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Summary

1,1,2,2-Tetracyanocyclopropane and 1its 3-alkyl derivatives react with Pt°
and Pd? complexes of the type Pt(PPh;)2(C2H,) or ML, (2 = 3,4, M =Pd or
Pt, L = phosphines or triphenylarsines) to give metallocyclobutane dervatives,
which undergo exchange reactions of the neutral ligand L. The structures of
these products have been assigned on the basis of the IR and NMR spectra.

Introduction

Much of the current interest m the chemistry of cyclopropane relates to
its similanty with propene. For example, both these compounds undergo addi-
tion reactions with hydrogen and hydrogen bromide. This correspondence in
chemical behaviour 1s believed to cniginate from the strain energy of the three
membered ring, and larger rings such as cyclopentane bear htile chemical
resemblance to cyclopropane.

For strained carbocyclics, one would expect chemical properties charac-
tenistic of the carbon—carbon double bond {1]. For example, 1n the presence
of Rh! [2] and Ag'! {3] compounds, the skeletal rearrangement of highly
strained ring systems such as bicyclof1 1.0Jbutane occurs under mild condi-
tions

Electronegatively substituted cyclopropanes such as 1,1,2,2-tetracyanocy-
clopropane (TCCP) react under mild conditions with zerovalent platinum and
palladium complexes to give metallocychic derwvatives [4]. In the case of the
mnsertion of the PtCl, moiwety into the carbon—carbon bond of cyclopropane
[51 and aryl- or alkyl-substituted cyclopropanes [6] an electrophilic attack on
the organic ring has been proposed {6].

We describe below the reactions of zerovalent platinum and palladium
arsine and phosphine compiexes of the type Pt(PPh3 ), (C2Hy) or MLy, (M = Pd
or Pt; L = substituted arsmne or phosphm?) with electronegatively-substituted
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cyclopropane derivatives, in which insertion of the ML, moiety mto a car-
bon—carbon o-bond occurs.

Results and Discussion

Some new platinum and palladium complexes of the type ML, (TCCP de-
nwvative) (TCCP = tetracyanocyclopropane) have been synthesised under very
mild conditions, by the general roaction represented in egn. (1).

NC CN NC CN
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[R=R'=H,CH;,R=CH;, R'=C,H;;R=R'=(CH,);,M=Pd, Pt, L =PPh,,
PMePh,, PEt,;, PMe, Ph, and AsPh;.] (See Experunental.)

An analogous reaction occurs with P{(PPhg ). (CaHy).

The structures of the reaction products have been assigned on the basis of
the spectral data shown i Table 1.

As Table 1 shows, the »(CN) stretching frequencies depend shghtly on
the nature of the complex: v(CN) values are shifted toward lower frequencies
m comparison to those of the free higands For complexes of structure (I),

1 CN CN
—-—-—FL Fle (’: C——CH,
I NC CN N l c(:N C[:N
CN
(I> (1)

»(CN) has been reported at 2250 cm™ 3, very close to that in organic cyanides
[7]. On the other hand, 1n compounds of type (II), the values of »(CN) for the
cyamde groups bonded to carbon atoms « to the iwron fall at 2205 cm™? [8]
The final products of reaction (1) exibit only one band 1n the IR spectrum
m solid or m solution, at about 2220 cm™* for the platinum and at 2200 cm—?
for the palladium complexes, values which are relatively far from those for the
free hgands, as they are 1n the case of compounds of type (II) 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 m solution Thus, free
1,1,2,2-tetracyanocyclopropane shows the CH, resonance as a singlet at § 3.47
ppm, whereas upon coordination the signal of the methylene group is shifted
by ca. 1 ppm downfield in the case of platinum complexes and by ca. 0.5 ppm
for palladium complexes. The smaller deshielding 1n the latter case 1s probably
attributable to the smaller ability of palladium than of platinum to accept
electrons from the cyclopropane ring. This is in agreement with the lower
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stability of the olefinic complexes of palladium 1n comparnson with that of the
analogous platinum derivatives. If should be noted, incidentally, that in com-
plexes of the type P{(Py)2(RC3H;)Cl,, the chemical shift of the protons
bonded to the carbon atoms of the ring are shifted by two or more ppm
downfield in comparison to the parent free organic higand [6] The smaller
difference in the chemical shift between free and coordinated orgamc ligand
found mm our case can be atttibuted to the different oxidation state of the
platinum atom and/for to the presence of the four cyano groups, which exert a
levelling effect

The methylene resonance in complexes of the type ML, (TCCP) (Table 1)
appears as a singlet, and although 1t displays fine structure when L 1s a phos-
phine ligand, 1t was impossible to resolve the spectra because of the very
low coupling to the 31 P atom, which indicates that the protons are not bonded
to the carbon atom « to the metal {9,10] as they would be in structure (III)*.

I~ "

\Pt/ \C/CN
\C/ ~
7N

(Qany)

Moreover, the methylene protons in a structure such as (III) would be
expected to have larger couphng constants 2Pt [J(Pt—H)~ 65 Hz] [10],
than those observed, because of thewr proximity to the Pt nucleus [J(Pt—H)~
30 Hz]. In complexes having Ph,MeP or PhMe, P as ligands, the phosphine
methyl resonance appears as a doublet with platinum satellites. Such a pattern
1s usually associated with cis phosphines, with the P—M—P bond angle close to
90° and a small 31P—31P couphing constant The expected pattern for a cis
dervative has also been found for PEt; complexes {10,11a]}.

Changmg the donor atom from P to As causes J(Pt—H) for the methylene
group to increase, as would be expected since the trans-influence of the phos-
phine 1s greater than that of the arsine higand [11]. For 1,1,2,2-tetracyano-
cyclopropanes bearing alkyl groups m the 3-position, the NMR absorptions of
the carbocyclic moety are practically identical to those of the free higand
because of the large distance from the metal atom (Table 1).

The NMR and IR data are consistent with the followmg formuiation:

\/
\/\/
\C/\
NC/\CN

{e) (Continued p 412}

* With PMe, Ph as ligand a defimite tnplet was observed (J@—H) = 1 5 Hz])
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The bond between the three-membered ring and platinum has been inter-
preted on the basis of Walsh orbitals {12] as mtermediate between a ¢-alkyl and
a w-olefin system {6], and this model appears to be the most helpful. It 1s
noteworthy that with our complexes variation in the basicity of the phosphines
and arsines hgands do not significantly change the chemical shift of the methyl-
ene protons

As for the reaction mechanmism, reaction (1) proceeds probably via a
nucleophilic attack of the ML; moiety on the carbon atom bearing the cyano
groups. This mechanism gains some support from our observation that under
the same conditions Pt(PPh3), does not react with 1,2-dicyanocyclopropane

Products of type (IV) were proposed as mtermediates in the ning opeming
reactions of cyclopropane derivatives in the presence of pallachium metal {13].

The weakening of the C(1)—C(2) bond in the 1,2-dicyanocyclopropane
has been interpreted on the basis of the interaction of a symmetric and anti-
symmetric acceptor orbital combination with the Walsh orbitals of cyclo-
propane [14].

The interaction of symmetric levels will decrease the 1—2 bond order, whereas
the interaction of antisymmetric levels will increase 1t But ihe symmetric
Walsh orbital has more electron density than its antisymmetric counterpart at
the two carbons bearing the w-acceptor substituents. Thus the symmetric inter-
action should be stronger, resulting in a net decrease of the 1—2 bond order.
This effect should be much greater in the tetracyanoderivative, and the C(1)—
C(2) bond order would be even smaller The presence of a positive charge on
C(1) and C(2) atoms in TCCP has been confirmed by ESCA measurements and
theoretical calculations [15].

An alternative mechanism involves a possible dissociation of tetracyano-
cyclopropane to give a biradical. It has been reported that three-membered
rings are to some extent present in open forms, such as a resonating 7-biradical,
and these might contribute 1n some way to the reactivity of the cycle [16].
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Expenmental

The complexes Pt(PPhg), [17], Pt(PPh,Me), [18], Pt(AsPhz)y [19],
Pt(PPh3).(C2H,) [20], PA(PPhg), [21] and Pd(PPh,Me), [21] were pre-
pared by methods previously described, as were also 1,1,2,2-tetracyano-
cyclopropane [23] (TCCP), 1,1,2,2-tetracyano-3,3-dimethylcyclopropane
[24] [TCCP(Me),], 1,1,2,2-tetracyano-3-methyl-3-ethyleyclopropane [25]
[TCCP(MeEt)], and 1,1,2,2-tetracyano-3,3-pentamethylenecyclopropane [25]
[TCCP(CH,)s }. Infrared spectra were recorded on a Perkin—Elmer Model 457
mstrument. Proton NMR spectra were recorded on a Varian HA-100 spec-
trometer Molecular weights were determined with a Mechrolab osmometer
Microanalyses were performed by Dormis und Kolbe-Mulnheim (Germany).
Analytical data are histed 1n Table 2. Three mwethods were used to prepare the
metallocyelic derivatives reported in Table 2, and these are described below.

Method A

Reaction of ML, complexes with the appropnate carbocycle

1 Pt(PPh3),(TCCP). TCCP (0.142 g, 1 mmole) was dissolved 1n 25 ml of
anhydrous THF, and to this solution was added 1.244 g (1 mmole) of Pt-
(PPh; ), dissolved in the minimum quantity of the same solvent The resulting
solution was stirred under nitrogen, and after % h the white, awr-stable solid
product Pt(PPhg ), (TCCP) began to precipitate The complex was filtered off,
dried under vacuum, and recrystallized from CHCl; /CH3OH Yield 80%

2 Pt(PPhyMe),(TCCP). The same procedure gave a pale yellow solid in
50% yield

3. Pt{AsPhg ), (TCCP) Equumolar amounts of Pt(AsPhz)s and TCCP were
stirred under nitrogen at room temperature in anhydrous benzene for 2 h. The
solution was concentrated under reduced pressure and the white aiwr-stable pro-
duct was obtained by addition of CH3zOH, and recrystallization from CHClg/
CH; OH. Yield 50%.

4 Pi#(AsPhsy), [TCCP(Me),] Equimolar amounts of Pt(AsPh3)q and
TCCP(Me), were stirred under mitrogen at room temperature in THF, as for
complex (I), to give an off-white air-stable compound in 50% yield.

5 Pt(PPh,Me), [TCCP(Me),] Equimolar amounts of Pt(PPh,Me), and
TCCP(Me), were stirred in THF under N, The solution became dark red, and
on addition of methanol a pale yellow solid separated. Recrystallization from
CH, Cl, /CH3 OH give white solid in 20% yield.

6. Pd(PPhg ), (TCCP) This was made as described for complex (1), and was
1solated as a yellow solid on treatment of the THF solution with methanol.
Yield 560%

7. Pd(PPhoMe), (TCCP) The procedure used for complex (1) was fol-
lowed, but with benzene as solvent. After 10 min an off-white precipitate was
obtained m 80% yield.
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Method B

Reaction of Pt(PPhj ), (C, H, ) with the appropnate carbocycle.

This method was found to be better than method A for alkyl substituted
tetracyanocyclopropanes. In the case of all the complexes described below,
method A gave red solutions because of a side reaction between the free phos-
phine and the organic ligand.

1 Pi(PPhgy), [TCCP(Me),] Pt(PPhj)s(CoH,) (0.747 g; 1 mmole) dis-
solved m 25 ml of anhydrous THF was added to 0.170 g (1 mmole) of TCCP-
(Me), dissolved mn the mimmmum amount of the same solvent. The mixture was
stirred under mitrogen for 0 5 h, and a white air stable solid separated This was
filtered off and recrystallized from CHCl; /CH;OH. Yield 80% The same pro-
cedure gave the air stable whhite complexes

2 Pi(PPhy ), [TCCP(Me, Et)] and 3. Pt(PPhy ), [TCCP(CH,), ]
Method C

Exchange of the neutral ligand-
Pt(AsPh,), (TCCP) + 2L - PtL,(TCCP) + 2AsPh,

This method gave very pure complexes i almaost quantitative yield.

1. P{(PPhyMey )o(TCCP) Pt(AsPh;), (TCCP) (0.949 g, 1 mmole) sus-
pended 1n anhydrous ethyl ether was treated with a 10-fold excess of PPhMe,
and the mixture was stirred under mitrogen for 48 h The white sohd was
filtered off, washed with n-hexane, and dried under vacuum.

2 PYPEt;)o(TCCP) This was made similarly.

Acknowledgements

M.G acknowledges the support of the Consiglio Nazionale delle Ricerche
of Italy.

References

P G Gassman and K T Mansfield § Amer Chem Soc 90 (1968) 1517

PG Gassman TJ Atkins and FJ Wilhams J Amer Chem Soc 93 (1971) 1812

L A Paquette RP Hanzeland S E Wison,J Amer Chem Soc 93 (1971) 2335

M Lenarda, R Ros M Graziami and U Belluco J Organometal Chem , 46 (1972) C29

(a) G FHH Tipper, J. Chem Soc (1955) 2045

(B)RD Gilard M Keeton, R Mason MF Pilbrow and D R. Russel, J Organometal Chem 33
(1971) 247

FJ McQuihn and K.Q Powell J Chem, Soc , Dalton Trat.s , (1972) 2123

A Cutler, RW Fish WP Giering and M Rosemblum,J Amer Chem. Soc, 94 (1972) 4354
S R Su,dJ A Hanna, and A Woicicki, J Organometal Chem., 21 (1970) P21

H C Clark and J Ruddick Inorg Chem. 9 (1970) 1226

J M Jenkins and BL Shaw J Chem. Soc A, (1966) 770

(@)M J Church and MJ Mays,J Chem Soc A, (1968) 3074,

(b) HC Clark and L E Manzer, Inorg Chem , 11 (1972) 2749

12 A D Walsh Trans Faraday Soc , 45 (1949) 179

13 J A Roth,J Amer Chem Soc 92 (1970) 6658

14 R Hoffman, and W D Stohrer,J Amer Chem Soc 93 (1971) 6941.

[ L

HOWMHID

o



416

15

16
17
18
19
20
21
22
23
24
25

G D Stucky, D A Matthews, J. Hedman, M Klasson and C Nordung J. Amer Chem. Soc, 94
(1972) 8009

E F Hayes,and A K O Siu,J Amer Chem Soc, 93 (1971) 2090

R Ugo, F. Canati and G La Momica, Inorg Syn, 11 (1968) 105

P Chimu and G Longom,J Chem. Soc A (1970) 1542

L. Malatesta and C Cariello, J. Chem. Soc , (1958) 2323

C D Cook and G S. Jauhal, Inorg. Nucl. Chem. Lett , 2 (1967) 31

D.R Coulson, Inorg Syn., 13 (1972) 121

A J Mukhedkar M. Green and F G A. Stone, J Chem Soc A, (1969) 3023

R M Scnbner G N Sausen and W W Pnchard J Org Chem , 25 (1960) 1440.
L. Ramberg and S Widequist Chem. Abstr 36 (1942) 79

S Widequist Chem. Abstr 41 (1947) 1621



