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SYNTHETIC COMMUNICATIONS, 21(20) ,  2015-2023 (1991) 

A CONVENIENT SYNTHESIS OF SOME 1,CDISUBSTITUTED 
7-OXABICYCLO[2.2.l]HEPTANES 

S.R.Baker and J.R.Harris* 

Lilly Research Centre Limited, Eli Lilly and Co., 
Erl Wood Manor, Windlesham, Surrey, GU20 6PH. 

Abstract: An efficient synthesis of a 1,bdisubstituted 
7-oxabicyclo[2.2. llheptane intermediate and its subsequent conversion to a 
potential PAF antagonist is described. 

Arising from an interest in the potential role of platelet activating factor (PAF) 
in allergic disease', we proposed a series of compounds based on 
1,6disubstituted 7-oxabicyclo[2.2, llheptane as potential PAF antagonists. We 
therefore sought a facile route to the intermediate 1 which would allow easy 
access to the compounds we required for developing a structure-activity 
relationship. 

0 

1 

*To whom correspondence should be addressed. 
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Copyright 0 1991 by Marcel Dekker, Inc .  
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2016 BAKER AND HARRIS 

The most widely used method for preparing the 7-oxabicyclo[2.2. llheptane 
ring system is by a cycloaddition to a furan and reduction of the resulting 
oxabicycloheptene2. In our case, this approach would require reaction of a 
2,5-disubstituted furan with a dienophile which is known to be difficult and of 
which there are only a few examples in the literature3. We therefore adopted an 
alternative synthesis in which the key step was a 5-eXO trigonal ring closure4. 
This procedure has the advantage of accommodating the desired substitution 
pattern with a minimum of functional group transformations. 

The key intermediate (1) was derived (scheme 1) from 1,4-cyclohexanedione 
mono ethylene ketal (2) by reaction with ethylidene triphenylphosphorane to 
give the olefin (3). Treatment of (3) with silica gel, pre-adsorbed with aqueous 
sulphuric acid5, furnished the ketone (4) in high yield. A Grignard reaction in 
diethyl ether with hexadecylmagnesium bromide gave the alcohol (5) . Ring 
closure of (5)  was achieved using freshly prepared N-iodosuccinimide6 and 
isolation of the unstable iodooxabicyclic species (6) by rapid chromatographic 
purification on Florisil. Treatment of (6) with 1 &diazabicyclo- 
[5.4.0]undec-7-ene gave the olefin (7) which required heating to 80°C with 
m-chloroperbenzoic acid in the presence of’ the radical scavenger 
3-t-butyl-4-hydroxy-5-methylphenyl~ulphide~ to afford the epoxide (1). 

The utility of the epoxide (1) is demonstrated by the synthesis of the potential 
PAF antagonist (11) (scheme 2). Regiospecific ring opening of the epoxide (1) 
with preformed benzyl alkoxide at 60°C was followed by quenching with MeI* 
to give (8). Debenzylation of (8) to give the alcohol (9) employed palladium on 
carbon as catalyst. The alcohol (9) was converted to the target compound (11) 
using the method of Hajdu9. 

EXPERIMENTAL 

4-Ethylidenecyclohexanone ethylene acetal (3) 

To a stirred suspension of ethyltriphenylphosphonium iodide (147.2 g, 0.352 

mol) in THF (500 mL) at -7OOC was added a solution of n-Buli (2.5 M in 
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CH3CH= PPh3 THF 6 ilica DO% H2SO4 6 
______) ____) 

0 0  CH2CI2 -70' C to O°C 
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95oc I 
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0 0 
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2018 BAKER AND HARRIS 

SCHEME 2 

i) NaH PhCH2OH 
DMSO 60°C 

(1) 

0 
Pd-C /cyclohexene 

AcOH, EtOH 

reflux OH 

NMe3 - 
CH3CN 6OoC 

(9) 

0 
P 
ll,Cl 

0' ' 0  

" 1  
&laH31 

hexane, 134.4 mL, 0.336 mol) dropwise. After the addition the mixture was 

warmed to 0°C and stirred at that temperature for 30 min. Cooling to -70°C was 

followed by dropwise addition of 1,4-cyclohexanedione mono ethylene acetal 

(2) (50 g, 0.32 mol) in Tf-zF (100 mL). The cooling bath was removed and 

stirring was continued for 24h. The reaction mixture was diluted with 

1,1,2-uichlorotrifluoroethane, filtered through a pad of celite and purified by 

column chromatography on silica gel (eluent hexane/diethyl ether 3:2) to 
provide the ethylidene compound (3) as a colourless oil (40.05g). 'H NMR 
(CDCl,): 6 1.59 (3H,d,J=7Hz, B,-C=C), 1.63-1.69 (4H,m,2,6-B2), 2.22(t) 
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1,4-DISUBSTITUTED 7-OXABICYCLO[2.2.1]HEPTANES 2019 

and 2.27(t) (4H,3,5-m2), 3.96 (4H,s,0-CH2CH2-O), 5.22 
(lH,q,J=7Hz,-==C-). 

4-Ethylidenecyclohexanone (4) 

A suspension of silica gel (Sorbsil C60,150g) and aqueous sulphuric acid (20%, 

20ml) in dichloromethane (400ml) was stirred for 0.5h. A solution of the 

ethylidene compound (3) (20.8g, 0.168mol) in dichloromethane (50ml) was 

added and the mixture stirred at room temperature for 2h. The reaction mixture 

was filtered and the procedure repeated by pouring the filtrate onto a prepared 

suspension of silica gel (1OOg) and aqueous sulphuric acid (15%, 20ml) in 

dichloromethane (200ml). After OSh, the reaction mixture was filtered and the 

solvent carefully removed under reduced pressure at room temperature to give 

the ketone (4) as a colourless oil (14.7g). 'H NMR (CDCI,) 6 1.65 
(3H,d,J=7Hz, CH,-C=C), 2.3-2.5 @H,m,2,3,5,6-%), 5.42 

(lH,q,J=7Hz,ClJ=C). 

l-Ethylidene-4-hexadecyl-4-hydroxgcyclohexane (5)  

To a suspension of magnesium turnings (3.88g, 0.16mol) in dry diethyl ether 

(120ml), containing a crystal of iodine and stirred under an atmosphere of 

nitrogen, a solution of l-bromohexadecane (48.74m1, 0.159mol) in dry diethyl 

ether (120ml) was added dropwise whilst the reaction was maintained at reflux. 

The suspension was stirred at room temperature for 4h, then a solution of the 

ketone (4) (16.5g, 0.133mol) in dry diethyl ether (8Oml) was added dropwise at 

a rate which maintained a gentle reflux. The reaction mixture was stirred 

overnight at room temperature, washed with a saturated solution of ammonium 

chloride, dried (MgSOd), filtered and evaporated under reduced pressure. The 
residue was purified by flash chromatography (eluent 

dichloromethane/petle~m ether (40-60°C) 1:l) to give the alcohol (5)  as a 

white solid (29.88). A small portion was crystallised from petroleum ether 

(40-60OC). m.p. 35-37OC. 'H NMR (CDC1,) 6 0.83 (3H,t,CH,-(CH2),5-), 1.58 

(3H,d,J=7Hz,=-C=C-), 1.25 (30H,m,-@2)15-), 1.4- 1.7 (4H,m,3,5-=2), 
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2020 BAKER AND HARRIS 

2.02 (lH,dt) and 2.14 (lH,td) and 2.3 (2H,m) 2 , 6 - a 2 ,  5.18 

(lH,q, J=7,-cB=C-). 

1-Hexadecyl-4-(l-iodoethyl)-7-oxabicyclo[2.2.1 Jheptane (6) 

To freshly prepared N-iodosuccinimide (22.04g, 0.098mol) was added a 

solution of the alcohol (5) (29.88, 0.08Smol) in dichloromethane (200ml). The 

resulting solution was stirred at room temperature for 2.5h under an atmosphere 

of nitrogen with the exclusion of light. The reaction mixture was then washed 

with aqueous sodium metabisulphite (lo%), water and brine, dried (MgS04), 
filtered and evaporated under reduced pressure. The crude oil was purified by 

column chromatography on Florisil (eluent petroleum ether (40-60OC)) to give 

the bicyclic compound (6) as a colourless oil (28.28). 'H NMR (CDCl,) F 0.88 

(3H,t,m-(CH2)15), 1.25 (30H,rn,(C&Jl5-CH3), 1.5- 1.9 (8H,rn,2,3,5,6-%), 

1.9 1 (3H,d,J=7Hz,CH,-C-I), 4.48 (lH,qJ=7Hz,-m-I). 13C NMR (CDC1,) 
(using DEPT 135 to assess multiplicity) F 88.3, 88.5 (C-0, quaternary), 31.5 
(-CH-I, methine). 

l-Ethenyl-4-hexadecyl-7-oxabic~clor2.2.l]heptane (7) 
A stirred solution of the iodobicyclic compound (6) (14.21g, 29.8mmol) in dry 

DMSO (100ml) was heated under an atmosphere of nitrogen in the dark at 

80-85OC with 1,8-diazabicyclo[5.4.0]undec-7-ene (7.3m1, 48.9mmol) and 

hydroquinone (10mg) for 16h. The reaction mixture was cooled, aqueous 

hydrochloric acid (2M, 500ml) was added and the mixture extracted with 

petroleum ether (40-60°C)/diethyl ether 95:5 (200ml). The organic phase was 

separated and washed with water, aqueous sodium metabisulphite (lo%), brine, 

dried (MgS04), filtered and evaporated under reduced pressure to give the 

olefin (7) as a pale yellow oil (9.12g). 'H NMR (CDCl,) 6 0.88 

(3H,t,CH,-(CH2)15), 1.25 (30H,m,-(a7)15-CH3), 1.5-1.9 (8H,m,2,3,5,6-B2), 

5.17 (lH,d,J=IOHz) and 5.27 (1H,d,J=18Hz) -C=C&, 6.22 

( 1 H,dd,J= 10,18Hz,-C€J=C). 
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1,4-DISUBSTITUTED 7-OXABICYCLO[2.2.1]HEPTANES 2021 

1 - (1.2-Epoxyet hyl)-4-hexadecyl-7-oxab~cyclo[2.2.11 heptane (1) 
A solution of the olefin (7) (1.86g, 5.31mmol) and m-chloroperbenzoic acid 
(1.19g, 6.89mmol) in 1,2-dichloroethane (50ml) was heated in the presence of 
3-t-butyl-4-hydroxy-5-methylphenylsulphide (10mg) at 80OC for 3h. The 

reaction mixture was cooled, washed sequentially with aqueous sodmm 

metabisulphite (20%), a saturated solution of sodium bicarbonate, water and 

brine then dried (MgSO,), filtered and evaporated under reduced pressure to 
give an oil which crystallised on standing. Recrystallisation from ethanol gave 

the epoxide (1) as a white solid (1.2g), m.p. 43-45OC. 'H NMR (CDCl,) 6 0.88 

(3H,t,m-(CH2)15-), 1.25 (30H,m,-~2)15-CH3), 1.5- 1.9 (8H,m,2,3,5,6-a2), 

2.67 (1H,dd,J=3,4Hz) and 2.83 ( 1H,dd,J=4,4Hz,CJ2(epoxide)), 3.27 

( 1H,dd, J=3,4Hz,-a-(epoxide)). 

l-(2-Benzyloxy-l-methoxyeth~l~-4-hexadecyI-7-oxabicvclo~2.2.llhe~tane (8) 

To a stirred suspension of NaH (60% dispersion in oil, 55mg, 1.37mmol) in dry 
DMSO (5ml), was added benzyl alcohol (0.14m1, 1.37mmol). The reaction 

mixture was heated at 60OC under an atmosphere of nitrogen for 0.75h, 

followed by dropwise addition of the epoxide (1) (0.25g, 0.68mmol) in dry THF 
(5ml). The temperature was maintained at 6OoC for 4h then at 4OoC for 16h 

before being cooled to room temperature and treated with methyl iodide 

(0.22m1, 3.4mmol). The reaction mixture was stirred at room temperature for 

6h, after which water (30ml) was added. After extraction with petroleum ether 

(40-60°C)/diethyl ether 9: 1 (2x), the combined extracts were washed with water 

and brine, dried (MgSO,), filtered and evaporated under reduced pressure. The 

residue was purified by flash chromatography on silica (eluent petroleum ether 
(40-60°C)/diethyl ether 98:2, 9 5 5 )  to give (8) as a colourless oil (0.26g). 'H 

NMR (CDCl,) 6 0.88 (~HJ,CH,-(CH,)~~-), 1.25 (30H,m,-a2)15-CH3), 1.5-1.9 

(8H,m,2,3,5,6-=), 3.5 to 3.8 (3H,m,-~(OCH3)-C!&-OBz), 3.55 

(3H,S,Oa,),  4.54 (2H,s,O=Ph). 
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2022 BAKER AND HARRIS 

l-Hexadecyl-4-(2-hydroxy-l-methoxyethyl)-7-oxabicyclo[2.2.l]heptane (9) 
A suspension of (8) (1.70g, 3.48mmol) and 10% palladium on carbon (0.42g) in 

a mixture of cyclohexene (30ml), ethanol (100ml) and acetic acid (30ml) was 

heated under reflux under an atmosphere of nitrogen for 70h. The reaction 

mixture was filtered, concentrated under reduced pressure and then diluted with 

petroleum ether (40-60°C). The solution was washed sequentially with a 

saturated solution of sodium bicarbonate, water and brine, then dried (MgS04), 

filtered and evaporated under reduced pressure. The crude material was 

purified by flash chromatography on silica (eluent petroleum ether 

(40-60°C)/diethyl ether 1:l) to give the alcohol (9) as a colourless oil (1.25g). 

A sample was crystallised from ethanol as a white solid. m.p. 45-48OC. 'H 

NMR (CDC13) 6 0.88 (3H9t,=,-(a2)1,-), 1.25 (30H,m,-(C&)15-CH3), 1.5-1.9 
(8H,m,2,3,5 ,6-a1), 2.48 ( 1 H,dd,m),  3.5-3.8 (3H,m,-~(OCH3)-C&OH), 

3.55 (3H,~,-0=3). 

l-Hexadecyl-4-ll-methox~3-(2-oxo-l,3,2-dioxaphospho~an-2-ylox~methgl)- 
ethrl]-7-oxabicyclo[2.2.l]heptane (10) 
Dry methylamine (0.2868, 2.83mmol) and 2-chloro-2-oxo-l,3,2-dioxa- 
phospholane (0.40g, 2.83mmol) were added to a solution of the alcohol (9) 
(0.98g, 2.83mmol) in dry benzene. The reaction mixture was stirred under an 

atmosphere of nitrogen at room temperature for 2h. The precipitate of 

methylamine hydrochloride was filtered and the solvent removed under reduced 

pressure to give a crude oil (10) which was used immediately in the next step. 

ruc-0-2- (4-hexadecgl-7-oxabicyclo[2.2.1] hept-l-sl)-2-methoxyethyl 
0-trimethvlammonioethyl phosphate (inner salt) (11) 
A solution of the crude oil (10) ( l . l lg ,  2.20mmol) in dry acetonitrile (2.5ml) 

was added to mmethylamine (lml) contained in a reactor vial under an 
atmosphere of nitrogen at OOC. The vial was sealed and heated with stirring at 

60°C for 24h. The reaction mixture was cooled and the precipitate filtered, 
washed with dry acetonitrile and dried under reduced pressure at 5OOC. 
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1,4-DISUBSTITUTED 7-OXABICYCLO[2.2.1]HEPTANES 2023 

Recrystallisation from chloroforddiethyl ether gave (11) as a white 

hygroscopic solid (0.44g). ‘H NMR (MeOH-dJ li 0.89 (~HJ,CH,-(CH~),~),  
1.2- 1.4 (30H,m,-a2)  15-CH3), 1.4- 1.9 (8H,m,2,3,5,6-a2), 3.22 

(9H,s,N+w3)3), 3.53 (3H,S,Oa3), 3.66 (2H,t,C&N+), 3.65 

(111,dd,-CEJ-OCH3), 3.82 (lH,ddd,J=6,6,1lHz) and 4.05 (lH,ddd,J=3,5,11Hz) 

- CH2-CHOCH3, 4.29 (2H,m,-O-B2CH2-N+). 

AcknowledRments: We thank S .  Morgan and D. Sudworth for the spectroscopic 
analysis. We are grateful to P. Bishop and T. Clarke for helpful discussions. 
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