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66. f-Cleavage of Potassium Bicyclo[2.2.2}oct-5-en-2-olates. Stereoselective
Synthesis of (+)-Trichodiene

by Roger L. Snowden*, Robert Brauchli, and Philippe Sonnay
Firmenich SA, Research Laboratories, CH-1211 Geneva 8

(10.XI.88)

The transformations of 12 bicyclo[2.2.2]oct-5-en-2-ols (V or VI) to 3-(cyclohex-3-enyl)-2-alkanones (II or
1V), via f-cleavage of their potassium alkoxides in HMPA, has been investigated (¢f. Table ). As anillustration of
this synthetic methodology, a stereoselective synthesis of (+)-trichodiene ((£+)-1) is described which involves the
B-cleavage of the tricyclic potassium alkoxides 46a and 47a to cyclopentanone 4 (¢f. Scheme 7).

Introduction. — Trichodiene (1), a naturally occurring sesquiterpene hydrocarbon
isolated from various microorganisms [1], has attracted synthetic interest due mainly to
the fact that it is the biogenetic precursor of a wide range of biologically active tricho-
thecanes [2]. Up to now, relatively few stereoselective approaches to 1 have been re-
ported"), reflecting the general problem of stereochemical control between two adjacent
chiral quaternary C-centres where there is free rotation about the common C—C bond?).

We now present a diastereoselective synthesis of (+)-1 with full experimental details’)
and also describe model studies which were originally designed to provide access to both
(£)-1 and (&)-bazzanene (2)*), its naturally occurring diastereoisomer.

Synthetic Strategy A. — In 1981 [6], we reported the preparation of 1-(cyclohex-3'-
enyl)-2-alkanones (II) from 2-substituted bicyclo[2.2.2]oct-5-en-2-ols (I) via f-cleavage of
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i) R'MgX, Et,0, then aq. NH,Cl soln. 1 R=H
ii)) KH, HMPA, r.t. taR=K
iii) HMPA, A4t, then. aq. NH,Cl soln.

'Y For stereoselective syntheses of (+)-1, see [3a—f]; for nonstereoselective approaches, see [3g-k].
%) For a review on methodology for the construction of quaternary C-centres, see [4].

) Part of this work has been the subject of a preliminary communication [3d].

%) For a stereoselective synthesis of (+)-2, see [5].
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Scheme 2. Synthetic Strategy A
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their potassium alkoxides Ia%) (¢f. Scheme 1). Retrosynthetic analysis of 1 and 2 (¢f.
Scheme 2) indicated that the known cyclopentanones 4 and § [3] [5], their logical
precursors, might be synthesised from ketones III and IV, which in turn would result
from f-cleavage of the potassium alkoxides of bicyclic alcohols V and VI, respectively.
Access to V and VI was envisaged via sequential alkylation of bicyclic ketone 6 to either
VII or VIII followed by reaction with a methyl organometallic reagent. It is thus evident
that the configuration at C(3) in VII and VIII fixes the relative configuration of the two
connected quaternary C-centres in III and 1V9).

%) For other synthetic applications of the f-cleavage of homoallylic potassium alkoxides, see [7) and ref. cit.
therein.
) These quaternary C-centres are marked with an asterisk in Schente 2.
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Scheme 3
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i) CH,=C(CHCN, toluene, 90 . 1) Na-S+9 H,0, EtOH, reflux.

Results and Discussion. Synthesis of 6 (Scheme 3). 1,4-Dimethylcyclohexa-1,4-diene
(7) [8]) was treated with 2-chloroacrylonitrile (1.5 mol-equiv.) in toluene containing a
catalytic amount of hydroquinone at 90° during 60 h, and the resulting Diels-Alder
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i) LDA, THF/hexane, —70°, then Mel, HMPA, —30. ii) LDA, THF/hexane, —70°, then allyl iodide (R = H) or

prenyl bromide (R =Me), HMPA, —-30°.
HMPA, —60°.

i) MeLi, EL,0, 0-r.t.

7

iv) LDA, THF/hexane,

—70°, then Mel,

Compound 7 was synthesised using a three-step sequence starting from 4-methylanisole (¢f. Exper. Part).

After completion of our work, Brady and co-workers described a practical two-step synthesis of 7 from

p-xylene [9].
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cycloadducts 8 (4:1 diastereoisomeric mixture, 71 % yield) were then hydrolysed using
Na,S-9 H,0 in refluxing EtOH [10] to give 6°) in 72% yield.

Synthesis of 12, 13, 17, 18, 20, 21, 24, and 25 (Scheme 4). Deprotonation of 6 with
lithium diisopropylamide (LDA) in THF/hexane at —70° followed by treatment of the
resulting lithium enolate with Mel at —30°, with hexamethylphosphoric triamide
(HMPA) as co-solvent, afforded 9 in 88 % yield®). Using analogous conditions, allylation
or prenylation of 6 led to the isolation of 14 (72%)°) and 22 (90%), respectively, whereas
allylation and prenylation of 9 afforded 11 (95%) and 19 (86 %), respectively. Similarly,
methylation of 14 and 22 furnished 16 and 23, respectively, in almost quantitative yields.
The excellent stereoselectivities ( = 95%)™) of these alkylations, which thus allow ready
access to 11, 16, 19, and 23 from 6, is due to exclusive capture of the electrophile on the
sterically less hindered face of the corresponding lithium enolate.

Treatment of 11 and 19 with MeLi in Et,O at 0° led to the formation of 5.7:1 mixtures
12/13 (93%) and 20/21 (98%), respectively. Under identical conditions, 16 and 23
afforded 17/18 (2.6:1, 88%) and 24/25 (1.5:1, 93%), respectively. All four pairs of
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i) O3, CH,Cl,, —60°. ii) Me;S, CH,Cl,. iii) HOCH,CH,OH, TsOH (cat.), C¢H, reflux. iv) MeLi, Et,0, 0°.

8)  After the publication of our synthesis of 1 [3d], Prof. Kreiser (University of Braunschweig) informed us of
independent syntheses of 6, 8, 9, 10, and 46, also in the context of a synthetic approach to 1 [11]. We thank
Prof. Kreiser for providing us with this information.

%)  The methylation and allylation of 6 led to the formation of small amounts (ca. 5%) of dialkylated ketones 10
and 15 (¢f. Exper. Part).

10)  This lower stereoselectivity limit was estimated by "H-NMR spectral analysis of the crude reaction mixture.
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diastereoisomeric alcohols were separated by chromatography, and each alcohol was
fully characterised by spectral analysis. The stereochemical outcomes of these reactions
are in qualitative agreement with nucleophilic attack of MeLi on the less hindered face of
the substrate ketone. However, it is not clear why this stereoselectivity is higher for 11 and
19 when compared with 16 and 23").

Synthesis of 28, 29, 32, and 33 (Scheme 5). Chemoselective ozonolysis of the trisubsti-
tuted C=C double bond in 19 followed by reduction of the intermediate ozonide with
Me,S led to keto aldehyde 37 in 58 % yield. Subsequent treatment of 26 with ethylene
glycol and a catalytic amount of TsOH in refluxing benzene resulted in selective acetalisa-
tion of the aldehyde group to furnish keto acetal 27'2) (85 %). Reaction of 27 with MeLi
in Et,0 at 0° then afforded hydroxy-acetal mixture 28/29 (9:1, 98%), inseparable by
chromatography. Using the same methodology, 23 was transformed, via keto aldehyde
30 and keto acetal 31'?), to 32/33 (4:1, 58 % overall yield from 23) which were separated
by chromatography.

B-Cleavage of Potassium Alkoxides 12a, 13a, 17a, 18a, 20a, 21a, 24a, 25a, 28a, 29a,
32a, and 33a. For these reactions, a general experimental procedure was followed. Thus,

Table 1. f-Cleavage of Substituted &\ &/ L L:':IFA At H Y /OI
Potassium Bicyclo[2.2.2]oct-5-en-2-olates zea

vi OH
Entry Alcohol Reaction Product Yield Side
v VI conditions®) (ex B-cleavage) [%] products®)
11 v
I 12 A 34 - -
2 13 A - -~ - 359
3 17 A - - -~ 36%
4 18 A - 37 4
5 20 A 38 - 16 39
6 21 A 38 - 2 39
7 24 B - 40 26 39
8 25 B - 40 2 39
9 28 + 29 A 41 - 10 2
“:n
10 32 A - - -
1 33 A - - - 42

2) 1.2 mol-equiv. ) 4:70°.1 h: B:50°, 1 h. ) Yields not determined. 9) Configuration at C(4) unassigned.
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38

Yy For further examples involving the reaction of MeLi with bicyclo[2.2.2]oct-5-en-2-ones, cf. 27—28/29;
31-+32/33 (Scheme 5) and 6—-57/58; 10-59/60 (Scheme 13).

12y Direct syntheses of 27 and 31 vig alkylation of 19 and 6 (i.e. LDA followed by 2-iodomethy!-1,3-dioxolan)
were unsuccessful.
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a solution of each substrate alcohol (V or VI) in HMPA was added to KH (1.2 mol-
equiv.) in HMPA at 20° under N, to form the corresponding potassium alkoxide (Va or
VIa) which was then heated under the reaction conditions 4 or B (cf. Table 1). The
evolution of each reaction was followed by TLC, and isolation of the products was
effected by aqueous workup, extraction, and chromatography. Several conclusions may
be drawn from the results.

i) Only five substrates (c¢f. Entries 1, 4, 5, 7, and 9) afforded isolable quantities of
ketones III and 1V resulting from the desired S-cleavage reaction. In addition, only 20
and 24 (cf. Entries 5 and 7) gave yields in excess of 15%. It can, thus, be concluded that
the transformation of I to II (cf. Scheme 1) is inefficient, when there is substitution at
C(1), C(3), and C(4) in the substrate alcohol. The principal competing reaction is a facile
retro-Diels-Alder reaction of the corresponding alkoxide [12] which involves cleavage of
both C(1)—C(2) and C(3)—C(4) bonds and was confirmed by the isolation of ketones 39
and 42.

ii) The B-cleavage reaction occurs without loss of the configurational integrity at C(3)
and C(4). For example, both 20 and 21 afforded 38, whereas 24 and 25 both led to the
formation of 40. Similarly, 12 and 18 gave 34 and 37, respectively. The diastereoisomeric
purity ( = 95 %) of the product ketones was determined by GC analysis and inspection of
their '"H- and “C-NMR spectra (c¢f. the Fig.), thus demonstrating that the relative

Figure. C-NMR Assignments for 1, 4,34, 37, 38, 40, 46, 47, and 51%)
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configuration of C(3) and C(4) in substrates V and VI is maintained in C(3) and C(1") of
the products III and IV. This result demonstrates that interconversion of IIl and IV, via a
possible base-catalysed isomerisation of the cyclohexenyl C=C bond, is not taking place
under the strongly basic reaction conditions.

iii) The efficiency of the §-cleavage process is strongly dependent on the C(2)-configu-
ration of the substrate alcohol. A comparison of the behaviour of the four diastereoiso-
meric alcohols, 20, 21, 24, and 25 (¢f. Entries 5-8), illustrates this point. Whereas 20 and
24 afforded the desired S-cleavage products, 38 and 40, in acceptable yields, 21 and 25"),
under identical reaction conditions, gave only trace amounts (ca. 2%) of the same
compounds. An explanation of these results is that initial heterolytic cleavage of the
C(1)—C(2) bond in 20a and 24a leads to a transient intermediate in which 1,5-H transfer
is conformationally favoured. In contrast, a similar cleavage of the C(1)—C(2) bond in
21a and 25a affords an intermediate where 1,5-H transfer requires a C—C bond rotation
to acquire a favourable conformation. This phenomenon, previously observed in analo-
gous substrates [6] as a slight reduction in yield between two alcohol substrates epimeric
at C(2), is thus amplified in the more substituted systems examined in the present study.

iv) Other important factors are competing reactions under the strongly basic reaction
conditions. For example, 13 and 17 are converted to the tetrahydrofurans 35 and 36,
respectively (¢f. Entries 2 and 3) via intramolecular addition of the 2-olato to the adjacent
3-allyl group™). Moreover, the presence of an acetal function (¢f. Entries 9~11) leads to
extensive decomposition of the substrate.

Attempted Transformations of 38. Because of the poor yields of the f-cleavages, little
time was spent on the eventual transformation of ketones III and IV to 1 to 2 in
continuation of Synthetic Strategy A (cf. Scheme 2). Nevertheless, preliminary experi-
ments were conducted in order to investigate the possibility of chemical differentiation
between the two trisubstituted C=C bonds in 38. Disappointingly, treatment of 38 with
equimolar amounts of either O, (CH,Cl,, —70°) or NalQ, in the presence of OsO, as
catalyst [14] gave only complex mixtures. An attempted chemoselective bromination with
pyridinium bromide perbromide [15] in either CH,Cl, or THF was also unsuccessful. It
can be concluded that both C=C bonds in 38 are of similar reactivity towards electro-
philes and, thus, this line of research was abandoned.

Synthetic Strategy B. — Due to the unsurmountable problems encountered in Syn-
thetic Strategy A (vide supra), it was decided to investigate a second approach which
would be specific for the synthesis of 1. In this new strategy, the key step involves
B-cleavage of the potassium alkoxide derived from the tricyclic homoallylic alcohol 46
whose stereoselective synthesis was envisaged starting from 6 (¢f. Scheme 6). Although
an analogous approach would be theoretically possible for an analogous synthesis of 2,
the key step (i.e. IX—5) would be strongly disfavoured by the unfavourable configuration
at C(2); for this reason, no attempt was made to investigate this putative approach to 2.
Our attention was thus fully concentrated on the synthesis of 1 and, primarily, on the
stereoselective construction of 46 from 6.

13y An attempted transformation of 25 to 40 via a thermal retro-ene reaction was unsuccessful: gas-phase
pyrolysis at 300-400° led mainly to the formation of non-identified volatile products.
14y For a recent discussion of this cyclisation reaction in analogous systems, see [13].
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Scheme 6. Synthetic Strategy B
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Results and Discussion. Synthesis of 46") (Scheme 7). Treatment of 11 with 9-borabi-
cyclo[3.3.1]Jnonane (9-BBN; 1.1 mol-equiv.) in THF at 25° resulted in a chemoselective
and regioselective hydroboration of the monosubstituted C=C bond to afford, after
oxidation with basic 30% aqueous H,0,, hydroxy ketone 43 in 89% yield. The corre-
sponding tosylate 4 was prepared in 91% yield using TsCl in pyridine, and then two
synthetic routes to 46 were investigated. The first route involved treatment of 44 with
LiBr in acetone at reflux to afford bromo ketone 45 (91 %). Reaction of 45 with Li wire in
THF at 0° in a sonicator [16] resulted in the formation of a 5:1 mixture 46/47 (65%)
which was readily separated by chromatography. In the absence of sonication at 25°, the
result was similar: in THF, a 6:1 mixture 46/47 (53 %) was obtained which changed to a
3:1 mixture (56 %), when Et,0 was used as solvent. The formation of 46 via an intramo-
lecular Barbier reaction {17] was anticipated, but the presence of 47'¢) was unexpected
and merits discussion. The observed results are consistent with a radical mechanism'’)
whereby the first step is the conversion of 45 to radical XI via an initial single-clectron
transfer (SET) process (¢f. Scheme 8). Two reaction pathways are now possible. Pathway

Scheme 8

v [ = dp = L p=fD)

XHI X

X1
| Ju ju
OLi

[‘&N @% Q:C
xv a6bR=Li :lHOe a7bR=Li J @
46 R=H 3 47 R=H H

a involves radical cyclisation [19] to the tricyclic alkoxy radical XII which is then either
reduced to lithium alkoxide 46b or undergoes f-cleavage of the C(1)—C(2) bond [20] to
afford the allylic radical XIII. Cyclisation of XIII at the less substituted allylic position
leads to the formation of a second tricyclic alkoxy radical XIV whose reduction then gives
lithium alkoxide 47b. The fact that a change of solvent from THF to Et,O results in a
higher proportion of 47b can be explained by the more strongly reducing nature of the
former system which favours reduction of XII to 46b rather than f-cleavage to XIII [21].

15y After completion of our work, we were informed of the following two-step synthesis of 46 from 9 via the

chloro ketone X f11a].
i p%\/\ cl i
9 — ———
80% 65%

X
i} LDA, THF/hexane, then (CH,),Cl, HMPA, --40 . i) Li, THF, r.t.

16) The structure of 47 was elucidated by 'H- and BC-NMR spectroscopy (including nuclear Qverhauser effect
(NOE) experiments) and confirmed by its transformation to the known cyclopentanone 48 [3b] viz a thermal
retro-ene reaction (cf. Scheme 7).

'y For evidence supporting a radical mechanism for the Barbier reaction, see [18].
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Pathway b, the purported mechanism of the intermolecular Barbier reaction [18], may
also account for the formation of 46b from XI via the intermediacy of ketyl-anion radical
XV. However, this latter pathway does not explain the formation of 47b'®).

The second route to 46 involved treatment of 44 with Nal in refluxing acetone to
afford iodo ketone 49 (m.p. 55-56°, 91%)") which was then transformed into keto
sulfone 50 (m.p. 90-91°, 81 %) using either sodium p-toluenesulfinate in DMF [23] or
tetrabutylammonium p-toluenesulfinate in THF [24]. Deprotonation of 50 with LDA
at ~70° resulted in stereoselective cyclisation to the tricyclic hydroxy sulfone 51%°) (m.p.
93-94°,93 %) which was subsequently reduced with lithium in NH,/THF at —70° [25] to
furnish 46 in 69% yield.

B-Cleavage of Potassium Alkoxides 46a and 47a. Synthesis of 4. Treatment of 46 with
KH (1.6 mol-equiv.) in HMPA at 25° and heating the resulting HMPA solution of
potassium alkoxide 46a at 140° during 1 h, followed by an aqueous workup, afforded 4in
30% yield. Also detected by '"H-NMR analysis were small amounts of § (ca. 2%) which
are believed to result from base-mediated isomerisation of 4. Indeed, separate treatment
of 4 with a large excess of KH (ca. 15 mol-equiv.) in HMPA at 140° during 1 h afforded a
3:1 mixture 4/5. In analogy with our previous work [6], the reaction mechanism involves
heterolytic cleavage of the allylic C(1)—C(2) bond, rearrangement of the resultant allylic
anion XVI, via 1,5-H transfer, to the potassium enolate XVII and finally protonation to
afford 4 (cf. Scheme 9). It is noteworthy that no trace of 48 was detected, an observation
which confirms the excellent regioselectivity of the 1,5-H transfer, XVI—-XVII. The

Scheme 9
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only moderate yield of 4 is due to a competing alkoxide-accelerated retro-Diels-Alder
reaction which probably occurs stepwise via XVI. The isolation of both 2-methyl-
cyclopentan-1-one (52) and p-xylene, the oxidation product of 7, supports this hypothe-
sis. The relatively high reaction temperature for the f-cleavage of 46a also merits com-
ment, especially as the potassium alkoxides, Va and VIa, described in the model studies
invariably underwent reaction at 50-70° (cf. Table 1). This reactivity difference is most

'8) The non-interconversion of 46b and 47b under the reaction conditions was experimentally verified by
independently treating 46 and 47 with LiH (1.2 mol-equiv.) in either THF or Et,0.

19) A direct preparation of 49 from 11 using a one-pot hydroboration procedure [22] afforded a complex mixture

containing < 20% of 49.

The anticipated C(3)-configuration with the tosyl group pseudoequatorial was confirmed by 'H-NMR NOE

experiments.

20)
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probably a consequence of the higher torsional strain of a cyclopentanone in comparison
with an aliphatic ketone, a factor which directly influences the rate of the f-cleavage
reactions leading to their formation.

Although not part of our original synthetic plan, it was appreciated that 47 could also
provide access to 4 via f-cleavage of the C(1)—C(2) bond of its potassium alkoxide 47a.
Accordingly, treatment of 47 with KH (1.2 mol-equiv.) in HMPA at 25° during 2 h
afforded, after the usual aqueous workup, a 3:1 mixture 46/4 (ca. 60%). The same
experiment using THF as solvent, at either 25° or reflux, resulted in the quantitative
recovery of unchanged 47; alternatively, a 3:1 solution of THF/HMPA at reflux during
1 h gave complete conversion to the same 3:1 mixture 46/4. At first sight these results
appear to contradict the mechanistic conclusions concerning the fi-cleavage of 46a (vide
supra). How can 47a be transformed into both 46 and 4? The direct formation of 46a
from 47a might be explained by an alkoxide accelerated [1,3]-sigmatropic rearrangement
[26] (cf. Scheme 10). However, this hypothesis is weakened by the observation that 47a

Scheme 10
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remains unchanged in refluxing THF and also by the fact that such a rearrangement
would be disfavoured by the rigidity of the system. The following explanation is
proposed. Due to increased ring strain, the C(1)—C(2) allylic bond in 47a readily under-
goes fi-cleavage to XVI which then either undergoes ring closure to 46a or rearranges to
XVII by 1,5-H transfer (c¢f. Scheme 10). As it has already been established that 46a is
stable in HMPA solution at 25°, the 3:1 product ratio of 46 and 4 is thus kinetically
controlled. Precedents for the f-cleavage of functionalised cyclobutoxides [26b,c] [27]
also encouraged us to investigate the f-cleavage of 47a in the presence of an external
proton source. Indeed, although MeONa (1.2 mol-equiv.) in refluxing MeOH during 3 h
gave no reaction, treatment of 47 with ¢-BuOK (2 mol-equiv.) in HMPA at 25° during
24 h afforded a 4:1 mixture 4/46 (ca. 50%). This result indicates that intermolecular
protonation of XVI by ¢-BuOH to give 4 is regioselective and more rapid than ring
closure to 46a.

Attempted Synthesis of 4 from 50. Another possible route to 4 was investigated
starting from 50. Retrosynthetic analysis (¢f. Scheme 11) envisaged that the carbanion
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50a would cyclise to alkoxide 51a which, although in equilibrium with 50a, might
undergo an irreversible f-cleavage to the allylic carbanion XVIII. 1,5-H transfer would
then give potassium enolate XIX whose conversion to 4 simply involves reductive
removal of the sulfonyl group. It was hoped that the increased acidity of the a -carbonyl
proton in XVIII would favour this pathway.

In practice, treatment of 50 with KH (1.5 mol-equiv.) in HMPA at 25°led to the rapid
formation of 51a (TLC analysis) which, on heating at 60° during 30 min, afforded a less
polar compound, believed to be epoxide 53. Aqueous workup and filtration through
silica gel resulted in the transformation of 53 into tricyclic ketone 54 (ca. 20% from 50)
and tricyclic alcohols 55/56 (2 :1 mixture, ca. 10% from 50) whose separation was effected
by preparative GC. The formation of these products may be rationalised in the following
manner (cf. Scheme 12). Equilibration of S1a to 51a’ via 50a is followed by epoxide

Scheme 12
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formation to 53 with elimination of potassium p-toluenesulfinate. Ring strain in 53 then
probably provides the driving force for a facile acid-catalysed ring opening to the
carbonium ion XX which either loses a proton directly to give 54 or indirectly, after
migration of the adjacent alkenyl C—C bond, to give 55 and 56.

Synthesis of 1 (Scheme 7). The preparation of 1 from 4 by means of a standard Wittig
reaction is problematic due to competing enolatisation which results in inacceptably low
yields. However, by using a large excess of (methylidene)triphenylphosphorane (10 mol-
equiv.) in DMSO at 80°[3b], we were able to convert 4 to 1in 42 % yield. The application
of a modification of this reaction, performed in a sealed tube [3c], improved the yield to
61 %. An alternative methylidenation procedure (CH,Br,, Zn, TiCl, [28]), generally useful
for readily enolisable ketones, was unsuccessful.
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Table 2. *C- and ! H-NMR Assignments for

Com- R! R? C(ly C@©) C3) C4) C») C(6) C(7)y C@B) CY9 1o
pound
6" H H 492 2134 472 373 1414 1333 318 339 174 240
9?) CH, H 48.7 2158 49.1 40.5 140.0 1325 312 350 178 220
10 CH, CH, 48.6 2177 465 429 143.5 131.0 30.8 308 18.1 19.0
11%) Allyl CH; 489 2153 499 429 143.6 129.2 308 31.4 18.1 19.1
14%) Allyl H 489 2135 536 404 140.6  131.1 309 357 178 224
15%) Allyl Allyl 49.1 2128 529 433 145.1 128.3 299 316 18.1 19.8
16 CH; Allyl 489 2158 489 437 1444 1312 302 308 18.2 19.8
19%) Prenyl CH; 48.9 2160 502 43.0 1434 1292 312 314 18.2 19.4
22%) Prenyl H 48.8 2142 543 404 140.5 131.3 312 356 17.8 224
23%) CH, Prenyl 488 2163 494 436 1445 131.0 302 309 18.2 19.9
27 (1,3-Dioxolan- CH; 49.0 2161 476 432 1425 1305 309 314 182 19.1
2-yl)methyl
30 CH,3 CH,CHO 48.8 2162 494 437 1429 131.5 304 305 17.9 19.2
31 CH, (1,3-Dioxolan- 49.0 216.1 46.7 437 143.9 131.1 29.7 307 18.1 19.2
2-yl)methyl

43%) (CH,);OH CH; 490 2167 489 429 1434 1292 31.0 314 18.1 19.1
45%) (CHy);Br CH, 49.0 2158 487 429 143.1 129.5 31.0 314 18.1 19.0
49%) (CH,),1 CH, 49.0 2159 488 429 143.1 1296 310 314 18.1 19.0
50%) (CH,);Ts CH, 49.0 2155 49.0 427 143.1 129.6 309 314 18.1 19.0
3) C,H Correlation. ) 2D-Inadequate. ©) Interchangeable.

Table 3. ’C- and ' H-NM R Assignments for
Com- R' R? R® R* C1) CQ) CB) C4) CB) C6) C7) C@B CO) C(10) CofR!
ound
p CH,
12 Allyl CH; CH; OH 434 79.7 472 41.8 140.0 136.0 28.9 32.0 20.0 214 425 1392 1156
13Y) Allyl CH; OH CH; 443 803 482 41.8 1422 136.3 28.0 334 199 206 428 1393 1165
17 CH; Allyl CH; OH 432 789 46.7 420 140.5 136.1 29.5 29.9 20.0 21.2 218
18%) CH; Allyl OH CH; 442 804 47.6 42.7 143.0 136.6 28.6 31.5 202 21.0 204
20°) Prenyl CH; CH; OH 435 79.6 47.0 41.9 1400 1359 28.6 324 20.0 21.5 363 124.6 130.2 g?
21*) Prenyl CH; OH CH; 44.1 80.2 48.7 41.7 141.7 136.2 28.0 33.5 199 206 360 1242 1323 égg
24) CH; Prenyl CH; OH 43.1 78.6 47.1 42.1 140.7 136.1 29.6 29.9 200 21.2 218
25%)) CH; Prenyl OH CH; 442 802 479 428 1429 1364 28.8 313 20.1 21.1 203
57" H H CH; OH 421 763 52.7 355 138.0 137.9 30.1 343 182 25.0
58) H H OH CH, 424 76.1 55.1 355 1399 137.2 309 34.6 18.5 249
59*’)") CH; CH; CH; OH 429 784 439 41.2 1403 136.1 29.5 30.6 20.1 209 253
60°) CH; CH,; OH CH; 439 79.6 451 41.6 1427 136.4 284 326 200 202 23.6

) C,H Correlation. ®) 2D-Inadequate.
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5
[} 10 o1
8,
7 R2
Bicyclof2.2.2]oct-5-en-2-ones 9
CofR! CofR? CHy;—C(9) CHy,—C(10) CH,—~(R") CH,—(RY
CH; CH;
1.21 1.26
14.9 1.20 1.20 1.01
25.0 212 1.229 1.19% 1.02 1.02
425 1367 1155 20.3 1.20 1.16 1.00
341 1376 1152 1.24 121
402 1371 1153 397 1352 1170 1.20 1.20
226 395 1354 1166 1.18 1.19 1.01
17.6
362 1222 1313 00 19.9 1.19 1.14 0.99
17.7
286 1236 1310 .7 1.20 1.21
2.4 333 1209 1323 ég'g 1.19 1.20 1.00
64.3
417 1026 19.9 1.20 1.17 1.08
23.0 475 2026 1.189 1.229 1.24
2.5 383 1024 2‘5‘} 1179 1.199 1129
34.0 299  63.1 20.8 1.19 0.99
36.5 299 345 20.6 1.20 1.00
38.8 30.6 7.7 20.6 1.20 1.00
36.3 203 569 20.6 1.16 0.95
5,
6 10 R‘
8, 3 Rz
7 R3
Bicyclo[2.2.2]Joct-5-en-2-ols e
CofR? R? R* CH;~C(9) CH,—C(10) CH;—(R") CH,—(R? CH,—(R* CH;-(R%
CH,
18.0 249 1.08 1.05 0.95 1.15
20.0 19.5 1.12 1.06 0.91 1.08
383 1392 11638 26.4 1.06 1.05 0.88 1.01
409 138.0 116.1 18.4 1.13 1.07 0.83 1.19
17.8 244 1.08 1.04 0.97 1.13
20.3 19.6 1.12 1.07 0.90 1.10
39 1233 1336 ;gg 26.5 1.06 1.05 0.91 1.02
342 1235 1307 ;g? 18.0 1.12 1.07 0.83 1.18
28.5 1.08 1.08 1.10
233 1.17 1.10 1.20
19.7 24.4 1.08 1.03 0.92 0.81 1.02
232 17.7 1.14 1.04 0.78 0.91 1.08
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NMR Structural Assignments. — Synthesis of Alcohols 57-60. Tables 2 and 3 together
with the Figure contain complete "C-NMR assignments for the majority of the com-
pounds described in the present work. In addition, 'H-NMR assignments have been made
for the numerous CH, groups in these structures. In most cases C,H-CORR experiments
were effected and in four examples (viz. 6, 25, 38, and 59) 2D-INADEQUATE experi-
ments were performed. In the context of the NMR structural assignments of bicy-
clo[2.2.2]oct-5-en-2-0ls, the four alcohols 57-60 were also prepared. Accordingly, treat-
ment of 6 and 10 with MeLi in Et,0 afforded a 1:1 mixture 57/58 (86%) and 4:1 mixture
59/60 (82%), respectively (cf. Scheme 13).

Scheme 13
R i R R
R —_— - R + OFISI
© OH
6 R=H 86% 57 (a1 58
10 R=Me 82% 59 4:1) 60

i) MeLi, Et,0, 0-r.t., then aq. NH,Cl soln.

In the light of previous examples concerning the stereochemistry of nucleophilic
attack by MeLi on bicyclo[2.2.2]oct-5-en-2-ones (vide supra), it is interesting to comment
on these two results. Because a stereochemical bias due to substitution at C(3) is absent,
the difference in stereoselectivity between the ketones 6 and 10is unexpected. Whereas 10
affords predominantly 59, the alcohol resulting from nucleophilic attack on the less
hindered face, the attack of MeLi on 6 is totally non-stereoselective. It would appear that
subtle changes in substitution at C(3) structurally modify the bicyclooctane skeleton and
thus influence the direction of nucleophilic attack on the 2-carbonyl group.

Experimental Part

General. See [7a). Li wire and MeLi (ca. 1.6M soln. in Et,0) were obtained from Fluka, 9-borabicy-
clo[3.3.1]nonane (9-BBN) from Aldrich. Solns. of LDA in THF/hexane were freshly prepared by adding BuLi (ca.
1.5M soln. in hexane, Degussa) dropwise to a soln. of (i-Pr);NH (1.1 mol-equiv.) in THF at —20° under N,. Workup
implies: drying of the org. phase (Na,SO,), filtration, and evaporation. Petroleum ether refers to petroleum ether
(b.p. 30-50°). M.p.: Biichi-510 melting-point apparatus; uncorrected. NMR: Bruker WH-360, modified in a
AM -model and interfaced to an Aspect 2000 computer; in CDCl;; chemical shifts (6) in ppm relative to TMS.

1,4-Dimethylcyclohexa-1,4-diene (7). Following a published procedure [29], a soln. of 4-methylanisole (61 g,
0.5 mo}) in Et,0 (300 ml) was added dropwise within 30 min to a freshly-prepared soln. of Li wire (14 g, 2 mol) in
liq. NH; (800 ml) at —40°. After | h at —40°, EtOH (103 g) was added dropwise and NHj allowed to evaporate.
After addition of ice-H,0 (400 g) and saturation with NaCl, the mixture was extracted with Et;0. A soln. of oxalic
acid (32 g) in H,0 (200 ml) was added to the combined org. phase, and the mixture was then mechanically stirred at
r.t. during | h. Workup and fractional distillation (spinning-band column) i.v. gave 4-methylcyclohex-3-en-1-one as
a colourless 0il (43 g, 78%). B.p. 55-57°/12 Torr ([29a]: 74°/17 Torr; {29b]: 36°/4 Torr). IR: 1720, 1440, 1340, 1200,
1060, 898, 780, 600. '"H-NMR: 1.77 (s, 3 H); 2.43 (4 H); 2.83 (2 H); 5.42 (m, ! H). MS: 110 (73, M "), 82 (9), 68
(100), 67 (94), 53 (28), 39 (21).

A soln. of Mel (540 g, 3.8 mol) in Et,O (500 ml) was added dropwise within 45 min to a stirred mixture of Li
wire (30 g, 4.3 mol) in Et,0 (1 1) at —60°. The mixture was allowed to attain —10° during 2 h and then re-cooled
to —60° prior to the dropwise addition, within 1 h, of a soln. of 4-methylcyclohex-3-en-1-one (90 g, 0.82 mol) in
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Et,0 (11). After further 30 min at —60°, MeOH (50 ml) was added dropwise cautiously, and the mixture was then
poured into cold 10% aq. NH,ClI soln. Extraction (Et,0), workup and distillation i.v. afforded I,4-dimethyl-
cyclohex-3-en-1-0l[30] as a colourless 0il (100 g, 97 %). B.p. 38—40°/0.2 Torr. IR: 3380 (br.), 1440, 1378, 1170, 1122,
1102, 1060, 1040, 924,910, 880. 'TH-NMR (+D,0): 1.20 (s, 3 H); 1.68 (s, 3 H); 1.30-2.30 (6 H); 5.29 (m, 1 H). MS:
126 (11, M), 108 (62), 93 (35), 83 (42), 68 (62), 58 (100).

A soln. of 2,6-di(zert-butyl)-4-methylphenol (BHT) (50 mg) in 1,4-dimethylcyclohex-3-en-1-0l (100 g, 0.79
mol) was added within 6 h to KHSO, (30 g) and BHT (50 mg) at 120° (bath: 200°) with continual distillation at 730
Torr. Separation of the org. phase from the distillate (b.p. 80-90°), workup, and redistillation afforded a colourless
oil (84 g, 98%), b.p. 130-138°/730 Torr, containing 7*) (53 %) ([31]: 39%; 'H-NMR: 1.73 (br. 5, 6 H); 2.10 (br. 5,
4 H); 5.54 (br. s, 2 H)) and p-xylene (8 %).

2-Chloro-1,4-dimethylbicyclof2.2.2 Joct-5-ene-2-carbonitrile (8; 5:1 diastereoisomeric mixture). A soln. of 7
(purity: 53%; 86 g) and 2-chloroacrylonitrile (86 g, 0.98 mol) in toluene (350 m!) containing hydroquinone (50 mg)
was heated at 90° during 60 h under N,. Fractional distillation i.v. afforded 8 as a colourless oil (58 g, 71%). B.p.
66-70°/0.1 Torr. Crystallisation from petroleum ether at —60° resulted in the purification of the major diastereo-
isomer??). IR : 1460, 1390, 1370, 1120, 1020, 952, 898, 810, 752, 702. 'TH-NMR: 1.17 (s, 3 H); 1.30 (m, 1 H); 1.46 (m,
2H); 1.47 (s, 3H); 1.95 (n, 1 H); 2.01 (dd, J = 14.5,3.5, 1 H); 2.42(d, J = 14.5, 1 H); 5.86 (d, J =8, 1 H); 6.11 (d,
J =8, 1H). BC-NMR: 139.0 (d); 133.6 (d); 119.7 (s); 63.5 (s); 53.6 (£); 42.8 (5); 34.9 (5); 33.0 (1); 31.4 (t); 23.8 (9);
20.9 (g). MS: 195 (0, M ™), 132 (31), 116 (12), 108 (100), 93 (51), 91 (14), 77 (12).

1,4-Dimethylbicyclof2.2.2 Joct-5-en-2-one (6). A mixture of 19 (5:1 diastereoisomeric mixture; 47 g, 0.24 mol)
and Na,S -9 H,0 (228 g, 0.95 mol) in EtOH (300 ml) was stirred a reflux for 24 h under N,. The cooled mixture was
poured into 10 % aq. NaOH soln. (1.51). Saturation with NaCl, continuous extraction (petroleum ether), workup,
and fractional distillation i.v. afforded 6 as a colourless oil (26 g, 72%). B.p. 68-70°/10 Torr ({11a]: 80°/13 Torr).
IR: 1720, 1458, 1406, 1380, 1370, 1320, 1260, 1220, 1160, 1080, 1070, 840, 704, 672. 'H-NMR: 1.21 (s, 3 H); 1.26 (s,
3H); 1.39-1.71 (4 H); 1.95 2 H); 5.71 (d, J = 8, 1 H); 6.33 (d, J =8, 1 H). 3C-NMR: (¢f. Table 2). MS: 150 (1,
M), 108 (100), 93 (81), 91 (14), 79 (8), 77 (11), 65 (5).

(IRS,3RS,4SR )-1,3,4-Trimethylbicyclof2.2.2 Joct-5-en-2-one (9). A soln. of 6 (11.6 g, 0.076 mol) in THF (50
ml) was added dropwise within 45 min to a stirred soln. of LDA (0.085 mol) in THF/hexane 2:1 (150 ml) at —60°
under N,. After 30 min at —60°, the mixture was allowed to attain —30° and a soln. of Mel (26 g, 0.18 mol) in
HMPA (50 ml) was added dropwise. After a further 10 min at —30°, the mixture was poured into cold 10% aq.
NH,Cl soln. (500 ml). Saturation with NaCl, continuous extraction (petroleum ether), and workup gave a brown
oil (13.6 g) which was filtered through silica gel (100 g) with Et,O. Fractional distillation i.v. afforded 9 as a
pale-yellow oil (11 g, 88%). B.p. 78-80°/10 Torr. IR (CDCl,): 1715, 1450, 1380, 1370, 1210, 1040, 978. 'H-NMR:
1.01 (d,J = 7,3 H); 1.20 (25, 6 H); 1.00-2.00 (5 H); 5.76 (d, / = 8, 1 H); 6.02 (d, J = 8, 1 H). *C-NMR: (¢f. Table
2). MS: 164 (1.5, M), 108 (100), 93 (66), 91 (10), 77 (8), 65 (2).

Also isolated, by fractional distillation i.v. and prep. GC was 1,3,3 4-tetramethylbicyclo[2.2.2 Joct-5-en-2-one
(10): colourless oil, ca. 5% yield. B.p. 83-85°/10 Torr. IR: 1722, 1470, 1380, 1320, 1280, 1240, 1202, 1122, 1036,
1020, 910, 856, 780, 712. '"H-NMR: 1.02 (2s, 6 H); 1.19 (s, 3 H); 1.22 (s, 3 H); 1.10-2.00 (4 H); 5.74 (4, J = 8, | H);
6.14 (d, J = 8, 1 H). PC-NMR: (c¢f. Table 2). MS: 178 (1.5, M), 135 (11), 119 (3), 108 (100), 93 (50), 91 (13),
77 (8).

(IRS 3RS 4S8R )-1,3,4-Trimethyl-3-( prop-2'-enyl)bicyclo{ 2.2.2 Joct-5-en-2-one (11). A soln. of 9 (13.5 g,
0.082 mol) in THF (130 ml) was added dropwise within 30 min to a stirred soln. of LDA (0.1 mol) in THF/hexane
2:1(210 ml) at —60° under N,. After a further 30 min at —60°, a soln. of allyl iodide (38.6 g, 0.23 mol) in HMPA (75
ml) was added dropwise within 30 min. The mixture was left at —60° for an additional 30 min and then poured into
cold 10% aq. NH4Cl soln. (500 ml). Saturation with NaCl, continuous extraction (petroleum ether), filtration
through silica gel (100 g) with Et,0, concentration, and fractional distillation i.v. afforded 11 as a pale-yellow oil
(16 g, 95%). B.p. 53-55°/0.05 Torr. IR : 1720, 1640, 1460, 1376, 1220, 1010, 1000, 918, 780, 717, 660. 'H-NMR: 1.00
(s,3H); 1.16 (s, 3 H); 1.20 (s, 3 H); 1.23 (m, 1 H); 1.45 (m, 1 H); 1.56 (m, 1 H); 1.81 (m, 1 H); 2.09 (mn, 1 H); 2.33 (m,
1 H); 4.88 (m, 2 H); 5.64 (m, 1 H); 5.65(d, J = 8, 1 H); 6.14 (d, J = 8, 1 H). '>*C-NMR: (cf. Table 2). MS: 204 (1,
M™), 135 (6), 108 (100), 93 (66), 91 (23), 79 (9), 77 (15).

(IRS,2RS,3RS,4SR )- and (IRS,2SR,3RS,4SR )-1,2,3,4-Tetramethyl-3-(prop-2'-enyl)bicyclof 2.2.2 Joct-5-
en-2-0/ (12 and 13, resp.). A soln. of MeLi (0.127 mol) in Et,O (80 ml) was added dropwise within 30 min to a stirred
soln. of 11 (16 g, 0.078 mol) in Et,0 (320 ml) at 0° under N,. After a further 10 min at 0°, MeOH (5 ml) was added

21y For spectral data of 7, ¢f. [8b].
22y Configuration at C(2) unassigned.
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dropwise, and then the mixture was poured cautiously into cold 10% aq. NH,ClI soln. (800 ml). Saturation with
NacCl, extraction (Et,0), workup, and distillation i.v. afforded a 85 :15 mixture 12/13 (16,1 g, 93%). B.p. 68-83°/0.1
Torr. Purification of a 5 g aliquot was effected by CC (silica gel (300 g), cyclohexane/AcOEt 9:1).

Data of 12. Colourless oil, R; (cyclohexane/AcOEt 9:1) 0.30. 1R: 3520 (br.), 1640, 1470, 1380, 1090, 1060,
1000, 920, 720. 'H-NMR (+D,0):0.92 (2 H); 0.95 (s, 3 H); 1.05 (s, 3 H); 1.08 (s, 3H); 1.15 (s, 3 H); 1.82 (2 H); 2.06
(dd,J =14,8,1 H);2.19(dd, J = 14,8, 1 H); 493 (br. dd, J =11, 1 H); 494 (br. 4, J = 18, 1 H); 5.78 (4, J =8, |
H); 592 (d, J =8, 1 H); 5.94 (m, 1 H). "C-NMR (cf. Table 3). MS: 220 (0, M *), 161 (6), 133 (20), 119 (9), 108
(100), 93 (67), 91 (25), 77 (16).

Data of 13. Colourless o0il, R; (cyclohexane/AcOFEt 9:1) 0.40. IR: 3600, 3530 (br.), 1640, 1470, 1390, 1330,
1120, 1078, 1040, 920, 810, 720. '"H-NMR (+D,0): 0.91 (5, 3 H); 0.93 (m, 1 H); 1.06 (5, 3 H); 1.07 (m, 1 H); 1.08 (s,
3 H); 1.12 (s, 3H); 1.49 (m, 1 H); 1.65 (m, | H); 1.98 (2 H); 4.99 (br. d, J =11, 1 H); 5.00 (br. d, J = 18, 1 H); 5.81
(d,J =8,1H);6.11 (m, 1 H); 6.17(d, J = 8,1 H). 3C-NMR: (cf. Table 3). MS: 220 (0, M *'), 133 (14), 119 (7), 108
(100), 93 (64), 91 (22), 77 (15).

(1RS,3RS,4SR )-1,4-Dimethyl-3-(prop-2’-enyl) bicyclof2.2.2 Joct-5-en-2-one (14). As described for 11, with 6
(13 g, 0.085 mol) in THF (120 ml), LDA (0.1 mol) in THF /hexane 4:1 (250 ml), and allyl iodide (38 g, 0.22 mol) in
HMPA (80 ml). The mixture was stirred for 1 h at —60° and 3 h at —30° and then worked up as described for 11: 14
as a colourless oil (11.7 g, 72%). B.p. 110-112°/12 Torr. IR: 1720, 1640, 1382, 1218, 1000, 916, 712. 'H-NMR: 1.21
(s,3H); 1.24(s,3H); 1.46 (2 H); 1.60 (2 H); 1.87(dd, J = 7,7,1 H);2.26 (m, | H); 2.40 (m, 1 H); 4.90 (br.d,J = 11,
1H);4.98 (br.d,J = 18,1 H); 5.68 (m, 1 H); 5.70 (d,J = 8, | H); 6.05(d, J = 8, 1 H). 3C-NMR: (¢f. Table 2). MS:
190 (4, M%), 108 (100), 93 (47), 91 (12), 79 (6), 77 (9).

Also isolated, by fractional dist. i.v. and prep. GC, was 1,4-dimethyl-3,3-bis(prop-2’-enyl) bicyclof2.2.2 ]oct-5-
en-2-one (15): pale-yellow oil, 0.6 g (3%). B.p. (bulb-to-bulb dist.) 60-80°/0.2 Torr. IR: 1720, 1642, 1440, 1388,
1210, 1000, 918, 720. "H-NMR: 1.20 (25, 6 H); 1.24 (m, 1 H); 1.47 (ddd, J = 13, 13, 3.5, 1 H); 1.63 (m, 1 H); 1.90
(ddd, J = 13,9, 3.5, | H); 2.09 (dd, J = 14.5,9, 1 H); 2.21 (4, J =7, 2 H); 2.55 (dd, J = 14.5, 6, 1 H); 4.86 (br. d,
J=11,1H);4.89 (br. d, J =18, 1 H); 5.03 (br. d, J =18, 1 H); 5.04 (br. d, J = 11, 1 H); 5.52 (m, 1 H); 5.55 (d,
J =8, 1H); 595 (m, 1 H); 6.09 (d,J =8, 1 H). 3C-NMR: (¢f. Table 2). MS: 230 (9, M *'), 122 (6), 109 (100), 93
(51), 91 (13), 77 (9).

(1RS,3SR,4SR )-1,3,4-Trimethyl-3-(prop-2'-enyl )bicyclof 2.2.2 Joct-5-en-2-one (16). A soln. of 14 (9.5 g, 0.05
mol) in THF (40 ml) was added dropwise within 30 min to a soln. of LDA (0.061 mol) in THF /hexane 2:1 (120 ml)
at —60° under N,. After 30 min at —60° a soln. of Mel (20 g, 0.14 mol) in HMPA (40 ml) was added dropwise within
30 min. After further 30 min at —60°, the mixture was worked up as described for 9 (21 g of brown oil, 200 g of silica
gel): 16 as a pale-yellow oil (95 g, 94%). B.p. 118-120°/12 Torr (spinning-band column). IR: 1720, 1640, 1460,
1390, 1370, 1214, 1018, 918, 850, 718. 'H-NMR: 1.01 (s, 3 H); 1.18 (s, 3 H); 1.19 (s, 3 H); 1.29 (m, 1 H); 1.49 (m,
1 H); 1.63 (m, 1 H); 1.90 (m, 1 H); 2.15 (m, 2 H); 4.95-5.05 (m, 2 H); 5.73 (d, / = 8, 1 H); 598 (m, 1 H); 6.11 (4,
J =8, 1H). ®C-NMR: (¢f. Table 2). MS: 204 (1, M ™), 135 (13), 108 (100), 93 (20), 91 (6), 77 (4).

(IRS,2RS,3SR ,4SR )- and (IRS,2SR,3SR 4SR )-1,2,3 4-Tetramethyl-3-(prop-2'-enyl)bicyclo[2.2.2]oct-5-
en-2-ol (17 and 18, resp.). As described for 12/13, MeLi (0.068 mol) in Et,O (40 ml), 16 (8.5 g, 0.042 mo}) in Et,0
(170 ml), MeOH (5 ml), and 10% aq. NH,ClI soin. (500 ml): 72:28 mixture 17/18 (8.1 g, 88 %) which was purified
by CC (silica gel (500 g), cyclohexane/AcOEt 9:1).

Data of 17. Colourless oil. B.p. 64-68°/0.1 Torr. R; (cyclohexane/AcOEt 9:1) 0.50. IR : 3600 (br.), 1640, 1460,
1380, 1100, 1060, 1008, 912, 718. "H-NMR (+D,0): 0.88 (s, 3 H); 0.96 (2 H); 1.01 (s, 3 H); 1.05 (s, 3 H); 1.06 (s,
3 H); 1.84 (m, 1 H); 1.91 (m, 1 H); 2.01 (m, 1 H); 2.68 (dd, J =14, 7, 1 H); 5.06 (br. d, J = 11, 1 H); 5.14 (br. d,
J=18,1H);579(d,J =8,1 H); 5.86 (d, J =8, 1 H); 6.14 (m, 1 H). 3C-NMR: (cf. Table 3). MS: 220 (0, M *),
161 (1), 121 (3), 108 (100), 93 (51), 91 (13), 77 (8).

Data of 18. Colourless oil. B.p. 70-73°/0.1 Torr. R;(cyclohexane/AcOEt 9:1) 0.33. IR: 3600, 3510 (br.), 1640,
1460, 1390, 1332, 1000, 918, 722. '"H-NMR (+D,0): 0.83 (5, 3 H); 0.93 (ddd, J = 12.5, 12.5, 7, | H); 1.07 (5, 3 H);
1.12 (m, 1 H); 1.13 (5, 3H); 1.19 (s, 3 H); 1.58 (m, 1 H); 1.68 (m, 1 H); 2.20 (br. 4,/ = 7,2 H); 4.99 (br. 4, J = 11,
1H);5.01 (br. d,J = 18,1 H); 5.80(d, J = 8, 1 H); 6.00 (m, 1 H); 6.10(d,J = 8, 1 H). *C-NMR: (¢f. Table 3). MS:
220 (0, M), 161 (3), 133 (5), 121 (4), 108 (100}, 93 (54), 91 (16), 77 (11).

(IRS,3RS,4SR )-1,3,4-Trimethyl-3-( 3 -methylbut-2'-enyl)-bicyclo{ 2.2.2 ] oct-5-en-2-one (19). As described
for 11, with 9 (11 g, 0.064 mol) in THF (100 ml), LDA (0.082 mol) in THF/hexane 3:1 (200 ml), 1-bromo-3-methyl-
but-2-ene (28 g, 0.19 mol) in HMPA (60 ml), and 10% ag. NH,4Cl soln. (600 mi): 19 as a colourless oil (12.7 g,
86%). B.p. 70-75°/0.05 Torr. IR : 1720, 1460, 1380, 1320, 1220, 1030, 1010, 1000, 908, 840, 712, 618. "H-NMR: 0.99
(s, 3H); 1.14 (5, 3 H); 1.19 (s, 3 H); 1.20 (m, 1 H); 1.43 (m, 1 H); 1.52 (5, 3 H); 1.53 (m, 1 H); 1.64 (s, 3 H); 1.79 (m,
1 H); 2.03 (dd, J = 14,7, 1 H); 2.25(dd, J = 14,7, 1 H); 5.02 (m, 1 H); 5.66 (4, J =8, | H); 6.13 (d, J =8, 1 H).
BC-NMR: (¢f. Table 2). MS: 232 (4, M ™), 135 (5), 108 (100), 93 (28), 91 (6), 77 (3).
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(IRS,2RS,3RS4SR}- and (IRS,2SR,3RS,4SR )-1,2,3,4-Tetramethyl-3-(3'-methylbut-2'-enyl) bicyclo-
[2.2.2]oct-5-en-2-0l (20 and 21, resp.). A soln. of 19 (9 g, 0.035 mol) in Et,0 (200 ml) was added dropwise within 30
min to a stirred soln. of MeLi (0.064 mol) in Et,O (500 ml) at 0° under N,. After a further 15 min at 0°, the mixture
was worked up as described for 12/13 (500 ml of 10% aq. NH,Cl soln.): 85:15 mixture 20/21 (9.4 g, 98%). B.p.
80-90°/0.05 Torr. Purification of a 5 g aliquot was effected by CC (silica gel (350 g), cyclohexane/AcOEt 19:1).

Data of 20. Colourless oil. R; (cyclohexane/AcOEt 19:1) 0.28. IR: 3640, 3520 (br.), 1460, 1380, 1310, 1080,
1060, 918, 718. 'H-NMR (+D,0): 0.97 (s, 3 H); 1.04 (5, 3 H); 1.08 (5, 3 H); 1.13 (5, 3 H); 0.85-1.05 (2 H); 1.53 (s,
3 H); 1.67 (s, 3H); 1.70~1.95 (3 H); 2.08 (br. dd, J = 14.5,7, 1 H); 5.30 (m, 1 H); 5.78 (d, J =8, 1 H); 593 (d,J = 8,
1 H). “C-NMR: (c¢f. Table 3). MS: 248 (1.5, M +), 230 (26), 215 (13), 187 (24), 161 (33), 133 (35), 119 (21), 108
(100), 93 (40), 77 (17), 69 (23).

Data of 21. Colourless oil. R; (cyclohexane/AcOEt 19:1) 0.35. IR: 3600, 3570 (br.), 1460, 1384, 1328, 1120,
1070, 1040, 920, 910, 720. 'H-NMR (+D,0): 0.90 (s, 3 H); 0.92 (m, 1 H); 1.00-1.10 (1 H); 1.07 (s, 3 H); 1.10 (s,
3H); 1.12 (s, 3H); 1.47 (m, 1 H); 1.59 (s, 3 H); 1.69 (s, 3 H); 1.64 (m, 1 H); 1.77 (br. dd, J = 14.5,4.5, 1 H); 2.09 (dd,
J =14.5,8.5,1H); 5.44 (m, 1 H); 5.78 (d, J =8,  H); 6.15 (d,J = 8, 1 H). *C-NMR: (¢f. Table 3). MS: 248 (0,
M), 230 (7), 161 (8), 140 (9), 108 (100), 99 (28), 93 (29), 85 (16), 71 (10).

(1RS,3RS,4SR )-1,4-Dimethyl-3-( 3'-methylbut-2’-enyl ) bicyclo[ 2.2.2 Joct-5-en-2-one (22). As described for
11, with 6 (11 g, 0.072 mol) in THF (100 ml), LDA (0.088 mol) in THF/hexane 3:1 (240 ml), 1-bromo-3-methylbut-
2-ene (30 g, 0.2 mol) in HMPA (70 ml). The mixture was left at —60° for a further 1.5 h at —60° and 1 h at —30°
before being worked up as described for 11 (800 ml of 10% aq. NH,Cl soln.): 22 as a colourless oil (14.2 g, 90%).
B.p. 65-70°/0.05 Torr. IR: 1720, 1452, 1380, 1210, 1070, 1040, 830, 706, 660. '"H-NMR: 1.20 (s, 3 H); 1.21 (s, 3 H);
1.35-1.70 (4 H); 1.57 (s, 3H); 1.65 (s, 3H); 1.80 (¢, / = 6,1 H); 2.20 (br. ¢,/ = 6,2 H); 5.07 (m, | H); 5.73(d, J = 8,
1H);6.04 (d,J =8, 1 H). *C-NMR: (cf. Table 2). MS: 218 (3, M ™), 108 (100), 93 (35), 91 (8), 77 (5), 69 (2).

(1RS,3SR,4SR )-1,3,4-Trimethyl-3-( 3'-methylbut-2'-enyl ) bicyclo[ 2.2.2 Joct-5-en-2-one (23). As described for
16, with 22 (14.1 g, 0.064 mol) in THF (60 ml), LDA (0.078 mol) in THF/hexane 2:1 (150 ml), and Mel (25 g, 0.18
mol) in HMPA (50 ml). The mixture was left at —60° for a further 30 min and then worked up as described for 9
(600 ml of 10% aq. NH,Cl soln.): 23 as a colourless oil (14.5 g, 97 %). B.p. 70-75°/0.05 Torr. IR: 1720, 1460, 1380,
1370, 1320, 1220, 1024, 1016, 990, 904, 860, 840, 710, 610. 'H-NMR: 1.00 (s, 3 H); 1.19 (s, 3 H); 1.20 (s, 3 H); 1.27
(m, 1 H); 1.48 (m, 1 H); 1.60 (s, 3 H); 1.62 (m, 1 H); 1.71 (s, 3 H); 1.89 (m, 1 H); 2.05 (dd, J = 14,7, 1 H); 2.17 (dd,
J =14,7,1H); 5.30 (m, 1 H); 5.71 (d, J = 8,1 H); 6.10 (d, J = 8, 1 H). ’C-NMR (¢f. Table 2). MS: 232 (5, M *),
135 (5), 108 (100), 93 (27), 91 (6), 77 (4).

(IRS,2RS,3SR,4SR)- and (IRS,2SR,3SR,4SR )-3-(3'-Methylbut-2’-enyl)-1,2,3,4-tetramethylbicyclo-
[2.2.2]oct-5-en-2-0l (24 and 25, resp.). As described for 12/13 with MeLi (0.036 mol) in Et,0 (22 ml; dropwise
addition within 10 min at 20°), 23 (5 g, 0.022 mol) in Et,0O (100 ml), MeOH (2 ml; after 15 min at 20°),and 10% aq.
NH,CI soln. (200 ml): 60:40 mixture 24/25 (5 g, 93%). B.p. 75-85°/0.05 Torr. Purification was effected by CC
(silica gel (350 g), cyclohexane/AcOEt 19:1).

Data of 24. Colourless oil. R; (cyclohexane/AcOEt 19:1) 0.46. IR: 3560 (br.), 1460, 1380, 1326, 1102, 1062,
904, 808, 718, 670, 620. 'H-NMR (+D,0): 0.91 (s, 3 H); 1.02 (s, 3 H); 1.05 (s, 3 H); 1.06 (s, 3 H); 0.80-1.05 (2 H);
1.68 (s, 3H); 1.73 (s, 3 H); 1.75-1.95 (2 H); 2.05 (m, | H); 2.60 (dd, J = 14.5, 8.5, 1 H); 5.45 (m, 1 H); 5.79 (d, J = 8,
1 H); 587 (d, J = 8, 1 H). "C-NMR: (cf. Table 3). MS: 248 (0, M ™), 140 (9), 108 (100), 93 (32), 85 (16), 69 (11).

Data of 25. Colourless oil. R; (cyclohexane/AcOEt 19:1) 0.23. 1R: 3600, 3510 (br.), 1460, 1390, 1330, 1130,
1090, 1064, 1042, 938,918, 720. '"H-NMR (+D,0): 0.83 (s, 3 H); 0.93 (ddd, J = 12, 12,6, 1 H); 1.07 (s, 3H); 1.12 (s,
3 H); 1.13 (m, 1 H); 1.18 (s, 3 H); 1.57 (m, 1 H); 1.60 (s, 3 H); 1.69 (s, 3 H); 1.70 (m, 1 H); 2.09 (m, 2H); 5.34 (m, 1
H); 5.80 (d,J =8, 1 H); 6.11 (d,J = 8, 1 H). *C-NMR: (¢f. Table 3). MS: 248 (0, M ), 161 (4), 133 (5), 108 (100),
93 (36), 91 (11), 82 (13), 69 (9).

(1RS,3RS,4SR )-(1,2,4-Trimethyl-3-oxobicyclof 2.2.2 Joct-5-en-2-yl ) acetaldehyde (26). O (ca. 0.96 g/h) was
introduced into a soln. of 19 (4.9 g, 0.019 mol) in CH,Cl, (120 ml) at —65° during 62 min. After the dropwise
addition of Me,S (8.4 g, 0.135 mol) at —65°, the mixture was allowed to attain 20° during 30 min. Evaporation was
followed by an extractive workup (petroleum ether) to give a yellow oil (4.3 g) which was purified by CC (silica gel
(300 g), cyclohexane/AcOEt 7:3) to afford 26 as a colourless oil (2.4 g, 61%). B.p. 78-82°/0.1 Torr. R; (cyclo-
hexane/AcOEt 7:3) 0.40. IR: 1720, 1460, 1420, 1380, 1320, 1030, 780, 720, 612, '"H-NMR: 1.17 (25, 6 H); 1.23 (5, 3
H); 1.10-2.00 (4 H); 2.38 (4BX, J = 14,4.5,2.5,2 H); 5.78 (d,J =8, 1 H); 6.13 (d, J =8, 1 H); 9.60 (dd, J = 4.5,
2.5, 1 H). MS: 206 (0.5, M *), 120 (13), 108 (100), 93 (66), 91 (12), 77 (7).

(IRS,3RS,4SR )-3-[(I’,3'-Dioxolan-2"-yl)methyl |- 1,3 4-trimethylbicyclo[ 2.2.2 Joct-5-en-2-one (27). A mix-
ture of 26 (2.3 g, 0.011 mol), ethylene glycol (1.1 g, 0.018 mol), and TsOH - H,O (60 mg) in benzene (30 ml) was
heated at reflux during 2 h using a Dean-Stark water separator. The mixture was cooled to r.t., washed with sat. aq.
NaHCO; soln. and the org. phase dried (Na,SO,). Evaporation and distillation i.v. afforded 27 as a white
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crystalline solid (2.35 g, 85%). B.p. 90-93°/0.1 Torr. M.p. 45-46°. IR 1720, 1460, 1420, 1378, 1320, 1210, 1130,
1050, 1020, 960, 910, 860, 716. "H-NMR: 1.08 (s, 3 H); 1.17 (s, 3 H); 1.20 (s, 3 H); 1.24 (m, 1 H); 1.45 (m, 1 H); 1.53
(m, 1 H); 1.75(ABX,J = 18,6,4,2 H); 1.82 in, | H); 3.81 (4 H); 4.97 (dd, J = 6,4, | H); 5.74 (d,J =8, 1 H); 6.17
d,J =8, 1 H). BC-NMR: (¢f. Table 2). MS: 250 (0, M *), 108 (100), 93 (34), 91 (5), 87 (17), 73 (26).

(IRS,2RS,3RS,4SR )- and (1RS,2SR,3RS,4SR )-3-/ (1',3-Dioxolan-2"-yl )methyl ]-1,2,3 4-tetramethylbicy-
clo[2.2.2]oct-5-en-2-0l (28 and 29, resp.). As described for 12/13, with MeLi (0.013 mol) in Et,O (8 ml; dropwise
addition within 5 min), 27 (2.1 g, 7.9 mmol) in Et,0 (80 ml), MeOH (2 ml), and 10% aq. NH,Cl soln. (100 ml): ca.
9:1 mixture 28/29, inseparable by CC, as a colourless oil (2.2 g, 98 %). B.p. 103-107°/0.05 Torr. R; (cyclohexane/
AcOEt 7:3)0.28. IR: 3520 (br.), 1460, 1380, 1120, 1040, 960, 920, 840, 718. 'H-NMR (+D,0): 1.03 (s, 3 H); 1.06 (s,
3H); 1.10 (s, 3H); 1.16 (s, 3H); 1.00-1.70 (4 H); 1.76 (d, J = 4,2 H); 3.88 (4 H); 4.94 (dd, J = 4, 4, 1 H); 5.85 (4B,
J = 8,2 H). MS: 266 (0, M *), 115 (13), 108 (100), 93 (52), 91 (20), 77 (14), 73 (83).

(IRS,2RS,4SR )-(1,2,4-Trimethyl-3-oxobicyclo[2.2.2 Joct-5-en-2-yl jacetaldehyde (30). As described for 26,
with O; (ca. 0.96 g/h; for 13 min), 23 (1 g, 4.1 mmol) in CH,Cl, (50 ml), and Me,S (1.7 g, 0.027 mol). Evaporation
and purification of the residue by CC (silica gel (100 g), cyclohexane/AcOEt 7:3) afforded 30 as a colourless oil
(0.64 g, 76%). B.p. (bulb-to-bulb dist.) 80-100°/0.1 Torr. R; (cyclohexane/AcOEt 7:3) 0.42. IR: 1720, 1460, 1378,
1320, 1280, 1210, 1030, 1020, 910, 712. 'H-NMR: 1.18 (s, 3 H); 1.22 (s, 3 H); 1.24 (s, 3 H); 1.35 (m, 1 H); 1.54 (m,
1 H); 1.61 (m, 1 H); 1.76 (m, | H); 2.27 (4BX,J = 14,3.5,3.5,2 H); 5.81 (d,J = 8,1 H); 6.14(d,J =8, 1 H); 9.94
(dd, J = 3.5, 3.5, 1 H). PC-NMR: (cf. Table 2). MS: 206 (0, M ™), 108 (100), 93 (48), 91 (7), 77 (4), 58 (7).

(IRS,3SR,4SR )-3-[(1',3-Dioxolan-2'-yl ymethyl ]-1,3 4-trimethylbicyclo[2.2.2 Joct-5-en-2-one (31). As de-
scribed for 27, with 30 (3.8 g, 0.018 mol), ethylene glycol (1.8 g, 0.029 mol), TsOH - H,0 (100 mg), and benzene (50
mi): 31 as a colourless oil (3.9 g, 84%). B.p. 95-100°/0.1 Torr. IR : 1720, 1460, 1420, 1380, 1320, 1212, 1130, 1050,
1030, 960, 910, 840, 718. 'H-NMR: 1.12 (s, 3 H); 1.17 (s, 3 H); 1.19 (5, 3 H); 1.29 (ddd, J = 12,12, 7, 1 H); 1,47 (ddd,
J=12,12,3,1 H); 1.65(m, 1 H); 1.73(4BX,J =14, 6, 3, 2 H); 1.85 (ddd, J = 12, 10, 3, 1 H); 3.88 (4 H); 5.23 (dd,
J=6,3,1H);571(d,J = 8,1 H); 6.10 (d, J =8, L H). ’C-NMR: (¢f. Table 2). MS: 250 (0, M), 108 (100), 93
(39),91(7), 84 (4), 713 (7).

(IRS,2RS,3SR 4SR )- and (1RS,2SR, 3SR 4SR )-3-[ (I’ ,3"-Dioxolan-2-yl )methyl]-1,2,3 4-tetramethylbicy-
clof2.2.2]oct-5-en-2-0l (32 and 33, resp.). As described for 12/13, with MeLi (0.022 mol) in Et,0 (14 ml; dropwise
addition within 10 min), 31 (3.8 g, 0.015 mol) in Et,0 (140 ml), MeOH (2 mi), and 10% aq. NH,Cl soln. (100 ml):
80:20 mixture 32/33 (3.6 g, 91 %) which was separated by CC (silica gel (200 g), cyclohexane/AcOEt 7:3).

Data of 32. White crystalline solid. M.p. 38-40°. B.p. 100-103°/0.1 Torr. R; (cyclohexane/AcOEt 7:3) 0.44.
IR: 3490 (br.), 1460, 1412, 1390, 1375, 1130, 1040, 988, 950, 920, 840, 720. 'H-NMR (+D,0): 0.89 (m, 2 H); 0.90
(s, 3H); 1.04 (25, 6 H); 1.11 (s, 3 H); 1.65-1.75 (2 H); 2.05 (m, 1 H); 2.24 (dd, J = 14,9, 1 H); 3.88 (2 H); 4.03 (2 H);
4.97(dd,J =9, 3,1 H); 5.84 (s, 2 H). MS: 266 (0, M), 158 (28), 115 (22), 108 (100), 93 (65), 73 (62).

Data of 33. White crystalline solid. M.p. 57-59°. R; (cyclohexane/AcOEt 7:3) 0.22. IR: 3500 (br.), 1460, 1410,
1390, 1330, 1120, 1070, 1040, 920, 840, 720. 'H-NMR (+D,0): 0.92 (s, 3 H); 1.07 (s, 3 H); 1.14 (s, 3 H); 1.21 (s,
3 H); 0.87-1.00 (2 H); 1.48-1.67 (2 H); 1.79 (dd, J =16, 6.5, 1 H); 1.93 (d, J =16, 1 H); 3.89 (4 H); 5.01 (dd,
J=6.5,2,1H);582(d,J=8,1H);6.11(d,J =8, 1 H). MS: 266 (0, M ™), 186 (3), 171 (5), 134 (7), 115 (7), 108
(44), 93 (100), 73 (62).

General Procedure for the f-Cleavage of Alkoxides: Preparation of Ketones 34,37, 38,40, and 41.1In 11 separate
experiments, a soln. of 12, 13, 17, 18, 20, 21, 24, 25, 28 + 29 (9:1), 32 and 33 in HMPA (1 ml for 1 mmol of
substrate) was added dropwise to a stirred slurry of KH (1.5 mmol for 1 mmol of substrate) in HMPA (4 ml for
1 mmol of substrate) at 20° under N,. After 30 min at 20°, the mixture was heated at 50° or 70° until disappearance
of substrate (TLC analysis). The mixture was then cooled to 5° and cautiously poured into an excess of sat. aq.
NH,Cl soln. Extraction (Et,0), workup, CC (silica gel, cyclohexane/AcOEt 9:1), and distitlation i.v. afforded the
products described in Table 1.

(3RS, I’SR)-3-(I' 4'-Dimethylcyclohex-3'-enyl)-3-methylhex-5-en-2-one (34; 6 % yield from 12, reaction con-
ditions: 70°/1 h). B.p. (bulb-to-bulb dist.) 140-150°/0.1 Torr. R; (cyclohexane/AcOEt 9:1) 0.45. IR: 1700, 1642,
1440, 1380, 1360, 1220, 1002, 962, 920, 810, 780, 610. 'H-NMR: 0.88 (s, 3 H); 1.16 (5, 3 H); 1.36 (m, 1 H); 1.53 (m,
1 H); 1.63 (br. 5, 3 H); 1.50-2.00 (4 H); 2.11 (s, 3 H); 2.28 (m, 1 H); 2.83 (dd, J = 14, 6, 1 H); 4.99 (m, 1 H); 5.00 (m,
1 H); 5.26 (m, 1 H); 5.55 (m, 1 H). *C-NMR: (cf. the Fig.). MS: 220 (0, M ¥), 121 (4), 109 (26), 108 (100), 93 (47),
79 (12), 67 (23).

(IRS,2SR,6RS,7SR )-1,2,4,6,7-Pentamethyl-3-oxatricyclof 5.2.2.0°% Jundec-8-ene (35; 52% yield from 13;
reaction conditions: 70°/1 h). B.p. (bulb-to-bulb dist.) 150-160°/0.1 Torr. M.p. 34-36°. IR: 1470, 1390, 1150, 1100,
1080, 1060. 'H-NMR: 0.97 (s, 3 H); 1.02 (s, 3 H); 1.07 (s, 3 H); 1.12 (5, 3 H); 0.80~2.00 (9 H); 3.77 (m, 1 H); 5.81
(2 H). MS: 220 (0, M), 112 (100), 108 (34), 97 (10), 93 (23), 77 (6), 69 (15).
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(I1RS,2RS,6SR,7SR )-1,2,4,6,7-Pentamethyl-3-oxatricyclof 5.2.2.0*% Jundec-8-ene (36; 47% vyield from 17;
reaction conditions: 70°/1 h). B.p. (bulb-to-bulb dist.) 150-160°/0.1 Torr. IR: 1460, 1390, 1370, 1100, 1060, 1012.
TH-NMR: 0.90 (s, 3 H); 0.99 (25, 6 H); 1.00 (s, 3 H); 1.26 (d, J = 6, 3 H); 0.90-2.40 (6 H); 4.09 (m, 1 H); 5.73 (d,
J =8,1H);5.96(d,J =8, 1 H). MS: 220 (0, M *), 112 (100), 108 (68), 97 (18), 93 (44), 77 (13), 69 (30).

(3RS, I'RS )-3-(I' 4'-Dimethylcyclohex-3'-enyl)-3-methylhex-5-en-2-one (37; 4% yield from 18, reaction con-
ditions: 70°/1 h). B.p. (bulb-to-bulb dist.) 150-160°/0.1 Torr. IR: 1700, 1642, 1440, 1380, 1360, 1216, 1002, 962,
920, 810, 780, 610. '"H-NMR: 0.90 (s, 3 H); 1.17 (s, 3 H); 1.63 (br. 5, 3 H); 1.40-1.70 (7 H); 2.13 (s, 3 H); 2.83 (dd,
J =14, 6, 1 H); 5.02 (m, 1 H); 5.03 (m, 1 H); 5.27 (m, 1 H); 5.60 (m, 1 H). *C-NMR: (¢f. the Fig.). MS: 220 (0,
M), 121 (3), 109 (25), 108 (100), 93 (41), 79 (12), 67 (28), 55 (27).

(3RS, I’SR )-3-( I’ 4'-Dimethylcyclohex-3'-enyl )-3,6-dimethylhept-5-en-2-one (38; 16% yield from 20; reac-
tion conditions: 70°/1 h). B.p. (bulb-to-bulb dist.) 150-160°/0.1 Torr. R; (cyclohexane/AcOEt 7:3) 0.63. IR: 1700,
1450, 1380, 1360, 1220, 1170, 1080, 960, 890, 810, 780. 'H-NMR: 0.89 (s, 3 H); 1.13 (5, 3 H); 1.00-2.10 (6 H); 1.58
(s, 3H); 1.63 (5, 3H); 1.66 (s, 3 H); 2.10 (s, 3 H); 2.28 (4, J = 15, 1 H); 2.66 (dd, J = 15, 6, 1 H); 4.87 (m, 1 H); 5.27
(m, 1 H). 3C-NMR: (¢f. the Fig.). MS: 248 (0, M *), 192 (7), 139 (21), 121 (7), 108 (100), 93 (27), 85 (18), 69 (25).

Also isolated was 3,6-dimethylhex-5-en-2-one (39)%). Ry (cyclohexane/AcOEt 7:3) 0.52. IR : 1720, 1380, 1360,
1240, 1170, 1120, 1083, 1060, 960, 882, 840, 780. 'H-NMR: 1.08 (d,J = 6, 3 H); 1.63 (s, 3 H); 1.71 (s, 3 H); 2.13 (s,
3 H); 1.70-2.80 (3 H); 5.06 (m, 1 H). MS: 140 (0, M ), 124 (16), 109 (7), 95 (20), 81 (12), 68 (23), 57 (100).

With 32 as substrate (reaction conditions: 70°/1 h), 38 was isolated (ca. 2% yield) together with 39%) (vide
supra).

(3RS,I’RS)-3-( I' 4'-Dimethylcyclohex-3'-enyl )-3,6-dimethylhept-5-en-2-one (40; 26% yield from 24; reac-
tion conditions: 50°/1 h). B.p. (bulb-to-bulb dist.) 150-160°/0.1 Torr. R; (cyclohexane/AcOEt 7:3) 0.63. IR: 1698,
1440, 1380, 1350, 1220, 1170, 1080, 1060, 960, 808. 'H-NMR: 0.90 (s, 3 H); 1.13 (s, 3 H); 1.40-2.10 (6 H); 1.60 (s,
3H); 1.63 (s, 3 H); 1.66 (s, 3 H); 2.11 (5, 3H); 2.19(d, J = 15, 1 H); 2.65(dd, J = 15, 6,1 H); 4.91 (m, 1 H); 5.28 (m,
1 H). 3C-NMR: (¢f. the Fig.). MS: 248 (0, M *), 139 (27), 121 (6), 108 (100), 93 (28), 85 (20), 69 (28).

Also isolated was 39%) (vide supra).

With 25 as substrate (reaction conditions: 50°/1 h), 62 was isolated (ca. 2% yield) together with 39%) (vide
supra).

(3RS, 1I’SR )-3-( I 4'-Dimethylcyclohex-3'-enyl)-4-( 1" ,3"-dioxolan-2"-yl)-3-methylbutan-2-one ~ (41; 10%
yield from 28, 29 (ca. 9:1, vide supra); reaction conditions: 70°/1 h). B.p. (bulb-to-bulb dist.) 150-170°/0.05 Torr. Ry
(cyclohexane/AcOEt 7:3) 0.36. "H-NMR: 0.86 (s, 3 H); 1.30 (5, 3 H); 0.90-2.60 (8 H); 1.63 (br. 5, 3 H); 2.17 (s, 3 H);
3.80 (m, 4 H); 4.90 (dd, J =7, 4, 1 H); 5.25 (m, 1 H).

Also isolated was 42%%). R; (cyclohexane/AcOFEt 7:3) 0.20. IR: 1718, 1360, 1160, 1040, 960, 840, 800, 770.
TH-NMR: 1.13 (d, J =7, 3 H); 1.75 (m, 2 H); 2.13 (5, 3 H); 2.77 (m, 1 H); 3.88 (m, 4 H); 4.88 (, J =4.5, 1 H).

With 32 as substrate (reaction conditions: 70°/1 h), no products were isolated.

With 33 as substrate (reaction conditions: 70°/3 h), only 42 was isolated?’).

(IRS,3RS,4SR )-3-(3'-Hydroxypropyl)-1,3 4-trimethylbicyclo[2.2.2 Joct-5-en-2-one (43). A soln. of 9-BBN
(2.1 g,0.017 mol) in THF (50 ml) was added dropwise within 1 h to a stirred soln. of 11 (32 g, 0.016 mmol) at 25°
under N,. After further 2 h at 25°, the mixture was cooled and maintained at 5° during the addition of 38 aq. NaOH
soln. (7 ml) followed by 35% aq. H,O, soln. (7 ml). The mixture was then heated at 50° for 1 h. Evaporation and
addition of H,O (100 ml) was followed by extraction (Et,0). Workup gave a pale-yellow oil (3.9 g) which was
purified by CC (silica gel, cyclohexane/AcOEt 7:3). Distillation i.v. afforded 43 as a colourless oil (3.1 g, 89%). B.p.
100-102°/0.05 Torr. Ry (cyclohexane/AcOEt 1:1) 0.27. IR: 3420 (br.), 1710, 1450, 1370, 1060, 990, 900, 710, 610.
TH-NMR (+D,0): 0.99 (s, 3 H); 1.15 (5, 3 H); 1.19 (5, 3 H); 1.10-1.70 (7 H); 1.81 (m, 1 H); 3.44 (t,J = 6.5, 2 H);
5.65(d,J =8,1H); 6.20(d,J =8, 1 H). 3C-NMR: (cf. Table 2). MS: 222 (0, M*), 135 (6), 114 (4), 108 (100), 93
(55),91 (17), 77 (10).

(1RS,3RS,48R )-3-[ 3'-( p-Toluenesulfonyloxy ) propyl ]-1,3,4- trimethylbicyclof 2.2.2 Joct-5-en-2-one (44). A
soln. of 43 (3.1 g, 0.014 mmol), TsCl (4.5 g, 0.024 mmol), and pyridine (3 g, 0.038 mmol) in CH,Cl, (60 ml) was
stirred at reflux during 8 h. Evaporation, addition of 10% aq. HCl soln. (100 ml), extraction (Et,0), and workup
gave a viscous yellow oil (6.2 g). Purification by CC (silica gel (250 g), cyclohexane/AcOEt 7:3) afforded 44 as a
viscous colourless oil (6.0 g, 91%). Ry (cyclohexane/AcOEt 7:3) 0.34. 'H-NMR: 0.96 (s, 3 H); 1.11 (s, 3H); 1.17 (s,
3 H); 1.00-1.60 (7 H); 1.79 (m, 1 H); 2.42 (s, 3H); 3.86 (m,2 H); 5.64 (d, J = 8, 1 H); 6.12 (d, J = 8, 1 H); 7.52 (4B,
J =8,4H).

(1R8S,3RS,48R )-3-(3"-Bromopropyl )-1,3 4-trimethylbicyclo[ 2.2.2 Joct-5-en-2-one (45). A soln. of 44 (9 g,
0.024 mol) and LiBr (5.5 g, 0.063 mol) in acetone (200 ml) was stirred at reflux for 1.5 h. Evaporation was followed

2 Yield undetermined.
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by addition of H,O (150 ml) to the residue. Extraction (Et,0), workup, and distillation i.v. afforded 45 as a
colourless oil (6.5 g, 95%). B.p. 88-90°/0.05 Torr. IR: 1720, 1372, 1264, 1230, 1020, 862, 716. 'H-NMR: 1.00 (s, 3
H); 1.16 (s, 3 H); 1.20 (s, 3 H); 1.25 (m, 1 H); 1.40-1.90 (7H); 3.27 (¢, J = 6,2 H); 5.69 (d,J = 8,1 H);6.19(d,/ = 8,
1 H). BC-NMR: (¢f. Table 2). MS: 284 (0, M *), 135 (6), 108 (100), 93 (43), 91 (12), 79 (5), 77 (8).

(IRS,2RS,6RS,7SR }-1,6,7-Trimethyltricyclof 5.2.2.0*° Jundec-8-en-2-0l (46) and (1 RS,2RS,6RS,7SR )-6,7-
10-Trimethyltricyclo[5.4.0.0°¢ Jundec-10-en-2-o0l (47). A soln. of 45 (5.3 g, 0.019 mol) in THF (60 ml) containing
small pieces of Li wire (0.52 g, 0.074 mol) was submitted to sonication®®) at 0° for 2 h. The mixture was then poured
cautiously into cold 20% aq. NH,4Cl soln. (100 ml). Extraction (Et,0), workup, and CC (silica gel (300 g), toluene)
afforded 46 and 47 as the major products.

Data of 46. Colourless oil (2.1 g, 54%). B.p. 70-72°/0.05 Torr. R¢(toluene) 0.20. IR (CDCls): 3640, 3300 (br.),
1465, 1370, 1222, 1126, 1010, 990, 950, 850. 'H-NMR (+D,0): 0.91 (s, 3 H); 1.03 (5, 3 H); 1.09 (s, 3 H); 0.90-1.80
(10H);5.75(d,J = 8,1H);5.85(d,J = 8, 1 H). *C-NMR: (¢f. the Fig.). MS: 206 (0, M *), 188 (2), 173 (3), 145 (5),
108 (100), 93 (46), 91 (12), 77 (8).

Data of 47. Colourless 0il (0.42 g, 11%). B.p. (bulb-to-bulb dist.) 70-80°/0.04 Torr. R;(toluene) 0.14. IR: 3480
(br.), 1450, 1376, 1298, 1200, 1096, 1060, 1026, 944, 910, 858. 'H-NMR (+D,0): 0.88 (s, 3 H); 0.93 (s, 3 H);
1.20-2.10 (10 H); 1.77 (5, 3 H); 2.23 (m, 1 H); 5.30 (m, 1 H). '*C-NMR: (cf. the Fig.). MS: 206 (0, M *), 108 (100),
98 (7), 93 (55), 91 (14), 83 (4), 77 (9), 67 (6).

The above experiment was repeated without sonication at 25° for 24 h to afford, after isolation, 46 and 47 (45
and 8%, resp., from 45).

Another experiment using Et,0O as solvent, without sonication, at 25° for 1 h afforded, after isolation, 46 and
47 (42 and 14 %, resp., from 45).

Thermolysis of 47: Preparation of (2RS,I’SR,4'SR)-2-(1',4'-Dimethylcyclohex-2'-enyl)-2-methylcyclo-
pentan-1-one (48). A soln. of 47 (103 mg, 0.5 mmol) in toluene (0.5 ml) was passed through a 3-m 5% Carbowax-
packed GC column at 200° (carrier gas: He). Collection of the pyrolysate afforded 48 as a colourless oil (82 mg,
80%). B.p. (bulb-to-bulb dist.) 60-80°/0.01 Torr ([3b]: 60-65°/0.2 Torr). R; (toluene) 0.25. IR (CDCl5): 1730.
'"H-NMR: 0.95(d, J = 7, 3 H); 1.02 (25, 6 H); 1.10-2.40 (11 H); 5.47 (d, J = 10.5, 1 H); 5.77 (br. d, J = 10.5, 1 H).
MS: 206 (0.2, M), 109 (100), 108 (32), 98 (18), 93 (22), 81 (14), 67 (38).

(IRS,3RS 4SR )-3-(3-Todopropyl )-1,3 4-trimethylbicyclof 2.2.2 Joct-5-en-2-one (49). A soln. of 44 (4.1 g,
0.011 mol) and Nal (6.6 g, 0.044 mol) in acetone (80 ml) was stirred at 25° for 96 h. After evaporation, H,O (50 ml)
was added to the residue and the mixture extracted (Et,O). The combined org. phase was washed with 5% agq.
Na,SO, soln., dried (Na,SO,), and evaporated. CC of the residue (silica gel (100 g), cyclohexane/AcOEt 19:1)
afforded 49 as a white crystalline solid (3.3 g, 91%). M.p. 55-56°. B.p. 108-100°/0.1 Torr. R; (cyclohexane/AcOEt
7:3)0.57. IR (CDCl;): 1710, 1370, 1210, 1200, 1170, 1010, 860, 710. 'H-NMR: 1.00 (s, 3 H); 1.16 (s, 3 H); 1.20 (s,
3H); 1.10-1.75 (7 H); 1.82 (m, 1 H); 3.04 (m, 2 H); 5.68 (d, J =8, 1 H); 6.18 (d, / = 8, 1 H). ’C-NMR: (¢f. Table
2). MS: 332 (0, M), 205 (4), 135 (6), 108 (100), 93 (40), 91 (15), 77 (9).

(IRS,3RS,4SR )-1,3,4-Trimethyl-3-[ 3'- ( p-toluenesulfonyl) propyl bicyclof 2.2.2 ] oct-5-en-2-one (50). Method
A [23]. A mixture of 49 (3.2 g, 9.6 mmol), sodium p-toluenesulfinate (2 g, 0.011 mol) and DMF (70 ml) was stirred
at 50° for 18 h under N,. The mixture was then poured into H,O (400 ml) and continuously extracted (Et,0).
Drying (Na,S,0,), evaporation of the org. phase and CC of the residue (silica gel (350 g), cyclohexane/AcOEt 7:3)
afforded 50 as a white crystalline solid (2.8 g, 81 %). M.p. 90-91°. R;(CH,Cl,) 0.10. IR (CDCl3): 1715, 1602, 1456,
1300, 1240, 1164, 1090, 1020, 990, 820, 780, 670. 'H-NMR: 0.95 (s, 3 H); 1.10 (5, 3 H); 1.16 (s, 3 H); 1.10-1.70 (7 H);
1.79 (m, 1 H); 2.45 (s, 3H);2.90 (t, / = 7,2 H); 5.64 (d,/ =8, 1 H); 6.13 (4, / =8,  H); 7.35(d, J =8, 2 H); .74
(d, J =8,2H). P’C-NMR: 144.5 (s); 136.4 (s); 129.8 (2d); 128.1 (2d); 21.6 (g) (for rest of data, ¢f. Table 2). MS:
360 (0, M ™), 157 (2), 135 (5), 108 (100), 97 (6), 93 (31), 91 (21).

Method B [24]. A soln. of BuyNBr (13 g, 0.04 mmol) and sodium p-toluenesulfinate (14.5 g, 0.082 mol) in H,O
(30 ml) was extracted (CH,Cl,, 3 x 20 ml). The combined org. phase was evaporated and THF (300 ml) added to
the residue. The mixture was stirred at 40° and then filtered. The filtrate was evaporated and benzene (100 ml)
added to the residue prior to re-evaporation of solvent (azeotropic removal of H,0). This latter operation was
repeated twice. Finally, the residue was dried i.v. to afford a sticky beige solid (14 g). To this solid was added THF
(200 ml), followed by a soln. of 49 (2.3 g, 7.0 mmol) in THF (50 ml). The mixture was stirred at 25° for 18 h under
N, and evaporated. Addition of H,O (200 ml), saturation with NaCl and extraction (Et,0) was followed by
workup and CC (silica gel (200 g), cyclohexane/AcOEt 7:3) to afford 50 (2.03 g, 81 %). Vide supra for physical and
spectral data.

2y Sonication was effected using a Bransonic 221 (48 kHz/50 W) ultrasonic bath.
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(IRS,2RS,3SR,6RS,7SR )-1,6,7-Trimethyl-3- ( p-toluenesulfonyl) tricyclo[5.2.2.0%° ] undec-8-en-2-0l (51).
A soln. of 50 (2.03 g, 5.6 mmol) in THF (20 ml) was added dropwise within 30 min to a stirred soln. of LDA (6.7
mmol) in THF/hexane 3:1 (13 ml) at —70° under N,. After a further 30 min at —70°, the reaction was poured into
cold 20 % aq. NH,Cl soln. (100 ml). Saturation with NaCl, extraction (Et,0), workup, and CC (silica gel (350 g),
cyclohexane/AcOEt 8:2) afforded 51 as a white crystalline solid (1.9 g, 93%). M.p. 93-94°. R (CH,Cl,) 0.23. IR
(CDCLy): 3530 (br.), 1602, 1466, 1300, 1140, 1090, 780, 720, 698, 640. 'H-NMR (+D,0): 0.91 (m, 2 H); 0.95 (s,
3 H); 1.01 (s, 3 H);1.27 (s, 3 H); 1.38 (m, 2 H); 1.59 (m, 2 H); 1.96 (m, 2 H); 2.44 (s, 3 H); 3.28 (dd, J =11, 7, | H);
572(d,J =8,1H);592(d,J =8,1H); 7.33(d, J =8, 2H); .77 (d, ] = 8, 2 H). *C-NMR: 144.4 (s); 137.5 (s);
129.6 (2d); 128.6 (2d); 21.6 (q) (for rest of data cf. the Fig.). MS: 360 (0, M *"), 108 (100), 97 (25), 93 (30), 91 (16),
77 (7), 65 (5), 55(5).

46 from 51. Li wire (0.6 g, 0.086 mol) was added portionwise within 1.5 h to a soln. of 51 (2.2 g, 6.1 mmol) in
lig. NH; (350 ml) and THF (35 ml) at —70° under N,. After further 30 min at —70°, MeOH (1 ml) was added
cautiously and the mixture allowed to attain r.t. (evaporation of NH;). Addition of cold 20% aq. NH,Cl soln. (50
ml), saturation with NaCl, continuous extraction (Et,O) and workup gave a brown oil which was purified by CC
(silica gel (100 g), cyclohexane/AcOEt 9:1) to afford 46 (0.87 g, 60%). Vide supra for physical and spectral data.

(2RS,1’SR )-2-( I 4'-Dimethylcyclohex-3'-enyl)-2-methylcyclopentan-1-one (4) from 46. A soln. of 46 (1.83 g,
8.9 mmol) in HMPA (20 ml) was added dropwise within 10 min to a stirred slurry of KH (0.014 mol) in HMPA
(30 ml) at 25° under N,. After 2 h at 25°, the mixture was heated at 140° for 1 h. The dark mixture was then cooled
and poured into cold 20% aq. NH4CI soln. (100 ml). Continuous extraction (petroleum ether), workup, and CC
(silica gel (350 g), cyclohexane, then toluene) afforded a 13:1 mixture 4/5 as a colourless oil (0.59 g, 32%)%). B.p.
(bulb-to-bulb dist.) 80-100°/0.05 Torr ([3b]: 60-65°/0.2 Torr). Ry (toluene) 0.26. IR: 1730, 1410, 1380, 1370, 1160,
1060, 940, 820, 802, 780, 630. '"H-NMR: 0.91 (s, 3H); 1.02 (s, 3 H); 1.33 (m, 1 H); 1.63 (5, 3 H); 1.65-2.05 (8§ H); 2.12
(m,2H);2.31 (m, | H); 5.28 (m, 1 H). '*C-NMR: (¢f. the Fig.). MS: 206 (0, M *), 123 (3), 108 (100), 98 (9), 93 (48),
91 (12), 83 (7), 79 (10), 67 (24).

Also isolated was a 2:1 mixture (0.28 g) of p-xylene and 2-methylcyclopentan-1-one (52), separated by prep.
GC and identified by spectral comparison (.H-NMR, MS) with authentic samples.

4 from 47. Method A. A soln. of 47 (0.1 g, 0.49 mmol) in HMPA (1 ml) was added dropwise to a stirred slurry
of KH (1 mmol) in HMPA (2 ml) at 25° under N,. After 2 h at 25°, the cooled mixture was poured cautiously into
cold 20% aq. NH4CI soln. (10 ml). Extraction (Et,0), workup, CC (silica gel (10 g), cyclohexane/AcOEt 7:3), and
distillation i.v. afforded a 73:27 mixture 46/4 (60 mg) which was separated by prep. GC and identified by spectral
comparison with authentic samples (vide supra). '

Method B. A soln. of 47 (0.1 g, 0.49 mmol) in THF (1 ml) was added to a stirred slurry of KH (1 mmol) in THF
(2 ml) at 25° under N,. After 2 h at 25° (no reaction detected by TLC), the mixture was refluxed for 16 h (still no
reaction detected). HMPA (1 ml) was now added and the mixture refluxed for 2 h. Workup and purification as
described above (¢f. Method A) furnished a 73:27 mixture 46/4 (80 mg).

Method C. A soln. of 47 (0.1 g, 0.49 mmol) in HMPA (1 ml) was added to a stirred mixture of t-BuOK (112
mg, | mmol) in HMPA (2 ml) at 25° under N,. After 18 h at 25°, the mixture was poured into 20% aq. NH4Cl soln.
(10 ml). Extraction (Et,0O) and workup as described above (vide supra) afforded a 80:20 mixture 4/46 (50 mg).

Method D. A soln. of 47 (0.1 g, 0.49 mmol) and MeONa (32 mg, 0.6 mmol) in MeOH (2 ml) was refluxed for
3 h. No reaction was observed (TLC).

Base-Promoted Isomerisation of 4. A soln. of 4 (20 mg, 0.1 mmol) in HMPA (0.1 ml) was added to a stirred
slurry of KH (ca. 1.5 mmol) in HMPA (0.5 ml) at 140° under N,. After 1 h at 140°, the mixture was cooled to 5°and
20% aq. NH4Cl soln. (1 ml) added dropwise. Extraction (Et,0), workup, CC (silica gel (10 g), cyclohexane, then
Et,0), and distillation 7.0. afforded a 3:1 mixture®®) of 4/5 (20 mg).

(4RS,1’SR )-1 4-Dimethyl-4-( I’-methyl-2'-methylidenecyclopentyl ) cyclohex-1-ene (= ( +)-Trichodiene; 1).
Following the procedure in [3c], 4 (206 mg, | mmol) was transformed into 1 (colourless oil, 124 mg, 61 %); isolation
by CC (silica gel (20 g), petroleum ether) and distillation i.v. B.p. 60-80° (bulb-to-bulb distillation)/0.07 Torr ([3b}:
65-70°/0.5 Torr). IR (CDCly): 2975, 1640, 1440, 1375, 1160, 1080, 810. '"H-NMR: 0.86 (s, 3 H); 1.04 (s, 3 H);
1.30-2.40 (12 H); 1.64 (s, 3 H); 4.74 (br. 5, 1 H); 4.96 (br. 5, 1 H); 5.30 (m, 1 H). 3C-NMR: (cf. the Fig.). MS: 204
2, M), 189 (2), 121 (6), 109 (100), 108 (66), 93 (34), 81 (22), 67 (46), 55 (17), 41 (28).

%) Ketones 4 and 5 were not separable by chromatography; their relative proportions were estimated by
"H-NMR (360 MHz; integration of the CH;—C(2) signals).
%) Estimated by 'H-NMR (360 MHz).
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Ketone 54 and Alcohols 55/56 from 50 and KH. A soln. of 50 (0.36 g, 1 mmol) in HMPA (1 ml) was added
dropwise to a stirred slurry of KH (1.5 mmol) in HMPA (2 ml) at 25° under N,. After 30 min at 25°, the mixture was
heated at 60° for 30 min, cooled to 5°, and then poured into cold 20% aq. NH,4Cl soln. (5 ml). Extraction (Et,0),
workup, filtration through silica gel (50 g, cyclohexane/AcOEt 7:3), and evaporation afforded a pale-yellow oil
which was re-purified by CC (silica gel (50 g), toluene, then MeOH) and prep. GC to afford:
(IRS,2SR,3SR,4SR )-1.6,7-trimethyltricyclof 5.2.2.0%° Jundec-8-en-3-one (54; colourless oil, 40 mg, 20 % from 50)
and (IRS,2SR,5RS,6SR )-5.6-9-trimethyltricyclo[4.3.2.0'° Jundeca-8,10-dien-2-0l (55)/(1RS,2SR,5RS,6SR )-
5.6-dimethyl-9-methylidenetricyclo[4.3.2.0"° Jundec-10-en-2-0l (56; colourless oil, 2:1 mixture; 20 mg, 10% from
50).

Data of 54. B.p. (bulb-to-bulb dist.) 60-80°/0.02 Torr. R; (toluene) 0.28. "H-NMR: 1.00-1.20 (2 H); 1.15 (s,
3 H); 1.16 (s, 3 H); 1.30-1.60 (4 H); 1.60 (s, 1 H); 1.70-1.85 (3 H); 2.01 (m, 1 H); 2.18 (m, | H); 5.84 (d, J = 8, 1 H);
5.95(d, J = 8,1 H). MS: 204 (0, M ), 120 (6), 108 (100), 93 (53), 91 (15), 77 (9).

Data of 55. B.p. (bulb-to-bulb dist.) 60-80°/0.02 Torr. R; (toluene) 0.20. 'H-NMR (+D,0): 0.99 (s, 3 H); 1.06
(s, 3H); 1.55 (s, 3 H); 4.45 (m, 1 H); 5.10 (m, 1 H); 5.24 (d,J = 8, 1 H); 5.72(d, J = 8, 1 H). MS:204 (30, M), 186
(43), 171 (100), 158 (26), 147 (63), 131 (52), 119 (53), 105 (60), 91 (84), 77 (48).

Data of 56. B.p. (bulb-to-bulb dist.) 60-80°/0.02 Torr. Ry (toluene) 0.20. 'H-NMR (+D,0): 1.01 (s, 3 H); 1.02
(5, 3H); 4.54 (m, 1 H); 4.81 (m, 1 H); 4.99 (m, 1 H); 5.35(d,J =8, 1 H); 5.54(d, J = 8, | H). MS:204 (33, M 1), 189
(14), 171 (28), 160 (61), 145 (79), 131 (83), 119 (50), 105 (76), 91 (100), 77 (80).

(IRS,2SR,4RS)-and (1RS,2RS 4RS )-1,2 4-Trimethylbicyclo[2.2.2 Joct-5-en-2-0l (57 and 58, resp.). A soln.
of 6 (0.75 g, 5.0 mmol) in Et,O (10 ml) was added dropwise within 10 min to a stirred soln. of MeLi (8.5 mmol) in
Et,0 (10 ml) at 20°. After a further 10 min at 20°, the mixture was cautiously poured into cold 10 % aq. NH,Cl soln.
(50 ml). Saturation (NaCl), continuous extraction (Et,0), workup, and bulb-to-bulb dist. i.v. afforded 57/58 (ca.
1:1) as a colourless oil (0.71 g, 86 %). Separation was effected by prep. GC (Carbowax).

Data of 57 (higher tR). B.p. (bulb-to-bulb dist.) 100-120°/0.2 Torr. M.p. 47-48°. R; (cyclohexane/AcOEt 7:3)
0.42. IR: 3450 (br.), 3050, 2950, 1460, 1375, 1140, 1080, 914, 834, 712. 'H-NMR (+D,0): 0.97 (m, 1 H); 1.08 (2s,
6H); 1.10 (s, 3H); 1.23 (m, | H); 1.33(dd, J = 14, 3.5, 1 H); 1.41 (d, J = 14, 1 H); 1.48 (m, 1 H); 1.98 (m, 1 H); 5.85
(5, 2H). *C-NMR: (¢f. Table 3). MS: 166 (0, M ), 108 (100), 93 (65), 91 (5), 77 (3), 43 (8).

Data of 58 (lower tg). B.p. (bulb-to-bulb dist.) 100-120°/0.2 Torr. R; (cyclohexane/AcOEt 7:3) 0.40. IR:
3490 (br.), 3050, 2950, 1460, 1378, 1200, 1120, 1060, 920, 836, 718. 'H-NMR (+D,0): 1.10 (s, 3 H); 1.17 (5, 3 H);
1.20 (s, 3 H); 1.08-1.25 (2 H); 1.26 (m, 1 H); 1.38 (dd, J = 14,3.5, 1 H); 1.52 (d, J = 14,1 H); 1.55(m, 1 H); 5.87 (4,
J=8,1H);6.10 (d, J =8, 1 H). *C-NMR: (¢f. Table 3). MS: 166 (0, M ™), 108 (100), 93 (63), 91 (7), 77 (4),
43 (12).

(IRS,2SR,4SR )- and (IRS,2RS,4SR )-1,2,3,3,4- Pentamethylbicyclo[2.2.2 Joct-5-en-2-0l (59 and 60, resp.).
As described for 57/58 with 10 (0.9 g, 5.1 mmol) in Et;O (10 ml) and MeLi (0.01 mol) in Et,O (8 ml) at 20°: 59/60
(4:1) as a partially crystalline solid (0.80 g, 82%). Separation was effected by CC (silica gel (350 g), cyclohexane/
AcOEt9:1).

Data of 59. B.p. 110-120° (bulb-to-bulb dist.)/0.1 Torr. M.p. 41-43°. R; (cyclohexane/AcOEt 7:3) 0.50. IR:
3530 (br.), 3050, 2975, 1460, 1374, 1082, 1060, 918, 716. 'TH-NMR (+D,0): 0.81 (s, 3H); 0.92 (5, 3 H); 1.02 (s, 3 H);
1.03 (5, 3 H); 1.08 (s, 3 H); 0.85-1.05 (2 H); 1.76 (m, 1 H); 1.88 (m, 1 H); 5.80 (4, J =8, 1 H); 5.89 (4, J =8, | H).
BC-NMR: (cf. Table 3). MS: 194 (0, M *"), 108 (100), 93 (47), 91 (4), 77 (3), 43 (13).

Data of 60. B.p. 110-120° (bulb-to-bulb dist.)/0.1 Torr. R¢(cyclohexane/AcOEt 7:3) 0.55. IR (CDCls): 3600,
3050, 2975, 1470, 1386, 1370, 1328, 1074, 1044, 658. 'H-NMR (+D,0): 0.78 (s, 3 H); 0.91 (s, 3 H); 1.04 (s, 3 H);
1.08 (s, 3 H); 1.14 (s, 3H); 0.90-1.70 (4 H); 5.78 (d, J = 8, 1 H); 6.14(d, J = 8, 1 H). *C-NMR: (c¢f. Table 3). MS:
194 (0, M), 108 (100), 93 (44), 78 (2), 43 (14).



HEeLvVETICA CHIMICA ACTA —- Vol. 72 (1989) 593

REFERENCES

[11 a) S. Nozoe, Y. Machida, Tetrahedron Lett. 1970, 2671; b) Tetrahedron 1972, 28, 5105.

[2] a) C. Tamm, W. Breitenstein, in ‘The Biosynthesis of Mycotoxins’, Ed. P.S. Steyn, Academic Press, New
York, 1980, p.69; b) G. A. Cordell, Chem. Rev. 1976, 76, 425; ¢) P. Mohr, C. Tamm, W. Ziircher, M. Zehnder,
Helv. Chim. Acta1984,67,406;d) D.E. Cane, H.-J. Ha, C. Pargellis, Bioorg. Chem. 1985, 13, 246, and ref. cit.
therein.

[3] a) K. Yamakawa, R. Sakaguchi, T. Nakamura, K. Watanabe, Chem. Lett. 1976, 991; b) S.C. Welch,
A.S.C.P. Rao, C.G. Gibbs, R. Y. Wong, J. Org. Chem. 1980, 45, 4077; ¢) R. H. Schlessinger, J., A. Schultz,
ibid. 1983, 48, 407; d) R.L. Snowden, P. Sonnay, ibid. 1984, 49, 1464; ¢) K.E. Harding, K.S. Clement, ibid.
1984, 49, 3870; f) A.J. Pearson, M.K. O’Brien, J. Chem. Soc., Chem. Commun. 1987, 1445; g) M. Suda,
Tetrahedron Lett. 1982, 23,427; h) J. C. Gilbert, B. E. Wiechman, J. Org. Chem. 1986, 51, 258;1) G. A. Kraus,
P.J. Thomas, ibid. 1986, 51, 503;j) J. C. Gilbert, T. A. Kelly, ibid. 1986, 51, 4485; k) F.L. VanMiddlesworth,
ibid. 1986, 51, 5019.

[4] S.F. Martin, Tetrahedron 1980, 36, 419.

[5] M. Kodama, T. Takahashi, T. Kurihara, S. Ito, Tetrahedron Lett. 1980, 21, 2811.

[6] R.L. Snowden, K. H. Schulte-Elte, Helv. Chim. Acta 1981, 64, 2193.

[7] a) R.L. Snowden, S.M. Linder, B.L. Muller, K.H. Schulte-Elte, Helv. Chim. Acta 1987, 70, 1858; b) ibid.
1987, 70, 1879.

[8} a) W.G. Dauben, D.J. Hart, J. Ipaktschi, A. P. Kozikowski, Tetrahedron Lett. 1973, 4425; b) A. Ruttimann,
A. Wick, A. Eschenmoser, Helv. Chim. Acta 1975, 58, 1450.

[91 W.T. Brady, S.J. Norton, J. Ko, Synthesis 1985, 704.

[10] D.A. Evans, W.L. Scott, L. K. Truesdale, Tetrahedron Lett. 1972, 121.

[11] a) W. Haumesser, Ph.D. Thesis, University of Braunschweig, 1975; b) M. Scholtz, Ph.D. Thesis, University of
Braunschweig, 1976.

[12] M.-C. Lasne, J.-L. Ripoll, Synthesis 1985, 121.

[13] G.M.R. Tombo, G. Ganter, Helv. Chim. Acta 1985, 68, 2226.

[14] R. Pappo, D.S. Allen, Jr., R. U. Lemieux, W.S. Johnson, J. Org. Chem. 1956, 21, 478.

[15} U. Husstedt, H.J. Schéfer, Synthesis 1979, 966.

[16] J.C. de Souza-Barboza, C. Pétrier, J.-L. Luche, J. Org. Chem. 1988, 53, 1212, and ref. cit. therein.

[17] C. Blomberg, F. A. Hartog, Synthesis 1977, 18.

[18] a) P. Bauer, G. Molle, Tetrahedron Lett. 1978, 4853; b) J. Am. Chem. Soc. 1982, 104, 3481:c) J.C. de
Souza-Barboza, J.-L. Luche, C. Pétrier, Tetrahedron Lett. 1987, 28, 2013.

[19] a) A. Nickon, R. Gerguson, A. Bosch, T. Iwadare, J. Am. Chem. Soc. 1977, 99, 4518; b) A.L.J. Beckwith, R.
Kazlauskas, M. R. Syner-Lyons, J. Org. Chem. 1983, 48, 4718; c) R. Tsang, J.K. Dickson, Jr., H. Pak, R.
Walton, B. Fraser-Reid, J. Am. Chem. Soc. 1987, 109, 3484.

[20] a) J.K. Kochi, in ‘Free Radicals’, Wiley-Interscience, New York, 1973, Vol.2, p.665; b) D. Griller, G.D.
Mendenhall, W. Van Hoof, K.U. Ingold, J. Am. Chem. Soc. 1974, 96, 6068; c¢) A.L.J. Beckwith, D.M.
O’Shea, S. W. Westwood, ibid. 1988, 110, 2565.

[21] W.D. Closson, J.R. Ganson, S. W. Rhee, K.S. Quaal, J. Org. Chem. 1982, 47, 2476.

[22] G.W.Kabalka, K.A.R. Sastry, K. U. Sastry, Synth. Commun. 1982, 12, 101.

[23] J.S. Meek, J.S. Fowler, J. Org. Chem. 1968, 33, 3422,

[24] G.E. Vennstra, B. Zwaneburg, Synthesis 1975, 519.

[25] S. Torii, K. Uneyama, H. Ichimura, J. Org. Chem. 1978, 43, 4680.

[26] a) R.L. Danheiser, C. Martinez-Davila, H. Sard, Tetrahedron 1983, 37,3943; b) T. Cohen, M. Bhupathy, J.R.
Matz, J. Am. Chem. Soc. 1983, 105, 520; c) M. Bhupathy, T. Cohen, ibid. 1983, 105, 6978.

[27) a) M. Lischewski, G. Adam, E.P. Serebryakov, Tetrahedron Lett. 1980, 21, 45; b) M. Essiz, G. Guillaumet,
J.-J. Brunet, P. Caubeére, J. Org. Chem. 1980, 45, 240; ¢) R.C. Gadwood, R.M. Lett, ibid. 1982, 47, 2268.

[28] a) K. Takai, Y. Hotta, K. Oshima, H. Nozaki, Tetrahedron Lett. 1978,2417; b) Bull. Chem. Soc. Jpn. 1980, 53,
1698; ¢) L. Lombardo, Tetrahedron Lett. 1982, 23, 4293,

[29] a) A.J. Birch, J. Chem. Soc. 1946, 593; b) E. A. Braude, A. A. Webb, ibid. 1958, 3328; ¢) A.J. Birch, J.E.T.
Corrie, P.L. Macdonald, G. Subba Rao, J. Chem. Soc., Perkin Trans. 1 1972, 1186.

[30] H. Takahashi, M. Ito, Chem. Lett. 1979, 4, 373.





