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The Preparation and Some Reactions of 3-Oxidopyrylium 

Peter G. Sammes and Leslie J. Street 
Department of Organic Chemistry, The University, Leeds LS2 9JT 

Routes to 3-oxidopyrylium and its derivatives are described. These reactive species can be trapped with a 
wide range of unsaturated materials including olefins, which react across the 2,6-positions, whilst dienes 
can be observed to react across the 2,4-positions. 

Whilst Katritzky and his team have made extensive studies on 
3-oxidopyridinium ylides (l) ,I  work on the corresponding 
oxygen analogue, 3-oxidopyrylium (2), has been largely 
ignored. Recently, however, Hendrickson and Farina illus- 
trated that this intermediate could be readily prepared from 
the corresponding pyranulose acetate (3) by the action of 
heat? Furthermore, since the pyranulose acetate (3) is itself 
readily prepared from simple furan  derivative^,^ a route is 
now possible to a wide range of substituted 3-oxidopyrylium 
compounds. Herein we describe, (a) some further inter- 
molecular trapping reactions with the parent system that 
extend the range of reactions observed by Hendrickson and 
Farina: and (6) trapping experiments on the reactive inter- 
mediates under mild, room temperature conditions. 

In their work Hendrickson and Farina noted that 3-oxido- 
pyrylium only reacted sluggishly with electron-deficient 
dipolarophiles giving reasonable yields of adducts with only 
the most reactive of these, such as acrolein. Both experimental 
studies and theoretical interpretations have shown, how- 
ever, that 1,3-dipoles can behave as ambident species, react- 
ing faster with either electron-deficient or electron-rich olefins 
than neutral, unsubstituted ones. Huisgen: for example, 
obtained U-shaped curves when plotting reaction rates of a 
given dipole with different dipolarophiles against the ionis- 
ation potential of the latter. We have therefore studied the 
behaviour of 3-oxidopyrylium species with electron-rich and 
strained olefins. 

Heating the pyranulose acetate (3) with ethyl vinyl ether (1.5 
equiv.) in acetonitrile solution in a sealed tube at 150 "C for 17 
h gave, after work-up, one major product, identified as the 
cycloadduct (9, isolated in 47% yield. The assigned regio- 
and stereo-chemistry of the adduct ( 5 )  followed from its 'H 
n.m.r. spectrum (see also discussion below) which showed a 
coupling constant of 7 Hz across the 5,6-positions, reflecting 
edo-addition of the vinyl ether across the oxidopyrylium 
intermediate; this stereochemical course is opposite to that 
of, for example, acrolein which gives, predominantly, the exo- 
adduct.z Presumably secondary orbital interactions influence 
the respective modes of addition. The regioselectivity of 
addition follows from standard F.M.O.  argument^.^^^ 

In order to avoid the need for heating, an attempt was made 
to generate the ylide (2) with base in the presence of an excess 
of ethyl vinyl ether as trapping agent. Hendrickson and Farina 
found that, with triethylamine as base, the ylide species could 
be generated, but dimerised before reaction with electron- 
deficient dipolarophile~.~ Using a 1 : 6 ratio of the acetate (3) 
to the vinylic ether and triethylamine as base the cycloadduct 
( 5 )  was produced in 56% yield; when the molar excess of the 
vinyl ether was reduced, some formation of the dimer (7) was 
observed. The rate of generation of the ylide (2) appears to 
depend on the strength of the tertiary base used. For example, 

?The endo-isomer is assigned as that in which the olefinic sub- 
stituent ends up anti to the oxido bridge; the em-isomer is that in 
which the substituent is syn to the oxido bridge. 

OEt 

( 1 )  X = RN ( 3 )  R = H (5) R = H  

( 2 )  x = 0 (4) R = Me (6) R = Me 

Ph 

(9) (10) 4,5-double bond, R = H 

(11) 4, 5-single bond, R = H 

(12) 4, 5 -  single bond, R = Me 

(N.m. r. numbering scheme 

BRi2 
0 

(13) (14) R' = R 2  = Me 

(15) R '  = H orMe, 

R 2  = Me or H, respectively 

it has been shown that the substituted pyranulose acetate (8) 
undergoes intramolecular addition faster when using 1 3 -  
diazabicyclo[4.3.0]non-5-ene (DBN) as base than with tri- 
ethylamine.8 However, for the intermolecular reaction between 
the acetate (3) and ethyl vinyl ether, DBN proved too strong 
and only small quantities of the desired adduct (5) could be 
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detected. Probably the higher concentration of the ylide 
produced with DBN lends itself to the formation of dimer, 
which is unstable to this base. 

Although other vinyl ethers have also been shown to react 
with the ylide (2), attempted reaction with vinyl acetate failed, 
as did intermolecular reactions with simple olefins. On the 
other hand, olehs bearing aromatic substituents, such as 
styrene, reacted smoothly to give the cycloadduct (9) in 65% 
yield. Again, 'H n.m.r. studies showed this to be the endo- 
adduct depicted. 

Strained olefins also participate in reactions with the ylide 
(2). Thus, either norbornadiene or norbornene will react with 
the acetate (3) in the presence of triethylamine to produce 
cycloadducts. With norbornadiene one major adduct (10) was 
observed, formed in 50% yield, m.p. 110 "C. The assigned 
stereochemistry of this cycloadduct again follows from its 'H 
n.m.r. spectrum, in which the coupling constants across 
positions 1,2 and 7,8 [see (lo)] are both less than 2 Hz, 
attributable to a dihedral angle approaching go", as expected 
for the exo-adduct. The methylene bridge of the norborna- 
diene molecule usually favours the syn-configuration * in 
intermolecular cycloadditi~ns,~ as a result of steric constraints, 
and the assignment is substantiated here by the shielding 
influence observed on one of the protons at position 13 by the 
oxygen bridge; these methylene protons resonate at 6 1.35 
and 2.21 in deuteriochloroform solution. 

That both norbornene and norbornadiene react to form the 
'em-syn ' isomers depicted reflects both steric and electronic 
factors; endo-approach of these olefins to oxidopyrylium is 
disfavoured by the bicyclic nature of the reacting olefins. 
Intramolecular cycloaddition of isolated olefinic bonds to the 
dipolar system also favours the exo-approach.* The syn- 
orientation of addition to the olefinic bond of norbornene and 
norbornadiene has been explained by hyperconjugative effects 
resulting in a deformation of the olefinic protons towards the 
endo-face of the bicyclo[2.2.l]heptene system, creating both 
steric accessibility to and a greater electronic density at the 
exo-fa~e.~ 

Mides of the type (2) are also expected to undergo peri- 
cyclic additions across other centres depending on electronic 
demands. Thus 4n-electron systems, such as dienes, might be 
expected to add across the 2,4-positions, as observed with 
certain 3-oxidopyridinium derivatives." With cyclopentadiene, 
cycloaddition across the enone moiety of (3) occurred faster 
than formation of, and reaction with, the ylide (2), to give the 
product (13). This reaction is related to the observed cyclo- 
additions of dienes to the 4,5-pyranulose double bond under 
Lewis-acid catalysed conditions." With less reactive dienes, 
observation of reaction across the 2,4-positions of the ylide (2) 
was possible. Thus 2,3-dimethylbutadiene reacted with (3) in 
the presence of triethylamine to give, as principal product, the 
adduct (14) (44%) as well as a small quantity of the 2,6-adduct 
(16), tentatively assigned as the endo-isomer. No dimer form- 
ation was detected in this reaction. In the presence of isoprene, 
two major components were isolated from the reaction pro- 
ducts. Trapping across the 2,4-positions of the ylide gave a 
mixture of regioisomers (15), ratio 3 : 2, in a yield of 30%. 
Also formed was a single 2,6-adduct assigned structure (17) 
(26%); the endo-configuration followed from its n.m.r. para- 
meters, the coupling constant between positions 5,6 being 7 
Hz. 

The reactions of some simple pyranulose acetate derivatives 
have also been explored. The methyl derivative (4) is readily 

* Herein the terms exo and endo are used as defined earlier; the 
term syn refers to the norbornene portion in which the generated 
bonds are syn to the methylene bridge, i.e. exo-addition with respect 
to the norbornyl unit. 

R 

(16) R = Me (18) R = O E t  

(17) R = H (19) R = Ph 

prepared from fury1 methyl carbinol. With ethyl vinyl ether, in 
the presence of triethylamine, cycloaddition again proceeds 
but at a much slower rate than for the unsubstituted system 
(3); reaction required up to seven days to produce 50% of the 
adduct (6). Pyrolysis conditions could be used with (4) but 
only in the presence of thermally stable dipolarophiles. Thus, 
norbornene reacted with the methylated pyranulose (4) at 145 
"C to produce, after 16 h, the adduct (12) (67%). 

The described cycloadditions greatly extend the synthetic 
utility of the intermediate oxidopyrylium ylides. The adducts 
produced are highly functionalised and readily allow further 
transformations. Furthermore, the oxygen bridge across the 
seven-membered carbocyclic ring of adducts such as ( 5 )  
imparts conformational rigidity on this otherwise flexible 
system. As a consequence the stereochemistry of chemical 
transformations can be controlled. An example is the addition 
of lithium dimethylcuprate, which adds across the enone 
group of compounds (5) and (9) in a stereospecific manner, the 
methyl group entering syn to the bridging oxygen atom, to 
give the adducts (18) and (19), respectively. Since the oxygen 
bridge can be subsequently removed, stereoselective form- 
ation of substituted cycloheptanes is possible. 

The stereochemical assignments for the cycloadducts 
follow from detailed n.m.r. studies, including the appropriate 
decoupling experiments (see Table). Of significance is the 
coupling constants observed to the bridgehead protons. For 
endo-adducts of the type (3, J5,6 is in the range 5-7 Hz, 
whereas the corresponding protons in the em-adducts, such 
as (lo), show coupling constants in the range 0-2 H z . ~ * ~ ~ ~  A 
W-coupling between 1-H and 3-H of 1.5-2.0 Hz was also 
observed in the adduct enones. 

Experimental 
M.p.s were determined on a Kofler hot-stage apparatus. 1.r. 
spectra were recorded with a Perkin-Elmer 297 spectrophoto- 
meter either on films or, for solids, as Nujol mulls. Unless 
otherwise stated, 'H n.m.r. spectra were recorded on either a 
Perkin-Elmer R32 (90 MHz) instrument or a Jeol FX90Q (90 
MHz) spectrometer for solutions in deuteriochloroform (tetra- 
methylsilane as internal reference). Mass spectra were recorded 
on a Kratos MS25 instrument with accurate mass measure- 
ments carried out on an A.E.1.-Kratos MS 9/50 machine. 

Thin-layer chromatography (t.1.c.) and short-column 
chromatography were carried out on Kieselgel GFzS4 (Merck). 
Solvents were generally distilled and dried before use; light 
petroleum refers to the fraction of boiling range 40-60 "C and 
ether refers to diethyl ether throughout. Solvent ratios are 
described as ratios of volumes before mixing. Thermal cyclo- 
addition reactions were performed in glass tubes, sealed under 
vacuum (1 mmHg) and not more than one-third filled. 

6-Acetoxy-2H-pyvan-3(6H)-one (3).-This was prepared 
from furfuryl alcohol according to literature  method^.^ The 
product was obtained as a colourless oil, 6 2.1 (3 H, s), 4.1 
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Table. 'H N.m.r. data of cycloadducts 

Compound A B C D E F G 
(5) 4.45 (2, 2,9) 6.15 (2, 11) 7.20 (4, 11) 4.80 (4, 8) 4.40 (4, 8, 9) 1.60 (2, 4, 14) 2.7 (9, 9, 14) 
(6) 6.10 (10) 7.1 (5, 10) 4.75 (5, 7) 4.45 (5, 7, 9) 1.75 (5, 14) 2.3 (9, 14) 
(9) 4.65 (1.5, 2, 8) 6.05 (1.5, 10) 6.75 (5.5, 10) 4.85 (5.5, 7) 3.80 (7, 8, 9.5) 1.95 (2, 8, 14) 2.70(8,9.5,14) 

(17): 4.58 (1.5, 2, 8) 6.08 (1.5, 11) 7.05 (5, 11) 4.86 (5, 7) 3.15 (7, 7, 10) 1.72 (2, 7, 14) 2.50 (8, 10, 14) 
(10) 4.29 (1.3, 1.5) 5.86 (1.5, 10) 7.3 (4.2, 10) 4.49 (1.3, 4.2) 2.24 (1.3, 2, 7) 2.11 (1.3, 2, 7) 
(11) 4.30 (br s) 5.85 (1.5, 10) 7.25 (5, 10) 4.45 (5) d d 

a Spectra recorded at 90 MHz except where otherwise stated; CDCb as solvent; 6 values (J in Hz). * Carried out at 400 MHz. Carried out 
at 60 MHz. Hidden under methylene envelope. 

(2 H, ABq, J 18 Hz), 6.0 (1 H, d, J 11 Hz), 6.3 (1 H, d, J4.5 
Hz), and 6.9 (1 H, dd, J4.5, 11 Hz). 

6-Acetoxy-2-methyZ-2H-pyran-3(6H)-one (4).--This was 
prepared from 24 1 -hydroxyethyl)furan, using the literature 
method described for the unmethylated derivative (3)., The 
product, a mixture of epimers, was isolated as a colourless oil 
(80% from the furan), 6 1.2-1.4 (3 H, CH,), 2.10 (3 H, s, 
CH3CO2), 4.34.5 (1 H, 2-H), 6.4 (1 H, 643, and 6.85 (1 H, 
5-H) (Found: M +  170,05794; Calc. for C9H1004: M 
170.05790). 

Cycloadditions with the Pyranulose Acetate (3).-(a) With 
ethyZ vinyZ ether. The acetate (0.1 1 g) and ethyl vinyl ether (0.09 
g, 1.81 equiv.) in acetonitrile (0.5 ml) were heated in a sealed 
tube at 150 "C for 17.5 h. The solvent was then removed under 
reduced pressure, the residue filtered through a pad of silica 
gel (1 : 1 ether-CHC1,) and then chromatographed through 
silica gel with the same solvent mixture as eluant, to give one 
major fraction (0.075 g, 40%) as a pale yellow oil, identified 
as 6endo-6-ethoxy-8-oxabicyclo[3.2.1 Ioct-3-en-2-one (3, vmx. 
1 690cm-'; 6 1.15 (3 H, t, J8 Hz, Me), 1.6(1 H,m, J2,4,14Hz, 
7-H), 2.7 (1 H, m, J9,9, 14 Hz, 7-H), 3.5 (2 H, q, J 8 Hz), 4.4 

and 7.20 (1 H, dd, J 4, 11 Hz, 4-H) (Found: C, 64.4; H, 
7.35%; M +  168.07816. C9H12O3 requires C, 64.3; H, 7.1%; 
M +  168.078 64). 

The reaction was repeated under base-catalysed conditions. 
The acetate (0.156 g), in dichloromethane (2.5 ml) was stirred 
at room temperature with ethyl vinyl ether (0.43 g, 6 equiv.) 
and triethylamine (0.12 g, 1.2 equiv.) in a stoppered flask under 
N2 for 15 h. The solvent was removed under reduced pressure, 
the residue dissolved in ether and filtered through silica gel 
before being chromatographed through a short column of 
silica gel (10 g), eluting with 1 : 1 ether-CHC1,. The only 
product identified was the adduct ( 5 )  (94 mg, 56%). When the 
base-catalysed reaction was repeated, using only 2 equiv. of 
the vinylic ether, the adduct ( 5 )  (40%) was accompanied by 
quantities of the dimer (7) (35 mg), m.p. 144 "C (lit.,' m.p. 

(b) With styrene. The acetate (3) (1 .O g) in dichloromethane 
(3 ml) containing freshly distilled styrene (4.0 g, 6 equiv.) was 
cooled to 0 "C before triethylamine (0.97 g, 1.5 equiv.) was 
added and the mixture then stirred at room temperature for 

(1 H, ddd, J4,8,9 Hz, 6-H), 4.45 (1 H, ddd, J2,2,9 Hz, 1-H), 
4.8 (1 H, dd, J4, 8 Hz, 5-H), 6.15 (1 H, dd, J2, 11 Hz, 3-H), 

143-147 "C). 

16 h. The solvent was removed under reduced pressure and 
the crude product chromatographed through silica gel (100 g; 
1 : 2 ether-chloroform) to afford 6endo-6-phenyZ-8-oxa- 
bicycZo[3.2.1]acf-3-en-2-one (9) as a low-melting solid (0.84 g, 
65"/,), m.p. 42 "C, v- 1 695 cm-l; 6 1.95 (1 H, m, J 2, 8, 14 
Hz, 7-H), 2.70 (1 H, m, J 8, 9.5, 14 Hz, 7-H), 3.80 (1 H, m, J 

(1 H, dd, J 5.5, 10 Hz, 4-H), and 7.2 ( 5  H, s, aromatic H) 
(Found: C, 77.5; H, 6.1. C13H1202 requires C, 78.0; H, 6.1%). 

(c) Norbornadiene. The acetate (3) (0.30 g) and norborna- 
diene (1.0 g, 5.7 equiv.) in dichloromethane (1.5 ml) were 
stirred with triethylamine (0.29 g, 1.5 equiv.) at room tem- 
perature for 16 h. The solvent was removed under reduced 
pressure and the residue chromatographed through silica gel 
(25 g), eluting with 1 : 1 ether-light petroleum to afford the 
cycloadduct (5 )  as a white solid (0.18 g, 500/,), m.p. 110 "C; 
vmx 2 940 and 1 690 cm-'; 6 (400 MHz, CDCI,) 1.35 (1 H, m, 
J 1.3, 1.3 9 Hz, 13-H), 2.11 (1 H, m, J 1.3, 2, 7 Hz, 7-H), 2.21 
(1H,m,Jl,1.5,9Hz,13-H),2.24(1H,m,J1.3,2,7Hz,2-H), 
2.81 (1 H, m, J1,1.5,1.5,2Hz, 3-H), 2.89 (1 H, m, J1,1.5,1.5, 
2 Hz 6-H), 4.29 (1 H, br, s, J 1.3, 1.5 Hz, 8-H),4.49 (1 H, dd, 

(2 H, m, 4-H and 5-H), and 7.3 (1 H, dd, J4.25, 10 Hz, 11-H) 
(Found: C, 76.4; H, 6.4%; M +  188.084 00. CI2Hl2O2 requires 
C, 76.6; H, 6.4%; M +  188.083 72). 

(d)  Norbarnene. In a manner similar to that used with nor- 
bornadiene, the acetate (3) (2.5 g) was treated with norbor- 
nene (9 g, 6 equiv.) in the presence of triethylamine. Work- 
up afforded the 1,2,3,4,4a,5,9,9a-octahydro-5,9-epoxy-l,4- 
methanobenzocycZohepten-6-one (11) * (1.9 g, 63%) as a white 
solid, m.p. 82 "C; vmax 1 690 cm-'; G(CDC1,) 0.8-2.5 (10 H, 
m, CH and CH2 groups), 4.30 (1 H, br, s, 8-H), 4.45 (1 H, d, 
J5 Hz, 1-H), 5.85 (1 H, dd, J 1.5, 10 Hz, lO-H), and 7.25 (1 H, 
dd, J 5 ,  10 Hz, 11-H) (Found: C, 75.8; H, 7.8. C12Hlr02 
requires C, 75.8; H, 7.4%)). 
(e) Cyclopentadiene. The acetate (3) (0.35 g) in dichloro- 

methane (2 ml) was stirred with cyclopentadiene (0.50 g, 3.4 
equiv.) at room temperature for 15 h. The crude product was 
chromatographed through silica gel (20 g), eluting with 1 : 1 
ether-chloroform to afford the l-acetoxy-4a,5,8,8a-tetra- 
hydro-5,8-methanobenzo[c]pyran-4(1H,3H)-one (1 3) as a 

7, 8,9.5 Hz, 6-H), 4.65 (1 H, m, J1.5,2,8 Hz, 1-H), 4.85 (1 H, 
dd, J 5.5, 7 Hz, 5-H), 6.05 (1 H, dd, J 1.5, 10 Hz, 3-H), 6.75 

J 1.3, 4.25 Hz, l-w, 5.86 (1 H, dd, J 1.5, 10 Hz, 10-H), 6.24 

* The numbering used in the n.m.r. assignments is shown in for- 
mulae (lo), (ll), (12), and is not the same as that used in the system- 
atic names. 
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colourless oil (0.40 g, 80%); vmx 3 O00 and 1 740 cm-'; 6 1.45 
(2 H, m, J 1.5, 3, 12 Hz, bridgehead H2), 2.1 (3 H, s, acetate), 
2.95 (1 H, m, CPCH-OAc), 2.9 (1 H, m, CWCH'CH), 3.05 
(1 H, m, CPCH=CH), 3.35 (1 H, m, CHCO), 3.9 (2 H, ABq, 
J 1 8  Hz, OCH2), 5.65 (1 H, d, J 5  Hz, CHOAc), and 6.2 (2 H, 
m, vinylic H) (Found: C, 64.55; H, 6.2%; M +  222.089 22. 
C12H1404 requires C, 64.85; H, 6.35%; M +  222.089 202). 

The above reaction, when repeated in the presence of 
triethylamine, also gave the cycloadduct (13) as the major 
product (75%). 
(f) 2,3-Dimethyfbutadiene. The acetate (3) (0.30 g) and 2,3- 

dimethylbuta-l,3-diene (0.70 g, 4.5 equiv.) in dichloromethane 
(2 ml) was cooled to 0 "C and triethylamine (0.3 g, 2 equiv.) 
added before the mixture was stirred at room temperature for 
16 h. The solvent was removed under reduced pressure and 
the crude product chromatographed through silica gel (15 g) 
using 1 : 1 ether-light petroleum as eluant. Two fractions were 
collected. The less polar, major product, isolated as a colour- 
less oil, was the 3,4-dimethyf-7-oxabicycfo[4.3.l]deca-3,8-dien- 
10-one (14) (0.14 g, 4973, vmx. 2 940, 1 725, and 1 650 cm-l; 
6 1.75 (3 H, s, Me), 1.9 (3 H, s, Me), 2.25 (1 H, dd, J 4 ,  14 Hz, 
methylene H), 2.35 (2 H, m, methylene H), 2.75 (1 H, dd, J 8 ,  
12Hz, methyleneH), 3.05 (1 H,m, J1.8,4,9, lOHz,CH*CO), 
4.45 (1 H, m, J 1.8, 4, 9 Hz, CHO), 4.5 (1 H, dd, J 6, 10 Hz, 
CH=CH-O), and 6.35 (1 H, d, J 6 Hz, 0-CH'CH) (Found: 
C, 74.0; H, 7.95%; M +  178.0994. CllH14O2 requires C, 74.15; 
H, 7.9%; M +  178.0994). 

The more polar, minor component (22 mg, 8%), isolated as 
a colourless oil, was identified as the 6-isopropenyf-6-rnethyf-8- 
oxabicycfo[3.2.1]oct-3-en-2-one (16), vmx. 2 980, 1 695, and 
1 650 cm-'; 6 1.0 (3 H, s, CH3), 1.60 (1 H, dd, J 2.5, 14 Hz, 
7-H), 1.7 (3 H, br s, CH3), 2.2 (1 H, rn, J 8, 14 Hz, 7-H), 4.6 
(1 H, m, J 1.5, 2.5, 8 Hz, 1-H), 4.78 (1 H, m, vinyl H), 4.8 
(1 H, d, J 4  Hz, 4-H), 4.9 (1 H, m, vinyl H), 5.95 (1 H, dd, J 1,5, 
11 Hz, 3-H), and 7.2 (1 H, dd, J 4 , l l  Hz, 4-H) (Found: M +  
178.098 82. CllH1402 requires M +  178.099 373). 

(g) Isoprene. The acetate (3) (0.30 g) and 2-methylbuta-1,3- 
diene (0.80 g, 6 equiv.) in dichloromethane (1.5 ml) were 
stirred with triethylamine (0.34 g, 1.8 equiv.) at room temper- 
ature for 16 h before work-up in the normal manner. Chro- 
matography through silica gel (20 g) using 1 : 1 ether-light 
petroleum as eluant afforded two fractions. The less polar oil 
was identified as the 2,4-cycloadducts (15) (0.11 g, 33%), 
which were not readily separable. The mixture showed vmx. 
2 940,l 730, and 1 660 cm-'. The 'H n.m.r. spectrum showed 
the presence of a major and a minor isomer, ratio 3 : 2; the 
mixture has signals at 6 1.76 (3 H, s, Me, major isomer), 1.88 
(3 H, s, Me, minor isomer), 2.05-2.75 (4 H, m, 2 x CHz), 
3.05 (1 H, m, HC'CHCWCO), 4.45 (1 H, m, -CH-0), 4.5 
(1 H, m, OCH'CH), 5.53-5.55 (1 H, m, CH'CMe), and 6.36 
and 6.37 (1 H, m, OCH=CH) (Found: C, 73.05; H, 7.4. 
CloHlzOz requires C, 73.2; H, 7.3%). 

The minor, more polar product from the column was the 
6-isopropenyf-8-oxabicycfo[3.2.l]oct-3-en-2-one (1 7) (0.09 g, 
29%) which showed vmx. 2980, 1700, and 1650 cm-l; 6 
(400 MHz) 1.72 (1 H, m, J2 ,7 ,  14 Hz, 7-H), 1.80 (3 H, m, J 1, 
3 Hz, Me), 2.50 (1 H, m, J 8 ,  10, 14 Hz, 7-H), 3.15 (1 H, m, J 
1.5,7,7, lOHz, 6-H),4.58(1 H, m, J1.5, 2, 8 Hz, 1-H), 4.74 
(lH,m,J1.5,3,5Hz,vinylicH),4.86(1H,dd,J5,7Hz,5-H), 
4.89 (1 H, m, J 1.5, 3,5 Hz, vinylic H), 6.08 (1 H, dd, J 1.5, 11 
Hz, 3-H), and 7.05 (1 H, dd, J 5 ,  11 Hz, 4-H) (Found: C, 
72.85; H, 7.7%; M +  164.083 75. C10H1202 requires C, 73.1; 
H, 7.4%; M +  164.0837). 

Cycfoadditions with Methyfated Pyranufose Acetate (4).- 
(a) With ethyf uinyf ether. 6-Acetoxy-2-methyl-2H-pyran- 
3(6H)-one (4) (2.0 g) and ethyl vinyl ether (7 g, 8 equiv.) in 
dichloromethane (4 ml) were stirred with triethylamine (3.5 g, 

3 equiv.) at room temperature for 7 days. The solvents were 
removed under reduced pressure and the residue chromato- 
graphed on silica gel (150 g), using 1.5 : 1 ether-light petrol- 
eum as eluant, to afford 6-endo-6-ethoxy-1 -methyf-8-oxa- 
bicycfo[3.2.1]oct-3-en-2-one (6) (0.90 g, 42%) as a pale yellow 
oil, vmx. 1 695 cm-' ; 6 1.2 (3 H, t, J 7 Hz, CH3CHz), 1.5 (3 H, 
s, Me), 1.75 (1 H, dd, J 5 ,  14 Hz, C-7), 2.3 (1 H, dd, J 9, 14 
Hz, 7-H), 3.5 (2 H, q, J 7 Hz, CH3CHz), 4.45 (1 H, m, J 5 ,  7, 

Hz, 3-H), and 7.1 (1 H, dd, J 5 ,  10 Hz, 4-H) (Found: M +  
182.094 288. C10H1403 requires M +  182.094 33). 

(b) Norbornene. The acetate (6) (2.0 g) and norbornene (4.0 
g, 3.6 equiv.) in acetonitrile (5  ml) were sealed in a thick-walled 
glass tube under vacuum (1 Torr) and heated at 145 "C for 16 
h. The acetonitrile and excess of norbornene were removed 
under reduced pressure and the product chromatographed 
through silica gel (150 g), using 1 : 1 ether-light petroleum as 
eluant, to  afford the 5-methyl adduct (12) (1.6 g, 67%) as a 
pale yellow oil, vmX. 1 690 cm-'; 6 0.8-2.4 (10 H, m), 1.35 
(3 H, s, Me), 4.4 (1 H, d, J5.5 Hz, 1-H), 5.85 (1 H, d, J 10 Hz, 
10-H), and 7.3 (1 H, dd, J 5.5, 10 Hz, 11-H) (Found: C, 76.3; 
H, 8.2. C13H16O2 requires C, 76.5; H, 7.85%). 

9 Hz, 6-H), 4.75 (1 H, dd, J 5 ,  7 Hz, 5-H), 6.10 (1 H, d, J 10 

4-exo-6-endo-6-Ethoxy-4-methyf-8-oxabicycfo [ 3.2.1 Ioctan- 
2-one (l8).-T0 a solution of lithium dimethylcuprate [pre- 
pared from cuprous iodide (3.4 g) and methyl-lithium-lithium 
bromide complex (23.5 ml of a 1.5~-solution in ether) in ether 
(70 ml)] at -20 "C, was added a solution of the adduct ( 5 )  
(1.4 g) in ether (10 ml). The reaction mixture was stirred under 
Nz at room temperature for 1.5 h, then poured into a satur- 
ated solution of NH4C1 (50 ml) and extracted with ether (3 x 
100 ml). The combined ether extract was washed with brine 
(50 ml) and water (50 ml) and then dried (NaZSO4), filtered 
and the solvent removed by evaporation under reduced 
pressure. The product was chromatographed through silica 
gel (100 g), using 1 : 1 ether-chloroform as eluant, to give the 
title compound (1 8) (1.44 g, 9473, vmx. 2 960 and 1 730 cm-' ; 
6 1.0 (3 H, d, J 7 Hz, Me), 1.2-2.6 ( 5  H, m, CH and CHz), 

4.2 (1 H, m, 6-H), 4.5 (1 H, dd, J 2 , 9  Hz, 1-H), and 4.55 (1 H, 
d, J 8 Hz, 5-H) (Found: M +  184.109 96. ClOHl6O3 requires 
M +  184.109 94). 

1.15 (3 H, t, J 8 Hz, CH3CH2), 3.6 (2 H, 4, J 8 Hz, CHZCH,), 

4-exo-6-endo-4-MethyZ-8-oxa-6-phenyfbicycfo[ 3.2.1 Ioctan- 
3-one (19).-To a solution of lithium dimethylcuprate (20 
mmol, prepared as described above) in ether (150 ml) at -20 
"C was added the cycloadduct (9) (2.0 g, 10 mmol) in ether (20 
ml). The reaction mixture was stirred at room temperature for 
1.5 h and then poured into lwhydrochloric acid (100 ml), ex- 
tracted with ether (3 x 150 ml), washed with water (2 x 30 ml) 
and dried (Na2S04). After filtration the solvent was removed 
under reduced pressure and the residue chromatographed 
through silica gel (150 g), using 1 : 1 ether-light petroleum as 
eluant, to afford the title compound (19) (2.1 g, 97%), m.p. 45 
oC,vm,.l 720cm-';61.1(3H,d,J7Hz,Me),l.15-2.8(5H, 
m), 3.9 (1 H, m, J 7 ,  8, 9.5 Hz, 6-H), 4.4 (1 H, dd, J 2 ,  8 Hz, 
1-H), 4.55 (1 H, d, J6.5 Hz, 5-H), and 7.25 (5 H, m, aromatic 
H) (Found: M +  216.11488. C14H1602 requires M +  
216.115 02). 
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