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Summary

'T’hp 1]'—]' 13("‘ and 195p+ NMR spectral parameters of some nlahnnrn——r-vclg-
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propane complexes are reported The- NMR parameters, partlcularly the 13CH

couphng constants suggest the presence of a PtCH,C H2CH2 rmg in these com- - |
pounds. However there is probably some mteractmn between platmum and the
B-carbon atom across the 4-membered nng ' : ~

'Introduction

Reactlon of cyclopropane w1th elther hexachloroplatmlc(IV) ac1d [1] or:
with Zelse s dimer [2—4] [PtCl(C.H,)],, gives a compound PtCl,(C;Hy), (I), o
whose structure has been the subject of some controversy Ongmally it was pro-
- posed that (I)wasa platmum(ﬂ)——cyclopropane complex but later the structure
(Clth<gg2>CHz) was proposed in which the cyclopropane nng was con-
sidered. to have opened to glve a tnmethylene—platmum(IV) complex [5], con-.
: tmmng a metallocyclobutane ring. This revised formulation was based on the.
low solubility of (I) suggesting a polymenc platmum(IV ) complex andonlIR.
and NMR studies of (I) and its b1s(pyr1dme) adduct, PtClz(CaHﬁ)(CSHSN)z, (II) -
“Thus, for. example, the ! H—!95Pt NMR coupling constant 2J(PtCH, ) for (II) was
- found to’ ‘be comparable with similar values for methylplatmum compounds and- S
' suggested the Ting-opened formulatmn Further support came from the mass =~ .
spectrum of (I) which indicated a tetramenc structure [PtClz(CaHﬁ)],; analogous R
- to that for (MegPtI)4 [61. Fmally, X—ray studles [7 8] showed that (II) has the "
molecular structure shown m F1g 1 ’ :




Fig. 2.

The distance C,C; is 2.55 A which was considered too long for there to be any
significant interaction between these atoms.
" On the other hand, theoretical studies suggest that some residual interaction
- between C,C; might be present even though the internuclear distance is large {9,
10}, and from a detailed interpretation of the 'H NMR spectra of analogues of
(1) with substituted cyclopropanes, a bonding model intermediate between the
cyclopropane-complex and trimethylene-complex formulations was proposed
[3}. This was based on overlap of filled Walsh orbitals of cyclopropane with a
vacant g-orbital on platinum, with back-bonding from filled n-orbitals 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 o- and n-bonding effects, and is therefore very similar to the
currently accepted model for metal—alkene complexes [11]. The model is also
attractive in inferpreting some of the chemical reactions of (I) and (II), such as
the ready formation of cyclopropane on treatment with ligands having a high

7 trans-influence [2].
Complexes analogous to (I) and (II) are believed to be intermediates in the

transition-metal catalysed rearrangement of strained carbocyeclic compounds
[12—14], so that the nature of bonding in (I) and (II}, which can be considered
as model compounds for such intermediates, is of considerable interest. In order
to investigate further the nature of bonding in these compounds we have exam-
ined the *C NMR spectra of a number of complexes PtX,(C;Hs)L,, where X =
Cl or Br, and L = pyridine, 4-methylpyridine, and ¥ ethylenediamine. We also
present some 1y NMR data for these compounds, and '*C NMR data for some
alkyl platinum and platinum—alkene complexes for comparison purposes.

195pg chem:cal sh1fts have also been measured for some of the complexes

rResults and d]SCllSSlOD A 7
The NMR data are glven in Table 1 and are dlscmsed ‘below.

(a) ‘H NMR spectra ,

. ‘The 'H NMR spectra of some of the complexes (II) have been reported pre-
" viously [38,5,6,8]). We find that the hydrogen—platinum coupling constant

. -2J(PtCH2) for Pth(CaHﬁ)Lz, (i) fa.lls in the range 78-88 Hz bemg greater when
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, L pyndme or 4-methy1pyndme than when L= ethylenedlamme and gceater .
when X = Br than when X =Cl. The effect of the trans-ligand indicates a slightly
greater trans-influence for ethylenedlamme than for pyridine [15], and is paral-
ieled as expected in the corresponding values of J(1?5Pt!3C). The magnitude of
the influence of the cis-ligands (Br or Cl} on the coupling constant 2J(PtCH,) is
surprising, especially since J(***Pt13C) 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 [5] but is probabiy fortuitous
since the 1*C NMR parameters for (I1) are quite different from those for typical
alkylpiatinum compounds (see below), In (II) the hydrogen—platinum coupling
constant 3J(PtCCHj;) is too small to be detected, whereas appreciable coupling
from platinum to the 8-hydrogen atoms is observed in ethylplatinum compounds,
but this difference could be a consequence of the different conformation neces- -
sarily adopted in (I1).

The observed 'H NMR spectra of (II) vary markedly with the nature of X
and L, largely due to changes in chemical shift of the a- and §-hydrogen atoms.
Thus when X = Cl and L = pyridine, the a- and §-hydrogen atoms have the same
chemical shift and appear as a singlet (with triplet satellites due to coupling of
195p¢ with the a-hydrogen atoms), but in most other cases the «- and §-hydrogen -
atoms have somewhat different chemical shifts and complex second-order split-

_ting patterns result. The chemical shifts for both «- and 8-hydrogen-atorms fall in
the range § 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;H, group as suggested by
McQuillan and Powell {3].

(b). 13C chemical shifts

The chemical shifts for the g-carbon atoms of the trimethylene ring in (I1)
fall in the narrow range § 29.6—31.5 ppm from TMS, which are comparable
with similar values for other heterocyclic X{CH,), derivatives (X=8§, O, etc)
[16]. 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;H, moi-
ety, but, in view of the present controversy concerning *3C chemical shifts in
organotransition metal compounds {17,18], this conclusion may not be correct.

(¢c). Y9SPH3C coupling constants

The coupling constants ‘J("”Pt“C) for (I1) lie in the range 317—'338 Hz.
This is considerably lower than values of 'J(**Pt'*C) found in platinum(II) al-
kyls (594—833 Hz) [17—19] or for the platinum(IV) alkyl, Pt1,(C.Hs), (4-CH,-
CsH,N),, for which WJ(1°*Pt!>C) is 507 Hz, but considerably higher. than corre-
sponding values for platinum(II}) alefin complexes (see Table 1).

If (11) are considered as platinum (W}-trmethylene complexes then the -
low values of J(1°5Pt!3C) must be due to effects of ring strain. Such an effect i 1s
likely since the carbon atoms in sma]l-nng compounds tend to hybndrse soas '
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to concentrate s character in the C—H bonds, w1th the remammg bonds havmg
- low s character.. Smce the couphng constants between du'ectly bound atoms is -
g dependent on the degree of § character in the bonds, the effect will lead to’ hlgh
values of 1J(‘3CH) and low vaiuesof I(19SPE13C) in'(II), as is Observed.

- The coupling constants from platinum to the §-carbon of the tnm"thylene
group in (II), 27(195PtC!3C), are large (103—110 Hz) compared with similar values
in ethylplatinum (0—38 Hz) or platinum—olefin complexes (usually toolowto
be observed). The difference is almost certainly a result of the much shorter dis-
tance (ca. 2.5-2.6 &) between these atoms in the ring compound {7, 8].In fact
some direct overlap of orbitals of these atoms is expected in terms of both the
platmum(II)—cyclopropane formulation [3] and platmum(IV )——‘nmethylene
structure (cf. cyclobutane [20]) for (IT).

(d). ‘3CH coupling constants ' '
" The coupling constant J(*3CH) for cycloalkanes varies markedly w1th ring

size, being 161 Hz for cyclopropane,. 134 Hz for cyclobutane and 128 Hz for
cyclopentane [21]. Compound (II), X =Cl and L = CsH;N, has “J(*3*CH) values -
of 148 Hz and 135 Hz for the a- and -carbon atoms, respectively. The value for
the B-carbon atom is almost identical with that for (3yclobutane and for other
X(CH,); derivatives, X = CH,, O, 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 cyclpbutane (in
particular the C—C—C angle is 100° or over) as a result of the long Pt—C bonds

' [8]. The value of J(*3CH) for the a-carbon atoms is more difficult to interpret,
since it will be influenced by the nature of the direct Pt—C bond [17,23]; it is
considerably larger than J(**CH) for the methyl groups in (Me;PtI}, (138 Hz),
which is 1tse1f considerably thher than for methane (125 Hz)

(e). *°5Pt chemical shifts .~ o '

- The '?5Pt chemical shifts for (II) are strongly mﬂuenced by the nature of
the halogen, resonances being at lower fields for the chlorides than forthe 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 !%5Pt 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)—trimethylené formulation. This conclusion is based mainly
on interpretation of the '*CH coupling constants for (I1I), but is consistent with
the remainder of the NMR data. However, the 13C NMR evidence does suggest
that there is some direct interaction between plat_num and the carbon atom '
across the 4-membered ring.* .

Although it seems that the platmum(II)—cyclopropane model is not a good o
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: i
a.nd Zelse S complex and dunng the ehmmatlon of cyclopropane from (I) and

I A sxxmlar bondmg scheme has recently been suggested [26]



" strain "nng compounds by for example silver(I) i ions, when formation of tri-
'methylene—sﬂver(III) complexes seems unllkely on thermodynamm grounds. :

",2 ‘ Expenmental

, Startmg materials R L '
Compounds were prepared by pubhshed methods [1 5 6 8] and were char—

' actensed by elemental a.nalys1s meltmg point, IR and NMR, spectra. The com-

* pounds PthcaH(,(NH 3)2 Where X=Clor Br are new and Were prepared as fol- .

lows.

- PiCL(CH)(NH,), was prepared by condensing dry aramonia onto [PtClz
(C3Hg}la at —80°, then shaking at —80° until the precipitate became white and
allowing the excess ammonia to evaporate at —45°. The product was washed 7
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. C;H,,Cl,N,Pt caled.: C, 10.5; H, 3.5; N, 8.2;

" Pt, 7. 03% )} IR (KBr disc): 3340 m, 3265-m v (NH); 3180 w, 2990 m, 2985 m

7 v(CH) 1600.m, 1232 m, 1198 s, 1070 m, 930 w, 872w cm™. :
- PtBr;(C3Hg ) (NH3), was prepared from [PtBr, (C3H)1,4. It was difficult to

- purify, apparently containing excess ammonia. (Found: C, 8.31; H, 3. 10; N, -

7.92. G3H,,Br, N, Pt caled.: -C, 8.35; H, 2.80; N, 6.49%.) It decomposed on

heatmg at 105—-110

NMR spectra :
~ 'HNMR spectra were recorded usmg a Varlan HA 100 spectrometer at

100 MHz with TMS internal standard. *C NMR spectra were recorded using a

~ Varian XL 100 specirometer at 25.2 MHz in the Fourier transform mode using
TMS internal standard. Unless the 13CH coupling constants were required, pro-
ton noise decouphng was employed. '?°Pt NMR. spectra were obtained by the
double resonance method using a Varian XL 100 spectrometer. NMR spectra

- were recorded using CDCl; solvent, except for the ethylenediamine and ammo-
nia complexes for which DMSO-d, was used.
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