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3-Alkylidene-2-methyleneoxetanes have been prepared by treating o-alkylidene-f-lactones, derived from Morita—Baylis—Hillman-type adducts,
with dimethyltitanocene. Preliminary studies of the reactivity of these little known, strained heterocycles are also described.

The high reactivity and tremendous potential for acting as utility. In this communication, we describe our approach to
chiral templates have made strained heterocyclic systems3-alkylidene-2-methyleneoxetanes and preliminary studies of
attractive targets for synthetic development. Our interest in their reactivity. Also highlighted is an unexpected formation

such systems has centered on the exploitation of the little of electron-rich aryl allenes.
investigated 2-methyleneoxetanes. We developed a straight- To our knowledge, there are two examples (compounds

forward entry into this class of compounds by the methyl-
enation off-lactones with dimethyltitanocereOur antici-
pation of the flexibility of 2-methyleneoxetanes has been
confirmed by their conversion to homopropargylic alcotfols,
functionalized ketone%? and 1,5-dioxaspiro[3.2]hexanes,
the latter representing useful strained heterocyclic systéms.

and 2)8° of 2,3-dialkylidene oxetanes in the literatufe.
Compoundl was a byproduct isolated in 17% yield from
the reaction between 1,3-dimethylallene and bis(trifluoro-
methyl)ketené. Compound2, isolated in 25% vyield, ulti-
mately resulted from a partial decomposition of 4-hydroxy-
4-methylpentynenitrile in the presence of sodium aZide.

In studying these transformations, it occurred to us that the Neither approach is broadly applicable, and we sought a more

presence of unsaturation at the 3-position of the 2-methyl-

eneoxetane (cfL1) would provide additional flexibility and

T Dedicated to the memory of Joseph D. Emch, a NSF REU student
from The Ohio State University who died suddenly on January 6, 2001.
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2-methyleneoxetanes) was via methylenatiormahethyl-
ene(oro-alkylidene)-g-lactones8.
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A number of approaches to-alkylidene-{-lactones have
been reported:—1° The most straightforward and general
strategies fon-methylenes-lactones are a phenyselenation/
oxidation/elimination ofo-methyl-S-lactonegt, utilized by
Danheiser and co-worket$and a cyclization ofx-meth-
ylene-$-hydroxy acid$ (Figure 1). From, the late-stage
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Figure 1. Potential strategies far-methylene-j-lactones
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introduction of the double bond utilizing a strong base and

oxidative conditions represented a potential problem of

intolerance of some functional groups.

The lactonization ofo-alkylidenef-hydroxy acids5 is
precedentedt15-17 Although these cyclizations are not
specifically related to MoritaBaylis—Hillman reaction
adducts, we recognized that this reactforepresented an
ideal entry into a-methylene-g-hydroxy acids. Morita
Baylis—Hillman reactions are generally limited temeth-
ylene, rather thaw-alkylidene-$-hydroxy esters; however,
similarly efficient procedures for the synthesis @falkyl-
idene-$-hydroxy esters have been recently describ&d?
Our results for the preparation of-alkylidene-j-lactones
via Morita—Baylis—Hillman-type adductg are shown in
Table 1.
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Table 12
RCHO OH O OH O R
—>(6) OMe — OH— g
R | R | 7 o
7 R 8 R R 9
entry R R %yieldof 7 % yieldof 8 % yield of 9
a PhCH,CH,; H 74¢ 77
b Ph,CH H 84 88 51
c isopropyl | 66 55¢
d tert-butyl | 96 68¢
e methyl Ph 51d
f isopropyl Ph 35d

aSee Supporting Information for experimental procedutes! yields
are isolated, purified yields.Yield over two steps? Yield over three steps.

Acids 8a,b,g—iwere prepared by the traditional Morita
Baylis—Hillman reaction, followed by hydrolysis with KOH
in methanol. Optimization of lactonization conditions was
examined with8a. Benzenesulfonyl chloride, a common
promoter of lactonization g#-hydroxy acids, did not produce
9a. Both p-toluenesulfonyl chloride and methanesulfonyl
chloride gave9a in 20—30% vyield. Howeverp-nitroben-
zenesulfonyl chloride provide8a in good yield and was
used in the preparation of all of the lactones exd&pand
9d.

The syntheses of lacton8s and9d have been previously
described’ lodozirconation of methyl propiolate and in situ
condensation with isobutyraldehyde and pivaldehyde, re-
spectively, provided ester& and7d. Hydrolysis with LiOH,
followed by methanesulfonyl chloride-promoted cyclization,
provided the lactones.

Morita—Baylis—Hillman adductseand7f were prepared
by a one-pot hydroaluminatiertondensation procedure
described by Ramachandran et'aHydrolysis and cycliza-
tion provided9e and9f. It is noteworthy that these lactones
were prepared without purification of the intermediates. We
are confident that these overall yields can be improved.

An unexpected outcome resulted when the preparation of
simple 4-aryl-substitute@-lactones was attempted. Upon
exposure too-nitrobenzenesulfonyl chloride, the Morita
Baylis—Hillman-derived aciBg was converted directly to
aryl allenel10g, rather than to the desiredmethylene-$-
lactone9g (Table 2). Although the isolated yield was low
(28%), the allene was the only product observetHiNMR
spectra of the reaction mixture. A similar outcome was
observed for the Morita—Baylis—Hillman-derived a@t.

The thermal decarboxylations of 4-alkyl-substituted 3-alkyl-
idene-2-oxetanones have been previously reported, with
decarboxylations occurring at temperatures above °I10

to produce allene¥:? In contrast, these aryl allenes were
formed at room temperature. No attempts were made to
optimize the yields oflOg and 10h; moreover, the yields
may reflect the volatility of the allenes. We were interested

(23) Adam, W.; Albert, R.; Hasemann, L.; Nava Salgado, V. O.; Nestler,
B.; Peters, E.-M.; Peters, K.; Prechtl, F.; von Schnering, H. @rg. Chem.
1991,56, 5782—-5785.
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s of the Petasis reagent and decreasing the concentration and

Table 22 temperature increased the rates of reaction and improved the
OH O R R yields for most of these substrates. Neither sonication nor
Nosylchloride 0 microwave methods enhanced the yields. As with 2-meth-
R)\[ﬁkOH Na,COs, )/7—& _’# yleneoxetanes, the Tebbe reagent provided products, but in
5 CHZClz, RT ° 10 lower isolated yields.
Initial methylenation studies were conducted with hydro-
entry R % yield of 9 % yield of 10 cinnamaldehyde-derived lactor@a. Disappointingly, no
g phenyl 28 matter how the reaction conditions were modified, the yield
h p-tolyl 34 of 11a never exceeded 35%. Careful monitoring of the
i (0)-nitrophenyl 46 reaction never revealed any lactone-related material other

than the reactant and the product. Running the reaction in
the presence of an internal standard (18;5ert-butylben-
zene) demonstrated that the isolated yield was consistent with

in having 4-aryl-substituted-methylenes-lactones as sub- the yield based on the internal standard. On the other hand,

strates for methylenation and wondered if decarboxylation '2ctonedd, the next lactone prepared, gave high yields. Low
could be suppressed. yields were also observed with lactofie. It appeared that

Cossio and co-workers had reported the results of com- Steric effects at C4 might be playing a role, with bulkier
putational studies on structural and solvent effects on the Substituents at C4 leading to higher yields. In support of this,
mechanism of the thermal decarboxylation of 2-oxetandhes. !actonesdb, 9c, andof all provided higher yields of the
Their calculations suggested thadonors at C4 decreased ~corresponding 3-alkylidene-2-methyleneoxetanes. The reac-
the activation energy for decarboxylation. Consequently, an fion of 9i with dimethyltitanocene was problematiel NMR
electron-deficient aromatic aldehydesnitrobenzaldehyde, — SPectra of reaction mixtures were messy, but showed some
was employed to prepare acgi, which was successfully 11i; however, product isolation was not successful. We did

converted tax-methylene-B-lactondi. Although the yield not see evidence of allene formqtion in i"eNMR spectra.
of the lactonization was not high, no allene was observed in Other 4-aryl-substituted 3-alkylidene-2-oxetanones would

aSee Supporting Information for experimental procedures.

1H NMR spectra of the reaction mixture. need to be prepared before generalizations about the meth-
Results for the preparation of 3-alkylidene-2-methylene- Ylenations of these systems could be made.
oxetaned. 1via the methylenation of lacton@sare presented The difference in stability between 2-methyleneoxetanes

in Table 3. The lactones were dissolved in a solution of @nd 3-alkylidene-2-methyleneoxetanes is noteworthy. The
former can be stored in the freezer for extended periods.

_ 3-AIkyIidene-2-methyleneoxetanes decompose within days.
Also, there is substantially more product loss with repeated

Table 32 purification of 3-alkylidene-2-methyleneoxetanes in com-
R o CpsTiMe, R o) parison to what was observed with 2-methyleneoxetanes.
}go PhMe, 75-80°C ./ We decided to compare the reactivity of 3-alkylidene-2-
R 9 R 11 methyleneoxetanes with that of 2-methyleneoxetanes. The
enol ether oflla was oxidized chemoselectively with
entry R R’ % yield of 11° DMDO to provide 1,5-dioxaspiro[3.2]hexani®, as a ~3:2

a PhCH,CH, H 35d mixture of diastereomers, in excellent yield (Scheme 1).

b Ph,CH H 55¢

G oo | 1

d tert-butyl | 750

e methyl Ph 28d Scheme 1

f isopropyl Ph 609 R

1

(0)-nitrophenyl H see text 0 0
aSee Supporting Information for experimental procedufésolated, R=PhCH,CH,

12

purified yields.¢ Petasis (1.5—2 equiv), 0.5 M, 8. 9 Petasis (4 equiv),
0.25 M, 75°C. DMDO, CH,Cl,
-78 °C (98%)
R OL* OH
. . : ) LDA H;0
dimethyltitanocene in toluene and heated underiNthe Ha oo =~ ? ~
dark until the starting material disappeared. At the beginning 1 Li | (56%) 14
of the investigation, conditions similar to those we employed (’;’EBCFT B0
to prepare 2-methyleneoxetanes were useldwever, ox- ere
etanesll are more sensitive and less stable than simple R R
2-methyleneoxetanes. Increasing the number of equivalents Br_ H0 Br\Jﬁ/
: : 45 Omgar| (€9%) 1
(24) Morao, |.; Lecea, B.; Arrieta, A.; Cossio, F..Am. Chem. So&997,

119, 816—825.
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Compound12 was far less stable than any of the 1,5-
dioxaspirohexanes that we previously prepardd. the
presence of LDAllawas converted to enyndld in 56%
yield. Further functionalization of the dianionic intermediate
13should be possible, as we found for 2-methyleneoxetanes.

observed and isolated. This result could be reproduced by
exposinglla to magnesium bromide diethyl etherate in
dichloromethane (Scheme 1). The conversiodbdto 16,
which presumably proceeded through magnesium enbfgte
offers the potential for tandem reactions that should yield

Moreover, enynols are useful synthetic intermediates. For highly functionalized products that are useful intermediates

example, they are direct precursors of highly substituted
furans?5-28

We were interested in the potential of 3-alkylidene-2-
methyleneoxetanes as electron-rich dienes in BiAlder

for further transformation.

In summary, we have described a general method for the
synthesis of 3-alkylidene-2-methyleneoxetaridsby the
methylenation of 3-alkylidene-2-oxetanorteshese lactones

reactions. Experimental evidence and computational studieshave been readily prepared from MoritBaylis—Hillman-
suggest that, as the 1,4-distance in outer ring dienes increasesgype adducts. Preliminary investigations of the reactivity of

the Diels—Alder reactivity drop®3® Nevertheless, 1,2-
dimethylenecyclobutanes undergo DieMlder reactions
with a wide range of dienophil€$-3" An initial investigation
involved the reaction ofila with methyl acrylate in the
presence of MgBr Allylic bromide 16, presumably arising
from a Sy2'-like attack by bromide, was the sole product

(25) Qing, F.-L.; Gao, W.-Z,; Ying, 1. Org. Chem2000,65, 2003—
2006.

(26) Marshall, J. A.; Bartley, G. S.; Wallace, E. M.Org. Chem1996,
61, 5729—5735.

(27) Marshall, J. A.; DuBay, W. J. Org. Chem1994 59, 1703-1708.

(28) McDonald, F. E.; Schultz, C. Q. Am. Chem. Socl994, 116,
9363—9364.

(29) Sustmann, R.; Boehm, M.; SauerChem. Ber1979,112, 883—
889.

(30) Scharf, H.-D.; Plum, H.; Fleischhauer, J.; SchlekerGhlem. Ber.
1979,112, 862—882.

(31) Hojo, M.; Murakami, C.; Nakamura, S.; Hosomi, 8hem. Lett.
1998, 331—-332.

(32) Hopf, H.; Kretschmer, O.; Ernst, L.; Witte, IChem. Ber.1991,
124, 875—-879.

(33) Mueller, P.; Rodriguez, DHelv. Chim. Actal986 69, 1546-1553.

(34) Ushakov, N. V.; Bakulina, G. V.; Patrikeev, A. V.; Portnykh,
B.; Oppengeim, V. D.; Finkel'shtein, E. 8ull. Acad. Sci. USSR biChem.
Sci.1991,4, 943—945.

(35) Fukazawa, Y.; Fujihara, T.; Usui, S.; Shiobara, Y.; Kodama, M.
Tetrahedron Lett1986,27, 5621—5624.

(36) Trabert, L.; Hopf, HLiebigs Ann. Chem1980, 1786—1800.

(37) Thummel, R. P.; Cravey, W. E.; Nutakul, \3/.Org. Chem1978,
43, 2473-2477.

402

these unusual, strained heterocyclic compounds ukirzg
have demonstrated their potential as synthetic scaffolds. The
conversion of electron-rich 3-aryl-2-methylene-3-hydroxy
acids to give electron-rich aryl allenes at room-temperature
represents an unanticipated transformation that may have
synthetic utility.
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