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Different Routes for Amination of Platinum(Il)-Bound Cyanoguanidine?
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The consecutive addition of AgSOsCF3 (1 or 2 equiv) and cyanoguanidine (1 or 2 equiv, respectively) to the
platinum(ll) precursor [Ptlo(tmeda)] leads to the cis-[Ptl(tmeda){NCN=C(NH,),}](SOsCF3) (1-(SO5CF3)) or
cis-[Pt(tmeda){NCN=C(NH,),}5](SO3CF3), (2-(SO5CF3),) complexes. The reaction between 1:(SOsCF3) or
2-(SO43CF3), and the excess of RoNH (R =H, Ry =CsHyg) in EtOH gives the triazapentadiene compounds
cis-[Pt(tmeda) {NHC(NR,)NC(NH2)NH}1(SO5CF3) (3-(SO5CF3) and 4-(SO5CF3), correspondingly). Protonation
of these species results in cis-[Pt(tmeda) {NHC(NR2)NHC(NH)NH}1(SO5CF3). ([3- H](SO4CF3), and [4 - H](SO5CF3)o,
respectively). The interaction of solid 2- (SO3CF3), and the gaseous RNH, (R=H, Me) leads to cis-[Pt(tmeda){NHC-
(NHR)NHC(NH2)NH} 5](SO3CF3), (5 (SOsCF3), and 6+ (SOsCF3),, respectively). Treatment of an acetone solution of
2-(S0sCF3), with an aqueous NHs or the reaction of 5-(SO3CF3), with Me,CO produces the triazine complex
cis-{ Pt(tmeda){NH=CNHC(Me), } NHC(NH).N} »(SO5CF3). (7 - (SOsCF3)2). The reaction of 5- (SO;CF3), with Me,CO
also leads to 7 - (SO5CF3).. All new complexes were characterized by elemental analyses (C, H, N), electrospray ionization
mass spectrometry, IR, and "H and **C NMR spectroscopies. The structures of 1+ (SOCF3), 2+ (SO5CF3),, 3+ (SOCF3),

[4-H](SO5CF3)s, 5 (SO3CF3),, and 7 - (SOsCF3), were determined by single-crystal X-ray diffraction.

Introduction

Nitrile ligands usually do not behave as strong o donors or
effective T acceptors (as confirmed by their Pickett and Lever
parameters'), and this imparts on them a lability character.
Accordingly, their complexes have been widely applied as
convenient starting materials in substitution reactions.”
However, in spite of their rather poor coordinating proper-
ties, RCN species can be strongly activated by metalation,
which often results in an enhancement of the electrophilicity
of the unsaturated nitrile carbon atom, thus promoting the
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addition of a nucleophile. These addition reactions result in a
great variety of compounds with C—0O, C—S, C—P, C—C,
and C—N bonds. The reactions of metal-activated RCN
species have been surveyed in a number of reviews,* including
those written by two of us.’

Within the metal-mediated reaction systems mentioned
above, the most commonly employed strategy involves the
formation of a C—N bond. Our research in the field of the
addition of N-donors to metal-activated RCN substrates
refers to ammination of nitriles at Rh™ ¢ and Pt" 7 centers;
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couphn% of RCN ligands with pyrazoles,® imines,” or hetero-
imines; = and reactions with bifunctional nucleophiles bear-
ing at least one N-donor site.'' We also identified the metal-
mediated nitrile—amine coupling as a key intermediate step
in the formation of amidines,'* 1,3,5-triazapentadiene(ato)
complexes,'® and phthalocyanines.'*

The abundance of accounts on reactions of conventional
alkyl- or arylnitriles at different metal centers contrasts
strikingly with the insignificant number of reports on reac-
tivity patterns of other nitrile species, in particular, cyano-
guanidine NCN=C(NH,),. This species is an important
precursor for the synthesis of polymers, pesticides, and
pharmaceuticals.'> Special attention should be drawn to the
fact that this ligand and its derivatives are of biological
importance (as a nitrogenase substrate'® and histamine H-
receptor antagonists’) and this gives a strong motivation
for studies on metal-binding and reactivity properties of
NCN=C(NH,),. Thus far, the reported nucleophilic addi-
tions to the metal-activated CN triple bond of cyanoguani-
dine included only Cu'l "1 Ni' 17 and Zn"-mediated"
aminations of NCNC(NHz%z and the additions of alcohols
to NCN=C(NH,), in Cu'-* Zn'"-?! and Pt"-assisted**
processes.

In this work, we describe various routes for the amination
of Pt"-bound cyanoguanidine that provide, depending on
amine and reaction conditions, an easy entry to monodentate
or chelated (1,3,5-triazapentadiene)Pt"" species. Further-
more, we found that, in acetone, the monodentate 1,3,5-
triazapentadiene (or, in another terminology, biguanidine)

(10) Makarycheva-Mikhailova, A. V.; Bokach, N. A.; Kukushkin, V.
Yu.; Kelly, P. F.; Gilby, L. M.; Kuznetsov, M. L.; Holmes, K. E.; Haukka,
M.; Parr, J.; Stonehouse, J. M.; Elsegood, M. R. J.; Pombeiro, A.J. L. Inorg.
Chem. 2003, 42,301. Bokach, N. A.; Kukushkin, V. Yu.; Kelly, P. F.; Haukka, M.;
Pombeiro, A. J. L. Dalton Trans. 2005, 1354.

(11) Makarycheva-Mikhailova, A. V.; Kukushkin, V. Yu.; Nazarov,
A. A.; Garnovskii, D. A.; Pombeiro, A. J. L.; Haukka, M.; Keppler, B. K.;
Galanski, M. Inorg. Chem. 2003, 42, 2805. Kukushkin, Yu. N.; Kiseleva, N. P.;
Zangrando, E.; Kukushkin, V. Yu. Inorg. Chim. Acta 1999, 285, 203.

(12) Kopylovich, M. N.; Kukushkin, V. Yu.; Guedes da Silva, M. F. C.;
Haukka, M.; Frausto da Silva, J. J. R.; Pombeiro, A. J. L. J. Chem. Soc.,
Perkin Trans. 2001, 1, 1569.

(13) Kopylovich, M. N.; Pombeiro, A. J. L.; Fischer, A.; Kloo, L.;
Kukushkin, V. Yu. Inorg. Chem. 2003, 42, 7239.

(14) Kopylovich, M. N.; Kukushkin, V. Yu.; Haukka, M.; Luzyanin,
K. V.;Pombeiro, A.J. L. J. Am. Chem. Soc. 2004, 126, 15040. Luzyanin, K. V.;
Kukushkin, V. Yu.; Kopylovich, M. N.; Nazarov, A. A.; Galanski, M.; Haukka,
M.; Pombeiro, A. J. L. Adv. Synth. Catal. 2008, 350, 135.

(15) Ray, P. Chem. Rev. 1961, 61, 313. Ray, R. K.; Bandyopadhyay, M. K.;
Kauffman, G. B. Polyhedron 1988, 8, 757. Dey, B.; Choudhury, S. R.; Das, S.;
Jana, A. D.; Li-Ping, L.; Miao-Li, Z.; Dutta, A.; Mukhopadhyay, S. Polyhedron
2008, 27, 2899.

(16) Miller, R. W.; Eady, R. R. Biochim. Biophys. Acta 1988, 952, 290.

(17) Bishop, M. M; Lee, A. H. W.; Lindoy, L. F.; Turner, P. Polyhedron
2003, 22, 735.

(18) Bishop, M. M.; Lindoy, L. F.; McPartlin, M.; Parkin, A.; Thorn-Seshold,
O. T.; Turner, P. Polyheron 2007, 26, 415. Bishop, M. M.; Coles, S. J.; Lindoy,
L. F,; Parkin, A. Inorg. Chim. Acta 2006, 359, 3565.

(19) Suyama, T.; Soga, T.; Miyauchi, K. Nippon Kagaku Kaishi 1989, 884.
Suyama, T.; Soga, T.; Miyauchi, K. Chem. Abs. 1990, 112, 20741.

(20) Patricia, A. M.; Ferrer, E. G.; Baeza, N.; Piro, O. E.; Castellano,
E. E.; Baran, E. J. Z. Anorg. Allg. Chem. 2005, 631, 1502. Bianucci, A. M.;
Demartin, F.; Manassero, M.; Masciocchi, N.; Ganadu, M. L.; Naldini, L.;
Panzanelli, A. Inorg. Chim. Acta 1991, 182, 197. Blake, A. J.; Hubberstey, P.;
Suksangpanya, U.; Wilson, C. L. J. Chem. Soc., Dalton Trans. 2000, 3873.

(21) Sokolova, G. D.; Khokhlov, P. S. Khim. Geterotsikl. Soed. 1989, 654.
Sokolova, G. D.; Khokhlov, P. S. Chem. Abs. 1990, 112, 139003.

(22) Guedes da Silva, M. F. C.; Ferreira, C. M. P.; Branco, E. M.P.R. P.;
Frausto da Silva, J. J. R.; Pombeiro, A. J. L.; Michelin, R. A.; Belluco, U.;
Bertani, R.; Mozzon, M.; Bombieri, G.; Benetollo, F.; Kukushkin, V. Yu.
Inorg. Chim. Acta 1997, 265, 267 (Topical Volume on Platinum Chemistry).

Inorganic Chemistry, Vol. 48, No. 18,2009 8679

ligands generate unusual (triazine)Pt"" complexes, and all of
these results are described in this article.

Results

Synthesis of (Cyanoguanidine)Pt" Complexes. In con-
trast to complexes bearing the conventional alkyl- and
arylnitrile ligands, metal compounds with cyanoguani-
dine are substantially less explored, although species
haVinﬁg metal-bound NCN=C(NH,), are known for
NIl 25yl 24 Cult 2526 711 27 Aol 28 G411 29 Rl 30 gl 31
Tb™ 32 and Pt" 2233 metal centers. All reported synthetic
approaches to the cyanoguanidine metal compounds
involve substitution reactions performed either in water
or in organic solvents, depending on solubilities of the
reactants and final complexes. As far as the platinum
complexes with cyanoguanidine are concerned, the num-
ber of their representatives is very small and restricted
Only to [PtL{ECNZC(NHz)z}(PPh3)2](BF4)n gL = CF3,
Cl, n=1; L= NCN=C(NH,),, n = 2) species.****

For this study, we addressed new Pt'" compounds
bearing cyanoguanidine, that is, cis-[Ptl(tmeda){NCN=
C(NH,),}(SO3CF3) (1:(SO5sCF3)) and cis-[Pt(tmeda)-
{ECN=C(NH2)2}2](SO3CF3)2 (Z(SO3CF3)2) insofar as
(i) they are easily accessible starting from the [Ptl,-
(tmeda)]’ (tmeda = N,N,N',N'-tetramethyl-ethane-1,2-dia-
mine) precursor and (i) the lipophilic bidentate tmeda
ligand, which is strongly bound to the Pt" center, pro-
vides reasonable solubility of 1:-(SO;CF3) and 2-(SOs-
CF3), in organic solvents, gives a convenient “internal
standard” for '"H NMR integration, and also prevents
difficulties associated with cis—trans isomerization of the
starting materials and final products.

Complexes 1-(SO;CF3) and 2:(SOsCF3), were pre-
pared from [Ptl,(tmeda)] by abstracting one (Scheme 1,
route A) or two iodides (route B) with AgSO;CF;5 (1 or
2 equivs) in nitromethane at 90 °C followed by the addi-
tion of 1 or 2 equivs, respectively, of cyanoguanidine.
Complex 2-(SO;CF3), was also generated by the con-
secutive addition of AgSO;CF; (1 equiv) and cyanogua-
nidine (1 equiv) to 1-(SO;CF3) in MeNO, at 90 °C (route C).

Compounds 1-(SO3;CF;) and 2-(SO3;CF;), were iso-
lated in good (ca. 80%) yields as yellow solids and were
characterized by elemental analyses (C, H, N), electro-
spray ionization mass spectrometry (ESI-MS), IR, 'H
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Scheme 1. Synthesis of Cyanoguanidine Complexes 1-(SO3;CF3) and 2-(SO;CF3),
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Figure 1. View of 17 with atomic numbering scheme. Thermal ellip-
soids are drawn at the 50% probability level.

and '*C NMR spectroscopies, and X-ray diffraction
(Figures 1 and 2; Tables 1—3). In both complexes, bond
lengths of the coordinated CN groups fall within the
interval 1.144—1.162 A, which is close to the common
range for the CN triple bonds in free (1.171—1.179 A)34’35
and complexed (from 1.102 A for Cu' *® to 1.172 A for
Re' ?) cyanoguanidine and also in other (nitrile)Pt"
complexes (1.113—1.163 A).*’ In the cyanoguanidine
ligands, all other bond lengths and angles agree well with
those reported for the free cyanoguanidine.*** The
angles C—N—C at the imine nitrogen and N—C—N at
the guanidine carbon in the cyanoguanidine moieties are
close to 120°, thus indicating sp® character of the C and
N atoms. The Pt—N—C—N arrangement in both com-
pounds deviates from the linearity by 12—17°.

In the IR spectra, 1-(SO3;CF3) and 2-(SO;CF3), exhi-
bit two strong ¥(N=C) bands (at 2262 and 2205 and at
2279 and 2214 cm™ ', respectively) due to symmetric and
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Figure 2. View of 2>* with atomic numbering scheme. Thermal ellip-
soids are drawn at the 50% probability level.

asymmetric stretches, while the ¥(N=C) peaks for the free
cyanoguanidine were detected at 2185 and 2140 cm ™.
The increase of the ¥(N=C) frequency of cyanoguanidine
upon its coordination gives an indication that the Pt"
center makes the nitrile group potentially more suscep-
tible toward nucleophilic attack as compared to the
uncomplexed form.*> Broad and intensive bands in the
range 2942—2920 cm~ ' were assigned to »(N—H) and
other strong bands at 1650—1630 cm ™' to S(N—H) and
v(N=C). Furthermore, intensive stretches due to v(C—H)
were observed at 3460—3442 cm™ ', whereas ¥(SO) and
»(C—F) from CF;SO;~ were found at 1257 cm™' and
1030 cm™', respectively. In the 'H NMR spectra of
1:(SO5CF3) and 2:(SO3CF3), in DMSO-d;, the broad
NH> resonances from the cyanoguanidine were found at
ca. 7.24 ppm, and they exhibit expected integration with
the tmeda protons. In the '*C NMR spectra, a singlet was
observed at 162.6 ppm for 1-(SO5;CF;) and 163.0 ppm for
2-(SO3CF3),, and it corresponds to the imine carbon of
cyanoguanidine. Resonances of the tmeda carbons were
found in the range between 64.8 and 52.2 ppm.
Amination of Ligated Cyanoguanidines Accomplishing
Chelated 1,3,5-Triazapentadienes. We observed that the



Article

Table 1. Crystal Data

Inorganic Chemistry, Vol. 48, No. 18,2009 8681

1-(SO;CF3) 2-(SO5CF5), 3-(SO5CF5) [4-H](SO;CF3), 5-(SO5CF;3), 7-(SO5CF3),
empirical formula Cl 1H24C12F3IN603P1S C12H24F6N1006Pt82 C9H22F3N703Pts C15H33F6N7O7Pt52 C12H30F6N1207Pt82 C24H50F6N1203Pt52
fw 770.31 777.62 560.49 796.69 829.71 1007.97
temp (K) 100(2) 120(2) 100(2) 120(2) 100(2) 120(2)
A(A) 0.71073 0.71073 0.71073 0.71073 0.71073 0.71073
cryst syst monoclinic monoclinic monoclinic monoclinic orthorhombic monoclinic
space group P2,/c P2y/c P2,/n P2,/n Pbca C2Je
a(A) 8.5269(2) 8.9656(2) 11.2813(3) 16.1325(3) 17.9807(2) 27.3322(6)
b (A) 21.033(2) 15.4406(4) 14.7872(4) 9.0097(1) 9.33440(10) 9.07160(10)
c(A) 12.9561(10) 18.0497(5) 21.1274(3) 18.5102(4) 33.4060(4) 16.2278(3)
f (deg) 99.957(3) 99.622(2) 95.591(2) 90.230(1) 90 102.273(1)
V (A3) 2288.6(3) 2463.54(11) 3507.68(14) 2690.42(8) 5606.83(11) 3931.67(12)
Z 4 4 8 4 8 4
Peated (Mg/m?) 2.236 2.097 2.123 1.967 1.966 1.703
u(Mo Ka) (mm™') 7.853 5.962 8.174 5.461 5.250 3.762
no. reflns 42686 47873 76027 48094 69479 41793
unique reflns 5178 5602 8056 6147 6414 4514
Rin 0.0499 0.0503 0.0795 0.0368 0.0675 0.0597
R14(I = 20) 0.0240 0.0266 0.0317 0.0232 0.0395 0.0250
wR2” (I = 20) 0.0463 0.0533 0.0530 0.0478 0.0851 0.0453

“R1 = SNF| = [Fl[SIF). PWR2 = [S[w(F,> — FA /S w(FS

Table 2. Selected Bond Lengths (A) for 1-(SO;CF3)—7-(SO;CF3),

1-(SO;CF;)  2-(SO;CF3),  3-(SO5CF3)(A)  3-(SO;CF3) (B)  [4-HJ(SO;CF3),  5-(SO;CF3),  7-(SO;CF3),
Pt(1)-N(1) 2.058(3) 2.043(3) 2.089(4) 2.082(4) 2.076(3) 2.074(5) 2.081(2)
Pt(1)—-N(2) 2.079(3) 2.042(3) 2.075(4) 2.089(4) 2.074(3) 2.075(5) 2.008(2)
Pt(1)-N(3) 1.971(3) 1.990(3) 1.982(4) 1.984(4) 1.995(3) 2.021(4)
Pt(1)—N(6) 1.996(3)
Pt(1)—N(7) 1.993(3) 1.984(4) 1.976(4)
Pt(1)—N(8) 2.013(5)
Pt(1)-I(1) 2.5996(3)
N(1)—C(3) 1.499(4)
N(Q2)—-C(4) 1.497(4) 1.310(3)
N(3)—-C(4) 1.372(3)
N(3)—C(5) 1.334(3)
N3)—C(7) 1.149(5) 1.157(5) 1.315(7)
N#)—C(5) 1.3413)
N@)—C(7) 1.300(5) 1.306(5) 1.347(4) 1.345(7)
N(@4)—C(8) 1.346(5) 1.353(4)
N(5)—C(5) 1.335(3)
N(5)—C(6) 1.467(4)
N(5)—C(7) 1.376(4) 1.365(7)
N(5)—C(8) 1.332(5) 1.336(5) 1.375(4) 1.312(7)
N(6)—C(4) 1.356(3)
N(6)—C(6) 1.463(4)
N(6)—C(8) 1.317(5) 1.323(5) 1.298(4) 1.342(7)
N(7)—C(8) 1.357(4) 1.347(7)
N(7)—C(9) 1.152(5)
N(8)—C(9) 1.299(5) 1.305(7)
N(8)—C(10) 1.341(5)
N(9)—C(9) 1.349(7)
N(©)—C(10) 1.331(5)
N(10)—C(9) 1.374(7)
N(10)—C(10) 1.325(5) 1.315(8)
N(11)—-C(10) 1.348(8)
N(12)—C(10) 1.340(8)

reaction between 1-(SO5;CF3) or 2-(SO3CF3),, dissolved
in EtOH, with an aqueous solution of NH; at 60 °C or
with an excess of piperidine (also at 60 °C) proceeds for
ca. 30 min and leads to azametallacyclic compounds
3:(SO;CF3) and 4-(SO;CFj), respectively (Scheme 2,
routes D and E). In contrast, 2-(SO5;CF3), reacts with
1 equiv of piperidine, producing [4- H](SO;CF3), (route F).
Compounds 3:(SO3;CF3) and 4:(SO3CF3) can be con-
verted to their protonated forms [3:-H](SO3;CF3), and
[4-H](SO5CF5), by treatment with CF;SO3H (route G).
One should notice that the amination reactions effici-
ently proceed in an ethanol medium, and molecules of the

alcohol are not involved in the addition to the nitrile
group because amines are, in general, better nucleophiles
toward RCN than ROH species. The latter is collaterally
illustrated by the two-step Pinner synthesis.*®
Compounds 3+ (SO;CF3), 4 (SO;CF3), [3- H|(SO;CF3),,
and [4-H](SO;CF3), were isolated in 60—65% yields as
yellow solids, and they were characterized by elemen-
tal analyses (C, H, N), ESI-MS, IR, 'H and *C NMR

(38) Dunn, P. J. In Comprehensive Organic Functional Group Transforma-
tions; Katrizky, A. R., Meth-Cohn, O., Rees, C. W., Eds.; Elsevier: Oxford, 1995;
Vol. 5, p 741.
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Table 3. Selected Bond Angles (deg) for 1:(SO;CF3)—7+(SO;CF3),

Tskhovrebov et al.

1-(SO;CF;)  2:(SO;CF3),  3:(SO;CF;3) (A)  3:(SO;CF3) (B)  [4-H](SO;CF3),  5:(SO;CF3),  7-(SO;CF;),
N(1)—Pt(1)~N(2) 85.92(11) 85.82(12) 84.83(16) 85.22(16) 85.60(10) 85.5(2) 92.65(9)
N()—Pt(1)=N(7)
N(3)—Pt(1)~N(6) 87.57(11)
N(3)—Pt(1)—N(7) 89.83(12) 88.09(17) 87.82(17)
N(3)—Pt(1)-N(8) 88.8(2)
N@3)—Pt(1)-I(1) 86.28(9)
Pt(1)—-N(1)—C(3) 106.3(2)
Pt(1)~N(2)—C(4) 131.1(2)
Pt(1)~N(3)—C(7) 173.2(3)
C(7)—N(#4)—C(8) 119.0(3) 117.5(3) 127.03)
C(7)—N(5)—C(8)
N3)—C(7)—-N(4) 118.2(5)
N(3)—C(7)—N(5) 122.7(3) 127.9(5)
N#H—-C(1)—=N(5) 113.6(5)
N(5)—C(8)—N(6) 126.8(5)
N(6)—C(8)—N(5) 120.1(3) 122.2(3)
N(6)—C(8)—N(7) 115.5(5)
N(10)~C(10)~N(11) 126.1(6)
N(12)—C(10)—N(11) 116.3(6)
C(9)—N(8)—C(10) 120.3(3)
Scheme 2. Amination of Cyanoguanidine at the Pt" Centers
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spectroscopies, and X-ray diffraction for 3-(SO3;CF3) and
[4-H](SO5CF5), (Figures 3 and 4; Tables 1—3).

In 3-(SO;CF;) and [4-H](SO;CF5),, the Pt" centers
exhibit square planar geometries, and the metal is bonded

to the 1,3,5-triazapentadiene/ato and tmeda ligands. In
3:(SO;CF3), the azachelate is planar (mean deviation
from the plane is 0.009 A), and the bond lengths N(3)—C-
(7), N(5)—C(7), N(5)—C(8), N(7)—C(8), and N(6)—C(8)
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Figure 3. View of 3" with atomic numbering scheme. Thermal ellip-
soids are drawn at the 50% probability level.

Figure 4. View of [4-H>" with atomic numbering scheme. Thermal
ellipsoids are drawn at the 50% probability level.

are equal to each other within 30. These data lead to the
conclusion that the triazadiene chelate comprises a delo-
calized m-electron system, and this statement agrees well
with the previous data.?” In [4-H](SO;CF5),, the planar-
ity and bond delocalization within the metallacycle is
being lost due to the protonation of the N(5) atom with its
mean deviation from the plane of 0.206 A.

In the IR spectra of 3-(SO5CF3), 4-(SOsCF3), [3-H]-
(SO3CFs3),, and [4-H](SO;CF3),, bands from v(N=C)
were not observed. Broad and intensive peaks in the
range between 3450 and 3400 cm~ ' were assigned to
v(N—H) and other strong bands at ca. 1680 cm ™' to
O0(N—H) and v(N=C). Furthermore, intensive stretchin
vibrations due to ¥(C—H) were found at 3000—2850 cm™
while stretches corresponding to ¥(SO) were at ca. 1250 cm ™
and to ¥(C—F) at ca. 1030 cm ™. In the 'H NMR spectra
of [3- H](SO;CF3), and [4- H](SO3CF3), in DMSO-dj, the
broad signals of the protons at the central N atoms were
detected at 8.92 and 9.52 ppm. All other azametallacyclic
NH protons of these four complexes were detected at
6.62—5.37, and they integrate with the tmeda protons
in accord with the proposed formulas. In the '*C NMR
spectra, a singlet was observed at 152.1 for 3:(SO3;CF3)
and at 151.9 ppm for [3-H](SO5CF3),, and in each case
it corresponds to two imine carbons of biguanidinate
and two signals at ca. 153.8 and 152.2 ppm for 4-(SOs-
CF;) and [4-H](SO5CF3),, corresponding to two dif-
ferent imine carbons of biguanidine; resonances of
the tmeda carbons were observed in the range 64.8—
52.1 ppm.
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In the metal-free organic chemistry, the amination of
cyanoguanidine to achieve various biguanidine deriva-
tives is the known reaction.” It usually proceeds in the
presence of 1 equiv of HCI per 1 equiv of NCNC(NH,»),
and requires elevated temperatures and long reaction
times (e.g., the reaction with piperidine derivatives pro-
ceeds in BuOH at 116—118 °C for 10 h followed by
keeping the reaction mixture for 2 days at 20—25 °C*°).
Moreover, treatment of cyanoguanidine with (NH4)Cl
results in the decyanation of NCNC(NH,), to furnish
guanidine.*' A comparison of the conditions applied for
the amination in pure organic syntheses with those used
for our Pt systems gives evidence favoring the metal-
mediated nature of the amination of the ligated cyano-
guanidine.

Reaction of Ligated Cyanoguanidines with the System
NHj/Acetone. Treatment of solid 2-(SO3;CFj3), with gas-
eous NH; or NH,Me at 25 °C for 1 day results in the
generation of 5:(SO3CF3), and 6:(SO3CF3),, respec-
tively, each containing two molecules of biguanidine
(Scheme 3, route H).

These complexes represent the first examples of metal
species with monodentately bound biguanidine, while
only the bidentate chelated coordination mode for this
ligand was previously recognized.'® Furthermore, reflux-
il’lg 5- (SO3CF3)2 or6- (SO3CF3)2 in MCNOZ or EtOH for
2 days gives no ring closure, and the starting complex
remains intact. We anticipate that stabilization of the
monodentate coordination mode of biguanidine can be
related to the relative inertness of Pt'" centers and a strong
Pt—Nimine bond, and all of this inhibits the ring closure.
As can be inferred from these synthetic experiments, the
formation of the chelated triazapentadiene in solution
proceeds via the amination of one cyanoguanidine and
the following ring closure and liberation of the second
cyanoguanidine (Scheme 4).

The ammination of 2-(SO3;CFz), with NH; shows a
remarkable solvent dependence. As described above, 2+ (SOs-
CF3), interacts with an aqueous solution of NHj3 in
ethanol or nitromethane, giving 3-(SO3;CF3) (Scheme 2,
route E). In contrast, the treatment of an acetone solution
of 2+ (SO5CF3), with an aqueous solution of NH3 at 25 °C
for 1 day affords 7-(SOsCFs),, which contains two
molecules of the triazine (IUPAC name:* 4-imino-6,
6-dimethyl-1,4,5,6-tetrahydro-[1,3,5]triazin-2-ylamine)
(Scheme 3, route I). Compound 7-(SO;CF3), was also
synthesized by keeping 5-(SO;CF3), in acetone at 60 °C
for 1 day (Scheme 3, route J). Structurally relevant un-
complexed triazines are known, and they can be obtained
by the reflux of guanidine or biguanidine in acetone
solutions.*

(39) Saczewski, F.; Bulakowska, A.; Bednarski, P.; Grunert, R. Eur. J.
Med. Chem. 2006, 41, 219. Lebel, O.; Maris, T.; Duval, H.; Wuest, J. D. Can. J.
Chem. 2005, 83, 615. Dolzhenko, A. V.; Chui, W.-K. J. Heterocycl. Chem. 2006,
43,95. Mayer, S.; Daigle, D. M.; Brown, E. D.; Khatri, J.; Organ, M. G. J. Comb.
Chem. 2004, 6, 776.

(40) Pomarnacka, E.; Bednarski, P.; Grunert, R.; Reszka, P. Acta Polon.
Pharm. 2004, 61, 461. Husain, M. 1.; Srivastava, V. P. Ind. J. Chem. Section B
1984, 23B, 789.

(41) Benkovic, S. J.; Sammons, D.; Armarego, W. L. F.; Waring, P.;
Inners, R. J. Am. Chem. Soc. 1985, 107, 3706.

(42) International Union of Pure and Applied Chemistry. www.iupac.
org/nomenclature/index (accessed Aug 2009).

(43) Wendelin, W.; Zmoelnig, I.; Schramm, H. W. Monatsh. Chem. 1980,
111, 1189.
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Scheme 3. Amination of the Cyanoguanidine Ligands in 2-(SO3;CFj3), in the Solid State and in Acetone
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“Complex 7** is represented in the E, E-configuration that was observed in the solid state by X-ray diffraction.

Scheme 4. Amination of Cyanoguanidine in Solution and in the Solid
State
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The structures of 5-(SO5CF3), and 7-(SO5;CF5), have
been determined by X-ray diffraction (Figures 5 and 6;
Tables 1—3). In both complexes, the tmeda N atoms and
two newly formed ligands complete the slightly distorted
square planar environment around metal center. In 5+ (SOs-
CF3),, the bond lengths N(3)—C(7) and N(5)—C(8) are
shorter than the other N—C distances in the biguanidine
ligand, thus indicating their double character; the co-
ordinating moieties of the biguanidine ligands are in the

N12

Figure 5. View of 5> with atomic numbering scheme. Thermal ellip-
soids are drawn at the 50% probability level.

E configuration. In 7-(SO3CF3),, the N(2)—C(4) bond is
marginally shorter than the other carbon—nitrogen
bonds in the triazine molecule, suggesting the existence
of the double bond between these atoms. The essen-
tially identical bond lengths N(3)—C(5), N(5)—C(5),
and N(4)—C(5) indicate extensive delocalization in this
fragment of the heterocyclic ring. The N(2), C(4), N(6),
N(3), C(5), N(4), and N(5) atoms are coplanar within
40.05 A, while the N(6)—C(6) and N(5)—C(6) bond
lengths and angle N(5)—C(6)—N(6) display pure sp’
character of the C(6) atom.

In the IR spectra of 5-(SO3CF3),, 6-(SO3CF3),, and
7-(SO5CF3),, the biguanidine and the triazine ligands
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Figure 6. View of 77" with atomic numbering scheme. Thermal ellip-
soids are drawn at the 50% probability level.

exhibit strong broad bands at 3416—3228 cm ™', which
can be attributed to »(N—H) vibrations, and display no
bands in the region specific for the ¥(N=C) stretches. The
spectra display v(N=C) and 6(N—H) absorpuon bandsin
the range between 1691 and 1529 cm ™, and these are
close to those found in 3-(SO;CF3) and 4-(SO;CF3) for
the bidentately coordinated biguanidine. Furthermore,
strong signals assigned to »(C—H) were observed at
2950—2900 cm ™', to »(SO) at 1263—1250 cm™ ', and to
»(C—F)at 1032—1030cm ™ '. In the "H NMR spectrum of
5-(SO;CF3), and 6-(SO5CF3),, the NH resonances are
displayed as broad singlets at 6.57—4.84 ppm, and they
integrate with the tmeda protons in accord with the
proposed formulas. In the '*C NMR spectra, the car-
bons from the N=C—N moieties were found at 165.4—
156.4 ppm for 5-(SOsCF3), and 6- (SO3CF3)2 Reso-
nances of the tmeda carbons are observed in the range
65.5—51.3 ppm for three complexes. In the '"H NMR
spectra of 7-(SO;CFj),, a few sets of signals of the NH
protons were detected at 8.06—4.57 ppm.

We anticipate that the multiplication of peaks is related
to the existence of the isomeric forms of 7-(SO;CF3), in
solution. Indeed, the nuclear Overhauser effect spectro-
metry NMR spectrum of 7-(SO5;CF3), in Me,CO-d,
favors the presence of the E,Z and Z,Z forms (Scheme 5),
but no peaks due to the E,E-conformation were detected.
Furthermore, a variable-temperature NMR experiment
performed in the range between 20 and 50 °C indicated
only some NH proton shifts (0.10—0.15 ppm), but the E,E
isomer was not observed.

In contrast to the solution, the X-ray diffraction study
for 7-(SO5CF5), (see above) verified the E,E form in the
solid state. The DFT calculations of the isomeric forms of

* indicate that, in the gas phase and in both acetone and
DMSO solutions, the most stable form is the Z,Z con-
formation followed by the F£,Z and E,E conformations.
However, the energy difference between all of these forms
is within 1.6 kcal/mol (Table 1S, Supporting Information),
consistent with experimental results about the existence
of the mixture of the isomeric forms in solutions. The
isolation of the E,E form in the solid phase despite its
lower stability is conceivably accounted for by intermo-
lecular interactions and packing effects (for computation
details and references, see the Supporting Information).

Inorganic Chemistry, Vol. 48, No. 18,2009 8685

Discussion

The results from this study could be summarized into three
perspectives. First, the amination of the cyanoguanidine
ligands described above represents a rare reactivity mode of
these nitrile substrates. Indeed, despite a wealth of reports on
additions to complexed alkyl- and aryinitriles, these reac-
tions with metal-bound cyanoguanidine received substantially
less attention. Indeed, the known examples are restricted only
to the Cu“-,”’18 Ni'.'7 and Zn"-mediated"® amination of
NCNC(NH,»), to yield N,N-biguanidine chelates and the
add1t1ons of alcohols to cyanoguanidine in Cu"-,** Zn'-?!
and Pt""-mediated*” processes.

Second, the amination constitutes a facile route to the
trisnitrogen analogues of the 1,3-dicarbonyls, that is, 1,3,5-
triazapentadienyl Pt complexes These s Xstems have become
the center of attention in the recent years** (for our works, see
refs 9 and 13), but relevant reports on exploration of these
species are still uncommon, mainly because the synthetic
methods thus far are poorly developed. In this context, it is
worth mentioning that 1,3,5-triazapentadienyl complexes
having chelated biguanidine are known for a number of
transition metals e.8 grouP 5, VWV e, ™15 7, Mn™,
Mn!Y ReV:#40 8OsV I Com 47 10, Ni'"_ pd': 47.48 1.
cu'l A m’49 12, ZnH 50), but not for platinum. All 1nd1cated
complexes were prepared by the direct addition of the
preprepared biguanidine to water solutions of metal precur-
sors. However, the addition of biguanidine to an aqueous
solution of K,[PtCly] leads to the reduction of the starting
platinum(II) complex to furnish the platinum black. We have
now found a useful method for the preparation of Pt"
biguanidine complexes derivatives via platinum-mediated
amination followed by ring closure of the formed intermedi-
ate.

Third, the observed addition of NH3 (ammination) pro-
ceeds differently depending on applied conditions. In solu-
tion, the reaction gives biguanidine, which undergoes ring
closure with concomitant displacement of the neighboring
unreacted cyanoguanidine. However, in the solid state, two
NCNC(NH,), ligands are subjected to ammination, and the
formed biguanidines remain monodentately coordinated to
the metal center. Moreover, the ammination also depends on

(44) Kopylovich, M. N.; Haukka, M.; Kirillov, A. M.; Kukushkin, V.
Yu.; Pombeiro, A. J. L. Chem.—Eur. J. 2007, 13, 786. Kopylovich, M. N.;
Tronova, E. A.; Haukka, M.; Kirillov, A. M.; Kukushkin, V. Yu.; Fratsto da Silva,
J.J. R.; Pombeiro, A. J. L. Eur. J. Inorg. Chem. 2007, 4621. Kopylovich, M. N.;
Luzyanin, K. V.; Haukka, M.; Pombeiro, A. J. L.; Kukushkin, V. Yu. Dalton
Trans. 2008, 5220. Dias, H. V. R.; Singh, S. Dalton Trans. 2006, 1995. Dias,
H. V.R.; Singh, S. Inorg. Chem. 2004, 43, 7396. Dias, H. V. R.; Singh, S. Inorg.
Chem. 2004, 43, 5786. Walther, M.; Wermann, K.; Lutsche, M.; Giinther, W.;
Gorls, H.; Anders, E. J. Org. Chem. 2006, 71, 1399. Baker, J.; Kilner, M.;
Mahmoud, M. M.; Wallwork, S. C. J. Chem. Soc., Dalton Trans. 1989, 837.
Kajiwara, T.; Kamiyama, A. Chem. Commun. 2002, 1256. Kajiwara, T.;
Kamiyama, A.; Tto, T. Inorg. Chim. Acta 2003, 22, 1789. Kamiyama, A.;
Noguchi, T.; Kajiwara, T.; Ito, T. Inorg. Chem. 2002, 41, 507. Lerner, E. 1;
Lippard, S. J. J. Am. Chem. Soc. 1976, 98, 5397.

(45) Banerjee, B.; Ray, P. Proc. Symp. Chem. Coord. Comp. 1959, 198,
111.

(46) Ray, M. M.; Ray, P. J. Indian Chem. Soc. 1958, 35, 595. Ray, M. M.;
Ray, P. J. Indian Chem. Soc. 1958, 35, 601. Ray, M. M.; Ray, P. Sci. Cult. 1959,
25, 384.

(47) Rathke, B. Ber. Dtsch. Chem. Ges. 1878, 11, 962. Ziegelbauer, R.
Monatsh. Chem. 1896, 17, 648.

(48) Ray, P.; Ghosh, S. P. J. Indian Chem. Soc. 1943, 20, 19.

(49) Ray, M. M. J. Indian Chem. Soc. 1959, 36, 860. Ray, P.; Chakravarty, K.
J. Indian Chem. Soc. 1944, 21, 49.

(50) Ray, M. M.; Sur, B. J. Indian Chem. Soc. 1959, 36, 798.
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Scheme 5. Three Possible Isomeric Forms for 7
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the employed solvent. The reaction yields the complexed
biguanidine in chloroform or nitromethane but furnishes the
metal-bound triazines when the process is performed in
acetone. The triazines represent a class of compounds with
a great variety of biolo%lcal properties (e.g., they are exten-
sively used as herbicides’"), but the coordination chemistry of
these species is almost unexplored. We anticipate that the
ammination/condensation observed in this work should shed
light on metal- catal?/zed conversions ge .g., reactions cata-
lyzed by Al Felll S5 cyll 3 cyl 53 71155 gl 56 5
Er'™7) of NCNC(NH2)2 employed 1n orgamc chemlstry for
syntheses of various pharmacologically important triazines.

Experimental Section

Materials and Instrumentation. Cyanoguanidine (Merck), N,
N,N',N'-tetramethyl-ethane-1,2-diamine (Aldrich), silver tri-
fluoromethanesulfonate (Fluka), and solvents were obtained from
commercial sources and used as received. The complex [Ptl,-
(tmeda)] was prepared in accord with the published method.’

Elemental analyses were obtained on a 185B Carbon Hydro-
gen Nitrogen Analyzer Hewlett-Packard instrument. Electro-
spray ionization mass spectrometry time of flight mass spectra
were measured on a MX-5310 mass spectrometer. Mass calibra-
tion for data system acqulsmon was achieved using Csl. Infra-
red spectra (4000—400 cm ') were recorded on a Shimadzu
FTIR 84008 instrument in KBr pellets. 'H and "*C{'H} NMR
spectra were measured on a Bruker-DPX 300 spectrometer at
ambient temperature. In 1-(SO;CF3), 2-H(SO;CF3),, 3-(SOs-
CF;), 4-(SO;CF5), [3-H](SO5CFj3),, [4-H](SO;CF3)s, 5-(SOs-
CF3),, 6:(SO3CF3),, and 7-(SO5CF3),, the carbons of the CN
and CF; groups were not detected even at high acquisition time.

X-Ray Crystal Structure Determinations. The crystals were
immersed in cryo-oil, mounted in a Nylon loop, and measured at
a temperature of 100—120 K. The X-ray diffraction data were
collected by means of a Nonius KappaCCD d1ffractometer
using Mo Ka radiation (A=0.71073 A) The Denzo-Scalepack™

(51) See, for example: The Triazine Herbicides; LeBaron, H. M., McFarland,
J. E., Burnside, O. C., Eds.; Elsevier: New York, 2008; p 600.

(52) Appl. 1710559: Gerega, V. F.; Kormushechkin, V. D.; Dergunov.
Yu. L. Ref. Zh. Khim. 1993, 50132P.

(53) Suyamaet, T. Nippon Kagaku Kaishi 1989, 5, 884.

(54) Schaefer, B.; Mayer, H. Ger. Offen. 1995, DE 93—4335497. Schaefer,
B.; Mayer, H. Chem. Abs. 1995, 122, 314582

(55) Sokolova, G. D.; Khokhlov, P. S. Khimiya Geterotsikl. Soedin. 1989,
5, 654.

(56) Stevens, M. F. G.; Chui, W. K.; Castro, M. A. J. Heterocycl. Chem.
1993, 30, 849.

(57) Gangjee, A.; Zaveri, N.; Queener, S. F.; Kisliuk, R. L. J. Heterocycl.
Chem. 1995, 32, 243.

(58) Otwinowski, Z.; Minor, W. Processing of X-ray Diffraction Data
Collected in Oscillation Mode. In Methods in Enzymology; Carter, C. W.,
Sweet, J., Eds.; Academic Press: New York, 1997; Vol. 276, Macromolecular
Crystallography, Part A, pp 307—326.

or EvalCCD* program package was used for cell refinements
and data reductions. The structures were solved by direct
methods using STR97°° or SIR2004°" with the WinG X®* graphi-
cal user interface. A semiempirical absorptlon correctlon
(SADABS,®” SORTAV % or XPREPin SHELXTL®) was app-
lied to all data. Structural refinements were carried out using
SHELXL-97.%°

The asymmetric unit of 3-(SO3CF3) contained two indepen-
dent Pt molecules. One of the carbon atoms (C4B/C4C) and
hydrogens on C3B and C6B in 3 (SO3;CF5) were disordered over
two sites with occupancies of 0.69/0.31. The disordered carbons
(C4B/C4C) were refined with equal anisotropic displacement
parameters. The carbon, fluorine, and oxygen atoms on one of
the CF3SO; ions in 5+ (SO;CF3), were disordered over two sites
with occupancies of 0.57/0.43. The C—F and S—O distances
were restrained to be approximately equal. Also, the disordered
oxygen atoms were refined with equal anisotropic displacement
parameters. The carbon atoms C3 and C4 in 5-(SO;CF;) were
restrained to have similar U; components within a standard
deviation of 0.01.

The NH, NH,, and H,O hydrogen atoms were located using
the difference Fourier map but were constrained to ride on their
parent atom, with U, = 1.5. Other hydrogens were positioned
geometrically and constrained to ride on their parent atoms,
with C—H=0.95-0.99 A and Uso=1.2—-1.5 ch (parent atom).
The crystallographic details are summarized in Table 1, and
selected bond lengths and angles are in Tables 2 and 3.

Synthetic Work. 1-(SO3CF;). AgSO;CF; (66 mg, 0.26 mmol)
was added to a suspension of [Ptly(tmeda)] (145 mg, 0.26 mmol)
in nitromethane (3 mL), and the reaction mixture was heated
at 90 °C for 30 min on stirring, whereupon the solid NCN=
C(NH»), (22 mg, 0.26 mmol) was added. The reaction mixture
was stirred at 90 °C for 1 h. The yellow solution of the formed
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Anal. Calcd for C9H20N6F3IPtSO3Z C, 1610, H, 300, N,
12.51. Found: C, 16.08; H, 2.96; N, 12.60%. ESI"-MS, m/z:
522 [M — CF5S05] ", 395 [M — I — CF3SO5]". IR (KBr, selected
bonds, cm™"): ¥(N—H) 3423 (s, br), »(C—H) 2920 (m, br),
v(N=C) 2262 (s), 2205 (s), "(N=C) 1636 (s, br), »(SO) 1258 (s,
br), ¥(C—F) 1029 (s). "H NMR (DMSO-dj, 6): 7.28 (s, br, 4H,
NCN=C(NH;),), 3.03 (s, 4H, N—CH,), 2.96 (s, 12H, N—CH,;).
BC{'Hl NMR (DMSO-ds, d): 162.6 ((NH,),C=N), 63.5
(CH,—N), 52.3 (CH3—N). Slow evaporation of a saturated
solution of 1-(SO3;CF3;) in dichloroethane at 55 °C gave bright
yellow needles suitable for X-ray study.

2-(SO5CF3),. AgSO5CF3 (91 mg, 0.35 mmol) was added to a
suspension of [Ptl,(tmeda)] (100 mg, 0.18 mmol) in nitro-
methane (5 mL) at 20—25 °C, and the reaction mixture was
heated at 90 °C for 1 h upon stirring, whereupon the solid
NCN=C(NH,); (30 mg, 0.35 mmol) was added. The reaction
mixture was stirred at 90 °C for 3 h. The yellow solution of the
formed cis-[Pt(tmeda){NCN=C(NH,),},](SO;CF3), was sepa-
rated by centrifugation from the solid Agl, and the solvent was
evaporated in the air at 90 °C. The yellow oily residue formed
was stirred with Et,O (2 mL) at 20—25 °C until the colorless
solid was formed. The latter was filtered off and washed with
EtOH (0.5 mL) and Et,O (0.5 mL) and dried in the air at 20—
25°C. The addition of cyanoguanidine (1 equiv) and AgSO;CF;
(1 equiv) to 1-(SO;CF3) at 90 °C also gives 2+ (SO;CF3),. Yield:
114 mg, 82%.

Anal. Calcd for C12H24N10F6Pt8206: C, 1854, H, 311, N,
18.01. Found: C, 18.93; H, 3.35; N, 18.11%. ESIT-MS, m/z:
628 [M — CF3S05]", 544 [M — NC—NC(NH,), — CF5S0;]". IR
(KBr, selected bonds, cm™1): (N—H) 3352 (s, br), 3229 (s, br),
v(C—H) 2942 (m, br), ¥(N=C) 2279 (s), 2214 (s), v(N=C) 1650
(s, br), 1570 (s, br), »(SO) 1257 (s, br), (C—F) 1030 (s). '"H NMR
(DMSO-dg, 0): 7.20 (s, br, 8H, NCN=C(NH,),), 3.17 (s, 4H,
N—CH.), 3.11 (s, 12H, N—CH;). *C{'H} NMR (McOH-d,, 6):
163.0 ((NH,),C=N), 64.8 (CH,—N), 52.5 (CH;—N). Evapora-
tion of an acetone—toluene solution (3:1, v/v) at 50 °C gave
colorless needles suitable for X-ray study.

3-(SO3CF3). NH;3 (25% water solution, 100 mkL) was added
to a solution of 1-(SO3CF;) or 2-(SO3CF3), (0.08 mmol) in
ethanol (1.5 mL) at 60 °C, and the system was left to stand for
1 day, whereupon it was evaporated in the air at 90 °C (for
1-(SO;CF3)) or filtered off from cyanoguanidine and then
evaporated in the air at 90 °C (for 2-(SO3CF3),). The yellow
oily residue formed was stirred with Et,O (three 0.5 mL
portions) at 20—25 °C until the yellow solid formed. The latter
was filtered off, washed with Et,O (0.5 mL), and dried in the air
at 20—25 °C. Yields were ca. 60% in both cases.

Anal. Caled for CoH,,N,;F5PtSO5-2H,0: C, 18.11; H, 4.39;
N, 16.44. Found: C, 17.56; H, 3.95; N, 15.87%. ESI"-MS, m/z:
560 [M]", 411 [M — CF3SO;]". IR (KBr, selected bonds, cm™'):
v(N—H) 3408 (s, br), v(C—H) 2982 (s, br), 2916 (m, br), ¥(N=C)
1680 (s, br), »(SO) 1252 (s), v(C—F) 1033 (s). '"H NMR (DMSO-
ds, 0): 6.69 (s, br, 2H), 6.63 (s, br, 2H), 6.57 (s, br, 2H)(NH=C
and NH,), 2.96 (s, 4H, N—CH,), 2.79 (s, 12H, N—CH3). '*C-
{'"H} NMR (DMSO-d;, 6): 152.1 (two C from biguanidinate),
64.3 (CH,—N), 52.5 (CH3—N). Slow evaporation of an ethanol
solution at 60 °C gave colorless prisms suitable for X-ray study.

4-(SO3CF3). Piperidine (100 mL, 1.06 mmol) was added to a
yellow solution of cis-[PtI(tmeda){NCN=C(NH,),}](SO;CF3)
(56 mg, 0.09 mmol) in ethanol (2 mL) at 60 °C, and the system
was left to stand for 1 day, whereupon it was evaporated in the
air at 80 °C. The yellow oily residue formed was stirred with
Et,O (3 mL) at 20—25 °C until the yellow solid formed. The
latter was filtered off, washed with Et,O (0.5 mL), and dried in
the air at 20—25 °C. Yield: 26 mg, 51%.

Anal. Calcd for C14H30N7F3PtSO3 ZHQO C, 2529, H, 515,
N, 14.75. Found: C, 24.89 H, 4.96; N, 14.57%. ESI*-MS, m/z:
628 [M]*. IR (KBr, selected bonds, cm ™ '): (N—H) 3423 (s, br),
v(C—H) 2936 (m, br), 2854 (m, br), v(N=C) 1675 (s, br), »(SO)
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1248 (s), ¥(C—F) 1030 (s). '"H NMR (DMSO-d, 0): 5.88 (s, br,
1H) 5.77 (s, br, 2H), 5.04 (s, br, 1H)(NH=C and NH;),
3.01-2.96 (m, 4H, 2 o-CH, from piperidyl), 2.85 (s, 4H,
N—CH,), 2.82 (s, 12H, N—CH3), 1.64—1.48 (m, 6H, 3 - and
y-CH, from piperidyl). "*C{'"H} NMR (DMSO-dj, d): 156.7,
1549 (two C from biguanidinate), 64.4, (CH,—N), 52.5
(CH3—N), 47.6, 44.6 (two CH, from piperidyl), 26.2, 23.1,
22.4 (three CH, from piperidyl).

[3-H](SO5CFj3),. Compound 3-(SO;CF3) (34 mg, 0.06 mmol)
was dissolved in Me,CO (1.5 mL) and treated with HSO5;CF3
(10.5 mg, 0.07 mmol) at 25 °C, and the system was left to stand
for 1 h, whereupon the solvent was evaporated in the air at 70 °C.
The yellow oily residue formed was stirred with Et,O (2 mL) at
20—25 °C until the colorless solid was formed. The latter was
filtered off and washed with Et,O (0.5 mL) and dried in the air at
20—25 °C. Yield: 36 mg, 85%.

Anal. Calcd for C]0H23N7F6Pt5206'H202 C, 1648, H, 345,
N, 13.45. Found: C, 16.71; H, 3.95; N, 13.08%. ESI"-MS, m/z:
562 [M — CF3SO5]". IR (KBr, selected bonds, cm™): ¥(N—H)
3412 (s, br), v(C—H) 2972 (s, br), 2916 (m, br), ¥(N=C) 1672 (s,
br), ¥(SO) 1249 (s), W(C—F) 1031 (s). '"H NMR (DMSO-d;, d):
8.31 (s, br, 1H, —NH—), 6.54 (s, br, 2H), 6.29 (s, br, 2H), 6.21 (s,
br, 2H)(2NH=C, 2NH,), 2.94 (s, 4H, N—CH,), 2.77 (s, 12H,
N—CH;). *C{'H} NMR (DMSO-d, 0): 151.9 (two C from
biguanidine), 64.8 (CH,—N), 52.7 (CH3;—N).

[4-H](SO3CF3),. Piperidine (16 mkL, 0.17 mmol) was added
to a yellow solution of cis-[Pt(tmeda){NCN=C(NH,),},]-
(SO5CF3), (112 mg, 0.14 mmol) in ethanol (3 mL) at 60 °C,
and the system was left to stand for 1 day, whereupon it was
filtered off from the unreacted cyanoguanidine and the filt-
rate evaporated in the air at 80 °C. The yellow oily residue
formed was stirred with Et,O (2 mL) at 20—25 °C until the
yellow solid formed. The latter was filtered off, washed with
Et,0 (0.5 mL), and dried in the air at 20—25 °C. Yield: 72 mg,
69%.

Anal. Calcd for C|5H3]N7F6Pt5206' 1 l/szO: C, 2235, H,
4.25;N, 12.17. Found: C, 22.59; H, 4.46; N, 11.96%. ESI*-MS,
m/z: 629 [M — CF;SO;]". IR (KBr, selected bonds, cm™'):
v(N—H) 3421 (s, br), »(C—H) 2939 (m, br), 2856 (m, br),
v(N=C) 1676 (s, br), »(SO) 1248 (s), »(C—F) 1029 (s). 'H
NMR (DMSO-dg, 6): 8.35 (s, br, 1H, —NH—), 5.81 (s, br),
5.69 (s, br), 4.98 (s, br)(4H, 2NH=C, NH,), 2.91-2.87 (m, 4H,
2CH, from piperidyl), 2.84 (s, 4H, N—CH,), 2.76 (s, 12H,
N—CH,), 1.67—1.51 (m, 6H, 3CH, from piperidyl). *C{'H}
NMR (DMSO-dg, 6): 158.0, 155.6 (two C from biguanidine),
64.8 (CH,—N), 53.0 (CH;—N), 47.8, 44.7 (two CH, from
piperidyl), 26.3, 23.7, 22.6 (three CH, from piperidyl). Slow
evaporation of an ethanol solution at 60 °C gave colorless
prisms suitable for X-ray study.

5:(SO5CF3);. The powder of cis-[Pt(tmeda){NCN=C-
(NH>»),},](SO3CF3), (257 mg, 0.33 mmol) was kept in a desic-
cator under aqueous NHj3 (25%) for 1 day at room temperature.
The yellow oily residue formed was stirred with Et,O (2 mL) at
20—25 °C until the yellow solid formed. The latter was filtered
off and washed with Et,O (0.5 mL) and dried in the air at 20—
25 °C. Yield: 251 mg, 94%.

Anal. Calcd for C12H30N12F6Pt5206'2l/szO: C, 1682, H,
4.11; N, 19.62. Found: C, 17.13; H, 3.50; N, 19.63%. ESI'*-MS,
m/z: 812 [M + HJ', 811 [M]*, 662 [M — CF5S0;]*, 561 [M —
NHC(NH,)NHC(NH,)NH — CF;SOs]". IR (KBr, selected
bonds, cm™!): »(N—H) 3413 (s, br), 3228 (s, br), v(C—H) 2942
(m, br), "(IN=C) 1616 (s, br), 1563 (s, br), »(SO) 1254 (s, br),
»(C—F) 1031 (s). "H NMR (DMSO-d,, 6): 6.57 (s, br, 1H), 6.50
(s, br, 1H), 5.99 and 5.80 (s, br, 8H), 5.05 (s, br, 4H) NH=C and
NH.), 2.80 (s, 4H, N—CH,), 2.71 (s, 12H, N—CHj,). *C{'H}
NMR (DMSO-ds, 0): 165.2, 156.4 (C from biguanidines), 64.1
(CH,—N), 51.5 (CH3—N). The addition of Et,O (1 mL) at room
temperature to an ethanol solution (1 mL) of 5-(SO3CF3), gave
pale yellow prisms suitable for X-ray study.
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6+ (SO3CF3),. The powder of cis-[Pt(tmeda) { NCN=C(NH,),} ,]-
[SO5CF;), (60 mg, 0.08 mmol) was kept in a desiccator under
aqueous MeNH; for 1 day at room temperature. The yellow
solid formed was washed with Et,O (2 mL) at 20—25 °C and
dried in the air at 20—25 °C. Yield: 58 mg, 86%.

Anal. Calcd for C14H34N12F6PtS2062 C, 2002, H, 408, N,
20.01. Found: C, 19.94; H, 3.84; N, 19.99%. ESIT-MS, m/z: 840
[M + H]*, 690 [M — CF;SO5]". IR (KBr, selected bonds, cm ™ ):
v(N—H) 3413 (s, br), 3236 (s, br), v(C—H) 29837 (m, br),
v(N=C) 1616 (s, br), 1596 (s, br), »(SO) 1263 (s, br), v(C—F)
1032 (s). "H NMR (DMSO-dq, 8): 6.57 (s, br, 2H), 5.88 (s, br,
8H), 4.84 (s, br, 2H) (NH=C, NH, and NHMe), 2.78 (s, 4H,
N—CH,), 2.70 (s, 12H, N—CHs), 2.64 (s, 6H, N—CHj; from
biguanidines). "*C{'H} NMR (DMSO-ds, 9): 165.4, 156.6,
(C from biguanidines), 64.2 (N—CH,), 51.6 (N—CHj; from tmeda),
29.3 (N—CHj; from biguanidines).

7-(SO5CF3),. A yellow solution of cis-[Pt(tmeda){NCN=C-
(NH>»),},](SO3CF3), (103 mg, 0.13 mmol) in acetone (5 mL) was
keptin a desiccator under aqueous NH; (25%) for 1 day at room
temperature without stirring, and then the reaction mixture was
evaporated in the air at 20—25 °C. The yellow oily residue
formed was stirred with Et,O (2 mL) at 20—25 °C until the
yellow solid formed. The latter was filtered off and washed with
Et,0 (0.5 mL) and dried in the air at 20—25 °C. Yield: 90 mg,
78%.

Anal. Calcd for C18H38N12F6Pt520(,'21/2H2O: C, 2307, H,
4.62; N, 17.94. Found: C, 22.70; H, 4.05; N, 17.84%. ESI*-MS,
mjz: 892 [M + H ]", 742 [M — CF3SO;]". IR (KBr, selected
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bonds, cm™'): ¥(N—H) 3416 (s, br), ¥(C—H) 2942 (m, br), 2835
(m), v(N=C) 1691 (s, br), 1529 (s, br), »(SO) 1250 (s, br), v(C—F)
1030 (s). "H NMR (acetone-ds, 0) (two isomers, ZZ and EZ):
7.99 (s, br), 7.68 (s, br), 7.53 (s, br), 7.24 (s, br), 7.54 (s, br), 6.24
(s, br), 6.21 (s, br), 5.74 (s, br), 5.13 (s, br), 4.96 (s, br), 4.39
(s, br)(10H, NH’s), 2.83 (s), 2.79 (s, 4H, N—CH,), 2.69 and 2.67
(two s, 12H, N—CHy), 1.40 (s, 6H, Me’s), 1.31 (s, 6H, Me’s).
BC{'"H} NMR (acetone-dg, 0) (two isomers, ZZ and EZ): 160.7,
160.4, 157.7, 156.5. 156.3 (C from the triazine rings), 64.8
(CH,—N), 51.8 (CH3—N), 29.7, 29.5 (Me’s from the triazine
rings). Evaporation of an acetone—toluene solution (2:1, v/v) at
50 °C gave colorless prisms suitable for X-ray study.
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