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An efficient regio- and stereocontrolled methodology for the alkylative bridge cleavage of oxabicyclic 
vinyl sulfones is described. A range of 7-oxabicyclo[2.2.1lheptenyl and 8-oxabicyclo[3.2.1loctenyl 
sulfones has been found to undergo an overall syn S N ~ '  opening when treated with a wide variety 
of organolithium reagents and lithium aluminum hydride. In this manner, highly functionalized 
cyclohexenyl and cycloheptenyl sulfones, versatile synthetic intermediates, are now available in 
high yields. The complete stereoselectivity encountered in the ex0 conjugate addition may be 
explained by chelation of the organometallic reagent with the oxygen bridge and steric factors. 
Furthermore, less-strained substrates allow for complete control of the addition and elimination 
stages. 

Introduction 
Oxabicyclic compounds are valuable intermediates2 for 

the synthesis of a variety of molecules of biological 
i n t e r e ~ t . ~  Recent advances in asymmetric Diels-Alder 
processes4 and enzymatic5 and chemical6 resolutions 
should render these intermediates even more attractive 
to organic chemists and encourage the search for new 
regio- and stereocontrolled functionalizations of these 

+ Universidad Complutense. 
t. Instituto de Quimica OrgBnica. 
@ Abstract published in Advance ACS Abstracts, June 1, 1994. 
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1991,113,3611-3613.0 Bazan, G. C.; Oskam, J. H.; Cho, H.-N.; Park, 
L. Y.; Schrock, R. R. J. Am. Chem. SOC. 1991, 113, 6899-6907. g) 
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10587-10602. c) de Guchteneere, F.; Fattori, D.; Vogel, P. Tetrahedron 
1992, 48, 10603-10620. d) Bimwala, R. M.; Vogel, P. J.  Org. Chem. 
1992, 57, 2076-2083. e) Chen, Y.; Vogel, P. Tetrahedron Lett. 1992, 
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1992,40,2891-2893. Oxanorbornenic derivatives have been also used 
in the synthesis of macrocyclic ring systems via stereoregular Diels- 
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D. R.; Stoddart, J. F.; Williams, D. J. J. Am. Chem. SOC. 1992, 114, 
6330-6353. b) Ashton, P. R.; Girreser, U.; Gruffrida, D.; Kohnke, F. 
H.; Mathias, J. P.; Raymo, F. M.; Slawin, A. M. 2.; Stoddart, J. F.; 
Williams, D. J. J .  Am. Chem. SOC. 1993,115, 5422-5429. 
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Scheme 1 
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1 X- CN, Y- OAc, n= 1 
2 X-Y-0,n-1 
3 X= Y= 0, n- 2 
4 X- H, alkyl, vinyl, aryl, 

Y- OH, n- 1 
5 X- OH, Y= alkyl, vinyl, 

aryl. n- 1 
I XI Me, Y- OH, n- 2 
7 X- Me, Y= OBn, n= 1 
6 X- Me, Y- OBn, n- 2 
9 X- H, Y= CH20H, n- 1 

10 X- H, alkyl, vinyl, aryl. Y= OH, 

11 X- Me, Y= OH, R- M u ,  n- 2 
12 X- Me, Y- OEn, R- RBU, n- 1 
13 X- Me, Y- OBn, R= t-Bu, n= 2 

R= Me. RBU. Ph. SIC., n= 1 

R p 
OH 

14 X= Me, Y- OBn R= nBuLI, n= 1 
15 X- Me. Y- OBn, R- t-BULI, n- 2 

substrates. A crucial transformation in many syntheses 
employing oxabicyclic intermediates A (Scheme 1) has 
been the cleavage of the oxygen bridge to produce 
functionalized cyclohexane or cycloheptane derivatives 
B. To this end, many groups have developed different 
solutions including B-eliminations of suitable deriva- 
tives,' treatment with strong acids! reductive elimination 
of endo functionalities such as C1 or SOzPh,9 fragmenta- 
tion,1° and hydrolytic conditions.ll However, all these 

(5) For some selected methods, see a) Saf, R.; Faber, K.; Penn, G.; 
Griengl, H. Tetrahedron 1988,34,3979-3982. b) Asensio, G.; Andreu, 
C.; Marco, J. A. Chem. Ber. 1992,125,2233-2238. c) Kobayashi, S.; 
Sato, M.; Eguchi, Y.; Ohno, M. Tetrahedron Lett. 1992,33,1081-1084. 

(6) Ogawa, S.; Iwasawa, Y.; Nose, T; Suami, T.; Ohba, S.; Ito, M.; 
Saito, Y. J .  Chem. SOC., Perkin Trans. 1 1985, 903-906. See also: 
Matsuki, K; Inove, H.; Takeda, M. Tetrahedron Lett. 1993,34, 1167- 
1170. 

(7) a) Le Drian, C.; Vieira, E.; Vogel, P. Helu. Chim. Acta 1989,72, 
338-347. b) Takahashi, T.; Iyobe, A.; Arai, Y.; Koizumi, T. Synthesis 
1989,189-191 and references cited therein. c) Guilford, A. J.; Turner, 
R. W. J .  Chem. SOC., Chem. Commun. 1983, 466-467. d) Yang, W.; 
Koreeda, M. J.  Org. Chem. 1992,57, 3836-3840. 
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methods have failed in several cases9J2 and none of the 
above protocols allows for the construction of carbon- 
carbon bonds throughout the bridge cleavage step. Thus, 
the rigid bicyclic structures, powerfid elements for stereo- 
and regiocontrol, are not utilized for this crucial trans- 
formation. 

Several years ago we reported a new regio- and 
stereoselective cleavage of the oxygen bridge of simple 
oxanorbornenic alcohols 4 and 5 with organolithium 
reagents to produce cyclohexenediols 1013 (Scheme 1). 
While this methodology, coupled with our procedures to 
prepare endo 4 or ex0 5 substrates,14 was later found to 
be quite general,15 the inherent lack of regiocontrol 
became apparent a t  an  early stage, namely, regio- 
controlled conditions to prepare isomeric cyclohexenols 
14 could not be found. In fact, either protection of the 
free alcohol 7 or removal of the free alcohol from the 
reactive center by a methylene bridge, 9, resulted in 
dramatic losses of regioselectivity. The same behavior 
was observed in the case of 8-oxabicyclo[3.2.lloctenyl 
carbinols 6 and 8.16* Thus, the reaction of 6 with t-BuLi 
affords compound 11 regioselectively, whereas in the case 
of 8, a ca. equimolecular mixture of regioisomeric hy- 
droxycycloheptenes 13 and 15 was obtained. These 
limitations and our interest in the development of re- 
giospecific methodology to achieve the alkylative bridge 
cleavage toward either isomer (12-13 or 14-15) ren- 
dered this problem a matter of intensive research in our 
laboratory. 

The introduction of an electron-withdrawing substitu- 
ent on the double bond was envisaged to be an  appealing 
and straightforward solution to this problem. In this 
manner, the regiochemistry of the process should be 
readily controlled and furthermore the synthetic potential 
of the opening products would be increased substantially. 
A phenylsulfonyl functionality (Scheme 2) appeared 

(8)a) Suami, T. Pure & Appl. Chem. 1987, 59, 1509-1520. b) 
Harwood, L. M.; Jackson, B.; Prout, K.; Witt, F. J. Tetrahedron Lett. 
1990,31, 1885-1888. c) Koreeda, M.; Jung, K.-Y.; Hirota, M. J.  Am. 
Chem. Soc. 1990, 112, 7413-7414. d) Reynard, E.; Reymond, J.-L.; 
Vogel, P. Synlett 1991, 469-471. e) Ogawa, S.; Yoshikawa, M.; Taki, 
T. J. Chem. SOC., Chem. Commun. 1992, 406-408. D Ogawa, S.; 
Tsunoda, H. Liebigs Ann. Chem. 1992, 637-641. 

(9) a) Jung, M. E.; Street, L. J. Am. Chem. SOC. 1984, 106, 8327- 
8329. b) Mirsadeghi, S.; Rickbom, B. J.  Org. Chem. 1985,50,4340- 
4345. 

(10) Grieco, P. A.; Lis, R.; Zelle, R. E.; Finn, J. J. Am. Chem. SOC. 
1986,108, 5908-5919. 
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1986, 27, 5509-5512. b) Hanessian, S.; Beaulieu, P.; Dube, D. 
Tetrahedron Lett. 1986,27, 5071-5074. 

(12) See, for instance: Jung, M. E.; Truc, V. C. Tetrahedron Lett. 
1988,29,6059-6062. 

(13) Arjona 0.; Femlndez de la Pradilla, R.; Garcia, E.; Martin- 
Domenech, A.; Plumet, J. Tetrahedron Lett. 1989,30,6437-6440. For 
the early report by Lautens in nucleophilic ring opening of r3.2.11 
systems see: Lautens, M.; Di Felice, C.; Huboux, A. Tetrahedron Lett. 
1989, 30, 6817-6820. There are two previous, isolated examples in 
the literature in which symmetrical derivatives of l,4-dihydronaph- 
talene-1,4-endo-oxide undergo stereocontrolled additions of alkyl- 
lithium reagents with concomitant opening of the oxygen bridge, see: 
a) Caple, R.; Chen, G. M.-S.; Nelson, J. D. J.  Org. Chem. 1971, 36, 
2874-2876. b) Jeffrey, A. M.; Yeh, H. J. C.; Jerina, D. M.; De Marinis, 
R. M.; Foster, C. H.; Piccolo, D. E.; Berchtold, G. A. J. Am. Chem. SOC. 

(14) Aqona, 0.; Femlndez de la Pradilla, R.; Mallo, A.; PBrez, S.; 
Plumet, J. J. Org. Chem. 1989, 54, 4158-4164. 

(15) Arjona, 0.; Fernhdez de la Pradilla, R.; Martfn-Domenech, A.; 
Plumet, J. Tetrahedron 1990, 46, 8187-8198. For related chemistry 
see ref. 2d and references cited therein. See also: a) Lautens, M.; Chiu, 
P. Tetrahedron Lett. 1993, 34, 773-776. b) Lautens, M.; Gajda, Ch. 
Tetrahedron Lett. 1993,34,4591-4594. 

(16) Preliminary accounts on this subject have been reported, see: 
a) Mona,  0.; de Dios, A.; Plumet, J. Tetrahedron Lett. 1993,34,7451- 
7454. b) Mona,  0.; Femhdez  de la Pradilla, R.; Mallo, A.; Plumet, 
J.; Viso, A. Tetrahedron Lett. 1990,31, 1475-1478. 
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Scheme 2 

C D 

E F 

particularly attractive at this stage since the required 
substrates C and E should be readily available from a 
variety of oxabicyclic compounds17 (see below) and the 
synthetic versatility of vinyl sulfones is well docu- 
mented.18Jg I t  was expected that  conjugate addition of 
an  organolithium reagent (R3Li) to vinyl sulfones C and 
E would generate a n  a-sulfonyl carbanion which would 
undergo p-elimination, giving rise to adducts D and F, 
respectively. 

In this paper we report a firll account of our efforts in 
this field16 which have resulted in an efficient regio- and 
stereocontrolled methodology to achieve the alkylative 
bridge cleavage of oxabicyclic vinyl sulfones to produce 
substituted hydroxycyclohexenyl or cycloheptenyl vinyl 
sulfones. 

Results and Discussion 
Preparation of Substrates. Scheme 3 outlines the 

synthetic routes for obtaining vinyl sulfones 26-28 as 
well as  their regioisomers 37-39. The key step of these 
syntheses is the regioselective addition of sulfenyl halides 
under kinetic control to bicyclic substrates, such as 1 and 
2, controlled by remote substitution on C-2.17 Thus, 
addition of benzenesulfenyl chloride to ketones 2 and 3 
followed by functional group manipulations affords chloro 

(17) For 7-oxabicyclo[2.2.1lheptenes, see: a) Black, K. A.; Vogel, P. 
J.  Org. Chem. 1986, 51, 5341-5348. b) Warm, A.; Vogel, P. J.  Org. 
Chem. 1986,51, 5348-5363. c) Mona,  0.; Femlndez de la Pradilla, 
R.; Plumet, J.; Viso, A. Tetrahedron 1989, 45, 4565-4578. For the 
related 8-oxabicyclo[3.2.llodenes, see: d) Fattori, D.; Henry, S.; Vogel, 
P. Tetrahedron 1993,49, 1649-1664. 

(18) For reviews see: a) Fuchs, P. L.; Braish, T. F. Chem. Rev. 1986, 
86,903-917. b) Patai, S. The Chemistry of Sulphones and Sulphoxides; 
Rappoport, Z.;  Stirling, C. J. M., Eds.; John Wiley & Sons. New York, 
1988. c) Simpkins, N. S. Tetrahedron 1990,46,6951-6984. d) Cossu, 
S.; De Lucchi, 0.; Fabbri, D. Org. Prep. Proced. Znt. 1991, 23, 571- 
592. e) Simpkins, N. S. Sulfones in Organic Synthesis; Tetrahedron 
Organic Chemistry Series, vol. 10; Baldwin, J. E.; Magnus, P. D., Eds.; 
Pergamon Press. Oxford, 1993. 

(19) For leading references, see: a) Trost, B. M.; Neilsen, J. B.; 
Hoogsteen, K. J. Am. Chem. SOC. 1992,114,5432-5434 and previous 
papers by this group. b) Lamothe, M.; Fuchs, P. L. J. Am. Chem. Soc. 
1993,115,4483-4496. c) Jin, Z.; Fuchs, P. L. Tetrahedron Lett. 1993, 
34,5205-5208. d) Fuchs, P. L.; Lee, S. W. Tetrahedron Lett. 1993,34, 
5209-5212 and previous papers by this group. e) Wang, X.; Ni, Z.; 
Lu, X.; Hollis, A.; Rodriguez, A.; Padwa, A. J.  Org. Chem. 1993, 58, 
5377-5385 and previous papers by this group. Blckvall, J. E.; 
Ufstrilm, C.; Juntunen, S. K.; Mattaon, M. Tetrahedron Lett. 1993, 
34,2007-2010 and previous papers by this group. g) Carretero, J. C.; 
Domfnguez, E. Tetrahedron Lett. 1993, 34, 5803-5806. h) Bueno, A. 
B.; Carrefio, M. C.; Garcia-Ruano, J. L. Tetrahedron Lett. 1993, 34, 
5007-5010. i) Huang, D. F.; Shen, T. Y. Tetrahedron Lett. 1993,34, 
4477-4480. 
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Scheme 40 
a, b, c, d 

OH .'.e,- PhS 

9 Z=H 43 20 X= Me, Y= OBn, n- 1 
21 X= Me, Y- OBn, n- 2 

26 X- Me, Y- OBn, n= 1 
27 X- Me, Y- OBn, n- 2 

a, e 
2 - 22 X- Y- OCHzCHfl, 28 X= Y= CCHzCyO, 

n- 1 n=l 

2,3 b,c, a ' I ' D x  _c d,e DX PhS 9 PhCQ 

31 X- Me, Y= O h ,  r)r 1 
32 X= Me, Y- OBn, n- 2 

37 X- Me, Y= OBn, n= 1 
38 X- Me, Y- OBn, n- 2 

a, f,  e 
1 - 33 X- Y- OCHzChO, 39 X- Y- OCHaCH20, 

n- 1 n- 1 

l(y: (a) PhSCI. CHCI3or CH&N, 0 'C. (b) MeMgBr, El&, 0 4;. 
(c) NaH, BnBr, (cat n-Bu4Nl for 21 and 32) THF, 0 OC io reflux. 
(d) mCPBA, K2C4,O "C to r l  for 26,18,37 and 39: MMPP, 
MeOH, 0 'C 10 rl for 27 and 38. (e) DBU, CH&12,0 "C. 
(1) 1. NaOMe, MeOH. 2. aq CHzO, 0 OC to ri. (9) Eihyleneglycol, 
pTsOH, C&, refkrx. Ovrnll ybldr, 26: 26% from 2; 27: 54% 
from 3; 28: 62% from 2; 37: 33% from 5 38: 64% from 3; 
39: see reference 21. 

sulfides 20, 21, and 22.20 Alternatively, cyano acetoxy 
derivative 1 and the endo-benzyl ethers (resulting from 
reaction of MeMgBr with 2 and 314J@ and subsequent 
benzylation) give rise to regioisomeric chloro sulfides 31, 
32, and 33, presumably under steric contr01.l~ Subse- 
quent oxidation and elimination complete the sequence.21 

In order to extend the scope of the methodology, we 
prepared substrates 45,49, and 56 as shown in Scheme 
4 (see Experimental Section). Oxanorbomene methanol 
(9) was benzoylated and PhSCl was added with complete 
steric control.22 Removal of the benzoate group and 
treatment with sodium hydride, interestingly, resulted 
in smooth formation of vinyl sulfide 43.23 Standard 
benzylation and oxidation afforded 45. Alternatively, 
tricyclic sulfide 4 P  was treated with an  excess of n-BuLi 
in an effort to test the applicability of our strain-directed 
B-el iminat ion~~~ to this challenging case, to afford an 
excellent yield of vinyl sulfide 47. Vinyl sulfone 49 was 
prepared as above. On the other hand, diol W6 was 

(20) It should be pointed out that, in sharp contrast with Vogel's 
results (see ref. 17a) we did not encounter serious difficulties in the 
protection of 6-endo-chloro-S-ero-phenylsulfenyl-7-oxabicyclo[2.2.ll- 
heptan-2-one 16 as a ketal to afford 22 (see supplementary material). 

(21)For the preparation of 39, see: Arjona, 0.; Dominguez, C.; 
Femhdez  de la Pradilla, R.; Mallo, A.; Manzano, C.; Plumet, J. J. 
Org. Chem. 1989,54,5883-5887. For the preparation of the remaining 
vinyl sulfones 26,27,28,37 and S8 see supplementary material. 

(22)Arjona, 0.; Femhdez de la Pradilla, R.; Pita-Romero, I.; 
Plumet, J.; Viso, A. Tetruhedron 1990,46, 8199-8206. 

(23) This dehydrohalogenation is extremely fast, even in the pres- 
ence of benzyl bromide, presumably due to formation of a primary 
&oxide and intramolecular hydrogen abstraction a to the sulfide. 
Undoubtedly, the specific substitution pattern of this chlorosulfide 
facilitates the process. 

(24) (Phenylsulfenyl)-4,7-dioxatricyclo[3.2.l.~~~lo&ane derivatives 
produce oxanorbomenic vinyl sulfides by selective cleavage of the 
highly strained oxetane functionality under theee conditions. See: 
Mona,  0.; Femhdez de la Pradilla, R.; Plumet, J.; Vim, A. J. Org. 
Chem. 1992, 57, 772-774. On the other hand, the ,%elimination of 
lithiated oxanorbomenic sulfones bearing an ethereal oxygen at  p, 
proceeds selectively towards the strained oxygen bridge. See: Acefia, 
J. L.; Arjona, 0.; Femhdez de la Pradilla, R.; Plumet, J.; Viso, A. J. 
Org. Chem. 1992,57,1945-1946. 

45 

0 -- 
46 Z=H 
52 23ChOMOM 

%Oy: (a) PhCCCI. pyr, 0 4;. (b) PhSCI, CHCb, 0 OC. (c) NaOMe, 
M e w ,  0 'c to rt. (d) NaH, THF, 0 'c io n. (e) NaH, BnBr, 
(cat nBu4NI for 54 ,  THF, rl lo reflux. (0 MMPP, MeOH, 0 OC to I¶. 
(g) nBuU, THF, -78 4;. (h) Cl$(We)z, pTsOH, CHzCC. refkrx. 
Ovrnll ylol&,45: 61% from 9: 49: 58% from 8; 56: 37% from 50. 

converted to the highly substituted and differentially 
protected vinyl sulfone 55 using an  analogous synthetic 
route, i.e., formation of the tricyclic sulfide, strain- 
directed ring opening and functional group manipula- 
tions. 

Alkylative Bridge Cleavage. 7-0xabicyclo[2.2.11- 
heptenea. In view of previous efforts involving SN~' 
additions of organometallic reagents to cyclic vinyl sul- 
f 0 n e s , 2 ~ ? ~ ~  we selected Grignard, cuprate, and organo- 
lithium reagents for our study. Preliminary experiments 
with methyl Grignard and cuprate reagents did not 
produce the desired transformation. Accordingly, we 
examined the reaction between 37 and an excess of MeLi 
(3 equiv, -78 "C, THF, 10 min), and an excellent yield of 
56a was obtained. Encouraged by this smooth transfor- 
mation, we explored other organolithium reagents and 
these results are gathered in Scheme 5 and Table 1. In 
clear contrast to MeLi, the reaction between 37 and 
n-BuLi (2 equiv, THF) was remarkably slow, even a t  0 
"C, and more importantly, the isolated yields of 56b were 
very low and variable amounts of other byproducts, 
tentatively characterized as desulfonylated 37 and 56b, 
were also produced. &r considerable experimentation, 
we found that the use of toluene, a less coordinating 
solvent,28 afforded excellent yields of alkylative opening 
product SBb (entry 2). Similarly, PhLi and vinyllithiumB 
(2 equiv) gave excellent yields of 56c and 56d, respec- 

(25) Paquette, L. A.; Kavetz, T. H.; Charamilind, P. Tetrahedron 

(26) For examples of S,2' addition of organometallic reagents to 
cyclic vinyl sulfones, see: a) Pan, Y.; Hardinger, S. A.; Fuchs, P. L. 
Synth. Commun. 1989, 19, 403-416. b) Pan, Y.; Hutchinson, D. K; 
Nautz, M. H.; Fuchs, P. L. Tetmhedmn 1989,45,467-478. c) Biickvall, 
J. E.; Juntunen, S. J. Org. Chem. 1988,53,2398-2400. d) Braish, T.; 
Saddler, J. C.; Fuchs, P. L. J.  Org. Chem. 1988, 53, 3647-3658. e) 
Hardinger, S. A,; Fuchs, P. L. J. Org. Chem. 1987,52,2739-2749. 

(27)For examples of additions of nucleophiles to bicyclic vinyl 
sulfones, see: a) Azzena, U.; Cossu, 9.; De Lucchi, 0.; Melloni, G. 
Tetrahedron Lett. 1989,29,1845-1848. b) Herdeis, C.; Hartke-Karger, 
C. Liebigs Ann. Chem. 1991,99-104. 

1988,42, 1789-1795. 
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Scheme 5 

37 X- Me, Y= OBn 

45 X= H, Y= CH20Bn 
39 X= Y- OCHzCH20 58 

26 X=Me,Y=OBn 

49 X= Z= H, Y= CH20Bn 
55 X=H, Y- CH20Bn, Z= CH20UOM 

57 20 X- Y- OCHzCH20 

Table 1. SN2' Opening Reactions of 7-Oxanorbornenic 
Vinyl Sulfones with Organolithium Reagents and LM& 

entry substrate R product yield (%P 
l b  37 Me 56a 87 
2' 37 n-Bu 56b 78 
3' 37 Ph 56C 86 
4' 37 vinyl 56d 95 
56 39 Me 56e 85 
6' 45 Me 56f 81 
7' 45 n-Bu 56g 78 
8d 45 allyl 56h 64 
sd 45 2-propenyl 561 67 

1 Ob 39 H' 56j 62 
1 l b  26 H' 57a 65 
12b 26 Me 57b 80 
13b 28 Me 57c 75 
14b 49 Me 57d 82 
15df 49 1-hexynyl 57e 74 
1 6d 49 2-fury1 57f 69 
17b 55 Me 57g 88 

a Unoptimized yields of pure products. In THF, -78 "C. ' In 
toluene, -78 "C. In a mixture toluene/EtzO, 1:1, -78 "C. e L U .  
f 0 "C. 
tively (entries 3 and 4). While we do not fully understand 
the differences found between MeLi and n-BuLi in THF, 
the crucial effect of the use of toluene for the latter is 
n o t e ~ o r t h y . ~ ~  

To explore the anticipated regiocontrolled bridge open- 
ing, vinyl sulfone 26 was treated with MeLi, and adduct 
57b resulting from nucleophilic addition to C-6 and 
subsequent /3-elimination was obtained in good yield 
(entry 12). Similarly, ketals 28 and 39 smoothly pro- 
duced cyclohexenyl sulfones 57c and 56e (entries 13 and 
51, respectively. The methodology was also applied to 
substrates 45, 49, and 55 with similar results (entries 
6-9 and 14-17). Other synthetically useful organo- 
lithium reagents such as a l l y l l i t h i ~ m , ~ ~ ~ ~ ~  2-furyl- 
lithium,33 and l -he~yny l l i t h ium~~ were also employed 
with similar results. 

(28) We speculated that a less coordinating solvent might favor the 
interaction of the oxygen bridge with acidic lithium atoms of the 
organolithium aggregate and thus accelerate the desired process and 
prevent other possible reaction pathways. 

(29) Vinyllithium was generated in EhO from tetravinyltin and 
MeLi. See: Wakefield, B. J.; Orgunolithium Methods; Best Synthetic 
Methods Series; Katritzky, A. R.; Meth-Cohn, 0.; Rees, C. W., Eds.; 
Academic Press. London, 1988; page 46 and references cited therein. 

(30) A comparable solvent effect became apparent subsequently in 
our approach to pseudosugars by strain-directed bridge cleavage of 
oxanorbomenic sulfones: see ref. 24. For a report dealing with related 
solvent effects in organocuprate chemistry, see: Christenson, B.; 
Hallnemo, G.; Ullenius, C. Tetrahedron 1991,47, 4739-4752. 

(31) Allyllithium waa generated in EhO from tetraallyltin and PhLi. 
See: Anderson, M. B.; Fuchs, P. L. J. Org. Chem. 1990, 55,337-342. 
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Scheme 6 

LAH - phso2w + 
26 

TH F 
66" 

58 

p h s " p - M e  + p h s o z " " ' ~  

OBn 6Bn 
HO HO 

578 59 

In order to extend the scope of this methodology, the 
reactions between oxanorbornenic sulfones 26 and 39 and 
lithium aluminum hydride (4 molar equiv, -78 "C) were 
studied. Thus, fair yields of cyclohexenyl sulfones 57a 
and S6j were realized in what, to our knowledge, is the 
first case of sN2' displacements of a hydride reagent onto 
a vinyl sulfone (entries 10 and ll).35 It  should be 
mentioned that  the reaction was very dependent on the 
amount of hydride used and on the reaction temperature. 
Thus, saturated sulfone 59 (Scheme 6) was obtained a t  
0 "C (4 molar equiv of LAH); however, at -78 "C (1.5 
molar equiv of LAH), bicyclic sulfone 58 (49%) was the 
major product. 

The regio- and stereochemistry of these products were 
readily established by spectroscopic techniques, particu- 
larly by 'H NMR with the aid of selective decouplings 
and DNOE experiments. For instance, 56a and 5% 
presented quite different splitting patterns for the vinylic 
protons (56a, d, J = 1.3 Hz; 57b, ddd, J = 5.4, 3.0, 2.4 
Hz). In addition, H-1 exhibits a trans diaxial coupling 
(12.6 Hz) in 56a and an  equatorial-axial coupling (3.7 
Hz) in 57b. The large homoallylic coupling found for 5% 
(J2,5= = 3.0 Hz) is also noteworthy. 
8-Oxabicyclo[3.2.1loctenes. The extension of this 

methodology to 8-oxabicyclo[3.2. lloctenyl sulfones 27 
and 38 was explored in order to assess the influence of a 
less strained oxygen bridge in the overall sN2' process. 
Additionally, the synthetic potential of the resulting 
products (not easily available highly functionalized 
cycloheptenes) was particularly a t t r a ~ t i v e . ~ ~  In this 
context, and in sharp contrast with 12.2.11 systems, the 
reaction of 27 with MeLi (1.1 equiv, THF, -78 "C) gave 
a ca. 5050 mixture of conjugate addition products 60 
and 61 (Scheme 7) without any trace of opening product. 
However, we were pleased to discover that  just carrying 
out the reaction a t  0 "C allowed for a facile additionlj3- 
elimination sequence affording 62a in excellent yield as  
a single diastereomer. 

(32) It is worth mentioning that this reaction needs strictly anhy- 
drous conditions. Otherwise, a large excess of organolithium reagent 
is required, and eventually, small amounts of bicyclic adduct derived 
from em addition of allyllithium along with other by-products are 
obtained. 

(33) 2-Furyllithium was generated from furan and n-BuLi. See: 
Akimoto, I.; Suzuki, A. Synthesis 1979,146-147. 

(34) 1-Hexynyllithium was generated from 1 - h e w e  and n-BuLi. 
To our knowledge, this is the first case of S N ~ '  ring opening promoted 
by an acetylide. 

(35) The transfer of hydride with allylic rearrangement in other 
systems is well known. See: Magid, R. M. Tetrahedron 19SO,36,1901- 
1930. The addition of hydride to an oxanorbornenic vinyl sulfide with 
concomitant opening of the bridge is mentioned in: McDougal, P. G.; 
Oh, Y.-I.; Van Derveer, D. J. Org. Chem. 1989, 54, 91-97. 

(36) For the stereoselective functionalizations of cycloheptenyl sul- 
fones, see: Conrad. P. C.: Fuchs. P. L. J.  Am. Chem. SOC. 1978.100, 
346-348. 
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Scheme 9 
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enb 
61 
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On the other hand, a single addition product, 83, was 
obtained from 38 and MeLi a t  -78 "C, under a variety 
of reaction conditions (toluene or "HF; 1-3 equiv of 
MeLi), after quenching with aqueous NH&l or DzO the 
stereoselectively generated endo-lithiosulfonyl derivative 
(Scheme 8). This selectivity may be attributed to steric 
interactions about the endo face in the diastereomeric 
carbanion (Figure 1, A) and/or coordination with the 
endo-benzyloxy moiety a t  C-2 (Figure 1, B) which results 
in retention of the carbanion configuration when small 
electrophiles are added. However, trapping with Me1 led 
to a 78:22 mixture of 64 and 65, with the major product 
being the one arising from inversion due to steric 
hindrance to electrophilic endo attack.37 

Since the ring opening of regioisomeric sulfone 38 could 
not be achieved a t  0 "C (a  mixture of 63a and 66a in 86: 
14 ratio was obtained, Scheme 91, we envisaged to take 
advantage of the known compatibility of organometallic 
reagents and strong Lewis acids a t  low  temperature^.^^ 

(37) a) Williams, R. V.; Kelley, G. W.; Loebel, J.; van der Helm, D.; 
Bulman Page, P. C. J. Org. Chem. 1990,55,3040-3846. b) Trost, B. 
M.; Schmuff, N. R. J. Am. Chem. SOC. 1986,107,396-405. 

1. RLi 
Tol, -78 "C 

66a R=Me 80% 
66b R=O-propenyi 71% 

MeLI.BF3, Tol, -78 "C 
66a R = M e  80% 

Thus, after complete addition of MeLi to 38 in toluene 
a t  -78 "C (TLC), 3.0 equiv of BF3.OEh was added to 
trigger the opening and 66a was smoothly obtained in 
good yield. Alternatively, the system MeLi-BF3 a t  -78 
"C directly effected the same epoxidic ~leavage.3~ Not 
surprisingly, the presence of a less coordinating solvent 
(toluene) instead of THF was again required for these 
transformations,q0 where in this latter case, MeLi is 
possibly undergoing a direct addition to an oxabicycle- 
boron trifluoride complex. 

The desired hydroxycycloheptenyl sulfones could also 
be prepared with a variety of organolithium reagents 
with different electronic characteristics (Schemes 7 and 
9) in order to secure the generality of the process. The 
possibility of obtaining an sN2' displacement with con- 
comitant opening of a not highly strained oxygen bridge 
using 1-alkynyllithium reagents (62b) is remarkable. 

The structure and stereochemistry of these products 
were also determined by spectroscopic methods (IH NMR, 
selective decouplings, and DNOE techniques). Thus, lH 
NMR analyses of pure addition products showed a broad 
singlet at  3.79 ppm (H-1) and a doublet a t  3.75 ppm (J 
= 9.1 Hz, H-6) for 61, indicating an endo stereochemistry 
for H-6 and H-7. On the contrary, 60 presented absorp- 
tions a t  3.60 ppm (br s, H-l),3.32 ppm (apparent t, J = 
6.8 Hz, H-61, and 4.50 ppm (m, H-5) that confirm an endo 
stereochemistry for the PhSOz group. Regarding the 
addition product Ma, a broad singlet a t  4.15 ppm (H-1) 
and a doublet at 4.11 ppm (J = 9.9 Hz, H-7) ensured the 
proposed structure. Finally, 'H NMR (CDCl3 + DzO) for 
cycloheptenyl sulfones 62a and 66a showed a doublet 
(3.52 ppm, J = 2.6 Hz) and a multiplet (3.66 ppm) for 
H-1, respectively, consistent with the proposed structure. 

Regarding the stereochemical outcome of the process, 
the overall syn S N ~ '  observed is in good agreement with 
previous knowledge in the literature for epoxy vinyl 
s u l f o n e ~ , 2 ~ ~ , ~ ~ ~  and may be attributed to direct addition 
via chelation of the organometallic reagent with the 
oxygen bridge. The syn relative stereochemistry for the 
bridge opening of 13.2.11 systems was unequivocally 
confirmed on the basis of the previous assignment of 

~ ~ ~~~ 

(38) Yamamoto, Y. Angew. Chem. Znt. Ed. Engl. 1986,25,947-969 
and references cited therein. 

(39) For the reaction of RLi BFs system with epoxides and oxetanes, 
see: a) Eis, M. J.; Wrobel, J. E.; Ganem, B. J. Am. C h m .  Soc. 1984, 
106,3693-3694. For the stereoselective, Lewis acid-controlled conju- 
gate addition to epoxy cyclopentenyl sulfones leading to both stereo- 
chemically complementary patterns, see: b) Saddler, J. C.; Fuche, P. 
L. J. Am. C h m .  Soc. 1981,103, 2112-2114. 

(40) THF coordination and cleavage by RLiBFs was not a severe 
problem under Ganem's alkylative conditions (see ref. 39a), but for 
epoxy vinyl sulfonee (ref. 39b) this solvent was not appropriate for the 
reaction with MeLi and LiClO,. 



Alkylative Bridge Cleavage of Oxabicyclic Vinyl Sulfones 

addition products 60,61, and 6S.41 For these substrates 
the Lewis acid or temperature-controlled conditions for 
the B-elimination are crucial to the success of the process. 
In both cases, the beneficial effects of toluene may 
support the hypothesis of chelation. Nevertheless, the 
influence of steric control directing the approach of the 
nucleophile cannot be ruled out due to the bicyclic 
character of our substrates.15J6 

Conclusions 

A new and general methodology to effect the regio- and 
stereocontrolled S N ~ '  alkylation and reduction of oxa- 
bicyclic vinyl sulfones with concomitant cleavage of the 
oxygen bridge has been developed. The scope of the 
methodology has been defined and, in this manner, highly 
functionalized cyclohexenyl and cycloheptenyl sulfones 
bearing up to four contiguous chiral centers are produced 
in  high yields. The diastereoselective nature of these 
procedures indicates that enantiomericdy pure cleavage 
products should be readily available from the correspond- 
ing Diels-Alder  adduct^.^-^ The application of this 
methodology to the synthesis of natural products is being 
currently pursued in  our laboratories. 

Experimental Section 
General Methods. All reactions were carried out under a 

positive pressure of dry argon using freshly distilled solvents 
under anhydrous conditions. Reagents and solvents were 
handled by using standard syringe techniques. Tetrahydro- 
furan, diethyl ether, and 1,2-dimethoxyethane were distilled 
from sodium and benzophenone; toluene, acetonitrile, dichlo- 
romethane, and pyridine from calcium hydride. All other 
solvents were reagent grade. Commercial methyllithium (low 
halide solution in ether), n-butyllithium (solution in hexane), 
phenyllithium (solution in cyclohexane/E&O, 70:30) and tert- 
butyllithium (solution in pentane) were purchased from 
Aldrich and titrated prior to Methylmagnesium bromide 
(in ether) was purchased from Aldrich. Benzenesulfenyl 
chloride was prepared using a previously described proce- 
d ~ r e . ~ ~  Flash chromatography was performed using Merck 
230-400-mesh silica gel. Analytical TLC was carried out on 
Merck (Kiesegel 60F-254) silica gel plates with detection by 
UV light, iodine, acidic vanillin solution, or phosphomolybdic 
acid solution in ethanol. Melting points were determined on 
a Buchi 512 apparatus and are uncorrected. Infrared spectra 
were obtained on a Perkin-Elmer 781 spectrometer. 'H and 
13C NMR spectra were recorded on Briiber AM-200, Briiker 
AM-250, Varian XL-300, and Varian VXR-300 instruments 
using CDCls as a solvent with tetramethylsilane as an internal 
reference. The following abbreviations are used to describe 
peak patterns when appropriate: br = broad, s = singlet, d = 
doublet, t = triplet, q = quartet, quint = quintet, m = 
multiplet. Elemental analyses were performed at the Uni- 
versidad Complutense de Madrid. 

Preparation of 7-Oxabicyclic Vinyl Sulfones 45,49 and 
56. 5-endo-Chloro-2-endo-(hydroxymethyl)-6~-(phen- 
ylsulfenyl)-7-oxabicyclo[2.2.llheptane (42). To a cold (0 
"C) solution of a catalytic amount of NaOMe in dry MeOH (10 
mL x mmol) was added a solution of 2-endo-((benzyloxy)- 
methyl)-5-endo-chloro-6-erzo-(phenylsulf)-7-oxabicyclo[2.2.13- 
heptane (41Iz2 (374 mg, 1.0 mmol) in 5 mL of dry MeOH. After 
being stirred for 2.5 h, the reaction mixture was quenched with 
brine and MeOH was evaporated in vacuo. The crude material 
was diluted with EtOAc and standard workup and purification 

(41) Assignment of relative stereochemistry in flexible and confor- 
mationally unbiased seven membered rings is not trivial, see: Lautens, 
M.; Abd-El-Aziz, A. S.; Lough, A. J. Org. Chem. 1990,55,5305-5306. 
(42) Watson, S. C.; Easthman, J. E. J .  Organomet. Chem. 1967,9, 

165. 
(43) Fieser & F'ieser Reagents for Organic Synthesis; vol. 5, page 

523; John Wiley & Sons. New York, 1975. 
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by silica gel chromatography afforded 42 (237 mg, 88%) after 
recrystallization (hexane/CHCls) as a white solid. Data of 
42: Rf = 0.34 (hexane/EtOAc, 1:l); mp 64-65 "C. lH NMR 
6 1.41 (br s, 1 H), 1.88 (m, 2 H), 2.54 (m, 1 H), 3.63 (d, 1 H, J 
= 3.7 Hz), 3.72 (t, 1 H, J = 10.1 Hz), 3.95 (dd, 1 H, J =  10.7, 
6.7 Hz), 4.07 (apparent t, 1 H, J = 4.3 Hz), 4.52 (d, 1 H, J = 
5.2 Ha), 4.63 (m, 1 H), 7.22-7.35 (m, 3 H), 7.42-7.48 (m, 2 
H). 13C NMR: 6 26.1,43.5, 52.6, 62.3, 63.0, 80.7,85.0, 126.8, 

2925, 2880, 1590, 1490, 1455, 1445, 1295, 1255, 1100, 1060, 
1030, 980, 950, 915, 900, 880, 855 cm-'. Anal. Calcd for c13- 
H1602ClS: C, 57.66; H, 5.58. Found: C, 57.35; H, 5.47. 
2-endo-(Hydroxymethyl)-6-(phenylsulfenyl)-7-oxa- 

bicyclo[2.2.l]hept-S-ene (43). To a cold (0 "C) suspension 
of NaH (60% dispersion in mineral oil, 108 mg, 2.8 mmol, 2.5 
equiv) in THF (10 mL x mmol) was added 42 (304 mg, 1.1 
mmol, 1 equiv) dissolved in 5 mL of THF. After being stirred 
at room temperature for 9 h, the reaction mixture was 
quenched with a saturated solution of NH4C1 (2 mL) and 
evaporated in vacuo. The crude mixture was diluted with 
EtOAc (80 mL) and washed with brine (2 times, 5 mL x mmol). 
Drying over anhydrous MgS04, filtration, and evaporation of 
the solvent in vacuo afforded a crude oil which was purified 
by column chromatography on deactivated silica gel (washed 
with MeOWsaturated solution of NaHC03, 955) to give 43 
(251 mg, 95%) as a colorless oil. Data of 43: R f =  0.27 (hexand 
EtOAc, 1:l). IH NMR: 6 0.82 (dd, 1 H, J =  11.3,4.0 Hz), 1.66 
(dd, 1 H, J = 6.4, 5.8 Hz), 2.06 (ddd, 1 H, J = 11.3, 8.9, 4.8 
Hz), 2.55 (m, 1 H), 3.43 (m, 1 H), 3.68 (m, 1 H), 4.86 (d, 1 H, 
J = 4.4 Hz), 4.99 (ddd, 1 H, J = 4.8, 1.9, 0.8 Hz), 6.22 (d, 1 H, 
J = 1.9 Hz), 7.27-7.38 (m, 3 H), 7.43-7.47 (m, 2 HI. 13C 
NMR 6 29.4,40.6,64.0,80.1,127.7,129.3,131.0,132.2,132.8, 
134.7, 138.5. IR (ccl4): 3410, 3050, 2990,2930, 2865, 1565, 
1470,1440,1305,1290,1245,1090,1030,990,915,895 cm-l. 
Anal. Calcd for C13H1402S: C, 66.63; H, 6.02. Found: C, 
66.28; H, 6.27. 

General Procedure for the Preparation of Benzyl 
Ethers. To a stirred suspension of 2 equiv of NaH (50% or 
60% dispersion in mineral oil) in THF or DMF at 0 "C was 
added a solution of 1 equiv of the alcohol in anhydrous THF 
(5 mL x "01). The mixture was stirred at room temperature 
for 1 h after which time 2 equiv of PhCHzBr was added. In 
some cases a catalytic amount of n-BuJVI (0.1-0.2 equiv) was 
also added, and the reaction mixture was heated to reflux 
(conditions are shown in each case). After completion (TLC), 
the reaction was quenched with a saturated solution of NH4- 
C1 (3 mL x mmol) and diluted with Et20 (10 mL x mmol). 
The layers were separated and the aqueous layer was ex- 
tracted with Et20 (3 times, 10 mL x mmol). The combined 
organic extracts were washed with brine and dried over 
anhydrous MgSO4. Filtration of the drying agent and removal 
of the solvent in vacuo afforded a crude product which was 
purified by column chromatography. 

2-endo-( (Benzyloxy)methyl)-6-(phenylsulfenyl)-7- 
oxabicyclo[2.2.llhept~5-ene (44). From 43 (400 mg, 1.7 
mmol), NaH, and BnBr in THF from 0 "C to reflux for 1.5 h, 
44 was obtained (465 mg, 82%) as a transparent syrup. Data 
of 44: Rf = 0.18 (hexane/EtOAc, 53). lH NMR: 6 0.83 (dd, 1 
H, J = 11.3, 4.1 Hz), 2.07 (ddd, 1 H, J = 11.3, 9.0, 4.8 Hz), 
2.60(m,lH),3.28(t,lH,J=9.5Hz),3.50(dd,lH,J=9.2, 
6.lHz),4.45(d, l H ,  J =  11.6Hz),4.61(d, l H ,  J =  11.6Hz1, 
4.89 (d, 1 H, J = 4.4 Hz), 4.95 (dd, 1 H, J = 4.7, 1.6 Hz), 6.15 
(d, 1 H, J = 1.8 Hz), 7.23-7.42 (m, 10 H). 13C NMR: 6 29.8, 
38.3, 71.8, 72.9, 79.9, 81.4, 127.5, 127.6, 127.8, 128.3, 129.2, 
131.5, 132.2,132.7,138.2,139.8. IR(CC1.i): 3060,2980,2930, 
2870,1590,1480,1445,1165,1075,1045,1030,980,695 cm-'. 
Anal. Calcd for CzoHzoOzS: C, 74.04; H, 6.21. Found: C, 
73.73; H, 6.03. 

General Procedure for the Oxidation of Phenyl- 
sulfenyl Oxabicyclic Derivatives with MMPP. To a cold 
(0 "C) solution of the substrate in dry MeOH (10 mL x mmol) 
was added 2.5 equiv of MMPP. After 16-20 h of stirring at 
room temperature, a saturated solution of NaCl (0.5 mL x 
mmol) was added and MeOH was evaporated in vacuo. The 
crude mixture was diluted with CHzClz (25 mL x mmol) and 
washed with a saturated solution of NaHC03 (5 times, 10 mL 

129.0, 130.1, 130.4, 134.6. IR(CC14): 3425,3060,3000,2960, 
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x mmol), and the organic extract was washed with brine and 
dried over anhydrous MgSO1. Filtration and removal of the 
solvent in vacuo afforded a crude product which was purified 
by column chromatography. 
2-endo-((Benzyloxy)methyl)-6-(phenylsulfonyl~-7- 

oxabicyclo[2.2.l]hept-S-ene (46). From 44 (400 mg, 1.2 
"01) and MMPP (1520 mg, 3.1 mmol, 2.5 equiv) in MeOH 
for 16 h, 45 was obtained (320 mg, 73%) as a transparent 
syrup. Data of 45: Rf = 0.21 (hexane/EtOAc, 51). lH NMR 
6 0.99 (dd, 1 H, J = 11.8, 4.6 Hz), 2.22 (ddd, 1 H, J = 11.8, 
9.2, 5.3 Hz), 2.69 (m, 1 H), 3.50 (d, 2 H, J = 7.7 Hz), 4.49 (d, 
1 H, J = 11.4 Hz), 4.71 (d, 1 H, J = 11.4 Hz), 5.03 (d, 1 H, J 
= 3.5 Hz), 5.08 (dd, 1 H, J = 5.3,1.6 Hz), 7.25 (d, 1 H, J = 1.6 
Hz), 7.36-7.68 (m, 8 H), 7.94-7.97 (m, 2 H). 13C NMR: 6 27.5, 
38.4, 71.3, 73.0, 79.4, 80.3, 127.5, 127.9, 128.0, 128.2, 129.2, 
133.7,138.3,139.4,145.9,148.4. IR(CC4): 3080,3040,2960, 
2890, 1595, 1460, 1375, 1335, 1330, 1220, 1175, 1110, 1010, 
930,885 cm-'. Anal. Calcd for C ~ O H ~ ~ O ~ S :  C, 67.39; H, 5.66. 
Found: C, 67.30; H, 5.51. 
%-endo-( (Benzyloxy)methyl)-5-(phenylsulfenyl)-7- 

oxabicyclo[2.2.l]hept-S-ene (48). To a cold (-78 "C) solu- 
tion of 2-e3co-(phenylsulfenyl)-4,8-dioxatricycl0[4.2.1.09~~3rronane 
(46)22 (2650 mg, 11.3 mmol) in THF (5  mL x mmol), n-BuLi 
(21.2 mL, 1.6 M, 3 equiv) was added dropwise over a 10-min 
period. The reaction mixture was stirred for 1 h at -78 "C 
and the reaction was quenched with 5 mL of a saturated 
solution of NH&1; standard workup using EtOAc provided the 
unstable hydroxymethyl vinyl sulfide 47 which was carried 
through the next step. Data of 47: Rf = 0.27 (hexane/EtOAc, 
1:l). lH NMR 6 0.86 (dd, 1 H, J = 11.5, 4.3 Hz), 1.53 (br a, 
1 H), 1.95 (ddd, 1 H, J = 11.5, 9.0, 4.7 Hz), 2.50-2.61 (m, 1 
H),3.16(t, l H ,  J =  10.1Hz),3.60(dd, l H ,  J =  10.5,6.2Hz), 
4.73(d,lH,J=4.7Hz),5.07(dd,lH,J=4.3,1.5Hz),6.13 
(d, 1 H, J = 1.8 Hz), 7.26-7.44 (m, 5 H). From 47 (crude 
product), NaH, and BnBr in THF from 0 "C to room tempera- 
ture for 18 h, 48 was obtained (2240 mg, 63%, 2 steps) as a 
transparent syrup. Data of48: Rf=  0.33 (hexane/EtOAc, 3:l). 
lH NMR: 6 0.81 (dd, 1 H, J = 11.5,4.3 Hz), 1.91 (add, 1 H, J 
= 11.4, 9.1, 4.8 Hz), 2.63 (m, 1 H), 2.91 (apparent t, 1 H, J = 
9.4 Hz), 3.38 (dd, 1 H, J = 9.3, 5.8 Hz), 4.42 (AB system, 2 HI, 
4.69 (d, 1 H, J = 3.2 Hz), 5.05 (dd, 1 H, J =  5.0,1.5 Hz), 5.98 
(d, 1 H, J = 1.6 Hz), 7.25-7.38 (m, 10 HI. 13C NMR: 6 28.2, 
40.9, 72.2, 72.9, 80.2, 81.5, 127.3, 127.4, 127.5, 128.2, 129.1, 
129.4,130.7,132.8,138.0,142.6. IR(CC4): 3060,3010,2940, 
2860, 1590, 1565, 1490, 1455, 1430, 1105, 1095, 1030, 925 
cm-l. Anal. Calcd for CZOHZOOZS: C, 74.04; H, 6.21. Found: 
C, 73,71; H, 6.13. 
2-endo-( (Benzyloxy)methyl)-S-(phenylsulfonyl)-7- 

oxabicyclo[2.2.llhept-6-ene (49). From 48 (100 mg, 0.3 
"01) and MMPP (343 mg, 0.7 mmol, 2.25 equiv) in MeOH 
for 20 h, 49 was obtained (101 mg, 92%) after recrystallization 
(hexane/EbO) as a white solid. Data of 49. Rf = 0.15 (hexand 
EtOAc, 3:l); mp 105-106 "C. 'H NMR: 6 0.91 (dd, 1 H, J = 
11.7,4.4 Hz), 2.06 (ddd, 1 H, J = 11.7,9.2,4.6 Hz), 2.71 (m, 1 
H), 2.89 (dd, 1 H, J = 10.7,9.3 Hz), 3.44 (dd, 1 H, J = 9.5,5.8 
Hz), 4.44 (AB system, 2 H), 5.16 (dd, 1 H, J = 4.7, 1.5 Hz), 
6.93 (d, 1 H, J =  1.8 Hz), 7.29-7.40 (m, 5 H), 7.52-7.67 (m, 3 
H), 7.68-7.88 (m, 2 H). 13C NMR: 6 28.7, 38.4, 71.3, 73.2, 
79.4,80.3,127.7,127.8,128.0,128.4,129.4,133.8,137.7,139.4, 
142.6, 149.9. IR (KBr): 2860, 2850, 1595, 1455, 1375, 1310, 
1165,1130,1020,910,750 cm-l. Anal. Calcd for CaoH2004S: 
C, 67.39; H, 5.66. Found: C, 67.36; H, 5.64. 
9,,-(Hydroxymethyl)-2exo-(phenylsulfenyl)-4,8-di- 

oxatricyclo[49.1.Q4~-nonane (51). To a solution of 2endo,3- 
~-bis(hydroxymethyl)-7-oxabicyclo[2.2.llhept-5-ene (SOY (156 
mg, 1.0 mmol, 1 equiv) in CHCl3 at 0 "C were added &co3 
(20 mol %) and PhSCl(l.5 equiv), and the mixture was stirred 
for 5 min. The reaction was quenched with brine and 
extracted with CHCla. Standard workup and chromatography 
on silica gel afforded 51 (203 mg, 77%) after recrystallization 
(hexane/CHzClz) as a white solid. Data of 51: Rf = 0.10 
(hexane/EtOAc, 1:2); mp 124-125 "C. lH NMR: 6 1.82 (br a, 
1 H), 1.96 (ddd, 1 H, J = 10.0,6.3,2.1 Hz), 2.26 (m, 1 H), 3.21 
(a, 1 H), 3.58-3.66 (m, 2 H), 3.93 (AB system, 2 H), 4.25 (d, 1 
H, J = 4.7 Hz), 4.36 (8, 1 H), 5.03 (t, 1 H, J = 4.7 Hz), 7.17- 
7.38 (m, 5 H). NMR 6 41.8, 53.3, 56.8, 63.8, 71.9, 80.6, 

82.7, 83.6, 126.3, 129.1, 129.6, 135.0. IR (KBr): 3420, 3010, 
2930, 2870, 1580, 1480, 1435, 1215, 1075, 1050, 1035, 965 
cm-'. Anal. Calcd for ClfileO3S: C, 63.61; H, 6.10. Found 
C, 63.41; H, 5.83. 
9-ezo-( (Methoxymethoxy)methyl)-2-ezo-(phenyl- 

sulfenyl)-4,8-dioxatriatricyclo[4.2.l.~~'lnonane (52). To a 
solution of alcohol 51 100 mg, 0.4 mmol) in CHzCl2 (10 mL x 

p-TsOH (5 mol %) and dimethoxymethane (0.17 mL, 5 equiv) 
sucessively, and the resulting mixture was heated at reflux 
for 2.5 h. The reaction mixture was diluted with CH2C12 (20 
mL), washed with 5% NaHC03 (2 times, 10 mL x mmol) and 
brine, and dried over anhydrous MgSO4. Removal of the 
drying agent by filtration and evaporation of the solvent in 
vacuo gave a crude product which was purified by chroma- 
tography on silica gel (hexandEtOAc, 2:l as eluent) to give 
52 (100 mg, 87%) after recrystallization (hexandCH2Cl2) as a 
white solid. Data of 52: Rf = 0.38 (hexanefEtOAc, 1:2); mp 
103-104 "C. lH NMR: 6 2.05 (ddd, 1 H, J = 9.0,6.8,1.9 Hz), 
2.17 (m, 1 H, H-2),3.22 (8 ,  1 H), 3.34 (8 ,  3 HI, 3.41 (dd, 1 H, J 
=9.5,6.8Hz),3.51(apparentt,lH,J=9.4Hz),3.92(d,2H, 
J = 2.4 Hz), 4.24 (d, 1 H, J = 4.8 Hz), 4.32 (a, 1 H), 4,62 (a, 2 
H), 5.03 (t, 1 H, J = 4.8 Hz), 7.17-7.38 (m, 5 HI. I3C NMR 
6 41.9,51.3,55.3,56.6,68.4,71.8,80.2,82.6,83.6,96.6,126.6, 
129.0, 129.3, 134.9. IR (KBr): 2925, 2875, 1585, 1490, 1215, 
1155,1120,1100,1075,1055,965,910,745 cm-'. Anal. Calcd 
for Cl&IzoO4S: C, 62.31; H, 6.53. Found: C, 61.99; H, 6.41. 
2-endo-(Hydroxymethyl)-S-exo-((methoxymethoxy)- 

methyl)-6-(phenylsulfenyl)-7-oxabicyclo[2.2.llhept-S- 
ene (53). To a cold (-78 "C) solution of 52 (100 mg, 0.3 "01) 
in THF (5  mL x mmol) was added n -BSi  (0.72 mL, 1.35 M, 
3 equiv) dropwise. The reaction mixture was stirred at -78 
"C for 1.5 h, and then the reaction was quenched with 1 mL 
of a saturated solution of m C 1 .  Standard workup using 
EtOAc gave 53 (80 mg, 80%) as a transparent syrup. Data of 
63: Rf = 0.19 (hexane/EtOAc, 1:l). lH NMR: 6 1.64 (td, 1 H, 
J = 7.9, 4.2 Hz), 2.15 (m, 1 H, J = 3.8 Hz), 2.42 (br s, 1 H), 
3.33 (a, 3 H), 3.36 (m, 2 H), 3.49 (apparent t, 1 H, J = 8.4 Hz), 
3.61 (dd, 1 H, J = 9.2, 7.8 Hz), 4.53 (8 ,  1 H), 4.61 (a, 2 H), 4.99 
(d, 1 H, J = 4.4 Hz), 6.08 (d, 1 H, J = 1.8 Hz), 7.29-7.44 (m, 
5 H). 13C NMR 6 43.4,49.4,55.3,64.1,69.8,81.6,82.1,96.4, 
127.7,129.3,129.4,131.2,132.4,143.8. IR(CC4): 3420,3040, 
2930, 2880, 1585, 1480, 1440, 1385, 1215, 1150,1110, 1040, 
920,695 cm-'. Anal. Calcd for CleHm04S: C, 62.31; H, 6.53. 
Found C, 62.11; H, 6.51. 

2endo-( (Benylo~)methyl)Se((metao~etao~)- 
methyl)-S-(phenylsulfenyl)-7-oxabicyclo[2.2.11 hept-5- 
ene (64). From 6S (80 mg, 0.3 mmol), NaH, BnBr and a 
catalytic amount of n - B m  (0.2 equiv) in THF from 0 "C to 
reflux for 4 h, 64 was obtained (72 mg, 80%) as a colorless 
syrup. Data of &I. Rf = 0.13 (hexandEtOAc, 5:l). lH NMR: 
6 1.53 (m, 1 H), 2.19 (m, 1 H), 3.01 (apparent t, 1 H, J = 9.5 
Hz), 3.29 (a, 3 H), 3.47 (dd, 1 H, J = 9.2,5.8 Hz), 3.49 (apparent 
t, 1 H, J = 9.4 Hz), 3.62 (dd, 1 H, J = 9.6, 6.2 Hz), 4.45 (AB 
system, 2 H), 4.58 (br a, 1 H), 4.59 (8 ,  2 H), 5.03 (dd, 1 H, J = 
4.4, 1.7 Hz), 5.99 (d, 1 H, J =  1.7 Hz), 7.28-7.42 (m, 5 H). 13C 
NMR: 6 45.7,45.9,55.2,69.9,71.8,73.0,81.9,82.1,96.5,127.5, 
127.6, 127.7, 128.3, 129.2, 129.9, 131.2, 132.6, 138.0, 143.3. 
IR (CCL): 3070, 3030, 2930, 2870, 1590, 1475, 1455, 1440, 
1365,1210,1150,1110,1005,920,695 cm-l. Anal. Calcd for 

Be&-( (Benyloxy)metayl)-3--((metao~ethox)- 
methyl)-5-(phenylsulfonyl)-7-oxabicyclo[2.2.llhept-S- 
ene (66). From 64 (50 mg, 0.13 "01) and MMPP (136 n 
0.28 "01, 2.2 equiv) in MeOH for 16 h, 65 was obtained 
mg, 98%) as a transparent syrup. Data of 55: Rf = 0 
(hexane/EtOAc, 2:l). lH NMR: 6 1.54 (m, 1 H), 2.24 (m, I 
H), 2.95 (apparent t, 1 H, J = 10.0 Hz), 3.35 (a, 3 H), 3.38- 
3.51 (m, 2 H), 3.56 (dd, 1 H, J =  9.6,6.4 Hz), 4.44 (AB system, 
2 H), 4.60 (a, 2 H), 4.87 (br a, 1 H), 5.12 (dd, 1 H, J = 3.3, 1.0 
Hz), 6.97 (d, 1 H, J = 1.6 Hz), 7.27-7.41 (m, 5 H), 7.51-7.66 
(m, 3 H), 7.86-7.90 (m, 2 H). 13C NMR: 6 42.8, 44.2, 55.3, 
68.9, 70.7, 73.1, 80.1, 81.9, 96.3, 127.7, 127.8, 127.9, 128.4, 
129.4,133.8,137.7,139.3,143.6,150.1. IR(CCL): 3060,3030, 
2960, 2930, 2870, 1470, 1455, 1370, 1310,1155, 1120,1055, 

mmol) were added 3- a molecular sieves (20 mg), anhydrous 

CaHzsO4S: C, 69.32; H, 6.58. Found: C, 69.05; H, 6.39. 
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925, 700 cm-'. Anal. Calcd for Cz3H260eS: c ,  64.42; H, 6.09. 
Found: C, 64.71; H, 6.23. 
General Procedure for 8 ~ 2  Bridge Cleavage of Oxa- 

bicyclic Vinyl Sulfones with Organolithium Reagents 
and Lithium Aluminum Hydride. To a solution of 1 equiv 
of the vinyl sulfone under argon in the appropriate solvent 
(10 mL x mmol) and temperature (-78 or 0 "C) was added 
the nucleophile dropwise (amounts shown in each case). After 
the reaction mixture was stirred for 10-15 min (unless 
otherwise noted), the reaction was quenched with a saturated 
solution of NH4c1. The layers were separated, the aqueous 
layer was extracted with EtOAc (3 times, 5 mL x mmol), and 
the combined organic extracts were dried over anhydrous 
MgS04. Removal of the drying agent by filtration and 
evaporation of the solvent in vacuo afforded a crude product 
which was purified by column chromatography on silica gel 
with the appropriate eluent. 
(15*,25*,5S*)-5-(Benzylogy)-2,S-dimethyl-3-(phenyl- 

sulfonyl)cyclohex-3-en-l-ol (56a). From 37 (473 mg, 1.3 
mmol) and 3 equiv of MeLi (2.5 mL, 1.6 M) in THF at -78 "C, 
56a was obtained (430 mg, 87%), as a transparent syrup. Data 
of 56a: Rf = 0.10 (hexane/EtOAc, 3:l). 'H NMR 6 1.13 (d, 3 
H, J = 7.0 Hz), 1.50 (8 ,  3 H), 1.62 (br s, 1 H), 1.80 (dd, 1 H, J 
= 14.0, 12.4 Hz), 2.09 (ddm, 1 H, J = 14.0, 4.1, 1.1 Hz), 2.65 
(qd,lH,J=7.0,5.1Hz),4.06(apparentdt,lH,J=12.6,4.5 
Hz), 4.49 (2 H, s), 7.03 (d, 1 H, J = 1.3 Hz), 7.28-7.37 (m, 5 
H), 7.55-7.66 (m, 3 H), 7.84-7.87 (m, 2 H). DNOE between 
CH3(C5)/H-6ax: 7.7%, CHdCd/H-4: 9.7%, CHdCd/CHz(Bn): 
3.9%; H-lax/OH: 5.2%, H - l d - 2 e q :  12.3%, H-ldCHz- 
(Bn): 1.6%, H - l d - 6 e q :  5.2%. I3C NMR: 6 11.8,26.1,34.4, 
37.9, 65.3, 66.8, 74.0, 127.3, 127.5, 127.6, 128.1, 128.4, 129.3, 
133,5,138.5,139.7,145.8. IR(CHCL): 3500,1990,1940,1450, 
1300, 1150, 1090, 1060, 610 cm-'. Anal. Calcd for CZI- 

(lS*,2S*,SS*)-5-(Benzyloxy)-2-n.bntyl-S~methyl-3- 
(phenylsulfonyl)cyclohex-3-en-l-ol (56b). From 37 (534 
mg, 1.5 "01) and 2 equiv of n-BuLi (1.5 mL, 2.0 M) in toluene 
at -78 "C, 56b was obtained (481 mg, 78%) as a transparent 
syrup. Data of 56b: Rf = 0.41 (hexane/EtOAc, 2:l). 'H 
NMR 6 0.88 (t, 3 H, J = 7.2 Hz), 1.10-1.32 (m, 2 H), 1.32- 
1.66 (m, 5 H), 1.45 (s, 3 H), 1.82 (dd, 1 H, J =  14.0, 12.1 Hz), 
2.08 (dd, 1 H, J = 14.1, 4.1 Hz), 2.49-2.56 (m, 1 HI, 3.98- 
4.40 (m, 1 H), 4.42 (9, 2 H), 6.97 (d, 1 H, J = 1.0 Hz), 7.22- 
7.23 (m, 5 H), 7.48-7.61 (m, 3 H), 7.81-7.84 (m, 2 H). DNOE 
between CHs(C5)/H-Gax: 7.7%, CH3(C5)/H-4: 9.7%, CH3- 
(Cs)/CHz(Bn): 3.9%; H - l d - 2 e q :  12.3%, H-lax/OH: 5.2%, 
H - l d 6 e q :  5.2%, H-lax/CHz(Bn): 1.6%. I3C NMR: 6 13.9, 
23.1, 26.3, 27.6, 29.7, 32.1, 39.0, 39.6, 65.3, 67.9, 74.1, 127.3, 
127.6, 128.0, 128.4, 129.2, 133.4, 138.6, 139.6, 140.1, 145.1. 
MS (CVNH3) mle: 432 [M + N H 3 1 f  (loo%), 324,306,223,184, 
160, 147, 108, 91. Anal. Calcd for C24H3004s: C, 69.53; H, 
7.29. Found: C, 69.87; H, 7.04. 
(lS*,2S*,SS*)-5-(Benzyloxy)-S-methyl-2-pheny1-3- 

(phenylsulfonyl)cyclohex-3~en-l-ol (56~). From 37 (392 
mg, 1.1 mmol) and 2 equiv of PhLi (1.1 mL, ca. 2.0 M) in 
toluene at -78 "C, 56c was obtained (410 mg, 86%) as a white 
solid. Data of 560: Rf = 0.11 (hexane/EtOAc, 1O: l ) ;  mp 162- 
164 "C. *H NMR: 6 1.14 (br d, 1 H, J = 9.6 Hz), 1.52 (dd, 1 
H,J=13.9,12.7Hz),1.58(s,3H),2.04(dd,1H,J=14.0,3.5 
Hz), 4.13 (d, 1 H, J = 5.7 Hz), 4.26-4.33 (m, 1 HI, 4.58 (9, 2 
H), 6.83-6.86 (m, 1 H), 7.11-7.15 (m, 3 H), 7.23-7.45 (m, 10 
H), 7.53-7.56 (m, 2 H). DNOE between CHs(Cs)/H-Geq: 5.0%, 
CHs(C5)iH-Gax: 12.5%, CH3(Cs)/H-k 3.0%, CH3(C5)/CHz(Bn): 
3.0%. I3C NMR: 6 25.6, 38.4, 45.9, 65.3, 66.6, 74.0, 127.3, 
127.5, 127.6, 128.3, 128.4, 128.7, 129.3, 129.9, 133.0, 133.2, 
138.5, 139.5,141.7,142.9. IR (CHCb): 3480,3020,2920,1450, 
1300, 1150, 1080 cm-I. Anal. Calcd for C26H2604S: c ,  71.86; 
H, 6.03. Found: C, 72.02; H, 6.25. 
(lS*~~*)-s(-sme~yl-3-(phe~~o~l)- 

2-vinylcyclohex-3-en-1-01 (56d). From 37 (200 mg, 0.6 
mmol) and 2 equiv of CH2=CHLi (2.24 mL, 0.5 M, generated 
from (CH2=CH)dSn and MeLi) in toluene at -78 "C, 56d was 
obtained (204 mg, 95%) as a transparent syrup. Data of 56d: 
R f =  0.14 (hexane/EtOAc, 2:l). 'H NMR 6 1.49 (8 ,  3 H), 1.62 
(dd,1H,J=13.9,12.6Hz),1.70-1.73(m,1H),2.14(ddm,1 

H2404s: C, 67.72; H, 6.49. Found: C, 67.52; H, 6.38. 

H,J=14.0,3.9H~),3.35(dd,lH,J=8.2,5.3H~),4.05-4.11 
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(m, 1 H), 4.50 (8 ,  2 H), 5.09 (dt, 1 H, J = 17.1, 1.2 Hz), 5.20 
(dd, 1 H, J = 10.2, 1.3 Hz), 5.48 (ddd, 1 H, J = 17.1, 10.2,8.2 
Hz), 7.15 (d, 1 H, J = 1.3 Hz), 7.28-7.36 (m, 5 H), 7.48-7.63 
(m, 3 H), 7.81-7.84 (m, 2 H). DNOE between H - l m - 2 e q :  
13.3%, H-lax/OH: 5.1%, H-lax/CHz(Bn): 1.6%, H - l d  
H-6eq: 3.8%; H-2eq/H-2'&: 5.0%, H-2eq/H-1': LO%, H-2eq/ 
H-lax: 11.2%, H-aeq/H-Geq: 1.9%, H-2eq/ArH(PhSOz): 1.6%; 
CH&s)/H-k 9.9%, CHs(C5)/CHz(Bn): 3.9%. l3C NMR: 6 26.0, 
39.1, 44.3, 65.3, 66.5, 74.1, 121.7, 127.3, 127.6, 128.4, 129.1, 
131.9, 133.5, 138.4, 139.2, 141.0, 142.7. IR (CHCl3): 3500, 
3080,2940,1450,1310,1150,1090,1070 cm-l. Anal. Calcd 
for CzzH2404S: C, 68.72; H, 6.29. Found: C, 69.11; H, 6.34. 
(lS*,2S*)-S,S-(Ethylenedioxy)-2-methyl-3-(phenyl- 

sulfonyl)cyclohex-3-en-l-ol (56e). From 39 (564 mg, 2.0 
mmol) and 1.2 equiv of MeLi (1.5 mL, 1.6 M) in THF at -78 
"C, 66e was obtained (506 mg, 85%) as a transparent syrup. 
Data of 56e: Rf = 0.21 (hexane/EtOAc, 1:2). 'H NMR 6 0.98 
(d, 3 H, J = 7.0, 1.5 Hz), 1.84 (dd, 1 H, J = 13.3, 4.0, 1.4 Hz), 
2.01 (apparent t, 1 H, J = 13.3, 11.6, 1.4 Hz), 2.25 (br s, 1 H), 
2.55 (m, 1 H), 3.90 (m, 5 H), 6.62 (8 ,  1 H), 7.49 (m, 3 H), 7.78 
(m, 2 H). 13C NMR: 6 11.5, 34.3, 36.7,64.7, 65.0, 67.6, 104.9, 
127.9,129.1,133.5,134.1,138.9,146.2. IR(fi1m): 3400,3050, 
3010, 1685, 1610, 1490, 1445, 1300, 1215, 1150,1090, 1025, 
1000 cm-'. Anal. Calcd for C&&5S: C, 59.59; H, 5.96. 
Found: C, 59.81; H, 6.12. 
(lS*,2S*,SS*)-S-( (Benzyloxy)methyl)-2-methyl-3- 

(phenylsulfonyl)cyclohex-3-en-l-ol (560. From 45 (110 
mg, 0.3 mmol) and 3 equiv of MeLi (0.58 mL, 1.6 M) in THF 
at -78 "C, 56f was obtained (92 mg, 81%) as a transparent 
syrup. Data of 56f: Rf = 0.11 (hexane/EtOAc, 2:l). 'H NMR 
6 1.06 (d, 3 H, J = 7.0 Hz), 1.43 (br d, 1 H, J = 4.9 Hz), 1.67 
(dt, 1 H, J = 13.5, 3.4 Hz), 1.88 (ddd, 1 H, J = 13.5, 10.8, 7.3 
Hz), 2.59 (apparent quint, 1 H, J = 6.6 Hz), 2.86 (m, 1 H), 
3.50 (AB system, 2 H), 3.86 (ddt, 1 H, J = 10.9, 4.9, 4.1 Hz), 
4.51 (8 ,  2 H), 7.03 (d, 1 H, J = 3.3 Hz), 7.27-7.36 (m, 5 H), 
7.45-7.57 (m, 3 H), 7.81-7.84 (m, 2 H). DNOE between Me/ 

H-UOH: 1.7%, H-1/H-5': 0.8%, H-l/H-Geq: 3.4%. 13C NMR 
6 13.0, 28.4, 34.4, 35.7, 67.6, 73.1, 73.3, 127.6, 127.7, 127.8, 
128.5, 129.1, 133.1, 139.7, 143.8. IR (CHC13): 3500, 3040, 
3020,2975,2920,2860,1450,1300,1290,1145,1090,790,755 
cm-l. Anal. Calcd for C21H2404S: C, 67.72; H, 6.49. Found: 
C, 67.60; H, 6.12. 
(lS*,2S*,SS*)-S-((Benzyloxy)methy1)-2-n-butyl-3- 

(phenylsulfonyl)cyclohex-3-en-l-ol(56g). From 45 (50 mg, 
0.14 mmol) and 2 equiv of n-BuLi (0.17 mL, 1.6 M), in toluene 
at -78 "C, 56g was obtained (45 mg, 78%) as a transparent 
syrup. Data of 56g: Rf = 0.26 (hexane/EtOAc, 2:l). 'H 
NMR 60.80(t,3H,J=7.1Hz),1.12-1.49(m,6H),1.54(br 
s, 1 H), 1.61 (dt, 1 H, J = 13.9, 4.5 Hz), 1.93 (ddd, 1 H, J = 
13.9,9.4,7.0 Hz), 2.49 (apparent q, 1 H, J = 6.0 Hz), 2.86 (m, 
1 H), 3.43-3.51 (m, 2 H), 3.97 (m, 1 H), 4.51 (br s, 2 H), 7.07 
(d, 1 H, J = 2.9 Hz), 7.27-7.36 (m, 5 H), 7.42-7.59 (m, 3 H), 
7.82 (m, 2 H). I3C NMR: 6 13.8, 22.8, 27.9, 29.7, 30.8, 34.9, 
39.7, 66.9, 73.0, 73.2, 127.6, 127.6, 127.7, 128.4, 129.0, 133.0, 
138.1, 140.6, 142.6. IR (CCL): 3465, 3020,2950, 2880, 1450, 
1365, 1310, 1220, 1155, 1090, 1030, 1000 cm-'. Anal. Calcd 
for c2fi3&s: C, 69.53; H, 7.29. Found: C, 69.56; H, 7.01. 
(lS*,.2S*,SS*)-2-AUyl-5-( (Benzyloxy)methyl)-3-(phenyl- 

sulfonyl)cyclohex-3-en-l-ol (56h). From 45 (100 mg, 0.3 
mmol) and 3 equiv of allyllithium (0.9 mmol, generated from 
tetraallyltin and PhLi (ca. 2.0 M) in Et20 at room temperature 
for 30 min), in toluene at -78 "C, 56h was obtained (70 mg, 
64%) as a white solid after recrystallization from CHCls/ 
hexane. Data of 56h: R f =  0.15 (hexane/EtOAc, 1:l); mp 241- 
242 "C. 'H NMR 6 1.56 (br s, 1 H), 1.62 (ddd, 1 H, J = 13.5, 
5.4, .4 Hz), 1.98 (ddd, 1 H, J = 13.5, 9.3, 7.0 Hz), 2.20 (m, 2 
H), $60-2.68 (m, 2 H), 2.89 (m, 1 H), 3.50 (m, 2 H) 3.97 (m, 
1 H), 4.51 (8 ,  2 H), 4.98-5.09 (m, 2 H), 5.79-5.91 (m, 1 H), 
7.11 (dd, 1 H, J = 2.9, 1.0 Hz) 7.28-7.36 (m, 5 H), 7.42-7.59 
(m, 3 H), 7.80-7.84 (m, 2 H). I3C NMR: 6 30.0, 32.8, 35.0, 
39.4, 67.5, 73.1, 73.3, 116.7, 127.6, 127.7, 128.5, 129.1, 133.3, 
137.2,138.0,140.2,141.5,141.7. IR (KBr): 3500,3060,3020, 
2925, 2850, 1635, 1445, 1360, 1305, 1150, 1090, 1030, 1000, 
915, 700,690 cm-'. Anal. Calcd for CZ~HZ~O~S:  C, 69.32; H, 
6.58. Found C, 69.37; H, 6.51. 

H-2: 3.8%, Me/H-Gax: 1.6%, M~o-H-Ar: 0.5%; H-1M-2: 8.6%, 
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2-(2-propenyl)cyclohex-3-en-l-ol (ri6i). From 46 (55 mg, 
0.15 mmol), and 3.0 equiv of 2-propenyllithium (0.46 "01, 
generated from 2-bromopropene and t-BuLi (1.7 M) in EhO 
from -78 to 0 "C over 30 min), in toluene at -78 "C, 66i was 
obtained (41 mg, 67%) as a white solid after recrystallization 
from hexandCHCl3. Data of 561: Rf = 0.13 (hexaneIEtOAc, 
2:l); mp 119-120 "C. lH NMR: 6 1.58 (d, 1 H, J = 7.2 Hz), 
1.67 (br 8, 3 H), 1.72 (ddd, 1 H, J = 18.0, 4.1, 3.2 Hz), 1.84 
(ddd, 1 H, J = 18.0, 10.9,7.0 Hz), 2.86 (m, 1 H), 3.36 (d, 1 H, 
J = 5.5 Hz), 3.51 (d, 2 H, J = 6.0 Hz), 3.91 (m, 1 H), 4.52 (8 ,  
2 H), 4.53 (br s, 1 H), 4.94 (quint, 1 H, J = 1.5 Hz), 7.19 (d, 1 
H, J = 3.5 Hz), 7.29-7.34 (m, 5 HI, 7.36-7.56 (m, 3 HI, 7.78- 
7.81 (m, 2 H). 13C NMR: 6 24.3, 28.9, 35.9, 46.2, 66.3, 72.9, 
73.2, 116.9, 127.6, 127.7, 128.1, 128.4, 128.8, 133.1, 137.8, 
139.9,140.7,141.2,141.3. IR(CHCb): 3480,2940,2860,1645, 
1450,1365,1310,1295,1095,1030,910,695 cm-l. Anal. Calcd 
for CmHaOrS: C, 69.32; H, 6.58. Found: C, 69.40; H, 6.55. 
6,6-(Ethylenediory)-S-(phenylsulfonyl~cycloh~-3-en- 

1-01 (66j). From 39 (113 mg, 0.4 mmol) and 4 molar equiv of 
L U  (8.0 mL, 0.2 M in EtzO) in THF at -78 "C, 66j was 
obtained (71 mg, 62%) as a transparent syrup. Data of 66j: 
R f =  0.24 (hexane/EtOAc, 1:l). 'H NMR: 6 1.93 (dd, 1 H, J = 
13.5, 8.0 Hz), 2.05 (dd, 1 H, J = 13.5,3.5 Hz), 2.19 (ddd, 1 H, 
J = 17.2, 6.2, 1.9 Hz), 2.53 (ddd, 1 H, J = 17.2, 4.8, 1.7 Hz), 
4.05 (m, 5 H, H-l), 6.77 (t, 1 H, J = 1.7 Hz), 7.58 (m, 3 H), 
7.87 (m, 2 H). 13C NMR: 6 31.8,40.1,64.6,64.8,65.0, 104.7, 
128.1,129.2,133.5,133.6,137.8,140.8. IR(fllm): 3500,3000, 
2950, 2880, 1700, 1580, 1475, 1300, 1210, 1145, 1100, 1040 
cm-l. Anal. Calcd for C14HlsOaS: C, 56.74; H, 5.40. Found: 
C, 56.53; H, 5.32. 
(lS*,~*)-~(Be~lo~)yloxy)-&methyl-3-(pheny~ulfonyl)- 

cyclohex-3-en-l-ol(67a). From 26 (100 mg, 0.3 m o l )  and 
4 molar equiv of L U  (5.6 mL, 0.2 M in EhO) in THF at 
-78 "C, 57a was obtained (65 mg, 65%) aRer recrystallization 
(CHzCl&exane) as a white solid. Data of 67a: mp 184-186 
"C. 1HNMR: 61.26(~ ,3H) ,2 .23(ddq, lH,J=17.3 ,7 .3 ,2 .2  
Hz), 2.31 (d, 1 H, J = 2.8 Hz), 2.55-2.60 (m, 2 H), 2.71 (ddq, 
1 H, J = 17.3, 5.3, 1.8 Hz), 3.91 (ddd, 1 H, J = 7.6, 5.3, 2.7 
Hz), 4.48 (AB system, 2 H), 7.00 (tt, 1 H, J = 3.7, 1.7 Hz), 
7.20-7.36 (m, 5 H), 7.53-7.69 (m, 3 H), 7.87-7.92 (m, 2 H). 
DNOE between H-lax/H-aeq: 8.9%, H-ladH-5ax: 2.28, 
H-lax/OH: 5.6%, H-lax/CHa(Bn): 2.8% cHs(Cs)/H-aax: 4.9%, 
CH&s)/H-Eieq: 2.5%, C&(Cs)/CHa(Bn): 1.6%; HM-Seq: 

70.9,75.4,127.2,127.5,127.9,128.4,129.3,133.4,135.3,137.7, 
138.4, 138.9. MS (CI/NHs) mle: 376 [M + N&]+, 286, 280, 
264 (loo%), 136. Anal. Calcd for CZOHBO~S: C, 67.02; H, 6.19. 
Found C, 66.84, H, 6.25. 
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7-oxabicyclo[2.2.1]-heptane (58). From 26 (80 mg, 0.2 
"01) and 1.5 equiv of LiAU& (1.6 mL, 0.2 M in EhO) at -78 
"C in THF, 68 was obtained (49%) along with 50% star t ing  
material. 58 was isolated (39 mg, 48%) by chromatography 
on silica gel. Data of 68: Rf = 0.24 (hexane/EtOAc, 3:l). 'H 
NMR 6 1.44 (s ,3  H), 1.60 (8, 1 H), 1.61 (d, 1 H, J = 13.2 Hz), 
1.83 (dd, 1 H, J = 12.8, 6.0 Hz), 2.07 (dt, 1 H, J = 13.0, 5.2 
Hz), 2.68 (dd, 1 H, J = 13.1, 9.0 Hz), 3.45 (dd, 1 H, J = 8.9, 
5.3 Hz), 4.28 (d, 1 H, J = 5.2 Hz), 4.41 (8, 2 HI, 4.94 (d, 1 H, 
J = 5.9 Hz), 7.26-7.39 (m, 4 H), 7.56-7.64 (m, 4 H), 7.91- 
7.94 (m, 2 H). 19C NMR: 6 24.1, 27.1, 43.9, 66.8, 67.4, 78.1, 
82.4, 83.7, 127.0, 127.6, 128.5, 128.9, 129.2, 133.8, 138.3. IR 
(CHCb): 2920,1450,1210,1150,1090 cm-'. Anal. Calcd for 
CzoHzzOrS: C, 67.02; H, 6.19. Found C, 67.33; H, 6.02. 
(lS*,2S*,5S*)-2-(Benzyloxy)-2-methyl-B-(phenyl- 

eulfonyl)cyclohexan-l-ol(69). From 26 (70 mg, 0.2 "01) 
and 4 equiv of (4 mL, 0.2 M en EhO) at 0 "C in THF, 
69 was obtained (47 mg, 65%) as a white solid. Data of 69: 
Rf = 0.14 (hexane/EtOAc, 2:lh mp 186-188 "C. 'H NMR: 6 
1.29 (8, 3 H), 1.60-1.82 (m, 3 H), 1.86-1.93 (m, 1 H), 2.05 
(dm, 1 H, J = 11.2 Hz), 2.21 (dt, 1 H, J = 13.1, 2.4 Hz), 3.44 
(tt, 1 H, J = 8.6,3.7 Hz), 3.87-3.89 (m, 1 H), 4.40 (AB system, 
2 H), 7.12-7.15 (m, 2 H), 7.22-7.33 (m, 3 H), 7.55-7.73 (m, 3 
H), 7.90-7.93 (m, 2 H). 13C NMR: 6 20.7, 20.9, 27.7, 28.5, 
57.6,62.9, 71.2, 74.6, 126.9, 127.2, 128.3, 128.9, 129.1, 134.0, 
137.0. IR (CHCls): 3500,2920,1460,1310,1150,1100,1040 

3.0%, H-44H-Sax: 3.0%. "C NMR: 6 17.0, 29.2, 33.9, 63.9, 
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cm-'. Anal. Calcd for CzoH~04S: C, 66.64, H, 6.71. Found: 
C. 66.83: H. 6.32. 
' (lS*,~*,6S*)-6-(~~10~)-~,6-~methyl.3-(phenyI- 

eulionyl)cyclohex-3-en~l~l (67b). From 26 (250 mg, 0.7 
"01) and 3 equiv of MeLi (2.1 mL, 1.6 M) in THF at -78 "C, 
57b was obtained (208 mg, 80%) as a transparent syrup. Data 
of 67b: Rf = 0.35 (hexane/EtOAc, 2:l). 'H NMR: 6 1.19 (d, 3 
H, J = 7.4 Hz), 1.44 (8, 3 HI, 1.87 (d, 1 H, J = 4.8 Hz), 2.51 
(dt, 1 H, J = 19.3, 3.0 Hz), 2.64 (dd, 1 H, J = 19.2, 5.4 Hz), 
2.88-3.00 (m, 1 H), 3.64 (apparent t, 1 H, J = 4.1 Hz), 4.44 
(AB system, 2 H), 7.10 (ddd, 1 H, J = 5.4,3.0,2.4 Hz), 7.20- 
7.61 (m, 8 H), 7.81-7.84 (m, 2 H). DNOE between: 
C&(Cd/H-Seq: 2.75, CHs(C6)/H-5ax: 4.5%, CHs(C&H-leq: 
5.4%, CH~(CI$CHZ (Bn): 4.5%; CHs(Cz)/H-2: 15.2%, 
CH3(C2)/ArH(PhS02): 2.9%, CHs(Cz)/H-leq: 5.9%. 13C 
NMR: 6 14.0, 20.9, 31.6, 32.2, 63.8, 73.4, 75.6, 127.2, 127.4, 
128.0, 128.4, 129.0, 132.9, 137.4, 138.5, 140.5, 140.7. IR 
(CHCls): 3500,3060,2920,1450,1290,1150,1090 cm-'. Anal. 
Calcd for CzlHuO4S: C, 67.72; H, 6.49. Found: C, 67.68; H, 
6.35. 
(lS*,aR*)-6,6-(Ethylenedioxy)-2-methyl-S-(phenyl- 

eulionyl)cyclohex-S-en.l-ol (67~). From 28 (127 mg, 0.45 
"01) and 1.2 equiv of MeLi (0.34 mL, 1.6 M) in THF at -78 
"C, 67c was obtained (100 mg, 75%) as a transparent syrup. 
Data of 57c: Rf = 0.17 (hexane/EtOAc, 1:l). lH NMR: 6 1.12 
(d, 1 H, J = 7.2 Hz), 2.16 (8, 1 H), 2.43 (dddd, 1 H, J = 19.1, 
4.7, 1.6, 0.9 Hz), 2.78 (ddd, 1 H, J = 19.1, 3.2, 2.5 Hz), 2.91 
(m, 1 H, J =  7.1,2.5,1.6 Hz), 3.60(m, 1 H, J =  4.4 Hz), 3.95- 
4.01 (m, 4 H), 6.95 (ddd, 1 H, J = 4.7,3.2, 1.5 Hz), 7.54 (m, 3 
H), 7.85 (m, 2 HI. 13C NMR. 6 13.3, 34.1, 34.3, 65.0, 65.1, 
72.0,107.5,127.5,129.0,132.9,136.4,140.5,141.4. IR(fi1m): 
3480,3060, 2950, 2875, 1625, 1300, 1130, 1060,1025,1010, 
940 cm-'. Anal. Calcd for ClaHleOaS: C, 59.59; H, 5.96. 
Found C, 59.85; H, 6.29. 
(lR*,Ht*,6R*)-6-( (Benzyloxy)methyl)-2-methyl-3- 

(pheny~ulfonyl~cyclohex-3gclohex-3-en-l-ol (67d). From 49 (120 
mg, 0.3 "01) and 3.0 equiv of MeLi (0.58 mL, 1.6 M) in THF 
at -78 "C, 67d was obtained (103 mg, 82%) as a transparent 
syrup. Data of 67d Rf = 0.12 (hexane/EtOAc, 2:l). lH 
NMR: 6 1.09 (d, 3 H, J = 6.8 Hz), 1.99 (dddd, 1 H, J = 19.3, 
10.0,3.2, 1.3 Hz), 2.15 (m, 1 H), 2.48 (ddd, 1 H, J = 19.3, 6.2, 
4.1 Hz), 2.63 (apparent quint, 1 H, J = 6.6 Hz), 3.37 (br d, 1 
H, J = 2.5 Hz), 3.48 (dd, 1 H, J = 9.2, 7.6 Hz), 3.59 (m, 1 H), 
3.62 (dd, 1 H, J = 9.2,4.0 Hz), 4.52 (br s , 2  HI, 6.94 (apparent 
t, 1 H, J = 3.7 Hz), 7.28-7.37 (m, 5 H), 7.48-7.62 (m, 3 H), 
7.83-7.87 (m, 2 HI. DNOE: between M a - 6 :  3.4%, Me/H-2: 
3.4%. 13CNMR: B 13.8,28.4,32.9,34.2,73.1,73.2,73.6,127.8, 
128.0,128.6,129.1,133.2,136.6,137.3,144.0. IR(CC4): 3495, 
3030, 3015, 2925, 2870, 1645,1450, 1375, 1310, 1155, 1095, 
990 cm-'. Anal. Calcd for CzlHa04S: C, 67.72; H, 6.49. 
Found: C, 67.63; H, 6.12. 
(1R*,aR*,aR*)-&((Benzyloxy)methyl)-2-( l-hexynyl)-3- 

(ph~~onyl)cyclohyclohax-Ssn-lol(67e). From 49 (70 mg, 
0.2 "01) and 4.0 equiv of l-hexynyllithium (0.78 mmol, 
generated from l-hexyne and n-BuLi (1.6 M) in EbO at 0 "C 
for 15 min) in toluene at 0 "C for 2 h, 67e was obtained (65 
mg, 74%) as a transparent syrup. Data of 67e: Rf = 0.19 
(hexaneEtOAc, 2:l). lH NMR: 6 0.81 (t, 3 H, J = 6.9 Hz), 
1.16-1.22 (m, 4 HI, 1.81 (M, 2 H, J = 6.7, 2.2 Hz), 2.17 (m, 
lH), 2.23 (ddd, 1 H, J =  19.0,10.2, 1.5 Hz), 2.57 (dt, 1 H, J = 
19.0, 5.0 Hz), 3.60 (d, 2 H, J = 5.0 Hz), 3.64 (dd, 1 H, J = 
10.2, 5.2 Hz), 3.76 (br d, 1 H, J = 5.1 Hz), 4.51 (br 8 ,  2 H), 
7.07 (dd, 1 H, J = 4.3, 2.5 Hz), 7.27-7.35 (m, 5 H), 7.46-7.60 
(m, 3 H), 7.89-7.91 (m, 2 H). 13C NMR: 6 13.6, 18.2, 21.9, 
28.9,30.5,33.4,35.8,70.0, 70.9, 73.3,75.0,86.2,127.6,127.7, 
128.4, 128.4, 128.8, 133.2, 137.8, 138.4, 139.0, 140.1. IR 
(CC4): 3500,3060,3020,2950,2920,2860,2250,1640,1450, 
1435, 1375,1310, 1155, 1115, 1080, 910 cm-l. Anal. Calcd 
for C&04S: C, 71.15; H, 6.89. Found C, 71.52; H, 6.60. 

( 1R*,2S*,6R*)-&((Benzyloxy)methy1)-2-(2-furyl)-3- 
(phenyleulionyl)cyclohex-3~n-l-ol(57f). From 49 (70 mg, 
0.2 mmol) and 3.0 equiv of 2-furyllithium (0.6 "01, generated 
from furan and n-BuLi (1.6 M) in Eta0 f" -20 "C to reflux 
for 3 h), in toluene at -78 "C for 3 h, 67f (55 mg, 69%) was 
obtained as a pale yellow syrup. Data of 67f: Rf = 0.11 
(hexane/EtOAc, 2:l). lH NMR: 6 2.11 (m, 1 H), 2.25 (dddd, 1 
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H, J = 19.8,11.0,4.8,1.9 Hz), 2.64 (dt, 1 H, J = 19.8,5.5 Hz), 
3.52 (dd, 1 H, J = 9.2,5.8 Hz), 3.56 (dd, 1 H, J = 9.2,4.9 Hz), 
3.83 (dd, 1 H, J = 10.9, 5.5 Hz), 4.22 (br d, 1 H, J = 5.4 Hz), 
4.47 (AB system, 2 H), 5.91 (d, 1 H, J = 3.2 Hz), 6.05 (dd, 1 H, 
J = 3.2, 1.8 Hz), 7.00 (d, 1 H, J = 2.0 Hz), 7.22-7.46 (m, 8 H, 
7 H-Ar), 7.46-7.61 (m, 3 H). 13C NMR 6 28.7, 35.0, 39.7, 
71.4, 71.7,73.4, 110.3,110.4,127.6, 127.7,127.8, 128.4,128.6, 
132.6, 137.5, 138.4, 139.8, 139.9, 142.3, 149.4. IR (CHCL): 
3470, 3060, 2910, 2850, 1450, 1365, 1310, 1155, 1115, 1080 
cm-l. Anal. Calcd for C2J3240,jS: C, 67.90; H, 5.69. Found: 
C, 67.79; H, 5.52. 
(lR*,UZ*,SS*,GR*)-B-( (Benzy1oxy)methyl)J-methyl-S- 

((methoxymethoxy)methyl-3-(phenylsulfonyl)cyclohex- 
3-en-1-01 (67g). From 66 (90 mg, 0.2 mmol) and 3.0 equiv of 
MeLi (0.40 mL, 1.6 M) in THF at -78 "C, 67g was obtained 
(82 mg, 88%) as a transparent syrup. Data of 57g: Rf = 0.11 
(hexane/EtOAc, 2:l). IH NMR: 6 1.06 (d, 3 H, J = 6.8 Hz), 
1.98 (m, 1 H), 2.38 (m, 1 H), 2.57 (apparent quint, 1 H, J = 
6.6 Hz), 3.32 (s, 3H), 3.39 (br s, 1 H), 3.50 (m, 2 H), 3.63 (m, 2 
H), 3.76 (dd, 1 H, J = 9.4, 3.3 Hz), 4.50 (8, 2 H), 4.57 (8, 2 H), 
6.94 (d, 1 H, J = 3.5 Hz), 7.26-7.36 (m, 5 H), 7.47-7.61 (m, 3 
H), 7.82-7.85 (m, 2 H). 13C NMR: 6 13.9, 33.8, 35.7, 39.0, 
55.4, 68.2, 71.3, 72.5, 73.5, 96.4, 127.7, 128.0, 128.5, 129.1, 
133.2, 137.2, 138.5, 139.6, 144.3. IR (cc14): 3480,3050,3020, 
2930, 2880, 1445, 1365, 1310, 1205, 1150, 1055, 920 cm-'. 
Anal. Calcd for C24H3006S: C, 64.55; H, 6.77. Found: C, 
64.41; H, 6.70. 
2-endo-(Benzyloxy)-2-exo,7-exo-dimethyl-6-endo- 

(phenylsulfonyl)-8-oxabicyclo[3.2.lloctane (60) and 2- 
endo-(Benzyloxy)-2-exo,7-exo-dimethyl-6-exo-(phenyl- 
sulfonyl)-8-oxabicyclo[3.2.l]octane (61). To a solution of 
27 (68 mg, 0.2 mmol) in THF at -78 "C, MeLi (0.12 mL, 1.6 
M, 1.1 equiv) was added dropwise. After the solution was 
stirred for 30 min, the reaction was quenched with a saturated 
solution of NH4Cl. The layers were separated, the aqueous 
layer was extracted with EtOAc (3 times, 5 mL x mmol), and 
the combined organic extracts were dried over anhydrous 
MgS04. Removal of the drying agent by filtration and 
evaporation of the solvent in vacuo afforded a crude ca. 1:l 
mixture of addition products 60 and 61. No other products 
could be detected by 300-MHz IH NMR spectroscopy. Separa- 
tion by chromatography on silica gel (hexane/EtOAc, 51) gave 
60 (36 mg, 48%) and 61 (32 mg, 45%) as transparent syrups 
(combined yield: 93%). Data of 60: Rf = 0.24 (hexane/EtOAc, 
2:l). lH NMR: 6 0.76 (d, 3 H, J=  7.0 Hz), 1.41 ( ~ , 3  H), 1.75- 
1.87 (m, 1 H), 1.89-1.95 (m, 1 H), 2.15 (dd, 1 H, J =  14.5, 7.2 
Hz), 2.37 (m, 1 H), 3.03 (apparent quint d, 1 H, J = 7.0, 1.1 
Hz), 3.32 (apparent t, 1 H, J = 6.8 Hz), 3.60 (br s, 1 H), 4.46 
(AB system, 2 H), 4.50 (m, 1 H), 7.30-7.34 (m, 5 H), 7.55- 
7.66 (m, 3 H), 7.92-7.95 (m, 2 H). 13C NMR 6 16.6, 20.7, 
28.4,29.5,36.8,63.5,69.2, 73.6,77.6,90.2,127.3,127.6, 128.2, 
128.5, 129.5, 133.7, 138.9, 140.5. Anal. Calcd for CZZHZSO~S: 
C, 68.36; H, 6.78. Found: C, 68.29; H, 6.81. Data of61: R f =  
0.19 (hexane/EtOAc, 2:l). 'H NMR: 6 1.39 (s, 3 H), 1.45- 
1.56 (m, 2 H), 1.53 (d, 1 H, J = 7.4 Hz), 1.65-1.77 (m, 2 H), 
3.19 (m, 1 H), 3.57 (d, 1 H, J = 9.1 Hz), 3.79 (br s, 1 H), 4.42 
(AB system, 2 H). 4.57 (br s, 1 H), 7.25-7.32 (m, 5 H), 7.52- 
7.62 (m, 3 H), 7.89-7.92 (m, 2 H). 13C NMR: 6 21.4, 21.5, 
26.0,29.3,35.3,63.2,74.1,74.3,77.3,89.4,127.3,127.4,128.2, 
128.4, 129.6, 134.0, 139.4, 140.4. Anal. Calcd for CzzHz604S: 
C, 68.36; H, 6.78. Found: C, 68.53; H, 6.50. 
(15*,UZ*,7S*)-7-(Benzyloxy)-2,7-dimethyl-3-(phenyl- 

sulfonyl)cyclohept-3-en-l-ol (62a). From 27 (80 mg, 0.2 
mmol) and 1.2 equiv of MeLi (0.13 mL, 2.0 M) in THF at 0 "C, 
62a (70 mg, 83%) was obtained after recrystallization (EtzO/ 
hexane) as a white solid. Data of 62a: Rf = 0.18 (hexane/ 
EtOAc, 2:l); mp 179-180 "C. 'H NMR: 6 1.16 (d, 3 H, J = 
7.4 Hz), 1.34 (8, 3 H), 1.70-1.88 (m, 2 H), 2.19-2.30 (m, 1 H), 
2.45 (br d, 1 H, J =  2.6 Hz), 2.52-2.64 (m, 1 H), 3.18 (qd, 1 H, 
J = 7.5, 2.5 Hz), 3.51 (t, 1 H, J = 2.5 Hz), 4.40 (AB system, 2 
HI, 7.21-7.33 (m, 6 H), 7.48-7.61 (m, 3 H), 7.81-7.84 (m, 2 
H). 13C NMR 6 15.5, 20.5, 22.2, 30.7, 36.0, 62.9, 76.8, 80.3, 
127.2, 127.3, 127.8, 128.3, 129.0, 133.0, 138.9, 140.0, 143.5, 
144.5. IR (KBr): 3510, 2980, 2920, 2870, 1450, 1285, 1145, 
1115, 1090, 1070, 760, 740, 725 cm-l. Anal. Calcd for 
CzzHz604S: C, 68.36; H, 6.78. Found: C, 68.09; H, 6.58. 
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(lS*,2R*,7S*)-7-(Benzyloxy)-2-( l-hexynyl)-7-methyl-3- 
(phenylsulfonyl)cyclohept-3-en-l-ol (62b). From 27 (50 
mg, 0.13 "01) and 4.0 equiv of l-hexynyllithium (0.54 mmol, 
generated from l-hexyne and n-BuLi (1.6 M) in Et20 at 0 "C 
for 15 min), in THF at 0 "C for 30 min, 62b (50 mg, 83%) was 
obtained as a transparent syrup. Data of 62b: Rf = 0.36 
(hexane/EtOAc, 2:l). lH NMR: 6 0.83 (t, 1 H, J = 7.1 Hz), 
1.20-1.25 (m, 4 H), 1.48 (s, 3 H), 1.85 (m, 2 H), 1.89 (ddd, 1 
H, J = 14.9, 7.2, 1.9 Hz), 2.03 (ddd, 1 H, J = 14.9, 11.2, 1.7 
Hz), 2.35 (dtd, 1 H, J = 18.1, 7.2, 1.7 Hz), 2.56 (br s, 1 H), 
2.63 (m, 1 H), 3.82 (br d, 1 H, J = 2.4 Hz), 4.07 (br q, 1 H, J 
= 2.4 Hz), 4.46 (AB system, 2 H), 7.26-7.36 (m, 6 H, 5 H-Ar), 
7.48-7.58 (m, 3 H), 7.87-7.90 (m, 2 H). 13C NMR 6 13.5, 
18.3, 19.8, 21.9, 22.8, 30.3, 31.1, 34.1, 63.3, 76.1, 77.1, 80.5, 
85.3, 127.3, 127.3, 128.2, 128.3, 128.7, 133.0, 138.9, 140.0, 
140.4, 144.3. IR (CC4): 3520,3090,3050,2980,2950, 2890, 
2260, 1455, 1330, 1320, 1300, 1160, 1115, 1095, 1070, 920 
cm-1. Anal. Calcd for Cz~H3204S: C, 71.65; H, 7.13. Found: 
C, 71.77; H, 7.30. 
(lS*,2R*,7S*)-7-(Benzyloxy)-7-methyl-2-pheny1-3- 

(phenylsulfonyl)cyclohept-3-en-l-ol (62c). From 27 (80 
mg, 0.2 "01) and 1.2 equiv of PhLi (ca. 2.0 M) in THF from 
0 "C to rt over 1 h, 62c (60 mg, 60%) was obtained as a 
transparent syrup. Data of 62c: Rf = 0.41 (hexane/EtOAc, 
2:l). 1H NMR: 6 1.35 (8, 3 H), 1.73 (ddd, 1 H, J =  14.4, 12.7, 
1.3Hz),1.90(d,1H,J=10.9Hz),2.04(dd,1H,J=14.4,6.7 
Hz), 2.47 (br dd, 1 H, J = 15.0, 6.8 Hz), 3.07 (br t, 1 H, J = 
14.0 Hz), 3.70 (br d, 1 H, J = 10.9 Hz), 4.56 (AB system, 2 H), 
4.60 (br d, 1 H, J = 5.2 Hz), 5.84 (br dt, 1 H, J = 5.2, 1.0 Hz), 
7.17-7.48 (m, 15 H). DNOE: between H-l/H-2: 12.1%, H-l/ 
OH: 6.9%, H-l/ArH(Ph): 0.4%. 13C NMR: 6 24.2,26.0,30.2, 
45.0, 63.2, 77.4, 79.1, 125.9, 126.6, 127.1, 127.3, 127.4, 128.0, 
128.4,128.5,128.7,139.5,143.0,145.6,146.3. IR(CC4): 3530, 
3440, 3040, 3010, 2910, 2830, 1595, 1490, 1445, 1375, 1195, 
1130,1095, 1075, 1060,1025, 700 cm-l. Anal. Calcd for c27- 
H&&: C, 72.29; H, 6.29. Found C, 71.98; H, 6.11. 
2-endo-(Benzyloxy)-2-exo,6-exo-dimethyl-7-exo- 

(phenylsulfonyl)-8-oxabicyclo[3.2.lloctane (63a). To a 
solution of 38 (66 mg, 0.18 mmol) in THF at -78 "C, MeLi 
(0.33 mL, 1.6 M, 3.0 equiv) was added dropwise. After 30 min, 
the reaction mixture was quenched with a saturated solution 
of NH4Cl. Standard workup using EtOAc afforded a crude 
mixture in which no other products could be detected by 300- 
MHz lH NMR spectroscopy. Purification by chromatography 
on silica gel gave 63a (63 mg, 91%) as a colorless syrup. Data 
for 63a: Rf = 0.19 (hexane/EtOAc, 2:l). IH NMR 6 1.30 (s, 
3 H), 1.41-1.56 (m, 2 H), 1.65 (d, 3 H, J = 7.3 Hz), 1.70-1.85 
(m, 2 H), 2.70 (m, 1 H), 3.85 (d, 1 H, J = 11.1 Hz), 4.10 (br s, 
lH),4.11 (d, 1 H, J=9.9Hz),4.14(d, 1 H, J=  11.1Hz),4.15 
(br s, 1 H), 6.93 (m, 2 H), 7.18-7.53 (m, 6 H), 7.77-7.81 (m, 2 
H). 13C NMR: 6 16.7, 20.2, 28.1, 29.4, 40.2, 62.9, 65.9, 73.4, 
83.2,85.0,127.3,127.5,128.2,128.5,128.7,128.9,133.2,138.8, 
140.0. IR (CC4): 3070, 3020, 2980, 2890, 1480, 1455, 1390, 
1335,1315,1155,1095,1065,915 cm-l. Anal. Calcd for (222- 
H2&S: C, 68.36; H, 6.78. Found: C, 68.51; H, 6.63. 
2-endo-(Benzyloxy)-7-e~do-(phenylsulfonyl)-2-exo,- 

6-exo,7-e~oo-trimethyl43-oxabicyclo[3.2.lloctane (64) and 
2-endo-(Benzyloxy)-7-exo-~phenylsulfonyl)-2-exo,6-exo,~ 
7-endo-trimethyl-8-oxabicyclo[3.2.lloctane (66). To a cold 
(-78 "C) solution of 38 (40 mg, 0.1 mmol) in THF, MeLi (0.14 
mL, 1.6 M, 2.2 equiv) was added, and the mixture was stirred 
for 30 min, aRer which time, Me1 (0.03 mL, 5 equiv) was added 
and the reaction was allowed to warm up to room temperature 
over 3 h. Standard workup afforded a crude mixture of 64 
and 65 (78:22 by lH NMR), which was separated by column 
chromatography (hexane/EtOAc, 5:l) to give 64 (30 mg, 70%) 
and 66 (9 mg, 20%) as transparent syrups. Data of 64: Rf = 
0.33 (hexane/EtOAc, 3:l). 'H NMR: 6 0.67 (br d, 3 H, J = 7.2 
Hz), 1.43 (s, 3 H), 1.49 (s, 3 H), 1.71 (dd, 1 H, J = 13.7, 6.5 
Hz), 1.79-2.00 (m, 2 H), 3.00 (9, 1 H, J = 7.1 Hz), 3.10 (td, 1 
H, J = 12.6, 6.0 Hz), 3.95 (br s, 2 H, H-l), 4.63 (AB system, 2 
H), 7.20-7.60 (m, 8 H), 7.94 (d, 2 H, J = 7.9 Hz). DNOE: 
between Me(C-6)/Me(C-7): 6.8%, Me(C-6IiH-6: 12%, Me- 

63.3, 73.4, 76.5, 85.3, 91.2, 127.0, 128.1, 128.3, 128.4, 130.4, 
(C-6)/H-5: 6.9%. 13C NMR 6 16.1,22.1,23.0,26.8,29.0,39.7, 

133.1, 139.1, 140.8. IR (CHC13): 3050,2980,2930,1475,1450, 
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1390, 1380, 1210, 1200, 1160, 1090, 1070, 1055, 945 cm-'. 
Anal. Calcd for C~H2804S: C, 68.97; H, 7.05. Found: C, 
69.21; H, 6.70. Data of 66: Rf = 0.17 (hexaneIEtOAc, 3:l). 'H 
NMR: 6 1.40 (8, 3 H), 1.60-1.88 (m, 4 HI, 1.64 (d, 3 H, J = 
7.6 Hz), 1.77 (8 ,  3 H), 2.37 (qd, 1 H, J = 7.6, 2.2 Hz), 3.63 (d, 
1 H, J = 11.2 Hz), 4.03 (br d, 1 H, J =: 2.3 Hz), 4.23 (d, 1 H, J 
=11.2Hz),4.37(brs,lH),6.86(m,2H),7.18-7.24(m,4H), 
7.53-7.64 (m, 2 H), 7.96 (d, 2 H, J = 8.9 Hz). DNOE: between 
Me(C-G)/Me(C-7): 0%. 13C NMR: 6 15.9,18.9,23.0,28.6,30.0, 
49.4, 62.6, 75.4, 77.4, 82.0, 83.0, 126.6, 127.1, 128.1, 128.7, 
130.7,133.7,138.3,138.7. IR (CHCb): 3070,2950,1465,1450, 
1375, 1310, 1265, 1150, 1080, 1055, 1035, 940 cm-'. Anal. 
Calcd for CaHzaO4S: C, 68.97; H, 7.05. Found: C, 69.31; H, 
6.60. 
(1S+,2S+,5S*)-5-(Benzyloxy)-2,5-dimethyl-3-(phenyl- 

eultonyl)cyclohep+S-en-l-ol (Ma). To a cold solution of 38 
(55 mg, 0.15 mmol, 1 equiv) in toluene at -78 "C, MeLi (0.30 
mL, 1.6 M, 3.0 equiv) was added dropwise. Atter 10 min, TLC 
analysis indicated complete conversion to 63 and BFsOEh 
(0.06 mL, 3.0 equiv) was added. The reaction mixture was 
stirred for 15 min and then quenched with a saturated solution 
of N&C1. Following the general procedure described above 
66s was obtained (46 mg, 80%) after recrystallization (CC4) 
as a white solid. Data of Ma: Rf = 0.05 (hexanelEtOAc, 3:lh 
mp 82-83 "C. lH NMR 6 1.11 (d, 3 H, J =  7.1 Hz), 1.49 (a, 
3 H), 1.58 (br 8, 1 H), 1.81-1.91 (m, 3 H, 1 H-61, 2.00-2.07 
(m, 1 H), 2.86 (qd, 1 H, J = 7.1, 3.5 Hz), 3.66 (m, 1 H), 4.53 
(AB system, 2 H), 7.27-7.39 (m, 6 H), 7.51-7.65 (m, 3 HI, 
7.83-7.86 (m, 2 H). DNOE: between H-2/H-1: 8.6%, H-2/ 
Me(C-2): 2.7%. 13C NMR 6 12.6,25.7,28.1,34.9,39.3,65.2, 
71.9,77.7,127.4,127.6,128.1,128.4,129.3,133.4,138.5,139.1, 
143.6,147.0. IR (CHCls): 3470,3040,2960,2920,2840,1445, 
1370, 1190, 1145, 1105, 1085, 1025,665 cm-'. Anal. Calcd 
for C~Hz604S: C, 68.36; H, 6.78. Found: C, 68.26; H, 6.63. 
(Is+~~)6(-6me~l~(phe~~~l)- 

2-(2-propenyl)cyclohept-3-en- 1-01 (68b). To a solution of 
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38 (28 mg, 0.08 mmo1,l equiv) in toluene at -78 "C was added 
2-propenyllithium (0.23 mmol, 3.0 equiv, generated from 
2-bromopropene and t-BuLi (1.7 M) in EtzO from -78 "C to 0 
"C over 30 min) dropwise. ARer the solution was stirred for 
15 min, BFs.OEh (0.028 mL, 0.23 mmol, 3.0 equiv) was added 
and the reaction mixture was stirred for 15 min and quenched 
with a saturated solution of W C l .  Following the general 
procedure described above M b  was obtained (23 mg, 71%) as 
a transparent syrup. Data of 66b: Rf = 0.13 (hexanatOAc, 
2:l). 'H NMR: 6 1.49 (s,3 H), 1.65-1.78 (m, 2 H), 1.81 (br 8, 
3 H), 1.84-1.98 (m, 3 H), 3.61 (br d, 1 H, J =  3.4 Hz), 4.07 (at, 
1 H, J = 10.1, 3.6 Hz), 4.53 (br s,2 HI, 4.56 (br 8, 1 H), 4.85 
(br 8, 1 H), 7.27-7.37 (m, 6 H), 7.46-7.52 (m, 3 H), 7.80-7.83 
(m, 2 H). NMR: 6 24.4,27.0, 29.3, 33.2, 52.2, 65.0, 72.5, 
76.4, 115.3, 127.0, 127.3, 127.5, 128.4, 129.0, 133.4, 138.5, 
139.3,140.5,143.0,146.6. JB(CC4): 3500,3070,3030,2940, 
2870,1645, 1455, 1380, 1310, 1295, 1225, 1150, 1090, 1065, 
1030, 910, 695 cm-'. Anal. Calcd for C24H2e04S: C, 69.87; 
H, 6.84. Found C, 69.59; H, 6.77. 
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