JACS

OURNAL OF THE AMERICAN CHEMICAL SOCIETY

Subscriber access provided by American Chemical Society

Communication

Stereoselective Intramolecular [4 + 3] Cycloadditions of Nitrogen-Stabilized
Chiral Oxyallyl Cations via Epoxidation of N-Tethered Allenamides
Hui Xiong, Jian Huang, Sunil K. Ghosh, and Richard P. Hsung

J. Am. Chem. Soc., 2003, 125 (42), 12694-12695+ DOI: 10.1021/ja030416n « Publication Date (Web): 27 September 2003
Downloaded from http://pubs.acs.org on March 30, 2009

o}
H < ©) i
M DMDO 7556 intra [4 + 3] O\I//O
H cycloaddition H
T Pt
. N )
/ o O an exo-approach

nitrogen-stabilized chiral oxyallyl cation

More About This Article

Additional resources and features associated with this article are available within the HTML version:

Supporting Information

Links to the 6 articles that cite this article, as of the time of this article download
Access to high resolution figures

Links to articles and content related to this article

Copyright permission to reproduce figures and/or text from this article

View the Full Text HTML

ACS Publications

High quality. High impact. Journal of the American Chemical Society is published by the American Chemical
Society. 1155 Sixteenth Street N.W., Washington, DC 20036


http://pubs.acs.org/doi/full/10.1021/ja030416n

JIAIC[S

COMMUNICATIONS

Published on Web 09/27/2003

Stereoselective Intramolecular [4  + 3] Cycloadditions of Nitrogen-Stabilized
Chiral Oxyallyl Cations via Epoxidation of N-Tethered Allenamides

Hui Xiong, Jian Huang, Sunil K. Ghosh, and Richard P. Hsung*
Department of Chemistry, Umrsity of Minnesota, Minneapolis, Minnesota 55455
Received July 9, 2003; E-mail: hsung@chem.umn.edu

Heteroatom-substituted oxyallyl cations have become the focus Scheme 1

in developing highly regio- and stereoselective{4] cycloaddi- DMDO 0 o) X o 4
tions12 While elegant advances have been made using oxygen-, Of’/( epoxid. R"EN>:0 o< e U o//< X
sulfur-* and halogen-substitutedoxyallyl cations, nitrogen- ?le 45 °C :AJ = Rf NL [4+3] k/ ~
substituted oxyallyl cations have received much less attefitfon. D a0 2b% cycloadd R o

As part of our ongoing efforts to develop stereoselective methods nitrogen-stabilized chiral oxyallyl cation 603_8;(% .Se?gzco'/j?de

using chiral allenamidelwe recently discovered that epoxidation /M R 9 o
of allenamidesl can provide a facile entry to nitrogen-stabilized 0° )NN® o° ROC 023/ N' H
chiral oxyallyl cations2b that can undergo subsequent 4 3] HM ‘f' g'
cycloadditions with dienes in a highly stereoselective manner @
. . W: coord. unit 7

(Scheme 1)° The trivalent nature of the nitrogen atom allows | ge. chiral aux ) APPrOachl APProach "
simultaneous tethering of a chiral auxiliaf%) and a coordination N-Tetethed: 4 C-Tethered: 6
unit (W), thereby providing greater rigidity in the oxyallyl cation ~ Scheme 2
a_md presenting a unique opp.o_rtunity tq achieve_ highly stereosglec- — 1) H2N/\\\ Vo 23equv RO g
tive [4 + 3] oxyallyl cycloadditions, which remains a challenge in = . EtN. THE. A DMDO oo

.. . . . 3N, , RO H
this field4811We have been exploring intramolecular variants o N
of our [4 + 3] cycloadditior? via two approachesl, N-tethered 2) (Boc)z0 or CICOBn CHyCly, -45 °C @
4 — 5, andll, C-tetheredé — 7 (Scheme 1}% We elected to 1 NaHCO,, THF 10a: <5%

f hb it tuat distinct ad tage of 8 3) t-BuOK, THF 9a: R = t-Bu: 54%
OCUS On approachpecause It accentuates a aistinct advantag 9b: R = Bn: 46% 10b: <5%

[

] over 3 steps

using nitrogen-stabilized oxyallyl cations: the ability t_o cqnstruct o = 2-3equivDMDOvia  RO._O £BUO- O
complex nitrogen heterocycles. We report here the first intramo- >—N syringe pump add YH \’]\TH
lecular [4 + 3] cycloadditions using nitrogen-stabilized chiral RO o .

oxyallyl cations via epoxidation of N-tethered allenamides. / CHCly, -45°C

To establish the feasibility, we assembled simple acyclic alle- 1. R=tBu ) , [ 13: 80% [X-ray] 15: 14% O
namideYaand9b with furan attached through a three-carbon tether ~ 12:R=Bn single diastereomers: { 14:75% Ratio: 5 : 1
in three steps from iodid&'® (Scheme 2). It was quickly found  a diene also underwent epoxidatiecycloaddition to afford the
that the epoxidation by simply adding=% equiv of dimethyl desired cycloaddudt7 in 65% yield with loss of selectivity (entry
dioxirane (DMDO) at—45 °C employed in earlier intermolecular  3).
reaction$® was not useful and gav&Oab in very low yields. We then examined cyclic oxazolidinone-substituted allenamides
Oxidative ring opening of the furan was the major product. 18 and19in detail (entries 59). Both methods A and B (normal
The critical turning point in our efforts was the recognition that cannulation of DMDO) were applicable for cycloadditionsi&
an excess of diene used10 equiv) in intermolecular reactions  leading to cycloadduc0 in high yields and diastereoselectivities
might have absorbed any losses from the competing oxidation of (entries 4-6). The reaction was also effective even at room
the diene. In the current reactions, it is not possible to increase thetemperature (entry 5). Allenamidé® (entries 7 and 8) led t@1in
loading of the furan. Thus, to slow this competing process, we good yield and with a high ratio also using method B. The X-ray
turned to syringe pump addition of DMDO at45 °C and found structure of the hydrogenat@d gives the basis for stereochemical
that the epoxidation became very selective for the allenic double assignment in entries416. We are currently examining why certain

bond in11 and12. The ensuing intramolecular [# 3] cycload- systems really required the syringe pump addition protocol, while
dition of the corresponding oxyallyl cations with furan led to desired some do not.
cycloadductsl3 and 14 in 80% and 75% yields, respectively, as In contrast to acyclic allenamides, cycloadditions were quite

single diastereomers. The stereochemistr®ivas assigned via  suitable for cyclic allenamides with longer tethers. In addition to
X-ray. An epoxidized cycloadduct5 was isolated in 14% vyield the success of usinty, reactions of allenamide22 and23 (entries
from the reaction ofL1.14 9—11) provided the respective cycloaddu4 and 25 in good
Table 1 summarizes the scope and stereoselectivity of this yields and good selectivity fd22 (entry 10). Both reactions were
intramolecular [4+ 3] cycloaddition of nitrogen-stabilized oxyallyl  best carried out at room temperature using method A (entries 10
cations. To improve cycloadditions &a or 9b, syringe pump and 11)!° although the stereoselectivity was lower for the reaction
addition of DMDO (method A) was examined specifically using of 23 (entry 11). These reactions represent the longest tethers used
9b (entries 1 and 2). As a result, the yield could be improved, but for an intramolecular [4+ 3] oxyallyl cycloaddition!-?12|eading
only to 20% (entry 1), or a modest 47% if ZnQ@Vas added (entry to cycloadducts containing a seven- or eight-membered ring fused
2). However, the stereoselectivity dropped significantly even in the to the cycloheptane resulting from the cycloaddition.
presence of 2 equiv of ZnC} in contrast to findings from Lactam-substituted allenamid@6 and27 were also examined.
intermolecular reaction®¥.In addition, allenamidé6 tethered with In the case o026, both methods A and B were useful with the latter
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Table 1
entry allenamides?® method®? temp cycloadducts yields"ratiod
BnO,>C

BnOQC\N/%.§ 2!\'1 H 0

1 o % A -45°C 10b 20% 58 : 42
2 ) 9b A° -45 10b 47 60:40
Bnozc\N/\.\ BnOgC:\\l HO

3 \\ 16 A -45 17 65 53:47

X
4 O 18:n=0 A 82 296:4
5 OJ\N/\. 18 A 77 296:4
6 \_J X 18 B 75 296:4
7 5'C¢) 19:n=1" B 75 296:4
8 Ny 19 B® 30 95:5
N | ) 22n=2 A 30 87:13
10 « 22 A 70 83:17
1 N Se  23:n=3 A 57 70:80
5°q) f
12 n 26:n=1" A 90 87:13
13 )OL Q26 B 85 93:7
Y . n = af .

Uy in=d A o-/(N LO 29 40 52:48
15 \?L\J 30f At K(@ 31 76 60:40
16 \ 7 30 B -45 31 75 62:38

aPreparations of allenamides are in the Supporting Information. All
reactions were carried out in GBI, [concentration: 0.025 M] at-45°C.
bMethod A: 2-5 equiv of DMDO was added as a solution in acetone/
CH.CI, at —78 °C via a syringe pump. Method B: -5 equiv of DMDO
was cannulated. Isolated yieldsd Ratios determined bH and*3C NMR.
€1.0 or 2.0 equiv of ZnGlwas added as a solution in etheAllenamides
19, 23, 26—27, and30 are optically enriched with C5, with all excepd
beingR. 9 X-ray structure of hydrogenate?ll was obtained.
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Figure 1.

method actually providing better selectivity (entries 12 and 13).
The stereoselectivity again dropped with a longer tetB@), @nd
the reaction also needed a higher temperature (entry 14).

Finally, dienes also worked well as reaction of allenanfi@e
provided31 in good yields, although in lower selectivity (entries
15 and 16). Itis also noteworthy that in all cases where the isomeric
ratios are low 17, 25, 29, and31), major and minor isomers can
be readily separated.

A working model was proposed on the basis of stereochemical
assignments (Figure 1). Although two possible approa@sndo
and32-exq could both afford the same major isomerld or 14,
the oxyallyl cation32-endoshould experience more!A strain,
whereas32-exo possesses a more preferred W-conformatidn.
Thus, approach to intramolecular [4+ 3] cycloaddition of
nitrogen-stabilized oxyallyl cations likely proceeds in awo
manner. This current model with both oxygen atoms being

of 20 or 21. It is noteworthy that the observed high diastereose-
lectivity implies that it is selective for one out of eight possible
transition states. Moreover, with a longer carbon tether (see
allenamide3 and27), the corresponding oxyallyl cation species
would possess less rigidity, thereby eroding stereoselectivity by
allowing theendoaddition pathway.

We have described here novel intramolecular{48] cycload-
ditions using nitrogen-stabilized chiral oxyallyl cations via epoxi-
dation of N-tethered allenamides. Efforts in the total synthesis of
natural alkaloids via this cycloaddition are currently underway.
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unaligned is also based on the observation that the chelating Zn (14) This s the first time we observed such epoxidation of[8] cycloadducts

cation bears no effect on the stereochemical outcome, unlike those

observed in intermolecular reactiofs.
For chiral oxyallyl specie83, a W-conformation and a similar

exoapproach would also lead to the observed major diastereomer

in the presence of DMDO. The major isomer is shown as drawn with its
stereochemistry being assigned via nOe.

(15) Method B was not useful in these cases even with the reaction being run
at a concentration of 0.0023 M and usiad.0 equiv of DMDO.
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