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THE SYNTHESIS OF ALANINE MULTILARELED WITH STABLE ISOTOPES 
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SUMMARY 

The work presented i l l u s t r a t e s  a o r a c t i c a l  sequence r e q u i r i q  r e l a t i v e l y  

simDle and inexpensjve aDparatus, and usina the  commercially a v a i l a b l e  

i s o t o o i c  sources, t o  produce L -a lan ine  from M+3 ( C2, 15N) t o  M+12 

( 'C3, 15N, O h ,  1-8 

13 

17 

'?)' 13 13 

acetaldehyde- C 2 ,  L-alanine-2,3- C2- N, 

L a l a n i n e - D 4 ,  L a l a n i n e -  02. 

Key Words: Barium Carbide- C2, acety lene-  C2, 

13 13 15 

18 

INTRODUCTION 

Amino ac ids l abe led  with s tab le  isotopes ( 13 C, 15N) have heen used i n  

t h e  s tud ies  o f  metahol ic  d i so rde rs  such as diabetes', methvlmalonic 

acidemia and t h e  s m t i c  s t a t e  . 
t o  f a c i l i t a t e  the  s tud ies  o f  t he  m u l t i p l e  nrqan f a i l u r e  syndrome by synthes iz-  

irc lahe lpd  amino acids, and t h i s  study describes m u l t i l a b e l i n q  of alanine. 

The use o f  m u l t i l a b e l e d  amino ac ids  n o t  on l y  increases the  s e n s i t i v i t y  o f  

de tec t i on  o f  t he  t raced  biochemical, i n  s p i t e  o f  t he  backoround o f  n a t u r a l  

13f 

spcondary or t e r t i a r y  m e t a b o l i t ~ s . '  

m u l t i l a b e l e d  a lan ine  f a c i l i t a t e d  t h e  assessment o f  conversion o f  th is  amino 

ac id  t o  pyruvate, l a c t a t e ,  qlucose, t he  Krehs c y c l e  in termediates,  as w e l l  as 

t o  a s p a r t i c  and q lu tamic ac ids,  urea and ammonia. The a v a i l a b i l i t y  o f  

alaninp-D4 and alanine-1802 a l lows the study o f  the a lan ine  t o  l a c t a t e  

biochemical shunt, which circumvents the  py ruva teq lucose  g l y c o l y t i c  pathway. 

2 3 The concern i n  t h i s  l abo ra to ry  has been 

h u t  a l so  a l lows t h e  fo l lowuo of metabol ic  pathways by assav o f  

Thus the  use of 13C, 15N 

DISCUSSION 

I n t r o d u c t i o n  o f  13C end 15N i n t o  a lan ine  has heen accomplished bv 

t h r e e  d i f f e r e n t  procedures. The b i o s y n t h e t i c  procedure , which used qreen 8 
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a l n a e  (Ch ln rp l l a  Pvrenoidosa-Snrokin s t r a i n )  is u n s u i t a b l e  fo r  t h e  p roduc t ion  

o f  10  g amounts o f  a s p p c i f i c  amino a c i d  hecause o f  i n e f f i c i e n t  13C 

i n c n r o n r a t i n n  i n t o  t b  d e s i r p d  o roduc t .  

r e o u i r i n q  nvruvic-'Z,3- r a c i d ,  has  h w n  used fo r  "N l a b e l i n g  only hu t  

with poor i s o t o n i c  e f f i c i e n c y .  The s v n t h e s i s  v i a  t h e  Pe rk in  r e a c t i o n  , 
thnunh depenrimt nn aval  l a b i  l i t y  of a r e t i ~ - ' ~ C ~  a c i d ,  s n e c i a l j z e d  

equipment and r a t h e r  e x o t i c  r e a q e n t s ,  qave a l a n i n p  j n  a h igh  o v e r a l l  y i e l d  

(37-3AOx). 

The I inked enzyme system procedure9, 
13 

7 
10 

13 13 The nrooosed s v n t h p s i s  o f  a l an ine -7 ,3 -  C2J5N frnm Ra C03 and 

15NHqC1, by a orocpdore which may h e  extended t o  l a b e l l i n d  t h e  remaininq 

atnms i n  t h e  molpcul?, c o n s i s t e d  o f  t h r e e  s t e p s :  a) convar s ion  o f  Ba CO 

13 t o  Ba C 2 ,  h) g e n e r a t i n n  of a c ~ t v l e n e J ~ C ~  and its hydra t ion  t o  

acptaldehvde-  C )  and c )  produc t ion  of t r i p l p  l a b e l e d  a l a n i n e  bv S t r e c k e r  

r eac t ion .  

13 
3 

13 

Reduction nf PaC03 t o  RaC2 hy h e a t i n g  wi th  Mg i n  an atmosphere o f  
11 hvdroqen was f i r s t  r epor t ed  hv Maouenne . Suhsequent p u b l i c a t i o n s ]  

providn no D r a c t i c a l  d e t a i l s  except  f o r  a b r i e f  d e s c r j p t i o n  nf  1 m i l l i m o l a r  

s c a l e  r e a c t i o n  bv Abrams.13 Assuminn t h e  fo l lowina  s to i ch iomet ry :  

2RaC03 + MQ + 5H2 BaC2 + RaO + Ma + 5H20 

t h e  r e a c t i o n  would ev idpn t ly  be promoted by u s i n g  a l a r g e  excess o f  bo th  

mannesiiim and hydronen. 

de f ined  thP  r e a c t i o n  c o n d i t i o n s ,  a s  well a s  t h e  b e s t  ways t o  ach ieve  i n t i m a t e  

c o n t a c t  between RaCO The r e a c t i o n  is  

i n i t i a t e d  a t  h00", and hejng exnthermic,  a rocedes  orobahly a t  1107OC (b.D. 

of Mg) as is  implied hv sub l ima t ion  of Mg t o  t h e  cool zone of  t h e  r e a c t i o n  

tuhe .  

3 Extens ive  o r e l i m i n a w  Pxoeriments u s ing  RaCO 

and Ma, and maximum exoosure t o  H7. 3 

"Crude" RaI3C7 t h u s  produced ( con tami ra t ed  wi th  Mg and RaO) is 

hydrolysed by nradual  a d d i t i o n  t o  water  and l i b e r a t e s  a mixture  of  
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acety?eneJ3C2 l6 and hvdrooen* as fo l lnws:  

~a 13 c7 + 7H20 Ra(nHI2 + 13C2H2 

Th is  r e a c t i o n  slows clown as  DH r i s e s  (due t o  hu i l dup  o f  Ra(OH)2) h u t  i n  

a heated sol.ut ion, i t  i s  be l i eved  t n  proceed i n  m o d  y i e l d s .  

fo r  acetv lene l i b e r a t i o n  and hydrat.inn shown i n  Fig .  1, i s  considered t h e  best  

way t o  minimize losses i n  t h i s  stage o f  t h e  o v e r a l l  synthesis. 

The svstem used 

Hydra t i on  o f  acety lene t o  acetaldehvde, a l though an es tab l i shed  commercial 

Drocess t h a t  has been s tud ied  i n  some c le ta j l ,  presented considerable 

d i f f i c u l t i e s .  

H2S04) was shown (by G.L.C.) t o  q l v e  poor y i e l d s  o f  acetaldehyde due t o  

complex format ion o f  bo th  acetvlene and acetaldehvde wit.h the  ~ a t a 1 y s t . l ~  

Changes t o  phosphoric acid2’ and t o  orocedures mentioned by L i f s o n  e t .  a l .  

The hyd ra t i on  s o l u t j o n  r m o r t e d  by Schar f l *  (2% HqS@& i n  3N 

and Wood’’ were a l s o  found t o  he unsa t i s fac to ry .  

hvd ra t i on  r e a c t l o n  used by Isaoulvants  and Govina’l qave however, a f t e r  

steam d i s t i l a t i o n ,  t h e  a c ~ t a l d e h v d e - ~ ~ C ~ ,  i n  50% y i e l d  hased nn Ra13COj 

The m o d i f i c a t i o n  o f  t b e  

The m o d i f i c a t i o n  o f  S t reckp r  synthesis22 i n  which acetaldehyde, ammonium 

ch lo r i de ,  and sodium cyanide a re  reacted under aqueous condi t ions,  was s tud ied  

bv f i e l d  i o n i i a t i o v  mass spectrometry (F.I.M.S.). 

a d d i t i o n a l  s tud ies  o f  t h e  mechanism o f  St recker  r e a c t i o n  w i l l  bp discussed i n  

d e t a i l  i n  a spparatc PlJb l i ra t iOn . For t h e  puruoses o f  t he  prespnt work i t  

i s  p e r t i n e n t  t o  p o i n t  out  t h a t  t h e  on ly  two in termediates prorlucpd are the  

amine ( I )  and t h e  imine (11): 

The r e s u l t s  o f  t h i s  and 

23 

N H 2  
I 

crj CN 
I I 

CH3 - C - CN CH3 - C - NH -. C - CH3 
I 1 1 
H H H 

*Add i t i on  of water t o  RaC2, as suggested by C a l v i n  st. a1.I7, i n  s p i t e  
o f  e x t e r n a l  cool inq, ,  l i b e r a t e s  enough heat t o  i g n i t e  t h e  magnesium. 
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and t h a t  wherpas t h e  amjne (I) hydrolyses t o  a lan ine,  t he  imine q i ves  rise t o  

b o t h  a lan inp  and l a c t i c  a c i d  ( thus  reducinq the  t o t a l  y i e l d  of a lan ine ) .  

Fo l lowinq a c iesa l t i ng - i so la t i on  procedure us ing  i o n  exchanqe 

13 chmmatooraphy D,L-alanine-1,2- C2J5N was ace ty la ted  by a m o d i f i c a t i o n  

o f  t he  standard procedure, s incp the  l a t t e r  was shown (bv F.I.M.S.) t o  l ead  t o  

cnnsiderabl P d imer i za t i on  o f  t h e  amino acid. 

acety la ted enantcomers y i e l d e d  pure L-antipode, the  mas? and n.m.r. spectra o f  

which support t he  s t ruc tu re .  

Enzvmatic reso lu t i onz4  o f  t he  

Should f u r t h e r  l a b e l i n q  o f  t he  a lan ine  molecule become necessary, 

deu te ra t i on  cou ld  he c a r r i e d  ou t  us ing D20/D2S04 i n  the  hyd ra t i on  o f  

13 acetylene, carhonyl  carbon l a b e l i n g  would r e s u l t  from the  use o f  K 

t h e  Strecker  r e a c t i o n  step, and l 8O would be in t roduced when ( I )  + (11) are 

hydrolyzed with H2 O/HCl. 

CN i n  

18 

I n  order  t o  evaluate t h e  extens ion o f  t h e  oresent procedure t o  deuterium 

and l 8 O  l a b e l i n g ,  t h e  i s o t o p i c  exchange reac t i ons  were Pxamined. 

deu te ra t i on  o f  L -a lan ine us ing  g lu tamic Qyruv i c  transaminase as a c a t a l y s t ,  

which has p rev ious l y  been demonstrated on a mo scale24, was scaled up wi th 

considerable mod i f i ca t i on ,  and shown t o  he a v i a b l e  process f o r  qenerat inq 

L-alanine-D4. 

cata lyz?d exchangez5, a f t e r  cons iderable m o d i f i c a t i o n  qave L-alanine-1802 

i n  qood y i e l d  on a gram scale wi th qood i s o t o p i c  enrichment and wi thout  

racemization. The s t r u c t u r e  o f  bo th  i s o t o p i c a l l y  l abe led  compounds was 

confirmed by F.I.M.S. 

Thus 

S i m i l a r l y ,  i n t r o d u c t i o n  o f  " 0  i n t o  amino ac ids by ac id  

EXPERIMENTAL 

13 M a t e r i a l s  and Methods: Ea Cf13 ( 9 0  atom % 13C) was purchased from 

Monsanto Research Corporation, Miamisburg, Ohio; I5NH4C1 ( 8 5  atom % l 5 N )  

and heavy water (98.4 atom % lR0 ,  0.3 atom % " 0 ,  91.5 atom % D)  f rom YEDA 

Research and Development Corporation, L td.  ( a t  t he  Wpizmann I n s t i t u t e  o f  

Science), Rehovat, I s r a e l ;  and deuterium oxjde (99 .8  atom 96 D) from A l d r i c h  

Chemical Co., I r r . ,  Milwaukee, Wisconsin. Glutamic-pyruvic transaminase ( f m m  
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Pi9 heart) and acylase 

Co., S t .  Louis, Missouri. 

(from hog kjdney) were purchased from Sigma Chemical 

The barium carbonate and magnesium were pressed i n t o  p e l l e t s  using a 

soecimen mount hydro l i c  press and mould assembly from Ruehler Ltd., Evanston, 

I l l i n o i s .  

tube furnace (Model F211251, from Thermolyne Corp., Oubuque, Iowa. 

The reduction t o  barium carbide was car r ied  out i n  a Thermolyne 

Mass spectra were determined on a noncommerical, double focussing, 

reverse geomet,rv instrument operating i n  the f i e l d  i on i za t i on  (F') mode and 

which was equiooed with a Finnioan Incos Model 2400 data system. 

jnstrument was operated i n  a mass range o f  0-400 and the magnet was scanned 

from 1 4 5 0  amu i n  12 sec (w i th  4 sec. magnet f i e l d  s t a b i l i z a t i o n  i n te rva l ) ,  

the prclhe temperature was programmed t o  increase from 30' - 13OoC i n  4 

min. Gas chromatograohy was performed on Varian Series 2100 (flame ion i za t i on  

detector) instrument, using ni t rogen (20 rnVmin.1 as c a r r i e r  gas, a olass 

column ( 6  mm O.O., 3 mm I . D .  45 cm lenath) packed w i th  Tenax GC 60/80 (Altech 

Associates) temoerature gradient o f  50' t o  2OO0C (a t  20°/min. 1, an 

i n~iec t ion  p o r t  temperature 180°C and detector temperature 22OOC. 

ro ta t ions  were measured on Perk in I lmer  (Model 141) polarimeter and melt ing 

oe in ts  were taken on a FischerJohns apparatus and are uncorrected. 

The 

Opt ical  

N.m.r. spectra were determined on a Rrucker spectrometer model W.P. 200, 

operatina i n  13C freqiencv sweeo mode ( a t  3OoC), en deuterium oxide 

solut ions using pdoxane as i n t e r n a l  standard. 

13 Rarium Corhide - I3C2: I n  a t v o i c a l  preparation Ra 

mmol), and powdered magnesium metal (1.9?g, 80 mmol), were mixed thorouqhly 

C03 (1.97 9, 10 

and preFsed i n t o  a p e l l e t  (25 mm diameter and 4 mm t h i c k  approx.). 

o e l l e t s  contained i n  a stainless s tee l  w i r e  mesh cage (4  x 20 cm approx.) were 

located i n  the heated po r t i on  (50 cm) n f  the react ion tube (54" lonq), which 

was i n  tu rn  contained w i th in  t.he 2" e l e c t r i c a l  tube furnace. 

Five such 
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The r e a c t i o n  tuhe was then  c losed o f f  a t  b o t h  ends and a l l  t h e  j o i n t s  

sealed w i th  ruhber cement. 

f o r  10 min), and then w i t h  hydrogen ( 5  l / m i n  f o r  15 min). 

t hen  switched on, t h e  temperature al lowed t o  rise r a p i d l y  t o  50OoC 

( i n d i c a t e d  temperature) and t h e  hydrogen f l ow  increased (10 l/min). A t  

600°C t h e  r e a c t i o n  occurred, as j nd i ca ted  hv a d r a s t i c  momentary decrease i n  

hvdroaen flow ra te ,  and t h e  furnace was then  switched o f f .  

temperature began t o  dron, t h e  tuhe was c a r e f u l l y  and g radua l l y  withdrawn from 

the  oven, wh i l e  mainta in ing reduced hydroqen f l ow  ( 5  l /min), and a i r  c o o l i n q  

t h e  exoosfd po r t i ons .  

changed t o  argon (5  l/min) and c o o l i n g  cont inued t o  rnom temperature. 

r e a c t i o n  product  ( a  dark orey-b lack f l akey  s o l i d )  was then removed from t h e  

caoe and any m a t e r i a l  deoosited on t h e  w i re  mesh or  t he  i n n e r  w a l l s  o f  t he  

tube (mostlv suhlimed Mg) scraped o f f .  The product  t hus  obta ined was a 

m ix tu re  o f  Ra- C RaO and Mg, and was s tored i n  sealed v i a l s .  The 

r e a c t i o n  tube was cleaned wi th d i l u t e  a c i d  a f t e r  every experiment. 

The tube was then purqed w i t h  d r y  a q o n  (5  l / m i n  

The furnace was 

When the  

A t  30n°C ( i n d i c a t e d  temperature), pu rg ing  gas was 

The 

13 
2’ 

I n  the  i n t e r e s t  o f  safety the  imoortance o f  (a) checking f o r  t i gh t .  seals 

p a r t i c u l a r l y  when hydroaen i s  beino passed through t h e  heated tube; (b)  makino 

sure t h a t  t h e  seals  a r p  not. broken when t h e  tube j 5  being withdrawn f o r  

coo l i ng ;  and ( c )  vent ino t h e  oases away from t h e  ho t  furnace, cannot be 

Pmohasized s t rong ly  enouqh. 

13 13 Acetaldehyde- C2: Generation and hvd ra t i on  o f  acetv lene-  C2 

were c a r r i e d  out  as a continuous Drocess i n  the  apparatus shown i n  F iq .  1. 

The h v d r o l v s i s  f l a s k ,  t he  b u r e t t e  and t h e  h y d r a t i o n  vessel  
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G’ ( 

Fig I. 

( A )  Feeding Funnel, (B) Hydro l ys i s  Flask ,  (C) Bu re t te ,  

(D) Hydrat ion Vessel, (E) F l e x i b l e  Jo in ts ,  (F) Magnetic 

S t i r r e r s ,  (G) Gas-overflow B d b ,  (H) Mercury Reservoir.  

13 were evacuated, and t h e  l a t t e r  i s o l a t e d  from t h e  bu re t te .  Crude Ba C2 .-. 
(approx. 17 9, 25 m m o l  assuming q u a n t i t a t i v e  convprsion from Ba”Co3) was 

then  added s lowly ,  and wi th vigorous s t i r r i n g  from t h e  feerl inq funnel  t o  750 

rnl o f  d i s t i l l e d  water. Th? m ix tu re  of I3C2H2 and H2 was al lowed t o  

f i l l  up the  bu re t te ,  and t h e  l a t t e r  was then  discharged i n t o  t h e  hyd ra t i on  

s o l u t i o n  (1% HgSO,, i n  3G% v/v anueous H2S04, 200 r n l )  which was 

maintained a t  0’ - 5OC. 

t h e  over f low bu lb  (500 rnl capac i t y )  and r e c i r c u l a t e d  through t h e  hyd ra t i on  

so lu t i on .  

was heated t o  complete t h e  r e a c t i o n  and expel1 t h e  d i sso l ved  oases. 

procedure was r e m a t e d  (3 x 170 o f  I3al3C2), us ing  f r e s h  water (3 x 750 r n l )  

each time, but r e t a i n i n g  t h e  same hyd ra t i on  so lu t j on .  

had t o  be released due t o  back Dressure b u i l d  up. 

Undissolved or  unreacted qases were c o l l e c t e d  i n  

13 When t h e  a d d i t i o n  o f  Ra C2 was complete, t h e  h y d r o l y s i s  f l a s k  

The ahove 

A t  t h i s  p o i n t  hydrogen 

Fresh hyd ra t i on  s o l u t i o n s  
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( 3  x 200 m l )  were used t o  process another 150 mmol o f  RaI3C2 (approx.) i n  

t h e  manner described above. The combined hyd ra t i on  s o l u t i o n s  ( 4  x 200 m l )  

were d i l u t e d ,  with coo l i nq ,  and t h e  acetaldehyde steam d i s t i l l e d 2 l  t o  q i ve  

appmx. a 10% aqueous s o l u t i o n .  

G.L.C. t o  be 5.79, 48% based on Ba 

The y i e l d  o f  acetaldehyde was determined by 

13 C03. 

13 15  D,L-Alanine-2,3 C2 N: l5NH4C1 (6.54 9, 120 mmol )  was d i sso l ved  i n  

a c o l d  (-5OC) mixture o f  water (50 m l )  and e t h e r  (50 ral), con ta in ing  

acetaldehyde-1,2- C2 (4.7 q, 100 mmol). While mainta in ing the  

temperature a t  -5O, a c o l d  s o l u t i o n  o f  NaCN (5.6 a ,  110 mmol i n  50 m l  o f  

water) was added t o  the  r e a c t i o n  m ix tu re  wj th s t i r r i r q  over a p e r i o d  o f  50 

min. A f t e r  s t i r r i n q  a t  0-5OC f o r  18 h, F.I.M.S. on an a c i d i f i e d  sample 

showed t h a t w m i n o a c e t o n i t r i l e  (I) and the  imine (11) were the  on ly  products. 

The r e a c t i o n  mixture was c a r e f u l l y  a c i d i f i e d  (fume hood - HCN i s  evolved), 

then madp 6N with conc. HC1, and t h e  e the r  l a y e r  was blown o f f  with N2. 

remaininq s o l u t i o n  was heated a t  12OoC ( o i l  bath) and when about 50 m l  

d i s t i l l e d  over a f u r t h e r  20 m l  o f  conc. HC1 were added t o  t h e  d i s t i l l a t i o n  

f l a s k .  

thoruuqhlv with ethanol  (95%, 100 m l ) ,  t he  s a l t s  removed by f i l t r a t i o n  and 

washed with a f u r t h e r  100 m l  o f  95% ethanol. The combined f i l t r a t e  and 

washinqs were evaporated t o  dryness, t he  res idue d isso lved i n  ethanol  (50 m l ,  

96%) e the r  (20 m l )  m ix tu re .  The r e s u l t i n q  s o l u t i o n  was f i l t e r e d ,  evaporated 

t o  dryness, t he  residue d i sso l ved  i n  water (20 m l ) ,  and the  s o l u t i o n  passed 

throuqh RioRad AG3-X4A excharm r e s i n  i n  t h e  OH- form (50 m l  r e s i n  bed has 

s u f f i c i e n t  capaci ty  t o  remove a l l  C l - 1 .  

n e u t r a l  and evaporated t o  a syrupy s o l i d  which c r y s t a l l i z e d  from ethanol  ( 9 5 % ) .  

The labeled D,L-alanine was r p c m s t a l l i z e d  from ethanol  (95%)  t o  g i ve  4.6 a o f  

product (50%). 

13 

The 

The res idue remaininq a f t w  complete evaporat ion was s t i r r e d  

The e luan t  was c o l l e c t e d  u n t i l  
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13 L-Alanine-2,3 C2 ,25N:  The labeled D,L-alanine (3.2 CJ) was added t o  a 

hot ( l l O ° C )  mixture o f  g l a c i a l  acet ic acid (50  ml) and acet ic anhydride (3.2 

ml). Followina complete d isso lu t ion  (2-3 min), the react ion was quenched by 

the add i t ion  o f  i c e  and water. 

dryness, and the residue was co-evaporated w i th  several port ions o f  water, 

hpnzene and f i n a l l y  water. 

acetone, f i l t e r e d  and evaporated t o  a c r y s t a l l i n e  s o l i d  which was dissolved i n  

d i s t i l l e d  water (50 ml). 

d i l u t e  ammonia, acylase (Sigma grade 1, 20 mg) added, and the incubation 

car r ied  out f o r  24h a t  38OC. 

charcoal, boi led, f i l t e r e d  through c e l i t e ,  and the combined f i l t r a t e  and 

washirgs evaporated under reduced pressure. 

twice with ethanol (80%), and the pure L-alanine (1.5 g, 93%) was c rys ta l l i zed  

from ethanol, sublimed a t  248OC, [ a ]  E7 + 13.8' (5% i n  6N HC1) 

l 3 C . m . r .  (D20) 6 50.34 (m, CH3, 4 3 C H  127.4 Hz, 313C,.H 3.9 Hz), 8 

The resu l t inq  so lu t ion  was evaporated t o  

The residue was then dissolved i n  hot anhydrous 

The pH of the so lu t ion  was adjusted t o  7.4 wi th  

The resu l t ing  so lu t ion  was then treated with 

The residue was co-evaporated 

16.59 (m, CH, J13CH 143.7 Hz, J13CCH 3.98 Hz), J13c-13c 35.8 Hz). 

FIMS: (M + 3) + H a t  mass no. 93 .  

L-Alanine- a, ~ 4 ~ :  L-alanine (4.5 g., 50 a.moles) powdered and dr ied  over 

P205 i n  vacuum, was dissolved i n  D20 which was made 0.08 M i n  phosphate 

by add i t ion  o f  NaH2Sn4 and thp pH adjusted t o  7.0 using NaOH i n  D20. 

Followinp add i t ion  o f  a k e t o q l u t a r i c  ac id  (50 mg), pyr idoxa l  phosphate (100 

ma), plutamic-pyruvic transaminase (500 un i ts ,  approx. 5 mq) and toluene (2-3 

drops) the react ion was incubated f o r  2 days a t  38OC. 

o f  enzyme were then added and the incubation allowed t o  continue f o r  2 more 

days. FIMS examination o f  an a l i quo t  from the reaction, back exchanged w i t h  

water, showed a deuteration equi l ibr ium a t  approx. 85% M + 4 and 15% M + 3. 

The so lu t ion  was then treated with charcoal, boi led, f i l t e r e d ,  and the 

combined f i l t r a t e  and washinqs combined and evaporated t o  dryness. 

residue was djssolved i n  water (10 ml) and the so lu t ion  passed through BioRad 

AG34XA (OH- form) (25 m l  r es in  hed). The column was eluted w i th  water 

A fu r ther  500 u n i t s  

The 
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u n t i l  t h P  washinqs were n e u t r a l  and t h e  r e s u l t i n a  s o l u t i o n  evaporated t o  

dryness and the  res idue d r i e d  thoroughly. 

described above but with 1000 units o f  enzyme f o r  5 days a t  38OC. 

t h e  same i s o l a t i o n  procedure as above L-Alanine-  a , ~  -D4 (3.6 g, 80%) was 

obtained by c r y s t a l l i z a t i o n  from aqueous ethanol. FIMS showed t h e  f i n a l  

product t o  be 93% (M + I )  + H a t  mass no. 94,  and 7% (M + 3) + H a t  mass no. 

93,  ( a  t o t a l  deuterium content  o f  98.25%), m.p. sublimes a t  248-250°C, 

(5% i n  6N HC1) .  

The incuba t ion  was then repeated as  

Fo l l ow ing  

+ 13' 

L-Planin??' 02: 
18 d r i e d  thorouohly over P205and i n  vacuum, 

and the m ix tu re  madP 5 M with dry HC1 qas. The t h i c k  w a l l  Pyrex q lass  

r e a c t i o n  tube was caoped and heated a t  9fl-1OO0C ( o i l  bath) f o r  7 days. 

A f t e r  f r e e i e  d ry inq  the  res idue i s  d i sso l ved  i n  d i l u t e  ammonia and 

co-evaDoratPrf w i t h  i t  severa l  t imes. 

water and passed throuoh BioRad AG3-X4A r e s i n  (OH-form) (15 m l  r e s i n  bed) 

and the column e l u t e d  w i t h  water u n t i l  e luen ts  were n e u t r a l .  The combined 

e luents  were evaDorated t o  dryness and t h e  pror lur t  was obtained by c r y s t a l -  

l i z a t i o n  f rom 95% ethanol .  

no. 94 and 27% (M+7) + H a t  mass no. 92 (a  t o t a l  ' '0 content  o f  83.5%), 

y i e l d  2.0 g (71.4%), m.p. sublimes a t  248-257°C Cdg7 + 13.5' (5% i n  

6N HC1). 

L -a lan ine  (7.67 q, 30 moles) which had been powdered and 

was added t o  D2 0 (10 m l )  

The res idue was f i n a l l y  d i sso l ved  i n  

I t was shown by FIMS t o  be 7C% (M+4) + H a t  mass 
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