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Summary

Certain allylic ethers, such as allyl phenyl ether and benzyl phenyl ether
undergo allylic carbon-oxygen bond scission with either bis(l,5-cyclopentadie—
ne)nickel(0) or tetrakis(triethylphosphine)nickel(0). Added donors or soivents
accelerate these cleavages in the following order: 2,2'-bipyridyl > TMEDA > THF >
C6H6. Similarly, the aforementioned nickel(0) reagents effect the deoxygenarion
of epoxides bearing electron—withdrawing substituents and yield the correspon-—
ding trans olefins. These observations are interpreted in terms of electron-—

transfer pathways.

Although numerous reports have appeared on the oxidative addition of
zero-valent nickel complexes to organic halides [1-5] relatively little is
known about such additions with organic oxygen-containing substrates [6-9].
Noteworthy, however, is the combined action of bis(l,5-cyclooctadiene)nickel(0)
and carbon dioxide on certain epoxides, which is reported to give alkylene
carbonates in good yields [9].

As an extension of 6ur interest in the mechanistic aspects of the oxida—
tive addition reactions [10,11], we have now examined the behavior of certain
ethers and epoxides :ova;d nickel(0) complexes. By varying the metal ligands
and the reaction solvent, we have obtained evidence consistent with the cperation
of electron transfer in the cleavage of carbon-oxygen bonds by oxidative

.addition. Moreover, we have observed a facile cleavage of allyl ethers and

: *part II1 of the series: "Organic Chemistry of Subvalent Transition Metal
Complexes” (previous parts, J. Organometal. Chem., 96 (1975) Cl19, C23.
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a smooth deoxygenation of certain negatively substituted epoxides.

' fhus, allyl phenyl ether undergoes smooth cleavage H;th bis(1,5-cyclo-
octadiene)nickel(0), I or tetrakis(triethylphosphine)nickel(0), iI, to yield
80-100% of phenol, upon hydrolysis, and propylene (isolated as 1,2-dibromo-
propane upon uptake in bromine dissolved in CC14)- With I, the rate of
cleavage varied significancly with solvent in the order, TMEDA > THF>>»C6H6
and sm2ll amounts of o- and p-allylphenols were detected. The use of a
1:1 mixture of I and 2,Z-bipy;idy1 in THF or of I1 in benzene gave more

rapid and complete cleavage to III, without any formation of allylphenols.
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The accelerating effect of stronger donor ligands (bipyridyl or triethyl-
phosphine) is consistent either with the nucleophilic or electron-transfer
attack of Lhﬂi° on the ether substrate. Several other observations, however,
favor an electron-transfer mechanism: 1) the rate of cleavage falls off
rapidly in the sequence, PhOCqu =CHy >> Ph—O—CHZPh >> MeO-CH,yPh; 2) products
of free-radical rearrangement, such as the allylphenols [12], are found in
those cleavages with less effective donor ligands (COD); and 3) the promoting
effect of more basic solvents (Bx) points to charge development on nickel in the
transition statef Thus, coordination of Ni° to the olefinic and/or aromatic
pi-system, followed by electron transfer from nickel to such n* orbitals,
seems necessary for reaction 2.

Collapse of geminate radicals arising from IV would account for the formation
of allylphenols. Stronger donating iigands on nickel in IV would enhance

the meral's electron~transfer capability and prevent such homolytic side reactions;

*Although these observations are in excellent accord with electron-transfer, more
study will be required to rule out any competing nucleophilic pathway.

The formation of.ca equal amounts of the o— and_Erallylphenols 1s consistent
with the generation of geminate allyl and phenoxy radical pairs [12],’ but is not

Treconcilable with a competing thermal Claisen zeatrangement, where . exclusivelz the
9-allylphenol is- ptoduced [;3]-'
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this is indeed the case with (con)zm + bipyridyl or with (Et3P)4Ni-
Further evidence for such electron-transfer cleavages can be adduced from
the deoxygenative cleavages of epoxides. Although (COD)ZNi or (Ph3P)aNi
do not react readily with substituted styrene oxides, both (EtBP)ANi in c6H6
and a 1:1 mixture of (COD)ZNi and 2,2'-bipyridyl in THF quantitatively form
the coftesponding styrénes in refluxing solution. Either cis- or trans-8-
trimethyisilylstyrene oxide eventually yield the same composition of trans-
and cis-B-trimethylsilylstyrenes (v95:5), although the ratio of isomers
from the cis-oxide at small conversion was 60:40 (t:cii The non-stereospecific
deoxygenation supports a stepwise carbon-oxygen cleavage initiated by electron
transfer to phenyl n* orbitals™ “(Scheme 1).
The requisite of electron-withdrawing substituents (pi-systems with low n*
orbitals) which foster coordination and electron transfer, is seen in the
smooth deoxygenation of diethyl cis-~2,3~epoxysuccinate (V) to diethyl
fumarate and the inertness of cis-1,2-epoxyoct-l-yl(trimethyl)silane (VI).
Typical cleavage and deoxygenation procedures are the following:

Cleavage of allyl phenyl ether by bis(l,5-cyclooctadiene)nickel(0). A solu-

tion of 1.54 mmol of (COD)ZNi in 10 ml of anhydrous THF and 1.53 mmol of

*In a separate experiment cis-B-trimethylsilylstyrene was shown to undergo slow
conversion to its trans isomer upon heating with a 1:1 mixture of (COD)ZNi and
2,2'-bipyridyl in THF.

*iMany polar elimination reactions proceed with a marked stereoselectivity; for
‘example, the deoxygenation of epoxides with lithium diphenylphosphide[14] er tri-
nethylsilylpotassium [15] leads cleanly to the olefiu of 1nverted geometrical

:configuration. ’
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allyl phenyl ether was heated at reflux under an argon atmosphere for 35 h.
Air-oxidization and hydrolysis with 6N-HCl, extraction into ethyl ether,
drying over anhydrous MgS0, and solvent removal gave, by GLPC, almost a
quantitative yield o% phenol, which was identified by NMR and IR spectroscopy.
Varying small amounts (“5%) or o— and p-allylphenols were detected in this
reaction and other reactions of (COD)ZNi conducted in benzene or TMEDA.

Work-up of a similar reaction run by passing a stream of argon over the
reaction mixture during hydrolysis and thence into a solution of bromiﬁe in
CCl4 led to the isolation of 1,2-dibromopropane (NMR and GLPC).

In a modified experiment, a solution of 0.75 mmol of allyl phenyl ether,
0.80 mmol of (COD),Ni, 0.80 mmol of 2,2"~bipyridyl in 10 ml of anhydrous Tﬁr
was heated under reflux for 24 h. Work-up yielded pnly-phenpi, with no

trace of the‘allylphenolgin Under the anélogohs‘éonditions,,benzyi phenyl "
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ether gave small amounts (5-10Z) of phenol, toluene and bibenzyl and benzyl

methyl ether was completely unreactive.

Cleavage of cis-8-trimethylsilylstyrene oxide. A deep violet suspension of

1.0 mmol of (COD)ZNi and 1.0 mmol of 2,2"'-bipyridyl in 20 ml of anhydrous
THF was stirred for 30 minutes and then treated with 0.95 mmol of the
styrene oxide. Gentle reflux for 30 h and usual work-up yield essentially
a quantitative mixture of the B-trimethylsilylstvrenes in a trans-cis ratio
of 95:5.

In a similar manner, styrene oxide, trans-8—trimethylsilylstyrene oxide,
and diethyl cis-2,3-epoxysuccinate underwent smooth deoxygenation to yield,

where applicable, preponderantly the trans isomer.

Acknowledgements

The authors are indebted to the National Science Foundation for the support

of this research by Grant CHE76-10119.

References
1. P. W. Jolly and G. Wilke, "The Organic Chemistry of Nickel," Vols. I and
IX, Academic Press, New York, N.Y., 1974 and 1975.
2. S. Takahashi, Y. Suzuki and N. Hagihara, Chem. Lett. (1974) 1363.
3. M. Ryang and S. Tsutsumi, Organometal. Chem. Rev., AS (1979) a7;
Synthesis (197;) 55.
4. P. E. Garrou and R. F. Heck, J. Amer. Chem. Soc., 98 (1976) 4115.
5. J. K. Stille and A. B. Cowell, J. Organometal. Chem., 124 (1977) 253.
6. S. Fukuoka, M. Ryang and S. Tsutsumi, J. Org. Chem., 35 (1970) 3184.
7. W. Reppe, H. Kroper, N.von Kurepaw and H. J. Pistor, Justus Liebigs
Ann. Chem., 582 (1953) 87.
‘8. (a) B. M. Trost and T. Chen, Tetrahedron Lett., (1971) 2603; (b) P. T.
| . Ho,rs._01da and K. Hies?er, Chem{ Comm., (1972) 833.

9. R. J. De Pasquale, Chem. Comm., (1973) 157.




Cs0
10.
11.
12,

13.

14.

15.

J. J. Eisch and G. A. Damasevitz, J. Organometal. Chem., 96 (1975) C19.
J. J. Eisch and J. E. Galle, J. Organometal. Chem., 96 (1975) C23.

G. Koga, N. Kikuchi and N. Koga, Bull. Chem. Soc. Japan, 41 (1968) 745.
S. J. Rhoads in P. de Mayo, ed., "Molecular Rearrangements', Vol. 1,
Wiley-Interscience, New York, N.Y., 1963, pp.660-684.

E. Vedejs and P. J. Fuchs, J. Amer. Chem. Soc., 93 (1971) 4070.

P. B. Dervan and M. A. Shippey, J. Amer. Chem. Soc., 98 (1976) 1265.



