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Abstract : Samarium diiodide is an efficient catalyst precurs
formation of condensation products between various carbonyl compounds and
ketene silyl acetals or enoxysilanes. With o,f-unsaturated carbonyl compounds,
1,2- or 1,4-additions are observed according to the structure of the substrate. o,3-
Unsaturated ketones yield to enoxysilanes by selective Michael additions. Aldol
poducts are isolated as silyl ethers. The mechanisms of the reactions are discussed.
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Mukaiyama aldol and Michael reactions are important tools for carbon-carbon bond forming
reactions! and have been widely developed since the initial report on the TiCl, mediated reaction between
ketene silyl acetals and carbonyl compounds2.

A great variety of Lewis acids have been described as promoters or catalysts for these reactions. After
the first generation of Lewis acids, titanium tetrachloride, tin tetrachloride or boron trifluoride etherate3 which
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ligands such as triflates or pentafiuorophenyi ligands enhance the catalytic activity by increasing the Lewis
acidity of the compounds”- 8 . The activity of the catalysts can also be exalted by the presence of an activating
agent such as metallic iodides for the reactions induced by BiC‘139. Promoted or catalyzed aldol reactions have
also been reported, using titanium silicate molecular sieves, sulfated zirconia, neutral aluminal® or fluoride
derivatives!l.

Recently the Lewis acid properties of lanthanides compounds have found numerous applications in
catalysis, The first example of Mukaiyama aldol reactions catalyzed by lanthanides was described by Kagan
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and Vougioukas and involved addition of ketene trimethylsilyl acetal of methyl isobutyrate on aldehdes using
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dditions were obtained when a chelating group is present in ¢-position of the carbonyi
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compounds!4. Other europium derivatives such as EuCls or Eu(ifc)s catalyze Michael additions of a,B-

unsaturated ketones with 1,3-dicarbonyl compoundsi5. Divalent and trivalent samarium aikoxides promote
the reaction of ketene silyl acetals with aldehydes and the samarium bis-menthoxide gives modest
enantioselectivities!6, The condensation of a-chloroketones on aldehydes is catalyzed by lanthanide tert-
butoxides or more efficiently by Sm(HMDS)317. Since the first report of Kobayashi in 1991 on the activity of
ytterbium triflate for the catalysis of the reaction of formaldehyde with silyl enol ethers!8, lanthanide and
scandium triflates have been largely developed for aldol and Michael reactions!? as well as for various Lewis

tions 20, The ereat interest of lanthanide and scandium triflates lies in their Qfﬂhlhf\l in the

asymmetric lanthanide catalysts for aldol and Michael reactions. Catalysts prepared from lanthanum
isopropoxide, either alkali metal free La-BINOL, or La-Na-BINOL (L.SB), give high enantioselectivities for
Michael and nitroaldol reactions2!. Moderate enantiomeric excesses were obtained in Mukaiyama aldol
reactions with catalysts prepared from lanthanide triflates and a chiral sulfonamide ligand22.

Samarium diiodide, for most applications, is employed for its reductive character as a stoichiometric
reagent or in excess23. Recently however, samarium diiodide has been used in catalytic amounts for coupling
reactions through in situ regeneration of the divalent samarium by magnesium or zinc amalgam??. In an other

samarium diiodide as
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hand reactions such as MPV 025 Tischenko20 or rearrangement of epoxndesz7 usin

opening of epoxides?8. The catalytic activity of samarium dilodide for ene-like cyclization in similar
conditions was recently described2®. We now report on the activity of samarium diiodide as a precatalyst for
Mukaiyama aldol or Michael reactions, but also on the activities of other lanthanide iodides for these

reactions with a discussion of reaction mechanisms.
RESULTS

rium diiodide can be used in methylene chloride and catalyzes some aldol
reactions involving the trimethylsilyl ketene acetal of methyl isobutyrate with aldehydes or acetophenone.
The catalyst was easily prepared by the following procedure : the solvent of the 0.1 M solution of
diiodosamarium in tetrahydrofuran30 was evaporated, leaving a blue powder of Smlz(THF)231:32. The bis
tetrahydrofuran samarium diiodide is insoluble in methylene chloride and the suspension is sufficiently stable
to be stored under argon without oxidation. After standing 24h, the methylene chloride is evaporated, THF is
added, and the reductive power of the solution of samarium diiodide is restored, indicating that SmIp(THF)2
does not react with methylene chloride. In a typical experiment, at room temperature, to the blue suspension

of SmIp(THF); in methylene chloride were added successively the sﬂyl derivative (ketene silyl acetal or

enoxysilane) and the carbonyl compound. The aldol product was formed as its silyl ether. The color of the
reaction mixture turned rapidly yellow and this color was maintained until the end of the reaction. This

observation suggests that samarium diiodide is only a precursor of the catalyst and that the active species is
trivalent. With the aim at studying the importance of the divalent state for the formation of the actual catalytic
species, we have compared the activity of various divalent and trivalent lanthanides derivatives in the reaction

of p-anisaldehyde with trimethylsilyl ketene acetal of methyl isobutyrate 1a (Table 1). For all the investigated
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iodides (énri€s 1-3) ne reaction is very fast {1 0 % conversion after 5 min at -738 ) ll'l'CprLUVC DI the
divalent or trivalent state of the lanthanide derivatives and no difference in the reaction rates with the different
metals could be detected. The use of samarium dibromide, samarium and ytterbium trichlorides and samarium
triisopropoxide, gives lower rates of reaction than lanthanide iodides. These results allow to attribute the
increased catalytic activity of samarium diiodide for the aldolisation reaction compared to that of lanthanides
trichlorides 12, to the presence of iodide and not to the divalent state of the catalyst precursor.

The solvent was found to have a dramatic influence on the reaction rate. For th
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THF or toluene longer reaction times were needed, 4 h and 24 h at room temperature respectively. However

the coordination of the samarium diiodide by at least two THF molecules is necessary to maintain the
catalytic acuvny“, perhaps because of the polymeric structure of samarium diiodide in the absence of a
coordinating solvent. As it will be described below, the reactions involving ketene silyl acetals proceeded
faster than those involving enoxysilanes. The former can be realized in a mixture of solvents, THF/CH2Cly
which allows a very easy procedure for the preparation of the catalytic species : methylene chloride is added
to the solution of samarium diiodide 0.1 M in tetrahydrofuran in a volume ratio 5:1 to 10:1. In this case the

catalyst must be used immediately after mixing the solvents, due to the fast oxidation of samarium diiodide

Table 1 : Effect of ianthanide compounds on an aidol reaction

OTMS
N L) S ooe
Y=( . i S% cat | VAN
OMe MeOJ\) CH,Cl, Meov

1a e 3a
Entry catalyst temp,  time(3]

1 Smi2(THF)2 -718 °C S min

2 -BuOSmIp(THF)3 -78 °C S min

3 SmIy(THF)? -78°C  Smin

4 (ArCHOSml2 ) -78 °C S min

5 Eulp(THF)2 -78°C  Smin

6 YbI2(THF)2 -78°C Smin

7 Lal3(DME)? -78 °C 5 min

8 YbI3(DME)) -78°C  Smin

9 SmBra(THF)p 25°C 1.5h

10 SmCI3(THF)q 25°C 12h

11 YbCI3(THF)p 25°C 4d

12 Sm(OiPr)3 25 °C 144d
(al: Reaction time for 100 % conversion in the reaction
of p-anisaldehyde (2 mmol) and 1a (3 mmol) using 5 %
catalyst (0.1 mmol).
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Tabie 2 : Mukaiyama aidoi reactions cataiyzed by samarium iodides

entry carbonyl compound (;cllny‘}i:f\(,lc cutalyslla] temp. time product yicg[b]
1 Sml2(THF)?2 5 min 95
2 p-anisaldehyde 1a SmI3(THF)3 78 °C 5 min 3a 95
3 {-BuOSmI2(THF)3 5 min 95
4 benzaldehyde ia Smiz(THF)2 -78°C Smin 3b 95
5 Sml2(THF) 45h 3c 90
6 octanal la SmI3(THF)3 20°C  4.5h 3c 73
7 t-BuOSmI(THF)3 5h 3c 69
8 acetophenone ia Smi2(THF)2 20°C Zh 3d 85
9 SmlI3(THF)3 2h 3d 76
10 Sml2(THF)2 72h 2b 100lc]
11 cyclohexanone 1a SmI3(THF)3 1 10 min 2b 100[¢]
12 {-BuOSmI(THF)3 18h 2b 100lc]
13 Smlp(THF)2 24 h 4a 89
14 p-anisaldchydc 2a SmI3(THF)3 rt 24 h 4a 100(¢]
15 t-BuOSmI(THF)3 24 h 4a 80
i6 Smiz(THF)2 48 h 4pld] 57
17 p-anisaldehyde 2b SmI3(THF)3 0°C 48 h aplel 62lel
18 {-BuOSmI(THF)3 48 h aplfl 66lel
19 p-anisaldchyde 1p(h] Smi(THF)Z n 1.5h 3elil 75
20 octanal ml'hi Smip(THF), 20°C 45h 3¢l 95

Il s
a]: 5 % catalyst in 10 mL CH,Cly ; (0): Isolated yield ; (¢} Yield in crude product ; [41: anri/syn : 33/67;

(el: antirsyn : 46/54; U] antilsyn : 50/50 ; 18] 15% of product 5 was obtained; [MNE/Z : 84/16; [ antitsyn : 64/36;
] antilsyn : 59/41

The catalytic ratio could be lowered down to 0.5 % SmIz(THF)z in the case of the formation of 3a in

methylene chloride. However to investigate the scope of the reaction most of the studies were carried out in

methylene chloride using 5% SmI~(THF), as a precatalyst, in order to insure good rgprgducibili[y and
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precision (lower catalytic ratios involve the manipulation of small quantities of samarium diiodide, at the
scale of the expenments). The catalytic activities of samarium triiodide and samarium diiodotert-butoxide
have been compared to that of samarium diiodide in several cases. The results of the reactions of
condensation of ketene silyl acetals (KSA) 1 or silyl enol ethers 2 with various aldehydes and ketones are
reported in Table 2. The reaction of trimethylsilyl ketene acetal of methyl isobutyrate 1la with aromatic or
aliphatic aldehydes and acetophenone gives the aldol products as their trimethylsilyl ethers with excellent
yields using samarium diiodide, samarium triiodide or samarium diiodotert-butoxide as catalysts (entries 1-9).

At room temperature, the reaction of cyclohexanone with 1a in the presence of 5% samarium iodides affords

=]

the corresponding enoxysilane quantitatively whatever the catalyst is (enmes 10-12). These results have bee
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extended to various cyclic and acyclic aliphatic
1
J

w

method of preparation of enoxysilanes
anisaldehyde at room temperature yields to the trimethyl silyl ether 4a in good yield when the catalyst is
Sml,(THF),, SmI3(THF)3 or --BuOSml,(THF)3 (entries 13-15). The addition reaction of p-anisaldehyde with
the trimethylsilyl enol ether 2b was performed at 0°C to avoid the formation of by-product S occuring from
the condensation of two molecules of p-anisaldehyde on the cyclohexanone ring. No appreciable difference in
the rate of the reactions catalyzed with the above three samarium iodides compounds could be detected but

e

ans
iastereoselectivity of the aldol reaction of trimethylsilyl ketene acetal of methyl propionate 1b
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addition products were isolated as the trimethylsilyl ethers 3e and 3f, with modest anti selectivity,
respectively anti/syn : 64/36 (entry 19) and anti/syn : 59/41 (entry 20). These anti/syn ratios are similar or
slightly higher than those reported for other catalysts such as zirconium triflate, Eu(dppm)3 or Hglp3b: 6, 14a,
34.

The reaction of a,B-unsaturated aldehydes and ketones with ketene silyl acetals 1 and enoxysilanes 2
in the presence of 5 % samarium diiodide has been examined and the results are collected in Table 3. o.8-

Unsaturated ketones react with keiene silyl acetals by a selective Michael additio
isolated as enoxysilanes 6 in all cases. The reactions with cyclic ketones give quantitatively the Michael
adducts at low temperatures (entries 1-5) and only a very small excess of ketene silyl acetal is needed. With
linear ketones only 1,4-addition reactions of the ketene silyl acetals are observed and the silyl enol ethers are
isolated in good yields (entries 6-9). The reaction of cinnamaldehyde with various substrates has been studied
and the regioselectivity depends on the nature of the silyl derivative. With KSA 1a a 50/50 mixture of 1,2-
and 1,4-addition (adducts 3h and 6h) was observed while the monosubstituted ketene silyl acetal 1b gives
higher ratio of 1,2-addition (3i/6i : 66/34) (entries 12 and 13). With an aliphatic o,8-unsaturated aldehyde

selective 1,2-addition was observed with the unsubstituted ketene silyl acetal I¢ (entry 19) while the
Lioslaen Latora cilul arerale Ta and Th Jand t0 a craall amamiie 1
substituted ketene silyl aceials 1a and 1b lead to a small amount of 1,4 addition (entries 17, 18). The

enoxysilanes are much less reactive than ketene sily! acetals and they do not react with chalcone at room
temperature. With cinnamaldehyde the aldol sily! ether was the major product of the reaction with 2a or the
sole product with 2b (entries 15 and 16). The difference of regioselectivity between o,B-unsaturated ketones
and o,B-unsaturated aldehydes which give preferentially 1,4- or 1,2-additions respectively could be explained
by steric effects. Similarly the comparison of the reactivity of the different silyl ketene acetals with each a,p-
unsaturated aldehyde reveals that the ratio of Michael addition is increased with-the bulkier KSA. The
temperature does not influence the regioselectivity, as reaction of octen-2-al and 1¢ both gives the aldol silyl

\TAD 11Uy 1bgllo

ether as the sole product at -20°C or at room temperature (entries 19 and 20).
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Table 3 ; Reaction of o,B-unsaturated aldehyvdes and ketones with gilyl derivatives : 1,2- versug 1,4- addition
entry carbonyl compound silyl temp time ratio product yieldi€]
derivative 1,2-/14-(b] (%)
1 cyclohexen-2-on¢ 1alal 220°C 5h 0/100 6a 65
2 cyclopenten-2-one 1alal 20°C  15min o100 6b 95
3 cyclopenten-2-one 1alal -78°C 60 min 0/100 6b 95
4 cyciopenien-2-onc iclal .20 °C 2 min 0/100 6¢ 95
5 cyclopenten-2-one 1¢lal -78 °C 30 min 0/100 6c¢ 95
6 buten-3-one 1ala] r 12h 0/100 6dld] 86
7 buten-3-one Ic r 24h 0/100 gelel 90
8 chalcone 1a -20°C Sh 0/100 oflf] 85
9 chalcone b -20°C 45h 0/100 6gl8] 95
10 chalcone 2a r 72h 0
11 chalcone 2h r 72 h 0
12 cinnamaldchyde 1a 20°C  45min 50/50 3h+6hlf] 90
13 cinnamaldchyde 1b 220°C 45min 66 /34 3ilhl4gili] 94
14 cinnamaldehyde 1¢ - 20°C 45 min 90/10 3j+6j 83
15 cinnamaldehyde 2a i 4h 85/15 de+Te 68
16 cinnamaldehyde 2b r 6.5h 100/0 4qlll 52
17 octen-2-al ta -20°C 45h 80/20 3k+6k 95
18 octen-2-al 1b -20°C 45h 87/13 ikl gl 95
19 octen-2-al iclal -20°C 45h 100/0 3m 80
20 octen-2-al 1cfal r 30 min 100/0 3m 90

(a]: 1.1 eq. of silyl derivative; [P): determined by TH NMR and/or GC; I¢): isolated
3 Only one isomer was detected, presumably £ ; (gl antilsyn 50/50 ; [
70/30; W antitsyn 50/50; (K] antirsyn 50750; N antitsyn 55/45.

80/20; (0]

DISCUSSION

h

ield ; (4): £/7, 55/45; [e): iz,
1 aniitsyn 54/46; Ui anti/syn

Samarium diiodide and other lanthanides derivatives compare well with other Lewis acids for catalytic

activity and appear useful since they allow the steady isolation of silyl ethers as addition products33.

Samarium diiodide used as a precatalyst for Michael reactions generates a species of high activity compared

e
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addition is usually observed for the reaction of KSA or enoxysilanes with o,-unsaturated ketones catalyzed
by Lewis acids, while for a,-unsaturated aldehydes the regioselectivity varies with the catalyst. The reaction
of KSA 1la with cinnamaldehyde catalyzed by a zirconium triflate derivative’ affords a 60/40 1,2- and 1,4-
addition mixture while (CgF5)2SnBr;8 in catalytic amount leads to the Michael addition as the major product.
The preferred 1,2 selectivity displayed by samarium diiodide for reactions of KSA on o,3-unsaturated

aldehydes has been also previously observed for other lanthanides derivatives such as bis disubstituted

related to the bulkiness of the substrates. When one or two methyl substituents are present in B-position as in
ib or 1a a larger ratio of I,4-addition is observed. Noteworthy is the selective formation of the aldol silyl
ether from the reaction of lc with octen-2-al. As will be shown below, aldol reactions catalyzed by samarium

diiodide are not reversible and the kinetic products are obtained.

Study of the mechanism of aldolisation and Michael reactions

a
<

Several mechanisms have been proposed for Lewis acids catalyze ukaiyama aldol and Michael

eactions, and the main different pathways pro

o
g &

process B. The concerted mechanism in path A involves an intramolecular transfer of the silyl group, while in
the non concerted process B there is formation of an aldolate intermediate and intermolecular silylation in a
second step. In the latter process the release of a silyl species R3SiX allows a silicon-catalyzed competing
process if the silylation of the aldolate is slow. A trichlorotitanium aldolate has been characterized in an aldol
reaction between ketene silyl acetal and preformed TiCly carbonyl adduct?®. The Mukaiyama-Michael
reactions catalyzed by Lewis acids, can be explained by the same reaction pathways as described above, or by
the radical mechanism suggested by Otera, involving an electron transfer from KSA to the Lewis acid*!. The

mechanism varies depending on the structure of KSA (-methy! substitution and bulkiness of substituents on

silyl and alkoxy groups) as well as on the Lewis acid*2.
RaSi~
o o
. MX 1
L oM MX, /S.R;I A ntR R?
1 M¥Xq q OSiR4 o Pl !
R CHO —— == — I /k) I T
RTH T g R' A2 " |
B X1 M
! RaSX + o L R
U 3 R‘J\/u\n2

Scheme 1

During all the reactions involving Sml3(THF); as a precatalyst, the samarium species seems to be in
the trivalent state and we tried to get informations on its possible structure. The change of color from blue to
yellow after the introduction of the aldehyde or of the ketone leads to the hypothesis of their transformation in
samarium pinacolates since this reaction is well known in THF43. We performed the pinacolisation of p-
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and checked that after evaporation o
employed in catalytic amount (5%) in methylene chloride yields to the silyl ether 3a quantitatively (Table 1,
entry 4). However, no trace of pinacol could be detected in the aldol reactions involving p-anisaldehyde.
Furthermore when p-anisaldehyde and 1a are added to a stoichiometric amount of SmlI2(THF)2 under the
conditions of the formation of compound 3a (-78°C, in CHCl) the change of color of samarium diiodide is
not observed and the reaction afforded no pinacol, but exclusively 3a. This reveals that the reducing
properties of samarium diiodide decrease in a non coordinating solvent, while Lewis acidity is enhanced.

Therefore we did not confirm the in sizu formation of a samarium pinacolate that could act as the active
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process implying the reduction of samariu

with lanthanide iodides as catalysts.

OTMS OSiMe,Et
= > N HC\/\
o -0 e QA
4 / OMe
2a 2c
5% Smly(THF),
CH3zClz, 1t 30 min
O OTMS O OSiMe,Et
i N |A‘\\ I/;§ )kv)\ I/§
2 =
7 Z>OMe OMe
4a 27%, Aa 10/
= e =< w1/0
O OSiMexkEt o OTMS

af  21% 4g 21%
Equation 1
Crossover experiments are a useful tool to distinguish between the different mechanisms. Using
A L1 =013 _SF..3 Foa o moanls e o oL iV e eirnetmemalallol o L 13 Lo o Lanfood S oalio oo o
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intramolecular transfer of the silyl group. This was indeed found by Mikami for asymmetric reactions of
ketene silyl acetals of thioesters with aldehydes catalyzed by (R)-BINOL-TiCl;#. With most of the other
catalysts such as triflates or perchlorates of various metals, scrambling was observed in reactions involving
either ketene silyl acetals or enoxysilanes37-38. To determine whether the samarium diiodide induces a
catalytic process with intramolecular silyl transfer or initiates the reaction and liberates another catalytic

uch as TMSI, we carried out several crossover experiments using two doubly-labelled enoxysilanes

v
e
o
2]
.
a
Z
%]
l-l

2a and 2¢ and two doubly-labelled ketene silyl acetals 1¢ 1d. In both cases the

checked also that the silyl exchange is not occurring in the reaction mixture after the end of the reaction as
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“G'W‘il’g he y’ ethers 3n and 30
were mixed at the same temperature. No scrambling was observed in these conditions, neither when the
mixture of 3n and 30 was allowed to stand at room temperature. Then this mixture of 3n and 30 was added on
fresh SmIo(THF)2, which did not permit to detect any trace of ethers 3p and 3q. Furthermore these two last

experiments show unambiguously the non reversibility of the reactions at low temperature as well as at room

temperature.
o)
OTBDMS ,OSiMeziPr . , /§)L
OEt * OMe [ J
1e 1d h

5% Smiy(THF),
e Y
CH;Cl,, -78°C, 1h.

_ OTBDMS

OTBDMS OSiMegiPr OSiMe,iPs
CO2Me
N COzEt CO,Me S COLEL
| + + | +
# =
F
3n 25% 30 25% 3p 25% 3g 25%

Equation 2

Similarly, the crossover Michael addition of cyclopenten-2-one to the mixture of silyl ketene acetals
Ic and 1d (eq 3) furnishes the enoxysilanes with equimolar amounts of scrambling and non scrambling
products. The observation of scrambling products allows to discard an intramolecular transfer of the silyl
group when samarium diiodide is used as a precatalyst and may involve the liberation of silyl iodide in the
reaction mixture. The observation of intramolecular transfer of the silyl group does not however necessarily
rules out a catalysis by a metal species. This was well demonstrated by Evans who obtained excellent

eactions catalyzed by copper triflate, while this catalyst in crossover reactions

I vata 1% UM aliale L el

with doubly-labelled silyl compounds provided scrambling®S. In this case the catalys1s by the silyl species is
P R B [ UGN, U [N PRI S R S SN A et ikt v thn ccnnnlinmicoms ~F
SIOW dna aoces 1oL COMMPCeLC WILI LHC Cdldly SId witn tne Coppci Lompuuuu 10 BCt lllblgllt in in€ mecnanisim o1

the presently reported reactions we tried to detect silyl iodide and to determine the nature of the true catalyst,
silicon or lanthanide species. Bosnich39 found that for Mukaiyama aldol reactions catalyzed by
[Ti(Cp)2(0Tf)2], Ph3COTS, Ph3CClOs4, in all cases the true catalyst is either Me3SiOTf or Me3SiClO4. The
titanium complex acts as an initiator which liberates the silicon species while for the reactions involving trityl
salts, Me3SiOTf or Me3SiClO4 are formed by trace amounts of water in sitru. For reactions involving
samarium diiodide as a precatalyst, we envisage preferentially that silyl iodide could be formed by a metal
initiated process : the reaction of Smlp(THF); with traces of water should induce a change of the colour of the

AR 7L

o1 1 -

be detected by following with 29Si NMR at -20°C the aldol reaction of p-anisaldehyde with e
This result may indicate that the reaction involving trimethylsilyl iodide is a rapid step of the catalytic

process.
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Equation 3

Variations of the diastereomer ratios with various catalysts in aldolizations involving enoxysilane 2Zb
have been used to discuss the nature of the true catalytic species!9¢ 38,39, For aldol reactions catalyzed by
lanthanide iodides the diastereoselectivity depends both on the ligands and the metal. The kinetic control of
these reactions has been checked by GC monitoring of the diastereoisomers ratio during the reaction : no
variation could be detected, neither during the reaction nor after total conversion. In the reaction of p-

anisaldehyde with enoxysilane 2b the three samarium iodides lead to the condensation product 4b with

different anti /syn ratios (Table 2, entries 16, 18). Lal3(DME); and YbI3(DME); yield to 4b with anti /syn
mait s VLT nm A IO s ne 1 Tlhaca racii Yoo allAass; 110 4 mrnnAcs . 1
ratios 33/67 and 70/30 repectively. These results allow us to propose that, at least for this reaction, the true

catalyst may be a lanthanide species, and not TMSI which would provide the same diastereoselectivity in all
experiments. Such an interpretation was suggested by Denmark when triaryl carbenium compounds were
used as precatalysts38 and by Kobayashi with aldolization involving lanthanide triflatesi%. Nevertheless this
cannot be considered as definitive evidence of catalysis by lanthanide species as Bosnich on the basis of
NMR and kinetic experiments39 claimed that when triaryl carbenium triflates are employed the variation of
the diastereoselectivity is due to changes in the concentration of ions OTf~.
XgSm. (;I,Siﬂa . S.”R oSiRs

RN e o o =g
TR RN N RN~ [
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\/7 | [
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Scheme 2. In the first step the carbonyl compound is activated by the samarium iodide SmizX considered as a
Lewis acid, and the second step is the reaction of the ketene silyl acetal or of the enoxysilane to form a
samarium aldolate of type II. This samarium aldolate liberates silyl iodide in the reaction mixture and the
samarium aldolate III. The reaction of III with silyl iodide produces the aldol as its silyl ether and regenerates
the catalyst (cycle A). The same catalytic cycle can be realized with the silyl iodide as the catalyst (cycle B).
The increase of activity of lanthanides iodides compared to lanthanides chlorides (similarly observed between
BiCl3 and Bil3)? can be explained by the similar energies of dissociation Sm-I and Si-1#6. According to the

nature of the substrate and to the rate of silylation of the aldolate, process can be lanthanide-catalyzed (A,
probably for reaction involving enoxysilane 2b), or silicon-catalyzed (B), or both species are the actual

catalysts*’,
CONCLUSION

Samarium diiodide and other lanthanide iodides are very efficient catalysts for Mukaiyama aldol and
Michael reactions. Noteworthy Michael addition of KSA to o,B-unsaturated ketones affords selectively 1,4~

addition products as enoxysilanes in mild conditions through an easy procedure. These catalysts exhibit high

elucidated. Nevertheless the variations of diastereoselectivity recorded through changing the nature of metal

and llgdnds allow to envmag,e the preparanon of enantioselective catalySts for aldol and Michael reactions

based on lanthanide iodides, which we are currently investigating.
EXPERIMENTAL

All manipulations were carried out under an argon atmosphere using standard Schlenk or glovebox
techniques. THF was distilled from sodium benzophenone ketyl, methylene dichloride from CaH; and

enlvante were devgacead immediately nrior o nee

OVAY WlibT VY Wi W u\/&u. Faudvrrd lllllll\/ul&lb\/l] ..ll ANSR RV MO
Dealbiiaee AR INN e d ARA DVEN covnntensanta Armavating ar WYY and VKN ALT» Fae LI &N A nnd £2 NI,
DIUKCI AlYL LUU allud ALV L0U \PCL{IU“]C‘ b Uyclall |E dl LUU aliu LJoU 1Ivi1d 101 1, JUA alld U Lvilld

Atm £y

C, 49.7 for 29Si were used for the NMR spectra. Chemical shifts are reported in parts per million (ppm)
downfield from tetramethylsilane for spectra in CDCls. Infrared spectra were recorded as Nujol mulls using
KBr plates on a Perkin-Elmer 883 spectrometer and are reported in cm™l. GC analyses were performed with a
25 m BP 1 capillary column connected with a computing integrator. Mass spectra (MS) (70 eV) data were
determined on a Ribermag R-10 GC/MS and high resolution mass spectra on a Varian 3400 GC-LC/MS.
Column chromatographies were realized on silica desactivated by Et3N or on desactivated alumina, using
hexane/ethyl acetate mixtures as eluents. Lnl(THF),, (Ln = Sm, Yb, Eu), z-BuOSmI>(THF)3 and

SmBry(THF),, were prepared accordmg to published methods*8-50. SmI3(THF); was obtained by reacting
Cen T A Y. in TLHIR 104 tha malae 1/0 8 at royvevrmy tamnaratiirs 1 al. (MMEYA and VAL (MME)A wers nranarad
DIy aiil 17 i 1 e i uik ioiai 17U, di fOOM IMperawdic. Lamn wivinjg aiG I onlsivier)g Wi priparca



described?4. Column chromatographies were realized on silica desactivated by EtzN or on desactivated
alumina, using hexane/ethyl acetate mixtures as eluents.

General procedures for aldol and Michael reactions

Procedure A . A solution of Sml, in THF (O.l M, 1.0 mL, 0.1 mmol) was carefully evaporated in vacuo to

giv

o

b ), Th1s was su.pcnded in qulg (5 fnL) an.d then !hc szly 3.0 .A.mel)
adAdaAd £f~1 A R h 129 ] 3 1

was added, followed by the carbonyl compound (2.0 mmol). The resulting yellow solution was then stirred

ether, washed with water and dried over MgSQOj4. After evaporation of the soivent, the product was purified by
column chromatography.

Procedure B : Same procedure as above. At the end of the reaction instead of hydrolysis the reaction was
stopped by the addition of hexane (50 mL) which precipitates samarium salts. After filtration through celite
the solvents were removed under reduced pressure to give the desired product.

Procedure C : To a blue solution of Sml, in THF (0.1 M, 1.0 mL, 0.1 mmol) was added, under argon, CH,Cl,

nnd (2 0 mmaly Th

na a
lJUUlIU \& 0 LI . 3 I
. A3

..... [L.
I

through celite the solvents were removed under reduced pressure to give the desired product.

The procedures A and B allow the preparation of all products described above, procedure B should be
preferred when enoxysilanes are formed. Procedure C has been successfully employed for the preparation of
compounds 3a, 3¢, 6a, 6b, 3j+6j, 3k+06k.

Crossover experiment 1: To a suspension of Smi(THF), (0.055 g, 0.05 mmol) in CH,Cl; (5mL) were
successively added 1-phenyl-1-trimethylsiloxy ethene (0.192 g, 1.0 mmol), 1-(4-methylphenyl)-1-
dimethylethylsilyloxy ethene (0.220g, 1 mmol) and p-anisaldehyde (0.243 mL, 2.0 mmol) at room
temperature. The reaction mixture immediately turned yellow and was hydrolyzed after 30 mn. The crude
product was analyzed by GC and GC/MS.

0 X cusnension of SmIL(THFRY, (0.0538 . 0.1 mmol) in CH,Cl, (SmL) were
v / suspension of SmI(THF),; (0.055 g, 0.1 mmol) in CH,Cl; (5SmL) were
successwely added 1-dlmethy}-l-butylsﬂy}oxy-1-etth" ethene (0.202 g, 1 mmol), 1-dimethyl--

o

mmol) at -78°C.
After 1h, 50 mL hexane were added, samarium salts were filtrated and after evaporation the crude product was
analyzed by GC and GC/MS.

Crossover experiment 3: To a suspension of SmI;(THF); (0.055 g, 0.1 mmol) in CH,Cl, (5mL) were

propylsilyloxy-1-methoxy ethene (0.174 g, 1 mmol), and p-anisaldehyde (0.243 mL, 2.

successively added 1-dimethyl-z-butylsilyloxy-1-ethoxy ethene (0.202 g, 1 mmol), 1-dimethyl-i-
propylsilyloxy-1-methoxy ethene (0.174 g, 1 mmol), and cyclopenten-2-one (0.164 g, 2.0 mmol) at -78°C.
After 1h, 50 mL. hexane were added, samarium salts were filtrated and after evaporation the crude product was
analyzed by GC and GC/MS.
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rimethylsilyloxypropanoate (3a) : "'H NMR (CDCl, 250
ke

N e

- —~,r

H; Ar], 6.80 [d, 3/ (H, H) = 8.7Hz, 2H; Ar] 4.90 (s, 1H; CH), 3.80 (s,
3H; OCHj3 ), 3.65 (s, 3H; CO2CH3 ), 1.10 (s, 3H; CH3 ), 0.95 (s, 3H; CHs), 0.10 (s, 9H; Si(CHs)s) ; °C NMR
(CDCl3, 62.9 MHz) &: 178.00, 132.90, 128.80, 112.70, 78.40, 54.00, 51.00, 49.10, 22.00, 19.00, 1.00; GC/MS
(EI) m/z (intensity): 310 (M", 0.03) ; IR (Nujol) : 1731, 1613 ; Anal. Calcd for C ¢H2604Si: C, 61.93; H, 8.39 ;
Found : C, 62.12; H, 8.17 ; mp = 54-56°C.

Methyl 2,2-dimethyl-3-trimethylsilyloxydecanoate (3c) : 'H NMR (CDCl,, 200 MHz) §: 3.85 (m, 1H; CH),
3.60 (s, 3H; OCH3 ), 1.30 (m, 12H, 6 CH,), 1.10 (s, 3H, C-CH3 ), 1.05 (s, 3H; C-CH3 ), 0.85 [t, 3J (H, H) =7

PR M A B | So__ il _.®
pienylj-<L,4- lmemyl-s-
M ¥ 2

hatd = ~ = '3 A \=53 =
Hz, 3H; CHa], 0.05 (s, 9H; Si(CH;3 )3) BC NMR (CDCls, 62.9 MHz) 8: 177.76, 77.63, 51.57, 48.17, 29.62,
29.22,26.98, 22.60, 21.57, 20.13, 14.06, 0.74; GC/MS (EI) m/z (intensity): 302 (M", 0.06) ; IR (Neat) : 1731 ;
HRMS (EI) Calcd for CgH14045i-CH3 : 287.2042 ; Found : 287.2032.

Methyi 2,2-dimethyi-3-phenyi-3-trimethyisiiyioxybutanoate (3d) : '"H NMR (CDCls, 250 MHz) 8: 7.25 (m,
5H; Ph), 3.60 (s, 3H; OCH3 ), 1.80 (s, 3H, CH3 ), 1.15 (s, 3H; C-CH3), 1.05 (s, 3H; C-CH3 ), 0.05 (s, 9H;
Si(CH3y)s); BC NMR (CDCls, 62.9 MHz) &: 142.25, 126.96, 126.86, 126.65, 52.22, 51.34, 24.82, 21.65, 21.29,
2.13 ; GC/MS (EI) m/z (intensity): 279 (M-15, 2) ; IR (Neat) : 1724 ; Anal. Calcd for C;¢H2605Si: C 65.31, H
8.84 Found : C 65.54, H 8.97 .

Methy! 3-(4-methoxyphenyl)-2-methyl-3-trimethylsilyloxypropanoate (3e) : '"H NMR (CDCls, 250 MHz)
Anti 6: 7.66 (m, 2H; Ar), 7.28 (m, 2H; Ar), 5.08 [d, 3/(H H) = 7.2Hz, 1H; CH-OTMS], 4.23 (s, 3H; OCH3),

[ St =223 75

cnz

4 L -
0: 7.66 (m, 2H; Ar), 7.28 (m, 2H; A ) 3 [ d, 3/ (H, H) = 6.6Hz, 1H; CH-OTMS], 4.22 (s, 3H; OCH3), 3.98

(s, 3H; CO,CHs), 3.15 (m, 1H; CH), 1.57 [d, 3J (H, H) = 6.6Hz, 3H; CHs], 0.43 (s, 9H; Si(Cls)3) ; "C NMR
(CDCl;, 62.9 MHz) Anri &: 158.83, 134.87, 133.90, 127.79, 127.03, 113.20, 113.00, 77.00, 75.09, 54.86,

48.99, 13.55, -0.35; Syn &: 175.65, 134.87, 133.90, 127.79, 127.03, 113.20, 113.00, 77.24, 76.73, 51.22, 48.68,
11.70, -0.82; GC/MS (EI) m/z (intensity): 296 (M*, 0.35) ; IR (Neat) : 1741, 1613 ; Anal. Calcd for
CysHo40451: C, 60.78; H, 8.16 ; Found : C, 60.61; H, 8.27

Methyl 2-methyl-3-trimethylsilyloxydecanoate (3f) : 'H NMR (CDCls, 200 MHz) 6: 3.89 (m, 1H; CH-

OTMS), 3.64 (s, 3H; CO,CHs), 2.50 (m, 1H; CH), 1.24 (m, 12H; 6 CH; ), [syn, [(1.09 [d, 3J (H, H) = 7.0Hz],

Anrr 1TNS 1A '3!/1] LIN — 779 Lls] L] el 4 ocum (C_OCHLT DRSS Ty 31/!] Iy — A ALl 211 O NNAN (o
el 5 1.UJ |, \LX, T'l) = 7.4 K14, OUL, Witk T Oy, “wouiliilf, JV.OJ [, "J \Ul, 11] — U.UL1Z, Jil, LI1%], U.UUU (O,
OLY. Ci/OLI_\_\ 13(" ANINAD /M £ Q ANALT 2\ i ts e R 178 14 177879 TAEND TANG &N O SNNOY AL L1
JI1, 01\\/1 13)5} > . IXIVIIN \\,U\,lj, VL7 ivill } orit T .))' L V. 170,10, 170.45 [D2.07, FO.U0, VJU.T7/, JU.7J), 4J.UD,
44.70, 34.95, 32.99, 31.29, 31.2§, 29.16, '29.("9, 28.71, 25.04, 24.26, 22.12, 13.57, 12.06, 11.10, -0.12, -0.20;

GC/MS (ED) m/z (intensity): 273 (M-CH3, 23) ; IR (Neat) : 1742 ; HRMS (E I) Calcd for Cy5H3,038Si :
288.2136 ; Found : 288.2103.

3-(4-methoxyphenyl)-1-phenyl-3-trimethylsilyloxypropan-1-one (4a) : 'H NMR (CDCl,, 250 MHz) &: 7.95
(d, 3J (H, H) = 10Hz, 2H; Ar), 7.55-7.30 (m, 5H; Ph), 6.75 (d, 3/ (H, H) = 10Hz, 2H; Ar), 5.30 (m, 1H; CH),
3.80 (s, 3H; OCHs , 3.55-3.00 (m, 2H, CHy), 0.05 (s, 9H; Si(CH3)3) ; "C NMR (CDCls, 62.9 MHz) &: 214.51,
132.90, 128.40, 128.34, 126.90, 113.60, 55.19, 49.65, 30.90, -0.11; GC/MS (EI) m/z (intensity): 328 (M ,3)

IR (Neat) : 1687, 1612 ; Calcd for CgH40451: C, 69.47; H, 7.36 ; Found : C, 69.17; H, 7.31.

1 (1 (A m.-. .......... N 1 trdmmantholotlulaveyrmathol)l Avalohavan 1 Amn (ALY IO &N NALTN
&= L-\@-TIC IUA_Y[JIICII_)’U -Irimeuyishy1ioXymceiny)-Cyaionexan-1-one (4o Il INWVIR (LLUCI3, 20U IVIKLZ)
[\ Ar Y, 1 7 AT, A /2 1IN0 1A Trosry ran A QYY_ o AN 31 37 /1Y TIN . Q 11T ons 11T
o L (m, £4r1; A1), (J.1%7 [Q, ~“J (I1, I'l) = 4.0Z, anli, 4.76 \Q, “J {11, ) = o.1rne, yyn, ir,

1
~ 1r\ 1o o
7.19 (m, 2H; Ar), 6.8
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NMR (CDCl.. 62.9 MH2) 8: 211.76. 211.37. 158.85. 158.44_ 136.29. 134.80. 128.08. 127.40. 113.35. 113.21

YRR (aANid, VLT VAR O L1307 &31.07, 10000, 1006.95%, 100,47, 105.0U, 140050, 147.59U, 113,07, 213,41,
TIY0D0 T1 AL ££ 92 20120 £0Q £& AN QL AN MNA AN 122 A0 29 N7 17 AL ON "IA b ¥4 A 1N NN N 1N, MrAanag
14.277, 11.43, 0I.02, J7.37, 0.0, F£.00, FLUA, JDU.DD, 20.00, &/.117, L0, £4.00, L4.1U, U7, U. 11U UL/IVID

=)}

(EI) m/z (intensity): (isomer Anti) : 30 (M*, 0.93) ; IR (Neat) : 1715, 1612 ; HRMS (EI) Calcd for
C17H2605Si1 : 306.1651 ; Found : 305.1687. Anal. Calcd for C7H,605Si : C, 66.62; H, 8.55 ; Found : C, 66.51;
H, 8.72.

Methyl 2-(3-trimethylsilyloxycyclohex-2-enyl)-2-methyl-propanoate (6a) : 'H NMR (CDCl, 200 MHz) &:
4.65 [d, 3J (H, H) = 1Hz, 1H; C=CH], 3.65 (s, 3H; CO,CH3), 2.55 (m, 1H; CH), 2.10-1.40 (m, 6H; 3 CH,),
1.15 (s, 3H; CHj3), 1.05 (s, 3H; CH3), 0.15 (s, 9H; Si(CH3)3) ; 3C NMR (CDCls, 62.9 MHz) &: 152.00, 104.95,
65.8, 51.45, 45.35, 42.60, 29.65, 23.75, 22.30, 21.75, 21.45, 0.15. GC/MS (EI) m/z (intensity): 270 (M 0.50)

indhindiad Ikt [P S

; IR (Neat) : 1737; 1666 ; Anal. Caled for C4Hp0O48i: C, 62.22; H, 9.63 ; Found : C, 62.41; H, 9.85.

Mathvl 2_(trimathvlcilvlnvvrvolanant 2 anvii. ) o mathul_nraonananata (Gh) lT.I NMPR (OO, 29NONMET-) S,
IVACRER Y3 &7 70l FINICUIT Y IDHL Y IUA bJ\.lUp‘:lll'b tll.’.’ AT EREC LR l‘y. VpPaAnualv \VJ « 11 IVIVLIN (VA0 b g, LUVIVAL L) U
A 2Ny 1 Yy 1Y v YY, MY AN AT, s YT Y 1 08 7 Yy, 1YY, T .
4.0U |4, -~ C=UH], 3.0U (5, 20, Lyl

Hj), 1.85 (m, 2H; Criz -C=), 1.55 (m, iH; CH), 1.15
7 (s, 3H; CHs), 1.04 (s, 3H; CHy), 0.15 (s, 9H; Si(CHs)s) ; °C NMR (CDCls, 62.9 MHz) :

178.36, 156.24, 102.97, 51.57, 50.10, 45.87, 33.40, 23.28, 22.69, 21.19, -0.015 ; IR (Neat) : 1734, 1646 ;
HRMS (EI) Calcd for C3H,404Si-CH3: 241.1254 ; Found : 241.1251.

Ethyl (3-tert-butydimethylsilyloxycyclopent-2-enyl)-ethanoate (6c¢) :

'H NMR (CDClg, 250 MHz) §: 4.55 [d, 3/ (H, H) = 2Hz, 1H; HC=], 4.10 [q, 3J (H, H) = 7.2Hz, 2H; CO,CH_],

37372

(s, 6H; QI(CH-zh\”(‘ NMR (mm, ﬁquszs 171 79 ms 70, 1m 81, 60 29. 39“55‘,8 1) 33_33 29. ,

’

TSI
IS KN 1704 1807 218 - (COCOMAC (BT l {in ns
£I.0U, 1774, 1007, -5.010 ;) UU/VIDS (21 TVVZ (N

Caled for Ci5H28S103 : 284.1807; Found : 284.1812

Methyl 2,2-dimethyi-5-trimeihylisilyloxyhex-4-enoate (6d) : 'H NMR (CDCls, 200MHz) 6: £ : 4.60 {1, 3J
(H, H) = 6Hz, 1H; C=CH]|, 3.65 (s, 3H; CO,CHj3), 2.19 (m, 2H; CH,) 1.72 (s, 3H; CHa), 1.16 (s, 6H;
C(CHjs),), 0.17 (s, 9H; Si(CH3)3); Z - 4.32 [t, 3/ (H, H) = 6Hz, 1H; C=CH], 3.65 (s, 3H; CO,CH3), 2.19 (m,
2H) CH,), 1.77 (s, 3H; CHa), 1.14 (s, 6H; C(CHs3)2), 0.19 (s, 9H; Si(CHz)3); °C NMR (CDCls, 62.9 MHz) 8:
E +Z :149.89, 148.25, 103.58, 51.53, 38.20, 35.97, 24.74, 24.62, 22.65, 17.14, 0.69, 0.18; GC/MS (EI) m/z
(intensity): £ 244 (M, 3), Z 244 (M*, 2); IR (Neat) : 1738, 1672 ; HRMS (EI) Calcd for Cy;H,40,8i :
244.1494; Found : 244.1484.
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Ethyl 5-tert-butvldimethylsilvloxyhex-4-enoate (6e) : 'H NMR (CDCl;, 200 MHz) 8: 4.60 [t, 3/ (H, H) =
"'I/IY'..] IT A")Of; "IIT'I II’\ L"Ill—.' -7 1LY I’ 7. £ 1Y AN T~ 37 /17 I\ _ 7 Y- AI. MY MY 1NC.,7
a4 nzj, c,400 |,/ (N, M)=0./ NZ}, 4, 1, c+4; U=0i, 4900 [, 70 (I, 1) = 7 0Z, 200, L) £L+4,
228 (m,4H; 2 CHy) E+Z, (1.72 (s) Z, 1.70 (s) E, 3H, E+Z ; C=CHj), 1.23 {1, 3 H)=7Hz] E, 122 {t,3/

(H, H) =7 Hz] Z, 3H, E+Z; CH3 ), (0.88 (s), Z, 0.86 (s) E, 9H, E+Z; C(CHs)3), (0 09 (s) E, 0.08 (s) E+Z , 6H;
Si(CHs),) ; BC NMR (CDCL, 62.9 MHz) § E+Z : 173.25, 149.17, 147.50, 106.20, 106.07, 60.20, 35.12,
34.51, 31.55, 25.74, 25.63, 22.88, 22.65, 17.94, 17.63, 14.19, 14.14, -3.62, -4.57; GC/MS (EI) m/z (intensity):
258 (M+,0.53) ; IR (Neat) : 1739, 1672 ; HRMS (EI) Calcd for C4H,404Si : 272.1808; Found : 272.1812.

Methyl 2,2-dimethyl-3,5-diphenyl-5-trimethylsilyloxypent-4-enoate (6f) : 'H NMR (CDCl3, 250 MHz) b:
7.45 (m, 2H; Ph), 7.25 (m, 8H; Ph), 5.50 [d, 3/ (H, H) = 11Hz, 1H; C=CH]|, 4.15 |d, 3/ (H, H) = 11Hz, 1H;

CH], 3.60 (s, 3H; CO,CH3), 1.20 (s, 3H; CHs), 1.10 (s, 3H; CHs), 0.05 (s 9 - Si(CHs)3) ; °C NMR (CDCl,
CH], 3.60 (s, 3H; CO,CH 20 (s, 3H; CH3), 1.10 (s Si(CH3)3) ; (CDCl;,
62.9 MHz) o: 198.12, 177.52, 150.86, 141.22, 139.25, 129.22, 127.78, 127.73, 126.38, 125.99, 109.19, 51.45,
49.14, 47.20, 23.20, 22.18, 0.56, GC/MS (EI) my/z (intensity): 367 (M-15, 0.7) ; IR (Neat) : 1731, 1643, 1600 ;
Anal. Caled for C;3H305S1: C, 72.25; H, 7.85 ; Found : C, 72.41; H, 7.91
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1H; C=CH), (4.07 [t, 3J (H, H) = 10HZz] 3.95 [t, 3/ (H, H) = 10Hz], Anti +syn , 1H; CH-Ph), (3.63 (s), 3.44 (s),
Anti +syn , 3H; CO,CH3), 2.77 (m, Anti +syn, 1H; CH), 1.20 (m, Anti +syn , 3H, CH3), 0.05 (s, Anti +syn ,
OH; Si(CH3)3) ; BC NMR (CDCls3, 62.9 MHz) 8 Anri +syn : 175.86, 150.30, 143.16, 142.61, 139.15, 128.38,
128.29, 128.06, 128.01, 127.97, 127.88, 127.81, 126.39, 126.31, 126.00, 111.60, 110.94, 51.47, 51.31, 46.90,
46.26, 45.73, 45.36, 15.31, 15.25, 0.69, 0.63 ; GC/MS (EI) m/z (intensity): 368 (MT, 0.9) ; IR (Neat) : 1738,
1646 ; HRMS (E1) Calcd for C3H»304S51 : 368.1808; Found : 368.1773.

Methyl 2.2-dimethyl- Q-nhpnvl 3. trlmpthvlmlvlnxvnpnt 4-enoate (3h) + Methyl 2.2- dim methyl-3- -pk _eny! -5-

trimothvicilvliavunont A h)

193 llll‘-l.ll‘y IA’IIJ IUI\J F\-lll_*— (V] ll’

(6h) : '"H NMR (CDCl, 250 MHz) &: 7.25 (m, 5H; Ph), 6.30 [d 3J (H, H) = 12.0Hz, 1H; CH-OTMS], 5.45
[dd, 3J (H, H) = 12.0Hz, 3/ (H, H) = 10.8Hz, 1H; C=CH], 3.60 (s, 3H; CO,CHj3), 3.45 [d, 3J (H, H) = 10.8Hz,
1H; CH-Ph], 1.20 (s, 3H; CH3), 1.10 (s, 3H; CH3), 0.15 (s, Si(CHs)3) ; GC/MS (EI) m/z (intensity): 291
(M-15, 1).

(3h) : '"H NMR (CDCls, 250 MHz) &: 7.25 (m, 5H; Ph), 6.50 [d, 3/ (H, H) = 15Hz, 1H; C=CH-Ph], 6.10 [dd,
3J (H, H) = 15Hz, 3J (H, H) = 7.2 Hz, 1H; C=CH], 4.50 [d, 3J (H, H) = 7.2Hz, 1H; CH-OTMS], 3.65 (s, 3H;
CO,CH3), 1.15 (s, 3H; CH3), 1.00 (s, 3H; CHy), 0.05 (s, 9H; Si(CH3)3) ; GC/MS (EI) m/z (intensity): 306 (M”,
0.22).

(3h+ 6h) : °C NMR (CDCl, 62.9 MHz) 8:177.50, 176.75, 136.80, 131.95, 129.42, 128.95, 128.80, 128.54
177 QA 127 &2 1726 A8 TR AN 8§51 £4 AQ AL A7 24 27885 272712 27720 2124 1022 N 2N D AR TR (Naar) -
147.0%, 1471.00, 1£0.90, 10.7U, J1.0%, 40.940, /.09, £4&.00, L&£.00, &i.L\U, £L1.40, 17.005, U.JU, -U.50, 1R (Uvlay) .
1710 1L££0Q A b MY 8O Y rasN M L LN 1Y O 8 N3 . M L0 O L0
1740, 1020, AndlL La4alCa 10T U 7IzelUidl - U, 00.04 11, 8.00 , round . +, 00./90, 11, 0.00

Pt

Methyl 2-methyl-
trimethylsilyloxypent-4-enoate (3i) :

(6i) : 'H NMR (CDCl;, 250 MHz) (Anti +syn) &: 7.4-7.10 (m, 5H; Ph), 6.30-6.01 (m, 1H; C=CH-OTMS),
5.24-5.09 (m, 1H; C=CH), 3.62 (s, 3 H; CO2CHj3), 3.23 (m, 1 H; CH-Ph), 2.77-2.54 (m, 1H; CH), 0.15, 0.12
(Z + E) (2 s, 9H; Si(CH3)3); GC/MS (EI) m/z (intensity): 292 (M, 4).

(3i) : "H NMR (CDCls, 250 MHz) (anti + syn ) 8: 7.4-7.10 (anti + syn ) (m, 5H; Ph), 6.50 (syn) [dd, 3J (1, H)
=4 Hz, 3J (H, H) = 1Hz, 1H; C=CH], 6.46 (anti ) [d, 3I(H H) = 4 Hz, 37 (H, H) = 1Hz, 1H; C=CH], 6.30-

\~3 =32/ A2 24, w11}

6.01 (anti + syn) (m, 1H, C=CH-Ph), 4.50 (syn) [dd, 3J (H, H) = 7 Hz, 3/ (H, H) =1Hz, 1H; CH-OTMS], 4
M 7 1
=J 1

-phenyl-5-trimethylsilyloxypent-4-enoate (6i) + Methyl 2-methyl-5-phenyl-3-

Yo AN QU s | Fa 8 4 YY\ —_ 4 I" 1'\ 1 TY_ TY. MY f\""ll(‘1 N LY LN S AYT. MM MIY N D LE [ mesN
(anti) 1dd, 3/ (H, H) = 7 Hz, 3/ (H, H) = 1 Hz, 1H; CH-OTMS], 3.68 (anti) (s, 3H; CO,CH3), 3.65 (syn) (s,
"aY AN INY Y ~ N ey -y TY Y 1 1~ s S s | l'/'l"\' T ~TY "TTi raal % i | 1 "l VAP N g | "'
3H; CO2CH»), 2.77-2.54 (anti + syn) (m, 1H; CH), 1.17 (syn) {d, *J (H, = /HZ