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Abstracl: (t’)-I-Phenylsulfonyl-~-alken-2-ones as new helero I,]-dienes undergo smooth hetero DiebAlder 
reactions with vinyl ethers in the presence of a catiync amoum of Lewis acid such as ZnI2, Eu(fod)j, and TiClp(i- 
Pr0)2. The reactions are absolutely e&-selective producmg 2.4-cis-3.4dihydro-2H-pyrans in excellent yields, Ihe 

configuration at 3position depending upon the stereochemistry of the starting vinyl ethers. Reductive ring opening 
reactions of me 3,4-dihydro-ZH-pyran cycloadducts with Et3SiH/TiC14 lead to 6-alkoxy-I-phenylsulfonyl-Z- 
hexanones. and the sulfonyl-stabilized carbanions derived from the 3.4.dihydro-2H-pyran cycloadducts are alkylated 
followed by reductive desulfonylalion IO give 2.4.6~uisubstituted 3.4dihydw2H-pyran derivatives. 

We have recently reported that 2-oxo-3-alkenylphosphonates, phosphoryl-substituted a$-unsaturated 

ketones, serve as useful hetcro 1.3.dienes in the Lewis acid-catalyzed hetero Diels-Alder reactions using 

vinyl ether dienophiles.ta They can be activated so effectively by chelate formation with a Lewis acid such 

as ZnCl2 or ZnBr2 that 2-alkoxy-3,4-dihydro-2H-pyrans are produced stereoselectively without serious 

polymerization of vinyl ethers. The resulting heterocycles are useful synthetic equivalents of 5-oxoalkanals 

through a simple hydrolytic procedure. 2 Such Lewis acid catalysis must be especially noteworthy since the 

undesired polymerization of vinyl ethers has been a serious problem in the Lewis acid-catalyzed hetero 

Diels-Alder reactions of simple a&unsaturated aldehydes and ketones. 3 Uncatalyzed reactions often require 

higher reaction temperatures, e.g. above 100 “C in a sealed tube, leading to poor stereoselectivity. 

A stoichiometric amount of Lewis acid was needed in the above catalyzed reactions, indicating a lack of 

efficiency of the catalytic cycle. If effective catalytic efficiency is established, a new entry to catalyzed 

asymmetric hetero Diels-Alder reaction methodology leading to enantiomers of 2-alkoxy-3,4-dihydro-2H- 

pyran derivatives would be open. 5 For this purpose, it has been strongly desired to develop new a$- 

unsaturated carbonyl compounds which can be highly activated by chelate formation with a Lewis acid and 

then release the catalyst after the completion of the cycloadditionn 

In the present paper, we report the synthesis of (E)-1-phenylsulfonyl-3-alken-2-ones as new effective 

hetero l$dienes and their use in Lewis acid-catalyzed hetero Diels-Alder reactions with vinyl ethers.6 The 

sulfonyl group accelerates the reactions in the presence of a Lewis acid catalyst, the reactions are exclusively 

en&-selective, and the sulfonyl group can be finally utilized for the further transformation via carbon-carbon 

bond formation. 
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Results and Discussion 

Synthesis of (E)-I-Phenylsulfonyl-3-alkea-2-ones, (IT)- 1 -Phenylsulfonyl-3-alken-2-ones 3a-c, as hetero 

1.3-dienes employed in the present work, could be easily prepared by the application of our synthetic method 

of 2-oxo-3-alkenylphosphonates via dianion intermediates. tb According to the Belletire’s method, l- 

phenylsulfonylpropanone (1) was treated with two equimolar amounts of lithium diisopropylamide (LDA) in 

tetrahydrofuran (THF) at 0 “C for 4 h to give a solution of the dianion. 7 This solution was allowed to react 

with aldehydes such as acetaldehyde, 2-methylpropionaldehyde, and benzaldehyde at -7X ‘C to give the 

corresponding aldol adducts Za-c in satisfactory yields based on the starting ketone 1. They were then 

sub_jected to dehydration by treatment with a catalytic amount of p-toluenesulfonic acid under retlux in 

benzene to produce the desired (E)- 1 -phenylsulfonyl-3-alken-2-ones 3a-c in excellent yields. Since the 

stereoselectivities at the dehydration steps were almost exclusive in all cases, single purification procedure 

through a silica gel column chromatography afforded the pure samples of E-isomers of 3a-c. 

0 0 OH 0 

PhS02 -J-L 2 LDA 
- PhSO, 

0 “C a +$- RaS4Ph 

1 in THF 2a-c 

a: R = Me (85%) 

p-TsOH 

* R& 

b. R = kPr (83%) 

reflux 
SOzPh a R = Me (92%) c: R = Ph (75%) 

in benzene b R = tPr (65%) 
3a-c c R = Ph (87%) 

PhS0&H2LI 
VCHO 

SOzPh o”c &SO.Ph 
Jones Oxid. 

-78 “C in THF 

92% 2d 
62% 

3d 

Scheme 1. 

On the other hand, I-phenylsulfonyl-3-buten-l-one (3d) as P-unsubsiituted enone was prepared through 

two steps starting from propenal. The 1,2-addition of phenylsulfoylmethyllithium, which was generated 

from methyl phenyl sulfone and n-BuLi in THF at -7X “C, to propenal gave 1-phenylsulfonyl-3-buten-2-01 

(26) in 92% yield. Subsequent Jones oxidation of the resulting alcohol 2d at 0 “C produced 3d in 62% yield. 

Hetero Diels-Aider Reactions of (E)-I-PhenykuifonyE3-alken-2-ones with Vinyl Ethers. In order to 

evaluate the reactivity of 1 -sulfonyl-3-alken-2-ones 3a-d and the stereoselectivity in their hetero Diels-Alder 

reactions, they were allowed to react with vinyl ethers 4a-e in dichloromethane in the absence or presence of 

Lewis acid. Lewis acids such as ZnI2, Eu(fod)s, and TiClz(i-Pro)2 were employed (Scheme 2 and Table 1), 

and stereoselectivity was determined in each ca.se on the basis of tH and/or t3C NMR spectra of the crude 

reaction mixtures. 

The reaction of enone 3a u a typical hetero I .3-diene in the absence of Lewis acid required the use of a 

large excess of vinyl ether 4b (20 equiv), and a high reaction temperature and some prolonged reaction time 
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were needed for the completion of the reaction (48 h at I30- 135 “C in a sealed tube). A 34:66 mixture of cis- 

and trons-isomers 6b, 5b of the cycloadduct. which correspond to the endo- and exo-cycloadducts 

respectively, was produced in 85% of combined yield (entry 3). The low reactivity and poor selectivity 

observed resemble those of the related reactions of simple a&unsaturated aldehydes and ketones.4 

To our delight, however, the same reaction using vinyl ether 4b (5 equiv) was highly accelerated (15 h at 

-30 “C) in the presence of a catalytic amount of TiClz(i-Pro)2 (10 mol%) and became exclusively 

stereoselective to give the 2.4-cis-isomer of 6b as a single isomer in 91% yield (entry 4).8 No serious 

polymerization of vinyl ether 4b was observed, indicating that the Lewis acid effectively accelerated the 

hetero Diels-Alder reaction rather than the polymerization. The reaction of enone 3a with vinyl ether 4c also 

proceeded stereoselectively in the presence of TiClz(i-PrO)2 to give the &-isomer 6c as a single isomer in 

97% yield (entry 5). 

Table 1. Lewis Acid-Catalyzed Hetero Diels-Alder Reactions of Enones 3a-d with Vinyl Ethers 4a-fd 

Enuy Enone Vinyl ether 
(E/Z, equiv) 

Lewis acid 
(,mol%) 

Reaction conditions Product (yiel&%)” 
Temp/“C Time/h Isomer ratioC 

1 
2 
3* 
4 
5 
6 
I 
8 
9 

IO 
11 
12 
13 
14 
I5 
16 
17 
18 
19 
20 
21 
33 

6a+Sa $Oj 9X/2 
6b+Sb (85) 34166 
6b (91) 
6c (97) 
6a (95) 
6a (91) 

4a (5) Eu(fod)s (3) 6d W) 
4b (5) Eu(fod)j (3) 6e (71) 
4a (5) Eu(fod)2 (3) 6f (85) 
4b (5) Eu(fod)? (3) 6g (89) 
4d (l/l, 5) Eu(fod)j (I) 7a+8a (65) 111 
4d (l/19.5) Eu(fod)s (5) 7a+8a (95) l/19 

E-4e (3) Eu(fod)3 (3) 7b (53) 
E-4e (3) Eu(fod)s (3) 7b (80) 
E-4e (3) TiCIZ(i-PrO)2 (IO) 7b (97) 
z-4e (3) TiCll(i-PrO)z (101 8b (97) 

4d (l/l. 5) Eu(fod)3 (1) 7c+& (95) l/l 
4e (5.5/l. 3) Eu(fod)j (10) 7d+8d (41) 9/l 

z-4e (3) TiClz(i-PrO)z (10) 7d+8d (57) 4t96 
4f (5) Eu(fod)s (I ) 9 (24) 

__ 3d 41 (5) Zn12 (3) rt 25 9 (90) 
aAI1 reactions were carried out in CH2CI2. bYields of isolated cycloadducts. CDetermined by 1H NMR 
and/or 13C NMR. din a sealed tube in benzene. 

3a 
3a 
3a 
3a 
3a 
3a 
3a 
3b 
3b 
3c 
3c 
3a 
3a 
3a 
3a 
30 
30 
3d 
3d 
3d 
M 

4a (5) 
4a (5) 
4b (20) 
4b (5) 
4c (5) 
4a (5) 
4s (5) 

Zn12 (3) 
TiQ(i-PrO)? c 10) 

_ 

TiClz(i-PrO)? ( IO) 
TiClz(i-PrO)z (10) 
Eu(fod)s (1) 
Eu(fod)3 (0.5) 

rt 86 
-50 15 
130-135 48 
-30 I5 
-50 90 

-5 40 
~-10 12 

rt YO 
rt 99 
rt 43 
n 92 
l-t X0 

-5 96 
II 65 

-10 240 
~-30 3x 
~-30 97 
m-20 40 

rt 38 
-78 41 
--IO/ll 73116 

6a+5a (92) 920 

Other Lewis acid catalysts such as ZnI2 and Eu(fod)j can be effectively used in a catalytic amount (0.5-3 

mol%). The titanium catalyst TiClz(i-PrO)Z was a little better than the zinc catalyst ZnI2 in selectivity (entry 

1 YS entry 2). The europium catalyst Eu(fod)j showed effective catalysis as a catalytic amount exclusively 

produced &-isomers of the dihydropyran derivatives 6a,d-g in excellent yields for all combinations of 

enones 3a-c and vinyl ethers 4a,b (entries 6-l 1). This high efficiency of catalytic cycle makes a striking 

contrast with the reactions of 2-oxo-Salkenylphosphonates. la Although we employed excess (5 equiv) of 
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vinyl ethers 4a-c in fear of their partial loss by a possible Lewis acid-catalyzed polymerization, less amounts 

am probably enough, especially in the reactions performed at low temperatures (entries 2 and 4-7). 

3a-d + R’CH=CHOR2 

4a-@ 

SQPh 

a: R’=H.R2=Ei 
b: R’ = H. R* = LBu 
c: R’ = H, F? = Ph 
d: R’=Me,R’=Et 
o: R’=Ph.R’=Et 

R2TE’ pb;Yp-E EqrE E;ql-E 
2 

5a,b 6a-g 7a-d 8a-d 

a: R2=Ei 
b: R*=+Bu 

a: R = Me, R2 =Et 
b: R = Me, R2 = i-Bu 
c: R = Me, R2 =Ph 
d: R = CPr R2 = Et 
e: R = FPr R* = iBu 
f: R = Ph,‘R” = Et 

g: R = Ph. R2 = +Bu 

a: R=R’=Me 
b: R=Me,R’=Ph 
c: R=H.R’=Me 
d: R = H. R’ =Ph 

lb + 
SO2 Ph 

Scheme 2. 

Such remarkable late acceleration, high ster~oselecttvity, and high catalytic efficiency, all observed in 

the Lewis acid-catalyzed hetcro Diets-Alder rcacttons ol 2-0x0- I -sulfonyl-3-alkenes 3a-c, are no doubt based 

on their capability of effective chelate formation with a Lewis acid by the aid of the sulfonyl moiety. The 

coordination makes 3a-c themselves activated as hetero 1,3-dienes. We further investigated the 

stereospecificity of the Lewis acid-catalyzed hetero Dicls-Alder reactions by using P-substituted vinyl ethers 

4d,e. 

The reaction using vinyl ether 4d (E/Z-mixture, 5 equiv) was activated in the presence of a catalytic 

amount (1 mo14) of Eu(fod)j at or heluw room temperature tn dichloromethane. A I:1 stereoisomeric 

mixture of r-2-ethoxy-t-3,c-4-dimethyl-6-(phenylsuIfonylmethyl)-3,4-dihydro-2H-pyran (7a) and r-2-ethoxy- 

~-3,c-4-dimethyl-6-(phenylsulfonymethyl)-3,4-dihydro-2~-py~~n @a) was produced from the reaction using 

a 1:l mixture of E/z stereoisomers of vinyl ether 4d (65%, entry 12), and a 1: 19 mixture of 7a and 8a from a 

1:19 mixture of E/Z stereoisomers (9.5%. entry 13). These results indicate that (1) the reactions are 

exclusively 2.4~cis-selective or en&selective, (2) the Eu(fod)3-catalyzed hetero Diels-Alder reactions of 3a 
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with 4d are exclusively StereospecIfic, and (3) the E- and Z-isomers of vinyl ether 4d have comparable 

reactivities toward enone 3a. 

(I?)-1-Ethoxy-2-phenylethene (E-4e) showed comparable reactivity toward enone 3a in the reactions 

catalyzed by Eu(fod)3 to give the en&-cycloadduct, r-2-ethoxy-c-4-methyl-t3-phenyl-6-(phenylsulfonyl- 

methyl)-3,4-dihydro-2H-pyran (7b). as a single stereoisomer (entries 14, 15). Use of TiClz(i-Pro)2 was even 

more effective and satisfactory rate enhancement was observed. For example, the reaction of 3a with E-4e 

was completed at -30 “C to produce 7b in the prescncc of IO molar percent of TiClz(i-Pro)2 without 

polymerization of vinyl ether 4e (entry 16). On the other hand, the reaction with (Z)-1-ethoxy-2- 

phenylethene (Z-4e) provided also the endo-cycloadduct. r-2-ethoxy-c-4-methyl-c-3-phenyl-6- 

(phenylsulfonylmethyi)-3,4-dihydro-2H-pyran (8b), as a smgle stereoisomer (entry 17). The P-unsubstituted 

enone 3d showed the same reactivity to vinyl ethers 4d,e as that of 3a, while stereospecificity was a little 

lower than 3a (entries 1X-20). With cychc vinyl ether 41. the cycloadditlons took place (entries 21. 22). 

H 6a 

NOE H-2 #H-3 .&=0 1. J3,=9 9 Hz NOE H-2 #H-3 
H-3 #H-4 H-3 #H-4 

J2_3 = 1 .a; ._& =7 0 Hz h_3 = 2.2; A4 =6.8 Hz 

Figure 1. Stereochermcal asslgnmenl of 2,3-frans-3,4-tfans-cycloadduct 7b and 2,3-c% 
3.4-ciscycfoadducts &,b on the basis of NOE spectra and coupling constants. 

Stereochemistry of the ahove 3.4-dihydro-2H-pyran derivatives wa% determined on the basis of spectral 

data, especially *H NMR spectra. typical examples of which are shown in Figure 1. The endo-cycloadducts 

8a and 8b from the Z-isomers of vinyl ether dienophiles 4d and 4e could be easily assigned by their NOE 

spectra. Notable signal enhancement was observed between H-2/H-3 and H-3/H-4, and the small coupling 

constant between H-2 and H-3 (8a: 12-3 = 1.8 Hz, 8b: J2_3 = 2.2 Hz) showed the cis-relationship of these 

hydrogens. On the other hand. the endo-cycloadduct 7b from the E-Isomer of 4e bears all the substituents at 

equatorial positions in its stable conformer. Thus, the relatively large diaxial coupling constants J2_3 (8.1 

Hz) and J3_4 (9.9 Hz) observed between H-2/H-3 and H-3/H-4, respectively, are consistent with the proposed 

stereochemistry. 

Transformation of 2-Alkoxy-3.4-dihydro-2H-dihydropyran Cycloadducts. The aforementioned 

stereospecific and en&-selective hetero Diels-Alder reactions of sulfonyl-substituted enones 3 with E- and 

Z-isomers of vinyl ethers 4d,e offer a convenient route to stcrically defined 2-alkoxy-3,4-dihydro-2H-pyrans. 

We already reported that hydrolytic cleavage of the acetal moiety led to 5-oxo-6-sulfonylalkanal 

intermediates which then underwent ready dehydrative cyclizations to give 2-cyclohexen-l-one 

derivativesbh In the present work. we examined other transformations of the 2-alkoxy-3,4-dihydro-2H- 

pyran cycloadducts. 
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6a 

7d - 
42% 

B,O&~O~Pb 

+h lob 

7b (3,4-Iran4 s +5iOzPh 
EtO 

1oc (45syn) 

8b (3,4-c/s) z E,O&SOzph 

k’h 1lM (4.5ant/) 

Scheme 3. 

When dihydropyran 6a was treated with triethylsilane and titanium tetrachloride in dichloromethane at 

-78 “(I.9 the reduction occurred at the acetal moiety to give 6-ethoxy4methyl- I -phenylsulfonyl-2-hexanone 

(10a). This indicates that the Lewis acid TiCI4 coordinated at the ring oxygen atom, rather than the ethoxyl 

oxygen atom, to induce the formation of the ring-opened oxonium intermediate A (Scheme 3). Its reduction 

by the silane reagent led to the ether derivative 1Oa. Similarly. dihydropyran 7d was converted into lob. 

This facile reductive ring opening reaction could be successfully applied to the 3,4-trons-isomer 7b and 

the 3.4~c&-isomer 8b which had been obtained in the stereospecific hetero Diels-Alder reactions of 3d with 

E-4e and Z&, respectively. Thus, 4.5-svn-isomer 10~ and 4.5onri-isomer 1Od were selectively prepared. 

1) ~FBULI 

Q,d 
2) PhCH#r 
-78 “C in THF lla: R = Me (85%) 

11 b: R = FPr (50%) 
L) 

61 - 
66% 

Ph 

12c 

Sodium naphthalenide 

\ 

-78 “C In THF/mPrNHp (3:l v/v) 

CHaPh 

b 128: R = Me (55%) 
12b: R = iPr (52%) 

Scheme 4. 
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The sulfonyl moiety of cycloadducts S-8 has a synthetic advantage since it should mediate the generation 

of an anionic center at the a-position which would be then utilized for the introduction of a substituent by 

alkylation. Thus, the sulfonyl-stahilized carbanion of dihydropyran 6~ was generated by treatment with 

butyllithium at -78 “C and allowed to react with benzyl bromide at the same temperature to provide 

benzylated product lla as a single isomer in 85% yield (Scheme 4). Similar benzylation of 6d gave llb 

(90% de) in 50% yield. The phenylsulfonyl group in the alkylated 11a.b and unalkylatcd 6f were 

successfully removed by reduction. Treatment with sodium naphthalenide (4 equiv.), generated from 

naphthalene and metal sodium under ultrasonic conditions in THF.10 at -78 ‘C in THF/n-PrNH2 (3: 1 v/v) 

gave the desulfonylated products 12a-c in 55, 52. and 66% yields, respectively. 

In conclusion, the exclusively stereosclective formation of 2.4~cis-3.4-dihydro-2H-pyrans 6-9 and 12 has 

been achieved by a sequence based on the hetero Diels+Alder reactions of 1-phenylsulfonyl-3-alken-2-ones 3 

with vinyl ethers 4 in the presence of a catalytic amount of Eu(fod)j or TiClZ(i-PrO)z. The sulfonyl moiety 

of enones 3 is an excellent reactivity-enhancing auxiliary. A new method of stereocontrolled construction of 

acyclic framework has been also demonstrated by regiocontrolled reductive ring cleavage reaction of 

stereochemically defined dihydropyran cycloadducts 7b and Ilb. 

Partial financial support to this work by Grant-in-Aid Ihr Scientific Research (No. 03640457) from the 

Japanese Ministry of Education, Science and Culture is acknowledged. 

Experimental 

Gmeml. Melting points were determined on a Yanagimoto melting point apparatus and are uncorrected. IR spectra were 

taken with a JASCO A-720 specvometer. ‘H NMR sp~tra were recorded on a JEOL JNM-EX90 (90 MHz) or a JELL GSX- 

270 insuumenr (270 MHz) and 13C NMR spectra on a JEOL GSX-270 spectrometer (67.94 MHz). Chemical shifts are 
expressed in parts per million downtieM from lerramethylsilane as an mtemal standard. Mass specua were measured with a 

JEOL-OlSG-2 or a JEOL JMS-AM 20 spectromeler. Elemental analyses were performed on a Hitachi 026 CHN or a Yanaco 

CHN Corder MT-5 analyzer. For preparative column chromatography, silica gel 60 (Merk, size: 0.04~.063 mm) was 

employed. Flash chromatography wa5 carried out on a Yamazen YFLC 540 apparatus using a column (15 x 350 mm) or (20 x 

350 mm) packed with silica gel 60 (Merk). Solvents were evaporatid wuh a Tokyo Rikak&ai rotary evaporator type-V at room 

temperature unless otherwise stated. 

Materials. The following reagents were prepared hy literature methods: methyl phenyl su1fone.l 1 I- 
phenylsulfonylpropanone (1). I2 dichlorodiisopropoxyti~ium.17 (m-l-ethoxy-2-phenylethene (E-4e),14 and (Z)-1 -ethoxy-2- 

phenylethene (Z-C).15 Complete separation of the (J$ and (a-isomers 4c was accomplished by flash chromatography (silica 

gel, hexane). Dichloromethane was purified by distillation on calcium hydride THF was distilled on lithium aluminum 

hydride under nitrogen just before it$ use. 

Geneml Prvcedvrr for the Preparahon of I-Hydrory-A-plunybulfonyl-2-alkanones Za-c. As a typical example the 
prepzuation of 2~ is described as follows: To a solution of LDA. prepared from diisopropylamine (3.36 g, 36 mmol) and 

hutyllithium (in hexane. 23.2 ml, 36 mmol) at -78 “C in THF (20 ml). was added I-phenylsulfonylpropanone (1) (2.97 g, 15 

mmol) in THF (20 ml) under nitrogen The rraciion mixture was warmed to 0 “C and stirred for 4 h. To the resulting THF 

suspension of the dianion of 1 was added acetaldehyde (792 mg, 1.08 ml. 18 mmd) dropwise at 0 “C. After stirred at 0 “C for 1 

h, the mixture was acidified with 1 moVl hydrochloric acid. The THF was removed in vacua and the aqueous residue was 
extmcted with dichlorome&ane (40 ml x 3). The combined extracts were dried (MgSO4) and evaporated in vacua. The crude 

product (4 g) was chromatograpbed on silica gel with hexane-EtOAc ( I: 1 v/v) u) give Za (3.06 g. 85%). Other p-kern alcohols 

tb,c were also prepared in 83 and 75 8 yields. respectively. under sunilar reaclion conditions. 
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4-Hydroxy-I-phcnylsulfonyl-2.penranone (2a): Cokxless prisms (EtzO-hexane); mp 75-77 “C; IR (KBr) 3520. 2950, 

2900, 1710.1450, 1390, 1360. 1305, 1280, 1200, 1150, 1050.950,860,730, and 690 an-l; ‘H NMR (CDCl$6= 1.22 (3H, d, 

JM~_~ = 6.2 Hz, Me). 2.51 OH. br. s, OH), 2.80 (IH. dd, Jgem = 17.6 and 534 = 7.7 Hz, one of H-3). 2.87 (lH, &I, Jgem = 17.6 

and 53-4 = 4.4 Hz, the other of H-3). 4.16-4.32 (1H. m. H-4). 4.24 (2H. s, H-l). 7.5-7.7 (3H, m, Ph). and 7.8-7.9 (2H, m, Ph): 

t3C NMR (CDC13) 6 = 22.65 (C-5). 52.57 (C-3). 63.80 (C-4). 67.36 (C-l), 128.26. 129.43, 134.41, 138.71 (each Ph), and 

198.70 (C=O); MS (20 eV. rel. intensity, Q) m/z 227 (M+-Me. 13). 224 (M+-H20. 5), 199 (22), 198 (base peak), 156 (46), 141 

(47). 134 (62). 126 (24). 125 (58). 101 (78). 77 (25). 69 (34). and 43 (63). Anal Calcd for CttHt404S: C. 54.53: H, 5.82%. 

Found: C, 54.70: H, 5.YY%. 

4-Hydroq-5-methyl-1 -pheny/sulfon,y/-2-bexclnone (Zh): Separated and purified by silica gel column chromatography using 

hexane-EtOAc (1: 1 v/v). Colorless viscous oil: IR (neat) 3500. 3050, 2Y70, 1710. 1580, 1445, 1375, 1310. 1240, 1150, 1075, 

1040, 1000. 800. 730, and 680 cm-t; ‘H NMR (CDCI3) 6 = 0.92, O.Y3 (each 3H, each d. J= 6.9 Hz, Me), 1.6Y (IH, act, Jg-4 = 

J5.~e2 = 6.9 Hz, H-5). 2.14 (lH, br. s, OH), 2.79 (IH, dd, Jgcm = 17.2 and 53.4 = 7.7 Hz, one of H-3), 2.86 (IH, dd, Jgrm = 

17.2 and J3_4 = 4.8 Hz, the other of H-3), 3.83 (IH, ddd. J4.3 = 7.7, 4.8, and J4.5 = 6.9 Hz, H-4), 4.20.4.26 (each lH, each d, 

Jgem = 13.5 Hz. H-l), 7.5-7.7 (3H, m, Ph). and 7.8-7.9 (2H, m. Ph); t3C NMR (CDC13) 6 = 17.55, 18.30 (each S-Me or C-6), 

33.26 (C-5). 48.28 (C-3), 67.40 (C-l), 72.24 (C-4). 128.28, 129.40, 134.48, 138.66 (each Ph), and 199.22 (C=O); MS (20 eV, 
rel. intensity. %) n/z 252 (M+-H20. 3). 227 (base peak), IVY (31). and 111 (26). Anal. Calcd for C13Hl~04S: C, 57.76: H. 

6.71%. Found: C. 58.08: H. 6.95%. 

4-Hydrol_r-4-pbenvl-I-phenylsulf~nyl-2-6urclnonr (2~): Separated and puritied by sdica gel column chromatography using 
hexane-EIOAc (I:1 v/v). Colorless solids (E120): mp 6Y-70 “C: IR (KBr) 3350. 3050, 2900, 1710, 1580, 1450, 1300, 1150, 

1070, 1050,900. 750, 730, 700 and 680 cm-]: ‘H NMR (CDC13) 6 = 2.23 (IH. br. s, OH). 3.06 (lH, dd. J,,, = 17.6 and J3.4 = 

3.7 Hz. one of H-3). 3.19 (IH, dd, J,,, = 17.6 and 53.4 = 8.X Hz. the other of H-3). 4.1Y. 4.23 (each lH, each d, Jgern = 13.2 

Hz, H-l), 5.15 (1H. dd. 54.3 = 8.8 and 3.7 Hz, H-4). 7.2-7.4 (5H. m, Ph). 7.5-7.7 (3H, m. Ph), and 7.8-7.9 (ZH. m, Ph); 13C 

NMR (CDCl3) 6 = 52.76 (C-3), 67.40 (C-l), 69.80 (C-3), 125.70. 127.97, 128.28, 128.65, 129.38, 134.38, 138.48, 142.28 (each 

Ph), and 197.40 (C=O): MS (70 eV, rel. intensity, ‘K) m/z 288 (M+-16, 14). 287 (26), 164 (21), 163 (76), 162 (24), 107 (52). 

104 (62), 103 (33). 97 (22). Y2 (29). 90 (24), 80 (25). 7Y (34). 78 (46), 76 (96). 75 (26), 74 (24). 65 (50), 52 (32). and 50 (base 

peak). Anal. Calcd for Ct6H1604S: C. 63.14: H. 5.30%. Found: C. 63.10: H. 5.384,. 

Preparalion of l-Phmnylsu~~~nyl-3-hulm-2-ul (Zd). To a soiutm ol methyl phenyl sulfone (5 g. 32 mmol) in THF (l(W 

ml) was added butyllithium (in hexane , 22.7 ml, 35.2 mmoli hy the aid 01.a syringe at -78 “C under nitrogen. The mixture was 

stirred at -78 “C for 1 h and the addition of acrolein (I .96 g. 2.3 ml. 35 mmol) was followed. The reaction mixture was stirred at 

room temperalure for 30 min. poured to saturated aqueous NH&. The THF was removed in vacua and the aqueous residue 

was extracted with CH2Cl2 (50 ml x 3). The combined extracts were dried (MgS04) and evaporated in vacua. The crude 

product (6.7 g) was chromatographed on silica gel with hexane-EtOAc (I: 1 v/v) m give alcohol 2d (6.22 g, 92%): Colorless oil; 

IR (neat) 3470, 3050, 2970, 2900, 1630, 1580. 1440, 1300, 1140, 1080, 990, 930, 840, 790, 750, and 680 cm-l: tH NMR 
(CDCI,) 6 = 3.25 (IH, dd, Jgem = 14.3andJt.2 =3.3 Hz,oneofH-l),3.33(1H.dd,Jg,,= 14.3andJt.2=8.4Hz,theotherof 

H-l). 3.38 (lH, br. s, OH), 4.65-4.74 (IH, m. H-2), 5.18 (1H. ddd, 54.3 (c,s) = 10.6, Jg,, = 1.5, and J4_2 = 1.1 Hz, one of H-4), 

5,34(1H,ddd, J4_3(Irans, = 17.6.Jg,,= 1.5. and J4.2 = I. I Hz. the other of H-4), 5.78 (lH, ddd, 53-4 (bans) = 17.6, J3_4 (c,s) = 

10.6, and 53.2 = 5.5 Hz. H-3), 7.5-7.7 (3H, m. Ph). and 7.8-7.Y (2H. m. Ph); 13C NMR (CDC13) 6 = 61.83 (C-l), 66.98 (C-2). 

116.68 (C-4). 128.00, 129.46, 134.12 (each Ph), 136.78 (C-3). and 139.25 (Ph); MS (70 eV, rel intensity, %) m/z 212 (M+, 20), 

129 (33). 109 (base peak), 108 (RO), 107 (35), 81 (2Y). 57 (33). and 55 (34). Anal. Calcd for CtoHt2O3S: C. 56.59; H. 5.70%. 

Found: C, 56.37: H. 5.728 

General Procedure for the &hydra&ion of Za-c Leading lo (E)-l-PhenylsulfonyI-3-a~en-2-orres 3a-c. As a typical 
example the conversion of 2~ into 30 is described as follows: To a solution of p-keto alcohol 2~ (1.6Y g, 6.98 mmol) in dry 

benzene (60 ml) was added p-toluenesulfonic acid monohydrate (1YO mg. 1 mmol). The reaction mixture was heated under 

reflux for 2 h with continual azeotropic removal of water by aid of a Dean-Stark trap. ‘Ihe mixture was evaporated in vacua and 

the residue was chmmatographed on silica gel with hexan-EtOAc (2:3 v/v) to give enone 3a (1.43 g. 92%). Other enones 3b,c 

were also prepared in 85 and 87 % yields. respectively, under stmilar reaction conditions. 

(EJ-I-Phenylsulfonyl-3-penten-Z-one (30). This compound was previously prepared16 and full data are as follows. 
Colorless needles (EtzO-hexane); mp 73-75 “C; IR (KBr) 3OW, 2910, 1670. 1620, 1450. 1380, 1300, 1150, 1075, 975, 770, 

7lO,and69Ocm-t; tHNMR(CDCl3)6= l.%(3H, dd, J5_4=7.0andJ5.3= 1.5 Hz, Me).4.28 (2H,s. H-l), 6.31 (lH, dq, 53.4 

= 15.8 and J3_& = 1.5 Hz, H-3). 6.99 (1H. dq, 54.3 = 15.8 and J~_M~ = 7.0 Hz, H-4). 7.5-7.7 (3H, m, Ph). and 7.8-7.9 (2H. m, 

Ph): t3C NMR (CDC13) 6 = 18.65 (C-5). 65.25 (C-I), 128.42. 129.27 (each Ph), 131.00 (C-3), 134.24, 138.69 (each Ph), 
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147.91 (C-4). and 186.86 GO); MS (75 eV. rel intenstty, %) mk 224 (M+, 8). 160 (28). 77 (39). 69 (base Peat), and 4l (21). 
Anal. CaIcd for CI IHIfiS: C. 58.91; H. 5.39%. Found: C, 59.27: H. 5.41%. 

(E)-5-Mcrhyl-l-phcnylsulfonyl-3-hcxcn-2-onc (Jb). .Separati and purified by silica gel cohu~ chromatography using 

hexane-EtOAc (2:1 v/v). Colorless prisms (Et2Ohexmte); rp 30-31 “C. IR (neat) 3050,295O. 1670. 1625, 1590,1450,14CQ 

1325, 1300. 1150, 1070. 980, YOII, 755. and 690 cm-‘: tH NMR (CDCI3) 6 = 1.07 (6H. d, J~e-5 ~7.0 Hz. ZxMe), 2.28 (IH, 

doct, 15.4 = &Me2 = 7.0 and 15.3 = I.5 Hz. H-5). 4.31 (2H. s. H-l). 6.19 (1H. dd, 53.4 = 15.8 and J3.5 = 1.5 Hz. H-3) 6.91 

(lH, dd, 14.3 = 15.8 and 54.5 = 7.0 Hz. H-4). 7.5-7.7 (3H. m. Ph), and 7.8-7.9 (2H. m. Ph); 13C NMR (CDC13) 8 = 21.02 

(ZxMe), 31.43 (C-5). 65.27 (C-l), 126.69 (C-3). 128.45, 129.25. 134.41,138.86 (each of Ph), 158.41 (C-I), and 187.45 (C=O); 

MS (20 eV, rel. intensity. %l m/z 252 (M+. lo), 188 (33) I1 1 (base peak), and 110 (21). Anal. Calcd for CI3Ht&S: C, 61.88; 

H. 6.3%. Found: C. 61.68: H. 6.355G. 

(E)-4-Phen.vl-l-phen_vlsulfonyl-3-burcn-2-one (3~). Separated and purified by silica gel column chromatography using 
hexane-EtOAc (2:l v/v). Colorless needles (Et20); mp %-98 “c: IR (KBr) 2970. 2900, 1650, 1575, 1440, 1400, 1280, 1145, 

1060, 980, 875. 790, 760. 710, and 680 cm-l: ‘H NMR (CDC13)6 = 4.40 (2H, s. H-l), 6.94 (lH, d, J3_4 = 15.8 Hz, H-3) 7.4- 

7.7 (9H, m. H-4 and Ph), and 7.X- 7.9 (2H. m, Ph); 13C NMR (CDC13) 6 = 66.22 (C-l), 124.64 (C-3). 128.39, 128.88, 129.04, 

129.27, 131.43. 133.70. 134.26, 138.55 (each Ph), 146.46 (C-4). and 186.86 (GO): MS (75 eV, rel. intensity, 46) m/z 286 (M+, 
7). 145 (77). 144 (46). 131 (base peak). 103 (42). 77 (44). and 50 (20). Anal. Calcd for Cl6Hl&S: C. 67.11; H, 4.93%. 

Found: C. 67.24: H. 4.91% 

Preparation of I-Phenylsulfonyl-3-huIm-2-anL r3di hy Jones Oxidation of Alcohol 26. The chromic acid oxidizing 

reagent is prepared by dissolving chromtum trioxide (1.5 g. I5 mmol) in water (3 ml) and adding concentrated sulfuric acid (1.3 

ml). To a solution of alcohol 2 (2.12 g. 10 mmol) in acetone (35 ml) was added dropwise the chromic acid reagent at -10-O “C. 

The resulting mixture was stirred at 0 “C for 30 min and the remaining oxidizing agent was consumed by addition of isopropyl 

alcohol (2 ml). The resulting green precipitates were filtered off through Celite 545, the filtrate was concentrated, and extracted 
with CH2C12 (50 ml x 3). The combined extracts were dried (MgSO4) and evaporated in vacua. The crude product was 

chromatographed on silica gel with CH2CI2-Et20 (50: I v/v) to give enone 3d (1.3 g. 626). Colorless needles (Et20-hexane): 

mp 3637 “C; 1R (KBr) 3070. 2Y70, 2920, 1675, 1610. 1450. 14W 13 IO. 1150. 100, 1060,980, 900, 785, 755, 725, and 690 

cm’; lH NMR (CDCl3) 6 = 4.35 (2H. s, H-l), 6.01 (IH. dd. J1.l ,C,bf = 10.3 and J,,, = 0.7 Hz, one of H-4), 6.33 (lH, dd. 54. 

3 (trans) = 17.6 and Jgem - - 0.7 Hz, the other of H-4). 6.52 C 1 H. dd. 53-4 (trans) = 17.6and J3_4(eis)= 10.3Hz.H-3) 7.5-7.7(3H, 

m. Ph), and 7.8-7.Y (2H. m. Ph): 13C NMR (ClXI3) 6 = 64.75 (C-l). 128.38. 129.33 (each Ph), 132.32 (C-3), 134.35 (Ph), 

135.33 (C-4). 138.61 (Ph), and 187.74 (GO): MS (20 eV. rel tntensiry. B) tt/z 210 (M+. 4) 146 (base peak), and 55 (47). 
Anal. Calcd for CloHtfl3S: C. 57 13; H. 4.79%. Found: C. 56 YR; H, 4.89% 

Thermal Hetero Diels-Alder Reaction of Enonc 3a with Vinyl Ether 4b Leading lo 2-Isobulory-4-Inethyl-6- 

@Ikenyrsur/ony~nethyl)-3,4-dih~~-2H-pymn (6b+5b). A mtxture of 3a (89 mg, 0.4 mmol) and isobutyl vinyl ether 4h (800 

mg, 8 mmol) in benzene (1 ml) was heated in a sealed tube at 130- 135 “C for 48 h. The mixture was condensed in a vacua and 

the residue was chromatographed on sihca gel with hexane-EtOAc (6: 1 v/v) to give 6b, 5h (110 mg, 854,) as inseparable 

mixture of n’s- and rrons-isomers. According to the tH NMR analysis of crude reaction mixture, the ratio of 6h and Sh was 1:2; 

rrans-isomer 5b: IH NMR (CsDe) 6 = 0.69 (3H, d, JM~A = 7.3 Hz. 4Me), 0.87, 0.89 (each 3H. each d. J= 6.6 Hz, Me of 2-i. 

BuO), 1.0s (IH, ddd, J,,, = 12.8, J3-4 = 10.3. and 53.2 = 2.Y Ht. one of H-3) 1.5-1.9 (2H, m, CH of 2-i-BuO and the other of 

H-3), 2.2-2.4 (lH, m. H-4). 3.04 (1H. dd, J,,, = 9.2 and J = 6.6 Hz. one of CH2 of 2-i-B&). 3.55.3.61 (each 1H. each d, J,,, 

= 12.6 HG 6CH2S02Ph), 3.64 (1H. dd, J pm = 9.2 and J = 6.6 Hz. the other of CH2 of 2-r-BuO). 4.73 (lH, t, 12-3 = 2.9 Hz, H- 

2). 6.9-7.0 (3H, m, Ph), 7.8-7.9 (2H. m. Ph): 13C NMR (C&s) 8 = 19.44 (Me of 2+BuO), 20.85 (4-Me), 22.74 (C-3), 28.80 

(CH of 2-i-BttO), 34.56 (C-4). 61.55 (6CH2SO2Ph), 75.17 (CH2 of 2-i-B&), 97.64 (C-2). 111.52 (C-5). 128.71, 128.98, 

133.14 (each Ph). 139.88, and 140.00 (Ph and C-6). The data of OS-isomer 6b are presented below. 

Geaeml Procedure for the Levis Acid-Catalyzed Helen, IX&-Alder Reactions of Enones 30-c with Vinyl Ethers 4 

lzading to Dihydropymn Cycloodducts S-9. As a typical example the reaction of 3a with ethyl vinyl ether 4a in the presence 
of Eu(fod)3 is described as follows: To a solution of enone 30 (224 mg, 1 mmol) and Eu(fod)3 (31 mg, 0.03 mmol) in CH2CI2 

(3 ml) was added ethyl vinyl ether 4a (360 mg. 5 mmd) at -78 “C under argon. The mixtme was watmed to -5 “C and allowed 

tn stand for 40 h. The resulting mixture was quenched with satut~~I aqueous NaHC@ and extracted with CH2C12 (30 ml x 3). 

llre combined extracts were dried (MgSO4) and evapanted in vacua. The crude product (350 mg) was cbromatographed on 

silica gel with hex_EtOAc (7:l v/v) to give 6a (276 mg. 956) as a single isomer. Other hetero DIels-AI&r reactions were 

performed under the reaction conditions shown in Table 1 The ytelds as well as the diastereoselectivities are also summarized 
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in Table I. rrans-Isomer 5a (entnes I and 2 in Table I) was cbaracterued on the basis of 1 H and 13C NMR spectra data as a 
mixlure with crs-isomer 6. 

cis-2-Etho*y-4-methyI-6-(p~nylsulfonyl~fhyl~-3,4-~~hydro-2H-p~vran (6a). Separated and purified by silica gel column 
chromatography using hexane-EIOAC (7: 1 v/v). Colorless prisms (cyclohexane); mp 88-89 “C; IR (KBr) 2950, 1665, 1580, 
1450, 1375. 1290, 1255, 1180. 1155, 1125, 1050, 1025,Y80,900,855,810. 750,and69Ocm-t; tHNMR(C6D6)8=0.73(3H, 
d Qe_4 = 7.3 Hz, 4-Me), 1.03 (3H. t, J= 7.0 Hz, 2-EtO). 1.29 (1H. ddd, J,,, = 13.2, J3-4 = 9.5, and 53.2 = 8.1 Hz, one of H- 
3). 1.64 (lH, dddd, Jgem = 13.2,13_4 = 6.0, J3.2 = 2.2, and J3.5 = 1.1 Hz, the other of H-3). 1.92-2.18 (lH, m, H-4), 3.12 (lH, 
&, J,,, = Y.5 and J = 7.0 Hz, one of 2-EtO), 3.48 (LH, dd, Jgem = 13.2 and Jc~2.5 = 1.1 Hz, one of 6-CH2SOZPh), 3.55 (lH, 
&I, J,,, = 13.2 and JcH2.5 = 0.7 Hz, the other of 6-CH$W2Ph), 3.60 (lH, dq. Jgem = 9 5 and J = 7.0 Hz. the other of 2-EtO), . 
4.35 (1H. hr. d. 55-4 = 2.6 Hz, H-S), 4.49 (IH, dd. 52.3 = 8.1 and 2.2 Hz, H-2), 6.9-7.0 (3H, m, Ph), and 7.8-7.9 (2H, m, Ph); 
t3C NMR (C6D6) 6 = 15.29 (2-EtO), 20.88 (4-Me). 26.62 (C-4), 35.85 (C-3). 61.40 (6-CH2.S02Ph), 64.26 (2-EtO), 100.15 (C- 

2). 110.65 (C-S), 128.74, 128.95. 133.01 (each Ph). 140.15, and 140.96 (Ph and C-6): MS (70 eV, rel intensity, W) m/z 296 
(M+, 25), 155 (40). 111 (23), 109 (59). 85 (24). 81 (48), 77 (90). 72 (IOO), 69 (31), 57 (27), 55 (27), 51 (29), 45 (64), 44 (84), 
and 40 (30). Anal. Calcd for Ct5H#4S: C, 60.7Y; H, 6.8W. Found: C. 60.72; H, 6.97%. 

trans-2-Ethox.v-4-methyt-6-fphenylsul/on (5~). *H NMR (C6Dg) 6 = 0.66 (3H, d, JM~_~ = 
7.3 HZ. 4-Me), 1.09 (3H, t. J = 7.3 Hz, EtO). 2.20-2.40 (lH, m, H-4), 3.28, 3.89 (each lH, dq. J,,, = 9.5 and J = 7.3 Hz, one of 

2-EtO). 4.25-4.28 (1H. m. H-S), and 4.73 (IH, t, 52.3 = 2.8 Hz, H-2): 13C NMR (C6Dg) 6 = 20.83 (4-Me). 22.71 (C-4), 34.61 
(C-3), 61.55 (6-CHzSO$‘h). 64.00 (2-EtO). Y7.32 (C-2). I1 I 53 (C-5). 128.68 (Ph), and 140.18 (Ph and C-6). Other signals are 

overlapped with those of the crs-isomer 6~. 
cis-2-lsobutoxy-4-n~ethyl-6-(phenylsulfonylmerhvl~-_1.4-drh~dro-2H-pyrun (6b). Separated and purified by silica gel 

column chromatography using hexane-EtOAc (7:l v/v). Colorless needles (F,QO-hexane); mp 57.58 “C: IR (KBr) 2900, 
1660, 1445, 1360, 1300, 1260, 1130. 1125, 1060,975, 825, 745, and 690 cm-t; tH NMR (C6D6) 6 = 0.75 (3H, d, JM~_~ = 7.0 
Hz, 4-Me). 0.84.0.85 (each 3H. each d, JM,.CH = 6.6 Hz, Me of2-I-BuC)), 1.28 (lH, ddd. Jgem = 13.2, 53-2 = 8.1. and 53.4 = 

Y.2 Hz, one of H-3). 1.64 (IH, dddd. Jgem = 13.2.53.2 = 2.2. J3.4 = 6.6, and J3.5 = 1.1 Hz, the other of H-3), 1.75 (IH, ninefold, 
.I= 6.6 Hz. CH of2-I-BuO). 1.92-2.18 (1H. m, H-4). 2.82, 3.35 (each lH, each dd, Jgem = 9.3 and JcH2_r-H = 6.6 Hz, CH2 of 2- 
r-BuO). 3.4Y, 3.56 (each lH, each hr. d, Jg,,,, = 14.3 Hz, h-CH2SO2Ph). 4.35 (lH, br. d, J5.4 = 2.6 Hz, H-S), 4.47 (lH, dd, J2.3 

= 8.1 and 2.2 Hz. H-2), 6.9-7.0 (3H, m. Ph), and 7.8-7.9 (ZH, m, Ph): 13C NMR (C&) 6 = 19.40. 19.44 (each Me of 2-i-BuO), 
20.89 (4-Me). 26.58 (C-4). 28.74 (CH of 2-r-B&), 35.71 (C-3). 61.40 (6-CH$O2Ph), 75.56 (CH2 of t-i-BuO), 100.50 (C-2). 

110.65 (C-5). 128.76, 128.95, 133.07 (each Ph). 140.25. and 140.93 (Ph and C-6); MS (70 eV, rei intensity, 8) m/z 324 (M+. 
21), 235 (30). 226 (23). 225 (base peak), 184 (76), 182 (36). 140 (30). 128 (22). 126 (46). 112 (34). 108 (30). 101 (32), and 91 
(23). Anal. Calcd for Ct7H2@&: C. 62.94; H, 7.466. Found: C, 63.16; H. 7.43%. 

cis-4-Mefhyl-2-phenoxy-6-lphenylsul~nyl~thylJ-~,4-dil~ydr~~-2H-pyr~ (6~). Separated and purified by silica gel column 
chromatography using hexane-EtOAc (7: 1 v/v). Colorless needles (E120); mp 133-135 “C; IR (KBr) 3050, 2900, 1660. 1580, 
1475, 1440, 1375, 1290. 1225, 1140, 1065.980.890, 805. 740, and 675 em-‘; tH NMR (CDC.13) 8 = 1.08 (3H, d. JM~_~ = 7.3 
HI, 4-Me). 1.65 (1H. ddd, J,,, = 11 4,J3_2 = 7.9, and 13.4 = 9.0 Hz. one of H-3). 2.11 (IH, dddd, Jgem = 13.4, J3.2 = 2.6,53_4 
= 6.4. and J3.5 = 0.7 Hz, the other of H-3), 2.38-2.55 (IH. m, H-4). 3.81 (2H, br. s, 6-CH2S02Ph). 4.76 (IH. br. d. J5.4 = 2.2 
Hz, S-H). 5.43 (IH, dd, J2.3 = 7.9 and 2.2 Hz, H-2). 6.8-6.9 (2H. m, Ph). 7.0-7.1 (lH, m. Ph). 7.2-7.3 (2H, m, Ph), 7.4-7.5 (2H, 
m. Pb), 7.5-7.6 (lH, m, Ph). and 7.8-7.9 (2H. m, Ph); t3C NMR (ChD6) 6 = 20.81 (4-Me), 25.93 (C-4). 34.97 (C-3). 61.05 (6- 
CH$302Ph).Y7.55(C-2). lllSO(C-5). 116.47, 122.31, 128.53, 128.87. 129.41, 13366(eachPh), 138.71. 138,74(PhandC-6). 

and 156.74 (Ph): MS (20 eV, rel intensity, B) m& 344 (M’. 13), 251 (23). 24Y (30). 235 (base peak), IOY (52). and 108 (62). 
Anal. Calcd for Ct9H2@& C, 66.26; H, 5.858. Found: C, 66.13; H. 5.93%. 

cis-2-Ethoxy-4-isopropyl-6-(phenylsulfonylmethyl~-3,4-dihydrcr-2H-pyran (6d). Separated and purified by silica gel 
column chromatography using bexane-EtOAc (7: I v/v). Cokxless solids (EtzO-hexane); mp 91-93 “C; IR (KBr) 2850, 1650, 

1440, 1350, 1255, 1120. 1025,900.850,825,800,770. 745. and h75 cm’; *H NMR (C6Dg) 8 = 0.67,0.68 (each 3H, each d, J 

=6.6 Hz. Me of4-i-R), l.O4(3H, C J= 7.0 Hz. 2-EtO), 1.31 IlH, act J=6.6 Hz, CHof4-i-Pr). 1.43 (IH. ddd.Jgem= 13.0, J3_ 

2 = 9.0, and J3.4 = 10.8 Hz, one of H-3). 1.63 (1H. dddd, .Jgem = 13.0. J3.2 = 2.2, and J3.4 = 6.0 and J3.5 = 1 .O Hz. the other of 
H-3), 1.76-1.88 (lH, m, H-4), 3.12 (IH. dq. J,,,= 9.5 and J = 7.0 Hz, one of 2-EtO), 3.51 (IH, d, Jgem = 13.9 Hz, one of 6- 
CH#02Ph), 3.57 (IH. dq, Jgem = 9.5 and J = 7.0 Hz, the other of 2-EIO), 3.58 (IH, d, Jgem = 13.9 Hz, the other of 6- 
CHZS@Ph), 4.50 (1H. dd, 52.3 = 9.0 and 2.2 Hz, H-2). 6.8-7.0 (3H. m, Ph), and 7.8-7.9 (2H, m, Ph): 13C NMR (CgDg) 8 = 
15.35 (2-EIO). 17.22. 19.64 (each Me of4-i-R), 31.00 (CH of4-r-R), 31.68 (C-4). 38.43 (C-3). 61.45 (6-CH2.S02Ph), 64.25 (2- 

EtO). 100.82 (C-2). 10792 (C-5). 128.81, 128.92. 133.06 (each III). 140.28, and 142.00 (Ph and C-6); MS (75 eV, rel intensity, 
s) nt/Z 324 (M+. 74). 281 (36). 235 (base peak), and 72 (48). Ana. Calcd for C]7H240&: C, 62.94: H, 7.46%. Found: C, 
63.00; H. 7.20%. 
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cis-2-~soburoxy~-rsoprup~l-6-(p~ny~~ulfonyl~~hylt-~,4-d~hvdr~-2H-pyr~n (6e). Separated and purified by silica gel 

column chromatography using hexane-EtOAc (7: 1 v/v). Colorless needles (EQO-hexane); mp 83-84 “C; IR (KBr) 2900. 
2850. 1650, 1440, 1350, 1290, 1260. 1125. 1055. 1010.915.890,855.800.770.740, and675cml; ‘H NMR(C&) 6=0.69. 

0.70 (each 3H, each d. J= 7.0 Hz. Me of4-r-R), 0.85, 0.87 (each 3H. each d, J= 6.6 Hz, Me of 2-i-BuO), 1.35 OH, ocl, J= 7.0 
Hz. CH of 4-i-Pr). 1.42 (IH, ddd. J,,, = 13.0, J3.2 = 8.8, and 53.4 = 10.8 Hz. one of H-3), 1.62 (lH, dddd. J,,, = 13.O,J3.2 = 

2.2, J3.4 = 6.0, and J3.5 = 1.0 Hz. the other of H-3). 1.76 (lH, ninefold, J = 6.6 Hz, CH of 2-i-BuO), 1.78-1.91 (lH, m. H-4), 
2.83, 3.33 (each lH, each dd. JEem = 0.2 and J = 6.6 Hz, CH2 of 2+BuO), 3.51, 3.60 (each IH, each d, Jp,, = 13.9 Hz, 6- 
CHzS02Ph), 4.48 (IH, dd, 52.3 = 8.8 and 2.2 Hz, H-2), 4.52 (1H. hr. s, H-5), 6.8-7.0 (3H, m, Ph), and 7.8-7.9 (2H, m, Ph); t3C 
NMR (C6Db) 6 = lY.19, 19.42, 19.47. 19.67 (e&h Me of 2-r-BuO and 4-r-I%), 28.78 (CH of 2-r-BuO), 30.83 (CH of4-i-Pr), 
31.71 (C-4). 38.42 (C-3), 61.45 (h-CH2SOzPh). 75.55 (CH2 of 2-I-BuO), 101.15 (C-2), 107.Y3 (C-5). 128.81. 128.01. 133.07 

(each Ph). 140.43. and 142.00 (Ph and C-6); MS (75 eV. rel inlensity. ‘R) ML’: 352 (M+, 8). 309 (44). 235 (base peak). 57 (36), 
56 (21), and 41 (24). Anal. Calcd for ClyH211O4S: C, 6474: H, X.01%,. Found: C. 64.71; H, 7.95%. 

crs-2-E~troxy-4-phenyi-6-(phenY[sulfunrlmelhvli-11.4-drhvdro-2H-pvran (60. Separated and purified by silica gel column 
chromatography using hexane-EtOAc (7: 1 v/v). Colorless solids (Et#-bexane): mp 88-90 “C: IR (KBr) 2980, 2900, 2870, 

1675, 1600, 1580, 1445, 1380. 1320. 1305. 1225. 1175. 1160. 1130. 1080. 1040, 1025, 950.930, 890, 800, 750,and69Ocm-l; 
lH NMR (C6D6) 6 = 1.01 (IH, I. .I = 7.0 Hz. 2-E10). 1.73 (IH, ddd. Jeem = 13.2, J3.2 = 9.2, and 53.4 = 11.0 Hz, one of H-3), 
1.94 (1H. dddd, Jgem = 13.2, /3_2= 2.2, /3_4=6.6.and 53.5 = 1.1 Hz. the otherof H-3). 3.16(lH. dq, Jgem=Y.5and J=7.0 

Hz, one of 2-E(O). 3.09- 3.35 (lH, m, H-4). 3.49 (IH, dd, Jgem = 13.Y and J= 1.1 Hz. one of 6-CH2S02Pb). 3.59 (IH. br. d, 
J,,, = 13.9 Hz. the other of 6-CH2SO2Ph). 3.60 (1H. dq, Jgem - - Y.5 and J = 7.0 Hr. the other of 2-E(0). 4.56 (lH, br. s, H-5). 
4.58 (1H. dd. J2.3 = 9.2 and 2.2 Hz. H-2). 6.8-7.2 (8H. m. Ph). and 7.8-7.Y (2H. m. Pb): ‘3C NI%lR (C6D6) 6 = 15.28 (2-E(O), 

37.16 (C-4). 38.40 (C-3). 61.35 ( h-CH2SO2Pb). 644.27 (2-E(0). 100.41 (C-2). 10X.43 (C-5),126.85, 127.50, 127.67, 128.02. 

128.38, 133.1Y (each Ph), 140.20, 142.7Y (Ph and C-6). and 144 19 (Ph): MS (70 eV, rel intensity, %) m/z 359 iM++l, 4), 313 
(M+-EtO, 66). 218 (72). 216 (base peak). I73 (4Y). 170 (4Y). 147 i3Y). 141 (23). I17 (25). I15 (54). I03 (61). Yl (3X), 77 (X6). 
and 74 (42). Anal. Calcd for C20H22O4S: C. 67.02: H, h.lY% Found: C. 66.82: H, 6.34%. 

crs-2-lsoburoxy-4-p/~en.v/-6-(pheny/sulJorun (Cg). Separated and purified by silica gel 
column chromatography using bexane-ErOAc (7:l v/v) Coltwless viscous oil; lR (neat) 3050, 2950, 2850, 1660, 1600, 1445, 
1310. 1150, 1075, 1060,1025,Y50. 890. 800. 750. and 680 cm-‘: ‘H NMR (C,$e) 6 = 0.82.0.83 (each 3H, each d. J = 7.0 Hr. 
Me of 2+BuO), 1.60-1.85 (2H. m, one of H-3 and CH of Z-I-BuO). l.Y2 (IH. dddd, J,,, = 12.X. 53.2 = 2.2, J3.4 = 6.6, and J3.5 
= I. I Hz, the other of H-3). 2.86 ( I H, dd, Jgem = Y.2 and J= 7.0 Hr. one of CH2 of 2-I-BuO). 3.19-3.29 (IH. m. H-4), 3.36 (IH, 

dd. J,,, = Y.2 and J = 7.0 Hz. tbe other ofCH2 of 2-i-But)). 3.51 (1H. dd. J ge,n = 13.4 and .I = 1.1 Hz, one of 6-CH2SOZPb), 
I.61(lH,hr.d,Jp,,= l3.4H~.Lheolherof6-CH~SO~Phl.J5~~(IH,dd.J~_~=Y.?;md2.2Hz.H-2),4.6l(1H,dd,J5_4=2.2 
and Js.3 = 1.1 Hz. H-5). 6.8-7.2 (SH. m. Ph), and 7.X-7.Y t2H. m, Pb): 13C NMR (C6D6) 6 = 19.35, 19.41 (each Me of 2-i- 

BuO), 28.71 (CH of 2-r-BuO). 37.05 (C-4). 38.34 (C-3). 61.3X , h-CHZSO2Pb). 75.53 (CH2 of 2+BuO), 100.05 (C-2), 108.3X 

(C-5). 126.84, 127.48. 128.75. 133.13 (each Ph). 140.43, 142.74, (Pb and C-h), and 144.21 (Ph); MS (7.5 eV, rel intensity. %J) 
&z 386 (M+. 5). 245 (25). 244 (62). 171 (71). 170 (30). I45 (base peak), 144 (53). 143 (34). 141 (43), 131 (55). 12Y (2Y). 128 
(31). 100 (27). 77 (46). 57 (86). 56 (55). and 41 (29). Anal. CaIcd for C22H2604S: C, 68.37; H, 6.78%~. Found: C. 68.12; H. 
6.62%. 

r-2-EtWoxy-r-.~,c-4-dirnerhv[-6-(phenv/suljonvlmefhy/).~,4-dlhydro-~H-pyran (7~). Purified as an inseparable I:1 mixture 
(entry I2 in Table I) of slereoisomers 7~ and BP by silica gel column chromatography using hexane-EtOAc (5: 1 v/v). The 
compound 7a was characterized on the basis of ‘H and 13C NMR specual data. tH NMR (C6Dg) 6 = 0.77.0.84 (each 3H, each 
d J = 7.3 Hz, each 3-Me or 4-Me). 1.02 (3H. t, J = 7.0 Hz. 2-E(O), 1.33 (IH. dquint. J3.2 = J~_M~ = 7.3 and J3.4 = 8.1 Hz, H- 
3). l-54-1.68 (lH, m, H-4). 3.14(IH. dq, J,,,= 9.5 and J = 7.0 HL. one of 2-Et()). 3.51 (2H, s, 6-CH$iOZPh). 3.63 (IH. dq. 
J,,, = 9.5 and J= 7.0 Hz. lbe odler of 2&O), 4.22 (lH, 52.3 = 7.3 Hz. H-2). 4.33 (lH, d. 55-4 = 2.6 Hz, H-5). 6.8-7.0 (3H, m, 

Ph), and 7.8-7.Y (2H, m, Ph); 13C NMR (C6D6) S = 14.95. IS.21 (each 2-Et0 or 3-Me), 19.57 (4-Me). 30.04 (C-4). 38.83 (C- 
3), 61.27 (6-CH2S02Pb). 64.45 (2-EtO). 104.06 (C-2). 110.68 (C-S), 128.91. 128.95. 133.06 (each Pb). and 140.40 (Pb and C- 
6). Other signals are= overlapped with those of the compound &I 

r-2-EfLoxy-c-3.c4-dirnethyl-6-~phPnylsrlf~nylmcrhyl)-3.4-dihydro-2H_n (&I). Purified as an inseparable 1: IY mixture 
(entry 13 in Table 1) of rrans 7a and cis ga by silica gel column chromatography using bexane-EtOAc (5:l v/v). 
Recrystallization of a mixture of stereoisomers 7~ and 610 from Et20-hexane gave i3a as a single isomer. Colorless prisms 
(Etfl-hexane); mp 82-84 “C; IR (KBr) 2850, 1660, 1440, 1300. 1260. 1130, 1020.940,840,810,740,675 and 645 cm-t; lH 
NMR (CgDg) 6 = 0.77, 0.86 (each 3H, each d, J = 7.3 Hz. each 3-Me or 4-Me), 1.02 (3H, t. J = 7.0 Hz, 2-EtO), 1.68 (lH, 
dquinl, J3.2 = I.8 and J~_M~ = J34 = 7.0 Hz, H-3). 1.99-2.15 (IH. m. H-4). 3.12 (1H. dq. J,,, = 9.5 and Jr 7.0 Hz, one of 2- 
EtO), 3.51 (2H. s. 6-CH2S02Ph), 3.65 (1H. dq. J gem = Y.5 and J = 7.0 Hz. Ibe other of 2-E(0). 4.23 (lH, 55-4 = 3.3 Hz, H-5), 
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4.50 (IH. d. 52.3 = 1.8 Hz, H-2). 6.8-7.0 (3H. m. Ph). and 7.8-7.9 (2H. m. Ph); DC NMR (C&,) 6 = 8.57 (3-Me), 15.31 (2 

EtO). 16.21 (4Me). 30.70 (C-4) 34.80 (C-3). 61.16 (6CH2SO$‘h), 64.M (2-EtO), 102.63 (C-2). 109.83 (C-5). 128.75. 128.97, 

133.03 (each Ph), and 140.25 (Ph and C-6): MS (20 eV. ml intensity, Ro) m/z 310 (M+. 18) and 86 (base peak). Anal. Calcd for 
ClaH2204S: C. 61.91; H. 7.14’K. Found: C, 61.95: H. 7.14%. 

r-2-Etkoxy-c-4-methyl-r-3-pheny/-6-(phenvt~u~fonyt~f~v~J-~,4-dihvdro-2~-p.vr~n (7b). Separated and purified by silica 
gel column chromatography using hexane-EtOAc (7: 1 v/v). Colorless needles (EtzO-hexane); mp 11 l-l 12 “C; 1R (KBr) 
2900, 1650, 1440, 1300, 1255, 1130, 1075, Y95, 820,745.680. and 625 cm- ‘; ‘H NMR (CeDe) 8 = 0.69 (3H. d. JMe_4 = 6.6 

Hz, 4-Me). 0.78 (3H. t. J= 7.0 Hz, 2-EtO). 2.22-2.35 (1H. m. H-4). 2.41 (IH, dd, 53.2 = 8.1 and 53.4 = 9.9 Hz. H-3), 3.03, 3.48 
(each lH, each dq, Jgem = 9 5 arid J= 7.0 Hz. 2-EtO), 3.53, 3.64 (each IH, each d Jgem = 13.9 Hz, 6CHZSOzPh), 4.54 (lH, d, 
J5.4 = 2.2 Hz, H-5). 4.67 (1H. d. J2.3 = 8.1 Hz. H-2). 6.8-7.2 (8H. m, Ph), 7.8-7.9 (2H, m, Ph); 13C NMR (CeDs) 8 =14.96 (2- 
EtO). 19.24 (4-Me), 34.59 (C-4). 51.95 (C-3). 61.21 (6’~CH2SQPh). 64.66 (2-EtO), 103.04 (C-2), 111.26 (C-5), 126.94, 

128.55, 128.62. 128.89. 133.16 (each Ph), 140.44. and 140.82 (Ph and C-6); MS (20 eV, rel intensity, %) m/z 372 (M+, 6), 149 
(11) and 14X (base peak). Anal. CaIcd for C2tH24048: C, 67.72: H, 6.49%‘. Found: C, 68.08; H, 6.53%. 

r-2-Efhon~-c-4-methy/-c-3-pheny/-6-~pCny/sulfonylme/hyI)-J.4-dihydro-2H-pyran (8b). Separated and puriIled by silica 
gel column chromatography using hexane-EtOAc (7:1 v/v). Colorless prisms (Et20-hexane); mp 91-92 “C; IR (KBr) 2900, 
1650, 1440. 1300, 1150. 1125. 1105, 1085, 1050. 1015.980, 880. 845,740,and680cu-t; ‘HNMR(C6Dfj)6=0.81 (3H,d, J= 

7.3 Hz. 4-Me), 1.03 (3H. t. J= 7.0 Hz, 2-Et(l), 2.18-2.34 (1H. m. 4-H). 2.93 (IH, dd, 53.2 = 22and J3.4 = 6.8 Hz, 3-H), 3.21 
(IH. dq, J,,,, = 9.5 and J = 7.3 Hz. one of 2-EtO), 3.52, 3.62 (each lH, each d. J,,, = 14.3 Hz, 6CH2SOZPh), 3.86 (lH, dq, 
J,,, = Y.5 and J = 7.3 Hz, the other of 2-E(0). 4.35) (IH. hr. d. J5.4 = 4.0 Hz, H-S), 4.92 (1H. d, 52.3 = 2.2 Hz, H-2). 6.9-7.4 
(SH, m, Ph), and 7.X-8.0 (2H. m. Ph): 13C NMR (CeD6) 6 = 15.18 (Z-Et<)). 16.60 (4-Me), 31.39 (C-4) 46.48 (C-3), 61.24 (6’- 
CHZSOzPh), 64.76 (2-Et(I) 100.80 (C-2). 111.72 (C-S). 126.88. 127.66. 128.02. 128.38, 130.00, 133.26 (each Ph), 138.53, 

139.78, and 13Y.86 (Ph and C-6): Mass (75 eV, rel. intensuy. %) m/z 372 (M+, 2), 148 (base peak), 120 (29) and 91 (28). Anal. 
Calcd forC2tH2404S: C, 67.72; H. 6.4’)s. Found: C, 67.31; H. 6.36%. 

tmns- and cis-2-Ethoxv-3-Methy//-6-(phenv/suJfony/~~/h~~l~-_1.4-di/~ydro-2H-pvrcm (7~) and (SC). Purified as an inseparable 

I: 1 mixture (entry 18 in Table 1) of 7c and (Ic by silica gel column chromalography using hexane-EtOAc (5: 1 v/v). Colorless 
oil; IR (neat) 2950, 2900, 1675, 1580, 1445. 1370. 1310, 1250, 1210, 1150, 1125. 1080, 1060, 1025, 980, 960, 920, 850, 790, 
745, and 680 cm-l; lH NMR (C@e) 7~: 6 = 0.78 (3H. d. J= 6 Y Hz, 3-Me), 1.06 (3H. t. J= 7.0 Hz, 2-EtO), 1.33 (lH, dt, J,,, 

=l2.SandJ4_3=J4_S=4.8Hz.oneof4-H~,2.01-2.15(IH.m.theotherof4-H),3.24(lH,dq,Jp,,=9.5 andJ=7,0Hz,one 
of 2-EtC)). 3.51 (2H. br. s. 6-CH$St&Ph), 3.78 (IH. dq, Jgem = 9.5 and J= 7.0 Hz, one of 2.EtO). 4.83 (IH, d, 52.3 = 4.8 Hz, H- 
2). and 4.41 (1H. t. JS_4 = 4.8 Hz, 5-H); 8c: 6 = 0.82 (3H. d. J = 6.6 Hz. 3-Me), 1.06 (3H, t, J = 7.0 Hz, 2-E@), 3.28 (lH, dq, 
J gem = 9.5 and J = 7.0 Hz, one of 2-Et()), 3.47. 3.58 (each IH. each br. d, J,,, = 13.9 Hz. 6-CHZS02Ph). 3.90 (IH, dq, Jgem = 

9.5 and J = 7.0 Hz, the other of 2-EtO), 4.40 (lH, dd. ,/S-4 = 4.7 and 2.5 Hz, 5-H), and 4.56 (1H. d. J2.3 = 2.5 Hz. H-2). Other 

signals (H-3 and Ph) of 7c are overlapped with those (H-3.4 and Ph) of the compound &: I .5-1.9 (4H, m, H-3 of 7c and H-3,4 
of 8c) and 6.7-7.0 (3H. m. Ph). and 7.7-7.9 (2H. m, Ph): t3C NMR (CbDs) 7~: 6 = 15.26 (3-Me), 16.18 (2-EtO), 25.77 (C-4). 
30.05 (C-3), 61.34 (6CH2S02Ph), 64.09 (2-EtO). 102.40 (C-2), 103.77 (C-5). 128.75, 128.81, 133.06 (each Ph), 140.28 (Ph or 
C-6). and 140.33 (Ph or C-6): 8c: 6 = 15.12 (3-Me), 15.62 (2-EIO). 25.15 (C-4). 30.58 (C-3), 61.34 (6CH2S02Ph), 64.16 (2- 

EtO). 100.40 (C-2), 104.Y5 (C-5). 128.71. 128.Y2, 133.06 (each Ph). 140.28 and 140.33 (Ph and C-6). Anal. Calcd for 
CI5H2&4S: C, 60.79; H. 6.80%. Found: C. 60.05; H, 6.62%. 

fruns-2-Ethox.v-J-phenyl-6-(pheny[sulfonylmethylJ-J~4-dihvdro~2H-pvran (7d). Separated and purified by silica gel column 
chromatography using hexane-EtOAc (7:1 v/v). Colorless prisms (i-PrOH-hexane); mp 102-103 “C: IR (KBr) 2900, 1660, 
1430. 1280, 1240, 1120. 1075.980, 870, 790. 740, and 675 cm-t: ‘H NMR (CsDs) 6 = 0.93 (3H, L J = 7.0 Hz, 2-EtO), l.Y4 
(IH, ddd, Jeem = 18.0. J4.3 = 6.6, and J4.5 = 4.0 Hz, one of H-4). 2.27 (1H. ddd, I,,,,, = 18.0, 54.3 = 6.6, J4.5 = 4.0 Hz, the 
other of H-4). 2.82 (lH, dt 53.2 = 5.1 arid 53.4 = 6.6 Hz.. H-3). 3.16 (iH, dq, J,,, = 9.5 aud J = 7.0 Hz one of 2-EtO), 3.50 (2H. 
s, CH>S02Ph), 3.70 (IH. dq. J,,, = 9.5 and J = 7.0 Hz, the other of 2-EtO), 4.53 (1H. t, J5.4 = 4.0 Hz, H-5) 4.72 (IH, d, 52.3 

= 5.1 Hz. H-2), 6.8-7.0 (3H. m, Ph). 7.0-7.3 (5H. m. Ph). and 7.8-7.9 (2H, m, Ph); 13C NMR (CsDe) S =15.09 (2-EtO). 26.38 
(C-4). 41.97 (C-3), 61.28 (6-CH2S02Ph), 64.32 (2-Et()). 101.52 (C-2). 104.61 (C-S), 126.95, 128.15. 128.68, 128.71, 128.81, 

132.97 (each Ph). 140.51, 141.2X. and 141.5Y (Ph and C-6); Mass (70 eV, rel. intensity, F) m/z 358 (M+, 9). 171 (52). 149 
(871, 147 (34). 119 (23) 92 (22), 91 (70). 78 (23). 77 (base peak), 65 (34). 55 (27) and 51 (33). Anal. Calcd for C~oH2204S: 

C, 67.02; H, 6.19%. Found: C, 67.19; H, 6.31%. 
c~s-2-Ethoxy-3-phenyl-6-(phenylsulfonylmethyl~-~,4-dihydro-2H-pyran (8d). Separated and puritkd by silica gel column 

chromatography using hexane-fiOAc (7:l v/v). Colorless prisms (i-ROH-hexane); mp 93-95 “C; IR (KBr) 2900, 1670, 1440. 
1305, 1160, 1130, 1100,1080, 1040.980,930,870,850,800.740, and 690 cm-l; 1H NMR (c&j) 6 = 0.97 (3H, I, J = 7.0 Hz, 

2-EIO), 1.77 (1H. dt J,,, = 16.9 and 54.3 = 54-5 = 5.5 Hz. one of H-4). 2.52 (1H. br. dd, Jgem = 16.9 and 54.3 = 12.8 Hz the 
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dberofH-4).2.78(1H,ddd,J3.4.. 12.8,13_4=5.5.and13.~=1.8Hz.H-3).3.16(1H,dq,J~~=9.5podJ=7.0Hz,~of2- 
EtO), 3.54, 3.66(eac-h 1H. each d, Jlem = 14.3 Hz.6-CH$W+), 3.86(lH,dq, Jgem= 9.5 and J= 7.0Hz. Iheotherof2-EtO). 
4.50 (IH, dd, 15.4 = 5.5 and 2.2 Hz. H-5). 4.88 (lH, d, J2.3 = 1.8 Hz, H-2), 6.8-7.3 (8H. Ph), and 7.7-7.9 (2H, m, Ph); 13C 
NMR (C&) 6 = 14.97 (2-EtO), 23.70 (C-4). 42.63 (C-3). 61.32 (C-6’). 64.43 (2-EtO), 99.77 (C-2). 105.60 (C-5). 127.17, 

128.69. 128.84, 128.94. 129.34, 133.07 (each Ph), 140.13. 140.23, and140.67 (Pb and C-6); Mass (70 eV, rel. intensity, Q) m/z 
358 @i+, 49). 312 (21). 171 (54). 149 (70). 147 (base peak), 143 (35). 142 (22), 141 (69). 129 (24). 128 (68). 127 (21). 121 (32). 
119 (45). 115 (69). 105 (37). 104 (31). 103 (20). 92 (26). and 51 (50). Anal. Calcd for C2OH22O4S: C, 67.02; H, 6.19%. 

Found: C, 67.25: H. 6.35%. 
cis-6-(Phenylsulfonylmethyi~-2,J.3a. 7a-tetrahydro-4H-luro/2.ll-blpyran (9). Separated and purified by silica gel column 

cbnnnatography using bexane-EtOAc (4: 1 v/v). Colorless prisms (EtzO-hexan@; mp 79-81 “C; IR (KBr) 2900, 1670, 1440, 
1270. 1040, 990.920. 800, 750, 690, and 610 cm-t; *H NMR (C6Dg) 8 = 1.20-1.90 (4H, m, H-3, H-3& and H-4), 3.5-3.6 (lH, 
m, one of H-2), 3.53 (2H. s. 6-CH$QPh). 3.82 (IH, d&l, Jge,,, = 9.2,J2.3 = 8.4, and 2.9 Hz, the other of H-2). 4.45 (lH, dd, 

J5.4 = 5.1 and 2.6 Hz, H-5). 4.85 (lH, d, J 7s 3a = 3.7 HZ, H-7a), 6.9-7.0 (3H. m, Ph). and 7.8-7.9 (2H, m, Ph); 13C NMR 
(C6D6) 6 = 21.66 (C-4), 27.75 (C-3). 36.59 (C-3a), 61.58 (6-CH$W2Ph), 67.90 (C-2). 99.82 (C-7a), 100.51 (C-5), 128.69, 

128.84, 133.17 (each Ph). 140.60, and 141.21 (Ph and C-6); MS (75 eV, rel intensity, %,) nt/: 280 (M+, ll), 139 (28), and 70 
(base peak). Anal. Calcd for C14H1604S: C. 59.98: H, 5.75%. Found: C. 60.18: H. 5.80%. 

Gmcml Procedure for the Transformation of t-EUory-3,4-dihydro-2H-pymrr CycloadducQ t&x, 7b,d, and 86 lo 6-Ethoxy- 
I-phcnylsulfonyl-2-heronone Derivatives I&-d. Aa a typical example the transformation of 6a to lOa is described as 
follows: To a solution of 60 (148 mg, 0.5 mmol) in CH2Cl2 (3 ml) was added Tic14 (2 M in CH2C12. 0.06 ml, 0.55 mmol) 

under nitrogen. The mixture was stirred at -78 “C for 10 min and tbe addition of uietbyl silane (64 mg, 0.088 ml, 0.55 mmol) 
was followed. The reaction mixture was stirred at -78 “C for 1 h. The resulting mixture was quenched with saturated aqueous 
NaHC03 and extracted with CH2Cl2 (30 ml x 3). The combined extracts were dried (MgS04) and evaporated in vacua. The 

crude product (139 mg) wac chromatographed on silica gel with hexane-EtOAc (41 v/v) to give keto ether 100 (111 mg, 74%). 
Other keto ethers lob-d were also prepared in 42, 80, and 80 % yields, respectively. by the similar reaction method 

6-Etoxy-4-mcthyl-l-phen.vlsulfonyl-2-hoxnnonc (1011). Colorless oil; IR (neat) 2900, 1720, 1445, 1375, 1320, 1150, 1080, 
1040,980, 740, and 680 cm“; *H NMR (C&j 6 = 0.81 (3H. d. JM~_~ = 6.6 Hz, 4-Me). 1.09 (3H, t, J= 7.0 Hz, 2-EtO), 1.21- 
1.51 (2H, m, H-5). 2.05-2.22 (lH, m, H-4), 2.26 (IH, dd. Jgem = 17.2 and 53-4 = 7.3 Hz, one of H-3), 2.46 (lH, dd. J,,, = 
17.2 and J3-4 = 5.5 Hz. the other of H-3). 3.15-3.30 (4H. m. H-6 and 6-&O), 3.64 (2H, s, l-CH2S02Ph). 6.8-7.0 (3H. m, Ph), 
and 7.8-7.9 (2H, m, Ph): t3C NMR (C&j) 6 = 15.48 (6-EtO). 19.97 (4-Me). 26.41 (C-4). 36.50 (C-5). 51.33 (C-3), 66.22 (C- 
l), 66.99 (6-EtO), 68.54 (C-6), 128.55. 129.08, 133.60, 139.97 (each W). and 197.27 (GO); MS (70 eV, rel intensity, %) nclz 
254 (M+-EtOH, 5). 158 (28). 145 (30). 142 (57). 141 (21). 126 (46). 117 (28). 116 (91). 115 (34), 113 (33), 112 (58), 111 (74). 
110 (48). 100 (37), 96 (33), 94 (31). 81 (48), 78 (87). 77 (47), 72 (24). 70 (63). 60 (86). 56 (base peak), 55 (22). and 52 (53). 
Anal. C&d forC15H2204S: C, 60.38; H, 7.43%. Found: C. 60.48; H, 7.30% 

6-Ethoxy-5-phenyl-I-phenglsulfonyl-2-hexonone (lob). Separated and purified by silica gel column chromatography using 
hexane-EtOAc (4:l v/v). Colorless oil; IR (neat) 2850. 1700. 1575. 1440, 1370, 1275, 1220. 1140, 1080,1020,875,825,725, 
and 680 cm-t: tH NMR (C6D6) 6 =I .04 (3H, t, J = 7.0 Hz, 2-E&)), 1.74-I .78 (1H. m, one of HA), 2. W-2.43 (3H, m, H-3 and 
the other of H-4). 2.66-2.80 (lH, m. H-5). 3.21 (2H, q. J= 7.0 Hz, 2-EtO), 3.30 (1H. dd, J,,, = 9.5 and J6_5 = 7.0 Hz, one of H- 
6). 3.36 (lH, dd. J,,, = 9.5 and Jg.5 = 5.9 Hz. the other of H-6). 3.43 (2H. s, H-l), 6.8-7.2 (8H. m, Pb). and 7.7-7.8 (2H, m, 
Ph); 13C NMR (C&j) 6 = 15.32 (6-EtO), 26.64 (C-4). 42.29 (C-5), 45.60 (C-3), 66.46 (C-l), 66.61 (6-E@), 75.46 (C-6), 

126.92, 128.30, 128.53, 129.08, 129.04. 133.56, 139.23, 142.79 (each Pb), and 197.27 (GO); MS (70eV. rel intensity, %) m/z 
315 (MC-EtO. 25). 314 (M+-EtOH. 25), 174 (39), 173 (84). 172 (52), 160 (38), 159 (base peak), 158 (59). 141 (50), 140 (25). 
117 (38)s 116 (23). 104 (58). 103 (41), 91 (45). 77 (51). 59 (63). and 58 (23). Anal. Cakd for C2&404S: C, 66.64; H, 6.71%. 
Found: C, 66.25; H, 6.71%. 

4.5-syn-6-Ethoxy-4-methyl-S-phenyl-I-phcnylsulfonyl-2-hunone (lfk). Separated and purified by silica gel column 
chromatography using hexane-EtOAc (4:l v/v). Colorless oil; IR (neat) 2950, 2850, 1710, 1575, 1440, 1370, 1320, 1150, 
llOO.l025,!NO, 730.700, and 675 arl; tH NMR (c&j 6 = 0.73 (3H, d, J = 6.2 Hz, 4-Me), 1.02 (3H. f I= 7.0 Hz, 2-EtO), 
2.36 (1H. dd, J,,, = 17.6 and J3_4 = 7.0 Hz, one of H-3). 2.49-2.70 (2H. m. H-4 and H-5). 2.76 (lH, dd, Jgrm = 17.6 and 53-4 
= 4.8 the other of H-3). 3.18 (2H, q, I = 7.0 Hz, 2-EtO). 3.41 (1H. dd. Jgem = 9.5 and J&5 = 4.8 Hz, one of H-6), 3.49 (1H. dd, 
Is- = 9.5 and 16-5 = 6.6 Hz, Ihe other of H-6). 3.68, 3.74 (each IH. each d, Jge,,, = 13.6 HZ, H-l), 6.8-7.2 (8H. m, Ph), and 7.7- 
7.8 (2H, m, Ph); t3C NMR (C&J 6 = 15.32 WEtO). 17.98 (4-Me), 31.35 (C-4). 49.83 (C-5). 50.81 (C-3). 66.42 (C-l), 67.00 
(6-EtO), 73.07 (C-6). 126.79, 128.55, 128.58, 128.88. 129.08, 133.59, 140.04. 142.27 (each Ph), and 197.29 (GO); MS (70 
eV, rel intensity, 46) m/z 329 @4+-E@, 74). 328 (M+-EtOH, 77). I88 (83). 184 (22). 174 (43). 173 (base peak), 172 (46), 171 



1218 E. WADA er al. 

(35). l-MI (58). 169 (99). 168 (39). 153 (39). 140 (45). 131 (29). 119 (20). 116 (47). 115 (31). I@4 (33). 103 (32), 90 (32). 76 
(23). and 58 (44). Anal. C&d for CztH2604S: C, 67.35 H, 7.00%. Found: C, 67.43; H, 6.98%. 

4.5-ontid-Ethoxy-4-ncthyl-5-phmyl-l-p~nylsu~on~l-2-~~~~ (1W. Separated and puritied by silica gel column 

chr~raphy using hexant-EtOAc (41 v/v). Cotorless oil; IR (mat) 2950. 2850. 1710, 1575, 1440, 1370, 1320, 1140, 
1100, 1025. 880, 730, 700. and 675 cm-l; 1H NMR (C&,) 6 = 0.98 (3H. d, J = 5.5 Hz, 4-Me).1.02 (3H, f J = 7.0 Hz, 2-EtO), 
2.27 (1H. dd, J,,, = 18.3 and J3-4 = 9.2 Hz, one of H-3) 2.49-2.65 (3H, m, the. other of H-3, H-4, and H-5). 3.15, 3.20 (each 

1H. each dq. J,,, = 9.2 and J= 7.0 Hz, 6-EtO). 3.42, 3.48 (each 1H. each d JsM = 13.2 Hz, lCH2S02Ph). 3.48 (2H, d, Js.5 
=4.8 Hz. H-6). 6.8-7.2 (8H, m. Pb), and 7.7-7.8 (2H. m, Ph); t3C NMR (C&,) 8 = 15.31 (6EtO), 17.98 (4-Me), 31.52 (C-4). 

49.48 (C-5) 50.87 (C-3). 66.52 (C-l). 66.90 (6EtO), 72.19 (C-6). 126.79, 128.31, 128.59, 128.97. 129.05, 133.57, 139.88, 
143.06 (each PM. and 197.46 (C=O): MS (70 eV. rel intensity, %) nc’z 329 (M+-EtO, 33) 328 (M+-EtOH, 53). 188 (25). 187 
(84). 186 (base peak). 185 (24). 173 (50). 171 (20). 170 (36). 169 (79), 156 (87). 155 (76). 154 (58). 145 (59). 143 (20). 142 
(23) 141 (97). 140 (23). 132 (20). 131 (29). 130 (25). 118 (41). 117 (46) 77 (24). and 59 (41). Anal. Cakd for QtH2604S: C, 

67.35 H, 7.009,. Found: C, 67.72; H, 7.09%. 

Geneml Procedure for the Transformatior of Z-Ethoxp3.4-dih~ro-ZH-pyron Cycloadduct~ 6a,df to Desulfonytied 6- 

Berrt$&ion of Dibydropymn 6a,d. As a example benzylation of 6a to 1 la is described as follows: To a solution of 
dihydropyran 6a (593 mg, 2.0 mmol) in THF (6 ml) was added butyllithium (in hexane. 1.4 ml, 2.2 mmol) by the aid of a 
syringe under nitrogen at -78 “C. After stirred at room temperature for 20 mitt, the mixture was again cooled to -78 “C and the 
addition of benzyl bromide (376 mg. 0.26 ml. 2.2 mmol) was followed. The reaction mixture was stirred at -78 “C for 30 min 
and quenched with saturated aqueous NH4CI. The THF was removed in vacuo and the aqueous residue was extracted with 

CH2Cl2 (30 ml x 3). The combined extracts were dried (MgSO4) and evaporated in vacua. The crude product (715 mg) was 

Chromatog@ICd on silica gel with hexane-EtOAc (7: I to 5: 1 v/v) to gave 1 la (662 mg, 85%) as a single stereoisomer. 
Another benzylated dihydropyran lib @O% de) was also prepared m 50% yield by the similar reaction method. 
cis-2-Erhoxy-4-mefhy1-6-(2-phenyl-l-phenylsuI~onylerhyl~-3,4-d~hydro~ZH-pymn (I lo). Colorless prisms (Et20hexane): 

mp 79-81 “C; IR (KBr) 2950,2850,1660, 1440,128O. 1220, 1175, 1125, 1050. 1010,980,850,800.745,690, and 630 cm-‘; 
tH NMR (CeDs) 6 = 0.55 (3H, d, .1~,.4 = 7.0 Hz, 4-Me), 1.07 (3H, t. J = 7.0 Hz, 2-EtO), 1.19 (lH, ddd, J,,, = 13.2, 53.4 = 
10.3 and J3_2 = 8.8 Hz, one of H-3), 1.63 (IH. br. dd, J,,, = 13.2 and J3.4 = 6.6 Hz, the other of H-3). 1.80-1.96 (lH, m, H-4). 
3.25 (IH, dq, JBem = 9.5 and J = 7.0 Hz, one of 2-EtO), 3.40 (lH, dd, Jge,,, = 13.2 and Jc~2.1~ = 12.1 Hz, one of I’-CHTPh), 
3.58 (lH, dd, J,,, = 13.2 and JcH2.t’ = 3.3 Hz, the other of I’CHzPh), 3.71 (1H. dq, Jp, = 9.5 and J = 7.0 Hz, one of 2-EtO), 
3.73(1H.dd.Jt,_cH2= 12.1 and3.3 Hz,H-1’),4.16(1H,dd, 55_4=2,2andJ5.~= 1.1 Hz. H-5),452(1H, dd, J2_3=8.8and2.2 
Hz. H-2). 6.9-7.2 (8H, m, Ph), and 7.8-7.9 (3H, Ph); t7C NMR (CeDe) 6 = 15.44 (2-EtO). 20.72 (4-Me). 26.80 (C-l), 31.91 (I’- 
CH~FII), 36.31 (C-3). 64.61 (2EtO), 72.68 (C-l’), 100.64 (C-2). 111.53 (C-5). 126.84, 128.49, 128.69, 129.54. 129.61, 133.08, 

137.63 (each Ph), 139.41, and 142.60 (Ph and C-6); MS (20 eV, rel intensity, C) m/l 386 (M+. 43). 245 (base peak), and 199 
(61). Anal. Calcd for C22H2604S: C. 68.37; H, 6.786. Found: C. 68.43; H. 6.67%. 

as-2-Ethory-4-rsopropyl-6-(2-phmpl-I -phcny/sulfonylethyl)-3.4_dih?rdro-ZH-pyr~ (lib). major isomer: Colorless prisms 
o&O-hexane); mp 87-89 “C; IR (KBr) 2900.2850, 1660, 1440, 1370, 1280,1210, 1180, 1120, 1045, 1010.970.900,850, 
740, 680. and 630 cm-); tH NMR (C&) 8 = 0.43.0.49 (each 3H. each d, J = 7.0 Hz, Me of 4-i-Pr), 1.11 (3H. f J = 7.0 Hz, 2- 
EIO),1.13(1H,oct,J=7.0Hz.CHof4-i-~),1.35(1H.ddd,Jp,,= 12.8. J3_4 = 11.2 and J3.2 = 9.2 Hz, one of H-3), 1.58 (IH, 
&3dd J,,, = 12.8.13-4 = 6.6.13.2 = 2.2 and J3.5 = 1.1 Hz, the other of H-3) 1.73-1.85 (IH, m. H-4). 3.29 (lH, dq, J,,, = 9.5 
and J = 7.0 Hz, one of 2-EtO). 3.43 (lH, dd, Jlem = 12.8 and JcH2.t. = 1 I.7 Hz, one of l’-CH$‘b), 3.54 (lH, dd, Jgem = 12.8 

and JcH2.t’ = 3.3 Hz. the other of I’-CH2Ph). 3.72 (lH, dd. l1.c~~ = 11.7 and 3.3 Hz H-l’), 3.76 (IH, dq, JeM = 9.5 and J= 
7.0 Hz, one of 2-EtO), 4.20 (lH, dd, 15-4 = 2.2 and J5.3 = 1 .l Hz, H-5). 4.57 (1H. &I, Jz_3 = 9.2 and 2.2 Hz, H-2). 6.9-7.2 (8H. 
m, Ph). and 788.0 (3H. Ph); 13C NMR (C&) 8 = 15.52 (2-E(0), 18.46. 19.18 (each Me of 4-i-R). 30.63 (C4), 31.30 (l’- 
CH2Ph). 31.72 (CH of 4-i-R) 38.31 (C-3), 64.69 (2-EtO), 73.01 (C-l’), 101.32 (C-2). 109.32 (C-5). 126.81, 128.53, 128.75, 

129.47, 129.63. 133.08.137.55 (each Ph), 139.%, aud 143.39 (Pb and C-6); MS (75 eV, rel intensity, 46) m/z 414 @I+, 43). 325 
(42). 227 (68) 97 (26). 91 (base peak), 77 (66). turd 41 (35). Anal. C&d for C2&&S: C, 69.54; H, 7.29%. Found: C, 69.61 

H, 7.31%. minor isomer: This product aadd not be sepruakd from the mixture with major isomer because of the low yield. Its 
patiat 13C NMR spectrum was abstmckd (C&j) 8 = 15.39 (2-EtO), 19.05. 19.73 (each Me of 4-i-R). 30.88 (C-4). 31.62 (I’- 
CH2Ph). 31.88 (CH of4-i-R). 38.08 (C-3). 64.29 (2-EtO). 72.15 (C-13, 100.67 (C-2). 108.77 (C-5). 128.65, 129.23, and 129.33 

(each pa). 
Rs&ctivu Desulfonylatior of 11qb and rf Ludiag to JZe-c. As a typical example reductive hsulfonylatiuo of lla to 

1% is described as follows: A mixture of me.tal saiiun and uapbthlene (1: 1 mol eqdv.) in THF al 5 “C under Wogen was 
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