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Abstract: Diisobutylalkenylalanes, easily prepared by hydro-
alumination of terminal, a-branched and internal alkynes, react
with a-nitroolefins to give pure E-pP-nitroolefins in almost
quantitative yields. The reaction described is a convenient
and simple approach to E-f,y-unsaturated carbonyl compounds.

In a recent study we found that triorganocalanes (AlR3) and the corresponding
etherate complexes (AlR3-OEt;) are very effective reagents in conjugate alkyl or
aryl group transfer to a-nitroolefins! (Scheme 1}.
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Independently of the nature of the substrates 1, such a reaction supplied the
products 2 that are easily recovered in very good yields. Since compounds 2 are

2 we decided to test whether

valuable intermediates in organic synthesis,
unsaturated aluminum derivatives could be successfully employed too, in order to
extend the scope of the reaction described.
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Diisobutylalkenylalanes, easily prepared "in situ" from either terminal or
internal alkynes and DIBAL,3 react with nitroolefins la-d in mild reaction
conditions, transferring only the unsaturated group with retention of the double
bond configuration (Scheme 2). Vinylalanes have already been employed in reactions

5 and a,

with other substrates such as carbon dioxide,4 carbonyl compounds
3-unsaturated ketones,6 but, in all instances, low yields (30-60%) of products
resulting from a trans-hexenyl group transfer were recovered. A ¢tompeting hydride

5 6 are

or isobutyl group transfer,”’ as well as polymerization of the substrates,
factors that might be responsible for the moderate yields obtained.
In the case of la-d, the reaction is very clean and the E-y-nitroolefins 3a-j

are recovered in almost quantitative yields independently of the nature of the pre-

Scheme 2
NO, /&/\ . NO,
- C
+ BupAl 10 W
1a-d 3a-j

cursors (Table). The lower yield (79%) obtained by starting from 1d (Table , run
10) is due to the sensitivity of the product 3j to the acidic work-up used (see
experimental). It should be noted that, with the work-up employed, no traces of

7.8 were detected.

carbonyl compounds resulting from the solvolytic Nef reaction

The diastereocisomeric composition of the products recovered was determined by
glc and the configuration of the predominant stereoisomer was established on the
basis of lH and 13c NMR spectral datag. The cis configuration of 3a-d main isomers
was determined by the characteristic upfield shift of the 3¢ nmr signals10
relative to the C-NO, (~87 ppm} with respect to the corresponding one of the trans
isomers (~90 ppm). On the other hand, the 1H NMR signals of CH43~CH-NO, (doublet,

~1.60-1.30 ppm) were used to identify the erythro and threo isomers of 3e-g: in the

erythro isomers a specific upfield shift (~0.25 ppm) is. induced by the gauche
phenyl group.11

Moreover, the guantitative evaluation of the erythro-threo ratios obtained by
ly NMR, that well agreed with those obtained by glc, allowed the gaschromatographic
identification of each diasterecisomer: in all instances the erytrho isomers showed
a lower retention time.

Noteworthy products 3a~d were obtained in an almost pure cis configuration:
such a result is consistent with the well-known kinetic control occurring in the
hydrolysis of nitronate anions.1? Indeed, when hydrolysis was performed at a higher
temperature (see table 1, run 2), a smaller cis diastereoselectivity was observed.

The alkenylation procedure described herein proves the extraordinary
selectivity and effectiveness of alane reagents towards nitroolefins. Moreéover,
considering that the -NO, group can be easily converted into a carbonyl by many
different protocols,13 the E-y-nitroolefins obtained are direct precursors of E-ﬂ,
Y-unsaturated carbonyl derivatives 4 that are now readily accessible "via" a simple
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TABLE
Run Nitroolefin Alkyne Product Recovered a)
yield
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two-step procedure (Scheme 3).

Scheme 3

NO, ) o
r-'\}\AlBu‘z + 1 c— WH_ e /\&L
3 4

Experimental Section

Material and Instrumentation. All the reactions were performed in dry apparatus

under argon. Diisobutylaluminumhydride was employed as 1.0 M hexane solution
(Aldrich). 1l-nitrocyclohexene (la), 1l-phenyl-2-nitropropene (1lb) were prepared
according to described procedures.14'15 2-Nitro-l-octene (lc) and 5-nitro-2-methyl-
1,3~-dioxep-5~ene (1d) were obtained following the experimental procedure reported
for similar compounds.14 Hexane and benzene were purified by standard methods and
redistilled from LiAlH, before use.

Glc analyses were performed on a Perkin Elmer F-30 instrument (SE-30, 2mx0.29cm
columns) equipped with flame ionization detectors and N, as the carrier gas.

Ir spectra (1lcm_1) were obtained on a Perkin Elmer FT IR 1750 spectrophotometer
using liquid films (20u).

1p NMR ana 13c mMr spectra were recorded on a Varian XL-100 (100 MHz and 25.2
MHz) spectrometer. All NMR data were obtained in CDClj solution and chemical shifts
are reported as 0 values referred to MeySi (TMS) as the internal reference. Values
marked with * are referred to the isomer present in smaller quantities.

Mass spectra (m/e, 1I%) were taken on VG-Analytical 7070 GC-MS instrument.

All the compounds described in this paper gave satisfactory elemental analyses
(0.2%).

Analytical TLC were performed on silica gel (Merck, SiO, 60); all crude products
were purified by flash chromatography on silica gel column (Merck, $i0, 60, 230-400
mesh) using ethyl acetate/light petroleum (10/90) or ethyl ether/light petroleum
(5/95).

General Procedure. 13 ml of a 1.0M solution of DIBAL in n-hexane were added to a
cooled (09°C) solution of the alkyne (13 mmol) in the same solvent (15 ml). The
resulting colorless solution was heated at 50°C for the required time ( 2 hr for
l-alkynes, 6 hr for 3-hexyne ). The mixture was then cooled at ca. -15°C and the
nitroolefin ( 10 mmol in hexane/benzene ) was added dropwise. The mixture was
stirred at room temperature for 30 min. and then poured into a separatory funnel
containing 250 ml of cold (ca. -10°C) 0.2 N HCl/NaCl solution and extracted into
ether., Drying and evaporating the solvents yielded an almost colorless liguid
residue (>95% pure, glc) which was purified16 by flash chromatography.
The pure products recovered showed:

3a: MS 181(3), 165(3), 135(3), 121(8), 111(36), 95(88), 81(56), 67(85), 55(100); IR
1546, 1378, 970; l4-NMR 5.60-5.40 (m,2H), 4.55-4.45 (m,1H), 2.95-2.85 (m,1H),
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2.50-1.00 (m,14H), 0.95-0.80 (m,3H); l3c-NMR 134.30, 133.30%, 129.15%, 125.88,
90.37%, 87.06, 44.65%, 42.23, 32.29, 31.45, 29.76, 26.28, 23.05, 22.09, 21.46,
13.86;

3b: MS 196(4), 181(20), 165(3), 149(23), 111(45), 95(87), 83(100), 69(80); IR 1546,
973; lH-NMR 5.50-5.37 (m,2H), 4.63-4.33 (m,1H), 3.03-2.70 (m,1H), 2.20-1.10 (m,BH),
0.96 (s,9H); L3c-NMR 145.19, 144.30%, 123.59%, 120.29, 90.87%, 87.15, 45.11%,
41.99, 32.95, 29.60, 29.46 (3C), 26.10, 22.98, 21.33;

3c: MS 165(2), 123(10), 109(8), 95(17), 81(58), 67(34), 57(100); IR 1550, 863;
ly-NMR 5.11 (t,7Hz,1H), 4.97-4.73 (m,1H), 2.50-1.20 (m,13H), 1.20-0.73 (m,6H);
13c_NMR 138.76, 128.23, 84.64, 44.50, 29.78, 25.35, 24.74, 23.02, 20.95, 20.23,
14.37, 13.59;

3d: Ms 270(4), 257(12), 240(33), 239(51), 197(18), 183(25), 131(17), 118(29),
105(100), 91(35); IR 1546, 1378, 971, 762, 702; LlH-NMR 7.35-7.10 (m,5H), 5.57-5.35
(m,2H), 4.50-4.43 (m,1H), 2.95-0.85 (m,17H); Ll3c-NMR 147.09, 133.96, 128.11,
126.85, 125.83, 125.66, 86.92, 42.14, 39.12, 37.66, 30.60, 29.69, 25.99, 23.00,
22.19, 21.19;

3e: Gc-MS (erythro isomer) 217(4), 200(65), 173(29), 157(18), 143(35), 129(38),
117(98), 105(42), 91(100); (threo isomer) 200(56), 173(23), 157(21), 143(42),
129(41), 117(100), 105(25), 91(98); IR 1551, 969, 761, 701; LlH-NMR 7.40-7.20
{m,5H), 5.75-5.48 (m,2H), 4.90-4.75 (m,1H), 3.85-3.60 (m,lH), 2.10-1.90 (m,2H),
1.59 (d,6.5Hz,1.11)%, 1.34 (4,6.5Hz,1.9H), 1.30-1.20 (m,4H), 0.90-0.80 (m,3H);

3f: Gc-MS (erythro isomer) 217(4), 200(26), 185(53), 173(25), 157(24), 143(23},
131(72), 117(26), 105(55), 91(100); (threo isomer) 200(40), 185(69), 173(30),
157(34), 143(27), 131(91), 117(31), 105(42), 91(100); IR 1553, 973, 762, 702;
ly-NMR 7.35-7.15 (m,5H), 5.67-5.43 (m,2H), 4.77 (dq,10Hz,6Hz,1H), 3.95-3.40 (m,1lH),
1.55 (d,6Hz,0.9H)*, 1.30 (d,6Hz,2.1H), 0.97 (s,2.7H)%, 0.90 (s,6.3H); !3c-NMR
146.33%, 145.15, 139.58%, 138.95, 128.86, 128.60°, 127.78, 127.65%, 127.31,
127.14%, 122.45, 121.11%, 88.06, 87.31%, 54.18, 53.85%, 33.22%, 32.95, 29.37" (3C),
29.29 (3C), 17.69, 17.25";

3g: Ge-MS (erythro isomer) 200(10), 171(28), 159(10), 143(25), 131(26), 117(40),
105(51), 91(49), 57(100); (threo isomer) 200(16), 171(49), 159(19), 143(41),
131(57), 117(67), 105(42), 91(73), 57(100); IR 1552, 870, 754, 702; LH-NMR
7.30-7.10 (m,5H), 5.33 (t,7Hz,1H), 5.11 (dq,llHz,6Hz,1H), 3.71 (d,l1Hz,1H),
2.33-1.71 (m,4H), 1.60 (d,6Hz,2.1H), 1.33 (d,6Hz,0.9H)%, 1.20-0.70 (m,6H); l3c-NMR
139.05%, 138.80, 138.42, 138.30%, 129,19, 128.57%, 128.31, 127.73, 127.36%, 127.23,
86.44, 85.21%, 56.48, 55.49%, 23.61%, 23.31, 21.10, 20.96%, 19.35%, 19.16, 14.28,
13.34, 12.99%;

3h: MS 194(19), 123(10), 110(26), 95(20), 81(41), 67(54), 55(100); IR 1551, 970;
l4-NMR  5.50-5.17 (m,2H), 4.52-4.13 (m,1H), 2,60-0.70 (m,24H); Ll3C-NMR 135.56,
122.70, 88.53, 36.99, 33.18, 32.07, 31.41, 28.61, 25.67, 22.43, 22.05, 13.95,
13.82;

3i: MS 270(1), 145(10), 131(16), 118(32), 105(100), 91(27); IR 1551, 971, 762, 701;
ly-NMR 7.33-7.10 (m,5H), 5.55-5.20 (m,2H), 4.55-4.15 (m,1H), 2.55-0.65 (m,23H);
13c-yMR 146.97, 135.17, 128.14, 126.81, 125.72, 123.02, 88.56, 39.18, 37.66, 36.96,
33.20, 31.42, 30.48, 28.60, 25.68, 22.44, 22.21, 13.96;

35: MS 196(1), 183(5), 153(4), 139(5), 123(24), 109(7), 95(11), 81(48), 67(100); IR

1
1553, 1145, 1097, 973; “g-NMR 5.70-5.17 (m,2H), 5.03-4.90 (m,1H), 4.65-4.45 (m,5H),
3.10-2.65 (m,1H), 2.10-1.95 (m,2H), 1.40-1.20 (m,7H), 0.95-0.83 (m,3H).
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