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Abstract 

In acetonitrile as the solvent and in the presence of a tertiary amine the trimethyl- 

chlorosilane/sodium iodide (trimethyliodoailane "in situ") reagent provides the correspon- 

ding siloxy dienes when reacted with a,S-unsaturated series. These reactions occurs via the 

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

INTRODUCTION 

In a previous paper' we have reported a new and general route to silyl enol ethers 

from simple anolisable aldehydes or ketones using the trimathylchlorosilane-sodium-iodide- 

tertiary amine reagent in acetonitrile as the solvent. 

Regarding the potentialities of siloxy dienee as versatile synthons for pure organic pur- 

poses2, 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 ailylation of dieno- 

latee generated from a,B-unaaturated carbonyl derivatives and a strong base such as 

iPr2NLi3'4 orin the direct silylation of the same substrates by Me3SiC1-Et3N (ZnC12 cat.)', 

R3SiCl-Et3N-DMF6, R3SiCl-DBU7, F3C-S03SiMe3-Et3N*, 14a3SiI-(Ma3Si)2NRg. Because of the advan- 

tages of the Me3SiC1-NaI-Et3N reagent in acetonitrile (fast reaction under very mild condi- 

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

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

RESULTS AND DISCUSSION 

In acetonitrile, Me3SiCl-NaI-Et3N reacts with a,@unsaturated enolizable aldehydes 

or ketones to afford dienoxyailanes at room temperature, 

Results are surmnarised in Table 1. 
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Table 1. Synthesis of Dienoxysilanes from a,WJnsaturated Aldehydes and Ketones and 

the Me3SiCl-NaI-Et3N Reagent in Acetonitrile 

Starting 
Carbonyl Deriv. I 

lb - 

Dienoxysilanes 2 

2d’ - 

x Conf igu- 
Yield rat ion 

55 

M-J 

40 

91 

74 

9 

40* 

60= 

E 

z : 35 

E : 65 

Z or E** 

Observatioo 

Only one 
isomer 
Z or E 
:after 
diatilla- 
tion quant. 
yield for 
crude pro- 
duct. 
L* id. 

These result8 require following coamrents : 

‘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 

conditiona, the reaction wae 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 wae isolated from the reaction mixture. 

‘from crotonaldehyde la only the E isomer wan isolated, whereas a mixture E/Z c.a. - 
80/20 was formed using the 14e3SiCL-Et3N (ZnCl2 cat.) reagent5. 

However the Z isomer can be favoured by replacement of triethylamine by a rmore 

sterically hindered amine (for example a ratio Z/E - 54146 was observed vith lutidine). 

Ofrom the ketone x, hydrogen in a-position with respect to the carbonyl group was 

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

“with reference to our preliminary report 
10 some other dienoxyeilanes were synthesized 

II 
in aatiafactory yields . 

From 8ome saturated aldehydes we have obeemed’ the formation of stable complexes 

such as : 
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R OSiS 

X Q) 
H NEt3. P from RCK2CilO and this suggested the formation of similar 

intermediates in the a.d-unsaturated eeries. 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. 12 with He SiI alone : 3 

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

methyl ketone formed as follows : 

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

respect to the physico-chemical data (IR ‘Ii and 13 C NMR) we assume the formation of -1.2 or 

-1.4 adduct similar to those observed with RCK2CH0. Ihe results are surmuarized in Table 2. 

In general -1.4 adducts exhibit a higher thermal stability than the corresponding 

-1.2 ones. Thus, the -1.4 adducts isolated with the mentioned ketones, in the case of Et3N, 

sre decomposed only after warming to 8o°C for 12 h. In contrast adducts from saturated 

ketones (obviously 1.2) could not be detected under our reaction conditions’. 

With acrolein IJ (run I), the 1.4 adduct was observed, E/Z - .83/17.gimilarly 13 it was 

shown that acrolein 3 gave with trimethylchloroeilane and triethylamine a similar onium 

salt the constitution of which depended on the nature of the solvent Z/E = 97/3 (ligroin), 

20/&l (carbon tetrachloride), SO/SO (CDC13). When the solution of NaI in acetonitrile was 

completely added, the configuration changed to reach E/Z - 25175 after 48 h. In contrast, 

crotonaldehyde la 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. l’he structure of this adduct was assigned by comparison with previous 

studies in our laboratory 
14 : z/E * IS/05 after the end of the addition, to reach SO/SO after 
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48 h. 

Table 2. Adduets Obtained 

MejSiCf-NaI-Et2N 

P. ChZihu et al. 

from a,&-LJnsaturated Aldahydee or Ketones and the 

reagent in Acetonitrile 

Carbonyl derivative Base (t” of the -_--I- ---1---- 

The initial major E configuration of these 1.4 adducts from la and -I& indicate a - 
kinetic control of the reaction 

I5 
: telereactions (1,4-additions to conjugated sequences) 

are syo additions , so the preferential formation of the E-isomer should result from the 

attack of the major conformer ” of _IZJ [cf. Scheme 1). 

In the case of ketones, only the non-substituted in position -4 or 2-cyclohexenones 

form 1,4-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. HDreover the stability of the addoct also 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 

subatituted character of the double bond stabilized by the OSim group, in the -1.4 adduct. 
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k 0 

S- trrn8 

s- c-6 
Scheme I 

In the case of ketones Id-f adducts were not detected but the formation of the E 

isomer uniquely suggests an 1,2-adduct since the I.4 one would afford a Z/E mixture as shown 

in Scheme 2 with benzalacetone : 

Dlenoxyai lane Z+ E II renoxysi lclns 

Scheme 2 
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As we have previously argued in the saturated series1 onium salts should be respon- 

sible for the formation of enoxysilanes. The obtention of dienoxysilanes results from -1.2 

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

For 1,2-elimination from 1,2-adducts one can propose the same process as in the 

saturated serieal. 

Concerning 1,4-elimination either frcsn 1,2- (corresponding to la) or 1,4-adducts - 
(corresponding to lb and &), this reaction occurs according to a syn process 16,17 aod 

- 
governs the stereochemistry of the formed dienoxysilane. Our result with crotonaldehyde is 

in good agreement with the predicted stereochemistry : 

8 0 
-EtaP(H,I 

Et@ .__ \-OS3 

0s; z 
Sp elirim. 

E 

major prodUCt major prod& 

EXPERIMZNTAl SECTION 

Proton wr spectra were recorded at 60 MRz on Varian A 60 or Perkin-Elmer R 12 or 

R 24 B spectrometers (in Ccl4 as the solvent and with tetramethylsilane as the internal 

standard) or in the case of 2a and 2, at 100 locked on the trimethylsiloxy signal. 13C nmr - 
spectra were recorded at 15.08 FBlz 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, Bewlett- 

Packard 5720 or Intersmat ICC 15 instruments with a catharometer detector using helium as the 

carrier gas and columns (l/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 -1 were 

obtained with a Perkin-Elmer Pbdcl 427 spectrometer and sodium chloride pellets. All the 
-1 

trimethylsilyl derivatives exhibit absorption at about 1250, 840 and 755 cm . All the dieno- 

xysilanes gave satisfactory elemental analyses available on request (C talc + 1.1 X, H talc 

+ 1.3 X, Si Calc + 1.5 X). 

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 (Aldrich) was refluxed over P205, distilled and stored under argon 
0 

over molecular sieves 3 A, Pentanewas stored over sodium wires. Trimethylchlorosilane gene- 

rously provided by Rh&re-Poulenc Specialit& Chimiquea (Dr. Brison) was distilled. NaI 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. 
18 . 
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All the reactions were carried out under argon atmorphere in a standard apparatus 

canpored with a 250 ml three-necked round-bottomed flank equipped with a reflux condenser 

fitted with a drying tube containing calcium chloride , a preesure-equalizing dropping funnel 

and a magnetic stirring bar. 

SYNlWSIS OF DIENDk-fSIUMS 

1 - Prom Crotonaldehyde. Synthesis of 2a 

Sodium iodide (9.3 g, 62 xcool) in acetonitrile (62 ml) was added dropwiae with stir- 

ring to a solution of dry pentane (60 ml) crotonaldehyde la - (3.5 g. 50 mmol), trimethyl- 

chlorosilane (6.73 g, 62 renal) and triethylamine (6.26 g, 62 uxaol) or eventually pyridine 

(4.9 g, 62 rrmol) or lutidine (6.63 g, 62 mnol), succeesively 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 waa 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 anawnium chloride until 

neutrality, dried over sodium sulfate and distilled under dry inert atmosphere to remove 

pentane (760 &g). Then the dienoxysilane was distilled under vacuum 2 (3.5 g, 55 X, b.p./ 

601maHg: 56OC). The wr spectrum of 2 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 0.1 Hz) the coupling constant Jbc = 12 Hz led 

the structure E by comparison with data given : 
H 

f\C_C’ 
“d 

a’ ’ CH-CH-OSiUe3 
e cb a 

by the Z/E mixture prepared according to ref. 5, (Jbc - 6 Hz for the 7, isomer). 

2b : ir (cm-‘) 
-I 

: vtcIc osij : 1650 ; v~c.c~ : 1605 cm ; ‘H nmr 000 Miz, dppm ; J Hz) : - 

6. 25, m. Bb ; 5.93 m, Hd ; 5.44, m, Hc ; 4.72, m, He ; 4.56 m, Hf ; 0, 8, 9Ha ; Jbc = 11.9 ; 

ua to assign to 2a - 

J cd - 10.9 ; Jbd - 0.7 ; Jbe - 0.6 ; Jce - -0.8 ; Jcf - - 0.7 ; Jdf - 10.3 ; Jef I 2.0. 

2 - Fran Rethyl Vinyl Ketone. Synthesis of 2b 

a waa synthesized according to a eimilar procedure without addition of pentane 

during the reaction. However in order to achieve the decomposition of the onium intermediate, 

the reaction mixture waa warmed at 100°C for 12 h (instead of 4O’C for 4 h). 2b also was - 

separated by distillation (5.3 g, 80 X, b.p./25 rmaHg : 38’C). 

2b : ir (cm-‘) 1580 ; I H nmr - vcIc 1630 (enoxysilane), 000 Mix, Gppm, JHz) : 5.87, 

m, Hd ; 5.17, m. He ; 4.79, m. Hf ; 4.03, m, Ha ; 4.02, m, Bb ; 0, .a. 9Hc ; Jab = 0.6 ; 

J - ad 0.01 ’ Jbd - 0.01 ; ae J - 0.6 Jbe - 0.6 ; ; Jde - 17.0 ; Jaf - 1.4 ; Jbf - 0.7 ; Jdf - 

10.4 ; Jce - 1.9. 

2b - 
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3 - Prom Ethyl Vinyl l&tone. Synthesis of 2c 

The onium salt 2 was synthesized,at O’C,from NaI (4.65 g, 31 ramol) in 

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

(2.1 g, 25 -1) triethylamine (3.13 g, 31 mm011 and trimethylchlorosilane (3.36 g, 31 mmol) 

successively introduced in the reaction flask. An soon as the addition wan achieved, the 

1,4-onium salt was quantitatively formed (Z/E c.a. 40/60). After warming at 8O’C for 5 h 

a study by ‘11 nmr (60 Wa) showed the formation of dienoxycrilancs (2 and E) while the E 

adduct disappeared and the 2 adduct remained present (molar ratio : 2 and E dienoxyeilanes/l 

adduct = SO/SO). 

This was due to the competition between the decomposition of both adducts into the 

corresponding dienoxysilanes and the ieomerisation of the E adduct into the correrponding 2 

adduct. After 10 h at 80°C the decomposition of the onium salt was complete. A final treat- 

ment (cf the syntheaia of 2) led to 2c separated by distillation (1.6 8, 40 X, low yield, 

due to the facile polymerization of the product, b.p./25 nndlg : 52’C, E/Z - 65135). 

2’ (E + 2) 
1 : ir (cm-‘) vff+C, : 1645 (eaoxysilane), 1600, 1590 ; li nmr B isomer : 

6.1, m, Iid (part X of an ABX system 4 lines Jde + Jdh - 27 ; 5.1, m. He ; 4.8, m. Hf ; 

4.7, q, Ha ; 1.60, d, 3Hb ; 0.18, 8, 9Hc ; Jab - 7 ; Jde - 17 ; Jdf - IO. 2 isomer : 6.46, 

m, Ed (part X of an ABX eystem 4 linen. Jde + Jdh - 27 ; 5.3. m, He ; 4.8, m, llf ; 4.7, q, 

I$, ; 1.6 , d, 311, ; 0.16, s. 9Hc . 

le (25 

ml), 

4 - Prw Msityl Oxide - Syntheris of 2d’ and 2d2 - - 

2d’ - and 2d2 were directly obtained at O’C,from NaI (3.75 g, 25 mmol) in acetonitri- - 
ml) added dropuiee to a rolution of dry pentane (15 ml). mesityl oxide (1.96 g. 20 

triethylamine (2.52 g, 25 -1) and trimethylchlorosilane (2.71 g, 25 mmol). The mix- 

ture remained white during the reaction and , as soon a8 the addition was achieved, the 

complete disappearance of mesityl oxide wan observed by mar spectroscopy in both pentane 

and acetonitrile phases, aa well as the quantitative formation of 4-methyl 2-trimethylai- 

loxy 1,3-pentadiene 2d’ and 4-methyl 2-trimethylsiloxy 2,4-pentadiene 2d2 (2d’/2d2 - 91/g). 

The mixture 2d’ + 2 
- 

2d - - was separated by distillation (2.5 8, 74 X, b.p./U) nmtlg - 65’0. 

In the absence of pcntane the ratio 2d ‘/2d2 was changed 80/20. This was probably due to the 

possible iromerisation of 2d’ in acetonitrile. 

2d’ + 2d.2 : ir (cm-‘) ‘11 nmr : 5.51, m. Hd ; - - : vcIcj 1655 (enoxyailane), 1620, 1585. g’ 

4.16, broad 8, Ha ; 4.08 broad a, Hb ; 1.90 and 1.76. 2m, 2Clf3 coupling constant with Ed 

J - 0.4 ; 0.20, S, tfe3Si.s2 ‘H nmr : 4.92, m, Hc ; 4.80, m.‘tle ; 4.62, m, Hf ; 1.90, m 

and 1.80 m, 2 CH3 ; 0.20. 8, Me3Si. 
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5 - Prom Benzalacetone - Synthesis of 2e 

Using the same proportions of reagents as for 2 an exothewic 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 &vas 

observed by ‘II nmr spectroscopy. Separation of 2 was effected as described for 2 and 

2b (4.3 g, 40 X (low yield due to a polymerization reaction), b.p./25 mnHg : 14OOC). By - 
distillation between 140-200°C/25 maEg an oligomeric fraction was isolated (Sg). 

2e - : ir (cm-‘) ; v(C-C) 1640 (enoxysilane) 1610 ; ‘H nmr 7.07-7.57, m, 5 HAr ; 6.97, 

m and 6.25, m, Hd and He (non assigned), Jde = 16 Rz (E isomer) ; 4.47, broad, s, Ha and 

%; 0.27, s, 14e3Si. 

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 became yellow while the 

acetonitrile one became orange. As soon as the addition was achieved the quantitative conver- 

sion of the starting ketone into 2f was observed by ‘E nmr spectroscopy. - Separation of 2f was - 

effected as described for 2a and 2b (2.1 g. 60 X. b.p.15 ssnHg : 74°C). - - 

2f : ir (cm-“, : v(C=C) 1690, 1660 ; ‘H nmr - ; 6.83, m, He ; 5.26, m. Hd, Jde - 12 ; 4.03 

broad s, Ha and Hb ; 3.56, 8, Ol!e ; 0.22, s, Ye3Si. 

7 - Synthesis of 4-Iodo 2-butanone 

This compound was sy.:tlesized from methyl vinyl ketone and trimethyliodosilane’ or 

trimethylchlorosilane and sodium iodide in acetonitrile according to the conditions given for 

the synthesis of 2, but without triethylamine. Subsequent treatment of 4-iodo 2-butanone 

by 1 molar equiv. of triethylsmine as the solvent, at room temperature, regenerated the star- 
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t ing methyl vinyl ketone accompanied by triethylamine 

SYNlliESIS OF 0NIU.l SALTS 

hydroiodide. 

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 Id and If under our reac- - - 
tion conditions. 

In order to optimize the formation of the adducta,the experimental procedure was 

sometimes changed. For instance in the case of cinnamaldehyde, this compound was added drop- 

vise to the mixture of acetonitrile, sodium iodide, trimethylchlorosilane and pyridine, 

while in the case of acrolein or crotonaldehyde, trimethylchlorosilane was added at -2O’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 X/E was found 4Of60 when the reaction wasperformed at O’Car,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 & obtained by procedure X was cons- 

tituted by both isomer 2 and E, Z/E - 17183 just after reaction SO/SO after 12 h or 75125 

after 48 h at room temperature. Similarly. procedure Y from crotonaldehyde (using pyridine) 

afforded 3a2 Z/E = - IS/85 just after reaction and SO/SO after 48 h. 

‘H nmr data permitted to assign unambiguous structures to the adducts (solvent MeCN) 
+ 

(y3-2CH2N$ : J12 - 7-8 Hz). 
- 

38’ : 6.42, m, Ha - ; 5.73. m Hb (Jab - 14.3). (J by - 1.3 ) ; 5.32, broad d, Hx (Jbx - 8) ; 

3.33, q, 3CH2(N) ; 1.37, t. 3CH3(CH2N). 1.90, broad d. Me.&-<(Jay = 6.6) ; 0.20. 8, 14e3Si. 

The very small value of Jax (= 0) supports a preferential confowation for 3a’ in which the - 
diedral angle C3Ha. Cl Hx, is near 0’. by comparison with data from the literature in other 

series2’. 

3a2 : E isomer 

(Jsb 

; 9.33, broad d, 2H1 ; 8.86, broad t, H3 ; R.10 broad t, 2H2 ; 7.1. d. Ha 

- 12) ; 5.9, m, Hx ; 5.4, 4 lines, lib. Jbx - IO ; I .80, broad d, l&b-$; (Jxy - 6) ; 

0.20, s, Me3Si. 2 isomer : 9.33, broad d, 28, ; 8.86, broad t, H3 ; 8.10. broad t, 2H2 ; 
6.53, 4 lines, Ha (Jab - 6, Jax - 2) ; 5.90, m, Xx ; 5.00, 4 lines. Hb (Jbx - 8) ; 1.80, 

broad d, Me-C-C:(Jxy - 6) ; 0.20, s, Me3Si. 
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2: 4.66, t, Ha (Jax - 8) ; 3.70, d, 2 Hx ; 3.23, q. 3CH2(N) ; 2.00, 8, MeP$- ; 1.37, t. 

3cN3(cH2N <) ; 0.27, 8, BegSi. 

3b’ : - 9.16, broad d, 2HI ; 8.63, broad t, H3 ; 8.13, broad t, 2H2 ; 5.60-4.83, m, Ha + ZHx ; 

1.90, 8, Ma-C-C- ; 0.17, 8, Me Si, I h 3 

&: 4.65 (2). 4.59 (El, t, Ha ; 3.73 (Z), 3.86 (E), d, 2 Hx (Jax - 8) ; 3.30, q. 3mZ (N) ; 

2.20, q, CH 4 
2 

- c, , ; I .30, t, 3cH &H2N’: 
3 

) ; 1.00, 8, cti3(cH2-~=p) ; 0.24, 8, He3Si. 

13c omr (CDc13, b4Si as the internal standard) : 163.8 (E) 163.2 (2). &OS<; 90.5 (E), 

90.0 (2)) C-Ha ; 55.6 (El. 51.5 (Z), en,(x), 23.9 (E), 28.1 (21, M2&C:) ; 10.3 (E) , 7.3 

(2) g3 (cH2&$) ; -0.9 (E), - 0.3 (Z), SiMe3 ; 

(Et3k. 

51.6 (E, Z>, CH22(Et3$, 7.8 (E.Z), CH3 

3c’ : - 9.23, broad d, 2H, ; 8.73, broad t, H3 ; 8.13, broad d. 2H2 ; 5.7-4.9. m, Ha + 2fh ; 

2.33, q, CH -kc: -2 (J - 8) ; 1 .co, t, gfm2c-c-) : 0.20, S, Ne3Si. Isomers 2 and E were 

differentiated in ‘3c nmr : (E was largely the major isomer) 163.1 (E), 161.8 (Z), c-OSi ; 

95.8 (E), 96.2 (2). z-Ha ; 58.5 (E), 56.2 (21, _Mx 24.2 (E), 27.7 (Z), ~2’-$-~-) ; 10.6 

(E), 10.0 (z) sH3-&CH2-v-$-) ; -0.7 (E&-0.15 (2). SiMe3 ; pyridinium ion : 144 (LE) et ; 

2: 8.72, m. Har + Ha ; 6.10, 4 lines, Hb (Jab - 16 

3.43, q, 3CH2 (N) ; 1.34, t, 3 CR3 (CH2N) ; 0.24, 8, 

3e’ : 9.50, broad d, ; 8.70, broad t, ; 8.20, - 2H, H3 

IIx ; 6.56, 4 lines Hb (Jab - 16 E isomer Jbx - 5.8) 

: E isomer) ; 5.70, 2 lines. Hx (Jbx-8); 

Ne3Si. 

broad t. 2H2 ; 7.70-7.10, m, Har + Ha + 

; 0.30, s, %3Si. 
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3: 2 isomer : 6.87, broad d, Ha (Jab - 6) ; 4.6, m, Hb ; 3.8, d, 2 Hx (J~X - 8) ; 3.20, q, 

3(X2 (N) ; 1.20, t, 3CH3(CH2N) ; 0.20, s, Ms3Si. 

E isomer : 7.00. broad d, Ha (Jab - 12) ; 5.00, m lib ; 3.80, d, 211x (Jbx - 8) ; 3.20, q, 

3CH2(N) ; 1.30, t, 3Cli3 (CH2N) ; 0.20, a. Me3Si . 

0 
F5:,9.51 ; brood d, ; 2 81 ; 8.70, m. H3 ; 8.16. m, 2H2 ; 5.80, m, Hx ; 5.00, d, Ha (Jax = 4) ; 

.-.t . 2 0.27. 8, SiUe3. 

:I - 

2- 
3- 
4- 

5- 

6- 

7- 
0- 
9- 

10 - 
II - 
12 - 
13 - 
14 - 
15 - 
16 - 

17 - 

18 - 
19 - 
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