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INTRODUCTION

Much of the current interest in the chewnistry of cyclopropane relates to its
similarity with propene. For example, both these compounds undergo addition
reactions with hydrogen and hydrogen bromide. This correspondence in chem-
ical behaviour is believed to originate from the strain energy of the three-
membered ring. As a matter of fact, larger rings such as cyclopentane bear
little chemiecal resemblance to pentene. Therefore, for strained carbocyclics,
one would expect chemical properties to be characteristic of the carbon—carhon
double bond [1]. Indeed, a variety of transition metals catalyze ring opening
and skeletal rearrangement of highly strained ring systems such as bicyclo-
[1.1.0] butane [2], quadricyclene [3] and many others,

There has been suggested either a concerted pathway [2] via interact*on of
appropriate metal d orbitels with the carbocycle orbitals, or an oxidative addi-
tion {3] involving initial rupture of the carbon—carbon bond in the first reac-
tion step. The oxidative addition pathway finds some support in the preparation
and characterization of complexes in which the metal has become inserted
across the carbon—carbon bond to give metallocyclobutane derivatives.

PLATINUM(II} SYSTEMS

The reaction of cyclopropane with chloroplatinic acid was first dexcribed
by Tipper to give [(C3Hg)PtCl;],. {4]. The fact that only cyclopropane was
evoived when the complex was treated with cyanide {(egn. 1) suggested that
the three-membered ring is intact in the molecule and that the platinum atom
is bound equally to all three carbon atoms to form an “‘edge complex™

[(CaHg)PCly ], — CyHg + [PLCN),] 2~ + 2CI~ 1)
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NMR and IR studies showed that (I) is polymeric in nature and that both
(I} and (II) contain the trimethylene—platinum moiety [5]. The polymeric
formulation for (I} was based on the low solubility of the complex in variocus
solvents. Several attempts were made, using a number of methods, to obtain
the molecular weight of (1), but they were unsuccessful owing to the low con-
centration and the easy decomposition of the solution [8]. A cryoscopic
method using Z-methyl-naphthalene as the solvent gave results which in-
dicated M > 1,000. The mass spectrum of (I) showed intense parent m/e peaks
due to the thermal decompaosition product, platinum(iI} chloride. Super-
imposed on the [PtCl, ], fragmentation pattern was a low intensity pattern up
to m/e centered on 1,232. This corresponds to [(C;Hg}PtCls ], and, as there
are no other peaks above this which are not assignable to {PtCl, ], it was con-
cluded that it was the parent peak of (I} thereby supporting the tetrameric
structure [€].

Upon treatment of (I} with pyridine the complex (II) is obtained in nearly
quantitative yield. An X-ray analysis of this complex is shown in Fig. 1.

Table 3 showed a C(1)—C(3) distance of 2.55(10) A, thereby ruling out the
suggestion that there is a significant bond order between these two atoms in
the complex [7]. That cyclopropane is released in high yield on treatment of
complexes (I} and (II) with bases, could be related to the stereoselectivity of
the elimination reaction [7]. Also, on the basis of NMR measurements it has
been concluded that the bonding in the ground state of (11} is best represent-
ed by the platinum(IV)-trimethylene formation [8]. However, the 3C NMR
evidence does suggest that there is some direct interaction between platinum
and the carbon atom across the 4-membered ring. Similar cenclusions were
reached from an interpretation of NMR spectra [9] and X-ray analysis [10]

Fig. 1. [{CMg)PtClapys]. Molecular stereochemistry.
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of complexes analogous to (11} with substituted cyclopropane, which were
synthesized as follows [9]:

i

cocl L
Nod \Pt/“ + D—RM @F’t/
”/ o N N

Ci Cl Jpn

{III)
These products react with pyridine to give (1V) and (V):

(Iv) v)

The changes in reactivity of cyclopropane with changing nature of the sub-
stituent group and the relative extent of ring fission along the substituted and
unsubstituted bonds would thrcw useful light on the nature of the insertion
process. Monosubstituted cyclopropanes gave a reactivity sequernce depending
on R in the order R = n-CgH;3 > PhCH, > Ph > 0-NO,CgH,, whereas cyclo-
propanes with R = CN, COCH;, CD,CH; failed to react. This sequence shows
that the reactivity depends on the electron donor capacity of the substituent
in the cyclopropane ring, and that the PtCl, residue acts as an electrophile [2].

From the 'H NMR spectra of the bis-pyridine derivatives [(RC4Hg)}PtClopy,]
it was inferred that the insertion occurs preferentially across the less substituted
cyclopropane bond when R = n-CgH,5, PhCHs, 0-NO,CgH, or Ph, (IV), where-
as for R = p-CH,C.H, the principal product arises from insertion across the
more substituted bond { V). In the case of disubstituted cyclopropanes differ-
ent behaviour was found, depending on the ring substituents. Thus, certainly
trans-1,2-diphenylcyclopropane, and most probably trans-1-methyl-2-n-
butyleycloprepane undergo fission along the less substituted edge of the
cyclopropane ring; cis-1-methyl-2-n-butyleyclopropane, however, wa+- found
to react quite differently. Thus, this cyclopropane derivative reacts by fission
of the more substituted 1,2-bond to give a mixture of clefins {9]

> M2CH= CH-CH, Bu" . MeCHOH== CH [ (3)
1,2-dicyclopropylethane gave a PtCl, complex and a bis-pyridine derivative

ct

“\ CH, e
By \ Pt\

Ci/ CHy 1

(VD)
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Fig. 2. Drawing of two independent molecules of different geometry of [{CaH PhgiPtCly-
py=2]. The ligands coordinated to platinum in the equatorial plane are shown.

By way of contrast, a compound formulated as an “‘edge complex’ [11] has

A

\
PrCla

(IX)

been reported to be formed by reaction of triasterane(tetracyclof 3.3.1.0%%.05-%1-
nonane) witk K{(CoHIPLCl;] or [(CaH4)PLCI, ], . However, it should be noted
that complex (IX) gave no triasterane upon heating.

The bonding mode of the cyclopropane moiety to platinum has been pro-
posed on the basis of both x-ray analysis of the frans-1,2-dipheny! derivative
(Figure 2) {9] (Table 3} and a detailed interpretation of the NMR spectra [8].
Using the Walsh orbitals picture [12], it is possible to represent the bond as a
g donor interaction from the cyclopropane ring orbitals to the empty orbitals
of the metal, together with a  back-donation from the metal to the anti-
bonding orbitals of the ring

4)
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Such a bonding could rationalise the proton deshielding that is generally ob-
served, and probably also the formation of the cyclopropane by treatment with
base or upon heating. These observations indicate that the metallocyclobutane
complexes should be looked upon as intermediate between o-alkyl and =-
olefin platinum complexes.

PLATINUM(Q) SYSTEMS

The presence of a fractional positive charge on the earbon atom of electro-
negatively substituted cyclopropanes has been predicted by theoretical calcula-
tions and proved by ESCA measurements {13} (Table 1).

The organic chemistry of TUNEQ is consistent with these results, TCNEQO
does not undergo ring opening on electrophilic attack as do most three-
membered ring systems [14], but it undergoes nucleophilic attack as follows:

/0\‘- - f -
(MCl =CT—TC =(CN)p + I7 —= ICN + {NC)p=C=C—0 (5)
L

CH

Thus, at variance with cyclopropane where an electrophilic atiack by the PtCl,
moiefy was proposed [9], tetracyanocyclopropane derivatives and tetracyano-

TABLE1
Observed 15 core binding energies © [13]
H H
\1 ‘.' N
N N cd *
Neoe 27 e /N7
~e=c7 c—c¢C
C/c \“‘C c ~ ~e
2 ALY n? “N
TCHNE TCCP
N 2 N
e A _?
c” ¢
N? N
TCNEO
Compound Cy Cq Ca N O
TCNE 4.0 3.1 —3.2
TCNEO 6.0 3.4 —2.8 —3.2
TCCP 4.1 3.1 1.4 —3.2
Ethylene exide 1.6 —4.5
Cyclopropane —0.3

% In eV, with carbon referred to CH, (290.7 ¢V}, nitrogen to Na (4G2.9 eV}, and oxype
to O (543.1 V). .
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ethyleneoxide are expected to be susceptible to nucleophilic attack by com-
plexes of type ML, (M = Pd or Pt, L = tertiary phosphine or arsine).

Some platinum and palladium complexes of the type [MLL(TCCP deri-
vative)] have beeis synthesized under ver: mild conditions by the following re-
action [15]

NC\ ,CN NC\ ,CN
C\ . C .
R R
ML, 4 c” Phidblit LM d \c/ (6)
C/ \R \C/ . 3
NC/ \cn uc/ \w
(X)

{(R=R'=H, CHy; R =CH,, R'= CHs; R + R’ = {CHa,)s:
M = Pt,Pd; L=PPh,, PPh,Me, AsPhg; n = 3,4)

An analogous reaction occurs with [Pt{PPh3),{CsH,}]. In some cases ex-
change of the neutral ligand (L) gave very pure complexes in almost quantita-
tive yield:

Pt(AsPh,).{TCCP) + 2L ~ PtL,(TCCP) + 2AsPh, 7

(L = PPh,Me, PEt,).

The final products (X) exhibit only one band in the IR spectrum in the solid
or in solution, at about 2220 em™?! for platinum and at 2200 cim™? for
palladium complexes. These values are relatively far from those for the free
ligand ({CN) = 2260 em™* ). This might be taken as an indication that the
cyano groups are bonded to the carbon atoms symmetrically and a to the
metal atom. The NMR, spectra of these products provide evidence for such a
symmetrical structure in solution. Thus, free 1,1,2,2-tetracyanoccyclopropane
shows the —CH,— resonance as a singlet at §, 3.47, whereas upon coordimnation
the signal of the methylene group is shifted by ca. 1 p.p.m. downfield in the
case of platinum and by 0.5 p.p.m. for palladiumn complexes. The smaller
deshielding in the latter case is probably attributable to the smaller ability of
palladiurn than platinum to accept electrons from the cyclopropane ring. It
should be noted that in complexes of the type [(RC4H;PtClapy,i, the
chemical shift of the protons bonded to the carbon atoms of the ring are
shifted by two or more p.p.m. downfield in comparison io the parent free
organic ligand [9]. The smaller difference in the chemical shift hetween free
ond coordinated ligand found for the platinum(0) system can be attributed to
the different oxidation state of the platinum atom, and/or to the presence of
the four cyano groups which exert a levelling effect.
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TARLE 2

NMR spectra for TCCP derivatives (CHz} ¢

Compound § J(Pt—H)} (Hz)
TCCP ? 3.47

[Pt{PMe2Ph),(TCCP)] 4.49 26
[Pt{PEt3}2(TCCP}] 4.34 28
[Pt{PMePhs)o{TCCP)] 4.44 3t
[P{PPh3)}.(TCCP)]} 1.38 38

{Pt{ AsPhy )2 (TCCP}] 4.39 44
[Pd(PPh3)2({TCCP}] 3.96

{Pd{PMePh4{TCCP}] 4.00

? TMS as internal standard in CDCl13,
® TMS as internal standard in (CD3)2CO.

Methylene protons appear as a triplet (J(P—H) = 1.5 Hz) showing them to
be coupled to two equivalent 3P atomns, as expected for a metallocyclobutane
structure [16] (X). Changing the donor atom from P to As causes J{Pt—H}
for the methylene protons to increase as expected, since the trans influence of
the phosphine is greater than that of the arsine ligand [17]. A careful siruc-
tural invest:gation of the four-coordinated metallocvclobutane complex
[Pt(PPh3), 1{C3H2(CN),} has been carried out to elucidate the bonding mode
i1 these types of complexes [18].

Fig. 3. Drawing of [Pt{PPh3}oTCCP] molecule.
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TABLE 3

Structural data for metallocyclobutane comnlexes -

{I1) (XII) {XIII) (XI)
Intramolecular distances (&)
Pr—C{1) 2.04(5) 2.06(3) 2.05(3) 2.137(6)
Pt—C(2} 2.69(4) 2.61(4) 2.62(3} 2.712{6)
Pt—C(2) 2.19(5} 2.11(5) 2.17¢3} 2.139(6)
C(1r<(2) 1.48(8} 1.59(7) 1.59(4) 1.545(9)
C{1Yy—C(3) 2.55(10} 2.39(7) 2.60(4) 2.404(9)
C{2)—C(3} 1.82(9) 1.48{5) 1.71{4} 1.584(9)
Bond angles { °}
C(1)—Pi—C(3) T4(2) 70(2}) T6{1} 68.4(2)
C(1)—C(2)—C(3) 1034} 102(3) 104(2) 100.4(5)
Pt—C(1}—C{2) 99(4) 90(2) - 91(2) 93.5(4)
L{1—Pt—L{2) 89(1) 82(1) 92(1} 96.99(6}
Dikedral angles {°)
C{(1)y—P1—C{3)
1{2)—Pt—L{1) 1 {1} 4(1) 3(2) 18.0(2)

In Table 3 are reported the main structural data for comnplexes (I}, (VII),
(XII) aad (XI).

Structural parameters for the octahedral complexes (I}, (VII) and (VIII}, in-
dicate that the four equatorial ligands C{1), C(3), L{1} and i{2} arzs cssentially
coplanar, whereas complex {XI) is severely distorted by a square-planar arrange-
ment so that the dihedral angle between the planes C{(1)—Pt—C(3) and
L{1}—P{—L(2} is 18.0(2)°. The four-coordinated complexes [PH{PPh,),-
(TCNE)] [19], [Pt(PPhg),(FMN)] [20] and [Pt(PPhs)2(CoH,4)] [21], and
related complexes are also perturbed from a cquare-planar arrangement, albeit
to a different extent (Table 4).

In the complex (XI) the platinum atom is inseried across the carbon—carbon
bond {C(1}—C(3) = 2.55 A} in a metallocyclobutane arrangement. The H—C—H
angle of 121.4(30)° in TCCP [26] suggests an sp? hybiidization at this carbon
atom, in agreement with the Walsh [12] bonding scheme for cvclopropane
rings [27]. However, in complex {X1I) the angle H{1)—C(2)—-H{(2} is 104.2(51)°
indicating an increase in p-orbital contribution to the hybrid orbitals inter-
acting with these hydrogens. This implies a reorganization in the bonding
scheme of the cyclopropane ring upon metatlation to give a bonding mode of
the same nature as in cyclobutane.

The model proposed in octahedral metatlocyclobhutane complexes {{I1),
(V1I), {VII]}) implying 2 synzigic interaction between available metal orbitals
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Fig. 4. Details of the molecule [Pt{PPhg}oTCNE].
Fig. 5. Details of the molecule [Pt{PPhy); FMN].

and molecular orbitals of the cyclopropane ring (eqgn. 4), does not readily explain
the puckering observed, but it rationalizes the general proton deshielding ob-
served in the NMR of these complexes; it must be noted, however, that the
chemical shift of the methylene protons of ( XI} does not change with chang-
ing basicity of the neutral ligand L (Table 2). It generally appears that the
bonding of a substituted trimethylene moiety to a metal cannot be described
in simple o-bonding terms nor as a n-type interaction. Rather, the true descrip-
tion of the bonding in a particular molecule is intermediate between these

two extremes and is influenced by the nature of the trimethylene substituent
groups. Interestingly, a structural investigation [26] of 1,1,2,2-tetracyano-
cyclopropane has shown the 1—2 bond to be lengthened due to the strong
electron-withdrawing cyano substituents {1.561(4) A compared to the average
value of 1.503(4) A for the 1—3 and 2—3 bonds). Moreover, the weakening

of the 1—2 bond in 1,2-dicyanocyclopropane has been interpreted on the

basis of the interaction of a symmetric and antisymmetric acceptor orbitals
combination with the Walsh orbitals of cyclopropane, showing a net decrease
in the 1—2 bond order [28].

This effect is even greater in 1,1,2,2-tetracyanocyclopropane. Thus, the
chemistry of the insertion reaction of the metal across carbon—carbon bond
takes place by nuclecphilic attack of the ML,, moiety on the carbon atom
bearing the cyano groups. This mechanism gains some support from the ob-
servation that under the same experimental conditions [Pt{PPh3}4] does not
react with the less electrophilic 1,2-dicyanocyclopropane [15].

- Ring opening reactions of cyclopropenone derivatives by [PL{(PPhg)2(CaH,}1
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have been found to proceed via coordination of the olefinic bond to the
platinum followed by carbon—carbon bond cleavage [29].

H .
Y _ . '
LoPt = + :D=o —c H - LoPt %o 2. P@CH3 (8)
& .

HaC

The possibility of trapping the platinum olefin complex depends on the ring
substituents. Thus, using dimethyl- or diphenyleyclopropenone only the in-
sertion products were obtained. The same product was obtained on reacting
diphenylcyclopropenone with [Pt{PPhg},] [30]. This behaviour — coordina-
tion of the olefin followed by metal insertion across the carben—ecarbon
bond — seems to be a peculiar feature of cyclopropenones: as a matter of
fact, from the reaction of cyclopropene derivatives with [Pt{PPh3}2(CsH,}]
only olefinic derivatives could be isolated [31] with no evidence for metal
insertion across the earbon—carbon single bond, as shown by the structure in
Fig. 6 for the dimethylcyclopropene derivatives [32].

A similar reaction to that proposed for cyclopropenone derivatives has been
suggested for the thermal decomposition of a platinum{0)-thiiren-1,1-dioxide
{TD) adduct [33}

Ry
Ph,P c”
N T
P i S0,
PhyP ‘N
Ra

The thermal decomposition proceeds according to the following equation
[PtLo(TD}] — [PtLa(S0,)1 + R, C=CR, (9}

which is also part of a catalytic reaction sequence, by which thiiren-1,1-
dioxides decompose into SO, and the corresponding acetylenes in the presence

Fig. 6. X-ray structure of dimethyleyclopropene platinum derivative.
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of these complexes. Such a reaction has been proposed to proceed via forma-
tion:of an intermediate in which the metal atom is inserted across the car-
bon—sulphur bond [34].

The presence of a positive charge on tetracyanoethyleneaxide {TCNEQ) as
found by ESCA measurements (Table 1) suggested a reactivity similar to or
even higher than that of TCCP. Platinum complexes of the type [PtL,(TCNEO}]
(L. = PPhg, AsPh; and P(p-CH3CgH;)3) have been synthesized according to
the reaction [25]

NC\ ;CN
NC 0 N C N
L e s LM et 0)
NC New Ng7 TeN
M=Pt {XII)

Such a structure has been confirmed by X-ray investigation [3i] (F.g. 7) for
the AsPh, derivative.

The platinum atom is inserted across the carbon—oxygen bond {C{1)—0O =
2.335(9) A}. The metal atom and the four equatorial ones, C¢1), G, As(1),
As(2) are essentially coplanar. The dihedral angle between the planes
C(1)—Pt—O and As(1)—Pt—As(2) is 4.5(2)°, much smaller than in complex
(XI) (Table 3) where such angle is 18.0{2)°. The degree of puckering is low,
probably an effect of the oxygen in the four-membered ring. For instance, the
puckering in ¢cyclobutanes is much more pronounced than in oxacyclobutane,
which is instead essentially planar [36]. Complexes involving insertion reaction
across the metal—oxygen bond in three-membered ring etherocycles have been
proposed as intermediates in the catalytic formation of ethylenecarbonate in
the system Ni®, CO,, ethyleneoxide [37] or in the rearrangement of cyclo-
actatetraene-oxide catalyzed by palladium or platinum compiexes [38}. The

@} T
e
<

il

‘@}Ctlﬂ
&

As{1}

Fig. 7. Drawing of [Pt{AsPh3}s TCNEQ] molecule.
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ring opening reaction probably proceeds via nucleophilic attack by the PtL,
moiety on the carbon atom of the TCNEOQ ring to give a metallooxacyclo-
butane complex

NC
\C/CN{;N NEC/CN N .
\ F / \ . b /
LM C — LM € — LM (11)
- 2
Co/ Sen ~o-” CN ThY \o—?=CtCN),

CN

Metallooxacyclobutane complexes are not thermally stable [39], {eqn. 11}
their stability depending on the metal atom: (platinum complexes are more
stable than their palladium analogs), and on the basicity of the coordinated
phasphines. When using basic phosphines such as PEt;, only the tricyano-
vinylethanolate complex is obtained [39]}. Irradiation at low temperature of
metallooxacyclobutane platinum complexes also gives tricyanovinylethanol-
ate complexss in very high yield [40]. [rradiation of platinum complexes
involving migration of a cyano group to the metal has been reported for
[P{BPh,),(NCC=CCN)] [41]. Irradiation of an acetone solution of (XIZI)
with a sun lamp gave a residue of white crystals whose IR spectrum is consis-

CN FhiP CN
AN /E:/ )pt/
/F':\ E FhaP \c\\\ ( 1 2 )
PP C C
\CN \CN
(XIil) (X1V)

teni with the cyanocacetylide complex. A crystallographic {41] study of com-
plex (XIV) showed that coordination around the platinum atom is strictly
planar (Fig. 8). Interesting features are the C(1)—C(3) distance of 1.24 A which
is long for a tripie bond and the C(3)—C(4) distance of 1.31 A which is short

Fig. 8. Drawing of [Pt{PPh3}{CN}CCCN] complex.
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for a single bond. These distances may indicate extensive electronic delocaliza-
tion in the coordinated cyanoacetylido moiety, as can result in the valence-
bond method by the contribution of the canonical form

!
—-Plt=C=C=C=N

Since it is reasonable to assume that multiple bonding 2xists between platinum
and C(2), the similar Pt—C(1) (1.96(3) A), and Pt—C(2) (2.02(3) A ) distances
may imply a comparable m-acceptor capacity for the cyano—acetylido and
cyano groups. Irradiation [42] of a solution of [PU{PPh;}:{(TCNE)}] in CHCI,4
ait 313 nm gives a percyanovinyl complex of platinum {II}:

[ PLPONIUTCNE) | ~ae [(30,P), P17+ TCNE © ]
PP £N
{F’hf‘);Pt‘ - TCNEL] —_ Np =]
- P -~
1.7 cC=C ~
I CN
CH

a3

The reaction proceeds stepwise with formation of TCNE™ as intermediate,
as detected by ESR spectroscopy [43] by comparison with an authentic
sample. Irradiation at 313 nm of solutions at different concentration showed
that {i) the quanturn yield (¢ = 0.01) for the disappearance of [Pt(PPhg)s-
(TCNE)] is independent of the initial complex concentration, and (ii) the
quantum yield for the formation of TCNE™ depends on such concentration.

In the presence of radical trapping agents no cyanovinyl—platinum{II} complex
was produced during the photoreaction. These results may indicate that the
photoreaction proceeds through a dissociative step forming TCNE™ followed
by thermal rearrangement to the final cyanovinyl—platinum{IIl) complex

[eqn. 13]. It must be noted that this type of reaction appears to be markedly
affected by the nature of the substituents an the coordinated olefin. Thus,
whereas [Pt(PPh;),(TCNE}] is recovered unchanged after refluxing in ethanol
{427, [PtH{PPh;},{Cl,C=CCl,)] gives, under the same conditions, the perchloro-
vinylderivative [Pt{PPh3)(CIC=CC],)Cl] [44]. This tendency of platinum
complexes witl electronegatively substituted olefins or acetylenes to rearrange
to Pt vinyl species is also borne out by their reactivity with electrophilic
agents [45] such as HX (X = C], Br) and HgX,, which is reminiscent of cyclo-
propene derivatives

N PPh
/c’c ] 3 CN
“""‘35*”\% __HYX X— Pt c’\ (14)
“ - A c-CN
en v

These results, combined with structural data (C—Pt—C angle about 40°),
indicate that the three-membered ring Pt—C~—C is still highly strained, although
the decomposition temperatures [46] of complexes of type [Pt(PPhy);-
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{olefin)] (122° through 218° to 268°C on passing from ethylene through
tetrafluoroethylerne to tetracyanoethylene) indicate that the strain energy is
not so high as structural data would suggest.
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