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Abstract:

Reaction of lithium dimethyicuprate with a series of substituted 10-methyl-1(9)-octal-2-ones in diethyl ether
give 1,4-addition products with the same ring junction stereochemistry as the parent, unsubstituted o,f-

unsaturated ketone. The reactivity of the system is modified by groups positioned axially and 1,3 with respect
to the B-carbon of the enone. Alkoxy suhstit ents are ge..cr..lly activating, particularly if they are syn with
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unsaturated carbonyl compounds has lead to extensive utilization of these reagents in synthetic
procedures for creating carbon-carbon single bonds relatively remote from the carbonyl group
[1-3]. A natural progression from this effort is the consideration of the stercoselectivity of these
reactions. Although many organocuprate 1,4-additions are stereoselective [4], it would be
clearly advantageous to be able to directly control the product stereoselectivity. A necessary
prerequisite for obtaining stereochemical control of cuprate 1,4-additions to «,f-unsaturated
carbonyl systems is a knowledge of the mechanism and, in particular, an understanding of how
the cuprate and substrate interact during carbon-carbon bond formation. The mechanism of the
1,4-addition reaction has been extensively studied both experimentally and theoretically [5] and
the current view is that it involves significant complexation between metal centres and the
substrate. It has been shown [6] that lithium, from within the cuprate cluster if necessary,
coordinates to the carbonyl oxygen and copper interacts with the double bond of the unsaturated
system. All of these interactions precede the migration of R from copper to the organic
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substrate and clearly the stereochemical aspects of these interactions, prior to the crucial bond

formation, could influence the stereochemistry of the product. Recently, an in-depth theoretical
analysis of the reaction [7] has signalled the possibility that the facial selectivity of the
incoming organometallic and the irreversible C-C bond formation are separate steps and hence
may respond differently to changes in the reaction environment.

Control of the reactivity, regio-, and stereoselectivity of reactions involving organometallic
reagents can often be achieved by the inclusion of a remote functional group into the substrate
to interact with and modify the organometallic reagent [8]. Many ligands coordinate with
copper(I) to form relatively stable compounds and this feature has been utilized in the formation
of mixed organocuprate reagents [9-11]. It is therefore conceivable that a group, appropriately
positioned within the substrate, may be able to coordinate with the cuprate reagent, and
influence the overall stereoselectivity and/or reactivity. Steroids have provided a convenient
rigid framework for intramolecular coordination studies and 1,4- addition reactions of lithium
dimethylcuprate (Me,Culi) with steroidal 4-en-3-ones afford 5B-methyl-3-ones with high
stereoselectivity [2]. Related studies of organocuprates with 10-methyl-1(9)-octal-2-one (1) and
derivatives have also been undertaken [12-16], and only the cis dialkyl ring junction products
have been obtained. For ready comparison, the results of previous, relevant studies with
octalone derivatives are summarised in the Table along with the results from this work.

The influence of a remote functional group or a bulky substituent on the reactivity and
stereochemistry of cuprate 1,4-addition has been demonstrated in acyclic and monocyclic
systems [20,21]. Reports of asymmetric applications involving unsaturated esters have also
appeared [22-24]. It has been generally considered that steric factors are the decisive element
control and stereoelectronic influences are imnortant nn_l when there ig little
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are 1llustrated in the ions of Me,CulLi with 2 - § listed in the Table.

Hydroxyl groups remotely positioned in steroid systems appear to be relatively innocuous as
chawn hv the aieccecefnl Moe.Cul i 1 A_additinne with tectnctarnna [1Q1 Haweaver if the
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dependence on the success of the 1,4-addition is evident, as reaction of Me,CuLi with cis-5-
hydroxy-10-methyl-1(9)-octal-2-one (6) was not observed in this work (vide infra) aithough the
same substrate reportedly reacts with MeMglI in the presence of copper(Il) [26].

Ethers are conceptually and synthetically attractive functionality to examine remote group
effects on organocuprate reactions. A striking example is the report that a o-methoxymethylene
group significantly modified the 1,4- reactivity of Me,Cul.i with cinnamate esters [27] (Scheme
1). The observed activation was explained
by evoking intramolecular coordination of
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s M‘SQCUL'/ ELO, ~ O the remote group to a lithium atom in the n-
" 0°C. 5 min NSy complexed cuprate based on a “closed” [7]
X = H (18%) organometallic ~ cluster.  Our  recent

X = CH,0Me (>98%) observations of the influence of alkyl ethers

Scheme 1. on organocuprate reactivity [28, 29] in

nonpolar environments reinforces this interest. Silyl ethers e.g. (7) are also reported to react
effectively with Me,CulLi in diethyl ether (Et,0) (Table) and give the cis ring products.
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Acetals are also potentially useful as coordinating ligands and have been of particular interest
for enantioselective cuprate additions [30]. Other relevant reports, summarized in the Table,
indicate that, while reaction of Me,CuLi with the acetal 8 proceeds well, the spiro acetals 9 and
10 are unreactive. The relative position of the acetal is clearly important given the successful
reaction with 11 and the observation of effective reaction with 12 indicates that the close
positioning ofa saturated ketone is not inhibiting

have rec ed that th , modif A/,
product ratio in t..e reactions of dibutylcuprates wuh o,B-unsaturated ketones such as 1in a non
polar solvent (toluene). This paper reports studies of the reactions of Me,Culi with substrates

derived from 1 which were examined from the viewpoint of determining the inﬂuence of

remote grﬁup“s on the pro d Ci S
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stereoselectivity in cuprate 1,4-addition had been observed. The reaction studies were carried
out in E,O solvent to allow for valid comparison with the wide variety of published results

from other groups using a common reagent (Me,CuLi) and aiso in recognition that any
intramolecular interactions should be competitive with intermolecular solvent interactions.
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Results and Discussion

The initial investigation of the influence of a remote group on the cuprate addition was based

t as some substrates of this general type have

on the cis-5-alkoxy octalone derivatives’,
previously been used for mechanistic studies [19,32]. The cis-5-alkoxyoctal-2-ones 13, 14 and

15 were prepared by reaction of 6 with appropriate alkylating agents

1 (NaH/Mel in DMF; LiBr/p-TsOH in dimethoxymethane; benzyl 2,22-
m trichloroacetimidate [33] respectively) with care to avoid strongly basic
07 NF reaction conditions to prevent a vinylogous retro aldol ring cleavage reaction
13 X = OMe [34]. Reaction of the cis-5-oxy derivatives; 6, 13, 14 and 15 with Me,CuLi'

}:;(( 8%&3#6 in E;O were investigated and the results are presented in the Table.
Compound 6 failed to undergo any significant reaction with excess
Me,CuLi, although a yellow precipitate was formed during the reaction.
Reaction of one equivalent of Me,CuLi with the hydroxyl group seems reasonable, however it
appears that there is little nett negative charge on the alcohol oxygen as the starting material is
recovered intact. When the alkoxide is generated from 6 using sodium hydride, little starting
material is recovered due to the facile ring cleavage. As discussed earlier, alcohol groups do not
induce complete decomposition of Me,Cul.i, as successful 1,4-additions can be achieved with
molecules containing (albeit remote) hydroxyl groups.
The structures of the major products resulting from the reaction of 13, 14 and 15 with
CulLi, were the 1,4- methyl addition products 16, 17 and 18. The structural assignment
d
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for each product. The stereochemistry of each of these 1,4-addition products and, in particuiar,

the ring junction ngement was established by procedures developed with 19, the methyl 1,4-
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Tabie

Reaction of Me,CulLi with Substituted Octalones

1. Me,Culi m
— R

P FNX 2. Hy0" P NANX
Y

Y
Reactants Products Yield (/%)™ Ref
structure Y substrate 14~ 1,2~
1 H 88 {6}
2 cis 7 -CH(CH,), 62 {16]
3 cis 7 -C(CH,)=CH, ~60 40 trace [15]
4 trans 7 -CH(CH,), 5 [16]
5 trans 7 -C(CH,)=CH, mostly ~3 (15]
6 cis 5 -OH 80(95) ¢
7 cis 5 -0SiMe,Bu 53(60) 3{40) [12]}
8 cis 5 -OTHP 88 [13]
9 5 -OCH,CH,0- 90 0 [
10 5-SCH,CH,S- 93 0 17
ii 6 -OCH,CH,CH,0- 61 18]
12 5=0 83 {191
13 cis 5 -OMe 0 16 46(73) 16(27) ¢
14 cis 5 -OCH,OMe 3(10) 17 50(90) - 4
i5 cis 5 -OCH,Ph - 1851(92) - ¢
21 trans 5 -OCH,OMe 27 - 24 58 ¢
28 trans 7 -OMe 8(10) 31 53(60) 17(30) ¢
29 trans 7 -OCH,OMe 23(25) 32 50(75) - ¢
30 trans 7 -OCH,Ph 43(50) 33 44(50) - ¢
43¢ 7 -CH,OCH OMe 17 43 130,44 43 - ¢
3s* 7 -CH,CH,OCH.,OMe 68 5215 - ¢
“isolated yield

® values in parentheses are indicative yields obtained from 1H NMR spectra of the crude reaction mixtures
¢ structural formulae numbers shown in bold
¢ ihis work
¢ 54:46 mixture

13:2 mixture

®94:6 trans:cis mixture

" 3:1 mixture of isomers
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y interconverts between two major conformers which resuits in time averaged
LI NMR spectra spectra at room temperature [37]. The "C NMR spectrum of 19
J\/{\) at room temperature showed some broad resonances but, after cooling to -50°C,

O sharp signals arising from both conformers are clearly visible [37,38]. A similar
16 X = OMe separation of the 'H NMR resonances for each conformer was found at -50°C
17X = QCH,.OMe 1381, most notably those assigned to the guaternary methyl groups. The 'H
13 A =ULrurn [ St 14 g ~ had o b § J b 4 has it

;gg(f gH NMR chemical shifts of the quaternary methyl resonances of 9,10-dimethyl-2-

decalones show distinct chemical shift differences at room temperature [39]
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and this can also assist stereochemical assignment. The ring ]UIlLll n stereochemistry of 16, 17

and 18 were all established as cis by nOe and room temperature "C NMR studies as described
for 19. The resonances in the ’C NMR spectra of 16 and also 20, obtained by debenzylation of

18, generally sharpened on cooling and, at -50°C, each compound produced a single set of
twelve sharp resonances [38] indicating a dominant conformer.

The results obtained from the cis-5-alkoxy series clearly indicated that any cuprate-alkoxy
group interaction did not inhibit 1,4-addition and retained the stereochemical nggfg;egce

observed for 1. While hydroxyl groups appropriately positioned close to the reactive site of the
substrate appear to be inhibiting, all of the alkoxy groups had comparable actzvz!y and the
methyloxymethyleneo xy was generally preferred for further studies. The investigation was then
directed at examining the effect of frans-5-alkoxy substituents on cuprate 1,4-addition. While
previous work had indicated a trans 5-alkoxy group as contained in an acetal (9) was inhibiting
a study based on an alkoxy group attached to the cyclic skeleton by a single bond was

considered worthwhile.
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in Scheme 2. Reduction of

A T o« o OH
12 using L-Selectride gave a o
mixture of isomeric diols _L-Selectride _MnO,

= (100%) / {(46%) =z

(22). Allylic oxidation [41] 07 ~ had HO™ &\ . 07N NS
of 262 gave en ineeparabli 12 2 OCH,OMe . f’s
i;iox;fi(:tzir:s: nzzgg)e,ﬂ?e 14 + - (MaO)oCH, !
- 1iRr / nTeOid
frans arrangement of the (21%) 0N T or
minor isomer was supported o _:
by 'H NMR spectroscopy, Scheme 2( -
which showed a broad, one-
proton peak (& 3.66, Wy, = 6.8 Hz) assigned to the equatorial C-5 proton [42].
Methoxymethylenation of (6,23) gave a separable mixture of 21 and 14.
OCH;OMe Reaction of 21 with Me,CulLi at 0°C gave a mixture of recovered 21 and
/\’/\n the 1,2- addition product 24 (Tabie). lne struc&u*e of 24 was confirmed
N A by IR [ V. 3414(0OH); 1661 (C=C) cm '] and “C NMR [6 141.3, 129.7
HO (C=C); 70.1 (C-OH)] data.

The results obtained from cuprate reactions with 21, 9 and 10 lead to
the conclusion that, in the octalone system, a heteroatom in the trans-5 position is sufficient to
completely inhibit the 1,4-addition reaction. Investigations of the influence of a noncoordinating
atom such as carbon situated in a frans-5 axial position in the octalone framework was curtailed
due to the synthetic difficulties of introducing a suitable group The 7- position is equivalent in

S r

terms of bond connectivity to the 5- position in octalones with respect to the B-carbon of the

Yot 12 1

enone and 7-substituted octalones were attractive as they offered easy synthetic access.
Therefore an investigation of the effect of an alkoxy substituent at the axial trans-7 position was
undertaken for the purpose of comparison with the trans-5 results.
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trans-7-Alkoxyoctalone derivatives were prepared by taking advantage of the feature
whereby the 2- and 7- positions could essentially be interchanged by migration of the alkenyl
functional group. Functionalization of the 7- position was carried out as outlined in Scheme 3.

~
—

» 7
(\h ~ NayCrO,/ AcOH m (3%)
“‘\/\'AO

/ A02 O R O\s“ W

28 R = ll\nc 2 o’) rD\ = MG (629’0)
29 R = CHyOMe (40%) R = CH,OMe (54%)
30 R = CH,Ph (31%) R = CHoPh (68%)

Scheme 3.

Deconjugation of 1 to give 25 followed by reduction with L-Selectride gave a mixture of 26 and

27. The '"H NMR spectrum of 26 confirmed the relative stereochemistry, with the resonance

Conirmec relati ereochemistry, the resonanc
assigned to the C-2 carbinol proton (8 4.02 ) appearing as a quintet (J = 3.0 Hz) [42]. The trans
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2 J nz i
alcohol (26) was then converted into the methyl, methoxymethyl and benzyl ethers by standard

1 1 1 1
routines. Finally, allylic oxidation [43] of the ethers gave a set of trans-7-alkoxy derivatives 28,
1 3 A 2N th Na Ml +h A A
29 and 3¢ in usable amounts. Reaction of 28, 29 and 38 with Me,CulLi were then ¢ d out
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and in all cases the major products were the 1,4-addition products (Table). From the results it is
apparent that the methyloxymethyleneoxy group effectively promotes 1,4-addition. The ring

| Jjunction stereochemistry of the products, 31, 32 and 33, were established
P oW 12

r 1) as cis by nOe and room temperature "C NMR spectroscopy, as

Oy described previously. The 'H NMR spectra of 31 and 32 at -50°C showed
e that two conformers were present in ratios of 86:14 and 91:9
OCH,OMe respectively.

% e The relative lack of 1,4-reactivity of 21 compared with 29 was

probably not due to steric effects nor the proximity of a polar functional
e these aspects are cnmnarahle in the two substrates, A si gni icant
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u a 0 8 tion at the axial 7-position does i
s a helpfu l effect from having oxygen rather than carbon at that locale. Attempts
o separaie the sieric effect from any | al coordination advantage of appropriate ether
oxygens induced a study of frans-7-alkyloxyalkyl systems. This arrangement has the 1,3
relationship of a non coordinating atom to the {3-site of the enone and a potential ligand close
by. Reactions of Me,Culi with substituents having this general spatial arrangement
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environment were undertaken using two trans-7-alkyl derivatives 34 and 35 and the cis-7-alkyl
derivative 36.

The general approach to the synthesis of trans-7-alkyloxyalkyl derivatives involved Michael
addition of suitably stabilized carbanions to 37, then subsequent modification of the functional
groups. The Michael acceptor 37 was prepared [44] by the reaction of p-chloranil with 1 and a
synthesis is outlined in Scheme 4. Reaction of equimolar amounts of 37, KCN and NH,CI gave

the trans isomer 38 whose 'H NMR spectrum mdlcated an equatorial C-7 proton (8 3. 18 Wm =

[46-48] of the allylic alcohol function in 39 gave the aldehydes 40 as a 60:40 mixture. A 55:45
mixture of stereoisomers 41 and 42 was then obtained by selective borohydride reduction of 4(.

—

The stereochemistry of 41 was trans by 'H NMR spectroscopy, as when the multiplet assigned
to the C-7 proton (8 2.15) was selectively decoupled from the hydroxymethylene proton
resonance (& 3.52), the residual coupling indicated an equatorial proton (Wy, = 12.9 Hz). The
mixture of 41 and 42 was converted into a 54:46 isomeric mixture of 34 and 36 which proved to
be inseparable on a preparative scale and made it necessary to carry out the examination of
cuprate reactions directly on the mixture.

o A {AD0OL) ~ L, 1> LYAY

-
O'I N N \F& /o) o’/ N NS ',,CN \VL /8) Ho-r N NS -\CHO
37 38 ~g
PCC / pyrazole r\}/\l NaBH, / MeOH _ m
fENo/ \ =, I al Wiy all
{OU70) IONE N I LFgaLig W
o . CHO (50%) o CH,OH
40 trans 41
cis 42
r’\%/\\l ~ (MeO),CH, / LiBr
NG~ / p-TsOH
o CH,OCH,OMe (69%)
trans 34
cis 36
Q. _____ 4
IUCIICIIIC &
Reaction of Me,CuLi with the 34,36 mixture gave 1,4-addition products and recovered

starting material, which was enriched in the trans isomer 34 (Table). The two 1,4-addition
products, 43 and 44 were shown to have cis-9,10-dimethyl partial structures by nOe
I measurements. While it was not possible to unambiguously

~ establish the stereochemistry of the 7- alkyl substituent in these
OmCHQ OCH,0Me compoupds a comparison of the chemical shifts of the quaternary
methyl 'H NMR resonances with those of 1,4-addition products
with known stereochemistry [38] showed that 44 had a similar set

of resonances to related cis compounds e.g. 16 and thus is tentatively assigned the all cis
stereochemistry. Accepting this stereochemical assignment, leads to the suggestion that the
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trans isomer 34 is less reactive than the cis isomer 36 and is in concert with the recovered
substrate being enriched with (less reactive) 34.

Preparation of a derivative with a two carbon pendant unit at the 7- position was
accomplished by the Michael addition of the diethyl malonate carbanion to 37 [49, 50] (Scheme
5). The product was found to be predominantly the trans isomer (45) [S1] and attempts to
remove the minor, cis isomer 46 were unsuccessful. The trans arrangement in 45 was

- 1
confirmed by 'H NMR spectroscopy which showed a broad (W, = 10.6 Hz ) resonance
assigned to the equatorial cis C-7 proton, after irradiation of the methine malonate ester
v 1 + oy | tn th
resonance. As dealkylations of 45 and 46 were unproductive, they were converted into

ethylene dithioacetals 47 and 48 which allowed unambiguous stereochemical assignment by H
NMR spectroscopy. Reaction of 48 with TI(NO,); [52] gave a pure sample of the minor cis
isomer 46 for complete characterization. The remainder of the synthetic sequence was carried
out with samples containing ca. 6% of the cis isomer. Hydrolysis of the dithioacetal mixture
(47,48) and thermal decarboxylation gave 49. As direct reduction of 49 with LiAIH, did not
proceed well, 50 was obtained by esterification with diazomethane followed by treatment with
LiAlH,. Reaction of S0 with LiBr and p-TsOH in dimethoxymethane gave a mixture of 51 and

35. Deprotection of 51 using TI(NOs); [52] gave further 35.

N cHeoory, NN HSCH,CH,SH/ N

A 1 o A,
trans 48 (45%) N
rans 83 (83%) 1 47 (L8%
cis 46 (3%) 'ﬁ':sm ((2%))

A~ MeO),GH, /LiBr . AN RTINS
C\K)\/’ /p-TsOH &W?Hz 2. LiAIH, &i\/\)ﬁ oH,

S $He
st CH,OCH,OMe 50
(46%) \

+ TNO3)s /
MeOH / THF

(80%)
NP4

.

CH, Scheme 5.
OMe

Reaction of 35 with Me,CuLi in diethyl ether/dichloromethane, at 0°C, gave primarily
recovered starting material, depleted of the smalil amount of the cis isomer contaminant, and 52
as a 3:1 isomeric mixture (Table). The H NMR spectrum of 52 showed two sets of quaternary
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L~ methyl resonances at 1.12, 1.00 ppm (75%) and 0.96, 0.84 ppm

(25%) and, by comparison with the data for 43 and 44, the major

o CH,CH,OCH,OMe isomer is  assigned as  cis-9,10-dimethyl-trans-7-(2'-

52 ((methoxymethyl)oxy)ethyl)-2-decalone. Consideration of the

molar amounts of material involved in the reaction indicates that all of the cis isomer had
reacted and ca 12% of the trans compound 35 was consumed. Me
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Conclusion

In summary, it has been demonstrated that the influence of d-alkoxy or -alkyloxyalkyl groups in
octalones is not sufficient to produce a trans dimethyl ring junction product. However the
stereochemistry of the remote group does influence the relative reactivity. The substrate with a
remote group which is disposed syn with respect to the incoming methyl group is significantly
more reactive compared with the corresponding anti compound.

These studies have demonstrated that in these rigid, sterically demanding, octalone systems
the steric effects are predominant in determining the product stereochemistry. Any coordination
between the cuprate and the ethereal oxygen(s) in the substrate, is demonstrably insufficient to
overcome the inherent cis ring junction preference for 1,4-addition.

1vi"1tirxg point were determined on a Kofler hot stage and are uncorrected. IR specira were
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on

erkin-Elmer FTIR 1600 specrrometer as fiims or Nujol mulls. UV spectra were
recorded on a Shimadzu UV-240 spectrometer. 'H NMR spectra were recorded on Varian
Gemini 200 (200 MHz ) or VXR 300 (300 MHz )spectrometers in dilute CDCl; solution using
TMS (8 = 0) reference. Spectra are reported according to the convention: chemical shift,
integrated area, multiplicity [s (singlet), d (doublet), t (triplet), q (quartet), quintet, m (multiplet)
and br (broad)], coupling constant (J), [largest coupling first, or band width at half the peak
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height (Wy,)], followed by the proton assignment. Nuclear Overhauser enhancements are
reported as NOE followed by the irradiated peak. °C NMR spectra were recorded at 50 MHz

on Varian Gemini 200 spectrometer or at 75 MHz on a Varian VXR 300 spectrometer in dilute
CDCl; solution referenced to the central CDCl; resonance (6 = 77.08). Assignments listed with

the same superscrint ( v or \ can be interchanged. Carbons types were determined by the
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DEPT pulse sequence. One bond and multlple bond heteronuclear correlations are reported as

C and LRHC res nroton. Column
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layer chromatography (t.1.c.) was carried out on (Merck) t.l.c.
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appropriate, followed by spraying wuh a 10% dodecamolybdophosphoric acid in ethanol, or by
immersion in a p-anisaldehyde solution and heating. Preparative layer chromatography
(p.l.c.)was achieved on glass plates (20 x 20cm) coated with Imm of silica gel 60 PFyy,
(Merck).

Diethyl ether was distiiled from LiAiH,4 and stored over sodium wire. 10-Methyi-1(9)-octal-2,5-
dione (12) and L-Selectride (1M in THF )were obtained from Aldrich. Diisobutylaluminum
hydride (DIBAL-H) (20% in hexane) was obtained from Merck. Methyllithium (MeLi) (5% in
Et,0) was obtained from commercial sources (Aldrich, Fluka) and analyzed by the Gilman
double titration method [54] using 3-bromo-1-propene. Copper iodide (Cul) (Fluka) was
purified by continuous extraction using THF [55] then dried in vacuo (2 mm Hg), powdered,
and stored in vacuo. Reactions involving organometallic reagents were performed under an
atmosphere of dry, oxygen free nitrogen or argon in Schlenk tubes, equipped with septum
stoppers. The tubes were dried by heating with a flame under vacuum and cooling after flushing
with dry nitrogen or argon. For all organometallic reactions the solvent was deoxygenated by

3

G
G

alternate anpl cation of vacoum and a
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sensitive to normal handling procedures and often did not g atisfactory microanalyses.
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cis-5-Hydroxy-10-methyl-1(9)-octal-2-one (6) and cis-5-Methoxy-10-methyl-1(9)-octal-2-one
(13)were prepared according to the literature[56, 57].

cis-5-(Methoxymethyl)oxy-10-methyl-1(9)-octal-2-one (14)
p-TsOH.H,O (0.24 g, 1.26 mmol) was added to a stirred solution of 6 (0.91 g, 5.02 mmol)
and LiBr (0.19 g, 2.2 mmol) in dimethoxymethane (50 mL) [58]. After stirring for 16 hours, sat.

aqueous NaCl (80 mL) was added and the mixture was extracted with ether (3 x 150 mL). The
combined ether extract was washed with H;O (50 mL), dried (MgSO,), filtered and the solvent
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evmembad e siwones A~ Tha wanid rne Alhonsantasvanthad aam cilinna aal &N ~) sxaslh 2207 TILY 4~
CVdelatDu ey vacikt)., 111C 1 SiGuU€ was onroi 1alu51 pucu VIl diiliea ECI v 5} WIilll D070 L4l W
afford 14 [40] (0.52 g, 46%) as an oil; IR vm/cm 1682 (o, B-unsat. C=0), 1614 (conjugated

C=C); UV Apax(MeOH)/nm 237 (€.« 18089); 'H NMR/ppm 5.78 (1H, br s, H- ), 475, 4.62
(2H, AB system, J 5 = 6.9 Hz, OCH,0), 3.39 (3H, s, OMe), 3.30 (1H, dd, J = 11.7, 3.9 Hz, H-
5), 1.23 (3H, s, H-11); Be NMR/ppm 199.5 (C-2), 168.4 (C-9), 125.3 (C-1), 95.6 (OCH,0),

N~ ==F eSS === = === F3 S N R 2L

83.7 (C-5), 55.6 (OMe), 41.3 (C-10), 34.3 (C-3)°, 33.7 (C-4)°, 32.1 (C-6)°, 27.1 (C-7)°, 23.0 (C-
0 a A

8)", 16.2 (C-11).

cis-5-Benzyloxy-10-methyl-1(9)-octal-2-one (15)
Trifluoromethanesulfonic acid (0.5 mL) was added to a stirred solution of 6 (0.51 g, 2.85

mmol) and benzyl 2,2,2-trichloroacetimide [33] (50 mL, hexane solution, 7.5 mmol) in
cyclohexane (10 mL) and CH,Cl, (30 mL) at room temperature under nitrogen. After stirring

for 18 hours at room temperature, the reaction mixture was washed sequentially with sat.
aqueous NaHCO; (50 mL), H,0O (30 mL), dried (MgSO,), filtered and the solvents evaporated

in vacuo. Chromatography, on silica gel (100 g) and eluting with 50% E/H, gave impure 15.

Vacuum distillation at 150°C (60 mm Hg) to remove excess benzyl alcohol, followed by
i TR v /em! 1667 (B

purification by p.l.c. (§0% E/H) gave 15 (0.24 g, 31%) as a clear oil; IR v, /cm -
N P ] P Y . S S P B9 o~ 4 LSy s WY 2 AR ]" - TR aww I - - —
unsat. C=0), 1620 (C=C), 714, 698 (C-H bend); HN ppm 3 (5H, m, phenyl), 5.75 (1H,
d, J = 1.5 Hz, H-1), 4.68, 4.43 (2H, AB system, J,p = 13.2 Hz, uunz), 3.11 (1H, dd, J = 11.6,
4.2 Hz, H-5), 1.23 (3 s, H-11); C NMR/ppm 199.8 (C-2), 168.7 (C-9), 138.6 (phenyl i C),

128.3 (phenyl o C) , 127.6 (phenyl m C) , 127.6 (phenyl p C) 125.2 (C-1), 85.2 (C-5), 71.5
(OCH,), 41.7 (C-10), 34.5 (C-3)°, 33.8 (C-4)°, 32.2 (C-6)°, 26.0 (C-7)°, 23.0 (C-R)°, 16.3 (C-

11); Mass spectrum: m/z 270.1620 (M*); Calcd. for C;5H,,0,: 270.1620.

10-Methyi-1(9)-octal-2,5-diol (22)

A solution of L-Selectride (20 mL, 20 mmol) was added to a stirred solution of 12 (1.03 g,
5.80 mmol) in ether (25 mL), under nitrogen at -78°C [40]. The reaction mixture was stirred for
3 hours at -78°C, then warmed to room temperature over 1 hour. 8% Aqueous NaOH (10 mL)
was slowly added, followed by the dropwise addition of 30% H;0, (15 mL) and then the
reaction mixture was stirred for 1 hour. The aqueous layer was saturated with solid K,CO; and
ether extracted (3 x 100 mL). The combined ether extract was washed with H,O (60 mL), dried

(MgSQ,), filtered and the solvent evannmmd in vacuo to give crude 22 (1.10 g) as an oil, which

2ALSLA AR A7 A% DUVIIVLIN LY VIQIL VIR |8 .2V 5 GO K- s VY AiaNaz

was used without further manipulation.

traac & _(AMath avvsrathullavas T 2anthhu] 170V _nntal D _naan (1)
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A mixtifre o1 Crude 2z \L.1U g) alid ViU, [OF7] (11.Ul g, U.12/7 1IN01) 11 LIz (1 00 mL) ) was

':!"‘

shaken for 8 hours. The resultant mixture was filtered and the solid residues washed with
CHCI; (5 x 25 mL). The solvent was evaporated in vacuo to give an inseparable mixture of 6
and 23 (0.52 g), as an oil, in a ratio of 54:46, This mixture was used without further

purification; IR V,/cm” 3420 (OH), 1659 (o,B-unsat. C=0), 1616 (conjugated C=C); '
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o~ /1LY Y 1)
NMR/ppm 5.87 (1H, s, H-1),

NMR/ppm 1998(C 2), 168 1 (C-9), 126.9 (C-1), 75.3 (C-5), 40.9 (C-10), 340(C 3), 31.8 (C-
4) , 30.8 (C- 6) , 28.7 (C- 7) 21.8 (C-11), 19.9 (C- 8) . p-TsOH.H,O (0.15 g, 0.79 mmol) was
added to a stirred solution of the previous mixture (0.52 g, 2.88 mmol) and LiBr (0.078 g, 0.90
mmol) in dimethoxymethane (25 mL) and the resultant solution was stirred for 40 hours at room

temperature [58]. Sat. aqueous NaCl (50 mL) was added to the reaction mixture and then ether

extracted (3 x 100 mL). The combined ether extract was washed with H,O (40 mL), dried
(MgSO0,), filtered and the solvent evaporated in vacuo. Separation of the products by p.l.c.
(
\

50% E/H) gave 12 (ﬂﬂﬁdcr 10%), 14 ( (n1do 21%), a mixture of 6 and 23 (0. Ida 22%) and

v BARA] N R\ W R ARIL/AVA Y WA W SRKANE awieS

21 [40] (0.14 g, 22%) as an oil; IR vmaxlc,m 1667 (o,B-unsat. C=0), 1619 (conjugated C=C);
UV Apee(MeOH)/nm 237 (50, 10916); '"H NMR/ppm 5.83 (1H, br s, Wy, = 3.8 Hz, H-1), 4.72,
4.59 (2H, AB system, Jop = 6.9 Hz, OCH,0), 3.51 (1H, br s, Wy, = 6.2 Hz, H-5), 3.38 (3H, s,
OMe), 1.26 (3H, s, H-11); Bc NMR/ppm 199.4 (C-2), 167.8 (C-9), 126.4 (C-1), 95.7 (OCH,0),
(OMe), 40.7 (C-10), 34.1 (C-3)°, 31.9 (C-4)°, 30.8 (C-6)°, 25.3 (C-7)°, 22.1 (C-

VAN Jy A )y L 2o S S

10-Methyl-8-octal-2-one (25)

The ketone 25 was prepared [60] by the reaction of 1 [61] (5.09 g, 0.031 mol) and KO'Bu (34
g, 0.303 mol) in +-BuOH (150 mL). The residue was chromatographed on silica gel (250 g) with
40% E/H to afford 1 (1.02 g, 20%) and 25 (2.65 g, 52%) as an oil; IR vma,(/cm'l 1711 (C=0),
1667 (C=C); 'H NMR/ppm 5.39 (1H, g, J = 2.3 Hz, H-8, NOE 2.82), 3.23 (1H, d guartet, ] =
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16.1, 6.5 Hz, H-1 cis, NOF1.25,282),282 (1H, dd, J;lﬁ.l 22‘2, 1 trans, NOE 5.39),
125 (3H, s, H 11); 1*c NMR/ppm 210.0 (C-2), 137.9 (C-9), 123.4 (C-8), 48.6 (C-1), 38.9 (C-
j) 551((,-4) 37.9 (C- 3) 34.1 (C-10), 25.6 (C- 6) 23.9 (C-11), 189((5-7)9.

trans-10-Methyl-8-octal-2-o0l (26)

L-Selectride (40 mL, 40 mmol) was added to a stirred solution of 25 (1.88 g, 0.011 mol) in
ether (30 mL) at -78°C under argon and stirred for 3 hours at -78°C. The mixture was warmed
to room temperature over 1 hour and 8% aqueous NaOH (30 mL) was slowly added, followed
by the dropwise addition of 30% H,0, (40 mL). The mixture was stirred for 2 hours, then the
aqueous layer was saturated with solid K,COj3; and ether extracted (5 x 80 mL). The combined
ether extract was washed with H;O (50 mL), dried (MgSQ,), filtered and the solvents were
evaporated in vacuo. The residue was chromatographed on silica gel (150 g) with 33% E/H to

afford 27 (0.056 g, 3%) as an oil; IR v /em” 3353 (OH), 1660 (C=C); by NMR/oom 5 28
by Y /V) as ail ull, N Vmax/ V1ii i1}, VA \v—w ), i1 111V11\Il}y111 ~.J0

—

- A g 12...

(iH, m, Wy, = 8.1 Hz, H-8), 3.53 (iH, m, Wy, = 23 Hz, H-2), 1.07 (3H, s, Hll),

NMR/ppm 140.4 (C-9), 122.1 (C-8), 72.1 (C-2), 42.1 (C-1)°, 39.2 (C-3)°, 39.2 (C-4)°, 33.7 (C-
10), 31.6 (C-5)°, 25.8 (C-6)°, 24.8 (C-11), 19.0 (C-7); Anal. Found: C, 79.76; H, 11.03%.
Calcd. for C;;H;30: C 79.46, H 10.91% and 26, initially as an oil, which crystallized on

Is m.p. 77-78°C; (1.30 g, 81%); IR v_, /cm™ 3434 (OH)

] lll.lJ. I 1771 Ny 5, Ui IU}, FEAN Vmaxl\dlll TSI \Ull}

1660 (C=C); "H NMR/ppm 5.44 (1H, m, Wy, = 8.4 Hz, H-8), 4.02 (1H, quintet, J = 3.0 Hz, H-
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2), 2.52 (1H, d quintet, J = 14.3, 2.7 Hz, H-1 cis, NOE 1.08), 2.05 (1H, dt, ] = 14.3, 2.6 Hz, H-1
trans), 1.08 (3H, s, H- 11) Bc NMR/ppm 138.7 (C-9), 124.3 (C-8), 67.4 (C-2), 39.7 (C-i)°,
39.6 (C- 3) 35.4 (C- 4) 34.7 (C-10), 28.9 (C- 5) 26.0 (C- 6) 23.7 (C-11), 19.0 (C-7)°, Anal

0 (
Found: C, 79.23; H, 11.25%. Calcd. for C;;H,30: C, 79.46; H, 10.91%.

trans-2-Methoxy-10-methyl-8-octalin

NaH (0.82 g, 60% mineral oil dispersion, 21 mmol) was added to a stirred solution of 26
(1.30 g, 7.83 mmol) in DMSO (25 mL), under argon at room temperature and stirred for 2
hours. Mel (3.2 mL, 51.4 mmol) was added and the solution was stirred for a further 3 hours.
H,0 (50 mL) was added, dropwise initially, and the mixture was ether extracted (5 x 50 mL).

The combined ether extract was washed with sat. aqueous NaCl (30 mL), dried (MgSO,),
iltared and the colvent evanorated in vacuo Senaration nsino radial chromatosranhv. elntine
ALILWANWNYE QRLANE VAAW WWA Y WAL W “t’vl VWS TV FRAL AU . vvt’w LA S2a “Ullle ALSNEAWRAL WaLk Vlll“bvbl “rAIJ 9 vl“l—‘l-b
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with 20% E/H, gave trans-2-

1707 (C=C); 'H NMR/ppm 5.34 (1H, m, z, H-8), 3 48 (1H, t, J = 2.7 Hz, H-2),

3.29 (3H, s, OMe), 1.08 (3H, s, H- 11) Bc NMR/ppm 139.4 (C-9), 122.0 (C-8), 76.5 (C 2),

55.7 (OMe), 39.4 (C 1°, 363 (C- 3) 35.6 (C 4)°, 34.4 (C-10), 25.8 (C-5)°, 25.2 (C- 6) 239
d

h racalution mace enactrmm an
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trans-2- (Methoxvmethyl)oxy-lO-methyl -8-octalin
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at room temperature Sat. aqueous NaHCO; (50 mL) was added to the reaction mixture and then
ether extracted (5 x 50 mL). The combined ether extract was washed with H,O (50 mL), dried
(MgSO0,), filtered and the solvents were evaporated in vacuo. The residue was chromatographed
on silica gel (60 g) with 33% E/H to afford trans-2-(methoxymethyl)oxy-10-methyl-8-octalin
(0.36 g, 54%) as an oil; IR \',,mxlczm'1 1709 (C=C); 'H NMR/ppm 5.35 (1H, quintet, ] = 2.4 Hz,
H-8), 4.67 (2H, s, OCH,0), 3.89 (1H, quintet, J = 2.9 Hz, H-2), 3.36 (3H, s, OMe), 1.08 (3H, s,

H-11)- som 139.3 (C-9). 122.2 (C-8). 94.4 (OCH,0). 72.5 (C-2). 55.1 (OMe). 39 4
AAT 11, N ANAVARN PR A 700 \NeT 7 Jy B dvdueds \NT 9 4 TT \NTXCRRGNT Jy T &ved \NoT i Jy U0 \NFUVALJ, J5W
o a0 armon v A0 am A v a0 ma a s~ i mr oo 0 Aam o s D Aam o s sy 1o s O
(C-1)", 37.0 (C-3)", 35.9 (C-4)", 34.4 (C-10), 26.5 (C-5)", 25.9 (C-6)", 23.9 (C-11), 18.9 (C-7)".
Mass spectrum: m/z 211.1698 (MH"); Calcd. for C;3H;0,: 211.1698.

trans-2-Benzyloxy-10-methyl-8-octalin
NaH (0.65 g, 60% mineral oil dispersion, 16.3 mmol) was added to a stirred solution of 26
(0.94 g, 5.65 mmol) in DMF (15 mL) under nitrogen at room temperature and stirred for 30

minutes. Benzyl bromide (0.75 mlL, 6.3 mmol) was then added and the mixture was stirred for
54 hours at room temperature. Following addition of H,O (30 mL) and ether (300 mL), the
ethereal layer was washed with sat. aqueous NaCl (70 mL), H,O (50 mL), dried (MgSO,),

filtered and the solvent evaporated in vacuo. Column chromatography, on silica gel (120 g) and
elutine with ’)40/‘, E/H. gave an insenarable mixture of benzvl bromide (0.58 o) and trans-2-
eluting with 25% E/H, ga 1separable ture of benzyl bromide (0.58 g) and trans

benzyloxy-10-methyl-8-octalin (0.99 g, 68%) as an oil; IR vmax/cm'] 3028 (C-H of phenyl),



1716 (C=C), 732, 696 (C-H bend); 'H NMR/ppm 7.34 (SH, m
o s cx xx ~x J
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s, Wpn = 9.7 Hz, H-8), 4.55, 44/(&1 AB system,
W,» = 7.0 Hz, H-2), 1.08 (3H, s, H-11); °C NMR/ppm 4
128.3 (phenvl o C) 127.4 (phenyl m C) 127.2 (phenyl p C), 122.2 (C-8), 73.7 (C-2), 69.2
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(OCHy), 39.5 (C-1)*, 36.3 (C-3)", 35.9 (C-4)", 34.5 (C-10), 26.1 (C-5)*, 26.0 (C-6)*, 24.0 (C-
11), 19.1 (C-7)*.

trans-7-Methoxy-10-methyl-1(9)-octal-2-one (28)

Anhydrous Na,CrO, (0.82 g, 5.06 mmol) was added portionwise to a stirred solution of
trans-2-methoxy-10-methyl-8-octalin (0.52 g, 2.88 mmol) in AcOH (20 mL) and Ac,0 (10 mL)
at 30-40°C under nitrogen [43]. The resultant mixture was stirred for 48 hours at 30-40°C, then
poured into ice cold H,O (300 mL) and ether extracted (5 x 50 mL). The combined ether extract
was washed with sat. aqueous NaHCQO;, until pH>8, then H,0O (20 mL), dred (MgSQO,), filtered
and the solvent evaporated in vacuo. The residue was chromatographed on silica gel (150 g)
with 66% E/H to afford imnure 28. Further separation by p.l.c. (75% E/H) gave 28 (0.14 g,
24%) as an oil; IR Vyu/cm™ 1682 (o,B-unsat. C=0), 1621 (conjugated C=C); 'H NMR/ppm

5.77 (1H br s, H- ) .65 (1H, m, ‘v‘v’h/g 7.3 HL, Xi-/ ) 3.30 (QH, s, OMe) 1.26 (3H s, H-11 1),

1
"C NMR/ppm 199.1 (C-2), 167.4 (C-9), 126.4 (C-1), 75.8 (C-7), 55.7 (OMe), 37.6 (C- 3)° 367

(C-4)0, 35.6 (C-10), 349 (C—5) , 34.0 (C—6) , 24.9 (C-8) , 21.9 (C-11). Anal. Found: C, 74.04;
H, 9.20%. Calcd. for ClelgOzl C, 7419, H, 9.34%.

1-
OC

trans-7-( Methoxymethyl)oxy-10-methyl-1(9)-octal-2-one (29)
As for 28, treatment of trans-2-(methoxymethyl)oxy-10-methyl-8-octalin (0.37 g, 1.76
mmol) in AcOH (15 mL) and Ac,0 (7 mL) with anhydrous Na,CrO, (1.13 g, 7.00 mmol) gave

impure 29 Further separation hy p.l.c. (75% E/H) gave 29 (0.16 g, 40%) as

ez as PEAGuaVir Uy peiev. 7 AR

o {
=]
2
I
:—1
o
-
-
3

>
<

______ 1 LN b4 8 g T I Y TA N -

1667 (o,B-unsat. C=0), 1620 (conjugated C=C); U' V Anax(MeOH)/nm 239 (e,,, 11803); H
NMR/ppm 5.78 (1H, br s, H-1), 4.67, 4.63 (2H, AB system, J,g = 7.2 Hz, OCH,0), 4.04 (1H,
quintet, J = 2.9 Hz, H-7), 3.36 (3H, s, OMe), 1.26 (3H, s, H-11); *C NMR/ppm 199.2 (C-2),
167.4 (C-9), 126.6 (C-1), 94.8 (OCH,0), 72.4 (C-7), 55.5 (OMe), 37.6 (C-3)°, 36.5 (C-10), 35.6

(C-4)°, 35.3 (C-5)°, 34.0 (C-6)°, 26.3 (C-8)°, 21.9 (C-11). Anal. Found: C, 69.46; H, 8.70%.
Calcd. for C;3H,005: C, 69.61; H, 8.99%.

trans-7- Benzylo -10-me thy 1( 9)- octal ne (30)

P S, ) SPE S alice 707777
1 A I/

+ nrularu.10 1.Q_~nt
AS 10T zo, treatmeiit o fIZy10Xy- 1 U-i1k luyl-o-uu.auu (U. , I
A0 im hanaul ket 3a) 0 A OLT (10 0T Y and An ) £8 ol Y with anhoden: o Na N MNQ o
45% in venzyi oromide) in AcOn (10 mL) and Ac,O (5 mL) with ar u1yu1uua INay LUy (£.US g,
I

12.84 mmol) afforded 30 (0.25 g, 31%) as an oil; IR v,,/cm™ 3029 (C-H of phenyl), 1667

(o, B-unsat. C=0), 1620 (conjugated C=C), 739, 698 (C-H bend); 'H NMR/ppm 7.31 (5H, m,
Wy, = 3.5 Hz, phenyl), 5.78 (1H, br s, H-1), 4.50 (2H, s, OCH,), 3.84 (1H, m, Wy, = 7.6 Hz,

H-7), 1.26 (3H, s, H-11), ¢ NMR/ppm 199.5 (C-2), 167.9 (C-9), 138.6 (phenyl i C), 128.4

(phenyl 0 C)¥, 127.6 (phenyl p C), 127.4 (phenyl m C), 126.5 (C-1), 73.5 (C-7), 69.7 (OCHy),
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37.7 (C-3)’, 37.0 (C-4)", 35.7 (C-10), 35.2 (C-5)’, 34.1 (C-6), 25.6 (C-8)", 22.0 (C-11). Mass
P TP ~ ET o~ L AR 1 AR
spectrum: m/z 270.1620 (M"); Calcd. 1or CgH2,0, 270.1620

10-Methyl-1(9),7-hexal-2-one (37)

A mixture of 1 (10.10 g, 0.062 mol) and p-chloranil (80.34 g, 0.32 mol) in ~-BuOH (400 mL)
was heated under reflux. Vacuum distillation of the crude product gave 37 (5. 00 g, 50%) as an
oil; b.p. 95-96°C at 2.5 mm Hg (Lit [44] 70-71°C at 0.5 mm Hg); IR Vaofom' 1651 (o,B,8,y-
ted C=C); '"H NMR/ppm 6.23 (1H, ddd, ] = 9.6, 5.3, 2.2 H

(

unsat. C=0), 1614, 1585 (conjugated C=C); H NMEF 1H, ddd 1 =96,53, 2.2 Hz,
H-7),6.15(1H, dd, J = 10.3, 2.1 Hz, H-8), 5 68 (1H, br s, Wy, =4.5Hz H-1), 1.18 (3H, s, H-
11); *C NMR/ppm 199.8 (C-2), 162.0 (C-9), 137.9 (C-7, HC 6.23), 127.7 (C-8, HC 6.15),

123.5 (C-1, HC 5.68), 36.9 (C-3)°, 35.8 (C-4)°, 34.2 (C-5)°, 33.2 (C-10), 23.5 (C-6)°, 21.2 (C-
11).
trans-7-Cyano-10-methyl-1(9)-octal-2-one (38)

A stirred mixture of 37 (4.13 g, 25.5 mmol), KCN (1.53 g, 23.5 mmol) and NH,Cl (1.09 g,
20.4 mmol) in DMF (150 mL) and H,O (20 mL) was heated to 60-70°C for 3 3 days. The cooled
reaction mixture was poured into HO (200 mL) and CHCIl; extracted (6 x 75 mL). The

combined CHCI; extract washed with sat. aqueous NaCl (40 mL), dried (MgSO,), filtered and

At L ¥ S - PRS 7o\ NP7, VESNENE § (RN

the solvent evaporated in vacuo. Vacuum distillation at 70°C (2mm Hg) to remove excess
DMF, followed by chromatography on silica gel (300 g) with 75% E/H gave 37 (1.11 g, 27%).
Further elunon with 5% CHCls/ether gave 38 as a white solid m.p. 95-96°C; (2.03 g, 42%); IR
max/cm 2236 (C°N), 1673 (o,B-unsat. C=0), 1620 (conjugated C=C); 'H NMR/ppm 5.86 (1H,
1.9 Hz, H-1), 3.18 (1H, m, Wy, = 10.0 Hz, H-7 cis), 2.66 (1H, ddd, J = 15.0, 5.3, 1.9 Hz,
NOE 1.26), 1.26 (3H, s, H-11); °C NMR/ppm 198.6 (C-2), 162.5 (C-9), 127.4 (C-1)

nco
reo, LYU72, 4 ‘-U\lll s 2 11*11/ N LNAVIAN pPRUilL 1 TULD (W PRV AN | FA~T1 ),

120.4 (C=N), 37.5 (C- '3) 37.0 (C- 4) 35.4 (C-10), 34.4 (C-8, HC 2.66), 33.9 (C- 5) 28.6 (C-
7, 24.1 (C-6) , 21.9 (C-11). Anal. Found: C, 76.15; H, 7.95; N, 7.63%. Calcd. for C,H;5sON:
C,76.16; H,7.99; N, 7.40%.

d,J=
LI;Q trs
A=0 i

7-Formyl-10-methyl-1(9)-octal-2-0l (39)
A solution of DIBAL-H (36 mL, 36 mmol) was added to a stirred solution of crude 38 (1.08
, 5.73 mmol) in CH,Cl, (165 mL) at -40°C under argon [45]. After stirring for 1 hour, MeOH

1 mL) was added followed by 8% aqueous NaOH (120 mL) and the reaction mixture was
tracted with CHCL (6 x 75 mL \ The combined CI—I(:]3 extract was dried (MeSO,) filtered

SR ANCRF W a1 wNsaRaiva ~ ~ ANNe
l"'

and the solvents evaporatea in vacuo. H NM
NMR/ppm 9.66 (br s), 5.57 (m, Wy, = 7.6 Hz), 5.44 (br 5, Wy
Hz), 4.17 (m, Wy, = 22.8 Hz), 1.14 (s); showed that no starting m, aterlal remaine

was used without further manipulation.
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7-Formyl-10-methyl-1(9)-octal-2-one (40)
Pyridinium chlorochromate (PCC) [48] (3.95 g, 18.3 mmol) was added to a stirred solution of
crude 39 (1.02 g) and pyrazole (4.96 g, 72.8 mmol) in CH,Cl, (110 mL) at 0°C under argon
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[46,47]. After stirring for 30 minutes, sat. aqueous NaCl (120 mL) was added and the mixture
was acidified with 10% HCI. The reaction mixture was extracted with CHCl; (5 x 100 mL) and

the combined extract dried (MgSQ,), filtered and the solvent evaporated in vacuo. The residue
was then applied to a short column of silica gel (5 g) and eluted with CHCl; (150 mL) and E

(150 mL) to give a crude mixture of isomeric keto aldehydes 40 (0.50 g) as a yellow oil; 'H

w1 UL ,.v.,_v J o

NMR/ppm: Isomer 1 (4()%\ 0 70 (S) 5 ]2 (q\, 1.25 (s). Isomer 2 (60%); 9.67 (s), 5.85 (s), 1.27

LA

T-Hydrovvmothyl_10_ymothul_1{Q)\_nrtnl D _one (AT AN

/ l‘]“’u.ﬁ IR LILY L A/ TILC MV Y L l‘/l vl & vhve \-I",-I'H}
N-aDRLIT N A1 & 10 Q mmanl) wag addad tn a ctirrad cnlnitinn af armide AN (N SN o) CH (1,
iNapiiy \V.r1l 5, 1V,0 11HIIVI) wWad AUULU LU a oULiIVA JUIUUULIL Ul viuuv TV \(V.JuV 5 \/llzblz

(33 mL) and MeOH (33 mL) at -78°C [56]. After stirring for 1 hour, acetone (11 mL) was
added and the reaction mixture allowed to warm to room temperature over 1 hour. The reaction
mixture was then diluted with CH,Cl, (300 mL) and washed with 8% aqueous NaOH (35 mL).
The combined CH,Cl, extract was washed with H,O (20 mL), dried MgSQ,), filtered and the
solvents were evaporated in vacuo to give a crude mixture of 41 and 42 (0.50 g); 'H NMR/ppm:
Isomer 1 (45%); 5.76 (s), 3.57 (d, J = 5.5 Hz), 1.24 (s). Isomer 2 (55%); 5.76 (s), 3.52 (d, J =
7.6 Hz), 1.28 (s). Multiple elution p.l.c. (75% E/H) of a sample gave a small amount of the oily

frans isomer 41, 'H NMR/ppm 5.76 (1H, d, J = 1.8 Hz, H-1), 3.52 (2H, d, J = 7.6 Hz, CH,0),
14.9, 5.9, 2.0 Hz, H-8 cis

S/(IH m W... {aﬁ’ﬂr celactive irradiation nf
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( remaini 1g Crudeé mix
g) was used without further purification; Mass spectrum: m/z 194.1309 (M"); Calcd. for
C,H30;: 194.1307.
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7-(( Methoxymethyl)oxy)methyl-10-methyl-1(9)-octal-2-one (34,36)

p-TsOH.H,0 (0.13 g, 0.66 mmol) and 1/8 in molecular sieve 4A (10 beads) were added to a
stirred solution of a 55:45 mixture of 41 and 42 (0.17 g, 0.88 mmol) and LiBr (0.20 g, 2.28
mmol) in dimethoxymethane (15 mL) at room temperature [58]. The resultant reaction mixture
was stirred for 2 days at room temperature. The reaction mixture was then diluted with CHCl;
(200 mL) and washed with H,O (10 mL), dried (MgSO,), filtered and the solvents evaporated
in vacuo. The residue was separated by p.l.c. (75% E/H) and gave a 53:47 mixture of 41 and 42

o

(MM o 17%) and an incanarahla mixtura of 24 and 16 (0 15 o K0%) ' NMR/nnm- 8 76

\U;U‘d/ 6’ P o} /U} CALINE (iiX lllo\vk’uluul\l ASANALULW ULl &J°T (iA\L IV \VQ‘J 6’ \V g /U}, Al “"ll\'t’yll‘- S I NI

(TH ¢+ T =10 z 1Y AR AR MMH 27 v ¢ OXCH.OY R 44 (1 dd T =857 17 HzY 120

\1KR, Uy J 1.7 014, fa=1 ), .03, 5.0V (401, £ A 5, UNT1pU), J.595 (in, U4, o Tty L1 KAL), 3.57

(1H, d, J = 7.6 Hz), 3.37, 3.35 (3H, 2 x s, OMe), 1.27, 1.24 (3H, 2 x s, H-11); Mass spectrum
Ao e m s 1 ~ Tx o~ ARG 4 e

m/z 236.157/0 (M ); Calcd. 1or C4H,,045: 258.1569

trans-7-Di(ethoxycarbonyl)methyl-10-methyl-1(9)-octal-2-one (45)

A mixture of KO'Bu (2.82 g, 25.1 mmol) and diethyl malonate (7.64 mL, 0.05 mol) in EtOH
(50 mL) was stirred for 30 minutes at room temperature. A solution of 37 (2.42 g, 14.9 mmol)
in EtOH (10 mL) was added and stirring was continued for 7 days at room temperature [49,50].
The mixture was then acidified with AcOH (5 mL) and the solvent evaporated in vacuo. The
residue was diluted with H,O (150 mL) and ether extracted (5 x 100 mL.). The combined ether
extract was washed with sat. agueous NaHCO,, until pH>9, H,O (50 mL), dred (MgSO,),
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1732 (C=0 of ester), 1682 (a,B-unsat. C=0), 1620 (conjugated C—C) 'H NMR/ppm 5.69 (1H,
br s, Wy, = 3.5 Hz, H-1), 4.20, 4.19 (4H, 2 x q, ], = 7.1 Hz, (quartets separated by 2.3 Hz, 2 x
ester CH,), 3.38 (1H, d, J = 11.7 Hz, CH(COZR)Z), 2.77 (1H, m, Wy, = 21.5 Hz after selective
irradiation of malonate CH, H-7), 2.63 (1H, ddd, J = 15.3, 5.4, 1.8 Hz, H-8 cis, NOE 1.27), 2 22
(1H, dt, J = 15.3, 2.1 Hz, H-8 trans), 1.27 (9H, m, W, = 4.4 Hz, H-11 + 2 x ester Me); Bc

NMR/ppm 199.1 (C-2), 168.4 (ester C=0, LRHC 3.38), 166.7 (C-9), 126.9 (C-1), 61.6, 61.5 (2
- PRI o s ) Y 7% N 7YY/ THYY N o Lo B o BV o BEs RN ’1( 1 el 4\0 YE O Y 1NN e A O TN N £
X ester CHy), 52.9 (CH(CO,R)y), 37.8 (C-3)7, 36,1 (C-4), 35.6 (C-10), 35.4 (C-5, 1€ 2.03,
2.22), 35.0 (C-7), 34.1 (C-5)°, 23.9 (C-6)°, 22.4 (C-11), 14.1 (2 x ester Me) and cis-7-

di(ethoxycarbonyl)methyl-10-methyl-1(9)-octal-2-one (46) (0.15 g, 3%).

trans-7-Di(ethoxycarbonyl)methyl-2,2-ethylenedithio- 10-methyl-1(9)-octalin (47)
BF;.OEt; (10 drops) was added to a stirred solution of 45 (1.02 g, 3.17 mmol) and 1,2-
ethanedithiol (1.28 mL, 15.3 mmol) in ether (10 mL) and then stirred for 16 hours. The reaction

mixture was then diluted with ether (250 mL), washed sequentially with 8% aqueous NaOH (2
x 15 mL), sat. aqueous NaHCO; (10 mL) and H,O (10 mL), then dried (MgSQ,), filtered and

the solvent evaporated in vacuo. The product was chromatographed on silica gel (60 g) with

Dl e T =TT - i = TEETE DTS O

S50% F'IH to afford unreacted 45 (0.32 31%) a

AV e L

md,‘/cm 1754, 1731 (ester C=0), 1646

(ALY it T 7 YT M v psotoe Fal & SR
(411, A X chUlCl J=17. 1 nez, L X CSlCl LIty), O.

r
QINYY 7YY OV ™ LN 1YY At TY

m, Wy, = 2.5 Hz, SCH,CH,S), 2.60 (1H, m, Wy, = 21 Hz, after irradiation of CH, wh, =11

Hz, H-7 cis), 2.43 (1H, ddd, ] = 14.7, 5.1, 1.8 Hz H-8 cis, NOE 1.09), 1.94 (1H, dm, J = 14.7
Hz, Wy, = 4.4 Hz, H-8 trans), 1.29, 1.26 (6H, 2 x triplet, appears as quartet, J = 7.1 Hz, 2 x

ester Me), 1.09 (3H, s, H-11); *C NMR/ppm 168.9, 168.7 (2 x ester C=0), 140.8 (C-9), 127.9
(C-1), 65.7 (C-2), 61.2 (2 x ester CH,), 52.3 (ester CH, HC 3.47), 40.2, 39.5 (SCH,CH,S), 39.1
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(C-3)°, 38.0 (C-4)°, 3 6.1 (C-5)°, 35.3 (C-7, HC 2.60), 34.6 (C-8, HC 2.43, 1.94), 34.0 (C-10),
24 1 ({LA\O M7 (C11Y 142 141 (D ¥ octoar Ma)l Multinla slhhiitinn nf a fractinn nf thic

\NWTUS, Lded (TR, 1L, 17T L4 A WO VAL ). IVIUBIUPIC Ciuuvi vl o a liavuvn vl ui
HIGWAIANV.LV 57 UY PuL, \1U /U L/LE) gave PUic /7 \V. 17T 5) ad al Vi, Nual, £VUuliu,. ©, vU.vz, 11,
TAR1- € 141920, (Calrd far 1IN Q Y ANDYT7. T T REL Q@ 1A NACL nnAd saiera il A7 7T
7.01; 5, 10.1270. LAICG. 10T Lqoiizpiigdr. L, OU.L/7, 11, /.30, O, 10.U7% and puic, Oiry cis-i-

di(ethoxycarbonyl)methyl-2,2- ethylenedxthm 10-methyl-1(9)-octalin (48) (0.013 g) IR v, /cm
1749, 1731 (ester C=0), 1646 (C=C), H NMR/ppm 5.51 (1H, s, H-1), 4.20, 4.19 (4H, 2 x
quartet, J = 7.1 Hz, 2 x ester CH,), 3.37 (4H, m, W,,, = 5.3 Hz, SCH,CH,S), 3.19 (1H, d,J =
7 7 Hz, malonate CH), 1.28, 1.27 (6H, 2 x triplet, ] = 7.1 Hz, 2 x ester Me), 1.04 (3H , H-11);

Bc NMR/ppm 168.5 (2 x ester C=0), 143.0 (C-9), 126.1 (C-1), 65.8 (C-2), 61.3 (2 x ester

(CHN (’7 Q {octar (CHY ANR AN D) (CCH.CH.Q H 2227 0 A (("_’2\0 209 (7Y 200 f{"_A\o
NoL17 ), . AMOWA wll)y TV, TULL (WL II, I J.J 1 )y JZUN\NTI) y VT \No7 T )y TV 7],
37.9 (C- 5) 35.9 (C- 6) 33.8 (C-10), 26.1 (C- 8) 23.3 (C-11), 14.2 (2 x ester Me). Anal.
Found: C, 60.46; H, 7.83; S, 16.21%. Calcd. for CyH3¢0,S,: C, 60.27; H, 7.56; S, 16.09%.



cis-7-Di(ethoxycarbonyl)methyl-10-methyl-1(9)-octal-2-one (46)

A solution of TI(NQO3);.3H,0 (0.021 g, 47.3 umol) in MeOH (0.3 mL) was added to a stirred
solution of 48 (0.010 g, 23.2 umol) in MeOH (1.5 mL) and THF (0.5 mL) [52]. After 10
minutes CH,Cl, (10 mL) was added and the resultant precipitate was filtered and the filtrate
evaporated in vacuo. The residue was dissolved in CH,Cl, (75 mL), washed with H,O (5 mL),
dried (MgSO,), filtered and the solvent evaporated in vacuo. Isolation by p.l.c. (75% E/H) gave

46 (0.008 g, 98%) as an oil; 'H NMR/ppm 5.74 (1H, s, H-1), 4.22 (4H, q, J = 7.1 Hz, 2 x ester

CH,), 3.27 (1H, 4, J = 7.3 Hz, malonate CH), 1.28 (ﬁH t,J=7.1 Hz, 2 x ester Me), 1.22 (3H
s, H-11). Anal. Found: C, 66.79; H, 7.74%. Calcd. for C;3H,c05: C, 67.06; H, 8.13%.

trans-7-Carboxymethyl-2,2-ethylenedithio-10-methyl-1(9)-octalin (49)

A mixture of 47 (0.43 g, 1.09 mmol) and KOH (0.45 g, 7.98 mmol) in MeOH (15 mL) and
H,0 (3 mL) was stirred for 3 hours at room temperature {49], at which stage t.l.c. showed no

starting material remained. The mixture was then acidified with 10% aqueous HCI (20 mL) and
CHCI; extracted (4 x 25 mL). The combined CHCI; extract was washed with H,O (10 mL),
dried (MgSQ,), filtered and the solvent evaporated in vacuo to give crude, oily trans-7-
dicarboxymethyl-2,2-ethylenedithio-10-methyl-1(9)-octalin (0.53 g); '"H NMR/ppm 5.53 (0.4H,
s), 5.45 (0.6H, s), 3.38 (5H, m, Wy, = 2.5 Hz, SCH,CH,S, diacid CH), 1.09 (3H, s, H-11)
which was heated to 200°C for 40 minutes under nitrogen. The crude 49 (0.32 g) obtained was

11, S, H- 1) 3.37 (6H m, ‘vxv’h/z =21 FIZ,

Ty

m LI \ULL,
11); Mass spectrum: m/z 298.1053 (M"); Caicd. for

trans-2,2-Ethylenedithio-7-(2'-hydroxyethyl)-10-methyl-1(9)-octalin (50)

Ethereal CH,N, (20 mL) was added to a stirred solution of crude 49 (0.24 g) in ether (5 mL)
at room temperature and stirred for 3 days at room temperature. AcOH (0.5 mL) was added and
the solvents evaporated in vacuo to give crude methylated 49 (0.25 g) which was used without
further manipulation. LiAlH, (0.050 g, 1.32 mmol) was added to a stirred solution of crude
methylated 49 (0.25 g) in ether (10 mL) and THF (5 mL) at room temperature and stirred for 2
hours at room temperature. 10% Aqueous HCI (5 mL) was added, dropwise initially, then the
reaction mixture was diluted with ether (200 mL) and washed with H')O (20 mL). The ethereal

laver was dried ( MQQO ), filtered and the solvents were ev;mnrated in vacuo to onvp crude 50

ado Uil A2 kAL QA2 AL oUW L2 R LE ] QL2 YESL S LA VARV 7 LY W

(0.43 g). The product was chromatographed on silica gel (30 g) with 66% E/H to afford 50

OI. T <. I,___'1 1LAA 76N\ ‘I‘Y NTR AT /o /1YY AN D LA IAYTY

(0.19 g, 76%); IR vy,/cm 1644 (C=C); H NMR/ppm 5.48 (iH, s, H-1), 3.64 (2H, t, ] = 6.8
Hz, CH,0), 3.37 (4H, m, W, = 1.3 Hz, SCH,CH,S), 2.40 (i1H, ddd, J = 13.8, 5.1, 1.8 Hz, H-8

cis), 1.99 (1H, m, Wy, = 18.2 Hz, H-7, HC 31.1),1.09 (3H, s, H-11); °C NMR/ppm 142.3 (C-
9), 126.7 (C-1), 66.0 (C-2), 61.2 (CH,0), 40.4, 39.6 (SCH,CH,S, HC 3.37), 39.4 (C-3)°, 38.0

3

0 0
(C-4)°,36.2 (C-5)°, 36.2 (C-8, HC 2.40), 34.2 (C-10), 33.7 (C-6)°, 31.1 (C-7), 25.9 (CH,)’, 23 6
(C-11). Sa:sfacto*'y rmc-*"analysis could not be obtained for this compound as samples
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trans-2,2-Ethylenedithio-7-(2'-((methoxymethyl)oxy)ethyl)-10-methyl-1(9)-octalin ~ (51) and
trans-7-(2'-((Methoxymethyl)oxy)ethyl)- 10-methyl-1(9)-octal-2-one (35)

p-TsOH.H,0 (0.16 g, 0.84 mmol) and 1/8 in molecular sieve 4A (5 beads) were added to a
stirred solution of 50 (0.19 g, 0.67 mmol) and LiBr (0.25 g, 0.29 mmol) in dimethoxymethane
(15 mL) at room temperature [58]. The reaction mixture was stirred for 3 days at room
temperature, then H,O (20 mL) was added and ether extracted (4 x 50 mL). The combined ether
extract was dried (MgSO,), filtered and the solvents evaporated in vacuo. Isolation of the

1
products by p.L.c. (66% E/H) gave impure 51 (0.10 g); H NMR/ppm 548 (1H, brs, Wy, =3.5
Hz, H-1),462 (2H, d, J = 1.7 Hz, OCH,0), 3.52 2H, t, ] = 6.6 Hz, CH,0), 3.35 (TH, m, W}

= 21 Hz, SCH,CH,S, OMe), 1.09 @3H, s, H-11) and pure trans-7-(2-
((methoxymethyl)oxy)ethyl)-10-methyl-1(9)-octal-2-one (35) (0.051 g) as an oil; 'H NMR/ppm

5.75 (1H, d, J = 1.8 Hz, H-1), 4.61 (2H, s, OCH;0), 3.53 (2H, t,J = 6.5 Hz, CH,0), 3.36 (3H,
s, OMe), 1.26 (3H, s, H-11); °C NMR/ppm 199.4 (C-2), 168.9 (C-9), 126.3 (C-1), 96.5
(OCH,0), 65.7 (CH,0), 55.3 (OMe), 38.0 (C-3)°, 37.1 (C-4)°, 36.1 (C-5)°, 36.0 (C-10), 34.2

i &Y 21 & (C-7), 31.3 (C- Q\° 25.6 (CH, Y 9 A4 11 M
i~ L, \~11)

UJ, J1.U \ 1), Jk \ 2/,&‘:"1’

Calcd. for CsHp0;: 252.1725.
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trans-7-(2'-(( Methoxymethyijoxyjethyi)-i0-methyi-1(9)-octal-2-one (35)

A solution of TI(NO3);.3H,0 (0.092 g, 0.21 mmol) in MeOH (1 mL) was added to a stirred
solution of impure 51 (0.064 g) in MeOH (6 mL) and THF (3 mL) at room temperature [52].
After stirring for 10 minutes, the reaction mixture was diluted with CH,Cl, (10 mL), filtered
and the filtrate evaporated in vacuo. The residue was dissolved in CHCl; (75 mL), washed with
H,0 (5 mL), dried (MgSO,), filtered and the solvent evaporated in vacuo. Isolation by p.l.c.

(66% E/M) gave oily 35 (0.026 g) and an unidentified impurity (0.019 g).
Cuprate Reactions

Purified Cul (0.29 g, 1.50 mmol) was placed in a Schlenk tube containing a magnetic stirrer
bar under nitrogen or argon whu.h had been flame dried in vacuo,. Degassed dry ether (10 mL)
ag st n—rprl at ﬂ (‘ thpn Mel 1 (00 mn‘}nl\ was addnﬂ over 'ln S

1SS WIV Y MWAJE \WJ.\I\F ddiid

to give a colorless or slightly yellow solution. The mixture was stirred for 10 minutes at 0°C
before use. The ‘workup as usual’ procedure invoived adding a mixture of saturaied dqueous

NH,CI/NH; (25 mL), prepared by mixing saturated NH4Cl (25 mL) and 25% aqueous NH; (4

mL), to the reaction mixture at 0°C. The total reaction mixture was then poured into a
separating funnel and the reaction Schlenk tube was consecutively washed with NH,CI/NH;
solution (15 mL) and then ether (50 mL). The combined mixture was then shaken until a deep

blue colour developed and all solids had dissolved. The aqueous layer was ether extracted (3 x
50 mL) and the combined ether extract was washed with H,O (15 mL), dried (MgSO,) and the

solvent evaporated in vacuo.



Reaction of Me,CuLi with Enones

cis-5-Hydroxy-10-methyl-1(9)-octal-2-one (7)

A solution of 7 (0.18 g, 1.01 mmol) in ether (2.0 mL) was added to a stirred solution of
ethereal Me,CuLi (2.5 mmol, ~15 mL) at 0°C. A yellow precipitate formed immediately and the
resultant mixture was stirred for 45 minutes. Workup as usual and isolation by p.l.c. (30% E/H)

gave 7 (0.15 g, 80%).
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0. 1) was added to a stirred soluti
ethereal Me,CulLi (1. 30 mmol ~7 mL) at0C. A yellow solution formed immediately followed
by a yellow/orange precipitate after approximately 20 seconds and was stirred for 45 minutes.
Workup as usual and isolation by p.l.c. (66% E/H) gave cis-9,10-dimethyl-cis-5-methoxy-2-
decalone (16) (0.083 g, 46%); IR Vyu/cm’ 1709 (C=0); 'H NMR/ppm (25°C) 3.55 (1H, m,
Wyp = ISZHZ H-5), 340(3H s, OMe), 0.94 (3H, s, H-11, NOE089) 0.89 (3H, s, Me, NOE
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777 (C 5), 577 490 425 401 379 347 306 249 24.1, 19.9, 15.7; Anal Found (,
74.17; H, 10.58%. Calcd. for C;3H»0,: C, 74.24; H, 10.54%. and an isomeric mixture of 2,10-

dimethyl-5-methoxy-1(9)-octal-2-ol: higher R (0.028 g, 16%); IR Vma/om'' 3354 (OH), 1654

(C=C); 'H NMR/ppm 5.30 (1H, br s, Wy, = 3.7 Hz, H-1), 3.36 (3H, s, OMe), 2.74 (1H, dd, J =
11.3, 4.2 Hz, H-5), 2.14 (1H, tdd, J = 13.6, 4.8, 1.7 Hz, H-8 cis), 1.27 (3H, s, H-11), 1.04 (3H,
s, Me): lower Rf (0.016 g, 9%); IR v,,m/‘,ml 3374 (OH), 1655 (C=C); 'H NMR/ppm 5.34 (1H,
br s, Wyn = 4.2 Hz, H-1), 3.37 (3H, s, OMe), 2.79 (1H, dd, J = 11.4, 4.2 Hz, H-5), 2.13 (1H,
tdd, J = 14.0, 5.1, 2.1 Hz, H-8 cis), 1.27 (3H, s, H-11), 0.98 (3H, s, Me)

cis-5-(Methoxymethyl)oxy-10-methyl-1(9)-octal-2-one (14)

A solution of 14 (0.24 g, 1.08 mmol) in ether (2.0 mL) was added to a stirred solution of
ethereal Me,CuLi (2.03 mmol, ~12 mL) at 0°C. A yellow solution formed immediately
followed by a yellow/orange precipitate after approximately 30 seconds and was stirred for 45
minutes. Workup as usual and isolation by p.l.c. (50% E/H) gave 14 (0.019 g, 8%) and cis-9,10-
yl-cis-5-(methoxymethyl)oxy-2-decalone (17) (0.13 g, 50%) as an oil; IR v /cm™ 1713
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(C=0); H NMR/’ppm 4.80, 4.59 (ZH, AB system, Jap = 6.9 Hz, OCH,0), 4.02 (1H, m, W, =
19.0 Hz, H-5), 3.39 (3H, s, OMe), 0.97 3H, s, H-11, NOE 0.90)°, 0.90 (3H, s, Me, NOE 0.97)°;
C NMR/ppm 212.9 (C-2), 107.8, 95.1 (OCH,0), 73.9 (br), 55.7 (OMe), 49.4 (br), 42.3, 40.1,

37.5, 34.9, 31.2 (br), 26.6, 24.2, 20.0, 16.0; Anal. Found: C, 69.88; H, 9.86%. Calcd. for
C:HpOs: C, 69.96; H, 10.07%.
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cis-5-Benzyloxy-10-methyl-1(9)-octal-2-one (15)

A solution of 15 (0.13 g, 0.48 mmol) in CH,Cl, (1.0 mi.) was added to a stirred solution of
ethereal Me,CuLi (1.50 mmol, ~10 mL) at 0°C. A yellow precipitate formed immediately and
the mixture was stirred for 45 minutes. Workup as usual and isolation by p.l.c. (66% E/H) gave
cis-5-benzyloxy-cis-9,10-dimethyl-2-decalone (18) (0.07 g, 51%) as an oil; IR v.,.,.Jcm 1713

(C=0), 735, 698 (C-H bend); 'H NMR/ppm 7.33 (SH m, Wy, = 3.4 Hz, phenyl), 4.72, 4.42

/LY ratana 12.0 Hz. OCH,). 3.74 (1H = 1Q &> LI 8\ DKL/ hre W
(£rn1, I‘\D byblClll, JAB = 142U I1L, ULIl1)), J.7F 111, Lu, VV hf2 — 10.V k1L, X17J ), L. VO \(111, UL a, vy h/2

= 12.2 Hz), 2.25 (1H, ddd, J = 13.9, 6.1, 3.6 Hz), 1.00 (3H, s, H-11)°, 0.88 (3H, s, Me)"; °C
NMR/ppm 212.9 (C-2), 138.9 (phenyl i C), 128.4 (phenyl 0 C)", 127.7 (phenyl m C)", 127.6
(phenyl p C)v, 70.8, 49.3 (br), 40.5, 37.6, 35.1, 31.3 (br), 25.5, 24.2, 19.9, 16.2; Mass spectrum:

m/z 286.1921 (M™); Calcd. for C;gHy0,: 286.1933. Variable temperature NMR studies on cis-
< P 7 ' SO PR Lo ann PR TR, zoﬁ, Iyy wrnam /e
‘ﬂ lU-Glmem}’l ClS o= nyuroxy A-UCLleDC (&4V), UCHVGU 1TOIIN 16 bIlOWCU at 25 L, Il INIVIKN/PPIIL

0.95, 0.91; >°C NMR/ppm 212.9 (C-2), 68.8 (br), 49.2 (br), 42.1, 40.4, 377, 35.0, 31.1, 30.6,
29.7, 24.4, 20.2, 15.1. At -50°C a single set of peaks were detected; 'H NMR/ppm 0.93, 0.91;

e NMR/ppm 214.7 (C-2), 68.2, 48.8, 42.7, 40.0, 37 6, 34.5,30.7, 30.2, 24.4, 20.1. 14.9. Anal.
Found: C, 73.24; H, 10.58%. Calcd. for C;,H,,0,: C, 73.43; H, 10.27%.

trans-5-(Methoxymethyl)oxy-10-methyl-1(9)-octal-2-one (21)
A solution of 21 (0.10 g, 0.45 mmol) in ether (1.0 mL) was added to a stirred solution
rosinatato ‘Fnrmcx

of
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isolation by p.l.c. (75% E/H) gave starting material (0.027 g, 2 %) and 2,10-dimethyi-5-
(methoxymethyl)oxy-1(9)-octal-2-ol (24) (0.063 g, 58%); IR vmx/cm 3414 (OH), 1661 (C=C);
'H NMR/ppm 5.35 (1H, br s, Wy, = 4.6 Hz, H-1), 4.58, 4.69 (2H, AB system, J,g = 6.9 Hz,
OCH,0), 3.39 (3H, s, OMe), 3.36 (1H, br s, H-5), 1.32 (3H, 5, H-11)°, 1.12 (3H, 5, Me)’.

fran c=7=Alafhnv“= n=mlJfla\ l= 1/ \=n/'fn’=7=n~no M\
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ethereal Me,CuLi (2.54 mmol, ~15 mL) at -20°C. A yellow/orange precipitate formed

immediately and the mixture was warmed to 0°C and stirred for 45 minutes. Workup as usual
using CHCl; and isolation by p.l.c. (66% E/H) gave 28 (0.014 g, 8%) and cis-9,10-dimethyl-

trans-7-methoxy-2-decalone (31) (0 097 g, 53%) as an oil; IR \)‘,m,x/cm'1 1712 (C=0); 'H

NAMR /Innm (D&% 2 2 (?H Q ﬂ 110 (Y .11 I\Inﬂ‘ s (l'l\o NQ7 (XX o Na AII')E‘
1N1IVEIN Plll LJ \.a} J. \J 1, Sy U1 j, 1.1V \Jll, D, X111, 1 . sy V. T/ \J.ll 9, 1V 1(_, FA AV &7
. .‘“ o o O 4 s ATT vy 1220
1.10)% R/ppm (-50°C) two sets of resonances | in a ratio of 86:14 (a) 1.16 (3H, s, H-11),
A

1.03 (3H, s, Me)” (b) 0.99 (s, H- 11) 0.83 (s, Me) . Be NMR/ppm 211.7 (C-2), 76.2 (C-7),
55.7, 52.4, 41.4, 39.7 (br), 34.7, 34.3, 32.8 (br), 29.7, 26.9, 24.0, 22.6; Anal. Found: C, 74.33;
H, 10.42%. Calcd. for C3H;,0,: C, 74.24; H, 10.54% and an isomeric mixture of 2,10-

dimethyl-7-methoxy-1(9)-octal-2-ol: Higher R (0.032 g, 17%); IR v,_“,,ﬂ/cm‘1 3398 (OH), 1654
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OMe), 1.25 (3H, s, H-11)°, 1.04 (3H, s, Me) :

trans-7-(Methoxymethyl)oxy-10-methyl-1( 9) octal-2-one (29)

A solution of 29 (0.073 g, 0.33 mmol) in ether (1.0 mL) was added to a stirred solution of
S O
ethereal Me,Culi (1.03 mmol, ~9 20C. A mllsw/craaga precipitate formed

mT ) at

1i1i.) au L oy
immediately and the mixture was warmed to 0°C and stirred for 45 mintues. Workup as usual
and isolation by p.l.c. (66% E/H) gave 29 (0.017 g, 23%) and cis-9 10—d1methy1 -trans- 7-

(methoxymethyl)oxy-2-decalone (32) (0.040 g, 50%) as an oil; IR vy,/cm” 1714 (C=0); H
NMR/ppm (25°C) 4.63 (2H, s, OCH,0), 3.34 (3H, s, OMe), 1.10 (3H, s, H-11, NOE 098)
0.98 (3H, s, Me, NOE 1. 10)° 'H NMR/ppm (-50°C) two sets of resonances in a ratio of 91:9 (a)

» \O a TR Fal rr 11\V n oA A V¥ § \V 13/‘\1‘1“[

1.15 (3H, s, H-11)', 1.03 (3H, s, Me) (b) 1.00 (s, H-11)", 0.84 (s, Me) ; "C NMR/ppm 211.6
(C-2), 94.8 (OCH,0), 72.7 (C-7), 55.3, 52.5, 41.5, 40.9, 38.1, 34.6, 34.3 (br), 33.0 {(br), 27.8,
23.9, 22.7; Anal. Found: C, 69.98; H, 9.80%. Caicd. for C4H,404: C, 69.96; H, 10.07%

trans-7-Benzyloxy-10-methyl-1(9)-octal-2-one (30)
A solution of 30 (0.071 g, 0.26 mmol) in ether (1.0 mL) was added to a stirred solution of
ethereal Me,CuLi (0 52 mmol, ~6 mL) at -20 C. A yellow/orange precipitate formed

6
bend); 'H NMR/ppm 7.31 (§H, m, W, = 1.0 Hz, phenyl) 4.50 (2H, s, OCHg) 3.60
W, = 20.2 Hz, H-7), 1.09 (3H, s, H-11, NOE 0.95)°, 0.95 (3H, s, Me, NOE 1.09) . Be
NMR/ppm 211.7 (C-2), 138.8, 128.4, 127.5, 74.4, 70.1, 52.5, 41.5, 40.2, 38.1, 34.8, 34.5 (br),
29.7,27.3, 24.0, 22.7; Mass spectrum: m/z 286.1929 (M"); Calcd. for C;gH,50,: 286.1933.

X

7-({ Methoxymethyl)oxy)methyl-10-methyl-1(9)-octal-2-one (34,36)
A aonliitinn ~AF A An rra
A solution of 34 and 36 (0.059 g, 0.25 mmol) in ether (1.0 mL) was added to a stirred

solution of ethereal Me,CuLi (0.51 mmol, ~8 mL) at -20°C. A yellow/orange precipitate formed

immediately and the mixture was warmed to 0°C and stirred for 45 mintues. Workup as usual
and isolation by p.l.c. (66% E/H) gave the starting material mixture (0.010 g, 17%) enriched in

34 IR Vyu/cm’ 1676 (B unsat. C=0), 1621 (conjugated C=C); '"H NMR/ppm 5.75 (1H, d, J =

1.8 Hz, H-1), 4.60 (2H, s, OCH,0), 3.40 (2H, d, J = 7.6 Hz, CH,0), 3.35 (3H, s, OMe), 1.27
(3H, s, H-11); cis-9,10- d methyl-cis-7-((methoxymethyl)oxy)methyl-2-decalone (44\ (0.027 g,
43%) as an oil; IR v, /cm 11 1713 (C=0); '"H NMR/ppm (25°C) 4.61 (2H, s, OCH,0), 3.36 (3H,

s, OMe), 2.89 (1H, d, J = 13.9 Hz), 0.97 3H, s, H-11, NOE 0.86)°, 0.86 (3H, s, Me, NOE
0.97)"; "H NMR/ppm (-50°C) 4.68 (2H, s, OCHZO) 3.40 3H, s, OMe), 2.89 (1H, d, J = 13.9
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Hz), 0.99 (3H, s, H-11), 0.87 (3H, s, Me) ; Anai. Found: C, 70.73; H, 10.27%. Caicd. for
C15H2(,U3. C, 70.83; H, 10.30% and cis-9, lu—dlmethyl—trans 7- umc:hoxynx:thyi)(‘)xyjmeuwlm-

0
decalone (43) (0.019 g, 30%) as an oil; IR vmax/cm 1712 (C=0); 'H NMR/ppm (25°C) 4.58

(2H, s, OCH,0), 3.33 (3H, s, OMe), 3.30 (1H, d, ] = 6.2 Hz), 1.14 (3H, s, H-11, NOE 1 02)°,
1.02 (3H. s. Me. NOE 1.14)% 'H NMR/ppm (-50°C) 4.64 (2H, s

1.V \JJRE,y s AVA CATEY ax L'lvaA\l TH AT vk By

~ oA

1.16 GH, s, H-11)°, 1.04 (3H, s, Me)’; °C NMR/ppm 212
(CH,0), 55.2, 52.7, 40.8, 38.4, 38.3, 38.0, 37.2, 34.9, 34.5, 33.9, 33.8, 2
22.7; Anal. Found: C, 70.83; H, 10. 58% Calcd. for C;sH,c03: C, 70 83; H, 10.30%.

trans-7-(2'-((Methoxymethyl)oxy)ethyl)-10-methyl-1(9)-octal-2-one (35)
A solution of 35 (0.013 g, 0.050 mmol) in CH,Cl, (2.0 mL) was added to a stirred solution of
Me,CuLi (0.33 mmol, ~6 mL), prepared in ether (3 mL) and then diluted with CH,Cl, (4 mL),

at -20°C. No precipitate formed even after 5 minutes, the solution was warmed to 0°C and then

stirred for 45 minutes. Workup as usual using CHCl; and 1solat10n by p.l.c. (66% E/H) gave 35
(DN o AR and ~7¢-0 10_dim vh vl- '7(”)' {/mnﬂ'\ Xym

\V.uus 5, VU /U ] Al DI',L) Sy AT ull

g, 15%) as an oily inseparable mixture of two isom
(a) cis isomer (25%); 4.61 (s), 3.36 (s), 0.96 (s),
(75%); 4.60 (s), 3.52 (t, J = 6.7 Hz), 3.35 (s), 1.1

(M+); Calcd. for C15H2303Z 268.2038.
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