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Abstract: Methyl vinyl glycolate (MVG, methyl 2-hydroxybut-3-

enoate) is a new biobased platform chemical, which is available by 

degradation of carbohydrates. In the present work, the oxidation of 

MVG to methyl 2-oxobut-3-enoate has been investigated and a 

procedure developed with the Dess-Martin periodinane. Methyl 2-

oxobut-3-enoate has not been characterized before and is stable for 

days at 18 °C, but slowly dimerizes by an unusual hetero-Diels-

Alder reaction at room temperature. Therefore, the reactivity of 

methyl 2-oxobut-3-enoate in the normal Diels-Alder reaction with 

1,3-dienes has been investigated and a one-pot procedure 

developed where MVG is first oxidized with the Dess-Martin 

periodinane followed by addition of the 1,3-diene. A number of 

different 1,3-dienes can take part in the cycloaddition to afford the 

functionalized cyclohexene products in moderate-to-good yields. 

Introduction 

The Diels-Alder reaction is a powerful and atom-economical 

method in organic chemistry for forming carbocyclic compounds. 

The [4 + 2] cycloaddition between a conjugated diene and a 

substituted alkene (dienophile) affords cyclohexene derivatives 

with good regio- and stereochemical control.[1] 1,3-Dienes with a 

substituent at position 1 mainly gives “ortho” cyclohexene 

products with monosubstituted dienophiles while dienes with a 

substituent at position 2 predominately yields “para” products.[2] 

The concerted pericyclic transformation can be performed by 

heating the diene and the dienophile or by using a Lewis acid 

catalyst for activating the dienophile.[1] The Diels-Alder reaction 

has found many applications in organic chemistry ranging from 

the preparation of biomaterials[3] to complex natural product 

synthesis.[4]  

The dienophile contains an electron-withdrawing group in 

conjugation with the alkene. A large variety of dienophiles have 

been developed with either a carbonyl group (as in aldehydes, 

ketones and esters), a cyano group, a nitro group, or a sulfoxide 

as the electron-withdrawing moiety.[1] In addition, -ketoesters 

can serve as the electron-withdrawing group since alkyl 4-aryl-2-

oxobut-3-enoates have been shown to undergo Diels-Alder 

reactions with cyclopentadiene[5] and substituted buta-1,3-

dienes[6] in the presence of a Lewis acid. Simple olefins, on the 

other hand, such as ethylene react poorly as dienophiles in 

Diels-Alder reactions, but several olefin equivalents have been 

developed for the cycloaddition by using dienophiles with easily 

removable functional groups.[7] Besides the normal Diels-Alder 

reaction, the transformation can also be performed with inverse 

electron demand, heteroatom substrates and alkyne 

dienophiles.[8] 

Recently, methyl vinyl glycolate (MVG, methyl 2-hydroxybut-

3-enoate) has emerged as a promising new biobased platform 

chemical (Figure 1). MVG can be prepared from carbohydrates 

by a tin-catalyzed process in methanol solution. First, MVG was 

synthesized directly from monosaccharides and disaccharides 

by a tin-catalyzed degradation[9] through aldose-ketose 

isomerizations, retro aldol reactions, dehydrations and 1,2-

hydride shifts.[10] Very recently, a new and higher-yielding 

process was developed where monosaccharides are first 

subjected to a thermal cracking to produce glycolaldehyde as 

the main product.[11] The aldehyde is then subjected to a tin-

zeolite catalyst in methanol solution to afford MVG in good 

yield.[12,9b] MVG is stable for several months at room temperature 

without any special precautions.[13] It is relatively stable under 

acidic conditions, but under basic conditions it isomerizes to 

methyl 2-oxobutanoate, which dimerizes by an aldol reaction 

and decarboxylates to form maple furanone.[14] 

MVG is an unusual renewable molecule due to its small 

molecular weight and the presence of three functional groups, 

i.e. ester, alcohol and olefin. It has already been subjected to a 

number of transformations such as transesterification with 

polyols, dimerization by olefin metathesis, cross metathesis with 

terminal alkenes, Johnson-Claisen rearrangements and allylic 

transposition of the corresponding acetate.[15] Oxidation of the 

secondary alcohol in MVG would give rise to methyl 2-oxobut-3-

enoate (1) (Figure 1). This highly functionalized molecule has 

never been characterized in the literature and may potentially be 

very unstable.[16] In two articles in the 1960s, MVG was 

polymerized with dioxygen where the reactive intermediate was 

assumed to be ketone 1 although the compound was not 

detected.[17] In a patent from 2013, compound 1 was apparently 

prepared by Fischer esterification of 2-oxobut-3-enoic acid and 

then subjected to radical polymerization of the olefin, but no 

experimental procedures or characterization data were provided 

to support these claims.[18] Thus, compound 1 remains a very 
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elusive molecule and we decided to investigate the oxidation of 

MVG in further detail. 

Herein, we describe the synthesis, isolation and 

characterization of methyl 2-oxobut-3-enoate (1) and explore its 

reactivity as a novel dienophile in the Diels-Alder reaction with 

1,3-dienes.  

 

Figure 1. MVG, methyl 2-oxobut-3-enoate (1) and dimer 2. 

Results and Discussion 

The investigation began by reacting MVG with a number of mild 

oxidizing agents in dichloromethane solution. Manganese 

dioxide, hydrogen peroxide, the Burgess reagent, the Parikh-

Doering and the Swern procedure all led to either no conversion 

of the starting material or degradation products and none of the 

desired ketone could be detected. However, with a slight excess 

of the Dess-Martin periodinane at room temperature,[19] 

compound 1 was formed according to NMR analysis of the 

reaction mixture. The oxidation had gone to completion after 30 

min and a workup was then performed since stirring overnight 

led to the formation of additional products. Compound 1 turned 

out to be somewhat volatile and care should therefore be taken 

when evaporating solvents under low pressure. First, it was 

attempted to isolate compound 1 by dry column flash 

chromatography,[20] but this procedure left small amounts of 

acetic acid (from the Dess-Martin periodinane) in the product, 

which turned out to impact the stability of compound 1. 

Therefore, the reaction mixture was first washed with a sodium 

bicarbonate solution, which was then followed by purification by 

flash chromatography. These reaction and workup conditions led 

to 16% yield of pure compound 1 (except for small residues of 

solvents, which could not be completely removed due to the 

volatile nature of the unsaturated ketone). 

With a pure sample of compound 1 the stability of the 

functionalized molecule could be investigated. When the 

compound was stored at room temperature, small amounts of a 

new product began to appear already after 1 day according to 

NMR analysis. When the compound was stored at 18 °C, on 

the other hand, it appeared to be stable for weeks. Attempts 

were made to further stabilize compound 1 at room temperature 

with an antioxidant (hydroquinone), a light stabilizer 

(benzoquinone) and an acid neutralizer (aluminum oxide), but 

none of these reagents had any influence on the stability. When 

an NMR sample of 1 in deuterochloroform was saturated with 

water and allowed to stand at room temperature overnight, no 

reaction occurred with the unsaturated ketone moiety, i.e. 

conjugate addition or hydrate formation. Notably, compound 1 

showed a lower stability when it contained impurities of acetic 

acid where small amounts of the new product was observed 

already after a few days at 18 °C. Thus, an experiment was 

performed where compound 1 was stored at room temperature 

in an NMR tube for 2 weeks. Under these conditions, the new 

product could be characterized by 1H, 13C and HMBC NMR as 

well as HRMS and it turned out to be dimer 2 (Figure 1) formed 

by a hetero-Diels-Alder reaction between two molecules of 1. 

The yield of 2 was determined to be 36% with 1,3,5-

trimethoxybenzene as the internal standard, but it was not 

possible to isolate a pure sample of compound 2, since 

unreacted MVG still remained after 2 weeks. Potentially, two 

regioisomers could be generated in the self-addition, but 2,6-

disubstituted dihydropyran 2 is the preferred isomer based on 

the overlap of the frontier orbitals. 4-Substituted 2-oxobut-3-

enoates are known to undergo inverse electron demand hetero-

Diels-Alder reactions with electron-rich olefins to form 

substituted dihydropyrans,[8c,16] but the self-addition of these 

enones is a very unusual reaction and illustrates the high 

reactivity of compound 1. 

The identification of product 2 sparked the idea to investigate 

compound 1 as a novel dienophile in the normal Diels-Alder 

reaction with 1,3-dienes. The products will be more complex -

ketoesters, which are useful substrates for asymmetric addition 

reactions and the synthesis of heterocycles.[21] Due to the poor 

stability of 1, no attempt was made to isolate the compound 

before the reaction with the diene. Instead, MVG was reacted 

with the Dess-Martin periodinane in dichloromethane for 30 min 

after which time 1.5 equiv. of the 1,3-diene was added followed 

by stirring at room temperature for 1 day. The liberated acetic 

acid from the oxidation reaction may potentially expedite the 

subsequent Diels-Alder reaction. Under these conditions, a 

number of dienes were subjected to the tandem oxidation 

cycloaddition reaction and the products were isolated by flash 

chromatography. Since some of the products may not be 

completely stable to the purification procedure, a parallel 

reaction was also performed in deuterochloroform with 1,3,5-

trimethoxybenzene as the internal standard, which allowed for 

the yield to be determined by NMR. 

First, the sequence was investigated with several 

symmetrical dienes where 1,3-dimethylbuta-1,3-diene afforded 

the cycloaddition product in 94% isolated yield (quantitative yield 

by NMR) based on the amount of MVG (Table 1, entry 1). 2,3-

Dibenzylbuta-1,3-diene and cyclohexa-1,3-diene reacted more 

slowly and required 3 – 4 days reaction time at room 

temperature (entries 2 and 3). The products were formed in 

good yields according to NMR analysis although the isolated 

yields were 69 and 27%, respectively. In the latter case, the 

product was isolated by distillation, which may explain the 

significantly lower isolated yield. Cyclopentadiene and 1,2,3,4,5-

pentamethylcyclopentadiene also afforded good yields by NMR 

albeit the purification of the products proved challenging (entries 

4 and 5). The unsymmetrical diene isoprene furnished a 4:1 

mixture of the “para” and the “meta” cyclohexene products in a 

combined isolated yield of 39% (and 85% by NMR) after 4 days 

reaction time (entry 6). More electron-rich dienes with a methoxy 

or an acetoxy substituent at position 1 gave rise to “ortho”-

substituted cyclohexenes and none of the regioisomeric “meta” 

products were observed. Here, the cycloaddition was performed 

with 1-methoxycyclohexa-1,3-diene, 1-methoxy- and 1-

acetoxybuta-1,3-diene to give a good yield by NMR of the 

corresponding cyclohexenes and 33 – 46% isolated yields 

(entries 7 – 9). Furan was also investigated as a diene, but in 

this case no reaction occurred with dienophile 1 (result not 

shown). Finally, 2,3-dimethoxybuta-1,3-diene was submitted to 

the cycloaddition and led to an interesting reversal in the 
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reactivity of the reactants to afford the inverse electron demand 

hetero-Diels-Alder product in a low yield (entry 10) where the 

regiochemistry is governed by electrostatic factors.[8c,16] In most 

of the reactions in Table 1, self-addition product 2 was also 

observed as a minor byproduct. The relative stereochemistry of 

the products in entries 3 – 5 and 7 – 9 was assigned based on 

the reported 1H NMR data for the products from the same 

cycloadditions with acrolein.[22] 

 

Table 1. Diels-Alder reactions with in situ formed 2 and 1,3-dienes.[a] 

Entr

y 

1,3-Diene Product Yield [%][b] 

1 

 
 

94 (quant) 

2[c] 

 
 

69 (92) 

3[d] 

 

 

27 (80) 

4 

 

 

40 (quant) 

5 

 
 

(75) 

6[c] 

 

 

39 (85) 

7[c] 

 

 

46 

8 

  

46 (75) 

9 

  

33 (85) 

10 

 
 

12 (12) 

[a] Reaction conditions: MVG (0.5 g, 4.3 mmol), DMP (2.0 g, 4.7 mmol), CH2Cl2 

(15 mL), rt, 30 min, then 1,3-diene (6.5 mmol), rt, 1 d. [b] Isolated yield while 

yields in parentheses refer to NMR yields for reactions in CDCl3 with 1,3,5-

trimethoxybenzene as the internal reference. [c] Reaction time 4 d. [d] Reaction 

time 3 d. 

 

Conclusion 

In summary, we have described the synthesis of methyl 2-

oxobut-3-enoate (1) by oxidation of MVG with the Dess-Martin 

periodinane. Enone 1 has been characterized and the stability 

investigated at different temperatures. The compound is stable 

for days at 18 °C while at room temperature a slow 

dimerization into dihydropyran 2 is observed. Due to the high 

reactivity, compound 1 has been examined as a new dienophile 

in the Diels-Alder reaction with 1,3-dienes. A one-pot procedure 

has been developed where MVG is first oxidized to compound 1 

followed by addition of the 1,3-diene. A variety of dienes can 

participate in the cycloaddition reaction to afford the substituted 

cyclohexene products in moderate-to-good yields. The results 

further underline the unique synthetic potential of the classical 

Diels-Alder reaction. 

Experimental Section 

General Information: All chemicals except for MVG were purchased 

from commercial vendors and used as received. MVG was supplied by 

Haldor Topsøe A/S. Solvents were of HPLC grade and used as received. 

Dry column vacuum chromatography[17] was performed on silica gel 60 

(15 – 40 m). Thin layer chromatography was carried out on Merck 

aluminum sheets pre-coated with silica gel 60 F254 using heptane/ethyl 

acetate (2:3) as eluent and compounds were visualized with an aqueous 

potassium permanganate stain. NMR spectra were recorded on a Bruker 

Ascend 400 spectrometer. Chemical shifts were measured relative to the 

signals of residual CHCl3 (H = 7.26 ppm) and CDCl3 (C = 77.16 ppm). 

HRMS was carried out on a Bruker MicrOTOF-QII system equipped with 

an electrospray ionization source. 

Methyl 2-oxobut-3-enoate (1): Dess-Martin periodinane (2.019 g, 4.76 

mmol) was weighed into a 25 mL Schlenk tube containing a magnet. The 

tube was flushed with nitrogen and dry dichloromethane (15 mL) was 

added via a syringe. The flask was cooled in an ice bath followed by 

drop-wise addtion of MVG (502 mg, 4.32 mmol) with a syringe. The 

cooling bath was removed and the reaction was left to stir for 30 min. The 

mixture was poured into a separatory funnel and dichloromethane (35 

mL) was added. The organic phase was washed with an aqueous 

solution saturated with Na2CO3 (3 x 20 mL). The organic layer was 

concentrated until only a few millilitres remained. A 1:1 mixture of 

pentane and dichloromethane was then added (25 mL in total). The 

mixture was filtered through a dry column with 300 mbar of pressure 

vacuum. Increments of 1:1 mixtures of pentane and dichloromethane (25 

mL) were poured through the column until the entire product had passed 

through. Rf = 0.58 (heptane/ethyl acetate, 2:3). Product fractions were 

concentrated at 300 mbar of vacuum (16% yield by 1H NMR). 1H NMR 

(400 MHz, CDCl3):  = 6.91 (dd, J = 17.6, 10.7 Hz, 1H), 6.56 (dd, J = 

17.6, 1.0 Hz, 1H), 6.12 (dd, J = 10.7, 1.0 Hz, 1H), 3.90 (s, 3H) ppm. 13C 
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NMR (101 MHz, CDCl3):  = 183.37, 162.20, 134.59, 131.25, 53.09 ppm. 

HRMS: calcd for C5H6O3Na 137.0209 [M + Na]+, found 137.0218. 

Methyl 2-(2-methoxy-2-oxoacetyl)-3,4-dihydro-2H-pyran-6-

carboxylate (2): Formed from 1 in 36% yield (by 1H NMR) after 2 weeks 

in CDCl3. 1H NMR (400 MHz, CDCl3):  = 6.09 – 6.03 (m, 1H), 5.18–5.09 

(m, 1H), 3.84 (s, 3H), 3.74 (s, 3H), 2.28–1.97 (m, 4H) ppm. 13C NMR 

(101 MHz, CDCl3):  = 190.91, 162.52, 161.42, 142.90, 111.37, 77.16, 

53.08, 52.21, 22.02, 18.76 ppm. HRMS: calcd for C10H13O6 229.0707 

[M+H]+, found 229.0723. 

General Procedure for One-Pot Oxidation and Diels-Alder Reaction: 

Dess-Martin periodinane (2.01 g, 4.74 mmol) was weighed into a 50 mL 

round-bottomed flask and a magnet was added. The flask was filled with 

nitrogen and closed with a septum. A balloon filled with nitrogen was 

connected to the flask and dichloromethane (15 mL) was added with a 

syringe. The Dess-Martin periodinane dissolved after stirring for a few 

min. The flask was lowered into an ice bath and MVG (0.500 g, 4.31 

mmol) was added drop-wise with a syringe. The flask was removed from 

the ice bath and left for 30 minutes. The 1,3-diene (6.46 mmol) was 

added with a syringe or as a powder. The mixture was stirred overnight. 

The solvent was evaporated in the presence of Celite and the residue 

purified with dry column vacuum chromatography eluting with heptane 

containing 2% increments of ethyl acetate per fraction to afford the 

cycloaddition products.  

Methyl 2-(3,4-dimethylcyclohex-3-en-1-yl)-2-oxoacetate: Table 1, 

entry 1. Isolated in 94% yield (43 mg) as a colorless oil (from 27 mg of 

MVG). 1H NMR (400 MHz, CDCl3):  = 3.85 (s, 3H), 3.24 (dddd, J = 11.1, 

9.7, 5.6, 2.9 Hz, 1H), 2.22–1.89 (m, 5H), 1.61 (s, 3H), 1.60 (s, 3H), 1.59–

1.43 (m, 1H) ppm. 13C NMR (101 MHz, CDCl3):  = 197.08, 162.22, 

125.53, 123.57, 52.86, 43.67, 32.10, 30.92, 24.66, 19.09, 18.93 ppm. 

HRMS: calcd for C11H17O3: 197.1172 [M+H]+, found 197.1166. 

Methyl 2-(3,4-dibenzylcyclohex-3-en-1-yl)-2-oxoacetate: Table 1, 

entry 2. Isolated in 69% yield (56 mg) as a colorless oil (from 27 mg of 

MVG). 1H NMR (400 MHz, CDCl3):  = 7.28–6.99 (m, 10H), 3.72 (s, 3H), 

3.54–3.32 (m, 4H), 3.26–3.14 (m, 1H), 2.25–1.96 (m, 4H), 1.93–1.81 (m, 

1H), 1.49 (dddd, J = 12.8, 10.8, 9.5, 6.4 Hz, 1H) ppm. 13C NMR (101 

MHz, CDCl3):  = 196.69, 161.96, 140.08, 139.90, 130.61, 128.83, 

128.58 (s, 2C), 128.54, 128.52, 126.16, 126.12, 52.90, 43.31, 39.04, 

38.93, 30.09, 28.83, 24.70 ppm. HRMS: calcd for C23H24O3Na 371.1618 

[M+Na]+, found 371.1622. 

Methyl 2-(bicyclo[2.2.2]oct-5-en-2-yl)-2-oxoacetate: Table 1, entry 3. 

Isolated in 27% yield (226 mg) after distillation as a colorless oil. 1H NMR 

(400 MHz, CDCl3):  = 6.28 (ddd, J = 8.0, 6.6, 1.2 Hz, 1H), 6.03 (ddd, J = 

8.0, 6.4, 1.2 Hz, 1H), 3.84 (s, 3H), 3.33 (ddd, J = 9.4, 6.0, 2.1 Hz, 1H), 

2.96–2.87 (m, 1H), 2.71–2.54 (m, 1H), 1.76–1.63 (m, 3H), 1.58–1.49 (m, 

1H), 1.38–1.20 (m, 2H) ppm. 13C NMR (101 MHz, CDCl3):  = 195.01, 

162.71, 135.70, 130.68, 52.83, 47.03, 31.50, 29.47, 27.93, 25.70, 24.50 

ppm. HRMS: calcd for C11H15O3 195.1016 [M+H]+, found 195.1020. 

Methyl 2-(bicyclo[2.2.1]hept-5-en-2-yl)-2-oxoacetate: Table 1, entry 4. 

Isolated in 40% yield (15 mg) as a colorless oil (from 24 mg of MVG). 1H 

NMR (400 MHz, CDCl3):  = 6.18 (dd, J = 5.8, 3.1 Hz, 1H), 5.82 (dd, J = 

5.8, 2.8 Hz, 1H), 3.86 (s, 3H), 3.63 (dt, J = 8.9, 3.9 Hz, 1H), 3.40–3.28 

(m, 1H), 3.02–2.91 (m, 1H), 1.86 (ddd, J = 12.3, 8.9, 3.6 Hz, 1H), 1.54–

1.47 (m, 2H), 1.43–1.34 (m, 1H) ppm. 13C NMR (101 MHz, CDCl3):  = 

194.93, 162.60, 138.33, 131.31, 52.91, 50.14, 48.70, 46.32, 42.98, 27.86 

ppm. HRMS: calcd for C10H12O3Na 203.0679 [M+Na]+, found 203.0679. 

Methyl 2-oxo-2-(1,4,5,6,7-pentamethylbicyclo[2.2.1]hept-5-en-2-

yl)acetate: Table 1, entry 5. Obtained in 75% yield according to NMR. 1H 

NMR (400 MHz, CDCl3):  = 3.83 (s, 3H), 3.54 (dd, J = 8.5, 5.2 Hz, 1H), 

1.60–1.57 (m, 2H), 1.54–1.50 (m, 3H), 1.45–1.41 (m, 1H), 1.39–1.38 (m, 

3H), 1.15 (s, 3H), 1.04 (s, 3H), 0.54 (d, J = 6.5 Hz, 3H) ppm. 13C NMR 

(101 MHz, CDCl3):  = 196.37, 163.72, 136.66, 130.57, 62.58, 60.67, 

56.12, 53.23, 52.79, 37.76, 15.20, 15.10, 11.46, 9.87, 7.98 ppm. HRMS: 

calcd for C15H23O3 251.1642 [M+H]+, found 251.1652. 

Methyl 2-(4-methylcyclohex-3-en-1-yl)-2-oxoacetate: Table 1, entry 6. 

Isolated in 39% yield (15 mg) as a colorless oil and a 4:1 mixture of the 

“ortho” and the “meta” product (from 24 mg of MVG). Only NMR data for 

the “ortho” product are shown. 1H NMR (400 MHz, CDCl3):  = 5.46–5.34 

(m, 1H), 3.86 (s, 3H), 3.22 (dddd, J = 11.0, 8.7, 6.0, 2.6 Hz, 1H), 2.26–

1.93 (m, 5H), 1.66 (s, 3H), 1.63–1.57 (m, 1H) ppm. 13C NMR (101 MHz, 

CDCl3):  = 197.18, 162.21, 133.96, 118.80, 52.93, 42.69, 29.25, 26.20, 

24.34, 23.54 ppm. HRMS: calcd for C10H14O3Na 205.0835 [M+Na]+, 

found 205.0812. 

Methyl 2-(1-methoxybicyclo[2.2.2]oct-5-en-2-yl)-2-oxoacetate:Table 

1, entry 7. Isolated in 46% yield (60 mg) as a colorless oil (from 68 mg of 

MVG). 1H NMR (400 MHz, CDCl3):  = 6.28 (dd, J = 8.8, 6.5 Hz, 1H), 

6.07 (d, J = 8.8 Hz, 1H), 3.89–3.75 (m, 4H), 3.28 (s, 3H), 2.64–2.54 (m, 

1H), 1.85–1.77 (m, 1H), 1.68–1.56 (m, 4H), 1.43–1.32 (m, 1H) ppm. 13C 

NMR (101 MHz, CDCl3):  = 197.17, 163.90, 134.39, 130.59, 81.44, 

52.66, 51.31, 48.61, 29.45, 29.04, 28.42, 25.23 ppm. HRMS calcd for 

C12H17O4 225.1121 [M+H]+, found 225.1145. 

Methyl 2-(2-methoxycyclohex-3-en-1-yl)-2-oxoacetate: Table 1, entry 

8. Isolated in 46% yield (388 mg) as a colorless oil. 1H NMR (400 MHz, 

CDCl3):  = 6.09–5.99 (m, 1H), 5.99–5.86 (m, 1H), 4.31 (dd, J = 4.5, 1.4 

Hz, 1H), 3.86 (s, 3H), 3.25 (s, 3H), 3.22–3.10 (m, 1H), 2.28–2.18 (m, 1H), 

2.04–1.91 (m, 1H), 1.87–1.70 (m, 2H) ppm. 13C NMR (101 MHz, CDCl3): 

 = 194.09, 161.94, 132.96, 123.74, 71.98, 56.32, 52.77, 48.23, 24.53, 

17.90 ppm. HRMS: calcd for C10H14O4Na 221.0784 [M+Na]+, found 

221.0786. 

Methyl 2-(2-acetoxycyclohex-3-en-1-yl)-2-oxoacetate: Table 1, entry 

9. Isolated in 33% yield (321 mg) as a colorless oil. 1H NMR (400 MHz, 

CDCl3):  = 6.06 (ddd, J = 9.7, 5.2, 2.2 Hz, 1H), 5.81 (dddd, J = 9.7, 5.2, 

2.7, 1.7 Hz, 1H), 5.67–5.62 (m, 1H), 3.86 (s, 3H), 3.45 (ddd, J = 12.1, 3.7 

Hz, 1H), 2.31–2.20 (m, 1H), 2.11–2.03 (m, 1H), 1.93 (s, 3H), 1.92–1.77 

(m, 2H) ppm. 13C NMR (101 MHz, CDCl3):  = 193.07, 170.82, 161.20, 

134.00, 123.36, 65.93, 53.08, 47.19, 24.52, 20.90, 17.70 ppm. HRMS: 

calcd for C11H14O5Na 249.0733 [M+Na]+, found 249.0732. 

Methyl 2-methoxy-2-(1-methoxyvinyl)-3,4-dihydro-2H-pyran-6-

carboxylate: Table 1, entry 10. Isolated in 12% yield (122 mg) as a 

colorless oil. 1H NMR (400 MHz, CDCl3):  = 6.24–6.10 (m, 1H), 4.67 (d, 

J = 2.5 Hz, 1H), 4.27 (d, J = 2.5 Hz, 1H), 3.77 (s, 3H), 3.61 (s, 3H), 3.19 

(s, 3H), 2.39–2.27 (m, 1H), 2.20–2.00 (m, 2H), 1.64 (ddd, J = 13.5, 11.5, 

6.2 Hz, 1H) ppm. 13C NMR (101 MHz, CDCl3):  = 163.30, 158.89, 

140.70, 113.27, 98.44, 84.67, 55.42, 52.08, 50.41, 28.98, 18.12 ppm. 

HRMS: calcd for C11H17O5 229.1071 [M+H]+, found: 229.1082. 
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Bio-based methyl vinyl glycolate (MVG) has been oxidized to methyl 2-oxobut-3-enoate with the Dess-Martin periodinane. Densely 

functionalized methyl 2-oxobut-3-enoate is stable at low temperature, but slowly dimerizes by a hetero-Diels-Alder reaction at room 

temperature. Accordingly, methyl 2-oxobut-3-enoate has been developed as a new dienophile in the classical Diels-Alder reaction 

with 1,3-dienes. 
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