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Abstract: Addition of 2-(chlorowuagnesionkthyl)~2-propenyl erhers la and lb lo epoxides 3 affords ring opening 

products 6 or 7 which are converred by Pd(0) to 3-methylene~etrahyakopyrans 9. Cyclization of rhe addition products 

is best dected by a catalyst system generated in situ from Pd(OAcJ2 and (iPrO)3P. 

The tetrahydmpyran system is a structural feature characteristic of many naturally occurring substances. 
Together with the tetrahydrofurans and spiroketal systems, tetrahydropyrans appear frequently in polyether 
antibiotics (ionophores’) and are important structural units in several marine natural produ~ts.~ Consequently, 
there is much interest in developing efficient methods for the preparation of these six-membered oxacycles.3 
Besides S, 2 displacement4 and intramolecular ketalization,5 ring expansion of tetrahydrofuransP 
iodocyclization,7 hydroxyepoxide isomerization,8 [4+2] cycloaddition,9 carbenium ion-olefin cyclization, 10 

palladium-promoted reactions” and condensation reactions of 1,3-bifunctional reagents12 have been employed. 
Recently, we demonstrated that the trimethylenemethane moiety of the bifunctional conjunctive reagents 1 

or 2 can be added to alkenes,13 l-(trimethylsilyl)-l-alkynes,‘4 and aldehydes, ketones and hnlnes.15 
Among trhnethylenemethane equivalents, 6 2-(metallomethyl)-2-alkenyl ethers 1 and 2 stand out by their ability 
to sustain a carbon-metal center of relatively high nucleophilicity.This suggested that in particular Grignard 
reagents 1 might be used as nucleophiles towards epoxides 3,17 whereafter our usual protocol, i.e. adding a 
catalytic amount of Pd(0) to the reaction mixture and heating for several hours, might cause the addition 
products 4 to cyclize, forming 3-methylenetetrahydropyrans 5. Epoxide ring opening might also be 
accomplished under conditions of Cu(I)-catalysis. I8 In this paper we describe the results of our investigation.19 
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RESULTS AND DISCUSSION 

3-Methylenetetrahydropyrans from epoxides 3 and 2-(chloromagnesiomethyl)-2-propenyl ethers la,b. 
The synthesis of 5,6-substituted 3-methylenetetrahydropyrans by use of the simple 2propenylmagnesium 

derivatives la and lb was studied first (Scheme 1). The preparation of the latter has been described 
elsewhere.14b Since it is reported that Cu(I)-catalyzed ring opening of epoxides by Grignard reagents is 
unafflicted by premature isomerization to carbonyl compounds (a well-known complication accompanying the 
use of unmodified Grignard reagents 20-22) this method seemed most promising. Six epoxides were subjected to 
the reaction, using la (0.25 M, THP, 1.2 equiv.; 10 mol% CuI. -30 ‘C, 4 h. Table 1). A small portion of each 
reaction mixture was hydrolyzed and analyzed by GCMYNMR. It turned out that Cu(I)-promoted ring opening 
was successful only in the case of propylene oxide (3a), cyclopentene oxide (3d) and cyclohexene oxide (3e). 
With methylenecyclohexane oxide 3b and styrene oxide (3c) addition products were produced in moderate or 
low yields, respectively, together with several unidentified by-products. Cycloheptene oxide (3f) remained 
unchanged. Attack of 3a, 3b and 3c by la took place regiospecifically (> 97 %, NMR) at the unhindered 
position. The strong preference for g-attack of 3c is opposite to that reported for the Cu(I)-catalyzed reaction of 
this epoxide with other Grignard reagents. 23 Addition to 3d and 3e gave exclusively products of trans ring 
opening (see below). 

la R2 = CH&H5 
lb R2 = c& 

3 6 M=tvQCI, R*=CH&& 
7 M=tvlgJ, F+=C& 
8 M=H, R* = CH&H5 

Scheme 1 

R4 

9 

In order to effect cyclization of the addition products (i.e. Qa,b,d,e), the reaction mixtures were treated 
with 5 mol% [Pd(PPh3)4] and heated for 24 h at 65 ‘C. It was found that smooth conversion of 6 to 9 could 
only be accomplished for alkoxides derived from cyclopentene oxide and cyclohexene oxide (3d,e). Cyclization 
of 6a,b required severe reaction conditions (100 ‘C, 70 h). Use of other solvents (25 % DMP/Ti-E, 25 46 
HMPA/THP, DMP, HMPA) did not result in faster reaction. The greater ease of ring closure of 6d,e may be 
related to the fact that the -0MgCl and 2-(benzyloxymethyl)-2-propenyl groups are held in each others vicinity in 
these systems while greater loss of rotational freedom is incurred on establishing the transition states of 
cyclization of 6a and 6b. Also, 6a and 6b, being less hindered, may be more aggregated and/or solvated (and 
thereby more stabilized) than cyclic 6d and 6e. 

In view of the difficulties encountered it was decided to abandon the use of Cu(1) and to perform the 
addition reaction in the conventional way, using lb (1.3-1.6 M, THP, 1.2 equiv.; 0 ‘C, 0.5 h; room 
temperature, 4 h), while as catalyst for ring closure the more reactive system Pd(OAc)2/(i-PrG)3P24 was 
chosen (5 mol% Pd(OAc)2 and 30 mol% (i-PrO)3P, 70-80 ‘C, 24-48 h). Results are given in Table 2. In 
almost all cases tested, addition was a smooth reaction again yielding only products of truns ring opening. The 
latter conclusion is based on the structures of the cyclization products 9 (see below). Since ring opening of 
epoxides by Grignard reagents is irreversible this reasoning is justified. Premature isomerization of epoxides 
was not observed. Again, 3a and 3b were attacked regiospecifically at the unhindered position, as were 
epoxides 3h and 3i. Reaction of lb with styrene oxide (3c), however, now took place predominantly at the o- 
position. As indicated by the structure of cyclization product 9j (Table 2) the epoxide ring of 3j was opened at 
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Table 1. 3-Me~yle~~~y~~s 9 by Cu(I)-ptomoted Reaction of la with 
Epoxides 3 followed by [Pd(PPh3)4]-catalyzed Cyclization. 

Epoxide R4 R3 R5 Yield of 8 (96)‘” Yield of 9 (%)b 

3a H CH3 H 87 61’ 
3b -w-$)5- B 49 28’ 
3e H ‘SH5 H 14 

3d H -(a2)3- 80 79 
3e H -(CH2)4- 93 85 
3f H -(CI-I& _d 

a After hydrolysis of 6. b GLC yields, hased on epoxide 3. ’ Conditions of ring clome: lflO“C., 70 h. 
d No ring opening. 

the carbon atom nearest to the dioxolane ring. Precoordination between the magnesium atom of the 
organometallic reagent and the oxygen atoms of the dioxolane ring of 3j may be the reason for this. Even after 
heating for 48 h at 80 ‘C, cyclooctene oxide (3g) and exo-norbomene oxide (3k) did not react. 

With the catalyst system generated in siru from Pd(OAc)2 and (i-PrQ3P, most addition products could 
be cyclixed smoothly. The finding that 7b could not he converted to 9b by using [pd(PPh3)4] as a catalyst at 80 
‘C for 24 h while cyclization was easily effected by the Pd(OAc)2/(i-PrO)3P system, proves that the greater 
ease of the experiments contained in Table 2, as compared to those of Table 1, is not due to the replacement of 
C6HSCH20- as the leaving group by phenoxide but is a genuine effect of the use of Pd(OAc)2/ (~-PIO)~P. 
Even with the more active catalyst, ring closure of 7i and 7j was found to be incomplete after 48 hours, while 
partial decomposition had occurred. The slowness of ring closure of these compounds may be due to steric 
hindrance encountered during formation and/or conversion of the n-ally1 palladium complex leading to 9 and, 
p~~ul~ly in case of 7i, to stabilization of this magnesium alkoxide by in~ol~ul~ damnation of the 
dioxolane oxygens. 9c” Is probably formed from 9~’ (Table 2). 

The structure of the 3-methylenete~hyd~pyrans 9 was assigned by ‘H NMR, characteristic are 
resonances for the trimethylenemethane moiety in 9 and those for the non-allylic ether proton(s) [typically 9a: 
6 4.78 (m, 2H, =(X2), 4.08 (AB system, 6(A) = 4.17, dd, J(AB) = 12.3 Hz, 4J = 1.8 Hz, lH, =C!CH20, 
g(B) = 3.98, lH, =CCH20), 3.62-3.47 (tn, lH, OCR), 2.33-2.18 (m, W, =CC!Z#2CH2S 1.76 (dquintet, 

J = 13.1 Hz, J = 2.5 Hz, lH, =CCH2CH2), 1.48-1.31 (m, lH, =CCH2CH2), 1.20 (d, J = 6.2 Hz, 3H, 
cH3)]. Assignment of the truns-relation of Hqand Hb ;f the tetrahydropyrans 9d,e,f,ij was based on the 
fact that the observed coupling constants 3Jab Jac and Jad of protons Ha, Hb, Hc and Hd (Figure 1) were 
closer to those calculated for the nuns-fused ring systems than to those of the &fused systems (Table 3). 
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3-Methylenetetrahydropyrans 9 by Reaction of lb with Epoxides 3 
followed by Pd(OAc)2/(i-P~O)~P-catalyzed Cyclization. 

System R4 R3 R5 Pmduct(s) Yields’ of 9 bF (%) 

a H CH3 H 98 83l- 

b - ww5 - H 

C H C6H5 H phQ phfi phficHa-no 

9c” 

d 

9c 9C’ 

15 : 71 : 14 

9d 

e 9e 

f 

II 

h 

H - K&)3 - 

H - (CH2)4 - 

H - (CH2)5- 

H - (CH&i - 

H CH(OGH& H 

91 

_d 

-I85 

- I69 

-I76 

9h 68/-” 

I 
0’10 
0 0 

0 0 
0 03% 23/- 

i c 0 

0 0 0 
qi& 

0 gi 
_d 

53/-’ 

k ck7 0 

* Yields me based on epoxide 3P GLC yields.’ Isolated yields.d No ring opening. 

’ 60 mol% (i-PrO)3P + 10 mol% Pd(0Ac)z.f 138 mol% (i-prO)3P + 23 molk Pd(OAc)z. 
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91 9J’ 

Fig. 1 

Table 3. Observed and Calculated Values lHz] of Coupling Constants 

of Ha, Hb, Hc and Hd in Tetrahydropyrans 9d,e,f.i.j. 

9 calculated 

cis-9 frans-9 

3Ja 3Jac 3JA 3Jab ‘I, 3JA 3Jab 3J, 3Jsd 

d 10.3 7.1 7.1 2.5 4.9 0.8 10.2 10.1 6.8 

e 9.8 4.2 4.2 1.6 2.6 1.5 10.9 11.6 2.1 

f 8.9 3.8 3.8 0.0 3.6 1.1 9.6 10.6 1.0 

i 10.1 - - 0.6 - - 11.1 - - 

j 9.4 11.8 4.4 0.7 2.6 1.5 10.4 11.3 4.3 

a The signal for Ha in the ‘H NMR spectra of 9d,e,f consists of a pseudotriplet of doublets. It arises 

from two relatively large coupling constants (3Jab, 

relatively small coupling constant (3Jac or 3Jad). 

and 3Jac or 3Jad) which are approximately equal, and one 

The calculated values were obtained by fist calculating lowest energy conformations of 9d,e,f,iJ by molecular 
mechanics (MM2) which were then used for calculation of the coupling constants by the method of Haasnoot, 
De Leeuw and Altona.25 The frans geometry of the ring systems 9d,e,f,ij confirms the rruns stereoselectivity 
of the epoxide ring opening for both the Cu-catalyzed (3d,e) and the uncatalyzed reaction (3d,e,f,iJ), which is 
in agreement with other findings. 18,26 The position of the dioxolane ring in 9j and, by consequence, the site of 
addition of lb to epoxide 3j, was assigned by 2D COSY NMR, which established the subunit 
-C(8)-C(9)-C(lO)-C(l)-O- contained in 9j, thereby disproving the alternative structure 9j’ which would 
contain the sububunit C(9)-C(lO)-C( 1)-O- (Figure 1). 

Reactions of epoxides 3 with 2-(chloromagnesiomethyi)-2-pentenyl ethers lc,d. 
Reaction of epoxides with 3-alkyl-2alkenylmagnesium compounds of type 1c.d is reported to take place 

almost exclusively at the 3-position of the latter. I7 Accordingly, the addition of 1c.d to 3 would lead to the 
branched” addition products 10, which upon Pd(O)-catalyzed cyclization would give more highly substituted 
tetrahydropyrans 11 (Scheme 2). On the other hand, Cu(I)-promoted ring opening of epoxides takes place 
almost exclusively by attack of C-l of the allylic magents.18 Notwithstanding its limited applicability in the case 
of la. it therefore seemed interesting to test the Cu(I)-catalyzed reaction as a route to linear addition products 
12, which on Pd(O)-catalyzed cyclization would give the tetrahydropyrans 13 and/or 14. 
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lc,d 

3d,e 

Et 

H 

Pd(g) 

- MgCIOR2 

Et 

12 

5a-11 X=Et,Y=H 
5p-11 X=H,Y=Et 

H 

(0-13 X=Et,Y=H 
(Z)-13 X=H,Y=Et 

3a-14 X = Et, Y = H 
3p-14 X=H,Y=Et 

1 R2 3 * R3 R5 11 13 14 9 > R3,R5 10.12 R2 R3,R5 

C 
CH2c6H5 

d CH3 

d -“H2j3- a -(cH213- a ‘HzCsH5 -ay3- 

e -W2)4- b -“H2)4- b 
cH2c6H5 -cq4- 

C 
CH3 -cH2~3- 

d 
CH3 -m214- 

Scheme 2 

The preparation of the organometallics lc and Id has been described. 14b The scope and limitations of the 
two reaction modes outlined above were investigated for two epoxides: cyclopentene oxide (3d) and cyclo- 
hexene oxide (3e). To effect cyclization, both Pd(OAc)2/(l(i-PrO)3P and [Pd(PPh3)4] were applied. Results are 
given in Table 4. The structure of the tetrahydropyrans 11,13 and 14 was assigned by *H NMR. The 
resonances for the ethyltrimethylenemethane moiety in these compounds readily confirmed the position of the 
ethyl group as depicted (Scheme 2). The stereochemistry of lla, llb and 14b was determined by 2D NOESY 
NMR. Some selected results for lla and llb are shown in Figures 2 and 3. The NOESY spectrum of 3cc-14b 
displays a large NOE between H(1) and H(3) which is absent in the NOESY spectrum of its epimer 3P-14b. 
The stereochemistry of 14a was assigned by comparison of its ‘H NMR spectrum with that of 14b. The 
position of the ethyl group in 13a was assigned by NOE difference spectroscopy. One of the two protons H(3) 
of Q-13a displays a NOE with the CH2 group of the ethyl substituent; such an effect is absent in the case of 
(E)-13a. The stereochemistry of 13b was assigned by comparison of its ‘H NMR spectrum with that of 13a. 
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Table 4. 3-Methylenetetrahydropyrans 11, 13 and 14 fromlepoxides 3d,e 
and 2-(chloromagnesiomethyl)-2-pentenyl ethers 1c.d (R = C2H5). 

Entry RM Epoxidc Additiona Cyclktionb 
Catalyst Pmducts 

11 %c 13 %c 14 96c 
(5=5P) @Zt (3a:3p) 

r lc 3d uncatalyred Pd(OAc)2/(i-PrO)3P 52 9 2 
(54 : 46) (50 : 50) (85 : 15) 

2 Id 3d m=w=d Pd(OAc)2/(i-m)3P 61 4 3 
(53:47) -d -d 

3 lc 3d Cu-camtyzed Pd(OAc)2/(i-i-pIo)3P 42 17 
(50 : 50) (85 : 15) 

4 lc 3d Cudy=d Fd(pPh3)41 45e 7e 
(68 : 32) (71 : 29) 

5 lc 3e m=w=d Pd(OAc)2/(i-PrO)3P 31 10 2 
(45 : 55) (60 : 40) (64 : 36) 

6 Id 3e UncBtalyzed Pd(OAc)2/(i-P&)3P 33 4 0 
(50:50) -d -d 

7 lc 3e Cu-catatyzed Pd(OAc)2/(i-PrO)3P 45 13 
(60:40) (59 : 41) 

8 lc 3e Cucatalyzed WW’Ph3)41 62e 3e 
(91 : 9) (22 : 78) 

a Uncatatyzed ring opening: lc,d (0.80 M solution in THF, 1.2 cquiv.), 0 ‘C, 1 h; mom temperature, 23 h. 
Cu-catalyzed ring opening: lc (0.60 M solution in ‘II-IF, 1.2 cquiv.), 10 mot% CuI, -30 ‘C, 4 h. b 5- 10 
mot% catalyst, 65 ‘C, 40 h. ’ GLC yields, based on epoxide 3. d Ratio of diastereomers could not be 
determined. e Isolated yields. 

Results obtained after Pd(O)-catalyzed cyclization (Table 4, entries 1,2 and 5,6) indicated that the 
uncatalyzed ring opening of 3d and 3e by the organometallics lc and Id was less regioselective than similar 
reactions involving other 2-alkenylmagnesium compounds which normally react for more than 97 % at their 3- 
position. 26 As indicated by the tetrahydmpyrans 13 and 14, accompanying 11, the branched addition products 
10 were produced together with the linear addition products 12. Formation of 10 took place almost non- 
stereoselectively with respect to the ethyl group. This contrasts with the fair stereoselectivity observed in 
theaddition of lc to aldehydes, ketones and imines. t5b The difference may be caused by ;I fact that a highly 
ordered chairlike transition state operates in additions to carbonyl compounds and imines, whereas attack on 
epoxides probably involves an acyclic S, 2 mechanism 26 in which the two possible orientations of the ethyl 
group are of similar steric energy. The copper promoted reaction (Table 4, entries 3,4 and 7.8) gave 
regiospecifically and in good yields (GLC) the linear addition products 12 resulting from reaction at C-l of the 
2-alkenylmetal species. Pd(O)-catalyzed cyclization of 12 was more difficult than that of the branched addition 
products 10. Even with Pd(OAc)2/(i-PrO)3P it was impossible to conduct the ring closure reaction of 12a-d to 
completion. Raising the temperature, extending the reaction time, concentrating the reaction mixture or 
increasing the amount of catalyst were of no avail. Apart from being cyclized, 12a-d slowly decomposed when 
Pd(OAc)2/(i-PrO)3P was used as catalyst. No decomposition was observed when [Pd(PPh3)4] was used. The 
results suggest establishment of an equilibrium mixture between 12 on one hand, and 13 or 14 and 
benzyloxymagnesiumchloride or methoxymagnesium chloride on the other. In this case, the amount of 12 
actually formed during the uncatalyzed ring opening of 3d,e would be higher than indicated by the amounts of 
13 and 14 (Table 4, entries 1,2 and 5,6). 
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5a-11 a 5/3-lla 

Fig. 2. NOESY data for 118. 

5a-11 b 5$-lib 

Fig. 3. NOESY data for 11 b. 

Predominance of cyclization through attack of -0MgCI at the unsubstituted CH2 group of the ally1 ether moiety 
of 12a-d (preferential formation of 13) is in agreement with the regioselectivity reported for Pd(O)catalyzed 
allylations of the oxygen nucleophiles AcO- and CaHsOSn(C4H9)3.28 With [Pd(PPh3)& regioselectivity was 
better than with Pd(OAc)2/ (iPrO)3P. The stereoselectivity of formation of cyclization products 13a and 13b 
was much lower (50-91 96 E> than usually observed in Pd(O)-catalyzed allylations which give more than 95 % 
of the E-isomer. x-Ally1 palladium complexes, which most probably are intermediates, prefer the syn- 
contigumtionB leading to the E-allylation prcd~cts.~ Due to substitution at the central carbon atom of the ally1 
system this preference may be lost in the x-ally1 palladium complexes 15a-d (Scheme 3) which are formed from 
12a-d. The mixture of syn- and anti-Ua-d then would yield a mixture of (I?)- and Q-13a,b.31 

syn-15a-d X=Et.Y=H 

anti -15a-d X = H, Y = Et 

H 
Ft= 0 

- fJY 
FF : \Y 

H 
X 

(E)-lBa,b X=Et,Y=H 

(Z’)-13a,b X=H,Y=Et 

Scheme 3 
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CONCLUSION 

Reaction of 2-(chloromagnesiomethyl)-2-alkenyl ethers with epoxides (uncatalyzed or Cu(I)-catalyzed), 
followed by Pd(O)-catalyzed cyclization, provides a new route to 3-methylenetetrahydropyrans, with 
substituents on several positions. 
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EXPERIMENTAL SECTION 

For general informorion. see preceding puper. 

6,7-Epoxy-1,4-dioxaspiro[4.5]decane 3i. 

To a magnetically stirred solution of 1,4dioxaspiro[4.5]dec-6-ene (3.37 g, 24.1 mmol) in CH2C12 (5 ml), cooled at 0 OC. was &led 

a solution of m-chloroperbenxoic acid (4.37 g, 25.3 mmol) in CH2C12 (40 ml) in 10 minutes. Wring was continued for 1 h at 0 

‘C and, subsequently. for another 2 h at room temperature. The mixture was filtered and the Wrate was washed with 0.1 M 

Na2S205 (lx), 0.5 M NaOH (3x) and water (lx), dried (Na2S04) and concentrated in vacrw. Molecular distillation (100 OC, 16 

Torr) gave 3i (1.88 g, 50 %). ‘H NMR (90 MHZ): 4.27-3.90 (m. 4H, H(2.3)). 3.42-3.28 (m. lH, H(7)). 3.03 (d. 3J(6,7) = 4.0 I-Ix, 

lH, H(6)). 2.30-1.30 (m, 6H, H(8.9.10)). MS: 156 (0.4, I@), 127 (2). 99 (100). 86 (3), 68 (4) 55 (47). 

7,8-Epoxy-1,4-dioxaspiro[4S]decane 3j. 

prepared according to the same procedure as described for the synthesis of 3i. Molecular disdllatioo (100 OC, 16 Torr) gave 3j in 66 
9% yield. ‘H NMR (90 MHz): 3.95 (m. 4H, H(2,3)), 3.21 (m. 2H, H(7.8)). 2.29-2.03 (m. 4H, H(6.9)). 2.03-1.30 (m. 2H, H(10)). 

MS: 129 (1). 127 (12). 100 (100). 99 (78). 98 (42). 86 (62). 55 (11). 53 (36). HRMS (C6H703 [M-C2H5]+): talc. 127.0395, 

found 127.0399. 

General procedure for the preparation of 3-methylenetetrahydropyrans 9 by Cu(I)-promoted reaction of la 

with epoxides 3 followed by [Pd(PPh3)4]-catalyzed cyclization (Table 1). 

To a magnetically stirred solution of la in THP (0.25 M. 2.4 mmol), cooled at -30 OC, was added CuI (38 mg. 0.20 mmol). After 

stirring for 10 minutes, the epoxide (2.0 mmol) was added dropwise. c-Octane (1 mmol) was added as internal smndard. Stirring was 

continued while the reaction mixture was kept at -30 ‘C for 4 h and then allowed to warm-up to room temperature overnight. The 

reaction mixture was analyzed by quenching a small portion with aqueous NH4Ci. To the remainder of the mixture was added 

[Pd(PPh3)4] (0.116 g, 0.10 mmol) whereafter it was heated in standard glass equipment or, alternatively, in the Carius tube 

mentioned above at 65-100 ‘C for 24-70 h. After cooling, the mixture was poured onto saturated NH4Cl solution and the aqueous 

phase was extracted three times with diethyl ether. The combined organic phases were washed with brine, dried (MgSO4) and 

concentrated at reduced pressure. The crude reaction product was analyzed by GLC, GCMS and NMR. Yields ate based on epoxide 3. 

5-@enzyloxymethyl)-5hexen-2.01 8a. 

prepared by nx~tion of la with 3a followed by hydrolysis (yield: 87 I [GLC]). ‘H NMR (90 MHz): 7.36 (s. 5H, C6H5). 5.07 

(m, 1H, H(6)). 4.97 (bS, Hi, H(6)). 4.51 (S. 2H, GCff2C6H5). 3.98 (S, 2H, C(5)cH2G), 3.83 (Sex@, 3J(2,1) = 3J(2,3) = 6.2 I-Ix, 

1H. H(2)). 2.35-2.05 (m. 2H. H(4)), 1.78-1.45 (m. 3H, H(3), OH), 1.21 (d, 3J(1,2) = 6.2 I&. 3H, H(1)). MS: 143 (1). 129 (4). 112 

(9). 107 (14). 96 (5). 91 (100). 85 (4). 81 (11). 65 (9). 55 (9). HRMS (C7H13O2 [MCH2C6H5]+): CSIC. 129.0915, found 

129.0899. 
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2-Methyl-S-methyleneoxane 9a. 

Prepared by reaction of la with 38 followed by Pd(O)-catalyzcd cyclization (yield: 61 % [GLC]). Conditions of ring closare: 100 

‘C, 70 h. Use of other solvents (25 96 DMIWHF, 25 W HMPARHF, DMF, HMPA) did not result in faster reaction. lH NMR 

(250 e): 4.78 (m. 2H, =CH2), 4.08 (AB system. 8(A) = 4.17. dd. J(AB) = 123 Hz, 4J = 1.8 HZ. lH, H(6). 8(B) = 3.98, J(BA) = 

12.3 Hz, lH, H(6)). 3.62-3.47 (m, lH, H(2)). 2.33-2.18 (m, 2H, H(4)). 1.76 (dquintet, 2J = 13.1 Hz, J = 2.5 Hz. lH, H(3)). 1.48- 

1.31 (m. H-I, H(3)). 1.20 (d. 3J(CH3.2) = 6.2 Hz. 3H, CH3). MS: 112 (77, M+.), 97 (25). 83 (17), 79 (7). 71 (56). 67 (100). 55 

(48), 53 (45). HRMS (C7Hl2O): talc. 112.0888, found 112.0893. 

1-(3-(Benzyloxymethyl)-3-butenyl)cyclohexanol 8b. 

kVared by mWiOn Of la with 3b followed by hydrolysis (yield: 49 % [GLC]). ‘H NMR (90 MHz): 7.36 (d, 5H, C6H5), 5.06 

(bs. lH, HW)). 4.98 (bs, lH, H(4’)), 4.52 (s, 2H. mfi&jH& 4.01 @s, 2H, C(33CH20). 2.35-2.05 (m, 2H, H(2’)). 1.80-1.05 

(m. 13H. HWP,5,6,1’), OH). MS: 256 (1, M+.), 165 (7), 148 (20). 135 (lo), 119 (5). 105 (17). 99 (6). 95 (11). 91 (loo), 79 

(16). 67 (16). 55 (14). HRMS (Cl8H240 [M-H2O]+)z talc. 256.1827. found 256.1820. 

3-Methylene-1-oxaspiro[H]undecane 9b. 

h@ by reaction of la with 3b followed by Pd(O)-catalyzed cyclization (yield: 28 %I [GLC]). Conditions of ring closure: 100 

‘C. 70 b. ‘H NMR (250 MHz): 4.77 (m, IH, =CH2), 4.74 (m. lH, =CH2). 4.06 (s, 2H, H(2)), 2.32 (tt. 3J = 6.5 HZ, J = 1.2 HZ, 

lH, H(4)). 1.90-1.75 (m, lH, H(4)). 1.70-1.21 (m. 12H, H(5,7.8,9,10,11)). MS: 166 (22, ti.), 148 (22). 137 (S), 123 (100). 110 

(67). 99 (16). 96 (17), 91 (4). 81 (31), 67 (32), 55 

(33). HRMS (CllH180): talc. 166.1358, found 166.1359. 

4.(Benzyloxymethyl)-1-phenyl-4-pentenol SC. 

prepared by reaction of la wilb 3c followed by hydrolysis (yield: 14 % [GLC]). ‘H NMR (90 MHz): 7.33 (bs. lOH, C6H5), 5.W 

4.94 (m, 2H. H(5)). 4.84-4.60 (m, lH, H(l)), 4.50 (s, 2H, GCH2C6H5), 3.98 (bs, 2H. C(4)CH20). 2.38-1.78 (m, 5H. H(2.3). 

OH). 

2-(2-@eozytoxymethyl)-2-propenyI)cyclopentanol 8d. 

prepared by reaction of la with 3d followed by hydrolysis (yield: 80 % [GLC]). ‘H NMB (250 MHz): 7.38-7.27 (m, 5H, C6H5), 

5.12 (m. lH, =CH2). 5.01 (m, lH, =CH2), 4.52 (s, 2H, GCH2C6H5), 4.00 (s, 2H, c(2’)CH20), 3.86 (q, 3J = 6.4 HZ. 1~. ~(1)). 

2.27- 1.84 (m. 5H). 1.81-1.49 (m. 4H), 1.31-1.12 (m, 1H). MS: 155 138 (12), (2), 122 (6). 107 (16). 91 (loo), 84 (19). 79 (11). 

67 (15). 55 (11). 40 (16). HRMS (Cl6H22G): talc. 246.1620, found 246.1627. 

4-Methylene-2-oxabicyclo[4.3.0]nonane 9d. 

prepared by reaction of la with 3d followed by Pd(O)-catalyzed cyclixation (yield: 79 % [GLC]). Conditions of ring closure: 65 OC, 

24 b. ‘H NMR (400 MHz): (1) 4.84 (m. IH, =CH2), (2) 4.80 (m. lH, =CH2), (3) 4.23 (A part of AB system. dd, J(AB) = 12.5 HZ, 

4J = 1.6 Hz. lH, H(3)). (4) 4.03 (B part of AB system, dm, J(BA) = 12.5 Hz, lH, H(3)), (5) 3.21 (td, 3J = 10.3 HZ and 7.1 HZ, 

1H. H(l)), (6) 2.58 (ddd, 2J = 13.1 Hz, 3J(5,6) = 3.9 Hz, 4J = 1.6 Hz, IH, H(S)), (7) 1.97 (m. lH, H(S)), (8) 1.93 (m. lH, H(9)), 

(9) 1.74 (m. 2H. H(7.8)). (10) 1.64 (m, lH, H(8)). (11) 1.48 (m, lH, H(6)). (12) 1.45 (m. 1H. H(9)). (13) 1.17 (m, lH, H(7)). 2D 

CGSY NMB (400 MHz): l(2.3.4.7). 2(4,6,7), 3(4,5,6,7), 4(6,7), 5(8,11,12), 6(7,11), 7(11), 8(9,10,12,13), 9(10.11,12,13), 

10(12,13), ll(l3). 12(13). 2D NOESY NMR (400 MHz, 2, = 1.0 s or 3.0 s): l(2,3,4w,7w), 2(3,4w.6.7w), 3(4,5w), 4(5, 7). 

5(7.8,10w), 6(7). 7(13w), 8(9w,10w,llw,12,13w), 9(10,11w,12w,13), 10(11,12,13w). 13C NMR (63 MHz): 143.7 (s, C(4)), 

110.4 (quintet. ‘J(CH) = 156 Hz, 3J(CH) = 5 Hz, =CH2), 83.9 (d, ‘J(CH) = 138 HZ, C(l)), 73.1 (t, lJ(CH) = 140 HZ. C(3)). 45.1 

(d, ‘J(CH) = 125 Hz. C(6)), 38.1 (1. ‘J&H) = 130 Hz, C(5)). 28.3 (t. ‘J(CH) = 128 Hz, C(7*)), 26.8 (t, ‘J(W) = 126 Hz, C(9*)), 

19.6 (I ‘J(CH) = 135 Hz, C(S*)). MS: 138 (21. M+.), 123 (2). 120 (25). 109 (17). 97 (13), 94 (39). 91 (18). 82 (30), 79 (41), 77 

(10). 70 (9). 67 (100). 57 (15). 55 (29). HRMS (C9H140): talc. 138.1045, found 138.1054. 
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2-(2.(Beazyloxymethyl)-2-propenyl)cyclobexanol 8e. 

Prepared by reaction of la with 30 followed by hydrolysis (yield: 93 96 [GLQ). ‘H NMR (250 MHz): 7.40-7.26 (m, 5H. C6H5). 

5.13 (m. 1H. =CH2), 4.99 (s, lH, =CH2), 4.52 (AB system, 8(A) = 4.55, J(AB) = 11.9 Hz, IH. 0Cff2C6H5, 8(B) = 4.50, J(BA) 

= 11.9 Hz. lH, ocH2C6H5), 4.00 (s. 2H, C(ZxH20). 3.24 (td, 3J = 9.4 Hz and 4.4 HZ, IH, H(l)), 2.57 (dd, J = 14.0 Hz and 

4.6 Hz, lH, H(l’)), 2.M-O.81 (m. 11H. H(2,3,4,5,6, 1’). OH). 

4.Methyleoe-2-oxabicyclo[4.4.0ldecaae 9e. 

prepared by reaction of la with Se followed by Pd(O)-catalyzed cyclization (yield 85 % [GUI)). Conditions of ring closures 65 ‘C, 

24 h. ‘H NMR (250 MHz): 4824.74 (m, 2H, =CH2), 4.09 (AB system, s(A) = 4.19, dd, J(AB) = 12.2 Hz, 4J 3: 1.8 Hz, lH, H(3). 

8(B) = 3.99, J(BA) = 12.2 Hz, lH, H(3)). 3.02 (td, 3J = 9.8 Hz and 4.2 Hz, lH, H(l)), 2.33 (ddd, 2J = 13.3 Hz, J = 3.9 Hz, J = 1.8 

Hz, lH, H(5)). 2.OO-1.60, 1.45-0.94 (m. 10H. H(5.6.7.89.10)). MS: 152 (78. M+.), 137 (4). 134 (4). 123 (8), 121 (6). 119 (7). 

108 (25) 105 (6). 95 (27). 82 (68), 67 (IO@. 55 (41). HRMS (clOHl60): talc. 152.12Ol. found 152.1uw). 

General procedure for the preparation of 3methylenetetrahydropyrans 9 by uncatalyeed reaction of lb with 
epoxides 3 followed by Pd(OAc)2/(i-Pr0)3P-cPtelyxed cyclixation (Table 2). 

To a magnetically stirred solution of lb in THP (1.3-1.6 M, 1.2 equiv.). cooled at 0 OC, was added dropwise epoxide 3 (2-10 

mmol) and, if necessary (Table 2). c-octane (1 mmol) as internal standard. Stirring was continued for 0.5 h at 0 ‘C and, 

subsequently, for 4 h at room temperatnre. To the mixture was added (i-Pr0)3P (30 mol%) and Pd(OAc)2 (5 molk) whemafter it 

was heated at 70-80 OC (reflux temperature of the reaction mixture) for 2448 h. Work-up was carried out as described above. The 

crude reaction product was analyzed by GLC, GCMS and NMR, or alternatively, it was purifti by evaporative distillation. Yields 

are based on epoxide 3. 

2-Methyl-5.methyleneoxane 9a. 

prepared by reaction of lb with 3a followed by Pd(O)catalyzcd cyclization (yield: 83 % [GLC]). 

3-Methylene-1-oxaspiro[CJlundecane 9b. 

Pqxurd by reaction of lb with 3b followed by Pd(O)-catalyzed cycliiation. Evaporative distillation (IOO-150 OC, 16 Torr) gave 9b 

in 94 %I yield. In another experiment, the yield was determined by GLC (87 %). 

Reaction of lb with 3c. 

Evaporative distillation (lOO-150 OC, 16 Torr) gave a mixture of 9c, 9c’ and 9~” (yield: 70 %; ratio: 15:71:14). 

2-Phenyl-S-methyleneoxane 9c. 

‘H NMR (250 MHz): 7.38-7.21 (m. 5H, C6H5), 4.95-4.83 (m, 2H, =CH2), 4.48 (dd, 3J(2,3) = 11.2 Hz and 2.3 Hz, lH, H(2)). 

4.28 (AB system, S(A) = 4.37, dd, J(AB) = 12.4 Hz, 4J = 1.3 Hz, lH, H(6). 8(B) = 4.18, J(BA) = 12.4 Hz, 1H. H(6)), 2.67 (dm, ‘J 

= 14.3 Hz, lH, H(4)). 2.58-2.43 (m, lH, H(4)). 2.06-1.92 (m, lH, H(3)). 1.85-1.68 (m. lH, H(3)). MS: 174 (15, Iv@*). 156 (3), 

145 (4). 128 (8). 117 (13). 104 (100). 91 (25). 77 (29), 67 (58), 51 (25). 

3-Methylene-S-phenyloxane 9~‘. 

‘H NbfR (250 MHz): 7.38-7.21 (m. 5H, C6H5). 4.95-4.83 (m, 2H, =CH2), 4.14 (AB system, s(A) = 4.25, J(AB) = 12.3 Hz. lH, 

H(2), 8(B) = 4.02, J(BA) = 12.3 Hz, lH, H(2)), 4.O8- 3.97 (m. IH, H(6)), 3.54 (dd + 3 tines, ‘J = 10.8 Hz, 3J(6,5) = 10.8 Hz. 1H. 

H(6)). 3.00 (tt, 3J(5,6) = 10.8 Hz, 3J = 4.2 Hz. lH, H(5)). 2.67 (rim. ‘J = 14.3 Hz, 1H. H(4)). 2.58-2.43 (m. lH, H(4)). MS: 174 

(11, M+.), 156 (11). 143 (25). 129 (65). 115 (19). lO4 (lOO).91 (50). 83 (50). 78 (32). 65 (15), 51 (25). 

2,3-Dihydro-4H-3-methyl&phenylpyran 9~“. 

‘H NMR (250 MHz): 7.38-7.21 (m, 5H, C6H5). 6.32 (m, IH, H(2)), 4.12-3.97 (m, lH, H(6)), 3.74 (dd 4 3 lines, 3J(6,5) = 10.2 
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Hz. 1H. H(6)). 3.17-3.08 (m. lH, H(5)), 2.34-2.08 (m. 2H, H(4)), 1.64 (bs. 3H. CH3). 

4-Mcthyleoe-2-oxabicyclo[4.3.O]aonsne 9d. 
Fvcpued by reaction of lb with 3d followed by Pd(O)-catalyzed cycliion. Evapomtive distillation (lqO_150 oc, 16 Torr) gave 9d 

in 85 % yield. 

4.Methylene-2-oxsbicgclo[4.4.0]decane 9e. 
Prqarcd by reaction of lb with 3e followed by Pd(O)-cataiyzed cycliion. Evaporative distillation (100-150 ‘C, 16 Torr) gave !k 

in 69 % yield. 

l0-Metbylene-8-oxsbicyclo[5.4.0]undecane 9f. 
prepared by reaction of lb with 31 followed by Pd(O)-catalyzed cyclization. Evaporative distillation (100-150 OC, 16 Torr) gave 91 

in 76 % yield. ‘H NMR (250 MHz): 4.76 (m. 2H, =CH,), 4.04 (AB system. s(A) = 4.16. dd. J(AB) = 12.2 Hz, 4J = 1.8 Hz, IH, 

H(9), 8@) = 3.92, dd, J(BA) = 12.2 Hz, 4J = 0.6 Hz, lH, H(9)). 3.07 (td, 3J = 8.9 Hz and 3.8 Hz, JH, H(7)), 2.34 (ddd. 2J = 13.5 

Hz, 3J(ll,l) = 3.8 Hz, 4J = 1.8 Hz, lH, H(ll)), 2.04-1.87 (m. 2I-l). 1.80-1.36 (m, 9H). 1.32-1.13 (m. 1H). MS: 166 (41, &‘), 

148 (11). 135 (6). 122 (21). 109 (48). % (100). 81 (93). 67 (84). 55 (85). HRMS (CllH180): talc. 166.1358, found 166.1366. 

2-(Diethoxymetbyl)~5.metbyleneoxane 9h. 
spared by reaction of lb with 3h followed by Pd(O)catalyzed cyclization (yield: 68 6 [GLC]). Cyclization was effected by using 

60 mol% (i-PrO)3P and 10 mol% Pd(OAc)2. ‘H NMR (250 MHz): 4.79 (m, 2H, =CH2). 4.36 (d, 3J = 5.8 Hz, lH, 

CH(OC2H5)2), 4.11 (AB system, s(A) = 4.24, dd, J(AB) = 12.4 Hz, 4J = 1.6 Hz, lH, H(6). S(B) = 3.98, J(BA) = 12.4 Hz, 1H. 

H(6)). 3.80-3.46 (m. 5H, H(2), OCH2CH3). 2.46 (dm, 2J = 14.5 Hz, lH, H(4)). 2.35-2.17 (m, lH, H(4)). l.%-1.85 (m, lH, 

H(3)). 1.50 (ddd, 2J = 26.1 Hz, 3J(3,2) = 11.2 Hz, 3J(3,4) = 4.8 Hz, lH, H(3)), 1.24, 1.21 (2 x t + q. 3J = 7.1 Hz, 6H, 

GCH2CH3). MS: 163 (2). 155 (1). 136 (29). 109 (8). 103 (loO), 97 (5). 81(9), 75 (52), 69 (17). 57 (6). 53 (18). 

10,1O-Ethylenedioxy-4-metbylene-2-oxabicyclo[4.4.O]decane 9i. 
Preped by reaction of lb with 3i followed by Pd(O)-catalyzed cyclization (yield: 23 % [GLC]). During ring opening 7i 

precipitated from the reaction mixture and was dissolved again by addition of DMF (0.3 ml/mmol3i). ‘H NMR (250 MHz): 4.78 

(m, 2H, =CH2), 4.28 (A part of AB system, dd, J(AB) = 12.3 Hz, 4J = 1.7 Hz, lH, H(3)). 4.18-3.89 (m. SH, H(3), GCH2CH20), 

3.18 (d, 3J(l,6) = 10.1 Hz, lH, H(l)), 2.42 (ddd, 2J = 13.1 Hz, 3J(5,6) = 3.8 Hz, 4J = 1.8 Hz, lH, H(5)). 2.02-1.87 (m. lH, H(5)). 

1.84-1.43 (m, 6H). 1.18-0.98 (m, 1H). MS: 210 (6, M+.), 148 (45). 139 (2). 122 (3). 109 (5). 99 (lOO), 95 (3), 86 (4). 79 (4). 73 

(2). 69 (11). 67 (8). HRMS (C12H1803): talc. 210.1256, found 210.1235. 

8,8-Ethylenedioxy-4-methylene-2-oxabicyclo[4.4.O]decane 9j. 
Repanxl by reaction of lb with 3j followed by Pd(O)-catalyzed cyclization (yield: 53 % [CX.Cl). Cyclization was performed by 

using 138 mol% (i-PrCQ3P and 23 mol% Pd(OAc)2. ‘H NMR (400 MHz): (1) 4.81 (quintet, 4J = 1.7 Hz, 1H. =CH2). (2) 4.78 

(m, lH, =CH2), (3) 4.18 (A part of AB system, dd, J(AB) = 12.3 Hz, 4J = 1.8 Hz, lH, H(3)). (4) 4.10-3.95 (B part of AB system, 

m, lH, H(3)), (5) 3.% (m. 4H, OCH2CH20), (6) 3.25 (ddd, 3J = 11.8 Hz, 9.4 Hz and 4.4 Hz, lH, H(l)), (7) 2.40 (ddd, 2J = 13.3 

Hz, 3J(5a,6) = 3.6 Hz, 4J = 1.9 Hz, lH, H(5a)), (8) 2.07 (ddd, J = 12.3 Hz, J = 4.4 Hz, J = 2.6 Hz, 1H. H(lOa)), (9) 1.95 (tm, J = 

11.9 Hz, lH, H(5b)). (10) 1.73 (dm, J = 9.4 Hz, lH, H(9a)). (11) 1.63 (m, 2H, H(‘la,b)), (12) 1.59 (m. lH, H(lOb)). (13) 1.35 (m. 

lH, H(6)), (14) 1.30 (m, lH, H(9b)). 2D COSY NMR (400 MHz): l(2.3.4.9). 2(4.9), 3(4,7), 4(9), 6(8,12,13), 7(9,13). S(lO.12). 

10(12.14), ll(l3). 12(14). 2D NOESY NMR (400 MHz, 7m = 1.0 s): l(2,3w,4w), 2(7w), 3(4), 5(6.8,10.11.12). 6(8,9,12w,13), 

7(9.11,13), 8(12), 9(13), lO(l2.13). 11(12,13,14), 12(13w). MS: 210 (11, M+‘), 182 (3). 141 (3). 122 (2), 115 (25), 99 (100). 95 

(4). 86 (87), 79(3), 69 (11). 53 (35). HRMS (C12Ht803): talc. 210.1256. found 210.1247. 
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General procedure for tbe preparation of 3-metbylenetctrabydropyratts 13 and 14 by Cu(I)-promoted 

reaction of Ic with epoxides 3d and 3e followed by [Pd(PPb3)41- or Pd(OAc)21(i-PrO)3P-catalyzed 

cyclization (Table 4, entries 3,4,7,8). 

To a magnc.tk~By stirred solution of lc in THP (0.66 M, 2.4 mmol). cooled at -30 OC, was ad&d CuJ (38 mg, 0.20 mmol). After 

stirring for 10 minutes, the epoxide 3 (2.0 mmol) was added dropwise. c-Octane (1 mmol) was added as internal standard. S&ring 

was continued while the reaction mixture was kept at -30 OC for 4 h and then allowed to warm-up to room temperature overnight. 

To the mixture was added [pd(pph3)41 (5-10 mol%) or, ahernatively. (i-PrG)3P (30-60 mol’k) and Pd(OAc)2 (S-10 mol%) 

whereafter it was heated at 65 OC for 40 h. Work-up was carried out as described before. llte crude reaction product was analyxed by 

GLC, GCMS and NMB or. alternatively, purified by column chromatography (3 % diethyl ether/97 % pentane). Yields are bescd on 

epoxide 3. 

General procedure for the preparation of 3-methylenetetrahydropyrans 11, 13 and 14 by uacatalyzed 

reaction of lc or Id with epoxides 3d and 3e followed by Pd(OAc)2/(i-Pr0)3P-catalyzed cyclizatioa (Table 

4, entries 1.2.5.6). 

To a magnetically stirred solution of lc or Id in THP (0.80 M, 1.2 equiv.), cc&d at 0 ‘C, was added dropwise epoxide 

3 (2-10 mmol) and, as internal standard, c-octane (1 mmol). Stirring was continued for 1 h at 0 ‘C and, subsequently. for 23 h at 

room temperature. To the mixture was added (i-PrQ3P (30-60 mol%) and Pd(OAc)2 (5-10 mol%) whereafter it was heated at 65 ‘C 

for 40 h. Work-up was carried out as described before. lbe crude reaction product was analyzed by GLC, GCMS and NMB. Yields 

are based on epoxide 3. 

In this way were prepmed (for reaction conditions and yields, see Table 4): 

Sa-Ethyl-4-methylene-2-oxabicyclo[4.3.O]nonane 5a-lla. 

‘H NMB (400 MHz): (1) 4.97 (q. 4J = 1.4 Hz, lH, =CH2), (2) 4.85 (t. 4J = 1.7 Hz, HI, =CH2), (3) 4.25 (A part of AB system, 

J(AB) = 12.2 Hz, lH, H(3)). (4) 4.05 (B part of AB system, J(BA) = 12.2 HZ, lH, H(3)). (5) 3.35 (td, 3J = 10.4 Hx and 7.1 Hz. lH, 

H(l)), 1.99-1.15 (m, IOH, H(5.6.7.89). CH2CH3) [ in which: (6) 1.94 (m. 2H, H(5.9)). (7) 1.62 (m, 2H, CH2CH3). (8) 1.48 

(m, JH. H(6)). (9) 1.31 (m, IH, H(9))], (10) 0.97 (t. 3J = 7.4 Hz, 3H, CH+ZH3). 2D COSY NMB (400 MHx): l(2.3.4.6). 2(4,6), 

3(4), 4(6), S(6.8.9). 7(JO). 2D NOESY NMB (400 MHz, rm = 1.0 s or 3.0 s): 1(2,3,4,7w,10), 2(7,10), 3(4.10), 4(5), 6(10). 7(10). 

MS: 166 (5, M?, 151 (t), 137 (22) 122 (8). 119 (8). 109 (26). 95 (26), 81 (52), 67 (100). 55 (45). HBMS (mixture of both 5a- 

lla and 58-lla, CJJHJgO): caJc. 166.1358, found 166.1356. 

5~-Etbyl-4-metbylene-2-oxabicycIo[4.3.0]aonane 5j3-lla. 

‘H NMR (400 MHZ): (1) 4.92 (t. 4J = 1.8 HZ, IH, =CH2), (2) 4.81 (d, 4J = 2.1 Hz, 1H. =CH2). (3) 4.12 (A part of AB system, 

dd, J(AB) = 12.6 Hz, 4J = 1.4 Hz, lH, H(3)), (4) 4.06 (B part of AB system, J(BA) = 12.6 Hz, lH, H(3)). (5) 3.57 (td, 3J t 10.3 Hz 

and 7.4 Hz, lH, H(l)), (6) 2.40 (dt, 3J = 10.9 Hz and 4.5 Hz, 1H. H(5)), 1.99-1.15 (m, 9H, H(6,7,8,9), CH2CH3) [in which: (7) 

1.94 (m. JH, H(9)). (8) I.81 (m. JH, H(6)). (9) 1.62-1.33 (m. 2H, CH2CH3), (10) 1.44 (m, lH, H(9))]. (11) 0.84 (t, 3J = 7.4 Hz, 

3H. CH2CH3). 2D CGSY NMB (400 MHz): l(2.3.4). 2(3,6), 3(4), 4(6), 5(7.8,10), 6(89), 7(11), 9(11). 2D NOESY NMB (400 

MHz, r, = 1.0 s or 3.0 s): l(2.3.4). 2(3w,4w,6w), 3(5), 6(11), 9(11). MS: 166 (2, M+*), 148 (2). 137 (23). 122 (lo), 119 (8) 109 

(25). 81 (47), 95 (25). 67 (lW, 55 (47). HBMS (mixture of both 5a-lla and 5j3-lla, CllH180): talc. 166.1358, found 

166.1356. 

(E)-4-Propylidene-2-oxabicycloI4.3.0lnonane (E)-13~ 

‘H NMR (250 MHz): 5.34 (t. 3J = 7.0 Hz, lH, =CHCH2CH3). 4.10 (AB system, s(A) = 4.14, J(AB) = 12.5 Hz, IH, H(3). 6(B) = 

4.06, dt. J&M) = 12.5 Hz, 4J = 1.2 Hz, 1H. H(3)). 3.25 (dt, 3J = 10.2 Hz and 7.1 Hz. 1H. H(l)), 2.86 (ddd, 2J = 13.2 Hz, 5(5.6) = 

3.5 H& 4J = 1.0 Hz, II-L H(5)), 2.17-1.86, 1.84-1.58, 1.58-1.31. 1.28-1.08 (m. IOH), (t, 3J = 3H, CH2CH3). MS 0.97 7.6 Hx, 

(mixture of both (01Jp and Q-13a): 166 (17, M+‘), 137 (50). 119 (22). 109 (8). 91 (31). 81 (27). 79 67 (100). 55 (33). (27). 
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(Z)-4-Propylidene-2-oxabicyclo[4.3.O]nonane (Z)-13a. 

‘H NMR (250 MHz): 5.24 (t, 3J = 7.3 Hz, lH, =CffCH2CH3), 4.25 (AB system, &A) = 4.68, dd, J(AB) = 12.8 Hz, 4J = 1.4 Hz, 

lH, H(3). 8(B) = 3.81, J(BA) = 12.8 Hz, lH, H(3)), 3.21 (td, 3J = 10.3 Hz and 7.0 Hz, lH, H(l)), 2.46 (ddm, 2J I 12.9 Hz, 3J I 

3.4 Hz, lH, H(5)). 2.17-1.86. 1.84-1.58. 1.58-1.31, 1.28-1.08 (m. lOH), 0.97 (t, 3J = 7.6 Hz. 3H, CH2CH3). MS (mixture of 

both Q-13x and (Zkl3a): 166 (17, M+*), 137 (50). 119 (22). 109 (8). 91 (31), 81 (27), 79 (27). 67 (100). 55 (33). 

3a-Ethyl-4-metbylene-2-oxabicycto[4.3.0]nonane 3a-14a. 

‘H NMR (250 MHz): 4.85 (m. 2H. =CH2). 3.69 (dd, 3J = 6.8 Hz and 5.3 Hz, 1H. H(3)). 3.30 (td. 3~ I lo.3 Hz and 7.1 HZ, 1~. 

Wb 2.59 (dd, ‘J = 12.8 I-h 3J(5,6) = 3.8 Hz, lH, H(5)). 2.07-1.11 (m, lOH, H(56,7,8,9), CH2CH3). 0.91 (t, 3J = 7.4 Hz, 3H, 

CH2CH3). MS (mixture of both 3a-14a and 3!3-14a): 166 (6, Mt.). 137 (68). 119 (26), 109 (15). 93 (26). 91 (41). 85 (21), 79 

(41),67 (lOO), 57 (41), 55 (33). 

3~-Ethyl-4-metbylene-2-oxabicyclo[4.3.0]nonane 3P-14~ 

‘H NMR (250 MtIz): 4.81 (t. 4J = 2.0 Hz, lH, =CH2), 4.78 (t. 4J = 1.5 Hz, lH, =CH2), 4.10 (t, 3J E 7.9 Hz, 1H. H(3)). 3.47 (td, 

3J = 10.5 Hz and 7.2 Hz, lH, H(l)), 2.44 (dd, 2J = 13.2 Hz, 3J(5,6) = 4.0 Hz, lH, H(5)). 2.17-1.11 (m. 10H. H(5.6.7.89). 

CH2CH3). 1.04 (t, 3J = 7.4 Hz, 3H, CH2CH3). MS (mixture of both 3a-14a and 3p-14a): 166 (6, M+*), 137 (68). 119 (26). 

109 (15). 93 (26), 91 (41). 85 (21), 79 (41). 67 (lOO), 57 (41). 55 (33). 

Sa-Ethyl-4-methylene-2-oxabicyclo[4.4.0]decane 5a-llb. 

‘H NMR (400 MHz): (1) 4.92 (q, 4J = 1.4 Hz, lH, =CH2), (2) 4.80 (t. 4J = 1.7 Hz, IH. =CH2), (3) 4.20 (A part of AB system, 

J(AB) = 11.9 Hz, lH, H(3)). (4) 4.98 (B part of AB system, J(BA) = 11.9 Hz, lH, H(3)), (5) 3.10 (td, 3J = 9.8 Hz and 4.1 Hz, lH, 

H(l)), 2.06-1.07 (m. l2H, H(5,6,7,8,9,10), CH2CH3) [in which: (6) 1.95 (m, lH, H(lO)), (7) 1.86 (m. lH, H(S)), (8) 1.74 (m, 

1H. CH2CH3). (9) 1.57 (m, IH, CH2CH3), (10) 1.29 (m. lH, H(lO)), (11) 1.14 (m. lH, H(6))], (12) 0.92 (t. 3J = 7.4 Hz, 3H, 

CH2CH3). 2D COSY NMR (400 MHz): l(2.3.4.7). 2(3w,4w,7.12w), 3(4), 4(7), 5(6,8w,10,1 1). 6(8.10.11,12), 7(8,9,11), 8(12), 

902). ll(l2). 2D NOESY NMR (400 MHz, 7m = 2.0 s): l(2.3). 2(89,12), 3(4), 4(5,7w), 5(7w), 8(9,12), 9(12), ll(12). MS: 180 

(8, M+*), 151 (37). 137 (6). 133 (4), 124 (9), 109 (9). 95 (43). 91 (15), 82 (51), 67 (loo), 55 (50). 

5~-Ethyl-4-methylene-2-okabicyclo[4.4.0]decsne 5P-llb. 

‘H NMR (400 MHz): (1) 4.86 (t, 4J = 1.8 Hz, lH, =CH2), (2) 4.74 (d, 4J = 2.1 Hz, lH, =CH2), (3) 4.08 (A part of AB system, 

dd, J(AB) = 12.3 Hz, 4J = 1.4 Hz, lH, H(3)). (4) 4.00 (B part of AB system, J(BA) = 12.3 Hz, lH, H(3)), (5) 3.35 (td, 3J = 10.1 Hz 

and 4.4 Hz, lH, H(l)), (6) 2.13 (dt. 3J = 11.4 Hz and 4.7 Hz, lH, H(S)), 2.06-1.07 (m, llH, H(6,7,89,10), C!f2CH3) [in which: 

(7) 1.95 (In. lH, HQO)), (8) 1.56 (m, lH, H(6)), (9) 1.48 (m. 2H, CH2CH3). (10) 1.23 (m, lH, H(lO))], (11) 0.80 (t. 3J = 7.3 

Hz, 3H, CH2CH3). 2D COSY NMR (400 MHZ): 1(2,3,4), 2(3,4,6), 3(4,6), 4(6), 5(7,8,10), 6(8,9,10), 9(11). 2D NOESY NMR 

(400 MHz, zrn - - 2.0 s): 1(2,3w,4), 2(6,11), 3(4.5,9,11), 4(11), 6(9,11). 9(11). MS: 180 (7, Mt.), 151 (73). 137 (9). 133 0, 123 

(lo), 109 (14). 95 (44). 91 (17). 81 (55). 67 (100). 55 (56). 

(04-Propylideae-2.oxabicyclo[4.4.0]decane (E)-13b. 

‘H NMR (250 MHz): 5.27 (t, 3J = 7.2 Hz, lH, =CHCH2CH3). 4.04 (AB system, 6(A) = 4.08, dd, J(AB) = 12.0 Hz, 4J = 1.6 Hz, 

1H. H(3). s(B) = 3.99, dquintet, J(BA) = 12.0 Hz, 4J = 1.2 Hz, IH, H(3)), 3.04 (td, 3J = 9.9 Hz and 4.2 Hz, IH, H(l)), 2.58 (ddd, 

2J = 13.5 3J = 3.7 4J = 1.7 Hz, Hz, Hz, 1H. H(5)), (m, 2H, CH2CH3), (m, 2.15-1.99 1.99-1.56, 1.44-0.92 IOH), 0.96 (t, 3J = 

7.5 Hz, 3H, CH2CH3). MS (mixture of both (E)-13b and (Z)-13b): 180 (16, M+.), 151 (35). 133 (29), 107 (14), 95 (18). 91 

(21), 81 (43). 67 (100). 55 (50). 

(Z)-4-Propylidene-2-oxabicyclo[4.4.0]decane (Z)-13b. 

‘H NMR (250 MHz): 5.19 (t, 3J = 7.2 Hz, lH, =CHCH2CH3), 4.20 (AB system, 6(A) = 4.62, dd, J(AB) = 12.4 Hz, 4J = 1.7 Hz, 
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1H. H(3). s(B) = 3.77, J(BA) = 12.4 Hz, lH, H(3)). 3.04 (td, 3J = 9.9 Hz and 4.2 Hz, IH. I), 2.19 (ddd, 2~ = 12.9 Hz, 3~ = 3.7 

Hz. 4J = 2.5 Hz, 1H. H(5)). 2.15-1.99 tm. PH. CH2CH3). 1.99-1.56, 1.44-0.92 (m. 1OH). 0.96 (t, 3J = 7.5 HZ, 3H, CH$H~). 

MS (mixture of both (a-13b and Q-13b): 180 (16, I@*). 151 (35). 133 (29). 107 (14). 95 (18). 9J (21). 81 (43), 67 (J(JCJ), 55 

(50). 

3a-EtbyJ-4-methyJene-2-oxabicyclo[4.4.O]decane 3a-14b. 

‘H NMR (400 MHz): (1) 4.77 (t, 4J = 1.5 Hz, 2H. =CH2), (2) 3.61 (dd, 3J = 7.1 Hz and 4.5 Hz, lH, H(3)), (3) 3.07 (td, 3J = JO.4 

Hz and 4.1 Hz, IH. H(l)), (4) 2.33 (dd, 2J = 13.2 Hz, 3J(5,6) = 4.0 Hz, 1H. H(S)), (5) 2.08-1.74. (6) 1.74-1.53, (7) 1.40-1.15 (m. 

12H. H(5,6,7,8, 9.10). CH2CH3). (8) 1.03 (t. 3J = 7.4 HZ. 3H, CH2CH3). 2D NOESY NMR (400 MHz, zrn = 2.5 s): 2(3). 

MS: 180 (15, M+‘), 151(58), 133 (47). 123 (8), 107 (29). 99 (17). 91 (33), 85 (13), 81 (50). 79 (50), 67 (100). 57 (100). 55 (56). 

3~-EthyJ-4-methyJene-2-oxabicycJo[4.4.0]decane 3@-14b. 

‘H NMR (400 MHz): (1) 4.74 (t, 4J = 2.1 Hz, lH, =CH2), (2) 4.72 (t. 4J = 1.9 Hz, JH. =CH2). (3) 4.04 (t, 3J = 7.9 Hz, 1H. 

H(3)). (4) 3.26 (td, 3J = 10.1 Hz and 4.2 Hz, lH, H(l)), (5) 2.16 (dd, 2J = 13.3 Hz, 3J(5,6) = 3.9 Hz, lH, H(5)). (6) 2.08-1.74. (7) 

1.74-1.53, (8) 1.40-1.15 (m, 12H, H(5,6,7,8,9,10), CH2CH3). (9) 0.90 (t, 3J = 7.4 HZ. 3H, CH2CH3). 2D NOESY NMR (400 

MHz, 7, = 2.5 s): 3(-). MS: 180 (12, M+.), 151 (100). 133 (86), 123 (4), 107 (56). 91 (86). 81 (56). 79 (56). 67 (75). 55 (57). 
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