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COMMUNICATION 10. SYNTHESIS OF ESTERS OF AMINOCARBOHYDROXAMIC ACIDS 
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Severa l  y e a r s  ago we s ta r t ed  to study the m e c h a n i s m  of the inhibition of pyridoxal  enzymes  by eyclo-  
se r ine  (4-amino-3- isoxazol id inone) .  In studying the reac t ion  of cyc loser ine  and its der iva t ives  with p y r i -  
doxal and pyr idoxal  5-phosphate it  was found that the cyclic  e s t e r s  of hydroxamic  acids a r e  capable of 
manifes t ing  acylat ing p roper t i e s ,  and this is a n e c e s s a r y  condition for  the inhibition of pyridoxal  enzymes  
[1-3]. These  tenets  we re  conf i rmed in a number  of enzymat ic  studies [4-6]. 

We made  a detailed study of the m e c h a n i s m  for  the inhibition of L-alanine  a m i n o t r a n s f e r a s e  ( L - a l a -  
nine: 2-oxoglu tara te  of am i no t r ans f e r a s e ,  KF 2.6.1.2 [7], which p o s s e s s e s  a high and specif ic  sens i t iv i ty  
toward cyc loser ine ,  by the antibiotic and re la ted  compounds.  Cycloser ine ,  being a pecul iar  analog of a l a -  
nine, is a t tached to the subs t ra t e  port ion of the ac t ive  center  of the enzyme.  The amidooxy f ragment  of the 
r ing (pK a 4.5) plays the role  of the modified carboxyl  group, and the amino group of the inhibitor,  s i m i l a r  
to the amino group of the subs t ra te ,  en te rs  into the usual react ion  with the coenzyme.  Acylat ion of the 
cata lyt ical ly  impor tan t  group of the protein takes place in one of the s teps  of the no rma l  t ransaminat ion  
p roces s ,  which leads to the i r r e v e r s i b l e  inhibition of the enzyme.  Here  it is impor tan t  that the re la t ive ly  
weak acylat ing p rope r t i e s  of the inhibi tor  be fully mani fes ted  due to i ts  being complemen ta ry  with the sub- 
s t r a t e  port ion.  

In view of these  concepts it s eemed  of cons iderable  in te res t  to study the p rope r t i e s  and reac t ion  of 
the e s t e r s  of aminoearbohydroxamic  acids ,  as being pecul iar  analogs of cyc loser ine  and other act ive  cyclic  
e s t e r s  of hydroxamic  acids ,  with enzymes .  
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In this paper  we desc r ibe  the synthes is  of these prev ious ly  unknown compounds.* 

Inasmuch  as the aminoca rbohydroxamic  acids themse lves  a r e  known and available,  then one of the 
poss ib le  paths for  the synthes is  of thei r  e s t e r s  could consis t  in the alkylat ion of acids with a protected 
amino group. 
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However ,  the alkylat ion of hydroxamic  acids,  as is known [10], goes in i l l -defined manner .  In addi-  
tion, it could be a s sumed  that a cer ta in  s imi l a r i t y  exis ts  in the p rope r t i e s  of such acycl ic  e s t e r s  and the 
3- isoxazol id inones ,  in pa r t i cu la r ,  an adequate lability. For  this r ea son  the se lect ion of a pro tec t ive  group 
and a method for its r e m o v a l  without involving the amidooxy f ragment  we re  not c lear .  In view of this it  
s eemed  expedient to use a different  route,  and specif ical ly ,  the aminoacyla t ion of var ious  O-subst i tu ted 
hydroxylamines ,  the p repara t ion  of which was descr ibed  previous ly  [11, 12]. Taking into account the s e c -  

* The p repa ra t ion  of these compounds and some  of thei r  p roper t i e s  we re  br ie f ly  repor ted  by us previous ly  
[8]. While this work  was in p r o g r e s s  there  appeared  in the p r e s s  a paper  [9] on the synthes is  of the amido-  
oxy peptides of aminooxyacet ic  acid and canaline by s i m i l a r  p rocedures .  
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ond considerat ion expressed above, it seemed necessa ry ,  if only in the f i rs t  steps,  to se lect  such methods 
of activating the carboxyl  group as would not stipulate a special  protection of the amino group. 

The initial at tempts to reac t  the es te r s  of amino acids di rect ly  with O-substi tuted hydroxylamines,  
under the conditions used to prepare  aminocarbohydroxamic  acids,  proved unsuccessful .  We were  able 
to synthesize the f i r s t  member s  of the aminocarbohydroxamie  acid es te r s  by the aeylation of O-hydroxyl-  
amines with the N-carboxy anhydrides of amino acids.  
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(I) 

a b c d e f 
R=CH3; CHs; (CHs)eCH; (CH3)~CH; (CHs)~CHCH~; (CH3)eCHCH~ 
R'=CH3; H; CH~; CeF[~CH~; CH3; C6HsCH~ 

Alflaough the react ion went quite smoothly and in good yields, an at tempt to find synthesis methods 
suitable for obtaining the corresponding derivat ives  of var ious  amino acids,  caused us to also examine 
other methods.  

As was to be expected, the earbobenzoxyamino acids (II) reac ted  easi ly with the O-substi tuted hy-  
droxylarnines (III) when dicyclohexylcarbodiimide was added. 
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(II), (III), (IV), (V) 
a b c d 

R=CH~; CH~; CH3; (CHs)~CH 
R'=CH3; C~.Hs; CClsCH2; CsHsCH~00C--CH~--CH~. 

with the exception of (Vd), where R '  = ItOOCCH2CH 2 

Also in the s implest  cases,  removal  of the protection did not p resen t  any difficulties and could be 
accomplished by the usuaI techniques (hydrogenolysis in the presence  of palladium black or  t reatment  with 
an acetic acid solution of hydrobromic  acid). It  should be mentioned that the var ious  aminocarbohydrox-  
amic  acid es te r s  differ considerably in their stability, in par t icular ,  to reduction. Thus, in the p repa ra -  
tion of the fl ,fl , t3-tr ichloroethyl  es te r  of alaninehydroxamic acid (Vc), the synthesis  of which was a s soc i -  
ated with the des i re  to obtain a compound with a s t ruc ture  that in its acylating proper t ies  approximated as 
close as possible those of the 3-isoxazolidinone,  removal  of the protect ion could be accomplished only by 
t rea tment  with HBr in Ctt3COOtt , since rupture of the N - O  bond also occur red  during hydrogenolysis .  As 
a result ,  to obtain the es te r s  of aminocarbohydroxamie  acids it proved possible to use a number  of the 
methods used in the synthesis  of peptides. 

As a representa t ive  of the monoamino dicarboxylic acids we selected glutamic acid, which is the sub- 
s t ra te  oI the highly purified glutamate aspar ta te  aminot ransfe rase  (L-aspara te  : 2-oxoglutarate  aminot rans -  
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f e r a se ,  KF 2.5.1.2) - an enzyme that was used by us in the fur ther  tes t ing of a number  of e s t e r s  of amino-  
ca rbohydroxamic  acids.  One of the methods for  the p repara t ion  of the amides  and peptides of glutamic 
acid is the reac t ion  of i ts  N-subst i tu ted  anhydride with the appropr ia te  amines  and amino acids .  Here ,  as 
a rule ,  the (~- and " / -der iva t ives  a r e  formed,  in which connection the ra t io  of the i s o m e r s  depends on many  
fac tors  (nature of the a t tacking nucleophilic agent,  type of N-protec t ion ,  solvent,  etc.) [13-15]. As was 
asce r ta ined  by us, the reac t ion  of O-subst i tu ted hydroxylamines  with the anhydride of carbobenzoxyglu-  
t amic  acid (VI) a l so  goes in a s i m i l a r  manner .  

The ~ -  and " / - i s o m e r s ,  di f fer ing sharp ly  in their  p rope r t i e s  and eas i ly  separab le ,  a re  fo rmed  in 
apporx imate ly  equal amounts ,  and their  ra t io  does not change for different hydroxylamineso (~-L-Glu-  
t a m y l - [ O - m e t h y l ] - h y d r o x y l a m i n e  (IX) was also obtained by us by another independent rou te  and its s t ruc -  
ture  was proved  by reduct ion to i soglutamine.  
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In subsequent  communicat ions  we will  publish the resu l t s  of our studies on the react ion  of the syn-  
thesized e s t e r s  of aminoca rbohydroxamic  acids with pyridoxal  and pyridoxal  enzymes .  Here ,  it should be 
mentioned that, con t ra ry  to the theory  exp re s sed  in [9], the s imple  e s t e r s  of subs t ra t e  aminocarbohydrox-  
amic  ac ids ,  complete ly  f r ee  of t r aces  of the O-subst i tu ted hydroxylamine  der ivat ive ,  a r e  not inhibi tors  of 
pyridoxal  enzymes .  

EXPERIMENTAL 

Synthesis from N-Carboxy Anhydrides of Amino Acids 

Methyl Ester of D,L-Alaninehydroxamic Acid (Ia). To a solution of l.15 g of the N- 
carboxy anhydride of D,L-alanine in i0 ml of absolute ethanol, with vigorous stirring and cooling to 0 ~ was 
added at one time a solution of 1.0 g of the O-methylhydroxylamine free base in 5 ml of ethanol. The stir- 
ring was continued for 30 rain at 0 ~ and at room temperature for 1 h, after which the precipitate was fil- 
tered, washed with ether, and dried in vacuo. We obtained 0.83 g (70%) of the methyl ester (Ia), mp 127 to 
128 ~ (aqueous alcohol). Found %: N 23.89. C4HIoN202 . Calculated %: N 23.71. 

Hydroxamic Acid of D,L-Alanine (Ib). Obtained in the same manner as the preceding. 
Yield of (Ib) 77%, mp 169-170 ~ Found %: N 26.82. CsHsN202. Calculated %: N 26.90. 

Methyl Ester of L-Valenehydroxamic Acid (L-Ic). Under similar conditions, from 
0.9 g of the N-earboxy anhydride of L-valine and 0.45 g of O-methylhydroxylamine we obtained 0.42 g of 
methyl ester (le), mp 95-96 ~ Found %: N 19.11. C6HI4N202. Calculated %,. N 19.16. 

Benzyl Ester of L-Valinehydroxamie Acid (L-Id). Under similar conditions, from 
0.9 g of the N-carboxy anhydride of L-valine and 1.16 g of O-benzylhydroxylamine we obtained 0.51 g 
(37.8%) of benzyl ester (Id), mp 96 ~ Found %: N 12.59. C12HIsN202. Calculated %: N 12.60. 

Methyl Ester of L-Leucinehydroxamic Acid (L-le). Under similar conditions, from 
0.99 g of the N-carboxy anhydride of L-leucine and 0.45 g of O-methylhydroxylamine we obtained 0.64 g 
(64%) of methyl ester (Ie), mp ii0-iii ~ Found %. N 17.35. CTHI6N202. Calculated %. N 17.48. 

Benzyl Ester of L-Leucinehydroxamic Acid (L-If). Under similar conditions, from 
0.9 g of the N-carboxy anhydride of L-leucine and 1.16 g of O-benzylhydroxylamine we obtained 0.8 g 
(60.7%) of benzyl ester (If), mp 81-82 ~ Found %: N 12.64. CIsH20N20 ~. Calculated %: N 11.85. 
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S y n t h e s i s  f r o m  E s t e r s  o f  N a - C a r b o b e n z o x y a m i n o c a r b o h y d r o x a m i c  

A c i d s  

M__ethyl E s t e r  o f  N a - C a r b o b e n z o x y - D , L - a l a n i n e h y d r o x a m i c  A c i d  (IVa). T o a  
solution of 2.1 g of carbobenzoxy-D,L-alanine  (IIa) and 0.5 g of O-methylhydroxylamine in 15 ml  of abso-  
lute te t rahydrofuran (THF), with vigorous s t i r r ing  and cooling to 0 ~ was gradually added a solution of 2 g 
of dicyctohexylcarbodiimide in 6 ml of THF. The mixture was s t i r red  at 20 ~ for 2 h, filtered, and the c lear  
solution was evaporated in vacuo at 20 ~ 

The residue was dissolved in an equimolar  amount of 0.2 N aqueous NaOH solution, filtered, and the 
fi l trate was saturated with CO 2. The obtained c rys ta l s  were  separated,  washed with cold water ,  and dried.  
The yield of the methyl  es te r  (IVa) was 1.86 g (75%), mp 113-114 ~ (from benzene5. Found %: N 11.32. 
C12H16N204. Calculated %: N 11.15. 

M_._ethyl E s t e r  o f  N a - C a r b o b e n z o x y - L - a l a n i n e h y d r o x a m i c  A c i d  ( L - I V a ) .  Under 
s imi lar  conditions, f rom 2.1 g of carbobenzoxy-L-a lanine  (L-IIa),  0.5 g of O-methylhydroxylamine and 2 g 
of dicyclohexylcarbodiimide we obtained 1.65 g (70%) of (L-IVa), mp 112-113 ~ (from benzene). Found %: 
N 11.24. CIfH16N204. Calculated %: N 11.15. 

E_thyl  E s t e r  o f  N a - C a r b o b e n z o x y - D , L - a l a n i n e h y d r o x a m i c  A c i d  (IVb). F rom 
2.23 g of earbobenzoxy-D, L-alanine (IIa), 0.61 g of O-ethylhydroxylamine and 2 g of dicyclohexylcarbodi-  
imide we obtained 2.5 g (94%5 of ethyl es te r  (IVb), mp 114-116 ~ (from dichloroethane).  Found %: N 10.37. 
C13I-I18N204. Calculated %: N 10.52. 

T z i c h l o r o e t h y l  E s t e r  o f  N c ~ - c a r b o b e n z o x y - D , L - a l a n i n e h y d r o x a m i c  A c i d  (IVa). 
To the--~ell-st irred react ion mixture,  containing 0.04 mole of carbobenzoxy-D,L-alanine  (Ha), were added 
0.004 mcle  of the t r ichloroethylhydroxylamine hydrochlor ide and 0.004 mole of t r iethylamine,  and 30 moles 
of dieyc!ohexylcarbodiimide in 10 ml  of THF. After  s t i r r ing  for 2 h, the precipitate was filtered, the fil-  
t ra te  wa~ treated with 15-20 ml  of absolute ether,  the mixture  fi l tered again, and the fil trate was evapo- 
rated in ~acuo at 20 ~ The yield of the t r ichloroethyl  es ter  (IVc) was 54 %, mp 135-140 ~ (from ethyl ace-  
tare). Fcund %: C1 29.48. C13H1504NfC13. Calculated %: C1 28.78. 

f i - C a r b o b e n z o x y e t h y l  E s t e r  o f  N ~ - C a r b o b e n z o x y - L - v a l i n e h y d r o x a m i c  A c i d  
.(L-IVd),  In a s imi la r  manner ,  f rom 1.2 g of the benzyl es te r  of ~-aminooxypropionic  acid [12], 1.67 g of 
carbobe~zoxy-L-val ine  (L-IId) and 1.36 g of dicyclohexylcarbodiimide we obtained 2.13 g (80%) of (L-IVdS, 
nap 104-:[06 ~ (from benzene-heptane) .  Found %: C 64.63; H 6.68; N 6.46. C23H28NfO ~. Calculated ~: C 
64.86; H 6.58; N 6.53. 

A . _ r h y d r i d e  o f  C a r b o b e n z o x y - D , L - g l u t a m i c  A c i d  (VI). To a solution of 2.8 g of carbo-  
benzoxy~D,L-glutamic acid in 15 ml of TI-IF, with s t i r r ing,  at 0 ~ was added a solution of 0.62 g of dicyclo-  
hexylcarbodiimide in 3 ml of THF, af ter  which the mixture was s t i r red  for 2 h, fi l tered, the fi l trate was 
evaporated in vacuo, and the residue was rec rys ta l l i zed  f rom a mixture of chloroform and ether.  The 
yield of anhydride (VI) was 50%, mp 107-108 ~ Li tera ture  data [13]: mp 94 ~ 

C a r b o b e n z o x y - ~ - L - g l u t a m y l [ O - m e t h y l ] - h y d r o x y l a m i n e  (L-VII). To a solution of 
4 g of carbobenzoxy-L-glu tamic  acid (L-IX) and 2.9 g of t r iethylamine in 25 ml of THF at -40 ~ was added 
2 g of the isobutyl es ter  of chlorocarbonic  acid, and the mixture was s t i r red  between -35  and -20 ~ for 10 
min. Then a solution of 1.1 g of O-methylhydroxylamine in 5 ml of THF was added in drops,  the mixture 
was stiri.~ed for 20 rain, followed by the addition of 100 ml  of absolute ether,  and when the tempera ture  of 
the mixture  reached 20 ~ the ether layer was decanted from the precipi tate.  Then the precipitate was dis-  
solved i r  10 ml of water ,  the solution was acidified with hydrochlor ic  acid, and the crys ta ls  were  filtered 
and was~ed with ice water .  The yield of the methyl  es ter  (L-VII) was 2.4-2.6 g (55-60~c), mp 176-177 ~ 
(from ethyl acetate).  Found %: N 9.14. C14H18N20 ~. Calculated %: N 9.03. 

C _ ~ r b o b e n z o x y - L - g . ! u t a m y l - [ O - m e t h y l ] - h y d r o x y l a m i n e s  (L-VII) a n d  (L-VIII). To 
a solution of 0.35 g of O-methylhydroxylamine in 3 ml of chloroform at 0 ~ was added a chloroform solution 
of 1.3 g of the anhydride of ca rbobenzoxy-L-g lu tamic  acid (VI), after  which the mixture was s t i r red  for 30 
min and the precipitate of the ~-isomer (L-VII) 1 g, 58%, mp 176-177~ was filtered. The filtrate was 
evaporated in vacuo. We obtained 0.6 g (35%) of carbobenzoxy--y-L-glutamyl-[O-methyl]-hydroxylamine 
as an oil. 
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C a r b o b e n z o x y - D , L - g l u t a m y l - [ O - m e t h y l ] - h y d r o x y l a m i n e s  (VII) a n d  (VIII). The 
opening of the anhydride of ca rbobenzoxy-D,L-g lu tamic  acid (VI) with O-methylhydroxylamine  was done in 
the s a m e  manner  as the  preceding.  The yield of carbobenzoxy-D,  L-g lu tamyl - [O-methy l ] -hydroxy lamine  
was 50%, m p  146 ~ From the f i l t r a tes  we obtained the - / - i s o m e r  as an oil in 40% yield. 

M e t h y l  E s t e r  o f  D , L - A l a n i n e h y d r o x a m i c  A c i d  (Ia). A s o l u t i o n o f 2 . 5  g of the methyl  
e s t e r  of N~-ca rbobenzoxy-D,  L-a lan inehydroxamic  acid in 30 ml  of methanol  was hydrogenated over  pa l -  
ladium black in the p r e s ence  of s e v e r a l  drops  of acet ic  acid until the CO 2 evolution ceased.  The ca ta lys t  
was  f i l tered,  and the solvent  was removed  in vacuo at 20 ~ The yield of the methyl  e s t e r  (Ia) was 0.86 g, 
mp  127,128 ~ ( f rom me thano l - e thy l  acetate) .  

M e t h y l  E s t e r  o f  L - A l a n i n e h y d r o x a m i c  A c i d  (L-Ia) .  Obtained in the s a m e  manner  as 
descr ibed  above f rom (L-IVa).  Yield of (L-Ia)  72%; mp  126-127 ~ ( f rom aqueous alcohol). Found %: N 23.80. 
C4Hi0N202. Calculated %: N 23.71. 

E t h y l  E s t e r  o f  D , L - A l a n i n e h y d r o x a m i c  A c i d  (Vb). Obtained in the s a m e  manner  as the 
preceding  f rom (IVb). Yield of ethyl e s t e r  (Vb) 67%, mp  131 ~ ( f rom aqueous alcohol).  Found %: N 21.31. 
CsH1202N z. Calculated %: N 21.19. 

C a r b o x y e t h y l  E s t e r  o f  L - V a l i n e h y d r o x a m i c  A c i d  (L-Vd) .  A solution of l g of the 
carbobenzoxyethyl  e s t e r  of L-va l inehydroxamic  acid (L-IVd) in 75 m l  of absolute  ethanol was hydrogenated 
over  pal ladium black in the s ame  m anne r  as descr ibed  above. The ca ta lys t  was f i l tered,  the f i l t ra te  was 
decolor ized  with act ivated carbon, and f i l tered again. The c lea r  f i l t ra te  was evaporated in vacuo at 30 ~ to 
d ryness .  Yield 0.38 g (80%), mp  154 ~ ( f rom isopropanol) .  Found %: C 47.32; H 8.10; N 13.42. CsH16N204. 
Calculated %: C 47.43; H 7.89; N 13.71. The compound decomposes  when s tored.  

T r i c h l o r o e t h y l  E s t e r  o f  H y d r o x a m i c  A c i d  o f  D , L - A l a n i n e  (Vc). To 0 .001mole  
of the carbobenzoxy der iva t ive  (Via) was added 1.2 m l  of a solution of hydrogen bromide  in glacial  ace t ic  
acid, a f t e r  which the c lea r  solution was kept at 20 ~ for  15-20 rain, then 15 ml  of absolute e ther ,  a f te rwhich  
it was dissolved in the min imum amount  of absolute alcohol and reprec ip i t a ted  by the addition of excess  
e ther .  The hygroscopic  substance  was separa ted  and dried in vacuo over  P205. The yield of the t r i ch lo ro -  
ethyl e s t e r  (Vc) was 35%. Found %: N 9.13. CsHi002N2CI3Br. Calculated %: N 9.84. 

G l u t a m y l - [ O - m e t h y l ] - h y d r o x y l a m i n e s  (IX) a n d  (X). The ca rbobenzoxyde r iva t i ve s  of 
the methyl  e s t e r s  of the g lu tamylhydroxamic  acids were  dissolved in aqueous alcohol and then hydrogenated 
in the p re sence  of s e v e r a l  drops of glacial  ace t ic  acid over  palladium black until the CO 2 evolution ceased.  
The solvent was removed  in vacuo a t  20 ~ and the res idue  was r ec rys t a l l i z ed  f rom alcohol.  The following 
compounds were  obtained in nea r ly  quanti tat ive yields: ~ -L -g lu t amy l - [O-me thy l ] -hyd roxy l amine  (L-IX) 
with mp 142-143 ~ Found %: N 15.82. C6H12N204. Calculated %: N 15.90; y - L - g l u t a m y l - [ O - m e t h y l ] - h y d r o x -  
y lamine  (L-X) with mp 138-139 ~ Found %: N 15.85. C6Hi2N204. Calculated %: N 15.90; e~-D,L-glutamyl-  
[O-methyl ] -hydroxylamine  (IX) with mp  142-143 ~ Found %: N 15.82. C6Hi2N204. Calculated %: N 15.90 
7 - D , L - g l u t a m y l - [ O - m e t h y l ] - h y d r o x y l a m i n e  (X) with mp 147-148 ~ Found %: N 15.72. C6Hi2N204. Calcu- 
lated %: N 15.90. 

C O N C L U S I O N S  

Employing the methods used for  the synthes is  of peptides,  some  e s t e r s  of aminocarbohydroxamic  
acids w e r e  synthesized.  
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