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Introduction 

It is well known that in the presence of transition 
metal ions and pyridoxal, amino acids undergo many 
of those transformations which are catalyzed by 
pyridoxal-dependent enzymes [ 1 ] . 

Such reactions of amino acids as racemization and 
formation of the C-C bond are catalyzed in the 
presence of transition metals by the simplest analogue 
of pyridoxal-salicylaldehyde [2]. The key inter- 
mediate particle in all these model transformations is 
a metal complex of an amino acid Schiff base and 
pyridoxal or its analogues [3] . 

In these complexes the amino acid moiety is a 
CH-acid. Therefore under the action of bases the 
amino acid moiety donates an a-hydrogen and 
becomes a carbanion. This carbanion is commonly 
believed to be planar and resonance-stabilized [3] , as 
is shown in Scheme 1 for complexes of pyridoxal 
Schiff bases. 

Equality of the rates of deuterium exchange and 
racemization of the amino acid moiety in A and A 
bis-[N-salicylidene(S).valinato] cobaltate(II1) com- 
plexes is an indirect evidence in favour of the inter- 
mediate formation of a planar carbanion in deuterium 
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Scheme 1 

exchange in metal complexes of Schiff bases of 
salicylaldehyde and amino acids [4]. In such a car- 
banion, evidently, substantial steric interactions occur 
between the aldimine H and the substituent of the 
amino acid moiety [4] (Fig. 1). 

*Author to whom all correspondence should be addressed. 

Fig. 1. Schematic representation of steric intramolecular 
interaction in the formation of a planar carbanion of an 
amino acid moiety in metal complexes of Schiff bases of 
salicylaldehyde or ortho-hydroxyacetophenone and amino 
acids. 

It is obvious that an increase in the volume of R1 
and Rz must lead to an enhancement of steric non- 
bonding interaction in this intermediate particle with 
simultaneous destabilization of the latter. In the 
limiting case the carbanion ceases to be planar and 
the conjugation between the carbanion centre and 
phenyl ring will become interrupted. 

The possibility of formation of a non-planar chiral 
carbanion of an amino acid Schiff base is of con- 
siderable interest in connection with the stereoche- 
mistry of highly enantioselective processes catalyzed 
by pyridoxal enzymes [S] . 

Thus, for example, deuterium exchange of amino 
acids, which proceeds with retention of the configura- 
tion on the active site of a number of pyridoxal 
enzymes [6], may be thought of as going through 
intermediate formation of an non-planar chiral 
carbanion which retains its configuration during a 
period of time sufficiently long for the amino acid 
carbanion to accept a deuteron from the medium 
from the side the proton has left it. 

Intermediate formation of such a carbanion in 
metal complexes can be ascertained by measuring 
the dependence of the rate and stereochemistry of 
the exchange of the a-hydrogen of the amino acid 
moiety of the complex on the volume of the groups 
R1 and R2. 

In the present work we report on our attempt to 
find a slowly inverting non-planar carbanion in metal 
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complexes of ammo acid Schlff bases with ortho- 
hydroxyacetophenone As subJects for the mvestlga- 
tlon, we have synthesized a racemlc ion of bu[N-7- 
methylsahcyhdeneglycmato] cobaltate(II1) (BMSGC), 
synthesized and separated dlastereomerrc Ions of A 
and A”’ bls [N-7-methylsahcyhdene-(Qalamnato] - 
cobaltate(II1) (BMSAC), and have also prepared 
sodmm [N-7-methylsahcyhdene(S)-alanmato, N-7- 
methylsahcyhdeneglycmato] cobaltate(II1) (MSAGC) 
The rates of deutermm exchange and eplmerlzatlon 
of the ammo acid moletles m these complexes, as 
well as m (N-7-methy1sahcyhdene-Salamnato)copper- 
(II) (MSAC), were quantltatlvely mvestlgated The 
obtamed data were compared with the parameters of 
similar processes for the complexes of A and A bls [N- 
sahcyhdene-(S)-alanmato] cobaltate(II1) (BSAC) and 
bls [N-sahcyhdenglycmato] cobaltate(II1) (BSGC) 

Experimental 

Ammo acids were purchased from Reanal, 
Budapest Enantlomenc purity of alamne was deter- 
mmed by GLC [7] Sephadex LH-20 was purchased 
from Pharmacla Fme Chemicals Incorporated 

AIZOJ Brokman II neuter for chromatography was 
purchased from Reanal Budapest 

o-Hydroxyacetophenone was purchased from 
Reactim (USSR) 

Na3[C~(C03)3] was prepared according to the 
techmque gven m [8] 

Isotopic purity of DzO was 99 9% 
NaOD solution m DzO was prepared by adding 

metallic Na under Ar to DzO after the removal of 
COZ from it Concentration of OD- m DzO was 
determined by potentlometrlc titration 

Carbonate buffer solution m DzO was prepared 
by dlssolvmg NaHC03 (0 4104 g) and Na2C03 (0 78 
g) m 50 ml of D20 

The pD values of the carbonate buffer solution 
were determined with a glass electrode on a Radlo- 
meter SBR2(SB_4)TTTl from pD = pH + 0 4, where 
pH 1s the observed pH of solution [9] 

W-Vu spectra and ORD curves were recorded 
on a ‘Specord W-Vrs’ spectrophotometer and on a 
‘Jasco ORD/W-5’ spectropolanmeter, respectively 
‘H NMR spectra were recorded on Sovlet-made spec- 
trometer ‘P I-2309’ Electrochemical reduction of the 
complexes was carried out on a Soviet-made poten- 
tlostat ‘IT-5827 

*Here and hereafter the symbols A and A are used to 
denote the left- and nght-handed helical arrangement of the 
hgands m relation to the Cz axis, respectively 

Synthesis of Inrtlal Compounds 

Synthesis of sodium A and A bls[N-7-methylsah- 
cyhdene-(S)alanmatoJ cobaltate(III) (BMSAC) 
Synthesis was carried out by usmg a Bular Proce- 

dure for the synthesis of sodium bls-[N-sahcyhdene- 
ammoacldato] cobaltate(II1) [lo] 3 56 g (40 mmol) 
of S-ala, 5 54 g (40 mmol) of hydroxyacetophenone 
and 7 2 (23 mmol) of Naa[Co(COj)] 3 gave 3 9 g 
(39 8%) of a mixture of BMSAC dlastereomers 

Separation of A and A-bls(N- 7methylsalrcyhdene- 
(S)-alanmatoJcobaltate(III) 
3 9 g of the mixture of BMSAC dlastereomers m 

10 ml of CzH50H were placed on a column with 
A1203 (2 9 cm X 30 cm) The elutlon rate was 0 7 
ml/mm BMSAC separated mto 2 brown bands 
Complete separation was attamed m 36 h The frac- 
tlons were evaporated and addltlonally desalted on a 
column of Sephadex LH-20 (2 5 cm X 18 cm) m a 
benzene-alcohol system (1 1) 

Dry residue obtamed fraction I-l 5 g (A(SS)), 
fraction II-O 37 g (A(SS)) 

The elemental analysis, parameters of the elec- 
tromc spectra and molecular rotation of A and A 
BMSAC are presented m Table I 

The ‘H NMR spectra are given m Figs 4 and 5 
The ORD curves of the dlastereomers are pven m 
Fig 2 
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Fig 2 ORD curves m water (t 25 “C), 1) sodium A[N-7- 
methylsahcyhdene-(S)-alamnato, N-7-methylsahcyhdene- 
glycmato] cobaltate(III), 2) sodmm A bls[ N-‘l-methylsahcyh- 
dene-(S)-alamnato] cobaltate(III), 3) sodium A bis[N-‘I- 
methylsahcyhdene-(S)-alamnato] cobaltate(II1) 

Synthesis and separation of dlastereomers of 
sodium A and A b~sfN-sahcyhdene-(S)-alanmatoJ- 
cobaltate(III) (BSAC) 
These were carried out as described above The 

parameters of the obtamed compound were fully m 
agreement with the data reported m the hterature 

[ill 
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Synthesis of sodium [ 7-methylsakcyhdene-(S)- 
alanmato, 7-methylsabcyhdenglycmato] cobaltate- 
(III) (MSAGC) 
Tks was carried out accordmg to the same proce- 

dure from 0 89 (10 mmol) of @)-ala, 0.75 g (10 
mmol) of glycme, 1 12 g (20 mmol) of KOH and 2 72 
g (20 mmol) of hydroxyacetophenone there were ob- 
tamed 2 g of a product which was a mixture of com- 
pounds, further separated by preparative TLC on 
A1203 2 g of the product were separated on 5 plates, 
18 X 24 cm each, coated with a lmm layer of Al203 
The eluent was &HsOH Each development Bves 3 
brown bands A1203 contammg these bands was 
removed from the plate and Its elutlon with 50-60 
ml of &HsOH allowed 3 fractions Rf, > RfII > RfIrI 
to be isolated Each of these fractions was evaporated, 
treated with a benzene/alcohol mixture (III), filtered, 
evaporated, and dned over PZOs m vacua Obtamed. 
fraction I-O 1 g, fraction II-O 3 g, fraction III-O 2 g 

The ‘H NMR spectra and ORD curves of these 
fractions have shown that fraction I 1s A[Co(7-Me- 
Sal(S)-ala)z] Na, fraction III 1s [Co(7-MeSal-gly)z] - 
Na, and fraction II 1s a mixed complex MSAGC 

The structure of [Co(7-Me&l-ala)(7-Me-Sal-gly)] - 
Na has been confirmed by comparison of the ORD 
curves of BMSAC and fraction II (which allowed 
configuration to be assigned to the obtamed com- 
pound, see Fig 2), by the W-Vls and elemental 
analysis data (Table I) 

‘H NMR of MSAGC 6(CDBOD m relation to 
HMDS) 1 73 (d) (CH,-C-), 2 77 (s) (CH,-C=N), 

H 

4 62 (s) (-CH,-), 4 88 (q) (-A-), 6 07-7 55 (m) (Ar) 

Synthesis of sodium bn-[N- 7-methylsahcyhdene- 
glycmato] cobaltate(III) (BMSGC) 
This was carried out accordmg to the B&ar 

procedure for the synthesis of sodium bu-N-sahcyh- 
denammoac~datocobaltate(II1) [lo] 1 5 g (20 mmol) 
of glycme, 2 72 g (20 mmol) of hydroxyaceto- 
phenone and 2 91 g (10 mmol) of CO(NO~)~ *6Hz0 
were air oxldlzed to @ve after purlficatlon on a LH- 
20 Sephadex column (alcohol/benzene (3 1) 0 5 g 
BMSGC (9 3%) 

The elemental analysis and parameters of the elec- 
tronic spectra of BMSGC are presented m Table I 

‘H NMR spectrum of BMSGC G(CD,OD, HMDS), 
2 77 (s) (CH,-C=N), 6 29-7 61 (m) (Ar), 4 79 (s) 

W2) 

Synthesis of [N- 7-methylsahcyhdene-(S)-alanmato] 
copper(D) (MSAC) 
This was carried out accordmg to the procedure 

gven m [12] The obtamed complex was purified 
on Sephadex LH-20 m a mixture alcohol benzene 
(5 1) The data of the elemental analyns, parameters 
of the electronic spectra, and molecular rotation of 
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TABLE II. Degree of Deuterium Exchange of or-Hydrogen and Enantiomeric Composition of the Amino Acid, Isolated after 

Treating a Number of Complexes with Base in D20. 

Code Complex t Time, Concentration Degree of S-aa, % Raa, % S - [2-‘HI-aa 

“C min of OD- (pD) deuterium 
exchange, R - [ 2-2H] -aa 

% 

BMSAC A [Co(7-Me-Sal-(S)-ala)2] Na 

BM SAC A [Co(7-Me-Sal-@)-ala)2 ] Na 

BMSAC A[Co(7-Me-Sal-(S)-ala)z] Na 

BMSGC (Co(7-Me-Sal-gly)z] Na 

MSAC Cu(7-Me-Sal-(Q-ala) 

21 145 0.156 

275 

1365 

21 145 0.158 

275 

40 35 0.156 

4 1270 

25 155 (10.6) 

21 130 

250 0.158 

410 

BSAC ~[Co(Sal-@)-ala)21 Na 21 190 (10.6) 

MSGAC A[Co(7-Me-Sal-(S)-ala) 21 65 0.158 

(7-Me-Sal-gly)] Na 145 

the complex are given in Table I. The enantiomeric Deuterium exchange of A[Co(Sal(S)-ala)2] Na was 
purity of alanine isolated from the initial complex, as carried out as described above in a buffer soln in D20 
determined by GLC, was 99.2%. (pD 10.6). The data are presented in Table II. 

Deuterium Exchange of a-Hydrogen of Amino Acid 
Moiety in A and A[Co( 7-Me-Sal-(S)-ala)2]Na;[Co( 7- 
Me-Sal-gly)2] Na; MCo(Sal-(S)-ala), / Na; Cu( 7-Me- 
Sal-gly) and vCo( irMe-Sal-(S)-ala)( 7-MeSal-gly)]Na 

Deuterium exchange of [Co(7-MeSal-gly)2] Na 
was carried out as described above in a buffer soln in 
D20 (pD 10.6). The process was followed by using 
‘H NMR techniques and observing the diminution 
of the a-hydrogen signal of the glycine moiety. 

Deuterium exchange of A and A BMSAC was 
carried out in 0.156 N and 0.158 N NaOD in D20. 

The experiment was carried out in a thermostatted 
flask at the temperature of 4’, 21’ and 40°C. After 
definite periods of time samples were taken under 
argon (see Table II) and neutralized with 1 N HaP04. 

The samples were evaporated, the residue was 
treated with a mixture of alcohol and benzene (1: l), 
filtered, the filtrate was evaporated, treated with a 
small quantity of DzO and dried in vacua over 

p205. 

Deuterium exchange of Cu( 7-Me-Sal-@)-ala) 
A soln of 0.45 g (1.4 X lop3 mol) of MSAC in 8 

ml of 0.158 N NaOD in D20 and 1 ml of pyridine 
was stirred with argon in a thermostatted flask (21 
“c). After definite periods of time samples were 
taken, neutralized with 1 N H3P04, and the amino 
acid was isolated by a conventional ion-exchange 
procedure (on Dowex 50 X 8). The degree of the ala 
deuteration was analyzed by the ‘H NMR technique. 
The obtained data are summarized in Table II. 

The deuterium exchange was followed by using 
‘H NMR techniques and observing the change of the 
relative area of the a-proton of the amino acid moiety 
of the complexes and/or the diminution of the signal 
due to the ala isolated after the electrochemical 
reduction of the complexes [4]. The obtained data 
are summarized in Table II. 

Alkaline Epimerization of the Amino Acid Moiety 
in A and A[Co( 7-Me-Sal-(S)-alaj2f Na 

Deuterium exchange of A[Co(7-Me&l(S)-ala)(7- 
Me-Sal-gly)] Na was carried out as described above, in 
0.158 N NaOD in DzO. The deuterium exchange was 
followed by using ‘H NMR techniques and observing 
the change of the relative area of the a-proton of the 
ala isolated after the electrochemical reduction of the 
complex. The data are presented in Table II. 

Alkaline epimerization of A(SS) or A(SS) BMSAC 
was carried out in 0.17 N NaOH in a thermostatted 
flask at the temperature of 21 “c under argon. In 3 
days equilibrium was established, the reaction 
mixture was neutralized with 1 N H3P04, evaporated 
and separated into fractions by preparative TLC on 
A1203, using plates 18 cm X 24 cm in size. The eluent 
was C2Hs0H. A single development gave 2 brown 
bands. A1203 containing these bands was removed 
from the plate and eluted with 100 ml of C,HsOH; 
fractions Rf,, RfIr were thus isolated. 

50 91.3 8.7 4.8 

61 87.5 12.5 3.9 

100 81.2 18.8 4.3 

82 84.5 15.5 4.3 

100 82.3 17.7 4.7 

48.6 88.5 11.5 3.2 

52.9 88.7 11.3 3.7 

45 

18.1 93 7 1.6 

28.7 88.3 11.7 1.5 

31.8 84 16 1.0 

52 75.3 24.7 1.1 

48 76.4 23.6 1.0 

80 65.5 34.5 1.3 
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The concentration of these fractions was deter- 
mined by W-VU techmque The fraction I/fraction 
II ratio proved to be 1.2 

The ‘H NMR spectra and ORD curves showed that 
m the case of mltlal A-BMSAC fraction I 1s A[Co(7- 
Me-Sal(S)-ala)z]Na [A(SS)], its ORD curve being a 
mirror image of the ORD curve of fraction I from 
nutlal A-BMSAC, which 1s A [Co(7-MeSal(R)-ala)z] - 
Na PUWI 

Fraction II m the case of A-BMSAC 1s [Co(7-Me- 
Sal-(R)-ala)J Na[A(RR)] , whose ORD curve IS a 
mirror image of the ORD curve of fraction II of A- 
BMSAC, which 1s A [Co(7-MeSal(S)-ala)z] Na 

NW1 
Enantiomenc composltlon of the ammo acid after 

the deuteratlon was determmed by GLC [7], by 
analyzing the ammo aad isolated from the same 
samples which had been used for determining the 
degree of deutermm exchange of the ammo acid 
moiety of the complexes. 

Deutenum exchange rate constants were calcu- 
lated from the formula 

100 
In - 

100-x 
k ohs= 

t 

where x 1s the quantity of non-deuterated ammo aad 
m per cent of ihe total quantity, t 1s 
the begmnmg of the experiment m set 

Second-order deutermm exchange 

k * obs 

the time from 

rate constant 

Ke, =- 
PD- 1 

where OD- 1s either NaOD concentration m DzO 
soln, or 1s found from the formula 

POD = PKD,O - PD 

PKD,O was adopted to be equal to 14 7 [9] 
The ks/k_a ratio was calculated by assuming that 

this ratio 1s determined as 

S [2-2H] -ala 

R[2-2H] -ala 

The quantity of R[2-‘HI-ala was assumed to be 
equal to the total quantity of R-ala m the mutture 
(m %) Hence, the quantity of S[2-‘H] -ala (m %) 
1s S[2-‘H] -ala = C [2-2H] -ala-R[2-‘H] -ala, where 
X [2-2H] -ala 1s the degree of deuteratlon of ala m % 

Results and DiscussIon 

Synthesis of Dustereomenc Complexes of Bls(N-7- 
methylsakcyhdeneammoac~dato)cobaltate(III) 

Dlastereomers of BMSAC and racemlc MSGC were 
prepared by reacting (S)-ala or gly with Na3 [Co- 
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(CO,),] with o-hydroxyacetophenone (7-MeSal) 
as described above (see Expernnental) Dlastereomers 
were separated chromatograplucally on A1203 

The elemental analysis of the obtained compounds 
corresponds to the complexes with the composltlon 
[Co(7-MeSal{S)-2-1H-ala)2] Na and [Co(7-Me-Sal- 
gl~)~] Na (see Table I) 

ORD curves of the obtamed dlastereomers of 
BMSAC are presented m Fig. 2 The calculated confi- 
guration components of the ORD curves [ 131 of frac- 
tions I and II of BMSAC and of sodmm A-brs[N- 
sahcyhdene-(S)-alanmato] cobaltate(II1) (BSAC) are 
presented m Fig 3 

Ftg 3 Configuration components of ORD curves, 1) frac- 
tion I of sodmm bls[ N-7-methylsahcyhdene-(S)-alamnato] - 
cobaltate(II1) A(SS), 2) fraction I of sodium bls[N-sahcyh- 
dene-(S)-alanmato] cobaltate(II1) A(SS), 3) fraction II of 
sodium bis[ N-7-methylsahcyhdene-(S)-alamnato] cobaltate- 
(III) A(SS) 

Comparison of these curves shows that fraction I 
of BMSA, which has a greater mobility on A1203 
than fraction II of BMSAC, has the same absolute 
configuration as A(SS) BSAC The absolute confi- 
guration of the latter can be easily determmed m the 
manner described earher for other &astereomenc ions 
of A and A bls-[N-sahcyhdeneammoacldato] cobal- 
tate(II1) [4] Hence, it follows that the configuration 
of fraction II of BMSAC 1s A(SS) 

A(S) MSAGC was isolated by preparative TLC (on 
Al,O,) from the mixture of products resulting m the 
mteractlon of gly, (S)-ala, 7-Me-Sal and Na3 [Co- 
(CO,),] The ORD curve of A(S) MSAGC 1s 
presented m Fig 2 

Kmetlcs and Stereochemistry of Deutenum Exchange 
of the or-Hydrogen of an Ammo Acid Moiety of 
BMSAC, MSAC, BMSGC, MSAGCand BSAC 

&Hydrogen of the alamne moiety of A(SS) and 
A(SS) BMSAC m 0 15 N NaOD (D20) 1s exchanged 
by deutenum The exchange 1s accompanied by a 
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-C-H 

Fig 4 ‘H NMR spectra (CDaOD, HMDS), 1) spectrum of 

mltlal ~($8) BMSAC, 2) spectrum of A(SS) BMSAC m 2 5 

hours m 0 156 N NaOD m DzO, 3) spectrum of A(SS) 

BMSAC m 23 hours in 0 156 N NaOD m D20 

% 
-C==N- 

c 
I I I I I I I I 

8 7 6 5 4 3 
y3 

’ 0 

-6-D 

iqk.4 

1 1 , , I 1 I ! 
a 7 6 5 4 3 z 1 

Fig 5 ‘H NMR spectra (CD30D, HMDS), 1) spectrum of 

mltial A(SS) BMSAC, 2) spectrum of A(SS) BMSAC m 4% 
hours m 0 158 N NaOD 111 D20 

dtmmutlon of the relative area of the signal of Its OL- 
proton (4 93 ppm and 4 89 ppm respectively) and by 
the transformation of the doublet of the CHs group 
(1 77 ppm and 1 81 ppm) mto a singlet as for the 
cases of A and A BMSAC (see Figs 4 and 5) 

Protons of the methyl group of 7-Me-Sal also enter 
mto the reaction of deutermm exchange, though 
more slowly than the cr-protons of the alanme 
moiety Quantltatlvely the degree of deuteratlon of 
the alanme, as well as Its enantlomerlc composltlon, 
were determmed after the electrochemical reduction 
of the deuterated dlastereomers of BMSAC by 
analyzing the isolated alanme by ‘H NMR and GLC 
methods MSAC and MSGAC also enter mto the 
reaction of deutenum exchange, the degree to which 
this reactlon proceeds can be Judged by analyzing the 
alamne isolated from the complex after the reactlon 
has been carried out 

For the sake of companson, deutenum exchange 
of A(SS) BSAC was carried out m a buffer solution 
m D20 (pD 10 6) 

The degree of deuteratlon of ths compound was 
determined m the same manner as for other com- 
plexes 

As can be seen from the data presented m Figs 4 
and 5, for both A(SS) and A(SS) BMSAC the 
exchange IS accompanied by retention of the configu- 
ration of the ammo acid moiety Thus, the spectrum 
of the fully deuterated A(SS) BMSAC (see Fig 4) 
contains an mtenslve smglet of the CHs group of the 
ala moiety with 6 = 1 76 ppm and a less mtenslve 
singlet with 1 80 ppm At the same time the signal of 
this group for the fully deuterated A(SS) isomer 1s an 
intensive smglet with 1 80 ppm and a less mtenslve 
singlet with 6 = 1 76 ppm 

By analogy with other ammo acid complexes of 
metals it may be supposed that deutermm exchange 
[2a, 4, 143 of A(SS) and A(SS) BMSAC and MSAC 
under the action of OD- m D20 proceeds through 
intermediate formatlon of an ammo acid carbamon 
The entire exchange can thus be described by 
Scheme 2 

n=2orl 

M IS Co3+ or Cu2+ 

Scheme 2 
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TABLE III Parameters of Exchange of a-Hydrogen of an Ammo Acid Moiety of Various Metal Complexes of Ammo Acid Schlff 
Bases m D20 under the Actlon of OD- 

Exp Code of 
No complex 

Complex t 
OC 

Concentration kex 
of OD- (pD) &p s-l ** 

k+-R 

BMSAC 
BMSAC 
BMSAC 
BMSAC 
BSAC 
BMSGC 
BSGC 
MSAC 
MSAGC 

A[Co(7-Me-Sal-@)-ala)21 Na 21 
A[Co(7-Me-Sal-(S)-ala)21 Na 40 
A[Co(7-Me-Sal-(S)-ala)21 Na 4 
A [Co(7-Me-Sal-(Q-ala)21 Na 21 
A [ Co&&(S)-ala)21 Na 21 
[Co(7-Me-Sal-gly)z] Na 25 

~CO@WYM Na 25* 
Cu(7-Me-Sal-(Q-ala) 21 
A[Co(7-Me-Sal-(S)-ala)(7-Me-Sal-gly)] Na 21 

0156 
0 158 
0 158 
0 158 
(10 6) 
(10 6) 
(10 6)* 

0 158 

43 x10-4 4 3/I 
2 01 x 10-3 3 2/l 
6 25 X lo-’ 3 7/l 
1 25 X 1O-3 4 511 

8 30 x 10-l 111 
6 0 x 10-l 
6 3* 
1 36 X lo4 111 
111 x 10-s l/l 

*Reference [4] **kex determmatlon error lies withm 20% 

Since deutermm exchange was carried out in D20, 
I e m a hgh-polarity medmm the effects associated 
with ‘internal return’ of the proton [ 151 and ‘isorace- 
mlzatlon’ [ 151 can be neglected 

Hence, it follows that after the decomposltlon of 
the reaction mixture the entire isolated [2-‘H] -ala 1s 
obtamed from the unreacted mltlal complex and has 
the configuration (S), while all the (R)-ala contams 
deutermm 

Time dependence of the rate of (S) and (R)[2- 
2H]ala accumulation allows one to find k,, as well 
as the ratio of (S)[2-2H]ala and (R)[2-*HIala, 
equal to k&R Both for the dlastereomers of 
BMSAC and for MSAC the ratio (S)[2-*HIala/ 
(R)[2-*HIala practically does not depend on the 
degree of deuteratlon (see Table II) Average values of 
k,, and ks/kR for BMSAC, MSAC and BSAC are 
gwen m Table III As can be seen from the data 
presented m Table III, BMSAC and BMSAC exchange 
a-hydrogen of (S)-ala by deutermm with the con- 
figuration being preserved, and k&-R lies withm 
therangeof41-43at21’C 

The temperature dependence of the ratlo k&R 
is small it varies from 3 2 to 4 1 withm the tempera- 
ture range of 4 to 40 “C 

This result shows a prmclpal difference m the 
behavlour of BMSAC complexes from that of BSAC 
m the reaction of deutermm exchange of the ammo 
acid moiety Thus, the complex A(SS) BSAC which 
m structure 1s closest to BMSAC exchanges ar-hydro- 
gen with complete racemlzatlon (Table III) Exchange 
of hydrogen wth racemlzatlon 1s observed also for A 
and A bu[N-sahcyhdene(S)-valmato] cobaltate(II1) 
complexes BSVC [4] 

Thus, replacement of al&mine hydrogen for the 
methyl group leads to preservation of the configura- 
tion of the ammo acid moiety m deutenum exchange 
m the A(SS) and A(SS) BMSAC complexes 

Sterlc effects of the final state of the reaction 
cannot account for the retention of the configuration 
both for A and A BMSAC 

Thus, enantunerlc analysis of ala isolated after the 
electrochemical reduction of the eqmhbnum murture 
of dlastereomers, obtained after alkalme epimenza- 
tlon of A and A BMSAC (m accordance wth Scheme 
3), gves the ratio 

A(RR) A(SS) 
-Z-Z 211 
A(SS) A(RR) 

Scheme 3 

Thus, a thermodynamically controlled process gives 
excess R-ala from A BMSAC Consequently, the 
reasons for the preservation of the configuration of 
(S)-ala m the deutenum exchange of A(SS) BMSAC 
can be of kinetic character only 

However, the data on the stereochemistry of 
deutermm exchange of the ammo acid moiety m the 
MSAC and MSGAC complexes show that the mter- 
mediately formmg carbamon cannot be a slowly 
inverting chnal one It 1s obvious that any stenc m- 
teractlons of the groups Rl and R2 (Fig 1) of the 
intermediate carbamon must be the same m the case 
of BMSAC and m the case of MSAC and MSGAC, a 
choral slowly inverting carbamon could be formed m 
these two cases as well Indeed, although the rate of 
deutenum exchange m MSGAC 1s considerably 
decelerated as compared to BSAC (Table III), both 
MSAC and MSGAC do exchange their a-hydrogen 
~th complete racemlzatlon of the ammo acid moiety 
(Table III) 

Evidently, the reason why the configuration S-ala 
is preserved m the deutenum exchange of the ala 
moiety m the case of both A and A BMSAC hes m an 
unusually great influence of the nelghbourmg clvral 
S-ala moiety on the relative rates of D20 attack on 
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the re and sz sides of the mtermedlate planar or rapld- 
ly inverting carbamon of the ammo acid moiety of 
BMSAC 

What can be sud about the probablhty of forma- 
tion of a slowly mvertmg non-planar ctiral carba- 
man? The probablhty of this phenomenon IS, evldent- 
ly, small m view of the followmg conslderatlons 
comparison of the rate of deutenum exchange of 
racemlc ions of bls-[N-sahcyhdeneglycmato] cobal- 
tate(II1) (BSCC) and bls-[N-7-methylsahcyhdene- 
glycmato] cobaltate(II1) (BMSGC) shows that kinetic 
CH-acidity of the glycme moiety of BMSGC 1s 10 
tnnes smaller than that of the glycme moiety of 
BSGC (Table III, Expenments No 6 and No 7) The 
same difference m the CH-aedlty 1s observed when 
one compares BSAC and BSGC (Table III, Expen- 
ments No 5 and No 7) It 1s obvious that m both 
cases dlmmutlon of the rate constant 1s caused by the 
replacement of the mtrahgand sterlc H-H mterac- 
tlon m the carbamon by the mteractlon H-CHs On 
the other hand, replacement of the mteractlon 
H-CHJ for CH3-CH3 as one goes from BSAC to 
BMSAC leads to the dlmmutlon of the deutermm 
exchange rate constant by 3 X lo3 times (Table III, 
Experiments No 1, No 4, No 5) Thus, even if con- 
siderable sterlc hmdrances are created to the forma- 
tion of the carbamon, leadmg to the dlmmutlon of 
the CH-acldlty by 3 orders of magmtude, we cannot 
positively state the formatlon of a slowly mvertmg 
non-planar chnal carbamon m the system of ammo 
acid Schlff bases and ortho-hydroxyacetophenone 
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