JACS

OURNAL OF THE AMERICAN CHEMICAL SOCIETY

Subscriber access provided by American Chemical Society

Communication

Silylmethyl-Substituted Aziridine and Azetidine as Masked 1,3- and
1,4-Dipoles for Formal [3 + 2] and [4 + 2] Cycloaddition Reactions
Veejendra K. Yadav, and Vardhineedi Sriramurthy

J. Am. Chem. Soc., 2005, 127 (47), 16366-16367+ DOI: 10.1021/ja055664t « Publication Date (Web): 03 November 2005
Downloaded from http://pubs.acs.org on March 25, 2009

TBDPS R
Z_> BF3.E,0 TsN— TBDPS BF3.Et:0 Y=x
N~ n=2 h R——X TSNWTBDPS
Ts n=1or2 X=N,O "

More About This Article

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

. Supporting Information

. Links to the 10 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/ja055664t

JIAIC[S

COMMUNICATIONS

Published on Web 11/03/2005

Silylmethyl-Substituted Aziridine and Azetidine as Masked 1,3- and
1,4-Dipoles for Formal [3 + 2] and [4 + 2] Cycloaddition Reactions
Veejendra K. Yadav* and Vardhineedi Sriramurthy
Department of Chemistry, Indian Institute of Technology, Kanpur 208 016, India

Received August 18, 2005; E-mail: vijlendra@iitk.ac.in

Small polyfunctional heterocycles play an important role in the Scheme 1

drug discovery procedsAziridine is a versatile building block for B, . R=x R

the syntheses of many nitrogen-containing biologically active T’"?VTBDPSE‘E{ . ....Taopsl_. FSB:SEQ, )'...mps —-m};_rj\l
molecules. It reacts with various nucleophiles, and its ability to "~ ool ;{\7 pTol 1/\/ R TEOPS
undergo regioselective ring-opening contributes largely to its high “R=Me r X=N.0

synthetic valué:® The cycloaddition reaction of aziridine with

. . . . . Table 1. Formal [3 + 2] Additions of Aziridines 1a—b with Nitriles?
dipolarophiles, in particular, is a useful method for the syntheses

of nitrogen-containing five- and six-ring molecutesVe report Entry  Adridine Nitrle Product (g;lg;;/;)
herein on the generation of 1,3- and 1,4-dipoles from aziridine and TBDPS
azetidine, respectively, wherein the negative charge is stabilized 1 1a CHZCN N\R/ o
on the nitrogen by a sulfone function and the positive charge is 2 Ts
stabilized on a carbon kgrt-butyldiphenylsilylmethyl substituent TeDPS
through thes-effect of silicor¥ (Scheme 1), and their applications 2 1a Br_CN X\V/\Br
for formal [3 + 2] and [4 + 2] cycloadditions with nitrile and 3N‘Ts %
carbonyl substrates to generate five- and six-ring heterocycles in a TBOPS
single step. The cycloaddition chemistry of aziridine has thus far 3 1a PhCN \\Q\gfph o7
been limited to the stabilization of the above cation by an aryl 4 Ts
substituent that has limited further usage. Sitexé-butyldiphen- TBOPS
ylsilylmethyl is latent to CHOH function? the present methodology 4 1a PhCN \\Q\Z/\Ph 90
widens the scope of the aziridine chemistry enormously. 5 Ts

The reaction outlined in Scheme 1 entails initial nucleophilic TBOPS |
attack of nitrile or cabonyl function at the positive end of the dipole 5 1a PN 3/\/”' o
1'. The subsequent intramolecular nucleophilic capture of the 6 Ts
nitrilium or oxonium ion by the negatively charged nitrogen results TBDPS OTBDPS
in the formation of 2-imidazolines or oxazolidines, respectively. 6 1a TBDPSO(,.CN Nk 82
2-Imidazolines are useful intermediates for the syntheses of 7N\Ts
molecules with pharmacological activities, such as anticancer, anti- TBDPS 0
inflammatory, and antidiabetfcThe reactions with nitriles, leading 7 1a @\CN \\6\7/0
to 2-imidazolines, are collected in Table 1. fE,O offered the ° BN\TS 87
best results among the several Lewis acids attempted to promote TROPS
the reaction. Both aromatic and aliphatic nitriles reacted \Wih 8 1b (cis) CH3CN \Z/ . 533?2,,
to furnish the product®—8 in excellent yields (entries -17). 9 Ts
TBDPS-protected 3-hydroxy propionitrile reacted without event b (rans) CHCN . 92 (25.75)°
while retaining the protecting group (entry 6). The reaction is 92 (56:44)
stereospecific. Theis-1b reacted with acetonitrile to form thas TBOPS
product exclusively (entry 8), and theans-1b gave mainly the 10 tbistrans) P NN ;Y\/P” 86 (67:33)
transproduct at low temperature. However, thans-1b exhibited 10 T8

increased tendency with increased temperature for the formation 2Unless noted otherwise, all the reactions were carried out ipOGH
of thecis product (entry 9). Theis andtransrelationships of the fquz min using 1 equiv eacg of ﬂzie nitrile and BEO at 25°C. © Isolated
TBDPSCH and CH substituents in the adducts were ascertained ¥1¢dS-©Reaction was conducted afr8 °C.

by nOe measurements. thetransproduct (entry 7) at low temperature. Howevieans-1b

We ascertained next the efficacy of the above aziridine-derived exhibited increased tendency with increasing temperature for the
1,3-dipole for reaction with carbonyl species to construct oxazo- formation of thecis product. Thus, three stereocenters had been
lidines. BR*Et;O was discovered again to be the most effective generated in the product with high control by taking advantage of
Lewis acid as several other Lewis acids were found to be either aziridine’s methyl substituent. The relative stereochemistries of the
much less effective or not effective at all. The reactions proceeded substituents in the adducts were ascertained by nOe measurements.
smoothly to generate the desired products in excellent yields (Table We have extended the above chemistry to the silylmethyl-
2). Both aromatic and aliphatic carbonyl compounds reacted with substituted azetidind9 to generate the 1,4-dipol&9 and then
lato furnish the productd1—15 (entries 1-5). The reaction is employed the same for [4 2] cycloaddition (Scheme 2). The
stereospecific. Theis-1b reacted with propanal to form predomi-  cycloaddition of azetidine with dipolarophiles constitutes a powerful
nantly thecis product16 (entry 6), and thérans-1b gave mainly protocol for the formation of nitrogen-containing six-ring hetero-
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Table 2. [3 + 2] Cycloadditions of 1a—b with Carbonyl
Substrates?

Scheme 3

iridi Yield® % ,§F3 ~ TBDPS,
Entry  Aziridine Carbonyl Product (cisitrans) TSD/\TBDF'S BF;.0Et; q) ™ +':I'BDPS
TBDPS o 0=s=N 7 N
Et 90 (67:33 19 -Tol Ts
1 1a EtCHO 3/ 90((50:50))c p - 2
1 Ts
TBDPS
) 1a PhCHO Ph 87 (57:43) The TBDPS function i1 was transformed into a hydroxy group
ﬂN\TS under basic conditions following a literature protocot 60%
TBDPS isolated yield with the sulfonamide function fully intact.
~_CHO 07/\/Ph In summary, 2tert-butyldiphenylsilylmethyl-substituted aziri-
s fa e N, 95 (57:43) dines and the corresponding azetidine reacted efficiently with nitriles
13 Ts

4 1a U\CHO

[¢] N

TBDPS O
o L
93 (52:48)

and carbonyl substrates to form imidazoline, oxazolidine, and
tetrahydropyrimidine products. The azetidine rearranged to the
pyrrolidine skeleton efficiently under BFEt,O conditions. These
protocols will find application in synthesis, in general, and in drug

14 Ts . . . . -
design, in particular. The development of the enantioselective
o TBDPS 070 versions of these ring-forming methodologies and their applications
5 1a ij \\QN 80 to the syntheses of selected drug candidates are currently being
15 Ts explored.
TBOPS . TBOPS . Acknowledgment. Authors thank CSIR, Government of India,
6 b  ECHO R Kﬁg o0 for financial support. This work is dedicated to Professor Mugio
16 Ts a7 Ts Nishizawa on the occasion of his 60th birthday.
7 b(trans)  EtCHO 16+17 gggggg; Supporting Information Available: Experimental details and

characterization data (PDF). This material is available free of charge
via the Internet at http:/pubs.acs.org.
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