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Complexes of Ca 2+ and Mg 2+ with N-acetyl-cx,13-dehydrodipeptides: 
the state in an alcoholic solution and its relationship 

with asymmetric induction upon diastereoselective hydrogenation 
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In an alcoholic solution, N-acetyl-et,13-dehydrodipeptides interact with Ca 2+ and Mg 2+ 
ions to form complex particles containing several dehydrodipeptide molecules per metal ion. 
The composition of these particles and steric interactions in them determine the acidity of 
the carboxyl groups and the degree of asymmetric induction upon diastereoselective hydro- 
genation. 
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Previously, we have studied the effect o f  complex- 
ation with Ca 2+ and Mg 2+ ions on asymmetric induction 
upon hydrogenation of  N-acyl-ct,l~dehydrodipeptides 
( D H D P )  on a P d / C  catalyst to form diastereomers o f  
N-acyldipeptides. !,2 It was established that complex- 
ation in an alcoholic solution resulted in a substantial 
enhancement  o f  the stereoselectivity o f  the reaction due 
to an increase in the eonformational  rigidity o f  the 
initial unsaturated molecule. However, the mechanism 
of  this effect is still poorly understood. In this work, 
using N-Ac-APhe-S-Pro  (1), N-Ac-APhe-S-Val  (2), 
N-Ac-A(F-FPhe)-S-GIu (3), N-Ac-A(p-FPhe)-S-Pro (4), 
and N - A c - A ~ - F P h e ) - S - P h e  (5) (p-FPhe is the residue 
of p-fluorophenylalanine) as examples, we studied the 
state of  calcium and magnesium complexes of  D H D P  in 
an alcoholic solution and revealed the relationship be- 
tween this state and the diastereoselectivity. 

Experimeutal 

The tH NMR spectra were recorded on Bruker AMX-400 
and Bruker WP-200SY spectrometers in CD3OD. The 
19F NMR spectra were obtained on a Brnker WP-200SY 
spectrometer (operating at 188.31 MHz) in MeOH. Reso- 
nance conditions were stabilized with the use of a deuterium 
signal from D20 placed between the walls of a 5-ram tube and 
a 3-ram insert containing a solution of a sample. The ~ 19F 
chemical shifts were measured relative to PhF as the external 
standard (in MeOH) by the substitution method. The accuracy 
of measurements was +0.02 ppm. The UV spectra were re- 
corded on a Specord UV-VIS instrument. The average mo- 
lecular weights (Mn) of compound ! and its complexes in the 
I--MgCI2--NaOH system (the molar ratio was 1 : 0.25 : !) 
were determined on a Wescan 233 vapor-phase osmometer in 
EtOH at 30 ~ and at the concentration I11 = 3--8 g L -t  
(see Ref. 3). For 1. fofind: M, = 280. CI6HIsN204. Calcu- 

lated: Mn = 302. For the complexes, the effective value was 
found to be M', -- 812. The true value (2~ n ---- 1600--2000) 
was calculated taking into account corrections for contribu- 
tions of Na + and CI- ions formed from NaOH and MgCI 2, 
respectively. 

N-Acetyl-a, ll-dehydredlpeptides were prepared by the 
azlactone, method. Condensation of the corresponding alde- 
hyde with N-acetytglycine was carried out by the Eden_meyer 
reaction. The aTlactone that formed was introduced into the 
reaction with amino acid according to a procedure reported 
previously. 4 

N-Ac-A(p-FPhe)-S-Glu (3). The yield was 65~, m.p. 169-- 
170 *C (from H20). Found (%): C, 54.77; H, 4.92; N, 7.95. 
CI6HITFIq20 6. Calculated (H): C, 54.55; H, 4.86; N, 7.95. 

N-Ac-A(p-FPhc)-S-Pro (4). The yield was 84%, m.p. 190-- 
191 *C (from H20). Found (H): C, 59.80; H, 5.39; N, 8.67. 
CI6HI7FN204. Calculated (H); C, 60.00; H, 5.39; N, 8.75. 

N-Aeo&(p-FPhc)-S--Phe (5). The yield was 86H, m.p. 2t7-- 
219 *C (from 10% EtOH). Found (%): C, 65.09; H, 5.29; 
N, 7.58. C20HIgFN204. Calculated (~): C, 64.87; H, 5.17; 
N, 7.57. 

Hydrogenation. The metal salt (0.1 retool) and MeONa 
(0.1 retool) were added to a solution of DHDP (0.1 retool) in 
EtOH. The mixture was stirred for 1--3 h and then hydroge- 
nated under atmospheric pressure at -20 *C on 10H Pd/C (the 
substrate : catalyst ratio was 10 : 1). The course of the reac- 
tion was monitored by UV spectroscopy. The completion of 
hydrogenation was determined from the disappearance of the 
absorption band with 2~ax = 280 nm belonging to the system 
of conjugated double bonds_ According to the data of UV a~d 
IH NMR spectroscopy, the hydrogenation product was ob- 
tained in nearly quantitative yield. 

The diastereomerie excess of compound 2 was determined 
from the IH NMR spectra, which had two distinct sets of 
signals for the methyl protons of the valine residue belonging 
to two diastereomers. In other cases, in particular, in the case 
of compound !, when the assignment of signals to a particular 
diastereomer presented difficulties, the hydrogenation products 
were hydrolyzed with 2M HCI for 10 h. The resulting mixture 
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of free amino acids was isolated on a cation exchanger and 
analyzed by GLC on  a chiral phase, s 

Results and Discussion 

The reaction u n d e r  study is shown in Scheme 1. 

S ~ e m e  1 
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R I COOH H2; Pd/C l 

I:12 O 
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R I = R  2 = M e ; R  1 = ,aJk ,  Ar, R 2 = H; 

R a = Me, Ph; R 4 is the  sk:le chain o f  the amino acid;  

M = Ca, Mg 

As demonst ra ted  previously using hydrogenation o f  
complex 1 with MgCI2 as an example,  z the stereo- 
selectivity of  the react ion was enhanced,  while the rate 
o f  hydrogenation decreased substantially as the MgCI 2 : 1 
ratio increased. Consequent ly ,  complexat ion favors the 
enhancement  of  asymmetr ic  induction.  Based on the 
data  o f  potent iometr ic  t i tration, it was found that the 
total acidity o f  the  C O O H  groups increased as calcium 
and magnesium salts were added to  an alcoholic solu- 
tion o f  I (and o ther  D H D P )  and peaked when the salt 
was taken in a five- to  eight-fold excess, z It was sug- 
gested that  an equil ibrium between free D H D P  and its 
complexes exists in solution: 

RCOOH + MX 2 _ ,, ~ R C O O H - M X 2 ,  (1) 

RCOOH �9 MX:, + M e O N a  _ - R C O O - -  M+X + NaX. 

Since equil ibrium ( I )  is shifted to the right as the 
relative content  of  MX 2 increases, a large amount  o f  free 
D H D P  1 should be present  in a solution when the 
reagents are taken in an equimolar  ratio. Consequently, 
in this case the react ion should proceed according to 
route a (see Scheme 1) at a high rate with low selectiv- 
ity rather than follow route b. However,  this conclusion 
is contradic tory to the above-ment ioned data on the 
effect of  the relative content  of  the metal  salt on the rate 
and diastereoselectivity of  hydrogenation of DHDP.  Even 
if MX 2 and D H D P  were taken in a molar ratio of 
0.25 : i ,  the rate of  hydrogenation was lower and the 
stereoselectivity was higher than those in the reaction of 

free DHDP.  Therefore, the s ta te  o f  complexes  1 with 
MX 2 in solution has a p ronounced  effect on the  mecha-  
nism of  diastereoselective hydrogenat ion  o f  D H D P  c o m -  
plexes. The present study was de vo t e d  to e lucidat ion  o f  
this question. 

We assumed that all D H D P  molecules  occur  as 
complexes in the presence o f  sa l t s  o f  a lkal ine-ear th  
metals, which does not con t rad ic t  the  publ ished data,  
according to which derivatives o f  amino  acids interact  
with Ca 2+ and Mg 2+ ions to fo rm complexes  with 
coordinat ion numbers o f  up to 8. Thus ,  X-ray  diffraction 
study o f  the calcium complex o f  N - A e - M e t ,  which is a 
close analog of  the D H D P  under  cons idera t ion ,  d e m o n -  
g ra t ed  that one Ca 2+ ion has fou r  coord ina t ion  sites 
occupied by three N - A t - M e t  molecu les ,  two sites occu-  
pied by other  Ca  2+ ions, and two sites occupied  by two 
water molecules.  ~ ' g  High-coord ina te  Ca  2+ complexes  
were also observed in solutions. ~ 

We obtained direct evidence o n  the  compos i t ion  o f  
complex particles in the system u n d e r  study from mea-  
surements o f  their  molecular  weights .  When  measuring 
the average molecular  weights in t h e  1 - - M g C I 2 - - N a O H  
system (the molar  ratio was 1 : 0 .25 : 1) in 95% EtOH 
by vapor-phase osmometry,  we de t ec t ed  the format ion 
of  large complex particles in the  solution.  The  deter-  
mined value M's = 1600--2000 cor responds  to com-  
plexes o f  the average compos i t ion  M L  5. Therefore,  in 
this case' one Mg 2+ atom bound ca. five D H D P  mol-  
ecules and,  apparently,  no free mo lecu le s  1 remained  in 
the solution. 

We also a t tempted to detect  f ree  D H D P  molecules  
in the presence of  the Mg 2+ sal t  f rom the tH N M R  
spectra in the expectation that  t h e i r  signals would be 
observed along with signals for D H D P  molecules  that 
are incorporated into the complexes .  The  characterist ic 
c h e m i c a l  shif ts  in the  IH N M R  spec t r a  o f  the  
2 - - M g S O 4 - - N a O H  system, which is a more convenient  
system for studies by this method ,  are given in Table 1. 
However, al though complexat ion affects signals for the 
protons at the vinyl and asymmetr ic  carbon atoms,  this 
system did not  give two sets of  signals. Previously, t~ 
tH N M R  spectra which we ob ta ined  in studies of  the 
N - A c - A P h e - T y r "  CaCI2, N - A c - A P h e - T y r -  MgSO4, 
1 �9 CaC! 2, I �9 MgSO 4, and N - A c - A P h e - L e u  �9 MgSO 4 

Table I. IH NMR spectra (~i) ofcomplexes 2 with MgSO4 (in 
CD3OD) 

Compound, >CMe 2 MeCO CH* =CH-- Ph 
system (m) (s) (m) (s) (m) 

2 1.15, 2.33 4.62 7.36 7.62 
1.19 

2--NaOH I. 14, 2.34 4.50 7.49 7.56 
(I :1 )  1.19 

2--NaOH--MgSO 4 1.15. 2.33 4.48 7.43 7.56 
(I " I : 1) 1.19 
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Talde 2. 19F NMR spectra of fluorodehydrodipeptides 3--5 
and their complexes with metals (in MeOH) 

F-DHDP Metal [MCI2I IMeONai 19F NMR, 8 
ion equiv. 

:3 . . . .  2.06 
3 Ca 2+ 8 - -  - 2 . 58  
3 Zn  2+ 8 - -  - 2 .53  
4 . . . .  1.1, - 0 . 9 1  
4 Mg 2+ 0.5 --  -1.15, -0.95 
4 Mg 2+ 1 - -  --1.18, -0.97 
4 Mg 1+ 4 - -  - 1 . 3 l ,  -1.12 
4 Ca 2+ 4 --  - 1.61, - 1.34 
4 - -  - -  1 - 0 . 6 ,  - -0.3 
4 M82+ 0.5 0.5 - 0 . 9 2 ,  - 0 . 5 1  
4 Mg 2+ 4 | - 1.33, -0.99 
5 . . . .  2.09 
5 - -  - -  1 - l . 9 0  
5 Ca 2+ 2 1 -2.26 
5 Ca 2+ 5 1 -2.27 

Scheme 2 
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complexes also did  not  contain signals indicative o f  the 
presence o f  two types of  particles in the solution. 

The tgF N M R  spectra of  the complexes of  p-f luo-  
rine-substi tuted dehydrodipept ides  N-Ac-A(p-FPhe) -AA 
( F - D H D P )  3 - - 5  with metal  ions are also indicative o f  
the  absence o f  free ligands in a lcohol ic  solutions o f  the 
complexes (Table 2). When different amounts of  metal  
salts were added,  only a downfield shift of  the signal for 
the F a tom was observed. Other  signals were not mani-  
fested whatever ligand to metal salt ratio was used. 

The tgF N M R  spectrum of  free D H D P  4 has two 
signals corresponding to two conformers of 4 that occur 
due to hindered rotation about the - - C ( O ) - - N =  peptide 
bond. In the presence of  metal salts, these two signals 
were shiRed downfield, However, no new signals ap- 
peared. Nehher  splitting nor noticeable broadening of  the 
signals was observed upon cooling of  samples to - 5 0  ~ 

All the above-ment ioned data o f  N M R  spectroscopy 
confirm the suggestion that  free D H D P  molecules are 
absent in solution although rapid (within the N M R  
time scale) ligand exchange must not be completely 
ruled out. The absence of  kinetically independent D H D P  
molecules in solution (in the concentrat ion range under 
study) is also confirmed by decrease in the rate of  
dehydrogenat ion in the presence o f  even 0.25 mol of 
the metal  salt. 

Complex particles formed as the relative content  of  
MgX 2 is gradually increased are shown in Scheme 2. 
Apparently,  the ligands are tightly held in these com- 
plexes, the metal  ions in t h e m , a r e  reversibly bound 
with the carboxyl and carbonyl groups of  the ligands, 
and rapid migrations of  metal  a toms occur within 
particles A. 

This change in the structure of  the complex particles 
in going from structure A to structure B is confirmed by 
the parameters of  the 19F NMR spectra given in Table 2, 

from which it can be seen that  shielding of  the indicator  
F a tom decreases as the relative content  o f  Mg 2+ ions 
in the complex particle increases. This is apparent ly  
attributable to strengthen- 
ing of  interactions between 
Mg 2+ and  al l  ca rbony l  
groups of  the ligands and,  
consequently,  to a formal 
increase in the electrone-  
gativity o f  the  fragment  
bound  to the  p - f l u o r o -  
phenyl group. 

F NHAc 

H k9 c=O 

The formation of  complex particles occurs relatively 
slowly, which can be followed with the use o f  UV 
spectroscopy. The UV spectra o f  D H D P  in E tOH have 
two maxima with ~. = 215 nm (e -9000 L mol - t c m  - l )  
and 280 nm (e -12500 L tool - l  c m - l ) .  The addi t ion of  
NaOH led to a slight increase in absorption. However,  
subsequent addit ion of  MgCI 2 resulted in an addit ional  
increase in the value of  ~ by 2000--3000 L tool - l  cm - I  
over 20--60 rain, while the posit ions of  the maxima 
remained unchanged, which is apparently indicative of  
an increase in the polar conjugation upon coordinat ion 
of  the >C=O. . .Mg 2+ type in the complexes formed. It is 
known that this type o f  conjugation and addit ional  
polarization of  C = O  b o n d s  upon complexat ion with 
Mg 2+ and Ca 2+ ions promote  nucleophil ie  addi t ion to 
carbonyl groups, tl, tz 

A low rate of  formation of  complex particles was also 
manifested in experiments on hydrogenation. For  ex- 
ample,  if hydrogenation of  complex 2 with MgSO 4 
started within I0 min after the reagents had been mixed, 
the diastereomeric excess of  the corresponding N-acetyl-  
S,S-dipept ide was 30%, while if the reaction mixture 
was kept before hydrogenation for 3 h, the diastereomeric 
excess was 60%. 
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The data obtained allow the conclusion that the 
number of ligands in the complex particle decreases as 
the relative content of  the metal salt increases. As a 
result, interactions of the metal ion with COOH groups 
are strengthened, their acidity increases, and the prob- 
ability of formation of chelate structures increases due to 
coordination with the earbonyl groups. Consequently, 
the colfformational rigidity and shielding of C=C bonds 
subjected to hydrogenation increase, which lead to a 
decrease in the reaction rate and to the enhancement of 
its stereoseleetivity. 
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