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Zinc or a chromium(ll) source with 3-(bromomethyl)furan-2(5H)-one (3) and an aldehyde gives -(hydroxymethylaryl/alkyl)-o.-methylene-y-
butyrolactones 5 in good yields and high diastereoselectivities. The methodology is demonstrated in concise syntheses of (+)-
hydroxymatairesinol (8) and (+)-methylenolactocin (10) by subsequent arylboronate conjugate addition and translactonization,

respectively.

The a-methylene-y-butyrolactone motif is found in a
large range of natural products, especially sesquiterpene
lactones (Figure 1)." The presence of the motif is consid-
ered to be a major factor in the diverse biological activity
observed for these natural products. Consequently, many
methods have been developed to access a-methylene-y-
butyrolactones' for use in target synthesis and medicinal
chemistry® programs.

However, at the outset of our studies the allylation
method outlined in Scheme 1 to give such systems contain-
ing diverse S-hydroxymethyl substitution 5 had not been
examined, aside from the work of Liu and co-workers
to additionally y-substituted adducts involving alkyne-
derived molybdenum— or tungsten—s-allyl intermediates
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Figure 1. Representative a-methylene y-butyrolactones.'

(4,M = MoL, or WL,, X = alkyl).** This substitution
pattern is present in several sesquiterpene lactones
(e.g., Figure 1), and the method could be of direct utility
in syntheses of anthepseudolide (1)° and the antibacterial



hydroxyanthecotulide (2)® and analogues.” We also
viewed alcohols 5 as potentially versatile substrates for
conjugate addition and isomerization chemistry, which
could lead to other bioactive natural product classes
(see later).

Scheme 1. Direct Synthesis of f-(Hydroxymethyl)-a-methylene-
y-butyrolactones 5 from Aldehydes
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So as to investigate the above chemistry bromolactone
3, previously accessed in six steps from y-butyrolactone,®
was conveniently prepared from commercially avail-
able tulipalin (6)° (Scheme 2). Bromination of 6 with
phenyltrimethyl ammonium tribromide, followed by
regioselective elimination using LiBr/Li,CO; in DMF,'®
gave bromolactone 3 in 55% yield after one purifica-
tion step.

Scheme 2. Synthesis of Bromolactone 3
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With bromolactone 3 in hand, Barbier-type coupling
with benzaldehyde was investigated. Allylic chromium'' or
zinc'? intermediates (Scheme 1, M = CrL,, or ZnL,) were
considered to have the potential to provide high regio- and
stereoselectivity in the C—C bond forming step, together
with lactone functional group tolerance. In the event, using
the chromium(II) sources CrCl,,"* CrCl;/LiAlH,,'* a
catalytic chromium process (CrCly/Mn/TMSCI),"” zinc
with satd aq NH4Cl in DMF.'® or indium in the presence
of a Lewis acid,'” gave in all cases one major diastereoi-
somer of methylene lactone 5a by crude '"H NMR analysis
(Table 1).

Table 1. Evalution of Different Allylation Conditions with 3
and Benzaldehyde

@]
Br 0o M
Ph.__H —_ o
\ﬂ/ + Kﬁéo
o]
OH
3 5a
(1.5 equiv)
entry conditions yield of 5a (%) dr
1 CrClyin DMF (rt, 15 h) 83 97:3
2 CrCly/LiAlH, in THF (rt, 15 h) 68 98:2
3 Cat. CrCly/Mn/TMSCVi-ProEtN in THF 85 98:2
(rt, 15 h)
4 Zn/trace sat. aq NH4Cl in DMF (rt, 15 h) 83 95:5
5 In/Eu(OTf);in sat. aq NH4CI (rt, 15 h) 67 97:3

Due to the comparative experimental simplicity of the
zinc protocol (Table 1 entry 4),'® it was decided to evaluate
the scope of the allylation process with different aromatic
aldehydes under the zinc conditions (Table 2).

The chemistry was found to tolerate electron-rich (entries
4 and 6) and -deficient (entry 7) aromatic aldehydes and the
presence of aryl halide (entries 2, 3 and 5), hydroxyl (entry
6), cyano (entry 7), and carbamate (entry 8) functionality.
The stereochemistry of the major diastercoisomer Sb aris-
ing from 1-naphthaldehyde (Table 2, entry 1) was estab-
lished by X-ray crystallographic analysis'® and is con-
sistent with the transition state indicated in Scheme 1.
Also, MOM protection of alcohol Se (Table 2, entry 4)
gave a MOM ether'® of established configuration, which
has previously been converted into the insecticide
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Table 2. Scope of Allylation Using Bromolactone 3 with Zinc

and Aromatic Aldehydes
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phrymarolin I1.%° The stereochemistry of vanillin-derived

alcohol 5g (Table 2, entry 6) was supported by subsequent
1,4-addition®' of commercially available boronic ester 7,
which resulted in a concise, protecting group-free synthesis
of the lignan hydroxymatairesinol (8)** (Scheme 3). The
stereochemistry of 5a and of the other alcohols in Table 2
was assigned by analogy.

Reduction of diastercoselectivity was observed with
nonaromatic aldehydes under the zinc allylation conditions:
83:17 dr (79% yield) with the aliphatic aldehyde docecanal
and 55:45 dr (75% yield) with the o,f-unsaturated

(20) The spectral data were in full accord with the stereochemistry
indicated in Table 2, entry 4, and also differed from the previously
reported data for the diastereomeric MOM ether: (a) Yamauchi, S.;
Yamamoto, N.; Kinoshita, Y. Biosci. Biotechnol. Biochem. 2000, 64,
2209-2215. (b) Yamauchi, S.; Yamamoto, N.; Kinoshita, Y. Biosci.
Biotechnol. Biochem. 1999, 63, 1605-1613.

(21) (a) Ito, M.; Osaku, A.; Shiibashi, A.; Ikariya, T. Org. Lett. 2007,
9, 1821-1824. (b) de la Herrdn, G.; Mba, M.; Murcia, M. C.; Plumet, J ;
Csdky, A. G. Org. Lett. 2005, 7, 1669-1671.

(22) (a) Freudenberg, K.; Knof, L. Chem. Ber 1957, 90, 2857-2869.
(b) Fischer, J.; Reynolds, A. J.; Sharp, L. A.; Sherburn, M. S. Org. Lett.
2004, 6, 1345-1348.
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Scheme 3. Application of Allylation to (+)-Hydroxymatairesi-
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aldehyde 3-methylbut-2-enal. For such substrates we found
that the cat. Cr(II) conditions (Table 1, entry 3) were more
effective (Table 3). Excellent drs (98:2—99:1) were uni-
formly observed, aside from an o,fS-unsaturated alde-
hyde (entry 3). The mild allylation conditions are
indicated by the functional group tolerance of cyano,
alkenyl iodide, and ketone functionality (entries 5—7)
and the viability of a f3,y-unsaturated aldehyde (entry 6).

Table 3. Scope of the Allylation of Aliphatic Aldehydes Using
Cat. Cr(II) conditions
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That the diastercoselectivity observed for aliphatic aldehydes
is the same as found previously with the aromatic examples
was supported by spectral comparison of methylene lac-
tone 5j (Table 3, entry 1) with the literature values'®* and
by a further transformation of 5k discussed below.

We also examined acid-catalyzed translactonization as a
process to isomerize the -hydroxymethylene products 5
generated in the above chemistry to trans f3,y-disubstituted
o-methylenebutyrolactones (e.g., 9, Scheme 4). The latter
substitution pattern is found in many natural products
(e.g., Figure 1)." Although the generation of primary
alcohols from secondary alcohols by this approach has
not been previously reported, it is known in a related trans
p.y-disubstitued a-methylenebutyrolactone that a less-
hindered (Me-substituted) free secondary alcohol is
favored (80:20—75:25) over a more hindered (i-Pr-
substituted) free secondary alcohol at equilibrium.*® In
the event, secondary alcohol 5k (Table 3, entry 2) was
recovered unchanged using the reported conditions
(PTSA, CH,Cl,, rt, 15 h) for the secondary alcohol
equilibration. However, reaction with 5% PTSA in MeOH
(65°C, 15 h) led smoothly to a 4:96 mixture in favor of the
known* primary alcohol 9 (Scheme 4), which was cleanly
isolated in 84% yield. The origin of the thermodynamic
preference for primary alcohol 9%° may lie in reduction of
destabilizing gauche interactions present in conformations
of the secondary alcohol 5k.?® Jones oxidation* of pri-
mary alcohol 9 completed a short synthesis of the naturally
occurring antibacterial and antitumor agent (&)-methyle-
nolactocin (10).3¢

(23) Hon, Y.-S.; Hsieh, C.-H.; Chen, H.-F. Synth. Commun. 2007, 37,
1635-1651. Allylation using the zinc conditions gave 5j in 79% yield
(83:17 dr). The minor diastereomer was determined to be that previously
reported (see the Supporting Information).

(24) (a) Hon, Y.-S.; Hsieh, C.-H.; Liu, Y.-W. Tetrahedron 2005, 61,
2713-2723. (b) Saha, S.; Roy, S. C. Tetrahedron 2010, 66, 4278-4283.

(25) Submitting primary alcohol 9 to the reaction conditions gave the
same 4:96 mixture of 5k:9 observed when starting with 5k.

(26) Eliel, E. L.; Wilen, S. H.; Mander, L. N. Stereochemistry of

Organic Compounds; Wiley: Chichester, 1994; pp 682—684.
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Scheme 4. (+)-Methylenolactocin (10) by Translactonization
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5k 84%
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rt, 5 min 72%

In summary, allylation of aldehyes using 3-(bromomethyl)
furan-2(5H)-one (3) in the presence of zinc or Cr(Il) salts
provides a regio- and stereocontrolled access to S-substituted
a-methylene-y-butyrolactones. Conjugate addition and
translactonization chemistry broaden the utility of the
adducts, as illustrated in concise syntheses of (+)-hydro-
xymatairesinol (9) and (&£)-methylenolactocin (10).
Further applications in target synthesis and studies
on asymmetric versions of this methodology are cur-
rently under investigation.
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Note Added after ASAP Publication. An error in Scheme
3 was corrected in the version reposted April 15, 2011.
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