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The rich variety of nitrogen-containing structures that occur as 0.0 0.0 1 o o
natural and synthetic products inspires the continued development NS0 [_°]> HN-So  Nue HN:‘s’:O . NHa
of new strategies for the stereocontrolled synthesis of polyfunc- R.OY RO Lewis NUCJ\A) e Nuc‘J\l/\Nucz
tionalized amine$. One general approach to such compounds R R  acid R

capitalizes on the reactivity df-acyl- or N-sulfonyliminium ions ) Novel NG | iz h | .
with substituted carbon nucleophi¥he value of these intermedi- i':o’f]’“; ji.v al é)r\l/ti O-acetal oxathiazinane heterocycles as reactive iminium

ates in synthesis has been fully appreciated only through the advent

of novel iminium ion equivalents, stable precursors which can be 0, 2_4 mol% 0,0
activated as electrophiles in the presence of external rea§jénts. oH CISO,NH, HgN'S‘O Rhy(O5CR)4 HN-S0
Herein, we describe a unique and diverse class of oxathiazinane  Q " iYe T—————— 4
N,O-acetals that function with exceptional performance as latent EHE:O C%ng Et—-0 Ph"%ﬁ.‘;{g’l MO -0
iminium ions (Figure 1). Access to such compounds is made ¢ Bt e Et
possible through sulfamate ester-8 insertion, methodology o o 1 92%
recently advanced by our I#bThe following work details the HN:S/:Q os,/o o\\s,,o Qs,o
preparation of these heterocyclic acetals and their subsequent O;\/:\/\Et HN™" 0 HN™0 HN™0
coupling reactions with alkynylzinc nucleophiles. Acetylide addition Me—)-0 Meo/g\H Meo}\i) MeO}\O
to the intermediate iminium species occurs with predictable and Me NHTroc S

high levels of stereocontrol. The products obtained are versatile 2 91% 3 75% 4 78% 5 90%

synthetic building blocks having both the alkyne moiety and the gjg e 5 Rh-catalyzed €H insertion furnished,0-acetal substrates.

electrophilic oxathiazinane core. Collectively, these new findings

further validate the potential power of-& amination methods in  acetylide with ZnGJ), the starting acetal was consumed in 15 min

synthesis. (40°C) to furnish the desired produtas a single diastereomer in
Efforts to formulate broadly applicable methods for saturated 9294 yield (eq 1). The efficiency and selectivity recorded for this

C—H bond amination have manifest in a novel Rh-catalyzed transformation are noteworthy and compare favorably against

sulfamate insertion reactidnThrough our continuing investigations, reported reactions d‘ﬂ_acy|_ andN_Su|fony|iminium jons?

we have noted the remarkable activity of ether@al—H bonds

as substrates for this procés$he ability to oxidize selectively 0.0
the a-position of an ether unit can be exploited for the purpose of HNS 0 BF;+OEt, O, /:0
generating uniqueN,O-acetal structures that serve as surrogate o + "Bu—=—2nCl > " 5 9 ey
iminium ions. As demonstrated in Figure R,O-acetals with Et+o THF, 40°C Z74
varying substitution patterns may be prepared following our standard Bt 92% Bu OH

1 single diastereomer 6

protocol in high yield (7292%) and with insertion occurring

exclusively at they-C—H bond. In one example, for which N ) )
amination can result at either of twe-positions (compounc, Conditions formulated for the reaction baind hexynylzinc may

Figure 2), insertion into the unactivatedCH, center is not P& employed with different combinations fO-acetal2—5 and
observed. With the exception ofl and2, the product acetals are ~ ZN-acetylide reagents (Table 1). As suggested by these data, our
generally afforded as stereoisomeric mixtures, a problem of no method profits from the compatibility of organozinc reagents with
consequence given subsequent iminium ion generation. These? Proad range of disparate structural grodgsoduct yields are
compounds show moderate to good stability over prolonged storagetyPically >70%, and the cis-C4,C5 stereoisomer is generally
and may be purified by chromatography on silica g@lo our obtainedi® The sense of induction in these reactions can be

knowledge, the synthesis, characterization, and reactions with'ationalized by invoking a TSmodel analogous to that proposed
oxathiazinanes of this type are unprecedented. by Stevens for nucleophilic additions to tetrahydropyridinium iBns.

Studies designed to explore the electrophilic reactivitiNed- Axial attack by the alkynyl anion on the twist-chair form of the
acetals1—-5 were performed in combination with alkynylzinc iminium intermediate would thus give the cis-C4,C5 stereochemistry

reagents. The addition of metal acetylides to such starting materials(d 2). Although speculative, this analysis offers a useful predictive
affords oxathiazinane products that are uniquely configured for any t00! for which an exception has not yet been fod#d.
number of subsequent chemical manipulatibfifirough a series

of screens that included Ti, Al, and lanthanide Lewis acidsy BF h:,‘uc o 0.0
OEt was identified as the optimal promoter for this coupling O H+ R 4 Nue . __ HN S0

- SNESR | 0=So TR, = : 2
process. When BFOEtL, was added to a THF solution df and 0=S c",‘/ b ° H\Ncﬂ&w Nuc/"‘\i/\ﬂz )
hexynylzinc chloride (prepared by transmetalation of the Li- H R
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Table 1. Alkynylzinc Addition Reactions with N,O-Acetals

Entry Substrate Major isomer? Selectivity? Yield®
0\\8,,0 o, .0
287 pice
1 HNTO HN™"0 20:1 85
q z
Et—-O {BuPh,SiO OH
Et
o, 0 O P
>s” 283
2 HN""0 HN"0 20:1 82
Q BnO \/\I)
Et—-0 OH
Et
o, 0
0\\8,,0 HN:S:O
3 HN"0 : 12:1 7
o> By Et/\/'\é;\ "Bu
Me—-O
M; 0 O‘s”o
oo HN""~0 .
4 HN’S‘O /\/\H 8:1 70
“Z
Z
MeO TsO NHTroc
NHTroc
o,.0 O P
o8t -SS
5 HN"" 0 HN"""0 20:1 76
Meo&:) /\/\3
: Et B
o, 0 o, 0

Ao 2 Vo

6 HN0 HN™"0 R=Et 611 80
MeO =0P 6:1 639

§7

R

a All reactions with the exception of entry 4 were performed at’@0
with 2 equiv of alkyne, 2 equiv ofBuLi, 2.1 equiv of ZnC}, and 3
equiv of BR*OEt, (see the Supporting Information for detail®Product
ratios determined by*H NMR integration.c Combined yield of both
diastereomers! P = SitBuPh.
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The oxathiazinane products isolated frdffD-acetals1—5 are
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Figure 3. X-ray structure of7 confirms cis-stereochemistry.

tives. Reactions of these compounds with alkynylzincs increase
greatly the collection of structures that can be assembled through
Rh-catalyzed sulfamate ester@& insertion. The application of
other nucleophiles for coupling to oxathiazinahgO-acetals
presents additional opportunities for invention and will be reported
in due course.
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