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Abstract 

The cyanoguanidine complex ciso [ Pt{ NCNC(NH:). } 2 (PPh~) 2 ] [ BPh4 ] ~, prepared by reacting cis. [ PtCi2 (PPh~) 2 ] with cyanoguanidine 
in the presence of Na[BPh41, readily reacts with methanol to give cis.[ (PPh~)21~t{NHC(OMe)~NC(NH2)~=-~IC4H}] [BPlh] containing a 
novel type of azametallacycle whose molecular structure is established by X-ray crystallography. Its formation involves metabpromoted 
nucl¢ophilic addition of the alcohol to the cyano group of a eyanoguanidin¢ ligand, combined with deprotonation of the guanidine unit which 
then chelates the Pl(ii) centre. © 1997 Ehevier Science S.A. 
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L Introduction 

Cyanoguanidine (or dicyandiamide, with tautomeric 
forms N-=C-N=C (NH2) z and N=-C-NHC (=NH) NH2), the 
dimeric form of cyanamide (a recently recognised nitroge- 
nase substrate [ 1 ] ), is a polyfunctional species, containing 
both the cyano and tile guanidine groups. It has commercial 
and biological significance, being a i:.recursor for the synthe- 
sis of some organonitrogen compounds [2]. Its common 
mode of coordination to a metal is 'end-on' through the cyano 
moiety [3-7], but the coordination of the guanidine frag- 
ment, or one of its derivatives, has yet to be explored. More- 
over, guanidine complexes are barely known [8,2a] in spite 
of their possible [9-11] relevance to the investigation of 
some biological systems. 
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In this study we report that a Pt(II) centre activates cyano- 
guanidine towards nucleophilic attack at the cyano group and 
also promotes mono-deprotonation of the guanidine moiety 
which then chelates the metal ion forming an unprecedented 
type of azametallacycle. The molecular structure of the 
complex has been determined by X-ray diffraction analysis. 

2. Results and discussion 

Treatment of a tetrahydrofuran (THF) solution of cis- 
[PtCI2(PPh:02] with cyanoguanidine in the presence of 
Na[BPh4] (both in a four-fold molar ratio relative to the 
complex) affords the dicyanoguanidine complex cis- 
[Pt{N=_CN--C(NH~):}z(PPh3)2] [BPh4]2 (1). This inter- 
mediate, in acetone or CHzCh, upon reaction with MeOH, 
at ambient temperature, rapidly forms the azametallacycle 
species cis-[ (PPh3)~,I~{-~IHc(0-Me--i=~I-C(~-NH:~----'N8} 1- 
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Fig, I. View of the cts. [ (PPh~) 21~{ NHC( OMe)-NC( N H ~ H  } ]" cation with atom numbering scheme. 

l BPh4](2) (reaction ( ! ) )  with loss of one of the cyanoo 
guanidine ligands, 

cts~ ( [ PtN--CN~-C ( NH~ ) ~ ) ~(PPh~) ~ ] [ BPh~ ] 
(I) 

Meet! 
=* ¢t~o[ (PPh~)~ ~NHl l IBPha]  

(2) 
(I) 

Both compounds I and 2 were isolated ( ~ 40=50% yields) 
as white solids and characterised by elemental analyses, IR, 
* H, ~tp and t~C NMR spectroscopies. The X-ray crystal struc- 
ture of 2 was also determined, and the molecular structure of 
the cationic complex is shown in Fig. I, and seh.,cted bond 
distances and angles are given in Table !. 

The platinum ion, which shows the typical square-planar 
coordination geometry, is bonded to a novel type of azame- 
tallacyclic ligand comprising the Pt atom and the skeleton of 
the guanidine. The L~st mean plane calculated with the guao 
nidine atoms N(2), C(38), N(3), C(37), N( ! ) shows pla- 
n~ ty  of this system (range of deviations from - 0,007(8) 
to 0 . ~ ( 7 )  A) with the platinum ion ~0,0356(8) A out of 
this plane. The hexatomic ring can then be described as a 
delocalised ~electron system, as shown in a, involving also 
the N(4)H~ amino group thus accounting for the shorter 

the a d j ~ n t  N(3)-C(37) bond, ." . , e~. ,he two Pt-N 

bond distances, Pt-N( I ) 2.048(6) A and PlaN(2) 2.032(7) 
A, are not significantly different and are consistent with those 
reported [ i I, 12 ] for other Pt( I1 ) complexes with substituted° 
guaninat¢ or °guanine ligands. 

(a) 

Its I~C NMR spectra (both 'H-coupled and *H-decoupled 
ones) show two singlets at ~ 159.7 and 158.0 ppm (in 
DMSO-~), assigned to the two carbon atoms ¢~f the metal- 
lacycle ring, As expected for the cis-geometry of 2, the 
s'P{tH} NMR spectrum exhibits an AB pattern, consisting 
of two doublets centred at B^ 15.4 and ~ 10.5 ppm relative 
to H~PO~, with the expected '~Pt satellites ('J(P^Pt) 3218.6 
Hz and IJ(PnPt) 3176,8 Hz). 

The formation of the azametallacycle complex 2 involves 
the overall activation, at ambient temperature, by the Pt(ll) 
centre at complex 1, ofa cyanoguanidine ligand towards both 
(i) nucleophilic addition, by MeOH, at the cyano group, and 
(it) deprotonation at the guanidine group. 

Reaction (i) is consistent with the significant increase in 
the IR spectrum of v(N~C) of cyanoguanidine upon cuor- 
dination, i.e. from 21t~U-2140 cm • ~ in the tree species to 
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Table I 
Selected bond distance (A) and angles (0) for cis-[(PPhO~- 
~{ NHC(OMe)=NC(NH~)=I~IH } ] 1BPh~ 1.0.25CH~COCH:~ 

Pt-P( ! ) 2.283(2) Pt-P(2) 2.271 (2) 
Pt-N( i ) 2.048(6) Pt-N (2) 2.032(7) 
P ( I ) -C( i )  !.841(8) P(I)-C(7) 1.835(6) 
P(I)-C(13) !.81 i(8) P(2)--C(19) 1.811(8) 
P(2)-C(25) 1.847(7) P(2)--C(31) 1.812(8) 
N( ! )-(2(37) i.29( I ) N (2)--C(38) 1.29( 1 ) 
N(3)-C(37) 1.34(I) N(3)--C(38) 1.31(1) 
N(4)-C(37) 1.35(I) O(!)-C(38) 1.35(1) 
O(I)-42(39) . !.43( ! ) 

N( I )-Pt-N(2) 85.7(3) P(2)-Pt-N(2) 90.9(2) 
P(2)-Pt-N( I ) 176.5(2) P( ! )-Pt-N(2) 172.4(2) 
P( I )-Pt-N( I ) 86.7(2) P( ! )-Pt-P(2) 96.7( ! ) 
Pt-N( I )-C(37) 128.2(5) Pt-N(2)-C(38) 126.3(6) 
C(37)-N(3)-C(38) 122.5(8) C(38)-O(I)-C(39) 118.4(8) 
N(3)-C(37)-N(4) ! 14.5(8) N( I )-C(37)-N(4) 118.8(7) 
N( I )--C(37)-N(3) 126.8(8) N(3)-C(38)-O( I ) 117.2(8) 
N(2)-C(38)-O( I ) 112.3(7) N(2)--C(38)-N(3) 130.5(7) 

2200 cm- ~ (with a shoulder at 2250 cm- t ) in complex 1, 
indicating a predominance of the o--electron release of the 
cyanoguanidine to the Pt(ll) centre relative to the rr-electron 
backbonding component of the bond, with resulting activa- 
tion of this ligand to nucleophilic attack, a type of reaction 
well documented [131 tbr organonitriles. The mild condi- 
tions and the zpeed of reaction (i) contrast with those required 
[2b] for the other metal ion-mediated additions of alcohols 
to cyanoguanidine. 

Reaction (it) reflects the enhancement of the acidity of 
cyanoguanidine upon coordination, whereas the conceivable 
proton acceptance by the guanidine group of the second 
cyanoguanidine molecule is in accord with the known 19l 
very strong basic character of guanidines. 

This bifunctional activation of cyanoguanidine by cooro 
dination r~sults in structural and electronic r~arrangements 
which are favourable to metalobindtng of the ligand through 
both the cyano.derived and the guanidineoderived groups, 
with formation of the chelate complex 2 in which the chelat- 
ing nitrogen-ligand is a formally monoanionic ligand. 

The observed coordination behaviour of the guanidine 
group can possibly be of significance for its binding ability 
in inorganic and biological systems. 

3. Experimental 

The complex cis- [ PtClz(PPh3)2l was prepared according 
to a published method [ 141, whereas the other reagents were 
purchased from Aldrich. 

All reactions were carried out under dinitrogen, through 
standard vacuum and inert gas flow techniques. The solvents 
were dried by standard procedures and freshly distilled belbre 
use. IR spectra were recorded on a Perkin-Elmer 683 spec- 
trophotometer and NMR spectra on a Varian Unity 300 
spectrometer. 

3.1. Syntheses 

3.1.1. Cis-IPtIN--CN=C(NHz)2 }z(PPh~)z][BPh4]z (1) 
A suspension ofcis-[PtCl~(PPh3)2] (0.15 g, 0.19 mmol) 

with NCNC(NH,,)2 (0.063 g, 0.76 mmol) and Na[BPh4] 
(0.26 g, 0.76 mmol) in THF (30 cm 3) was stirred for5 days. 
The solution was then separated from the white solid by 
filtration and taken to dryness. Extraction with CH2CI,_. ( '-, 8 
cm 3) followed by filtration, concentration in vacuo and addi- 
tion of Et20 led to the formation of a pale yellow oil which 
was separated from the solution by decantation. Addition of 
Et20 to this oily residue, followed by freezing in liquid nitro- 
gen and leaving to warm to room temperature with vigorous 
stirring, resulted in the separation of a white solid which was 
filtered off, washed with Et20 and dried in vacuo. Recrystai- 
lisation from CH2CI2/Et20 gave complex 1 as a white solid 
which was washed with Et20 and dried in vacuo ( ~  40% 
yield). IR (KBr pellet, cm- ' ) :  v(NH) 3460 (m,br), 3380 
(m,br), 3060 (m,br), 3000 (m,br); v(N=C) 2250 (sh), 
2200 (s,br); 8(NH) or v(N=C) 1625 (s), 1580 (sh), 1550 
(s, br), '-, 1500 (s). '3C NMR (CD.,CI2, 8, ppm): 160.81 (s, 
NCNC(NH2)?.), 131.19 (s, NCNC(NH,,.)~). 3'p{IH} NMR 
(CDCI3, 8, ppm tel. H3PO4): 3.5 (s, J(3tPIg"~Pt)=3615.7 
Hz). Anal. Calc. for CsaHTsNaP2B2Pt' 3/5CH2CI2: C, 67.5; 
H, 5.0; N, 7.1. Found: C, 67.3; H, 4.9; N, 7.1%. 

3.1.2. Cis-I(PPh3)fl~iNHC(OMe)=NC(NH2~=NH} ]- 
IBPh,l (2) 

Methanol ( 1 cm 3) was added to a solution of complex 1 
(0.14 g, 0.092 retool) in CHzCl2 (20 era3). Filtration of the 
reaction solution followed by concentration in vacuo and 
addition o1' EhO resulted in the formation of an oil which 
was separated off by decantation. Et:O was added again ( 10 
cm :~) and the system was stirred, frozen in liquid nitrogen, 
left warming until roonl temperature and stirred again giving 
a white solid of complex 2 which was filtered off and dried 
in vacuo (~50% yield). Reerystallisation from CH2CI2/no 
pentane aflbrded a crystalline material. The sample which 
was analysed by X-ray diffraction was obtained upon recryso 
tallisation from acetone/methanol. IR (KBr pellet, cm ~° ~ ): 
v(NH) 3420 (m), 3330 (m); 8(NH) or v(N~C) 1700 (m), 
1620 (m), 1570 (s), 1510 (m). laC NMR (DMSO-do, 8, 
ppm): 15068 (s, br, NHC(OCH~)---NC(NH:) ~.NH), 54.24 
(s, OCH3). "~IPI 'HI NMR (DMSO-d~, 8, ppm tel. H3PO4): 
15.6 (d, ~,j(.~,p.~lp)=25.1 Hz, J('~IPIg'~Pt)~3218.6 Hz), 
10.5 (d, .,j(aIp3,p)=25.1 Hz, J(3tPW'~Pt) -- 3176.8 Hz). 
Anal. Calc. for CtoH57N4OP2BPt' 1/4CH2CI2: C, 64.6; H, 
4.9; N, 4.8. Found: C, 64.6; H, 4.7, N, 3.4%. 

3.1.3. Crystal data for cis-l(PPh~)z- 
l~t{ NH-C( OMe )=NC( NHz)=--"NH} l l  BPh~l  . 0.25CH.,COCH ~ 

Co3.~HsT~BP2N4Ot.2~Pt, MW= 1167.5, triclinic PI, 
a=12.323(3), b=15.808(4), c=16.972(3) A, a =  
93.15(4), fl= 106.11(3), ~/= 111.73(4)°; V= 2904( I )/~3, 
Z=2, Dc=1.34 Mg m-3; A(MoKa)=0.71069 /~, 
/z(Mo Ka) =25.15 cm-i,  F(000) = !182, T=295 K. 
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A prismatic (white) crystal of dimensions 0.38 x 0.42 x 
0.58 mm was krdged in a Lindemann glass capillary and 
centred on a four-circle Philips PW 11 O0 ( Febo System) [ 15 i 
diffractometer with graphite-monochromated ( Me Ka) 
radiation (A =0.71069 A). The orientation matrix and pre- 
liminary unit-cell dimensions were determined from 25 
reflections found by mourning the crystal at random. For the 
determination of precise lattice parameters, 30 strong reflec- 
tions with 9 < 0 ~g 14 ° were used. Integrated intensities for hkl 
reflections were measured in the interval 0= 2.5-26 °, using 
0/20scans. Two standard reflections, - 1, 5, 3 and - 3, 1, 1 
were collected every 200 reflections. There were no signifi- 
cant fluctuations of intensities other than those expected from 
Poisson statistics. The intensity data were corrected for 
Lorentz=polarisation effects and for absorption as described 
by North etal. 1161. 

The structure was solved by heavy atoms methods 1171. 
Refinement was carried out by full-matrix least-squares; the 
function minimised was ~w(F,,"-F,")". with weighting 
scheme w ~ I / 1 o "-~( F,, "~ ) + (0.0709P) z + 6.7 ! P 1, where P = 
max(F,,:+2F~:)/3, All non-hydrogen atoms were refined 
with anisotropic thermal parameters except the atoms of the 
clathrated acetone molecule. The H atoms were placed in 
calculated positions with tixed, isotropic thermal parameters 
(1.2U~,~ of the parent carbon atom). Conventional R= 
0.0473. based on F values of 9076 reflections having 
F , , ~ 3 ~ ( F , , )  '~ and S -~ 1.216 (wRen F~' ~ {).128), Structure 
retinemont was carried out with SHELXL°93 I i 81 using the 
scattering factors enclosed therein; the drawing was produced 
u~ing ORTBP I I 119]. Selected bond lengths and angles are 
given in Table 1, 

4, Supplemenlary material 

Atomic coordinates, bond lengths and anisotropic thor- 
real parameters have been deposit~ with the Cambridge 
Crystallographic Data Centre. 

$, Note added in proof 

After the manuscript had been submitted lk, l~ub~, ation, 
a paper appeared (D,P, Fairlie, W,G, Jackson, d,W, Skelton, 
H, Wen, A,H, White, W,A, Wickramasinghe, T,C, Woon and 
H, Taub¢, lnorg, Chore,, 36 (1997) 1020) on the activation 
of dimethylcyanamide, by coordination to some Pt(ll), 
Co(i i )  or Os(il) centres, towards amination and hydration 
to l~m~ amidine or urea ligands, res~ctively, aiming to 
develop m~els  tbr arginine~metal binding, 
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