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The epoxidation of 2-(phenylsulfonyl) l,&dienes with m-chloroperbenzoic acid or hydrogen peroxide 
under basic conditions affords regioselectively the corresponding 3,4- or 1,a-epoxy derivatives, 
respectively. The same type of products were prepared in a one-pot procedure involving a 
selenosulfonylation-oxidation of l,&dienes; in this case the second oxidation gave better yields using 
lithium tert-butyl peroxide instead of hydrogen peroxide/sodium hydroxide. 

Introduction 

2-(Arylsulfonyl) l,&dienes of the type V have attracted 
a great deal of attention recently due to their versatility 
in organic synthesis, in particular in cycloaddition reac- 
tions.213 Their preparation has been mainly carried out 
starting from 1,3-dienes I4 and following three different 
routes: (a) via the hydroxy thioether I1 (five steps): (b) 
through a tandem sulfonylmercuration-elimination se- 
quence (two steps),2v6 which involves the sulfonyl mercurial 
111, and (c) through a one-pot selenosulfonylation- 
oxidation process,7 via the sulfonyl selenide IV (Scheme 
I). 

In the present paper, we report the selective epoxidation 
of 2-(phenylsulfonyl) l,&dienes V to give both regioisomers 
VI and VI1 (Scheme II),l as well as a one-pot procedure, 
which starts from l,&dienes I and yields directly the 
corresponding epoxides VI or VII, via the insitu generated 
2-(phenylsulfonyl)-l,3-dienes of the type V. 

Results and Discussion 

Regioselective epoxidation of 2-(phenylsulfonyl) 1,3- 
dienes V can be achieved taking advantage of the very 
different reactivity of the two double bonds toward 
oxidation reagents: whereas the (phenylsulfonyl)-substi- 
tuted double bond is electron deficient and reacts with 
~~~ 
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nucleophilic oxidants such as hydrogen peroxide under 
basic conditions, the other double bond is fairly electron- 
rich and undergoes epoxidation with m-chloroperbenzoic 
acid. Both types of epoxides have found synthetic 
applications in organic chemistry.lvs 

The reaction of different cyclic and acyclic 2-sulfonyl 
l,&dienes 1-4 of type V with m-chloroperbenzoic acid in 
dichloromethane at  room temperature gave the corre- 
sponding epoxides 5,7,9, and 11, respectively, of type VI 
(method A Table I, entries 1, 3, 5, and 7, respectively). 
In all cases the selectivity for the epoxidation at  the 
electron-rich double bond was >95% (determined on the 
crude product). When the epoxidation procedure was 
carried out by the use of hydrogen peroxide and sodium 
hydroxide819 in acetone, methanol, or diethyl ether-acetone 
as solvents at- room temperature, the corresponding 
epoxides 6, 8, 10, and 12 of type VII, respectively, were 
formed, the regioselectivity being in all cases >99% 
(method B; Table I, entries 2, 4, 6, and 8, respectively). 

(8) Wasson, R. L.; House, H. 0. Org. Synth. 1957,37,58. Waeson, R. 
L.; House, H. 0. Organic Synthesk, Wiley: New York, 1963; Collect. Vol. 
IV, p 552. 

(9) Zwanenburg, B.; ter Weil, J. Tetrahedron Lett. 1970,935. 
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Table I. Selective Epoddation of 2-(Phenylsulfonyl) 
1.3-Dienes 

Bhckvall et al. 

Table 11. Selective One-Pot Synthesis of 
Epoxy(phenylrulfoony1)alkenes by 

Selenosulfonylation-Oddation of 1,3-Dienes 
entry diene condnso product yield: % 

entry sulfonyl diene condnsa product yield! % 

Q L , m  1 

J 
1 

2 

2 

J 
3 

3 

4 

4 

80 

970 

73 

71 

76 

80 

82 

51 

0 Method A m-chloroperbenzoic acid, CH2C12, 20 O C .  Method 
B HaOdNaOH in methanol (entry 2), ether-acetone (entry 4) or 
acetone (entries 6 and 8), 20 "C. The reaction time is given in 
parentheses. b Isolated yield after chromatography (on silica except 
entry 7, where neutral alumina was used). e Chromatographic pu- 
rification not needed. 

The preparation of 2-(phenylsulfonyl) l,&dienes V via 
the selenosulfonylation route (path c, Scheme I) involves 
an oxidation of the selenosulfone IV by either peracid or 
peroxide in the last step. It therefore seemed possible to 
obtain a subsequent in situ epoxidation by employing an 
excess of the oxidant. In this way either epoxide of the 
sulfonyl diene (cf. Table I) would be available in one pot 
from the l,&diene by proper choice of the oxidant. We 
therefore studied the direct conversion of l,&dienes I into 
epoxides of type VI and VI1 employing a one-pot tandem 
selenosulfonylation-oxidation sequence. Thus, seleno- 
sulfonylation' of different cyclic and acyclic 1,3-dienes 
13-17 with PhSeS02PhlO followed by in situ oxidation by 
m-chloroperbenzoic acid (vide supra) yielded the expected 
epoxides 18,5, 9, 11, and 20, respectively, of type VI, in 
a regioselective manner (method C; Table 11, entries 1,4, 
7,lO and 12, respectively); none of the other regioisomer 
could be detected in the crude reaction product. The other 
one-pot route to epoxides of type VI1 with alkaline 
hydrogen peroxide in methanol or acetone worked well 
only for the cyclic l,&dienes 13 and 14 (method E; Table 
11, entries 3 and 6); in the case of acyclic systems such as 
15 (or 16) the yields obtained were poor (Table 11, entry 
9). This problem was overcome by employing lithium tert- 
butyl peroxide (generated in situ by treatment of tert- 
butyl hydroperoxide with n-butyllithium) as oxidation 
reagent in the second step of the one-pot procedure.IlJ2 
Thus, 1,3-dienes 13-17 were selenosulfonylated (vide 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

13 

13 

13 

0 
14 

14 

14 - 
15 

15 

15 

/L 
16 

16 

\ 
c , o . , w  

17 

17 

65 

81 

905 

54 

80 

83 

54 

60 

23 

78 

61 

61 

67 

Corresponding to the oxidation step. Method C: m-chloroper- 
benzoic acid (in entriee 1 and 4 diieopropylamine was ale0 added), 
CHsC12,20 OC. Method D tert-butyl hydroperoxide/n-Buli, THF, 
-55 OC (entries 8 and 13), -20 OC (entries 2 and 5), or 20 OC (entry 
11). Method E hydrogen peroxide/NaOH, MeOH (entries 3 and 6) 
or acetone (entryg), 20 "C (entries3 and6) or0 OC (entry9). Oxidation 
reaction time is given in parentheses. b Isolated yield after flash 
chromatography (on silica gel except entry 10, where neutral alumina 
was used. Chromatographic purification not needed. 

supra) and subsequently in situ oxidized with tBuOOLi 
in THF at temperatures ranging between -55 and 20 O C  

to yield directly and exclusively the expected epoxides 19, 
6,10,12, and 21, respectively (method D; Table 11, entries 
2, 5, 8, 11, and 13, respectively). 

In the case of 1,3-butadiene the one-pot procedure does 
not work following method C (an intractable mixture was 
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obtained), and with method E (5 h, 20 O C  for the oxidation 
step) only ca. 10% yield of the corresponding epoxide 8 
was isolated after workup. Also, method D led to  an 
unsatisfactory result with this diene. For l,&butadiene 
the corresponding epoxides 7 and 8 were conveniently 
obtained via the isolated 2-(phenylsulfonyl)-l,3-butadiene 
(Table I, entries 3 and 4). 

Epoxides of type VI and VI1 are useful building blocks 
in organic synthesis due t o  their high functionality. For 
instance, it has been demonstrated that epoxides of type 
VI can act as synthons of type VIII, and consequently, 
they are useful multicoupling reagents.1*6 
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Method B. 3,4-Epoxy-3-(phenylsulfonyl)cyclohexene (6). 
To a solution of 2-(phenylsulfonyl)-1,3-cyclohexadiene (1) (4.43 
g, 20.1 mmol) in MeOH (40 mL) were added HzOz (-30%; 10.0 
mL, - 100 mmol) and aqueous 2 M NaOH (1.00 mL, 2.00 "01). 
After the reaction mixture was stirred at room temperature for 
1 h an aqueous solution of NazSOa (5 mL), HzO (50 mL), and 
CHzClz (100 mL) was added. The layers were separated, and the 
aqueous phase was extracted with CHzClZ (3 X 50 mL). The 
combined organic phases were washed with H20 (50 mL), dried 
(MgS04), and concentrated in vacuo affording 4.63 g (97%) of 
6 as white crystals: mp 80-82 "C; IR (KBr) 2940,1445,1315, 
1310,1165,1135,1085,1040,880,720,680 cm-l; 'H NMR 6 8.00- 
7.93 (m, 2H, ArH), 7.70 (m, lH, ArH), 7.64-7.55 (m, 2H, ArH), 
6.10-6.05 (m, 2H, H-1 and H-2), 4.30 (m, lH, H-4),2.35 (ddt, J 
= 14.7, 7.5, 2.0 Hz, lH,  H-5), 2.17-1.90 (m, 2H, H-6 and H-69, 

135.7, 134.3, 129.2, 129.1, 117.8, 67.8, 59.9, 20.2, 20.1. 
Anal. Calcd for ClzHlzOsS: C, 61.00; H, 5.12. Found: C, 60.82; 

H, 5.00. 
3,4-Epoxy-2-(phenylsulfonyl)butene (7). Prepared ac- 

cording to method A from 2-(phenylsulfonyl)-l,3-butadiene (2) 
(160 mg, 0.82 mmol) and m-CPBA (85%, 2.00 g, 9.80 m o l )  in 
CHzClz (50 mL), room temperature, 4 days; yield 127 mg (73%) 
after flash chromatography (silica gel; EtOAc/hexane = 10/90); 
mp 44-46 OC; IR (KBr) 3060,2990,1445,1315,1305,1180,1145, 
1080, 1020, 960, 915, 850, 800, 750, 685, 620 cm-l; lH NMR 6 
7.94-7.55 (m, 5H, ArH), 6.41 (8, lH,  H-l), 5.97 (d, J = 1.0 Hz, 

NMR b 148.3, 139.0, 133.9, 129.4, 128.1, 123.5, 50.2, 48.1. 
Anal. Calcdfor C l&,O~S:  C, 57.13; H,4.79. Found C, 57.18; 

H, 4.90. 
3,4-Epoxy-3-(phenylsulfonyl)butene (8). Prepared ac- 

cording to method B from 2-(phenylsulfonyl)-l,3-butadiene (2) 
(225 mg, 1.15 mmol), HzOz (-30%, 2.0 mL, -20 mmol), and 
aqueous 2 M NaOH (1.00 mL, 2.00 "01) in ether (75 mL) and 
acetone (30 mL), room temperature, 2 h. (Prior to extraction the 
ether and acetone were removed in vacuo and CHZClz was added); 
yield 173 mg (71 % ) after flash chromatography (silica gel; EtOAc/ 
hexane = 10/90): IR (neat) 3050, 2955,1445, 1320,1305,1285, 
1170,1075,1000,960,750,715,680,650 cm-l; lH NMR 6 7.92- 
7.54 (m, 5H, ArH), 6.36 (dd, J =  17.0,ll.O Hz, lH,  H-2),5.36 (d, 

1.73(dddd, J=14.7,11.6,6.9,0.7H~,1H,H-5);'*CNMR6136.4, 

lH,  H-1), 3.62 (ddd, J = 4.0, 2.5, 1.0 Hz, lH,  H-31, 2.89 (dd, J 
5.8,4.0 Hz, lH, H-4), 2.40 (dd, J = 5.8, 2.5 Hz, lH,  H-4); '*C 

J = 11.0 Hz, lH,  H-l), 5.35 (d, J = 17.0 Hz, lH, H-l), 3.76 (d, 
J = 5.9 Hz, lH, H-41, 2.95 (d, J = 5.9 Hz, lH,  H-4); W NMR 
6 135.6, 134.3, 129.4, 129.0, 126.4, 122.0, 71.7, 53.9. 

Anal. Calcd for ClJ-IlOOsS: C, 57.13; H,4.79. Found C, 56.91; 
H, 4.67. 

Method C (Entries 1 and 4, Table 11). 3,4-Epoxy-2- 
(phenylsulfony1)cycloheptene (18). To a solution of PhSeOr 
Ph (633 mg, 2.12 mmol) and 1,3-cycloheptadiene (13) (200 mg, 
2.12 mmol) in dry CHzClz (2.1 mL) was added BFa.OEO (5.0pL). 
The reaction mixture was stirred at 20 OC for 16 h. A solution 
of m-CPBA (50-60%, 1.46 g, 4.3 "01) in CHZClz (6.0 mL) was 
added, and after 15 min of stirring diisopropylamine (298p1,2.12 
mmol) was added. After another 15 min a solution of m-CPBA 
(50-60%, 1.46 g, 4.3 mmol) in CHzClz (2.0 mL) was added, and 
the reaction mixture was allowed to stir at 20 'C for 4 h. The 
reaction mixture was then washed with 1 M NaZCOs(aq1 (10 mL), 
50% NazSOs(aq) (2 X 10 mL), 1 M NaZCOs(aq) (2 X 10 mL), and 
brine (10 mL) and finally dried (MgSO4). The crude product 
was purified by flashchromatograph yon silicagel (EtOAc/hexane 
= 30/70) affording 345 mg (65%) of 1 8  mp 54-56 OC; IR (KBr) 
3070,2938,2873,1729,1650,1448,1436,1305,1259,1178,1161, 
1089, 9.71,937 cm-l; lH NMR 6 7.94-7.89 (m, 2H, ArH), 7.67- 
7.51 (m, 3H, ArH), 7.40 (ddd, J = 7.0,4.0,1.3 Hz, lH,  H-l), 3.70 
(d, J = 4.0 Hz, lH,  H-3), 3.45 (m, lH,  H-4), 2.55 (m, lH,  H-7), 
2.26 (m, lH,  H-7),2.20-1.98 (m, 2H, H-5and H-5'),1.68-1.58 (m, 

127.9, 59.5, 51.1, 30.6, 28.9, 20.9. 
Anal. Calcd for c1&4oSs: C, 62.28; H, 5.64. Found C, 62.64; 

H, 5.78. 
Method D (Entries 2 and 5, Table 11). 3,4-Epoxy-3- 

(phenylsulfony1)cycloheptene (19). To a solution of PhSeSOr 
Ph (317 mg, 1.06 mmol) and 1,Bcycloheptadiene (13) (100 mg, 
1.06 mmol) in dry CHzClz (1.5 mL) was added BFyOEh (2.5 pL). 
The reaction was stirred at 20 OC for 16 h. The solvente were 

2H, H-6 and H-6'); "C NMR 6 146.7, 139.7, 138.6, 133.4, 129.2, 

S0,Ph 

VI VI11 

Finally, we conclude that the procedures described here 
are convenient routes for preparing regioselectively ep- 
oxysulfonylalkenes of type VI and VII. Compared t o  the 
other methods previously reported6 the present procedures 
are shorter, give higher overall yields, and in addition offer 
a useful regioselectivity. 

Experimental Section 

General Methods. Melting points were recorded on a Leitz 
Wetzlar melting point microscope and are uncorrected. NMR 
spectra were recorded either on a Varian XL-300 MHz or a Varian 
Unity 400 MHz spectrometer, 1H at 300 MHz or 400 MHz and 
l3C at 74.5 MHz or 100.6 MHz using CDCla as solvent and 
tetramethylsilane (0.0 ppm, 'HI and CDCls (77.0 ppm, lSC) as 
internal standard. IR spectra were recorded on either a Perkin- 
Elmer 1600 FT-IR or a Perkin-Elmer 177 spectrophotometer 
using a 0.1-mm KBr cell with CDCla or CC4 as solvent. Only the 
strongest and structurally most important peaks (v-, cm-l) are 
listed. Elemental analyses were performed by Analytische 
Laboratorien, Engelskirchen, Germany. Reaction solvents were 
dried and distilled under nitrogen using standard procedures. 
Merck silica gel 60 (230-400 mesh) was employed for flash 
chromatography. m-Chloroperbenzoic acid (m-CPBA) (either 
85 % , method A or 50-60 % , method C) was purchased from 
Aldrich. 3.5 M tert-butyl hydroperoxide in toluene was made 
according to the procedure of Sharpless.12 The sulfonyldienes 
1-4 were prepared according to refs 2a and 6, 

Method A. 3,4-Epoxy-2-(phenylsulfonyl)cyclohexene (5). 
To a solution of 2-(phenylsulfonyl)-1,3-cyclohexadiene (1) (1.20 
g, 5.40 mmol) in CHzClz (20.0 mL) was added m-CPBA (85%, 
1.32 g, 6.50 mmol) in portions at room temperature, and the 
reaction mixture was allowed to stir for 5 h. The 3-chlorobenzoic 
acid formed was filtered off, and the filtrate was washed with 
aqueous solutions of NazSOs (3 X 5 mL), NazCOa (3 X 5 mL), and 
brine (3 x 5 mL) and finally dried (NazSOd. The crude product 
was purified by flash chromatography on a silica gel (column: 
1.5 X 7.0 cm; EtOAc/hexane = 10/90 and 20/80) affording 1.02 
g (80%) of 5 mp 96-97.5 OC; IR (KBr) 3050,3000,2935,2920, 
l630,1445,1315,13OO, 1285,1150,1085,1035,945,870,830,760, 
745,715,680 cm-1; 1H NMR 6 7.95-7.88 (m, 2H, ArH), 7.68-7.52 
(m, 3H, ArH), 7.17 (dt, J = 7.0, 2.3 Hz, lH,  H-l),3.68 (dd, J = 
4.3,2.3 Hz, lH, H-3), 3.58 (m, lH, H-4), 2.42-2.12 (m, 3 H, H-5, 
H-6 and H-6'),1.66 (m, lH, H-5); lac NMR 6 141.6,139.6,138.2, 
133.5, 129.4, 127.7, 54.7, 45.4, 20.7, 19.5. 

Anal. Calcdfor C12H120sS: C, 61.00; H, 5.12. Found C, 60.99; 
H, 5.20. 

~~~ ~ 

(IO) Back, T. G.; Collins, S. Tetrahedron Lett. 1980,21, 2213. 
(11) This reagent has been auccesefdy used to epoxidize vinyl 

sulfones: Clark, C.; Hermans, P.; Meth-Cohn, 0.; Moore, C.; Taljaard, 
H. C.; van Vuuren, G. J.  Chem. SOC., Chem. Commun. 1986, 1378. 

(12) Hill, J. G.; Roeeiter, B. E.; Sharpless, K. B. J .  Org. Chem. 1983, 
48,3607. 
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evaporated, and the resulting residue was dissolved in dry THF 
(1.5 mL). In another bottle t-BuOOH (1.37 mL, 4.77 mmol, 3.5 
M) was dissolved in dry THF (9.0 mL). The solution was cooled 
to -78 OC by the use of a dry ice/acetone bath, and n-BuLi (2.19 
mL, 3.50 mmol,1.6 M) was added. The temperature was raised 
to-20 OC, and the first solution was added dropwise. The reaction 
mixture was stirred at -20 "C for 1.5 h. It was then poured into 
a mixture of CH&1$50% Na2S03 ( l / l ,  10 mL). The organic 
phase was collected, and the aqueous phase was extracted with 
CH2Cla (3 X 10 mL). The combined organic phases were washed 
with 50% NaaSOa(aq) (20 mL), 1 M NazCOdaq) (2 X 20 mL), 
and brine (20 mL) and finally dried (MgSO4). The crude product 
was purified by flash chromatography on silica gel (EtOAcl hexane 
= 20/80) affording 215 mg (81 %) of 19 mp 44-46 OC; IR (KBr) 
3070,3035,2940,2873,1655,1585,1448,1421,1323,1308,1180, 
1160,1145,1090 cm-1; 1H NMR 6 7.97-7.91 (m, 2H, ArH), 7.70 
(m, lH,  ArH), 7.64-7.54 (m, 2H, ArH), 6.11 (m, lH, H-l), 5.66 
(dm, J =  11.5Hz, lH,H-2),4.13 (m, 1H,H-4), 2.31-2.16 (m, 3H, 
H-7, H-7' and H-5),1.92 (m, lH,  H-5), 1.68-1.55 (m, 2H, H-6 and 

61.9, 29.3, 27.9, 20.3. 
Method E. 3,4-Epoxy-3-(phenylsulfonyl)cycloheptene 

(19). To a solution of PhSeSOaPh (0.15 mg, 0.50 mmol) and 
1,3-cycloheptadiene (13) (0.64 mg, 0.65 mmol) in CHzCl2 (10mL) 
was added BFs-OEh (6.4 pL) and it was stirred at 20 OC for 16 
h. The solvents were evaporated under reduced pressure, and 
the resulting residue was dissolved in MeOH (20 mL). To this 
solution was added H202 (-30%, 1.2 mL, 1.2 mmol) and NaOH 
(2 M, 1 mL, 2 mmol), and the reaction mixture was stirred for 
another 18 h at 20 "C. Then, the solventa were evaporated, and 
to the resulting residue a mixture of CH&la/H20 (Ul ,  10 mL) 
was added. The phases were separated, and the aqueous phase 
was extracted with CHaCl2 (3 X 10 mL). The combined organic 
phases were washed with H2O (10 mL) and dried (MgSO4) and 
concentrated in vacuo affording 112 mg (90 % ) of pure compound 
19. Physical and spectral (IR, 1H and 13C NMR) data were 
identical as described above for 19. 
3,4-Epoxy-2-(phenylsulfonyl)cyclohexene (5). Prepared 

according to method C from 1,3-cyclohexadiene (14) (170 mg, 
2.12 mmol). For the oxidation step the reaction mixture was 
stirred at 20 "C for 2 h. The crude product was purified by flash 
chromatography on silica gel (EtOAc/hexane = 30/70) affording 
270 mg (54%) of 5. Physical and spectral data (IR, mp, 'H and 
1BC NMR) were identical as described above for 5. 
3,4-Epoxy-3-(phenylsulfonyl)cyclohexene (6). Prepared 

according to method D from 1,3-~yclohexadiene (14) (85 mg, 1.06 
mmol). For the oxidation step the reaction mixture was stirred 
at -20 OC for 1.5 h. The crude product was purified by flash 
chromatography on silica gel (EtOAc/hexane = 25/75) affording 
200 mg (80% of 6. Physical and spectral data (IR, mp, 'H and 
1% NMR) were identical as described above for 6. 
3,4-Epoxy-3-(phenylsulfonyl)cyclohexene (6). Prepared 

according to method E from 1,3-cyclohexadiene (14) (53.1 mg, 
0.65 mmol). For the oxidation step the reaction mixture was 
stirred at 0 OC for 2 days. The crude product was purified by 
flash chromatography on silica gel (EtOAc/hexane = 25/75) 
affording 98 mg (83%) of 6. Physical and spectral (IR, mp, lH 
and I C  NMR) data were identical as described above for 6. 
3,4-Epoxy-2-(phenylsulfonyl)pentene (9). Method C was 

employed. To a solution of PhSeSOzPh (633 mg, 2.12 mmol) 
and 1,3-pentadiene (15) (144 mg, 2.12 mmol) indry CHzCla (10.6 
mL) was added BFs-OEh (30 pL). The reaction mixture was 
stirred at 20 OC for 16 h. A solution of m-CPBA (50-60%,2.92 
g, 8.5 mmol) inCHCl2 (11.5 mL) was added. The reaction mixture 
was stirred at 20 OC for 2 days. The reaction mixture was then 
washed with 1 M Na2COdaq) (15 mL), 50% Na2SOdaq) (2 X 15 
ml), 1 M Na&Os(aq) (2 X 15 mL), and brine (15 mL) and finally 
dried (MgSO4). The crude product was purified by flash 
chromatography on silica gel (EtOAc/hexane = 20/80) affording 
268 mg (54%) of 9: mp 57-59 OC; IR (neat) 3050, 2960, 2915, 
1445,1315,1305,1180,1145,1080,1030,850,770,750,685 cm-'; 
IH NMR 6 7.94-7.87 (m, 2H, ArH), 7.67 (m, lH,  ArH), 7.63-7.54 
(m, 2H, ArH), 6.36 (8, lH,  H-11, 5.92 (d, J = 1.1 Hz, lH,  H-l), 
3.34 (br. 8, lH,  H-3h2.53 (dq, J = 5.2,2.0 Hz, lH, H-4),1.23 (d, 
J =  5.2 Hz, 3H, CH3); 'BC NMR 6 148.3,139.1,133.9,129.3,128.1, 
122.7, 58.7, 54.6, 17.3. 

H-6'); "C NMR 6 141.2, 136.0, 134.2, 129.4, 129.1, 117.6, 73.0, 

Anal. Calcdfor CI1Hl20sS: C, 58.91; H, 5.39. Found C, 58.74; 
H, 5.42. 
4,5-Epoxy-4-( phenylsulfonyl)pent-2-ene (10). Method D 

was employed. To a solution of PhSeSOSh (316 mg, 1.06 m o l )  
and 1,3-pentadiene (15) (72 mg, 1.06 mmol) in dry CH2Cll (7.3 
mL) was added BFs-OEh (15 pL). The reaction mixture was 
stirred at 20 OC for 16 h. The solvents were evaporated, and the 
resulting residue was dissolved in dry THF (7.3 mL). In another 
bottle t-BuOOH (1.36 mL, 4.77 mmol, 3.5 M) was dissolved in 
dry THF (9.0 mL). The solution was cooled to -78 OC by the use 
of a dry ice/acetone bath, and n-BuLi (2.19 mL, 3.60 mmol, 1.6 
M) was added. The temperature was raised to -55 "C, and the 
first solution was added dropwise. The reaction mixture was 
stirred at -55 OC for 2.5 h. It was then poured into a mixture 
of CH&1$50% NazSOs(aq) ( l / l ,  10 mL). The organic phase 
was collected, and the aqueous phase was extracted with CH2Cl2 
(3 X 10 mL). The combined organic phases were then washed 
with 50% NazSO~(aq) (20 mL), 1 M NazCOdaq) (2 X 20 mL), 
and brine (20 mL) and finally dried (MgSO4). The crude product 
was purified by flash chromatographyon silicagel (EtOAdhexane 
= 10/90) affording 143 mg (60%) of 1 0  mp 59-60 OC; IR (neat) 
3055,2960,2905,1445,1325,1310,1170,1130,1075,965,725,685 
cm-1; 1H NMR 6 7.90-7.83 (m, 2H, ArH), 7.68 (m, lH, ArH), 
7.60-7.51 (m, 2H, ArH), 5.93 (dq, J =  15.4,1.5Hz, lH,  H-3), 5.78 
(dq,J=15.4,6.5H~,lH,H-2),3.66(d,J=5.8Hz,lH,H-5),2.93 
(d, J = 5.8 Hz, lH, H-5), 1.66 (dd, J 6.5,1.5 Hz, 3H, CH& "C 
NMR 6 135.7, 134.8, 134.2, 129.4, 128.9, 118.9, 71.6, 53.1, 17.8. 

Anal. Calcd for CllH120sS: C, 58.91; H, 5.39. Found C, 58.75; 
H, 5.29. 
4,5-Epoxy-4-(phenylsulfonyl)pent-2-ene (10). Prepared 

according to method E from 1,3-pentadiene (15) (46 mg, 0.65 
mmol). For the oxidation step, the solvent was changed from 
MeOH to acetone, and the reaction mixture was stirred at 20 OC 
for 4 h. The crude product was purified by flash chromatography 
on silica gel (EtOAc/hexane = 20/80) affording 26 mg (23%) of 
10. Physical and spectral (IR, mp, 'H and I8C NMR) were 
identical as described above for 10. 
3,4-Epoxy-4-methyl-2-(phenylsulfonyl)pentene (1 1). Pre- 

pared according to method C (cf. 18). To a solution of PhSeS02- 
Ph (633 mg, 2.12 mmol) and 4-methyl-1,3-pentadiene (16) (174 
mg, 2.12 mmol) in dry CH2Cl2 (2.12 mL) was added BFs-OEh (30 
pL). Thereactionmixturewasstirredat2OOCfor 16h. Asolution 
of m-CPBA (50-60%, 2.92 g, 8.5 mmol) in CHzCls (6.0 mL) was 
added. The reaction mixture was stirred at 20 OC for 12 h. The 
reaction mixture was then washed with 1 M Na&Os(aq) (10 mL), 
50% Na2SOdaq) (2 X 10 mL), 1 M Na2COs(aq) (2 X 10 mL), and 
brine (10 mL) and fiially dried (MgSO4). The crude product 
was filtered through a plug of neutral alumina affording 385 mg 
(78%) of 11: mp 73-75 OC; IR (KBr) 3100, 2995, 2960, 2920, 
1580,1445,1390,1380,1320,1305,1255,1185,1140,1080,995, 
970,915,805,770,760,725,695,690,620 cm-1; 1H NMR 6 7.93- 
7.87 (m, 2H, ArH), 7.68 (m, lH, ArH), 7.62-7.54 (m, 2H, ArH), 

(br.8, lH,  H-3), 1.25 (8, 3H, CH3), 0.56 (8, 3H, CHs); 1*C NMR 
6 146.4, 138.6, 133.9, 129.2, 128.2, 123.9, 61.9, 60.0, 23.5, 16.4. 
4,5-Epoxy-2-methyl-4-(phenylsulfonyl)pent-2-ene ( 12). 

Prepared according to method D (cf. 19) from 4-methyl-1,3- 
pentadiene (16) (88 mg, 1.06 mmol). For the oxidation step the 
reaction mixture was stirred at 20 OC for 2 h. The crude product 
was purified by flashchromatograph yonsilicagel (EtOAc/hexane 
= 10/90) affording 151 mg (61%) of 12 IR (neat) 3055, 2965, 
2905,1445,1315,1305,1165,1155,1125,1080,730,685 cm-'; lH 
NMR 6 7.92-7.85 (m, 2H, ArH), 7.69 (m, lH, ArH), 7.61-7.57 (m, 
2H, ArH), 5.37 (brs, lH,  H-3), 3.67 (d, J =  5.6 Hz, lH,  H-l), 2.98 

6.48 (d, J =  0.56 Hz, lH,  H-l), 5.83 (d, J =  1.5 Hz, lH,  H-1), 3.58 

(d, J 5.6 Hz, lH, H-l), 1.73 (d, J = 1.3 Hz, 3H, CH3), 1.48 (d, 
J =  1.1 Hz, 3H, CHs); "C NMR 6 147.5,135.9,134.1,129.6,128.9, 
112.3, 70.3, 51.2, 25.7, 19.5. 

Anal. Calcd for C12Hl40& C, 60.48, H; 5.92. Found C, 60.02; 
H, 5.77. 
3,4-Epoxy-2-(phenylsulfonyl)tetradecene (20). Prepared 

according to method C (cf. 9) from 1,3-tetradecadiene (17) (2.12 
mmol). For the oxidation step the reaction mixture was stirred 
at 20 OC for 2 days. The crude product was purified by flash 
chromatography on silica gel (EtOAc/hexane = 10/90) affording 
455 mg (61 % ) of 20 IR (KBr) 2928,2856,1600,1467,1448,1318, 
1308,1184,1142,1082,960 cm-l; 'H NMR 6 7.93-7.87 (m, 2H, 
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ArH), 7.66 (m, lH,  ArH), 7.61-7.55 (m, 2H, ArH), 6.36 (a, lH, 
H-l), 5.93 (d, J = 1.0 Hz, lH,  H-l), 3.36 (m, lH, H-3), 2.50 (dt, 
J = 5.0,2.0 Hz, lH,  H-4), 1.49-1.39 (m, 2H, H-5 and H-5'),1.33- 
1.17 (m, 16H, the remaining hydrogens), 0.89 (t, J = 7.0 Hz, 3H, 

53.7, 31.9, 31.7, 29.6, 29.5, 29.4, 29.3, 29.2, 25.4, 22.7, 14.1. 
Anal. Calcd for C&mOaS: C, 68.53; H, 8.63. Found C, 68.34; 

H, 8.47. 
lf-Epoxy-2-(phenylsulfonyl)tetradec-3-ene (21). Pre- 

pared according to method D (cf. 10) from 1,3-tetradecadiene 
(17) (1.06 mmol). For the oxidation step the reaction mixture 
was stirred at -55 "C for 5.5 h. The crude product was purified 
by flash chromatography on silica gel (EtOAc/hexane = 5/95) 
affording 249 mg (67%) of 21: IR (KBr) 2928,2855,1602,1475, 
1448,1438,1322,1168,1077,1021,970; 1H NMR 6 7.90-7.84 (m, 
2H, ArH), 7.66 (m, lH, ArH), 7.58-7.50 (m, 2H, ArH), 5.91 (dt, 

CH,); 'W NMR 6 148.3, 139.2, 133.8, 129.3, 128.1, 122.8, 62.9, 

J = 15.5, 1.2 Hz, lH,  H-3), 5.74 (dt, J = 15.5,6.8 Hz, lH,  H-4), 
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3.69 (d, J = 6.0 Hz, lH,  H-1), 2.91 (d, J 6.0 Hz, lH,  H-l), 
2.03-1.93 (m, 2H, H-5 and H-5'),1.35-1.07 (m, 16H, the remaining 
hydrogens), 0.88 (t, J = 7.0 Hz, 3H, H-14); 13C NMR 6 139.7, 
135.7,134.0, 129.3,128.7, 117.6,71.5, 53.1,31.9,31.7,29.5, 29.4, 
29.2, 29.2, 28.8, 28.2, 22.6, 14.0. 
Anal. Calcd for CZOHSOOSS: C, 68.53; H, 8.63. Found C, 68.60; 

H, 8.66. 
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