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Introduction 

There are now many molecules which show ‘agostic’ 
bonding of the form 1 [l]. Within this class there are 
(i) some complexes in which the interactions of the 
C-H moiety with the metal center are relatively strong, 
with a subsequent marked reduction in the one-bond 
C-H coupling constant [2-51 and (ii) a distinct second 
group in which the M---H-C interaction is relatively 
weak [6], so that ‘J(C, H) does not change appreciably. 

1 2 3 

In principle, there is no reason why molecules such 
as 2 should not exist, and indeed complexes with X = Si 
[7], H [S] and recently P [9] have been reported. The 
chemistry for compounds such as 3, with X = N, is very 
limited [lo, 111. We have recently proposed [12] some 
NMR criteria involving ‘J(l’N,‘H), which proved useful 
in the characterization of two cyclometallated plati- 
num(I1) complexes of type 4. 

*Authors to whom correspondence should be addressed. 
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To further prepare complexes containing M---H-N 
interactions we have considered the platinum(I1) chem- 
istry of pyridine-2-carboxamide (5), shown in Scheme 
1. Coordination of the pyridine nitrogen should force 
one of the N-H bonds to come close to the platinum 
center as shown in 6. This assumption is reasonable 
since one expects [13] restricted rotation about the 
carbonyl carbon-nitrogen bond, as is typical in amides, 
but no isomerism to 7. Further, in platinum and related 
chemistry, neutral amides are usually oxygen and not 
nitrogen ligands [14]. 

We report here on some Pt(I1) chemistry involving 
5 and show an unexpected cyclization reaction under 
mild conditions to afford a novel N,N’ chelate complex 
with the deprotonated amide nitrogen serving as one 
donor. 
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Results and discussion 

Reaction of the dinuclear complexes sym-&zns-[Pt(p- 
Cl)Cl(PR,)],, R = Ph, p-Tol, Et, with 2 equiv. of 5 in 
CHCl, at c. 333 K affords the bidentate nitrogen 
complexes 8a-8c as shown in Scheme 2. The reaction 
proceeds slowly (3-4 days) but is essentially quantitative 
for 8a and 8c and gives a 72% yield for 8b. This is a 
unique example of a mild metal promoted deprotonation 
of an amide in non-aqueous medium in the absence 
of added base. 
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[Pt(~Cl)CI(PR3)]~ + 2 eqtiv. 5 

1 -2HCl 

8a,R=Ph 

b, R = p-To1 

Scheme 2. 

c, R = Et 

Fig. 1. ORTEP plot of 8a. Selected bond lengths (A) and bond 

angles (“): Pt-CI, 2.313(2); Pt-P(l), 2.255(l); Pt-N(l), X092(4); 
Pt-N(2), 1.995(S); N(2)<(7), 1.322(8); C(7)-0, 1.234(7); 
P(l)-Pt-N(l), 176.5(l); Cl-Pt-N(2), 173.4(l); P(l)-Pt-Cl, 88.9(l); 
P(l)-Pt-N(2), 97.7(l); Cl-Pt-N(l), 94.6(l); N(l)-Pt-N(2), 
78.8(2). 

The structure of 8a was determined by X-ray dif- 
fraction* methods and a view of the molecule is shown 
in Fig. 1. The complex has a distorted square planar 

*Crystals of 8a are monoclinic with space grou E&/c (No. 14) 

with a = 16.677(6), b = 9.491(l), c = 15.936(l) 1, p= 73.14(2)“; 
V=2414(1) A’, Z=4. A total of 4726 independent reflections 
was collected of which 3736 were considered as observed haying 
(IF0~>3.0@,)). The structure was refined by full matrix least- 
squares using anisotropic displacement parameters for all atoms. 
The final agreement factor was R = 0.032. 

geometry with the tertiary phosphine and the pyridine 
nitrogen in trams position to one another. Interestingly, 
the amide nitrogen exercises a truns influence similar 
to that of a Cl- or an RCN ligand as demonstrated 
by the 2.313(2) 8, separation observed for the Pt-Cl 
bond [15]. The N(l)-Pt-(N2) bite angle is c. 79”. 
Generally speaking, we find relatively routine bond 
angles and bond distances for the remaining ligands, 
with the longer Pt-N bond distance for N(1) resulting 
from the difference in fruns influence between PPh3 
and Cl-. 

The complexes 8 show lH and 31P NMR spectra 
which support their formulation as given. The 31P spectra 
show singlets accompanied by lv5Pt satellites, e.g. for 
8a, 6 = 7.7, ‘J(Pt,P) = 3870 Hz. The NH protons appear 
at 6=c. 4.4-5.2 and reveal relatively large two-bond 
spin-spin interactions of c. 80 Hz, We see nothing 
unusual in this value; however, we find few comparison 
data [16], perhaps because many ‘Pt-NH,R’ complexes 
have relatively broad NH type resonances, thereby 
obscuring this coupling. We have used natural abun- 
dance 2-D 15N,lH correlation NMR spectroscopy [17] 
(a method which as yet has not been applied in co- 
ordination chemistry) to confirm that only one proton 
resides on nitrogen. Interestingly, the values 
‘J(“N,‘H) = 80-83 Hz in 8a-8c are relatively small for 
an sp’ nitrogen [18] and c. 10% less than those for 5. 

We consider this an interesting cyclization reaction 
for several reasons: 

1. This type of reaction is known in water for a variety 
of metal centers, e.g. Cu(I1) and Pd(I1) [19], but for 
platinum(I1) a base is required [20] and in many cases 
the complexes were not isolated [20]. 

2. Should an intermediate Pt---H-N moiety exist, the 
N-H would be in a pseudo fifth bonding position thus 
facilitating proton loss. This would then be related to 
what we have found [6,21,22] for the ‘Pt---H-C’ moiety. 

In an attempt to characterize a possible ‘Pt---H-N’ 
interaction we have monitored the reaction of [Pt(p- 
Cl)Cl(PR,)], with 5 via ‘H NMR immediately after 
mixing. At room temperature the proton lines are broad; 
however, at 243 K, one observes two new complexes 
in c. 1O:l ratio. The major component, presumably 9, 

reveals NH signals at 7.44 and 8.14 ppm, thereby 
confirming that both NH, protons are still present. 
These signals are relatively broad and have not been 



assigned; however, we note that these are, on average, 
downfield from the uncoordinated ligand NH resonances 
at 6.67 and 7.89 ppm*. There is no observable coupling 
to 19’Pt; although if this latter were ~10 Hz it would 
go unobserved. A 2-D “N,lH NMR correlation spec- 
trum, see Fig. 2, reveals ‘J(l’N,‘H) values of c. 90.5 
and 92.2 Hz, i.e relatively unchanged from the c. 90 
Hz found in ligand 5. Consequently, a strong interaction 
of an N-H with the platinum can be ruled out [12], 
since the ‘J(“N,‘H) should drop by at least lO-20%; 
however, a weak interaction is still possible. The amide 
“N chemical shift for 9 moves to lower field by c. 18 
ppm relative to that of the free ligand. This suggests 
some change in the local electronic structure of the 
amide group (and is too large to be attributed to 
anisotropic effects). Further, a ‘H 2-D NOESY mea- 
surement shows that both NHs have contacts with the 
CH,s of the PEt3, with the low field NH NOE somewhat 
stronger than the corresponding high field NOE. Thus 
the NHs spend some time above the platinum(I1) roughly 
as in 9. 

In summary, there is no compelling evidence for a 
strong Pt---H-N bond in 9. A weaker one cannot be 
excluded and it is equally likely that a Cl---H-N in- 
teraction develops. These structural possibilities, as well 
as the chemistry associated with the minor isomer (which 
we think has a structure similar to 7) are being pursued 
further. 
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Fig. 2. , 15N ‘H correlation for 9 showing the connectivity to the 
two low field NH signals. The vertical axis with the 15N signal 
is referenced to CHsNOr. 

*The assignment of the ligand NH protons is not straightforward. 
We have carried out temperature, solvent and concentration 
studies to be certain of our assignment and will report on these 
in the full paper; nevertheless, since the ligand NH chemical 
shifts are sensitive, they are not a good reference for the complex 
NH line positions. 

121 

Acknowledgments 

P.S.P. thanks the Swiss National Science Foundation 
and the ETH for support and the Johnson Matthey 
Research Foundation for the loan of platinum salts. 
A.A. thanks the Italian CNR for a grant. 

References 

1 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

M. Brookhart and M. L. H. Green, in S. J. Lippard (ed.), 
Progress in Inorganic Chemistry, Vol. 36, Wiley-Interscience, 
New York, 1988, p. 1. 
N. Carr, B. J. Dunne, A. G. Orpen and J. L. Spencer, J. 
Chem. Sot., Chem. Commun., (1988) 926. 

R. M. Bullock, F. R. Lemke and D. J. Szalda, J Am. Chem. 
Sot., 112 (1990) 3244. 
H. van der Heijden, C. J. Schoverim and A. G. Orpen, 
Organometallics, 8 (1989) 255. 
G. Erker, W. Fromberg, K. Angermund, R. Schlund and C. 
Kruger, J. Chem. Sot., Chem. Commun., (1986) 372. 
A. Albinati, C. G. Anklin, F. Ganazzoli, H. Ruegger and P. 
S. Pregosin, Znorg. Chem., 26 (1987) 503; A. Albinati, C. Arz, 
and P. S. Pregosin, Znorg. Chem., 26 (1987) 508. 
W. A. G. Graham, .J. Organomet, Chem., 300 (1986) 81; E. 
Colomer, R. J. P. Corrin, C. Marzin and A. Vioux, Znorg. 
Chem., 21(1982) 368; H. Rabaa, J. Y. Saillard and U. Schubert, 
J. Organomet. Chem., 330 (1987) 397. 
(a) L. M. Venanzi, in J. P. Laurent (ed.), Coordination 
Chemistry - 21, Pergamon, Oxford, 1981; (b) A. Albinati, 
H. Lehner, L. M. Venanzi and M. Wolfer, Inotg. Chem., 26 
(1987) 3933; (c) P. S. Pregosin, A. Togni and L. M. Venanzi, 
Angew. Chem., 93 (1981) 684. 
A. Albinati, F. Lianza, M. Pasquali, M. Sommovigo, P. Leoni. 
P. S. Pregosin and H. Ruegger, Znorg. Chem., 30 (1991) 4690. 

L. Brammer, J. M. Chamock, P. L. Goggin, R. J. Goodfellow, 
A. G. Orpen and T. F. Koetzle, J. Chem. Sot., Dalton Trans., 

(1990) 1789. 
D. Heddon, D. M. Roundhill, W. C. Fultz and A. Rheingold, 
Organometallics, 5 (1986) 336. 
P. S. Pregosin, H. Ruegger, F. Wombacher, G. van Koten, 
D. M. Grove and I. Wehman-Ooyevaar, Magn. Reson. Chem., 

30 (1992) 548. 
Struktur Aujklarung organisher Verbindungen, Springer, Berlin 
1986, p. H150. 
F. D. Rochon, P. C. Kong and R. Melanson, Can. I. Chem., 
58 (1980) 97; Znorg. Chem., 29 (1990) 2708. 
L. Manojlovic-Muir and K. Muir, Inorg. Chim. Acta, 10 (1974) 
47. 
R. D. W. Kemmitt, S. Mason, J. Fawcett and D. R. Russell, 
J. Chem. Sot., Dalton Trans., (1992) 1165. 
H. Kessler, M. Ghurke and C. Griesinger, Angew. Chem., 27 
(1988) 490; R. Benn and H. Gunther, Angew. Chem., Znt. 

Ed. Engl., 22 (1983) 350. 
C. C. Levy and R. L. Levy (eds.), Nitrogen-15 NuclearMagnetic 
Resonance Spectrosco~, Wiley, New York, 1979. 
L. D. Pettit and M. Bezer, Coord. Chem. Rev., 61 (1985) 97; 
I. Savago, in K. Burger (ed.), Riocoordination Chemistry, Ellis 
Horwood, New York, p. 135. 
B. E. Schwederski, H. D. Lee and D. W. Margerum, Inorg. 
Chem., 29 (1990) 3569, and refs. therein. 
A. Albinati, P. S. Pregosin and F. Wombacher, Inorg. Chem., 
29 (1990) 1812. 
A. Albinati, C. Arz and P. S. Pregosin, .T. Organomet. Chem., 

356 (1988) 367. 


