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We have previously reported on the application of the process
which we have termed the “temporary silicon connection” ! to
the construction of 4 + 2 cycloadducts,?? as illustrated below:

s

We now report the remarkable observation that a magnesium
or an aluminum atom can serve as the temporary tether (cf. §;
likely ligands on metal not shown). Not only does cycloaddition
take place in spite of the fact that the “dienophile” is now
formally a vinyl carbanion, but it is actually greatly facilitated.
For example, the magnesium-tethered intermediate 5 (1 equiv
of BuLi added at —78 °C to 1, followed, at room temperature,
by 1 equiv of 2 M vinylmagnesium bromide in THF) gave 4*
in ~70% yield after heating for only I h at 80 °C.> To place
this result in context, we found that cycloaddition of the silicon-
tethered 2 requires 3 h at 160 °C, and that of the allyl ether
from 1 (5, CH, instead of Mg) takes 10 h at 160 °C.°
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* Present address: Trans Cell Technologies, Inc., Monmouth Junction,
NJ.
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Substituted vinylmagnesium halides also appear to be suitable
participants in the cycloaddition: the reaction product 7 of the
lithium alkoxide of 1 with (Z)-1-propenylmagnesium bromide’
gave (2 h heating at 130 °C; 60%), regiospecifically and
stereoselectively, a mixture of the two 4,5-dimethyl-2-cyclo-
hexenemethanols 8 and 9, R = methyl,>® in which 8 greatly
predominated (9:1). The isomeric 10, made from the (E)-
propenyl Grignard reagent, gave (3 h, 130 °C; 60%) the same
mixture of 8 and 9, but the major isomer was now 9 (4:1).
Similarly, the magnesium derivative from B-bromostyrene (E:
Z, ~9:1) reacted with the lithium salt of 1 (160 °C, 8 h) to give
a 70% yield of cycloadducts as a 2:1 exo:endo mixture of 9
and 8, R = phenyl. The regiochemical results are consistent
with an intramolecular 4 + 2 cycloaddition, while the stereo-
chemistry of the adducts indicates a bias toward “exo” transition
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Disubstitution at the 3-position of the vinyl “dienophile” still
allows cycloaddition, as shown in the formation of 11 in ~60%
yield (140 °C, 4 h). Even more remarkably, terminal disub-
stitution of the diene can be tolerated: the intermediate 12 from
the lithium salt of 5-methyl-2,4-hexadienol and vinylmagnesium
bromide gave (3 h, 130 °C) the cyclohexenemethanol 13 in 65%
yield. Although we have prepared the same adduct from that
same dienol by the silicon tether method,? this required 26 h at
200 °C and gave 13 in only ~30% yield. A somewhat more
elaborate example of this type is the addition of the magnesio
intermediate 14 from the lithium salt of $-ionol to vinylmag-
nesium bromide (140 °C, 14 h) to give adduct 15'0 in 44% yield
(60—70%, based on recovered ionol).

The assumed formation of cyclic magnesium alkoxides in
the 4 + 2 magnesium-tethered cyclizations reported here is
supported by the incorporation of deuterium!' when D,O was
added before the usual workup of the putative intermediate 6.
Similarly, addition of CO, before workup gave lactone 16.'213

(7) Prepared with Mg turnings in THF and the proper 1-bromopropene
(Z:E = ~96:4; E:Z = ~87:13).

(8) These were transformed to the corresponding 1,2,4-trimethylcyclo-
hexanes by sequential hydrogenation (Pd/H;), tosylation, and LAH reduction.
Stereochemistry was assigned by comparison (NMR; GLC, co-injection)
with authentic samples from Wiley Organics, Coshocton, OH.

(9) “Exo” refers to the orientation of the metal tether. Such a mechanism
is the most economical description of the processes reported here, but
alternatives, such as sequential intramolecular carbanion—olefin additions
(cf. ref 13a), can be imagined.

(10) The structure was proved by conversion to the known (Meyer, W.
L.; Clemans, G. B.; Manning, R. A. J. Org. Chem. 1975, 40, 3686) 4a,8,8-
mmethyl 4,4a,5,6, 7 8-hexahydro-2(3H)-naphthalenone (i).

(ll)From iH- decoupled 13C NMR: 4 = 22.36 ppm (t, Jc-p = 19.4
Hz).
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We have found that similar reactions can be carried out using
aluminum as a connector: Addition (—78 °C) of 1 equiv of
vinylmagnesium bromide in THF to diethylaluminum chloride
in toluene and (room temperature) 1 equiv of the lithium
alkoxide from 1, followed by heating to 130 °C for 3 h, gave
4 in 70—75% yield. The formation of a species such as 17 is
again suggested by the results of preworkup treatment with D,O.
Anhydrous oxygen gave a 2:1 mixture of diols 18, presumably
by a free radical pathway. As in the case of the magnesium
connector, the concerted nature of the reaction was established
by comparing the products of cycloaddition (70—75% yield),
starting with either (Z)- or (E)-1-bromopropene. As was the
case with the magnesium tether, carbinol 8, R = methyl, was
the major product (5.6:1) from the former (150 °C, 6 h), and
carbinol 9, R = methyl, was the major product (5:1) from the
latter (160 °C, 10 h). The stereochemical results are, thus, quite
similar with the magnesium and the aluminum tether, but they
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G.; Grostveld, H. H.; Vrengdenhil, A. D.; Bickelhaupt, F. Justus Liebigs
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are the reverse of what was found? with the silicon connection,
a result which may be of synthetic use.'*
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(14) In contrast to the successful 4 + 2 cycloadditions of dienes with
alkenes tethered via a magnesium or aluminum atom, we were unable to
achieve cycloaddition with alkynes, even though these can be used with a
silicon connector.



