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The Stereochemistry and Reactivity of Metal-Schiff Base Complexes. 1V.
The Stereoselectivity of N,N’-Ethylenebis(a-methylsalicylideneaminato)-
cobalt(III) Complexes with N-Benzyl-L-alanine, N-Methyl-L-alanine,
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Cobalt(ITI) complexes containing N-alkyl-L-alanine and a Schiff base ligand, f,-[Co(a-Me-sal,en)(N-R-
L-ala)] (where a-Me-sal,en represents the dianion of N,N’-ethylenebis(ax-methylsalicylideneamine) and N-R-
L-ala denotes the anion of titled amino acids), have been prepared. They were characterized by the use of the

absorption, circular dichroism, and *H NMR spectra of the complexes.

They showed quite high stereoselectivity

for Agg-B,-configuration: 939, for N-methyl-L-alanine, and almost 1009, for N-benzyl-L-alanine and N-benzyl-N-

methyl-L-alanine.

The similar B,-Co(sal,-(S,5)-chxn) complexes with N-benzyl-L- and N-benzyl-p-alanines,

where saly-(S,S)-chxn represents the dianion of (15,25)-N,N’-1,2-cyclohexylenebis(salicylideneamine), have been

synthesized to investigate the stereospecificity of the complex toward N-benzyl-rL-alanine.

It was found that

Co(sal,-(S,S)-chxn) complex reacts with N-benzyl-L-alanine in a high stereospecificity (93—949, at the 1:2 re-
action molar ratio between the complex and racemic N-benzylalanine, and almost 1009, at the 1:100 molar

ratio).

The steric control of the diastercoisomers of metal
complexes is one of the interesting subjects in the
stereochemistry of coordination compounds. Many
studies have been directed toward the stereoselec-
tivity or stereospecificity of Co(N,) complexes with
a chiral amino acid,) where (N,) denotes a tetramine
ligand such as (en), or trien. However, the sterec-
selectivity of the [Co(N,)(aa)]?* complexes is not so
high. For examples, the isomeric ratio of the dia-
stereoisomers, 4/4, at the equilibrium conditions is
about 50/50 in [Co(en),(r-ala)]?+,® 37/63 in [Co-
(en)y(r-val)]?+,® 33/67 in py-[Co(trien)(r-pro)]2+,3
and 18/82 in f,-[Co(pyht)(r-ala)]?t.¥ In the case
of Co(N,) complexes with N-alkyl-L-amino acid, the
stereoselectivity is higher than the corresponding rL-
amino acidato complex; but the 4/4 ratio is 80/20,
60/40, or 90/10 in [Co(en)y(N-Me-L-ala)]2+,5 B,-
[Co(trien) (N-Me-L-ala)]2+,% or £,-[Co(2(S)10(S)-Me,-
2,3,2-tet) (N-Me-L-ala)]2+ V) respectively.®)

We have recently found that the stereoselectivity of
cobalt(IIT)-Schiff base complexes with a chiral amino
acid, Py-[Co(Schiff base)(r-aa)], is much higher than
that of the corresponding Co(N,) complexes: A/A is
67/33 in the r-ala complex, 90/10 in the rL-phe com-
plex, and about 0/100 in the rL-pro complex.?19) It
is most interesting that the stereoselectivity of the
L-pro complex reaches almost 1009,. This quite high
stereoselectivity of the L-pro complex comes from the
strong intramolecular steric repulsion between the
Schiff base ligand and the pyrrolidine ring, a kind
of N-alkyl group, of r-proline. Therefore, in the Co-
(III)-Schiff base system, it can be expected that the
N-alkyl amino acidato complex may show quite high
stereoselectivity.

In this paper, the preparation and the stereoselec-
tivity of Co(a-Me-sal,en) complexes with N-methyl-
L-alanine, N-benzyl-1-alanine, and N-benzyl-N-methyl-
L-alanine will be studied to establish a quite high
steric control of the diastereoisomers of amino acidato

The above phenomena were explained in terms of the thermodynamic selectivity of the complexes.

cobalt(III) complexes. The optical resolution of amino
acids™ will be used to study the stereospecificity of
Co(saly-(S,8)-chxn) complex toward N-benzyl-L-ala-

nine.
Experimental

Preparation of the Complexes. [Co(a-Me-sal,en)] was
prepared by the method of Bigotto et al.'® [Co(saly-(S,S)-
chxn)] was prepared by the method described in Ref. 13.
(18,25)-1,2-Cyclohexanediamine was resolved by the method
reported in Ref. 13. N-Alkyl amino acids were prepared
by the method of Quitt et al®

[Co( o- Me-salyen) (N-Bz-L-ala)]. 7:1 Mixture of Ngs-
and Agss-Po-Isomers (Complex I): N-Benzyl-L-alanine (2.1 g,
1.2 1072 mol) in a mixed solvent of water (20 cm3) and
methanol (130 cm®) was added to a slurry of [Co(a-Me-
sal,en)] (3.8 g, 1.1 X 10-2 mol) in chloroform (250 cm?®). The
mixture was stirred vigorously in the open air for about
7 min until the color of the solution became green. After
a trace amount of unreacted [Co(a-Me-salen)] had then
been filtered off, water (about 500 cm?®) was added to the
filtrate; then the water-soluble component was extracted
into water (twice). The chloroform layer was filtered, and
petroleum ether (about 2 dm3®) was added to the filtrate
to give a green powder. Since the reaction product is labile
in isomerization in solution, the above procedure should
be carried out as quickly as possible. 'When the procedure
took about 15 min, the green precipitate thus obtained
showed the molar rotation at 435 nm of —1.95x10%*° (¢c=
1.0x 10-2 mol dm~2; chloroform, soon after dissolution),
which corresponds to a 1:2 mixture of dgg- and Agg-Po-
isomers of [Co(x-Me-sal,en)(N-Bz-L-ala)]. Yield, about 4.0
g. Found: C, 62.27; H, 5.61; N, 7.77%. Calcd for
CoC,sH, N3O, -0.5H,0: C, 62.22; H, 5.78; N, 7.77%.
The 1:1 mixture was obtained by treating the 1:2 mixture
as follows. The 1:2 mixture (0.4 g) was dissolved in chlo-
roform (20 cm3), and acetone (30 cm3) was added to it.
The solution was concentrated to a small volume with a
rotary vacuum evaporator at about 40 °C. The green
powder thus obtained was washed with acetone and dried
under vacuum. Yield, about 0.2 g. Found: C, 59.30; H,
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5.36; N, 7.36%. Caled for CoC,sHyN;0O,.-0.5H,0-0.5
CHCl;: C, 59.49; H, 5.52; N, 7.37%. [Mly=—2.50%
10%° (¢=1.0x 10" mol dm=3; chloroform, soon after dis-
solution).

A ps-By-Isomer (Complex II): Method A. One gram of
the green powder ([M];;=—1.95x10%°) obtained above
was dissolved in the mixed solvent of chloroform (30 cm®)
and methanol (30 cm?). The solution was slowly concen-
trated to a small volume at room temperature to give green
crystals in about an 85% yield. Found: C, 51.48; H, 5.13;
N, 6.26%. CQCalcd for CoC,H;3,N;0,-1.5H,0-CHCl;: C,
51.38; H, 5.05; N, 6.20%. [M]y;=—4.38x10%* (¢=1.0x%
103 mol dm—2; chloroform soon after dissolution).

Method B. N-Benzyl-L-alanine (2.1g, 1.2 10-2mol) in
a mixed solvent of water (20 cm®) and methanol (130 cm?®)
was added to the slurry of [Co(x-Me-sal,en)] (3.8g, 1.1x
10-2 mol) in chloroform (175 cm?®). The mixture was stirred
vigorously in the open air for 2 h. After a trace amount
of brownish by-product had been filtered off, the filtrate
was slowly concentrated to a small volume. The green
crystals thus obtained were recrystallized from a mixed
solvent of chloroform and methanol (1:1 in volume). Yield,
about 4.2 g. Found: C, 51.67; H, 5.06; N, 6.32%,. Calcd
for CoC,sH;N;0,-1.5H,0-CHCl;: C, 51.38; H, 5.06;
N, 6.20%. [M]s=—4.38%x10%* (c=1.0x 103 mol dm~?;
chloroform, soon after dissolution). When the complex was
recrystallized from methanol and water, green crystals with-
out any crystalline chloroform were obtained. Found: G,
58.36; H, 6.10; N, 7.299%. Calcd for CoC,sHgN;O,-
2.5H,0: C, 58.33; H, 6.12; N, 7.29%. [M]yg;=—4.38%
10%° (¢=1.0x10-2moldm—3; chloroform, soon after dis-
solution).

[Co( o-Me-salyen) (N-Me-L-ala)]. 7:1 Mixture of Aps-
Po-Isomer and A-Po-Isomers (Complex III): N-Methyl-L-ala-
nine (1.3g, 1.2x10-2mol) in a mixed solvent of water
(10 cm®) and methanol (100 cm3) was added to the slurry
of [Co(a-Me-salyen)] (3.7g, 1.1 x10-2mol) in chloroform
(250 cm?®). The mixture was stirred vigorously in the open
air for about 10 min, until the solution became green. After
a trace amount of unreacted [Co(x-Me-salyen)] had been
filtered off, water (500 cm?®) was added to the filtrate to
extract the water-soluble component into water (twice).
The chloroform layer thus obtained was filiered, and petro-
leum ether (about 2 dm?) was added to the filtrate to give
green powder in about a 3.5 g yield. It was dried under
vacuum. When this procedure took about 20 min, the
green product thus obtained showed [M],;; of —1.44Xx
10%° (¢=1.0x10-3 mol dm—3; chloroform, soon after dis-
solution), which corresponds to the 1:2 mixture of 4- and
Agg-Po-isomers. The 1:1 mixture was obtained by the
following procedure. The green powder (0.8g) obtained
above was dissolved in chloroform (20 cm?®), and acetone
(20 cm?®) was added to it. When the solution was concen-
trated to a small volume with a rotary vacuum evaporator
at about 40 °C, the 1:1 mixture was precipitated as a green
powder in about a 409, yield. Found: C, 56.47; H, 5.82;
N, 8.95%. Calcd for CoC,H,N;O,-0.5H,O: C, 56.90;
H, 5.86; N, 9.05%. [M]3=—6.1x10%° (¢=1.0% 10-2 mol
dm-3; chloroform, soon after dissolution).

Ags-Po-Isomer (Complex IV): Omne gram of the green
powder obtained above (the 1:2 mixture of 4- and Agg-
Bo-isomers) was dissolved in a mixed solvent of chloroform
(10 cm3) and methanol (30 cm®), and the solution was
warmed at about 50 °C for 7h. When petroleum ether
(about 300 cm®) was added to the solution, the Agpg-fo-
isomer was precipitated as a green powder in about an 809,
yield. It was dried under vacuum. Found: C, 56.64;
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H, 591; N, 8.82%. Calcd for CoCyH,yN;O,-0.5H,0:
C, 56.90; H, 5.86; N, 9.05%. [M]gs=—4.15x10%° (c=
1.0 X 10-3 mol dm~3; chloroform, soon after dissolution).

When the 1:2 mixture obtained above was recrystallized
from a mixed solvent of methanol and water, green crystals
with [M]s of —2.40% 10%° (¢=1.0% 10-3 mol dm=23; chlio-
roform, soon after dissolution) were isolated in an 85%
yield. The product corresponds to the 1:4 mixture of 4-
and Agg-fy-isomers. Found: C, 56.72; H, 5.99; N, 8.93%.
Calcd for CoC,,H,eN,;0,-0.5H,0: G, 56.90; H, 5.86; N,
9.05%.

A 5 5-Po-[Co(a-Me-salyen) (N-Bz,Me-L-ala)] (Complex V).
This complex was prepared by a method similar to that
employed for the preparation of Agg-P,-[Co(x-Me-salen)-
(N-Bz-1-ala)] (Complex II), as mentioned above (Method
B). When the complex was recrystallized from methanol
and water, it was obtained as a green powder in about a
70%, yield. Found: C, 60.61; H, 6.22; N, 7.15%. Calcd
for CoC,yH,;,N,0,-1.5H,0: C, 60.84; H, 6.16; N, 7.34%.
[M]5=—4.12x10% (¢=1.0x 10-3 mol dm~3; chloroform).

A gs-Ps-[Co(saly-(S,S)-chxn) (N-Bz-L-ala)] (Complex VI).
N-Benzyl-L-alanine (0.27 g, 1.5 X 10-3 mol) in a mixed solvent
of water (10 cm3) and methanol (20 cm?®) was added to
a slurry of [Co(saly-(S,S)-chxn)] (0.5g, 1.3x10-3mol) in
methanol (40 cm®). The mixture was stirred vigorously
in the open air for about 1 h to give a green solution. When
the green solution was concentrated to a small volume,
green crystals were obtained in about an 0.6 g yield. They
were recrystallized from methanol. Found: C, 60.70; H,
6.21; N, 7.18%. Calcd for CoCyH;,N;0,-2H,0: G, 60.71;
H, 6.11; N, 7.08%. [M]5=—3.94x10% (¢=1.0x10-3
mol dm~3; methanol).

7:1.5 Mixture of A-ps and A g g-Bo-[Co(saly-(S,S)-chxn)(N-
Bz-p-ala)] (Complex VII). This complex was prepared
by a method similar to that employed for the preparation
of Complex VI. It was obtained as a green powder in
about a 709, vield. Found: C, 60.56; H, 6.18; N, 7.27%,.
Caled for CoC;H,,N,0,-2H,O: C, 60.71; H, 6.18; N,
7.08%. [M]y;=—8.6x10% (¢=1.0x10-3moldm=3; me-
thanol).

The Optical Resolution of N-Benzylalanine with [Co(saly-(S,S)-
chan)]. Racemic N-benzylalanine (0.47g, 2.64x10-3
mol) in water (20 cm®) was added to the slurry of [Co(sal,-
(8,S)-chxn)] (0.5g, 1.32x 103 mol) in methanol (100 cm?).
The mixture was stirred in the open air for about 1 h. To
the resulting green solution, chloroform (250 cm?) and water
(250 cm?®) were added, and the mixture was shaken for about
5min. The chloroform layer (A) and the water layer (B)
were separated with a separatory funnel. Water (150 cm?®)
was added to the chloroform layer (A), and a residual trace
amount of N-benzylalanine was extracted into the water
layer (C). Then, chloroform (150 cm?®) was added to the
water layer (B), and a residual trace amount of green com-
plex was extracted into chloroform layer (D). The water
solutions (B) and (C) were mixed together, and the resulting
mixture was evaporated to dryness. A white precipitate
was obtained in about an 0.23 g (98%,) yield. The precipi-
tate was confirmed to be N-benzylalanine from its *H NMR
spectrum and the elemental analysis. The optical purity
of the N-benzylalanine was determined to be 939, (p-form)
by the method of Ref. 15.

The chloroform solutions (A) and (D) were combined
and the mixture was evaporated to dryness. The green
powder thus obtained was washed with water. This green
powder was then partially dissolved in a mixed solvent of
methanol (50 cm?®) and water (100 cm®), NaBH, (0.05g,
1.32x 10~* mol) was added to the mixture. The mixture
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Fig. 1. The absorption spectrum of [Co(a-Me-sal,en)]
in CHCI, under nitrogen (—-—:-), and those for the

reaction solution of [Co(x-Me-sal,en)] (1.0 10-3 mol
dm=3) and N-benzyl-r-alanine (I.1Xx 10~2 mol dm-3)
in a mixed solvent of CHCIl; and CH;OH (4:1)
under the air-oxidation conditions. ( ): Soon
after reaction, (----): at the equilibrium conditions.

was stirred vigorously for about 15 min until an orange
precipitate of [Co(saly-(S,5)-chxn)] appeared. The precipi-
tate was filtered, and water (250 cm®) and chloroform (250
cm?) were then added to the filtrate to extract a trace amount
of orange complex into the chloroform. The pH of the
water solution was adjusted to about 7 with dil HCI, and
then the solution was evaporated to dryness to give a white
powder. Methanol (150 cm3) was added to the white pre-
cipitate to extract N-benzylalanine into methanol. When
the methanol solution was concentrated to a small volume,
a white precipitate was obtained in about an 0.24 g yield.
The precipitate was confirmed to be N-benzylalanine, con-
taminated by a small amount of H,BO; from the 'H NMR
spectrum and the elemental analysis. No further purifica-
tion was attempted. The optical purity of the N-benzyl-
alanine was 949, (r-form).*®

Measurements. The electronic absorption spectra were
recorded with a Hitachi EPS-3 Spectrophotometer at 23 °C.
The CD spectra were measured with a JASCO J-20
Automatic Recording Spectropolarimeter at room tempera-
ture. The optical rotation at 435 nm was measured with
a JASCO DIP-140 Digital Polarimeter. The *H NMR spec-
tra were recorded with a Hitachi R-20 Spectrometer (60
MHz) using TMS as the internal reference at 35 °C.

Results and Discussion

The Reaction of [Co(o-Me-salyen)] with N-Alkyl-v-
alanine, and the Preparation and Properties of Py-[Co(a-
Me-salyen) (N-R-L-ala)] Complexes. 1) By-[Co(a-
Me-salyen) (N-Bz-1-ala)]: Figure 1 shows the absorp-
tion spectrum of [Co(x-Me-sal,en)] and that of the
reaction solution of [Co(x-Me-sal,en)] and N-benzyl-
L-alanine under air-oxidation conditions. Figure 2
shows the time dependences of the absorbance at 600
nm and the rotation at 435 nm for the reaction solu-

Stereochemistry of Co(a-Me-sal,en) Complexes with N-Alkyl-rL-alanine
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Fig. 2. The time dependences of the absorbance at
600 nm ( ) and the rotation at 435 nm (—-—-)

for the reaction solution of [Co(x-Me-sal,en)] (1.0
10-3mol dm=3) and N-benzyl-L-alanine (1.1x10-2
mol dm—3) in a mixed solvent of CHCl; and CH,OH
(4:1) under the air-oxidation conditions at 35 °C.
Cell length=1.0 cm.

A: Those for the initial reaction, B: those for the full
reaction, G plot of In|ae—a;| vs. the time.

tion. The absorbance at 600 nm becomes almost con-
stant within a few minutes after the initiation of the
reaction, and the absorption spectrum soon after re-
action closely resembles that at the equilibrium con-
ditions. Further, the absorption spectra are very
similar to those of the f,-[Co(x-Me-salsen)(L-aa)].8:9:16)
Accordingly, it seems that the complexation between
[Co(a-Me-salyen)] and N-benzyl-L-alanine proceeds
quite rapidly to form g,-[ Co(x-Me-sal,en) (N-Bz-L-ala)].
On the other hand, the rotation at 435 nm of the
reaction solution shows a small plus value soon after
reaction, but it changes gradually to show a large
minus value at the equilibrium conditions. The plot
of In |#w—a,| vs. the time for the mutarotation gives
a straight line, as is shown in Fig. 2. These facts
indicate that the reaction produces a mixture of two
species: ()45~ and (—)gg5-isomers of fy-[Co(a-Me-
sal,en) (N-Bz-L-ala)] complex, and then the (4)55-
isomer thus formed isomerizes slowly to the (—)g5-
isomer. In fact, as has been mentioned in the Ex-
perimental section, from the initial reaction solution,
a green powder with a small minus rotation at 435
nm (represented as Complex I) was isolated. From
the equilibrium solution, green crystals with a large
minus rotation at 435 nm (Complex II) were isolated.
Both complexes had the same composition that cor-
responding to [Co(a-Me-salyen)(N-Bz-1-ala)], and their
absorption spectra resemble not only each other but
also those of the reaction solution mentioned above.
Further, the mutarotation curve for Complex I was
very similar to that for the reaction solution: the
slopes of the plots of In |aw—ay| vs. the time for both
mutarotations were the same. Therefore, it can be
concluded that [Co(x-Me-salen)] reacts with N-
benzyl-L-alanine quite rapidly to form a mixture of
the (+)4g5- and (—),g5-isomers of fy-[Co(a-Me-salen)-
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TasLe 1. Tue 'H NMR SPECTRAL DATA OF THE COMPLEXES (6)®):®)
Complex C-CH,;® N-CH, CH,;-C=N Others

I 0.70] | 5 2.73[3] 4.0(HDO), 4.1(multiplet of N-CH,-¢), 3.8—4.6
0.2 [1-3] 2.82(3] (broad multiplet of N-CH,-CH,-N), 6.4—7.8
1.29} [1.5] (multiplet of phenyl protons)
1.41 :

1 0.70 2.73[3] 4.0(HDO), 4.1(multiplet of N-CH,-¢), 3.8—4.6
0.82 131 2.82[3] (broad multiplet of N-CH,-CH,-N), 6.4—7.8

(multiplet of phenyl protons)

I11» 1.32 1.5 2.15 310 2.68[3] 4.1(HDO), 3.6—4.7(broad multiplet of N-CH,~
1.24fL1-3] 2,24 3] 2.77[3] CH,-N), 6.5—7.7(multiplet of phenyl protons)
1.39
1.51} [1.3]

L) 1.32) 2.15) 1o 2.68(3] 4.1(HDO), 3.6—4.7(broad multiplet of N-CH,-
1.44] 13 2.24}[ ] 2.77[3] CH,-N), 6.5—7.7(multiplet of phenyl protons)

\% 0.40] (5 2.15[3] 2.66[3] 4.1(HDO), 3.5—4.7(broad multiplet of N-CH,-
0.51 3] 2.79(3] CH,-N), 6.5—7.7(multiplet of phenyl protons)

VI 0.83) 7.85(1] 1.5—2.3(multiplet of CH,,), 4.1(HDO), 3.4—3.7
0.92 3] 8.05[1] (CH,-¢), 6.5—7.7(multiplet of phenyl protons)

(H-C-=N)

VII 1.12 1.8 7.79[2] 1.5—2.3(multiplet of CgH,,), 4.1(HDO), 3.37
1.4 [1-8] (H-C=N) (CH,-¢), 6.5—7.7(multiplet of phenyl protons)
1.35
1.48} [1.2]

a) Solvent==CD,OD+ CDCl,(1 : 4).

1 t 1 1 1 ] Y 1 I
8 7 6 5 4 3 2 1 0
§
a b c
] Il L 1 1 1 -1 i L
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$ 8

Fig. 3. The 'HNMR spectrum of Complex I (1:1
mixture of Agg- and Agg-B,-[Co(x-Me-sal,en) (N-Bz-
L-ala)]) in a mixed solvent of CDCl; and CD,OD
(4:1) soon after dissolution.

a, b, and c are the time dependences of C—CH, signal
of the coordinated N-benzyl-L-alaninate.
a: About 3 min after dissolution, b: about 10 min
after, c: at the equilibrium conditions.

b) Soon after dissolution.

c) Doublet. d) [ ] represents relative peak area.

(N-Bz-L-ala)] complex, and the (+);-isomer thus
formed isomerizes slowly to the (—),ss-isomer. It has
already been shown that pf,-Co(a-Me-sal,en) com-
plexes with r-amino acids are labile in isomerization
between A- and 4-configurations.8® On the other
hand, no mutarotation was observed for Complex II.

Figure 3 shows the *H NMR spectra of the N-Bz-
L-ala complexes. The numerical data are listed in
Table 1. The H NMR spectrum of Complex I ex-
hibited a time dependence in its methyl signal of
the coordinated N-benzyl-L-alaninato ligand, and that
of the complex at the equilibrium conditions coincided
with that of Complex II. The methyl signal of Com-
plex I soon after dissolution consists of two doublets
at 0.77 and 1.35 ppm (center of the doublet) with
the relative intensity ratio of about 1:1. Complex
II shows only one doublet at 0.77 ppm. No other
peaks or shoulders were observed for the methyl signal.
These facts strongly support the assertion that only
two species, the ()35~ and (—),s;-isomers, are in-
volved in the mutarotation of Complex I. From the
'H NMR spectra, it can be concluded that 1) Complex
I is the 1:1 mixture of the (+),5;- and (—),g5-isomers
of By-[Co(a-Me-salyen) (N-Bz-r-ala)], 2) Complex II
is the pure (—)ugs-isomer of the N-Bz-r-ala complex,
and 3) the stereoselectivity at the equilibrium con-
ditions of the N-Bz-r-ala complex is almost 1009%,.
As will be mentioned later, the Agg-B,-structure is
assigned to the (—)gs-isomer, and the Ay-B,-struc-
ture to the (4 ),gs-isomer. Here, it should be noted
that 1) the formation of both (4)g;- and (—)gs-
isomers in the initial reaction between [Co(a-Me-
salsen)] and N-benzyl-r-alanine can be regarded as
kinetic in origin,® 2) the isolation of the 1:1 mixture
of (4)us- and (—),s5-isomers from the solution of
the 1:2 mixture may be due to the lower solubility
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Fig. 4. The mutarotation (A) and the plot of In|ae—
a,| vs. the time (B).
A’ and B’ show those of the initial reaction solution.
a: The reaction solution of [Co(x-Me-sal,en)] (1.0X
10-2 mol dm—3) with N-methyl-L-alanine (1.1x10-3
mol dm—3) in a mixed solvent of CHCl; and CH,OH
(4:1) under the air-oxidation conditions at 35 °C,
b: Complex IV (Agg-Ps-[Co(a-Me-sal,en)(N-Me-L-
ala)]) (1.0 X 10~2 mol dm~3) in the same conditions as a.

of the 1:1 mixture as compared with the solubility
of the 1:2 mixture, and 3) the preference of the (—),35-
isomer at the equilibrium conditions should come from
a thermodynamic origin. The thermodynamic stereo-
selectivity of the N-Bz-L-ala complex will be mentioned
later in detail.

2) Bo-[Co(o-Me-salyen) (N-Me-1-ala)]: In the reac-
tion for [Co(a-Me-salyen)] and N-methyl-L-alanine, the
absorption spectra of the reaction solution soon after
reaction and at the equilibrium conditions resembled
each other quite closely, and they were very similar
to those for B,-[Co(x-Me-sal,en)(r-aa)]. The absorb-
ance at 600 nm of the reaction solution became al-
most a constant within a few minutes after initiation
of the reaction: the complexation is very fast. The
rotation at 435 nm of the reaction solution changed
gradually to show a large minus rotation at the equi-
librium conditions. These spectral and rotational
properties of the N-Me-L-ala complex are very sim-
ilar to those of the N-Bz-r-ala complex. However,
as is shown in Fig. 4, the plot of In |ece—a,| vs. the
time for the mutarotation gives two straight lines
crossing at about {=10min. A quite similar mu-
tarotation was observed for Complex III, which was
isolated from the initial reaction solution between [Co-
(a-Me-salyen)] and N-methyl-L-alanine. These facts
indicate that three species at least, two (--)ggs-isomers
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Fig. 5. The 'H NMR spectra of f,-[Co(x-Me-sal,en)-

(N-Me-L-ala)] complexes in a mixed solvent of CDCl,
and CD;OD (4:1).
(a), (b), (c), and (f) are the time dependences of N-
CH, and C-CH, signals of the coordinated N-methyl-
L-alaninate for Complex III. (d), (e), and (f) are
those for Complex IV.

and one (—)-isomer of fy-[Co(a-Me-salyen)(N-Me-
r-ala)] complex, are involved in the mutarotation,
and one of the two (-),s-isomers isomerizes much
faster to the (—),gs-isomer than the other ()5~
isomer does. As mentioned later, four diastereoiso-
mers are thought to be available for the B,-[Co(«-
Me- salzen) (N-Me-r-ala)] complex; their relative sta-
bility is as follows: Apg->Age- > Ag- >ASS-1somers
Therefore, the (-),s-isomer, which isomerizes first,
may correspond to the less stable Agpg-isomer, and
the other (4),g;-isomer may correspond to the Agg-
isomer.

As is shown in Fig. 4, Complex IV also exhibits
a mutarotation; it has a smaller minus rotation at
the equilibrium conditions than that soon after dis-
solution, although the degree of the mutarotation is
very small. This fact indicates that the stereoselec-
tivity of the N-Me-r-ala complex is less than 1009,.

Figure 5 shows the TH NMR spectra of Complexes
IIT and IV. The H NMR spectrum of Complex
IIT exhibited a time dependence in the C-methyl
signal of the coordinated N-methyl-r-alaninato ligand.
The methyl signal of Complex III soon after dis-
solution consists of two doublets at 1.34 and 1.55
ppm (center of the doublet) with the relative intensity
of about 1:1. At the equilibrium conditions, only
one doublet at 1.34 ppm is observed, and the 1H NMR
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TaBLE 2. THE ISOMERIC RATIO OF f,-[Co(x-Me-sal,en)
(N-R-L-ala)] AT THE EQUILIBRIUM CONDITIONS?®)

N-R-1-ala Agg-Tsomer/dgg-Isomer  Stereoselectivity
N-Bz-r-ala ~100/=0 ~1009%,
N-Me-L-ala 96.5/3.5 93%,
N-Bz,Me-r-ala ~100/0 ~100%,

a) Solvent=CH,OH+ CHCI4(1 : 4 in volume), Temp=
35°C.

spectrum is identical with that for Complex IV.
Complex IV showed no observable time dependence
in its *TH NMR spectrum, except that the N-methyl
signal became a singlet due to the H-D exchange of
N-H proton on the N-methyl-L-alaninato ligand with
deuterium of the solvent. Such YH NMR spectral
behavior suggests that 1) Complex III is the 1:1 mix-
ture of two species of isomer of [Co(a-Me-salyen)(N-
Me-L-ala)] complex, 2) Complex IV is the pure (—),s5-
isomer of the N-Me-L-ala complex, and 3) the stereo-
selectivity at the equilibrium conditions of the N-
Me-1-ala complex is almost 1009%,. However, the
above suggestions 1) and 3) somewhat disagree with
the results obtained from the rotational measurements
for the N-Me-L-ala complexes mentioned above. The
disagreement in suggestion 1) may come from the
overlap of peaks in the 'H NMR spectrum, low sen-
sitivity of the M NMR spectrum as compared with
the rotational measurement, or the rapid isomeriza-
tion of one of the two (- )s-isomers to the (—),g5-
isomer in the course of the TH NMR spectral meas-
urement for Complex III. The discrepancy in sug-
gestion 3) should come from the low sensitivity of
the TH NMR spectrum as compared with that of the
rotational measurement. Here, the stereoselectivity at
the equilibrium conditions of the N-Me-L-ala complex
was estimated by the use of the following equation:

Stereoselectivity (%) = [M]Bs/[M]As X 100,

where [M]é; and [M]F; denote the molar rota-
tions at 435 nm of Complex IV soon after dissolution
(A) and at the equilibrium conditions (B) respectively.
The estimated stereoselectivity is listed in Table 2.

3) By-[Co(o-Me-salyen) (N-Bz,Me-1-ala)]: The ab-
sorbance at 600 nm of the reaction solution between
[Co(a-Me-salsen)] and N-benzyl- N-methyl-r-alanine
became a constant value within a few minutes after
the start of the reaction: the complexation of N-benzyl-
N-methyl-L-alanine is quite fast, as are those of N-
benzyl-L-alanine and N-methyl-1-alanine. Unlike the
above two amino acids, however, the reaction solution
of N-benzyl-N-methyl-L-alanine showed a large minus
rotation at 435 nm from the beginning of the reaction,
and no mutarotation was observed. The rotation of
free N-benzyl-N-methyl-L-alanine itself is negligibly
small at 435 nm under the experimental conditions
employed (c=1.0x10-3mol dm=3). These facts indi-
cate that only the (—)-isomer of f,-[Co(a-Me-
sal,en) (N-Bz,Me-L-ala)] complex is produced by the
formation reaction, and that the other isomers are
not produced. As mentioned later, the other isomers
may be too unstable to be produced. In fact, only
the (—)gg5-isomer (Complex V) was isolated from the
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Fig. 6. The 'H NMR spectrum of Agg-Ps-[Co(a-Me-
salen)(N-Bz,Me-L-ala)] in CDCl,+CD;OD (4:1).

reaction solution. Complex V itself is not so stable;
thus, it decomposes at a higher temperature in meth-
anol.

Figure 6 shows the TH NMR spectrum of Complex
V. The H NMR spectrum corresponds to that of
the only species of isomer, and no time dependence
is observed. Since Complex V exhibits no mutarota-
tion at 435 nm and no time dependence in its TH NMR
spectrum, the stereoselectivity under the equilibrium
conditions is estimated to be almost 1009,.

The Structure and the Stereoselectivity of Ba-[Co(a-Me-
salyen) (N-R-v-ala)]| Complexes. 1)  The Structure of
the Complexes: The electronic absorption (AB) and
the circular dichroism (CD) spectra of the isolated
Complexes I-——V are shown in Fig. 7. The CD spectra
of Complexes I, III, and IV exhibited mutarotations
The CD spectrum of Complex I gradually increased
in its intensity, and that of Complex I at the equi-
librium conditions corresponded to that of Complex
II. The CD spectrum of Complex III gradually in-
creased in its intensity, whereas that of Complex IV
slowly decreased in its intensity, and the CD spectra
of both Complexes at the equilibrium conditions co-
incided with each other. Further, the AB spectrum
of Complex I soon after dissolution was very similar
to that at the equilibrium conditions, and the AB
spectrum at the equilibrium conditions coincided with
that of Complex II. For Complexes III and IV,
each AB spectrum soon after dissolution was very
similar to that at the equilibrium conditions; AB
spectra of both Complexes at the equilibrium con-
ditions were the same.

Since the AB spectra of all the complexes isolated
here resemble each other quite closely, it can be as-
sumed that the geometrical structure with respect to
the coordinated atoms is the same for all the com-
plexes. The CD spectra of Complexes II, IV, and
V, which correspond to the pure (—)g;-isomer of
each N-R-r-ala complex, are very similar to that of
(—)435-A-Bo-[Co(a-Me-salyen) (L-ileu)].8:1®  Therefore,
the A-B,-structure can be assigned to the (—),q;-
isomers. Figure 8 shows the vicinal effect of the co-
ordinated N-R-r-ala in Complexes II, IV, and V.
The vicinal effect was calculated by the use of the
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Flg 7. AB and CD spectra of the complexes in a mixed
solvent of CHCl; and CH;OH (4:1).
(a): Complex I soon after dissolution, (b): Complex
11, (c): Complex III soon after dissolution, (d): Com-
plex IV soon after dissolution, (e) Complex V, (f):
CD spectrum of Complex III at the isomeric ratio of
1:2 (Agg-:Ags-isomers), (g): Complex I at the isomeric
ratio of 1:2 (Agg-: Agg-isomers), (h): Complex IV soon
after dissolution, (i): Complex II, (j): Complex V,
(k): the estimated CD spectrum of Agg-f,-[Co(a-Me-
salen)(N-Bz-r-ala)], and (1): the estimated CD
spectrum of Agg-Po-[Co(x-Me-sal,en)(N-Me-L-ala)].

following equation:'?
CD(vicinal) in (—),gs-isomer = CD4 — 3(CD®—CD®),
(1)

where CDA represents the CD for the pure (—),s;-
isomer of f,-[Co(a-Me-salen)(N-R-r-ala)], and CD®
and CDC represent the CD’s of the 1:2 (B) and 1:1
(C) mixtures of A- and 4-f,-[Co(a-Me-salsen)(r-
ala)]819) respectively. The vicinal effects of all the
N-R-r-ala closely resemble each other; they are very
similar to that of the L-pro complex,® except for the
reversed CD sign. It is well known that r-proline
can chelate to metal ion with N(S)C(S)-configura-
tion, and that the vicinal effect of the asymmetric
coordinated atom is much larger than that of the
asymmetric atom far from the metal ion. Thus,
N(R)C(S)-configuration can safely be assigned to the
coordinated N-R-r-ala in Complexes II, IV, and V.
The X-ray study for Complex II is now going on,
and we have recently confirmed that Complex II
takes the Agpg-Bo-structure.!®)

The estimated CD curves for the (+4)35-isomers of
the N-Me-1-ala and N-Bz-L-ala complexes, which ex-
ist in the course of the isomerization of Complexes
I and III, are shown in Fig. 7. These CD curves
were calculated by the use of the following equation:
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Fig. 8. The vicinal CD of the complexes.
(a) and (b) are those for Agps- and Agg-f-isomers of
N-Bz-1-ala-complex respectively, (c) and (d) are those
for Agg- and Agg-Py-isomers of N-Me-L-ala-complex
respectively, and (e) is the vicinal CD for Arg-f;-isomer
of N-Bz,Me-L-ala-complex.

CD((+) 4g5-isomer) = 3CDP — 2CDA, @)

where CDP represents the CD of the 1:2 mixture of
the ()45~ and (—),gs-isomers of the N-R-r-ala com-
plex. The CD spectra could be measured in the
course of the isomerization of the 1:1 mixture (Com-
plexes I and III).!) CD* denotes the CD of the
pure (—)ss-isomer of the N-R-r-ala complex. It is
observed that the estimated CD curves for the ()35~
isomers are almost mirror images of the CD spectra
of the (—)gg-isomers. Thus, the A4-fy-structure can
be assigned to the (+)sg;-isomers. The vicinal effect
of the N-R-r-ala in the (+),g;-isomers is shown in
Fig. 8. The vicinal CD was calculated by the use
of the following equation:

CD(vicinal) in (+)g5-isomer = CDE — 3(CD® — CD°),

®3)

where CD® and CD® have been described above, and
CDF denotes the CD of the pure (4),g5-isomer. Since
the vicinal effect is almost a mirror image of that o {
the corresponding N-R-r-ala in the (—),5-isomers,
the N(S)C(S)-configuration can be assigned to the
N-R-r-ala in the (4),35-isomers.

From these results and discussion, it can be con-
cluded that the (—),g-isomers of N-R-r-ala complex
(Complexes II, IV, and V) take the Agq-B,-structure,
whereas the (+),g5-isomer of the N-Bz-L-ala complex
and one of the two ( —|—)435-1somers of the N-Me-L-
ala complex, which isomerizes more slowly, take the

Agg-Po-structure.

2) The Stereoselectivity: The stereoselectivity at the
equilibrium conditions of N-R-r-ala complex is listed
in Table 2. A quite high stereoselectivity can be
established in the Co(Schiff base) complexes of N-
R-r-ala. and the stereoselectivity is much higher than
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Fig. 9. Structure of four diastereoisomers of f,-[Co(x-
Me-salyen) (N-R-L-ala)].

that of Co(trien) complexes. Since the stercoselec-
tivity under the equilibrium conditions can be regard-
ed as thermodynamic in origin, the sterochemical
reason why there is a large difference in the thermo-
dynamic stability among the diastereoisomers of Co-
(Schiff base) complexes is developed as follows.

(a) N-Me-1-ala Complex: The possible four f,-iso-
mers are shown in Fig. 9. It is characteristic of a
tetradentate Schiff base ligand with gB-configuration
that the chelate ring (A) in Fig. 9 inclines toward
the side of the coordinated amino acid about 30°
from the N-Co-O plane of (A). In the cases of Ap-
and Ag-B,-isomers, the molecular models indicate that
the inclination of the chelate ring (A) brings about
an extreme steric closeness (1.2—1.4 A) between the
distored chelate ring (A) and the N-methyl group of
the coordinated amino acid. However, in the cases
of Age~ and Ag-B.-isomers, there is no abnormal
steric closeness between them. In the cases of Ap-
and Agg-fo-isomers, the N-methyl group somewhat ap-
proaches to the two phenolic oxygen atoms of x-Me-
salyen ligand (about 2.3 A), but the steric repulsion
seems to be much weaker than that between the chelate
ring (A) and the N-methyl group in the Az~ and
Ay-Bo-isomers. Thus, it can be assumed that Age-
and Adgg-f,-isomers are much more stable than Ag-
and Agg-By-isomers. In the case of r-pro complex,
it has been reported that the Agg-fy-isomer is more
stable than the A-f,-isomer at about 11.3 k] mol-1
or more.%

On the other hand, the conformational relationship
between the N-methyl and C-methyl groups of the
N-methyl-r-alaninato ligand is staggered (trans) in the
Apg- and Ayg-Po-isomers, but it is nearly eclipsed (cis)
in the Ag~ and Age-o-isomers. And, staggered is
more stable than eclipsed. In the case of Co(x-Me-
sal,en) complex with N-methyl-L-alanine, the energy
difference is estimated to be about 8.2 k] mol-? from
the isomeric ratio, Agg-isomer/Ags-isomer, at the equi-
librium conditions, and it is clearly smaller than the
steric repulsion energy diflerence, 11.3 kJ mol-2, be-
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Fig.10. The relative energy difference among four dia-
stereoisomers of N-Me-L-ala-complex.

tween the Schiff base ligand and the N-methyl group
mentioned above.

Consideration of the above two factors, which are
though to contribute greatly to the stability of the
diastereoisomers, allows the relative stability among
the four isomers to be estimated to be Ape->A4->
Agg-> Agg-Bo-isomers. The estimated energy differ-
ences among the four isomers are shown in Fig. 10.

In the cases of Co(trien) and Co((3S,8S)-dimetrien)
complexes with N-methyl-L-alanine,® the isomeric
ratio at the equilibrium conditions is Apg-: Age-: Ape-
isomers=about 60:20:20 and about 85:11:4 respec-
tively. On the other hand, in the case of the Co(x-
Me-sal,en) complex, the isomeric ratio at the equi-
librium conditions is Agg-: Age-isomers=96.5:3.5. The
difference in the stereoselectivity between the Co(N,)
and Co(Schiff base) complexes seems to come from
the following steric reasons: 1) the steric interaction
between N-methyl group and the tetradentate ligand
is much stronger in a Co(Schiff base) complex than
a Co(N,) complex, so that Agzs- and Ag-isomers are
too unstable to exist at the equilibrium conditions
in the case of the Co(Schiff base)-system. 2) In order
to decrease the steric closeness between N-methyl and
C-methyl groups in the N{S$)C(S)-configuration, the
chelate ring of N-methyl-L-alanine in Clo(trien) com-
plex takes a nearly puckered conformation.2 How-
ever, in the case of Co(Schiff base) complex, when
the chelate ring takes this nearly puckered confor-
mation, the N-methyl group comes close to one of
the phenolic oxygen atoms of the Schiff base ligand.
Thus, the energy difference between Apge- and Ag-
isomers is much larger in the Co(Schiff base)-system
than in the Co(N,)-system.

(b) N-Bz-r-ala Complex: The steric crowding
brough about by a N-benzyl group is much larger
than that by a N-methyl group. Accordingly, the
steric interaction between the N-alkyl group and the
chelate ring (A) in Fig. 9 is much stronger in the N-
Bz-r-ala complex than in the N-Me-rL-ala complex,
when they take Apge- and Agg-By-configurations. The
Agg- and Agg-isomers of the N-Bz-r-ala complex are
thus thought to be more unstable than those of the
N-Me-rL-ala complex. Further, the c¢is interaction be-
tween the N-alkyl group and the C-methyl group of
the chelated amino acid in the N(S)C(S)-configura-
tion is also much stronger in the N-Bz-L-ala complex
than in the N-Me-L-ala complex. Thus, in the case
of N-Bz-L-ala complex, only the Apg-B,-isomer is favor-
ed stereoselectively under the equilibrium conditions.

(¢) N-Bz,Me-L-ala Complex: From the strong steric
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Fig.12. The 'H NMR spectra of Co(sal,-(S,S)-chxn)-
complexes in a mixed solvent of CDCIl; and CD;OD
(4:1).

a: Agg-P,-[Co(sal,-(S,S)-chxn) (N-Bz-L-ala)], b: a
mixture of Agg- and Agg-Py-isomers of [Co(saly-(S,S)-
chxn) (N-Bz-p-ala)].

intereaction between the N-benzyl group and the dis-
tored chelate ring (A), the Ags- and Agg-By-isomers
of the N-Bz,Me-L-ala complex are though to be re-
latively unstable as compared with the Apge- and Age-
isomers of the complex. Further, as shown in Fig.
11, even when the complex takes Aps- and Agg-con-
figurations, the strong steric repulsion between the N-
methyl group and the chelate ring (A) is inevitable:
the N-Bz,Me-r-ala complex is thought to be more
unstable than the N-Me-L-ala and N-Bz-r-ala com-
plexes. In fact, Complex V decomposes at a higher
temperature. The c¢is interaction between N-alkyl
group and C-methyl group is also inevitable in the
case of the N-Bz,Me-r-ala complex. However, the
cis interaction between N-methyl group and C-methyl
group in the Agge-configuration is weaker than that
between N-benzyl group and C-methyl group in the
Ags-configuration. Thus, the N-Bz,Me-L-ala complex
takes the Agps-B.-structure stereoselectively.

Stereospecificity of Co(saly-(S,S)-chxn) Complex. It
has been reported that a Co(sal,-(S,5)-chxn) complex
assumes the A-B,-structure excusively when it reacts
with amino acids such as rL- and p-alanines and vL-
and D-valines.!) Accordingly, it can be expected that
the Co(saly-(S,5)-chxn) complex produces a complex
containing N-benxyl-L-alanine stereospecifically, when
it is allowed to react with racemic N-benzylalanine,
because the Co(a-Me-sal,en) complex with N-benzyl-
L-alanine, which is similar, shows almost 1009, stereo-
selectivity for the Agg-B,-configuration, as has been
mentioned above,

Sterecheomistry of Co(x-Me-sal,en) Complexes with N-Alkyl-L-alanine
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Fig.13. AB and CD spectra of Co(saly-(S,S)-chxn)-
complexes in the same solvent as that in Fig. 7.
a: N-Bz-L-ala, b: N-Bz-p-ala.

2N-Bz-Dl-alaH N-Bz-D-alaH
0 OP.=93%
Yield=98,
Colsaly{SS)-chxn)  Colsal{SS)chxn)XN-Bz-l-ala)
N-Bz-L-alaH NaBH,
OR =94/
Yield=98%

Fig.14. The scheme for the optical resolution of N-
benzylalanine with Co(sal,-(S,S)-chxn)-complex.
The optical purity shown in this figure is the value
when the reaction molar ratio between [Co(sal,-(S,S)-
chxn)] and racemic N-benzylalanine is 1:2.

Figure 12 shows the M NMR spectra of the Co-
(saly-(S,8)-chxn) complexes with N-Bz-r-ala and N-
Bz-p-ala. From the C-methyl signals of the coordinat-
ed N-benzyl amino acids, it is clear that the N-Bz-
r-ala complex (Complex VI) exists as only one species
of isomer but the N-Bz-p-ala complex (Complex VII)
exists as a mixture of two species of isomer at about
1:1.5 isomeric ratio.

Figure 13 shows the AB and CD spectra of the
complexes. Since the AB and CD spectra of the N-
Bz-r-ala complex are very similar to those of (—),s5-
A-B,-[Co(a-Me-salyen) (L-ileu)],8:1%) the A pq-By-structure
can be assigned to it. In the case of the N-Bz-p-ala
complex, the AB and CD spectra are also similar
to those of (—)35-A4-Bo-[Co(a-Me-sal,en) (L-ileu)]; how-
ever, the CD intensity is much smaller than that of
the N-Bz-r-ala complex. The molecular model of
Co(sal,-(S,S)-chxn) complexes suggests that the sal,-
(8,8)-chxn moiety can take A-f-configuration as well
as A-p-form, although the strain energy is much larger
in A-p-configuration. Therefore, the N-Bz-p-ala com-
plex may be a mixture of Apy-Bo- and Agp-By-isomers
with the isomeric ratio of about 1.5:1.

The formation of the Agg-fy-isomer was not ex-
pected. It is expected that the Agp-f,-isomer will be
more unstable than the Agg-fy-isomer and the Apg-
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tivity of Co(a-Me-sal,en)-complex and stereospec-
ificity in the reaction of [Co(sal,-(S,S)-chxn)] with
racemic amino acid (the molar ratio=1:2).

Be-isomer will be much more unstable than the Apc-
fo-isomer of N-Bz-r-ala complex. Thus, our initial
expectations may still be satisfied.

In order to estimate the stereospecificity of the Co-
(sal,-(S,8)-chxn) complex toward N-benzyl-L-alanine,
we examined the reaction of [Co(saly-(S,5)-chxn)] and
racemic N-benzylalanine at 1:2 reaction molar ratio
under the air-oxidation conditions. The reaction
scheme is shown in Fig. 14. The detailed experi-
mental procedure is described in the Experimental
section. Two points should be noted; 1) no racemi-
zation of N-benzylalanine is observed in the employed
experimental conditions, and 2) the recovered [Co-
(saly-(S,S)-chxn)] can be used repeatedly.

From the optical purity of the isolated N-benzyl-
alanine, it can be concluded that N-benzyl-r-alanine
coordinates to the Co(sal,-(5,S)-chxn) complex in
a high stereospecificity (93—949,). However, the
stereospecificity did not reach 1009,. Figure 15 shows
the relationship between the stereoselectivity for A4-
and A-isomers in the Co(x-Me-sal,en) complex and
the stereospecificity in the reaction of similar Co(sal,-
(S,8)-chxn) complex with a racemic amino acid at
1:2 reaction molar ratio. The relationship was calcu-
lated by the use of Equations (3) and (4) in Ref. 11.
This figure indicates that the higher the stereoselec-
tivity, the higher the stercospecificity, but their values
are not the same. For example, when the stereoselec-
tivity is 989%,, the stereosepecificity is 82%,. and when
it is 99.7%,, the stereospecificity is 939,. From these
calculations, it is estimated that the stereoselectivity
of By-[Co(a-Me-salyen)(N-Bz-L-ala)] is not complete
but it may reach about 99.79%,.

It should be noted that when the reaction molar
ratio between [Co(sal,-(S,5)-chxn)] and racemic N-
benzylalanine was 1:100, the optical purity of the
N-benzylalanine recovered from the produced com-
plex was almost 1009, (r-form).
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