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C34H28Cl2FeP2Pd.CH2Cl2

Et3N

dioxane, 110oC
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Michael Additions 

Silylated functional groups have widely demonstrated their 

ability to direct the regio- and stereoselectivity by stabilization 

of positive and negative charges at the � and � positions 

respectively. Research from the Malacria group indicates that 

silyl groups can act as directing groups in palladium catalysed 

allylic alkylations. This paper discusses a recent study of the 

properties of silyl groups as directing groups in Diels-Alder 

reactions using 3-silyl furans as dienes. The synthesis of these 

furans and the reactivity of the 7-

oxabicyclo[2.2.1]heptadienes cyclo-adducts will be discussed. 

3-Silyl furans have been synthesized from (E)-2-silylbut-2-

ene-1,4-diols in a one step reaction using potassium 

dichromate and in good   

yields. It is also possible to use a less toxic two step 

method using palladium catalysis, but in moderate yields. 

These 3-silyl furans have been reacted under Lewis Acid 

conditions with both symmetric reagents such as dimethyl 

acetylenedicarboxylate (DMAD) and electron deficient 

olefins such as methyl acrylate.  The reactivity of the 

resulting 7-oxabicyclo [2.2.1]heptadienes and 7-

oxabicyclo[2.2.1]heptanes is also discussed. 
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IntIntroduction 

Organosilanes have a wide range of applications in organic 

synthesis. They are commonly used as protecting groups, 

and can also be transformed to different functional groups, 

by Tamao-Fleming[1] oxidation and Hiyama coupling[2-3] 

reactions. Another aspect of these functional groups is their 

ability to stabilize charges on adjacent atoms: in many 

cases, carbocations � to a silane (Si-C-C+) are stabilized 

through interaction of the empty p orbital of the carbocation 

atom and the silicon-carbon � bonding orbital. Alternately, 

silanes can stabilize �-carboanion (Si-C-) through the 

interaction of the carboanion’s occupied
 
p orbital and the 

silicon’s � * antibonding orbital.[4-6] These trends can be 

used in synthesis to control regioselectivity as well as in 

some cases stereoselectivity. 

Based on these properties, silanes can be used as directing 

groups.  In the Mizoroki-Heck reaction, an allylsilane is 

used to direct intramolecular coupling, resulting in the 

selective formation of the vinylsilane after �-elimination.[7]  

Nucleophilic substitution of (E)-2-(triethylsilyl)but-2-ene-

1,4-diyl diacetate[8] and (E)-4-(methoxycarbonyloxy)-3-

(trimethylsilyl)but-2-enyl acetate[9] under Pd(0) catalysis 

results almost exclusively in substitution at the � position to 

the silane.  These reactions are both regio and stereo 

selective and the configuration of the double bond is 

retained. 

Furans are capable of acting as dienes in Diels-Alder 

reactions with alkenes and alkynes, preferentially those with 

an electron withdrawing group.[13] In this study we also 

examine the effects of silanes at the 3 position on the regio 

and stereoselectivity of this reaction (Scheme 1).  Previous 

studies conducted in the Malacria group have shown that the 

presence of a Lewis acid is necessary to activate the 

diene.[14-15]   

 

Scheme 1. Diels-Alder reaction of 3-silyl furans with substituted 
alkenes and alkynes 

A simple synthetic route to the silylated reagents is still 

required. To date, there exist three routes to the synthesis of 

3-silyl furans (Scheme 2), [10-12] which show poor yields, 

difficulty of synthesis or toxicity of reagents.   
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Scheme 2. Synthesis of 3-silyl furans 

This paper looks at two methods for the synthesis of 3-silyl 

furans from (E)-2-(trialkylsilyl)but-2-ene-1,4-diol (Scheme 

3). 

 

Scheme 3.  Oxidation route to 3-silyl furan 

It is proposed that the oxabicyclo[2.2.1]heptan-5-ene type 

products of the Diels-Alder reaction can be opened to give 

tetra, or penta substituted cyclohexenes under ring opening 

conditions.
[16-19]

  These products would retain the relative 

stereochemistry conferred by the Diels-Alder reaction, and 

the silane could once again direct the attack of the 

nucleophile, determining the regiochemistry of the final 

product. Furthermore, these products can eventually be used 

as keystone intermediates in synthesis, where the silane can 

be transformed to a hydroxyl group, or used to couple the 

cyclohexene to alkylhalides.  

Results and Discussion 

The transformation of but-2-yne-1,4-diol (11) to the (E)-2-

(trialkylsilyl)but-2-ene-1,4-diol (10), using the respective 

alkylsilane and platinum tetrakis (triphenylphosphine) 

catalyst has been previously optimized in our group. This 

method gives high yields for different silanes and has 

allowed us to prepare a variety of precursors for the 

cyclization and aromatization to the respective 3-silyl 

furans. The results attained in the previous study are 

presented in Table 1.  The hydrosilylation reaction was also 

performed under H2PtCl6·6H2O catalysis, however this 

method has not been persued due to reproducibility issues.   

Table 1. Synthesis of (E)-2-(trialkylsilyl)but-2-ene-1,4-diol from 
but-2-yne-1,4-diol 

 

Entry Silane Time (h) Yield (%) Product 

10a HSiEt3 

 

3h > 98 

 

10b HSiMe2Ph 

 

3h > 98 

 

10c HSi(iPr)3 

 

3h    96 

 

10d HSiMe2tBu 

 

3h > 98 

 

We chose the method described by Wong et al to prepare 

the furans used in the Diels-Alder reactions (Figure 1). The 

corresponding (E)-2-(trialkylsilyl)but-2-ene-1,4-diol (10a, 

10b) was solubilized in a n-hexane/H2SO4 aq 7.5% (w/w) 

and heated to reflux, at which time a solution of K2Cr2O7 in 

H2SO4 conc. was added slowly using a dropping funnel.  

This reaction was fast and efficient, and the hexane layer 

could be separated from the aqueous layer when the 

addition of the oxidation agent was complete. We have been 

able to achieve a yield of 66% for the triethyl(furan-3-

yl)silane (10a) and 68% for the triisopropyl(furan-3-

yl)silane (10b) after purification by distillation and flash 

column chromatography respectively. 

 

Figure 1. Preparation of furan from but-2-yne-1,4-diol, using 
K2Cr2O7 as oxidizing agent 

An alternate, two-step synthesis of the 3-silyl furans starting 

from the (E)-2-(trialkylsilyl)but-2-ene-1,4-diol was 

investigated (Figure 2).[20]  First, the diol was cyclised under 

acidic conditions, neat with a catalytic amount of KHSO4 at 

100°C.  The conversion was quantitative on both the triethyl 

and triisopropyl series. Silylated furans 1a and 1b were 

sufficiently pure to be taken directly to the next reaction. 

 

Figure 2. Preparation of furan from (E)-2-(trialkylsilyl)but-2-ene-
1,4-diol 
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The subsequent step was the Pd catalyzed dehydrogenation 

of 12a and 12b (Table 2). Two catalysts were used Pd/C and 

Pd(OH)2 at reflux in ethanol for two to three hours, and 

once overnight at reflux in EtOH, which did not give an 

improved yield. These reaction conditions saw formation of 

negligible amounts of the desired furans 1a and 1b, 

however, it was remarked that precursors 12a and 12b that 

had been filtered over a short pad of silica already contained 

trace amounts of the respective furan. To investigate this, 

12a was diluted with ethyl acetate and silica was added and 

stirred over three days at room temperature.  By 1H NMR, a 

higher concentration of the furan was present, as well as a 

substantial quantity of degradation; these reaction 

conditions were not investigated further.  However, it was 

observed that after two months stored under atmospheric 

conditions, 12a spontaneously and quantitatively oxidized 

to 1a. 

Table 2. Conditions for the palladium catalyzed dehydrogenation of 
(2,5-dihydrofuran-3-yl)silanes 

 

Entry[a Silane Solvent Catalyst[a] Temp (°C) Yield (%) 

1 12a EtOH Pd/C Reflux � 7 

2 12a iBuOH Pd/C Reflux 100 

3 12b iBuOH Pd/C Reflux � 3 

4 12a EtOH Pd(OH)2 Reflux � 11 

5 12a EtOAc silica r.t. degradation, � 47 

[a] entry 1 was reacted for 2 hours and overnight, with comparable 
results, entries 2-5 were reacted 2-3 hours; [b] 5 mol % catalyst 
concentration, silica was added as a 1:1 (w/w) ratio.  

In order to increase the conversion to the furan, a solvent 

with a higher boiling point was chosen: dehydrogenation in 

iBuOH at reflux gave quantitative yield of 12a, while under 

the same conditions the conversion of 12b to 1b was only 

slightly improved.  It can be speculated that the difference 

in the sterics between the triethylsilane and 

triisopropylsilane was directly related to the difference in 

conversions. Increasing the reaction temperature and time 

may be sufficient to drive the dehydrogenation of 12b to 

completion. This method was therefore capable of becoming 

a viable route to the 3-silyl furans, however it required 

further optimization to achieve desirable conversions. 

The 3-silyl furans were then subjected to Diels-Alder 

cycloaddition conditions to study the efficacy of the silane 

as a directing group. Some reactions of triethyl(furan-3-

yl)silane (1a), triisopropyl(furan-3-yl)silane (1b) and 

dimethylphenyl(furan-3-yl)silane with symmetrical 

dienophiles N-phenylmaleimide, malemic anhydride and 

dimethyl acetylene dicarboxylate (DMAD) have been 

performed. 

These previous experiments have shown that the addition of 

a Lewis Acid is essential to reach good yields and complete 

conversion to the desired product.  Furthermore due to the 

aromatic nature of the diene there was a strong tendency to 

undergo retro Diels-Alder[21] to give the corresponding 

acetylenic silane and the 3, 4-disubstituted furan. In the 

absence of Lewis Acid, the reaction mixture must be heated, 

which favours this undesired reaction. AlCl3 proved to be a 

good catalyst,[14] which allowed us to minimize heating of 

the Diels-Alder products and therefore avoid retro Diels-

Alder.  

Table 3. Diels-Alder between 3-silyl furans and various dienophiles 

 

Entry Furan Dienophile Temp 
(°C) 

Yield (%) 

1 1a 
 

r.t. 

 

2 1a 
 

r.t. Mixture of products 

3 1a 
 

r.t. 

 

4 1a 
 

-20°C 77 

5 1b 
 

-20°C 1:1 1b:14b 

6 1b 
 

0°C to 

r.t. 

81 

At first, a series of acrylates were reacted with 1a to 

evaluate the effect of the silane on the regioselectivity of the 

reaction.  The acrylates (1.5 eq.) were added to a solution of 

1a in CH2Cl2 and the reaction flask was placed in a water 

bath. AlCl3 (1.5 eq.) was then added and the reaction 

mixture was stirred at ambient temperature for 30 minutes, 

at which point no more furan remained and the reaction was 

quenched and worked up.  Methyl acrylate gave a mixture 

of two silylated products: they could not be separated by 

column chromatography and were recovered in a 1:1.6 ratio 

by 1H NMR. Using the exo cycloaddition product of furan 

and methyl acrylate (exo-methyl-7-oxabicyclo[2.2.1]hept-5-

ene-2-carboxylate)[22-24] as reference, we were able to 

identify these compounds as the two regioisomers resulting 

from the exo directed cycloaddition of methyl acrylate onto 

the 3-silyl furan. On the basis of sterics, we can deduce that 

exo-methyl-5-(triethylsilyl)-7-oxabicyclo[2.2.1]hept-5-ene-

2-carboxylate (13a) is more abundant than exo-methyl-6-
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(triethylsilyl)-7-oxabicyclo[2.2.1]hept-5-ene-2-carboxylate 

(13b). 

A third product was present in the crude mixture, but was 

lost during purification by column chromatography.  This 

product can be identified as the exo Diels-Alder adduct 

between the desilylated furan and methylacrylate.  The three 

products were present in a 1:1.6:1 (13a : 13b : desilylation 

product) ratio in the crude mixture when methylacrylate was 

not distilled.  Unexpectedly, upon distillation of the 

dienophile prior to reaction, the desilylated product become 

major, but could not be isolated. We have not addressed this 

problem further due to time constraints. 

Reaction with the tert-butyl acrylate gave a complex 

mixture of products and no desired 

oxabicyclo[2.2.1]heptene type compounds could be isolated. 

Finally, cycloaddition of the acrylonitrile resulted in the loss 

of the triethyl silane. The products of the exo (13c) / endo 

(13d) Diels-Alder attack of the acrylonitrile on the furan 

were isolated in a 1:1 ratio.  

On the other hand, the Diels-Alder reaction with 

symmetrical DMAD gave the single possible cycloaddition 

product in 77% and 81% yield for 14a and 14b respectively.  

It is important to note that the reaction with 1b as the 

dienophile required higher reaction temperature to achieve 

complete conversion, which may be attributed to the 

increased steric effect of the triisopropyl silane during the 

attack on the dienophile. 

 

Figure 3. Investigation of ring opening of oxabicyclo[2.2.1]he 
ptenes 

The Diels-Alder products 14a was subjected to ring opening 

conditions described by Carrée et al.,[24] where the 

oxabicyclo[2.2.1]heptene is activated by a Lewis Acid, 

followed by a nucleophilic attack by benzylamine.   

 

 

 

 

Table 4. 1,4 addition of benzylamine of Diels-Alder cycloadduct 

 

Entry Solvent Lewis Acid Yield (%) 

1 THF FeCl3 44 

2 CH2Cl2 Sc(OTf)3 87 

Two experiments have been performed (Table 4) and gave 

the Michael addition product as a single regioisomer. 

Unfortunately, the ring opening was not achieved and the 

benzylamine added 1,4 to the ester substituted double bond 

to give dimethyl 2-(benzylamino)-5-(triethylsilyl)-7-

oxabicyclo[2.2.1]hept-5-ene-2,3-dicarboxylate (16).  This is 

the only product formed, and a significant difference in the 

conversion and isolated yield were seen between the two 

reaction conditions. With FeCl3, 16 was isolated in 44% 

yield based on a conversion of 50% by 1H NMR, while no 

starting material remained when using Sc(OTf)3. 

To avoid 1,4-addition of the benzylamine, we are currently 

testing the ring opening reaction on selectively reduced 

dimethyl 5-(triethylsilyl)-7-oxabicyclo[2.2.1]hept-5-ene-

2,3-dicarboxylate (17) (Figure 4).  Under mild reaction 

conditions optimized in our group, the single diasteriomer 

17 was isolated.[14]  This product will then be subjected to 

the ring opening conditions described above to attain 

monocyclic product 18. 

 

Figure 4. ReSduction of 14a to 17 and subsequent ring opening to 
18.  

Conclusions 

The aim of this project was to elucidate the effect of silanes 

as directing groups in Diels-Alder reactions, and to show the 

possible applications of silane substituted 

oxabicyclo[2.2.1]heptene compounds in synthesis by 

undergoing ring opening to form substituted cyclohexenes. 

It has also been of interest to this study to investigate 

alternate methods of synthesizing the 3-silyl furans which 

were used as dienes; the Pd catalyzed dehydrogenation route 

is an attractive method for reducing the use of toxic 

reagents, even if the Jones oxidation route is more general 

and more efficient.  This method requires more 

investigation and optimization to increase the scope of its 

substrates and to achieve a high yields. 

Also, the Diels-Alder cycloaddition of acrylates to 3-silyl 

furans must be optimized. Milder reaction conditions with 

reduced equivalents of Lewis Acid, and longer reaction 

times at a reduced temperature may help to reach better 
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selectivities, as well an prevent undesired side reactions, 

such as the desilylation observed with acrylonitrile.   

Finally, the conditions and reagents for the opening of the 

oxabicyclo[2.2.1]heptene type products must be 

investigated and determined. In the long term, the chemistry 

discussed in this paper can have great application in the 

synthesis of natural products, and once optimized it can be 

applied as the keystone transformation in such a synthesis.   

Experimental Section 

Materials. Dichloromethane was dried by distillation over 

calcium hydride, and THF was dried by distillation over 

Na/benzophenone. Unless otherwise noted, all commercial 

materials were used without further purification.  General 

information. All reactions were performed in oven-dried 

evacuated vessels under argon atmosphere unless otherwise 

specified in the procedure. Purification of reaction products 

was carried out by flash column chromatography using 

silica gel (40-63 µm). Analytical thin layer chromatography 

was performed on aluminum sheets pre-coated with silica 

gel 60 F254, cut to size. Visualization was accomplished 

with ultraviolet light and PAN and KMnO4 stains followed 

by heating.   
1H NMR spectra were recorded on a Bruker Avance400 

(400 MHz) spectrometer at ambient temperature and were 

reported in ppm using solvent as the internal standard 

(CDCl3 at 7.26 ppm). Data were reported as: multiplicity (br 

= broad, s = singlet, d = doublet, t = triplet, q = quartet, m = 

multiplet), integration and coupling constant(s) in Hz. 

Infrared spectra were obtained using a Bruker Tensor 27 

ATR diamond PIKE instrument. High resolution mass 

spectra were obtained by the laboratoire de structure et 

fonction de molécules bioactives (UMR 7613). 

General Procedure for the synthesis of (E)-2-

(trialkylsilyl)but-2-ene-1,4-diols (GP1).  But-2-yne-1,4-

diol (116 mmol) was recrystalized in ethyl acetate (20 mL) 

and ethanol (1 mL).  The crystals were dissolved in THF (70 

mL) and the trialkylsilane (128 mmol) was added. (PPh3)4Pt 

(0.058 mmol) was added and the reaction was refluxed for 

three hours. The resulting solution was concentrated under 

reduced pressure to afford the product, sufficiently pure for 

use in further reactions. 

General Procedure for the synthesis of trialkyl(furan-3-

yl)silanes (GP2). 

(E)-2-(trialkylsilyl)but-2-ene-1,4-diol (13 mmol) was 

diluted with n-hexane (26 mL), and 7.5% (w/w) H2SO4 

aqueous solution (10 mL). The mixture was heated to reflux 

and stirred for 5 minutes, then a solution of K2Cr2O7 (13 

mmol) in water (26 ml) and concetrated H2SO4 (4.25 mL) 

was introduced slowly with a dropping funnel into the 

reaction vessel. Once the reagent was added, the mixture 

was stirred for a few minutes then the organic phase was 

separated and the aqueous phase was extracted with 

pentanes.  The combined organic layers were washed with a 

sat. Na2CO3 solution, water and a sat. NaCl solution then 

dried over MgSO4 and concentrated under reduced pressure.  

The product was purified by distillation or flash column 

chromatography. 

General Procedure for the synthesis of dimethyl-5-

(trialkylsilyl)-7-oxa-bicyclo[2.2.1]hepta-2,5-diene-2,3-

dicarboxylate (GP3). Trialkyl(furan-3-yl)silane (5.6 mmol) 

was diluted in CH2Cl2 (20 mL).  Dimethyl acetylene 

dicarboxylate (DMAD) (8.37 mmol) and the mixture was 

cooled then AlCl3 was added and the reaction mixture was 

stirred for 20 minutes.  The reaction was quenched with sat. 

NH4Cl solution and extracted with CH2Cl2; the combined 

organic layers were dried over Mg2SO4 and concentrated 

under reduced pressure.  The product was purified by flash 

column chromatography. 

(E)-2-(triethylsilyl)but-2-ene-1,4-diol (10a).  Synthesized 

following GP1 using but-2-yne-1,4-diol (10g, 116 mmol), 

triethylsilane (20.6 mL, 128 mmol) and (PPh3)4Pt (72 mg, 

0.058 mmol), as a yellow oil, in quantitative yield (23.5 g). 

1H : � = 6.03 (t, J = 6Hz, 1H, Et3SiC=CH), 4.25 (d, J = 6Hz, 

2H, HOCH2CH), 4.20 (s, 2H, HOCH2CSiEt3), 3.62 (s, 2H, 

OH), 0.97 (t, J = 8Hz, 9H, SiCH2CH3), 0.65 (q, J = 8Hz, 

6H, SiCH2CH3). 

13C : � = 142.0 (1C, Et3SiC=CH), 140.7 (1C, Et3SiC=CH), 

60.0 (1C, HOCH2CH), 59.0 (1C, HOCH2CSiEt3), 7.3 (3C, 

SiCH2CH3), 2.9 (3C, SiCH2CH3). 

IR : � 3301, 3068, 3009, 2955, 2897, 1618, 1427, 1360, 

1247, 1043, 1006, 817, 773cm-1. 

(E)-2-(triisopropylsilyl)but-2-ene-1,4-diol (10b).  

Synthesized following GP1, using but-2-yne-1,4-diol (1 g, 

12 mmol) triisopropylsilane (2.6 mL, 13 mmol) and 

(PPh3)4Pt (7 mg, 0.006 mmol), as a white solid (2.71 g, 96% 

yield). 

Tf = 75°C-78°C 

1H : � = 6.23 (t, J = 6Hz, 1H, iPr3SiC=CH), 4.36 (d, J = 

6Hz, 2H, HOCH2CH), 4.24 (s, 2H, HOCH2CSiiPr3), 2.32 (s, 

2H, OH), 1.21-1.16 (m, 3H, SiCH(CH3)2), 1.09 (d, J = 8Hz, 

18H, SiCH(CH3)2).  

13C : � = 144.9 (1C, iPr3SiC=CH), 139.9 (1C, iPr3SiC=CH), 

60.5 (1C, HOCH2CH), 59.9 (1C, HOCH2CSiiPr3), 18.6 (6C, 

SiCH(CH3)2), 10.8 (3C, SiCH(CH3)2).  

IR : � 3311, 2942, 2864, 1611, 1457, 1384, 1364, 1250, 

1002, 882cm-1. 

HRMS : calculated C13H28O2NaSi = 267.1751, found = 

267.1752. 

(2,5-dihydrofuran-3-yl)triethylsilane (12a).  (9.77 mmol, 

1.977 mg) (E)-2-(triethylsilyl)but-2-ene-1,4-diol (10a) was 

combined with KHSO4 neat and heated to 100°C while 

stirring for 90 minutes. The mixture was diluted with one 

volume petroleum ether and filtered through a short pad of 

silica, then washed with two volumes of petroleum ether.  

The solvent was evaporated at ambient pressure and 50°C to 
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afford a dark yellow oil. 1.2 g of crude were purified by 

distillation at 6.5E-1 mbar and 75°C-90°C to afford a pale 

yellow oil (623.6 mg, 57 %). 
1H : � = 6.03 (s, 1 H, Et3SiC=CH), 4.70 (m, 2H, 

OCH2CSiEt3), 4.65 (m, 2H, OCH2CH), 0.90 (t, J = 7.9 Hz, 

9H, SiCH2CH3), 0.61 (q, J = 7.7 Hz, 6H, SiCH2CH3). 

IR : � 2954, 2910, 2875, 1736, 1537, 1489, 1458, 1332, 

1236, 1137, 1060, 1026, 1003, 877, 790 cm-1. 

Triethyl(furan-3-yl)silane (1a).  Synthesized following 

GP2, using (E)-2-(triethylsilyl)but-2-ene-1,4-diol (10a) 

(2.64 g, 13 mmol) and K2Cr2O7 (3.84 g, 13 mmol).  The 

product was purified by distillation at a pressure of 6E-1 

mbar and a temperature of 80°C to 90°C to afford a yellow 

oil (1.57 g, 66% yield). 

1H : � = 7.50 (t, J = 1.5Hz, 1H, OCH=CH), 7.35 (dd, J = 

1.5Hz, J = 0.9Hz, 1H, OCH=CSiEt3), 6.36 (dd, J = 1.7Hz, J 

= 0.9Hz, 1H, Et3SiC-CH), 0.96 (t, J = 8Hz, 9H, SiCH2CH3), 

0.70 (q, J = 8Hz, 6H, SiCH2CH3).  

13C : � = 147.6 (1C, OCH=CH), 142.7 (1C, OCH=CSiEt3), 

114.9 (1C, OCH=CSiEt3), 113.6 (1C, Et3SiC-CH), 7.4 (3C, 

SiCH2CH3),  3.9 (3C, SiCH2CH3).  

IR : � 2953, 2910, 2875, 1579, 1537, 1489, 1459, 1378, 

1235, 1062, 1027, 970cm-1. 

Triisopropyl(furan-3-yl)silane (1b).  Synthesized 

following GP2, using (E)-2-(triisopropylsilyl)but-2-ene-1,4-

diol (10b) (2.51 g, 10.3 mmol) and of K2Cr2O7 (3.03 g, 10.3 

mmol).  The product was purified by flash column 

chromatography (AcOEt / Pentane (6 / 94)) to afford a 

yellow oil (1.56 g, 68% yield). 

1H : � = 7.53 (s, 1H, OCH=CH), 7.41 (s, 1H, 

OCH=CSiiPr3), 6.41 (s, 1H, iPr3SiC-CH), 1.30-1.20 (m, 3H, 

SiCH(CH3)2), 1.10 (d, J = 7 Hz, 18H, SiCH(CH3)2). 

13C : � = 148.1 (1C, OCH=CH), 142.4 (1C, OCH=CSiiPr3), 

114.5 (1C, iPr3SiC-CH), 112.3 (1C, iPr3SiC-CH), 18.6 (6C, 

SiCH(CH3)2), 11.3 (3C, SiCH(CH3)2).  

IR : � 2942, 2891, 2865, 1579, 1535, 1489, 1462, 1383, 

1366, 1235, 1137, 877, 789cm-1. 

Dimethyl-5-(triethylsilyl)-7-oxa-bicyclo[2.2.1]hepta-2,5-

diene-2,3-dicarboxylate (14a).  Synthesized following 

GP3, using triethyl(furan-3-yl)silane (1a) (1 g, 5.6 mmol) 

and DMAD (1.03 mL, 8.37 mmol) at −20°C.    The product 

was purified by flash column chromatography (using 

CH2Cl2 as the elution solvent) to attain a yellow oil (1.39 g, 

77% yield). 

1H : � = 7.41 (d, J = 1.5Hz, 1H, CH=CSiEt3), 5.78 (d, J = 

1.8Hz, 1H, OCH-CSiEt3), 5.62 (t, J  = 1.5Hz, 1H, OCH-

CH), 3.79 (s, 3H, OCH3), 3.77 (s, 3H, OCH3), 0.88 (t, J = 

8Hz, 9H, SiCH2CH3), 0.61 (m, 6H, SiCH2CH3). 

13C : � = 163.4 (1C, CO2Me), 162.8 (1C, CO2Me), 153.9 

(1C, CH=CSiEt3), 153.3 (1C, CH=CSiEt3), 152.7 (1C, 

C(CO2Me)=C(CO2Me)), 152.6 (1C, 

C(CO2Me)=C(CO2Me)), 88.2 (1C, OCH-CH), 85.5 (1C, 

OCH-CSiEt3), 52.3 (1C, OCH3), 52.1 (1C, OCH3), 7.2 (3C, 

SiCH2CH3), 3.0 (3C, SiCH2CH3). 

IR : � 2952, 2910, 2875, 1710, 1637, 1550, 1435, 1322, 

1295, 1227, 1168, 1083, 1004, 933, 868, 844cm-1. 

HRMS : calculated C16H24O5NaSi = 347.1285, found = 

347.1289. 

Dimethyl-5-(triisopropylsilyl)-7-oxa-bicyclo[2.2.1]hepta-

2,5-diene-2,3-dicarboxylate (14b).  Synthesized following 

GP3, using triisopropyl(furan-3-yl)silane (1b) (896 mg, 2.4 

mmol) and DMAD (0.45 mL, 3.7 mmol) at 0°C to room 

temperature. The product was purified by flash column 

chromatography (using CH2Cl2 as the elution solvent) to 

obtain a yellow oil (1.97 g, 81% yield). 

1H : � = 7.53 (d, J = 1.9Hz, 1H, CH=CSiiPr3), 5.91 (d, J = 

1.3Hz, 1H, OCH-CSiiPr3), 5.62 (t, J  = 1.6Hz, 1H, OCH-

CH), 3.82 (s, 3H, OCH3), 3.77 (s, 3H, OCH3), 1.16 (q, J = 

7.2Hz, 3H, SiCH(CH3)2), 1.06 (d, J = 7.2Hz, 9H, 

SiCH(CH3)2), 0.99 (d, J= 7.2Hz, 9H, SiCH(CH3)2). 

13C : � = 164.0 (1C, CO2Me), 162.9 (1C, CO2Me), 154.6 

(1C, CH=CSiiPr3), 153.6 (1C, CH=CSiEt3), 153.4 (1C, 

C(CO2Me)=C(CO2Me)), 153.0 (1C, 

C(CO2Me)=C(CO2Me)), 89.0 (1C, OCH-CH), 85.8 (1C, 

OCH-CSiEt3), 52.6 (1C, OCH3), 52.4 (1C, OCH3), 18.9 

(6C, SiCH(CH3)2), 11.6 (3C, SiCH(CH3)2). 

IR : � 2945, 2891, 2865, 1726, 1638, 1546, 1460, 1435, 

1383, 1322, 1260, 1229, 1208, 1168, 1110, 1083, 1041, 

1000, 911, 882, 867, 842, 786 cm-1. 

Methyl-5-(triethylsilyl)-7-oxabicyclo[2.2.1]hept-5-ene-2-

carboxylate and methyl 6-(triethylsilyl)-7-

oxabicyclo[2.2.1]hept-5-ene-2-carboxylate (13a, 13b). 

Triethyl(furan-3-yl)silane (1a) (64.0 mg, 0.35 mmol) was 

diluted in CH2Cl2 (1.5 mL) and methyl acrylate (47 µL, 

0.527 mmol) was added.  The solution was cooled to 0°C 

and AlCl3 was added over a period of 2 minutes.  The 

reaction was warmed to room temperature and let stir for 1 

hour.  The reaction mixture was washed with sat. NaHCO3 

solution and extracted with EtOAc.  The combined organic 

layers were dried over Mg2SO4 and concentrated under 

reduced pressure.  The product was purified by flash column 

chromatography (using a 100% petroleum ether to 10% 

EtOAc, 90% petroleum ether solvent gradient) to afford a 

pale yellow oil (73 mg, 77% yield of the two exo 

regioisomers in a 1:1.6 13b:13a ratio). 

1H : � = 6.57 (d, J = 1.5 Hz, 1H, CH=CSiEt3 13b), 6.53 (d, J 

= 1.6 Hz, 1H, CH=CSiEt3 13a), 5.19 (s, 1H, OCH-CH 13b), 

5.13 (s, 1H, OCH-CH 13a), 5.09 (d, J = 4.6 Hz, 1H, OCH-

CSiEt3 13a), 5.02 (d, J = 4.1 Hz, 1H, OCH-CSiEt3 13b), 

3.69 (s, 3H, OCH3 13a or 13b), 3.68 (s, 3H, OCH3 13a or 

13b), 2.35 (dd, J = 4.0, 8.5 Hz, 1H HC(CO2Me) 13a), 2.26 

(dd, J = 3.9, 8.5 Hz, 1H HC(CO2Me) 13b), 2.1-2.08 (m, 1H, 

Heq-CH-CH(CO2Me) 13b), 2.08-2.06 (m, 1H, Heq-CH-



	 ��H	

CH(CO2Me) 13a), 1.47 (dd, J = 8.6, 11.6 Hz, 1H, Hax-CH-

CH(CO2Me) 13b),1.40 (dd, J = 8.6, 11.5 Hz, 1H, Hax-CH-

CH(CO2Me) 13a), 0.91 (m, 9H, SiCH2CH3 13a and 13b), 

0.60 (m, 6H, SiCH2CH3 13a and 13b).   

13C : � = 174.7 (1C, CO2Me 13a or 13b), 174.6 (1C, 

CO2Me 13a or 13b), 148.7 (1C, CH=CSiEt3, 13a or 13b), 

147.2 (1C, CH=CSiEt3 13b), 146.2 (1C, CH=CSiEt3, 13a or 

13b), 144.8 (1C, CH=CSiEt3 13a), 84.6 (1C, OCH-CH 

13b), 81.7 (1C, OCH-CH 13a or OCH-CSiEt3 13a), 81.6 

(1C, OCH-CH 13a or OCH-CSiEt3 13a), 78.8 (1C, OCH-

CSiEt3 13b), 52.5 (1C, OCH3 13a and 13b), 43.0 (1C, 

HC(CO2Me) 13a and 13b), 29.3 (1C, CH2CH(CO2Me) 13a 

or 13b), 29.2 (1C, CH2CH(CO2Me) 13a or 13b), 6.9 (3C, 

SiCH2CH3 13a and 13b), 3.5 (3C, SiCH2CH3 13a and 13b). 
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