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Abstract: Copper(ll) triflate catalyzes the ring-opening of aryl- andA series of experiments was carried out at various temper-
vinyl-substituted epoxides with various carbonyl compounds t%ture.s. using Conven.tlonal Ca.taIyStS to determ.me’ if the
furnish 1,3-dioxolanes under mild conditions. Alkyl- and alkoxy-conditions for selective opening of aryl-substituted ep-
carbonyl-substituted epoxides remain unchanged under react@xides can be established. We found that-8Et (2
conditions. This allows selective opening of aryl-substitutethol%) converts both styrene oxide and 1,2-epoxybutane

epoxides in the presence of alkyl-substituted ones. to the corresponding 1,3-dioxolanes (temperature range
Key words: epoxide-opening, dioxolanes, copper triflate, chemo=20 to —78 °C). Sn(Glis less reactive towards dioxolane
selectivity formation then BEOEY, however, both styrene oxide

and 1,2-epoxybutane form 1,3-dioxolanes with compara-

ble rates at —78 °C and at higher temperatures,, Giai
Epoxides are important and useful intermediates for tAdCl; demonstrated comparable reactivity towards alkyl-
synthesis of organic structures due to their ease of prepad aryl-substituted epoxides at various temperatures.

ration and their propensity for strain-induced ring-opererein, we report the mild and selective opening of aryl-
ing reactions. Transformation of epoxides to 1,2-digdnd vinyl-substituted epoxides catalyzed by Cu(QTf)

moieties have been applied to synthesis of complex nagkyl-substituted epoxides are not reactive under the de-
ral compounds.1,3-Dioxolanes are useful blocks in synscribed conditions.

thetic chemistry as synthetic equivalents of 1,2-didls. . .
Lewis acid-catalyzed epoxide-opening with carbony opper(ll) triflate acts as a catalyst to transform epoxides

compounds has attracted considerable attention as a 0'5';19 the corresponding 1,3-dioxolanes. While this reaction

venient way of synthesizing 1,3-dioxolanes. A number of Very fast in the case of a_ryl- apd vmyl-subs_tltuted ep;-
Lewis acids and transition metal complexes includin xides [styrene oxide-opening with acetone gives 100%

BF;-OE, titanium salts, AICI,,7 iron(lll) salts? BiCl,?  conversion to 2,2-dimethyl-4-phenyl-1,3-dioxolant) (
CUBSQ 1% RuCkL, tin(1V) saltsasb'12 iriéliu)m complexe3§3 after 1 h at —20 °C] alkyl-substituted epoxides do not react

and MeRe@' have been used to catalyze this transfofiNder these _conditions. A competition ~experiment
mation The’most active catalysts BBELS TiCl,® and (equimolar mixture of styrene and butene oxides was used
. ] 4

SnCl®) catalyze the formation of 1,3-dioxolane afS 2 substrate) demonstrated the complete conversion of
! styrene oxide to the corresponding dioxolane. Butene ox-

—78°C. Iron(lll) salt$ [CpIr(NCMe)]?**®* and . \ e
14 . : : ide remained unchanged under the reaction conditions (1
MeReQ catalyze epoxide-opening with carbonyl comy at —20 °C}7 Moreover, the Cu(OTjcatalyzed reac-

i 10
pounds at room temperature while BfCICuSQ,™ and tion of alkyl-substituted epoxides with carbonyl com-

RuCL!! convert epoxides to 1,3-dioxolanes at refibix. ds | ite sluqaish at ; t Table 1
Despite the substantial difference in activity of these cdfounds IS quite sluggish at room temperature (Table 1).

alysts reaction rates for epoxides having different subs%i—bI 1 c 1) Triflate.Catalvzed Opening of the Substituted

tution patterns are very simild None of the catalysts |26l Copper(ll) Triflate-Catalyzed Opening of the Substitute
. . . oxides with Acetorfe

described in the literature demonstrates any preference lﬁgr

opening of epoxides having substituents with specifi N

. . . o} Cu(OTH)
steric or electronic requirements. AT 2 Q 9
. R o} po

As a part of our research program aimed at developil., R
synthetlc methods for substltuteq Q|oxolanes, we attempts, R Temp (°C) Conversion (¥
ed to identify catalysts and conditions that can be applie
to differentiate epoxides with aryl and alkyl substitution i Phenyl -20 100
the dioxolene formation reaction. 5 CH,OCH: 25 5

3 Et 25 Nr

4 CH,Br 25 Nr
SYNLETT 2005, No. 5, pp 0854-0856 2 The reactions were carried out using 2 mol% of Cu(QTégctio
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Schemel Cu(OTf)-catalyzed styrene oxide-opening with acetone

Copper(ll) triflate-catalyzed styrene oxide reaction witkepoxide addition). Side reactions can be minimized using
acetone produced a number of by-products resulting fraamarge (10 equiv) excess of acetone to furnish dioxolane
the epoxide rearrangement and the subsequent reactibmiis 95% isolated yiel (Table 2). Phenyl-acetaldehyde
namely phenyl-acetaldehyde2 and dioxolane 3 2 and dioxolane3 werenot detected in the reaction mix-

(Scheme 1).

ture under these conditions.

When one equivalent of acetone was used for the reactidine same reaction conditions were applied to various car-
10-20% of both by-products were formed depending dronyl compounds and epoxides (Table 2) to afford good
the exact reaction conditions (temperature, the rate of tteehigh yields of 1,3-dioxolanés$.

Table2 Cu(OTf),-Catalyzed Epoxide-Opening with Carbonyl
Compound$

Entry Epoxide Carbonyl Producht Yield (%)
compound
1 Ph Ph 9%
o X
o ><
o)
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o~ "0
o
o)
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Lo =TT
(o)
o
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c,d
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: X
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a2 Reactions were carried out at —20 °C, 10 equiv of the carbonyl

compound, 2 mol% of Cu (OTfunless noted otherwise.

b All the products had physical data identical to that reported in the

literature.
¢ The product have been isolated ass#trans mixture.

4 The reaction was carried out at r.t., slow (0.08 mL/h) addition of

styrene oxide.
€ The starting material was a 1:1 mixturecist andtrans-isomers.

The reaction of an enantiopure styrene oxide was tested.

(R)-Styrene oxide reacts with acetone in the presence of
Cu(OTf),2° with inversion of configuration to give enan-
tiomerically enriched 9-2,2-dimethyl-4-phenyl-1,3-di-
oxolane (4:1SRratio).

In summary, an efficient method to selectively convert
aryl- and vinyl-substituted epoxides into 1,3-dioxolanes
in the presence of alkyl- and alkoxycarbonyl-substituted
epoxides is reported.
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The competition experiment was carried out as follows:
Cu(OTf), (2 mol%) was dissolved in GBI, (1 mL) and dry
acetone (1.5 mL, 10 equiv). The reaction mixture was cooled
to —20 °C, a mixture of styrene oxide (1 mmol) and 1-butene
oxide (1 mmol) was added dropwise. The reaction mixture

(19)

layer was separated. The reaction mixture was analyzed by

IH NMR. Complete conversion to 1,3-dioxolane was
detected for styrene oxide. 1-Butene oxide remains
unchanged.

Typical procedure for epoxide-opening with carbonyl
compounds is as follows: Cu(OT{R mol%) was dissolved
in CH,CI, (1 mL) and dry acetone (1.5 mL, 10 equiv). The
reaction mixture was cooled to —20 °C, styrene oxide (2
mmol) was added dropwise. The reaction mixture was
stirred for 1 h at —20 °C, poured onto sat. ag NaKlICO
solution (5 mL). CHCI, (10 mL) was added and the organic
layer was separated. The product was purified by flash
chromatography (10% EtOAc in hexane) to give 2,2-
dimethyl-4-phenyl-1,3-dioxolane in 95% yieltH NMR

(400 MHz, CDC}): 8 =1.52 (s, 3 H), 1.58 (s, 3 H), 3.72 (dd,
J=8.2,8.1 Hz, 1 H), 4.34 (dd,= 8.1, 6.3 Hz, 1 H), 5.10
(dd,J=7.9,6.3Hz, 1H), 7.20-7.60 (m, 5 F/C NMR (400
MHz, CDCl): § = 139.48, 128.99, 128.50, 126.68, 110.15,
78.40, 72.14, 27.06, 26.45.

For all compounds the physical data corresponded to that
published earlier.

was stirred for 1 h at —20 °C, poured onto sat. ag NaHCO (20) Conditions: 5 mol% of Cu(OTf)-80 °C, 178 h.

solution (5 mL). CHCI, (10 mL) was added and the organic
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