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Der iva t ives  of 6 -mercap topu r ine  ca r ry ing  amino acid res idues  a r e  of specif ic  in te res t  in the deve l -  
opment of poss ib le  new ant imetabol i tes  for  the chemotherapy  of cancer .  Among amino acids containing the 
purine res idue  compara t ive ly  few of the compounds which have been desc r ibed  are  6 -mercap topur ine  d e r i v -  
a t ives  [1-3], and even fewer  a re  compounds which c a r r y  the c~-amino acid substi tuent  at the ni t rogen a toms 
of the pur ine  nucleus .$  

To invest igate  the effect  of the amino acid res idue  on the pharmaco log ica l  p r o p e r t i e s  of 6 - m e r c a p t o -  
purine it s eemed  in teres t ing  to invest igate ,  in addition to the prev ious ly  obtained compounds of types (I) and 
(II) [2] (and also the cor responding  dipeptides [3]), amino acids of the type dID, i .e . ,  de r iva t ives  of 6 - m e r -  
captopurine containing an amino acid res idue  at N-9 in the imidazole  ring: 

$R !' 

CH~CONH--CH--COOI~' 
H ( l )  H I l l )  ] 

.~ �9 n g (I) R==CH~, t~H(C a)~, CH~CH(CHa)~, CH~C6H~; Rr=H,  C~H~; 
R=C6Hs, R ' = H ,  C2H~ (II) ~ �9 

It was convenient to se lec t  the benzyl  group to pro tec t  the mercap to  group, since according to data 
in [61 the benzyl  group at the sulfur  a tom does not r emove  aetivity of 6 -mercap topur ine  and will probably  
p romo te  s t e r eose l ec t i ve  alkylation in posit ion 9. Two methods (A and B) were  t r ied  for  p repa ra t ion  of 
compounds of type (III). 

Method A. The act ion of ethyl b r o m o a c e t a t e  on 6 -benzy lmercap topur ine  in the p r e s e n c e  of anhydrous po-  
t a s s i u m  carbonate  andin  dimethyl  sulfoxide (DMSO) gave a 72%yield of ethyl 6 -benzyl th io-9H-pur iny laee ta te  

*Deceased .  

b The inhibi tor  of quinosynthetase  sueeinoadenylate ,  4 ' - ( 6 - m e r c a p t o - 9 - p u r i n y l ) v a l e r y l - p - a m i n o s a l i e y l i c  
acid [41, 

SH 

(irish /OH 

C O N H ~ C O O H  

can be mentioned as a de r iva t ive  of an a roma t i c  amino acid. Recently [5] ~ - (6 -mercap to -9 -pu r iny l ) -o~-a l a -  
nine has been obtained f r o m  6-ehloropur ine ,  and f l - (6 -me thy l th io -9 -pur iny l ) - a -a l an ine  has been obtained 
by i ts  alkylation. 

N. D. Zel inski i  Insti tute of Organic  Chemis t ry ,  Academy of Sciences of the USSR. Trans la t ed  f rom 
Izves t iya  Akademii Nauk SSSR, Ser iya  Khimieheskaya ,  No.10, pp.2295-2304, October ,  1970. Original  a r t i -  
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TABLE 2. N - B r o m o a e e t y l a m i n o  Acid Benzy l  E s t e r s  

Original amino ~ 5 
Mp of speci- 
men for ana- 
lysis, ~ 

Molecular 
formula 

Found, % Calculated, % 

Br C tt Br 

Glycine 

Alanine 

Valine 

Leucine 

Pheuylala- 
nine * 

9 o 72 69--72 
ether - heptane 

4,0 74 57--59 
I ] ether - petro- 

leum ether 
> 5~ 125 6'~-6a 

' ether - heptane 
6,7t 59 71--72 
/ I ether 

I ~ ] ether - heptane t 

C11HI~BrNOa 46 15 4 36 27 62 
46,33 4,34 27,7C 

C12H~BrNOa 48,23 4,64 26,91 
47 931459 26,56 

C]aH~sBrNOa 5t,33 5,80 24,36 
51 3t} 5 73124 t8 

C~H~0BrNOa 52,7C i 5,84 ]23,46 
52,62 5,94 23,58 

QsH~sBrNO~ 57,56 4,9l 1~0,70 
157,7~ t 4f10120,88 

~6,151 4,t9 

48.CC1 4,67 

5t ,221 5,79 

52,63[ 5,85 

57,4514,79 

27,97 

26,67 

24,39 

23,39 

2t, 27 

* Obtained by method 2 from 4.4 g phenylalanine benzyl ester hydrochloride (rap 187- 
188~ prepared from phenylalanine and thionyl chloride in benzyl alcohol with a yield 
of 83%). 

(V). The r e a c t i o n  was  f i r s t  d e s c r i b e d  in  1961 for  6 - c b l o r o p u r i n e  [7] and gave a y ie ld  of 30%. The 
e s t e r  (V) was  subsequen t ly  c o n v e r t e d  into the hyd r a z i de  (VI) (with a y ie ld  of 929c) and the az ide  (VH), and 
the l a t t e r  was  then c o m b i n e d  with the amino  acid or  i ts  e s t e r  without  be ing  i so l a t ed  in  the p u r e  f o r m .  In 
this  way c o m b i n a t i o n  of the azide (VII) with a g lyc ine  e s t e r  in  homogeneous  m e d i u m  (ethyl aceta te)  gave 
N - ( 6 - b e n z y l t h i o - 9 H - 9 - p u r i n y l ) a c e t y l g l y c i n e  ethyl e s t e r  (VIII, R = H, R '  = C2H5), and c ombi na t i on  with 
v a l i n e  in h e t e r o g e n e o u s  m e d i u m  [water  - t e t r a h y d r o f u r a n  (THF)] gave N - ( 6 - b e n z y l t h i o - 9 H - 9 - p u r i n y l ) a c e t y l -  
v a i i n e  (IX, R = Ctt(CH3)2), mp 191~ tn  the l a t t e r  c a se  the r eac t i on  m i x t u r e  also con ta ined  a second  p r o d -  
uct of ac id ic  n a t u r e ,  6 - b e n z y l t h i o - 9 H - 9 - p u r i n y l a c e t i c  ac id  (X), m e l t i n g  at 212~ which was the product  
f r o m  d e c o m p o s i t i o n  of the azide (VII). The poor  y ie lds  in the azide coupl ing s tage and the n u m b e r  of s t ages  
in  the p r o c e s s  made  Method (A) u n a c c e p t a b l e  in  p r a c t i c e .  

SH scH=C6Hs SCH2C6Hs SCH2CsHs 

BrCH2COOC2H5 N 

I I~2C03 ~) ~ (gI] 

H H I I 
(IV) CH~COOC~H s CH~CONHNH~ 

Azide ~vm 
~'-~ '~ or L~ ~ ~  , R 

1 "~ G's~ I 
9,~ @ "~ ~ H NCHCOOH 

. ~  CH(CH3)2 

SCH2C6H a SCH2CGH 5 

OH- ~ ~x 

"~N/~'~ / R In a c e t o n e  L~.N.,'JI".NJ R 
I I , I I 

(VHI) CH2CONHCHCOOR (IX a -  f)  CH2CONHCHCOOH 

SCH2C6h 

N 

CH2COOH 

(VIII a-- f) 
R'=C2~I;; R=a--H, b--CHs, 
f--CH~C~H~N (C]%CHsCI)~ 
(VIII al--e D 
R'=CH~CGHs 

c-CFI (CII@~, d -CH2CPI (CHs)~, e -CH~C3H~, 

Method B. The second  method invo lved  a lky la t ion  of 6 - b e n z y l t h i o p u r i n e  by N - b r o m o a c e t y l a m i n o  acid 
e s t e r s  (also in  DMSO in the p r e s e n c e  of anhydrous  p o t a s s i u m  ca rbona te ) .  The method  was  t r i ed  on the 
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ethyl and benzyl  e s t e r s  of a s e r i e s  of amino acids and gave 70-80% yields of N- (6 -benzy l th io -9H-9-pur iny l ) -  
ace ty lamino e s t e r s  (VIII) in a single s tage .*  Alkaline saponif icat ion of the ethyl e s t e r s  (VIII, R'  = C2H5) in 
acetone gave N- (6 -benzy l th io -9H-9-pur iny l )ace ty lamino  acids (IX). The original  ethyl and benzyl  e s t e r s  of 
the b romoace ty l amino  acids we re  obtained in two ways: 1) by es te r i f i ca t ion  of b romoace ty lamino  acids in 
the p r e s e n c e  of sulfur ic  acid (for ethyl e s t e r s )  and p- to luenesul fonic  acid (for benzyl  es te r s ) ;  this method 
can be used for  val ine ,  leucine,  and phenylalanine ethyl e s t e r s  (with yields of 75, 68, and 62%); in  the case  
of glycine and alanine the yields of the e s t e r s  of the b romoace ty l  de r iva t ives  a re  much lower  (45 and 43%); 
2) by b romoace ty lac t ion  of the co r respond ing  amino e s t e r  hydrochlor ides ;  this method can evidently be 
used for  all amino acids (yields in Table  1). 

EXPERIMENTAL 

6-Benzy lmercap topur ine  was obtained f rom 6 -mercap topur ine  by the method desc r ibed  in [8]. DL-  
Aminoac ids  and L-va l ine  were  used for  the work.  The amino e s t e r  hydrochlor ides  were  obtained by r e a c -  
tion of the amino acids with th ionyl  chlor ide in the appropr ia te  alcohol [9]; the following yields we re  ob- 
tained for  the ethyl e s t e r s :  giycine 98.6%, alanine 91%, valine 86.4%, leucine 98%, phenylalanine 98~ 
sa rco lys ine  92%. 

Bromoace ty lva l ine  Ethyl E s t e r  (Method 1). To a solution of 4.4 g anhydrous b romoace ty lva l ine  in 
50 ml absolute ethanol was added 2 ml sulfur ic  acid, and the mix tu re  was boiled for  6 h without access  to 
mois tu re .  The solution was evapora ted  to one thi rd  of its volume and poured into cold wate r .  The product  
was ex t rac ted  with ethyl aceta te  (EA). The ex t rac t  was washed with sodium bicarbonate  solution and with 
wa te r ,  d r ied  over  magnes ium sulfate ,  and evapora ted  under vacuum.  The b romoace ty lva l ine  ethyl e s t e r  
was obtained in the fo rm of a l ight-yel low oil (yield 3.66 g, 75%), ~ which was brought  into reac t ion  with 
6 -benzy lmercap topur ine  without fu r the r  pur i f icat ion.  The ethyl e s t e r s  of other N-bromoace ty lamino  acids 
were  obtained s imi l a r ly  (Table 1). 

N-Bromoace ty la l an ine  Benzyl E s t e r  (by analogy with amino acid benzyl  e s t e r s  in [10]). A mixture  of 
4.0 g b romoace ty la lan ine ,  28.5 ml benzene,  2.9 ml benzyl  alcohol,  and 0.29 g p- toluenesulfonie  acid was 
boiled for  2 h with a Dean and Stark tube, cooled, washed with 2 x 10 ml 5% sodium bicarbonate  solution 
and with wa te r ,  dr ied  over  magnes ium sulfate  and evapora ted  under vacuum. After  washing seve ra l  t imes  
with p e t r o l e u m  e ther  the oil which r ema ined  slowly c rys ta l l i zed ;  yield 4.2 g (74%), mp 56-58~ After r e -  
p rec ip i ta t ion  f r o m  e therea l  solution by pe t ro l eum ether  the product  mel ted  at 57-59~ 

The benzyl  e s t e r s  of o ther  b romoace ty l amino  acids we re  obtained s imi l a r ly  (Table 2). 

N-Bromoace ty la l an ine  Ethyl E s t e r  (Method 2) ( s imi Ia r  to acylat ion of glycine ethyl e s t e r  hydrocblor ide  
EtPrCBrCOC1 [11]). To a mix ture  of 7.0 g alanine ethyl e s t e r  hydrochlor ide  (rap 82-83~ 64 ml benzene,  
and 64 ml 8% sodium b icarbona te  solution with s t i r r i ng  at room t e m p e r a t u r e  we re  added s imul taneous ly  
f rom two dropping funnels: 1) 64 ml 8% sodium b icarbona te  solution; 2) a solution of 4.45 ml BrCH2COBr 
in 64 ml benzene.  The mix ture  was s t i r r e d  for  5 h while maintaining the pH at 7-8 by addition of sodium 
b icarbona te  solution and left  over  night. The mix ture  was acidified to pH 6.5, with glacial  acet ic  acid, the 
benzene l aye r  was removed ,  and the aqueous l aye r  was ex t rac ted  with benzene.  The ex t rac t s  we re  c o m -  
bined, washed with wa te r ,  and dr ied  over  magnes ium sulfate.  After  dist i l lat ion of the benzene a 10.65 g 
yield (98.2%) of N-bromoace ty la l an ine  ethyl e s t e r ,  mel t ing at 88-90~ was obtained. 

The ethyl e s t e r s  of other  b romoace ty l amino  acids (Table 1) and the benzyl e s t e r  of N - b r o m o a c e t y l -  
phenylalanine (Table 2) we re  obtained s imi l a r ly .  

React ion of 6 -Benzy lmercap topur ine  with N-Bromoace ty l amino  Acid Es t e r s .  The 6 - b e n z y l m e r c a p t o -  
pur in  e was dr ied over  phosphorus  pentoxide at 100~ under  vacuum; t h e ~ e t h y T s u l f o x i d e  was dr ied over  
b a r i u m  oxide and dist i l led under vacuum over  sodium hydroxide;  the b romoace ty l amino  acid e s t e r s  were  

*The authors  did not under take the isola t ion of the 7 i s o m e r  f r o m  the react ion  mixture .  It is poss ib le  that 
the 7 i s o m e r  is fo rmed  in smal l  quant i t ies ,  but the main  reac t ion  product  is the 9 i s o m e r  (VIII), and the 
pure  (VIII) compounds were  chromatograph ica l ly  identical.  [The benzyl  e s t e r  of N- (6 -benzy l th io -9H-9-  
pur inyl)acetylphenyia lanine  may be an exception.]  
"~Reaction in ethyl aceta te  without heat ing gave a 62% yield (mixture  of 0.95 g b romoace ty lva l ine ,  20 ml 
ethyl aceta te ,  and 0.44 ml 96% sulfur ic  acid was left  for  5 days at room t e m p e r a t u r e  and t rea ted  as de -  
sc r ibed  above). 
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dried over  phosphorus pentoxide in a des icca tor ;  ~wice-calcined potass ium carbonate was dried at 135~ 
under vacuum over  phosphorus pentoxide. A 1 mmole sample of 6-benzylmercaptopur ine  was brought into 
react ion with 10 ml DMSO, 1.5 mmole N-bromoacetylamino acid es ter ,  and t .1 mmole potass ium carbonate.  
The react ion took 2-2.5 h at 30~ (bath temperature)  and 0.5-1 h at room tempera ture .  The end of the r e a c -  
tion was controlled by th in- layer  chromatography on sil ica (development by iodine, 2:1 and 1:1 acetone - 
heptane, 4:1 and 3:1 c h l o r o f o r m - a c e t o n e ,  and butanol + 1 drop NH4OH systems) .  

N-(6-Benzyl thio-9H-9-purinyl)acetyla lanine Ethyl Es te r  (VHI b). To a solution of 1.45 g 6-benzyl 
mercaptopur ine  in 60 ml dimethyl sulfoxide was added with s t i r r ing  2.14 g N-bromoacetyla lanine ethyl 
es te r  (rap 85-86~ and 0.91 g (6.6 mmole) potass ium carbonate.  The mixture was s t i r red  for 2.5 h at 
30~ (bath temperature)  and for 1 h at room temperature .  The react ion mixture was poured on to 60 g 
crushed ice and left overnight in the cooler .  The precipi ta te  which separated was sucked off, washed with 
cold water ,  and dried. A 2.42 g yield of a compound melting at 137-143~ was obtained (with an almost  
quantitative yield). After  recrys ta l l iza t ion  f rom alcohol a 1.74 g yield (70%) of compound (VIII b), melting 
at 168-170~ was obtained; after  repeated recrys ta l l i za t ion  the melting poing was 168-169~ The es te rs  
of the other N-(6-benzyl th io-9H-9-pur inyl)acetylamino acids (Tables 3 and 4) were obtained s imilar ly .  
When the react ion was ca r r i ed  out on unpurified N-bromoacetylamino acid es te rs  the solution gave, in 
addition to the main react ion product,  the corresponding es te r  of 6-benzyl th io-9H-9-pur inylacet ic  acid, 
which was c lear ly  formed on account of bgomoacet ic  es ter  contained in the N-bromoacetylamino acid 
ester. 

N-(6-Benzylthio-9H-9-purinyl)acetylalanine (IX b). To a solution of 0.82 g N-(6-benzylthio-9H-9- 
purinyl)acetylalanine ethyl e s t e r  (rap 168-169~ in 80 ml acetone, with cooling in water ,  was added 40 ml 
0.1 N potass ium hydroxide solution. The mixture was shaken and left for 40 rain at room temperature .  It 
was then cooled, acidified to pH 3 with hydrochlor ic  acid (1:1), and left overnight in the cooler .  The p r e -  
cipitate which separated was sucked off. A 0.71 g yield of a compound melting at 237-239~ and 0.04 g 
compound melting at 228-230~ were obtained (with an overall  quantitative yield). After recrys ta l l iza t ion  
f rom ethanol compound (IX b) melted at 237-238~ The ethyl e s t e r s  of other N-(6-benzyl th io-9H-9-pur inyl ) -  
acetylamino acids were saponified s imi lar ly  (Table 5). 

Ethyl 6-Benzyl th io-9H-9-pur inylaceta te  (V) (under conditions of react ion with 6-chloropurine [7]). 
To a solution of 1.75 g 6-benzylthiopurine in 80 ml DMSO with s t i r r ing  was added 0.9 ml ethyl b romoace -  
tare followed by 1.09 g potass ium carbonate.  The mixture was s t i r r ed  for  2 h at 30~ (bath temperature) ,  
cooled, and diluted with cold water .  The precipi ta te  which separated was fil tered off, washed with water ,  
and dried under vacuum. A 1.71 g yield (72.5%) of compound (V), melting at 130-131~ was obtained. After 
rec rys ta l l i za t ion  f rom ethanol the me!ring point was 134.5-136~ Found %: C 58.46, 58.75; H 4.92, 4.89; 
S 9.69, 10.02, C1GH/6N402S. Calculated %: C 58.54, H 4.89, S 9.76. 

6-Benzyl th io-9H-9-pur inylace t ic  Hydrazide (VI). To a solution of 1.9 g compound (V) in 60 ml abso-  
lute ethanol was added 0.46 ml 85% hydrazine.  The mixture was boiled for 4.5 h on a water  bath under a 
reflux condenser .  The precipi ta te  which separated on cooling was sucked off, washed with alcohol, and 
dried at l l0~ A 1.66 g yield (92%) of hydrazide (VI), melting at 209-210~ was obtained. After r e c r y s t a l -  
l ization f rom ethanol the product  melted at 212-213~ Found %: N 26.02, 26.27. C14HI4N3OS. Calculated 
%: N 26.01%. 

Reaction of 6-Benzyl th io-9H-9-pur inylace t ic  Azide with Glycine Ethyl Ester .  To a mixture of 0.63 g 
hydrazide (VI), 3 ml water ,  and 12 ml ethyl acetate were  al ternately added, dropwise and with shaking over 
a period of 15 rain at 0~ solutions of 0.18 g sodium n i t r i t e  in the minimum quantity of water  and 0.3 ml 
concentrated hydrochlor ic  acid in 3 ml water ,  while maintaining the pH at 2. The mixture was kept for a 
fur ther  15 rain at the same tempera ture  and then extracted with cold ethyl acetate.  The extract  was dried 
while cooling over  magnesium sulfate and fil tered. The decomposit ion point of the azide (45-50~ was 
determined in a sample after  distillation of the solvent. A solution of 4 mmole glycine es te r  in anhydrous 
ethyl acetate was added to the obtained solution of azide (VII) in ethyl acetate,  and the mixture was left ove r -  
night in the cooler .  Evaporat ion of the solution under vacuum gave a 0.24 g yield of a compound melting at 
154-157~ and a 0.06 g yield of a compound melting at 160-163~ the combined yield was 0.30 g (39%). A 
0.25 g yield (32.5%) of N-(6-benzyl th io-9H-9-pur inyl)acetylglycine  ethyl es te r  (VIIIa), melting at 164-166~ 
was obtained after  rec rys ta l l i z ing  twice f rom ethanol. Found %: C 56.52, 56.13; H 5.12, 5.14; S 8.68, 8.89. 
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C18H19NsO3S. Calculated %: C 56.10, H 4.94, S 8.31. A mixed melting test  with a sample of compound 
(VIII a), obtained by method B, gave no melt ing-point  depress ion.  

Reaction of 6-Benzyl th io-9H-9-pur inylace t ic  Azide with Valine. To a solution of 0.31 g hydrazide (VI) 
in 20 ml 90% aqueous THF solution with s t i r r ing  at -5~ was added 1.1 ml 1 M sodium ni t r i te  solution and 
1.6 ml 1 N hydrochlor ic  acid soiutian to pH 2. The mixture  was kept for  5 rain at -5~  A fur ther  0.6 ml 
hydrochlor ic  acid was then added, and the mixture  was kept for  5 min longer.  A 0.15 ml sample of t r i -  
e thylamine was added (to pH 7). The obtained mixture  was poured at -5~ into a cooled solution of 0.117 g 
valine in a small  quantity of wate r  and 0.14 ml t r ie thylamine.  The mixture  was left  for  30 rain at: -5~ and 
then for 2 days at ~ 0~ The solution was f i l t e red  and evaporated under vacuum until c rys ta l l iza t ion  began. 
A few drops of acid were  added to pH 3, and the mixture  was left  to c rys ta l l ize .  A 0.26 g yield of a com-  
pound melt ing a~ 190-195~ was obtained. Recrys ta l l iza t ion  f rom alcohol gave two compounds, melting at: 
1) 211.5-212.5~ 2) 197-200~ Repeated crys ta l l iza t ion  gave: 1) 6-benzyl th io-9H-9-pur inylace t ic  acid 
(X), melt ing at 211.5-212.5~ Found %: C 55.58, 55,96; H 4.07, 4.28; S 10.64, 10.59. C14H12N402S. 
Calculated ~c: C 56.00, H 4.00, S 10.70. 2) N-(6-benzyl th io-9H-9-pur inyl)acetylval ine  (IX c), melting at 
191~ Found %: C 56.69, 56~70; H 5.14, 5.07; S 7.77, 8.01. CtgH21N503S. Calculated %: C 57.14, H. 5.26, 
S 8.02. A mixed melt ing test  with a sample of compound (IX c), obtained by method B, gave no mel t ing-  
point depress ion.  

The authors express  their  grati tude to V.A. Petukhov and L. P. Gudovich for record ing  the UV spec t ra  
and to Research  Assistant  T.A. Gorokhova for  help in the work. 

CONCLUSIONS 

1. 6-Mercaptopur ine  der ivat ives  containing amino acid res idues  at the nitrogen of the imidazole ring 
(N-9) were  obtained. 

2. A s ingle-s tage  method involving the action of the appropria te  N-bromoace ty lamino  acid e s t e r s  on 
6-benzylmercaptopur ine  (in dimethyl sulfoxide and in the p resence  of potass ium carbonate) was proposed 
for  the prepara t ion  of N-(6-benzyl th io-9H-9-pur inyl )acety lamino es t e r s ,  Ethyl and benzyl e s t e r s  of N-(6-  
bcnzyl th io-9H-9-pur inyl )acety lg lycine  and the corresponding alanine, valine,  leucine,  and phenylalanine 
der iva t ives  (VIII a-e  and VIII al-el)  and also the ethyl e s t e r s  of N-(6-benzyi th io -9H-9-pur iny l )ace ty l sa rco-  
lysine (VIII f) and the corresponding L-val ine  der ivat ives  were  obtained. 

3. The cor responding  N-(6-benzyl th io-9H-9-pur inyl )acety lamino acids (IX a-f) were  obtained f rom 
the ethyl e s t e r s .  

4. N-(6-Beazyl th io-9H-9-pur iny l )ace ty lva l ine  (IX c) and N-(6-benzyl th io-gH-9-pur inyI)acetylglycine  
ethyl e s t e r  were  obtained f rom 6-benzylmercaptopur ine  by the  mult i range method A through the ethyl e s t e r ,  
hydrazide,  and azide of 6-benzyl th io-9H-9-pur inylace t ic  acid. A by-product  of the react ion (6-benzylthio-  
9I-t-9-purinylacetic acid) was isolated.  

5. The ethyl and benzyl e s t e r s  of N-bromoacetylglycine  and the corresponding alanine, valine,  leucine,  
and phenylaianine compounds and the ethyl e s t e r s  of N-bromoace ty l sa rco lys ine  and the corresponding 
L-val ine  compounds were  obtained as initial products .  
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6. 
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