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Summary _: Several stereoselective routes to both ethyl a- and fi- fenchols & and fl are 

discussed. Direct addition of ethyllithium to fenchone was the best route to & whereas obten- 

tion of B was achieved through the highly stereoselective retroethynylation of a mixture of 

ethynyl a- and fl-fenchols 401 and g. 

In connection with studies on compounds exhibiting an earthy-mouldy olfactive characteristic, we 

recently reported a stereospecific synthesis of (%geosmint. Pursuing our investigations in this field, 

we looked for the best stereoselective synthesis of ethyl a-fenchol $& 

It is indeed worthy to note that jg includes all the required features for compounds exhibiting an 

earthy-mouldy odourt, namely: 

- a rigid bi- or tricyclic structure with lo-15 carbon atoms 

- an axial or semi-axial tertiary hydroxyl group 

- a methyl or gem-dimethyl group adjacent to the carbinol group. 

In view of sensory comparison we also searched for the best stereoselective route to ethyl 

(3-fenchol Lg which has lost one of the above mentioned features: the axial orientation for the 

hydroxyl group. 

Moreover, as it is known that olfactive properties of enantiomers may be different, we conducted 

our syntheses from both antipodes of fenchone 2. Our results are summarized in Scheme I (one 

enantiomeric serie represented, starting with (-)-fenchone). 

I - Syntheses of ethvl a-fenchol & 

A - Reaction of organometallics with fenchone 

Exo-attack of organometallic compounds from the less hindered side of bicycloC2.2.llheptanones 

unsubstituted in the 7 position, leads to endo-alcohols with generally high stereoselectivity2. 

As previously reported with other alkylmagnesium halides3, reactions of fenchone 2 with ethyl- 

magnesium iodide (ether, reflux, 8 h, I Scheme I) gave mainly the reduction product, a-fenchol 3 

(B4%] together with k (13%) and unreaoted 2 (3Xj4. 

Cerium chloride promoted reaction of ethylmagnesium bromide5 (THF, reflux, 2 h, II Scheme I) 

afforded slowly but stereospecifically k (23%). most of the ketone (75X)4 remaining unaffected. 

On reaction with ethyllithium (ether, 1 h at O’C then 3 h at 2O’C. Ill Scheme I), fenchone led to 

a g7:3 mixture4 of la:Q respectively in 98% isolated yield which is far better than the 33% yield - 

reported in the litterature6. 
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A 96:4 ratio of &r to 9 was obtained 4 through addition of lithium acetylide-ethylenediamine 

complex at 35’C (THF, 4 h, 95% isolated yield after distillation, IV Scheme I). When performed at 

O’C, the reaction led almost stereospecifically to &r (Car:B1>99:1)4, (THF, 24 h, 92% isolated yield, IV 

Scheme 117. Catalytic hydrogenation of &t (H2, 10% Pd/C, AcOEt, 4 h) afforded b in 98% isolated 

yield. 

6 - Svntheses pj I-methvlcamphene-endo-epoxide & 

We next examined three routes to epoxide $J (Scheme I) the synthesis of which has not yet 

been reported. 

a)-Slow addition of fenchone 2 (2 g/h) to dimethylsulfonium methylide8 (3 equiv., DMSO, O’C 

then 2 h at 2O’C. V Scheme I) afforded a 97:3 mixture 4 of unstable epoxides &(endo):a(exo) respec- 

tively, in 72% yield after distillation (Ebt3 = 76-8’C)g. 

b)-Welch et a00 reported the exclusive formation of the endo epoxide when reacting norbornanone 

R - 

with one equivalent of S-methyl-S-(sodiomethyl)-N-(4-tolylsulfonyl)sulfoximide 5. 

CH3-j;;H2 f 
In our hands, with fenchone, reaction of anion 5 was still incomplete after 90 h 

at 5O’C but GC examination of an aliquot, already showed a 3:l mixture of 

epoxides &:a respectively, together with several unidentified products (VI. 

Scheme I). 

cl-Reaction of fenchone with dimethylsulfoxonium methylide 8 [VII, Scheme I) was first designed 

for the synthesis of exe epoxide B$. This very slow reaction but proved to give mainly the endo 

epoxide a although with moderate stereoselectivity: after stirring for 3 days at 5O’C. the crude 

product contained a 46:21:33 mixture 4 of 6a:6B:2(unreacted), respectively. 

The best stereoselective synthesis of & was then by far the reaction of fenchone p with dimethyl- 

sulfonium methylidel2. 

Upon treatment with lithium dimethylcuprate (ether, reflux, 72 h, VIII Scheme I), epoxide & was 

readily converted to ethyl a-fenchol )% in 85% yield, thus confirming the endo stereochemistry of 

epoxide &. 

However, it appeared from these attempts that the most convenient route to & remained the 

one-step addition of ethyllithium to fenchone (Ill, Scheme I). 

II - Svntheses of ethvl B-fenchol l& 

A - Svntheses g I-methvlcamphene-exo-epoxide 6J 

A stereoselective route to the yet unreported ethyl B-fenchol u was then envisionned through 

the epoxidation of methylcamphene z with m-chloroperbenzo’ic acid (m-CPBA). 

Among the numerous procedures described for the synthesis of 1 , best results are by far obtai- 

ned through the reaction of methylenetriphenylphosphorane with fenchone, according to the excellent 

procedure recently reported by Fitzer and Ouabeck ‘3 (t-BuOK, benzene, 12O’C. 7 h, IX Scheme I). 

As a matter of fact, use of a-lithiomethylenetriphenylphosphoranet4 (X, Scheme I) proved to be 

quite unsatisfactory, yielding only poor yields of methylcamphene 1 It should be quoted that problems 

are sometimes encountered when using this reagentt6. 

Deshydratation of methylfenchol s by treatment with either KHS04t6, Ac2016 or SOC1217 afforded 

moderate quantities of 2 together with hardly separable rearrangement products (XI, Scheme I). 

Unfortunately, epoxidation of 1 with m-CPBA (NaHC03, CH2Cl2, 1 h, O’C. XII Scheme I) afforded 

a 7:3 mixture of unstable epoxides a (exe] : & (endo) respectively. It was consequently impossible 

to directly gain access to pure exo epoxide m. 
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B - Reversibility of the ethynylation of fenchone 

We next studied the selective degradation of the I:1 mixture of a- and f3- ethynylfenchols 4a, 46, 

obtained in 90% yield according to Chodkiewicz et a/ 7 (C2H2, KOH, N-Methylpyrrolidone, 25-C. 56h. 

XIII Scheme I). The crude mixture resulting from this ethynylation was treated with grounded dry KOH 

(XIV Scheme I) and the progress of the reaction monitored by GC. Results obtained through different 

reaction conditions are summarized in the following table. 

I 

I Starting Mixture 

(GCXI 

Highly selective degradation of e was 

KOH 0 

1equiv.l (.C 1 A 
Products then possible provided that only one equi- 

IGCX) valent of KOH was used at 20~18. Fench- 

!& u 2 _ one was not separated at this stage , but 

2 50 1 0 0 100 the mixture was directly hydrogenated 

2 20 4 7 31 62 (H2, Pd/C, EtOAc, 2O’C. 5 h, XV Scheme I). 

1 20 4 0.6 40 59 Ethyl CJ-fenchol Q separated was from 
fenchone through liquid chromatography on 

alumina (Activity I + 3% w/w H20, 99:1 cyclohexane:ethylacetate). 

Starting from both (+)- and (-)-fenchones we have thus obtained (+)- and (-)-ethyl a-fenchols 1% 

and ethyl 6-fenchols u Analytical samples, of suitable purity for olfactory screenings, were obtained 

through preparative gas chromatography (10% Carbowax 20M on Volaspher A2 (Merck)) and are now 

being evaluated. 

1 - 

2 - 

3 - 

4 - 

6 - 

6 - 

7 - 

8 - 

9 - 

10 - 

11 - 

12 - 

13 - 

14 - 

15 - 
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