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SYNTHESES OF CHIRALLY LABELLED [4-13C]-8-HYDROXYVALINE AND 

[4,4 ,4-2H3]- 8-HYDROXYVALI NE 

D. John Aberhart 
Worcester Foundation f o r  Experimental Biology 
Shrewsbury, Massachusetts 01545 

SUMMARY 

(E)-[4-13C]-3-Methyl c ro tonic  acid was converted t o  [4-13C1-3-methyl-2,3-epoxy- 
butyric  a c i d ,  which was t r e a t e d  with ammonia t o  y i e l d  a mixture of [4-13C]-~- 
hydroxyval ine  and [4-13C]-8-amino-a-hydroxyi soval e r i c  ac id ,  from which the 8- 
hydroxyvaline of known c h i r a l i t y  a t  C-3 r e l a t i v e  t o  C-2 was i so la ted .  
(E)-[4,4,4-2H3]-3-methylcrotonic acid was converted via  the epoxide, i n t o  a 
mixture of [4 ,4,4-2H3]-8-hydroxyval ine and [4 ,4,4-2H31-8-amino-a-hydroxyi so- 
v a l e r i c  a c i d ,  from which the 8-hydroxyvaline was i s o l a t e d .  

S imi la r ly ,  

Key Words : 8- hydroxyval i ne , 8- ami no-a- hydroxyi soval e r i  c acid , deut eri um , 
carbon 13. 

INTRODUCTION 

A recent  paper in t h i s  journal  (1) described t h e  syntheses of B-hydroxy- 

Val ine and [4,4'-2H61-8-hydroxyval ine. 

ceeding v ia  labe l led  8 , ~ - d i m e t h y l a c r y l i c  acid or  8,#l-dimethylglycidic acid would 

not be s u i t a b l e  f o r  the preparat ion o f  a v a r i e t y  o f  labeled 8-hydroxyvalines. 

Their s ta tements  pranpt me t o  repor t  the syntheses of l3C and 2H labe l led  6- 

hydroxyvalines by a route  which proceeds v ia  labe l led  p ,~-d imethylacry l ic  acid 

and 8,B-dimethylglycidic acid. 

The authors  suggested t h a t  routes  pro- 

RESULTS AND DISCUSSION 

L-8-Hydroxyvaline occurs i n  nature  a s  a c o n s t i t u e n t  of the t e t r a p e p t i d e  

designated P1, i s o l a t e d  from Cephalosporim sp. ( 2 ) .  I t  a l s o  i s  a cons t i tuent  of 

the a n t i b i o t i c  berninamycin A ( 3 )  and of the a n t i b i o t i c s  YA 56, X and Y ( 4 ) ,  
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i s o l a t e d  from Streptomyces species. 

r e c e n t l y  found as a c o n s t i t u e n t  o f  t h e  ant i tumor a n t i b i o t i c s  BBM-928 A ,  6 ,  and C 

(5,6). 

b u t  n o t  proven (8) ,  t o  be in termediates i n  p e n i c i l l i n  b iosynthes is .  

The r e l a t e d  B-hydroxy-N-methylval i n e  was 

In termediates con ta in ing  8-hydroxyval ine u n i t s  have been suggested ( 7 ) ,  

The o b j e c t i v e  o f  t h i s  work was t h e  assignment o f  t h e  l3C and l H  methyl 

s igna ls  o f  B-hydroxyval i n e  through t h e  synthes is  o f  B-hydroxyval i n e  l abe l  l e d  i n  

one methyl group and having a known r e l a t i v e  c o n f i g u r a t i o n  a t  C-2 and C-3. 

(E)-[4-13]-3-Methyl c r o t o n i c  ac id  , 2, was prepared by a d d i t i o n  o f  1 i t h i  um [ l3C]- 

dimethylcuprate (ca. 15 atom % 1%) t o  methyl t e t r o l a t e  (9-11) , fo l l owed  by 

s a p o n i f i c a t i o n  o f  t he  r e s u l t a n t  methyl (E)-[4-l3C]-3-methy1 crotonate, fi. 
product, 2, was converted by t h e  method o f  Payne and Wi l l iams (12) t o  the  

racemic [4-13C1-3-methyl -2,3-epoxybutyric ac id  , 3 (p lus  enantiomer) . Treatment 

o f  t h e  product w i t h  concentrated NH40H a t  8OoC e s s e n t i a l l y  as p rev ious l y  repor ted 

(13) gave an approximately equal m i x t u r e  o f  (2S,3S)-[4-13C]-8-hydroxyval ine,  3 
(p lus enantiomer) , and (2R,3R)-C4-13C1-3-amino-2-hydroxyi sova le r i c  acid, 9 (p lus 

enantiomer). 

c lean jmtJ epoxide opening. 

The 

It has p rev ious l y  been shown (14) t h a t  such r e a c t i o n s  proceed w i t h  

R e c r y s t a l l i z a t i o n  o f  t h e  m i x t u r e  l e d  t o  the  

R, 0 H H 
CH3 R#H C02R' CH3 CO2H 

1 a R='kH, ,R '=H 

c R =  CD,,R'=H 
d RZ CD,,R'=Me 

2 a Ri3CH, 
b R = C D ,  b R 13CH,, R'= Me 

3 a R = 13CH, 
b R =  CD, 

4a  R+H, 
b R =  CD3 
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* 
separat ion o f  pure 3 (p lus enantiomer), a l b e i t  i n  r a t h e r  low y i e l d  . 
product  showed a ca. 1 5 - f o l d  enhanced i n t e n s i t y  i n  the  u p f i e l d  13C methyl s ignal  

(624.1) and normal i n t e n s i t y  i n  the downf ie ld  methyl s ignal  (628.1, i n  D20. 

Pure & was n o t  i s o l a t e d .  

The 

I n  a s i m i l a r  manner, & (15.16) was converted t o  racemic 3, which on t r e a t -  

ment w i t h  NH40H gave a m i x t u r e  o f  racemic & and *. 
d i r e c t l y  c r y s t a l l i z e d  t o  y i e l d  pure 3 (p lus  enantiomer) having a s i n g l e 5  methyl 

s i n g l e t  a t 6  1.32, whereas unlabeled 8-hydroxyval ine has methyl s i n g l e t s  a t 6  1.32 

and61.51. Thus, a l though the  y i e l d s  a re  not  high, t h e  method i s  obv ious l y  s u i t -  

ab le f o r  t he  p repara t i on  o f  s t e r e o s p e c i f i c a l l y  l a b e l  l e d  6-hydroxyval ine. Also 

s ince b o t h  ( E )  and (Z)-methy l - label led 3-methy lcroton ic  ac ids a r e  r e a d i l y  syn- 

t h e s i z a b l e  (1,15,16) , and 3-methyl-2,3-epoxybutyric ac id  can be resolved (16), 

methy l - label  l e d  8-hydroxyval ine o f  known absolute c o n f i g u r a t i o n  a t  C-3 can be 

prepared by t h i  s method. 

The product m i x t u r e  was 

EXPERIMENTAL 

'H NMR spec t ra  taken on a Varian HA-100 instrument. General. 13C NMR 

spect ra were taken on a Bcuker SXP 22/100 inst rument  a t  22.63 MHz. I n f r a r e d  

specta were taken on a Perkin-Elmer 237 spectrometer. C ' 3 C l  and C2H31 Methyl 

i o d i d e  were obtained from Prochem and Merck, respec t i ve l y .  T e t r o l i c  ac id  was 

obta ined from Farchan Laborator ies,  Willoughby, Ohio. 

Methyl (E)-(3- C]-3-methylcrotonate, &. ClIodmethane(2.0 g ,91  atom % 

13C) was mixed w i t h  unlabeled iodmethane (12.2 g) ,  and the  m i x t u r e  i n  e the r  

(25 m l )  was added dropwise under N2 ( w i t h  r e f l u x i n g  and magnetic s t i r r i n g )  over 

30 min t o  c lean l i t h i u m  w i r e  (2.0 g, c u t  i n  ca. 150-200 p ieces)  i n  e the r  30 m l .  

Refluxing and s t i r r i n g  was continued f o r  1 h. The m i x t u r e  was al lowed t o  stand 

undis turbed a t  25OC overn ight ,  and the  c l e a r  supernatant (50 m l )  was removed by 

double-t ipped needle i n t o  a N2-flushed b o t t l e  w i t h  rubber septum. The coacen- 

t r a t i o n ,  determined by t i t r a t i o n  w i t h  standard NaOH s o l u t i o n  o f  an a l i q u o t  added 

t o  water was 1.47 M, 74% y i e l d .  

13 13 

*A much b e t t e r  y i e l d  o f  & (and 3) cou ld  be obtained by t reatment  o f  t h e  m i x t u r e  
o f  3 + 4 w i t h  benzoyl chloride/NaOH/H20 fo l l owed  by c r y s t a l l i z a t i o n  o f  t h e  
N-benzoate o f  3 and a c i d i c  hydro lys is .  
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To a magne t i ca l l y  s t i r r e d  suspension o f  cuprous i o d i d e  (5.72 9, 0.030 mole) 

i n  e the r  (60 ml)  under N2 a t  -20°C was added dropwise over 20 min the  above 

13CH3Li s o l u t i o n  (1.47 M, 41 m l )  t o  y i e l d  a pa le brown so lu t i on .  

continued a t  -20" f o r  1 h, t hen  the temperature was lowered t o  -78"C, and d r y  

THF (from LiAlH4; 40 ml)  was added. 

(prepared from the  ac id  w i t h  diazomethane, and kugel rbhr  d i s t i l l e d ,  bp 70-80°, 

20 mm) i n  d r y  THF ( 2 0  ml)  was added dropwise over 30 min. 

suspension was s t i r r e d  f o r  an a d d i t i o n a l  2 h a t  -78". 

over 15 min, and t h e  m i x t u r e  was f i l t e r e d  and t h e  f i l t r a t e  ex t rac ted  w i t h  ether. 

The e x t r a c t  was washed w i t h  water and saturated b r ine ,  d r i e d  (Na2S04), and evap- 

orated t o  an o i l ,  which was d i s t i l l e d  i n  a kugel rbhr  tube a t  ca. 5OoC, 20 mm, 

y i e l d i n g  fi, 
(3H, s w i t h  a small amount, ca. 15%, o f  absorpt ion appearing as a doublet, J = 

126 tiz), 2.15 ( s ,  3), 3.63 ( s ,  31, 5.5 ( b r  s, 1, Wl/p = 6 Hz). 

S t i r r i n g  was 

Then methyl t e t r o l a t e  (2.94 g, 0.030 mole) 

The r e s u l t a n t  ye l l ow  

Water (200 m l )  was added 

1.58 g; ir,vm,, (CHC13) 1725, 1660 cm-l; l H  NMR (CDC13)6 1.90 

The deuterated analogue, methyl (E)-C3,3,3-2H31-3-methylcrotonate, Id, was 

prepared by a s i m i l a r  method, as b r i e f l y  repo r ted  elsewhere (15); i t s  l H  NMR 

spectrum was the  same as t h a t  of t h e  unlabeled analogue except f o r  t he  complete 

disappearance o f  t h e  s ignal  a t 6  1.90. 

(ZS, 3s + 2R,3R)-[4-13C]-8-Hydroxyvaline, 3a, p l u s  enantiomer, and (2R,3R + 

2S,3S)-[4-13Cl-3-Amino-2-hydroxyi soval e r i c  Acid, 4a, p l u s  enantiomer. 

Methyl e s t e r  (1 .48 9, 0.013 mole) was t r e a t e d  w i t h  aqueous NaOH (1.0 M, 

20 rnl) a t  33°C f o r  24  h. The r e s u l t a n t  

verted t o  & as fo l lows.  

HzSO4; Na2W04.2H20 (0.64 g )  was added, and the  temperature was ra i sed  t o  60-65°C. 

Then 30% H202 (2.5 ml) was added dropwise over 10 min, w i t h  maintenance o f  t h e  

temperature a t  60-65", and pH a t  5.5 by a d d i t i o n  o f  d i l u t e  NaOH as requi red.  

Heating a t  60-65°C was continued f o r  an a d d i t i o n a l  20 min, t hen  t h e  s o l u t i o n  was 

cooled t o  1O"C, saturated w i t h  s o l i d  (NH4)2S04, and then a c i d i f i e d  w i t h  conc. 

H2O4 t o  pH 2.0.  

the e x t r a c t  was d r i e d  (Na2S04) and evaporated t o  y i e l d  crude 

t h i s  product r a p i d l y  polymerized on standing a t  room temperature, i t  was used 

immediately i n  the next step. The crude product was d i sso l ved  i n  c o l d  conc. 

was n o t  i s o l a t e d  bu t  was d i r e c t l y  con- 

The pH o f  t h e  s o l u t i o n  was adjusted t o  5.5 w i t h  50% 

The s o l u t i o n  was r a p i d l y  ex t rac ted  f i v e  t imes w i t h  ether ,  and 

(800 mg). Since 
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NH40H (15 ml), and then heated in a heavy-wall, sealed glass tube i.t 80°C f o r  

16 h. 

of the residue fran acetone and a small amount of water gave [ C1-B-hydroxy- 

valine, 3, 25 mg, ' H  WR (D20)6 1.32 (ca. 2.5 H ,  s ) ,  1.32 (ca. 0.5 H ,  d ,  JCH = 

128 H z ) ,  1.51 (3H, s ) ,  3.68 (lH, s ) ;  13C NMR (D20)624.1 (ca. 15X natural abun- 

dance), 28.1, 64.1, 70.6, 84.1, 172.8. 
2 (2SY3S + 2R,3R)-[4,4,4- H3]-8-Hydroxyval ine, 3b plus enantiomer, and  ( 2R,3R + 

2S,3S)-[4,4,4- H31-3-Amino-2-hydroxyisovaleric Acid, 4b p l u s  enantiomer. 

After cooling, the solution was evaporated in vacuo. Recrystallization 
13 

2 

2 (E)-[4,4,4- H31-3-Methylcrotonic acid,  Icy 200 mg, prepared from 

viously reported (15,16), was converted by the  above method into the crude 

racemic epoxy acid a, which was d i rec t ly  converted into a mixture of racemic a 
+ $ as described above. Recrystallization o f  the mixture from acetone-H20 gave 

pure 3, 20 mg,  ' H  WIR (D20)6 1.51 (3H, s ) ,  3.68 ( l H ,  s )  (complete disappearance 

of the methyl signal a t 6  1.32 appearing in the spectrum of unlabeled 8-hydroxy- 

valine. Pure Q or  

rec rystal 1 i zati  on. 

as pre- 

could not be recovered from the above product mixtures by 
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