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Abstract 

Ohyoshi, Hiroaki Shitara and Hiroyuki Nohira 

Faculty of Engineering, Saitama University, Shimo-ohkubo 255, Urawa, 

Bis(phosphine)-3,3-dimethylnickela- and palladacyclobutanes have been prepared 
by intramolecular C-H insertion reaction of the corresponding dineopentyl metal 
complexes. Nickelacyclobutane complexes decompose when heated thereby under- 
going competitive carbon-carbon bond cleavage to give isobutene and ethylene, 
with reductive elimination affording 1,1-dimethylcyclopropane and skeletal isomeri- 
zation of the metallacyclic ring yielding 3-methyl-l-butene, whereas the palladium 
analog gave no significant amounts of C-C bond cleavage products. Added phos- 
phine was seen to have an effect on C-C bond scission of nickelacyclobutane 
complexes. Nickelacyclobutane complexes in solution are thought to be in equi- 
librium with olefin-coordinated nickel-carbene complex on the basis of available 
experimental evidence from hydrogenolysis, carbene-trap reactions with olefins and 
reaction with carbon monoxide. 

Introduction 

The formation and fragmentation of metallacycle complexes are believed to be 
involved in a number of important catalytic transformations. In particular, metalla- 
cyclobutane complexes are suggested to be significant intermediates for metal-cata- 
lyzed olefin metathesis [l], cyclopropanations [2], polymerizations [3], a variety of 
processes involving metal-carbenes [4], and hydrocarbon cracking and isomerization 
reactions [5]. An important aspect for these reactions is that the metal-carbene 
species, derived from the facile cleavage of carbon-carbon bonds in the metallacyc- 
lobutane ring [l], is presumed to play key roles in directing the product selectivity 
and even the reaction pathway. Although a number of metallacyclobutanes have 
been prepared [6-111, fundamental studies on their thermal decomposition reactions 
involving C-C bond cleavage remain unexplored. 
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The nickel-alkyl in bis(phosphine)dineopentylnickel complexes I are stabilized 
because the alkyl has no P-hydrogen atoms as is well-documented. In these cases, 
however, metal insertion into the y-C-H bonds of the alkyl group readily takes 
place to give metallacyclobutanes [6-lo]. This cyclometallation was also observed 
for y-C-H bond insertion in nickel and palladium neopentyl complexes I. 

Complexes II were initially characterized by their chemical reactivities. Protonol- 
ysis of IIa, IIb and IIc with DC1 in toluene resulted in the formation of quantitative 
amounts of 2,2-dimethylpropane-1,3-d,, (by GC/MS). Treatment with Br, gave 
1,3-dibromo-2,Zdimethylpropane (Ha, 49%: IIb, 52%; IIc, 67%) and oxidative 
decomposition of IIa, b, and c with 0, or Ce’” resulted in the formation of 
l,l-dimethylcyclopropane with 80, 87, and 84% yield, respectively. 

LM 
lx 

These chemical properties of 
proposed as metallacyclobutanes. 

II are fully consistent with the structure of II, 

Facile carbon-carbon bond cleavage of metallacyclobutanes 
Nickelacyclobutane complex 

hydrocarbons as shown in eq. 
3-methyl-1-butene (vide infra), 
metathesis type carbon-carbon 
moderate yields. 

A 
IIa --+ CzH4 + 

k 

(15%) (26%) 

Addition of excess PPh, to a 
bond cleavage; the amount of 

Table 1 

Ha thermally decomposed to give a variety of 
1. In addition to l,l-dimethylcyclopropane and 
isobutene and ethylene which resulted from the 
bond cleavage reaction of IIa were obtained in 

+ A +- -Y (1) 

(47%) (6%) 

toluene solution of Ha appeared to promote C-C 
ethylene and isobutene increased twice as much 

Decomposition reactions of the metallacyclobutane complexes ” 

Complex Temp. Time Products b (mol%) 

(“C) (h) 

IIa 24 15 15 26 41 6 6 
IIa + 5PPh, 24 15 28 52 11 I 2 

IIb 60 5 14 27 51 3 5 

IIC 85 25 5 12 14 4 5 

u Decomposition reactions were carried out in toluene solution. ’ Product gases in and over the solution 

were analyzed by GLC and identified by GC/MS and NMR spectroscopy. 
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(Table 1). It is apparent from Table 1 that the C -c‘ bond clea\-age in nickrlacyc- 
lobutanes IIa and IIb is a more facile process than that ftrr the palladium ~ai~lg. 
Platinacyclobutane complexesi yield reductive elimination prt~luct~ oni\ on thermal 
decomposition [ 1 O]. 

It has been reported that the decompcjsition modes of nickclac!cle complexes 
were drastically changed by varying the Ilumber of coordinating phosphincs {17], 
The composition of the gas resulting from the decomposition crf’ II:: :t’r ‘I function 01 
added phosphine is shown in Figure 1. It haa been found that the pr~)duct yield due 
to C -C bond cleavage apparently increased with the amount crt‘ fret; ph~q>hine 
added. This can be accounted for h? the formation of a fivl.-cctl,r~iIn;lt~ n~cbclacvc- 
lobutane complex which :X~X play a key role in !‘ i’ hl 11711 i&X\;lge i,f the 
metallacycle ring [l-?]. 

The addition of excess triphenylphosphine to the palladium complcu 11~ did not 
significantly alter the yield of decomposition products. :ac reportt‘d in ihc case oi 
platinacyclobutanr comple-i [ IO]. 

All of the reaction products can be rationalized as in Scheme I. The observed 
reaction of the nickel complexes IIa and IIb which ib favorabic* for C’~ (‘ bond 
cleavages suggest that there i\ intermediate formation of ;i methylem-?4i cornpIer, 
which then dimerizes to give ethylene. 3-Methyl-I-hutene, resulting I‘rom the iho- 
merization of IIa, is important in cstahlishing the reversihilir: of thtb metnllacvc- 
lobutane with a metal-olefiI1-metilylcne complex. 

Chemical evidence For the generation of’ mckel-methylenc c~mpIexe\; LV;~X <,b- 
tained mainly by trapping methylene with olefitk. to give cyciopropane compounds, 
or by hydrogenation to give methane. DecompcGtion of IIa 1n the presence of 
excess cyclohexene resulted !I? the formation of norc;~rant’ iX(‘; per ‘L’i J. 

The methyiene complex could also be trapped with hydrogen to give methane. 
Treatment of 11~1 with H, (5 atm) in toluene gave methane (38% pcxr Ni). ixobutane 
(32%) and dimethylcvclopropaIne (519) as summarized in ‘Tahl~: 2. When thih 
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J \- J % 
L.Ni=CHZ 

1 
CH2=CH2 

Scheme 1. Possible pathway for the interconversion of IIa into 2,2-dimethylnickelacyclobutane via 

nickel-carbene-isobutylene intermediate. 

reaction was carried out under deuterium, methane-d, (82% isotopic minimum) and 
isobutane-d, (92% isotopic purity) were produced in similar yields (by G<:/MS). 

In contrast, the dominant products from the hydrogenolysis of the palladium 
analog IIc were neopentane (69%) and dimethylcyclopropane (14%) with small 
amounts of methane (4%) and isobutane (6%). 

Further chemical evidence for the nickel-methylene intermediate was obtained by 
the reaction with 1,7-octadiene resulting in a catalytic metathesis. Treatment of IIa 
with excess 1,7-octadiene in toluene resulted in the formation of cyclohexene (380% 
per Ni), while the palladium analog IIc gave no detectable metathesis products. 

+ IIa - 0 
1 + CzH4 

Interestingly, carbon monoxide (4 atm) reacted with IIa to give a low yield (8%) 
of ketene dimer [8] and no detectable amount of 3,3-dimethylcyclobutanone. 

Table 2 

Reaction products of the hydrogenation with H, of IIa and IIc 

Product Yield (a) of product from: 

IIa IIC 

CH, 53 4 

C,H, 7 

i-C,H,, 62 6 

i-C,Hs 2 

X 32 14 

GH12 2 6 

neo-C,H,, 10 69 



Experimental 
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Dineopentyl[bis(diphenylphosphino)ethaneJnickel(II) (Ib) 
A suspension of NiCl,(dpe) (2.0 g, 3.8 mmol) in ether (50 ml) was treated with a 

3-molar excess of neopentyllithium in ether at - 50 o C. After the reaction mixture 
had been kept below - 45 o C for 6 h, an orange-yellow crystalline solid precipitated 
from the red-brown solution. The compound was isolated by filtration and recrystal- 
lized from toluene/hexane mixtures to yield orange-yellow crystals Ib (42%) which 
were stable enough to handle in the solid state at room temperature for short 
periods. Protonolysis with gaseous hydrogen chloride in a toluene solution gave 
neopentane (96% per Ni). 

Anal. Found: C, 72.36; H, 7.68; Ni, 9.52. C36H46NiP2 talc: C, 72.10; H, 7.75; Ni, 
9.80%. 

Dineopentyl[bis(triphenylphosphine)Jpalladium(II) (Ic) 
A mixture of PdCl,(PPh,)2 (2.0 g, 2.9 mmol) and neopentyllithium (3-molar 

excess) in ether (50 ml) was slowly warmed to - 20 o C. The off-white solid, which 
precipitated from the yellow solution was isolated and recrystallized from toluene 
(54%). Hydrolysis of Ic in a toluene solution yielded neopentane (98% per Pd) and 
bromination gave neopentyl bromide (89%). Ic: ‘H NMR (-20°C CD,) 1.12 
ppm (s, 18H), 0.88 (m, 4H), 7.41 (m, 30H). 

Anal. Found: C, 71.68; H, 6.72. C,,H,,P,Pd talc: C, 71.43; H, 6.80%. 

Bis(triphenylphosphine)-3,3-dimethylnickelacyclobutane (Ila) 
A solution of Ia (2.0 g, 2.8 mmole) in toluene (20 ml) was maintained at - 35’ C 

for 70 h using a constant low temperature bath. The yellow solid was precipitated 
by the addition of hexane and recrystallized from toluene/hexane to yield 0.22 g of 
IIa (12%). IIa: ‘H NMR (- 30 o C, CD,) 0.90 ppm (s, -CH,, 6H), 1.07 [t, -CH,, 
4H, J(“P-‘H) 6 Hz], 7.65 (m, -Ph, 30H). 

Anal. Found: Ni, 8.84; (C,H,),P, 79.8. C,,H,NiP, talc: Ni, 8.99; (C,H,),P, 
80.3%. 

After Ha had been separated off, the gas and solution phase was found to 
contain 2.3 mmol of neopentane (83% per Ia) and 0.20 mm01 of dimethylcyclopro- 
pane (7.3%). 

Complex IIa (0.417 g) in toluene was treated with oxygen to give l,l-dimethyl- 
cyclopropane in 78% yield (GLC, n-pentane internal standard). The dimethyl- 
cyclopropane was identified from its ‘H NMR spectrum after purification by 
preparative GLC: 1.06 (CH,, 6H), 0.23 (CH,, 4H). 

Deuterium chloride, generated from D2S04 and dry NaCl, reacted with IIa to 
produce a quantitative yield of neopentane-1,3-d,, which was identified by GC/MS 
(35 eV), and by ‘H NMR spectroscopy on a GLC-purified sample. 

Bromine reacted with IIa in toluene at - 20 ’ C, to produce a 54% yield of 
1,3-dibromoneopentane, identified from its ‘H NMR spectrum of a GLC purified 
sample: 1.16 (CH,, 6H), 3.38 (CH,Br, 4H). 

[Bis(diphenylphosphino)ethaneJ-3,3-dimethylnickelacyclobutane (IIb) 
An ether (30 ml) solution of Ib (1.0 g, 1.7 mmol) was maintained at -- 20 o C for 

12 h before hexane was added. The resulting yellow orange solid was recrystallized 
from toluene/hexane mixtures to yield 0.16 g (18%) of IIb. IIb: ‘H NMR ( - 20 o C, 
CD,) 0.86 (s, CH,, 6H), 1.14 (t, CH,, 4H, J(31P-1H) 6 Hz], 2.08 (t, C&-P, 4H), 
7.37 (m, C,H,, 20H). 
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.4nal. Found: C. 69.52: H. 6.53: Ni, 11.5. C;,,H,,NiP, talc: (‘. 69.90; H. 6.67; Ni. 
11.40%. 

Reaction of IIb with Br, produced 1.3-dibromoneopentalle (525 ). x+,ith gaseous 
DCI, a quantitative yield rtf neopentane-1.3-11,. and wtth 0.. ;ln S?S yield of 

1.1 -di,netl7vlc~cloprc,pane. 

Thermal decompositions \vcrc carried out using 2.0 X 10 ’ ‘41 Solutiok4 of II;] m 

toluene or other solvent as noted. In a 25 nrl Schlenlc ~LIIW quipped L\itii; ‘i gas-tight 
serum cap was placed 2.0 ml of the ~11pie solution \chich had ken coc~kci to belo\\ 
~~ 30 0 C. The lube was connected to ‘1 xiacuum lint ( 0.003 7 clrr) ;mil degaexd 
through three freeze-thau cycles and then piaced in a therm~~statcd il,lth. Aitu 
complete decomposition. the gaseous producti; rn and %)\er tht, colrrti0n ~{t‘rc’ 
analyzed by GLC’ (n-octane on Poraail C’ 3 m. PO” c‘). 

1. I -Dimethylcyclopr~~pa~l~ and 3-metl-r~l-I-hiltcnc Lvere identified b? ’ ft NMK 
on GLC purified sample>. .rnd other lighter hsdrocarboni a.cre identified I>\ 
cc>mparison of their retentirrn tinge and with that of uoir?yecrcd $rsndnrd \amplc\. 

A pressure bottle (27.5 ml) containing a solution of 113 (Cl.?48 g. 1 .lS mmol) in 
toluenc (10 ml) was connected lo ;I vacuum lint and dqasscd Jt ilrb-ice tempera- 
ture. Hydrogen or deuterium (5 atm) was then added and the reaction lniaturc ~,as 
allowed to warm to ambient tcmpcrature. .After the reacti~~n UJ~ c~rmplet& (2 h at 
52°C’). the products identified h\ <iLc‘ are !istetl in Table 7. ?vlasa spt’~tr;~i analvsis 
of the deuterated hydrocarbons wak performed at 30 rV .md ‘0 cV. Rcactr0n ~~f-llv 
with D, gave C’H ,D. and i-<‘,;I-J,J). or X2 and 92$ isotopic pur~t>. :.c~p~~:ti~c’l~. 

The same procedure was c.arried out as ahoke. but under carbon monoxide (5 
atm) gas instead of hydrogen. :tfrcr 1 h at 50 o C. the solution turned black and a 
grayish-white solid separated. Analysis of the resultanl solution h>, Ci1.c’ (SE-.l(i 
Celite 545. 2 m) showed. wit11 ublene as internal standard, thiil ketcnc climcl had 
formed in 8% yield. The product aas identified by (;C‘,z MS and from it\ ‘11 NMR 
spectrum of a GLC purified sample [CH,=<‘. 4.X4 ppm. II-f anti 3.38 Ed). 111: 
C C‘H 1 =C 3.X4. 7H]. 

The white solid. isolated h? filtration, W:I~ identified as Ni(C’O),( PPh i- in X3”; 
yield: m.p. 209. 213°C: JR(KRr). 200X. 1955 cm ‘. 
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