 23 H,

C0CH and CH2 ); 6 2 .9 -3 .9  (com plex, 5 H, 0CH and 0CH2 ); 6 7 .7 0  

( s i n g l e t ,  2 H, OH and C00H, d is a p p e a rs  on tr e a tm e n t  w ith  D20 ) ;  

i r  (n e a t l i q u i d ) :  3^00 cm ^ (h y d ro x y l) , 1700 cm ^ (c a rb o x y lic

a c id ) ,  IO85 cm (d ia lk y l  e t h e r ) .

A s im i la r  ex p erim en t s t a r t i n g  w ith  l i l 8  g (c ru d e , c a .  

3 .6  mmol) o f  o p t i c a l l y  a c t iv e  c i s -3 -(9 -a ce to x y n o n a m e th y len e o x y )
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cy c lo h e x a n e c a rb o x y lic  a c id  (XX) (p 101) ( [ a ]  = + 1 2 .5  ± 0 .2 ° ;
589

c = 5 *99* CHC13 ) y ie ld e d  0 .8 7 4  g (8 4 .9 $ ) o f  a  p a le  brow n, l i q u id

r e s id u e .  The c ru d e  p ro d u c t (O .87  g ) was chrom atographed on 150 g

o f  s i l i c a  g e l  (D avison , g rad e  923* mesh 1 0 0 -2 0 0 ). O p t ic a l ly

a c t iv e  c i s -3 -(9 ~ h y d ro x y n o n am eth y len eo x y )cy c lo h ex an ecarb o x y lic
25 n

a c id  (XXI) (0 .4 8  g ) ,  [ a ] = + 1 0 .8  ±  0 .2  (c = 4 .7*  CHC13 ),
589

was e lu te d  w ith  30$ e th e r /b e n z e n e .



(8 ) E q u ilib ra tio n  o f  c i s -5-(9-H ydroxynonam ethyleneoxyIcvclo-

hexan ecarb oxy lic  Acid (XXI) .

c i s - 3 - (9 -H ydroxynonam ethy leneoxy)cyclohexanecarboxy iic  

a c id  (XXI) (p 1 0 3 ) (O .58  g , 2 .0 3  mmol) and aqueous sodium 

h y d ro x id e  s o lu t io n  (30$* 55 ) w ere h e a te d  (b a th  te m p e ra tu re

12 5 -1 3 0 °) u n d er r e f l u x  f o r  85 h o u r s .  W ater (75 m l) was added 

to  th e  co o led  r e a c t io n  m ix tu r e .  The l a t t e r  was a c id i f i e d  to  

pH 1 w ith  HC1, and e x t r a c te d  w ith  e t h e r .  The e th e r  l a y e r  was 

d r ie d  o v e r anhydrous MgS04 , f i l t e r e d ,  and th e  s o lv e n t  was 

ev ap o ra ted  ( r o ta r y  e v a p o r a to r )  to  y ie ld  0 .3 7 5  S (6 4 .6 $ )  o f  a 

v is c o u s , p a le  brow n, l i q u id  r e s id u e ,  th e  e q u i l ib r a te d  3 ~(9 “ 

h y d ro x y n o n am eth y len eo x y )cy c lo h ex an eca rb o x y lic  a c id  (XIV) .  Nmr 

(CDCI3 ): 6 0 .8 -2 ^ 9  (com plex, COCH and CH2 ); 6 2 .9 -3  .9 (com plex,

OCH and 0CH2 ); 6 6 . 50 ( s i n g l e t ,  OH and C00H); i r  (n e a t l i q u i d ) :

3350 cm ^ (h y d ro x y l) , 1700  cm ^  (c a rb o x y lic  a c i d ) ,  IO85 cm ^ 

(d ia lk y l  e t h e r ) .

A s im i la r  ex p erim en t s t a r t i n g  w ith  0 .475  S (1 .6 6  mmol) 

o f  o p t i c a l l y  a c t i v e  c i s - 3 - ( 9 -hyd roxynonam ethy leneoxy)cyclohexane-
25 n

c a rb o x y lic  a c id  (XXI) (p 104) ( [ a ]  = + 1 0 .8  ± 0 .2  ; c = 4.7*
589

CHCI3 ) y ie ld e d  0 .3 2 4  g (6 6 .1 $ )  o f  a v is c o u s ,  p a le  brow n, l iq u id  

r e s id u e ,  th e  e q u i l i b r a t e d  3 " (9 “hydroxynonam ethy leneoxy)cyc lo -
25

h e x an e c a rb o x y lic  a c id  (XIV), [ a ]  = + 1 1 .2  ± 0 .2 °  (c  = 3 .2 ,
589

CHClg).
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(9 )  P reparation  o f  Methyl E ster  o f  E q u ilib ra ted  3 “ (9“Hydroxy-

n o n am eth y len eo x y )cy c lo h ex an ecarb o x y lic  Acid (XV).

43
A cold ethereal solution of diazomethane (p 64) was 

slowly and carefully added to a solution of equilibrated 3 “ (9 " 
hydroxynonamethyleneoxy)cyclohexanecarboxylic acid (XIV) (p 105 ) 

(0.375 §> 1.51 mmol) in ether (50 ml). The reaction mixture 
was left overnight in the hood at room temperature. The ether 

solution was dried over anhydrous MgS04, filtered, and the 
solvent evaporated (rotary evaporator) to yield 0 . 3 9 0  g (9 9 $) 
of a pale yellow, liquid residue. The latter was distilled 
in a short path distillation apparatus. The pale yellow 

distillate (0 .3 -0 ^ 5  mm, bath temperature l 80 - l 85° ) was the 
methyl ester of equilibrated 3 "(9 ~hydroxynonamethyleneoxy)cyclo- 

hexanecarboxylic acid, the relay compound (XV). Nmr (CDC13):
6 0 .7 - 2 .8  (com plex, 24 H, COCH, CH2 , and OH, th e  peak  a t  6 2 .0 1  

d is a p p e a re d  on tre a tm e n t w ith  D20 ) ;  6 2 .9~3*9 (com plex, w ith

a sharp  s i n g l e t  a t  6 3*65; 8 H, OCH, 0CH2, and C00CH3 ); i r  

(n e a t  l i q u i d ) :  3375 cm ^ (h y d ro x y l) , 1730  cm ^ ( e s t e r ) ,  1095 

cm ( d ia lk y l  e th e r ) ;  ms: m ajo r peaks a t  m /e $00,  282, 269 ,

2 6 7 , 241, and 2 2 6 .
A n al. C alcd for Cx7H3204 : C, 6 7 .9 6 ; H, 1 0 .7 4 ;

Found: C, 6 7 .81; H,10.49.
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A s im i la r  ex p erim en t s t a r t i n g  w ith  0 .3 1 5  g (1 .1  mmol) 

o f  o p t i c a l l y  a c t i v e ,  e q u i l ib r a te d  3 “ (9"hydroxynonam ethy leneoxy)
25

c y c lo h e x a n e c a rb o x y lic  a c id  (XIV) (p 105) ([o '] = +  1 1 .2  ± 0 .2  ;
589

c = 3 .2 ,  CHCI3 ) y ie ld e d  0 .3 0 k  g (9 2 .2 $ )  o f  c ru d e  m eth y l e s t e r ,  

w hich gave 0 . l 8k g (5 5 *8$  b ased  on th e  a c id  u se d )  o f  d i s t i l l a t e  

(0 .1  mm, b a th  te m p e ra tu re  180 - 210° ) ,  th e  m eth y l e s t e r  o f  

e q u i l ib r a te d  3 “ (9 “hydro x y n o n am eth y len eo x y )cy c lo h ex an ecarb o x y lic
25 Q

a c id ,  th e  r e l a y  compound (XV), [o'] = + 9 . k ± 0 .2  (c  = 1 .8 k ,
589

CHCI3 ) .
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