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Abstract: Several unsubstituted (E)-3-alkylmethylidene- and (E)-
3-(arylmethylidene)-2(3H)-furanones have been synthesized in
highly stereoselective fashion by mesylation—elimination of 3-(1-
hydoxyalkyl)-2-silyloxyfurans. The latter were prepared from 2-tri-
isopropylsilyloxy-3-bromofuran by hal ogen-ithium exchange and
reaction of thein situ generated 3-lithiated silyloxyfuran with alde-
hydes.

Key words: 2-silyloxyfurans, bromination, lithiation, lactones,
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The 3-ylidene-2(3H)-furanone unit characterizes a small
but pharmacologically important group of natural prod-
ucts and semi-synthetic derivatives, comprising the highly
selective EGF receptor kinase inhibitor BE-23372M (1),!
the andrographolide-derived potent anti-HIV agents
DASM (cf. 2),> and the medicina plant congtituents
peronemin D, (3)° and guttoside (4, Figure 1).*
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Conceivably, these substances may produce their biologi-
cal effects by acting as akylating agents in Michael-type
reactions with thiol-containing bionucleophiles.® Further-
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more, 3-ylidene-2(3H)-furanones are valuable intermedi-
ates in the synthesis of other compounds,®’ including
coumarins,® naphthalenes® and 3-ylidene-3H-pyrrolin-2-
ones.’

Traditionally, 3-ylidene-2(3H)-furanones have been pre-
pared by cyclodehydration of y-keto acids and ensuing
aldol condensation with aromatic aldehydes. Although
this process has been widely used,® it is restricted to the
preparation of 5-substituted derivatives,'® and even then
its utility can be hampered by poor E/Z stereoselectivity
and overall efficiency,® as noted during the synthesis of
BE-23372M.%¢ In recent years, several aternative routes
have been reported,**~*6 most of them involving transi-
tion-metal-catalyzed cyclization or cyclocarbonylation of
appropriately functionalized acetylenic or alenic sub-
strates.’*1¢ All of these methods, however, aso involve
de novo construction of the lactone ring and are only
applicable to furanones bearing a C5 substituent!~° and/
or a disubstituted methylidene appendage.t216

We report here a fundamentally different approach that
overcomes these limitations and enables expedient access
to arange of hitherto unknown, unsubstituted (E)-3-alkyl-
idene-2(3H)-furanones 5 from readily available starting
materials (Scheme 1).
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The strategy we followed relies on an unprecedented
elimination of silyloxyfurylcarbinol mesylates 6, envi-
sioned to arise by addition of 3-lithio-2-silyloxyfuran 7 to
aldehydes (Scheme1). 3-Bromo-2-triisopropylsilyloxy-
furan (10) was viewed as a stable precursor of 7 and also
asakey building block, obtainable in two stepsfrom com-
mercially available furanone 8 (Scheme 2). Thus, bromi-
nation of 8 and subsequent dehydrohalogenation of the
crude dibromide adduct’ provided the known 3-bromo-
2(5H)-furanone (9) in 91% yield.*® Exposure of 9 to
TIPSOT{/Et;N in dichloromethane!'®? afforded bromosi-
lyloxyfuran 10 in 89% yield after flash chromatography.?
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The requisite 3-(1-hydroxyalkyl)-2-silyloxyfurans 11
were prepared from 10 by halogen—metal exchange with
n-butyllithium, followed by in situ reaction of the result-
ing 2-lithio-3-triisopropylsilyloxyfuran with aldehydes
(Table 1).2°22 With the exception of p-nitrobenzal dehyde
(entry 7), al of the aiphatic and aromatic aldehydes tried
gave excellent carbinol yields athough the quality of
aldehyde proved to be critical for optimal results.?

Treatment of alcohol 11a with MsCI/Et;N in dichloro-
methane (—78 °C to r.t.) accomplished mesylation and
ensuing elimination to furnish 3-hexylidenefuranone 5a
(E:Z = 17:1) which was obtained essentially free from its
Z-isomer after purification on silicagel (42% yield, >97%
E).2 The yield of 5a was only slightly improved when
TBAF was used in conjunction with MsCI/Et;N (52%;
entry 1).2* Nonetheless, higher yields of 3-alkylidenefura-
nones were obtained from furylcarbinols with branched
alkyl substituents (entries 2—4).

The smooth conversion of isovaeraldehyde-derived
carbinol 11b to furanone 5b (96%, entry 2) is especially
Tablel Preparation of 3-(E)-Alkylidene-2(3H)-furanones

R
N

OH
Br n-BuLi, THF MsCl, EtsN, CH,Cl, /)
\/—j/ \ -78°c.05h (R —78°C,1h L/—L
o ~OTIPS “then RCHO oTIPS ’ o

fe) then TBAF fe)

1 -18°C.2h -78°Ctort,1-2h o .
Entry R Yield (%) Yield (%) E:Z°
of 112 of 52

1 Me(CH,), 92 (11a) 52 (5a)° 17:1
2 MeCHCH,  93(11b) 96 (5b) 17:1
3 i-Pr 99 (11c) 73 (5¢) 23:1
4  tBu 96 (11d) 61 (5d) >30:1
5  Ph 98 (11€) 93 (5€) >30:1
6 p-MeO-Ph 82 (11f) 97 (5f) >30:1
7 p-NO,-Ph 58 (11g) 90 (5g) >30:1
8  mCl-Ph 91 (11h) 97 (5h) >30:1
9 p-Ph-Ph 80 (11i) 96 (5i) >30:1

10 2-Furyl 98 (11j) 91 (5)) >30:1

aAll yields refer to chromatographically purified products.

b Ratios were determined by *H NMR.

¢ Theyield of 5awas 42% when the experiment was performed
without using TBAF.
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noteworthy sincethe latter can be regarded as asimplified
analogue of diterpene lactones 24 (Figure 1). Likewise,
furylcarbinols bearing an a-aryl, biaryl or heteroaryl sub-
stituent (cf. 11e-j) were transformed to the corresponding
3-arylmethylidenefuranones in consistently excellent
yields (entries 5-10). Significantly, elimination proceeds
with high E-stereosel ectivity, regardless of the nature of
the R group.?® This can best be explained by considering
conformers 6A and 6B which may undergo elimination by
a concerted mechanism or via formation of the corre-
sponding carbocations 12A and 12B (Figure 2). Conform-
ers 6A and 12A are favored over 6B and 12B on steric
grounds since the latter are substantially destabilized by
alylic 1,3-strain® between the triisopropylsilyloxy
(TIPSO) and R substituents.
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Figure2

It is worthy of note that the propensity of silyloxyfuryl-
carbinol mesylates 6 to undergo in situ elimination to 5
(Scheme 1), sharply contrasts the behavior of their un-
masked furanone counterparts which have been isolated
on severa occasions and shown to undergo nucleophilic
displacement with high efficiency.?® Indeed, mesylation
of alcohol 13a, obtained by hydrolysis of silyloxyfuran
11a, proceeded smoothly to furnish mesylate 14ain high
yield (Scheme 3). Moreover, exposure of 14a to DBU did
not provide 3-hexylidenefuranone 5a but led to 3-(E)-hex-
enylfuranone 15a instead as the main reaction product.?’
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In conclusion, the first synthesis of unsubstituted (E)-3-
alkylidene-2(3H)-furanones has been achieved by a high-
ly regio- and stereocontrolled pathway from 3-bromo-2-
triisopropylsilyloxyfuran. The simplicity and inherent
flexibility of this new methodology set the stage for the
synthesis of several natural and unnatural products of
biomedical importance.
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Datafor 10: colorlessliquid. 'H NMR (400 MHz, CDCly):
8=110(18H,d,J=7.2Hz),1.29 (3H, m), 6.27 (1 H, d,
J=2.4Hz),6.80 (1H,d,J=24Hz).3C NMR (100 MHz,
CDCly): 8 =12.3,17.4, 73.3,114.1, 131.7, 153.4. HRMS:
m/z calcd: 318.0651 [M*]; found: 318.0656.

Typical Procedure.

To asolution of bromofuran 10 (0.720 g, 2.26 mmol) in
anhyd THF (30 mL) stirred at —78 °C under nitrogen was
added n-BuLi (2.5M in hexane, 1.08 mL, 2.49 mmol). After
30 min at —78 °C, a solution of freshly distilled n-hexanal
(0.450 g, 4.53 mmol) in THF (10 mL) was added dropwise
and the mixturewas stirred at —78 °C for 2 h. Then, H,O was
added (150 mL) and the solution was extracted twice with
EtOAc. The combined extracts were washed with H,O, ag
sat. NaCl, dried (Na,SO,) and concentrated in vacuo.
Purification by flash chromatography (95:5:1, hexane—
Et,O—Et;N) afforded furylcarbinol 11a (0.708 g, 92%). All
furylcarbinols 11a— were obtained as oilsand characterized
by 'H NMR, 3C NMR, and HRMS; data for representative
compounds are provided below.

Datafor 11a: *H NMR (300 MHz, CDCl;): § = 0.87-1.80
(32H,m),2.17(1H,m),4.60(1H, m),6.27(1H,d,J=1.9
Hz), 6.76 (L H, d, J= 1.9 HZ). 3C NMR (75 MHz, CDCl,):
8=120,14.0,17.7,22.7,25.6, 31.7, 37.4, 65.9, 99.7, 109.7,
131.3, 152.3. HRMS: mvz calcd: 297.1886 [M — C;H,]*;
found: 297.1891.

Datafor 11e: *H NMR (400 MHz, CDCly): § = 1.07 (18 H,
m), 1.27 (3H, m), 2.05(1H, d, J=3.0Hz),5.75 (1 H, d,
J=30Hz),6.12(1H,d,J=24Hz),6.71(1H,d, J=24
Hz), 7.30 (5 H, m). 3C NMR (100 MHz, CDCly): § = 12.5,
17.8, 67.9, 99.9, 110.5, 126.2, 127.3, 128.5, 131.6, 143.8,
153.5. HRMS: m/z calcd: 346.1964 [M™*]; found: 346.1961.
Datafor 11f: *H NMR (400 MHz, CDCl;): § = 1.08 (18 H,
m), 1.27 (3H, m), 217 (1 H,d, J=3.6 Hz), 3.73 (3 H, 9),
571(1H,9),6.16(1H,d,J=22Hz),6.71(1H,d, J=22
Hz),6.85(2H,d,J=8.4Hz),7.31(2H, d, J=84Hz).*C
NMR (100 MHz, CDCl,): 6 = 12.5, 17.8, 55.4, 67.6, 100.1,
110.6, 113.8, 127.5, 131.6, 136.2, 153.3, 158.9. HRMS: m/z
calcd: 333.1522 [M — C;H,*]; found: 333.1518.

Datafor 11g: *H NMR (400 MHz, CDCl,): 6 =1.08 (18 H,
m), 1.26 (3H, m), 242 (1 H, brs), 581 (1 H, s), 6.04 (1 H,
d,J=22Hz),6.71(1H,d,J=22Hz),754(2H,d,J=9.1
Hz),8.14 (2H, d, J = 9.1 Hz). *C NMR (100 MHz, CDCly):
8=125,17.8,67.0,98.9, 110.0, 123.7, 126.9, 132.1, 147.2,
151.3, 153.8. HRMS: m/z calcd: 392.1893 [MH*]; found:
392.1890.

The E-stereochemistry of compounds 5a—j was determined
by NOESY experiments. The Z-isomers of 5a—c are clearly
distinguished by *H NMR from their E-isomers by the
upfield shift of thethree olefin protons (Ad ca. 0.1-0.3 ppm).
Typical Procedure.

To asolution of furylcarbinol 11e (0.190 g, 0.55 mmol) in
anhyd CH,CI, (5 mL) stirred at —78 °C under nitrogen was

Synlett 2006, No. 10, 1511-1514 © Thieme Stuttgart - New Y ork

Downloaded by: Nanyang Technological University NTU. Copyrighted material.



1514 J. Boukouvalas, O. Marion

LETTER

added Et;N (0.056 g, 0.55 mmol) and MsCl (0.063 g, 0.55
mmol). Themixturewasstirred at —78 °C for 1 hand TBAF

(2.0 M in THF, 0.55 mL, 0.55 mmol) was added. The

mixture was slowly warmed to r.t. with stirring over 1 h.
Purification by column chromatography (4:1, hexane—Et,0)

provided furanone 5e (0.088 g, 93%).

Datafor 5a: colorless ail. *H NMR (400 MHz, CDCl,): § =
0.86 (3H,t,J=7.1Hz),1.28 (4H, m), 1.48 (2H, m), 2.31
(2H,m), 6.12(1H, dd, J=4.0,1.0Hz), 6.74 (1 H, m), 6.94
(1H, m). 3C NMR (100 MHz, CDCl,): § = 14.1, 22.6, 28.3,
30.7, 31.6, 105.4, 126.2, 144.1, 145.4, 168.3. HRMS: m/z

calcd: 166.0994 [M*]; found: 166.0991.

Datafor 5b: colorless oil. *H NMR (400 MHz, CDCl,): § =
095(6H,d,J=6.8Hz),1.85(1H, m),2.24(2H,t,J=6.4
Hz),6.15(1H,dd, J=3.6,0.8Hz), 6.78 (1H, m). *CNMR
(100 MHz, CDCl,): 6 =22.7,38.6, 39.7,105.5, 126.9, 143.0,
145.6, 168.3. HRMS: m/z calcd: 152.0837 [M*]; found:

152.0842.

Datafor 5¢: colorless oil. *H NMR (400 MHz, CDCly): & =

1.11 (6 H, d, J= 6.4 Hz), 2.70 (1 H, m), 6.15 (1 H, dd,

J=3.6,0.8Hz),6.61 (1H, dg, J= 10.0, 0.8 Hz), 6.97 (1 H,
m). 3C NMR (100 MHz, CDCl,): § = 22.2, 30.5, 105.4,
124.1, 145.4, 150.0, 168.8. HRMS: m/z calcd: 138.0681

[M*]; found: 138.0676.

Datafor 5d: colorless oil. *H NMR (400 MHz, CDCl,): § =
122 (9H,s),6.34(1H,dd, 3.8, 0.8Hz), 6.77 (1 H, dd,
J=1.9,0.8Hz),6.99 (1H,dd, J=3.8, 1.9 Hz). 3C NMR
(100 MHz, CDCl,): 8 = 29.9, 35.6, 105.8, 122.4, 145.4,
153.7, 169.9. HRMS: m/z calcd: 152.0837 [M*]; found:

152.0833.

Datafor 5e: yellow solid, mp 190-192 °C. *H NMR (400
MHz, CDCl,): §=6.58 (1H, dd, J=3.6,1.0Hz), 7.12 (1 H,
dd, J=3.6,2.0Hz), 7.43 (4 H, m), 7.53 (2 H, m). B*C NMR
(100 MHz, CDCl,): § = 106.4, 123.3, 129.3, 130.4, 130.8,
134.8, 137.9, 147.5, 169.6. HRMS: m/z calcd: 172.0524

[M*]; found: 172.0519.

Data for 5f: yellow solid, mp 129-130 °C. *H NMR (400
MHz, CDCl,): § =3.83(3H,s),6.55(1H, dd, J=34,0.8
Hz),6.92 (2H, dd, J=7.0, 1.8 Hz), 7.08 (1 H, dd, J = 3.4,

2.0Hz),7.37 (1H,m), 7.51 (2 H, dd, J= 7.0, 2.0 Hz).

13C NMR (100 MHz, CDCl,): § =55.7, 106.4, 114.9, 120.7,

Synlett 2006, No. 10, 1511-1514 © Thieme Stuttgart - New York

(25)
(26)

(27)

127.6, 132.4, 137.8, 146.5, 161.9, 170.1. HRM S: vz calcd:
202.0630 [M*]; found: 202.0624.

Datafor 5g: yellow solid, mp 212-213 °C. 'H NMR (400
MHz, CDCl,): § =6.55(1H, dd, J=3.7,1.0Hz), 7.25 (1 H,
dd,J=3.7,1.6Hz),7.44(1H, m),7.68(2H,dd,J=6.9,1.6
Hz), 8.28 (2H, dd, J= 6.9, 1.6 HZz). 3C NMR (100 MHz,
CDCl,): = 106.0, 124.5, 126.7, 130.7 (2x), 134.1, 140.8,
149.8, 168.5. Anal. Calcd for C,,H,NO,: C, 60.83; H, 3.25;
N, 6.45. Found: C, 60.56; H, 3.05; N, 6.38.

Datafor 5h: yellow solid, mp 92-93 °C. *H NMR (400
MHz, CDCl;): § =6.55(1H, dd, J=3.5,0.8Hz), 7.17 (1 H,
dd,J=35,1.8),7.40(4H, m), 751 (1 H, m). *CNMR (100
MHz, CDCI,): 8 = 106.2, 124.6, 128.5, 129.8, 130.6 (2x),
135.3, 135.9, 136.5, 148.3, 169.1. HRMS: m/z calcd:
206.0135 [M*]; found: 206.0129.

Datafor 5i: yellow solid, mp 222223 °C. *H NMR (400
MHz, CDCl,): § =6.63 (1 H, dd, J=3.4,0.8Hz), 7.15 (1 H,
dd, J=3.4,1.8Hz), 7.44 (4H, m), 7.64 (6 H, m). ®*C NMR
(100 MHz, CDCl,): & = 106.5, 123.1, 127.3, 127.9, 128.4,
129.2,131.0, 133.8, 137.4, 140.0, 143.5, 147.4,169.7. Andl.
Calcd for C;;H,,0,: C, 82.24; H, 4.87. Found: C, 81.97; H,
4.66.

Datafor 5j: yellow solid, mp 191-192 °C (dec.). *H NMR
(400 MHz, CDCl,): $ =6.55 (1 H, dd, J= 3.4, 1.6 Hz), 6.80
(2H,m), 7.07 (1H, dd, J = 3.4,1.6 Hz), 7.12 (1 H, m), 7.63
(1H,d,J=1.6Hz). ®*CNMR (100 MHz, CDCl,): 5 =108.1,
113.4, 119.3, 120.3, 122.1, 146.0, 146.8, 151.9, 169.9.
HRMS: m/z calcd: 162.0317 [M*]; found: 162.0322.
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