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The methylenedioxy group ia of special interest in chemistry because it occurs in many 

natural products1 and has been suggested as a protecting group in catechols2. However, attempts 

to carry out the methylenation of catechols have generally afforded low yields of products 

though many attempts at improvement have been made. 

Bonthrone and Cornforth have shown3 that the use of a dipolar aprotic solvent such as 

dimethylsulphoxide may considerably enhance the rate of reaction and the product yield although 

this method sufferred from the somewhat tedious procedure of slow addition of a mixture of 

solid sodium hydroxide and the catechol under a nitrogen atmosphere. Since then, a number of 

workers have reported the high-yield methylenation of several substituted catechols using 

dimetbyylsulpboxide on R,W-dimerhy~f~ride as solvent in the pYeSence of s b?Dnre4, nickel 

oxide5 or cupric oxide6 catalyst. More recently, Bashall and Collins have shown7 that high 

yieldhs 05 melr+ena‘reh siim33~bxriip'~e xkka~¶ir.iz 1n%e rl~%ente t55 a +&nuixr ~Prr%Su np'ivem'n9 

using a $nase 'tr-ans'Ier czi-catlysr m-her reuben coniiitione, -SDkou&~ 'his proc-ess .SrSi~ reqhre'a 

the use of strong base and the method of slow addition of the reactants under a nitrogen 

atmosphere during a period of some 3 hours. 

In a recent communication8 we reported a number of rapid and high-yield H-bond assisted 

condensations between halogenoalkanes and aromatics capable of acting as H-bond electron 
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acceptars wfth fluoride. We believe that these reactiaus and those described here are 

accelerated by &e foemation af an i--&0-& between tha fluoride anian and the aromatic mrJlacu& 

which directs electrons from the electron-rich fluoride anion to the organic part of the 

complex. 

We have shown, by observing the large shift in the electron acceptor stretching band in 

the 1.K.. that L.2-dQvdroxvaromamatrcs are ccvable or hcharilnp as A~bond electron acceptor sites 

and prcobuc'm_a srroqs ‘h+unbs \'&i? = V‘z'x5 mdi'- py, v?iin Y~un~Soe. 

The various methylenations that were attemptedlO are shown along with recovered yields and 

extent of intermolecular reaction3 in the table. Products were identified by routine analysis 

and by comparison with authentic samples. 

Reactant Product Recovered Reaction Degree of 

1. 

catechol/KF/C&Brp 
n 

L. 

CatecholfCsF/CHpBrp 

3. 

Catechol/CsF/ClipClp 

4. 

2,3-Dihydroxynaphthalene/KF/‘CHL,Br~ 

5. 

2,3-Dihydroxynaphthalene/CsF/CH2Brq 

6. 

2,3-Dihydroxynaphthalene/CsF/C&Cl~ 

7. 

3_Methy~cate~ol,'~fCH28r2 

8. 

3,4-Dihydroxybenzaldehyde/KF/CH2Br2 

9. 

Yield 

(%> 

Benzo-1,3-dioxole a4 

Benzo-1,3-dioxole 86 

Benzo-1,3-dioxole 98 

naphthol2,3-d~11,33dloxole 70 

NaphthoI2,3-dlI1,3]dioxole 88 

Naphtho[2,3-d][1,3]dioxole 98 

3-Methyl-benzo-l,Sdioxole 81 

Piperonal 

FOa" 

90 

2,3-Dihydroxybensoic acid+/RP/CHpBrp 

10. 
dl-Canadine 

82 

78 

Time 

(h) 

1 

0.5 

1.5 

1.2 

0.3 

1.5 

1 

1.2 

1.2 

1.5 

Intermolecular 

Reaction* 

(%I 

>lO 

8 

trace 

>20 

trace 

-- 

-- 

-- 

-- 
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On shaking anhydrous caesium fluoride (7.6 g, 0.05 mol.) with a solution of catechol 

(1.1 g, 0.01 mol.) in anhydrous D.M.F. (30 g). the mixture became warm and the I.R. of the 

mixture showed a new strong broad band at ca 2500 cm-l due to vs(O-H...F) which represents a 

shift Aws(OH) of some 1100 cm-l indicative of a strong H-bond. Dichloromethane (0.935 g, 

0.011 mol.'l) was added to the cooled solution and the mixture heated at llO-12O'C for 1.5 h 

(100% reaction by III N.M.R. analysis). The cooled reaction mixture was then separated by ether 

extraction followed by washing the ethereal extracts with water (to remove D.M.F.) and with 

cold dilute alkali. Drying and evaporation followed by extraction of the pure product with 

hot pentane or by steam-distillation afforded benzo-1,3-dioxole (1.19 g, 0.0098 mol., 98%). 

Analysis of the residue showed only a trace (~1%) of dimer (m/e 244). 

To date, the ionizing base for catechols has always been an alkoxide, alkali hydroxide or 

carbonate. Our method offers an alternative route to methylenations involving the use of an 

alkali metal fluoride and D.M.F. via an H-bonding mechanism. The method is fast, efficient, 

provides high recoverable yields and avoids strongly basic conditions. Furthermore, it would 

seem that by using caesium fluoride and dichloromethane, intermolecular condensations may be 

kept to a minimum. These results offer further striking evidence for the potential general 

significance of the method of H-bond assisted reactions to synthetic chemistry. 

Professor D. B. Maclean is thanked for kindly providing a number of our starting materials 

and authentic samples for comparison purposes. The National Research Council of Canada is 

thanked for financial assistance. 
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10. We have attempted to extend this reaction procedure to the preparation of the polycyclic 

compounds hydrastine and bicuculline using the corresponding di- and tetrahydroxy 

compounds as starting materials. To date, our reactions have only provided break-down 

products although reaction monitoring by thin layer chromatography and by IH N.M.R. 

analysis has revealed the presence of the desired products during the course of the 

reactions. We believe that by carefully controlling the conditions of these reactions 

it may be possible to prepare reasonable quantities of these materials. Work is 

continuing in this direction. 

11. A 10 mole% excess of dihalogenomethane was used in all the reactions described to allow 

for minor dehydrohalogenation processes which may occur in the presence of fluoride/ 

D.M.F. 


