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The a-aminomalonate anion (AM?") undergoes a C-N bond formation reaction with trans-[CoCly(en),]* (en = ethylenediamine)
in the presence of triethylamine (Et,N) to produce a-diamine and carbinolamine complexes. The reaction in water under air gives
the carbinolamine complex 3 predominantly whereas the reaction under N, yields the a-diamine complex 2 preferentially. These
complexes were characterized by absorption and 'H and '*C NMR spectroscopy and elemental analysis. The X-ray crystal structure
of the a-diamine complex 2b ([Co(N-(2-aminoethyl)-a,a-diaminomalonato)(en)]Cl:0.5H,0) has been determined: formula
C;H,;N;0,CoCl-0.5H,0, space group P (triclinic); @ = 13.196 (4) A, b = 13.212 (5) A, ¢ = 7.259 (3) A, & = 93.78 (3)°, 8
= 89.00 (3)°, v = 92.80 (3)°, Z = 4, R = 0.056. The free OH group of the carbinolamine complex 3 ([Co(N-(2-amino-
ethyl)-a-amino-a-hydroxymalonato)(en)]C10,-H,0) was confirmed by 'H NMR in DMSO-d, with the addition of D,O. Of great
interest is that the C-N bond formation reaction occurs on the sp* carbon of the AM? ion.

Introduction

Much attention has been given to the intermolecular and in-
tramolecular C-N bond formation on transition-metal complexes.?
Some of the attractive properties of metal complexes are the
activation of coordinated molecules and the enhancement of their
reactivity. For instance, so-called “template” reactions, i.e., the
condensation between amines and carbonyl compounds on sub-
stitution-labile metal ions such as Co(II)? and Ni(II),* appear to
have a great synthetic utility. In contrast, reactions between the
nitrogen atom of the polyamine ligands in substitution-inert co-
balt(I1I) complexes and the carbon of carbonyl or nitrile groups
give Schiff bases (imines),* a-iminoamines,® and carbinolamines,’
the last of which are assumed to be an intermediate in the reaction
of carbonyl groups with amines.?

Previously, we investigated the reactions of a-alkyl-a-amino-
malonate anions (ARM?%) with Co(IIT)-polyamine complexes.’
The complexes obtained, in which ARM?™ was coordinated to the
central metal ion through the amino group and one of the carboxyl
groups as a bidentate ligand, were used for the asymmetric syn-
thesis of a-amino acids. However, reaction of the a-amino-
malonate anion (AM?") and 3,7-diaza-1,9-diaminononane
(2,3,2-tet) gives a noval compound containing an a-diamine
linkage. This arose from the unexpected C-N bond formation
between the a-carbon of AM? and one of the coordinated amino

(1) (a) Department of Applied Chemistry, Faculty of Sciences and Tech-
nology, Keio University, Hiyoshi, Kohoku-Ku, Yokohama 223, Japan.
(b) Department of Chemistry, College of Arts and Sciences, University
of Tokyo, Komaba, Meguro-Ku, Tokyo 153, Japan. (c) Present address:
Department of Chemistry, Faculty of Science, Nara Women’s Univ-
ersity, Nara-city, Nara 630, Japan.

(2) Ishida, K.; Yashiro, M.; Yano, S.; Hidai, M.; Yoshikawa, S. J. Am.
Chem. Soc. 1988, 110, 2015 and references cited therein.

(3) Tait, A. M,; Busch, D. H. Inorg. Chem. 1976, 15, 197.

(4) (a) Martin, J. W, L,; Curtis, N. F. J. Chem. Soc., Dalton Trans. 1975,
87. (b) Suh, M. P.; Shin, W.; Kim, H.; Koo, C. H. Inorg. Chem. 1987,
26, 1846.

(5) (a) Golding, B. T.; Harrowfield, J. M.; Sargeson, A. M. J. Am. Chem.
Soc. 1974, 96, 3003. (b) Harrowfield, J. M.; Sargeson, A. M. Ibid.
1974, 96, 2634. (c) Harrowfield, J. M.; Sargeson, A. M. I/bid. 1979,
101, 1514. (d) Lawson, P. T.; McCarthy, M. G.; Sargeson, A. M. Ibid.
1982, /104, 6710. (e) Harrowfield, J. M.; Sargeson, A. M.; Springborg,
J.; Snow, M. R.; Tayler, D. Inorg. Chem. 1983, 22, 186.

(6) (a) Buckingham, D. A.; Foxman, B. M.; Sargeson, A. M.; Zanella, A.
J. J. Am. Chem. Soc. 1972, 94, 1007. (b) Gainsford, G. J.; Jackson,
W. G.; Sargeson, A. M. Ibid. 1979, 101, 3966.

(7) (a) Bell, J. D,; Gainsford, A. R,; Golding, B. T.; Herlt, A. J.; Sargeson,
A. M. J. Chem. Soc., Chem. Commun. 1974, 980. (b) Gainsford, A.
R.; Pizer, R. D.; Sargeson, A. M.; Whimp, P. O. J. Am. Chem. Soc.
1981, /03, 792.

(8) Layer, R. W. Chem. Rev. 1963, 63, 489.

(9) (a) Ajioka, M.; Yano, S.; Matsuda, K.; Yoshikawa, S. J. Am. Chem.
Soc. 1981, 103, 2459. (b) Yamaguchi, M.; Yamamatsu, S.; Oikawa,
H.; Saburi, M.; Yoshikawa, S. Inorg. Chem. 1981, 20, 3179. (c) Ya-
shiro, M.; Ajioka, M.; Yano, S.; Toriumi, K.; Ito, T.; Yoshikawa, S.
Inorg. Chem. 1986, 25, 1709.

0020-1669/90/1329-0446%$02.50/0

groups of 2,3,2-tet.!® 1In light of this observation, we focused our
attention on whether such a C-N bond formation occurs generally
in Co(III)-polyamine complexes. Here we report on an exami-
nation of the reaction of the AM? ion with a Co(III) complex
of ethylenediamine (en), including an X-ray crystal structure
determination for one of the complexes.

Experimental Section

Analytical reagents were used without further purification. Com-
mercial Et,N was distilled before use. trans-[CoCl,(en),]CI-HCI-2H,0
was synthesized by a standard procedure.!!

Monoammonium a-aminomalonate was synthesized by the method of
Thanassi'? and purified by Dowex 2-X8 (200-400 mesh, CH,COO"
form) anion-exchange column chromatography eluted with 2 M CH,C-
OONH,. The '"H NMR spectrum of this compound in D,O did not show
any other resonances except that for a-proton of the AM? ion at 4.16
ppm.

SP-Sephadex C-25 (Na* form) and Dowex 50W-X2 (200-400 mesh,
Na* form) cation-exchange resins were both used for the separation of
the complexes studied.

NMR spectroscopy was carried out on a JEOL GX-400 instrument
using sodium trimethylsilylpentanesulfonate (DSS) in D,0O and tetra-
methylsilane (Me,Si) in DMSO-dj as references for 'H NMR spectra
(400 MHz) and dioxane in D,O for *°C NMR spectra (100 MHz). 'H
NMR spectra were measured at room temperature and low-power
broad-band proton-decoupled '*C NMR spectra and proton-decoupled
INEPT '*C NMR spectra were measured at 34 °C. 13C NMR spectra
of complexes were measured after exchanging ClO,™ for CI” with an-
ion-exchange resin Dowex 2-X8 by stirring in 0.7 mL of D,O overnight.
Absorption spectra were measured with a Shimazu UV-240 UV-visible
spectrophotometer.

Synthesis and Separation of Complexes: (a-Aminomalonato)bis-
(ethylenediamine)cobalt(III) Perchlorate Dihydrate ([Co(AM)(en),}-
C1042H,0, 1), (N-(2-Aminoethyl)-a,a-diaminomalonato)(ethylenedi-
amine)cobalt(III) Perchlorate ([Co(am-en)(en)]ClO,, 2a), (N-(2-
Aminoethyl)-a-amino-a-hydroxymalonato) (ethylendiamine)cobalt(III)
Perchlorate Hydrate ([Co(ta-en)(en)]ClO4H,0, 3). The Reaction in
Methanol. Et;N (3.03 g) was slowly added to a stirred suspension of
NH,AMH (0.50 g) and trans-[CoCl,(en),]JCI-HCI-:2H,O (1.47 g) in
methanol (250 mL) and refluxed for 3 h. After the mixture was evap-
orated to dryness, water was added and subsequently evaporated in order
to remove Et;N. The reaction mixture was dissolved in water and ad-
sorbed on a SP-Sephadex C-25 (Na* form) cation-exchange resin col-
umn. The column was washed well with water and eluted with 0.02 M
NaClO, to reveal three components. On the top of the SP-Sephadex
column, a large amount of a red-brown highly charged band was ad-
sorbed.

The third minor orange eluate was collected, and after elimination of
NaClQ, by filtration and SP-Sephadex G-15 gel chromatography, com-
pound 1 was obtained by recrystallization from water. Crystals were
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Table I. Crystal Data and Experimental Conditions for (N-(2-Aminoethyl)-a,a-diaminomalonato)(ethylenediamine)cobalt(IIT) Chloride

Hemihydrate (2b)

formula C,H;N0,CoCl:0.5H,0
cryst size, mm? 0.25 X 0.15 X 0.10
space group Pi

b A 13.212 (5)

«, deg 93.78 (3)

v, deg 92.80 (3)

Z 4

d(caled), g cm™ 1.78

\A 0.7107 (Mo Ka)

scan method w(2° < 26 < 30°),

6-26 (30° < 26 < 60°)

scan speed, deg min™! 4
no. of intens measd 3049
R 0.056

collected, washed with ethanol and ether, and dried (yield 0.8%). Anal.
Caled for CoC,;HsNsO,ClO4+2H,0: C, 19.48; H, 5.37; N, 16.22.
Found: C, 19.21; H, 4.96; N, 15.97 (compound 1). The maxima of
absorption spectrum (in H,O) of 1 were e4g7 = 103 M~ ecm™ and ;47 =
117 M em™,

The second major orange eluate was collected, desalted by filtration
and SP-Sephadex G-15 gel chromatography, and adsorbed on Dowex
50W-X2 cation-exchange resin column (Na* form). The column was
washed well with water and eluted with 0.2 M NaClO, to reveal three
components, !?

The first eluate from the Dowex column was collected and desalted
by filtration and SP-Sephadex G-15 gel chromatography. After reduc-
tion in solvent volume, orange crystals deposited, were filtered off, and
washed with ethanol and ether, and dried (yield 0.8%). Anal. Caled for
CoC;H,;N0,ClO,: C, 21.36; H, 4.35; N, 17.79. Found: C, 21.16; H,
4.35; N, 17.42 (compound 2a). The maxima of absorption spectrum (in
H,0) of 2 were ¢477 = 134 M1 cm™! and €5, = 102 M~ cm™L.

The second eluate from the Dowex column was collected and desalted
by filtration and SP-Sephadex G-15 gel chromatography. After reduc-
tion in volume, ethanol was added and an orange powder deposited. This
was filtered off and suspended in a small volume of water. Orange solid
was filtered off, washed with ethano! and ether, and dried (yield 0.8%).
This complex, 3, was identified by '"H and }*C NMR spectroscopy to be
the same compound obtained from the reaction in water in the presence
of Et3N.

The first pink eluant from the Sephadex column contained [Co-
(CO;)(en),)*.

The Reaction in Water. To the aqueous solution (250 mL) of
NH,AMH (0.50 g) and zrans-[CoCly(en),]CI-HCI-:2H,0 (1.47 g) was
added Et;N immediately to achieve a neutral pH. Then Et,N was added
without exceeding pH 10 and the temperature kept in the range 50-60
°C, a stationary state in pH (<8) was regarded as the end of the reaction.
The solution was evaporated to dryness to remove Et,N and the residue
dissolved in water. The reaction mixture was adsorbed on SP-Sephadex
C-25 cation-exchange column and washed well with water. The column
was eluted with 0.02 M NaClO, to reveal three components. The first
pink eluate was [Co(CO;)(en),]*; the third orange fraction was com-
pound 1 as obtained in methanol.

The second orange eluate was collected, desalted by filtration and
SP-Sephadex G-15 gel chromatography, and adsorbed on Dowex 50W-
X2 cation-exchange column. The column was washed well with water
and eluted with 0.2 M NaClQ, to reveal three trace bands and one main
band. The eluate from the main band was collected and desalted. After
concentration of the desalted solution, ethanol was added to obtain an
orange powder. This was suspended in a small volume of water, filtered,
washed with ethanol and ether, and dried (yield 12.0%). Anal. Caled
for COC7H|6N405C104'H20: C, 20.38; H, 440', N, 13.58; Cl, 8.59.
Found: C, 20.60; H, 4.03; N, 13.91; Cl, 8.94 (compound 3). The
maxima of absorption spectrum (in H,0) of 3 were ¢,5, = 134 M~ cm™!
and ey5 = 118 M~ cm™.

'H NMR Spectrum of Carbinolamine Complex 3 in DMSO-d,. A
9.2-mg sample of 3 was dissolved in 0.72 mL of DMSO-d, (the con-
centration of the complex was 3.10 X 102 M). The 'H NMR spectra
at room temperature were measured immediately after the addition of
D,0 (0.02-mL aliquots).

X-ray Diffraction Data Collection for (N-(2-Aminoethyl)-a,a-di-
aminomalonato) (ethylenediamine)cobalt(III) Chloride Hemihydrate (2b).
The perchlorate (2a) obtained above (90 mg) was stirred in a small
volume of water (1 mL) with anion-exchange resin Dowex 2-X8 (120
mg) overnight. Crystals of this compound were obtained from the fil-

(13) The third component will be reported elsewhere.

mol wt 338.64
cryst system triclinic
a, A 13.196 (4)
¢ A 7.259 (3)
8, deg 89.00 (3)
v, A’ 1261.3 (8)
d(obsd), g cm™ 1.81
monochromator graphite
abs coeff, mm™! 1.59
stds 3 every 100 reflections
no. of data 2624 (|F,| 2 5a(F,))
R, 0.067
R N2
H;N _CL_/NHZ H %N{—l ——/NHz
]
O —NH .
HoN o :‘ nu—j——o
o] HoN
° (o]
1 2 3

Figure 1. Plausible structures of complexes.

trate, and a block-shaped orange crystal was used in the reflection data
collection. Anal. Caled for C;H,;Ns0,CoCl:0.5H,0: C, 24.82; H, 5.36;
N, 20.68. Found: C, 25.71; H, 5.27; N, 20.10. Cell dimensions and
space group data were obtained from Weissenberg photographs. Dif-
fraction data were collected at room temperature on a Rigaku AFC-5
four-circle automated diffractometer controlled by a FACOM U-100
computer and Rigaku FOS program system. The crystal parameters and
experimental procedure are listed in Table I. Three standard reflections
were monitored every 100 reflections, and their intensities showed ran-
dom variation within 3.1% for which no correction was made. The
density was measured by flotation in a dichloroethane—dibromoethane
mixture.

Structure Solution and Refinement. All calculations were carried out
on a HITACM-M680H(C) computer at the computer center of the
University of Tokyo with universal program UNICS 11114 The structure
was solved by direct methods and the coordinates of two Co atoms were
determined from the initial E map. The positions of the other non-hy-
drogen atoms were refined by means of mutual cycles of Fourier synthesis
and block-diagonal least-squares techniques. Scattering factors for
non-hydrogen atoms were taken from ref 15a and for hydrogen atoms
from ref 15b. The effects of anomalous dispersion were corrected for in
structure factor calculations, and values of Af” and Af” for nonhydrogen
atoms were taken from ref 16. Least-squares refinement of the positional
and individual anisotropic thermal parameters of non-hydrogen atoms
gave convergence at R = 6.58%. At this stage, a difference Fourier
synthesis showed a water molecule of crystallization and the hydrogen
atoms that are connected to carbon atoms. The positional and isotropic
thermal parameters of these atoms were refined. The final R = X_||F,|
— |Fl/ ZIF,| and R, = [Zw(|F,| - IFcl)Z/wZIFOIZ]l/Z (w = 1) factors
were 5.6% and 6.7%, respectively. The final difference Fourier synthesis
revealed no unusual features with the highest residual peak being 0.75
e A, The final positional parameters are cited in Table II.

Results

1. Synthesis of Cobalt(III) a-Diamine and Carbinolamine
Complexes. Previously we reported the C-N bond formation
between AM? and trans-[CoCl,(2,3,2-tet)]* in methanol in the
presence of Et;N to obtain an a-diamine complex.! In this study
of the cobalt(III)~en system, we obtained the similar a-diamine
complex 2 and the novel carbinolamine complex 3 in low yields
(0.8% each) with no selectivity, in addition to the AM2~ complex
1 (yield 0.8%) from the reaction in methanol. The major loss is
due to the formation of a large amount of a highly-charged
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Simpson, W. T. J. Chem. Phys. 1965, 42, 3175.
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Table II.

Standard Deviations (in Parentheses) for

Final Positional Parameters and Their Established

(N-(2-Aminoethyl)-a,a-diaminomalonato)(ethylenediamine)cobalt-
(IIT) Chloride Hemihydrate (2b)

atom x y z Bt A2
Co(1) 0.28614 (9) -0.15852(9) 0.03346 (17) 1.3
Co(2) 0.19190(9) 033914 (9)  0.50292 (17) 1.3
CI(1) 0.20028 (22) 0.14483 (19) 0.00893 (34) 2.5
CI(2) 0.08609 (21) -0.15545 (24) -0.42335 (38) 3.1
O(1) 0.30214 (49) -0.25232 (50) 0.22544 (90) 1.9
O(2) 042897 (57) -0.34098 (62) 0.32427 (104) 3.1
O(3) 0.39442 (57) -0.07304 (48) 0.13807 (87) 1.7
O(4) 0.55646 (58) -0.08876 (58) 0.21163 (110) 31
O(5) 0.28201 (52) 0.37327 (53) 0.70949 (91) 22
O(6) 0.34959 (64) 0.51495 (65) 0.85292(113) 3.7
O(7) 0.08784 (45) 0.41555(48) 0.626 68 (90) 1.7
O(8) 0.07691 (50) 0.57161 (55) 0.76234 (108) 27
N(1) 0.28675(57) -0.07568 (58) -0.17800 (115) 1.9
N(2) 0.39395(59) -0.23113 (58) -0.08909 (101) 1.7
N(3) 0.17115(59) -0.24360 (62) -0.05560 (109) 1.9
N(4) 0.18740 (60) -0.08067 (56) 0.17588 (104) 1.7
N(5) 0.55579 (67) -0.28152 (69) 0.03396 (118) 2.5
N(6) 0.11110(55) 0.32450 (55) 0.28047 (98) 1.4
N(7) 0.24120 (60) 0.46859 (58) 0.42191 (101) 1.7
N(8) 0.29638 (70) 0.25593 (70) 0.39038 (129) 1.6
N(9) 0.13615(62) 0.21513 (60) 0.60305(112) 2.0
N(10) 0.25872 (70) 0.63464 (61) 0.60462 (120) 2.4
C(1) 0.34869 (78) -0.12293 (78) -0.32907 (139) 2.2
C(2) 043539 (78) ~-0.17395 (82) -0.24672(132) 2.2
C(3) 008292 (76) -0.22582(87) 0.07127 (141) 24
C(4) 0.08195(70) ~0.11278 (76) 0.11205(136) 2.0
C(5) 0.39526 (73) -0.28273 (78) 0.21966 (132) 2.0
C(6) 0.46228 (68) -0.23416 (70) 0.07379 (129) 1.7
C(7) 047611 (71) -0.12098 (74) 0.14358 (125) 1.9
C(8) 0.14935(71) 0.40154 (70) 0.15561 (108) 1.5
C(9) 0.17743(77) 0.49753 (66) 0.26772 (137) 1.9
C(10) 0.29441 (88) 0.15963 (88) 0.48174 (156) 3.0
C(11) 0.18678 (90) 0.12879 (76) 0.51165 (155) 2.7
C(12) 0.29667 (70) 0.47072 (76) 0.73449 (132) 1.9
C(13) 0.23196 (69) 0.52860 (68) 0.604 50 (120) 1.6
C(14) 0.12131 (71) 0.50684 (71) 0.67514 (126) 1.7
(0 0.44348 (71) 0.42629 (82) 0.30062 (182) 6.3
@A water molecule of the crystallization. ®8. = (4/3)[X,¥;8,(ar

a)].

Scheme 1
N\i‘,N] + H go?\l'H under air > 1+ 2 +3

o T CHOHINEt,, reflx

NTLON felele)

AMY under N

3+
CHaOM/NEt, refiux 2 + [Colen)y)

under air
1 + 3
MO/NEty (pH<10)
50-60 °C

brownish species that is strongly adsorbed on SP-Sephadex C-25
resin. Under nitrogen, however, the a-diamine complex 2 was
obtained selectively as a main product (crude yield, 29.0%), an-
other product being [Co(en);13*.

In contrast, the reaction of AM?" and trans-[CoCl,(en),}* in
water in the presence of Et;N gave the carbinolamine complex
3 in moderate yield (12.0%), although the AM? complex 1 was
also formed in low yield (0.8%). This was a specific phenomenon
for the cobalt(I1T)~en system, not observed in the 2,3,2-tet system.
Three other products were observed on the Dowex 50W-X2
column, but their yields were too small to be identified.

The distribution of reaction products under various conditions
are summarized in Scheme I.

2. Characterization of Isolated Complexes. The absorption
spectra of isolated compounds are shown in Figure 2. The 'H
and the low-power broad-band proton-decoupled '3C NMR
spectroscopic data are cited in Table III.

The absorption spectrum of compound 1 indicated a typical
Co''"N4O chromophore'? as shown in Figure 2. The 'H NMR

Kojima et al.

log £

20 30
wavenumber (x103 cm-1)
Figure 2. Absorption spectra of complexes in H,O: (—--) [Co(AM)-
(en),]* (1*): (—) [Co(am-en)(en)]* (2*); (--) [Co(ta-en)(en)]* (3*).

Table ITII. 'H NMR and Low-Power Broad-Band Proton-Decoupled
13C NMR Spectroscopic Data for the AM?™ Ion and the Cobalt(III)
Complexes in D,O (ppm)

compd a-proton? a-carbon? —-COO~® en®

AM* 4.2 59.8 170.8

1 4.1 63.1 172.9, 183.3 439,449,
45,5, 459

2 (a-diamine) 85.9 175.8, 176.5 44.1, 45.9,
46.7, 48.8

3 (carbinolamine) 93.8 175.1, 175.7 44.2, 45.7,
46.8, 49.0

aDSS as a reference. ®1,4-Dioxane as a reference.

spectrum of 1 exhibited a resonance at 4.1 ppm ascribed to the
a-proton of the AM? ligand. This peak completely disappeared
after dissolution in D,O for 130 h.

As shown in Table III, the chemical shifts of resonances of the
a-proton and the a-carbon of the AM?" ligand in compound 1
were nearly equal to those of the free AM?* ion. The proton-
decoupled INEPT 3C NMR spectrum of 1 indicated that the
resonance at 63 ppm can be assigned to a methine carbon.’® Two
resonances due to carboxyl groups of the AM?- ligand were ob-
served, one of which at 172.9 ppm could be assigned to the co-
ordinated carboxyl group and the other at 183.3 ppm to the
uncoordinated carboxyl group.’® These results indicated that
compound 1 contained the AM?" ligand coordinated through the
amino group and one carboxyl group in the manner of a-ami-
no-a-methylmalonato (AMMZY) complexes® as shown in Figure
1.

The *C NMR spectrum of 2 exhibited a resonance, assigned
to the a-carbon of the AM moiety, at 85.9 ppm, a downfield shift
of 22.8 ppm from that of 1. Furthermore, one of the resonances
of en showed a small downfield shift compared with the same
resonance for 1 (Table IIT). These results indicated that a C-N
bond was formed between the a-carbon of AM?~ and one of the
coordinated nitrogens of one of the en.ligands, which was con-
firmed by X-ray crystallography.

In the '3C NMR spectrum of 3, the a-carbon resonance was
observed at 93.8 ppm, a downfield shift of 30.7 ppm from that
of 1; this is a greater downfield shift than that observed in 2. These
results indicated that a new C-N bond was formed between the
a-carbon of AM? and one of the coordinated nitrogens of the
en ligands. From the elemental analysis results, it was suggested
that a free amino group in 2 was changed to a free hydroxyl group
to form a carbinolamine linkage. The 'H NMR spectrum of this
compound in DMSO-dg showed a singlet peak corresponding to
one proton at 7.35 ppm. This peak was assigned to the free
hydroxyl group, drastically diminished with the addition of D,O

(17) (a) Yamatera, H. Bull. Chem. Soc. Jpn. 1958, 31, 95. (b) Matsuoka,
N.; Hidaka, J.; Shimura, Y. Bull. Chem. Soc. Jpn. 1967, 40, 1868.
(18) A =3/,J (s) (J = 140 Hz).
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Figure 3. Change in the 'H NMR spectrum of [Co(ta-en)(en)]* (3*)
in DMSO-dj with the addition of D,0 (0.02-mL aliquots): (a) DMSO-

dg only; (b) solution plus one D,O aliquot; (c) solution plus two D,O
aliquots.

Figure 4. ORTEP drawing of A-[Co(am-en)(en)]* (2*).

Table IV. Selected Bond Lengths (A)?

Co(1)-O(1) _ 1.946 (7) Co(1)-0(3) 1913 (6)

Co(1)-N(1) 1943 (8) Co(1)-N(2)  1.927 (8)

Co(1)-N(3)  1.938 (8) Co(1)-N(4)  1.941 (8)

N(1)-C(1) 1479 (13)  C(1)-C(2) 1.508 (15)
C(2)-N(2) 1494 (13)  N(3)-C(3) 1.490 (13)
C(3)-C(4) 1.504 (15)  C(4)-N(4) 1.507 (13)
N(2)-C(6) 1.503 (12)  C(6)-N(5) 1.427 (13)
C(6)-C(5) 1.522 (14)  C(6)-C(7) 1.550 (14)
0(1)-C(5) 1311 (12)  O(2)-C(5) 1.220 (13)
0(3)-C(7) 1279 (12)  O(4)-C(7) 1.223 (13)

9 Established standard deviations are cited in parentheses.

without correlation with other resonances as shown in Figure 3.
This result indicated the existence of the free hydroxyl group in
compound 3, the plausible structure of which is shown in Figure
1.

3. Molecular Structure of (N-(2-Aminoethyl)-a,a-diamino-
malonato)(ethylenediamine)cobalt(III) Chloride Hemihydrate (2b).
The unit cell in the crystal of this compound contained two
asymmetric units, in which two molecules each of the A- and
A-isomers were included. Since the structures of those isomers
were essentially equivalent, we will discuss the structure of the
A-isomer.

The coordination at the central cobalt ion is essentially octa-
hedral, with four coordination sites being occupied by the con-
densed am-en ligand, the N-(2-aminoethyl)-«,a-diaminomalonato
ligand, and two sites being occupied by the en ligand. A per-
spective view of the A-isomer is shown in Figure 4 in which the
thermal ellipsoids have been drawn to include 50% probability
distribution. Pertinent selected bond lengths and interbond angles,
together with their estimated standard deviations, are shown in
Tables IV and V, respectively. Hydrogen bonds in the unit cell
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Table V. Selected Interbond Angles (deg)”
O(1)-Co(1)-0(3)  89.5(3) Co(1)-N(2)-C(6) 98.0 (5)
O(1)-Co(1)-N(1) 171.2 (3) Co(1)-N(@3)-C(3) 108.7 (6)
O(1)-Co(1)-N(2) 84.0 (3) Co(1)-N(4)-C(4) 109.7 (6)

O(1)-Co(1)-N(3)  88.4 (3) N(I1)-C(1)-C(2)  109.0 (8)
0(1)-Co(1)-N(4) ~ 93.6 (3) C(1)-C(2)-N(2) 107.8 (8)
0(3)-Co(1)-N(1)  89.6 (3) N(3)-C(3)-C(4)  106.1 (9)
0(3)-Co(1)-N(2)  84.2(3) C(3)-C(4)-N(4)  105.5 (8)
0(3)-Co(1)-N(3) 1758 (3) N(2)-C(6)-N(5) 114.7 (8)
0(3)-Co(1)-N(4)  90.5 (3) N(2)-C(6)-C(5)  104.1 (7)
N(1)-Co(1)-N(2) 87.2(3) N(2)-C(6)-C(7) 103.3 (7)
N(1)-Co(1)-N(3)  93.0 (4) N(5)-C(6)-C(5) 115.2 (8)
N(1)-Co(1)-N(4)  95.1 (3) N(5)-C(6)-C(7) 113.5 (8)
N(2)-Co(1)-N(3)  99.2 (3) C(5-C(6)-C(7)  104.8 (7)
N(2)-Co(1)-N(4) 1742 (3) O(1)-C(5)-O(2)  124.8 (10)
N@3)-Co(1)-N(4)  86.0 (3) O(1)-C(5)-C(6) 113.7 (8)
Co(1)-O(1)-C(5) 109.3 (6) O(2)-C(5)-C(6)  121.4 (9)
Co(1)-0(3)-C(7) 111.2(6) O(3)-C(7)-0(4)  126.6 (9)
Co(1)-N(1)-C(1) 109.5 (6) O(3)-C(7)-C(6) 113.1 (8)
Co(1)-N(2)-C(2) 109.9 (6) O(4)-C(7)-C(6)  120.0 (9)

¢ Established standard deviations are cited in parentheses.

Table VI. Hydrogen Bonds and Their Established Standard
Deviations (in Parentheses)?

D:-:A, H:--A, sym transformn
D-H A A A of A

N(9)-H(N9)2 CI(1) 328 (1) 239(8) xy z-1
N(4)-H(N4) CI(2) 3.37(1) 247(11) x,y+1,z2
N(9)-H(N9)I Cl(2) 327(1) 238(9) =-x,—y+1,-z+1
N()-H(N1) O@4) 295(1) 223(8) -x+1,-y+1,-z
N(3)-H(N3) O(8) 293(1) 228(13) xp+1,z+1
N(6)-H(N6) O(8) 2.92(1) 2.13(9) -x,—y+1,-z+1
N(1)-H(N1) O(4) 295(1) 223(8) -x+1,-p+1,~z+1
N(5)-H(NS) O’®" 299 (1) 232(16) -x+1,-y, -z

9Hydrogen bonds are selected as follows: CI-N, O bonds are less
than 3.5 A, N-O are less than 3.0 A. ® An oxygen atom of the water of
crystallization.

Table VII. Selected Torsion Angles?

torsion angles,?

atom 1 atom 2 atom 3 atom 4 deg

N(1) c(1) c@) N(2) 44.6 (10)
o(1) C(5) C(6) N(@) -39.8 (10)
N(Q2) C(6) c(7) 0o(3) 40.0 (10)
N(@3) c@3) C(4) N(4) -523 (9)

9Their established standard deviations in parentheses. ? The torsion
angle is positive if, when the structure is viewed from atom 2 to atom 3,
a clockwise motion of atom | superimposes it on atom 4.

Figure 5. Structure of the AM moiety in complex 2. N(2) is the nitrogen
of the condensed en ligand.

and torsion angles are cited in Tables VI and VII, respectively.

The conformations of the two en ligands in Figure 4 are both
8. The AM moiety coordinates through the two carboxyl groups
with the remaining free amino group located in the outer sphere
of the complex as shown in Figure 5.
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The Co-N lengths range from 1.927 (8) A [Co-N(2)] to 1.943
(8) A [Co-N(1)] and average 1.937 A, which is shorter than the
average for the previously reported a-diamine complex in 2,3,2-tet
system (1.949 K).m The N-Co—N angles of the five-membered
chelating en ligands are 87.2 (3)° [N(1)-Co-N(2)] and 86.0 (3)°
[N(3)-Co—N(4)], the N-Co-O angles of the five-atom chelating
rings are 84.0 (3)° [O(1)-Co-N(2)] and 84.2 (3)° [O(3)-Co-~
N(2)]; therefore, there is a slight distortion at the cobalt atom
from the usual octahedral geometry.

The bond length of the newly formed C-N bond, N(2)-C(6),
was 1.503 (12) zf, which was slightly longer than those of standard
saturated aliphatic C-N bonds. Conversely, the distance between
the free amino group and the a-carbon, N(5)-C(6), was 1.427
(13) A, which is much shorter than usual. C(5)-C(6) and C-
(6)-C(7) were 1.522 (14) and 1.550 (14) A, respectively. In-
terbond angles of N(2)-C(6)-N(5), N(2)-C(6)-C(5), N(2)-C-
(6)-C(7), N(5)-C(6)-C(5), N(5)-C(6)-C(7), and C(5)-C-
(6)-C(7) were 114.7 (8), 104.1 (7), 103.3 (7), 115.2 (8), 113.5
(8), and 104.8 (7)°, respectively. These values indicated that the
geometry around the a-carbon was a normal tetrahedron. In the
crystal, the free amino group binds to a water molecule of crys-
tallization by a hydrogen bond [N(5)~H(NS5)...0’] as shown in
Table VI.

Discussion

1. Spectroscopic Features of Complexes. For the 'H NMR
spectrum of complex 1, the resonance of the a-proton diminishes
faster in D,O than that in [Co(AM)(2,3,2-tet)]*. This result
indicates that the cobalt(III)-en system provides a better op-
portunity toward a-proton exchange in the AM?" ligand than does
the cobalt(II1)-2,3,2-tet system. It is known that ax-amino acids
coordinated to cobalt(IIT) centers undergo base-catalyzed a-proton
exchange and mutarotation via a carbanion.!® In complex 1, even
in a neutral aqueous solution, the a-proton of the AM?™ ligand
is exchanged.

As one of the evidences for the C-N bond formation, we adopt
the downfield shift of a signal assigned to a carbon of the en
ligands. This assignment depends on the finding that the resonance
of the vicinal carbon of a secondary amino group appears at a
lower field compared with that of a primary amino group.?® In
the [Co(p-Rib-en)(en)]* (D-Rib = D-ribose), the resonance of the
vicinal carbon of the N-glycosidic amino group of the en ligand
shows a downfield shift in the range of 7-8 ppm,2 which is larger
than ca. 3 ppm in compound 2.

The absorption spectra of 2 and 3 in aqueous solution show the
absorption maxima at lower wavelengths compared with the typical
¢is(0,0)-Co™N 0, chromophore.!” This phenomenon is observed
in the complex [Co(/N-2-aminoethyl)aspartato)(en)]*, which is
formed by the reaction of the en and the maleato ion in [Co-
(maleato)(en),]*.!

2. Structural Features of Complexes. In complex 1, the a-
carbon of the AM?™ ligand is a prochiral center. The A-isomer
is favored by a pro-R configuration whereas a A-isomer is favored
by a pro-S configuration due to the intramolecular hydrogen bond
between one amino group of en ligand and the free prochiral
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carboxyl group. Such a chiral recognition is observed in co-
balt(ITI)-substituted 2,3,2-tet complexes of AMMZ%¢

On the other hand, complex 2 contains the a-diamine linkage,
which is thought to be an intermediate of the reaction between
amines and imines.»?2 In spite of the fact that such a structure
is usually assumed to be unstable, the electron-withdrawing effect
of the cobalt(I1) ion would stabilize it.!® The a-diamine structure
can be found in cage complexes such as [Co(sep)]** 2 and uro-
tropin, each of which contain free tertiary amino groups. In
addition, a complex having an a-iminoamine group obtained from
the reaction between NH,CH,CN and en in a cobalt(III) complex
was reported.® The a-diamine structure in which the a-carbon
is an sp? carbon such as an imino carbon and a keto carbon can
be found in asparagine and urea. In contrast, in compound 2,
the a-diamine linkage possesses a free primary amino group bound
to an sp® carbon.

This complex (2) is slightly unstable compared with the pre-
viously reported a-diamine complex in the 2,3,2-tet system.
Though the condensed ligand is a hexadentate ligand in the
2,3,2-tet system, it is a tetradentate ligand in the en case. This
difference in the number of chelate rings must exert an influence
on the stability of these complexes.* The orange compound 2
decomposes in a neutral aqueous solution to a pink species that
is thought to be a reduced cobalt(II) species but is not yet iden-
tified. This phenomenon is also observed for compounds 1 and
3

One nitrogen (N(2)) bound to the a-carbon of AM? is chiral:
the crystallographic study showed that the S configuration is
favored in the A-isomer and the R in the A-isomer.

The carbinolamine complex 3 is assumed to have a structure
similar to that of 2, with a free hydroxyl group in place of the
amino group.

Summary

A Co(IIT)-en complex trans-[CoCly(en),]* undergoes C-N
bond formation in its reaction with AM?", forming an a-diamine
or a novel carbinolamine complex. The latter reaction occurs
selectively in water in the presence of Et;N; this phenomenon is
specific for this system. The results could indicate that the a-
diamine formation generally occurs in the reaction between Co-
(IIT)-polyamine (at least concerning linear polyamine ligands)
complexes and AM%",
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