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Single-pot nitroalkene -+ cyanoaldehyde transformation, a-methoxy oxime formation, a- and P-alkylations of 
P-sulphenylated nitro compound, generation of P-sulphenylated silyl nitronate, and sequential Michael addition and 
Nef reaction have been accomplished in good to excellent yields. 

Double functional group transformations in a 'single-pot,' 
although difficult to accomplish owing to their complexity, can 
have significantly synthetic benefits.1 Recently we have 
developed methods to convert nitroalkenes into cyanoalde- 
hydes and other important classes of compounds. Herein we 
illustrate this chemistry using 1-nitrocyclohexene (1) as an 
example2 (see Scheme 1). 

Alkoxylation of (1) with potassium methoxide (1.5 equiv.) 
in 1,2-dimethoxyethane (DME) at room temperature for 2 h3 
followed by addition of triethyloxonium tetrafluoroborate 
(1.5 equiv.) gave a brown solution which was further refluxed 
for 7 h. Treatment of the mixture with thionyl chloride (2.0 
equiv.) in situ provided the o-cyanoaldehyde (2) in 77% 
isolated yield after normal aqueous work-up. Use of phos- 
phorus pentachloride (2.0 equiv.) in carbon tetrachloride also 
gave the desired product (2) although the yield was lower 
(55%). When we employed tetrahydrofuran (THF) as the 
solvent, the tailing of the THF-BF3 complex in silica gel 
chromatography caused purification problem. 

The mechanism depicted in Scheme 2 illustrates our initial 
design and accounts for the double functional group trans- 
formation . 4  When applying the same procedure described 
above but without adding thionyl chloride, we were able to 
isolate the intermediate a-methoxy oxime (3) along with its 
2-isomer in an overall 91% yield. Use of methylene chloride, 
a low b.p. solvent, for this reaction made the decomposition of 
ethyl nitronate (9) sluggish.5 

We observed two spots on t.1.c. with equal intensity and 
similar Rf values (0.12 and 0.17, 1 : 4 EtOAc-hexanes as 
eluant) before the reaction of (1) to give (3) was worked up. 
The component with the higher Rf value was partly converted 
into the one with the lower value during purification. N.m.r. 
analysis showed that the ratio of these two components was 
2 : 5.  Upon treatment with aqueous hydrochloric acid, the 
component with the lower Rf value underwent a second-order 
Beckmann rearrangement much faster than the other.6 
Therefore we assigned the compound with the lower Rf value 
as the E-oxime [i.e. (3)]. 

Thiolation of (1) with lithium isopropyl sulphide (1.5 
equiv.) in THF gave the nitronate (lO).3 This intermediate 
possesses four reacting centres that provide different func- 
tionalization possibilities: (a) the C-1 carbon for Michael? 
acceptors;' (b) the C-2 acidic proton being removed followed 
by C-alkylation;g (c) the C=N+ double bond for the Nef 
reaction;g (d) the 0-centre for silylation.10 The resulting silyl 
nitronate can be extensively used for a variety of reactions,ll 
such as 1,3-dipolar cycloadditionl2 and the Henry reaction.13 

We abstracted the C-2 acidic proton of (10) in situ with 
n-butyl-lithium (1.3 equiv.) in hexamethylphosphoramide 
(HMPA) at -78 "C and injected ally1 bromide (1.8 equiv.) to 
give the alkenyl nitro sulphide (4) in 51% isolated yield. This 
strategy provides a synthetic route to nitro compounds 

t We feel it appropriate to use the term 'Michael' in this context: see 
H. 0. House, 'Modern Synthetic Reactions,' 2nd Edn., W. A. 
Benjamin, California, 1972, pp. 595-596, and references therein. 

containing an a-sulphenylated, quaternary carbon centre from 
nitroalkenes. On the other hand, treatment of (10) with ethyl 
acrylate (3.5 equiv.) in THF at -4°C produced the Michael 
adduct (5) in 71% yield. Furthermore, reaction of (10) with 
t-butyldimethylsilyl chloride (2.0 equiv.) in THF afforded the 
silyl nitronate (6)  in 96% yield, determined by n.m.r. 
spectroscopy. This compound gradually decomposed upon 
heating in vacuo, consistent with a previous report.10 

Oxidative cleavage of the C=N+ double bonds in (10) with 
aqueous potassium permanganate in the presence of mag- 
nesium sulphate14 provided the a-sulphenylated ketone (7) 
(81%). However use of hydrolytic techniques with various 
concentrations of aqueous sulphuric acid (0.01-4.5 M) for the 
Nef reaction7 gave (7) in lower yields (<6O%). Similarly, 
treatment of (1) with potassium methoxide (1.5 equiv.) in 
THF followed by addition of potassium permanganate and 
magnesium sulphate afforded the a-methoxy ketone (8) in 
85% yield. Exposure of (11) to mineral acids yielded a large 
amount of starting material (1) via a retro Michael prokess. 
The successful combination of Michael and Nef reactions 
should provide a valuable route for preparation of a-sul- 
phenylated and a-alkoxylated ketones. 15 
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Scheme 1. Reagents (r.t. = room temperature): (a) i, KOMe (1.5 
equiv.), DME, r.t., 2 h; ii, Et,OBF, (1.5 equiv.), heat, 7 h; iii, SOCl, 
(2.0 equiv.), O"C, 0.5 h; iv, H20 ;  77%; (b) i, KOMe (1.5 equiv.), 
THF, r.t., 2 h; ii, Et,OBF, (1.5 equiv.), heat, 4 h; iii, H,O; 91%; (c) i, 
PriSLi (1.5 equiv.), THF, r.t., 2 h, ii, BunLi (1.3 equiv.), HMPA, 
-78 "C, 30 min; iii, CH,-CHCH,Br (1.8 equiv.); -78 "C, 30 min, r. t., 
14 h; 51%; (d) i, PriSLi (1.5 equiv.), THF, r.t., 2 h; ii, CH,-CHCO,Et 
(3.5 equiv.); -4"C, 1 h; 71%; (e) i, PriSLi (1.5 equiv.), THF, r.t., 2 h; 
ii, ButMe2SiC1 (2.0 equiv.); -78°C to r.t., 7 h; 96%; ( f )  i, PriSLi (1.5 
equiv.), THF, r.t., 2 h; ii, KMnO,, MgSO,, H20,  0 "C, 1 h; 81%; (g) 
i, KOMe (1.5 equiv.) THF, r. t. 2 h; iii, KMn04, MgSO,, H20 ,  0 "C, 1 
h; 85%. 
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Scheme 2 

A variety of conjugated nitroalkenes can be readily 
prepared by different procedures. 16 By adapting our recently 
developed alkoxylation and thiolation methods’ followed by 
the strategies outlined in Scheme 1, we can efficiently convert 
a cyclic nitroalkene system into different classes of com- 
pounds. These single-pot, multiple functional group trans- 
formations should possess synthetic value. 

J. R. H. is a Research Fellow of the Alfred P. Sloan 
Foundation (1986-1988). We thank the American Heart 
Association-Maryland Affiliate, Inc. and the donors of the 
Petroleum Research Fund, administered by the American 
Chemical Society, for their support. 

Received, 13th November 1986; Com. 1620 

References 
1 For an elegant example of Eschenmoser’s epoxy ketone + 

ketoacetylene transformation, see: A. Eschenmoser, D. Felix, 
and G. Ohloff, Helv. Chim. Acta, 1967, 50, 708. 

2 For previous use of this reagent as a versatile substrate, based on 
different ideas, see: E. J.  Corey and H. Estreicher, J. Am. Chem. 
SOC., 1978, 100, 6294. 

3 For details, see J.  R. Hwu and N. Wang, Can. J .  Chem., submitted 
for publication. 

4 For literature support of each step of the mechanism, see: L. G. 
Donaruma, J. Org. Chem., 1957, 22, 1024; J. S. Meek and J .  S.  
Fowler, J. Org. Chem., 1968,33,226; M. Ohno and I. Teresawa, 
J. Am. Chem. SOC., 1966, 88, 5683; M. Ohno, N, Naruse, S. 
Torimitsu, and I. Teresawa, J. Am. Chem. SOC., 1966, 88, 3168. 

5 For an alternative mechanism regarding the decomposition of (9) 
via an intermolecular process, see: N. Kornblum and R. A. 
Brown, J. Am. Chem. S O C . ,  1963,86,2681. 

6 Fragmentation rates depend on bond alignment, see: C. G. 
McCarty, in ‘The Chemistry of the Carbon Nitrogen Double 
Bond,’ ed. S. Patai, Wiley, New York, 1970, ch. 9. 

7 H. H. Baer, and L. Urbas, in ‘The Chemistry of Nitro and Nitroso 
Groups,’ ed. H. Feuer, Wiley, New York, 1970, Part 2, 
pp. 130-148. 

8 R. Henning, F. Lehr, andD. Seebach, Helv. Chim. Acta, 1976,59, 
2213; D. Seebach, R. Henning, F. Lehr, and J. Gonnermann, 
Tetrahedron Lett., 1977, 1161. 

9 W. E.  Noland, Chem. Rev., 1955, 55, 137. 

Dunitz, Helv. Chim. Acta, 1980, 63, 697. 
10 E. W. Colvin, A. K. Beck, B. Bastani, D. Seebach, Y. Kai, and J. 

11 D. Seebach, E. W. Colvin, F. Lehr, and T. Weller, Chimia, 1979, 

12 K. Torssell and 0. Zeuthen, Acta Chem. Scand., Sect. B . ,  1978, 
32, 118; S. K. Mukerji and K. B. G. Torssell, ibid., 1981,35,643. 

13 E. W. Colvin and D. Seebach, J. Chem. SOC.,  Chem. Commun., 
1978, 689; E. W. Colvin, A. K. Beck, and D. Seebach, Helv. 
Chim. Acta, 1981,64,2264. 

33, 1. 

14 K. Steliou and M. Poupart, J .  Org. Chem., 1985, 50, 4971. 
15 The previously developed methods for extremely efficient thiola- 

tion and alkoxylation of a,P-unsaturated nitroalkenes under 
aprotic conditions play a significant role in the high yields of these 
reactions, see: ref. 3. For related cases, see: A. G. M. Barrett, G. 
G. Graboski, and M. A. Russell, J. Org. Chem., 1986, 51, 1012. 

16 N. Kornblum, Org. React., 1962, 12, 101; V. V. Perekalin, 
‘Unsaturated Nitro Compounds,’ Daniel Davey, New York, 1964, 
Part 11, ch. IV-VII; Houben-Weyl, ‘Methoden der Organischen 
Chemie,’ ed. E. Muller, Georg Thieme Verlag, Stuttgart, 1971, 
vol. W1, pp. 1-462; for a recent review, see: A. G. M. Barrett and 
G. G. Graboski, Chem. Rev., 1986, 86, 751. 




