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trans-Dinitro and dichloro cobalt(III) complexes containing (5)-2-(methylaminomethyl)pyrrolidine (N-Me-
ampr) were prepared. Their stereochemistry differs a great deal from that of other N-methylated 1,2-diamines.
The N-Me-ampr complexes prefer the trans,cis instead of the trans,trans configuration, the axial N-methyl groups

being fairly stabilized.

In the case of the dinitro complex, only one isomer which has the axial N-methyl groups,

was isolated, but in the case of the trans-dichloro complex two diastereomers (frans,cis(RR) and trans,cis(SS)) were

obtained. These dichloro isomers were slowly converted into an equilibrium mixture in methanol.

The CD

spectral data of the equilibrium mixture show that the #rans,cis(RR) is more stable than the trans,cis(SS) isomer

(—AG=0.4 kcal/mol).

Substituents introduced into polyamine ligands have
been seen to regulate the configuration of their metal com-
plexes. For example, the dianionobis(diamine)cobalt
(ITII) complexes (diamine= N-substituted 1,2-diamine)
sterospecifically adopt the trans configuration with re-
spect to the unidentate anionic ligands, and the N-
substituents take trans position to each other. Thus the
structures of these complexes are not trans,cis but trans,
trans configuration.? The C- and N-substituents in the
chelate rings generally prefer the equatorial position?
and cnsequently the chelate rings are fixed to the §
or A gauche conformation.

(8)-2-(Methylaminomethyl)pyrrolidine (N-Me-ampr)
has some characteristics differing from other C- and N-
substituted diamines. The absolute configuration of the
asymmetric carbon in the five membered chelate ring
is § and the gauche chelate conformation should be
fixed t0 6.3 The asymmetric nitrogen in the pyrrolidine
ring is considered to coordinate with the § configra-
tion.  On the other hand, the absolute configuration
of the asymmetric nitrogen center with the N-methyl
groups is capable of having either the S or the R con-
figuration, corresponding to the axial or the equatorial
N-methyl groups, respectively.

For the cobalt(III) complexes of the type [CoX,-
(N-Me-ampr),]+ (X=Cl~- or NO,~), we have observed
some stereochemical features differing from the com-
plexes of other N-methyl diamines. First, the N-Me-
ampr complexes have the ¢rans,cis configuration instead
of the trans,irans. Second, the axial N-methyl groups
are fairly stabilized. Third, equilibrium between the
isomer having the axial and that having the equatorial
N-methyl groups is influenced by the kind of apical
anionic ligands.

Experimental

trans,cis(SS)-[Co( NO,) ,(N-Me-ampr ) ,]ClO,. Air Oxi-
dation Method: To an aqueous solution of CoCl,"6H,O (1.19
g in 10 cm?® of water) was added a solution of N-Me-ampr
(1.14 g in 5 cm? of water containing 0.41 cm? of concentrated
hydrochloric acid), and NaNO, (0.69 g) then being added
quickly. The resulting solution was vigorously aerated in an
ice cold bath for 20 min, and then for 2 h at room temperature.
The solution was warmed and evaporated to half its volume
at 60 °C on a water bath. Yellow crystals appeared on ad-
dition of large excess of NaClO,. The crystals were filtered
off and washed with a small volume of cold water, and etha-

nol and then ether, and air dried. The compound was re-
crystallized from a small volume of hot water. Yield; 0.5 g.
Found: G, 30.13; H, 5.59; N, 17.429,. Calcd for Cj,Hog-
NgOsClCo: C, 30.00; H, 6.06; N, 17.13%.

Derivation from Sodium Hexanitrocobaltate ( Nas[Co( NO,)]):
A solution of Nay,[Co(NO,)s] (4.04 g in 30 cm?® of water) was
mixed with N-Me-ampr (2.28 g), warmed on a water bath
at 70 °C for 15 min and then filtered. Yellow crystals ap-
peared on addition of an excess of NaClO, (3 g) to the filtrate,
and the mixture was warmed on a water bath at 60 °C for
about 5 min. After being stored in a refrigerator overnight,
the precipitate was filtered off, washed with a small volume
of cold water and ethanol, and dried under reduced pressure.
The compound was recrystallized from a small volume of
water. Yield;3.15g. Found: C, 30.24; H, 5.89; N, 17.56%,.
Caled for C;,H,sNgO4ClCo: C, 30.00; H, 6.06; N, 17.13%,.

The visible absorption, CD and H NMR spectral data
indicate that the dinitro complexes preparzd by two methods
are identical.

trans,cis(SS)-[CoCl( NO,) (N-Me-ampr),]1ClO,. A solu-
tion of trans,cis(SS)-[Co(NO,),( N-Me-ampr),]ClO, (2.0 g) in
concentrated hydrochloric acid (4 cm3) was warmed at 40 °C
on a water bath for 1 h. Excess LiClO, (0.5 g) was added
and the solution was cooled to room temperature. Red crys-
tals were filtered off and washed with a small volume of
cold water and ethanol and dried under reduced pressure.
The product was recrystallized from methanol. Yield; 1.6
g. Found: C, 30.54; H, 6.14; N, 14.35%. Calcd for
C,H,sN;O(CL,Co: C, 30.78; H, 6.03; N, 14.96%.

trans,cis(SS)-[CoCl,(N-Me-ampr) ,]CLO,. trans,cis(SS)-
[CoCI(NO,) (N-Me-ampr),]ClO, (0.4 g) was dissolved in hy-
drochloric acid (10 cm?®) and the solution was heated on a
water bath at 80 °C until the color of the solution turned
from red to deep green. Green crystals formed by the addi-
tion of perchloric acid (609, 3 cm3), were filtered off, washed
with a small volume of cold water, ethanol and ether, and
air dried. The product was recrystallized from methanol.
Yield; 0.3 g. Found: C, 31.41; H, 6.15; N, 12.459%,. Calcd
for C;,H,sN,0,Cl;Co: G, 31.49, H; 6.17; N, 12.249,.

trans,cis(RR)-[CoCl,(N-Me-ampr) ,]CLO,. To an aqu-
eous solution of CoCly,'6H,O (2.39 g in 15 cm? of water) was
added N-Me-ampr (2.28 g in 10 cm?® of water) and the re-
sulting solution was aerated for 5 h with carbon dioxide free
air. After concentrated hydrochloric acid (15 cm?®) had been
added, the solution was heated on a boiling water bath and
concentrated to about half of its original volume. Green
crystalline powder of the trans-dichloro complex was formed
by the addition of perchloric acid (60% 10 cm?), was filtered
off, washed with a small amount of ethanol and ether, and
air dried,
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Fig. 1. 'Absorption (upper) and CD spectra (lower)

of trans-[Co(NO,),(N-Me-ampr),]ClO,.
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Fig. 2. 'H NMR. spectra of N-Me-ampr complexes.
a) trans-[Co(NO,),(N-Me-ampr),]ClO,, b) trans,cis-
[CoCl(NO,) (N-Me-ampr),]ClO,, c) trans,cis(SS)-

[CoCly(N-Me-ampr),]ClO,,
Me-ampr),]CIO,.

d) trans,cis(RR)-[CoCly(N-

This product was found to be a mixture of two isomers
of trans,cis(SS) and trans,cis(RR) on the basis of tTH NMR
and CD spectral data. The pure trans,cis(RR) isomer was
obtained by repeated recrystallization from methanol (less
soluble part). Yield; 2.0g. Found: C, 30.93; H, 6.06; N,
12.49%,. Caled for C;,H,(N,0,Cl;Co: C, 31.49; H, 6.17;
N, 12.249,.
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Fig. 3. Four possible structures of trans-[Co(NOy)y-
(N-Me-ampr),]+ ions.
a) transtrans(RR), b) trans,trans(SS), c) transcis(RR),
d) trans,cis(SS).

Results and Discussion

trans-[Co(NO,)y(N-Me-ampr),]Cl1O, was prepared
by two methods (usual air oxidation and a reaction of
diamine with [Co(NQ,)4]3~ ion). The absorption, cir-
cular dichroism (CD) and 'H NMR spectra of the pro-
ducts obtained by the two methods were identical with
each other, indicating the identity of the complexes.
The absorption spectrum (Fig. 1) shows two absorp-
tion maxima at 465 nm (¢=189.7) and 354 nm (e=
3720), indicating that the complex has trans configura-
tion with regard to the nitrite ions.»» In the TH NMR
spectrum of this complex (in CD;OD), one doublet as-
signable to the N-methyl groups was observed at 2.36
ppm, indicating that the two N-Me-ampr are chemi-
cally equivalent (Fig. 2). Since the CD spectrum of
N-Me-ampr complex (Fig. 1) differs a great deal from
the other complexes of N-substituted diamines with
fixed § conformations, the vicinal contribution from the
asymmetric nitrogens would affect the CD pattern.

Four possible structures of the trans-[Co(NO,)q(N-
Me-ampr),]t ion, with equivalent N-Me-ampr, are
shown in Fig. 3. Two forms (a,b) have the trans,trans
configuration and the others (c,d) the irans,cis configura-
tion. The structures of this type were assigned by con-
verting them into chloronitro complexes in hydrochloric
acid.®» When the dinitro isomer has the trans,trans con-
figuration, the chloronitro complex should be composed
of two diastereomers, the yields of which would differ.
In such diastereomers, however, both chelate rings are
situated in identical chemical environment. Consequen-
tly, the TH NMR spectra of the trans,trans isomers would
show two kinds of N-methyl signals with different in-
tensities. On the other hand, the trans,cis isomer should
give rise to only one isomer of chloronitro complex:
However, the two chelate rings are affected by distinct
circumstances of anionic ligands, which will result in
two N-methyl resonances with equal intensities.

The 'H NMR spectrum of the [CoCl(NO,)(N-Me-
ampr),]* ion (in CD,OD) showed two N-methyl dou-
blets at 2.24 ppm and 2.58 ppm (Fig. 2). The inten-
sities of these methyl signals could be regraded as practi-
cally equal. The spectral pattern -did not change after
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repeated recrystallization from methanol or 1M HCI
solution. This indicates that the chloronitro complex
adopts the trans,cis configuration, though the absolute
configuration of the N-methyl centers, either the RR or
the S, can not be determined from the tH NMR data.
The orientation of the N-methyl group was clarified by
examining the CD curves of dichloro complexes.

The trans,cis-[Co(NO,),( N-Me-ampr),]* ion was con-
verted into the ¢rans,cis-[CoCly(N-Me-ampr),]* ion in
hydrochloric acid, where no stereochemical change in-
cluding the inversion of the N-methyl centers should
occur. The H NMR spectrum of the dichloro com-
plex has a single doublet at 2.51 ppm assignable to the
N-methyl resonances, as expected (Fig. 2). The trans-
dichloro complex prepared by the usual air oxidation
showed a CD curve differing a great deal from that of
the trans,cis-dichloro complex derived from the #rans,cis-
dinitro complex (Fig. 4). This indicates that the trans-
(C1)-[CoCly( N-Me-ampr),]* ion exist in at least two
isomeric forms. The 'H NMR spectrum of the dichloro
complex prepared by air oxidation showed only one
doublet at 2.45 ppm assignable to the N-methyl groups
(Fig. 2), which shows that the N-Me-ampr chelates are
situated in equivalent circumstances.

Two isomers of the trans-dichloro complex show muta-
rotation in methanol solution, and the CD spectra of
both isomers converge to the same curve. This sug-
gests that these complexes isomerize and give rise to the
same equilibrium mixture. The configurational rear-
rangement from trans,cis to trans,irans and vice versa seems
to be unlikely. However, it is possible that the inver-
sion of asymmetric nitrogen of N-methyl group takes
place to contribute to the mutarotation. We thus con-
clude that the #rans-dichloro complex prepared from air
oxidation also has the trans,cis configuration. One of
the dichloro isomers should adopt the RR configuration
and the other the SS configuration with respect to the
N-methyl centers (Fig. 3).

The CD spectrum is considered to arise from the con-
figurational, the conformational and the vicinal effects®).
In the case of {rans-dianiono complexes, only the latter
two effects should be taken into consideration. It is
assumed that the contribution from the é conformations
and asymmetric S-nitrogens in pyrrolidine rings are
equal for both of the trans-dichloro isomers, and that
the vicinal contributions from the S and the R methy-
lated nitrogens are opposite in sign and have approxi-
mately equal intensities. Half of the subtract of the
CD of trans,cis(SS) from that of the trans,cis(RR) would
be regarded as the vicinal contribution of R nitrogens.
The half of the CD curve obtained by subtracting the
curve of the former dichloro isomer (from dinitro com-
plex) from that of the latter (by air oxidation) are given
in Fig. 4 (1/2(trans,cis(RR) —trans,cis(SS)) or vice versa).
The vicinal contribution of the R nitrogens is known
to have a positive and a negative Cotton effect dominat-
ing the E, and the A,, (D,,) components, respectively,
in the first d-d transition region®). From a positive
(E;) and a negative (A,,) maxima in the subtracted
CD curve (Fig. 4), it is considered that the absolute
configuration of N-methyl centers in the dichloro com-
plex obtained by air oxidation is R (equatorially disposed

Taku Krramura, Yoshiko Sato, Masahiko SaBuri, and Sadao YosHIKAWA

[Vol. 50, No. 7

log e

5 (X103 cm™1)
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traas-dichloro isomers of N-Me-ampr complexes S
(—-—) and RR( ), and the differential CD spect-
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Fig. 5. CD spectra of trans-dichloro isomers and the
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N-methyl groups), and that of the dichloro complex
prepared from the dinitro complex as well as the parent
dinitro complex is § (axial N-methyl groups).

From CD spectral data of an equilibrium mixture,
the free energy difference between the axial and the
equatorial N-methyl groups is calculated to be ca. 0.4
kcal/mol (axial(S): equatorial (R)=1 :2)(Fig. 5). In
trans-dianiono complexes N-methyl groups in the axial
orientation are known to interact with the apical ligands
more strongly than those in the equatorial orientation.
DeHayes and Busch calculated the free energy difference
between the axial and the equatorial N-methyl groups
to be 0.49 kcal/mol from conformational analysis.”
However, the experimental data obtained so far show
that the equatorial N-methyl groups are far more pro-
fitable than the axial ones in octahedral Co(III) com-
plexes.

The stereochemistry of N-Me-ampr complexes is quite
different from that of other N-methyl substituted dia-
mines. The N-Me-ampr complexes prefer the trans,cis

equilibrium mixture (
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Fig. 6. Illustrative structure of trans,cis(SS)-[Co(NO,),-
(N-Me-ampr),]+ ion.

rather than the trans,trans configuration. The N-methyl
groups orientate to the axial position more easily than
other N-methylated diamine complexes. In the trans-
dinitro complex, the N-methyl groups adopt stereospecif-
ically axial positions, and in the trans-dichloro complex,
two isomers arise due to the difference of the absolute
configuration of asymmetric nitrogen centers (axial and
equatorial N-methyl groups).

The predominance of the axial N-methyl groups in
the trans-dinitro complexes in comparison with the trans-
dichloro complexes indicates that the orientation of N-
methyl groups is affected by the kind of apical ligand.
The characteristic orientation of the N-methyl groups
would be attributed to the geometry of apical ligands
as well as the steric interaction among the pyrrolidine
rings, the apical ligands and the N-methyl groups. A
possible structure of trans,cis-[Co(NOy),( N-Me-ampr),]*+
is illustrated in Fig. 6. The triangular nitro groups®
result in rotational isomers around the NO,—Co-NO,~
axis. When the nitro group (a) is situated on the plane
(A) (Fig. 6), the steric repulsion between nitro group
(a) and pyrrolidine ring (a) can be reduced, and another
nitro group (b) will locate on the plane (B) for the
same reason. The equatorial methyl groups will pro-
duce more strict steric repulsions than the axial ones.
This may be the reason why the N-methyl groups pre-
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fer to axial position in the dinitro complex.

Since the chloride ion has spherical symmetry, the
trans-dichloro complexes has no rotamer around the
Cl—Co-Cl- axis. The orientation of N-methyl groups
depends only on stereochemical interactions between
the Cl- and the N-methyl groups. The equatorial N-
methyl groups in the (rans-dichloro complex are stabi-
lized to a great extent than the axial ones as well as
other N-methylated diamine complexes. However, the
reason why the axial N-methyl group is more stabilized
than other N-methyl derivatives is not clear.

According to the conformational analysis of some C-
and/or N-methyl substituted diamine complexes,” the
axial N- and C-methyl groups flatten the chelate ring
conformations. It was demonstrated by X-ray crystal
structure analysis?) that a remarkable flattening of the
chelate rings takes place in the cis-[Co(NO,),(ampr),],
(ampr=(S)-2-(aminomethyl)pyrrolidine)  relative to
ethylenediamine chelate rings. The averaged dihedral
angle of N-C-C-N moieties in the ampr complex was
46°, that for ethylenediamine chelate 55°. It is possible
that the asymmetric S-nitrogen in the pyrrolidine rings
of N-Me-ampr complexes would also flatten the chelate
rings, reducing the energy difference between the axial
and the equatorial N-methyl groups.

References

1) D. A. Buckingham, L. G. Marzilli, and A. M. Sargeson,
Inorg. Chem., 7, 915 (1968).

2) S. Yano, M. Saburi, S. Yoshikawa, and J. Fujita, Bull.
Chem. Soc. Jpn., 49, 101 (1976). ,

3) C. J. Hawkins, E. Larsen, and I. Olsen, Acta Chem.
Scand., 19, 1915 (1965),

4) T.Murakami, S. Kitagawa, and M. Hatano, Bull. Chem.
Soc. Jpn., 49, 2631 (1976).

5) M. Saburi, Y. Tsujito, and S. Yoshikawa, Inorg. Chem.,
9, 1476 (1970).

6) C. J. Hawkins, Chem. Commun., 1969, 777.

7) L.]J. DeHayes and D. H. Busch, Inorg. Chem., 12, 1506.
(1973).

8) G. A. Barlay, E. Goldschmid, and N. C. Stephenson
Acta Crystallogr., B26, 1558 (1970).

9) Y. Sato, M. Saburi, and S. Yoshikawa, Presented at
the 25th Symposium on Coordination Chemistry, Tokyo,
Japan (1975).






