Tetrahedron Vol. 43, No. 9, pp. 2089 to 2100, 1987 0040-4020/87 $3.00+ .00
Printed in Great Britain. © 1987 Pergamon Journals Ltd.

A NEW PRACTICAL SYNTHESIS OF SILYL ENOL ETHERS.
IT. FROM «,B-UNSATURATED ALDEHYDES AND KETONES

P. CAZEAU, ¥, DUBOUDIN, F, MOULINES, O. BABOT and J. DUNOGUES

Laboratoire de Chimie organique et organométallique associé au CNRS (UA 35), Université
de Bordeaux I, 351, Cours de la Lib&ration 33405 Talence Cédex (France).

(Received in Belgium 14 July 1986)

Abstract

In acetonitrile as the solvent and in the presence of a tertiary amine the trimethyl-
chlorosilane/sodium iodide (trimethyliodosilane "in situ') reagent provides the correspon-
ding siloxy dienes when reacted with o,B-unsaturated series. These reactions occurs via the

formation of 1,2 or -1,4 onium salt intermediates.

INTRODUCTION

In a previous paperl we have reported a new and general route to silyl enol ethers
from simple enolizable aldehydes or ketones using the trimethylchlorosilane-sodium-iodide~
tertiary amine reagent in acetonitrile as the solvent.

Regarding the potentialities of siloxy dienes as versatile synthons for pure organic pur-
poses”, we have focused our interest in the preparation of these species since we thought
that the route we proposed previously could offer similar advantages in the a,B-unsaturated
series : the most convenient ways to dienoxysilanes consisted in the silylation of dieno-
lates generated from a,B-unsaturated carbonyl derivatives and a strong base such as
3SiCI-Et3N (ZnCl2 cat.)s,
RSSiCI-Et3N—DW6, R3SiCI-DBU7, F3C—SO3SiMe3—Et3N8, Me3SiI—(Me3Si) ZNH9. Because of the advan-
tages of the Me3SiCI-NaI—Et3N reagent in acetonitrile (fast reaction under very mild condi-

iPerLi3’a or in the direct silylation of the same substrates by Me

tions, satisfactory yields, and, especially, commercially available and not expensive rea-

gents), we have investigated the synthesis of dienoxysilanes and here we report our results.

RESULTS AND DISCUSSION

In acetonitrile, Me3SiCI—NaI-Et3N reacts with a,R-unsaturated enolizable aldehydes

or ketones to afford dienoxysilanes at room temperature,

Results are summarized in Table 1.
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Table 1, Synthesis of Dienoxysilanes from a,B-~Unsaturated Aldehydes and Ketones and
the He3SiCI-NaI—Et3N Reagent in Acetonitrile
Starting . . % Configu- Observations
Carbonyl Deriv. 1 Dienoxysilanes 2 Yield ration l
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These results require following comments :
°moderate yields are due to the very easy polymerization of dienoxysilanes which also
are very hydrolyzable compounds. When the dienoxysilanes products were not stable under our
conditions, the reaction was carried out in the biphasic medium(acetonitrile-pentane) : in
contrast with the reagents, the formed dienoxysilane is more soluble in pentane than in

acetonitrile and so was isolated from the reaction mixture,

°from crotonaldehyde la only the E isomer was isolated, whereas a mixture E/Z c.a.
80/20 was formed using the Me,SiCL-Et,N (ZnCl, cat.) teagents.
However the Z isomer can be favoured by replacement of triethylamine by a more

sterically hindered amine (for example a ratio Z/E = 54/46 was observed with lutidine).

°from the ketone 1d, hydrogen in a-position with respect to the carbonyl group was

esgsentially concerned and from le and If the E configuration of the double bond was preserved.

. - 10 . . .
°with reference to our preliminary report  some other dienoxysilanes were synthesized

in satisfactory yielda”

From some saturated aldehydes we have observedI the formation of stable complexes

such as :
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R 0Si=
><Q o from RCH,CHO and this suggested the formation of similar

H NEt3 1 intermediates in the a,B-unsaturated series, First we observed

the formation of an intermediate from la-c and we have verified with methyl vinyl ketone

that the complex was different from that obtained by McKean et al.lz with He3SiI alone :

Y“/I. MeaSil , 0 MeaSiL, ELaN
or MesSCL-Nal-EtsN ¥

08iz in MeCN [A]
Ha0 l Ha0
\(\/ 1 \g/§
0 (r%enerated)

Similarly the [A] complex did not result from the action of Et3N on B-iodoethyl

methyl ketone formed as follows :

A
Mc3561 [ ]
4 h 1 EtN
wr%\ Meysf.CL, Nal P4 I(V ®
0 MecCN \{% + HEEN Q1

By comparison with the adduct sometimes isolated in the saturated series and with

respect to the physico-chemical data (IR ]H and 13

C NMR) we assume the formation of =1,2 or

-1,4 adduct similar to those observed with RCH,,CHO. The results are summarized in Table 2.

In general -1,4 adducts exhibit a higher thermal stability than the corresponding
-1,2 oneg, Thus, the -1,4 adducts isolated with the mentioned ketones, in the case of Et3N,
are decomposed only after warming to 80°C for 12 h, In contrast adducts from saturated

ketones (obviously 1,2) could not be detected under our reaction condicions].

With acrolein lg (run 1), the 1,4 adduct was observed, E/Z = -83/I7.Si.m'.‘l.m'1y13 it was
shown that acrolein 1 g gave with trimethylchlorosilane and triethylamine a similar onium
salt the constitution of which depended on the nature of the solvent Z/E = 97/3 (ligroin),
20/80 (carbon tetrachloride), 50/50 (CDC13). When the solution of Nal in acetonitrile was
completely added, the configuration changed to reach E/Z = 25/75 after 48 h. In contrast,
crotonaldehyde !a provided the 1,2 adduct which rapidly decomposed at room temperature into
the E dienoxysilane, whereas (run 2) the replacement of triethylamine by pyridine yielded
the stable 1,4-adduct. The structure of this adduct was assigned by comparison with previous
studies in our laboratory”‘ : Z/E = 15/85 after the end of the addition, to reach 50/50 after
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48 h,
Table 2. Adducts Obtained from a,8-Unsaturated Aldehydes or Ketones and the

Heasicl-NaI-EtBN reagent in Acetonitrile

Adduct

Run| Carbonyl derivative Base {t° of the
reaction) 1,2 1,4

1 WN\g 1 EtaN (-20%C) 1?53%/\/‘0355
- Z+E 3¢

EtyN (-20°C) 0Siz YN\
M 1a (] @ 0%z
0 1 @ (room beop) a1 1, O™
E 3a Z+E 3a

Lo o

EbaN (reomtens) | Ph 05iz

4 | PRAAD e ~O
5 @~ (0%0) Lohed
N E e, 2¢

R 1®

EtaN (room bemp.)

6
1
R D et g
3b’

8 EtyN (voom bemp.) /V% 3,1
/\8(\ e @~ (0°0) 0siz
9 ZQE , 3—9,’3.‘9!
D
'I.E,’ On
10 @:G 1h @~ (o) 0Siz
3n

The initial major E configuration of these 1,4 adducts from la and 1g indicate a
kinetic control of the reaction : telereactions (1,4-additions to conjugated sequences)

are syn additionsls, so the preferential formation of the E-isomer should result from the

attack of the major <:tmfc:n'mer!6 of la (cf. Scheme 1).

In the case of ketones, only the non-gubstituted in position ~4 or 2-cyclohexenones
form },4-adducts. All these results exhibit the important role of steric considerations,
especially the steric hindrance in position 2 and 4 of the carbonyl derivative and the
nature of the involved amine. Moreover the stability of the adduct alsc has to be considered:
the formation of the -1,4 adduct in the case of acrolein (run 1) can be rationalized regar-
ding the repulsive effect of the electronegative groups in the ~1,2 adduct, and the more
substituted character of the double bond stabilized by the 0Si% group, in the ~1,4 adduct.
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In the case of ketones 1d-f adducts were not detected but the formation of the E
isomer uniquely suggests an 1,2-adduct since the 1,4 one would afford a Z/E mixture as shown

in Scheme 2 with benzalacetone :

Ph\/\( E

¢}

MeySiCL-NaL - EEsN  / MeeN
L@N)

)
X\( .
. Ph
Ph 9 osix 1,4adduct ° .o 1,2 adduct
19, NEts EtN 1L
- ® 10
Dienoxysilane Z2~+E Dienoxysilane 3

Scheme E
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As we have previously argued in the saturated series! onium salts should be respon-
sible for the formation of enoxysilanes. The obtention of dienoxysilanes results from -1,2

or l,4-elimination according to the nature of the onium salt intermediate.

For 1,2-elimination from !,2-adducts one can propose the same process as in the
saturated series’.

Concerning 1,4-elimination either from 1,2~ (corresponding to la) or 1,4-adducts
- 16,17
and

governs the stereochemistry of the formed dienoxysilane, Qur result with crotonaldehyde is

(corresponding to !b and Ic), this reaction occurs according to a syn process

in good agreement with the predicted stereochemistry :

H H
i . ® o
oot o MaSC-NaD s Soue e ERML T (05
H 7 “CHo EtsinMelN H R N0Siz Syn elimn. e
major product majac product

EXPERIMENTAL SECTION

Proton nmr spectra were recorded at 60 MHz on Varian A 60 or Perkin-Elmer R 12 or
R 24 B gpectrometers (in CCIQ as the solvent and with tetramethylsilane as the internal
standard) or in the case of 2a and 2b, at 100 locked on the trimethylsiloxy signal. 130 nmr
spectra were recorded at 15.08 Miz on a Bruker WP 60 spectrometer. Mass spectra were checked
on a VG Micromass 16 F at 70 eV and using a direct inlet system or a gas chromatography
inlet. In this case gas chromatography was performed with a Pye Unicam Serie 204 with capil-
lary columns, Analytical gas chromatography analyses were effected on F & M 810 R 12, Hewlett-
Packard 5720 or Intersmat IGC 15 instruments with a catharometer detector using helium as the
carrier gas and columns (1/8 inch 6 feet) packed with silicones SE 30, DC 410, carbowax 20 M
or QF, on chromosorb P or W. Infrared spectra in the wavenumber range 4000-600 cm_] were
obtained with a Perkin-Elmer Model 427 spectrometer and sodium chloride pellets. All the
trimethylsilyl derivatives exhibit absorption at about 1250, 840 and 755'cm_]. All the dieno~-
xysilanes gave satisfactory elemental analyses available on request (C calc * 1,1 X, H calc
+ 1,3 %, Si Calc + 1,5 ).

Aldehydes and ketones were purchased from Fluka, Aldrich Chemicals or Merck and
distilled just before use. Triethylamine or pyridine, from Aldrich or Prolabo were
refluxed over calcium hydroxyde pellets, distilled, then distilled a second time from cal-

cium hydride,

Acetonitrile (Algrich) was refluxed over PZOS’ digtilled and stored under argon
over molecular sieves 3 A, Pentanewas stored over sodium wires. Trimethylchlorosilane gene~
rously provided by Rhdne-Poulenc Specialités Chimiques (Dr. Brison) was distilled. Nal pur-
chased from Aldrich or Prolabo was dried 24 h under atmospheric pressure at 140°C and stored

under argon. Trimethyliodosilane was prepared as described by Kumada et al.’s.
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All the reactions were carried out under argon atmosphere in a standard apparatus
composed with a 250 ml three-necked round-bottomed flask equipped with a reflux condenser
fitted with a drying tube containing calcium chloride, a pressure-equalizing dropping funnel

and a magnetic stirring bar.

SYNTHESIS OF DIENOXYSILANES

1 - From Crotonaldehyde. Synthesis of 2a

Sodium iodide (9.3 g, 62 mmol) in acetonitrile (62 ml) was added dropwise with stir-
ring to a solution of dry pentane (60 ml) crotonaldehyde la (3.5 g, 50 mmol), trimethyl-
chlorosilane (6.73 g, 62 mmol) and triethylamine (6.26 g, 62 mmol) or eventually pyridine
(4.9 g, 62 mmol) or lutidine (6.63 g, 62 mmol), successively introduced in the reaction flask
at room temperature, The reaction medium was left overnight and then warmed at 40°C for 4 h
Then the mixture was poured on 100 ml of ice-water and extracted with pentane (3 x 50 ml).
The combined organic layers were washed with an aqueous solution of ammonium chloride until
neutrality, dried over sodium sulfate and distilled under dry inert atmosphere to remove
pentane (760 mmHg), Then the dienoxysilane was distilled under vacuum 28 (3.5 g, 55 %, b.p./
60 mmHg : 56°C), The nmr spectrum of 2a was analyzed with a laocoon program modified for
using with a 360-44 IBM computer, After obtaining good agreement between the experimental
and calculated shifts (difference lower than O.! Hz) the coupling constant Jpe © 12 Hz led

us to assign to 2a the structure E by comparison with data given :
H H
/ d
B e

H / N CH=CH-0SiMe

e c b 33

by the Z/E mixture prepared according to ref. S, (J 6 Hz for the Z isomer).

be

. -1 : -1 1 .
2b @ ir (em ) v(C-C 0si) 1650 ; v(C-C) : 1605 cm ;s H nmr (100 MHz, Sppm ; J Hz)
=11.9 ;
be

6, 25, m, Ab ; 5,93 m, Hd ; 5.44, m, Hc ; 4.72, m, He ; 4.56 m, Hf ; O, 8, 9Ha ; J
= 2.0.

J .= 10,9 ; J ,=0.7;J -0.6;Jce-—0.8;J =-==-0.7;J,.=10.3;J

cd bd be cf df ef

2 - From Methyl Vinyl Ketone. Synthesis of 2b

2b was synthesized according to a similar procedure without addition of pentane
during the reaction. However in order to achieve the decomposition of the onium intermediate,
the reaction mixture was' warmed at 100°C for 12 h (instead of 40°C for 4 h). 2b also was
separated by distillation (5.3 g, 80 %, b.p./25 mmHg : 38°C).

2b :ir (cm-]) Veeg 1630 (enoxysilane), 1580 ; IH nmr (100 MHz, Sppm, JHz) : 5.87,

m, Hd ; 5,17, m, Be ; 4.79, m, Hf ; 4.03, m, Ba s 4.02, m, Hb ; 0, 8, 9Hc H Jab = 0.6 ;

Jad = 0.01 ; de = 0,01 3 Jae =0.6 ; Jbe = 0.6 ; Jde = 17.0 ; Jaf = 1.4 be = 0,7 ; de -
10.4 ; J = 1.9,
ce
Hs Hy "
He b 2b
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3 - From Ethyl Vinyl Ketone. Synthesis of 2c

The onium salt 3c was synthesized,at 0°C,from Nal (4.65 g, 31 mmol) in

acetronitrile (31 ml) added dropwise, with stirring to a solution of ethyl vinyl ketone

(2.1 g, 25 mmol) triethylamine (3,13 g, 31 mmol) and trimethylchlorosilane (3.36 g, 31 mmol)
successively introduced in the reaction flask, As soon as the addition was achieved, the
1,4-onium salt was quantitatively foomed (Z/E c.a. 40/60). After warming at 80°C for 5 h

a study by IH mmr (60 MHz) showed the formation of dienoxysilanes (Z and E) while the E
adduct disappeared and the Z adduct remained present (molar ratio : Z and E dienoxysilanes/Z
adduct = 50/50).

This was due to the competition between the decomposition of both adducts into the
corresponding dienoxysilanes and the isomerisation of the E adduct into the corresponding Z
adduct, After 10 h at 80°C the decomposition of the onium salt was complete. A final treat-
ment (cf the synthesis of 2a) led to 2c separated by distillation (1.6 g, 40 %, low yield,
due to the facile polymerization of the product, b.p./25 mmHg : 52°C, E/Z = 65/35).

2 (E + 2) & ir (cm-l) v(O-C) : 1645 (enoxysilamne), 1600, 1590 ; lH omr B igomer :

6,1, m, Hd (part X of an ABX system 4 lines Jde + th =27 ; 5.1, o, He s 4.8, m, Hf H
4.7, q, Ha ;s 1.60, 4d, 31'1b ; 0.18, s, QHC H Jab =73 Jde =17 de = 10, Z igomer : 6.46,
m, Hd (part X of an ABX system 4 lines, Jde +J, =27 ; 5,3, m, He ; 4.8, m, Hf 3 4.7, q,

dh
By 5 1.6, d, 3H, ; 0.16, s, 98, .

He Hy Y Wy
Me H
He He' ®
Mey3i H, MeySi Me
2¢ E 2¢ Z

4 - From Mesityl Oxide - Synthesis of 2a" and le_

24!

le (25 ml) added dropwise to a solution of dry pentane (15 ml), mesityl oxide (1.96 g, 20
mmol), triethylamine (2,52 g, 25 mmol) and trimethylchlorosilane (2.71 g, 25 mmol). The mix-

and 2d2 were directly obtained at 0°C,from NaI (3.75 g, 25 mmol) in acetomitri-

ture remained white during the reaction and, as socon as the addition was achieved, the
complete disappearance of mesityl oxide was observed by mmr spectroscopy in both pentane
and acetonitrile phases, as well as the quantitative formation of 4-methyl 2-trime£hylsi-
loxy 1,3-pentadiene _2d_] and 4-methyl 2-trimethylsiloxy 2,4-pentadiene &ﬁ (2d ]/2d2 = 91/9).
The mixture _2_dl + £2 was separated by distillation (2.5 g, 74 X, b.p./30 mmHg = 65°C).
In the absence of pentane the ratio 2d l/Zd2 was changed 80/20. This was probably due to the
possible izomerisation of 2dl in acetonitrile.

E_l + _2_.:1_:2: ir (cm-]) * Veag) 1655 (enoxysilane), 1620, 1585, _231 ]B nmr : 5,51, m, Hd ;
4,16, broad s, Ha ; 4.08 broad s, Hb ; 1.90 and 1,76, 2m, 201{3 coupling constant with Hd
3=0.4;0.20,s, Me,si. 242 'H mr : 4,92, m, He ; 4.80, m, He ; 4.62, m, HE ; 1.90, m
and 1.80 m, 2 CH3 3 0.20, s, Measi.
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Me, M4 Hey Me
e :
©u SiMe,

ad" 24%

5 — FProm Benzalacetone - Synthesis of 2e

Using the same proportions of reagents as for 2b an exothermic reaction occurred
when sodium iodide in acetonitrile was added. As soon as the addition was achieved, the
quantitative conversion of benzalacetone into the corresponding dienoxysilane 2e was
observed by |H nmr spectroscopy. Separation of 2e was effected as described for 2a and
2b (4.3 g, 40 X (low yield due to a polymerization reaction), b.p./25 mmHg : 140°C). By
distillation between 140-200°C/25 mmHg an oligomeric fraction was isolated (5g).

2e : ir (cm-]) s v(C=C) 1640 (enoxysilane) 1610 ; IH mmr 7.07-7.57, m, 5 RA: : 6.97,
m and 6,25, m, Hy and H, (non assigned), Jde ™ 16 Hz (E isomer) ; 4.47, broad, s, Ha and
Hb ; 0.27, 8, He3Si.

Ph Hd

H
H")j:% b 2e
H.lss‘ Ha

6 - From Trans 4-methoxy 2-butenone. Synthesis of 2f

Using the same proportions of reagents as for mesityl oxide the reaction was carried
out at -15°C, During the addition of sodium iodide the pentane phase bacame yellow while the
acetonitrile one became orange. As soon as the addition was achieved the quantitative conver-
sion of the starting ketome into 2f was observed by IH mmr spectroscopy. Separation of 2f was
effected as described for 2a and 2b (2.1 g, 60 X, b.p./5 mmHg : 74°C).

2f ¢ dir (em™)) & w(C=C) 1690, 1660 ; 'H nmr ; 6.83, m, He ; 5.26, m, Hd, J

de ™ 12 3 4.03
broad s, Ha and LA 3.56, 8, OMe ; 0.22, s, Ne3si,
Me0 Hd
Hp
He 2t
MesSi Ha

7 -~ Synthesis of 4-Iodo 2-butanone

This compound was sv:t:esized from methyl vinyl ketone and trimethyliodosilane9 or
trimethylchlorosilane and sodium iodide in acetonitrile according to the conditions given for
the synthesis of 2b, but without triethylamine., Subsequent treatment of 4-iodo 2-butanone

by 1 molar equiv. of triethylamine as the solvent, at room temperature, regenerated the star-



2098 P. CAZEAU et al.

ting wmethyl vinyl ketone accompanied by triethylamine hydroiodide.

SYNTHESIS OF ONIUM SALTS

Onium salts from la-c, e, g, h were quantitatively formed under the conditions of
temperature given in Table 2 whereas no adducts were isolated from ld and If under our reac-

tion conditions.

In order to optimize the formation of the adducts,the experimental procedure was
sometimes changed, For instance in the case of cinnamaldehyde, this compound was added drop-
wige to the mixture of acetonitrile, sodium iodide, triﬁethylchlorosilane and pyridine,
while in the case of acrolein or crotonaldehyde, trimethylchlorogsilane was added at -20°C
or room temperature respectively (procedures X and Y). In the case of acrolein or 2-cyclo-
hexenone, the reaction can be carried out in mono or biphasic (pentane) medium. In the case
of 1,4-adducts the ratio Z/E changed with the temperature of the reaction. Thus, from ethyl
vinyl ketone the percentage Z/E was found 40/60 when the reaction wagperformed at 0°Cor.60/40
at room temperature respectively,

Moreover this ratio changed when the reaction mixture was left at room temperature.
Thus, from acrolein, (using Et3N), the reaction mixture 3g obtained by procedure X was cons-
tituted by both isomer Z and E, Z/E = 17/83 just after reaction 50/50 after 12 h or 75/25
after 48 h at room temperature, Similarly, procedure Y from crotonaldehyde (using pyridine)
afforded 222 Z/E = 15/85 just after reaction and 50/50 after 48 h.

"4 nor data permitted to assign unambiguous structures to the adducts (solvent MeCN)
+

- Z: - 7-
(?H3 ZFHZN\ : le 7-8 Hz).

25' : 6,42, m, Ha ; 5.73, m Hb (Jab = 14.3), (Jby = 1,3 ) ; 5.32, broad d, Hx (Jbx = 8) ;

3.33, q, 3CH,(N) ; 1.37, t, 3CH;(CH,¥), 1.90, broad d, MeC=Cl (Jay = 6.6) ; 0.20, s, Me,Si.

The very small value of Jax (= 0) supports a preferential conformation for 3a! in which the

diedral angle C.,Ha, C, Hx, is near 0°, by comparison with data from the literature in other

3 1

series” ,

Me H

¥ M, ___ ety 19 \
“l 3 a 33
a He 2 05\”03

253 : E igomer ; 9.33, broad d, 2H] ; 8.86, broad t, H3 ;s 8.10 broad t, ?HZ ;s 7.1, d, Ha

(Jab = 12) ; 5.9, m, Hx ; 5.4, 4 lines, Hb, Jbx = 10 ; 1.80, broad d, MeC-q; (Jxy = 6) ;

0.20, s, Me3Si. Z isomer : 9.33, broad d, ZHI ; 8.86, broad t, H3 ; 8.10, broad t, 2H2 H
6.53, 4 lines, Ha (Jab = 6, Jax = 2) ; 5.90, m, Hx ; 5.00, 4 lines, Hb (Jbx = 8) ; 1.80,

broad d, Me-é-C:(ny = 6) ; 0.20, s, MesSi. '
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Me
2 1
e /
15 < N - C\‘\ L Ha
=7 3a*
H/ ‘KOS‘Me&
E/Z
3b : 4.66, t, Ha (Jax = 8) ; 3.70, d, 2 Hx ; 3,23, q, 3(182(N) s 2,00, s, Hef:-(‘l— s 1.37, ¢,

381.

3b' : 9,16, bread d, ZH! ; 8.63, broad t, H

3CK3(C1'12N <) 3 0.27, s, Me

3 3 8.13, broad t, 232 5 5.60+4.83, m, Ha + 2Hx ;

1.90, s, Me-(sw(‘}'- ;s 0.17, s, Me3si.
- E
Ne\ /H.1 N = NEbs: 20
=C @ o ,/—-3 .
Me35i0/ ‘ch, - NE, 1 =n0)e < 28

=

3c : 4.85 (2), 4.59 (B), t, Ba ; 3.73 (2), 3.86 (E), d, 2 Hx (Jax = 8) ; 3.30, q, 3CH, )

2,20, q, CH £ = C\ ;5 1.30, t, 3(133(832!?‘: Yy 5 1.00, s, CH3(CHZ-(:‘-§-) s 0.24, s, Me,Si.

2 3

13C nmr (CDCl3, MeA51 ag the internal standard) : 163.8 (E) 163.2 (2), -(I:-OSiE; 90.5 (E),
90.0 (2), C-Ha ; 55.6 (E), 51.5 (2), GH,( .y, 23.9 (), 28.1 (2), C!lz(—-C-C) ; 10,3 (B), 7.3
(2) cHy (CH c-é) 3 -0.9 (B), - 0.3 (2), SiMey ; 51.6 (E, Z), CH,(Bt, N, 7.8 (£,2), CH,y

(Bt §)

25-: t  9.23, broad d, ZH' ;s 8.73, broad t, 33 ; 8.13, broad 4, 2}!2 3 5.7-4.9, m, Ha + 2Hx ;
2.33, q, CH,~C={ (J = 8) ; 1.00, t, CHy-(CH,C=C-) ; 0.20, s, Me,Si. Isomers Z and E were
l3C nor : (E was largely the major isomer) 163.1 (E), 161.8 (2), C-0Si ;
95.8 (B), 96.2 (2), E-Ka ; 58.5 (B), 56.2 (2}, gix 24.2 (B), 27.7 (2), Sﬂz(—(.l-(\l—) ;s 10.6
(E), 10.0 (Z) 283«(-(}12-?-(‘1-) 3 0,7 (E), -0.15 (2), SiMe3 ; pyridinium ion : 144 (2,E) 9’1; H
142 (2,E), CH, ; 127 (Z,E) CH,.

differentiated in

* +
CHyCH, N NE = NEfz : 3¢
c=¢" e .o *G
- + . oal?
M.tbSiO{ \C\izN:,I = ‘O‘s s :3_(:_
Elz

3e : 8.72, m, Har + Ha ; 6,10, 4 lines, Hb (Jab = 16 : E isomer) ; 5.70, 2 lines, Hx (Jbx=8) ;
3.43, q, 3CH, (N) ; 1,34, t, 3 CH3 (CHZN) ; 0.24, s, Measi.

3e' ¢ 9,50, broad d, 231 s 8.70, broad t, Hy 8.20, broad t, 2H2 s 7.70-7.10, m, Har + Ha +

Hx ;3 6.56, 4 lines Hb (Jab = 16 E isomer Jbx = 5.8) ; 0.30, s, MeBSi.
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Ph Hy - Wi = NEbs : e

0SS Ca ;

Ma é“(@, ) BMOEES
£ =Nzl

3g : Z isomer : 6.87, broad d, Ha (Jab = 6) ; 4.6, m, Hb ; 3.8, d, 2 Hx (Jbx = 8) ; 3.20, q,
30112 (N) ; 1.30, ¢, 3CH3(CH2N) s 0.20, s, He3si.

E isomer : 7.00, broad d, Ha (Jab = §2) ; 5.00, m Hb ; 3.80, d, 2Hx (Jbx = 8) ; 3.20, q,
3CH2(N) ;5 1.30, ¢, 3CH3 (CHZN) s 0.20, s, He3Si.

TS s e SiMes
3
= n 2%

Hs

0
3h : 9.1, broad d, 2 H] s 8.70, m, H3 ; 8,16, m, 2H2 ;5 5.80, m, Hx ; 5.00, d, Ha (Jax = 4) ;
2,5-1.5, m, 3CH 0.27, s, SiMe3.

M03 Si 0 Ha.

@%‘@3 ,1° 3h
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