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D I R E C T  SYNTHESES OF B-HYDROXYVALINE AND [4,4'-*H6]-B-HYDR0XYVALINE 

* 
A. I .  Sco t t  and T. J .  Wilkinson 

Department o f  Chemistry 
Texas A&M U n i v e r s i t y  
College S ta t i on ,  Texas 77843 

SUMMARY 

The anion o f  N,N-dibenzylglycine e t h y l  e s t e r  was condensed w i t h  acetone 

t o  a f f o r d  N,N-dibenzyl-B-hydroxyvaline e t h y l  e s t e r  which was debenzylated 

and hydrolyzed t o  y i e l d  B-hydroxyval ine i n  72% o v e r a l l  y i e l d .  

8-hydroxyval ines l a b e l l e d  on the  isopropyl  group can be prepared by t h i s  

A v a r i e t y  o f  

procedure as shown by the  p repara t i on  o f  [4,4'- 2 H6]-B-hydroxyvaline from 

d6 -ace tone . 
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INTRODUCTION 

I n  connection w i t h  our  s tud ies  on the  b iosynthes is  o f  p e n i c i l l i n ,  we 

requ i red  a method f o r  prepar ing l a b e l l e d  B-hydroxyval i ne .  

1 f i r s t  prepared by Schrauth and Ge l l e r  by the ammonolysis o f  a-bromo-B- 

methoxy isovaler ic  ac id ,  der ived from B,B-dimethylacryl ic ac id .  

B.8-dimethylacryl ic a c i d  would be requ i red  as the  s t a r t i n g  ma te r ia l ,  t h i s  

procedure i s  n o t  s u i t e d  f o r  prepar ing a v a r i e t y  o f  l a b e l l e d  8-hydroxyval ines. 

More recen t l y ,  Harada' repo r ted  a synthes is  o f  B-hydroxyval ine i n  which acetone 

and e t h y l  ch loroformate were condensed t o  form a g l y c i d i c  es te r .  

the epoxide o f  t h e  g l y c i d i c  a c i d  s a l t  by benzylamine, fo l lowed by hydrogen- 

o l y s i s ,  gave p h y d r o x y v a l i n e .  Unfor tunate ly ,  t h i s  procedure cannot be used 

for  prepar ing 8-hydroxyval ine l a b e l l e d  w i t h  deuterium o r  t r i t i u m  on i t s  methyl 

groups since the deuterium o r  t r i t i u m  atoms would be l o s t  by exchange from 

acetone du r ing  the condensation reac t i on .  

This  compound was 

Since l a b e l l e d  

Opening o f  

Other syntheses o f  6-hydroxyval ine 
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have been repo r ted3y4  b u t  f o r  obvious reasons a re  unsa t i s fac to ry '  f o r  prepar ing 

l a b e l l e d  8-hydroxyval i ne .  

A v a r i e t y  o f  a-alkylamino ac ids have been prepared by a l k y l a t i o n  o f  anions 

der ived from N-protected amino a c i d  esters .  

de local ized through a n i t r o g e n  p r o t e c t i n g  group, no r e a c t i o n  w i t h  carbonyl 

compounds occurs. 5y6 

masked as an isocyanate 

compounds t o  a f f o r d  8-hydroxy adducts i n  f a i r  y i e l d s .  

N,N-dimethyl groups, however, a r e  n o t  e a s i l y  converted t o  f r e e  amino groups. 

I n  those cases where the  anion is  

I n  con t ras t ,  l o c a l i z e d  anions, i n  which the  n i t rogen  i s  

7 o r  p ro tec ted  by dimethyl groups,8 r e a c t  w i t h  carbonyl 

The isocyanate and 

RESULTS AND DISCUSSION 

We wish t o  r e p o r t  a d i r e c t  synthes is  o f  B-hydroxyval ine based on the 

condensation o f  t h e  anion o f  N,N-dibenzylglycine e t h y l  e s t e r  ( 1 )  - w i t h  acetone 

(Scheme 1 ) .  

v a l i n e  from l a b e l l e d  acetone as shown by the  p repara t i on  o f  [4,4'- H6]-B- 

hydroxyval ine from d6-acetone. 

This procedure can a l so  be used fo r  p repar ing  l a b e l l e d  B-hydroxy- 
2 
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Ethy l  bromoacetate was s t i r r e d  w i t h  two equiva lents  o f  dibenzylamine t o  

g i ve  N,N-dibenzylglycine e t h y l  e s t e r  ( 1 )  i n  91% y i e l d .  Add i t i on  o f  acetone 

t o  the  anion o f  1 a t  -78" (generated w i t h  l i t h i u m  d i isopropylamide) ,  f o l l owed  

by work-up, gave a 1 :1 m ix tu re  o f  N,N-dibenzyl-8-hydroxyvaline e t h y l  e s t e r  ( 2 )  

and s t a r t i n g  mater ia l . '  A much b e t t e r  conversion t o  product  was achieved by 

the a d d i t i o n  o f  one equ iva len t  o f  anhydrous MgBr, t o  the anion o f  1 o r i o r  t o  

- 
- 

... 

the  a d d i t i o n  o f  acetone." Accordingly, 2 was 

d i  benzyl groups were cleaved by hydrogenolysis 

v a l i n e  e t h y l  e s t e r  hydrochlor ide ( 3 )  which was 

8-hydroxyval i n e  hydrochlor ide.  The f r e e  amino 

... 

L I 

obta ined i n  81% y i e l d .  The 

(5% Pd/C) t o  a f f o r d  B-hydroxy- 

hydrolyzed w i t h  3 N HC1 t o  

a c i d  (4), obta ined by i on -  - 
exchange chromatography on Dowex 50W, was r e c r y s t a l l i z e d  from H20-EtOH i n  89% 

y i e l d ,  based on 2. ... 
[4,4'-*H6]-B-Hydroxyva1ine was s i m i l a r l y  prepared from d6-acetone i n  71% 

o v e r a l l  y i e l d ,  demonstrat ing the u t i l i t y  o f  t h i s  procedure f o r  prepar ing 

l a b e l l e d  6-hydroxyval i nes  from l a b e l l e d  acetone. Furthermore, the atom percent 

of deuterium atoms i n  the dimethyl groups o f  d6-B-hydroxyval i ne ,  est imated from 

the i n t e g r a t e d  nmr spectrum, was 99%, corresponding t o  an e s s e n t i a l l y  quan t i t a -  

t i v e  i nco rpo ra t i on  o f  deuterium from d6-acetone. 

EXPERIMENTAL 

d6-Acetone (99.5 atom % D) was purchased from A l d r i c h  Chemical Company. 

Reagent and d6-acetone were d r i e d  w i t h  Linde 4A molecular sieves p r i o r  t o  use. 

Pal 1 ad i  um on carbon was purchased from Ventron Corporation. 

purchased from Sigma Chemical Company. 

Reicher t  "Thermopan" microscope and are uncorrected. 

on a Varian T-60 instrument. 

r e l a t i v e  t o  TMS i n  organic  so lvents  and r e l a t i v e  t o  3 - ( t r i m e t h y l s i l y 1 ) - 1 -  

propanesulfonic a c i d  sodium s a l t  (DSS)  i n  D20. 

Dowex-SOW was 

Me l t i ng  po in ts  were determined on a 

Nmr spectra were recorded 

Chemical s h i f t s  are expressed i n  6 u n i t s  and a re  

The i n t e g r a t e d  spectrum o f  
n 

[4,4' -LH6]-@-hydroxyval i n e  was recorded on a Varian FT-80 spectrometer. 

I n f r a r e d  spect ra were recorded on a Perkin-Elmer Model 297 spectrophotometer. 

Microanalyses were done by M-H-W Laborator ies,  Phoenix, Arizona. 
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N,N-Dibenzylglycine ethyl  e s t e r  ( 1 ) .  - 

added t o  a s t i r r e d  so lu t ion  of e thyl  bromoacetate (33.4 g ,  0.20 mol) in 250 ml 

of a c e t o n i t r i l e  a t  5". 

evaporated.  

5% 

a s o l i d  which was r e c r y s t a l l i z e d  from 95% E t O H  t o  y i e l d  51.8 g (91%) of 1 ,  mp 

56-57", nmr (CDC13) 6 7.40 (lOH,s,aromatic),  4.18 (2H,q,-CH2-), 3.85 (4H,s,  

benzyl ic ) ,  3.29 (2H,s,-CH2-), 1.24 (3H,t,-CH3); i r  (KBr) 1725, 1190, 745, 

698 cm-'. 

Dibenzylamine (78.8 g ,  0.40 mol) was 

Af ter  s t i r r i n g  24 hr the mixture was f i l t e r e d  and 

The residue was dissolved i n  Et20 (300 ml) ,  washed w i t h  H20, 

NaHC03, br ine ,  and dr ied  (Na2S04-K2C03). Removal of  so lvent  i n  vacuo gave 

-. 

Anal. Calcd f o r  C H 0 N: C ,  76.29; ti, 7.47; N ,  4 .94.  Found: C ,  76.45; 18 21 2 
H ,  7.49; N ,  4.75. 

N,N-Oibenzyl-6-hydroxyvaline ethyl  e s t e r  ( 2 ) .  A so lu t ion  o f  1 (5.66 g ,  

20 m m l )  i n  30 m l  of  dry THF ( te t rahydrofuran)  was added dropwise t o  21.9 mmol 

of  LDA ( l i th ium diisopropylamide) i n  20 ml of dry THF [prepared by dropwise 

addi t ion o f  a 1 . 6  M n-butyl l i thium so lu t ion  (13.7 ml) i n  hexane t o  3.1 ml of  

dry isopropylamine i n  20 ml of  dry THF a t  -10" under argon] under argon a t  

-78". 

[prepared by s t i r r i n g  0.54 g o f  Mg turn ings  w i t h  1.9 ml of  e thylene  bromide 

i n  60 m l  dry THF under argon] was added and t h e  s o l u t i o n  was s t i r r e d  f o r  

15 min a t  -78". 

s t i r r i n g  continued f o r  15 min. 

added and the reac t ion  was allowed t o  reach room temperature.  

bras f i l t e r e d  and THF was removed i n  vacuo. 

(75 ml) ,  washed w i t h  5% NaHC03, b r i n e ,  and d r i e d  (Na2S04-K2C03). 

of so lvent  gave 6.56 g of 2 which was r e c r y s t a l l i z e d  from 95% E t O H .  

5.53 g ( 8 1 % ) ,  mp 78-79", i r  (KBr) 3525, 1715, 1195, 1145, 750, 695 cm- ; nmr 

( C D C 1 3 )  6 7.33 ( lOH,s ,aromatic) ,  3.80 (4H, A B , A w =  26 Hz,  J = 13.8 Hz, 

benzyl ic ) ,  4 .3  (2H,q,-CH2-), 3.41 (lH,s,-OH), 1.40 (3H,t,-CH3), 1.24 (3H,s,  

- - 

After  s t i r r i n g  f o r  15 m i n ,  22 .2  mmol of  MgBr2 i n  60 ml of  dry THF 

Acetone (1.54 ml, 21 m m o l )  i n  20 m l  o f  dry THF was added and 

A so lu t ion  of  NH4C1 (1.5 g i n  5 ml H20) was 

The mixture 

The res idue  was d isso lved  i n  Et20 

Evaporation 

Yield,  -. 
1 

-CH3), 1.11 (3H,s,-CH3). 

Anal. Calcd f o r  C21H2703N: C ,  73.87; H ,  7.97; N ,  4.10. Found: C ,  74.13; 

H ,  8.11; N ,  3.86. 
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8-Hydroxyval ine ( 4 ) .  - N,N-Dibenzyl-B-hydroxyvaline e t h y l  e s t e r  ( 2 )  - (5.12 g, 

15 m m l )  i n  50 m l  o f  MeOH and 1.5 m l  o f  con HC1 was hydrogenolyzed w i t h  5% 

p a l l a d i u m  on carbon (1 g)  a t  room temperature and atmospher ic pressure u n t i l  

hydrogen uptake ceased. The s o l u t i o n  was f i l t e r e d  and t h e  f i l t r a t e  was r e -  

f i l t e r e d  on a M e t r i c e l  GA-6 membrane f i l t e r .  The s o l v e n t  was evaporated t o  

g i v e  5-hydroxyval ine e t h y l  e s t e r  h y d r o c h l o r i d e  (3 )  as an o i l .  The hydro- 

c h l o r i d e  was r e f l u x e d  6 h r  w i t h  3N HC1 and t h e  s o l u t i o n  was evaporated t o  

dryness. 

ion-exchange column (H form, 1 .7  x 25 cm). 

u n t i l  t h e  e l u a t e  was f r e e  o f  c h l o r i d e  i o n  and then e l u t e d  w i t h  1N NH40H. 

f r a c t i o n s  c o n t a i n i n g  4 were pooled, evaporated t o  dryness, and d r i e d  t o  a 

cons tan t  we igh t  i n  vacuo, 1.92 g (96%) o f  4. 

2 m l  o f  h o t  H20 and 50 m l  o f  abso lu te  ethanol  was added. 

o v e r n i g h t  t h e  p roduc t  was f i l t e r e d  and d r i e d .  

(decornp.) [lit.' 218'1, nmr (D20) 6 3.65 (lH,s,-CH), 1.46 (3H,s,-CH3), 1.28 

(3H,s,-CH3); i r  (KBr) 3200, 1670, 1600, 1560, 1420 cm-'. 

- 

The r e s i d u e  was d i s s o l v e d  i n  1 m l  o f  H20 and a p p l i e d  t o  a Dowex 50W 
+ 

The column was f l ushed  w i t h  H20 

The 

- 
The p roduc t  was d i s s o l v e d  i n  

" 

A f t e r  c o o l i n g  

Y i e l d ,  1.77 g (89%), mp 222-223" 

Anal. Calcd f o r  C5H11N03: C, 45.10; H, 8.32; N ,  10.52. Found: C, 45.04; 

H, 8.49; N, 10.36. 

2 2 [4,4'- H,]-B-hydroxyval " i n e .  N,N-Dibenzyl-[4,4'- H6]-B-hydroxyval ine e t h y l  

e s t e r  was prepared f rom d6-acetone (1.54 m l  , 20.9 mmol) by t h e  same procedure 

and q u a n t i t i e s  as f o r  2, y i e l d ,  5.65 g (82%). T h i s  m a t e r i a l  (5.21 g, 15  mmol) 

was hydrogenolyzed, hydro lyzed,  and p u r i f i e d  by the  same procedure used f o r  t h e  

p r e p a r a t i o n  o f  4. Y i e l d ,  1.80 g (86%), mp 222-223', nmr (D20) 6 3.65 ( l . O H ,  s, 

-CH), 1.46 (0.031 H, s,-CH3), 1.27 (0.031 H, s,-CH3); i r (K6r )  2222 cm-l and 

absorbencies o f  4. 

.. 

- 

- 

ACKNOWLEDGMENT 

T.J.W. acknowledges a Na t iona l  I n s t i t u t e s  o f  Heal th ,  Na t iona l  Se rv i ce  

Award, No. 5-F32GM05938-02. 



3.52 A. I .  Scott and T. J .  Wilkinson 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

REFERENCES 

Schrauth W. and Ge l l e r  H. - Ber. 55: 2789 (1922). 

Qhashi J .  and Harada K .  - B u l l .  Chem. SOC. Japan 2: 2287 (1966). 

Berse C. and Bessette P. - Can. 3. Chem. 49: - 2610 (1971). 

Kawarnata M. - C.A. 83: (21) P178324k 510 (1975). 

F i t t  J .  and Gschwend H .  - J .  Org. Chem. 42: 2639 (1977). 

Stork G., Leong A. Y. W. and Touzin, A. M. - 3 .  Org. Chem. 9: 3491 (1977). 

Although n o t  reported, we found no r e a c t i o n  o f  t he  benzyl idene d e r i v a t i v e  

o f  g l yc ine  e t h y l  e s t e r  w i t h  acetone even under f o r c i n g  cond i t i ons .  

Schol lkopf  U. and F r a s n e l l i  H. - Angew. Chern. I n t .  Ed. 9: 301 (1970). 

Touzin A. M. - Tetrahedron L e t t .  E: 1477 (1975). 

The nmr spectrum o f  1 %  recovered from a r e a c t i o n  w i t h  d6-acetone, showed a 

1 oss  o f  one a-proton. 

abs t rac t i on  o f  the anion o f  1 on acetone. 

Anhydrous MgBr2 has been p rev ious l y  used w i t h  preformed l i t h i u m  enolates i n  

a l d o l  condensations. House H., Crumrine D., Teranish i  A. and Olmstead H. - 

J .  Am. Chem. SOC. 95: 3310 (1973). 

* 

This suggests a competing deu te r i  urn (hydrogen) 

- 


