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SmaUILI 
Rhodium-DiPAHP complex ca ta lyzes  the s t e r e o s e l e c t i v e  addi t ion  of two tri- 

tium atoms on N-acetyl -a-B dehydrotryptophanamide. The s u b s t r a t e  was prepa- 

red by dehydrogenation of N-acetyltryptophanamide with TSO (Tryptophan-Side 

Chain oxidase) from Pseudomonas. T r i t i a t e d  N-acetyl-tryptophanamide was obtained 

with the t h e o r e t i c a l  spec i f ic  r a d i o a c t i v i t y  ( 5 8  Ci/mmole). The enantiomeric ex- 

cess  of the L-diasteroisomer reached 9 4 . 4  %. 3H NHR spec t ra  indicated the selec-  

t i v i t y  of 3H-labelling on the C,- Cg double bond. This new approach of 

t r i t i a t i o n  by homogeneous c a t a l y s i s  appl ied to  tryptophanyl-containing pept ides  

is discussed. 
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1 - INTRODUCTION 
Highly a c t i v e  homogeneous c a t a l y s t s  were discovered by Wilkinson in 1966 

(1) .  Spectacular  progress  has been made with c h i r a l  rhodium diphosphines which 

induce a high enantiomeric excess  ( 2 . 3 ) .  Unsaturated a -D aminoacids contai-  

ning pept ides  used as precursors  can be very h e l p f u l  f o r  t r i t i u m  l a b e l l i n g .  The 

eminent e f f i c i e n c y  of s t e r e o s p e c i f i c  c a t a l y s t s  i n  the case of dehydrophenylala- 

ny l  res idue included i n  a d ipept ide  ( 4 , 5 )  l e a d  u s  t o  l a b e l  the  tryptophanyl 

res idue.  As a model, N-acetyl - 0 - 0  dehydrotryptophanamide ( A  NATA) prepared by 

the  dehydrogenation of (NATA) with TSO (Tryprophan-Side Chain oxidase)  ex t rac ted  

from Peeudomonas, was asymetr ical ly  t r i t i a t e d  i n  presence of the  Rhodium 

(DIPAMP) complex, a c h i r a l  c a t a l y s t .  The u l t imate  aim of the work was t o  extend 

t h i s  method t o  a- 0 dehydrotryptophanyl - containing pept ides .  
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2 - ~TERIALS 

The c a t i o n i c  catalyst (Rh ( 1 , s  - cyclooctadiene)  DIPAMP]' BF4- was a gene- 

rous g i f t  of D r .  Koenig (Monsanto Co, USA). Pure t r i t i u m  gas  was made by 

Commieeariat B 1'Energie Atomique (Saclay,  France). A l l  reagents  were of the h i -  

ghest  puri ty .  Precoated e i l i c a g e l  p l a t e e  SiF254 f o r  thin- layer  chromatography 

(TLC) were obtained from Mercb (W. Germany), G 1500 from Schleicher  Schul l  

(W. Germany), P2 r e s i n  (100-200 mesh) from Biorad (USA), Servachrom XAD.2 r e s i n  

from Serva (W. Germany). The following so lvent  systems were used f o r  TLC : 

( a )  chloroform/ethanol (65 : 35, v/v)  and (b) chloroform/ieopropyl e t h e r / a c e t i c  

ac id le thanol  ( 8 5  : 7 : 5 : 20, v /v)  and ( c )  ethyl/acetate/pyrldine/water/ 

acetic ac id  (30 : 10 : 7 : 3, v/v - upper phase). N-Acetyl-L-Tryptophanamide 
(L-NATA), N-Acetyl-L-Tryptophan (L-NAT) and 6- Chymotrypsin were supplied by 

Sigma (USA). 

The automatic gas  t r a n s f e r  u n i t  used f o r  c a t a l y t i c  t r i t i a t l o n  was b u i l t  by 

Morgat, Desmaree and Cornu and was descr ibed elsewhere (11). Absorption spec t ra  

were obtained with a Cary 210 (Varian). NMR s p e c t r a  of t r i t i a t e d  NATA were re- 
corded on a Brllcker WP-100 spectrometer opera t ing  a t  106 Wz.  Tri t ium determina- 

t i o n s  were made in a SL 30 Inter technique l i q u i d  e c i n t i l l a t i o n  counter. 

Asymmetric t r l t l a t i o n  of N-acetyl - a-D dehydrotryptophanamide 

----> 38 Q--jcHT-;-m-Nn2 @-F -i- co-NH2 Dipamp 
H co-cH3 Complex H co-cH3 

N-ace t y l  -< -0 dehydro tryptophanarnlde N-acetyl-tryptophanamlde 

The c h l r a l  catalyst  is a Dlpamp complex : 
[Rh-(COD) Dipamp]+BF4- COD 

COD - cycloocta- 1 . 5  - dlene 

L ? d P h  DiPAMP = (-) [1,2 - b l s  (0-anisylphenylphosphlno) ethane]  

cn3@ 

Radloscans of TLC were performed v i t h  a Berthold Scanner 11. Autoradiography of 

TLC was achieved on X-O mat R f i lms  (kodak). 
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Liquid chromatography was ef fec ted  using a LKB 11300 equipped with a peris- 

t a l t i c  pump (LKB). The e l u t i o n  p r o f i l e  was recorded with a Gilson ana lyser  sys- 

t e m .  

3 - IIBTHODS 

3.1 - Preparat ion of @I-acctyl a4-dahydrotryptophanamlde 

- S t r a i n  and media 

Pseudomonas c e l l s  (ATCC 29574) were grown as described (6) i n  
Nut r ien t  Broth oedium at  30° C, centr i fuged 48 hours a f t e r  the beginning of sta- 

t i o n a r y  phase. Then, the pellet of bacteria was kept  a t  - 70" C. These c u l t u r e s  

were prepared i n  the laboratory of Dr. Scandelar i  (Chimie bacter ienne,  CNRS, 

Marseille). 

- Preparat ion of the  enzyme extract 

The manipulations were c a r r i e d  out  a t  0' - 4" C. Frozen b a c t e r i a  (1.3 
g )  were suspended i n  50 mM potassium phosphate buf fer  pH 6.8 (2.6 ml). The c e l l s  

were disrupted by sonicat ion during 1.5 min. (30 sec. per iods)  (20-200 S - 
Bioblock S c i e n t i f i c  Sonifer) .  The crude e x t r a c t  was a c i d i f i e d  at  pH 3 with for- 

mic acid.  This  s t e p  e l imina tes  c e l l u l a r  d e b r i s  and mostly a c i d i c  pro te ins .  The 

enzymatic a c t i v i t y  remained i n  so lu t ion .  The 30,000 x g supernatant  was adjusted 

t o  PH 6.8 with 4U NH4OH and d i r e c t l y  used or prec ip i ta ted  by 60 X ammonium sul-  

f a t e .  The pellet was suspended i n  phosphate buf fer  and kept  a t  0' C. 

- Enzyme assay 

The a-B desa tura t ing  a c t i v i t y  of enzymatic f r a c t i o n s  were measured on 

L-NATA by spectroscopy (8). The reac t ion  which is pH dependent was performed a t  

21" C ,  pH 6.8 (pH value leading predominantly t o  ANATA, (8)). The incubat ion 

mixture contained 50 mM phosphate b u f f e r  pH 6.8 ( 1  m l )  and 0.5 mM NATA ( 2 O p l )  ; 

the  reac t ion  was i n i t i a t e d  by the addi t ion  of enzyme (10 p l ) .  The ANATA forma- 

t i o n  was monitored by the increase i n  absorbance a t  333 nm ( c  2' : 19.8 cm-l). 

The enzymatic s p e c i f i c  a c t i v i t y  (nmoles substrate/min/mg p r o t e i n )  was shown t o  

be 30 times higher i n  the pH 6.8 supernatant  than i n  the  crude e x t r a c t .  Pro te in  

determinat ions were made by co lor imet r ic  reac t ion  (12). 

- Preparat ion of NATA 

A so lu t ion  of NATA ( l O O p l ,  0.5 mM) i n  100 mH phosphate buf fer  pH 6.8 
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(1 ml) was incubated a t  21" C with enzyme e x t r a c t  (50 u l )  u n t i l  complete desatu- 

ra t ion .  NATA was f reed of pro te ins  by chromatography (P2 column : 0 . 8  x 26 cm). 

Elu t ion  was made with 5 % aqueous a c e t i c  ac id  (f low rate : 0.1 ml/min). The peak 

showing a maximum absorpt ion a t  333 nm was lyophi l ized and so lubi l ized  i n  1 m l  

methanol. The p u r i t y  of the product was t e s t e d  by spectrophotometry and TLC 

(Methods ). 

3.2 - T r i t i a t i o n  of NATA by homogeneoue c a t a l y e i s  

- T r i t i a t i o n  

A spec ia l  v i a l  was previously adapted to  the t r i t i a t i o n  condi t ions of 

homogeneous c a t a l y s i s  ( 5 ) .  Nitrogen and so lvents  were in jec ted  through a l a t e r a l  

septum. Between each introduct ion of ni t rogen o r  t r i t i u m ,  a vacuum of Torr 

was reached. The v i a l  containing ANATA (2 pmoles) dissolved in methanol 

( 0 . 5  ml) was connected under ni t rogen t o  the t r i t i a t i o n  apparatus. Dipamp com- 

plex c a t a l y s t  (0 .8  pmole) dissolved i n  methanol ( 0 . 5  m l )  was added. The so lu t ion  

was frozen. Tritium gas was introduced and compressed u n t i l  1.15 bars. After  

thawing, the react ion mixture was kept a t  40" C and magnetically s t i r r e d  3 hrs .  

The l a b i l e  t r i t i u m  atoms were removed by successive f l a s h  evaporations with me- 

thanol  (150 ml). 

- P u r i f i c a t i o n  of t r i t i a t e d  NATA 

I n  a f i r s t  s t e p  a l a r g e  amount of c a t a l y s t  (80 %) w a s  separated from 

the t r i t i a t e d  product by d i f f e r e n t i a l  s o l u b i l i t y .  The t r i t i a t i o n  mixture w a s  

lyophi l ized and so lubi l ized  i n  5 % aqueous a c e t i c  acid.  In  a second s t e p ,  the 

remaining c a t a l y s t  was displaced from the c a t a l y s t  complex-Substrate with dime- 

thy1 acetamide (DW) : (1 %, v/v). The c a t a l y s t  was re ta ined  on XAD - 2 r e s i n  

(1.2 x 10 cm) by d i f f e r e n t i a l  adsorpt ion.  The e l u t i o n  w a s  made using a l i n e a r  

grad ien t  of methanol/water 70 % - 100 .% containing 1 % DMA ( e l u t i o n  r a t e  : 0 . 2  

ml/min). A small percentage ( 5  X )  of c a t a l y s t  was associated with the t r i t i a t e d  

product. The radioact ive f r a c t i o n s  corresponding to 3H-NATA were co l lec ted .  

- Determination of the s p e c i f i c  r a d i o a c t i v i t y  of 3H-L-NATA : 

The specif i c  r a d i o a c t i v i t y  of 3H-L-NATA was obtained from the absorp- 

t i o n  value a t  280 nm ( E n  : 5850)  and r a d i o a c t i v i t y  counting of an a l i q u o t e  

f r a c t i o n .  

3.3 - Determination of the  a a a n t i o r r i c  exceee of L-NATA 

The determination of enantiomeric excess  of L-NATA was made by enzy- 
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matic deamidation with 6-Chymotrypsin. The reac t ion  mixture cons is ted  of : 

L-NATA (1  pmole), h NATA ( 8  $1). 50 mM Tris/HCl buf fer  containing 100 mM CaC12 

(pH 8 ,  100 p l ) ,  and 1 mM 6 -Chymotrypsin (20  p l )  dissolved i n  1 mM HC1. After  
complete reac t ion  (48  h r s ,  37" C ) ,  the  incubat ion mixture was then analyzed by 

TLC i n  system c (Methods) [Rf. : L-NATA : 0 . 6 6 ,  L-NAT : 0.491.  The o p t i c a l  

y i e l d s  of L-NATA and D-NATA were deduced from the radiochromatogram. The enan- 

t iomeric  excess of L-NATA was ca lcu la ted  by the formula : (L-D)/(L + D) x 100. 

4 - RKSOLTS 

The in t roduct ion  of two t r i t i u m  atoms (58 Ci/mmole) on the  C, - CB bond i n  

ANATA as model was successfu l ly  rea l ized  by reduct ion using homogeneous 

c a t a l y s t .  T r i t i a t i o n  with Rhodium-DiPAMP complex led  t o  a high enantiomeric ex- 

cess of L-NATA : 94.4 %. In  addi t ion ,  the  reduct ion y ie ld  reached LOO % using 

our  condi t ions.  %-NMR spectroscopy showed the s p e c i f i c  loca t ion  of t r i t i u m  

atoms i n  C, (48  %) and CB (52 %). This l a b e l l i n g  a l s o  confirms the i n s e r t i o n  of 

a double bond a t  C O ( -  CR using TSO . An easy p a r t i a l  p u r i f i c a t i o n  of TSO was 
perfected i n  t h i s  work. The complete s o l u b i l i t y  of the enzyme i n  1 M formic ac id  

allowed u s  t o  develop a rapid preparat ion method. The supernatant  pH 6 . 8 ,  

( p u r i f i c a t i o n  f a c t o r  : 30, y i e l d  : 40 X )  enriched i n  TSO a c t i v i t y  revealed the 

presence of the  two isoenzymes TSO I and TSO I1 (unpublished r e s u l t s )  descr ibed 

by Taka'i ( 9 .  10). 

5 - DISCUSSION 

The t r i t i u m  l a b e l l i n g  performed on a model compound : N-acetyl-a- 6 - 
dehydrotryphanamide was s t e r e o s e l e c t i v e  and the s p e c i f i c  r a d i o a c t i v i t y  achieved 

was t h e o r e t i c a l .  These promising da ta  prompted us  t o  t r i t a t e  tryptophan- 

containing pept ides .  According t o  some r e s u l t s  (13, 14), preliminary assays  with 

hydrogen showed than the appl ica t ion  t o  l a r g e r  pept ides  requi res  higher  pressu- 

res 10-20 atm). A new t r i t a t i o n  apparatus  adapted t o  these condi t ions i s  now un- 

der  study. 

The separa t ion  of c a t a l y s t  from t r i t i a t e d  peptide was p a r t i a l l y  achieved. 

( 5  % only remained). It is w e l l  known t h a t  the  dehydrosubstrate i s  l inked t o  ca- 
t a l y s t  during the react ion (15) .  After reduct ion,  the sa tura ted  compound could 

be probably complexed by i t s  carboxyle group o r  i t s  amide function. 

Dimethylacetamide displaced e f f i c i e n t l y  the c a t a l y s t  but the use of o t h e r  li- 

gands is present ly  examined. 

I n  order  t o  t r i t i a t e  pept ides  on d i f f e r e n t  aminoacid res idues ,  the t r i t i a -  

t i o n  of dehydrosubstrates can be assoc la ted  t o  o ther  t r i t i a t i o n  methods ( 1 6 ) .  
With the same objec t ive ,  we a r e  searching for enzymes s i m i l a r  t o  TSO, f o r  intro-  
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duclng a C,- Cg bond I n  d i f f e r e n t  amlnoaclds. P a r t i c u l a r l y ,  the  work of Davis 

9. (17) prompted us  t o  I s o l a t e  from Chromobacterlum violaceum another  enzyme 
ca ta lyz ing  the dehydrogenation of the a lan lne  s i d e  chain tryptophan. This  enzyme 

possesses an a c t i v i t y  and a s p e c l f l c l t y  d i f f e r e n t  from those of TSO. The two en- 

zymes seem t o  be complementary about t h e i r  ac t ion  on tryptophanyl-containing 

pept ldes  (unpublished r e s u l t s ) .  Not any decarboxylation by C. vlolaceum enzyme 

has  been observed upon f r e e  carboxyle-peptldes. 
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KAGAN (Laboratolre  de Synthese Asymetrlque, Unlversl te  Paris-Sud, 91405 Orsay) 
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1. Osborn J . A . ,  Ja rd lne  F.H. , Young J.F. and Wllklnson G .  - J. Chem. SOC. A 

1711 (1966) 

2. Kagan H.B. and Flaud J . C .  - Topics In Stereochemistry (E.L. E l i e l  and 

A.N. Al l lnger ,  eds)  lo, 175 (1978) 
3. Valentine D. and Scot t  J . W .  - Synthesis  329 (1978) 
4. Meyer D. ,  Poulln J . C . ,  Kagan H.B. and Levlne-Pinto H., Morgat J.L., 

Fromageot P. - J .  Org. Chem. 45 : 4680-4682 (1980) 

5. Levine-Pinto H., Morgat J . L . ,  Fromageot P. and Meyer D., Poulln J . C . ,  

Kagan H.B. - Tetrahedron 3s : 119-123 (1982) 
6. Roberts J .  and Rosenfeld H . J .  - J. Blol. Chem. 252 : 2640-2647 (1977) 
7. Takal K.. Ushlro Y., Noda S., Narumlya S.,  Tokuyama T. and Hayalshl 0. - 

J.  Biol .  Chem. 252 : 2648-2656 (1977) 
8. Noda Y., Takal K. ,  Tokuyama T.. Narumlya S.,  Ushlro H. and Hayalshl 0. - 

J. Blol .  Chem. 253 : 4819-4822 (1978) 
9. Takal K. - In  Developments In Biochemistry, Vol. 16 ; Biochemical and 

Medical Aspects of Tryptophan Metabolism (HAYAISHI O . ,  ISHIMLIRA Y. and 

K I D 0  R., eds)  pp. 103-115, Elsevler ,  Amsterdam (1980) 
10. Ito S., Takal  K., Tokuyama T. and Hayalshi 0. - J .  Blol .  Chem. 256 : 

7834-7843 (1981) 
11. Morgat J . L . ,  Desmares J .  and Cornu M. - J .  Label. Compounds : 257-264 

(1975) 
12. Bradford M.M. - Anal. Biochlm. 72 : 248 (1976) 



N-Acetyl a-8 Dehyimtrptophamdc ’ Tritiation 1279 

13. O j i m a  1. and Yoda N.  - Tetrahedron Letters 22 : 3913-3916 (1982) 

14. O j i m a  I. Yoda N. and Yatabe M. - Tetrahedron Letters 23 : 3917-3920 (1982) 

15. Halpern J.  - Science 217 : 401-407 (1982) 

16. Levine-Pinto H., Moorgat J.L. and Fromageot P. - J. Label. Compounds : 

171-182 (1980) 

17. Davis P .J . ,  Gustafson M. and Rosazza J.P. - Biochim. Biophys. Acta 385 : 
133-144 (1975) 


