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A Simple Synthetic Route for Coordinated Amidine
Complexes:a Series of New Anti-tumor Drugs
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Abstract In this context, we have provided a facile synthetic route to synthesize the coordinated
amidine compounds wia the in-situ reactions of various amines with [ Ru(salchda) (H,0), J(PF,)
(1) in various nitrile solvents. All the compounds obtained have been well characterized by IR,
UV/Vis, CV, ESI/MS, and satisfactary elemental analysis. The crystal structrues of a bis(a-
mine) compound and a bis (amidine) ruthenium (III) compound have also determined by X-ray
crystallography. These compounds are potential anti-tumor drugs.
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0 Introduction

Amidine is a fundamental unit in medicinal and synthetic chemistry that is widely applied in pharma-

15) In the past years, great efforts have been focused on

ceutical science and metal complexation ligands
developing various new methods to prepare amidine compounds. Although the coordination chemistry of
amidine and/or amidinate complexes have been well developed'™, ruthenium amidine complexes remain
scarce. However, recent studies have revealed that some amidine (salen) Ru(III) complexes have potential
anti-tumor properties!', This series of complexes are cytotoxic against various cancer cell lines, and some
complexes have remarkable cancer-cell selectivity. However, the different substituents on the ligand’ s

121 Thus, the search for a facile synthetic

structures have significant effect on their anti-tumor properties
route to obtain various functionalized amidine complexes is necessary. Herein, we demonstrate that the co-
ordinated nitrile ligands could be readily activated by the (salchda) Ru(II1) moiety, which could further re-

act with various amines to generate (salcha) Ru(IIl) amidine complexes with different substituents.

1 Experimental

1.1 Reagents and instrumentation
The compound trans-[ Ru™ (salchda) (H,0), |PF; (1) was synthesized according to literature meth-
ods. "' ["Bu, NJPF; (Aldrich) for electrochemistry was recrystallized three times from ethanol and dried

under vacuum at 120 °C for 24 h. Acetonitrile (Aldrich) for electrochemistry was distilled from calcium hy
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dride. All other chemicals were of reagent grade and used without further purification. All manipulations
were performed without the precaution of excluding air or moisture unless otherwise stated. IR spectra
were recorded as KBr discs with a Nicolet 360 FTIR spectrophotometer. UV /Vis spectra were recorded
with a Perkin-Elmer Lambda 19 spectrophotometer in 1 cm quartz cuvettes. Elemental analysis was per-
formed with an Elementar Vario EL. Analyzer. Electrospray ionization mass spectrometry (ESI-MS) was
performed with a PE-SCIEX API 365 triple quadruple mass spectrometer.

1.2 X-ray Crystallography

The data collection for 7 and 8 were carried out with an Oxford CCD diffractometer using graphite-
monochromated Mo-K, radiation (A=0. 71073 A). Details of the intensity data collection and crystal data
are given in Tables 2 and 3. Absorption corrections were carried out by the multi-scan method. The struc-
tures were resolved by the heavy atom Patterson method or direct methods and refined by full-matrix least-
squares methods by using SHELX-97""*! and expanded by using Fourier techniques. All non-hydrogen at-
oms were refined anisotropically. Hydrogen atoms except H1 were generated by the program SHELXI.-97.
The positions of the hydrogen atoms were calculated on the basis of a riding model with thermal parame-
ters equal to 1. 2 times those of the associated carbon atoms and used in the calculation of the final R indi-
ces. All calculations were performed by using the teXsan ' crystallographic software.

1.3 Synthesis and characterization

[Ru"(Salchda) (NHC(NHCH,CH;)CH,), J(PFy) (2).1 (100 mg, 0. 16 mmol) was dissolved in a-
bout 25 ml. CH;CN and the solution was refluxed for about 0. 5 hour and then ethylamine (0. 23 ml., 3.52
mmol) was added into this solution for further refluxed overnight. The solution was concentrated to ca. 1
mL. Slow addition of diethyl ether gave a green precipitate which was recrystallized from CH,Cl, /diethyl e-
ther. Yield: 56%. IR (KBr, em ') v (N-H) 3361, 3283; v (C=N) 1633, 1600; v (P-F) 839. Anal. Calcd.
for CosHy\yN; O, PF;Ru: C, 45.53; H, 5.46; N, 11.38. Found: C, 45.37, H, 5.37, N, 11.19. UV/Vis
(CH3CN) : A pux [nm] (e [mol™"dm’cm™"]) 214(58598), 350(18076), 385(21084), 3613(4067). ESI-MS;
m/z=594 (M™). pr=1. 949 ps.

[Ru™(Salchda) (NHC(NHCH(CH;),)CH;), J(PF;) (3).1 (100 mg, 0. 16 mmol) was dissolved in a-
bout 25 mL CH;CN and the solution was refluxed for about 0.5 hour and then isopropylamine (0. 30 mL,
3.52 mmol) was added into this solution for further refluxed overnight. The solution was concentrated to
ca. 1 mL. Slow addition of diethyl ether gave a green precipitate which was recrystallized from CH,Cl, /di-
ethyl ether. Yield: 68%.IR (KBr, cm™'): vy (N-H) 3364; y (C-N) 1632, 1596; y (P-F) 838. Anal. Calcd.
for C;o H\ Ny O, PF;Ru: C, 46.99; H, 5.78; N, 10. 96. Found: C, 46.95; H, 5.72; N, 10.80. UV/Vis
(CH;CN) : xmax [nm] (e [mol 'dm’cm ™" ]) 214(57846), 349(19249), 383(21102), 614(3577). ESI-MS:.
m/2=622 (M"). pr=1.905 pp.

[Ru™(Salchda) (NHC(NHC;H,;, )CH;), J[(PF;) (4).1 (100 mg, 0.16 mmol) was dissolved in about
25 mLL CH;CN and the solution was refluxed for about 0.5 h and then cyclohexylamine (0. 41 mlL, 3. 52
mmol) was added into this solution for further refluxed overnight. The solution was concentrated to ca. 1
mL. Slow addition of diethyl ether gave a green precipitate which was recrystallized from acetone/diethyl e-
ther. Yield: 72%. IR (KBr, cm ') v (N-H) 3363, 3272; y (C=N) 1631, 1613; v (P-F) 840. Anal. Calcd.
for Cs Hsy Ny O, PF,Ru: C, 51.06; H, 6.19; N, 9.92. Found: C, 51.06; H, 6.03; N, 10.13. UV/Vis
(CH;CN) : xmax [nm] (e [mol 'dm’cm™"]) 214(62497), 348(22006), 384(23698), 611(4027). ESI-MS:.
m/==702 (M'). py=1.926 pus.

[Ru" (Salchda) (NHC(NHCH,Ph)CH;), |(PFs) (5).1 (100 mg, 0.16 mmol) was dissolved in about
25 mL. CH;CN and the solution was refluxed for about 0. 5 hour and then benzylamine (0. 39 ml., 3. 52
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mmol) was added into this solution for further refluxed under argon overnight. The solution was concen-
trated to ca .1 mlL. Slow addition of diethyl ether gave a green precipitate which was recrystallized from
CH.Cl, /diethyl ether. Yield: 68%.IR (KBr, cm ') :y (N-H) 3358; v (C=N) 1630, 1603; y (P-F) 837. A-
nal. Calced. for C;s Hyy Ng O, PFsRu: C, 52.90; H, 5.14; N, 9.74. Found: C, 53.25; H, 4.96; N, 9. 44.
UV/Vis (CH;CN) : Amax [nm ] (e [mol "dm*cm™"]) 349(21608), 384(22248), 619(3604). ESI-MS.; m/=
=718 (M"). puy=1. 909 puy.

[Ru™(Salchda) (NHC(NHCH,CH;)Ph), |(PFs) (6). Benzylnitrile (0. 36 mL, 3. 52 mmol) was added
to a solution of 1 (100 mg, 0. 16 mmol) in tetrahydrofuran (15 mL) and the solution was refluxed for a-
bout 0.5 h and then ethylamine (0. 23 mlL., 3. 52 mmol) was added into this solution for further refluxed o-
vernight. The solution was concentrated to ca. 1 mL. Slow addition of diethyl ether gave a green precipitate
which was recrystallized from CH,Cl, /diethyl ether. Yield: 46%. IR (KBr, cm ') : » (N-H) 3363, 3272; v
(C=N) 1631, 1613; v (P-F) 840. Anal. Calcd. for Cs;s H;y Ng O, PFs Ru: C, 52.90; H, 5.14; N, 9. 74.
Found: 52.88; H, 5.21; N, 9.70. UV/Vis (CH;CN): Amax [nm] (¢ [mol 'dm*cm™"']) 218(43742), 231
(40575), 352(15352), 385(17636), 633(3806). ESI-MS: m/x=718 (M"). ps=2. 048 ps.

[Ru™(Salchda) (NHC(NHCH (CH;),)Ph), J(PF;) (7). Benzylnitrile (0. 36 mlL, 3. 52 mmol) was
added to a solution of 1 (100 mg, 0. 16 mmol) in tetrahydrofuran (15 ml.) and the solution was refluxed
for about 0.5 hour and then isopropylamine (0. 30 mL, 3.52 mmol) was added into this solution for fur-
ther refluxed overnight. The solution was concentrated to ca. 1 ml.. Slow addition of diethyl ether gave a
green precipitate which was recrystallized from CH,Cl, /diethyl ether. Yield: 63%. IR (KBr, cm ') : vy (N-
H) 3341, 3248; v (C=N) 1618, 1601; v (P-F) 841. Anal. Calcd. for C,, H3sN; O, PF;Ru: C, 53.93; H, 5.
433 N, 9.43. Found: C, 54.77; H, 5.81; N, 9.60. UV/Vis (CH;CN): Amax [nm] (¢ [mol™'dm’ecm™" )
217(68320), 348(23320), 384(23686), 625(3995). ESI-MS: m/2=T746(M" ). py =2. 057 .

[Ru" (Salchda) (NH,CH,Ph), ](PF;) (8). Benzylamine (0. 39 mL, 3.52 mmol) was added to a solu-
tion of 1 (100 mg, 0. 16 mmol) in acetone (15 mL). The green solution was refluxed for 1. 5 h under argon
and then concentrated to ca. 1 mL. Slow addition of diethyl ether into the solution gave a green precipitate,
which was recrystallized [rom CH,Cl, /diethyl ether. Yield: 72%. IR (KBr, cm ') : v (N-H) 3312, 3255; v
(C=N) 1596; v(P-F) 839. Anal. Calcd. for Cy; His N, O, PF;Ru: C, 52.31; H. 4. 91; N, 7. 18. Found: C,
52.01; H, 4.92; N, 7.03. UV/Vis (CH;CN) : A [nm] (¢ [mol™"dm’em™" ) 210(56000), 234(38400) ,
360(14700), 385(18800), 643(4110). ESIFMS :m/2=636 (M"). prr=2.03 p p.

2 Result and discussion

The diaqua compound, trans-[ Ru™ (salchda) (H,O), JPF; (1), was synthesized as the previously re-
ported procedure. Reactions of 1 with various excess amines in ethanol or acetone under Ar afforded various
trans-[ Ru™ (salchda) (amine), | compounds in high yields, which were formed by direct substitution of
the aqua ligands by amines. However, when CH;CN were used as solvent instead of ethanol/acetone, the
reactions of 1 with amines gave various amidine compounds 2-5 with moderate yields. When benzonitrile
was used instead of acetonitrile as the nitrile source, the reactions of 1 with ethylamine or isopropylamine
gave the coupling product [Ru™ (salchda) (NH=C(NHCH,CH,),)Ph), J(PF;)(6),[ Ru™ (salchda) (NH=
C(NHCH(CH;),)Ph), J(PF;) (7 ), respectively. As shown in Scheme 1, the synthesis of these compounds
involves two successive steps. The first step is the substitution of aqua ligands by the solvent nitriles and
the second step is nucleophilic addition of amines towards the coordinated organonitrile that was activated
by the Ru(IIl) center.

Obviously, when nitrile is used as solvent, 1 first reacts with the nitrile to form trans-[ Ru™ (salchda)
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(NCR), | . which could be validated by ESI/MS in the different reaction time intervals. The coordinated
nitriles in the ruthenium(IIl) salchda complex are found to be electrophilic. The amines which act as nu-
cleophiles then attack the electron deficient a -carbon atoms of the nitrile ligands with the formation of C-N
bonds. These bis (amidine) ruthenium (I1II) compounds are all air-stable. No ligand exchange reaction be-
tween the solvent molecules (such as the CH;CN, benzonitrile and THF) and the amidine ligands was ob-

served for at least 7 days.

R, - \?NERJ _
T
PF ]\|II PF, N-H PF,
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—N OHN= - —! 2_ R —N N=
R R “Ru’ > “Ru”
Ru —0"| 0 0| 0
[.}/l \(.‘ N = N
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)L'\" )
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(1) B=C, R=CH,» R,=CH(R.,), (2)
Ph R,=CH,. R,~CH,CH, (3)
R=CH,» R=CH, (4)
R,=CH,» R,=CH,Ph (5)
R=Ph, R=CH,CH, (6)
R=Ph. R=CH,(CH,), (7)
Scheme 1 The in-situ synthetic routes for various amidine complexes 2-7
In order to validate metal-activated amine-nitrile coupling in this process. Reaction of 1 with ethyl-
amine, isopropylamine and cyclohexylamine in refluxing ethanol solution gave the bis(amine) complexes,
respectively. For example, the reaction of 1 with benzylamine in acetone under argon also generated the bis
(benzylamine) ruthenium(I11) complex 8.
The bis(amidine) compounds 2 -7 and bis(amine) compound 8 are paramagnetic and they have room
temperature magnetic moments y . (solid sample, Gouy method) in the range of 1. 91-2. 07 x4 5, which are
consistent with their formulation as low-spin d° ruthenium(III) complexes. Infrared spectra (IR) of these

bis(amidine) complexes 2-7 show medium y (N-H) stretches at 3200-3400 cm ™!

and they also show two
sharp peaks around 1630 cm™ and 1600 cm ™', which are partially overlapped. The former peak is assigned
to the y (C=N) stretch of the amidine ligand and the latter one is assigned to y (C=N) stretch of the salchda
ligand. The IR spectrum of the bis(amine) ruthenium (II1) complex 8 displays a sharp v (C=N) stretch a-
round 1600 cm™" and a y(N-H) stretch around 3300 em™'. All compounds obtained have a strong broad

1, which is attributed to the y (P-F) stretches of the counter-ion. The

stretching band at around 840 cm™
ESI-MS of 7 shows a predominant peak at m/x=746, which is assigned to the parent ion [ Ru™ (salchda)
(NH=C(NHCH(CH;),)Ph),]". As shown in Figure 1, the simulated isotopic distribution pattern for m/
2z 746 is in well agreement with the experimental one. Moreover, there is also a minor peak at m/z =584
due to [ Ru" (salchda) (NHC(NHCH(CH,;),)Ph) ]*, which arises [rom the loss ol a benzamidine ligand
from the parent ion. The ESI/MS of the other amidine complexes 2-6 have also been investigated in acetone
(+ve mode), which are similar to that of 7 and are summarized in the corresponding experimental section.
The ESI-MS of bis(amine) Ru(III) compound 8 in acetone exhibit a dominant peak at m/z 636, due to the
parent ion.

The UV /Vis spectra of 2-7 in CH;CN (Table 1) show the strong higher energy absorption bands (e ~
2-6 X 10* M™! « ecm™ ') with wavelengths less than 400 nm. which are assigned to the ligand-centered ==
% transitions of Schiff bases and amidine ligands. These compounds also show the moderate strong absorp-
tion bands in the range of 610-633 nm, which are tentatively assigned to the ligand-to-metal charge transfer
(LMCT), possibly mixing with metal-centered (d-d transitions). Compared with these bis(amidine) com-

pounds, the corresponding LMCT absorption bands of 8 is red-shifted and appears at around 640 nm""*’,
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The cyclic voltammograms (CV) of 2-8 in 746 746

CH,CN show two reversible waves, which are

748

assigned to Ru™™ and Ru™" couples, respec-

tively. As shown in Figure 2(a), the CV of 7

shows two reversible couples centered at E,,, =

0.38 Vand —1.08 V vs Cp,Fe'’’, respective- 738 740 742 744 746 748 750 752 754
746

ly. Obviously, the redox potentials for these bis
(amidine) complexes are similar, but their cou-
ples are also sensitive to the axial amidine lig-
ands. When PhCN is used instead of MeCN,

both redox couples are shifted to higher poten-

tials, which are in well agreement with that the
T38 740 742 744 746 748 750 752 754

well w-accepting ligand could stabilize effective- . . iz *L"%L'J i i X .
ly the compounds with the lower oxidation 200 400 m}_‘:{:]]:u 800 1000
states. For these salchda Ru (III) compounds Figure 1 The ESI-MS of 7 in McOH (Inset: simulated and
with neutral axial ligands, the Ru™" potential experimental isotopic distribution patterns of m /z=746)

increases with the m-accepting ability of the axial ligands. These amino complexes have very closest Ru'" /™

and Ru™ /" potentials around +0. 553 V and —0. 950 V ws Cp,Fe ’°,Figure 2(b). Compared with the cor-
responding redox potentials observed in 2-7 , both couples are shifted to higher potentials. both couples
are shifted to higher potentials, indicating that the axial amidine ligands are better electron-donating lig-
ands than amines.

Table 1 UV-Vis (CH;CN) and electrochemical data for complexes 2-8

El /2 (VOIIS US. sz Fe+’/° )E

Complex Amax (nm (e, M7 e em™1))

Ruy!V/m Ru"/n
2 214(58590), 350(18070), 385(21080), 613(4060) 0. 352 —1.105
3 214(57840), 349(19240), 383(21100), 614(3570) 0. 367 —1.131
4 214(62490), 348(22000), 384(23690), 611(4020) 0.365 —1.158
5 349(21600), 384(22240), 619(3600) 0. 384 —1.079
6 218(43740), 231(40570), 352(15350), 385(17630), 633(3800) 0.468 —1.004
7 218(68320), 348(23320), 384(23680) ., 625(3990) 0.428 —1.038
8 210(56000), 234(38400), 360(14700), 385(18800), 643(4110) 0.553 —0.950

Note:a:Glassy carbon working electrode, Pt counter electrode, Ag/AgNQ; reference electrode, 0.1 M [ N”Bu, |PF; in CH;

CN as supporting electrode. Ferrocene was added as internal standard.

& & E,=-0950 V
E,=0.553V
E, =-1038V
E,=0428 V
T T T T T T T T T T T T T T T T T T T T I v T v 1 i 1 ' 1 T U M T T T T T T 1
12 09 06 03 00 -03 -06 -09 -12 -15 1.2 09 06 03 00 -03 -06 -09 -12 -15
Volts vs Cp,Fe* Volts vs Cp,Fe™

Figure 2 (a) CV of [Ru(salchda) (NHC(NHCH,Ph)CH; ), JPF;(7) in CH;CN; (b) CV of [ Ru(salchda)
(NH,CH,Ph), |PF;(8) in CH;CN containing 0. 1 M [ N"Bu, ]PF; (scan rate=100 mV /S)
The crystal structures of 7 and 8 have been determined by X-ray crystallography. Figure 3a shows the
ORTEP diagram of the cation of 7 . Selected bond lengths (A) and bond angles (°) are listed in Table 2 and
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3. The compound crystallizes in a monoclinic C2/¢ space group and features a distorted octahedral geome-
try. The equatorial bond lengths of Ru-N (1. 984(7) A) and Ru-O (2.029(5) A) are similar to that of 1.
The axial positions are occupied by two N-isopropylbenzamidine ligands via its imino nitrogen in a trans
mode. The N-Ru-N bond angle is 178. 8(2)°, which is virtually linear. The bond parameters on the amidine
ligand are N3-C11=1.303(6) A, N2-C11=1.323(5) A and N1-C17-N2=121. 12°. These data indicate sub-
stantial delocalization of CN; group in N-isopropylbenzamidine. Intra-molecular H-bonding is observed be-
tween N-H of amidine and phenolic oxygen with a distance of 2. 852(8) A.

The ORTEP drawing with partial atom numbering of complex 8 is shown in Figure 3b. The coordina-
tion geometry at ruthenium is best described as distorted octahedral structure with two benzylamine mole-
cules occupying the axial position trans to each other. One of phenyl group of benzylamine is disordered and
six carbon atoms in this phenyl rings are refined with constrained bond parameters. The equatorial position
of Ru is taken up by N, O, chromophore. The bond lengths of Ru-N(1. 982(4) and 1. 990(4)A) and Ru-O
(2.003(3) and 2. 011(3)A) are compared with the known complexes'” . The bond lengths of axial Ru-N
(2.110(4) and 2.127(4)A) are obviously longer than the equatorial Ru-N bond lengths. But these bond
lengths are slightly shorter than that of the ruthenium (II) species [ Ru" (NH,Ph) { PhNC (H) NPh}
(Me, SO),Cl] (2.1907(19)A). " The metrical disparity reflects the sp ? and sp ? nature of the respective

coordinated nitrogen.

Figure 3 ORTEP drawing of cation of 7 (a) and cationic structure in complex 8 (b) (Thermal ellipsoids are drawn
at 30% probability, one of the phenyl rings in 8 is disordered and refined with constrained bond lengths)
Table 2 Selected bond parameter (;&, °) for 7 Table 3 Selected bond length(g) and bond angle(°) of complex 8

Bond Dist. /A Bond Dist. /A Bond Dist. /A Bond Dist. /A
Rul-N1 1. 987(3) Rul-N2 2.059(3) Rul-N4 1.985 (5) Rul-O1 2.012 (H
Rul-O1 2.027(3) N3-C11 1.303(6) Rul-N2 1.990 (5) Rul-N3 2.110 (5
N2-C11 1.323(5) Rul-02 2,005 (4 Rul-N1 2.127 (5)
Angle /° Angle /° Angle /° Angle /°

N1-Rul-N1 83.0(2) N1-Rul-O1 176, 18(12) N4-Rul-N2 82.6 (2) 02-Rul-N3 87.8 (2)
NI-Rul-O1  93.62(14)  NI1-Rul-O1  93.62(14) N4-Rul-02  92.43 (18) 0O1-Rul-N3 88.0 (2)
NI-Rul-O1  176.18(11)  O1-Rul-O1  89.77(17) N2-Rul-O1  92.59 (18) N4-Rul-N1 93.5 (2)
N1-Rul-N2  93.33(14)  NI-Rul-N2  85.77(13) 02-Rul-O1  92.37 (16) N2-Rul-N1 92.2 (2)
O1-Rul-N2  88.27(13)  OI-Rul-N2  92.59(13) N4-Rul-N3 88.9 (2) 02-Rul-N1 87.4 (2)
N1-Rul-N2  85.77(13)  NI-Rul-N2  93.33(14) N2-Rul-N3 92.8 (2) O1-Rul-N1 90.0 (2)
O1-Rul-N2  92.59(13)  OI-Rul-N2  88.27(13) N4-Rul-N2 82.6 (2) 02-Rul-N3 87.8 (2)

N2-Rul-N2 178.8(2) N4-Rul-0O2 92.43 (18) O1-Rul-N3 88.0 (2)




% 3 34 JB % ¥ G BRI A W 1 5 B L R - — R RI SR 25 103

Table 4 Crystal data and structure refinement details for 7 and 8

Compound 7 8
formula CuoHis Fs NgO2 PRu Cs4 H3s Fs N, O, PRu
Mr 890. 88 780.72
cryst syst Monoclinic Monoclinic
space group C2/c P21/c

a/A 18.7276(10) 11. 8056(2)
b/ A 12.8342(6) 15.6521(3)
/A 19. 7496 (10) 17.9313(3)
a / /
8 115.179 97.481(2)
y / /
v/ A 4295.9(4) 3285.19(10)
Z 4 4
Peaeds Mg m”? 1.378 1.579
F(000) 1836. 0 1596.0
No. of reflns. collected 3800 5783
No. of obsd reflns. (I > 2 o(I)) 2618 4902

Final R indices, I > 2 6(I) R

GOF

0.0491(0.1674)

1.084

0.0648(0.1802)

1. 066

3

No. of parameters 261 398

Conclusion

We have provided a facile synthetic route to obtain various (salchda) Ru(III) bis(amidine) complexes

via one-pot synthesis with moderate to high yield. The various substituents on the amidine functional group

could be tuned by using different nitrile solvent and different amines. These amidine Ru(III) complexes are

potential anti-tumor drugs and further works on their application in cell are now in progress.
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