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The Lewis acid-induced rearrangement of vinyl acetals, the polar EtO (<5:95, low yield) were less effective as reaction media,
Ferrier reactiord, has emerged as a powerful synthetic tbol. following the trend one would expett.
Stereochemistry in the -©C bond-forming event is dictated by To ensure that the cis selectivity was not a function of the Lewis
resident chirality and by stereoelectronic features of the oxocar- acids,trans-1 was subjected to the identical reaction conditions.
benium ion intermediatéGiven that there are numerous means of As expected, the trans product predominated, with a 92:8 selectivity,
controlling the C-O bond stereochemistry of glycosides and lactol eq 2. Furthermore, the trans product does not epimerize to give cis
ethers! the development of a method to convert a@ bond into product under these reaction conditidfs.
a C—C bond with retention would represent an important advance.
Th|§ approach is WeII-known. in concgrted reactions such as .the nHGX\@“‘OT]}hI‘;‘e%E‘ n-Hex\iJ/\'(Ph rrHex\O_“\\\n}h
Claisen rearrangemérand radical reactions such as the 1,2-Wittig Fife o * o @
rearrangement.However, ionic intermediates have rarely been o 78°C a i
employed in this strategd?1° Herein we report a highly stereo- 8:92
retentive rearrangement of vinyl acetals and present evidence that
it proceeds by tight ion pairing in the solvent cage and recombina-  Investigations into the scope of this transformation revealed some
tion prior to dissociation. dependence of selectivity on enolate nucleophilicity, Table 1. The
electron-richp-tolylvinyl acetal3 underwent the rearrangement with
96:4 selectivity (cis/trans) while the progressively less electron-

0. Oy O, rich phenyl and>-bromophenyl were each less selective (93:7 and
ﬁ S H@ ) —— \) 90:10, respectively), entries—B Table 1. This trend was further
~7 gl reinforced by vinyl acetall, which rearranged with only 81:19

selectivity. Surprisingly, cooling the reaction temperature-80

As a model system to develop conditions to effect the stereo- °C resulted in decreased cis selectivity, while warming the reaction
retentive rearrangement, we synthesized the 6-substituted vinylt® —55 °C provided optimal selectivity, affording the cis product
acetalcis-1. Oxocarbenium ions with substitution at the 6-position N 89:11 selectivity, a clear example of an inverse Eyring relation-
are known to undergo highly trans-selective alkylatidi&hould ship®> We have observed this trend with other substrates as well
the generated enolate escape the solvent cage prior to recombinatiorCf- entries 10 vs 11 and 12 vs 13). A possible rationale for this
the trans product would predominate. If recombination is faster effect may lie in the observation that contact ion pairs are disfavored
the cis product will result. A screen of several representative Lewis "€lative to solvent-separated ion pairs at lower te_m_pere}%ﬁtes;t,
acids at—78 °C in toluene revealed that aluminum-based Lewis We have rearrangedis-1 on 2 mmol scale providing in 92%
acids showed the greatest degree of cis selectivity. Althoughl Et ~ Yield and 97:3 cis:trans selectivity.

afforded the highest selectivities, the results were somewhat R
nHex
) o)

erratic’? The use of BE-OEt, as a second Lewis acid upon initial Me
addition of RAI to the vinyl acetal effected a rapid stereoretentive nHeon

rearrangement of the vinyl acetal, producicig-2 with excellent

LS . . Lewis Acid 7 _ @)
selectivity and in very good yield, eq 1. In contrast, the use of N 3 t-Bu PhMe “(R; Me),17 R =/ Bu)g
-718°C
Me (o] O.
nHex, _O._ ,O_ _Ph n-Hex__O. Ph nHex O Ph
\[r Lewis Acid m + U \g/ (¢
PhMe, -78 °C 15 16 R =r-Bu), 18 R =Me)
cis-1 o cis2 trans-2 LewisAcid  cis4 trans-4 cis16 trans16 cis-17 trans-17 cis-18 trans-18
Lewis Acid cis/trans yeld
%’11:0-405 g;gg ;gz BF;+OEt, 05 230 03 360 06 208 01 153
3 193 3
Bl o 44 MeAVBF;OEt, 488 1.4 428 6.8 0 03 0 <02
EtAl 95:5 38%
Me;A VBFyOEt, 9347 86%

In search of conclusive proof that tight ion-pair binding in the
| " highl lecti _solvent cage is the factor responsible for high stereoretention in
BF3'OE_t2 aione € ectz_ad a highly trans-selective re_arrangement N this reaction, we conducted a crossover experiment. We subjected
g(_Jod yield. The reaction was found to work l?eSt in toluene. The substrates3 and 15 to our standard reaction conditions (dAd/
slightly more polar CHCI, (93:7) and the Lewis basic and more BF:OEL in PhMe at—78°C), eq 4. If ion pairing is the operative
*To whom correspondence should be addressed. E-mail: rovis@ effect, the .enola.lte gengrated fr@rshould “Qt combine with the
lamar.colostate.edu. oxocarbenium ion derived fronl5 (and vice versa) and no
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Table 1. Scope of the Vinyl Acetal Rearrangement

0. O. R 0. R
( \n/ Lewis Acid ( 3)
A PhMe 4 (0]
R R
cis'trans (isoh ed yield?
. o . Me,;Al
Entry” Vinyl Acetal Temp (°C)  Product BF;OEt, BF;- OE,
nHe O. 0Tr Ar n-Hex Ar
Y Y
1 1Ar=Ph -78 2 595093%) 937 (86%)
2 3 Ar=(4Me)Ph 78 4 793 (0%) 964 (92%)
3 5Ar=(4BrPh -78 6 59590%) 90:10 (80%)
nHe O. O\H/Me nHex Me
Oy I
4 7 -78 8 595(@88%) 81:19
5 7 -90 8 - 5545
6 7 -55 8 - 89:11 (82%)
7 7 32 8 - 7921
nrHe 0. O\H/cy-Hex nHex cy-Hex
Oy )
8 9 -78 10 59590%) 5050
9 9 -32 10 - 90:10 (83%)
O, (0] Tol O, Tol
PH“'U \ﬂ/ Ph*" °
10 11 -78 12 95:5(95%)° 6040
11 11 25 12 - 1090 (85%)
0, O, Tol O, Tol
Sal (Y
Me Me
12 13 -78 14 59592%) 3367
13 13 25 14 - 89:11 (78%)

a All reactions conducted in PhMe for 30 min at the indicated temper-
ature. BR-OEbL: 1.2 equiv. MeAl/BF3-OEtL: 4 equiv MeAl, 1.2 equiv
BF5-OEt. P Diastereoselectivity determined B NMR analysis of the
unpurified reaction mixture. Isolated yield refers to the major diastereomer.
¢ Trans/cis selectivity of 5-substituted oxocarbenium is complementary to
6- or 4-substitited oxocarbeniums. See ref 13.

Table 2. Effect of Ring Size on Rearrangement

(o)

R R Lewis Acid R R' R - R’
*(_(]/ DewisAdd + ﬁg/ €}
)n ) n )n
BF;-OFEt, Me;Al/BF;-OEt,
entry? vinyl acetal n cisftrans (% yield)® cisftrans (% yield)
1 cis19(R=heptyl R=Me) 3 3:97 (92) 86:14 (84)
2 cis21(R=butyl, R = Ph) 1 67:33 (92) 92:8 (85)
3 trans21(R=butyl R =Ph) 1 67:33 (90) 4:96 (89)

ab See Table 1.

crossover product should be evident. In the event, the reaction
generated only productsand 16, with the crossover productis?
and18 not evident by*H NMR or MS (<0.3% by GC-MS). The

use of BR-OEL, alone, a Lewis acid that induces the trans products
upon rearrangement that presumably signifies ion-pair dissociation,
resulted in the formation of all four possible products. This
experiment provides further evidence that ion pairing is determining
the stereochemistry in this reaction.

Application of this method to other ring sizes is feasible. The
oxepanylvinyl acetall9, readily prepared using the method of
Rychnovsky:” undergoes a retentive rearrangement to proviste
20 in high yield and good selectivity, entry 1 in Table 2. The
tetrahydrofuranyl substratesis-21 and trans21 also undergo
rearrangement with high selectivity. Importantly, the use of-BF
OEt, alone provides only 2:1 selectivity favorings-22.

In summary, we have developed a Lewis acid-mediated stereo-
retentive rearrangement of vinyl acetals, wherein the selectivity is

controlled by tight ion pairing. A single chiral acetal may be
rearranged to form either diastereomer by simple choice of Lewis
acid and reaction temperature. Studies aimed at elucidating the exact
role and requirement of the two Lewis acids as well as application
of this methodology to the synthesis of complex natural products
are ongoing.
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