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There are several preparative methods for the synthesis of 
the functionalized 3(2Af)-dihydrofuranone ring system.1 The 
synthesis of simple 2,5-disubstituted or 2,2,4,4-tetrasubstitut- 
ed 3(2H)-dihydrofuranone is usually carried out by mercury 
catalyzed hydration of alkynic diols.2 Also the Nazarov-type 
cyclization of a'-hydroxy-a,P-unsaturated carbonyl compound 
is one of the method for constructing certain type of fiiranone 
via acid catalyzed intermolecular 1,4-addition process? Other 
method for generating 3(277)-dihydrofuranone is based on Mi­
chael addition of anions derived from a-hydroxyesters to a,p- 
unsaturated carbonyl compound.4 In spite of the usefulness of 
these methods in organic synthesis, the limited or particular 
chemical nature of reactants could be a major drawback for 
most of this type of organic reaction.

Appropriate exo-methylene or vinylic cyclic compound 
are the starting substances for the intramolecular cyclization 
reaction. For example, vinyloxirane,5 2,3 서iviiiyloxiraue* 7 and 
2-methylene-4-vinyl-1,3-dioxolane8 were reported to give the 
corresponding dihydrofuran, oxepine and 2,3,6,7-tetrahydro- 
oxepine-2-one, respectively.

4-Methylene-2-styry 1-1,3-dioxolane was also reported to un­
dergo intram이ecular alkylation to fonn 2-styryl-3(2//)-dihy- 
drofuranone during the polymerization by BF3OEt2? In the 
course of studying 4-methylene-2-phenyl-1,3-dioxolane (4- 
MDO) derivatives with special alkyloxy substituent at 
phenyl group on 2-position, it was found that 2-[p-(2- 
methoxyethoxy)phenyl]-4-MDO (4a) would undergo ring­
opening, followed by intram이ecular cyclization to form 
3(2H)-dihydrofuranone derivative.10

We applied this methodology to the synthesis of 3(2H)- 
dihydrofuranone derivatives. In this paper, we would like to 
report the cyclization pathway of some 4-MDO derivatives, 
which was a novel synthetic route to 3(27f)-dihydrofuranone 
from 2-(p-alkoxyphenyl)-4-methylene-l,3-dioxolane derivati­
ves in the presence of boron trifluoride diethyl etherate as an 
acid catalyst.

Various 4-MDO derivatives, 2-(p-methoxyphenyl)-4-meth- 
ylene-l,3-dioxolane (la) 2-[o-(2-methoxyethoxy)phenyl]-4- 
MDO (2a), 2-[7n-(2-methoxyethoxy)pheny 1]-4-MDO (3a), 2- 
[p-(2-methoxyethoxy)phenyl]-4-MDO (4a), 2-[p-[2-(2-meth- 
oxyethoxy)ethoxy] phenyl卜4-MDO (5a) and 2-[p-(2-ethoxy- 
ethoxy)phenyl]-4-MDO (6a) were synthesized by acetaliza- 
tion of the conesponding /^-substituted benzaldehyde with 3- 
chloro-1,2-propanediol, followed by dehydrochlorination with
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Scheme 1.

potassium Zerf-butoxide. The synthesis and spectral data of 
la11 and 4a10 were described in the literature previously re­
ported. But the other 4-MDO derivatives designed in this ex­
periment have been unknown compounds. The spectral data 
of 6a as a representative 2-(p-alkoxy)phenyl]-4-MDO deriva­
tive were described in the experimental section. The 4-MDO 
derivatives were quite stable at room temperature but were 
very sensitive to acid moiety.

Cyclization reactions were carried out in septum rubber 
capped glass with tube boron trifluoride diethyl etherate. 
The results and conditions of cyclization reaction are sum­
marized in Table 1. Acid catalyzed reaction of la proce­
eded via ring opening polymerization with rapid formation 
of poly(keto ether), Id. The p-methoxyphenyl substituent 
on the 2-position of 4-MDO certainly make ring-opening 
more favorable by forming stable resonance intermediate, 
1c, resulting in polymerization. On the other hand, the 
methoxyethoxy substituted compound, 2-[p-(2-methoxy- 
ethoxy)phenyl]-4-MDO (4a), underwent cyclization reaction 
to generate 2-[p-(2-methoxyethoxy)phenyl]-3(2//)-dihydro- 
furanone (4g). When 4a was reacted with boron trifluoride 
diethyl etherate at 一 50 °C, the resulting rearrangement pro­
duct, 3(2//)-dihydrofuranone was isolable by precipitation in 
cold n-haxane.

Another approach toward the isomerization reaction was 
examined by employing ethoxyethoxy or longer methoxy­
ethoxyethoxy substituted analogues such as 2-[p-[2-(2-meth- 
oxyethoxy)ethoxy]phenyl]-4-MDO (5a) and 2-[p-(2-ethoxyeth- 
oxy)phenyl]-4-MDO (6a), respectively. When the MDO deri­
vatives 5a and 6a were reacted with boron trifluoride diethyl 
etherate, 2-[p-[2-(2-methoxyethoxy)ethoxy]phenyl]-3(2//)-dihy- 
drofuranone (5g) and 2-[p-(2-ethoxyethoxy)phenyl]-3(2//)-di- 
hydrofuranone (6g) were formed quantitatively by acid ca­
talyzed isomerization reaction. The selectivity between ring-
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Table I. Conditions and Results of Isomerization reaction of 2- 
(p-Alkoxyphenyl)-4-methylene-l  ,3-dioxolane Derivatives*1

Temp. Yield" Mwc Polymerization Cyclization
monomer «)

(%) g/mol Content (%/

la -50 85 4900 100 0
la 25 84 4900 100 0
2a -50 82 5900 40-50 50-60
3a -50 90 9600 100 0
4a -50 76 - 0 100
4a 25 80 - 5-10 90-95
5a -50 69 - 0 100
6a -50 69 - 0 100

“ Boron trifluoride diethyl etherate (4 mol%) was used as a
cationic catalyst. b Yields were measured gravimetrically. c Weight 
average molecular weight were taken with a Waters HPLC using 
three columns (|i-Styragel 102, 103 and 104 A), calibrated with 
polystyrene standards in chloroform at 254 nm. “The content of 
ring-opened polymer and cyclization contents were determined 
gravimetrically.

opening polymerization and cyclization reaction was de­
pendent upon the type of substituent at 2-position of 4- 
MDO ring. Although the precise mechanism for this rear­
rangement is not clear at the prese마 time, a possible 
mechanism is shown in the following Scheme 2.

The reaction may be initiated through electrophile ad­
dition from BF3OEt2 itself or other cationic species to dou­
ble bond of 4-MDO derivatives to give the corresponding 
cationic intermediate b. This intermediate may be then sub­
ject to isomerization, generating the more stable benzyl ca­
tion c, followed by other resonance forms e and f.

The release of ring strain of 1,3-dioxolane ring and the 
formation of relatively stable carbonyl group are strong driv­
ing forces for the ring-opening, and the extra resonance sta­
bilization of ring-opened species is a contributing factor. 
Subsequently, the formed cationic intermediate may trans-
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formed to the product 4g, 5g and 6g by ring-opening and 
cyclization of 4a, 5a and 6a. This result can be interpreted 
in terms of the relative stabilities of initially formed cationic 
intermediate b which was easily rearranged to the more 
stable intermediate c. This intermediate was addition시ly sta­
bilized by the resonance form e and f, thus cyclization took 
place exclusively to form 3(2//)-dihydrofuranone derivatives. 
Since the stability of these cationic intermediates increased, 
intramolecular isomerization reaction occured rather than po­
lymerization.

It was of interest to compare the amount of ring opening 
polymerization and cyclization reaction, since the ortho com­
pound 2a could form ortho-type resonance structures 2e and 
2f. At - 50 °C this intram이ecular process was found to 
compete with the polymerization and made the yield of the 
cyclization product relatively low. In the 'H NMR spectrum 
of the polymerization mixture, the signal assignable to the 
methine proton on a benzyl carbon atom at 3.9 ppm was ob­
served. Furthermore, two kinds of the signals assignable to 
the carbonyl carbon in 13C NMR spectrum at 214 and 216 
ppm was observed. In the IR spectrum, two splitted car­
bonyl stretching bands were shown. The stretching band at 
1720 cm1 is attributed to carbonyl of p이y(keto ether) 
whereas the higher stretching band at 1752 cm 1 is attribut­
able to that of dihydrofuranone. From these spectral data, 
compound 2a underwent both ring opening polymerization 
and cyclization reaction to afford poly(keto ether) 2d and 2- 
[o-(2-methoxyethoxy)phenyl]-3(2//)-dihydrofuranone (2g), 
respectively. Whenever the reaction mixture was distilled by 
Kugelrohr distillation apparatus, the cyclization product was 
separated in 50-60% yield.

An interesting extension of this work is achieved by the 
preparation of ortho- and meta-derivatives, because of diff­
erences of their ability in forming resonance stabilization. 
When 3a was reacted for 12 h at - 50 °C with 4 mol% of 
boron trifluoride diethyl etherate, a white powdery poly 
(keto ether), 3d was isolated after precipitation. Intere아ingly, 
the chemical structure of this product was different from the 
one obtained from the similar monomer 4a. The resonance 
forms, 3e and 3f, were not obtainable from the compound 
3a, which contributed a relatively lower resonance sta­
bilization energy than para-isomer.

In conclusion, we have performed a novel reaction that 
the 4-MDO derivatives rearranges with BF3OEt2, which sug­
gested a very convenient method for the preparation of 
3(2W)-dihydrofuranone derivatives, and it was revealed that 
the content of the cyclization product and polymer was in­
fluenced by the substituent at 2-position of phenyl group at 
2-position of the starting 4-MDO. Further work on the de­
tailed mechanism of the cyclization is now in progress and 
will be presented in the furture.

Experimental

All chemicals were commercial products, which were 
further purified by standard methods before use. Methylene 
chloride was purified by distillation over sodium metal after 
drying with calcium hydride. fer^-Butanol was purified by 
distillation over sodium metal. Dowex-50W (H+, strong ca­
tion exchange resin) was used as an acetalization catalyst. 
A cationic catalyst, boron trifluoride diethyl etherate 
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(Aldrich Chem. Co.) was used as recieved.
FT-IR spectra were recorded on with a Midac Model M- 

1200 spectrophotometer. XH NMR spectra were obtained on 
a Varian Gemini 2000 spectrometer. 13C NMR spectra were 
performed on a Bruker Am 300 spectrometer. Elemental 
analyses were obtained on a Yanaco MT-3 CHN-Analyzer. 
The mass spectrum was obtained on a HP 5989A mass 
spectrometer.

2-(p-Alkoxy)phenyl]-4-methylene-l,3"dioxolane 
(la-6a). A solution of 50.0 mmol of 4-chloromethyl-2-(p- 
alkoxy)phenyl-1,3-dioxolane in 20 mL of Zerf-butanol was 
added slowly to the solution of 2.43 g (60.0 mmol) of po­
tassium dissolved in 50 mL of terf-butanol at 20 °C under 
nitrogen atmosphere. After the addition was completed, the 
temperature was raised to 80 °C and the gentle refluxing 
was maintained for 24 h. The reaction mixture was cooled 
and ZerZ-butanol was removed by evaporation. The crude 
product was dissolved in 100 mL of diethyl ether and wash­
ed with distilled water several times. After ethyl ether was 
evaporated, the resulting residue was vacuum distilled 
through a Vigreux column to give a colorless liquid.

The spectral data of 6a as a representative 2-(p-alkoxy) 
phenyl]-4-MDO derivative were summarized as follows:

6a: yield 75%; bp 142 °C/ 0.1 torr.; FT-IR (KBr) 3052 
(aromatic C-H), 2960-2850 (aliphatic C-H), 1682 (C=C), 
1300-1100 (C-O) cm1;NMR (CDC13) 8 7.2-6.8 (2d, 
4H, aromatic protons), 5.8 (s, 1H, acetal proton), 4.2-3.7 (m, 
2d, =C흐2), 3.937 (m, 8H, .OC브£旦Qr ・OC虫C住C브5。- 

and C瓦C旦2。) 1.2 (t, 3H, C브总 Anal. Calcdlor C14Hi8O4: 
C, 67.20; H, 7.20. Found: C, 67.07; H, 7.03.

Typical reaction of 2-(p-alkoxyphenyl)-4-MDO 
derivatives la-6a with BF3-Et2O. To a oven-dried sep­
tum rubber capped glass tube with a flush of dry nitrogen, a 
solution of 5a (1 g, 5.5 mm시) in 4 mL of purified methy­
lene chloride was injected. The tube was then cooled at 
-50 °C and borontrifloride diethyl etherate solution was in­
troduced. After the addition of catalyst, the tube was main­
tained at 一 50 °C for 12h. The reaction mixture was quench­
ed with excess triethylamine and poured into a large 
amount of cold n-hexane. The white precipitate was washed 
with distilled water and redissolved in methylene chloride 
and reprecipitated. The solid powdery product was dried at 
50 °C for 12 h under vacuum.

Other 4-MDO derivatives la9 2a, 3a, 4a and 6a were 
reacted according to the similar procedures as described 
above.

Id： yield 90%; FT-IR 3055 (aromatic C-H), 2850 
(aliphatic C-H), 1720 (C=O), 1245, 1125, 1062 (C-O) cm l; 
〔H NMR (CDC13) 6.4-7.4 (br, 4H, ai'omatic protons), 3.9 (m, 
1H, ・O・C브(Ph・)CHD，3.7 (m, 2H, ・CO・C흐Q-), 3.4 (s, 3H, 
CH3O-), 2.5-2.3 (2d, 2H, -CO-CH2-)； Anal. Calcd for 

C11H12O3: C, 68.75; H, 6.25. Found: C, 68.98; H, 6.21.
4g： yield 85%, mp 55 °C; FT-IR 3054 (aromatic C-H), 

2830-2880 (aliphatic C-H), 1718 (C=O), 1250, 1125, 1060 
(C-O) cm-1;】H NMR (CDC13) 5 6.4-7.2 (2d, 4H, aromatic 
protons), 4.9 (m, 1H, -O-CH(Ph-)CH2-), S.9-3.7 (m, 6H, 
-OCH2CH2O- and -CO-CH2O^), 3.3 (s, 3H, C브Q-), 2.5 (2 
d, 2H, -CO-CH2-)； 13C NMR (CDC13) 214.0 (<O-), 158.5, 
131.9, 127.0, 114.4 (aromatic C's), 78.7 (-O-CH(Ph)-), 71.3, 
70.6 (-OCH2CH2O-), 67.0 (-CO-CH2-O-), 58.8 (OCH3), 44.2 
(-CH2-CO^.); MS 但I), m/e 237 (M++l), 236 (M+)「178, 120, 
59； 44; Anal. Calcd for C13H16O4: C, 68.10; H, 6.78. Found: 
C, 67.23; H, 6.62.

5g： yield 80%, mp 43 °C; FT-IR 3050 (aromatic C-H), 
2820-2880 (aliphatic C-H), 1720 (C=O), 1250, 1120, 1060 
(C-O) cm1;NMR (CDC13) 6.4-7.2 (2d, 4H, aromatic 
protons), 4.8 (m, 1H, -O-CH(Ph-)CH2-)» 3.938 (m, 10H, 
・OC으2C브QC브£브2・ and -CO-CH2O-), 3.4 (s, 3H, C브3O-), 
2.5 @d,万H, <O<H2-); 13C NMR (CDC13) 214.0 (<O-), 
158.7, 131.8, 127.27114.6 (aromatic C*s),  79.0 (-O-CH 
(Ph)-), 71.6, 71.2, 70.5 (-OCH2CH2OCH2CH2-), 67.2 (-CO- 
CH2-O-), 59.0 (OCH3), 44.4~(-CH2-C6^); MS (El), m/e 281 
(M++l), 280 (M+)T 236, 178, 120, 91, 59, 31; Anal. Calcd 
for C15H20O5： C, 64.29; H, 7.14. Found: C, 64.01; H, 6.87.
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