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ABSTRACT

R R
0o L= 1 0r 2 (5 mol %) o}
5 R' CH,CI,, 40 - 45 °C o

12-24h R
55-94% isolated
yields
3-Alkylideneoxetan-2-ones have been prepared in good to excellent yields with high Z-selectivity by olefin cross metathesis with

3-methyleneoxetan-2-ones in the presence of second generation metathesis catalysts 1 or 2.

The emergence of olefin metathesis from industrial applica- newer metathesis catalysts, CM reactions of even sterically
tion to routine laboratory practice has been nothing short of hindered and/or electronically deactivated alkenes have been
remarkable. This can be attributed to the development of demonstrated to proceed with high yields and stereoselec-
stable, readily available catalysts that give high yields under tivities, greatly enhancing the scope and utility of this
mild conditions and are remarkably tolerant of a range of metathesis clags® For example, CM reactions involving
functional groups. Precursor alkenes for olefin metathesis deactivated alkenes, such as enones and other conjugated
are generally readily available, and the overall process is alkenes were, with a few exceptions, unsuccessful until the
highly atom-economic. Initial success was most evident with advent of catalysts such d4sand2, containing ligands with

the entropically favored ring-closing metathesis (RCM)

reactions, which have been widely exploited for the con- M ™\
struction of small, medium, and large ring systén@oss MesN_ _NMes MeSNYNMES
metathesis (CM), the intermolecular variant, had been, until Cl"’\R( C";Ru_
recently, utilized far less because of problems associated with c” |u=\ph Cl
selectivity (both stereoselectivity and homodimerization vs PCys FPro
heterocoupling) and the apparent low and often unpredictable 1 2

reactivity of many alkene classes. With the emergence of

strongo-donor and poorr-acceptor properties. Although a
(1) For recent reviews on RCM chemistry, see: (a) Thiel, O. R. I range of a,8-unsaturated aldehydes, esters, ketones, and

Transition Metals for Organic Synthesi&nd ed.; Beller, M., Bolm, C., itriles has b led in high vield ith Il

Eds.; Wiley-VCH: Weinheim, Germany, 2004; Vol. 1, pp 32333. (b) n't”_ es has been 'CIjO'SS-COUD ed in high yields wit gxce e_nt

Mulzer, J.; Oehler, E. Diene, Enyne, and Diyne Metathesis in Natural E-diastereoselectivities, to our knowledge, CM reactions with

Product Synthesis. Ifiopics in Organometallic Chemistrdrown, J. M., ; ; ;
Dixneut, P., Furstner, A., Hegedus, L. S., Hofmann, P., Knochel, P., Koten, strained eXOCyC“C enones have not yet been examined.

G. v., Murai, S., Reetz. M., Eds.; Springer: Berlin, 2004; Vol. 13, pp269

366. (c) Deiters, A.; Martin, S. FChem. Re»2004,104, 2199—2238. (d) (2) Chatterjee, A. K.; Choi, T.-L.; Sanders, D. P.; Grubbs, RJHAm.
McReynolds, M. D.; Dougherty, J. M.; Hanson, P. Bhem. Rev2004, Chem. Soc2003,125, 11360—11370.

104, 2239—2258. Zhu, J.; Zhang, X.-J.; Zou, Youji Huaxue2004,24, (3) Connon, S. J.; Blechert, 8ngew. Chem., Int. EQ003,42, 1900—
127-139. 1923.
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We have been interested in the synthesis and exploitatio
of oxetanes with exocyclic unsaturation, such as 2-methyl- tap1e 1. ©M Reactions ofx-Methylene-B-lactone
eneoxetanésand 3-alkylidene-2-methyleneoxetaidhese

novel structures are prepared by treatmenf-¢dctones or Ph oh ;"
a-alkylidenep-lactones, respectively, with dimethylti- Ph 0 RCH=CH, 0
tanocene (the Petasis reagent). Until recently, approaches to Tcatalystior2 o)
o-alkylidene-3-lactones have been limited in scép€, 3 O CHyCl, 4045°C R 4
although a versatile preparation of (Z)-a-haloalkylidene-3- ntry Re yield (%) ZE
lactones via Pd-catalyzed cyclocarbonylations of propargyl
alcohols was recently reportétiin a prior communication a (CH2)20Ac 84 >20:1
we reported an approach ta-alkylidene-S-lactones via b (ggz)ggﬁc 2(5) ?E
Morita—Baylis—Hillman (MBH)-type adduct§.However, (cl ECHz;ZOAz a4 201
the approaches, such as hydroalumination of an alkyne, Ph 55¢ >920:1
followed by in situ reaction with an aldehydethat provided £ (CHy);CHj 94 11:1
access to methylene-substituted MBH adducts were not g (CHg)2Br 93 >20:1
consistently high yielding or broadly applicable. Because h CH,Cl 80 12:1
a-methylenes-lactones (as opposed ta-alkylidenep- i (CH2)2OTBDMS 88 9:1
j CH20R (see text) NR

lactones) were easily prepared from readily accessible
Baylis—Hillman adducts, we wondered if CM represented a  2For experimental conditions see ref 20. Catalysias used for entries
viable route to functionalized-alkylideneg-lactones. There &g and i: catalysp was used for entry tAll yields are isolated yields
. 10 - . or the combined/E-diastereomers.|solated yield foiZ-diastereomer only.
are few examples of either RCMor CM"~1° involving
alkenes exocyclic to a ring. These limited examples involve
structurally simple methylenecyclopentanes and cyclohex-
anes. Herein, we report the first CM reactions between Classof catalystl in CH,Cl, at 40—45°C. A slight excess of the
| alkened and strained exocyclic enones. monosubstituted alkene was employed. Increasing the equiva-
CM betweena-methylenes-lactone3® and simple, yet lents of this alkene had no effect on the outcomes of the
functionalized, terminal olefins was highly successful as reactions. Furthermore, allowing the monsubstituted alkene
shown in Table 2° Excellent yields ofo-alkylidene-f- to dimerize first, followed by the addition of lactor3e did
lactones were obtained with highselectivity in the presence  not alter the results. Increasing the concentration of the
reactants (from 0.1 to 0-30.4 M) allowed for shorter
(4) (a) Dollinger, L. M.; Ndakala, A. J.; Hashemzadeh, M.; Wang, G.; reaction times (from>48 h to 12-24 h). Catalystl was
Wang, V., Martinez, I, Arcari, J. T.; Galluzzo, D. J.; Howell, A. R effactive in all cases, except for allyl chloride (entry h):

Rheingold, A. L.; Figuero, J. Sl. Org. Chem1999,64, 7074—7080. (b) . . .
Wang, Y.; Bekolo, H.; Howell, A. RTetrahedron2002,58, 7101—7107. however, lactonéh was synthesized using catalysiNeither

(C) Hashemzadeh, M.; HoweII, A. Retrahedron Lett2000,41, 1855— 1 nor 2 romoted the cou ||n 03 Wlth a" | alcohol or
1858. (d) Dollinger, L. M.; Howell, A. RJ. Org. Chem1998,63, 6782— P P g y
6783. (e) Ndakala, A. J.; Howell, A. Rl. Org. Chem1998, 63, 6098— protected allyl alcohols (entry j, R Bn, Ac, TBDMS, or
605(39)- ) J h dakal TBDPS).

5) Martinez, |.; Andrews, A. E.; Emch, J. D.; Ndakala, A. J.; Wang, J.; . P
Howell, A. R. Org. Lett.2003,5, 399—402. 9 The predominanZ-stereochemistries of the produets

(6) Bartels, A.; Jones, P. G.; LiebscherSynthesid998, 1645—1654. determined by NOESY studies on both major and minor

19577) ng,b’%'_v\éég‘roe“ P.; Saha-Moeller, C. Retrahedron: Asymmetry  giastereomers, were unexpected, since CM reactiongsef

(8) Gabriele, B.; Salerno, G.; DePascali, F.; Costa, M.; Chiusoli, G. P. unsaturated carbonyl compounds, including 1,1-disubstituted

J. Chem. Soc., Perkin Trans.1B97, 147-153. enones, with simple alkenes usually proceed with high
(9) Roso-Levi, G.; Amer, 1J. Mol. Catal. A: Chem1996,106, 5%~ A .. h

56. E-selectivity?* The selectivity seen with may be due to
glog Zzang, C.; L:Jb, XSynthesiﬁ9%6, 586—589. | steric effects from the CHRgroup at C4. The group is
11) Adam, W.; Albert, R.; Dachs Grau, N.; Hasemann, L.; Nestler, B.; . f ‘s :

Peters, E-M.. Peters, K.: Prechtl, F.; von Schnering, HJ.COrg. Chem. sufﬂqently large that |t_W0uId bg anticipated to bqth direct

1991,56, 5778—5781. reaction with the ruthenium alkylidene to the opposite lactone

(12) Campi, E. M.; Dyall, K.; Fallon, G.; Jackson, W. R.; Perlmutter, f n ir h rminal alkenvl ituen war
P Smalkidge, A, JSynthesid 990, 855—856. ace and to direct the te al alkenyl substituent toward

(13) Matsuda, I.; Ogiso, A.: Sato, $.Am. Chem. S0¢99Q 112, 6120 the carbonyl moiety.
61%114) Mz, S.: Wu. By Jiang, X.; Zhao, & Org, Chem2005 70, 2565- To assess steric effects on stereochemical outcome,
2575 9% R ' a-methylene-$-lacton&® was reacted with 1-pentene under

(15) Ramachandran, P. V.; Reddy, M. V. R.; Rudd, MJTChem. Soc.,  the standard conditions developed wiho-Alkylidene-f3-

Ch(el”gj O O R mekermann. L Schanz. HJ. Nolan. s, |2ctone6 was isolated in 76% overall yield withZE ratio

P.J. Org. Chem2000, 65, 2204—2207 of 4.5:1. Although the diastereomeric ratio was lower than
Lossn) Chatterjee, A K.; Sanders, D. P.; Grubbs, RCH. Lett.2002.4, that seen witl#f, theZ-selectivity was still substantial. Since

(18) Morrill, C.; Grubbs, R. HJ. Org. Chem2003, 68, 6031—6034.
(19) Jacobsen, M. F.; Moses, J. E.; Adlington, R. M.; Baldwin, J. E. monitored by'H NMR. Upon consumption o8 (0.05 equiv catalyst was

Tetrahedron2006,62, 1675—1689. added after 12 h if the reaction was not progressing), the solution was cooled
(20) General Cross-Metathesis ProtocolThe olefin cross partner (1.5 and concentrated in vacuo, and the brown residue was purified by flash

equiv) was added to a solution of lactoB€1l equiv) in CHCI, (0.3—0.4 chromatography on silica gel.

M in lactone). Catalyst or 2 (0.03—0.05 equiv) was added to the solution, (21) Chatterjee, A. K.; Morgan, J. P.; Scholl, M.; Grubbs, RJHAm.

which was heated under,hit 40—45°C for 12—-24 h. The reaction was Chem. So0c2000,122, 3783—3784.
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metathesis reactions are known to be reversible, we decidedBb. Results were the same for the reaction 8if and

to see if this played a role in the stereochemical outcome of 1-pentene in the presence of catal¥stt is noteworthy that
these reactions. ThE-diastereomer ofic and 5-hexenyl RCM reactions of MBH? and relate#f adducts have been
acetate (1.5 equiv) in Ci€l, were heated in the presence reported under similar conditions. At the very least, the
of 5 mol % of catalystl. No equilibration toZ-4c was results with 7 and 8 suggest that further study on CM
observed after 24 h. More catalyst (5 mol %) was added, reactions of 1,1-disubstituted enones is warranted. The
and again no substantial change was seen over the next 2éutcomes with7 and 8 also make the results witB and5

h. The solution was left heating for another 5 days, and basedboth more interesting and more significantMethylene-

on 'H NMR, a small amount of th&-diastereomer was j-lactones represent masked MBH adducts, sthtactones
observed. Thus, although the reaction was reversible, it can be readily hydrolyzed or transesterified. If MBH adducts
appears unlikely that equilibration played a role in the do prove to be Class IV (non-participatotyyith respect to
observed stereochemical outcome in the time frame of the CM, reactions involvinga-methylene-S-lactones could be

reactions shown in the table. used to access intermediates identical or functionally identical
to those that would be obtained from CM reactions of MBH
Ph Ph adducts.
\/>/:i o In conclusion, the first examples of CM reactions of
o o strained exocyclic enones has been described. CM reactions
s n-cgm of a-methylene-S-lacton8 proceeded with high efficiency

and diastereoselectivity. These results are remarkable because

Since the stereochemical outcome of the reaction did notOf the strain inherent in the systems, because of the
appear to be related to reversibility, we wondered what the Z-selectivity of the reaction and because the ring-opened

diastereoselectivity of CM would be with our precursor MBH MBH precursors did not undergo CM under similar condi-
adducts, such aga® As mentioned above, previously tions. The outcomes further demonstrate the power of olefin

reported CM reactions with 1,1-disubstituted enones pro- CM reactions. Further studies to understand the diastereo-

ceeded with higlE-selectivity. However, to our knowledge, ~Selectivity of these reactions, to examine the range of
the second substituent employed has been restricted to #ompatible alkene partners, and to convert the CM products
methyl group. Thus, we speculated that the more highly to 3-alkylidene-2-methyleneoxetanes are underway.

substituted? might not exhibit the same diastereoselectivity.
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catalystl under the conditions used with substratgid not ~ 'esolution’H and™*C NMR spectra for those new compounds

give cross product, even with prolonged heating and the for which elemental analyses are not reported. This material
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steric factors might retard CM reactions @f reactions 0OL060624V
between 1-pentene and commercially availaB&eor its
acetylated analogugb were attempted. The outcomes were 46(2(3%)5§ra£f56hzfl. E.; Song, E.-H.; Davoile, R. Jetrahedron Lett2005,
the same; no crossed product was observed, even when (23) Kim, J. M.: Lee, K. Y.: Lee, S.; Kim, J. Nletrahedron Lett2004,

catalyst loading was increased to 15 mol % with MBH adduct 45, 2805—2808.

Unexpectedly, attempted reactions between 1-pentene an
either7aor the corresponding acetatb in the presence of
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