A\
% TETRAHEDRON
K LETTERS
~— Tetrahedron Letters 39 (1998) 3613-3616
Pergamon
I~ Dancarrims Dancanndad Tac das TAITDAT/III 1N
[llgll Iroossulc riroinowcad 1 aiidcilii |_‘+’T_A_|/ ]_JTZ.J
CyralaadAditiAane MNn Tha CAliA Dhaca
N YVUVIVGUILLILIULID UL 111G DUILIU 1 114Aadye

Department of Organic Chemistry, NSR Center for Molecular Structure, Design and Synthesis,
University of Nijmegen, Toernooiveld, 6525 ED Nijmegen, The Netherlands

Received 20 February 1998; accepted 6 March 1998

Abstract

High pressure was applied to perform tandem [4+2]/[3+2] cycloadditions of enol ethers with nitrostyrenes
and resin-bound acrylate. The scope of this tandem cycloaddition was studied by using building blocks with an
increasing substitution pattern, resulting in the formation of highly substituted nitroso-acetals. To date, this is

the first reported high pressure promoted cycloaddition reaction on a solid support. © 1998 Elsevier Science Ltd.
All rights reserved.
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Tandem [4+2]/[3+2] cycloadditions of nitroalkenes, enol ethers and electron-poor alkenes
seem very apt for application in combinatorial chemistry[1,2,3]. as these multi-component
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4]. In this tandem cycloaddition reaction, which has been extensively studied by Denmark et.

fr—n

al. [5,6], nitrostyrene reacts with an electron-rich alkene in an inverse electron demand Diels
Alder reaction, thus forming a nitronate which is able to react with a third alkene, as shown in
Scheme 1.
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Scheme 1

In a previous paper [7], we showed that these tandem cycloaddition reactions are strongly
accelerated by high pressure. Application of high pressure eliminates the need of Lewis acid
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excess of enol ethers [8]. As high pressure assists in overcoming steric hindrance, it allo
introduction of a large variety of substituents [9,10]. We also demonstrated that the reaction
sequence described in Scheme 1, using methylacrylate as an electron-poor alkene in the [3+2]
cycloaddition, proceeded as a one pot reaction.

I

We now present our results on the high pressure promoted one pot three component tandem

1

4+2]/[3+2] cycloaddition of enol ethers, nitrostyrenes and resin-bound acrylate (Scheme 2).
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It is known that nitronates react much faster with electron-poor alkenes than with electron-
rich alkenes [7,11]. The reaction of the nitronate, formed in situ, with the resin-bound acrylate

s therefore expecte d to be faster than it

[

its reaction with the enol ether in solution. To study the
scope of this one pot three component cycloaddition, reactions were performed with the non
activated nitrostyrenes 2a and Zb [12], the mono-, di- and tri-substituted enol ethers (1) and the

resin-bound acrylate (3), as presented in Scheme 2.
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pressure of 15 kbar for 24 h, we started to investigate the tandem [4+2]/[3+2] cycloaddition
under high pressure conditions with the dipolarophile (acrylate) attached to the resin. The

acryloyl function was coupled to the resin by reacting acryloylchloride (5) under basic
onditions with the h ] i i
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Scheme 3

The enol ether and the nitrostyrene compounds were added to the acrylate functionalized Wang
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cycloaddition was performed by applying a pressure of 15 kbar on the reaction mixture for 48 h
at room temperature [13]. FT-IR analysis of the resin showed a C=0 shift from 1721cm™ to
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1737 cm™', while the appearance of a new signal at 1563-1565 "' (C-N bond vibration) in the
case of 2a [14] indicated a resin-bound tandem adduct. In order to de.ermin the vue!d_ of th!S
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Scheme 4
The cycloadducts were isolated as mixtures of diastereomers. Yields (37-52%; not optimized)

after a three step reaction sequence were reasonable, even in the case of higher substituted
enol ethers and nitrostyrenes (Table 1).

Table 1. Nitroso-acetals prepared on the solid phase
Entry R, R, R; Ry product 7 c.v. (%)
EO_ Oy 0 90
a Et H H H 33
OMe

b -CH,CH,- H o (] ° j‘: P 4 2
e

¢ MeO® «(CHy),- H W 52

d Et H H CH, 1 44

0 O\N,_o o]
e -CH,CH,- H CH, <I /1\)—{ 38

f MeO® (CH,)s- CH; \/‘\(l\/ Yome 37

* Yields of purified cycloadducts based on initial loading level of the Wang Resin (1.22 mmol/g)
® The enol ether is prepared from the corresponding dimethoxyacetal {16 ]

'H-NMR analysis showed a complete regioselective outcome of both the [4+2] and [3+2]
cycloadditions, which is in agreement with the results described earlier [7]. The relatively low



yield of entry a can be ascribed to a competing reaction between the nitronate and the low
substituted enol ether.
Currently, we are exploring further variation in the substitution pattern of all reaction

partners and conversions of nitroso-acetals 7 on the solid support towards fully substituted
ryl-pyrrolidines and pyrrolizidines [17].
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Representative experimental procedure for cleavage reaction: A mixture of Et;N (0.4 mL), MeOH ( 2.0 mL), benzene (10 mL) and
was added to 800 mg of resin. After addition of 2-5 mg KCN, the mixture was refluxed for 48 h after whlch the solution was
separated from the resin by filtration over a glassfilter. After washing the resin with CH,Cl, (3x 10 mL), MeOH (2x 10 mL),

LT MNfont NTALTOMN ocaliabinm (171 A NA. ~
H,Ofsat. NaHCO; solution (1/1 v/v), MeOH (2x 10 mL), and CH,Cl, (3x 10 mL) the organic phase was separated from the water

phase. The water phase was extracted with CH,Cl,. The combined organic layers were dried with brine and MgSO, and
concentrated in vacuo. The products were purified by passage through a short path of silica (eluens EtOAc/hexane 1/4 and 1%
Et;N ), isolated as colourless or light yeliow coloured oils and analyzed by 'H-NMR and mass spectroscopy.

7a MS (CI) m/z 308 (M + H"), HRMS caled. for C;H,NOs: 307.1420, found 307.1420 + 0.0012;

7b MS (CI) m/z 306 (M + H"), HRMS calcd. for Ci¢H;oNOs: 305.1263, found 305.1264 + 0.0012;

7e MS (CI) m/z 348 (M + H"), HRMS calcd. for CgHsNOs: 347.1733, found 347.1732 + 0.0010;

-
7d MS (C1) m/z 322 (M + H"), HRMS caled. for CsHx3NOs: 321.1576, found 321.1577 £ 0.0015;

7e MS (CI) m/z 320 (M + H"), HRMS calcd. for C;H,NO;s: 319.1420, found 307.1420 £ 0.0012;

1) IIVZ

7f MS (CI) m/z 362 (M + H"), HRMS caled. for CpH27NOs: 361.1889, found 361.1890 + 0.0014.
6 Synthesis of 1-methoxy-1-cyclohexene is described in Houben Weil, E 15/Teil 1:268 Georg Thiemes Verlag Stutgart-New York.

7 These compounds are studied in the framework of our research towards CNS active compounds related to serotonin and dopamin.



