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Abstract-A series of silyl ketones has been prepared by appropriate manipulation of a-silylated allenol ethers. 
Among the compounds prepared were alkenyl, alkynyl and acyl silyl ketones. The spectroscopic properties of repre- 
sentative members of these classes of compounds have been measured, and some of their chemical reactions studied. 
Diels-Alder cycloadditions of vinyl and alkynyl silyl ketones proceed smoothly, and can be used to prepare new 
types of silyl ketones. Several examples of reactions with organolithium reagents are given; the process can be an 
effective route to enol silyl ethers with absolute regiochemical control. 

The applications of Si compounds in organic synthesis 
have been concentrated in four areas: (1) as protecting 
groups for OH, NH and CH groups; (2) as activating and 
directing groups during electrophilic additions to vinyl, 
ally], and allenyl silanes (p-silyl cation stability); (3) in 
olefin-forming reactions via acid or base catalyzed eli- 
mination of silanols (Peterson olefin synthesis); (4) as 
easily accessible and reactive enol equivalents in the 
form of silyl enol ethers. 

Our interest in silyl ketone (acyl silane, 1) chemistry’.* 
and its applications to organic synthesis are based on 
some chemical properties of Si compounds distinct from 
those responsible for the applications above; i.e. the 
great propensity for silyl groups to undergo sigmatropic 
rearrangements.’ This, coupled with the extraordinarily 
high bond strength of the Si-0 compared to the Si-C 
bond makes possible the very flexible connective syn- 
thesis of a-siloxycarbanions (2) illustrated in eqn (I),’ in 
which the exchange of a Si-C for a Si-0 oxygen bond 
provides the driving force for the conversion of an 
alkoxide to a considerably more basic carbanion. This 
approach avoids some of the limitations associated with 
other methods for the preparation of such anions (e.g. 
metalation6 C-X bond reduction’). The siloxy anions 2 
formed as in eqn (1) can be alkylated and treated with 
other electrophi1es,‘“~2”~““~b or they can serve to initiate 
elimination reactions if suitable leaving groups are 
present.‘.8b.’ 

The equilibrium of eqn (1) was first studied in con- 
nection with the base catalyzed rearrangement of a- 
silylcarbinols to siloxy compounds, which has been 
extensively studied by Brook et aL3 Relatively little solid 
evidence on the thermodynamics and kinetics of the 
actual [ 1.21 sigmatropic rearrangement step of the Brook 
rearrangement is available. However, the work of West 

JSiMe3 Ju C 
1 2 

OCH, 1 2n-BuLI 
Ph--fl Eq. 2 

SiMe, 

and Wright.’ clearly showed that when R = Ph and R’ = H 
the equilibrium was on the side of the alkoxide, whereas 
when R = R’ = Ph the carbanion was the principal spe- 
cies in solution. The related 3-triethylsiloxypentadienyl- 
lithium reagent also shows only carbanion reactivity?” 
as do other systems having anion stabilizing sub- 
stituents.6’ 

Silyl ketones have other uses as synthetic reagents in 
addition to reactions based on eqn (1). Thermolysis leads 
to siloxycarbenes, which undergo interesting intra- and 
intermolecular reactions.’ Either aldehydes” or car- 
boxylic acidslod.” can be obtained by hydrolytic or oxi- 
dative cleavage of the C-Si bond. Silyl ketones can thus 
serve as synthetic equivalents of these functional groups. 
Some success with the use of silyl ketones as acyl anion 
equivalents has been reported, either by direct nucleo- 
philic cleavage of the C-Si bond” or the indirect path- 
way involving nucleophilic addition to the carbonyl, fol- 
lowed by (1, 21 sigmatropic rearrangement of the silyl 
group (eqn 1, with Rz = F”). Full development of the 
synthetic applications of eqn (I), as well as the use of 
silyl ketones in other reactions requires general and 
efficient methods for their preparation. 

When we began our work, no acetylenic and only two 
olefinic silyl ketones had been prepared.13 Both syn- 
theses of the silyl enones used lithiated allenyl ethers as 
d,-propenone synthons, followed by hydrolytic release of 
the carbonyl function (eqn 2). Subsequent work by sev- 
eral research groups provided routes based on the alkyla- 
tion and silylation of lithiated pherrrl propargyl selen- 
ide,2c I ,3-bis(phenylseleno)propene and I-methoxy- 
butadienes.“” Successful routes based on an aldol con- 
densation followed by Peterson olefin synthesis,‘od the 
hydroboration of enynyl silanes,‘4b and on the sulfenyl- 
ation of enol ethers derived from silyl ketones followed 
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by sulfoxide elimination were also reported.““ The 
silylation hydrolysis of dithianes, a procedure which 
works well for alkyl dithianeslsb can also be used in 
some cases (e.g. g-styryl trimethylsilyl ketone”‘) but 
suffers from dilhcult preparation of the unsaturated 
dithianes, as well as regiochemical mixtures during the 
silylation. Of all these procedures, the routes based on 
allenol ethers seemed most promising since not only d,, 
but also dl and d,-propenone reactivity seemed achiev- 
able. In fact, I-hexenyl silyl ketone”’ as well as the first 
allenyl silyl ketoneI have been recently prepared from 
I-silyl-1-alkoxy cumulenes. 

We report here on our efforts toward the utilization of 
allenyl ethers for the preparation of a,/?-olefinic, a,/?- 
acetylenic, and a-keto silyl ketones (vinyl, ethynyl, and 
acyl silyl ketones). 

RESULTS ANIl DlSCUSSlON 

Preparation of allenol ethers. The procedure we have 
developed for the synthesis of silyl enones is illustrated 
by eqn (3) for the parent compounds 50 and Sb 
(throughout this paper the a series will refer to tri- 
methylsilyl, TMS, the b series to t-butyl-dimethylsilyl, 
TBS). The choice of ethoxyethyl substituent for the 
alkoxyallene starting material 3 permits easier isolation 
and purification than the more commonly used but vola- 
tile and easily polymerizable methoxyallene.” Com- 
pound 3 was prepared by base catalyzed isomerization of 
ethoxyethyl protected propargyl alcohol, following the 
procedure of Hoff, Arens and Brandsma.” The metala- 
tion of 3 proceeds smoothly with n-BuLi, and high yields 
of the silylated allene C can be obtained if good tem- 
perature control is maintained during metalation and 
derivatization. Successful reaction with t-butyldimethyl- 
silyl chloride requires rather specialized conditions 
(Et20, HMPA, -85”, I5 hr) to achieve optimum yields. 
Both 4a and 4h can be stored for long periods at freezer 
temperature under N2 provided a trace amount of the 
radical inhibitor 3-t-butyl-4-hydroxy-5-methylphenyl 
sulfide is present. 

The silyl allenes 4 can be metalated a second time 
(n-BuLi/THF, -78“. 30min) and the Li reagent treated 
with a variety of electrophiles (Table 1). No differences 
in reactivity between the TMS and TBS derivatives were 
encountered. Reaction occurs essentially exclusively at 
the y-position, the exceptions being reaction of 4a with 
n-butyl iodide and isopropyl iodide, which gives a 711 
ratio of - to a-products (4b gave no detectable a- 
product).” To achieve good yields with less reactive 
electrophiles such as isopropyl iodide and n-butyl iodide 
it was necessary to use an excess of alkylating agent. 

Secondary proton transfers were encountered only when 
strongly acidifying substituents (e.g. PhSe) were intro- 
duced. For this reason, selenation was best carried out 
by a two step sequence: reaction with elemental 
selenium (inverse addition), followed by alkylation on Se 
with methyl iodide.” In all cases where the allene ter- 
minus has two different substituents an approximately 
l/l mixture of diastereomers (chiral center in 
ethoxyethyl group) was obtained. 

The Li reagent from 4a also reacts at the y-position 
with carbonyl compounds, but the adducts are unstable 
and could not be cleanly converted to silyl enones. 
Apparently cyclization to dihydrofurans and furans occurs 
too readily.” This is not surprising, since the kinetic 
products of hydrolysis appear to be the cis-compounds, 
ideally set up for cyclization. A different dl,drpropenone 
reagent (1,3-bisphenylselenopropene) developed in our 
laboratory2b can be used to prepare y-hydroxyl silyl 
enones. 

A third metalation has been carried out on several of 
the y-alkylated allenes (6a, 6b, 7a, Table 1). Optimum 
metalation conditions were set-BuLi/THF at -78”, 
15min. These Li reagents gave only y-derivatization 
with methyl iodide and elemental Se. Some a-product 
(y/a 3/2) was formed with PhzSe2 as electrophile, but 
only with the TMS compound. If careful control of 
reagent stoichometry is maintained, two consecutive 
metalations-alkylations on compound 4 can be carried 
out as one pot reactions (e.g. preparation of 13b and 14a). 

An alternate shorter approach to the /?,j?di- 
substituted silyl enones was based on the work of Leroux 
and Roman.‘3b Compound 18 was prepared from 2- 
butyn-l-01 THP ether (16) by consecutive metalation- 
methylation (17) and metalation-silylation steps (eqn 4) 
both of which can be carried out in a one pot reaction. 
For reasons that are not understood, the ethoxyethyl 
protected butynol could not be cleanly methylated. We 
also found that protonation of the Li reagent from 2- 
butynol-0-THP gave mixtures of allene and acetylene 
products under conditions for which the 2-octyn-l-o122” 
and 2-pentyn-l-o122b derivatives give predominantly al- 
lenes. 

Hydrolysis of silyl alkoxy allene. Most of the allenes in 
Table 1 have been successfully hydrolyzed to silyl 
enones. The best conditions we found are 2N H,SO, in 
THF at 25” for 40min to 4 hr. The TBS derivatives 
consistently hydrolyzed at a slower rate than the TMS. 
Results are summarized in Table 2. 

The more volatile silyl ketones (e.g. 5~) needed to be 
handled carefully during workup to avoid losses, otherwise 
most of the compounds, although more thermally sensitive 

3 4a RmMo 66% 5a 65 ‘I. 

b R=t-Bu 61 % b 84 % 

.,iOTHP * If 
OTHP RMQ>SI 

1. n-BuLi, -4O.C l.n-BuLi K 

OTHP 

I 
2. CH,I 04 2-t 

K 
Eq. 4 

16 17 76% 181 76% (from 16) 

18b 83% (from 17) 
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MaJ?Si EE 
1. RLi, THF, -78’C Pf 
2 Electrophile 

E A? 2 

a R=Me b. R = t-Bu 
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stating natcria1 

Cmpd. No. Rl 

Reaction Conditions~ Product 

No. R2 E Yield 

9 II 1. n-BuLi 2. CH31 65 S Cw 0a 

4b a 1. n-BuLi 2. Clt3r _a!! S CR3 100 

4a R 1. n-BuLi 2. __ n-C4SgIb _er H n-cql.fg 93 

II 1. n-BuLi 2. i-C3H7b _7: Ii i-C3S7 94C 

1. n-BuLi 2.&3. Ac20 46 11 

55 B 1. n-BuLi 2. &3SiCl lo! S sine3 d 

5% B 1. n-BuLi 2. Pb2Sc2e !li S SCPb d 

5% B 1. n-BuLi 2. See 3. CH31 me- 12a Il SeCE3 81 

4b u 1. n-BuLi 2. Se= 3. CH31 LLb, R Seal3 85 

kk B 1. n-BuLi 2. CS31 J3b CS3 CS3 94 

3. l -BuLi 4. CN3r 

5% B 1. n-BuLi 2. Cll31 !4_r CS3 seat3 79 

3. s-BuLi 4. See 5. Cll31 

5% ca3 1. #cc-BuLi 2. CE31 125 Cru CS3 96 

$5 CR3 1. l ec-BuLi 2. See 3. CB) !4b_ CS3 S&E3 d 

I! i-C3H7 X. #cc-BuLi 2. See 3. CS3I + i-C3H7 S&.X3 78 

These steps were carried out as one-pot reactions. 
bExcess alkylating agent (2-3 fold) was used. 
‘Contaminated by - 15% of a-alkylation product. 
dProduct was not purified, but was directly carried on to silyl 

ketone (see Tables 2 and 3). 
‘Inverse addition. 

than ordinary ketones, could be distilled or chromato- 
graphed without decomposition. 

The question of cis-bans isomerism in the silyl 
enones with one fl-substituted has not been carefully 
examined. In several cases an excess of the cis-isomer 
was observed after the hydrolysis, followed by cis to 
trans isomerization during distillation or storage. Cis- 
trans mixtures have been observed in previous allenol 
ether hydrolyses.n” 

Hafogenation and selenation of allenol ethers 
Treatment of allenol ethers with several electrophiles 
gave a-heterosubstituted silyl enones. We carried out 
brominations (Br2, CH$ZlJ, chlorinations (SO& in 
THFJ and selenations (PhSeCl in CH2C12) on several 
representative compounds. The reactions proceed 

cleanly and in good yield. It seems likely that a range of 
other similar electrophiles can also be used. 

Oxidarion of allenol ethers. When the allenol ethers 4s 
and 4b are treated with m-chloroperbenzoic acid under 
conditions similar to those used by Rubottom for enol 
ether oxidation,” they are transformed to the deep red 
a-dicarbonyl compounds 30. The red color appears well 
after the oxidation is completed, so that an intermediate 
is formed, perhaps the allene oxide 31. 

Compounds 3Oa and 3Ob are the first acyl silyl ketones 
to be isolated, but carbomethoxy ketones have been 
prepared previously.*’ 

Preparation of acetylenic silyl ketones. The phenyl- 
seleno and methylseleno substituted allenol ethers were 
prepared with the goal of using a selenoxide [2.3] sig- 

?EE 8 

30a 42 % 

b 90% 
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Table 2. Preparation of a$ unsaturated siJyl ketones 

MQRSi OEE 
K 

A2 

Eloctrophilo 

0 
E 

Si Mo,R 

Rl 

a. R-Me b: Rrt-Bu 

Starting Uatcrial 

No. 91 12 

Roduct 

No. E Yield 

4 8 

$2 9 

b rC@g 

7t i-G& 

!89k a3 

E 

6 

B 

H 

ii 

ii 

H 

Ii 

CB3 

m3 

CB3 

CM3 

E2s04 

PbSsCl 

BO2C12 

B2BO4 

BO2Cl2 

Br2 

B2BO4 

B2BO4 

B2so4 

E2Bo4 

B2Bo4 

B2Bo4 

B=2 

adO4 

Br2 

so2c12 

82sO4 

65 

73 

65 

64 

87 

71* 

7ob 

52’= 

4sdf 

64ef 

79f.B 

00 

83h 

65 

81 

9lj 

03 

‘Only Z-isomer isolated. 
bPredominanUy E-isomer observed. 
‘Ratio of Z/E = 12/7 early in reaction. 
dOnly E-isomer observed. 
‘Ratio of Z/E =4/l initially. mostly E at end of reaction. 
‘Overall yield from 4s. 
‘Only Z-isomer observed. 
“This compound was quite unstable and was isolated in only - 80% purity. 
THP analog of 13a. 
‘Unpublished result of E. Eisenhart. 
‘THP analog of 13b. 

matropic rearrangement” for the introduction of an during the reaction. In fact, small amounts of byproduct 
acetylenic group. In fact, oxidation of these selenides at 2,2_diethoxyethyl methyl selenide are formed together 
- 78” with m-chloroperbentoic acid, followed by warm with the acetylene. 
up gave the acetylenic silyl ketones 32, 33 and 34 in fair Physical properties of unsaturated sibyl ketones. Table 
yield, as summarized in Table 3. The warm up was done 4 summarizes some of the spectroscopic properties of 
in the presence of ethyl vinyl ether to trap electrophilic the new types of silyl ketones prepared here. The ethy- 
Se compounds (e.g., methaneselenenic acid)= formed lenic and acetylenic compounds are all bright yellow 

CH,SaO 
SiMo2R 

Y 
OEE 

- “Y 
Si M+R 

l/l 

R’ 
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Table 3. Preparation of acetylenic silyl ketones 

Mu2RSiYY7 _ 
Me2RSi 

K 
OEE 0 

y 
SiMaaR 

K - 
1 W&z R:, 

)I) 

R2 

a.R=Mo b: R=t-Bu 

Reaction 

Conditiona 

ProducT 

No. 82 Yield (overall) 

3 H 1. a.b,c 2. d 2?# n 48 

s! 0 1. l .c.e,b.c 2. d z. Ch 52 

!z i-C3n7 1. l .b.c 2. d 26 i-C3U7 52 

‘n-BuLi, THF, - 78”. 
bSe”, - 78”, THF, inverse addition. 
‘CH,I, THF, -78” to 0”. 
‘MCPBA. 
‘see-BuLi, - 78”. 

Table 4. Spectroscopic data for silyl ketones 

R’ uvlvis Amex (c) IR (cm-‘) 13 
C NUR= 

R' 
Sl.N3 534(96.4),213!853@!b :641,16o4= 127.7,lbl.O. 

236.7 

324(24).219(3600)d'e 1710,1670.f 12a.6,137.5,g 
1610 19A.l 

IA* 
'Ii 

32b 

SiMe2tBu 

a3 

432(148), 2i9(4700jb 2080,1605= 85.4.225.8 

301(15)~16(1900)~ 2090,i6aac 76.1,81.8, 
183.6 

$y Sm3 535(59).296(41), 

d 
285(4o)b 

1713,1658= 199.2.235.5 

30a m3 
400~50(20),275(~15:~e 17101' 198.0' 

‘Multiply bonded carbons only. See Experimental for complete “C NMR spectra. 
bCyclohexane. 
‘Neat. 
dEthanol. 
‘C.N.R. Rao, UJtruoioler and Visible Spectroscopy, 3rd Edn, pp. 42-t8. Butterworth, London (1975). 
‘Sadtler Infrared Grating Spectra, No. 29105. 
%. C. Levy, G. L. Nelson, Carbon 13 Nuclear Magnetic Resonance for Organic Chemists, pp. 67 and 114. 

Wiley, New York (1972). 
“Sadtler Infrared Gratin9 Spectra, No. 36984. 
‘G. A. Olah, J. L. Grant and P. W. Westerman, J. Org. Chem. 40, 2102 (1975). 

compounds due to a shift of about 100 nm to longer wave 
lengths of the n+ n* transition compared to the analo- 
gous alkyl ketones. The n-n* transition is relatively 
unaffected when methyl is replaced by trialkylsilyl. 
Similar effects have been observed and studied in a 
number of other systemsz6 The carbonyl frequencies as 
well as ‘%Z NMR CO chemical shifts are also displaced 
from their normal positions in alkyl ketones as has been 
found by previous workers.26.27 In summary, the car- 

bony1 groups of compounds Sa, 32b and 30a are pertur- 
bed in a fashion well precedented by previous studies of 
simpler silyl ketones. The remainder of the conjugated 
a-system seems to be relatively unaffected by the silyl 
substituent. 

Reactions of sibyl ketones. In most of their chemical 
properties the silyl ketones we have studied parallel alkyl 
ketones. ‘Thus, enolate and enol ether formation occurs 
normally, ‘b*9b~‘0b~‘Od and these derivatives can be alkyl- 
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P R' 

5a 

Me,RSi 
Y” 

lil 
ri 

32b 

Ph 

R& “% 
‘Ii 

32b 30a 

X* 
0 

S,Mo,R 

35b 

185’ c 
c 36b + 

39 % 

33b 

ated,lb alkoxyalkylated.‘Ob sulfenylated’J” and halc- 
genated,2* and undergo aldol condensations.‘w Cuprates 
and thiols add in the typical l&fashion. 

The Diels-Alder reactivity of a$-acetylenic and ethy- 
lenic silyl ketones is also comparable to that of the 
related methyl ketones, and these reactions can be used 
to prepare other useful unsaturated silyl enones. The 
acetylenic silyl ketones 32a and 33b react with 2,3- 
dimethylbutadiene and Cphenyloxazole to give 35a and 
36b respectively, under conditions similar to those 
required for other acetylenic dienophiles.m This route to 
36b was the only one of a number we attempted that was 
even moderately successful. 

The cycloaddition of 19a with 2,3-dimethylbutadiene 
shows an unusual effect in that a significant portion of 
the reverse-electron demand adduct (3&r) is formed. It 
seems likely that the PhSe substituent is responsible for 
this unusual reactivity, since the vinyl silyl ketone 5s 
gives only the normal adduct. The cycloaddition of 
acrolein and butadiene has been reported to give less 
than 0.5% of the reverse product. Adduct 370 (X = 
SePh) has been converted to 399, the conjugated isomer 
of dienyl silyl ketone 3Sa by selenoxide syn elimina- 
tion.” 

Ph-CEN 

Our principal interest in the silyl ketones whose syn- 
thesis was reported above is in the products of their 
reactions with organometallic reagents, Apart from a 
strong tendency for alkyl Grigard reagents having a- 
hydrogens to reduce silyl ketones by hydride donations 
(and, of course, the complications introduced by eqn 
1)*mE.32 we have found that organometahic reagents, 
particularly Li reagents, usually react smoothly with silyl 
ketones. The rates of addition do not appear to be 
dramatically different than those of methyl ketones. 
Since all of the silyl ketones reported here are colored, 
the progress of orgamometallic reactions can be easily 
monitored. 

In Table 5 are listed some representative examples of 
reactions in which either the silyl ketone or the lithium 
reagent bears an appropriately located leaving group. 
The siloxy carbanion intermediates suffer a-elimination 
to give enol silyl ethers. This process, which was first 
observed by Brook et af.32b with Wittig reagents and 
diazomethane, is of broad generality , and can be used to 
prepare compounds not easily available by standard 
techniques. Leaving groups as poor as cyanide,33 and as 
good as halide have been used. 

The dienol silyl ethers 4Oa and 41a are interesting 

0 
X 

SiMe:, 

19a X= SoPh 
5a X=H 

37a 05115 
>95/c5 

38a 

39a 
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Table 5. Preparation of enol sibyl ethers 
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SILYL KETONE NO. LITHIUM REAGENT PROWCl No YIELD 

Sib4J.J QP 
2h PfSXL 

“k Li 

$P Li 
R’S 

Y 

Q,o 
phsvLi 

>S'-Li 

0 
PhSJ -It SiMJ, 1eJ d_Li 

0 

Sib&l? 28b @Li 

CH,LI 

40~ 69 

48 

OSIMJ, 

-4 41J 78 

El2 .77/23 

42~ 69 

5s 

Sit-lJ, 

43J 89 

44b 85 

YSiMU’ 45J 73 

K 

examples in which the normal “kinetic” and “ther- 
modynamic” enol derivative? are apparently reversed. 
Compound 4Oa and 41a (Z/E = 75/25) are formed under 
equilibrating conditions (TMSI, HMDS), whereas the 
linearly conjugated dienol silyl ethers are the products 
obtained from the kinetic enolates (LIHMDS) of 25 - 
dimethyl - 4 - hexen - 3 - one and 5 - methyl - 4 - hexen - 
3 - one. 

A rather interesting side reaction was encountered 
during the reaction of 19a with dimsyl lithium in THF. 
Under several different reaction conditions, starting 
enone was recovered (in addition to the diene 436, even 
though the disappearance of the strong yellow color of 
lk had signaled the completion of the reaction. 
Quenching at low temperature with TMSCI gave as much 
as 50% of a new product, tentatively identified from its 
NMR spectrum (AB quartet at 8 3.70, J = 13 Hz; singlets 
at 2.80, 0.256, 0.42) as compound 46. It was too unstable 
to be isolated in pure form. This compound is apparently 
formed by conjugate addition of methanesulfenate anion 

to starting enone, followed by Q-silylation. Hydrolysis of 
either the enolate 47 or silyl ether 46 leads to starting 
enone. The ketone 48 was not detected, and may not be 
an intermediate in the transformation of 46 and 47 back 
to 19a. The Occurrence of this side reaction is probably 
due to several factors, including the low solubility of 
dimsyl lithium which allows sulfenate anion to compete 
successfully for enone. The Li reagent from phenyl 
methyl sulfoxide gave no such side reaction. In this case, 
and in the reaction of dimsyllithium-LiBr (also only 
slightly soluble in the reaction medium) with the p$- 
dimethyl enone 27a, the formation of diene3’ is complete 
in < 10 min at - 78” (THF). 

Table 5 includes two examples (44b and 45a) of the 
preparation of siloxy allenes using or-halo silyl enones. 
These compounds cannot normally be prepared by enol- 
ization of carbonyl compoundsM A more complete dis- 
cussion of the syntheses and chemistry of allenol silyl 
ethers is deferred to a future detailed publication on the 
subject. 
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Summary. The potential of allenol ethers as d,, dl and soln of TBSCI (16.28 g, 108 mmol) in approximately 40 mL ether 
da (twice) propenone reagents for the preparation of was added, then a soln of HMPA (20mL, 18.Og, IlOmmol) in 

vinyl silyl ketones having a&?&substitution has been 40mL ether was added. The mixture was stirred at -85” over- 

examined, and a number of new silyl enones were pre- night. EtrN (15mL) was added, and a standard allenol ether 

pared using this reagent. The first preparations of silyl workup was performed. Distillation (0.4 mm, 55-W) gave 19.70 g 

ynones and silyl 1,2-diones have also been accomplished. 
(81%) of 4b. NMR: 8 0.09 (apparent d, 6H), 0.94 (s, 9H), 1.20. 

Several reactions of silyl enones illustrating their poten- 
1.30 (1, J=7Hz, d, J =5 Hz, 6H). 3.25-3.85 (m, 2H), 4.86 (q, 

tial for regiospecific synthesis of silyl enol and allenol 
J=5Hz. IH). 5.00 (anoarent d. 2H). IR: 2977. 2938. 2855. 1919. 
1388, 1381, i250, lil’8: 1080, 863, 839, 780, 675cm.-‘. MS: M’ 

ethers are presented. 242.1707 (Calc. 242.17027). 
I - t - Butyldimefhylsilyl - I - (1 - ethoxyethoxy) - I.2 - 

butadiene (6b). A soln of 4b (7.10mL. 6.09g 25 mmol) and 
ExPlnlIMmrAL radical inhibitor (25 Mg). in 50 mL THF was cooled to -78” and 

NMR spectra were obtained on a Jeol MH-100, FX-60, or treated with n-BuLi (I.5 M. 17.5 mL. 26.3 mmol). After 40min. 
FX-200, IBM WP-200, or a Bruker WH-270 spectrometer. Unless 
otherwise stated, MH-100 spectra were measured in CCL+, WP- 

Mel (1.71 mL, 3.9Og,‘27.5 mmol) was added. The mixture was 
stirred at - 78” for 0.5 hr. then subjected to a standard allenol 

200 and WH-270 suectra were taken in CDCll with reference to 
CHCI, (8 7.23) or CHrCII (8 5.32). The CDCI~triplet (8 77.0) was 

ether workup. Kugelrohr distillation (0.4mm. 50-W) gave an 
100% yield (6.48 a) of 6b. NMR: 8 - 0.01, 0.01 (apparent d. 6H), 

used as a reference for ‘C spectra, all of which were measured 0.89 (s, 9H), 1.02, 1.22 (I, J =7Hz, d, J = 5 Hz,‘6H), 1.68 (d, 
in CDCI,. IR spectra were taken of neat liquids between salt J = 8 HZ. 2H). 3.17-3.82 (m. 2H). 4.85 (a. J = 5 Hz. lH). 5.37 
plates and were recorded on a Beckman Acculab 7 spectropho- (apparent p&et, J = 7 Hz: IH). IR: 2953,‘&25, 2855,‘1923,‘1472, 
tometer. An AEI-MS-902 spectrometer was used to obtain mass 1462, 1380, 1249, 1198. 1080, 835, 672cm-‘. MS: M’ 256.1858 
spectra. Elemental analyses were performed by Galbraith or (Calc. 256.18592). 
Snang Microanalytical laboratories. 1 - 

‘St&ng materials were commercially available, with the 
(I - Erhoxyerhoxy) - I - rrimethylsilyl - 1.2 - butaditme 

exception of diphenyl diselenide,” benzeneselenenyl chloride,” 
@a). Compound 4a (20 mmol) was metalated and methylated as 

ethoxyethyl propargyl ether,‘* 
for 4b above to give an 88% yield of 6a, a colorless liquid. NMR: 

and lithium diisopropylamide 6 0.01 (s, 9H). 1.05. I.14 (1. S= 7 Hz. d. J = 5 Hz, 6H), 1.62 (d, 
(LDA),” which were prepared following lit. procedures. Diiso- J=6Hz, 3H), 3.04-3.66 (m, ZH), 4.74 (q, J =5 Hz, -HI), 5.27 
propylamine and pyridine were distilled from KOH and stored (oentet. J = 6 Hz. IH). IR: 2978.2898.1926.1450.1365.1252.1204. 

i’l55, l&O, 870,85Ocm-‘. MS:‘M’ 214.1387 (Calc. 214.13897). over 4A molecular sieves. Diethyl ether and THF were freshly 
distilled from sodium benzophenone ketyl. Solns of LDA. n- I - Trimethylsilyl - I - (I - ethoxyethoxy) - 4 - methyl - 1.2 - 
BuLi, s-BuLi and t-BuLi were titrated using n-propanol with penradiene (7s). A soln of 4a (II.4 mL, lO.Og, 50mmol) and 
I,l&phenanthroline as indicator. All reactions involving organ* radical inhibitor (50 mu) in 75 mL THF was cooled to - 78” and 
lithium reagents were carried out under an atmosphere of dry Nr, treated with n-BuLi &mL, 1.54M. 52 mmol). After 25 min 
in glassware which had been dried at I IO” for at least 2 hr. The excess isopropyl iodide (15.0 mL, I50 mmol) was added, then the 
radical inhibitor used was 3-t-butyl-4-hydroxy-5-methylphenyl mixture was placed in a 0” bath, stirred for 48 min. and worked 
sulfide. up (standard allenol ether workup). Kugelrohr distillation 

The standard workup for allenol ethers and enol ethers con- (5.6mm, SO-9Sq provided ll.34g (94% yield) of 70 which was 
sisted of pouring the mixture into sat NaHCO, aq and ether/pen- contaminated bv - 15% of the a-alkvlated material (3 - (I - 
tane (I : I), then washing the organic phase with HrO and brine. ethoxyethoxy) --4 - methyl - 3 - bimethylsilyl - I - pentyne). The 
The organic phase was poured through NarSO,. dried over two diastereomeric a-aikylated compounds, which could be 
KrCOr and concentrated on a rotary evaporator. The allenol and senarated from 7s bv nrenarative RIG (IO ft SE 30 column. 150“). 
enol ethers are very sensitive to water and air, and were best had NMR resonances’for the aceiylenic protons at ii 2.69 and 
stored over radical inhibitor under an atmosphere of Nr in a 2.71. Spectral data for 7~: NMR 8 0.06 (s, 9H). 0.95 (d, J = 7 Hz, 
freezer. 6H). 1.14. 1.15 (21. J = 7 Hz, 3H). 1.26. 1.28 (26. J = 5 

2.15-2.36 
Hz, 3H1, 

The standard workup for silyl enones involved dilution of the (m, IH), 3.28-3.48 (m, lH), 3.57-3.80.&. lH), 4.88.4.90 
acidic reaction medium with water, and extracting the brightly Qo. J = 5 . . . Hz. IHl. 5.43. 5.49 (2d. J = 5 Hz. IH). IR: 2%0. 2870. 
colored enone from the aqueous with pentane. The combined 1933, 1470. 1455,‘i258, ‘1097, 854cm-‘. MS: hi+ 242.1702’(Calc: 
organic fractions were washed with 3 portions of HrO and I 242.17027). 
portion of brine, then poured through NazS04 and concentrated 
by rotary evaporation. Silyl enones are light and temp sensitive. 

I - (I - Erhoxyethoxy) - I - rrimethylsilyl - 3 - merhylseleno - I ,2 
- butadiene (Ma). A soln of 4a (0.457 mL, 0.400 g, 2.0 mmol) in 

They were stored over radical inhibitor in a freezer. 
l-(l-Efhoxyerhoxy)-I-rrimethylsilyl-l,2-propadiene 

approximately 2 mL THF was cooled to - 78” and deprotonated 
Vu). A with n-BuLi (L4M. 1.49mL, 2.08mmol). After lSmin, Me1 

Morton flask. containing IO0 ma of radical inhibitor and 100 mL 
of THF. was equipped-with a mechanical stirred and cooled to 

(0.13 mL, 2.09 mmol) was added, and the mixture was stirred at 

-90”. After introducing 3 (14.4 mL, 12.8g, IOOmmol), n-BuLi 
-78” for 0.5 hr, then warmed to room temp for a few min. The 

(1.56 M. 67 mL, I04 mmol) was added slowly to the flask via 
soln was cooled again to -78” and treated with s-BuLi (1.25 M, 
I .69 mL, 2. I I mmol). After I5 mitt, the anion soln was transferred 

cannula. One min after the addition was completed, MerSiCI was 
added slowly. The mixture was stirred for 20 min at - 90”. then 

by a Teflon cannula to a rapidly stirring suspension of grey 

allowed to warm to room temp. Addition of Et3N (10mL) fol- 
powdered Se in 8 mL THF at - 78”. This was stirred for 50 min at 

lowed by standard workup gave a yellow liquid. Distillation 
-78”, warmed briefly to 0” (3 min), then quenched with Mel 
(0.138 mL, 2.2 mmol). The mixture was stirred at room temp for 

(I3 mm, 72-75”). gave 17.23 g (86% yield) of 4a as a colorless 
liquid. NMR: 8 OjO (ss, 9H)T I.1 I, I21 (I. J = 7 Hz, d, J = 5 Hz, 

0.5hr, then poured into a separatory funnel containing 

6H). 3.12-3.76 (m, ZH), 4.78, 4.92 (q, J=5Hz, apparent d, 3H). 
etherlpentane (I : I) and sat NaHCO, aq, the organic phase was 

“C NMR: 8 2.5, 15.0, 62.5, 83.9, 100.0, 126.8, 201.9, IR: 
washed twice more with sat NaHCOraq, and with brine, then 

20.2, poured through NaaS04. dried over KrCO,, and rotary 
3037. 2990. 2905. 1929. 1448 1390. 1350. 1262. 1227. 1155. 1090. 
850. 767, 768, 636cm”. (Found: ‘C, 59.82; H, lO.lS. Calc. for 

evaporated. A 7% yield (0.483~) of 14a was obtained after 
Kugelrohr distillation (0.1 mm, 5&70”), as a mixture of dias- 

CiaH&Si: C. 59.95; H, 10.06%). 
1 - I - Bury/ - dimethylsilyl - 1 - (I- ethoxycthoxy) - I ,2 - ptvpadiene 

tereomers. NMR (27OMHz. CD&): 6 0.081, 0.085 (s, s, 9H), 
1.15,1.16(1.1.J=7.1,7.0Hz,3H),1.25,1.26(d,d,J=5.1,5.1Hr, 

(4b). A soln of 3 (14.4mL. 12.8g. IOOmmol) and l5Omg of 
radical inhibitor in approximately 300 mL ether was placed in a 

3H). 1.93, I.% (s, s, 3H), 2.02, 2.02 (s, s. 3H), 3.29-3.45 (m. IH), 

I L Morton flask equipped with a mechanical stirrer. The soln 
3.57-3.74(m, lH),4.86, 49O(q, q. J=S.l, 5.lHz, 1H). IR: 2970, 

was cooled to -85”. n-BuLi (1.58M, 67mL, 106mmol) was 
2925, 1908, 1380, 1256, 1070(b). 86O(b)cm-‘. MS: M’ 308.0710 
(Calc. 308.07114). 

added dropwise by cannula over a period of 70min. After ad- 
dition was complete, the soln was stirred at - 85” for 15 min. A 

I - (I - Ethoxyethoxy) - 3 - mefhyseleno - I - f - butyldimerhyl- 
silyl - 1.2 - propadiene (12b). A soln of 4s (0.283 mL. 0.242 g. 
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l.Ommol) was metalated as for the preparation of 6b, and the 
anion soln was selenated as in the procedure above. Kugelrohr 
distillation (0.15 mm, 70-90”) gave 0.284 g (85%) of 12b. NMR: 8 
0.10 (apparent t, 6H). 0.98 (S, 9H), I.19 (1, J = 7 Hz, 3H), 1.30 (d. d, 
J = 5 Hz, 5 Hz, 3H), 3.21-3.86 (m, 2H), 4.77-4.95 (m. IH), 6.16, 
6.24 (s, s, 1H). IR: 2940, 2920, 2847, 1898, 1468. 1458, 1070(b), 
840(b) cm-‘. 

I - I - Butyldimethylsilyl - I - (I - ethoxyefhoxy) - 3 - methyl - 
I,2 - bufadiene (1%). n-BuLi (1.4M, 7.5mL, 10.5 mmol) was 
added to a cooled (- 78”) soln of 4b (2.82 mL, 2.42 g. 10 mmol) 
and 10 ma of radical inhibitor in THF (20 mL). After 30 min the 
anion was quenched with Me1 (0.672mL, IO.Smmol), and the 
mixture was stirred at -78” for I hr. s-BuLi (1.25 M, 8.8 mL. 
II.0 mmol) was added and the anion was quenched after I5 min 
with MeI (0.710 mL, I I.4 mmol). After I hr at - 78” 5 mL of Et,N 
was added, and the mixture was subjected to a standard allenol 
ether workup. Kugelrohr distillation (0.25 mm, 45-700) gave 2.55 g 
(94% yield) of 13, a colorless liquid. NMR: 8 -0.09, -0.06 
(apparent d, 6H). 0.84 (s, 9H), 1.07, I. I6 (1, J = 7 Hz, d, J = 5 Hz, 
6H). 1.68 (s. 6H). 3.15-3.76 (m, 2H), 4.79 (q, J =5Hz, IH). IR: 
2990, 2855, 1935, 1480, 1470, 1388. 1256, 875, 855, 815. 785, 
682 cm-‘. MS: M’ 270.2009 (Calc. 270.20157). 

I - (I - Elhoxyethoxy) - 1 - trimethylsilyl - 3 - methyl - I,2 - 
butadiene (13a). NMR: 8 0.05 (s. 9H). 1.10, 1.19 (t, J = 7 Hz, d, 
J = 5 Hz, 6H). 1.72 (s, 6H), 3.1-3.7 (m, ZH), 4.75 (q, 3 = 5 Hz, IH). 
IR: 2980. 2904, 1934, 1454, 1387. 1258, 1160, 1075, 885, 855cm-‘. 
MS: M’ 228.1545 (Calc. 228.15462). 

I - (2 - Terrahydropyranoxy) - 3 - methyl - I,2 - butadiene 
(17). To a soln of 16 (6.16 p, 6.1 mL, 40 mmol) in 50 mL THF at 
-40” under Nl was added 28 mL n-BuLi (I.5 M in hexane, 
42 mmoll. After IOmin at -40”. 6.25 R Me1 (2.74mL. 44mmoll 
was added. then the soln was warmed to 2? for IOmin. The 
mixture was diluted with I : I ether/pentane, washed with H?O 
and brine, dried with Na$Od, and the solvent evaporated. 
Kugelrohr distillation (60”, 0.2 mm) yielded 5.09g of 17 (76% 
yield). NMR: 8 1.10-1.80 (m. 6H). I.80 (d, J = 2fiz. 6H). 3.40- 
4.05 (m. 2H). 5.15 (m. IH). 6.38 (heotet. J = 2 Hz. 7H). IR: 2950. 
2880,’ l%5. i460, lj70, IiiO. 1 I5b&‘. MS: M’ 168.1149 (Calc. 
168.1146). 

I - t - Butyldimethylsilyl - I - (2 - tetrahydropymnoxy) - 3 - 
methyl - I.2 - butadiene (18b). To a soln of 4.2 g of 17 (4.39 mL, 
25 mmol) in 40 mL THF was added 17.1 mL of a I.5 M soln of 
n-BuLi in hexane (25.6 mmol) at - 78”. After 5 min a soln of 
3.% g t-butyldimethylsilyl chloride (26.3 mmol) in 5 mL THF was 
added, followed by addition of a soln of 4.48g of HMPA 
(4.35 mL, 25 mmol) in 5 mL THF. After 2 hr a few drops of Et,N 
were added and the mixture was diluted with I : I ether/pentane 
and worked up. Kugelrohr distillation (70”. 0.15 mm) gave 5.82 g 
of 18b (83% yield). NMR: 6 0.15 (s, 6H). 0.77 (s. 9H). 1.30-1.60 
(m. 6H), I.60 (s, 6H), 3.30-3.80 (m, 2H). 4.85 (br s, IH). IR: 2940. 
2860. 1940, 1250, 1150. 1100, IOSOcm~~‘. MS: M’ 282.2016 (Calc. 
282.2007). 

I - (2 - Tetrahydropyranoxy) - I - ~rimefhylsilyl - 3 - mefhyl - 
I,2 - butadiene- (18bj. To a soln of 3.58g of 16 (3.81 mL. 
25mmol) in 40mL THF was added l.4M n-BuLi (18.2mL. 
25.5 mmol) in hexane at - 40”. After I5 min 3.69 g Me1 was added 
(1.62 mL, 26 mmol). After 15 min more the mixture was cooled to 
-78’ and n-BuLi in hexane (18.2mL. 25.5mmol) was added. 
After 5 min. 2.82g TMSCI (3.jOmL. 26mmol) was added and 
stirred for IO min at - 78”. then warmed to 25”. A few drops of 
EtlN were added to prevent hydrolysis. Workup and Kugelrohr 
distillation (50’. 0.2 mm) gave 4.58 g (76%) of 18a. NMR: 8 0.02 
(s, 9H). 1.2-1.7 (m. s. l2I$, 3.20-3.82 (m, 2H). 4.84 (m. IH). IR: 
2960. 2875. 1935. 1445. 1360, 1250. IlZOcm“. MS: M’ 240.1546 
(Calc. 240.1539). 

I - Trimethylsilyl - 2 - propen - I - one (Sa). Allenol ether 4s 
(2.3 mL, 2.Og, IO mmol) was added to 1.25 mL 2N H?SO, in 
10 mL THF in a flask wrapped with foil to exclude light. The pale 
yellow color began to deepen immediately. The soln was stirred 
at room temp for 4Omin. then subjected to the standard enone 
workup. Care was taken (a bleed was inserted in the aspirator 
line of the rote-vap) in the rotary evaporation of this volatile 
compound.Kugelrohr distillation (50 mm, 40-60”) gave 828 mg 
(65% yield) of 5s. a brilliant yellow liquid. NMR: 8 0.08 (s, 9H). 
5.76, 5.88 (dd, J = 10,2 Hz, dd, J = 18.2 Hz, 2H), 6.28 (dd, J = 18, 

IOHz, IH). “C NMR (FX-2al. completely decoupled and off- 
resonance decoupled): 8 - 2.5 (q), li7.7 (tj, 141.0 id), 236.7 (s). 
IR: 2961. 2899. 1641. 1604. 1582. 1256. 850. 760. 709cm..‘. MS: 
M’ 128.0656 (talc. i28.06&). iJV (cyclohexank): Am&): 434 
(%.4), 213 (8630). 

I - t - Buty/dbnethylsi/yl - 2 - propen - I - one (5b). Compound 
4b was hydrolyzed by the same procedure used for 4a, except 
that reaction was continued for 4 hr to give an 84% of the bright 
yellow 5b. NMR: 6 - 0.04 (s, 6H), 0.72 (s, 9H), 5.57 (dd, J = I I. 
2 Hz, lH), 5.84 (dd, J = 18, 2H2, Hi), 6.46 (dd, J = 18, 11 Hz, 
IH), IR: 2955,2930,2860,.1642, 1603, 1563, 1447, 1470, 1257,845, 
832, 785, 680cm-‘. (Found: C, 63.33; H, 10.74. Calc. for 
CPHIROSi: C, 63.47; H, 10.65%). 

2 - Phenylseleno - I - trimethylsilyl - 2 - propen - I - one 
(19a).” A soln of 4a (0.228mL, 2OOmg. l.Ommol) in I mL 
CHXll under N2 was cooled to - 78”. A soln of PhSeCl (I92 mg, 
I:0 mmol) in I mL CH$& was added by cannula. After 5 min at 
-78”. the mixture was poured into etherlpentane (I : I), washed 
with sat NaHCO, aq, HzO, sat NaCl aq, poured through Na2S04, 
and evaporated. Purification by preparative tic (etherlpentane, 
I : 19, Rf = 0.4) resulted in a 73% yield (207 mg) of the bright 
yellow, crystalline 19s. NMR: 6 0.40 (s, 9H), 5.63 (d. J = 2 Hz, 
IH), 6.44 (d, J = ZHz, IH), 7.22-7.39 (m, 3H), 7.46-7.62 (m, 2H). 
MS: M’ 284.0123 (Calc. 284.01359). 

I - Trimefhylsilyl - 2 - chloroprop - 2 - en - I - one (2h). 
Compound 41 (3.20mL, 2.81 g, I4 mmol) was dissolved in 
l4mL THF. cooled to -78” under N2, and treated with sulfuryl 
chloride (I.18 mL, 1.98g. 14.7 mmol). After 6min. 3 mL 
THF/H?O (9: 1) was added. The mixture was poured into 
etherlpentane (I : I) and 10% NaHSO,. The organic phase was 
washed with Hz0 and brine. poured through Na2S04 and rotary 
evaoorated. Kuaelrohr distillation (20mm. w) gave 1.47g 
(65% yield) of bright yellow ZOr. NMR: 6 0.35 (s, 9Hj. 6. I3 (Ai 
auartet. J*a= 1.5Hz. 2H). IR: 2987. 2905. 1635. 
8’5qb) cm-‘: MS: M’ .l62.d267 (Calc. 162.02679). 

1260. 1198. 

I - I - Bufyldimerhylsilyl - 2 - bromobuf - 2 - en - I - one 
(Zlb). A soln of 6b (0.74OmL. 0.642g. 2.5 mmol) in 7.5 mL 
CH:Cl: was cooled to -78“. A 2.0M soln of Br? in Ccl, 
(1.25 mL, 2.5 mmol) was added. After 5 min the mixture was 
poured into a separatory funnel containing ether/pentane (I : 1) 
and 10% NaHSOl. The organic phase was washed with water and 
brine. and poured through Na2SOI. Preparative tic (ether/pentane 
3 : 97. RI = 0.3 after 2 elutions) gave 0.465 g (71% yield) of 2lb as 
bright yellow needles. NMR: 6 0.28 (s. 6H). O.% (s, 9H). 2. I I (d. 
J = 6.5 Hz, 3H). 7.07 (q, J = 6.5 Hz, IH). IR (CC&): 2955, 2925, 
2855, 1633, 1602, 1473. 1468, 1255cm-‘. (Recrystallization from 
Dentane. mo 74-74.5”): (Found: C. 45.55: H, 7.21%. Calc. for 
cloHl&OSi: C, 45.6j; i, 7.27%). UV (cyclohexane): Amar(c) 416 
(126). 398 (128). 251 (7000). 

Z and E I - Trimerhylsilyl - 4 - methyl - 2 - penten - I - one 
(Us). To a soln of 7s (l&g, 6.0mmol) and radical inhibitor 
(6 mg) in 6 mL THF was added I.5 mL 2 N H:SO,. The mixture 
was stirred at RT for 4Omin then worked up (standard enone 
workup). The NMR spectrum of the unpurified enone showed a 
2 : E ratio of I2 : 7. Purification by flash chromatography gave 
0.29 g (28%) of Z-US (faster moving fraction) and 0.24 g (23%) of 
E-23a (slower moving fraction). Z-UP: NMR: S 0.12 (s. 9H). 0.91 
(d. J =6.5Hz, 6H). 3.10-3.35 (m. IH), 5.57 (dd. J = II. IOHz. 
IH). 6.38 (d. J = II Hz, IH). IR: 2955, 1685, 1625, 1565. 1240. 
840 cm-‘. E-Da: NMR: 8 0.18 (s. 9H). 1.03 (d. J = 7 Hz. 6H). 
2.28-2.55 (m. IH). 6.10 (dd. J = 16. I Hz. IH). 6.65 (dd, J = 16. 
7 Hz, IH). IR: 2965. 1640. 1595. 1255. 850(b) cm-‘. MS (mixture 
of isomers, E predominant: M’ 170.1123 (Calc. 170.11273). 
(Found: C. 63.39; H. 10.66. Calc. for CPHIROSi: C. 63.47; H. 
10.65%). 

Z and E I,3 - Bis - kimethylsilyl - 2 - propen - I - one 
(25a).‘* Metalation of 4a (5 mmol) as described for the preparation 
of 6b was followed by addition of TMSCI (0.700 mL, 5.5 mmol) at 
- 78”. After 5 min. the soln was allowed to warm to room temp. 
EtJN was added, and a standard allenol ether workup was 
performed. NMR of 10s: 6 0. IO (s. 18H). 1.10, I.21 (1. J = 7 Hz. d. 
J = 5 Hz. 6H). 3.19-3.72 (m. 2H). 4.47 (q. J = 5 Hz. IH). 5.37 
(apparent d. IH). 

The product, a pale yellow liquid, was dissolved in 5 ml. THF. 
The flask was wrapped with foil, and 0.625 mL 2 N H:SO, was 
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added. The mixture was stirred at room temp for 45 min, then 
worked up (standard enone workup). Kugelrohr distillation 
(I3 mm, 65-70”) gave a 64% yield (0.640~) of predominantly (E) 
251. NMR: 6 O.iS (s, 9H), d.22 (s, 9H),-&37 (d, J = 19 Hz; IH), 
6.74 Id. J = I9 Hz. IH). The IR and MS soectral data uiven is for 
a 4:‘l ‘(2: E) mixture of geometrical i&mers. IR: -m, 2900, 
2090, 1635, 1609, 1263, 860cm-‘. MS: M- 200.1053 (WC. 
200.10531). 

(Z)-3-Phenylseleno-l-tn’merhylsilyl-2-propen-l-one (26a). 
A two bulb flask was employed for this reaction. The compound 
4a (0.228 mL, 200 mg. 1.0 mmol) was deprotonated with n-BuLi 
(I.45 M, 0.71 mL, 1.03 mmol) for 20min. then the anion soln was 
slowly poured at -78” into a soln of PhSeSePh (0.312g, 
1.0 mmol) in I mL THF. After 1 min at -78” normal workup 
(under a C@ atmosphere, dry ice was added to the separatory 
funnel to prevent the oxidation of PhSe- to PhSeSePh) gave lla 
which was used without further purification. The NMR revealed 
some starting material (less than 10%) present in the allenol 
ether. NMR: 8 0.13 (s, 9H), 1.08-1.34 (m, 6H), 3.10-3.86 (m, 2H), 
4.66-5.00 (m. IH), 6.25 (apparent d, IH), 7.147.70 (m, approx. 
6H). IR: 3070. 2972. 1900. 1575. 1537. 1379. 1250. 850. 739. 
69icm-‘. MS: ‘M’ 356.0694(Calc. 356.01114). 

The selenenylated compound 11~ was hydrolyzed as for the pre- 
paration of 5a (50 min). Rotary evaporation yielded 253 mg of an 
orange liquid, essentially pure Z-isomer. The enone was purified 
by preparative tic (ethiripentane I : 19). At Rf 0.71, 225 mg of 
Z-2& (7% yield) was obtained. NMR (270MHz. benzene& 
reference benzene at 7. I5 ppm): 8 0.01 (s, 9H). 7.12 (m, 3H). 7.14 
(d, (superimposed on another small doublet), J = 8.8 Hz. IH). 7.37 
Im. 2H). 7.54 Id. J = 8.8 H. IH). IR: 3065.2975.2910. 1610. 1593. 
i4!jO, l&3, l26i, 1084,89i, SSj, 755,728,‘710, &7&‘. hi& M’ 
284.0126 (Calc. 284.01359). 

The band at Rf 0.5 yielded I5 mg (0.5% from 4a) of a yellow 
liquid which contained the E-isomer of the enone contaminated 
with the Z-enone and another unidentified impurity. The NMR of 
the E-isomer (benzened) contained a doublet at 8 6.65 (J = 
15.8 Hz) and a doublet at 8 8.04 (J = 15.8 Hz). 

3 - Methyl - 1 - mrimelhylsilyl - 2 - buten - I - one (270). The 
compound 13a (2.8 mL, 2.3 g, IO mmol) was added to 1.25 mL 2 N 
HISO, in IOmL THF. A yellow color began to appeer im- 
mediately. In order to exclude light, the flask was wrapped with 
foil. After I hr at room temp, the mixture was subjected to the 
standard enone workup, and 27a. a bright yellow liquid which 
distilled at 40-W (Kugelrohr, I5 mm), was obtained in 80% yield 
(l.25&.” NMR (270 MHz): 6 0.14 (s, 9H), 1.83 (d. J = 0.9Hz, 
3H). (d, J =0.7Hz, 3H). 6.51 (m. IH). IR: 2%0,2905, 1643. 1588, 
1446, 1384, 1257, 1100, lO25,840,800,755cm-‘. MS: M’ 156.0971 
(UC. 156.09707). 

3 - Methyl - 1 - t - butyldimethylsilyl - 2 - buten - 1 - one 
(27b). Hydrolysis of 18b (2Ommol) was carried out as for the 
preparation of 27a (3 hr at room temp). Kugelrohr distillation 
(30“. 0.2 mm) gave 3.3Og of 27b (83%): NMR (CDCII): 6 0.15 (s. 
6H), 0.95 (s, 9H), 1.80 (br s, 3H), 2.00 (br s, 3H), 6.45 (m, IH). IR: 
2960, 2940, 2860, 1640. 1580, 1250, 850cm-‘. MS: M’ 198.1439 
(Calc. 198.1434). 

2 - Bromo - 3 - methyl - I - trimethylsilyl - 2 - buten - I - one 
(Z&). Prepared as described for 21b. NMR: 8 0.31 (s. 9H), 1.85. 
2.00 (s. s, 69, IR: 2958,2914, 1624, 1577, 1448, 1250. 1237. 1030, 
887, 884 cm- . MS: M’ 234.0074 (Calc. 234.0076). 

2 - Bromo - 3 - methyl - I - bufyldimelhylsilyl - 2 - buten - I - 
one (28h). Procedure as for tlb. Preparative tic (etherlpentane 
3 : 97, Rf 0.5 after 2 elutions) gave an 81% yield (784 mg) of the 
brinht vellow liauid a-bromo enone 28b. NMR: 6 0.21 (s. 6H). 
0.9: (s;9H), l.ti (s, 3H). 1.89 (s. 3H). IR: 2940. 2890, 2853, 1633, 
1476. 1468. 1264. 1246. 1033.845.785.685 cm-‘. MS: M’ 276.0545 
(Cal;. 276.054523. 

I - Trimelhylsilyl - 1.2 - propanedione (30r)?3 A slurry of 
m-CPBA (85% pure, 4.39g. 21.6mmol) in 25OmL pentane was 
cooled to - IO” (ice/salt bath), 4s (4.6 mL, 4.0 g, 20 mmol) was 
added slowly, and the mixture was stirred at - lo” for I5 min. 
then at room temp for 45 min. The pentanc soln was filtered into 
a separatory funnel, washed with water (two portions). and sat 
NaClaq, then poured through Na$O,. The pentane was 
removed by distillation through a Vigreux column. Distillation 

(33 mm, 53’) yielded a reddish purple liquid (1.217g, 4% yield). 
NMR (CDch): 8 0.13 (s. 9H). 2.03 (s. 3l.I). IR: 2970. 2815. 1713. 
1658, 1430. 1363, 1266.870&O, 772; iI8 cm-‘. MS: M+ l&.0607 
(Calc. 144.06@/2). “C NMR: 8 -2.9, 21.5, 199.2, 235.5. UV 
(cyclohexane): A,&) 535 (99), 2% (41), 285 (40) nm. (Found: C, 
49.74; H, 8.22. Calc. for C6H1&Si, C, 49.96; H, 8.3%). 

I-I-Bu~yldimethylsilyl-1,2-propanedione @Oh). A soln of com- 
pound 4b (0.282 mL, 242 mg, 1.0 mmol) in 2 mL CHlCll under dry 
N2 was cooled to -78”. m-CPBA (216 mg, 85% pure, 1.04 mmol) 
was added. After 20 min at -78”, during which time the soln 
remained colorless, the flask was placed in a 0” bath, and wrap 
ped with foil to exclude light. Color began to develop almost 
immediately. After 45 min at o”, the soln was poured into 
etherlpentane (50 : 50). washed with 3 portions water and one of 
sat NaClaq, poured through NalS04, and rotary-evaporated. 
Kugelrohr distillation (I5 mm, 45-m provided -a 90% yield 
(167 mg) of reddish-purple 3Oh. NMR: 6 0.28 (s, 6H), 0.99 (s, 9H), 
2.12 (s, 3H). “C NMR (FX-200, off-resonance decoupled): 8 
-6.6 (q), 16.7 (s), 20.8 (q), 26.4 (q), 199.8 (s), 236.4 (s). IR: 2930, 
2877. 2834. 1711. 1646. 1604. 1472. IMO. 1260. 85Ocm-‘. MS: M’ 
186.1072(Calc. i86.10767). 

I - (t - Buryldimethylsilyl) - 2 - propyn - I - one (32b). The 
selenated ether 12b was prepared on a 25 mmol scale from 4b 
(7.06mL. 6.06g), according to the procedure above. The crude 
product (8.35 g, - 100%) was dissolved in 50mL CH?CI? and 
cooled to - 78”. m-CPBA (5.33 g, 85% pure, 26 mmol) was added, 
and the mixture was stirred at - 78” for 40 min. Ethyl vinyl ether 
(I7 mL, 12.8g, I78 mmol) was added, and the flask was placed in 
a 0” bath for 40min. The CH?CI: was diluted with pentane, 
washed with 3 portions Hz0 and I of brine, dried over MgSOo 
and rotary evaporated. A Kugelrohr distillation with a vacuum 
pump was used to collect all volatile products. In order to 
remove volatile Se-containing impurities, the product was dis- 
solved in 50mL CH& cooled to -78” and treated with m- 
CPBA (l.42g, 85% pure, 7 mmol). After 35 min, I4 mmol ethyl 
vinyl ether (I .34 mL) was added, and the soln was warmed to 0”. 
then worked up as described above. Kugelrohr distillation 
(I2 mm, 60-80’) gave 2.0 g (48% overall) of 32h. NMR: 6 0.25 (s. 
6H), 0.98 (s, 9H), 3.79 (s, IH). “C NMR (FX-60): 6-7.6. 16.8, 
26.3, 85.4, 225.8 (the acetylenic carbons were not resolved). IR: 
3255, 2965. 2937, 2862, 2080, 1605, 1470, 1392, 1368, 1267, 1010, 
850,830,817,790.688cm~‘. MS: M’ 168.0971 (Calc. 168.09707). 
(Found: C. 64.34; H, 9.47. Calc. for CpHlnOSi: C, 64.23%; H, 
9.58%). 

I - (I - Buryldimerhylsilyl) - 2 - butyn - I - one (33h). The 
procedure used to prepare 14a was employed for the synthesis of 
14b from 4h (3 mmol). NMR (270 MHz, CD&): 8 - 0.05. - 0.04, 
0.00.0.01. (4s. 6H). 0.90.0.91 (2s. 9H). 1.1 I (1, J = 7 Hz. 3H), 1.20, 
1.21 (26, J = SH, jH), 3.s3.45 (m, iH), 3.54-3.76 (m. IH), 4.87, 
4.90 (2a. J= 5Hz. IH). IR: 2980. 2910. 2840. 1904. 1467. 1456. ,~ ,. 
1377, 1253. 1070(b), 840(b). MS: M’ 3iO.1180’ (Calc: 350:11809)~ 

A soln of 14b and l-2 mg of radical inhibitor in 6 mL CHQ 
was cooled to -78”. m-CPBA (0.65Og. -85% pure. 3.2 mmol) 
was added, and the mixture was stirred at - 78” for 40 min. Ethyl 
vinyl ether (I.91 mL. l&g. 20 mmol) was added, then the flaik 
was placed in a 0” for 30 min. The solvent was diluted with 25 mL 
pentane and washed 3 times with water, washed with brine, 
poured through Na?S04, dried over K:COI and rotary 
evaporated. Kugelrohr distillation (15 mm, 80-I IS? gave a yellow 
liquid which was purified by preparative tic (Et:O: pentane 4 : %. 
R; = 0.47 after 2 ‘elutions) -td g&e a 52% yield (0.284 g) of 33b. 
NMR: 6 0.10 (s. 6H). 0.87 (s. 9H). 2.05 (s. 3H). “C NMR: S - 7.5, 
4.3, 16.7, 26.3;85.0,‘98.2, 225.7. iR: 2ti. 2870, 2290 (w). 2200 (5). 
1731, 1605. 1480. 1476, 1260, 1155. 850. 795, 692cm-‘. MS: M’ 
182.1128 (Calc. 182.11272). UV (cyclohexane): Amal(e) 420 (170). 
227 (7450). ((Found: C. 65.82: H. 9.89. Calc. for C,oHlnOSi: C. 
65.87; H, 9.95%). 

I - Ttimdhylsilyl - 4 - methyl - 2 - penntyn - I - one (349). A 
soln of 7s (4.26 mL. 3.64g. 15 mmol) and radical inhibitor (I5 mg) 
in 20mL THF was metalated with s-BuLi (1.23M, 12.7mL. 
15.6 mmol) at - 78” (25 min). then selenated as described for the 
preparation of 14s. Kugelrohr distillation gave 4.36 g (87% yield) 
of IL. NMR (2OOMHz. CDCI,): 6 0.10 (s, 9H), 1.05, I.08 (2d, 
J = 7 Hz. 6H). 1.12, I.13 (2t. J = 7 Hz. 3H). 1.20. 1.25 (2d. J = 
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SHz, 3H), 1.90, 1.93 (2s, 3H), 2.20-2.40 (m, IH), 3.20-3.45 (m, 
IH), 3.5s3.80 (m, 1H). 4.87.4.90 (2q, J=5Hz). IR: 2930,2897, 
2870, 1920, 1470, 1455, 1262, 1070(b), 850(b), MS: M+ 336.1025 
(Calc. 336.10244). (Found: C, 64.18; H, 9.68. Calc. for C&OSi: 
C, 64.23; H, 9.58%). 

A soln of lSa(4.20 g, 12.5 mmol) and 13 mg of radical inhibitor 
in 13 mL CH2Cl2 was cooled to - 78” and treated with mCPBA 
(2.70 g, - 85% pure, 13.3 mmol). After 1 hr, ethyl vinyl ether 
(8 mL, 84 mmol) was added, and the mixture was warmed to 0” 
for 45min, then diluted with hexane and filtered. The organic 
phase was washed with 3 portions H20. brine, then poured 
&rough Na#Od and rotary evaporated. Flash chromatography 
letherlhexane 5 : 9% Pave 1.261~ (60% Geld) of 34a. NMR: 8 0.25 
is, 9ti, I.25 (d, J =?Hz, 6H). 5.77 {septet, J =7 Hz, IH). IR: 
2970, 2190, 2170. 1599, 1254, 850cm- . MS: M’ 168.0970 (Calc. 
168.09707). 

4.5 - tiethy - I.4 - cyclohexadimyl - t - butyldimethylsilyl 
ketone (3Sb). i&Dimethyi butadiene (0.500 mL, 4.4 mmol) was 
added to an NMR tube containing 32b (0.192 mL. 0.168~. 
1.0 mmol) and l-2 mg of radical inhibitor. The tube was flushed 
briefly with Nz then sealed and heated at 90-92”for 3.75 hr. The tube 
was cooled, then broken open, and the excess ZJdimethyl- 
butadiene was removed on a rotary evaporator. Preparative UC 
(ether:hexane 2.5:97.5, Rf~0.32) gave 0.2OOg (86%) of the 
Diels-Alderadduct. a vellow solid. m.u. 64-66”. NMR (270 MHz): 8 
0.225(~,6H),0.88&9fi), 1.63(bs,6Hj,2.62-2.64(m,2&2.67-~.87 
(m, 2H), 6.77 (bs, 1H). IR (CCL, soln): 2940,2915,2843,1645,1580. 
1467,1459,1247 cm-‘. MS: M+ 250.1753 (Calc. 250.17532). (Found: 
C, 71.86; H, 10.54. Calc. for CIJH2s0Si: C, 71.93; H, 10.46%). 

(4 - Methyl - 3 - furoyl)t - butyldimethylsilone (36b). In a thick 
walled Pyrex tube was placed 0.995 mL (5.0 mmol) of 33b, 6.4 mL 
(50 mmol) 4-phenyloxazole29’ and 18 mg (0.05 mmol) of radical 
inhibitor. The mixture was degassed (6 freeze-thaw cycles), 
sealed under vacuum and placed in an 162” oil bath for 4.5 hr. 
Workup of these dark mixtures was problematic, since the 
removal of excess Cphenyloxazole by distillations” was unsuc- 
cessful. Most of the oxazole was separated by flash chromato- 
araohv (10% EtOAc-hexane). The remaining material was dis- 
ti;Ucd -(I&gelrohr, loo”, 0.2 mm). TIC (5% &O-pentane) gave 
0.025 g (3%) of starting 33b and 0.418g (37%) of 36b. NMR: 6 0.26 
(s, 6H), 0.92 (s, 9H), 2.14 (s, 3H), 7.10 (broad s, IH), 7.88 (broad s. 
IH), IR (Ccl,): 2940,2850,1598,1526,1466,1255,1146,1054,881, 
687 cm-‘. MS: M’ 224.1232 UC. 224.123331. 

3.4 - Dimethyl - I - phen&eleno - 3 - cyclohexenyl mrimethyl- 
sibyl ketone (37~. X = SePh). A small water cooled sublimation 
apparatus was charged with 284 mg (1.00 mmol) of 19a, 0.8 mL 
(7mmol) 2,3dimethyl-1,Zbutadiene and about 2mg of poly- 
merization inhibitor. The sublimator was covered with foil and 
placed in a 76” oil bath for 4 hr. After cooling, the contents were 
rinsed into a flask and evaporated. Purification by preparative tic 
(10% ether-pentane) gave 2 products. R, = 0.55,290 mg (7%) of 
378, as an oil which crystallized in the freezer. NMR (CCL): 
6 0.37 (s, 9H), 1.70 (bs, 6H), 1.6&2.24 (m), 2.28-2.64 (m). 
total 6H, 7.20-7.36 (m, 5H). IR: 3060, 2960, 1620, 1445, 1255. 
850.749.700 cm-‘. MS: M’ 366.0919 (Calc. 366.09105). Rf = 0.89, 
56 mg (15%) of the alternative Die&Alder adduct 38a. NMR: 8 
0.29 (s, 9H), 1.45 (s, 6H). 1.86 (bs, 3H), 1.68-3.12 (m, 2H). 3.20-3.36 
(m, 2H), 5.0 (bs, 2H, at 27OMHz (CDCI,) this pattern resolved 
into two peaks at 4.94 and 4.90 each broadened by further 
coupling, the latter, more so), 7.167.44 (m, 5H). IR: 3070, 2955, 
2930, 1580,1480,1252,1090,845,740,697 cm-‘. MS: M’ 366.0919 
(Calc. 366.09105). 

I - (3.4 - I)l’methyl - I,3 - cyclohuodienyl) trimethylsilyl ketone 
(39a). To a soln of 290 mg (0.79 mmol) of 37r (X = SePh) in 2 mL 
CH& at - 78” was added 160 mg (0.80 mmol, 85%) mCPBA in 
2 mL CH&&. The soln was stirred 15 min at - 78”, warmed to o”, 
stirred 25 min. poured into CH& washed with 7% NaHCOl aq 
and sat NaCl aq, dried (Na2.904) and evaporated. Purification by 
preparative UC (10% ether-pentane, R, = 0.31) gave 104 mg (63% 
yield) of 39a, 8% pure. NMR: 8 0.28 (s, 9H), 1.85 (bs, 6H), 
2.OG2.52 (m, 4H). 6.77 (bs, IH). IR: 3020,2950, 1775, 1550, 1250, 
I 110, 845, 790,69Ocm-‘. MS: M’ 208.1280 (Calc. 208.12838). 

3.4 - Dimethyl - 3 - cyclohexenyl trimethylsilyl k&one (37a. 
X = H). Excess 2,Mimethylbutadiene (0.452 mL, 4.0 mmol) was 

added to 5a (0.22 mL, 1.5 mmol) and radical inhibitor (1-2 mg) in 
anNMRhrbe.Tbetubewasseakdaadheatedat40Dfor37hr. 
The product was purilied by preparative UC (etherlpentane 5 : 95, 
Rf = 0.37, only band observed other than baseline) to give 265 mg 
(84% yield) of the pale yellow liquid Diels-Alder adduct. NMR 
(27OMHz): 8 0.11 (s,9H), I.&1.4O(m, III), 1.49, 1.51 (s, s,6H). 
1.64-2.08 (m, 5H), 2.75-2.93 (m, Hi). IR: 2960, 2900, 2825, 1650, 
1450, 1436, lw), 885-820.760,702,623 cm-‘. MS: M’ 210.1441 
(WC. 210.14402). (Found: C, 68.24; H, 10.48. Calc. for 
C12HnOSi: C, 68.51; H, 10.54%). 

I,5 - Dimethyl - 3 - trimethylsiloxy - 2,4 - hexadiene (40s). A 
soln of phenyl isopropyl sulfone (0.080 mL, 93 mg, 0.50 mmol) in 
I mL THF was cooled to -78”. and treated with LDA (1.08 M. 
0.48mL. 0.52mmol). After 15 min, 279 (0.091 mL, 78mg. 
0.5Ommol) was added. The bright yellow color faded almost 
immediately. The reaction was stirred at - 78” for 10 min, 0” for 
2Omin and worked up (standard enol ether workup). Kugelrohr 
distilIation(15mm,40-60’)provided70mg(71%yield)of4Oa.NMR 
(270 MHz): 6 0.07 (s, 9H), 1.48 (s, 3H), 1.59, 1.61 (d, J = 1.1 Hz, d, 
J= 1.1 Hz, 6H), 1.71 (d, J= 1.3 Hz, 3H), 5.53 (m, 1H). IR: 2959, 
2906,2844, 1671, 1652, 1449, 1252, 1200, l145,970,885,845cm-‘. 

This compound was also prepared using a-lithio isobutyroni- 
trile (LDA, -78”). Reaction with 27r was carried out at 0” for 
2il min. 

5 - Methyl - 3 - trimethylsiloxy - 2.4 - huadiene 41r. To a soln 
of phenyl ethyl sulfone (0.173g. 1.02mmol) in 2mL THF at 
-78”, was added LDA (l.lOM, l.OOmL, l.lOmmol). After 
I5 min, 27r (0.184 mL, 0.156 g, 1.00 mmol) was added. The bright 
yellow color faded immediately. The reaction was stirred at - 78” 
for 10 min, 0” for 20 min and worked up (standard enol ether 
workup). Kugelrohr distillation (15 imm, 60”) provided 0.144 g 
(78% iield) if 41a (ratio E/Z = 77/23) NMR (200 Mz. CD&, 
CHCll) 8 0.13 (s. 9I.i). 1.50. 1.59 (d. J =7Hz. 3H). 1.73. 1.70 (s. 
3H), ih, 1.79 is; 3rii. 4.77; 4.62 iq; J = 7 Hz; IHj; 5.61, 5.50 (s, 
1H). IR: 2960, 2920, 1655, 1450. 1380, 1250, 1100, 850cm-‘. MS 
(M’) Calc. 184.1278; Found: 184.1283. 

2 - Trimethylsiloxy - 4 - methyl - 1.3 - pentadiene (42). A 
cooled (- 78”) soln of phenyl methyl sulfone (0.237 g. 1.52 mmol) 
in 3 mL THF was treated with LDA (1.03 M, 1.5 mL, 1.55 mmol). 
After 25 min 27s (0.273 mL. 0.234g, 1.5 mmol) was added, and 
the mixture was stirred at - 78” for 15 min. A few drops of EtyN 
were added. Standard workup, followed by Kugelrohr distillation 
gave 0.177g (6%) of 410.~ NMR: 8 0.27 (s, approx. 9H), 1.78, 
1.90 (s, s, 6H), 4.05, 4.13 (s, s, 2H), 5.47 (m, IH). IR: 3110, 2952, 
2905, 1668, 1631, IS%, 1353, 1318, 1270, 1050,87Ocm-‘. MS: M’ 
170.1128 (Calc. 170.11272). 

2 - Phenylseleno - 3 - rrimelhylsiloxy - 1.3 - bntadiene (&I). To 
a cooled (- 780) soln of 91 mg (0.65 mmol) methyl phenyl sul- 
foxide in 5 mL THF was added 0.62 mL of a I M soln of LDA 
(0.62 mmol). After IOmin, a cold soln (-78”) of 170 mg 
(0.60 mmol) of 19s in 4 mL THF was added by cannula. After 
stirring 2.5 hr; the mixture was worked up. Anisole (65 FL, 
0.6Ommol) was added as an NMR standard. The yield (by 
integration) was 8%. NMR: 6 (no anisole present) 0.27 (s, 9H), 
4.51 (bs. IH), 5.12 (bs, IH), 5.47 (bs, III), 6.25 (bs, IH), 7.24-7.40 
(m, 3H),7.44-7.64(m, 2H). IR: u)6o,2960,1680,1615,1575.1481, 
1443, 12%. 1257. 1117, 1029, 1020, 883, 853, 740, 698 cm-‘. MS: 
M’ 298.0285 (UC. 298.02845). 

3 - t - Butyldimethylsiloxy - 5 - methyl - 1.3.4 - hexarriene 
(44b). Vinyl bromide (0.192 mL, 2.6 mmol) was added to t-BuLi 
(1.71 M, 2.6 mL, 4.4 mmol) and radical inhibitor (1-2 mg) in 20 mL 
Et20 cooled to -78”. After 0.5 hr, 28b (0.486 mL, 0.555 g. 
2.0mmol) was added to the vinylthium soln. The bright yellow 
color of the enone disappeared within 5 min. The mixture was 
stirred at -78” for 1/2hr then warmed to room temp over 
approximately 20 min. A few drops of Et,N were added, then the 
soln was diluted with 20 mL pentane. and a standard workup was 
performed. After Kugelrohr distillation 0.380 g (85%) of 44b was 
obtained. NMR (CDCI,): 8 0.06 (s, 6H), 0.88 (s, 9H), 1.72 (s, 6H), 
4.97 (dd, J = 10, 2 Hz, IH), 5.39 (dd, J = 17, 2 Hz, IH), 6.07 (dd, 
J= 17, 10Hz. Hi). IR: 3100, 2950, 1951, 1621, 1482, 1471, 1374, 
1240, 106Ocm-‘. MS: M’ 224.15% (UC. 224.15967). 
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