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summary -. 

The ‘H, 13C and lg5Pt NMR spectral parameters of some platinum-cy~lo- 
propane complexes are reported. The-NMR parameters, particularly the 13CH- ‘. 

r L 
coupling k_onstants, suggest the presence of .a PtCH,CH&& ring in these’com- 
pounds..However, there _is probably &me interaction between platinum and the 
P-carbon atom across the 4-membered ring. _. _ 

Introduction 

Reaction of cyclopropane witheither hexachlor.oplatinic(IV) acid 1. l] or 
with.Zeise’s dimer [2&4] [PtCl,(C,H,)],,‘gives.a compound PtC12(C3H6). (I), 
whose structure has been the subject of some controversy; Originally it was pro- 
posed that (I). was a platinum(II)--cyclopropane complex but later- the structure 

(CLPt “H2tkHi), was proposed in which the cyclopropahe ring was con- ‘&&I 

side&?&to have opened to give a tri&ethylen~platinum~IV) complex [5], con- 
taming a metzillocyclobutane ring. This revised formulation v&.b&d on the 
low soIubilit3; of (I) suggesting a polymer& platinum(IV) .complex and on IR. ‘. 

and MR studies of (I) and its bis(pyri&ne). ad+&, -PtCli(C3Hi) (C;HsN)2+, (II). 
Thu$:for.ex&mfile~ the ‘&I-- lg5Pt&MR coupling constant ‘J(PtC& ). for’ (II).was ’ 
found to; be ~Om&ual& with’ sjmilar iralues f& tiethylplatinu& &rip&u@ ~z4nd 
suggested,~e~ring-opened f~r&ulati&._F&he~ @ppti@ &me froikJhe:inass -. -‘. ’ 
spectrum of (I) which. kdicated a tetkameric structure [PtCl,(C&&J]4 &lo~ou~ 
tq that for (Me$tI)4 [S]. Finally, X-ray studies [7,8] showed that-(II) has:tl+ :-. .’ 
molecular structure shown in Fig. 1. ’ 



Fig. 2. 

The distance C1C3 is 2.55 A which was considered too long for there to be any 
si~ificmt interaction between these atoms, 

On tke other hand, theoretical studies suggest that some residual interaction 
between C,CJ might be present even though the internuclear distance k large f9, 
101, and from a detailed interpretation of the ‘H NMR. spectra of analogues of 
(Xl) with substit&d cyclopropanes, a bonding model intermediate between the 
cyclopropane-complex and trimethylene-complex formulations was proposed 
137 _ This was,based on qverlap. of fi&l Wa&h orbital5 of cyclopropane wi$h a 
vacant a-orbiti on platinum, with back-bonding from filled a--orbit& on plati- 
num to a vacant orbital of cyclopropane, as indicated in Fig, 2, 

This bonding model can accommodate all structures between the cyclopro- 
pane-complex and trimethylene-complex formulations depending on the relative 
importance of the D- and a+onding effects, and is therefore very similar to the 
currently accepted model fur metal-alkene complexes 1111. The model is also 
attractive in interpreting some of the chemical reactions of (I) and (II), such as 
the ready formation of cyclopropane on treatment with ligands having a high 
tr&s-influence [S] . 

Complexes analogous to (I) and (II) are believed to he intermediates in the 
tiansition-metal cataiysed rearrangement of strained carbocyclic compounds 
[12--141, so that the nature of bonding in (I) and (II), which can be considered 
as model- compounds for such ‘intermediatzes, is of considerable interest. In order 
to investigate further the nature of bonding in these compounds we have exam- 
ined the 13C NMR spectra of a number of complexes PtXz(C3Ha)L2, where X= 
Cl or Br, arid L 7 pyridine, 4-methylpyridine, and j/z ethylene&mine. We also. 
p&sent s6+e ‘HNMR data for these compounds, and 13C NlMR data for some 
alkyl pi+inurq and platinum-alkene ,complexes. for comparisofi purposes. 
‘q5Rcbeinical shBs have also been measured for some of the complexes. 

R&uIts and &c+sioa ’ 

The NMR data are given in Table 1 &are discussed -below. 

The ‘Et NMR spectra of some of the complexes (II) have been reported pre- 
vioI& [3,5,.6,8]. We find that. the hydrogen-p~afiinum coupling constant 
*J(PtCHi) for PtXz(CsH&, (II) ftis in the range 78-88 Hz, being great&r when 

‘. 
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L = pyridine or 4-methylpyridine than when L =. ethylenediamine~arid greater 
when X = Br than when X = Cl. The effect of the trans;ligand indicates a slightly : 

greater tmns-influence for ethylenediamine than for pyridine [15], and is paral- 
ieled as expected in the corresponding values of 1J(195Pt13C). The magnitude of 
the influence of the cis-ligands (Br or Cl) on the coupling constant *J(PtCH,) is 
surprising, especially since 1J(195Pt’3C) is greater when X = Cl than when X = Br 
(that is the effect is reversed); The hydrogen-platinum coupling constants 
2J(PtCH,) are similar in magnitude to those found for alkylplatinum com- 
pounds (see Table 1); this similarity was originally taken as evidence for the 
trimethylene formulation of the compounds 153 but is probably fortuitous 
since the 13C NMR parameters for (II) are quite different from those for typical 
alkylplatinum compounds (see below). In (II) the hydrogen-platinum coupling 
constant 3J(PtCCI-IZ) is too small to be detected, whereas appreciable coupling 
from platinum to the P-hydrogen atoms is observed in ethylplatnmm compounds, 
but this difference could be a consequence of the different conformation neces- 
sarily adopted in (II). 

The observed ‘II NMR spectra of (II) vary markedly with the nature of X 
and L, largely due to changes in chemical shift of the cy- and P-hydrogen atoms. 
Thus when X = Cl and L = pyridine, the Q- and P-hydrogen atoms have the same 
chemical shift and appear as a singlet (with triplet satellites due to coupling of 
1951?t with the a-hydrogen atoms), but in most other cases the OL- and P-hydrogen 
atoms have somewhat different chemical shifts and complex second-order split- 
ting patterns result. The chemical shifts for both CY- and &hydrogen,atoms fall in 
the range S 2.07-2.84 ppm from TMS, considerably deshielded compared to 
cyclopropane (0.22 ppm) and cyclobutane (1.96 ppm), perhaps indicating that 
platinum acts as an electron acceptor from the C&H6 group as suggested by 
McQuillan and Powell [33. 

(b). 13C chemical shifts 
The chemical shifts for the P-carbon atoms of the trimethylene ring in (II) 

fall in the narrow range S 29.6-31.5 ppm from ‘I’M& which are comparable 
with similar values for other heterocyclic X(CH2), derivatives (X = S, 0, etc) 
1163. However, the a-carbon atoms are strongly shielded (6 -21.4 to +3.8 ppm), 
which is unexpected if platinum is acting as an electron acceptor (see above). It 
is tempting to interpret this shielding in terms of back-bonding of electrons 
from filled orbitals on platinum to vacant antibonding orbitals of the C&I, moi- 
ety, but, in view of the present controversy concerning 13C chemical shifts in 
organotransition metal compounds [1’7,18], this conclusion may not be correct. 

(c). L95Pti3C coupling constants 
The coupling constants 1J(1g5Pt’3C) for (II) lie in the range 317-338 Hz. . 

This is considerably lower than values of 1J(195Pt13C) found in platinum(II) al: 
kyls (594-833 Hz) 117-191 or for the platinum(lV) alkyl, PtIz(C2HS)2 (4-C& 
C,l&N)l, for which lJ( *95Pt13C) is 507. Hz, but considerably higber- than corre- 
sponding values for platinum(U) olefin complexes (see Table 1). 

If (II) are considered as platimun(IV)-trimethylene complexes, then the. 
low values of 1J(195’Pt’3C) must be due 60 effects of ring strain. Such an effect is - 
likely since the carbon atoms in small-ring compounds tend to hybridise So as 
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io &cen&& &a&r in t&z C--H bond&&b the remaii-&$ bonds h_&ing -. ;. 
low s-character_ Sintie the Coupling con&anti b&we& directly bound at&&is I 
dependent on the degree.of’S character in the bonds; the effect%lllead.to,hi& .‘. 
values of ‘J(13CH) and lo& vaiu&of ‘J(lg5PtL3C) in (II), a% isobserved. .--- -. .. 

The coupling constants from platinum to the P-carbon of:the trimethylene- 
group.in (II), 2J(1g5PtC13Cj, are large (lO%llO Hz) compared with simila?.values 
in ethylplatinum (O-38 Hz) or platinum-olefin complexes (usually.too low to 
be observed). The difference is almost certainly a result of the much shorter dis- 
tance (ca. 2.5-2.6 A) between these atoms in the ring compound [ 7,8]. In fact 
some direct overlap of orbit& of these atotis-is expected .in terms’of both the 
platinum(H)-cyclopropane formulation [ 31 and platinu&V)--*ethylene 
str&l+n-e (cf...cyclobut&& [ZO]) for (II). 

(d). ’ 3CH coupling constants 
The coupling &o&&ant ‘J(13CH) for cycloalkanes varies markedly with ring 

size, being 161 Hz for cyclopropane, 134 Hz for cyclobutane and 128 Hz for 
cyclopentane [21]; Compound (II), X = Cl and L = C5H5N; has ‘J(13CH) values 
of 148 Hz and 135 Hz for the a- &d P-carbon atoms, respectively. The value for 
the P-carbon atom is almost identical with that for cyclobutane and for other 
X(CH2)3 derivatives, X = CH2, 0, S, NH [22], and is consistent with the plati- 
num(IV)-trimethylene formulation, though it should be pointed out that the 
geometry of the ring is rather different from that of the parent cyclobutane (in 
particular the C-C-C angle is 100” or over) as a result .of the long Pt-C bonds 
[S] _ The value of ‘J(13CH) for the a-carbon atoms is more difficult to interpret, 
since it will be influenced.by the nature of the direct Pt-C bond 117,231; it is 
considerably larger than ‘J(13CH) for the methyl groups in (Me3Pt& (138 Hz), 
which is itself considerably higher than for methane (125 Hz): 

(e). “‘Pt chemical shifts 
The lg5Pt chemical shifts for (II) are strongly influenced by the nature of 

the halogen, resonances being at lower, fields for the chlorides than for-the bro- 
mides [24,25], all being down-field from trimethylplatinum iodide. However, 
no conclusions about the oxidation state of platinum in- (II) can be drawn until 
more lg5Pt shifts for analogous alkylplatinum compounds are available. 

Conclusions 

We conclude that the bonding in the ground state of (II) is best represented 
by the platinum(IV)-trimethylene formulation. This conclusion is based mainly 
on interpretation of the 1.3CH coupling constants for (II), but is consistent with 
the remainder of the NMR data. However, the 13C NMR evidence does suggest 
that there is some direct interaction between platinum and the carbon atom 
across the 4membered ring.* 

AIthough.it seems that the platinum(II)~cyciopropane model is n&a good 
description of the ground state of (II), the model is nevertheless valuable in de- .’ 
scribing the probable transition state during.formation of (I) -from cyclopropane 
and Zeise’s complex- and during the elimination of cycIopropane from (I) and.. -I 

* A similar bonding scheme he re&ntly been siggested [26]._ 

: 
.- ._. 
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.- : 
-: ,~~I),~~~_~_-~s~.~~~ssible g;; fo;~~~.cdmpiexes.the gro&d;&;te codd.be de_ ; 
‘:hi~~$ Tfj$:,+iii: ~&I&. @.I& ‘&.om&xes~wouId:be .e&%cted to h&ve I~%$tability,~~ 

htit‘&oidd be -formed~ as ii&rme&tes’in ~ata@s of skele:taI ~e&&gements of;. ... &&& $_. 
g compounds ‘by: for. example silver(I) ions, @hen formation of tri-‘ 

methyIen&iIver(III) compl&es seer& .unIikely pn thermodynamic. grounds. : . . .: : I. .‘: i_ ~. . . . . 
-, . . ;_... .- 

~.~~penxnq&~I- ._ . . ..(‘. .- : .’ _. _. : . . . . : 

Starting&teiids .- 
Co_@potinds were prepared by published methods ]1,&6,8],‘and werechar- 

.act&sed by~ele&entalanaIysis, melting point, IR &d NMR spectra. The com- 
pounds PtX2C&(NH& .where X = CI or .Bi tie new and-were prepared as fol-. -. 
!ows. 

PtCC,(C,H,) (i%Ef& was prepared by condensing dry ammonia onto [PtC&- 
(C$&)]~ at -800, then shaking at -80” until the precipitate became white and 
allowing the excess ammonia to evaporate at -45”. The product waswashed 
with water and dried under vacuum. It decomposed above 130° to give ammo- 
nium chloride and propene among the decomposition products.;(Found: C, 
10.62; H, 3.44; N, 8.21; Pt, 57.40. C3H,&IzNzPt calcd.:. C, 10.5; H, 3.5; N, 8.2; 
I%, 57.03%) IR (KBr.disc): 3340 m, 3265-m v(NIi); 3180 w, 2990 m, 2985 m 
Y(CH); 160O.m,.1232 m, 1198 s, 1070 m, 930 w, 872 w cm-*. 

PtBr,(C&) (iV.H3)2 was prepared from [PtBr,(C,H,)],. It was difficult to 
purify, apparently containing excess,ammonia. (Found: C, 8.31; H, 3.10; N, 
7.92. C3HIZBr2NZPt c@cd.: C, 8.35; H, 2.80; N, 6.49%) It decomposed on 
heating&t 105-llO”, 

_, 
A&iR spectra 

‘H NMR spectra were recorded using a Varian HA 100 spectrometer at 
100 MHz with TMS internal standard. 13C NMR spectra were recorded using a 
Varian XL 100 spectrometer at 25.2 MHz in the Fourier transform mode using 
TM9 internal standard. Unless the 13CH coupling constants were required, pro- 
ton noise decoupling was employed. 19’Pt NMR spectra were obtained by the 
double resonantie method using a Varian XL 100 spectrometer. NMR spectra 
were recorded using CDC13 solvent, except for the ethylenediamine and ammo- 
nia complexes for which DMSO-d, was used. 
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