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Abstract A mild, efficient and skmxpedc intramolecular method for cowei’thg hydroxypbenols into benzodioxans, 
dihydrobenmpymm and dihydmbenmCuans via imidate esters, and suitable for large scale operation is described. 

Tetrahydro-lH-benzodioxino[2,3-clpyrroles are potent and selective o+tdrenoreceptor antagonists’ 

and the S-fluoro analogue, Fluparoxan 1 is currently undergoing clinical trials for the treatment of male sexual 

dysflmction. 
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One synthetic route for the preparation of 1, 2 and their analogues using cheap and readily available 

starting materials involved the condensation of catechols 3 or 4 with tra-substituted epoxides 5-7 under basic 

conditions to give the hydroxy-phenols 8 in good yields. In the case of the substituted catechols, such as 4, 

reaction with epoxide 5 gave the two regioisomeric rmti-hydroxy-phenols 8 and 9 which were separable by 

chromatography in 48% and 14% yields respectively. Cyclodehydration of 8 (X=H, R’=RL -CH20CHzPh) 

using the Mitsunobu reactio$, triphenylphosphine-diethyl azodicarboxylate in refluxing acetonitrile or 

tetrahydrotiuan, or using triphenylphosphine-carbon tetrachloride-triethylamine in refluxing acetonitrile, a variant 

of the Ivlitsunobu reaction which has been used3 for the cyclodehydration of simple alkyl 1,4diols, the 

benzodioxan 10 was obtained in 98% yield. Diethyl azodicarboxylate is, however, unstable and potentially 

explosive and carbon tetrachloride is toxic; furthermore chromatographic separation of the byproducts, 

triphenylphosphine oxide and diethyl hydrazinedicarboxylate, was necessary which made both of these reactions 

totally unsuitable for large scale preparations. Another reagent was therefore sought that could etTect the 

cyclisation of 8 efficiently, with complete inversion of configuration and without the disadvantages mentioned 

above. No cyclisation occurred when polyphosphoric acid trimethylsilyl es& and ptoluenesulphonyl chloride in 

2,6-lutidin$ were employed. 

Reaction between Vilsmeier reagents and alcohols provides imidate esters which are known to produce 

akyl halide& and amides at elevated temperatures. More recently alkyl trichloroacetimidates have found 
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synthetic utility as etheri@ing7** or esterifying agents’. We envisaged that reaction between the Vilsmeier 

reagent (chloromethylene)dimethylammonium chloride ClCH=NMe2+ Cl- 11 and hydroxy-phenol 8 would 

provide the alkyl imidate 12 selectively (pK, of phenol 10, pKa of isopropanol 18). The phenolic hydroxy group 

3 X=H 
4 X=F 5 R’=Rz=-CH20Ct$Ph 
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would then be set up for an intramolecular nucleophilic displacement of dimethyl formamide in preference to 

intermolecular chloride displacement (structure A). Thus reaction of 8 (X=H, R’= R2= -CH20CH2Ph) with 1.1 

equivalents of 11, readily prepared from dimethyl formamide and oxalyl chloride, gave exclusively 12 whose 

structure was confirmed by isolation of its formate ester following hydrolysis. Addition of excess triethylamine 
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to a dichloromethane solution of the intermediate 12 at room temperature gave the trans-benzodioxan 10 (X=H, 

RI= R2= -CH20CH2Ph) in 78% yield which was identical with the product derived by the Mitsunobu procedure. 

The absence of the c&isomer of 10 (NMR and CC) indicated that the reaction proceeded with complete 

inversion of configuration. The reaction was successfully repeated on multi-kilogram quantities in pilot plant 

operations. This novel cyclisation procedure was then applied to other analogues of 8 which are shown in the 

table. t-Butyl as well as benzyl protecting groups are equally effective under the cyclisation conditions (entries 1 

and 2). Cyclisation of 8 and 9 individually or as a mixture provided 10 (entries 3 and 4). The reaction also 

works well with other hydroxy-phenols such as 13 or 14 providing five- or six- membered rings respectively 

(entries 6 and 7). Attempts to cyclise the syn hydroxy-phenol 17 at room temperature were unsuccessful; 

however in refluxing chloroform the reaction proceeded slowly and while the intermediate imidate ester was still 

present atIer five days, work-up provided the benzodioxan in 35% yield in a ratio of 95:5 18 : 10 (X=H, R1 = R2 

= -CH20CH2Ph). As anticipated the antiperiplanar disposition of the nucleophile with the leaving group would 

place the substituent groups R in a severely congested environment (structure B). Consequently the 

intermolecular chloride displacement starts to compete with the cyclisation and the derived chloride can then 

react further to provide the small amount of the observed ~~~~~benzodioxsn. 

In conclusion the cyclisation reaction of anti-hydroxy-phenols described above is a mild and efficient, 

one-pot procedure. Furthermore, since it utilises cheap and readily available reagents, the procedure is amenable 

to large scale operation. 

Entry Substrate Product Yield (%) 

8 X=H 

Rt =R2= -CH20CH2Ph 

X=H 

R’ =R2= -CH20But 

X=F 

R’ =RL -CH20CH2Ph 

X=F 

Rt =R2= -CH20CH2Ph 

X=H 

R’ = -CH20CH2Ph 

R2 = -CH2~H2CH2Ph 

10 78 

8 10 70 

8 10 77 

4 8+9 

5 8 

6 13 15 80 
7 I4 16 78 

8 17 18 35 

10 

10 72 

77 
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1S 16 

ocH=ttM~cr 
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17 16 

Acknowledgement We thank Drs P. C. Cherry and N. S. Watson for helpful discussions. 

References 
1. a) Hal&y, C. A.; Jones, B. J.; Skingle, M.; Walsh, D. M.; Tyers, M. B. Br. .I. PhurmucoZ. 1991, 102, 

887. 

2. 

3. 
4. 
5. 
6. 
7. 

8. 

b) Kitchin, J.; Borthwick, A. D.; Brodie, A. C.; Cherry, P. C.; Crame, A. J.; Pipe, A. J.; Seaman, M. A.; 
Turnbull, J. P. Bioorg. Med Gem. Letters submitted for publication. 
a)Manhaa, M. S.;Ho&an,W. H.; Lal, B.; Bose, A. K.; J. Chem. Sot., Perkin Trans. I, 1975,461. 
b) A&off, P. A.; Harrison, A. W.; Huber, A. M. Tetrahedron Lett. 1984,25,3955. 
Barry, C. N.; Evans Jr., S. A. .I Org. Ckm., 1981,46,3361. 
Yamamoto, K.; Watanabe, H. Chem. Left., 1982, 1225. 
Reynolds, D. D.; Kenyon, W. 0. J. Amer. Chem. Sot., 1950, 72, 1593. 
Roger, R.; Neilson, D. G. Chem. Rev., 1961,61, 179. 
a) Iverson, T.; Bundle, D. R. J. Chem. SIC., Chem. Commun, 1981, 1240. 
b) Wessel, H. P.; Iversen,T.; Bundle, D. R. J. Chem. SC., Perkin Trans. I, 1985,2247. 
Armstrong, A.; Brackenridge, I.; Jackson, R. F. W. ; Kirk,]. M. TettwhedronLett., 1966,29,2483. 

(Received in UK 27 August 1993; accepted 17 September 1993) 


