86

data are in agreement with the assigned st?uctune‘ The
compound showed'nq'absofﬁtion due to‘hﬁd:oxyl group ‘in its ir
gbectrum. In the 1H nmr spectrum, the aromaﬁiclprotons weré
6bsqrvea at d 6.38 as.a singl:t.‘The bénzy;ic proton appgared‘

at 9 4.90 as a doublet with a coupling constant of 10 Hz. The

i)

"

methylene protons between two oxygen-a?omsfappearéd as a
singlet at Jd 4.80, and the anisole methyl protons appeared at
8‘9,80\as a singlet. Although the mo}eéular ion peak
Co;respohdihg‘to_the expected molecﬁlar‘formula was not
observed in thé mass spectrum of-the comboﬁﬂd, a fragment
lresultiﬁg from thé:ioss of a @ethano; unit was obsefved at
m/z 350.3508.

With the hydroxyl group of coﬁpound 103 properly
protected, the demethylation was agtempted. Accordingly,
ether 114 was treated with potassium ethanetﬁiolate in N, N-
dimethylformamide at 125°C for 8 hours. The reaction
proceeded cieanly aﬁd a product was formed in good yield
(60%1. Surprisingly, this compound showed the absence of
methoxymethyl group ana the benzylic methoxy group in the IH
nmr spectrum. A comparison'of its spettral data with those

previously~6btained for phénol 105 revealed thatlit isd
identical with phenol 105. A mechanistic rationale‘for the
fqrmatibn of this compoﬁnd i's outlined in Scheme 11. After
the initial gemetﬁflation, the resulting‘phenoxide 115 could,
in principle, eiiminate thg benzylic'methoxy group to give i

the intermediate 116. Michael addition followed by



Scheme 11
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the elimination of“é'methoxymethyl uriit could‘theg lead.to

£ a
the formation of the“observeé product 105.

88
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An alternatkve process for the formation of ring C

1
is to oxidise the beniylic h droxyl group to a ketone, with

concomltant migration of the carbon- .carbon double bond intpx\
conjugation wlth ‘the ketone _thus formed (103 — 117).
Demethylation followed by Micheal addition could, in
‘prlnclple, give ketone 118. Towards this end, altohol, 103
was oubjected to oxidation}wlth ‘pyridinium chlorochromate,
ouffered with sodium aceta?e, in dichloromethaﬁg'atmroom
temperature for 3 hours. AFparently, these oxidation
conditions were too seﬁer#. Néiéher the starting material nor
the desired produtt was iiolaied. Instead, a complex mixfure
containing a number of unidentifioble compounds was formed.
Conséquently, alcohol 10% was subjected to Swern oxidation by
freatment with a mixture of oxalyl chloride and dimethyl
sulfoxide at -60°C, followed by gradual warm-up to -10°C ond
addition of tniethylomine. Under these conditions, a major
oroduct was formed in 52% yield. To our disappointment, this
compouﬁd was ideﬂtified‘as ether 104 by‘comparison of the
spectral-daté. Presumably, due to the ease of cyclisation to

form ring E, the subszrate took this course of reaction; the

A

expected intermediate 119 underwent a substitution reaction
with the neighbouring ether oxygen instead of the desired
oxidation as shown Scheme 12.

To inhibit the undesired E ring formation, an

excellent gossibility exists, which inQones'the formation

-
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‘Scheme 12 -
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f a bridged system as shown in compound 120 The bridged

‘ether would serve for two purposes.vThe E ring formation is

now sterically forbidden In addition, it servesﬂalso.tol S

_protect the. hydroxyl group o ; o L ﬂ%

N

’
The most direct route leading to compound 120 would

A

involve cyclisation of diol 74 to give 121 followed by the

'removal of ‘the secondary hydroxyl group Treatment of diol 74

I

with aqueous hydrochloric acid in refluxing tetrahydrofuran

.'gave, in 60% yield a hydroxy ether which showed a hydgoxyl
‘ #

absorption bagé at 3510 em-1 4n the ir Spectrum. In the mass

\

spectrum, a molecular ion peak'at 344.2353 was in‘accord with

R
the expected molecular‘formula C2253203; These spegtral data

”~

were in agreement with the desired reaction product 121
However, in the 1H nmr. spectrum, a doublet of . doublets at o
3«32 (J - 8, J' = 6 Hz) could be readily attributed to a

hydroxyl proton, since it disappeared on addition of
4

A

Q‘deuteurium oxide. The coupling pattern of this signal‘

suggested the presence pf an hydroxymethylene unit Based on

~ this evidence,’the‘structure 122 was assigned to the

compounq

In furthermconfirmation of the structure, compound

122 was converted to the corresponding xanthate 123 by o

«treatment with excess sodium hydride, carbon disubfide and

methyl iodide in 1 2-dimethoxyethane for 5 -hours. The

3
xanthate thus obtained in’ 58% yield showed a thiocarbonyl
li -
absorption at 1240 cm-1 in the ir- spectrum A molecular ion

peak at 434 1947 was displayed in: the mass spectrum in accord
. o ; AR . )
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: ;_alcohol 124 in 83% yield The compound showed a

a o ‘,

e

with the expected molecular formula C24H348203 Thehnﬂ nmr

1

spectrum clearly indicated that the xanthate moiety was‘
| linked to a methylene carbon Two mutually coupled doublets

(J = 12 Hz) characteristic of a methylene group attached to a

~

xanthate moiety appeared at d 4. 82 and 4.56.
A .

As a consequence of the above observations an ‘v'.”,n

alternative route leading to the cyclic ether 120 was
) .
investigated Diether 91 was. selectively hydrolysed and

cyclised with aqueous hydrochloric acid in refluxing
tetrahydrofuran to ‘give the desired cyclic ether 120 in 53%
yield The ir spectrum of the compound showed absUrption at

1073 cm’l for the five-membered cyclic ether A molecular ion'

peak at 328 2399 in the mass spectrum suggested a molecular o

/-N

formula of C22H3202 ithhé 1H n%r spectrum, the aromatic

protons were observed-Ls a multiplet at 8 7.40, while the r"
benzylic protons appeared as two doublets at d 4. 78 and 4 72,
\

v 4
each with a coupling constant of 12 Hz. The methylene protons.

adjacent to the oxygen atom appeared as a Singlet at d.3. 54

The three singlets at a 1 34, 0. 96 and 0. 84 were assigned to

B the methyl groups ‘ AR "i, f.

»

. e The: cleavage of the benzyl ether linkage present in
llico;pound 120 iwas effected by dissolving metal'reduction. On’
. .trdatment with excess of lithium metal in liquid ammonia for ,d
;iz hours, the compound was converted to the corresponding -

characteristic hydroxyl absorption in the ir spectrum at 3400 .

cm"1 Th€ 1H nmr spectrum displayed a complex multiplet



o
between 9 3. 70 and 3.40 for the four methylene protons ' ”““fﬁ'

adjacent to the oxygen atoms Furthermore, signals dUe to Ce,

‘aromatic protons were not observed The mass spectrum of the

compound confirmed the molecular formula to ‘be C15H260 with a

| molecular ion peak at 238 1938 ‘f ‘@3'ii "jfj}‘. Sl

§

Oxidation of the alcohol 124 with pyridinium o
", chlorochromate in dichloromethane at room temperature for 2 B
. hours resulted in the formation of the desired aldehyde 125

N in’ 81% yield A molecular ion peak at 236. 1782 in the mass‘

’;spectrum confirmed the required molecular formula C15H2402 ‘n‘ml

the 1H nmr spectrum,‘a doublet wit? a’ coupling constant of 4

Hz at a lO 78 was assigned to the %ldehydic proton The
methylene protons adjacent‘to the oxygen atom were observed
as a. Singlet at 8 3. 74 Three more singlets werw obsereved at
a 1\30 0 96 and '0.74 for the.methyl groups | |
| \hddition of aldehyde 125 to a solution of the

' lithﬂum‘reagent 99 in. ether at room temperature resulted in
theiformation of the adduct 126 The compound obtained'in 90%
yield showed, in the'ir spectrum, an absorption due to a
hydroxyl group at 3400 cm"l and ‘no carbonyl absorptions In
the IH nmr spectrum, the presence of singlets at a 6. 46 (2H),
3. 76 (6H) and 2 30 (3H).indicated the ineorporation of the

'} .
orc1nol moiety into the compound Although the molecular ion

corresponding to the expected molecular formula was not
observed in the mass spectrum, a fragment resulting from the

loss of a- water molecule was observed at m/z 370 2506 The

oLt
S

_ presence of only one set of signals in the 1H nmr f
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‘ i“ IR "2 . “‘ , T 96
‘spectrum suggested that the coup ing product was- formed as a‘

. . l B

psingle stereoisomer Its stereochemistry at the newly
T ' ‘
generated chiral centre remai/s, however, to be determined“‘

As shown in Sche e 13 alcohol ‘126 could in
uprinciple, undergo consec7tive cyclisations to provide

siccanin methyl ether (4 ) under acid catalysis However, the
! v
compound was found to be stable to 1N aqueous hydrochloric

4

acid in. refluxing tetéahydrofuran and_to boron tribromide in.

I
—

';.- . ' - ' . .o
dichloromethane a;/;oom temperature. 89 In both cases, the

starting material was recovered intact At ‘the present time,

N

" we are,studying the demethylation of compound 126 in oxder to

_enhance its reactivity towards the formation of ether rings C
and E.. -/
Studiesrare also currently‘being-undertaken‘on an

approach//which is also de51gned to induce the Cc ring
formatrpn prior to the formation of ring E This approach
' employs,ias the 'starting material, agetal 84 which was’

readily aVialable as a by product from the reaction of diol

[y

74 with_chloromethyl methyl ether‘and sodium hydride (vide
‘.;upra).“ | | - ; | o ~

a y Debeniylationiof the acetal 84 with;lithium metal
in liquid ammonia gave alcohol 127 in 58% yield The compound
showed, in the ir spectrum, an absorption band at 3400 cm‘1

due to. hydroxy group In the 1H nmr spectrum, no’ signals were‘

| observed for the aromatic protons. A broad singlet at 8 5 40
'was attributed to the vinylic proton Two doublets, each with

‘ja coupling constant of 8 Hz, appeared at a 5 20 and 4. 84

“;y
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»‘fdue to the methylene protons adjacent to two oxygen atoms ln
addition, three singlets for the methyl groups were observed
cat 9 1. 80, 0.94 and 0.82. Although in the mass spectrum, a
}:gmolecular ion peak due to the expected molecular formula was
'not observed, a fragment resulting frOm the loss of a water o
| molecule appeared at n/z 248 l788 | . | ‘
Oxidation of the alcohol 127 with pyridinium ‘;gh
ichlorochromate 1n dichloromethane for 3 hOurs gave the . * H

[ . [}

‘corresponding aldehyde 128 in 80% yield The mass spectrum of

the compound suggested the molecular formula C16H2403 Wlth

molecular don. at 264 1720 In the,ir spectrum, the compound

v . I R

showed the absence of any. hydroxyl absorptiOnsv An‘intense‘
:band at 1711 cm“1 suggested the presence of . a. carbOnyl group
In. the 1H nmr spectrum of the compound a doublet with a

coupling c0nstant of 2 'Hz was observed at 9 10.16. »This ‘

i v

signal was readily attributed to the aldehydic proton The
'vinylic protonywas observed as a broad singlet at @ 5, 50
whereas the methylene protons adjacent to two oxyggn atoms
appeared as a pair of doublets, each with a coupling c//;tant
of 6 Hz,‘at a 5 24 and 4.92. " . B

When aldehyde 128*was subjected to treatment with

- T

',qu magnesium reagent 102 derived from oroinol dimethyl ether lg'

o 98,‘a mixture of two epimeric alcohols 129 was formed The

:amajor alcohol which was obtained in 59% yield, showed a f"

~"":hydroxyl absorption at 3320 cm‘T'in the ir spectrum.’In the 1H

nmr spectrum, the singlets at 8 6. 28 (ZH), :3.76 (3H) and 2 30”‘f‘“

(33) were attributed to the orcinol moiety The vinylic .

o“. o
-;"_’\ . v



proton appeared at 9 5.50"53 a broad singlet and the -

. A

methylene protons adjacent to tholorygen atoms were‘alsplayed
as doublets at d 5.12 and 4.80, each with a coupling constant
_of 7 Hz. |

” The minor ﬁroduct obtained in 23% yield displayed,
in the ir spectrum, a strong absorption at 3520 cm~1
cﬂeracﬁeristic of oydroxy group.. The H nmr spectrum showed
singlets at é 6.i4,k2ﬂ), 3780 (éhfkénd 2.30 . (3H) due to the y
orcinol moiety. A broad sinélet”at 2 5766 was due to the
vinyiic‘oroton‘end two doublets (J = 7 Hz each) observed at 9
r5.18 and 4.92\were actributed to the“methYIene protons
adjacenﬂ to two oxy;en atoms. Although the molecular ion
correeponoing to the exoecteq molecular formula was not
observed in the mass spectrum, a fréément resulting from the
loss of a watexr molecule was. displayed at m/z 398.2467.

Co The conversion of the minor alcohol 129 to the
correspondihg phenol 130 was easily carrled out with
potassium ethanethiolate in N,N—dlmethylformamlde at 125°cC.
The phenol 13Q obtained in 80% yield.showed the following

R

épectral"properé{es in;accord with theqassigned structure. A

t

‘cstrong absorptlon at 3440 cm‘1 in the ir spectrum suggested
‘the presence of a hydroxyl group. The mass spectrum displayed

a fragmeﬁt at m/z 401.2316" resulting from loss of a proton.

o ‘
In nhe 1H nmr spectrum, singlets were observed ‘at & 6.48 (1H),
}542251;5)0 3.74 (33) and'2,30»(3H) due tg the orcinol portion

) ﬁbf the?molecule. The methylene protons” adjacent to two .
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oxygen atoms were displayed at 9 5.20 and 4.82 as doublets
each with a coupling coﬂstant of 6 Hz.

Wn}le the conversion of the minor alcohol 129 to
the corresponding phenol 1?0 was rather straightforward, the
attempted‘demethylatiop.of the major alcohol 129 gave -rise to
rather unexpected results. Its treatment with potassium
ethénethiolate regﬁlted in the formation of two products, O?F
bf'which was readily identified as orciﬂol monomethyl ether
(107) . The other was found toe be aldehyde 131 which showed a
strong absSxption at 1667 cm~1 in fhe ir spectrum indicating
the presence of a conjugated carbbnyl gréup. In the 1H‘nmr
spectrum, the signals due to the prcinol moiety and the
vinylic proton were absent, whereas an aldehydic proton
appeared At‘a 10.34 as a singlet. Furthermore, a methyl
singlet was found in the unusually lowfield at Jd 2.18
indicatfng the migration of the carbon-carbon double bond
into conjugation with the carbonyl‘group. The molecul?r
formula C;gH2403 was confirmed by the mass spectrum showing a
molecular ion peak—at—264.1724. The formation of compounds
107 and 131 could be‘¥ationalised by invoking a mechahistic
pathway similar'to that putlinea in Scheme 8 for the
degradation of 105 to give 106 and 107. f

In conclusién, the Dielsi-Alder approach described
‘in this thesis éan be applied rather effectively to the
construction of the carbéh skéleton’of siccanin (1) as
demonstraﬁed in the synthésis of isosiccan;n-methyliézhér

(109) . The application of this approach té the synthesis of
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A

the naturally occurring coﬁpoﬁnd requires effective control '
of the two intér~related asymmetric centres preSent‘in C
ring. In oxder to achieve this, two modifications are under
current investigation. One iqvolves the use of alcohol 126 as
a potential synthetic ihtermediate and the other procéeds via

the alcohols 129,



Melting points were recorded on a Kofler[hot stage

?pparatus and are uncorrected. Elemental analyses were
pexformed by the microanalytical lab;ratory‘of this
department; Infrared (ir) spectra Qerelfecorded on a Perkin-
Elmer model 457 or Nicolet 7-199 FT-IR spectrophotometer.
Proton nuclear magnetic‘resonance (1H nmr) spectra were
recorded on a Bruker WP-80, "Bruker WH-200 or Bruker WH-400
spectrometer and were obtained on solutions in |
deuterochloroform yith tetramethylsiiane as internal
standard. Carbon-13 nuclear magnetic .resonance spectra (13C
nmr) -were recorded on. a Bruker WH-200 or Bruker WH-400
spectrometer and~were re¢orded on solutions in
deuterochloroform. The following ahbreviations are used:; s =
singlet, bs = broad singlet, d =‘douhlet, t = triplet, q = ‘
- C

quartet, m = multiplet. Massfspectrq)(ms) were recorded using

an A.E.I. model M§-9, MS-12 or MS-50 mass spectrometer.

Materials
Flash chromatography developed by Still45 was used

t routinely‘for the purification and separation of the product
mixtures. Nitrogen and argon were passed through a

‘ purification train of. Fieser'e soIGZIS;Téo concentrated
qulfuric acid,,and_peilets of potassium hydroxide. Solvents

- - 108
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used for reactions were purified as follows:*tetrahydrofurah‘
and 1, 2—dimethoxyethane by distillation from a blue or purple
solution of sodium benzophenone ketyl under an argon

atmosphere, dimethyl sulfoxide and N, N- dimethylformamide by

distillation over calcium hydride‘at reduced pressure, ™,
[,

benzene, diethyl ether and toluene by distillation over

-

lithlum aluminium hydride; methylene chloride by distillation
1
over phosphorus pentoxide. Hexane and ethyl acetate for:

chromatography were distilled prior to use. o ? . h

Ta

Ethyl 3-methyl-4-pentenoate (57)

)/\cooa .

57 3

omy

A solutiou of crotyl alcoﬁol (53?3 mL, 0;73 ﬁol);"
triethyl orthoacetate (600 51,‘3 697 mol)‘éhd propionic acid
(3.5 g, 0.047 mol) was heated at 138°C for 3hn, with a Dean- -
Stark ‘apparatus to'.collect ethyl alcohol produced The ' =
mixture was allowed to cool to room temperature and 750 mL-of
1M aqueous oxalic acid solution was slowly added After |
‘being stirred at room temperature for 4 h, the mixture was
extracted with ether . The ethereal extracts were washed with
aqueous saturated‘sodium_bicarbonate solution,andvsaturated '

sodiuﬁ chloride solution, dried over,anhydrouS’magnesium'

-
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sulfate, filtered and concentrated Distillation/of\the
residue at room temperature at 3 mm pre;sure gaJe ester 57
" (75.6 g, 72 %) as a’ yellow 0il; ir (neat) 1730 (C=O) and
1640 cm"l (C=C); 'H nmr 3: 5.81 (dad, 1H, J = 18, J' =10, J°
= 7 Hz,  -CH=), 5.02'(dm, 1H, J = 18 Hz, -CH=CHH), 4.98 (dm,
 1H, J = 10 Hz, -CH=CHH), 4.12 (q, 2H, J = 7 Hz, -COOCH,-),
" 2.68 (m, 19,'—ca(cn3) Yo 2.27 (m, 2H, ~CHp-), 1.24 (t, 34, 3
= 7 Hz, ‘~COOCH,CHs) and 1.05 (d; 3H, J = 7 Hz, —cn3){ hrms Mt
142.0988 (calcd. for CgHi40;: 142.0992) . | | |

@

Ethyl 5-bromo-3-methyl-3-pentenoate (58)

;

T~
%A !u\'

‘ A solution of‘pentenoate'57‘(66.3l g, 0.46 mol), NS
bromosuccinimide (88.08 g, 0.46 mol) and o o
azobisisobutyronitrile (1 69, 1 mmol) 4n carbon a | \

5 tetrachloride (1.5 L) -was heated under reflux for 2 h under )
-an argon atmosphere The resulting mixture was cooled to 0°¢ .
: After being stirred at O°C for 4 h, it was’ filtered “The- ‘l
residue was washed thoroughly with ice- cold carbon E »ﬁév
. . L .'. ‘v

-tetrachloride The filtrate‘was washed with 1 M sodium - aelf
thiosulfate solution and water Drying, filtrstiOn‘ends-

concentration gave the crude ﬁroduct which was distilled at




3~Methyl~2,4—pentadienoic acid (60)

106

72°C and 1 mm_pressure to give bromo ester 58 (76 2 9 75 % |

yield) as a 4: 3 mixture of two’ geometric isomers, ir (neat):.‘

1735 (c=0) and 1665 cm"l (C=C),‘1H nmr 3:, 5.62 (m, 1H, -cn),

4.11 '(q, 2H, 3 = 7 Hz, —cooca2 )e 3. 96 (d, 2H, -8 Hz,‘

CHzBr), 3.09, 3.02 (both s, total 2H, —cuzecoo-), 1.34,1.78‘

(both d, total 3H, J = 1 Hz, —CH3) ‘and 1 24 (t, 3H, J - 7 Hz,'

~COOCH2CB3), hrms m/z: 141 0912 [base peak, calcd for C8H1302

" (M*-Bry: 141.09141. R

S

6 - - A

T .r“, Bromo-ester 58 (24. 8 g, 11. 2 mmol) was added to a

methanolic (285 mL) solution of sodium hydroxide (14. 07 g,

‘ O 35 mol) under an argon atmosphere The resulting solution

—

was’ heated under reflux for 24 h, poured into ice cold water

'7_and extracted with ether The ether extracts were discarded
" The aqueous solution was carefully acidified with 1 N

B hydrochloric acid to pH 1 The solution was then extracted

"/

o with methylene chloride The organic extracts were washed

with saturated aqueous sodium chloride solution, dried with

_anhydrous magnesium sulfate, filtergé and concentrated to




e 57” LT e 107
x;}i \ri ‘yield a: yellow residue Column chromatography of the residue :
| m:};'on silica gel, eluting with,25% ethyl acetate in hexane, gave ‘
fﬁ‘ -'li pure acid 58 (10 g, 80% yield) as a'yellow oil;: ir (neat)
'_, R | 1700 (C-O) and 1600 cm-1 (c=C); hrms M+ 112. 0523 (calcd. for
f‘b’j}_;j, C6?802 : 112 0523) The 1H nmr spectrum showed two sets. of .
signals integrated to a ratio of 3:1; the major.set (trans—

_isomer) d:.6.42 (dd, 1n J = 18 J' =10 Hz,-—CB—CH;L, 5.78

(bs; 1H, =CH- _COOH), 5.60 (d, 1H , J = 18»Hz,'=CHH), 5.40 (@,
1H, J = 10 Hz, =cna)‘andl2.26 (d, 3H, J =1 Hz,, CH3); the

minor set (cis-isomer) Q3‘7,80 idd, 1H, J =16, J' = 10 Hz,,—‘,
CH=CH,), 5.64 (bs, 1H, =CH-COOH), 5. 48 (d, 1H," J = 16 Hz,

'=CHH), 5.38 (d, 1H, J = 10 Hz, =CHH), and'2.00‘(d)(3H, J =1
Hz, -CHj). o ' | o )

3-Methyl-2, 4-pentadien-1-ol (62)

/71-

' CHaOH

© 62

4 - - ‘ ) ‘ . ‘
At 0°C, to a suspension of 1ithium aluminium

hYdride (2 37 g, IUG mol) in anhydrous ether (25 mL), was'”

?ift added dropwise a solution of acid 60 (9 36 g, 0. 08 mol) in»lS‘
7“mL of ether After the addition (ca 30 min), the reaction |

'7i1mixture was allowed to warm up to room temperature and was.

"}fsstirred for 8 haunder an argon atmosphere The mixture was'
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‘ then cooled to 0°C and treated successively with water (2 3

, mL), 15% aqueous sodium hydroxide solution (2. 3 mL) and water'

'(6 9 mL) again After being stirred for 155hin, the inorganic

salts were removed by filteration and washed with ether
\'Concentration of the filtrate, followedhﬁy column "
chromatography of the residue on silicangl, eluting'with 25% -

—

eth91 acetate in hexane,‘gave the alcohol 62 (4 8 g, 58%
‘'yield) as a yellow oil; ir (CHC1; cast): 3470 (OH) and 1600

. xcm‘l (C—C)“ The 1x nmr spectrum showed two sets of signals
integrated to a ratio of 3 1; the major set (trans—isomer) 3
6.76 (dd, 1H, J = 12, J' = s,nz,‘fcs-CHz), 5. 63 (d, 2H, J =6
Hz, =CEH), 5.48 (d, 1H, J = 12 Hz, =CHH), 4.25 (d, 2H, J = 7

- Hz, -CH,0H) and 1. 75*(d"3H J = 1 Hz, ‘CHQ); the minor set 9:
'6.76 (dd, 1H, U =10, 3 =6 Hz, -CH=CHy) 5.63 (d, 1H, 3 -“107
Hz, =CHH), 5.48 (d, 1H, J = 6 Hz, =CHE), 4. .25 (d, 2H; J = 7
Hz, -CH,0H) and 1.80 (d, 3H, J = 1 Hz, =C-CHj3) '

T N ". . ) . R . —

n‘5-Benzylo§y-34methyl—1,3—pentadiene (56)

.+ €H,0Ph

4 Vo,
. 86
: o

Sodium'hydride (50% dispersion in oil, 1 35 g, 28";‘f
mmol) was washed three times with freshly distilled |

;‘tetrahydrofuran.(TﬂP) It was then suspended in 10 mL of .
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“distilled THF and cooled to 0°C under an argon atmosphere
‘Alcohol 62 (2.3 g, 23 mmol) in 10 mL of THF was slowly added
(ca. 10 min) with’stirring;‘After 5 min, benzyl hromide (4.81
g, 23 mmol)'uas slowlu‘added The reaction mixture ves

-

'allowed to ‘warm. up to room(&emperature and stirred at this .
emperature for 12 h The mixture was then‘cooled to. 0oC and S
ice- cold water was added dropWise until the excess of sodium
‘ hydride was destroyed The resulting mixture was extracted
‘with ether The extracts were washed w1th l N hydrochloric‘
acid and saturated aqueous(sodium chloride, dried over
hHanhydrous magnesium sulfate, filtered and concentrated The
”-residual Qil was subjected to column chromatography on Silica
. gel. Elution with 5% -ethyl acetate in hexane. gave pure 56
(3.6 g, 83 %) as a yellow liquid,“ir (neat)- 1600 (C=C) and
I"lllO”cmT1|(C—O-C); hrms m/z 189 1279 (M+ + 1, calcd. forh |
“¢i3H170:‘l895l279), 91.0549 (base peak, caled. for CoHy:
,91 0549)5JThe 1 nmr spectrusthowed two sets of signals;
integrating to a ratio of 3:1; the major set (corresponding o
" to the trans-isomer) 3‘ 7. 30 (m, 'SH, aromatic), 6. 40 (dd 1H
C 9= 1o gt - 8 Hz,'-cn—cnz), 5.68 (t,.lH J=8 nz,‘=ca-cnzo—.
t) and 1 74 (bs, 3H,‘-CH3), the minor set (corresponding to |
, thhe cis—isomer) a 7 30 (m, SH, aromatic)/ 6 72 (dd IH, élh
'7,‘10, J'- 8 Hz,‘—C8=CH20-) and 1. 86 (bs, 3H, -CH3) |
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(1R* 65*, 105*) 10-Benzyloxymethyl -1~ carbomethoxy—S ‘5, 9-

trimethylbicyclo[4 4.0)deca-3, 8 dien—Z—one (65) and . | gjﬁ
* (1R*, 65%) - 7—Benzyloxymethy1 1—carbomethoxy~5 5,8- ' ‘ ikf‘

cmmecnylbicyciom 4.0]deca-3, 8- dien-2-one’ (66) o

cocH, coz;;H, L R
OCHQPh ‘ S

A. Using ether as a solvent:
Enonevester‘45‘(180 mg, l mmol) in\S mL of dky.f
:ether‘was cooled to -20°C under an argon atmosphere To this
‘solution,,was added anhydrous ferric chloride“(l65 mg,'l
. : mmol) and the resulting mixture was stirred with ' a mechanical
stirrerl Diene 56 (380 ‘mg, 2 mmol) in 10 mL of dry ether was
slowly added to the reaction mixture over a period of 10 min
Stirring at —20°C was continued for 48 h, and the reaction”

mixture was warmed to room temperature and extracted with

ther The ether extracts were washed with water, dried over o

,on
I

N anhydrous magnesium sulfate, filtered and concentrated
Column chromatography of the residue on silica gel, eluting ;~
with 5% ethyl acetate in hexane, gave diene 56 (96 mg, 52%

i

recovered) enriched now with the c13-isomer Further elution fy

Y

LW
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with 10% ethyl acetate in hexane' gave the Diels—Alder adduct

Pl

: 65 (199 mg}584% yield basgd .on the\cokgnmed starting
material) as a white solid, m.p. 80— 82°C (hexane), ir (CHCl3

cast) 1728 (ester c=0) and 1688 cm-1 (enone C=0) ; hrms M*:
368 1962 (caled. for Cp3Hpg04: 368.1988). 1H nmr 9: 7.32 (m,

-‘sn, aromatic), 6. 28 (dd, 1H, J =‘11 J* = 2 Hz, ~CB=CH-CO-),
'5.88 (d, 1H, J = 11'Hz,‘—cn=cn—cof),55.25‘(bé, 1H, CH3~C=CH-
), 4.48 (d, 1H, J = 12 Hz, ;b-CBH—Ph), 4.42 (d 1H, J = 12

Hz, -O- CHE- Ph),mﬁ 16 (dd, 1H, J = 11,73" =

OCHPh), 3. 54 (s, 34, -ocn3), 3,52 (ad, ,H,"“”< ;I = 4 Hz,

F —CHB—OCHZPh), 1.84 (bs, 3H; '=C- cn3), rﬁlq and 1.10 (both's,
3H each gem-dlmethyl), 13C nmr 3 196,09 174. 53 152'61/
“138.43 132.97, 128. 10, 127.65, 127.26, 126. 74 119 57,
12.43, 70.26,'6o.£o, 51 93/‘45.65, 37.57, 27.82,‘27.64, 27.16
anq'zo.ﬁet Anal‘caicdﬂ for C,3H04: -C, 74.95; H, 7.66.
roﬁna:'c, 74, 79}“H,'7‘46, | | T
" Further elution w1th 10% ethyl acetate in. hexane ,
gave .the adduct 66 (20 mg, 8% yleld based on the consumed
starting mater1al) as a viscous 011 tir (neat): 1745 (esterv
C=O) and 1679 cm‘1 (enone C= O),.hrms M*: 368. 1987 (calcd, for .
C23H2304. 368 1988), 1H nmr 8 7‘30 (m,ISH aromatic), 6.59 |

(4, 18,3 -.9 Hz, “CH=CH- co-), 5.92 dd, 1, J = 9 groe2 0,
fai,'-cn-ca co—), 5.6, (bs, 1H, cn3-c=ca—), 4.50 (s, 2, 49;“3,' \
CﬂzPh), 3. 70 (s, 3a, -ocn3),C§f§8 m, 2n,i-cnz-ocn2ph), 1. 13

' and 1 02 (both s, 3H each, gem-dimethyl).'13c nmr-a 197 44

172 85, 157 96, 138 41, 132 27 128 25,‘128 22, 127 57

“‘ﬁ.




127,46, 123‘90 120781 119 79 72 31, 68. 55;‘57 39;‘52.46,

'40.36, 37.56, 35 96 31 69, 30.42, 24. 24 and 23 51

(62 mg, 34% recovered)of the starting enone ester 45 l“' . uf

0

' Final elution with 25% ethyl acetate in hexane gave .

B. Using dichloromethane as'a solvent.

) Keto ester 45'(860 mg,‘4 8 mmol) in 10 mL. of dry

"'dichloromethane was: cooled to —20°C under an argon

atmosphere To this solution, was, added anhydrous ferric e
_chloride (0 77 g, 4.8 mmol) and the resulting solution was
stirred with a mechanical stirrer Diene 56 (1. 80 g, 9.6

mmol) in 15 mL of dichloromethane ‘'was slowly added over a

( ﬂ

period of 5 min and stirring was continued for 24 h. The
solut%on was warmed to room temperature Water was added to”»”
the reaction mixture and the resulting solution was extracted
wlth dichloromethane The organic solution was washed with a
.saturated solution of aqueous sodium chloride, dried over” |

anhydrous magnesium sulfate, filtered and concentrated

Column chromatography of the residue on silica gel, eluting

‘}with a 5% solution of ethyl acetate in hexane gave diene 56

(O 35 ‘g, 20% recovered) Further elution with 10% ethyl

,\ o

‘acetate in hexane gave the keto ester 65 (0 97 g) SS%nyield)

‘ﬁpaas a white solid Further elution with 10% ethyl acetate in

o hexane gave keto ester 66 (0 69 g,;39% yield) Comppunds 65

“”obtained as above.‘f

2 and 66 thus obtained were found to be identical to those

Rt

-t
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(JR' 23* 65* 108*) -2, 3~ (o—Benzeno) -8,12,12~ trimethyl -5~

‘é%hatricyclp(9.3.1.0@12]pentadeca-8—ene (68)

‘\:\. ! s ) i

S Y . R -cozcu,
. | ; o , 58
! “
Keto ester 65 (IOQ.mgC‘O.ZG mmol) was dissolved in

3 mL of freshly 'distilled dichloromethane under an argon
atmosphere‘at 0°G. To this solution, triethylsilane (ca. 1
mL) was ;dded“and the'resuiting solution was‘stirred forlS

m;n\ Gaseous boron trifluoride was bubbled thrzugh the

ol

reaction mixture for S5 min. The reaction re was stirred
JJ(
for an addﬂtional period of § min and water ‘was added. The

resulting ‘solution.was extracted with dichloromethane and the
extractS'were washed with saturated aqueous sodium

bicarbonate and saturated aqueous -sodium chloride, dried over
£y
anhydrous magnesium sulfate, filtered and concentrated

Column- chromatography of the residue on silica gel, elution
s <@ o

with 5% ethyl acetate in hexane, gave pure ether 68 (0.037 g,
39% yield), ir (CHC1l3 cast): 1725 cm’1 (C=0); hrms M*:

35,4 2200 (calcd. for Cp3H3zg03: 3542215); H nmr 9: 7.00 ( m,

. d‘
‘c.'!

- dﬁ,.laromatic), 5.70 (bs, 1H, cn3-c-cn-), 4.68 (s, 2H, -

g S ...f."" B o . - g . . 'Y
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OCH,Ph), 3.66 (s, 3H, -OCH3), 1.80 (bs, 3H, =C-CH,), 1.00 and

0.92 (each s, 3H each{ gem—-dimethyl) .

70
] .
(IR*, 63%,10S5*)-1 O—Benzy10xymethy,l-1—carbynethoxy—S, 5, 9-

trimethff:2~triethylsilyloxybicyclo[4.4.0}deca*2h8—diene (69)

CO,CH,
Et2SI0 = o _ocH,Ph

Finély divided ketp;ester 65 (4.61 g, 12 mmol} was
dissolved‘in 15 mL of freshly distilled benzene under an
argon atmosphere. To this solution, triethylsilane (7.28 g,
0.06 mol) and tris~ (triphenylphospine) rhodium(I) chioride
(0.15 g, 0.6 mmol’ weres added. The mixture was stirred at
room temperature £o£ 24 h. at ﬁhe end of the reaction period,
the mixture ,was diluted with hexane ahd concentrated to givé‘
crude siiyl.enol ether 69. Column chromatbgraphy_on silica
gei, elufing with a solution of 1% ethyl acetate in hexané,

gave pure 69 (6. 05 g, 100% yield) as a colourless oil, ir

(neat) : 1720 (C=0) and 1660 cm-l (C=C) ; hrms M*: 484. 3013
“(calcd. for CpgHeq04Si: 484.3009). H nmr 3: 7.30 (m, 5H,

_and 3. 72 (s, 3H, —OCH3)
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(1R*, 65*,10S8*)-10-Benzyloxymethyl]-1-carbomethoxy-5,5, 9~

trimethylbicyclo[4.4.0]deca-8-en-2-one (70)

Pure Silyl—enol ether 69 (6.05 g, 12 mmol) Qas
dissolved ;n 20 mL of disFilled tetrahydrofuran, and tetra-n-
butylammonium fluorﬂde (2.61 g, 12 mmol) was added dropwise
to the resulting soiution. The reaction mixture was’ stirreq
at room temperaturé for 4 h, after which period'it w;s

- - . r

'dilutéd with hexane and then concentrated. Column
Chromatogra'iy of the residue on silica gel, eluting with 5%
éthyimésqtate,in hexane, gave pure keto-ester 70 (4.6 g, 100%
yield) as a white solid; m.p. 40-42°C (hexane); ir (CHClj;
cast): 1720 (esﬁer C=0) and 1715 cm-l (ketone C=0); hrms M*:
370.2144 (caled. for Cy3H3e04: 370.2144); M nmr 3: 7.30 (m,
'5H, aroma;ic),ﬂS.BOl(bs, 1H, CH3-C=CH-), 4.46 (d, 1H, J = 13
Hz, -O-CHHPh), 4.40 (d,_lu; J = 13 Hz,‘-OCﬁﬁPh), 4.00 (dd,
1H, J =11, J' = 7 Hz, -CBH-OCHPh), 3.60 (s, 3H, -OCH3),
3.44.(dd, IH, J =11, J' = 7 Hz, -CHE-OCH,Ph), 2. 94 (m, 1H,

-can- -C0-), 2.70 (bsi— 13,'-cnn-co-), 1.80. (bs, 3H, =C- cn3),

\

©1.14 and 0 90 (each S, 3H each, gem~dimethyl), 13¢ nmr 8
207 85, 174. 69, 138 33,‘133 49, 128. 03, 127. 50, 127. 19,

)
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119.44, 72.30, 69.59, 63.13, 51.83, 49.07, 46.53, 37.08,

35.82, 34.01, 27.97, 27.74, 25.14 and 20.63. Anal. Calcd. for
Cp3H3004: C, 74.55%; H, 8.17. Foynd C, 74.46;.H, 8.23.

(1R*, 2R*, 65*,105*)~-10~-Benzyloxymethyl-1-carbomethoxy—- 5,5, 9-
trimethylbicyclo(4.4.0]deca-8-en-2-0l (72) and (1R*,2S*, 65*,,
1058*)~10-Benzyloxymethyl-1-~carbomethoxy-5,5, 9-trimethyl

bicyclo[4.4.0)deca-8-en-2-0l1 (73)

CO,CH,
HO = OCHPh

Keto ester 70>(160 mg; 4.4 mmoi{ was dissoived in 5
mL of distilled ether and the solution was cooled to 0°C
under an argon atmosphere. To this’ice—cold sdlution, di—‘
isobutylalumlnlum hydride (180 mg, 13 2lmmol) was slow}y
added. The reaction mixture was st1rred at 0°C for 12 h and
" then ice-cold water was slowly added until evolution of

~

hydrogen ceased. ‘The resultiné'goirtidn was é&tracted‘with ‘/
ether The extracté vere washed with 1 Ep;ydrochloric acid
Ahand saturated aqueous sodium chloride, dried over anhydrous
maqnesium‘sulfate, filtered and concentratgd.’Column o
‘dchrdhatrography of the reeidue on silica gel, elut£h§ with 5%

ethyl acerate in hexane, éd&e alcoh91'72 (57 mg, 35% Qield)

"7 .
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as a colourless oil; ir (CHCly cast): 3520 (OH) and 1717 cm-1
(C=0) ; hrms M*: 372.2293 (caled. for Cp3H3z04: 372.2300); 1H
.nmr d: 7.32 (m, SH, afomatié{; 5.32%(53; 1H,jCH3—C-CB—), 4.46
(d, 1, J - 12 Hz, -0-CHHPh), 4.40‘(d,‘1H, J = 12 Hz, -O-
CHHPh), 4.03 (dd, 1H, J.= 8, J' = 5 Hz, -CHH-OCH,Ph), 3.78

(m, 1H, -CHOH), 3.62 (s, 3H, -OCH3), 3.46 (dd, 1H, J =8, J'

N
[

= 5 Hz, -CHH-OCH,Ph), 1.86 (s, 3H, =C-CH3), 1.18 and 0.96
(each s, 3H each, §em-dimethy1). Further elution with 7%

ethyl acetate in hexane gave alcohol 73 (47 mg, 28% yield) as
a ‘colourless oil; ir (CHC1j cast): 3560 (0-H) and 1705 cm-1

(C=0) ; hrms M*: 372.2292 (calcd. for Cp3H3p04: 372.2201); IH
‘nmr d: 7.28.(h, 5H, aromatic), 5.40 (bs, 1H, CH3-C=CH-), 4.45
(d, 1H, J = i1 Hz,~—6-C8§Ph); 4.40 (d, 1H, J = 1i Hz, -0~
_ \ i

CHEPh), 3.84 (dd, 1H, J = 9, J' = 3 Hz, -CHH-OCH,Ph), 3.60
(m, 1H, -CHOH), 3.58 (s, 3H, -OCH3), 3.52 (dd, 1H, J =9, J'
= 5 Hz, —CHB-OCHZth, 1.84 (s,‘3H,.=C—¢H3é, 0.92 and 0.84
(each s, 3H each;‘gem—dimetﬁyl).

{
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4 Lo

(lR*,65*,103*)—10—Benzyloxymethyl—l-carbomethoxy-S,5,9—‘

trimethylbicyclo(4.4.0]deca-2, 8-diene (77)

co,cu,

Alcohol 73 (80 mg, 0.22 mmol) was dissolved in 5 mL

of distilled pyridine under an argon atmosphere - To this

solution, phosphorous oxychloride (0.03 mL, 0.33 mmol) was

'added. The resulting solution was stirred at 80°C. After 8 h

at this temperature, the reaction mixture was cooled to room
temperature and‘diluted with water. The resulting solution
was extracted with ether, and the ethereal extracts were '
washed with 1 N hydrochloric acid and a saturated solution of
aqueous sodium chloride, dried over anhydrous’ magnesium
sulfate, filtered and concentrated Column chromatography of

the resrdue on silica gel, eluting with a solution of 5%

/

‘ ethyl acetate in hexane, gave pure diene 77 (50 mg,'69%
‘yield) ix (CHCly cast) 1725 em-1 (c=0), ‘hrms, M*: 354, 2210

_(calcd) for c23n3°o3. 354. 2195), 15 Amz a 7 22 (m,‘ SH,-

- ‘3 60 (s, 3H, -ocn3), 1.64" (bs, 35, - ca3), 0.94 and o 88

~ erach s, BH each, gem—dimethyl) S ‘..*Q__»~ :

't
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(1R*, 2R*, 65*.105*)—10-Benzyloxymethyﬁ—l—hydroxymethyl;
5,5,9- trimethylbicyclo[4 4. 0]deca 8—ene—2—ol (74) and
(lR' 2R*, 6S*, 105*)—10-Benzyloxymethy1 1—hydroxymethy1 5 5 9-

trimethyl bicycho[4 9. 0]deca-8—ene-2—ol (78)

<
., '
LY

A. Using Sodium Bis(methoxyethoxy)alumlnium Hydride (Red-Al) -

- as the Reducing Reagent

Keto ester .70 (5.90.g, 15.9 mmol)Awas dissolved in
25 mL of’dry etheriunder'an argon atmosphere The solution :
was cooled to 0°C and Red-All(ls.Q g, 79 mmol) in 25 mL of
'dry ether'was added slowly (ca. 5 min);\After béihg’EﬁI??Ed;
) at room temperature for 7 h, the reaction mixture was cooled‘

to O°C and ice-cold water was added cautiously until all the |

4 lod

excess of Red-AL was destroyed The resulting mixture was‘

extracted with ether..The ether solution was washed with

- aqueous l N hydrochloric acid and saturated aqueous sodium

o chloride, dried over anhydrous magnesium sulfate, filtered

and concentrated Column chromatography of the residue on

s
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silica gél .eluting-with 20%. ethyi‘acetate in hexéﬁé;.gave

pure dlol 78 (530 mg, 9.7% yield), ir (CHCly cast): 3424 (0O-

H) and 1363 cm‘l (CH3). hems m/z: 344.2397 (M*, calcd. fé:‘w"
‘c2233203: 344.2351) and 326,2256 (M*-18, calcd. for CppH;qOsp:
©326.2251); 1H nmr 3: 7.32 (m, SH, aromatic), 5.80 (bs,_in,
“CH34C=CH—);74.80 (d, 1K, 3 =12 e, —o—Caﬂpni, 4.62 (d 1H, J
- 12 Hz, -0-CHBPh), 3.82 (d, 14, J: = 10 Hz, ~CHHOH) , 3 72 (d,

. " . k/
1H J = 10 Hz, -CHHOH) ,. 3.32 (dd“, IH, J=11, J' = 3 Hz, -

cna—ocazpn), 3.17 (dd, 1H, J = 11, J* = 3 Hz, -CHB—OCHzPh),
3.00 (bt, 1H, J= 9hz, -CHOH), 1.80 (t, 3H, J= 0.5 Hz, =C-
‘CH35, 0.84 and 0.76 (each s, 3H éachf gem-dimethyl) . Further
‘elution with 20% ethyl -acetate in héxane, gave.pufe*dipl,74

- as a white solid (3.90 g, 71% yield); m.p. 90-92°C (hexade);‘
ir (CHCl3 cast): 3400 (0-H) and 1385 cm-! (CH3); hrms M*:
°344.2364 (caled. for c2253203 344.2356); 14 nmr 3: 7.32 (m,

;SH( aromatlc), 5.44 (bs, 1H, CH3-C= CB), 4 59 (d, IH, J = 12
fiz, -O- CHHPh), 4'57 (d, 1H 'J = 12 Hz, -O-CHHPh), 4.10 (t,

1H, J = 10 Hz, —cnn-ocnzpn), 3.78 (dd, 1H, J = 10, J' = 3 Hz,
-CHH—OCHzPh), 3.68 (d, 1H, J =12 Hz,.—CBHOH), 3.60 (m, 14, e’
'CHOH), 3.36" (d, 1H, J= 12 Hz, -CHHOH), 1.76 (bs, 3a, =C- cn3),
.‘O.QQ_and'O 78<(each's;‘3H each, gem—dimethyl);‘}3C nmr 3;
135;49; 130 10, 128.39, 128.04 '123.39, '77.81, 76*36, 73. 11,1
69, 28' 65 64, lds. 05, 41, 49, 1. 12 38. 32, 33»31, 32. 99, L

29. 54, 28. 59, 24 61, 24 13, 22 96 and 15. 12. Anal Calcd for. N
C2>H3503: C, 76.69; Hy' 9.37; Found.-C,‘76:21, n, 9 40. " |

¢ .-



'fagueous sodium chloride, dried over anhydrous magnesium

‘that obtained,previously T ,'b. L .

e L 1”} S ' ‘ . ) 121

)

B Using Diisobutylaluminium Hydride (Dibal—H) as the.

"Reducing Reagent : ) L ]

N

7 Kéto ester 70 (200 mg, 0.54 mmol) was dissolved in
S mL . of freshly distilled ether, and cooled to O°C To this

solution, Dibal—H (380 mg, 2.7 mmol) in 10 mL of ether was
‘ q

‘vadded dropwise and the solution was gradually warmed up to
room temperature After stirring at room temperature for 10 h

‘under an. argon atmosphere, the solution was cooled again tov

o°c. Water was, slowly added to destroy the unreacted reduCing‘

A
reagent, and the resulting solution was extracted with ether

. Ether extracts were washed with an aqueous solution of 1N

.

hydrochloric acid solution and a saturated solution of

‘sulfate, filtered and concentrated Column chromatography of

the residue on silica gel, eluting with a 25% solution of

ethyl acetate in hexane, gave pure diol 74 (137 mg, ?4%

yield), which was shown to be identical in all respects to

-

.
-
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(lR* 2R* 63* 105*) J-Acetoxymethyl 10—benzyloxymethy1 5 5,9-

tr1methylb1cyc10[4 4. 0]deca—8—en—2—ol (79)

A

biol 74'(140‘mg, 3.9 mmol) was dissolved in 2»mL'9f
| distilled pyridine at room temperature };(N'N~Dimethyl
amino)pyrldine (10 mg) rand acetic anhydride (0 048 g, 4 7
“mmol) were added to the solution The reaction mixture was
stirred at 80°C under an argon atmosphere for 12 h It was
then cooled to 0°C and an aqueous solution of 1 N | |
"hydrochlor~c acid was added . The resulting solution was
extracted with ether, washed with a saturated solution‘of

' aqueous sodlum chloride, dried over anhydrous magnesium

*'sulfate, filtered and concentrated Column chromatography of

the re51due on silica gel eluting with 15% ethyl acetate in

hexane, gave pure acetate 79 (180 mg, 77% yield) as a white
"Tsolid, m. p 80 82°C (hexane), ir (CHCl3 cast) 3420 (O-H) and

“17411cm'1 (c=0), hrms M+- 386 2456 (calcd for c24a34o4.j,'

‘-386 2457), 1H nmr 6 7 36 (m, SH, aromatic), 5 55 (bs, 1H,

.

”‘cn3—c=ca-), 4 .58 (d,,lH, Jg= llhz,r-O-CnHPh), 1 54 d 1, J-Hf

11 Hz,.-O-CHBPh),.d 18 ( a4 1H 7= 11 Hz,'-CﬂH-OCOCH3), 3.92"

"g(d, 1H, J = 11 Hz, -cnn—ococa3), 3 60 (bs, 1n, -cnon), 2. 12

\



;123

(s 3H, -co—cn3), 1.72 (s, 3n, wC— cn3), 1.06 and-0.94 (each s,

- 3H each, gem—dimethyl)

-

‘(1R*,63#,105#)_1¥Acetoxymethy1—1OébenzeyloxymethyléS,5,97

‘trimethylbicyclo[4.4.0]deca-2,8-diene (80)

?

'Acetate 79‘(30 mg,‘O 083 mmol) was dissolved .in 1

mL of: pyridine under an argon atmosphere Pho3phorus
‘oxychloride (25 mg, 0.17 mmol) was added The reaction ‘
‘ mixture was heated at 80°C for 6 h. Water was added to the

reaction mixture after it was cooled to room temperature The

'

- resulting solution was extracted w1th ether and the extracts

leere washed with an aqueous solution of 1 N hydrochloric acid
;'fhand saturated aqueous sodium chloride, dried over anhydrous
.'liymagnesium sulfate, filtered and concentrated Column |
‘iischromotagraphy of the residue on. silica gel eluting with 5% -

ethyl acetate in hexane, gave diehe 80 (16 mg, 53% yield) as:}‘ B
ca yellow oil, ir (cnc13 cast) 1741 (c=o>, and 1235 cm‘1 ( c-~:

'%iﬁo-,, hrms m/z' 308 2149 (M*-~so, calcd for szﬂzgo

| "?fraoe 2140), cims m/z- 386 (M +: NH4+), ln nmr a 7. 36 (m, sn,_.efff;

'-'\wz-".,'
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aromatic), 5.82 (m, 1H, -CH,-CB=C-), 5.68 (d, 1H, J = 12 Hz,
cnz—cn CH-), 5.58 (bs, 1H, ca3-c-cn—), 4.50 (d’ 1H, ' J = 11-
Hz, —OCBHPh); 4. 44 (d, 1H, J = 11 Hz, —ocnnpn), 3.60 (dd, 1H,
210, J' =3 Hz, -CRH- ocnzpn), 3.38 (t,,lH,_J = 10 Hz, -

_cnn-ocnzph), 2 08 (s, 3H ‘—co—cn3), 1.86 (s, 3H, =C-CHj3), .1.00

and 0.84 (each s, 3H each gem—dimethyl)

(JR*,65?;105f)~1—Acetoxymethy1—10—benzylokymethyl—5;5)9—‘,‘

trimethylbicyclo[4.4.0]deca~8~gn~2-one (81) ~ .

OCOCH;,

/ ‘
g‘ OCHPh .

To a slurry of pyridinium chlorochromate (300 mg,l
;14 mmol) in 15 mL of didhloromethane, was added a solution of‘
acetate 79 (118 mg, 4 5 mmol) in 5 mL of dichloromethane at
" room temperature The mixture was stirred at room temperature

K

‘ for 4 h It was. then diluted with ether, filtered over

,magne51um sulfate and concentrated Column chromatography of

f'the residue on silica gel, eluting~with 5% ethyl acetate in

"m,hexane, gave ketone 81 (90 mg, 79% yield) as a viscous oil,

‘ir (cnc13 cast) 1745 (ester c-0) and 1690 cm'1 (ketone C-O).:

.p:hrms M* 384 2296 (calcd for C24H3204.,384 2301), FH nmr a ~fn~*g""

L

Y
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‘ extracts were washed with an aqueous solution of 1 N
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7.30 (m, SH, aromatic), 5.56 (bs, 1H, CH3-C=CH-j, 4.46 (d,

‘<}

C1H, J = 12 Hz, -O—CBHPh);:4 38 (d, 1H, J = 12‘Hz,_>o—cnspn),\
©. 4.16 (d, AaH, 3 =10 Hz,v—CBH-OCOCH3), 3.88~(d, 1H, J.= 10 Hz,

-caa—ococu3), 3 50 (dd, 1H, Jd =8, J' = 4 Hz, ~-CHH- ocnzyh ),

3.32 (¢, 1H, J =8 Hz, —CHH-OCHZPh), 2.02 (s, 3H —COCH3),.

1.82 (s, 3H, =C-CH3), 1.00 and 0.82 (each s, 3H each, .gem-"

~ dimethyl). . oL

1 ' .
»

";(lR* 6S* 105*) 10-Benzyloxymethy1 l—hydroxymethyl -5,5, 9—

trimethylbicyclo[4 4 0]deca 3,8 dien—2—ol (82)

To a solution of the Diels—Alder adduct 65 (1 47 g,

4 mmol) in 15 mL of dry ether at 0°C, was added Red Al (0 05,

g} 0 02 mol) in 10 mL of ether The reaction mixture was o

”_warmed up to 27°C After being stirred at this temperature

for S h, the reaction mixture was cooled again to_QPC Ice—‘

; f cold water was added slowly to destroy excess Red-Al and the k‘.

. .
1" T \'r

resulting solution was extracted with ether Ethereal

\

hydrochloric acid and a. saturated aqueous solution of sodium rtw“




B P T

, chloride, dried over anhydrous magnesium sulfate, filtered o
LT : ; o
“and concentrated Column chromatography of .the residue on . ¢

)

-

silica gel, eluting with 20% ethyl acetate An- hexane, gave

puie diol 82 (1.02 g; 74% yield) as a white sqlid; ir ((CHC1, ‘ f :
. . \ o
cast): 3400 cm~2 (O*H), cims m/z: 343 (M*+1); 1H nmrﬁai'7.28 -
L R ! ‘o
, o ‘ o |
(m, SH,‘aromatic), 5 56 (dd lH J = 8 'J" =~ 2 Hz, ~CH=CH-
éﬂon~9, 5. 40 - (bs, 1H, CHs- c=cn~),‘5 26 (ad, 1u,'Jj%73, 3r =1 .

fnz, —cn=ca—cuon~), 4.48 (d, 1H, 9 ={12 Hz,,fo—cnnpn>, 4.38
"(d,‘lH,:J = 12 Hz, ~0- cnapn;, 4,26 (m,,lﬁ,,—cBOHl, 4, 13 (d,
C1H, J = 10 Hz, —CBHOH), 3.70 (t, 3 = 10 Hz, ~CRH- oc"PnT/“\\\

3.50 (dd, 1H, J = 10, J* = 4 Hz, -CHE- OCHzPh), 3.38 (4, 18,

= lO Hz, —CHBOH), 1. 72 (bs, 35, —C CH3), O 98 and O 82 (each

"\sh 3H each gem-dimethyl) Anal Calcd. for C22H3003 c, 17.14;

H, 8.83; Found: C 76.74; H, 8.93.

(1R* 63* 10S*) 10-Benzyloxymethy1 1-methoxymethoxymethyl—
5,5,9- trlmethylblcyclo[4 4.0jdec-3, 8-dien<2-o01 (83)

OCH0CH; o

HO £ y—OCH,Ph SR

Sodium hydride (50% dispersion in oil, 118 mg, 2 4

‘“:mmol) was washed three times with freshly distilled 1 2-“A ;;lefﬂi;

Y




'S min. Chloromethyl méthyl ether (0. 05 mL, 0.6 mmol) was

. ) < :
and concentrated. Column chromatography of the residue ,on *

- . , “ ‘
127
" o
dimethoxxéthahe and was then suspended in 10 mL of dry 1,2~

. N \ . ' ,
dimethoxyethane under an argon atmosphere. Diol 82 (170 mg,

0.5 mmol) in S5 mL of 1, 2-dimethoxyethahe was slowly‘added to

the suspension. The resulting mixture was stirred at '0°C for‘
\

~

. added and the reaction mixture was gradually warmed ub‘io"

room temperature. The resulting solution was stirred for 1 h,

"and cooled again to 0°C. Water was added to destroy unreacted

sodium hydride. The resulting solution was extracted with

ether, washed with a saturated solution of aqueous sodium
bhloridé, dried over anhydroﬁs magnesium sulfate, filtered
{ ! . .

e

silica gel, eluting with a 10% solution of ’ethyl acetate 1n

hexane, ga&e pure ether 83 (120 mg, 61% y1eld), ir (CHC13

cast): 3420 cm! [ORY; hrms M*: 386.2451 (calcd. fof CpqH3,04:

386 2457); H nmr 9: 7.32 (s, S5H, aromatic), 5. 70éﬁ 52.1H, J =

10 Hz, -CBﬂCH-CHOH), 5.48 (bs, 1H, CH3-C=CB—), 5.30Q (dd, 1H,

J = 10, J* = 2 Hz, -CH=CH-CHOH), 4,62 (s, 2H, -OCHyPh), 3.16

',(s; 3H, —ocn3), 1.72 (bs, 3H, :c;cu3); 1.04.and 0.86 (each s,

3H'each, gem-dimethyl) .

et LEN ' ) 1)
¥
" P »

B S 59
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(1R*,2R*, 65*,10S*) -10—Benzy10xymet:hjd—1—methdxymet:hoxy
. P
methyl-5,5, 9-trimethyl bicyclo[4.4.0])dec~8~en-2-0l1 (8S5)

/‘

_/OCH,0CH,
- OCH; Ph

HO

éﬁ%@ Using Sodium Hydridé as a Base

Sodium hydride (50% dispersion‘in oil, 550 mg,- 0.01

- mol) was washed twice with fresh;y distilled 1,21
'dimethoxyethéne under an argon atmosphere, suspéndgd in 10 mL
of é;y 1;2—dihethoxyethane and cooled to -16°C. Diol 74 (i.?O
g, 3.5 mmol) in 5 mL of 1,2Pdimeggoxyetﬁane was then slowlf ,
added and the reSulting mixbufe was stirred for‘lq min.

- Chloromethyl methyl ether (6?32 mL, 4.2 mmol) was siowlyA‘l -
added. -After 30 min, water was slowly added to the reaction |
mixture and thé temperature was slowly raiSed to room

1



temperﬂture The resulting solution was extfacted with etuer;
The extracts we:ea;ashed with a saturated aqueous sodium
chloride solution, dried over anhydrous magnesium sulfate,
filtered and concentrated. Column chromatography of the

residue on silica gel, eluting with 5% ethyl acetate in
hexane, gave acetal 84 (490 mg, 59% yield); ir (CHCl, cast)

1106 cm~1 (C-0-C); hrms M*: 356.2355 (calcd. for C23H3203

356.2352); 3H nmr 9: 7.34 (m, SH, aromatic), 5.34 (bs, 1H,
CH3-C=CH-), 5.14 '(d, 1H, J = 6 Hz, -O-CHH-O-), 4.80 (d, 1H, J

LY

- 6 Hz, -OCHEO-), 4.56 (d, 1H, J = 12 Hz, -OCHHPh), 4.50° (d,
\H, J = 12 Hz, -OCHEPh), 4.25 (dd, 1H, J = 10, J' = 4 Hz, -
CHH-OCH,Ph), 3.92 (dd, 1H, J = 10, J' = 6 Hz,-CHE-OCH,Ph),
'3.78 (d, 1H, J = 10 Hz, ~CHBH-OCH,0-),' 3.36 (dd, 1H, J = 13,
J' = 2 Hz, —ocnz—ocnéj,‘3 13 (d, 1H, J = 10 Hz,‘—CHB;OCHZO),

1.81 (bs, 3H, =C- CH3),‘0 86 and O. 78 (each s, 3H each, gem-

dimethyl). Further elution with 7% ethyl acetate gave ether

86 (0.14 g, 9% yield); ;r (CHCl3 cast): 1147 and 1109 cm3!
(C-0-C); cims m/z: 450 (M + NH¢*); hrms m/z: 326.2242 (M* -
106, calcd for C22H3002 326 2246) ; 1H nmr 9: 7.32 (m, 5H,

aromatic), 5. 32 (bs, 1H, » CH3- C-CB—), 4.70 (d, 1H, J = 12 Hz,

o

-O-CHH-Ph), - 4.64 ( 1H, J = 12 Hz, -O-CHH-Ph), 4.62, 4.52 -
(each S, 20 each, Dx ~0-CHp=0-), 4. 40 (dd, 1H, J =9, J' = 2
Hz, -CHH- OCHzPh), 3.78 (dd, m, J=:11, 3" =6 Hz, -cn—ocnzo~
), 3.58 (t, 1H, J = 9 Hz, -CHH-OCHZPh) 3. 48 (d,,lH, J = 10
u-CBH—OCHzo-), 3. 36, 3. 34 (each s, 3H each, 2 x -OCH3),

3.29 (d,” 1H, J - 10 Hz, -CHH-OCH,0-), 1. 79 (s, 3H, -C-CH3),

0.92,apd“0,72 (each—sﬁ-3H each, gem~dimethyl). Further

129



.v‘c23n3203 356.2351

. >
- (m, 1H, CH3CH-CE=C

130

eiution with 10% ethyl gcetate.in hexang gave hydroxy ether

. \ .
85 (351 mg, 26% yield) as a white solid; m. p 55- 56°C

(he'xane); 1H nmr d: 7.32 (m, SH, aromatic), 5.49 (bs, 1H CH3

C=CH-), 4.60 .(d, 1H, J = 9 Hz, -O-CBH-Ph), 4.58 (d, 1H, J = 9

A = : . } ‘ .
Hz, -O-CHH-Ph), 4.54 (d, 1i, J = 7 Hz, -O-CHH-O-), 4.50 (d,

. \ I .
1H, J\= 7 Hz, -O-CHH-O-), 4.03 (dd, 1H, J = 10, J' =.7 Hz, -

~ CBH- OCHzPh), 3.74 (dd, 1H, J = 10, J' = 2 Hz, ~CHB-OCH,Ph),

\ 4 ' . 5 '
3. 64 (d, 1H, J = 10 Hz, -CHH-OCH,0-), 3.32 (s, 3H, -OCHj),
3.24 (d,\ 1H, J= 10 Hz, -CHH-OCH,-0-), 1.70 (bs, 3H, =C-CH3),
1.00 and 0 82 (each s, 3H each, gem—dlmethyl), ir (CHC1,4

cast) : 3460 (OH), 1096 and 1041 cm‘l (C-0-C); hrms J’f
388.2614 (calcd. for C,o4H3¢04: 388.2614); 13C nme d: 137.05,

©131.02, 128%43, 128.01, 127.90, 124.23, 96.86, 73.35, 72.81,

71.42, 68.78} 55.41, 44.94, 44.12, 39.57, 35.03, 33.33,

- o , . ,
32.09, 27.69,127.20, 25.45 and 22.59. Anal Calcd. for

CoqH3¢0q: C, 74.17; H, 9.34; Found: C, 73.86; H, 9.21.
g

>increasing the ﬁolarity of the eluen& to 20% ethyl acetate in

hexane gave aceéal 87 (80 mg, 7% yield) was ob;ained, ir

(neat): 1110 em™} (C-0-C); hrms Mb: 356. 2344 (calcd. for
} 1H nmr 9: 7.28 (m, 5H, arcmaticf, 5.52

-), 5.42 (bd, 1H, J = 9 Hz, CH3CH-CH=CH-),

5.15 (d, 1H, J = 6 Hz, -OCHHO-), 4.84 (d, 1H, J = 6 Hz, -

ocnno-), 4..50 «d, . 1) J = 11 Hz, —ocnﬂbh), 4.46 (d, aiﬁ,‘J -

“11 Hz, -OCHEPh), 1 19 (d, 3H, J = 7 Hz, -CH- C83), 0. 99 and

0.74 (each‘s, 3H each, gembdimethyl) On fﬁrther“elutions

hydroxy‘;igpr 88 (70 mg, 5% yield) was isolated, ir (neat):
(

'3500 cm OH) ; hrms M+' 388»2606.(calcd,,£or C24H3504:-
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388.2614); lH nmr d: 7.26 (m, 5H, aromatic), 5.56 (m, 1H,
CH3CH-CH=CH-}, 5.38 (bd, 1H, J = 8 Hz CH3CH-CH=CB-), 4.60 (d,
1H, J = 11 Hz, ZOCHHPh), 4.56 (d, 1H, J = 11 Hz, -OCHHPh),
4.46 (d, 1H, J = 7 Hz, -OCEHO-), 4.44 (d, 1H, J = 7 Hz, -
OCHHO-),, 3.83 (m, 2H, ~CH,-OCH,Ph), 3.64 (d, 1H, J =8 Hz, -
CRH-OCH,9-), 3.35 (s, 3H, -OCH3),-3.23 (d, 1H, J = 4 Hz, -
-CHOH), 3.09 (d, 1H, J = 8 Hz, -CHH-OCH,0-), 1.13 (d, 3H, J =

7 Hz, - H-Cﬂ3), 1.00 and 0.76 (each s, 3HWeaCh, gem-

dimethyl) . *
B. Using Potassium Hydride as a Base. Do

Potassium hydride (55% dispersion in oil,.405 md,
0.01 mol) was washed twice with freshlyddistilled»l 2-.
dimethoxyethane under an argon atmosphere It was then
suspended in 10 mL of 1,2- dimethoxyethéﬁe and cooled to -
10°C. Diol 74 (694 mg, 0. 002mol) in 2 mL of 1,2-
dimethoxyethane was then slowly added and the mixture was
stirred for 10 min Chloromethyl methyl ether (195 mg, 2.4
mmol) was added After 15 min, water was- slowly,added to t%e
reaction mixture and the temperature was gradually raised to;
;froom temperature. The resulting solution was extracted with
,ether and the. extracts were washed with an aqueous solution
'of saturated sodium chloride, dried over anhydrous magnesiumb.
q‘sulfate, filtered and concentrated Column chromotagraphy of!
- the residue on sil\pa gel, eluting with 5% ethyl acetate in.

'.hexane gave ether 86 (178 mg, 21% yield) asrg colourless

A



1 paste; identiéal in all respects to the one‘described above.
Further elution with 10% ethyl acetate in hexane gave hydroxy
ether 85 (540 mg, 70% yield) as a white solid The compound

thus obtained was shown to possess ‘the Same physical '

¢ ) o

— —

- properties as the one described previously,.

N
'

(lR* 25* 65* 10R*)—2—Ben2yloxymethyl 10—methy1mergapto

thlonocarbonyloxy-l-methoxymethoxymethyl -3,7, 7 trimethyl

b1cyc10[4.4.0]dec—3—ene_189) 8 R

T ocmocH, .
CH;8-C.0 / . 2.3 )

.7

A. 1,2-Dimethoxyethane as Solvent . S LN

. Sodium h&dride (50% dispersion in'oii 470 me, 0:0;
mol) was washed 3 times with freshly distlled 1,2-. ’
| _dimethoxyethane. It was then suspended in 10 mL’ of 1, 2-"ﬁ'
“fdimethoxyethane under an argon atmosphere and cooled to 0°C
A solutlon of alcohol 85 (763 mg, 2 0 mmol) in 10 mL of 1 2-‘»
fdimethoxyethane was slowly added to the suspension After o

tirring for 10 min carbon disulfide (1 49 g, 20 mmol) fand

'




~ and concentrated. Column1Chromatography of the residue on -
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methyl iodide‘(2‘71Ag, 20 mmol) were;added The reaction
‘mixture was stirred at room temperature for 6 h, ‘and again
cooled to 0°cC. Water was added slowly to the reaction mixture
and the resulting solution was extracted with
dichloromethane. Organic layer was washed respectively with
aqueous 1 N hydrochloric acid ‘and saturated aqueous sodium -
chloride, dried over anhydrous*magnesium sulfatef(ij}}ered
silica gel, eluting with 5% ethyl acetate in hexane, gave(f
pure 89 (0.876 g, 94% yield) as a pale yellow oil, 1H nmr 9:

7.30 (m, SH, aromatic), 5.82 (dd, 1H, J = 10, J' = 5 Hz, ~CH-

0Cs-), 5.35 (bs, 1H, CH3-C=CB-), 4.60 (d, 1H, J = 8 Hz, -O-

CBHPh), 4.52 (d, 1H, J = 8 Hz, -O-CHEPh),.4.50 (d, 1H, s - 85_

_ Hz, -0-CHH-O-), 4.48 (d, 1H, J = 8 Hz, -O-CHH-O-), 4.16 (dd,
"1H, J = 9, J' = 2 Hz, -CHH-OCH,Ph), 3.58 (dd, 1H, J = 9, J' =

7 Hz, -CHE-OCH,Ph), .3.37 (d, 1H, J = 12 Hz, -CHH-OCH,0-),

3.30 (s,3H, -OCH3), 3 .29 (4, 1H, J = 12 Hz, -cﬁa—ocuzo-);

2. 50 (s,3H, -SCH3),_ .76 (s, 3H, -C CH3), 1 00 and 0 80 (each

31 each, gem-dimethyl); 13c nmr 9: 133.97 128.21, 127.59, .
120 96, 97vos, 84.24, '77.63, 176. 37, 72. 97 72 34,72. 29, ‘
ss 47, 44 34, 43i97»~39514; 36.45, 32. 92 32, 09, 24. 66,"‘ ,
23 88, 23 ‘46 ‘and _§~§A+,ir (CHC13 cast): 1223 (C=S) and 1048
cm‘1 (c—o-C), cims m/z- 496 (M + NH4+), hrms m/z. 431»2247.

(M+-47, calcd for 025535055 431 2256), 371 2571 (M+-1oe,

- calcd..for c2453so3. 371 2586)...g

——



134

sqaium hydride (50% dispersion in ;;i, 130 mg, 2.6
mmol) was washed 3 times‘with‘freshly‘diStlled
‘»tetrahydrofuran It was .then suspended in. 10 mL of
tetrahydrofuran under an argon atmosphere and a solution of
alcohol 85 (340 mg, 0.9 mmol) in 10 mL of tetrahydrofuran was'
' slowly added Af;er stirring 10 min, carbon disulfide (0. 2
.'mL, 3. 5 mmol) and methyl iodlde (0. 5 g, 3 6 mmol) were added
‘The reactron mlxture was stirred’ at‘room temperature‘for 24‘
h, and cooled to.0°C.‘Water was added.slowly to the reaction
mlxture ‘and the resultlng solutlon was extracted with
.dlchloromethane The organic layer was washed with an aqueous
'.solutlon of 1 N. hydrochlorlc acid and a saturated solution of
"aqueous sodlum chlorlde, dried over anhydrousvmagneSLum
sulfate, flltered and concentrated. Column chromatography ofi
‘the residue on silica gel, eluting with 5%.ethyl acetatelin
. hexane;“gave pure'89 (70 mg,-31%'yield,‘based on’consumed7

‘startlng materlal) as a pale yellow 011 The compound thus
"obtained ‘was found to be identical in all. respects to the one

,isolated before Further elution with 15% ethyl acetate in

hexane gave pure hydroxy ether 85" (150 mg,_44%‘recoyery).

r ’ ! P ) ‘ o

~f{13* 25%, 65*)—2—Benzyloxymethy1—1-methoxymethoxymethyl-
‘;.3,7 7,-tr1methy1bicyclo[4 4. 0]deca-3-ene (91) From xanthate

we

S T
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./ OCH; OCH;

The xanthate 89 {980 mg, 2 mmol),
hydride (1. 75 T

tri-n—butyltin

6 mmqp) and azobisisobutyronitrile (100 mg)
were dissolved in freshly-distilled toluene

(20 mL) :
solution was degassed by bubbling argon through 1t for 20

min The resulting solution was then refluxed for 3 h at

l

120°C ‘The reaction mixture was cooled to .room temperature

”

and concentrated The residue on column chromatography over
silica gel, eluting wlth 2% ethyl acetate in hexane, gave ;

pure 91 as a colourless ‘viscous oil (740 mg, 97% yield), ir
(CHC13 cast)

1100 and 1050 cm-l (- c o- C),‘cims m/z. 390 (M +
NH4*), hrms M+- 372 2678 (calcd for C24H3603 '372. 2669); 1H
. P

-

’( v' '(d 1Hl J = 6 Hz' -O"CHHPh), 4 48 (d, IH' J = § Hz, -0=-
§ CHHPh), 4.40 (4 18,

-O-CHH-O-),

nmr. 3: 7 24 (m, 5H, aromatlc),;S 38 (bs, 1u ca3-c=c3—), 4 53

J =12 nz,<4oﬁchﬁ-ofx;'4736‘<d,rin, J =
12 Hz, 3. 62 (dd, 1H, d-e'io; J"= 5 nz,.-Caa¥ :

J - 10,‘J' - 5 Hz, —CHB-OCHZPh), 3 28 (d, 1H, J = 10 Hz, -

ang 0 74 ( each s, 3H eachy gem-dimethyl); 13C nmr a 138 93,
134 34, 128 23, 127 61, 122 08, 96 90, 74 24,'72 94, 70 03,

55 41, 45 64,-42 31, 40 20, 36 05, 33 33, 31 45, 27 95



25.93, 24.43, 22.87, and 18.77. Bnal Calcd far c24n3603 c,

77.36; H, 9.74; FoundwC, 76. 97, H, 9.57.

I(lR* 25* 65* 105*) JO—Benzyloxymethyl 1—methoxymethoxymethyl—

j 5’5 9- trlmethylblcyclo[4 4.0]dec- 8—ene-2 ol (93)

cnzocna o - ,"Ho<.\'/OCH2°CHQ &,@ o
°"3°°"2° 7 -OCH,Ph . 3 £ ymOCHPh T ‘

Potassium hydrlde (35% dispersion in oil 396 mg,‘
"7.5 mmol) was washed twice with freshly dlstllled 1,2~
.dlmethoxyethane under an argon atmosphere It was then
suspended in 10 mL of 1 2 dlmethoxyethane and COoled tO*'
-10°C. Diol 78 (930 mg, 1.5 mmol) in 2 mL of 1, 2- :
dlmethoxyethane was then slowly added and the mlxture was:
stirred for 10 min Chloromethyl methyl ether (160 mg, 2. 3
Atpmmol) was‘slowly added After 15 min waterrnas slowly added
to the reactlon mlxture and the temperature was«gradually
ilpralsed to room temperature The resultlng solution was |

. . oo \
;extracted with ether.‘The extracts vere‘washed with aqueous

N

.'vrsaturated sodlum chloride, dried over anhydrous magnesium

mfsulfate, filtered and concentrated

3 . A A S
“‘ L
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" Column chrOmotagraphy of the fesi&ue Qh aiiica‘gell'elating
;with 5% ethyl acetate in hexane, gave ether 92 (440 35: 66%

‘yield), ir (cnc13) 1109 and 1051 cm-l (c—o C), hrms ‘

- 432.2872‘(ca;cd,.for.czanoos. 432. 2876), 15 nmr a 7.32 (m,

. 5H, arcmatic;,:5;32 (bs,‘IH, CH3—Q=cn-), “4.70 (4, 1H, J 5‘7‘7
- Hz,\—OCBHéh), 4, 62’kd' 1H, J° % 7 Hg§ —OCHHPh), 4, éo and 4. 50
(each s, 2H each, 3vx -o- cnz-b-), 4241 (@, 1H J = 9Hz, -
- CHH- ocnzo-), 3.78 (dd 1H, J = 12, g = 6 Hz, —CBH OCHzPh),
‘;3 56 (dd, 1H g = 7 = 6 Hz, —cna—ocnzpn), 3. 42 (d, 1H, J

= 9 Hz,‘-CHB-OCQZO—), 3 34 a;c 3 32 (each s,\3H each 2 X -

‘3H; =C- CH3), Q 90 and 0. 72 (each s, 3H each

"

‘ o A '
gem-di e . Further elutlon with 10% ethyl acetate in

hexane, gavetpure hydroxy ether'93 (145 mg, 26% yleld),

(CHC1j cast): 3450 .(OH), i109 em™l (C-0-C); hrms m/zi 356. 2350
(M*-32, ‘calcd. for c23a3203 356. 2350), 1§ nmr 2: 7. 32 (s, SH,
‘aromatic), 5. 52 (bs, 1H, cn3—c=cx—),,4 58 (s, 25,‘-ocuzpn), .

4.52 (s, 2H, ~ocn20—), 3 38 (s, 3H, —ocn3), 1 80 (bs, 3H, =C-

‘jicn3), 1.06 and 0.88 (each s, 3H each, gem—dlmethyl)

“.(JR* 23* 65* Jos*)-2-Benzyloxymetny1-1o- R ‘:‘, 
fﬂ,methylmercapcothionocarbonyloxy—l—methoxymethoxymethyl 3,7 7-.

b“ftrimetnylbicyclo[4 4 Ojéec-3-ene (94) ‘7~T}“‘ o ,fma o ‘

'r\' o

A



'with dichloromethane The organic layer was washed with

138

Sodium hydride (50% dispersion in oil 90 mg,'1.86 S

k mmol) was washed 3 times with freshly distilled l 2-

dimethoxyethane ‘It was then suspended in 10 mL of 1, 2—

, -

>dimethoxyethane under an argon atmosphere and cooled to 0°c. °

A solution of alcohol 93 (140 mg, 0. 37 mmol) in 5 mL of 1,2~

dimetpoxyethane was added to the suspension - The - resulting
solution was stirred for 10 min and then carbon disulfide

(0 2 mL, 3 7 mmol) and methyl iodide (0 25 mL 3.7 mmol) were
added The reaction mixture was stirred at room. temperature

for 6 h, and then cooled to 0°C Water was added slowly to,‘

-5the reaction mixture and the resulting solution was extracted

e
¢

ﬂaqueous 1 N hydrochloric acid and saturated aqueous sodium .

chloride, dried over anhydrous magnesium sulfate, filtered‘

f‘ﬂand concentrated Column chromatography of the residue on‘

.’,silica gel,‘eluting with 5% ethyl acetate in hexane,‘gave,

o ﬂpure 94 (o 15 g,‘83% yield) as'a pale yeIlow oil. ir. (cnc13

.t‘

ﬁdcast) 1223 cm"1 (C=S),_IH nmr a 7 30 (m, SH, aromatic), 6. 08

‘d(dd: lﬂ: J ='7..J"= 5 Hz, -cn—oc=3), 5 so (bs, 1n, caa-c-cn-*"
., )p 4 58 (S' ZH"._OCHzph)r\4 50 (d, IH, J - 12 Hz'.‘ -ocm{o_)'

;;-4}
®



\’w \ N

o ‘ ,ﬁ N \ oo : 3

4.44 (c H‘ J\d‘xz\az, —ocnno )s 3.6 (dd, 1H, J = 10 g =

5 Hz,‘-CHH—OCHZPh%) 3.65 (d, 1H, J -9 Hz, -CRH-OCH,O- ) 3.54 -

(dd, 1H, J = 10, J'\i 7 Hz,‘—CHB—OCHzPh), 3.52 (d, 1H, J = 9
Hz, —cnn—ocnzo ) 3. 3& (s, 3H, —ocn3), 2. 52’ (s, 34, -scna),

1.76 (bs, 3H,_-c cu3), Itoo and 0. 86 (each s/ 3H each gem—

t

dimethyl) E o

: \(15' 285*, 65*)-2—Benzyloxymeth¥3—1—meteoxymethoxymethyl 3 7, 7-

. trimethylbicyclo[4 qg. 0]dec -3~ eﬂe (91) from Xanthate 94
L . t\ : ) ‘ e
| o A R

The xanthate 94 (lsg\mg, 0\31 ol), tri—n—butyltin
i

‘hydride (140 mg, 0 46 mmol) and azobisisobutyronitrile (15

®g) were dissolved in freshly distille toluene (10 mL) . e‘
solution was degassed by bubbling argon s through it for‘20
\ A B
~min. The resulting solution was then reflu§ed for 3 nh at

\

120°C The reaction mixture was cooled to ro m temperature

, and concentrated The residue, on column chromatogrhphy on

SN

rsilica gel, eluting with 2% ethyl acetate 1n hexane, gave

\d,pure 91 as a colourless viscous oil (114 mg, 98% yield) The‘

'jcompound thus obtained was found to be identical wfgh the one

P

[‘obtained before.‘lmf_ f].‘ ff~ lb.gv,lii‘v,“ﬂ t:,-



1

‘crimetnylbicyclorq 4. 0]dec—3—ene (95):

-

(15* 25*, 63*) 2 Hydroxymethyl—l—methoXymethoxymethyl ~3, 7,7-

A. UsingyLiquidiAmmoniam

[
b

" At ~78°C, a solution of benzyl ether”91 (sqofmgki'

1.7 mmol) 1n 5 mL of dry ether and t- butyl alcohol (ca. 'S

drops) wasfa?ded over a period of 5 min, to freshly
distilled ammonia (20 mL) under an argon atmosphere Lithium

metal (ZOO\mg, O 028 g- atom) was added in small portions over, -

\ R

a period of 5 min The resulting blue solution was stirred

‘ for 5 h, during which period the blue colour was discharged

Methanol was added. dropwise and the excess of ammonia was

allowed to evoporapé at room temperature Water was added and

‘ the resulting mixture was extracted with ether. The ethereal ff?\‘

s oo

extracts were washed\with a satupated solution of aqueous

sodium chloride, dried over anhydrous magnesium sulfate,}r S

filtered and concentrated Column chromatography of the-

residue on’ silica gel, eluting with 25% ethyl acetate in ingTFw“

hexane gave pure alcohol 55 (400 mg, _2% yield) as a@“f:ﬂjpf’;ngn

140
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. C); cims m/z: 300 (M + NH4*); hrms m/z: 219.1747 (M* - 63,

: B:vusing,dieqhylamine

. N
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colourless .paste; ir (CHCly cast): 3450 (O-H), 1107 cm-1 (C-O-

\

calcd. for CpsHz30: 219.1749), and 201.1646 (M* - 81, calcd.

for CygHp;: 201 1643); H nmr 9: 5.64 (bs, 1H, cu3—c-cn~),
4.64 (s, 2H, ~0-CHy-0-), 3. 82 (m, 2H, -CE,OH), 3. 56 (d, 1H, J
= 11 Hz, -CHH-OCH,0-), 3.42 (d, 1H, J = Tl Hz, -CHE-OCH0-),

3.38 (s, 3H, -OCH3), 1.80 (d, 3H, J = 1 Hz, =C-CHj3), 1.06 and

0.90 (each s; 3H each, gem~dimethyl); 13C nmr d: 133.63,

124.08;.96.82, 74.25% 61.27, 55.42, 48.61, 43.33, 40.63,

' 35.52, 33.28, 31.30, 28.69, 24.42, 23.09 and 22.86. Anal

Calcd. for C,4H3003: C, 72.28; H, 10.71; Found: C, 71.97; H,

10.38.

t

: At —10°C,.a solution of benzyl ether 91 (500 mg,
1.3 mmol)?in‘s ml of dry ether and t*butyl alcohol (ca. 5
drops) was added, over a period of 5 min,qto freshly
distilled diethylamine'(ZO mL) under an argon atmosphere.

Lithium metal {200 mg, 0. 028 g-atom) was added in s \gail

'portions over a period of. 5 min. The resulting blue solution

was s;irred.for.s h, during which period the blue colour was
discharged. Methanol was added dropwisefend the excess of

amine'was allowed to evaporatefat room tehperature. Water was

‘added and the ‘resulting solution was extracted with ether.
The ethereal extracts were washed with a saturated solut@on ‘

of aqueous sodium chloride, dried over anhydrous magnesium-
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sulfate, filtered and concentrated. _Columnlchromatoéfaphy Qf
the residue on-silica gel, eluting with 25% ethyl acetete in
hexane, gave pure alcohol 55 (400 mg, 82% yleld)-as a
colourless ;gete. The compound thus obtained was readily

identified with the compound obtained previously. .

(15*,25*, 65*)-2-Formyl~1-methoxymethoxymethyl-3,7, 7— .

trimethylbicyclo([4.4.0]ldec-3-ene (96)

A. Using Swern'S“Oxidat;on Procedure

A solution of dlmethyl sulfoxide (0.26 mL:JB 7
" mmol) in dichloromethane (2 mL) was added dropwise to a‘
solution of oxalyl chloride gg;gQLmL, 2.7 ﬁmol) in 2 mL
.dichloromethane at -78°C under an argon atmosphere. The
mixture was stirred for 15 min, and a dichlorometgene R

solution of the alcohol 95 (0. 15 g, 0.5 mmol) was gdded‘

dropwlse at -60°C The mixture was allowed to warm .up to 0°C
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Triethjlamine (2 mL) in dichloromethane (2 mL) was added

dropwise and the reacti%th was warmed up to room temperature.

' It was then poured into 20 mL of ice-cold water and the

organic‘layer separated, washed witﬁ saturated aqueous sodium

chloride, dried overvanhydrous magnesium sulfate, filtered
‘and concentreted. Column chromatograohy of the residue on

silica gel, '€luting with 5% ethyl acetate in hexane, gave

pure éldehyde 96 (130 mg, 89% yield) as a colourless peste;
ir (CHCl; cast): 1672 (C=0), 1147 and 1108 cm-l (C-0-C); cims

m/z: 298 (M + NH,*); hrms M*: 280.2038 (calcd.for Cy9Hpg03:

280.2038); 1H nmr 3: 9. 80 (d lH,“J“ =3 Hz, -CHO), 5.62. (bs,
1H, CH3—C=CB ), 4.63 (d, 1H, J = 12 Hz,u—O CHH- 0-), 4.60 (d,

- 1H, J = 12 Hz, -O-CHB-0O-), 3.41 (d, 1H, J ='10 Hz, ~CHH- o

CH,0-),"3.37 (s, 3H, -OCH3), 3.25 (d, 1H, J = 10 Hz, ~CHH-'
OQH,0-),"'2.84 (bs, 1H, CH-CHO), 1.98 (bs, 3H, =C-CHj), 0.98
and 0.75 (each s, BH each, gem—dimethyl)u‘13c nmr 9: 203.03,

_12§l527 123.33, 95.67, 175. 34, 57 66,'54'30; JO 55, 40. 37

‘f38.09, 32.27, 31. 50 28. 84, 23 22, 22. 86, 21.73 and 18. 52.

B. Using Pyridinium bblorbdhromate

. a
o . "
’

E f To a stirred slurry of pyridinlum chlorochromate

Y,

(70 mg; 0.3 mmol) in 5 mL of dichloromethane was added in one

portion a solution of alcohol 95 (%0 mg, O 2 mmol). in 2 L of‘
E dichloromethane at’ room temperature The resulting dark brown‘
,\solution was stirred at room temperature for 3 h and diluted )

'1with ether. The ethereal. solution was filtered over magnesium””

S L \\ \
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sulfate. The filtrate was concentrated and the residue, on
. ' u c o . B ' RS “
column chromatography, eluting with 5% ethylacetate, in

‘heXane gave 96 (47 mng, 80% yield) The compound thus obtained

" was in all respects identical with ‘the one obtained by

P

Swern's oxidation procedure described above

Orcinol Dimethyl Ether (98)

\v\

To a solution of orcinol .(15. O g, 0-12 mol) in 90

mL of methanol, sodiUm metal (6 0 g, 0 25 g atom) was slowly

g

added. The mixture was refluxed for 30 min Dimethyl sulfate »

(Ca. 50 mL) was slowly added until a. light red solution was
obtained A 30% aqueous solution of sodium hydroxide was~”

gradually added unti ~a pale yellow solution was obtained

P

The addition of dimet‘ 1 sulfate and sodium hydroxide were “
alternated for three‘ti es To' the final alkaline solution, l
water/was(added and the I sulting solution was extracted with
ether. The ethereal 'xtracts were washed with 30% aqueous
 sodi le% acetic acid and water, dried over

anhydrous magnesium sulfate, filtered and concentrated The "~

@



(LR

_'fseparated and washed with l N hydrochloric acid and saturatedf -
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residue was distilled at 110°C and 117 mm pressure\to give

pure orcinol dimethyl ether 98 (16 5 g, 90% yield) as a
colourless oil; ir (neat): 1607_and i597“cm‘? (Ar-0-C); hrms
M*: 152.0841 (caléd.‘fAZ'cgulzoz:A152.oe37); 14 nmr: 96.36 (s,
™\ 3, aromatic), 3.76 (s, 6H, -OCH3) and 2.20 (s, 3H, Ar-CHj).
} | . - - . - A’ |

!

(15%, 25%, 65*)—10-(2,6—Dimethoxy—4—meth21—nydrbxybenzyl)—1; |
methoxymethoxymethyl -3, 7 7- trimethylbicyclo[4 4.0)dec-3- éne

(103)

103

To a solution of orcinol dimethyl ether 98 (140 mg,

e

'l'mmol)'in.s mL of ether under an argon atmosphere was added

"Tn—butyllithium (36 mg, 0 5«mmol) The“resulting‘solution£was

stirred at room temperature for 2 h and then cooled to —78°C.

=

"VMagnesium bromide etherate (146 mg, 0 5 mmol) was added in'

one portion and the resulting mixture stirred for 10 min
Aldehyde 96 (53 mg,_O 2 mmol) in 1 mL of ether was added
slowly The mixture was allowed to warm up to room R

:temperature. After 2 h water was added The organic layer was

' _aqueous sodium chloride, dried over anhydrous magnesium -

’ '
N
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. sulfate, filte}ﬁs and ;anengratedl Column éhrométography §f
.the residue on s£1305 gei, elutin§ with 5% ethyl,acétpte ;h
hexéne, gave‘phre é?ﬁqyol'IOB (60 mg, 70% yiéid;‘as a‘white ’
scilid; ir‘.‘ (CHC1j3 cast) ) 3540 cm‘1. (0-H); hrms m/z: 370‘.2‘506\
(M* - 5;,'ca1cd. forpéén34o3é 370.2567),‘énd[1élf0865 (base
peak, calcd. for Clé,;l‘1303: 181.0865) ; 13¢ nmr 9: 'j1‘5‘7v.‘64,
137.86, 137.34,'126.29; 124..25, 118,32, 106.41, 104.53;yf’
98.93, ‘96.79,.94.65, 68\.97, 6;1.66, 67.«01‘, 6‘5.86_’, 63:96, ‘
58.37, 56.46, 54.55,.52.44, 24.73, 16.09 and 14.42;.iH.nmr 9:
6.36 (s, 2H, aromatic), 5.86 (m, 1H, CH3-C=CE-), 5.44 (dd

’

1H, J = 10, J' = 4 Hz, -CH-OH), 4.62 (d, 1H, J = 7 Hz, -O-
. ' \\ . ) .
CHH-O-), 4.38. (d, 1H, J = 7' Hz, -O-CHE-0-=), 4.00 (d, 1H, J =

10 Hz, ;CH-CHOH), 3.8Q0 (s, 6H, 2 x Ar-OCH3), 3.32 (S, 3H, -
OCH3z), 3.22-(d, 1H,,J = 10 Hz, ~CHH-OCH,0-), 2.98 (d, 18, J =
10 Hz, -CHE-OCH,0-), 2.24 (s, 3H, Ar-CHs), 1.44 (s, 3H, =C-

CH3), 1.10 and 0.92 (each s, 3H each, gem-dimethyl).

i

| (1S*,45%,55*, 95*) -4~ (2, 6-Dimethoxy-4-methylphenyl) -3-oxa =

- 6,;0,10—trimethY1tric}clo[7.4;0.01'5]t;1dec46—qne fid4).ﬁ‘
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" A. Using Pyridine‘HYdrochIoride

A solution of alcohol 103 (110 mg, 2.5 mmol)_and

d”‘:pyridine hydrochioride (58 mg, 5 mmol) in dichloromethane (10

mL) was refluxed under an argon atmosphere for 3 h. Water was
added to the reaction mixture and the organic layer

P ‘
separated, washed with aqueous saturated sodium chloride,A”

vdried over anhydrous»magnesium sulfate, filtered and

concentrated Column chromatography of the residue on 31lica

gel, eluting with 5% ethyl acetate in hexane, gave pure 104

(94 mg, 100% ‘yield) as. a white solid; -m.p. 179-181°C .

thexane), ir . (CHC1; cast): 1608; 1560 (Ar-0-C), and 1125 cm-1

‘(c -o- C), hrms M*: 370,2510 (Calcd for c2453qo3‘ 370.2508) ;

13¢ nmr 9: 140.44, 131. 59, 121. 09 76 .59, 75. 89, 50.48--55l80, -

51.64,‘47.26, 46.73, 33.94, 33.16,7 29.71, 29 38 27.96,

'27.88, 22.04, 21.99, 19.81, 18.98 and 15.28; 18 nme a;‘e.aof

3. 78. (s, sa, 2 x Ar—OCH3), 3.66 (dd, 1H, J =‘8, J* = z HZ, -

?fa 97..,

‘(s; 2H, aromatie), 5.34 .(d, 1H, J = 12‘nz)‘Ar-caso-),‘s"18
(bs,. 1H,‘CH3?C-CB-); 4.22 (d, 1H, J = 8 Hz,_-CBH O-CHAr), °

‘CHB-O-CHAr), 2, 34 (S, 3H, Ar-CH3), 1.58 (t,‘3H, J = 1 Hz, éCf"(

i‘CHa), 0 96 and 0 84 (s each, 3H" each,tgem-dimethyl) Anal‘“dfw q'

v
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To a solution of oxalyl chloride (20 mg, 0 16 mmol)
and dimethyl sulfoxide (30 mg;, 0 32 mmol) in 5 mL of
dichloromethane at -60°C,‘was added alcohol 103 (35 mg, 0. 08‘
mmol) in 2 mL of dry dichIoromEfﬁ"‘e The resulting solution
was . stirred under an argon atmosphere and gradually warmed to
‘ «10°C Triethylamine (40 mg, 0 4 mmol) was added and the
‘solution was warmed to. room temperature Ice—cold water was
added‘and the resulting solution was extracted with |
‘dichloromethane The extracts weré washed with a saturated
solution‘of.agueous sodium chloride, dried over anhydrous
'magnesium sulfate, filtered and concentrated Column |
'chromatography of the tesidue on silica gel eluting with a
5% solution of ethyl acetate in hexane, gave pure 104 (15
mg, -51% yield). e

. (13* 4s*, 55* 95*) -4- (2-Hydroxy—6—methoxy- —methyl phenyl)-

6 }o 10 trlmehyl 3—oxatricyclo[7 4 o 01 5]tridec-6—ene (105)

'[g To a solution of potassium hydride (35% dispersion
in oil 25 mg, 2. 2 mmol), in 2 mL of Abh#dimethylformamide,,:;
‘was- added ethanethiol (14 mg, 2 2 mmol) The mixture was f%,ﬁ?”
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‘ustirred at room temperature under an argon for 5 min: jA
solution of cyclic ether 104 (17 g, '0.45 mmol) in l mL of |
N,N;dimethylformamide was added to it " After being heated for
.12 h at 130°C, the reaction mixture was coole%4to room

>temperature and a. 6 N aqueous solution of hydrochloric acid
iwas added dropwise until pH 1 ‘The reaction mixture ‘was then

f,;xtracted with ether. The extracts were washed With aqueous

‘saturated sodium chloride, dried over anhydrous magnesium

i sulfate, fiﬁtexed and concentrated Column chromatography,of

“the residue on silica gel, eluting with a 10}'solution of

" ethyl. acetate in hexane, gave pure 105 (1 mg, 67% yield);
3360 (0-H), 1585

m. p 149 151°C (hexane),lir (CHC13 cas

‘(Ar—O—C) and 1101 cm’1 (C=0-C) ;' ‘s m/z: 355.2236 (Mir 1,

calcd. for c23n3103 355 227 ' ln nmr a 7.80 (s, 15, —on),

§ 6 38 and 6. 22 (each s, 1H e ch, aromatic), 5 40 (d, 1H, J =
10 Hz, Ar—CH o—), 5.28 (bs, 3‘, cx3—c-ca-), 4.26 (d, 1H, J =

“11 Hz, -cnn-o-), 3.74 (s, 3H, -ocn3),,3 68 . (d, lH,.J = 11

M7—cua-o-), 2. 38 (s, 3#, Res ca3), 1.56 (s,»3H, =c CH3), RO
| ' W )

"‘0 92 and 0. 84 (s each, 3H each, gem~dimethyl)



(lR* 95*) 6,10, 10- Trimet:hyl -3- oxatricyclo[? 3. o 01 5]tridec-—

4 6—d1ene (106) and Orcinol Monomethyl Bther (107)

N

"To a solution of‘phenol‘iOS (10 mg, 0,03'mmol) inv2‘

mL of‘dichloromethane at Obcytwas added boronftrifluoride
etherate (ca. 2 drops). ’The‘resulting pink solution'was
stirred urider an argon atmosphere and was gradually warmed to

- room temperature During this period, the colour of the

solution was discharged After 30 min water was added and the

resulting mixture extracted with dichloromethane "The organic l

extracts were washed w1th saturated aqueous sodium ‘
bicarbonate and saturated aqueous sodium chloride, dried over
anhydrous magne51um sulfate, filtered and concentrated

‘t Column chromatography of the residue on silica gel, eluting

Wlth a 10% solution of ethyl acetate\in hexane,‘gave dienel o

',:ether 106 (4 mg, 61% yield), ir (CHC13 cast) 1260 cm'1 (=C-7f"
e O—C), hrms M+ 218 1688 (Calcd for 01532202. 218 1671)._1n

‘nmr a 6. 26 (bs,‘lﬂ,,-o- n=c>,v5 26 (bs, 1H, cn3-c-ca-), 4. 56:1f;_f:

kd 1a, =1 nz,y-cnn—o—),vs 80 (d, = az,_-cua-o-),
1 76 (83, 3H,i=C,Cﬂ3), 0 86 and 0 82 (each s, 3H each, gem—i

dimethyl) Further elution with 15% ethyl acetate,in hexane, ”;Q:f:;

W

Cgr



:151

.gave orcinol monomethyl ether 107 (3 mg, 72% yield), ir. . N
‘-(CHC13 cast) 3400 (OH), 1597 em-1 (Ar—O C); hrms M*: 138.0680
(Calcd for cenmo2 _138. 0680); 1y nmr . a, 6. 30, 6. 24 and 6. 20 -
(each s, lH each aromatic), 3. 74 (s, 3H,,-OCH3) and 2 24 (s,‘

- 3H, Ar—CH3),‘

Isosiccanin‘MEthyl-Ether (lOS)Q

109

. Phenol 105 (25 mg, 0. 07 mmol) was dissolved in 2h
.mh of" methanol To this solution, mercuric acetate (110 g,
0. 35 mmol) was added and the resulting solution was stirred
funder an argon atmosphere at room temperature for 8 h Sodium |
‘b}[borohydride (5 mg, 0 1 mmol) was added and the mixture was - ﬁ?
‘tnfstirred for 30 min The resulting solution was' concentratedh,“’
‘diandrthe residue was extracted with ether The ethereal o
=,¥¥extracts were washed with a saturated solution of aqueous e
Vwijsodium chloride, dried over anhydrous magnesium sulfate,ifl,‘f

i‘tffiltered and concentrated Column chromatography of the

~ j‘fresidue on silica gel, eluting with a 5% solution of ethyl

: cetate:_n hexane';gave'pure isosiccanin methyl ether (1osiﬂj”ij{}
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(18;mg,_72% yield) as a white solid, m.p. 208 209°C (hexane),ﬁ oL
,_iri(cnc13 cast) 1616 (Ar-0-C)" and, 1114,cm‘1 (c- o- C), hrms L

m/;; 271 1332 (M+ - 85 caled. 'for 01731993 271 1334) AR nmf

d: 6. 32 and 6. 24 (each s, 1H each, aromatic), 5. 56 (bs, IH,

[}

. Ar-CH-Q- ), 4.16 (d : J = 8 Hz,‘—CHH o- ), 3. 80 (s,u3H - o
ocn3), '3.56 (dd, 1H, J -8, 3 =1 Hz,'—CHB—O ), 2.28 (s, 3H

;Ar CH3), 1;sdh(s}‘3 \t—oc—cn3), '0.84 and 0.82 (each s, 3H

each, gem—dimethyl)

(18* 25* 63*) oy 5 (2, 6*D1methoxy- -methyl—methoxybenzyl) ~1-
methoxymethoxymethyl -3,7,7- trimethyl bicyclo[4 4. Ojdec 3 -ene.

t

(114Y

o . " Lo . . W . ] .
."l R . ; Lo E [

e Pota551um hydride (35% dispersion in oil, 30 mg,

e y0 2 mmol) was washed three times with freshly distilled 1 2- ﬁ'fgt-Vf
mﬁﬂi dlmethoxyethane~‘1t was: then suspended in 5 mL Of 1, 2- F' e
“1l dimeth0xyethane and stirred at 0°C nnder an argon atmfsphere
k'ﬁAlcohol 103 (20 mg, o 48 mmol) in 2 mL of 1 2= dimgthoxyethane;fﬂk'
“{1?was added dropwise to the suspension. After 5 min, methyl i |
;inodide (20 mg, 1 4 mmol) was added The mixture was stirred n'uﬁn

R REERUEI
e wnL T e T
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‘for‘3 h at'room»temperature,.water mas added and'the mixture

extracted with ether ‘The . ethereal extracts were washed with

"1 N ‘aqueous hydrochloric acid and saturated aqueous sodium ‘

‘chlpride, dried over anhydrous magnesium sulfate, filtered

T

'each}l3H each, gem—dimethyl).

‘and concentrated Column chromatography of the residue on
3silica gel, eluting with 5% ethyl acetate in- hexane, gave
pure 110 (18 mg, - 83% yield), ir (CHC13 cast) : 1608 (Ar~04C),
"1110 and 1097 cm-1 (c- 0-C) ;. hems m/z: 370 2506. f(M*;76,ca;cd.
. for C24H34O3 = 370 3508) ‘and 195.0993 (pase peak ‘caled.. for
“C11H1503 = 195 1111), 1H nmr 3 6. 36 (bs, 2H, Yaromatic),‘5.722

‘h(bs, 1H, CH3—C=C8—), 4. 92 (d 1H J = 10 Hz, -O?CH-Ar), 4.64

(s, 2H, —o ~CH,-0-), 4.80" (s, 6H, 2 x. Ar ocn3), 3.46 (d, 18, g

=11 Hz,‘-CBH-OCHZO—), 3.36 (S, 3H, Ar c- OCH3), 3. 10 (s, 3H,'

—caz-o cn3), 3. 08 (d ‘lH J= 11 Hz, —cna—ocuzo ), '2.32 (s, 3H

Ar- cn3), 1.84 (t, 3, J =1 Hz,»=C cn3), 1. 04" and o 88 (s
‘ | BYSh

’

“ - ' " .“‘ "\"\

‘Compound 105 from Ether 114.

Bther 114 (20 mg, 0. 04 mmol) in 1 mL of N N-

[N
‘,‘

dimethylformamide was added to a mixture of potassium hydride‘”‘

(35% dispersion in oil, 8 mg, 0 2 mmol) and ethanethiol (12
0 2 mmol) in 5 mL of Abhhdimethylformamide The resulting

v
n

iyxsolution was heated under an argon atmosphere at 125°C for 8 tVf

Lot

'Tﬁh and then cooled to room temperature The solution was

R

iiacidified (pH 1) with 6 N hydro%hloric acid and extracted 1flf$




' temperature and extracted wlth ether. The ethereal extraéts
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' uith'etherl The extracts were washed with a saturated

solution;ofﬁaqueous,sodium chloride,-dried over anhydrous‘

-magnesium sulfate, filtered and concentrated Column

ot

'chromatography of the residue on silica gel, eluting with a

'_'SOlutionyof 15% ethyl acetate in hexane,‘gave pure phenol 105

(9 mg, 60% yield).

\

" (1R*, 3R* 63* 105*)~10 Hydroxquthyl -3, 3, 7 trimethyl 2—oxa—‘

A

ricyclo[4 3.1. 1. 3, 10]undecane (122).

o

o

A solution of diol 74 (;30 mg, o 9 mmol). énd

, ‘aqueous solution of 1 N hydrochloric acid (2 mL) in,X§
‘ptetrahydrofuran (10 ml) was heated to reflux for 3 h under 1?

"_argon atmosphere The resulting solution wasfcooled to room

f%hwere washed w1th saturated aqueous sodium bicarbonate and
‘?saturated aqueous sodium chloride, dried OVer anhydrous.

'f. 1magne31um sulfate, filtered and concentrated Column

N ho

'“Vﬂchromatography of the»residue on silica gel, eluting with a f R

v“l.fJIS%Nsolution of ethyl acetate in hexane, gave pure hydroxy fﬁn
'-!ffetner 122 (200 mg, 59% yield), ix“(ca2c12 cast) 3510 (oa)

‘.6\ .
S,
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and 1107 cm~1 (C-0-C); hrms M*: 344.2353 (Calcd. for CpH3,03:

344.235l); 4 nmr 9: 7.42 (m, SH, aromatic), 4.62 (s, 2H, -
‘OCH,Ph), 3.25 {(dd, 1H, J = 8, J' = 4 Hz, -OH), 1.25 (s, 3H, -
|

OC-CH3), 1.16 and 1.08 (each s, 3H each, gem-dimethyl).

(lR* 3R*, 65* QS‘) 10-MEChylmercapcothlonocarbonyloxy -3,3,7-

trimethyl ~2-oxa- Cricyclo[4 3.1.1. 310]undecane (123) '

& ‘ o = 0

Sodiuﬂ hydride (50% dispersion in oil, 70 mg, 2.8

.mmol) was washed, 3 times with freshly distilled 1, 2—

'jdimethoxyethane It was then suspended in 10 mL of 1, 2—
Tdimethoxyethane under an argon atmosphere and cooled to 0°C.

“A solution of‘alcohol 122 (200 mg, 0.55. mmol) in 5 mL of 1, 2-
dimethoxyethane was slowly added to the suspension After
stirring for 10 min, carbon disulfide (1 mL). and methyl e
”iodide (3 mL) were added The reac%jon mixture was stirred at .
'-room temperature for LE h, and then cooled to 0°C. Water was

£§added slowly to the reaction mixture and the resulting

o solution was extracted with dichloromethane. The organic

1 i

{ layer. was washed with ‘aqueous 1N hydrochloric acid and

"

-
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saturated aqueous sodium chloride, dried over anh§§rous,

magnesium sulfate, ffﬁtered and concentrated. Column

chromatography of the residue on silica gel, eluting with 5%

ethyl acetate in hexane, gave pure 123 (140 mg, 58% yield) as
a paie yellow oil; ir (CHClj cast): 1240 cm‘l'(C-S); hrms M*f

U

434.1947 (calcd. for CpaH34S,0: 434.1950); H nmr 3+ 7.30 (s,
' 5H, aromatic), 4.83 (d, 1H, J = 12 Hz, -CHH-OCS), 4.56 (3,
B ‘ ‘ '
1H, J = 12 Hz, ~-CHH-0OCS), 3.90 (bs, 1H, -CHHOCH,Ph), 3.58
'(dd, J = 6, J' = 2 Hz, -CHHBOCH,Ph), 2.52, (s, 3H, -SCH3), 1.30

., (s, 3H, -OC-CH3), 1.02 and 0.98 (each s, 3H each, gem-

A dimethyl) .

‘

(1R*,4R*, 7S*,1258*)-12-Benzyloxymethyl-4,8, 8—-trimethyl-3-

oxatricyclof4.3.1.1.1-9]dodecane (120)

%h " A solution of alcohol 91 (340 mg, 1.2 mmol) and

© aqueous solution of 1 N hydrochloric acid (2 mL) 4in
tetrahydrofuran (10 mL) was.heated.to reflux for 3 h under
an argon atmosphere. The resulting solution was cooled to

room temperature and extracted with ether. The ethereal

-~
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extracts, were washed with oat;rated aqueous' sodium
bicarbonate and satura;ed'aqueous sodidm'chloride, dried over
onhydfous magﬁéSium sdlfate,mfiltefed anddconcentrated.
Column chromatography of the fésidue on silica gel, elutiog
- with.a 5% solution of ethyl acetate in hexane, gave pure
hydooxy ether 120 W(Isb mg; 53% yield); ir (neat): 1073 cm~}
(C-0-C) ; hrms M*: 328.2399 (calcd. for CypH3p0,: 328.2402) ; 1H
nmr @: 7.40 (s, sn aromatic), 4.64 (d, 1H, J = 12 Hz, -
OCHHPh), 4.52 (d, 1H, J = 12 Hz, -OCHEPh), 3.96 (dd, 1H, J =
8, J' = 5 Hz, QCBH;OCHzPh); 3.62.(t, 1H, J =8 Hz, ~CHE-

OCHzPh), 1.52 (s, 3H, -OC-CH3), 0.96 and 0.84. (each s, 3H

. each, gem-dimethyl). . .

(1R*, 4R*, 7S*,125*)-12-hydroxymethyl-4, 8, 8-t rimethyl-3-

oxacriqyclo[4l3.1.i.1r4]dodecane (124)

-

At -78°C, a solution of benzyl ether 120 (450 mg,.

1 4 mmol) in-10 mL of ether and t- butyl alcohol (ca. 5 drops)

was added, over a period of 5 min, to freshly distilled

gmmonia (15 mL) under an argon“atmosphere, Lithium metal (1003
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"

"

" ng, 0.014 g-atom) was added'in'smgll portions. The resulting

‘blue coloured'soihtipn was stirred for 3vh, during which

vt
8

period the'blue‘colour was‘dischafged; Methanol was added SN
‘Mdropwise and thé excess of ammonia wé%nallowed to evaporate | -

at roém temperaturenqveinight.'Water Qas added and fhé |

res?ltingHsolution_Qas exﬁ;aétea Gith ether. The ethereal

extracﬁs.wgre'washed with IN agqueous hydrochloric acid and'

saturated aqueous sodium chloride, dried ovei anhydrous

magnesium sulfate,lfiltered and concentrated. Column

-'chromatdgraphy’of the residue on silica gel, eluting with 25%

ethyl acetate in Heanér'gave pure alcohoi i24 (270 mg, 83%
yield); ir (CHClj cast): 3420 cm~! (OH); hrms M*: 238.1938

(calcd. for CjygH¢0;: 238.1933); 1H nmr %; 3,70—‘3.40 (m, 4H,
~CH,0- and -CH,OH), 1.30 (s, 3H, -OC-CH3), 0.90 and 0.80 (each

s, 3H each, gem-dimethyl.

'

©(1R*,4R*,75*,125*)-12-Formyl-4, 8, 8-trimethyl-3-oxa~ '

G

tficyclo(d.3.1.1.1.4)dodecane (125)




S PR 159 .
To a slurry of pyridinium chlorochromate (110 mg,
0 5 mmol) in 10 mL of dichloromethane, was added a solution
of alcohol 119 (40 mg, O. 17 mmol) at room temperature The ‘
"mixture was stirred under an argon atmosphere for 4'h. It was'

then diluted with ether, filtered through magnesium sulfate °

and‘concentrated. Column chromatography of the‘residue;on
silica gel, eluting with‘S% ethyl acetate in hexane, gaVe,“
pure aldehyde 125 (22 mg, 81%- yield), ir (CHC13 cast) %}40
“em™l (C=0); hrms M*: 236. 1782 . (calcd for clsnzqoz' 1236.1788);
1H nmr d: 10.6 (d, 18, .9 = 2 Hz, -CHO), 3.70 (s, zn, ~OCHp-) ,

1.58 (s, 3H, -0C- CH3), 0.92 and O. 80 (each s, 3H each, gem-

" dimethyl):

(1R*,4R*,7S*,128?)-12-(2,6-Dimethoxy74—methyl—hydroxybenzyl)—
4,8,8-trimethyl-3;oxa~tricyclo[4.3.1.1.1:4Jdodecane (126) "

CH,O.

At O°C,to a solution of orcinol dimethyl ether (130

. 3
g O 85 mmol) in 5 mL of ether under an argon was added n- .

i "1-butyl lithium (33 mg, 0. 51 ol) in hexane. After stirring
n for 2 h aldehyde 125 (40 mg 7 mmol) in 2 mL of ether was_'

-y
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slowly added. Theé mixture was a1lowed to warm up to room'
‘temperature. After é h, ‘Qater was added The‘mixturevwas‘\
'extracted with ether The extracts were washed with aqueous 1‘
N hydrochloric acid and saturated aqueous sodium chloride,
dried over anhydrouS'magnesium sulfate, filtered and
‘concentrated Column chromatography of the residue on silica
gel, eluting with a 15% solution of ethyl acetate in hexane, .
gave. orcinol dimethyl . ether (0 03 g). Further elution gdve

alcohol 126 (60 mg, 91% yield); ir (CHC14 cast) . 3400 (OH)

and 1120 cmj} (C-0-C); hrms m/z: 370.2506 (M* - 18, calcd. for .
‘ ‘ U}
CoqH3403: 370.2510); !H nmr 9: 6.46 (s, 2H, aromatic), 5.62

(dd, 1H, J = 8, J' = 2 Hz, -CHOH), 3.82 (s, 6H, -OCHj3), 3.50

(d,_1H,J = 11 Hz, ~-CBH-O-), 3. 24 (d, 1H, J = 11 Hz, ‘~CHE-0-
), 2.32 (s', 3H, Ar-CH3y), 1. 70 (s, 3H, -0C- CH3), 1.16 and 0. 92

(each s, 3H each, gem-dimethyl).
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(1R*,'6R*, 105%, 145#*)~14-Hydroxymethyl-3, 5-dioxa-9, 9, 13-

trimethyltricyclo(8.4.0.0% 6]tetradec-12-ene. (127) -

At -78°C, a solution of benzyl ether 83 (l 50: g,
4 0 mmol) in ether (10. mL) and t- butylalcohol (ca lml) was
fadded over a period of 5 min to. freshly distilled ammonia (25‘
'mLYy under argon atmosphere LithIﬁﬁ'ﬁEtal (400 g, 0. 056 g—' | .l‘“
viatom) was added in small portions over a period of 5 min The
resulting blue coloured solution was stirred for 5 h,-during
‘:iwhich period the blue colour was discharged Methanol was
'p;added dropwise and the excess of ammonia was allowed to
-evaporate at room temperature overnight Water was added and
the" resulting solution was extracted with ether. The etherealﬂvf
fextracts were washed with aqueous 1 N hydrochloric acid i
'Visolution and saturated aqueous sodium chloride, dried over
‘Yianhydrous magnesium sulfate, filtered and concentrated -

'FColumn chromatography of the residue on silica gel, eluting

”ﬁwith 25% ethyl acetate in hexane, gave pure 127 4618 mgs 55%];ﬁ;gf
xff‘ield), ir (cnc13 cast) 3540 (o-H), 1174 and 1106 cm-l (c—o-:g:yi;

' 248 1788 (M*-ia, calcd. for clsnz,oz 548 1786),{;”511

"1n, cna-c-cn-), 5 21 (d, 1n, J - e nz,;-pfkg”q?
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cnn-\o—)‘, '4.86 (d, 1H, J = 8 Hz, -0-CHR-0-), 3. 98 (m, '1H, -
OCHZOACB—), 3.80 (d,. 1H, J =11 Hz, -can ocazo-), 3, 18 (d

1H, J =11 Hz, -cnx-ocnzo-) 1.80 (s, . 3H, =C-CHs), 0.96 and

0. 82 (each S,. 3H each gem—di—methyl)

.(1R* 6R* 103* 14S*) 14—Formyl 3,5 dioxa 9 9,13- trimethyl

,tricyclo[B q. 0 0 1. 6]tetradec 12—ene (128)

e, L . - W

To a slurry of pyridinium chlorochromate (360 mg,
1.4 mmol) in 10 mL of dichloromethane, was: added a solution.'
_'of alcohol 127 (250 mg, oo, mmol) in 2 mL of dichloromethane
5.;at room temperature. The(mixture was stirred under an argon'.
.',atmosphere for 4 h LIt was then diluted with ether, filtered '
:fthrough magnesium sulfate and concentrated Column ':
‘;.fchromatography of the residue on silica gel, eluting with 5%
=“ethyl acetate in hexane, gave pure aldehYde 128 (198 mg, 80%
;.yield) as a, viscous oil, ir (CHC13 cast)' 2858 (CHO), 1711

'j}(c=0), 1175 and 1105 em~1 (C-O-C), hrms, M+ 264, 1720 (Calcd
“for. c15324o3.,264 1726); ln nmr a 10 16 (d, 1H, J - 2 Hz,_--

z}ZCHO), 5 70 (bs, 1n, cn3-c-cn-), 5 26 (d, 1n, 3-8 Hz, o=
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' CHH-0-), 4.82 (d, 1H, J'= 9 Hz, -0-CHB-0-), 3. 82 (d, m; 3= E
10 Hz, -cna-‘oCazo'-), 3.50 (m, '1n,~ -cn—ocnzo ), 3. 32 (q, m, J o
- 10 Hz,‘—’CHB—OCHZO-), 1. 72 (bs, 3N, =C- cu3), 0.90 and 0.68 |

(each s, 3H éach, gem-dimethyl)

(lR* 6R* 10S*, 148*) -14- (2 6—Dimethoxy-4—methy1-—‘_

hydroxybenzyl)-9 9, 13 trimethy1-3 5—

dioxatricyclo[B 4.0. 0115]tetradec-12 -ene (129)'

129 Lo e e
To a solution of orcinol dimethyl ether (408 mg, 2 6

nfmmol) in 5 mL of ether under an argon atmosphere was added n—vp
'butyllithium (0 10 g, 1 5 mmol) in hexane.‘The resulting, ;.

fimixture was stirred at room temperature for 2 h &@nd’ thenr;7n

f"cooled to.-78°c Magnesium bromide etherate (380 mg,'l ngyﬁv'

3fmmol) was added in one portion and the resulting mixture ‘was -

L%
b

j;stirred for 30 min Aldehyde 128 (140 mg, 0 5 mmol) in 2 mL

ﬁqu ethe/%was slowly added The mixture was allowed to warm up

as extracted ﬁith ether. The extracts were washed,g
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n{chloride, dried over anhydrous magnesium sulfate, filtered“
“and concentrated Column chromatography of the residue on
:‘silica gel, eluting with 10% ethyl acetate in hexane, gave‘

“the major epimer of: 129 (121 mg, 58% yield), ir (CHC13 cast)‘
‘ 3540 (o H), 1607 1597 (Ar-0-C), 1172 and 1150 cm-l (C-0-C)
" hrms m/z: 264 1730 " (M*-152, calcd. “for C15H2403.‘264 1725),.

nmr o 6 30° (s, 2H, aromatic), 5. so ( bs,,la, ca3-c-cn "

“5.32 (4, 1H, J'='17 Hz,f-o-gan-o-), 1.82 (d 1, 3= 7 Hz, -O-

(CHE-0-), '4.58 (bs, 1H, -caoh), 3,78 (s,va, 2 x"Ar- ocn3), B

ﬁ3 68 (d, 1H,,J = 10 Hz,v—CHH OCHZO—), 3.44. (dd, IH J = 10

J! =‘4 Hz, —CBH OCHZO ), 3.18 (d 1H J = 10 Hz, -CHB OCHZO- .

) 2.30.G5, 3n,_ r-CH3), 1.80 (s, 3H, =C- ~CH3) 0.98 and 0.92

‘(each s, 3H each, gem—di-methyl) Further elution‘with 15% -

t

ethyl acetate in hexane gave 35 mg (28% yield) of the minor
‘veplmer‘of 129,\1: (CHC13_cast) 3soo (o- a), 1610, 1582 (Ar-O-

e

ey, 1146 and 1124 cm‘l (C-0-C) ; hrms m/z: 398 2467 (M+ 18
" caled. for c2533,o4 398, 2456), 1 omr 3 6.34 (s, 2H,

. aromatic), s, 82‘(dd,.1H, J = 10 J' = 2 Hz, -CBOH), 5'64‘(ba,-
,}1n cn3—c=cn-), 5.18 (d, H, J = 7 Hz, -o-cnu o-), 4. 92 (d,‘

| n—ocazo-), 3 76 (s, SH, 2 x Ar-OCH3), 3 52 (d, 1n, q = 10 ,'
lcaﬂ ocazo-), 3.10 (d‘llﬂ, J = 10 nz,ﬂ-can-ocazo-), 2, 30

. (s 3n, Ar-cn3). 1 30 (bs, 33,.=c CH3), 1, 18 and 0 92 (each sp;ﬂgif

'nSSH each, gem-dimethyl) “;hwi ;”f‘fji“kciﬁ‘tin_,ﬁj:.g@;“hjv

......
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