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Triphenylphosphine-Catalyzed Synthesis of Stable,
Functionalized 2H-Oxetes

Sakineh Asghari
Ahmad Khabbazi Habibi

Chemistry Department, Mazandaran University, Babolsar, Iran

Triphenylphosphine underwent Michael addition to dialkyl acetylenedicarboxylate
and subsequently to the carbonyl group of a-haloketones. Then, these compounds
were cyclized to produce the unstable 1,3-diionicphosphorus compound, which spon-
taneously lost triphenyl phosphine, and was converted to the functionalized oxetes
derivatives.
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INTRODUCTION

Monocyclic four-membered heterocycles containing a double bond such
as 2H-oxetes are, in general, unstable. This is in part due to their ten-
dency to undergo an electrocyclic ring opening to heterodynes.? As part
of our current studies on the development of new routes to heterocyclic
and carboxylic systems,>* we now report a facile synthesis of the stable
functionalized 2H-oxetes. Reaction of «-haloketones, such as phenacyl
chloride or 1,1-dichloroacetone 2 with dialkyl acetylenedicarboxylate
1 in the presence of triphenylphosphine, leads to the formation of the
stable 2H-oxetes ring systemes 3a—d (Scheme 1).

RESULTS AND DISCUSSION

We know that the one-step [2+2] cycloaddition reaction between two
unsaturated moieties is difficult and under vigorous conditions may
occur stepwise via diradicals, and not in a concerted fusion. We report
here a cycloaddition reaction between a carbonyl group of «-haloketone
and acetylenic ester in the presence of triphenylphosphine as a catalyst
that produces the stable 2H-oxete in fairly high yields.
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SCHEME 1

Because this reaction did not take place in the absence of triph-
enylphosphine, it can be said that triphenylphosphine plays an impor-
tant role as a catalyst for this reaction. It also is important to point
out that this reaction between acetylenic ester and the unsubstituted
ketone such as acetophenone did not take place; therefore, we can con-
clude that the existence of an electron-withdrawing substituent such
as a chlorine atom is essential for this reaction.

The «-haloketones are among the most versatile intermediates in
organic synthesis and their high reactivity makes them prone to re-
act with a large number of nucleophiles to provide a variety of use-
ful compounds.? On the basis of chemistry of trivalent phosphorus
nucleophiles,’~? it is reasonable to assume that 2H-oxetes result from
an initial addition of triphenylphosphine to acetylenic esters and is sub-
sequent to the carbonyl group of «-haloketone. The negatively charged
oxygen atom attacks to an electeron-deficient olefinic carbon atom to
produce the oxetane salt and subsequent loss of triphenylphosphine,
which gives the stable functionalized 2H-oxete 3 (Scheme 2).

The structure of 3a-d was deduced from IR, H, and 13C NMR and
mass spectra. The 'H NMR spectrum of 3a exhibited an AB quartet
system at about 4.22 and 4.62 ppm for the CH3Cl group because this
compound possesses one stereogenic center and also two singlets at
about 3.80 and 4.24 for two methoxy groups. The 1*C NMR spectrum
of 3a displayed two signals at about 123.02 and 149.56 for two olefinic
carbon atoms of the 2H-oxete ring, a signal at about 47.93 for the CHyCl
group and a signal at about 85.57 for the aliphatic carbon atom of the
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2H-oxete ring. The mass spectrum of 3a exhibited molecular ion peaks
at m/z 297(M*+1) (3%) and 299 (M*+3) (1%) because of the existence of
the isotopes of the chlorine atom (**Cl and 37Cl). Initial fragmentations
involved a loss from or complete loss of the side chains of the 2H-oxete
ring system.

The 'H and 3C NMR spectra and the fragmentations of the mass
spectrum of 3b are similar to those of 3a, except for the ester groups.

The 'H NMR spectrume of 3¢ exhibited a singlet at about 1.82 ppm
for the CH3 group, two singlets at about 3.86 and 4.31 for two methoxy
groups, and a singlet at about 6.30 for the CHCly, group. The 1*C NMR
spectrum of 3¢ displayed a signal at about 22.19 for CHg, two signals
52.55 and 59.96 for two methoxy groups, and two signals at about 123.02
and 149.43 for two olefinic carbons. The mass spectra of 3¢ displayed
molecular ion peaks at m/z 268 (M™1) (53%), 270 (M*™+2) (34%), 272
(M*+4) (6%), which confirm the existence of two chlorine atoms in the
structure of 3c.

The structure assignments made on the basis of NMR spectra of
compounds 3a-d were supported by measurement of their IR spectra.
Of special interest are the strong carbonyl absorption bonds at 1771
and 1697 cm™!.

In conclusion, we have developed a facile and efficient route for the
synthsis of the stable 2H-oxetes using electron-deficient ketones and
acetylenic esters in the presence of triphenylphosphine as a catalysis.
This procedure has as advantages a good yield, a mild reaction condi-
tion, the formation of cleaner products, and simple experimental and
work-up conditions.
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EXPERIMENTAL SECTION

Dialkyl acetylenedicarboxylates, triphenylphosphine, phenacyl chlorid,
and 1,1-dichloroacetone were obtained from Fluka (Buchs, Switzerland)
and were used without further purification. Melting points were mea-
sured on an Electerothermal 9100 apparatus and are uncorrected.
'H and »C NMR spectra were measured with BRUKER DRX-500
AVANCE spectrometer at 500 and 125.8 MHz, respectively. Mass spec-
tra were recorded on a Finnigan Matt 8430 mass spectrometer operat-
ing at an ionization potential of 70 eV. IR spectra were recorded on a
IR-470 spectrometer.

Preparation of Dimethyl-2-(chloromethyl)-2-phenyl-2H-oxete-
3,4-dicarboxylate (3a): General Procedure

To a magnetically stirred solution of phenacyl chloride (0.3 g, 2 mmol)
and triphenylphosphine (0.52 g, 2 mmol) in CH3Cls (10 mL) was added,
dropwise, to a mixture of dimethyl acetylenedicarboxylate (0.28 g,
2 mmol) in CH5Cls (4 mL) at —10°C over 10 min. The mixture was al-
lowed to stand at room temperature for 24 h. The solvent was removed
under reduced pressure and the residue was purified by silica gel (Merck
silica gel, 230-400 mesh) column chromatography using hexane:ethyl
acetate (80:20) as an eluent. The solvent was removed under reduced
pressure and compound 3a (0.47 g, m.p. 90°C, yield 80%) was obtained
as a white powder. IR (KBr) (vmax, cm™1): 1771 and 1697 (C=0), 1648
(C=C); 'H NMR (500 MHz, CDClI3): 8y 3.80 (3H, s, OMe), 4.22 and 4.62
(2H, AB quartet, CH3Cl), 4.24 (3H, s, OMe), 7.35-7.40 (5H, m, C¢Hs);
13C NMR (125.8 MHz, CDCl3): 6c 47.93 (CH2Cl), 52.38 and 60.01 (2
OMe), 85.57 (O—C—ph), 123.02 and 149.56 (olefinic carbons), 125.85,
128.91, 129.62 and 136.07 (aromatic carbons), 161.93 and 165.12 (2
C=0); MS,m/z(%):297 (M*+1)(3),299 M*+3)(1),281 (M*T—Me) (1.5),
283 (M++2, —Me) (0.5), 265 (M*, —OMe) (9), 267 (M*+2, —OMe) (3),
247 (M+ —CHCl) (100), 105 [M*t —(CH2Cl + MeO3sC—C=C—COsMe)]
(67), T7(C¢Hs) (29).

Diethyl-2-(chloromethyl)-2-phenyl-2H-oxete-
3.4-dicarboxylate (3b)

White powder, m.p. 46°C, yield 72%, IR (KBr) (vmax, cm™1): 1773 and
1692 (C=0), 1646 (C=C); 'H NMR (500 MHz, CDCls): éy 1.24 (3H,
t, 3fym 7.1 Hz, CHs), 1.37 (3H, t, 3Jun 7.1 Hz, CHs), 4.16—4.28 (2H,
m, OCHy), 4.22 and 4.61 (2H, AB quartet, CHyCl), 4.5-1.74 (2H, m,
OCHy); 3C NMR (125.8 MHz, CDCl3): 8¢ 13.99 and 15.50 (2 CHj),
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48.05 (CH,Cl), 61.48 and 68.62 (2 OCHy), 85.62 (O—C—ph), 124.10 and
149.20 (olefinic carbons), 125.80, 128.84, 129.36 and 136.20 (aromatic
carbons), 161.50 and 165.44 (2C=0); MS, m/z (%): 325 (M*+1) (39),
327 M+ +3) (12), 275 (MT—CH,C1) (100), 219 [M+,—(CH,Cl 4 2CsHy)]
(32), 105 [M+, —(CH2Cl1 + MeO,C—C=C—COyMe)] (76).

Dimethyl-2-(dichloromethyl)-2-methyl-2H-oxete-
3,4-dicarboxylate (3c)

White powder, m.p. 83°C, yield 70%, IR (KBr) (vmax, cm™1): 1776 and
1704 (C=0), 1646 (C=C); 'H NMR (500 MHz, CDCls): sy 1.82 (3H, s,
CHs), 3.86 and 4.31 (6H, 2s, 20CH3), 6.30 (1H, s, CHCl,); 13C NMR
(125.8 MHz, CDCls): §c 22.19 (CHj3), 52.55 and 59.96 (20CH3), 89.16
[O—C(CH3) (CHCly)], 74.52 (CHCly), 123.02 and 149.43 (olefinic car-
bons), 161.58 and 164.62 (2 C=0); MS, m/z (%): 269 (M*T+1) (52),
271 (M++3) (34), 273 (M*+5) (6), 273 (M*—MeOH) (15), 239 (M*++2-
MeOH) (10), 241 (M*t+4-MeOH) (1.7), 185 (M*-CHCl,) (100), 153
[(M*—(CHCIly + MeOH)] (36).

Diethyl-2-(dichloromethyl)-2-methyl-2H-oxete-
3,4-dicarboxylate (3d)

White powder, m.p. 50°C, yield 74%, IR (KBr) (vmax, cm~1): 1779 and
1693 (C=0), 1643 (C=C); 'H NMR (500 MHz, CDCl3): 8z 1.31 (3H, t,
3Jun 7.1 Hz, CH3), 1.35 (3H, t, 3Jun 7 Hz, CH3), 1.76 (3H, s, CHy),
4.27 (2H, q, Juu 7 Hz, OCH,), 4.5-4.72 (2H, m, OCHy), 6.25 (1H, s,
CHCly); 3C NMR (125.8 MHz, CDCl3): §C 14.08 and 15.53 (2CHj),
22.22 (CHg), 61.71 and 68.64 (20CHy), 74.62 (CHCly), 85.32 [O—C(CH3)
(CHCly)1, 123.99 and 149.16 (olefinic carbons), 161.24 and 164.93 (2
C=0); MS, m/z (%): 297 (M*+1) (35), 299 (M*+3) (24), 301 (M*+5) (4),
251 (M+*—MeOH) (18), 253 (M +2—MeOH) (12), 255 (M*+4—MeOH)
(12), 213 (MT—CHCly) (100), 185 [M*t —(CHCly + CsHy)l (41), 157
[M*T—(CHCI; + 2C2Hy)] (86).
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