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Addition of CN~ appears to occur rapidly and nearly reversibly at the imine car-
bon atom of the chelated 2-iminopropionate ion in A- or A-[Co(en),{NH=C
(CH;)COO}]** to form a 2-cyanoalanine chelate. The addition is followed by an
intramolecular cyclisation of an apical coordinated ethanediamino ion with the ni-
trile carbon atom to generate a quadridentate amidine chelate, [Co
(NH,CH,CH,NH,){NH,CH,CH,N=C(NH,)C(NH,)(CH;)(COO)}}**. There is
considerable specificity in this cyclisation to the extent that the (AR) isomer is
preferred (90 %) over the (AS) form (10 %). The origin of the specificity is as-
cribed to preferential orbital steering by one of the apical chelated ethanediamino
ions towards the nitrile carbon atom. The resulting amidine quadridentate com-
plexes themselves undergo interesting hydrolysis reactions in acid and base, re-
arrangements, and anation reactions with Cl™ ion. These processes are described
and analysed in relation to current views about the mechanisms of such reactions

at the metal centre.

The reactions of coordinated imine complexes
with nucleophiles have been explored over a con-
siderable period and there is synthetic potential
in this strategy both for organic synthesis and co-
ordination complex synthesis.”® The imine
bound to the metal ion has some iminium ion
character in that it becomes more susceptible to
attack by nucleophiles than the parent imine but
is less reactive than the protonated molecule. At
the same time, it is much more stable than either
the parent imine or the iminium ion, especially in
aqueous solution. Cobalt(III) complexes of this
kind are stable in 12 M HCl for extended periods
(> days), even for exo- and endo-alkyl imines.5°
In such instances the metal ion simply protects
the imine from protonation and therefore from
rapid decay. The Co(III)-N bond is kinetically
inert, that is, the ligand-metal bond is not readily
broken, and the proton therefore cannot displace
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the metal ion. This enhanced stability and imi-
nium ion character then leads to new ways to do
iminium type chemistry; this paper explores the
reactivity of one such coordinated imine towards
addition of HCN and also the reactivity of the
products of such reactions. Syntheses of 2-imi-
nopropionate complexes have been described
previously.®!” The chelated imine may be made
simply by the condensation of coordinated py-
ruvic acid with coordinated ammonia under basic
conditions. The intervening carbinolamine un-
dergoes base-catalysed elimination of water®!! to
give the stable 2-iminopropionato complex.®
However, an equally interesting and more direct
route to the chiral complexes required for this
study was to use the approach summarized in
Scheme 1. The A- and A-bis(1,2-ethanediami-
ne){(S)-serinato}cobalt(III) ions (1) are well
known and are readily separated and isolated.!
However, the elimination chemistry outlined in
Scheme 1 is of comparatively recent origin.*'"
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The driving force for this chemistry arises from
the generation of a species containing a reason-
able leaving group (TOOCCH,) (2), which allows
access to the very stable imine product 4.'° The
rearrangement of the enamine is so fast, and the
imine so stable, that it has not been possible to in-
tercept the aminoacrylate intermediate (3).'° The
route does, however, provide ready access to the
stable and pure A- and A-[Co(en),(2-iminopro-
pionato)]?* ions, and allows the addition of CN~
to the imine functionality to be explored. Some
of this work has been described in a preliminary
account,® along with structures of one of the
quadridentate diastereoisomers and one of the
reaction products arising from treatment with
HCIL.

STEREOSPECIFICITY OF CN~ ADDITION
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Experimental

Analytical grade reagents were used for all pur-
poses without further purification. Salts of the
imine complex 1 were synthesized using previ-
ously published procedures.!” NMR spectra were
recorded using a Jeol 60 MHz instrument with so-
dium 2-dimethyl-2-silapentane-1-sulfonate (DSS)
as internal reference and with tetramethylsilane
(TMS) as external reference. Chemical shifts are
reported as positive downfield from the refer-
ences and negative upfield. A Cary 118 spec-
trophotometer and a Zeiss DMR 21 spectropho-
tometer were used for recording the absorption
spectra and for monitoring kinetic runs. Optical
rotations of 0.1 % aqueous solutions were meas-
ured with a Perkin-Elmer Model 141 polari-
meter. All evaporations were carried out with
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Biichi rotary evaporators at ~15 mm Hg pressure
so that the temperature of the solutions did not
exceed 30°C (external heating bath 40-50°C).

(4R)(AS)-[Co(en)(am)]ZnCl,- H,O. An ice-
cold solution of NaCN (0.74 g) in 1.5 M HCI
(8 ml) was added to racemic [Co(en),{NH=C
(CH;)COO0}]CL,-H,0 (2.00g, 5.65 mmol)
(CAUTION: HCN is evolved in the process. Use
of a fume-hood is essential). The suspension was
kept at ~20°C for ~15 min, during which time
the imine salt dissolved giving a reddish solution
which then turned orange. Ice-cold 12 M HCI
(3 ml) was added to the cold solution (~0°C) and
the tetrachlorozincate was precipitated by slow
addition of Li,ZnCl, (4 M, 5 ml). The product
was washed thoroughly with 96 % ethanol, with
ether and dried in the air. Yield 2.30 g, 79 %. Re-
crystallization was effected by dissolution (1 g) in
HCI (0.005 M, 10 ml) at ~20°C and slow addi-
tion of Li,ZnCl, (4 M, 2.5 ml). After 1 h at 20°C
the product was collected, washed with 96 % eth-
anol, ether and dried in the air. Yield 0.82 g,
65% based on imine. Anal. [Co(C,N,Hy)
(C¢N.H;0,)]ZnCl,- H,0: Co, C, N, H, Cl, Zn.
Spectral data are given in Table 1.

(4AR)(AS)-[Co(en)(am)](CF;80;),. CF,;SO;Na
(5.7 g) was added to a filtered solution of (AR)
(AS)-[Co(en)(am)]ZnCl,-H,O (1.00g, 1.93
mmol) in water (12 ml) at room temperature. Af-
ter stirring at room temperature for 15 min, the
product was collected and washed with 50 % (v/v)
acetone in ether (3%20 ml) and then with ether.
Yield 0.82 g, 72 %. Found: Co, 10.3 C, 20.2; N,
14.3; H, 4.3; S, 10.9. Calc. for [Co(C,N,Hg)
(C¢N,H,;0,)](CF,S0,),: Co, 9.98; C, 20.34; N,
14.24; H, 3.59; S, 10.86. Spectral data are given
in Table 1.

(4R)(AS)-[Co(en)(am)](CIO,),. (AR)(AS)-[Co
(en)(am)]ZnCl, - H,0O (5 g, 9.7 mmol) was added
to a solution of silver perchlorate (8.8 g) in water
(20 ml). The suspension was stirred thoroughly
for a few minutes and then filtered. Crystals of
the complex perchlorate separated in the filtrate.
The residue, containing a mixture of AgCl and
some of the complex perchlorate, was washed
with water (3x5 ml), which dissolved all the
complex perchlorate. NaClO, (25 g) was added
to the combined filtrates and the mixture was
cooled in ice for 1 h. The crystals were washed
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with 96 % ethanol and with ether. Yield 3.5 g,
75 %. The crude product (3.3 g) was dissolved in
hot water (90-95 °C) and the solution was filtered
while hot through a fine-porosity (G4) sintered-
glass filter to remove traces of silver chloride. A
saturated solution of sodium perchlorate (8 ml)
was added to the filtrate and the mixture was
cooled in ice (1 h). Yield 2.8 g, 85%. Anal. [Co
(GN,H)(CN,H,,0,)](ClO,),: Co. Spectral data
are given in Table 1.

(4R)(AS)-[Co(en)(am)]Cl,. An aqueous sol-
ution of the tetrachlorozincate (8 g, 15.5 mmol)
in water (1 1) was adsorbed on a column of Do-
wex S0W-X2 cation exchange resin (dimensions
5%5 cm, Li* form). After washing the column
with water the complex cation was eluted with
3 M lithium chloride. Since the eluate was super-
saturated with respect to complex chloride, the
elution was carried out as rapidly as possible. The
eluate (120 ml) was then treated with 96 % eth-
anol (120 ml) and acetone (3.5 1). The resulting
mixture of oil and crystals was treated further
with 96 % ethanol (100 ml) and the suspension
was stirred at room temperature for 1 h. This
treatment gave a pure, crystalline product which
was collected and dried in the air. Yield ~5 g,
88%. Anal. [Co(C,N,H,)(CeN,H,;0,)]Cl,: Co,
C, N, H, CI. Spectral data are given in Table 1.

(+)p-(AS)-[Co(en)(am)]S,05- H,0. (+)p-A-[Co
(en),{NH=C(CH,;)COO}]CL,-H,0 (2g, 5.65
mmol) was treated with a solution of NaCN
(0.74 g) in 1.5 M HCI (8 ml) as described above
(see CAUTION). To the product solution was
added an aqueous solution of Na,S,0q-2H,0
(10 ml, 1.5 g, at 20°C) and the mixture was then
cooled in ice. After 0.5 h, the orange crystals
were collected, washed twice with water (5 ml),
50 % ethanol (10 ml), 96 % ethanol (3x10 ml),
and then with ether. Yield 1.8 g, 62 %. Recrys-
tallization from aqueous solution (0.5 g in 20 ml
of hot water) by addition of a saturated solution
of Na,S,0q - 2H,0 (5 ml) and cooling in ice (yield
80 %) gave unchanged optical rotations. Anal.
[Co(C,N,Hg)(CN,H|;0,)]S,04- H,0: Co, C, N,
H. Spectral data are given in Table 1.

(+)p-(AS)-[Co(en)(am)[Cl, - H,O. (+)p-(AS)-

[Co(en)(am)]S,0; - H,O (9.5 g, 20.2 mmol) was
dissolved in water (3 1) and adsorbed on Dowex
S0W-X2 cation exchange resin (Li* form). After



washing with water, the complex cation was elu-
ted with 3 M LiCl and the eluate (140 ml) was
treated with acetone (1400 ml). The resulting
two-phase system was separated and more ace-
tone (1400 ml) was added to the aqueous phase.
The two-phase system was again separated and
96 % ethanol (400 ml) was added to the aqueous
phase. Addition of acetone (1000 ml) to this so-
lution resulted in nearly quantitative precipita-
tion of the chloride salt. After washing with 96 %
ethanol and ether the product was dried in the
air. Yield 7.0 g, 91%. Recrystallization from
aqueous solution (0.45 g in 1.0 ml) by addition of
abs. ethanol (12 ml) gave the complex (75 %),
with unchanged optical rotations. Anal. [Co
(C,N,Hg)(CN,H,;0,)]ClL, - H,0: Co. Spectral
data are given in Table 1.

mer-(4AR)(AS)-{Co(en)(amCOOH)CIl]ZnCl,.
This complex was prepared from (AR)(AS)-[Co
(en)(am)]?*, either by direct reaction with 12 M
HCI or via base hydrolysis.

Base hydrolysis: (AR)(AS)-[Co(en)(am)]
ZnCl,- H,0 (5.0 g, 9.7 mmol) was dissolved in
2 M NaOH (30 ml) at ~20°C to give a reddish-
orange solution and a precipitate of Zn(OH),.
After 1 h the solution was cooled in ice and ice-
cold 12M HCI (80 ml) and Li,ZnCl, (4 M,
30 ml) were added. After 5 min with cooling a
precipitate of NaCl was filtered off and the so-
lution was then left for 3 h at room temperature.
The glass vessel was scratched with a glass rod to
induce crystallization, and large reddish-purple
crystals separated. These were washed with 96 %
ethanol, with ether and then dried in the air.
Yield 4.50g, 87%. Anal. [Co(C,N,Hy)
(CN,H,,0,)Cl]ZnCl,: Co, C, N, H, Cl, Zn.
Spectral data are given in Table 1.

Acid hydrolysis: A solution of (AR)(AS)-[Co(en)
(am)]Cl, (0.50 g, 1.38 mmol) in 12 M HCI (5 ml)
was kept at 25°C for 18 h. The colour of the so-
lution changed from orange to reddish-purple
and a few crystals of the chloride of the chloro
complex precipitated. Li,ZnCl, (4 M, 2 ml) was
added and crystallization of the tetrachlorizincate
was induced by scratching the sides of the vessel.
The suspension was stirred for 1 h to redissolve
the initially formed chloride salt and the final
product was filtered off, washed with 96 % eth-
anol, then with ether and dried in the air. Yield
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0.41 g, 55 %. The product was shown to be iden-
tical with the product described above by com-
paring the 'H NMR spectra, infrared spectra and
visible spectra of the two samples.

(AR)(4S)-[Co(en)(am)](CIO,),. (AR)(AS)-[Co

(en),(am)]ZnCl, - H,0O (5 g, 9.66 mmol) was dis-
solved in 2 M NaOH (30 ml) and the solution
was kept at 20°C in a closed bottle for 1.5 h. Af-
ter neutralization (to pH = 5-7) with 12 M
HCIO, (5 ml) the mixture was heated at 100°C
for 45 min. The colour changed from red to
orange and the pH remained at 5-7. The solution
was cooled and acidified with a few drops of 12 M
HCIO, [to prevent precipitation of Zn(OH),] and
NaClO,-H,0 (35 g) was added. The solution
was kept overnight at 0-5°C and the product was
collected, washed with 96 % ethanol and then
with ether. Yield 4.45 g, 94 %. The crude per-
chlorate (4 g) was dissolved in water (40 ml) at
room temperature and a saturated solution of
NaClO, (20 ml) was added to the filtered so-
lution. The precipitate was filtered off, washed
with 96 % ethanol and dried in the air. Yield
328, 80%. Anal. [Co(C,N,Hg)(C¢N,H,;0,)]
(Cl1O,),: Co, C, N, H, Cl. Spectral data are given
in Table 1.

(AR)(4S)-[Co(en)(am)]ZnCl,. A suspension of
mer-(AR)(AS)-[Co(en)(amCOOH)CI]ZnCl, (2
g, 3.73 mmol) in water (4 ml) was heated at
100°C for a few minutes. This gave a red-orange
solution and the pH changed from 5 to 0, indica-
ting that the carboxyl group had recoordinated.
Pyridine (0.32 g, 4.10 mmol) was added and the
solution (pH 5) was heated for a further 15 min
to complete the reaction, Cooling to room tem-
perature and addition of Li,ZnCl, (4 M, 1 ml) led
to precipitation of the tetrachlorozincate. Yield
1.65 g, 89 %. The visible absorption spectrum
and 'H NMR spectrum of this product were iden-
tical to those of the perchlorate described above
(Table 1).

(—)p-(4S)-[Co(en)(am)]S,04 This complex was
prepared from (+)p-(AS)-[Co(en)(am)]** via
base or acid hydrolysis as described below.

Base hydrolysis. A solution of (+)p-(AS)-[Co
(en)(am)]S,0, - H,O (0.5 g, 1.06 mmol) in 2 M
NaOH (3 ml) was kept in a closed bottle at 25°C
for 1 h. During this time quantitative formation
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of (AS)-[Co(en)(amCOO)(OH)]* took place.
12 M HCIO, (0.5 ml) was then added and the so-
lution was heated at 100°C (water-bath) under
reflux conditions for 45 min. The colour changed
gradually from reddish-purple to orange and
crystals of (=)p-(AS)-[Co(en)(am)]S,0, separa-
ted during the heating. The mixture was cooled in
ice (0.5 h) and the crystals were collected. After
washing with 96 % ethanol the product was dried
in air (0.24 g, 50 %). The product (0.18 g) was
fractionally crystallized by dissolving it in boiling
water (36 ml) and cooling the filtered solution in
ice. Yield 0.07 g. Addition of a saturated solution
of Na,S,0 - 2H,0 (9 ml) led to precipitation of a
further 0.03 g, which was isolated as before. The
optical rotations of the two fractions were [M]%,
= 3160 and 3180 deg M™! m™!, respectively.
Anal. [Co(C,N,H,)(C,N,H,;0,)]S,04: Co, C, N,
H, S. Spectral data are given in Table 1.

Acid hydrolysis: A solution of (+)p-(AS)-[Co
(en)(am)]Cl,- H,O (0.5 g, 1.31 mmol) in 12 M
HCI (0.5 ml) was heated at 55 °C for 45 min. The
reddish-purple solution, containing essentially
pure  (+)p-mer-(AS)-[Co(en)(amCOOH)CI]**,
was cooled in ice and then neutralized (to pH
~6-7) by addition of LiOH (4 M, ~1.5 ml).
Solid Na,S,0 - 2H,0 (0.9 g) was added and the
mixture was heated at 100°C (water-bath under
reflux conditions) for 45 min. The colour changed
gradually to orange-red, and orange crystals of
(=)p-(AS)-[Co(en)(am)]S,04 separated. The
crystals were collected while the mixture was still
hot, washed with water (5X3 ml) and then with
96 % ethanol. Yield 0.25 g, 42 %. The spectral
data were identical to those given in Table 1, e.g.
[M]%, = 3170 deg M~! m~!. Anal. [Co(C,N,Hj;)
(C¢N,H,;0,)]S,04: Co, C, N, H, S.

mer-(AR)(4S)-[Co(en)(amCOOH)Cl]ZnCl,. A
solution of (AR)(AS)-[Co(en)(am)](CIO,), (3 g,
6.11 mmol) in 12 M HCI (20 ml) was kept at
20°C for 6 min. During this time the colour of the
solution changed from orange to reddish-purple.
A solution of Li,ZnCl, (4 M, 6 ml) was then
added and crystallization commenced within min-
utes. The crystals were collected, washed with
96 % ethanol, with ether and dried in the air.
Yield 3.0 g, 92 %. Found: Co, 11.1; C, 17.3; N,
15.0; H, 4.1; Cl, 32.9; Zn, 12.5. Calc. for [Co
(C,N,Hg)(CN,H,,0,)Cl]ZnCl,: Co, 11.00; C,
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17.93; N, 15.69; H, 4.14; Cl, 33.08; Zn, 12.20.
Spectral data are given in Table 1.

Enantiomers of [Co(en)(amCOOH)CI]**. Sol-
utions of the pure enantiomers (+)p-mer-(AS)-
and  (+)p-mer-(AS)-[Co(en)(amCOOH)CI]**
were prepared as follows and their characterizing
data are collected in Table 1.

(+)p-mer-(AS)-{Co(en)(amCOOH)CIl]**. A sol-
ution of (+)p-(AS)-[Co(en)(am)]Cl,- H,O in
0.05 M NaOH was kept at 25°C for 60 min and
then 12 M HCI was added to give a final solution
9 M in HCI. The optical rotations and the visible
absorption spectrum were followed with time and
after 50 min, constant readings were obtained for
at least the following 20 min. The final visible ab-
sorption spectrum was identical to that of mer-
(AR)(AS)-[Co(en)(amCOOH)CI] ZnCl,.

(+)p-mer-(4S)-[Co(en)(amCOOH)CI}**. The
optical rotations and the visible absorption spec-
trum of a solution of (—)p-(AS)-[Co(en)
(am)]S,0, were followed with time. After 50
min, constant readings were obtained for at least
the following 30 min. The final visible absorption
spectrum was identical to that of mer-(AR)(AS)-
[Co(en)(amCOOH)CI)ZnCl,.

The acid-dissociation constant, K,, for (AR)(AS)
[Co(en)(am)]** was determined spectrophoto-
metrically at unit ionic strength (maintained with
NaClO,) and at 25°C. Solutions of (AR)(AS)-
[Co(en)(am)](CF;S0,), (5x10~* M) were mixed
with equal volumes of 0.02—0.7 M NaOH using a
stopped-flow apparatus, and the absorbance was
measured at the wavelengths 390 nm and
490 nm. Reliable readings were obtained less
than 2 sec after mixing, and errors due to the sub-
sequent slower hydrolysis could therefore be ig-
nored. The change in the molar absorptivity € as
a function of [OH™] followed the expression

€ = €y — Ky(e—&y,)/[OH]

where K, - K, = K,, = [H*][OH] and ¢, and ¢,
are the e-values for the acidic and basic forms of
the amidine cation, respectively. Values of g,
were obtained from the spectrum of the amidine
complex in 1 M NaClO,. Plots of & versus
(e—€y,)/[OH™] were linear and gave, independ-
ently of the wavelength, the value K, =



STEREOSPECIFICITY OF CN~ ADDITION

2+ 2+
H* CN-
NH NH
Crls e
HZN\CO/ =C HzN\co/ 1Me
HzN/l \O (0] H2N/ I \O
NH, NH,
4 (A) 5 (A_S)
+
+ N 2+
H /
(\Nr»C// (\ He | Me
2 ’ 2
- G -l
HZN/|\O 0 ZN/I\O o)
e P
+ 6 (A_R)
NH * 2+
I 2 ':‘42 Me //NHZ
HaN. A /
2 >c°< 9§N N
HaN 0/ | ':‘"z
N @ HZN\CO/ "Me
H HZN/I\O (0]
NH.
T (N-S) ~90%
+
2+
NH
(\ 2 He Me
HzN\ /Ni
Co
HN~ | 0 O

Scheme 2. 8 (A_R) ~10%

163



GEUE ET AL.

0.23(1) M, which (using the value —logK, =
13.77) yields pK, = 12.13.

Kinetic measurements of the base hydrolysis of
(AR)(AS)-[Co(en)(am)]** were made spectro-
photometrically at 370, 390, 490 and 510 nm. For
measurements with [OH™] = 0.1 M, solutions of
the Co(III) complex (2x10~* M) were made us-
ing the tetrachlorozincate salt. In the [OH] re-
gion 0.0125 < [OH™] < 0.1 M less concentrated
solutions of complex (5x10~* M) were used, and
in order to avoid base consumption by Zn?* the
trifluoromethanesulfonate salt was used. All the
kinetics were carried out under pseudo first-order
conditions. The reaction was followed by re-
peated scans in the region 550 nm to 350 nm and
no further change was detected after one-half to
two hours or after a further two hours. Plots of In
(A—A,) versus time were linear for at least four
half-lives, and the slopes gave the values for k,
quoted in Table 2.

Results

Synthetic procedures. Reaction of the bis(1,2-eth-
anediamine)(2-iminopropionato)cobalt(III) ion
(4) with CN~ at pH = 8-10 (Scheme 2) yielded
the quadridentate amidine complexes [Co(en)
(am)]** (7,8). Cyanide ion adds at the imine C
atom on either side of the Co iminopropionato
chelate plane to give the diastereoisomeric 2-cy-
anoalaninato complexes 5 and 6. These then un-
dergo an intramolecular reaction between the
—CN group and an adjacent deprotonated amine
group to give the amidine chelates (7), (8). The
reaction appears to be quantitative and shows
substantial stereoselectivity. Starting with a ra-
cemic imine complex it gave the racemic dias-
tereoisomeric (AR)(AS), (7), and (AR)(AS), (8),
products in yields of ~90 % and ~10 %, respec-
tively. This product distribution has been as-
sessed by comparing the 'H NMR spectrum of
the product solution with the spectra of the pure
isomers (Table 1). It was also evident that this

product distribution reflected the growth of the

Table 1. Spectral data for the various salts of the racemic and optically active isomers.#

Complex ion Medium® (€M )max” MBs  MB  IMBs MR 8(~CHy
(+)p-(AS)-{Co(en)(am)?* H,0 (144,484)  (199,322)d +4420° 45510  +5959  -5950  1.66
(-)o-(AS)-[Co(en)am)]?* H,0 (84,500), (103,463)  (123,340),,  —31509 -3670 4300  +2490  1.68
(+)p-mer-{(AS)-Co(en)(amCOOH)CI?* 3-9MHCI (126,547) (97,463)  (129,370),," + 659’ + 465 - 693 0 198
(+)p-mer-(AS)[Co(en)(amCOOH)?* 3-9MHCI  (129,549) (98,465)  (131,370),/  +1100¥  + 964 0 -1910 204
mer-(AR)(AS)[Co(en)(amCOO)(OH)]* 1MNaOH (126,478)' 1.81
mer-(AR)(AS)[Co(en)(amCOO)(OH)}* 1MNaOH  (120,476)™ 1.80
mer-(AR)(AS)-[Co(en)(amCOOH)(H,0)]* 6 M DCI 2.05
mer-(AR)(AS)-[Co(en)(amCOOH)(H,0)]* 6 M DCI 213

aThe extremum values for the absorption spectra are given with € in M~' cm™' and X in nm. The molar rotation, [M}?°, is
given in deg. M~ m~"'. (—CH,) is the position (in ppm) of the methyl singlet in the '"H NMR spectrum. “The quoted
media refer to the measurements of the visible absorption spectra and the optical rotations. The '*H NMR spectra were
recorded in the corresponding deuterated media. °The e-values for different salts of the same cation deviate in each case
by less than 0.5 % from the quoted average values. “Average values for the four racemic and the two optically active
salts described in the experimental section. (g,A)n, = (42,405). °This value is for the (+)p-(AS) chloride salt. The
(+)o-(AS) dithionate salt gave [M]%, = 4460 deg. M~' m~". ‘Average values for the two racemic and the optically active
salts described in experimental section. (g,\)n, = (40,402). 9Dithionate salt. (+)p-(AR)-[Co(en)(am)]S,0s gave [MZ® =
+3150 deg. M~' m~"'. "(e,\)-values are average values obtained for mer-(AR)(AS)-{Co(en)(amCOOH)CI}ZnCl, in 3 M HCI
and 6 M HCI. The same values were obtained when this cation was made optically active in situ, as described under .
(&Mmin = (91,493), (73,423). 'Measured for a 0.1 % solution of (+)p-mer-(AS)-[Co(en)(amCOOH)CI)?* in 9 M HCI made
via base hydrolysis of (+)p-(AS)-[Co(en)(am)}?** (see text). ‘The (g,A)-values have been obtained for mer-(AR)(AS)-[Co
(en)(@amCOOH)(C)]ZnCl, in 6 M HCI. Aimost the same values were obtained in 3 M HCI. Identical values were obtained
when this cation was made optically active in situ, as described under K. (€,\)min = (91,495), (74,424). “Measured for a
0.1 % solution of (—)p-mer-(AS)-Co(en)(amCOOH)(Cl)** made by dissolving (—)p-(AS)-[Co(en)(am)}S,0 in 9 M HCI (see
text). 'The quoted spectral data are for solutions of mer-(AR)(AS)-[Co(en)(COOH)CI}}ZnCl, in 1 M NaOH. Almost the
same values were obtained in 0.1 M NaOH. Identical values were obtained when (AR)(AS)-[Co(en)(am))(CIO,), was
hydrolyzed in 1 M NaOH. (g,\)nin = (69,404). "mer-(AR)(AS)-[Co(en)(amCOOH)(CI]ZnCl, in 1 M NaOH. Almost the
same values were obtained in 0.1 M NaOH. (g,A)in = (70,409).
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NMR signals due to the isomers throughout the
reaction.

The most abundant isomer was isolated di-
rectly from the acidified product mixture by pre-
cipitation with tetrachlorozincate ion, giving pure
(AR)(AS)-[Co(en)(am)]ZnCl, - H,O (79 %). Its
structure was established by X-ray crystallo-
graphic analysis.> The tetrachlorozincate was
readily converted into other salts with appropri-
ate anions, e.g. ClO,”, ClI- and CF;SO;". At-
tempts to isolate the (AR)(AS) isomers directly
from the above reaction mixture failed, and sep-
aration of the diastereoisomeric amidine cations
using cation exchange resins was not achieved.

The reaction of (AR)(AS)-[Co(en)(am)]**,
(7), with 12M HCl was quantitative and
stereospecific, giving a chloro complex in which a
cobalt-carboxylate bond had been cleaved
(Scheme 3). The chloro complex was isolated as a
pure salt, mer-(AR)(AS)-[Co(en)(amCOOH)CI}
ZnCl,-H,0, (9), and its structure determined.’
Alternatively, this compound was obtained via
base hydrolysis of the (AR)(AS) amidine com-
plex (in 1 M NaOH). The cobalt-carboxylate-O-
bond was cleaved, giving the cation mer-(AR)
(AS)-[Co(en)(amCOO)(OH)* (10). Subsequent
treatment with a large excess of 12 M HCI gave
the chloro complex (9), which was isolated as its
tetrachlorozincate salt as before.

The other diastereoisomer (8), (AR)(AS)-[Co
(en)(am)]**, was prepared from (AR)(AS)-[Co
(en)(am)])ZnCl, - H,0 (7). Base hydrolysis of the
latter complex followed by addition of acid to pH
6-7 gave quantitatively and stereospecifically the
deprotonated aqua complex (11), mer-(AR)(AS)-
[Co(en)(amCOO)(H,0)J**. Upon heating in so-
lution, this cation rearranged and reformed the
cobalt-carboxylate bond, and (AR)(AS)-[Co(en)
(am)](ClO,), (8) was isolated. Alternatively, the
(AR)(AS) amidine isomers were prepared by
heating an aqueous solution of mer-(AR)(AS)-
[Co(en)(amCOOH)CI])ZnCl, (9). This treatment
gave initially the aqua complex, which slowly re-
arranged and produced (AR)(AS)-[Co(en)(am)]
ZnCl, as described. Treatment of (AR)(AS)-[Co
(en)(am)](ClO,), with 12 M HClI yielded a new
chloro complex (13) with the cobalt-carboxylate
bond cleaved. This complex was crystallized as
mer-(AR)(AS)-[Co(en)(amCOOH)Cl]ZnCl,.

The reaction sequences described above were
repeated starting with the chiral 2-iminopropion-
ato complex, (+)p-A-[Co(en),{NH=C(CH,)
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COO}]Cl, - H,O. The reaction with CN~ yielded
a mixture of the isomers (AS) (90 %) and (AR)
(10%), and addition of Na,S,0; to the basic so-
lution yielded a pure salt, (+)p-(AS)-[Co(en)
(am)] (S,04) - HO (4) (Yield 62 %). Crystalliza-
tion of this isomer either as a dithionate or as a
chloride gave products having the same molar ro-
tation, indicating that the salts were optically
pure. Furthermore, '"H NMR studies showed that
contamination with the (AR) [or (AS)] isomer
was less than 1 %.

As described above for the racemic isomers,
the (AS) isomer was then rearranged via base hy-
drolysis and via acid hydrolysis, respectively, to
the (AS) isomer, which in both cases was isolated
as a pure dithionate salt, (—)p-(AS)-[Co(en)
(am)]S,0, (Yield 40-50%). From 'H NMR
measurements it was shown that contamination
of this product with the (AS) [or (AR)] isomer
was also less than 1%.

The optically active chloro complexes were not
characterized as isolated salts, but the mer-(AS)
and mer-(AS) isomers of [Co(en)(am
COOH)CIJ** were both characterized in solution
by their 'H NMR spectra. The addition of CI~ to
the quadridentate amidine complex and its re-
moval to regenerate the quadridentate amidine
complex both occur with retention of the chirality
of the original reactants.

Cyanide ion addition. The reaction between the
2-iminopropionato complex and CN~ was fol-
lowed by 'H NMR spectroscopy by monitoring
the disappearance of the methyl singlet of the
2-iminopropionato complex (8 2.45) and the ap-
pearance of the methyl singlets of the amidine
complexes (8 1.65 and & 1.68). The presence of
an intermediate complex was not established with
certainty, but in some experiments a very small
singlet at 2 ppm, which could have been due to
the 2-cyanoalaninato intermediate, was observed
in the early stages of reaction. The reaction was
relatively fast at 22°C (t, ~1 min at pH = 7.8
with [HCN] = 2.0 M and [CN"] = 0.1 M), and at
constant [HCN] = 0.25 M the half-life varied
with the conditions as follows: ~20 sec for [CN~]
= 0.65 M (pH 9.5); ~3 min for [CN~] = 0.06 M
(pH 8.5); ~7 min for [CN~] = 0.02 M (pH 8.0).
Also, at pH 4 no reaction was observed within
4d in 0.5 M HCN. These experiments demon-
strated that the reaction rate increases with in-
creasing concentration of CN~ and OH™.



Acid hydrolysis of the [Co(en)(am)]** isomers.
The synthetic chemistry described above is sup-
ported by '"H NMR studies. As noted already,
both diastereoisomers of [Co(en)(am)]** react
quantitatively and stereospecifically with 12 M
HCI. The reactions were also followed in DCl
solutions, using the methyl singlet signal as the
primary probe. The (AR)(AS) isomer reacted
much more slowly than the (AR)(AS) isomer,
and in 12 M DCI (25°C) the half-lives were ap-
proximately 2 h and 1 min, respectively. For the
reaction of the (AR)(AS) isomer in 12 M DCl,
only methyl singlets for the reactant (7) and for
the product chloro complex (9) were observed.
However, in the reaction of the (AR)(AS) isomer
(8) in 6 M DCI, one methyl peak for the forma-
tion of the intermediate aqua isomer, mer-(AR)
(AS)-[Co(en)(amCOOH)(H,0)]** (protonated
12), was seen. The final spectrum was identified
as that of pure mer-(AR)(AS)-[Co(en)(am
COOH)CI]** (13). The overall half-life for the
reaction was approximately 5-10 min (6 M DCI,
25°C). The rates of aquation and anation are
therefore of the same order of magnitude in this
medium.

Base hydrolysis of the [Co(en)(am)]** isomers.
Both amidine complexes showed acid-base prop-
erties, giving red deprotonated products in strong
base. The acid-dissociation constant for the (AR)
(AS) racemate was determined spectrophotomet-
rically as pK, = 12.13 (1 M NaClO,, 25°C).
Hydrolysis of the diastereoisomers of [Co(en)
(am)]** in 1 M NaOD was also studied at 25°C
by 'H NMR measurements. The total spectra im-
plied that hydrolysis of the (AR)(AS) isomer
yielded mer-(AR)(AS)-[Co(en)(amCOO)(OH)]*
near quantitatively, while hydrolysis of the (AR)
(AS) isomer yielded a mixture of both diastereo-
isomers, viz. mer-(AR)(AS) and mer-(AR)(AS).
However, since the methyl singlet signals for the
diastereoisomeric [Co(en)(amCOO)(OH)]* ca-
tions coincide, quantitative conclusions could not
be reached on that basis alone. A quantitative
analysis was obtained, however, by the following
experiments which take advantage of the facts
that the anation of the aqua products occurs
quantitatively and with retention of configuration
in 9 M DCI, and that the product chloro com-
plexes show separated methyl singlet signals.
Concentrated DCl was added to the basic
product solutions to give 9 M DCI solutions,
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which were left at 20°C for ~10 min in order to
complete the anation reaction. In the final chloro
product solution, the diastereoisomeric distribu-
tion therefore should be identical to that of the
parent basic product solution. A prerequisite for
this argument is that isomerization of the dia-
stereoisomers of [Co(en)(am)(OH)]* is slow
relative to the time scale for the base hydrolysis,
and as shown below, this was found to be the
case. The 'H NMR spectrum of the chloro prod-
uct solution obtained via base hydrolysis of (AR)
(AS)-[Co(en)(am)]** showed one methyl signal
identical to that of the isomer mer-(AR)(AS).
The spectrum of the chloro product solution ob-
tained via base hydrolysis of (AR)(AS)-[Co(en)
(am)]** showed two methyl singlets correspond-
ing to the diastereoisomers mer-(AR)(AS) and
mer-(AR)(AS) in the ratio 2:3. The results there-
fore establish the following reaction paths:

1 M NaOD
(AR)(AS)-{Co(cn)(am)* ——

mer-(AR)(AS)-[Co(en)(amCOO)(OH)]*
(295 %)

1 M NaOD
(AR)(AS)-[Co(en)(am)]? ——>

mer-(AR)(AS)-

(40+4 %)
+ mer-(AR)(AS)-[Co(en)(amCOO)(OH)]*
(60+4 %)

The base hydrolysis of the (AR)(AS) isomer was
studied further by spectrophotometry for [OH"]
= 1072—1.0 M, using pseudo first-order condi-
tions. The change in absorbance obeyed first-
order kinetics and plots of In(4~A.,) versus time
were linear for >95 % of the reaction. Values of
ks are given in Table 2. The variation of k,, with
[OH"] is consistent with a base-catalyzed hydro-
lysis of two reactive species, the amidine complex
and its deprotonated form, as shown in Scheme
4. This mechanism gives the rate expression

kou[OH"] + kou®[OH /K,
cale ™ 1 + [OH /K,

where koyV = kK, /K, and koy® = k,K,/K,,
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Table 2. Kinetic data? for the base hydrolysis of (AR)
(AS)-[Co(en)(am)}**.

[OHY 103 X Kyps! 10° X Keyo!
mol I~ s s
1.00° 2.32 2.32
0.750° 2.27 2.19
0.500° 2.00 2.04
0.350° 1.92 1.93
0.200° 1.68 1.78
0.100° 1.60 1.57
0.0375°¢ 1.19 1.18
0.0250°¢ 0.98 0.99
0.0125¢ 0.70 0.66

At 25°C, = 1.0 M (NaCIO,) in H,0.
5[Co) = 2x 1072 M. [Co] = 5X 10~* M.

Scheme 4.
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K,, and K, are the acid dissociation constants for
the two reactive species, and k, and k, are pseudo
first-order rate constants for the aquation of the
conjugate bases. The rate expression has been
obtained assuming that K, and K,, are both
much less than 107 M. K, = K,/K,, and K, is
the acid dissociation constant for the amidine
moiety and has been determined independently
of the kinetic data, as described above. Values of
ke and kg, are given in Table 2, and k. values
have been calculated using the derived composite
parameter values koy" = 8.2(2)x1072M~!s7!
and ko,® = 4.7(10)x107* M~! 5! obtained by
least-square analysis. It is noted that use of the
simpler expression

OH~




keae = kou|OHJ/(1 + [OHTVK,)
gave significant deviations between k., and k.

Reactions of the aqua and chloro amidine iso-
mers. The reactions of the meridional diastereo-
isomers of the cation [Co(en)(amCOOH)CI]*
were also studied in acidic, basic and neutral so-
lutions by 'H NMR spectroscopy. The methyl sig-
nals showed that the diastereoisomers of the
chloro complexes equilibrated slowly (~24 h at
55°C) in 12 M DCI and that net aquation of the
chloro complexes did not occur under these con-
ditions. Small amounts of the chloro complexes
decomposed during the time required for equili-
bration, but the products were not identified.
These processes may involve hydrolysis of the
amidine to amide. However, the decomposition
was very slow relative to the equilibration re-
action and could therefore be ignored. The stoi-
chiometry for the equilibration is therefore sim-
ply expressed by

K
mer-(AR)(AS)-[Co(en)(amCOOH)CI}** =

mer-(AR)(AS)-[Co(en)(amCOOH)CIJ?*

where K = [(AR)J/[(AS)] = 1.0(£0.2) and ¢, =
2.3 h (12 M DCl, 55°C).

Base hydrolysis of both diastereoisomers of
[Co(en)(amCOOH)CIJ** gave the respective dia-
stereoisomeric cations [Co(en)(amCOOQO)(OH)]*
nearly instantaneously and quantitatively. The
product solutions obtained by base hydrolysis in
1M NaOD of the two diastereoisomers mer-
(AR)(AS) and mer-(AR)(AS), respectively, gave
different 'H NMR spectra, but with coinciding
methyl singlets. The results, therefore, are not
definitive with respect to the stereochemistry of
the reactions. However, subsequent addition of a
large excess of DCl resulted in a quantitative and
rapid anation reaction to re-form the chloro com-
plexes. The 'H NMR spectra of these chloro
product solutions each showed one methyl peak
(at different positions) and for each diastereo-
isomer were identical with the 'H NMR spectrum
of the parent chloro complex. The anation re-
actions of both diastereoisomers of the cation [Co
(en)(amCOOH)(H,0)]** were fast and complete
within minutes in 9 M CDI at 25 °C. These results
therefore show that for both diastereoisomers,

12"
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2 M NaOH
[Co(en)(am(COOH)CI]>** ——— [Co(en)(amCOOQ)(OH)]*
fast
9MHCI
~10 min H*
[Co(en)(amCOOH)(H,0)**
Scheme 5.

the reaction sequences shown in Scheme 5 occur
with retention of configuration (>95 %).

These results also have the implication that the
isomerization reaction between aqua complexes
must be substantially slower than the anation re-
action in 6-9 M HCI. Isomerization between the
hydroxo complexes must also be slow. This fol-
lows from the experiments above and the obser-
vation of stereospecific re-formation of the
chloro complexes observed for basic solutions
kept for 1 h at 25°C before acidification with
DCI. This means that the isomerization reaction
between the mer-(AR)(AS) and mer-(AR)(AS)
isomers of [Co(en)(amCOOQO)(OH)]* has a half-
life greater than 10 h under these conditions. It
also indicates that the products arising from the
base hydrolysis of the quadridentate amidine
complexes are not equilibrium mixtures.

In aqueous solution at pH ~ 5, both diastereo-
isomers of [Co(en)(amCOOH)CI]** yielded
quantitatively, but with quite different rates, the
complex (AR)(AS)-[Co(en)(am)]**, and the re-
actions were followed by 'H NMR measurements
in pyridine-pyridinium buffered D,O solutions.
Hydrolysis of the mer-(AR)(AS) isomer gave in-
itially (¢, ~ 10 min at 25°C and [CI"] = 1 M) an
equilibrium mixture of the chloro complex and
the aquated complex, both with the mer-(AR)
(AS) configuration. The equilibration reaction
was followed by a much slower rearrangement
and cyclisation, giving (AR)(AS)-[Co(en)(am)]**
nearly quantitatively. The half-life of the latter
reaction was greater than 5 d at 20°C and the re-
action was therefore completed at an elevated
temperature (4, ~5 min at 100°C). The rear-
rangement reaction probably involves isomeriza-
tion of the aqua mer-(AR)(AS) complex to give
the mer-(AR)(AS) configuration. The latter iso-
mer then reacts rapidly (see below) to give (AR)
(AS)-[Co(en)(am)]** and was therefore never
observed.

The diastereoisomer mer-(AR)(AS)-[Co(en)
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(amCOOH)CI]** released Cl~ similarly, to yield
(AR)(AS)-[Co(en)(am)]** quantitatively. The re-
action had a half-life of ~20 min (25°C, pH ~5),
and no intermediate aqua complex was observed.
This last observation also implies that the inter-
mediate aqua complex (12) cyclises rapidly and
quantitatively to the amidine (8, Scheme 3).

Purity of the [Co(en)(am)]** diastereoisomers.
The diastereoisomers of the [Co(en)(am)]** ca-
tion have different '"H NMR spectra with methyl
singlets at slightly different chemical shifts. An
estimate of the relative isomer ratio in a mixture
of the diastereoisomers could therefore be made
by measuring the relative peak areas of the
methyl singlets. However, since the peak sepa-
ration is small, the method is not very accurate
and fails to register a small contamination of one
isomer by the other. Nevertheless, taking advan-
tage of the fact that the diastereoisomers react at
different rates in 6-12 M HCI, it was possible to
measure even small amounts of the (AR)(AS)
isomer in a mixture of the isomers (and vice
versa). In 6 M HCl, the (AR)(AS) isomer reacted
slowly (¢~ 12 h), yielding mer-(AR)(AS)-[Co
(en)(amCOOH)CIJ**, whereas the (AR)(AS)
isomer reacted rapidly (f,=5-10 min) and
yielded mer-(AR)(AS)-[Co(en)(amCOOH)CI)**.
This procedure was tested by examining samples
of (AR)(AS)-[Co(en)(am)]Cl, artificially con-
taminated with (AR)(AS)-[Co(en)(am)](ClO,),
in 6 M DCI. Integration of the methyl singlets for
the amidine complex and for the chloro complex,
which were well separated, gave a relatively ac-
curate measure of the ratio of the diastereo-
isomers. Thus, for samples of the pure (AR)(AS)
isomer artificially contaminated with 3.7, 7.5 and
19.9% of the (AR)(AS) isomer, respectively,
such an analysis gave the values 4.6, 7.9 and
19.7 %. Similarly, using 12 M DCI for samples of
pure (AR)(AS) isomer artificially contaminated
with 2.7 and 6.6 % of the (AR)(AS) isomer, re-
spectively, 'H NMR analysis gave values of 3.4
and 5.8 %. The method described was then used
to check the purity of the optically active amidine
salt.

Discussion

Cyanide ion addition and intramolecular cyclisa-
tion. The results show that CN~ adds to the imine
carbon atom on each side of the iminopropionate
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chelate as in Scheme 2. This is not a surprising re-
sult since such coordinated imines have been
shown previously to be relatively reactive to-
wards nucleophiles.>® Quite clearly, the coordi-
nated metal ion imposes some iminium ion char-
acter on the bound imine. Such studies have also
indicated a degree of reversibility for the addition
of nucleophiles and notably for the carbanion of
nitromethane.® Hydroxide ion, for example, in
this situation is a good leaving group.®!' Also,
previously studies on the stabilities of analogous
diastereoisomers indicate that they should not
differ greatly,? certainly not by as much as 9:1.
The implication in this analysis is therefore that
the preliminary addition of CN~ which occurs on
both sides of the planar imine is reversible or
nearly reversible. In the early stages of the re-
action, a very small singlet at 2 ppm which might
be ascribed to the cyanoalanine intermediate was
observed in some reaction mixtures, but clearly
the concentration of this intermediate is small
and the addition of CN~ can be considered as a
pre-equilibrium, given the relatively crude kin-
etic data available. The final product distribution
is therefore decided by the relative rates of cycli-
zation to form the amidine products. This last
step is clearly established as irreversible.

The overall results indicate CN~ addition to be
the preliminary step. No reaction to give the ami-
dine occurred with HCN alone and neither were
the cyanoalanine intermediates observed under
these conditions. The rate-determining step in
the process is therefore probably a coupled de-
protonation of one of the apical amine sites with
attack of the N-nucleophile at the cyanide carbon
centre (Scheme 2). Rapid protonation of the ami-
dine anion follows to yield the quadridentate
amidine complex. These steps are consistent with
the crude kinetic results which indicate that both
CN~ and OH" are required to effect the reaction.
Addition of CN~ can be viewed as a pre-equilib-
rium when K is small. The region in which sat-
uration arises and the rate law becomes inde-
pendent of CN~ is not reached under the condi-
tions of the experiments. Studies on the proton
exchange for amino acidato complexes' of this
kind also imply that the exchange rates would be
in the region of those we observe for amidine for-
mation.

The stereospecificity in the reaction is an im-
portant component [(ASJ/[(AR] =9). As indi-
cated previously,'? other types of chemistry
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would not support the origin of this specificity in
the CN~ addition at the imine C center. The im-
plication is, therefore, that the stereochemistry in
relation to the entry of the intramolecular N-
nucleophile in one activated complex is much
preferred to that in the other, and support for
such a notion is provided by scale models (Drie-
ding) of the implied activated complexes. The
situation is depicted in Scheme 6, in which the
orientations of nucleophile and nitrile in the pre-
cursor complex are shown for the AS and AR
complexes. In the first instance, one site for de-
protonation is clearly ideal for the reaction to oc-
cur. In the other, neither site for deprotonation is
ideal for attack at the nitrile C atom. The effect
need only be quite small: an energy difference of
5.5 kJ mol™! for the two reaction paths accommo-
dates the results. A rather subtle orbital steering
of the kind proposed would therefore be ade-
quate to explain the differences.

Finally, it is evident that reduction of the ap-
propriate Co(III) complex and hydrolysis of the
amidine would lead readily to a chiral form of the
amino methyl melonic acid monoamide, and that
the type of chemistry described provides stereo-
specific routes to such chiral products for sub-
stituents other than methyl.

Reactivity of the amidine complexes. We can pre-
sume that the reactions of the quadridentate dia-
stereoisomers in base involve carboxylate oxy-
gen-Co bond rupture, and the reaction of the
(AS) isomer has been studied in some detail. Ar-
guably, the hydrolysis proceeds by the usual con-
jugate base dissociative path (Sy1CB)™ as depic-
ted in Scheme 4, leading to Co~O bond rupture.
The rate law is consistent with two reactant spe-
cies arising from the deprotonated and proto-
nated forms of the amidine complex. The disso-
ciation of the carboxylate ion allows rearrange-
ment of the five-coordinate intermediate, before
capture of a water molecule, to give the hydroxo
tridentate isomer (10 [mer-(AS)]) stereospecifi-
cally (>95 %). In the process, the amino group of
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the amino acid has migrated along one edge of
the octahedron but the configuration of the Co
(en), moiety remains unaltered. Such a process
would not occur if C-O rupture was the result of
base hydrolysis. Both reactants clearly give the
same product. The (AS)-[Co(en)(amCOO)CI]*
ion also hydrolyses rapidly in base and generates
the same product, so it presumably generates the
same five-coordinate intermediate.

The (AS) isomer of the quadridentate amidine
complex was not studied in the same detail. It hy-
drolyses in base at approximately the same rate
as the (AS) isomer, but it generates both the me-
ridional (AS) (40%) and (AS) (60 %) isomers
throughout the reaction. Also, the (AS)-[Co(en)
(amCOO)CI]* ion hydrolyses rapidly in base to
give very largely the (AS)-[Co(en)(am
COO)OH]" ion. It can be inferred from these re-
sults that a common five-coordinate intermediate
is not generated in these two instances.

The kinetics of the quadridentate amidine re-
actions in the presence of relatively concentrated
HCl were not followed, but there is enough detail
in the synthetic results to draw some mechanistic
conclusions. Presumably, the rupture of the
Co—0O(carboxylate) bond is acid-catalysed, as
are other simple Co(IIl)-carboxylate fissions.!
Water is then largely captured in the process and
possibly some Cl~. However, the bulk of the re-
spective chloro complex which is the final prod-
uct clearly arises from anation of the mer-(AS) or
(AS)-[Co(en)(amCOOH)(OH,)]** ions, and that
process occurs largely with retention of configu-
ration. It is also evident that these two aqua prod-
ucts slowly cyclise to a common product, the
(AS)-[Co(en)(am)]** ion. This implies that the
latter is the thermodynamically stable form and
that the (AS) form is trapped only in the initial
condensation reaction; it thereafter rearranges,
through dissociation of a monodentate ligand, to
the apparently more stable (AS) isomer. It is also
likely that the rapid cyclisation of the (AS) ion
occurs by attack of coordinated H,O on the car-
boxyl carbon atom.!® The same route cannot ob-
tain, however, for the (AS) isomer, for steric rea-
sons. There, it is required that the (AS)-[Co(en)
(amCOOH)(OH,)]** ion rearranges to the (AS)
form before cyclisation ensues. This also implies
that the (AS) isomer should cyclise more slowly
than the (AS) isomer, which is indeed the case. In
fact, the (AS) isomer cyclises too rapidly to be
observed.
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