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A ~ :  Methoxystyrenes undergo faci le  dimerization when treated with Cerium (IV) ammonium nitrate in 

methanol; cyclized products are obtained in acetonitnle. © 1997 Elsevier Science Ltd. 

Electron transfer induced C-C bond forming reactions have been widely accepted in organic synthesisl. 

Of the different methods available for electron transfer, electrochemical reactions and photosen~itiTed electron 

transfer (PET) have received considerable attention. In contrast, however, chemical electron transfer (CET) 

reactions have come to the fore only recently. The CET mediated dimerization ofN-vinylcarbazoles 2 and the 

recent work on C-C bond forming reactions involving cation radicals generated from alkoxy arches 3"5 and 

bicyclo[2.1.0]pentanes 6, are e×amples ofinvestigationslin this area. 

Although there has been substantial amount of  work on oxidative addition reactions mediated by 

Cerium (IV) Ammonium Nitrate 7-10 there is only scant information available on C-C bond f o , ~ g  reactions 

involving cation radicals generated by Ce(IV) 11-13 We have initiated some invest~ations in this area and our 

preliminary resusits on CAN induced dimerization ofmethoxystyrenes, pre~Jmably via cation radicals 14 and the 

further transformations of  the dimeric species are reported here. 

4-Methoxystyrene on treatment with CAN in methanol afforded the products 2a and 2d in 40% and 

34% yields respectively. Similar results were obtained with 4,5-dimethoxy and 3,4,5-trimethoxystyrenes, when 

the reaction was carried out in methanol (Scheme 1). The reaction of  4-methoxystyrene with CAN in 

aeatonitrile took a different course leading to the cyclized products 3a 15 and 416 (Figure 1) 16. 4,5- 

Dimethoxystyrene and 3,4,5-trimethoxystyrene under ~imilar conditions afforded exclusively the tetralin 

derivatives 3b and 3e respectively. 
The formation of 2a and 2d may be rationalized as follows. Methoxystyrene gets oxidised by CAN to 

the cation radical 5 which then adds to another molecule of methoxystyrene leading to the intermediate 6. 

Methanol addition to 6, oxidation of  the resulting radical 7 to the cation 8 and subsequent trapping of 8 by 

methanol would furnish 2a (scheme 2). Dimerization of  cation radical 5 followed by trapping of  the dication 
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by methanol is also a valid possibility. Alternately radical 7 may be trapped by molecular oxygenl7,18 to give 

the peroxyl radical 9 which will be easily converted to the hydroperoxide 10. The latter on oxidative 

fragmentation would produce 2d. 

While the mechanistic details for the formation of  3a and 4 remain obscure, rationaliTJtions along the 

following lines may be made (scheme 3). The intermediate 6 can add on to aromatic system leading to 11, loss 

of a proton followed by further oxidation would give 3a. Trapping of  6 by molecular oxygen leading via 12 to 

the hydroperoxy species 13 and further transformation of  the latter can conceivably give rise to 4. 

In conclusion, it appears from this study that the CAN mediated dimerization of methoxystyrenes is an 

attractive C-C bond forming process; the experimental .qimplicity and mild reaction conditions are noteworthy. 

It is anticipated that this method will find wide applications in organic synthesis especially in the synthesis of 

lignans and other polycyclic natural products. 

General experimental procedure:  

A solution of  CAN ( 1.32 g, 2.27mmol) in methanol ( 15mL ) was added dropwise to an ice cold 

solution of4-methoxystyrene la (0.25g, 1.86 mmol) in methanol (10 mL) and stirred for 30 min. The reaction 
mixture was diluted with water ( 100 mL) and extracted with CH2CI 2. (3x60 mL ). The combined extracts 

were washed with water, brine, dried over Na2SO 4 and evaporated.. The residue on coh~rrm chromatography 

using ethyl acetate in hexane as eluent afforded 2a (colourless solid, 0.125g, 40% ) and 2d ( pale yellow solid, 

0. lg, 34%). Recrystallization from hexane-ethyl acetate mixture gave colourless c~stals of  2a ( nap. 98- 

100°C) and pale yellow crystals of2d ( rap. 107-108°C ). 
1,4-bls (methox'y-d'methox'ypheny 0 butane (2a)- lR (KBr) vma x 2961, 1615, 1160 cm'l ;  1H NMR (300 

MHz) 6 7.04 (d, J = 8.6 Hz, 4 H, ArH), 6.74 (d, J = 8.6 Hz, 4 I4_, ArH ), 3.89-3.86 (m, 2 I-l, -CH-OCH3) , 3.69 

(s, 6 I-l, -OCH3) , 3.03 (s, 6 I-L -OCH3), 1.62-1.60 (m, 4 H, -CH2); 13C NMR (75.5 MHz) ~ : 159.28, 134.53, 

128.12, 128.05, 113.99, 113.95, 83.83, 56.59, 55.47, 34.83; GC-MS m/z, 298 (M+-OCH3-1, 5), 266 (4), 227 

(5), 166 (25), 151 (100), 135 (15). Anal calcd for C20H2604: C, 72.70; H, 7.93. Found: C, 72.64; H, 8.15. 

1,4-bis (4"methax'yphenyl)-d-methoxy-butan-l-one (2d). IR (KBr) Vma x 2954, 1676, 1604, 1258 cm-1; 1H 

NMR (300 MHz) 6 7.85-7.82 (m, 2 H, ArH), 7.18-7.14 (m, 2 H, ArH), 6.85-6.79 (m, 4 H, ArH), 4.10 (dd, 
J =  7.7, 5.5 Hz, 1 H, -CHOCH3) , 3.12 (s, 3 I~ -OCH3) , 2.89 ( t , J  = 7.2 Hz, 2 H, -CH2) , 2,10-2.01 (m, 2 I-l, 

-CH2); 13C NMR(75.5 MHz) 6 198.83, 163.60, 159.39, 134.14, 130.52, 130.47, 128.06, 114.09, 113.89, 

82.74, 56.68, 55.66, 55.49, 34.55, 32.82 Anal. Calcd for C19H2204: C, 72.59; H7.05. Found: C, 72.38; I-L 

7.02. 

A solution of CAN (1.23 g, 2.23 mmol) dissolved in acetonitrile (15 mL) was added dropwise to a solution 

of  4-methoxystryene (0.250 g, !.86 retool) at 0°C and stirred for 30 min. The reaction mixture was worked up 

as described above. The residue on column chromatography using ethyl acetate in hexane afforded 3a 
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(coluurless oil,0.03g, 12%) and 4 (colourless sofid, 0.112g, 42%). 4 on crystallization t~om hexane-ethyl acetate 
mixture furnished colourless needles, nap. 79-80°C. Spectral data of 4: IR (KBr) Vma x 2937, 2869, 1515, 

1248, 1035 cm -1. 1H NMR (90MHz) 5 7.57.25 (m,2H), 7.0-6.8 (m,2H), 5.3-4.8 (m,2H), 3.75 (s,6H), 2.55- 

!.80 (m,4H); 13C NMR (22.4MHz) 5 158.84,135.71,135.06,127.27, 126.28, 113.73, 80.85, 55.22, 35.53, 
34.34; HRMS exact mass calcd for C18H2003: 284.1412; Found: 284.1408. 
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