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Abs t r ac t  

Specu.lati.ons frorn many d i s c i p l i n e s  over  t h e  l a s t  twenty- 
i i 

f i v e  y e a r s  concerning t h e  n a t u r 2  o f  t h e  d i f f u s 4 v e  b l i n i c a l  

syndrome, sch izophren ia ,  have g iven  r i s e  t o  twelve  d i s t i n c t  

biochemical  t k j ~ o r i ? s  of  i t s  a e t i o l o g y  and symptornology. The 
4 F 

" t r a n s m e t h y l a t i o n  k :ypotks i s"  o f  Osmond/Sinythies/Harley-Mason 
0 

( 1952) suggected s y n t h e s i s  of' f o u r  - 0-rnethylated ana logs  o f  

catecholarfline n e u r o - t r a n s m i t t e r s  a s  w e l l  as  t h e i r  metabol ic  

p r e c u r s o r ,  DGPA, (3,4- dihydroxy-phenyla lani5ie) .  

From t h e  o u t s e t ,  f a c i l e  chemical  i n c o r p o r a t i o n  of  *c- label  

from a ,va i lab le  sou rces  d i c t a t e d  s p e c i f i c  s y n t h e t i c  r o u t e s  i n  t h e  

e laholea t ion  of r i n g - s u b s t i t u t e d  p-phenyl isopropyl  amines and 

' opt imized y i e l d s  of s ~ c h  a r e  r epo r t ed .  P re l imina ry  to l e r ance / c ros s  

t s l e r a n c e  s t u d i e s  i n  mice 'of mescal ine  (z) and 1- (3,b-dimethoxy- 

* phenyl )  - 2-aminoethane ( 2 )  were performed. Resu l t s  from t h e s e  

s tu -d ies  a r e  l i ke -wi se  r e p o r t e d .  

B 
Syn thes i s  i n  t h e  psychodys lzp t ic  p-phenylisopropylamine 

s e r i e s  wzs i n i t i a t e d  because of projecked a p p l i c a t i o n  i n  detec-  

ticin of "exces s  I n  vivo methylat ioq"  under t h e  terms of Osmond/ -- 
Srcythies/Harley-!.lason hypo ths s i s .  On i t s  own mer i t ,  f i v e  

1 

h l t h e r t o f o r e  un repor t zd  compounds of  t h i s  s e r i e s  were syn thes ized .  

A s g i ~ t h s t i c  r o u t e  f o r   side cha in  labelling i n  t h e  s e r i e s  
b 

was explored.  Opt i r i~izat ior!  of y i e l d s ,  fa,c i l e  condensa t ion-  con- 



h 

? ,  
- 

t i c s ,  this series of 8-phenyl isopropylamlnes  is 

f i n d i n g  applica on i n  psychotherapy. \- -I 
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Chapter 1 + 

I n t r o d u c t i o n  



sS 
11 A t  t h e p r e s e n t  t-, s c h i z o p h r e n i a "  i s  a w o r d  whosr! d e f i -  

n i t i o n  i s  a  m a t t e r  o f  c o n t e n t i o n  amongst t h e  p s y c h o l o g i c a l  ahdd 

p s y c h i n t r i c a l  p r o f e s s i o n s . '  For  t h i s  r e a s o n ,  t h e  World H e a l t h  

O r g a n i z a t i o n  h a s  r e c e n t l y  i n i t i a t e d  a  p i l o t  s t u d y  program f o r  

t h e  purhose  o f  r ; tandardiz)ng a  d e f i n i t i o n  o f  " s c h i z o p h r e n i a 1 '  (1). 
I 1  I n  c l a s s i c a l  d e s c r i p t i v e  p s y c h i a t r y ,  sch izophqkn ia"  i s  

I I d i s t i n g u - i s h e d  from schizoid1 ' - .  The l a t t e r  syndrome i s  d e f i n ~ d  

a s  t h e  s t a t e  o f  a f f a i r s  when one  p o s s e s s e s  two o r  more d i s t i n c -  
t 

t i v e  p e r s o n a l i t i e s .  The former  syndrome i s  t e n t a t i v e l y  d e s c r i b e d  

i n  t e rms  o f  a f u n c t i o n a l -  psychoses  ( a s  o p p o d d  t o  a n  o r g a n i c  
' 

41 Q 

p s y c h o s e s )  i n  which thee s p p t o m s  a r e  wi thdrawal  and  p o v e r t y -  o f  + .  
a f f e c t ,  d e l u s i o n s ,  h a l l u c i n a t i o n s  ( f r e q u e n t l y  i n  t h e  a u d i t o r y  

* 
r ~ o d s ) ,  c o n f u s i o n ,  f l i g h t  o f  i d e a s ,  a u t i s m ,  and d i s t u r b a n c s s  i n  , 

I- 
t h e  s e n y  o f  i d e y d i t y .  

I t  B lsu- ler  k6) c o i n e d  t h e  t e r m  s c h i z o p h r e n i a "  i n  1911  h i c h  
b 7 

I I i n  e f f e c t  s u p p l a n t e d  K r a e p e l i n l  s ( 3 )  te rm,  dement ia  prakcox" .  

I I S l e u l e r  d i v i d e d  h i s  s c h i z o p h r e n i a "  i n t o  
* 

( a )  s i m p l e  s c h i z o p h r e n i a ,  e h h r a c t e r i z e d  by "withdra* 
.t / 

/ 

from r e a l i t y " .  , / . - % ' -  J 
(b) hebcphrensc  s c h i z o p h r e n i a ,  c h a r a c t e r i z e d  by " m i s t a k e n  - 

5 B 

ccsmic  i d e n t i t y "  -- o f  b e i n g  omnipotent  o r  o m n i s c i e n t .  
' 

/ 
/ 

( c )  c a t a t o n i c  s c h i z o p h r e n i a ,  c h a r a c t e r i z e d  by b l u n t i n @ o f  *-, 
err:otions, r?utisrn, amd r a k l e p s y .  

( d )  p a r a n o i d  s c h i z o p h r e n i a ,  c h a r a c t o r l r  ed br-a p e r s e c u t o r y  

L jar end. - 
1 
i 



H a l l u c i n a t i o n s  a r e  g e n e r a l l y  c h a r a c t e r i s t i c  o f  a l l  forms o f  

schizoph-rrenia e x c e p t  t h e  s h p l e  t y p e .  I n  England 'and on  t h e  

European c o n t i n % i t ,  s i m p l e  s c h i z o p h r e n i a  i s  c o n s i d e r e d  a  c h a r a c -  

I !  t e r  d i s o r d e r  r a t h n r  tha,n a t r u e  s c h i z o p h r e n i a u .  F o r  t h e  o t h e r  
rv 
1 sck1izophr~3nic S ~ ~ ~ ! . O I ! I Z S ,  the natu-re  o f  t h e  h a l l u c i n o s i s  w r i e s  

w i t h  t h e  c o u r s e  o f  $he d i s o r d e r .  I n  t h e  r e l a t i v e l y  " h o t "  
** 1 

.L 

p a t i e n t ,  t h e  ha1lc.c l n a t i o n s  a r e  u s u a l l y  accompanied f by much 
I. 

s t r e s s  and a n x i e t y .  A l t e r n a t i ~ e l y ,  s u b j e c t i n g  an a c u t e  p a t i e n t  

t'o ~rrZtBiona1 s t r e s s  and a n x i e t y  p roduces  a n  h a l l u c i n a t o r y  

exac s rba , t ion ,  and  riindlcation w i t h  t r a n q u i l i z e r s ,  such a s  t h e  

p h e ~ o t h i a z F g e s ,  t h e  bu.tyrophenones, o r  t h e  d i p h z n y l b u t a p i p e r i -  

d ines  o f t e n  n o d u l a t e s  o r  a t  b e s t  a b o l i s h e s  t h e  i n t e n s i t y  and  

f r e q v ~ n c y  of t h e  h a l l u c i n a t i o n s  ( 4 ) .  I n  c o n t r q s t ,  many c h r o n i c  

p a t l ~ n t s  ha l . luc  inat e i.:ith l i t t l e  a p p a r e n t  s t r e s s .  Even - u n d e r  
a 

I !  %ea7:y rnzdi.ca"sion, hallucinations seem - t o  c o n s t i t u t e  a  way o f  
*,- 

1+fe" -- f o r  such p a t i e n t s .  

0-g-er t h e  ~ ~ , s t  f i f t s e n  yew-s, ev idence  h a s  b e e p p r e s e n t e d  t o  
-r 

s*c;i>pr,rt t h e  h y p c t h e s i s  t h a t  s c h i z o p h r e n i a  i s  a. g e n e t i c  rnorphism 

/ r  ,- 
, , 7 8). T h i s  i s  based p a r t i a l l y  o n - t h e  o b s e r v a t i o n s  t h a t  

I 

n-ii_ 2 - ,i,ilrlrr-r?_ of  s c h i z o p h r e n i c  t w i n  p a i r s  show a concordance  r a t e  .of 
=. 

7,c _ Cl'  -;,?h&-,-*z- 
2 / - ,  7 ,_ ,G,S I n  d i z y g o t i c  p a i r s  t h e  r a t e  i s  o n l y  10 - 17%. 

- .  . , o  ~2 2% 2 :i,-yd - 5 . t ~  3: I d  ,.. , t r a n s c e n d i n g  e t h n i c ,  r a c t i a l ,  a,nd 
7. 

2 1;- 1 ' " . . -- , ~ ; - e l  GL- l z2  - 'b- . - 8) . &.z ~d u ~ o n  such evid-ence, b iochemica l  



1 

t;$+othcs?.; Laser! on ev idence  which i s  d i f f u s i v e  a t  b e s t .  ' Szasz  

and  k i n g  have  r,oted t h e  r e s i s t a n c e  o f  s c h i z o p h r e n i a  t o  c u r r e n t  

c h e m ~ t h e r a p e u . t i c  and  psgchothei-a .peutic  p r a c t i c z s  znd have i.ndi- 

v$dual ly  expressed  t h e i r  r e s p e c  d i sagreements  with t h e  epi  stem- 

o l o 2 i c a . l  assv.r:!ptfcns o f  t r a c i i t i o n a l  p s y c h i a t r i c  t h e o r y .  Szasz 

(9) h a s  d e ~ i e l o p e d  a  c a s e  for s c h i z o p h r e n i a  a s  z s o c i a l  myth. 

I I La inp  ( 1 0 ,  11) h2s  a t t r l n p t e d  t o  r e d u c e  t h e  q u e s t i o n  of madness" 

t o  de-.riance frort: 2 s o c i a l  norm and h2s  a s  w e l l  c a l l e d  i n t o  

q u e s t i o n  t h e  r o l e  t h e t  t h e  o b s ~ r v o r  p l a y s  i n  such a n  e v a l u a t i o n .  8 - 
11 To Lain&, madheas i s  i n  t h e  eye  o f  t h e  beho lde r"  ( t o  para-  

u 

p h r a s e  t h e  Ea,rd o f  Lvon) .  InBeed, I4andell  r e p o r t s  a  r ecen t  freshman 
L 

m2dica.l schoo l  c l a ; ~  r s e c t i n g  n e g a t i v e l y  t o  a f i l m  ( c i r c a  a 1356) 
I 1  o f  can a d . o l e s c e n  r:i'ih " k o r d e r l l n e  s c h i z o p h r c - ~ i a , "  because  t h e y  

COU-16. n o t  s e e  h i s  - 1   st^ angeness  a s  p a t h o l o g i c a l "  ( 1 2 ) .  

- * n ( 11) h a s  de:~eloped a " t h e r a p y "  based  upon a h a m j a y  house 

c o n c ~ p t .  He has aliored 1 2  groups o f  unrr,ediceted+ s c h i z o p h r e n i c s  

In Londcn houses  t o  ' - n t e r a c t  with t h e  s t r ~ s s e s  and corxnitmerits 

cf t h e  " o u t s i d e  world" i n  i n v e r s e  p r o p o r t i o n  t o  t h e  s e v e r i t y  



Chapte r  2 

Biochzmlral Theor ies  of Schizophren ia .  

L i t  eratu.re Survey. 



TABLE 1. BIOCHEFUCKL TIEDRIES OF SCHIZOPHRENIA 

TRANSMETHYLATIOIJ 

(a) 1- (3,4-di~ethoxyphenyl) -2-aminoethane 

HCRADRE?J'7RGIC DZFICIT 

TOXIC PHOTEII,; 

(a) taraxein 

(b) S - anti. S 
. . 

HISTAMINE 



2-1  Review (1892 - 1950) 

A biochemical  b a s i s  f o r  some k inds  o f  ch ron ic / acu te  mental  

d i s e a s e  such as sch izophren ia  was suggested as e a r l y  as 

1892 by Kraepe l in  ( 3 ) .  C r e d i t  f o r  t h e  f i rs t  model system must 

go t o  Moreau ( 1 3 ) f o r  h i s  comparison of hash i sh  i n t o x i c a t i o n  

newly in t rodyc2d  i n t o  French a r t i s t i c  s o c i e t y  and i n s a n i t y  as - -  - 

seen a t  h i s  c l i n i c .  A review o f  t h e  l i t e r a t u r e  i n  Chemical 

A b s t r a c t s  r e v e a l s  t h e  r o o t s  o f  s e v e r a l  p r e s e n t  day biochemica2 

hypo theses  i n  t h e  work 'of  Buscaino i n  1924 ( 1 4 ) .  It was h i s  

c o n t e n t i o n  t h a t  he could  demonstra te  t h e  e x i s t e n c e  of 

"abnormalr' amines i n  t h e  u r i n e  of s ch i zophren ic s  and t h a t  t h e s e  

, amines (of  unspec i f i ed  s t r u c t u r e ) ,  o r i g i n a t i n g  from microorganisms 

i n  t h e  i n t e s t i n e ,  caused i n t o x i c a t i o n *  of b r a i n  c e l l s .  

Not sboom ( 15 --  17) and DeJong ( 18)  i n  t h e  y e a r s  1932 - -1945 

demonstrated t h e  pecu l i a r6 t a ton iz ing"  o f  t e s t  an imals  by * 
i n j e c t i o n s  of s y n t h e t i c  d e r i v a t i v e s  of  mescal ine  (0 and adrena- 

h 

l i n .  To them must go t h e  c r e d i t  f o r  t h e  second model system. 

Concurrent lg ,  a school  o f  t h e o r i s t s  publ i shed  a number of 

works on c e r e b r a l  metabolism and e l s c t r o l y t e  ba lance  as a 

f u n c t i o n  of  g e n e r a l  n e u r o l o g i c a l  a c t i v i t y .  Katzenelbogen and 
* 

Snyder (19 )  r e p o r t e d  t h a t  sodium, calc ium and magnesium i n  t h e  
' 

blood c e l l s  and serum of 29 sch izophren ics  were w i t h i n  normal 
I 

l i m i t s .  I n  5  persons ,  was s l i g h t l y  e l eva t ed ,  as was 

and c h l o r i d e  l e v e l s  of  t h e  c e l l s  i n  one ca se .  
I 

f i r t h s ,  )h e se  a u t h o r s  t k s t e d  t h e  g lucose  l e v e l ,  and t h e  oxygen 

I a n d  c a r b j n  d iox ide  contents o f  a r t e r i a l  and venous blood from Z 



4.' 
a 

I t  t h e  c r a n i a l  cav i ty .  I n  some schizophrenic  cases ,  a  lower blood 
% 

1 

sugar content  r e l a t i v e  t o  t h a t  repor ted  f o r  normals was found 

whlle i n  o t h e r s  a  g r e a t  d i f f e rence  was observed between a r t e r i a l  

and venous sugar content .  In  some p a t i e n t s ,  a lower i n t r a -  

c r a n i a l  oxygen metabolism was found than  i n  normal subjec ts"  
0- 

( 2 0 ) .  This las t  f i n d i n g  i s  a t  var iance  w i t h  work by Looney and 

. - Freeman 4 2 1 )  whose t e s t  group of 112 schizophrehics  showed no 

e s s e n t i a l  d i f f e r e n c e  i n  l e v e l s  of oxygen and carbon dioxide i n  

t h e  venous blood and carbon dioxide i n  t h e  a r t e r i a l  blood with 

t h a t  found i n  67 ndrmal s u b j e c t s .  -& 

Chloride\content of blood c e l l s  w a s  i n v e s t i g a t e d  by ~ u y l e ( 2 2 ) ,  -, 
L 

Chatagnon ( 2 3 )  and Gross and Wortis (24) .  Levels of c h l e r i d e  were 

found t o  be t h e  same i n  normals and schizophrenics  and t h e r e f o r e  

of l i t t l e  i n t e r e s t .  Carbohydrate metabolism i n v e s t i g a t i o n s  were per- 

formed by Lafveqdahl and Valatin(25,26).  In a s tudy of  13 schizo- ". 
phrenics  ( c a t a t o n i c s  and "acute  r e s t l e s s "  c a s e s ) ,  an  increased "bi-  

s u l f i t e - b i n d i n g  subs'tance" w a s  found. In  appraximately 50% of t h e  

cases s t u d i e s ,  pyruvic  acid l e v e l s  were e l eva ted  while  e l eva ted  

l a c t i c  a c i d  l e v e l s  were found in 33%. 

C h o l ~ s t e r o l  l e v e l s  in t h e  blood were i n v e s t i g a t e d  by Stenberg 
P 

(27) who found t h a t  in  a t'est group of 21 cases  of "s t rong emotional 

d is turbance"  high c h o l e s t e r o l  l e v e l s  were observed. When i n s u l i n  
4 

t reatment  was success fu l ,  c h o l e s t e r o l  l e v e l s t e n d e d  t o b e  decreased. 

I n  s i x  cases  of schizophrenia  "without emotional dis turbance",  
r 

i n s u l i n  t reatment  had nq the rapeu t i c  value and c h o l e s t e r o l  i n t h e  / 

'.h # 

blood was found t o  be s l i g h t l y  h igher  a f t e r  such t reatment .  Je l lgnek 



<- 

and Looney (28)  noted a seasonal  v a r i a t i o n  $n c h o l e s t e r o l  l e v e l s  

i n  t h e  blood, namely a lower l e v e l  i n  t h e  win te r  and a peak i n  

~ l a t e  summer, ' - t 
The body's cho l ine rg ic  system, meanwIiil became a t a r g e t  f o r  

t I . Choline l & e l s  i n  'cerebrospfnal  f l u i d  w 
/ 

found by Yuki ' 

be e l e v a t k d ~ n  2 1  o r  31 cases  of  "genera l  p a r a l y s i s  pf t h e  

Moreover, e l e 6 t e . d  chol ine  l e v e l s  were a l s o  observed i n  6 of 

tics, i n  11 o r  23 manic-depressives, i n  9 o r  20 schizophren- 

i c s ,  and only i n  1 of 8 neurosyphil  p t i c s  o r  cases  of  t abes  d o r s a l i s .  

A r i s e  in cho l ines te rase  a c t i v i t y  i n  blood serum of "anxious n e u r u  

t i c s "  and a f a l l  that a c t i v i t y  i n  c a t a t o n i c s  and e p i l e p t i c s  

observed by Tod and- ones (30.). cho l ines te rase  a c t i v i t y  was found by 

Birkhzuser (31) t o  be increased i n  cases  of meningococc~l  and 

t u b e r c u l i n  meningi t is  and only s l i g h t l y  i n  cases  of schizophrenia .  

Crea t ine  l e v e l s  i n  t h e  u r i n e  of 50 cases  o f  schizophrenia  

were-normal (32) a s  were acetone l e v e l s .  p-~~droxjTbutyr ic  

a c i d  was, however, e levated  i n  16 cases.  S to ra  and Tcherneakofsky 

(33)  had previous ly  s tud ied  20 p a t i e n t s  (8  c a t a t o n i c s )  and found - 
t h a t  1 4  s u b j e c t s  showed hyperc rea t inur i a  with no c o r r e l a t i o n  t o  

4 
c a t a t o n i c  s t a t e s  o r  endocrine funct ions .  

I n  1938, Quas te l  and Wales ( 3 4 )  published a n  a r t i c l e  which 

must be c r e d i t e d  with ini t ia t -  t h e  f i rs t  metabolic-experimental 

a r t i f a c t  debate i n  schizophrenia research.  They claimed t h a t  

c a t a t o n i c  p a t i e n t s  showed a l o s s  i n  a b i l i t y  t o  excrete> h ippur ic  

a c i d  a t  normal r a t e  a f i e r  o r a l  adminis t ra t ion '  of  sodium 

benzoate ( t e s t  group of 18 c a t a t o n i c s ) .  ~ t r 6 m - ~ l s e n ,  e t  a l .  (35) 



claimed t h a t  a me a b o l i c  d is turbance  i n  t h e  l i v e r  d e t o x i f i c a t i o n  i 
of benzoic a c i d  d id  n o t  appear  t o  be c h a r a c t e r i s t i c  of  c a t a t o n i a ;  

i n  only 5 of  28 of t h e i r  c a t a t o n i c s  and i n d n l y  6 o f  34 un- 
4 

d i f f e r e n t i a t e d  schizophrenics  were exc re t ion  r a t e s  below normal. 
I 

Quas te l  and Wales (36) then  publ ished resu lks  of a n  intravenous ' 
study t o  support  t h e i r  argument. They at tempted t o  r u l e  out  

d i f f e r e n t i a l  r a t e s  o.f absorpt ion  from t h e  g u t ,  a w e m o n s t r a t e d  
I 

an improved a b i l i t y  t o  de toxi fy  benzoic a c i d  a f t e r  mental bmprove- 
if t * 

ment a s  a r e s u l t  o f  metrazole t reatment .  Davies and Hughes (37)  "L 

repohted dslayeda exc re t ion  of h ippur ic  a c i d  i n  40 of 75 p a t i e n t s  
1 

J 
with u n d i f f e r e n t i a t e d  mental d i so rde r s  and i n  15 of  17 ca ta ton ics .  

However, they claim "while  f a u l t y  d e t o x i f i c a t i o n  is- more r e a d i l y  
I) 

demonstrated i n  c a t a t o n i a  than  i n  any o the r  mental condi t ion ,  it 

does not seem t o  be s p e c i f i c  f o r  t h i s  d isorder ."  Finkelman, * 
e t  a l .  (38) found f a u l t y  d e t o x i f i c a t i o n  i n  5@ of h i s  cases  of 

c a t a t o n i a  and " d e t e r i o r a t  ed epilepsy1'.  A r e i n v e s t i g a t i o n  i n  

1944 by Michael, Lobney, and Boricovic (39)d found t h a t  h i p p ~ r i c  

a c i d  exc re t ion  i n  normal c o n t r o l  s u b j e c t s  and s c h i z d h r e n i c s  
.i- were slmilar . 

~ o r p h g r i a  research  spawned two papers i n  schizophrenia  

research.  Scheid (40)  observed marked hemolysis during f e b r i l e  

episodes i n  schizophrenia.  Just before t h e  psychot ic  episode, an 

e ry th rocy tos i s  occ ed with low co lo r  index and w i t h  small erythro-  

c y t e  c e l l s .  A taken  s e v e r a l  days l a t e r  showed a  
I 

co lo r  index of 1 , O  o r  higher  with normal-sized e ry th rocy tes .  

The osmotic r e s i s t a n c e ,  which was normal before t h e  attack, 



~ * I " & b i l i k u b i n  was e levated  increased  dur ing  t h e  ep sode. 
. I  h, was increased.  The s l i g h t l y  and e x c r e t i o n  pf coproporphyri  

r a t i o  of urobi l inogen t o  hemoglobin exc re t ion  was abnormal, 
\ 

- although t h e  r a t i o  of u r i n a r y  t o  f e c a l  urobi l inogen was normal. 

Porphyrins of sel;ies 1/11 and uroporphyrin were absent  (41) .  

Blood his tamine l e v e l s  were found 60 bs unelevated (42) .  

Bromide l e v e l s  of  blood w e E  lower &one study ( 4 3 )  with iod ide  
-. 

elevated .  A f u r t h e r  s tudy of  172 p a t i e n t s  f a i l e d ,  however, t o  
, 

manifest  such a bromide 8 m i n u t i o n  ( 4 4 ) .  

S tud ies  on t h e  pharmacological a c t i v i t i e s  of  t h e  cg rebra l  

s p i n a l  f l u i d  of  s fn izophr  d c s  commenced during t h i s  per iod.  

11  Le Grande and A n d e  (45)  produced a  c a t a t o n i c  stupor" by in-  

j e c t i n g  c e r e b r a l  s p i n a l  f l u i d  from a schizophrenic  i n t o  rats. 

Heating t h e - f l u i d  30 minutes a t  44' C destroyed t h e  a c t i v e  

p r i n c i p l e .  c e r e b r a l  s p i n a l  f l u i d  from normals produced no 

s i g n i f i c a n t  e f f e c t .  Claude, e t  a l .  (46)  demonstrated an-'inhibit- 

ing  a c t i o n  o r  no a c t i o n  a t  a l l  on t;e development of  t h e  g e n i t a l  

t r a c t  i n  t h e  immature male mouse. S t i m u l a t o ~ y  a c t i o n  i n  t h i s  
u 

system was not  observed by t h e s e  authors .  

An i n t e r e s t i n g  model system was t h a t  o f  Hermnn and Barbour 

(47) ; In t roduc t ion  of  0 . 1  - 0.3 cc 2 ~ 2 ~  over  t h e  p a r i e t a l  

c o r t e x . o f  r a t s  through a p ~ e v i o u s l y  prepared t r e p h i n a t e d  hole  

induced a  c a t a l e p t i c  s t a t e  wi th in  minutes. The e f f e c t  . l as ted  

many. hours, occas ional ly  beil;r:g evldent  on t h e  next  day. 
4 'i "% 

Ultimately,  complete recovery was m ~ v e d .  4 



Hofmannf s ( 4 8 )  a c c i d e n t a l  i n t o x i f i c a t  ion  wi th  d- lyserg ic  

a c i d  diethylamide t a r t r a t e  i n  1943.had an i n d i r e c t  s t imulntory  

e f f e c t  on bipchemical t h e o r i s t s  i n  schizophrenia research .  The L - , - 
f i r s t  hypot&esis t o  ,emerge was t h e  Transmethylation Hypothesis 

v a r l e y - M a s o n ,  Osmond, and Smythies (1952) ( 4 9 ) .  The sugges- 
h 

t i o n  a s  made a t  t h a t  t ime t h a t  mescaline (Z) o r  some r e l a t e d  

compou t, d might be e a s i l y  synthesized i n  t h e  body from normal 

precursors  i f  a biochemical l e ~ i o n ~ d e v e l o p e d  i n  t h e  body i n  t h e  
- 

' - t rans-methylat ion func t ion  of  t h e  ad rena l  medulla.  h he more 

recen t  locctle f o r  t h i s  l e s i o n  has  been c e r e b r a l  catechol-Oamethyl - 
t r a n s f  e rase  ( COMT) ) . The o r i g i n a l  paper suggested a t r a n s -  

methylation of n o r a d r m a l i n , t o  0-methylated d e r i v a t i v e s ,  - 
such a s  1-(3, 4-dimethoxyphen~l)-2-aminoethanol(4) and 

3 ycl 

1- (3-hydroxy-bmethoxyph 2-aminoethanol ( 6 ) .  A t  t h i s  time, no 
h) 

data  on deac t iva t ion  p of b i o l p g i c a l l y  a c t i v e  endogenous 

v i r t u e  of  t h e  s t r u c t u r a l  catecholamines was a-vai lable  (50) .  

s i m i l a r i t i e s  t h e s e  compounds shared w i t h  mescaline (0 it was 

hoped t h a t  t h e s e  compounds would show psychoactive p r o p e r t i e s .  

They noted i n  pass ing  t h a t  1-(3, 4-dimethloxyphenyl)-2-aminoethane 

(2) .  a "cata%nicl '  i n  animals ( a s  demonstrated by Noteboom -and 

animals.  

During t h e  next twenty four  years ,  t h e  Harley-Mason, Osmond 

a ~ d . S r n y t h i ~ s  ypothes is  was explored p a r t l y  from a the rapeu t i c  4 x., 



4 -- - - -- 

pain$ of view. Acting on t h e  suppos i t ion  t h  eed such f a u l t y  

methylat ion , ( o r i g i n a l l y  app l i ed  t o  t h i s  hydothesis,  l a t e r  

couched i n  terms of t h e  methylated tryptarnines) d i d  occur i n  

s c h i z o p h r e n T  group of c l i n i c i a n s  i n i t i a l l y  a s s o c i a t e d  w i t h  
. . 

t h e  Saskatch, n mental h o s p i t a l  advocated adminis t ra t iof i 'o f  - P 

a a  b ib log ica l  methyl .acceptort '  i n  t h e  form of n i c o t i n i c  a c i d  o r  

nicotinamide ( 5 1  - 57) .  Work of Sydenstr icker  and Cleckley ( 5 8 ) ,  
4 

. - 

Lehman (59), and Washburn (60) had shown a b e n e f i t  of  n i c o t i n i c  . 
a c i d  i n  t r e a t i n g  psychot ic  p a t i e n t s  showing . no d e t e c t a b l e  

s p p t o m s  a t t r i b u t a b l e  t o  p e l l a g r a .  ~ l t h o u g h  pro- b 
1 

, 
mising r e s u l t s  have been repor ted 'by  t h e  group propossing such 

therapy ( 5 1  - 571, o t h e r s  have f a i l e d  t o  v e r i f y  t h e  r e s u l t s  

'claimed (61  - 7 5 ) .  I n  a n  e d i t o r i a l  support ing t h e  advocates 

of t h i s  chemotherapeutic approach ( ~ u x l e y  I n s t i t m e  - CSF 
I I ~ e w s l e t t e r )  , Hoffer (76)' decr ied  t h e  workers, ( t h a t )  have 

examined simple components of t h e  megavitamin approach %but have 
ff r .  

ignored t h e  bas ic  r e p o r t s  o f  orthomolecular p s y c h i a t r i s t s + a n d ~  

have made no a t t e m p t  t o  reproduce t h e  complete program." The 

complete program has been descr ibed (77) as one c o n s i s t i n g  of 
t t h r g e  , . s t eps :  (1) ~ o n s u l t a t b n  with t r a i n e d  psychological  

personnel ( t e s t i n g  with Hoff er-Osmond d iagnos t ic  qu iz )  (78)  ,? 

t h e  ( npa t i en t  ~ u l t i d i r n e n s i o n a l  Psych ia t r i c  s c a l e )  I. M. P. S. t- 
(791, and the E x p e r i a n t i d  World Invgntory (80); ( 2 )  Psycho- 

therapy coupled with appropr ia t e  chemotherapy, a s  w e l l  a s  

i n i t i a t i o n  of megavitamin therapy ( l a r g e  doses of Vitamin B3 , 

( ~ i c o t i n a m i d e ) )  and Vitamin C, o r a l l y  o r  by i n j e c t i o n ;  3 Elec- 
/ ' Vi tamin  B3 de f i c i ency .  



t r o s J i 6 q t h e r a p y  coupled w i t h  cont inued chemotherapy and rnega- 

/ 
vi tamin  the rapy .  Linus Pau l ing  in t roduced  t h e  words "or tho-  , 

\ 

h o l e c u l a r  p sych ia t ry"  i n  1968 t o  d e s i g n a t e  t h i s  t h e r a p e u t i c  

approach and subsequent ly  a f u l l  book of t h e  same t i t l e  was 

publ i shed  i n  1973 ( 8 0 ) .  ' Paren the t \ i ca l ly ,  i n j e c t i o n s  of d i c o t i n -  
'5 

amide adenine  d i n u c l e o t i d e  mg k g  have been shown t o  
. 

have a s u p p r e s s i v e  e f f e c t  on response r a t e s  i n  rats on Sidman 
I P  

avoidance schedule ,  sugges t ing  that  t h i s  compound i s  a c e n t r a x  

nervous system d e p r e s s a n t  ( 8 1 ) .  

4 r, 
I n  1955', t h e  P r o t e i n   actor hypo t&s i s  was f i r s t  a r t i c u l a t e d .  

~ k e r f e l d t  ( 8 2 )  r e p o r t e d  that serum. obta ined .from p a t i e n t s  wi th  

menta l  d i s e a s e ,  i n c l u d i n g  sch izophren ic ,  han ic  dep res s ive ,  and 

s e n i l e  psychoses, had t h e  c a p a c i t y  t o  o x i d i z e  N,N-dimethyl-p- 
\ \ phenylene diamine (DPP) more r a p i d l y  than  d i d  serum from c o n t r o l  

s u b j e c t s .  I=* was p o s t u l a t e d  a t  that t ime t h a t  e l e v a t e d  ce ru lo -  

plasmin was resporfsible f o r  t h e  r a p i d  o x i d a t i o n  of DPP, and 

i that,. such a d i a g n o s t i c  t o o l  might be  hellpful  i n  t h e  h o s p i t a l s .  

Wurtman, e t  a l .  ), however, could n o t  d u p l i c a t e  

AkerSe ld t l s  f i n d i n g s ,  as w e l l  t b t  t h e  t e s t  does  n 

i n  f a c t  measure serum ceru lop lasmin  c o n t e n t .  The t e s t  was found a --, 

'-to be s e n s i t i v e  t o  l e v e l s  i n  plasma a s c o r b i c  a c i d  (84), &tary 
4 f a c t o r s  and d i s e a s e ,  t empera ture  and pH. Recent ly ,  Alias, .et 

+ 
a .  (85 ) ,  doted a s i g n i f i c a n t  i n c r e a s e  i n  serum ceru lop lasmin  

- - -- 

i n  sch izophren ia  ( a c u t e  cases ,  , p a r t i c u l a r l y  c a t a t o q i c s )  and i n  

women u t i l i z i n g  6ral c o n t r a c e p t i v e s .  - 
s t a r t i n g 4 i n  1957, ~ e a t h ;  e t  al: (86-89) i s o l a t e d  t h e  first 

J 
of t h e  p r o t e i n  f a c t o r s  from t h e  serum of sch izophren ic s .  

f 



-4 spec i f  i c  sub'fract ion  o f  'schizophrenic gagma G immunoglobulin 

(90)  . The readmin i s t r a t ion  o f  t h i s  f a c t o r  t o  monkeys (901, non- 

psychot ic  human volunteers ,  and schizophrenic  p a t i e n t s  i n  - 
remission was claimed t o  produce schizophrenic- l ike  symptoms 

3- 
( 9 1 ) .  Attempts t o  confirm Heath1 s t a r a x e i n  work have been 

successfu l  (92 - 94) i n  a few l a b o r a t o r i e s  but unsuccessfu l  i n  
a 
\ 

o t h e r s  (95 - 96) .  In any case ,  it i s  i n t e r e s t i n g  t o  note  t h e  

chameleon na tu re  of t h i s  theory .  Taraxein was o r i g i n a l l y  
e 

bel ieved t o  be a coenzyme o r  a cd-fac tor  d ia lyzab le  from a 
3 

prdin  f r a c t i o n ,  poss ib ly  a small molecule ( p o s s i b l y  a n  indole)  
I 

( 9 2 ) .  Most r ecen t ly ,  Hea ced t h e  p o s s i b i l i t y  t h a t  

schizophrenia  i s  a  g e n e t i c a l l y  c a r r i e d  (97) autoimmune r e a c t i o n  
1. 

( g o ) !  "tj 
d + 

I n  1960, Frohman, e t  a l .  (98)- .found t h a t  chicken erythro-  
I 

c y t e s  incubated with plasma from schizophrenics  had h igher  

l a c t a t e  t o  pyruvate r a t i o s  than  those  incubaled with plasma 
-% 

from normals. Resu l t s  with rat diaphragms manifested a s i m i l a r  
h 

t r end ,  with both carbohydrate metabolism syn thes i s  

being i n h i b i t e d  (99,  100) . I 

This f a c t h r  was a f f e c t e d  'by and temperature and appeared 
\ 

t o  be -an  a-globul in o r  a  p r o s t h e t i c  group a t t a c h e d  t o  a n  

a-globulin.  Frohman ( 101) on a s i n g l e  b l ind  b a s i s  demonstrated 
il r 

that schizophrenics  could be  d i f f e r e n t q e d  from non-schizophrenics 

by t h e  above t e s t s .  Subsequently, Frohman (102) repor ted  t h a t  

normal sub jec t s  should be moderakely exerc ised  i n  o rde r  t o  e l i -  



- - - 
tit t h e  d i f f e r e n c e s  r e p o r t e d .  Frohman (-103) a l so .  r e p o r t e d  thp* 

x, 
t h e  sch%zophrenia plasmic f a c t o r  s i g n i f i c a n t l y  i n c r e a s ~ d  t r a n s -  - 

t., 
p o r t  o f  g lutamic a c i d  and h i s t amine  a c r o s s  membranes o f  chicken 

4 I / 
ey-throcyte~";with l y s i n e  and methionine t r a n s p o r t  u n a l t e r e d .  

I n  May, 1972, accoun t s  o f  " ~ l u e s  t o  ~ c h i z o p h r e n i a "  appeared - 

i n  t h e  popula r  p r e s s  ( 1 0 4 ) .  A t  a n  annua l  mee t ing<of  t h e  

American P s y c h i a t r i c  Assoc i a t i on ,  Frohman announced in ' t eg ra t ion  
d 
of t h e  Tryptamine Transmethyla t ion  Hypothesis  (below) and h i s  

own P r o t e i n  n actor( s )  . I R d i c a t i o n s  t h a t  such a n  i d e o l o g i c a l  

mating had been envisaged occur  i n  t h e  l i t e r a t u r e  as f a r  back ' 
- 

4 7 
a s  1968 ( 103) .  Frohman (-106) r e p o r t e d  f?is p r o t e i n  f a c t o r  was a 

"\ ', 
' s p e c i f i c  and homogeneous> a-2 g l o b u l i n  F a c h r .  Among t h e  pro- 

? . -  
_ t e i n  samples from p a t i e n t s  w i t h  s ch i zophren ia ,  v a r i o u s  percen- 

t a g e s  o f  a - h e l i c a l  c o ~ f o r m a t i o p  (up  t o  74%) wdre found, with. a l l  
> 

p a t i e n t s  hav ing  t h e i r  p r o t e i n  i n  t 'h is  conformation on one o r  - -  

rmre ockas ions .  Among a-2 g l o b u l i n  samples from h e a l t h y  con-Lrols, 

e i t h e r  t h e  $ and/or  random-chain conformat ion were found. 9 

Previous ly ,  Frohman ( 107) had c o r r e l a t e d  up take  o f ,  t r yp tophan .  

by ehi'cken e r y t h r o c y t e s  w i th  amount o f  a - h e l i x  i n  h i s  -2  

samples and r e p o r t e d  t h a t  I I c o u n t e r a c t i n g  protein!', 
0 

i s o l a t 2 d  f rom ch ickens  (108). d e s t r o y s  t h e  a-hd,lix whenrmixed 
w 

~ i t h  t h e  sch izophren ic  a-2-globul in  samples. He sugges ted  t h a t  

tb2 i n t e r a c t i o n  more c l o s e l y  resembled a n  enzymatic p roces s  

;kzn a n  an t ibody-an t igen  procesq (107) .  I n  1 9 ~ 1 ~ ~ F r o h r a n ,  e t  

2 .  (109 )  revlew2d p r o p e r t i e s  o f  t h e  " # ~ - ~ r o t e i * "  and r e p o r t e d  

t ryp tophan  (and  most probably 



I I l i m b i c  a r e a s )  of t h e  b r a i n s  o f  rats  p r e t r e a t e d  w i t h  S - ~ k t e i n "  

and t h a t  work ww7 c u r r e n t l y  toward a b e t t e r  d e f i n i t i o n  

of  t h e  " locus"  o f  t h i s  subs  cow b ra ins .  I n  1972, 
C 

G o t t l i e b  (104) '  r e p o r t e d  t h a t  t h e  presence  of a second p r o t e i n  

("anti-S- rotk kin") t h a t  c o n t r o l l e d  t h e  a b i l i t y  o f  "s-prote in"  

'C  t o  s t i m u l a t e  t h e  up take  of t ryptophan.  It a p p e a r s  from a  sub- 

I I s equent  r e p o r t  t h a t  Frohrmn and G o t t l i e b  (110)  c o n s i d e r  a n t i -  

I t  S -Pro t  s i n "  synonymous wi th  t h e i r  count e r a c t i n g  p r o t  e in"  i s o -  

l a t e d  from ch icken  b r a i n s  (108). I n  a s tudy  t h e  d i s t r i b u -  

I I t i o n  and  mechanism o f  a c t i o n  o f  t h e  a n t i - % p r o t e i n u  i n  human 

11 b r a i n  (110), 'Frohmn, e t  a l .  p r e s e n t  da t a  t o  sugges t  t h a t  a n t i -  
' 

S-p ro t e in"  a s s e r t s  i t s  a c t i o n  by changing t h e  conformat ion of 

t h e  " S-pro te in"  which i s  i n c i d e n t l y  i n  c o n t r a d i c t  i o n  t o  p rev ious  

s p e c u l a t i o n s  (107). ~ d d i t i o p & l c ~ ,  i n  sch izophren ia ,  i n c r e a s e d  
- L 

s e n s i t i v i t y  of t h e  "s -pro te in"  i s  t h e  r 
/ 

/ 
vity o f  t h e  "an tF-S-pro te in"  a s  shown rcentage inhibit-on 

o f  "s- rot sin1'- s t  imulat  ed t ryp tophan  up take  i n  ch icken  e ry thro-  

c y t e s  by e x t r a c t s  of va r ious  a r e a s  o f  human b r a i n s  (normals  

r e l a t i v e  t o  s c h i z o p h r e n i c s ) .  

Cowen (111) main ta in s  t h a t  Transcepha l ic  D i r e c t  Current  

( ICEC) p o t e n t i a l s  may be  used t o  diagnose sch izophren ia .  TCDC 

p o z e n t i a l s  are s l m l y  changing v o l t a g e s  t h a t  can  be measured- 

C-ier s p e c i f i e d  d\Flok - emissary v a i n  l o c i  o n  t h e  i n t a c t .  s u r f a c e  

of f h ~  head. Cowen (112) a t tempted  t o  mate h i s  method t o  t h e  

t h e o r i e s  of F'rohmn, et a l .  (101  - 110) w i t h  d a t a . r e c o r d e d  

(doub le  b l i n d )  showing a  h igh  in:idence of  TCDC p e c u l g r i t i e s  



i n  p a t i e n t s  with S-Protein abnormali t ies .  

Work sn i s o l a t i o n  and i d e n t i f i c a t i o n  of p r o t e i n  f a c t o r s  

from schizophrenic plasma was a l s o  s t imula ted  by a  r e p o r t  o f  

Winter and F la take r  ( &) i n  1959. I n j e c t i o n  of human blood 

plasma o r  serum i n t o  rats previous ly  t r a i n e d  t o  climb a  rope 

decreaszd t h e  animals1 climbing speed (114). c r u c i a l l y ,  plasma 

from psychotic donors slowed t h e  animalsr  performance dramat i -  

c a l l y  more so  than  did plasma from non-psychotics. A number of 

~ n v e s t i ~ a t i ' r s  have s ince  made e f f o r t s  t o  reproduce and extend 

t h e s e  f indings .  using whole plasmas, Bergen, e t  a l .  (115, 116) 

obtained p o s i t i v e  r e s u l t s ,  whereas Haddad (117) and Sanders, e t  

a l .  (118) could f i n d  no systematic  d i f f e rences  between p a t i e n t s  
6 

and c o n t r o l  samples, Negative r e s u l t s  with whole s e r a  have been 

repor ted  by Ghent and Freedman (119) )  by Haddad (117)) and by 

Bergen, e t  a l .  ( 115).  

Serum f r a c t i o n s  (120) were u t i l i z e d  i n  two separa te  s t u d i e s  

by a  group a t  Buffalo (121, 122) and a group i n  Worcester (115, 

115, 123) .  Both groups have repor ted  marked r e t a r d a t i o n  of 
5 - .. - 

rope climbing a b i l i t y  of r a t s ,  and s i g n i f i c a n t l y  more- re tarda t ion  

w i t h  schizophrenic donors than  from con t ro l s .  On t h e  o t h e r  hand, 

negat ive r e s u l t s  have been found by i n v e s t i g a t o r s  a t  t h e  New 

Jersey  Bureau of  Research i n  Neurolow and Psychiatry (124, 

125). Serum f r a c t i o n s  were assayed as a p l a s m  g l o b u l i n  pre- 

c i p i t a t e  (PGP). ip t h e  case  of  t h e  Worcester g oup and contained ra, 
a-2; p, and y-globulins. The Buffalo group u t i l i z e d  " ~ o h n  

Frac t ion  111" which a l s o  containe'd a-2, $, and y-globulins. 



Axelrod, e t  a l .  (126)  conducted a r e i n v e s t i g a t i o n  of t h i s  work 

and found no d i f f e r e n c e  i n  rope-climbing t ime between serum 
i 

f r a c t i o n s  (normal versus schizophrenics) .  f 

I n  1962, Friedhoff  ahd Van Winkle (127, 128) repor ted  a 

\ 
?ir&y+clf-in-positive "p ink  spot" which',did n o t  occur  a s  o f t e n 9 n  

paper chromatoglaphie a n a l y s i s  o f  t h e  u r i n e  of c o n t r o l s ,  and 

t e n t a t i v e l y  i d e n t i f i e d  it a s  1-(3,4-dimethoxypheny1)-2-aminothane ( 2 ) .  w ,  

These r e p o r t s  were t o  c a t a l y s e  a reemerging i n t e r e s t  i n  t h e  

Transmethylation Hypothesis of  Osmond, Smythies, and Harley- 

-'? 
Mason and spafk a  tremendous experimental  and t h e o r e t i c a l  

', 
controversy.  The o r i g i n a l  f i n d i n g  has  been var ious ly  supported 

(129 - 136) and dknied (137 - 150). Surqa r i e s  of a v a i l a b l e  data  

have appeared (80, 150 - 157) from time t o  time. A s  t h e r e  a r e  

no v a l i d  reasons t o  ques t ion  t h e  l abora to ry  competence of t h e  

a many i n v e s t i g a t o r s  r e p o r t i n g  such con t rad ic to ry  r e s u l t s ,  t h e  
b 

I apparent  discrepanc es  must l i e  not i n  t h e  da ta ,  but i n  i t s  t / 
i n t  ep re ta t ion .  ~ a r i o u k  methodologies have been app l i ed  by 

'J 
' b 

var ious  r e sea rcher s  and any meaningful statement a s  t o  t h e  

presence o r  absence of m e s e  substances must be accompanied by 

a  c l e a r  expos i t ion  of  t h e  s e n s i t i v i t y  and d e t e c t i o n  range o f  

c the methods employed. O f  added impact, c r i t i c i s m  of  the,  o r i -  

g i n a l  f i n d i n g s  has cautioned i n v e s t i g a t o r s  t o  be more cogniscent 

of' d i e t a r y  a r t i f a c t s  (136, % 139, l50,  158 - 9, 1-63]; metabolrttes" ' A-  

of medication (160) and non-spec i f i c i ty  of a component f o r  a i 
p a r t i c u l a r  disordgr  ( 140, 159, 161 - , 163) .  

- 

In 1966, two papers  appeared on t h e  pharmacolo& of  1-(3,4-dim .r- 



methoxypheny1)-2-aminoethane (2 ) -  i n  ,norm@ human s u b j e c t s  . 1-(3.4- 

~imethoxyphenyl)  -2-minoethane  ('2) was found t o  be i n a c t i v e  i n  hu- 

mans when given i n  o r a l  doses  comparable t o  m e s c a l i n e ( ~ )  (164;165). 

Vojtechovsky (166) and Perry (167) have a l s o  adminis tered t h e  

compound t o  humans without e f f e c t .  Previously,  Smythies and 
i i 

,Sykes ' (168 - 170) had repor ted  t h a t  t h i s  compound lacked t h e  

c h a r a c t e r i s t i c s  of hal lucinogens i n  condi t ioned avoidance 

response (CAR) s t u d i e s  w i t h  r a t s .  The l a c k  of a c t i v i t y  i n  normals 

of 1- (3, 4-dimethoxyphenyl) -2-aminoethane ( 2 )  can poss ib ly  be 
\ 

N 

=? 1* 

explained by assuming t h a t  deaminakion a t  t h e  blood-brain 
d 

b a r r i d - x i s  competi t ive wi th  i n t e r a c t i o n  w i t h  i t s - s i t e  of ac t ion .  
/ 

Preliminary a n a l y s i s  of t h e  u r i n e  o f  those  p a r t i c i p a t i n g  i n  one 

o r a l  experiment (165)- ind ica ted  t h a t  of t h e  l'(3, 4-dimethoxyphenyl) 
* 

-2-aminoethane (2) adminisQred, 0.37% was recovered a s  t h e  

amine and 77.1% was recovered a s  t h e  dimethoxyphenylacetic a c i d  

(77.5% t o t a l ) .  I n  a s i m i l a r  experiment w i t h  mescaline (Z), 2 3 . 9  

was recovered.2s  t h g  f r e e  amine and 18.1% a s  t h e  trimethoxyphenyl 

a c e t i c  a c i d  ( 4 1 . 3  t o t a l ) .  Charalampous (171, 172) ,  u s i n g  

carbon-14 l a b e l l e d  1-(3,4-dimethoxypheny1)-2-aminoethane ( 2 )  ,-J and 

mescaline (0, i n d i c a t e d  a h a l f - l i f e  of 2 . 5  hours i n  t h e  former . 

and 6 hours i n  t h e  l a t t e r .  Moreover, of t h e  9% t o t a l  a c t i v i t y  

recovered i n  t h e  case  of (9, 0 . 3  was t h e  amipe, 9w t h e  

dimethoxyphenylacetic a c i d  ana 1.4% homovanillic ' a c i d .  I n  t h e  

case of '  (0, 6% f r e e  amine, 30$ tcimethoxyphenyl a c e t i c  ac id ,  . 
< 0.1% N-acetyl mescaline and 5$ gluconide of 

dimethoxy-5-hydroqphenyl)-2-aminoethqne were 
2 

recovered (95$ 
, . 



t o t a l  a c t i v i t y ) .  / I 
=. 

Smythies (173) repor ted  t h a t  fol lowing pretreatment  w i f  .t 
< ,  

rnonoamine oxidase i n h i b i t o r  of k s p & i f i e d  type,  l-(3,4-dimethoxy- 

pheny1)-2-aminoethane ( 2 )  IV e x h i b i t s  p r o p e r t i e s  of a hal lucinogen.  

Charalampous (172) r p r t e d  p o t e n t i a t i o n  of  a 1.8 mg/kg i. v .  i n j e c -  

t i o n  of 1- (~ , '4%et  xyphenyl)-2-aminoethak ( 2 )  by pre- t reatment  tmg* N 

with nialamide* (30  o r a l l y  d a i l y )  . - H i s  s u b j e c t s  were drug 

naive and no comparison of e f f e c t s  were made. 

Conclusions drawn from the monoamine oxidase (MAO) i n h i b i t i o n  

s t u d i e s  c o n s t i t u t e  an addendum t o  t h e  o r i g i n a l  hypothesis  as 

proposed by Smythies, ~smond,  and Harley-Mason, s i n c e  one must 

t a c i t l y  presume a &e of genera t ion  of t h e  ttp'sychotogen't i n t r a -  

c e r e b r a l l y .  Once p o s t u l a t i n g  such a s i t e ,  however, t e s t  compounds 
a 

adminiptered e x t e r n a l l y  must be adequately p r m e d  from repu12ion 

or  degradat ion by c e r e b r a l  defenses,  i f  necessary .  

Huszt i  and Borsy (174) showed t h a t  l - (3,4-diqetho 
A 

aminoethane ( g )  and p-tyramine are '  dearninkted by similar enzyme 

systems but d i f  f e ren t  from those  deaminating mescaline (0. 
Previoiis work by A l l e s  and Heegaard (175) and by ~ t e e s h o l t '  (176) 

suggested t h a t  with t h e  i n t r o d u c t i o n  of  a n  i n c r e a s i n g  number of 

methoxy res idues  on t h e  phenethylamine molecule, t h e  s u b s t r a t e  

i s  d ive r t ed  from monoamine oxidase t o  a diamine oxidase.  Takeo and 

Himwich (177) repor ted  t h a t  a considerably l a r g e r  dose of 1-(3,b 
- - - - - - - - - - 

dimethoxyphenyl) -2-aminoethane ( 2 )  r4 thdn of mescaline ( 7 )  CV was 

requi red  t o  produce electro.encephalographic a r o u s a l  i n  t h e  
* 

r a b b i t .  They suggested t h a t  i n  t h e  b ra in  ei th .er  1- (3,4-dimethoxy- 



phenyl f -2-aminoethne (2) 5s more r a p i a l y  inact3vaterT by) moniamlne 
N 

96 
S oxidase o r  t h a t  it does not e a s i l y  p e n e t r a t e  t h e  blood-brain 

f"" b a r r i e a .  Subsequent work by Shah and Hirnwich (178) has  i l id ica ted  
1 z;F 

that monoamine oxidase i n a c t i v a t e s  1i(3,4-dimethoxyphenyl)-2-amino 
N 

ethane ( 2 )  r4 ;o>a;idly than- it does mescaline (L). The pre- 

sence of iproniaz id ' in  t h e s e  i n  v i t r o  s t u d i e s  i n  t h e  incubat ing - 
/ medium ef f ect-iyely depressed t h k  deamination of 1- (3,4-dimethoxy 

? ,  

J 
phenyl)-2-aminoethane (2 )  (178)  and permitted more e f f e c t i v e  pene- 

t r a t i o n  of b r a i n  a r e a s  (179). Deamination of mescaline (z) i n  

mice F i n  i s  not  suppressed by pretreatment  with e i t h e r  
tF 

tranykqprornine:" ip ron iaz id  o r  sernicarbazide (180) . Along 

- t hese  l i n e s  phenelez ine-pre t rea ted  rats showed increased 

response t o  smaller  doses of 1-(3,4-dimethoxypheny1)-2-amino- 
I 

ethane ( 2 )  (181). % 
N 

I n  t h e  r e i n v e s t i g a t i o n  of animal s t u d i e s  by Noteboom (15 - 
17) and DeJong (18), t h e  i n v e s t i g a t o r s  Cession-Fossion, e t  a l .  

(1821, Michaux and Verly (183), and Michaux (184) reconfirmed 

" c a t a t o n i c "  p r o p e r t i e s  of 1- (3, 4-dimethoxyphenyl)-2-aminoethane ( 2 )  
yu 

and e s t a b l i s h e d  a c a t a l e p t i c  dose ( c D ~ ~ )  of  132 mg/kg. Such 

11 c a t a t o n i c "  p r o p e r t i e s  were a l s o  observed i n  s t u d i e s  of Barbeau 
1 

(185), Lusvarghi (186) an  Brown (187) .  Earbeau (185) suggested S 
t h a t  t h e  mode of a c t i o n  of 1-(3, 4-dimethoxyphenyl)-2-aminoethane ( 2 _ )  

'4 

i s  v i a  i n t e r f e r e n c &  (unspec i f i ed ) ,  wi th  t h e  normal metabolism of 

dopamine in t h e  c e n t r a l  &ruous system, P r e p a s ,  & a l .  ( ~ 8 8 )  

have presented prel iminary da ta  i n d i c a t i n g  a d i r e c t  e f f e c t  of 
I 

1- ( 3 ,  4'-dimethoxyphenyl)-2-aminoethane (2) on t h e  b r a i n .  This con- - ? 

* I-Isonicotinyl-2-isopropylhydrazine 
** 2- Pfienylcyclopropylamine 



t e n t i o n  is' supported by Srnythe and Lazarus (189) and shah (190-1).  
P \ 

A formidable argument a g a i n s t  a  cont inuing r o l e  f o r  a c t i v e  

metabol i tes  i n  schizophrenic  s t a t e s  i s  t h e  ex i s t ence  of a c u t e  

I t  and chronic  mechanisms of adapt ion  o r  t o l e r a n c e  ( 1 2 ) .  Toler- 

ance" has been defined a s  (192) "acquired i n s e n s i t i v i t y  o f  a 1 
b i o l o g i c a l  t a r g e t  f o r  a substance a t  any dose". The observat ion  I 
i n a b e h a v i o u r a l t e s t t h a t p r i o r e x p o s u r e t o a d r u g p r o d u c e s  . 

f 

decreased responsiveness t o  t h a t  dryg has been explained i n  

s e v e r a l  ways ( 1 9 3 ) : .  1. Metabolic Tolerance, an  a l t e r a t i o n  i n  

absorpt ion ,  metaboliLh (auto induct ion)  o r  exc re t ion  which reduces 
(, '-=-& 

t h e  co>ncentration of  drug a t  t h e  t a r g &  h ~ s s u e s ;  2. C e l l u l a r  

Tolerance, a  diminished s e n s i t i v i t y  of t h e  t a r g e t  t i s s u e ;  and 3. 

Behavioural Tolerance,  changes which a t i s e  v ia  compensatory 

behavioural  mechanisms. A r e l a t e d  concept, "tachyphylaxis" has  

t l been defined a s  an  inc rease  i n  t h e  amount of a drug requi red  t o  
.Jc" 

produce a  giv& pharmacological e f f e c t "  (194) .  

Chronic i n  j e c t i ~ n s  of 1- (j,4-dimethoxyphenyl) -2-amin~et~hane 

(2 )  a t  doses of'  "more than  10  mg/kg/day over per iods  e x t e n d i n g h o  
1 

6 months 'in rats, r a b b i t s  and monkeys e l i c i t e d  a  p e r s i s t e n t  
.- 

l a k i n e t i c  syndromef " (185). Such a  l a c k  of t o l e r a n c e  has a l s o  

been observed by C a r l i n i ,  e t  a l .  (195) i n  i n j e c t i o n  s t u d i e s  

us ing  r a t s  over a  dura t ion  of 16 days and a t  80 mg/kg. 

I n t  -rest i n  1- ( 3 ,  'I-dimethoxyphenyl) -2-aminoethane ( 2 )  as a 
* 

N 

I I  psychotogen" spurred i n t e r e s t  i n  o t h e r  dur iva t  i v e s  of  r e l a t e d  
I -  

s t r u c t u r e  and p o s s i b l e  b i o l o g i c a l  s ign i f i cance  i n  schizophrenia.  
J 

L i t t l e  and D i l l  (196) noted t h a t  t h e  i n t r a s t r i a t a l  (i. s . )  



inject ion of 1- (3-methoxy-4-hydroxyphenyl) -2-aminoethave (8) 
- N - -  

in rats produced a sminlar pattern of what they referred to as 

I I dykines5asr'<, as did injections of megcaline, m e  similarity 

of effects on the striatum produced by a hallucinogen and a nor- 

mal metabolite of dopamine suggested the hypothesis to these 

authors that pathological accumulation of 1- (3-methoxy-4- .- 

hydroxyphenyl) -2-aminoethahe (8) in the striatum of man could - 
lead to psychotic states (197). 

* 

~ - ~ c e t ~ l - l -  (3,4-dimethoephenyl) -2-aminoethane ( 2 )  was 
\ 

shown to be a betabolite of 1- (3,4-dimethoxyphenyl) -2-aminoethine - 
(2) and to be ten-fold more potent than the parent amine in 

4 9  

producing hypokinetic behaviour in test animals (198, 199). Doses 

ranging from 1.36 - 16.4 mg/kg were without hallacinogenic effect 

I \'man (200). Van Winkle, Schveitrer and Friedhoff (201) 

the metabolism of N-acetyl-1-(3, 4-dimethoxypheny1)-2- 
4 

methoxy ) N-ac tyl-1- ( 3 ,  4-dimethoxyphenyl) -2-aminoethane (a )  was c)  
a d m i n m  to four acute schizophrenics, ;two" chronic 

a, # I 

schi ophre ics and four normal controls. Differences in 
u 

demethylation were observed. Demethylation proceeded at a 
- - 

- - 

faster than norma> rate in acute cases and at a slower than 

norpal rate in chronic cases (203). 4 

\ ~esearch into catecholamine transmethyla on has been % 



conducted t o  answer ques t ions  r a i s e d  by t h e  Transmethylation 

Hypothesis o$ Harley-Mason, Osmond, and Smythies (1952),  namely t 

whetheF methylation o f  t h e  4-hydroxyl i s  a  process  i n  "normalt" 

I I and/or abnormal" deac t iva t ion  o f  endogenous c a t  echolamines. I n  

' 1957, Armskrong, e t  a l .  (204) and Axelrod (205) r epor ted  t h a t  

epinephrin and norepinephrine a r e  t ransmethylated a t  t h e  3- /r T 

hydroxyl i n  t h e  course of normal human metabolism. I n  1963, 

Friedhoff  .and Van Winkle (206) repor ted  t h a t  dopamine could 

converted t o  3,4-dimethoxyphenylacetic a c i d  ( 1 2 ) ,  us ing  l i v e r  
GIN 

obtained from autopsy samples and d e t a p  of t h e s e  
- \ 

experiments were promised a t  t h a t  t ime t o  be forthcpming (207) .  

To date, ,  f u l l  d e t a 5 l s  have not  been published. 

I n  1959, Senoh, ' e t  aL: (208) showed, t h a t  crude p repara t ions  

of catechol-0-methyl ' t r a n s f e r a s e  ( S-~denosylmethionine: 
==% 

~atechol-O+me$hyl - t r a n s f e r a s e ,  E. C. 2.1.1.6) can methylate  

ca techol  d e r i v a t i v e s  i - e r  t h e  para or  meta p o s i t i o n s  (208) .  Q - - 
This work was conf i r rkd  by o the r  i n v e s t i g a t o r s  us ing  perfused 

r a t  l i v e r  p repara t ions  (209 - 212) a s  wel l  a s  p repara t ions  of 
F F 

catechol-0-methyl t r a n s f e r a s e  from r a t  l i v e r  (213 - 218). 

Frgre and Verly (219) repor ted  a 250-fold p u r i f i c a t i o n  of t h e  

enzyme without sepa ra t ing  t h e  -- meta-0-methylating from t h e  -- para-0- 
. - . - 

rnethylating a c t i v i t i e s .  No d i m e t h y m i o n  of  noradrenal ine could I 

be de tec ted .  Two isoenzymes were separa ted  by ge l  e lec t rophor-  

e s i s ;  they each i n d i v i d u a l l y  0-methylated noradrenal ine  i n  t h e  - meta I 
and  ,para p o s i t  ions-  i n  a  r a t i o  m/p s 13. F r s r e  and Verly (220) 

h 

a l s o  demonstrated absence of -- para-0-methylated roducts  when B 



noradr  e n a l  

a u t h o r s  t o  

ne was incubateZd wi th  whole rat  blood, l e a d i n g  t h e  

p o s t u l a t e  p r e f e r e n t i a l  4- 
rE. 

f l u i d s .  S i m i l a r  o b s e r v a t i o n s  were m by Sargent, et (221) 

aminoethane (21, 1 4C, 
TV 

l a b e l l e d  i n  the 3- o r  b m e t h o x y l .  
- 

Creve l ing ,  e t  a l .  (222, 223) and Katz (224) have d i scussed  

f a c t o r s  t h a t  a l t e r  p i p  r a t i o  a s  a p p l i e d  t o  c a t e c h o l  0-methyl - 
t r a n s f e r a s e  i n  v l t r o .  F r i edhof f  has  examined 4 ;~ -me thy la t ion  - 
i n  r a t  l i v e r  (225 - '227) and. claimed t o  i s o l a t e  a mammalian 

enzyme,guaiacol-0-methyl t r a n s f e r a s s  (GOMT), capab le  of forming 
I .  - 

di-0-methyl catecholalpine d e r i v a t i v e s  (228) . - 
Endogenous 1- (4-methoxy-3-hydroxypheny1)- a c e t i c  a c i d  (JJ) h a s  

been d e t e c t e d  by a number of groups i n .  s t u d i e s  on humans ( 2 2 9 ~ 3 3 ) .  
-3 

The preserrde of this 4-0-methylated product  of catecholamine 

metabolism sugges t s  t h a t  4-0-methylat ion i s  a  normal, a l b e i t  - 
minor, *e t abo l i c  pathway r e g a r d l e s s  of t h e  p a t h o l o g i c a l  s ta te  

\ of  t h e  human. 
I 

S t u d i e s  on catechol-0-methyl t r a n s f  e r a s e  a c t i v i t y  havs - 
been undertaken' i n  humans t o  a s c e r t a i n  w h a t . c o r r e l a t i o n ,  if 

any, such a c t i v i t y  bea r s  pon psycho log ica l ly  i n a p p r o p r i a t e  

i f s t a t e s .  Repor t s  by Hors t ,  e t  a l .  (234) and 14%~-1l, a t  a l .  ( 2 3 5 )  

%dicating t h e  presence  o f  a catechol-0-methyl t r a n  r a s e  wi th  - '% 
P. 

high a c t i v i t y  i n  i n t a c t  Ted blood c e l l s  o f  chicken,  ra t ,  and man, 
- - 

\ 
could n&t be reproduced by Gugler ( 2 3 6 ) .  I n s t e a d ,  t h e s e  f i n d i n g s  

(235)  support  a very low catechpl-0-methyl t r a n s f e r a s s  a c t i v i t y  - - 
1 

i n  l y s e d  red blood c e l l s  as descr ibed  by Axolrod ( 2 3 7 ) .  



- 

\ 
Axelrod ' (237)  r e p o r t e d  reduced r ed  blood c e l l  catechol-0-methyl* - 
t r a n s f e r a s e ,  e l e v a t e d  histamine-N-methyl t r a n s f e r a s e  and un- 

a 

\ 

, changed methanol-forming enzyme (238)  i n  women w i t h  primary 

a f f e c t i v e  d i s o r d e r  ( d e p r e s s i o n ) .  . Matthysse and B a l d e s s a r i n i  

( 2 3 9 )  assayed  f o r  S-adenosylmethionine concen ' t ra t ion  and ca t echo l -  

Olmethyl t r a n s f e r a s e  a c t i v i t y  i n  a group of 20 sch i zophren ic  men 

(medicated wi th  ha loper ido l*  o r  thorazine*') and a c o n t r o l  group 

from t h e  same ward w i t h  v a r i o u s  d iagnoses  ( e p i l e p s y ,  ch ron ic  

a lchol i sm,  dep res s ion ,  . . seni le  psychos i s  and seve re  a n x i e t y  

n e u r o s i s .  c o n c e n t r a t i o n s  of blood SAMe were r e p o r t e d  t o  

%e s t a t i s t i c a l l y  i n s i g n i f i c a n t  w i t h  s l i g h t  e l e v a t i o n  

i n  catechol-0-methyl - t ranss fe rase  a c t i v i t y  by t h e  sch izophren ics .  

I n  a p re l imina ry  s tudy  o f  psychopharmacological  response  

of a t e s t  group of f i v e  male s ch i zophren ic s  t o  - L-3,bdihydroxy- - 
phenyl a l a n i n e  (LDOPA), - t h e  two "paranoids"  of t h e  group - I 

s h o ~ i ~ ~ d  exace rba t ion  o f  sypptoms (240) .  Tran, e t  a l .  (241)  
d 

s t u d i e d  decgrboxyla t fon  o f  D, L-dihydroxyphenyl a l a n i n e -  - - - - 
c a r b o ~ l - ~ * C  by e r y t h r o c y t e s ' i n  samples from seven normal 

v o l u n t e e r s ,  f ~ u r  s ch i zophren ic s  i n  remiss ion ,  %nd f i v e  

s ch i zophren ic s  w i t h  h a l l u c i n a t i o n s  and thought d i s o r d e r .  

Z l e v a t c d  ' " ~ 0 ~  produc t ion  was i n d i c a t e d  f o r  t h e  s ch i zophren ic s  

5~12th h a l l u c i n a t i o n s  and thought  d i s o r d e r  were found t o  produce more 

- -, 
l " ~ 0 ~  than normals and r e m i t t e r s .  S t u d i e s  of t h i s  n a t u r e  a r e  of a 

9 
t~ntalizi~gly pre l imina ry  n a t u r e .  

- .  I n  1951, an  a t t cmgt  was-made t o  tkst t k e  z a n s m e t h y l a t i o n  t 
Hypothesis  by f e e d i n g  l a r g e  o r a l  doses o f  = ~ e t h i o n i n e  (10  - 20 g. ) - 

Q * 1~-[4-(~-~luoro~hen~lbutan-l-one) J-'l-('r-~~lorophenyl)-4- 
hydroxypiper l d i n e  H C 1  

** 2-~hloro-l0-[3-(dinethylamino)pro~~l)-~henothiazine I 



I 
9 ,  

t o  schizophrenic pa t i en t s  under conditions postula ted  to  aggravate 

the  abnormality, ~ch izophren ic s  given methionine and iproniazid,  

a monoamine oxidase i nh ib i to r ,  suffered a s t r i k i n g  exacerbation of 
&+ 

psychoses, not produced by e i t h e r  agent alone, nor by any o ther  

amino acid  (242).  Rather s imi l a r  r e s u l t s  were obtained i n  a re- , 

peat  study of the  phenomenon- (1963) by Park, e t  a1 (243). Since 
/? t h a t  time a p le thora  of reports-have confirmed &e i n i t i a l  obser- 

r* 
r 

vations (244-49). Antun, e t  a1 (247.) reported t h a t  excre t ion of 
,.- 

1- (3-methoxy-4-hydroxyphenyl) ethyleneglycol (a) a n d  1- (3-methoxy- 

4-hydroxyphenyl)aceth ac id  (3) was not  elevated during L-meth- 

ionine administrat ion.  However, a preliminary compariBon (247) 

of l e v e l s  of 1-(3-methoxy-4-hydro~pheny1)ethyleneglycol (a)" 
4 

excret ion i n  schizophrenics versus normals revealed'an e levat ion,  

in  general,  of t he  former over the  l a t t e r .  Coper, e t  a 1  (248) 
r 

reported 10 of 20 male and 1 of 6 female pa t i en t s  with increased '-. 
1-(3-methoxy-4-hydroxypheny1)acetic ac id  excre t ion over 16 

normal volunteers.  Af ter  administering methionine (10 g )  only 

4 pa t ien t s  e l iminated an  increased quant i ty  of 1-(3-methoxy-4- 
..r 

hydroxyphenyl)acetic acid;  these  were 4 of 5 a lcohol ics .  
.% 

Israelstam, e t  a l .  (249) reported prolonged excre t ion 

of '"cop i n  t he  breath  of acute schizophrenics following 

adminis t ra t ion of '*C-S-methylmethionine t o  a group of f i v e  

normals, f i v e  schizophrenics i n  remission, t h r ee  acute  

schizophrenics and th ree  depressives. The depressives excreted 
- - - - - 

14c02 most rapidly ,  while the  excre t ion i n  schizophrenics was 

delayed. Cohn, Vesell ,  and Axelrod (250) repor t  isola-tion of 



a me tb ion ine -ac t iva t ing  enz 

s p e c i e s .  

yme i n  1: 

- - 

luman e r y t h r o c y t e s  and o t h e r  

S p r i n c e  (251)  has  advanced some mechanisms f o r  t h e  a c t i o n  of 

methionine o t h e r  t h a n  i n  t h e  t r ansme thy la t ion  o f  catecholamine 

1 1  p ~ y c h o t o g e n s " .  R a t s  f e d  on  v a r i o u s  d i e t s  w i th  excess  

methionine,  homocysteine, o r  c y s t e i n e  manifes ted a marked f a l l  i n  

t h e  e x c r e t i o n  of N-methyl n ico t inamide .  He sugges ted  t h a t  ' - 
methionine o r  i t s  m e t a b o l i t e s  e x e r t e d  , a n  i n h i b i t o r y  e f f e c t  . 

a t  some p o i n t  i n  t h e  t ryp tophan  + kynurenine + N-methyl n ico-  &. 
't 

- 
tinarni.de pathway. Concomittant  w i th  t h i s  dec rease  was a n  

i n c r e a s e  i n  <he e e t i o n  o f  i n d o l e a c e t  a c i d ,  p a r t i c u l a r l y  
/ 

when t h e  d i e t  coli tained a n  e x c e s b f  Sp r ince  (251)  

sugges ted  t h a t '  such a n  e f f e c t  on t ryg tophan  metabolism could be 
4 

accounted f o r  i n  f o u r  ways: 

( a )  I n h i b i t i o n  of t h e  o x i d a t i v e  enzymds i n  t h e  kynurenine 

pathway; 

( b )  L i b e r a t i o n  of f r e e  t ryp tophan  from bound t ryptophan;  

( c )  Formation of - N-methylated d e r i v a t i v e s  o f  t ryptamine;  

( d) Formation of - 0-methylated d e r i v a t i v e s  of t ryp tophan  

The l a s t  two p o s s i b i l i t i e s  o f  Spr ince  supp l i ed  impetus f o r  

a  second Transmethylat ion Hypothesis ,  The Serotopin/Bufotenine/  - 
Oinethy l  Tryptamine Hypothesis ,  which was a r t i c u l a t e d  f o r  t h e  

C f i r s t  t ime  i n  1961 (252), a l though  i t s  r o o t s  go back t o  Bumpus . 

and Page (253). The c l o s e  s t r u c t u r a l  resemblance between 

s e r o t o n i n  (13 and tu fo ten ine( l ' i_ )  promptkd a r e s e a r c h  f o r  a 
CU 



p o s s i b l e  i n  v ivo  i n t e r c o n v e r s i o n  o f  t h e  two. More r e c e n t l y ,  -- 
an i n t e r c o n v e r s i o n  o f  s e r o t o n i n  ( 8 and N,N- dimethylb5-methoxy 

t ryp tamine  ( 13, o r  t ryp tamine  (a  and N, N-dimethyl t ryp tamine  
M 

( 2  has been e n v s a g e d .  Rabbi t  l u n g  was demonstrated t o  
N . .  

posses s  t h e  r e q u i r e d  - i n  v i t r o  methylat ir ig enzyme t h u s  l e n d i n g  

* encouragement t o  t h i s  hypo thes i s  (254) .  A n  a t t empt  t o  f i n d  

bufo ten ine  (19 i n  t h e  u r i n e  o f  f i f t e e n  non-psychotic p a t i e n t s  

was unsuccess fu l ,  but  t h e  m a t e r i a l  has found i n  q u a n t i t i e s  of  

400 i n  25 o f  26 h a l l u c i n a t i n g  sch izophren ic  p a t i e n t s  (252) .  

Confirmation o f  t h e s e  f i n d i n g s  soon fol lowed (255  - 257).  I n  - 
1 1  

,- 

one i n s t a n c e ,  a  bufo ten ine- l ikeq '  subs tance  was found i n  n ine  of 

seventeen u r i n e  samples from f i v e  sch izophren ic  pat . ients  and 

none from t h r e e  menta l ly  d e f i c i e n t ' p a t i e n t s  (256) .  C o n f l i c t i n g  

r e su . l t s ,  however, were ob ta ined  u s i n g  a method claimed t o  be ' 

s u p e r i o r  t o  p rev ious  ones used (258) ;  no bufo ten ine  could be 

found i n  f i v e  normal subj.ects o r  twenty-one sch i zophren ic  

p a t i e n t s .  S t i l l  o t h e r s - ( 2 5 9  - 264) have f a i l e d  t o  conf i rm t h e  A 

* 

presence  of bufo ten ine  i n  t h e  u r i n e  of e i t h e r  normals o r  schizo-  

ph ren ic s .  I n  1967, Himwich, e t  a l .  (265) ,  u s i n g  a  two dimensional  

t .  1 . c .  r e p o r t e d  conjugated bufo ten ine  i n  t h e  u r i n e  of s i x  sch izo-  

% phren ic  s-  and f o u r  mental d e f e c t i v e  . I n  s ch i zophren ic s ,  bufote-  
J-- rl 

n ine  was excre ted  both  f r e s  and conjugated;  i n  t h e  menta l ly  
,? 

d e f e c t i v e  p a t i e n t s ,  only  conjugated b u f o t e n i ~  w a s  found .  More- 
- - - - - + -  

over ,  t h e  a u t h o r s  f e l t  t h a t  t h e r e  was a r e l a t i o n s h i p  between. 

f r e o  bufotenire  exc re t ed  and exace rba t ion  of  p sycho t i c  behaviour.  
r 

Himwich has  publ i shed  numerous conf i rmatory r e p o r t s  s i n c e  t h a t  



t ime (266 - 270'). Wyatt, e t  a l .  (271)  has  r e p o r t e d  t h a t  w i t h i n  

t h e  l i m i t  of s e n s i t i v i t y  o f  t h e  a s say  (.0.5 - 1.8 ng/ml of 
) .  

plas.ma), t h e r e  was no d i f f e r e n c e  amongst normals and p a t i e n t s  

wi th  p sycho t i c  depress ion ,  and a c u t e  and ch ron ic  sch izophren ia .  

Mandell and Morgan (272)  r e p o r t e d  i s o l a t i o n  o f  a n  enzyme, 
f i .  -' 

indol'e ( e t h y l )  amine N-methyl t r a n s f e r a s e ,  i n  human r a i n  and - 4r- <?/ P 
L 

demonstrated i n  v i t r o  convers ion  of  t ryp tamine  t o  N,N-dimethyl- - 
1 

t ryp tamine .  Saavedra and Rxelrod (273) desc r ibed  a similar i n  - 
v i t r o  t r a n s m e t h y l a t i o n  i n  b r a i n  and i n  blood (274) .  t is-tribu- 
t i o n  and p r o p e r t i e s  o f  t h e  t r a n s m e t h y l a t i n g  enzyme' i n  b r a i n  have 

been descr ibed  (275 - 278) ." Tolerance oft t h e  i n t r a v e n t r i c u l a r  

i n f u s i o n  of bufo ten i reand  5-methoxy N , ~ - d i r n e t h ~ l t r ~ ~ t a m i ~ e  
'., 

?, 
has been p r e l i m i n a r i l y  demofiktrated ( 1 2 ) .  Green, Koslow, and 

Costa (279) h e  i d e n t i f i e d  5-methoxytryptamine i n  r a t  hypo- 

thalamus,  u s ing  g.c.-mass spec.  (280)'. An i n t r i g u i n g  paper  

d e s c r i b i n g  t h e  presenece  of  N,N-dimethyltry~tamine~in ra t  

'brain- a t  8 pg/g l e d ,  t h e  a u t h o r s  t o  s p e c u l a t e  acbout t h e  r o l e  

of t h i s  compound i n  t h e  dream mechanisms o f  t h e  b r a i n  (281) .  

O r 2 1  a d m i n i s t r a t i o n  o f  L-5-hydroxytryptophan, t h e  s e r o t o n i n  - - 
p r s c u r s o r ,  wi th  a p e r i p h e r a l  decarboxyl%se i n h i b i t o r  produced 

k 

cild t o  moderate improvement i n  s i x  o f  s even*chron ic  u n d i f f e r -  

e n i i s t e d  sch izophren ics  who were r e s i s t a n t  t o  phenoth iaz ine  
\ 

t r ea tmen t  . .Two o f  f o u r  . chronic  paranoid sch i zophren ic s ,  a l s o  

r e s i s t a n t  t o  phenoth iaz ine  t r ea tmen t ,  d e t e r i o r a t e d  ( 2 8 2 ) .  
4 'a 

-14cisaac (26: - 2E4) descr ibed  a biochemical  hypo thes i s  i n  

1361 t a s e d  on t h e  r e s e ~ b l a n c e  between melatonin ,  a p i n e a l  gland 
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hormone (23) and harmine  ( 2 2 ) ,  t h e  a c t i v e  component of " y a j e "  - - 

of s e r o t o n i n  t o  5-methoxytryptamine ( 2 1 ) ,  me la ton in  ( 2 3 ) ,  and - 
zLI - 

10-nethoxy 'harran (2) . 10-Methoxy harman ( 2 4 )  had been - 
derrionstrated t o  p o s s e s  monoamine o x i d a s e  i n h i b i t i n g  and 

a n t i s e r o t o n i n e r g i c  p r o p e r t i e s ,  as  w e l l  as  b e i n g  a p o t e n t  h a l l u - *  

c i n o g e n .  T h i s  cdmcound a l s o  d i s r u p t s  c m d i t i o n e d  a v o i d a n c e  

r e s p o n s e s  i n  a n i n a l s  ( 2 8 7 )  . YcIsaac ,  e t  a1  ( 2 8 8 )  i s o l a t e d  5- 

methoxy t ryp topho l ,  mela t o n i n ,  5 -hydroxy t ryp topho l ,  5-methoxyin'dole- - 

a c e t i c  a c i d ,  and 5-hydroxyindole-3-acetic a c i d  f rom b o v i n e  p i n e a l  

t i s s u e .  M u l t i p l e  fo rms  o f  hydroxy indo le -0 -methy l  t r a n s f e r a s e  - r 

(289) have been i s o l a t e d  and characb te r i zed .  The metabol ism of 

h e r m a l i n e  i n  ra ts  h a s  been examined (298-291) . $-Carbo l ine  

d e r i v a t i v e s  were r e c e n t l y  i n v e s t i g a t e d  f o r  mode of  a c t i o n  ( 2 9 2 ) .  
fl 

E-:(:ethoxy-1-methyl-1,2,:, 4-tetrahydro-p-carboline (3) had p re -  

- ~ i o u s l y  been r e p o r t e d  t o  s p e c i f ' i c a l l y  e l e v a t e  l e v e l s  of s e r o t o n i n  
/ 

i n  t h e  b r a i n  w i t h o u t  a l t e r a t i o n s  i n  n o r e p i n e p h r i n e  l e v e l s '  ( 2 9 3 ) .  
k 

k Using  rats ,  t h e  e f f i c a c y  of  t h i s  compound was a t t r i b u t e d  t o  a c t i -  

u z t i c r .  of plasira  and l i v e r  5-hydroxytryptophan d e c a r b o x y l a s e  a s  

>:ell 2s a c c e l e r a t i o n  of s e r o t o n i n  u p t a k e  ( 2 9 2 ) .  A d i r e c t  i n t e r - .  

acz ior i  w i t h  r e c e p t o r s  was r u l e d  o u t  by  i n t r a - v e n t r i c u l a r  i n j e c t i o n  
-=-a 

pg of t h e  p - c a r b e l i n e .  + 

Tn lgEG, S p r i n c e ,  e t  a 1  ( 2 9 4 )  pub3ished a n  a c c o u n t  of i s o l a -  - 

- bL:r ' f ron  - t h e  u r i n e  of s c h i z o p h r e n i c s  ( o v e r  c o n t r o l s )  of a sub- 

s h c c e  t e r - i t e t i v e l y  i d e c t i f i e d  as F-hydroxyska to le .  Yrall ,  e t  
d 

+L 



a l .  (295)  a l s o  made a chromatographic s tudy  o f  t h e  u r i n a r y  

l e v e l s  o f  6-hydroxy s k a t o l e  
. . 

and indole-3-acetamide ( 3 
Y 

from a group o f  72 sch i zophren ic s ,  101 manic-depress ives ,  and ' 

- 
55 o t h e r  psychot ic  s u b j e c t s ,  and a comparison was made wi th  , . 

a  group of 76 normal c o n t r o l s .  I n  c o n t r a s t  w i t h  e a r l i e r  f i  d- P i ngs ,  n e i t h e r  compound was s i g n i f i c a n t l y  d i f f e r e n t  i n  l e v e  

i.n t h e  u r i n e  from schizophrenics ,  compared w i t h  t h e  u r i n e  from 
, . 

normal s u b j e c t s .  Spa t z ,  ' st a l .  (296)  i s o l a t e d  5-hydroxy- 3-methyl 

i n d o l e  (5-hydroxy s k a t o l e )  (23)  from t h e  u r i n e  of e p i l e p t i c ; .  
' . ,4 

The Adrenochrome/Adrenolut i n  Hypothesis  o f  sch izophren ia  was 

o r i g i n a l l y  propos$d by Hoffer ,  Osmond, and Smythi,es i n  .19% ( 2 9 7 ) ,  

r e v i s e d  i n  1959 ,(298), i n  1965 (299)  and '1968 (300):  Thd sug- 

g e s t i o n  w a s  made t h a t  s ch i zophren ic s  metabol ized a d r e n a l i n - t o  

adrenochrome ( 9 F'urther,  t h i s  sugges t ion  was .based on t h e  

r e s u l t s  of s e l f - a d m i n i s t r a t i o n  o f  adrenochrome and on r e p o r t s  
#--' 

I1 t h a t  p sycho t i c  r e a c t i o n s  had  o c c a s i o n k ~ ~  r e s u l t e d  when de t e r -  

, i o r a t e d "  o r  "pink" a d r e n a l i n e  was used n e s t h e s i a  o r  by chronic  
1 

asthma s u f f e r e r s  (297 - 300) .  I n  1957, Hoffer  r e  o r t e d  t h a t  . "1 s - 

a d r e n o l u t i n  ( 3 1 ,  a compound , r e l a t e d  t o  adrenochrome ( ~ 8 3 ~ ~  I 

V 

i n  o r a l  doses o f  25 - 50 mg., produced psycho log ica l  changes i h  
hu ran  v o l u n t e e r s  (300  - 304) .  

A review o f  r e p o r t e d  psychotomimetic p r o p e r t i e s  o f  adreno- 

chrome (.23 h a s  been publ i shed  (305) .  I n  view of  i t s  h igh  

chemical  r e a c t i v i t y  (305 - 310) ,  it i s ' d o u b t f u l  i f  f r e e  adreno- 

chrome ( 2 3 . c o u l d  have more t h a n  a t r a n s i e n t  e q i s t s n c e  _ _ - a  i n  vivo.  

However, t h i s  does no t  en t i r -e ly  r u l e  ou t  t h e  p o s s i b l e  existence 
P / 

9 P, 

. 



o f  adrenochrome (pi?), i n  a dynamic ,equil ibrium i n  v i v o  o r  by 
I 

-- 
/ 4 

r e v e r s i b l e  a s s o c i a t i o n  w i t h  some o t h e r  s p e c i e s ,  e.g. a 

n a t u r a l l y - o c c u r r i n g  t h o 1  (311 - 313). 

I n  1961,, I r v i n e ,  e t  a l .  (314) observed a d i s t i n c t i v e  spo t  

i n  paper  chromatographic moni tor ing  of t h e  u r i n e  of v o l u n t e e r s  - 
admin i s t e r ed  l y s e r g i c  a c i d  die thylamide.  A similar spo t ,  c a l l e d  

I I mauve f a c t o r "  because of i t s  E r l i c h  r e a c t i o n ,  was subsequent ly  ' 

observed i n  many p s y c h i a t r i c  p a t i e n t s  no t  s o  t r e a t e d .  The spo t  

was i sog raph ic  w i t h  bufo ton in  and appeared t o  behave as a 

p y r r o l e .  I n  1963, Hoffer  ( 3 l 5 ) ,  p o i n t i n g  t o  t h e  s t a t i s t i c a l  

a ~ s o c i ~ t i o n  wi th  psychos i s  ( n o t  s p e c i f i c a l l y  s ch i zophren ia )  sug- 

ges t ed  t h a t  pe r sons  e x c r e t i n g  m u &  f a c t o r  cou ld  be desc r ibed  

I1 a s  s u f f e r i n g  from a d i s e a s e  c a l l e d  malvar ia"  . Subsequently,  

a s s o c i a t i o n  between mauve f a c t o r  and psychos i s  has  been confirmed 
t ,I 

by some (316 318) arf endorsed by o t h e r s  (319 - )21),  t h e  t 
f a c t o r  be ing  p r e s e n t  i n  30 - 6 6  range of p sycho t i c  p a t i e n t s .  

I r v i n e  and Majer (322)  have i s o l a t e d  a p y r r o l e  by means of a 

new hybr id  two-dimensional t h i n  layer -paper  chromatographic 

system ( " a u t o t r a n s f e r  chromatography"). The "mauve f a c t o r  IV- + 

p y r r o l e  and k ryp topyr ro l e  (3 were shown t o  be i d e n t i c a l  by 

- R f  va lue  and wss spectrometry .  Confirmation was f o r t h c o h g  

(323) and pharmacological  s t u d i e s  (323 - 325) i n d i c a t e d  sedative 

p r o p e r t i e s .  Prel iminary,  f i n d i n g s  i n d i c a t e  d t h a t  p a t i e n t s  with 

i n t  errnittan? po rphyr i  i nc reased  amounts o f  u r i n a r y  

k ryp topyr ro l e  ( 3 3  dur ing  a c u t e  a t t a c k s  (326) .  -The assignment 

of "sch izophren ia t t  may be i n c o r r e c t l y  a p p l i e d  i n  c a s e s  such as 



t h e  above. 

Mattok, e t  

spo t  which they  

E h r l i c h  Reagent 

sch izophren ics .  

a l .  (j27) r e p o r t e d  t h e  presenco  o f  a "gray" % 

fbund u s i n g  paper  chromatographic (modif ied 

sp ray )  a n a l y s e s  of t h e  u r i n e  o f  17 o f  25 

Only 4 of 31 normal s u b j e c t s  showed a grey 

spo t .  A r e i n v e s t i g a t i o n  by Keup, e t  a l .  (328) could not  

conqirm t h e  s p e c i f i c i t y  report-ed; i. e. 59 o f  68 s c h i z o p h r e h c s  

11 and 36 o f  45 normal s u b j e c t s  exc re t ed  a  gray spo t " .  These 
\ 
\ .  

a u t h o r s  s$eculated '  t h a t  t h e  r e p o r t e d  d i s c r i m i n a t i o n  based on 

t h e  "g ray  spot"  could  be expla ined  as a  d i e t a r y  a r t i f a c t  as 

i n d i c a t e d  by a p re l imina ry  i n v e s t i g a t i o n  (328) .  Two normal 

f l  c o n t r o l s  consumed fou r  bananas and zxc re t ed  a  g ray  spo t"  

i n c r e a s i n g  i n  i n t e n s i t y  f o r  two hours ,  r e t u r n i n g  t o  normal 

i n  t h e  t h i r d  hour. 

The f a c t  t h a t  h o s p i t a l i z e d  chronic  s ch i zophren ic  p a t i e n t s  

exude a p e c u l i a r  odor h a s  been r epo r t ed  (329 - 330) .  An i n v e s t i -  

I l 
. g a t i o n  of t h e  odor f a c t o r t '  by Smith, e t  a l .  (331) revea led"  t h e .  

p resence  of trans-3-methyl-2-hexenoic a c i d .  Per ry  (332)  has  
% 

r e p o r t e d  t h a t  such a f i n d i n g  i s  a n  a r t i f a c t  o f ,  t h e  p l a q t i c  
* 

gs used t o  encasa t h e  p a t i e n t s  w h i l s t ,  t h e y  were washed wi th  

d i s t i l l e d  water .  Notwithstanding,  Krisc,her and P f e i f f e r  (333) 
9 

- 

have proposed t h a t  u r i n a r y  k ryp topyr ro l e  ( m a  

a s s o c i a t e d  wi th  t h e  presence  o f  trans-3-methy hexenoic a c i d  
- - 

and have o u t l i n e d  a p o s s i b l e  b iosyn the t  i c  scheme from krypto-  

p y r r o l i c  a c i d  (32. Such a b iog5nes i s  has  been c r i t i c i z e d  

p r i n c i p a l l y  on t h e  k s i s  o f  i n s t a b i l i t y  o f  t h e  proposed enamine 



The Molecular Complex hypothesis  was .first  formulated 

by Galzinga (335) and was based upon t h e  observat_ion t h a t  

a c  q ty lcho l ine  and noradr enochrome ar,e capable  of y i e l d i n g  a 

molecular complex t h a t  i s  s t a b l e  toward f u r t h e r  t ransformat ion  

t o  ad reno lu t in  normally brought about by ascorb ic  a c i d  (336). 
b 

I n  s implest  terms, t h i s  theory s t a t e s  t h a t  'leakage of one t r ans -  1 
rn i t te r  i n t o  t h e  synpase of another  may l ead  t o  a s h o r t  c i r c u i t  

r\ 

by complexation (337). 

The Noradrenergic D e f i c i t  ~ y p o t h e s i q  was proposed by S t e i n  

and Wise (338) i n  1971. i- (2,4,5-~rihydroxypheny1)-2-aminoethane 
(6-hydroxy dopamine) producks long l a s t i n g  dep le t ion  of nor- 

a d r e n a l i n  from p e r i p h e r a l  sympathet ical ly  innervated t i s s u e s  

i n  var ious  spec ies  (339 - 3 4 1 ) .  Uretsky and Inversen (341)  - 
p a v e  presented evidence t h a t  such a '  dep le t ion  r e s u l t s  from 

h f i i v e  d e s t r u c t i o n  of adrenergic  nerve endings. ' I n t r a -  
i 

v e n t r i c u l a r  i n j e c t i o n s  of 400 pg of 6-hydroxydoparnine & n  r a t s  
PY 

produced c a t a t o n i c - l i k e  behaviour ("waxy ' f l e x i b i l i t y "  ) (338r 

S t e i n  and Wise (338) speculated t h a t  malfunction ( degeneration) 

of  noradr energic neurons o r  reduced dopamine- p-hydroxylase 

a c t i v i t y  could be t h e  roo t  cause of schizophrenia (342) .  

I n t r a v e n t r i c u l a r  6-hydroxydopamine w a s  repor ted  by 

Redrnond, e t  al. (343 - 346) t o  produce i n  f r e e  ranging o r  caged 

11 macaques a  decrease i n  p o s i t i v e  s o c i a l  i n t e r a c t i o n s " .  Wis-e - 
and  S t e i n  (347) assayed reg iona l  dopamine-phydroxylase 

a c t i v i t y  i n  pos t  mortem bra in  specimens from 18 schizophrenic 
4 



p a t i e n t s  and 12 normal c o n t r o l s .  They r h o r t  a s i g n i f i c a n t  

reduct ion  i n  t h e  a c t i v i t y  of t h i s  enzY& i n  a l l  b r a i n  regions  
I 

of t h e  schizophrenic  group. 

Friedhoff and Alper t  (348) have r e c e n t l y  evoked a 
r\- /7 

Dopaminergic-Cholinergic Hypothesis t o  account f o r  the .p roduc t ion  

of psychot ic  symptoms. I n  simplest  terms, t h i s  hypothesis  makes - 

t h e  fol lowing assumptions: ( 1) an  inc rease  i n  dopaminergic 

a c t i v i t y  o r  a  decrease i n  cho l ine rg ic  a c t i v i t y  produces psychotic 

symptoms and r e l i e v e s  Parkinsonian symptoms, Evidence f o r  t h e s e  

assumptions i s  based upon a  f i r t h e r  assumption concerning t h e  

mode of a c t i o n  of a b a t t e r y  of an t i -psycho t i c ,  ant i -Parkinsonian,  

psychoenergizing and psychedel ic  chemicals. ( 2 )  Conversely, a  

decrease i n  dopaminergic a c t i v i t y  o r  an  inc rease  i n  cho l ine rg ic  

a c t i v i t y  r e l i e v e s  psychot ic  symptoms, but produces Parkinsonian 

symptoms. 

2-3 Conclusions frdm t h e  Review 
t 

L * 
A review of t h e  l i t e r a t u r e  r e v e a l s  % .  a  pauci ty  of  knowledge 

of t h e  biochemistry o f '  c e r e b r a l  malfunction p a r t i c u l a r l y  a s  it 

r e l a t e s  t o  schizophrenia .  It was pr imar i ly  t h i s  observat ion  

( tha t  promoted t h e  descr ibed inves t iga t ion .  The f o c a l  po in t  of 

) t h i s  endeavor centers '  on o f f e r i n g  comment on t h e  Transrnethyl- 
- 

a t i o n  Hypothesis of Osmond/Smythies/Harley-Mason (1952).  - 
* 



FIGURE 1 

" PSYCHOTOGENS" AND COMPOUNDS IMPLICATED IN THE BIOCHEMISTRY OF SCHIZOPHRENIA 









Chapter 

Transmethylation Hypothesis of 

~smond/~mythies/~arley- aso on ( 1952)- 

Statement of the Problem 



' The Transme%grLatFoft 44ypetkes;i s- of ~ a - r 3 . e ~ ~ ,  t%mo& 

and Smythies (1952) d e a l s  w i t h  a b e r r a n t  0-methylat ion of - 
catechol-amines  t o  p o s s i b l y  psychoact ive  -compounds. It i s  such 

a p roces s  t h a t  was p o s t u l a t e d  t o  d i f f e r e n t i a t e  normals from 

sch izophren ic s  . h- 

It occurred t o  u s  i n  1969 t h a t  such a hypothepis  would 

l end  it s e l f  t o  immediate 'exper imental  examinat ion.  Coupled 

wi th  t h e  r e a l i z a t i o n  that  t h i s  hypoShesis  was t h e  o l d e s t  

hypo thes i s  from t h e  "modern" per iod ,  we were encourage 
2 

examine i t s  u t i l i t y  i n  two ways: 
,k-? 

1. 3yn thes i s  of "methylatedl '  psychotogens (&2,5~), 
concur ren t ly  op t imiz ing ;  y i e l d s  f o r  subsequent ' C  l a b e l l i n g ,  d 
i f  metabol ic  and d i s p o s i t i o n  d a t a  was cons idered  c r i t i c a l  

t o  t h e  argument. 
i 

2 .  I n j e c t i o n  s t u d i e s  of t h r e e  "methylated psychotogens" 

(b 5 2) and a reexaminat ion of t o l e r a n c e <  of 1-(),4-dimethoxy- 
- /  - 

. pheny1)-2-aminoethane ( 2 ) ,  u t i l i z i n g  a mammalian system. 
N 

Of equp l  concern,  however, would be some method of ('-'-, 
3 -  .- 2 

d e t e c t i o n  of t h i s  h y p o t h e t i c a l  a b e r r a t i o n .  One of t h e  main 
. < . , v 

founda t ions  of t h e  Transmethylat ion Hypothesis  of Harl@vMason, 

Osmond and Smythies r e s t s  on t h e  assumption tha t  4-0-methyl- - 
z t i o n  of catecholamines  i s  n o t  a minor metabol ic  pa hway i n  1 
s c h i z o p h e n i c s  . 1 desl ly, it would be d e s i r a b l e  t o  i s o l a t e  

and c h a r a c t e r i z e  s u c h  a n  enzyme from some organ df a men ta l ly  
\ 

ill person and a t  t h e  same t ime d e m o n s t w e  i t s  r e l a t i v e  



absence i n  the same organ i n  non-aff- -im&i?Fiduats 

was attempted by Friedhoff and van Winkle (207) ) .  If,  

however, such a n  enzyme l i e s  i n  smal l  q u a n t i t i e s  i n  t h e  a r e a  d 

surrounding t h e  pro jec ted  neura l  s i t e  of a c t i o n ,  e .g. i n  t h e  

b ra in ,  as some resea rcher s  have suggested, i t - m a y  t be d i f f i c u l t  

t o  execute a proper .comparative study of r e a c t i v i t i e s  - of 

compounds of known neura l  f u n c t i o n s  and/or metabolism i n  

appropr ia t e  t i s s u e  homogenates or even c e l l - f r e e  systems. 

A* method c f  approach whereby t h e  'above may be circumvented *3' 
would be t o  assume f o r  t h e  sake of argument t h a t  such an  

enzyme system i s  opera t ive  i n  schizop&renics,  and t Zt it 
L 

would only r e q u i r e  t h e  presence pf some s a t a b l y  designed, 

exogenous reagent  t o  make - i t s e l f  manifest ,  f o r  example, some 

kind of b e h a v i o r a u h a n g e ,  p r e d i c t i v e  metabolic t ransformation,  

e t c .  

1- ( 3,5-~imethyl-4-hydroxyphenyl) -2-aminopropane (g) 
could be t ransmethylated t o  1- (3,5-dimethyl-4-methoxy heny1)-2- 9 
aminopropane (7') by t h e  pos tu la ted  enzyme ( i f  i t s  s p e c i f i c i t y  

i s  l a r g e )  a t  t h e  4-hydroxyl i n  t h e  b ra in ,  d i f f u s e  t o  t h e  

n e u r a l  s i t e  of a c t i o n ,  and induce behaviora l  changes i n  i n d i v i -  - 
, d u a l s  adminis te red .  I n  a schizophrenic,  it would show a 

tempprary exacerbat ion  of h i s  -psy&osis. P r i o r  t o  submission of 

t h e  compound t o  t e s t i n g  with schizophrenic p a t i e n t s  and normal 

s u b j e c t s  the  cernpo;und would b e  submitted f o r  preliminary 

pharmacology . Upon completion o r s e s e  s t u d i e s ,  t h e  compound 

would then be adminis tered t o  normal huGn s u b j e c t s  t o  compare 



I 
& 

C 

, b e h a v i o r a l  changes t h a t  may be  distinguished from tes t ing , ,  

a t  a l a s t  b u t  n e c e s s a r y  r ecou r se ,  w i t h  s ch i zophren i c  p a t i e n t s .  
6 

1- ( 3 , 5 - ~ i h 3 i d r o x y - 4 - m e t h ~ l ~ h e n ~ l )  -2-aminopropane (a) 
would be  l i k e w i s e  t e s t e d  i n  l a b o r a t m y  anima1,s and humans t o ,  

d i s c o v e r  i f  t h e  bodyps kaowri 3-OH methy la t ion  enzyme system' 

may man i f e s t  i t s e l f  i n  t h e  p roduc t ion  of methy la ted  product  
8 

and subsequent  b e h a v i o r a l  changes .  A p o s i t i v e  r e s u l t  w i t h  
> 

, - t h i s  r e a g e n t  i n  a known enzyme system would s e r v e  as i n d i c a t i o n  

t h a t  the. approach p o s t u l a t e d  above w i t h  a n  unkoyn syktern 

would man i f e s t  i t s e l f  i n  t h e  manner expec ted  i f  indeed t h a t  
# 

unknown system were o p e r a t i v e .  ' 
-7 

( A l o g i c a l  sequence, o f ,  e v e n t s  should  t a k e  p l a c e  i n * o u r  
/ 

r e s e a r c h , a s  f o l l o w s :  

I . ,  S y n t h e s i s  of two p o s s i b l e  ' ' i n d i c a t o r "  ' -phenyl i so-  

prop 'y lamines  and t h e i r  two "methylated" c o u n t e r p a r t s  ' (~A-D).  , 

P r o v i s i o n  f o r  1 *c - l abe l l i ng '  wduld, be  exp lored  and o u t l i n e d .  
I 

2 .  ~ r ' e l i m i n a r ~  i n j e c t i o n  s t u d i e s  'of f o u r  $-phenyli so- 

propylamines (E-=) . 
3 Metabol isn ,  d i s t r i b u t i o n  work and human t e s t i n g  

(normals  and normals / sch izophren ics )  . 



Chapter 4 
\ 

1 1  ~ r a n s m e t h y l a t e d "  Cat echolamines. 

R e s u l t s .  



3-1 Chemistry (349)  

The synhhes i s  of t h e  catecholamine 

I J 
I 

ana logs  ( k) 3-(3 ,4-  

dirnethoxyphenyl)-2-alanine (9, 1-(3,4-dimethoxyphenyl)-2- 
P 

aminoethane ( 2 ) ,  (k) 1- ( 3 ,  4-dimethoxypheny1)-2-aminopropane 
N 

(9 is' descr ibed  and opt imized y i e l d s  a r e  r e p o r t e d .  The a v a i l -  

a b i l i t y  of carbon.-14 l a b e l l e d  compounds has  d i c t a t e d  l o g i c a l  

s t a r t i n g  p o i n t s  i n  t h e  s y n t h e s i s  o f  ' *c - l abe l l ed  ana logs .  ( ~ i g u r e  1.) 
/ a 

I n  r ecen t  y e a r s ,  a number o f  r i n g  s u b s t i t u t e d  phenyl- 

a l a n i n e s  have been syn thes i zed  (350 - 363). Publ ished syn theses  

(363)  proved, however, t o  be s e n s i t i v e  t o  u n d e s i r a b l e  s i d e  

r e a c t i o n s .  I n  thE coursD of  t h e s e  i n v e s t i g a t i o n s ,  a  f a c i l e  

s y n t h e s i s  based on a p u b l i s  o u t l i n e  was substi tuted. .  The 

n a t u r e  of t h e  s i d e  r e a c t i o n  t h e  publ i shed  syn theses  was ?I 

a l s o  explored.  
8 

Vera t ra ldehyde  ( 3 3  was condensed wi th  h i p p u r i c  a c i d  

by t h e  method of Buck and I d e  ( 3 6 ? ) .  The "az l ac toneu .  

(za, z b )  was c leaved  wi th  potassium carbona te  i n  aqueous 
--X- 

ace tone  t o  N-benzoyl-I- ( 3 ,  4-dimethoxyphenyl)-2-aminopro- 

penoie a c i d .  ~ e i ~ t i o n  of .  3 3 3 &  was e f f e c t e d  a t  0' wi th  3% 
, - 

s o d i u ~  amalgam. The r e s u l t i n g  N-benzoyl 1- (3,4-dimethoxy- - a 
phsny l )  2 -a lan ine  ( 3 3  was u n r e a c t i v e  toward t h e  barium hydrox- 

ide h y d r o l y s i s  r epo r t ed  (363); i n s t e a d ,  c leavage  wi th  6 M H C 1  
7 - . -  

ir. a sea l ed  tube  y i a i d e d  t h e  d e s i r e d  0-methg-kbed dopa deriva-'  - 
t i v s ,  1- (3 ,4-d i rne thoxy~h-nyl )  -2 -a lan ine  (9, i n  25% o v e r a l l  y i e l d .  

( ~ l g u r s  2 )  
. " Cat5 ob ta in  l a b l l e d  from g lyc ine -14c .  



Cleavage of t h e  a z l a c t o n e  (3&35, as  desc r ibed  by 
1 

Deuloffeu-  and Mendivelzua ( 3 6 3 ) ,  i n  sodium hydroxide gave r i s e  t o  

' C 
, 

acid . i36a,  ~ . b v -  36b) and N-benzoyl-1-(3,4-dimeth~xy~henil) -1 -hydroxi-2- 
ir 

, . 

a l a n i n e  ( 3 3 .  Such a h y d r o l y t i c  c leavage  t 6  3JzhaB been 

r e c e n t l y  e x p l o i t e d  i n  t h e  syn theses  of s u b s t i t u t e d  phenylpyruvates  

(4& v i a  t h e  in te rmediacy  o f  38 - o r  39 - (365, 366) .  ( ~ i g u r e  3 )  , 
I 

Reduction of  t h e  a z l a c t o n e  (3&3& w i t h  a s p e c i a l l y  pre-  b 

pared Raney n i c k e l  c a t a l y s t  u t i l i z e d  as desc r ibed  by-Badshaah, - * 
Khan and Kidwai (357)  gave r i s e  t o  4-(3,4- dimethoxybenzy1)-4- 

ethoxyl2-phenyl-5-oxazolone ( 4 a  i n  . a d d i t i o n  t o  t h e  c i t e d  

N t  -benzoyl - (3, 4-dimethoxyphenyl)2-alanine amide (4&. The - 
f a c t  t h a t  t h e  a u t h o r s  neg lec t ed  t o  mention t h e  r e q u i s i t e  washes - 
a s s o c i y t e d  wi th  Raney n i c k e l  g e n s r a t i o n  a f f o  u s  t h e  oppor- 

t u n i t y  of  observ ing  an  ambient  t empera ture  r e a c t i o n  of e thoxide  

wi th  t h e  a z l a c t o n e  ( - 3 a .  ( T i g p r e  4) 

1-(3,4-?imethoxyphenyl)-2-aminoethane ( 2 )  and 1-(3,4- 
' \  N 

dimethoxyphenyl) 2-aminopropane (a  ' were prepared  by methods 
C 

of  Ra i fo rd  and Fox (367)  and Ramirez and Burger ( 3 6 8 ) .  In 
F 4 

, 
a d d i t i o n ,  3 was prepared  by a modified procedure  (369) .  Com- 

rV 

2 

rnercial  1 4 ~ - n i t r o m e t h a n e  and a c c e s s i b i l i t y  ' o f  14$-nitroethane 

v i a  a V ic to r  Keyer displacement (370) o f  1 4 c - e t h y l i o d i d e  

r2nders  t h i s  r o u t e  e s p e c i a l l y  a t t r a c t i v e  f o r  l a b e l l i n g  purposes.  
- - - - - -  - 

Overa l l  y i e l d s  ware 663 f o r k  a& 35% and 7% f o r  3. 
N N 

O f  t h r e e  publ i shzd  accounts  f o r  t h e  s y n t h e s i s  o f  
PI 

1 - ( 3 , 4  -dirdethoxjrphenyl) -2 -minoe thanol  (3 &- two were u n a t t r a c -  

h % 
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FIGURE 3 1 

CLEAVAGE OF AZACACTONE (Ga.35b) ?! 

' 



_s FIGURE 4 
- \ 

REDUCTION ASPER BADSHAPJ, KHAN AND KIDWAT (357) 
- - 

I I 
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b 
t i v e  because of low yiel 'ds due t o  s i d e  r e a c t i o n s  (371, 372) and 

one was publ i shed  wi thout  d e t a i l s  (381). The s y n t h e t i c  r o u t e  

most a t t r a c t i v e  t o  u s  i n f o l v e d  t h e  u s e  o f  potass ium cyanide 
0 

( c a n  be ob ta ined  r a d i o a c t i v e l y  l a b e l l e d ) .  I n  a modif ied method 

o f  Hahn and Rumpf (373)  3,4-dimethoxybenzaldehyde cyanohydrin 

( 4  was ob ta ined  from commercially a v a i l a b l e  ve ra t r a ldehyde  

(3a. Lithium a l u m i h m  hydr ide  r e d u c t i o n  (372)  o f  t h e  cyano- 

( i n  94% o v e r a l l  y i e l d .  __I: 
/ 

A s e r i o u s  s i d e  r e a c t i o d i n  t h e  procedure  of' Hahn and Rumpf 

(373)  r e s u l t s  i n  t h e  format ion  o f  3,3',4,41-tetramet,hoxybenzoin 
, 

4 

no t  o b t a i n a b l e  by t h e  method o f  Adityachaudhury and C h a t t e r j e e  

(372)  f o r  reasons  mentioned below. The method o f  cho ice  appears  

t o  be t h a t  o f  Fr iedpan (374) .  1-(3,4-~imethox~pheny1)-2- 

aminoe thano l .  (9 was condensed w i t h  e t h y l  ch loroformate  and 

t h e  r e s u l t i n g  u r e t h a n e  ( 4 3  was reduced wi th  l i t h i u m  aluminum 

hybr ide  t o  y i e l d  t h e  d e s i r e d  - N-methyl compound (3 i n  22% 
.;, 

o v e r a l l  y i e l d  ( s t a r t i n g  w i t h  vs ra t ra ldehyde .  ( 3 3  ) . The method 

of Adityachaudhury and C h a t t e r j e e  (372) .  was explored  f u r t h e r .  

1'- (3,4-dimethoxyphenyl) -2-aminoethanol (9 formed a s c h i f f l  s 

base with p ipe rona l  (43 and a methiodide adduct  (19 wi th  

methyl iodide.  Howeve?, c leavage  wi th  hydroch lo r i c  a c i d  r e s u l t e d  
- 

i n  1- (3,4-dimethoxy ~ h e n ~ l )  -acetaldkhyde (47)  MI i n s t e a d  of t he  repor-  

t e d  N-methyl-1-(3,  4-dimethoxgphenyl) -2-aminoetbnol  ( 5 ) .  r-.J The reac- 



'SYNTHESIS OF (5) AS PER ADITYACHAUDHURY AND CHATTERJEE (372) ANDFRIEDMAN 1374) 
N 

t 



t i o n  of: 1-aryl-2-amino a l c o h o l s  wi th  s t r o n g  a c I d  hadLbeen kn6& f o r  

some t ime  (375  - 379) and mechanism s t u d i e s  have r e c e n t l y  been 

r e p o r t e d  (378). 

I n  p r e l i m i n a r y  i n j e c t i o n  s t u d i e s  w i th  Swiss Webster mice 
. 

( f i v e  p e r  group, u 3 5 ' g . ) ,  we dsmonstrated t h e  i n a c t i v i t y  of  

1- (3,4-dimethoxyphenyl) 2 -a l an ine  ( a t  &sages  o f  500 mg/kg, i . p .  ) , 

( , ( 3 - 1 -(3,4-dimethoxyphenyl) -2-aminoethanol (;I, 

( 9  ( a t  t he i ;  pu rpo r t ed  ~ ~ ~ i " v a l u e s  (184): 228 mg/kg and 316 

mg/kg, r e s p e c t i v e l y )  (381), a s  t h e i r  hyd roch lo r i c  s a l t s  i n  

s a l i n e .  C r i t e r i a  of  a c t  i v i t y / i n a c t  i v i t y  was presence  o r  

absence of e f f e c t  on spontaneous a c t i v i t y  of i s o l a t e d  animals 

hav ing  food and wate r  a v a i l a b l e  ad l i b i t u m .  - 
A r e i n v e s t i g a t i o n  o f  t o l e r a n c e  s t u d i e s  (185, 195) o f  Swiss 

a 

Wets te r  mice t o  1.-(3,'l-dimethoxyphenyl)-2-aminoethane ( 2 )  and mesca- 
N 

l i n e  (D was.ccnducted a t  t h e  CDS0 (184). Groups of' f i v e  drug- 

na ive  mice (males  only ,  average  body weight ,  35 g.)  (382) were 

i n j e c t e d  i . p .  d a i l y  accord ing  t o  t h e  fo l lowing  d i f f e r e n t  sche- 

du les :  ( a )  s a l i n e  ( 0 .  s), ( b )  s a l i n e  s o l u t i o n  of i p r o n i a z i d  

phosphate  (80 mg/kg) (383)) ( c )  rnesci l ine  s u l f a t e  (0 i n  s a l i n e  

(CD,,: 159 y d k g  (184)  ), ( d )  1-(3,4-dimethoxyphenyl)-2-aminoethane 
a 

hydrochlor ide  (9- i n  s a l i n e  ( c D ~ , :  132 mg/kg (194)) p r e t r e a t e d  

w i t h  i p r o n i a z i d  phosphate i n  s a l i n e  (80  mg/kg) (383) ( t h e  pre -  
4, 

t r e a t m e n t s  wi th  i p r o n i a z i d  pho cu r r ed  5.5 and 1 .5  hours  

* c a t a t o n i c  doge f o r  50% t e s t  o n t r o l s  



The f i f t h -  group ( c o n t r o l )  rece ived  no i n j e c t i o n s .  

Tolerance was observed t o  t h e  g r o s s  behav iou ra l  e f f e c t s  

of  mescal in2 (u by t h e  rod t e s t  (183). A wate r  maze designed 

by Ho, e t  a l .  (385)  f o r  e v a l u a t i o n - o f  psychotomimetic o r  ha l -  

l uc inogen ic  p-phenylisopropylamines f a i l e d  t o  d i s t i n g u i s h  t h e  - 
t 

s u b t l e  e f f e c t s  o f  any of t h e  drugs i n  t h e  s e r i e s .  S w i m  t imes  

between non-drug, drug and s a l i n e  t r e a t m e n t s  were f i v e  seconds 

f o r  a l l  t h e  t e s t  an imals  t r a i n e d  accord ing  t o  t h e  o u t l i n e d  pro- 

cedure  (385). 

Length o f  t o l e r a n c e  t o  t h e  e f f e c t s  of mescal ine ,  except 

t o  i t s  induced bradycard ia  (386) ;  have been observed p rev ious ly  a s  
, I 

seven days (387-85). On t h e  o t h e r  hand, 1-(3,4-dimethoxypheny1)- 

2-ami  ethane ( 3  t r e a t e d  an imals  sh'owed no such e f f e c t s  

i n  i n j e c t i o n  s e r i e s  which exfended s i x  months (185, 195).  I n  t he  
d 

p r e s e n t  s e r i e s ,  however, 1- (3, 4 - d i m e t h ~ x y p h e n ~ l )  -2-aminoethane ( 2 )  p 
/ 

t r e a t e d  Swiss Webstel: mice ( i p ron iaz id*  p r e t r e a t e d )  a l s o  mani- 
1 

& f e s t  ed t o l e r a n c e  i n  seven days. Apparent c r o s s - t o l e r a n c s  t o  t h e  

a l t e r n a t e  p-phenethylamine was observed upon i n t r a p e r i t o n e a l  ( i  . p  . )  

i n j e c t i o n  f i v e  hours  a f t e r  t h e  l a s t  i n j e c t i o n  on day seven. 

3-3 Discuss ion  

Our i n a b i l i t y  t o  reproduce pharmacology r epo r t ed  by Michaux 

e t  al. (182-184) has  r ece ived  - suppor t  by t h e  - s t u d i e s  - of Vogel 

(381)  whi le  t h i s  work was i n  p r o g r e s s .  I n j e c t i o n s  of 100 mg/kg 



were u t i l i z e d  by t h e s e  workers i n  rats and b r a i n  l e v e l s  were . 

determined t o  be between 5 and 30 pg/g.. Since  t h e s e  b r a i n  

1 z v e l s  a r e  h i g h e r  t h a n  t h o s e  found f o r  h a ~ l ~ c i n o g e n i c  compounds 

which do i n t e r f e r e  wi th  t h e  condi t ioned  avoidance response  we 

concluded t h a t  t h e s e  compounds were not  psychoac t ive .  Mi~haux's 

o r i g i n a l  s t u d l e s  (182 - 184) d i d  no t  i nc lude  a n a l y t i c a l  d a t a .  
L- 

The f a c t  t h a t  amino a c i d  ana logs  o f  hak luc inogenic  coh- 
& 

punds hav- been r e p o r t e d  t o  be i n a c t i v e  (358, 365, 389) even 
4- A 

a t  doses com6arable &psychoactive doses of  L-3,4-dihydroxy - - 
p h e n y l a l a n i n e  (L-DOPA) , v i z ,  500 mg/kg) has  been expla ined  by - - 
assuming t h a t  t h e s e  compounds a r e  no t  s u b s t r a t e s  f o r  i n  vivo -- 
'decarboxylase systems.  I n  suppor t  f o r  t h i s  hypo thes i s ,  Ho, 

Q 
et a l .  (358)  f a i l e d  t o  d e t e c t  t h e  presence  of  1-(2,5-dimeth0@-4- < 
methylphenyl)-2-zminopropane ( x )  in imouse ( i n  v ivo )  and i n  mouse 

b r a i n  homogenates ( i n  v i t r o )  a f t e r  i n j e c t i o n  s t u d i e s  and incu- - 
b a t i o n  s t u d i e s  r e s p e c t i v e l y  u s i n g  %methyl 3 - (2,5-dimethoxy-4- 

r n e t h y l ~ h e n y l  ) a l a n i n e  ( 3 3 .  These a u t h o r s  f u r t h e r  explored 

t h e  p o s s i b l e  s e i f - i f h i b i t i o n  o f  DOPA decarboxylase  i n  mouse b r a i n s  
a 

a t  concen t r a t i ons  as h igh  as I X ~ O - ~ Y ;  2 -methyl3  - ( 2 ,  5-dimethoxy-4- 
a. methy1phenyl)alanine (2)  d idno t  i n h i b i t  t h i s  enzyme r e l a t i v e  t o  

DG?.A, whi le  a-methylDOPA, a known i n h i b i t o r  of t h e  enzyme, had a n  

I,, value  of 3 . ~ X 1 0 ^ ~ i 4 .  I t  n a y  be, i n  retrospec-b, no t  ove r ly  s u r p r i -  

s i n g  t h a t  3- ( .3 ,  4-dimethoxyphenyl)al i  ne (1) should be  i n a c t i v e .  
N 

Tolerance s t u d i e s  wi th  p o s t u l a t e d  psychotogens can, y i e l d  



, 
i n fo rma t ion  concerning the s u i t a b i l i t y  of  drug-induced models C 

4 
11 t o  r e f l e c t  upon t h e  c l i n i c a l  syndrome, sch izophren ia"  ( 1 2 ) .  

A s  a l r e a d y  s t a t e d ,  and Tfimwich (177)  r e p o r t e d  t h a t  a cons i -  

d e r a b l y  l a r g e r  dose  of 1- (3, 4-dimethoxyphenyl)-2-aminoethane ( 2 )  N 

t han  t h a t  o f  mescal ine  (Z) was r e q u i r e d  t o  produce e l e c t r o -  

encephalographic  a r o u s a l  i n  t h e  r a b b i t .  Th.ey sugges ted  t h a t  i n  t h e  
I -- 

b r a i  -;I , 1- (3, 4-dimethoxyphenyl)-2-aminoethane ( 2 _ )  i s  s o r e  r a p i d l y  
I - , , .+ 

i n a c t i v a t e d  by i t s  cor responding  amine ox idase  (178) .  A s  a 

r e s u l t  o f  - i n  v i t r o  s t u d i e s ,  t h e y  c l a im  t h a t  i p r o n i a z i d  markedly 
b 

A d s p r e s s ~ d  t h q  o x i d a t i v e  dsaminat ion o f  1- ( 3, 4-dimethoxyphenyl) -2- 
> 

aminoethane (2 )  bqt not t h a t  of mescal ine  ( L )  (178)  .   he* t 'mul t ip le"  

amine oxidasel '  t h e o r y  o f  t h e  b r a i n r  s defense  a g a i n s t  exogenous 

afi ines h a s  been r e i n f o r c e d  by s t u d i e s  i n  a number o f  mammalian 
PI, 

systems (-390 - 39%. X t  appeared t o  u s  t h a t  s e l e c t A e  b lock ing  of 

deaminat ion of 1- (3, ~ l - d i r n e ~ h o x y ~ h e n y l & a m i ~ o e t & ~ ~ )  by pre-  
i 

t r e a t m e n t  w i t h  i p r o n i a z i d  phosphate a f f o r d e d  a n  exber imental  

s i t u a t i o n  w h ~ r e i n  behavioura l  e f f e c t s  o f  t h e  two p-phenethyl- 

amines, one, a known ha l luc inogen ,  and t h e  o t h e r ,  a suspec ted  

i n t r a c e r e b r a 1  psychotogen, cou ld  be more e a s i l y  compared ( i n  a 

s imple  m a r w l i a n  - system, f o r  example). 
* 

The publ i shed  d a t a  on t h e  metabolism of 1- 4C-  1-( 3,h-dimethoxy- 
/-- 
' phenyl)-2-arninoethane (165,171-2) and on ch ron ic  ~ e s c a l i n e  metabo- 

l i s m  (193) l ends  suppor t  t o  t h e  f a c t  t h a t  we were no t  observ ing  
- - - - - - - -  - 

a ~ e t a b o l i t e  to le rance ,  ( 3 9 6 ) ,  and a behavibura l  t o l e r a n c e  (397) 

has  t o  d a t e  not  been 

unable  t o  r i g o r o u s l y  

f 
demonstrate$ i n  mice. A f a c t o r  

e l i m i n a t e  from our  a 

a r e  

g e n e t i c  



t h e  u s e f u l l n e s s  o f  cross- tolera 'nce  s t u d i e s  t o  suppor t  a .  similar 

mode o f  a c t i o n  f o r  v a r i o u s  hallu-cinogens.  They claimed t h a t  

t h e  development o f  c r o s s - t o l e r a n c e  between two psychotomimetics 

a rgues  i n  f avo r  o f  t h e  i n d u c t i o n  of behavioura l  d i s t u r b a n c e s  

I I by some common mechanisms o r  by different mechanisms which 

a c t  through a common f i n a l  pathway". 

We have demonstrzted c r o s s  t o l e r a n c e  between 1-(7,4-dimethb&- * 

, phenyl)-2-aminoethane ( 2 )  and mescal ine  (z) a t  t h e i r  CDS0 i.n t h i s  ' . , 
N 

s tudy.  Using I s b n l l r  s c r i t e r i a ,  w e  have p re sen ted  data which 

i s  i n d i c a t i v e  of  a common r e c e p t o r  s i t e  f o r  two 6-phenethylamines 

i n  a system designed t o  n u l l  o u t  metabol ic  d i f f e r e k e s  (395). work. 

a s  w e  have performed i s  i n e v i t a b l y  t e n t a t i v e  s i n c e  as  y e t  no . 

r i g o r o u s  demonstra t ion o f  r e c e p t o r  s i t e s  f o r  t h e  ha l luc inogens -  

has  been r epo r t ed .  Work of t h i s  n a t u r e  would be extre,me?ly .wel- 

COPE and could be envisaged a s  o c c u r r i n g  a l o n g  t h e  l i n e &  of 

Snyde r ' s  demonstra t ion o f  t h e  o p i a t e  r e c e p t o r  (401) as a f i r s t  
4 

approach.  I n  a d d i t i o n ,  t h e  rnechanisrn of  t i s s u e -  t o l e r a n c e  of 

any drug h a s  no t  been adequa te ly  explored.  One could postu1at.e - 
, i 

deformat ion o f  t h e  t e r t i a r y  s t r u c t u r e  o f  t h e  r e c e p t o r  ' s i t e  by 

V " c o n t i n u a l  usage" ("wear and t e a r " )  o r  an  ongoing n h i b i t i o n  

-i by t h e  i r r e v e r s i b l e  b ind ing  o f  t h e  drug i t s e l f .  

Transmethylat ion of catecholamines  as t h e  r o o t  cause of a l l  
I 

sch izophren ics  appea r s  t o  be dubious a t ,  t h i s  t ime .  I n  a d d i t i o n 6 t o  

t h e  d a t a  r e p o r t e d  here ,  1-(3,4-dimethoxypheny1)-2-aminoethane ( 2 )  - 
N 



has been reported t o  possess haJf t h e  potency of a e q c a l i n e h  

humans (I_), which $5 high doses (132 mgikg) i n  t e s t ' a n i m a l s  pro- 

f !  duces . ca ta ton ic - l i -ke" .  s t a t e s .  This  h a s  been observed by us  and 

by o theks  malay t i m n s  p r ev ious ly  '(15 - 18, 182 - 1 8 4 ) .  G . l i c .  

and t .,lo c .  &$lyses o f  body f l u i d s ,  t a k i n g  t h e  l i t e r a t u r e  as  a 
% 

whole, remain. equa l ly  balanced between t h o s e  whoy can d e t e c t  and 
8 

t h o s e  who. cannot - d e t e c t  t h e  presence  of  t h i s  p o s s i b l e  me tabo l i t e  
. ~ 

of  doparnine. A r t i f a c t s  f iom , d i e t ,  medicat ion and i n t e s t  i n a x  - 
f l o r a ,  i n s t rumen ta l  l i m i t s  o f  d k t e c t i o n ,  and l a c k  o f  adLqua te  

- < 

c o n t r o l s  has  hamperzd d e f i n i t i ~ v e  s t a t emen t s  on t h e  v a l i d i t y  

I I of t h i s .  and  o t h e r  6ioehernical hypothesqs of sch izophren ia" .  
- .  /- 

With the - i n t f o h v . ~ t ? l ' ~ n  o$ - c a $ i l l a r y  g . c .  columns and a n a l y s i s  

automated f o r  rriultisample i n j ec t i0 .n  and d a t a  p roces s ing  as- 

ou-+lined by Pau l ing  ('102 :-, 401) - 'perhaps d wea l th  o f  fundamental . 1 

da ta  may e,ventua.lly b acquk6d ' .  
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FIGURE 6 . 

.r SYNTHESIS OF RING SUBSTITUTED P-PHENYLISOPRQPYL AMIN@ 



-- -- 

Ring, s u b s k i t u t  ed 8-aryl isopropylamines  
- -- 

(4s c o n s t i t u t e  a 
\ 

c i a s s  o f  p sychodys l ep t i c s  o f  psychopharmacologic~l  v e r s a t i l i t y  

(404) .  They a r e  as  w e l l  chemical  c a r d i a c  s t i m u l a n t s  and 

b ronch iod i l a to r s (405)  of some pot'ency. I n  g e n e r a l ,  8-aryl-  
0 

, i sopropylamines ,  4& ( R 1  = CH,) and r e l a t e d  8-arylethy1.- 
1 

amines, 4 8  ( R '  = H )  have been genera ted  bg v a r i o u s  syn- - J f l  
t h e t i c  p rocedures  (405 - 479). Routes of h igh  y i e l d  .are  out-  

% '  - 
l i n e d ' i n  a g e n e r a l  manner i n  f i g u r e  6 and w i l l  be d i scus sed  i n  

- w 

t u r n  below. 
/ - 

Hey (480)  devgloped a procedure  f ~ r  $he s y n t h e s i s  of  8- 

phenylisopropylamine i t s e l f ,  4 1  ( R  = H, R '  = CH,) i n v o l v i n g  

1-phenyl 2-propanone, 4 3  ( R  = H, R 1  = C H ~ ) .  I t s  oxime, 5 3  

( R  = H,  RI = CH3) was reduced w i t h  3% sodium amalgam i n  a c e t i c  

acid/H20 t o  y i e l d  t h e  amine, 4& ( R  =' H, R t  = C H ~ ) .  TWO develop- 

ments have rendered t h i s  r p t e  somewhat p r o f i t a b l e :  1) F a c i l e  

syn theses  ( 481 - 482) f o r  1- (3,4-methylenedioxyphenyl). 2- 

) 
propanone, 4 3  ( R  = 3,4-OCH,O, R 1  = C H ~ )  from i s o s a f r o l , e ,  g, - -- 

'.. 
1- (3,4-methylenedi~xyphen~l) 1-p ropme  ( R  = 3 ,4-OCHaO,  R 1  = 

C H ~ ) ,  which i n  t u r n  may be  ob ta ine$  from s a f r o l e ,  5 3  3-(3,4- 

methylenedioxyphznyl) 1-propene, ' ( R  = 3,4-0CH20, R 1  = C H ~ )  
P 

by a v a r i e t y  o f  s y n t h e t i c  p r o c e k s  j 483 - 490); - 2 )  The . . 
TntroducGion o f  l i t h i u m  aluminum hydr ide  ( 491) o r  c a t a l y t i c  

reduct-ion (491 - 494) as a l t e r n a t e  r e d u c t a n t s  f o r  t h e  trans.-  

fo rmat ion  o f  t h e  orirne t o p t h e  amine. I-PEenyl-2-propanones, 4 3  

(3 = H ,  R t  = CH3) have a l s o  been sub jec ted ,  wi th  some success ,  
C 

t o  r e d u c t i v e  amina t ion  (424,  496 - 497) o r  a Leukart  r e a c t i o n  



(481)  u t i l i z i n g  formamide. k e c e n t l y ,  a procedure  has  been 

developed f o r  p r e p a r i n g  o p t i c a l  isomers o f  pa ry l i sop ropy lamines -  
=. 

u t i l i z i n g  t h e  1-phenyl-2-propanone, 49, ( R  = H ,  R t  = C H ~ )  and 
Cuu 

reduc ing  t h e  imine, formed wi th  e i t h e r  (+) o r  ,(-) - a-methylbenzyl- ' 

G 

amine . Hydrogenolysis  'of t h e  r e s u l t a n t  N- ( a -phene thy l )  

~ -pheny l i sop ropy la tn ines  (496,497).  t h e  d e s i r e d  a n t i p o d e .  
A 

Propiophenones, 5 2  ( R  = H, R t  = CH3) have been conver ted  

t o  isonitrosopropiophenones, 5 4 1 ~  = H, R '  = C H ~ )  by r e a c t i o n  

w i t h .  a l k y l  n i t r i t e s  (498 - 500) . 1sonitrosopropiophenones have 
A, 

been reduced t o  2-amino-l-phenyl-l-propanol h y d r o ~ h l o r ~ i l e s ,  55; - 
( R  = H ,  R t  = , C H 3 )  (501)  u s i n g  a Pd/C - HC1/CH30H system. 

~ i n d & r  r e p o r t s  ( 502) t h e  r e d u c t i o n -  of  a n  i son i t rosoace tophenone ,  

54 ( R  = R t  = H ) .  Hydrog-olysis o f  t h e  benzyl-OH would a f f o r d  
TW 

the r e q u i s i t e  amine, 48 ( R  = H ,  R '  = C H ~ ) .  L i m i t a t i o n s  o f  t h i s  
rcN 

r o u t e  i nc lude  u n d e s i r a b l e  c o n d i t i o n s  t o  accomplish hydrogenolysis  
,- - 

(501)  as'w&Ll a s  ready a c c e s s  t o  s t a r t i n g  propiophenone; A r o u t e  

explored by Lindeke and Cho (490) c o n s i s t s  of  Grignard &eac t ion  
I .  , 

on phenylaceta ldehyde ( 5 3  u t i l i z i n g  methyl magnesium i o d i d e  

( 5 0 3 ) .  The r e s u l t i n g  1-phenyl-2-pprpanol,  57 - ( R  = H, R t  = c&) 
t .  

/ 

was conver ted  t o  i t s  t o s y l a t e ,  58 ( R  = H j  R 1  = C H ~ )  which i n  
rcN 

t u r n  was conver ted  t o  1-phenyl-2-azido propane,  52 ( R  = H, R' = - 
Ci13) and consequent ly  reduced wi th  LiAlH, t o  y i e l d ,  t h e  amine, 4 3  

( 3  = H, R' = CH3). Syn thes i s  of r ing"  s y b s t i t u t e d  ana logues  by t h i s  ' 

, r o u t e  have not been explored .  A c c e s s i b i l i t y  t o  a p p r o p r i a t e l y  

s u b s t i t u t e d  phenglzceta ldehydes  would command f u r t h e r  r e s e a r c h .  



I n  1933, Bruckner (504)  p ioneered  a r o u t e  from asarone ,  

1-(2,4,5-trimeth0x~~hen~l)-l-~ro~ene, - ( R  = 2 , 4 , 5 - C ~ ~ 0 ,  R t  = 

' 

CH,) .  Th is  compound (52 was t r e a t e d  w i t h  n i t r o u s  a c i d  and it 
, . 

*was r e p o r t e d  t o  form a dimeric  p seudon i t rq s ike ,  t e n t a t i v k l y  

a s s igned  t h e  s t r u c t u r e  6 0  ( R  = 2,4,5-CH30, R 1  = CH;). Trea t -  

ment o f  60 - w i t h  a c e t i c  anhydr ide  and su l f ' u r i c  a c i d  Qie lded  1 - (2 ,  
I_ f 

4,5-trirnethoxyphrny1)-1-acetoxy-2-nitropropane. 6& ( R  = 2,4,5- -- - 

CH30,"Rt = C H ~ ) .  Reac t ion  w i t h  a l c o h o l i c , p o t a s s i u m  hydroxide 

gene ra t ed  1- (2.4, 5-tr imethoxyphenyl)  - 2-ni t ro-1-propene 62 - - NN 
, 

(>R = 2,4,5-CH30, R' = C H ~ ) .  E l e c t r o l y t i c  r e d u c t i o n  af 62 - ( R  = 

2,4 ,  5XH30, R 1  = CH3) y i e l d e d  + t h e  p-phenylisopropylamine, 1- T 

(2,4,5-trimethoxyphehyl) +-amino propane, 4& ( R  = 2,4, 5-CH30, 

@. R 1  = C H ~ ) .  Y ie lds  were p o t  r epo r t ed  and procedures  were n o t .  

f u l l y  descr ibed .  Shulg in  (505 - 506) ob ta ined  1 - ( 2 , 4 , 5 - t r i -  

methoxy phenyl)  -2 -n i t ro  1-propene, 62 - ( R  = 2,4,5-CH30, R 1  = CH3) 
b 

d i r e c t l y  by s e l e c t i v e l y  n i t r a t i n g  1-(2,4,5-trimethoxypheny1)- F 

1-propene 5k ( R  = 2,4,5-CH30, R 1  = C H ~ )  i t h  t e t r a n i t r o m e t h a n e .  % l 
P 

. 
i ' Reduction wi th  LiAlH, a f f o r d e d  t h e  amine 48 - ( R  = ~ , P , ~ - C H ~ O ,  

Redeui lh ,  m f  and -Vie1 (507)  have r e c e n t l y  explored 
6 

hydrobora t ion  o f  subs t i t u t e .d  s t y r e n e s  and t h z i r  subsequent 

a n i n a t i o n  k i t h  hydroqylamine-0- - s u l f o n i c  a c i d  t o  y i e l d  1- (3 ,4-di-  

rethoxyphehl)-2-aninoethane ( 2 )  and mescal ine  iL). Yields  of 37% 
I 

and 355 r e s b e c t i v e l y  a r e  r e p o r t e d  ( 5 0 7 ) .  
A - r o u t e  of gene ra l  u t i l i t y ?  c o n s i s t s  of condensa t ion  of a n  

app rop r i a t c Jy  s u b s t i t u t e d  benzaldehyde, 6& ( R  = a l k y l ,  a lkoxy,  



- 

@ ,  "5 
-- -- 

3 ha lo ,  e t c .  ) , i n  a  Knoevenagel f a s h i o n  wi th  a n i t r o a l k a n e  under a  

v a r i e t y  o f  a c i d i c  and b a s i c  cond i t i ons :  z i n c  c h l o r i d e  (508) ,  

a l c o h o l i c .  potassium hydroxide (373, 509 - 513), a l c o h o l i c  a l k y l  

amine ( 4 4 8  - 449, 368, %??- 516) o r  ammonium a c e t a t e  i n  a c e t i c  

a c i d  (517 - 523) .  Lithium aluminum hydr ide  (368, 525) o r  Raney 
t 

n i c k e l  (494,  543 - 544) r:huction ( e l e v a t e d  t e h p e r a t u r e ,  p r w s u r e )  

o f  t h e  i n t e r m e d i a t e  $ - n i t r o s t y r y l  d e r i v a t i v e  ( 6 3  a f f o r d e d  t h e  

8-phenethylamine. I n  t h e  p a s t ,  e l e c t r o l y t i c  r e d u c t i o n  (446, 447, 
P 

' 504, 4 4 1 )  o r  hydrogenat ion over  p la t inum me ta l s  had been em- 

ployed i n  a c i d i c  media (528  - 531) t o  some advantage.  Reduction 
b t 

by means of  a  Zn/HOAC-Na/Hg system *is o f  h i s t o r i c a l  i n t e r e s t  

only  ( 512) .  / i  % * 9 

Hey (447) and Buck, e t  a l .  (436) explored Hofmann degrada- 
5 

methyl-2-phenylproprionamides ( 6 3 .  The s t anda rd  

Hoffmann procedure  f o r  deg rada t ion  o f  t h e  amide t o  t h e  amine - 

was found t o  'be poor.  Hey ( 4 4 7 )  employ'ed a m o d i f i c a t i o n  o f  

J e f f r e y s  (732)  i n  which t h e  i socyana te  was t r apped  t o  y i e l d  t h e  

u re thane  upon h y d r p l y s i s .  On t h e  o t h e r  hand, Buck, e t  a l .  (436) 

found t h e  mod i f i ca t ion  o f  Woodruff and Coager ( 5 3 3 ) ,  v i z .  u s e  

o,f dioxane t o  d i s s o l v e  t h e  s t a r t i n g  amide, t o  work s a t i s f a c t o r i -  

l j r .  
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5-1 R e s u l t s  

A s  p a r t  of t h e  p r e s e n t  r e sea rch  program, syn theses  of  f i v e  

p o t e n t i a l l y  a c t i v e  r i n g - s u b s t i t u t e d  p-phenylisopropylamine<were ' 

completed: l- (3,5-dirnethyl-4-hydroxy phenyl)  -2-aminopropane 

c 7 3 ,  1-(3,~-dimethyl-4-methoxyphenyl)-2-aminopropane (a,  

dimethoxy-4-methylphenyl) -2-aminopropane (72) and 1- (2,6- d i m e t h o x ~  

4-methylpheny1)- 2-amino propane (m . Prov i s ion  f o r  i n t r o d u c t i o n  

o f  a 14c-Label  i n  t h e  s i d e  c h a i n  was explored f o r  subsequent 

metabol ic  and d i s t r i b u t i o n  work of  t h i s  p a r t i c u l a r  s e r i e s .  
I . 

A s  ' p a r t  of t h e  o f  ( ;I?) - ( E), ws \ 
envisaged u s e j o f  1- (3,5- dimethyl- -2-aminopropane 

\ 

(I?) a s  a p o s s i b l e  s u b s t r a t s  f o r  t r a n s f e r a s e  

(COMT) - and a  chemical  agent  of  p o s s i b l e  u t i l i t y  i n  d i s t i n g u i s h -  

I t  i n g  normals" from I '  schizophrenics ' '  should t h e  

Harley-Mason Hypothesis  be o p e r a t i v e ,  A s  a n  i n d i c a t i o n  of  th, 

wisdom of such an  approach,  we envisaged t e s t i n g  1-(3,5-dihydroxy 

4-methylphenyl) -2-aminopropane (73) i n  normals,  The "methylated" 

produc ts ,  1- (3,5-dimethyl-4-methoxy) -2-amino propane (a and 

1- (3,5- dimethoxy-4-methyl phenyl)  -2-aminopropane ( W would 

a l s o  be t e s t e d  a t  t h a t  t ime.  Syn thes i s  of (ZEt) a r o s e  i n  t h e  

cou r se  of s y n t h e t i c  s t u d i e s  o f  (m and (a. 
Syn thes i s  of 1- (3,5-dimethyl-4-hydroxy phenyl)  -2-arninopkop-ane 
( 7& a n d  1-43, 5-dieethyl-4 -mthoxyphenyl )  -2-aminopropane ( 1 3 )  

1,3- Dimethyl-2-propioxybenzene 62, ( R  = 1,j-diMe 2- 
1 

' p ropioxy,  R t  = C H ~ )  was sub jec t ed  t o  a  F r i e s  rearrangement t o  



P - - - - 

d 
y i e l d  ,1- (3,5-dimethyl-4-hydroxyphenyl) propanone, 53, ( R  = - " - 
3,5-diMe, 4-OH, R 1  = C H ~ )  u s i n g  t h e  procedure  o f  Benington, it 
a l .  ( 4 7 9 ) .  Methyla t ion  (479)  w i th  d- imethylsu l fa te  gave r i s e  t o  

MeO, R 1  = C H ~ ) .  ~ 0 t h '  phenyl propanones formed ke to  oximes wi th  

methyl n i t r i t e / l X l  ( 5 0 0 ) ,  5& ( R  = 3,5-DiMe, 4-OH,  R t  = CH,) and 

5 ( R  = 3,5-diMe, 4-MeO, R f  = C H ~ ) .  With 10% Pd/C o r  P ~ O >  i n  

a c e t i c  acid-H2S04, both  ke to  oximes gave r i s e  t o  amines, 72, 
MI 

and 2, r e s p e c t i v e l y ,  i n  f a i r  y i e l d .  Reduct ion of 54 ( R  - 
CclV' 

3,5-diMe, 4-OH, R f  = C H ~ )  and 54, ( R  = 3,5-diMe, 4 - ~ e 0 ,  R t  = 
Z 

IVU 

I 

C H ~ )  w i t h  576 Pd/C o r  P t 2 0  i n  HCl/EtOH gave r i s e  t o  amino ketones  

6 5  ( R  = 3,5-diMe, 4 - O H ,  R 1  = CH,) and 64 ( R  = j,5-diMe 4-MeO, 
NV 

R 1  = CH,). Reduction o f  6 5  ( R  = 3,5-diMe, &-OH; R 1  = CH,) and 

64 ( R  = j,5-diMe, 4-Moo, R r  = C H ~ )  wi th  sodium bdsohydride gave 
ycN 

% 

r i s e  t o  oximino a l c o h o l s  5&, ( R  = 3,5-diMe, 4 - O H ,  R f  = C H ~ )  and . 

55a, (3,5-diMe, 4-Me0, R 1  = C H ~ ) .  A l i t h i u m  aluminum hydr ide  - 
r e d u c t i o n  of 54 ( R  = 3,S-diMe, 4 , O H ,  R 1  = CH,) was unsuccess-  

rW' 

f u l  s i n c e  t h e  metal  phenola te  was i n s o l u b l e  i n  e t h e r ,  t e t r a -  

hydrofuran o r  dioxane. Complete r e d u c t i o n  was unsucces s fu l  

even a f t e r  4 hours  r e f l u x ,  whereas 54 ( R  = 3,5-diMe,4-Me, , R 1  = 
NV 

C H ~ )  was r e a d i l y  reduced t o  amino a l c o h o l  55, ( R  = 3 , 5 - d i h e 9 4 - ~ e 0 ,  
ruy 

R '  = C H ~ ) .  

A more f a c i l e  s y n t h e s i s  of  amines 7 3  and 73 was e f f e c t s d  
- - - - - 

v i a  3,5-dimethyl-4-hydroxy benzaldehyde 63) ( R  = 3,5-diMe,4-OH, 

3 '  = C H 3 ) ,  ob t a ined  f o r  a D u f f 7 B i l l s  r e a c t i o n  on 2,6-dimethyl 



- 

phenol .  Methyla t ion  gave 3,5-dimethyl-4-methoxy benzaldehyde 

6 ,  ( R  = 3,5-dit.le,'l-Meo, R f  = C H ~ ) .  A Knoevenagel condensat ion 
/. 

of n i t r o e t h a n e  wi th  benzaldohydes 63 ( R  = 3,5- iMe &OH, R f  = 
A t 1 NV 

CH,) and ( R  = 3,5-diMe 4-Me0, R 1  = C H ~ )  by a mod i f i ed 'p ro -  \ 
.M - 

cedure  (369)  gave good y i e l d s  o f  t h e  $ - n i t r o s t y r y l  . 6 ( R  = - .  
'L 

3,5-dime 4-OH, R t  = CH,) and 62 ( R  = 3,5-DiMe 4-Me0, R 1  = CH,). The 
M, 

8 - n i t r o s t y r y l  6 3  ( R  = 3,5-DiMe 4-OH, R 1  = CH,), found t o  be 

"incompletely reduced by l i t h i u m  aluminum hydr ide  i n  t e t r ahydro -  

fui-an, underwent r e d u c t i o n  w i t h  sodium bis(2-methoxyethoxy) 

aluminum dihydr ide  i n  benzene. 8- 'Ni t ros tyryl  62 ( R  = 3,5-DiMe 
# - CcN 

2 1 

4-Me0, R f  = CH,) was reduced wi th  l i t h i u m  aluminum hydr5de i n  
'\ 

t h e  manner o f  Rarneriz (3'58) and Shulgin  (505  - 506). 
S y n t h e s i s  of 1-(3,5-dihydroxy-4-metfiyl phenyl)  -2-aminop.ropane 
( 7 3 ,  1-(3,5-dimethoxy-4-methylpheny1)-2-aminopropane (73, 
1- (2,6- dimethoxy-4-methylphenyl) -2-$minopropane ( 7 9  

A s y n t h e t i c  r o u t e  f o r  amines 74- and d cen te re )  around t h e  
- 

a c c e s s i b i l i t y  f o r  3,5-dimethoxy-4-methylbenzaldehyd% 63, ( R  = - 
'h 

3,5-DiMeO 4-Me). Tw:, syn theses  (534,' 535) of  3,5-dihydroxy-4- ? f  

methylbenzoic a c i d ,  based on a l k a l i  f u s i o n  of potass ium 3,5- 
\ 

I 

disu lphona to  4-methylbenzoic a c i d ,  f a i l e d  t o  g i v e  f o r  u s  and f o r  

Rasmussen, e t  a l .  (536)  a good y i e l d  of 3,5-dihydroxy-4-methyl-: 

B n z o i c  a c i d .  Attempts t o  form t h e  bis-diazonium sa l t  of 3,5- 

diamino-4-rnethylbenzoic a c i d ,  formed by Raney n i c k e l  r e d u c t i o n  of 

3,5-d-i t ro-4-methylbenzoic a c i d ,  l e d  t o  a comppx mixture  of 
1 

- - 4. - 

I 
p roduc t s .  The routeprnost a t t r a c t i v e  to, u s  was t h e  benzyl ic  

o x i d a t i o n  of 1,3-dirnethoxy-2,5-dimethylbenzene 



6& ( R  = 1 , 3 - D i M e O ,  2 , 5 - ~ i ~ e )  as .descr ibed by Fujikawa - 
- - - - - -  -- - --- 

- 1 

and Kurugi (537)  and explored by Rasmussen, e t  a l .  (536) .  
I 

A sea rch  o f  t h e  l i t e r a t u r e , a t  t h e  t ime t h i s  p r o j e c t  was 
4 

conceived,  r evea l ed  fou r  syn theses  o f  ihydroxy-2,S- dimethyl  {" 

benzene ( 8 3  (538,541-543) . O f  t he se ,  Sonnt s method seemed most 
t 

+ d i r e c t  ( 542). Syn thes i s  of 1,3-dimethoxy-2,5- dimethylbenzene 

( 8 3  was e f f e c t e d  by C-methylat ion of 1,3-dimethoxy-5-methyl 

benzene ( 8 3 .  Methyl i o d i d e  and n-butyl  l i t h i u m  were found t o  

be s u p e r i o r  t o  dimethyl s u l f a t e  and phenyl l i t h i u m  desc r ibed  by 

Rasmussen ( 5 3 6 ) .  ( F i g u r e  8) 
, 

Concurrent ly ,  s y n t h e s i s  of 1,3-dihydroxy-2,5-dimethyl 
. 

benzene ( 8 3  was a t t empted  based on t h e a  s y n t h e s i s  by Sonn (54.2). 

Orc ino l ,  1,j- dihydroxy- 5-dethylbenzene ( , was reduced w i t h  
* 

Raney n i c k e l  a t  e l e v a t e d  tempera ture  and p r e s s u r e  (539)  t o  F 

y i e l d  5-methylcyclohexana-1,3-dione (m . Methyla t ion  wi th  

t a s s ium hydroxide and methyl i o d i d e  by Sonn t s  method (542)  

dnd t h a t  of  S t e t t e r  and Meisel  (540)  l i d  t o  incomplete  

methylat  i o n  and o x i d a t i o n  of both t h e  5 - m e t h y l ~ y c l o h ~  oxane- 1,3- 
r 

dione (E)  and 2,5-dimethylcyclohexane-1,3-dione (7&. The 
< 

main contaminant of t h e s e  r e a c t i o n s  was p o s t u l a t e d  t o  be d i (2 ,5 -  
'. 

' dibydroxy-3-methyl f i r f ' u r y l )  perox ide  (99. MethyNtior i  wi th  

/ b 

.- 
methyl i o d i d e  and a l k a l i  i n  a s e a l e d  tube  appeared t o  circumvent 

3 \ 

x- F.J 
problems of d i s t i l l a t i o n  l o s s  o f  methyl i o d i d e  and o x i d a t i o n  L 

- F 

r e a c t i o n s  a t  optimum r e a c t i o n  tempera tures .  Brornination gf 
- - - - - - -  

- - - - -  - 

- 

2,5-dimethylcyclohsxane-1,3-dione (m gave r i s e  t o  4,6-dibromo 

-1.3-dihydroxy-2,5-din~thylbenzene (80) a s  r epo r t ed  by 
M, 
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4 

Sonn ( 542) .  However, Sonnt s debromination w i t h  Pd/CaCOs and 

p i p e r i d i n e  l e d  t o  t h e  monobromo compound, 4-bromo-1,pdihydroxy- 

2,5-dimethglbenzene ( 8 2  i n  our  case .  Methyla t ion  of 4,6-dibromo- 
~1 

1 , j-dihydroxy-2, :-dimethylbenzene wi th  d i m e t h y l s u l f a t e  proceeded , : 

smoothly and t h e  dibrorno compound (83 was debrominated wi th  

sodium. alum&un. bis-(ethoxymethoxy)-dihydride (548)  t o  y i e l d  t h e  
' 

An e x p l o r a t i o n  of Sonnl s a l t - e r n a t e  r o u t e  t o  2,5-dimethyl- 

cyclohexane-1,3-dione ( 3 9  v i a  p-xyloquinone ( 9 0  was ' c a r r i e d  + 

ou t  ( 542). 1,4-Diniethyl-2,j, 5- t r i ace toxybenzene  (a,  formed . 
from a , c e t y l a t i o n  o f  p-xyloquinone (9A . i n  H2S04, gave 1,4- - 
dimethyl-2,3,5-trihydroxybenzene (93) on t r ea tmen t  wi th  alco-.  

h o l  H e 1  i n s t e a d  o f  t h e  r e p o r t e d  " p-xylo-oxy-hydrochinon-di-acetat" 

( 54 2 ) .  ( ~ i g u r e  9) 

Our d i f f i c u l t y  w i th  t h e  publ i shed  l e n g t h y  syn theses  of sub- * 

. . 
s i i t u t e d  r e s o r c i n o l s  has been echoed by o t h e r s  ( 544 - 547) and 

\ 

modi f i ca t ions  and/or  novel  approaches  have been r e c e n t l y  pub- 

l i s h e d  (543 - 547).  

1,3-Dimethoxy-2,5-dimethylbenzene (8a was s u b j e c t e d  t o  a 

i ;ar ie ty  of o x i d a t i o n  c o n d i t i o n s .  Cerium' ( I V )  arnmonium'nitrate 

.) / 

z n g a n a t e  i n  t h e  presence  of p y r i d i n e  gave a.'4@ y i e l d  of 3,5- 

d i r . e t k o x y - & - r n s t ~ y 1 b e n ~ o i c  a c i d  ( 8 a  and 4 3  of  '2-,6-dimethoxi- 
/C= 

,y g-ne thg i t enzo ic  i c i d  (?a ( 536, ' 537 ) .  Sepa ra t ion  by T. L.C. 
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- - -  

condensat  ion '  o f  2,6- d~methox~-$-meth~l3~nz~lireh~d~~ -[83-- 
/ * 

with  n i t r o e t h a n e  under our  modified c o n d i t i o n s  (369)  gave 1-(2,6- 

dimethoxy-4-methyl pheny1)-2-ni t ro  1-propene, 62 ( R  = 2,6-DiMe0, 
CUU 

4 - ~ e ,  R r  = C H ~ )  i n  81% y i e l d .  Reduction d t h  sodium aluminum 

b i s (  ethoxymethoxy) d ihydr ide  (369) i n  benzene gave 1- (2,6- 

Poutes ' involving &he convers ion  of 2,s-dimethoxy-4-methyl 

benzo2c a c i d  ( 8 s  t o  3,5-di;hethoxy-4-methylbenzaldehYd8 ' ( 8 3  , 

- i n c l u d i n g  ~osenmund (46%) (549,  - 5 5 0 ) ~  l i t h i u m  t r i - t e r t b u t o x y  
, 

aluminum hydr ide  ( 3 )  ( 8  modified McFayden-Stevens (@) (551) 
d' 

r educ t ions ,  were found t o - b e  i n f e r i o r  t o  r e d u c t i o n  wi th  l i t h i u m  - 

- aluminum hydr ide  and o x i d a t i o n  wi th  A$tenburrow's Mn02 (552 - 
e 555) - - 

Condensation of 88 w i t h  n i t r o e t h a n e  t-o y i e l d  1- (3,5-dimeth- 
rYv 

oxy-4-methylpheny1)- 2-nitro-1-propane,  6 3  ( R  = 3,5-dimethoxy 

4-methyl1 R = CH,) and r e d u c t i o n  of t h i s  B - n i t r o s t y r y l , . w i t h  

l i t h i u m  aluminum hydrid'e gafe  T b  (:),5-dimethoxy- 4-methylphenyl) - . - A 

a 

2-aminopropane (a. Traatment of 1- (3,5-difiethoxy-4-methyl ' 

phew1)-2-amihqpropane wi th  48% hydro iod ic  a c i d  a t .  100' , 

. - g2ve 1-(3,5-dihydroxy-4-'methy y1)-2-aminopropane as t h e  

h y d m i o d i d e  (w.  
v 

"Pre l iminary  s t u d i e s  toward a f e a s i b l e  s y n t h e s i s  of  l 4 ~ - n i ' t r o -  - 
1- 1 %  

4- 

ethane-and ' " c - s i d e  cha in  &abQ&lled' phenyliso&opfilam'inea were 
6 

coiiducted.  i+itroetinr.e was prepared from ethyl i-oaid; by a modi--- 
* /  

=, f i e d  ~ i c t b r  ?.(eyer ?eadtiSon (370  556) i n  3 5 $ - ~ 4 e l d .  No $thy1 n i t r i t e  - . ' ,  . , 

was clktected and .ungeaqted e t h y l  i o d i d e  was recovered on' > - . C -. d i s t i l h t ~ o n .  ?%\ - 



Synthetic s t u d i e s  w i t k  +pl%eet  ia% t o  rfng- strbstitn-k&-8=phenyT -- 

d 

i sopropylamines .  

Shulg in  (505,  506) has  cbrnmented on t h e  v a r i a b i l i t y  o f  con- 

d i t i o n s  r epo r t ed  f o r  t h e  ozono lys i s  o f  i s o m y r i s t i c i n ,  = ( R  = 

3-methoxy--4,s-methylenedioxy, R 1  = CH.) t o  m y r 5 s t i c i n  aldehyde,  , 

developed op t imal  c o n d i t i o n s  f o r  t h e  convers ion  o f  i s o s k f r o l e ,  

52 ( R  = jJ4-methylenedioxy,  R t  = CH,) t o  p i p e r o n a l ,  62 ( R  = 
rcN 

3,4-methylerredioxy), i n c l u d i n g  d i s t i l l a t i o n  o f  t h e  ozonide (561y. 
, 

Such a r e a c t i o n  should f i n d  s y n t h e t i c  a p p l i c a b i l i t y  f o r  a ldehydic  
d 

c a s e s  where n a t u r a l l y  o c c u r r i n g  phenylpropenyl benzene d e r i v a t i v e s  
. * s 

a r e  b e a d i l y  a v a i l a b l e :  

Syn thes i s  of r i n g - s u b s t i t u t e d  l-phenyl-2-propanones ( 4 2  

from 3-phenyl-l-propena was explored using'  a i r  a n d  a PdC12- 

CuC12 rsdox system (562).  A d i r e c t  convers ion  o f  s a f r o l e ,  5 2  

(R = 3,4-mdthylenedioxy, R 1  = CH,) t o  $1-(3,4amethylenedioxy 

pheny1)- 2 - p r o h n o n e  ( R  = 3,4-rnethylonophenyl )-2-propanone, 9, 
( R  = 3 ,4 -m0thy lened iog ,  R 1  = cH3) was e f f e c t e d  i n  5@ ~ Z e l d .  

Condi t ions  f o r  recovery o f  t h e  p a l l a d i u q  a r e  s t i l l  t o  bee.worked 

o u t  i n  o rd- r  t o  make t h i s  a f a c i l e  and economical s y n t h e s i s .  
/ 

I s o s a f r o l e ,  & ( R  = 3,4-methylenedioxy, R 1  = C H ~ )  was 
J . '.* 

n i t r a t e d  wi th  t e t r a n i t r o m e t h a n e  by*'the procedure  of Shulgin - . , 

, 
( 590) ' and i n  t h i s  c a s e  t h e  optimum r e a c t i o n  c o n d i t i o &  involved 

E l  = CH.) was r e a c t e d  w i t h  n i t r o s y 1  C h l o r i d e -  a f t e r  T i lden  and 
, ,  . 

F o r e s t e r , ( 5 6 4 ) .  The comp&nd t h a t  fo rmed appeared t o  be a dimer 
- 
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gena t ion  over 5% Pd/C. T. L. C .  a n a l y s i s  of  t h o  l i t h i u m  a l u -  

minum hydr ide  r e d u c t i o n  produc t  of  t h e  dimer, 9 ( R  = 3,4- 

methylenedioxy) i n d i c a t e d  two compounds which await 

c h a r a c t e r i z a t i o n .  ( ~ i g u r , e  10 )  
J 

I s o s a f r o l e ,  5& ( R  = 3,4-methylenedioxy, R r  = C H J )  was 

r e a c t e d  w i t h  n i t r y l  i o d i d e  and t h e  i n t e r m e d i a t e  1-iodo-1-(3,4- - 

d 
rnethylenedioxyphenyl ) -2-nitro-1-propene,  9 A  ( R  = 3,4- 

methy4enedioxyphe'nyl) was dehydrohalogenat ed wi th  p y r i d i n e ,  
/ - 

1- (3,4-methylenedioxyphenyl) - 2 - n i t r o p r o p e n ,  6& ( R  = 3,4-  

methylenedioxy, R r  = CH,) was formed i n  35% over  a l l  y i e l d  . 

(-573). Pyr id ine  appeared t o  be s u p e r i o r  s o l v e n t  t o  c o l l i d i n e  
Y * 

o r  t r i e t h y l a ~ n i n e  i n  t h e  p r e s e n t  case .  ( ~ i g u r e  11) 
F 

1- ( 3 , 5 - ~ i m e t h ~ l - 4 - m e t h o q p h e n y l )  -1-propanone$ 5& ( R  = 

3,5-dimethyl-4-methoxy, R f  = cH3) was n i t r a t e d  w i t h  .n-butyl  

n i t r a t e  i n  t h e  p re sence  o f  potass ium t -bu tox ids  t o  y i e l d n t h e  

potass ium eno la t  e of 1- (3,5- dimethyl-4-methoxyphenyl) -2 -n i t ro -  

\-propanone, 6_2 ( R  = 3,5-DiMe 4-Me0, R f  = c H ~ ) .  Attempted 

a c e t y l a t i o n  wi th  a c e t i c  anhydr ide  a t  e l e v a t e d  tempera ture  of 

t h e  potass ium e n o l a t e ,  96 ( R  = 3 , 5 - ~ i ~ e ,  4 - M ~ o ) ,  o r  t h e  - 
7 e n o l a t e  i t s e l f ,  gZ (R = 3,5-DiMe, 4-Me0, R f  = C H ~ )  r e s u l t e d  

i n  c leavage  t o  3,5-dimethyl-4-methoxybenzoic a c i d ,  9 ( R  = 
7 /' 

?,~-dim$thy1-4-rnethoxy), 
-. -$ 

P h q l - 2 - p r o p a n o n e  oxirne, 53 ((R =- ti, R r  =  was synthe- 
* 

s i z e d  from phenyl -2-~ropanonn ,  49 ( R  = 11, R f  = CH3) i n  y i e l d s  of  
NV 

92,: 2 s  a model f o r  th.3 keto-oxirne r o u t e  t o  s u b s t i t u t e d  6-phenyl- 
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isopropylamin-s.  LIAIR,  r educ t ion  a f f o r d e d  phonyl- 2-amino pF6pdne. 

I n  an a t tenlpt  t o  s y n t h z s i z e  t h e  hydrazide,  100 ( R  = 11) of  - 
methyl benzoatz u t i l i z i n g  a  procedure  t h a t  Dornow and Petsch 

( 567) a p p l i e d  t o  3 ,4 ,5-  t r i r~~ethoxyber izoic  a c i d  me thy le s t e r ,  92 

(R = 3 ,4 ,5 -~ r i !4n0) ,  t h e  product  which was formed i n  6% yLeld  

was a s s igned  t h e  s t r u c t u r c  o f  101  (H = I - I ) ,  i.e. l-amino-4- 
rclW 

phenylphtha laz ine ,  on t h e  basis of b p e c t r a l  d a t a  (568).  ( ~ i ~ u r e  12) 

5-2 Discussfon 

Table 2 p rov ides  a l i s t i n g  of t h e  psychodys lep t ic  $-phenyl 
/ .  

i sopropylaminss  syn thes i zed  t o  d a t e .  Table  3 p rov ides  a l i s t i n g  

of  polyhydroxyphenethylarxines active as  c a r d i a c  s t i m u l a n t s .  

Compounds syn thes i zed  i n  t h e  course  of  our  work on model systems 

f o r  sch izophren ia  arz inc luded  a s  a c o n t r i b u t i o n . *  

F a c i l e  condensat ion c o n d i t i o n s  f o r  t r i s u b s t i t u t e d  benzal'de- 

hyd2s .and nitrozth'an,e a r e  provid-ed i n  Table 4 .  The r e s u l t i n g  
t 

p - n i t r o s t y r y l s  - &re Pkduced wi th  l i t h i u m  aluminum hydr ide  (577) 
4 

I I a r  ~ e d a l "  ( sodium aluminum- bismxthoxyethoxy d ihydr ide )  . 
I n t r o d u c t i o n  of this reduc ing  agen t  should circumvent s y n t h e t i c  

d i f f i c u l t i e s  sometimes encountered w i t h  l i t h i u m  aluminum hydr ide  
I 

redEc5ions.  7 - 

~ a r ? o n - 1 4 ,  l a b e l l i n g  i n  t h e  s i d e  cl iain of' t h i s  s e r i e s - i s  
\ 

no:.: xado p o c s i ~ l ? '  Z - j r  a f a c i l o  p r e p a r a t i o p  of ' 4 ~ - n i t r o c t h a r i z .  Scram- 

' c l i ng  of label '  is not slated t o  be a-worl- isorr teprocess .  A s  seen from 

s y n t h e t i c  stu.d* 'of h iqhe r  homologues, no branch cha in  isomers  were, 

d e t e c t e d  ( $83) . Such carbon-14 l a b e l l e d  ~ - p h e n y l s i o p r o p y l  amines I 

s h c ? ~ l d  f i n d  s p v l i c r t i o n  i n  metabol ic  and d i s t r i b u t i o n  work i n  t h e  



f i e l d  of psychobiochemist ry .  For example, a  s c r een ing  f o r  b ind ing  t o  
i 

- 

f s u b c e l l u l a r  f r a c t i o n s  from r a t  b r a i n  ( 569) c o u l d  be provided 

7 without  t h e  p o s s i b i l i t y  o f  b i o l o g i c a l ' e x c ~ a n g e  i n v a l i d a t i n g  
w 

such da t a ,  o r  a demonstra t ion of. r e c e p t o r s  i n  nervous t i s s u e  
5 

c o u l d  be conducted as h a s  baen r epo r t ed  o r  t h e  opiate 's  ( 4 0 1 ) .  

I n t e r e s t i n g  r e a c t i o n s  which have been observed i n  t h e  

course  of t h i s  work, f o r  example, d i r e c t .  convers ion  of  methyl, 

benzoate  t o  1-amino-4-phenylphthalazine ( 1 s  and c leavage  of 

t h e  e n o l a t e  of 1- (3,5-dim2thy1-4-met~oxyphenyl) 2 - n i t r o  1- 

propanone, 92 ( R  = 3,5-DiMe 4-MPO) with  a c e t i c  anhydr ide ,  have 

been inc luded .  S ide  r e a c t i o n s  i n  Sonn l s  s y n t h e s i s  of 2,5- 

dimethyl 1,3-dihydroxy benzene ( 8 9  have been e l u c i d a t e d .  A 

l i t h i u ~  aluminum hydr ide  r e d u c t i o n  of  t h e  n i t r o s y l  c h l o r i d e  

adduct  (w of  i s o s a f r o l e ,  51 - ( R  = O C H ~ O )  i s  r e p o r t e d  and 

could form t h e  b a s i s  of  a f u r t h e r  cx t  ended i n v e s t i g a t i o n .  

Conclusions  

I n  .genera l ,  s y n t h e t i c  r e p r o d u c i b i l i t y  i s  a f u n c t i o n  of t h e  

f o n o w i n g  v a r i a b l e s :  
4 

(1) t h e  "ope ra to r "  ( b o t h  t h e  r eco rd ing  o p e r a t o r  and 

d r e c e i v i n g  o p e r a t o r )  t3 

( 2 )  a v a i l a b i l i t y  of s o p h i s t i c a t e d  a n a l y t i c a l  methods 

( 3 )  compe t i t i ve  f r e e  e n t e r p r i s e ,  p r e s s u r e s  to p l e a s e  and 

t o  p u b l i s h .  A 

A s  an example of number ( I ) ,  X would l i k e  t o  p o i n t  t o  
- - - - t - 

Fadshah, Khan and 5'idwai (357) . To t h e  r eco rd ing  ope ra to r  t h e  

p r e p a r a t i o n  of t h e  Raney Hicke l  c a t a l y s t  t h e r e i n  i s  f u l l y  



d cribed. To the receiving'operator, it is unclear on paper 'r" 
where "modificationst' of the standarnzed Orggnic Synthesis 

prozedure begin and end. 

Examples of variableX(2) must of necessity include an as 

yet undetermined proportion of the literatu /- prior to 1960. 
I 

d * '  My own experiences with such literature begins with Tsaots 

synthesis of mescaline (L) (48). Without unduly boring the 

reader, one could easily cite Hahn and Rumpf's (440) synthesis 

of 3,4~dimethoxybenzaldehyde cyanohydrin (g), Deulof eu and Men- 

divelzua 1 s ( 3 6 3 )  synthesis of 1- ( 3 ,  4-dimethoxyphenyl) -2-alanine 

. ( l.) , D o r n ~ w  and Petscht s synthesis of 3,'1,5-trimethoxybenzoic 

acid hydrazide (5$7), Sonnf s synthesis of f3-orcinol (82) (542), 

Adttachaudhury and Chatterjeels synthesis of N-methyl-1-(3,4- 

dimethoxyphenyl)-2-aminothanol (21, Michauxls injection 
3 

studies ( 182-104) with 1- (3, 4-dimethoxyphenyl)-2-aminoethanol 

( i t )  and 8-methyl 1-(3,h-dimethoxypheny1)-2-aminoethanol (a), 
and Kawai 1 s synthesis of 1,2-dihydroxybenzoic acid from - 

catechol (581). 

It is commonplace .to exagerate one! s yield, for example, 

in Smidrkad and Trojanekts synthesis of 2,3-dihydroxybenzaldehyde 

recently (582). However, for possibly the purest example of 

variable ( 3 )  one should refer to Charlgsworth and Robinson 
I 

( 531: ) and ~$hina and Asano (515) . , 

Great care has been taken to insure reproducibility in the 

by syntheses-presented here f o r  t w o  reasons: (3) controversies - - 

- - 



-- a r e a  of s c h i z o p h r e n i a  r e s e a r c h  w i t h  c o n c o m i t t a n t  l o s s  i n  - t ime * 

-. and energy ;  ( 2 )  t o  p r e s e n t  a c a s e  t h r o u g h o u t  t h e  s y n t h e t i c  

1 # 
l i t e r a t u r e  f o r  a r e t u r n  t o  s t a n d a r d s  e s t a b l i s h e d  by Organic  

S y n t h e s i  s . Coupled w i t h  modern a n a l y t i c a l  t e c h n i q u e s ,  such  - t 
s t a n d a r d s  shou ld  e l i m i n a t e  a g r e a t  d e a l  of the d a i l y  

s p e c u l a t i o n s  of t h e  s y n t h e t i c  c h e m i s t .  
- 

Moreover, t h e  1 4 ~ - l a b e l l i n g  envisaged a s  a l o g i c a l  outcome- 

of t h i s  t h e s i s  has p laced  s e r i o u s  r e s t r a i n t s  on t h e  a p p l i c a b i l i t y  
4 - ~ - 6 f  p u b l i s h e d  s y n t h e t i c  procedures . -A s y n t h e t i c  p r o c e d u r e  must 

' by t h e s e  r e s t r a i n t s  p e r m i t  i n c o r p o r a t i o n  o f  l a b e l  from 

c o n m e r c i a l l y  a v a i l a b l e  s t a r t i n g  rnateri* a t  a p o i n t  as  c l%se 
- / 

/ .. 
a s  p o s s i b l e  - t o  f i n a l  p r o d u c t .  ~ o n ; e r s i o n  t o  f i n a l  p r o d u c t  

then must be o b t z i n e d  i n  t h e  h i g h e s t  p o s s i b l e  y i e l d  o v e r a l l .  

For t h i s  r eason ,  f o r  example, amines  ( and (a) are b e s t  

o b t a i n e d  v i a  a Knoevenagel c o n d e n s a t i o n  and a h y d r i d e  r e d u c t i o n  

rather t h a n  a F r i e s  r ea r rangement ,  o x i m i n a t i o n  and r e d u c t i o n /  , 

h y d r o g e n o l y s i s  as  o r i g i n a l l y  e x p l o r e d .  a 
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T A B L E  3 
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Chapter 7 

Expe$imental 



l d ~ l t i n g  points vier? measured on a I r i scher-Johns  a p p a r a t u s  
F 

and a r e  u n c o r r e c t e d .  U.V.  spec t r a  were measured on a, Unicam - 
3P 800 w i t h  e t h a n o l  a s  s o l v e n t .  I.R. s p e c t r a  were measured on 

a Perkin-Elmer 457 s p e c t r o m e t e r .  N.M.R. s p e c t r a  were recorded  

u s i n e  a Var ian  ~56/150 and th- .  r e q u i s i t e  d a t a  a r e  r e p o r t e d  as 6 

v e r s u s  a n  i n t e r n a l  TIG s t a n d a r d .  Mass s p e c t r a  were o b t a i n e d  

on  a Perkin-Elmer I I i t a c h i  R N U - 7  instrurnnnt  u s i n g  a n  i o n i z a t i o n  
Ci 

v o l t a g e  of 8 0  e. v. GLPC a n b l y s e s  were p&forrned on a ~ e n d i x  

Chrorna-Lab s e r i e s  2200 equipped w i t h  a T . C .  d e t e c t o r .  

I I O - ~ r a ~ n s m e t h y l a t e d "  Catecholamines  

4 -  ( 3  J4-~imethoxyhenzal>2-~henyl-5-~xazolones (3zJ3* 7 

The procedure  by Buck and I d e  (573) was found t o  be sa t i s -  
\ 

f a c t o r y ,  (65% y i e l d )  rn.p. 151-152, l i t .  m.p. 151-152 (581). 

N.11.R. ( c D c ~ , ) :  6 3.90 (m-0~i i3 ,  s ,  6 ) )  4 . 0 0  (p-@Cli3, s,--6), 

( K B ~ )  1745,. 1760 em-'. ( c a r b o n y l s  1625 em-' ( c = N ) ;  Xmax ( E ~ o H ) :  

298 mp ( e = l 0 , 5 0 0 ) ,  350 mp ( c = 5,000) .  Anal. Calcd.  f o r  - 
,- tr ' 

C1,H15N0, (rnol. vt. 309): C, 69.89; H, 4 .89;  N, 4.52.  ~ounh:  
r- '  

( m / e ,  303); C, 69.46;  Hj 4.85; j 4 .49 .  
'i 

::-Benzoyl y-amino-2- (3,4-dirnetho~y~henyl)-l-~ro~enoic a c i d ( % ,  a) 
# 

-- - 
d L 

The a z a a c t o n e s  (35a 3& (81 g, .262 mol) were r e f l u x e d  
nrw3 

1 

( 1 2  h?) i n  a  l i t e r  1% K2C03 s o l u t i o n / 2 0 0  m l .  a c e t o n e .  The r e a c -  
' . , 

t i o n  mix tu re  was poured o v e r  1 l i t e r  1@ HC1/500 g ice. The 

p rodue t  was c o l l e c t e d ,  r e c r y s t a l l i z e d  from a c e t i c  a c i d l w a t e r ,  

7 8 . 0  g (32.07; y i e l d )  m. p. 1.96-198O. n. m. r .  ( dC-DMSO) : 6 3 . 6 0  



( K B ~ )  : 3200 cm-' . .  ( ~ ~ 0  exchang-, 4.00-'1.70, broad 5 ) ;  vmax 

, I ( i . i~c~"cl i~) ,  - 2500 ( C O ~ H ) ,  1600-1690 (c=c ,  , c = ~ ) ;  lmax ( ~t 011) : 

295 mp ( c = 12,500) .  Anal. ~ g l c d .  f o r  C I  , H I ~ N O ~  (mol.  w t .  327):  

c, 66.04;  11, 52.21j; I:, 4 .28 .  ~rourld: ( m / s ,  3 2 7 ) ; ~ ~  66.01; 11, 
i 

5 .21;  N, 4.30.  

1,:-Eenzoyl j-(7,,~1-~i~1~th0~yphenyl)-2-~mj~nopropionic a c i d  (3a 

t 
ded  i n  de ion ized  wa t e r  ( 1 0  m l ) ,  cooled  and s t i r r e d  i n  a n  i c e  

bh th  (0 '  c ) .  P o w d e r ~ d  3% ,sodium amalgam ( 3  g) was added !in 
I 
r e e  p o r t i o n s  a t  ~ l 5  minute 15 minutes  a f t e r  t h e  

l a s t  a d d i t t o n ,  t h e  a t  room t empe ra tu r e  

(.25" C )  f o r  30 r n i i l ,  Hg wad f i l t - r e d  through a g r a v i t y  funne l  

with two t h i c k n e s s e s  of  -- f i l t e r  paper  and washed w i t h  1 0  m l  de- 

' i o n i z e d  wate r .  The f i l t r a t e  was cooled i n  a n  i c e  ba th ,  

a c i d i f i e d  ( 20% H C ~ ) ,  s t o r e d  a t  4 'C overnight  and t h e  

p r e c i p i t a t e  s u b s e q u t h t l y  d r i e d .  The corflpound a f t e r  r e c r y s t a l -  
\ 

d 

l i z a t i o n  from a c e t i c  a c id /wa t e r ,  62 g  (1.89 rnrnole, 57.5% y i e l d )  

had m.p. 182-184'. n .m.r .  (dG-DMSO): 3.20 ( c H ~ ,  m,- 2 ) ,  3.70 

( (2x3,  s, 6), 4 .6  ( C H ,  m, l), 6.80-7.00 ( ~ r - H ,  m, 3),  7 r4 -8 .0  

(AY-11, m, 5), 8.50 ( W H C O C ~ H ~ ,  S ,  l ) ,  9.00 ( C O ~ H ,  - s,' l), D20 - 
exchangs, 4.00-4.70,  broad,  s 1). vmax ( K B ~ )  : 3300 ( N H O O C G I I ~ )  - , 
2?d0 ( C O ~ H ) ,  - 16.10-1670 (c=Ot s )  . Anal. Calcd.  f o r  C I  8H1 s N O ~  

(rnol. wt. 329 ) :  CJ 65.64; I i ,  5.81; N, 4.25.  Found: (m/z, 329) ;  



The Pi-tlenzoyl amirk a c i d  (37) rYv (130 .3  mg, .396 mmol) d i s -  

s o l v e 8  i n  6 - M 1 ( 5  m l )  was hydrolya-d  f o r  1 h r  i n  a s e a l e d  

t u b e  (97'7. The s o l u t i o n  was coo led  i n  a n  i c e  b a t h ,  e x t r a c t e d  

i r r d e d i a t z l y  w i t h  5 n l  e t h e r  t o  benzoic  a c i d  and t h e  

aqueous a c i d i c  l a y e r  ~ v a p o ~ a t e d  on a  vacuum pump (1 m) 'ht  

room ternpera,ture.  The c r u d e  m a t e r i a l  (111.7 rng) was t a k e n  up 

i n  w a t 6 ~ .  and e l u t e d  wi th  t h e  same from a s i l i c a  g e l  column and 

\ 
t h d  e f f l u e n t  was.evapora, ted on a vacuum pump. The r e s i d u z  was 

d r i e d  - i n  vacuo over P205, 6 2 . 9  rng ( . 2 8 0  mrnole, 70.8$ y i e l d ) ,  

IE. p. 249-250'. T.  L, C .  ( s i l i c a  g e l  GF-254) : ' C H C 1 3 :  CH30H: NH40H 

( c o n c ) / 8 0 :  20: 1;' Rf 0 .20 .  *GLPC of t h e  t r i f l u o r o a c e t i c  a c i d /  

n-'oUtyl e s t e r  (379) (1 .5$  GE-XF1150 on Chrornosorb W )  (160')  

3 .92  ( oCi-I,, s ,  6 ) )  4 .60  ( C H ,  m, 1) , 4.75 ( N H 2 ,  COzH exchanged, 

ern-' ( c o ~ H ) .  Anal. Calcd. f o r  CllH1504N (mol.  w t .  225) :  C, 

58.65; H, 6.71; 14, 6~22. Found: ( m p ,  225);  C ,  58.64; H, 6.70; 

E y d r o l y s i c  of Azlactonez  ( 3  ( 574). b 

The a z l a c t o n e s  ( 3  ( 5  g, 16 nxnol) were r e f l u x e d  i n  

29 I:aOli s o l u t i o n  (500-  m l )  f o r  1 0  h r .  On c o o l i n g  i n  i c e ,  the 

mixture  was a c i d i f i e d  w i t h  d i l u t e  H C 1  and t h e  c r u d e  prod@' .-. 
v 

c o l l e c t e d .  T. L. C. ( s i l i c a  g e l  GP-254) ace tone-wate r  (1: 1 /v) 

rn - l ea led  t~vo  rna j o r  coiriponents. The N-benzoyl 3-(3,4-dimethoxy- 

pheny1)- 2-ani ino-acryl ic  a c i d s  ( a  - 3 ( 2C$) which chromato- 



- graphed as  one component were char.acterize%by mass spec.  an&^ 
* 

\- 
m. p. as descr ibed  p rev ious ly .  The o t h e r  compoumd, N-benzoyl 

3 - (3 ,~ -d ime thozyp l~ i . ny l )  -3-hydroxy-2-alanine  ( 3 , (65% y i e l d )  

had m.p. 211-212". n.m. r.  \ (dG-~14S0):  3.70 ( O C I I ~ ,  s, 6 ) )  

( I J H C O C ~ H ~ ,  - S ,  I ) ,  9 .00  ( C O &  - s ,  1).  D2d exchange, 4.00-4.50 

broad s ,  2 ) .  .Anal. Calc. f o r  , C I  e l T l g N O ~  (mol. w t .  345) .  C, 
1 

62.60;  H ,  5.54; I\!, 4 .06 .  Found: (m/e, .345);  C ,  62.58; H, 5.52; 
'a 

11, 4 .02.  7 

4- (~,4-~imethojivbcnzyl)-~-Cthoxy-~-Phenyl-5-Oxazolone ( 4  - 
The a z l a c t o n e s  ( ? a 3 3  (3.86 g ,  1 2 . 5  mnol) i n  100 ml 95% 

EtO!I,  were hydrogenated wi th  a mixture  of  4 . 2 5  g MI, (anhydrous) 

and  1 . 5  g c a t a l y s t  ( p r e p a r e d  a s  descr ibed  by Cadshah e t  a 1  (357)  a t  

42 p s i  H2 f o r  1 4  h r  u s ing  a  Pa r r  shake r .  The c a t a l y s t  was f i l t e r e d .  

trashed with h o t  ' e t h a n o l  and t h e  f i l t r a t e  evaporated . The product  

(926  y i e l d ) ,  . r e c r y s t a l l i z e d  from ~ t 0 ~ ( 9 5 ) ,  has  m.p. 215-1'7". n , m . r .  

(dC-Di4~0) : 2.10 (cH,, t ,  7)) 4.55 ( c H ~ ,  q u a r t e t ,  2 ) )  3.70,  (OCH,,  

s ,  6 ) ,  4.60-5.00 ( c H ' s ,  rn, 2) , 6.75-8.20 ( A H -  m ,  8 ) .  43nal.. 

Found (rn/e, 355) :  C ,  6 ~ ~ 5 5 ;  H, 5.94; N, 3.90. Presence of Nl-ben- / 

/ 

z o ; ~ l -  (3, 1!-dimethoxyphen~~l)-2-alanineamide (42b)  was d e t l c t e d  i n  
, 

NN 

crude product  a s  fragment (14 =308) i n  mass spectrum and 

t e n t a t i v e l y  s o  a s s i g n e d .  
F 

Condensation of ' ~ e r a t r a l d e h ~ d e  (34) wi th  ni t romethane and f 
rcN \ @ 

znmonium a c e t a t e  i n  a c e t i c  a c i d  (367)  gave t h e  known n i t r o s t y r e n e ,  
/ 

!;. . p .  1 4 0 ~ 1 4 1 .  l i t .  m a p .  140-1111 (367). a.m.r ( c D c ~ , ) :  2.9 
\ 

\ 
C 

. / 



i 
0 

94 
( O C H , ,  s ,  6), 6.85-7.45 ( ~ r - 1 1 ,  rn, 31, 7 .71  (CH=CH, dd, 2, ~ = 1 5  

J 

Hz v max ( r t ~ r ) :  15'70 ern-' ( = )  Amax ( E ~ o H ) :  , 290 m, ( E  = --. 
1 r -  

10,000)  e m/e 209. LiklH* r e d u c t i o n  o f  t h e  n i t r o  s t y r e n e  i n  
Y 

e t h e r  (368) ga.ve 2, r4 (6876 y i e l d ) ,  m.p. ( H C 1  s a l t )  143-145' l i t .  e 
'ma x 3400 c.rn-' ( I ' S ~ ) .  T.L.C. ( s i l i c a  g e l  GF-254) CHC13:  CI1301-I: 

NH40H ( conc )  80 :20 :1  showed a s i n g l e  compound, R f  0.30, as d id  

GLPC o n  3% OV-l7/Gas Chrom Q (220 ' ) .  

( a) -1- (3,'1-~imethorypheng1)-2- min no propane (3 
condensa t ion  of v e r a t r a l d e h y d e  ( 3 3  with 'h i t r ' oe thane  i n  pres-  

ance  of ammonium'acetate i n  a c e t i c  a e i d  as we l l  as w i t h  n i t r o e t h a n e  
f 

(nea . t )  (369, 3 R 5 ) ,  gave t h e  n i t r o s t y r y l  d e r i v a t i v e ,  5% and 95% . 

y i z l d  r e s p e c t i v e l y ,  rn. p. 145-146' n.  rn. r .  ( c D c ~ ~ )  : 2.50 (CHS-C=C,  - 
s ,  3 ) ,  3.95 (OCH,, s ,  6), 6.9-7.0 ( A r - H ,  m, 3 ) ,  8 . 0  ( C H = C ,  broad 

d - 
s, I.). vm,: 1590 ern-' ( C H = C )  . hx ( E ~ o H ) :  296 mp ( c =\ 

11 ,000) .  Calc.  mol. w t .  223, Found. m/e, 223. 
,' 

L ~ A ~ H ,  r e d u c t i o n  of  t h e  p-ni t ropropene i n  a n w d .  THF (368) 
C -- 

gave 3 (74% y i e l d )  m,p, ( H C ~  sa l t )  147-8'. lit. m.p. 147.5-148' 
N 

(385) n.m.r .  ( c D c ~ , ) :  1 . 0 5  ( c H ~ ,  d, 3 ) ,  2 .5-3 .0  ( C H ~ C H ,  rn; 3 ) ,  - 
3.80 (oCM,,  s ,  6 ) ,  -6.80-7.00 ( ~ r - H ,  rn, 3 ) .  vmx ( K B ~ ) :  3400 - 
cm" (?El2). Calc .  rnol. w t .  195. Found: rn/e, 195. T.L. C. 

( s i l i c a  gel GF-254) CHC13:  CH30H: NH,OH ( conc )  80: 20: 1, Rf  0.35, 

and GLPC on 3% OV-17/Gas Chrom Q (220') both  shdwed a s i n g l e  

' Fre sh ly  d i s t i l l e d  v e r a t h d e h y d e  (a ( 0 . 1  rnol. ) was ground 

i n  a mortar  and s l v r r i e d  w i th  0.172 mole KCN d i s s o l v e d  i n  23 

J 



l-' 

9 d' 

m l  wa te r .  H C 1  (17 m l )  was addzd dropwise ,with r a p i d  s t i r r i n g  
* 

u n t i l  t h e  temperature  of t h e  mixture reached 45"-50" and main-$ 

t a ined  a t  t h i s  l e v e l  by coo l ing  wi th  i c e .  The mixture was 

allowed t o  come t o  room femp., cooled i n  i c e ,  t h e  s o l i d  removed 

by f i l t r a t i o n  a n d  washed with  coldrUiqater ( 5  x 50 c c )  and Gried 

i n  vacuo (m.p. 59-69"), The crude materi$l  y a s  s t i r r e d  i n  100 - 
rnl co ld  anhydrous benzene ( 2  x )  , f i l t e r e d  and d r i e d  - i n  vacuo, 

18.7 g ( :097 rnol, 57 .2s  y i e l d )  m.p. 87-90". n.m.r. ( c D c ~ ~ ) :  

3.40 ( O H ,  s ,  I ) ,  4.05 ( O C I ~ ,  s ,  6 ) ,  5.65 ( C H ,  s ,  I ) ,  6.90-7.60 

0-r-H , m, 9,. vmx ( K B ~ ) :  3430 cm-I ( O H ) ,  2000 cm-I ( c ~ N ) .  

?ha x ( E ~ O H )  : 295 mp ( E = 10,000) .  Anal. Calcd. f o r  c I O ~ I ; ~ o 3  

(mol. w t .  193) :  C, 62.16; H,  5.74; 11, 7.25.  Found: m/e, 193); 

,&, 62.17; H, 5.70; Pi, 7.12.  
./ 

1- ( 71,  4 - ~ j  methoxyphenyl) -2-am~koethanol  ( j?) 

The cyanohydrin (i??) ( 1 2 . 3  g ,  64 mrnol), d i s so lved  i n  an- - 
hydrous THF, was added dropwise t 9  an  ice-cooled ,_d s l u r r y  of 

LFAlH, (12%~ 318.5 rnrnpl) i n  dry THF (250 rnl)  . The mixture  was 

s t i r r e d  a t  room tempera&ure (15 min),  r e f luxed  t h e r e a f t e r  f o r  
C a 

f i v e  h r .  followed by h y d r o l y s i s  wi th  H 2 0  under coo l ing  u n t i l  t h e  

S a l t s  t h a t  formed coagulated.  ' T h e  mixture was f i l t e r e d  and the  

f i l t r a t s  d r i e d  and evaporated - i nvacuo ,  l e a v i n g  a h igh  . bo i l i ng  

h q u i d .  Vacuum d i s t i l l a t i o n  a f fo rded  a f r a c t i o n  c o l l e c t e d  a t  

160'-164" ( 0 . 7  mm), 11.5 g ( .  058-mol, 97%) which had a s  t h e  s o l i d  

HCl sa l t  m.p. 163-165', l i t .  m.p. 163" ( 3 7 2 ) .  n.m.r. (d6-DMSO): 
F3 

2.70-3.00 ( ' ~ H ~ - l l i l ~ ,  rn, 2) , 3 .50  (0H,H3,  broad s,  4 ,  3.75 . - -  - 



3 ) .  vnax 3400-3500 ern-' ( , O H ) ,  T.L.C. ( s i l i c a  Gel GF 254) :  

CHC1, :  C1~301!:~~!401i ( c o n e )  80: 20: 1, Rf', 0.33. GLPC on 576 SE 
. a 

/ 

30/Chron1osor!, :l DIVES A/W, 60/80, 160•‹ ,  showed a s i n g l e  peak , 
i 

f o r  t h r  ~ r i i i l / ~ ~ A  d e r i v a t i v e .  Anal. Cab. f o r  C 1 0 ~ 1 5 N 0 3  
\ 

("01. vri;. 1 9 7 ) :  C-, 60.90; H, 7.67;  N, 7 .10 .  Found: (m/c, 197,); 
' .  

C,  50.85; H, 7.50; N, 7.05.  

N- [I- ( 3 , 4 - ~ i r n e t h o x ~ ~ h e n ~ l ) -  2 - ~ t h a n o l ]  Carbarnate ( 4 2  
/' 

The e thanolamine  5 ( . 3 4 9  g, 2 mmol), urried in water  -. 
1 

(10 m l )  and 2 g  chopped i c d ,  was t r e a t e d  w i t h  e t h y l c h l o r o f o r m a t e  
0 

by t h e  method o f  Friedman (374) t o  y ie ld ( )$  , (0 .349  g) 65%) ,f_m.p. 

63-65". n.m.r .  ( d 6 - ~ : 4 s 0 ) :  1 . 3 0  (cH,,  d ,  j), 2.80-3.30 ( C H ~ N H ,  - 
a 

m, 2), 3.50 ( 0 ,  xd,, S ,  2 ) )  3 . 7 5  (OCH,, 2s ,  6 ) ,  4 . 5 0  ( C H Z ,  q ,  

z ) ,  4.60-4.80 ( c H ( o I : ) c ~ I ~ ,  rn, 1), 6.8;-7.00 ( ~ r - H ,  m, 3) ,  vmax - 
1750 ern-' ( ~ = 0 ) ,  3430-3500 ern-' (NH, O H ) .  Anal.  Ca lc .  f o r  

C l 3 Y l 3 N O 5 .  (rnol. w t .  269): C ,  57.98; H, 7.11; N, 5.20. Found: 

(m/-69); C ,  57.96; H, 7.10;  N, 5.16.  
h 

J 

(f )-1;-methyl 1- (3, 4-dirnethoxyohenyl)-2-aminoethanol (2) - 
/ The carbamate ( 4 3  (0 .345  g, 131 mmol) d i s s o l v e d  i n  

2- d Aydrou.s THF, was added w i t h  s t i r r i n g  t o  a s l u r r y  o f  266 mg 

( 7 . 0  rmol)  LiP.lH, i n  anhydrous THF (10  m l )  a t  room t e m p e r a t u r e .  

n ihe rxiztu-rp was r e f l u x e d  f o r  80 hr, t h e n  hydro lyzed  w i t h  w a t e r  
i 

and p r e c i p i t a t e d  sa l t s  removed. The f i l t r a t c  was d r i e d  ( M ~ s o , )  
, , 

and evapora ted  y i e l d i n g  t h e  c r u d e  amirlo a l c o h o l  which was p u r i -  

f i e d  by e l u t i o n  with e t h e r  from a s i l i c a  g e l  column. The com- 

b ined e t h e r  f r a c t i o n s  were dried over  MgSO,, evapora ted  t o  a 



small volume fol lowed by s a t u r a t i o n  w i t h  anhydrous I IC1 ,  The 

ethznolarriine hyd rock lo r i de  ( 9  was c o l l e c t e d  and d r i e d ,  97 me 

( . 46  rnmole, 35%) , rn. p.  132-133'. n.m.r.  (@-DMSO) : 2.44 (cH3-m, - 
5, 3 ) ,  2 . 7 -3 .0  ( c -  - rn, 2 ) ,  3.70-3.80 (OCH,, 2 s ,  6)) 4.6-5.0 

* - 
( - 0 ,  - s l ) ,  6 .8 -7 .0  ( A r - I - ? ,  m, 3 ) .  vma,: 3400-3500 cm-' 

(P ,M,oH) .  Anal. Calcd.  for  C 1 1 1 1 1 5 N 0 3  (mol.  w t .  211) .  C, 62.53; - 
3, 8.11; N, 6.63. Found: ( m / e ,  = 211);  C ,  62.50; fi, -8.09; 

I? ,  6 . 61 ,  T. L. C .  ( s i l i c a  g e l  GF 254) : CcHG:  CHC13:  CH30H:  1\JH40H 
r 

( c o n c ) ,  8:G: 5: 1 andl GLPC of the T r i s i l / B S A  d e r i v a t i v e  on 5% 

Se-30 a s  above (160")  showed one compound. 

Conversion of ( 4 )  t o  l-(~,4-~imethox~~henyl)acetaldeh~de * ( 4 3  

1- (3 ,4 -~ imekboxyphenyl )  2-aminoethanol (9 formed, a s  has  . 

i '? 

been r e p o r t e d  ( 3 7 2 ) ,  t h e  Sch i f f ' l s  base  (44 w i t h  p i p e r o n a l .  

( C H ,  s 1). .Anal.  Calcd. f o r  .(mol. w t .  329) :  C ,  65.64; H,-5.81;  

Schii 'f s 'case (4% was r e a c t e d  w i t h  C H ~ I  (372)  t o  form the adduc t .  

n . m , r .  2 . 3 0  ( = N - C H ~ ,  s ,  3 ) )  2.70-3.00 ( C H Z - N ,  m, 2), 3 .50  - 
4- 

(SH, s ,  I), 3.75 ( ~ C i i , ,  2s)  6 ) ,  4.60-4.80 ( C H ( O H ) C H ~ ,  m, .I), - 
4 

5.59 ( c H ,  s ,  I ) ,  6.00 (0-CEZ-0, S ,  2 ) ,  6.80-7.50 ( A ~ - H ,  m, 6). 
I 

L.na.1. Calc .  for. C 1  9H221?i051 (rnol. w t .  471) :  C ,  48.42; N, 4 .TO; 

I:, 2.97; Found:. (m/e, 471);  C ,  48.35; H, 4.69; N, 2.95. 

The adduc t  ( b 3  (2.4 g, 0.535 mol) was r e f l u x e d  i n  a mix- 

t u r e  of  wa te r  ( 2 5  ml) and H C 1  ( 2 . 5  m l ;  12 M)  f o r  2 h r .  The - 
s o l u t i o n  was e x t ~ a c t n d  w i t h  e t h e r  and t h e  aqueous s o l u t i o n  



t s e a t c r l  w i th  307 I laOH. The nel l t r a l  so l  

-- . 
. u t i o n  was e x t r a c t e d  wi th  

C H C 1 3 ,  t h e  CfIC13 l a y e r  d r i e d  ( I < ~ s o ~ )  and evapora ted  l e a v i n g  a n  

o i l  which was d i s t i l l e d  i n  vacuo. b .p .  125" (1 .5  mm). n.m.r. - 

mol. wt. 180. Found: m/e, 180.  
- 

P,sychod.ysl?pt i c  p-Phen;rlisppropylamines_ 

2 ,6-Dirnethylphend (98.7 g . ,  .808 mole) and p r o p i o n i c  an- 

hyd r ide  (206 g. ,  1.57  mole)^ were r e f l u x e d  f o r  4 hours .  The a 

r e a c t i o n  mix tu re  was d i s t i l l e d  - i n  vacuo, b .p .  68-70" ( 0 . 4  rnrn). 

Yie ld :  137.9  g. ( 0 . 7 7 5  mole, 96$)& n.m.r.  ( C C 1 4 ) :  6 1 .25  
r. 

3 -  
(CH,~ t ,  3 ) ,  2 .10  (cH,' - A r ,  s ,  6 ) ,  2 .50 ( c H ~ ,  q;' 2.)-, 6 .92  ( ~ r -  
- 

H ,  S 3 ;  v,, ( s z l t  p l a t e )  1743 cm-I (C = 0 ) .  Anal.  c a l c d .  f o r .  

1- ( 3 ,  5-Dimethyl-4-1!yd-ro:~:gph~nyl) propsnone -C 

A 

(E = 3,5-DiIde 4-OH) 
1 

1,3-Dirnsthyl 2- propioxySenzene (137.9 g . ,  .775 d o l e ) ,  6 3  

(I? = 3,5-Di175e 2 - ~ r o p i o x y ) ,  and A l C l 3  (anhyd.  ) were mixed a t  room 
\ ----- 

t e a p e r a t u r n  under d ry ing  and hea t ed  t o  m e l t i n g  f o r  3 hours .  The 

r e a c t i o n  mix tu re  -)]as poured on 500 g. 3 c e  - H C 1  ( cone )  and .mother 

l i q u o r s  e x t r a c t e d  x i t h  C K 2 C l 2 ,  The combined CH2C12 e x t r a c t  was 

d r i e d  a n d  evapora ted  t o  g ive  c o l o r l e s s  c r y s t a l s  which were re -  

c r y s t a l l i z e d  from methanol - wate r .  F i e l d :  73.5 g. ( ,242 mole& . 



( A r  - H,  s ,  2 ) .  vm,, ( K B ~ ) :  1690 em-' ( C  = 0 ) .  Anal.  c a l c d .  

f o r  C l ~ H ~ i ~ Z  (mol.  p i t .  178): C ,  74.13; H,  7 .92 .  ~ o u n d :  (m/e, 

178);  C ,  74.11; H, 7 .92,  
b 

' 

1- (3 ,5 -~ imethy l -4 -1 f !e thoryphen~  1) propanone , 5 2 '  
( R  = 3,5-DiMe 4-Ne0) I - 

1- ( j, 5-Dimethyl-4- metho- - panone (25 g. , .140 

mole) ,  (14, R = 3 ,5 -Di l4  4-OH), was d i s s o l v e d  i n  75 m l .  methanol.  7 
/ 

14e2SO4 (40.6  $. , ,322 a o l e )  was added and t h e  s o l u t i o n  c h i l l e d  
t 

i n  a n  i c e  b a t h .  NaOH (:*.I g.,  .602 mole) /27  r n l .  Hz0 was 

s lowly  d r o p p z y  i n  w i t h  s . t i r i - ing  and t h e  t e m p e r a t u r e  kept  below 
4 

3'0". A f t e r  a d d i t i o n ,  t h e  mix t d e  was r e f l u x e d  f o r  15 rninutes 
* - 

a n d  poured over  500 g. o f  
&ce.  

The m i x t u r e  was r e f r i g e r a t e d  (4 O C J  

'4 

' o v e r n i g h t  and c r y s t a l s  were  f i l t e r e d  d t h .  s u c t i o n .  Yie ld :  

2 4 . 3  g. ( . I 2 7  mole, 90 .6%) .  n .m.r .  (cDc~:): 1 . 3 0  ( C H ~ ,  t ,  3) ,  

(3 = 3,5-DiFe Q - O H )  and 2-Oxirne-1- (3,5-dirnethyl-  4-methoxypheny1)- 

l ,2- r ; ro&anndione ,  54 ( R  = 3,5-DiXe 4-1420) were p rgpared  a f t e r  
rru 

I 

Z a r t u n g  and  C r o s s l q  ( 5 0 0 )  i n  84.5% and 86% yields r e s p e c t i v e l y .  

For 54 (R = 3,5-Di:.;e 4-01]), n.12.r . '  (DMSO-d6); 2 . 0 5  ( c H ~ ,  s ,  3 ) ,  
M) 

2 .22  (CH3, s, 6), 3 .62  ( A r  - OIl f  broad s,  l ) ,  7.55 ( ~ r  - H, s ,  - 
% - 

d 



\ 
1).  Anal .  c a l c d .  f o r  C I I  

5 ,  f-Zi2.Ie 4 - O F )  xes ' r , yd~ogcnatzd i n  40  ml. g l a c i a l  a c e t i c  a c i d /  

1 2 .  H,POi ( ; ion^)  s o l u t i o n  over  200 m g .  10$ PdfC or 100 mg. 

- ,- r . The c a t z l y i x  :]as rzrriovcii by f i l t r a t i o n  and t h e  s o l u i i o n  

-=..-- .-4u_rslized tc F;. ? s n d  ~ x t - r a c t e d  w i t h  e t h e r ,  The combined 

sz<- .az ts  were :.:zsh2c r:izh H20 and d r i e d  ( M ~ s o ~ ) .  Coloured 

- . -  , , I C h  s t h e r .  T r s z t ~ z e n t  w i t h  anhydrous H C 1  p r e c i p i t a t e d  t h e  
% - m- 

r T l d - p r p ' r  :.; =-  lo lo ride re15, y i e l d :  35.8 mg.  ( p . 2 0  m o l e ,  20F). m.p. 212-3 

' ~ r e e  m i n e  i03-5). n . m . r  ( c D c ~ , ) :  1.09 ( c H , , ~ ,  3 ) ,  2 . 1 5  IcH,, s, 6), 

,- - - - -  
, , 3 )  . .'nil. c z l c d  . f o r  (as  ' f ree amine)  C ,  ,HI-OF! (mol.. wt. 179) :  , 

" 
i 7 75.63; E, 9 . ~ 5 ; ~ : : ~  7.81. Found: ( & / e ,  179); c,' 74-12; H, 11.14;  



n.m.r .  ( D : : s o - ~ ~ )  : 1.15 ( c H ~ ,  d,  3 ) .  2.22 ( ~ r  - C H e ,  m,  2 ) .  
. * 

'na x (I<;,:-) 3300 cril-I (;11:~1; Anal.  c a l c d .  for. as free amine 
, 

Cl>H,907! (mol .  wt. 1 ) :  C,  74.56; i H,'9.91; N, 7 . 2 5 .  Found: 

(rn/e, 193i, C, 74.95;  I?, %.4P': N ,  7 . 2 2 .  
i 

1- ( l jy5-Q1f ie thyl ! -~-  f - . ; ~ d r ~ - $ r ~ ~ h e n y l )  - l - ~ y d r o > : y - 2 - ~ r o p a n  Oxime, 

5 (' = 3,5-DiMe 4-03) 

Gximino1:etone ( 1 g. , 5 mrnole) 54 ( R  = 3,5-DiMe 4-OH) was - 
-J 

dTssolved i n  methanol (50  c c .  ) and coo led  t o  o O .  A s o l u t i o n  o f  

sodiur:~ to rohyd i - id i  (6 rmole,  0 .227 g. ) i n  2 c c  1 1.1 NaOH 

'4 a l s o  c o o l e d  50 0' v:es added t o  t h e  f i r s t  s o l u t i o n  o v e r  5 minu e s .  

r-' i n e  r e a c t i o n  m i x t u r r  ?;as s t l r r e d  a t  ambient  t e m p z r a t u r e  (23") 

f o r  2 h o u r s .  Meth2.2~1 was removed - -  i n  vacuo a t  room t e m p e r a t u r e  
v 

a f c e r  which 25 cc .  r i a t e r  was added and t h e  pH a d j u s t e d  t o  8 w i t h  

176 I i C l  and  s a J t f  d. .I!aL-;CG,. E x t r a c t i o n  o f  t h e  mix tu re  w i t h  e t h e r  

follc:~!ed by d r y i n g  ( I ~ ~ s o ,  ) and e v a p o r a t i o n  y i e l d e d  64.5 mg produc t ,  

r e c r y s t a l l i z e d  f r o n  Et,O-hexane ( 3  .OO mmole, 60%. n .m .r (DMSO-DS) : P 

1.52 (cas, s, 3) ,  2 .10  (cH,-~r ,  s, 6), 3 . 3  (AT-OH, s, 11, 5.22 I 

(33, OH,, kB  q u a r t e t ,  2 ) ,  6 . 8 3  ( A ~ A ,  s, 2(, 5.35 (MOH, s, 1). e 

Y! lk  I.: 
d ~ r ) :  3400 em-' ( - 0 ,  EOH, C H O H ) .  Ana l .  c a l c d .  f o r  

n u (mol. r r t .  209): C, 63.14;  H, 7 .22;  I?, 6 . 6 9 .  Found: - -  

T ,  , 209); C, 63 .10;  H,' 7 . 2 1 ;  ii, 6 .65 .  
* &  1- ' :, ~ - ~ I j i r : . ~ s ~ l . ~ l - ~ - ~ ~ ~ ~ t h ~ : c ~ P h z n y l )  - l - ~ ~ d r o x ~ - 2 - ~ r o p a n o n e  Oxime, 

r-- - 
t i  = - 
. j , C - D i : . k  4-1.:20) was p r e p a r e d  i n  t h e  above manner. Yie ld :  -i 

7 r i  . c- :~g. (3.25 miole ,  5 .  n.m.r .  (DMSO-da): 1 . 5 2  ( C I I ~ ,  s,  3), 1 



k (2 = 3> 5 - D i 1 4 ~  4 -03)  

Oximinoketone, 2 ( R  = 3,5-DiWe 4-013) (2.07 g. ,' 10 nmole) ' 

7:es d5.ssoived i n  a  s o l u t i o n  of 300 m l .  95$ EtOI-I c o n t a i n i n g  1.8 

g. ( .Oj mole) dry HC1 gas fo l lowed  by a d d i t i o n  o f  200 mg. P t O B  

o r  750 rfig. 5 $ m / C  and t h e  mix tu re  hydrogenated  a t  50 l b . / i n .  2 

for 24 hours .  The c a t a l y s t  was f i l t e r e d  o f f  and s o l v e n t  r 
e v a p o r a t e d , .  y i e l d i q ;  1.7, g. (8.8 rnmols, 8896). n. m. r .  (DMSO-dB) : 

\ 1 . 2  ( c & - C H ,  - d, 3 ) ,  2.30 - - ( C H ~ - ~ ~ ,  s ,  h ) ,  4.35 ( O H ,  1 . 2 ,  broad 

s ,  3 ) ;  5.02 ( C H - C H ~ ,  - q,  l), 7.70 ( ~ r - H ,  s ,  2 ) .  v,,, ( K B ~ )  : 
- '  

1650 cm-' (C = 0 ) ,  3400 crn-' (W2, O H ) .  Anal.  c a l c d .  f o r  . 

i- ( 3 , 5 - ~ i m e t h ~ l  4-J4ethoxyphenyl)- 2- min no -1- propanone, 6& 

( 3  = 3,5-DiMe 4-Lfe0) was p r e p a r e d  i n  t h e  manner d e s c r i b e d  above. 

V: e l :  (85s). n , m r .  ( ~ 1 4 ~ 0 - d e ) :  1.52 (cH,-CII, d, 3 ) ,  2.30 , 

-@+, 

- 
2 

C A ,  s, 6), 3.80 ( C H ~ O ,  s ,  3 ) ,  4 .35  (OH,  NHz, broad s, 3 ) ,  

5 . 0 2  @H-c~I , ,  * - q,  l ) ,  7.70 ( A F H ,  s 2 vmax ( K B ~ ) :  1650 em-' 

:C = o), 3503 em-' 3 .  Anal. c a l c d .  for  C I ~ H I ~ O ~ M  (mol.  wt. 

Lithium alumir.urc h y d r i d e  r e d u c t i o n  .of oximinqketone,  0h 2 



(R = 3,5-DiMe 4-Xr-0) i n  anhydrous e t h e r  ( r e r l u x :  h r .  ) and 

s t a n d a r d  x o r k  up ga-re 7% y i e l d .  n .m.r .  ( c D c ~ ~ ) :  1 . 2 5  ( c H ~ ,  

s ,  3)  , 4 . 0 8  ( C H ( O H ) ,  m, l ) ,  '5.02 (1\1112,0H, A r - O H ,  b road s, 4)) 

7 . 5 0  (Ar-11, s, 2 ) .  vman ( K B ~ ) :  3600 em-' ( o I - I , N H ~ ) .  Anal. 

c a l c d .  f o r  C12H1702:'J (mol.  w t .  209) :  C ,  69.86; 11, 9.15; N, 

6.61. Found: ( r n / e ,  209); C ,  69.83; H ,  9.10; I$, 6.61. 

3,5-Dirne thyl - -4-~ydroxybenza ldehyde , .  63  CcN ( R  = 3,5-DiMe, 4-OH) 

An overhead s t i r r e d  mix tu re  o f  370 ml. g l y c e r o l  and 108 gp 
( ,687 mole) b o r i c  e c i d  ( d r i e d  i n  a n  ovpvn a t  110")  i n  a 1 l i t e r  

, - 
3-necked f l a s k  f i t - k s d  w i t h  a  thermometer and a  condenser  f o r  

dot!nT;~ard d i s t i l h t i o n  v;as h e a t e d  t o  e x a c t l y  170" 

f o r  2 hou-rs, a n d ' t h e n  a l l o v e d  t o  drop i n  t e m p e r a t u r e .  A t  150•‹ ,  

e melt  of' 6 1 . 0  g ( .7 mole) 2 ,6-dimethylphenol  and 7 7 . 0  $. ( .55 

mole) h e x a ~ n e t h y l e n ~ t e t r a a r n i n e  ( a l t - e r n a t  i v e l y ,  . i n d i v i d u a l l y  

- p e l l e t i z e d  phenol  and t e t r a a t n i n e )  were a d d e d ,  ?'he t e m p e r a t u r e  

, , dropped t o  130" dux-il.g a d d i t i o n .  The mix tu re  was h e a t e d  t o  

145" a t  which t ime  t h e  h e a t  o f  t h e  r e a c t i o n  i n c r e a s e d  t h e  

t e m p e r a t u r e  t o  154" .  A f t e r  6 minutes  a t  154" ,  t h e  r e a c t i o n  was 
B 

coo led  t o  110" and a  s o l u t i o n  o f  92 m l .  concentratecl  &SO, i n  

jlC) r 2 l .  H20 was added. A f t e r  s t i r r i n g  f o r  one h o u r  a'c, l o o 0 ,  t h e  
i 

r e a c t i o n  was coo led  t o  25" )  b o r i c  a c i d  f i l t e r e d  o f f  and washed 

-;!lth 203  cc .  asO. The f i l t r a t e  was e x t r a c t e d  w i t h  3 x 250 ml. . 
, 

czm3 . 
The C 2 C 1 3  s o l u t i o n  was t h e n  e x t r a c t e d  w i t h  a s o l u t i o n  o f  

90 g. NaI!S03 i n  350 c c .  1120 by v igorous  s t i r r i n g  f o r  one hour .  
t 



A second e x t r a c t  of 30 g. NaHlSO3 kn 120 C C .  H20 was made. Both 

e x t r a c t s  wzre cornSincd, e x t r a c t e d  once w i t h  25 c c .  CIIC13,  coo led  

and a c i d i f i e d  w i t h  a, s o l u t i o n  of 38 m l . .  fI;1S04 i n  38 m l .  H20. 

The s o l u t i o n  w&s brou-ght t o  a  b o t l ,  a i r  bubbled t h r o u g h  t o  e x p e l 1  

SO,-, and t h e  a-ldehyde t h a t  s e p a r a t e d  upon c o o l i n g  was c o l l e c t e d  

by f i l t r a t i o n .  Co1ur.m chromatography ( ( s i l i c a ) ;  CHC1,: 

Hexane (1: 3)) and r e c r y s t a l l i z a t i o n  from benzene - h e p t a n e  

y i e l d e d  1 9 . 8  g. ( . I 3 2  r ~ o l e ,  2G$)tn.p.1l6-18~. n . m . r .  (cDc~~): 2.30 

(c&-&, s, 6 ) ,  5.70 ( ~ r - 0 1 3 ,  s ,  1)) 7.45 ( ~ r - H ,  s, 2 ) ,  12 .45  

3,5-Dimzthyl-4-h~d~oxybenzaldehyde ( 1 5 . 0  g . ,  0 . 1 0  mole) 

was d i s s o l v e d  en a ~ o l u t i o n  o f  1 2 . 5  e;. ( 0 . 3 1  mole) sodium 

hydrox ide -and  100 rrA. H20, and h e a t e d  t o  r e f l u x  under  N2. 
c: 

c *' 
D i r r ~ e t h y l s u l f a t e ,  15 .  Q*%:.g( 125  mole), was added dropwise  w i t h  

s t i r r i n g  and t h a  mix tu re  r e f l u x e d  f o r  30  minutes .  An a d d i t i o n a l  

1 7 . 8  g. ( . 1 4 2  mol-e) of ( C H 5 ) 2 ~ 0 ,  was added and r e f l u x  con t inued  

f o r  1 0  minutes .  A s o l u t i o n  o f  4 . 0  g. NaOH ( 0 . 1 0  mole) i n  25 c c .  

E2G wa.s f i r t h e r  added,  fo l lowed  by a d d i t i o n  o f  1 0 . 5  g. ( .083 . 
rc~ole) ( C K ~ )  2 ~ ~ 4 ,  t h e  m i x t u r e  r e f l u x e d  f o r  20 minutes  longer- .  

The so lu . t ion  was c o o l e d  t o  room t e m p e r a t u r e ,  e x t r a c t e d  w i t h  e t h e r ,  

;he coictinzd e x t r a c t  d r i e d  ( M ~ S O ~ ) ,  al-R3- evapora ted .  D i s t i l l a t i o n  

1 oi' t h e  r e s i d u e  - i n  vacv.o 85-90" ( 0 . 6  rnrn.) gave 1 0 . 5  g. (0 .0635 

rr901e, 64.@$)). n.rn.r. ( c D c ~ ~ ) :  2 .34 ( A ~ - c H ~ ~  s ,  6)) 3.33 



was d i s s o l v e d  (1 rmcle) i n  1 0  Zc. n i t r o e t h a n e ,  1 . 2 5  rnmole NH,OAc 

was added, and t h e  r e a c t i o n  r e f l u x e d  f o r  1 0  minu tes  i n  t h e  c a s e  

of 6 2  (P. - 3,5-DiXe "0" )a:?? 2 minutes  i n  t h e  c a s e  o f  6& ( R  = 

3 , 5-DiXe 4-bk0) . The react i o n  mix tu re  was coo led  imrnediat e l y  

i n  l i q u i d  P!, , o r  a c e t o n e - d r y  i c e ,  fo l lowed  by d i l u t i o n  with 

C H E C ~ ~  and f i l t r a t i o n .  After - i n  vacuo removal of s o l v e n t ,  t h e  
L 

p - n i t r o ~ t y r y l ~  1- (3,5- d i w e t h y l  4-hydroxyphenyl)  -2 -n i t ropropene ,  6 3  
: (B = 3,5-DiMe 40~) o r  1- ( j, 5-dimethyl  4-mzthoxyphenyl)-2-nitro- 

9 

pror ,ene , ,  6 1  (R = 3, 5-~il.!e 4-~e0) was r e c r y s t a l l i z e d  from MeOH-H20 
\ 

,r. 

(=c (cH, ) ,  br0a.d s, ?), 3 .90  (~r-OH, broad s, I ) ,  7.10 ( ~ r - H ,  s, ; 

21, 8 . 0 ~  ( o l e f i n i c  H J  broad s, 1). vmax ( K B ~ ) :  1570 crn-' ( C  = --. 

c), 3500 c ~ - ~ ( o I ) .  Anal. c e l c d .  f o r  C l l H 1 9 O 3 N  (mol.  w t .  207) :  

n 4 ,  c. 75; li, 6.32; H, 6.75. Found: ( m e ,  2 0  ; C ,  63.50; 

- - -  J 5.31; ]\I, 6.69, 

2 - ( 3  = ? , j - D i : . : ~  4-:, !e0) n.rn.r ( c H c ~ , ) :  2.30 ( A ~ - c H ~ ,  s ,  (i), 2.42 

(=c(cH,), broad s J 3 ) ,  3.65 ( C K ~ O ,  s ,  ? ) ,  7 . 1 0  ( A r - H ,  s ,  2 ) ,  8.00 

( o ~ e f i n i c  8, broad s ,  1). "max ( K B ~ )  : 1565 cm-I (C = C )  . Anal. 



~ a l c d .  f o r  C I 2 I I 1 5 O 3 N  (mol.  w t .  221):  C ,  65:14; H ,  6.83; N, 

6 . 5 3 .  Found: ( rn / e=  221) ;  C ,  65.08; H,>6.81;,  N, 6.30. 

1 1- (3 ,5-~ imethy1-4-Fydrory  phenyl ) -2-~m' ino Propane (73 

I n  a  N 2  dry 1-ox, 1 .035 g .  ( 5  mmole) p - n i t r o s t y r y l ,  62 - 
(R = 3,5-DiNe 4-01:) was d i s s o l v e d  i n  50 cc .  anhyd. benzene. 

'..v 

This  s o l u t i o n  v:as added dropwise t o  a s t i r r e d  and c h i l l e d  ( 0 "  

C )  i u r e  of  2  . 7G$ " ~ e d a l "  s o l u t i o n  i n  benzene (80 nmole) 
* 3 

.- ( p r e v i o u s l y  d i l u t e d  w i th  100 r n l .  benzene) .  The mixture  was 

brought t o  room tempera ture  (24"  c ) ,  t h e n  r e f l u x e d  f o r  17 hours .  

The prodpct  ( c o o l e d  i n  i c e )  was hydrolyzed w i t h  wate r ,  t h e  
/+ ' b 

mixtd-r+? f i l t e r e d  x i t h  s u c t i o n  and evaporated (vacuum pump). 

The r-6sidue was t a k e n  up i n  CHC13 ,  t h e  s o l u t i q n  d r i e d  over 

znhydrous MgSO,, f i l t e r b d  and evaporated.  Yield:  668 me. 
rn 

(3.75 mmole, 75%) ( a n a l y t i c a l  d a t a  as above ) .  c - ~  

T. L. C .  ( S i l i c a  g e l  GF-254) CHC13:  CI130H: HH40H (conc )  80: 20: 1, 

Rf = .50,  and g lpc  on 3% OV-17/Gas Chrom Q (22 ' )  as  T r i s i l  Z 
. .~ 

d e r i v a t i v e  both she;:-,d a s i n g l e  component. , 

I n  a  s i m i l a r  manher, 0 1 -  (3,5- dimethyl-4-methoxyphenyl) 

2 - n i t r o  1-propene, 63 ('R = 3,5-DiMe 4 - M ~ o ) ,  was reduced wi th  

- '2edalt '  (87%) o r  wi th  l i th iur t !  aluminum hydr ide  (8@) a f t e r  t h e  
Q 

-bethod of Shuig in  (506) ( d r y  box not  u s e d ) .  The product  had 

n.?. ( a s  H C 1  s a l t )  255-25T0, o t h e r  a n a l y t i c a l  d a t a  a s  above. 

. ( S i l i c a  g e l  GF-254) CHC13:  CH3011: MH,OH (conc)  80: 
b 

20: i, Sf = .35, and glpc on 7% O V - l 7 / G a s  Chrom W (200 ' ) .  Both 

p-rzparat ions  showed a s i n g l e  component. 



1,3-~imethoxy-5-methylbenzene (6J) , 9.55 g (62.8 mmole) , 
'1 

prepared i n  955 y i e l d  a f t e r  Mirr ington and F e u t r i l l  (576), was 

added t o  25.0  g .  of 18% n-butyl  l i t h i u m  i n  hexane cooled t o  

o O . ,  h e t h y l  i o d i d e ,  8.92 g .  (62 .8  mole) was then  added drop-wise 

and t h e  r e a c t i o n  mixture  r a i s e d  t o  room tempera ture .  The r e a c t  on 

was r e f luxed  f o r  30 minutes,  cooled,  washed w i t h  NaHC03 s o l u t i o n ,  
'1 

d r i e d  and evapora ted .  The crude product* was d i s t i l l e d  60•‹-65' 

( . 7  m) t o  y i e l d  6.64 g .  (40 mmole, 64%). 

3.5-~imethoxy-4-~ethylbenzoic Acid (86a)  - (536,-537) 

A s o l u t i o n  of 8.00 g .  (4 .8  mmole) 1,3-dimethoxy-2,5- 

dimethylbenzene i n  60 m l .  py r id ine  was hea t ed  t o  

s o l u t i o n  of 17 .5  g (111 mmole KMn04 i n  100 m l .  f 

over 45 minutes .  The r e a c t i o n  mixture  was kep t  a t  85' f o r  15 
.J f 
< 

minutes  longer ,  t h e n  cooled and f i l t e r e d .  The f i l t r a t e  w a s  

washed w i t h  e t h e r  ( 2 x 100 ml . )  and a c i d i f i e d  under  coo l ing .  

S t a r t i n g  m a t e r i a l  was recovered from t h c e t h e r  e x t r a c t  (2 .0  g . ) . 
C 

The a c i d s  that p r e c i p i t a t e d  were e x t r a c t e d  with e t h e r ,  t h e  

e x t r a c t  washed w i t h  H20 (50 ml) and d r i e s ( ~ g ~ 0 ~ )  . m a d a t i o n  of 

t h e  s o l v e n t ' l e f t  a mixture  of c rude  ackks  which could be  b e s t  separ-  

a t e d  on t .l .c . ( C H ~ O H )  . Routinely ,  however, two r e c r y s t a l  a t i o n s  - % 
from CfS30H a f fo rded  3 .O g (1.53 mole, 32%) 3,5-dimethoxy-4-methyl 

benzoic  a c i d  ( E a )  . Comparison ofpmelting p o i n t  and n.m.r d a t a  
4 

with tha t  r e p o r t e d  (536) assignmen& o p t r u c t u r e  T (&a) 

f o r  this p roduc t .  The o t h e ~  product ,  r e c o v s e d  from p r e p a r a t i v e  

t .LC., was ass igned  s t r u c t u r e  (g,) i n  t h e  same w a y  (584).  

5-Methyl-cyclohexane-l,3-dione ( E )  
Orcih~l (12.4 g, . I00 mole) ( r e c r y s t a l l i z e d  under  M2 from 

benzene-heptane) was added t o  a s o l u t i o n  of  4.8 g ( . I 2  mole) 



sodium hydroxide i n  400 m l .  de ionized and degassed H20 and the  

mixture  t r a n s f e r r e d  i n t o  a  p re s su re  bomb c a r e f u l l y  excluding 

a i r  and l ight . .  'Raney n i c k e l  TrJ-2 (500mg), prepared by t he  method of 

I.!ozingo (575), was added and t h e  rnixkure hydrogenated a t  1500 

1b / in2  a t  50•‹ C f o r  15 hours .  The r e a c t i o n  mixture  was cooled 

t o  room tempzra ture  a,nd s u c t i o n  f i l t e r e d  d i r ec t , l y  i n t o -  a  H C 1 /  

i c e  mixture  i n  a W2 glove box. The H C 1  f i l t r a t e  was sub jec ted  

t o  contint~.ous e x t r a c t i o n  with CHC13 a l s o  under N2 and a f t e r  3 

hours  t h e  CI-IC13 was d r i e d  and evaporatzd.  The r e s i d u e  was sub- 

j e c t s d  t o  column chromatogriphy under N2 ( C H C 1 3 )  and r e c r w a l -  
b + 

l i z e d  from CHC13-pentane. Yield:  6 .0 g (0 .048  mole, 48%) m.p. 

1 2 4 - 0 .  n.m.&- (DI-1SO-d6): 1 .00  ( C H ~ - C H ,  - d o f  d, J ) ,  2.10 ( C H Z ,  ' 

C&-CH,  - m, 5 ) ,  3 .45 ( = c ( o H ) ,  broad s ,  l ) ,  5.17 (cH=, s, 1). \ 
'ma x  ( K B ~ ) :  3400 ern-' ( = c ( o H ) ) .  Anal. Calcd. f o r  C7H1002 (rnol. 

w t .  126 ) :  C ,  66.u; H, 7.99. Found: (m/e = 126);  C ,  66.60; 

H, 7.95. 

2,j-Dimsthyl- cyclohexane-l ,3-Dione (rm 
In a N2 atmosphere, 5.88 g. ( .  0467 mole) 5-methyl--cycle- 

hemne-1 , j -d ione  (m was d i s so lved  i n  a s o l u t i o n  of 2 .61 g. 
0 

( .0467 mole) KOH i n  30 m l .  CH30H/HZ0 (2 :  1). This  s o l u t i o n  was' 

placed i n  a  p re s su re  bomb a long  with  6.60 g. ( .0467 mole) CH31 ,  

f r ozen  i n  l i q u i d  IT2 and t h e  bolrib 2vacuated t o  1 m. The bomb 

?:as hea ted  a t  70" f o r  18 .5  hours ,  cooled i n  a n  i c e  ba th ,  and 

t h z  contents t r a n s f e r r e d  undour NZ t o  a round bottom f l a s k .  The 

methsnol was evaporated - i n  vacuo. The r e s i d u e  was made a l k a l i n e  

(50 r r J ,  4% X ~ G I I )  amd e x t r a c t e d  wi th  ether. The aqueou's l a y e r  

-g:zs a c i d i f i e t i  and e x t r a c t e d  wi th  CE-IC13, d r i e d  (IQSO,)' and 

evaporzted . S i l i c z  colu-mn chromatography of t h e  r e s i d u e  under  



IT2 ( E ~ o A C - I I ~ X ~ , ~ ~  70: 30) and recrystallization- -from EtOAc-hexane 

gave 4 .OO g. ( .0285 mole, 616). m .p. 175-76' n .m.r. (DMSO-da): 1 .OO 

(c&-cH, d of d ,  3 1.55 (cH,=, s, 3 ) ,  2.20 (cH,, CH, m, 5), 4.00 
/ - 1 

(=c(oH), broad s, 1). v, . (KB~) : 1570cm-I (c=o), 1500cm (c=c), 

Y+~oc~-'(=c(oH)). iinal. calcd. fpr CaHI2O2 (mol. wt.=140): C, 68.54; 
\ 

H, 8.63. Found "(m .&140): C, 67.78; H, 8 -59. Methylatiomof 5- 

14ethylcyclohexane-l,3-dione according to Sonn s method (542) )and 

that of Stetter and Heisel (540) consiste tly gave rise to an impur- P 
ity . The structure of di (2, 5-aihydroxy-3{methylf~rfuryl)perokide 
(92) was ,tentatively assigned on the 

U 

mass spectrum and h postulated mechanistic scheme. . ~ 

4,6-~ibromo-1,3Dihydroxy-2,5-Dimethylbenzene (80) (549) - 
Under N2, 7.03g ( .050 mole) 2,5-dimethyl-cyclohexane-l,3-dione 

( E )  was dissolved in 1 8  ml . ether. Bromine, 24 3 g ( .I52 mole) 

dissolved in 63.6 ml THCl,, was added dropwise with stirring. 

The reaction was left 3 hours at room temperature, after which 

time solvent and excess Br, was removed and the product. recrystal- 

lized from benzene-hexane, yielding 9.15 g (.O31 mole, 62~). m.p. 

1'15-147. n .m.r (DIQSO-d6): 2.10 (cH,-A~(oH), s, 3 ,  2.40 (cH,A~(B~)), 

s, 3 ) ,  3.40 (OH, broad s, 2). vmax (KB~) : 3500 cm-' (OH) . Anal. 
calcd. for C B H S O & ~ ~  (mol. wt . 296), C, 32.46; H, 2.72; Br, 54.00. 
Found: (m/e=2.95); C, 32.46; H, 2.40; Br, 52.13. 

4,6-~ibromo-l,3-~imethoxy-2,, 5-Dimethylbenzene (5) 
Under Pi2, 1.40 g ( .848kole) 4,6-dibrorno-l,3-dihydroxy 

benzene (80) was dissol-~ed in a solution of 25 ml. E ~ O H  (95) 
ruV 

ccntaining ( C H ~ ) ~ S O ~ ,  2.00 g. ( -159 mole). KOH, 0.885 g. ( .158 
t 

m!ole dissolved in 10 ml. H20 was added dropwise at room 

tezperature and repeated in 30 minutes, The mixture was 

refluxed for 3 hours, cooled in an ice-bath, and the pro- 



duct  f i l t e r e d .  Af t e r  washing wi th  H20, t h e  c r u d e  m a t e r i a l  was- 

d r i e d  and r e c r y s t a l l i z e d  from methanol-H20, y i e l d :  1 .06 g. 
%. 

( .033 mole, 68 .8%) .  m.p. 62-3'. n.m. r .  ( c D c ~ , ) :  2.25 

0 A n a l .  c a l c d .  f o r  C I ~ H I ~  2Br2 (mol. w t .  324) ,  C ,  37-07;  H, 3.73; 

3 , 5 - ~ i m d t h o r ; ~ - l , 4 -  Dimethyl benzene 

2,6-dibrorn0-3,,5-dimethoxy benzene, 1.06 g. (3.27 rnmole) , 
d i s so lved  i n  8 m l .  anhyd. benzene was added dropwise a t  0' to---  

a s o l u t i o n  o f  28.7 g. 70$ " ~ e d a l "  s o l u t i q n  ( . l o 0  mole) i n  

benzene. ' The r e a c t i o n  mixture  was r a i s e d  t o  room tempera ture  

and r e f l u x e d  f o r  24 hour. The mixture  was cooled,  hydrolyzed . 

a t  0" wi th  d i l u t e  hyd roch lo r i c  a c i d ,  d i l u t e d  wi th  e t h e r ,  washed 

w i t h  k,~, d r i e d  (iilg20,), and evaporated.  

The r e s i d u e  was refTuxed wi th  Ac20 ( 2 3  m l .  ) and p y r i d i n e  

( 4  m l .  ) f o r  1 hour,  cooled t o  room tempera ture ,  and 100 m l .  

e t h e r  added, The r e a c t i o n  mixture  was washed wi th  10% H C 1  and 

w i t h  H20. The wate r  l a y e r  was washed wi th  e t h e r  and combined 

et? s o l u t i o n s  were washed w i t h  NaHCO, ( s a t u r a t e d )  s o l u t i o n .  

s o l u t i o n  was d r i e d  ( M ~ s o , )  and e t h e r  and product  were 

d i s t i l l e d  i n  vacu-o, y i e l d :  255 mg. (1 .54 mrnole, 47%). b.p. 60-5' 

( .7 rim). 

Compound 92 was prepared a.ccording t o  ~ ~ n r ~ ' <  procedure  
NV 

(549). Yield:  4%. m.p. 10+110. n.m.r .  ( c D c ~ ~ ) :  1 . 9 5  

( ~ ' ! i , - ~ r ( 0 . 4 ~ ) ~  - s, 3 ) ,  2 .15 ( C ~ I ~ - ~ ~ . ( O A C ) , ,  s ,  3), 2.30 (CkC02,  - 



s ,  9)) 6.85 ( A ~ I I ,  S 1). Anal. ca l cd .  f o r  C l 4 H 1 5 O 6  (MOI. wta 

?.So), C, 59.99; H ,  5.75. Found: ( m / e =  280); C,  60.20; H,  5.62, 
'u, 

T r i a c e t a t e ,  400 mg., ( 1 .43  rnmole) d i s so lved  i n  2  m l ;  

~ t 0 ~ ( 9 5 )  was t r e a t e d  w'ith 1 m l .  1.4314 HC1/H20. The mixture  

was r e f l u x e d  f o r  4 . 3  hours .  Solvent was evaporated and t h e  

r e s idue  was r e c r y s t a l l i z e d  from Et20-30160 p e t .  e t h e r  t o  

y i e l d  193 me. l , 4 -  dimethyl-2,3 , 5 - t r i h y d r o ~ ~ b e n z e n e  ( 9 3  

(87$,= 1 .25  mmole) m.p. 154-5O. n.m.r. ( c D c ~ ~ ) :  1.98 
, 

( C H ~ A ~ ( O H ) ,  s ,  3 ) )  2.08 ( c H ~ A ~ ( o H ) ~ ,  s, 3 ) )  3.20 ( ~ r - O H ,  s,  3 ) ,  

-6 .00  ( ~ r - H ,  s ,  2 ) .  Anal. c a l cd .  f o r  GBH1003 (b. w t .  154) : 
"L-. 

C, 62.32; H, 6.54. Found: ( m / e =  154); C ,  61.52; H, 6.52. 

2,6-Dimethoxy 4-~i ls thyl  Benzaldehyde ( 8 3  

3,5-Dimethoxy-1.4- dimethylbenzene, 8 (797 mg., 4 .8  mmole) 

was d i s so lved  i n  100 m l .  5@ HOAc-H20 a t  room tempera ture  and 

t h e  s o l u t i o n  cooled t o  5'. Cer ic  ( IV)  ammonium n i t r a t e  ( 1 4 . 8  

g . ,  27 mmole) d i s so lved  , i n  75 m l .  H20 was c h i l l e d  t o  l o 0  and 

added t o  t h e  f i r s t  s o l u t i o n  dropwise w i th ' v igo rous  s t i r r i n g .  A 

blue co lou r  was formed approximately halfway through t h e  addi -  
. d 

t l c n .  The  t o t a l  t ime f o r  a d d i t i o n  was 6 minutes. The r e a c t i o n  

was then  al lowed t o  come t o  room temperature ,  e x t r a c t e d  wi th  e t h e r ,  

-;:hich was i n  t u r n  washed wi th  NaHC03 ( s a t u r a t e d )  s o l u t i o n ,  t hen  

a  d r i e d  ( l bgSOc) ,  and evaporated.  The aldehyde was e l u t e d  
i 

f r o r  a  colu-rnn ( s i l ~ c a )  wi th  e t h e r .  Yield:  366 rng. ( 2 . 0 3  mmole, 



(OCH,, s ,  6), 6 . 4 0  ( ~ r - H ,  s, 21, 10.40 (CHO, s, 1). v,,, ( K B ~ ) :  

H, 6 .71.  Found: (m e  = 180): C, 66.50;  H, 6 . 70 .  comparison of 

n  .rn .r obta ined a n d t h a t  p r ev ious ly  r epo r t ed  (584) l e d  ' t o  b s i k n n i e n t  
6- t 

of s t r u c t u r e  ( 8 4 )  t o  t h e  p roduc t .  
rcYU 

2,C-Dimethoxy 4-methyl benzaldehyde ( 8 3  (366 mg, 2.07 mmole) 

was d i s so lved  i n  2 . 5  m l .  n i t r o e t h a n e .  Ammonium a c e t a t e  (230.  mg., / 
2.99 rnrnole) was added; The mixture  was r e f luxed  5 minutes,  

e .  

quenched by c o o l i n g  i n  l i q u i d  N2,  CH2?l2 ( 5  m l .  ) added and t h e  
-ed 

7 
ammonium a c e t a t e  f i l t e r e d  whi le  co ld .  The f i l t r a t e  wa.5 evapora- 

I, 

t e d  and t h e  r e s i d u e  r e c r y s t a l l i z e d  from methanol-H20 t o  y i e l d  t h e  - 

product ,  439 mg (1.85 mmole, 816). m.p. l23-&2 n .m .r ( c H c ~ , ) :  2.10 , 
/' 

(CH,C,  - s ,  3 )  2.40 ( C i i d k ,  s, 3 ) ,  3.85 ? C H B O ,  s ,  6)(, 6 - 4 0  
+ k+ t 

s ,  2 ) ,  7.95 k o l e f i n i c  H,  s, 1).  vmax: 1590 em-' (c=c) .  a Anal .  

c a l cd .  f o r  C 1 2 ~ 1  50rN (rnol. w t .  237) ,  C ,  60.75; H, 6.37; N, 5.90. 
J 

Found: ( m  / e  = 237);  C ,  60.70'; H, 6.35; H, 5.85. 

1- (2 ,6 -~ i rne thoxy  4-methyl Phenyl) 2-Amino Propane (72) 
X 

1- ( 2,6-Dimethory 4-methyl phenyl)  2 - n i t r o  1-propene, 6&, 

(R = 2,6-Dil/ieO, 4-14s) 439 mg was d i s so lved  i n  10 ml anhyd. benzene 
9 .  

and added d~ppwic-e a t  room tempera&re t o  3.13 g 7% s o l u t i o n  
-- 

" ~ e d a l "  i n  benzene ( 8  mmole) ( d i l u t e d  with 12  m l .  benzene) 

over 3 minutss.  The mixture  wa,s r e f l uxed  f o r  2  hours ,  cooled,  

and hydrolyxsd w i t h  H,O. The s a l t s  were f i l t e r e d  and {hs 
x 

benzene d r i e d  ( ! f l g ~ ~ ; ) .  Evaporzt ion and d i s t i l l a t i o n  (95- loo0 ,  , 



(I&). . Anal. calCd,  f o r  C 1 2 H 1 ~ N O ~  (mol. w t .  209):  C, 68.87; - 
3 

, 9 .  IT, 6.69. Found: ( m / e =  209):  C, 68.70; Hj 9.08; N, 
Y , i t  

5.65.  

3,5-Dirnethoxy-4-methyl-benzoyl c h l o r i d e ,  ob t a ined  i n  57$ 

y i e l d  i n  t h e  manner' of Cason and Herzburg (577; ,  was sub jec t ed  t o  a 

modified Rosennund r e a c t i o n  (549)  (46%) as w e l l  as l i t h i u m  tr i- t-  
4 

butoxy aluminum hydride a f t e r  Erown (579)  ( 3 0 % )  . ( ~ n . 1 .  data p .114) 

3,5-ilimethoxy 4-met'hyl-benzoic a c i d  (%a,) (100 mg . , .510 
rvX 

mrnole) was d i s s o l - ~ e d  i n  anhyd. THF (10 m l . )  and added t o  a s l u r -  

r y  of 114 m g .  l i t h i u m  alu.rninunl hydr ide  ( 3  rnmole)/20 m l .  anhydrous 

TKF a t  ambisnt ternp5rature.  The r e a c t i o n  rflixtuxe was s t i r r e d  

a t  room tempera ture  f o r  16 .  hours  ( 2 4 " ) ,  hydrolyzed w i t h  H 2 0 ,  
t .  

&he mixture  e x t r a c t e d  w i t h  k t h ~ r  and d r i  04) .  s o l v e n t  
,- f =+ was d i s t i l l e d  i n  vacuo and t h e  a c i d  was - column chromato- 

- 

graphsd ( e t h y l  a c e t a t e ) .  Yield  was 70 mg. m.p. 
< .: 

k 6 - 8 0 .  ( 8  mmole, 

7 5 5 ) .  n.rn.r  (cHc~~): 2.00 ( c H ~ A ~ , .  e, 31, 3.70 ( O C H ~ ,  s, 61, 4-50  
C '  

(c?iP, S ,  2)-,  6 .40 ( A r - H ;  S ,  2 ) .  vmx ( K B ~ ) :  3500 cm-' ( O H ) .  

m i .  ca lcd .  foi- C 1 0 H l q 0 3  (mol. d ~ t .  182) :  C, 65.91. H, 7 .74.  

'G * 
Tound: (m/e = ~ 3 2 ) ;  C, 65.85; H, 7.  j o .  , 

l 

:,5-Dirnethory 4-llethylbenzaldehy* (83 .. 

At'cenburroxt s :Lnfi, 4 . 0 0  g (552-555) w a s  added t o  -a s o l u t i o n  

of 450 rng. ( 2 . 4 7  nmole) 3, 5-dinethoxy~4 ' -methyl-btnzyle lcohol  

il-i 20 m l .  anhyd. benzene. The mixture  was r e f luxed  f o r  five 
- 



f lour ( appa ra tus  equi-~ped with  a  Dean-Stark t r a p ) ,  f i l t e r e d  
A 

( ~ d i t e ) ,  a.nd s7~&pcra ted .  D i s t i l l a t i o n  (120•‹ ,  .7  mm) and r e c r y s t -  

a l l i z a t i o n  f o r  cyclohexa,ne gave 320 mg product (1 .78  mmile, 72%). 

k l r - '  ( c = c ) .  Anal. ca,lcd. f o r  C1~H1203 (mol. w t .  180):' C, 66.65; 
- 
?, 6.71.  Found: ( m e  = 1 0 )  C ,  66 .50;H,  6.6'5. 

k 

3,5-Dim,nthoj-j.-q-rnethyl benzaldehyde (320 mg, 1.78 rnmole) 
3 

( 8 3  was dissoliied i n  a s o l u t i o n  of 171 mg. (2 .22 mmo1e)i 

arnrnonlum a c e t a t e  hnd 2 m l .  n i t roe thane  and re f luxed  f o r  5 

n inu . t e s .  The r e x t i o n  was quenched by cool ing  i n  l i q u i d  N2 
." -J 

CE2C12 a,dded, I<R,OAc f i l t 5 r e d ,  and so lvent  removed i n  vacuo. 

3- crude product xis r e c r y s t a l l i z e d  from methanol-nat e r .  y i e ld :  

335 n ( 1 .05  maole, 1 )  m.p. 119-20'. n.m.r ( c D c ~ , ) :  2.10 
ir 

(C:I,C, s, 3 ) ,  2.50 ( ; ~ ~ A I T ,  S, j), 6.65 ( A ~ H ,  S ,  2)  7.95 ( o l e -  

f i n t c :  E, s ,  1). v * 1590 cm-' ( c=c ) .  Anal. ca lcd .  f o r  max' 

S I ~ ! ~ I ~ ! J C J ~  (rnol. w t .  237): C ,  60.75; H, 6.37; N, 5.90. Found: 

j z / g =  2 3 7 ) :  C, 60.50; 2, 6.32; N, 5.89. 
- I 
I- 3,5-Girnetho>ry-4-!.Te~hyl pheny1 ) -  2 - h i n o  propane ( 73 

1-(~,5-Di1neti?o1:tr-~-r1iethyl phenyl 3-2-nitro-1-propene, $3 
(3. = jJ 5-DiKeC &-;.:e) ( 100 mg., .422 m o l e )  i n  2  m l .  THF was 

e2Ged t o  a  s l u r r y  of l i t h i u m  alu.minum hydride (80 .1  mg,-2.T1 

i2+3ie)  in 10 1-21. T3F a t  o O .  The, mixture was allowed to '  come 

I 
L O  rooz tempsraturs ,  then  ref luxed f o r  3 hours.  Af,ter cool ing  

/' P& 



i n  i c e ,  t h e  mixture  :.:as hydrolyzed wi th  Ii20 and f i l t e r e d  wi th  

suc t ion .  The hydrcxides  were s l u r r i e d  i n  e t h e r  and f i l t e r e d .  

The .corfihined e t h e r z a l " f i 1 t r a t e s  were d r i e d  ( M ~ s o , )  and evapora- 

t e d :  The amine was vacuum d i s t i l l e d  (95- loo0 ,  .1 rnm) t o  y i e l d  

56.5 r q  product ( ,270 rrmolz, 64%).  n ,  rn. r .  ( c D c ~ ~ )  : 1.10 

(cH~CH, d, 3 ) ,  1 .90  ( C H C ~ ~ ,  m, 3 ) ,  2.15 ( A r C F b , '  s ,  31, 3.80 

f o r  (as  f r e e  amine)  Cl2f i l911o2  (mol. wt. 209): C,  68.87;  H, 9 .15 ;  N, 

6 . 69 .  Found: (m/e = 209)': C, 68.84; H, 9 .12;  N, 6 .50 .  T . l . c .  

( s i l i c a  g e l  FP-254) CHC1,: CH30B: NH,OH (conc)  8 0 ~ 2 0 :  1, Rf = 

.45, and g .1 .p . c .  on j$ OV-lT/gas chrom Q' (220")  both showed 

s s i n g l e  component. 

1- (3,5-Dihydrozg-4-1:ethyl phenyl )- 2- min no propane (w 
1- (3,5-Dimetho;:y-4-ir-ethyl phenyl ) 2-amino propane (56.4 mg, 

.270 r r io le)  (13) ' "2s  
reflux? 

wi th  47% H I  (.810 mmole) f o r  3 

hour und2r N2. The r e a c t i o n  mixture was evaporated,  t h e  r e s idue  
+.. 

p u r i f i e d  by s i l i c a  colunn c h r o n ~ t o g i a p h y  (M~OH) under N2 and 
J 

r & z r y s t a l l i z e d  from r:?thanol-ether t o  y i e l d  20.4 m g  (.113 rmole, 

42,'). m.p. 225-27" n.m.r ( D ! + I S O - ~ ~ ) :  1 .10 (cII~cH,  d, 3) ,  2.15 
- 1 

(hi-CH,, s,  j), j .87 (OH,  "s ,  21, 6 .49  (n r -H ,  s ,  2). Gmax: 3500cm 

(:;E~, CH) . Anal. calcd. for (as free amine) C I o H l 5 N O 2  (mol.  w t . 1 8 1 ) :  
- -  c, 66.27;  H, 8.34; -., 7.72.  Found: (m/e=181): C,  66 .20;  H, 8.31;  N, , 

7 1 . 5 ~ .  70 T .I . C  . ( S i l i c e  Gel  GF-254) CHC1,: CH30H; I\!H~OH' ( conc)  80: 20: 1, - 
R3 = . 6 j ,  and 6 . l . p .  c .  on 35 O V - ~ ~ / G ~ S  chrorn Q (220•‹)  a s  

J. 



h 

1 
3 , 5 - D i r ~ 1 e t i - 1 0 ~ ) . - 4 - ~ ~ ~ t i i j r l  m z o y l  Mydrazide ( 1 9  - % 

: ,5-Dimethory-4-n~thyl  i ~ e n z o y l  c h l o r i d e  (125  m g . ,  .584 rnmole) 

was d i s s o l v e d  i n  2 1 ~ 1 .  anhyd. e t h e r .  Hydrazine 99-lo@, 500 mg. 
4- 

( 1 0  rrmole) mixed w i t h  2 m l .  anhyd. E t20  was added aropwise  w i t h  

s t i r r i n g  a t  arnbient t e m p e r a t u r e .  S t i r r i n g  wag c o n t i n u e d  '2 l.;our, 

t h e  m i x t u r e  was e v a p o r a t e d  (vacuum pump) and  r e c r y s t a l l i z e d  

(E~OA ~ ~ 0 )  . Yie ld :  122.6 mg ( .534 mmole, 100%) . n . m . r  (DMSO-ds) : 

2 .O5 ( c H ~ P . ~ ,  s, 3 ) ,  3 . 3 0  (CH,O, s .  6 ) ,  7.13- ( A ~ H ,  s, 2 ) ,  6  -00  

( H - H  broad s, 3) . v ,,* ( K B ~ )  : 1700 cm-I (c=o) . Anal .  c a l c d .  

f o r  (mol .  - w t .  210: C, 57 .14; H, 6 .71; N, 13.31. Found: ( m / e  = 

2 1 0 ) ;  C, 57 .00;  H, 6 $70;  I\!, 13:31. 
-, 

I l i t r o e t h a n e  

E t h y l  i o d i d e  (3 .12  g, .02  mo'le) f r e s h l y  d i s t i l l e d  was 

a i ; i r r e d  i n  a n  i c e  b a t h  a t  0' C .  Small p o r t i o n s  o f  vacuum dry 

Pgi:O2 8 g .02  mole) p r s p a r e d  a s  d e s c r i b e d  ( 5 7 9 )  were 
4 

dropp-d i n .  The i n t e r n a l  t eo lpe ra tu re  r o s e  t o  1.6' C .  The 

r ~ a c t i o n  mixture  was l e f t  o v e r n i g h t  ( 1 2  h r .  ) i n  a c o l d  w a t e r  

b a t h  a t  15' C and d i s t i l l e d  a t  a tmospher ic  p r e s s u r e  (739  mm). 

F i r s t  f r a c t i o n  (70-75'  C) ( e t h y l  ;odide 1 .84  g . )  and second 

f r a c t i o n  (108-115" C ) ,  ( n i t r o e t h a n e ,  570 m g )  were c o l l s c t e d .  

Y i e l d :  385 (95% c o n v e r s i o n ) .  

O z o n o l y t i s  o f  I s o s a f r o l e ,  5 2  (R = j ,5-Methylenrdioxy)  

I s o s a f r o l e  (f?.44\g. ,  52 m o l e )  was d i s s o l v e d  i n  150 ml, 

zrkyd, CECls, coo led  t o  -20' (cC14/dry i c e ) .  Ozone was - bubbled - 

rtl-ough a t  -1.5 1, /m;n. ( c a l i b r a t e d  f o r  1 . 2  mol. /hour o ~ ) ,  f o r  

4 . 5  h o u r s  ( p o s i t i v e  s t a r c h - i o d i d e  t e s t ) .  The ch lo ro fo rm was 



i 

I 

evapora ted  - i n  vacu.0 and t h e  ozon ide  r e s i d u e  q u i c k l y  s team d i s -  

t i l l e d .  The p i p e r o n a l  was c o l l e c t e d  by T i l t r a t F o n  and vacuum 

d i s t i l l e d  t o  y i e l d  6 .64  g . ,  85%. 

R e a c t i o n  o f  I s o s a f r o l e  w i t h  N i t r o s y l  C h l o r i d e  ( 9 2  

I s o s a f r o l e  (162 .2  mg., 1 mmole) w,as d i s s o l v e d  i n  2 m l .  - 

C C 1 4  coo led  t o  -10" C .  A 15% s o l u t i o n  o f  NDC1,  2  m l . ,  i n  C C 1 4  

, was added w i t h  s t i r r i n g .  The t e m p e r a t u r e  r o s e  from - l o 0  t o  0" 
I 

and a  w h i t e  p r e c i p i t a t e  formed immediately.  F i l t r a t i o n  y i e l d e d  

156.3 mg. ( ,311 rnrfiole) ( r / e  = 454) .  The compound was i n s o l u b l e  

i n  C H C 1 3 ,  C C 1 4 ,  DHSO, H20, EtzO,. and s o l u b l e  i n  h o t  benzene, 

c o l d  t o l u e r , z  and c o l d  THP. No movement was obse rved  w i t h  THF 

on s i l i c a  g e l  t . 1 . c .  (GP-254) .  

L i th ium Alurninurr Hydride Reduct ion  o f  ( 9 3  

'Addutt ( 9 4 )  - (500  mg., 1 .10  rnrnole) was reduced by t h e  Soxh le t  

method o f  Ramirez and 13urger (358) over  18 hours .  Hydro lys i s  

w i t h  H20 ( p ~  1 0 ) )  e x t r a c t i o n  w i t h  e t h e r ,  d r y i n g  ( I~ so , ) ,  and 

e v z p o r a t i o n  gave 325-  1 m g .  b-rown o i l .  T. L. C .  ( s i l i c a  ~ ~ - 2 5 4 ) ,  
d 

1: 2 a c e t o n e - l , 2 - d i c h l o r o  e thane ,  R f  = 8.10 and'  6 .20.  

1- ( 5 ,  '1-~eth~lenediox~phenyl) -2-propanone, 49 - ( R  2 3,h-methylene- 
d ioxy)  

PdC1; ( .248 mg. 1 . 4  mrnole) -and CuC12 ( 1 . 9 8  g. ,  14 .7  mmole) 

90  r r l / m i n .  vrzs h passed  th rough  and 1 g. (6.17 rnrnole) i s o s a f r o l e  

was added. The r e a c t i o n  was a l lowed t o  proceed f o r  2 .5 hours  

a f t e r  which t i m ~  t h e  mix tu re  was coo led  and e x t r a c t e d  w i t h  e t h e r .  

7 i h e  ke tone  d i s t i l l e d  a t  108-110" ( 2  m m ) ,  y i e l d :  549 mg. (3 .09  

n r ~ o l e ,  50$). n . n . r .  ( c D c ~ , ) :  2 . 1 0 ( + ~ ,  s, 3)) 3.52 (cH,, s, 

-1 



l-.(~,~+-~.~~th9lendio;:yph~nyl)-2-I"tro Propene, 51 ( R  = 3 , 4 - ~ e t h y l e n e -  - 
dioxy)  . 

I s o s a f r o l e  ( I .  52 g . ,  . O 1  mole) was d i s s o l v e d  i n  a mix tu re  

o f  750 mg p y r i d i n o  and 9 . 0  g dry  a c e t o n e  ( o v e r  MgSO,) and coo led  

t o  -4' C wi th  v i g o r o u s  s t i r r i n g ,  C ( N O ~ ) ~  ( A l d r i c h )  ( 1 . 9  g, . O 1  
Y 

mole) was edded over  a p ~ r i o d  of 1 minute and s t i r r i n g  was 

c o n t i n u e d  f o r  an a , d d i t i o n a l  2 minutes,  a t  which t i m e  t h e  reac -  

t i o n  wa.s quenched by a d d i t i o n  o f  .56 g KOH in 1 0  m l  H20. The 

mix tu re  was a l lowed  t o  colne t o  roorn t e m p e r a t u r e  and was e x t r a c t e d  
%, 
P i t h  C l .  The Ci  > C l 2  17qs washed w i t h  5% H C 1  and with H20, 

d r i e d  ( I ~ ~ s o , )  and e ~ a p o ~ a t e d .  R e c r y s t a l l i z a t i o n  from CH30H-H20 

gzve 1 .84  g ( 8 . 9   mole, 89 ' ) .  
3 

AgWO, (579)  ( 2 . 9 E  g ,  19 .2  rnmole) and 12 ( 9 . 7 5  g, 38.4 mmole) 

were s t i r r e d  i n  e t h e r  (75 n l )  under  a  n i t r o g e r .  a tmosphere f o r  
.2* 

jO min. and i s o s a f r o l e  (3.11 g, 19 .2  rnmole) added.  The mix tu re  

?-.- :ids s t i r r e d  f o r  5 hours a t  room t e m p e r a t u r e  ( 2 3 "  c ) .  1.52 g, 19.2 

mrnole p y r i d i n e  was added and t h e  mix tu re  s t i r r e d  f o r  a n  a d d i t i o n a l  

h o u r .  Upon e v a p o r a t i o n ,  t h e  o i l  was t a k e n  up i n  10  m l  of CH2C12 .  , 
I 

A f t e r  fil' e r i n g ,  t h e  CH2C12  w e s  washed w i t h  t h i o s u l f a t e  s o l u t i o n ,  a L 
5< HSI, H20 and t h e  s o l u t i o n  f i n a l l y  d d e d  ( M G O ~ ) .  Column 

L, 3 

chroxa tographg  ( S O 2 ! ,  e v a p o r a t i o n ,  and r e c r y s t a l l i z a t i o n  from 
-- 

methanol-w,Cer gave 1.39 g produc t  (6 .72  mmole, 35%) .-m.p. 92-9b0.  



Potassium, 1 .75  g ( .045 g-a.tom) was d i s s o l v e d  by h e a t i n g  

t - B u O H  (110 m l ,  88.5 g ,  1 .20  mole) i n  a N2 atmosphere  t o  make a 

1 3.75% potassiun-t-butoxide/t-butanol s o l u t i o n .  The s o l u t i o n  

was coo led  t o  17"  i n  a  waster b a t h  and 1.48 g  ( .008 mole) 

4-IIeO, R r  = CH3) v a s  d i s s o l v e d  i n  i t .  n - B u t y l n i t r a t e  (3.1 m l ,  

2 . 8  g ,  .027 mole) was added w i t h  s t i r r i n g  i n  a  5 minute  p e r i o d .  

A yel low p r e c i p i t a t e  formed a f t e r  1 0  min. s t i r r i n g .  The r e a c t i o n  

was t h e n  a l lowed t o  s t a n d  a t  ahlbient t e m p e r a t u r e  (24O C )  f o r  1 
/ 

hour ,  cooled  i n  i c e  and f i l t e r e d .  Yie ld :  2 .21  g  ( . 008  mole, 

lo@$). m.p. 238-240" d. 

1- ( j , 5 -  Dimethyl-4-met hoxyphenyl) 2 - n i t r o  propanone I (97) 
I IW 

\ 
The po tass ium 5 n o l a t e  ( 9 ,  275 rng ( . 001  1 ~ 0 1 8 )  was 

w i t h  s t i r i - i n g  t o  5 m l .  1 0 s  H C 1 .  The r e a c t i o n  mix tu re  was s 

z t  ambient  t e m p e r a t u r e  (25') f o r  3 hours ,  coo led  i n  i c e  and 

f i l t e r e d  y i e l d i n g  189 r ~ g  produc t  (8.01 mmole) (8@) . 
P o t a s s i u n  s n o l a t e  ( 9 3  ( 2 5  mg, .09  mrnole) was added w i t h  

s t i r r i n g  t o  5 m l .  g l a c i a l  a , c e t i c  a c i d  and t h e  m i x t u r e  was 

44- s t i r r e d .  a t  ambiznt  t z m p e r a t u ~ e  (22 '  C )  f o r  3 hour .  35 m l  Hz0 

was added and t h e  s o l u t i o n  e x t r a c t e d  w i t h  CHC13 .  The C H C I ,  
-rg 

-;!as e x t r a c t e d  v l t h  H20 and d r i e d  (M~sO,). Vacuum d i s t i l l a t i o n  of ? 

CECL3 and HOAc gave 20 mg. produ.ct ( .084 rnmole, 84%). n.m. r. 
-= 
,+ 

( D : I S ~ - ~ ~ ) :  2 .00  (CH,C, s ,  3); 9 . 2 0  ( C H ~ - & - ,  s ;  6 ) ,  3.65 ~ C H ~ O ,  s ,  

31, 6-89 (AT-H, s, 2). 'rim x ( K B ~ )  : 1700 cm-1 ( C=O) . Anal.  c a l c d .  

f c r  (mol.  w t .  237): C ,  60.75; , 6.37; R, 5.90. Found:(m/e = 237); 



c ,  60.30; H, 6.32;  I!, 5.98. 

Potass ium e n o l a t e  ( 9 9  ( 2 7 5 . 3  mg, 1 .00  mole) and Ac,O ( 5  

m h )  were h e a t e d  t o  dissolution and poured over  i c e .  E x t r a c t i o n  

v i t h  C H C 1 3 ,  d r y i n g  (:@o,) and e v a p o r a t i n g  &ve 171.1 m g .  c r u d e  

p r o d u c t ,  Column chrornztography ( s i l i c a )  w i t h  CHC13 a s  e l u a n t  

gavo 170 mg. ( .944 rrunole, 94%) j, 5-dimethyl  4-methoxy benzoic  

a c i d ,  m. p.  158-160' ( r e c r y s t a l l i z e d  from a x e t o n e ) .  

Cleavage o f  1- (3,  ~-~im~thyl-4-1~~ethoxypl.lenyl)-2-1~itro 1-Propanone 

( 9z) 

1- (3,5-~ir~ethyl-4-oiethox~yl-~en~l)-2-nitro l -propanone (52 

(E = 3,5-DiMe 4-ble0) ( 1 5  mg., ,063 mrnole) , was d i s s o l v e d  i n  7 

rag. ( .059 rmole)  a c e v c  a n h y d r i d e  mixed w i t h  1 mg. p y r i d i n e .  
L 

P i h e  m i x t u r e  was s t i r r e d  a t  zmbient  t e m p e r a t u r e  ( 2 5 "  c . )  f o r  5 

ho-~. rs ,  and worked up a s  above. 3,5-Dimethyl 4-methoxy benzo ic  

a z i d  ( 7  m g . ,  ,039 rmole,  6 2 9 ) )  m.p. 158-160•‹, was recovered .  

n . . .  ( c D c ~ ~ ) :  2 .30 ( C & - A r ,  s, 5 ) ,  3 .75  ( C H ~ O ,  S ,  3 ) ,  7.80 
t 

P2e,~t.yl-2-P_v.opnone Gxiine ( 5 0 ,  - R = H) 

.Hydroxylanine h y d r o c h l o r i d e  (1.39 g,  .02 mole)  was d i s s o l v e d  

i n  .5 cc  H20 heated t o  125•‹C in an o i l  bath. Phenyl-2-propanone 

( 1.34 g. , .01 mole) ;:as zdded vzTth s t i ~ r w  The_ m i x t u r e  was main- 

I - ~ 2 : n ~ d  a t  125' f o r  5 minutes .  Cooling,  e x t r a c t i o n  w i t h  warm 

p:: Y _ 2 4 L 3 ,  ,!-I 7 d r y i n g  ( l 4 : & ~ 0 , ~ )  and e v a p o r a t i o n  f u r n i s h e d  1 . 0 5  g. oxime 



~ih111, reduction o f  50 (R = H) gave 1-phenyl-2-amino propane 
PJ"c, 

4 2  ( R  = i i ) ,  a c co rd ing  t o  t h e  method o f  I a r s s o n  ( 580). Yie ld :  

65%; m.p. ( H C 1  s a l t )  145-1117'. p 
I 

Idethyl benzoate  ( 9 3  (362 mg., 2.66 mmole) was added t o  173 

me. ( 3 . 4 0  mrnole) h y d r a z i c e  h y d r a t e  and t h e  mixturg  r e f l u x e d  f o r  

2 . 5  hours .  The rea .c t ion  was coo led ,  5 m l .  5@ H 2 S 0 4  added a t  o O ,  

t h e  mixture  f i l t e r e d  znd, t h e  c rude  m a t e r i a l  washed w i t h  H 2 0 .  

The crude  phthala ,z ins  was t a k e n  up i n  e t h e r  and e l u t e d  from a 

c o l u r i  ( s i l i c a )  with e t h e r :  hexane (3: 2 ) .  Upon evapo ra t i on  and 

r e c r y s t a l l i z a t i o n  from CH,Oil-H20, 100 mg. ( ,518 mnole, 1%) , of 

1-amino 4-phenyl  p h t h ~ l z z i n e  remained, m.p. 200-201. lit. m.p. 

201-202 ( 5 7 4 ) .  n.m.r.  ( c D c ~ ~ )  : 6.94 ( N b ,  s,  2 ) ,  w i t h  D20 

4 .50  (P!H~,  broad s ,  2), x.35-8.20- (Ar-H, rn 9 ) .  W ( E ~ O H )  2' b 

x = 210 9 ( s = 4 3 , 5 0 0 ) ~  314 ( c = 10 ,020) .  Ana l .  c a l c d .  f o r  

9" 
Found: (m/e = 221) ; C ,  75.05; HI 5.19; % 15.83. 



TABLE 4 

KnoeT?enag?l Condensat  i o n s  Subst i tu . t .nd 

B e n z a l d ~ h y d e s  a n d  N i t r o ~ t h a n e  (369 ) . 

CHO ..-a - R-wLR' 

R - Y i e l d  
t 

~ k f l u x  (fiG) 
3, ? -d ime thy l  4-hyd?ozy 81 

88 
10 

3 ,  ; -d imethyl  4 -xe thoxy 
2,6-dirnethoxy 4-rnetbyl 5 
3,5-dirnethozy 4-rnethyl 

85 
- .  82 

6 
2,;- ~rnethoxy 4- brorzo 80 

5 
7 
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