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Alkoxycarbenium ions are carbenium ions stabilized by a SiMes T )O\Me/\
neighboring alkoxy group and are important reactive intermediates CgHi7~ “SiMe; -72°C | CgHy7 CgHi7 o
in organic synthesis.For example, the Lewis acid promoted 1 > 3
reactions of acetals and related compounds with carbon nucleo- cation pool

philes such as allylsilanes and enol silyl ethers are considered to
proceed through alkoxycarbenium ion intermediates (Scheme 1the reaction media.The regioselectivity is another problem,
(@). because two regioisomeric alkoxycarbenium ions are generally
Although highly stabilized alkoxycarbenium ions, such as formed from unsymmetrical dialkyl ethers.
benzylic alkoxycarbenium ions and di- and tri(alkoxy)carbenium  The pre-introduciton of a silyl group solves these probl€ms.
ions, are well-characterized spectroscopicalityjs difficult to The oxidation potentials odi-silyl ethers (Scheme 1 (b), M
characterize simple alkylalkolxycarbenium ions. Extensive NMR Si) are much less positive than the corresponding dialkyl ethers,
studies on the mechanism of the reaction of acetals with Lewis and their anodic oxidation takes place smoothly, giving rise to
acids revealed the presence of Lewis a@detal complexes, but  selective cleavage of the-€Si bond which eventually leads to
failed to detect alkoxycarbenium iofs. the generation of an isomerically pure alkoxycarbenium ion.
Although alkoxycarbenium ions in superacid solution have been  Thus,a-silyl ether (1) was oxidized in a divided cell equipped
investigated extensivelyto our knowledge, there is no report  with a carbon felt anode and a platinum plate cathode in deuterated
on the characterization of simple alkylalkoxycarbenium ions in dichloromethane in the presence of tetrabutylammonium tet-
reaction media that are normally used in organic synthesis. Thus,rafluoroborate as electrolyte at72 °C (Scheme 2).
we initiated a project to study alkoxycarbenium ions using the  After 2.5 F/mol of electricity was consumed, the solution thus

“cation pool” method. This technique involves thres versible obtained was analyzed by NMR spectroscopy-80 °C.'H NMR
electrooxidative generation (Scheme 1 (b)) and accumulation of exhibited a signal at 9.55 ppm due to the methine prot&d.
carbocations. NMR exhibited a signal at 231.0 ppm due to the methine catbon.

In the “cation pool” method, anodic oxidations are used to These chemical shifts are consistent with those of alkoxycarbe-
generate and accumulate relatively high concentrations of car-nium ions generated in superadiithese values also suggest the
bocations at low temperature in the absence of nucleophiles. Inpresence of a strong positive charge at the carbon, indicating the
the next step the carbocations are then allowed to react with formation of a solution of an ionic species.
nucleophiles. This one-pot method has an advantage over the The pool of the alkoxycarbenium id?) thus generated by the
conventional processes because nucleophiles that might bdow temperature electrolysis, was then allowed to react with
otherwise oxidized during an in situ process can be used without allyltrimethylsilane as a carbon nucleophile. The corresponding
any difficulty. allylated product3 was obtained in 80% vyield. Noteworthy is

As precursors of alkoxycarbenium ions in the cation pool that this reaction is extremely fast even-af2 °C. Even under
method, dialkyl ethers should be the first choice (Scheme 1 (b), these conditions, the reaction was complete within a few
M = H)® in the analogy with the reported oxidative generation minutes!' Other electrolytes such as tetrabutylammonium per-
of iminium cation pool from amine derivatives. The oxidation chlorate, triflate, hexafluorophosphate in electrolysis gave us poor
potentials of dialkyl ethers, however, are very positive, and hence, yields of 3, probably because of inefficiency in the accumulation
it is rather difficult to oxidize ethers selectively without affecting of 2.2
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Table 1. Oxidative Generation of Alkoxycarbenium lons from

o-Silyl Ethers and Their Reactions with Carbon NucleopRiles
80 a-silyl ether nucleophile product % yield
OMe . OMe
60 CsHi7” “SiMesy S Can)\/\ 80
! |
% yietd of 3 ‘ ' oMe
) ! . OSIM% CSH”)\G (628:;8)
: : OMe
20 : + OSN% Can)\@ 83
1 1 (ca3:2)
! ! OMe O
| h .
B R R (Orome CBH”)\é 2
temperature (°C) OSiMes OMe O
Figure 1. Thermal stability of alkoxycarbenium ica }\© CSH”)\/u\@ 68
The thermal stability of the alkoxycarbenium ion was studied. __ ©siMe; OMe O
The pool of2 produced by the anodic oxidation tfat —72 °C >_<0Me Caun%om m
was allowed to warm to a second temperature. After being kept
. . . OAc OMe O
there for 30 min, the cation pool was then allowed to react with A PPN 70
allyltrimethylsilane. It can be seen from Figure 1 that the Cathi7
alkoxycarbenium ion is stable at temperatures lower thab0 o o ™M o
°C. Above this temperature, the yield ®tlecreased significantly. AN Catrr
At 0 °C, the alkoxycarbenium ion decomposed almost completely o
within 30 min. This stability sharply contrasts to the stability of QMe . QMe
benzylic alkoxycarbenium ions which are stable at room OASM% - Sibes O)\/\ &
temperaturg?
The reaction of the alkoxycarbenium ion pool with other Qme
allylsilanes such as cyclopentenylsilane and cyclohexenylsilane GSiMes m 83
also took place smoothly to give the corresponding coupling 83:17)
roducts in good yields, indicating the effectiveness of substituted OMe SiMe OMe
gllylsilanes gs nugleophiles (Tablge 1). The reaction with enol silyl Meoﬁfswles T Meo\%)z\/\ 8
ethers also proceeded smoothly to give the corresponding carbon
carbon bond formation products. The fact that diastereomeric D\sms GSiMes Q\@ 59
selectivity is fairly lower than those obtained by the Lewis acid © (ca 9:1)
promoted reactiof? suggest that alkoxycarbenium i@myenerated Q
by the present method has somewhat different reactivity. 0~ SMes @ SiMes (Oj\@ o)
The reactions of the alkoxycarbenium ion with other carbon ’
nucleophiles were also examined. Ketene silyl acetals and enol GSW'% % 559
acetates were also found to serve as effective carbon nucleophiles. (86:14)

More interesting is the observation that 1,3-dicarbonyl compounds,

which are much weaker nucleophiles, were also effective as
carbon nucleophiles.

a Reactions were normally carried out with 0.4 mmobesilyl ethers

and 2 equiv of carbon nucleophilédsolated yield. Diastereomer ratio,

Other alkoxycarbenium ions were also generated from the determined byH NMR, **C NMR, or GC analysis, is described in the
correspondinge-silyl ethers. Such alkoxycarbenium ions exhibited pa_nrer:jtr;)esg.cﬁve ‘leq‘#"a'ems of 1,3-pentanedione was usddeter-
similar stability and reactivity. The reactions with allylsilanes mined by analysis.

proceeded s_moothly to give the correspondin_g coupling productShere adds a new aspect of the chemistry of alkoxycarbenium ions
as depicted in Table 1. It should be emphasized that the presentom viewpoints of both mechanistic studies and synthetic
method can be applied to cyclic ethers, implying the effectiveness 5 yjications. Further work is in progress to explore the full range

in the synthe_sis of C-glucosides. - of stability and reactivity of alkoxycarbenium ions.
In conclusion, we developed an efficient method for the

generation and accumulation of alkoxycarbenium ions. The ) .
alkoxycarbenium ions can be characterized by NMR spectroscopy, Acknowledgment. This research was supported by a Grant-in-Aid
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(12) The counteranion o2 which should be supplied from electrolyte
feefrlg.usly effects on the efficiency of the generation of cation pool: See also Supporting Information Available: Experimental details and spec-

(13) Over 9:1 ratio was obtained in TMSOTY-catalyzed reaction: See ref troscopy data of the products (PDF). This material is available free of
1ic. charge via the Internet at http://pubs.acs.org.

(14) Another possibility to be considered is that the Lewis Acid promoted
reaction involves a covalently bonded intermediate. JA002123P



