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Although a-functionalization of amines and arenes is 
well-established, such functionalization of chalcogeno 
compounds has been limited and undeve10ped.Z~ For 
example, it is known that anodic acetoxylation of sulfides 
takes place only when the concentration of both a substrate 
and a supporting electrolyte, acetate ions, is extremely 
high? From a synthetic viewpoint, this is not 80 practical, 
particularly on a large scale. 

Recently, we have found that anodic acetoxylation of 
sulfides was remarkably promoted by strong electron- 
withdrawing perfluoroalkyl groups even at low concen- 
t ra t ion~.~ '  This finding prompted us to attempt anodic 
acetoxylation of other chalcogeno compounds, selenides. 
So far, no report has been made on anodic substitution of 
organo selenium compounds. Moreover, although sele- 
noetherification and selenolactonization using anodic ox- 
idation of diselenides are well-known! very few studies on 
anodic oxidation of selenides have been performed? 

In this paper, we wish to report the first example of 
successful anodic a-substitution of selenides bearing var- 
ious electron-withdrawing groups (EWG's) 1. 

Results and Discussion 
Oxidation Potentials of Selenides. In order to in- 

vestigate the effect of electron-withdrawing substituents 
on the oxidation potentials of selenides, the oxidation 
potentials of selenides lc-lh together with simple selenides 
la and lb were measured at a platinum anode in aceto- 
nitrile wing cyclic voltammetry (CV). These selenides 
exhibited multiple irreversible anodic waves, and the first 
peak potentials are summarized in Table I. 

Selenides bearing EWG were found to be oxidized at 
more p i t ive  potentials than simple alkyl phenyl selenides. 
A large anodic shift was observed in the case of strong 
EWGs such as cyano (CN) and perfluoroalkyl (CnF2n+1) 
groups. It should be noted that selenides IC and lg show 
almost equal oxidation potentials although the CN group 
has a stronger electron-withdrawing effect than CF3 (u* 

Anodic Acetoxylation of Selenides. The anodic 
acetoxylation of selenides was carried out at platinum 
electrodes in AcONa/AcOH using an undivided cell. After 
passing constant current of 4 F/mol, usual workup was 
performed. The results are summarized in Table 11. 
a- Acetoxylation of selenides bearing EWGs was suc- 

cessfully performed. On the contrary, simple selenides 
devoid of EWGs la and lb gave only a trace amount of 
the desired products, and a relatively large amount of 
diphenyl diselenide 3 was detected in the electrolysis of 
lb. Perfluoroalkyl groups promoted the anodic acet- 
oxylation most efficiently. This is noticeable because 
nucleophilic substitution at the position a to the per- 
fluoroalkyl groups is generally quite difficult to achieve.I2 
In contrast, the /3-trifluoromethyl group facilitated the 

of CH&N = 1.30; Q* of CH2CF3 = 0.92).10J1 

Current address: Department of Chemical Physics, Maria Cu- 
rie-Skldowska University, Poland. 

0022-32631921 1957-5781$03.00/0 

la 
lb 
I C  
Id 
le 
If 
1g 
lh 

H 1.32 
1.37 
1.70 
1.71 

C3F7 1.72 
CHzCF3 1.50 
CN 1.70 
COOEt 1.50 

CH3 
CFs 
CZF, 

'5 mM of selenide in 0.1 M n-Bu4NBF,/CH3CN. Sweep rate: 
100 mV/s. 

Table 11. Anodic Acetoxylation of Selenides" 

-2e. - H+ 
PhSeCH2-EWG - PhSeCH-EWG + PhSeSePh 

3 AcONYAcOH I 
1 OAc 

2 

current producta 
selenide density conversn (field* % I b  

la H 2.5 41 trace 0 
lb CH3 2.5 32 trace 17 
IC CF3 4.5 96 67 6 

no. EWG (mA/cm2) (%) 2 3  

Id CzFS 4.5 97 61 1 
le CSF7 4.5 99 69 0 
If CHZCF, 4.5 64 31 25 
lg CN 6.8 94 50 10 
lh COOEt 4.5 looc 45 7 

"Electricity passed 4 F/mol. bBased on consumed starting 
material 1. 'Electricity passed 8 F/mol. 

acetoxylation much less effectively, and a large amount of 
diselenide 3 was formed. Each selenide bearing lesa strong 
electron-withdrawing ester group 1 h gave a desired product 
is reasonable yield. In our previous paper, we have shown 
that stronger EWG promotes anodic substitution of sul- 
fides with oxygen nucleophiles more efficiently since the 
stronger EWG facilitates deprotonation of cation radical 

(1) Electrolytic Reactione of Fluoro Organic Compounds. Part 12. 
Part 11: Fuchigami, T.; Yamamoto, K.; Yano, H. J. Org. Chem. 1992,57, 
2946. 

(2) Ebereon, L.; Utley, J. H. P.; Hammerich, 0. In Organic Electro- 
chemistry, 3rd ed.; Lund, H., Baizer, M. M., Eds.; Marcel Dekker: New 
York, 1991, Chapter 25. 

(3) Shono, T. Electroorganic Chemistry as a New Tool in Organic 
Synthesis; Springer-Verlag: Berlin, 1984. 

(4) (a) Nokami, T.; Hatate, M.; Wakabayashi, S.; Okawara, R. Tetra- 
hedron Lett. 1980,21,2557. (b) Almdal, K.; Hammerich, 0. Sulfur Lett. 
1984,2, 1. 

(5) Fuchiiami, T.; Nakagawa, Y.; Nonaka, T. Tetrahedron Lett. 1986, 
27, 3869. 

(6) Fuchigami, T.; Yamamoto, K.; Nakagawa, Y. J.  Org. Chem. 1991, 
56, 137. 
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Am. Chem. SOC. 1981,103,4606. 
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35, 1855. 
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S., Ed.; Wiley; New York, 1956; Chapter 13. 
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Fujita, Y.; Nonaka, T. J. Electroanal. Chem. 1990,284! 115. 
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intermediates formed from one-electron oxidation of the 
sulfides more effectively.' In fact, we have found that 
anodic acetoxylation of cyanomethyl phenyl sulfide took 
place highly effi~iently.'~ Therefore, it was expected that 
selenide having a CN group lg should provide the corre- 
sponding acetoxylated product 2g in high yield; however, 
the yield was moderate and, in this case, a considerable 
amount of 3 was formed. It was found that 2g easily 
decomposes at room temperature to give 3. Therefore, 3 
seems to be partly formed during separation of 213 by 
chromatography. 

Acetoxylated products are monoselenoacetals bearing 
EWGs, particularly, a-perfluoroalkyl monoselenoacetals 
2c-2e seem to be highly useful building blocks similar to 
those of sulfur analogues reported before! So far, only 
limited methods have been developed for the preparation 
of selenoacetals, which require rather complicated proce- 
dures or special reagents.14 In this point, this electro- 
chemical method has advantages since monoselenoacetals 
can be prepared in one step under mild conditions.15 

Notes 

reduced pressure, the residue was dietilled using a Kugelrohr 
apparatus at 90 OC (6 mmHg) to provide 1.50 g (63%) of pure 
IC as an oil. In the case of PhSeCHzC2F5 (la) and PhSeCHzC$, 
(le), the reaction was carried out in THF containing 10% of 
HMPA. Separation using silica gel chromatography (hexane) 
provided Id (72%) and le (70%). 

1,1,1,2f-Pentafluoro-3-(phenylseleno)propane (Id): 'H 
NMR 6 3.33 (t, 2 H, J = 18 Hz, CHz), 7.07-7.78 (m, 5 H, Ph); 'BF 

CF,); IR (neat) 3080,2860,1580,1480, 1460,1420,1350,1200, 
1060,1010,740,690,660,520,470 cm-'; MS m / e  290 (M+), 157 
(PhSe+); calcd for C&,F5e"Se m / e  289.9632, found m/e 289.9628. 
Anal. Calcd: C, 37.39; H, 2.44. Found: C, 37.50; H, 2.64. 
l,l,lf2,3,3-Heptafluoro-4-(phenyleeleno)butane (le): 'H 

NMR 6 3.37 (t, 2 H, J = 18.5 Hz, CHz), 7.08-7.74 (m, 5 H, Ph); 
IR (neat) 3080,2980, 1585, 1485, 1445, 1420, 1355, 1260, 1110, 
1025,1000,960,930,730,690,670,625,530,470 cm-'; MS m / e  
340 (M+), 157 (PhSe+); calcd for C1,,H7F7% m/e 339.9600, found 
m / e  339.9536. 

1,1,l-Trifluoro-3-(phenylseleno)propane (If): 'H NMR 6 
2.07-2.64 (m, 2 H, CHzCF3), 2.64-3.16 (m, 2 H, CHzCHzCF3) 
7.05-7.65 (m, 5 H, Ph); 'gF NMR 6 -67.939 (t, 3 F, J = 10.30 Hz, 
CF,); IR (neat) 3080,2950,1580,1480,1445, 1370,1260,1210, 
1130,1080,1020,1000,930,840,730,690,600,470 cm-'; MS m/e 
254 (M+), 171 (M+ - CHzCF3), 157 (PhSe'); calcd for CgH4F3%e 
m / e  253.9820, found m / e  253.9768. Anal. Calcd C, 42.72; H, 
3.58. Found C, 42.98; H, 3.85. 

Ethyl l-(phenylseleno)acetate (lh)? 'H NMR, 6 1.8 (t, 3 

NMR 6 -115.198 (t, 2 F, J = 17.93 Hz, CFzCFg), -85.649 ( ~ , 3  F, 

H, J = 7 Hz, CH,CH,), 3.45 (8,2 H, CHzCH,), 4.08 (9, 2 H, J = 
7 Hz, SeCHz), 7.1-7.7 (m, 5 H, Ph). 
Electrolysis. Electrolysis was carried out at a constant current 

using platinum plates (1.2 X 3.7 cm) as an anode and a cathode 
in an undivided cell equipped with a magnetic stirrer. Electrolyais 
of selenides 1 (2 "01) was carried out in 0.2 M AcONa/AcOH 
(30 mL) at 50 OC. Electrolytic conditions in each electrolysis are 
shown in Table 11. After passing 4 F/mol of electricity the 
electrolytic solution was mixed with 40 mL of water and extracted 
three times with 20-mL portions of ether. The extracts were 
combined and washed with NaHC03, water, and brine and then 
dried (MgS04). After evaporation of solvent under reduced 
pressure, the residue was chromatographed on silica gel (prepa- 
rative thin-layer chromatography (TLC) using hexane or hex- 
ane-AcOEt/201-91) to provide pure 2. 
2-Acetoxy-l,l,l-trifluoro-2-(phenylseleno)ethane (212). 

From 0.478 g (2 mmol) of IC was obtained 380 mg (64%; 67% 
based on consumed IC) of pure 2c after TLC separation (hex- 

J = 7.5 Hz, CHCF,), 7.23-7.92 (m, 5 H, Ph); IR 3070,2980,1780 
(CO), 1580,1480,1440,1370,1270,1180,1110,1040,1000,910, 
855, 740, 680,630, 560, 480,460 cm-'; MS m / e  298 (M'), 200 
(PhSeCOCH,+), 158 (PhSeH+); calcd for CloH$30z80Se m / e  
297.9719, found m / e  297.9723. Anal. Calcd C, 40.42; H, 3.05. 
Found C, 40.23; H, 3.30. 
3-Acetoxy-1,1,lf~-pentafluoro-3-(phenylseleno)propane 

CHCzF5), 7.15-7.80 (m, 5 H, Ph); IR 3080,3000,1780 (CO), 1580, 
1480,1445,1380,1345,1200,1140,1020,900,805,740,700,640, 
580,505,470 cm-'; MS m / e  348 (M+), 157 (PhSe+), 78 (PhH+); 
d c d  for c&$so2% m/e 347.9688, found m/e  347.9695. Anal. 
Calcd C, 38.06; H, 2.61. Found C, 38.35; H, 2.88. 
4-Acetoxy-l,l,l~~~~-heptafluo~4-(phenyl~leno)bu~ne 

(20): 'H NMR 6 2.05 (s,3 H, CH&, 6.49 (dd, 1 H, J = 20,5 Hz, 
CHCg,), 7.09-7.79 (m, 5 H, Ph); IR 3070,2990,1780, (CO), 1580, 
1480,1445,1200,890,740,690,655,525,465 cm-'; MS m / e  398 
(M+), 200 (PhSeCOCH,'), 158 (PhSeH+), 78 (PhH+); calcd for 
ClZH$,Oz% m/e 397.9655, found m/e  397.9612. Anal. Calcd 
C, 36.29; H, 2.28. Found C, 36.43; H, 2.18. 
3-Acetoxy-l,l,l-trifluoro-3-(phenylseleno)propane (20: 'H 

6.43 (t, 1 H, J = 7 Hz, CHCHzCF3), 7.16-7.74 (m, 5 H, Ph); IR 
3080,2980,1770 (CO), 1580,1480,1440,1380,1330,1270,1220, 
1140,1080,1020,970,940,830,745,690,620,460 cm-'; MS m / e  
312 (M+), 200 (PhSeCOCH3+), 157 (PhSe+); calcd for C11H11F3- 
0280Se m / e  311.9875, found m / e  311.9868. 
Acetoxy(phenylse1eno)acetonitrile (2g): 'H NMR 6 2.13 

(8 ,  3 H, CH3), 6.55 (8 ,  1 H, CHCN), 7.15-7.83 (m, 5 H, Ph); IR 

ane-AcOEt (191)): 'H NMR 6 2.12 ( ~ $ 3  H, CHg), 6.38 (q, 1 H, 

(2d): 'H NMR 6 2.06 (8,3 H, CH3),6.47 (dd, 1 H, J = 20,6 Hz, 

NMR 6 2.05 (8,3 H, CHd, 2.60 (dq, 2 H, J = 10,6 Hz, CHCHzCFd, 

Experimental Section 
'H NMR and IgF NMR spectra were recorded in CDCl, at 60 

MHz on JEOL JNM-PMX 60 and at 470 MHz on Varian VXR- 
500 spectrometers, respectively. The chemical shifts for 'H and 
l9F NMR are given in 6 ppm downfield from Me4Si and CFCl, 
as internal standard, respectively. 

The purity of all title compounds was judged to be >95% by 
'H NMR spectral determinations. 

Preparation of Selenides. Ordinary selenides were prepared 
according to the procedure described in the literature.16 Phe- 
nylselenide anion is generated by the reaction of diphenyldi- 
selenide with sodium borohydride in ethanol, and then reaction 
with the corresponding alkyl halide provides the desired alkyl 
phenyl selenide. In this way CHd, C2H6J, BrCHzCHzCF3, BrC- 
HzCN, and C1CH2COOEt were used to provide PhSeCH3 (la)" 
(41%), PhSeCHzCH3 (lb)18 (76%), PhSeCH2CHzCF3 (10 (95%), 
PhSeCHzCN (lg)l9 (95%), and PhSeCHzCOOEt (1h)20 (87%), 
respectively. 

Since the known procedurez1 of preparation of PhSeCHzCF3 
(IC) is too complicated, in this work, 1,l-dihydroperfluoroalkyl 
phenyl selenides lc-le were obtained by the reaction of PhSeNa 
with the corresponding 1,l-dihydroperfluoroalkyl tosylate in a 
manner similar to the preparation method of 1,l-dihydroper- 
fluoroalkyl ~ulfides?8~ The selenide IC was prepared as follows. 
After generation of PhSeNa from 1.56 g (5 mmol) of PhSeSePh 
and 0.42 g (11 m o l )  of NaBH4 in 50 mL of ethanol, the ethanol 
was removed under reduced pressure, and then 50 mL of DMF 
was added. The resulting solution was stirred at 60 OC in the dark. 
After 7 h, the reaction was quenched by the addition of 0.1 M 
hydrochloric acid and extracted repeatedly with ether, and then 
the ether extracts were washed with NaHCO,, water, and brine 
and then dried (MgS04). After evaporation of the solvent under 

(13) Fuchigami, T.; Fujita, Y.; Nonaka, T. Unpublished results. 
(14) (a) Seebach, D.; Meyer, N.; Beck, A. K. Liebigs Ann. Chem. 1977, 

846. (b) Reich, H. J.; Chow, F.; Shah, S. K. J. Am. Chem. SOC. 1979,101, 
6638. (c) Clive, D. L.; Menchen, S. M. J. Org. Chem. 1979,44,1883. (d) 
Lapkin, I. I.; Pavlova, N. N.; Nedugov, A. N.; Gartman, G. A. Zh. Org. 
Khim. 1980,16,1623. (e) Brunetiere, A. P.; Lallemand, Y. J. Tetrahedron 
Lett. 1988,29,2179. (f) Niehiyama, Y.; Nakata, 5.; Hamanaka, S. Chem. 
Lett. 1991, 1775. 

(15) Selenoacetale are known to be useful for organic synthesis as 
aldehyde equivalents and precursora to selenium s t a b W  carbocations: 
Hevesi. L. In The Chemistrv of Ornanie Selenium and Tellurium Com- 
pound;; Patai, S.,  Rapopo&, Z., E&.; John Wiley & Sons: New York, 
1986: Vol. 1. Chauter 6. 

(16) Grieco, P.-A.; Miyaahita, M. Tetrahedron Lett. 1974, 1869. 
(17) Tiecco, M.; Testaferri, L.; Tingoli, M.; Chianelli, D.; Montanucci, 

(18) Bergman, J.; Engman, L. Synthesis 1980, 569. 
(19) Masuyama, Y.; Ueno, Y.; Okawara, M. Chem. Lett. 1977, 835. 
(20) Sharpleas, K. B.; Lauer, R. F.; Teranishi, A. Y. J. Am. Chem. Soc. 

(21) Feiring, A. E. J. Org. Chem. 1980,45, 1958. 

M. J .  Org. Chem. 1983,#, 4289. 

1973,95, 6137. 
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3070,2950,2250 (CN), 1780 (CO), 1440,1375,1210,1020,740, 
690 cm-'; MS m / e  255 (M+), 200 (PhSeCOCH,+), 158 (PhSeH+), 
43 (COCH,+); calcd for CIJI&JOzsoSe m / e  254.9798, found mle 
254.9856. 

Ethyl 1-acetosy- 1-( phenylse1eno)acetate (2h): 'H NMR 

2 HJ = 7 Hz, CHZCHJ, 6.32 (8, 1 H, CH), 7.13-7.73 (m, 5 H, Ph); 
IR 3070,3000,1760 (CO), 1580,1480,910,860,690,650,610,500, 
470 cm-'; MS m / e  302 (M+), 200 (PhSeCOCH,+), 158 (PhSeH+), 
78 (PhH+); calcd for ClzHllOlaoSe m / e  302.0028, found m l e  
302.0025. Anal. Calcd C, 47.85; H, 4.69. Found C, 47.64; H, 
4.81. 
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We describe a new synthetic route to 2,2-disubstituted 
chromans involving coupling of the novel 2-chl0rochr0man 
4 with nucleophiles.' This approach has been employed 
in a synthesis of (2RS,4'R,8'R)-a-tocophero12 as the cor- 
responding benzyl ether 1 and was stimulated by a desire 
to find additional applications for intermediates such as 
Z3 and 3.3 The latter compounds are readily available via 
the cyclocondensation of trimethyl hydroquinone with 
methyl vinyl ketone, a key reaction discovered several years 
ago in our laboratories,4 and are thus attractive starting 
pointa for the development of new routes to the tocopherol 
class of antioxidants. In this context, we envisioned 
chloride 4 as being easily obtained from hemiketal3 and 
serving as an electrophilic chroman component in various 
coupling processes. 

Highly reactive cyclic a-halo ethers have recently found 
synthetic utility outside of the carbohydrate field. In 

(1) This work is the subject of US. Patents No. 4,752,646 (June 21, 
1988), 4,806,661 (Feb 21, 1989), and 4,824,971 (April 25, 1989), Hoff- 
mann-La Roche, Inc. 

(2) Thii form of vitamin E is also known ae 2-ambo-a-tocopherol and 
is a 1:l mixture of epimere. See: Kaeparek, S. In Vitamin E.  A Com- 
prehensive Treatise; Machlin, L. J., Ed.; Marcel Dekker: New York, 
1980; pp 7-66 and references cited therein. 

(3) (a) Cohen, N.; Scott, J. W.; Bizzarro, F. T.; Lopresti, R. J.; Eichel, 
W. F.; Saucy, C. Helu. Chim. Acta 1978,61,837. (b) For studies related 
to those described herein, we: Cohen, N.; Schaer, B.; Saucy, G.; Borer, 
R.; Todaro, L.; Chiu, A.-M. J. Org. Chem. 1989,54, 3282. 

(4) (a) Scott, J. W.; Bizzarro, F. T.; Parrish, D. R.; Saucy, G. Helu. 
Chim. Acta 1976,59, 290. 
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particular, Bates (Bihovsky) and co-workers6 have de- 
scribed reactions of 2-chlorotetrahydropyans and related 
intermediates with various nucleophiles. A search of the 
literature revealed that 2-halochromans, on the other hand, 
are a relatively rare species.6 We were particularly con- 
cerned about the properties of compounds such as 4 in 
which the halogen is attached to a tertiary center. Not only 
did we expect such substances to be unstable, we were also 
aware that their reactivity pattem in nucleophilic coupling 
processes would probably lead to substantial amounts of 
elimination products (chromenes). While these caveats 
certainly turned out to be justified, we have, nonetheless, 
uncovered some synthetically useful transformations of the 
chlorochroman 4. 

Treatment of the hemiketal3 with HC1 in ether at 0 OCSa 
gave 4 in 93% yield as a solid which could be stored in- 
definitely at 0 OC without deterioration but which rapidly 
decomposed on exposure to moisture or silica gel. Sub- 
stitution reactions of 4 with various nucleophiles, not 
unexpectedly, gave mixtures of the desired coupling 
products and the elimination product chromene 10.' 
Exposure of 4 to dimethyl sodiomalonate in THF5" gave 
diester 7 in 23% yield. This product is a precursor to 
chroman-2-acetic acids (e.g. 8) of established utility in 
a-tocopherol synthesis.k48 All attempts to obtain nitrile 
9, a potential precursor to antioxidant chroman-2- 
carboxylic a c i d ~ , 3 ~ , ~  by treatment of 4 with alkali metal 
cyanides proved fruitless, the chromene 10 again being the 
major identifiable product. Even phase-transfer conditions 
afforded only trace quantities of the desired nitrile. 

1; X= (4R,8R)-4,8,12-trimethyltridecyl 10 
2; x= ocH3 
3; X= OH 
4; x= c1 
5; X= GH5 
6; X= CH2CHzCH2 
7; X= CH(C02CH3)2 
8 X= CH2C02H 
9; X= CN 

Y 
11; Y= OH 

13; Y= CH2Br 
14; Y- CH2MgBr 

12; Y= CH2OH 

15 

The reactions of 4 with Grignard reagents (ethyl- 
magnesium bromide, allylmagnesium chloride, Cle-Side 

(5) (a) Bates, H. A.; Deng, P. N. J.  Org. Chem. 1983, 48, 4479. (b) 
Bates, H. A.; Farina, J. Ibid. 1985,50,3843. (c) Bates, H. A.; Rosenblum, 
S. B. Ibid. 1986,51,3447. (d) Bhovsky, R.; Selick, C.; Giusti, I. Ibid. 1988, 
53, 4026. (e) Bihovsky, R. Trends in Organic Chemistry, in press. (0 
For recent related studies involving organothallium reagents, we: Mark4 
I. E.; Southern, J. M.; Kantam, M. L. SYNLETT 1991, 235. 

(6) (a) Clark-Lewis, J. W.; Dainis, I.; Ramsay, G. C. Aust. J. Chem. 
1965,18,1035. (b) Weinges, K.; Paulus, E. Liebigs Ann. Chem. 1965,681, 
154. 

(7) A pure sample of this substance was best prepared by treatment 
of 2-methoxychroman 2 with phosphorus pentoxide in refluxing toluene, 
see the Experimental Section. This chromene has been employed in an 
asymmetric approach to certain key a-tocopherol intermediates. These 
studies will be reported separately by one of us (M.S.). 

(8) Cohen, N.; Banner, B. L.; Neukom, C. Synth. Commun. 1982,12, 
57. 

(9) Scott, J. W.; Cort, W. M.; Harley, H.; Parrish, D. R.; Saucy, G. J. 
Am. Oil Chem. SOC. 1974,51,200. 
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