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SUMMARY 

The synthes is  of  (R)-(-)- and (S)-(+)-2-amino-l-phenylpro- 
pane-3,3,3-d3 via a modif icat ion o f  a published procedure f o r  the  
unlabel led compounds is descr ibed.  The preparat ion of  t h e  (S)- 
enantiomer involved i n  t h e  f i r s t  s t e p  t h e  reduction of D-phenyl- 
a lanine t o  (R) -2-amino-3-phenyl-l-propanol-l,l-d~ with l i thium 
aluminum deuter ide .  The reduction product was t r e a t e d  with E- 
toluenesulfonyl  ch lor ide  t o  give (R)-3-phenyl-2-(4-toluenesul- 
famoy1)propyl-1,l-d2 4- toluenesulfonate ,  which was reduced with 
l i th ium aluminum deuter ide t o  (S) -N-  ( 1-methyl-d3-2-phenethyl) - 
4-toluenesulfonamide. The l a t t e r  compound was cleaved t o  (S) - 
(+) -2-amino-1-phenylpropane-3,3,3-d3 using naphthalene anion 
r a d i c a l .  
t o p i c  p u r i t y  o f  t h e  product was 99%, and t h e  enantiomeric p u r i t y  
> 99%. The methyl ester of  t h e  amino acid could a l s o  be used as  
s t a r t i n g  material i n  t h e  synthes is  

The o v e r a l l  y i e l d  i n  the  sequence w a s  32.8%, t h e  i s o -  
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INTRODUCTION 

In conjunction with a program t o  s tudy t h e  metabolism and pharmacokinetics 

of 1-phenyl-2-aminopropane (amphetamine) i n  humans and laboratory animals using 

combined gas chromatography-mass spectrometry (gcms) as  a n a l y t i c a l  t o o l ,  we were 

i n  need of  samples of (R)-(-)- and (S)-(+)-amphetamine labe l led  with deuterium 

i n  the  a-methyl group (3. 
has been shown, as i t s  N- t r i f lu rooace ty l  der iva t ive ,  t o  have s u i t a b l e  mass- 

s p e c t r a l  p roper t ies  f o r  use i n  d i s t r i b u t i o n  and metabolism s t u d i e s  o f  amphet- 

amine involving gcms as a n a l y t i c a l  technique (1-3). 

This i s o t o p i c a l l y  l a b e l l e d  var ian t  of  amphetamine 

While a convenient synthesis  
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of racemic 2 has been described (4) we have found t h a t  chemical reso lu t ion  (5-7)  

of  small amounts o f  amphetamine via t h e  d - t a r t r a t e  sa l t  i s  i n e f f i c i e n t  and 

r e s u l t s  i n  unacceptable losses  of mater ia l .  A s t e r e o s p e c i f i c  synthes is  of  the  

labe l led  enantiomers was t h e r e f o r e  sought. 

Nichols, etg. r e c e n t l y  descr ibed (8) an asymmetric synthes is  of phenyl- 

isopropylamines capable of  y ie ld ing  enant iomerical ly  pure amphetamine. However, 

t h e i r  procedure was considered unsui tab le  f o r  our purpose, s ince  t h e  s t a r t i n g  

material i n  t h e  s y n t h e t i c  sequence is  phenylacetone, i n  which t h e  protons of 

the  methyl group may exchange under a v a r i e t y  of  condi t ions involved i n  i t s  

preparat ion and f u r t h e r  reac t ions .  

In 1951 Karrer and Ehrhardt descr ibed (9) t h e  conversion of  t h e  e t h y l  e s t e r  

of  (R)-(+)-phenylalanine t o  (S)-(+)-amphetamine i n  5% o v e r a l l  y i e l d .  

found t h a t  t h e i r  procedure, with some modif icat ion,  i s  an a t t r a c t i v e  method f o r  

the  preparat ion of  deuterium-labelled amphetamines (R) - and (S) -2. 

We have 

D I  SCUSS ION 

The sequence used f o r  t h e  preparat ion of  t h e  l a b e l l e d  pure enantiomers of  

The reduct ion of (R)-phenylalanine ((R)-Aa) amphetamine i s  shown i n  Scheme I .  

t o  t h e  labe l led  aminoalcohol (R)  -3 was achieved d i r e c t l y  ( l o ) ,  without t h e  

intermediacy o f  an ester of t h e  amino ac id .  

su lfony 1 chlor ide gave ( R) -3  -phenyl - 2 - ( 4 - toluenesul  f amoyl) propy 1 - 1,l -d2 4- 

toluenesulfonate  ( ( R )  -3. 
t e r i d e  (LAD) t o  t h e  l a b e l l e d  sulfonamide (S)-A. 

desired labe l led  amphetamine (S)-1 v i a  t h e  method of  Karrer and Ehrhardt (9)  

appeared una t t rac t ive ,  s ince  they obtained a 24% y i e l d  of  impure amphetamine. 

I t  was recent ly  reported t h a t  naphthalene r a d i c a l  anion cleaves sulfonamides t o  

t h e  parent  amine i n  good y i e l d  (11) and without racemization of an asymmetric 

center  adjacent  t o  n i t rogen  (12). The reac t ion  o f  t h i s  reagent with ( S ) - 5  gave 

(S)-A, i s o l a t e d  as t h e  r e c r y s t a l l i z e d  s u l f a t e ,  i n  50% y i e l d .  

Treatment of  (R)-A with p-toluene- 

The l a t t e r  was reduced with l i th ium aluminum deu- 

Conversion of ( S ) - -  t o  t h e  

c- 

rr 

The o v e r a l l  y i e l d  of  (S)-1 was 3 2 . 8 % .  This compared well with t h e  39.4% 

y i e l d  obtained i n  t h e  synthes is  of  r a c e m i c L  (4) and represents  a s i g n i f i c a n t  

improvement over t h e  procedure of Karrer and Ehrhardt (9).  
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SCHEME I 

The methyl e s t e r s  of (R) - and (S) -phenylalanine--both commercially ava i l -  

able--may a l s o  be used as s t a r t i n g  mater ia l  i n  t h e  synthes is .  

The o p t i c a l  p u r i t y  Of (R)- and (S)-1 was determined to be a t  least 99% by 
N 

gas chromatography of t h e i r  N- (-) -a-methoxy-a-trifluoromethylphenylacetyl d e r i -  

va t ives  (8,13). 

mined a s  99% by gcms ( 3 ) .  

The i s o t o p i c  p u r i t y  o f  t h e  labe l led  amphetamines was de ter -  

The major advantages of t h e  above s y n t h e t i c  route  are t h e  use o f  commer- 

c i a l l y  ava i lab le  resolved phenylalanine as s t a r t i n g  mater ia l ,  and t h e  use o f  a 

convenient source of deuterium, l i th ium aluminum deuter ide.  

With t h e  rap id ly  expanding appl ica t ions  o f  gcms i n  t h e  biomedical sciences  

(14-16) t h e  use of  s tab le- i so tope- labe l led  compounds as  i n t e r n a l  s tandards,  

t r a c e r s ,  s u b s t r a t e s  for enzymatic reactions, e t c . ,  is  a l s o  increas ing  (17). We 

be l ieve  t h a t  t h e  above-outlined procedure for t h e  preparat ion o f  resolved 

l a b e l l e d  amphetamine w i l l  prove usefu l  for t h e  synthes is  of o t h e r  l a b e l l e d  

compounds f o r  which s u i t a b l e  amino ac id  precursors  e x i s t  (9 ) .  

5 
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EXPERIMENTAL 
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Melting poin ts  a r e  uncorrected. NMR s p e c t r a  were taken on a Varian 

Associates A-60D spectrometer i n  chloroform-d, unless  otherwise ind ica ted .  

Chemical s h i f t s  a r e  reported i n  p a r t s  p e r  mi l l ion  downfield r e l a t i v e  t o  TMS as 

i n t e r n a l  standard. Electron impact (70eV) mass s p e c t r a  were obtained on a 

Hewlett-Packard 5981A gcms system using t h e  following condi t ions:  gas chroma- 

tography: i n j e c t i o n  p o r t  a t  250'; 6 f t  x 2 nun g l a s s  column packed with 3% OV17 

on GCQ; oven and separa tor  a t  150'; t r a n s f e r  l i n e  250'; re ten t ion  time of2-TFA: 

63 sec.  

L-Phenylalanine methyl e s t e r  hydrochloride and D-phenylalanine were obtained 

from the Sigma Chemical Company. 

Merck, Sharp and Dohme Canada Ltd. 

Lithium aluminum deuter ide w a s  purchased from 

Glass equipment used i n  reac t ions  involving LAD was flame d r i e d  before  use.  

Tetrahydrofuran ("HF) was d r i e d  by d i s t i l l a t i o n  from l i th ium aluminum hydride 

immediately before  use. 

(R) -2-Amino-3-phenyl-l-propanol-1,1-d2 ( ( R )  -3. A 250-ml three-necked 

f l a s k  equipped with a n i t rogen  i n l e t  l i n e  and a r e f l u x  condenser was charged 

with THF (80 ml) and LAD (4.1 g, 97.6 mmol). The contents  of t h e  f l a s k  were 

kept under a s l i g h t  p o s i t i v e  pressure  o f  n i t rogen ,  cooled i n  i c e ,  and s t i r r e d  

magnetically while D-phenylalanine ((R)-La) (6.5 g, 39.3 mmol) was added i n  

small port ions over 10 min. 

min and was then ref luxed f o r  1 .5  h r .  The f l a s k  was cooled i n  an i c e  bath and 

e t h e r  (80 ml) was added, followed by caut ious,  dropwise addi t ion of water 

(4.0ml), 15% NaOH s o l u t i o n  (4.0 ml), and water (12 m l ) .  More e t h e r  (40 ml) w a s  

added, and t h e  mixture f i l t e r e d .  

e t h e r  (100 ml) f o r  30 min and then f i l t e r e d .  The combined organic  f i l t ra tes  

were dr ied  (K2C03) and evaporated t o  obta in  5.9 g o f  t h e  aminoalcohol. 

s t a l l i z a t i o n  from ether-petroleum e t h e r  gave 5.4 g (91.5%) o f  (R)-?, mp 86-8' 

( l i t  (9) mp 91.5'); NMR 6 2.25-3.27 (m, 6 ) ,  7.20 (s ,  5, ArE). 

The r e s u l t i n g  mixture was s t i r r e d  a t  0-5' f o r  20 

The inorganic  s a l t s  obtained were s t i r r e d  w i t h  

Recry- 

(R) -3-Phenyl-2 - (4-toluenesulfamoyl)propy1-l, 1 -d2 4- toluenesulfonate  ( (R) -9) . 
The aminoalcohol ((R)-S 5.4 g, 35.1 mmol) was dissolved i n  dry pyr id ine  (56 ml) 
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and the  so lu t ion  was cooled i n  i c e  and s t i r r e d  magnetically while E-toluene- 

sulfonyl  ch lor ide  (17.7 g, 93.1 mml) dissolved i n  pyridine (56 ml) w a s  added 

dropwise. 

The reac t ion  mixture was then poured i n t o  i c e  (300 g) and ex t rac ted  with e t h y l  

a c e t a t e  (2 x 150 ml). The combined e x t r a c t s  were washed with 0.5 HC1 

(3 x 500 ml) and water (2 x 200 ml), d r i e d  (NapS01+), and evaporated. The resi- 

due, a brown o i l ,  was dissolved i n  benzene (50 ml), charcoal was added, and t h e  

mixture boi led  and f i l t e r e d .  

cloudy. The product c r y s t a l l i z e d  i n  t h e  cold overnight. Yield: 12.3 g (73.6%) 

o f  (R)-$, mp 94-6' ( l i t  (9) 98-98.5O); NMR 6 2.40 (s ,  3, A r g 3 ) ,  2.47 (s, 3, 

A r g 3 ) ,  2.62-2.98 (m, 2, C&), 3.33-3.93 (m, 1, g), 4.92 (br  S, 1, NH), 6.70- 

8.00 (m, 13, ArE). 

The r e s u l t i n g  so lu t ion  was s t i r r e d  a t  room temperature f o r  25 h r .  

The f i l t r a t e  was t r e a t e d  with heptane u n t i l  

(S)-N-(l-methyl-d?-Z-phenethyl) -4-toluenesulfonamide ( ( S ) - -  . To a magne- 

t i c a l l y  s t i r r e d  s l u r r y  of  LAD (4.0 g, 95.2 mmol) i n  dry e t h e r  was added dropwise 

a so lu t ion  of (R)-$ (12.0 g, 26.0 mmol) i n  benzene (95 ml) over 30 min. 

mixture was then ref luxed,  pro tec ted  from moisture, f o r  24 h r .  

cooled i n  i c e  while water (4.0 ml), 15% NaOH (4.0 ml), and water (12.0 ml) were 

added caut iously,  dropwise. The r e s u l t i n g  mixture was s t i r r e d  a t  room tempera- 

t u r e ,  and f i l t e r e d .  The inorganic  s a l t s  obtained were dissolved i n  1 N H C l  

(200 ml) and ex t rac ted  with e t h e r  (2 x 100 ml). The e t h e r  e x t r a c t s  and t h e  

o r i g i n a l  f i l t r a t e  were combined, dr ied  (NapS04) and evaporated. A c o l o r l e s s  

o i l  (7.4 g, 97.4%) was obtained,  NMR 6 2.37 (s, 3, A r s ) ,  2.55-2.80 (m, 2, 

3 1 ,  3.23-3.77 (m, 1, g), 4.93 (br s, 1, g), 6.87-7.85 (m, 9, ArH>.  The 

crude product was used i n  t h e  next  s t e p  without f u r t h e r  p u r i f i c a t i o n .  

The 

The f l a s k  was 

(S) -2-Amino-1-phenylpropane-3,3,3, -dg ((S) -a. A dolut ion of naphthalene 

anion r a d i c a l  was prepared as  follows: 

solved i n  WF (225 ml) i n  a 500 m l  Erlenmeyer f l a s k  equipped with a n i t rogen  

i n l e t  and o u t l e t .  The r e s u l t i n g  so lu t ion  was purged with ni t rogen,  and t h e  reac-  

t i o n  mixture was kept  under n i t rogen  during subsequent operat ions.  The so lu t ion  

was s t i r r e d  magnetically using a glass-covered s t i r r i n g  bar  while sodium (2.6 g, 

111 mmol) cu t  i n t o  small p ieces  was added. 

naphthalene (14.0 g, 110 mmol) was d i s -  

The mixture was s t i r r e d  a t  room 
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temperature f o r  1 h r .  

added a so lu t ion  of  ( S ) - -  (7.0 g, 24.0 mmol) dissolved i n  THF (20 ml) through 

t h e  rubber septum serv ing  as s topper ,  using a hypodermic syr inge.  

mixture was s t i r r e d  f o r  1 h r .  

co lor less  so lu t ion  was obtained. The mixture was s t i r r e d  u n t i l  t h e  r e s i d u a l  

small pieces  of sodium had dissolved.  

(200 ml) and ex t rac ted  with e t h e r  (3  x 150 ml). The product amine w a s  ex t rac ted  

from t h e  e t h e r  s o l u t i o n  i n t o  1 E H C 1  (3  x 60 ml). The combined a c i d i c  so lu t ions  

were cooled i n  i c e ,  and s o l i d  NaOH (30.0 g) was added. 

t i o n  was ex t rac ted  with e t h e r  ( 3  x 60 m l ) ,  t h e  e t h e r  e x t r a c t s  combined, d r i e d  

(KzC03) and evaporated. 

and was t r e a t e d  dropwise with conc. s u l f u r i c  ac id  (0.95 g, 9.3 mmol) dissolved 

i n  absolute  e thanol  (25 ml). 

58.9%) and r e c r y s t a l l i z e d  from ethanol-HZO-ether t o  give 2 . 2  g (50.0%) o f  @)-A 
s u l f a t e ,  NMR ( t r i f l u o r o a c e t i c  acid)  6 2.95-3.25 (m, 2, 3 1 ,  3.58-4.22 (m, 1, E), 

7.33 (5, 5, ArE); ms of N- t r i f luoroace ty l  d e r i v a t i v e  i d e n t i c a l  t o  t h a t  of  

racemic 2 ( 3 ) .  

To t h e  deep-green s o l u t i o n  o f  t h e  r a d i c a l  anion was then 

The reac t ion  

Water was then added using t h e  syr inge un t i l  a 

The s o l u t i o n  was then poured i n t o  water 

The r e s u l t i n g  b a s i c  solu-  

The res idua l  o i l  (2 .5  g) was dissolved i n  e t h e r  (25 ml) 

The s u l f a t e  s a l t  of  @)-&was c o l l e c t e d  (2.6 g, 

(S) -2-Amino-3-phenyl-1-propanol-1,l-dz ( (S)  -3. (S) -Phenylalanine methyl 

e s t e r  ( ( S ) - 2 b )  hydrochloride (7.2 g, 33.4 mmol) was added t o  a s o l u t i o n  of  NazC03 

(12.0 g) i n  H20 (100 ml) and t h e  f r e e  base was ex t rac ted  with e t h e r  (2 x 50 ml). 

The e t h e r  so lu t ion  was d r i e d  (K2CO3) and evaporated. 

dissolved i n  dry e t h e r  (50 ml) and added dropwise t o  a s l u r r y  o f  LAD (4.0 g, 

95 mmol) i n  e t h e r  (80 ml). The mixture was s t i r r e d  magnetically f o r  1 .5  hr ,  

followed by addi t ion of H20  (3.9 ml), 15% NaOH (3.9 ml) and H20  (11.5 ml). 

inorganic  s a l t s  were f i l t e r e d  off and s t i r r e d  with f r e s h  e t h e r  (100 ml) f o r  30 

min. The combined f i l t r a t e  and e t h e r  washing were d r i e d  (K2CO3) and evaporated 

to y i e l d  4.5 g (90.2%) o f  t h e  aminoalcohol (S)-2. 

The res idue  (5.2 g) was 

The 
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