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Recently, reports have appeared which describe the cleavage of diethyl ether with
highly electrophilic tetrachlorobenzyne and tetrafluorobenzyne to give ethylene and

142 J1though unsubstituted benzyne is thought

the corresponding 2,3,4,5-tetrahalophenetole,
to undergo nucleophilic attack by ethers to form betaines, no cleavage products have been
isolated in the absence of betaine-trapping reagents.2'3 In contrast we wish to report the
facile cleavage of ethers by benzyne in a solvent medium other than the ether itself,

When benzenediazonium-2-carboxylate (0.13m), isolated as a slurry in 200 ml of chloro-
form containing diethyl ether (0,26m), was heated at u5° for 1.5 hours, phenetole was iso-
lated in 407 distilled yield, Lower ylelds were obtained in solvents in which the benzyne
precursor was more poorly solvated and its rate of decomposition was slower.ua Yields of
phenetole using 1,2-dichloroethane, dichloromethane, carbon tetrachloride, and diethyl ether
as solvents were 147, 12%, 0%, and 0%, respectively, Apparently decomposition of benzenedia-
zonium-2-carboxylate in solution favors the formation of benzyne and benzyne derived pro-
ducts, whereas decomposition as a solid leads to a higher ratio of polymeric material.ub

By analogy to ether cleavage by tetrahalobenzynes and the cleavage of thioethers and
certain tertiary amines by benzyne,5 the probable mechanism is nucleophilic attack by the
ether on benzyne followed by Ei collapse of the initially formed betaine through a six-

6

membered transition state,
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Results obtained with other ethers are summarized in the following table,

Denzyne Cleavage of Ethers in Chloroforn’
Ether Products & Yield
diethyl ether Phoczu5 + (:I-lz-c}{2 40
diisopropyl ether 1’t;o<:11(c:ﬂ3)cﬂ3 + CH,=CHCH, 14
phenetole No Cleavage 0
methyl cyclohexyl ether mocﬂ3 + cyclohexene 18
cyclohexene oxide 3-phenoxycyclohexene 23
ethyl isobutyl ether (1) PhOCHy + CH,=C(CH,), (22%) -
Phocnzcﬂ(cx3)2 + CHy=<cH, (78%)
ethyl cyclohexyl ether(2) Phoczﬁs + cyclohexene  (62%) 23

Cyclohexyl phenyl ether + CH,CH, (36%)

The cleavage is sensitive to both ateric and electronic factors in the reacting ethers,
The former is indicated by the lower yield from diisopropyl ether, in line with the favored
addition of diethyl amine over diisopropyl amine to ‘t>exu;yne.8 The anticipated lower nucleo-
philicity of phenyl ethers versus aliphatic ethers9 can account for the failure of initlally
produced alkyl phenyl ethers to undergo subsequent cleavage., Under identical conditions
phenetole does not cleave to give diphenyl ether,

Alkene elimination was confirmed by the gas chromatographic detection of cyclohexene
as a cleavage product from methyl cyclohexyl ethexr and the formation of 3-phenoxycyclo-

hexenelo from cyclohexene oxide,

> e — O

A statistical orientation for alkene formation (rather than Hofmann or Saytzeff) was
determined by an analysis of the product distribution from the cleavage of unsymmetrical
dialkyl ethers. As shown, the cleavage of ethyl isobutyl ether, (1), gives phenetole (plus
isobutylene) and isobutyl phenyl ether (plus ethylene) in a ratio close to the 25% and 75%

distribution of the numbers of competing B-hydrogens, Similarly, benzyne cleavage of
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ethyl cyclchexyl ether, (2), forms phemetole (plus cyclohexene) and cyclohexyl phenyl
11

ether (plus ethylene) in yields approximating the 413 statistically expected ratio.

That these results are not fortultous is indicated by the observation that (1) gives pre-
dominantly the less stable alkene with abstraction of the more acidic hydrogen (primary
vs, tertiary), whereas with (2) the favored alkene is the more stable one resulting from
abstraction of the less acidic hydrogen (secondary vs. primary). Orientation thus resem-
bles the randomness found in many pyrolytic eliminations (’:a‘.i).12 The product distribution
argues for a B8 as opposed to an a-elimination process.

With (3) as the most highly populated conformation of the benzyne adduct from (2) ,13

7L + AHCH, . PROCH,CH;  + [::::]
@ oy
O/O + o,

statistical orientation of elimination implies not only that both cis and trans eliminations
are occurring from the cyclohexyl group, but also that cyclohexene formation is not in-
hibited by a six-membered transition state which 1s not completely coplanar. Analogous
mechanistic features have been found in other Ei reactions.lz' e
A future paper will deal with the reaction of benzyne with dther epoxides and ethers,

inciuding tetrahydrofuran.

Acknowledgment. Appreciation is expressed to Grand Valley State Colleges for a research

grant which supported this investigation,
REFERENCES

1, J.P.N. Brewer, H,Hearney, and J.X,Jablonski, Tetrahedron Letters, 4455 (1968),

2, S.Hayashi and N. Ishikawa, Bull. Chem, Soc. Jap., 45, 642 (1972).

3. G.Wittig, Angew. Chem., 69, 245 (1957); E.4olthuis, B.Bouma, J.Fodderman, and



4560

7

O

10

11,

12,
13.

14,

L. Sytsma, Tetrahedron Letters, 407 (1970); F.M.Logullo, Ph,D, Thesis, Case In-
stitute of Technology, Cleveland, Ohio, 1965; For the cleavage of ethoxyacetylene
see: M,Stiles, U.3urckhardt, and A Hazg., J. Org. Chem,, 27, 4715 (1962).

. a) R.,W.Hoffmann, Dehydrobenzene and Cycloalkynes, Academic Press, N.Y., 1967, p.74.3

b) Decomposition of benzenediazonium-Z-carboxylate (.065m) was incomplete after two
days in refluxing diethyl ether containing methanol (0.13m), No detection of carbon
dioxide evolution or anisole formation indicated the absence of benzyne generation,

V., Pranzen, H,I.Joscheck, and C,Mertz, Ann,, 654, 82 (1962): H.Hellmann and D.Eberle,
ibid,, 662, 188 (1963); Reference 4, p. 164, 171,

At this poilnt a-elimination with initial loss of a carbene cannot be ruled out.

Ether products were identified by a comparison of physical and spectral properties
with those of authentic samples, For the last two entries ether product distribu-
tions, given in parentheses, were determined by gas chromatography (15% Carbowax 20M)
using known mixtures as standards. The percent ylelds in all reactions are based upon
benzenediazonium-2~carboxylate as the limiting reagent and represent total ether
yields for the last two entries, Unreacted higher boiling ethers could be recovered
almost quantitatively from the two-fold molar amounts used,

The competition constant for amine addition is 18, T,Kauffmann, H,Fischer, R ,Nuernberg,
M.Vestweber, and R,Wirthwein, Tetrahedron Letters, 2911 (1967).

The basicity constants for phenyl ethers are about 1000 times smaller than for aliph-
atic ethers. E,M.Arnett and C.Y.Wu, Chem. Ind.(London),1488 (1959).

NMR confirmed the presence of vinylic hydrogens. An authentic sample was prepared from
3-bromocyclohexene and sodium phenoxide.

In contrast N-ethylpiperidine has been reported to react with benzyne to give only
N-ethylpiperidine and ethylene., See reference 4, p. 171.

C.H,DePuy and R,W.King, Chem, Rev., 60, 431 (1960).

The free energy difference between the axial and equatorial positions for the ethoxy
group itself is 0,98 kcal/mole. D.S.Noyce and L.J.Dolby, J. Org. Chem,, 26, 3619 (1961),

D,H.Froemsdorf, C,H,Collins, G.S.Hammond, and C.H,DePuy, J. Am, Chem. Soc,, 81, 643
(1959); D.G.Botteron and G,P.Shulman, J. Org. Chem., 27, 2007 (1962).

FNo. 46



