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The formation of complexes of dehydrodipeptides bearing N-terminal N-benzoyl-O- 
methyl-ct,13-dehydrotyrosine or N-benzoyl-ct,13-dehydrovaline residues with Ca 2+ and Mg 2. 
ions enhances the diastereoseleetivity of their hydrogenation; de of 66% and 80% were 
achieved. This method of increasing the stereoselectivity of hydrogenation is applicable to 
various dehydroamino acids at both the C- and N-termini of dehydrodipeptides. 
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Previously I we proposed a method for diastefeo- 
selective hydrogenation o f  dehydrodipeptides (DHDP) 
as their complexes with metal salts using N-benzoyl- 
c~,13-dehydrophenylalanine derivatives with various amino 
acids at the C-terminus o f  a peptide as substrates. In a 
continuation of  our investigations, in the present work 
we studied hydrogenation of  D H D P  bearing residues of  

the other unsaturated amino  acids at the N-terminus: 
N-benzoyl-O-methyl-c~,13-dehydrotyrosine and N-ben- 
zoyl-ct,13-dehydrovaline. These  derivatives were obtained 
by the azlactone method f rom amino acids and the 
corresponding azlactones, w h i c h  in turn were obtained 
from hippuric acid and a ldehyde or ketone according to 
the Erlenmeyer reaction z ( S c h e m e  I). 
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Table 1. Pammetees of IH NMR spectra (,5) of N-Bz-O-Me-~Tyr-S-Pm and its complexes 

DHDP CH--COOH OCH 3 ---CH = Aromatic part 

I 4.54 (t) 3.78 (s) 6.41 (s), 6.69 (s) 7.02, 7.60, 8.05 
I + 2 equiv. MgCI 2 4.42 (t) 3.80 (s) 6.69 (s), 6.84 (s) 6.91, 7.50, 7.96 
1 " 8 equiv. MgCI 2 4.26 (m) 3_82 (s) 6.70 (s), 6.86 (s) 6.97, 7.57, 7.99 
I + 8 equiv. CaCI2 4.28 (m) 3.84 (s) 6.69 (s), 6.86 (s) 6.94, 7.53, 7.99 

R e s u l t s  a n d  D i s c u s s i o n  

The dehydrodipept ides  under study and those de- 
scribed previously 3 form complexes with calcium and 
magnesium chlorides in an alcoholic solution. Complex 
formation can be seen in particular in the IH NMR 
spectra (Table I). For all D H D P  complexes with metal 
ions, complex formation results in the maximum changes 
in the chemical shifts o f  the signals for the vinylie 
protons, the proton at t he  chiral carbon atom, and the 
protons of  the aromatic r ing of the tyrosine fragment. As 
in the case of dehydrophenyla lanine  derivatives studied 
previously, 4 a probable reason for this phenomenon is 
the coordination of  the metal  ion to the earboxyl and 
carbonyl groups. This follows from the noticeable differ- 
ences in the chemical  shifts of  the protons at the carbon 
atom that is directly l inked to the carboxyi group and 
the changes in the chemica l  shift of the vinylic proton. 
The spectrum of  1 exhibi ts  splitting of  the signal of  the 
proton at the vinylic ca rbon  atom, which is typical of  all 
analogous proline derivatives 4 and which testifies that 
two conformers exist in t he  N M R  time scale due to the 
hindered rotation around the simple = C - - C = O  bond. 

It can be seen from Table  2 that during hydrogena- 
tion of dehydrotyrosine derivatives 1 and 2, unlike that 
of the N-benzoyl-ct ,O-dehydrophenylalanine derivatives 
studied previously, 3 the format ion  of  a complex between 
the substrate and metal sal ts  has a specific effect on the 
stereochemical outcome o f  hydrogenation. 

To enhance the diastereoselectivity of the hydroge- 
nation of  DHDP,  it is necessary to convert them into 
rigid complexes with a meta l .  Therefore, we used differ- 

Table 2. Excess diastereomer in the hydrogenation of N-Bz- 
O-Me-ATyr-AA and their complexes 

DHDP MeONa Metal Amount Reaction de RS 
(equiv./equiv.) salt of salt time (%) 

(equiv./equiv.) /days 

1 - -  - -  - -  I 38 
1 I MgCI 2 2 7 30 
i I MgCI 2 8 7 32 
1 1 CaCI 2 2 27 40 
1 1 CaCI 2 8 27 66 
2 - -  - -  - -  1 18 
2 I MgCh 2 5 12 
2 1 MgCl 2 8 9 18 
2 [ CaCI 2 2 t6 22 
2 1 CaCl 2 8 L 2 34 

ent ratios of DHDP and m e t a l  salts. As expected by 
analogy with the complexes s t u d i e d  previously, 5 t h e  best 
results  were obtained for p r o l i n e  derivatives at  a 
D H D P  : metal salt ratio of I : 8 (see Table 1). In all 
cases, the RS-diastereomer p redomina te s .  

The most interesting resul ts  were obtained for  the 
hydrogenation of dehydrovaline derivatives 3 a n d  4, 
which are tetrasubstituted o l e f in s .  Previously, it  was 
demonst ra ted  6 that N-ber~zoyi -dehydrova lyI -S-amino  
acids, which are tetrasubstituted alkenes,  are not hyd ro -  
genated on Pd/C. On Raney n ickel ,  the double bond 
Me2C=C< is reduced to give a 4 to 56% excess o f  an 
RS-diastereomer. Later, hydrogena t ion  of N-Bz-AVal-  
(S and R)-PheOMe was c a r r i e d  out  on Pd/C under  
drastic conditions (70 ~ 2 days)  with a d ias te reo-  
selectivity of  20%. 7 In our case ,  hydrogena t ion  of 
dehydrovaline derivatives on P d / C  under  normal cond i -  
t ions also does not occur. 

The hydrogenation could b e  performed only at an 
elevated pressure of H 2 (40 a t m )  and the process  re- 
quired a long time. The reac t ion  d id  not go to c o m p l e -  
t ion even under these drastic condit ions.  N-Benzoyl -  
(R and S)-valyl-S-proline (5) a n d  N-benzoyl-(R a n d  S)- 
valyI-S-phenylatanine (6) ( b o t h  with p redomina t ion  of 
the RS-diastereomer) form. 

As in the spectra of dehydropep t ides  that are alkyl-  
substituted at the C=C bond, s in the UV spect ra  of  3 
and 4, the absorption in the r a n g e  of  280 nm typ ica l  of 
conjugated double bonds is s h i f t e d  to 200--230 n m  and 
overlaps the absorption of o t h e r  groups. Therefore ,  the 
course of  hydrogenation was moni tored only b y  the 
tH N M R  spectra. The lH N M R  spectra of compounds  
3 and 4 contain two singlets a t  ,5 ~2 corresponding to 
two CH 3 groups, and the s p e c t r a  o f  compounds S and 6 
each contain two groups of s igna l s  of  the methyl protons 
at 5 ~1. Each group belongs t o  one  of  the diastereomers.  

As follows from Table 3, t h e  diastereoselectivi ty of 
hydrogenation of magnesium c o m p l e x e s  3 and 4 leading 
to N-benzoyI-R-valyI-S-proline and N-benzoyI-R-valyl -  
S-phenylalanine is considerably higher (80 a n d  66%, 
respectively) than that of free compounds  3 a n d  4 and 
that reported in an earlier w o r k .  7 

Thus, the increase in the r i g i d i t y  of dehydrodipept ides 
due to the formation of c o m p l e x e s  with metals a n d ,  as a 
consequence, the increase in the  diastereoseleetivity of 
hydrogenation of  these c o m p l e x e s  are of general charac-  
ter  for various amino acids i n c o r p o r a t e d  in d ipept ides  at 
both the C- and N-termini o f  the peptides. S t e r i c  hin- 
drances in the dehydrovalylprol ine molecule a re  an ad- 
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Table 3. Excess diastereomer in the hydrogenation of N-Bz-AVat-AA and their  complexes 

D H D P  MeONa, Metal 
(equiv./equiv.) salt 

Amount Reaction Pressure Conver- de RS 
of salt time of H 2 sion (%) 

(equiv./equiv.) /days /arm (%) 

3 - -  - -  - -  5 40 76 48  
3 I MgCI 2 8 7 40 76 80 
4 - -  - -  - -  4 21 50 12 

4 I MgCI 2 2 4 40 77 66 

dit ional factor that increases  the rigidity of  the system to 
be hydrogenated and results in a considerable increase 
in de. 

Exper imenta l  

IH NMR spectra v, cre measured on a Bruker WP-200 
instnlment in CD3OD using Me4Si as the internal standard. 

Compounds 1 and 2 and their complexes were hydroge- 
nated in an ethanolic solution under hydrogen at atmospheric 
pressure over Pd/C. The course of hydrogenation was moni- 
tored by UV spectroscopy. The end of the hydrogenation was 
determined by the disappearance of  the absorption at 280 nm 
assigned to the system of  conjugated double bonds. According 
to the data from UV and tH NMR spectra, the yield of the 
hydrogenation product is almost quantitative. The data on de 
in N-benzoyl-O-methyltyrosyI-S-proline and N-benzoyl- 
O-methyltyrosyl-S-alanine formed were obtained from the 
lH NMR spectra, in Which two signals (or two groups of 
signals) of protons belonging to two diastereomers are clearly 
observed. This is especially noticeable for the signals of the 
OCH 3 (at 5 3.72) and CH 3 groups (at 8 1.4). For assignment of 
signals and in the case when a signal could not unambiguously 
be assigned to one or another diastereomer, the product of 
hydrogenation was subjected to hydrolysis with 2M HCI for 
10 h. The mixture of amino acids obtained was isolated in the 
free form on a cation-exchange resin and analyzed by GLC on 
a column with a chiral phase. 

N-Benzoyl-O-methyl-a,~-dehydrotyrosyl-S-~oline (1) was 
obtained b y  the azlactone method from 2-phenyl-4-p- 
methoxybenzylideneoxazolone-5 ~ and S-proline in 50% 
yield, m.p. l l0  *C (from aqueous ethanol, I : 1). Found (%): 
C, 66.27; H, 5.93; N, 7.0. C2tH22N205. Calculated (%): 
C. 65.95; H, 5.81; N, 7.33. 

N-Benzoyl- O-methyl-ct,13-dehydroq, rosyi-S-alaniae (2) was 
obtained by the azlaetone method from 2-phenyl-4-p- 
methoxybenzyl ideneoxazolone-5 and S-alanine in 71% 
yield, m.p. 165 ~ (from aqueous ethanol, 1 : I). Found (,%): 
C, 63.77; H, 5.32; N, 7.40. C20H20N2Os.0,SH20. Calcu- 
lated (%): C, 63.64; H, 5.61; N, 7.42. 

N-Benzoyl-~,l~-dehydrovalyl-S-proline (3) was obtained by 
the azlactone method f r o m  2-phenyl-4- isopropyl idene-  
oxazolone-5 9 and S-proline in 50% yield, m.p. 165--166 ~ 
Found (%): C, 64.72; H, 6.56; N, 8.70. CITH20N20 4. Calcu- 
lated (%): C, 64,54; H, 6.37; N, 8.86. 

N-Benzoyl-a,f3-dehydrovalyl-S-phenylalanine (4) was ob- 
tained by the azlactone m e t h o d  from 2-phenyl-4- iso-  
propylideneoxazolone-5 and S-phenylalanine in 61% yield, 
m.p. 200 ~ Found (%): C, 68.55; H, 6.08; N, 7.55. 
C21H22N204. Calculated (%): C, 68,85; H, 6.05; N,  7.65. 
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