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Access to novel bicyclic fused c-butyrolactone using [3,3]-sigmatropic
rearrangement and acid-lactonization sequence as key transformation
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In this Letter, we wish to disclose a new strategy for the construction of substituted c-butyrolactones. The
latter might not only be of potential interest in terms of biological activity and synthesis but also allow
access to original heterocyclic scaffolds. According to previous study, efficient two-step sequence involv-
ing Eschenmoser–Claisen rearrangement and acid-lactonization reaction was successfully applied for the
construction of original fused bicyclic c-butyrolactones based on an 1,4-oxazine core.

� 2010 Elsevier Ltd. All rights reserved.
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Scheme 1. Retrosynthetic pathway for the construction of fused bicyclic c-
butyrolactones.
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A large number of natural products containing substituted c-
butyrolactone fragments that have been isolated exhibit a broad
range of activity against different biological targets.1 The diversity
of their biogenetic origins suggests that this structure may be one
of the key elements in their biosynthesis.2 Therefore c-butyrolac-
tones, in general, represent remarkable lead structures and have
attracted our interest for the development of new drug precur-
sors.3 Given this interest, we now report a novel methodology for
the construction of original fused bicyclic c-butyrolactones based
on an 1,4-oxazine core. According to our previous investigation
concerning the easy functionalization of the 1,4-oxazine moiety,4

we have envisaged a new synthetic route to original bicyclic c-lac-
tone I (Scheme 1). This synthetic methodology relies on a Claisen-
type [3,3]-sigmatropic rearrangement5 from the corresponding
allylic alcohols III followed by an acidic lactonization sequence.

The interest of this approach lies in the possibility from this ori-
ginal dihydro-1H-furo[2,3-b]oxazinone I6a to easily accede to vari-
ous building blocks which could be used in the construction of core
skeletons by ring opening of the lactone (Fig. 1, pathway 1) or of
the oxazine ring (via ozonolysis for example) (pathway 2). Thus
according to the literature, the newly formed b-amino alcohols6b

could then for instance be transformed into original oxazoline
intermediates6c,d which generate an additional level of diversity.

For some time, we have been engaged in the synthesis and the
functionalization of new nitrogen-containing heterocyclic deriva-
tives.4,7 We therefore devised an original synthetic approach to
compounds 3 or 5 via an Eschenmoser–Claisen rearrangement
starting from adequate allylic alcohols 2 or 4, bearing an 1,4-oxa-
zine moiety (Table 1). As previously described,4 allylic alcohols (2
or 4) were prepared in good yields under anionic conditions from
the corresponding 3,5-disubstituted or non substituted 1,4-oxa-
zines 1a or 1b, respectively.
ll rights reserved.

(I. Gillaizeau).
Taking into account previous study reported in the 1,4-benzox-
azine field,7d allylic alcohols 2 or 4 were then heated in xylenes in
the presence of N,N-dimethylacetamide dimethylacetal. According
to an Eschenmoser–Claisen rearrangement, the desired [3,3]-rear-
ranged products 3 or 5 were thus isolated in fair to good yields. As
HN
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Figure 1. Easy access to various building blocks.
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Figure 2. Stereochemical model of the rearrangement.

Table 1
Preparation of allylic alcohols 2 or 4 and Eschenmoser–Claisen rearrangement
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Reagents and conditions: (a) (i) n-BuLi (1.5 equiv), HMPA (1.5 equiv), THF, �78 �C, 40 min. (ii) R0CHO (5 equiv), THF, �78 �C, 2 h. (b) (i) cf. Ref. 4d. (ii) NaBH4 (3 equiv), MeOH,
rt 10 min. (c) (i) n-BuLi (1.2 equiv), THF, �78 �C, 5 min. (ii) C4H9CHO (5 equiv), THF, �78 �C, 45 min. (d) CH3C(OCH3)2N(CH3)2 (10 equiv), xylenes, 140 �C, 45 min. (e)
CH3C(OCH3)2N(CH3)2 (10 equiv), xylenes, M.W., 140 �C, 40 min.
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a consequence, a novel quaternary carbon alpha to the nitrogen
atom was created. The Z configuration of the newly formed car-
bon–carbon double bond was demonstrated by NOE NMR experi-
ments.8 In all cases no traces of the E isomer could be detected.
This revealed that the rearrangement only proceeded via the steri-
cally less hindered six-membered ring transition state, where the
R0 substituent (Me, Pr) occupies the equatorial position (TS1,
Fig. 2). The rearrangement was found to be highly influenced by
the substitution on the allyl moiety. Lower yields were thus ob-
served in the case of bis-ethynyl compounds 3e and 3f (entries 5
and 6) because of decomposition process. It is noteworthy that this
Eschenmoser–Claisen rearrangement could also be performed in



Table 2
Preparation of syn c-butyrolactones 6 via acidic cyclization sequence
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Scheme 2. Proposed mechanism for acid-catalyzed formation of c-butyrolactone
syn.
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fair yield from compound 4 which bears the allylic alcohol function
at the C-3 position onto the oxazine ring (entry 7). In this case, best
yield was obtained under microwave activation.9 Under classical
heating, 5 was recovered in only 26% yield.
Yields are comparable with primary or secondary allylic alcohol.
Unfortunately, no rearrangement occurred starting from tertiary
allylic alcohol (compound 2d, entry 5) even by performing the
reaction under microwave activation. It should be pointed out that
one of the attractive features of our approach lies in its inherent
versatility since a wide range of aldehydes (R0CHO) could be used
in the first step. According to our previous methodology,4 diversity
onto R groups at C-3 and C-5 position of 1 can also be easily
envisaged.

Given these results, our intent, therefore, was turned to synthe-
size original c-butyrolactones from alkylidene 3 (Table 2). In this
context, rearranged-compounds 3a, 3b, 3c, and 3e were submitted
for short time to acidic conditions and afforded spontaneously in
good yields fused bicyclic c-butyrolactones 6-syn.10

This outcome is consistent with the reaction mechanism
outlined in Scheme 2. Under acidic conditions, we anticipated the
formation of an oxonium ion which could undergo a nucleophilic
attack and afford an unstable iminium species which was subse-
quently hydrolyzed during workup.

It is noteworthy that with a longer acidic treatment at 0 �C, re-
moval of the Boc group occurred which afforded the original imine
7 isolated in good yields (Scheme 3).

To sum up, we have developed a new and easy method that pro-
vides a useful tool for the synthesis of fused bicyclic c-butyrolac-
tones employing an efficient tandem Eschenmoser–Claisen
rearrangement and acid-lactonization sequence. In addition, it is
worth noting that the presence of different functional groups in
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many positions of the skeleton makes such compounds useful for
further structural modifications and suitable as intermediates for
various heterocyclic scaffolds. Access to various lactams, oxazo-
lines, and also to chiral c-butyrolactones could be easily envisaged.
A chiral N-substituted quaternary carbon center was also success-
fully created. Further studies and their applications to natural
product synthesis are currently in progress in our laboratory.
Experiments designed to explore the potentiality offered by this
original heterocyclic scaffold will be described in due course.
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References and notes

1. León, L. G.; Machín, R. P.; Rodríguez, C. M.; Ravelo, J. L.; Martín, V. S.; Padrón, J.
M. Bioorg. Med. Chem. Lett. 2008, 18, 5171. and see references cited therein.

2. (a) Maier, M. S.; Marimon, D. I. G.; Stortz, C. A.; Adler, M. T. J. Nat. Prod. 1999, 62,
1565; (b) Lee, S.-C.; Brown, G. D. J. Nat. Prod. 1998, 61, 29; (c) Chen, S.-Y.; Joullié,
M. M. J. Org. Chem. 1984, 49, 2168; (d) Brown, H. C.; Kulkarni, S. V.; Racherla, U.
S. J. Org. Chem. 1994, 59, 365; (e) Schmitz, W. D.; Messerschmidt, N. B.; Romo, D.
J. Org. Chem. 1998, 63, 2058.

3. (a) Cho, K. W.; Lee, H.-S.; Rho, J.-R.; Kim, T. S.; Mo, S. J.; Shin, J. J. Nat. Prod. 2001,
64, 664; (b) Takahata, H.; Uchida, Y.; Momose, T. J. Org. Chem. 1994, 59, 7201;
(c) Pearson, A. J.; Mesaros, E. F. Org. Lett. 2002, 4, 2001; (d) Yi, J.; Luo, Y.; Li, B.;
Zhang, G. Steroids 2004, 69, 809; Pinto, A. C.; Freitas, C. B. L.; Dias, A. G.; Pereira,
V. L. P.; Tinant, B.; Declercq, J.-P.; Costa, P. R. R. Tetrahedron: Asymmetry 2002,
13, 1025; (f) Costa, J. S.; Dias, A. G.; Anholeto, A. L.; Monteiro, M. D.; Patrocínio,
V. L.; Costa, P. R. R. J. Org. Chem. 1997, 62, 4002; (g) Barros, M. T.; Maycock, C. D.;
Ventura, M. R. Org. Lett. 2003, 5, 4097; (h) Amador, M.; Ariza, X.; Garcia, G.;
Ortiz, J. J. Org. Chem. 2004, 69, 8172; Chenevert, R.; Rose, Y. S. Tetrahedron:
Asymmetry 1998, 9, 2827; (j) Dias, L. C.; de Castro, I. B. D.; Steil, L. J.; Augusto, T.
Tetrahedron Lett. 2006, 47, 213; (k) Popsavin, V.; Benedekovic, G.; Sreco, B.;
Popsavin, M.; Francuz, J.; Kojic, V.; Bogdanovic, G. Org. Lett. 2007, 9, 4235; (l)
Matsumoto, N.; Tsuchida, T.; Maruyama, M.; Kinoshita, N.; Homma, Y.; Iinuma,
H.; Sawa, T.; Hamada, M.; Takeuchi, T.; Heida, N.; Yoshioka, T. J. Antibiot. 1999,
52, 269; (m) Larrosa, I.; Da Silva, M. I.; Gomez, P. M.; Hannen, P.; Ko, E.; Lenger,
S. R.; Linke, S. R.; White, A. J. P.; Wilton, D.; Barrett, A. G. M. J. Am. Chem. Soc.
2006, 128, 14042; (n) Davies, I. R.; Cheeseman, M.; Grenn, R.; Mahon, M. F.;
Merritt, A.; Bull, S. D. Org. Lett. 2009, 11, 2896.

4. (a) Claveau, E.; Gillaizeau, I.; Coudert, G. Tetrahedron Lett. 2009, 50, 3679–3682;
(b) Claveau, E.; Gillaizeau, I.; Kalinowska, J.; Bouyssou, P.; Coudert, G. J. Org.
Chem. 2009, 74, 2911; (c) Claveau, E.; Gillaizeau, I.; Coudert, G. Synlett 2009,
263; (d) Claveau, E.; Gillaizeau, I.; Bruel, A.; Coudert, G. J. Org. Chem. 2007, 72,
4832.

5. For reviews of the Claisen rearrangement, see: (a) Ziegler, F. E. Chem. Rev. 1988,
88, 1423; (b) Ito, H.; Taguchi, T. Chem. Soc. Rev. 1999, 28, 43; (c) Hiersemann,
M.; Abraham, L. Eur. J. Org. Chem. 2002, 1461; (d) Nubbemeyer, U. Synthesis
2003, 961.

6. a Durrant, S.; Charrier, J.-D.; Studley, J. WO Patent; Chem. Abstr. 2007, 015931.;
(b) Métro, T.-X.; Gomez Pardo, D.; Cossy, J. J. Org. Chem. 2007, 72, 6556; (c)
Vorbrüggen, H.; Krolikiewicz, K. Tetrahedron 1993, 49, 9353; Recent example:
(d) Molander, G. M.; Febo-Ayala, W.; Jean-Gérard, L. Org. Lett. 2009, 11, 3830.

7. (a) Mousset, D.; Gillaizeau, I.; Sabatié, A.; Bouyssou, P.; Coudert, G. J. Org. Chem.
2006, 71, 5993; (b) Mousset, D.; Gillaizeau, I.; Hassan, J.; Lepifre, F.; Bouyssou,
P.; Coudert, G. Tetrahedron Lett. 2005, 46, 3703; (c) Chaignaud, M.; Gillaizeau, I.;
Ouhamou, N.; Coudert, G. Tetrahedron 2008, 64, 8059; (d) Moreau, P.;
Guillaumet, G.; Coudert, G. Tetrahedron 1994, 50, 3407.

8. A NOESY 1H NMR experiment revealed an interaction between the ethylenic
proton and one of the protons of the methylene group adjacent to the
quaternary center.

9. The microwave irradiation was performed in an open vessel which allows the
evaporation of the methanol formed.

10. A NOESY 1H NMR experiment revealed an interaction between the alkyl chain
(Me, Et, Pr) and aromatic protons of the phenyl group.

http://dx.doi.org/10.1016/j.tetlet.2010.04.041

	Access to novel bicyclic fused γ-butyrolactone u
	Acknowledgments
	Supplementary data
	References and notes


