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Co(m)-Mediated and microwave assisted coupling between
2,6-diaminopyridine and nitriles. A new synthetic route
to N-(6-aminopyridin-2-yl)carboximidamides
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The Chinese-lantern-type Co,(0,CBu"),{2,6-(NH,),CsH;N}, complex reacts with RCN
(R = Me or Pr") under microwave irradiation (MWI) to give the mononuclear amidine
complexes Co(O,CBu'),{H,N(CsH;N)NHC(R)=NH} (R = Me (4a) or Pr" (4c)). Under
microwave irradiation, the addition of 2,6-diaminopyridine to acetonitrile in the presence of
the pivalate complexes Co,(u,-OH,)(0,CBu)4(HO,CBu'), (1) or [Co(OH),(0,CBu'),_,I,
(2) afforded complex 4a in higher yield compared to the corresponding reaction performed
earlier without MWI. The use of MWI makes it possible to perform analogous reactions with
nitriles RCN (R = Et, Pr", or Ph) giving rise to complexes 4b—d, respectively. Compounds
4a—d were characterized by elemental analysis and IR spectroscopy. The structure of complex
4c was established by X-ray diffraction. Amidines H,N(CsH;N)NHC(R)=NH, which formed
in the coordination sphere of cobalt(i1), were isolated in the free state from methanolic solu-
tions of complexes 4a—d under the action of Na,S and were characterized by electrospray mass
spectrometry and 'H and 3C{!H} NMR spectroscopy. The reactions of 2-aminopyridine
with both complexes 1 and 2 in acetonitrile under microwave irradiation produced the
Co(0,CBuY),(H,NC5H,N), complex.

Key words: microwave synthesis, coordinated nitriles, ligand reactivity, cobalt complexes,

aminopyridines, amidines.

In recent years, microwave irradiation (MWI) has
found increasing use in various areas of preparative chem-
istry.1=12 The main advantages of the use of MWI are a
substantial shortening (by an order of magnitude) of the
duration of the chemical process, an increase in selectiv-
ity of the major reaction, and an increase in the purity of
the reaction product.2:46—8:10—12 Most examples of the
successful use of microwave activation, where the advan-
tages of the use of MWI are obvious, refer to organic
synthesis.1:6—10:12 Nevertheless, the microwave-promoted
synthesis of coordination compounds has been docu-
mented in numerous publications.!3=25 In particular,
MWI is used for the preparation of nanophases and
nanocrystalline compounds starting from metal com-
plexes,16:19:20 the substitution of ligands,17-18:21 and the
synthesis of phthalocyanines.13—15:22,23 | two recent pub-
lications,24:25 it has been demonstrated that MWI can be

used for a substantial acceleration of reactions of coordi-
nated ligands, such as [2+3] cycloaddition reactions?s
and the nucleophilic addition? to inner-sphere ni-
triles RCN.

It is known26—29 that coordination to a metal center
already leads to electrophilic activation of nitriles, which
depends substantially on the nature and oxidation state of
the central atom. The aim of the present study was to
examine the possibility of combining two methods of ac-
tivation of the RCN ligand, viz., MWI and coordination,
for the preparation of amidine complexes of cobalt start-
ing from heterocyclic amines (aminopyridines) and Co!!
pivalate complexes in nitrile media. Another purpose was
to develop an alternative two-step synthesis of free
amidines, including the preparation of inner-sphere
N-(6-aminopyridin-2-yl)carboximidamides followed by
their liberation as a result of the substitution.
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Results and Discussion

The reactions of the cobalt complexes
Co,(1,-OH,)(0,CBuY)4(HO,CBut), (1) and
[Co(OH),(0,CBuY),_,1, (2) with 2,6-diaminopyridine in
a CH,Cl, solution were demonstrated?*—31 to give Chi-
nese-lantern-like dinuclear complex 3 in almost quanti-
tative yield (Scheme 1, reactions a and b, respectively). It
was also found?? that the reactions of complexes 1 and 2
with 2,6-diaminopyridine in MeCN afforded, along with
compound 3, mononuclear complex 4 in low yield (see
Scheme 1, reactions ¢ and d). In the present study, we
demonstrated that the use of MWI makes it possible to
activate complex 3, which is inert under normal condi-
tions, perform the addition of nitriles giving rise to amidine
complexes 4a and 4c¢, and increase the yields of com-
plexes 4a—d in the reactions of compounds 1 and 2 with
2,6-diaminopyridine in the corresponding nitrile media.
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Earlier, it has been noted?® that compound 3 does not
react with MeCN even when refluxed for several hours.
However, in the present study we demonstrated that

microwave irradiation (2 h, 90 °C) of a solution of com-
plex 3 in acetonitrile or butyronitrile gives rise to mono-
nuclear complexes 4a or 4¢ (in 12% yield), respectively.
These complexes contain chelate amidine, N-(6-amino-
pyridin-2-yl)carboxamidine, generated as a result of cou-
pling of coordinated nitrile with one of the NH, groups of
2,6-diaminopyridine (see Scheme 1, reaction e). The yield
of product 4 can be increased by increasing the duration
of exposure of the reaction mixture to microwave irradia-
tion. In addition, we studied the reactions of complexes 1
and 2 with 2,6-diaminopyridine in various nitriles RCN
(R = Me, Et, Pr", or Ph) under MWI and compared the
results of activation by MWI combined with coordination
and the results obtained by activation using merely coor-
dination.

The yield of amidine complex 4 and the reaction rate
were demonstrated to depend on the nature of the starting
compound (1 or 2), the nature of the substituent in RCN,
and the reaction conditions (the temperature and the
method of heating). Both reactions afforded Chinese-
lantern-like complex 3 as the major product (see
Scheme 1). However, the use of MWI makes it possible to
increase the yield of product 4a by 10% in the reaction ¢
and by 20% in the reaction d (see Scheme 1) compared to
the reactions, where activation is performed with the use
of only coordination, the amounts of the starting com-
pounds being the same. The highest yield of product 4a
(30%) was achieved in the reaction with polynuclear com-
plex 2 performed with heating under MWI (2—3 h, 90 °C).
Apparently, the yield of compound 4a increases due to
the involvement of complex 3 (the main product of the
reactions c and d) in the reaction e (see Scheme 1). Under
microwave irradiation, the latter (see above) in nitriles
gives amidine complexes. It should also be noted that
further heating of product 4a in acetonitrile (6 h, 90 °C,
30—40 W) does not lead to the addition of the NH, group
of the amidine ligand to the triple bond of the nitrile
molecule.

Amidine complexes 4a—d. The elemental analysis
data for compounds 4a—d are consistent with the
calculated data for the complexes of composition
Co{amidine}(O,CBu'),. The IR spectra of compounds
4a—d show bands characteristic of the free NH, group of
the pyridine fragment and the NH group of the amidine
fragment (v(N—H), 3426—3410, 3346—3352 and
3236—3223 cm™!) and bands corresponding to vibrations
v(C=N) of the imino group (1625—1636 cm™'). The
structure of compound 4¢ was established by X-ray dif-
fraction (Fig. 1).

Complex 4c¢ crystallizes from the reaction mixture as a
solvate with two molecules of the complex per Pr"CN
molecule. The cobalt atom is coordinated by four oxygen
atoms of two bidentate trimethylacetate ligands. The oxy-
gen atoms together with two nitrogen atoms of the che-
lated amidine form a distorted octahedral environment
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Fig. 1. Molecular structure of complex 4c.
Bond N(2)—C(11) N(3)—C(16) N(3)—C(15) N(4)—C(16)
d/A 1.353(6) 1.361(6) 1.398(6) 1.277(6)

about the central atom. The C—O bond lengths in
two carboxylate ligands (in one ligand: C(1)—O(1),
1.270(6) A; and C(1)—0(2), 1.257(5) A; in another
ligand: C(6)—O0(3), 1.254(6) A; and C(6)—0(4)
1.288(6) A) are indicative of a high degree of delocaliza-
tion and are comparable with the bond lengths in the
carboxylate CO groups (1.263—1.275 A) in the nickel
complex Ni(O,CBut),{H,N(CsH;N)NHC(Me)=NH},2?

which also has an octahedral structure. It should be
noted that, although the C—O bond lengths in the
carboxylate ligand in the tetrahedral cobalt complex
Co(0,CBuY),{H,N(CsH;N)NHC(Me)=NH} (4a) de-
scribed earlier?® are somewhat smaller (1.237—1.252 A)
than the corresponding bond lengths in complex 4¢, com-
plex 4a is also characterized by a substantial degree of
delocalization.

The cobalt atom in the latter complex lies in the plane
of chelated N-(6-amino-2-pyridyl)butyroamidine and is
involved in a six-membered metallacycle (the maximum
deviations from the plane are 0.115(5) A for C(16) and
0.077(4) A for N(3)). The C—N bond lengths in the
amidine fragment of the ligand (C(16)—N(4), 1.277(6) A;
and C(16)—N(3), 1.361(6) A) are different and corre-
spond to the average C—N and C=N bond lengths, re-
spectively,32 which is evidence that delocalization is ab-
sent and coordination of the amidine group to cobalt
occurs through the imine nitrogen atom.

It should be emphasized that coordination of pyridine
to the metal center and the addition of nitrile to one of the
NH, groups influence the character of the free NH, group.
For example, the C—N bond length in the free NH,
group is shorter than the C—N bond length in the NH
group involved in the formation of amidine (1.353(6) and
1.398(6) A, respectively, Table 1), which is in agreement
with the more pronounced amide character of the former
group. The same situation has been observed for the
salt N-(6-aminopyridin-2-yl)acetamidinium cyanoboro-
hydride, [2-{NH,=C(Me)NH}-CsH;N-6-NH,]CNBHj;,
characterized earlier (see Table 1).33 The C(11)—N(2)
bond length (1.353(6) A) and the H—N(2)—H...C(11)
torsion angle (143.39°) in the free NH, group of mol-
ecule 4c, like those in the amidine complexes documented

Table 1. Comparison of the main geometric parameters of the NH, groups in 2-aminopyridine, 2,6-diaminopyridine, and its
derivative, N-(6-aminopyridin-2-yl)carboximidamide, in the free state and in complexes

Compound

Bond length/A
N—-C

Torsion angle/deg
H—N—H...C

arom arom

2,6-Diaminopyridine
free34
protonated35—37
in copper and platinum(ir) complexes38—41

N-(6-Aminopyridin-2-yl)ethanimidamidinium cyanoborohydride33

N-(6-Aminopyridin-2-yl)butanimidamide in complex 4¢
N-(6-Aminopyridin-2-yl)ethanimidamide in complexes
4a (see Ref. 29)
4a-Bu'OOH -0.5C4Hg (see Ref. 29)

C0,(0,CBut),{H,N(CsH;N)NHC(Me)=NH} (see Ref. 29)
[Ni(0,CBut),{H,N(CsH;N)NHC(Me)=NH}]- MeCN (see Ref. 29)

2-Aminopyridine in cobalt,42:43 nickel,%? and zinc* complexes
7

1.378(4), 1.396(5) 129.03, 137.89

1.325—1.350 127.69—174.48

1.333—1.372 180
1.355(3), 1.410(3)* 153.20
1.350(3), 1.418(3)* 174.60
1.353(6), 1.398(6)* 143.39
1.417(23), 1.390(19)* 179.92
1.356(27), 1.401(18)* 179.97
1.372(15), 1.403(14)* 179.86
1.349(23), 1.389(19)* 179.94

1.328—1.341 180
1.345(6), 1.344(7) 163.7, 159.5

* The C—N bond length of the group involved in the amidine fragment.
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earlier,?? have intermediate values between those found
in the NH, groups of free 2,6-aminopyridine and this
ligand coordinated through the pyridine nitrogen atom
(see Table 1). An enhancement of the amide character of
the NH, group due to imidoylation and/or coordination
is, apparently, one of the factors responsible for the fact
that the addition of nitrile to the second NH, group of
2,6-aminopyridine does not occur.

Molecules 4c are linked to each other by the
N(@3)—H...0(2)* and N(3)*—H?*...0(2) hydrogen bonds
to form centrosymmetric dinuclear fragments. In addi-
tion to the difference in the structure of complexes 4a and
4c (tetrahedral and octahedral, respectively), these com-
pounds differ in the molecular packing in the crystal lat-
tice. The molecules of complex 4a in the dinuclear frag-
ments are parallel to each other and, in addition, these
fragments are also parallel to each other, resulting in the
formation of a layered structure.2? In the crystal structure
of 4¢, the molecules in the dinuclear fragments do not
form parallel planes, and their packing mode is more
similar to that of the complexes 4a+ Bu'COOH - 0.5C¢Hy
and [Ni(O,CBu'),{H,N(CsH;N)NHC(Me)=NH}]-
- MeCN,2% which also contain solvent molecules in the
crystal lattice.

Liberation of amidines from complexes 4a—d. A series
of 2,6-diaminopyridine derivatives, including amidines
NH,(CsH;N)NHC(R)=NH, are of interest also because
they can exhibit antiparasitic activity.3* These com-
pounds can be prepared by the two-step Pinner synthesis
from the corresponding heterocyclic amines and nitriles
(Scheme 2, pathway g).3342 Amidines of this type (5a—d)
are generated in the coordination sphere of cobalt com-
plexes 4a—d. Due to an increase in the efficiency of
the reaction giving rise to amidines under microwave ir-
radiation, it is advantageous to synthesize amidines
NH,(CsH;N)NHC(R)=NH without the use of aggres-
sive media in two steps (see Scheme 2, pathway /), which
is an alternative route to these compounds.

Amidines 5a—d were liberated from a methanolic so-
lution of complexes 4a—d under the action of sodium
sulfide (see Scheme 2, pathway f). The formation of free
heterocycles 5a—d was proved by 'H and 13C{'H} NMR
spectroscopy and electrospray mass spectrometry. The
mass spectra of all compounds show peaks of the ion
[M + H]* and the quasi-ion [M + Na]*. It should be
noted that the spectra of complexes 4a—d contain also
peaks corresponding to the ion of the amidine ligand
[L + H]", whereas the molecular ion peaks of the com-
plexes are not observed. The 'H and 3C{!H} NMR spec-
tra of compounds 5a—d show signals of the pyridine ring
and the nitrile residue, which are indicative of the addi-
tion of 2,6-diaminopyridine to RCN.

Reactions of 2-aminopyridine with cobalt complexes in
acetonitrile. To reveal the factors influencing the forma-
tion of coordinated N-(6-aminopyridin-2-yl)carboximid-
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amides, we compared the reactivities of 2,6-diamino-
pyridine and 2-aminopyridine in the reactions with RCN
in the presence of cobalt compounds 1 and 2 under micro-
wave irradiation. The NH, groups in 2-aminopyridine
and 2,6-diaminopyridine differ in the amide character, as
evidenced by a comparison of the NH,—C,,,,, bond
lengths and the H—N—H...C,,,, torsion angles (see
Table 1). The NH, group in free monoaminopyridine has
a more pronounced amide character compared to the
analogous groups in 2,6-diaminopyridine. Unlike 2,6-di-
aminopyridine, 2-monoaminopyridines (2-amino-4-me-
thylpyridine3® and 2-aminopyridine) do not form amidine
complexes of type 4 with compounds 1 and 2 in the reac-
tions performed in acetonitrile both without microwave
irradiation and under MWI. The reaction of polynuclear
complex 2 with 2-amino-5-methylpyridine in acetonitrile
performed under standard thermal conditions (in the ab-
sence of MWI) afforded Chinese-lantern-like complex 6
analogous to compound 3 as the major product (Scheme 3,
reaction #).30 The reactions of complexes 1 and 2 with
2-aminopyridine under more drastic conditions (MWI)
also do not give a product of addition at the C=N bond
of nitrile; instead, other products with coordinated
2-aminopyridine are generated. For example, the reac-
tions of dinuclear complex 1 and polynuclear complex 2
produced mononuclear cobalt complex 7 with two coor-
dinated 2-aminopyridine molecules (see Scheme 3, the
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molar ratio of aminopyridine to cobalt is 2 : 1 (reaction i)
and 1 : 1 (reaction j)).

In the IR spectrum of compound 7, the bands charac-
teristic of the free NH, group (v(N—H), 3434, 3339, and
3227 cm™!) are retained, whereas intense bands corre-
sponding to stretching vibrations v(C=N) are absent.
These facts indicate that the NH, group does not interact
with nitrile to form the amidine ligand.

Compound 7 was characterized by X-ray diffraction
(Fig. 2). In complex 7, the cobalt atom is coordinated by

Fig. 2. Molecular structure of complex 7.

Bond  N(2)—C(11) N(4)—C(16)
d/A 1.348(4) 1.342(4)

four oxygen atoms of two bidentate trimethylacetate
ligands and two nitrogen atoms of two 2-aminopyridine
ligands, which form an octahedral environment. The
C—N bond lengths in the free NH, groups are 1.345(6)
and 1.344(7) A, which are comparable with the bond
length in the free NH, group of compound 4¢ (1.353(6) A)
and the corresponding bond lengths in cobalt,4%:43
nickel,42 and zinc* complexes related to compound 7
(1.328—1.341 A). The NH, group lies virtually in the
plane of the aromatic ring. The H—N(4)—H...C(16) and
H—N(2)—H...C(11) torsion angles are 163.7° and 159.5°,
respectively, which is indicative of a pronounced amide
character of this group. In the crystal structure, the mol-
ecules of complex 7 are linked to each other by the
N(2)—H...0(3)* and N(2)*—H?...0(3) hydrogen bonds
to form centrosymmetric dinuclear fragments.
Therefore, in the present study we found that the
use of MWI combined with coordination to the metal
center makes it possible to prepare amidines start-
ing from the inert Chinese-lantern-like complex
Co,(0,CBu)4{(NH,),CsH;N}, and acetonitrile, whereas
an analogous reaction does not proceed when only coor-
dination is used for activation. In addition, microwave
irradiation leads to an increase in the efficiency of the
reaction giving rise to N-(6-aminopyridin-2-yl)carb-
oximidamides in the coordination sphere of cobalt, due
to which amidines can be prepared by a two-step synthe-
sis involving the formation of coordinated amidines fol-
lowed by their isolation in the substitution reaction.

Experimental

Cobalt complexes 1 and 2 were synthesized according to a
known procedure.2931 The microwave syntheses were carried
out with the use of a specialized temperature-controlled Discover
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LabMate laboratory focused-microwave oven (the maximum
power was 300 W, and the frequency was 2.45 GHz) equipped
with a stirring device. The IR spectra were measured in KBr
pellets on a Nicolet magna 750 FT/IR instrument in the
4000—400 cm~! region. The 'H and 13C{'H} NMR spectra were
recorded on a Bruker-DPX 300 spectrometer at 20 °C. Electro-
spray mass-spectrometric analysis was carried out on a Bruker
Esquire3000 instrument. All spectra were measured in the posi-
tive ion detection mode at m/z varying from 50 to 1200. The
needle voltage was 3.0 kW, and dry nitrogen passing at a flow
rate of 5 L min~! was used as the drying and spraying gas.
A methanolic solution of the compound (2 10~¢ mol L~!) under
examination was injected at a rate of 6 uL min~! directly into
the mass spectrometer. The chamber temperature was 250 °C,
and the voltage supplied to a separator was varied from 20
to 50 W.

Addition of 2,6-diaminopyridine to nitriles in
cobalt pivalate complexes. Synthesis of the
[Co(0,CBut),{H,N(CsH;N)NHC(R)=NH}] complexes (4a—d,
R = Me, Et, Pr%, or Ph). 4. 2,6-Diaminopyridine (0.023 g,
0.212 mmol) was added with stirring to a solution of dinuclear
complex 1 (0.050 g, 0.053 mmol) in hexane (2 mL). The re-
sulting violet solution was immediately concentrated to dry-
ness under a nitrogen stream at room temperature. The dry
residue was dissolved in benzene (2 mL) with slight heating
(40—50 °C). The solution was filtered off from the pivalate
[CsH3N(NH,),](HO,CBu'), (8) that formed (this compound
was identified by 'H NMR and IR spectroscopy, see below).
The filtrate was concentrated to 0.5 mL, nitrile RCN (R = Me
or Et) (2 mL) was added, and the reaction mixture was subjected
to microwave irradiation (30—40 W, the temperature was main-
tained at 90 °C) for 2 h. Then the homogeneous dark-violet
solution was concentrated to 0.5 mL, benzene (4 mL) was added,
and the solution was kept at 5 °C for 12 h. The dark-pink crystals
of compound 4 that precipitated were filtered off, washed with
benzene (2x1 mL), and dried in air at 25—27 °C. Compounds
4a and 4b were obtained in 11% yield.

B. The polymeric complex [Co(O,CBu'),_ (OH),], (2)
(0.100 g, 0.40 mmol) (the reagent ratio was calculated with the
use of x = 0.1)3! and 2,6-diaminopyridine (0.043 g, 0.40 mmol)
were dissolved in nitrile RCN (R = Me, Et, Pr", or Ph) (3 mL).
The resulting pink-violet solution was subjected to microwave
irradiation for 15 min, 30 min, 1 h, 2 h, and 3 h (the yields are
given below depending on the irradiation time). For Pr"CN and
MeCN, the resulting dark-violet solution was kept at room tem-
perature. The dark-pink crystals that precipitated from the reac-
tion mixture for 2 h were filtered off, washed with benzene
(2x1.5 mL), and dried in air at room temperature for 1 day. To
synthesize complexes with nitriles RCN (R = Et or Ph), the
reaction mixture was cooled and concentrated in vacuo to 1 mL,
and then benzene (5 mL) was added. The resulting violet solu-
tion was kept at 5 °C for 12 h, and the dark-pink crystals that
precipitated were filtered off, washed with benzene (2x1.5 mL),
and dried in air.

C. Products 4a and 4¢ were prepared by the reaction of the
Co,(0,CBuY)4{H,N(CsH;N)NH,} complex (3) (100 mg) with
acetonitrile or butyronitrile, respectively, (5 mL) under micro-
wave irradiation (2 h, 90 °C) (see Scheme 1, pathway e). The IR
spectra of the products are identical to the IR spectra of the
products prepared according to the method B (see Scheme 1,
pathway d). The elemental analysis data for the compounds

prepared according to these methods are identical. The yield of
product 4a synthesized by the latter method was 12%.

Bis-trimethylacetato[ N-(6-amino-x N-pyridin-
2-yl)ethan-x N-imidamide]cobalt(11),
Co(0,CBut),{H,N(C5;H;N)NHC(Me)=NH]} (4a). The yield of
the product prepared according to the procedure B at 90° C was
10 (15 min), 15 (30 min), 20 (1 h), 30 (2 h), and 30% (3 h); at
80 °C, 20% (2 h). After refluxing for 2 h without the use of MWI
(with the use of the same amounts of the starting compounds),
the yield was 10%. Found (%): C, 49.26; H, 6.90; N, 13.40.
C17H,5N4Co0,. Calculated (%): C, 49.64; H, 6.86; N, 13.61.
IR, v/em™!: 3420 m, 3284 w, 3117 w, 2964 m, 2932 m, 2872 m,
1700 m, 1636's, 1592 m, 1560 s, 1484 s, 1456 s, 1416 m, 1360 m,
1290 m-w, 1260 m, 1224 m, 1184 w, 1096 w, 1048 w, 900 w,
864 w, 808 m, 684 w, 616 m, 548 w, 448 w, 440 w.

Bis-trimethylacetato[ N-(6-amino-x N-pyridin-
2-yl)propan-x N-imidamide]cobalt(r1),
Co(0,CBut),{H,N(CsH;N)NHC(Et)=NH} (4b). The yield of
the product prepared according to the procedure B (2 h) was
20%. Found (%): C, 50.35; H, 7.16; N, 12.43. C;gH3(N4Co0,.
Calculated (%): C, 50.82; H, 7.11; N, 13.17. IR, v/em~!: 3422 m,
3346 m, 3236 m, 2960 m, 2931 m, 2871 m-w, 1637 s, 1587 m,
1557 s, 1529 s, 1482 m-s, 1457 s, 1411 m, 1360 m, 1258 m,
1224 m, 1093 w, 997 w, 806 m-w, 684 w, 611 w.

Bis-trimethylacetato[ N-(6-amino-xN-pyridin-
2-yl)butan-xk N-imidamide]cobalt(1r1),
[Co(0,CBut),{H,N(CsH;N)NHC(Pr")=NH}]-0.5Pr"CN (4c).
The yield of the product prepared according to the procedure B
(2 h) was 20%. Found (%): C, 52.76; H, 7.60; N, 12.85.
Cy9H3,N4C00,+0.5PrCN. Calculated (%): C, 53.21; H, 7.55;
N, 13.30 IR, v/cm~!: 3410 m, 3346 m, 3235 m, 3057 w, 2964 m,
2931 m, 2874 m-w, 1632 s, 1587 m, 1555 s, 1537 s, 1484 m-s,
1457 s, 1420 m, 1361 m, 1259 m, 1227 m, 1192 m-w, 1155 m,
1093 w, 1030 w, 898 m-w, 808 m, 792 m-w, 670 w, 610 m,
538 w, 418 w.

Bis-trimethylacetato[ N-(6-amino-xN-pyridin-
2-yl)benzene-x N-carboximidamide]cobalt(1r1),
Co(0,CBuY),{H,N(CsH;N)NHC(Ph)=NH} (4d). The yield
of the product prepared according to the procedure B (2 h)
was 30%. Found (%): C, 57.59; H, 6.49; N, 10.91.
CyH3)N4Co00,+0.5C¢Hg. Calculated (%): C, 58.59; H, 6.49;
N, 10.93. IR, v/cm~!: 3426 m, 3352 m, 3223 m, 2959 m,
2931 m, 2864 m-w, 1625s, 1587 s, 1557 s, 1482 m-s, 1455 m-s,
1415m, 1361 m, 1225 m, 1113 m-w, 1031 w, 897 m-w, 791 m-w,
696 w, 611 w.

Isolation of amidines from complexes 4a—d (general proce-
dure). A small excess of sodium sulfide (25 mg of Na,S - 7H,0 in
2 mL of MeOH) was added to a solution of complex 4a—d
(40 mg) in methanol (1 mL). The black precipitate that formed
was filtered off, the filtrate was removed under a nitrogen stream,
and amidines 5b—d were extracted from the reaction mixture
with a 1 : 1 acetone—diethyl ether mixture. Amidine 5a was not
isolated from the reaction mixture because of poor solubility.

N-(6-Aminopyridin-2-yl)ethanimidamide,
H,N(C;H3;N)NHC(Me)=NH (5a). MS (ESI), m/z: 151
[M + H]*, 173 [M + Na]™. The 'H NMR spectrum was not
recorded because of poor solubility of the compound in ac-
etone-dg.

N-(6-Aminopyridin-2-yl)propanimidamide,
H,N(CsH;N)NHC(Et)=NH (5b). MS (ESI), m/z: 165 [M + H]*,
187 [M + Na]*. 'TH NMR (acetone-dg), &: 8.76 (br.s, 1 H,



42 Russ.Chem.Bull., Int.Ed., Vol. 55, No. 1, January, 2006

Bokach et al.

HN=);7.43(d, 1 H, C(5)H); 7.34 (t, 1 H, C(4)H); 6.22 (d, l H,
C(3)H); 5.20 (br.s, 3 H, NH, NH;); 2.43 (q, 2 H, CH,); 1.12 (t,
3 H, Me). 13C NMR (acetone-dy), & 181.18 (HN=C), 151.67
(C(2)), 139.77 (C(4)), 128.86 (C(6)), 104.02, 102.25 (C(3),
C(5)), 28.59 (CH,), 9.73 (Me).

N-(6-Aminopyridin-2-yl)butanimidamide,
H,N(CsH3;N)NHC(Pr")=NH (5¢). MS (ESI), m/z: 178
[M + HJ]*, 202 [M + Na]*. '"H NMR (acetone-dg), 5: 8.75 (br.s,
1 H, HN=);7.44 (d, 1 H, C(5)H); 7.34 (t, 1 H, C(4)H); 6.24 (d,
1 H, C(3)H); 5.19 (br.s, 3 H, NH, NH,); 2.40 (t, 2 H, CH,);
1.66 (m, 2 H, CH,); 0.96 (t, 3 H, Me). 13C NMR (acetone-d),
8: 186.67 (C=N), 139.77 (C(4)), 103.98, 102.26 (C(3), C(5)),
39.48 (CH,), 19.49 (CH,), 13.96 (Me).

N-(6-Aminopyridin-2-yl)benzenecarboximidamide,
H,N(C;H;N)NHC(Ph)=NH (5d). MS (ESI), m/z: 213
[M + HJ*, 235 [M + Na]™. 'H NMR (acetone-dg), 5: 8.75 (br.s,
1 H, HN=);7.44 (d, 1 H, C(5)H); 7.34 (t, 1 H, C(4)H); 6.24 (d,
1 H, C(3)H); 5.19 (br.s, 3 H, NH, NH,); 2.40 (t, 2 H, CH,);
1.66 (m, 2 H, CH,); 0.96 (t, 3 H, Me). 3C NMR (acetone-dy),
5: 186.67 (C=N), 139.39 (C(3)), 103.98, 111.41 (C(5)).

Reaction of 2-aminopyridine with cobalt pivalate complexes
in acetonitrile. 4. 2-Aminopyridine (0.020 g, 0.212 mmol) was
added with stirring to a solution of dinuclear complex 1 (0.050 g,
0.053 mmol) in hexane (2 mL). The resulting cherry-violet solu-
tion was immediately concentrated to dryness under a nitrogen
stream at room temperature. The dry residue was dissolved in
benzene (2 mL) with slight heating (40—50 °C). The solution
was filtered off from a small amount of a pale residue, the filtrate
was concentrated to 0.5 mL, and acetonitrile (2 mL) was added.
Then the reaction mixture was subjected to MWI for 2 h, the
temperature being maintained at 90 °C. Then the homogeneous
cherry-violet solution was kept at 5 °C for 12 h. The pink crys-
tals of compound 6 that precipitated were filtered off, washed
with benzene (2x1 mL), and dried in air at 25—27 °C. The yield
was 20%.

B. Polymeric complex 2 (0.050 g, 0.200 mmol) and
2-aminopyridine (0.019 g, 0.200 mmol) were dissolved in MeCN
(3 mL). The resulting pink-violet solution was subjected to MWI
for 2 h. Then the dark pink-violet solution was kept at 5 °C.
After 12 h, the pink crystals that precipitated from the reaction
mixture were filtered off, washed with benzene (2x1.5 mL), and
dried in air at room temperature for 1 day. The yield was 25%.

Bis(trimethylacetato)[bis-2,6-diamino-x/N-pyridine]co-
balt(11), Co(0,CBuY,(H,NCsH,N), (7). Found (%): C, 52.96;
H, 6.39; N, 12.09. Cy,H3¢)N4Co00,. Calculated (%): 53.45;
H, 6.73; N, 12.47. IR, v/cm~L: 3434 s, 3339 m-s, 3227 m,
2960 m, 2930 m, 2870 m-w, 1645 s, 1567 m-s, 1541 m-s, 1496 s,
14868, 1451 m-s, 1421 m, 1361 m, 1227m, 1158 m-w, 1008 m-w,
900 m, 770 m, 607 m-w.

2,6-Diaminopyridine bis(hydrotrimethylacetate),
[CsH;N(NH,),]1(HO,CBuY, (8). IR, v/cm~': 3435 m, 3160 m,
2974 m, 1656 s, 1619 m, 1410 m. '"H NMR (CDCly), &: 7.26 (t,
1 H, C(4)H); 5.86 (br.m, 2 H, C(3)H, C(5)H); 4.71 (br.s, 6 H,
NH); 1.27 (s, 18 H, Me).

X-ray diffraction analysis. Single crystals of complexes 4c¢
and 7 were obtained directly from the reaction mixtures. X-ray
diffraction data were collected on a Nonius Kappa CCD
diffractometer (Mo-Ka radiation, A = 0.71073 A). The crystal-
lographic data and the principal parameters of structure refine-
ment for compounds 4¢ and 7 are given in Table 2. The unit cell
parameters were refined and the X-ray data were merged using

Table 2. Crystallographic data for complexes 4¢c and 7

Parameter 4c 7
Molecular formula C20.5H34.5CON4'504 C20H30CON404
Molecular weight 466.96 449.41
T/K 120(2) 100(2)
Crystal system Monoclinic Monoclinic
Space group C2/c P2,/c
a/A 25.311(2) 11.2306(5)
b/A 12.7053(10) 23.6445(7)
c/A 16.4422(10) 8.5436(4)
o/deg 90 90
B/deg 111.292(4) 102.668(4)
v/deg 90 90
V/A3 4926.7(6) 2213.46(16)
VA4 8 4
/Mg M3 1.259 1.349
p/mm=! 0.728 0.80
Scan range/deg 4.47—25.00 2.05—25.30
Number of independent 4163 3993
reflections (Ry,) (0.0684) (0.0637)
R, (I220) 0.0613 0.0415
wRy (12 20) 0.1513 0.0809

the Denzo-Scalepack program package.45 The structures were
solved by direct methods using the SHELXS-97 program pack-
age?0 and refined using the SHELXL-97 program package#® and
the WinGX graphical interface.4

We thank A. A. Nazarov for recording electrospray
mass spectra of amidines and S. I. Selivanov for help in
performing the NMR experiment.

This study was financially supported by the Russian
Foundation for Basic Research (Project Nos 06-03-32065
and 05-03-32140), the Council on Grants of the Presi-
dent of the Russian Federation (Grant MK-1040.2005.3),
and the Finnish Academy of Sciences (personal grants for
N. A. Bokach, V. Yu. Kukushkin, and M. Haukka).

References

1. F. Mavandadi and P. Lidstrom, Curr. Topics Med. Chem.,
2004, 4, 773.

2. A. Corsaro, U. Chiacchio, V. Pistara, and G. Romeo, Curr.
Org. Chem., 2004, 8, 511.

3. M. Nuchter, B. Ondruschka, W. Bonrath, and A. Gum,
Green Chem., 2004, 6, 128.

4. H. Will, P. Scholz, and B. Ondruschka, Chem. Eng. Technol.,
2004, 27, 113.

5. M. Niichter, U. Miiller, B. Ondruschka, A. Tied, and
W. Lautenschlédger, Chem. Eng. Technol., 2003, 26, 1207.

6. K. M. K. Swamy, W. B. Yeh, M. J. Lin, and C. M. Sun,
Curr. Med. Chem., 2003, 10, 2403.

7. N. Kuhnert, Angew. Chem., 2002, 41, 1863.

8. M. Larhed, C. Moberg, and A. Hallberg, Acc. Chem. Res.,
2002, 35, 717.

9. V. Santagada, E. Perissutti, and G. Caliendo, Curr. Med.
Chem., 2002, 9, 1251.



2,6-Diaminopyridine and nitrile coupling

Russ.Chem.Bull., Int.Ed., Vol. 55, No. 1, January, 2006 43

10.

11.

12.

13.

14.

15.

16.

17

18.

19.

20.

21.

22

24.

25.

26.

27.

28.

29.

30.

P. Lidstom, J. Tierney, B. Wathey, and J. Westman, Tetra-
hedron, 2001, 57, 9225.

M. Larhed and A. Hallberg, Drug Discovery Today,
2001, 6, 406.

C. R. Strauss and R. W. Trainor, Austr. J. Chem., 1995,
48, 1665.

M. O. Liu and A. T. Hu, J. Organomet. Chem., 2004,
689, 2450.

M. O. Liu, Ch-H. Tai, W.-Y. Wang, J.-R. Chen, A. T. Hu,
and T.-H. Wei, J. Organomet. Chem., 2004, 689, 1078.

H. I. Beltran, R. Esquivel, A. Sosa-Sanchez, J. L. Sosa-
Sanchez, H. Hopfl, V. Barba, N. Farfan, M. G. Garcia,
0. Olivares-Xometl, and L. S. Zamudio-Rivera, Inorg.
Chem., 2004, 43, 3555.

S. Komarneni, Curr. Sci., 2003, 85, 1730.

. M. Ardon, P. D. Hayes, and G. Hogarth, J. Chem. Educ.,

2002, 79, 1249.

X. M. Xiao, J. Sakamoto, M. Tanabe, S. Yamazaki,
S. Yamabe, and T. Matsumura-Inoue, J. Electroanalytical
Chem., 2002, 527, 33.

A. V. Murugan, R. S. Sonawane, B. B. Kale, S. K. Apte, and
A. V. Kulkarni, Mater. Chem. Phys., 2001, 71, 98.

0. Palchik, R. Kerner, Z. Zhu, and A. Gedanken, J. Solid
State Chem., 2000, 154, 530.

N. Yoshikawa, Y. Masuda, and T. Matsumura-Inoue, Chem.
Lett., 2000, 10, 1207.

. C. Ungurenasu, Synthesis, 1999, 10, 1729.
23.

D. R. Baghurst, S. R. Cooper, D. L. Greene, D. M. P.
Mingos, and S. M. Reynolds, Polyhedron, 1990, 9, 893.

K. V. Luzyanin, V. Y. Kukushkin, M. L. Kuznetsov, D. A.
Garnovskii, M. Haukka, and A. J. L. Pombeiro, Inorg. Chem.,
2002, 41, 2981.

M. A.J. Charmier, V. Y. Kukushkin, and A. J. L. Pombeiro,
J. Chem. Soc., Dalton Trans., 2003, 2540.

V. Yu. Kukushkin and A. J. L. Pombeiro, Chem. Rev., 2002,
102, 1771.

Yu. N. Kukushkin, in Reaktsionnaya sposobnost”
koordinatsionnykh soedinenii | Reactivity of Coordination Com-
pounds|, Khimiya, Leningrad, 1987, p. 145 (in Russian).

R. A. Michelin, M. Mozzon, and R. Bertani, Coord. Chem.
Rev., 1996, 147, 299.

T. B. Mikhailova, E. V. Pakhmutova, A. E. Malkov, 1. F.
Golovaneva, A. A. Sidorov, I. G. Fomina, G. G.
Aleksandrov, V. N. Ikorskii, V. M. Novotortsev, I. L.
Eremenko, and 1. 1. Moiseev, Izv. Akad. Nauk, Ser. Khim.,
2003, 1994 [Russ. Chem. Bull., Int. Ed., 2003, 52, 2105].

E. V. Pakhmutova, A. E. Malkov, T. B. Mikhailova, A. A.
Sidorov, I. G. Fomina, G. G. Aleksandrov, V. M.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Novotortsev, V. N. Ikorskii, and I. L. Eremenko, Izv. Akad.
Nauk, Ser. Khim., 2003, 2006 [Russ. Chem. Bull., Int. Fd.,
2003, 52, 2117].

M. A. Golubnichaya, A. A. Sidorov, I. G. Fomina, M. O.
Ponina, S. M. Deomidov, S. E. Nefedov, I. L. Eremenko,
and I. I. Moiseev, Izv. Akad. Nauk, Ser. Khim., 1999, 1773
[Russ. Chem. Bull., Int. Ed., 1999, 48, 1751].

F. A. Allen, O. Kennard, and D. G. Watson, J. Chem. Soc.,
Perkin Trans. 2, 1987, S1.

R. Custelcean and J. E. Jackson, J. Am. Chem. Soc., 1998,
120, 12935.

C. H. Schwalbe, G. J. B. Williams, and T. F. Koetzle, Acta
Crystallogr., Sect. C, 1987, 43, 2191.

G. Smith, R. Bott, A. D. Rae, and A. C. Willis, Aust. J. Chem.,
2000, 53, 531.

G. Smith, C. E. Pascoe, C. H. L. Kennard, and K. A. Byriel,
Aust. J. Chem., 1999, 52, 71.

V. Bertolasi, L. Pretto, P. Gilli, V. Ferretti, and G. Gilli,
New J. Chem., 2002, 26, 1559.

N. Lah, G. Giester, P. Segedin, A. Murn, K. Podlipnik, and
I. Leban, Acta Crystallogr., Sect. C, 2001, 57, 546.

X. Xingling, S. L. James, D. M. P. Mingos, A. J. P.
White, and D. J. Williams, J. Chem. Soc., Dalton Trans.,
2000, 3783.

J. H. K. Yip, Suwarno, and J. J. Vittal, Inorg. Chem., 2000,
39, 3537.

J. Bernstein, B. Stearns, E. Shaw, and W. A. Lott, J. Am.
Chem. Soc., 1947, 69, 1151.

A. Deak, A. Kalman, L. Parkanyi, and 1. Haiduc, Acta
Crystallogr., Sect. B, 2001, 57, 303.

M. Doring, M. Meinert, E. Uhlig, L. Dahlenburg, and
R. Fawzi, Z. Anorg. Allg. Chem. 1991, 598/599, 71.

S. S. S. Raj, F. Hoong-Kun, Zh. Pu-Su, J. Fanf-Fang,
L. u-De, Y. Xu-Jie, and W. Xin, Acta Crystallogr., Sect. C,
2000, 56, 742.

Z. Otwinowski and W. Minor, Proc. X-ray Diffraction Data
Collected in Oscillation Mode, in Methods in Enzymology,
Vol. 276, Macromolecular Crystallography, Part A, Eds C. W.
Carter, Jr. and R. M. Sweet, Acad. Press, New York, 1997,
pp. 307—326.

G. M. Sheldrick, SHELXS97, SHELXL, Program for Crystal
Structure Determination, University of Gottingen, Gottingen
(Germany), 1997.

L. J. Farrugia, J. Appl. Crystallogr., 1999, 32, 837.

Received March 9, 2005;
in revised form July 11, 2005





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
  ]
  /NeverEmbed [ true
    /Helvetica
    /Times-Roman
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


