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Phenylselenoetherification and phenylselenolactonization were performed in one step by electrolysis of unsaturated 
alcohols or carborylic acids and diphenyl diselenide in organic solvent containing halide ions as mediators. 

Intramolecular cyclization of unsaturated alcohols to cyclic phenylselenoethers (termedphenylselenoetherification) 

and lactonization of unsaturated carboxylic acids to phenylselenolactones (t.ermedphenylselenolactonition) by means of 

organoselenium reagents became an important tool for the synthesis of different natural producta In continuation of our 

studies on the first of these transformations6, we have now investigated phenylselenoetheriilcation and phenylselenolac- 

tonization by means of phenylselenenyl ions electrochemically generated from diphenyl diselenide (Scheme). The reactive 

intermediate A (PhSe@ ion) was produced by indirect oxidation on an anode, whereby the role of mediator was taken by a 

halide anion. Cyclic ether and lactone products were obtained in good to very good yields (50-66%). In this paper detailed 

results will be given with complete experimental data. 

Results and Discussion 

Phenylselenoetherification (Table 11. In a typical case, the electrochemical reaction was carried out by electrolyz- 

ing a mixture of alkenol, diphenyl diselenide, and tetraethylammonium bromide (method A) or calcium chloride (method 

B) as an electrolyte, in organic solvent (CHzClz or Me0I-D solution. The electrolysis was performed in an undivided cell, 

using a graphite stick as an anode and Cu foil as a cathode. The cell was cooled in an ice-acetone-salt bath (constant current 

250 mA, 2 F/mol). After the usual work-up, the crude product was purified by column chromatography (SiOz, CHzClzl, 

whereby the cyclic phenylselenoether products were isolated in the form of a pale yellow oil. The results obtained, given in 
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Table 1, can be summarized as follows. 3-Buten-1-01 did not cyclize under these conditions, but the simplest terminally 

dlalkylated A3-alkenol 2, gave the corresponding five-membered cyclic ether 2a, as the sole reaction product, in very good 

yield (72%). All the studied A’-alkenols afforded, under these reaction conditions, only cyclic phenylselenoethers of the 

tetrahydrofuran- and tetrahydropyran-type. The results obtained show also that the substituents at the double bond and 

at the carbinol carbon atom have a pronounced influence on the regioselectlvi@ of the ring closure. Thus, the terminally 

unsubstituted A4-alkenols 3,4 and 5 afforded (in agreement with Markovnikov rule) exclusively cyclic phenylselenoethers 

of the tetrahydrofuran-type (3a, 4a and 5a, respectively). In the case of alkenol4, according to GC and NMR spectra, two 

stereoisomeric cyclic products, cis- and tmns-4a were produced (in a ratio of 24761, which were not separated. 

With respect to the regio- and stereoselectivity of cyclic ether formation, the phenylselenoetherlfication of the two 

geometric isomers of A4-alkenols with a terminally monosubstituted olefinic bond, such as @,- and (E;)-Qhexen-l-01 u-6 

and E-6, respectively), gave interesting results. As can be seen from Table 1, the electrolysis of a-&hexen-l-01 U-6) with 

tetraethylammonium bromide as mediator afforded the three-phenylselenoether th-6a as the sole product, whereas in the 

reaction with CaC12 as mediator, the same alcohol gave a mixture of thrm- and erythm-phenylselenoethers (in a ratio of 

60:50).In both casesthereactionswere regioselective, giving only five-membered cyclic ethers. In the case of (E)-&hexen-l-01 

a-6-s) only cis- and tmns-isomers of the corresponding six-membered cyclic phenylselenoethers were produced, their ratio 

depending on reaction conditions (with EtaNBr as mediator the cis/tmns ratio was 70~30, but when CaClz was used as 

mediator, this ratio changed to 3367). 
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TABLE 1. ELECTROCHEMICAL CVCLIZATION OF UNfATURAlEO ALCOHOLS 
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A significant intluence of structure was shown in the case of A”-alkenols with a terminahy dimethyl substituted 

double bond. Thus, the primary alcohol 7 and secondary 8 afforded (in agreement with MaWvnikov rule) only the 

six-membered cyclic phenylselenoethers 7b and 8b, respectively (in moderate yield). However, an increase in alkyd 

substitution at the carbinol carbon atom lead to stereochemical control (anti-Markovnikov rule), the tertiary alcohol 9 being 

cyclised almost exclusively to the corresponding five-membered cyclic phenylselenoetber 9a. In the case of the secondary 

alcohol 10, with a completely substituted double bond, steric and electronic factors are approximately similar for tbe addition 

onto both trigonal carbon atoms, and the regioisomers 1Oa and lob were obtained, in a 1:l ratio. In the elect&y& of 

A’-alkenols (11,12 and 13), hydroxyl group participation is regioselective, affording as the only cyclisation products the 

corresponding six-membered cyclic phenylselenoethers (lla, 12a and l&r, respectively). 

Primary and secondary olefinic alcohols with a more remote double bond (A’, A’ and As), such as Sbepten-l-ol, 

6methyl-&hepten-1-o&7-octen-2-01, citronellol, ‘I-octen-l-01, and 8-nonen-l-d, did not undergo intramolecular cyclisation 

when treated under the above mentioned conditions. 

Phenylselenolactonization (Table 2). When unsaturated carboxylic acids, such as 4pentenoic acid (14) and 

diphenyl diselenide, were electrolyzed in methanol solution of ammonium bromide (as electrolyte), phenylselenolactones 

were obtained in good to very good yield (56’78%). The reaction procedure requires a mixture of acid, e.g. 14 (1 mmol), 

(PhSe)x (0.5 mmol), and NH4Br (8.1 mmol) in MeOH, which was electrolyzed under a constant current (400 mA/cm2, 6 

F/mol). The electrolysis was performed in the undivided cell (described above for phenylselenoetherification), placed in a 

water bath (1520’0, using a graphite stick as anode and copper foil as cathode. After completion ofthe reaction, methanol 

was distilled off, the residue extracted with diethyl ether, and the crude product (upon solvent removal) purified by column 

chromatography (SiOz, CH2C12). The results given in Table 2 show that (as in the case of phenylsulfenolactonizationization47) all 

the investigated 4-enoic acids gave only ylactones, confirming again that the substituents at the double bond had no 

influence on the regioselectivity of this reaction. 2-Cyclohexene-l-acetic acid (19) upon phenylselenolactonisation produced 

the five-membered ring lactone 19a with cis-configuration (observed by ‘H NMR spectroscopy), indicating that the 

carboxylic oxygen added trans-stereospecifically in relation to the phenylseleno-group. Terminally unsubstituted Benoic 

acids afforded, as sole products, the respective S-lactones. Olefinic acid 21 cyclized to only one of the two possible isomers, 

namely cis- or trans-la&one, this being shown by the existence of only one signal for the reti-butyl group in the ‘H NMB 

spectrum of the la&one product 21a. 3-Butenoic and 6-heptenoic acid did not undergo intramolecular cyclisation under 

these conditions. The study of the mechanism and stereochemistry (where possible) of this reaction is in progress. 

Mild conditions (neutral medium and low temperature), simple equipment and inexpensive reagents are the major 

advantages of this reaction for its application in the synthesis of heterocyclic compounds, particularly since the cyclic 

phenylselenoethers and -1actones obtained can be readily deselenenylated and converted to other useful producte.6’8 

Experimental 

Column chromatography: Merck silica gel 60, particle size 0.063-0.200 mm. Gas chromatogmphy: Perkin-Elmer 
instrument, Model 3920B (FID) for analytical purposes; the columns consisted of OV 1, OV 101 or SE SO, adnorbed on 
Chromosorb P (8-596); carrier gas Ar. IR spectru: Per-kin-Elmer Spectrophotometer, Model 137B. NMR speet~ Varian 
FT80A (80 MHz), Bruker AM200 (200 MHZ), Bruker WH400 (400 MHz) in CDCla with TMS as internal standard. AlI 
solvents were purified by distillation, methylene chloride was purified by distillation and dried over P4010. Au the ole6nic 
alcohols and acids used as substrates (see Tables 1 and 2) were known compounds, Borne ofwhich (3, 11,14,18 and 20) 
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Table 2. Electrochemical cyclization of unsaturated carbowylic acid 
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were commercially available, while the other ones were synthesized according to the procedures despbed&our revious 
papers. Most of the yclic ether and la&one products were known compounds. Spectral data for 2a, 
7b.” 8b.6 9a6 lOa, 101r6 lla.6’g’f’ 12a, 13s~ 14a.‘“*1’ l&r.” 

3a, 4a!*11 5a 6 
19a” and 2Oa” were aiven nreviouslv. All r&v 

compounds (see Table 1 and 2) were characterlxed and identitied on the basis of spectral data. - - 

Electrolysis was performed in an undivided cell consisting of a glass tube 2.5 cm in diameter and 10 cm in height. A 
graphite stick (0.6 cm in diameter and 4 cm in length) was used as an anode and copper foil (cylinder shaped 1.5 cm in 
diameter and 4 cm in length) or copper wire shaped in spiral form (1 cm in diameter) was used as a cathode. 

Phenylselenoetherification. A typical electrolysis procedure is as follows. 

Method A: A solution of 5hexen-l-01 (11, 106 mg, 1 mmoll, diphenyl diselenide (156 mg; 0.5 mmol) and Et&IBr 
(210 mg, 1 mmol) in methylene chloride (5 ml) was electrolyxed in a cell placed in an ice-acetone-salt bath (-10 to -5 “0. A 
constant current (260 mA) was passed through the solution using a regulated direct current supply (Iskra, Rranj, Yugoslavia1 
until 2F of electricity were consumed. when the reaction was completed, the solvent was distilled off and the residue 
extracted several times with n-hexane. After removal of n-hexane, the crude product was purified by column chromatog- 
raphy (SiO2, CHaCla), whereby 2-[(phenylseleno)methyl]tetrahydropyran (lla, 199 mg, 75%) was isolated in the form of 
a pale yellow oil. Its spectral data were consistent with those of an authentic sample prepared previously by cyclixation of 
5-hexen-l-01 with PhSeCl’. 

three-2-[l-(Phenylseleno)ethylltetrahydrofurari (three-6al A mixture of (Z&4-hexen-l-01 (21-6) (100 mg, 1 _ -. 
mmol), (PhSe)z (156 mg, 0.5 mmol) and EtdNBr (200 mg) in CHzCl2 (7 ml) was electrolyzed in a similar manner as 
described above (200 mA for 16 min, 2 F/mall. The usual work-up and chromatography (SiOz, CH2Cla) provided 219 ma 
(86%) of thrco-6a as pale yellow oil. IR (film): V- = 

- _ _ 
3060,2950,2860,1590,1480,1440,1370;1170,1060,1000,930,740; 

690 and 670 cm-‘; ‘H NMR (360 MHz, CDC13: 5 = 133 (d, J = 7 Hz, 3H, CH3), 2.00-2.20 (m, 4H, 3-H and 4-H), 3.37 (m, 
J = 7 Hz, lH, 2-H), 3.51 (dt, J = 3‘12 Hz, lH, 5-H cis with 2-H)) 3.66 (dq, J = 7,1.5 Hz, lH, CHEW, 4.00 (fd, J = 12 Hz, 
lH, 5-H tram with 2-H), 7.22-7.30 (m, 3H, Ph), 7.52-7.60 (m, 2H, PM. 

cis- and trans-2.Methyl-3-(phenylseleno)tetrahydropyran (cis- and tmns-6b). A mixture of a)-4-hexen-l-01 
&6) (250 mg, 2.5 mmol), (PhSe)z (390 mg, 1.25 mmol) and EtrNBr (406 mgl in CH2Cl2 (10 ml) was electrolyxed in a 
similar manner as described above (200 mA for 40 min, PF/moll. The usual work-up and chromatography (SiOz, CI-I&121 
afforded three fractions, namely 65 mg‘of cis&b, 175 mg of a mixture of cis-6b and tmns-6b, and 21 mg of tmns 6b (total 
yield 261 mg 77%). cis-6b (pale yellow oil): IR (film): 

-I; 
Y- = 3640,2960,2910,2850,1580,1475, 1435,1880, 1195,1090, 

1055,1030,925,845,740, and 695 cm ‘H NMR (200 MHx, CDCl3): 8 = 1.48 (d, J = 6.9 Hz, 3H, CHa), 1.65-2.20 (m, 4H, 
4-H and 5-H), 3.32 (quin, J = 6.9I-Ix, lH, 2-H), 3.60-4.05 (m, 3H, 3-Hand 6-H), 7.27 (m, 3H, Ph), 7.56 (m, 2H, Phi. tmns-6b 
(pale yellow oil): IR (film): vmBX= 3040,2960,2910,2850,1580,1475,1435, 1380,1195,1090,1055,1030,925,845,740, and 
695 cm.‘; ‘H NMR (200 MHz, CDCls): 8 = 1.35 (d, J = 6.1 Hz, 3H, CH3), 1.65-2.20 (m, 4H, 4-H and 5-H), 2.95 (sym m, 
lH, CHSe), 3.30-3.50 (m, 2H, 2-H and HaxCH20),3.92 (d, J = II.3 Hz, IH, He9 CH20), 7.27 (m, 3H, Ph), 7.56 (m, 2H, Phi. 

Method B. A solution of a)-4-hexen-l-01 U-6) (100 mg, 1 mmoll, (PhSelz (156 mg, 0.5 mmoll and CaClz (100 mg, 
0.9 mmol) in distilled methanol (10 ml) was electrolyxed in a similar manner as described above (200 mA for 16 min., 2 
F/mob. The cell was placed in a water bath (15-20°C). The usual work-up and chromatography (SiOz, CHzC13 afforded 
three fractions, namely 32 mg of thrco-6a, 142 mg of a mixture of three-6a and erythro&, and 20 mg of erythrcda ( total 
yield 194 mg; 76%). 

erythro-2-[1-(Phenylselenolethyl] tetrahydrofuran (erythro-6a) (paletvellow oil): IR (film): YEW= 3050, 2950, 
2850,1587,1475,1435,1375,1300,1175,1060,1000,920,740,690 and 670 cm-‘; H NMR (860 MHz, CDCl31: 8 = 1.41 Id, 
J = 7 Hz, 3H, CH3), 1.68 - 2.07 (m, 4H, 3-H and 4-H), 3.41 (quin, J = 7 Hz, IH, CHSe), 3.77 (q, J = 7 Hz, lH, 5-H, cis with 
2-H), 3.90 and 3.95 (2xq, overlapped, J=7 Hz, 2H, 5-H tmns with 2-H, and 2-H), 7,22-7.30 (m, 3H, Ph), 7.55-7.62 (m, 2H, 
Ph). 

Phenylselenolactonixation. A typical procedure is as follows: A solution of 4-pentenoic acid (14,100 mg, 1 mmoll, 
diphenyl diselenide (156 mg, 0.5 mmol) and ammonium bromide (150 mgl in methanol (10 ml) was electmlyxed at I5 to 
20°C (water bath) at constant current (400 mA; 6 F/mol) for 25 min. After completion, MeCH was distilled off, the residue 
extracted with diethyl ether, and the crude product (upon solvent removal) purified by column chromatography (SiOz, 
CH2C12) affording 207 mg (68%) of 14a.i0’r1 

5-Methyl-5-[(phenylseleno)methyl]tetrahydrofuran-2-one (15al. By the same method I-methyl-Cpentenoic 
acid (15) afforded 186 mg (69%) of 15a (pale yellow oil): IR (film): vmsx= 3040,2950, 1780,1580, 1480, 1440,1380,1280, 
1160,1070,940, 740, and 695 cm-‘; ‘H NMR (80 MHz, CDCld: 6 = 1.50 (s, 3H, CH3), 1.90-2.30 (m, 2H, 3-H), 2.40-2,75 (m, 
2H, CHzCO), 3.22 (s, 2H, CIfcSe), 7.20-7.35 (m, 3H, PM, 7.40-7.65 (m, 2H, Ph). 
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5-[1-(Phenyla&no)ethyl]tetrahydrof’uran-2.one (16a). By the same method (J@&hexenoic acid (16) dorded 
18g1y (76%) of 16a (pale yellow oil): IR (film): ym~l(= 3040,2950,1785,1580,1440,1340,1130,1010,900,750, and 700 
a‘ ; H NMR (80 MHZ, CDCls): 8 = 1.46 (d, J = 7 Hz, 3H, CH3), 1.50-2.16 (m, 4H, CH2C’2), 3.25 (sum, J = 7 & W 

CHSc), 4.40 (sym m, lH, CHO), 7.15-7.35 (m, 3H, Ph), 7.45-7.65 (m, W, PM. 

5-[l-Methyl-l-(phenylaeleno)ethyl]tetrahydrofuran-2-one (17a). By the same method 5-methyL4-bexenoic 
acid (17) atYorded 175 mg $6290) of 17a (pale yellow oil): IR (film): ymal[= 3025,1770,1580,1460,1440,~335,1270,1180, 
980,830,765, and 700 cm- ; ‘H NMR (80 MHZ, CDCls): 6 = 1.34 and 1.42 (2xs, 6H, 2xCH3), 1.90-2.25 (m, 4H, CH2CMz), 

4.40 (t, J=7 Hz, lH, CHO), 7.25-7.45 (m,3H, RI), 7.557.70 (m, 2H, Ph). 

5-te~-Butyl-6-[(phenylseleno)methyl]tet~hy~p~n-2-one (21a). By the same method 4-teti-bu@M- 
hexenoic acid (21) &orded 166 mg (56%) oftla (pale yellow oil): IR (film): ymax= 3040.2950,2840,1734 1580,1480,1440, 
1385,1340,1260,1180,1140,1040,1020,940,740, and 700 cm -l; ‘H NMR (80 MHz, CDC13): 6 = 0.85 (s,9H, (CH3)30, 
1.55-2.05 (m, 3H, 3-H and 4-H), 2.35265 (m, 2H, CH2CO), 3.15-3.30 (ABX, Jgem(ttB)=13.2, JAX=~.~, J~xc6.4 Hz, 2H, 
CHzSe), 4.60 (dt, Jr=4.0, J2=7.6Hs, lH, CHO), 7.15-7.35 (m, 3H, Ph), 7.40-7.60 (m, 2H, Ph). 
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