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Abstract

4-Ethoxy-1,1,1-trifluoro-3-buten-2-one reacts with triethyl phosphite on heating to give a [4 + 2] cycloaddition product 2,2,2-triethoxy-
2,3-dihydro-3-ethoxy-5-trifluoromethyl-1,2A*-oxaphospholene. Its hydrolysis yields, ultimately, a 2-ox0-2-hydroxy-2,3-dihydro-3-hydroxy-

5-trifluoromethyl-1,2A%-oxaphospholen.
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1. Introduction

Previously, we have reported B-ethoxyvinyl trifluorome-
thyl ketone (1) as aconvenient and readily accessible reagent
in the synthesis of different trifluoromethyl-containing
heterocycles [1-3] and dyes [4]. B-Ethoxyvinyl trifluoro-
methyl ketone has also been proposed as a new reagent for
the protection of amino groups in peptide synthesis [5]. All
these examples of the application of 1 are based on the initial
attack of nucleophilic agents on the B-carbon atom of the
vinyl fragment, involving the participation of the carbonyl
group (in the case of heterocycles).

In the literature, there are only a few examples of the
participation of compound 1 as a heterodiene in cycloaddition
reactions: [4+ 1] cycloaddition to cyclohexyl isocyanide
[6] and [4+ 2] cycloaddition to alkylvinyl ethers [7].

We have studied another [4 + 1] cycloaddition reaction of
compound 1: its interaction with triethyl phosphite.

2. Results and discussion

We have found that the enone 1 reacts with triethyl
phosphite in boiling benzene over 6 h to form the cyclic com-
pound 2,2,2-triethoxy-2,3-dihydro-3-ethoxy-5-trifluorome-
thyl-1,2A°-oxaphospholene (2).
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Compound 2 was isolated from the reaction mixture after
double distillation in vacuo. According to *'P NMR spectral
data, the reaction mixture contained nearly equal quantities
of 2 and PO(OEt);. The mechanism of formation of
PO(OEt); during this reaction is not clear, but it may result
from the removal of oxygen from the enone 1.

Compound 2 is a colourless liquid. In the '°F NMR spec-
trum, there is only one signal: a singlet due to the trifluoro-
methyl group. The *'P NMR resonance is complicated: a
doublet of doublets of multiplets at —32.7 ppm. This is
caused by the coupling of phosphorus with protons 3 and 4
of the ring (J=65 Hz and 35 Hz respectively) and with six
protons of the methylene groups. This is in accordance with
literature data; for example, 2,2,2-trialkoxy-2,3-dihydro-3-
hydroxy-3,5-bis( trifluoromethyl)-1,2A*-oxaphospholenes
show phosphorus signals at nearly —35 ppm with coupling
constants J(*HP) =35-37 Hz [ 8]. According to the 'H NMR
spectrum, protons 3 and 4 interact with the cis coupling con-
stant 7 Hz. The '*C NMR spectrum of 2 is highly informative,
providing ready confirmation of the structure and showing
that the coupling to phosphorus extends throughout the ring
(see Section 3).

We have found that 2 hydrolyses in the presence of a small
amount of water to give a mixture of products. We have
studied the hydrolysis of 2 by *'P NMR spectroscopy which
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suggests stepwise hydrolysis. In the *'P NMR spectrum of a
solution of 2 in wet ether, the signal at — 32 ppm disappears,
and is replaced by a signal at 16.3 ppm, a doublet of multiplets
(J(HP) ~50 Hz). The large number of lines in this multiplet
indicate the proximity of the two ethoxy groups bonded to
phosphorus. We suggest that this signal is probably due to
the phosphorus atom of the acyclic intermediate 3, because
of its instability: after the removal of ether in vacuo, the *'P
NMR spectrum of the residue in benzene changes drastically;
the signal at 16.3 ppm disappears and two signals at 36.9 and
34.5 ppm of nearly equal intensity appear. The signal at 34.5
ppm is a doublet of doublets of triplets (J(P*H) ~42 Hz,
J(P*H) ~ 32 Hz, J(POCH,) ~ 8 Hz). The signal probably
corresponds to the phosphorus atom in the cyclic intermediate
4 which contains only one ethoxy group at phosphorus. The
signal at 36.9 ppm is a doublet of doublets (J(*HP) ~ 45 Hz,
J(*HP) ~32 Hz). The signal probably corresponds to the
phosphorus atom in intermediate 5 with a hydroxy group
at phosphorus. None of the suggested products could be
isolated.
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Compound 6 was isolated after the addition of a 1 N solu-
tion of HC1 to 2, which quickly resulted in the elimination of
all ethoxy groups and in the formation of the crystalline
compound 6 with low melting point.

The structure of 6 was confirmed by 'H, "*C, '°F and *'P
NMR spectroscopy and by elemental analysis. The 8('H)
values of the two ring protons (in positions 3 and 4) are
similar: 6.56 and 6.47 ppm. When the '"H NMR spectrum was
recorded in various solvents at 200 MHz, a complicated mul-
tiplet was observed. A well-resolved spectrum was observed
at 500 MHz. It was found that the coupling constants of
protons 3 and 4 with phosphorus and with each other were
very similar: 21.1, 17.4 and 17.3 Hz respectively. We assume
that the proton signal with J(HP) = 21.1 Hz can be assigned
to the proton in position 3 of the ring. In the *C NMR
spectrum of 3, the 8('*C) values of this compound almost
coincide with those of 2. The data of the APT experiment
[9] also confirm the structure of 6.

3. Experimental details

'H, "°C, ""F and *' P NMR spectra were recorded on Bruker
WP-200 and Varian Gemini-200 instruments. The '"H NMR
spectrum of 6 was obtained on a Bruker AMX-500 instru-
ment. Chemical shifts (8) are given in parts per million
relative to tetramethylsilane (TMS) for 'H and '*C, H,PO,
for *'P and CCIF for '°F.

The enone 1 was synthesized according to the method
described in Ref. [ 10].

3.1. 2,2,2-Triethoxy-2,3-dihydro-3-ethoxy-5-
trifluoromethyl-1,2X°-oxaphospholene (2)

A mixture of 1 (5 g, 30 mmol) and triethyl phosphite (5
g, 30 mmol) in 20 ml of dry benzene was refluxed under
argon for 6 h. The solvent was removed by distillation, and
the residue was distilled in vacuo (0.15 mmHg) (argon as a
protecting atmosphere). The fraction of b.p. 55-60 °C was
refractionated. Yield, 4.8 g (48%); b.p., 58-58.5 °C (0.015
mmHg). NMR: 'H (CDCl;) & 6.8 dd (1H, H(3),
JCH'H) =7 Hz, J(*HP) =65.4 Hz), 6.35 dd (1H, H(4),
JC’H*H) =7 Hz, J(*HP) =34.6 Hz), 3.9 dq (6H, POCH,,
J(HH) =7 Hz, J(HP) =7 Hz). 3.5 m (2H, OCH,), 1.2 m
(12H, CH;). *C (CDCl;) &: 142.9d (C(4), J(CP) =177
Hz), 1345 d (C(3), J(CP) =217 Hz), 122.6 qd (CF;,
J(CF)=289 Hz, J(CP)=6.8 Hz), 962 qd (C(5),
J{CF) =325 Hz, J(CP)=18 Hz), 624 d (POCH.,,
J(CP)=112 Hz), 59.05 s (OCH,), 1625 d (CH,,
J(CP)=8.7 Hz). 15.27 s (CH,). "F (CDCl;) é: —80.8 s
(CFy). *'P (CDCly) & —32.7 ddm (J(*HP)=65.4 Hz,
J(*HP) =34.6 Hz). Found (%): C,42.81; H, 6.28; F, 16.77.
C,,H,,F,05P calculated (%): C, 43.12; H, 6.63; F, 17.05.

3.2, 2-Oxo0-2-hydroxy-2,3-dihydro-3-hydroxy-5-
trifluoromethyl-1,2X°-oxaphospholen (6)

The oxaphospholene 2 (0.67 g, 2 mmol) was added with
stirring to a 1 N solution of hydrochloric acid (10 ml). After
the mixture had been stirred for 0.5 h, the hydrochloric acid
was removed in vacuo and the residue was dried for 10 h at
40 °C and 0.01 mmHg. Yield of 6, 0.37 g (92%). NMR; 'H
(500 MHz, D,0) 8:6.56dd (1H,H(3),J(*H*H) = 17.3 Hz,
JO’HP) =21.1Hz),6.47dd (1H,H(4), JCH*H) = 17.3Hz,
J(*HP)=174 Hz). "“C (D,0) & 1385 d (C(4),
J(CP)=5.8 Hz), 125.0d (C(3), J(CP) =178 Hz), 120.8
q (CF;, J(CF) =288 Hz), 89.55 qd (C(5), J(CF)=32.7
Hz, J(CP)=22 Hz). ""F (D,0) & —85.3 s (CF,;). *'P
(D,0) 6: 13.8 br. *‘t”” (J(HP) ~20 Hz). Found (%): C,
23.08; H, 2.27; F, 27.60, P, 15.53. C,H,F,O,P calculated
(%):C,23.55;H, 1.98; F, 27.93; P, 15.18.
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