Available online at www.sciencedirect.com

science (@horneer

JOURNAL OF
MOLECULAR
CATALYSIS

A: CHEMICAL

HVINO3 10N

ot -
ELSEVIER Journal of Molecular Catalysis A: Chemical 225 (2005) 91-101

www.elsevier.com/locate/molcata

Highly selective isomerization df-allylamides catalyzed by
ruthenium and rhodium complexes

Stanistaw Krompiet, Mariola Pigulld*, Nikodem Kuznik?, Michat Krompieé,
Bogdan Marcinie®, Dariusz Chadynidk Janusz Kaspercz§k
@ Faculty of Chemistry, Silesian University of Technology, Strzody 7, 44-101 Gliwice, Poland

b Faculty of Chemistry, AM University, Grunwaldzka 6, 60-780 PozRaland
¢ Institute of Polymer Chemistry, Polish Academy of Sciences, M.C. Sktodowskiej 34, 41-800 Zabrze, Poland

Received 19 July 2004; accepted 1 September 2004
Available online 6 October 2004

Abstract

Isomerization oN-allylamides catalyzed by ruthenium and rhodium complexes to corresponding 1-propenyl derivatives is described. The
first catalytic system containing a precurs¢fRuCl(1,5-COD)I}), tris(2,4-dit-butylphenyl)phosphite and CaHor highly (2)-selective
isomerization of allylamides is presented. It has been shown that the double bond migration catalyzed by the investigated catalytic systems
occurs according to the hydride mechanism. The participatiantbb-metallation from precursor and triphenylphosphine in the formation
of hydride complex has been proved. It is proposed that the obsefy«selectivity of the isomerization of some allylamides is the result of
the steric effect in the transition state. The application of siliceous mesoporous cellular foams for an effective removal of the catalyst from
the post-reaction mixture is described.
© 2004 Published by Elsevier B.V.
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1. Introduction describe isomerization of variob&allylamides catalyzed by
ruthenium and rhodium complexes. The first catalytic system
Double bond migration oN-allyl derivatives (-allyl: for (2)-selective isomerization of soniallylamides is pre-

amines, amides, imides, imines, carbamates, oximes) hasented. The mechanism of double bond migration and reasons

been studied extensivefl]. The products of these reac- for the observedd)-selectivity is also analyzed. Preliminary

tions:N-(1-propenyl) — in generaN-vinyl derivatives (e.qg. results of these investigations were described in our previous

enamines, enamides, azadienes) — are interesting intermeeommunicatiorj22].

diates in organic synthesis. Enamides are substrates in the

synthesis of heterocyclic systenig—4] and Diels—Alder

cycloaddition [5—-7]. Enamides have been also used for 2 Results and discussion

the formation of enamine$8—10], enamide-olefin ring-

closing metathesifl1-13]and are thoroughly investigated The results of the isomerization of varioNsallylamides

mMonomers and co_-r_n_onome[ﬂs4,15]._Ruthenlum[16—22], catalyzed by [RuCIH(CO)(PRMs] have been summarized

iron [16,19,23,24] iridium [25], osmium[26], cobalt[27] in Table 1 Reactions were carried out in benzene, 1,4-

and rhodiun{16,23,28]complexes were applied for the iS0-  ginyane or THF or without a solvent. In such solvents

merization ofN-allyl compounds. In the present paper we as CHC, CCl, tetrachloroethene, 2-butanone, ethyl ac-
etate, 1,2-dimethoxyethane the reactions proceeded worse

« Corresponding author. Tel.: +48 322371707; fax: +48 322371205.  Or did not proceed at all (CHgland CC}k). The conver-
E-mail addressmariola7@polsl.gliwice.pl (M. Pigulla). sion of the allyl system was practically always quantita-
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Table 1
Isomerization oN-allylamides to enamides catalyzed by [RuCIH(CO)(®Bh[Ru]) and [RhH(CO)(PP¥)3] ([Rh])@
Entry N-Allylamide t(°C) 7 (h) S/C So (V) Enamide
Y° (%) E/Z°
O
1 Y 80 2 96 [Ru] GHs (0.50) 100 (88) 59/41
80 2 93 [Rh He (0.50 100 58/42
H/N\/\ [Rh] GHe (0.50)
2 ©\f0 80 3 59 [Ru] GHe (0.50) 100 (84) 67/33
100 2 54 [Rh GHs (0.50 100 67/33
AN [Rh] 6 (0.50)
HN__O
3 N 80 3 143 THF (1.00) 100 (69 42/58
H/ \/\
¥
N
4 ' YO 80 3 53 THF (2.50) 100 (50 79/21/0
H/N\/\
7\ o
5 S 70 3 57 GHe (0.84) 100 77123
TN
[\ I~
S I}\
6 120 2 54 GHe (1.30) 95 83/17
Lo
7 O/N\/\ 120 2 200 - 100 (93 85/15
0
8 \f 100 2 63 THF (0.77) 100 87/13
NN \/\
YO
9 @\/N 120 2 100 - 100 (19 91/9
\/\
(o}
10 Y 120 2 98 - 100 441660
/\/N\/\
L
11 120 2 68 - 100 (79 40/47/15
PN N
0
12 120 2 53 - 100 (79 53/47/1%
AN
F,C.__0O
13 Y 80 3 105 GHs (0.33) 98 55/45/0
/\/N\/\
H oH O
14 o N 80 3 53 THF (2.5) 100 (69 4/51/6

(0] OH H
|

a Experimental procedure as in our previous W[#R]; S/C: substrate:catalyst; So (V): solvent, (fffammol of substrate])y: yield of the double bond
migration product, determined By NMR.

b Conversion has always been quantitative (determinetHoMMR and GC-MS).

¢ Determined by'H NMR and GC-MS.

d Isolated yield after reduced pressure distillation.

€ Recrystallized from methanol.

f EEEZIZZ

9 Isolated yield after column chromatography.
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0 O Table 2
)k [Ru] + L + CaH, Deuterium distribution in the isomerization WNfallylethanamide catalyzed
R ONTN\F P Ri r‘u/ﬁ by Ru, R and R&
,'qz R? Catalyst/(Ru:substrate) Deuteriim

a) R' = CHs, R? = H, 80°C/2h, THF; b) R' = Ph, R? = H, 90°C/4h,THF; ¢) R' = NH,, ct c? cs

R? = H, 100°C/1h, 1,4-dioxane; d) R' = CH;, R* = Bu, 110°C/2h, 1,4-dioxane; [Ru] Ru! = {[RuCk(1,5-COD)}} 10 16 74

{RuCly(1,5-COD)],}; L = tris(2,4-di-t-butylphenyl) phosphite; amide : [Ru] : L : + PPh + NaBD;, (1:1:10)/(1:50)

Call=100:1:1:10 R = {[RuCly(1,5-COD)k} 24 41 35
+ P(OPh} + NaBDjy (1:1:10)/(1:50)

Fig. 1. Stereoselective isomerizationMfallylamides to Z)-enamides. R = {[RuCly(1,5-COD)}} 23 54 23

+ PPh-ds5 (1:1)/(1:20)

tive — only in the case of amidé a conversion of 95% @ The deuterium content ifEj- and €)-isomer was the same; errt8%;

was achieved, and for amidkS 98% (this was, perhaps, reaction conditions: 120C, 3 h, argon, 1,4-dioxane.

an equilibrium conversion). It is important to note that the
only products were 1-propenyl derivatives. As expected, to the product (i.e. the enamide), to both isom&sdZ)
the products consisted of a mixture BfandZ enamides.  to the same extent, s&4g. 2
In our earlier papers we demonstrated that dxigllyl-N- It is worth noting, that deuterium was present in all the
aryl-amides can be isomerized selectively E)-¢namides  three carbon atoms of the propenyl system, as well as in the
in the presence of [RUCIH(CO)(PB)], [RuCl2(PPhy)3] or nitrogen atom. The distribution of deuterium observed in the
[RhH(CO)(PPR)s] [22]. This (E)-selectivity is the result of  studied systems has been summarizethile 2 Therefore,
a specific coordination of the metal atom by the aryl sub- there is no doubt that in the case of all the catalytic systems
stituent. It ought to be noted, that amid&, which con- in our study the hydride mechanism operates. Moreover, if
tains unprotected hydroxyl groups, as well as an@ideth triphenylphosphine is a ligand, the active form is also formed
a strongly coordinating thiophene fragment did isomerize. via ortho-metallation — therefore in the case of Rieuter-
However, most interesting results were obtained when a ation of the enamide was observed too.
new catalytic system containing a precursoffRuCl»(1,5- Therefore, the results of our study imply that polymeric
COD)k}, a tri(2,4-dit-butylphenyl)phosphite ligand and a  {[RuCl,(1,5-COD)k} undergoes a transformation to a com-
hydride ligand donor (Ca) were employed. The applica-  plex containing a hydride ligand and a coordinated phosphite
tion of this catalytic system enabled us to obtain, in some in situ. Furthermore, we have found that the addition of a
cases, exclusivelyZj-enamides, segig. 1 greater amount of phosphite to the catalytic system results
To the best of our knowledge, this is the first example of a in a quick decrease of the catalytic activity. When the ra-
selective isomerization of allyl systems exclusively to (2)-1- tio Ru:P is 1:2 the system is completely inactive towards
propenyl derivatives in the presence of transition metal com- isomerization. This means that in the active form only one
plexes. The catalyst precursgRuClz(1,5-COD)k} without molecule of the phosphite is coordinated. A suggestion of the
an addition of phosphite and Catfor NaBH or NaH) is structure of this complex and of the key step determining the
catalytically inactive — due to the fact that it is completely (z)-selectivity is demonstrated Fig. 3.
insoluble in the solvent-substrate mixture. Moreover, the sys-  |n our opinion, steric interactions in tigeelimination step
tem{[RuClx(1,5-COD)k} — phosphite without an addition  are responsible for the higiZ)-selectivity. These repulsive
of a hydride ligand donor is inactive too. This observation interactions are weakest when Q and{ite on the same
undoubtly indicates that the double bond migration complies side of the plane in whicB-elimination takes place, and the
with the hydride mechanism. In order to test this hypothe- bulky phosphite ligand is on the other side. However, when
sis, we carried out the isomerization Nfallylethanamide  the ligand was sterically less demanding (triphenylphosphite)
in the presence of the following catalytic systems:'Ru we observed a mixture of isomeriE)¢ and @)-enamides.
{[RuCly(1,5-COD)k} + PPl + NaBDy, RW? = {[RuCly(1,5- In order to remove [Ru] from the post-reaction mix-
COD)L} + P(OPh} + NaBDy, Ru® = {[RuCl(1,5-COD)k} ture, siliceous mesoporous cellular foams (MCFs) were used,
+ PPh-dis. In each case we observed a deuterium transfer which constitute a new class of materials with well-defined

Cl
Me N)%H [Ru] + L +[D] Me Nw}[a))
| 1,4-D, Ar | H(D)
H H H(D) H(D)
CZ

Fig. 2. Isomerization oR-allylethanamide in the presence of RRU! = {[RuCh(1,5-COD)k} + PPk + NaBDy), R/ ({[RuCly(1,5-COD)k} + P(OPh} +
NaBDy) and R& ({[RuClp(1,5-COD)k} + PPh-d;5). Reaction conditions are quotediable 2
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So
X,, ’ POR),
Ry
(A) (B)

Fig. 3. (A) Postulated structure of the active form of the ruthenium catalyst.

(B) Postulated transition structure for th&-{selective isomerization df-

allylamides (R = 2,4-dt-butylpheny] X = H or ClI).

YO

(M]-H

uniform ultra-large mesopordg29,30] We have found that
the efficiency of [Ru] separation using a column with MCFs
was significantly higher compared with a typical silica gel
(200—400 mesh, Aldrich). MCFs were used to separate the
catalyst from theZ)-enamides.

Moreover, it was demonstrated that isomerization of an
N-allylamide containing a trimethylsilyl group at the double
bond is possible, sdeg. 4. This finding broadens the scope
of applications of these isomerization reactions in organic
syntheses. It is worth noting that in the case of anilde
high (E)-selectivity of double bond migration was observed.
This also confirms our earlier statement thiallyl-N-aryl
systems isomerize td&jf-1-propenyl derivativef22].

Silylated amide was obtained via silylative coupling of
N-allyl-N-phenylethanamide with trimethylvinylsilane in the
presence of a ruthenium catalyst, §ég. 5.

YO

—_—

130°C, 2h, Ar TN SIMe

h/NWSiMe3
[M]-H = 3% mol [RuCIH (CO)(PPhs),], conversion = 96%

Fig. 4. Isomerization of silylateN-allylamide.

YO

h/NWSiMe3

[Ru]-H
—_—
110°C, 24h, Ar

YO

ph/N P e SiMe,

[Ru]-H = 0.2% mol [RuCIH(CO)(PCys3)a], isolated yield = 50%

Fig. 5. Synthesis of silylateN-allylamide.
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Fig. 6. 1H NMR spectrum of E,E)- and E,2)-N,N-di(1-propenyl)ethanamides at 20 and 2@Xin nitrobenzene-).
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The silylative coupling reaction was also highl){ TheseN-allylethanamides were obtained by a typical acy-
selective. lation of allyl or diallylamine with acetic anhydridé&6]. Af-
During the NMR analysis of N,N-di(1-propenyl) ter the reaction the mixture was fractionally distilled under
ethonamide in théH NMR spectrum recorded at room tem-  reduced pressure.
perature broad separate lines of methyl and methine protons Method B N-Allylbenzamide 2),N-allyl-2- thiophene-
of the E,E-isomer were observed likewise they are in non- carboxamide&), N-allyl-N-cyclohexylethanamiderf, N,N-
equivalent environmentd$-{g. 1a). TheE,Z-isomer retained  diallylbenzamide 11) and 2,2-dimethyN,N-diallylpropio-
the expected characteristic spin—spin coupling multiplets of namide (2).
those protons in these conditions. As the temperature of mea- The procedure was run according to Carnahan and Hurd
surements is raised, the separate signals coalesce to singlg1]. Appropriate allylamine was mixed with acidic chloride.
peaks which become narrow at 10D (Fig. 1b). Probably Crude amides were distilled under reduced pressure or crys-
this phenomenon is caused by inhibited rotation of molecule tallized from ethanol.
at room temperature and possible intramolecular hydrogen  Method C N-Allyl- N-(2-thienyl)ethanamide6] and N-
bond (G=0O- - - H—C) formation as a consequence of the more allyl-N-benzylethanamided].
planar form of theE,E-isomer in comparison with thg,Z- We used the procedure described in our earlier paper
isomer, sedig. 6. [21] for the allylation of N-allyl-N-arylethanamides. An
An analogous effect was observed in the case amide (0.2mol), 50% aq. NaOH (50 ém BusN+tHSO,~
of (E,E)-N,N-di(1-propenyl)-1,1,1-trifluorethanamide and (0.002 mol) and excess of allyl chloride (50€nwere in-
(E,E)-N,N-di(1-propenyl)benzamide. But this phenomenon tensively stirred and refluxed in a water bath for 4 h. After
did not occur in the case oE(E)-2,2-dimethyIN,N-di(1- cooling, 100 crd of water were added and the excess of al-
propenyl)propanamide. It is likely that the presence of the lyl chloride was removed by distillation from the water bath.
bulky MesCCO group at the nitrogen atom precludes pla- The residue was extracted two times with 10Gawh hex-
narization of the molecule, thus hindering the formation of ane (or pentane). The combined extract was dried with an-
an intramolecular hydrogen bond. hydrous magnesium sulphate and decolorized by active coal.
After distilling the whole volatiles off (by means of a vacuum
evaporator), the residue was distilled under reduced pressure
3. Conclusions (0.5-1 mmHg) or recrystallized.
N-Allyl-N-butylethanamide 8).  N-Allylethanamide

Isomerization oN-allylamides catalyzed by [RuCIH(CO) (30 mmol), powdered NaOH (150 mmol), Bu*HSO,~
(PPhy)3] leads to E)- and @)-enamides with a yield of prac- (L0 mmol) and 1-chlorobutane (150 mmol) were intensively
tically 100%. The application of a novel catalytic system Stirred and refluxed in a water bath for 2h. After cooling,
consisting of a precursor{fRuCl(1,5-COD)k}, tri(2,4- 60 cn? of petrol ether and 60 cfrof water were added. The
di-t-butylphenyl)phosphite and CaHor the isomerization ~ extract was washed with water and dried with anhydrous
of SomeN_a||y|amideS allows to Obtainzo_enamides with magneSiUm Sulphate. The volatile matter was distilled off
100% selectivity. The double bond migration catalyzed by With a vacuum evaporator.
this new system complies with the hydride mechanism. The  (E)-N-phenyl-N-(3-trimethylsilyl-2-propenyl)ethanam-
high @)-selectivity is a result of steric effects. ide. [RUHCI(CO)(PCy}] (30 mg; 0.041 mmol), vinyl trime-
thylsilane (0.41g; 4.1 mmol)N-phenylN-allylethanamide
(3.59g; 20.5 mmol) and 0.5 chof toluene were heated for
24 h at 110C under argon in a 20 cirsealed ampoule. The
mixture was chromatographed in a column containing silica
4.1. Materials sand with hexane—methyl acetate (50:1) as eluent. The crude
amine was distilled under reduced pressure yielding 0.519
(50% vyield) of the title compound.

N-Allyl-2-thiophenecarboxamide MS (70eV), mle

4. Experimental

Allyl chloride and allyl bromide were from Aldrich. Sol-
vents were Ddried owith appropriate drying agents (molecu- . i .. J ) )
lar sieves (A or 4A), Na, Cahp) and distilled prior to use. (int .[%])' 167 (.10) MZ’ _152 (11.)’ 139 _(4)' 124 (13); 12
N-Allylurea (3) were purchased from Fluka, 1,3-diallylurea (11); Illl '(100)’ 97 (2); 8_3 (3); 56 (5); 45 ( %_' NMR
(4) andN,N-diallyl-2,2,2-trifluoroethanamidel@), (+)-N,N-  (CPCl). 8:7.54 (dd, 1HJ = 3.9, <1.0 Hz;-S-CH=CH-),

diallyltartardiamide {4), N-allylcyclohexylamine were from 747 (dd, 1H,J = 4.8, <1.0Hz, -5-C=CH-), 7.07
Aldrich. (dd, 1H,J = 4.8, 3.9Hz;-S-CH=CH-), 6.26 (s, 1H,

—NH-CH;—CH=CH), 5.76 (ddt, 1HJ)=17.1, 10.5, 5.7 Hz,

—NH-CHCH=CHy), 5.25 (ddt, 1HJ=17.1, <0.9, <0.9 Hz,

4.2. General procedures of synthesis of N-allylamides —NH—-CH,CH=CH,-trans), 5.18 (ddt, 1H,J = 10.5, <0.9,
<0.9 Hz,—CH,CH=CH>-cis), 4.06 (ddd, 2HJ = 5.7, <0.9,

Method AN-Allylethanamide L), N,N-diallylethanamide <0.9Hz, -CH,CH=CH,). 13C NMR (CDCk), §: 158.3
(10). (—CONH-); 134.0 (S-C=CH-); 129.9 S-C=CH-);
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129.9 (CH,—CH=CH,); 128.1 S-CH=CH-); 127.6
(-S-CH=CH-); 116.8 CH,—CH=CH,;) and 42.4
(—CH2—CH=CHpy).

N-Allyl-N-(2-thienyl)ethanamideMS (70eV), m/e (int
[%]): 181 (27)M*; 178 (10); 139 (64); 129 (11); 119 (13);
115 (15); 110 (15); 105 (24); 98 (89); 91 (50); 81 (24);
69 (29); 63 (100); 55 (71); 51 (23H NMR (CgDg):
5: 6.64 (dd, 1H,J = 4.8, 1.0Hz,—S-CH=CH-), 6.46
(dd, 1H,J = 4.8, 3.9Hz,—-S-CH=CH-), 6.30 (dd, 1H,
J = 3.9, 1.0Hz,-S-C=CH-), 5.76 (ddt, 1H,J = 17.1,
10.5, 6.0Hz,—CH,CH=CH), 4.92 (ddt, 1H,J = 9.6, 1.2,
<0.9 Hz,—CH2CH=CH,-cis), 4.91 (ddt, 1H,J = 21.0, 1.2,
<0.9 Hz, —CH>CH=CHa-trans), 4.13 (ddd, 2H,J = 6.0,
<0.9, <0.9 Hz;~CH,CH=CHy), 1.76 (s, 3H—COCH3). 13C
NMR (CgDg): é: 169.9 (COCHz—), 145.3 (S—C=CH-),
132.5 (CH,—CH=CHp), 1254 S-C=CH-CH=),
1249 (S-CH=CH-), 124.4 (S-CH=CH-), 117.9
(-CHoCH=CHy), 52.4 (CH>CH=CHp) and 21.9
(—COCHy).

N-Allyl-N-butylethanamideMS (70 eV), m/e (int [%)]):
155 (16)M*; 140 (51); 126 (31); 112 (58); 98 (16); 84 (34);
70 (100); 56 (35); 43 (60):H NMR (CDClg), §: 5.76 (ddt,
1H,J=17.7, 9.3, 6.0 Hz-=CH,CH=CHy), 5.19 (ddt, 1HJ
=17.7, 1.2, <0.9 Hz-=CH,CH=CH>-trans), 5.17 (ddt, 1H,
J=19.3, 1.2, <0.9 Hz-CH,CH=CH>-cis), 3.98 (ddd, 2H,
=6.0, <0.9, <0.9 Hz-CH,CH=CHa-rotamer 2), 3.89 (ddd,
2H,J=6.0, <0.9, <0.9 Hz-CH,CH=CHa-rotamer 1), 3.32
(t, 2H, J = 7.5 Hz,—~CH,—CH,—CH,—CHgs-rotamer 1), 3.23
(t, 2H, J = 7.5 Hz,—~CH,—CHy—CH,—CHgs-rotamer 2), 2.12
(s, 3H,—COCH3-rotamer 2), 2.06 (s, 3H;COCH3-rotamer
1), 1.51 (tt, 2H,J = 8.7, 7.5 Hz,—CHy—CH>—CHy—CHj3),
1.32 (tq, 2H,J = 8.7, 8.7 Hz,—CH>;—CH;—CH>—CHj3),
0.92 (t, 3H,J = 8.7Hz, —CHy—CH,—CH,—CH3). 13C
NMR (CDClg), §: 178.2 COCHs-rotamer 1), 168.3
(—COCHg-rotamer 1), 133.4«CH,CH=CH,-rotamer 2),
132.8 (CHyCH=CHa-rotamer 1), 116.3HCH;CH=CH,-
rotamer 2), 115.9 {(CH,CH=CH,-rotamer 1), 50.6
(-CH,—CH=CHgz-rotamer 1), 47.6 «{CH,—CH=CH,-
rotamer 2), 47.4 ACHy—CH;—CH,—CHjs-rotamer
1), 45.3 (CH;—CH;—CHo—CHgs-rotamer 2), 30.4
(—CH2—CHy—CH,—CHs-rotamer 2), 29.5 {CH;—CHy—
CHo—CHs-rotamer 1), 21.1 «CHy;—CH;—CHy—CHs-
rotamer 1), 20.9 (CH,—CHy—CH,—CHs-rotamer 2),
19.8 (COCHs-rotamer 1), 19.6 {COCHz-rotamer
2), 13.5 (CHo—CHo—CHy—CHs-rotamer 1) and 13.4
(—CHy—CHy—CH,—CHs-rotamer 2).

N-Allyl-N-benzylethanamiddp = 120°C/2 mmHg. MS
(70eV),mle (int [%]): 189 (29)M*; 173 (11); 148 (75); 129
(20); 116 (9); 105 (100); 90 (95); 79 (30); 65 (43); 55 (6.
NMR (CDCl), §: 7.37—-7.15 (m, 5H, ko), 5.76 (ddt, 1H,)
=17.7,10.2,6.0 Hz.CH,CH=CH), 5.20 (ddt, 1HJ=10.2,
1.2, <0.9 Hz,—~CH,CH=CH>-cis), 5.08 (ddt, 1HJ = 17.7,
1.2, <0.9Hz,—CH,CH=CH»-trans), 4.58 (s, 2H,—CHa-
rotamer 1), 4.49 (s, 2H;CH»-rotamer 2), 3.98 (ddd, 2H),
=6.0, <0.9, <0.9 Hz-CH>CH=CHa-rotamer 2), 3.80 (ddd,
2H,J=6.0, <0.9, <0.9 Hz;-CH,CH=CH,-rotamer 1), 2.14

(s, 3H,—COCH3-rotamer 2), 2.13 (s, 3H;COCH3-rotamer
2). 13C NMR (CDCk), §: 170.8 (COCHs-rotamer 1),
170.6 (COCHz-rotamer 1), 137.6{CH,CH=CH,-rotamer
1), 136.7 £CH;CH=CHa-rotamer 2), 132.9 (€arom ro-
tamer 2), 132.4 (€aom rotamer 1), 128.9 (&£arom ro-
tamer 2), 128.5 (€arom and G.grom rotamer 2), 128.1
(Cz-aromand G_agrom rotamer 1), 127.5 (&arom rotamer 1),
127.3 (G-arom and Gs-arom rotamer 2), 126.3 (&€arom and
Cé-aromrotamer 1), 117.4{CH,CH=CH,-rotamer 2), 116.7
(—CH2CH=CHg-rotamer 1), 50.9+CH,CH=CH,-rotamer
2),49.8 (CH,CH=CHay-rotamer 1), 48.0{CH,-rotamer 1),
47.7 (CHy-rotamer 2), 21.6{COCH;-rotamer 2) and 21.4
(—COCH;z-rotamer 1).

(E)-N-Phenyl-N-(3-trimethylsilyl-2-
propenyl)ethanamide bp = 140-145C/1mmHg. MS
(70 eV),mle (int [%)]): 247 (81)M*; 232 (100); 218 (5); 204
(14); 190 (32); 174 (29); 156 (38); 132 (97); 118 (84); 106
(45); 93 (16); 73 (94); 59 (15XH NMR (CgDs), 8: 7.54
(ddd, 2H,J2_3: J5_5: 6.9,J3_4: J4_5: 7.5,J3_5: >1.0 HZ,
H3-arom and Hs.arom), 7.31 (dd, 1HJ3 4= J45=7.5,J24
=J4-6=>1.0Hz, H-arom), 7.31 (dd, 2HJo_3=J5 6= 7.5,
Jo—4 = Jsg = 1.0HZ, H-arom and Hs.arom), 6.21 (dt, 1H,
J=18.6, 5.4Hz~CH,CH=CH-), 5.84 (dt, 1H,J = 18.6,
>1.0Hz,—CH,CH=CH-), 4.50 (dd, 2H,J = 5.4, >1.0Hz,
—CH,CH=CH-), 2.04 (s, 3H,—COCH3), 0.20 (s, 9H,
—Si(CHs)3). 13C NMR (CDCh), 8: 169.5 (COCHg), 146.2
(C1-arom, 140.2 (CH,CH=CH-), 133.1 (CH,CH=CH-),
129.1 (G-arom and G.arom), 127.8 (G-arom and Gs-arom),
127.5 (G-arom), 53.8 (CH,CH=CH-), 21.3 (COCH3)
and—1.7 Si(CHs)3).

4.3. Ruthenium and rhodium complexes

[RUCIH(CO)(PPR)s] [32], {[RuCl(COD)L} [33],
[RhH(CO)(PPh)3] [34] were obtained according to the
methods known in literature. Tris(2,4-tbutylphenyl)
phosphite was from Aldrich.

4.4. (E)- and (Z)-enamides (general procedure)

N-Allyl amides were heated with [RuCIH(CO)(PHB]
(with or without a solvent) under argon atmosphere in high-
pressure glass ampoules, which were put in a thermostat
(£0.1°C). The proportions of the substrate, the catalyst and
the solvent have been presentedatle 1 After the reaction
had been completed, the crude amide was chromatographed
in a column containing silica gel (200—400 mesh) and hexane
as eluent, distilled under reduced pressure or recrystallized
from methanol (se@able 7). Pure enamides were obtained
with yields of 55-95%.

4.5. (2)-Enamides (general procedure)
N-Allyl amide (0.01mol), {[RuClx(1,5-COD)k}

(1 mol%), tris(2,4-dit-butylphenyl)phosphite (1 mol%) and
Cahp (10 mol%) in 5 cni THF were heated at 8@ for 2 h
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(N-allylbenzamide: 90C for 4 h, N-allylurea: 100°C for 6.6 Hz, —-CH=CHCHg), 1.62 (dd, 3H,J = 6.6,
1h) under argon atmosphere. After cooling down to room 1.5Hz, —CH=CHCHs3). 13C NMR (CD3;0OD), §
temperature, 10 cfrof benzene—hexane mixture (1:3) were = 158.8 (CONHy), 125.7 (CH=CHCHz), 104.4
added. The precipitated ruthenium compounds and phos-  (—CH=CHCHj3) and 15.0CH=CHCH3).

phine were filtered off. The filtrate was chromatographed (2)-(2-Propenyl)jurea MS (70eV), mle (int [%)]):
in a column containing 0.6g of siliceous mesoporous 100 (40) M*; 82 (1); 60 (2); 56 (100); 54
cellular foams. After evaporating the solvent in a vacuum (8). 'H NMR (CDs0OD), §: 6.44 (ddq, 1H,J
evaporator, the residue was distilled under reduced pressure. 8.7, 1.5Hz, —-CH=CHCHs), 4.54 (dq, 1H,J
(N-(1-Propenyl)urea was recrystallized from methanol: 8.7, 6.9Hz, —-CH=CHCHj3), 1.53 (dd, 3H,J

1. (E)-N-(1-Propenyl)ethanamide MS (70eV), mle

(int [%]): 99 (33) M*; 84 (3); 56 (100); 52
(3). IH NMR (CDChL), §: 8.21 (d, J = 6.9Hz,
—NH-CH=CHCHg), 6.73 (ddq, 1H,J = 14.1, 6.9,
1.5Hz, -NH-CH=CHCHg), 5.21 (dg, 1H,J = 14.1,
6.6 Hz,~NH—CH=CHCHjz), 2.02 (s, 3H~CHz), 1.62
(dd, 3H,J=6.6, 1.5 Hz-NH-CH=CHCH3). 13C NMR
(CDCh), §: 167.9 (COCHgz), 123.5 (CH=CHCHg),
108.0 (CH=CHCHs), 22.9 (-COCH3) and 14.9
(—~CH=CHCH3).

(2)-N-(1-Propenyl)ethanamide MS (70eV), mle
(int [%]): 99 (13) M*; 84 (3); 56 (100); 52
(2). 'TH NMR (CDClk), §: 8.37 (d, J = 6.9Hz,
—NH-CH=CHCHj), 6.66 (ddq, 1HJ=7.2,6.9, 1.5 Hz,
—NH—CH=CHCHg), 4.79 (dq, 1H,J = 7.2, 6.6 Hz,
—NH-CH=CHCHjz), 2.10 (s, 3H~CH3) and 1.62 (dd,
3H, J = 6.6, 1.5Hz,~NH-CH=CHCHj3). 13C NMR
(CDCl), §: 168.5 (COCHg), 122.0 (CH=CHCHg),
106.0 (CH=CHCHs), 23.0 (COCH3) and 11.1
(~CH=CHCH3).

. (E)-N-(1-Propenyl)benzamideMS (70eV), m/e (int
[%]): 161 (41)M*; 146 (11); 144 (10); 105 (100); 77
(10); 56 (2); 51 (5)*H NMR (CDCls), §: 7.80 (d, 1H,) =
7.5Hz,—NH-CH=CHCHjg), 7.53-7.23 (m, 5H, Hom),
6.90(ddq, 1HJ=14.1,7.5, 1.5 HzNH-CH=CHCHg),
5.41 (dg, 1H,J = 14.1, 6.9 Hz,—NH—-CH=CHCHj),
1.67 (dd, 3HJ = 6.9, 1.5 Hz—NH—CH=CHCHj5). 13C
NMR (CDCl), 5: 164.5 (-CO-), 131.4 (G-aron), 133.7
(C1-arom, 128.2 (G-aromand G.arom), 127.1 (G-aromand
Cé-aron), 123.6 (CH=CHCHg), 109.1 (CH=CHCHj3)
and 14.9 {CH=CHCHy).
(2)-N-(1-Propenyl)benzamideMS (70eV), m/e (int
[%]): 161 (30) M*; 146 (13); 105 (100); 77 (12); 56
(3); 51 (6). 'H NMR (CDCl), §: 8.14 (d, 1H,J =
7.2Hz,—NH-CH=CHCHj3), 7.53-7.23 (m, 5H, Hom),
6.90 (ddq, 1HJ)=7.5, 7.2, 1.5 Hz-NH—CH=CHCHg),
4.92 (dg, 1HJ = 7.5, 6.9 Hz-NH—-CH=CHCHz) and
1.70 (dd, 3HJ = 6.9, 1.5 Hz—-NH—CH=CHCHS3). 13C
NMR (CDCl3), 5 =164.7 ¢CO-), 131.7 (G-aron), 134.5
(C1-arom, 128.5 (G-aromand G.arom), 126.9 (G-aromand
Cé-aron), 122.0 (CH=CHCHg), 106.8 (-CH=CHCH3)
and 10.9 £{CH=CHCHy).

. (E)-(1-Propenyljurea MS (70eV), mle (int [%)]):
100 (40) M*;82 (1); 60 (2); 56(100); 54 (8).
IH NMR (CD3OD), §: 6.48 (ddg, 1H,J = 13.5,
1.5Hz, —-CH=CHCHz), 4.94 (dq, 1H,J = 13.5,

6.9, 1.5Hz, -CH=CHCHs). 13C NMR (CD;0D),
8: 158.8 (-CONHy), 124.1 (CH=CHCHg), 102.2
(~CH=CHCHjs) and 10.7 {CH=CHCHy>).

. (E,2)-1,3-Di(1-propenyl)urea MS (70eV), m/e (int

[%]): 140 (27)M*; 117 (1); 111 (64); 105 (2); 91 (6);
84 (8); 63 (11); 56 (100); 51 (3):H NMR (CD30D),
8:6.48 (dq, 1HJ = 13.8, 1.5 Hz-CH=CHCHjs-trans),
6.47 (dq, 1HJ = 7.5, 1.5 Hz-CH=CHCHgz-cis), 4.98
(dg, 1H,J=13.8, 6.9 Hz;-CH=CHCHs-trans), 4.60 (dq,
1H,J=7.2,6.9 Hz;-CH=CHCHjs-cis), 1.64 (dd, 3H,] =
6.9, 1.5 Hz-CH=CHCH3s-trans), 1.58 (dd, 3H,J=6.9,
1.5Hz, ~CH=CHCH3-cis). 3C NMR (CD3COCDz),
8: 152.1 (-CONHy), 125.8 (CH=CHCHg-cis), 124.4
(~CH=CHCHs-trans), 103.0 - CH=CHCHjz-cis), 100.7
(—CH=CHCHgs-trang), 15.2 (CH=CHCH3s-transg) and
11.0 (CH=CHCHg3-cis).

(Z,2)-1,3-Di(1-propenyl)jurea MS (70eV), m/e (int
[%]): 140 (27)M*; 117 (1); 111 (64); 105 (2); 91 (6);
84 (8); 63 (11); 56 (100); 51 (3YH NMR (CD30D), 5
6.48 (dq, 1H,J = 7.3, 1.5 Hz—CH=CHCH), 4.59 (dq,
1H,J=7.3, 6.9 Hz—~CH=CHCHzs), 1.60 (dd, 3HJ =
6.9, 1.5Hz,—~CH=CHCH3). 13C NMR (CD3COCD3),
8: 152.1 (CONHp), 125.9 (CH=CHCHg), 103.2
(~CH=CHCHjs) and 11.0{CH=CHCHy3).

. (E)-N-(1-Propenyl)-2-thiophenecarboxamide MS

(70eV), mie (int [%]): 167 (22) M*; 152 (11);
139 (4); 124 (11); 111 (100); 83 (3); 56 (5); 45
(2). TH NMR (DMSO0), §: 10.24 (dd, 1H,J = 9.9,
>1.0Hz; -NH-CH=CHCHg), 7.97 (dd, 1H,J =
3.7, 1.0Hz,-S-CH=CH-), 7.78 (dd, 1H,J = 4.9,
1.0Hz, —-S-C=CH-CH=), 7.19 (dd, 1H,J = 4.9,
3.7Hz; —S-CH=CH-), 6.87 (ddg, 1H,J = 14.1,
9.9, 1.5Hz; -NH-CH=CHCHg), 5.44 (dqd, 1H,
J = 14.1, 6.8, >1.0Hz,—~NH-CH=CHCHz), 1.71
(dd, 3H,J = 6.8, 1.5Hz,—~CH=CHCHz3). 13C NMR
(DMSO0), §: 158.3 (CONH-), 139.36 {S-C=CH-),
130.5 (S-C=CH-), 128.7 (S-CH=CH-), 127.9
(-S-CH=CH-), 124.1 (CH=CHCHg), 107.9
(~CH=CHCHj3) and 15.0 { CH=CHCHy3).
(2)-N-(1-Propenyl)-2-thiophenecarboxamide  MS
(70eV), mle (int [%]): 167 (29) M*; 152 (7);
134 (10); 124 (6); 111 (100); 83 (4); 56 (2); 45
(2). 'TH NMR (DMSO), §: 9.60 (dd, 1H,J = 9.6,
>1.0Hz; -NH-CH=CHCHjg), 8.09 (dd, 1H,J =
3.7, 1.0Hz,—S-CH=CH), 7.82 (dd, 1H,J = 4.9,
1.0Hz, —-S-C=CH-), 7.20 (dd, 1H,J = 4.9, 3.7 Hz,
—S-CH=CH-), 6.71 (ddg, 1H,J = 9.6, 7.5, 1.2 Hz;
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—~NH—CH=CHCHs), 4.88 (dgd, 1H,J = 7.5, 6.8,
>1.0 Hz, \NH—CH=CHCHj), 1.76 (dd, 3H,J = 6.8,
1.2 Hz, —~CH=CHCH3). 13C NMR (DMSO), §: 159.5
(~CONH-), 139.0 (S-C=CH-), 131.6 (S-C=CH-),
129.5 (S-CH=CH-), 128.3 (S-CH=CH-), 122.4
(-CH=CHCH), 107.5 (CH=CHCHs) and 11.722
(~CH=CHCHs).

. (E)-N-(1-Propenyl)-N-(2-thienyl)ethanamide = MS

(70 eV),m/e(int[%]): 181 (38)M*; 152 (11); 139 (100);

129 (10); 124 (14); 115 (12); 111 (23); 105 (28); 98 (64);

91 (47); 77 (45); 69 (25); 63 (91); 57 (61); 51 (33M
NMR (CDClg), §: 6.95-6.45 (m, 3H, Hom), 7.66 (dq,
1H,J=14.1, 1.5Hz-CH=CHCHg), 4.45 (dq, 1HJ =
14.1, 6.9 Hz-CH=CHCHpg), 1.69 (s, 3H;-~COCH3) and
1.21 (dd, 3HJ) = 6.9, 1.8 Hz-CH=CHCH3). 13C NMR
(CsHe), 8: 168.0 (COCHz—), 142.2 (S-C=CH-),
1339 {(S-C=CH-), 132.2 {(S-CH=CH-),
129.7 (S-CH=CH-), 128.6 (CH=CHCHg),
107.3 CH=CHCHg), 22.7 (COCH;) and 15.1
(—CH=CHCHy3).

(2)-N-(1-Propenyl)-N-(2-thienyl)ethanamide ~ MS
(70eV), mle (int [%]): 181 (38) M*; 152 (11); 139

(100); 129 (10); 124 (14); 115 (12); 111 (23); 105

(28); 98 (64); 91 (47); 77 (45); 69 (25); 63 (91):
57 (61); 51 (33).1H NMR (CDCk), §: 6.89 (dd,
1H, J = 5.4, 1.0Hz,—S-CH=CH-), 6.40 (dd, 1H,
J = 5.4, 3.6Hz,—~S-CH=CH-), 6.30 (dd, 1H,J =
3.6, 1.0Hz, -S-C=CH-), 7.12 (dg, 1H,J = 6.9,
1.5 Hz; —-CH=CHCHg), 4.45(dq, 1H,J = 7.2, 6.9 Hz,
—CH=CHCHz), 1.78 (s, 3H,—COCHs), 1.46 (dd,
3H, J = 7.2, 1.5Hz, -CH=CHCH3). 13C NMR
(CgHe), 8: 168.0 (COCHz—), 142.2 (S-C=CH-),
134.2 (S-C=CH-), 1324 (S-CH=CH-),
129.7 (S-CH=CH-), 128.8 (CH=CHCHp),
108.5 (CH=CHCHz), 22.6 (COCH) and 14.9
(~CH=CHCHj).

. (E)-N-Cyclohexyl-N-(1-propenyl)ethanamide  MS

(70eV),m/e (int [%]): 181 (12)M*; 166 (11); 138 (5);
110 (5); 100 (27); 96 (28); 83 (20); 67 (5); 57 (100);
43 (49); 39 (19).1H NMR (CDCl3), &: 5.98 (dd, 1H,
J = 13.6, 1.8 Hz,—~CH=CHCHz); 5.52 (dq, 1H,J =
13.6, 6.8 Hz, CH-CHCHg), 4.23 (dddd, 1HJ;5= 11.8,
La = 10.8,Jae = 3.5,J;, = 3.5Hz, (H-cyclohexyl),
1.96 (s, 3H—-COCH3), 1.76 (dd, 3HJ = 6.8, 1.8 Hz,
—CH=CHCHg3), 1.78-0.95 (m, 10 H, H-cyclohexyl).
13C NMR (CDChk), §: 169.3 (COCHg), 128.0
(—-CH=CHCHjs), 126.3 (CH=CHCHs), 53.1 (G-
cyclohexyl), 30.3 (G-cyclohexyl and G-cyclohexyl),
25.5 (G-cyclohexyl and G-cyclohexyl), 25.4 (G-
cyclohexyl), 23.0COCH3), 14.8 CH=CHCH3).
(2)-N-Cyclohexyl-N-(1-propenyl)ethanamide  MS
(70eV),m/e (int [%]): 181 (9)M*; 166 (8); 138 (3); 110

(5); 100 (19); 96 (27); 83 (40); 68 (8); 57 (100); 43 (58);

39 (22).1H NMR (CDCl), §: 5.98 (dd, 1H,J = 7.0,
1.8 Hz, —~CH=CHCHg), 5.69 (dg, 1H,J = 7.0, 7.0Hz,
—CH=CHCHz), 4.44 (dddd, 1HJaa= 11.8, /4, = 10.7,

Jae = 3.7,J}c = 3.7Hz, H-cyclohexyl), 2.02 (s, 3H,
—COQCH3),1.60(dd, 3HJ=6.8, 1.8 Hz,-CH=CHCH3),

1.78-0.95 (m, 10 H, H-cyclohexy3C NMR (CDCk),

8. 169.1 (COCHg), 128.2 (CH=CHCHz), 126.8
(—CH=CHCHg3), 53.2 (G-cycloheksyl), 30.0 (&

cyclohexyl and G-cyclohexyl), 25.3 (G-cyclohexyl

and G-cyclohexyl), 25.3 (G-cyclohexyl), 22.0
(~COCH3) and 12.2 {CH=CHCHj3).

. (E)-N-Butyl-N-(1-propenyl)ethanamideMS (70eV),

m/e (int [%]): 155 (70) M*; 140 (74); 126 (16);
113 (71); 98 (13); 84 (79); 70 (100); 57 (25).
IH NMR (CDCk), & 6.45 (dg, 1H,J = 13.5,
1.2Hz, -CH=CHCHg), 5.05 (dg, 1H,J = 13.5,
6.9Hz, —CH=CHCHz), 3.57 (t, 2H, J = 7.5Hz,
—CHp—CHp—CHy—CHg), 2.16 (s, 3H~COCH3), 1.73
(dd, 3H,J = 6.9, 1.2 Hz,~CH=CHCH3), 1.50 (it, 2H,
J =75, 6.9Hz,—CH,—CH>—CH,—CHg), 1.33 (tq,
2H, J = 7.5, 6.9 Hz,~CH,—CH,—CH,—CHg), 0.92 (t,
3H, J = 7.5Hz, —CH,—CH>—CH,—CH3). 3C NMR
(CDCl), 8: 168.3 (-COCHg), 128.3 (-CH=CHCHg),

107.2 (CH=CHCHy), 42.4 (CH—CHo—
CHo—CHs), 28.7 (CHo—CH>—CH,—CHg), 21.7
(—CH2—CH>—CH2>—CHg), 19.9 (COCH3), 15.2

(—CH=CHCHg3) and 13.5{CH,—CHy—CH,—CH3).
(2)-N-Butyl-N-(1-propenyl)ethanamideMS (70 eV),
m/e (int [%]): 155 (11)M*; 140 (70); 126 (10); 112 (6);
84 (44); 70 (100); 57 (11)*H NMR (CDCl), 8: 6.03
(dq, 1H,J = 7.8, 1.5 Hz-CH=CHCHg), 5.53 (dq, 1H,
J=7.8,7.8Hz—CH=CHCHj3), 3.34 (t, 2H,J = 7.5 Hz,
—CHy—CH;—CH;—CHg), 2.00 (s, 3H-COCH3), 1.62
(dd, 3H,J = 7.8, 1.5Hz,—CH=CHCH3), 1.50 (tt,
2H,J=7.5, 6.9 Hz~CH,—CH,—CH,>—CH3), 1.33 (iq,
2H, J = 7.5, 6.9 Hz,—~CH,—CH,—CH>—CHjz), 0.95 (t,
3H, J = 7.5Hz, —~CHy—CH,—CHy—CHj3). 3C NMR
(CDClg), §: 168.3 (COCHg), 125.9 (CH=CHCHg),
105.4 (CH=CHCHjz), 45.4 (-CH»—CH,—CHy—CHs),
29.4 (CH,—CH»,—CH,—CHg), 21.9 (CH,—CHy—
CH»—CHg), 19.8 (COCH3), 13.5 (CH=CHCH3) and
13.4 (CH;—CHy—CH,—CH3).

. (E)-N-Benzyl-N-(1-propenyl)ethanamid®lS (70eV),

m/e (int [%]): 189 (36) M*; 173 (21); 146 (40); 132
(31); 98 (18); 91 (100); 89 (12); 65 (30); 62 (9).
1H NMR (CDCl), §: 7.39-7.13 (m, 5H, Hom), 6.54
(dg, 1H,J = 13.8, 1.5Hz,—~CH=CHCHg), 5.00 (dq,
1H, J = 13.8, 7.2Hz,—~CH=CHCHs), 4.85 (s, 2H,
—CHy-), 2.29 (s, 3H,—~COCH3), 1.63 (dd, 3H,J =
7.2, 1.5Hz,—CH=CHCHs). 13C NMR (CDCk), &:
168.5(COCHg), 137.3 (G-arom), 128.9 (G-arom), 128.4
(Cz-aromand G-arom), 126.8 (G-aromand G.arom), 125.5
(~CH=CHCHg), 108.9 (CH=CHCHz), 46.7 (-CH-),
22.2 (COCHg) and 15.5 {CH=CHCHy).
(2)-N-Benzyl-N-(1-propenyl)ethanamid®lS (70eV),
m/e (int [%]): 189 (18) M*; 173 (21); 146 (40); 132
(29); 98 (18); 91 (100); 70 (6); 65 (30); 56 (AH
NMR (CDCl), 8: 7.39-7.13 (m, 5H, Hom), 4.98
(dg, 1H,J = 7.8, 1.8Hz,—~CH=CHCHg), 5.49 (dq,
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1H, J = 7.8, 6.9Hz,—CH=CHCHz3), 4.74 (s, 2H,
—CHy-), 2.13 (s, 3H,~COCH3) and 1.65 (dd, 3H,)
= 7.2, 1.5Hz,—CH=CHCH3). 13C NMR (CDCh),
168.5 (-COCHg), 136.5 (G-arom), 128.7 (Gi-arom), 128
(Cz-aromand G-arom), 127.3 (G-aromand G-arom), 126.3
(~CH=CHCHg), 107.1 (¢ CH=CHCHjz), 49.7 (-CH>—),
25.6 ((COCHs) and 12.2 {CH=CHCH3).
(E,E)-N,N-di(1-Propenyl)ethanamid®S (70 eV),m/e
(int[%]): 139 (88)M™; 124 (7); 110 (5); 97 (83); 94 (13);
82 (100); 68 (76); 55 (9}:H NMR (CgDsNO,, 80°C), 5:
7.03 (dq, 2H,J = 14.3, 1.8 Hz;-CH=CHCH), 5.81 (dq,
2H,J=13.8, 7.2 Hz--=CH=CHCHj3), 2.59 (s, 3H;-CH3),
2.19 (dd, 6HJ = 7.7, 1.8 Hz—CH=CHCH3). 13C NMR
(CDCh), 8:167.5 (CO-), 126.5 (CH=CHCHg), 109.4
(~CH=CHCHjs), 22.4 (-CH3) and 14.5{CH=CHCHy>).
(E,Z2)-N,N-Di(1-propenyl)ethanamidMS (70 eV),m/e
(int [%]): 139 (100)M*; 124 (9); 97 (95); 82 (91); 68
(52); 54 (7).XH NMR (CsDsNO,, 80°C), §: 7.63 (dq,
1H, J = 14.1, 1.5Hz~CH=CHCHjs-trans), 6.43 (dq,
1H, J = 7.2, 2.1 Hz,—CH=CHCHgz-cis), 6.16 (dq, 1H,
J = 7.2, 7.2Hz,~CH=CHCHjz-cis), 5.43 (dq, 1HJ =
14.1, 6.6 Hz.-CH=CHCHgs-transg), 2.55 (s, 3H;-CH3),
2.16 (dd, 3H,J=6.6, 1.5 Hz;-CH=CHCHs-trans), 2.01
(dd, 3H,J = 7.2, 2.1 Hz—CH=CHCH3-cis). 13C NMR
(CDCl3), 8:167.7 ¢CO-), 127.8 (CH=CHCHs-trans),
125.8 (CH=CHCHjz-cis), 125.2 (CH=CHCHa-cis),
107.4 (CH=CHCHg-trang, 21.5 (CH3), 14.5
(—CH=CHCHgs-trans) and 11.3 {CH=CHCH3-cis).
(E,E)-N,N-Di(1-propenyl)benzamid®S (70 eV), me
(int [%]): 201 (24) M*; 186 (2); 172 (2); 144 (2);
105 (100); 96 (2); 77 (37); 68 (3); 51 (10%H NMR
(CeDsNOg, 100°C), §: 7.60—-7.36 (m, 5H, Kom), 6.58
(dg, 2H,J = 14.1, 1.5Hz,—CH=CHCHz), 5.28 (dq,
2H, J = 14.1, 6.9Hz,—CH=CHCHz), 1.61 (dd, 6H,
J = 6.9, 1.5Hz,—CH=CHCH5). 13C NMR (CDCBh),
8: 168.7 (CO-), 136.0 (G-arom), 130.2 (G-arom and
Cs-arom), 130.0 (G-arom), 128.8 (G-arom and Gs-arom),
127.9 (CH=CHCH), 109.8 (CH=CHCHs) and 15.1
(~CH=CHCH3).
(E,Z2)-N,N-Di(1-propenyl)benzamid®S (70eV), me
(int [%]): 201 (22)M™*; 186 (2); 172 (2); 144 (2); 105
(100); 77 (34); 68 (3); 51 (9)'H NMR (CgDsNO,
100°C), &: 7.60-7.36 (m, 5H), 7.10 (dg, 2H] =
14.1, 1.5Hz,—~CH=CHCHgz-trans), 6.04 (dq, 2H,J
= 6.9, 1.5Hz,—~CH=CHCHg-cis), 5.39 (dq, 2H,J =
6.9, 6.9Hz, —CH=CHCHgz-cis), 5.14 (dq, 2H,J
14.1, 6.9 Hz,—CH=CHCHa-trans), 1.68 (dd, 6H,J
6.9, 1.5Hz,—~CH=CHCHs-trans), 1.35 (dd, 6H,J
6.9, 1.5 Hz,~CH=CHCHjs-cis). 13C NMR (CDCbk), s:
168.7 (CO-), 135.8 (G-arom), 128.3 (G-aron), 130.2
(Cz-arom and G.arom), 127.9 (CH=CHCHs-trang),
128.8 (G-aromand Gs-arom), 126.8 CCH=CHCHjs-cis),
118.6 (CH=CHCHgs-cis), 109.8 (CH=CHCHgs-trang),
15.1 (CH=CHCHgs.trang and 12.3 {CH=CHCHzs-
trans).

12.

13.

14.

(E,E)-2,2-Dimethyl-N,N-di(1-propenyl)propanamide
MS (70eV), m/e (int [%]): 181 (30) M*; 166 (3);
124 (2); 96 (11); 85 (14); 82 (49); 68 (33); 57
(100). IH NMR (CDCl), &: 6.51 (dg, 2H,J = 14.1,
1.4Hz, —CH=CHCHg), 5.31 (dg, 2H,J = 14.1,
6.9Hz,—CH=CHCHzs), 1.74 (dd, 6HJ = 6.9, 1.4 Hz,
—CH=CHCH3), 1.26 (s, 9H,—C(CHz3)3). 13C NMR
(CDClg),8:176.0 CO-), 128.6 ¢CH=CHCHjs), 107.2
(—CH=CHCHg), 40.3 C(CH3)3), 28.7 C(CH3)3)
and 15.0 {CH=CHCHy3).
(E,Z2)-2,2-Dimethyl-N,N-di(1-propenyl)propanamide
MS (70eV), m/e (int [%]): 181 (340) M*; 166
(5); 124 (7); 96 (8); 85 (25); 82 (60); 68 (31); 57
(100). 'H NMR (CDCl), &: 7.12 (dg, 1H,J = 14.2,
1.5Hz, —CH=CHCHgs-trang), 6.12 (dq, 1H,J
7.1, 1.5Hz,—CH=CHCHgz-cis), 5.71 (dq, 1H,J
7.1, 6.8Hz, —-CH=CHCHjs-cis), 4.98 (dq, 1H,J =
14.2, 7.6Hz, -CH=CHCHjs-trans), 1.68 (dd, 3H,
J = 6.8, 1.5Hz,—CH=CHCH3-cis), 1.52 (dd, 3H,
J = 7.6, 1.5Hz,—CH=CHCHgs-trans), 1.26 (s, 3H,
—C(CH3)3). 13C NMR (CDCk), &: 175.9 (CO-),
128.6 CH=CHCHs-trang), 128.2 CH=CHCHs-
cis), 127.5 (CH=CHCHjs-cis), 127.3 (CH=CHCHjs-
trans), 40.3 C(CHgs)s-trans), 40.1 C(CHs)s-cis),
28.7 (C(CHg)s-trans), 27.7 (C(CH3)s-cis), 15.2
(—CH=CHCHs-trans) and 12.5 {CH=CHCH3s-cis).
(E,E)-N,N-Di(1-propenyl)-2,2,2-trifluoroethanamide
MS (70eV), m/e (int [%]): 193 (100)M™*; 178 (23);
136 (5); 124 (33); 108 (13); 96 (17); 81 (18); 68 (21);
56 (3).1H NMR (CgDsNO,, 100°C), §: 6.43 (dg, 2H,

J = 14.1, 1.4Hz,~CH=CHCHg), 5.62 (dq, 2H,J =
14.1, 6.9Hz,—~CH=CHCHjs), 1.74 (dd, 6H,J = 6.9,
1.4 Hz, —-CH=CHCHjs). 3C NMR (CDCk), §: 128.4
(-CH=CHCHg), 115.1 (CH=CHCHs), 22.4 (CRs)
and 15.1 £CH=CHCHz3).
(E,Z)-N,N-Di(1-propenyl)-2,2,2-trifluoroethanamide
MS (70eV), me (int [%]): 193 (100) M*; 178 (27);
136 (6); 124 (38); 104 (12); 96 (18); 81 (18); 68 (23);
56 (4).1H NMR (CgDsNO,, 100°C), 8: 9.94 (dqg, 1H,

J = 14.2, 1.5Hz,—~CH=CHCHzs-trans), 6.00 (dqg, 1H,
J = 6.9, 1.5Hz,—CH=CHCHzs-cis), 5.90 (dq, 1H,J

= 6.9, 6.6 Hz,—~CH=CHCHgs-cis), 5.36 (dq, 1H,J =
13.8, 6.9 Hz,—CH=CHCHg-trans), 1.68 (dd, 3H,J =
6.9, 1.5 Hz,—CH=CHCH3-cis) and 1.54 (dd, 3H, =
6.9, 1.5 Hz,—CH=CHCHs-trans). 13C NMR (CDCk),

§: 168.8 (CO-), 132.6 {(CH=CHCHzs-trans),
124.9 (CH=CHCHgs-cis), 122.6 (CH=CHCHz-cis),
113.0 (CH=CHCHgs-trans), 34.3 (CFs-cis), 25.9
(—CFRs-trang), 15.2 (CH=CHCHgz-trang) and 12.3
(—CH=CHCHgs-trans).
(+)-(E,E)-N,N-Di(1-propenyltartardiamide MS (70
eV), mle (int [%]): 228 (33) M*; 172 (6); 144 (55);
126 (7); 115 (8); 98 (10); 84 (75); 78 (16); 71 (20);
61 (23); 56 (100).!H NMR (CDsOD), §: 6.70 (ddq,
1H,J = 14.4, 1.5, Hz-CH=CHCHg), 5.44 (dqd, 1H,
J=14.4, 6.9, Hz—CH=CHCHj3), 1.68 (dd, 3H,J =
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6.9, 1.5 Hz-CH=CHCH3). 13C NMR (CDCk), 5: 171.5
(—-CO-), 123.8 (CH=CHCHs), 111.1 (CH=CHCHz3),
74.0 (-C(OH)-) and 15.2 {CH=CHCH3).
(+)-(E,Z)-N,N-Di(1-propenyl)tartardiamide MS (70
eV), mle (int [%]): 228 (33) M*; 172 (6); 144 (55);
126 (7); 115 (8); 98 (10); 84 (75); 78 (16); 71 (20);
61 (23); 56 (100)*H NMR (CDs0D), 5: 6.70 (dq, 1H,
J = 14.4, 1.5Hz—CH=CHCHgs-trans), 6.63 (dqg, 1H,
J =6.9, 1.5Hz,—~CH=CHCHjs-cis), 5.43 (dq, 1HJ =
14.4,6.9 Hz-CH=CHCHgz-trans), 4.94 (dq, 1HJ=6.9,
6.9 Hz,—.CH=CHCHjs-cis), 1.68 (dd, 3H,J=6.9, 1.5 Hz,
—CH=CHCH3). 13C NMR (CDCk), §: 171.7 (CO-
cis), 171.6 (CO-transg), 123.8 (CH=CHCHgs-trans),
121.9 (CH=CHCHjs-cis), 111.2 (CH=CHCHgs-trang),
108.8 (CH=CHCHgs-cis), 74.1 (C(OH)-trang), 74.0
(—C(OH)-cis), 15.2 (CH=CHCHgs-trang) and 10.9
(—CH=CHCHgs-cis).
(+)-(Z,2)-N,N-Di(1-propenyl)tartardiamide MS (70
eV), m/e (int [%)]): 228 (33) M*; 172 (6); 144 (55);
126 (7); 115 (8); 98 (10); 84 (75); 78 (16); 71 (20);
61 (23); 56 (100).1H NMR (CD30D), §: 6.63 (dq,
1H,J = 6.9, 1.5, Hz,—CH=CHCHjs), 4.95 (dqg, 1HJ

= 6.9, 6.9Hz,—CH=CHCHj3), 1.68 (dd, 3H,J = 6.9,
1.5Hz, —CH=CHCH3). 13C NMR (CDCk), §: 171.6
(-C0O-), 121.8 CH=CHCHg), 108.8 -CH=CHCHyg),
73.9 (C(OH)-) and 10.9 {CH=CHCHz3).
(E)-N-Phenyl-N-(3-trimethylsilyl-1-
propenyl)ethanamide MS (70eV), m/e (int [%)]):
247 (100)M*; 232 (55); 204 (11); 192 (12); 174 (8);

156 (32); 132 (87); 117 (16); 106 (8); 73 (92); 43 (39).

1H NMR (CDCl), 8: 7.55 (dd, 2H,J,_3=Js_6= 6.9 Hz,
J2-4 = Ja6 < 0.9HZ, B-arom @and Hs.arom), 7.54 (dt,
1H,J = 14.4, 1.2Hz—~CH=CHCH,-), 7.46 (dd, 1H,
J3-4=Ja5=69Hz,Jo4 = Js6 < 0.9HZ, Hyarom),
7.25 (ddd, 2H,Jo_3 = J5.6 = 6.9, J34 = Js5 = 6.9,
Jas = 1.2 Hz, Hyaromand Hs-aron), 4.75 (dt, 1H,J =
14.4, 8.4Hz-CH=CHCH,—-), 1.92 (s, 3H,-COCH3),
1.46 (dd, 2H,J = 8.40, 1.2Hz,—CH=CHCH>-),
0.09 (s, 9H, —Si(CHs)3). 13C NMR (CDCk), &:
167.5 (COCHs), 142.5 (G-aron), 129.6 (G-arom and
Cs-arom), 127.7 (G-arom and Gs-arom), 126.8 (G-arom,
128.6 CH=CHCHg), 111.5 CH=CHCH,-),
22.9 (COCH3), 19.2 (CH=CHCH-) and —1.6
(=Si(CHg)3).

4.6. Mechanistic investigation
N-Allylethanamide (2.00 mmol) was heated with'RRL?

or R? in 1,4-dioxane at 120C for 3 h in high-pressure glass
ampoules, which were put in a thermostai0(1°C). The

Deuterated (E)-N-(1-propenyl)ethanamidéH NMR
(THF), 8: 9.55 ND-), 7.00 ND—CD=CDCDHy),
5.45 (ND-CD=CDCDH,;) and 1.79 +{ND-CD=
CDCDHy).

Deuterated (Z)-N-(1-propenyl)ethanamidéH NMR
(THF), §: 9.26 ND-), 7.00 ND—CD=CDCDHy),
497 ND-CD=CDCDH;) and 1.93 {ND-CD=
CDCDHy).

4.7. Spectroscopic measurements

1H, 2H and13C NMR spectra were measured on a Var-
ian Unity 300 MHz spectrometetH NMR spectra at 40,
60, 80 and 100C were measured on Varian VXR-300.
GC-MS were run on: (a) a Varian 3300 gas chromatograph
equipped with a 30m long DB 1701 fused silica capil-
lary column and a Finnigan MAT 800 AT ion trap detec-
tor; (b) a Varian Saturn 2100T gas chromatograph equipped
with a 30m long DB-5 capillary column and TCD de-
tector; (c) Thermo Finnigan equipped with a 30m long
MDN 5S column and Mass Detector (El, 70 eV). HPLC-MS
spectra were recorded on HPLC—-MS Waters Integrity Sys-
tems with a Termabeam Mass Detector (El, 70eV), a Pho-
todiode Array detector on a cartridge column; methanol—
water mixture (70:25; flow 0.25ml/min) used as the
solvent.

4.8. Preparation of MCFs

In a typical procedure, surfactant Pluronic PE 9600
(0.4mmol) was dissolved in 1.6 M HCI (75ml) at room
temperature. 1,3,5-Trimethylbenzene (17 mmol) and;NH
(0.6 mmol) were added under vigorous stirring and the mix-
ture was heated to 6. After 1 h of stirring tetraethoxysi-
lane was added (4.4 g). The mixture was stirred for 2h and
subsequently stored at 6G for 20 h and at 100C for 24 h.
After cooling to room temperature, the precipitate was iso-
lated by filtration, dried at room temperature for 4 days and
calcinated at 500C for 8 h. The preparation procedure was
the same as proposed [i29]. The texture parameters (spe-
cific surface areaSgeT; pore volume,Vp; diameter of the
cells,ds and diameter of interconnected windowg) of cal-
cinated materials were obtained by means of the nitrogen
adsorption method. The nitrogen isotherms were measured
by a Micromeritics ASAP 2000 instrument-atl96°C. Typ-
ical texture parameters of the calcined MCFs weSg:t
ca. 650m/g, V, ca. 2.5cm/g, ds ca. 30nm anddy ca.
15nm.
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