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ABSTRACT

The use of 2-(trimethylsilyloxy)furan derivatives as dianion equivalents leads to a general and connective spiroannulation protocol for the
efficient preparation of spirocyclic butenolides.

Among the plethora of heterocyclic subunits present in curring substances, such as spirofragilif)g ¢r the recently
biologically active natural or synthetic products, spirobuteno- isolated lambertellol A (6),are collected in Figure 1.
lides of the general formula (Figure 1) occupy a cardinal The ubiquitous presence of this subunit coupled with its
position. The number of strategies reported in the literature interesting biological properties triggered our interest, and
for their assembly is a clear testimony to their importahce. the possibility of assembling spirocyclic butenolidei a

In addition, the unusually high number of molecules dis- connective manner was envisioned. Moreover, we were par-
playing useful biological activities and embodying the basic ticularly intrigued by the likelihood of generating more richly
structure ofl further illustrates the unique properties of this  functionalized analogues &f such ag (Scheme 1). Indeed,
class of compounds. Representative examples including mang literature survey revealed that most of the procedures
made molecules, such as the remarkably active acariCideSemp|0yed to date either relied upon multistep sequences or

and insecticides spirodiclofe@)(and spiromesiferg),’ the allowed little functionalization of the final adducts.
spirocyclic neuropeptide Y antagonig) £ and naturally oc- Guided by our previous experience in the preparation of
carbospirocycle&,we envisaged the use of 2-(trimethylsi-

(1) (a) Langer, P.; Albrecht, UBynlett2002,11,1841. (b) Wenderborn, .
S.; Binot, G.; Nina, M.; Winkler, TSynlett2002,10, 1683. (c) Rauter, A.  lyloxy)furan (9, R= H) as the template upon which a novel
P.; Figueiredo, J.; Ismael, M.; Canda, T.; Font, J.; Figueredo, M. gpjroannulation strategy could be implemented. Our proposed
Tetrahedron: Asymmetr001,12, 1131. (d) Paquette, L. A.; Owen, D. . . ..
R.: Bibart, R. T.. Seekamp, C. K.. Kahane, A. L.: Lanter, J. C.; Corral, M. @Pproach is presented in Scheme 1. It was anticipated that
A. J. Org. Chem2001,66, 2828. (e) Michaut, M.; Santelli, M.; Parrain,  adducts3, available through Lewis acid mediated condensa-
J.-L. J. Organomet. Chem2000, 606, 93. (f) Hoffmann, H. M. R,;
Waulferding, A. Synlett1993,6, 415. (g) Orduna, A.; Gerardo Zepeda, L.;
Tamariz, J.Synthesisl993,4, 375. (h) Black, T. H.; McDermott, T. S.; (2) Liu, T.-X. Crop Prot.2004,23, 505.
Brown, G. A.Tetrahedron Lett1991,32, 6501. (i) Ortuno, R. M.; Corbera, (3) lida, T.; Satoh, H.; Maeda, K.; Yamamoto, Y.; Asakawa, K.-i.;
J.; Font, J.Tetrahedron Lett1986,27, 1081. (j) Canonne, P.; Belanger, = Sawada, N.; Wada, T.; Kadowaki, C.; Itoh, T.; Mase, T.; Weissman, S. A.;
D.; Lemay, G.J. Org. Chem1982,47, 3953. (k) Caine, D.; Smith, T. L. Tschaen, D.; Krska, S.; Volante, R. $.0rg. Chem2005,70, 9222.
Synth. Commun1980, 10, 751. (I) Iwai, K.; Kosugi, H.; Miyazaki, A.; (4) Reddy, N. S.; Venkatesham, U.; Rao, T. P.; Venkateswarlind..
Hisashi, U.Synth. Communl976, 6, 357 and references therein. For a J. Chem.Sect. B2000,39, 393.
recent example of the synthesis of aza-spirobutenolides through an unusual (5) Murakami, T.; Morikawa, Y.; Hashimoto, M.; Okuno, T.; Harada,
strategy, see: (m) Guindeuil, S.; Zard, S.Ghem. CommurR006, 665. Y. Org. Lett.2004,6, 157.
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derivativest® Despite all these potential pitfalls, we now wish
to report the successful application of this simple strategy
_ for the efficient preparation of spirobutenolides, as depicted
<mo in Scheme 1.

1 We had previously shown that compounds suchB8as
could be readily produced, in one step and in high yields,
through the ZnGtpromoted condensation of trimethylsilyl-
oxy furan9awith ortho-esterl0a’ With these substrates in
hand, we next investigated their reactivity under basic
conditions. To our disappointment, initial treatment of
chlorinatedBawith a variety of bases led only to the recovery

0”0 of the starting material (Scheme 2).
Spiromesifen Spirodiclofen
: ? ) |
H 0 C:)H_p 4° Scheme 2. Initial Results on the Base-Promoted
"’J’ N Spiroannulation of Butenolide8a,b
= cl
A 0
Spirofragilid: Lambertellol A
PIro gag[[ e am e6e Ol EtO _ . ,/\
. . . . . o 0 5 Cl  base o % __
Figure 1. Representative compounds bearing the spirobutenolide /0Ty o m
structurel. ZnCh o J 7 o ©
8a (75%) 7a
musod >
tion of ortho-esterslO with 2-(trimethylsilyloxy)furan de- s . WI NaHMDS Oﬁ\o
rivatives 9,7 could serve as substrates for a base-mediated HEEE- 07T 7% % N
cyclization to spirobutenolideg. Such a strategy would ) - TR o ©
imply the formal use of trimethylsilyloxy furan as the C-5 o, ) B nggggj)) 7o ;:;ggg;ﬁ
dianionic synthoriL18 oo )
\/
Scheme 1. Proposed Retrosynthetic Analysis of Interestingly, when iodinated derivativ@b,c were treated
Functionalized Spirobutenolides with base, rapid and complete transformation of these sub-
RO OR R base-mediated  RQ OR' R strates into new products of similar polarity (TLC analysis)
( m . Cyclisation? ( was observed. Following conventional agueous workup, two
00 /—/—/———— " oo new compounds, lacking the characteristic H-5 signal in their
7 X 8 H NMR spectrum and bearing a new quaternary carbon
R resonance at 9495 ppm (APT/DEPT NMR), were obtained

in excellent yields and without the need for further purifica-
tion (Scheme 2). Extensive spectroscopic studies provided
compelling evidence for the formation of the spirocyclic
compounds7b and 7c. Further investigations revealed
NaHMDS andi-BuOK to be the most suitable bases for this
reaction.
It is noteworthy that cyclization of butenolid8proceeds
Though attractive due to its simplicity and convergency, smoothly and in good yields regardless of the size of the
this approach did, however, raise some concerns. Indeedying heing generated (five- vs six-membered). This observa-
from the onset, we were surprised at the lack of literature tjon is in sharp contrast to similar spiroannulations of the
precedent on spirocyclization of compounds analogous 1o carhocyclic analogues @for which the final cyclization is
8.2 Furthermore, Pelter et al. had previously shown that, highly ring-size dependefit.
under strongly basic conditions, adducts similaBiR’ = Subsequently, the scope and limitations of this novel
Me) underwent alkoxy group elimination to form dienol ether  gpproach toward spirobutenolides were investigated. Some

(6) (a) Marko, I. E.; Vanherck, J.-C.; Ates, A.; Tinant, B.; Leclercqg, J.- (9) For a rare example of aldol-mediated spirocyclization, see: (a) Kende,
P. Tetrahedron Lett2003,44, 3333. For an application to total synthesis, A. S.; Hernando, J. |I. M.; Milbank, J. B. Jetrahedron2002,58, 61. For
see: (b) Maulide, N.; Vanherck, J.-C.; Marké, I. Eur. J. Org. Chem. Mannich-based spirocyclizations, see: (b) Tokumaru, K.; Arai, S.; Nishida,
2004, 3962. A. Org. Lett.2006,8, 27. (c) Martin, S. F.; Bur, S. KTetrahedron Lett.

(7) Maulide, N.; Marko, I. EChem. Commur2006, 1200. 1997,38, 7641. For a related cyclization, see: (d) Kobayashi, K.; Itoh, M.;

(8) For reviews on the chemistry of trimethylsilyloxyfuran derivatives, Suginome, HTetrahedron Lett1987,28, 3369.
see: (@) Casiraghi, G.; Rassu,&ynthesid995 607. (b) Bur, S. K.; Martin, (10) Pelter, A.; Al-Bayati, R. I. H.; Ayoub, M. T.; Lewis, W.; Pardasani,
S. F.Tetrahedron2001,57, 3211. P.; Hansel, RJ. Chem. Soc., Perkin Trans.1B87,4, 717.
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Table 1. Direct Spiroannulation of Butenolides Scheme 3. Functionalization of Spirocyclic Butenolides
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Eto OEt
8g - 7b and7c proved to be quite efficient providing diolk3b
e VeO and 13c, again as the sole products, following extractive
5 fﬁ%\/\sr = 92 workup?!? These diastereomerically pure diols, obtained in
oL S om %O only three steps, could be interesting scaffolds en route to
8h B0 spiro-constrained DNA building blocks, popularized through
e e the recent work of Paquette et'al.
6 WBF = 91 In summary, we have successfully developed a concise
O e Nome o0 and efficient access to the spirobutenolide framework. This
) meo oM new methodology hinges upon the use of 2-(trimethylsilyl-
i oxy)furan derivative® as a synthon for dianions such as
2All reactions performed in the presence of 1.3 equit-BuOK or 11, enabling this unprecedented, direct spiroannulation. The

NaHMDS, in THF, from 0°C to room temperaturé.All yields refer to

pure, isolated products. adducts thus obtained hold considerable potential as building

blocks in synthesis. Current work focuses on the function-
alization of these adducts, the establishment of an asymmetric

pertinent examples are collected in Table 1. Interestingly, version of this procedure, and its application to the stereo-
3,5-disubstituted butenolides bearing a dioxolane protecting controlled synthesis of biologically relevant substances. The
group are viable substrates, affording the annelated products{esu'ts obtained during these investigations will be reported
7d and 7e in good yields (entries 1 and 2). The smooth in due course.
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~ The spirocyclic butenolides thus obtained proved surpris-  gypporting Information Available: Experimental pro-
ingly inert toward a wide variety of reagents (e.g., @sO  cedures and spectral data for all spirocyclic products. This
cuprates, high-order cuprates, cyanide, and malonate anionsmaterial is available free of charge via the Internet at
etc.). However, simple though valuable synthetic transforma- wttp://pubs.acs.org.
tions can be accomplished on these adducts provided a
judicious choice of reaction conditions is made. Selected OL061284G
results are displayed in Scheme 3. (11) (a) Khurana, J. M.; Sharma, Bull. Chem. Soc. Jpr2004, 549.
i i (b) George, A.; Schulte, M.; Reiser, Q. Org. Chem2006,71, 2173.

Thus, saturation of t_he butenolide-C double bond could (12) (3 Shing. T. K. M. Tam, E. K. W.: Tai, V. W.-F.: Chung. 1. H. F.
be smoothly accomplished through the use of NiT&BH, Jiang, Q.Chem.—Eur. J.1996, 2, 50. See also: (b) Paquette, L. A,;
and the spirocyclicy-butyrolactonesl2b and 12c were Seekamp, C. K.; Kahane, A. L.; Hilmey, D. G.; Galucci)JOrg. Chem.
obtained in quantitative yield$.Similarly, the ruthenium- 290,59 7443,
q y : Y, (13) Dong, S.; Paquette, L. Al. Org. Chem.2006, 71, 1647 and

catalyzed dihydroxylation of the conjugated double bond of references therein.
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