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Abstract: [Ru(u-0,CH)(CO),(PPh,)], in acetonitrile is an efficient catalyst precursor for the Michael

addition of soft carbonucleophiles to butenone, The utilization of terminal alkynes as donors makes

possible the selective formation of v,8-ynones. © 1999 Elsevier Science Ltd. All rights reserved.
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The creation of carbon-carbon bonds via C-H activation has a tremendous potential for organic synthesis
provided that catalytic reactions under mild conditions and high selectivity are found. The Michael addition
constitutes an efficient reaction to form carbon-carbon bonds with atom economy. It was initially carried out in
the presence of strong bases,' however, the required alkaline conditions were not suitable for a variety of
tfunctional groups and have brought several limitations to its utilization in organic synthesis. Catalytic reactions
under milder conditions were discovered using various transition metal precatalysts based on nickel,” copper,’
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cobalt,* rhodium,’ iron® and lanthanide salts.” Recently, ruthenium complexes have shown their power to
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basic hydridoruthenium complexes such as RuH,(PPh,), or (dppe)zRuH(nl-acac), which due to their
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hydnde characier, were able to deprotonaie pronucieophiles. We now report that a variety of carbonucleophiles
an be added to butenone in acetonitrile in the presence of a non-hydride binuclear ruthenium catalyst of the type
[Ru(O,CH)CO),(PR,)],- Moreover, this catalytic system makes possible the first utilization of terminal alkynes

as Michael donors to afford v,3-ynones.

RESULTS AND DISCUSSION

1. Addition of pronucleophiles RCH(Z')(Z?) to butenone

The reaction of 10 mmol of butenone 1 with 5 mmol of the ketoester 2 in acetonitrile at 100 °C for 20 h in
the presence of 0.025 mmol of [Ru(O,CH)(CO),(PPh,)], I'* led to the complete conversion of the starting
pronucleophile and the Michael adduct 3 was selectively formed and isolated in 67% yield (Scheme 1).
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Similarly, the functional piperidinonc 4 and the aromatic diketone 6 were treated with butenone in the
at 100 °C for 20 h to produce the addition compounds 5 and 7 in 81 and 98% yield, respectively.
These experimenis show that the Michacl addition of carbopronucieophiles containing one labile proton to
butenone can be selectively performed in acetonitrile in the presence of non-hydride ruthenium complexes of
type L. The reaction of 5 mmol of butenone 1 with 5 mmol of dicthylmalonatc 8a in acetonitrile at 80 °C for 20
h in the presence of 0.5 mol% of [Ru(OCH)(CO)>(PPh3)]» 1 led the complete conversion of the starting
compound and the Michael adduct 9a was highly selectively formed and isolated in 68% yield (Table 1). When

the reaction was performed starting from 0.5 equivalent of the pronucleophile 8a, besides 9a (39%), the
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Ompour 11a was observed (31 U/n\ Tt likelv results from an intramolecular rmthenium-
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reacts intramolecularly with the carbonyl group under the control of the metal centre to stereoselectively afford

iia with the hydroxy cis to the acetyl group, as aiready reported.'* Ti
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addition occurs. It was possibie to seiectively obtain 11a in 59% isolated yicid by performing the reaction at
100 °C with an excess of the acceptor 1. The reaction of penta-2,4-dione 8b with but-3-cn-2-one at 100 °C in a
1:1 ratio afforded the monoalkylation product 9b in 49% yield. The reaction of 0.5 equivalent of ethyl
nitroacetate 8¢ or cyanoacetate 8d, containing more acidic methylene protons, with but-3-en-2-one promoted by
catalyst I at 100 °C led to the dialkylation compounds, but the acyclic diketones 10¢ (50%) and 10d (57%)

were isolated as the major products (Scheme 2 - Table 1).
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Table 1 : Michael addition of carbonucleophiles to butenone catalyzed by
[Ru(OzCHYCO)2(PPh3)]2

pronucleophile 172 temp. (°C) 9 (%) 18 (%) 11 (%)
ratio
Sa 1 80 9a (68%)
8a 2 80 9a (39%) 11a (31%)
8a 3 100 11a (59%)
8b 1 100 9b (49%)
8c 2 100 10c (50%)
8d 2 100 10d (57%) 11d (31%)
General conditions : pronucleophile 8 (§ 1), complex I (0.025 mmol), acetonitrile (3 ml),
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It is noteworthy that the Michael addition of carbopronucleophiles to butenone in the presence of

[Ru(O,CH)(CO),(PPh,)], as catalyst precursor requires a higher temperature than the hydrido complexes
RuH,(PPh,),'”'"* and Ru(C,H,PPh,)H(C,H,)(PPh,),,"* but exhibit a similar behaviour as (dppe),RuH(n'-acac)

or (dppe),RuH(n'-O(MeO)C=CHCO,Me)"* which proceed at 50-70 °C.
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2. Addition of terminal alkynes to butenone

Terminal alkynes represent another class of potential carbonucleophiles. They are less acid compounds
than the previous carbopronucleophiles and do not react at room temperature with Michael acceptors such as
butenone and acrylonitrile in the presence of a ruthenium hydride catalyst precursor.'* On the other hand,
terminal alkynes are known to dimerize in the presence of such catalysts.'® We have now found that the use of

the binuclear catalyst I in acctonitrile at 100 °C selectively affords v,8-ynones resulting from Michael addition of

terminal aikynes to butenone (Scheme 3).

Scheme 3
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Table 2 : Ruthenium-catalyzed addition of terminal alkynes to butenone

R ynone Yield (%)
C.H, 12 74°
p-NO,-C H, 13 34°
CH,=C(Me- 14 42°
Me,Si 15 46°

Bu" 16 29°

Bu' 17 208

*Yield based on the terminal alkyne ; ° [Ru(O,CH)(CO),(PPh,)], (I) used as
catalyst ;° [Ru(O,CH)(CO),(PMe,)], (IT) used as catalyst
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Thus, phenylacetylene cleanly reacts with butenone Lo give 6-phenylhex-5-yn-2-one 12 in 74% yield
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reaction from p-NO,-C.H,-C=C-H and 20% of 1,4-di(p-nitrophenyl)but-1-en-3-yne were isolated, decreasing

the production of ynone 13 to 34% isolated yield. Thus, it appears that the complex I is much less active than
hvdndorut_hen um cor pquc_‘ﬂ towards the dimerization of arylacetylenes'’ and makes possible the formation of
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0 sieric hindrance. Aliphaiic alkynes were less
reactive, however the catalytic addition of 2-methylbut-1-en-3-yne o butenone gave 42% of the enynone 14.
On the other hand, saturated aliphatic alkynes such as n-hex-l-yne, ter-butylacetylene and
trimethylsilylacetylene exhibited poor reactivity. The modification of the ruthenium catalyst T into IT by
changing PPh3 to PMe3 led to an improved catalytic activity and the corresponding ynone derivatives could be
produced in 29% (16), 20% (17) and 46% (15) yield, respectively (Table 2). We have shown that no addition
of PPh, alone, which confirmed that the reaction required the action of the ruthenium
n in the nresence of the binuclear

took place in the prese

nce
catalyst. This catalytic addition of tcrminal aliphati
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I .
Ru? catalyst precursor I or II contrasts with the formation of conjugated dienes catalyzed by Ru(cycloocta-1,5-
diene)(cycloocta-1,3,5-triene) via oxidative coupling of the two unsaturated bonds at the Ru(0) centre."®

The y,8-acetylenic ketone 12 could be regioselectively hydrated' in the presence of PdCl, (5 mol%) at

100 °C in a MeCN/H,O mixture to give the 1,4-diketone 18 in 81% yield (Scheme 4). In the absence of water,
the same ketonc 12 was transformed with atom economy into the furan 19 at 100 °C in methanol via
intramolecular addition of an enolate intermediate to the triple bond (Scheme 4).

O T MeOH o) MeCN / H,0 o)
ann oM il 10000 /o h .
19 v -"vs/7<£n 12 UV w7 el 18(813’0)

It is noteworthy that the two-step ruthenium-catalyzed Michael addition followed by palladium-catalyzed
hydration affords the 1,4-diketone, while the direct three-component reaction of terminal alkyne, enone and
water in the presence of (cyclopentadienyl)RuCl(cycloocta-1,5-diene))/NH,PF, as catalyst precursor selectively
gives the 1,5-diketone.”

The mechanism of the addition of nucleophiles containing a coordinating functionality such as a nitrile or
an ester group has been studied in details with Ru-H complexes.'*'* It is assumed that the coordination of the
functional group CO,R or CN to the Lewis acid ruthenium centre provokes the labilization of the acidic proton
and the generation of the enolate. The addition of the coordinated enolate to the Michael acceptor would then
oceur in the coordination sphere of the metal. It is noteworthy that among a variety of solvents tested for the
rcactions reported above involving either activated methylene derivatives or terminal alkynes, only the
coordinating acetonitrile was a suitable solvent.

From terminal alkynes, the mechanism must be different. The n2-coordination of the triple bond to the
ruthenium centre followed by oxidative addition could be postulated. Then, the insertion of the double bond of

the enone into the Ru-H bond, followed by reductive elimination would give the v,3-ynone (Scheme 5).

Scheme 5
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In both cases, the starting ruthenium complex is recovered unchanged at the end of the catalytic reaction

—_

which shows that the complex is very robust and no ligand seems to be completely removed during the catalytic
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cycle. This observation seems to indicate that the creation of vacant sites on the ruthenium centre is due to the
hemilability of the formate assembling ligand.

CONCLUSION
The Michael addition of soft carbonucleophiles to butenone takes place in acetonitrile in the presence of
[Ru(O,CHYCO),(PR,)], as catalyst, showing that the abstraction of proton does not require the presence of a
prefoimed hydrido ruthenium precaiaiysi. However, ihe compounds and seleciivities obtained with

pronucleophiies containing one or two acidic protons are very similar to those obtained in the presence of
hydrido ruthenium catalyst precursors. The predominant advantage of the binuclear complexes I and II is that

they make possible the utilization of terminal alkynes as Michael donors and offer a new preparation of
v,8-ynones from butenone. The resulting ynones have potential for selective access to 1.4-diketones or furans

via palladium catalysis.

EXPERIMENTAL

All experiments were carried out in dry Schlenk tubes under an inert atmosphere of nitrogen. Acetonitrile
(HPLC grade) was used without purification. Diethyl ether, pentane and dichloromethane were distillated over
sodium/benzophenone, calcium hydride and phosphorus pentoxide, respectively. Flash column chromatography

was performed over Merck silicagel 30-60 um. 'H and ’C NMR spectra were recorded on a Bruker DPX 200
at 200.130 and 50.32 MHz. IR spectra were recorded on a Nicolet 205 FTIR-spectrometer and GC-MS
chromatography on a CE instruments GC 8000 Top (capillary column OV1 25 m x (.32 mm, 0.1- 0.15 um)

coupled with an Automass II Finnigan Mal mass spectrometer operating under 75 eV. Elemental analyses were
obtained from "Le Service de Microanalyses du C.N.R.S.", Vemaison, France.

Typical experiment for Michael additions catalysed by [Ru(u-O,CH)(CO),(PR,)],: Butenone (1 to 3 eq.)
was added 1o a mixture of pronucleophile (5 mmol), [Ru(u-O,CH)(CO),(PR,)]," (0.025 mmol) and acctonitrile

(3 ml). The mixture was stirred and heated at 80-100 °C for 20 hours. The crude mixturc was cvaporated and
purificd by column chromatography over silica gel or by distillation.

.5 mol%, 0.025 mmol) in acetonitrile (3 ml) after 20 h at

5
100 °C as a colorless oil (0.667 g, 67%) after a bulb-to-bulb distillation (Kugelrohr) at 110 °C under 1 mm Hg;
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CDCl,) 3.67 (s, 3 H, OMe), 2.50-2.29 (m, 2 H, CH,), 2.09 (s, 3 H, COMe), 2.08 (s, 3 H, COMe), 2.22-1.09
(m, 2 H, CH,), 1.28 (s, 3 H, Me); "C NMR (50 MHz, CDCl,) 207.30 (C=0), 205.28 (C=0), 173.08 (CO,),
58.57 (C), 52.44 (OMe), 38.51 (CH,CO), 29.87 (COMe), 28.34 (CH,), 26.11 (COMe), 19.29 (Me); GC-MS
(Relative Intensity) 158 ((M'] - [CH,CO], 20), 130 (8), 126 (20), 125 (19), 102 (7), 101 (86), 99 (18), 98




(95), 97 (17), 83 (12), 73 (13), 7
41 (28), 39 (16), 29 (14), 27 (19
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). Anal. calcd.

Methyl 1-benzyl-4-oxo-3-(3-oxobutyl)-3-piperidine carboxylate (5). Obtained from methyl 1-benzyl-4-
oxo-3-piperidine carboxylate 4 (4.6 mmol), butenone (10 mmol) and [Ru(u-O,CH)(CO),(PR,)], (0.5 mol%,

0.025 mmol) in acetonitrile (3 ml) after 21 h at 100 °C as a colorless viscous oil (1.19 g, 81%) after column

chromatography using ether/pentane (3:1) as eluent: IR v/cm™ 3039 (arom. CH), 2959, 2923, 2813 (alkyl CH),

1749 (C=0 ester), 1709 (C=0 ketone), 1636 (C=C), 1215 (C-O); 'H NMR & (200 MHz, CDCL,) ) (attribution

Iy 13/ Ay i\ T AL M IE s T

based on 'H-"C 2D experiment) 7.36-7.15 (m, 5 H, Ph), 3.66 (s, 3 H, OMe), 3.52 (d, 2 H, J = 2.1 Hz,
NCH,CH,), 3.28 (dd, 1 H, J = 11.5 and 2.5 Hz, NCH,C), 3.03-2.88 (m, 1 H, NCH Ph), 2.87-2.73 (m, 1 H,
NCH,CH,CO), 2.60 (ddd, 1 H, J = 17.4, 10.4 and 49 Hz, CH,CO), 2.48-2.29 (m, 2 H, NCH.Ph +
NCH,CH,CO), 2.29-2.05 (m, 2 H, NCH,CH, + CH,CO), 2.03 (s, 3 H, COMe), 1.95 (dd, 1 H, J = 10.2 and
4.9 Hz, CH,CH,CO), 1.70 (m, 1 H, CH,CH,CO); C NMR (50 MHz, CDCL,) 207.41 (CH,COC), 206.27
(C=0), 172.03 (C=0 ester), 137.79 (C ipso Ph), 128.87, 128.28, 127.43 (CH Ph), 61.69 (NCH,C), 61.18
(NCH,CH,), 60.39 (C), 53.65 (NCH,Ph), 52.29 (CO,Me), 40.45 (NCH,CH,CO), 38.82 (CH,CO), 29.89
(COMe), 25.67 (CH,); Anal. caled. for C H, .NO, : C, 68.12; H, 7.30. Found: C, 67.98; H, 7.38.

==t =~ A TOETTE WERERT: SRR OIS CIN T4

as a colorless oil (1.27 g, 98%) after column chromatography using ether/pentane (1:1) as eluent: IR v/cm™

3025 (arom. CH), 2933 (alkyl CH), 1712 (C=0), 1676 (C=0), 1600 (C=C); '"H NMR & (200 MHz,

CDCL,)) (attribution based on 'H-"C 2D experiment) 8.09 (dd, 1 H, *J = 7.8 Hz, *J = 1.0 Hz, arom. CH),
7.54 (dt, 1 H, ’J = 7.5 Hz, *J = 1.5 Hz, arom. CH), 7.37 (dt, 1 H, 3J = 7.8 Hz, *J = 1.3 Hz, arom. CH),
727, 1H, =76 hz, arom. CH), 3.05 ( , 2 H, Ar-CH,), 2.63 (m, 2 H, ArCH, f"z)’ 0-2.47 (m, 2

{ 3. 2.00
H, CH,C0), 2.23 (t, 2 H, *J = 7.5 Hz, CH,CH,C0), 2.18 (s, 6 H, 2 COMe), 2.02 (m, | H, ArCH, CH,); '’C
NMR (50 MHz, CDCL,) 207.56 (C=0), 2()6.27 (C:O), 197.57 (ArCO), 143.25 (C Ar), 134.01, 12894,
127.81, 126.91 (arom. CH), 131.84 (C Ar), 62.75 (COCCO), 38.38 (CH,CO), 30.00 (COMe), 29.97
(ArCH,CH,), 27.00 (COMe), 26.93 (CH,CH,CO), 25.53 (ArCH,); GC-MS (Relative Intensity) 258 (IM"], 1),
222 (9), 216 (14), 215 (12), 198 (22), 197 (10), 188 (29), 183 (11), 173 (7), 160 (12), 159 (82), 158 (25),
157 (63), 155 (8), 146 (49), 145 (35), 141 (8), 132 (7), 131 (37), 130 (7), 129 (24), 128 (24), 127 (13), 118
(38), 117 (8), 116 (11), 115 (36), 103 (9), 91 (41), 90 (58), B9 (31), 77 (15), 65 (9), 63 (10), 55 (10), 51 (9),

75 A7y S 73 AN

(
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Diethyl 2-(3-oxobutyl) malonate (9a). Obtained from dicthylmalonate (5 mmol), butenone (5 mmol) and
[Ru(u-O,CHYCO),(PR,)], (0.5 mol%, 0.025 mmol) in acetonitrile (3 ml) after 20 h at 80 °C as a colorless

Ty _.l,‘_--’x

s -~ ©
IR viem™ 295640,

\ 1_ ( Tal 7 AI’\(]I‘

.| II P 07\ Fs LTk n_ Xt rr 1 I R S
lqu] 7 g,00%) aiter a oulo-io- DU D @isuilauon (K geu‘onl‘) at 114 "L undaer 1 mm

g1
2930 (C-H), 1728 (C=0 ketone + ester), 1254, 1231 (C-0); '"H NMR & (200 MHz, CDCl,) 4.16 (g, 4 H, °J =
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71Hz OCH)Y 335t 1 N =72H CHY 2814t 2H T 7972 Hy CH.CH)Y 210 (c T H COMa)
ek KRk Nochdy/y dested ALy L AR, 0 7 oher SREsy NcARJy dwrd B \Ly & LKy J = [.& LAi, X1 k‘iz/, L KU D, T RA, WSV
TAKINE fev T LT T T Ll HEILMY 1792 £+ £ 03 37 7 1 1T, AOTT LT A 130780 AIRAD 7§00 RATLT. 7TV )
L.LJ-& VI, 211,90 = j.4 X1E, LU 2oL 0n, = L0z, vl ), NMIR (OU Mz, CLRely)
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ZU7.u8 (L=0), 10Y.U) U,El), 01.352 (UL‘l'lz), 50.59 (LhH), 4U.5> (L_HZLU), 29850 (LUME), £2.38

(CHCH,), 13.97 (CH,CH,0); GC-MS (Relative Intensity) 230 ([M*], 1), 185 (14), 173 (7), 169 (8), 160 (32),
141 (7), 140 (5), 139 (52), 138 (7), 133 (18), 127 (18), 115 (9), 114 (13), 113 (9), 111 (26), 110 (9), 105
(7). 99 (15), 88 (16), 87 (9), 86 (26), 85 (11), 84 (12), 83 (7), 82 (11), 73 (9), 71 (10), 698 (13), 58 (9), 55
(43), 45(16), 44 (7), 43 (100), 42 (16), 41 (16), 39 (11), 29 (78), 27 (35); Anal. calcd. for C H,;O,: C,
57.38; H, 7.88. Found : C, 57.15; H, 7.78.

Diethyl 3-acetyl-4-hydroxy-4-methylcyclohexane-1,1-dicarboxylate (11a). Obtained

LOTLC A (1 a 3N

(5 mmol), butenone (15 mmol) and [Ru(pt-O,CH)(CO),(PR,)], (0.5 mol%, 0.025 mmol) in acctonitrile (3 ml)
atter 20 h at 100 °C as a colorless oil (0.887 g, 59%) after column chromatography using ether/pentane (1:2) as

eluent; IR viem! 3501 (QH), 2977- 2037 Il" H), 1730 (C=0), 1700 t’(‘—(\\ 'H NMR a (200 MHz, (“I'Y"I

A ada VAl AV R ) VU O\, 13 aNaVasN L BV 0% |

(indexation based on 'H-"C 2D experiment) 4.33-4.05 (m, 4 H, OCH,), 3.87 (d, 1 H, *J = 2.5 Hz, OH). 2.72
(dd, 1 H, °J = 13.1 and 3.3 Hz, H-3), 2.28 (ddd, 1 H, *J = 13.1, 3.3 and 2.0 Hz, H-2ax.), 2.21 (s, 3 H,
COMe), 2.27-2.08 (m, 2 H, H-6ax. + H-6eq.), 1.98 (1, 1 H, J = 13.1 Hz, H-2ax.), 1.64 (ddd, | H, J = 14.5,
3.6 and 3.1 Hz, H-5eq.), 1.33-1.29 (m, 1 H, H-5ax.), 1.25 (1, 3 H, *J = 7.0 Hz, OCH,CH,). 1.19 (t, 3 H, ]
= 7.0 Hz, OCH,CH,). 1.13 (s, 3 H, Me); "C NMR (50 MHz, CDCL,) 214.84 (C=0), 171.21, 170.77 (CO,),
68.62 (C-4), 61.61, 61.43 (OCH,CH,), 54.14 (C-1), 53.09 (CH), 35.38 (CH,-5), 31.06 (Me), 29.47 (CH;-
6), 28.70 (COMe), 25.96 (CH, 7\ 14.09, 14.00 (n(‘H CH.,); GC-MS (Relative Intensity) 282 ((M*] -H.O

—Sa¥awss & N \dlds AR Rada i 2y, MPRTINAL ARARUIVD LN #0042 L2378,

1), 230 (23), 184 (11), 173 (24), 167 (6), 160 (10), 156 (7), 139 (7), 138 (20), 137 (23), 127 (15), 123 (15),

111 /1 &N 114y 70N DY 7O OV & 17N N7 /’!l\ ﬂf Fdar AN o /N M1 rON g /1 A 1IN At /0\ MY £ 77 12N
111 (15), 116 (6), 99 (8), 85 (16), 93 (31}, 85 (7), 82 (9), 71 (8), 55 (12), 43 (100), 41 (8), 25 (32), 27 (13):
Anal. caicd. for C;H,,0,: C, 59.99; H, 8.05. Found : C, 59.76: H, 7.95.

3-Acetylhepta-2,6-dione (9b). Obtained from acectylacetone (5 mmol), butenone (5 mmol) and
[Ru(u-O,CH)YCO),(PR,)], (0.5 mol%, 0.025 mmol) in acetonitrile (3 ml) after 20 h at 100°C as a colorless oil

(0.414 g, 49%) after a bulb-to-bulb distillation (Kugelrohr) at 109 °C under 1 mm Hg; IR v/cm™ 2964, 2927

(C-H), 1707 (C=0), 1421, 1362 (C-H);

AN TR, INTPO s

(, 2 H, *J = 7.0 Hz, CH,CO), 2.07 (s, 6 H, 2 COMe), 2.00 (s, 3 H, COMe), 2.05-1.87 (m, 2 H, CH,); 'C
NMR (50 MHz, CDCL,) (equilibrium between acetylacetonic form and enolic form) acetylacetonic form: 207.69
(C=0), 207.56 (C=0), 66.73 (CH), 40.46 (CH,CO), 29.90 (COMe), 28.87 (COMe), 29.87 (COMe), 21.40
(CH,): cnolic form: 191.13 (COC=C(OH)Me), 43.85 (C(OH)=CCH,CH,CO), 22.87 (COC=C(OH)M):
GC-MS (Relative Intensity) 170 ([M*], 1), 128 (29), 127 (9), 113 (17), 110 (31), 109 (8), 100 (8), 95 (49), &5
(42), 72 (8), 71 (98), 58 (45), 55 (18), 44 (13), 43 (100), 42 (10), 41 (11), 39 (12), 27 (14); Anal. calcd. for
C.H ,O.:C, 63.51; H, 8.29. Found: C, 63.23; H, 8.42.

oghi gy e ey VDU U

NMR & (200 MHz, CDCL,) 3.62 (1, 1 H, *J = 7.0 Hz, CH), 2.33

i

IOy A licn ad Lo adlac:]l saltbiennratata (L smamanl) haatanana

Ethyl 2-nitro-2-(3-0xobutyl)-5-oxohexanoate {(1Gc). Obtained from ethyl nitroacetate (5 mmol), butenone
(10 mmol) and [Ru(u-0,CH)(CO),(PR,)], (0.5 mol%, 0.025 mmol) in acetonitrile (3 ml) after 20 h at 100 T

P R N N IA Y S A ENDZI N aftam ~nles la e ntrpernmbher aoina A A
as d COH0TIESS Oit (V.00U g, JU70) aliCl LULUIINL VHTuiAatugLldplly Uslily Cuicl
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1747 (C=0 ester), 1719 (C=0 ketone), 1553 (NO,), 1360 (NO,); 'H NMR & (200 MHz, CDCl,) 4.22 (g, 2 H,

M D 79 WU ALY MAEI Y N AY (e QXTI A MIT N A 1A /o £ TT A SNARASN 1AL 72 03 1T 37 ~ A oY
s = 7.2 nz, (LR,CH,y), 2.41 (m, 8 H, 4 CH,), 2.12 (s, 6 H, 2 COMe), 1.26 (i, 3 H, 'J= 7.2 H:

OCH,CH,); "C NMR (50 MHz, CDCl,) 205.67 (C=0), 166.27 (C0O,), 94.49 (C), 63.05 (OCH,CH,), 37.60
(CH,CO), 2992 (COMe), 28.30 (CH,), 13.83 (CH,); GC-MS (Relative Intensity) 181 (IM'] -
CH.CH,COCH,, 16), 137 (16), 125 (16), 123 (42), 111 (11), 110 (9), 109 (8), 99 (10), 97 (13), 96 (9), 95
(31), 93 (7), 81 (13), 67 (7), 58 (7), 55 (9), 53 (8), 44 (8), 43 (100), 41 (9), 39 (7), 30 (8), 29 (28), 27 (15);
Anal. caled. for C,H,NO,: C, 52.74; H, 7.01; N, 5.13. Found: C, 52.87; H, 7.08; N, 5.19. The

corresponding cyclised ethyl 3-acetyl-4-hydroxy-4-methyl-1-nitrocyclohexane-1-carboxylate and monoaddition

N

product were isolated in mixture, respectively 14% and 6%.

el ] Lo VA2 avabiirdV & Avabhoviasmanis /10Ad)\ P | Py, 2 mmatul T e 2 RNy
Leltys L)’ull— I < N Rt ¥ VULYE )~ ~ A ILEAUTLUUL {1uu) (224222 Lll[)/l TUCECLYyL= L =L yUINO =TIyl UAy-

Py SR UG iy & ' A | 8 A B B R o ¥ NP L i e S 7 - S, | S N "
“4-meinyicycionexaneé- i -carooxytate (144 ). OUptaned irom €inyl Cyanodacede (O mmot), putenone \IU mimoi)

and [Ru(u-0,CH)CO),(PR,)], (0.5 mol%, 0.025 mmol) in acetonitrile (3 ml) after 20 h at 100 °C as colorless

oils after column chromatography using et _er,/pent 1e (

ket 7

ketone); '"H NMR § (200 MHz, CDCL,) 4.18 (q, 2 H, °J = 7.2 Hz, OCH,CH,), 2.75-2.40 (m, 4 H, 2
2 Hz, OCH,CH,); °C

NMR (50 MHz, CDCl,) 205.67 (C=0), 168.11 (CO,), 118.43 (C=N), 63.12 (OCH,CH,), 47.94 (C), 39.04
(CH,CO), 30.50 (CH,, 2998 (COMe), 14.04 (CH,;); GC-MS (Relative Intensity) 183

{([M"*] - (‘H(‘H Pﬂ(‘n 10), 110 (1), 109 (7, 71 (30), 58 (38), 55 (13), 44 (7, 43 (100), 42 (7, 29 (21)
(U RAL S B S B LS S S\ A VL 52 B AN/ jy 22 NANrjy 2307 (7 Jy 14 (DY), JU NG, J2 12, 5 \7/, ANIN g,y &l i
27 (1N Anal calad fae- 0 LT NN M £1 £A- 1T T &4 N & B2 Eannd- ™ £1 A7- 11 7 £A4- N & K7
< { 1L ), Miidal. vdlivu. 1Vl \./1‘11191‘\14 oy ULLUS, 1L, 7.0, 1IN, J.J0. 'UULIUL. U, UL/, 11, /.U, LN, DU/,

(11d) (0.393 g, 31%) /em™ 3480 (OH), 2980, 2940 (C-H). 2242 (C=N), 1743 (C=0 ester), 1700
(C=0 ketone): 'THNMR 8 (200 MHz CDCINA 25 (g 2 M -71Hz OCHCH)Y 3181 (d. 1 T=-25
AN RV s K1 AN U\ LU WVILRL, Ry T80 \Y, £ 11, 7 ek ARZ, NaddpN\ i)y O A \My 1 Xy v Lot

Hz. OH), 2.86 (dd, 1 H, °J = 13.0 and 3.5 Hz , CH), 2.26 (s, 3 H, COMe), 2.40-2.12 (m, 2 H, CH,), 2.12-
1.87 (m, 2 H, CH,), 1.85-1.53 (m, 2 H, CH,), 1.29 (t, 3 H, *J = 7.0 Hz, OCH,CH,), 1.22 (s, 3 H, Me): ''C

NMR (50 MHz, CDCl,) 213.53 (C=0), 168.09 (CO,), 118.60 (C=N), 68.43 (C-OH), 63.05 (OCH,CH,),

Y Q4 /T TIN AA NNOQ 7N NE NN SNYT N 01 £ A If'i FNTY N AN L L SOTT N ANO DN l“l’\\l Y I\D ALY YN 1T 72 NUY
1Z.0U (LI, 44.%8 (L), 30.UZ (L11,), 31.04 (L-LH,), 3U.00 (\,nz), 28.35 (COMe), Us (L,LU), 15.5Y
1,CH,): GC-MS (Relative Intensity) 183 ([M'] - CHCH,COCH,, 7), 137 (7), 110 (11), 109 (9), 100 (7),

71 (57), 58 (28), 55 (7), 43 (100), 29 (16), 28 (7), 27 (10).; Anal. alcd. for C,;H;,NO, : C, 61.64: H, 7.56;
N, 5.53. Found: C, 61.62; H, 7.63; N, 5.58.

liquid (2.54 g, 74%) after a bulb-to-bulb distillation (Kugelrohr) at 125 °C under 1 mm Hg : IR v/cm™ 3075

(arom. CH), 2900 (alkyl CH), 2232 (C=C), 1718 (C=0), 1491, 1366 (C-H); '"H NMR & (200 MHz, CDCl,)

7.41-7.28 (m, 2 H, Ph), 7.28-7.15 (m, 3 H, Ph), 2.61 (ddd, A,B, system, 2 H, *J = 6.8 Hz, *J = 10.2 and
7.65 Hz, CH,), 2.72 (ddd, A,B, system, 2 H, *J = 6.8 Hz, J = 10.2 and 7.65 Hz, CH,), 2.16 (s, 3 H, CH,);
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C NMR (50 MHz, CDCl,) 207.92 (C=0), 132.99, 129.68, 129.20 (CH Ph), 125.08 (C ipso Ph), 90.10,
82.38 (C=C), 43.82 (CH,CO), 31.25 (COMe), 15.41 (CH,C=C); GC-MS (Relative Intensity) 172 (IM*], 29),

L=, L LEAR

171 (31), 158 (11), 157 (75), 130 (8), 129 (68), 128 (85), 127 (37), 116 (8), 115 (64), 105 (7), 103 (11), 102
(27), 95 (14), 89 (15), 78 (7), 77 (23), 76 (8), 75 (10), 74 (9), 65 (8), 64 (7), 63 (23). 62 (8). 51 (23), 50 (9),
43 (100, 39 (13), 28 (7), 27 (7); Anal. calcd. for C,,H,,0: C, 83.69; H, 7.02. Found: C, 83.37; H, 7.09.

6—(p-Nitrophenyl)hex-S-yn—2~one (13). Obtained from p-nitrophenylacetylene (2.5 mmol), butenone

as a brown powder (0.186 g, 34%) after column chromatography using dichloromethane/pentane (3:1) as eluent
; IR v/iem™ 3100 (arom. CH), 2922 (alkyl CH), 2224 (C=C), 1712 (C=0), 1591 (NO,), 1339 (NO,);

'H NMR § (200 MHz, CDCl,) 8.12 (d, 2 H, J = 8.7 Hz, C.H,), 7.47 (d, 2 H, J = 8.7 Hz, C,H,), 2.85-2.60
(m, 4 H, 2 CHp), 219 (s, 3 H, CH); "C NMR (50 MHz, CDCl) 206.11 (C=0), 146.76
C

(18), 128 (25), 127 (9), 102 (12), 95 (10), 63 (9), 51 (7), 43 (100) ; Anal. calcd. for C,,H,,NO, : C, 66 35:
H S1( N 48 EFoannd- (" AK 172 3 S22 N K24
il 7 Fy 1%, USTU. 2TUUMUL U, UULLL, 1K, J.oal, 1Y, UL

7-Methyloct-7-en-5-yn-2-one (14). Obtained from isopropenylacetylene (5 mmol), butenone (10 mmol)
and [Ru(u-0,CH)(CO),(PPh,)}], (0.5 mol%, 0.025 mmol) in acetonitrile (3 ml) after 61 h at 100 °C as an

unstable colorless liqu_d (0.289 g, 42%) after a bulb-to-bulb distillation (Ku

LI L] L3 7 gy T

elrohr) at 65 °C under 1 mm Hg ;

IR v/em™ 2990, 2931, 2924 (alkyl CH), 2214 (C=C), 1720 (C=0), 1674 (C=C), 1165 (C-0); 'H NMR 8 (200

MHz, CDCl,) 5.15 (broad s, 1 H, C=CH), 5.10 (m, 1 H, J = 1.6 Hz, C=CH), 2.71-2.58 (m, 2 H, CH,},
2.57-2.45 (m, 2 H, CH,), 1.81 (m, 3 H, J = 1.2 Hz, CH,); "C NMR (50 MHz, CDCl,) 206.62 (C=0),

126.95 (CH,=C(Me)-), 120.75 (CH,=C(Me)-), 87.50, 82.16 (C=C), 42.43 (CH,CO), 29.80 (COMe), 23.62

(CH,=C(Me)-), 14.02 (CH,C=C); GC-MS (Relative Intensity) 136 (IM’], not seen), 123 (7), 96 (19), 95

r—r

6-Trimethylsilylhex-5-yn-2-one (15). Obtained from trimethylsilylacetylene (5 mmol), butenone
(10 mmol) and [Ru(u-O,CH)(CO),(PMe,)], (0.5 mol%, 0.025 mmol) in acetonitrile (3 ml) after 20 h at 100 T

e mntaia £ 1 o YY)

as a colorless liquid (0.384 g, 46%) aftcr column chromatography using ether/pentane (1:2) as eluent : IR v/cm

2960, 2920, 2910 (alkyl CH), 2177 (C=C), 1719 (C=0), 1162 (C-0); '"H NMR & (200 MHz, CDCl,) 2.67-
2.57 (m, 2 H, CH,), 2.45-2.35 (m, 2 H, CH,), 2.10 (s, 3 H, CH,), 0.15 (s, 9 H, SiMc;); 'C NMR
(50 MHz, CDCL) 206.54 (C=0), 105.59 (C=C-SiMe,), 85.05 (C=(C-SiMe;), 42.43 (CH,CO), 29.90

NN 14 A4 (O O="\ N N& (TikAx~
TLJLVIC ), 2592 (NI )y UL D (O LYVIG )
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Decan-5-yn-2-one (16). Obtained from 1-hexyne (5 mmol), butenone (10 mmol) and
[Ru(p-O,CHNCO),(PMe,)], (0.5 mol%, 0.025 mmol) in acetonitrile (3 ml) after 20 h at 100 °C as a colorless
liquid (0.120 g, 29%) after column chromatography using ether/pentane (1:3) as eluent ; IR vicm
2873, 2863 (alkyl CH), 2213 (C=C), 1719 (C=0), 1162 (C-0); 'H NMR § (200 MHz, CDCl,) 2.65 (1,2 H, J
= 7.2 Hz, CH,-C=C), 2.50-2.20 (m, 4 H, 2 CH,), 2.10 (s, 3 H, CH,), 1.60-1.10 (m, 4 H, 2 CH, "Bu), 0.85
(t. 3H, J = 6.8 Hz, CH, "Bu); ’'C NMR (50 MHz, CDCl,) 207.28 (C=0), 80.91, 78.39 (C=C), 43.03

(CH,CO), 31.08 (CH,CH,), 29.72 (COMg), 21.92 (CH,CH,CH,), 18.38 (CH,(CH,),CH,C=C), 13.62

colorless liquid (0.384 g, 46%) aftcr a bulb-to-bulb distillation (Kugelrohr) at 75 °C under 2 mm Hg ; IR v/cm'
2968 (alkyl CH), 2210 (C=C), 1719 (C=0); 'H NMR § (200 MHz, CDCl,) 2.70-2.30 (m, 4 H, 2 CH,), 2.10
(s, 3H, CH,), 1.1 (s, 9 H, CMe,); >*C NMR (50 MHz, CDCl,) 207.44 (C=0), 89.90, 76.80 (C=C), 43.18

(CH,CO0), 31.27 (CMe,), 30.01 (COMe), 27.29 (CMe,), 13.56 (CH,C=C).
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