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SUMMARY 

Semi-hydrogenation by 02 gas on L i n d l a r  c a t a l y s t  o f  an ace ty len i c  

precursor l e d  t o  [l l ,  12,14,15-2H4]-LTA4 methyl es te r  - Ia. Nuc leoph i l i c  

opening o f  t he  epoxide r i n g  by amino th ioac ids  af forded a f t e r  saponi f ica-  

t i o n  the  corresponding deuterated pept ido leukotr ienes LTC4, LTD4 and LTE4. 

- 

Key Words: Semi-hydrogenation, deuterated leukotr ienes,  pept ido leukotr ienes,  

deuterium. 

INTRODUCTION 

Leukotr ienes are l ipoxygenase de r i va ted  metabol i tes o f  arachidonic  

ac id  [1,2]. The i r  involvement i n  numerous disease s ta tes  such as asthma, 

a l l e r g i c  diseases o r  inf lammation imp l i es  h igh performance a n a l y t i c a l  tech- 

niques i n  order t o  de tec t  and i d e n t i f y  leukotr ienes and t h e i r  metaboli tes. 

Among these techniques, GC-MS coup1 i n g  o f f e r s  many advantages b u t  requ i res  

s tab le  isotope l a b e l l e d  standards (2H o r  13C). :.loreover, there must be a 

mass d i f f e rence  o f  a t  l e a s t  3 between the l euko t r i ene  and i t s  l a b e l l e d  

counterpart.  As f a r  as we know, deuterated l euko t r i enes  have n o t  y e t  been 

described i n  the l i t e r a t u r e .  
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We desc r ibe  here the  syn thes i s  o f :  

- 1 : (11, 12, 14, 15-21-14) - LTA4 methyl  e s t e r  - 
- 2 : (11, 12, 14, 15-*H4) - LTC4 - 
- 3 : (11, 12, 14, 15-2H4) - LTD4 

- 4 : (11, 12, 14, 15-2H4) - LTE4 
- 

- 

which  l e d  us t o  o p t i m i z e  t h e  semi-hydrogenat ion o f  t h e i r  d i a c e t y l e n i c  

p recu rso r  5 C31. - 

- 2 : R = L-y-glutamyl-L-cysteinylglyciile 

3 : R = L - c y s t e i n y l g l y c i n e  

4 : R = L -cys te ine  

- 
- - 
- - 

DISCUSSTON 

Semi-reduct ion o f  d i a c e t y l e n i c  conpounds i s  r a t h e r  t e d i o u s  and y i e l d s  

v a r y  accord ing  t o  d i f f e r e n t  s u b s t r a t e s  C41. Usua l ly ,  commercial L i n d l a r  

c a t a l y s t s  a re  d c - a c t i v a t e d  by o rgan ic  bases siich as p y r i d i n e  o r  q u i n o l  ine. 

I n  p a r t i c u l a r ,  p y r i d i n e  has a double a c t i o n :  i t  po isons  the  c a t a l y s t ,  thus  

a v o i d i n g  the  t o t a l  r e d u c t i o n  o f  t h e  t r i p l e  bond and on t h e  o t h e r  hand i t  

s t a b i l i z e s  the r e d c t i o n  produc ts ,  which, i n  ou r  case, a r e  more f r a g i l e  i n  

a c i d i c  medium than t h e  d i a c e t y l e n i c  p recu rso r  5. - 
Thus, - 5 was semi-hydrogenated by  deu te r ium gas on L i n d l a r  c a t a l y s t  i n  

anhydroits hexane c o n t a i n i n g  1% p y r i d i n e  under one ba r  p ressure  and a t  room 

temperature t o  a f f w d  l a .  The vo luae o f  D2 gas used tras checked by 3 

TOEPPLER pump C51. The h c s t  y i e l d s  of  15 (261)  were ob ta ined  when ,757 o f  

t h e  t h e o r e t i c a l  amount o f  deuter ium necessary f o r  s rmi -hydrogenat ion  o f  bo th  

t r i p l e  bonds were used. I n  these c o n d i t i o o s ,  t h e  amount o f  by-prodr icts 5 + 

7 d i d  n o t  exceed 3%. 

- 

- - 

- 

- 
- - 
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The presence o f  1% p y r i d i n e  i n  hexane inc reases  t h e  y i e l d  (26% 

i n s t e a d  o f  20% w i t h o u t  p y r i d i n e ) .  However, deu te r ium a b s o r p t i o n  i s  comple- 

t e l y  i n h i b i t e d  i n  presence o f  2 t o  5 % p y r i d i n e  i n  hexane. 

Compound l a ,  as w e l l  as 6 and - 7 ,  were p u r i f i e d  by p r e p a r a t i v e  HPLC. 

As t h e  f r e e  a c i d  1 i s  uns tab le ,  i t  was s t o r e d  as i t s  methyl  e s t e r  la which 

may be s a p o n i f i e d  j u s t  p r i o r  t o  use. 

- - - - - 
- - - 

LTA4-d4 methy l  e s t e r  15 was then r e a c t e d  w i t h  t h e  a p p r o p r i a t e  unpro- 

t e c t e d  aminoacid t h i o l  i n  4% t r i e t h y l a m i n e  methanol, wh ich  induced r i n g  

opening o f  t h e  (5S,6S)  epoxide. Thus, L-y-glutamyl-L-cysteinyl g l y c i n e ,  

L - c y s t e i n y l g l y c i n e  and L -g l yc ine  a f f o r d e d  r e s p e c t i v e l y  t h e  methyl  e s t e r s  o f  

deu te ra ted  p e p t i d o - l e u k o t r i e n e s  LTC4 25, - LTD4 35 - and LTE4 4 5  - (728 ,  80% and 

30% y i e l d s ) .  These compounds were p u r i f i e d  by  high-performance l i q u i d  

chromatography. 

- 

Opening o f  epox ide  2 on t h e  most n u c l e o p h i l i c  Cb p o s i t i o n  was 

checked by lH-NMR and UV-spectrophotometry (absence o f  a l l  y l  c a r b i n o l  p ro ton  

=C=CHOH a t  4 ppm and hmax = 280 nn). These r e s u l t s  were i n  agreement w i t h  

p rev ious  s t u d i e s  C6l. 

- 
MeOH 

S a p o n i f i c a t i o n  o f  25, 3% and 4~ hy CD$D/NaOD l e d  t o  t h e  d e s i r e d  

and LTEq-dq 4 w i t h  r e s p e c t i v e  y i e l d s  o f  821, 58% and 

- -  - 
LTCq-dq 4, LTDq-dq 2, 
25%. These were p u r i f i e d  by high-performance l i q u i d  chromatography. 

- 

Compounds 1, 2, 3 and 4 were checked f o r  p u r i t y  by HPLC (comparison 

w i t h  a u t h e n t i c  samples), lH-NMR. T h e i r  b i o l o g i c a l  a c t i v i t y  e v a l u a t i o n  i s  

under way. Chemical and s te reochemica l  p u r i t i e s  were super io r  t o  

98%. I s o t o p i c  enr ichment  was a t  l e a s t  98%. 

- - -  - 

EX P E R I M E N T AL SE C T I 0 N 

Genera 1 

HPLC ana lyses  were performed on a i l a t e r s  system (pump 6000 A and I JV  

d e t e c t o r  n o  481). 

HPLC p u r i f i c a t i o n s  were ob ta ined  w i t h  a Waters system ( p u m p  590 and 

UV d e t e c t o r  n"481).  

NMR spec t ra  were recorded on a Sruker  AC 300 (300 MHz) equipped w i t h  

an Aspect 3000 c a l c u l a t o r  (TMS i n t e r n a l  s tandard) .  
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FAB mass spectra were recorded on a NERMAG spectrometer. 

UV specta were recorded on a spectrophotometer Beckman 5230. 

[l l ,  12, 14, 15-2H41-Leukotriene A4 methyl ester la - 
17.5 mg of 5 (52.6 woles) in 5 ml anhydrous hexane containing 1% - - 

pyridine were reduced with D2 gas on 2 mg Lindlar catalyst under stirring at 

atmospheric pressure. The reaction was stopped after absorption o f  85 X o f  

the theoretical deuterium gas volume (2.3 cm3). After filtration on 0.5 wn 

Millipore filter and evaporation, the product was purified by HPLC on a 

semi-preparative Yerck Si 60 Lichrosorb column eluted by hexane/ethyl ace- 

tateltriethylamine 1OO:l:l at a flow rate of 5 ml/min ( U V  max at 280 nm). 

There was obtained 4.6 m~ of 1: (26% yield). - 

1H-NblR(CD30D, 6 in ppm) 

0.86(t,3H,H20,J19-20 = 7.0 Hz); 1.30(multiplet,6H,H17+H18+H19); 

1.61( mu1 tiplet ,2H, H4) ; 1.79 (mu1 tiplet ,2H,H3) ; 2.05( t ,2H, H16,J16-17 = 

6.9 Hz); 2.38(t,2H,HZ,J2-3=7.5 Hz); 2.85(t,lH,H5,4-5=5.5 Hi!); 2.90(s,2H,H13); 

3.13(dd,lH,H6,56-7 = 7.6 Hz, 56-5 = 2.1 Hz); 3.65(~,3H,-C02CH3); 5.36(dd,lH, 

H7,J7-6 = 7.8 Hz, 57-8 = 15.0 Hz); 6.18(dd,lH,H9,J9-8 = 10.8 HZ, J9-10 = 

15.4 Hz); 6.46(dd,lHyH8,J8-7 = 15.3 Hz, 58-9 = 10.8 Hz); 6.54(dylH,H10,J10-9 

= 15.9 Hz). 

H.P.L.C. (analysis): silicagel column Lichrosorb Merck, eluent hexane/ethyl- 

acetate/triethylamine 100:1:1, U . V .  detection at 280 nm, flow-rate: 

2 ml/min,retention time:6 min 50. 

U.V.(methanol) 

290.5 nm (38880) 

[a]io = - 28"4 (c = 0.4583 g/lOO ml in hexane) 

hmax 1 = 280 nm (36213); %ax 2 = 278 nm (48657) ; %ax 3 = 

General procedure for the preparation o f  deuterated peptidoleukotrienes 

methyl esters 2a, 33 and 4a - - - -  
To 4.78 mg (0.014 mniole) Of la in 7 m l  CD30D containing 4% Et3H was 

added 0.085 mrnole (6 equiv) of  the appropriate amino acid: glutathione 

(26 mg), L-cysteinylglycine inonohydrate (16 mg) or L-cysteine (13 mg). The 

- - 
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r e a c t i o n  m i x t u r e  was s t i r r e d  f o r  22 hours a t  20°C under N2 atmosphere. 

A f t e r  evapora t i on  t o  dryness, t h e  r e s i d u e  was taken  up i n  1 m l  o f  methanol, 

t h e  s o l u t i o n  was f i l t e r e d  on Sep Pak C 18 and evspora ted .  The r e s i d u e  was 

p u r i f i e d  by HPLC on a i4erck QP 10 L i c h r o s o r h  column ( 7  pm), e l u t e d  w i t h  

me thano l /wa te r /ace t i c  a c i d  75:25:0. 1 and b u f f e r e d  w i t h  ammonia t o  pH 5.6 

( f l o w  r a t e :  5 ml/min; UV max a t  280 nm). The p roduc t  was then f reeze-  

d r i ed ,  checked and analyzed. 

[ll,12,14,15-2Hd]-Leukotriene Cb methy l  e s t e r  2 - 
1!i-NMR(C030D, 6 i n  ppm) 

5.60(dd,lH,H7,J7-6 = 10.1 Hz, 57-8 = 14.1 Hz l ;  C.13-6.27(dd ddy2H,H8+Y9); 

6.54( d, l H ,  I4 10, J10-9 = 14.2 Hz) . 
H.P.L.C.(analysis): 

me thano l /wa te r /ace t i c  

d e t e c t i o n  a t  280 nm, f l o w  r a t e :  1 rnl/min, r e t e n t i o n  t ime:  8 v i n .  

lJ.V.(methanol): hmax 1 = 270 nm; 

on r e v e r s e  phase column L i c h r o s o r b  RP 18 Merck, e l u e n t :  

a c i d  75:25:0.1 bu fFered w i t h  ammonia t o  pH 5.6, U.V.  

Amax 2 = 280 lira ; A,,,ax 3 = 290 nm. 

[11,12,14,15-2H~]-Leukotriene D4 methyl  e s t e r  & - 
~H-NMR(DYSO,  6 i n  ppm) 

5.5S(dd,lH,H7,J7-3 = 14.3 Hz, 57-6 = 10.4 Hz); 6.05-6.22(dd dd,2H,HS+H9); 

6.46 ( d ,  I H ,  H10, J10-9 = 14.4 H Z  1. 

H.P.L.C.(analysis) :  same c o n d i t i o n s  as 2, r e t e n t i o n  t i m e :  7 min 50. 

U.V.(methanol): Amax 

- 
= 270 nm; hax 2 = 280 nm ; bax 3 = 290 nm. 

[11,12,14,15-2Hq]-Leukotriene E4 methyl  e s t e r  % - 
'H-NMR(CD30D, 6 i n  p p m ) :  5.63 (ddylH,Y7,J7-8 14.3 Yz, 57-5 = 1P H z ) ;  

6.13-6.33 (dd  dd,2H,HR+H9); 6.55 (d,lH,HIO,J10-9 = 14.2 Hz). 

H .  P . L . C . ( a n a l y s i s )  : same c o l  unn, e l u e n t  : methanol / u a t e r / a c e t i c  3 c i  d 

80:20:0.1 b u f f e r e d  w i t h  ammonia t o  pH 5.6, f l o w  r a t e :  1 ml/min,  I1.V. detec- 

t i o n  a t  280 nm, r e t e n t i o n  t ime :  14 min. 

:J.V.(methanol): 1 = 269 nm; hax 2 = 278 nm ; bax 3 = 290 nm. 
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General procedure f o r  t h e  p r e p a r a t i o n  o f  deu te ra ted  p e p t i d o l e u k o t r i e n e s  

2a, 3a and 4a - -  - 
0.0023 mmole 3 f  methy l  e s t e r  2a, 3a o r  4a - was added t o  1.16 ml o f  

0.1 N NaOO a t  9 ° C  over  one hour.  The r e a c t i o n  was mon i to red  by a n a l y t i c a l  

HPLC (Pro laho S5 ODs2 column e l u t e d  by me thano l /wa te r /ace t i c  a c i d  75:25:0.1 

and b u f f e r e d  w i t h  ammonia t o  pH 5.6). A f t e r  n e u t r a l i s a t i o n  t o  pii:7 by 1# 

a c e t i c  ac id ,  t he  r e a c t i o r l  m i x t u r e  was evapora ted  t o  dryness, taken up w i t h  

1 in1 o f  methanol, f i l t e r e d  on Sep Pak C 18 and once more evapcrated. The 

r e s i d u e  was p u r i f i e d  by HPLC as  b e f o r e  ( f l o w  r a t e :  2.5 ml/min, IJV d e t e c t i o n  

a t  280 nm). The s o l u t i o n  was n e u t r a l i z e d  t o  pH 7 by ammonia, concent ra ted ,  

d i l u t e d  w i t h  degassed water  and f i n a l l y  hydro ly7ed.  

- - -  - -  

[11,12, 14,15-2H4]-Leukotriene C 4 2  - 

1H-NMR(CD30D, 6 i n  ppn;) 

5.60(dd,lH,H7,J7-6 = 10.1 IHZ, 917-8 = 14.1 I i z ) ;  6.20(dd dd,2H,H9+H8); 

6.54(d,lH,HlO, J10-9 = 14.2 Y Z ) .  

Y.P.L.C.(analysis): on r e v e r s e  phase column S5  W ODS 2 Prolabo, e l u e n t :  

n e t h a n o l / w a t ? r / a c e t i c  a c i d  75:25:0.1 b u f f e r e d  w i t h  ammonia a t  pH 5 .6 ,  f l o w  

r a t e :  1 ml/min, U.V. d e t e c t i o n  a t  280 nn, r e t e n t i o n  t ime:  9 min20. 

lJ.V.(methanol): Amax 1 = 270 nn; Amax 2 = 279.5 nm ; Anax 3 = 290 nm. 

[ 11,12,14, 15-2H4]-Leukotrierle D 4 3  - 
1H-NMR(CD30n, 6 i n  ppm): 5.63 (dd,IH,H7,57-5 = 10.4 Yz, 57-8 = 14.7 Hz); 

6.12- 6.33 (dd  dd,PH,HD+Hg); 6.53 (d,lH,HlO,J13-9 = 14.3 Hz). 

Y.P.L.C.(analysis): same c o n d i t i o n s  as be fore ,  r e t e n t i o n  t ime :  19 min. 

U.V.(inethanol): A,,, 1 = 270 tin; Amax 2 = 279 nil ; %ax 3 = 290 nm. 

[11,12,14,15-2~4]-1.eu;to,:riene t4-5 - 

1H-KM(CD30D, 6 i n  ppm): 5.63(dd,lH,H7,J7-6 = 10 Hz, -17-3 = 14.3 Hz); 

6.09-6.22(dd dd,2H,riatW) ; 6.55 (d,lH,HlO,J10-9 = 14.2 H z ) .  

H.P.L.C.(analysis) :  same c o n d i t i o n s  as be fore ,  r e t e n t i o n  t i rpe:  10 r l in50 .  

U.V.(methanol): knax 1 = 273 nri; kinax 2 = 279 iir? ; +Tax 3 = 290 nm. 
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