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Oxygen-containing heterocyclic systems are important structures in organic chemistry because of their
presence in many biologically active compounds. In this work, a Lewis acid-catalyzed cyclization of
ethenetricarboxylate derivativ@swith substituted propargyl alcohols to give methylenetetrahydrofurans
was investigated. Reaction dfandy-silicon-substituted propargyl alcohalswith ZnBr, at 80-110°C

led to @)-silicon-substituted products stereoselectively. Reactioh arid y-ester-substituted propargyl
alcohol 7 in the presence of various Lewis acids gave ester-substituted methylenetetrahydrofurans
stereoselectively. Interesting Lewis acid dependency on stereoselectivity for the reagtima®found.
Reaction ofa-substituted propargyl alcohols also gave cyclized products.

Introduction 1) of propargyl alcohol2 to afford oxygen-containing five-

Increasing examples of oxygen heterocycles in various membered ring$ (eq 1), as well as reactions with propargyl-

biologically interesting natural products require the development

of diverse and efficient synthetic strategied/arious new EtO,C_ CO,Et H EtO,C

i i MX, EtO,C O
synthetic strategies to construct tetrahydrofurans have been ol n 2
studied recently. Among them, propargyl alcohol has been v Y o
effectively utilized as a €C—0 component in one-pot formal 1 HO 3

[3+2] cycloadditionsnBuLi/Pd, Cu-promoted, and Zn-promot- Y = CO,Et,COPh 2

ed reactions of alkylidenemalonates with propargyl alcohol
(excess amounts) gave methylenetetrahydrofutatewever, amines to afford nitrogen-containing five-membered rings.

stereoselectivities for various propargylic alcohols with sub- those reactions, the Lewis acid possibly coordinates to both
stituents have not been examined in detdiRecently, we have

reported zinc- and indium-promoted formaH{3] cycloaddi-

(2) For examples see: (a) Belting, V.; Krause, ©kg. Lett. 2006 8,

tions of ethenetricarboxylateswith 1 equiv (to the substrates
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R.; Chorghadeb, M. S etrahedronAsymmetry2002 13, 687. (e) Bassetti,
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TABLE 1. Reaction of 1 with Silicon-Substituted Propargyl Alcohols 4

entry 1 Y 4 SiRs MXn conditions 5 (% yield) 3 (% yield)

1 la CO.Et 4a SiMes ZnBr, 80°C, 16 h, CICHCH,CI 5a(72)
2 la COsEt 4a SiMes InBr3 80°C, 16 h, CICHCHCI 5a (trace) 3a(63)
3 1b COPh 4a SiMes ZnBr 80°C, 16 h, CICHCHCI 5b (74)
4 1b COPh 4a SiMes InBrs 80°C, 16 h, CICHCHCI 5b (13) 3b (60)
5 la CO,Et 4b SiMe;Ph ZnBp 110°C, 8 h, toluene 5c(92)
6 1b COPh 4b SiMePh ZnBp 80°C, 14 h, CICHCHCI 5d (76)
7 la COsEt 4c SiMePh ZnBr, 110°C, 17 h, toluene 5e(89)
8 la CO,Et 4d SiPhg ZnBr; 110°C, 17 h, toluene 5f (53)
9 la COsEt de SiMe,CH=CH, ZnBry 110°C, 17 h, toluene 59 (80)

10 la CO,Et 4f SiMe,CH,Ph ZnBp 110°C, 17 h, toluene 5h (84)

11 6 Ph 4a SiMe; ZnBr; 110°C, 17 h, toluene 5i (63p

12 6 Ph 4b SiMe,Ph ZnBp 110°C, 17 h, toluene 5j (68)

a6 (22%) was recovered. A trace amount of desilylated cyclized product was dete6t&2D%) was recovered.

carbonyl groups and alkynes. The highly electrophilic reactivity the absence of NOE peaks betweeH and OQH; in the

of ethenetricarboxylates led to an efficient one-pot reaction. In NOESY spectra. Use of InBras a Lewis acid catalyst in the
this study, various propargylic alcohols with substitutents were reaction ofl and 3-trimethylsilyl-2-propyn-1-ol gave desilylated
examined in order to increase synthetic applicability and the cyclized product8 preferentially (entries 2 and 4). Various silyl
resulting stereoselectivity was discussed. groups were examined. Reaction biwith TMS-, PhMeSi-,
PhMeSi-, PhSi-, CH,—=CHMeSi-, and PhCEMe,Si-sub-
stituted propargyl alcohols gave cyclized produdsin
53-92% vyield. On the other hand, reaction @& with
‘BuMe;Si-, '‘BuPhSi-, and (MeSi)sSi-substituted propargyl
alcohols under similar conditions did not give cyclized products
effectively. These results probably arise from the combination
of electronic and steric effects of substituents on silicon. The
reaction of less reactive diethylbenzilidenemaloréteith 4a
and4b in the presence of ZnBlso gave cycloadduct and

5j in 63% and 68% vyields, respectively.

B. y-Ester-Substituted Propargyl Alcohols. Next, ester-
substituted propargyl alcohols, which are expected to be
highly activated in the electrophilc acetylene moiety, were
examined. One-pot reactions to construct tetrahydrofurans by
base (-BuOK)-catalyzed reaction of nitroalkene with electron-
withdrawing group-substituted propargyl alcohols such as
methyl 4-hydroxy-2-butynoate’) have been reported alreatly.
The base ttBuOK)-catalyzed reaction does not give high
stereoselectivity. In addition, 2 equiv @fwere used because
of the instability of7 under the basic reaction conditions. Lewis
acid-catalyzed conditions may solve these problems. Reaction
of 1 and methyl 4-hydroxy-2-butynoat&)g in the presence of
a catalytic amount of ZnX InCls, FeCk, and AICk (0.2 equiv)

Results and Discussion

A. p-Silicon-Substituted Propargyl Alcohols. To explore
the reaction of substituted propargyl alcohols, at first, various
Lewis acids (0.2 equiv) were examined, in addition to the
catalytic conditions (0.2 equiv of InByfor eq 1 reported in
our previous paper.Reaction ofl and 2 in the presence of
ZnBr;, (0.2 equiv) at 8C°C in CICH,CH,CI gave good yields
(Y = COsEt, 81%; Y= COPh, 89%). Use of AlGland SnCJ
gave a small amount d3, accompanied by the noncyclized
adduct (Y= CO;Et, triethyl 1-(prop-2-ynyloxy)ethane-1,2,2-
tricarboxylatej and starting material. Then, a Lewis acid-
catalyzed cyclization of ethene-tricarboxylate derivative with
y-substituted propargyl alcohols to give methylenetetrahydro-
furans was investigated. ZnBrZn(OTf),-, and InBg-catalyzed
reaction of triethyl ethenetricarboxylate and 3-phenyl-2-
propyn-1-ol or 2-butyn-1-ol gave recovered starting material, a
noncyclized adduct, or a complex mixtire.

Silicon-substituted propargyl alcohols were investigated next,
since silyl groups can be considered to activate alkynes toward
electrophilic reaction$The silyl group in the resulting cyclized
products with a vinylsilane moiety can be used for further

synthetic elaboratiof.Reaction of1 and 3-silyl-2-propyn-1- (3) () Marat, X.; Monteiro, N.; Balme, GSynlett1997 845. (b)
ols 4 in the presence of a catalytic amount of ZpB3.2 equiv) Cavicchioli, M.; Marat, X.; Monteiro, N.; Hartmann, B.; Balme, G.
in CICH,CH.CI or toluene at 86110 °C gave ¥)-silyl- Tetrahedron Lett2002 43, 2609. (c) Nakamura, M.; Liang, C.; Nakamura,
substituted methylenetetrahydrofurdnstereoselectively (eq 2 E.Org. Lett 2004 6, 2015.

ubstitu y yarotu ively (eq 2, (4) Yakura, T.; Yamada, S.; Shiima, M.; lwamoto, M.; Ikeda, ®hem.

Pharm. Bull 1998 46, 744.

E0.C  CO.Et SiR3 (5) Morikawa, S.; Yamazaki, S.; Furusaki, Y.; Amano, N.; Zenke, K.;
2 2 0.2 eq. ZnBr, Kakiuchi, K. J. Org. Chem2006 71, 3540-3544.
+ 80 °C, CICH,CHCI (6) Reaction ofla (Y = CO,Et) with 2-butyn-1-ol in the presence of
Y 0.2 equiv of ZnBg or Zn(OTf), at 80°C in CICH,CH,CI gave a noncyclized
Y HO or 110 °C, toluene adduct, triethyl 1-(prop-1-ynyloxy)ethane-1,2,2-tricarboxylate ir-49%
1a: Y = CO,Et 8-17h yield, along with starting materidla (27—30%).
1b: Y = COPh (2) (7) Igawa, K.; Tomooka, KAngew. ChemInt. Ed. 2006 45, 232.
6:Y =Ph (8) (a) Denmark, S. E.; Neuville, L.; Christy, M. E. L.; Tymonko, S. A.
EtO,C SiR EO.C J. Org. Chem2006 71, 8500. (b) Denmark, S. E.; Choi, J. ¥.Am. Chem.
Et0,C 7 3 2 Soc 1999 121, 5821. (c) Hirabayashi, K.; Ando, J.; Mori, A.; Nishihara,
EtO,C Y.; Hiyama, T.Synlett1999 99. (d) Shibata, K.; Miyazawa, K.; Goto, Y.
Y~ 0O Yy o Chem. Commun1997, 1309. (e) Gouda, K.-l.; Hagiwara, E.; Hatanaka,

Y.; Hiyama, T.J. Org. Chem1996 61, 7232. (f) Hatanaka, Y.; Hiyama,
5 3 T. J. Org. Chem1988 53, 918. (g) Denmark, S. E.; Tymonko, S. A.
Am. Chem. So@005 127, 8004. (h) Trost, B. M.; Machacek, M. R.; Ball,
. Z.T.Org. Lett 2003 5, 1895. (i) Anderson, J. C.; Munday, R. Bl. Org.
Table 1). TheZ)-structure o5 was determined by the presence  chem 2004 69, 8971. (j) Babudri, F.; Farinola, G. M.; Naso, F.; Panessa,
of NOE peaks between Sk and OCH, (except for5f) and D. J. Org. Chem200Q 65, 1554.
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TABLE 2. Reaction of 1 (or 6) with Methyl 4-Hydroxy-
2-butynoate (7)
8 (% 9(%
entry 1/6 Y MX temp/solverit yield) yield)
1 1a COkEt ZnBr, 110°C/toluene 8a(81)
2 la COkEt ZzZnl 110°C/toluene 8a(89)
la COEt ZnCh 110°C/toluene 8a(52)p
3 la COkEt InClz 110°C/toluene 8a(54)
4 la COkEt FeCk 110°C/toluene 8a(85)
5 la COkEt AICI; 80°C/CICH,CH,Cl 8a(64)
6 la COzEt A|C|3 I’t/CHzClz 8a (77)
7 1b COPh ZnBs 80°C/CICH,CH,ClI 8b(98)
8 1b COPh AICk rt/CHCI, 8b (60)
9 6 Ph ZnBp 110°C/toluene 8c(55)
10 la COEt SnCh 80°C/CICH,CH.CI 9a(45)
11 la COEt SnChk rt/CHCl» 9a(74)
12 1b COPh SnCl rt/CHyCl, 9b (49)
13 1b COPh SnQd 0°C/CHCl, NRe

aThe reaction was carried out for 469 h.b 1a (25%) was recovered.
¢NR = no reaction.

gaveZ-ester-substituted methylenetetrahydrofurdissereose-
lectively in 52-98% vyield (eq 3, Table 2). Use of InBiGaCk,

Et0,C. CO.Et CO,Me
I MX,, (0.2 eq.)
solvent
Y temp.
1a:Y = CO,EtHO 5 16-19h
1b: Y = COPh
6:Y =Ph (3)
EO,C H MeO,C
i /i\oone Et0,C H NOE
EtO,C E10,0 Vi )
H H
Yoo H Y O" H }
8 9
MX, = ZnXy, InCls, MX, = SnCl,
FeCl; and AICI3

Sc(OTfy, and Sn(OTf) gave complex mixtures. On the other
hand, reaction ofl and 7 in the presence of Snght room
temperature in CkCl, gaveE-isomer9 exclusively in 45-74%
yield. The @)- and €)-structures were confirmed by the
presence or absence of NOE peaks betweé&i and OCH,
in the NOESY spectra. Thus, interesting Lewis acid dependency
on stereoselectivity was found. The reaction of diethyl ben-
zylidenemalonate6) and 7 in the presence of various Lewis
acids was examined under various conditions. It was found that
the reaction with ZnBrgave only Z)-cyclized product8c in
55% yield (entry 9).

Attempts to synthesize a six-membered ring failed. Reaction
of 1 and methyl 5-hydroxy-2-pentynoat&Qdj®in the presence
of a catalytic amount of ZnBy AICl3, or SnC}, (0.2 equiv) did

JOC Article

To compare the reactivity of an electron-withdrawing alkene
and consider the Lewis acid-catalyzed mechanism, reaction of
the corresponding allylic alcoholE}j-methyl 4-hydroxybut-2-
enoate {1),'! was also examined. Reaction td and 11 with
AICl3 or SnC}, gave tetrahydrofuran produci® in 73—79%
yield as 1:0.3 and 1:4.5 (2#ans12a and 2,4eis-12b) dia-
stereomer mixtures, respectively (eq'#)The stereochemisry
of 12aand 12b was determined by NOESY spectra, such as
the absence (fat2a) and the presence (fd2b) of NOE peaks
between EICOEt and GHCH,CO,Me, 2,4-ring protons. AIGI
and SnCJ showed better results than ZnBReaction ofla
and allyl alcohol with AIC4, SnChk, and ZnBg did not give
cyclized products.

EtO,C_  CO.Et CO,Me
n
+ J/ (0.2 eq.)
EtO,C 1a HO CH.Cly, r.t. or
11 toluene, 110 °C
18 h
EO,C .~comMe FE1OC COMe @
EtOZCi—\/" 2 EtOZCi—§ 2
EtO,C” N0 Et0,C” O

12a 12b

ZnBry/110 °C:42%, dr 12a:12b = 1:1.1
AICly/r.t.: 79%, dr 12a:12b = 1:0.3
SnCly/rt.: 73%, dr 12a:12b = 1:4.5

C. a-Substituted Propargyl Alcohols. To examine the
further stereochemical course of the cyclization with propargyl
alcohols, reaction ola with a-substituted propargy! alcohols
was investigated. Reaction of triestes and enantiomerically
pure R)-3-butyn-2-ol (38) in the presence of a catalytic amount
of ZnBr; (0.2 equiv) in toluene at 110C for 22 h gave two
stereoisomerd4a and 15ain 62% vyield in a 1.1:1 ratio and
both products demonstrate®5% ee (eq 5). Reaction of ketone

EtO,C_ CO,Et I Il ZnBr,
0.2 eq.
y g R (tolue:e)
iy
HO” “Me HO™ “Ph 2 S
1a:Y = CO,Et 132 13b 21-22h
1b: Y = COPh
EtO,G EtO,C, 5)
0~ Me 0~ Me
14a,b 15a,b
EtO,C, EtO,C.
Etozci—{ Etozci—{
14c,d 15¢c,d

derivativelb and R)-3-butyn-2-oll3agave stereocisomefigib

not proceed and the starting materials were recovered underand 15b in 73% vyield in a 2.3:1 ratio and both products

similar conditions.

HO
X%COZMe

10

(9) (a) Earl, R. A;; Townsend, L. BCan. J. Chem198Q 58, 2550. (b)
Earl, R. A.; Townsend, L. BOrganic Synthese®Viley: New York, 1990;
Collect. Vol. VII, p 334.

(10) (a) Piers, E.; Chong, J. M.; Morton, H. Eetrahedron1989 45,
363. (b) Munt, S. P.; Thomas, E. J.Chem. SocChem Commurl989
480. (c) Trost, B. M.; Frontier, A. 1. Am. Chem. So@00Q 122, 11727.

demonstrated 95% ee. The reaction dfa,b with enantiomeri-
cally pure R)-1-phenyl-2-propyn-1-oli3b) was also examined
and gave products ir 95% ee as well. The diastereomer ratios
of 14 to 15increased in the reaction &b compared to that of
1a, probably for steric reasons. Thus, the utility of the reaction
for synthesis of enantiomerically pure substituted tetrahydro-
furans has been shown.

(11) Tufariello, J. J.; Tette, J. B. Org. Chem1975 40, 3866.

(12) The opposite preference in the 2,4-trans and cis stereoselectivity
for AICI3 and SnCJ might be related to formation of SnCkhelete
intermediate of 2,4-substitutents with esters in the tetrahydrofuran ring.

J. Org. ChemVol. 72, No. 17, 2007 6461
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TABLE 3. Reaction of 1 and Chiral a-Substituted Propargyl SCHEME 1
Alcohols 13 Br,
entry 1 Y 13 14+ 15 (% yieldp 1415 E10,C. CO,Et X O,Zno X
1 la COkEt 13a(R) 1l4a+ 15a(62) 1.1:1 | znBr [ I
2 lb  COPh 13a(R)  14b+ 15b(73) 231 * —— EtO OEt —
3 la COEt 13b(R)  14c+ 15c(65) 0.9:1 Y
4 1b  COPh  13b(R)  14d+ 15d(81) 2.8:1 1 HO v \/Hg
a14 and15were separated by column chromatography. The ee %4 of
and 15 was determined as95% ee by chiral HPLC (CHIRALPAK AS-
H), respectively. ;(‘\BFZ
HO | x OH o-\
TABLE 4. Reaction of 1 and Tertiary o,0’'-Substituted Propargy! \
Alcohols 16 EtO OFt // EtO
entry 1 Y 16 RY/R2 17/18 (% yield) v~ o
1 la CO,Et 16a Me/Me 17a(45p A
2 1b COPh 16a Me/Me 18a(30)
3 la COsEt 16b (CHo)4 17b(47)
4 la COEt 16c (CHy)s 17¢(63)
5 la  COEt  16d Ph/Ph 17d (14p BrZZn O, OEtH

o\\< / X -ZnBr,

ala(23%) was recovered.la (60%) was recovered.

—_—

EtO
The reaction ofl with tertiary o,a’-substituted propargy! Y
alcohols 16a—d was also examined and the reaction gave ¢ b
cyclized productd7 and18 (eq 6, Table 4). Some cases gave H
EtO,C.  CO,Et ZnBr, EtO,C ngécj—ﬁ/ X
(02eq) Etozcj—i X = H, SiR3, CO,Me
j( JT toluene R? ©) Yo
HO Y 0" Rt . . . . . .
catalyst. The facile cyclization by zinc Lewis acid can be
1 19 22“ 17:Y = CO,Et explained by the dual activation ability of the carbonyl and
18:Y = COPh alkyne moietieg®

The proposed mechanism agrees with the obserZed
selectivity for the zinc Lewis acid promoted reactionlodnd
y-substituted propargyl alcohols-silicon-substituted propargyl
alcohols4 and 4-hydroxy-2-butynoater). Thus, the alkenyl
zinc intermediateC retains the configuration.

The observedH)-selectivity for SnCJ can be explained as
shown in Scheme 2. Initial addugt which is the same type as
intermediateA in Scheme 1, would transform to intermediate
F not intermediateB-type in Scheme 1, because hardef'Sn
may prefer carbonyl oxygen to carbdrRing closure may occur
from the intermediaté- leading to intermediat&. Intermo-
lecular protonation (or protonation by liberated)Hrom outside
would lead to Sn diester chelete intermedidteFurther study
on the ZnBg- and SnCj}-promoted mechanisms is underway.

In summary, a Lewis acid-catalyzed cyclization of ethene-
tricarboxylate derivative with substituted propargy! alcohols

— — - - gave methylenetetrahydrofurans stereoselectively. Reaction of
(13) Possible isomerization of propargylic alcohols, such as via Meyer

Schuster and Rupe rearrangements, may occur in preference to the expectel andy—filicon—substitu_tgd propargyl alcohalswith ZnBr; at
reaction withl. (a) Bigi, F.; Carloni, S.; Maggi, R.; Muchetti, C.; Sartori, 80—110°C leads to Z)-silicon-substituted products. Zinc halides

lower yields, probably by steric hindrance in the initial addition
step and possible competing procesSekhese tertiary substi-
tuted tetrahydrofuran skeletons are seen in some biologically
interesting compound&and further efforts to improve yields
and transformation to them are under investigation.

D. Reaction Mechanism.The Zn-promoted reaction mech-
anism is considered next. The probable mechanism for formation
of the five-membered ring is shown in Scheme 1. Conjugate
addition of oxygen of propargyl alcohol to zinc-coordinated
in the diester moiety and proton transfer give intermediaté
Zinc transfer to alkyne leads to intermediBteand the following
cyclization givesC. Protonation of shcarbon in intermediate
C by generated proton and zinc coordination to diester moiety
gives more stable intermedidle The intermediat® furnishes
the five-membered rings along with the release of the zinc

CCB-hJ- Org- szbeorglf% %7 28242-)(bZ)hLUZU\?Vg. g R.; TOSEle'MFﬁ D. m and AlCk-promoted reaction ofl and vy-ester-substituted
em. Soc . (c ao, W.; Carreira, E. NOrg. Le _ _ ; _
2003 5, 4153, (d) Narasaka. K. Kusama, H.. Hayashichem. Lett1991 propargyl alcohol7 gave @)-ester s_ubsﬂtuted methylenetet
1413. (e) Lorber, C. Y.: Osborn, J. Aetrahedron Lett1996 37, 853. (f) rahydrofurans. SnGipromoted reaction ot and y-ester-sub-
Chabardes, PTetrahedron Lett1988 29, 6253. stituted propargyl alcohdl gave E)-ester-substituted methyl-

(14) For examples see: (a) Johnson, C. R.; Elliot, R. C.; Meanwell, N. g rahvdrofurans. Interesting Lewi i nden n
A. Tetrahedron Lett.1982 23, 5005. (b) Jackson, R. F. W.; Raphael, R. enetetra yd_q urans. Interesting Lewis acq depe.Qe C.y 0
A. Tetrahedron Lett 1983 24, 2117. (c) Sakurai, K.. Takahashi, K.: stereoselectivity was found. The present reaction to utilize highly

Yoshida, T.Agric. Biol. Chem1983 47, 1249. (d) Kaiser, RHely. Chim. electrophilic substrates provided an efficient stereoselective
Acta1984 67, 1198. (e) Hirasawa, Y.; Morita, H.; Shiro, M.; Kobayashi,  cyclization method. Further transformation of the products to

J.Org. Lett.2003 5, 3991. (f) Trost, B. M.; Mao, M. K.-T.; Balkovec, J. : ; P
M.: é]uhlmayer,gP.J. A, é?]em. Sod 986 108 4965. (g) Uenishi, J potentially useful compounds and investigation of new prop-

Kawahama, R.; Yonemitsu, Q. Org. Chem1997, 62, 1691.
(15) In ref 3c, zinc alkoxide (in the presence of&} attack leading to (16) Takita, R.; Fukuta, Y.; Tsuji, R.; Ohshima, T.; Shibasaki,fg.

anionic zinc coordinate enolate-ester is suggested. The detailed reactionLett 2005 7, 1363.

mechanism including neutral alcohol or alkoxide attack is under investiga-  (17) Ho, T.-L. Hard and Soft Acids and Bases Principle in Organic

tion. Chemistry Academic Press: New York, 1977.
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SCHEME 2

E0,C COEt [O2Me

j( Ll see QR
v " EO oet |l —
. HO -
7 % 0
\/ 7

,SnCly
OH O C\)

HO © |
N | CO,Me N
E F

SnCly
OMe

—_—

argylic and allylic three-atom components for cycloadditions
are ongoing and will be reported in due course.
Experimental Section

Typical Experimental Procedure (Table 1, Entry 5). To a
solution ofla (137 mg, 0.56 mmol) in toluene (1.0 mL) was added

JOC Article

3-(phenyldimethyl)silylpropyn-1-oi4b) (116 mg, 0.61 mmol) and
ZnBr; (25 mg, 0.11 mmol). The mixture was heated at 3CGand
stirred for 8 h. The reaction mixture was cooled to room temperature
and evaporated in vacuo. The residue was purified by column
chromatography over silica gel with hexarether as eluent to give
5c¢ (225 mg, 92%).

5c. R 0.4 (hexaneether 1:1); colorless oitH NMR (400 MHz,
CDClg) ¢ (ppm) 0.383 (s, 3H), 0.385 (s, 3H), 1.25Jt= 7.1 Hz,
3H), 1.27 (tJ= 7.1 Hz, 3H), 1.28 (t) = 7.1 Hz, 3H), 4.15-4.33
(m, 7H), 4.49 (ddd,) = 13.6, 2.5, 0.6 Hz, 1H), 5.04 (d,= 0.4
Hz, 1H), 6.14 (tJ = 2.5 Hz, 1H), 7.32-7.39 (m, 3H), 7.49-7.53
(m, 2H); selected NOEs are betweén0.383, 0.385 (Si(Bs),)
and o 4.15-4.33, 4.49 (OEl,, assigned by COSY and HSQC);
13C NMR (100.6 MHz, CDGJ) 6 (ppm)—1.90 (g),—1.88 (q), 13.9
(), 14.0 (), 14.1 (), 61.4 (1), 62.2 (), 62.5 (t), 68.7 (S), 71.2 (1),
82.0 (d), 123.9 (d), 128.1 (d), 129.5 (d), 133.8 (d), 137.5 (s), 152.0
(s), 166.6 (s), 167.4 (s), 168.8 (s); selected HMBC correlations are
betweend 5.04 (HCO,Et) andd 71.2 (OCH,), 68.7 (C(CO,EL),),
and 152.0 C=CHSi); IR (neat) 2982, 1739, 1633, 1428, 1368,
1250, 1114, 1027 cni; MS (El) m/z 434 (M*, 4.1) 419 (18), 361
(93), 333 (66), 135 (100%); HRMS ™M 434.1762 (calcd for
CooH3007Si 434.1761). Anal. Calcd for 8H300,Si: C, 60.81; H,
6.96. Found: C, 60.70; H, 7.10.
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