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Summary: The sodium acetate-buffered peracetic acid oxidation of various 1-methoxybicyclo[2.2.2]oct-S- 

enones (4a-f), and (14), prepared by hydrolysis of the adducts (3) [(13)] derived from dihydroanisole 

derivatives (2) [(12)] and 2-~hlo~~~loni~le leads to 4-substi~t~ cyclohex-2-en-l-one 4-acetic acid 

derivatives (7) [(HI)]. 

4,CDisubstituted cyclohexenones have played an important part in the synthesis of many natural products. 

In particular most of the routes to the Sceletium alkaloids such as mesembrine and related compounds have 

relied on 4-afyl-4-~~~ylcyclohexenone intermediates. 1 Cyclohexenones have also featured in syntheses 

of trichodermin,2 9-pupukeanone,3 and trichodermol.4 

Many fundamentally different methods of construction of 4-substituted cyclohexenones have been 

reported. These include the early methods due to Stork, involving conjugate addition of an enamine to 

unsaturated ketones followed by intramolecular aldol cyclisation,5 and the related asymmetric version due to 

yamada, and Martin’s approach using a different method of forming enamines.7 Martin has also closed the 

ring by intramolecular Wittig cyc1isation.g Another popular method is the opening of p,r- 

cyclopropylcyclohexanones.9 Becker has exploited ozonolytic cleavage of acetals derived from deconjugated 

bicyclic enones. Adducts derived from the Danishefsky dienel 1 and related compounds12 serve 2s useful 

precursors to cyclohexenones. The Stork-Danheiser13 alkylation of enolates derived from 3- 

~oxycy~lohexenones has been applied by Kendel4 in an approach to the taxane diterpenes. ~A~lation of 

cyclohexenones, either through l-~oxycy~lohex~enesl5 or involving the derived dienylium tricarbonyliron 

complexes16 is a quite different strategy for preparing these versatile synthetic building blocks. Other 

contributions of note have emerged recently from the groups of Dauben, Majetich,l8 and Meyers.19 

The approach to cyclohexenones to be described in this paper is based on the fragmentation of 

bicyclo[2.2.2]octane derivatives which was pioneered by Birch over twenty years ago,20 and which has been 

utilised by various workers in subsequent studies.21 The general strategy22 is illustrated in Scheme 1. Birch 

reduction of an appropriately substituted anisole (1) leads to the corresponding dihydro-derivative (2) which 

can be isomerised by 2 variety of acid-,23 or base-catalysed ,24 or thermal2~25y26 methods to the conjugated 

diene by a pathway involving shift of the enol ether double bond. We chose to follow the procedure developed 

by Evans25 and subsequently exploited by Raphael2 in which isomerisation of the diene occurs in situ in the 

presence of ~-chlo~~~loni~le in refluxing benzene. Phenothia~ne is used as a radical in~bitor and the 

dienophile undergoes cycloaddition to the conjugated diene 2s it is generated. There is generally no great 
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endo/exo diastereoselection in such reactions. Under forcing conditions the exe-chloro adduct (3; exe-Cl) 

can rearrange to the bicyclo[3.2. lloctanone (8). 2927 Such rearrangements have been exploited by others in 

synthesis28 and studied mechanistically .29 Evans2S developed an aqueous sodium sulphide procedure for 

the solvolysis of the chloronitrile adducts into the corresponding ketones. This has largely been followed by 

other workers in the field.2,2%30 0th er procedures involving aqueous potassium hydroxide solution31 and 

potassium hydroxide in dimethylsulphoxide 32 have also been reported, but these are far less effective. All 

such hydrolyses apparently involve participation of the neighbouring rr-bond,279 31 and the particular balance 

between required ketone and hicyclic by-product seems to be determined by the relative nucleophilicity of the 

solvolysis medium. 

OMe 

J$$ 0 J+iR, 0 j&p (iii) - 
R’ 

(1) (2) (3) 

(a) R’ = R3 = H, R2 = Me 
(b) R’ = Me, R2 = R3 = H 
(c) R’ = R’ = Me, R3 =H 
(d) R’ = R* = R3 = Me 
(e) R’ = R* = R3 = H 
(f) R’,R* = -(CH,),- , R3 = H 

Reagents: (i) Birch reduction; (ii) 2Ghloroacrylonitrile, benzene, reflux; (iii) Sodium sulphide, potassium 
hydroxide, ethanol, reflux; (iv) Peracetic acid, acetic acid, sodium acetate; (v) Dimethyl sulphate, 
aqueous sodium hydroxide. 

SCHEME 1 

The final stage of the synthetic sequence (Scheme 1) involves Baeyer-Villiger fragmentation of the bicyclic 

enone to the rearranged fused lactone (6) and ultimately the cyclohexenone (7). The Baeyer Villiger oxidation 

of bicyclic ketones has been reviewed by Krow.33 Meinwald34 was the first person to recognise the 

fragmentation mode in the Baeyer-Villiger oxidation of bicyclo[2.2.2]octenones, and subsequent observation 

of this pathway has been recorded for a variety of electronically similar substrates.35 This is to be contrasted 

with the behaviour of bicyclo[2.2. llheptenone substrates whose oxidation forms the basis of Corey’s seminal 
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route to prostaglandins.36 For these compounds the intermediate lactone is usually isolable, and Lewis acids 

are required to promote the allylic rearrangement to the fused bicyclic lactone product. Such processes form 

the basis of several stereocontrolled routes to natural products as has been elegantly demonstrated by Grieco37 

and others.38 

The general strategy was first tested with the ketone (4a) which was prepared from (la), (2a), and (3a) 

according to the method reported by Evans. 25 Baeyer-Villiger oxidation of (4a) was carried out with two 

mol. equivalents of 40% peracetic acid in sodium acetate-buffered acetic acid over two days. Work-up of the 

reaction mixture yielded the rearranged lactone (6a) in 56% yield which could be converted into the 

cyclohexenone ester (7a)9 in 91% yield by treatment with dimethyl sulphate in the presence of potassium 

carbonate. Direct work-up of the Baeyer-Villiger oxidation in this way afforded (7a) in a very respectable 

80% from (4a). The use of other oxidants such as m-chloroperbenzoic acid or trifluoroperacetic acid for the 

Baeyer-Villiger oxidation was quite unsuccessful, resulting simply in epoxidation of the double bond in (4a). 

The optimum conditions were to add one mol. equivalent of peracetic acid to a solution of the ketone in 

buffered acetic acid, then to heat the reaction mixture at 50 oC for four hours. After the reaction mixture had 

cooled to room temperature another equivalent of per-acid was added, and the reaction was left for two days. 

The success of this general sequence with (4a) encouraged us to attempt the process with substituted methyl 

derivatives of (4; RI = R3 = H; R2 = CH2OH, CH2OAc, CH2CH20H, CH2CH2OAc) but these 

all failed to undergo cycloaddition, presumably because of the increased steric demands of the modified 

substituent This can to some extent be overcome by forcing the substituent into the ring plane as illustrated for 

the fused derivative (3f) which is smoothly formed in a cycloaddition reaction, and which can be converted 

into the ketone (4f) in the usual way. A related example of the use of this device is described below. 

We have applied the general sequence to the bicycle-octenones (4a), (4b), (4c), (4d), (4e), and (4f) 

to obtain the corresponding cyclohexenones (7) in yields ranging from 52-91 %. The results presented 

deserve some further comment. Some general difficulty was experienced in hydrolysis of the chloro-nitrile 

functionality to ketone. For example the procedure described 36 for (4b) was unreliable, and we managed to 

obtain reproducible, but nevertheless moderate yields, by carrying out the sodium sulphide solvolysis in 95% 

ethanol in the presence of two mol. equivalents of potassium hydroxide. Cycloaddition of various dienophiles 

to the trimethyl-substituted diene (2d) had previously been reported by Dastur2la and Masamune.39 Only 

anri-approach of the dienophile to the CH3 on the saturated bridge was observed by Dastur, whereas 

Masamune obtained mainly the anti-, but also some syn-product. In the present work predominantly the 

product of anti-addition of a-chloroacrylonitrile to (3d) was obtained. This led to a 8: 1 ratio of the ketone 

solvolysis products (9) and (10) whose stereochemical assignment was made largely on the basis of n.0.e. 
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proton N.M.R. measumments as shown on the relevant structures, The chemical shift of the Me group in (9) 

which is .syn to the double bond is characteristically at 6 0.8 whereas the cormspondmg group in (10) is at 6 

1.0, a feature already noted by Masamune. 2idye Although the fused lactone (6d) was obtained from (9) in 

only modest yield the direct work-up procedure for the Baeyer-Villiger oxidation afforded the relatively highly 

substituted cyclohexenone (7d) in respectable yield. 

Under certain circumstances it is possible to introduce substituents at other positions in the bicyclo- 

octenone and hence into the target cyclohexenones. Thus the Birch reduction product (ll)J of 2,4- 

dimethylanisole isomer&es around the enol ether double bond to give (12) (Scheme 2). This undergoes 

essentiafiy anti-selective cy&addition to give the adduct (13) containing a “I-methyl substituent whose 

st~e~he~s~ is established in the ketune (X4.4) ( 6 0.85 in the proton N.M.R. for the Me syn to the double 

bond). Baeyer-Villiger oxidation of (14) and work-up in the usual way gave the cyclohexenone (15). 

($2) (131 

SCHEME 2 

Kt is not possibkz to employ such a strategy to introduce a substituent at C-8 in (4) unless a symmetrical 

precursor such as (2d) is used. Thus isomerisation of a hypothetical Birch reduction product (2; RI = R2 = 

H; R3 = alkyl) would inevitably lead to the more substituted diene and hence the adduct (3; Rx = alkyl; 

R2 = R3 = H). However this problem can be overcome by using a removable substituent in the diene 

precursor. The general principle is illustmted in Scheme 3 in which the OMe group is employed as a removable 

group which directs the ~g~ose~~~~~ of tbe Birch reduction and the su~~ue~t isorn~s~~. This strategy 

has been tested for the simplest example, resorcinol dimethyl ether (16; R = H). Birch reduction gave the 

required dihydro-product (17; R = H) 24c which isomerised and underwent cycloaddition of the a- 

chloroacrylonitrile to give the adduct (18; R = H) which was not purified but was hydrolysed directly in acid 

to the ketone (19; R = H) in 72% yield. Removal of the carbonyl group was achieved by borohydride 

r&&on to the mixture of akohofs (20; R = H), followed by thionyl chloride elimination to give (21; R = 

H) which is in fact identical to (3 e) which has been converted into (ge). 



(16) VT) (18) 

Having e&&&&XI the general: concepts for this sequetX& we attempted to prepaIr. the Conjugatti diene 

(25) by Birch reduction af (23) and isom&sation of (24). The cycloaddition sequence analogous to that 

shown in Scheme 3 when applied to (25) was expected to yield the cyclohexerrone (26) which is an important 

precursor in the synthesis of the antikdant ajugarin. 40 Unfortunately, ptassium btoxida-induced 

~~~~~~a~o~ of (24) gave exc&&&y the c0&gated diene (27) which may vacate &at the strain &sing 
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from the known conformational preference 41 of the enol ethers in (25) is too high. The enol ether (27) 

enjoys apparently significantly less enol ether conformational strain than (25) (where the OMe group and the 

C-Me group are forced into the same region of space as a result of the preferred conformation of the enol ether) 

even though the double bond is di- as opposed to ~substi~~. A solution to this problem is to link these two 

carbons as shown in compound (28) and this has been achieved by both Masamune42 and us.27 

EXPERIMENTAL 

M.p s were determined on a Kofler hot stage apparatus. Proton N.M.R. spectra were recorded at 250 

MHz with a Bruker WM 250 or at 100 MHz with a Varian HA-100 or at 90 MHz with a Varian EM-390 

spectrometer. I.R. spectra were recorded as a 2.5% w/v solution on a Perk&Elmer 297 spectrometer. Mass 

spectra were recorded with A.E.I. MS 902 or 30 instruments. Microanalyses were performed by Mr D. Flory 

and staff at the University Chemical Laboratory, Cambridge. Thin layer chromatography was carried out on 

Merck kieselgel60 GF254 plates coated to a thickness of 0.25 mm. Flash column c~omato~phy was carried 

out on Merck kieselgel60 (230400 mesh). 

&Methvl-9-oxabicvclol4.3.0lnonane-3.8~dione (64. 

l-Methoxy-4-methylbicyclo[2.2.2]oct-S-en-Zone 25 (4a) (1.03 g, 0.062 mole) was dissolved in 

glacial acetic acid (5 ml) and anhydrous sodium acetate (0.5 g) was added. 40% Per-acetic acid (3.4 ml, 

0.124 mole) was added and the flask was stoppered and left at room temperature for 3 days. A further 

aliquot of 40% peracetic acid (1.2 ml, 0.062 mole) was added and the reaction mixture stood for a further 2 

days. Then chloroform (40 ml) was added to the reaction mixture and the solution was washed with aqueous 

sodium sulphite, aqueous sodium hydrogen carbonate, and brine. The solution was dried over sodium 

sulphate and the solvent removed under reduced pressure to yield an oil. Recrystallisation from ethyl 
acetatelhexane gave a white solid (0.57 g, 56%) m.p. 74 - 75 Oc; 6 (CDC13) 4.6 (lH, t, J = 4H2, H-l), 2.8 

(2H, m, H-4), 2.6 (2H, q, JAB = 14H2, H-7), 2.4 (2H, m, H-2), 1.9 (2H, m, H-5), 1.4 (3H, s, Me-6); 

Vmax. (CHC13) 1780 and 1725 cm-l; m/z 168 (M+, IOO%) and 96 (64). (Found: C, 64.1; H, 7.25. 

CgHl203 requires C, 64.3; H, 7.1%). 

4-Methvl-I-oxocvcloh 2 _ - en-4 -acetic acid methvl ester (7~j.9 

~Methyl-9-oxabicy~lo~4.3.O]nonane-3,S-dione (da) (0.5 g, 0.03 mole) was dissolved in acetone 

(20 ml). Anhydrous potassium carbonate (1 g) was added and the mixture heated at reflux for 1 hour. 

Dimethyl sulphate (4 ml, 0.042 mole) was then added and the mixture refluxed for 5 hours. The reaction 

mixture was cooled to room temperature and water (40 ml) added. The aqueous solution was extracted with 

chloroform (3 x 40 ml). The organic extracts were washed with brine (2 x 20 ml), dried over sodium 

sulphate, and the solvent removed in vucuo to give an oil. The oil was distilled to give the product (0.50 g, 

91%), b.p. 50 oC/12 mm Hg (Kugelrohr) ; G(CDCl3) 6.2 (lH, d, J = 9 Hz, H-2), 6.0 (lH, d, J = 9 Hz, H- 

3), 3.4 (3H, s, OMe), 2.1-1.3 (6H, m, H-5, 6, 7), 1.2 (3H, s, Me-4); vmax. (CHC13) 1730, 1680, and 

1620 cm-l. 

4-Methvi-f-oxocvcbh 2 _ - en G-acetic aci&zethvl ester (7~zJ.~ 

l-Me~oxy-4-me~ylbi~y~lo[2.2.2]~t-5-en-2-one 25 (4a) (20 mg, 0.12 mmole) was dissolved in 

glacial acetic acid (1 ml). Sodium acetate anhydrous (0.1 g) and 40% peracetic acid (0.05 ml, 0.25 mmole) 

were added and the mixture heated at JO Oc for 3 hours. The mixture was cooled to room temperature and a 
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further aliquot of 40% peracetic acid (0.05 ml, 0.25 mmole) added. The reaction flask was stoppered and 

stood for 3 days at room temperature. Then acetone (10 ml), potassium carbonate (2 g), and dimethyl 

sulphate (2 ml) were added and the mixture heated at reflux for 1 hour. The solvent was removed under 

reduced pressure and water added to dissolve the salts. The aqueous solution was extracted with ether (3 x 

10 ml). The ether was washed with brine, dried over sodium sulphate, and the solvent removed under 

reduced pressure to give an oil which was purified by preparative t.1.c. to give the ester (17 mg, 80%) 

identical with that previously prepared 

I-Methoxv-5-methvlbicvclol2.2.2loct-S-en-2-one (4b1.30 

2-Chloro-l-methoxy-5-methylbicyclo[2.2.2]oct-5-en-2-carbonitrile (3b), prepared according to the 

method of Monti,74 (11.2 g, 0.053 mole) was dissolved in 95% ethanol (100 ml). Sodium sulphide 

nonahydrate (11.2 g, 0.047 mole) and potassium hydroxide (8 g, 0.143 mole) were added and the mixture 

heated at reflux for 16 hours. The reaction mixture was cooled to room temperature and ice-water (150 ml) 

was added and the aqueous solution extracted with ether (3 x 100 ml). The ether extracts were washed with 

brine (2 x 30 ml), dried over sodium sulphate, and the solvent removed in vucuo to give a brown oil. The oil 

was distilled under reduced pressure to give a colourless oil (4.0 g, 46%), b.p. 72-76 oUO.3 mmHg (lit.,30 
68-72 oC/O.2 mmHg); 6 (CDC13) 5.7 (lH, br.s, H-6), 3.5 (3H, s, OMe), 2.7 (lH, br.s, H-4), 2.1 (2H, m, 

H-3), 1.9 (3H, d, J = 2 HZ, Me-5), 1.8-1.6 (4H, m, H-7, 8); Vmax. 1725 cm-l. 

3-Methvl-I-oxocvclohex-2-ewf-acetic acid methvl ester 17bl.43 

l-Methoxy-5-methylbicyclo[2.2.2]oct-5-en-2-one 30 (4b) (0.5 g, 0.003 mole) was dissolved in 

glacial acetic acid (3 ml) and anhydrous sodium acetate (0.3 g) was added. 40% Peracetic acid (0.57 ml, 

0.003 mole) was added with stirring. The mixture was warmed at 50 Oc for 3 hours, allowed to cool to 

room temperature, and 40% peracetic acid (0.57 ml, 0.003 mole) added. The reaction was allowed to stand 

until complete by t.1.c. (4 days). Water (10 ml) was added to the reaction mixture and the solution was 

basified with 10% aqueous sodium hydroxide. Dimethyl sulphate (7.6 ml, 0.08 mole) was added and the 

solution stirred vigorously for 2 hours. The aqueous solution was extracted with ether (3 x 50 ml). The 

ether extracts were washed with brine and dried over sodium sulphate. The solvent was removed in vacua to 

give an oil (0.5 g). The oil was distilled to give a colourless liquid (0.3 g, 59%) b.p. 125 oUO.2 mmHg 
(Kugehohr) (lit.,43 155 oC10.6 mmHg); 6 (CDC13) 5.9 (lH, s, H-2), 3.7 (3H, s, OMe), 3.4 (lH, s, H-4), 

2.6-2.3 (6H, m, H-5, 6, 7), 2.0 (3H, d, J = 2 Hz, 3-Me); v max. (CHC13) 1720, 1630, and 1625 cm-l. 

2-Chloro-I-methoxv-4_5-dimethvlbicvclo~2.2.21 5 2 act- -en- -carbonitrile (3~1. 

2,5-Dihydro-3,4-dimethylanisole (2~) was prepared by Birch reduction of 3,4-dimethylanisole.9 

Compound (2~) (6.8 g, 0.05 mole) was dissolved in benzene (50 ml). 2-Chloroacrylonitrile (4.4 ml, 0.1 

mole) and phenothiaxine (50 mg) were added and the mixture heated at reflux for 16 hours under a nitrogen 

atmosphere. The mixture was cooled to room temperature and the solvent and high b.p. liquids were 

removed under reduced pressure to yield a light yellow crystalline solid (9.1 g, 81%). A sample was purified 
by preparative t.1.c. and recrystallised from ether/hexane m.p. 98-100 oC; 6 (CDC13) 5.9 (lH, s, H-6), 3.5 

(3H, s, OMe), 2.5-1.5 (6H, m, H-3, 7, 8), 1.9 (3H, d, J = 2 Hz, Me-J), 1.1 (3H, s, Me-4); vmax. 

(CHC13) 2240 and 1645 cm-l. m/z 162 (22%), 152 (45), and 137 (100). (Found: C, 63.5; H, 7.2; N, 6.09; 

Cl, 15.7. Cl2Hl6ClNC requires C, 63.9; H, 7.1; N, 6.2; Cl, 16.7%). 

I-Methoxv-4kibnethvlbicvclol2.2.2loct-5-en-2-one (4~). 

2-Chloro-l-methoxy-45-dimethylbicyclo[2.2.2]oct-5en-2-carbonitrile (3e) (16 g, 0.071 mole) was 
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dissolved in 95% ethanol (100 ml). Sodium sulphide nonahydrate (16 g, 0.067 mole) and potassium 

hydroxide (8 g, 0.143 mole) were added, and the mixture was heated at reflux for 16 hours. The mixture 

was cooled to room temperature and ice-water (150 ml) added. The aqueous mixture was extracted with 

ether (3 x 100 ml). The ether solution was washed with brine (2 x 30 ml) and dried over sodium sulphate. 

the solvent was removed under reduced pressure to give a brown oil which was distilled to give a clear oil 

(5.45 g, 43%), b.p. 78-80 oC10.2 mmHg; 6 (CDC13) 5.9 (lH, s, H-6), 3.5 (3H, s, OMe), 2.0 (2H, m, H- 

3), 1.9 (3H, d, J = 2 Hz, Me-5), 1.9-1.4 (4H, m, H-7, 8), 1.3 (3H, s, Me-4); vmax. (CHC13) 1730 cm-l; 

m/z 180 (M+), 152, 138, and 124. (Pound: C, 73.3; H, 9.00. CllH1602 required C, 73.3; H, 8.9%). 

I-Methoxv-4.5-dimethvlbicvclol2.2.2loct-5-en-2-one (4~). 

Small scale experiments to assess the effectiveness of various reagents in the hydrolysis reaction. 2- 

Chloro-l-methoxy-4,5-dimethylbicyclo[2.2.2]oct-5-en-2-carbonitrile (3~) (1.5 g, 0.007 mole) was 

dissolved in 95% ethanol (30 ml). Sodium sulphide nonahydrate (6 g, 0.026 mole) was added and the 

mixture heated at reflux for 17 hours. Water (30 ml) was ad&d to dissolve salts and the aqueous solution 

extracted with ether (3 x 30 ml). The extracts were washed with brine (10 ml), dried over sodium sulphate 

and the ether removed under reduced pressure to give an oil (0.8 g). The oil was purified by column 

chromatography (silica/ether petrol ether) to yield an oil (0.47 g, 33%). 2-Chloro-1-methoxy-4,5- 

dimethylbicyclo[2.2.2]oct-5-en-2-carbon&rile (3c) (1.0 g, 0.0045 mole) was dissolved in 95% ethanol (20 

ml). Sodium sulphide nonahydrate (1.0 g, 0.0043 mole) and potassium hydroxide (0.5 g, 0.009 mole) were 

added and the mixture was heated to reflux for 16 hours. Water (20 ml) was added to dissolve salts and the 

aqueous mixture extracted with ether (3 x 20 ml). The ether extracts were washed with brine (2 x 10 ml), 

dried over sodium sulphate, and the solvent removed under reduced pressure to give a brown oil (0.75 8). 

The oil was purified by column chromatography (silica: ether/petrol ether) to give a colourless oil (0.33 g, 

41%). 
3.4_Di~ethvl_l_o~_clohex_2_en-4_aceti acid mt/n$ ester (7ck.9 

l-Methoxy-4,5-dimethylbicyclo[2.2.2]oct-5-en-2-one (4~) (2 g, 0.011 mole) was dissolved in 

glacial acetic acid (10 ml) and anhydrous sodium acetate (1 g) was added. 40% Peracetic acid (2.1 ml, 0.011 

mole) was added with stirring. The mixture was warmed at 50 Oc for 3 hours, then allowed to cool to room 

temperature and a further aliquot of 40% peracetic acid (3.1 ml, 0.011 mole) added. The reaction was 

allowed to stand at room temperature until complete by t.1.c. (3 days). Water (20 ml) was added to the 

reaction mixture and then the aqueous solution was basifkd with 10% sodium hydroxide. Dimethyl sulphate 

(20 ml) was added and the solution stined vigorously for 2 hours. The aqueous solution was extracted with 

ether (3 x 100 ml). The ether extracts were washed with brine (30 ml), and dried over sodium sulphate. The 

solvent was removed under reduced pressure to give an oil, which was distilled to give a clear oil (1.4 g, 
60%), b.p. 100 oCYO.1 mm Hg (Kugelrohr) ; 6 (CDC13) 5.8 (lH, s, H-2), 3.7 (3H, s, OMe), 2.6-1.4 (6H, 

m, H-3, 7, 8), 1.9 (3H, d, J = 2 Hz, Me-3), 1.25 (3H, s, Me-4); Vmax. (CHC13) 1730, 1660, and 1600 

cm-l. 
2-u __ 14. _ . 

2,5-Dihydro-3,4,5-trimethylanisole (2d) (10 g, 0.066 mole) was prepared by Birch reduction of 

3,4,5-trimethylanisole2la and was dissolved in benzene (100 ml). 2-Chloroacrylonitrile (12 ml, 0.27 mole) 

and phenothiazine (50 mg) were added and the mixture was heated at reflux for 16 hours under a nitrogen 

atmosphere. The reaction was cooled to room temperature and the solvent and high b.p. liquids were 

removed under reduced pressure to give a yellow crystalline solid (10.9 g, 67%). A sample was purified by 
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preparative t.1.c. and recrystallised from ether/hexane m.p. 72-74 Oc; 8 (CDCl3) 5.9 (IH, s, H-6), 3.6 (3H, 

s, OMe), 2.5-2.1 (5H, m, H-3, 7, 8), 1.8 (3H, d, .I = 2 Hz, Me-S), 1.2 (3H, s, Me-4), 0.8 (3H, d, J = 7 
Hz, Me-7); vmax. (CHC13) 2220 and 1650 cm-l;mlz 203 (35%), 188 (64), 174 (40), and 137 (100). 

(Pound: C, 65.1; H, 7.4; N, 5.7; Cl, 14.9%. C13H18 ClNO requires C, 65.1; H, 7.5; N, 5.9; Cl, 14.9%). 

I_j+fethonv_4.5. anti-8-rrimethvlbicvclo12.2.2.2locr 5 en 2 one __ -- (91 and mthoxv-4.5. svn & _ _ 

trimethvlbicvcloI2.2.2loct-5-en-2-one (1OL 

2-Chloro-l-methoxy-4,5,8-trimethylbicyclo[2.2.2]oc (3d) (2.5 g, 0.01 mole) as a 

8:l mixture of anti- and syn-isomers was dissolved in 95% ethanol (25 ml). Sodium sulphide nonahydrate 

(2.5 g, 0.01 mole) and potassium hydroxide (1.25 g, 0.02 mole) were added and the mixture heated at reflux 

for 16 hours. The reaction mixture was cooled to room temperature and ice/water (75 ml) was added. The 

aqueous mixture was extracted with ether (3 x 25 ml). The ether extracts were washed with brine (15 ml) 

and dried over sodium sulphate. The solvent was removed under reduced pressure to give a brown oil which 

was distilled to give (9) as a colourless oil (1.1 g, 55%) b.p. 70 oC/O. 1 mmHg (Kugelrohr); 8 (CDC13,400 

MHz) 5.9 (lH, s, H-6), 3.5 (3H, s, OMe), 2.05 & 1.95 (2H, AB q, J = 18 Hz, H-3) 1.9-1.8 (2H, m, H-7), 

1.8 (3H, d, J = 2 Hz, Me-5), 1.25 (lH, m, H-8), 1.2 (3H, s, Me-4), 0.8 (3H, d, J = 7 Hz, Me-g); Vmax. 

(CHCl3) 1735 and 1600 cm-l; m/z 194 (M+), 166, and 152. (Pound: C, 74.2; H, 9.2. C12H1802 requires 

C, 74.2; H, 9.3%). N.M.R. data (CDC13, 400 MHz) for (10): 6 5.85 (lH, br. s, H-6), 3.5 (3H, s, OMe), 

2.25 & 2.15 (2H, AB q, J = 18 Hz, H-3), 1.9-1.8 (2H, m, H-7), 1.8 (3H, d, J = 2 Hz, Me-5), 1.3 (lH, m, 

H-8), 1.1 (3H, s, Me-4), 1.0 (3H, d, J = 7 Hz, Me-8). 

I 5.6-Trimethvl-9-oxobicvclol43.Olnonan 3.8 _ - drone 14dl. 

l-Methoxy-4,5,8-trimethylbicyclo[2.2.2]oct-5-en-2-one (9) (0.11 g, 56 mmole) was dissolved in 

glacial acetic acid (1 ml) and anhydrous sodium acetate (0.1 g) added. 40% Peracetic acid (0.11 ml, 57 

mmole) was added and the mixture heated at 50 Oc for 4 hours. The reaction mixture was then allowed to 

cool to room temperature and a further aliquot of 40% peracetic acid (0.11 ml, 57 mmole) added. The 

mixture was allowed to stand at room temperature until reaction was complete by t.1.c. (4 days). Chloroform 

(20 ml) was added to the reaction mixture. The solution was washed with aqueous sodium hydrogen 

carbonate, brine (10 ml), and dried over sodium sulphate. The solvent was removed under reduced pressure 

to give an oil which crystallised from chloroform/hexane to give a white solid (19 mg, 17%) m.p. 104-105 
Oc; 8 (CDC13) 3.0-2.2 (7H, H-2, 4, 5, 7), 1.4 (3H, s, Me-l), 1.2 (3H, s, Me-6), 1.0, 3H, d, J = 7 Hz, 

Me-5); Vmax_ (CHC13) 1770 and 1730 cm-l; m/z 196 (M+), 180 and 167. (Pound: C, 67.1; H, 8.2. 

Cl 1Hl603 requires C, 67.4; H, 8.2%). 

34 - ’ t I-- 1 0x0~~ ohex_2_e&_ac&c acid metbl ester (74. . .j Tram h 1 

l-Methoxy-4,5,8-trimethylbicyclo[2.2.2]oct-5-en-2-one (9) (41 mg, 0.21 mmole) was dissolved in 

glacial acetic acid (1 ml). Sodium acetate (0.1 g) and 40% peracetic acid (0.05 ml, 0.25 mmole) were added. 

The mixture was heated at 50 Oc for 2 hours. Then a further aliquot of 40% peracetic acid (0.5 ml, 0.25 

mmole) was added and the solution stood at room temperature for 2 days. Then acetone (10 ml), potassium 

carbonate (2 g) and dimethyl sulphate (2 ml) were added and the mixture heated at mflux for 2 hours. The 

solvent was removed under reduced pressure and water added to dissolve the salts. The aqueous solution 

was extracted with ether. The ether extracts were washed with brine, dried over sodium sulphate, and the 

solvent removed to given an oil which was purified by preparative t.1.c. to give the ester (23 mg, 52%), b.p. 
110 oCIO.1 mm Hg; 8 (CDC13) 5.9 (lH, s, H-2), 3.7 (3H, s, OMe), 2.6 (2H, m, H-7), 2.5-2.3 (3H, m, 

H-5, 6), 2.0 (3H, d, J = 2 Hz, Me-3), 1.1 (3H, s, Me-4), 1.0 (3H, d, J = 7 Hx, Me-5); vmax. (CHC13) 
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1735, 1665 and 1625 cm-l; m/z 210 (M+), 195, and 179. (Found: C, 68.8; H, 8.8. Cl2HlgO3 requires 

C, 68.6; H, 8.6%). 

I-Oxocvclohex 2 en-4 ncehc aci&nethvl ester 17el __ - . .M 

1-Methoxybicyclo[2.2.2]oct-5-en-2-one (4e)25 (82mg, 0.54mmole) was dissolved in glacial acetic 

acid (2ml). 40% Per-acetic acid (0.1 lml, 055mmole) and anhydrous sodium acetate (0.2g) were added and 

the mixture heated at 5ooC for 3 hours. Then the reaction was cooled to room temperature and a further 

aliquot (O.llml, 0.55 mmole) of peracetic acid added. The reaction was allowed to stand at room 

temperature for 3 days. Then acetone (15ml), anhydrous potassium carbonate (5 g), and dimethyl sulphatc 

(3 ml) were added. The mixture was heated at reflux for 3 hours. The solvent was removed under reduced 

pressure and water added to dissolve salts. The aqueous solution was extracted with ether. The extracts 

were washed with brine, dried over sodium sulphate, and solvent removed under reduced pressure to give an 
oil which was purified by preparative t.1.c. (SiO;?/ether) to give the ester (77mg, 85%); 6 (CDC13) 6.8 (lH, 

m, H-2), 6.0 (lH, m, H-3), 3.7 (3H, S, OMe), 2.5-1.7 (7H, m, H-4,5,6,7); Vmax. (CHC13) 1730 and 

1675 cm-l. 

/-h4ethoxvnicy~ol3.2.2.1 lundec 5 en 2 one ( _- __ 4fl. 

2-Chloro-l-methoxytricyclo[3.2.2.l]undec-5-en-2-carbonitrile (3f)28a (23.73, O.lmole) was 

dissolved in 95% ethanol (200ml). Sodium sulphide nonahydrate (25g, 0.104mole) and potassium 

hydroxide (12g, 0.2lmole) were added and the mixture heated at reflux for 17 hours. Most of the solvent 

was removed under reduced pressure and water (lOOmI) was added. The aqueous mixture was extracted 

with ether (3 x 50ml). The ether extracts were washed with brine (2Oml) and dried over sodium sulphate. 

The solvent was removed under reduced pressure and the product distilled to yield a clear oil (9.8g, 54%) 

b.p. 130-4 oC/O.3 mm Hg; 6 (CDC13) 5.9 (lH, br.s, H-6), 3.5 (3H, s, OMe), 2.5-1.4 (12H, m, H- 

3,7,8,9,10,11); vmax. (CHC13) 1720cm -1; m/z 192 (M+), 164 and 150; (Found: C, 75.0; H, 8.8. 

Cl2Hl602 requireS c, 75.0; H, 8.4%). 
. . * . 

&ever-VillrPerOmdanon 4 . 

The ketone (4f) (300 mg, 1.56 mmole) was dissolved in glacial acetic acid (3 ml) containing sodium 

acetate (300 mg) and 40% peracetic acid (0.8 ml, 4.16 mmole) and the reaction mixture was heated at 50 Oc 

for 4 hours. The reaction mixture was allowed to cool to room temperature, and a further quantity of 40% 

pet-acetic acid (0.8 ml, 4.16 mmole) was added. After a further reaction time of 2 days at room temperature 

acetone (10 ml) was added, followed by potassium carbonate (2.5 g) and dimethyl sulphate (6 ml). The 

mixture was heated to reflux for 2 hours, then it was cooled to room temperature, and the solvent was 

removed. Water was added to the residue and the aqueous layer was extracted with ether. The combined 

ether extracts were dried over sodium sulphate and the ether was removed on the rotary evaporator to yield 

the in&none ester (7fl as a colourless oil (148 mg, 65%); 6 (CDCl3) 5.8 (lH, br. s.), 3.6 (3H, s), 2.8 (2H, 

m), 2.5 - 1.1 (lOH, m); vmax. 1730, 1675 and 1620 cm-l. 

Xhloro 1 _ - m~&~xv4.7 dlmethvlbicvclol2.2.21oc _ . t_5_en_2_ca&nitrile (Ia. 

3,6-Dihydro-2,4_dimethylanisole (11) (14 g, 0.1 mole), prepared by Birch reduction of 2,4- 

dimethylanisole3 was dissolved in benzene (150 ml). 2-Chloroacrylonitrile (18 ml, 0.2 mole) and 

phenothiaxine (100 mg) were added and the mixture heated at reflux for 17 hours. The solvent and high b.p. 
liquids were removed under reduced pressure to give an oil (15.5 g, 69%); 6 (CDC13) 6.1 (2H, s, H-5,6), 

3.7 (3H, s, OMe), 2.6-1.7 (5H, m, H-3, 7, 8), 1.1 (3H, s, Me-4), 0.9 (3H, d, J = 7 Hz, Me-7). This 

material was difficult to purify and was carried through to the ketone (14). 
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-4.7-dimethvlbicvclo122.21oct 5 en _- _ one (1 41. 

2-Chloro-l-methoxy-4,7-dimethylbiyclo[2.2.2]oct-5-en-2-carbonitrile (13) (9 g, 0.04 mole) was 

dissolved in 95% ethanol (60 ml). Sodium sulphide nonahydrate (13.5 g, 0.056mole) and potassium 

hydroxide (4.5 g, 0.08mole) were added and the mixture heated at reflux for 17 hours. The solvent was 

removed under reduced pressure and water (100 ml) added to dissolve the salts. The aqueous solution was 

extracted with ether (3 x 50 ml). The ether solution was washed with brine (50 ml) and dried over sodium 

sulphate. The solvent was removed under reduced pressure to give an oil which was distilled to yield the 
ketone (4.5 g, 69%), b.p. 72-76 oUO.05 mm Hg; 6 (CDC13) 6.1 (2H, m, H-5, 6), 3.5 (3H, s, OMe), 2.3- 

1.7 (5H, m, H-3, 7, 8), 1.2 (3H, s, Me-4), 0.85 (3H, d, J = 7 Hz, Me-7); vmax_ (CHCl3) 1725 and 1610 

cm-l; m/z 180 @I+), 138 and 123. (Pound: C, 73.5; H, 8.68. Cl lH1602 requires C, 73.3; H, 8.9%). 

4.6-Dimethvl-I -oxocvclohex-2-en-4-acetic acid methvl ester /15),3 

l-Methoxy-4,7-dimethylbicyclo[2.2.2]oct-5-e~-2-one (14) (217mg, 1.2 mmole) was dissolved in 

glacial acetic acid (2ml). 40% Per-acetic acid (0.25ml, 13mmole and anhydrous sodium acetate (0.2 g) were 

added and the mixture heated at 50 Oc for 3.5 hours. The reaction was cooled to room temperature and a 

further aliquot of pet-acetic acid (0.25 ml) added. The mixture was allowed to stand at room temperature for 3 

days. Then acetone (20 ml) and potassium carbonate (5 g) were added. Dimethyl sulphate (3 ml) was also 

added and the mixture heated at reflux for 2 hours. The solvent was removed under reduced pressure and 

water added to dissolve salts. The aqueous solution was extracted with ether. The extracts were washed 

with brine and dried over sodium sulphate. The solvent was removed under reduced pressure to give an oil 
which was distilled to give the ester (143 mg, 60%), b.p. 110 oUO.15 mm Hg (Kugelrohr); 6 (CDC13) 6.2 

(lH, d, J = 10 Hz, H-2), 6.0 (lH, d, J = 10 Hz, H-3) 3.6 (3H, s, OMe), 3.5 (3H, s, OMe), 2.5-1.7 (SH, 
m, H-5,6,7), 1.3 (3H, S, Me-4), 1.2 (3H, s Me), and 1.0 (3H, d, J = 7 Hz, Me-6); Vmax. (CHC13) 1730, 

1660, and 1610 cm-l. 

&Chloro-2-cvano-I-methoxvbicvclol2.2.2loctan-5-one 119: R = M. 

2J-Dihydro-1,4_dimethoxybenzene (17; R = H) 24d (14.3 g, O.lmole) was dissolved in benzene 

(60ml). 2-Chloroacrylonitrile (16 ml, 0.2 mole) and phenothiazine (100 mg) were added and the mixture 

heated at reflux for 16 hours under a nitrogen atmosphere. The solvent and high b.p. liquids were removed 

under reduced pressure to give an oil (25.5 g). Crude enol ether (13.4 g) was dissolved in ether (100 ml), 

washed with 3M hydrochloric acid (2 x JO ml), 10% aqueous sodium hydroxide (3 x 50 ml), and dried over 

sodium sulphate. The solvent was removed under reduced pressure to give product (9.5 g). Recrystallisation 

from ether/hexane gave crystals (3.9 g, 35%), m.p. 101-103 Oc. Crude enol ether (0.5 g) was dissolved in 

ether (5 ml) and p-toluene sulphonic acid (0.4 g) was ad&d. The mixture was stirred at room temperature 

for 2 hours. The ether solution was washed with 10% sodium hydroxide and (2 x 5 ml), brine (5 ml), and 

dried over sodium sulphate. The solvent was removed under reduced pressure to give the ketone as white 

crystals (0.3 g, 72%), m.p. 102-4 Oc; 6 (CDC13) 3.4 (3H, s, OMe), 3.0 (lH, s, H-4), 2.8 (2H, m, H-6), 

2.4 (2H, m, H-3), 2.3-2.0 (4H, m, H-7,8); vmax. (CHC13) 1730 and 16OOcm-1; m/z 215 and 213 (M+), 

178, and 126. (Pound: C, 56.5; H, 5.61; N, 6.38. Cl0Hl2ClN02 requires C, 56.2; H, 5.62; N, 6.56%). 

2-Chloro-2-cvarw-I-methoxvbicvclol2.2.2loctan-5-o1(20: R = HL 

2-Chloro-2-cyano-l-methoxybicyclo[2.2.2]~tan-5-one (19; R = H) (3.9 g, 0.018 mole) was 

dissolved in methanol (70 ml). A solution of sodium borohydride (0.7 g, 0.018 mole) in 10% aqueous 
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sodium hydroxide (10 ml) was added dropwise with stirring to the ice-cooled solution. The mixture was 

allowed to warm to room temperature and stand for 45 mins. The mixture was then acidified with 3M 

hydrochloric acid. The methanol was removed under reduced ptessure. The aqueous solution was extracted 

with ether (3 x 50 ml). The ether extracts were washed with sodium hydrogen carbonate, brine, and dried 

over sodum sulphate. The ether was removed under reduced pressure to give the epimeric mixture of 
alcohols as a white solid (3.7g, 94%), m.p. 106-8 Oc; S (CDC13) 4.1 (lH, br.s, OH), 3.4 (3H, s, OMe), 

3.0 (lH, br.s, H-4), 2.8-2.6 (5H, m, H-3,5,6), 2.2-1.9 (4H, m, H-7,8); Vmax. (CHC13) 3600 and 

35OOcm-1; m/z 217 and 215 (M+, 2 and lo%), 162 (4), and 100 (100). (Pound C, 55.9; H, 6.4; N, 6.3; 

M+ m/z 217.0668. Cl~l4C~O2 requires C, 55.7; H, 6.5; N, 6.5%; M 217.0684). 

/?-Ctiom 1 _ - ~~ocf 5 en 2 _- _- cabnzt - r’ ile (44 25 

2-Chloro-2-cyano-l-methoxybicyclo[2.2.2]octan-5-o1 (20; R = H) (357 mg, 1.66 mmole) was 

dissolved in thionyl chloride (8 ml) and the solution heated at reflux for 48 hours. The thionyl chloride was 

removed under reduced pressure. Ether (30 ml) was added to the residue and the ether solution washed with 

aqueous sodium hydrogen carbonate (2 x 10 ml), brine (10 ml), and dried over sodium sulphate. The ether 

was removed under reduced pressure to give an oil. The product was purified by preparative UC. to give the 

bicyclic ketone (4e) (142 mg, 43%) identical by t.1.c. and spectral data to that prepared directly from 

anisole.25 

1,5-Diacetoxy-2,3-~methyl~n~ne 45 (28 g, 0.13 mole) was mixed with 10% aqueous sodium 

hydroxide (330 ml) and heated at mflux for 1.5 hours. The solution was cooled to room temperature and 

dimethyl sulphate (60 ml) was added dropwise. The mixture was stirred for 17 hours. Then concentrated 

aqueous ammonia (30 ml) was added and the mixture stirred for 0.5 hour. The aqueous solution was 

extracted with ether (3 x 150 ml). The extracts were washed with brine (30 ml), and dried over magnesium 

sulphate. The ether was removed under reduced pressure to give an oil (19 g, 88%); S (CDC13) 6.3 @I, s, 

H-4,6) 3.8 (6H, s, OMe), 2.2 (3H, s, Me-2), 2.0 (3H, s, Me-3). vmax, (CHC13) 2815, 1610, and 1600 

cm-l. 

dimethon,. _ _ 

l,S-Dimethoxy-2,3_dimethylbenzene (2.5 g, 0.015 mole) in ethanol (15 ml) was added to liquid 

ammonia (60 ml). Lithium (1 g, 0.14 mole) was added in smalI portions until a permanent blue colour 

appeared, and during the next 3 hours to maintain the colour. The mixture was allowed to reflnx during this 

time. The culour was then allowed to discharge and the ammonia evaporate. Ice-water (400 ml) was added 

to dissolve the salts and the aqueous solution was extracted with ether (3 x 100 ml). The extracts were 

washed with brine (40 ml), dried over sodium sulphate, and the solvent removed under reduced pressure to 

yield an oil (1 g, 40%); S (CDCl3) 4.5 (lH, br.s, H-6), 3.5 (6H, s, OMe), 2.8 (3H, m, H-2,5), 1.7 (3H, s, 

Me-4) 1.1 (3H, d, J = 7 Hz, Me-5); vma~. (CHCl3) 1705 and 1670 cm-l. 
. . 

&=-c~cn of3.6-diWo _ _- 15 d=tW 
3,6-Dihydro-l,J-dimethoxy-2,3_dimethylbenzene (24) (20 mg, 0.15 mmole) was dissolved in 

dimethyl sulphoxide (2 ml). Potassium ten.-butoxide (25mg, 0.2 mmole) was added and the mixture stirred 

for 4 hours at room temperature. The solvent was removed under reduced pressure. The product was distilled 

off the salts (O.lmm Hg, 100 Oc Kugehchr). Proton N.M.R. showed the product to be 2,3-dihydro-I,.% 
dimethoxy-2,3-dimethylbenzene (27). S (CDC13) 5.3 (2H, m, H-4,6), 3.7 @II, s, OMe), 1.6 (2H, m, H- 

2,3), 1.3 (3H, d, J = 7 Hz, Me-2), 1.1 (3H, d, J = 7 Hz, Me-3). 
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