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Ring Expansion of a Platinacyclopropane to a Platinacyclopentane
by Double Insertion of Isocyanides into Pt-C Bonds
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A platinum isocyanide complex bearingr7d-TCNE ligand, > TCNE)Pt¢-CNCsHs-2,6-Me), (1),
was synthesized, and its crystallographic study revealed the coordination modendfRB&E ligand
to be a typical metallacyclopropane extreme, in which back-donation from metal to TCNE contributes
primarily to the stabilization ofl.. Treatment ofl with 2 equiv of CNGH3-2,6-Me resulted in ring
expansion of the platinacyclopropane by insertion of GNY2,6-Me, into each P+C bond of the
metallacycle, leading to formation of a new complex having a platinacyclopentane structure, (TCNE)-
Pt(-CNCsH3-2,6-M&)4 (4). Although the molecular structures of palladium and nickel homologues of
1 were close to the corresponding metallacyclopropane, no metallacyclopentane complex was obtained
under similar conditions. Studies on variable-temperature NMR spectroscopy and spin-saturation transfer
measurement af showed exchange of the imidoyl Chds-2,6-Me group and the coordinated Ciyds-
2,6-Me ligand in solution, suggesting the ring expansion to be reversible.

Introduction

It is well known that coordination of alkenes to transition
metal is qualitatively explained by the DewaChatt-Duncan-
son model, in which the metat-ligand interaction is established
by the balance of two electronic factors, donatiooredlectrons
from bonding orbitals of alkene to unoccupied metal orbitals

and back-donation of d-electrons from occupied metal orbitals

to antibonding orbitals of alker®e® As shown in Figure 1, two

extreme cases have been discussed in organometallic chemistry;

combination of strong donation with weak back-donation
provides a fr-complex extreme”, whereas the reverse case, i.e.
larger contribution of back-donation than that of donation affords
a “metallacyclopropane extreme”. In platinaralkene com-
plexes, Zeise's salt, K[(£14)PtCL]-H,0O, is a representative
of a “z-complex extreme”; interaction of the HOMO of ethylene
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" Figure 1. Components of transition metablefin interaction [(i)
o-donation, (ii);r-back-donation].

with unoccupied orbitals of a weakby-basic Pt(Il) fragment
makes the carboncarbon bond distance [1.345(4) Adlightly
longer than that of uncoordinated ethylene [1.337(2§ Ahile

the planarity of ethylene remains intact. In sharp contragst, (
TCNE)Pt(-PPh). is well recognized as a typical example of a
“metallacyclopropane extreme”; interaction of occupied orbitals
of Pt(0) with the LUMO of ethylene contributes to significant
elongation of the carbencarbon bond length [TCNE bound to
Pt(c-PPh)2; C=C 1.494 A; uncoordinated TCNE;=€C 1.344-

(3) A]?0and change of the hybridization of the olefinic carbons
of TCNE from sp to s on coordination.

The structure and the electronic structure of thecbmplex
extreme” and “metallacyclopropane extreme” are sometimes
discussed in terms of mechanisms of several organometallic
reactionst’~14 Reaction of nucleophiles with the coordinated
alkene may be related to ther-tomplex extreme”, in which
the electron donation afr-electrons of alkenes to the metal

(7) Love, R. A.; Koetzle, T. F.; Williams, G. J. B.; Andrews, L. C;
Bau, R.Inorg. Chem.1975 11, 2653.

(8) Bartell, L. S.; Roth, E. A.; Hollowell, C. D.; Kuchitsu, K.; Young, J.
E., Jr.J. Chem. Phys1965 42, 2683.

(9) Bombieri, G.; Forsellini, E.; Panattoni, C.; Graziani, R.; Bandoli, G.
J. Chem. Soc. A97Q 8, 1313.

(10) (a) Little, R. G.; Pautler, D.; Coppens,A&cta Crystallogr., Sect. B
1971 27, 1493. (b) Hope, HActa Chem. Scand.968 22, 1057.

© 2007 American Chemical Society

Publication on Web 01/13/2007



Ring Expansion of a Platinacyclopropane Organometallics, Vol. 26, No. 4, 20045

Scheme 2

R
>Co <[
RNC
R

] PPhy

Scheme 1

R

_RNC ﬁm R
RNC
NR

2CNR RNC

- PPhy

ﬂ g
>Co<[
N PhgP )
‘R R’

|

R = CgHy-2,6-Me, - PPhy
= CgHp-2,4,6-Mey
= cyclohexyl

RN

R
R
A, L Wan
| o g /Co?»R @00 ’
center increases the cationic nature of the carbon of the I\ N R

coordinated alkenes; this facilitates the reaction with nucleo-

philes® In contrast, the “metallacyclopropane extreme” is Scheme 3

considered to be a strained three-membered ring structure NC. _CN Ar\ /Ar
consisting of two metatcarbon bonds and one carbecarbon :[ N N
single bond; insertion of alkenes into the metearbon bond Ni(cod), or N N % ¢
results in ring expansion to the metallacyclopentane. ThiS pgydba)eCHCl; or + 20NAF ————> \M/
reaction is often used in the mechanisms of catalytic oxidative pycoq), Et,0 A
cycloaddition reactions of alkenés. rt. 2h NC™/ LON

Although the chemistry of the “platinacyclopropane extreme”
is one of the well-investigated issues in organometallic chem-
istry #9-15]ittle has been discussed on the possibility of insertion
of unsaturated molecules into the-f bond. Thus, the starting
point of this paper is the question of whether the platirum ) ) ) )
alkene complexes having a “platinacyclopropane extreme” double insertion of |socyan_|des tcné-alkyne_—_cobalt complex
structure, which is unequivocally determined, undergo the Was reported by Yamazaki and Wakatsuki in 1978 which
insertion of unsaturated molecules into the platirtoarbon reaction of two CNR is considered to give ring expansion of
bonds leading to the ring expansion reactions. A clue to solve the cobaltacyclopropene complex to the compound having a
this question is already available from our earlier studies on cobaltacyclopentene structure (Scheme 2), the ring expansion
the metal complexes of fullerenes; we obtained spectroscopicffom platinacyclopropane to platinacyclopentane by double

Ar = CgH3-2,6-Me,
M=Pt (1: 58% yield)
Pd (2: 94% yield)
Ni (3: 79% yield)

evidence suggesting that¥Cso)Pt(-CNR), reacts with 2 equiv
of CNR to form a novel platinum complex having a platina-
cyclopentane structure (Schemelq)Since Go is a strong
electron acceptor,n-Cso)Pt(7-CNR), is expected to have a

insertion of CNR into £%Ce)Pt(;-CNR), seemed to be
reasonable. However, lack of crystallographic evidence proving
the platinacyclopropane structure gfP{Cso)Pt(7-CNR), and the
platinacyclopentane structure of the double-insertion product was

structure close to the platinacyclopropane extreme having two @ Problem for further investigation on the ring expansion

Pt—C bonds. Insertion of CNR into each-R€ bond results in

reaction. In this paper, we report a solution to this problem using

ring expansion to the platinacyclopentane. Since closely related TCNE instead of . Ring expansion of #>TCNE)Pt¢-
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CNGsHs-2,6-Me)2 (1), having a platinacyclopropane structure,
to the platinacyclopentanktakes place by double insertion of
CNGCgH3-2,6-Me, into the P+C bonds of 1, which was
unequivocally evidenced by spectroscopic and crystallographic
studies. Preparation and reactions of nickel and palladium
homologues ofl and the exchange process ®C=NCgH3-
2,6-Me and #-C=NCgHs-2,6-Me, units in the platinacyclo-
pentane contribute to understanding the mechanisms of the ring
expansion reactions.

Results and Discussion

Syntheses and Characterization ofif>-TCNE)M(7-CNCeH3-
2,6-Mey), [M = Pt (1), Pd (2), Ni (3)]. Christofides and co-
workers reported the synthesis gf{TCNE)Pt¢-CNCsHz-2,6-
Mey)2 (1) by treatment of [R(CNCsH3-2,6-Me)e] with TCNE.
Characterization of the product was performedtbyand3C
NMR, IR, and elemental analysi8.Nickel and palladium
analogues of this Pt complexy%TCNE)Ni(-CNBu)y, (%
TCNE)Pd{-CNBu),, and ¢2-TCNE)Pdg-CNCsHs),, were
synthesized by treatment of ill-characterized “M(CNRyith
TCNEZ® These complexes were also characterized by spectro-
scopic methods, and the molecular structure;8f{CNE)Ni(y-
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Table 1. 'H NMR, 3C NMR, and IR Spectral Data of 1, 2, and 3 in CDC}

1 2 3
1H NMR Me 2.52 (s, 12H, Me) 2.51 (s, 12H) 2.50 (s, 12H),
(600 MHz) Hneta 7.23(d, 4HJ = 7.7 Hz) 7.21 (d, 4H) = 7.7 Hz) 7.16 (d, 4H) = 7.7 Hz)
Hpara 7.36 (t, 2H,J = 7.7 Hz) 7.34 (t, 2H) = 7.7 Hz) 7.28 (t, 2H) = 7.7 Hz)
13C NMR Me 185 185 18.8
(150 MHz) CCN 13.6 {c_pt= 295 Hz) 21.1 18.4
CNCgHsMe, 125.1, 128.4, 130.9, 135.7 125.1, 128.2, 130.6, 135.6 126.9, 128.1, 129.4, 135.3
112.5 8Jo_p = 59 Hz) 112.1 1155
CCN 159.4 146.8 156.3
IR (KBr) CNCgHsMe; 2227 2227 2224
(cm) (NC).C 2187, 2176 2198, 2178 2169, 2147

Table 2. 13C—19pPt Coupling Constant of Complex 1 and Other Platinum—-Alkene Complexes

complex 0 Calkene e-pt(H2) 0 Cen 3Jc—pt (H2) ref
K+[PtC1s(CzHa)]~ 2 67.1 1954+ 2 21
(PPh),Pt(GHa) 39.6 194+ 2 21
(PPR),Pt{Ph(H)G=C(CN),]® 16.2 (59.8) 184 (250) 117.6 55 22
(7> TCNE)Ptf;-CNCsH5-2,6-Mey); (1) 13.6 295 1125 59 this work

a|n CD,Cl,. PIn CDCls. Figures in parentheses are the chemical shift and the coupling constant of the carbon due @G=RIEN),.

Table 3. Bond Lengths of Alkene anda. Angles of Uncoordinated and Coordinated Alkenes

compound C-C(alkene), A A(C—C)2A a,P deg. ref
CoHs® 1.337(2) 0 0 8
K[(C2H4)PtC1L]+H,0d 1.345(4) 0.038 325 7
TCNE® 1.344(3) 0 0 10
(172-TCNE)IrBr(CO)(PPh)# 1.506(15) 0.162 70.4 23
(7>-TCNE)Ir(CO)(GN4H)(PPh)2 1.526(12) 0.182 67.4 24
(172-TCNE)Pt-PPh)® 1.494 0.150 63.8 9
(172-TCNE)Ni(;-CN'Bu)2 1.476(5) 0.132 56.8 20
(7*-TCNE)Pt(-CNCeH3-2,6-Mey), (1)° 1.511(5) 0.167 61.0 this work
(#>-TCNE)Pd{-CNCsH3-2,6-Me), (2)° 1.479(3) 0.135 53.1 this work
(7%-TCNE)Ni(-CNCsH3-2,6-Mey), (3)° 1.478(4) 0.134 54.5 this work

a A(C—C) is the difference in the €C distance between the complexed and uncomplexed forms of the alkene igaadhe angle defined by Figure
3 (see ref 20)°Determined by electron diffractiodDetermined by neutron diffractioSDetermined by X-ray diffraction.

Table 4. Representative Bond Lengths, Angles, and Torsion

Angles for 1, 2, and 3

Pt (1) Pd @) Ni (3)
M1-C1 1.967(3) 2.016(2) 1.867(2)
M1-C10 1.965(3) 2.017(2) 1.868(3)
C1-N1 1.148(4) 1.146(3) 1.155(3)
C10-N2 1.149(5) 1.147(2) 1.155(3)
M1-C19 2.081(3) 2.088(2) 1.968(2)
M1-C20 2.068(3) 2.066(2) 1.968(2)
C19-C20 1.511(5) 1.479(3) 1.478(4)
C1-M—C10 97.21(15)  99.22(9) 101.94(11)
C19-M—C20 42.71(14)  41.72(9) 44.13(11)
C21-C19-C22 114.4(3) 114.69(19)  116.1(2)
C23-C20-C24 115.2(3) 115.2(2) 114.5(2)
C21-C19-C20-C24  —145.4(3) —150.2(2)  146.3(2)
C22-C19-C20-C23  142.6(3) 146.2(2)  —149.0(2)

CNBu), was determined by crystallograpP/In this project,

we synthesized platinum, palladium, and nickel complexes
bearing ay?-TCNE and twon-CNGCsH3-2,6-Me; ligands, ¢2-
TCNE)Pt-CNCsH3-2,6-Me)2 (1), (17> TCNE)Pdg-CNCeH3-
2,6-Me) (2), and (2-TCNE)Ni(p-CNCsH3-2,6-Me), (3), by

the reaction of TCNE with “M(CN@H3-2,6-Me),” [M = Pt,

Pd, Ni] in situ generated from Pt(cog)Pd(dbay-CHCls, or
Ni(cod), with 2 equiv of CNGH3-2,6-Me, in ether at room
temperature for 2 h. Addition of TCNE to an ethereal homo-

(20) stalick, J. K.; Ibers, J. Al. Am. Chem. S0d.97Q 92, 5333.

(21) Chisholm, M. H.; Clark, H. C.; Manzer, L. E.; Stothers, J.JB.
Am. Chem. Sod972 94, 5087.
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1969 47, 84.

(24) Ricci, J. S.; Ibers, J. Al. Am. Chem. Sod.971, 93, 2391.

geneous solution of “M(CNgHs-2,6-Mey),” resulted in instant
formation of insoluble materials, of which spectroscopic data
in CDCl3 showed the formation of the desireg?{TCNE) M(y-
CNGsHs-2,6-Mey), in 58—94% yields (Scheme 3). Spectral data
(*H and3C NMR in CDCk and IR in KBr) of the complexes,

1, 2, and 3 are summarized in Table 1. All of these three
complexes showetH resonances consisting of a single set of
signals due to the methyl protons and the para and meta protons,
which appeared as a singlet 2.50-2.52), doublet§ 7.16—
7.23), and a tripletd 7.28-7.36). This is consistent with the
fact that these complexes have two magnetically equivalent
CNGsH3-2,6-Me ligands.13C NMR spectra ofl, 2, and3 also
suggest the existence of two magnetically equivalent giNC
2,6-Me groups. It should be noted that th resonance due

to the coordinated carbons of TCNE are seen 48.4, 21.1,
and 13.6, which are significantly more upfield than the
uncoordinated TCNEY80.3). The'3C—19Pt coupling constant

of 1is 295 Hz, which is higher than the other known data of
platinum—alkene complexes, as shown in Table 2, suggesting
stronger P+C spin—spin interaction. The most significant
upfield shift of the3C signal of the platinum complex among
1, 2, and3, as well as the large®C—1°Pt coupling constant

of 1, indicates significant contribution of the platinacyclopropane
extreme.

X-ray structure determination of the TCNE compleXes3
showed the three coordinated planar structuregT CNE)M-
(n-CNGCgH3-2,6-Me), as expected. As a representative of the
three complexes, the ORTEP drawing of the platinum complex
is illustrated in Figure 2, and representative bond lengths, angles,
and torsion angles are summarized in Table 4. The TCNE ligand
is bonded to the platinum center with-R€ distances of 2.081-

(3) and 2.068(3) A, whereas the two isocyanide ligands are
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bound to the platinum with PtC distances of 1.967(3) and
1.965(3) A. The carboncarbon distance of the coordinateg-C

C moiety is 1.511 A, which is significantly longer than that of
the TCNE molecule by 0.17 A. Four CN groups attached to
the central carbons of TCNE are significantly out of plane by
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Figure 4. Molecular structure of4 in the crystal. Ellipsoids
represent 50% probability; hydrogen atoms and solvate molecules
are omitted for clarity.
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TCNE)IrBr(CO)(PPh),, of which C—C distances are 1.494 and
1.506(15) A, whereas thex angles are 63.8 and 70,4
respectively. The €C distance of 1.511(5) A of is slightly
longer than the above two typical metallacyclopropane extremes,
but thea angle of 61.0 is somewhat smaller. However, these
apparently differ from those of Zeise’s salt{C = 1.375(4)
A, o angle= 32.5’), which is known as a typicat-complex
extreme, indicating that the coordination mode of TCNE to the
platinum is a platinacyclopropane extreme. The@distances
and the planarity of the coordinated TCNE in the Pd and Ni
homologues ofl are shown in Table 3. The features are less
significant than inl; back-donation favorably contributes to the
coordination of TCNE in the nickel and palladium homologues,
too [Ni (3): C—C = 1.478(4) A o angle=54.5; Pd 2): C—C
= 1.479(3) A,a angle= 53.1°].

Reaction of Complexes 1, 2, and 3 with 2 equiv of
CNCgH3-2,6-Me. The molecular structures &f-3 indicate that

the coordination, suggesting a change of their hybridization from these complexes have structures that can be considered to be

sp? to sp. Ibers and co-workers proposed theangle for

the metallacyclopropane extreme. In particular, theGCbond

discussing the deviation of planarity of the alkene by coordina- length of the coordinated TCNE is the longest among the

tion to the transition metal center, as shown in Figuf& Bhe
o angle ofl is 61.0. The C-C bond distance and the planarity
of the coordinated TCNE are important indications of a
combination of donation and back-donation; the longerCC
distance and the largetr angle suggest the larger contribution

of back-donation, giving a typical metallacyclopropane extreme.

TCNE—transition metal complexes listed in the Cambridge Data
Base. These results prompted us to examine the reactibndf
with CNCgH3-2,6-Me, to look at the possibility of insertion of
CNGCsHs-2,6-Me into the metal-carbon bond of the metalla-
cyclopropane!H NMR observation of the treatment afwith
CNGsH3z-2,6-Me in CHCI, at room temperature resulted in

Two of the most famous examples of the metallacyclopropane consumption of 2 equiv of CNgHs-2,6-Me to form the new

extreme in the literature arey3-TCNE)Pt(-PPh), and

complex4 quantitatively; chromatographic purification of the
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Table 5. Representative Bond Lengths, Angles, and Torsion Angles for the Complex 4

Pt1-C1 2.008(7) [2.002(8)] P&C10 1.998(9) [2.007(10)]
Pt1-C19 2.028(8) [2.040(8)] Pt1C28 2.017(6) [2.043(7)]
C1-N1 1.149(9) [1.154(10)] C1ON2 1.151(12) [1.144(13)]
C19-N3 1.271(10) [1.263(12)] C28N4 1.283(10) [1.248(10)]
C19-C37 1.581(11) [1.583(10)] C37C38 1.535(13) [1.577(14)]
C38-C28 1.583(11) [1.555(11)] CiPt1-C10 85.3(3) [87.4(3)]
C19-Pt1-C28 83.2(3) [82.0(3)] C19N3-C20 121.3(7) [123.5(7)]
C28-N4—C29 123.2(6) [119.5(6)] C39C37-C40 109.3(8) [110.2(7)]
C19-C37-C40 106.8(6) [111.6(6)] C41C38-C42 108.9(6) [109.7(6)]
C28-C38-C41 108.8(8) [109.0(6)] C19C37-C38-C28 48.1(8) [-43.7(6)]

C39-C37-C38-C42
C40-C37-C38-C41

—64.2(9) [F50.7(7)] C39-C37-C38-C41

C406-C37-C38-C42

56.3(10) 171.6(6)]

177.9(6) £50.2(8)]

Table 6. Crystallographic Data for 1, 2, 3, and 4

57.4(8) [70.7(7)]

1 2 3 4
empirical formula G4H1gN6Pt GsH1gNgPd G4H1gNgNi C43H3sNgPtCh
fw 585.54 496.85 449.15 932.83
cryst syst monoclinic triclinic triclinic monoclinic
lattice type primitive primitive primitive primitive
a, 8.0089(17) 7.9700(13) 7.9194(15) 13.507(2)
b, A 12.711(3) 12.2700(19) 12.358(2) 43.455(7)
c, A 21.766(4) 13.2300(19) 12.986(2) 15.453(3)
o, deg 90 60.100(9) 60.307(7) 90
p, deg 93.152(5) 77.100(11) 77.067(8) 114.3223(19)
y, deg 90 79.420(12) 79.767(9) 90
Vv, A3 2212.5(8) 1089.3(3) 1072.7(3) 8265(2)
space group P2;/n P1 P1 P2:/n
Zvalue 4 2 2 8
Doal glcmm? 1.758 1.515 1.390 1.499
Fooo 1128.00 500.00 464.00 3712.00
w(Mo Kay) 63.395 8.756 9.277 35.512
20max 55.0 55.0 54.9 55.0
radiation Mo Ko (A = 0.71070 A) graphite monochromated
Rint 0.038 0.028 0.037 0.075
no. of rfins measd 17 337 8897 8741 58 284
no. of unique rflns 4957 4790 4694 18721
refln/param ratio 16.60 16.04 15.71 18.12
residuals:R (all reflns) 0.0362 0.0293 0.0517 0.0929
residuals: R1I(> 2.0Q(1)) 0.0251 0.0260 0.0405 0.0602
residuals: wR2 (all reflns) 0.0535 0.0768 0.1198 0.1577
goodness of fit indicator 1.002 1.001 1.002 1.002
max. shift/error in final cycle 0.000 0.000 0.000 0.000
max. peak in final diff map, @A3 2.14 0.54 0.69 2.35
min. peak in final diff map, e/A3 -1.19 —0.48 —-0.37 —2.76

Table 7. Exchange Rate Constants between the Coordinated

crude sample gavd as yellow microcrystals in 68% yield > -
CNCgH3-2,6-Me, and the Imidoyl CNCgH3-2,6-Me; in 4

Scheme 4). Since the formed complex showed dynamic o R
E)ehavior in t)he NMR spectra in GDly, thepassignment of NyMR Measured by SST at~10, =20, and =30 °C (k; s)
data was carried out at @C. Two magnetically inequivalent complex —10°C —20°C —30°C
aryl signals were seen in tAel and'3C NMR spectra, indicating 4 1.72 0.66 0.23
the existence of two types of CNBs-2,6-Me; moieties in the 4+ 10 equiv of CNAr 0.21 0.07 0.04
molecule. ThéH resonances due to the meta and para protons
of the coordinated CNgE3-2,6-Me, group were observed at
6.97 and 7.16 in a ratio of 2:1, which have similar chemical
shifts to those ofl. The other two signals due to the other type
of CNGsH3-2,6-Me> were seen ab 6.18 and 6.70 in a ratio of

1:2. In the3C NMR spectra, 14 signals were observed, which dist wpicall L id | £ platifu
contained three signals witRC—1°Pt coupling respectivelyd Istances typically Seen In ISocyanide compiexes of platirium,

_ _ the CNGH3s-2,6-Me groups in the platinacyclopentane resemble
(613'8 @ch—lplt 45 55? g'uz g’tj %53; E(Jccgg)‘ C1998 ?ng :: (? Cll7 ?C.:810) the imidoyl platinum species, of which-@N and Pt-C distances
N " : e - are 1.271(10) [1.263(12)], 1.283(10) [1.248(10)] and 2.028(8)
in Figure 4, respectively]. Three IR absorptions were visible at 2 040(8)]. 2.017(6) [2.043(7)] A tivelv. The plati
2198, 1622, and 1591 crH the former is due to the coordinated [2.040(8)], 2.017(6) [2.043(7)] A, respectively. The platinacy-

e clopentane structure is envelope-shaped with tvwehgpridized
gt'r\le(t:gﬁizélagc?t’i Ownhgfri:ﬁs it;?di?;ltegrrévt\jlg resembled the1e carbons derived from the CNBs-2,6-Me and two sp carbons

These features in spectroscopy are consistent with thoseor'g'né1ted from the TCNE.
deduced from the molecular structure 4f which has two (25) (a) Kim, Y-J.. Choi, E-H.: Lee, S. WOrganometallics2003 22
CNGsH3-2,6-Me, groups bonded to the platinum center and a 3316. (b) Lu, Z-I.; Mayr, A.; Cheung, K-Kinorg. Chim. Actal999 284,
platinacyclopentane structure consisting of two carbons of the 205-h(C) Kemmitt, il?. D. W McKenna,(g’).; Rudssell, D.R,; P(rjc()juse}:{ L.J.S.
Y- ; ; J. Chem. Soc., Dalton Tran$989 345. Dryden, N. H.; Puddephatt, R.
TCNE and two CN.@HP’ 2,6_Me2 groups, as Shown in Flgur? J.; Roy, S.; Vittal, J. JActa Chrystallogr. Sect. C: Cryst. Struct. Commun.
4. The crystal contains two independent but chemically equiva- 1994 50, 533, (e) Yamada, T.; Tanabe, M.; Osakada, K.. Kim, Y.-J.

lent molecules o#. Bond distances and angles of the second Organometallics2004 23, 4771.

molecule are given in brackets in Table 5. The platinacyclo-
pentane structure was formed by insertion of GN&2,6-Me,
molecules into each PC bond of the platinacyclopropane
extreme ofl. In contrast to the result that the coordinated
CNGCsH3-2,6-Me groups ind have usual €N and Pt+C bond
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Figure 5. Line shape analysis of complekin tolueneds (a) at
0 °C, (b) at 30°C, (c) at 40°C, (d) at 60°C, and (e) at 77C
(coalesced).

Solution Dynamics of the Platinacyclopentane As de-
scribed above, comple® showed dynamic behavior in the
solution-state NMR spectra. Variable-temperatdirfe NMR
studied® in tolueneds showed sharp signals due to the two
magnetically inequivalent CNgEls-2,6-Me, groups observed at
0 °C, as described above. All of th#H resonances were
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(c)

irradiated

/

(b)

(a) irradiated

/

.

Illlllllllllllllllll
7o 50
Figure 6. Spin-saturation transfer measurement of compléx
CD.Cl,: (a) spectrum with irradiation of the signal appearing as a
triplet at 6 6.18 at—30 °C, (b) spectrum with irradiation of the
signal appearing as a triplet@6.18 at 0°C, (c) spectrum with no
irradiation at rt.

slower in the presence of 10 equiv of CM&-2,6-Me. As
shown in Table 7, the rate constants estimated by the spin-
saturation transfer measurements-80 to—10°C are increased

broadened on raising the temperature. As shown in Figure 5,by raising the temperature in either the presence or absence of

the methyl signals ab 1.73 and 2.23 due to the inequivalent
CNGsH3-2,6-Me; coalesced at 77C; this indicates the exchange
of two magnetically inequivalent CNEl3-2,6-Me, moieties in
the molecule. Thus, the exchange rate was supplied for 671 s
from which AG*350 at coalescence temperature is calculated to
be 16 + 1 kcal/mol. The exchange rate was alternatively
estimated from the spin-saturation transfer measurerhant
CD.Cl; at —30, —20, —10, and 0°C (Figure 6). Irradiation of
the signal atd 6.18 due to the para-proton of the imidoyl
CNGCsH3-2,6-Me; resulted in a decrease of the peak intensity
of the signal ab 7.16 due to the para-proton of the coordinated
CNGCgH3-2,6-Me>. The estimated\Gzsp is 16 + 1 kcal/mol,

CNGCsHz-2,6-Me. In this temperature range, the exchange rate
constantsk) in the presence of 10 equiv of CNds-2,6-Me,
are 1 order of magnitude smaller than those in its absence.
Mechanistic Considerations.As described above, reaction
of the platinum complexX with 2 equiv of CNGH3s-2,6-Me,
resulted in formation of the complek Crystallographic studies
revealed thal is a platinacyclopropane extreme, wheré&ss
a platinacyclopentane structure. Consequently, the reaction from
1 to 4 can be considered as a ring expansion of the three-
membered platinacycle to the five-membered complex by
incorporation of two molecules of CNHs-2,6-Me. A plausible
mechanism is illustrated in Scheme 5, in which two GN&

which is similar to that estimated from the line shape analysis 2,6-Me& are inserted into two P{C bonds inl stepwise.
described above. These data clearly demonstrated the exchangAlthough attempted spectroscopic detection was not successful,

process between the coordinated GN&2,6-Me, and the
imidoyl CNCsH3-2,6-Me in 4, which must involve the cleavage
process of the €C bond in the platinacyclopentane. Interest-
ingly, the exchange of two CN§Els-2,6-Me moieties was

(26) (a) Crabtree, R. H., EdThe Organometallic Chemistry of the
Transition Metals4th ed.; Wiley: New York, 2001; Chapter 10, p 284. (b)
Oki, M. Applications of Dynamic NMR Spectroscopy to Organic Chemistry
VCH: Deerfield Beach, FL, 1985; Chapter 1, p 11.

(27) (a) Faller, J. WDetermination of Organic Structures by Physical
Methods Nachod, F. C., Zuckerman, J. J., Eds.; Academic Press: New York,
1973, Vol. 5, Chapter 2. (b) Sandstrom,Qynamic NMR Spectroscopy
Academic Press: New York, 1982. (c) Derome, A. Modern NMR
Techniques for Chemistry Researétergamon: Oxford, 1987. (d) Jarek,
R. L.; Flesher, R. J.; Shin, S. K. Chem. Educ1997, 74, 978.

a platinacyclobutana is possibly involved as an intermediate
of this scheme. Analogous stepwise insertion of two CNR is
proposed in the reaction of a cobadtlkyne complex with CNR
reported by Yamazaki and co-workers (Scheme 2), where both
the cobaltacyclobutene and cobaltacyclopentene complexes were
isolated and characterized by crystallographySince the
cobalt-alkyne complex can be considered as a cobaltacyclo-
propene, the mechanism proposed for the cetmkyne
complex is a good support for the stepwise insertion of the
platinacyclopropane to platinacyclopentane via the platinacy-
clobutane. The fluxional behavior 8fin the presence or absence
of excess CNgHz-2,6-Me, revealed the exchange processes
between the imidoyl CNgHs-2,6-Me, and the coordinated
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CNGgH3-2,6-Me. A reasonable interpretation for the retardation Further mechanistic studies as well as the reactions of metal-

of the exchange rate between the imidoyl GNg2,6-Me, and lacycles synthesized in this paper are in progress.
the coordinated CNgEs-2,6-Me is that the reaction is triggered
by dissociation of CNgH3-2,6-Me from 4, as shown in Scheme Experimental Section

6. The dissociation produces a coordinatively unsaturated species

B, on which degradation of the platinacyclopentane reversibly ~ General Procedures.All experiments were carried out under
forms the platinacyclobutane intermedi&@evia deinsertion of an argon atmosphere using standard Schlenk techniques. All
CNGCgHs-2,6-Me>. The interconversion between the platinacy- solvents were distilled over appropriate drying reagents prior to
clopentane and the platinacyclobutane Baexplains the  use (toluene, hexane, £ PhCO/Na, CHClp; CaHp). The *H
solution dynamics suggesting the exchange of the imidoyl NMR spectra were taken with a JEOL ECA 600 spectrometer.
CNGCgH3-2,6-Me and coordinated CN¢Els-2,6-Mey. Thus, all Chemical shifts were recorded in ppm from Fhe internal standard
of the results described in the solution dynamics in this paper (H: *°C: solvent). IR spectra were recorded incnon a JASCO

by association with the CN{Els-2,6-Me, exchange processes g&'ﬁfsq spectr0||‘{1_eter. M_eltting point? werag&%sured otn a yanaco
are summarized in Scheme 6. mICro melung point apparatus. spectrum was

An interesting question that has not been solved in our recorded on a JEOL Mstation JMS-70 apparatus. Elemental analyses

. . . were performed by the Elemental Analysis Center, Faculty of
experiments is why only the platinurTCNE complex can react Science, Kyushu University. Starting materials Ni(cg)Pdy-

with CNCsH3-2,6-Me, and the palladium and nickel homo-  pay.cHCl, 29 and Pt(cod)® were synthesized by the method
logues do not. The molecular structures2oénd3 described  gported in the literature.

above suggest that they are also consid_ered to be metallacy- Preparation of the Metallacyclopropanes. §2-TCNE)Pt(-
clopropane extremes from the<C bond distance (1.478(4),  cNCH;-2,6-Mey), (1). In a 20 mL Schlenk tube, Pt(cadj200
1.479(3) A) and thec-angles (54.5, 537}, although contribution mg, 0.49 mmol) and CNgs-2,6-Me> (128 mg, 0.98 mmol) were

of back-donation in the nickel and palladium complexes is dissolved in E£O (30 mL) at room temperature and stirred for 1 h.
smaller than that of the platinum homologues. Two possibilities The resulting solution was filtered by passing the mixture through
can be proposed; one is a kinetic reason, in which the insertiona short pad of Celite. To the filtrate was added tetracyanoethylene
of CNCsH3-2,6-Me requires the highest contribution of back- (62 mg, 0.49 mmol), and the mixture was stirred foh atroom
donation, and only the platinum complex is adopted in this temperature. The resulting pale yellow precipitate was washed with
criterion. Another is a thermodynamic explanation, in which EtO and driedn vacuq affordingl in 58% yield (166 mg). Further
the insertion of CNGH3-2,6-Me, also takes place in the nickel  purification by recrystallization from toluene gave a pale yellow
and palladium homologues, but it is essentially reversible. In block, mp 14FC (dec). IR: ve=n 2227, 2187, 2176 cnt. 'H NMR

this case, the equilibrium is favored for the metallacyclopropane (600 MHz, CDC4, rt): 6 2.52 (s, 12H, Me), 7.23 (d, 4H, dda J

for nickel and palladium, whereas platinum is favored for the = 7.7 Hz), 7.36 (t, 2H, ha J = 7.7 Hz).73C NMR (150 MHz,

metallacyclopentane. Further investigation with assistance of CDCh, r): 0 13.6 (Jc-pt = 295 Hz), 18.5 (Me), 112.50c-pt =
theoretical studies is awaited for discussion. 59 Hz), 125.1, 128.4, 130.9, 135.7, 159.4. HRMS: calcd for

12C,'H1MN6193Pt 586.1319; found 586.1322.

(> TCNE)Pd(n-CNC¢H3-2,6-Mey), (2). In a 20 mL Schlenk
tube, Pd(dba}-CHCI; (61 mg, 0.059 mmol) and CNE3-2,6-Me,

As described above, we have reported the first example of (30 mg, 0.23 mmol) were dissolved in,X (20 mL) at—76 °C.
ring expansion of a metallacyclopropane to a metallacyclopen- The resulting solution was warmed to°C and stirred for 2 h.
tane by insertion of isocyanides, in which both of the molecular After the solution was warmed to room temperature, tetracyano-
structures are unequivocally determined by crystallography. £thylene (15 mg, 0.36 mmol) was added, and the mixture was stirred
Among the three complexes with homologous structung, ( for 2 h. The yellow solution was removed via syringe and washed

_ PyYs — N with Et,O, and the resulting green precipitate was dissolved in
TCI\.IE)M(W CNCeH3 .2’6 MQ)? M NI, Pd’ PY, on!y the dichloromethane (20 mL) and filtered by passing the mixture
platinum complex is reactive toward ring expansion. The

. . . hrough a sh f Celite. Concentration of the resulting solution
solution dynamics of the platinacyclopentane showed thet ough a short pad of Celite. Concentration of the resufting soltio

7 . in vacuo afforded 2 in 94% vyield (56 mg) as a green powder.
exchange of the imidoyl CNgEls-2,6-Me, and the coordinated : 0y ( 9 d P

- . ” Further purification by recrystallization from toluene gave the
CNCeH3-2,6-Me,, suggesting the insertion of CNEz-2,6-Me, desired complex as a green block, mp 208 (dec). IR: ve=n

to be_ reve_rsible. A disso_ciative mt_ech«_’:mism is pI’Op(_)SGd. As 2227, 2198, 2178 cm. 'H NMR (600 MHz, CDC}, rt): 5251
described in the Introduction, coordination of alkenes is gener- (s  12H), 7.21 (d, 4H, Kewd = 7.7 Hz), 7.34 (t, 2H, bhyad = 7.7

ally explained by the DewarChatt-Dunkanson model, ang{- Hz). 13C NMR (150 MHz, CDC4, rt): 6 18.5 (Me), 21.1, 112.1,
TCNE)Pt(-PPh); is one of the most famous examples of a 125.1,128.2, 130.6, 135.6, 146.8. Anal. Calcd feitGeNePd: C,
“metallacyclopropane extreme”, in which back-donation from 58.02: H, 3.65; N, 16.91. Found: C, 58.11; H, 3.59; N, 16.83.
the metal to the &C bond is the primary factor for the (7> TCNE)Ni(-CNCeH3-2,6-Mey), (3). In a 50 mL Schlenk
coordination. Since the metatarbon bond is reactive with  tube were placed Ni(cogl{100 mg, 0.36 mmol) and CNEs-2,6-
various unsaturated molecules, it is probable that ring expansionMe, (95 mg, 0.72 mmol), and then /2 (20 mL) was added at
from metallacyclopropane to metallacyclobutane by insertion —75 °C. The resulting solution was warmed @8 °C and stirred

of CO or CNR and to metallacyclopentane by alkene generally for 2 h. Then the color of the solution changed from yellow to
occurs in organometallic reactions. They are indeed proposeddark brown. After the solution was warmed to room temperature,
in the mechanisms of catalytic reactions. Nevertheless, little hastetracyanoethylene (47 mg, 0.36 mmol) was added, and the mixture
been reported on the ring expansion with unequivocal evidence,was stirred for 2 h. The solution was removed via syringe and
including the molecular structures of the starting material and Washed with EO, and the resulting dark brown precipitate was
the product. To our best knowledge, the present paper is thedissolved in dichloromethane (20 mL) and filtered by passing the
first investigation of the ring expansion from metallacyclopro- p— — P p——
pane to metallacyclopentane with unequivocal evidence on the 229; Uﬁaﬁ”{‘_'; K W;‘ZOJ% Hy” ehi \‘}J_ Organomet. Cheml974 65,
molecular structures, providing new and important aspects for ,53.
the understanding of the reactions of coordinated alkenes. (30) Spencer, J. Unorg. Synth.1979 12, 213.

Conclusion
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mixture through a short pad of Celite. Concentration of the resulting enough to equilibrate the exchange and the spin relaxation before
solution in vacuo afforded 3 as a red powder. Purification by the NMR measurement. The decreased intensity @f Wwhs
recrystallization from toluene or toluene/hexane gave the desired calculated by comparison of its integral value with the other peak
complex3 in 79% yield (127 mg) as a brown block, mp 210 which was not affected by the SST measurements. The data are
(dec). IR: ve=n 2224, 2169, 2147 crit. 'H NMR (600 MHz, reported in Tables S-3-1-2 and S-3-2-2 in the Supporting informa-
CDClg, rt): 6 2.50 (s, 1M, Me), 7.16 (d, 4H, Reta J = 7.7 Hz), tion. The rate constahktwas calculated according to eq 3, and the
7.28 (t, H, Hpara J = 7.7 Hz).23C NMR (150 MHz, CDC}, rt): Eyring plot ofk at four different temperatures provided th&¥z50
018.4,18.8,115.5,126.9, 128.1, 129.4, 135.3, 156.3. Anal. Calcd value  from thermodynamic parameters using eq 4
for Co4H1gNgNi: C, 64.18; H, 4.04; N, 18.71. Found: C, 63.67;H, and eq 5.
4.10; N, 18.55.

Ring Expansion of 1 to (TCNE)Pt@-CNC¢H3-2,6-Mey)4 (4). 1 ([l
In a 5® NMR tube were dissolved (1.00 mg, 1.7umol) and k= T I -1 3)
naphthalene (internal standard; 1.31 mguh@ol) in CD.Cl, (0.5 1(Ha) \TfHR)
mL), to which CNGH3-2,6-Me, (0.45 mg, 3.4umol) was added.
After 1 h, all of 1 disappeared and was formed. Integral values | (k) | (kB) AH  AS

n{=|=In

T

of 'H resonances due tbased on those of naphthalene showed n " RT +—= (4)

the yield of1 to be quantitative. The preparative scale experiment RT R
is as follows: In a 20 mL Schlenk tube;¥ TCNE)Pt-CNCeH3-
2,6-Me&), (15 mg, 0.026 mmol) was dissolved in @&, (3 mL)

at room temperature. A Gi€l, solution (2 mL) of CNGH3-2,6-
Me;, (6.7 mg, 0.051 mmol) was added dropwise over 10 min, and
the mixture was stirred for 30 min. The resulting solution was
concentratedn vacuo, and the residue was purified by column
chromatography (silica gel) at30 °C eluted with CHCI, to give
(TCNE)Ptg-CNCsH3-2,6-Me), in 68% yield as yellow solids (8.1 o o
mg). Further purification by recrystallization from GEl,/hexane thedrange of 3.0 = 0 = 27.5 (1), 3.I" = 0 =< 27.5 (2), 3.1° =

. as( . 0 < 27.5 (3),and 3.0 < 6 < 27.5 (4). Data were collected and
g%g mllggozcr{sfstgls (?ni yfdloll/lans e(glgg 'l\;InI-FI)zI CI}(ng(:)Cl)R"CKCEg processed using CrystalClear (Rigaku) on a Pentium computer. The
210 ’(s 12|_’| Me), 2 1'8 (s, 12H, Me), 6 18’ (t, 2H Z’H 3= '7 6 data were corrected for Lorentz and polarization effects. The
. H ) ’ . ’ H ’ . ) pal - .

= _ structure was solved by direct meth&dfor all complexes and
Eg $ Zg ((td'Z;‘:'H 'HH‘G“S J:_7 g.gz?ileNgh;l?(d(’lgg’MHﬁ? JCBCZ)6 expanded using Fourier techniq#3he non-hydrogen atoms were
5178 18.6. 110 1"’”3123 9 1254 1271 127 4. 129.8 1337, 1357 'efined anisotropically. Hydrogen atoms were refined using the
150 2 ' 60.8'?(\]0 P't _ 23'5 'Hz) '1'35 7 J(JC o _ ’980 'H’Z) 173 8 " 'riding model. The final cycle of full-matrix least-squares refinement

1 _ . . : on F? was based on 4957 unique reflections and 298 variable
g\ljcl‘gtzzlll:ﬁi:'dz_)'énsag Z:;k:_? erZ%HﬁINefé'zg’ 59.50; H, 4.28; parameters forl, 4790 unique reflections and 298 variable

Variable-Temperature 'H NMR Studies. Variable-temperature parameters for2, 4694 uniqu_e reflectio_ns and 298 variable
1H NMR studies were carried out in a temperature range from 0 to parameters foB, and 18721 unique reflections and 1032 variable
77°C. A toluened solution of4 was placed in a ® NMR tube parameters fod. Neutral atom scattering factors were taken from
and degassed several times. The tube was sealed in a flame, whilt%romer and Wat;?*’% All calculatlc_)ns were performed usmg'the
the solution was kept in a dry ice/acetone bath in a vacuum. On rystalStructuré-3> crystallographic software package. Details of

raising the temperature, d# signals were broadened. Typically, final refinement are summarized in Table 6, and the numbering

: : scheme employed is shown in Figures 2 and 4, which were drawn
2’;’%? ? g k.sl_ﬁll;: tt?]eM:Xch;l:%Sec;;Itgegtué\éaalli r;tcgrl]\lcFé \{;?Tr]ze(:%?lﬁzc;g ith ORTEP with 50% probability ellipsoids. Detailed data as well

calculated according to eq?t,and AG*ss, was also obtained by ﬁ]s‘fot::sagggd distances and angles are shown in the Supporting
the Eyring equation (eq 2). )

AG = AH — TAS (5)

Crystallographic Studies. Single crystals ofl—3 were grown
from toluene/hexane, wheredsvas isolated from CkCl,/hexane.
X-ray crystallography was performed on a Rigaku Saturn CCD area
detector with graphite-monochromated MaxKadiation § =
0.71070 A). The data were collected at 123(1) K usingcans in

7w Supporting Information Available: Variable-temperature NMR
kC_TZAU @ data @), 'H NMR, 13C NMR, and the spin-saturation transfer
measurement datd)( details of crystallographic studieg, (2, 3,
where Av is the peak separation when the exchange rate is and4). This material is available free of charge via the Internet at
negligibly small andk; is the rate constant of the exchange at http://pubs.acs.org.

coalescence temperature. OMO0608713
A(;*C: —RT[In E +1In h ) (31) (a) Burla, M. C.; Camalli, M.; Carrozzini, B.; Cascarano, G. L.;
T, Kg Giacovazzo, C.; Polidori, G.; Spagna, ®R20022003. (b) Altomare, A;

Burla, M.; Camalli, M.; Cascarano, G.; Giacovazzo, C.; Guagliardi, A.;

+ ; Moliterni, A.; Polidori, G.; Spagna, RSIR97 J. Appl. Crystallogr.1999
VF\zlherehAG cIs the Glbbs. frehe enerlgy abcoalescence tlneGr_npirature, 32,115-119. (c) Altomare, A.; Cascarano, G.; Giacovazzo, C.; Guagliardi,
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