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In the study of b io logica l ly  ac t ive  peptides an important  question is the e lucidat ion of the relat ion between 
the structure and bio logica l  ac t iv i ty  of these compounds and the determinat ion of which sections of the molecules 
are responsible for this act ivi ty.  A very closely associated problem is that of the synthesis of pept ide analogs having 
an antagonist ic  action. Such questions are usually resolved either by the exclusion of one or more part icular  amino 
acids for the peptide molecule ,  or by their  rep lacement  by other amino acids differing in spatial  configuration or 
containing different groups. As a result of such modificat ions in the pept ide molecule ,  in most cases ei ther b io-  
log ica l ly  inact ive compounds are obtained,  or their  act iv i ty  falls fair ly sharply, though in individual  cases highly 
ac t ive  substances have been obtained in this way. An approach to the question of the s ignif icance of individual  struc- 
tural e lements  in the molecu le  of a b io log ica l ly  act ive peptide can be made somewhat differently,  namely not by 
changing the groups in part icular  amino acids or their spatial configuration, but, while preserving both of these, by 
replacing the amide  l inkage by an ester l inkage,  i .e . ,  by replacing in definite sections of the peptide chain one or 
more amino acids by the corresponding hydroxy acids. 

Turning to the synthesis of compounds of this type we selected,  as our first example ,  ophtha lmic  ac id  ( I ) [1-6] ,  

which, as is well  known, is an antagonist of glutathione.  

COOH Cell5 

N H~CHCH~Ctt2CON HCHCONtICH2COO H 

(i) 

It was planned, in the first place,  to replace  the glycine residue in this acid  by a g lycol ic  ac id  residue. The syn- 
thesis of such a depsipeptide analog of ophtha lmic  acid  was carried out as follows. 

L-2-(Benzyloxycarbonylamino)butyr ic  ac id  (II) was condensed (by the method of mixed  anhydrides with ben-  
zenesulfonyl chloride) with p-ni t robenzyl  g lycola te  (IIIa). After the usual t rea tment  a 45% yield was obtained of 
the crystal l ine condensation product (IVa). On e l iminat ion  of the benzyloxycarbonyl  group with hydrogen bromide 
in g lac ia l  ace t ic  acid we isolated a 95% yie ld  of the hydrobromide (Va). Then, 1-benzyl  hydrogen N-(benzyloxy-  
carbonyl ) -L-g lu tamate  (Via) was condensed by the method of mixed anhydrides (with isobutyl chloroformate) with 
the hydrobromide (Va). The yie ld  of the protected depsipeptide (VIIa) was 72%. 

Hydrogenation of the depsipeptide (VIIa) over pal ladium black  in absolute ethanol in presence of ace t i c  ac id  
led to the formation of the depsipeptide analog of ophthalmic  acid  (VIII) in 96% yield. (VIII) was isolated as a white 
solid (but not crystal l ine)  substance, and without any further purification i t  had good ana ly t ica l  and chromatographic  
characteristics.  Since neither the chemica l  [1] nor the enzymic  [5] methods for the synthesis of ophthalmic  acid  
described in the l i terature gives a y ie ld  exceeding 20%, we considered i t  desirable to prepare it also in accordance 
with Scheme 1. 

* Communicat ion  28 in the series "Depsipeptides".  
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NO2Boc=p- NO2--C6H4CH2OCO--;Tos OH =p-CHs--CsH4 SO3H 

Scheme i .  

As a result of this synthesis, replacing p-nitrobenzyl glycolate (IIIa) by glycine p-nitrobenzyl ester (lllb), and 
using instead of 1-benzyl hydrogen N-Boc-L-glutamate (Via) 1-benzyl hydrogen N-(p-nitrobenzyloxycarbonyl)-L- 
glutamate (VIb), we obtained pure ophthalmic acid in an overall yield of 48% based on L-2-aminobutyric acid. 
Here we must mention that the L-2-(benzyloxycarbonylamino)butyric acid (II) prepared by the method in [1] had 
the described melting point of 78-79", but its rotation was not-a2*, but-12* (c 2:8, ethanol). In the hydrogenolysis 
of this Boc-acid (II) we isolated optically pure L-2-aminobutyric acid in 78% yield, and the use of the acid (II) in 
the synthesis of ophthalmic acid led to the preparation of optically pure ophthalmic acid (I). These results give us 
reason to suppose that there is a misprint in [1] and the true rotation of L-2-(Boc-amino)butyric acid is -12", 

It was considered to be of interest also to synthesize the depsipeptide analog of glutathione, again with the 
replacement of glycine by glyeolic acid. The course of the synthesis of this depsipeptide analog of glutathione is 
presented in Scheme 2. 

N,N'-Bis(benzyloxycatbonyl)cystyl chloride (IX) [7] was condensed in tetrahydrofuran solution in presence of 
pyridine with p-nitrobenzyt glycolate (IRa), as a result of which the compound (X) was obtained in 40% yield. After 
the removal of the benzyloxycarbonyl groups with hydrogen bromide in glacial acetic acid we isolated the hydro- 
bromide (XI) in 97% yield. The compound (XII) was synthesized in 82% yield by the condensation of 1-benzyl hy- 
drogen N-(p-nitrobenzyloxycarbonyl)-L-glutamate (VIb) with the hydrobromide (XI). The condensation was carried 
out by the method of mixed anhydrides with isobutyl chloroformate in presence of triethylamine. To obtain the 
depsipeptide analog of glutathione (XIII) from the compound (XII) it was necessary to remove the numerous protec- 
tive groups and then reduce t h e - S - S - l i n k a g e .  

We planned to carry out this stage of the work on analogy with the work on the synthesis of glutathione [8] 
by hydrogenation first over 10% palladized charcoal; which should lead to the removal of all the protective groups, 
and then over palladium black to reduce the - S - S -  linkage. Here, however, we encountered considerable diffi- 
culties associated probably with the occurrence of partial reduction of the - S - S -  linkage over the palladized char- 
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Scheme 2, 

coal with poisoning of the catalyst, so that we were unable to remove the protective groups completely by this means. 
The correctness of this view is confirmed by the fact that ophthalmic acid and its depsipeptide analog were readily 
obtained by the hydrogenation of the corresponding analogously protected compounds (VIIa) and (VIIb) over palladium. 

E X P E R I M E N T A L  

The analyses, melting points, and optical characteristics of all the compounds obtained are given in the table. 

L-2-(Benzyloxycarbonylamino)butyric Acid (II). 8.3 ml of 95% benzyl chloroformate and 46 ml of 1 N NaOH 
were added simultaneously over a period of 30 rain with vigorous stirring with maintenance of the temperature at 
2-5 ~ and the pH at 7.5-8 to a solution of 4.3 g of L-2-aminobutyric acid [otiS1 +22 ~ (c 2; 5 N HC1) [9] in 42 ml 
of 1 N NaOH. Stirring was continued further for 45 rain, and the reaction mixture was then extracted with ether, 
acidified to Congo Red with hydrochloric acid, and extracted with ethyl acetate. The ethyl acetate solution was 
dried over MgSOr and the ester was vacuum-disti l led off. The residue was dissolved in a little diethyl ether and 
poured into petroleum ether. The oily substance that separated quickly crystallized. The precipitate was filtered 
off, washed with petroleum ether, and vacuum-dried over P~O s. Weight 7 g (70%) [1]. 

p-Nitrobenzyl glycolate (IIIa), A mixture of 25 g of glycolic acid, 50.5 g of p-nitrobenzyl alcohol [10], 6.6 g 
of p-toluenesulfonic acid, and 200 ml of toluene was boiled for 30-45 rain in a flask fitted with a Dean and Stark 
head and a condenser protected by a calcium chloride tube. 400 ml of chloroform was added to the still warm mix- 
ture, and the solution was washed with 2% KHCO 3 solution (about 400 ml) and then water. Solvent was vacuum- 
distilled off, and the residue was purified by crystallization from water with the use of activated charcoal. 
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The p-nitrobenzyl glycolate obtained was vacuum-dried; 

weight 28 g (40%); m.p. 108-111". For analysis the substance was 

crystallized from toluene. 

p-Nitrobenyl O-[L-2-(Boc-amino)butyryl]glycolate (IVa). 

To a solution of 12 g of L-2-(Boc-amino)butyric acid (II) at -10 ~ 

6.4 ml of benzenesulfonyl chloride was added with stirring, and 
then after ten minutes 8.44 g of p-nitrobenzyl glycolate (IIIa) 

was added. The mixture was stirred at-10* for 30 rain, and then 
two hours more without cooling. The reaction solution was poured 

into 250 ml of water and extracted repeatedly with ethyl acetate. 

The ethyl acetate solution was washed successively with water, 

2% KHCO 3 solution, and again water, and three successive por- 

tions of the washing agent were used in each case. The ethyl 

acetate solution was dried over anhydrous sodium sulfate, and 
solvent was distilled off. The residue was rubbed out with a l i t t le 
absolute ethanol and left overnight in a refrigerator. The crys- 

talline precipitate was filtered off and again crystallized from ab- 

solute ethanol; weight 7.75 g (45%). 

p-Nitrobenzyl O-(L-2-aminobutyryl)glycolate Hydrobro- 

mide (Va). 12 ml of a 36% solution of HBr in glacial ace t icac id  

was added to a solution of 7.75 g of p-nitrobenzyl O-[L-2-(Boc- 
amino)butyryl]glycolate (IVa) in 10 ml of glacial acetic acid. 

After 80 rain the reaction mixture was poured into 260 ml of dry 

ether and left in a refrigerator for two hours. The precipitate 
that formed was filtered off, washed several times with dry ether, 

and vacuum-dried over PzOs; weight 6.45 g (95%). 

p-Nitrobenzyl O-[ L-2-[(OX-B enzyl-N-Boc- 7 -L-glutamyl) - 
amino]butyryl]glycolate (VIIa). 5.3 g of the hydrobromide (Va) 

was dissolved in 30 ml of dry tetrahydrofuran, 1.95 ml of dry tri- 

ethylamine was added, and the mixture was cooled to-5*. The 
precipitate formed was filtered off and washed with dry tetra- 

hydrofuran. The solution obtained was then used as amine 

component. 

A solution of 1-benzyl hydrogen N-Boc-L-glutamate (Via) 
[11] and 1.95 ml of dry triethylamine in 20 ml of tetrahydrofuran 

was cooled to-5% and 1.85 ml of isobutyl chloroformate [12] was 

added with stirring. After ten minutes the solution of the amine 

component, obtained as above, was added in the course of five 
minutes with maintenance of the temperature at -5  ~ . The mix-  
ture was stirred at this temperature for 30 rain, after which the 
reaction solution was left to the next day. The precipitate oftr i-  

ethylamine hydrochloride was filtered off and washed with dry 
tetrahydrofuran. The solution obtained was vacuum-evaporated 

to dryness. The residue was dissolved in 160 ml of ethyl acetate 
and washed exhaustively with water, with 0.5 N HCI, with water, 
with 2% sodium carbonate solution, and again with water. 100ml 
of ethyl acetate was added, and the solution was dried over mag- 
nesium sulfate. Solvent was vacuum-dist i l led off, and the residue 
was rubbed out with dry ether and left in a refrigerator. The crys- 

talline precipitate that formed was filtered off, washed with dry 
ether, and vacuum-dried over P20 s. The substance was crystallized 

from carbon tetrachloride; weight 6.4 g (70%). 
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O-[L-2-(y-L-glutamylamino)butyryl]glycol ic  Acid (VIII). 5 g of (VIIa) was dissolved in 55 ml of absolute 

ethanol and 5 ml of glacial  acet ic  acid and hydrogenated inpresence of pal ladium black. When hydrogenation was 

complete, catalyst was filtered off, solvent was driven off in a vacuum until the volume was down to 4-6 ml, 80- 
100 ml of acetone was added slowly, and the mixture was left in a refrigerator. On the next day the acetone layer 

was poured off; the residue was washed with acetone and vacuum-dried at 60-80 ~ . The weight of the solidified resi- 

due was 2.2 g (99%0). (VIII) is very hygroscopic. 

Glycine p-Nitrobenzyl Ester p-Toluenesulfonate (IIIb). A mixture of 2.5 g of glycine, 5.1 g of p-nitrobenzyl 
alcohol [10], 60 ml of dry toluene, and 6.6 g of p-toluenesulfonic acid was boiled in a flask fitted with a Dean and 

Stark head and a condenser protected by a calcium chloride tube. After two hours, when the calculated amount of 

water had been driven off, the precipitate formed was filtered off, washed repeatedly with benzene and ether, and 

crystallized from water; weight 7 g (60%). 

N-[L-2-(Boc-amino)butyryl]glycine p-Nitrobenzyl Ester (IVb). 2.14 ml of benzenesulfonyl chloride was added 

to a solution of 2.37 g of L-2-(Boc-amino)butyric acid (II) in 10 ml of pyridine at "10 ~ After ten minutes 3.82 g 

of glycine p-nitrobenzyl ester p-toluenesulfonate (IIIb) was added, and stirring was continued for 30 rain at -10 ~ and 

then two hours without cooling. The reaction solution was poured into water and extracted with ethyl acetate. The 

ethyl acetate solution was washed successively with 6% HC1, water, 5% Na2CO s, and again water. The ethyl acetate 
solution was dried over MgSO 4, and solvent was driven off. The residue was rubbed out with ether and then crys- 

tallized from benzene; weight 3.82 g (88%~ 

N -( L-2- Am inobutyryl)glycine p -Nitrobenzyl Ester Hydrobromide (Vb):.. 3,3 g of N-[ L-2 -(Boc -amino)butyryl] - 

glycine p-nitrobenzyl  ester (IVb) was dissolved in 4 ml of glacial acetic acid, and 4 ml of a 36% solution of HBr in 
glacial acetic acid was added. After 30 min the reaction mixture was poured into 120 ml of dry ether, the mixture 

was cooled, and the precipitate formed was fil tered off. For purification the precipitate was dissolved in absolute 

ethanol and precipitated by the addition of dry ether; weight 2.49 g (84.5%). 

1-Benzyl Hydrogen N-(p-Nitro-Boc)-L-glutamate (VIb). 11.85 g of 1 -benzy l  hydrogen glutamate [11] was 

dissolved in 25 ml of dioxane, and 50 ml of a 16.5% aqueous solution of K2CO 3 was added with stirring. Then, at 

0 ~ over a period of 50 rain 11.85 g of p-nitrobenzyl  chloroformate [13] was added with main tenance  of the pH at 8 

by the addition of 10% aqueous KzCO ~ solution, The reaction solution was stirred at 0 ~ for 20 rain and then without 
cooling for one hour. It was poured into 250 ml of water, and the precipitate formed was filtered off. The aqueous 

solution was extracted twice with ether, and after acidification with hydrochloric acid the solution was left in a re- 

frigerator. On the next day the precipitate formed was filtered off and vacuum-dried over P2Os. The substance was 

crystallized from a 1 :1  mixture of ethanol and water; yield 16.3 g (79%). 

N-[L-2-[(O1-Benzyl-N-p-ni tro-Boc-~-L-glutamyl)amino]butyryl]glycine p-Nitrobenzyl Ester (VIIb). 1.45 ml 

of dry-triethylamine was added to a solution of 3.76 g of the hydrobromide (Vb) in 30 ml of dry tetrahydrofuran, and 

the mixture was cooled to -5  ~ The precipitate formed was filtered off and washed with dry tetrahydrofuran. The 

solution obtained was used further as an amine  component. A solution of 4. 2 g of 1-benzyl hydrogen N-(p-ni t ro-  
Boc)-L-glutamate in 20 ml of dry tetrahydrofuran was cooled t o - 5  ~ and 1.35 ml of isobutyl chloroformate [12] was 

added with stirring. After ten minutes the solution of the amine component, obtained as above, was added in the 
course of five minutes at -5  ~ after which the mixture was stirred further for 30 rain and then set aside at room tem-  

perature. On the next day the precipitate of tr iethylamine hydrochloride was filtered off, and solvent was vacuum- 

distilled off. The colloidal precipitate obtained was dissolved in 300 ml of chloroform and washed successively with 
water, 0.5 N HC1, water, 10% K2CO 3 solution, and again water. The chloroform solution was dried with anhydrous 

CaC12, and solvent was vacuum-dist i l led off. The residue was washed several times with hexane and vacuum-dried 
over P205 and paraffin wax; weight 4.3 g (62%). 

Ophthalmic Acid (I). 2.42 g of (VIIb) in 45 ml of tetrahydrofuran containing 90 ml of 15% acetic acid was 

hydrogenated in presence of I g of 10% palladized charcoal. When no more hydrogen was absorbed, the palladium 
was filtered off and washed with alcohol. The solution was vacuum-evaporated down to 5-7 ml, after which 200ml 

of acetone was added. Ophthalmic acid was precipitated as an oily mass, which, when rubbed out and cooled, crys- 
ta l l ized.  It was filtered off and vacuum-dried over P205; weight 0.98 g (98%); m.p.  178-180 ~ [a]D20-29~ C 2.4; H20[1]. 

Bis-p-nitrobenzyl O,O'-(N,N'-BisBoc-L-cystyl)diglycolate (X). The bis(acid cMoride) (IX), prepared from 9.17 
g of N,N'-bis(benzyloxycarbonyl)cystine [7], was dissolved in 80 ml of dry tetrahydrofuran, and the resulting solution 
was cooled to 0 ~ and stirred while simultaneous additions were made in the course of ten minutes of solutions of 2.9 ml 
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of tetrahydrofuran and 6.33 g of p-ni t robenzyl  g lycola te  (Il ia) in 55 ml of dry tetrahydrofuran. After 30 rain the 
cooling bath was removed, and the mixture was stirred further for one hour at  room temperature and then left  over- 
night. The precipi ta te  of pyridine hydrochloride was fi l tered off, and solvent was vacuum-dis t i l led  off. The resi-  
due was dissolved in 250 ml of ethyl ace ta te ,  and the resulting solution was washed exhaustively with 5% HC1, water, 
20% KHCO 3, and again water. The solution was dried with anhydrous MgSO 4, and solvent was driven off. Chloro- 
form was added to the residue and then driven off; and this operation was repeated.  The oily residue was rubbed 
out with hexane and left  in a refrigerator." On the next day the precipi ta te  was f i l tered off. After recrystal l izat ion 
from absolute ethanol the weight of product was 5.4 g (40%o); m.p. 110-115". A sample for analysis was crystal l ized,  

first from benzene and then from ethanol. 

Bis-p-ni t robenzyl  O,O ' -L-Cys ty ld ig tycola te  Dihydrobromide (XI). 4 mI of a 36% solution of HBr in g lac ia l  
ace t ic  acid  was added to a solution of 3.95 g of (x) in 6 ml of glacia l  ace t ic  acid.  After one hour the react ion mix -  
ture was poured into 80 ml of ether and lef t  in a refrigerator until the next day. The precip i ta te  formed was f i l -  
tered off, washed several t imes with dry ether, and vacuum-dr ied  over P205. For purification (XI) was dissolved in 

absolute ethanol and precipi ta ted with dry ether; weight a.37 g (97%). 

Bis-p-ni t robenzyl  O,O ' - [N,N ' -Bis - . (Ot -benzy l -N-Boc-y-L-  g lu tamyg-L-cys ty l ]d ig lycola te  (XII).. 1.12 ml of" 
dry t r ie thylamine was added to a solution of 3.15 g of the dihy.drobromide (XI) in 15 ml of dry tetrahydrofuran, the 
mixture was cooled at  0-5* for 10-15 rain, and the precipi ta te  of t r ie thylamine hydrobromide was f i l tered off and 

washed with dry tetrahydrofuran. The tetrahydrofuran solution obtained was used further as an amine component.  

3.34 g of 1-benzyl  hydrogen N-(p-n i t ro -Boc) -L-g lu tamate  (VIb) was dissolved in 15 ml of dry tetrahydrofuran, 

1.12 m! of dry e thylamine was added with stirring, the mixture was cooled to -5*and  1.05 ml of isobutyl chloro- 

formate was added. After five minutes the solution of the amine component,  prepared as above, was added in the 
course of five minUtes at  -5*. Stirring was continued at  0* for 30 rain and then for two hours at  room temperature,  
and the reaction mixture was lef t  overnight. The precipi ta te  of t r ie thylamine hydrochloride was f i l tered off, and  
solvent was vacuum-dis t i l led  off at 50*. The residue was dissolved in 80 ml of ethyl acetate ,  and the solution was 
washed with water. The ethyl ace ta te  solution was dried with anhydrous MgSO4, solvent was driven off, and the resi-  
due was rubbed out with dry ether. After a few hours the crystall ine precipi ta te  was f i l tered off, vacuum-dr ied  over 

P205 and crystal l ized from absolute ethanol; weight 4.67 g (82%). 

SUMMARY 

1. A new method for the synthesis of ophthalmic  acid  is proposed. 

2. A method was developed for the preparation of the depsipeptide analog of ophthalmic  ac id  and the pro- 

tec ted  depsipeptide analog of glutathione: in these glycine is replaced by giycol ic  acid. 
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