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The Claisen rearrangement of allylic alcohol 2 provided the f-tri-
fluoromethyl y,6-ethylenic ester 3 which gave access to a series of
B-triftuoromethyl-y-butyrolactones 1.

Fluorinated organic compounds have received increased
attention during the past years' due to the enhancement
of activity when an hydrogen atom or a methyl group
are replaced by a fluorine atom or a trifluoromethyl group
in a biological molecule?. Especially, the advance in the
preparation and use in total synthesis of trifluoromethyl
synthetic intermediates has been remarkable.?

y-Butyrolactones (dihydro-2(3 H)-furanones) are a highly
important class of compounds owing to their presence
in many natural products and other biologically active
molecules.* In particular, ,B-disubstituted y-butyrolac-
tones show strong convulsant or anticonvulsant activity.>
They are also versatile intermediates in the synthesis of
other important classes of compounds (e.g. cyclopent-
enones, furans).®

There are few reports on the synthesis of trifluorometh-
ylated y-butyrolactones, and none of them are related to
a B,B-disubstituted one.” Here, we describe the prepara-
tion of f-methyl-g-trifluoromethyl-y-butyrolactones of

type 1.
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Our strategy for their preparation was based on the Clai-
sen rearrangement of the triffuoromethylated allylic al-
cohol 2 easily obtained from commercially available tri-
fluoroacetone.® The reaction was conducted under ortho-
ester conditions® at 200°C for 30 hours and afforded
ethyl 3-methyl-3-trifluoromethyl-4-pentenoate (3) in
75% yield. With prenyl alcohol, the Claisen rearrange-
ment was complete in only 3.5 hours® to give ethyl 3,3-
dimethyl-4-pentenoate, and could even be conducted at
140°C.1° With the trifluoromethylated analog, only a
very small amount of 3 was detected under the same con-
ditions. Ozonolysis of the double bond afforded the new
aldehyde ester 4 in 85 % yield. This 1,4-dicarbonyl com-
pound was the intermediate in the synthesis of lactones
of type 1. Treatment of 4 with sodium borohydride in
tetrahydrofuran gave lactone 1ain 75 % yield (Scheme 1).

Another lactonisation was observed when compound 4
was stirred in dichloromethane with a few drops of con-
centrated hydrochloric acid (Scheme 2). The ethoxy lac-
tone 1b was obtained as a mixture of two diastereomers
in a 92: 8 ratio. If one considers the '°F NMR chemical
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shift, the major isomer has the trifftuoromethyl and ethoxy
groups in trans position.!! Indeed the chemical shift of
the trifluoromethyl group in cis position relative to the
B-ethoxy group is lower (— 71 ppm) than when itis in a
trans relationship (— 77 ppm). We have checked that there
is no equilibrium between the two isomers: no change
in the isomer ratio was observed by stirring an enriched
fraction of 1b (ratio 80:20) under the same conditions.
Formation of 1b could involve the initial hydrolysis of
the ethyl ester giving ethanol and a carboxylic acid which
could lead to a y-hydroxylactone by cyclisation. How-
ever, it is surprising that only one mole of ethanol in wet
dichloromethane could transform the y-hydroxylactone
to 1b in 90 % yield. Alternatively, 1b could be formed
by an unknown intramolecular acidic rearrangement.
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The methoxy analog 1¢ was formed by stirring 4 in meth-
anol in the presence of a few drops of concentrated hy-
drochloric acid. Here, the diastereomeric excess was a
little lower (87:13). Compound 1b is not an intermediate
as it was not detected by monitoring the reaction with
capillary GC. We also checked independently that the
transformation of 1b to 1c under the same conditions
was slow (8 hours). An hemiketal is the most likely in-
termediate, which further cyclised to afford the diaste-
reomeric mixture of 1¢ as shown in Scheme 3.

Another lactone derivative was obtained by a radical
process. Treatment of 4 with 1,3-propanedithiol in di-
chloromethane in presence of boron trifluoride etherate!?
afforded the ester 5 in 70 % yield, saponification of which
gave the corresponding acid 6. From this acid, we at-

Downloaded by: University of North Carolina - Chapel Hill. Copyrighted material.



168 Short Papers

CF3 MeOH " O><:F3 w CFs
——» Me —
<+ “CH <+
CHO H'O/sC:O Me
Z
COZEI Ra o) o
4 H® 1c
R=Me or Et (0-OMe 87%)
(B-OMe 13%)
Scheme 3

tempted a cyclisation using lead tetraacetate by analogy
with the formation of tetrahydrofurans from alcohols
having a proton in é-position.'? Indeed, 1d was obtained
from 6 in 60 % yield following probably the mechanism
shown in Scheme 4.
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Thus, we have shown that a Claisen rearrangement of a
fluorinated allylic alcohol gives a y,6-ethylenic ester which
serves as a synthon for the preparation of a variety of
B-trifluoromethyl-y-butyrolactones.

Melting points were determined on a Mettler FP-61 apparatus. IR
spectra were recorded on a Perkin-Elmer 1420 spectrometer. NMR
spectra were taken, in CDCl;, on a Bruker AC-200 E spectrometer.
Chemical shifts are expressed in ppm from internal TMS (*H and
13C)and CFCI, (°F). Preparative chromatography was performed
on silica gel column (Merck 70-230 Mesh). Preparative GC was
performed on a Shimadzu GC-8A equipped with a 2.5 m SE-30
column operating at 150°C. Analytical GC was performed on a
Shimadzu GC-14A equipped with a 10 m CP-Sil 19 column. Bulb-
to-bulb distillations were performed on a Biichi GKR-50 Kugelrohr
apparatus. Ozonolysis was performed using an ozone generator
(Fisher, Modell 502). For new compounds satisfactory microana-
lyses obtained: C +0.36, H +0.17.

Ethyl 3-Methyl-3-trifluoromethyl-4-pentenoate (3):

A solution of the alcohol 2 (6 g, 0.043 mmol), triethyl orthoacetate
(27.8 g, 0.172 mol) and propionic acid (0.19 g, 0.0025 mol) was heat-
ed in a heavy-walled Pyrex tube equipped with a Teflon stopper at
200°C for 30 h. After cooling, the mixture was diluted with Et,0
(50 mL) and washed with ice cold 50 % HCl (3 x 40 mL). The com-
bined aqueous layers were washed with Et,O (50 mL) and the com-
bined organic layers washed successively with H,O (50 mL) sat.
NaHCO;, solution (50 mL), brine (50 mL) and dried (MgSO,). After
filtration, the solvent was removed in vacuo to give a residue which
was distilled to afford 3; yield: 6.8 g (75%); bp 55-56°C/13 Torr.

IR (CHClL,): v = 1720, 1640 cm ™!,
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'HNMR: 6 = 1.21 (t, 3H, J = 7.1 Hz), 1.40 (s, 3H), 2.58 (AB
system, 2H, J = 14 Hz), 4.08 (q, 2H, J = 7.1 Hz), 5.25-5.33 (m,
2H), 5.89 (dd, 1H, J = 10.9, 17.4 Hz).

BBCNMR: § = 13.5, 16, 38.6, 45.07 (Couarr Jer = 25 Hz), 60.17
(OCH,), 117.8 (CH, =), 127 (CF,, J.r = 282 Hz), 134.8 (CH =),
169 (CO).

YFNMR: § = —77 (s).

Ethyl 3-Formyl-3-trifluoromethylbutanoate (4):

A solution of the unsaturated ester 3 (6 g, 0.028 mol) in MeOH
(50 mL) was treated with O (4 g/h) at — 78°C until a slight blue
color persisted. The solution was degassed with N, and brought to
0°C whereupon Me,S (7.3 mL, 0.085 mol) was added. The mixture
was stirred at this temperature for 1 h. MeOH was evaporated at
reduced pressure and the residue was taken up in H,O (100 mL)
and extracted with CH,Cl, (2 x 50 mL). The organic layer was
washed with brine and dried (MgSO,). Filtration and removal of
the solvent under vacuum gave a crude product which was distilled
to afford the aldehyde 4; yield: 5.1 g (85%); bp 72°C/15 Torr.

IR (CCly): v=1735cm™ 1,

'HNMR:§ = 1.22(t,3H,J = 7 Hz),1.42 (s, 3H), 2.85 (AB system,
2H, J =16.2 Hz), 4.11 (q, 2H, J = 7 Hz), 9.67 (m, 1 H).
IFNMR: § = —72.6 (s).

Dihydro-4-methyl-4-trifluoromethyl-2(3 H)-furanone (1a):

To a solution of 4 (1 g, 4.7mmol) in THF (20 mL) at 0°C was
added in small portions NaBH, (90 mg, 2.35 mmol). The mixture
was stirred for 4 h at r.t. After acidification with a 5% aq HCI
solution and addition of H,O (30 mL), the mixture was extracted
with CH,Cl, (2x30mL) the organic layer was dried (MgSO,),
filtered, and the solvent removed under vacuum to afford the crude
product which was distilled using a Kugelrohr apparatus to give
the lactone la; yield: 0.6 g (75%); bp 140°C/17 Torr.

IR (CCl,): v = 1795¢cm™ L,

IHNMR: é = 1.37 (s, 3H), 2.6 (AB system, 2H, J = 18 Hz), 4.22
(AB system, 2H, J = 9.9 Hz).

FNMR: 6 = —78.1 (s).

Dihydro-5-ethoxy-4-methyl-4-trifluoromethyl-2(3 H )-furanone (1b):
A solution of the aldehyde 4 (1 g, 4.7 mmol) in CH,Cl, (30 mL)
containing a few drops of conc. HCl was stirred overnight (the
reaction could be easily monitored by GC). The solution was washed
with sat. NaHCO, solution (30 mL), brine (30 mL), dried (MgSO,)
and filtered. The solvent was evaporated under vacuum. Purification
was effected by distillation using a Kugelrohr apparatus affording
the lactone 1b as a mixture of diastereomers in a ratio 92:8; yield:
0.9 g (90%); bp 125-130°C/16 Torr.

IR (CHCly): v = 1780 cm 1.

'H NMR Mixture of the two diasteromers D, (92%) and D, (8 %):
0 = 114 (t, 3H, J=THz, D, +D,), 1.24 (s, 3H, D)), 1.26 (s,
3H, D,), 2.55 (AB system, 2H, J = 18 Hz, D,), 2.82 (AB system,
2H,J = 17.3 Hz, D,), 3.52-3.89 (m, 2H, OCH,, D, + D,), 5.1 (s,
1H, D,;), 535 (s, 1H, D,).

FNMR: § = —77.1 (5, D,) and —71.7 (s, D,).

Dihydro-5-methoxy-4-methyl-4-trifluoromethyl-3(2 H)-furanone (1c):
A solution of the aldehyde 4 (1 g, 4.7 mmol) in MeOH (30 mL)
containing a few drops of conc. HCl was stirred overnight. H,0O
(50 mL) was added and the solution was extracted with CH,Cl,
(2% 30 mL). The combined organic layers were washed with sat.
NaHCO, solution (30 mL), brine (30 mL), dried (MgSO,), filtered
and the solvent was evaporated under reduced pressure. A part of
the crude product was purified by preparative GC giving a pure
sample of 1c¢ as a mixture of diastereomers in ratio of 87:13.

IR (CHCl,): v = 1780 cm™ 1.

'H NMR, mixture of the diastereomers D, (87 %) and D, (13 %):
é = 1.26 (s, 3H, D,), 1.30 (s, 3H, D,), 2.58 (AB system D,, 2H,
J =18 Hz), 2.61 (AB system D,, 2H, J=17.3Hz), 3.45 (s, 3H,
D,), 347 (s, 3H, D)), 5.26 (s, 1 H, D,), 5.28 (s, 1H, D,).
FNMR: § = —77.1 (s, D,;) and —71.7 (s, D,).
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Ethyl 3-(1,3-Dithian-2-yl)-3-triflucromethylbutanoate (5):

A solution of the aldehyde 4 (3 g, 14 mmol) in CH,Cl, (50 mL) was
cooled to 0°C. 1,3-propanedithiol (1.6 g, 14.8 mmol) was added and
the resulting mixture was stirred 10 min before BF; - OEt, (0.9 mL,
7 mmol) was added dropwise via a syringe. The ice bath was re-
moved and the reaction allowed to stir for 1 h at r.t. and refluxed
for 4 h. After cooling, the solution was poured in 10 % aq NaOH
(50 mL) and extracted with CH,Cl, (2 x50 mL). The combined
organic layers were washed with H,O (50 mL), brine (50 mL) and
dried (MgSO,). After filtration, the solvent was removed at reduced
pressure to give a crude oil which was distilled (Kugelrohr) to yield
5; 3 g (70%); bp 190°C/0.3 Torr.

IR (CCl,): v = 1720cm ™ 1.,

'HNMR: § = 1.23 (t, 3H, J=7.1Hz), 1.43 (s, 3H), 1.74-2.12
(m, 2H), 2.61-3.03 (m, 6H with AB system at 2.76, 2H,
J=157Hz), 4.11 (q, 2H, J = 7.1 Hz), 4.75 (s, 1 H).

YFNMR: § = 70 (s).

3(1,3-Dithian-2-yl)-3-trifluoromethylbutanoic Acid (6):

A solution of the ester 5 (3 g, 9.9 mmol) in EtOH (40 mL) and H,O
(10 mL) containing KOH (1.6 g, 28.5 mmol) was refluxed for 6 h.
After cooling, H,0 (50 mL) was added and the solution was washed
with Et,0. Aqueous layer was acidified with 10 % HCl and extracted
with CHCl, (2 x 40 mL) and the organic layer was dried (MgSO,).
After filtration, the solvent was evaporated at reduced pressure to
afford the crude material which was purified by chromatography
on silica gel using CH,Cl,/Et,0 (90:10) as eluent to give the acid
6 as white crystals; yield: 2.3 g (84.5 %); mp 115-116°C.

IR (CCl,): v = 1700 cm ™ 1.

'HNMR: § = 1.47(s, 3H), 1.78-2.14 (m, 2 H), 2.83-2.99 (m, 6 H
with AB system at 2.86, 2H, J = 16.1 Hz), 4.71 (s, 1 H).
SFNMR: 6 = —69.7 (s).

Dihydro-5,5-(1,3-dithian-2-yI)-4-methyl-4-trifluoromethyl-2(3H )-
furanone (1d):

A solution of the acid 6 (1 g, 3.64 mmol) in anhydr. benzene (30 mL)
was placed in a 100 mL 3-necked round-bottomed flask under Ar.
Pb(OAc), (1.61g, 3.64 mmol) was added in small portions. The
solution was refluxed for 2 h. After cooling, H,0 (50 mL) was ad-
ded. The organic layer was washed with 10 % NaOH (50 mL) and
H,0 (30 mL) and dried (MgSO,). After filtration and removal of
the solvent under vacuum, the crude product was chromatographed
on silica gel using CH,Cl, as eluent to afford the lactone 1d as
white crystals; yield: 0.59 mg (60 %); mp 88—-89°C.

IR (CCl): v = 1800cm™ 1.

THNMR: § = 1.53 (s, 3H), 1.93-2.22 (m, 2 H), 2.79-2.90 (m, 4 H
with AB system at 2.88, 2H, J = 17.5 Hz), 3.37-3.55 (m, 2 H).
FNMR: § = ~70.5 (s).
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