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Abstract- The regio- and stereoselectivity of the reaction between PhSeCl 
and PhSCl and a number of 7-oxabicvclor2.2.l]heDt-5-enes bearing an 
oxygenated substituent on C-2 is -dis&ssed.q fn most cases, -both 
electrophiles react with complete regio- and stereoselectivity to 
provide +endo-chloro- 6-exo-benzeneselenenyl (benzenesulfenyl) derivatives. 
7-Oxanorbornen- 2-endo-ols behave differently with both electrophiles. Thus, 
while PhSeCl produces 5-endo-chloro-6;efo-benzeneselenenyl adducts and small 
amounts of 4,7- dioxatricyclo[3.2.1.0 Ioctane derivatives, PhSCl affords a 
good 3y$eld of 5-exo-methyl-2-exo-phenylsulfenyl-4,7-dioxatricyclo 
[3.2.1.0 Ioctane. 

The chemistry of derivatives of 7-oxabicyclo[2.2.l]heptane has attracted 

a great deal of attention in the past few years2, especially due to the wide 

range of natural products and compounds of biological interest accessible 

from such substrates3. Within this context, oxanorbornenic substrates 1 and 

2 (Scheme I) are particularly versatile starting materials for the 

preparation of a variety of natural products'. Furthermore, these synthetic 

intermediates ("naked sugars"4s) are now readily available' even optically 

pure.6 

Scheme I illustrates a remarkable feature of oxabicyclic olefins 1 and 

2 -I namely the completely regio- and stereoselective electrophilic addition 

of soft electrophiles (PhSeX, ArSCl) under kinetic control to afford the 

corresponding adducts 1 and 3'. The remote control 

substituents at c-2 has been attributed to 

hiperconjugative effects. This methodology has been 

the synthesis of L-Daunosamineaa. 
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During the past several years we have been engaged in the study of new 

aspects of the reactivity of these systems'. In this context, we have 

explored the electrophilic additions of PhSeCl and PhSCl to a variety of 

7-oxanorbornenic substrates bearing an oxygenated substituent on C-2. The 

results obtained in the course of these studies are disclosed in this 

report. 

s 

The initial stage of our investigation' addressed the influence, if any, 

of the stereochemistry of the substituents at c-2 on the outcome of these 

electrophilic additions. The readily available methyl carbinols 6 and 7eb 

were considered to be appropiate substrates for this purpose. Furthermore, 

an appealing feature of these bicyclic olefins was that their electronic 

characteristics were sufficiently different from those of cyanoacetoxy 

derivative & and ketone 2, and this would further define the scope of these 

stereoselective additions?.The results obtained for 6 and z are shown in 

Scheme II. 

Scheme II 
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When exo isomer 5 was treated with PhSeCl and PhSCl, the corresponding 

adducts, 8 and 9, were obtained in good yields. The reaction proceeded in a 
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totally regio- and stereoselective manner by electrophilic exo attack and 

subsequent endo addition of the nucleophfle on C-5, as observed for 

cyanoacetoxy derivative 1'. However, endo isomer Z afforded different 

results for both electrophiles, as indicated in Scheme II. While treatment 

with the harder electrophile PhSCl led to a good yield of the unexpected 

tricyclic oxetane &,Q, and a small amount of u, the reaction with PhSeCl 

produced adduct u and small amounts of seleno oxetane ;U. It should be 

pointed out that, to the best of our knowledge, u is the first case known 

of an intramolecular phenylselenoetherification. The structure of 

phenylseleno carbinol u was confirmed by chemical means, as shown bellow. 

Adduct u presented H-5 and H-6 remarkably deshielded (0.77-0.90 ppm) 

relative to 8 or z727; this was mistakenly attributed to a reversal of the 

regio- and stereoselectivity of the reaction to produce the corresponding 

6-exo-chloro-5-endo-phenylselenenyl derivativeg"O'l'. In order to con- 

clusively prove the structural assignment for u we effected some 

transformations indicated in Scheme III. The first transformation explored 

was the deselenation of u with Bu3SnH which afforded chlorocarbinol u 

whose spectral data was consistent with the proposed structure. Furthermore, 

nucleophilic addition of MeMgI to ketone 5, prepared by methanolysis of aaa, 

led to a product of structure u, by exo attack'*. The spectral features of 

this compound turned out to be identical to those of the product of direct 

addition of PhSeCl to 2. We truly regret having effected this mistaken 

assignment and the inconveniences it might have caused. Nevertheless, this 

unusually high deshielding observed for u relative to & is quite surprising 

since, generally, the shielding or deshielding effects of a hydroxyl and a 

methyl group are quite similar13. This observation may be attributed to a 

close proximity between H-6 and the oxygenated substituent14. 

Scheme 11X 

c a, 
12 Bu3SnIi / AIBN a W!!!> U 

The unexpected results described above prompted us to examine these 

processes in more detail. It was considered that the behavior of other 

oxanorbornenic substrates bearing an endo oxygenated functionality at C-2 

should be examined since, the electronic features of p and z were perceived 

to be quite different from those of cyanoacetoxy substrate & and, 

nevertheless, identical regio- and stereochemical results had been 

encountered. The substrates selected for this study are indicated in Scheme 
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IV. Oxanotbornene derivatives ;Lz-u were readily available' and their 

substituents on C-2 presented fairly different electronic characteristics. 

For the sake of clarity those processes that resulted in the formation of 

tricyclic oxetanes analogous to fp, will be discussed separately. 

Scheme IV 

B-Lactones u and fb produced good yields of adducts u-22, as indicated 

in Table I (entries 4-S), whose structure was deduced from their spectral 

data (*?I RRR) in good agreement with literature values', perhaps with the 

exception of H-6 which resonated 0.2-0.3 ppm downfield from the usual 

values. This small shift was attributed to the presence of a strained 

B-la&one funcionality which may distort the bicyclic system. Diol u, on 

Table I. Reaction between 2-Oxygenated-7-oxanorbornenes and PhSeCl, PhSeBr 

entrY 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

PhSeCl 

PhSCl 

PhSeCl 

PhSeCl 

PhSCl 

PhSeCl 

PhSCl 

PhSeBr 

PhSeCl 

PhSeCl 

Alvieldb Blvield %L 

at751 

2(78) 

Lit'551 U(16)= 

U(74) 

2!2(63) 

21(62) 

X(55) 

Zi(78) 

&I(621 zi(12)' 

complex mixture of products 

‘4: z= OH, Y= Me; 2: Z= Me, Y= OH: n: Z= Y= (endo-0-) -O-CO-CC12 -; J&: 24 
by= (endo-0-)-0-CO-CR2-; JJ: Z= -CH,-CH2-OH, Y= OH; J&: 23 Ph, Y= OH 
Yields of pure products. 
'Yield determined by integration of the 'H RMR spectrum of the crude 
reaction mixture. 
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the other hand, afforded a and a Small amount (12%) of oxetane z (Table I, 

entry 9), as in the addition of PhSeCl to endo methyl carbinol 2 (Table I, 

entry 3). The structure of 24 was confirmed by reductive opening of 

8-lactone 21 which yielded a diol of identical spectral features to the 

product of direct addition of PhSeCl to diol n. Surprisingly, the reaction 

of phenyl carbinol ;t5 with PhSeCl (entry 10) led to a complex reaction 

mixture from which no addition or cyclization products could be isolated. 

The high regioselectivity encountered in the electrophilic additions to 

Z and u-u (Table I) may be related to an electrostratic effect of the 

endo-O-atoml". However, this rationalization fails to account for the 

regioselectivity of additions to exo-carbinol 4 which may be attributed to 

steric hindrance by the endo methyl substituent. These results indicate that 

there must be a delicate interplay of several factors controlling these 

electrophilic additions. Undoubtedly, more data is needed to further clarify 

the relative importance of these factors. 

Synthesis of Derivatives of 4,7-Dioxatricyclo[3.2.1.03'6]octane 

Phenylsulfenolactonizations and phenylselenoetherifications of 

norbornenic substrates to produce tricyclic derivatives such as 26" and 

2216(Scheme V) are well known. In 1985, norbornenic oxetane 28 was prepared 

by sequential reaction of the corresponding alcohol with n-BuLi and PhSCl, 

presumably via an intermediate sulfenate ester".On the other hand, a was 

recently described as an example of a general method of 

sulfenoetherification (PhSCl/i-PrzNEt)'8"g. In 1988, Le Drian and Vogel" 

reported the synthesis of (+)-1,3:2,5-Dianhydroviburnitol, 30, by means of a 

base induced intramolecular epoxide opening of the correponding 

epoxy-endo-alcohol=. Derivatives of 30 are efficient herbicides and 

plant-growth regulatorszl. 

26 21 (E= PhSe) a II! 

29 (E= PhS) 

In the initial stage of our investigation' we found that the treatment 

of endo carbinol 1 with PhSCl in CIiC13 at room temperature afforded a good 

yield of tricyclic oxetane &Q, along with small amounts of the addition 

product J_& (Table II). Phenyl carbinol J,&, on the other hand, led to a 
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Table II. Reaction between 7-Oxanorbornen-2-endo-ols and PhSCl 

@ :R - 

BH 
CHc13/ RT 

substr. CRl 

2 We) 
22 (Ph) 

Z We) 

Z We) 

1 We) 

Z (Me) 

Z We) 

Z (Me) 

Z (Me) 

A B 

u iI!2 1:4 

complex mixture of products 

J&l lQ 1:2.5 

U .a!2 1:2.0 

JJ JJ2 3:l 

U U 2.5:1 

U U 1~2.4 

U U 1.1:1 

U U! 2.5:1 

%a reaction was carried out in C&CN. 
bThe reaction was carried out in Ccl,. 
'The reaction was carried out in Et20. 
%he reaction was carried out in THF. 
'The reaction was carried out in the presence of 2.2 e&v. of i-PqNEt in 
CHICN. 

fThe reaction was carried out on the lithium alkoxide (2 + MeLi) in Et,O. 
'The reaction was carried out on the lithium alkoxide (2 + MeLi) in THF. 

complex reaction mixture from which no oxetane or addition products could be 

isolated. This substrate appeared to be especially prone to afford 

decomposition products instead of the expected oxetane. In order to 

ascertain wether or not this was due to an intrinsic lack of stability of an 

oxetane functionality in this case (Table II, B, R= Ph), we prepared the 

structurally related hydroxy oxetane x by a base induced epoxide opening of 

am which in turn was prepared by mCPBA epoxidation of JJ (Scheme VI). 

H 

Ph 

aReagents: (a) mCP=, CBC13, 24 h, 92%; (b) t-BuOE, TBF, O°C, 15 min, 78% 



7-Oxabicyclo[2.2.l]heptane derivatives 4571 

The straightforward preparation of hydroxy oxetane u indicates that the 

results encountered for the electrophilic addition of PhSCl to && (and 

presumably, for PhSeCl as well, Table I) are related with the reaction 

conditions and not with the lack of stability of the phenylsulfenyl analog 

of a. 

The unexpected intramolecular cyclization without any added base to 

produce oxetane &Q led us to investigate a variety of different reaction 

conditions (entries 3-9). The effect of the solvent was examined first 

(entries 1, 3-6) and CHCl, was found to produce the best yield of cyclized 

product while, remarkably, the major product in EtOz and THF was adduct J.&. 

Addition of PhSCl to a mixture of 2 and 2.2 eguiv of i-PrzNEt in CH,CN 

(entry 7) did not result in any significant increase of the cyclization. 

Entries 8 and 9 indicate that no improvement in the cyclization could be 

realized by effecting the reaction on the preformed lithium alkoxide derived 

from 212 with respect to the result shown in entry 1. 

The oxidation of the phenylsulfenyl moiety of this system to a sulfone 

functionality was addressed, both as a preliminary exploration into the 

reactivity of these derivatives and as an additional means to secure the 

stereochemical assignment of this oxetane (vide infra). Thus, the reaction 

of the crude mixture of JJ and &Q (1:4 ratio) with mCPBA in the presence of 

solid K2COJ afforded a good yield of hydroxy sulfone x and tricyclic 

sulfone 3, readily separated by fractional recrystallization (Scheme VII). 

(a) mCPBA,K2C03, CH2C12, 82% 

The structural assignment for these oxetanes was derived from their 

spectral data, especially from their 'Ii NXB spectra with the help of 

selective decoupling techniques and a NOE measurement (see experimental) 

Table III contains selected lH NMB data for these systems. The coupling 

patterns for H-6 (d) and H-l (d), with small long range couplings, determine 

the stereochemistry of the substituents on C-2 and C-3. The strong 

deshielding observed for H-6 (with respect to bicyclic derivatives) is 

consistent with a strained oxetane functionality: this strain may account 

for the fact that H-2 appears as a singlet. The spectral data measured are 
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consistent with those found in the literature for related oxanorbornenic" 

and norbornenic 
17,18,22,23 

analogs. Sulfone u presented H-l and H-3 

considerably deshielded relative to sulfide &Q; this is consistent with a 

syn stereochemisty for these protons and the sulfone moiety and supports the 

proposed structure. 

Table III. Selected III NMR Data for Tricyclic Oxetanes 10 and 34' 

I 

E*; 

@ 

H-l H-2 H-3 H-6 

AMe J&Q 4.9l(dt) 3.65(s) 4.61(dd) 5.07(dd) 
, 

24 5.37(ddd) 3.64(s) 5.09(dd) 5.01(dd) 

lo, E= Phs 
34, E= PhS02 

"Chemical shifts in 6 units downfield from TMS. 

The facile phenylsulfenoetherification of 7-oxanorbornen-2-endo-ols is 

unprecedented in the literature. In a related study on the bromination of 

some oxanorbornenic derivatives 24 we have encountered another unprecedented 

oxetane forming reaction, indicated in Scheme 

other oxanorbornenic derivatives for which 

Scheme VIII 

a or b 

(a) Br2 / CCll, 95% (b) Br2 or NBS / CH2C12 / AcOH / H20, 95% 

VIII. In sharp contrast with 

mixtures of addition and 

rearrangement products were obtained, endo-alcohol 2 led to bromo oxetane x 

in essentially quantitative yields. This bromoetherification, which does not 

take place in norbornenic substrates22, is another example of the 

differences in reactivity encountered many times for oxanorbornenic 

derivatives relative to their norbornenic analogs and 

endo-oxanorbornenic alcohols have a remarkable tendency 

intramolecular cyclizations with a variety of electrophiles. 

shows that 

to undergo 

Conclusions 

The reaction between a number of 7-oxanorbornenes bearing an oxygenated 
substituent on C-2 and PhSeCl and PhSCl leads to 5-endo-chloro- 
6-exo-benzeneselenenyl (benzenesulfenyl) derivatives. The regioselectivity 
of the process appears to be controlled by electronic and steric effects. 
On the other hand, 2-exo-methyl-7-oxabicyclo[2.2.l]hept-5-en-2-endo-o1 
undergoes an unprecedented and extremely facile sulfenoetherification by 
reaction with PhSCl to produce a 



7-Oxabicyclo[2.2,I]hcptane derivatives 4513 

corresponding benzeneselenenyl tricyclic systems are also formed by an 
unprecedented phenylselenoetherification process. 

EXPERIMENTAL 

General. All reactions were carried out under a positive pressure of dry 
nitrogen or argon,using freshly distilled solvents unless otherwise stated. 
Reagents and solvents were handled by using standard syringe techniques. 
Diethyl ether and tetrahydrofuran were distilled from lithium aluminum 
hydride; hexane, ethyl acetate and chloroform from phosphorus pentoxide and 
methylene chloride from calcium hydride. Commercial methylli~~ium (low 
halide solution in ether) was purchased from Aldrich and titrated prior to 
use. Diisopropylethylamine was purchased from Aldrich and destilled from 
barium oxide prior to use. mCPBA was purchased from Merck with 15% of 
m-Chlorob$pzoic acid. FhSCl was prepared by the standard literature 
procedure .Analytical TLC was carried out on 0.20 mm E.Merck precoated 
silica gel plates (60 F-254), with detection by W light, iodine or acidic 
vanillin solution. Column chromatography was performed using E. Merck 
230-400 mesh or 70-230 mesh silica gel. Melting points were determined on a 
Buchi 512 apparatus and are uncorrected. Infrared spectra were recorded on 
either a Perkin Elmer 781 or 2571grating spectrophotometers; band pOSitiOnS 
are indicated in wavenumbers. ?I NMR spectra were recorded on a Varian 
Ts-60A, Bniker AM-200 or Varian XL-300 instrument, using CDCls as solvent. 
C NMR spectra were measured on a Varian FT-80-A or Briiker AM-200 

{nstrument, using CDCl, as solvent, 
HNMR and 13CNMR, 

and are completely decoupled. In both, 
chemical shifts are reported in 6 units downfield from 

tetramethylsilane. The following abbreviations are used to describe peak 
patterns when appropiate: br= broad, s= singlet, 3~ doublet, t= triplet, 
tap= apparent triplet g= quartet, m= multiplet . All new compounds 
described in this report are racemic. 

General Procedure for Electrophilic Additions to 7-Oxanorbornenic Systems. 
To a solution of 1 equivalent of the 7-oxanorbornenic derivative in 
chloroform (IO ml/mmol) was added a solution of 1.3 equivalent of PhSeCl, 
PhSeBr or, PhSCl in chloroform (3ml/mmol). The mixture was stirred at room 
temperature for the time indicated in each case. The mixture was quenched 
with a 5% aqueous solution of sodium bicarbonate. The organic extract was 
washed with a saturated sodium chloride solution and dried over anhydrous 
magnesium sulfate. The solvent was removed in vacua, and the crude product 
was purified by chromatography on silica gel. 

5-endo-Chloro-2-endo-methyl-6-exo-phenylselenenyl-7-oxabicyclo[2.2.l]heptan- 
2-exo-ol (8). From 126 mg (1 mmol) of 6 was obtained after 5 min, 238 mg of 
8. as a yel+ow oil (75 %), after chromatography (hexane : ethyl acetate, 2:1, 
Rf- 0.28). ?I NMR: 1.26 (3H, s, Me), 1.69 (lH, ddtap, J- 14.0, 5.9, 1.2 Hz, 
H-3x), 2.31 (lH, d, J= 14.0 Hz, H-3n), 2.81 (lH, 8, OH), 3.28 (lH, d, J= 4.1 
Hz, H-6), 4.01 (lH, ddd, J= 5.1, 4.1, 1.5, Hz, H-5), 4.06 (lH, 8, H-l), 4.48 
MB, tap, J= 5.5 Hz, H-4), 7.20-7.24 (3H, m, Ar.), 7.48-7.52 (2H, m, Ar.). 
C RMR: 20.6, 41.2, 46.6, 62.1, 78.2, 80.2, 92.5, 127.9, 128.6 129.1 134.1. 

IR (CDCl*): 1100, 1220, 1470, 2920-3050, 3400-3500. Anal. Calcd. for 
Ct&02C1Se: C, 49.10; H, 4.75: Cl, 11.15. Found: C, 49.16; H, 4.70; Cl, 
11.11. 

5-endo-Chloro-2-endo-methyl-6-exo-phenylsulfenyl-7-oxabicyclo[2.2.l]heptan- 
I-exo-01 (9). From 126 mg of 5 was obtained after 5 min., 210 mg of 9 as a 
Yellow pil(78%), after chromatography (hexane : ethyl acetate, 3:1, Rf= 
0.14). H NMR: 1.30 t3H, s, Me), 1.73 (lH, ddtap, J= 14.0, 6.0, 1.3 Hz, 
H-3x), 2.32 (lH, d, J= 14.0 Hz, H-3n), 2.76 (lH, brs, OH), 3.32 (lH, d, J= 
4.0 Hz, H-6), 3.90 (lH, ddd, J= 5.1, 3.7, 1.5 Hz, H-5), 3.98 (lH, s, H-l), 
4.52 (+l$ t&y, J= 5-4,,"z; H;;)47.',";Q2777(3t, m, Ar.jdl ',.32;;;3; (y2\ :I 
Ar.). 20.7, . , . , . , . , 80.1, . , . , . , 
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131.2, 134.0. IR (CDCl,): 1100, 1220, 1470, 2920-3050, 3400-3500. 

5-endo-Chloro-2-exo-methyl-6-exo-phenylselenenyl-7-oxabicyclo[2.2.l]heptan- 
2-endo-o$G (12) and 
[3.2.1.0' Ioctane (13). 

5-exo-methyl-2-exo-phenylselenenyl-4,7-dioxatricyclo 
From 126 mg (1 mmol) of 2 was obtained after 5 min 

a 4:l mixture of u and u. u was isolated from the mixture as a yellow 
kil (65%), after, chromatography (chloroform : ethyl acetate, 19:1, Rf= 
0.29).Data of 12: H NMR: 1.40 (3H, s, Me), 1.73 (lli, ddd, J= 13.2, 5.7, 1.4 
HZ, H-3x), 1.87 (lH, 8, OH), 2.27 (lH, d, J= 13.2 Hz, H-3n); 4.04 (lH, s, 
H-l), 4.11 (lH, 
H-5), 

d, J= 4.2 Hz, H-6), 4.22 (lH, ddd, J== 5.7, 14.3, 1.4 Hz, 
4.50 (lH, tap, J= 5.4 Hz, H-4), 7.06-7-57 (5X, m, Ar.). c NMR: 29.1, 

ML;, 45.1, 63.1, 77.5, 81.6, 90.6, 127.3, 128.8, 128.9, 133.3. IR (CHCl,): 
1210, 1440, 1475, 2850-3050, 3400-3500. Anal. Calcd. for C&,qClSe: 

C, 46.10; H, 4.75; Cl 11.15. Found: C, 49.04; H 4.77: Cl, 11.19. Data of 
13 (From the crude): 'H NMR: 1.41 (3H, s, Me), i.66 (lH, dd, J= 12.6, 4,6 
Hz, H-3x), 2.08 (lH, d, J= 12.6 Hz, H-3n), 3.66 (lH, s, H-5), 4.76 (lH, dd, 
J= 3.5, 1.6 Hz, H-6), 4.99 (18, dt, J- 4.5, 1.3 Hz, H-4), 5.98 (lH, d, J= 
3.5 Hz, H-l), 7.23-7-29 (3H, m, Ar.), 7.51-7.59 (2H, m, Ar.). c NMR: 21.1, 
44.4, 49.0, 81.5, 82.2, 84.9, 91.9, 127.5, 128.6, 129.2, 133.7. 

5-exo-Wethyl-2-exo-phenylsulfenyl-4,7-dioxatricyclo[3.2.1.03'6]octane (lO)t 
and 5-endo-chloro-2-exo-meulyl-6-exo-phenylsulfenyl-7-o~bicyclo[2.2.1] 
heptan-2-endo-ol (11). From 126 mg (1 mmol) of Z was obtained after 5 min a 
4~1 mixture of u and &&. ILp was isolated from the mixture as a white solid 
(75%), after chromatography (hexane : ethyl pcetate, 5:1, Rf= 0.29).Data of 
10: mp (hexane : diethyl ether): 93-94'C. H NMR: 1.41 (3H, 8, Me), 1.64 
(lH, dd, J= 12.6, 4.6 Hz, H-3-x), 2.05 (lH, d, J= 12.6 Hz, H-3n), 3.65 (lH, 
s, H-5), 4.61 (lH, dd, J= 3.5, 1.7 Hz, H-6), 4.91 (lH, dt, J= 4.6, 1.5 Hz, 
H-4), 5.07 (lH, dd, J= 3.5, 0.9 Hz, H-l), 7.00-7.57 (5H, m, Ar.). NOE: 
between H-5 (3.65 pgm) / H-Ar: 3.6 %, H-5 / H-3n: 2.9 %, H-5 / H-4: 2.1 2, 
H-5 / H-6: 1.8 %. C NMR: 20.8, 43.6, 53.1, 81.1 (2C), 83.9, 92.0, 126.6, 
128.9, 130.3, 133.9. IR (EBr): 740, 880, 960, 980, 1040, 1440, 1480, 2900, 
2950, 3050. Anal. Calcd. for C&&S: C, 66.64: H, 6.02:-S, 13.68. Found: C, 
66.66: H, 6.05; S, 13.62. Data of- 11 (From the crude):'H-NMR: 
Me), 1.73 (lH, ddd, J- 13.2, 5.9, 1.4 Hz, H-3x), 1.88 (lH, br 
(lH, d, J= 13.2 Hz, H-3n), 3.94 (lH, 8, H-l), 4.08 (lH, ddd, 
1.2 Hz, H-5), 
H-4), 

4.17 (lH, d, J=,#.3 Hz, H-6), 4.51 (lH, td, J= 
7.18-7.78 (5H, m, Ar.). C NMR: 29.5, 39.1, 51.3, 62.6, 

1.39 (3H, s, 
8. OH), 2.26 
J; 5.i; 4.3, 
5.7, 0.8 Hz, 
81.8, 84.9, 

90.1, 126.8, 129.1, 130.2, 132.3. 

5-endo-Chloro-2-exo-methyl-7-oxabicyclo[2.2.1]heptan-2-endo-ol (14). To a 
solution of 128 mg (0.40 mmol) of u in dry toluene (10 ml / mmol), was 
added 116.4 mg LO.10 ml, 0.41 mmol) of tributyltin hydride. The mixture was 
heated at 80 C. A solution of 6.3 
(2-methylpropanenitrile)] in 1 ml of toluene wa:'thetfaddAeIdBN 

[2,2*-asobis 

remov;d 
and the reflux 

was continued for 3h after which time the solvent was in vacua. The 
crude was purified by chromatography on silica gel (hexane:ethyl aqetate, 
3:1, Rf= 0.21). It was obtained 42 mg of u (65 %) as a yellow oil. H NMR: 
1.43 (3H, s, Me), 1.57-1.84 (3H, m), 2.25-2.36 (2H, m),, 4.03 (lH, d, J= 4.9 
Bs, H-l), 4.16-4.26(1H, m, H-5x), 4.48 (lH, tap, J= 5.3 Hz, H-4). '"C NMR: 
29.3, 33.1, 39.8, 55.3, 77.4, 80.8, 84.9. IR (film): 700, 780, 970, 1220, 
2820-2950, 3440. 

(lR*,2R*,4R*,)-3', 3'-Dichloro-4'-oxa-2,2'-spiro-oxetan-5-endo-chloro-6-exo- 
phenylselenenyl-7-oxabicyclo[2.2.l]heptane (19). From 375 mg (1.7 mmol) of 
U was obtained after 4 h, 
chromatography (hexane : 

491 mg of M as a white solid (70%),, after 
ethyl acetate, 5:1, Rf= 0.40). mp: 83-85OC, H NMR: 

2.68 (lH, d, J- 15.3 Hz H-3n), 2.77 (lH, dd, J= 15.3, 5.1 Hz, H-3x), 3.70 
(lH, d, J= 4.2 Hz, H-6), 4.27 (lH, t, J= 4.7 Hz, H-5), 4.76 (lH, t, J= 5.1 
$,).'f;c")kt.9j32 SH,4;,6 H-;!t3 7.;o;76.408U3H, 9"; 4A'.!;7;45;72;3554 (2;;8 :I 

134.1, 155.9. IR' iKBr)I i60, *12)20, ’ 18i0, 
* I .I * I l , * , 
3020.Anal. Calcd. for CI,HIIOSC1,Se: 



7-Oxabicyclo[2.2.I]heptanederivatives 4575 

C, 40.76; H, 2.69: Cl, 25.78. Found: C, 40.72; H, 2.70; Cl, 25.73. 

(lR*,2R*,IR*,)-3', 3*-Dichloro-4*-oxa-2,2*-spiro-oxetan-5-endo-chloro-6-exo- 
phenylsulfcmyl-7-oxabicyclo[2.2,1)heptane (20). From 375 log (1.7 mmol) of 
u was obtained after 4 h, 391 mg of 2p as a yellow oil (63%), after 
chromatography (hexane : ethyl acetate, 5:1, Rf= 0.40). ‘Ii NMR: 2.66 (lH, 
dd, J= 15.3, 1.0 Hz, H-3n), 2.78 (lH, ddd, J= 15.3, 5.2, 0.7 Hz H-3x), 3.75 
(lH, d, J= 4.2 Hz, H-6), 4.15 (lH, ddd, J= 4.9, 4.1, 0.9 Hz, H-5), 
tap, 

4.&E g, 
J= 4.8 HZ, H-4), 4.85 (lH, 8, H-l), 7.20-7.90 (5H, m, Ar.). : 

33.2 52.1, 60.8, 81.4, 84.8, 93.1, 126.8, 129.3, 131.0, 132.9, 159.9. IR 
(film): 800, 1210, 1060, 1870, 2980-3040. 

(lR*,2S*,4R*,)-4~-0xa-2,2'-spiro-oxetan-5-endo-chloro-6-exo-phenylselenenyl- 
7-oxabicyclo[2.2.l]heptane (Zl).From 237 mg (1.56 mmol) of u was obtained 
after 72 h, 332 mg of 21 as a yellow solid, 
(hexane : 

(52%) after chromatography 
ethyl acetate, 2:1, Rf= 0.30). mp: 90-92 . H KMR: 2.20 (lH, dd, J= 

14.4, 5.6 Hz, H-3x), 2.83 (lH, d, J- 14.4 Hz, H-3n), 3.38 (lH, d, J= 16.7 
Hz, H-3'), 3.56 (lH, d, J= 16.7 Hz, H-3'), 3.78 (lH, d, J= 4.4 Hz, H-6), 
4.24 (lH, ddd, J= 5.3, 4.0, 1.2 Hz, H-5), 4.43 (lH, 8, H-l), 
5.3 Hz, H-4), 

4.&8 (lH, t, J= 
7.31-7.34 (3H, m, Ar.), 7.57-7.59 (2H, m, Ar.). C RMR: 34.6, 

45.0, 49.5, 61.2, 80.3, 82.0, 87.7, 128.1, 129.3, 133.8, 165.7. IR (KBr): 
800, 1020, 1260, 1840, 2950, 3040. Anal. Calcd. for C&uO,ClSe: C, 48.89: H, 
3.81; Cl, 10.31. Found: C, 48.86; H, 3.85; Cl, 10.37. 

(lR*,2S*,4R*)-4'-Oxa-2,2' -spiro-oxetan-5-endo-chloro-6-exo-phenylsulfenyl- 
7-oxabicyclo[2.2.l]heptane (22). From 237 mg (1.56 mmol) of u was obtained 
after 48 h, 254 mg of 22 as a yellow solid, (55%) after chromatography 
(hexane : ethyl acetate, 5:1, Rf= 0.20). mp: 74-76'C. 'H NMR: 2.24 (lH, ddd, 
J= 14.5, 5.5, 1.2 Hz, H-3x), 2.86 (lH, d, J= 14.5 Hz, H-3n), 3.41 (lH, d, J= 
16.7 Hz, H-3'), 3.59 (lH, d, J- 16.7 Hz, H-3'), 3.84 (lH, d, J= 4.4 Hz, 
H-6), 4.12 (lH, ddd, J= 5.4, 3.9, 1.4 Hz, H-5$,,, 4.35 (lH, 8, H-l), 4.73 (lH, 
t, J- 5.4 Hz, H-4), 7.26-7.43 (5H, m, Ar.). CNMR: 34.9, 49.6, 52.0, 61.1, 
79.9, 81.9, 87.0127.4, 129.3, 130.7, 133.4, 165.5. IR (KBr): 740, 840, 1000, 
1130, 1820, 2840-3040. Anal. Calcd. for C,&O,ClS: C, 56.62: H, 4.41; Cl, 
11.94. Found: C, 56.79; H, 4.45; Cl, 11.88. 

(lR*,2S*,4R*)-4 *-0xa-2,2'-spiro-oxetan-5-endo-bromo-6-exo-phenylselenenyl- 
7-oxabicyclo[2.2.l]heptane (23). From 120 mg (0.78 mmol) of ;Le was obtained 
after 50 h, 
(hexane : 

236 mg of 22 as a yellow solid (78%),, after chromatography 
ethyl acetate, l:l, Rf- 0.28). mp: 98-100'. H-NMR: 2.24 (lH, ddd, 

J= 14.4, 5.7, 1.5 HZ, H-3x), 2.90 (lH, d, J= 14.4 Hz, H-3n), 3.28 (lH, d, J= 
16.7 Hz, H-3'), 3.55 (lH, d, J= 16.7 Hz, H-3') 3.83 (lH, d, J= 4.7 Hz, J= 
4.7 Hz, H-6), 4.16, (lH, ddd, J= 5.5, 4.7, 1.5 Hz, H-5), 4.41 (lH, s, H-l), 
4.66 ('+yC & J=,,“;” Ifiz5r ,H-"j; 37*350;7;34 8g:, m, Ar.)87 ';57;',;6", (y28 tt 
Ar.). 
129.2, 133.9: * 165.5: IR' iKBr)I 800,' 

82.1, 
ib20, 'liso, 

. , . , 
1260, 1840, 2950. AnAl: 

Calcd. for C,,H,@,BrSe: C, 43.34; H, 3.38: Br, 20.59. Found: C, 43.31; H, 
3.43; Br, 20.55. 

5-endo-Chloro-2-exo-2'-hydroxyethyl-6-exo-phenylselenenyl-7-o~bicyclo[2.2.1] 
heptan-2-endo-ol (24) and 
4,7-dioxatricyclo[3.2.1.03'6 

5-exo-2'-hydroxyethyl-2-exo-phenyl-selenenyl- 
Ioctane (25).From 75 mg (0.48 mmol) of u was 

obtained after 5 min, a 5:l mixture of 24 and a. These adducts were 
separated by chromatography (heTane : ethyl acetate, l:l, 24: 62%, Rf= 0.28, 
25: 129, Rf= O.lrl).Data of 24: H NMR: 1.75 (lH, ddd, J= 13.2, 5.6, 1.0 HZ, 
H-3x), 1.81-1.87 (2H, m, 2H-l'), 2.20 (lH, d, J= 13.2 Hz, H-3n), 2.80 (2H, 
brs, 2-OH), 3.84-3.88 (2H, m, 2H-2'), 4.12 (lH, s, H-l), 4.13 (lH, d, J- 4.4 
Hz, H-6), 
Hz, H-4), 

4.17 (lH, ddd, J= 5.8, 4.4, 1.3 Hz, H-5), 4.45 (lHh tap, J= 5.2 
7.19-7.24 (3H, m, Ar.), 7.50-7.53 (2H, m, Ar.). c NMR: 37.2, 

40.2, 44.7, 59.4, 63.3, 80.7, 81.6, 89.2, 127.3, 129.0, 133.1. IR (film): 
810, 1000-1100, 1260, 1440, 1580, 2480-3050, 3400. Data of 25: 'H NMR: 1.65 
(Ui, dd, J= 12.7, 4.6 Hz, H-3x), 1.76-1.95 (2H, m, 2H-l'), 2.09 (lH, d, J= 
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12.7 Hz, Ii-3n), 3.63 (lH, 8, H-5), 3.68-3.85 (2H, m, 2H-2'), 3.68- 3.85 (2H, 
m, 2H-2' ), 4.74 (lH, dd, J= 3.5, 1.6 Hz, H-6), 4.97 (lH, dt, J= 4.6, 1.5, 
Hz, H-4), 5.29 (lH, ddio J= 3.5, 0.5 Hz, H-l), 7.19-7.24 (3H, m, Ar.), 
7.45-7.50 (2H, m, AI?.). C NMR: 29.7, 36.4, 43.5, 59.6, 80.1, 81.9, 85.9, 
95.2, 127.7, 129.3, 133.8. IR (film): 1040, 1480, 2920, 3050, 3400. 

5,6-exo-Epoxy-2-exo-phenyl-7-oxabicyclo[2.2.l]heptan-2-endo-o1 [31). To a 
solution of 1 equivalent of U in chloroform (10 ml / mmol) at 0 C was added 
1.3 equivalent of mCPBA in chloroform (3ml /mmol). The mixture was stirred 
for 3 h after which time it was quenched with a saturated solution of sodium 
bicarbonate. The organic extract was washed with a saturated solution of 
sodium chloride and dried over magnesium sulfate. The solvent was removed in 
vacua and the crude product was purified by recrystallization from hexane : 
chloroform. Pure u was obtained-as a white solid (92%). (Rf= 0.24, hexane 

1:l). mn: 136-138'C. 
: 

ethyl acetate, ‘H NMR: 1.73 (1H. d. J= 12.9 Hz. H-3n). 
2.24 (lH, dd; J= ii.9; 5.3 Hz, H-3x), 2.75 (lH, brs, CH), 3.44 (lri, d, J; 
3.4 HZ, H-5 or H-6), 3.72 (lH, d, J= 3.4 Hz, H-5 or H-6), 4.15 (lH, 8, H-l), 
4.41 ,&lH, d, J- 5.2 Hz, H-4), 7.16-7.18 (3H, m, Ar.), 7.41-7.44 (2H, m, 
Ar.). C RMR: 45.3, 49.1, 50.0, 75.0, 80.0, 82.8, 124.6, 127.2, 128.2, 
146.8. IR (KBr): 850, 1100, 2840-3050, 3480. Anal. Calcd. for Cl2 HI2 O1 : C, 
70.58: H, 5.92. Found: C, 70.55, H, 5.97. 

5-exo-Phenyl-4,7-dioxatricyclo[3.2.1.03'6]octan-2-e~o-ol (32). To a solution 
of 1 equivalent of x in dry THF (10 'gl / mmol) was added 1.3 equivalent of 
t-BuOK. The mixture was stirred at 0 C for 15 min after which time ethyl 
acetate was added (15 ml / mmol) and the organic extract was washed with 
brine and dried over anhydrous magnesium sulfate. The solvent was removed in 
vacua and the crude product was purified by chromatography (ethyb a$etate, 
Rf= 0.40). It was obtained 12 as a white solid (78 %). mp: 82-83 C. H NMR: 
2.10 (lH, dd, J= 13.1, 4.7 Hz, H-3x), 2.24 (lH,d, J= 13.1 Hz, H-3n), 2.68 
(lH, brs, OH), 4.17 (lH, s, H-5), 4.58 (lH, dd, J= 3.3, 1.8 Hz, H-6), 4.98 
(1H, dizCJ=d13qHZz; H-743); 5.;; dlHk2d; J',,';" HgZ318H-ll)a4 7l.25;;;"; 
Ar.). 

IR (KBr):'7bO, bzb, ’ * 105~-1100: 290'0-5020; ;420.' Akal. * 

("l",k ;I 

Caicd. 
- , 

139.2. for 
C&l205 : C, 70.58; H, 5.92. Found: C, 70.64; H, 5.89. 

5-endo-Chloro-2-exo-methyl-6-exo-phenylsulfonyl-7-oxabicyclo[2.2.l]heptan- 
2-endo-oB6 (33) and 2-exo-phenylsulfonyl-5-exo-methyl-4,7-dioxatricyclo 
t3.2.1.0 ’ Ioctane (34). To a suspension of 20 equivalents (1.269 g) of 
potasium carbonate and 128 mg of a 4:l mixture of &Q and u in methylene 
chloride was added 2 equivalents (190 mg) of mCPBA. The mixture was stirred 
at O'C for 12 h after which time it was quenched with saturated solution of 
sodium bicarbonate and the organic extract was washed with brine. The 
solution was dried over anhydrous magnesium sulfate and the solvent was 
removed in vacua. The crude product was purified by fractional 
recrystallization in chloroform : hexane. Data of1 33 (pure product): mp: 
141-142'C. (Rf= 0.3, hexane : ethyl acetate, 1:l). H RMR: 1.50 (3H, s, Me), 
1.79 (lH, dd, J= 13.2, 5.6 Hz, H-3x), 2.21 (lH, d, J= 13.4 Hz, H-3n), 2.74 
(lH, brs, OH), 4.27 (lH, d, J- 5.13 Hz, H-6),4.40 (lH, tap, J= 5.0 Hz, H-5), 
4.58 (1H. tap, J= 5.2 Hzi3 H-4), 4.62 (lH, s, H-l), 7.59-7.74 (3H, m, Ar.), 
7.96-7.98 (2H, m, Ar.), C NER: 28.5, 38.2, 55.8, 68.4, 76.89, 81.2, 84.3, 
128.3, 129.2, 134.0, 137.4. IR (KBr): 1100, 1290, 1320, 1450, 2980, 3100, 
3500. Anal. Calcd.for C,~l&ClS: C, 51.57; H, 4.99: Cl, 11.71; S,10.59. 
Found: C, 51.55; H, 4.93; Ci, 11.67; S, 10.55; Data oT 34 (pure product): 
mp:132-133°C. (Rf= 0.28, hexane :ethvl acetate, 1:l). H NMR: 1.41 (3H. s, 
Me) , 1.65 (lH,‘dd, J= i2.8, 4.7 Hz, H-3x), 1.98 (1H; d, J= 12.8 Hz,‘H-3n); 
3.64 (lH, s, H-5), 5.01 ( lH, d, J= 3.6 Hz, H-l), 5.09 (lH, dd, J= 3.5, 1.8 
Hz, H-6), 5.37 (lH, ddd,lJ= 4.7, 1.8, 1.1 Hz, H-4), 7.52-7.67 (3H, m, Ar.), 
7.86-7.81 (ZH, m, Ar). C RMR: 20.5, 43.3, 70.2, 78.0, 81.0, 81.2, 92.7, 
128.2, 128.9, 133.7, 138.4. IR (KBr): 1050, 1290, 2920, 3050. Anal. Calcd. 
for CISHWC~S: C, 58.64: H, 5.30; S, 12.04. Found: C, 58.69: H, 5.27: S, 
12.09. 
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