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INTRODUCTION

G enera l

Any s tu d y  o f  the  n u c le a r - s u b s t i tu te d -p h e n y ls e r in e s  would 

be in c o m p le te  w ith o u t  re fe re n c e  to  t h e i r  im p o rta n t p o s i t io n  

between th e  amino a c id s  n o rm a lly  o c c u r r in g  in  th e  body and 

e p in e p h r in e . E s p e c ia l ly  i s  t h is  tru e  o f the  3 ,4 -d ih y d ro x y -  

p h e n y l- s u b s t i tu te d - a c id ,  w h ich  has lo ng  been suspected  o f  

b e in g  a p re c u rs o r  o f th e  a d re n a l m e du lla  hormone. Among th e  

th e o r ie s  advanced f o r  th e  c o n v e rs io n  o f  amino a c id s  to  th is  

im p o r ta n t p ro d u c t ,  i s  the  one below w h ich  is  r e p re s e n ta t iv e  

o f  th o se  p re s e n te d . (6 5 )
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A ls o  th e  th e o ry  o f  Rosenmund and D o rn s a ft (2 6 ) o u t l in e d  

be low , f a r  th e  b io lo g ic a l  fo rm a t io n  o f  e p in e p h r in e  p o s tu la te s  

th e  fo rm a t io n  o f  f t  - ( 3 , 4 -d ih y d ro x y p h e n y l)  s e r in e  as an i n t e r ­

m ed ia te  w h ich  i s  o b ta in e d  fro m  3 ,4 -d ih y d ro x y p h e n y la la n in e  as 

a s t a r t in g  m a te r ia l .
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A c le a r e r  c o n c e p tio n  o f  th e  r e la t io n s h ip  and a l l  p o s s ib le  

h y p o th e t ic a l  in te rm e d ia te s  may be o b ta in e d  fro m  the c h a r t  on 

th e  n e x t page. I n  th is  d ia g ra m  p h e n y la la n in e  is  used as the  

s t a r t in g  m a te r ia l ,  and each o f  the  f iv e  s te p s  n e ce ssa ry  f o r  

i t s  c o n v e rs io n  to  e p in e p h r in e , is  a p p lie d  s u c c e s s iv e ly .  In  

t h is  manner i t  i s  p o s s ib le  to  show n o t o n ly  a l l  th e  p o s s ib le  

ro u te s ,  even though n o t  a l l  a re  b io lo g ic a l l y  p ro b a b le , b u t 

a ls o  e ve ry  p o s s ib le  s t r u c t u r a l  in te rm e d ia te .
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As shown in  the p re c e d in g  c h a r t ,  th e re  a re  f i v e  s te p s  n e c ­

e s s a ry , v iz .  (1 ) -  p -h y d ro x y l a t io n ,  (2 ) -  m -h y d ro x y la t io n ,

(3 )  -  N -m e th y la t io n *  (4 ) -  f t  - h y d r o x y la t io n ,  (5 ) -  deca rboxy­

la t io n .  These a re  numbered f o r  s im p l i c i t y .  In  th e  succeed ing  

pa rag raphs  re fe re n c e s  fro m  the l i t e r a t u r e  show th a t  each s te p  

n o t o n ly  can , b u t does ta ke  p la c e  in  th e  human body, a lth o u g h  

n o t  n e c e s s a r i ly  on p h e n y la la n in e .

One must b e a r in  mind one th in g :  in  many o f  the examples

g iv e n , a f t e r  th e  r e a c t io n  c i te d  has ta ke n  p la c e , the  compound 

may be d e s tro y e d  in  the body and e lim in a te d . I t  i s  n o t f e l t  

th a t  t h is  p re v e n ts  th e  use o f  these examples as th e  body shows 

a t  many tim e s  a rem arkab le  a b i l i t y  to s e le c t  and c o n t r o l  r e ­

a c t io n s  w h ich  are tQ' i t s  advantage. .Also th e  f a c t  th a t  c e r ­

t a in  o f the  in te rm e d ia te s  have n e v e r been is o la te d ,  shou ld  

n o t be ta k e n  as p ro o f th a t  th e  r e a c t io n  does n o t o c c u r.

These hormones o ccu r in  such g re a t d i l u t i o n  in  th e  body th a t  

one co u ld  h a rd ly  e xp e c t to  is o la t e  th e  in te rm e d ia te s .

P ro o f o f  p - h y d ro x y la t io n  (Step # 1 ) : T h is  was shown by

Embden and Baldes ( 1 ) .  T h e ir  e x p e rim e n ta l w ork  showed th a t  

s u r v iv in g  l i v e r  t is s u e s  p e rfu se d  w ith  d 1 -p h e n y la la n in e  le a d  

to  an e s tim a b le  in c re a s e  in  the  ty ro s in e  c o n te n t o f  th e  l i v e r  

mash. No de m onstrab le  in c re a s e  co u ld  be d e te c te d  in  th e  eon- 

t io  I s .

T
-(J-C-0OGH

N -

-C-C-COOHi i
t t

P h e n y la la n in e T y ro s in e
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The w ork  o f  K o ta ke , Masai and M o ri (2 )  showed th e  h y d ro x y -  

p h e n y l-p y ru v ic  a c id  c o u ld  he is o la te d  fro m  the u r in e  o f ra b ­

b i t s  re c e iv in g  p h e n y la la n in e .

P h e n y la la n in e  H y d ro xyp h e n y lp y ru v ic  A cid

A 'V*°~HA n

V
-O-C-COOH -C-C-COOH

? -  0
For many yea rs  i t  was b e lie v e d  th a t  ty ro s in e  was a neces­

s a ry  d ie t a r y  f a c t o r .  However, R. S. Alc o e k  (12 ) showed th a t  

an im a ls  may e x is t  and d e ve lo p  n o rm a lly  on a d ie t  f r e e  fro m  

ty r o s in e .  Thus, i f  t y ro s in e  is  an e s s e n t ia l  d ie ta r y  f a c t o r ,  

i t  may be b io lo g ic a l l y  d e r iv e d  fro m  p h e n y la la n in e . T h is  is  i n  

l in e  w i th  th e  g e n e ra l concensus o f  o p in io n s  o f  b io c h e m is ts . 

F a r th e r  ev idence  is  seen i n  th e  w o rk  o f  J . D evine  (21) w h ich  

is  c i te d  l a t e r .

P ro o f o f m-h y d ro x y la t io n  (S tep  # 2 ) : This s tep  has never

been shown to  take  p la c e  in  the  body u n t i l  a f te r  the pa ra  po­

s i t i o n  has been o x id iz e d .  A f te r  t h is ,  how ever, s tep  #2 ta ke s  

p la c e  ra th e r  r e a d i ly  and much i n - v i t r o  w ork  has been done to  

dem onstra te  i t .  Raper and Haphold (3 ) showed th a t  ty ro s in a s e  

was a b le  to  o x id iz e  ty r o s in e  w ith o u t  d e a m in a tio n . Robinson 

and Onslow (4 ) suggested th a t  th e  £ L rs t  s te p  was th e  fo rm a t io n  

o f  3 ,4 -d ih y d ro x y p h e n y la la n in e ,  o f te n  r e fe r r e d  to  in  l i t e r a t u r e  

as dopa. T h is  was l a t e r  s u b s ta n t ia te d  by Raper (5 , 10) who 

is o la te d  the  compound fro m  ty ro s in e - ty ro s in a s e  m ix tu re s  and 

s tu d ie d  th e  e f fe c ts  o f v a r io u s  c o n d it io n s  upon the y ie ld .
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Subsequent work o f  Heard and Raper (1 1 ) showed t h a t ,  by u s ­

in g  U -m e th y l- ty ro  s in e  in  p laoe  o f  t y r o s in e ,  the speed o f  m e la n in  

in fo rm a t io n  e o u ld  be re d u ce d , w ith  a c o rre s p o n d in g  in c re a s e  in  

the  y ie ld  o f  p re s s o r  su b s ta n ce s . The p re s s o r  e f f e c t  o f  these 

compounds were g r e a t ly  in c re a s e d  b y  c a t a ly t i c  re d u c t io n .  The 

f i r s t  compound fo rm ed was b e lie v e d  to  be a d re n a lo n e . The d ia ­

gram below  shows th e  proposed d i r e c t io n  o f  th e se  r e a c t io n s .
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t T
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H -0- / X ------- 9-

H - 0 V'
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The p resence  o f  3 ,4 -d ih y d ro x y p h e n y la la n in e  in  n a tu re  has 

been dem onstra ted  by Guggenheim (6 ) in  w o rk  on the  pod o f  the 

Broad Bean, and b y  M i l le r  (7 ) in  w o rk  on the  G eorg ia  V e lv e t 

Bean. T y ro s in a s e , th e  enzyme re s p o n s ib le  f o r  m -h y d ro x y la t io n ,  

has been shown to  be p re s e n t i n  th e  meal worm by B iederm an and 

id e n t i f i e d  by Raper and Bpeakman ( 8 ) .  M iss Dunham (9 ) la t e r  

o b ta in e d  e v id e n ce  o f  i t s  p resence  in  th e  s k in  o f  r a b b its  and 

g u in e a  p ig s . Thus th e re  i s  ev idence  o f  th e  o x id a t io n  o f 

p h e n y la la n in e  th ro u g h  ty ro s in e  to  3 ,4 - d ih y d ro x y p h e n y la la n in e . 

In  th e  d is c u s s io n  up to  th is  p o in t  th e  p ro o f o f  th e  second 

s te p  has been based on the i n - v i t r o  a c t io n  o f  ty ro s in a s e ,  

a su b s tance  whose presence has n o t been c o n c lu s iv e ly  demon­

s t ra te d  i n  h ig h e r  a n im a ls . T h is  o b je c t io n  is  overcome by 

th e  w o rk  o f  Raper (1£ ) and Medes (14) who proved t h a t  t y r o ­

s in e  may be o x id iz e d  by i r o n  and hydrogen  p e ro x id e  to; the

3 ,4 - d ih y d r o x y ‘compound. F u r th e r  p ro o f o f  t h is  o x id a t io n  is  

c i te d  in  the  d is c u s s io n  o f expe rim en ts  on a n im a l t is s u e .

P ro o f o f p  - H y d ro x y la t io n  {S tep # 3 ) :  Th is i s  th e  most

d i f f i c u l t  o f  a l l  to  de m o n s tra te  in  v iv o .  The re a so n  f o r  

t h is  i s  e a s i ly  u n d e rs ta n d a b le , Wb en one c o n s id e rs  th e  ease 

w i th  th is h  ^  -h y d ro x y  compounds o f  t h is  type  a re  f u r t h e r  ox­

id iz e d  to  y ie ld  ben zo ic  a c id  and i t s  d e r iv a t iv e s ,  w h ich  are 

e lim in a te d  as h ip p u r ic  a c id .  From th e  work o f Raper and 

Heard (1 1 ) ,  some co n c e p tio n  o f  such o x id a t io n  may be g o t te n ,  

a lo n g  w ith  th e  im p o rtan ce  o f  the car boxy g roup . As s ta te d  

b e fo re ,  H -m e th y l ty ro s in e  w ith  ty ro s in a s e  in - v i t r o  gave a 

g re a te r  y ie ld  o f  p re s s o r substances th a n  ty ro s in e  i t s e l f .  

A tte m p ts  were then  made to  s u b s t i t u te  an 11-d im e thy l compound
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i n  i t s  p la c e . H orden ine  was th e  m a te r ia l  chosen. S u r p r is in g ly ,  

how ever, no o x id a t io n  o f  th e  b e ta  p o s i t io n  to  ole p la c e . This 

seems to  in d ic a te  th e  im p o rta n ce  o f  th e  car boxy g roup  f o r  o x i­

d a t io n  o f the  be ta  p o s i t io n .  I t  may a ls o  e x p la in  th e  im p o rtan ce  

o f  the co rre sp o n d in g  b e ta  k e to  and h yd ro xy  a c id s , and the la c k  

o f p h y s io lo g ic a l  a c t i v i t y  o f some suspected  p re s u rs o rs  o f 

e p in e p h r in e  in  the body (1 1 ) .

Pro o f o f H -M e th y la t io n  (Step # 4 ) :  The f i r s t  f a c t o r  i n  th is

case i s  th e  p o s s ib i l i t y  th a t  the  body o b ta in s  p ro te in s  w h ic h  

a lre a d y  possess an I - m e th y l g rou p . Whether o r  n o t t h i s  occu rs  

i s  n o t im p o r ta n t as i t  is  r e a d i ly  dem onstra ted  th a t  th e  body 

is  capab le  o f p e r fo rm in g  H-m e t  hy la  t  io n .  F o r exam ple, b o th  

c r e a t in e  and c r e a t in in e  are H -m e th y l compounds o c c u rr in g  

f r e e ly  in  n a tu re .  On th e  o th e r  hand W. H is  (15) showed th a t  

when p y r id in e  was fe d  to  dogs i t  was e xc re te d  as N -m e th y l-  

p y r id in iu m  h y d ro x id e  in  th e  u r in e .

Ackerman showed th a t  dogs fe d  on n ic o t in i c  a c id  e x c re te d  t r i g o ­

ne l l i n  in  th e  u r in e .

p y r id in e U~rae th y l - p y r id in iu m  h y d ro x id e

/^ -C O Q H

H ic o t in ic  A c id T r ig o n e l l in
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These few examples a re  s t r o n g ly  s u g g e s tiv e  t h a t  the a n im a l 

"body possesses the  a b i l i t y  to  p e r fo rm  N -m e th y la t io n  when suoh 

m e th y la t io n  is  e i t h e r  advantageous o r  n e ce ssa ry . I t  may be 

w e l l  to  r e fe r  a g a in  h e re  the  w o rk  o f Raper and Heard (11 ) 

who showed th a t  th e  use o f  N -m e th y l- ty ro s in e  reduced s id e  

re a c t io n s  w h ich  tended to  c u t  down the  y ie ld  o f  p re s s o r  sub­

s tan ce s  . I t  i s  e n t i r e ly  p o s s ib le  th a t  the H -m e th y l g roup  in  

e p in e p h r in e  tends to  s e rv e  th e  same purpose i n  the body*

P ro o f o f D e e a rb o x y la tio n  (S tep # 5 ) :  C hem ica l l i t e r a t u r e

abounds w ith  p ro o f  t h a t  th is  takes p la c e  i n  the body. I t  

seems h a rd ly  ne cessa ry  to  a tte m p t to  c i t e  the  re fe re n c e s  on 

t h is  p o in t .  One needs o n ly  t o  open any volume on the  s tu d y  

o f am inoae ids to  conv ince  h im s e lf  e a s i ly  o f  t h is .  However, 

i t  appears s u f f i c ie n t  a t  t h is  p o in t  to c i t e  some o f th e  o r ig ­

i n a l  w o rk  on t h is  s u b je c t ,  and then  fo l lo w  i t  w i t h  th e  summa­

t io n  by B ing  and Zucker (19) w h ich  appears to  be ra th e r  con­

c lu s iv e .  Heuberg and G o tts e h a lk  (17) showed th a t  l i v e r  and 

m uscle m ascerates possessed a c o n s id e ra b le  c a p a c ity  f o r  gen­

e r a t in g  a ce ta ld e h yd e  and th a t  th e  a d d it io n  o f p y r u v ic  a c id  

in c re a se d  th e  a ldehyde  c o n te n t fro m  90 to  160$. Th is can 

o n ly  be b ro u g h t a b o u t by d e c a rb o x y la t io n .  From t h is  r a th e r  

in a u s p ic io u s  b e g in n in g  the e f f o r t s  a lo ng  t h i s  l in e  c o n tin u e d  

w i th  ever in c re a s in g  p ro o f  no t o n ly  o f the b o d y Ts a b i l i t y  to  

d e e a rb o x y la te  a c id s ,  bu t th e  v e ry  s p e c i f i c i t y  o f the  enzymes 

in v o lv e d ,  as summed up by  B ing and Zucker (1 9 ) :  "There  e x is t

in  the k id n e y  numerous m e ta b o lic  enzymes or s p e c ia l iz e d  c a t a l ­

y s t  a c t in g  d i r e c t l y  on th e  amino a c id s  ta k in g  from  each i t s  ea r
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b o x y l g ro u p . These ca rb o xy la se s  th u s  tra n s fo rm  th e  a c id s  to  

th e  c o rre s p o n d in g  am ines. The a c t io n  o f  th e se  decar b o x y la t in g  

enzymes is  r e a d i ly  dem onstra ted  in  aqueous s o lu t io n s  o f  the 

r e n a l  c o r te x .  The r e s u l t in g  amines may be is o la te d  c h e m ic a lly  

o r  t i t r a t e d  by means of t h e i r  p re s s o r  e f fe c t  on a r t e r i a l  b lood  

p re s s u re ”  •

Thus f a r  each in d iv id u a l  s te p  has been d iscussed  in  the  con­

v e rs io n  o f  p h e n y la la n in e  to  e p in e p h r in e . Examples have been 

c i t e d  show ing  how each s te p  c o u ld  p o s s ib ly  take p la c e . Now 

e x p e r im a a ta l w o rk  w i l l  be c i te d  show ing th a t one o r s e v e ra l 

o f  th e se  s te p s  can and p ro b a b ly  do ta k e  p la c e  s im u lta n e o u s ly  

i n  the o rgans o f  the  b o d y . The work of J . Devine (2 1 ) ,  w i t h  

s l ic e s  o f  a d re n a l m e d u lla , dem onstra tes t h is  ve ry  w e l l .  He 

found  th a t  when p h e n y la la n in e ,  p h e n y le th y la m in e , o r ty ra m in e  

was in c u b a te d  w ith  a d re n a l m e d u lla  th e re  was form ed an adre ­

n a l i n - l i k e  subs tance  as shown by b o th  th e  c o lo ro m e tr ic  and 

a r t e r i a l  p re ssu re  m ethods. These i n - v i t r o  expe rim en ts  have 

shown th e  p resence  o f  a c a te c h o l- l ik e  su b s ta n ce , c a l le d  by 

h im  c a te c h o l Z . Th is subs tance , w h ile  n o t id e n t i f ie d  chem­

i c a l l y ,  was ca p ab le  o f  b e in g  co n ve rte d  by th e  t is s u e  to  

e p in e p h rin e  i n  y ie ld s  o f  30 to  40°/o o f  the o r ig in a l  amounts 

p re s e n t.

Some more re c e n t and s t i l l  more c o n v in c in g  w ork  was done 

a long  t h i s  l in e  by B ing (18) whose in  v iv o  and i n  v i t r o  work 

showed an in c re a s e  in  p re s s o r  substances by  m a te r ia ls  common 

to  th e  a n im a l body. Renal c o r te x  was in cu b a te d  w ith  dopa 

(3 ,4 -d ih y d ro x y p h e n l-a la n in e )  under a e ro b ic  and anaerob ic  

c o n d it io n s .  These e x tra c ts  were th e n  in je c te d  in t o  a n im a ls .
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The ones o b ta in e d  under a e ro b ic  c o n d it io n s  produced d e p re s s io n  

o f a r t e r i a l  p re s s u re , w h ile  those o b ta in e d  under an a e ro b ic  con­

d i t io n s  produced an in c re a s e  in  b lo o d  p re s s u re  com parable t o  a 

co rre sp o n d in g  amount o f e p in e p h r in e . I t  was suggested  by the 

a u th o r th a t  th e se  r e s u l t s  were due t o  h y d ro x y - ty ra m in e . On 

r e p e t i t io n  o f th e  work u s in g  th e  whole k id n e y ,  s im i la r  r e s u l ts  

were o b ta in e d  su g g e s tin g  th a t  the  whole k id n e y  was in v o lv e d .

L ik e  r e s u l ts  were o b ta in e d  in  v iv o  by B ing  and Zucker (19) 

who in je c te d  dopa ( 3 , 4 -d ih y d ro x y p h e n y la la n in e ) in to  th e  k id n e y  

parenchymas o f  e a ts . In  h is  p r e l im in a r y  w ork clamps were p la c e d  

over th e  r e n a l  p e d ic le  s to p p in g  c o m p le te ly  r e n a l c i r c u la t io n .  

R inger f s s o lu t io n  c o n ta in in g  10 mgms, o f dopa was then  in je c te d  

in t o  th e  r e n a l c a p s u le . Two and one h a l f  hours la t e r  the clamps 

were removed r e s to r in g  r e n a l  c i r c u la t io n .  In  a l l  cases th e  re ­

m oval o f the clamps was fo llo w e d  by a marked in c re a s e  i n  the  

a r t e r i a l  p re s s u re . The average was 68 mm o f m ercury and the 

maximum was 115 mm. When the  same amount of dopa was in je c te d  

in to  k id n e ys  under no rm a l c o n d it io n s  no subsequent r is e  was 

n o te d . S im ila r  e x p e r im a its  perfo rm ed on ca ts  w i th  re n a l c i r ­

c u la t io n  reduced 5Ĝ > y ie ld e d  in te rm e d ia ry  amines which were 

no t d e s tro ye d  by th e  &Q°/o isch e m ic  k id n e y  (1 9 ) .  These p re s s o r 

substances were presumed to  be h yd ro xy  t r y  amine . This c o n c lu ­

s io n  is  bo rne  o u t by the o b s e rv a tio n s  o f  Mason and h is  c o -  

w o rke rs  who found th a t  i n  th e  isch e m ic  k id n e y  the ammonia 

p ro d u c t io n  was re d u ce d . Th is  in d ic a te d  th a t  decar boxy la  t i  on 

ra th e r  th a n  d e a m in a tio n  was b ro u g h t about by anae rob ic  con­

d i t io n s .

Thus f a r  a tte m p ts  have been made to show how the body cou ld
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c o n v e r t  r e la te d  substances to  e p in e p h r in e *  P r a c t ic a l ly  a l l  ex­

p e rim e n ts  have shown th a t under th e  c o n d it io n s  o f the e x p e r i­

ments c e r ta in  organs were a b le  to  c o n v e rt th e  c lo s e ly  r e la te d  

p h e n y la la n in e  to  e p in e p h r in e - l ik e  s u b s ta n c e s . I t  seemed s ig ­

n i f i c a n t  th a t  i n  n e a r ly  a l l  cases i t  was p h e n y la la n in e  w h ich  

gave th e  best r e s u l t s ,  A no ther example o f t h is  is  th e  w o rk  

o f R. G. S m ith  and C. W. Edmunds (2 2 ) .  They reduced the 

e p in e p h rin e  c o n te n t of the g la n d s  to  15 jo by the  d a i l y  in je c ­

t io n  o f  p h y s o s tig m in e . The r e p o r t  does n o t d e s c r ib e  how th is  

d im in is h e d  c o n te n t was d e te rm in e d . They then  in je c te d  ty ro s in e  

and 3 ,4 -d ih y d ro x y p h e n y la la n in e . A lth o u g h  th e  fo rm e r d id  n o t 

speed up th e  r e tu r n  to n o rm a l, th e y  suggest th a t  th e  l a t t e r  

may have a c c e le ra te d  t h is  ra te .

I t  may be w e l l  a t  t h is  p o in t  to  re v ie w  the  compounds l i s t e d  

in  the c h a r t ,  t o  p o in t  o u t those w h ich  have been p repa re d  and 

to  in d ic a te  b r i e f l y  t h e i r  m e d ic in a l o r  b io lo g ic a l  im p o rta n ce .
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C hem ica l names and c o rre s p o n d in g  numbers 

o f  compounds a p p e a rin g  i n  th e  p re ce e d in g  c h a r t*

•  P h e n y la la n in e *
(A) -  t y r o s in e ,
(B) -  m -H yd ro xyp h e n y la la n in e *
(C) -  H-Me th y 1 -P h e n y la la n in e *
(£ ) -  P h e n y ls e r in e .
(E ) -  P h e n y le th y la m in e *
( I )  -  3 ,4 -B ih y d ro x y p h e n y la la n in e .
( I I )  -  S u rin a m in *
( I I I )  -  p -H y d ro x y p h e n y ls e r in e .
( IT )  -  (Uyramine.
( V) -  N-Me th y l-m -h y d ro  xypheny la la n in  e *
( V I ) -  m -Hydr oxyphenyIs er in e  *
( V I I )  -  m-Hydro xyp h e n y le th a n o  la m in e .
( V I I I )  -  M -m e th y lrp h e n y ls e r in e  •
( IX )  -  U -m e th y l-p h e n y le th y la m in e
(X ) -  P h e n y le th a n o la m in e *
(X I)  -  H-Me th y  1 -3  f 4 -d ih y d r  oxypheny la la n in e ,
( X I I )  -  3,4-33 ih y  d r  o xypheny I s  e r in e  •
( X I I I )  -  3 ,4 -M h y d r  oxypheny le th a n o la m in e .
(X IV ) -  H-Me th y  1 -p -h y d ro  xypheny I s  e r in e *
(XV) -  H -M ethy 1 -p -h y d ro x y p h e n y le th y la m in e .
(X V I) -  p -H yd ro xyp h e n y le th a n o la m in e .
(X V II)  -  H -M e th y l-m -h y d ro x y p h e n y ls e r in e .
( X V I I I )  -  H-Me th y  1 -m -hyd r oxypheny le  th y  lam ine  •
(X IX ) -  m -H yd roxypheny le thano lam ine*
(XX) -  H-Me th y  1 -p h e n y le  thano lam ine  *
( x x i ) -  H-Me th y  1 -3  , 4 -d ih y d r  oxypheny I s  e r  in e  •
(X X II)  -  E p in in e .
( X X I I I )  -  H o r -e p in e p h r in e .
(XXIV) -  S y n e p h rin .
(XXV) -  H e o -s y n e p h r in .

-  E p in e p h r in e .
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A b r i e f  re v ie w  o f  the  amino a c id s  appearing  i n  th e  c h a r t  

in c lu d e  th e  f o l lo w in g :  {Ho* 1) p h e n y la la n in e , th e  proposed 

s t a r t in g  p o in t  i n  the  b io lo g ic a l  s y n th e s is  o f  e p in e p h rin e , was 

d is c o v e re d  by S chu lze  and Bar b ie r  (5 9 ) ,  and i s  one o f  the  com­

m only o c c u r r in g  amino a c id s  i n  p r o te in s *  (Ho* 2) ty r o s in e ,

t e in  a c id s  and as a lre a d y  m en tioned , i s  p ro b a b ly  th e  p re c u rs o r  

o f  (Ho* 7) 3 ,4 -d ih y d ro x y p h e n y la la n in e  (Dopa) w h ich  i s  im p o rta n t 

i n  th e  fo rm a t io n  o f  m e la n in . Of the e ig h t  H -m e th y l a c id s  (Hos* 

4 ,  8 , 11 , 14, 17 , 2 0 , 23 , 27) H -m e th y lty ro s in e  (Ho* 8) a re  r e ­

p o r te d ,  b u t n o th in g  i s  g iv e n  o f  t h e i r  b io lo g ic a l  a c t i v i t y .  Ho 

r e p o r t  o f  th e  o th e r  s ix  has been fo u n d  in  th e  a v a ila b le  l i t e r a ­

t u r e !  n o r has any re fe re n c e  been fou n d  to  e i t h e r  o f the  m -hy- 

d ro x y  a c id s  (Hos* 3 and 1 2 )*

On th e  o th e r  hand among th e  amines th e  f o l lo w in g :  Hos. 6,

10 , 13, 15, 16 , 19 , 22, 23, 24, 25 and 26 have been s tu d ie d  

and th e  r e la t io n s h ip  o f t h e i r  s t ru c tu re  to  t h e i r  pharmaco­

lo g ic a l  a c t i v i t y  has been d iscu ssed  by Barger and B a le  (6 2 ))  

H artung  (51) a n d  T a in te r  (6 3 ) ,  and o th e rs .  The most a c t iv e  

o f th e  g ro u p , E p in in e  (Ho* 2 8 ), H o r-e p in e p h rin e  (Ho* 2 9 ), 

S ynephrine  (Ho. 3 0 ), H eo -synephrine  (Ho. 3L) a re  co m m e rc ia lly  

a v a i la b le  and c l i n i c a l l y  used . E p in e p h rin e  (Ho. 32) is  the  

hormone o f  th e  a d re n a l m e d u lla *

A c u rs o ry  g la n ce  b r in g s  ou t one s ig n i f ic a n t  f a c t ;  v i z .  th a t  

much w ork has been done on th e  s u b s t i tu te d  e th a n o la m in e s , w h ile  

v e ry  l i t t l e  has been accom plished on th e  c lo s e ly  r e la te d  amino 

a c id s  o r  t h e i r  e th y l  e s te rs .  Th is n a tu r a l ly  b r in g s  up th e  

q u e s tio n  why. There are  two c h ie f  reasons w h ich  suggest them­

1884, i s  a ls o  one o f  the n o rm a l p ro
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s e lv e s ;  f i r s t ,  th e  s t r u c t u r a l  r e la t io n s h ip  o f  these  p h e n y ls e r in e  

d e r iv a t iv e s  to  th e  p re s s o r  amines has a p p a re n t ly  never been 

a d e q u a te ly  em phasized* Second, th e  d i f f i c u l t y  i n  o b ta in in g  

b o th  th e  in te rm e d ia te s  and t h e i r  end p ro d u c ts .

The p re s e n t in v e s t ig a t io n  was i n i t i a t e d  in  o rd e r to  p e rm it  

a more c a r e fu l  s tu d y  o f the a c id s  w hich a re  s t r u c t u r a l l y  i n t e r ­

m edia te  between p re s s o r  compounds d e r iv e d  fro m  p h e n y le th a n o - 

la m in e , C^HgCHQHtCHg.lfHg and th e  co rre sp o n d in g  d e r iv a t iv e s  o f 

p h e n y ls e r in e , C^Hg.CHOHiCH.CGOH. For th is  purpose  i t  was f i r s t

n e ce ssa ry  to  deve lop  a method f o r  t h e i r  s y n th e s is .  F u r th e r  

in t e r e s t  may be a tta ch e d  to  these  B -h yd roxy-A -a m ino  a c id s ;  

th e s e , o r  s im i la r ,  compounds may occur n a t u r a l ly :  e . g . ,  i n  

th e  c o m p o s it io n  o f  th e  i n s u l i n  m o le cu le , o f £88 u n i t s ,  th e re  

a re  as y e t  s ix  u n id e n t i f ie d  hyd roxy-am ino  a c id s .  W hile  these  

a re  n o t .known a t  the p re s e n t t im e , th e re  e x is ts  th e  p o s s ib i l i t y  

th a t  one o r more may be fo u n d  in  th is  group o r a t  le a s t  may be 

capab le  o f  s y n th e s is  by s im i la r  methods.



1?

L i t e r a tu r e  Survey o f  Methods o f  P re p a rin g  ^ -A m in o  

-K e to  A c ids  and T h e ir  E s te rs

The p re p a ra t io n  o f  p h e n y ls e r in e  and -am i n o - h e t o - a c i d s  

has been l im i te d  to  d i r e c t  c o n d e n sa tio n  methods su ch  as th a t  

d e s c r ib e d  by E rlenm eyer (20) and E rlenm eyer and F ru s tu c k  (3 1 ) .

In  h is  o r i g in a l  w o rk  E rlenm eyer succeeded in  condensing  th e  

sodium  s a l t  o f th e  in n e r  e th e r  o f b e n z o y la e e tic  a c id  w i t h  am­

m onia a c c o rd in g  t o  th e  fo l lo w in g  scheme:

C6H5CH-CHC00Et +  » CgHgCHOHCHHgCOOEt

He a ls o  used the  e t h y l  e s te r  o f  g ly c in e  i n  th is  condensa­

t io n .  E rlenm eyer h im s e lf  a d m itte d  the  l im i t a t io n s  o f these 

m ethods* L a te r Rosenmund and L o rn s a f t  (£ 6 ) re p e a te d  these 

e xp e rim e n ts  u s in g  th e  e th y l  e s te r  o f  g ly c in e  . A cco rd in g  to  

these  w o rke rs  th e  r e a c t io n  w ent as fo l lo w s :

Ph.CHO 1* HgH.OHgCOOR  > Ph.CH:H.C%C00R + HgG

Ph.CHO + Ph.CH:I?.CH2C00R --------- » Ph.CH{OH)CH.COOR
H:CH.Ph*

Ph*CH( OH) .CH.COOH +  H£0 -------- ► Ph*CH(OH) .CHCBTHg) .COOH + Ph.CHO.
HrCH.Ph

They succeeded in  p re p a r in g  no t o n ly  p h e n y ls e r in e  b u t a ls o  the  

im p o r ta n t 3>4 -d ih y d ro x y p h e n y Is  er in e ♦ Here a g a in  appeared the  

same l im i t a t io n s  d e sc rib e d  by E rle n m eye r: v iz ,  th a t  c e r ta in

a ldehydes as a n isa ld e h yd e  would n o t ta ke  p a r t  in  th e  condensa­

t i o n .  Ho y ie ld s  were s ta te d  and th e  re a c t io n  i t s e l f  does no t 

appear p a r t i c u la r l y  p ro m is in g *
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T h is  le a d  to  a se a rch  f a r  a method w h ich  would g iv e  good 

y ie ld s  and would he more g e n e ra l ly  a p p lic a b le *  T h e o r e t ic a l ly ,  

e x c e l le n t  in te rm e d ia te s  f o r  th e p C -a m in o -^ -h y d ro x y -a c id s  shou ld  

be fo u n d  i n  th e  d L - is o n it r o s o -  ^  - k e to -a c id s  o f the  g e n e ra l 

fo rm u la  R-(JH-0H-C0QH o r  t h e i r  e s te rs *  Compounds o f  t h is  type
0  it t
H O-H

a re  known. H i t r o  s a t  io n  o f  e t h y l  a e e to a c e ta te  i n  a c id  s o lu t io n  

w ith  sodium  n i t r i t e  (23) fo rm s c T C - is o n it ro s o -z ^ -k e to b u ty r ic  

a c id .  W h ile  r e s u l t s  o b ta in e d  in  th is  r e a c t io n  a re  s u i ta b le ,  

Pechmann's (2 4 ) method lo o ke d  more p ro m is in g . He n i t r a s a te d  

e th y l  a e e to a c e ta te  u s in g  am yl n i t r i t e  i n  a lc o h o l ic  kijdLrogen 

c h lo r id e .  Th is  r e a c t io n  s u c c e s s fu l ly  a p p lie d  to  g lu t a r ic  

a c id  b y  R a n d a ll and H a r r in g to n  (25 ) and M e llw a in  and R icha rdson

(4 3 ) y ie ld in g  o C - is o n it ro s o -  ^ - k e to - g lu t a r ic  a c id .  H artung  

and Munch (2 7 ) had re p o r te d  good y ie ld s  in  th e  n i t r o s a t io n  o f  

acetophenones and p rop ion o ne s  by u s in g  is o p ro p y l n i t r i t e  and 

h yd ro g e n  c h lo r id e  in  e th e r .  I t  was f i n a l l y  dec ided  to  a tte m p t 

a c o m b in a tio n  o f  b o th  these  methods i n  th e  hope o f  in c re a s in g  

th e  y ie ld s .  E xperim en ts  soon showed th a t  th e se  m o d if ic a t io n s  

were j u s t i f i e d .

B e fo re  t h is  method o f  s y n th e s is  co u ld  be a tte m p te d  a good 

method o f  o b ta in in g  the  #  -Joe to  e s te r  was needed. One imme­

d ia t e ly  tu rn s  to  th e  w ork o f G la is e n  (28) on the p re p a ra t io n  

o f  a c e to a c e t ie  e s te r  and to  C la is e n  and Lawman (29) f o r  the  

p re p a ra t io n  o f  e th y l  b e n z o y la c e ta te . Th is proceeds a cco rd ­

in g  t o  th e  fo l lo w in g  g e n e ra l r e a c t io n :
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° 6 H5C ( 0Ha)2 + CHgCQQBt *  C6HgC:CHC00Et - f  2EtOH 
OUa

C6H5C:CHC°°Et + HC1 
ONa

*  G6H5§OHCOOEt + m Q 1  
0

F is c h e r  and Bulow. (3 2 ) ,  C la is e n  (33) and James (34 ) p re ­

pared e th y l  b e n z o y la e e ta te  u s in g  a c e to a c e t ie  e s te r*  sodium  

e th o x id e  and "benzoyl c h lo r id e ,  i l l  o f  th e  above methods are 

re p o r te d  as g iv in g  e o m p a ra tiv e ly  good y ie ld s *

O ther methods re p o r te d  in c lu d e d  th e  fo l lo w in g :  A* M ich a e l

and M. Browne (35 ) h y d ro ly z e d p - t r o m - ^ - p h e n y la e r y l ic  a c id  i n  

s u lp h u r ic  a c id  and w a te r to  y ie ld  th e  e s te r *

L . C la is e n  (37) succeeded in  p re p a r in g  th e  e s te r  fro m  th e  

"benzoyl s u b s t i tu te d  m ono-sodium  m o n o -e th y l e s te r  o f m alon ic 

a c id  by h y d ro ly s is  w ith  w a te r*

HaOOC-CH-COOEt +  HgO  ^C6H5g-QH£C00Et +  Na2C03 C02

(3 8 ) by t r e a t in g  acetophenone in  th e  presence o f  sodium  e th ­

os id  e w i th  d i e t h y lc  arbo n a t e •

Buchner and C u r t iu s  (39) accom p lished  th e  same end by t r e a t  

in g  benza ldehyde wL th  d ia z o - e th y l  a ce ta te  i n  e th e r .

C6H5C:CHC00Et +  HgO 
B r

HgSO^. C6H5C-CH2C00Et f  HBr 
0

C6EgC:0 0

C6H5C-CH *  EtOjJOEt C6H6C-CH^COOEt +  EtOH 
00 0
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G6H5CH° +  HgCH-COOBt ----------- » G6H5G-GH2COOEt +
0

M argurey  (4 0 ) t re a te d  th e  m o n o -c lo r-m o n o -e th y l e s te r  o f  

m alom ic a e id  in  th e  p resence  o f  "benzene w i t h  anhydrous a lum ­

inum  c h lo r id e *

C6H6 +- ClOCCHgCOOEt  --------------A lG lg ----- > CgHggCHgCOGEt t  HOI
0

R. M yer, T o g e l (41) re a c te d  "benzoyl "bromide w i th  monobrom 

e t h y l  a c e ta te  i n  the  presence o f  magnesium to  o b ta in  e th y l  

"b e nzoy lae e ta te * A m o d if ic a t io n  o f  the  G rig n a rd  S yn th e s is *

Thus th e re  were a v a i la b le  numerous methods f o r  th e  p re p a ra t io n  

o f  e th y l  b e n z o y la e e ta te *  Of these  th e  C la is e n  C ondensation  

appeared to  p rom ise  th e  be s t r e s u l t s .  A method based on t h is  

r e a c t io n  was o b ta in e d  fro m  th e  Eastman Kodak Co* (3 6 ) .  T h is  

was th e  one used i n  th e  e x p e r im e n ta l work d e s c rib e d  la t e r *

Methods had been s e le c te d  th u s  f a r  f o r  th e  p re p a ra t io n  o f  

th e  e th y l  e s te rs  o f th e  ke to  a c id s  and f o r  t h e i r  n i t r o s a t io n .  

However, on re v ie w in g  th e  re d u c t io n  o f these  - k e to -e < -o x -

im in o -a c id s  r a th e r  c o n t r a d ic to r y  r e s u l ts  were fo u n d . R a n d a ll 

and H a r r in g to n  (25) re p o rte d  the  re d u c t io n  o f  o C -o x im in o -^ -k e to -  

g lu t a r i c  a c id  to  th e  c o rre s p o n d in g  h yd ro xy  amino a e id  u s in g  

p a l la d in iz e d  c h a rc o a l and a lc o h o l ic  HC1 as the s o lv e n t*  How­

e v e r, M c llw a in  and R ich a rd son  (43 ), u s in g  the same c a ta ly s t  and 

s o lv e n t ,  co u ld  n o t get th e  re d u c t io n  beyond th e  k e to  s ta g e .

When th is  c?C-am ino-z^-keto a e id  was is o la te d  and a g a in  s u b m itte d  

to  h y d ro g e n a tio n  the amino a c id  was is o la te d .  A dk ins  and Reeve

(4 4 ) u s in g  Raney n ic k e l  on < ^ -c u t im in o -^ -k e  to b u ty r ie  e s te r
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c o u ld  n o t  o b ta in  th e  h y d ro x y  amino a c id *  However, by f i r s t  con­

v e r t in g  the ox im ino  to  th e  e th y l  e th e r  and th e n  s u b m itt in g  i t  

to  c a t a l y t i c  r e d u c t io n  w i t h  Haney n ic k e l  u s in g  a lc o h o l ic  HG1 

as the  s o lv e n t  th e y  w ere a b le  to  o b ta in  the d  -am i no -h y d ro x y

a c id .  Thus th e  o u t lo o k  a t  t h is  p o in t  was n o t to o  p ro m is in g , 

A f t e r  re fe re n c e  to  th e  sm ooth r e d u c t io n  o f  th e  is o n i t r o s o  a c e t -  

ophenones and p rop io p he n on e s  as re p o rte d  by H artung  and Munch 

(27) i t  was d e c id ed  to a tte m p t th e  re d u c t io n  i n  th e  same manner 

u s in g  P a lla d iu m  c h lo r id e  on l o r  i t  e as the c a ta ly s t  and a b s o lu te  

a lc o h o l a t le a s t  2 H in  hydrogen  c h lo r id e  as the  s o lv e n t .  Th is 

p roved  so s u c c e s s fu l th a t  no f u r t h e r  changes were needed i n  th is  

s te p *

These r e s u l ts  encouraged th e  b e l ie f  th a t  any in te rm e d ia te

o f  the s t r u c tu r e  Ar,CO.C,CQGEt may be s im i la r l y  hydrogena ted  to
HQH

th e  c o rre s p o n d in g  Ar,CHOH.CH*CQOEt, I f  t h is  is  t r u e ,  th e n  ap -

p a r e n t ly ,  th e  a v a i l a b i l i t y  o f  th e /^ - k e to  e s te rs  o f the type 

Ar,GO*CHgCOOEt, would prove th e  m ost d i f f i c u l t  p rob lem  in  t h is

in v e s t ig a t  io n *

The e th y l  e s te r  o f  benzo ic  a c id  is  r e a d i ly  a v a ila b le  f o r  use 

in  th e  C la is e n  C o nd e nsa tio n , b u t  th e  e s te rs  cf n u c le a r - s u b s t i­

tu te d  b e n z o ic  a c id  a re  n o t e a s i ly  o b ta in a b le *  T h e re fo re , i t  

was de c id e d  to  f in d  f i r s t  a method f o r  s y n th e s iz in g  these 

e th y l  n u c le a r - s u b s t i  t u t  ed-benzoy la c  s ta te s *  The p rocedu re  

w h ic h , a f t e r  c a r e f u l  co n s id  er a t io n ,  seemed to  m e r it  in v e s t i ­

g a t io n  is  th e  f o l lo w in g :



Ar.CO.OHgGOOBt#

The F r ie d e l - C r a f t  s y n th e s is  p ro v id e s  good y ie ld s  o f a l k y l ,  

a lfco xy , and h a lo g e n -n u c le a r -s u b s t itu te d  d e r iv a t iv e s  o f  p h e n a o y l 

c h lo r id e  i n  b o th  la b o ra to r y  (45 -  46) and in d u s t r y  (47 -  4 8 )*  

F r ie s  and P fa f fe n d o r f  (4 9 ) d e s c r ib e  good methods f o r  th e  p re p ­

a r a t io n  o f  o -  and p -h y d ro x y p h e n a c y l c h lo r id e ,  A method g iv e n  

in  O rgan ic  S yn th e s is  (50) and v a r ie d  s l i g h t l y  to  g iv e  b e t te r  

y ie ld s  o f 3 ,4 -d ih y d ro x y p h e n a c y l c h lo r id e  (42) was a v a i la b le ,  

T h e re fo re , no d i f f i c u l t y  was a n t ic ip a te d  i n  o b ta in in g  the  

s t a r t in g  m a te r ia ls  needed f a r  th is  re a c t io n *

There a re  many m ethods o f  p re p a r in g  n i t r i l e s ,  bu t fro m  the  

p h e n a c y l c h lo r id e  th e re  i s  .on ly  one of any v a lu e *  T h is  is  the 

w orh  o f G a b re il and ICschenbaeh (51) and O breTg ia  (52) w h ich  

c o n s is ts  o f  t r e a t in g  th e  p h e n a cy l h a l id e  w i th  sodium  cyan ide  

under p ro p e r c o n d it io n s  ( in  a 5Q̂ > a lc o h o l s o lu t io n  and m ain­

t a in in g  t h is  a t  a te m p e ra tu re  o f 50° C. f o r  about one h a l f  h o u r)*  

The r e a c t io n  proceeds a cco rd in g  to  th e  fo l lo w in g  e q u a tio n :

Ar*CG*CHgCl + KCJX ' ■---------► Ar* C0*CK2CH*XCH -h KOI.

The p o ta ss iu m  s a l t  o f th e  cyanoleetone rem ains in  s o lu t io n  on 

d i l u t i o n  w ith  w a te r and th e  u n re a c te d  m a te r ia ls  a re  se p a ra te d  

by f i l t r a t i o n *  This c le a r  s o lu t io n  is  then p e rm it te d  to  stand 

w ith  c h a rc o a l and f i l t e r e d  by s u c t io n *  I t  is  th e n  rende red  

a c id  w i t h  d i lu t e  h y d ro c h lo r ic  a c id  and th e  c r y s ta ls  o f the  

n i t r i l e  w h ich  fo rm  a re  f i l t e r e d  o f f *  These a re  washed w ith  

ic e  co ld  a lc o h o l and d r ie d .  The a u th o rs  r e p o r t  y ie ld s  up
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to  60°/o by t h i s  method* A few  changes were in tro d u c e d  to f a c i l ­

i t a t e  o b ta in in g  a pure  p ro d u c t;  th e se  a re  re p o r te d  i n  the  ex­

p e r im e n ta l p o r t io n *

The f i n a l  s te p  to  be s tu d ie d  was the  h y d ro ly s is  o f the n i -  

t r i l e *  Here th e re  was a cho ice  o f  tw o  approaches; th e  n i t r i l e  

co u ld  be h y d ro ly z e d  t o  th e  a c id , o r  d i r e c t l y  to  th e  e s te r .  

P in n e r (5 4 ) in  1883 had shown th a t  n i t r i l e s  can be h y d ro ly z e d  

to  th e  im in o  e th e r  h y d ro c h lo r id e  by  t r e a t in g  i t  w i th  a lc o h o l ic  

HC1. P. P* T . Sah (5 6 ) has shown th a t  the im ino  e th e r cou ld  

be changed to  the  o r th o  e s te r  by f u r t h e r  tre a tm e n t i n  a b s o lu te  

a lc o h o l and e th e r  in  th e  presence o f  hyd rogen  c h lo r id e .  F i ­

n a l l y  H a l le r  (55) has shown th a t  b e n z o y la c e to - n i t r i le  can be 

h y d ro ly z e d  to  th e  im in o  e th e r  h y d ro c h lo r id e  by  t r e a t in g  i t  w i t h  

a lc o h o l ic  HC1 and then  to  the  e s te r  by warm ing the  s a l t  w ith  

d i l u t e  h y d ro c h lo r ic  a c id .  O ther w o rke rs  who have succeeded 

i n  th e  h y d ro ly s is  o f  th e  n i t r i l e s  by t h is  method were P. 

P f e i f f e r  and M a tt on (57 ) and P. P f e i f f e r ,  Irm a E n g e lh a rd t 

and W i l l y  A lfu s s  ( 5 3 ) .  The la s t  group o f  w o rke rs  made a com­

p le te  s tu d y  of the  e f fe c ts  o f  s u b s t i t u t io n  on th e  p h e n y l r in g ,  

and c is - t r a n s  s t r u c tu r e  on th e  h y d r o ly s is .  They showed th a t  

i f  the  r in g  was u n s u b s t itu te d  or i f  i t  was removed fro m  th e  

n i t r i l e  by one ca rbon  atom th e  h y d ro ly s is  to  th e  e s te r  worked 

v e ry  w e l l .  S ince th e  compounds to  be h y d ro ly z e d  i n  t h is  s tu d y  

were so c o n s tru c te d , i t  was j u s t i f i a b l y  b e lie v e d  th a t  th is  

h y d ro ly s is  would ta k e  p la c e  ra th e r  e a s i ly .  F in a l ly  1 . S p e ig e l 

and H. Szyd low sky (58) o b ta in e d  good r e s u l ts  i n  the h y d ro ly s is  

o f  th e  a lk y l  n i t r i l e s  u s in g  a lc o h o l and s u lp h u r ic  a c id .  Thus
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th e re  seemed to  be s u f f i c i e n t  p re c e d e n t to w a r ra n t th e  hope 

th a t  th e  d e s ire d  e s te rs  c o u ld  be o b ta in e d  d i r e c t l y .

A im  f o r  re s e a rc h : Th is  p rob le m  was u n d e rta k e n  w ith  th re e

purposes i n  m ind , v i z .  f i r s t ,  to  d e te rm in e  w hether c ^ -o x im in o -  

y ^ -k e to  e s te r  ca n  be connected  in t o  th e  c o rre s p o n d in g  o^-amino 

f  -h y d ro x y a c id s  o r  t h e i r  e s te rs ;  second, to  deve lop  a s a t i s ­

f a c to r y  p ro c e d u re  f o r  th e  s y n th e s is  o f ^ - k e t o  a c id s  o r  e s te rs  

fro m  w h ich  th e  o ^ -o x im in Q -/^ -k e to  e s te rs  may be c o n v e n ie n tly  

o b ta in e d ; t h i r d ,  to  make a v a i la b le  a s e r ie s  o f  n u c le a r  sub­

s t i t u t e d ^ - p h e n y ls  e r in e s  f o r  p h y s io lo g ic a l  cm p h a rm a c o lo g ic a l 

e x a m in a tio n .

M ethod o f  A cco m p lish in g  t h i s  e n d : (The program  as o r ig in a l l y

p ropo sed , i n  su b s ta n ce , reads as fo l lo w s :  The e th y l  e s te r  o f

b e n z o y la c e tic  a c id  w i l l  f i r s t  be p repa red  by the  C la is e n  r e ­

a c t io n .  T h is  w i l l  then be n i t r o s a te d  and re du ce d . The phys­

i c a l  and c h e m ic a l p r o p e r t ie s  o f  th e  in te rm e d ia te s  w i l l  be 

s tu d ie d ,  and f i n a l l y  th e  e s te r  w i l l  be h y d ro ly z e d  to  p h e n y l-  

s e r in e  and i t s  p ro p e r t ie s  compared to  those  d e s c r ib e d  by 

E rle nm eye r (30 -  31) and Rosenmund and Dorns a f t  (£ 6 ) f o r  th a t  

a c id .  I f  these  experim en ts  p rove  s u c c e s s fu l,  the same compound 

w i l l  be p rep a re d  by h y d ro ly s is  o f p h en a cy l cya n ide  and the in ­

te rm e d ia te s  compared to  those above. I f  these  w a r ra n t,  a t ­

t e s t s  w i l l  then  be made to  p re p a re  the n u c le a r - s u b s t i tu te d -  

a c id s  a c c o rd in g  to  the  re a c t io n s  in d ic a te d .
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EXPERIMENTAL

G eneral

A l l  te m p e ra tu re s  re c o rd e d , u n le ss  o th e rw is e  s p e c i f ie d ,  a re  

u n c o r re c te d . F in a l te m p e ra tu re s  re p o r te d ,  when c o r re c te d , a re  

d e s ig n a te d  by " ( c o r . ) ”  and were d e te rm in e d  by Anschutz "s te m - 

im m e rs io n " therm om eters*

When "a b s o lu te  a lc o h o l"  was use d r i t  was p repa re d  fro m  com­

m e rc ia l a b s o lu te  a lc o h o l (a b o u t 97$ e th y l  a lc o h o l) .  Ten l i t e r s  

o f t h is  was r e f lu x e d  abou t tw e n ty - fo u r  hou rs  w ith  th re e  pounds 

o f f r e s h ,  u n s la ke d  lim e , b ro ke n  in to  s m a ll p ie c e s . The a lc o h o l 

was d i s t i l l e d  o f f  and the  o p e ra tio n s  re p e a te d , th e  p ro d u c t fro m  

th e  second d i s t i l l a t i o n  b e in g  used.

A na lyses  f o r  n it r o g e n  w ere  c a r r ie d  o u t u s in g  the K je ld a h l-  

Gunning m ethod.

S yntheses

P re p a ra t io n  o f  e th y l  b e n z o y la c e ta te . (A cco rd ing  to C la is e n ’ s 

Met ho d ) .

C6H5C00Et + 2Na + CHgCQOEt ----- * C6H59 :CHC00Et 1-  NaOEt +
O-Na

C6H59:CHCOOEt + HC1 -----► G6H^C.CHg.GOOEt + NaCl
Q-Na 0

-  I  -

In  a 500 cc th re e -n e c k  f la s k  to  w h ich  was a tta c h e d  a r e f lu x  

con denser, and a m e ch a n ica l s t i r r e r ,  was p laced 75 g . {-§- m ole) 

o f  e t h y l  benzoate  (p re v io u s ly  d r ie d  f o r  24 hours over anhydrous
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c a lc iu m  c h lo r id e  and d i s t i l l e d  a t  197° C .) and 11 g . ( l /8  m ole) 

o f  a b s o lu te  e th y l  a c e ta te  (d r ie d  ove r anhydrous c a lc iu m  c h lo r id e  

f o r  24 hours  and r e d i s t i l l e d ,  b o i l in g  a t 77-79° C . ) The s o lu ­

t io n  was h e a te d  on a w a te r b a th  and th e  tem pera tu re  m a in ta in e d  

betw een 75 and 80° C, and t o  i t  was added 1 1 .5  g . ( i  mole) o f 

sodium  m e ta l c u t  i n  t h in  s l i c e s .  T h is  was, s t i r r e d  u n t i l  a l ­

most a l l  th e  sod ium  had re a c te d  (a b o u t two h o u rs ) .  Then 5 .5  

g . ( l / l 6 m ole) more o f  e th y l  a c e ta te  and 5 .7  g . (J  m ole) o f 

sodium  w ere  added and s t i r r i n g  c o n tin u e d  f o r  a b o u t two h o u rs . 

A f te r  t h is  a f i n a l  5 .5  g . ( l / l 6 m ole) e th y l  a c e ta te  and 5 .7  g .

( i  m o le) sodium  w ere  added and s t i r r i n g  c o n tin u e d  f o r  f i f t e e n  

hours a f t e r  a l l  had re a c te d .

The re a c t io n  m ix tu re  was now co o le d  and poured th ro u g h  a 

w ire  gauze in t o  a beaker c o n ta in in g  cracked ic e  and 500 ce o f 

c o n c e n tra te d  h y d ro c h lo r ic  a c id .  T h is  was s t i r r e d  u n t i l  the  

r e a c t io n  was c o m p le te , when a heavy o i l  se p a ra te d  o u t.  The 

o i l y  la y e r  was se p a ra te d  and the aqueous la y e r  e x tra c te d  w ith  

two s u c c e s s iv e  p o r t io n s  o f 150 ce each o f benzene. The benzene 

e x t ra c ts  were added to  th e  o i l  and the whole n e u t ra l iz e d  w ith  

a s o lu t io n  o f  sod ium  b ic a rb o n a te . T h is  was then  d r ie d  w ith  

anhydrous sodium  s u lp h a te .  I t  was th e n  p laced  in  a d i s t i l l i n g  

f la s k  and th e  benzene removed under the  reduced p re ssu re  o f  a 

w a te r pump; fro m  th e  re s id u e  a l l  d i s t i l l i n g  above 140° G. a t 

10 mm. p re s s u re  was c o l le c te d .  In  th is  f i r s t  ru n  th e  y ie ld  

was n e g l ig ib le  due to  d e co m p o s itio n  on d i s t i l l a t i o n .
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-  I I  -

In  t i i i s  case the  e th y l  "benzoate used was made in  th e  lab  or a - 

t o i y ,  by  r e f lu x in g  b e n z o y l c h lo r id e  w ith  e t h y l  a lc o h o l u n t i l  

hyd rogen  c h lo r id e  no lo n g e r came o f f *  The p ro d u c t was then  

d i s t i l l e d  and th e  f r a c t io n  coming over a t  197° G. used* Th is 

was d r ie d  over anhydrous ca lc iu m  c h lo r id e  and r e d i s t i l l e d .

E th y l a c e ta te  was d r ie d  over anhydrous c a lc iu m  c h lo r id e  and 

th a t  b o i l in g  77 -78° G* was used . The same q u a n t i t ie s  and 

method as in  #1 were used e xce p t th a t  a f te r  the f i n a l  amount 

o f  sod ium  had been added th e  te m p e ra tu re  was p e rm it te d  to  r is e  

s lo w ly  and m a in ta in e d  a t  95° G. f o r  tw e lv e  hou rs* Then the  

same p roceedure  as o u t l in e d  above was fo llo w e d .  In  t h is  case 

th e  y ie ld  was 61 Gms. o r  6 3 .5 °/o o f crude e th y l  b e n z o y la c e ta te  

c a lc u la te d  on the amount o f  e th y l  benzoate use d .

-  I l l  -

The same method and q u a n t i t ie s  w ere used as i n  I  except 

th a t  th e  te m p e ra tu re  was p e rm it te d  to r is e  above th e  m e lt in g  

p o in t  o f  sod ium  b e fo re  any e th y l  a c e ta te  was added. A v io ­

le n t  re a c t io n  to o k  p la c e , w h ic h  was p e rm itte d  to  c o n tin u e  and 

no e th y l  a c e ta te  was added. A f te r  c o m p le tio n  th e  p ro d u c t was 

t re a te d  as in  I  and I I  and d i s t i l l e d .  The d i s t i l l a t e  was a 

s o l id  and though i t  had a d e f in i t e  odor o f benza ldehyde, the  

m ajor p o r t io n  proved to  be b e n zo ic  a c id  m e lt in g  p o in t  121-  

122°.
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H it r o s a t io n  o f e th y l  b e n z o y la c e ta te . The r e a c t io n  proceeds 

as f o l lo w s :

G6H5SCH£C00Et +  GH3GHGH  HOI * CgHgfj-g-COOEt +  CHgGHOHGHg
0 0.11:0 0 H. OH

I n  a th re e -n e c k  f la s k : ,  f i t t e d  w ith  a r e f lu x  condenser and a 

s u i ta b le  hydrogen c h lo r id e  tra p  was p la c e d  50 g . ( .2 6  m ole) 

e t h y l  b e n z o y la c e ta te . An i n le t  f o r  hyd rogen  c h lo r id e ,  and a 

d ro p p in g  fu n n e l w ere  a tta ch e d #  The f la s k  was p laced  on a 

c o ld  w a te r b a th  to  p re v e n t o v e rh e a t in g .  Hydrogen c h lo r id e  

was passed in  f o r  a b o u t tw e n ty  m inu tes  and th e n  22 g .  (J  m ole) 

o f is o p r o p y l n i t r i t e  was dropped in .  The r a p id i t y  o f a d d it io n  

was d e te rm in e d  by the c o lo r  and e o n t r o l le d  so th a t  th e  c o lo r  

never became d a rke r th a n  a l i g h t  orange# The passage o f hy­

drogen c h lo r id e  was co n tin u e d  a f te r  the  a d d it io n  o f  th e  n i t r i t e  

u n t i l  the  c o lo r  re tu rn e d  to  l i g h t  ye llo w #  Th is  u s u a l ly  r e ­

q u ire d  tw e n ty  to  t h i r t y  m in u te s . The m ix tu re  was the n  p la c e d  

in  a d i s t i l l i n g  f la s k  and the a lc o h o l removed under reduced 

p re s s u re . The p ro d u c t was r e c iy s ta l iz e d  fro m  ho t to lu e n e .

Y ie ld  was 4 8 .9  g . o r  85$ m e lt in g  p o in t  117.5 to  1 1 8 .5 ° C. ( c o r . )

When the  n i t r o s a t io n  e xp e rim e n t was re pe a te d  and the  c o n d i­

t io n s  and p ro p o r t io n s  o f  re ag e n ts  used, as d e s c r ib e d  above, 

i t  gave a y ie ld  of 51 g . o f is o n i t r o s o  compound o r  8 8 .7 $  m e lt­

in g  p o in t  117.5  to  1 1 8 .5 °  G. ( c o r . )  A n a ly s is  f o r  n it ro g e n  

gave th e se  r e s u l t s :

Cl f t i )4W# C a lc u la te d  H, 6 .3 3 $ : found M, 6.35$ and 6 .2 9 $ .
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P repar a t io n  o f p h e n a cy l c h lo r id e . In  a 1 l i t e r ,  th re e -  

n e ck , ro u n d -b o tto m  f la s k ,  f i t t e d  w ith  a sea led  m e chan ica l 

s t i r r e r ,  a s e p a ra to ry  fu n n e l,  and a r e f lu x  condenser con ­

n e c te d  to  a gas a b s o rp t io n  t r a p ,  were p laced  102 g, ( 0 .7 7  

m ole) anhydrous a llu m in u m  c h lo r id e  and 265 cc benzene. Then 

5 3 .1  cc (0 .7 0  m o le ) c h lo r a c e ty l  c h lo r id e  was a llo w e d  to  drop 

in  d u r in g  the co u rse  o f  abou t one h a l f  h o u r. A f te r  a l l  th e  

c h lo r a c e ty l  c h lo r id e  had been added th e  r e a c t io n  m ix tu re  was 

re f lu x e d  on a w ater b a th  u n t i l  e v o lu t io n  o f hydrogen c h lo r id e  

had ceased . Then the  m ix tu re  was a llo w e d  to  c o o l and poured 

upon a m ix tu re  o f e q u a l p a r ts  o f  ic e  w a te r and c o n c e n tra te d  

h y d ro c h lo r ic  a c id .  The o rg a n ic  la y e r  was th e n  separa ted  and 

washed w i t h  w a te r ,  and d r ie d  w ith  anhydrous c a lc iu m  c h lo r id e .  

The excess benzene was removed by d i s t i l l a t i o n  on a w ater 

b a th  and th e  re s id u e  d i s t i l l e d  under reduced p re s s u re . The 

p ro d u c t d i s t i l l i n g  a t  120-125° G. a t  4 mm o f p ressu re  was 

r e d i s t i l l e d .  Y ie ld  8 0 .5  g .  o r 7 4?/o: m e lt in g  p o in t  57 to  58° G.

P re p a ra t io n  o f  ph e n a cy l c y a n id e . The re a c t io n  proceeds 

as f o l lo w s :

C6H5C0CH2C1 +  N a C H -----------------» C6H6C0CHgCN + UaCl

T h i r t y  grams ( l / 5  m ole) c f p h e n a cy l c h lo r id e  was d is s o lv e d  

in  90 cc o f a lc o h o l in  a 50 0 cc beaker a t a te m p e ra tu re  o f  

40° C. In  a sepa ra te  250 cc  beaker 30 grams o f sodium  cya n id e  

was d is s o lv e d  in  90 cc w a te r .  T h is  was added to the  above 

s o lu t io n  and s t i r r e d  u n t i l  a l l  d is s o lv e d .  The tem pera tu re  

was then m a in ta in e d  a t  50° G. f o r  about a h a l f  h o u r .  A f te r



t h is  c o H  w a te r was added u n t i l  no more p r e c ip i t a t io n  was 

n o t ic e d *  The c r y s ta ls  w ere  a llo w e d  to  s e t t le  and then  f i l ­

te re d  on a s u c t io n  f i l t e r  u n t i l  c le a r .  Then s u f f i c ie n t  

d i l u t e  h y d ro c h lo r ic  ac id  was added to  make the  s o lu t io n  a c id  

to  litm u s  . The c r y s ta ls  w h ic h  form ed were p e rm itte d  to  s e t ­

t l e  and f i l t e r e d  o f f .  The p r e c ip i t a te  was d is s o lv e d  in  a 

minimum o f  w a te r to  w h ic h  had been added an amount o f sodium  

c y a n id e  e q u a l to  th e  w e ig h t o f the c r y s ta ls .  To t h is  was 

added 1 g .  o f H o r i te  and f i l t e r e d  on a s u c t io n  f i l t e r  and 

th e  f i l t r a t e  made a c id  to  l i tm u s  w ith  d i l u t e  h y d ro c h lo r ic  

a c id .  The c r y s ta ls  were f i l t e r e d  o f f  and d r ie d .  W eight

24 .5  g .  T h is  was th e n  ta k e n  up in  b o i l in g  60djo a lc o h o l 3 g . 

o f H o r i te  added and b o ile d  f o r  abou t f i f t e e n  m in u te s . This 

was f i l t e r e d  w h ile  h o t and set i n  an ic e  chest and co o le d  

f o r  a b o u t two h o u rs . The c r y s ta ls  were f i l t e r e d  o f f ,  washed 

w i t h  c o ld  d i l u t e  a lc o h o l and d r ie d .  Y ie ld  17 .5  g . or 61 .8$  

M e lt in g  p o in t  79° G.

R e p e t i t io n  o f  the e xp e rim e n t above, us ing  the  c o n d it io n s  

and p ro p o r t io n s  o f re a g e n ts  d e sc rib e d  above gave y ie ld s  o f 

p h e n a cy l c y a n id e , v a ry irg  fro m  55 to  65 p e rc e n t.

R e c ry s ta l iz a t  io n  o f  the  p ro d u c t fro m  a lc o h o l gave c r y s ta ls  

m e lt in g  80° C. (u nco r* )

H y d ro ly s i s o f p h e n a cy l c ya n id e . The r e a c t io n  proceeds 

as fo l lo w s :

C6H5CQCH2CH t- GHgGHgOH (a b s o lu te )  +• HC1 --------------->
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-T tr xx J lf| 1

° 6 H5 C0QH2 C Z o E t +  H2 °   > C6 H5 C0CH2 C 0 0 E t +  H ^ C l

I n  a g la s s  s to p p e re d  s e p a ra to ry  fu n n e l was p la ce d  150 cc 

a b s o lu te  a lc o h o l s a tu ra te d  w ith  hydrogen  c h lo r id e *  In  t h is  

was d is s o lv e d  15 g* ( * 1  m ole) p h e n a cy l cya n ide  and the s o lu ­

t io n  se t a s id e  f o r  f i v e  days i n  a c o o l p la c e . The c r y s ta ls  

w h ich  fo rm ed w ere f i l t e r e d  o f f  on a s u c t io n  f i l t e r .  These 

were re d is s o lv e d  in  a minimum o f w a te r ,  5 ce o f d i l u t e  h y d ro ­

c h lo r ic  a c id  added, the s o lu t io n  b ro u g h t to  b o i l in g  and a l ­

lowed to  c o o l.  A c le a r  c o lo r le s s  l i q u id  s e t t le d  o u t .  The 

a lc o h o l,  fro m  th e  m other l iq u o r  of th e  o r ig in a l  h y d r o ly s is ,  

was th e n  e v a p o ra te d , the r e s u l t in g  c r y s ta ls  d is s o lv e d  in  a 

minimum o f  w a te r , 10 ce o f  d i l u t e  h y d ro c h lo r ic  a c id  added 

and b ro u g h t to b o i l i n g .  In  t h is  case a lso  a c le a r  c o lo r le s s  

l iq u id  s e t t le d  o u t .  The two o i l y  la y e rs  w ere combined and 

th e  two aqueous p o r t io n s  e x tra c te d  w i t h  e th e r and the  o i ls  

and e th e re a l e x t ra c ts  com bined and d r ie d  w ith  anhydrous 

sodium  s u lp h a te .  The e th e r  was removed by means o f a c u r ­

r e n t  o f  a i r  u n t i l  the  odor o f e the r was no lo n g e r observed.

The r e s id u a l  l iq u id  suspected  o f  b e in g  crude e th y l  ben­

z o y la c e ta te  weighed 10 g . Y ie ld  o f  c rude  p ro d u c t 52 p e rc e n t.

A r e p e t i t i o n  o f  the  above h y d ro ly s is  was 25 g . o f phen­

a c y l cya n id e  gave 15.5. g .  of p ro d u c t (suspected  o f  be ing  

c rude  e th y l  b e n z o y la c e ta te )  y ie ld  47J&.
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N it r o s a t io n  o f  e t h y l  b e n z o y la c e ta te  o b ta in e d  fro m  th e  

n i t r i l e ;  IQ grams o f  th e  p ro d u c t o b ta in e d  by h y d ro ly s is  o f  

p h e n a c y l c ya n id e  was n i t r o s a te d  as a lre a d y  d e sc rib e d  under 

n i t r o s a t io n  o f  e t h y l  b e n z o y la c e ta te . From t h is  was o b ta in e d  

7 grams o f  p ro d u c t w h ich  on p u r i f i c a t io n  m e lted  a t  117*5 to  

118*5° G* ( c o r * )  A n a ly s is :  H it ro g e n  c o n te n t c a lc u la te d  on

the fo rm u la  i s  6*33$: found  jff 6*33$ and 6 .3 1 $ .

T h is  p ro d u c t m ixed wLth th e  is o n i t r o s o  compound o b ta in e d  

by n i t r o s a t io n  o f  e th y l  b e n z o y la c e ta te  purchased fro m  E as t­

man Kodak Company showed no s ig n i f i c a n t  lo w e r in g  o f th e  

m e lt in g  p o in t .  She m ix tu re  s o fte n e d  a t 116° and was com­

p le t e ly  m e lte d  a t  117° G* ( u n c o r * }

S h is  lo o ke d  l i k e  s a t is f a c t o r y  ev idence  th a t  b o th  these  

compounds were id e n t ic a l .

R e d u c tio n  o f  oC - is o n i t r o s o  -p h e n y l / f f -ke  to  e th y l  

p ro p io n a te : The c a ta ly s t  was p re p a re d  .3  g . o f  p a lla d iu m

c h lo r id e  and 3 g . o f  M o r ite  w ere added to  100 cc o f d is ­

t i l l e d  w a te r  and shaken on a h y d ro g e n a to r. T h is  adsorbed 

69 cc o f  hydrogen* T h is  was f i l t e r e d  on a s u c t io n  f i l t e r  

and d r ie d *

In  a 250 ce ro u n d -b o tto m  f la s k  were p lace d  10 g . ( l / 2 2  m ole) 

- is o n i t r o s o  - p h e n y l ^ - k e t o  e th y l  p ro p io n a te , 100 cc o f  

a lc o h o l,  10 g . hydrogen c h lo r id e  and th e  c a ta ly s t  d e sc rib e d  

above. Th is  was a tta c h e d  to  th e  h yd ro g e n a to r and shaken 

u n t i l  no f u r t h e r  hydrogen was taken up (a bo u t two hou rs  and 

tw e n ty - f iv e  m in u te s ) . 3350 cc o f hydrogen were absorbed* 

T h e o r e t ic a l amount was 3040 c c .  A f t e r  h y d ro g e n a tio n , th e
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above m ix tu re  was b ro u g h t to b o i l in g  on  a w a te r b a th  and 

s u f f i c i e n t  b o i l in g  w a te r added to  b r in g  th e  e th y l  e s te r  o f 

p h e n y ls e r in e  in t o  s o lu t io n  and th e  m ix tu re  was f i l t e r e d  on 

a s u c t io n  f i l t e r  w h ile  h o t#  T h is  c le a r  s o lu t io n  was se t i n  

an ic e  c h e s t f o r  a b o u t th re e  h o u rs *  The r e s u l t in g  w h ite  

c r y s ta ls  were f i l t e r e d  o f f  and r e o r y s ta l l iz e d  fro m  b o i l in g  

d i l u t e  a lc o h o l.  Y ie ld  8 g* 72$.

R e p e t i t io n  o f  the  above re d u c t io n  gave y ie ld s  v a ry in g  

between 88*4  and 93*6$* M e lt in g  p o in t  162° to  165° C* ( c o r . )  

A n a ly s is :  N it ro g e n  c o n te n t c a lc u la te d  on the fo rm u la

C11H16N03 °1  i s  5* 73$ : fo u n d  N, 5 .7 1 $  and 5 .6 3 $ .

T h is  compound is  s o lu b le  i n  w a te r ,  n o t so s o lu b le  in  a l ­

c o h o l.  An aqueous s o lu t io n  is  p r e c ip i ta te d  on th e  a d d it io n  

o f  ammonium h y d ro x y d e . On s ta n d in g , t h is  m ix tu re  g iv e s  no 

a c id  in s o lu b le  p r e c ip i t a t e ,  and shows no d is c o lo r a t io n  (no 

p y ra z in e  fo rm ed th u s  showing th e  absence o f  a k e to n e ) .

P re p a ra t io n  o f p h e n y ls e r in e  fro m  the  h y d ro c h lo r id e  o f  the 

e th y l  e s t e r : Ten grams ( l / 2 4  m ole) o f  th e  e th y l  e s te r  was

d is s o lv e d  in  a minimum o f  w a te r .  S u f f ic ie n t  10$ s o lu t io n  

o f  sodium  h y d ro x id e  was added to  re n d e r i t  b a s ic  to l i tm u s .  

Th is was th e n  warmed abou t te n  m in u te s , a f t e r  a l l  had d is ­

s o lv e d . The s o lu t io n  was then  n e u tra l iz e d  w ith  c o n c e n tra te d  

h y d ro c h lo r ic  a c id  ( co n c e n tra te d  a c id  was used to  p re v e n t 

to o  g re a t in c re a s e  i n  th e  volume o f  l i q u id ) .  I t  was ca re ­

f u l l y  b ro u g h t to  n e u t r a l  p o in t  w ith  ammonium h y d ro x id e  and 

an e q u a l vo lum e o f  a lc o h o l added. This was then  co o le d  in  an
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ic e  c h e s t f o r  a b o u t one h o u r and th e  w h ite  c r y s ta ls  o f p h e n y l­

s e r in e  f i l t e r e d  o f f  and washed w ith  95^ a lc o h o l#  These were 

th e n  washed w ith  e th e r and d r ie d  over s u lp h u r ic  a c id  f o r  £4 

h o u rs *  M e lt in g  p o in t  188® to  19£° C wi th  decom pos ition#  How­

e v e r, th e y  w ere exposed f o r  a b o u t an ho u r b e fo re  th e  n e x t m e lt­

in g  p o in t  was ru n *  T h is  showed 184° to  188° C. (p ro b a b ly  due 

to  a b s o rp t io n  o f  m o is tu re ) .  T h is  compound had been re p o r te d  

by Rosenmund and D o m s a ft  (£ 6 ) as m e lt in g  a t  19£° C. w i th  

dec ompos i t  io n *

The a c id ,  when c r y s t a l l i z e d  fro m  a lc o h o l and w a te r ,  form s 

w h ite ,  f lo e c u le n t ,  s o f t  c r y s ta ls  w h ich  a re  in s o lu b le  in  a lc o ­

h o l  and e th e r ,  s o lu b le  i n  d i l u t e  h y d ro c h lo r ic  a c id *

P re p a ra t io n  o f th e  e th y l  e s te r  o f p h e n y la la n in e  fro m  

p h e n y la la n in e : To £5 cc o f  a b s o lu te  a lc o h o l in  a tw o -nech

f la s fc  f i t t e d  w ith  a r e f l u x  condenser and a hydrogen c h lo r id e  

i n l e t  was added 10 g . o f p h e n y la la n in e  and b ro u g h t to  b o i l in g  

w h ile  p a ss in g  in  hyd rogen  c h lo r id e  fro m  a g e n e ra to r .  From 

tim e  to  tim e  more p h e n y la la n in e  was added u n t i l  no more would 

d is s o lv e #  T h is  .was then  hea ted  f o r  abou t tw enty  f i v e  m in u te s , 

c o o le d  and f i l t e r e d #  About d oub le  th e  volume o f w ater was 

added (50 cc) and made n e u t r a l  w ith  ammonium h yd ro x id e  and 

s e t as ide  to  c o o l.  The e th y l  e s te r  s e t t le d  o u t as an o i l y  

l iq u id #  T h is  was e x tra c te d  w i t h  e the r#  The e th e re a l s o lu ­

t io n  was d r ie d  w i t h  anhydrous sodium  s u lp h a te . Dry hydrogen 

c h lo r id e  was passed in t o  th e  e th e r s o lu t io n  and th e  e th y l  

e s te r  p r e c ip i ta te d  as th e  h y d ro c h lo r id e .  T h is  was f i l t e r e d  

o f f  and washed w ith  e th e r .  They were re c r y s ta l l iz e d  fro m  

b o i l in g  d i lu t e  a lc o h o l and d r ie d #  M e ltin g  p o in t  1£3 to
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124° C. ( c o r . )  The h y d ro c h lo r id e  o f th e  e th y l  e s te r  o f 

p h e n y la la n in e  m e lts  a t  124° C.

P re p a ra t io n  of p - c h lo ro p h e n a c y l c h lo r id e : In  a l i t e r ,

ro u n d -b o tto m , th re e -n e c k  f la s k  f i t t e d  w ith  a se a led  nechan- 

i c a l  s t i r r e r ,  a d ro p p ir ^  fu n n e l and a r e f lu x  condenser to  

w h ich  was a tta c h e d  a hydrogen  c h lo r id e  tra p  was p laced  112 g .  

(1  m ole) ch lo rb e n ze n e  and 400 cc o f  ca rbo n  d is u lp h id e *-  To 

t h is  was added 145 g . {1 *1  m o les) o f  anhydrous alum inum 

c h lo r id e *  Then 112 g« (1  m o le ) o f c h lo r a c e ty l  c h lo r id e  was 

s lo w ly  dropped i n  a t  a r a te  w h ich  d id  n o t cause too v io le n t  

r e f lu x in g :  o f th e  ca rbon  d is u lp h id e *  A f te r  th e  a d d i t io n  o f 

th e  c h lo r a c e t y l  was com ple ted  the m ix tu re  was re f lu x e d  u n t i l  

no more e v o lu t io n  o f hyd ro ge n  c h lo r id e  was n o te d . The m ix­

tu r e  was then  coo led  and poured on a m ix tu re  o f equial p a r ts  

o f ic e  w a te r  and c o n c e n tra te d  h y d ro c h lo r ic  a c id .  The o rg a n ic  

la y e r  was se p a ra te d  and washed w ith  w a te r. This was then  

d r ie d  over anhydrous c a lc iu m  c h lo r id e  and the  carbon d i ­

s u lp h id e  d i s t i l l e d  o f f  under reduced p re s s u re . The re s id u e  

was ta k e n  up in  b o i l in g  a lc o h o l and r e e r y s t a l l i z  ed. Th is 

was a g a in  r e c r y s ta l l iz e d  from  b o i l in g  a lc o h o l.  Y ie ld  125 g . 

( 66* 8^) m .p . lO O fl.C .

P re p a ra t io n  o f  p -c h lo ro p h e n a c y l c y a n id e : To 60 ce o f

a lc o h o l a t 55° 0 . was added 15 g . ( .0 8  mole) p -c h lo r  phen­

a c y l c h lo r id e  and the m ix tu re  s t i r r e d  u n t i l  a l l  was d is ­

s o lv e d . To t h is  was added 15 g . sodium  cyan id e  d is s o lv e d  

i n  40 cc warm w a te r. The m ix tu re  was s t i r r e d  u n t i l  a l l
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was d isso lve d , and p la ce d  on a w a te r  b a th  m a in ta in e d  a t 55°

C. f o r  about 3 /4  h o u r .  To t h i s  was th e n  added co ld  w a te r 

u n t i l  no more p r e c ip i t a t io n  o c c u rre d . The m ix tu re  was then 

s e t  a s id e  and the s o l id  a llo w e d  to  s e t t le  o u t*  Th is  s o l id  

was n o t  unchanged p -c h lo ro p h e n a c y l c h lo r id e *  The m ix tu re  was 

th e n  f i l t e r e d  on a s u c t io n  f i l t e r  u n t i l  c le a r .  D i lu te  h y d ro ­

c h lo r ic  a c id  was added to  th e  f i l t r a t e  u n t i l  i t  was a c id  to  

l i tm u s .  Then i t  was s e t a s id e  to  s e t t l e .  The r e s u l t in g  

c r y s ta ls  were f i l t e r e d  o f f  aaid d is s o lv e d  in  a minimum o f 

w a te r  to  w h ich  had been added an amount o f sodium  cyan ide  

e q u a l to  th e  w e ig h t o f  th e  c r y s ta ls *  One gram o f H o r ite  was 

added and th e  m ix tu re  was f i l t e r e d  on a s u c t io n  f i l t e r  u n t i l  

c le a r .  I t  was th e n  rende red  a c id  w i th  d i lu t e  h y d ro c h lo r ic  

a c id  and s e t  a s id e  f o r  about one h o u r. The c r y s ta ls  were re ­

moved by f i l t e r a t i o n  and d r ie d *  They were p u r i f ie d  by b o i l in g  

i n  70$ a lc o h o l w ith  3 g . o f  H o r ite  and f i l t e r e d  u n t i l  c le a r .  

The s o lu t io n  was c o o le d  i n  an ic e  c h e s t f o r  abou t two hours 

and the  c r y s ta ls  w h ic h  fo rm ed were f i l t e r e d  and d r ie d .  Y ie ld

9 .5  g . 66. 8$ .  M e lt in g  p o in t  127-128° G.

R e p e t i t io n  o f  the  e xpe rim e n t gave y ie ld  v a ry in g  from  63 to  

66$ .  P ure  p -c h lo ro p h e n a c y l cya n id e  m e lts  a t  128°.

H y d ro ly s is  o f p- c h lo ro  phenacyl c y a n id e : In  a g la s s  s to p ­

pered  s e p a ra to ry  fu n n e l was p laced  100 cc a b s o lu te  a lc o h o l 

s a tu ra te d  w ith  hydrogen c h lo r id e  and 23 g . { .1 3  m oles) o f 

p -c h lo ro p h e n a c y l c y a n id e , and a llo w e d  to  s tand  a t room tem­

p e ra tu re  f o r  f i v e  d a ys . The c r y s ta ls  w h ich  fbrm ed w ere  

f i l t e r e d  and d r ie d .  Y ie ld  7 g . The m other l iq u o r s  were
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removed under reduced p re s s u re , The re s id u e  and c r y s ta ls  

w ere  th e n  tahen  up in  SO oo o f d i l u t e  h y d ro c h lo r ic  a c id  

and warmed f o r  a b o u t f i v e  m inu tes and th e n  a llo w e d  to  c o o l.  

An amber c o lo re d  l i q u id  s e t t le d  o u t ,  T h is  was se p a ra te d  

and the  aqueous la y e r  e x tra c te d  w i t h  two 25 cc p o r t io n s  o f  

e th e r*  The o i l  o b ta in e d  above and the  e th e re a l e x tra c ts  

were combined and d r ie d  over anhydrous sodium  s u lp h a te .

The e th e r  was removed by a s tre a m  o f a i r  and th e  re s id u e  

p la ce d  in  an ic e  c h e s t f o r  a b o u t one h o u r and f i l t e r e d .

The f i l t r a t e  w e ighed 15 g* re p re s e n t in g  a y ie ld  o f 5Q.fo o f  

th e  crude e s te r .

The same q u a n t i t ie s  o f  a l l  m a te r ia ls  were used i n  a suc­

ceed! e xp e rim e n t and th e  m ix tu re  was re  f lu x e d  s lo w ly  f o r  

a b o u t two hours w h ile  p a s s in g  in  hyd rogen  c h lp r id e ,  The 

rem a inde r o f  the p roeeedure  was the  same. The y ie ld  i n  th is  

case was 66* 6jS o f th e  c ru de  e s te r ,

n i t r o s a t io n  o f  the  e th y l  e s te r  o f  p -c h lo ro b e n z o y la c e ta te : 

The n i t r o s a t io n  o f th is  e s te r  was c a r r ie d  o u t  a f t e r  th e  man­

n e r a lre a d y  d e s c rib e d  fo r  th e  n i t r o s a t io n  o f  e th y l  b e n z o y l­

a c e ta te ,

From th e  crude  e th y l  p -c h lo ro b e n z o y la c e ta te , o b ta in e d  

fro m  h y d ro ly s is  o f the c y a n id e , y ie ld s  o f  57fo and 6 2 ,5fo 

were o b ta in e d *  The p ro d u c t ,  a f t e r  re  c r y s t a l l i z a t io n  fro m  

h o t to lu e n e  m e lted  a t  135 to  136° C, ( c o r . )  A n a ly s is :  

U it ro g e n  c o n te n t c a lc u la te d  f o r  th e  fo rm u la  C ^ H ^ Q ^ n C l 

i s  5 , 49$ :  fo u n d  N, 5 ,45 fo.
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R e d u c tio n  o f  e th y l  oC-o x im in o -^ - p -c h lo ro p h e n y l- f t -ke top ro_- 

p io n a te :  The c a t a ly s t  used was the  same as th a t  d e s c rib e d  p re ­

v io u s ly  in  th e  re d u c t io n  o f  at -  is o n i t r o s o ^  - p h e n y l^  -ke  to  e th y l  

p ro p io n a te .  I n  a 250 cc ro u n d -b o tto m  f la s k  was p la ce d  5 g . 

( l / 5 1 a o le )  o f  e th y l^ - o x im in o - / ^  - p - c h lo r o p h e n y l- ^ - k e to p r o -  

p io n a te ,  5Q cc o f  9&fo a lc o h o l,  5 g . o f  hydrogen c h lo r id e  and 

th e  c a t a ly s t  m entioned above. T h is  was a tta c h e d  to a h y d ro ­

g e n a to r  and shaken . 820 cc hyd ro ge n  were absorbed r a p id ly ,  

th e n  th e  a b s o rp t io n  stopped c o m p le te ly , so 50 cc o f a lc o h o l 

and 25 cc o f  w a te r  were added and sh a k irg  c o n tin u e d . Absorp­

t io n  was s t i l l  p r a c t i c a l l y  n e g l ig ib le  so .1  g .  o f  p a lla d iu m  

c h lo r id e  was added and hyd r p g e n a tio n  resum ed. When t h is  

d id  n o t p roduce  r e s u l t s  a ^e t o f  steam  was d ire c te d  a t  th e  

f la s k  w h ile  s h a k in g . A b s o rp t io n  speeded up u n t i l  560 cc o f 

hyd rogen  were ta ke n  up, a f t e r  w h ic h  a b s o rp t io n  s topped com­

p le t e ly .  T o ta l  hydrogen ta ke n  up  was 1380 c c .  The th e o re t ­

i c a l  amount o f  hydrogen needed f o r  re d u c t io n  to  th e  amino 

a lc o h o l i s  1318 c c . The f l a s k  was th e n  d is co n n e c te d  and 

th e  m ix tu re  b ro u g h t to  b o i l in g  and s u f f i c ie n t  b o i l in g  w a te r  

added to b r in g  th e  compound in to  s o lu t io n  (v e ry  l i t t l e  was 

n e e d e d ). The c a ta ly s t  was f i l t e r e d  o f f  fro m  the ho t s o lu ­

t io n  on a s u c t io n  f i l t e r .  T h is  c3ea r l iq u id  was p la ce d  in  

an ic e  c h e s t f o r  tw e n ty - fo u r  h o u rs  and the  c r y s ta ls  f i l t e r e d  

o f f  and d r ie d .  The s u p e rn a ta n t l i q u id  was th e n  p e rm itte d  

to  e va p o ra te  sp o n ta n e o u s ly  i n  a vacuum d e s c ic a to r  under r e ­

duced p re ssu re  and th e  re s id u e  was c r y s ta l l i z e d  from  a 

minimum o f  b o i l in g  a lc o h o l.  These c r y s ta ls  were added to
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th o se  o b ta in e d  above and th e  w ho le  r e c r y s ta l l iz e d  fro m  b o i l ­

in g  a lc o h o l.  They were washed w i th  a l i t t l e  io e  o o ld  a lc o h o l 

and d r ie d  o ve r s u lp h u r ic  a c id  in  a d e s c ic a to r  f o r  24 h o u rs *  

Y ie ld  4 .2  g* 77$.

R e p e t i t io n  o f  th e  e xp e rim e n t u s in g  7 g . ( l / 3 6  m o le ) e th y l

-o x im in o - /^ ~ ]c e to - ^ -p -c h lo ro p h e n y lp ro p io n a te  in  175 cc o f  

a lo o h o l and 20 g* o f  hyd rogen  c h lo r id e  and th e  c a ta ly s t  p re ­

v io u s ly  d e s c r ib e d  absorbed 2080 cc o f  h yd ro g e n . T h e o r e t ic a l 

amount o f  hyd rogen  needed f o r  th e  r e d u c t io n  to  the  amino a l ­

c o h o l i s  1848 ©a* The y ie l d  was 6*3 g . o r  8 2 *5 $ . M e lt in g  

p o in t  16&-17Q0 0* ( c o r * ) *  .A n a ly s is : n i t r o g e n  c o n te n t c a l ­

c u la te d  f o r  th e  fo rm u la  i s  5 *0 2 $ : Found H* 5*19 fo

and 5.3 j£ .

One h a l f  gram  o f  th e  h y d ro c h lo r id e  o f  e t h y l / ^ - p - c h lo r o -  

p h e n y l^ -h y d ro x y  c^-am ino p ro p io n a te  was t re a te d  w i t h  ammon­

ium  h y d ro x id e  f i l t e r e d  and the p r e c ip i t a t e  washed on th e  

f i l t e r  u n t i l  th e  w ash ings gave no t e s t  f o r  c h lo r id e s  w i th  

s i l v e r  n i t r a t e .  The p r e c ip i t a t e  was th e n  d r ie d  and s u b je c te d  

to  sod ium  fu s io n .  I t  gave a p o s i t io n  te s t  f o r  c h lo r id e s .

One gram  was d is s o lv e d  i n  w a te r  and p o ta ss iu m  perm anganate 

added and b o ile d  u n t i l  no f u r t h e r  r e a c t io n  to o k  p la ce *  This 

s o lu t io n  was e x tra c te d  w ith  e th e r .  The e th e r  la y e r  was ex­

t ra c te d  w i t h  a s o lu t io n  o f  sodium  h y d ro x id e . T h is  was a c id ­

i f i e d  and the p r e c ip i t a te  washed w ith  c o ld  w a te r .  A s m a ll 

p o r t io n  was added to  a s o lu t io n  o f sodium b ic a rb o n a te . E f­

fe rv e s c e n c e  ( f r e e  a c id ) .  The rem a inder was d r ie d  I n  a va c ­

uum d e s c ic a to r  over n ig h t .  M e lt in g  p o in t  228 to  229° C. 

(p -c h lo ro b e n z o ic  a c id ) .  T h is  m e lt in g  p o in t  and the  s l i g h t l y  

h ig h  n it r o g e n  c o n te n t suggests  a s l i g h t  lo s s  o f  c h lo r in e  in

h y d ro g e n a tio n *  96891
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One h a l f  gram added to  ammonium h y d ro x id e  gave no y e llo w  

c o lo r  o r  a c id  in s o lu b le  p r e c ip i t a t e ,  (no f r e e  k e to n e ) .

P re p a ra t io n  o f  3 . 4-d ih y d ro x y p h e n a c y l c h lo r id e ; In  a 500 

cc th re e -n e c k , ro u n d -b o tto m  f l a s k  f i t t e d  w i th  a s e a le d  mechan­

i c a l  s t i r r e r ,  a r e f lu x  co n d e n se r t o  w h ic h  was a tta c h e d  a h y d ro ­

gen c h lo r id e  t ra p  was p la ce d  8 3 .3  g . (0 .4  m ole) o f phosphorus 

p e n ta c h lo r id e .  To t h is  was added c a r e f u l ly  i n  s m a ll p o r t io n s

42 .5  g . (0*45 m ole) o f m o n o c h lo ra c e tic  a c id .  T h is  was r e f lu x e d  

f o r  two hou rs  and p e rm it te d  to  stand over n ig h t .  To t h is  was 

added 200 cc o f  benzene and 44 g* (0 .4  mole ) o f c a te c h o l.

The m ix tu re  was re f lu x e d  f b r  f i f t e e n  h o u rs . The benzen was 

th e n  re co ve re d  by d i s t i l l a t i o n  and th e  re s id u e  t re a te d  w i t h  

400 cc o f  b o i l in g  w a te r .  Th is  was r a p id ly  f i l t e r e d  on a s u c ­

t io n  f la s k  and c o o le d . A f te r  c o o lin g ,  th e  c r y s ta ls  were sep­

a ra te d  on a s u c t io n  f i l t e r  and washed w ith  a minimum o f co ld  

w a te r .  The r e s u l t in g  n e a r ly  w h ite  c r y s ta ls  w e re  th e n  ta k e n  

up i n  a minimum o f b o i l in g  w a te r  and b o ile d  w i t h  5 g. N o r ite  

f o r  f i f t e e n  m in u te s . Th is  was f i l t e r e d  u n t i l  c le a r  and a l ­

low ed to  r e c r y s t a l l i z e  i n  an ic e  c h e s t over n ig h t .  The 

c r y s ta ls  w e re  f i l t e r e d  o f f  on  a s u c t io n  f i l t e r  and d r ie d .

Y ie ld  35 g . (46$) m .p . d e c o m p o s itio n  to  a re d d is h  b row n 

l i q u id  a t  170° C. ( re p o r te d  m e lt in g  p o in t  was d e c o m p o s itio n

a t  173° C. (2 5 ) .

R e p e t i t io n  c£ the  above e x p e rim e n t gave y ie ld s  v a ry in g

between 50 .6$  and 54^.
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P re p a ra t io n  o f  3 14 -d ih y d ro x y p h e n a c y l c y a n id e : D i f f i c u l t y

was a n t ic ip a te d  i n  th e  c o n v e rs io n  o f th e  3 , 4 -d ih y d ro x y p h e n a c y l 

c h lo r id e  to  the  cya n id e  due to  th e  ease w ith  w h ic h  th e  3 ,4 -  

d ih y d ro x y  compound is  o x id iz e d  I n  a lk a l in e  medium# However, 

th e  c o n v e rs io n  was a tte m p te d  in  the u s u a l manner* As was 

expected o n ly  a d a rk  t a r r y  mass was o b ta in e d  w h ic h  gave v e ry  

p o o r y ie ld  o f  d a rk  b row n c r y s ta ls  when b o ile d  w i t h  H o r ite *

Th is  d id  n o t p rom ise  t o  be c f any v a lu e *

I t  was th en  a tte m p te d  to  p re v e n t o x id a t io n  by th e  a d d i t io n  

o f 1 g* o f sodium  s u lp h ite  to  each 15 g* o f 3 , 4 -d ih y d ro x y -  

p h e n a e y l c h lo r id e  used* These e xp e rim e n ts  y ie ld e d  brown 

c r y s ta ls ,  w h ic h  on b o i l in g  w i th  M o r ite ,  y ie ld e d  l i g h t  y e llo w  

c r y s ta ls  w h ic h  were r e o ry s t  a l i i  zed fro m  b o il in g :  w a te r and 

d r ie d *  When a s m a ll p o r t io n  o f th e  above c r y s ta ls  was d is ­

so lve d  i n  w a te r  and a s o lu t io n  o f f e r r i c  c h lo r id e  added, 

a deep g reen  c o lo r  deve loped in d ic a t in g  th e  presence o f  th e  

f re e  p h e n o l g roups* One h a l f  gram o f th e  c r y s ta ls  w e re  sub­

je c te d  to  sodium  fu s io n  and checked w i t h  s i l v e r  n i t r a t e  i n  

a c id  s o lu t io n *  The p r e c ip i t a t e  proved to  be s i l v e r  s u lp h id e  

and a s tro n g  o d o r o f  h yd ro g en  s u lp h id e  was observed . Th is  

cou ld  n o t be accoun ted  f o r ,  so the  method was g iv e n  up*

I t  was th e n  dec ided  to  a tte m p t to p re v e n t a x id a t io #  by 

the  a d d i t io n  o f hydrogen# In  a 250 cc f la s k  was p la c e d  100 cc 

o f  w a te r .  Th is  was h e a te d  to  b o il in g -  and hydrogen passed in  

w h ile  the  s o lu t io n  co o le d  to  40° C* To th is  was added 15 g*

( f 08 m ole) o f  3 , 4-d ih y d ro x y p h e n a c y l c h lo r id e  and 15 g .  o f  

sodium  cya n id e *  I t  was s toppe red  Im m e d ia te ly  and the s to p p e r



42

se a le d  w ith  p a r a f f in *  T h is  was p e rm it te d  to  s ta n d  a t  room 

te m p e ra tu re  f o r  one hour*, The s to p p e r was removed and the 

s o lu t io n  re nd e re d  a c id  w i t h  d i lu t e  h y d ro c h lo r ic  a c id .  I t  

was th e n  p la c e d  in  an ic e  ch e s t over n ig h t  and f i l t e r e d .

The c r y s ta ls  were b o ile d  w ith  2 g . o f  M a r ita  and f i l t e r e d  

5 *5  g . ,  40jS y ie ld  o f  l i g h t  y e llo w  c r y s ta ls  were o b ta in e d *

M.P. was 218-218° 0* w ith  d e c o m p o s itio n *  A n a ly s is .: n i t r o ­

gen c o n te n t c a lc u la te d  f o r  the fo rm u la  i s  7*99 fo»

Found n . 7 *78$ .

T h is  n it r o g e n  c o n te n t was a l i t t l e  lo w  so f a r t h e r  a tte m p ts  

a t p u r i f i c a t i o n  were t r i e d *  The m a te r ia l  was p u r i f i e d  by 

b o i l in g  w i t h  M o r ite  s e v e ra l t im e s  u n t i l  a w h ite  f lo c c u le n t  

c r y s ta ls  were o b ta in e d . This was d r ie d  f o r  tw e n ty - fo u r  

hours  i n  a vacuum d e s c ic a to r *  M e lt in g  P o in t  220-223° C* 

w ith  d e c o m p o s it io n . T h is  f i n a l  p ro d u c t was 3 * 4 -d ih y d ro x y -  

p h a a a cy l c y a n id e .

O ther a tte m p ts  a t o b ta in in g  th e  cya n id e  in c lu d e  the f o l -  

l o w i i ^ : V a r io u s  s o lv e n ts  t r ie d  f o r  th e  c o n v e rs io n  w e re ,

e th y le n e  g ly c o l ,  benzene, p y r id in e  and a ce to n e . Hone of 

th e se  p roved s u c c e s s fu l;  f i n a l l y  an a tte m p t was made to  

c o n v e r t  the  3 ,4 -d ih y d ro x y p h e n a c y l c h lo r id e  to  th e  d ib e n z y l 

e th e r by t r e a t in g  th e  d iso d iu m  s a l t  o f 3 ,4 -d ih y d ro x y p h e n a c y l 

c h lo r id e  w ith  b e n z y l io d id e *  This a ls o  proved u n s u c c e s s fu l 

b u t r e s u l t s  were s u f f i c i e n t l y  p ro m is in g  to  w a rra n t f u r t h e r  

s tu d y *
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P re p a ra t io n  o f  p -m ethoxyphenacy 1 c y a n id e : E ig h t grams

(*0 4 7  m ole) o f  p -m e tho xyp hena cy l c h lo r id e  was t re a te d  as 

p r e v io u s ly  d e s c r ib e d  u n de r th e  p re p a ra t io n  o f p h e n a cy l 

c ya n id e *  Y ie ld  was 5 *4  grams o r  71fo o f p-me th o x y  p h e n a c y l 

c y a n id e *  M e lt in g  P o in t  128$ C* A n a ly s is :: K i t  no gen con­

te n t  c a lc u la te d  f o r  the fo rm u la  C^QH^OgH is  8$* Pound n i t r o ­

gen , 7*91$ and 7*84$♦

P re p a ra t io n  o f  p-b ro m p h e n a cy l c y a n id e : T h i r t y  grams o f

p -b rom phenaoy l b rom ide  (*0 6 7 ) m ole was t re a te d  as p r e v io u s ly  

d e s c r ib e d  unde r th e  p re p a ra t io n  o f  p h e n a cy l c y a n id e *  Y ie ld  

was 32*6 grams o f  the  crude cya n id e * Most c f t h is  compound 

was lo s t  i n  an a tte m p t to  p u r i f y  i t  by r e c r y s t a l l a t io n  fro m  

h o t to lu e n e .  There was no o p p o r tu n ity  to  o b ta in  an a n a ly s is  

o f  t h i s  p ro d u c t;  a s m a ll p o r t io n  re co ve re d  m e lte d  a t  243 -244° 

w ith  d e c o m p o s itio n *
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SUMMARY

1* The s y n th e s is  o f  p h e n a cy l cya n id e  and i t s  n u c le a r  s u b s t i ­

tu te d  d e r iv a t iv e s  fro m  th e  c o rre s p o n d in g  p h e n a cy l c h lo r id e s  

has been s tu d ie d .

2* The c o n v e rs io n  o f  th e  p h e n a cy l cya n id e  in t o  th e  c o r r e -  

spong ing  , ^ - a r y l - / ^ - I c e  to  p ro p io n ic  e s te rs  i s  d e s c r ib e d .

3* T h e ^ - fc e to  e s te rs  m y  be c o n v e rte d  in  good y ie ld  to  th e  

c o rre sp o n d in g  e s te r  o f ^ - a r y l- y ^ - Ic e to - c K - o x im in o p r o p io n ic  a c id .

4# These © t-o x im in o -^ - ic e  to  e s te rs  have been h yd ro ge n a te d  to

th e  c o rre s p o n d in g  p h e n y ls e r in e  d e r iv a t iv e s *

5* In  th e  g e n e ra l p ro c e d u re :

A r.C O -C H gC l— > Ar.CO-CH Gn —» lr*CO-GHg-GOOEt —* 

Ar.CO-C-COGEt —> I r .  CHOH-CH-COOEt
Soh r a 2

The y ie ld s  a t  a l l  s tag e s  a re  s a t is f a c t o r y  and encourage the  

b e l ie f  th a t  th e  m ethod i s  a v a i la b le  f o r  g e n e ra l s y n th e s is  

o f  ̂ -hyd roxy-oC .-am enoac iids  ♦
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