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Addendum to Chapter 3

Attempted synthesis of 2,3-bis([5-(1,3-dioxolan-2-yl)-2-
methyl-3-thienyl])maleic anhydride

The starting point for the development of a new synthetic route was based on the
synthesis of a known diaryl maleic anhydride switch.1 An aldehyde was chosen as the
functional group, because it has been demonstrated in our group, that the
diarylperfluorocyclopentene-imine derivatives showed excellent photochromic behavior.2

The synthesis started from 2-methylthiophene 3.22, which was converted into 5-methyl-2-
thiophenecarbaldehyde 3.15
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Scheme 3.1 Attempted synthesis of 2,3-bis([5-(1,3-dioxolan-2-yl)-2-methyl-3-thienyl])maleic

anhydride.

by means of a Vilsmeier-Haack reaction. The compound has a nice smell contrary to what
one might expect from thiophenes. To quote Mr. Crocker: “None were of the perfume type,
but the odors were not as bad as might be expected from the presence of sulfur atoms.”3

Compound 3.15 was reacted further with chloromethyl methyl ether in an unsuccessful
attempt to obtain 4-(chloromethyl)-5-methyl-2-thiophenecarbaldehyde 3.48. A successful
attempt was a reaction with HCl gas, trioxane, zinc chloride in carbon tetrachloride; fine
white needles were obtained.4 The aldehyde group was protected in the next step with
ethylene glycol, resulting in compound 3.49. The chlorine atom was then substituted by a
cyano group by means of NaCN in DMF in a fair yield.5 Then two of these molecules were
coupled to a stilbene-type molecule 3.51. The problem here is that both the cis and the trans

isomers of 3.51 are formed. Only the cis isomer can undergo cyclization to the ring closed
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form. Unfortunately the undesirable trans isomer is formed predominantly. Sometimes these

forms can be separated by dissolving the mixture in acetonitrile and irradiating at λ >
350nm.1 The trans-form goes to the cis-form and this precipitates out of the solution, because
it is less soluble. Unfortunately this straightforward procedure did not work in this case, but
both the forms could be separated by column chromatography to some extent. The separation
was not optimized completely because the final step to make the maleic anhydride, in which
the nitriles are hydrolysed to the acid followed by formation to the anhydride, provided a
complex reaction mixture.

Experimental section

2-Methyl-5-thiophenecarbaldehyde (3.15): 2-Methylthiophene (24.2 ml, 0.25 mol) and
DMF (25.6 ml, 0.33 mol) were cooled to 0°C. Then POCl3 (29.4 ml, 0.32 mol) was added
dropwise very slowly. After the addition the mixture was heated and at about 70°C a
vigorous reaction occurred. Immediately an ice bath was put under the vessel until no HCl
gas evolved anymore. Then the mixture was heated for 1 h at 110°C. After cooling to r.t. the
mixture was poured into ice water (200 ml) and was neutralised with sodiumbicarbonate. The
mixture was extracted with diethyl ether (3 x 100ml) and dried (NaSO4). Evaporation of the

solvent afforded 3.15 (27.3 g, 87%) as a brown liquid. 1H NMR (300MHz, CDCl3): δH 2.49
(s, 3H), 6.83 (d, J = 3.6, 1H), 7.53 (d, J = 3.6, 1H), 9.73 (s, 1H); 13C NMR (75.4 MHz,

CDCl3): δC 16.00 (q), 126.93 (d), 137.20 (d), 150.85 (s), 151.43 (s), 182.41 (d); MS (EI): 126
[M+].

4-Chloromethyl-5-methyl-thiophene-2-carbaldehyde (3.48): Into a mixture of 3.15 (12.5
g, 99 mmol), trioxane (5.0 g, 56 mmol), zinc chloride (5.0 g, 37 mmol) in CCl4 (50 ml), a
stream of dry HCl gas from a cylinder was purged for 45 min at r.t. and for another 45 min at
45°C. The resulting solution was diluted with H2O ( 150 ml) , and subsequently the organic
layer was separated. The organic layer was washed with H2O (100 ml), Na2CO3 (5%, 100
ml), H2O (100 ml) and dried (NaSO4). After removal of the solvent, a black solid was
obtained (17.3 g, 98%). The solid was subjected to a bulb to bulb distillation (3 mm, 105°C)

to afford fine white needles (10.2 g, 58%). m.p. 50-51°C,  1H NMR (300 MHz, CDCl3): δH

2.38 (s, 3H), 4.38 (s, 2H), 7.50 (s, 1H), 9.62 (s, 1H); 13C NMR (75.4 MHz, CDCl3): δC 13.96
(q), 38.00 (t), 135.29 (s), 137.84 (d), 140.02 (s), 150.91 (s), 182.19 (d); HRMS: calcd. for
C7ClH7O3S 174.008, found 174.009.

2-[4-(Chloromethyl)-5-methyl-2-thienyl]-1,3-dioxolane (3.49): Under Dean-Stark
conditions 3.48 (4 g, 22.6 mmol), ethylene glycol (2.5 ml, 45.2 mmol) and p-TsOH (catalytic
amount) were refluxed in benzene (200 ml). After 18 hr the solution was poured into NaOH
(3M, 150 ml), and the organic layer was separated and subsequently washed with NaOH
(3M, 2 x 50 ml), H2O (100 ml) and dried (NaSO4). A white solid was obtained (4.81 g, 96%).
1H NMR (300 MHz, CDCl3): δH 2.32 (s, 3H), 3.82-4.02 (m, 4H), 4.38 (s, 2H), 5.87 (s, 1H),



Addendum to Chapter 3

175

6.92 (s, 1H); 13C NMR (75.4 MHz, CDCl3): δC 12.75 (q), 38.60 (t), 64.90 (t), 99.73 (d),
127.49 (d), 132.64 (s), 137.74 (s), 138.91 (s); MS (EI): 218 [M+].

2-[5-(1,3-Dioxolan-2-yl)-2-methyl-3-thienyl]acetonitrile (3.50): 3.49 (2.35 g, 10.6 mmol),
NaCN (1.21 g, 21.2 mmol) and K2CO3 (1.25g, 23.4 mmol) were suspended in DMF (30 ml)
and heated at 85°C for 1 h. After cooling to r.t. the mixture was poured into NaOH (3M, 80
ml), and the aqueous layer was extracted with diethyl ether (4 x 50 ml) and finally washed
with brine (50 ml). After drying (NaSO4) and evaporationof the solvent, the mixture was
purified by column chromatography (SiO2, hexane/ethyl acetate = 2/1 + 1% Et3N) to afford a

white solid (1.58 g, 70%). 1H NMR (300 MHz, CDCl3): δH 2.38 (s, 3H), 3.53 (s, 2H), 3.95-

4.11 (m, 4H), 5.97 (s, 1H), 6.99 (s, 1H); 13C NMR (75.4 MHz, CDCl3): δC 13.09 (q), 16.75
(t), 65.14 (t), 99.80 (d), 117.20 (s), 124.39 (s), 126.96 (d), 137.19 (s), 138.56 (s); HRMS:
calcd. for C10H11NO2S 209.051, found 209.050.

1,2-Dicyano-1,2-bis(2’-[5-(1,3-dioxolan-2-yl)-2’-methyl-3’-thienyl])ethene (3.51): A
mixture of 3.50 (1.0 g, 4.74 mmol) and CCl4 (0.46 ml, 4.74 mmol) was added at 40°C to a
solution of NaOH (50%, 5 ml) in H2O, containing triethylammonium chloride (catalytic
amount). The solution was stirred for 5 h at 45°C. After cooling to r.t. the reaction mixture
was poured into H2O (20 ml) and the aqueous layer was extracted with diethyl ether (3 x 20
ml). After drying (NaSO4) and evaporation of the solvent, a mixture of the cis and trans

isomer was isolated (1.28 g, 65%). This mixture was purified by column chromatography
(SiO2, hexane/ ethyl acetate = 2/1 + 1% Et3N) to afford the pure trans isomer (0.40 g, 10%)

and the pure cis isomer (0.20g, 5%). 1H NMR (300 MHz, CDCl3): trans δH 2.64 (s, 6H),

4.00-4.14 (m, 8H), 6.05 (s, 2H), 7.30 (s, 2H); 1H NMR (300 MHz, CDCl3): cis δH 2.26 (s,
6H), 3.94-4.04 (m, 8H), 5.89 (s, 2H), 6.67 (s, 2H); HRMS: calcd. for C20H18N2O4S2 414.071,
found 414.071.
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