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Summary: An alternating high regiocontrol of the methylating ring opening of oxiranes 1 and
2 by means of metal-assisted chelating or non-chelating processes is reported.

Oxiranes constitute an important class of organic compounds, particularly
useful for the contemporary construction of two adjacent chiral centers in
molecules. The oxirane ring opening process under stereo- and regiochemical
control c¢an be successful in the synthesis of complex molecules such as
natural organic substances.!

With anti stereochemistry of nucleophilic ring opening of aliphatic and
cycloaliphatic oxiranes providing the basis for stereocontrel, the most
important challenge in the utilization of these epoxides in syntheses is the
regiocontrol of the ring opening reactions of unsymmetrical systems.? Thus,
in principle, in unsymmetrical cases, two classes of regioisomeric compounds
can be obtained by switching the attacking nucleophile from one oxirane
carbon to the other. The realization of methods for the regioselective ring
opening of epoxides and the identification of factors able to influence the
regiochemistry are therefore of importance in synthesis, particularly where
C-nucleophiles are concerned.

In a program aimed at controlling the regioselection of the ring opening
of oxiranes through the presence of a remote polar hetero-functionality, we
intended to verify this effect in conformationally semirigid models such as
the diastereoisomeric 4-benzyloxycycloexene oxides cis 1 and trans 2.3 We
report here the findings of a particular alkylative ring opening methodology
by methyl group donating reagents. When the methodoleogy was applied to the
cis epoxide 1, it turned out to be highly regioselective, yielding
alternately the two regioisomeric methyl alcohols 3 and 4 by simple
modification of the procedure protocol. Treatment of the epoxide 1 under
several ring opening conditions [Al1(CHs}s, Al(CHs)a~BuLi,* {CHjy )z CulLi,
CH3;Lil yielded largely (90-97%) and sometimes almost exclusively (98-99%)
the methyl alcohol 4 (Table 1). 1In dramatic contrast, however, using very
similar reaction conditions [Al1(CHj;)s and Al1(CHj; )s-Buli mixture in pentane]

but in the presence of a crown ether {(12-crown-4), the reaction of 1
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afforded almost exclusively (98%) the regioisomer 3. On the other hand, the
behaviour of +the +trans epoxide 2 was practically indifferent to the
experimental conditions in this case mixtures of 5 and 6 were obtained in
which the latter always largely predominated (>85%)(Scheme 1 and Table 1}.
For confirmation of their structure and regiochemistry, the methyl opened

products 3-65 were prepared by alternative independent synthetic routes as

shown in scheme 1.8
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In epoxides 1 and 2 the polar benzyloxy group is far enough from the two
oxirane carbons to make sure that it should not influence to any large
extent the reactivity of the two oxirane carbons from either an electronic
or a steric point of view. Therefore it could be expected that the
methylative opening of epoxides 1 and 2 should largely take place through
the attack of the C-nucleophile in trans diaxial fashion, in accordance with
the Fiirst-Plattner rule,!?® in their most stable conformations (1la for the
cis epoxide and a conformational equilibrium between 2a and 2b for the trans
epoxide).? Contrary to expectations, the reaction of 1 under +the usual
conditions yielded almost regiospecifically the alcohol 4 which could be
assumed to arise from an unlikely almost complete diequatorial attack of the
nucleophile in the most stable conformation 1a or from a diaxial ring
opening in the less stable conformation 1b having the benzyloxy group axial.
These results can be explained through a scheme which implicates the remote
O-functionality and the assistance of a metal. The initial complexation of
the metal (M) with the oxygen of the benzyloxy group of the epoxide 1,
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either in the conformation 1a or 1b, can lead, through an entropically
favoured intramolecular attack, to the chelated system lc in which the
epoxide is forced to adopt the less stable conformation (1b) having the
benzyloxy group axial. Attack of the methyl carbanion on le, largely in a
trans diaxial fashion according to the Flrst-Plattner rulel?, will lead to
the methyl alcohol 4, as is actually found. However, the use of a crown
ether in a non-polar solvent (pentane), makes the metal-assisted process
impossible; thus epoxide 1 reacts with the methyl nucleophile in the most
stable conformation 1a through the usual diaxial opening, affording mainly
the regioisomeric alcohol 3.

As regards the trans epoxide 2, no possibility exists for chelating
processes as found for 1. In this case, the reaction with methyl anion could
occur in either of the two almost equivalent conformations® 2a and 2b along
the trans diaxial pathway, affording almost equimolar amounts of the two

regioisomeric alcohols 5 and 6. The largely preferred formation of alcohol 6

actually found can be rationalized on the basis of the unfavourable
interactions of the nucleophile (Me-) with the benzyloxy oxygen in the
diaxial ring opening through conformation 2b, effects not present in the

reaction through conformation 2a. According to this rationale, no particular
variation in the regiochemistry is observed with epoxide 2, as the reaction

conditions are modified.
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In conclusion, it appears that the remote polar functionality can

exercise a large degree of control on the regiochemistry of the methylating

ring opening of oxiranes through metal-assisted chelating processes.
However, the addition of a crown ether can essentially reverse the
regiochemical outcome of the reaction, thus leading to regicalternating

processes.!!
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Table 1. Regioselectivity of epoxides 1 and 2 with several methyl group
donating reagents.

epoxide reagents solvent conditions® 3 4 5 6
1 {CHs )2 CulLi Et:0 Ab 2 98
2 Ab 7 93
1 CH3 Li Et: 0 Bb 3 97
1 Al(CH;z ), pentane (o1 9 91
2 ch 15 85
1 Al1(CH; )3 CH2Cl: (o] 1 99
1 Al (CHs )2 -BuLit pentane Db 1 99
2 Db 13 87
1 CH3sLi~Al(CHs }-Crown Et: 0 Eb 6 94
1 Al1(CHjs )3 -BuLi-Crown pentane Eb g8 2
2 Ec i5 85
1 CHaLi-Crown pentane Fd 5 95
1 Al {CH;3 )3 -Crown pentane Ge 98 2

@ A, epoxide : cuprate=1:3, -15°C/lh -~ 0°/4h; B, epoxide : CHsLi=1:2.4, 0°/lh - r.t./2h; C,
epoxide : AL{(CHs)a=1:3, 0°C/1h -~ r.t./20h; D, epoxide : Al(CHs)s: BuLi=1:2.4:0.24, -50°C/10
min - 0°C/5h; E, Typical procedure: Al(CH;); (3 mmol) in the solvent (5 ml) is treated at
~50°C under N with BuLi (or CHsLi)(0.32 mmol)}. After 10 min at -50°C, the reaction mixture
is warmed to 0°C and treated with 12-crown-4 (3.1 mmol) and the resuting mixture vigorously
stirred 15 h at r.t. The epoxide (1 mmol) is then added. After 5 h at r.t. the reaction

mixture is worked-up as usually; F, as in B, with CH;Li and crown ether stirred 12 at r.t.

before epoxide is added; G, as in E without adding BulLi; b the isolated yield of

methylalcohols was 75-85%; ¢ the reaction was only 50% complete; 4 the reaction was only

20% complete.
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