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Summary: The anoclic axidaticn of 4-(2’-alkenylphenyi)phends in acetonitriie/methanoI 

affotis spitudienones arising from cycfizati~ of the definic side-chain to the 4-position of the phenol and 

reaction of the resulting benzylic cation with methanol. The efficiency of this carbon-carbon bond-forming 

reaction is dependent upon the olefinic substituents. 

Anodic oxidation of oxygen- and nitrogen-substituted aromatic systems often serves as a very 

useful method for preparing compounds not conveniently available via conventional chemistry, e.g., 

1,Cdimethoxy aromatics to quinone bisketals’ and anilides to acylated quinone imine ketals.2 However, 

except for some phenolic coupling reactions3 and cycloadditions,4 carbon-carbon bond-forming reactions 

arising from anodic oxidation of aromatic systems have not been extensively developed. We chose to study 

the anodic oxidation of 4-(2’-alkenylphenyl)phenols, 1, as a model system for anodic carbon-carbon 

bond-forming reactions (see Scheme I). 5 This choice was based on several considerations. First, the 

Scheme I. Carbon-Carbon Bond Formation from Anodlc Oxidation of 4-(S’-Alkenylphenyl)phenols 

proximity of the P-alkenyl group to the 4-position of the phenol would maximize opportunity for 

carbon-carbon bond formation between the terminal carbon of the alkene and the reactive intermediate 

generated from the phenol oxidation @e., 2). Second, a good intramolecular reaction could hopefully 

compete with known processes arising from phenol oxidation. *316 dimerization and reaction of nucleophilic 

solvents at the o- and p-positions of the phenol. Finally, the carbon-carbon bond would result in formation 

of spirofused-2,5-cyclohexadienones-compounds which would be useful synthetic intermediates to the 

many natural products which contain this type Of quaternary carbon-carbon bond. In this paper we report 
the details of our initial studies on this new carbon-carbon bond-forming reaction. 

The compounds used for investigating this anodic oxidation chemistry were prepared via the 

chemistry outlined in general form in Scheme II. The key synthetic step is reaction of the lithium derivative 
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Scheme II. me General Route to 4-(2’4lkenylphenyl)phenols from Betuoqulnone Yonoketal 

derived from a functionalized o-bromoaromatic compound with 4,4-dimethoxycyclohexa-2,6-dienone.7 The 

resulting quinol ketal was hydrolyzed to the quinol 6, which was reduced to the biphenyl ether using 

zinc/copper couplem Acid-catalyzed elimination of methanol from the methyl ether furnished the olefin 7. 

The 4,4-dimethoxycyclohexa-2,5dienone is easily available from anodic oxidation of 1 +dimethoxybenzene 

followed by mild acid hydrolysis. ’ Scheme Ill details the preparation of the o-bromoaromatic compounds. 

This chemistry not only furnished the compounds required for this study but also serves as a general route 

to functionalized 4-phenylphenols. 

5b 
Br 0 

5d 5e 

a. CH#lgBr (2 equiv); NaH; CH,J (42% overall). b. BrMgCH,CH.$H,CH,MgBr; 

NaH; CH$ (57% overall). c. PhMgBr; NaH; CH,I (27% overall). d. EtpCl 

(1 equiv); NaBH,; NaH; CH,I (71% overall). 

Scheme Ill. Preparation of Functlonallzed o-Bromobenzene Derivatives 

Our initial investigations focused on the anodic oxidation of 7b under a variety of experimental 

conditions; the most pertinent results from this research are presented in Table I. The first series of these 

oxidations were conducted using a platinum anode and a copper wire cathode (entries l-7), and this study 

established several important variables in this reaction. The yield for the cyclization product 8b is a function 

of the solvent system (entry 1 vs. 7) current density (entries 4-7) and anode material (entry 3). A mild 

acidic medium is especially beneficial to the yield of 8b (compare entry 1 vs. 6 and 7). The increased yield 

of spirodienone in acidic media may be due to suppression of phenolic coupling processes.* These 

experiments established that high yields of spirodienones can be obtained from the oxidation of 

4-(2’-alkenylphenyl)phenols under well-defined experimental condiiions. 
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Later in our studies it was established that the yield of the cycliition product could be slightly 

improved by substituting a platinum wire for the copper cathode. As indicated by entries 6-12, this change 

affords a somewhat hiiher yield of 8b and a cleaner reaction mixture. However, the beneficial effect of a 

slightly acidic media and the dependence of product yield on current density were also noted when using 

the platinum wire cathode. Thus, the most favorable conditions for performing this anodic carbon-carbon 

bond-forming reaction involve anodic oxidation in slightly acidic media using a platinum anode, platinum 

cathode, and current densities of about 1 mA/cm*. 

Table I. Effect of Experimental Variables on the Yields of Anodlc Cycllzatlon of 7besb 

HO 

Yield 
Current Dens. 

Entry Solvent (mA/cm*) Anode Cathode Additive 
(H/‘&C) 

1 CHsOH 0.64 

2 CHsOH 0.64 

3 CHsOH 0.64 

4 CH,CN/CH,OH (4:l) 6.72 

5 CH,CN/CH,OH (4:l) 3.40 

6 CH,CN/CH,OH (4:l) 1.70 

7 CH,CN/CH,OH (4:l) 0.64 

6 CH,OH 0.64 

9 CH,CN/CH,OH (4:l) 0.64 

10 CHsCN/CH,OH (4:l) 0.64 

11 CH,CN/CH,OH (4:l) 0.64 

12 CH,CN/CH,OH (4:l) 6.40 

13 CH,CN/CH,OH (4:l) 0.64 

Pt cu 
Pt cu 
C cu 
Pt cu 
R cu 
Pt cu 
Pt cu 
Pt Pt 

Pt Pt 

Pt Pt 

Pt R 

R Pt 

R Pt 

none 36 

2,Slutidine 29 

AcOH (5 equiv) 37 

AcOH (5 equiv) 13 

AcOH (5 equiv) 26 

AcOH (5 equiv) 76 

AcOH (5 equiv) 63 

none 73 

AcOH (5 equiv) 91 

AcOH (10 equiv) 94 

AcOH (30 equiv) 97 

AcOH (5 equiv) 44 

KOH (5 equiv) 0 

a. Oxidations were performed until > 95% of the starting phenol had reacted and current 

efficiencies were generally 70-90%. b. The concentrations of [7b] were 3-4 x lo3 M. 

Having established conditions for the high-yield anodic cyclization 7b + Sb, the effect of 

olefinic substituents on the yield of the spirodienone was investigated: these results are collected in Table II. 

Some of this work was done with a copper wire cethode; the yields for these reactions would probably be 

improved if a platinum cathode were used. Most surprising was the dramatic dependence of the 

spirodienone yield on olefin substitution. As shown in Table II, the cyclization proceeds in good yield for 

compounds in which the double bond is substituted at the benzylic carbon. Terminal substitution as in 7e 
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also favors cydizatiori versus 1 ,Caddiion, as the ck and trane products of 8e are produced in greater yield 

than the 1,Caddiion product Qe. However, the yield of both types of products is only about 50%. For the 
unsubstituted system 7a, the reaction leads to a poor accounting of material and equal amounts of 8a and 

Qa. 

Under these solvent/electrolyte condiions, the limitation of the 7 + 8 transfortion may be 

related to the nucleophiliiity of the aikenyl side-chain and/or the stabilization of the resulting benzylii 

carbonium ion (see Scheme I). For compounds 7b, 7c, 7d, and 78, which have at least one substituent at 

the benzylic carbon, the cydization yields are good. Even a terminal methyl substituent appears to favor the 

cycliiation product. However, the unsubstituted compound 78 gave a poor yield of cycliion product 

under a variety of reaction condiiions. 

Table II. Anodic Oxidation of e(2’-Alkenylphenyl)phenols 

7b 

7c 

7d 

7e 

70 

Pt Anode 

PL Anode 
Cu Cathode 

Ph 

Pt Cathode 

Q . o&H3 + ;&Hs Pt Anode 
Pt Cathode 

Pt Anode 
Cu Cathode 
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In all of these oxidations, the crude weight recovery was good, but for reactions involving 7a,e 

the remaining material was a mixture of higher molecular weight products. Phenolic coupling and solvent 

addition at the o-position of the phenol are two reactions probably competing with the production of 8 and 

9. Higher molecular weight phenolll coupling products would be diicult to characterize. In addition, 

anodic addition of solvent at the 2position, followed by aromatization and further oxidation would yield an 

o-quinone monoketal. The o-quinone monoketal moiety, unless appropriately substituted, is known to be 

unstable.g Thus, formation of either or both of these products5 could be responsible for the low accounting 

of material for some of these systems. 

This study establishes that intramolecular nucleophilic capture of the reactive intermediate 

generated from anodic oxidation of p-aryl phenols leads to formation of the spirodienones of structure 8. 

This reaction proceeds in good yield with alkenyl groups substituted at the benzylic carbon. Without this 

substitution, other unknown reactions constitute the major reaction pathway. The formation of quaternary 

carbon-carbon bonds between an aryl ring and an alkenyl substituent is rare and could have important 

synthetic implications. Although the strategy outlined in Scheme I has lead to a successful carbon-carbon 

bond-forming reaction, this portrayal of the reaction should be regarded as tentative. Since the system is 

conjugated, the chemistry could be viewed as intramolecular attack of the phenol portion of the molecule on 

an anodically oxidized styrene moiety. Further experimental work is required before details of the reaction 

can be more clearly defined. Future efforts will focus on effecting this transformation in high yield for 

compounds having less nucleophilic side chains and the bimolecular version of this reaction using both 

p-alkyl- and p-arylphenols. 

Acknowledgment: We thank the National Science Foundation for support of this research. 

Experimental Section 

General Procedurea. Melting points were determined in capillaries in a Thomas-Hoover ‘Unimelt’ apparatus and 

are uncorrected. infrared spectra (IR) were determined on a Perkin-Elmer Model 2638 spectrometer. Unless stated otherwtse ‘H 

nudear magnetic resonance spectra (NW, signals reported in ppm) were determined at 60 MHz on an IBM NR 60 spectrometer 

using deutereochlordorm as solvent and reddual cNorofonn as standard. All 13C NMR spectra were determined at 20 MHz on 

the above instrument. Spectra at 200 MHz were determined on a Bruker AC-200 Spectrometer. Mass spectral and exact mass 

measurements were obtained by Mr. Richard Weisenberger on a Kratos MS30 spectrometer connected to a DS-55 data system. 

High pressure liquid chromatography analyses (HPLC) were conducted using an Attec Model 110-A pump, a 10 cm x 250 cm 

Uchrosorb SK0 column and an Altec Model 153 Anaiytkal UV detector at 254 nm or an IBM Model 9560 Analytical HPLC using a 

4.5 x 250 mm C,, reverse-phase column wtth detection at 260 nm. Trtfluorotduene was used as internal standard for analyses 

invotving 7b with 70% CHaOH/H,O as ekrant. Combustion analyses were performed by Scandanavtan MIcroanalytical Laboratory, 

Hedev, Denmark. Ati reagents or compounds not explicitly referenced were obtained from the Aldrich Chemical Co. Alumina and 

s&a get were obtained from E. Merck Co. Tetrahydrofuran CTHF) was purified by distillation from benzophenone ketyi. 

Throughout the experimental the fdiowtng abbreviations are used: PE (petrdeum ether, bp 3560 “C). p-TsOH @-tduenesulfonic 

add), and TLC (thin-layer chromatography). 

Preparation of 5b. To a 1.0 M ethereal sdutlon of methyl magnesium todkte (214 mmd) prepared In the usual 

fashion was added over 30 mtn dropwise methyl 2-bromoberuoate (26.0 g, 93.0 mmd) in Et,0 (50 ml), and the resuttlng mbrture 

was stirred for 16 h at room temperature. After hydrdysis wkh a saturated NH&i sotutton (75 ml). extracttve workup and 
dlstUiatton gave the atcohol (9.5 grams, 46%) as a water-white oy. bp 95-100 “C/O.4 mm Hg: IR (neat, cm-‘) 36003300 (br, m), 

2990 (m), 1470 (m), 1430 (m), 1370 (m), 1270 (m). 1170 (In), 1120 (m), 950 (In), 755 (m), 725 (m); ‘H NMR (60 MHz) ii 7.7-7.0 
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(highly strut m, 4 H), 2.78 (s, 1 H), I.75 (s,8 H); mass spectrum, exact mass c&d for C+i,lOBr m/e 213.9993, obsd 214.0002. 

To a suspenslon of NaH [60% by wt In mineral oil (2.7 g, 66 mmol)] In THF (58 ml) was added the product from 

above (9.5 g, 44 mmd) In THF (38 mL), and the resulting mbcture was stirred and heated at re5ux for 18 h. Next, methyl iodide 

(12.5 g, 5.5 ml) was added drop&e, and the resuiting mbdure was heated at r&x for 2 h. After cooling, the reaction was 

quenched by addition of water (26 ml). Extractlve workup and distBatkn gave 5b (8.8 g, 87%) as a dear ofl, bp 8285 ‘C/O.45 

mm Hg: IR (neat, cm-‘) 3000 (m), 2942 (m), 2860 (m), 1472 (m), 1430 (m), 1387 (m), 13M (m), 1280 (m), 1258 (m), 1160 (s), 1060 

(s), 1025 (s), 760 (s), 730 (m), 850 (m); ‘H NMR (60 MHz) 6 7.58-7.18 (strut m, 4 H), 3.10 (s, 3 H), 1.87 (s, 8 H); mass spectrum, 
exact mass cakd for ClOH,sOBr m/e 228.0149, obsd 228.0134. 

Preparation of 5c. To the Grlgnard reagent of l,4dibromobutane10 (11.4 g, 5.3 mmol) prepared In the usual 

fashion in THF (130 ml) was added over 30 mln a solutkn OS methyl-2bromobenzoate (10.0 g, 48.0 mmd) In THF (40 ml) at 0 ‘C, 

and the resulting mbdure was stirred for an additional 2 h. The reactkn was hydrolyzed by addition d saturated NH&X (75 ml). 

Extractive workup gave the crude carbind (11 .O g) which was used wlthout further pudfkation in the next step. The carbind was 

dissolved in THF (30 ml) and added to a suspenskn of NaH [So% by wt. in mineral oil (3.0 g, 75.0 mrnol)] In THF (50 ml), and the 

mixture was heated at reflux for 2 h. Methyl kdide (8.2 ml) was added, and heating was continued for an additional 2 h, after 

which time the reaction mbdure was poured into H,O (50 ml). Extractive workup and dkUhtion gave SC (8.7 g, 57%) as a 

water-white oif, bp 105-110 ‘C/O.5 mm Hg: WI (neat, cm-‘) 2970 (br, s), 2682 (m), 2830 (m), 1470 (m), 1437 (m), 1120 (m), 1070 

(br, s), 1025 (m), 765 (m); ‘H NMR (80 MHz) 6 7.7-7.0 (strut m, 4 H), 2.9 (br s,3 H), 2.7-1.8 (highly strut m, 8 H); mass spectrum, 

exact mass cakd for C,,H,OBr m/e 254.0306, obsd 254.0269. 

Prepamtlon ot 5d. To a solution of phenyl magnesium bromide (18.8 mmd) prepared in the usual fashion in THF 

(IO ml) was added dropwlse 2’-bromoacetophenone” (3.0 g, 15.1 mmd) in THF (5 ml). The resulting mNture was heated at 

reflw for 2 h and coded to room temperature, and the reaction was quenched by addition of saturated NH&I solution (10 ml). 

Extractive workup gave the crude carblnd (3.4 g). This material was dissolved in dry THF (10 ml), and added to a suspension of 

NaH [0.91 g of 80% by wl in mineral oil, washed with hexane (3 x 5 ml)] in THF (15 ml), and the resufting mbrture was stirred at 

reflux for 2 h. Methyl kdkle (I.9 ml) was added and heating was continued for an additional 2 h. Extractive workup gave a dark 

oil (2.9 g) which was chromatographed on silica gel (8 x l/2’ column, hexane as eiuant) to give 5d (1.06 g, 27% overall) as a 

water-white oil: IR (neat, cm-‘) 2960 (m), 2940 (m), 1485 (m), 1450 (m), 1430 (m), 1130 (m), 1090 (br, m), 1060 (m), 1020 (m), 752 

(s). 695 (s); ‘H NMR (60 MHz) 6 7.8-7.6 (strut m, 4 H), 7.25 (br 8. 5 H), 3.07 (s, 3 H), I.94 (s, 3 H); mass spectrum, exact mass 

cakd for C,H,,OBr m/e 290.0306, obsd 2909304. 

Preparation of 5e. To a solution of P-bromobenzok add chloride (12 g, 55 mmd) in tduene (100 ml) at 0 “C 

was added dropwise over 20 min a solution of diethylalumkum chloride (55 mL of a 1 M solution in hexane). The resulting 

solution was stirred at room temperature for 2 h, and then the reaction was quenched by addiiion of H,O (15 ml). Exlractfve 

workup using CHCI, gave a brown oil, which was purified by a Kugelrohr distillation (60-100 “C bath/O.5 mm Hg) to afford 

o-bromoproplophenor&* as a clear oil (IO.29 g, 66%). 

To a solution of this product (9.76 g, 46 mmd) in EtOH/H,O (3:1, 150 ml) was added a slurry of NaBH, (2.92 g, 

92 mmol) In EtOH (150 ml). The resulting suspension was stirred at room temperature for 3 h, then concentrated In vacua. 

Extra&e workup using CHCI, gave a clear oil, which was then purified by a Kugelrohr distillation (So-80 “C bath/ 0.8 mm Hg) to 

afford the akohd as a clear oil (8.96 g, 91%): IR (neat, cm-‘) 3346 (s, br), 2956 (s), 2922 (m), 1462 (s), 1435 (s), 1041 (m), 1013 (s), 

966 (s), 742 (s); ‘H NMR (200 MHz) 6 7.55-7.06 (m, 4 H), 5.04-4.96 (m. I H), 1.97-1.95 (d, J = 3.8 Hz, I H), 1.93- 1.62 (m, 2 H), 

1.03895 (t, J = 7.4 Hz, 3 H); exact mass cakd for C,H,,OBr m/e 215.9973, obsd 215.9970. 

To a suspension of NaH [60% dispersion in mineral oil (3.2 g, 60 mmd)] in THF (150 ml) was added a solution of 

the akohd (8.1 g. 39 mmd) in THF (50 ml). The resulting sdution was stirred and heated at reflw for 5 h and then was coded 

to room temperature. A solution of CH,I (I 1.4 g, 60 mmd) in THF (25 mL) was then added via a syringe, and the resulting 

mixture was stirred at room temperature for 14 h. Extractive workup using CHCJ, gave a light yellow dear oil (9.3 g) as the crude 

product. This product was purified via a Kugelrohr distillation (6080 “C bath/O.8 mm Hg) to give pure Se as a clear oil (8.0 g. 

69%): IR (neat, cm-‘) 2956 (s), 2922 (s), 2663 (m), 1460 (s), 1430 (s), 1350 (m), 1115 (s), 1102 (s), 1075 (s), 1013 (s), 743 (s); 

H’NMR (200 MHz. CDCIJ 6 7.53-7.06 (m, 4 H), 4.53447 (m, 1 H), 3.22 (s, 3 H). 1.73-1.61 (m, 2 H), 0.9 (t, J = 7.4 Hz, 3 H); exact 

mass cakd for C,,H,,OBr m/e 228.0150, obsd 228.0137. 
Prepamtion of 71. To a solution of P’-bromostyrene (4.0 g, 21.9 mmol) in THF (60 mL) at -78 ‘C was added 

dropwise over IO mln n-BuLi (15 mL of a 1.8 M sdution), and the resulting mixture was stirred at this temperature for 3 h. Next, a 

solution Of 4,4dimethoxy-2,5-cydohexadienone (3.4 g, 3.0 ml) in THF (15 ml) was added dropwise over 10 min, and the resulting 
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soktknwasstfnedforl hat-78’Candthenallawedtowarmtoroomtemperafureavert6h. Thereadonwasthenqutmched 

by additbn of 5% WAC (25 mL), and the mixture was stked for 39 min. Extractfve workup gave the crude p-qukol(4.5 g) which 

wasdissohredinTHF(26ml)andaddedtoasuspensiondzinccoppercouple(2.6g)h5%HOAc(26~,andthembdurewas 

stitredandheatedtoretfuxfort h. ~ive~~gaveathkkorangeolwhichwaschrometographedonsilicagel(~xl’ 

cdumn, CHzUz as ekant) to gtve 14 (2.27 g. 53% overaft) as a dear ok IR (neat cm-‘) 36003150 (br, m), 1620 (m), 1520 (m), 

1460 (m), 1260 (m), 1230 (br, m), 1160 (m), 910 (m), 636 (m), 760 (m); ‘H NMR (60 MHz) d 7.6-7.2 (m, 6 H), 7.065 (AB 

overlappine~componentd~3H),5.7(ddd.J=1.5,17.5Hz,1H),5.16(ddddAMX,J=1.5,11Hz,1H),4.7@rs,1 

H); massspectrum, exactmasscakdforC,,H,zO m/e 196.0666. obsd 196.0692. 

Preparation Of 7b. To a -76 ‘C soktkn d 5b from above (6.5 g. 37.0 mmof) in THF (125 ml) was added 

dropwks over 10 mfn n-B&l (25.5 mL of a 1.6 M soktkn). The resulting mixture was stirred at this temperature for 3 h, then a 

soktkn of 4,4dimethoxy-2,5cydohexadfenone (5.7 g. 5.15 ml) In THF (15 ml) was added dropwise over 15 min. After being 

stirred for 1 h at -76 ‘C, ths reactkn mixture was allowed to warm to room temperature over 16 h, and the reaction was then 

quenched by addkg a saturated NH,Cl sofutkn (50 ml). The materiaf obtained from extractfve workup was dissolved in 

(CH3)zCC (350 ml), 5% HOAc (60 rnL) was added, and the mfxture was stored at 0 OC overnight. The bulk d the solvent was 

removed in vacw, and the residue was poured kto a saturated NaHCCs soktion (56 ml). Extractive workup CHzCi, (3 x 75 ml) 

gave the pqulnd (9.5 g. 99%) suitable for uss in the naxt step. 

The pqukd from above was dksotved in THF (56 ml) and was added to a suspension of zinc-copper couple 

(4.5 g) R 5% HOAc (50 ml). and the resulting mixture was heated at reffw for 1 h. After being cooled, the mixture was pour& 

into 5% HCI (50 ml). Grtractfve workup gave the phenol ether (6.4 g, 94%) as a light tan sofid, mp 134-137 OC, which was deemed 

suitable for use in the next step without further purifkatkn. Recrystaf5zatkn of a portkn from EtzO/PE gave the analytkal sampfe 

as white needles: mp 143.5-145 ‘C; IR (i@r, cm-‘) 32603199 (br, m), 1529 (m), 1460 (m), 1440 (m), 1265 (m), 1230 (m), 1160 (m), 

640 (m), 765 (m); ‘H NMR (60 MHz) 8 7.67.2 (m. 4 H), 6.9 (AB q, AV = 26 Hz, J, = 9 Hz, 4 H), 5.19 (s. 1 H), 3.04 (s, 3 H), 1.36 (s, 

6H); mass spectrum, exact mass cakd for C,,H,,Oz m/e 242.1337. obsd 242.1322. 

The parylphend methyl ether from above (2.3 g, 9.5 mmd) was dissofved in CHCI, (150 ml), p-TsOH (0.04 g) 

was added, the mixture was heated to re5w for 20 min, and then the reaction mfxture was poured into a saturated NaHCOs 

.solutkr~ (50 ml). Extmcttve workup and chromatogmphy on sifka gel (6’ x l/2’ cdumn, CH,Cf, as &ant) gave 7b (1.6 g. 60%) 

as a crystalline soffd: mp 6566 ‘C; IR (neat, cm-‘) 3600-3150 (br, m), 1600 (m), 1529 (m), 1465 (m), 1250 (br, m), 1160 (m), 640 

(m), 760 (m); ‘H NMR (60 MHz) d 7.19 (s,4 H), 6.9 (AB q, AU = 36 Hz, JAB = 9 H), 4.96 (d of d, further coupled, 2 H), 1.59 (br s, 3 

H);massspedrum,~~masscalcdforC,5H,40 m/e 210.1044,0bsd210.1044. 

Preparatfon of 7C. To a soktkn d 5c (2.5 g, 10.0 mmd) in THF (25 ml) at -76 ‘C was added dropwise n-BuU 

(6.4 mL of a 1.4 M soktkn), and the resulting milky yellow soktion was stirred for 1 h. Next, a sdutkn of 

4,4dimethoxy-2,5cyclohexadienone (1.4 ml) in THF (5 ml) was added dropwise, and the mtxture was stirred at -76 ‘C for 2 h 

and then allowed to warm to room temperature over 16 h. The reaction was quenched by addition of saturated NH&i (10 ml). 

The crude product obtained from extmctive workup was died in @-f&CC (75 ml), 5% HOAc (15 ml) was added, and the 

mixture was stored at 0 ‘C for 16 h to effect the hydrdysis to the pqufnd. The mixture was then poured into saturated NaHCO, 

(50 ml). Extmctive workup gave the crude qufrtoi which was then dissolved in THF (13 mL) and added to a suspension of 

zinc-copper couple (1.2 g) in 5% HOAc. Thk mixture was heated at reffw for 1 h and then poured into 5% HCI (50 ml). 

Extractfve workup gave an oil whkh was chromatogmphsd on silka gel (6’ x l/2’ cdumn. 4:1 PE/EtOAc as ekant). The 

paryiphend methyl ether (0.565 g, 21% overall) was obtained as a whfte solid, mp 139143 ‘C, suitable for use in the next step. 

Repeated crystaflizatkn from EtzO/PE gave the analytkal sample: mp 157-156.5 ‘C IR (KBr, cm-‘) 3500-3209 (br. m), 1521 (m), 

1271 (m), 1228 (m), 1050 (m), 770 (m); ‘H NMR (60 MHz) 6 7.5-7.3 (strut m, 4 H), 7.0 (AB q, Av = 31 Hz, JAs = 8 Hz with 

lower-fkfd component partiaffy obscured, 4 H), 4.66 (br 8, 1 H). 3.0 (s. 3 H), 2.2-1.4 (m, 6 H); mass spectrum, exact mass cakd 

for C,sHmOz m/e 266.1474, obsd 266.1461. 

The p-aryl phenof methyl ether (2.33 g, 6.7 mmd) was dissohmd in CHCt, (150 ml) containkgp-TsOH (0.035 g), 

the sdution was stirred and heated at reffux for 20 min. and then the mixture was poured into saturated NaHCCs (50 ml). 

Extractive workup and rapfd chromatography of the crude product on silka gsf (4’ x l/2’ column, CHzCfz as efuant) gave 7c (1.56 

g, 76%) as a waxy white sofkf. mp 105-106 ‘C, suitabk for use in the next step. Recrysktlizatkn d a portkn from Et,O/PE gave 

the anafytkafly pure materfaf: mp 107.5-109 ‘C; IR (KBr, cm-‘) 34003109 (br, m), 1520 (m), 1455 (m), 1250 (s), 635 (m), 756 (m); 

‘H NMR (60 MHz) d 7.2 (s,4 H), 6.95 (AB q, Av = 44 Hz, JAB = 9 Hz, with lower-fkfd component partktly obscured, 4 H), 5.55 

(m,lH),466(s,l H),2.5-l.5(m,6H):massspectrum,exactmasscalcdforC,~,80m/e236.l20l,obsd236.l2l7. 
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Prepamtfon of 7d. To a solution d Sd (1.94 g. 3.57 mmof) in THF (15 ml) at -76 “C was added dmpwfse over 10 

min n-B&i (2.6 mL of a 1.45 M solu6on). After being &red for an additkmal 2 h, a solutkn d 4,4&nethoxy- 

2,5-cyckhexadknone (0.55 g) In THF (5 mL) was added dropnrlse, and the resdtkg mixture was stirred at -76 “C for 1 h and then 

allowed to warm to room temperature over 12 h. Grtractfve workup gave a white foam whkh was dksofvsd in THF (5 ml); 5% 

HOAc was added (5 ml), fdlowed by additkn d zinccopper couple (0.5 g). The mixture was stirred and heated at retfw for 1 h. 

Extradive workup and chromatography on silka gel (6” x l/2’ column, 1 :I EtsO/hexane as &ant) gave 0.325 g, (30% overall), 

mp 152-155 “C. Recrystallfzatkn d a portion fram EtsO/hexane gave the analytical sample: mp 156-157 “C; IR (KBr, cm-‘) 3320 

(m), 1615 (m), 1516 (m), 1276 (m), 1212 (m), 1079 (m), 1060 (m), 629 (m), 765 (m), 700 (m); ‘H NMR (60 MHz) 8 7.9-6.6 (m, 9 H), 

6.46 (s, 4 H), 4.62 (s, 1 H), 3.94 (s, 3 H). 1.70 (s, 3 H); mass spectrum, exact mass cakd for Cs,HsoOs m/e 304.1463, obsd 

304.1463. 

To a sofutfon d the above p-phenyiphend methyl ether (0.265 g. 0.937 mmd) fn CHCts (75 ml) was added 

p-TsOH (10 mg), and the resukng mfxtum was heated at mffw for 1 h Extmctfve workup and chromatography on sffka get (g x 
l/Y column, CHsCls as duant) gave 7d (0.242 g, 95%) as a dear ok IR (neat, cm’) 35oo-3300 (br, m), 1612 (m), 1516 (m), 1446 

(m), 1121 (m). 630 (m), 760 (m); ‘H NMR (60 MHz) 8 7.42 (s, 4 H), 7.16 (s, 5 H). 6.9 (AB q, AV = 41 Hz, JAB = 9 Hz, 4 H), 5.65 (d, 

J = 1 Hz, 1 H), 5.26 (d, J = 1 Hz, 1 H), 5.99 (s, 1 H); mass spedrum, exact mass cakd for C,H,sO m/e 272.1201. obsd 

272.1205. 

Preparation of 70. To a soktfon d 5e (5.0 g. 21.7 mmof) and THF (60 ml) at -76 ‘C was added dropwks a 

solution of n-B&l (9.0 mL d a 2.4 M solution). The resdtlng sofutkn was stlrrsd at -76 ‘C for 40 min, then a solution of 

4,~imethoxy_2,5cydoheradienone (3.35 g, 21.7 mmof) in THF (20 ml) was added dropwfse over 5 min. After stirrkg at this 

temperature for 1 h the reaction was warmed to room temperature and stlrred overnight. After addftkn d HsO (15 ml), extractfve 

workup gave a solid (7.61 g) which was chromatographed on silka gel (I” x 10 ’ column, 5-12% EtsO/hsxane. then 1250 % 

EtOAc/hexane as eluant) to afford pure quinof (4.99 g, 69%): mp: 209.5-201.5 ‘C; IR (KBr, cm-‘) 3260 (s, br). 2956 (s), 2922 (s), 

1670 (s), 1625 (m), 1445 (m), 1365 (s), 1100 (s), 1070 (s), 1056 (m), 1030 (m). 956 (s), 906 (s), 656 (s), 776 (s); H’NMR (200 MHz) 

8 7.47691 (m, 6 H). 6.27622 (m, 2 H), 4.55 (m, 1 H). 3.94 (s, 1 H). 3.25 (s, 3 H), 1.92-1.61 (m, 2 H), 1.00 - 0.92 (t, J = 7.4 Hz. 3 

H). 
The above pquind (0.45 g. 1.6 mmol) in THF (30 ml) and 5% HOAc (26 ml) was added to a suspenskn of 

zinc/copper couple (0.36 g, 2.6 mmd) in THF (10 ml), and the sdutkn was heated at reflux for 1 h. Extra&e workup gave a 

light brown solid which was chromatographed on sllka gel (r x 0.2 ’ column, 10% EtOAc/hexane as eluant) to afford ths phenol 

as a white crystallike sdk (0.391 g, 66%): mp 134.5-135.5 ‘C; IR (KBr, cm-’ ) 3252 (s, br), 2962 (m), 2926 (m), 1614 (m), 1536 (s), 

1476 (s), 1464 (m), 1443 (m), 1270 (s), 1215 (s), 1170 (m), 1096 (m), 1060 (s), 930 (m), 912 (m). 640 (m), 616 (m), 765 (s); ‘H NMR 

(200 MHz) 6 7.51-7.1 (m, 6 H), 6.676.63 (m, 2 H), 5.15 (8, 1 H), 4.22 -4.15 (m, 1 H), 3.11 (s, 3 H), 1.75-1.59 (m, 2 H), 0626.74 (t. J 

= 7.4 Hz, 3 H); exact mass cakd for C,sH,sO,m/e 242.1307, obsd 242.1336. 

The paryiphenol methyl ether (0.360 g, 1.57 mmol) was dissotved in tduene (136 ml), p-TsOH (50 mg) was 

added, and the mixture was heated at reffux for 6 h. The coofsd resctkn mixture was then poureti into sat. NaHCO, (50 ml). 

Extractive workup gave crude 7e (0.364 g) which was chromatogmphed on silica get column (10’ x 0.2’ column, 10% 

EtOAc/hexans as duant) to give 70 as a white crystafttne sofkf (0.311 g, 94%): mp 100-101 ‘C; IR (KBr, cm-‘) 3212 (s, br), 3016 

(m), 1612 (m), 1592 (m). 1515 (s), 1476 (s), 1436 (m), 1237 (s), 1173 (m), 956 (m), 624 (s), 752 (m); H’NMR (200 MHz) 6 7.57666 
(m, 6 H), 6.426.34 (q of d, J = 15.7, 1.4 Hz, 1 H), 6.24610 (q d d, J = 15.7,6.4 Hz, 1 H), 4.76 (s, 1 H), 1.63-1.79 (d dd. J = 6.4, 

1.4Hz,3H);exactmasscakdforC,sH,,0m/e210.1045,obsd210.1045. 

Anodic Oxidations. These constantcurrent oxkfations employed a Kepco Model JQE 036V direct-current 

power supply. The anode in all cases was a cylindrkaf, perforated platinum sheet (4.6 cm x 2.5 cm diameter) wfth an estimated 

surface area d 60 cm*. Using a current d 0.05 A conespondsd to a current density d 0.64 mA/cn?. The cathode was either a 

coil d copper wire (= 2.5 cm length) or a platinum wire (approx. 2 cm length) as specified. All anodk oxidations were performed 

at O-10 ‘C. The current effkiencies are based on the theoretkaf number of coulombs required to consume the starting phenol and 

are probably only accurate to + 15%. 

Anodk Oxidation of h. A solution d 7a (0.5 g. 2.55 mmol) in 4:1 CHsCN/CH,OH (300 ml) contalning HOAc 

(0.75 ml) and 1% by wt. UCIO, as ekctrolyte was anodkafly oxidzed at 0 ‘C in a single cdl wfth a perforated cyflndrkat platinum 

sheet anode and copper wire cathode at a constant current d 0.05 A for 290 min (57% current efficiency). The analysis indkated 

that the reaction was not dean, gMng two major procfud~ plus numerous UV-active spots and material remaining at the origin. 
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4564.55 (d, J = 5.3 Hz, 1 H), 3.42 (s, 3 H), 2.74-2.61 (d of q, J = 5.3, 7.3 Hz, 1 H), 1.04-1.~ (d, J = 7.3 Hz, 3 H); exact mass 

calcd for CtaHtaOz m/e 240.1150, obsd 249.1154. 

The c/s compound 8ec was obtained as a white solid (0.44 g, 17%) having: mp 7971 “C; IR (KBr, cm-‘) 2922 

(m), 2622 (m), 1669 (sh 1616 (s), 1595 (m), 1466 (s), 1495 (s), 1356 (m), 1264 (m). 1162 (s), 1165 (m), 1992 (s), 972 (m), 931 (m), 

651 (s), 765 (S); ‘H NMR (266 MHz, CDCIJ 6 7.49685 (m, 5 H), 6.69662 (d of d, J = 10.1, 2.9 Hz, 1 H), 6.44638 (d of d, J = 

10.6, 1.9 k, 1 H), 6.31625 (d ofd, J = 10.1, 1.9 Hz, 1 H), 4.714.67 (d, J = 7.6 Hz, 1 H), 3.63 (s, 3 H), 2.68-2.60 (d of q, J = 7.6, 

7.1 Hz, t H), 1.15-1.11 (d, J = 7.1 Hz, 3 H); exact masscaicdforC,,H,,0,m/e2461151, obsd 240.1161. 
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