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Cross metatheses of strained rings with acyclic olefins offer

concise new solutions toward the syntheses of natural and
unnatural products. Securing the full value of these cross

metatheses and related processes, however, requires the devel-

opment of more efficient entries into highly functionalized
cyclobutene-containing substrates. In this regard, we report
herein the first intramolecular cycloadditions between cyclo-

butadiene and unactivated olefins to produce novel cyclobutene-

containing systems. The utility of this transformation is
illustrated by the conversion of the cyclobutene-containing
cycloadducts into 1,3-cyclohexadiene-containing ring systems.
Over the last three decades, theoretical, structural, and
reactivity studies have provided a rich understanding of the
chemistry of cyclobutadiere. The synthetic utility of this
reactive functionality, however, has been exploited to a lesser
extent. A important exception is the use of cyclobutadiene in
[4 + 2] cycloadditions’ where a range ofctivated cycload-
dition partners have been employed.q, benzoquinones,
phenylacetylene, dibenzoylacetylene, norbornadién€on-
sidering the prevalence of cyclobutadiene cycloadditions, it is
interesting to note that, to the best of our knowledge, there have

been no reports of cycloadditions between cyclobutadiene and

simple, unactivated olefirfs.

In view of our need for improved pathways to biologically
active agent8we chose to examine whether imramolecular
cycloaddition withunactvatedalkenes is a feasible transforma-
tion. As illustrated in Scheme 1, there has been one report of
an intramolecular transformation where cyclobutadiene was

shown to react with tethered alkynes to produce Dewar benzene-

containing cycloadducts8(n = 1,2)7 Without isolation these
cycloadducts were then converted to the aromatic systéms (
n=12).

(1) (@) Randall, M. L.; Tallarico, J. A.; Snapper, M. 1. Am. Chem.
Soc.1995 117,9610-9611. (b) Schneider, M. F.; Blechert, 8ngew.
Chem., Int. Ed. Engl1996 35, 411-412.

(2) (@) Emerson, G. F.; Watts, L.; Pettit, R.Am. Chem. S0d965 87,
131-133. (b) Watts, L.; Fitzpatrick, J. D.; Pettit, R. Am. Chem. Soc.
1965 87, 3253-3254. (c) Fitzpatrick, J. D.; Watts, L.; Emerson, G. F.;
Pettit, R.1965 87, 3254-3255. (d) Whitman, D. W.; Carpenter, B. K.
Am. Chem. Sod 982 104, 6473-6474. (e) Reeves, P.; Henery, J.; Pettit,
R. J. Am. Chem. Sod 969 91, 5888-5890. (f) Reeves, P.; Devon, T.;
Pettit, R.J. Am. Chem. So&969 91, 5890-5891. (g) Cram, D. J.; Tanner,
M. E.; Thomas, RAngew. Chem., Int. Ed. Engl991 30, 1024-1027.
(h) Efraty, A.Chem. Re. 1977, 77, 691—-744. (i) Watts, L.; Fitzpatrick, J.
D.; Pettit, R.J. Am. Chem. Sod 966 88, 623-633. (j) Grubbs, R. H.;
Grey, R. A.J. Am. Chem. S0d973 95, 5765-5767. (k) Li, Y.; Houk, K.
N. J. Am. Chem. Sod.996 118 880-885.

(3) (a) Ward, J. S.; Pettit, R. Am. Chem. S0d.971, 93, 262-264. (b)
Pearson, A. Jliron Compounds in Organic Synthesiécademic Press:
London, 1994; p 8384.

(4) (a) Burt, G. D.; Pettit, RJ. Chem. Soc., Chem. Comma665 517.
(b) Barborak, J. C.; Watts, L.; Pettit, B. Am. Chem. Sod966 88, 1328-
1329. (c) Barborak, J. C.; Pettit, R. Am. Chem. Sod.967, 89, 3080-
3081. (d) Meinwald, J.; Mioduski, Tetrahedron Lett1974 4137-4140.
(e) Meinwald, J.; Mioduski, JTetrahedron Lett1974 3839-3842. (f)
Mehta, G.; Viswanath, M. B.; Nethaji, M.; Venkatesan,X.Chem. Soc.,
Chem. Communl992 82—84. (g) Grubbs, R. H.; Grey, R. Al. Chem.
Soc., Chem. Commuh973 76—77. (h) Schmidt, E. K. GAngew. Chem.,
Int. Ed. Engl. 1973 12, 777-778. (i) Mehta, G.; Viswanath, M. B.
Tetrahedron Lett1995 36, 5631-5632.

(5) For examples of selective cycloadditions to activated olefins, see:
(a) Mehta, G.; Reddy, S. H. Kletrahedron Lett1991, 32, 4989-4992.
(b) Mehta, G.; Reddy, S. H. K.; Reddy, D. S. Retrahedron Lett1991
32, 6399-6402.

(6) Bruner, S. D.; Radeke, H. S.; Tallarico, J. A.; Snapper, Ml.1Org.
Chem.1995 60, 1114-1115.

J. Am. Chem. S0d.996,118,9196-9197

Table 1. Intramolecular Cyclobutadierelefin Cycloadditions
Entry Substrate®  Cycloadduct® Thermal Product”
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2 (a) N-methylformanilide, POG]| (b) NaBH;; (c) H*, alcohol.

The substrates prepared to examine intramolecular cyclo-
butadiene cycloadditions with unactivated alkenes are illustrated
in Table 1 (substrates, entries-T). As shown in Scheme 2,
alcohol28, used to construct these cycloaddition substrates, was
prepared through the formylation of an iron tricarbonyl-
complexed cyclobutadiene (tricarbony{cyclobutadiene)iron,
26),B followed by reduction of resulting aldehy@y.° While
the desired allylic ether-containing substrates are obtainable
through displacement of iron-complexed (cyclobutadienyl)-
methyl bromide with the requisite allylic alkoxides, a more
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convenient route to the cycloaddition substrates was realizedcycloadductl2 show NOEs only to protons on the cyclobutane
by exploiting the ability of the iron complex to stabilize an ring. Overall, the relative stereochemistry of the cycloaddition
a-carbonium ion. In a manner similar to dicobalt hexacarbo- appears to be governed by expected thermodynamic preferences
nyl—alkynyl complexed?the desired cyclobutadienyl ethers are in forming cyclobutane-containing fused-ring systefhs.

obtained readily whe@8and the corresponding allylic alcohols An important issue of whether the alkene stereochemistry is
are treated with catalytic acid. preserved during the cycloaddition is addressed with entries 3
Since intermolecular cycloadditions 86 with unactivated and 4. If the reaction is stepwise, as might be the case given
olefins afford only cyclobutadiene oligomerization products, the oxidative nature of the transformatisthe stereochemical
high dilution conditions i(e., <5 mM) were thought to be integrity of the tethered olefin in substraté$ and 14 may be
required for a selective intramolecular reaction. As illustrated |ost through freely rotating radical or carbocation intermediates.
in Table 1, oxidation of the cyclobutadiengon complexes at  |f these freely rotating intermediates are involved in the
high dilution did indeed provide efficient intramolecular cy- mechanism, molecular mechanic calculations suggest that cy-
cloadditions (cycloadducts, entries-T).? It is of particular cloaddition of both11 and 14 should favor the formation of
interest that, unlike the related intermolecular processes, thesels, Since substratel and 14 provide only cycloadduct$2

cycloadditions do proceed with unactivated olefins. While other and 15, respectively, a concerted mechanism appears to be
conditions to unmask the reactive cyclobutadiene functionality operative.

were examined? a cerium ammonium nitrate(CAN)-mediated 4 extend the utility of the intramolecular cyclobutadiene

oxidation provided superior results. o cycloadditions beyond our need in ring-opening cross metathe-
Tolerance for sterically encumbered alkenes in this transfor- go5 the cyclobutene-containing cycloadducts shown in Table 1
mation is evident with the cycloaddition of substra& where were heated in pentane or benzene to provide novel 1,3-

two adjacent quaternary centers are established on the new'ycyclohexadiene-containing substrates (thermal products, entries
formed four-member ring23 — 24) of the cycloadduct.  1_7y17 This method complements other intramolecular cy-

Interestingly, oxidation of substrates possessing a conforma- cjnadditions/extrusions strategies which provide cyclohexadiene-
tionally restricted tether, such 26, provides mainly oligomeric containing bicyclic ring systeris.

products. Fortunately, at higher temperatures and shorter In summary, this work, describing the first intramolecular

irr?t?gt'mo(;: e}l:rﬂgsregégélggd(cj:it]i‘ggZp:Eg]chitoé_r,ngy)oir;Osfiérr]:iafigsrﬂlr;d cycloadditions of cyclobutadienes with unactivated olefins,
favored over undesired processes. provides a new strategy for the synthe.s[s of functionalized
The stereochemical assignments of the cycloadducts il- cyclobutene-containing substrates. In addition, the cyclobutene-
containing compounds can be used for the preparation of 1,3-

lustrated in Table 1 are supported Bt NMR couplin ; - - A
constants, as well as NOE anpdpchemicetrlI correlation IZ,t&gies cyclohexadle_ne-contal'nmg §ystems. .F.or the rapid preparqtlon
' * of functionalized medium ring-containing systems, selective

For example, whereas cycloaddaéidisplays an NOE between ring-opening cross metatheses of the cyclobutene-containing

the methylene protons on the propyl substituent and one of the . . -
tetrahydrofuranyl protons, the tetrahydrofuranyl protons of cycloadducts will be the subject of future studies.
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